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Wiring  Rules.  284 
Differential  Ballistic  Methods  of  Me,-isuring 

Hysteresis  Losses  (Cl.  351 
Hysteresis  Loss.  Differential  Testing  for.  583 
Wold.  P.  1. :  The  Short-Circuiting  of  Cadmium 

Cells,  1025 
Wood.  C.  R,  :   Safe  Use  of  Electricity  in  Coal 
Mining.  904  • 

WoODHULL.  L,  R,  :  {see  Ives,  H.  E.) 
Workhouse  Contracts  and  L.G,  Board,  357 
WORKS,  tec,  DBSCRIPriONS  OF- 
Bolton,  Notes  on  Power  Supply  in,  416 
Chicago  Elec,  Power  Supply,  548.  584.  624, 

662 
Chichester  Electricity  Works.  420 
Fishguard     Harbour,     Electrically     Driven 

Machinery  at.  946 
Indiana  Steel  Co..  Industrial  Application  of 
the  Elec.  Motor  as  illustrated  in  the  Gary 
Plant  of  IShoverl.  4.  49 
Lochgelly  Iron  &  Power  Co..  EUctrical  Power 
Generation  and  Distribution  at  the  Col- 
heries  of  (Paul).  866 
Merchant     Venturers'     Technical     College, 

Bristol.  627.  665 
New  York  Edison  Co,.  The  Electricity  Supply 

Stations  of.  984.  1038 
Salina  Cruz  and  Coatzacoalcos.  Elec.  Cranes 

at.  827 
"  Telconia  "   Telegraph  Ship,  545 
Wetterhorn  Electrically-operated  Cableway 
(Dubois],  667,  727 

WoRRALL,  C.  W.  :  Earthing  of  the  Neutral 
Point  of  Three-phase  Generators,  392 

bright,  A.,  Electrical  Device  for  Evaluation 
Formulse  and  Solving  Equations  [Russell 
and  Wright).  903 

Wright,  A. :  {see  Russell.  A.) 

Wright.  Chas.  H.  :  English  Technical  Educa- 
tion (C),  230 


Y,  E.  W. :   RoUint?  Mill  Motors,  760 


Municipal,   Foreign,  and  General   Notes. 


Accrineton.  147.  683,  924 
Acton,  234,  3v6.  438.  563.  601 . 

806.  886.  1037 
Afghanistan.    105 
Aldershot,  439 
Aivaston.  725 
Amble.  763,  886.  924 
Argentina.  28.  234.  355,  479. 

601.  683.  849.  967.  1050 
Ashford.  521 
Aston,  147 

Ashton-under-Lyne,  274.  396 
Australia.  148.  806 
Australasia.  28.  63,  105.  190. 
234.    35b.    439.    470.    601. 
683.  724,  764.  849,  836,  924. 
967.  1008.  1051 
Austria.  68 

Austria-Hungary,  644.  924 
Bacup,  28.  601.  645.  849 
Bailieboro  'Ireland).  849 
Barking.  68,  314.  683.  1008 
Barnes,  68.  234,  726 
Bamsley.  190,  726 
Barnstaple,  397,  601 ,  764 
Barrow-in-Furness.  563 
Bath.  28.  105    190.  397,  439. 

521,  563.  601.967 
Battersea.  105,  357,  563.  644 

1003 
Beckenham,  234,  397,  1051 
Bedford.  105.  274.  601 
Belfast.  29,  68.  480.  849,  886 
Bentley.  886 

Bermondsey,  68.  234,  967 
Bethnal  Green.  234,  924,  1051 
Bexhill,  29,  190.  397.  439,  924 
Birmingham,    68.    190.    480, 

884 
Bishop's  Stortford,  726 
Blackburn.  147,  521 
Bodmin.  563.  683 
Bolivia,  854 

Bolton,  105  190,  886,  %7 
Boston.  764 

Bournemouth,  147,  190,  1051 
Bradford,  357 
Bradford-on-Avon,  563 
Braunton  (Devon),    105,  967 

Bray.  29.   274  601,  764,  836 

Brazil,   563,    764,   806,  967, 
10.51 

Bridgend.  967 

Bridlington,  234,  314  1051 

Brighouse,  190,  849 

Brighton,  234.  357,  397,  480, 
644,  683.  1051 

Bnstol,  563,  806,  886 

Brumby  and  Frodingham,806, 
967 

Buckfastleigh  (Devon),  924 

Bulgaria,  1059 

Burnley.  190,  683.  806 

Burslem.  357.  644,  726,  849, 
886,  924,  1050 

Burton-on-Trent.  397,  849 

Bury  (Lanes,),  190 

Bury  St  Edmunds,  967 


Buxton,  29 

Caldy.  726 

Canada.  683 

Cardiff.  68.  521  1008,  1051 

CarUsle.  105,  190,644,967 

Castleford,  644 

Ceylon,  924 

Chelmsford,  147 

Chelsea,  105 

Cheshunt,  315.  480 

Chichester.  29,  105,  357 

Chili,  234,  602,  764 

China,  105  397,  564,  726,  764, 

806,  924,  967 
Chippenham.  967 
Clacton.  234 
Cleckheaton.  397 
Cleethorpes,  190 
Clerkenwell.  1008 
Clevedon.  886 
Colchester.  29 
Colombia    (Central  America). 

806 
Cookstown  (Ireland).  274 
Coombe  {see  Maiden) 
Corea.  967 
Cork    147.  234 
Costa  Rica.  764 
Coventry.  1051 
Cowdenbeath  (N.B.).  521.564, 

806.  924 
Croydon.  315 
Cuba,  644 
Cullompton,  397 
Cumberiand,  886 
Damascus.  764 
Darlington,  357, 439,  521 ,  564, 

924 
Dartford,  480 
Darwen,  190,315,357 
Dawson  City  (Klondike),  806 
Derby.  521,  602   lOil 
Devonport,  68.  521 
Dewsbury,  274 
Doncaster.  564,  764 
Dover,  521,  1051 
Droylsden.  274,  480 
Dublin.  480 

Dudley.   190,  521,  807,  1051 
Dundee,  564,  726,  924,  967, 

1008 
Dunfermline,  564,  850 
Dunster,  68 
Ealing,  397 
Eastbourne,  357 
East  Grinstead,  190 
East  Ham.  564,  683 
East  London,  764 
East  Lothian,  29 
Eccles.  357,  521,  683 
Ecuador.  480.  764 
Edinburgh,  68,  147,  602,  644, 

924 
Egham.  274 
Egypt,  1051 
Epsom.  29, 439,  521 ,  602,  683, 

1009 
Erdington,  850 
Evesham.  887 
Falkirk,  887 
Famham,  480 


Farnworth.  887 

Felixstowe,  235 

Fife,  397 

Finchiey.  105.  190,  684,  1051 

Fleetwood.   1()5 

Fowey  ((Cornwall).  967 

France.  726 

Fraser)Durgh.  967 

Frinton-on-Sea.  683 

Frodingham    {see    Brumby), 

Frome,  29  1806 

Fulham.  564.   644.   850.   967 

German  East  Africa,  397 

Germany,  726,  968,  ]009.]052 

Gi))in6ham  [Kent].  275,  564. 
684,1052 

Glasgow,  29,  68,  924,  968 

Gloucester.  684 

Golborne,  397 

Gravesend,  764 

Grays  Thurrock,  397 

Greystones  (cci.  Wicklow),  521 

Greec;.  315,397,  850 

Greenock.  69,  602,  968 

Grimsby,  69,  887 

Hackney,  235,  439,  565.  837 

Halilax,  235,  481.  684 

Hammersmith,  69,  190.  315, 
565.  968 

Hampstead,  206.  357 

Handsworth,  69,  521,  602 

Hanley.  29.  521 

Harrogate.  397 

Haslemere.  837 

Haslingden.  850.  1009 

Hastings.  275,  521,  807 

Hay,  807 

Hayti,  1009 

Heckmondwike,  602 

Hemel  Hempstead.  397 

Hereford.  147.  275,  565 

Hesle,  315,  684 

Heston  and,  Isleworth,  69 

Helton,  105 

Hey  wood.  565 

Hindhead.  69 

Hindley.  397,  968 

Holland.  105.  357,  644,  850 

Honduras,  726 

Hornsey,  29,  481 

Hounslow.  69,  1052 

Hove.  887 

Huddersfield.   147,  765,  1052 

Hull,  275,  684 

1 1  ford,  397,  1052 

Ilkeston,  807,  887 

India.  29.  105.  147,  235,357, 
397.  602.  684.  726.  850.  887, 
924.  1009.  1052 
[     Ipswich.  765 

Irvine  (N.B.).  1052 
I     Islington.  275.  684,  1052 
1    Italy,  105.  148.  315.  357.  439 
522,  602.  684.  807,  850,  887. 
968,  1009,  1052 

Japan. 315, 644,726, 807, 1052 
1    Kearsley,  765 

Keighley  (Yorks,),  522 
I    Kettering,  807 

Keynsham,  565 

Kilrea,  727 


Kingsbury  (Middiesex),  1009 
King's  Lynn,  684 
Kingston-on-Thames,  315,684 
Kirkcaldy,  29,  807 
Lancashire,  315 
Larne  (Ireland),  522 
Launceston,  603 
L.CC.    148,   235,    275,   398, 

439,481,522,565,645 
L,C.C,  Tramways.    106.    148. 

190,235,  275.315.398,  481 

522,  565.  603.  645.  684,  808 

887.  924.  968.  1009,  1052 
Leeds.  106.  275.  357.  398.  439, 

481.  644.  850,  968 
Leek,  522 

Leic3ster.  106.  1009 
Leith,  148.  190,  522,  684 
Leyton,  148,  522.  684 
Littleborough,  439,  850 
Little  Hulton,  398 
Liverpool.  69,  148 
Llandafl.  439 

Llandudno.  106,190.439.924 
Loch,  148 
London.  68.  1009 
London  (Canada).  275 
Londonderry.  808 
Long  Eaton.  925 
Longton.  358.  684.  887.  1009 
Loughborough,  358 
Lowestoft.  190.  565.  727,  925 
Lurean  (Ireland).  )06 
Luton.  727.  925 
Lytham.  522 
Macc)es(ie)d.  106 
Madeira,  727 
Maghera.  398 
Maidenhead.  29 
Maidstone,  315.  969 
Maidens    and   Coombe,    315, 

565.  765 
Manchester.  69.  105,  148,  398. 

522.  565,  850 
Mansfield,  808,  887,  )009 
Market  Harborough,  190,358, 

439,  481 
Marylebone,    148,    275,    440, 

481,  1052 
Melbourne  (Derbyshire).  1009 
Mexborough,  969 
Mexico,   106,  358,  398.  520. 

565,  727,  887 
Middlesbrough.  29,  190,  235, 

358,  684.  727 
Middlesex.  315,  440,  482, 1052 
Middleton.  808 
Morecambe.  603,  808 
Mountain  Ash,  69 
Nailsworth,  565 
Nelson,  106.  190,  440 
Neston  (Yorks).  106 
Netherlands,  684 
New  Brunswick,  106 
Newcastle  (Ireland).  925 
Newcast)e-on-Tyne.  106.  888 
Newcastie-under-Lyme.  30 
Newton-in-Makerfield.  440 
Newton-le-Willows.  235 
Newport  (Mon,),  30,  565,  76 

925,  1009 


Norway,  440,  565 

North  Berwick,  565 

Northallerton,  565 

Northampton.  765,  888 

Nottingham,  148.  522 

Oban.  969 

Oldham,  358,  808 

Ontario,  808.  1009 

Oulton  Broad,  315,  727 

Oxford,  69 

Paignton,  808 

Palestine,  523 

Paris.  969 

Peking.  727 

Penrith,  398 

Plymouth.  148,  191.  316.  398. 

440,  925,  1010 
Poland.  440 
Poplar,  482,  969,  1010 
Port  Glasgow,    1010 
Portadown  (Ireland),  191 
Portsmouth,  315,  969 
Portugal,  235 
Preston.  645 
Quebec  (Canada).  925 
Radcliffe.  482 
Rawtenstall.  106,  235 
Reigate,  316,  969 
Rhyl.  727 
Rochdale.  69 
Rotherham.  969 
Roumania.  191,319,358 
Rugby.  523 
Runcorn.  566 
Russia.  69,  235,  685,  727,  889 

1010 
Saffron  Walden.  69 
St.     Anne's-on-the-Sea,     30, 
St,  Helens,  566 
St,  Mellons,685 

358,  482 

St,  Pancras,  235.  399 

St,  Petersburg,  236,  808 

Ralford,  359,  399,  969 

Salvador,  645 

Sandwich,  566 

Sao  Paulo  (Brazil),  316 

Saskatchewan,  191 

Seoul  (Corea),  765 

Servia,  645,  1053 

Sevenoaks,   1053 

Sheffield.    191,  603,  727,  808, 

889 
Shorcditch,  69 
Shrewsbury,  482 
Smallthorne,  645 
South   Africa,   30.    191.   358, 

566,  645.  685,  727.  808.  889 

1010,  1053 
South  Crosland  (Yorks).  399 
Southampton.  30,    148,  236, 

482,  603,  685,  1010 
Southend,  106,359,  603,  1010 
Southgate,  106 
Southport,  765 
South  Shields,  566,  969 
Southwark,  30,  148,  191,  236, 

359,  440,  523 

Spain,  148,316,359,850,925, 

969 
Spalding,  1053 


Stepney,  566 

Stevenage,  316 

Stoke-on-'Trent.  148.  316 

Stourbridge.  1053 

Strand.  566 

Stretfoid.  399.  603.  727.  889 

1053 
Sunderland.  69,  359,  685 
Swansea,  W.  566 
Sweden.  685.  889 
Swinton  and  Pendlebury.  889 
Switzerland.  107,  482,523,566, 

969 
Taunton.  359.  808 
Tavistock.  889 
Tewkesbury.  523 
Tinsley.  440 
Tiverton.  566 
Tonbridge.  1053 
Toronto.  851,  925 
Torquay,  30.  523,  925 
Tottenham,  1010 
Tunbridge  Wells.  149.  685 
Turkey.  191.399.  1053 
United  States,  359.  566.  808 

851 
Urueuay.     359,      482,      765 

969 
Usworth  (Durham),  839 
Venezue)a,  ]91,  727,  969 
Victoria,  851 
Vladivostock.  316 
Walthamstow,  316,  482,  645, 

1011 
Wakefield.  359 
Walsall,  107.  523.  566.  727 
Walton-on-the-Naze,  523 
Warrington.  727,  889 
Watford.  30.   191.  275,  359. 

399,  604,926.    1011 
Wednesbury.  523 
West  Bromv/ich,  149.  523 
West  Ham.  70.  107,  191,316, 

440,  604.  1011 
West  Hartlepool,  149 
West  Houghton,  926,  2  75 
Westminster.  646 
Weymouth.  926 
Whitby,  1053 
Whitefield  (Lanes,),  969 
Whitehaven.  70 
Whitwood  (Lanes,).  399 
Widnes.  604,  765 
Wigan,  30 

Willesden,  316,  440,  523 
Wimbledon.  30.  149 
Winchester,  1053 
Woking.  30 
Wolverhampton,  70,399,604, 

889.  926 
Wood  Green,  399,  523 
Woolwich,2  107,     236,     399, 

1053 
Worcester,  30.  70,  604,  926 
Worthing,  316.  889 
Wrexham,  30 
Yardley,  399 
Yarmouth.  926 
York,  30.  70.  149,  236,  316, 

524,  851 ,  889 
Zeehan  (N.2,),   604 
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Aberdeen  Suburban  Tramways,  812 
Alderley  &  Wilmslow  Elec.  Supply.  199 
American  Telephone  &  Telegraph,  404,  610, 

972 
American  Transcontinental  Telegraph,  652 
Anglo-American  Telegraph,  74,  610,  651,  688, 

1056 
Anglo-Argentine  Tramways.  35.  322.  403.  404, 

732 
Anglo-Portuguese  Telephone.  363.  403 
Armstrong  (Sir  W.  G.l.  Whitworth.  972 
Aron  Electricity  Meter,  280.  321.  363 
Ascot  District  Gas  &  Elec..  812 
Auckland  Elec.  Tramways,  111.  153 
Auto-Claw.  112.200 
Babcock  &  Wilcox.  35.  1 1 1 ,  1014 
Baker  Street  &  Waterloo  Railway.  689,  770 
Barnsley  &  District  Elec.  Traction.  241 
Bath  Elec.  Tramways.  35 
Bi-centric  Insulating.  732 
Birmingham  &  Midland  Tramways,  403,  445 
Birmine:ham  Elec.  Case.  652 
Blackpool  &  Fleetwood  Tramroad,  689,  812 
Bogota  Telephone.  530.  732 
Bombay  Elec.  Supply  &  Tramways,  445,  571, 

Bournemouth  &  Poole  Elec.  Supply.  446,  652 

Bray.  Markham  &  Reiss.  1056 

Brisbane  (City  of).  Elec.  Light,  73 

Brisbane  Elec.  Tramways  Inveetment.  36.  HI. 

1056 
Bristol  Tramways  &  Carriage.  652 
Brilish  Aluminium.  36.  572.  610.  930 
British  Columbia  Elec.   Railway.  74.  732.  892. 

930 
British  Elec.  Traction.  154.  200.  487.  529 
British  Insulated  &  Helsby  Cables,  572,  812 
British  Electromobile.  930 
British  Empire  Trust.  651 
British  Prometheus.  242 
British  Thomson-Houston.  892.  930 
British  Tungsten  Lamp.  364 
British  Westinghouse  Elec.  &  Mfg..  241.  280, 

732 
Bromley  (Kent)  Elec.  Light  &  Power,  73,  930 
Bromoton  &  Kensington  Elec  Supply,  652 
Brown,  Boveri,  892 
Brunner,  Mond,  280 

Brush  Elec.  Engineering,  199,  241,  322,  364 
Burks  (F.),  446 
Buluwayo  Waterworks,  651 
Calcutta  Elec.  Supply,  74,  154.  241.  446.  690, 

854.  972,  1014 
Calcutta  Tramways.  36.  73.  1056 
Callenders  Cable  &  Construction.  241.  279 
Calmont,  King.  404 

Canadian  General  Elec..  36.  322,  892,  930 
Cascade  (1906)  Power.  74.  200 
Castner-Kellner  Alkali.  242 
Centra!  Elec.  Supply.  200.  322 
Central  London  Railway.  609.  651.  731 
Chadburn's  (Ship)  Telegraph.  364.  404 
Charing  Cross.  Euston  &  Hampstead  Railway. 

689.  770 
Charing  Cross.  West  End  &  City  Elec.  Supply. 

112.690 
Chatham  &  District  Light  Railway.  609 
Chelsea  Elec.  Supply.  322.  610 
Chili  Telephone.  530.  571 
Chilian  Elec.  Tramway  &  Ught.  639 
Chiswick  Elec.  Supply  Corpn..  Ill 
Church  Stretton  Elec.  Supply.  930 
City  &  South  London  Railway.  571.  650 
City  of  Beunos  Ayres  Tramways.  1 12.  652 
City  of  Birmingham  Tramways.  111.  198 
City  of  London  Elec.  Lighting.  364.  572.  690 
City  of  Santos  Improvements.  74 
Clontarf  &  Hill-o'-Howth  Tramroad.  530 
Clyde  Valley  Elec.  Power.  153 
Colne  &  Trawden  Light  Railway,  770 
Colombo  Elec.  Tramways  &  Lighting.  112 
Compania  de   Electricidad    Luz  y  Fuerza  de 

Junin  (Agrentina).  364 
Compania  Industrial  de  Electricidad  del  Rio 

de  la  Plata.  364 
Campania  Telegrafica.  Telefonica  del  Plata,  74 
Ck)nsolidated  Elec..  731 
County  of  London  Elec.  Supply,  74,  652 
Cxiventry  Elec.  Tramways,  1 1 1 
Cowans,  242.  572 
Craigpark  Elec.  Cable.  73.  153 
Crompton  &  Co.,  609.  651 


Cryselco.  770 

Cuba  Submarine  Telegraph,  35 

Davis  Electrical.  1056 

Defries(J.)  &  Sons.  36 

Delhi  Elec.  Tramways  &  Lighting.  530,  571 

Deutsch- Allan  tische  Telegraphengesellschaft, 
Cologne.  73 

Dick.  Kerr.  972.  1014 

Direct  Spanish  Telegraph.  770 

Direct  United  States  Cable.  1 12,  572,  609,  649 

Direct  West  India  Cable,  972 

Doulton,  199,  854 

Dublin  &  Lucan  Elec.  Railway.  651 

Dublin  United  Tramways.  530.  651 

Dudley.  Stourbridge  &  District  Elec.  Traction, 
III.  154 

Dumbarton  Burgh  &  County  Tramways.  854, 
892 

Dundee.  Broughton  Ferry  &  District  Tram- 
way. 892 

Eastern  St.  South  African  Telegraph.  530 

Eastern  Extension.  Australasia  &  China  Tele- 
graph. 112.  153.  197.  446.  530.  1014 

Eastern  Telegraph.  112.  153.  196.  446.  10!4 

Edison  &  Swan  United  Elec.  Light.  892 

Edmundsons'  Electricity  Corpn..  530.  609 

Elec.  &  General  Investment.  488.  529 

Elec.  Batteries  &  Carbons.  530 

Elec.  Construction.  530.  570 

Elec.  Contracts  &  Maintenance,  364 

Elec.  Landaulet.  446 

Elec.  Supply  of  Victoria.  770.  1056 

Elec.  Traction  of  Hong  Kong.  280 

Electrolytic  AlkaH.  892 

Electro-Mechanical  Brake.  242.  322.  364.  610 

Elmore's  G?rman  &  Austro-Hungarian  Metal. 
199.  280 

Engineering  Instruments.  200 

Escher.  Wyss.  972 

Europe  &  Azores  Telegraph.  732 

Evered  &  Co..  36 

Evershed  &  Vignoles.  732 

Falkirk  &  Dist.  Tramways.  199 

Fleming.  Birkby  &  Goodall.  36 

Folkestone  Electricity  Supply.  972 

Forrest  (W.)  (Sheffield!.  572 

Fort  William  Elec.  Light.  732 

Galloways.  280 

General  Elec..  199.  571,  609 

Globe  Telegraph  &  Trust,  364,  404,  487,  854 

Glover  (W.  T.)  &  Co..  242 

Gratze  (Ltd.).  36 

Gravesend  &  Northfleet  Elec.  Trams.  242 

Great  Northern  &  City  Railway.  689 

Great  Northern.  Piccadilly  &  Brompton  Rail- 
way. 689.  770 

Great  Northern  Railway.  731 

Great  Northern  Telegraph.  153.  446.  483 
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Mersey  Railway,  770.  812 
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Penrith  Elec  Supply.  1056 
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1014 
Scarborough  Elec.  Supply.  112 
Shawinigan  Water  &  Power.  404,  930 
Siemens  Bros..  322 

Simplified  Underground  (inductor,  930 
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Submarine  Cables  Trust.  154.  198 
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404 

•  Z  "  Elec.  Lamp  Mfc.  488.  854.  892 


Companies,  Joint-Stock   (New  Electrical,   &c.). 


Registered. 


Adnie  Elec.  530 

Agricultural  Elec.  Discharge,  112 

Alba  Lamp  Synd..  690 

Automobile  Elec.  Lighting.  242 

Barbados  Elec.  Supply  Corpn..  690 

Bastian  Elec.  Heating,  280 

Beam  (British  Elec.  &  Mechanical).  446 

Boudjah  Elec.  Lighting.  972 

Bowers  &  Barr.  854 

Bowran  IR.),  812 
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Bristol  Electro-Chemical,  322 
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Dynamic  Elec.  732 

Eaton  Telephone  Disinfector.  364 
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Electric  Ordnance.  488  [struction, 

Electrical  Engineer.  690 

Electrical  Trolley  Head.  930 

E.M.F..  854 

Esplen.  Swainston  &  Wilson.  652 

Etna  Lighting  &  Heating.  854 

Fairbanks.  Morse.  446 

Fife  Tramway.  Light  &  Power.  610 

Filaments.  652 

Gavan  Inrig.  572 

Geary.  Adams.  770 

General  Accessories.  770 

Good  (Chas.  E.).  693 

Grassington  Elec.  Supply.  404 
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Mills  Bros..  530 
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National  Electric  Signs.  930 
National  Lighting.  892 
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Palmer.  112 
Pirelli.  280 
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Pollak  Virag  Rapid  Telegraph.  200 
Polesworth  Elec  Appliances,  74 
Power  Engineers.  36 
Power  Transmission  Synd  .  446 
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Prockter  &  Kenyon.  200 

Radium  Lamp.  154 

Redfern  lE.  M.).  572 
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Salsburv  Lamps.  74 

Samuel  Mucklow.  812 

Scott  (Walter)  lEdinburghl.  572 

Sir  John  Jackson  (South  America).  36 

Small  Power  Dynamo  &  Motor.  322 

&M.F.  Synd..  322 

Sterry-Singleton.  812 

Strathpeffer  &  Dingwall  Elec.  200 

Sylverlyte.  652 

Taylor's  Patent  Shunting  Lever.  322 

Traction  Supplies.  690 

Universal  Transmission.  930 

Vaughan  Engineering  Installations. 404 

Walker  Hanna  Patent  Bearings,  364 

Wardle  Engineering.  154 

Watson.  Archibald.  112 

Wilkinson  (F.  A.)  &  Partners,  364 

Wiseman  (Alfred).  690 


VOL.  LXIII. 


INDEX. 


[Supplement  to  "  The  Hectrlclan,' 
October  22, 1909. 


"Sljt  (Bhtttidm" 

INDUSTRIAL   SUPPLEMENT. 

APRir.,    1900,   TO   SEPTEMBER,    1909. 
INDEX      TO      COIVTEIVTS. 


Accumulators  and  Power  Work,  134 


Blowers,  '*  Acme,"  15 

Blowers.  Roots'.  43 

Boring  and  Turning  Mill.  Motor-driven,  152 

British  Elec.  Calitrated  Fuse  Co.,  Works  of,  91 


Cable  Connector,  "  Alpha,"  51 

Cables.  Henley's,  at  Bahia  BLinca.  64 

Circuit-breakers.  Siemens.  32 

Circuit  Breakers.  Time  Limit  Device  for,  79 

Coaltng  Apparatus.  A  Simple.  94 

Cokinfi  Stoker.  Bennis  Gritless.  116 

CDntact  Gear,  J.  Sc  P.,  103 

Controller.  A  New.  88 

Controllers.  B.T.-H..  125 

Cookinr  Apparatus,  "  Silundum."  127 

Crane  Controllers,  Siemens  A.C.  and  D.C..  126 

Cranes.  Babcock's.  82 

Cranes.  Heywood's.  93 

Cranes.  Stothert  &  Pitt  Elec.  20 


Daylight  Saving  Bill,  An  American  View  of 

the.  10 
Drive.  Relative  Advantages  of  Belt.  Croup  and 

Single.  131 
Dynamos   and    Motors.   Oerlikon.    for   Small 

Outputs,  150 


Eclipse  Fittinrs.  112 
Elec,  Drive  in  Uun'tries,  119 
Elec.  Drive  in  Railv.-.y  Shops.  94.  96 
Elec.  Drive  on  Shipboard.  1 
Electrical  Energy  from  Peat.  118 
Electricity  on  the  Farm.  130 
Electricity  on  the  Land,  109.  1 14 
Eyquem  Elec.  Lighting  Set.  136 


Fan  Blades.  The  Design  of.  10 

Fan.  in  the  Boiler  House.  11 

Fans.  British  Westinghouse  Elec.  35 

Fans.  Brush.  117 

Fans.  Concerning  Elec.,  2 

Fans,  Crompton,  22 

Fans,  "  Cyclone."  47 

Fans.  Elec.,  on  Sea  and  Land.  12 

Fans.  Electrically-driven  Propeller.  21 

Fans.  "  Fortiter."  14 

Fans.  Johnson  &  Phillips,  7 

Fans,  Keith,  3 


Fans,  Pickhard  Elec.  Screw,  13 
Fane,  Propeller.  130 
Fans,  Siemens.  24 
Fans.  Simplex.  26 

Fans.  Some  American  and  Continental.  49 
Fans,  Stellite.  7 
Fans,  "  Sun."  23 
Fans,  The  Latest  in  Desk,  42 
Fans.  "  Ulster."  45 
Fans,  Veritys.  37 
Fans,  Waddle.  31 
Farm.  Electricity  on  the.  130 
Fuse  Boxes,  Hope's  Unit  System  for  Ironclad, 
106 


Gas  Exhausters,  Electrically-driven,  104 
"  General  Elec.  "  Progress,  72 
Generating  Plants.  Assisted  Elec.  140 
Generating  Business,  Methods  of,  154 


Hydraulic  Riveter,  Oerlikon  Elec,  86 
Hydro-Elec.  Disabilities,  68 


International  Depression.  A  Condition  of,  141 

Instruments.  Evershed's.  72 

Instruments.  Induction.  34 

Iron  and  Steel.  The  Electrical  Production  of. 


Lamps.  J.  &  P.  Enclosed,  99 

Lamps.  "  Metalik."  62 

Lancashire  Dynamo  &  Motor  Co.,  The  Works 

of,  54 
Light  Fittings,  Shop.  41,  94 
Load  Factor  to  Power  Costs,  The  Relation  of. 


58 
Loads,  Of  Day,  128 


M 

Magnet  in  War.  The.  95 
Mines,  Ventilation  of  Coal,  10 
Motor  Cars.  The  Elec.  Lighting  of,  39 
Motor-driven  Boring  and  Turning  Mill,  152 
Motor-driven    Installations,    An    Economical 

Factor  in.  140 
Motor  Load  and  Population.  118 
.Motor-starters  (AC.)  and  Circuit-breakers,  110 
Motorum,  De  Omnibus.  85 
Motor,  2,000  h.p.  Blovrer.  36 
Motors  and  a  Day  Load.  129 
Motors  and  Controllers.  Crane,  137 
Motors,  Fan.  B.T.-H.,  6 
Motors,  Siemens  Continuous-current  Variable 

Speed.  153 
Motors,  Single-Phase,  for  Industrial  Work,  148 


Optimism  or  Pessimism  ?,  118 
Organ  Blowing,  Electrical,  120 


Panels,  B.T.-H.  Oil  Switch,  63 
Peat.  Elec.  Energy  from,  118 
Power  Supply,  Tables  of  Electric,  66.  71.  142 

147 
Pulley  Block,  Siemens  Elec.  94,  101 


Railway  Shops,  Elec.  Drive  in,  94,  96 


Shipboard,  Elec.  Drive  on.  1 

Speed  Alarms  on  Motor  Vehicles,  80 

Spring-on  Switch  Fuse,  Hope's  Patent.  121 

"  Silundum  "  Cooking  Apparatus,  127 

Starters.  Liquid  Motor.  123 

Starting  Switches,  "  Fortiter  "  D.C.,  65 

Stoker.  Bennis  Coking,  116 

Switch  Contacts,  The  Advantages  of   Oil-In 

mersed.  38 
Svfltchgear  (Ferranti)  on  Shipboard,  76 
Switchgear  for  Mines,  Ferranti,  90 
Switches,  Oil.  30 
Sun  Switches  and  Fuses,  136 


Telephone  Exchanges  in  Works  and  Ware- 
houses. 16 

Time-limit  Device  (The  "  Ordnance  ")  for 
Circuit-breakers.  79 

Traction,  Accumulator,  29 


.  Electrically-driv 
J  Compound,  40 


w 


India,    An 


Wood-working  Plant  for  Northe 
Electrically-driven,  46 

Wolf  Locomobile,  Some  Notes  on  the,  (C.  107, 

Works.  Description  of ; 

British  Calibrated  Fuse  Co..  91 
Lancashire  Dynamo  &  Motor  Co.,  54 


THE  ELECTRICIAN: 


THE    OLDEST    WEEKLY    ILLUSTBATED    JOURNAL    OP 


ELECTRICAL  ENGINEERING,  INDUSTRY,  SCIENCE   AND  FINANCE 

ESTABLISHED,    First    Series    f Weekly],    1861;      Second    Series    (Weekly),    1878. 


No.  1,613.    [vor-LxV,,.] 


FRIDAY,  APRIL  i6,  1909. 


Price  Sixpence '"^S."]'*- 

AbToadid.,  or  18  emti,  or  90e.,  or  vifl. 


CONTENTS  OF  THE  CURRENT  NUMBER. 


NOTM     1 

Arrangements  for  the  Week        3 

Ttie  Iii'lustrial  ApjJication  of 
the  Electric  Motor,  aa  lUus- 
tratwJ  in  the  Gary  Plant 
of  the  Indiana  Steel  Com- 
pany.   By  B.  K.  Shover  . .      4 

Tlie  ComfXjsition  and  Dura- 
bility of  Cable  Pa|;er».  By 
Clayton  Beaflle  and  Henry 
P.  Stevens    5 

The  Use  of  the  Potentiometer 
on  Alternate-current  Cir- 
cuits. By  Charles  V.  Urys- 
dale,  D.Sc.     Illustrated   ..       8 

ElectricTraction  on  Railways. 
XIV. — Practical  Considera- 
tion of  Overhead  Cond  uctors. 
By  Philip  Dawson.  Illus- 
trated.   Continued    9 

Aluminium  Welding.      lUus.     11 

Non-inductive,  Water  Cooled 
Standard  Resistance*)  for 
Precision  Alternating-cur- 
rent Measurements.  ByC. 
C.  Pateison  and  E.  H. 
Rayner,   M.A.     lUustrrited     15 

A  New  Standard  of  Light. 
By  W.  A.  Harwood   ......     17 

The  Combined  Efficiency  of  a 
Small  Gas  Engine  and  Pro- 
ducer Plant.  By  A.  H. 
Gibson,  M.Sc 17 


TllK    HlRISti    OF    ELEfTTRICAI, 

Al'PARATlS    18 

Reviews  19 

The     Life     Story    of     Sir 
Charles  Tilston    Bright, 
C.E.  [Bright].    Reviewed 
by  Geo.  R.  NeiLson.    The 
Elementary    Theory     of 
Direct   Current  Dynamo 
Electric  Machinery  [Ash- 
ford  and  Kempson]. 
The  E.M.F.s  Induced  in  the 
Exciting  Winding  of  Single- 
phase  Alternators.     By  H. 

Briihn    20 

A  New  Electrical  Hardening 
Furnace.      Bv  E.  Saberskv 
and  E.Adler."  Illustrated.".     22 
The    Lent?,    Steam    Engine. 

Illustrated    24 

Physical  Society 25 

The  Utilisation  of  Small 
Waterfalls.  By  H.  .J.  8. 
Heather     27 

LeoAL   l.NTEM^IOENCE      27 

Municipal,  Foreigu  &  General 

Notes     28 

Trade  Notes  and  Notices     . .  30 
Companies'      Meetings     antj 

Reports     35 

New  Companies,  &c 36 

City  Notes  36 

Companies'  Share  List 37 


N^  O  T  S  S. 

State  Ownership  of  Telephones. 

Last  month  an  in.structive  debate  took  place  in  the 
Canadian  House  of  Commons  on  the  subject  of  telephone 
rates  in  Canada.  A  resolution  was  moved  urging  the 
Government  to  cany  out  measures  to  remove  "  long 
existing  abuses,"  so  as  to  give  the  people  in  Canada  as 
cheap  a  service  as  that  in  other  countries  where  a 
national  telephone  .service  is  maintained.  This  resolution 
was  promjited  by  the  popular  idea  that  telephone  rates  on 
nationally  owned  telephone  systems  are  lower  than  on 
systems  operated  by  private  enterpri.se,  and  was  due  prin- 
cipally to  the  fact  that  the  Government  of  Manitoba  had 
recently  reduced  telephone  rates  after  working  the  tele- 
phones in  Manitoba  for  rather  les.g  than  a  year  in  succession 
to  a  company.  The  mover  of  the  resolution  relied  on  tlie 
evidence  of  "an  eminent  expert,"  a  Mr.  DA(i<;Eit,  who  had 
given  evidence  to  a  Committee  of  the  House  to  the  effect  that 
present  rates  in  Canada  could  be  "  cut  in  two  "  and  still 
leave  a  satisfactory  profit  on  the  working,  state  ovvnershiiJ 
being  the  natural  and  only  way  to  demonstrate  the  truth 
of  such  an  assertion.  Of  course  many  figures  were  given 
in  support  ef  this  idea,  and  from  these  it  would  seem 
at  first  sight  that  Canada  is  in  a  very  unenviable  position. 


In  the  discussion  which  ensued  it  was,  however,  pointed 
out  that  the  question  of  depreciation,  which  is  so  often 
forgotten  by  advocates  of  low  rates  in  dealing  with  these 
matters,  had  been  entirely  omitted,  and  that  if  a  proper 
figure  had  been  includsd  the  profit  shown  by  the  Manitoban 
Government  would  have  been  converted  into  a  loss.  A 
telephone  bu.siness  is  pecnliarly  susceptible  to  depreciation, 
and  is  probably  more  liable  to  "  scrapping "  than  any 
other  electrical  basiness.  Five  per  cent,  per  annum  of  the 
capital  seems  to  be  a  minimum  figure,  and  10  per  cent,  is 
not  unreasonable.  What  a  large  percentage  of  the  revenue 
is  swallowed  up  in  this  way  is  emphasised  by  the  fact  that 
the  Bell  Telephone  Co.  wrote  off  for  depreciation  between 
the  years  1899  and  1905  percentages  of  revenue  varying 
from  .34  to  42  per  annum.  Moreover,  comparative  figures 
of  telephone  rates  are  more  or  less  worthless.  The  tele- 
phone business  is  characterised  by  the  unu.sual  property 
that  an  increase  of  business  does  not  necessarily  lead  to  an 
increase  of  profit.  An  increase  in  the  number  of  sub- 
.scribers  means  that  more  work  is  entailed  for  each  sub- 
scriber and  also  a  greater  capital  cost.  Consequently,  it  is 
useless  to  compare  a  small  system  with  one  that  is  large. 
Moreover,  the  cost  of  staff  must  vary  enormously  with  the 
locality ;  for  example,  an  operator  at  Stockholm  receives 
£,'■%  per  annum  as  compared  with  £110  in  Australia.  Such 
points  are  not  appreciated  by  the  lay  mind,  which  expects 
as  cheap  a  service  in  London  as  in  Finland,  and  in  addition 
verv  much  "reater  facilities. 


The  Insulation  of  Cables. 

For  low-tension  lead-covered  cables  most  central  station 
engineers  at  the  present  time  choose  an  insulation  of  paper 
impregnated  with  oil;  in  fact,  such  insulation  lia.s  been 
u.sed  for  probably  00  per  cent,  of  the  underground  cables 
installed  in  this  country  during  recent  years.  Although 
bitumenised  fibre  or  jute  is  a  more  expensive  material  than 
paper,  its  use  for  tlie  insulation  of  low-tension  cables  does 
not  add  appreciably  to  their  cost  ;  for  high-tensioB  cables, 
however,  where  the  insulation  becomes  a  much  more  im- 
portant factor  in  the  total  cost  of  the  cable,  paper  is  almost 
universally  used,  the  extra  cost  of  bitumenised  fibre  being 
then  rather  prohibitive.  Tlie  reason  for  the  marked  prefer- 
ence in  favour  of  paper  insulation  for  low-tension  cables, 
however,  is  a  little  difficult  to  explain,  for  the  advantages 
of  bitumenised  fibre  can  by  no  means  be  disregarded,  and, on 
tiie  other  hand,  oils  are  not  uniforrji  in  character.  Thus, 
the  oil  used  for  impregnating  a  paper  cable  must  be  care- 
fully chosen,  since  it  should  not  be  too  fluid,  nor,  on  the 
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other  hand,  too  viscous,  as  the  layers  of  paper  will  in  the 
latter  case  not  slide  freely  over  one  another,  resulting  in 
a  likelihood  of  the  insulation  tearing  or  cracking  whenever 
the  cahle  is  bent.  In  fact,  this  cracking  is  always  a  more 
likely  occurrence  with  paper  than  with  bitumenised  fibre. 


Agaix,  the  process  of  jointing  is  more  ditlicult  if  the 
paper  is  well  impregnated  with  oil,  since  cleanliness  is  not 
so  easily  secured ;  and  another  point,  also  in  favour  of 
fibre,  is  that  moisture  can  travel  more  easily  along  a  paper 
insulated  cable.  The  most  important  consideration,  how- 
ever, is  the  life  of  the  cable,  and  as  this  is  not  easily 
ascertained  it  must  be  largely  a  question  of  opinion. 
It  cannot  be  too  strongly  emphasised,  however,  that 
only  the  ver}'  best  Manila  paper  obtainaltle  should  be 
used,  and  any  saNang  in  the  cost  of  the  insulation 
of  a  cable  is  dearly  purchased  if  obtained  at  the  ex- 
pense of  the  life  of  the  cable,  for  the  latter  is  certainly 
largely  determined  by  the  durability  of  the  insulation. 
Information  upon  this  subject  is,  however,  rather  scarce, 
so  that  our  readers  will  no  doubt  welcome  the  article  by 
Messrs.  Clayton  Beadle  and  Henry  P.  Stevens,  the  first 
instalment  of  which  appears  in  our  present  issue.  In  this 
article  the  composition  and  durability  of  the  papers  em- 
ployed in  the  manufacture  of  cables  are  discussed,  mainly 
from  the  chemical  point  of  view,  and  as  the  article  is  the 
result  of  wide  e.\;perience,we  do  not  doubt  that  the  authors' 
conclusions  will  be  of  value  to  those  concerned  with  this 
important  branch  of  the  industry. 


Personal. — It  is  announced  that  the  Royal  Academy  of 
Sciences  of  Sweden  has  awarded  a  gold  medal  to  Mr.  T.  A. 
Edison  for  hi.s  invention.?  in  connection  with  the  phonograph. 

Motor  Omnibus  Regulations. — We  are  informed  by  the 
London  Elcctrobus  Co.  that  the  limit  of  3^,  tons  proposed  by 
the  Commissioner  of  the  Police  for  motor  omnibuses  does  not 
include  fuel,  water  or  accumulators,  so  that  such  a  regulation 
will  not  interfere  with  the  present  design  of  the  electrobus. 

The  Faraday  Society. — The  following  nominations  for  the 
Officers  and  Council  of  this  Society  to  be  elected  at  the 
forthcoming  annual  general  meeting  were  announced  at  the 
last  ordinary  meeting  of  the  Society  :  I'leddent  :  Mr.  J. 
Swinburne,  F.K.S.  Vice-Presidents:  Mr.  G.  T.  Beilby,  P.R.S., 
Sir  K.  A.  Hadfield,  F.K.S.,  Prof.  A.  K.  Huntington,  Dr.  Lud- 
wig  Mond,  F.li.S.,  Lord  Rayleigh,  O.M.,  F.Ii.S.,  Prof.  A. 
Schuster,  F.R.S.,  and  Mr.  E.  Solvay.  Treasurer:  Dr.  F.  Mollwo 
Perkin.  Council :  Messrs.  E.  J.  Bcvan,  Bertram  Blount, 
A.  C.  Claudet,  W.  R.  Cooper,  S.  Z.  de  Ferranti,  F.  W.  Hurbord, 
W.  Murray  Morrison,  H.  F.  K.  Picard,  J.  L.  F.  Vogel,  and 
Dr.  N.  T.  M.  Wilsmore. 

Electric  Power  Supply  in  Bombay. — A  very  large  hydro- 
electric scheme,  whereby  it  will  be  possible  to  supply  Bombay 
as  well  as  a  number  of  local  mills  and  other  power  users,  is 
now  under  consideration.  It  is  proposed  to  erect  three  large 
reservoirs  by  constructing  dams  across  the  Sliirawta,  Walwhan 
and  Lanonla  valleys,  which  will  collect  water  from  the  Ghat 
mountains.  From  these  reservoirs  the  water  will  be  conveyed 
through  a  penstock  to  the  power  station  near  Khopoli,  the 
total  fall  being  1,730  ft.  Power  will  be  transmitted  at  45,000 
volts  by  overhead  lines  to  Bombay,  some  43  miles  away. 
Here  it  will  be  stepped  down  to  various  pressures  and  dis- 
tributed to  consumers. 

Cable  Interruptions  and  Repairs. 

Date  of  Interruption.     Dato  of  Repair. 

Pontianak— Saigon  Sep.  16,  1908     ...  — 

Tourane— Amoy    Jan.  19,  1909     ...  — 

Malta— Zante Apr.   6,  1909     ...     Apr.  11,  1909 

Hong  Kong— Macao Apr.  13,  1909     ...  — 


German  Bunsen  Society. — The  annual  meeting  of  this 
society  will  be  held  at  Aix-la-Chapelle  from  Ma}^  23rd  to  2Gth, 
immediateh'  before  the  International  Congress  of  Applied 
Chemistry  in  London. 

Institution  of  Colliery  and  Mining  Electrical  Engineers. —  ■ 

We  are  informed  that  the  Inaugural  Meeting  of  this  Institution 
will  be  held  at  the  Grand  Hotel,  Manchester,  on  April  24th  at 
5  p.m.  The  chair  will  be  taken  by  Mr.  Wm.  Maurice,  of  the 
Hucknall  Colliery  Co.  A  cordial  invitation  is  extended  to  all 
interested  in  electrical  and  mining  matters. 

New  Submarine  Cable  to  South  America. — The  Western 
Telegraph  Co.  has  submitted  a  proposal  to  the  Argentine 
Government  for  the  construction  and  laying  of  a  new  sub- 
marine cable  directly  connecting  Argentina  and  Europe,  and 
touching  at  Ascension  Island.  The  chief  officials  of  the  Argen- 
tine Posts  and  'I'elegraphs  Department  and  the  Ministrj'  of  the 
Interior  have  expressed  themselves  favourably  towards  the 
scheme,  which  is  also  well  received  in  political  and  commercial 
circles  in  the  Republic. 

Birmingham  Section  of  the  Institution  of  Electrical  Engi- 
neers.— The  following  list  of  officers  to  act  on  the  council  of 
this  Section  during  the  session  1909-10  has  been  prepared  for 
circulation  and  presentation  at  the  annual  general  meeting  on 
May  5th  ;  Vhnirimin,  Mr.  R.  Iv.  Morcom.  Paxt-chairmcii, 
Messrs.  R.  Threlfall,  F.R.S.,  R.  A.  Chattock  and  Dr.  G.  Kapp. 
Vice-chairman,  Mr.  M.  Railing.  Ordinarrj  members  of  committee 
{remaining  in  office),  Messrs.  V.  Bornand,  A.  R.  Everest,  A. 
Lindsay  Forster,  J.  P.  Kemp,  J.  F.  Lister,  A.  Pearson,  A.  M. 
Taylor,  and  J.  C.  Vaudrey.  Ordinarii  members  of  committee 
{new  nominations),  Messrs.  J.  H.  Barker,  M.  Kloss,  F.  J. 
MofTett,  and  Dr.  W'.  E.  Sumpner.  Hon.  secretary,  Mr.  H.  B. 
Matthews. 

Iron  and  Steel  Institute. — We  are  informed  that  the  annual 
meeting  of  this  Institute  will  be  held  at  the  Institution  of  Civil 
Engineers,  Great  George-street,  Westminster,  on  Thursday 
and  Friday,  May  13th  and  14th.  Unfortunately  the  president- 
elect. Sir  W.  T.  Lewis,  may  be  prevented  from  occupying  the 
chair,  and  in  that  event  Sir  Hugh  Bell  will  preside.  Among 
the  Papers  down  for  reading  are  the  following: — "On  the 
Production  of  Iron  Sheet  and  Tubes  in  one  Operation,"  by  Mr. 
S.  Cowper-Coles  ;  "On  High-tension  Steels,"  by  Mr.  P.  Long- 
muir,  and  "On  the  Roechling-Rodenhauser  Electric  Furnace," 
bj'  Mr.  W.  Ro<lenhauser.  The  annual  dinner  of  the  Institute 
will  be  held  at  the  Hotel  Cecil  on  the  evening  of  May  14th. 
The  autumn  meeting  will  also  be  held  in  London,  on  Septem- 
ber 28th,  29th  and  30th. 

Electric  Traction  in  the  Congo. — A  correspondent  to  "  The 
Times "  states  that  Mr.  Sandys,  who  is  responsible  for  the 
construction  of  the  well-known  railway  from  Mataeli  to 
Leopoldsville,  has  gone  to  Africa  to  examine  the  rapids 
and  falls  of  the  Lower  Congo  in  order  to  decide  whether 
it  would  be  possible  to  obtain  sufficient  hydraulic  power  to 
operate  the  railway  electrically.  It  is  reported,  concerning 
the  line  now  under  construction  from  the  Upper  Congo  to 
the  Great  Lakes,  for  which  an  additional  capital  of  a  nuUion 
sterling  has  lately  been  raised,  that  the  first  section  from 
Stanleyville  to  Ponthierville,  80  miles  in  length,  has  been  com- 
pleted, and  the  temporary  bridges  have  been  replaced  by  perma- 
nent structures.  The  second  section,  extending  to  a  length  of 
210  miles,  between  Kindu  and  Kongolo  has  been  fully  sur- 
veyed and  nearly  laid  out.  About  12-5  miles  of  formation  have 
been  prepared,  and  the  track  is  laid  for  a  distance  of  'JO  miles. 
As  soon  as  Kongolo  is  reached,  the  further  portion  of  the 
navigable  Upper  Congo  for  a  distance  of  400  miles — that  is  to 
say,  reaching  from  Kongolo  right  up  to  Congo  through  Lake 
Kisale,  as  far  as  the  falls  of  Kalengwe,  in  Katanga — will 
become  available  for  navigation  by  boats  of  500  tons  burden. 
It  is  iioped  that  all  will  bo  ready  by  the  end  of  lUlO. 

Electric  Traction  in  Japan. — A  railway  which,  when  finished, 
will  be  the  thinl  longest  in  Japan,  is  now  under  construction 
and  posses.ses  the  f  urthci-  distinction  that  it  will  be  electrically 
worked  throughout.  It  will  connect  Kyoto,  a  large  town 
with   nearly  half    a  million  inliabitants,   with  Osaka,   an  in- 
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dustrial  centre,  with  a  population  of  nearly  one  million.  From 
an  industrial  point  of  view,  therefore,  the  railwa}-  should  prove 
of  great  importance.  The  total  length  of  the  line,  which  will 
be  double-track  throughout,  is  30  miles.  Current  for  work- 
ing the  line  will  be  supplied  from  three  850  kw.  three-phuse 
steam  turbo-alternators,  the  transmission  voltage  being  2,."i00 
volts,  Sub-stations  are  to  be  erected  along  the  line,  and  will 
transform  the  three-phase  current  to  continuous  at  "2, -500  volts 
for  use  at  the  trollej'  wire.  The  equipment  of  the  line  is  in 
the  hands  of  English  firms,  among  whom  may  be  mentioned 
Messrs.  Dick,  Kerr  &  Co.,  Willans  &  Kobinson  and  Babcock  & 
AVilcox. 

Electrically-Operated  Fish  Van. — An  interesting  application 
of  electric  traction  to  goods  traffic  is  illustrated  by  the  intro- 
duction of  a  combined  parcel  and  fish  van,  which  is  now  being 
employed  on  the  electrified  lines  of  the  Xorth  Eastern  Railway 
in  the  neighljonrhood  of  Newcastle.  The  van  has  four  com- 
partments arranged  to  give  a  driver's  cab  at  each  end,  with 
divisions  in  the  centre  for  luggage  and  fish  respectively. 
The  van  is  55  ft.  long  over  the  head-stocks,  and  is  carried  on 
pressed  steel  bogies  with  wheels  3  ft.  in  diameter.  The 
couplings  and  buffers  are  so  arranged  that  the  van  can  be 
coupled  to  either  a  steam  or  electric  train  without  delay. 
Hand  and  air  brakes  are  Iwth  provided,  the  latter  being  sup- 
plied from  an  electrically-driven  air  compressor.  The  electrical 
equipment  consists  of  four  125  H. P.  B.T.-H.  motors  similar  to 
those  used  on  the  North  Eastern  Kailwaj'  Co.'s  other  electric 
trains.  The  Sprague  system  of  miUtiple  unit  control  is  also 
fitted.  Great  care  has  been  taken  to  make  all  the  electrical 
equipment  as  safe  as  possible  ;  all  the  cables  are  asbestos 
covered  and  are  run  in  soliil  drawn  steel  conduits  screwed 
into  cast-iron  connecting  boxes.  Where  the  cables  leave  the 
conduits  the  latter  are  bell-mouthed  and  are  provided  with 
rubber  washers  to  render  the  whole  air-tight.  The  van  is 
lighted  by  six  lamps  connected  in  series,  while  duplicate  sets 
of  signal  and  route  lamps  are  provided. 

Investigations  on  the  Electrical  State  of  the  Upper  Atmo- 
sphere.— A  Paper  on  this  subject  was  read  on  Tuesday, 
March  23rd,  by  Mr.  AV.  Makower,  Miss  Margaret  White  and 
Mr.  E.  ]\Iarsden  before  the  Manchester  Section  of  the  Institu- 
tion of  Electrical  Engineers.  It  contained  the  results  of  investi- 
gations made  during  -July  and  August,  190S.  These  were  chiefiy 
concerned  with  the  measurement  of  the  electric  currents  flowing 
from  a  kite  down  a  wire  by  which  it  was  attached  to  the  wind- 
ing machine.  In  the  first  experiments  different  lengths  of 
wire  were  let  out  with  the  kite,  detached  from  the  wind- 
ing machine,  and  the  free  end  of  the  wire  attached  to  an 
ebonite  in.sulator  fixed  to  the  ground.  The  kite  was  then 
connected  to  earth  through  a  sensitive  dead-beat  galvanometer 
and  the  current  measured.  In  these  experiments  the  currents 
at  considerable  heights  were  so  large  that  it  was  found  neces- 
sarj'  to  reduce  the  sensitiveness  of  the  galvanometer  by  shunt- 
ing. The  plan  was  therefore  adopted  in  later  experiments  of 
using  a  portion  of  the  kite  wire  when  attached  to  the  drum  of 
the  winding  machine,  which  was  earthed,  as  a  shunt,  and  thus 
making  use  of  the  usual  daily  flights  taking  place  at  the 
Glossop  Observatory.  The  mean  currents  obtained  were  as 
follows  : — 

Height  of  kite  above  ground.  Current  in  amperes. 

2,000ft.  5x10-"' 

4,000ft.  ISxlO--' 

6,000ft.  23xl0-'> 

The  current  at  anj'  fixed  height  varied  considerably  from  day 
to  day.  There  seemed,  however,  to  be  a  fairly  close  connection 
between  the  current  and  wind  velocity,  the  currents  being 
great  when  the  wind  was  high.  A  few  experiments  were  made 
on  the  potential  of  the  air  at  dift'erent  heights,  but  no  very 
reliable  results  were  obtained,  on  account  of  the  ditticultj-  of 
satisfactorily  insulatiiig  the  apparatus  owing  to  the  high  poten- 
tials to  be  measured. 

Electro  Analysis  of  Mercury  Compounds  with  a  Gold 
Cathode. — At  the  meeting  of  the  Faradaj'  Society  held  on 
March  30th,  Dr.  F.  Mollwo  Pcrkin  read  a  Paper  on  this  subject, 
in  which  he  first  showed  that  the  results  obtained  were  always 
slightly  high — from  05  to  1  per  cent.     This  was  at  first  attri- 


buted to  occluded  hydrogen ;  but  it  was  found  that  the  gold 
electrode  did  not  increase  in  weight  when  made  the  cathode  in 
dilute  sulphuric  acid,  the  current  being  passed  for  G  to  20 
hours.  When  the  electrode  coated  with  mercury  was  treated 
in  a  similar  manner  it  also  showed  no  increase  in  weight.  The 
increase  in  weight  could  hardly  be  due  to  oxidation  since  the 
electrode  was  cathode,  and  when  a  platinum  electrode  was  run 
in  series  with  it  the  mepcury  deposited  upon  the  platinum  was 
always  slightly  less  than  was  theoretically  required.  The 
author  was  consequently  unable  to  account  for  the  re.sults,  but 
pointed  out  that  a  gold  electrode  could  not  be  satisfactorily 
used  for  analytical  purposes.  A  rotating  silver  electrode 
showed  similar  results — viz.,  the  weight  of  mercury  was  too 
high.  Usually  the  time  required  to  deposit  the  mercury  was 
from  five  to  six  hours,  but  bj^  placing  the  cell  and  electrodes 
in  a  powerful  magnetic  field  in  such  a  way  that  the  liquid  was 
caused  to  swirl,  the  mercury  was  deposited  in  about  50  minutes. 
The  results  in  this  case,  however,  were  again  too  high.  The 
author  also  described  two  new  quartz  vessels  which  he  had 
devised  for  depositing  mercury  or  other  metals  upon  a  mercury 
cathode,  one  of  them  being  fitted  with  a  siphon  side  tube.  In 
conclusion,  the  author  said  that  undoubtedly  the  best  electrode 
for  depositing  mercury  upon  was  one  of  mercury,  and  that  the 
deposition  was  extremely  rapid  if  a  rotating  anode  was  em- 
ployed. 


ARRANGEMENTS  FOR  THE  WEEK. 

SATURDAY,  April  17th. 

Birmingham  &  District  Electric  Clcb. 
/'  p.m.     Meeting   in    the    Battery    Room,    Summer-lane    Power 
Station,   Birmingham.     Paper  on    "Electric  Welding,"  by 
Mr.  V.  D.  Green. 
TUESDAY,  AprU  20th. 

Junior  Institution  of  Engineers. 
7-30  p.m.     Meeting  at  Royal  United  Service  Institution,  White- 
hall, S.W.   Paper  on  "  Systems  of  Electrical  Power  Distribu- 
tion," by  Mr.  C.  H.  Smith. 

The  Institution  of  Ci\aL  Engineers. 
,s'  p.m.     Meeting  at  Great  George-street,  Westminster,  S.W.  Paper 
on  "The  '  New  York  Times'  Building,"  by  Mr.  C.  T.  Purdy. 
WEDNESDAY,  April  21st. 

Birmingham  Local  Section  of  the  Institution  of  Electrical  Engineers. 
7:oO  p.m.     Meeting  in  the  large  Lecture  Theatre,  the  University, 
Edmund-street.    Papers  on  "  Manipulation  of  Telephone  Dry 
Core  Cables,"  by  Mr.  F.  G.  C.  Baldwin  ;  and  on  "Improve- 
ment of  Power  Factor  in  A.C.  Systems,"  by  Mr.  Miles  Walker. 
THURSDAY,  April  22nd . 

The  Institution  of  Electrical.  Engineers. 
« p.m.     Meeting  at  the  Institution    of  Civil    Engineers,   Great 
George  street,  Westminster,  S.W.    Pajier  on  "The  Electrical 
S\'stera   of  the  London   County  Council  Tramways,"  by  Mr. 
J.  H.  Rider.     Adjourned  discussion. 
FRIDAY,  April  23rd. 

Physical  Society  of  London. 
'j  p.m.  Meeting  at  the  Imperial  College  of  Science,  Imperial 
Institute-road,  South  Kensington.  Agenda  :  (1)  "  On  a 
Want  of  Svmmetrv  Shown  hv  Secondary  X-Rays,"  by  Prof. 
W.  H.  Bragg,  F.R.S.  (2)  transformations  of  X-Rays."  by 
Mr.  C.  A.  Sadler.  (3)  "  Theory  of  the  Alternate  Current 
Generator,"  by  Prof.  T.  R.  Lyle. 

The  Institution  of  Mechanical  Engineers. 
Spin.     Meeting  at  Storey's  Gate,  St.  James  Park,  Westminster. 

S.W.     Presidential  address  by  Mr.  J.  A.  F.  Aspinall. 
Students'  Section  ok  the  Institution  of  Civil  Exgixeebs. 
V  p.M.     Meeting    at     (Jreat    George-street,    Westminster,    S.W. 
Paper    on    "The    Development    of    Hydro- Electric    Power 
Schemes  :  with  Special  Reference  to  Works  at  Kinlochleven," 
by  Mr.  J.  M.  S.  Culbertson. 

RoTAL  Institution  of  Gee.\t  Britain. 
9p.m.     Meeting  at  Albemarle-street,  Piccadilly,  W.     Discourse 
on    "Tantalum  and    its    Industrial    Applicatious,"    by    Mr 
Alexander  Siemens. 

Corps  of  Electrical  Engineers  (London  Division). 
Commanding  Otiicer,  Col.  R.  E.  B.  Crompton,  C.B. 
The  following  orders  have  been  issuetl  for  the  current  week  : — 
Monday,  April  19th,  ^j 
"  A  "  Com  pan}- 
Tuesday,  April  20th,    Infantry  drill  (Recruits),  6  p.m.  to  7  p.m. 

"  B  "  Company  

Thursday,April22nd, 

"  C  "  Company   

Friday,    April   23rd, 
"  D"  Company  


Technical  drill,  7  p.m.  to  9:30  p.m. 
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THE  INDUSTRIAL  APPLICATION  OF  THE  ELECTRIC 
MOTOR,  AS  ILLUSTRATED  IN  THE  GARY  PLANT 
OF  THE  INDIANA  STEEL  COMPANY.* 


BY    B.    E.    SHUVER. 


i'  :<  .-a 


Summary. — A  description  is  here  given  of  the  main  features  of  the 
electrical  installation  for  the  largest  steel-making  plant  in  the  world. 
Blast  furnace  gas  is  used  for  a  large  gas  engine  power  station.  One 
pf  the  most  interesting  features  is  the  electrical  equipment  of  the  rail- 
mill,  the  roll-trains  being  direct  coupled  to  the  largest  induction  motors 
ever  made,  of  2,000  and  6,000  H.p.  capacity. 


A  brief  historical  resume  of  the  application  of  electric  power  to  the 
steel-mill  industry  is  first  given.  While  the  United  States  has  led 
in  the  application  of  electric  drive  to  auxiliary  machinery,  Europe 
has  pioneered  the  way  in  its  use  for  driving  roll  trains.  In  the  dif- 
ferent European  steel  plants  there  are  to-day  about  230  motors  with 
a  normal  capacity  of  19.000  h.p.  and  a  maximum  capacity  of 
41,000  H.P.  used  for  electric  drive  of  non-reversing  roll  trains.  In 
addition,  one  noteworthy  installation  is  that  of  a  10,500  h.p.  revers- 
ing outfit  at  the  Hildegardehiitte  mine.  In  June,  1907,  the  Illinois 
Steel  Co.  put  in  the  first  and  only  reversing-mUl  drive  that  has  been 
installed  in  America. 

The  increasing  demand  for  steel  has  led  to  the  recent  installation 
of  the  Gary  plant.  The  site  chosen  is  at  the  extreme  south  end  of 
Lake^Micliigan,  about  26  miles  from  the  centre  of  Chicago.  The 
advantages  of  this  location  consist  of  lake  transportation,  splendid 
railroad  facilities  and  cheap  land.  The  governing  feature  in  the 
design  of  the  plant  was  economy,  and  to  this  end  the  blast-furnace 
gas  was  utilised  in  gas  engines,  driving  electric  generators  to  furnish 
electric  power. 

It  was  decided  to  stick  to  only  well-tried  apparatus,  and  the  use 
of  trolley  wires  for  cranes,  scale  larries,  &c.,  was  abolished.  For 
travelling  apparatus  up  to  and  including  travelling  cranes  of  50  tons' 
capacity  a  2  in.  by  f  in.  steel  strip  is  used  for  main  conductors.  Ap- 
paratus of  larger  capacity  u.ses  a  60  lb.  rail,  while  the  unloaders 
and  bridges  have  100  lb.  rails,  reinforced  by  heavy  copper  cable,  so 
as  to  get  carrying  capacity  sufficient  to  avoid  excessive  drop.  In 
the  part  of  the  works  now  complete  there  are  installed  110  electric 
travelling  cranes  with  an  aggregate  lifting  capacity  of  3.812  tons. 
The  capacity  is  22.025  H.P.  in  direct  current  and  5.312  h.p.  in  440  volt 
alternating  current  motor ;  27,000  h.p.  in  6,600  volt  alternating-current 
motors  haa  already  been  operated.  About  an  equal  aggregate 
number  of  horse-power  will  be  required  for  the  operation  of  that 
part  of  the  plant  now  under  construction,  and  still  more  for  parts 
which  are  at  present  being  designed. 

Electric  Potver  Station. — For  this  part  of  the  plant  it  is  intended 
to  use  the  gas  available  from  eight  blast  furnaces.  On  account  of 
the  large  amount  of  current,  the  especially  large  number  of  circuits 
and  units,  and  also  to  make  the  operation  more  reliable,  this  plant 
is  divided  into  two  sections,  which  are  called  ]iiiwer  houses  Xo.  2  and 
No.  3  respectively.  The  eight  blast  furnaces  |iroducing  3,600  tons 
of  pig  iron  per  24  hours  will  give  a  total  of  22.45(1.(100  cubic  ft.  of  gas 
per  hour.  Thirty  per  cent.,  or  6,750,000  cubic  ft.,  of  this  gas  is  used 
for  heating  stoves;  7  5  per  cent.,  or  I,70t),000  cubic  ft.,  are  used 
under  the  boilers  to  furnish  steam  for  spare  steam  engines,  pumps  and 
miscellaneous  heating ;  2-5  per  cent.,  or  600,000  cubic  ft.,  are  neces- 
sary for  operating  the  gas  washers;  12-5  per  cent.,  or  2,800,000 
cubic  ft.,  are  used  by  the  blast-furnace  bhjwing  engines;  2-5  percent., 
or  600,(XX)  cubic  ft.,  for  auxiliary  use  in  idnnictidn  with  these  engines. 
The  remaining  45  per  cent.,  or  10,00(1,0(10  cubic  ft.  per  hour,  are 
available  for  i)owcr  jiurposes.  If  estimated  at  90  B.Th.U.  per  cubic 
foot  and  10,(^)00  B.Th.U.  per  boiler  horse-power,  this  gas  is  equal  to 
110,000  boiler  hor.se-power  in  gas  engines. 

There  are  installed  in  No.  2  and  No.  3  electric  power  stations  a 
total  of  17  gas  engines,  each  rated  at  3,000  i:.p.,  but  capable  of  about 
.50  per  cent,  overload.  It  will,  therefore,  be  seen  that  only  approxi- 
mately 50  per  cent,  of  the  available  power  as  calculated  will  be  used 
in  this  station.  The  electrical  equipment  of  jiower  liouses  No.  2 
and  No.  3  comprises  fifteen  2,(MJ0  kw.  alternating-current  units,  two 
2,000  kw.  direct-current  units — all  driven  by  gas  engines — and  also 
two  2,0fX)  kw.  alternating-current  turbo  units. 

Ga^  Engine-i. — The  gas  engines  are  horizontal  twin  tandem,  double 
acting,  running  at  83J  revs,  per  min.  The  cylinders  arc  44  in.  in 
diameter  by  54  in.  stroke.  The  floor  space  occupied  by  each  engine 
and  generator  is  74  ft.  by  39  ft.,  with  total  approximate  weight  of 
1,700,000  lb.  The  largest  piece  in  the  engine  is  the  bed  plate,  which 
■weighs  from  90  to  95  tons.  The  flywheel  is  23  ft.  in  diameter  and 
weighs^OO.fXK)  lb. 

*  Abstract  of  a  Paper  read  before  the  American  Institute  of  Electrical 
Engineers. 


Turbines. — The  two  turbines  are  rated  at  2.000  kw.  each,  and 
were  installed  primarily  for  use  in  the  construction  of  the  plant  and 
to  furnish  power  for  starting  up.  It  is  also  expected  that  they  will 
assist  materially  in  the  regulation  of  the  station  by  taking  care,  to  a 
certain  extent,  of  the  sudden  peak  loads. 

Storage  Battery. — The  installation  of  the  storage  battery  was  for 
the  purpose  of  minimising  the  fluctuation  of  load  on  the  generating 
station.  The  storage  battery  consists  of  two  separate  batteries  of 
125  cells,  73  plates  per  cell,  each  battery  having  a  rating  of  4,320 
amperes,  with  a  momentary  rating  of  from  two  to  three  times  that 
amount.  They  are  installed  in  a  two-storey  building  located  directly 
north  of  the  power  station,  the  connection  between  the  two  buildings 
being  through  a  tunnel. 

The  direct-current  regulation  is  accomplished  by  means  of  two 
2.500  ampere  35  volt  boosters.  The  motors  and  generators  of  this 
booster  are  of  the  interpole  type,  controlled  by  a  carbonpile  regulator 
acting  through  a  motor-driven  exciter.  The  alternating-current 
regulation  is  accomplished  by  means  of  special  2,000  kw.  split-pole 
converters.  The  regulating  current  for  this  converter  is  supplied  by 
a  series  transformer  in  the  leg  of  each  generator  lead.  In  turn,  these 
transformers  are  connected  to  a  totalising  transformer  of  the  com- 
pensator type,  which  supplies  current  to  a  synchronous  motor-driven 
special  synchronous  converter.  From  the  direct-current  side  of  this 
converter  is  taken  the  regulating  current  for  the  split-pole  converter. 
A  special  10,000  ampere  remote-control  switch  short-circuits  the 
starting  resistance. 

The  generator  oil  switches  are  arranged  so  that  the  regulating 
transformer  of  each  generator  is  short-circuited  when  that  gene- 
rator is  not  in  service.  Connections  are  also  made  so  that  when 
stations  No.  2  and  No.  3  are  connected  together  the  battery  will 
regulate  on  both,  but  should  either  tie  switch  be  thrown  out,  thua 
disconnecting  the  two  stations,  no  regulation  is  possible  on  station 
No.  2,  and  the  current  transformer  in  the  legs  of  the  generators  in 
that  station  are  at  the  same  time  short-circuited.  In  respect  to  the 
average  load  on  the  station  the  regulation  of  both  direct  current  and 
alternating  current  is  by  remote  control. 

The  transmission  system  is  in  duplicate,  each  section  having 
sufficient  capacity  to  carry  the  entire  load  in  case  of  accident  to  the 
other  sections.  The  lines  are  supported  upon  a  steel  tower  con- 
struction made  exceptionally  heavy  on  account  of  the  great  height 
of  the  towers  and  heavy  complement  of  feeders. 

Sub-stations. — Tliere  are  three  sub-stations.  Sub-station  No.  1 
is  located  in  the  rail  mill  and  consists  of  four  500  kw.  motor-gene- 
rator sets.  This  sub-station  normally  supplies  current  for  all  the 
direct-current  apparatus  in  the  shop  group,  rail  mill  and  billet  mill. 
Sub-stations  No.  2  and  No.  3  each  have  two  units,  duplicates  of  those 
in  sub-station  No.  I.  They  normally  supply  ctrrrent  to  the  ore 
unloaders  and  bridges.  The  direct-current  power  furnished  from 
the  two  2.000  kw.  gas  engine  driven  units  in  the  power  station  is 
used  to  supply  the  direct-current  motors  for  the  blast  furnaces  and 
open-hearth  plants.  When  the  mills  are  not  in  operation,  and  orJy 
the  lights  and  a  few  cranes  are  needed,  it  will  be  possible  to  shut 
down  the  sub-station  and  furnish  power  direct  from  the  power 
station.  This  method  of  operating  will  result  in  considerable  saving 
in  operating  expense.  A  battery  will  probably  be  installed  in  the 
near  future  at  this  sub-station. 

There  are  located  at  various  parts  of  the  plant  nine  installations 
of  transformers  for  supplj-ing  440  volt  three-phase  alternating  cur- 
rent. In  these  stations  there  are  a  total  of  nine  800  kilovoU-amiJere 
oil-insulated  water-cooled  transformers  and  27  100  kilovolt-amiiere 
oil-insulated  self-cooling  transformers. 

Electric  Power  Appuc.wions. 

Central  Pumpiruj  Station. — All  of  the  water  for  the  works  is  taken 
from  the  lake  at  one  point.  At  present  there  are  installed  four  cen- 
trifugal pumps,  each  of  25,000.000  gallons  capacity  per  24  hours, 
pumping  against  a  head  of  100  ft.  These  pumps  are  driven  by 
three-phase  440  volt  500  revs,  per  min.  induction  motors.  In  order 
to  make  this  installation  as  free  as  possible  from  interruptions  due 
to  electrical  troubles,  there  is  a  main  feeder  from  each  power  station. 
Each  feeder  has  its  own  oil  switch,  feeding  tliree  8(K)  kilovolt-ampere 
transformers,  and  two  of  the  motor-diiven  pumps  are  operated  from 
each  set  of  transformers.  The  'bus  bars  are  provided  with  discon- 
necting switches,  so  that  either  set  or  both  sets  of  transformers  can 
be  operated  from  either  or  both  main  feeders. 

Gas-ivashing  Plant. — There  is  one  such  plant  for  every  group  of 
four  blast  furnaces.  Each  gas-washing  plant  consists  of  eight 
washers,  driven  by  150  h.p.  440  volt  375  revs,  per  min.  induction 
motors.  These  motors  are  fed  from  one  of  the  transformer  installa- 
tions, but  the  secondaries  of  this  transformer  station  can  also  be 
connected  in  parallel  witli  the  transformers  in  the  pumping  station, 
running  both  as  a  unit.     In  case  of  the  failure  of  one  of  the  stations. 
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a  part  of  the  pumps  and  the  gas  washers  can  be  operated  from  the 
other  station. 

Repair  Shops. — A  total  motor  capacity  of  2,440  h.p.  is  installed 
for  operating  these  shops. 

Ore  Unloaders. — Located  on  the  edge  of  the  slip  are  five  ore  un- 
loaders  of  10  tons  capacity  each.  The  total  weight  of  each  machine 
is  890,000  lb.  The  motor  equipment  of  each  unloader  consists  of 
six  direct-current  motors,  totalling  435  H.P.,  the  hoisting  being  done 
by  a  150  h.p.  compound-wound  motor  (60  per  cent,  shunt  and  40  per 
cent,  compound),  and  a  100  h.p.  series-wound  motor  being  used  for 
car  haulage  and  bridge  motion.  With  the  exception  of  the  car 
haulage  and  bridge  motion,  all  motions  of  the  unloader  are  controlled 
through  distant-controlled  automatic  magnetic  torque-limit  con- 
trollers. The  master  controllers  for  operating  these  motors  are 
located  in  the  leg  of  the  unloader,  so  that  the  operator  who  rides  with 
the  bucket  not  only  has  a  clear  view  of  everything  he  is  doing,  but 
has  absolute  control  of  all  motions  of  the  machine. 

Ore  Bridges. — The  ore  taken  out  of  the  boats  is  deposited  in  a 
huge  concrete  trough  directly  in  the  rear  of  the  unloaders.  From 
this  point  it  is  picked  up  by  the  ore  bridges,  of  which  there  are  five. 
These  bridges  are  of  the  cantilever  type,  having  a  total  over-all 
length  of  459  ft.  The  lifting  capacity  of  each  bridge  is  13  tons  of 
ore,  in  addition  to  the  weight  of  the  bucket.  The  total  weight  of  the 
bridge  is  238,000  lb.  The  motor  equipment  of  each  bridge  consists  of 
14  direct-current  motors,  totalling  618  h.p.,  comprising  four  80  h.p. 
series  motors  for  hoisting,  four  40  h.p.  for  the  trolley  and  four  30  h.p. 
for  the  bridge. 

The  ore  picked  from  stock  by  the  bridge  is  deposited  in  a  transfer 
car  of  100,000  lb.  capacity,  the  electrical  equipment  of  which  consists 
of  two  50  h.p.  motors  operated  by  means  of  an  ordinary  street-car 
controller,  and  an  air  compressor  supplying  air  for  opening  and 
closing  the  doors  and  for  air  brakes.  This  car  is  used  for  transferring 
the  ore  from  the  bridge  to  the  appropriate  bin.  Underneath  the 
bins  are  the  scale  larries,  driven  by  one  21  h.p.  direct-current  series 
motor,  and  carrying  a  similar  motor  for  opening  and  closing  the  door 
of  the  bin.  Tliis  larry  is  used  for  transferring  ore,  coke  and  limestone 
from  the  various  bins  in  the  appropriate  quantities  and  depositing 
it  in  the  blast-furnace  skip.,  driven  by  a  150  h.p.  compound-wound 
motor.  The  control  of  this  skip  is  absolutely  automatic  ;  the 
operator  simply  starts  it  up,  after  which  the  accelerating,  running, 
retarding  and  stopping  is  entirely  automatic.  The  total  travel  of 
this  skip  is  163  ft.  up  an  incline  of  60  deg.  to  the  horizontal.  The 
time  of  making  one  trip  is  60  seconds.  The  loads  carried  are  ap- 
proximately as  follows:  Ore  7,0001b.,  coke  3,6001b.  and  limestone 
6,000  lb. 

Pig-casting  Machine. — For  taking  care  of  the  material  from  the 
blast  furnaces  on  Sundays,  when  the  open-hearth  plant  is  not  in 
operation,  there  is  provided  a  pig-casting  machine.  Tliere  is  a  main 
building  in  which  are  located  two  double-trolley  ladle  cranes  ;  the 
main  hoist  is  75  tons,  and  the  auxiliary  hoist  15  tons.  There  are  six 
strings  of  moulds  and  conveyors  for  disposing  of  the  cast  material. 
The  ladle  is  handled  by  a  5  ton  electrically  operated  jib  crane.  The 
moulds  are  driven  by  40  h.p.  750  revs,  per  min.  induction  motors. 
and  conveyed  by  30  h.p.  750  revs,  per  mi!i.  induction  motors. 

Open  Hearths. — Each  open-hearth  plant  consists  of  14  60  ton 
fiu'naces.  The  molten  metal  from  the  blast  furnaces  is  pom'ed  into 
a  300  ton  mixer  by  a  75  ton  electric  ladle  crane  of  the  same  design 
as  that  in  the  pig-machine  building.  The  metal  is  carried  from  the 
mixer  to  a  point  in  front  of  the  various  furnaces  by  an  electrically 
operated  hot-metal  car,  whose  equipment  consists  of  two  25  h.p. 
250  volt  290  revs,  per  min.  series  motor,  operated  by  a  standard 
series  parallel  controller.  The  ladle  from  this  car  is  handled  and  the 
contents  poured  directly  into  the  open-hearth  furnaces  by  another 
75  ton  ladle  crane. 

The  cold  scrap  for  charging  the  furnace  is  stored  and  handled  in 
the  stock  yard,  which  is  entirely  covered  by  two  5  ton  electric  travel- 
ling cranes.  The  stock  is  handled  by  means  of  electromagnets,  each 
one  capable  of  handling  from  1.000  lb.  to  2,000  lb.  of  scrap,  according 
to  the  character  of  the  material,  or  of  lifting  10,000  lb.  in  large  pieces. 
After  this  scrap  is  loaded  the  charging  boxes  are  shifted  in  front  of 
the  open-hearth  furnaces  and  the  contents  put  in  by  means  of  a  low  - 
type  charging  machine.  The  equipment  consists  of  a  main  hoist 
with  a  30  h.p.  series  motor  ;  bridge  travel,  two  30  h.p.  series  motors  ; 
trolley,  20  h.p.  series  motor;  tilting,  11  h.p.  series  motor;  rotate, 
3-25  H.p.  series  motor 

The  steel  is  handled  in  60  ton  ladles  by  three  125  ton  ladle  cranes. 
The  electric  equipment  is  as  follows:  JIain  hoist,  110  h.p.  ;  first 
auxiliary  hoist.  50  h.p.  ;  second  auxiliary  hoist,  30  H.r.  ;  main  trolley 
30  H.p.  ;  auxiliary  trolley.  11  h.p.  :  bridge  travel,  two  50  h.p. 
motors.  The  controllers  for  this  apparatus,  except  that  for  the  main 
hoist  on  all  ladle  cranes  (which  is  automatic  magnetic  control)  are 
of  the  ordinary  hand-operated  lever  tjpe. 


The  electric  equipment  of  the  coal-handling  apparatus  in  connec- 
tion with  the  gas  producers  for  these  furnaces  consists  of  a  coal 
crusher  driven  by  a  25  h.p.  direct-current  motor  :  a  double-skip  coal 
elevator  driven  by  a  motor  similar  to  that  on  the  coal  crusher  ;  and 
four  hopper  cranes,  each  driven  by  75  h.p.  .series  motors.  The 
hopper  cranes  are  used  for  distributing  crushed  coal  in  overhead  bins 
directly  into  the  producers. 

The  control  of  the  skip  is  entirely  automatic  in  its  action.  As 
the  descending  car  approaches  the  bottom  point  of  its  travel  it  opens 
the  door  of  the  coal  bin  ;  in  stopping  it  rests  on  a  counterweighted 
lever.  When  the  skip  is  nearly  filled  with  coal  the  counterweight 
on  this  lever  is  overbalanced,  the  skip  dropjiing  down  about  3  in. 
more.  This  actuates  the  switch  which  starts  the  skip  on  its  upward 
travel,  its  first  action  being  to  close  the  door  of  the  coal  bin.  The 
operation  is  repeated  by  the  second  skip,  and  continues,  unless 
stopped,  until  the  coal  bin  is  entirely  empty. 

As  part  of  the  open-hearth  plant  there  are  two  stripper  buildings. 
One  of  these  buildings  contains  one,  and  the  other  two.  20fl  ton 
electrically  operated  stripper  cranes.  These  cranes  are  equipped 
with  100  H.p.  375  revs,  per  min.  series  motors  on  the  main  hoist ;  a 
duplicate  to  the  above  on  the  stripping  hoist  ;  30  h.p.  .500  revs,  per 
min.  trolley,  and  one  .50  h.p.  480  revs,  per  min.  on  the  bridge. 

In  the  soaking  pits  are  three  75  ton  soaking-pit  or  ingot  cranes. 
Each  of  these  cranes  has  a  5  ton  high-speed  auxiliary  hoist  on  the 
trolley  for  repairing  the  pits.  The  electrical  equipment  is  as  follows  : 
Main  hoist,  50  h.p.  ;  auxiliary  hoist,  30  h.p.  :  trolley,  75  h.p.  ; 
bridge,  two  50  h.p.  ;   tongs  turning  and  opening.  5  h.p. 

For  delivering  the  ingots  fiom  the  pit  to  the  first  table  in  the 
rolling  mill  two  ingot  buggies  are  used,  for  which  a  special  control 
has  been  designed.  Each  buggy  is  intended  to  take  care  of  six  rows 
of  four  pits,  which  are  located  respectively  north  and  south  of  the 
table.  To  prevent  the  two  buggies  colliding,  should  both  happen 
to  be  coming  toward  the  table  at  the  same  time,  the  trolley  bars 
through  which  the  current  is  transmitted  to  the  motors  on  the 
buggies  are  in  tlu-ee  sections,  one  section  in  front  of  the  table  and  one 
long  section  on  each  end  of  that.  Each  controller  has  six  jioints 
corresponding  to  the  six  rows  of  pits,  one  point  corresponding  to  the 
table  and  one  to  the  off  position.  The  operator  can  throw  his  con- 
troller to  the  point  representing  the  row  of  pits  to  which  he  desires 
to  run,  and  when  the  buggy  reaches  this  point  it  is  automatically 
stopped.  Return  motion  with  controller  on  the  table  position  will 
bring  the  buggy  up  to  the  table — where,  however,  on  account  of  the 
great  accuracy  of  the  stop,  the  buggy  is  not  stopped  automatically,, 
but  at  the  will  of  the  operator.  When  one  buggy  is  at  the  table  it  is 
impossible  for  the  other  one  to  reach  that  point,  as  the  two  con- 
trollers are  so  interlocked  as  to  prevent  this  occm'rence. 

(To  be  continued.) 


THE  COMPOSITION  AND  DURABILITY  OP  CABLE 
PAPERS. 

BY  CLAYTOX  BEADLE  A.\D  HENRY  P.  STEVENS. 

Summary. — Information  at  present  available  upon  the  desirable  pro- 
perties of  paper  from  the  insulating  point  of  view  is  very  meagre.  The 
authors  attempt  to  fill  this  gap  by  giving  the  results  of  their  experience 
in  dealing  with  such  papers  from  the  chemical  point  of  view.  The  com- 
position of  mauila  and  other  papers  is  brieflj'  discussed.  Tests  to  which 
papers  should  be  subjected  are  considered,  and  a  number  of  tables  of 
results  are  given.  The  effect  of  moisture  is  dealt  witli  at  some  length,  and 
the  authors  finally  express  their  opinions  on  changes  taking  place  when 
papers  are  in  contact  with  the  atmosphere  and  when  they  are  protected 
from  it.  

Manila  papers  have  been  used  for  cable  insulation  for  20 
years  and  upwards  and  have  stood  the  test  of  time  :  conse- 
quently cable  manufacturers  specify  that  paper  used  for  cable 
insulation  should  be  composed  of '•  nuvnila  liomp  of  good  quality." 
Whether  the  users  of  cables  or  their  enginoors  are  right  in  their 
choice  as  against  all  other  available  materials  is  another  ques- 
tion. There  are  other  materials  tluit  may  be  as  durable  or 
even  more  durable  than  manila  and  perhaps  equally  service- 
able, except  perhaps  on  the  score  of  price. 

We  are  frequently  called  upon  to  examine  papers  on  behalf 
of  cable  manufacturers,  as  well  as  paper  stripped  from  cables 
themselves  on  behalf  of  the  users,  in  addition  to  which  we  arc 
asked  at  times  to  assist  the  paper  manufacturers  in  their 
endeavour  to  suit  the.  requirements  of  the  cable  manufac- 
turers. 

We  wisli  it  to  be  understood  that  we  arc  not  electrician*  bu* 
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chemists  who  have  devoted  considerable  attention  to  the 
subject  of  paper,  and  the  chief  object  of  this  communication 
is  to  discuss  the  phvsical  rather  than  the  electrical  qualities  of 
paper  used  for  the  pmpose.  We  think  such  a  discussion  may 
prove  of  some  service  both  to  the  cable  manufacturer  and  user 
as  well  as  to  the  paper  maker. 

The  maker  of  the  paper  is  frequently  uot  altogether  ac- 
quainted with  the  requirements  of  the  maker  of  the  cable,  as 
will  be  hereafter  seen  from  papers  submitted  for  the  purpose,  the 
greater  number  of  which,  to  say  the  least  of  it.  are  quite 
unsuitable.  On  the  other  hand,  the  cable  maiiufactmer  being 
whoUv  unacquainted  with  the  technicalities  of  paper  making, 
cannot  give  full  expression  to  his  requirements,  and  conse- 
quentlv'the  paper  maker  is  not  wholly  to  blame  because  he 
submits  unsuitable  paper. 

Granted  for  the  time  being  that  paper  for  cable  insulation. 
or  that  most  in  favour,  is  to  be  a  manila  paper,  we  must  point 
out  to  the  cable  manufacturer  what  must  be  comprised  under 
the  term  manila  paper.  Manila,  properly  speaking,  refers  to 
the  miisa  tertilis.  a  fibre  very  largely  grown  in  the  Phillipine 
Islands  for  the  purpose  of  rope  making  :  and  the  chief  source 
of  manila  fibre  for  paper  making  is  from  old  ropes,  butt  ends 
and  spinning  waste,  but  such  old  ropes  and  their  sources  of 
supplv  do  uot  consist  only  of  manila.  they  include  various 
aloe  fibres,  sisal,  &c..  and  phoniun  tenax,  a  rope-making  fibre 
which  comes  from  New  Zealand.  The  original  fibres  of  musa 
are  about  6  mm.  in  length  and  have  a  diameter  of  0024  mm., 
showing  a  ratio  of  250.  The  fibres  when  bleached  are  white 
and  lustrous,  the  walls  are  uniform,  and  when  seen  in  section 
thev  are  round  or  polvgonal  with  fusiform  ends.  The  fibre  as 
used  in  manila  paper  is  only  partially  bleached  and.  of  course, 
is  materially  reduced  in  length  during  the  process  of  beating. 

It  is  impossible  to  demonstrate  in  this  article  in  what  respect 
the  manila  fibre  proper  is  to  be  distinguished  from  other  fibres 
with  which  it  is  classed,  as  it  requires  a  great  deal  of  experience 
to  distinguish  between  them.  We  wish  merely  to  emphasise 
the  fact  that  manila  must  be  used  in  a  generic  sense  to  describe 
not  onlv  manila  proper  but  other  fibres,  such  as  above  men- 
tioned. Furthermore,  it  is  an  anomaly  to  talk  of  manila  hemp, 
— manila  is  not  hemp  at  all — hemp  belongs  to  a  very  different 
class  of  fibres — hemp  fibre  is  the  cannabis  sativa.  The  ultimate 
fibres  have  a  length  of  22  mm.  and  a  diameter  of  0-022  mm., 
showing  a  ratio  of  LOW.  They  are  absolutely  difierent  micro- 
scopically from  the  manila  fibre,  the  fibres  show  striae  and 
fissures  and  often  fibrillse.  The  ends  of  the  fibres  are  large 
and  flattened  ;  in  section  they  appear  as  concentric  zones  of 
irregular  outlines.  The  sources  to  the  papermaker  are  scutch- 
ing refuse,  spinning  waste,  threads,  cuttings,  and  rope  ends. 
If  we  were  to  speak  of  a  paper  consisting  of  real  hemp  we 
should  signifv  the  above  fibre.  Inasmuch  as  the  rope  ends 
and  other  sources  of  supply  of  manila  to  the  paper  maker  may 
frequently  contain  hempen  ropes,  &c.  (the  more  the  better), 
manila  papers  may  (juite  unintentionally  contain  hemp  as 
well  as  the  above-mentioned  fibres  so  frequently  associated 
with  manila. 

When  fully  bleached,  and  especially  when  it  is  beaten  for 
the  manufacture  of  paper,  hemp  fibre  is  difficult  to  distinguish 
from  flax  ;  in  fact,  the  leading  authorities  declare  that  they  are 
often  unable  to  distinguish  flax  from  hemp  under  the  micro- 
scope. This  fibre  in  its  unbleached  state,  as  well  as  the  above 
fibres  classed  with  manila,  are  found  ir  manila  papers  as  used 
for  cables,  and  we  think  it  would  be  quite  fastidious  of  any 
cable  manufacturer  to  reject  the  paper  constituted  of  any  of 
these  fibres,  including  hemp  proper,  on  the  score  that  they 
are  not  real  manila.  The  fact  is  that  real  manila  or  musa 
textilis  is  not  superior  to  real  hemp  or  cannabis  sativa,  in  fact, 
we  should  prefer  to  see  a  paper  made  of  real  hemp  rather  than 
of  real  manila. 

The  microscope  is  useful  as  showing  the  condition  of  the 
fibres  and  the  extent  to  which  they  are  beaten,  &c.,  but  to 
form  an  adequate  opinion  of  a  paper  it  is  advisable  to  make 
certain  physical  and  chemical  tests.  The  best  cable  manu- 
facturers now  fully  realise  that  the  care  displayed  in  making 
the  paper  is  as  important  as  its  fibrous  composition. 


We  have  had  instances  in  which  we  have  given  the  composi- 
tion of  papers  to  cable  manufacturers,  and  they  have  told  us 
that  the  paper  specified  is  manila  hemp.  We  have  carefully 
examined  the  paper  microscopically  and  we  have  reported  a 
certain  proportion  of  ''  hemp  stock."  We  are  purposely  avoided 
giving  in  our  certificates  so  much  "  manUa  hemp ;  "  we  call  it 
"  hempstock  "  or  "'  rope  stock."  We  have  to  bear  in  mind  the 
condition  of  the  raw  materials  as  they  reach  the  paper  maker, 
and  that  it  is  practically  impossible  for  him  to  procure  raw 
material  consisting  only  of  cannabis  satira  unless  he  is  paid  a 
higher  price  for  his  paper  than  the  cable  manufacturer  could 
aSord. 

Furthermore,  it  must  be  borne  in  mind  that  there  are  other 
fibres  which,  as  far  as  possible,  should  be  excluded  in  the 
manufacture  of  manila  paper,  the  chief  of  which  is  jut?.  The 
great  source  of  this  material  is  "  bagging,"  but  in  the  material 
used  in  the  manufacture  of  cable  papers  the  most  scrupulously 
careful  and  conscientious  papermaker  is  not  always  able  to 
exclude  jute  entirely,  therefore,  a  few  jute  fibres  here  and  there 
may  not  be  intentionally  added,  and  provided  that  they  are 
only  present  in  small  quantities  we  do  not  consider  that  they 
detract  from  the  value  of  the  paper,  but  the  quantity  should 
be  small.  Jute,  however,  balongs  to  what  is  known  as  liguo- 
celluloses,  and  in  the  condition  in  which  it  is  used  for  paper 
making,  i.e.,  an  unbleached  or  only  partially  bleached  condi- 
tion, it  contains  a  lot  of  lignin,  and  cannot  be  regarded  as  a 
permanent  fibre.  Many  papers  which  we  have  examined  for 
the  cable  manufacturers,  however,  contain  notable  quantities 
of  jute,  enough  at  least  to  warrant  us  in  believing  that  the  jute 
has  been  independently  added.  The  jute  fibre  has  a  length  of 
only  2  mm.  ;  diameter  0'022  ;  ratio  90.  They  exist  in  com- 
pact bundles  of  smooth  fibres.  It  is  available  in  three  forms, 
threads,  "  butts  "  and  bagging. 

In  America  there  is  a  class  of  paper  known  as  "  bogus 
manila."  and  many  mills  are  scheduled  as  makers  of  this  class 
of  paper.  "  Bogus  manila  "  does  not  contain  manila  at  all 
but  usually  consists  of  mixtures  of  chemical  wood  and  jute  in 
varying  proportions ;  such  paper  would  be  entirely  unsuitable 
for  the  purpose  of  cables,  and  is  largely  used  for  strong  bags, 
wrapping  papers  and  large  envelopes.  It  owes  its  strength  to 
the  presence  of  chemical  wood  and  its  yellow  qualities  to  pre- 
sence of  jute.  Jute  has  practically  no  strength-giving  quah- 
ties.  To  cable  manufacturers  we  say  beware  of  "  bogus 
manila."  Some  cable  manufacturers  use  a  considerable 
quantity  of  chemical  wood  pulp  paper  in  place  of  manila  for 
what  may  be  called  their  second-class  cables.  It  has  one  point 
of  advantage  over  manila  paper,  although  it  has  not  been 
proved  to  possess  the  same  duirability — it  can  be  made  of 
greater  uniformity  of  te.xture.  One  can  perhaps  appreciate 
the  excellent  wearing  qualities  of  Manila  papers  on  bearing  in 
mind  that  the  bags  as  ordinarily  used  are  largely  composed  of 
Manila,  and  noting  the  great  amount  of  handling  that  they 
stand  and  the  force  required  to  tear  them. 

The  general  mode  of  treatment  of  fibres  for  the  manufac- 
ture of  cable  papers  is  very  briefly  as  follows  :  The  fibres, 
whether  manila,  hemp,  &c.,'if  in  the  form  of  rope,  are  cut  up 
into  short  lengths,  opened; up,  placed  in  a  C3'lindrical  boiler 
together  with  lime  or  caustic  soda,  boiled  under  a  pressure  of 
30  lb.  to  50  lb.  for  from  5  to  10  hours,  emptied  out,  washed 
free  of  alkali,  put  into  a  breaker,  a  machine  consisting  of  an 
oblong  trough  provided  with  a  roll  with  sharp  knives,  where 
the  fibres  are  partially  disintegrated,  and  at  the  same  time 
washed  with  a  continuous  flow  of  water.  If  need  be,  the 
fibres  are  partially  bleached  with  a  chloride  of  lime  solution, 
after  which  they  are  cleansed  from  the  liquor  by  thoroughly 
washing  and  draining.  The  material  is  now  put  into  the 
beater,  where  it  is  reduced  to  the  condition  necessary  for  the 
paper  machine,  and  emptied  into  the  chest.  After  the  material 
is  suitably  dilute  it  is  passed  over  sand  tables,  where  gritty 
matter  is  deposited,  and  then  through  strainers,  where  any 
coarse  particles  are  retained  ;  it  passes  in  a  continuous  flow 
on  to  the  endless  wire  of  the  Fourdriniar  machine,  where  the 
fibres  are  deposited  in  the  form  of  a  sheet,  then  through  the 
couch  rolls  and  the  press  rolls,  where  the  water  is  squeezed 
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out,  after  which  it  passes  over  a  series  of  steam  drying  cylin- 
ders, from  whence  it  emerges  dry,  and  is  reeled.  It  is  sup- 
plied in  the  form  of  rolls  to  the  cable  manufacturer,  who  re- 
quires to  slit  it  into  narrower  widths  suitable  for  lapping  round 
the  conductor.  Such  in  the  briefest  outline  arc  the  processes 
to  which  these  raw  materials  are  subjected  for  their  conver- 
sion into  cable  paper. 

In  giving  some  details  of  physical  tests  done  by  us  on  cable 
papers  we  will  first  refer  to  the  tensile  strength  in  the  two 
directions. 

All  paper  made  on  the  Fourdrinier  machine  is  greater  in 
strength  in  the  machine  than  in  the  cross  direction  in  conse- 
quence of  the  fibres  lying  mostly  in  the  machine  direction, 
consequently  it  is  easier  to  tear  a  sheet  of  paper  along  the 
direction  of  the  web  than  across  it.  This  gives  the  advantage 
required  by  the  cable  manufacturer  ;  it  is  most  important  to 
him  that  the  strength  should  be  the  greatest  in  the  direction 
of  the  web. 

The  mode  of  testing  paper  for  physical  qualities  depends 
upon  the  jjurpose  to  which  the  paper  is  to  be  put  as  well  as  its 
quality  and  mode  of  manufacture.  Thus,  in  testing  paper 
for  physical  strength,  for  fine  qualities  it  is  the  custom  to  take 
a  width  of  |  in.,  which  is  specified  in  many  of  the  Stationery 
Office  contracts  ;  whereas  with  papers  of  coarse  t/Cxture,  even 
although  of  the  best  quality,  such  as  coarse  wrapping  papers, 
a  width  of  2  in.  is  taken.  For  the  testing  of  cable  papers  we 
have  -adopted  a  1  in.  width  as  being,  in  our  opinion,  the  most 
suitable.  But  whatever  width  we  take,  for  the  purposes  of 
comparison  we  reduce  the  figure  to  pounds  per  inch  width. 
With  the  papers  of  fine  texture  that  are  required  to  be  free 
from  any  local  variations  of  thickness,  &c.,  a  width  of  f  in.  will 
show  any  local  weakness  which  would  not  be  shown  up  on  a 
width  of  2  in.  On  the  other  hand,  a  paper  used  for  wrapping 
purposes,  but  of  necessity  of  a  coarse  texture,  would  show 
irregular  tests  on  a  width  of  |  in.,  because  a  thin  place  might 
extend  to  this  distance,  but  at  the  same  time  it  would  be  of  no 
practical  consequence.  This  is  the  object,  therefore,  in  choos- 
ing different  widths  of  strips  for  different  kinds  of  paper. 

Cable  papers  are  of  a  more  or  less  coarse  texture,  but  at  the 
same  time  they  require  to  be  fairly  uniform  in  thickness. 
One  important  consideration  is  the  freedom  from  gritty  metallic 
and  other  particles,  which  would  break  down  the  insulation. 
Of  course  this  is  guarded  against  by  the  numerous  thicknesses 
of  paper  overlapping  one  another,  or  the  simple  spiral  wind- 
ing, which  causes  an  overlapping  of  thicknesses,  nullifying 
any  irregularity  which  would  be  found  in  one  thickness  alone 
of  the  sheet.  When  only  a  small  sample  of  the  paper  is  avail- 
able for  the  tests,  lengths  of  only  50  mm.  between  the  clamps 
of  the  testing  machine  are  taken  ;  but  it  is  better  where  possible 
to  employ  100  mm.,  in  which  case  the  elongation  at  break  read  off 
in  millimetres  gives  the  percentage  stretch  without  calculation. 
The  length  of  the  strip  taken  for  the  tensile  strength  is  prac- 
tically immaterial  as  regards  the  figure  obtained,  although  the 
greater  the  length  the  greater  the  chance  of  meeting  with  a 
weak  place,  and,  consequently,  the  lower  the  figure.  With  a 
good  paper  the  increased  length,  however,  shows  verv  little 
difference  on  the  figure.  It  is,  therefore  a  point  in  favour  of  a 
paper  if  the  same  breaking  strain  is  obtained  for  dift'crent 
lengths,  as  indicating  its  uniformity  of  texture. 

The  bursting  strain  of  a  paper  may  from  time  to  time  be 
employed  for  the  purpose  of  rough  comparison,  but  we  do  not 
make  use  of  it  in  our  certificates,  as  it  does  not  give  an  abso- 
lute figure.  For  this  test  there  are  one  or  two  standard  ma- 
chines. These  are  generally  provided  with  a  rubber  dia- 
phragm, which  is  made  to  expand  with  a  pressure  due  to  liquid 
glycerine  against  a  clamped  piece  of  paper,  the  pressure  being 
indicated  on  a  gauge.  This  we  do  not  recommend  for  the 
testing  of  cable  papers,  except  in  a  rough  way. 

Another  and  frequsnt  test  is  the  "  folding  test,"  which  can 
be  roughly  performed  by  noting  the  number  of  times  a  paper 
can  be  folded  backwards  and  forwards  before  it  is  worn  out  or 
breaks.  The  folding  must  be  done  in  a  regular  manner.  We 
do  not  think  this  has  sufficient  bearing  upon  the  qualities  of  I 
cable  papers,  as  they  are  not  subjected  to  this  kind  of  wear.  • 


A  further  test  is  the  crumbling  test,  which  can  be  done  bv  hand 
in  a  rough  way,  or  by  means  of  a  machine  which  automatically 
crumples  a  paper  until  it  wears  holes  in  it.  This,  like  the 
above  mentioned,  is  of  little  moment  to  the  cable  manufac- 
turer. Later  we  give  some  figures  which  show  how  high  good 
cable  papers  stand  on  these  tests. 

The  last  physical  test  to  which  we  wish  to  refer  is  the  deter- 
mination of  "  stretch."  This  is  done  simultaneouslv  with  the 
determination  of  the  tensile  strength  at  the  moment  of  break. 
This  figure  is  generally  taken  as  representing  the  "  stretch  at 
break,"  and  is  expressed  as  a  percentage  on  the  initial  length. 
The  stretching  qualities  of  a  paper  are  of  considerable  conse- 
quence to  the  cable  manufacturer,  as  will  be  hereafter  seen. 
On  examining  the  tests  hereinafter  given  (Table  A)  it  will  be 
noticed  that  the  strength  is  greatest  in  the  machine  direction 
{i.e.,  the  direction  of  the  web  or  reel),  and  least  in  the  cross 
direction  {i.e.,  at  right  angles  to  the  machine  direction),  and 
that  the  stretch  varies  inversely  as  the  strength .  being  greatest 
in  the  cross  direction  and  least  in  the  machine  direction.  The 
importance  of  a  good  stretch  to  a  strong  paper  cannot  be  over 
estimated,  particularly  for  such  purposes  as  cable  manufac- 
ture. A  paper  may  have  a  high  tensile  strength,  but  be  of 
little  utility  because  it  may  be  lacking  in  stretch — in  other 
words,  it  would  be  a  brittle  paper.  A  brittle  paper  is  a  thing 
to  be  avoided.  The  stretch  of  a  paper  as  well  as  the  strength 
depends  upon  its  texture — that  is,  the  mode  of  its  manufac- 
ture— as  well  as  the  direction  of  the  fibres.  The  strength  is 
greatest  if  the  paper  is  pulled  in  the  prevailing  direction  in 
which  the  fibres  are  placed,  and  least  in  the  direction  at  right 
angles  to  that  in  which  the  fibres  are  placed.  At  other  angles 
to  these  two  directions  the  paper  shows  intermediate  qualities, 
which  qualities  have  been  very  carefully  investigated  by  one 
of  us  *  and  recorded  for  different  kinds  of  papers,  both  ma- 
chine and  hand  made,  in  the  form  of  diagrams,  which  diagrams 
show  very  interesting  relationships.  This  question  is  well 
worth  the  study  of  those  who  wish  to  go  closer  into  the  subject. 
However,  we  are  not  here  concerned  with  these  matters,  and 
only  wish  to  record  results  on  ""  strength  "  and  '"  stretch  "  in 
the  two  directions  at  right  angles  to  one  another. 

When  the  paper  is  made  in  the  first  instance,  in  the  course 
of  drying  it  undergoes  contraction  as  a  whole — that  is,  it  oc- 
cupies less  volume  and  covers  less  superficial  area.  As  a  pull 
is  put  upon  it  in  the  direction  of  its  web  the  contraction  may 
be  nil  in  this  direction,  or  it  even  may  result  in  an  elongation, 
the  greater  the  pull  put  upon  the  paper  in  the  machine  direc- 
tion in  the  course  of  drying  the  greater  the  tendency  to  con- 
tract in  the  opposite  direction.  This  affects  the  stretch  of  the 
paper  when  tested  for  strength.  If  a  paper  is  lapped  round 
a  cable  a  pull  is  put  upon  it ;  this  pull  may  be  sufficient  to 
stretch  it  somewhat,  although  not  to  the  hmits  of  its  elas- 
ticity. To  wrap  a  paper  round  an  object  so  as  to  fit  compactly 
it  is  important  that  the  paper  should  be  able  to  stretch  without 
fear  of  breaking,  and  if  the  wrap  is  to  be  tight  there  is  a  slight 
permanent  pull  which  holds  the  paper  tightly  in  its  position. 

There  is  a  considerable  difference,  however,  in  the  qualities 
of  paper  when  the  paper  is  used  per  se  in  comparison  with  that 
of  paper  that  is  impregnated  with  hydro-carbons  or  other 
dielectrics.  Thus,  with  paper  as  used  for  certain  kinds  of 
insulation,  the  paper  itself  has  to  be  an  insulating  material. 
But  when  the  paper  is  impregnated  it  acts  rather  as  a  medium 
for  the  dielectric  rather  than  the  dielectric  itself.  As  is  well 
known, bone-dry  paper  stands  very  highas  an  insulating  material, 
and  is  greatly  reduced  in  insulation,  as  it  takes  up  moisture, 
a  point  which  has  to  be  guarded  against  in  electric  mains. 
This  point  is  briefly  referred  to  here,  as  the  condition  of  paper 
to  moisture  determines  to  a  large  extent  its  physical  qualities. 
Now,  if  one  records  the  conductivity  of  paper  under  dif- 
ferent atmospheric  conditions  it  will  bo  noticed  how  rapidly 
the  conductivity  rises  with  tlie  slight  absorption  of  atmospheric 
moisture  ;  consequently,  with  paper  used  per  se,  we  have  to 
consider  not  only  its  physical  qualities  in  its  normal  condition 
—i.e.,  as  supplied  by  the  paper  maker  to  the  cable  manufac- 
*  Beadle,  "  Technics  "  (George  Newnes,  Ltd.)  Vol.  II.,  pp.  64,  25-i, 
348,  586. 
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turers — but  its  physical  qualities  iu  its  bone-dry  condition — 
i.e.,  after  it  lias  been  subjected  to  warm  treatment  iu  vacuo. 
The  strength,  as  well  as  the  stretch,  are  moditied.  and  remain 
so  until  the  moisture  and  temperature  are  restored  to  the 
original.  The  effect  of  heat  per  se  on  paper  makes  a  consider- 
able difference  on  its  physical  qualities  ;  one  cannot  apply 
heat  to  paper  without  depriving  it  of  moisture,  but.  by  the  use 
of  vacuum  drying  the  moisture  can  be  removed  with  only  a 
moderate  application  of  heat.  Reels  of  paper  subjected  to 
vacuum  drying  imdergo  a  certain  amount  of  shrinkage.  If 
the  paper  is  to  be  impregnated  with  hydro-carbons,  &c.,  it  is 
first  of  all  necessary  to  have  it  bone-dry,  so  that  a  proper 
penetration  of  hydro-carbons  may  be  insured,  and  at  a  suffi- 
cient temperature  to  ensure  proper  penetration.  In  fact,  the 
moisture  iu  the  paper  should  be,  if  possible,  reduced  to  nil  or 
within  i  per  cent. 

The  absorption  of  ordinary  papers  is  generally  judged  iu 
.  their  relation  to  moisture,  but  an  impregnated  cable  paper  has 
to  be  judged  from  quite  a  different  standpoint — namely,  that 
of  absorption  of  greasy  materials.     It  has  to  be  just  the  oppo- 
site to  a  grease  proof,  for  it  requires  to  be  a  grease  absorbent. 

In  our  physical  tests,  among  other  things,  we  have  insti- 
tuted a  system  of  determining  the  volume  percentage  of  the 
ingredients.  Thus,  we  can  tell  the  amount  of  air  space  as  well 
as  the  amount  of  space  occupied  b}-  the  fibres,  and  we  have 
demonstrated  that  the  grease  absorbent  qualities  of  a  paper 
are  directly  proportional  to  the  air  space.  It  is  the  custom  to 
"■  size  "  most  papers.  The  commoner  writing  papers,  as  well 
as  printing  papers,  are  sized  with  rosin  (precipitated  from 
resinate  of  soda  by  means  of  alum),  this  rosin  rendering  the 
paper  resistant  to  moisture  and  to  ink.  A  great  many  papers 
would  have  very  little  strength  if  there  were  no  rosin  added 
to  them  ;  but  although  such  jiapers  are  said  to  be  sized  and 
shine  resistance  they  mop  up  grease  as  freely  as  blotting 
paper  mops  up  ink. 

The  question  has  been  raised  with  us  by  one  or  two  cable 
manufacturers  whether  the  paper  should  be  sized  with  a 
moderate  amount  of  rosin  or  not.  The  amount  of  rosin  is 
generally  1  or  2  per  cent,  on  the  weight  of  the  paper.  The 
presence  of  the  rosin  need  not  detract  from  the  insulating 
quabties  of  the  paper,  provided  that  only  just  sufficient  chemi- 
cals are  used  for  its  precipitation.  Furthermore,  it  usually  adds 
adds  to  the  difficulties  of  the  paper  maker  if  he  is  called  upon  to 
supply  paper  containing  no  rosin  ;  and,  lastly,  we  have  no  proof 
whatever  that  a  certain  amoimt  of  rosin  size  detracts  from 
the  hydro-carbon  absorbent  qualities,  therefore  we  pronounce 
rather  in  favour  of  a  certain  amount  of  sizing.  At  any  rate, 
we  should  not  consider  it  a  matter  of  any  consequence  or  a 
reason  for  rejection  if  a  paper  contains  a  small  amount  of  size. 
It  was  formerly  thought  that  the  hydroscopic  moisture  of 
paper  is  diminished  by  rosin  sizing.  Recent  researches  have 
rather  disproved  this  theory.  It  would  appear,  therefore, 
that  in  papers  as  used  for  Post  Office  insulation  the  liability  to 
take  up  moisture  from  the  atmosphere  is  not  diminished  by 
rosin  sizing,  consequently  unless  there  is  any  other  reason 
against  it  such  papers  might  just  as  well  be  waterleaf  papers. 
{To  be  continued.) 


THE  USE  OF  THE  POTENTIOMETER  ON  ALTERNATE- 
CURRENT  CIRCUITS.* 

BY    CH.iBLES    V.    DRYSD  \LE,    D.SC. 

Summary. — After  discussing  the  application  of  the  potentiometer 
principle  to  alternate-current  measurements,  the  use  of  the  authors  pliase- 
shifting  transformer  with  a  potentiometer  is  described.  A  universal 
potentiometer  has  been  designed  on  this  principle,  which  serves  both  for 
direct  and  alternate  current  measurements,  and  for  testing  P.D.,  current, 
phase,  pjwer,  inductance,  capacity,  &c. 

Owing  to  the  small  range  of  instruments  for  the  direct  measure- 
ment of  alternate  currents  or  P.D.s,  since  these  operate  on  the  square 
law,  there  is  need  for  an  instrument  capable  of  measuring  P.D.s  and 

•  Abstract  of  a  Paper  read  before  the  Physical  Society.  A  brief 
account  of  the  discussion  following  the  reading  of  thjs  Paper  appeared  in 
The  Eu;cteicia:<,  Feb.  19,  p.  724. 


currents  of  any  range  with  acctu-acy,  and  also,  if  possible,  of  indi- 
cating the  phase. 

In  attempting  to  apply  the  potentiometer  principle  to  alternate 
current  measurements,  two  processes  seem  to  be  possible — (a)  the 
balancing  of  the  alternate  ciu-rent  P.D.  against  an  equal  direct- 
current  P.D.  by  the  employment  of  some  differential  balancing 
device  preferably  of  an  electrostatic  character,  or  (6)  tlie  balancing 
of  two  alternate-ciurent  P.D.s  against  one  another.  Previous  pro- 
positions have  always  been  based  on  tlie  former  idea.  An  obvious 
device  being  that  shown  in  Fig.  1.  in  which  the  P.D.  to  be  measured 
is  applied  between  the  needle  and  one  pair  of  quadrants,  while  that 
derived  from  the  potentiometer  is  connected  between  the  needle  and 
the  other  pair  of  quadrants,  and  through  a  considerable  resistance. 
The  .sole  difficulty  lies  in  the  electrometer. 

In  view  of  such  difficulty  the  author  has  turned  his  atten- 
tion to  the  second  method,  i.e.,  of  balancing  the  alternate  cutrrent 
P.D.  to  be  measured  against  a  known  alternate-current  P.D.,  by  the 
interposition  of  a  sensitive  alternate  current  detector,  such  as  a 
telephone  or  vibration  galvanometer.  This,  of  course,  implies  that 
the  two  voltages  under  comparison  must  have  the  same  magnitude, 
frequency,  and  phase,  and,  approximately,  the  same  w'ave-form.* 

The  equality  of  frequency  is  of  course  secutred  by  deriving  the  test 
and  comparison  voltages  from  the  same  source  of  supply,  but  some 
special  device  is  needed  for  bringing  the  phases  into  coincidence. 
In  some  experiments  recently  made  with  the  wTiter's  phase-shifting 
transformer.^  however,  the  accuracy  of  the  phase  variation  was 
found  to  be  so  good  that  it  was  thought  worth  while  to  introduce  it 
into  potentiometer  work ;  and  Fig.  2  shows  the  diagram  of  the  con- 
nections which  have   been  employed.     The   phase-shifter  is  here 
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shown  supplied  with  single-phase  current  through  a  phase-spUtting 
device,  which  can  be  built  up  with  it  so  that  it  merely  requires  con- 
necting straight  on  to  the  mains.  The  current  derived  from  the 
secondary  of  this  transformer  traverses  the  rheostat  coils,  and  slide- 
wire  of  an  ordinary  potentiometer,  such  as  the  Crompton  form  ;  and 
also  some  form  of  dynamometer  current  measuring  de^^ce.  The 
writer  has  found  a  Weston  alternating-current  voltmeter  excellent  for 
this  purpose,  as  it  gives  a  very  good  reading  with  the  current  (O-Oo 
ampere)  employed  with  the  Crompton  potentiometer.  The  remain- 
der of  the  potentiometer  is  connected  up  precisely  as  for  ordinary 
direct  current  working,  except  that  a  vibration  galvanometer  is 
substituted  for  the  ordinary  form.  By  having  an  auxiliary  battery 
B  and  tlu-ow-over  switch  S,  the  arrangement  is  always  ready  for 
either  direct -current  or  alternate-ciurent  comparisons. 

The  procedure  is  as  follows : — The  throw-over  switch  is  first 
arranged  to  supply  direct  current  from  the  battery  B,  and  the 
rheostat  altered  until  the  standard  cell  is  balanced  at  its  nominal 
value,  as  in  ordinary  direct-current  working.  The  dynamometer 
reading  is  then  carefully  noted,  or  a  fiducial  mark  is  made,  which 
always  represents  the  exact  005  ampere.  On  now  tlirowing  over  to 
alternate  current,  the  rheostat  is  altered  to  reproduce  the  same 
R.M.S.  current  as  indicated  by  the  dynamometer  D  ;  and  the  posi- 
tion of  the  potentiometer  contact  is  shifted  and  the  phase-shifter 

*  Since  this  was  written  the  writer  has  been  informed  that  Dr.  Sumpner 
has  somewhere  suggested  that  an  alternating-current  potentiometer 
could  be  made,  if  any  means  were  arailable  for  bringing  the  phase  of  the 
current  in  the  shde-wire  into  coincidence  with  that  of  the  P.D.  to  be 
measured. 

t  The  Elbctbiciait,  Dec.  11,  1908. 
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turned,  until  the  vibration  galvanometer  shows  no  vibration.  The 
adjustment  is  very  similar  to  that  of  the  two  resistances  in  an 
Anderson's  bridge,  and  presents  no  difficulties.  The  voltage  and 
phase  are  then  read  oS  on  the  potentiometer  and  phase-shifter 
respectively.  In  the  illustration  a  low  resistance  is  connected  in 
series  with  the  load,  and  a  volt-box  in  parallel  with  it,  and  the  current 
and  P.D.  can  be  determined  directly  in  the  ordinary  way.  Of  course, 
the  phase-shifting  transformer  must  always  be  connected  to  the 
same  source  of  supply  as  the  load. 

Instead  of  the  vibration  galvanometer,  a  dynamometer  or  electro- 
meter in  which  one  pair  of  terminals  is  connected  to  the  supply  so  as 
to  be  "  separately  excited,"  and  the  other  to  the  ordinary  galvano- 
meter terminals,  has  been  employed  with  good  results.  The  deflec- 
tions are  then  to  left  or  to  right,  as  in  an  ordinary  galvanometer. 
But  it  must  not  be  forgotten  in  this  case  that  balance  will  be  obtained 
not  only  when  the  vectors  of  the  two  P.D.s  compared  are  coincident, 
but  also  when  their  vector  difference  is  in  quadrature  with  the  P.D. 
of  the  supply.  For  this  purpose,  if  such  an  instrument  is  used  it 
must  have  its  "  exciting  terminals  "  changed  over  from  one  phase 
to  the  other,  and  balance  secured  in  both  cases. 

It  is  obvious  that  this  device  does  not  indicate  the  effective  or 
R.M.S.  value  of  the  P.D.,  except  when  the  supply  and  tested  wave- 
forms are  both  sinusoidal  or  of  identical  form.  When  a  vibration 
galvanometer  is  employed,  its  sensitiveness  to  the  fundamental 
wave  is  so  great  in  comparison  with  that  to  the  harmonics,  that  we 
shall  be  practically  correct  in  assuming  that  it  is  the  fundamental 
wave  only  which  is  measured,  and  the  comparison  is  really  between 
the  mean  and  not  the  R.M.S.  values.  On  the  other  hand,  if  there  is 
any  serious  difference  of  wave-form,  the  sensitiveness  to  the  upper 
harmonics  should  be  sufficient  to  prevent  an  exact  balance  being 
secured,  and  this  warns  us  when  great  accuracy  is  not  to  be  expected. 
The  author  shows  that  if  care  "is  taken  to  have  a  supply  of  fairly 
sinusoidal  wave-form,  the  measurements  may  be  considered  suffi- 
ciently accurate  for  the  majority  of  purposes. 


Fig.  3. 

Measurements. — The  results  of  two  experiments  are  given  to  show 
the  possibilities  of  the  method.  There  seems  no  reason  to  doubt 
that  0-0002  volt  can  be  easily  detected,  or  that  a  drop  of  0-1  volt 
could  be  measured  to  an  accuracy  of  0-2  per  cent,  or  closer.  The 
readings  of  the  phase  angle  repeated  themselves  constantly  to  within 
0-1  deg. 

The  author  has  designed  a  potentiometer  in  which  a  small  phase- 
shifting  transformer  and  dynamometer  are  included  in  the  case, 
with  a  throw-over  switch,  permitting  the  instrument  to  be  used  as 
either  a  direct  or  alternate-current  potentiometer.  Fig.  3  shows  the 
connections,  which  need  little  explanation.  The  main  circuit  of  the 
potentiometer,  consisting  of  the  rheostats  Ri  and  B,.,,  the  two  dials 
Di  and  D,,  the  slide-wire  W,  and  the  dynamometer  D,  is  connected 
to  two  of  the  blocks  of  the  change-over  switch  C,  which  is  similar  in 
form  to  the  well-known  selector  switch  used  in  the  Crompton  poten- 
tiometer. The  derived  P.D.  from  the  Dial  D^  and  slide-wire  contact 
is  led  by  the  key  K  and  the  selector  switch  S  to  two  more  of  the 
contacts  on  C.  The  remaining  eight  contacts  on  C  are  connected  in 
pairs  to  the  phase-shifting  transformer  P,  the  battery  terminals 
D  C,  the  ordinary  galvanometer  terminals  G,  and  the  vibration 
galvanometer  terminals  V  G.  The  phase-shifter  primary  is  excited 
from  the  terminals  A  C,  which  are  here  shown,  four  in  number,  for 
two-phase  or  split-phase.  A  single  motion  of  the  switch  C  to  right 
or  left  connects  the  main  circuit  of  the  potentiometer  on  to  the 
battery  or  secondary  of  the  transformer,  and  simultaneously  con- 
nects the  sliding  contacts  through  the  selector  switch  to  the  appro- 
priate galvanometer.  The  key  K  being  provided  with  a  holding- 
down  cam,  leaves  the  hands  free  to  move  the  potentiometer  contacts 
and  rotate  the  phase-shifter  simultaneously.  A  frequency  meter  F 
of  the  vibrating  reed  type  may  be  fixed  on  the  base  if  desired,  in 
which  case  the  instrument  is  arailable  for  inductance  and  capacity 
measurements.     The  dynamometer  I)  is  not  provided  with  a  scale,  I 


but  with  a  fiducial  mark  which  can  be  slightly  adjusted  to  suit  the 
standard  cell  check.  It  will  also  be  made  astatic  to  avoid  risk  of 
error  from  stray  fields. 

The  results  already  obtained  appear  to  justify  the  belief  that  this 
method  is  capable  of  being  used  with  considerable  accuracy  and 
convenience  for  all  P.D.,  current  and  phase  measurements.  One  of 
the  most  valuable  applications  is  to  search  coil  work  with  alternate 
currents,  whereby  the  distribution  of  main  and  leakage  fluxes  in 
cores,  and  the  propagation  of  magnetic  impulses  can  be  studied. 
The  variation  of  current  and  P.D.  along  a  cable  fed  with  alternate 
currents  could  also  be  obtained. 


ELECTRIC  TRACTION  ON  RAILWAYS.* 

XIV.— PRACTICAL  CONSIDERATION  OF  OVERHEAD 
CONDUCTORS. 

BY   PHILIP   DAWSON. 

{Continued  from  page  925.) 

Summary. — In  this  article  the  author  first  considers  the  many 
objections  which  have  been  raised  against  the  use  of  the  third  rail  for 
main  line  railway  electrification,  and  then  proceeds  to  discuss  the  use 
of  overhead  conductors,  dividing  the  latter  system  into  tho.se  where 
two  overhead  conductors  per  track  are  necessary  and  those  where  only 
one  conductor  per  track  is  required.  The  construction  of  the  over- 
head work  is  also  considered  in  detail. 
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In  a  previous  section  of  this  work,  when  deaUng  with 
the  third  rail  conductor,  it  was  pointed  out  that,  whilst 
third  rails  had  originally  been  used  with  electric  traction 
in  the  very  early  days,  this  system  was  soon  dropped  in 
favour  of  the  overhead  conductor,  as  soon  as  the  satis- 
factory system  of  overhead  contact  shoe,  collector  or 
trolley  had  been  devised.  The  only  early  heavy  electric 
locomotives  in  America  such  as  those  constructed  for  the 
Baltimore  &  Ohio  Railway  were  equipped  at  first  with  the 
overhead  system,  although  the  difficulties  connected  with 
collecting  very  large  currents  in  this  way  were  found  so 
great  that  eventually  the  overhead  system  had  to  be 
dropped  and  the  third  rail  again  resorted  to. 

The  American  railway  engmeers  had  fully  realised  at 
this  time  that  for  ordinary  main  line  operation  the  over- 
head system  was  preferable,  as  many  troubles  were  to  be 
anticipated  by  the  use  of  the  third  rail.  This,  of  course,  is 
not  the  case  with  purely  local  lines,  such  as  tube,  elevated 
or  branch  lines  of  main  line  railways  over  which  little,  if  any, 
goods  traffic  and  few  steam  hauled  trains  have  to  circulate. 
Thus  the  City  &  South  London  and  the  Liverpool  Over- 
head Railway  adopted  the  third  rail  from  their  inception  ; 
but  these  two  lines  evidently  form  part  of  the  last  category 
and  not  of  the  first. 

Before  going  into  any  detail  regarding  the  methods  of 
overhead  construction  adopted  in  connection  with  railway 
work,  it  may  be  of  interest  to  consider  some  of  the  many 
objections  which  have  been  raised  by  British  and  foreign 
railway  engineers  against  the  use  of  the  third  rail  for  general 
main  line  railway  electrification.  The  following  objections 
to  the  third  rail  system  are  extracted  from  a  report  made 
after  most  careful  investigation  by  the  chief  engineer  of 
one  of  our  important  railways  : — 

In  the  event  of  the  derailment  of  the  train  the  third  rail 
would  almost  certainly  be  disturbed  and  thus  add  to  the 
consequent  dislocation  of  traffic. 

The  line  could  not  properly  be  packed  and  maintained 
without  great  risk  to  the  platelayers  ;  or,  as  an  alternative, 
this  work  would  have  to  be  done  during  the  short  time  at 
night  when  the  passenger  trains  had  ceased  running  and 
the  current  cut  off,  but  this  could  not  be  done  on  most  of 
our  railways  if  goods  were  also  worked  by  electricity,  as  the 
largest  portion  of  our  goods  traffic  is  worked  at  night. 
•  Copjrigiit.    All  rights  of  reproduction  reserved. 
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'  Damage  would  be  certain  to  arise  with  consequent  dis- 
location of  traffic  in  unloading  materials  at  niglit  for  repairs 
and  renewals. 

'*  The  third  rail  caimot  be  fixed  m  station  3-ards  and  for 
through  crossings  without  being  foul  of  gauge,  but  if  so 
fixed  it  would  be  a  source  of  great  danger  to  the  staff 
engaged  m  shunting  and  marshalling  operations. 

In  case  of  a  hea\y  fall  of  snow  considerable  interruption 
of  traffic  would  probably  ensue. 

In  many  cases  structural  alterations  to  and  probable 
reconstructions  of  station  platforms  would  become  neces- 
sary to  allow  of  a  third  rail  being  kept  clear  of  gauge. 

Considerable   expenditure   would   become   necessary   in 


tools  out  of  the  way,  and  can  never  be  absolutely  suspended. 
On  a  one  or  two-track  road,  with  infrequent  trams,  this  is 
one  thing  ;  on  a  four- track  line  with  700  or  800  train  move- 
ments or  more  a  day,  the  problem  is  not  a  simple  one. 

The  operation  of  a  line  dealing  with  all  classes  of  traffic 
and  handling  hundreds  of  trains  a  day  is  a  vastly  different 
problem  from  that  met  in  the  handlmg  of  a  dense  traffic  of 
a  single  class,  as  on  the  elevated  or  underground  lines  of 
large  cities.  In  the  application  of  electric  traction  to 
an  existing  railway  designed  for  steam  operation,  there 


Fig.  11.— Contact  Line  Ordi- 
SABT  Section.  Bdkgdorf-Thun 
Theee- Phase  Llse. 


Fig.  12. — Contact  Line  on  Em- 
bankment AND  CnKVES.  BURGDORF- 
Thun  Three-Phase  Line. 


Fig.  14. — Contact  Line  Arrangement  Over  Single^ Switch. 
Burgdorf-Thttn  Three-Phase  Line. 


alterations  to  and  diversions  of  point  roddmg  and  signal 
connections,  and  on  the  viaducts  this  would  apply  to  water 
and  gas  mains. 

In  the  case  of  joint  lines,  where  the  company  only  have 
running  powers,  it  would  be  difficult  to  get  the  necessary 
sanction  to  lay  down  the  third  rail. 

Mr.  A.  D.  Williams,  an  American  engineer,  has  very 
clearly  stated  the  case  in  connection  with  the  form  of  con- 
ductor to  be  chosen  when  general  railway  electrification  is 
imder  consideration,  and  some  of  the  points  he  makes  are 
condensed  in  the  following  paragraphs  : — 

For  goods  yards  and  sidings  it  is  essential  that  the 
electric  conductor  should  add  as  little  as  possible  to  the 


are  many  obstacles  to  overcome.  The  electric  equipment 
itself  may  not  cost  as  much  as  the  alterations  necessary  to 
permit  the  use  of  electricity.  The  steam  lines  were  laid 
out  many  years  ago,  and  the  gradual  growth  in  the  size  of 
rolling  stock  and  locomotives  has  encroached  on  the  origi- 
nally ample  clearances,  until  to-day  there  are  many  lines 
that  are  unable  to  admit  extra  heavy  goods  wagons  or 
large  saloon  or  dining  cars  to  certain  portions  of  their 
system  ;  the  clearance  between  tracks  has  been  shaved  to 
the  limit  and  equipment  is  frequently  damaged  at  tight 
places. 

In  the  location  of  the  electric  conductor  several  things 
must  be  considered,  particularly  clearances.     The  clear- 


The  Tension  Wire  is  19  ms. 
higher  than  the  Cross  Suspension 

Fig.  13.^.\kriai.  Switches.  Plan  of  Single  Tirx-out.  '  Burgdorf-Thun  Three-Phase  Line 


ordinary  complications  and  dangers  inseparable  from 
present  methods  of  working.  In  such  places  trains  must 
be  made  up  and  handled  frequently  with  urgent  haste  by 
night  as  well  as  by  day,  and  an  electrical  conductor  so 
placed  that  it  interferes  with  or  increases  the  hazard  of 
operations  is  not  admissible. 

The  track  must  be  continually  lined  in  and  levelled  up. 
This  work  must  be  carried  on  under  traffic  conditions  which 
must  be  slowed  up  or  stopped  for  a  gang  of  men  to  get  their 


ance  question  is  one  of  the  most  difficult  problems  the  rail- 
way engineer  is  called  upon  to  solve.  Clearances  which 
were  ample  for  the  equipment  of  fifty  years  ago  are  uiade- 
quate  for  the  equipment  of  to-day,  and  on  most  English 
lines  the  maximum  loading  gauge  is  so  close  to  existing 
structures  that  further  encroachment,  by  additions  to 
either  structures  or  equipment,  is  practically  impossible. 

The  maximum  loading  gauge  line  is  supposed  to  repre- 
sent the  composite  cross-section  of  the  largest  locomotive. 
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the  largest  freight  car,  the  largest  passenger  coach,  the 
largest  wrecking  crane,  in  running  condition  ;  this  cross- 
section  being  increased  by  a  sufficient  amount  to  cover  the 
side  sway  and  lopsidedness  due  to  a  broken  spring,  eccen- 
tric loading  bringing  the  car  down  on  its  side  bearings, 
journal  play  and  wear.  The  effect  of  curvature  of  the  line 
must  also  be  considered.  Necessarily,  any  conductor  con- 
veying current  to  a  locomotive  or  car  must  be  outside  of 
this  line  by  an  amount  sufficient  to  provide  a  working 
clearance.  The  current  collectors  must  be  capable  of  reach- 
ing this  conductor  and  of  being  housed  within  the  maximum 
loading  gauge. 

In  connection  with  maintenance  of  way,  the  third  rail 
adds  not  a  little  to  the  tro\i))le  of  keeping  the  track  in  line, 
as  it  obstructs  one  side.  In  addition  it  reduces  the  effi- 
ciency of  the  track  gangs  and  adds  to  the  expense,  and  the 
incidental  fireworks  it  furnishes  demoralise  the  labour  gangs. 

From  an  operating  standpoint,  the  third  rail  is  a  menace 
and  a  constant  source  of  danger  to  the  railway  staff,  par- 
ticularly at  night.  Circumstances  often  require  tliat  a 
guard  should  go  back  with  a  red  light  to  protect  the  rear  of 


on  a  double-track  line.  Any  attempt  to  run  a  track  round 
the  wreck  would  be  handicapped  by  the  necessary  third-rail 
construction  ;  it  would  not  be  impossible,  but  it  would  re- 
quire so  much  time  that  it  would  not  be  feasible.  During 
the  entire  time  the  wreck  was  being  cleared  up  current  would 
have  to  be  kept  off  that  section  of  the  road,  as  it  would  be 
impracticable  to  run  the  risk  of  stampeding  the  large  labour 
gangs  required  by  any  spectacular  electrical  displays. 

In  dealing  with  the  gaps  at  switches  it  has  been  fi  equently 
necessary  to  use  an  overhead  conductor.  When  this  is  of 
the  low-tension  variety,  and  the  supports  have  to  span  several 
tracks,  supporting  a  conductor  over  each  of  them,  it  is  ex- 
tremely difficult  to  devise  such  a  support  as  will  not  obstruct 
all  views  of  signals.  These  overhead  conductors  must  overlap 
the  third  rail  at  each  end  of  the  gap  in  order  to  guard  against 
all  possible  chances  of  a  train  becoming  stalled  at  such  a 
point,  for,  though  the  ordinary  operating  speeds  at  such 
switches  and  cross-overs  may  be  ample  to  carry  a  train  over 
the  gaps,  there  is  always  the  possibility  of  an  emergency 
arising  when  trains  must  be  under  absolute  control.  In  rail- 
wav  parlance  this  means  the  ability  to  stop  immediately  and 


Fig.  5. — Buegdokf-Thun  Three-Phase  Line,  .showing  OvERHE.iD  Construction*  .\t  a  Railway  Station. 


his  train.  Without  the  third  rail  there  was  a  certain  amount 
of  risk  ;  with  it  there  is  a  positive  danger,  and  this  danger 
is  a  vivid  reality  to  all  experienced  railway  men  who  have 
had  the  opportunity  to  observe  working  conditions  on  a 
third-rail  line. 

In  connection  with  wrecking  operations  the  third  rail 
presents  considerable  difficulty.  The  first  result  of  an 
accident  is  a  short-circuit  cutting  off  all  current  in  that 
block  until  the  third  rail  has  been  cleared  or  re-established. 
This  is  a  good  point,  but  it  makes  it  absolutely  necessary  to 
depend  upon  steam  for  handhng  the  wrecking  equipment. 
In  addition,  extra  plant  must  be  got  out  to  handle  the 
third  rail.  The  third  rail  weighs  from  60  lb.  to  100  lb.  per 
yard,  and  camiot  be  put  in  until  the  track  has  been  placed. 
Brackets  and  insulators  are  required  about  every  10  ft.,  and 
it  takes  considerable  time  to  line  the  third  rail  in  and  get  it 
covered.  In  the  meantime  traffic  will  have  to  be  towed  past 
the  gap  by  steam  locomotives,  which  will  mean  keeping  a 
nmnber  of  such  machines  on  hand  for  emergency  use.  It 
may  be  necessary  to  handle  all  passing  traffic  on  one  track  ; 
this  would  be  troublesome  on  a  four-track  road  and  worse 


I  to  start  from  such  a  stop,  as  well  as  the  ability  to  increase 
i  the  speed.     The  necessity  of  the  overhead  conductor  has 
been  recognised  in  the  largest  installation  of  third  rail  hand- 
ling standard  railway  equipment. 

A  feature  not  heretofore  mentioned  is  the  fact  that  at  cer- 
tain points  it  is  necessary  to  locate  derails  and  dwarf  signals  ; 
the  latter  are  rendered  nearly  invisible  by  the  third  rail. 
The  derail  cannot  be  done  away  with,  as  it  is  an  absolute 
necessity  at  many  points,  and  should  it  be  over-run  it  will 
naturally  result  in  a  tearing  out  of  a  third  rail. 

In  connection  with  bridge  work  the  third  rail  will  cut  many 
of  the  floor  beams  and  bracket,  plates  particularly  on  through 
plate  girder  bridges,  and  the  further  it  is  located  fi-om  the 
gauge  line  of  the  track  the  further  into  these  brackets  it  will 
cut.  This  causes  considerable  trouble  in  the  design  of  new 
structures,  and  necessitates  extensive  remodelling  in  existing 
structures.  Wliere  cross-overs  occur  on  cm'ves  considerable 
care  must  be  used  in  order  to  prevent  the  contact  shoes 
coming  into  contact  with  a  running  rail  in  passing  from  one 
track  to  another.  The  mechanism  boxes  for  signals  and 
points  and  derails,  fogging  machines.  &c.,  must  also  be  very 
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carofullv  placed  in  order  to  avoid  all  danger  of  their  being 
touched  bv  these  shoes.  These  troubles  are  aggravated  by 
the  fact  that  the  under-running  shoe  is  held  in  position  by  a 
spring,  and  the  failure  of  this  spring  is  liable  to  let  the  shoe 
drop  sufficiently  to  gi-ound  on  any  metal  object  close  to  the 
running  rail. 

A  consideration  of  the  foregoing  disadvantages  will  cer- 
tainly indicate  that  the  third  rail,  either  over  or  under  con- 
tact, leaves  much  to  be  desired  in  regard  to  its  assistance 
in  the  introduction  of  electric  traction  for  ordinary  main- 
line railway  work. 

-  These  and  other  considerations  have  resulted  in  the  de- 
velopment of  systems  using  such  high  pressures  as  3,(X)0  to 
20.000  volts,  so  as  to  enable  the  maximum  energy  required 
to  be  collected  from  a  comparatively  small  overhead  con- 
ductor. For  the  purposes  of  this  article  we  can  divide  them 
into  two  groups — namely,  those  systems  requiring,  beside 
the  rail  return,  two  overhead  conductors  insulated  from 
each  other,  as  well  as  earth,  as  is  necessary  when  three-phase 
traction  is  used,  and  those  requiring  one  conductor  per 
track,  such  as  the  high-tension  direct  current  and  the  single- 
phase  methods  of  traction. 


Jlf:.  (i. ^■lE\V   OF   St.4TI0N,    SHOWTSa    SECTION    INSILATOK  AT  Cro.SS- 

ovER  Roads.     Valtellina  Rah.way. 

OvEKHEAD  Conductors  Generally  C'on.sidered. 

The  first  overhead  conductor  for  main-line  railway  work 
was  that  at  fir.st  adopted  in  the  Baltimore  &  Ohio  Railway, 
now  superseded  by  the  third  rail. 

For  overhead  work  involving  the  use  of  very  high  pressvues 
up  to  20,000  volts  or  so  great  care  has  to  be  taken  as  re- 
gards insulation  and  safety  devices,  so  as  to  obviate  possible 
loss  of  life  through  a  broken  wire.  The  form  of  construction 
to  be  adopted  will  depend  upon  the  class  of  service  to  be 
undertaken.  Thus,  on  a  line  runniuf^  but  a  few  trains  in 
each  direction  every  day  a  much  simplei-  and  cheaper  con- 
struction can  be  provided  tlian  will  become  necessary  if  a 
line  is  equij)ped,  say,  into  a  terminal  station  dealing  with 
700  or  800  or  more  trains  a  day.  In  the  former  case,  a  large 
amount  of  time  is  available  for  inspection  and  maintenance 
repairs,  whereas  in  the  latter  practically  no  time  can  be 
spared  for  this  purpose,  except  possibly  an  hour  or  two  every 
night,  and  then  only  at  gi-eat  inconvenience  to  the  traffic. 
It  will  also  be  evident  that  the  form  of  suspension  adopted 
will  depend  also  upon  whether  low  or  high  speeds  will  have 
to  be  dealt  with. 


It  will  also  be  apparent  that  the  form  of  collector  adopted 
will  depend  upon  the  intensity  of  the  traffic,  and  the  speed 
as  well  as  weight  of  train  to  be  propelled.  Thus,  for  long 
country  lines  with  infrequent  trains  and  not  excessive 
speeds,  and  running  single  motor  cars  with  possibly  one 
trailer,  the  ordinary  trolley  and  wheel,  similar  to  that  in 
general  use  with  electric  tramways,  can  be  used  with  advan- 
tage, although  the  size  of  trolley  wheel  and  similar  details 
may  have  to  be  slightly  different  from  usual  tramway  prac- 
tice. If  trolleys  of  this  description  are  adopted,  it  is  possible 
to  utilise  an  overhead  construction  of  the  simplest  form,  the 
only  difference  between  such  a  construction  and  the  ordinary 
tramway  overhead  construction  consisting  in  the  use  of 
insulators  capable  of  dealing  with  the  high  pressure  involved, 


Fio.  7. — Diagram  of  C'onxections  at  Station,  Valtellina  Three- 
Phase  Line. 

and  the  safeguarding  of  the  railway  employes  and  passen- 
gers in  the  case  of  a  bieakage  of  a  wire.  It  is  a  problem  of 
this  nature  which  presented  itself  for  solution  in  Sweden, 
where  it  is  intended  to  electrify  long-distance  country  lines 
having  very  infrequent  service,  and  on  which  very  high 
rates  of  speed  need  not  be  attained. 

As  regards  the  section  adopted  for  the  conductor  wire, 
this  varies  to  a  very  large  extent  both  as  regards  the  area 
and  the  form  of  the  section.  The  wires,  adopting  the  clas- 
sification for  round  wires,  vary  from  1/0  L.S.W.G.  to 
7/0  L.S.W.G.  The  choice  of  section  depends  on  many 
factors,  such  as  frequency  of  feeding  points  and  mechanical 
strength,  although  it  is,  as  a  rule,  the  latter  factor  which 


Fio.  8. — Trolley     Lines     at     Level    Crossing,     Safety  Device. 
Vai.tbllina-Lecco-Sondrio  (Ganz)  Three-Phase  Railway. 

carries  the  greatest  weight  in  the  final  decision.  As  a  rule, 
copper  is  used  for  the  contact  wire,  although  in  the  case  of 
the  New  York,  New  Haven  &  Hartford  Railway  steel  wire 
has  now  been  adopted  for  this  purpose.  Single  wires  sup- 
ported only  at  long  intervals,  either  from  cross  structures 
or  bracket  arms,  have  also  been  used  in  connection  with  the 
two  three-phase  railways,  the  Burgdorf-Thun  line  and  the 
Valtellina  system,  both  being  long-distance  country  lines. 
In  the  case  of  the  Burgdorf-Thun  line,  the  contact  line  con- 
sists of  two  hard-drawn  copper  wires,  8  ram.  (0-31  in.)  in 
diameter,  suspended  from  transverse  steel  wires  ;  the  latter 
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are  fitted  to  wood  posts  (Figs.  1  and  2)  placed  on  each  side 
of  the  railway  line.  In  the  main  stations  the  posts  are  of 
iron.  The  trolley  line  is  divided  by  section  insulators  into 
15  independent  sections,  as  a  means  of  safety  and  to  facili- 
tate the  detection  of  defects  in  the  insulation.     The  trans- 


hand  front  and  left-hand  rear  contact  bows  on  the  — wire 
and  the  right-hand  rear  single  contact  bow  on  the  -{-wire. 
Thus  there  is  never  any  inteiTuption  of  current.  As  soon 
as  the  front  double  contact  has  crossed  the  transverse  sup- 
port B  its  two  parts  come  again  in  contact  with  the  cor- 


verse  suspension  wires  are  generally  115  ft.  apart,  but  this  !  responding  wire,  and  the  rear  bow,  which  then  rises  between 
distance  is  reduced  where  the  railway  crosses  main  roads,  [  A  and  B,  can,  in  its  turn,  leave  one  of  the  -{-contact  wires. 


at  curves  and  in  sta- 
tions. At  the  points 
of  suspension  the 
height  of  the  contact 
wires  above  the  rails 
is  17  ft.  H  in-,  the 
deflection  never  ex- 
ceeding 13|  in.  The 
lowest  part  of  the 
contact  line  is  4' 850 
metres  (15  ft.  lOJin.) 
above  the  rails. 
Fig.  3  shows  the 
arrangement  of  the 
contact  lines  at  a 
three-track  interme- 
diate station.  In 
tunnels,  the  height 
available  being  limi- 
ted, the  deflection 
has  been  reduced  by 

placing  the  suspension  wires  closer.  Taking  current  in 
passing  the  points  is  effected  as  follows  :  When  a  car  is 
coming  from  the  left  of  the  point  (shown  in  Fig.  3)  to  con- 
tinue its  journey  in  a  straight  line,  the  current  is  first  taken 
by  the  four  contact  bows  at  a  time  ;  then  the  first  double- 
contact  bow  gets  engaged  in  the  space  contained  between 
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Fio.   10. — SiMPLON  Tunnel  Theee-Phase  Construction  (Brown, 
BOVERI    &    Co.) 

the  carrying  wires  A  and  B  and  the  right-hand  single  bow 
in  front,  leaving  the  contact  wire,  marked  -f ,  and  sliding  on 
to  the  auxiliary  tension  wires,  shown  in  dotted  lines,  and 
which  are  isolated  from  the  other  wires.  The  rear  contact 
bow  has  not  yet  reached  the  transverse  wire  A  ;  the  current 
is,  therefore,  taken  by  three  single  bows,  which  are  the  left- 


In  order  to  prevent 
an  interruption  in 
the  current  it  is  only 
necessary  that  the 
distance  measured 
on  the  centre  line  of 
the  car  between  the 
two  double  bows  be 
slightly  greater  than 
that  between  the  two 
suspension  points  A 
and  B. 

The  auxiliary  ten- 
sion wires  have  a 
double  action  ;  they 
first  guide  the  bow, 
when  out  of  contact 
between  A  and  B, 
and  they  relieve  the 
transverse  wire  B  by 
helping  the  tension 
of  the  contact  wires.  Crossing  is  effected  noi-selessly  and 
without  sparking.  There  is  no  difficulty  in  stopping  the 
car  or  in  changing  the  direction  of  travel  under  a  switch. 
Fig.  4  shows  a  set  of  points  in  perspective  and  Fig.  5  the 
overhead  construction  at  a  station. 

A  similar  form  of  construction  was  adopted  in'the  case  of 


(Bro\\\    Bo\fri  &  Co) 


Fio.   II.— Sniri.os  Tunnel,  showino  Construction  of  Polks  used 
(Brown,  Boveri  &  Co.) 

the  Valtellina  line.  The  jn-essure  between  the  two  overhead 
wires  used  in  this  case  is  3,0tX»  volts,  which,  in  consequence 
of  insulation  difficulties,  both  of  the  collector  and'of  the  two 
wires  themselves  at  points  and  crossings,  is  the  highest 
pressure  hitherto  used  or  recommended  to  be  adopted  for 
three-phase  work. 
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The  number  of  wires  at  points  and  crossings  is  double, 
thus  making  four  overhead  wires  per  single  track,  as  shown 
in  Fig.  (J.  For  points  the  two  corresponding  wires  of  one 
phase  are  held  6G0  mm.  apart  (26  in.)  until  the  fro"  is 
reached,  after  which  they  diverge  gradually  with  the  tracks. 
At  crossings  one  phase  is  insulated  for  about  (i  metres 
{19  ft.  8  in.)  by  means  of  the  creosoted  wooden  insulators 
whilst  the  other  phase  carries  the  current. 

At  level  crossings  safety  devices,  to  act  in  case  of  broken 
trolley  wire,  are  provided,  as  shown  in  Fig.  8,  which  is  self- 
explanatory,  the  wire  if  broken  being  immediatelv  connected 
to  earth,  as  shown.  At  all  the  stations  signals  are  inter- 
locked with  the  line  switches. 

At  both  ends  of  a  station  there  is  an  insulated  section  of 
overhead  line  300  metres  long,  as  showni  in  Fig.  7.  This 
section  can  only  be  switched  on  if  the  signal  is  lowered  for 
the  train  to  proceed.  A  through  cable  or  by-pass  is  carried 
round  the  station,  thus  enabling  the  whole  overhead  system, 
excepting  the  station,  to  be  interconnected,  as  shown  in 
the  diagram  Fig.  7. 

Figs.  9.  10  and  11  show  the  very  light  form  of  overhead 
construction  adopted  in  the  case  of  the  three-phase  in.stalla- 
tion  of  the  Simplon  tunnel,  equipped  by  Messrs.  Brown  & 
Boveri,  and  are  so  clear  that  they  require  no  detailed 
description. 

With  this  we  will  conclude  the  consideration  of  what  mav 
be  called  the  plain  trolley  wire  construction  of  the  tramwav 
type,  the  only  difference  being  that,  in  consequence  of  the 
high  pressures  used,  experience  has  shown  that  porcelain  is 
practically,  for  the  present  at  least,  the  only  insulation  avail- 
able. This  being  the  case,  and  before  we  proceed  to  con- 
sider more  closely  the  construction  of  single-phase  lines  or 
any  high-tension  overhead  construction  requiring  onlv  one 
working  conductor  per  track,  involving  more  complicated 
forms  of  construction,  which  have  been  resorted  to  for 
reason  of  safety  and  otherwise,  we  will  briefiv  examine  the 
question  of  insulation. 

(To  be  continued.) 


ALUMINIUM  WELDING. 


The  reduced  cost  of  aluminium  lias  contributed  greatly  to  the 
rapidly  increasing  use  of  this  metal  in  competition  with  copper  for 
electrical  purposes.  One  of  the  greatest  obstacles  to  its  extended 
use  has  been  the  difficulty  of  obtaining  a  .sound  mechanical  joint 


1.— A    Ji'I.NT    AKTKR    WkLDINC 


In  the  United  States,  metal  sleeves  have  been  used  to  hold  together 
the  cable  ends,  but  they  do  not  give  a  sound  electrical  joint  owmg  to 
the  oxidation  of  the  aluminium  surface  wnere  in  contact  with  the 
metal  sleeve.  Attempts  have  been  made  to  weld  aluminium  elec- 
trically, but  the  weld  when  made  was  found  to  he  brittle  and  the 
strength  of  metal  considerably  reduced,  in  some  cases  as  much  as 
10  per  cent. 

As  is  well  known  the  difficulty — if  not  impossibility — ot  soldering 
aluminium  is  due  to  the  formation  of  an  imperceptible,  but  very 
persistent,  film  of  o.xide  on  the  surface  of  the  metal.  This  film  of 
oxide  cannot  be  reduced  by  the  use  of  fiu.\.  nor  can  it  be  inecliani- 
cally  removed,  for,  however  rapid  the  removal,  a  fresh  film  is  instan- 
taneously formed  on  the  new  surface  which  prevents  the  i)ermancnt 
adhesion  of  the  .solder. 

ilr.  Sherard  Cowper-Coles  has  made  a  large  number  of  cxixri- 
ments  on  the  welding  of  aluminium,  extending  over  eight  or  nine 


years,  and  has  now  perfected  a  compact  welding  machine,  making 
use  of  the  fact  that  aluminium  readily  becomes  coated  with  a  film 
of  oxide. 

The  principle  underlj-ing  the  process  is  as  follows ;— The  ends  of 
the  rod  to  be  jointed  are  butted,  after  facing  square,  and  heat  from 
a  gas  blowpipe  or  benzine  lamp  is  aiiplied  at  the  joint,  which  rapidly 
produces  an  oxide  skin,  and  the  fused  metal  is  retained  within  this 
skm  of  oxide.  When  the  ends  of  the  rods  are  molten,  they  are  brought 
rapidly  together  by  releasing  a  spring  calch  ;  the  oxide  skin,  biust- 
uig  at  the  point  of  contact,  is  driven  out  by  the  pressme  of  the 
sprmg  and  the  clean  molten  metal  unites  and  makes  a  perfect  joint. 


Fig.  2. — View  showing  Skin  of  Oxide. 

Fig.  2  shows  clearly  the  skin  of  oxide  containing  the  molten 
aluminium,  tlie  weight  of  which  causes  the  flexible  skin  of  oxide  to 
sag,  the  skin  when  pierced  allows  the  molten  metal  to  run  out  leaving 
a  loose  skin  as  shown  in  the  illustration.  Fig.  1  shows  a  joint  after 
welding ;  the  ring  of  the  metal  which  has  been  squeezed  out  is 
largely  composed  of  aluminium  oxide.  It  is  necessary  to  remove 
the  collar  only  when  it  is  desired  to  obtain  .a  iinifnrm  diameter. 


Fine  oxKK 


Fig.  3. — Machi.ne  for  Alu.mi.xiu.\i  Weldlso. 

The  machine  illustrated  in  Figs.  3  and  4  is  operated  by  a  blowpipe 
from  coal  gas.  The  adjustable  spring  jaws.  A,  are  lined  with  a  refractoi7 
holder,  so  as  to  insulate  the  aluminium.  The  compressed  spring  and 
spring  release  B  can  be  clearly  seen  ;  the  adjustable  stop  C  regulates 
the  movement  of  the  spindle.  The  blow]iipe  D  is  fitted  with  a 
spring  universal  joint  E,  and  can  be  adjusted  in  position  along  the 
rods  F.  These  rods  are  detachable,  so  that  the  machine  packs  up 
very  closely.     The  flame  j)lays  on  the  gi-ooved  firebrick  G  which  is 
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supported  on  an  adjustable  inclined  piano  K,  thus  regulating  the 
height  to  a  nicety,  by  means  of  the  screw. 

The  macliine  can  be  supplied  with  coal  gas  or  Dowson  producer 
gas  blowpipe  (made  of  uon),  or  with  benzoline  lamp  for  field  work, 
in  which  case  it  can  be  packed  in  a  box  18  in.  by  7  in.  by  7  in., 
weighing  only  19  lb.  ;  the  complete  outfit  costs  from  £10  upwards, 
according  to  the  size  of  the  welds  to  be  made. 

Tests  for  tensile  .strength  on  12  consecutive  welds  (not  picked 
specimens)  made  by  this  \^■elding  machine  showed  that  the  fractures 
occurred  at  a  considerable  distance  from  the  weld,  indicating  therc- 


COWPER-GOLES    MiCHINE. 


fore  that  the  metal  had  not  deteriorated  during  the  process  of  weld- 
ing. The  extension,  on  4  in.,  in  the  12  tests  referred  to  varied  from 
8-0  to  140  per  cent.,  the  elastic  limit  from  about  4  to  7  tons  per 
square  inch,  and  the  maximum  stress  from  63  to  10-85  tons  per 
square  inch,  none  of  the  specimens  breaking  in  th-j  welded  portion. 


NON- INDUCTIVE,  WATER  COOLED  STANDARD 
BESISTANCES  FOR  PRECISION  ALTERNATING- 
CURRENT   MEASUREMENTS.'' 

BY    C.    C.    PATERSON   .\ND   E.    H.   E.\YNER,   M..\. 

Summary. — The  authors  show  that  by  applying  a  potential  aheath  lead 
in  close  proximity  to  the  outside  of  a  tube  of  resistance  alloy,  standard 
resistances  of  low  value  and  uj)  to  any  current  capacity  can  be  ci  in- 
structed, whose  effective  self-induction  is  as  low  as  two  or  three  tlmu- 
sandths  of  a  microhenry. 


In  the  measurement  of  power  in  alternating-current  networks  when 
tjic  highest  accuracy  is  dcsued,  it  is  difficult  to  obtain  standard  re- 
sistances in  which  the  time  constant  (the  inductance  divided  by  the 
resistance)  is  sufficiently  low  to  render  the  effect  of  inductance 
negligible,  and  at  the  same  time  the  resistance  of  which  does  not  vary 
with  the  temperature  or  the  frequency.  This  is  especially  the  case 
when  large  currents  are  to  be  dealt  with,  for  in  this  instance  llie  com- 
paratively large  amo\mt  of  energy  to  be  dissipated  rendcis  it  almost 
impossible  to  get  rid  of  the  heat  by  natural  radiation  sufficiently 
rapidly  to  prevent  a  rise  in  temperature  beyond  the  limit  at  which 
even  the  best  material  will  maintain  its  resistance  sufficiently  con- 
stant. In  dealing  with  the  question  of  alternating-current  measure- 
ment at  the  National  Physical  Laboratory,  we  have  had  to  aim  at  an 
.accuracy  considerably  higher  than  1  part  in  1,0(10,  and  not  the  least 
difficult  part  of  tliis  problem  has  been  to  construct  a  series  of  re- 
sistances ranging  from  0-04  to  O-OOI  ohm.  and  capable  of  operating 
at  from  .50  to  upwards  of  2.000  amperes. 

It  is  generally  recognised  that  fur  laboralnry  purposes  it  is  not 
desirable  to  try  to  limit  the  amount  of  power  nsocl  in  the  measuring 
apparatus  (provided  the  heat  can  be  effectually  dissipated)  if  extra 
torque  and  increased  accuracy  and  reliability  can  be  secured  in  the 

*  Abstract  of  an  original  communication  to  the  Institution  of  Elec- 
trical Engineers,  accepted  by  the  Council  for  publication  in  the  Journal. 


standard  instruments.  In  the  resistances  in  question  we  have  been 
able,  without  difficulty,  to  use  a  drop  of  2  volts  and  more,  across  the 
potential  points,  for  standard  resistances  up  to  2,000  amiieres.  and 
we  have  adopted  this  figure  as  a  basis  for  alternating  current  and 
power  measurements. 

It  will  be  readily  appreciated  that  the  only  practicable  method 
of  dealing  with  this  amount  of  power  (4  kw.  in  the  2,000  amfjere 
resistance)  is  by  some  artificial  method  of  cooling.  The  device 
adopted  by  Messrs.  Ci'ompton  many  years  ago,  of  tubular  resistances 
cooled  by  water  constantly  flowing  through  them,  suggests  itself  at 
once  as  the  most  convenient  form  for  the  purpose.* 
Attempts  were  first  made  to  di-aw  Eureka  tubes,  and 
the  London  Electric  Wire  Co.  went  to  considerable 
trouble  in  an  endeavour  to  make  some  seamless  tubes 
of  this  material  ;  but  the  attempt  had  eventually  to 
be  abandoned  in  favour  of  manganin.  This  alloy, 
although  more  troublesome  tta  account  of  the  neces- 
sity of  hard  soldering  all  joints,  appears  to  lend  it.self 
better  to  the  drawing  of  seamless  and  uniform 
tubes.  The  tubes  used  have  been  obtained  from 
Messrs.  Goliasch,  of  Berlin,  and  have  proved  most 
satisfactory  in  every  way. 

In  order  to  be  able  to  obtain  high  wattmeter  read- 
ings at  low  power  factors  it  is  desirable  to  be  able 
to  use  each  resistance  at  a  current  considerably  in 
excess  of  that  for  which  it  is  normally  rated,  and 
the  maximum  value  is  such  that  a  greater  change 
than  2  parts  in  lOvOOO  does  not  take  place  in  the 
value  of  the  resistance  due  to  rise  of  temperature. 
Thus,  the  maximum  current  for  the  0-040  ohm  resis- 
tance is  11,5  amperes,  for  the  0-002  ohm  260  amperes, 
for  the  0-010  ohm  450  amperes,  for  the  0-002  ohm 
1,300  amperes,  and  for  the  0-001  ohm  2,500  amperes, 
the  normal  drop  of  2  volts  being,  in  consequence, 
increased  in  each  case.  It  is  possible,  of  course,  by 
a|)plying  a  correction  to  use  the  tubes  for  higher  cur- 
rents than  these.  A  flow  of  cooling  water  equal  to 
15  litres  per  minute  was  u.sed,  but  the  exact  amount  is 
of  little  consequence.  A  smaller  amount  could  be  used 
if  arrangements  were  made  for  churning  the  water. 
The  watts  (per  square  centimetre)  which  are  dissipated  in  these 
tubes  under  the  "  maximum  "  load  conditions  vary  from  7J  to  12. 
An  upper  limit  of  10  watts  may  be  taken  as  an  average  value  for  the 
design  of  manganin  tubes  up  to  1-5  mm.  thickness  of  wall.  This 
corresponds  to  a  current  density  of  about  25  amperes  per  square 
millimetre  (16,<MX)  amperes  per  square  inch)  in  tubes  0-3  mm.  thick. 
From  considerations  of  self-induction,  a  thin-walled  tube  of  large 
diameter,  working  at  a  high  cmrent  density,  has  great  advantages. 

An  experiment  with  tap  water  in  the  0002  ohm  tube  showed  that 
the  resistance  of  the  column  of  water  was  about  40,000  ohms,  and  its 
shunting  effect,  therefore,  negligible. 

Fig.  1  illustrates  the  change  in  resistance  of  the  O-OOI  ohm  man- 
ganin tube  as  the  current  increases  from  0  to  4.000  am])eres.  The 
shape  of  this  curve  may  be  taken  as  typical  of  the  curves  obtained 
by  experiment  on  all  the  standards,  which  exhibit  the  well-known 
characteristic  of  manganin  alloy  for  variation  of  the  temjicraturc 
coefficient.  In  good  manganin  there  is  a  total  rise  in  the  resistance 
of  about  2/10,000  from  8°C.  to  35  or  40''t'.,  after  -nhich.  as  the  tem- 
perature increases,  the  resistance  tends  to  fall  with  greater  rapidity 
than  the  original  rate  of  increase. 

Conatnirtion. — The  cross-section  of  each  tube  is  proportioned  so 
that  a  length  of  about  40  cm.  (I5i  in.)  has  the  desired  resistance. 
Five  sizes  have  been  made  up  to  the  present,  and  three  resistances 
of  each  size  except  of  the  largest.  The  approximate  dimensions  of 
the  tubes  are  given  in  the  Paper.  These  tubes  are  silver  soldered 
into  iK-avy  cojiper  ends,  which  form  the  potential  points,  and  which 
serve  to  lead  the  current  into  the  tube.  Each  copper  end  has  a  hole 
through  it  equal  to  the  bore  of  the  tube,  so  that  a  stream  of  cooling 
water  can  pass  continuously  through  the  tube. 

Fig.  2  shows  one  of  the  comi>lite  resistances  (0-002  ohm  for  1.000 
amperes).  It  will  be  seen  (hat  the  cm-rent  is  led  in  from  the  two 
terminal  posts  in  a  way  which  maintains  a  well-closed  circuit,  and 
thus  avoids  giving  rise  to  lields  which  may  affect  other  apparatus 
in  the  neighbourhood.  The  narrow  ring  soldered  to  the  centre  of 
the  tube  forms  the  common  point  for  the  volt  and  current  eireuiti* 
in  wattmeter  mea.suremcnts  with  the  quadrant  electrometer.  The 
manganin  tubes  are  .seamless,  and  thelirst  treatment  is  to  anneal  them 
thoroughly  at  a  red  heat,  in  order,  as  far  as  possible,  to  secure  sub- 
sequent constancy  in  their  resistance.  The  heavy  copper  cylindrical 
ends  and  centre  rings  arc  then  sweated  on  with  silver  soldej\care 

*  See  "  The  Potentiometer  and  its  Ad;unctf,"  by  Clark  Fisher,  p.  77  ; 
also  The  Electricu-n,  Vol.  XXXMII.,  p.  22. 
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being  taken  to  ensure  that  the  resistances  are  a  few  per  cent,  lower 
than  the  vahies  which  are  Hnally  required.  It  is  then  necessary, 
especially  with  the  very  thin  walled  tubes,  to  wash  over  all  the  inner 
surfaces  with  acid,  so  as  to  remove  the  scale.  If  this  i.s  not  done  the 
tubes  will  have  a  comparatively  large  temperatin'c  coeflficient.  After 
removing  all  traces  of  acid,  the  inner  surface  is  coated  with  enamel, 
which  is  hardened  in  the  usual  way  by  stoving.  This  prevents 
subsequent  oxidation  of  the  surface.  The  tubes  are  then  ready  for 
closer  resistance  adjustment,  which  is  best  done  by  sand  jjapering 
their  outer  surfaces  in  a  lathe.  When  the  resistance  is  within  i  per 
cent,  of  the  final  value  the  tube  is  soft  soldered  into  the  brass  or 
copper  end  castings  and  mounted  up.  The  final  adjustment  is  then 
made  and  the  outer  surface  lacquered  to  jircvent  oxidation. 

Svlf-induclion. — The  metliod  usually  adopted  for  rendering  a  low 
sheet  resistance  as  non-inductive  as  possible  is  to  double  the  sheet 
back  upon  itself.     Dr.  Orlich  (of  the  Reichsanstalt)  has  recently 
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constructed  a  set  of  oil-cooled  standards  on  this  principle,  with  very 
active  mechanical  stirring  of  the  oil.  In  order  to  bring  the  volt  drop 
across  the  terminals  of  the  water  tube  standards  into  phase  with 
the  currents  passing  through  them,  a  device  has  been  adopted  which 
was  suggested  by  Mr.  Albert  Campbell,*  in  connection  with  non- 
inductive  resistances.  It  consists  in  leading  the  potential  wires 
back  along  the  resistances  in  such  a  way  that  the  magnetic  flux, 
which  causes  the  back  E.M.F.  of  self-induction  in  the  resistance. 
will  also  give  rise  to  a  practically  equal  back  E.M.F.  in  the  lead  of 
the  potential  circuit,  and  so  neutralise  the  induction  effect.  In 
order  to  make  this  elimination  more  complete,  and  also  to  render 
the  calculation  of  the  inductance  possible,  it  is  necessary  that  the 
potential  lead  shall  take  the  form  of  a  closely  fitting  cylindrical 
sheath  running  the  whole  length  of  the  tube  and  insulated  from  it 
at  all  points  except  at  one  end.  In  the  tubes  in  question  liic  thick- 
ness of  this  insulation  is  0-2  mm. 

The  cross-section  of  one  of  the 
tubes  with  its  sheath  clamp  is  shown 
in  the  top  right-hand  of  Fig.  2. 
Underneath  this  is  shown  a  section 
(to  a  very  much  magnified  scale)  of 
a  small  part  of  the  tube,  insulation, 
and  sheath,  in  order  to  illustrate 
their  relative  proportions.  On 
account  of  its  closeness  to  the  tube 
it  has  not  been  po.ssible  to  draw 
ihc  .sheatii  in  the  elevation,  only  its 
clamp  being  .shown.  The  magnified 
section,  as  reproduced,  is  20  times 
the  scale  of  the  remainder  (jf  the 
drawing. 

The  only  flux  which  can  cause  a 
self-inductive  ctlect  which  is  not 
eliminated  by  the  .sheath  is  that 
which  cuts  the  manganin  tube  while 
it  docs  not  cut  the  sheath.  Oi  thc.'c 
linkages  those  outside  the  sheath  arc 
completely  eliminated  by  it,  and 
those  inside  it  can  be  divided  into  two  cla.'ises — namely,  the  linkases 
of  the  flux  in  the  insulating  material  with  the  whole  current,  and  the 
linkagesof  the  flux  in  the  tube  itself  with  part  of  the  current.  It  will 
be  seen  how  the  concentration  of  all  the  current  in  a  very  thin  tube 
of  large  radius  assists  the  non-inductive  quality  of  the  resistance  as 
compared  with  the  ca.se  in  which  it  is  distributed  over  a  solid  conductor. 

A  table  in  the  Paper  gives  the  values  of  the  effective  inductances 
and  time  constants  of  the  various  re.si.stances,  the  value  of  the  time 
constants  varies  from  I-6xl0~"  for  the  0-040  ohm  resistance  to 
30-0x10-'  for  the  0001  ohm  resistance.  Fig.  3  has  been  drawn 
from  the  calculated  values  in  order  to  indicate  graphically  the 
relative  effect  of  the  two  linkages.  With  the  data  and  experience 
*  The  Ei.ii:cTEif,iA5,  Vol.  LXI..  pp.  lOOO-lOUl, 


gained  with  the  tubes  already  constructed,  the  authors  are  now 
designing  standards  to  work  with  5,000  and  ltt,000  amperes  in 
which  the  inductances  will  be  even  more  favourable. 

The  necessity  of  reducing  the  value  of  the  inductances  of  low  resis- 
tances to  the  lowest  po.ssible  limit  is  illustrated  by  a  diagram.  This 
shows  that  for  standards  uj3  to  2,000  or  3.000  amperes,  at  50  fre- 
quency, although  the  inductances  may  be  as  low  as  three  thousandths 
of  a  microhenry,  the  low  value  of  the  resistance  and  consequent  high 
time  constant  makes  it  necessary  to  use  a  correction,  if  a  elo.ser  ac- 
curacy than  1  jirr  cent,  is  desired  at  power  factors  of  01.     With 
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Fig.  3. — Diaoeam  showing  the  Relative  Pboportion  of  the  Self- 
Induction  of  Tube  Resistances  caused  by  the  Thickness  of  Iksi'lation 
BETWEEN  Tube  and  Sheath. 

resistances  for  200  and  300  amperes  the  correction  is  only  01  per 
cent,  at  01  power  factor. 

For  calculating  the  effect  of  a  variation  of  frequency  on  the  re- 
sistance of  the  tubes  the  authors  used  Dr.  Heaviside's  formula.  It 
was  found  that  owing  to  the  thinness  of  the  tubes  and  tlie  high 
volume  resistivity  of  manganin  the  variation  of  resistance  with  fre- 
quencies of  100  or  less  only  affected  the  hundredth  thousandth  place, 
and  was  absolutely  negligible. 

The  authors  are  not  aware  of  any  method  of  measuring  the  low 
values  of  effective  inductance  of  such  resistances  as  these  to  anything 
approaching  the  accuracy  with  which  they  can  be  calculated.  The 
following  experiment  embodies  a  method  which  has  been  ftund  of 


Fig.  2. — Workino  Dkawinu  of  0  C02  Oini 
(1,000  AMI".)  Resistance. 
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great  value  in  measuring  small  differences  of  phase  in  current  trans- 
formers and  similar  apparatus.  It  is  similar  in  principle  to  that 
which  has  been  utilised  and  described  by  E.  and  W.  H.  Wilson  in 
connection  with  some  interesting  tests  on  commercial  shunts.* 

R  and  R,.  Fig.  4,  are  two  .similar  water-tube  resistances  supplied 
with  current  by  one  of  two  alternators  coupled  together.  The 
quadrants  of  a  .sensitive  electrometer  are  connected  across  one  of 
the  resistances,  while  the  needle  is  connected  to  the  other  alternator 
whose  voltage  is  displaced  90  deg.  with  relation  to  the  phase  of  the 
machine  which  supplies  the  current.  The  phase  difference  is  ad- 
justed till  the  deflection  of  the  electrometer  is  zero,  the  quadrants 
bein^  connected  to  one  of  the  resistances.  It  these  are  now  changed 
*  The  Elecieician,  Vol.  L\T.,  p.  404. 
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over  to  the  otiier  one.  any  deflection  will  be  proportional  to  the  sine 
of  the  phase  angle  botween  the  E.M.F.s  on  the  two  resistances. 

In  the  tests  two  similar  standards  were  used,  one  with  its  sheath 
and  the  other  without,  and  it  is  possible  thus  to  test  the  difference  of 
effective  inductances  of  the  two  tubes  and  to  illustrate  the  screening 
action  of  the  sheaths.  Measured  in  this  way,  the  change  of  phase 
angle  of  the  0-002  ohm  resistance  with  and  without  its  sheath  was 
0-67  dejr.  at  50  aj  per  second.  It  will  thus  be  seen  that  the  sheath 
corrects  for  over  90  per  cent,  of  the  inductance  of  this  tube. 

Comparison  with  other  Apparatus. — It  is  interesting  to  compare 
the  relative  advantages  of  the  authors'  tube  type  of  non-inductive 
resistance  with  the  more  usual  strip  type.  A  comparison  cannot  be 
made  on  the  basis  of  inductance  alone,  since  the  capacity  of  the  tube 
resistances  to  dissipate  energy  may  be  said  to  be  roughly  300  times 
that  of  air-cooled  standards.  This  gives  them  a  great  advantage 
from  the  points  of  view  of  overload  capacity  and  constancy  of  re- 
sistance at  all  loads.  The  authors  are  of  opinion  that  the  water- 
tube  type  of  resistance  must  compare  very  favourably  with  any 
otlier  similar  standards  from  the  points  of  view  of  cooling  efficiency, 
compactness,  general  convenience  and  low  self-inductance. 

The  following  data  are  given  for  the  purpose  of  indicating  the 
magnitude  of  the  inductances  found  in  commercial  apparatus. 
Messrs.  E.  and  H.  Wilson  {ref.  cit.)  give  the  value  of  a  commercial 
corrugated  straight  manganin  shunt  for  use  with  a  hot  wire  ammeter 
as  160  cms.  Its  value  was  00045  ohm.  being  constructed  for 
200  amperes.  The  phase  displacement  of  this  shunt  at  50  oi  is  of 
the  ord»r  of  0-6  deg.     Messrs.  Siemens  &  Halsko  publish  the  results 


Fig.  4. — Diagram  of  Connections  for  Test  to  Demonstrate  the 
ScBEENiNG  Action  of  the  Potential  Sheath  =. 

of  phase  disijlacement  tests  between  the  primary  and  secondary 
of  one  of  their  high-grade  current  transformers,  ratio  1,200  15.  .50 a. 
These  tests  show  phase  displacements  varying  from  0-5  dep.  at 
one-t«nth  load  to  0-2  deg.  at  full  load.  Our  own  measurements  on 
the  phase  differences  in  current  transformers  also  give  values  of 
this  order. 


A  NEW  STANDARD  OF  LIGHT.* 

BY  W.  A.   HARWOOD. 

The  ideal  qualities  of  a  standard  of  light — viz.,  absolute  constancy, 
exact  reproducibility,  simplicity  and  utility  under  any  ordinary  con- 
ditions are  found  in  practice  to  be  antagonistic.  For  instance,  the 
Violle  molten  platinum  standard  is  satisfactory  so  far  as  constancy 
and  reproducibility  are  concerned,  but  it  is  too  expensive  and  com- 
plicated for  everyday  use,  and  on  the  other  hand,  the  simple  self- 
ci>ntained  and  portable  flame  standards  are  subject  to  considerable 
irregularities  duo  to  varying  atmospheric  conditions. 

The  difficulty  has  been  in  great  part  overcome  by  adopting  three 
types  of  standards — viz.,  standards  for  ultimate  reference,  inter- 
mediate standards  and  working  standards,  known  respectively  as 
"primary,"  "secondary"  and  "working"  standards.  The  Violle 
standard  has  been  shown  to  fulfil  satisfactorily  the  reiiuirements  of 
a  "  primary "  standard.  The  Fleming  ICdiswan  large  bulb  glow 
lamps  fulfil  most  of  the  conditions  of  a  ".secondary"  .standard. 
Flame  standards  possess  decided  advantages  in  their  simplicity  and 
portability,  and  in  the  fact  that  they  are  self-contained  fur  use  as 
working  standards  outside  the  region  of  electric  lighting. 

The  most  serious  objection  to  the  Fleming  Ediswan  glow  lamp  is 
the  possible  considerable  cumulative  error  introduced  by  multiplying 

*  Abstract  of  a  Lecture  delivered  before  the  Manchester  Local 
Section  of  the  Institution  of  Electrical  Engineers. 


the  number  of  photometer  readings.  The  proposed  new  r;tandard 
is  intended  as  a  "  secondary  "  standard,  which  may  be  stamped 
once  and  for  all  with  a  given  candle-power  and  will  retain  it.s  value 
for  an  indefinite  period,  thus  obviating  the  necessity  of  more  than 
two  sets  of  photometer  readings. 

The  new  standard  consists  of  the  light  emitted  by  a  fixed  area  of 
an  incandescent  metal  strip  heated  electrically.  Of  various  metals 
tried  pure  platinum  has  proved  most  suitable  for  the  purpose.  The 
method  of  adjustment  depends  on  the  different  absorbing  qualitie.s 
of  black  fluorspar  and  water  for  wave.i  of  heat  and  light.  Of  the 
total  radiation  emitted  by  a  heated  platinum  strip,  the  percentage 
which  is  absorbed  by  black  fluorspar  is  found  to  increase  as  the  tem- 
perature of  the  strip  is  raised,  while  the  percentage  absorbed  by  water 
diminishes.  At  one  particular  temperature  of  the  strip  these  two  per- 
centages are  equal  and  their  equality  fixes  the  C(jnditions  of  the  strip 
uniquely.  In  the  actual  apparatus  two  parts  of  the  radiation  from 
the  strip  pass  through  a  plate  of  black  fluorspar  and  a  layer  of 
water  respectively,  and  fall  on  two  sensitive  thermopiles  which  arc 
connected  in  opposition  through  a  galvanometer.  The  adjustment 
consists  in  regulating  the  current  so  that  the  galvanometer  deflec- 
tion is  zero.  )  . 

Up  to  the  present  the  strip  has  been  photometered  against  an  in- 
candescent lamp  run  at  constant  voltage,  with  vtry  satisfactory 
results. 


THE  COMBINED  EFFICIENCY  OF  A  SMALL  GAS 
ENGINE  AND  PRODUCER  PLANT. 

BY    A.     n.    GIBSON,    M.SC. 

A  series  of  experiments  have  recently  been  carried  out  on  a  suc- 
tion gas  producer  coupled  to  a  gas  engine  in  the  Engineering  Labora- 
tories of  the  Manchester  University.  The  plant,  which  was  supplied 
by  the  National  Gas  Engine  Co.,  is  capable  of  developing  approxi- 
mately 24  B.ii.P.,  and  was  run  at  approximately  full  load  over  the 
whole  series  of  experiments.  Tlie  object  of  the  latter  was  to 
determine  the  eiHciency  of  producer  and  engine  under  different  con- 
ditions of  working.  The  fuel  used  throughout  was  gas  coke  contain- 
ing 81  75  per  cent,  of  carbon,  and  119  per  cent,  of  hydrogen,  and 
had  a  net  calorific  value  of  12,635  B.Th.U.  per  pound  dry.  The 
general  conclusions  to  which  the  experiments  led  are   as  follows ; — 

The  compo.sition  and  calorific  value  of  the  gas  varies  greatly 
with  the  quantity  of  water  vapour  supplied  to  the  vaporiser,  as  does 
the  thermal  efficiency  of  the  producer,  the  latter  attaining  its 
maximum  value — viz.,  786  per  cent,  when  the  gas  produced  has 
its  highest  calorific  value — viz.,  1271  B.Th.U.  per  cubic  feet  at32"F. 
under  a  pressure  of  29921  in.  of  mercury.  The  efficiency  of  the 
engine,  however,  falls  off  as  the  gas  becomes  richer,  the  reduction  of 
thermal  efficiency  being  accompanied  by  a  reduction  in  the  per- 
centage of  heat  rejected  to  the  jackets,  and  in  an  increase  in  the 
percentage  rejected  in  the  exhaust  gases.  The  engine  has  a  maximum 
thermal  efficiency  of  26  9  per  cent,  and  a  minimum  efiSciency  of 
22S  per  cent.,  measured  on  the  brake  horse-power. 

The  overall  thermal  efficiency  of  the  plant  has  a  maximum  value 
of  18'16  per  cent.,  measured  on  the  brake  horse-power,  this  occurring 
with  a  slightly  greater  vapour  supply  than  that  (0-4  lb.  per  pound  of 
dry  fuel )  giving  the  maximum  producer  efficiency.  This  value  coincides 
very  fairly  with  that  obtained  by  Drs.  Bone  and  Wheeler  in  a  series 
of  trials  on  a  large  pressure  producer  developing  approximately 
,3,000  u.P.  and  burning  bituminous  coal  as  fuel. 

Under  conditions  of  maximum  efficiency  in  the  small  producer  the 
consumption  of  dry  fuel  amounted  to  111  lb.  per  briiUc  horse-|>owcr 
per  hour. 
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lations (Berlin,  1906).  With  complete  report  of  Proceedings.  Price  21s.  nett. 
The   Classification  of  Alternate  Current  Motors.    By  V.  A.  A,  Fynn, 

M.I.E.E.    Price  3p.  nett. 
Electric  Railways :  Their  Construction  and  Management.    By  Philip 

Dawson,      y^arln  R'^adtf. 

Electric  Cranes  and  Hoists.    By  H.  H.  Bioug.iton.    In  Preparation. 

The  Atmospheric  Production  of  Nitrates  by  Eleotrlclty.    By  Prof,  S.  P. 

Tljomp?.in.     Ready  ihortly. 
Practical  Telephony.    By  W.  Altken,  M.I  E.B.    In  Preparation. 
Alternating  Ctirrent  Motors.     By  Dr.  HudoK  Goldschmidt.    Xearly  Heady. 
Electric  Mains  and  Distributing  Systems.    By  J.  E.  Dick,  B.Sc,  and  If. 

Fernie,  A.M  In.st,  (;.E.     In  Preparation. 
The  Shot-Flrer's  Guide:  A  Practical  Manual  on  Blasting  and  the  Prevention 

of  Blasting  Accidents  in  Mines,  Quarries,  Ac.    By  W.  Maurice.   Scarly  Ready, 
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"THE   ELECTRICIAN"   INDUSTRIAL   SUPPLEMENT. 

With  "  The  Electrician  "  for  Sept.  14,  1906,  was  issued  the  first  of  a 
series  of  "  Industrial  Supplements,"  to  be  published  from  time  to  time 
with  "  The  Electrician."  The  thirty-lifth  issue  of  the  Supplement  will  be 
published  (Gratis)  with  the  number  of  "The  Electrician  "  for  April  30. 

The  "  Industrial  Supplement  "  is  a  comprehensive  record  of  develop- 
ments in  Electrical  Plant,  Machinery,  Apparatus,  Accessories,  Sundries 
and  Materials,  and  of  their  proved  suitability  for  various  Industrial 
purpo.ses. 

The  "  Industrial  Supplement  "  is  holed  for  filing  or  hangmg,  and 
filing  covers  can  be  supplied  for  holding  6  or  12  issues. 

SPECIAL   NOTICE. 


Last  week's  number  of  "THE  ELECTRICIAN"  completed  Vol.  LXII. 
Witli  next  week's  number  will  be  issued  (Gratis)  the  Index  to  the  Voltune. 

READY  NEXT  WEEK.— Vol.  LXII.  of  "  The  Electrician." 
Price  17s.  6d.     Postage  U.K.  Is.  extra,  abroad  2s.  6d. 

Ca.ses  for  binding  Vol.  LXII.  are  now  ready,  price  2s. ;  post  free,  2s.  3d. 


THE  HIRING  OF  ELECTRICAL  APPARATUS. 

Ab  the  present  time  the  expansion  of  domestic  power 
supply  is  such  an  impoi'tant  question  that  no  apology  is 
necessary  for  the  frequent  reference  to  the  subject  in  our 
columns.  In  fact,  we  believe  that  the  future  welfare  of 
many  electricity  supply  undertakiuos  where  a  motor  load 
is  practically  unobtainable  is  largely  bound  up  in  the  de- 
velopment of  the  use  of  electricity  foi  household  purposes. 
In  the  majority  of  houses  the  greatest  possibility  of  such 
development  lies  in  the  use  of  electricity  for  heating  and 
cooking,  and  in  order  to  popularise  this  branch  it  is 
necessary,  lir.stly,  that  suitable  and  well-designed  apparatus 
at  a  leasoiiable  price  should  be  on  the  market;  secondly, 
that  the  apparatus  should  be  brought  to  the  notice  of  the 
pulilic  by  means  of  well-equipped  showrooms  ;  thirdly, 
that  electric  supply  undertakers  should  be  in  a  posi- 
tion to  let  apparatus  on  hire  lo  would-be  consumers ; 
and  lastly,  that  a  suitable  tariff  should  be  ofi'ered.  In 
regard  to  the  last  item,  much  has  already  been  -written, 
and  in  this  connection  it  is  only  necessary  to  draw 
attention  to  recent  Papers  read  before  the  Institution  of 
Electrical  Engineers,  in  the  present  session  by  llr.  W.  E. 
Cooi'EU,  and  last  year  by  Messrs.  Handcocic  and  Dykes, 
and  to  the  discussions  which  ensued.  These  showed  the 
diftieulties  which  have  to  be  faced  in  the  way  of  tariff's.  An 
inspection  of  our  annual  Electric  Supply  Tables  will  show 
that  in  man}'  cases  current  is  offered  at  a  low  rate — at 
about  Id.  per  unit— for  heating  and  cooking,  so  that  the 
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slow  progress  made  in  the  sale  of  current  for  these  pur- 
poses cannot  be  solely  attributed  to  the  present  scales  of 
charges,  though  the  accompanying  stipulations  may  be  at 
fault. 

In  regard  to  the  other  requirements,  the  question  of  the 
design  of  suitable  apparatus  and  also  the  unsatisfactory 
organisation  of  existing  showrooms  (which,  unfortunately, 
are  not  numerous)  Iiave  been  discussed  quite  recently  in 
these  columns,  so  that  further  reference  is  here  unneces- 
sary. The  fact  should  not  be  overlooked,  however,  that 
the  third  requirement  mentioned  above — the  letting  on 
hire  of  apparatus — is  very  closely  connected  with  the 
organisation  of  the  showroom,  and  much  can  be  learnt  by 
careful  study  of  the  systems  adopted  by  the  gas  companies. 
In  this  connection  it  is  interesting  to  notice  that  within  the 
last  few  weeks  many  electricity  undertakings  have  decided 
to  make  arrangements  for  obtaining  and  equipping  show- 
rooms, so  that  the  need  for  greater  publicity  is  evidently 
being  more  appreciated. 

In  the  eyes  of  the  general  public,  electrical  appliances  are 
surrounded  with  mystery ;  and  since  the  cause  of  any  failure 
of  such  apparatus  is  frequently  not  apparent,  except  to  a 
technical  person,  tlie  consumer  is  inclined  to  attribute  all 
failures  to  faulty  apparatus,  although  in  many  instances 
they  may  be  due  to  unskilful  or  careless  handling.  The 
possibility  of  such  failures,  however,  can  be  reduced  to  a 
minimum ;  but,  nevertheless,  the  average  consumer  natur- 
ally shows  a  good  deal  of  hesitation  before  purchasing 
what  he  regards  as  experimental  apparatus.  There  is, 
however,  little  ditticulty  in  interesting  such  consumers  in 
the  subject  of  electric  cooking,  for  the  advantages  of  elec- 
trical appliances,  particularly  as  regards  cleanliness,  appeal 
to  the  minds  of  all  except  gas  enthusiasts  ;  and  the  distri- 
bution of  instructive  pamphlets,  with  an  invitation  to  call 
at  the  showrooms  where  the  apparatus  will  be  shown  in 
use,  will  usually  result  in  many  inquiries.  If  the  best 
results  are  to  be  olitained  from  the  latter,  it  is  essential 
that,  where  necessary, inquirers  should  have  the  opportunity 
of  obtaining  any  apparatus  on  hire  or  hire-purchase. 

Hitherto  electric  supply  undertakings  have  been  rather 
reluctant  to  take  up  the  letting  on  hire  of  electrical  cooking 
and  heating  appliances,  although  much  has  been  done  in 
the  way  of  letting  motors  on  hire,  but  that  some  such 
arrangement  is  essential  for  the  satisfactory  development 
of  the  electric  supply  industry  there  is  little  doubt.  The 
public  has  become  so  accustomed  to  the  hiring  of  gas  ovens 
and  gas  fires  that  they  naturally  expect  the  same  facilities 
to  be  placed  at  their  disposal  in  the  case  of  electrical 
apparatus,  and  in  the  latter  case  tlie  necessity  is  consider- 
ably greater^  owing  to  the  higher  price  of  electrical  ajjpli- 
ances,  the  fact  that  its  capabilities  are  largely  unknown, 
and  the  desirability  of  competing  with  gas  apparatus  on 
equal  terms. 

During  the  past  year  much  more  attention  has  been  paid 
to  this  subject,  and  as  recently  as  January  the  Blackpool 
Corporation  decided  to  adopt  an  experimental  scheme  for 
hiring  out  electric  heaters,  cookers,  &c.  The  rental  has 
been  fixed  at  10  per  cent,  on  the  cost  of  the  apparatus, 
and  as  the  charge  for  energy  is  only  Id.  per  unit  we 
shall  await  the  result  of  this  experiment  with  no  little  in- 
terest.    In  the  meantime  we  desire  to  draw  the  attention 


of  other  central  station  engineers  to  what  is  being  done, 
and  we  hope  that  some  of  them  may  be  encouraged  to 
adopt  schemes  of  a  similar  character.  Although  the  rental 
mentioned  above  may  prove  to  be  insufficient  to  cover 
maintenance  and  depreciation  for  the  time  being,  it  is  de- 
sirable that  the  consumer  should  not  be  called  upon  to  pay 
a  large  sum  for  the  hire  of  apparatus,  which  later  on,  it  may 
be  noted,  is  likely  to  be  much  reduced  in  price  when  a  con- 
siderably increased  demand  has  been  brought  about.  With 
an  increased  demand  competition  will  be  stimulated,  the 
efficiency  and  design  of  the  apparatus  improved,  and  the 
percentage  charge  may  be  increased  without  raising  the 
actual  sum  for  rental. 

It  will  be  remembered  that  some  years  ago  the  Local 
Government  Board  were  opposed  to  the  raising  of  loans 
by  municipal  aulhorities  for  the  purpose  of  purchasing 
electrical  apparatus  for  hiring  without  special  statutory 
authority.  This  attitude  restricted  to  some  extent  the 
growth  of  the  business,  as  the  promotion  of  a  special  bill 
is  a  costly  method  of  procedure. 

Moreover,  many  Councils  encountered  considerable  oppo- 
sition from  wiring  contractors  and  the  electrical  trade  by 
their  desire  to  undertake,  not  only  the  hiring  of  the  appa- 
ratus, but  also  the  complete  equipment  of  the  necessary 
installation.  The  point  should  not  be  overlooked  that 
the  letting  on  hire  or  hire-purchase  can  be,  and  should  be, 
distinct  from  the  ordinary  business  carried  on  by  elec- 
trical contractors,  who  would  usually  be  unwilling  to 
undertake  business  on  hire-purchase  terms.  The  electric 
supply  undertakers  have  been  authorised  to  supply  elec- 
tricity, and  it  is  only  fair  that  they  should  be  allowed  to 
encourage  its  use  by  all  possible  means.  In  fact,  it  is  not 
only  desirable,  but  imperative,  that  in  this  respect  they 
should  be  placed  on  an  equality  with  the  gas  undertakers,  so 
that  they  may  bring  electrical  apparatus  more  pmrninently 
to  the  notice  of  likely  consumers. 

In  this  connection  it  will  be  remembered  that  the 
Electric  Lighting  Acts  (Amendment)  Bill,  which  is  now 
being  considered  by  Parliament,  contains  a  clause  giving 
powers  to  all  electric  supply  authorities  to  undertake, 
under  certain  conditions,  the  letting  on  hire  of  electrical 
apparatus.  Such  a  clause  would  greatly  facilitate  mattei-s 
if  the  Bill  became  law.  Even  now,  many  large  undertakings 
already  possess  the  necessary  statutory  powers,  and  tliose 
who  are  not  so  fortunately  placed  might  well  consider  the 
possibility  of  utilising  reserve  funds  for  purchasing  appara- 
tus to  let  on  hire,  as  has  been  done  at  Blackpool. 


REVIEWS. 

(Copies  of  the  undermeutioned  works  can  be  had  from  TVie  Etfciriaan  Office,  poet  frc«, 
on  receipt  of  published  price,  adding  3d.  for  books  published  under  &.  Add  10  per 
cent,  for  abroad  or  for  foreign  books.) 


The  Life  Story  of  Sir  Charles  Tilston  Bright,  CE.  By  CH.vRLf:.s 
BiuoiiT,  F.R.S.E.  (London  :  A.  Constable  &  to.)  Pp.  xiv.— 478. 
12s.  6(1.  net. 

Tins  book  is  so  full  of  interest  that  it  requires  no  effort  to 
read,  and  it  is  well  that  it  shmdd  he  published  in  revised  and 
abridged  form,  because  tlioro  is.  perhaps,  some  danger  of  the 
valuable  work  done  by  8ir  Charles  Briglit,  in  the  earliest  days 
of  long-distance  submarine  telegraphy,  being  overlooked  by 
later  generations. 

One,  of  course,  hardly  expects  a  nice  sense  of  historical 
perspective  in  a  biography  by  a  son,  and  if  the  part  "played  by 
its  subject  in  reiiard  to  the  introduction  of  many^electrical 
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advancos  doos  not  lose  in  the  telling,  allowance  will  be  made 
for  filial  partiality.  Even  to  those  who  are  not  without  know- 
ledge of  the  history  and  literature  of  the  subject,  the  strenuous 
work  and  undaunted  spirit  of  Sir  Charles  come  with  a 
sense  of  freshness,  and  revive  admiration  for  the  qualities  dis- 
played by  him  at  a  relatively  very  early  age.  In  reviewing 
Bright's  life,  however,  it  seems  clear  that  he  spread  even  his 
abundant  energies  and  great  jjersistence  over  too  wide  a  field, 
and  that  he  would  have  accomplished  more  enduring  work  in 
his  later  years  if  he  had  circumscribed  his  engineering  interests. 
There  is  here,  perhaps,  a  lesson  for  our  own  day. 

That  he  was  at  least  one  of  the  first  to  grasp  the  essential 
factors  in  submarine  cable  work,  both  from  the  engineering  and 
electrical  points  of  y'u'w.  is  abundantly  manifest.  And  it 
would  have  been  well  had  his  advice  been  followed  in  im- 
portant particulars,  such  as  the  weight  of  copper  and  gutta- 
percha in  the  first  Atlantic  cable,  and  the  battery  power  used  in 
working  it.  He  was,  perhaps,  not  always  sufficiently  critical 
in  regard  to  enterprises  submitted  for  his  advice.  For  instance, 
the  approval  he  gave  to  the  "  North  Atlantic  Telegraph 
Project."  involving  cables  via  Iceland  and  Greenland,  has  not 
been  borne  out  by  history  and  experience.  The  slow  speed  of 
the  early  long  cables  has  been  greatly  improved  1)V  other 
means  than  dividing  the  route  up  into  short  sections. 

In  any  case.  Sir  Charles  Bright  has  left  his  impress  on  cable 
and  land  telegraphy,  and  there  is  inspiration  in  his  courageous 
dealing  with  new  conditions  and  great  untried  engineering 
and  electrical  jsroblems,  involving  huge  risks.  His  is  the 
credit  of  proving  the  possibility  of  laying  long  cables  in  deep 
water,  as  to  Sir  James  Anderson  belongs  that  of  making  these 
cables  a  property  by  showing  that  they  could  be  picked  up 
from  great  depths  and  repaired. 

Mr.  Charles  Bright  is  to  be  congratulated  on  his  latest 
publication.  The  subject  of  the  biography,  and  the  book 
itself,  are  well  presented,  and  the  illustrations  are  excellent  and 
well  chosen.  Some  judicious  pruning  and  editing  might  be  an 
improvement  ;  while  the  too  frequent  use  of  footnotes,  many  of 
which  could  very  properly  be  incorporated  in  the  text,  is  irritat- 
ing to  the  reader.  But  the  work  is  illuminative,  and  possesses 
distinct  value  in  an  ago  of  biographies  in  its  outstanding  repre- 
sentation of  a  vigorous  and  able  personality,  whose  life  work 
was  and  still  is  of  high  importance  in  the  world's  progress. 

Geo.  R.  Neilson. 

The  Elementary  Theory  of  Direct  Current  Dynamo  Electric 

Machinery.  By  C.  E.  Asukokh  and  E.  W.  E.  Kkmpson.  (Cam- 
bridge :  University  Press.)     Pp.  viii. — 120.     3s.  net. 

This  little  book  discusses  the  direct  current  dynamo  and 
motor  from  an  elementary  point  of  view,  and  the  beginner  will 
find  the  main  principles  involved  explained  in  a  very  simple 
and  clear  manner.  The  authors  follow  generally  accepted 
lines  and  so  the  treatment  calls  for  little  comment,  yet  there  are 
a  few  points  that  may  be  criticised.  No  reason  is  given,  lujr 
does  one  actually  exist,  for  the  warning  that  shunt  motors 
should  be  allowed  to  reach  full  speed  before  load  is  put  on  ; 
furthermore,  exception  may  be  taken  to  the  statement  that  the 
armature  field  of  dynamos  is  always  small  in  comparison  with 
the  field  produced  by  the  magnets,  as  the  number  of  ampere- 
turns  per  pole  on  the  armature  and  field  is  very  often  about  the 
same.  In  the  formula  given  for  the  E.M.F.  of  an  armature  it 
would  be  preferable  to  let  ''  b  "  represent  the  number  of 
parallel  circuits  in  the  armature  rather  than  the  number  of 
bru.sh-studs,  as  otherwi.se  the  formula  will  give  incorrect  results 
for  .series  windings,  in  which  the  number  of  jiiirallel  circuits  is 
not  necessarily  equal  to  the  numbei'  of  brushes. 

The  sentence  "  There  are  no  lost  volts  in  th<'  field  circuit" 
appears  in  the  discussion  of  the  characteristic  curves  of  the 
shunt  dynamo  ;  this  statement  is  not  intelligible  and  as  it  has 
no  apparent  connection  with  the  context,  in  which  it  occurs,  its 
omission  in  a  future  edition  wovdd  be  desirable. 

The  development  of  the  calculation  of  magnetic  circuits  is 
perhaps  the  best  feature  of  the  book,  but  it  is  uimsual  to  define 
permeability  as  the  ratio  of  B  to  H  as  obtained  from  points  on  a 
hysteresis  loop.  The  result  of  such  a  definition  is,  as  is  pointed 
out  in  the  text,  to  give  negative  values  of  the  perrcieability  for 


points  on  certain  parts  of  the  loop.  The  reviewer  would  point 
out  that  this  method  of  defining  permeability  will  lead  to  in- 
finite and  zero  values  for  those  points  of  the  curve  at  which 
the  magnetising  force  and  the  magnetisation  are  zero  and  also 
two  values  for  the  permeability  for  each  value  of  the  induction 
density. 

It  would  be  an  improvement  if  the  armature  of  figure  37  were 
shown  laminated,  and  if  the  directions  of  the  currents  and 
fJiLxes  were  indicated  in  figures  69  and  70,  and  if  the  letters  N 
and  S  used  in  these  figures  for  the  neutral  axis,  and  the  axis  of 
symmetry  were  replaced  by  other  letters,  as  they  give  rise  to 
confusion  if  they  are  taken  in  their  ordinary  meaning  to  denote 
North  and  South  ])olcs. 

Throughout  the  book  "  D.P."  is  used  for  difference  of  poten- 
tial in  place  of  the  almost  universally  adopted  abbreviation 
"  P.D.,"  and  this  change  seems  undesirable  in  the  interest  of 
uniformity  of  notation. 

Notwithstanding  the  presence  of  such  slight  inaccuracies  as 
have  been  indicated  above  this  book  may  be  recommended  for 
the  use  of  elementary  students  owing  to  its  conciseness  and 
freedom  from  mathematical  difficulties.  A.  J.  M. 


THE  E.U.F.s  INDUCED  IN  THE  EXCITING  WINDING 
OF  SINGLE  PHASE  ALTERNATORS* 

BY    U.    BRlillN. 

Siimmai-i/.— The  autlior  examines  the  reaction  of  the  stator  current 
on  the  rotor  winding  in  a  single-phase  generator,  and  shows  how  the 
E.M.F.  induced  in  the  several  turns  depends  on  their  position,  which 
becomes  of  importance  in  machines  having  cylindrical  rotors  with 
distributed  windings.  The  result  of  the  investigation  shows  that,  in 
addition  to  the  E.M.F.  which  appears  at  the  slip-rings,  other  E.M.F.s 
exist  inside  the  winding.  Although  these  latter  pressures  neutralise 
one  another,  and  therefore  set  up  no  pulsating  currents  in  the  excit- 
ing circuit,  yet  owing  to  their  possible  magnitude,  they  may  become 
dangerous  to  the  insulation. 

In  the  present  article  the  E.M.F.s  set  up  in  the  rotor  (or  exciter) 
circuits  of  single-phase  alternating  current  generators  will  be  inves- 
tigated, and  their  shape  and  distribution  examined.  For  the  sake 
of  simplicity  a  two-pole  alternator  will  be  assumed  with  a  cylin- 
drical rotor  carrying  a  uniformly  distributed  drum  winding.  The 
number  of  slots  is  '2k,  and  the  winding  pitch  is  taken  equal  to  the 
pole  pitch.  There  are  2  k  turns  on  the  rotor,  and  the  latter  is 
opened  at  the  two  opposite  ends  of  a  diameter,  whilst  the  two 
halves  are  joined  in  series,  consequently  the  flux  due  to  the  exciting 
current  will  be  triangle-shaped,  with  its  axis  of  symmetry  along  the 
diameter  where  the  winding  is  opened.  We  will  denote  the  turn 
connected  immediately  to  slip-ring  I  as  the  first  turn  of  the  rotor 
winding,  and  this  is  the  turn  which  lies  in  the  peak  of  the  field. 
Further,  the  pressure  between  the  two  points  of  the  winding  lying  in 
the  neutral  zone  of  the  field  we  shall  call  the  pressure  perpendicular 
to  the  slip  rings. 

First,  we  shall  only  investigate  the  action  of  the  fictitious  stator 
flux  and  for  the  time  being  neglect  the  fictitious  rotor  field — i.e., 
the  field  produced  by  the  exciting  ampere-turns — since  the  latter 
field  does  not  alter  its  strength  and  consequently  cannot  induce 
anything  in  the  rotor  turns  with  which  it  is  interlinked  and  rela- 
tively at  rest.  The  exciting  winding,  therefore,  is  assumed  open, 
and  only  the  stator  is  traversed  by  an  alternating  current  of  fre- 
quency ^  ■     This  current,  /,,  can  be  expressed  as  a  function  of  the 

time  / — 

i,  =  ai  sin  u/  -i-«-i  sin  liaV  4  a ,  sin  r>w/  -(-... 
=  S|„a„,  sin  niul, 
where  m  is  an  odd  number  and  (/,,  «,.  &c.,  arc  constants. 

If  we  further  assume  that  1  lie  slaliir  tlux  is  sinusoidally  distri- 
buted over  the  circumference,  then  the  radial  component  of  the 
induction  J?  in  the  gap  at  the  position  j-  and  instant  /  is 

B  —  i-njO,,,  sin  mw?  x  A  sin  .1: 
where  A  is  the  constant  expressing  the  relation  between  the  stator 
current  and  the  field  and  .r  is  the  distance,  measured  along  the 
periphery,  of  the  point  considered  from  the  middle  of  the  stator 
coil  side.  The  flux  i)assing  through  an  area  of  the  rotor  of  axial 
length  1  and  breadth  d.r  is  d<t'  =  Bdx.  The  flux  interlinked  with  the 
first  rotor   turn,  when  occupying  any   particular  ])ositi<m  .r  =  a,  is 
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found  by  integrating  the  expression  for  B  with  respect  to  *•  between 
the  limits  a  and  a  +  ir.    Thus 


*a  =  2,„a,„  sin  mat  I  A  sin  x-dx 


'  f  A  sir 


=  ^,„a,„  sin  mul  v  2A  cos  a. 

Remembering  now  that  the  frequency  of  the  stator  current  is 
equal  to  the  number  of  revolutions  per  second  of  the  rotor,  we  can 
WTite  '(  +  uf  for  the  angle  a,  where  7  is  a  constant  angle  giving  the 
position  of  the  first  rotor  turn  at  the  instant  /  =  0.  At  short-circuit, 
or  with  a  pure  wattless  load,  the  first  rotor  turn  will  lie  in  the  plane 
of  the  centre  of  the  stator  coil  side  at  the  moment  1=0  (i.e.,  stator 
current  =0),  thus  «  =  0,  and  therefore  7=0  also.  With  a  non-in- 
ductive load  the  first  rotor  turn  has  its  plane  at  right  angles  to  that 
of  the  stator  coil,  so  that  when  /  =  0,  a  =  7=jr/2.  If  the  generator  is 
working  on  a  load  of  power  factor  cos  0,  the  corresponding  value 
of  7  =  Jr/2— 0. 

Coming  now  from  the  first  turn  to  the  (re+  l)th,  which  is  displaced 
from   the    first  tiun  Ijy  an  angle,  nr.  where  c   denotes  the  angular 
distance  between  two  adjacent  turns,  then  we  must  write  a=7  +  <u< 
+  n?,  and  the  flux  embraced  by  the  (?i  +  l)th  turn  is 
*n-)-l=2AS„,a,„  sin  mat  cos{y-f»5  +  u/j- 

=  A2„,a,„{sin  [(ot  +  I)u<  -1-7-l-nc]  +  sin  [{m  -  I)w/  -  7  -  7!f  j], 
since  sin  w  cos  !'=  J  sin  (w-l-r)  +  4  sin  (w— r). 

By  cUfferentiating  this  expression  with  respect  to  the  time  /  we 
get  the  pressure  induced  in  the  (« -f  l)th  turn  of  the  rotor  winding 

di'n  +  l 


en+\= 


dt 


-'=  -Ao,i,i.a,„\{m  +  \)cos\{m  +  l)<^l  +  '-l  +  n(] 


+  (m  — 1)  CDS  [(m—  l)w'  -7  — «^]} 
=  —  Aai:;„,o,„(m  -l-l)[oos  (m  +  l)i»t .  cos(y  +  ni5) 

-sin  {m  +  l)atsin{'/-{-nS)y 
—  Aa~,ua,„{m  -l)[cos  (m-  l)w<  cos('y  +  jif.) 

+  sin{OT-  l)<i'l  sia (y  +  ni)] ; 
or  c,|,|.i=  -  AwSu.a,,,  {(w  +  1)  cos  {m-f- 1)<>'^+ (m -1)  cos  (m  — l)ai/| 
cos  {y+ n^)  +  A'->-mal,\(m+l)  sin  (m-f  l)u(- (m- 1) 
sin  (to  —  1 )  oit]  sin  (y  +  nc). 
This  expression  gives  us  an  insight  into  the  E.M.F.s  induced  in 
the  several  turns  and  in  the  whole  winding.  In  the  first  place  we 
see  that  the  pressures  set  up  in  the  several  rotor  turns  are  repre- 
sented by  the  algebraic  summation  of  a  series  of  cosines  and  a  series 
of  sines,  which  combine  in  a  certain  ratio,  determined  by  sin 
iy  +  nS)  and  cos  (y  +  nc),  and  is  different  for  the  several  turns.  In 
the  first  turn,  where  re  =  0  only  cosine  pulsations  occur  when  7  =  0 — 
i.e.,  on  short-circuit,  for  in  this  case  the  second  term  equals  zero. 
On  the  other  hand,  only  sine  pulsations  are  set  up  in  a  coil  lying 
in  the  neutral  zone  (nf  =  n  2),  for  now  the  first  term  becomes  zero. 
Thus  the  pressures  in  the  different  turns  have  different  phase  rela- 
tions. With  non-inductive  loads  the  converse  of  the  above  occurs. 
Of  course,  by  short-circuit,  &c.,  we  assume  the  rotor  to  occupy  these 
positions  with  respect  to  the  stator  field,  although  in  the  above  the 
rotor  winding  is  taken  to  be  open. 

If  the  above  expression  for  e„-i-i  is  evaluated  for  a  few  positions 
for  a  given  wave-shape  of  stator  current,  it  wiil  be  found  that  the 
E.M.F.'s  induced  in  the  turns  lying  in  the  peak  of  the  fictitious 
rotor  field  (i.e.,  nS  =  0  and  )i6=7!-)  deviate  mostly  from  a  sine  wave. 
Further,  the  expression  for  c+i  shows  that  this  deviation  increases 
the  more  the  stator  current  differs  from  a  sine  wave.  For  a  purely 
sinusoidal  stator  current,  the  rotor  pressures  will  also  be  sine  waves 
— i.e.,  putting  to=1,  we  get 

e„^j=  — 2Awa,  cos  2"? cos  (y  +  tu') 

-f  2Am^,  sin  2M/sin(7-l-«f )  ^^ 

=  -  2Awoi  cos  {2u<  +  (y  +  »«)], 
which  is  a   sinusoidal  pressure  with   twice   the  frequency  of   the 
stator  current. 

In  order  to  find  the  pressure  between  the  ends  of  tlie  rotor  \\  ind- 
ing — i.e.,  between  the  slip-rings  I.  and  II. — we  mu.st  take  the  sum 
of  all  the  pressures  from  7i=0  to  n=2k—\.  Since  the  turns  2  to  k 
have  the  same  E.M.F.s  induced  in  them  as  the  turns  2k  to  k  +  2,  the 
slip -ring  pressure  is  obtained  by  subtracting  from  twice  the  pressure 
induced  in  the  halt  winding;  »!  =  (»  to  n  —  k  —  \  the  pressure  induced 
in  the  first  turn  and  adding  the  pressure  induced  in  the  (A-  l-l)th 
turn.  For  the  sake  of  simplicity  we  will  denote  the  sine  and  Cosine 
aeries  by  R,io  and  Rp„,  respectively,  so  that  the  pressure  in  the 
{n  +  1  )th  turn  is 

e„+l  =  -  -^wRoi.!. cos  (7 -(  no)  i-  .AwR,,,!  sin  (y  -(  nl). 
The  pressures  in  the  first  and  (jfc-h  l)th  turns  are 
e,=  -  AtuR^,  .^  cos  y  +  AujR^ju  sin  y, 
c^.j.i=AwRp„5  cosy  — AuRjii,  sin  y. 


The  pressure  es,-  at  (he  slip  rings  is  then 

e„=  -2A«R,,,  2,,^-'  cos  (y+nc) 
+  2AuR,i„  S,,'-  -'  sin  (y+rU) 
+2AaiRj,„cos  y— 2AwR,i„  sin  y. 
Summing  up  the  above  from  the  relation 

V-'  sin(a4-n2/3)= -^sin(af  [ifc-l]6). 
sm/3  ^         ■'' 

and  substituting  «=  ir/fc,  we  get 

e»  =  2Aw  cot  J^  { Rco8  sin  7  +  Rs^  cos  7 1 . 

In  a  precisely  sunilar  manner,  the  pressure  Cj.  at  right  angles  to 
the  slip  rings  is  given  by  the  expression 

ej.=  — AuR<j„s{(sin7-f  cos  yjcot"  -  sin  y\ 
2k  ' 

-t-AwR,i„{{cos  y  -sin  y)  cotiT  -f  cos  7}, 

Comparing  the  two  last  expressions  with  one  another,  it  is  seen 
that  for  the  case  of  short-circuit  (7  =  0),  the  cosine  series  vanishes 
from  the  slip  ring  pressure,  whilst  it  remains  in  the  second  equation. 
Similarly  with  non-inductive  load  (7=n-;2). 

This  remarkable  circumstance  can  only  be  explained  by  the  fact 
that  inside  the  winding  pressures  are  opposed  to  one  ano;her.  That 
this  actually  is  the  case  can  be  more  clearlj'  seen  when — starting 
from  one  slipring — we  consider  the  effective  pressures  of  the  several 
turns  along  the  winding.     This  is  found  in  the  usual  way 


E3„+i= 


,dt 


1  p,  1  r 

11+1  =  ^,  1  e-„  +  irf(=  A-u2cos2(7  +  nrj^f  Rv„  ( 
■'11  ■'•-0 

-f  A-w2  sin-  ( y  +  n  c )  W  R%i„  dt 

I  I'T 

-2A^w-  cos  (y  -1-71C)  sin  (7  +  ne)jj  R,,„,  R,j„  dt. 

Since  in  this  expression  sin(y  +  H^)  and  cos  (7  +  ?if)  can  be  re- 
garded as  constants,  in  the  first  two  terms  we  get  the  squares  of 
the  effective  values  of  the  cosine  and  the  sine  series,  which  can  be 
denoted  by  E-cos  and  E-s,,,.  The  third  term  is  zero,  since  the  mean 
value  of  a  sine  or  cosine  curve  over  a  whole  period  is  zero.  We 
then  get 

E'„+i  =  AV{E\.«cos-  {y  +  n£)-i-E\i^&in-  {r  +  nc)\. 

If  we  insert  in  this  equation  various  values  of  n  =  Oto  n  —  k-l. 
for  the  case  of  the  short-circuited  generator  (y  =  0),  we  get  the  effective 
pressure  of  the  several  turns  as  the  hypotenuse  of  right  angled  tri- 
angles whose  other  sides  depend  on  cos  nc  and  sin  nr.  Since  nS  has 
all  values  from  0°  to  180',  the  side  representing  E^j„  sin  ne  will  always 
be  positive,  but  the  other  side,  for  «^>90  becomes  negative — i.e., 
it  changes  its  direction.  This  can  be  shown  still  more  clearly  when 
Esi„  sin  ne  and  E„js  cos  «(5  are  plotted  as  functions  of  «f,  whence  it 
will  be  at  once  seen  that  in  the  case  of  the  cosine  curve  the  values 
nS=0  to  nj  =  90°  are  equal  and  opposite  to  those  of  n^=180^  to 
7^e  =  90°,  whilst  for  all  values  of  nc  the  sine  terms  have  the  same 
direction.  The  same  happens  in  the  second  half  of  the  winding, 
since  the  {k  1 -/)th  and  the  (i'-(-l -(-/)th  turns  have  the  same 
pressures. 

The  sum  of  all  the  pressures  induced  in  the  2k  turns — i.e.,  the 
effective  slip-ring  pressure — is 

E„2=AV{E-eos  [2V-'cos«f-2jHEvu[2V-'  sin«^-}. 

But  the  sum  of  all  the  cosines,  as  seen  above,  is  zero,  whence 

E„=2AiuEsiu  cot  7r,2k. 
That  is,  at  short-circuit  only  the  sum  of  the  sine  pressures  occur  at 
the  slip  rings. 

A  similar  relation  holds  for  the  other  limiting  case  7=^7/2 — i.e., 
non-inductive  load — for  then 

E'„  +  i  =  A-w-]E-;.  ^sin^n^+E-,    .'--•-■^'. 
ir 
whence  Ejr  =  2A<oE,,„,  cot  ,,^.. 

The  pressure  distribution  throughout  the  « iiuliiiLi  lia.^  the  same 
character  as  before,  for  only  the  amplitudes  of  the  several  indi- 
vidual pressures  have  altered.  At  the  slip-rings  only  the  sum  of 
the  sine  terms  appears,  although  its  magnitude  and  shaiie  are  different 
than  before. 

If  the  stator  current  1ms  a  phase  displacement  0.  then  7  a.ssumes 
some  value  between  iTand  9(t  ,and  in  addition  to  the  sine  pit\ssures. 
cosine  pressures  will  also  eceiu'. 

It  now  remains  to  consider  how  the  above  conditions  are  affected 
when  the  rotor  winding  is  short-circuited  through  the  exciter,  as 
actually  happens  in  practice.     Taking   first  the  case  ol  the  short- 


22 


THE  ELECTRICIAN,  APRIL  16,  1909. 


circuited  generator,  it  is  obvious  that  the  sine  pressures  (Csi,,)  at  the 
slip  rings  will  be  consumed  by  sending  a  current  lagging  practically 
90'  tlirough  the  rotor  circuit,  so  that  the  tictitious  rotor  field — 
which  we  have  hitherto  neglected  as  constant — will  be  transfiirmed 
into  a  pulsating  field.  The  reaction  of  these  flux  pulsations  on  the 
stator  current  gives  the  latter  a  p?aked  shape.  Thus,  whilst  the 
sine  pressures  in  the  exciting  winding  are  consumed,  the  ojiposing 
cosine  pressures  are  not  affected  by  the  closed  circuit,  but  their 
maximum  value  will  be  further  increased  owing  to  the  deformation 
of  the  stator  current  caused  by  the  pulsating  current  set  up  by  the 
sine  pressures. 

A  similar  state  of  things  exists  when  the  stator  current  has  any 
other  phase  relation — one  part  of  the  induced  pressures  will  always 
be  consumed  and  one  part,  composed  of  the  pressures  which 
oppose  one  another,  still  exist.  These  latter  pressui'es  are  by  no 
means  to  be  neglected,  ior  in  certain  cas?s  they  may  well  assume 
dangerous  proportions.  As  shown  by  Rezelmann,  the  same  sinu- 
soidal [iressure  is  induoetl  in  the  rotor  as  in  the  stator  when  the 
number  of  turns  is  the  same  in  each.  When  the  stator  wave  shape 
is  strongly  distorted,  the  maximum  value  of  the  rotor  pressure  can 
be  considerably  increased. 


A  NEW  ELECTRICAL  HARDENING  FURNACE.* 

BY    E.    SABERSKY    AXD    E.    ADI.ER. 

Summary. — A  description  is  here  given  of  a  new  furnace  heated  by 
electricity  and  mainly  intended  for  hardening  steel«.  Particulars  are 
also  given  of  the  comparative  cost  of  hardening  with  the  elertric  furnace 
and  with  a  gas  furnace. 


The  illustrati(jn  herewith  shows  a  vertical  section  acro.ss  the  fur- 
nace. A  bath  is  formed  by  metal  salts,  or  mixtures  of  same,  con- 
tained in  a  fireclay  crucible.  The  best  composition  of  the  bath 
depends  mainly  on  the  temperature  to  be  attained  for  industrial 
purposes.  It  usually  consLi^ts  of  a  mixture  of  Kat'l  and  BaCL,  and 
current  is  transmitted  to  the  bath  by  two  electrodes  made  of  Swedish 
ingot  iron,  which  is  characterised  by  a  ])artioularly  low  ))crccntage 
of  carbon,  possessing  a  melting  point  of  1.500  to  1,6(K)"C.  These 
electrodes  end  in  iron  terminals  sweated  in  turn  to  eopjier  con- 
ductors. The  crucible  is  surrounded  by  asbestos  and  a  layer  of 
insulating  lagging,  the  whole  being  contained  in  a  cast-iron  case. 
This  construction  greatly  reduces  the  radiation  losses,  in  fact,  after 
10  hours'  operation  of  the  furnace  at  about  1,350°C.,  the  cast-iron 
case  ha.s  a  temperature  of  30to40dcg.  only.  Over  the  bath  a  sheet- 
iron  hood  is  ])laced,  fitted  with  chimney  and  damper. 

Like  the  filament  of  the  Nernst  lamp,  the  salts  are  conductors  of 
the  second  class  ;  theii-  conductivity  at  normal  temperature  is  there- 
fore very  small,  while  at  high  temperatures  they  offer  to  the  electric 
current  a  comparatively  low  resistance.  Assuming  that  the  mix- 
ture is  sufficiently  hot,  the  bath  forms  vutually  an  electric  con- 
ductor, the  cro.ss-section  of  which  is  determined  by  the  breadth  of 
the  iron  electrodes  and  the  level  of  the  liquid,  while  its  length  is  fixed 
by  the  distance  between  the  electrodes.  Thus  each  part  of  the  bath 
produces  its  own  heat.  This  feature  distinguishes  the  furnace  from 
all  others. 

The  heating  of  the  salts  |)rior  to  their  becoming  conductive  is  done 
by  means  of  an  auxiliary  electrode.  A  piece  of  arc  lamp  carbon  is 
pressed  against  one  main  electrode,  when  it  soon  reaches  a  white 
glow  and  melts  the  salts  in  its  immediate  vicinity.  The  auxiliary 
electr(xle.  which  consists  of  an  iron  stick  fitted  with  wooden  handle, 
is  then  drawn  towards  the  other  main  elcctrt)dc.  the  molten  salt 
trailing  behind  it  until  a  bridge  is  established  between  the  two  elec- 
trodes, wliioh  in  itself  is  a  conductor.  The  current  which  now 
passes  continues  to  raise  the  temiierature  of  the  bath  until  the 
desired  limit  is  eventually  attained.  Tiie  articles  to  be  heated  are 
then  dipped  into  the  bath,  suspended  from  thin  iron  wires  or  held 
with  tongs.  They  are  allowed  to  remain  in  the  bath  until  they  are 
uniformly  heated  throughout  and  have  attained  the  same  tempera- 
ture as  the  bath  itself — that  is,  until  they  show  its  colour. 

The  most  striking  feature  of  this  furnace  compared  with  others  is 
the  uniformity  of  the  temperature  throughout  the  whole  bath.  This 
is  mainly  due  to  the  fact  that  the  heat  is  produced  in  each  part  of 
the  bath,  and  that  the  radiation  losses  are  not  only  very  low  but  are 
nearly  equal  for  each  unit  of  outside  ."surface  except  the  iiiijicr. 
Careful  measurements  with  a  pyrometer  of  the  theuino-couple  type 
over  the  whole  surface  and  immersed  to  different  depths  have  shown 
that  the  temperature  in  the  bath  varies  only  by  2  to  3°C'.,  except  in 
an  upper  layer  of  10  to  15  mm.,  in  which,  due  to  radiation,  the  tem- 
perature is  10  to  20^0.  lower. 

*  Abstract  of  a  Paper  read  before  the  Faraday  Society. 


Electrolytic  influences  must  be  prevented,  and,  therefore,  alter- 
nating and  not  continuous  current  should  be  used.  All  frequencies 
between  25  and.  say,  60  cycles  may  be  applied  ;  with  less  than  25 
cycles  electrolytic  phenomena  would  appear.  For  tliree-phase 
systems  a  special  type  of  furnace  has  been  constructed,  which  has 
four  electrodes.  A  stationary  transformer  converts  the  three-phase 
supply  into  two-phase,  and  to  each  phase  one  pah-  of  electrodes 
belongs. 

When  the  salts  have  become  melted  the  voltage  necessary  for 
maintaining  the  temperature  is  about  5  to  30  volts,  while  the  heating- 
up  voltage  reaches  about  70  volts.  Such  low  voltages  are  not  avaU- 
able  from  ordinary  supply  systems,  and  consequently  a  transformer 
has  to  be  usecL 

The  heat  developed,  and  thus  the  temperature  of  the  bath,  are 
dependent  on  the  voltage  impressed  on  tlie  furnace  ;  if  it  is  desired 
to  alter  the  temperature,  this  can  therefore  be  done  by  a  variation 
of  the  voltage,  which  is  easily  done  with  a  transformer. 

An  important  part  of  the  hardening  installation  is  the  pyiometer. 
For  the  tcmperatirres  in  question  the  thermo-couple  type  of  pyro- 
meter seems  tQ  give  the  most  reliable  results,  but  it  also  had  to  be 
assimilated  to  the  trying  influence  of  the  salt  bath.  In  its  latest 
shape  it  forms  an  angle',  the  upper  limb  of  which  carries  the  ter- 
minals, these  being  thus  outside  the  destructive  influence  of  the 
heat.  The  thermo-couple  used  is  platinum — platinum-rhodium 
protected  by  different  protecting  sheaths  of  Marquardt  composition 
and  steel. 

The  characteristics  of  the  hardening  process  are  then  discussed, 
and  from  these  the  following  are  put  forward  as  the  featiires  an 
ideal  hardening  furnace  should  possess:  (1)  It  should  be  possible 
to  obtain  all  hardening  temperaturesrcquired  in  industrial  practice  — 


Vertical  Section  of  Electrical  Haudeninq  Fdrnace. 

that  is.  the  range  between  750  and  1,350' C.  (2)  It  should  be 
possible  to  heat  the  steel  to  the  required  hardening  temperature 
simply,  easily  and  rapidly.  (3)  The  temperature  of  the  steel  should 
be  easily  ascertainable,  kept  constant  with  a  margin  of,  say,  +30  deg. 
and  well  under  control.  (4)  The  steel  must  be  equally  heated  all 
over,  notwithstanding  the  dift'ercnt  cross-sections  the  tool  may 
possess,  thus  preventing  the  overheating  and  burning  of  edges  and 
points.  The  realisation  of  this  condition  also  prevents  the  redis- 
tribution stresses  due  to  unequal  temperatures.  (5)  During  the 
heating  process  foreign  matter  must  not  come  into  contact  with  the 
steel,  otherwise  its  carbon  percentage  will  be  altered  or  it  may  be 
affected  in  other  respects.  ((5)  It  should  be  possible  to  place  the 
cooling  tank  close  to  the  furnace  in  order  to  minimise  the  loss  of  heat 
diu'ing  the  transfer  and  to  avoid  the  oxidising  influence  of  the  air. 
(7)  The  furnace  should  not  give  off  obnoxious  or  poisonous  vapours 
(lead,  potassium,  cyanide,  &c.).  (8)  The  total  operating  cost  inci- 
dental to  the  hardening  process  should  be  low. 

It  is  then  shown  how  far  these  conditions  have  been  fulfilled  by 
the  electric  furnace  ju.st  described,  a  comparison  being  made  with  the 
non-electric  furnaces  on  the  market.  The  resistance  type  f.f  electric 
furnace,  consisting  of  a  muffle  fitted  with  a  ])latinum  resistance,  is 
in  its  working  principle  and  performance  more  or  less  similar  to 
other  muffle  furnaces — for  instance,  gas-fired  ones.  It  pos.scsses  some 
advantages  and  has  successfully  been  applied  for  heating  small 
articles,  but  is  of  inconsiderable  industrial  importance  and  will 
therefore  not  be  further  discussed.  (1)  and  (2)  A  great  advantage 
of  the  electric  furnace  is  that  it  is  possible  to  cover  a  wide  range  of 
temperatures  w  ith  one  equipment  by  changing  only  the  composition 
of  the  bath.  Also  the  steel  is  heated  by  dipping  it  into  a  bath,  which 
is  certainly  the  simplest  operation  possible.     The  temperature  of  the 
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batli  is  adjusted  to  the  exact  value  of  hardening  temperature  desired, 
unlike  other  heating  processes,  where  the  bath  is  heated  up  to  a 
higher  temperature,  and  the  tools  must  be  removed  before  it  has 
assumed  the  temperature  of  its  surroundings.  By  dipping  the  cold 
steel  into  the  heating  chamber,  the  temperature  of  the  latter  must 
drop.  In  the  electric  furnace,  when  the  tool  is  dipped  into  the  salt 
the  level  rises,  the  resistance  of  the  bath  drops,  and  current  and  heat 
increase  automatically. 

In  all  types  of  furnaces,  except  the  electric,  the  thermal  conduc- 
tivity of  tiie  heating  medium  plays  an  important  part.  This  medium 
fills  the  space  between  the  tool  and  the  heat  producer,  and  has  to 
transmit  the  heat  from  producer  to  tool.  In  the  electric  furnace 
the  heat  is  produced  in  the  salt,  not  only  conducted  by  it,  and  by 
increasing  the  voltage  more  heat  can  be  produced  than  the  steel  can 
take  up.  The  speed  with  which  the  heating  process  can  be  per- 
formed is,  therefore,  not  limited  by  the  thermal  conductivity  of  the 
heating  medium,  and  is  in  actual  practice  6  to  10  times  higher  than 
obtainable  with  other  types  of  furnaces. 

(3)  The  number  of  hardening  plants  in  which  pyrometers  are  to  be 
found  is  surprisingly  small.  From  inquiries  made  it  appears  that 
this  is  due  less  to  the  cost  of  such  apparatus,  or  the  skill  necessary  in 
handling  it,  than  to  the  alleged  unreliability  of  these  instruments. 
The  reason  for  this  prejudice  is  apparently  the  fact  that  in  all  exist- 
ing furnaces,  be  they  of  the  muffle  or  bath  type,  the  temperature  is 
unevenly  distributed,  and  in  general  is  much  higher  near  the  walls 
than  in  the  centre — that  is,  the  position  where  the  pyrometer  is 
placed. 

(4)  In  the  electric  furnace  the  smaller  cross-sections  of  the  tool  will 
also  heat  up  more  quickly  than  the  larger  ones,  but  will  not  over- 
heat, because  they  cannot  assume  a  higher  temperature  than  that  of 
the  bath  itself.  The  bath  equalises  all  difference  in  temperature 
and  in  a  very  short  time  heats  the  whole  mass  up  uniformly.  This 
point,  together  with  others  already  referred  to,  explains  the  very 
small  percentage  of  waste  in  electric  furnace  plants  compared  with 
others. 

(5)  While  the  tool  is  in  the  bath,  air  is,  of  course,  prevented  from 
coming  into  contact  with  it,  but  a  thin  coating  of  salt  protects  it  still 
further  on  its  way  from  the  furnace  to  the  cooling  tank,  and  falls 
away  only  when  placed  in  the  cooling  liquid.  This  is  a  great  advan- 
tage over  all  types  of  open  fires  or  muffles,  but  it  is  common  to  all 
bath-type  furnaces.  Jletal  salts,  however,  offer  the  additional 
advantage  that  they  do  not  give  off  poisonous  gases,  and  that,  unlike 
lead,  they  can  be  obtained  comparatively  pure  at  reasonable  cost. 
Furthermore,  a  salt  coating  breaks  up  entirely  in  the  cooling  liquid, 
while  with  lead,  sometimes  small  particles  stick  to  the  steel,  leaving 
soft  points  underneath  them. 

(7)  During  the  heating-up  period,  or  when  a  certain  temperature 
is  exceeded,  the  metal  salts  give  off  a  small  amount  of  vapour,  and 
therefore  hood  and  chimney  are  provided.  During  the  normal 
operation  there  is  scarcely  any  vapour  at  all  produced.  The  hood 
offers  the  further  advantage  that  the  radiation  of  the  bath  surface 
is  somewhat  diminished,  and  can  be  made  use  of  for  preheating  the 
articles  to  be  hardened.  For  this  purpose  a  grate  is  fixed  in  the 
hood,  on  which  the  articles  are  placed  prior  to  their  being  dipped 
into  the  bath.  An  interesting  case,  in  which  the  freedom  of  the 
electric  furnace  from  smoke  or  vapour  has  been  found  valuable,  is 
the  hardening  of  rock  drills  in  a  South  African  mine.  Here  the  fur- 
nace is  placed  in  a  working,  the  drills  are  sharpened  and  rehardened 
underground.'and  a  considerable  saving  effected  all  round. 

(8)  Before  discussing  the  question  of  operating  costs  in  detail,  we 
wish  to  emphasise  that  it  is  only  fair  to  compare  costs  for  different 
systems  on  the  basis  of  the  performance  of  a  given  hardening  opera- 
tion, but  not  on  the  cost  of  operating  a  furnace  per  hour,  irrespective 
of  its  production,  as  has  been  suggested  in  some  cases.  The  operat- 
ing expenses  of  the  electric  furnace  are  made  up  of  the  following 
items  :  Cost  of  current  (the  current  consumption  of  different  sizes 
of  furnace  are  given  in  the  Paper),  maintenance,  salt,  labour  and 
preheating  (coke  oven,  or  the  like). 

The  parts  subject  to  wear  arc  crucible  and  electrodes.  The 
crucible  has  been  found  to  havcalifeof  l,2<M)to  1,8(K(  hoursatatcm- 
perature  of  1,30U^C.,  and  up  tt)  3.000  hours  at  lower  temperat\ires. 
This  is  much  longer  than  with  muffle  furnaces,  which  is  probably 
due  to  the  absence  of  the  destructive  influence  of  the  gases  of  com- 
bustion and  to  the  fact  that  the  crucible  does  not  transmit  the  heat. 
The  most  sensitive  part  of  the  electrodes  is  that  which  projects  over 
the  level,  which  is  protected  by  exehange.ible  tips.  These  tijis  have 
a  life  of  about  400  to  800  hours,  and  the  cost  of  their  replacement  is  as 
low  as  the  renewal  of  the  fireclay. 

The  cost  of  the  salt  is  comparatively  low.  and  the  amount  lost  by 
evaporation  and  wastage  need  onlj'  be  allowed  for.  This  amoiuits. 
for  instance,  in  a  furnace,  length  200  mm.,  breadth  200  mm.  and 
depth  270  mm.,  under  ordinary  working  conditions  to  little  more 


than  I  lb.  for  10  hours'  continuous  operation.  As  to  labour,  it  i.-j 
claimed  that  the  ease  with  which  the  electric  furnace  can  be  handled 
makes  it  possible  to  use  cheaper  labour  than  that  employed  in  plant.s 
where  the  success  of  the  work  is  dependent  on  the  skill  of  the  opera- 
tor. On  the  other  hand,  it  must  not  be  forgotten  that  the  speed  at 
which  the  process  is  performed  is  m>ich  greater,  and  that  therefore  a 
larger  number  of  pieces  can  be  handled. 

Some  actual  figures,  showing  the  outiiut  of  which  the  electric 
furnace  is  capable,  are  given  in  an  appendix.  A  comparison  of  the 
operating  costs  between  an  electric  and  gas  furnace,  obtained  from 
a  test  made  in  a  large  tool  factory,  is  also  given  in  an  apperidix,  and 
bears  out  some  of  the  remarks  just  made. 

The  scope  of  application  for  this  furnace  is  a  very  wide  one  ;  it  is 
mostly  used  for  hardening  tools,  drills,  cutters,  millers,  &c.,  and  also 
dies,  printing  rollers,  or  similar  devices.  Another  important  field  is 
the  manufacture  of  small  articles  produced  in  large  numbers,  like 
needles,  pens,  sword  blades,  cutlery,  surgical  instrtments,  chains, 
projectiles,  &c.  The  furnace  is  also  considerably  used  for  work  of  a 
more  scientific  character,  as.  for  instance,  for  metallography,  for 
melting  .small  quantities  of  metal  in  a  muffle  placed  in  the  bath  or 
in  connection  with  the  testing  of  engineering  material.  The  great 
value  of  the  furnace  for  scientific  work  lies,  in  the  aiithors'  opinion, 
mainly  in  the  possibility  of  making  reliable  tests  and  of  reproducing 
a  given  set  of  conditions.  In  some  eases  the  furnace  with  a  special 
bath  has  been  successfully  used  for  tempering,  and  it  may  be  of 
interest  in  this  connection  to  mention  that  tempering  colours  duly 
appear  in  the  electric  furnace,  although  they  do  not  show  in  an  oil 
bath  of  equal  temperature.  The  electric  furnace  here  described  is 
the  invention  of  Mr.  H.  Krautsehneider.  and  is  manufactured  by  the 
Allgemeine  Elektricitiits-Gesellscliaft  of  Berlin,  while  the  British 
rights  are  in  the  possession  of  the  Electrical  Co.  Since  it  has  been 
placed  on  the  market  (about  three  years  ago)  about  200  installations 
have  been  executed  in  various  factories. 

Comparison  of  Operating  Costs  for  Hardenixo  Flrnaces. 
Material   to    be   hardened  :     100   millers ;     weight   of   each,    5-25  kg. 
Process  :   (a)  Preheating  period,  from  atmospheric  temperature  to  400°C. 
(b)  Main  heating  period,  400  to  1,150-C.     (c)  Cooling. 

Gas  Furnace  itime  required  50  hours). 
12,300  cubic  ft.  of  gas  at  3s.  63.  per  1,000  cubic  ft.  ...  £2     3     3 

Motive  power  for  air-blast    0     5     0 

Labour,  50  hours  at  8W 1  15     5 

Total    £4     3    8 

Electric  Furnace  {lime  required  10  houm). 

200kw.-hours  at  l-2d £10     0 

Coke  for  preheating  0     10 

Salt  0     0     ti 

Labour,  10  hours  at  8id 0     7     0 

Total    £1     8     (i 


DISCUSSION. 

Mr.  W.  C.  Prebble  remarked  on  the  danger  of  suddenly  heating  com- 
plicated tools. 

Dr.  J.  A.  Barker  thought  that  the  amount  of  energy  consumed  m  the 
furnace  could  be  greatly  reduced  by  improved  lagging.  The  method  of 
heating  up  the  bath  initially  with  a  carbon  rod  seemed  liable  to  difficid- 
ties.     He  asked  if  fused  fluoride  salts  had  been  actually  used. 

Dr.  C.  H.  Desch  considered  that  the  furnace  did  away  with  the  old 
difficulty  of  judging  hardening  by  means  of  skill  acquired  with  the  eye. 
A  pyrometer  was  of  no  use  in  an  ordinary  muffle. 

Mr.  C.  Weiss  thought  that  the  authors  had  somewhat  pcualised  g.is  ui 
their  estimates  of  cost.  ,         ,     ■  u 

The  Chairman  (Dr.  H.  Boms)  said  the  amount  of  electrolysis  would 
depend  on  the  form  of  the  current  wave.  It  might  be  advantageous  in 
some  cases. 

Mr.  F.  W.  H.VKBORD  (communicated)  described  some  of  his  expe.-ieuces 
with  the  furnace  in  heating  a  large  number  of  steel  bars  fr.uii  81X)C.  to 
1.230°C.,  and  keeping  them  at  a  high  and  fairly  constant  temperature 
for  some  time  ;  this  he  was  able  to  do  without  difficulty.  If  a  furnace 
could  be  designed  to  compote  with.the  present  larsco  hcatmg  furnaces,  its 
possibilities  should  be  very  groat.  ,,,•,, 

Mr.  W.  RosENHAlN  (oommiinicated)  thought  the  furnace  liad  de.ided 
advantages  for  the  hardeuing  and  tcmi.criug  of  tool  steels.  He  thought 
some  care  would  be  required  in  the  selection  of  the  fused  salts  :  n't>'««^S 
for  example,  would  have  an  oxidising  etfect  on  steel.  Too  rapid  heating 
of  a  piece  of  metal  of  uneven  cross-section  might  be  undesirable,  as 
expansion  stresses  would  be  set  up.  The  uniformity  of  temperature 
ai tained  wa^  probablv  larccly  due  tn  lagging.  He  hoped  th.it  the  use  of 
llic  fnnince  w.Mild  thVow  light  on  such  questions  as  whether  heating  to 
whil  are  cxcc'^sivc  tcmpi'raturcs  when  the  metal  is  exposed  to  furnace 
■itmospliorcs  is  d<n  injurious  when  the  metal  is  submerged  in  fused  salts. 

Mr  C  R  D \m  IN.:  (c™>'>"""i"«*«''') '"''"'**''• ''"^  ""''"^"^  *'""'^^"'' 
costs  of  working,  in  works  hi  which  producer  gas  w.-vs  available  for  the 
.ras  furnace    the  tinancial  superiority  of  the  electric  furnace  would  dis- 
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appear.  He  suggested  the  use  of  an  optical  pjTometer  for  temperatures 
above  1.100°C. 

Mr.  T.  Vaughas  Htghes  (communicated)  considered  that  the  electric 
furnace  had  many  drawbacks  compared  with  producer  gas-tired  equip- 
ments, sucli  as  too  sudden  lieating,  the  troulilc  in  dcahng  with  fused 
..salts,  and  the  difficulties  of  handlmg  large  quantiliis  of  goods.  He  was 
uf  opinion,  too.  that  its  efficiency  was  low  compared  with  existing  fur- 
naces, especially  for  maintaining  comparatively  low  temperatures.  He 
added  some  particulai-s  of  such  gas-heated  furnaces,  which,  he  stated, 
easily  realised  the  advantages  claimed  for  the  electric  furnace.  The  latter, 
excepting  for  very  precise  and  scientific  investigations,  could  not  com- 
j>ete  ^vith  a  properly  designed  producer  gas-fired  fiirnace. 

Mr.  E.  Apler  replied  to  the  various  points  raised.  The  rate  of  heat- 
ing depended  on  the  voltage  and  was  under  control.  No  action  of  the 
fused  salts  on  steel  had  been  observed.  Mr.  Hughes  admitted  the  scien- 
tific value  of  the  furnace,  but  appeared  to  consider  that  scientific  accu- 
racy was  unnecessary  for  scientific  work.  Of  course,  much  larger 
furnaces  than  those  now  made  could  be  built,  and  their  efficiencies  would 
increase  accordingly.  Optical  pryometers  might  perhaps  be  used  above 
1,400°C.  :  for  ordinary  purposes  thermo-couples  were  preferable.  There 
was  no  difficulty  in  starting  the  furnace,  which  took  some  15  to  20  minutes 
Fluoride  salts  had  only  been  used  experimentally. 


THE  LENTZ  STEAM  ENGINE. 

Although  the  steam  turbine  has  come  largely  into  favour  in  this 
country  for  driving  electric  generators,  it  must  not  be  supposed  that 
the  reciprocating  steam  engine  is  imdergoing  no  further  development. 
There  are  many  engineers  at  the  present  day  who  would  prefer  the 
older  type  if  prime  cost  could  be  overlooked. 

An  engine  which  has  achieved  an  excellent  reputation  on  the 
Continent  is  that  known  as  the  "  Lentz,"  the  features  of  which 
are  low  steam  eou.sumption,  the  stability  of  its  construction  and 
(he  small  number  of  parts  subject  to  wear.  Owing  to  the  high 
speed  at  which  these  engines  run,  tlicy  are  particularly  suitable  for 
direct  coupling  to  electric  generators.  In  this  country  INIessrs. 
Davey,  Paxman  &  Co.  have  the  sole  right  to  manufacture  these 
engines,  which  are  due  to  Herr  Lentz,  and  they  have  already  many 
engines  of  this  type  on  order,  whilst  several  have  been  supplied. 

Fig.  1  shows  a  section  through  a  compound  horizontal  con- 
densing engine  with  circulating  and  air  pump,  and  also  a  cross- 
section  through  the  cylinder  in  which  the  valve  gear  is  plainly  indi- 
cated. The  latter,  which  is  probably  the  most  interesting  part  of 
the  engine,  is  actuated  by  eccentrics  on  a  side  shaft,  driven  by  bevel 


spindle  bears  on  a  curved  lever  actuated  by  the  eccentric  rod.  This 
curved  lever  in  its  motion  lifts  and  closes  the  valve  rapidly  and 
silently,  hammering  being  impossible,  since  the  roller  is  kept  in  close 
connection   with   tlie  cam   by  a   spring   during   the   motion  of  the 


Fig.  2.— Admission  Valvk. 

valve.  While  the  valve  is  closed,  the  cam  moves  clear  of  the  roller 
The  action  will  be  more  evident  from  Fig.  2,  which  shows  an 
admission  valve. 


Cross-sectiou  thrunL,''i  Cylii 

Fii..  1.— Section  THiiotGa  a  Horizontal  "Lentz"  Engine. 


wheels  from  the  main  shafts.  For  this  purpose  friction  cones  are 
used,  pressed  hard  together,  but  to  prevent  slip  shallow  teeth  are 
provided,  the  points  being  also  turned  off.  A  feature  of  the  gear  is 
its  quiet  and  smooth  running.     A  roller  at  the  end  of  each  valve 


To  each  cylinder  there  are  two  steam  and  two  exhaust  valves, 
which  are  lifted  and  closed  by  four  independent  eccentrics  and  rods. 
The  valves  are  double  seated,  and  the  steam  valves  are  so  arranged 
as  to  be  free  to  lift  easily  to- any  pressure  coming  from  the  inside  of 
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the  cylinder  ;  water  shock  is  thus  safely  avoided,  and  cylinder  reli(^f 
valves  are  not  required.  The  valve  spindles  are  grooved  and  work 
in  cast-iron  sleeves,  and  by  means  of  the  "  Lentz  "  system  of  drain- 
ing the  valves,  stuffing  boxes  are  rendered  unnecessary.  This,  of 
course,  reduces  friction  to  a  minimum,  and  allows  the  governor  to 
be  extremely  sensitive  while  having  great  stability. 

The  cut-ofY  obtained  with  these  valves  is  sharp,  as  is  shown  by 
indicator  diagrams  taken  from  the  engines,  and  it  is  interesting  to 
note  that  the  valves  open  and  close  rapidly  without  wire-drawing. 


enters  tlie  second  chamber  and  tliere  expands.  A  portion  «ill,  per- 
haps, escape  to  the  third  chamber,  undergoing  a  further  expansion, 
and  so  on.  It  will  be  found,  however,  that  the  last  ring  does  not 
show  the  slightest  signs  of  leakage  of  steam. 

Messrs.  Davey,  Paxman  &  Co.  have  suppUed  us  with  the  follow- 
ing particulars  of  tests  on  a  360  i.h.p.  tandem  compound  horizontal 
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Lentz  Valves.  Onlinaiv  Valvra. 

Fii:.  3. — Valve  Openini:  Diagram. 

there  being  no  dash-pots  to  retard  the  motion  of  the  valves.  The 
diagram,  Fig.  3,  shows  the  amount  of  lift  of  Lentz  valves,  as  com- 
pared with  ordinary  drop  valves. 

The  governor  is  of  the  inertia  type  and  is  placed  on  the  side  shaft. 
It  is  directly  connected  to  the  two  high-pressure  steam  eccentrics  by 
two  pins.  These  eccentrics  are  movable  on  a  slide  block  keyed  to 
the  shaft;  thus  the  governor  can  alter  their  eccentricity,  and  conse- 


FiG,  4. — Governor  of  "Lentz"  E.vgine. 

quently  the  cut-offs.  Sectional  views  of  the  governor  are  given  in 
Fig.  4,  and  it  will  be  seen  to  consist  of  two  weights  A  pivoted  on  a 
carrier.  E,  keyed  to  the  side  shaft ;  these  two  weights  and  the 
carrier  are  attached  to  an  outer  ring  C,  the  carrier  by  a  spring  and 
the  weights  by  a  knee  joint  formed  by  D  and  B.  This  ring  C 
performs  the  action  of  a  flywheel.  When  the  least  change  of  load, 
and  consequently  of  speed,  takes  place,  the  inertia  of  the  outer 
ring,  which  tends  to  keep  its  speed  constant,  causes  it  to  move 
relatively  to  the  carrier,  and  by  moving  the  eccentrics,  the  cut-ofl' 
is  altered  to  suit  the  change  of  load.  With  the  new  speed,  the 
weights  are  balanced  by  the  spring  in  the  new  position,  and  so 
maintain  the  new  cut-ofif.  A  hand  wheel  is  provided  at  the  end 
of  the  shaft  to  enable  the  driver  to  change  the  sjieed  of  the  engine 
by  altering  the  tension  of  the  governor  spring  while  the  engine  is 
running.  The  governor  is  quick  in  action  and  the  momentary  change 
in  speed,  due  to  alteration  of  the  load,  is  only  slightly  greater  than 
tlie  permanent  change. 

The  packing  of  the  piston-rod  stuffing  boxes  is  of  interest,  as  it 
consists  merely  of  a  series  of  cast-iron  rings  (see  Fig.  5).  which  lit 
over  the  rod  and  are  held  in  cast-iron  boxes,  allowing  t  hem  to  follow 
any  irregular  motion  of  the  rod.  Owing  to  the  absence  of  springs 
friction  losses  are  very  small.  There  is  no  gland  bush  and  steam 
has  direct  access  to  the  packing,  but  it  returns  to  the  cylinder  during 
the  period  of  expansion  instead  of  leaking  through  the  packing.  -Vs 
seen  from  Fig.  5.  the  rings  form  a  series  of  chambers,  which  are 
efficiently  drained  ;   any  steam  escaping  from  the  front  chamber 


Fig.  5— Stuffing  Box. 


"Lentz"  engine.  With  saturated  steam  and  a  boiler  pressure  of 
1701b.,  the  steam  consumption  was  12 '3  lb.  per  indicated  horse- 
power-hour, the  vacuum  being  26  in.  ;  whilst  with  a  superheat  of 
150°F.  the  consumption  recorded  was  only  10-4  lb.  In  the  case  of 
another  "  Lentz  "  engine  which  had  been  working  continuously  for 

10  months  in  a  flour  mill, 
the  steam  consumption, 
when  tested  at  the  end  of 
that  period,  worked  out 
at  10'35  lb.  per  indicated 
horse  -  power  •  hour,  the 
superheat  being  loCF. 
and  the  vacuum  27  in. 

From  what  has  been 
said,  it  will  be  seen  that 
the  Lentz  engine  has  been 
designed  with  a  view  to 
the  use  of  superheated 
steam. 
We  have  so  far  confined  our  remarks  mainly  to  engines  of  the 
horizontal  type,  but  attention  should  be  drawn  to  the  fact  that 
these  "  Lentz  "  engines  are  also  made  in  the  vertical  type,  in  which 
case  they  run  at  a  higher  speed  than  the  horizontal  engines,  and 
are  particularly  adapted  for  coupling  to  electric  generators.  In  this 
connection  we  may  mention  that  a  vertical  compound  •'  Lentz "' 
engine,  developing  2,050  i.h.p.  and  coupled  to  t«t)  dynamos,  is  in 
use  in  the  power  station  of  the  City  &  South  London  Railway  Co. 


PHYSICAL  SOCIETY. 


At  the  meeting  held  on  Marcli  2(itli.  at  llu-  Ini]).rial  ColKge  of 
Science,  Dr.  C.  Chreb.  F.R.S.,  iircsidcni.  in  ilic  chair,  a  Taper  by 
Dr.  J.  A.  Flemino  and  Mr.  G.  B.  Dyke  on 

•'  The  Production  of  Steady  Electrical  Oscillalions  in  Closed  Circuits 
and  a  Method  of  Testing  Radiotelegraphic  Receivers  " 

W!is  read  by  the  authors.  Il  was  )Hiinlcd  out  that  at  the  prestiit 
time  a  very  large  number  of  o.scillation  deleotors  have  been  inventefl 
for  use  as  receivers  in  radio-lelegraiihy  ;  but  that  there  is  great 
difficulty  in  obtaining  quantitative  and  ijualitative  test.<  of  these 
in  actual  radio-telegraphic  stations,  jiarlly  on  aecount  of  difliculty 
of  access  and  partly  on  account  of  the  varying  conditions  incidental 
to  practical  radio-telegraphic  work  which  are  unfavourable  to  quan- 
titative tests.  Availing  themselves,  however,  of  the  small  radiative 
property  of  closed  circuits,  the  authors  pointed  out  that,  by  the  use 
of  two  such  nearly  closed  oscillatory  circuits,  one  being  employed  as 
a  transmitting  station  and  the  other  as  a  receiving  station,  these 
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b?ing  placed  at  a  distance  of  a  few  hundred  yards  from  each  otlier, 
what  is  practically  equivalent  to  radio-telegraphic  stations  with  open 
oscillators  at  very  large  distances  can  be  constructed.     Jlethods  were 
then  described  for  producing  in  one  of  the  closed  circ\iits  extremelj- 
constant  damped  oscillations  by  me^ns  of  an  induction  coil  or  trans- 
former, a  spark-gai)  on  which  a  steady  jet  of  air  is  allowed  to  impinge, 
and  a  suitable  mercury  break,     Means  were  described  for  ascer- 
taining when  the  current  in  this  transmitting  circuit  is  constant.   The 
receiving  circuit  consists  of  a  square  circuit  of  insulated  wire  which 
is  pivoted  in  such  a  manner  that  it  can  be  turned  in  any  direction, 
the  angular  deviations  being  measurable  on  scales.     This  circuit 
is  joined  in  series  with  a  condenser  of  variable  capacity  and  with  the 
oscillator  detector  to  be  tested.     If  the  oscillation  detector  is  of  the 
current-actuated  type,  it  is  placed  in  series  with  the  condenser,  if 
of  the  potential-actuated  type  it  is  placed  across  the  terminals  of  the 
condenser,  being  associated  with  a  shimted  cell  and  telephone  if 
necessary,  or  with  a  telei)hone  simply,  if  a  magnetic  detector.     It  is 
then  possible  to  set  tliis  receiving  circuit  in  such  a  position  that  it 
has  no  current  induced  in  it  by  the  oscillations  in  the  transmitting 
circuit ;   but  on  turning  it  through  a  certain  angle  sounds  are  heard 
in   the  telephone  indicating  the  production  of  oscillations  in   the 
secondary  circuit.     The  angle  through  which  it  is  to  be  turned  is  a 
measure  or  indication  of  the  .sensibility  of  the  detector.     Instances 
were  given  of  the  ease  with  which  detectors  of  various  types,  such  as  a. 
magnetic  detector,  electrolytic  detector,  crystal  detector  and  ioni.sed 
gas  detector  could  be  compared  for  relative  sensibility.     The  instru- 
ment has  been  found  to  be  of  great  u.se  in  investigations  on  ionised 
gas  detectors  now  being  conducted  at  the  Pender  Electrical  Labora- 
tory.    It  was  also  pointed  out  that  such  an  arrangement  permits  the 
effect  of  various  types  of  oscillations  to  be  investigated,  as  the  trans- 
mitting circuit  can  be  made  the  seat  of  damped  oscillations  of  various 
degrees  of  damping  or  of  undamped  oscillations.     This  method  of 
testing  with  closed  circuits  has  the  advantage  that  it  can  be  conducted 
entirely  within  a  large  building  and  by  one  person.     A  self-acting 
apparatus  was  also  exhibited  for  sending  messages  or  signals  by  a 
punched  tape. 

A  Paper  was  also  read  by  Dr.  J.  A.  Fleming  and  Mr.  H.  W. 

RiCH.iRDSOX  on 


'  The  Effect  of  an  Air  Blast  upon  the  Spark  Discharge  of  a  Condenser 
charged  by  an  Induction  Coil  or  Transformer. " 

When  an  oscillatory  discharge  of  a  condenser  takes  place  across  the 
.spark-gap  in  the  usual  manner  by  charging  the  condenser  by  an 
induction  coil  or  transformer,  the  intermittent  spark  which  takes 
place  is  a  complex  effect.  It  consists  partly  of  a  true  condenser 
discharge  and  partly  of  an  alternating-current  arc  due  to  current 
coming  directly  out  of  the  induction  coil  or  transformer.  This  arc 
discharge  is  a  source  of  difficulty  in  making  accurate  quantitative 
measurements  with  electrical  o.scillations.  and  to  produce  a  uniform 
oscillatory  discharge  this  true  arc  discharge  must  be  prevented  or 
arrested.  It  was  shown  in  the  I'aper  that  this  can  be  done  by  a 
regulated  air  blast  produced  in  any  convenient  manner,  thrown 
upon  the  spark-gaj),  provided  that  the  spark-gap  is  small.  As  a 
proof  of  the  advantages  to  be  obtained  from  this  arrangement  a 
number  of  measurements  were  given  of  the  decrement  and  spark-gap 
resistances  of  various  circuits  measured  with  the  Fleming  cymometer 
both  with  and  without  the  air  blast  upon  the  spark-gap.  It  was 
shown  that  the  ob.servations  were  more  regular  and  the  resonance 
more  accurately  delineated  when  the  spark-gap  was  so  treated  with 
an  air  blast. 

The  Paper  also  described  ex])eriments  made  to  investigate  the  effect 
of  breaking  up  the  spark-gap  into  smaller  .spark-gaps  in  series,  both 
when  the  gaps  were  subjected  to  an  air  blast  and  also  without  the 
air  blast.  It  was  .shown,  up  to  a  certain  length  of  gap,  about  2  mm. 
in  the  ca.se  of  this  experiment,  that  the  air  blast  had  a  very  decided 
effect  in  increasing  the  mean  square  value  of  the  discharge  current, 
and  also  that  a  similar  effect  was  produced  by  dividing  up  the  spark- 
gap  into  .smaller  .spark-gaps  in  .series,  provided  that  the  total  spark- 
gap  was  not  increased  beyond  a  certain  limit.  This  increase  appears 
to  be  due  to  the  .supjjression  of  the  arc  discharge,  as  shown  by  the 
appearance  of  the  image  of  the  spark  in  a  revolving  mirror.  With 
regard  to  multiple  s])ark-gaps,  the  general  result,  however,  appears 
to  be  that  beyond  a  small  limit  in  length,  about  I!  mm.,  nothing  is 
gained  by  breaking  up  the  spark-gap  into  spnrk-ga])S  in  series  or  by 
subjecting  the  spark-gap  to  an  air  blast. 

Mr.  W.  DrDDKLt.  congratulated  the  authors  and  remarked  that  the 
Papers  contained  a  great  deal  of  useful  material.  The  use  of  the  earth 
inductor  for  testing  receivers  was  a  feature  of  the  first  Paper.  He  asked 
Dr.  Fleming  to  what  extent  the  effects  obtained  in  the  receiving  circuit 
were  due  to  true  radiation,  and  why  they  had  used  coal-gas  instead  of 
alcohol  in  their  intennpter.  Referring'  to  the  authors'  method  of 
determining  the  current  in  the  transmitter,  he  asked  if  there  was  any 


objection  to  putting  an  ammeter  in  the  circuit  and  reading  the  current 
directly.  He  should  also  like  some  more  information  about  the  cases  in 
which  it  was  found  impossible  to  obtain  a  position  of  the  earth  inductor 
giving  silence  in  the  telephone.  Was  it  because  the  distance  apart  was 
not  Kulficiently  great  or  was  some  physical  impossibility  involved  ? 
With  regard  to  the  second  Paper  he  had  always  found  it  possible  to  get 
a  uniform  discharge  by  using  an  alternating  current  of  suitable  frequency 
in  the  primary.  He  asked  the  authors  if  it  was  the  arc  or  the  spark 
which  was  blown  out  by  the  air  and  whether  the  part  blown  out  had  a 
spectrum  different  from  the  rest. 

Dr.  W.  H.  EccLES  asked  how  much  of  the  energy  absorbed  by  the 
receiver  was  due  to  radiation  and  how  much  to  electromagnetic  induc- 
tion. He  had  obtained  results,  depending  on  electromagnetic  induction, 
similar  to  those  described  by  the  a\ithors  by  usmg  very  much  smaller 
apparatus,  but  he  had  discontinued  his  experiments,  because  in  practice 
the  whole  of  the  energy  received  was  due  to  true  radiation.  He  pointed 
out  that  a  receiver  adjusted  and  tested  in  a  laboratory  was  never  in  proper 
adjustment  for  actual  woi-k.  He  suggested  that  the  reason  it  was  some- 
times impossible  to  get  a  position  of  silence  arose  from  stray  radiation 
falling  upon  the  receiver. 

Dr.  Erskine-Murray  pointed  out  that  detectors  varied  greatly  in 
resistance,  iind  that  therefore  a  telephone  of  suitable  resistance  should  be 
selected  in  each  test. 

Dr.  A.  RrssELL  thought  that  Prof.  Fleming  and  Mr.  Dyke"?  method 
of  testing  radio-telegraphic  receivers  would  be  a  great  help  in  judging 
their  relative  values.  He  much  appreciated  the  clear  distinction  drawn 
between  the  function  of  the  spark  and  the  arc  as  this  cleared  up  some  of 
his  difficulties.  Although  the  air-blast  of  the  Leiuiox  blower  was  doubt- 
less beneficial  by  preventing  arcing,  he  thought  that  the  fact  that  the 
dielectric  coefficient  of  the  glass  nozzle  used  was  greater  than  unity 
might  have  accelerated  the  sparking.  He  mentioned  some  of  the  diffi- 
culties encountered  in  computing  sparking  voltages  when  there  were 
two  gaps  in  the  circuit.  In  this  case  it  had  to  be  remembered  that  the 
sparking  voltages  at  the  moment  of  the  discharge  were  not  equal  and 
oppo.site.  When  the  potentials  of  the  electrodes  were  known,  however, 
and  they  were  spherical  in  shape,  the  sparking  voltages  with  two  gaps  in 
series  could  be  calculated  with  fair  accuracy. 

Dr.  R.  S.  Willows  pointed  out  that  by  blowing  out  the  spark  the 
resistance  of  the  path  was  increased  and  the  rate  of  change  of  energy 
thereby  altered.  The  fact  that  greater  regularity  and  greater  energy 
could  be  obtained  could  be  easily  demonstrated  by  using  an  electrodeless 
discharge-bulb.  Referring  to  the  fact  that  it  was  necessary  to  know  the 
self-induction  of  one  of  the  circuits,  he  asked  the  authors  what  form  of 
circuit  had  been  chosen  and  how  its  .self-induction  had  been  calculated. 
In  one  of  the  experiments  a  resistance  r  had  been  added,  and  he  remarked 
that  attention  should  be  directed  to  its  effective  resistance  under  rapidly 
alternating  currents,  as  this  might  depend  upon  whether  the  added 
resistance  was  a  pure  metal  or  an  alloy. 

Mr.  L.  H.  Walter  agreed  with  Dr.  Erskinc-Murray  that  it  was  neces- 
sary to  choose  a  suitable  telephone  when  making  a  test.  Although  the 
electrolytic  detector  was  supposed  to  be  more  sensitive  than  the  magnetic 
form,  it  was  possible  to  choose  a  telephone  of  such  a  resistance  as  to  make 
the  magnetic  detector  appear  the  more  sensitive. 

Dr.  Fleming,  in  reply,  said  that  it  was  impossible  to  state  precisely 
what  proportion  of  the  current  produced  in  the  receiving  circuit  was 
due  to  tnie  radiation  from  the  clo.sed  transmitting  circuit,  and  how  much 
was  due  to  electromagnetic  radiation,  but  from  his  point  of  view  it  did 
not  matter.  All  that  was  necessary  was  that  a  feeble  oscillatory  current 
should  be  produced  in  the  receiving  circuit  which  should  be  capable  of 
being  varied  by  turning  the  receiving  circuit  through  a  certain  angle, 
and  whether  this  was  due  to  actual  detachment  of  energy  from  the  trans- 
mitting circuit,  or  to  the  mere  movement  of  lines  of  magnetic  foi-ce  back- 
wards and  forwards  through  space,  seemed  immaterial.  The  oscillation 
detector  in  any  case  was  a  mere  detector  of  oscillations.  In  reply  to  Mr. 
Duddell,  he  said  that  there  was  no  objection  to  putting  an  ammeter  in 
the  transmitting  circuit  provided  it  was  a  low  resistance  instrument  and 
did  not  produce  any  sensible  damping  of  the  oscillations.  As  regards 
the  existence  of  an  exact  zero  i)oint,  this  seemed  to  be  a  question  of  dis- 
tance from  the  transmitter.  It  had  been  usual  at  University  College  to 
«(irk  with  two  coils  about  00  ft.  apart,  and  at  that  distance  some  very 
sensitive  oscillation  valves  detected  sounds  which  might  be  due  to  the 
actit)n  directly  upon  the  valve  or  upon  the  connecting  wires,  but  by 
going  to  larger  distance,  it  was  possible  to  get  complete  silence  at  the 
telephone.  With  respect  to  the  use  of  coal-gas  or  alcohol  in  the  inter- 
rupter, coal-gas  had  proved  itself  to  be  incontestably  superior  to  alcohol. 
As  regards  the  action  of  the  air-blast,  it  appeared  tolerably  certain  that 
the  ])art  of  the  discharge  which  was  blown  away  was  that  due  to  energy 
coming  directly  out  of  the  induction  coil  or  transformer.  In  reply  to 
Dr.  Eccles,  he  said  that  they  had  found  it  necessary  to  work  at  a  certain 
distance  from  the  transmitter,  but  that  when  this  was  done  the  order  of 
sensitiveness  in  which  oscillation-detectors  were  arranged  by  the  appa- 
ratus i-hown  was  also  the  order  in  which  they  were  found  to  be  sensitive 
when  employed  in  actual  radio-telegra])hic  work.  It  was  necessary  not 
to  work  the  transmitter  and  receiver  too  near  to  one  another,  otherwise 
there  were  direct  effects  on  wire  connections,  rheostats.  &c,.  which 
obscured  the  real  effects.  In  rejjly  to  Dr.  Willows,  the  reason  for  choos- 
ing the  rectangular  form  of  circuit  was  because  the  inductance  coidd  be 
readily  calculated  from  formula  given  in  well-known  text-books.  With 
respect  to  the  remarks  of  Ml-  Walter  and  Dr.  Erskine-Murray,  he 
agreed  that  it  was  necessary  to  choose  a  telephone  of  suitable 
resistance,  and  that  the  results  taken  with  different  telephones  would 
not  be  the  same. 
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Dr.  S.  W.  J.  Smith  read  a  Paper 
"  On  the  Action  between  Metals  and  Acids  and  thie  Conditions  under 
which  Mercury  causes  Evolution  of  Hydrogen. " 

The  action  between  an  acid  nnil  a  metal,  whieli  results  in  tlie  re- 
placement of  hydrogen,  can  be  formulated  without  the  aid  of  any 
hypothesis  beyond  the  a.ssumption  that  it  is  approximately  reversible. 
The  mode  of  formulation  suggests  a  kinetic  picture  of  the  process  by 
which  equilibrium  is  in  certain  cases  attained.  This  was  described  by 
the  author,  and  it  was  pointed  out  that  if  a  steady  state  is  reached, 
after  a  certain  quantity  of  hydrogen  has  been  evolved,  it  will  be 
defined  by  an  equation  of  the  form  ahM—hmH.  In  this,  a  and  h  are 
constants  at  a  given  temperature.  /(  and  m  are  the  concentrations  of 
the  hydrogen  ions  and  of  the  metal  ions  respectively  in  solution,  and 
H  and  M  are  specific  constants  of  hydrogen  and  of  the  metal. 

The  e.vperiments  described  in  the  Paper  may  be  regarded  as  an 
attempt  to  justify  the  above  equation  when  the  metal  is  mercury. 
It  is  shown  that  h3'drogen  can  be  made  to  appear  after  equilibrium 
has  been  reached,  either  by  reducing  the  value  of  m  or  by  increasing 
the  value  of  h.  The  effects  produced  by  HC'l  and  HjSO^  are  nearly 
alike  (except  for  secondary  effects  with  concentrated  sulphuric  acid), 
and  it  is  probable  that  other  acids  would  act  in  the  same  way.  It 
would,  therefore,  ajipear  to  be  justified  for  this  case  at  least  that 
the  action  between  metals  and  acids  can  be  formulated  in  a  purely 
physical  way.  Referring  to  the  action  with  concentrated  sulphuric 
acid,  the  author  described  and  explained  how  sulphuretted  hydrogen 
only,  or  mixtures  of  sulphuretted  hydrogen  and  hydrogen,  could  be 
obtained  at  will  by  varying  the  rate  of  removal  of  the  mercury  salt 
from  the  solution  in  contact  with  the  metal. 

Dr.  W.  Watson  congratulated  the  author  and  remarked  that  in 
physical  chemistry  hypotheses  were  often  used  which  were  not  based  on 
experimental  evidence.  Dr.  Smith  had  shown  that  his  hypothesis  corre- 
sponded with  actual  physical  facts,  and  his  theory  could  be  looked  upon 
with  satisfaction. 

In  reply  to  a  question  by  Mr.  F.  E.  Smith,  the  Ai'THOR  explained  that 
the  process  by  which  the  concentration  of  the  mercury  salt  in  solution 
was  reduced  below  the  amount  necessary  to  prevent  evolution  of  hydrogen 
was  endothermic. 


THE  UTILISATION  OF  SMALL  WATERFALLS.* 

BY    H.    J.    S.    HEATHER. 

In  connection  with  the  utilisation  of  its  small  waterfalls.  South 
Africa  labovirs  under  tlirce  disadvantages.  These  are  :  ( I )  The 
length  of  the  dry  season  in  ordinary  years  ;  (2)  the  high  rate  of 
wages  prevalent ;  (3)  the  frequent  uuhealthiness  of  the  localities  in 
which  waterfalls  arc  usually  found.  For  the  first  of  these  draw- 
backs the  writer  has  no  remedy  to  offer.  Water  storage  may  gene- 
rally be  a  commercially  feasible  proposition  in  countries  where  three 
weeks  without  rain  constitute  a  drought,  but  where,  as  in  many 
parts  of  South  Africa,  a  normal  dry  season  of  six  months  has  to  be 
reckoned  with,  the  cost  of  an  adequate  reservoir  will  almost  always 
be  quite  prohibitive.  The  second  and  third  of  the  drawbacks  can 
be  minimised  by  a  proposal  which  the  WTiter  first  made  about  10 
years  ago,  and  of  which  he  now  finds  some  portions  have  been 
rec3ntly  applied  by  the  Siemens-Schuckertwerke,  in  some  linked-up 
power  stations  they  have  built  on  some  low  falls  on  the  Rhine. 

It  has  long  been  known  that  the  ordinary  three-phase  induction 
motor,  when  driven  at  a  speed  higher  than  that  of  synchronism,  and 
when  supplied  with  a  wattless  current  of  synchronous  frequency, 
will  operate  as  a  non-synchronous  generator,  the  load  it  takes  up 
depending  upon  the  speed  at  which  it  is  driven  and  nothing  else. 
With  such  a  generator,  therefore,  paralleling  is  unnecessary,  and  no 
regulation  is  required  in  any  respect  except  that  of  speed.  The 
same  tliree  wires  that  carry  away  the  power  output  serve  alst)  to 
bring  in  the  wattless  exciting  current.  There  is  no  com])lication 
whatever,  the  ordinary  motor  switchboard  being  used,  no  starting 
switch  is  required,  and  the  rotor  of  the  generator  can  be  of  the 
extremely  simple  and  mechanical  type,  known  as  the  '"  squirrel 
cage." 

It  is  of  some  or  all  of  these  facts  that  the  Siemens-Schuckertwerke 
have  taken  advantage  in  the  installation  to  which  reference  is  above 
made.  They  have  interlinked  three  turbine-driven  stations,  of 
which  two  are  non-synchronous,  as  described,  and  the  third  is 
equipped  with  the  ordinary  synchronous  generator,  exciter  and 
regulating  switches.  It  is  only,  therefore,  in  this  third  controlling 
station  that  any  skilled  electrical  attendance  is  required,  the  other 
two  being  placed  in  charge  of  men  who  only  need  look  after  the 
turbines  and  put  on  or  take  off  water  when  instructed  to  do  so  by 
telephone  from  the  controlling  station.  The  saving  in  expense 
results  from  the  employment  of  one  set  of  skilled,  and  two  sets  of 
unskilled  shiftsmen  instead  of  three  sets  of  skilled  attendants. 

*  Abstract  from  the  "  South  African  Mining  Journal,"  of  a  Paper  lead 
before  the  South  African  Afsoeiation  of  Engii  esrs. 


The  wTiter's  pro))o.sal  goes  somewhat  further  in  the  .same  direction. 
In  most  of  the  waterfalls  in  South  Africa  the  head  available  is  suffi- 
ciently high  to  warrant  the  use  of  an  impulse  wheel,  such  as  the 
Pelton.  The  mechanism  of  this  is  so  exceedingly  simple  that  it. 
together  with  a  squirrel  cage  induction  generator,  can  perfectly  well 
be  trusted  to  look  after  itself,  particularly  when  arrangements  are 
made  by  which  it  is  always  under  constant  load.  The  latter  condi- 
tion is  secured  by  the  use  at  the  control  station  of  an  automatic  load, 
which  adjusts  itself  so  that  the  total  load  on  the  system  remains 
constant,  in  spite  of  motors  being  started  or  stopped. 

The  control  station  would  contain  (a)  a  synchronous  generator, 
with  exciter  and  regulating  switchboard,  and  large  enough  to  supply 
the  wattless  current  required  by  all  the  induction  generators  and 
induction  motors  connected  to  the  system.  (/;)  A  prime  mover, 
large  enough  to  bring  this  machine  up  to  speed  and  make  up  its  no- 
load  losses  when  fully  excited.  As  soon  as  one  of  the  power  stations 
is  at  work,  the  prime  mover  can  be  thrown  out  of  gear  and  the 
synchronous  generator  can  be  run  as  a  motor,  or.  rather,  as  a  con- 
verter, taking  a  small  watt  current  from  the  mains  and  returning  to 
them  a  comparatively  large  wattless  one.  Of  course,  if  a  waterfall 
or  other  cheap  source  of  power  is  available  at  the  control  station,  it 
would  be  advisable  to  utilise  it  and  allow  the  synchronous  machine 
to  supply  both  power  and  wattless  current,  thus  saving  capital  out- 
lay, (c)  A  resistance  capable  of  absorbing  the  whole  power  output 
of  the  .system,  and  which  operates  automatically,  absorbing  more  or 
less  power  as  external  load  is  thrown  oflf  or  on,  so  that  the  sum 
remains  constant.  The  resistance  oan  take  the  form  of  an  ordinary 
three-phase  liquid-starting  switch.    ■ 

The  power  stations  would  each  contain  a  Pelton  wheel,  direct- 
coupled  to  a  squirrel  cage  induction  generator,  and  a  switch  with 
automatic  time  relay  overload  release.  Under  ordinary  circum- 
stances no  attendance  beyond,perhaps,  a  weekly  visit  of  inspection 
would  be  required. 

The  synchronous  generator,  non-synchronous  generators,  and 
motors  would  all  be  connected  in  the  usual  way  to  the  same  set  of 
three  wires,  and  the  author  points  out  that  there  is  nothing  experi- 
mental about  any  part  of  the  scheme.  The  provision  of  a  special 
machine  to  provide  wattless  current  would  never  add  20  per  cent. 
to  the  capital  outlay.  Taking  it,  however,  at  this  figure,  we  might 
get  for  the  total  capital  outlay  per  kilowatt,  £20  in  the  case  of  the 
ordinary  synchronous  power  stations,  and  £24  for  the  mainly  non- 
synchronous  combination  proposed.  On  the  basis  of  a  load  factor 
of  100  per  cent.,  and  allowing  20  per  cent,  per  annum  to  cover 
interest,  redemption  and  maintenance,  the  hourly  charges  per  kilo- 
watt of  output  would  be,  in  the  case  of  synchronous  stations,  (>109od.: 
and  in  the  case  of  non-synchronous  stations.  013I5d.  Wages  for 
each  synclu-onous  station  woidd,  within  the  limits  of  size  being  con- 
sidered, be  independent  of  size  and  amount  to  about  36d.  per  hour. 

Now,  suppose  three  waterfalls  were  available,  each  capable  of 
producing  100  kw.  The  wages  in  the  case  of  synchronous  stations 
would  amount  to  0-3tid.  per  kilowatt-hcur  of  output.  The  wages 
for  one  synchronous  and  two  non-synchronous  stations,  which  would 
all  three  be  looked  after  by  one  staft'  of  men,  would  only  amount  to 
0I2d.  per  kilowatt-hour.  The  comparative  total  costs  are  there- 
fore 0-4695d.  per  kilowatt-hour  for  the  syncluronous  system  and 
0-2515d.  for  the  nonsyncluonous  system. 

The  author  finally  shows  that  the  consequences  of  a  breakdown  in 
such  a  power  station  left  to  itself  are  not  .serious,  and  he  hopes  that 
the  suggestion  may  lead  to  its  adoption  to  the  benefit  of  small  power 
users  in  the  remoter  parts  of  the  country. 


LEGAL  INTELLIGENCE. 

» 

Workmen's  Compensation. 

In  the  Salford  County  C.nnt.  last  week,  application  w.is  made  on 
behalf  of  the  General  Electric  Co.,  to  terminate  or  reduce  an  award  m 
favour  of  I^wis  Kaiser,  one  of  the  company's  former  workmen.  It 
appeared  that  Kaiser  sustained  an  accident  involving  the  loss  of  some  of 
his  finger  ends,  and  it  was  stated  that  the  healing  process  was  such  as  to 
enable  the  man  to  perform  the  work  he  had  been  previously  engaged 
upon,  viz..  stamping  out  metal  discs  and  rings  under  a  power  press. 

His  Honour  Judge  Shiress  \\;ili.  asked  if  the  company  were  prepar«i 
to  take  the  man  back  at  his  old  job. 

Mr.  Acton  (for  applicants)  :  We  have  not  a  vacancy  at  present,  but 
we  are  prepared  to  take  him  on  as  soon  as  we  have. 

Mr  Frank  Da.lby,  works  manager  of  the  company,  said  he  did  n.>t 
know  that  the  man  applied  for  work  as  soon  as  he  came  from  hospital  and 
wai  refused.  He  would  not  take  on  a  man  with  a  maimed  hand  if  he 
applied  for  work  while  there  were  men  with  two  hands  availal«>. 

His  HoNOi'R  declined  to  alter  the  award,  lUid  gave  judgment  Uv 
respondent  with  costs. 
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PARLIAMENTARY  INTELLIGENCE. 


London  Electricity  Supply  Leffislation.— I'lie  sctoud reiiding  of 

the  Bill  iiitrudiK-ed  by  the  Bnaid  of  Trade  to  constitute  the  L.C.C.  the 
purehasiug  authority  in  respect  of  the  undertakings  of  the  companies 
which  promoted  the  London  (Westminster  and  Kensington)  Electric 
Supply  Companies  Act.  1908.  has  been  postponed  until  19th  inst. 

X-Bay  Besearch  Work. — In  the  House  of  Commons  last  week, 
Mr.  Holihouse  stated,  in  reply  to  a  question  bj-  Mr.  Bowerman,  that  a 
grant  had  been  made  fiom  the  Royal  Bounty  Fund  to  Mr.  Harry  W. 
Cox,  who  recently  sustained  serious  and  permanent  injuries  in  connec- 
tion with  X-ray  research  work. 

Electric  Lighting  Acts  (Amendment  i  Bill-— A  petition  in  favour 
of  this  Ijill  has  been  presented  by  Shettield  Corporation. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 

• 

APPOINTMENTS  VACANT  AND  FILLED. 

A  pupil  is  wanted  for  a  l.t.  three-wire  station  in  the  South  London 
area.  Preference  given  to  those  having  teohnical  training.  No 
premium  and  no  salary. 

An  armature  winder  is  wanted  by  a  railway  company  in  London. 
See  advertisement. 

A  lecturer  in  chemistry  and  physics  is  required  at  the  L.C.C. 
Paddington  Technical  Institute.  Commencing  salary  £150,  rising  by 
annual  increments  of  £10  to  £200  per  annum.  Applications,  on  forms, 
to  be  obtained  from  the  Education  Officer,  L.C!.C.  Education  Offices, 
Victoria  Embankment,  W.C.,  by  11  a.m..  April  26. 

Mr.  G.  F.  Nayler  has  been  appointed  chief  assistant  at  the  Nelson 
electricity  works,  Mr.  W.  M.  Thomson  engineer-in-charge  and  Mr. 
W.  G.  Coates  shift  engineer. 

Mr.  J.  S.  Beddoc.  Pembroke,  lias  been  appointed  second  assistant 
electrical  engineer  to  the  Admiralty,  and  Mr.  A.  E.  Frankling  to  a 
similar  position  at  Portsmouth  naval  establishment. 

Gillingham  Council  have  appointed  Mr.  F.  T.  Woodward  com- 
mercial assistant  and  canvasser  at  £104  per  annum,  and  Mr.  Parker 
shift  engineer. 


EDUCATIONAL. 

Sir  John  Cass  Technical  Institute. — Special  com-ses  of  instruction 
will  be  given  during  the  summer  term  at  this  Institute  in  Practical 
Physical  Chemistry,  by  Mr.  G.  Senter,  B.Sc,  Ph.D.,  and  on  Conduc- 
tion in  Gases  and  Radio-activity  by  Mr.  R.  S.  Willows,  M.A.,  D.Sc. 
Detailed  syllabus  of  the  courses  may  be  obtained  from  the  offices 
of  the  Institute,  Jewry-street,  Aldgate,  London,  E.C.,  or  by  letter  to 
the  Principal. 

Crystal  Palace  Engineering  School. — The  "  Wilson  '"  premium  for 
the  best  Paper  read  before  the  Crystal  Palace  Engineering  Society 
during  the  present  session  has  been  awarded  to  C.  J.  Allen  for  his 
Paper  on  "  Ferro-Concrete  as  applied  to  Buildings." 

Other  Papers  read  during  the  session  were  '"  Sea  Coast  Defences,"  by 
D.  H.  Wliyte,  and  '  The  Mechanical  Testing  of  Iron  and  Steel,"  by 
A.  N.  Lucey.  The  Premium  was  presented  to  Mr.  Allen  by  Su:  Wm.  H. 
White,  K.C.B.,  on  the  occasion  of  the  109th  distribution  of  certificates 
at  the  above  school  on  April  7. 


Aberdeen. — A  lengthy  report  has  been  prepared  for  the  Electricity 
committee  by  the  city  electrical  engineer  (Mr.  J.  Alex.  Bell),  on  the 
charges  made  for  electrical  energy. 

Mr.  Bell  states,  in  his  report,  that,  in  considering  a  new  method  of 
charging,  it  was  es.sential  to  have  one  sufficiently  flexible  to  meet  in  com- 
petition the  various  other  forms  of  power  and  light.  Their  present 
system  of  charging  had  the  objection,  from  a  consumer's  point  of  view, 
of  being  complicated,  and  the  simpler  one  could  make  tariffs  the  better. 
It  had  been  said  that  the  prices  charged  at  Aberdeen  would  not  compare 
favourably  with  those  charged  in  other  towns,  but  the  returns  submitted 
by  him  satisfactorily  met  that  allegation.  In  regard  to  municipal  tram- 
way undertakings  receiving  their  supply  from  combined  lighting  and 
traction  stations,  it  had  been  urged  that  the  price  charged  for  their 
tramways  was  too  high.  Out  of  70  municipalities  owning  tramways  14 
had  separate  stations,  and  five  out  of  these  14  municipalities  did  not  own 
the  lighting  and  power  supply  undertaking.  The  uninitiated  were  given 
to  making  the  mistake  of  comparing  the  works  costs  of  these  separate 
stations  with  the  price  charged  by  combined  stations.  The  lowest  price 
charged  for  ordinary  power  consumers  in  most  cases  was  considerably  less 
than  that  charged  for  tramways.  Of  the  211  municipal  electricity  works 
in  the  United  Kingdom  Aberdeen  was  25th  in  size  of  output,  and  as 
regards  works  costs  it  ranked  26th  in  order  of  merit.  In  regard  to  total 
costs  (exclusive  of  capital  charges)  it  only  ranked  45th.  That  was 
mainly  due  to  the  excessive  sum  paid  for  rates  and  taxes  in  comparison 


with  otlrer  undertakings,  and  was  partly  due  to  paying  rates  on  the  full 
value  of  then-  underground  works,  whereas  other  undertakings  paid  only 
on  a  quarter  of  their  value.  They  paid  1207  per  cent,  of  their  revenue 
from  electricity  supply  in  rates  and  taxes,  whereas  other  undertakings 
jiaid,  on  an  average,  between  1  per  cent,  and  5  per  cent.,  only  one  being 
over  10  per  cent.  Their  capital  charges  were  high,  due  to  their  cautious 
policy  of  depreciation,  which  made  Aberdeen  one  of  the  financially 
soundest  electricity  undertakings  m  the  country.  Mr.  Bell  thought  that 
unless  the  Council  were  prepared  to  quote  for  large  factory  supplies  on 
the  lines  of  other  municipal  undertakings,  the  department  could  hardly 
be  considered  to  be  fulfilling  the  part  of  an  electricity  supply  undertaking, 
and  doing  what  it  could  for  the  industries  in  their  midst,  and  it  might 
even  be  necessary  to  consider  carefully  the  question  of  future  dejjrecia- 
tion,  oi'  (as  he  preferred  to  call  it)  an  antiquation  fund.  The  future 
reduction  in  cost  of  supply  all  round  could  only  be  obtained  in  a  limited 
number  of  ways.  The  works  costs  were  down  to  a  low  figure,  the  plant 
installed  being  highly  economical;  the  use  of  steam  turbines  in  future 
extensions  would  slightly  improve  that  figure.  He  was  already  con- 
sidering the  question  of  exhaust  steam  turbines.  A  speedy  relief  from 
excessive  taxation  would  help  the  undertakmg  ;  that  the  capital  charges 
be  kept  down  to  the  lowest  possible  figure  compatible  with  sound  work 
and  with  due  regard  to  the  expansion  of  the  business  was  also  essential. 
The  increase  of  the  output  of  the  station,  with  improved  load  factor,  was 
the  point  the  committee  should,  in  his  opinion,  continue  to  devote  the 
most  attention  to.  The  load  factor  worked  out  last  year  at  IS'46  per 
cent.  During  the  past  year  the  number  of  units  sold  was  5,104,03r). 
Though  the  committee  had  not  yet  had  under  consideration  the  charges 
to  be  made  for  large  factory  supplies — and  it  might  ba  mentioned  that  in 
most  cases  those  were  better  dealt  with  under  agreement  for  a  term  of 
years — still,  the  smaller  power  business  had  increased  most  satisfactorily. 
He  had  worked  out  and  submitted  particulars  of  the  revenue  that  would 
have  been  derived  from  their  power  consumers  had  they  adopted  the 
tariffs  for  that  class  of  business  in  other  large  towns.  When  dealing  with 
the  matter  the  committee  should,  in  his  opinion,  consider  the  use  of  slot 
meters  for  certain  classes  of  lighting  consumers,  and  as  regards  power 
rates,  rearrange  them  to  include  the  large  power  users  and  the  daylight 
imdertakings,  such  as  the  granite  industry.  A  low  rate  for  heating  and 
cooking  would  also  be  of  benefit  to  the  undertaking,  and  public  lighting 
should  be  put  on  a  fixed  rate  per  lamp  per  annum. 

Argentina. — The  "  Review  of  the  River  Plate  "  says  the  Govern 
ment  has  ajjproved  the  statutes  of  the  Cia.  General  de  Electrioidad  de 
Cordoba,  v.hich  is  to  have  an  authorised  capital  of  SI. 500,000  gold. 

Santa  Fe  Municipality  have  received  offers  from  Mr.  Donald  Tiblon, 
Messrs.  Fleming  &  Co.  and  Messrs.  R.  Smiles  and  J.  Wall  for  the  purchase 
of  their  existing  tramway  imdertaking  and  the  conversion  of  the  system 
to  electric  traction.  It  is  probable  that  if  either  proposal  is  accepted  an 
arrangement  will  also  be  made  for  supplying  electricity  for  lighting  part 
of  the  town. 

Australasia. — The  Cobar  Electric  Supply  Co.  has  been  formed  to 
take  over  from  Mr.  E.  M.  Grant  the  right  to  supply  electricity  for 
power  and  lighting  in  Cobar,  N.S.W.  The  generating  plant  will  con- 
sist of  two  4((  kw.  three-phase  alternators,  belt  driven  from  two 
54  B.H.r.  suction  gas  driven  engines,  and  the  estimated  cost  is  put  at 
£4,600.  For  street  lighting  there  will  be  60  lamps,  some  of  25  c.p.. 
and  the  remainder  of  50  c.p.,  and  later  on  it  is  proposed  to  supply 
current  to  the  adjoining  municipality  of  Wrightville. 

Korumburra  (Vic.)  Shire  Council  recently  decided  to  raise  a  loan 
of  £2,500  for  additional  electric  lighting  plant. 

The  power  plant  of  the  tin  mines  of  the  Mount  Bischoff  Co.,  at  Waratah 
(Tasmania),  is  a  mile  from  the  main  distribution  point,  and  water  from 
the  river  Waratah  is  conveyed  thereto  by  a  race  100  chains  in  length,  and 
consisting  partly  of  a  ground  race  of  13-5  sq.  ft.  sectional  area,  and  partly 
of  an  iron  flume  of  2  ft.  racfius.  The  race  ends  above  the  power  station, 
to  which  the  water  is  conducted  by  a  steel  pipe  column  1,350  ft.  in  length 
and  18  in.  inside  diameter.  The  power  plant  includes  two  150  kw.  50 
cycle  2,300  volt  British  Westinghouse  three-phase  alternators,  coupled  by 
flexible  coupling  to  impulse  wheel  type  Escher  Wyss  turbines,  the 
buckets  of  which  have  been  specially  designed  to  stand  the  stresses  due 
to  the  working  head  of  560  ft.  A  contract  has  lieen  recently  placed  for  an 
A.E.G.  300  kw.  three-phase  alternator  and  a  450  H.p.  Voith  turbine, 
also  for  switchgear  and  a  Tirrill  regulator.  This  new  plant  is  expected  to 
be  working  by  June  next. 

Bacup. — The  Council  have  obtained  sanction  to  a  loan  of  £27,770 
for  the  electrification  and  reconstruction  of  the  tramways  in  the 
borough.  When  the  lines  are  completed  there  will  be  a  through 
tramway  connection  from  the  Rossendale  Valley  to  Blackburn. 

Bath. — Last  week  the  Council  decided  to  apply  for  sanction  to  a 
loan  of  £11,700  for  the  electricity  su])i)ly  department,  viz.  £5.200  for 
excess  expenditure.  £6.000  for  mains  exten.sions  during  the  next 
three  years,  and  £500  for  a  mechanical  stoker. 

The  Chairman  of  the  Electric  Lighting  committee,  in  moving  the  adop- 
tion of  the  minutes  of  the  committee,  stated  that  a  special  sub-committee 
had  been  constituted  to  consider  and  report  upon  a  scheme  of  adver- 
tising with  a  view  to  increasing  the  revenue  of  the  undertaking.  He 
explained  at  some  length  the  committee's  relations  with  Mr.  Schenk, 
who  had  asked  whether  the  Council  would,  on  any  terms,  including  che 
dropping  of  his  bill,  be  prepared  to  negotiate  for  a  new  agreement  for 
the  sale  of  the  undertaking.  A  letter  had  been  received  from  his  soli- 
citors suggesting  a  joint  conference  between  the  Board  of  Trade,  the 
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committee  iind  himself,  for  the  piir|K>se  of  reducing  the  objections  of  the 
Boiinl  to  a  minimum,  and  stating  liis  (Mr.  .Sclieiik's)  willingness  to  with- 
draw the  present  bill  on  terras.  The  committee,  however,  recommended 
that  it  was  undesirable  to  re-open  the  negotiations  and  declined  the  offer 
for  a  conference. 

The  report  was  adopted. 

Belfast.^It  is  evident  that  the  electricity  undertaking  is  making 
good  progress  in  this  city.foi'  the  chairman  of  the  Gas  committee  con- 
siders that  "  the  Electricity  committee  is  unfairly  cutting  rates  to 
obtain  customers."  and  the  Gas  committee  have  actually  passed 
a,  resolution  infavour  of  the  ••electricity  undertaking  being  ]>laced 
under  the  Gas  committee."  Fortunately,  there  are  many  hard- 
headed,  business  men  on  the  Council,  and  there  is  little  likelihood  of 
this  ingenuous  recommendation  being  ado|ited. 

Bexhill. — Sanction  to  a  loan  of  £2,120  for  additional  ])lant  at  the 
electricity  works  has  been  applied  for  by  the  Council. 

Bray  (Ireland). — The  Council  recently  resolved  to  apply  for  sanc- 
tion to  a  loan  of  £2.600  for  additional  plant  at  the  electricity  wurk.s. 
An  engineer  is  to  be  called  in  to  overhaul  the  engine  at  the  .station. 

Brussels  International  Exhibition. — Notice  is  given  that  sections  45 
and  59  of  the  Patents  and  Designs  Act,  1907  (which  jirovide  that  the 
exhibition  of  inventions  and  designs  at  international  exhibitions  shall 
not  prejudice  the  right  to  apply  for  patents  or  for  the  registration  of 
designs,  &c.),  will  apply  to  the  Brussels  International  Exhibition. 
1910,  and  exhibitors  will  be  relieved  from  the  proviso  in  the  said 
sections  that  notice  of  intention  to  exhibit  must  be  given  to  the 
Controller  of  Patents. 

Buxton. — An  unopposed  inquiry  was  held  last  week  into  the 
(Council's  application  for  sanction  to  a  loan  of  £724  for  extensions  at 
the  electricity  works. 

Chichester. — The  electricity  works,  which  have  been  designed  by 
Mr.  Horace  Boot,  consulting  engineer,  Westminster,  for  the  supply  of 
electricity  for  lighting  and  power  in  Chichester  and  district,  are  Hear- 
ing completion,  and  it  is  hoped  that  supply  will  be  given  in  a  few 
weeks'  time.  This  is  one  of  the  first  electricity  works  relying  entirely 
on  Diesel  oil  engines  for  its  prime  movers,  these  engines  having  been 
supplied  by  Mirrle.ss,  Bickcrton  &  Day.  The  contractors  for  the 
whole  of  the  works  are  Messrs.  Johnson  &  Phillips,  and  Mr.  Boot  has 
had  as  his  clerk  of  the  works  Mr.  R.  V.  Weare. 

Colchester. — The  action,  brought  against  the  Council  by  Messrs. 
HoUington  Bros,  for  an  injunction  to  restrain  a  nuisance,  alleged  to 
have  been  caused  by  vibration  at  the  electricity  works,  has  been 
settled  by  the  payment  of  £300  to  Messrs.  HoUington  for  costs  and  in 
final  settlement  of  all  claims. 

East  Lothian  Tramways. — The  Western  District  Committee  of 
East  Lothian  County  Council  have  been  notified  by  the  Musselburgh 
&  District  Light  &  Traction  Co,  that  they  propose  to  proceed 
with  the  construction  of  the  tramway,  proposed  to  be  laid  from 
Levenhall  to  Port  Seton,  and  a  committee  has  been  appointed  to 
watch  the  construction  of  the  line. 

Electricity  in  Agriculture  and  Horticulture. — The  "  Dundee 
Advertiser,"  of  the  Cth  April,  contained  a  lengthy  account  of  the 
installation  of  electrical  apparatus  on  the  farm  of  Mr.  William  Low.  of 
Balmakewan.  N.B.  Prof.  Greig  (of  the  North  of  Scotland  College  of 
Agriculture,  Aberdeen),  who  worked  for  a  long  time  with  the  late 
Prof,  S.  Lemstrom,  and  who  very  kindly  overlooked  Prof.  Lem- 
strom's  proofs  before  the  publication  of  his  famous  book  on  this 
subject,  was  the  primarily  cause  of  the  important  application  under 
practical  working  conditions  on  Mr.  Low's  extensive  farm.  Having 
carefully  read  the  literature  on  the  subject,  Mr.  Low,  in  view  of  Prof. 
Greig's  descriptions,  upon  whose  estate  there  is,  we  understand, 
every  possible  use  made  of  electrical  application  of  a  practical 
character,  decided  to  have  an  experiment  made  on  an  adequate  scale 
to  test  its  merits.     We  learn  that  Mr.  Low 

Has  decided  to  introduce  the  requisite  electrical  plant,  and,  in  con- 
junction with  the  Directors  of  the  North  of  Scotland  College  of  Agricul- 
ture, to  engage  in  experimental  work.  Five  fields  have  been  set  apart, 
one  each  of  barley,  oats,  potatoes,  first  year's  grass  and  second  year's 
grass.  Half  of  these  crops,  covering  some  23  acres  of  land,  are  to  be 
electrically  treated,  while  the  remainder  of  the  plots  will  be  unelectri- 
fied.  It  is  Sir  Oliver  Lodge's  process,  or  system,  which  is  being  installed 
at  Balmakewan.  The  plant  necessary  to  generate  electricity  at  Mr. 
Low's  place  is  small.  A  turbine  is  bemg  erected  on  the  banks  of  the 
Luther,  IJ  miles  from  the  Home  Farm.  Current  is  conveyed  by  over- 
head wires  to  the  area  of  experiment.  Here  a  weather-tight  hut  contains 
the  transforming  and  retcifying  apparatus. 

The  expenses  incuiTed  in  installing  such  a  system  are  jiretty  consider- 
able. The  cost  to  Mr.  Low  will  be  something  like  £200,  and  he  is  already 
provided  with  the  necessary  generating  plant.  Electrical  treatment  of 
soil  apart,  Balmakewan  is  an  interesting  estate.  There  are  two  farms  on 
it — the  Home  Farm,  extending  to  330  acres,  and  the  Mains  of  Luther 
Farm,  some  170  acics  in  extent — and  each  is  ]ierfectly  appointed.  The 
laird  is  head  of  the  engineering  firm  of  Low  &  Duff,  Monitieth,  and  the 


hand  of  the  engineer-agriculturist  is  evident  on  all  side;.  The  plant 
installed  on  the  Luther  burn  8upi)lies  the  electrical  energy  that  lirives 
the  thraBhing  mill  at  the  Home  Farm  1}  miles  distant,  the  mansion  house  is 
electricallylighted, electric  power  isu.sed  in  the  laundrj',  and  the  machinery 
in  the  sawmill  is  worked  by  electricity,  as  also  is  the  Broadbent  stone 
crusher.  Mr.  Low  has  recently  had  fitted  up  a  small  motor  to  drive  an 
ice  refrigerator  plant.  Altogether,  Balmakewan,  thanks  to  its  enter- 
prising proprietor,  is  probably  the  most  up-to-date  estate  in  the  north- 
east of  Scotland. 

Electricity  in  Gold  Mining.— The  "  Australian  Mining  and  Engineer- 
ing Review  "  states  that  .Mr.  Parham  has  applied,  on  behalf  of  a 
syndicate,  for  permission  to  utilise  the  water  power  of  the  Toaroha 
river  to  generate  electrical  energy  for  working  the  terraces  and 
Rimu  Flat,  near  H<ikitika,  New  Zealand. 

By  menus  of  l."i()  sluice  heads  it  is  estimated  that  about  10,000  B.H,P. 
would  be  obtained,  and  it  is  calculated  that  a  head  of  about  700  ft.  can 
be  obtained  by  constructing  a  tunnel  and  a  pipe  line  to  the  site  of  the 
power  station.  It  is  proposed  to  use  2,500  kw.  h.t.  thrce-pha.se  gene- 
rators driven  by  3.600  H.p.  Pelton  water  wheels  and  the  current  would 
be  stepped  up  to  20.000  volts  and  transmitted  17  miles  to  the  pumping 
station.  Mr.  Parham's  estimate  for  the  first  two  pumping  units  is 
£.'51, .500. 

Epsom. — The  Council  propose  to  introduce  a  system  of  "  free  " 
wiring  in  co-operation  with  local  contractors. 

Frome. — Negotiations  are  proceeding  for  the  transfer  of  the  elec- 
tricity works  to  Kdmnndson's  Electricity  Corpn.  At  present  the 
company  is  working  t  he  station  under  agreement  with  the  Council. 

Glasgow. — The  Joint  Committee  on  the  Production  of  Electrical 
Energy  report  that  in  their  opinion  the  existing  arrangements  for  the 
generation  of  electrical  energy  by  the  Corporation  should  be  con- 
tinued. 

Hanley. — The  borough  electrical  engineer  (Mr.  C.  H.  Yeaman)  has 
been  instructed  to  report  as  to  the  advisability  of  giving  a  supply  of 
electricity  in  Milton. 

Hornsey. — The  Council  have  applied  for  sanction  to  borrow 
£(5,000  for  extensions  of  the  electricity  supply  mains  and  house 
services.  An  electrical  exhibition  is  to  be  held  in  the  Muswell  Hill 
AtheniBum. 

India. — Messrs.  Siemens  Bros.  Dynamo  Works  are  installing  two 
30  H.p.  Campbell  gas  engines,  gas  producer  plant,  and  two  50  amp. 
500  volt  dynamos,  for  the  electric  lighting  of  Pondicherry.  For 
street  lighting  324  25  c.p.  Tantalum  lamps  will  be  used. 

Infirmary  Lifts. — Before  entering  into  a  contract  for  the  electric 
lifts  required  at  the  new  infirmary.  Edmonton  Guardians  have 
decided  to  obtain  a  report  from  an  electrical  engineer  at  a  fee  of  20 
guineas. 

Kirkcaldy. — The  Council  have  received  a  communication  from  a 
firm  of  solicitors  intimating  that  clients  of  theus  were  prepared  to 
construct  an  electric  tramway  from  Kirkcaldy  to  Inverkeithing.  and 
asking  for  an  appointment  to  discuss  the  scheme.  The  Tramway 
committee  were  instructed  to  meet  the  promoters  and  report  to  the 
Council. 

Light  Railways  in  Germany. — In  a  bill  recently  introduced  into  the 
Prussian  Diet  pro\isi(in  is  made  for  the  extension  of  the  light  railway 
system  at  a  cost  of  £1 1 ,3()G.000.  This  amoimt  includes  £4,000,000 
for  the  construction  of  new  lines,  over  £200,000  for  doubling  of  track 
of  seven  existing  lines,  and  about  £5.000,000  for  new  rolling  stock. 
Though  most  of  the  lines  are  worked  by  steam,  £80,(X10  is  provided 
for  the  electrification  of  the  Dessau-Bielefeld  line,  and  it  is  reported 
that  if  this  should  prove  a  success  many  of  the  new  lines  will  be 
similarly  e(juipped. 

London  Fire  Brigade.— The  annual  report  of  the  London  Fire 
Brigade  states  that  of  the  3,238  fires  in  1908  only  101  had  their  origin 
in  electric  lighting,  &c.,  against  355  directly  attributable  to  gas  light- 
ing and  heating. 

Of  the  electric  fires  91  are  stated  to  have  been  caused  by  defective 
electric  circuits.  Of  the  gas  fires  108  were  caused  by  escajies  of  gas,  84 
by  curtains,  &c.,  coming  into  contact  with  gas  light,  22  by  overheating 
of  gas  stoves,  20  by  gas  stoves,  15  through  seeking  with  light  for  gas 
escape,  14  by  overheat  of  gaslight,  &c. 

Maidenhead.— The  Council  have  applied  for  sanction  to  a  loan  of 
£3,500  for  extensions  of  the  electric  generating  plant. 

Middlesbrough.— The  electrical  engineer  (Mr.  H.  M.  Taylor)  has 
reported  to  the  Electric  Light  committee  that  there  will  be  a  sub- 
stantial profit  on  the  past  year's  working  of  the  electricity  under- 
taking, and  therefore  it  has  "been  decided  that  £1.482  is  to  be  contri- 
buted in  relief  of  rates. 

Municipal  Tramways  Association.— -Vt  the  meetings  of  the  man- 
agers' section  of  this  Associat  ion,  w  hich  w  ill  be  held  in  the  Town  Hall. 
Newcastle-on-Tyne,  on  June  3  and  4  next,  the  following  subjects  wi  1 
be  intr<Hluccd  for  discussion  : — 

'•  Description  of  Newcastle  Tramways,"  by  Mr,  E.  Hatton  :  "  Ch.irge* 
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for  Energy  for  Traction  Purposes."  by  Mr-  •!•  M-  McElroy  ;  "'  Transfer 
Tickets."  by  Mr.  A.  EllLs  ;  ■'  Medical  Examination  of  Motormen  and 
Conductors:  What  the  Standard  of  same  should  be,"  by  Mr.  J.  B. 
Hamilton  :  "  Time  .Meter.s."  bv  Mr.  H.  Alozley  ;  and  "  Maintenance  of 
Tiark  and  Koadw  ay."  by  Mr.  W.  M.  Rogerson. 

Newcastle-under-Lyme. — Sanction  has  been  received  to  a  loan  of 
£700  for  extensions  of  mains  and  liouse  services. 

Newport  (Mon.) — Sanction  has  been  received  to  a  loan  of  £2,57S 
for  additional  jrenerating  plant.  On  Tuesday  the  Council  authorised 
tile  ]iurchasi'  of  three  additional  tramcar.s. 

Obituary. — The  death  is  announced  of  Mr.  John  Wilson,  manager 
of  Leitli  Corporation  tramways.  Deceased  was  in  the  service  of  the 
Edinburgh  Street  Tramways  Co.  for  many  years,  but  when  the 
Corporation  took  over  the  tramways  he  was  appointed  manager. 

We  regret  to  record  the  death,  in  his  63rd  year,  of  Mr.  Charles 
Edward  Stuart  at  Kew.  Mr.  Stuart  had  been  in  the  service  of  the 
Associated  Telegraph  Companies  39  years,  and  was  from  1881  until 
tlie  time  of  his  death  registrar  of  the  Globe  Telegraph  &  Trust  Co. 

Presentation. — Southend  tramway  and  electricity  staff  have  pre- 
sented a  diamond  ring  to  Mr.  Andrews,  tramway  traffic  manager,  who 
is  leaving  for  Malta. 

St.  Anne 's-on-the-Sea. — The  Council  recently  decided  to  allocate 
£700  out  of  the  profits  on  the  electricity  undertaking  to  the  relief 
of  rates. 

Councillor  Cooper  objected  to  the  proposal,  and  said  there  were  only 
two  reasons  which  could  justify  the  appropriation  of  the  profits  to  relief 
of  rates  :  one  was  that  the  price  of  electricity  should  have  been  reduced 
to  a  very  low  point,  and  the  other  that  the  use  should  be  practically 
universal.  Neither  of  those  existed  in  St.  Anne's,  where  the  price  was  7d- 
and  2d.  per  imit,  or  a  flat  rate  of  5Jd.  ;  and  at  the  end  of  1908  only  665 
householders  out  of  1,937  were  users  of  electricity.  The  soundest  policy 
was  to  devote  any  surplus  to  a  reduction  in  the  price  of  electricity. 

South  Africa. — East  London  Town  Council  recently  offered  to 
take  a  lease  for  20  years  of  the  Government  power  station  at  the 
Harbour,  at  £520  per  annum,  to  purchase  the  cables  in  the  Buffalo 
river  and  the  plant  for  £5,000,  and  to  supply  current  to  the  Govern- 
ment at  .3d.  per  unit. 

Of  the  loan  proposed  to  be  raised  by  Pretoria  Municipality  £75,000 
is  included  for  electric  tramways. 

Southampton. — The  Manager  of  the  tramways  reported  recently 
to  the  Council  on  the  increaseS^^nergy  consumption  per  car-mile 
during  the  last  year  or  two. 

The  report  stated  that^n  some  towns  the  units  per  car-mile  had 
gone  up  enormously,  although  Southampton's  increase  was  not  very 
great.  Among  the  towns  he  had  prepared  a  schedule  of  there  were 
only  four  (Reading,  Bradford,  Aberdeen  and  Leeds)  in  which  the 
returns  showed  a  decrease  of  units  per  car-mile.  The  decreased  con- 
sumption in  Reading  was  attributed  to  strict  supervision  over  drivers  ; 
Bradford  stated  that  about  100  of  their  cars  had  been  fitted  with  meters 
and  returns  showed  that  these  had  a  powerful  influence  in  stopping 
waste  :  and  Aberdeen  also  recommended  close  supervision  of  the  men 
to  prevent  "  rushing  and  abuse  of  the  controller."  The  chief  reasons 
given  for  the  increased  consumption  per  car-mile  were  careless  driving, 
increased  age  and  consecjuent  wear  of  track,  cars  and  equipment  and 
general  increased  speed  of  running  on  most  tramway  systems.  In  the 
manager's  opinion  a  likely  cause  of  increase  was  that  the  iron  cores  of 
the  field  coils  and  armatures  had  aged  from  constant  use.  That  was 
especially  noticeable  in  transformers,  but  was  probably  due  to  the 
use  of  alternating  current.  With  direct  current  the  deterioration 
was  not  so  noticeable.  It  was  found  that  owing  to  the  iron 
ageing  a  greater  amount  of  current  was  required  to  energise  the 
magnets,  and  thereby  propel  the  car.  The  wear  and  tear  of  the  gear 
wheels  and  pinions  was  an  important  factor,  and  if  an  axle  got  bent 
it  immediately  increased  the  consumption  of  current.  However,  it 
was  probable  that  the  chief  factor  of  incre.ase  was  careless  handling  by 
motor  men.  As  regards  the  wear  and  tear  of  gear  wheels  it  was  a 
moot  point  as  to  the  proper  time  to  replace  these.  From  tests  he  had 
inude  he  found  that  worn  gears  used  more  current  than  new  ones,  but 
if  new  gears  "  mesh '  too  deeply  tlie  result  would  be  the  opposite. 
Ge;vrs  that  had  been  in  use  about  two  years  were  working  at  their  best 
etiiciency.  It  was  possible  that  those  which  had  been  in  use  for  a 
much  longer  period  were  using  more  current  than  at  some  prior  tmie, 
but  as  the  total  cost  of  replacement  was  about  £12  per  car,  one  hesi- 
tated to  scrap  them  too  soon,  as  it  took  a  long  time  to  save  £12  of 
current.  As  regards  electrical  equipment  he  did  not  think  the  small 
amount  of  money  saved  in  current  would  warrant  expenditure  on  more 
erticient  apparatus.  The  increased  number  of  passengers  per  car-mile 
would  contribute  to  an  increased  consumption  of  current.  In  conclu- 
sion the  manager  drew  attention  to  a  controller  regulator,  which 
made  it  impossible  to  rush  the  controller  handle  round  too  quickly. 
The  cost  of  installing  this  would  be  about  £4  10s.  per  car. 

Southwark  iLondon).— In  our  issue  for  April  2  (p.  083)  we  stated 
that  .Mr.  K.  T.  Wright  had  been  temporarily  a|)point^d  manager  of 
llic  electricity  supply  works.  We  learn  that  this  is  inaccurate,  as 
th(^  El?ctric  Light  C(  mmittee  withdrew  their  recommendation,  and 
at  a  subsequent  meeting  it  was  decided  to  request  Mr.  1).  M.  Kinghorn 
to  continue  in  the  service  of  the  Council  for  the  time  being. 


SPECIAL   NOTICE. 


READY  NEXT  WEEK.— Vol  LXII.  of  "The  Electrician" 
(1,028  pages),  bound  in  strong  cloth.  Price  17s.  6d. ;  post  free,  18s.  6d. 
Now  ready.  Cases  for  Binding.     Price  2s. ;  post  free,  2s.  3d. 

A  complete  set  of  "  The  Electkician  "  can  bo  supplied.  A  number 
of  odd  volumes  and  some  odd  old  back  numbers,  to  help  in  making 
up  complete  sets,  are  also  available. 

Swansea. — The  Electricity  committee  anticipate  a  profit  of  about 
£2.000  on  the  working  of  the  electricity  undertaking  during  the 
current  year. 

Torquay. — Last  week  the  Council  decided  to  adoi>t,  in  place  of  tlie 
present  maximum  demand  system,  a  flat  rate  of  4^.  per  unit  for 
electric  current  as  from  the  25th  ult. 

Watford. — The  Council  are  to  undertake  (through  contractors)  the 
wiring  of  St.  John's  Church,  at  an  estimated  cost  of  £200.  The 
amount  is  to  be  repaid  by  28  quarterly  instalments. 

Wigan. — The  Electricity  committee  have  approved  plans  for  the 
extension  of  the  generating  station,  and  tenders  are  to  be  invited. 

Wimbledon. — The  Electricity  undertaking  has  been  assessed  at 
£9,920  for  income  ta.x  purjioses. 

The  borough  electrical  engineer  has  been  instructed  to  prepare  a 
scale  of  charges  for  the  supply  of  energy  for  power. 

An  agreement  is  to  be  entered  into  with  Merton  Council  for  supplying 
energy  to  the  sewage  disposal  works  at  West  Barnes-lane  at  I  Jd.  per  unit 
for  power  and  lighting. 

Wireless  Telegraph  Notes.— It  is  reported  that  further  experiments 
are  being  carried  out  by  Lieut.  Loring,  on  behalf  of  the  Postmaster- 
General,  having  particular  relation  to  islands  laying  off  the  mainland 
and  other  places  where  natural  difficulties  make  the  cost  of  communi- 
cation under  the  regular  telegraphic  system  very  heavy  or  pro- 
hibitive. 

The  "  Standard's  "  Genoa  correspondent  states  that  the  oflficial 
opening  on  the  Molo  Vecchio  of  the  wireless  telegraph  offices,  labora- 
tory, school,  &c.  (which  are  arranged  on  the  Liverpool  model),  has 
just  taken  place.  Messages  can  now  be  sent  from  Genoa  to  a 
distance  of  320  miles  direct,  and  the  office  is  in  touch  with  the  Italian 
stations,  Rome,  Naples,  Palermo,  Bari,  Anoonza  and  Venice. 

Wireless  Telephone  Notes. — In  the  presence  of  the  Minister  of 
Marine,  JI.  Picard,  on  Monday,  interesting  experiments  in  wireless 
telephony  were  made  by  two  naval  officers  (Lieuts.  Colin  and  Jeance), 
between  the  Eiffel  Tower  and  M^lun,  a  distance  of  50  kms.  (30  miles). 
Successful  attempts  were  made  in  August  and  November  last  to 
establish  wireless  telephonic  communication  between  Paris  and 
Melun  and  Paris  and  Dieppe.  Yesterday's  trials  with  improved 
apparatus  amply  confirmed  the  practical  value  of  the  earlier  restilts. 
The  representatives  of  the  press  were  enabled  to  overhear  the  con- 
versations engaged  in  at  the  offices  of  the  Radio-telegraph  Mfg.  Co. 
in  the  Boulevard  Grenelle,  where  everything  was  heard  very  distinctly. 
Woking. — Three  additional  schools  are  to  be  wired  for  the  electric 
light- 
Worcester. — A  special  committee  has  been  appointed  to  consider 
and  report  upon  the  charge  made  by  the  Electricity  committee  for 
pumping  at  the  water  works. 

Workhouse  Lighting.— Haslingden  Guardians  are  negotiating 
with  R.nvtcnstall  Coiporation  for  the  supply  of  electricity  for  light- 
ing llie  Haslingden  workhouse. 

Wrexham.— The  Council  have  obtained  sanction  to  a  loan  of  £6,850 
for  mains,  house  services,  &c. 

York. — Last  week  a  special  meeting  of  the  Council  was  held  to  con- 
sider tenders  for  the  construction  of  new,  and  the  reconstruction  of 
the  existing,  tramways. 

Aid.  Meyee,  vice-chairman  of  the  Tramways  committee,  said  that  the 
committee  had  decided  to  recommend  the  adoption  of  the  overhead 
system,  mainly  on  account  of  economy.  They  had  come  to  the  conclu- 
sion that  the  conduit  system  was  prohibitive  (.wing  to  cost,  and  the 
tenders  they  had  received  for  the  surface-contact  system  amounted  to 
nearly  £20,000  more  than  those  for  the  overhead  system.  That  reprc- 
■sented  about  a  kl.  per  car-mile  for  sinking  fund  and  interest,  and  it 
seemed  to  him  that  that  expenditure  was  greater  than  the  benefits  they 
would  derive  from  the  ado])tion  of  that  system.  He  moved  that  the 
Council  decide  upon  the  overhead  system.  He  gave  particidara  of  some 
of  the  21  tenders  received  ;  <ine  was  for  the  "  O.B."  and  one  for  the 
Lorain  surface-contact  sy-tcm.  and  the  Railless  Electric  Traction  Co.  had 
also  tendered.     The  lowest  lender  was  for  £,S(i.O00. 

A  long  discussion  ensued,  liut  idliniately.  owing  to  a  tie  on  a  divi"iion, 
the  further  ccmsideration  of  the  matter  was  adjourned. 

At  a  public  meetina-  on  Wednesday  a  resolution  against  the  inunici- 
palisation  of  the  tramways  was  carried. 


THE  ELECTRICIAN,  APRIL  IG.  1909. 


31 


Dinner. — Mr.  J.  Eaton-Slmre.  slio|i  superintendent,  presided  at 
the  second  annual  dinner  of  tlie  .slu)p  olKcials  and  foremen  at  Siemens 
Bros.  Dynamo  Works  at  the  Institute.  Tippina;-street.  Stafford. 

Tliis  was  the  first  function  of  its  kind  attempted  at  the  in.stitute,  but 
the  arrangements  were  admirably  carried  out  by  the  committee  (Messrs. 
Briggs,  Rathbone  and  Saunders,  with  Mr.  F.  E.  Read  as  hon.  sec). 
There  were  about  100  present.  The  toast  of  "  The  Firm  "'  was  given  by 
Mr.  Kilpatrick  and  supported  by  Dr.  Kloss.  Mr.  Koettgen  (managing 
director,  London)  resjionded,  and  spoke  very  encouragingly  of  the 
future  prospects  of  the  Stafford  works.  Mr.  Palairet  propo.sed  '"  The 
Guests,"  and  Mr.  Kieifer,  the  Stafford  managei-,  received  a  cordial  recep- 
tion in  responding  to  the  toast.  "'  Siemens  Institute  "  was  proposed  by 
Mr.  C.  N.  Toplis,  and  >Ir.  Read  replied.  During  dinner  the  institute 
orchestra  rendered  selections  of  music 


TRADE  NOTES  AND  NOTICES. 


NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES' 
DIRECTORY  AND  HANDBOOK.— The  igog  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplitied. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  a.ooo  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  member  s  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Sta  tistical 
and  Engineering  Tables,  &c.,  have  be  tn  veiy  caiefully 
revised  and  extended,  and  are  now  issu  ed  in  handy  book 
form.  These  are  included  in  the  igog  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 

TENDERS  INVITED. 

The  Metrofout.vn  Asylums  Bo.\rd  invite  tenders  for  the  in- 
stallation of  telephones  md  fire  alarms  at  the  South  Western  Fever 
Hospital,  Stockwell.  S.AV.,  in  accordance  with  tlie  plan  and  specifica- 
tions prepared  by  the  engineer-in-chief  (Mr.  T.  W.  Hatch.  M.Inst.C.E., 
M.I.Mech.E.),  and  which  may  be  obtained  at  the  offices  of  the  Board, 
Embankment,  London,  E.C.     Tenders  by  noon  April  23. 

C'HE\^NGTON  East  Parish  Council  will  receive  provisional  estimates 
and  offers,  accompanied  with  plans,  drawings  and  specifications,  for 
the  installation  of  a  street  lighting  scheme  by  electricity  for  the 
district.  The  scheme  will  provide  for  aerial  wiring  upon  creosoted 
poles,  for  about  80  up-to-date  lamps.  Current  will  be  supplied  from 
the  local  collier3'.  Mr.  W.  Gibson,  the  Council's  surveyor,  will  meet 
intending  contractors  at  94,  Queen-street,  Amble,  by  arrangement. 

Amble  Urban  District  Council  are  prepared  to  receive  provisional 
estimates  and  offers,  accompanied  with  plans,  drawings  and  speci- 
fications such  as  will  meet  Board  of  Trade  requirements  (free  of 
charge  to  the  Council)  for  the  installation  of  a  gas  suction  plant, 
and,  alternatively,  for  steam  plant,  to  supply  electricity  for  public 
and  jiriv.ate  lighting  in  the  town.  Mr.  W.  Ciibson.  the  Council's 
surveyor,  will  meet  intending  contractors  at  94,  Qu2?n-strcet.  .\ml)le, 
by  arrangement. 

Stepney  (London)  Electricity  Supply  Committer  invite  tenders  for 
supply  and  erection  of  steam,  feed,  circulating,  water,  and  other  pipe 
work,  valves,  hot  well  tank,  motor-driven  centrifugal  pumps,  &c. 
Copies  of  specification.  &c.,  from  the  borough  electrical  engineer  and 
manager  (Mr.  Wm.  C.  1'.  Tapper,  A.JI.I.E.E.).  27,  Osborn-strect. 
Whitechapel,  E.  Tenders  to  the  chairman  of  the  committee  by  noon 
April  22. 

WoODBKlDGE  Urban  Council,  who  arc  desirous  that  a  company 
should  establish  electricity  works  in  the  district,  announced  that 
they  would  support  a  company  in  an  a|)plication  for  a  |)rovisional 
order  and  would  enter  into  a  contract  for  public  lighting  from 
April  1,  1912.  The  population  is  4,600  and  gas  is  4s.  Cd.  per  1,000  ft. 
Tenders  by  June  1. 


Belfast  Tramways  and  Electricity  committee  invite  tenders  for 
supply,  delivery  and  erection  of  one  circulating  pump,  with  motor  and 
pipes,  for  the  pump  house.  Laganbank-road.  Specification.  &c., 
from  the  city  electrical  engineer,  Mr.  Thomas  W.  Bloxam,  M.I.E.E. 
Tenders  to  the  town  clerk.  City  Hall,  Belfast,  by  noon  April  24. 

London  County  Council  require  tenders  by  May  4  for  supply  of 
about  4,000  tons  of  girder  tramway  track  rails  and  fastenings  and 
3,000  tons  slot  rails  and  conductor  tees.  Particulars  from  the  County 
Hall. 

London  County  Council  also  want  tenders  by  May  4  for  roadwork 
and  platelaying  required  for  various  tramways (2J  miles  single  track). 
Particulars  from  the  County  Hall. 

'  The  Metropolitan  Asylu.ms  Board  want  tenders  by  10  a.m. 
April  28  for  supply  of  four  ambulance  tramcars  at  the  Smallpox 
Hospitals,  near  Dartford.  Specifications,  &c.,  from  the  Board's 
offices.  Embankment.  E.C. 

Manchester  Tramways  committee  want  tenders  by  10  a.m., 
April  20,  for  electrical  equipments  for  cars,  arc  lamps,  cable,  wheel 
tyres,  tubing,  bolts  and  nuts,  &c.  Specifications,  &c.,  from  Mr.  J.  .M. 
McElroy,  5.5,  Piccadilly,  Manchester. 

TENDERS  RECEIVED  AND  ACCEPTED. 

Cardiff  Corporation  have  received  the  following  tenders: — 
Switcliboard. 

Siemens  Bros.  Dynamo  Works  (accepted) £475 

Morris  &  Lister £910     Electric  Construction  Co.  ...  i570 

Gener.1l  Electric  Co 871     Walsall  Electrical  Co 564 

Union  Electric  Co 741     Spagnoletti  (Ltd.)    558 

Sanders  &  Co 653    British  Thomson-Houston  Co.  549 

Tetley&Co 630    Co.\-Walker,< 535 

Bertram  Thomas  628    Switchgear  Co 525 

British  Westinghouse  Co.  ...     619  |  Johnson  <1' Phillips   490 

Elec.  it  Ordnance  Access.  Co.     596    Cowans  (Ltd.)    485 

Ferranti  (Ltd.)    593  I  Whipp  &  Bourne  483 

Cables. 
British  Insulated  k  Helsby  Cables  [accepted] £1,824 


W.  T.  Glover  &  Co £1,950 

Calleiider's  Co    1,907 

Siemens  Bros.  *  Co 1,884 

Western  Electric  Co 1,878 


Lahmever  Electrical  Co.  ...  £1,874 

W.  T.  Henley's  Co 1,866 

■Johnson  A- Phillips    1,859 


Pipcicork. 


W.  T.  Towler  &  Son £730 

.John  Spencer  (Ltd.) 714 

Foster  Bros 673 

J.  Wilson  &  Co t40 


Alton  &Co.  {accepted)  £595 

Cro.ss  Bros 1,002 

Stewart  &  Lloyds 8C0 

Babcock  &  Wilcox 795 

J.  H.  Nicholson  &  Co 766  | 

Wimbledon  Council  have  accepted  the  following  tenders  fi  r 
annual  supplies  for  the  electricitv  undertaking  : — 

Bninner.  Mond  &  Co..  alkali ;  "Pryke  &  Palmer.  F.  Bu'd  &  Co.,  and 
J.  Harvey,  tools,  engine  room  stores,  &c.  ;  Western  Electric  Co.,  h.  and 
l.-t.  cables,  public  lighting  cables.  &c.  ;  Doultoii  &  Co.  anil  Albion  Clay 
Co.,  conduits  ;  Callender's  Co.,  joint  boxes  and  jouitmg  materials,  &c. : 
W.  Lucy  &  Co.,  house  cut-outs  :  British  Insulated  &  Helsby  Cables, 
all  other  cable  items ;  British  Westinghouse  Co.,  transformers  and 
meters  ;  A.  Duckham  &  Co.,  lubricating  oils :  W.  H.  Willcox  &  Co.. 
other  oils  ;  General  Electric  Co..  metallic  filament  lamps  and  electrical 
accessories  ;  W.  Geipel  &  Co.,  carbons  :  Siemens  Bros.  Dvnaino  Works, 
V.I.R.  cables  ;  E.  J.  Shaw  &  Co.,  arc  lamp  globes  ;  Union  Electric  Co., 
flame  arc  laiip  carbons  ;  F.  Bird  &  Co.,  castings  :  Hall  &  Co.,  firebricks 
and  fireclay. 

Colchester  Corporation  have  accepted  the  following  tenders  for 
annual  stores  : — 

Joslins  Limited,  prepayment  meter  installations,  ironmongery,  tixil-s 
and  oilmen's  sundries  ;  Stanford  &  Co.,  castings  ;  \'alveline  Oil  Co., 
oils;  W.  Lucy  &  Co.,  fuse  boxes;  Reason  Mfg.  Co.,  s.ot  meters  (Id. 
meters),  and  Ferranti  Limited,  slot  meters  (Is.  meters). 

For  tramway  stores  the  following  tenders  have  been  accepted  : — 

.Joslins  Limited,  rubber  and  fibre  material,  oils,  and  lighting  cables ; 
Williams  &  Co..  ironmongery  ;  Lubroleine  Oil  Co..  axle  grease  ;  Watling- 
ton  &  Co.,  carbon  brushes,  pinions  and  trolley  heail  fittings,  overhead 
equipment,  &c.  ;  Dick,  Kerr  &  Co.,  various  car  fittings  ;  Jackson  &  Co., 
armature  coils  ;   and  Bracket!  &  Co.,  castings. 

Stepney  (London)  Council  has  accepted  the  tender  of  the  City 
Glass  Co!  for  annual  supply  of  arc  lamp  globes  of  the  estimated 
value  of  £58.  2s.  6d.  Conditional  upon  a  trial  being  satisfactory,  an 
order  has  been  placed  witli  H.  Bennett  at  £120  for  "  Fumicide  "' 
smoke  prevention  apparatus.  The  Council  is  to  have  the  option  of 
ordering  three  additional  sets  at  an  inclusive  sum  for  the  four  of 
£450. 

Gla.'gow  Corporation  recently  accc|>tcd  tl  c  following  tenders  for 
the  tramways  department  :— - 

British  Westinghouse  Co..  armature  ci>ils ;  Ixirain  Steel  Co..  sjvirc 
points,  special  track  work,  st<ol  rails  and  fishplates  ;  Wm.  Jessop  &  Son, 
high  speed  steel;  British  Insulated  &  Hdsby  Cables,  copper  bonds; 
Hughes  Label  Co.,  labels  for  ticket  boxes. 


32 


THE  ELECTRICIAN,  APRIL  IG,  1909. 


A  contract  for  the  supply  and  erection  of  electric  haulage  and 
pumping  plant  for  the  pits  of  the  Tluislington  Coal  Co..  Ferry- 
hill.  CO.  Durham,  has  been  placed  with  the  General  Electric  Co.  The 
British  Wcstinghouse  Co.  arc  also  supp!}-ing  a  three-phase  alternator 
(2,750  volts,  40  periods)  for  the  Thrislington  collieries. 

Stockport  Council  have  accepted  the  following  tenders  : — 

Ed.  Bennis  &  Co.,  elevator  (including  rotary  filler);  Babcock  &  Wilcox, 
weldless  steel  tubes';  Stewart  &  Lloyd,  electrically-welded  l>iping ; 
Lorain  Steel  Co.,  tramway  cro.iB-over. 

Burj'  (Lanes.)  Electricity  committee  have  accepted  the  tender  of 
iJaxendale  Bros,  for  the  sujiply  and  erection  of  the  steel  work  for  their 
new  power  station. 

'  The  D.P.  Battery  Co.  have  received  orders  (amongst  others) 
during  the  past  week  for  15  storage  batteries  of  their  country  house 
type  for  various  installations  in  tlie  British  Isles. 

Wigan  Council  have  placed  contracts  with  the  Universal  Mill 
Furnisliing  Co.  and  R.  Burland  &  Sons  for  cylinder  and  dynamo  oil. 
&c. 

Walsall  Corporation  have  accepted  the  tender  of  Youngs  Limited 
for  the  su])ply  of  .56  jacks  for  the  tramway  department  at  £1.  12s.  <k\. 
each. 

Yarmouth  Council  have  accepted  the  tender  of  the  Bru?li  Co.  for  18 
gear  wheels  at  55s.  each,  and  that  of  John  Baker  &  Co.  for  60  steel 
tyres  at  34s.  6d.  each. 

Derby  Town  Council  have  accepted  the  tender  of  Alton  &  Co.  for 
pipework  at  £320. 

Brighton  Lighting  committee  have  accepted  the  tender  of  the 
Phcenix  Dynamo  Co.  for  a  300  kw.  motor  generator  at  £978. 

Accrington  Electricity  committee  have  acceptid  the  tender  of  the 
Brush  Co.  for  two  double-deck  and  one  single-deck  cars. 

Nelson  Council  have  placed  an  order  with  J.  Carter  &  Co.  for 
wiring  the  fire  station. 

Watford  Council  have  placed  an  order  with  tlie  Lea  Recorder  Co. 
for  a  CO2  recorder. 

Maidenhead  Council  have  accepted  the  tender  of  Callender's  Cable 
&  Construction  Co.  for  the  supply  of  cable  at  £397. 

Gosport  Council]  have  accepted  the  tender  of  Manlove.  Alliott  & 
Co.  for  the  extension  of  the  refuse  destructor  at  £3,946. 

Llandudno  Council  have  accepted  the  tender  of  J.  K.  &  R.  Lord 
for  supply  and  erection  of  a  Lancashire  boiler  at  £430. 

Warrington  Council  have  accepted  the  tender  of  H.  Bibby  (at  £25) 
for  electrical  work  at  Garven  House. 

Oldbury  Council  have  accepted  the  tender  of  the  Worthington 
Pump  Co.  for  an  electric  motor  for  the  sewage  works  at  £39.  10s. 

The  Postmaster-General's  Department,  Melbourne,  Victoria, 
have  placed  an  order  with  Richard  Johnson,  Clapham  &  Morris  for 
g.i.  wire  at  £319. 

The  Oriental  Timber  Corpn.,  Geelong,  Victoria,  recently  placed  an 
order  with  the  Australian  General  Electric  Co.  for  electric  lighting 
and  power  ]ilant,  including  a  750  kw.  three-phase  alternator  (480 
volts,  50  cycles)  and  a  Curtis  steam  turbine,  15  induction  motors 
(including  one  of  300h.p.),  with  switchboard,  Tirril  regulator,  &c. 
The  plant  will  be  manufactured  by  the  British  Thomson-Houston 
Co.,  of  Rugbj'. 

BUSINESS  NOTICES. 

Messrs.  W.  H.  Allen,  Son  &  Co.,  of  Queen's  Engineering  ^Works, 
Bedford,  and  London,  have  decided  to  undertake  tin-  manufacture 
of  water  turbines  under  the  patents  of  Messrs.  I'iccaril.  I'ietet  &  Co.. 
of  Geneva. 

Messrs.  J.  &  H.  Grevener  have  taken  over  the  sole  agency  in 
the  United  Kingdom  and  the  British  Colonies  for  the  sale  of  the 
well-known  manufactures  of  the  Land  &  Sea  Cable  Works.  Stocks 
of  wires  and  cables  of  every  description  will  be  held  in  London  and 
also  in  the  chief  provincial  town.s.  Messrs.  Grevener  have  appointed 
Messrs.Davies  Bros., Swansea, to  represent  them  in  Wales  and  the  West 
of  England,  and  Messrs.  Hamilton  Bros.,  of  Glasgow,  in  Scotland. 

Messrs.  R.  Easton  &  Son,  who  recently  removed  to  28  and  30, 
Southwark  Bridge-road,  London,  S.E.,  announce  that  they  are  now 
able  to  offer  mtich  quicker  delivery  of  their  lifts  and  cranes. 

Joseph  Richardson  Norris  and  John  Henderson,  jun.  (trading  as 
J.  R.  Xorris  &  Co.),  electrical  engineers,  5b,  Manchester-street. 
Oldham,  have  dissolved  partnership.  Debts  by  J.  R.  Norris,  who 
continues  under  the  old  style. 


Sales  by  Auction.— Messrs.  Fuller,  Hor.sey,  Sons  &  Cassell  will  sell 
by  auction  on  the  premises,  33,  Endell-street,  Long-acre,  London, 


W.C,  on  Tuesday ,*April  27  at  11  a.m.,  liigh-class  machine  tools,  in- 
eluding  a  No.  U  "  Cincinnati  "  Universal  milling  machine,  a  plain 
milling  machine,  seven  screw-cutting  lathes,  four  radial  and  pillar 
drilling  machines,  slotting  and  shaping  machines,  &c.,  a  10  b.h.p. 
motor,  shafting  and  belting,  parallel  vices,  loose  tools,  &c.  Catalogues 
of  Messrs.  Gadsden  &  Pennefather,  solicitors,  28,  Bedford-row  W.C, 
and  of  the  Auctioneers,  11,  Billiter-square,  London,  E.C. 

Messrs.  Fuller.  Horsey,  Sons  &.  Cassell  have  been  instructed  to 
sell  by  auction  at  the  works  of  the  Motogear  Engineering  Co.. 
Emerald-street.  Theobalds-road,  London,  W.C,  on  Friday,  April  30, 
at  11  a.m..  modern  machine  tools,  including  nine  screw-cutting  and 
other  lathes,  four  milling  and  four  drilling  machines,  Hendcy  shaping 
machine,  &c..  also  a  5  B.H.r.  National  gas  engine,  shafting  and  belt- 
ing. &c. 

Plant  for  Sale.— Messrs.  G.  Elliott  &  Co.,  186-188,  Long-lane, 
Bermondsey,  London,  S.E.,  have  for  sale  two  compound  Marshall 
steam  engines  coupled  to  two  Crompton  dynamos,  and  also  three 
dynamos.     Further  particulars  are  given  in  advertisements. 

The  Coatbridge  &  Airdrie  Electric  Supply  Co.,  Moorgate-court, 
Moorgate-place.  London,  E.G.,  have  two  d.c.  direct-coupled  ste^m 
dynamos  (Browett,  Lindley-Brush  sots)  for  sale. 

Premises  to  Let. — Premises  in  Westbourne-road,  Barnsbury,  N. 
(suitable  for  motor  garage  or  factory)  are  advertised  to  be  let  by 
the  Dennis  Estate  Office,  1,  Warner-street,  Roman-road,  Barnsbury, 
London,  N. 

Messrs.  A.  J.  Cayley  &  Son,  Chenies-street,  London.  W.C, 
advertise  to  be  let  premises  for  showTooms,  workshops  and 
warehouses. 

Patents  Development.— The  proprietors  of  the  following  British 
Patents  desire  to  make  arrangements  for  their  development  and 
practical  working  in  this  country  : — 

No.  7,942/1906,  for  "  Improvements  relating  to  Wireless  Telegraphic 
and  Telephonic  Systems."  Applications  to  Messrs.  Ha'seltine,  Lake  & 
Co.,  7  and  8,  Southampton-buildings,  Chancery-lane,  London,  W.C. 

No.  2,274/1904,  relating  to  "  Improvements  in  Telegraphic  Trans- 
mitters," and  No.  5,944/1902,  relating  ,to  "  Improved  Telegraphic 
Systems."  Applications  to  Messrs.  Lloyd  Wise  &  Co.,  46,  Lincoln's 
Inn  Fields,  London,  W.C. 

Directory  of  the  Engineers  and  Metal  Trades. — We  have  received 
from  Messrs.  Kellys  (Ltd.)  a  copy  of  the  eleventh  edition  of  Kelly's 
Directory  of  the  Engineers  and  Iron  and  Metal  Trades  and  Colliery 
Proprietors.  This  useful  work  of  reference,  which  was  first  issued  40 
years  ago,  is  jjublished  at  intervals  of  four  years,  and  the  information 
contained  in  the  present  edition  extends  to  no  less  than  1864  pages,  an 
increase  of  32  pages  over  its  immediate  predecessor.  The  Directory 
comprises  every  calling  connected  with  the  profession  and  the  in- 
dustries si>ec)fied  and  connected  with  metal,  or  having  any  connec- 
tion with,  or  affinity  to,  engineering.  The  preface  contains  interest- 
ing statistics  on  the  exports  from,  and  imports  into,  this  country  of 
the  various  raw  materials  and  manufactured  articles,  which  are 
followed  by  an  index  to  the  towns  and  places  dealt  with  in  the 
Directory — nearly  7,500  in  number.  It  is  stated  by  the  publishers 
that  all  the  places  in  this  list  have  been  specially  visited,  and  the 
particulars  relating  to  each  firm  have  been  personally  taken  by  their 
agents,  the  information  thus  collected  having  been  subsequently 
compiled  and  arranged  in  the  form  in  which  it  appears  in  the 
Directory.     The  pul)lished  jirice  is  30s.  nctt. 

Metropolitan  Railways  and  Tramways  Map. — From  Mr.  Edward 
Stanford  we  have  received  a  copy  of  a  new  and  useful  map  of  Metro- 
politan railways,  tramways  and  miscellaneous  improvements,  which 
was  deposited  with  the  London  County  Council  for  the  1909  session. 
The  map.  which  is  drawn  to  a  scale  of  one  inch  to  the  mile,  gives  a  list 
of  the  plans  deposited.  The  published  price  is  2s.  nett,  or  4s.  mounted 
in  case. 

CATALOGUES,  &c. 

Galvanic  Batteries.- — In  these  days  of  extra  high-tension  power 
transmission,  wireless  telegraphy  and  other  electric  wonders,  it  is 
often  forgotten  that  the  primary  battery  still  possesses  a  considerable 
sphere  of  usefulness.  We  are  reminded  that  this  is  the  case  by  a  list 
of  galvanic  batteries  which  has  just  been  issued  by  the  India  Rubber, 
Gutta  Percha  «fc  Telegraph  Works  Co.  This  contains  full  details 
of  the  well-known  Silvertown  Leclanch6  cells  and  batteries  for  all 
purposes.  These  cells  are  made  in  a  number  of  different  types  and 
sizes,  and  are  adapted  for  a  great  variety  of  uses.  Poggendorff, 
bichromate,  Bunsen,  Grove  and  Daniell  batteries  also  find  a  place. 
The  Silvertown  improved  low  resistance  battery,  which  is  specially 
adapted  for  driving  small  motors  for  dental  and  similar  purposes,  as 
well  as  for  charging  small  accumulators  and  lighting  rooms  at  night, 
is  also  described. 
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"General"  Electrical  Progress. — We  have  rtccivcd  fiuni 
the  General  Electric  Co.  a  copy  of  their  March  "  Progress  Pamphlet." 
This  contains  some  details  of  the  high-tension  consumer's  equip- 
ment which  we  have  already  described  in  The  Electrician,  as 
wiellas  of  Osram  fittings,  radiators,  cooking  ouliits,  cu'cuit-breakers. 
ironclad  switches,  lamp  holders,  ceiling  roses  and  similar  apparatus 
are  nUo  included.  A  leaflet  issued  with  the  pamphlet  gives  the  latest 
prices  for  Osram  lamps. 

Plitjger  PtTMPS. — From  Messrs.  W.  H.  Willcox  &  Co.,  Southwark- 
street,  London,  S.E.,  we  have  received  a  leaflet  illustrating  their 
"  Willcox-Turner  "  patent  triple  acting  plunger  pumps.  Among 
these  is  the  "  Twin-type  "  pattern  which  is  specially  suitable  for 
work  where  a  considerable  quantity  of  water  i.s  to  be  delivered.  The 
jjumps  seem  admirably  fitted  for  the  work  they  have  to  do. 

The  O.S.  Wiring  Sy.stem. — This  new  systemof  wiring  (described 
in  The  Electrician  for  April  9),  which  is  designed  to  provide 
for  modern  requirements  in  regard  to  elasticity  of  application, 
as  well  as  inexpensiveness  of  material  and  erection,  perfect 
electrical  continuity  and  simplicity,  is  being  exploited  by  the  Sun 
Electrical  Co.  They  are  now  supplying  two  kinds  of  patent  semi- 
flexible  wires  which  are  metal-cased  throughout,  and  are  known  as 
"Kuhlos  "  and  "  Stannos  '  metacase  conductors.  These,  combined 
with  the  company's  well  known"Kalkos" conduits  form  the  O.S.  wiring 
system.  These  ""  Metaca.se  "  conductors  offer,  it  is  claimed,  many 
advantages  over  the  so-called  "  surface  flexible  "  system  as  they  are 
watertight,  electrically  continuous  and  mechanically  protected.  By 
using  the  O.S.  w-iring  system  in  one  form  or  another,  low  cost  is  no 
longer  inconsistent  with  efficiency  and  durability.  The  catalogue 
illustrates  and  describes  the  various  details  of  the  wires  themselves, 
together  with  the  accessories  required  by  the  systems. 

TANTALiitf  Lamps. — We  have  received  from  Siemens  Brothers 
Dynamo  Works  (Ltd.).  Tyssen-street,  Dalston,  N.E.,  a  new  catalogue 
dealing  with  "  Tantalum  "  lamps  and  fittings  specially  designed  for 
ship  and  harbour  lighting.  In  general  arrangement  it  is  original 
and  contains  a  good  selection  of  cheap  and  handsome  fittings.  The 
list,  which  also  deals  with  metal  and  carbon  filament  lamps  of  con- 
venient voltage  and  candle  power,  must  prove  a  very  useful  publica- 
tion to  all  interested  in  shij)  lighting  installations.  Copies  will  be 
supplied  to  bona  fide  trade  applicants. 

Bells  and  Telephones. — Messrs.  Falk,  Stadelmann  &  Co.  have 
recently  issued  a  "Bells  and  Telephones  "  catalogue,  and  although  it 
contains  details  of  bells  and  telephones,  the  title  by  no  means  indi- 
cates its  full  scope,  for  we  notice  that  such  widely  different  articles 
as  induction  coils  and  gimlets  are  listed.  This  catalogue  is  supplied 
free  to  bona  fide  contractors,  and  they  should  find  it  a  distinct  acquisi- 
tion to  their  library, 

Single-Phase  Motors, — The  single-phase  E.B.H.  motor  is  a 
speciality  of  Messrs.  E.  Brook  (Ltd.),  Huddersfield.  Their  latest  list 
contains  full  details  of  these  motors  which  are  made  up  to  a  standard 
pressure  of  100  to  1 10  and  200  to  220  volts,  w  ith  frequencies  of  .W,  60, 
80  and  100,  These  motors  can  be  supplied  from  stock  on  the  same 
day  as  ordered. 

Pick-Quick  Coal-Cuttbrs. — Messrs.  Mavor  &  Coulson's  artistic 
calendar  for  April  contains  some  interesting  details  of  the  operation 
of  their  well-known  pick-quick  electric  coal-cutter.  From  tests  made 
with  this  machine  it  has  been  found  that  the  average  output  of  coal 
per  month  is  2„300  tons,  which  is,  it  would  seem,  a  very  satisfactory 
result.  A  pamphlet  dealing  with  the  firm's  generating  plant  is  also 
to  hand. 

Rot.\ry  Scraper. — Mr.  O.  N,  Beck  has  issued  a  pamphlet  dealing 
with  a  rotary  scraper  for  cleaning  colliery  tubs.  This  scraper  is 
electrically-driven,  and  forms  a  quick  and  easy  method  of  getting  rid 
of  the  dirt  from  tubs. 

Self-Sustaining  Winch. — The  London  Electric  Firm  send  us  their 
latest  pamphlet  of  electric  winches,  which  includes  details  of  their 
2.^  cwt.  and  r>  cwt.  sizes.  These  winches  are,  it  is  claimed,  self- 
sustaining,  and  are  made  without  ratchets,  pulleys  or  worm  gearing. 

Lightning  Conductors. — The  Nationalen  Elektrizitats  Gesell- 
schaft,  of  Munich,  send  us  a  iJamphlet  in  English  and  French,  dealing 
with  their  system  of  protection  from  lightning.  The  pamphlet  is 
excellently  illustrated  and  gives  full  details  of  this  Company's  well- 
kno\vn  lightning  conductors. 

Imports. — The  following  are  official  values  of  electrical  machi- 
nery, material,  and  apparatus  imported  into  this  country  (a)  during 
March,  1909,  and  {h)  during  the  current  year  from  Jan.  1  to 
March  31,  with  the  increases  or  decreases  compared  with  the  corres- 
ponding periods  of  1908 : — 

Electrical  machinery  («)  £54,597  (decrease  £13,110)  :  (h)  £119,337 
(decrease  £61,676)  ;  telegrauh  and  telephone  cables  (a)  £9,963  (in- 
crease £112),  ('-)  £24,805  ('decrease  £9,894)  ;  telegrai)h  and  tele- 
phone apparatus  (a)  £19,584  (increase  £1,096),  {I')  £44,322  (decrease 


£15,674)  ;  other  elect  I  ica)  wiresand  cables,  rubber  insulated  (a)  £4,233 
I  decrease  £1,675),  (6)  £13,949  (decrease  £4,880) ;  with  other  iDsulationa 
(a)  £12,664  (increase  £4,340),  (;-)  £29,888  (increase  £2,175)  ;  carbons  ('() 
£11,401  (decrease  £6,C44  ,  ',)  £36,178 -decrease  £11,855)  ;  glow  lamps 
(ai  £28,298  (increase  £12,443),  ih)  £118,603  (increase  £53,646;  :  arc 
lamps  and  electri:;  searchlights  t".)  £315  iucrea.se  £4),  ih)  £7,362  (in- 
crease £6,226  ;  parts  of  arc  lamps  and  searchlights  (other  than  carVjons  I 
('()  £4,462  (increase  £125),  (6)  £12,363  (decrease  £2,004)  ;  primary  and 
secondary  batteries  (a)  £4,391  (decrease  £848),  ('j)  £14,207  increase 
£3,833).  Total  of  electrical  goods  and  apparatus,  other  than  machi- 
nery and  telegraph  and  telepnone  wire  (a)  £105,149  (increase  £7,294), 
('-)  £328,329  (increase  £26,264). 

Exports. — The  exports  of  electrical  machinery,  material,  &c.  (a) 
during  March,  1909,  and  (h)  during  the  current  j'ear  from  .Tan.  I 
to  March  31,  and  the  increases  and  decreases  compared  with  the 
corresponding  jjeriods  of  1908,  are  as  follows : — 

Electrical  machinery  ('<)  £111,699  (decrease  £2,900',  ('-)  £334,598 
(decrease  £21,373) ;  telegraph  and  telephone  cables  («)  £45,126  (de- 
crease £4,547),  (/<!  £98,244  (decrease  £68,606);  telegraph  and  tele- 
phone apparatus  (-()  £15,283  (incre;ise  £4,904),  (/.)  £49,950  (increase 
£9,817)  ;  other  electrical  wires  and  cables,  rubber  insulated  la)  £21,709 
(decrease  £1,241),  (/-)  £62,615  (decrease  £12,732):  with  other  in.sulations 
(«)  £19,384  (increase  £1,380),  (h)  £59,906  (increase  £281)  ;  cirbons  (n) 
£596  (decrease  £452',  {h)  £2,067  (increase  £446)  ;  glow  lamps  («)  £7,401 
(increase  £3,932),  (/.)  £17,409  (increase  £7,536)  :  arc  lamps  and  search- 
lights (")  £2,981  (increase  £1,634),  ('.)  £6,089  increase  £2,559) ;  parts 
of  arc  lamps  and  searchlights  (other  than  carbons)  la)  £2,361  (increase 
£1,319),  (b)  £5,069  (increase  £1,367"):  primary  and  secondary  batteries 
(«)  £11,731  (increase  £5,135),  [h]  £30,433  (increase  £21,852).  Total  of 
electrical  goods  and  apparatus,  other  than  machinery  and  telegraph 
and  telephone  wire,  (-()  £160,644  (increase  £18,056),  ("'/-  £423,484  (de- 
crease £36,122). 

BANKRUPTCIES,  LIQUIDATIONS.  &c. 

A  meeting  of  the  creditors  of  the  Buenos  Ayres  Grand  Xational 
Tramways  Co.  (Ltd.).  (in  voluntary  liquidation),  will  be  held  at  62, 
London  Wall,  E.C.,  on  19th  inst.,  and  creditors  are  required  to  send 
particulars  of  their  claims  to  Mr.  Fortescue  Thursby,  one  of  the 
liquidators,  by  May  1. 

A  dividend  is  to  be  paid  to  the  creditors  of  Thos.  Ernest  Evans 
(trading  as  T.  Arthur  Evans  &  Co.),  electrical  and  mechanical  engi- 
neers, 14,  Heathfield-street,  Swansea,  and  claims  are  to  !»  sent  by 
April  26  to  Mr.  Hy.  Rees,  Government-buildings,  Swansea. 

A  supplemental  dividend  of  2Jd.  is  payable  at  Bankruptcy-build- 
ings. London,  W.C.,  to  the  creditors  of  Thos.  Hodgkinson  (trading 
as  Electro-Neurotone).  180,  Goldhawk-road,  London,  W. 


PATENT  RECORD. 


APPLICATIONS  FOR  PATENTS. 

Note. — The  undermentioned  Applicalions  (exfcp<  those  marked  f)  are  not 

open  to  public  inspection  until  after  accfptance  of  Complete  Specifications. 

Those  marked  f  are  open  for  inspection  12  months  after  the  dale  attached 

to  them,  if  they  have  not  been  published  previously  in  the  ordinary  course. 

Names  within  parentlieses  are  those  of  commtinicators  of  inventions.     When 

complete  Specification  accompanies  application,  an  asterisk  is  affixed. 
December  7,  1908. 

26,408  Rogerson.     Sanding  tram  and  other  lines. 

26,441  Wilcox.     Trolley  guards. 

26,449  &  26,450  Hartmann  &  Braun  Actien  Ges.     Hot-«-ire  electric 
current  measuring  instruments.     (Date  applied  for,  6/3/08. )*t 

26,453  Hale.  Emergency  or  secondary  lighting. 

26,485  Mayer.     Trolley  "wire  suspenders.  (Date  applied  for,  21/12/07.)*! 
December  8,   1908. 

26,507  Johnsen   &   Walleen.     Conducting  current  to  or  from   con- 
tinuous-current electrical  machines.* 

26,533  Wild  &  Lister.     Circuit-breaker  action. 

26,555  Conrad.     Transformers  for  operating  vapour  electric  devices. 
(Date  applied  for.  10/l/08.)*t 

26,572  Walker.  Electric  lighting  installations  where  high-voltage  cur- 
rents are  transformed. 

2(i,.58S  Marconi's   Wireless  Telegraph  Co.   &   Round.     Measuring 
electromagnetic  wave  lengths. 

26,592  Ellinger.     Heat-resisting  electric  lamp  protector. 

26,620  Job.     Switching  devices. 

December  9.  1908. 

26,630  Baker.     Rotary  switch. 

26.665  Norman  &  Reader.     Driving  a  centrifugal  pump  blower  by 

means  of  rotating  field  electric  motor  in  such  a  manner  that  no 
glands  or  stuffing  boxes  are  required. 

26.666  Norman  &  Reader.     Electrical  converter  for  converting  direct 

current  to  alternating  current  or  vice  versa,  and  ttansfurming 

voltage  as  required. 
26,674  Stevens.     Charging  several  batteries  in  parallel,  and  regidating 

the  voltage  on  electric  feeders. 
26.709  Ferrantl'  Cuiwnt  collectors.* 
2<!.739  Kearnev.     Overhe.xd  guide  rail  for  mono  railway  and  tramway 

systems. 
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December  10,   1908. 
26,752  Fenkeli.  &  Perry.     Electric  lamp-holders. 
26.79(1  Stratton   &   C'laremont.     Mechanical  connectors  for  electric 

cables.* 
26.808  Meirowskv.  Electrical  condensers.  (Date  applied  for.  1 8/5/08. )*t 
26,822  Read.     Electrically  heated  geysers. 

26.825  B.T.-H.   Co.   &   Gray.     Production  of  coherent  conductors  of 

refractory  material. 

26.826  B.T.-H.  Co.   (G.E.  Co..  U.S.)     Silicon  alloy.?. 
26,832  Fleming.     Detecting  electric  oscillations. 

26,830     Black.     Electric  traction  contact    boxes.     (.Addition    to    No. 

10.636/07.) 
26.844  BrcHLER.     Electrical  conductors. 
26,862  Jacob  &  Tudor  Accumulator  Co.     Devices  for  ste.idying  the 

load  on  connected  generating  plants. 
26,867  Davis,  Graham  cS:  Cox.     Combined  telcphnne  and  electric  light 

or  other  equipment. 

December  11,   190S. 
26,881  Electric  Control.  JIaimillan  &  Rattenbury.      Mechanisms 

for  operating  and  controlling  the  movements  of  members. 
26,894  Bird   &   Thomson-Bennett.     Electric   ignition   apparatus  for 

internal-combustion  engines. 

26.915  Murray.     Keyboard  transmitter  for  printing  telegraph  systems. 

26.916  Murray.     Tape  transmitter  for  multiplex  telegraph  systems. 

26.917  Murray-.     Synchronising  arrangement  for  a  multiplex  printing 

telegraph. 

26.918  Murray.     Printer  for  a  multiplex  printing  telegraph  system. 
26,929  Julius  Sax  &  Co.  &  Wheat.     Cluster  lamp-holders  for  electric 

incandescent  lights. 

December  12,  1908. 
26,967  TiMAB  &  ZlEGLER.     Time  relay  for  electric  currents.* 
26,973  HooKHAM.     Electrical  contacts. 
26,984  Hall  &  Robertson.     Dynamo-electric  machines. 
27,021   Smith.     Preventing  tele])hone  or  telegraph  wires,  when  biviken, 

making  contact  with  other  wires  carrying  higher  voltages. 
27,034  VoLLERT.     Chemical  electrolytic  process. 
27,036  Otti.ey  &  Harrison.     Electric  incandescent  lamps. 
27,043  HoiNG.     Devices  for  suspending  pipes,  cables  and  the  like.* 

December  14,  1908.    ' 
27,064  Ardaoh  &  Ardaoh.     Renewing  the  life  of  tram  rails  in  situ. 
27,075  SruRoTER.     Devices  for  attaching  wire  conductors  to  insulators. 

(Date  applied  for.  12/12/07.)*t 
27,017  Siemens-Schuckebtwerke  G.m.e.   [H. Securing  thin  covering  to 

fine  single  wires.     (Date  applied  for,  14/12/07.)*t 
27,1.38  BoNBRiciHT.     Electric  speedometers  and  odometers.* 

27.139  Clement.     Telephone  exchange  system.* 

27.140  Drysdale.     Potentiometer  for  measurements  on  alternate-cur- 

rent and  direct-current  circuits.* 
27,143  Timar  &  Dbeoer.     Arc  lamp  with  pairs  of  carbon.* 
27,145  Highpield.     Electrical  wiring. 
27,149  Leitner.     Driving  mechanism  for  dynamos. 
27,156  Ross.     Electric  heaters. 

December  15,  1908. 
27,16!  Baker.     Switch  for  closing  and  opening  an  electric  circuit. 
27,207  Raasch.     Time  switches.* 

27.212  Cecil  &  Bbonsdon.     Electric  ignition  regulator. 

27.213  SwEETSER.     Electric  switches. 

27,236  Justice.     (Alfred   W.    Kiddle   &   Amalie   Mathilde   Baunuinn, 

U.S.)     Electric  generators.* 
27,212  Crouch  &  Etchells.     Electrical  distribution  systems. 
27,244  Marshall.     Electric  switch  mechanism. 
27,283  Landis  &  Gyr.     Alternating-current  meter.* 

December  16,   1908. 
27,303  Gilbert.     Feeding  mechanism  for  are  lamps. 
27,310  Chambers.     Telephony  and  telegraphy  by  means  of  "■  Hertzian 

waves." 
27,343  Siemens-Schuckertwerke  G.m.b.H.  .Alternating-current  meters 

(Date  applied  for,  17/12/07.)*t 

December  17,  1008. 
27,436  Blackall  &  Jacobs.     Electric  signalling  apparatus. 
27,462  Tanaka,  Wanibuchi  &  Peacock.     Generating  electric  currents.* 
27,470  S.MITH  &  Granville.     Insulated  line  wire  cables. 
27,477  Justice.     (Essex  Co.,  U.S.)     Third  rail  insulators.* 
27,491  Barta  &  French.     Electrical  machines. 

December  18.   1908. 
27,504  Zumpt.     Electrical  fuse-boxes. 

27,530  HoLMAN.     Arc   lamps.     (Date   applied   for,    1/9/08.     Comprised 
in  No.  2,261/08.  dated  1/2/08.)* 

27.538  Rawlings,    Handcock    &    Dykes.     Severing    the   hard   metal 

sheathing  of  electric  conductors. 

27.539  Rawlings,  Handcock  &  Dykes.     Sheathing  electrical  wires. 
27,577  Wioley,  Redpath  &  Petrie.     Fuse-setting  machines. 
27,585  Good  &  Da  vies.     Incandescent  electric  lamps. 

December  19,  1908. 
27,616  Priestley  &  Priestley.     Electric  tramway  car.i,  locomotives, 

motor  car.-i,  &e. 
27,626  Walton   &   Bell.     Showing   variation   of   temperatures,   with 

elwtrical  alarm  attachment. 
27,639  Dawson.     Attaching    shades    and    reflectors    to    incandescent 

electric  lampj. 
27,664  Wilkinson.     Devices  for  electric  heating.* 


SPECIFICATIONS  PUBLISHED. 

1907  Specifications. 

26,294  Harrison.     iSupporting  filaments  m  incandescent  electric  lamps. 

(Post-dated,  27/6/08.) 
27.034  Davy.     Arc  lamps. 

27,0.38  B.T.-H.  Co.   (G.E.  Co.,  U.S.)     Electric  motor-starting  device.?. 
27,095  Ryan.     Electrical  welding  machines. 
27,559  Murphy.     Electrode  for  use  in  the  purification  of  water  and  other 

liquids. 
27.675  Hatfield.     Electromagnetically  operated  apparatu-i. 
27,830  GiBBs.     Electrolytic  cells. 

1908  Specifications. 

2,153  BucKTON.     Incandescent  electric  lamp  caps  and  couplings. 
4,372  Felten  &  Guilleaume-Lahmeyerwerke  Akt.-Ges.     Regula- 
tion   of   pressure   of   electric    machines.     (Date   applied    fiu-, 
27/2/07.) 
7,328  Allgemeine  Elektricitats  Ges.     Arc  lamps.     (Date  applied 

for,  2/8/07.) 
8,101  Siemens  Bros  &  Co.  &  Toplis.     Cooling  the  commutator  of  a 

dynamo-electric  machine.     (Addition  to  No.  7,255/00.) 
8,255  Dickinson.     Brake  operating  mechanism  for  tramway  cars  and 

other  vehicles. 
8,522  Bero.     Turbo-electric   generator  systems.     (Date   applied  for, 

20/4/07.) 
0,237  Allgemeine    Elektricitats    Ges.     Protecting    transformers, 
cables    and    other   electrical    apparatus.     (Date    applied   for, 
29/4/07.) 
9,636  Siemens-Schuckertwebke    Ges.     Fittings    for    electric    glow 

lamps.     (Date  applied  for,  25/6/07.) 
9.702  &  9,703  Ruzicka.     Manufacture  of  electrical  resistances. 
9.832   Peters.     Safety  fuses  for  switchboards. 
9,850  Boult.     (Union    Switch    &    Signal    Co.)     Electric    signalling 

systems  for  railways  and  the  like. 
9,876  De   Sainte-Clare.     Variable-speed   gear  for  electric   automo- 
biles.    (Date  applied  for,  7/11/07.) 

10,171  Siemens  Bros.  &  Co.  (Siemens  &  Halske  Akt.-Ges.)  Reducing 
the  reflex  action  at  the  points  of  connection  of  electrical  conduc- 
tors or  circuits  differing  in  the  values  of  their  electrical  proper- 
ties.    (Addition  to  No.  9,273/06.) 

10,269  Ruzicka.     Arc  lamp. 

10,317  Mershon.  Insulating  supports  for  high-tension  conductors. 
(Date  applied  for,  21/.5/07.) 

10,632  Patebson  &  Dark.  Clamping  device  for  electric  contacts  or 
brushes. 

10,704,  10,767  and  10,768  Tate.  Storage  battery  i)lates.  (Date 
applied  for,  20/12/07.) 

11,004  Timar  &  Von  Dbegeb.  Starting  switches  for  electric  motors. 
(Date  applied  for,  5/6/1907.) 

11,008  Routin.  Electro-mechanical  regulators  or  governors  for  electric! 
generators.     (Date  applied  for,  24/5/07.) 

1 1.710  Siemens  &  Halske  Akt.-Ges.  Plastic  mass  from  tungsten  com- 
pounds.    (Date  applied  for,  3/8/07.     Addition  to  16,489/07.) 

12,411  MoziNGO.  Electric  railway  system  for  collecting  and  delivering 
mail.     (Date  applied  for,'  10/6/07.) 

12,420  Paulin  &  Fortune.  Telemotor  apparatus  for  ships'  steering 
gear. 

12,044  Girdlestone  &  Thobkelin.     Arc  lamp.-!. 

12,682  Allgemeine  Elektricitats  Ges.  Arc  lamps.  (Date  applied 
for.  15/7/07.) 

13,130  ScHULZE.  Measuring  instruments  having  an  electromagnetic 
brake.     (Date  api)lied  for.  29/2/08.) 

13,539  Haack.     Mercury  vapour  lamp. 

13,661  Bloxam.  (Siemens  Schnckertwerke  Ges.)  Fittings  for  incan- 
descence electric  lamps. 

14,259  Diaz  &  Azarola  y  Gbesillon.  Preventing  the  theft  of  elec- 
trical energy. 

14,425  Graham.     Telephonic  systems. 

14,538  Berg.  Turbo-electric  generator  systems.  (Addition  to  No. 
8.522/08.) 

14,5.54  Allman  &  Leeson.     Electrical  vulcanising  apparatus. 

14,776  SCHWENKE.     Electric  projectile  igniters. 

15,289  Hall.  Magneto  machines  for  use  in  connection  with  the  igni- 
tion systems  of  internal  combustion  engines. 

15,376  Rains.     Electrical  water  heaters. 

15,818  AiTKEN.     Telephone  cordless  switchboards. 

1.5,819  AiTKEN.     Telephone  cordless  switchboards. 

15,949  RoRKE  &  Rorke.  Electric  make- and- break  devices.  (Post- 
dated. 27/4/08.) 

16,090  Siemens  &  Halske  Akt.-Ges.  Telephone  installations.  (Date 
applied  for,  2/8/07.) 

16,849  Hall.  Safety  spark-gap  devices  for  use  in  connection  with  the 
ignition  systems  of  internal  combustion  engines.  (D.ate  applied 
for,  20/7/08.) 

16,910  SchattNkr  &  AmberTon.  Prepayment  electric  meters.  (Date 
applied  for,  17/3/08.) 

17,114  London  Electron  Works  C'o.  &  Kardos.  Elevated  tracks  or 
run-ways  and  trolleys  therefor. 

17,205  BradBURn.     TcIe])onc  apparatus.     (Date  applied  for,  25/1/08.) 

17,410  LuNDBE.iG,  Lunduebii  &  LuNDBERG.     Electric  switches. 

17,414  Siemens  Bros.  Dynamo  Works  &  Kieffer.  Ventilating  rotors 
of  dynaraoelectric  machines. 

17,417  Siemens  Bros.  Dynamo  Works.  (Siemens-ScluicUertwerke 
Ges.)     Commutators  for  electrical  machinery. 
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10.">")2  Henshaw  &  Swindells.  Cnntrolliii};  tho  tnillcy  poles  n£  elec- 
tric cars  and  the  like.     (Addition  to  No.  25,415/05.) 

ll.'<n  SiEMENS-ScHWKERT  Webke  Ges.  Continuoiis-ciurent  ma- 
chines.    (Dat«  applied  for.  27/7/07.) 

12,29tj  EvERSHED  &  ViGNOLES  &  VioNOLES.  Electrical  resistances 
adapted  to  measure  currents  by  the  fall  of  potential  method. 

14,080  Roth.     Switch-holders  for  electric  incandescent  lamps. 

15.330  Weisse.     Electric  fuses. 

1C,7(>6  Siemens  Bros.  Dvnamo  Works.  (Siemens-Schuckertweike 
Ges.)     Electro-magnetic  clutches. 

16.797  Reksixg.     Arc  lamps. 

1«.848  Hall.     Magneto  machines.     (Date  applied  for,  20/7/1008.) 

17,416  Siemens  Bros.  Dynamo  Works.  (Siemens  Schuckertwerko 
Ges.)  Cooling  of  the  end  windings  of  dynamo-electric  ma- 
chines. 

17.493  Wolhaupter.     Insulated  joints  for  railway  rails  and  the  like. 

17,509  Regina-Bogenlampenfabrik  Ges.  &  Hanisch.     Arc  lamp. 

17,535  Allgemeine  Elektbicitats  Gcs.  Arc  lamps.  (Date  applied 
for,  21/8/07.) 

17,730  Kennedy.  Alternating-current  electric  energy  int^-grating 
meters. 

17,809  Bergmann.  Magneto-electric  igniting  device  with  asymmetric 
polar  pieces. 

17,841  Page.  (Telegraph  Transmitting  Instrument  Co.)  Keyboard 
telegraphic  transmitters. 

17,934  Paljiborg.     Telephone  exchanges.     (Date  applied  for,  3/9/07.) 

17,936  Reineke.     Producing  electric  energy. 

18,216  S.P.  (Suchostawer  Patents)  Synd.  &  Sayers.  Surface  con- 
tact system  of  electric  traction. 

18,458  B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Electric  heating  devices. 

18,461  B.T.-H.  C«.  (G.E.  Co..  U.S.)  Commutating  poles  for  dynamo- 
electric  machines.     (Addition  to  No.  5.741/07.) 

18,713  S.P.  (Suchostawer  Patents)  Synd.  &  Sayers.  Electric  trac- 
tion on  the  surface  contact  system. 

18,880  Stephens.     Manufacture  of  magnetos. 

19,265  Marsh.     Electric  furnaces.     (Date  applied  for,  19/9/07.) 

19,311  Siemens  &  Halske  Akt.-Ges.  Electric  incandescence  bodies 
of  tungsten.     (Date  applied  for,  26/9/07.) 

19,388  Ebner.  Interrupt€r  for  electric  ignition  apparatus  of  explosion 
motors. 

19,889  Siemens-Schuckertwekke  CJes.  Repulsion  electric  motors. 
(Date  applied  for,  28/9/07.) 

20,179  Seragnoli.     Electro-pneumatic  device. 

20,288  Robert  Bosch.  Terminal  for  magneto-electric  ignition  appa- 
ratus.    (Date  applied  for,  15/11/07.) 

20,352  Hankin  &  Wolff.     Resistances  in  electric  circuits. 

20,601  Siemens  Bros.  &  Co.,  &  Ferrbira.  Electrically-controlled  rail- 
way signals. 

21,075  Kingsbury-.  (Western  Electric  Co.)  Switching  apparatus  for 
interconnecting  the  Imes  of  a  telephone  exchange  system.  (Date 
applied  for.  3/1/08.) 

21,603  Allegemeine  Elektricitats  Ges.  Devices  for  protecting  trans- 
formers, cables  and  other  electrical  apparatus.  (Date  applied 
for,  29/4/07.     Included  in  9,237/08.) 

21,628  S.P.  (Suchostawer  Patents)  Synd.  &  Savers.  Electric  trac- 
tion on  the  surface-contact  system. 

21.741  Keller.     Electric  furnaces. 

22,516  MiEss.  Incandescence  vapour  lamps.  (Date  applied  for, 
22/11/07.) 

25,029  Eisenstein.  Wireless  telegraph  systems  or  the  like.  (Additions 
to  No.  20,128/07.) 


COMPANIES'  MEETINGS  AND  REPORTS. 

Cuba  Submarine  Telegraph  Co. 

The  seventy-fifth  ordinary  general  meeting  was  held  on  Wednesday, 
Mr.  George  Keith  ]>residiug. 

The  SECRETARY  (Mr.  James  Scott)  read  the  notice  convening  the 
meeting  and  the  auditors"  report. 

The  CHAIR.MAN  then  said:  Gentlemen,  Mr.  Pari.sh,  our  Chairman, 
is  unable  to  be  present  to-day.  He  is  not  well,  and  his  doctor  enjoins 
quiet.  He  has  asked  me  to  read  his  speech.  "  Gentlemen  : — When  we 
held  our  half-yearly  n  eeting  last  October  I  explained  that  the  receipts  for 
the  six  months  from  January  to  June  had  been  adversely  affected  by  the 
failure  to  a  serious  extent  of  the  sugar  crop  in  the  island  of  Cuba.[and  that 
ccmsequently  they  compared  unfavourably  with  (hose  of  the  |ircvious 
year.  From  past  records  we  find  that  th<'  second  half  of  the  year  always 
shows  smaller  receipts  than  the  tirst  half.  It  was,  therefore,  to  be  ex- 
pected that  our  traffic  receipts  from  July  to  December  would  be  less  than 
tho.se  for  the  previous  half-year  ;  and  as  you  will  sec  from  the  comparative 
statement  which  is  attached  to  the  re))ort  they  amounted  to  £12,909. 
against  £16.158  received  from  .Tanuary  to  June.  They  also  compare  badly 
with  the  previous  year,  for  during  .fuly  to  December,! 907,  we  received 
£1.5,715,  or  nearly  £3,000  more  thiin  in  the  six  months  we  are  dealing  with, 
and  this  falling  off  reflects  to  a  largo  extent  the  general  bad  state  of  trade 
throughout  the  West  Indies.  This  year  the  sugar  crop  is  much  larger,  the 
mills  are  working  away  at  full  swing,  and  the  general  trade  of  the  island  is 
in  consequence  much  better,  and  we  estimate  that  our  earnings  for  the  tirst 
three  months  of  this  year  are  fairly  satisfactory.         have  only  alluded  to 


the  sugar  crop,  as  that  is  the  most  ijnporlant  one  in  the  island,  but  there 
is  also  the  tobacco  growing,  which  is  of  great  value,  csp<-cially  in  the 
western  part  of  the  island,  and  I  am  glad  to  say  that  the'  latest  advices 
encourage  the  expectation  of  a  fairly  good  crop.  The  .American  occu- 
pation of  the  island  came  to  an  end  last  .lanuary,  and  since  then  the  new 
president  has  been  in  power  :  it  is  hoped  that  the  present  Government 
w'll  fulfill  the  expectations  which  have  been  f<jrmed  of  it,  and  that  a  term 
of  peace  and  prosperity  is  now  being  entered  upon.  Our  cables  have 
worked  well,  and  there  has  been  no  difficulty  in  dealing  with  the  traffic 
with  which  we  have  been  entrusted.  In  regard  to  the  present  accounts, 
I  will  first  call  your  attention  to  the  revenue  account  ;  our  receipts  are 
£12,909  from  traffic,  and  from  interest  on  investments,  &o.,  £1,948, 
making  together  £14,857.  The  expenses  are  £6,02.5,  thus  leaving  a 
balance  of  £8,832,  which  enables  us  to  place  £1,000  to  reserve  fund,  pay 
the  dividend  on  our  preference  shares,  which  amounts  to  £3,000,  and  to 
ask  you  to  agree  to  a  dividend  at  the  rate  of  6  per  cent,  per  annum  on 
on  our  ordinary  shares,  thus  maintaining  the  same  rate  as  we  have  i)aid 
for  the  past  three  half-years.  A  contribution  of  only  £1,000  to  the 
reserve  fund  is  not  so  large  as  we  have  been  accustomed  to  ;  but  we 
recognise  that  our  present  reserve  of  £111,000  is  a  good,  solid  amount, 
and  you  Board  felt  that  as  we  had  made  the  6  per  cent,  dividend  we 
might  fairly  pay  it.  The  details  of  our  expenses  are  very  similar  to  those 
of  the  corresponding  half  of  1907;  the  total  then'was  £6.177.  or  £152  more 
than  this  year.  Our  capital  expenditure  shows  an  increase  of  about 
£2,400,  which  is  accounted  for  by  our  having  bought  the  freehold  house 
at  Santiago,  in  which  our  office  is  situated  ;  it  is  a  very  suitable  house,  in 
the  best  position  for  our  business,  which  we  have  rented  for  a  good  many 
years.  N(jw  our  offices  at  Santiago  and  Cienfuegos  are  in  our  own  houses, 
which  may  be  regarded  as  a  good  investment.  I  regret  that  our  claims 
against  the  American  and  Spanish  Governments  still  remain  unpaid, 
but  I  still  have  hopes  that  we  may  yet  receive  them."  I  now  move  the 
adoption  of  the  report  and  accounts. 

Mr.  R.  K.  GRAY  seconded  the  motiolV,  which  was  carried  unanimously. 

Resolutions  approving  the  dividends  recommended  by  the  directors 
and  according  a  very  hearty  vote  of  thanks  to  the  chairman,  directors 
and  staff  brought  the  proceedings  to  a  close. 


AKGLO  ARGENTINE  TEAMWAYS  CO.  (LTD.)— ifr.  J.  B.  Concanon  stated 
at  the  meeting  last  week  that,  in  regard  to  the  companies  which  they  had 
absorbed,  the  Grand  Naticmal  andLa  Capital  Traction  &  Electric  Com- 
panies' systems  were  being  worked  by  the  Anglo  Company  as  from  the 
1st  inst.  As  regards  the  results  they  were  likely  to  arrive  at  when  the 
necessary  junctions  and  additions  to  trrtHi  w-ere  constructed  to  allow  of 
the  entire  combination  being  run  systematically  and  economically  as  one 
complete  whole,  he  thought  they  might  safely  rely  upon  the  experience 
gained  so  far.  as  an  indication  of  what  they  might  look  for  in  the  future. 
Although  they  were  working  the  Belgrano  systems  from  July  1,  1907, 
the  Buenos  Ayres  Electric  and  the  Belga-Argentine  systems  from  July  1, 
1908,  they  were  only  able  to  run  new  services  in  combmation  with  the 
.Anglo  as  from  Oct.  1  last,  and  the  result  had  been  that  for  the  quarter 
ended  Dec.  31  the  total  combined  receipts  .showed  an  increase  of  10-72 
])er  cent.,  and  the  working  expenses  came  down  from  5709  per  cent,  to 
55-40  per  cent.,  while  for  the  months  of  January  and  February  this  year 
the  net  profit  amounted  to  £95.249,  an  increase  of  £11,009,  or  13  per 
cent.,  so  that  he  thought  it  was  reasonable  to  expect  further  large  in- 
creases in  net  receipts  when  they  were  in  a  position  to  work  new  services 
over  the  Grand  National  and  La  Capital  Traction  Co.'s  lines  in  com- 
bination with  their  present  system,  especially  as  those  systems  were  far 
larger  and  more  important  than  those  of  the  Belgrano,  Buenos  Ayres 
Electric  and  Belga-Argentine.  They  anticipated  that  the  results  for 
the  current  year,  although  one  of  transition,  would,  after  providing  for 
all  prior  charges,  leave  a  balance  sufficient  to  pay  a  satisfactory  dividend 
on  the  ordinary  shares,  while  they  look  for  a  further  substantial  improve- 
ment in  the  net  revenue  in  1910  and  subsequent  years. 

BABCOCK  &  WILLCOX  (LTD.— The  net  profit  during  the  j-car  1908  was 
£301.614.  16s.  5d..  and.  with  £38.664.  3s.  4d.  brought  forward,  the  balance 
was  £340,278.  19s.  9d.  The  interim  dividends  of  3  per  cent,  on  the  pre- 
ference and  of  8  per  cent,  on  the  ordinary  shares  absorbed  £69,400,  and 
out  of  the  balance  (£270,878.  19i--.  9d.)  the  directoi-s  recommen.l  that  the 
following  dividends  be  paid  for  the  half-year  ended  Dec.  31.  1908.  viz.:— 
3  per  cent,  on  the  preference  shares,  less  tax  (£3.0tX))  and  8  per  cent,  on 
the  ordinary  shares,  tax  free  (£66.400).  and  a  bonus  of  4  per  cent,  on  the 
ordinary  shares,  tax  free  (£33.200).  £100.000  is  to  be  placetl  to  reserve 
and  £25.000  to  the  dividend  cipialisation  fund,  leavmg  a  balance  to  be 
carried  forward  of  £43.278.  19s.  9d.  Although,  in  common  with  all  other 
engineering  firms,  the  compnnv  is  atfcctcd  by  the  general  dei>ression  in 
trade,  the  works  are  fairlv  well  occupied,  and  the  works,  buildmgs. 
machinery.  &c..  have  been  "well  maintained,  and  additions  and  nnpiovc- 
iiicuts  ciiiricd  mil. 

BATH  ELECTRIC  TRAMWAYS  (LTD  )-  At  the  meeting  last  week  Sir 
James  Sivewright  said  that,  like  other  tramway  undertakings, 
their  carnines  for  1908  compared  unfavourably  with  those  for  the  pre- 
ceding vear.  Probablv  there  was  no  business  that  was  more  affecte.l 
bv  climatic  causes  than  a  tramway  system,  and  in  Bath  the  general 
trade  depression  had  prevented  people  from  spending  inoney  to  the 
,-ame  extent  .as  thev  did  in  good  times.  The  diminution  in  earnings 
had  been  largely  compensated  by  the  savings  effect e<l  in  expenditure. 
The  loss  on  theiV  omnibuses  had  been  reduced  from  £792  in  HO*  to 
£31  in  1908.  The  omnibuses  were  an  indiicct  source  of  revenue,  for 
they  brought  passengers  to  tie  tramways  that  they  otherwise  would 
not  have. 
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BEISBANE  ELECTRIC  TRAMWAYS  IHVESTMENT  CO.  (LTD.)— I"'  ludiiiu' 
£2.130  liroiight  foiwurd.  tlic profit  fur  liH)8  was  £1)1,220,  and  after  jja^iiij; 
debenture  interest,  preference  dividend  and  interim  dividend  of  2s.  fid. 
per  share  on  the  urdinary  .shares  the  available  balance  is  £14,790,  and  the 
directors  reeommend  that  a  balance  dividend  of  3s.  (id.  per  shai'e  (ta.\ 
free)  be  paid  on  the  ordinary  shares  (making  a  total  dividend  for  the  year 
of  6  jier  cent.),  and  that  £1,(370  be  carried  forward. 

BRITISH  ALUMINIUM  CO.  (LTD.) — At  a  meeting  of  the  debenture  stock- 
holders last  week  it  was  decided  to  increase  the  nominal  mortgage  deben- 
ture stock  from  £1,000,000  to  £1,100.000,  and  to  create  and  issue  £240,000 
5  per  cent,  redeemable  mortgage  debentures  of  the  Loch  Leven  Water  & 
Electric  Power  Co.  Mr.  G.  A.  Touche  stated  that  owing  to  the  enormous 
change  which  had  come  over  the  industry  during  the  past  18  months  it 
had  been  found  necessary  to  jiress  forward  the  completion  of  the  Kin- 
loddevcn  works  and  the  manxifacture  of  aluminium  was  begun  there  last 
month.  The  cost  would  be  £1,000,000.  The  scheme  at  Kinlochleven 
included  the  building  of  an  electric  railwiiy  and  a  village  for  housing  the 
employees.  Tlic  increase  of  output  thereby  assured  would  be  of  immense 
advantage  to  tlie  comjiany.  as  the  company  would  in  future  have  to  rely 
iipim  the  greatly  imrcnsed  sales  for  satisfactory  results. 

CALCUTTA  TRAMWAYS  CO.  (LTD.)— The  receipts  for  1908  were  £16.5,547, 
and  working  expenses  £10(),800,  leaving  a  balance  of  £58,747.  and  after 
adding  balance  forward,  &c.,  the  disposable  balance  is  £60,592.  Interest 
on  debenture  stock,  &c.,  and  the  dividends  on  preference  and  ordinary 
shares  absorbed  £41,498,  leaving  £19,094.  The  directors  propose  to  pay 
a  final  dividend  of  2s.  per  .share,  making  4  per  cent,  for  the  year,  to  add 
£5.000  to  dejireciation  and  to  carry  forward  £333. 

CANADIAN  GENERAL  ELECTRIC  CO.— The  directors'  report  for  1908 
states  that  the  ]irofit  was  S7.53.088.  Depreciation,  &c.,  and  interest 
absorbed  S242.720,  and  dividends  paid  (7  per  cent.)  amount  to  .S439,042, 
leaving  871,325,  which,  with  the  balance  from  1907  made  8145,231  for 
carrying  forward.  Notwithstanding  the  continued  industrial  depres- 
sion, the  company  secured  several  important  contracts,  which,  added  to 
current  business,  will  keep  the  company  fairly  busy  during  the  year. 
During  the  past  three  months  more  orders  were  secured  than  during  the 
previous  six  months,  and  a.s  indications  pointed  to  a  material  improve- 
ment in  trade  conditions  the  future  is  looked  forward  to  with  more  con- 
fidence than  at  any  time  during  the  preceding  year. 

HAVANA  EtECTRIC  RAILWAY  CO.— The  gross  earnings  in  1908  were 
S2,276,S07.  an  iu.  r-.isf  of  si:!3.iis4  over  1907.  After  deducting  expenses 
and  Ij  per  ci rut.  dividend  un  the  jireferred  and  1  per  cent,  dividend  on  the 
common  stock,  the  balance  was  §200,967.  The  gross  earnings  per  track 
mile  were  838,448,  against  $36,217,  and  net  earnings  §19,168,  against 
816,923.  During  the  year  a  decree  was  issued  by  the  Provisional 
Government  K'viug  authority  to  the  company  [to  con.struct  about  30 
miles  iif  ixtin-i'^ii^  nr  new  lines. 

INDO  EUROPEAN  TELEGRAPH  CO.  (LTD.)— The  directors,  in  their 
report  for  1908,  announce  that  they  have  been  successful  in  obtaining 
an  extension  of  the  Persian  Concession  for  20  years  from  January,  1925. 
Tariff  modifications  decided  upon  at  the  International  Telegraph  Con- 
ference at  Lisbon  will  not  materially  affect  the  Company's  receipts. 
Direct  Wheatstone  working  (without  intermediate  retransmission), 
hitherto  in  operation  between  London  (Manchester  and  Liverpool)  and 
Teheran,  has  been  extended  to  Karachi  by  the  co-operation  of  the  Indo- 
European  Telegraph  Dcjiartment  of  the  India  Office,  and  is  in  daily  use 
for  telegrams  exchanged  with  India  and  the  Far  East.  The  former 
retransmission  at  Teheran  has  thus  been  eliminated,  with  consequent 
gain  to  the  telegraphing  public  in  respect  both  of  speed  and  of  accuracy. 
Revenue  from  message  account  and  other  sources  amounted  to 
£132,837.  4s.  4d.,  compared  with  £136,579.  2s.  2d.  for  1907,  a  decrease 
of  £3,741.  17s.  lOd.  Expenses  on  commercial  and  general  account  were 
£49,926.  4s.,  and  on  maintenance  account  £25,807.  lis.  8d.,  making 
£7.5.733.  I.5.S.  8d.,  against  £73,052.  19s.  8d.,  an  increase  of  £2,680.  16s. 
The  balance  is  £57,103.  8s.  8d.,  which  is  reduced  to  £.53,601.  4s.  lid. 
by  deduction  of  income-tax.  Adding  balance  brought  forward 
(£8,558.  7s.  lOd.)  and  £549.  9s.  profit  on  realisation  of  investments,  the 
total  is  £62,709.  l.s.  9d.  The  directors  have  set  aside  £5.(J00  to  meet  line 
repair  contingencies.  Deducting  this  sum  and  interim  dividend  (ilO.tiio) 
there  remains  £47,084.  1  s.  9d.  The  directors  propose  a  dividend  for  the 
six  months  t«  Dec.  31,  1908,  of  I7s.  6d.  per  share  (making  6  per  cent,  for 
the  year)  and  a  bonus  of  20s.  jier  share,  both  tax  free,  and  to  make  a 
special  distribution  (tax  free)  to  the  shareholders  of  £12,750  (equivalent 
to  1.5s.  per  share)  out  of  inteiest  upon  certain  investments.  They  also 
propose  to  hand  over  to  the  trustees  of  the  retirement  trust  fund  a 
further  sum  of  £5,000,  carrying  forward  £10,209.  Is.  9d. 

A  shareholder  (Mr.  G.  von  Chauvin)  has  notified  that  he  will  at  the 
forthcoming  meeting  move  a  resolution  "  That  a  special  sum  of  £3,000 
be  voted  to  the  direet^irs  in  recognition  of  their  past  services  to  the  com- 
pany, to  be  divided  among  them  in  such  manner  as  they  may  deter- 
mine." 

ISLE  OF  WIGHT  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.)— Tlie  result  of 
the  tradiii^r  for  1908  'iucludinj;  £190.  Is.  IQd.  brousht  forward)  is  a 
profit  of  £11,391.  10s.  9d.  After  jiayinj;  iiifcrest  on  debentures  and 
loans  (£5,097.  17.--.  7d.)  and  a  dividei'iil  on  preference  shares  (£2,500) 
there  remains  £3,793.  1.3.s.  2d.  The  directors  recommend  that  £2,500 
be  placed  to  a  renewal  account  and  £1,000  to  reserve,  leavin<i 
£293.  13s.  2d.  to  be  carried  forward.  At  the  end  of  the  year  the  equiva- 
lent of  94,905  8  c.p.  lamps  was  connected  (against  89,300  in  1907)— at 
Ventnor  and  Bonchurch  21,074  (against  20,655),  Sandown  and  Shanklin 
19,392  (18,479j,  Newport  and  Cowes  34,435  (31,710),  and  Rvde  and  St. 
Helens  19  904  (18,456). 


NEW    COMPANIES,  STATUTORY    RETURNS,    MORT 
GAGES  AND  CHARGES,  &c. 

NEW  COMPANIES. 

BROWNE  ENGINEERING  CO.  (LTD.)  (102,382.)-Reg.  April  5,  capital 
£30,000  in  £1  shares  (5,000  preference),  to  adopt  an  agreement  with 
11.  J.  .S.  Mackay,  W.  J.  W.  Bullock  and  H.  A.  Harvey,  and  to  carry  on 
the  business  of  electrical  engineers,  electricians,  suppliers  of  electricity, 
*c.  Private  companj-.  First  directors  aie  H.  J.  S.  Mackay,  Vv'.  J.  W. 
Bullock,  H.  A.  Harvey  and  J.  A.  Smeeton. 

POWER  ENGINEERS  (LTD.)  (102,302)— Reg.  March  30,  capital  £2,000 
in  £1  shares,  to  carry  on  the  business  of  electrical,  mechanical  and 
civil  engineers,  manufacturers  of  and  dealers  in  electrical  and  other 
machinery  and  appliances,  &c.  Private  companj-.  First  direc- 
tors, W.  B.  Esson  and  R.  B.  Matthews.  Reg.  office,  Bank-buildings, 
Kingsway,  London,  W.C. 

SIR  JOHN  JACKSON  (SOUTH  AMERICA)  LTD.)  (102,452)— Reg.  April  7, 
capital  £100,000  in  £100  shares,  to  furry  on  the  business  of  contractors 
for  public  works,  iucludini;'  railways,  tramways,  docks,  electric  light, 
telegraphic  and  telephonic  works,  &c.,  in  South  America.  Private 
company. 

STATUTORY  RETURN. 

WASTE  HEAT  &  GAS  ELECTRICAL  GENERATING  STATIONS  (LTD.)  — 
Return  to  March  3  gives  capital  as  £150,000  in  £1  shares,  all  of  which 
have  lieen  taken  up.  £1  per  share  has  been  called  up  on  68,402,  15s. 
per  share  on  16,598  and  5s.  per  share  on  65,000  and  £97,100.  10s.  has 
been  received.     Mortgages  and  charges,  nil. 

MORTGAGES  AND  CHARGES. 

J.  DEFRIES  &  SONS  ^LTD.)- Charge  on  a  book  debt  due  from  the 
Midland  Railway  Co.,  dated  March  13,  1909,  to  secure  £174.  17s.  Id. 
Holders,  Messrs.  Gedge  &  Feeny. 

GRATZE  LIMITED.  —  Particulars  of  £2,500  debentures,  created 
Mai'ch  19,  1909,  filed  pursuant  to  sec.  10  (3)  of  the  Companies  Act, 
1907,  the  whole  amount  being  now  issued.  Property  ch.irged,  com- 
pan}''s  rnidertaking  .and  property,  present  and  future.     No  (irustees. 

COMPANY  INCORPORATED  OUTSIDE  THE  U.K. 

ELECTRICAL  ENGINEER  INSTITUTE  OF  CORRESPONDENCE  INSTRUC- 
TION (821F)— Particulars  filed  March  30.  Capital  *50,000  in  shares  of 
SIOO.  Reg.  in  U.S.A.  on  March  7.  1898.  British  address  :  13,  South- 
ampton-street, Holborn,  W.C,  where  Mr.  .J.  Wetzler  is  authorised 
to  accept  service. 


CITY  NOTES. 

HEUORANDA  (April  15). — Bank  rate  2i  per  cent,  (since  April  1, 
1909).  Price  of  silver,  23, "5 d.  per  oz.  Consols  85^ — 85J  for  money  and 
account.  Consols  Pay  Day,  May  5  ;  Stock  and  Shares  Continuation 
Day,  Ajird  27;  Ticket  Day,  April  28;  Pay  Days,  April  16  and  29. 
Mining  Shares  Carry  Over  Daj-,  April  26. 

Prices  of  Metals  (London). — Copper,  cash,  57i;  three  months  58J. 
Lead,  English,  13§ — 13;  ;  foreign,  cash,  13rV  ;  three  months, 
13g.  Spelter,  cash,  21i-2U;  two  months,  21^— 21g.  Tin,  English, 
133j— 135i  ;  foreign,  cash,  133J — 133i,  three  months,  134 — 134J.  Iron, 
Cleveland,  c;ish,  47/6J,  and  three  months,  48/2.  Magnet  Stetl  (price 
supplied  by  W.  F.  Dennis  &  Co.),  £55. 


EVERED  &  CO.  (LTD.)— The  accounts  for  1908  show  a  loss  of  £6,081, 
against  a  lo9s  of  £4,074  for  1907.  From  this  has  been  deducted  the 
credit  balance  of  £3,071  brought  forward,  leaving  a  debit  balance  of 
£3,010. 

FLEMING,  BIRKBY  &  GOODALL  (LTD.)— At  the  recent  meeting  a  divi- 
dend of  9  per  cent,  on  the  ordinary  shares  was  declared,  £9,589  being 
carried  forward. 

MEXICO  TRAMWAYS  CO.— A  dividend  of  1}  per  cent,  for  the  quarter 

ended  31st  ult.  has  been  declared. 

STOCK  EXCHANGE  NOTICES.— The  Stock  Exchange  committee  have 
been  asked  to  ap]ioint  s]ie<ial  settling  days  in  and  grant  quotations  to 
scrip,  fully  paid,  for  £1.2.'>ll,(lllll  (i  jii-r  cent.  50  year  mortgage  bonds  of 
the  Mexico  Truminiii-i  Ci).  and  iT.-i.dUO  4 J  per  cent.  £100  ])rior  lien  gold 
bonds  (registered)  of  the  Montreal  Water  tfc  Power  Co.,  and  .also  to  griint 
quotations  to  £357,100  4J  per  cent,  prior  lien  gold  bonds  (registered)  (in 
lieu  of  4  per  cent,  bonds  now  quoted)  of  the  latter  erunpany  ;  a  further 
issue  of  1,240  £10  fully  paid  (i  jier  cent,  cumulative  )ireference  shares  of 
the  Conntii  0/  London  L'cctrir  Stipphj  Co.  (Llil.)  :  35,704  ,^£10  fully  paid 
4  per  cent,  guaranteed  preference  shares  (in  lieu  of  ordinary  shares  now 
quoted)  of  the  (It.  Northrrn,  Piccadilh/  d-  Brompton  Railway  Co.  and 
IS.-,((,(KMI.OOO  additional  4  per  cent.  ,SI,000  convertible  bonds  of  the 
American  2\tephone  it  Telerjraph  Co. 

TELEPHONE  COMPANY  OF  EGYPT  (LTD.)  -The  directors  recommend 
.1  di\  idciid  ot  4  per  cent.  (4s.  ])er  sli.ire),  less  tax,  on  both  the  preferred 
and  deferred  shares  for  the  past  half-year,  making  10  per  cent,  for  the 
year,  placing  £500  to  reserve  for  contemplated  pension  scheme,  and 
carrying  £25,782  forward. 
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ELEGTBIQ  TRAMWAY  AND  RAILWAY  TRAFFIC 
RECEIPTS. 


Aberdeen  OorpoxfttlOD  ■ 

Alrdrle  

Anglo- Argentine 

Ayr  Corporation 

Baker  St.  &  Waterloo  By.... 

Barnflley 

Barrow  l" 

Bath  Eleotrlo  Trama,  Ltd.. 
Birkenhead  Corporation  ,. 
Bixmingham  Corporation., 

Birmingham  &  Mid 

Blackburn  Corporation 

Blackpool  and  Fleetwood.. 
Bolton  Corporation 


Bournemouth  Corporation.. 

Bradlord  Corporation 

Brighton  Corporation    

Bristol  Trama  &  Carriage... 

Burnley  Corporation 

Barton  Corporation  

Bury  Corporation  

Calcutta  Tramways  Oo 

Camborne -Bedrutb    

Cardiff  Corporation  

Oavehill 

Central  London  Railway  ... 

Charing  C.,EuBton  &  H'stead 

Chatham  &  Dist.  Lt.  Bys.... 

City  &  South  London  Rly... 

City  of  Birmingham  

Colchester  Corporation 

Cork  Electric  Trama  Oo.  ... 

Croydon  Corporation     

Devonport  &  Dist.  Trams... 

Dover  Corporation 

Dublin  &  Luoan  Railway... 

Dublin  United 

Dudley-Stourbridge   

Dundee  Corporation 

East  Ham  Council 

Exeter  Corporation 

Qateshead  &  Dist.  Trams... 

Glasgow  Corporation 

Glossop  Tramt? 

Graveaend — Northfleot 

Great  Northern  &  City  Bly.. 

Gt.  Northern,  Piccadilly, &o. 

Greenock  &  Port  Glasgow... 

Hartlepool  Tramways    

Hastings  Eleo.  Trama  Co.... 

Hong  Kong  

UuddersSeld  Corpn. 

Hull  Corporation 

nford  District  Council 

Ilkeston  District  CoonoU ... 

Ipswich  Corporation 

Isle  of  Thanet  Co 

Jarrow   

Eeighley  Corporation    

EidderminBter  &  District... 

Kilmarnock  Corporation  ... 

Lanarkshire  Trams  Co.    ... 

Lancashire  United 

Leamington 

Leeds  Corporation 

Leicester  Corporation 

Leith  Corporation 

Lincoln  Corporation 

Liverpool  Corporation  

Liverpool  Overhead  Rly.  .. 
f  uondon  County  Council  .. 

London  United^ 

Lowestoft 

Maidstone  Corporation 

MEinchester  Corporation  .. 

Mersey  Railway  

Merthyr 

Metropolitan  Dist.  Railway 

Metropolitan  Eleo.  Trams... 

Middleton 

Nelson  Corporation   

Newoaatle-on-Tyne  Corp.  ... 

Newport  (Mon.)  

Northampton  Corporation. 

Oldham,  Ashton  &  Hyde ... 

.  Oldham  Corporation  

i  Perth  (N.B.)Corporation  ... 
,  Perth(\V.A.)Elec.  Trams... 
:  Peterborough  

Portsmouth  Corporation  ... 

Potteries   

I  Preston  Corporation 

Rotberham  Corporation  ... 
i  Rothesay  

Salford  Corporation   

Sheerness 

Sheffield  Corporation 

Singapore  Trams  

South  Metropolitan   

South  Staffs 

Southend  Corporation  

Southport  Tramways 

'  Stalyb'db'c.IIydeA'C.Jt.Bd. 
Sunderland  Corporation  ... 

Sunderland  Diatrlot  

Swansea  Trams  

Swir,  on  Corporation    


Tynemouth  and  District  , 

Tyneaide  Trams  Co- 

Wallasey  District  Coundl 

Walsall  Corpn 

Warrington  Corpn.  ....... 

West  Ham  Corporation... 

Weston-super-Mare    

Wo'verhampton  Co 

'  Wolverhampton  Corpn... 


Mar.    11 
April     7 


3,256 

r38,-178 

1,43U 

i\m 

r>,576 
1,760 


Inc. 

or  Deo. 

(a) 


$3,196 
2,657 


Worcester . 

Wreiham ',',",' 

Torkehire  W.R.  Trama !!'..!. 
Yorkshire  Woollen  District. 


weeks.   Amount 


.in 

_ 

6 

131 

. 

12 

392 

+ 

92 

967 

+ 

311 

6:'I(J 

m 

- 

18 

2,lie 

— 

eu 

Si) 

— 

2 

!I9H 

. 

61 

74a 

^ 

87 

238 

- 

1 

•n 

1,335 

+ 

232 

811 

91 

13,176 

47,490 
2.U74 
2,5(3 
8,2-53 


3,!)C8 

1,601 

b3!2,721 

,430 


R712,73S 
1,619 


4,719 

303 

1,EU3 

67,297 

9,095 

63,394 

1,180 

393 

12,527 

760  505 

1,670 

2,211 

21,979 

81,7fO 

6,691 

2,603 

10,025 

$116,016 

3,'879 


16,412 
16,211 
l.Hll 


267 

27','323 

2,620 

136,177 

67,406 
3,669 


663 
6  670 
5,187 
7,130 
20,878 
],?U 

22,301 


n,53i 

$135,771 
8,263 
10.22  J 
336 
2,781 
1,526 
1,820 
9,910 
11,079 

"427 
1,618 
6,171 
1,370 
6,910 
19,361 
111,914 
314 
4,953 
9,979 
S,930 
1,121 
16,267 
10,686 


36,187 

323 

4,175 
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1,449 
"3,334 


1,21'J 

78 

IJl 

(3,211 


ulLAST 

£  Dm- 

g  Dwro 


101  7,0 

lol  4/« 
10   6/0 

St.  ax 

b    2/0 

St.   HX 

6    6,6 

6'  3/6 

St.    4% 

6    2/6 

6:  2/8 

8t.    *% 

St.\*i°l^ 

6i   2/S 

6    2/6 

St.    4J% 

10    7/0 

10    6/0 

St.    6% 

St.!  4i% 

6 1  iX 

6'  6% 

10    60 

10    6'0 

St.  1  m 
St.'  44% 

6  36 
6    26 

St.  4J% 
6,  4,t; 
6  4/0 
6  6% 
t.'  4% 

St.!  *X 

St.'  4J% 

3  1/!'S 

6,  3/0 

St.  I  4% 

6!  3,<i 

61  2/3 

St.  m 

St. 1 3}% 
100  4J;; 
1014% 
100    41% 

6    SK 

6  6% 
100.  4% 
100'   .. 

1  3% 
100  4i% 
10   8-0 

6  46 
St.    4% 

6    6/0 

6  3 '6 
St.    3i% 

6.  -• 
St.!  ix 

6    4/0 


St.  ax 

61  2/6 

6  26 

St.'  4i% 

6  6/0 

6  2/3 


HAMB. 


Prim 

Wod. 

AprU  14. 


'2!P-  Dot. 


ELECTRICITY  SUPPLY. 

'Bonmemonth  ft  Poole  Eleo.  8np.  Ord... 

Do.    4i  per  Cent.  Cam.  Pref.  

Do.     8  per  Cent.  Cum.  Second  Pref.  ... 

Do.  4i  per  Cent.  Deb.  Stock  (red.)  ... 
Bromley  (Kent)  El.  Lt.  Si  Power  Sharei 

Do.  Do.  1st  Debs. 

Rrompton  ft  Keneincfton  Eleo.  .Sup.  Ord, 

Du.-  7  per  Cent.  Pref. 

Cent  1  Eleo.  Sup.  Co.4  X  On«r.Db.8took 
Ch»linKCrOB8(W,End4City)Kl.SQp.Co. 

Do.    4J  per  Cent.  Pref.  

Do.    4per  Cent.  Deb.  Stock  (red.) 

Do,    4i  per  Cent,  Deb,  Stick  (red.)  .. 

'     Do.    City  Undertaking  4i%  Cm.  Prel. 

Chelsea  Electric  Supply  Ord. 


HZ 
f>i 

6Z 
6% 

6% 

*x 

6/0 
10    6/0 

10!    .. 

10!  4/0 

St.'  */, 

61  3/0 

St.    ikX 

10  ea 
10  e/. 

St.!  UK 

61  113 
St.  iX 
10 1  6/U 
6/. 
10 


10 

6°-!; 

St. 

*x 

1(1 

m 

St. 

4« 

.St. 

St. 

1 

" 

} 

078 

St. 

4t« 

St. 

llX 

8t. 

n 

Rt. 

8  X 

St. 

SX 

Ht. 

3  X 

St. 

3  X 

T)kj.    4i  per  Cent.  Deb.  Stock  (red.) 
tCity  of  London  Electric  Lighting  Ord... 
tOo.    6  per  Cent.  Cum.  Pref.  

Do.     6  per  Cent.  Deb.  Stock  (red.) 

Do.  44  per  Cent.  2od  Dob.  Stock  (rod.) 
CountyofDurhamElec.  P.D.  Ord 

Do.     5  per  Cent,  non  Cum.  Pref. 

t  County  of  London  Eleo.  Supply  Ord 

t  Do.     6  per  Cent.  Com.  Pref. 

Do.    4J%  Deb.  Stock  (red.)    

Do.     Second  Deb.  Stock 

I  Folkestone  Electricity  Supply  Co.  Ord 
t  Do.    6  per  Cent.  Cum.  Prof. 

Do.    44  Ist  Deb.  Stock  (red) 

tHove  Electric  Lighting  Ord 

KensinRton  4  Kniehtsbridge  Ord 

Do.    6  per  Cent.  Ist  Pref 

Do.    4  per  Cent.  Deb.  Stock  (red.) 

t  Kenaingtn.  ft  Kugtbg.  Co,  &  Notting  Hill 
Co.  (Joint  Station)  4%  Deb.  Stock  (red.) 

Kent  Eleo.  Power  Co 

London  Electric  Supply  Ord , 

Do.    6  per  Cent.  Pref. 

Do.    4  per  Cent.  1st  Mort.  Deb 

Metropolitan  Electric  Sap.  Ord 

Do.     44  per  Cent.  Cum.  Pref.  

Do,    4*  per  Cent.  Deb.  Stockist  Mort, 

Do.  slperCent.  Mrt.  Dab.  Slook(red,) 
Midland  Elec.Corp.for  P. D.ldtMort.Db, 
Newcastle  &  Dist.  Elec.  Ltg.  Ord 

Do.    44  perCeat.  Dab 

Newcastle  Elec.  Supply  Ord 

Do.     6  per  Cent,  non  Cum.  Pref.  

Dd.  4  per  Cent.  Mort.  Djb.  red.  1907. 
Norlh  Metro.  E'eo.Fowor  Sup.  SMorts 
Northern  Counties  fileo.  Bup 

Do.    4k  percent.  Djb 

Nottins'HiU  Electric  Ord ., 

Oxford  Electric  Ord 

Do.    4  per  Cent.  Dab.  Btook    

St.  James'  &  Pall  Mall  Eleo.  Ori 

Do.       7  per  Cjnt.  Pref,    

Do.  84  per  Csnt.  Dab.  Stock  (red.)  .., 
Smithfleld  Markets  Electric  Sap.  Ord.., 

Do.     4  per  Cent.  Djb.  Stock , 

tSouth  London  Electric  Supply  Ord 

South  Mctrop'n  Eleo.  Lt.  &  Power  Ord, 

Do.     7  per  (5ent.  Cam.  Pref 

(Do,    44  Ist  Db.  Stk.  R?lI 

lUrban  Electric  Supply  Ord 

t  Do.     6  per  Cent.  Cam.  Pref.    

)  Do.     H  per  Cent.  1st  Mort.  Djb 

Westminster  Elec.  Sup.  Ord 

Do.    44  per  Ceut.  Cam.  Pref.   

ELECTRIC  RAILWAYS  ft,  TRAMWAYS. 

Uaker  ht  «  Waterloo  4^  Perp.  l)b.  8t 
Bath  Elec.  Trams  Pref.  Ord 

Do.     6  per  Cent.  Cum.  Pref. 

t  Do.  44  1st  Mort.  D->1>.  Stock  (red.)  ... 
B'hanl  A  Midland  Trami  4)  1st  Db.Stk. 
Bristol  Tramways  &  Carriage  Ord 

Do.    Cum.  Pref.  (fully  paid) 

Do.    4jier  Cent.  Debi 

British  Electric  Traction  Ord 

Do.    6  per  Cent.  Cam.  Pref. 

t  Do.    6  per  Cent.  Perpetual  Dabs 

Do.    44  per  Cent.  2nii  Deb.  Stock 

Central  London  Ordinary  Stock , 

Di.    4  per  Cent.  Pref.  Stock    

Deferred  Stock 


Do. 
Cfaa 


r  Cent.  Debs. 


DJ-lOi 

n  -loj 

ICl-lO} 
101  —105 

4i-6 

05  —98 
83-65 
8  -SJ 

09  -1U2 
81-41 
4-44 

33  —98 

98  — lO'l 
81 -4J 
31-34 

102  -1U5 

lOi  -10; 
11-;  -i-'4 

121  -123 

101  -101 

1  —2 

34-3i 

81 -Si 

104-11 

106  — U9 

lol   —104 

44-5 

6-54 

95  —98 

n-n 

71  -71 

6j-ea 

03  —96 

97  -IC'i 

85  —39 
li-2i 
5  —54 

92  -96 

a  -6J 

H-5J 

10  J  —109 

86  -35 
Oj  —93 

5-5i 
88  -93 


City  of  Birmingham  Trams.  6%Cm.Pref. 

Do.    4  per  Ceut.  Ist  Mort.  Dobs 

City  ft  South  London  Ely.  Con.  Ord.  ... 

Do.     6  per  Cent.  Perp.  Pref.  (1891)    ... 

Do.    (189C) 

Do.    (1901) 

Do.     (1903)  1 

Do.     4  per  Cent,  Perpetual  Dabs j 

Dublin  United  Trams.  Ord  I 

Da.    6  per  Cent.  Pref. 

Ot.Norlliern&  City  Rly.  Pref.  Ord.  (4%) I 

0.  Northern,  Piccadilly  &  Brompton  Ord.i 
Do.    4  per  Cent.  Udb.  Stock '1 

aaBt.4iDi3.E.Trs.6%C.P.cx  2.-ooiio.of»TJ.| 

tDo.      44  Ub.  St 

Imperial  Tramways  Ord 

JDo.    6  per  Cent.  Pref. 

IDo.     44  per  Cent.  Debs 

1.  of  Thauet  B.  T.  ft  Lt.  6  per  Coat.  Pref. 
Do.    4perC3ut.  Uob.  Stock 

Lanarkshire  Tramways  ;•• 

Lanes.  Utd.  Trams  6  4  Prior  Lien  Do.  St. 
Liverpool  Overhead  Railway  Ord 

Do.    6  per  Cent.  Pref 

Do.    4  percent.  Deb.  ...  ......■■■■. 

London  United  Trams,  r,/.  Cum  Pref.  ... 

Do.    4  per  Cent.  Ist  Mort.  Deb.  Stock 
Mersey  Con.  Ord.  Stock    

Do.    8  per  Ceut.  Perp.  Pref.  ........ 

Metropolitan  Eleo.  Tramwaya  Ord, 

Do.    Deferred    •■■ 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    44  per  Cent.  Deb.  Stock  .. 


Metropob'an  Railway  Consolidated  . 

Do,    Surplus  Lauds  Stocks 

Do.    84  per  Cent.  Preference 

Do.  84  per  Ceut.  "  A  "  Preference  . 
Do,  84  per  Cent.  Conveitable  Pref. . 
Do     84  per  Cent.  Debenture  Stock  . 


6  13  4 
6  17  19 
5  U    0 


4     6  6 

6  :o  0 

4  11  0 

4  12  0 

5  11  0 

6  16  0 

4  U  6 

4    3  6 


4     2 

3  19 

4  12 

3  18 


Mu,  Sept, 
Feb,  Aag 
Feb,  Aug 
Jan,  Jaly 
April,  Oet 
May,  Not 
March. . .. 
Mar,  Beot 
Jane,  Dee 
Feb,  Aug 
Feb,  Aag 
Jan.  JnlT 

Jan,  July 
March  . . 
Jane,  Dee 
Feb,  Aug 
Jan,  July 
June,  Deo 
Jan,  July 
April,  Oct 
April,  Oct 
Feb,  Aag 
Mar,  Sept 
Jan,  July 
May,  Not 
April,  Oct 
Mar,  Sept 
Feb,  .\ug 
April,  Oct 
Feb,  Aag 
Jan,  Jaly 


BnsiBin 

8  Days  to 

Al-BIL  14. 
Bigh.Low 
eat.  '  ad. 


91  —96        4     4 


94   -97        4     2    6 


61  —70 

21-21 
i-i 

l/i-lj",, 

I'jo-iua 
4-1 
14-2 

7f<  -82 
9i-9J 
64-51 


-9S 


a  _3 


94-31 

8i-9 


2J  -:'g 
81  — 8j 
6t  —73 
65  -67 
8i  -65 
49  —51 
102  —101 
9.'  -91 
41 -4J 
99  —103 
31  -32 
110  -112 
10)  —10) 
1m!  _1J5 
93  — 9i 
100  -102 
114-124 
124-1)4 

i-l 

93  -94 

2  —3 
7S  -33 

7  — S 

8i  -8  J 
J-l« 

61  -59 

H  -10 
91  -3) 
1  -liV 

4}  -.-.J 
8i  -I 

3  -I 
01-71 

1  —2 

a  —3 


Vi  —Jl 
iS  -37 
69  -71 
87  —33 

73  —SO 
76  —77 
92  —91 


6  13  0 
4  18  0 
4  H    6 


4  14 

1  IS 
3  16 


8/J 


10;;   lu« 
»2t  1  l»» 


loj  1  loi 
1071  ,  .: 


April,  Oct 
Jan,  July 
Mar,  Sept 
Mar,  Bepl 
Jan,  July 
AprU,  Oct 
Jan,  July 
Jane,  Dec  1 
Jan,  July 
June,  Deo 
Feb,  Aag 
Jan,  July 
Feb,  Aag 
Feb,  Aag 
Jan,  July 

Mar.'iag 
Jan,  Jaly 
March  .. 
March  .. 
Jan,  July 
Feb,  Aag 
Feb,  Aug 

i  Jan,  July 
Feb    .... 

I  Feb,  Aag 
AprU.... 


iV, 


Feb,  Aag  •; 
April,  Ojt   10 '4 

April,  Ojt  i  •  • 

April,  Oct  " 

April,  Oat  •• 

Mar,  Sept  ?? 

Jan,  Jttfy  ,  H 


Jan,  Jaty  1 
AprU....  I 
J.»u,Jaly  1 
April,  Ost  : 
Jan,  July 
Feb,  Aag  I 


VJl 


Feb,Ang 

Jane,  D30        i 

Feb,  Aug       24 

April,  Oct       83 

May,  Not 

Feb,  Aag      67 

Feb,  Aug      85 

Feb....        _ 

Jan,  July    1031 

Jan,  July       V3i     93i 

April,  O't 

April,  Oct 

Feb,  Aug        3L      291 

Feb,  Aug        —  I     .. 

Feb,  Aug        - 

Feb,  Aug        .  •  I     M 

Feb,  Aug       91       ., 

May,  Not       ..I     .. 

Feb,Aa;! 

Feb,  Aag        ..        .. 

Feb,  Aug        ..        _ 

Feb,  Aug        ..         .. 

Jan, July  .    934     •■} 

.M»r,  Sept 

April,  Ojt 

Msr,  Sept 

Mar,  Sspt 

Jan,  July 

Mar,  S3pt 

Jaa,  J  uly 

Feb,  Aug 

Jan,  July 

Feb,  Aug 

Fob.  Aag 

Jan,  July 

Jan,  July  I 

Jan,  J  uly 

Feb,  Aug.  I 


April..  . 
Feb,  Aug 
Jaa,  July 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Feb,  Aag 
Jaa,  July 


I6i 
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EL.ECT]RICAJL.    COMX»AJVIES"    SHARE    LIST Continued. 


g  Last 
=  DITI- 
to   DEND 


NAME. 


Price    I 

Wed..    1 

i»  prill*. 


VIKIJ).    "'J,™"'"     8  Days 
■""•       1    Armi 


Last 
Dm- 
Idend 


April  14. 


Business 
8  Days  io 
April  U. 


St-  SJ% 
St.  .. 
St  I  .. 
3i% 


0/9? 


ElECTRIC  BAIIWAYS  &  TRAMWAYS-  Continued. 

Met.  Rly.  SJ  per  Cent.  "  A  ■  Dfh.  Stock  i    90  —92 

M  -.'ropolitan  Distriot  KaUwav  Ord '     HJ— 15 

Do.    E-Ttension  Pref.  (6  per  Cent.)  I     S"  — 33 

Do..  Assented  E.tt.  Pref.  (Int.  GuBr.  by 

Und.  Elec.  liWs.  Co.  of  London,  IAA'.)\  63  -66 
Do.  3  per  Cent.'Consoltd.  Bent-chargel  77—79 
Do.     4  per  Cent.  Midland  Bent-eharge'  Iwa  —106 

Do.     Gnar.  Stock  4  per  Cent fl-Sl 

Do.    6  per  Cent.  Perp.  Deb.  Stock  '  136  —lis 

Do.     4  per  Cent.  Ditto -     69-12 

New  Gen.  Tract.  6  per  Cent.  Cum.  Pref. 

Potteriea  Electric  Traction  Ord 

Do.     6  per  Cent.  Cum.  Pref.  

Do.    4i  per  Cent.  Deh.  Stock 

s.  Met.  Elec.  Trams.  4  Ltg.  6%  Cm.  Pref. 
Do.    4  per  Cent.  Deb.  Stock 

Sonderland  Diat.  Eleo.TrmB.65fl«tMt.Db. 

UndergdE.Eys.Lon.S"  In.bds.witli  coilp.sl 
Do.    5^  Prior  Lien  Bonds 

Do.    4*1;  Kondswith  coup.  2  ..  ' 

Yorkehire  (W.B.)  Elec.  Trama.  Ord. ..." 
Do.    6  per  Cent.  Cum.  Pref.   . 
Do.     4  J  per  Cent.  1  at  Debs " 

ELECTRIC  MANUFACTURING,  Ac. 

Aron  ElectncttT  Meter  Ord 

Do.    6%Cnm.  Pf.   „ 

Babcock  &  Wilcox  Ord 

Do.    Pref 

British  Insulated  A  Helsby  Cables  Ord. 

Do.    6  per  Cent.  Pref. 

Do.  H  per  Cent.  1st  Mort.  Deb.  (red.) 
British  Thoms'n-Houst'n  i^X  1st  Mt.Db. 
Britifh  Westinghonse  6  per  Cent.  Pref... 

Do.    6  per  Cent.  Prior  lien  Dbs  (rd.) 

Do.    4  per  Cent.  Mort.  Deb.  Stockl 

BiushE.En(;.Co.4i",,Perp.  IstDeb.Stock 

Do.     Perpetual  2nd  Deb.  Stock    .... 
Callender's  Cable  Con.  Ord '. 

Do.    6  per  Cent.  Cum.  Pref.  

Do.  4J  per  Cent.  Ist  Mort  Deba.  (red. 
Caatner.Kellner  Alkali  Co 

Do.  4i  per  Cent,  lat  Mort.  Deb.  (red.) 
u,:  Chadburn's  (Ship)  Telegraph  Ord.  ... 
0/7J   t  Do.    6  per  Cent.  Cum.  Pref. 


*x  • 

BO    . 
2/6 

m 

1/6 


solidated  Electrical  Co. 

1  J/o"  I  Consolidated  Signal  Co \.. 

1  (I/7J  '     Do.    6  per  Cent.  Cum.  Pref.  

3  3/U    j   'Cronipton  &  Co.  (Nos.  1  to  86,000)  .'....". 

100  bX    I     Do.    6  per  Cent,  let  Mort.  Debs.  (red.). 

1'  0/7S  tDaris  4  Tinmiina 

5  2/0      Dick,  Kerr  ct  Co.  Ord .'".■... 

6  0/7J    t  Do.    6  per  Cent.  Cum.  Pref. 

Bt.  4JX  '     Do.    4}  per  Cent.  Deb.  Stock   

6  1/6   I  Ediaon  JiSwanUniled("A"8h.)(£3Dd.) 

6  2/6        Do.    (jE6p8id) 

St.  4%    I     Do.    4  per  Cent.  Mort.  Deb.  Stock  (rd. 

bt.  6%     t   Do.    eberCent.  2nd  Deb.  Stock 

t  ..        EdmoDdaon'a  Elec.  Corp.  Ord.    

6  ..     I     Do.    6  per  Cent.  Cum.  Pref.  

Bt.  4J%  i     Do.    4}percent.  1st  Mort.  Deb.  (red.) 

2  ..     1  Electric  Constraotion  Co 

2  2/9;      D?.    7  per  Cent.  Cum.  Pref.  

St.  'X         Do.     4  per  Cent.  Perp.  Ist  Mort.  Debs. 

10  6/0      General  Electric  (1900)  6%  Cum.  Pref... . 

St.  45;     t  Do.    4  per  Cent,  let  Mort.  Deba 

5  lu/3  .   IlenlcT's  Telegraph  Works  Ord. 

6  2/3         Do      4i  per  Cent.  Pref.    

Bt  *hX       Uo.    4  j  per  Cent.  Ist  Mort.  Deb.  Stock 

in  16/0  .  India  Eubber, Gut.  Per,,  4c.,WrkB.  ... 


Do, 


,  Pnf. 


102  -103 

f4  -S6 

1-1 

2J-3 

64  —68 


44-4J 

lrt-lT% 

6|-7i 

6  -fi 

104  — 1U7 

91  —96 


9J-10J 
61-63 


H  -13 
ua— 107 
-it-iA 


8    0 

0 

6    0 

U 

i  4  19 

0 

9  12 

0 

6    3 

t; 

6  19 

0 

4  17 

0 

6    4 

6 

I         - 

5    2 

0 

6  13* 

fl 

4  14 

(1 

3  16 

0 

7    0 

(1 

4  14 

0 

4     4 

u 

i  13 

3 

6    6 

11 

9     4 

II 

7     7 

H 

11   16 

U 

6  13 

B 

4     7 

U 

4     4 

(1 

7     7 

n 

Jan,  July  I  91 J 
Feb,  Aug  16 
Feb,  Aug 

Feb,  Ang  _  .  ■ 
Jan,  .Tuly  7^^ 
Jan,  July  108 
Mar,  Sept  *»3 
Jan,  July  13HJ 
Jan,  July  i  8<g 
May  ....  !  •• 
April,  Oct  . . 
Feb,  Ang  |  . . 
May,  Nov  ; 
Fob,  Ang 
Jan,  July 
Jan,  July 
•Tone,  Deo  35  J 
103 


Jul,  July 


U-li 
1^— 1| 

95  —98 
J-IJ, 

],■'., -Ij'.. 

lOi'— 104 

l-i, 

16  -78 

E4  —87 

69  -62 

1  -IJ 

eo  —64 

7i-73 
63  -87 
llJ-121 

6  -6i 
106  —108 
15  —16 

iCi-11 

98  —100 


83  —86 

li 

6  —51 

32  —34 

1(0  —102 

Ii'«-1A 

ICti  —109 
1C4  —1(6 
104  —106 
106  -1(8 


100  -102 
14  -14j 
86i— tfj 
-     8J 


4  10  0 
6  0  0 
4     2    0 


.     Do.    4  per  Cent.  Debs,  (red.) 

National  Elec.  Construction  Co 

Kichardsons,  Westgarth  &  Co.,  Ltd.  Ord, 

Do.     6  per  Cent.  Cum.  Pref. 

To.    4j  per  Cent.  Perp.  Deb.  Stock    ... 

Simplex  (Jonduits  Ord 

Do.    6  per  Cent.  Cum.  Pref.  

Telegraph  Consti  uction  4  Maintenance 
L;..    4  per  Cent   Deh.  Bonds  (1909)    ... 

tVKKers,  Sons  4  Maxim,  Ltd.,  Ord I 

t  Do.     6  per  Cent.  non. Cum.  Preference! 

f  Do.    6  per  Cent,  non -Cum.  Preferred 

Do.    4  per  Cent.  Ist  Mort.  Db.Sk.(red) 

Do.    4J  per  Cent.  2nd  Mort.  Deb.  (red.) 

Do.    6  per  Cent.  Srd  Mort.  Debs  Bcrip. 

J.  G.White  4  Co.  6%  Cm.  Pref. 

Willacs  i  Kobinson  Ord 

Do.    6  per  Cent.  Cum.  Pref.  

Do     4  per  Cent.  Ist  Mort.  Deb 

TELEGRAPHS. 

I  Amazon  Telegraph 

Do.     6  per  Cent.  Debs,  (red  )  

Anglo-Amencsn 

Do.    Preferred   

Do.     Deferred     

ICommercial  Cable  4  per  Cent.  Deb.Stk. 

Cnba  Submarine  Ord 

Do.    Preference  10  per  Cent '     yj* ly 

I  Direct  Spanish  Ord 3  _3i 

*  Do.    10  per  Cent.  Cum.  Pref.    81— ">1 

Do.    4J  per  Cent.  Deb lOO;;— 10-i"/ 

t  Direct  Dnitei  States  Cable  l?i— 123 

Direct  West  India  Cable  4J JJ  Eg.  Db.  (rd. )     1 00—10-' 

Eaetem  Ordinary    |o(/i_]3oi 

'     Do.    3J  per  Cent.  Pref.  Stock  fcj  — 67"' 

Do.  J  j)cr  Cent.  Mort.  Deb.  Btk.  (red.)!  101  — lOB 

'  '   ■       ■  111-128 

(0  -102 


Eastern  Extension 

Do.    4  per  Cent.  Deb.  Stock  

Eastern  i  S.Af.  iX  Mauritius  Sub.Debs. 

O.N.  (oi  Copenhagen),  with  Coupon  75    .      V9  — ai 

Lalifaiibermud.li/ IstMt.  Db^red.)    PO  —10" 


>-Europe 
UacksT  Companies  Common  .. 

Do.      JPrcIorence    

Marconi  a  Wireless  Teleg.  Co _ 

Pacific  4  Europcn  Tel.4»Oo»r.Db».'(redi)i  lOo'— 102 

-'"• "---^  -  11-1, 


—65 
■>2  -n 
71  —78 

3-i 


West  Coaotol  An 
Do.    4  per  tent.  Deliy. 


e/D    1 
12/0 


t  India  ii  Panama 
Do.    6  per  Cent,  lat  Pref 

Do.    6%  2nd  l-ref  

6  per  Cent.  Debs, 


ICO  —102 

74-H 
75-84 
100  —102 


6  6 
6  13 

3  18 
2  16 

4  10 
6  17 
e  11 
.  16 
6  8 
4  H 
6  15 
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N^  O  T  E  S. 


The  Institution  of  Electrical  Engineers. 

The  following  iiomination.s  for  the  new  Council  of  the 
Institiition  of  Electrical  Engineers  were  announced  at  the 
meeting  yesterday  evening : — 

President. 
Dr.  Gisiert  Kapp. 
Vice-Presidents. 
Sir  H.  H.  Cunynghanu,  K.  C.B.     S.  Ecershed. 
W.  Duddell,  F.R.S.  Col.  H.  C.  L.  Holden,  F.R.S. 

Members  of  Council. 
II'.  W.  Cook:     '  Major  W.  A.  J.  O'Meara,  C.M.G. 

G.  K.  B.  Elphinstone.  W.  H.  Patchell. 

Dr.  E.  Hopkinson.  /.  H.  Rider. 

J.  W.  Jacoinb-Hood.  W.  Rutherford, 

ir.  Judd.  J.  F.  C.  Snell. 

T.  Mather,  F.R.S.  G.   Stoney. 

W.  il.  Morrison.  A.  H.  Walton. 

G.  H.  Wordingham. 
Associate  Members  of  Council. 
E.  Russell  Clarke.  H.  Human. 

J.  E.  Taylor. 
Hnn.  Treasurer. 
Rjbert  Hammond, 
The  names  printed  in  italics  are  new  nominations.  The  hon.  treasurer 
retires  annually,  and  is  eligible  for  immediate  re-election. 

No  engineer  was  more  closelj'  a.ssociated  with  the  early 
days  of  electrical  engineering  than  Dr.  Gisbeet  Kai'P,  who 
was  welcomed  back  to  this  country,  after  au  absence  of  a 
few  years  in  Germany  (where  he  occupied  conspicuous 
positions  as  Editor  of  the  "  E.  T.  Z.,"  and  as  secretary  of 


the  Verband  Deutscher  Electrotechniker),  to  fill  the  chair 
of  electrical  engineering  at  Birmingham  University.  Of 
the  vice-presidents,  Sir  Henry  CuNYXOH.iiiE  has  already 
served  on  the  Council,  and  is  well  known  in  connection 
with  patent  law;  but  in  recent  years  he  has  been  connected 
more  particularly  with  the  legal  restrictions  which  in  this 
country  become  necessary  to  a  growing  industry,  being  at 
the  present  time  one  of  the  Assistant  Under-Secretaries  at 
the  Home  Office  Mr.  Duddell  and  Mr.  Evershed  have 
served  on  the  Council  on  previous  occasions  and  their  careers 
are  well  known  to  our  readers.  Of  the  new  ordinary  mem- 
bers of  Council,  Mr.  W.  W.  Cook  is  assistant  chief  engineer 
of  the  National  Telephone  Co.,  Mr.  G.  K.  B.  Elphixstoxe,  we 
need  scarcely  say,  is  identified  with  Messrs.  Elliott  Bros., 
and  was  formerly  associated  with  the  firm  of  M.  Theiler  & 
Sons;  Mr.  W.A.LTER  Judd,  electrician-in-chief  of  the  Eastern 
&  Associated  Telegraph  Companies,  has  served  on  a  previous 
occasion,  as  have  also  ilr.  J.  H.  Eider  and  Mr.  C.  H. 
WoRDiNGHAJi.  On  the  ocher  hand,  the  Council  are  intro- 
ducing some  new  blood  by  the  selection  of  ilr.  W.  M. 
Morrison,  engineer  and  managing  director  of  the  British 
Aluminium  Co.  Among  the  associate  members  of  Council, 
Mr.  E.  EussELL  Clarke  is  an  entirely  new  nominee,  and 
is  well  known  in  that  section  of  the  Bar  dealing  with 
patent  actions. 

Another  Solution  of  the  Wiring  Problem. 

At  present  it  may  be  said  tliat  there  are  two  schools  of 
thought  in  regard  to  the  wiring  problem,  or  the  problem  of 
wiring  houses  at  a  reasonably  low  cost.  One  school  prefei-s 
the  device  of  giving  the  cable  a  metallic  covering  sufijciently 
strong  to  aftbrd  mechanical  protection,  but  at  the  same 
time  not  so  stiff  as  to  prevent  easy  flexibility.  The  Staunos 
system,  which  we  described  a  week  or  two  ago,  is  an 
example  of  this  kind.  Such  a  system  presents  a  satisfac- 
tory solution,  and  one  that  can  be  applied  to  work  not  only 
upon  the  surface,  but  equally  well  to  work  that  is  concealed 
beneath  the  plaster.  The  second  school  of  thought  is 
concerned  with  surface  work  exclusively.  In  this  con- 
nection we  have  pointed  out  on  previous  occasions  that 
although  ordinary  "  flexible  "  may  not  be  so  suitable  for  the 
purpose  in  this  country  as  abroad,  a  special  kind  of  cable 
might  very  well  be  evolved  for  the  purpose.  The  ordinary 
"  flexible "  stands  a  good  deal  of  everyday  wear,  and 
little  exception  is  taken  to  it.  Therefore,  a  more  haixly 
variety  should  surely  be  suitable  for  surface  wiring  where 
no  very  great  wear  would  be  experienced.     "We  are  glad  to 
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note  that  Simplex  Conduits,  Limited,  have  taken  the  matter 
up,  and,  as  will  be  seen  in  another  column,  three  grades  of 
flexible  twin  wire  are  now  available  for  surface  work  of  this 
kind.  The  first  grade  is  armoured  with  tinned-iron  wire, 
the  second  grade  is  covered  with  flame-proof  material  in 
place  of  such  armouring,  and  is  weather-proofed  beneath 
the  flame-proofing,  and  the  third  grade  is  simply  covered 
with  cotton,  the  covering  beneath  this  cotton  also  being 
weather-proofed.  We  do  not  doubt  that  cables  of  this 
class  will  meet  a  very  distinct  want,  and  we  trust  that  this 
kind  of  surface  wiring  will  receive  more  careful  attention 
now  that  the  desired  material  is  at  hand. 


The  Electric  Supply  Industry  in  America. 

Some  idea  of  the  progress  made  Ijy  the  electricity  supplj- 
industry  in  America  is  afforded  by  the  central  station 
statistics  contained  in  the  half-yearly  electrical  directory 
issued  by  the  publishers  of  our  contemporary,  the  "  Elec- 
trical World."  Tiie  most  recent  publication  contains  par- 
ticulars of  5,7-iO  plants  on  the  North  American  continent, 
of  which  5,264  are  in  the  United  States.  The  correspond- 
ing figures  a  year  ago  were  5,464  and  5,015  respectively, 
and  the  number  of  new  plants  is  really  much  greater  than 
is  indicated  by  these  figures,  since  a  large  number  were 
last  year  absorbed  or  consolidated;  actually,  during  the 
last  six  months  alone,  195  new  stations  in  the  United 
States  have  been  entered  in  the  directory.  When  these 
figures  are  compared  with  the  retixrns  contained  in  our 
recent  Electric  Supply  Tables  the  difference  in  the 
development  of  electricity  supply  in  the  smaller  towns 
in  this  country  and  America  Ijecomea  most  marked,  for  it 
is  probably  in  the  number  of  these  small  plants  that  the 
difference  between  the  returns  for  the  two  countries  must 
be  sought.  One  factor  that  helps  such  a  movement  is  that 
in  America  the  small  town  of  to-day  is  a  large  town  to- 
morrow, whilst,  in  this  country,  no  such  rapid  development 
can  be  looked  for  to  aid  electrical  enterprise.  Another 
feature  encouraging  the  adoption  of  electric  power  is  the 
extensive  system  of  inter-urban  electric  railways,  which 
has  been  so  far  developed  that  it  will  probably  be  possible, 
at  an  early  date,  to  travel  from  New  York  to  Chicago,  a 
distance  of  about  900  miles,  by  such  means.  Since  no  less 
than  4,154  of  the  plants  give  an  alternating  current  supply, 
there  seems  every  inducement  for  the  adoption  of  metallic 
filament  lamps.  The  great  ]ireponderance  of  these  plants 
is  certainly  interesting  when  compared  with  the  tendency 
to  favour  continuous  current  for  small  stations  in  this 
country. 

Royal  Society. — Among  the  Papers  read  at  the  meeting  yes- 
terday afternoon  wa.s  one  on  "  Dynamic  Osmotic  Pressures  " 
by  the  Earl  of  Berkeley,  F.K.S.,  and  Mr.  E.  (!.  J.  Hartley. 

Imperial  College  of  Science  and  Technology. — At  a  recent 
meeting  of  the  Governors  it  was  decided,  subject  to  the 
approval  of  the  King  in  Council,  to  recognise  the  association 
of  the  College  with  the  metallurgical  department  of  the 
Sheffield  University  for  the  subject  of  advanced  metallurgy 
in  iron  and  steel.  It  was  felt  that  this  course  would  provide 
greater  facilities  than  would  be  obtained  by  organising  a  now 
department. 

Cable  Interruptions  and  Repairs. 

Date  of  Interruption.  Date  of  Rejiuir. 

Pontianak— Saigon  Sep.  16,  1908     .„  Apr.  16,  1909 

Tourane— Amoy    Jan.  19,  1909     ...  Apr.  19,  1909 

Hong  Kong— Macao Apr.  13,  1909     ...  — 

Obock— Djibouti  Apr.  15,  1909     ...  —  ' 


Fatal  Accident  to  Prof.  Tufts.— A  recent  Central  News 
telegram  states  that  Mr.  F.  L.  Tufts,  professor  of  physics  in 
Columbia  University,  was  recently  killed  while  engaged  in 
some  electrical  testing  work. 

Iron  and  Steel  Institute — We  announced  in  our  last  issue 
that  Sir  Wni.  I^ewis,  president  of  this  Institute,  might  be  un- 
able to  preside  at  the  forthcoming  annual  meeting  in  London. 
Sir  William  has  now  intimated  that  he  will  be  unable  to  hold 
office,  thus  placing  the  council  in  a  position  of  some  difficulty. 
Under  these  circumstances  Sir  Hugh  Bell  has  consented  to 
hold  office  for  a  further  term  of  twelve  months. 

Junior  Institution  of  Engineers. — The  twenty  fifth  annual 
dinner  of  this  lustitution  will  be  held  at  the  Hotel  Cecil  on 
Saturday,  May  1st,  at  7  for  7:30  p.m.  Mr.  James  Swinburne, 
F.R  S.,  president  of  the  Institution,  will  occupy  the  chair,  and 
Mr.  R.  B.  Haldaue,  M.P.,  will  be  the  guest  of  the  evening. 

The  visit  of  the  Institution  to  inspect  s.s.  "Otaki  "  has  been 
postponed  till  April  28th. 

Victorian  Institute  of  Engineers. — The  annual  general 
meeting  of  this  Institute  was  held  in  Melbourne  on  March  10. 
The  report  of  the  Council  stated  that  thy  increase  in  the 
number  of  members  was  the  largest  in  any  one  year  since  the 
early  days  of  the  Institute,  and  a  promising  feature  was  the 
esta])lishnient  of  a  student  grade.  A  salaried  secretary  (Mr. 
D.  L.  Stirling)  has  been  appointed,  and  Mr.  J.  A.  Smith  has 
been  re-elected  president,  Mr.  H.  R.  Harper  becoming  vice- 
president. 

Leeds  Section  of  the  Institution  of  Electrical  Engineers.— 
The  following  are  tlie  nominees  put  forward  by  the  council  of 
this  section  for  election  to  the  committee  during  the  session 
1909-10.  The  election  will  take  place  at  the  annual  general 
meeting  on  May  6th  :  Chairman,  Mr.  W.  M.  Rogerson  ;  vice- 
chainnan,  Mr.  T.  Harding  Churton  ;  committee,  Messrs.  A.  B. 
IMountain,  W.  Hartiiell,  A.  J.  Cridge,  H.  H.  Wright  and  S.  W. 
Schofield  ;  him.  sec,  Mr.  H.  Dickinson. 

Power  Generation  by  the  Tides. — According  to  the  "  Elek- 
troteehnik  und  Maschinenbau  "  the  idea  of  utilising  the  force  of 
the  tides  for  the  generation  of  electric  power  has  not  been 
altogether  abandoned  in  Germany.  With  this  end  in  view  a 
station  of  an  original  kind  is  to  be  constructed  on  a  branch  of 
the  Elbe.  The  promoters  of  this  scheme  are  endeavouring 
to  get  users  of  light  or  power  in  the  neighbourhood  to  take 
advantage  of  this  method  of  utilising  the  movement  of  the 
North  Sea. 

New  Type  of  Tantalum  Lamp  Filament. — According  to  the 
"  Electrical  World  "  a  patent  recently  issued  to  Werner  von 
Bolton,  of  Charlottenburg,  describes  a  new  type  of  incandes- 
cent-lamp filament,  consisting  of  a  homogeneous  mixture  of 
metallic  tantalum  intimately  commingled  with  a  carbide  of 
tantalum  or  of  a  metal  of  the  vanadium  group.  Tiie  most 
advantageous  form  of  the  invention  is  stated  to  be  a  mixture 
of  tantalum  and  tantalum  carbide,  and  is  secured  by  heating 
tantalum  powder,  held  in  a  plastic  mass  by  a  binder  which  is 
carbonised  by  heat,  thus  giving  rise  to  the  carbide  of  the  metal. 

Personal. — The  Marylobone  Electric  Supply  committee  re- 
cently received  128  applications  for  the  position  of  engineer 
and  manager  of  the  electricity  undertaking,  and  this  number 
was  reduced  to  four.  After  interviewing  these  the  committee 
recommended  ]\Ir.  A.  Hugh  Seabrook,  of  ^^'est  Ham,  for  the 
appointment,  to  which  a  commencing  salary  of  £800  per 
annum  is  attached.  Mr.  Seabrook,  who  has  been  engineer  and 
manager  at  West  Ham  for  3i  years,  served  his  apprenticeship 
with  Messrs.  Crompton  &  Co.  He  was  assistant  at  Great 
Yarmouth  for  three  years,  and  spent  a  similar  term  at 
Hampstead,  after  which  he  became  engineer  and  manager  at 
Barking,  from  which  place  ho  migrated  to  West  Ham.  Mr. 
Seabrook  has  proved  a  most  energetic  and  progressive  chief  of 
the  West  Ham  electricity  undertaking. 

Alimiinlum  Direct  from  Bauxite. — The  difficulties  and  cost 
attendant  on  the  reduction  of  aluminium  by  the  usual  method, 
which  requires  that  the  alumina  shall  be  free  from  impurities 
before  reduction,  has  led  a  German  inventor  to  propose  a 
process  whereby  the  purification  of  the  alumina  and  the  re- 
duction of  the  aluminium  go  on  together,  while  a  valuable  by- 
product is  also  obtained.     In  this  method,  according  to  the 
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"  Engineering  and  Mining  Journal,"  the  crude  bauxite  is 
mixed  with  carbon  and  a  boron  compound,  and  treated  in  the 
electric  furnace.  The  iron  and  silica  go  into  combination  with 
the  boron,  forming  an  exceedingly  hard  material,  which  has  a 
commercial  value  as  an  abrasive,  while  the  pure  alumina  passes 
to  another  part  of  the  same  furnace,  or  to  another  furnace,  if 
desired,  for  reduction  into  aluminium  in  the  usual  way. 

Electric  Heating  and  Cooking  in  Hotels. — According  to  the 
"Electrical  Keview  and  Western  Electrician,"  the  Stantley 
Hotel,  at  Estes  Park,  Colorado,  is  to  be  operated  by  electricity. 
Mr.  F.  0.  Stantley,  the  proprietor,  has  acquired  his  own 
water-power,  which,  at  a  distance  of  four  miles,  will  provide 
enough  electric  power  to  supply  not  only  all  the  electricity 
for  use  in  the  hotel,  but  for  his  own  private  residence  and 
for  the  cottages  in  Estes  Park.  Street  lighting  will  also  be 
supplied  from  the  same  source.  The  owner  is  determined  to 
make  his  hotel  representative  of  the  latest  ideas  iu  applications 
of  electricity,  and  has  ordered  a  complete  electric-cooking 
equipment  for  his  kitchen  ;  electric  water  heaters  for  supplying 
hot  water  for  the  baths,  kitchen  and  laundry  ;  also  electricall}-- 
heated  mangle  and  flat-irons  for  the  laundry.  When  open  for 
regular  service  this  summer  the  hotel  will  be  "up  to  the 
minute  "  in  all  its  electrical  ajjpointments. 

H^roult  Electric  Furnace  in  California. — The  "Electrical 
World"  states  that  the  Noble  Electric  Steel  Co.,  of  Heroult, 
California,  is  about  to  start  up  an  electrical  process  for  smelt- 
ing iron.  The  cost  of  electrical  energy  at  Heroult  is  £2.  Ss.  per 
horse-power  year,  or  £.3.  4s.  per  kw.-year.  In  an  experimental 
furnace,  which  made  several  test  runs  last  year,  it  is  stated  that 
1^  tons  of  iron  were  produced  per  day  at  a  cost  of  17s.  per 
ton  of  pig  iron  for  electric  energy.  With  the  larger  furnace, 
now  nearing  completion,  from  15  to  20  tons  of  pig  iron  a  day 
will  be  produced  for  an  expenditure,  it  is  believed,  of  16s.  per 
ton  for  electrical  energy.  It  is  claimed  that  iron  can  be  made 
at  the  furnace  for  £3.  -Is.  a  ton.  The  electric  smelting  furnace 
for  iron  ore  consists  of  a  concrete  stack  20  ft.  high,  with  elec- 
trodes fixed  in  the  walls  of  the  crucible,  the  charging  being 
done  from  the  top,  so  that  a  long  column  of  charge  is  pre- 
heated before  it  reaches  the  fusion  zone  between  the  electrodes. 
The  electrodes  are  24  in.  apart. 

Magnetite  Arc  Lamps. — A  patent  recently  issued  in  the 
United  States  to  Dr.  C.  P.  Steinmetz  describes  the  use  of  arc- 
lamp  electrodes  composed  wholl}^  or  largelj'  of  magnetite. 
When  the  positive  electrode  is  made  of  this  material  the  arc 
gives  oft' a  brilliant  white  light  having  a  spectrum  like  that  of 
iron.  The  inventor  states  that  the  negative  electrode  need  not 
be  of  magnetite,  as  the  composition  of  the  positive  electrode 
determines  the  quality  of  the  light.  He  suggests  the  use  of 
certain  impurities,  such  as  magnesia,  lime  or  alumina  com- 
pounds, in  the  positive  electrode  for  improving  the  perform- 
ance of  the  lamp.  In  a  patent  issued  to  Dr.  W.  K.  Whitney 
the  use  of  copper  for  the  negative  electrode  is  described.  This 
electrode  is  so  constructed  that  the  heat  generated  by  the  arc 
will  maintain  it  at  a  certain  temperature  which  is  below  that 
of  oxidation  of  the  copper,  but  which  is  high  enough  to  pre- 
vent the  products  of  combustion  of  the  arc  from  condensing 
on  the  electrode. 

Corps  of  Electrical  Engineers. — A  detachment  of  the 
Corps  of  Electrical  Engineers  visited  Sheerness  for  an  Easter 
training,  under  the  command  of  Capt.  H.  E.  Webb-Bowen  and 
■Sec. -Lieut.  W.  E.  Hammerton.  Thej-  returned  to  town  on 
Saturday  last.  The  weather  during  the  training  Avas  on  the 
whole  favourable  for  carrying  out  the  work  of  the  corps, 
the  detachment  being  engaged  in  running  the  searchlights  in- 
stalled at  Sheerness  for  the  defence  of  the  Medway.  On  Wed- 
nesdaj'  morning  there  was  an  inspection  by  the  officer  com- 
manding the  Ro3'al  Engineers  at  Sheerness  in  company  drill, 
and  in  the  evening  in  technical  work.  Great  satisfaction  was 
expresseil  by  the  inspecting  officer  at  the  smartness  of  the 
detachment.  On  Friday  afternoon,  the  16th  inst.,  a  further 
drill  inspection  was  held  by  the  Chief  Engineer  from  Chatham, 
who  was  accompanied  by  the  Commanding  Officer  at  Sheer- 
ness. A  technical  inspection  was  also  held  during  the  evening, 
when  an  attempt  was  made  bj-  several  small  torpedo  craft  to 
enter  the  river  unobserved,  which  attempt,  however,  proved 
unsuccessful  owing  to  the  boats  being  in  every  case  picked  up 


by  the  searchlight  beams.  The  Chief  Engineer  expressed  great 
satisfaction  at  the  manner  in  which  the  men  carried  out  their 
various  duties  and  complimented  them  on  their  smartness  and 

general  efficiency. 

Incorporated  Municipal  Electrical  Association. — The  annual 
convention  of  the  Association  will  this  year  be  held  in  Man- 
chester from  June  21st  to  2Gth,  under  the  presidency  of  Mr. 
S.  L.  Pearce,  city  electrical  engineer.  The  meeting  will  be 
opened  by  a  conversazione  at  7;30  p.m.  in  the  Town  Hall, 
when  the  Lord  Mayor  of  Manchester,  Aid.  E.  Holt,  will  wel- 
come the  mercljers.  The  Lord  Mayor  will  also  open  the  pro- 
ceedings on  Tuesday  at  the  Municipal  School  of  Technology,  in 
Whitworth-street,  when  the  presidential  address  will  be  de- 
livered and  a  number  of  Papers  read.  On  the  same  day  a 
luncheon  will  be  held  at  the  Town  Hall,  at  the  invitation  of 
the  chairman  and  members  of  the  ]\Ianchester  Electricity  Com- 
mittee, and  several  works  in  the  vicinity  will  be  visited.  Wed- 
nesday is  to  bo  spent  in  Liverpool,  where  the  members  will  be 
welcomed  and  entertained  by  Sir  Charles  Petrie  and  the 
members  of  the  Tramways  and  Electric  Power  and  Lighting 
committees  in  that  city.  Visits  to  the  "  Mauretania "  and 
other  "  sights  "  will  be  paid  in  the  afternoon.  On  Thursday 
papers  at  Manchester  will  again  be  the  order  of  the  day,  the 
annual  dinner  taking  place  in  the  evening,  while  on  Fridaj' 
the  annual  general  meeting  will  be  held.  The  headquarters  of 
the  Association  will  be  at  the  Midland  Hotel,  Manchester, 
and  arrangements  have  been  made  for  entertaining  the  ladies 
of  the  party  while  the  male  members  are  engaged  iu  the  more 
serious  work  of  the  convention. 


ARRANGEMENTS  FOR  THE  WEEK. 

FKIDAY,  April  23rd  (to-day). 

Physical  Socif-tv  of  Londos. 
Jj).m.  Meeting  at  the  Imperial  College  of  Science,  Imperial 
Institute-road,  South  Kensington.  Agenda  :  (1)  "  On  a 
Want  of  Symmetry  shown  bv  Secondary  X-Rays,"  by  Prof. 
W.  H.  Bragg,  F.R'S.  (2)  "transformations  of  X-Eays,"  by 
Mr.  C.  A.  Sadler.  (3)  "  Theory  of  the  Alternate  Current 
CJenerator,"  by  Prof.  T.  R.  Lyle. 

The  IxsTiTrTiox  of  Mech.\xical  Exoineebs. 
S  p  m.     Meeting  at  Storey's  Gate,  St.  James's  Park,  Westminster. 

S.W.     Presidential  address  by  Mr.  J.  A.  F.  Aspinall. 
Students'  Sectiox  of  the  Institi-tiox  of  Civil  Exgineebs. 
!f  ji.hi.     Meeting    at     Great    George-street,     Westminster,    S.W. 
Paper    on    "  The    Development    of     Hydro  Electric    Power 
Scheme.'^  :  with  Special  Reference  to  'U'orks  at  Kinlochleven," 
by  Mr.  J.  M.  S.  Culbertson. 

Royal  Institutiox  of  Great  Britaix. 
9ii.m.     Jleeting  at   Albemarle-street,  Piccadilly,  W.     Discourse 
on    "  Tantalum  and    it.s    Industrial    Applications,"    by    Mr. 
Alexander  Siemens. 
MONDAY,  AprU  26tll. 

The  Institutiox  of  Civil  Engineers. 
S  p.m.     Meeting    at    Great     George-street,    Westminster,    S.W. 
"James  Forrest"  Lecture  on  "  Road  Motors,"  by  Col.  H.  C.  L. 
Holden,  F.R.S. 

TUESDAY,  April  27tll. 

iNSTiTnTios  OF  CI^^L  Engineers. 
:>  p.m.     Annual  General  Aleeting  at  Great  George-street,  West- 
minster, S.W. 

The  Faraday  Society. 
S  p.m.  Meeting  in  the  Library  of  the  Institution  of  Electrical 
Engineers,  92,  Victoria-street,  S.'iY.  Papei-s  on  (1)  ''Experi- 
ments on  the  Current  and  Energy  Efficiencies  of  the  Finlay 
Alkali  Chlorine  Cell,"  by  Messrs.  F.  G  Donnan,  J.  T.  Barker 
and  B.  P.  Hill.  (2)  ""Oii  the  Coefficients  of  Absorption  of 
Nitrogen  and  Oxytren  in  Distilled  Water  and  Seji  Water,  and 
of  Atmosjiheric  Carbonic  Acid  in  Sea  Water,"  by  Dr.  C.  J.  J. 
Fox.  (3)  "  On  the  Electromotive  Force  of  certjiiu  Platinum 
Compounds  with  Special  Reference  to  the  Oxygen-Hydrogen 
Gas  Cell,"  by  Mr.  P.  E.  Spielmami. 

Corps  of  Electrical  Eng:ineers  (London  Division). 
Commandiivj:  Otticer,  Col.  K.  E.  B.  Crompton,  C.B. 
The  following  orders  ha\  e  been  issued  for  the  current  week  :— 
Monday,  April  26th, 

"  A  "  Company  Infantry  drill,  6:30  p.m. 

Tuesday,  April  27th, 

"  B  "  Company  Infantry  drill,  7  p.m. 

Thursday.April  29th, 

•' C  "  Company  •••••■1  Technical  drill,  7  p.m.  to  9:30  p.m. 
Friday,    April   30th,  J-  '     ^  '^ 

"D"  Company  J 
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ELECTRICITY  WORKS  AND  REFUSE  DESTRUCTORS.* 

BY   J.    A.    ROBERTSON. 

Summary. — After  considering  the  nature  of  the  problem  involved  in 
the  nse  of  a  destructor  n-ith  an  electricity  works,  the  author  deals  brieily 
with  the  most  important  points  in  destructor  design.  Finally,  the  results 
achieved  at  Greenock  are  given  in  detail. 


Although  combined  electricity  and  destructor  stations  are  now  in- 
creasing at  the  rate  of  about  20  per  annum,  the  value  of  the  combina- 
tion is  still  a  matter  of  controversy. 

Refuse  disposal  by  cremation  is  primarily  a  sanitary  measure,  but 
the  utilisation  of  what  would  otherwise  be  waste  heat  in  the  process 
naturally  appeals  to  those  responsible  for  municipal  administration. 
Nevertheless  any  question  of  profit  should  be  subservient  to  the 
requirements  of  cleanliness  and  public  health. 

It  is  proposed  to  show  in  this  Paper  that  appreciable  benefit  can 
be  obtained  from  the  combination  of  electricity  works  and  refuse 
destructors  under  certain  conditions.  The  first  is  that  tliere  should 
be  a  fairly  steady  demand  for  energy  on  the  electricity  works. 

The  refuse  must,  of  course,  be  collected  daily,  and  it  is  desu'able  for 
sanitary  reasons  to  transfer  it  from  the  collecting  carts  to  the  furnaces 
as  quickly  as  circumstances  permit.  But  unless  the  steam  from  the 
destructor  can  be  utilised  during  the  greater  portion  of  the  24  hours, 
it  vn\\  be  necessary  either  to  provide  sufficient  furnace  capacity  to 
bm'n  a  day's  collection  in  a  comparatively  short  period  of  time, 
storing  the  material  as  it  is  delivered,  or  to  bye-pass  the  hot  gases 
from  the  furnaces  direct  to  the  chimney.  There  are  objections  to 
siicli  methods,  and  thus  it  follows  that  a  continuous  load  must  be 
available  at  the  power  station.  In  residential  districts,  where  cm'rent 
is  used  chiefly  for  lighting  purposes,  it  is  questionable  if  any  benefit 
is  obtained  from  linking  up  the  two  undertakings,  but  where  a  power 
load  exists,  or  where  a  tramway  supply  forms  part  of  the  output  of 
the  station,  the  refuse  destructor  and  electricity  works  can  be  com- 
bined and  operated  with  financial  benefit  to  the  community. 

The  refuse  itself  may  be  looked  on  as  a  low-grade  fuel,  which  can  be 
obtained  free  of  cost,  but  requiring  the  employment  of  special  plant 
for  its  combustion.  From  15  cwt.  to  1  ton  of  refuse  is  collected  per 
l.tXK)  inhabitants  per  day.  The  chart  (Fig.  1)  shows  the  variation  in 
delivery  at  Greenock  during  different  periods  of  the  year,  and  as  the 
quantity  of  ash-pit  refuse  is  less  in  summer,  it  will  be  seen  that  the 
value  of  the  whole  delivery  is  correspondingly  reduced,  so  that  while 
it  is  possible  to  obtain  results  as  high  as  86  units  per  ton  in  October, 
the  figure  in  July  falls  as  low  as  24  units  per  ton.  It  has  been 
suggested  that  in  certain  cases  it  would  be  profitable  to  reinforce  the 
refu.se  with  low-grade  coal  or  coke  dust  in  order  to  secure  uniform 
steaming,  and  if  a  simple  process  of  this  kind  could  be  devised  which 
■would  enable  the  destructor  boilers  to  be  worked  at  or  near  their  full 
capacity,  irrespective  of  variations  in  the  quality  of  the  refuse,  the 
steam-raising  results  could  be  enormously  improved.  There  are 
difficulties,  however,  in  designing  a  furnace  to  burn  refuse  and  coal  at 
the  same  time,  and  as  matters  stand  the  great  difference  in  the  quality 
of  the  refuse  delivered  from  hour  to  hour,  and  throughout  the  year, 
constitutes  the  most  serious  drawback  in  combined  installations, 
entailing  the  use  of  stand-by  coal-fired  boilers  to  ensure  steady  steam 
pressure  at  the  engines. 

The  principal  objection  to  combined  installations  by  station  engi- 
neers is  the  presence  of  dust  or  fine  grit  which  finds  its  way  into  the 
engine  room  with  bad  results  to  the  generating  plant.  The  dust  arises 
partly  from  the  tipping  of  refuse — especially  in  dry  weather — and  in 
the  operation  of  clinkering  the  fires,  but  is  mostly  due  to  the  crushing 
and  screening  of  clinker.  It  is  only  fair  to  point  out  that  in  most  cases 
the  dust  objection  might  have  been  avoided,  or  at  least  obviated,  by  a 
better  arrangement  of  buildings,  and  the  author  can  affirm  that  in  the 
Greenock  installation  no  real  trouble  has  been  experienced  from  this 
cause. 

The  points  which  call  for  sjjecial  attention  in  design  are  the  charg- 
ing or  feeding  of  the  refuse  into  the  furnaces,  the  .system  of  forced 
draught  employed,  the  design  of  furnace  and  combustion  chamber, 
and  the  position  and  type  of  boiler.  , 

Charging. — Tlie  general  practice  hitherto  has  been  to  feed  the 
refuse  into  the  furnaces  by  manual  labour.  There  are  three  systems 
of  hand  feeding,  which  may  be  classified  as  follows: — (a)  The  furnace 
is  both  fed  and  clinkered  from  the  front.  (6)  The  furnace  is  fed  from 
the  back,  and  clinkered  from  the  front,  (c)  The  refuse  is  tipped  on 
top  of  the  furnace,  whence  it  is  drawn  or  pushed  through  an  opening 
in  the  furnace  roof,  where  it  falls  on  a  drying  hearth,  and  is  then 
spread  by  manipulation  through  the  clinkering  door  to  a  suitable 
thickness  over  the  grate. 

*  Abstract  of  a  Paper  read  before  the  Glasgow  Local  Section  of  the 
Institution  of  Electrical  Engineers. 


The  great  drawback  to  all  hand-fed  systems  is  the  inrush  of  cold 
air  which  takes  place  during  the  time  required  for  charging,  and  the 
consequent  reduction  in  temperature  of  the  furnace  brickwork. 
Another  serious  objection  is  that  the  amount  of  labour,  especially  in 
front  feeding,  is  very  great,  and  the  process  of  shovelling  such  difficult 
material  is  arduous  and  not  clean.  The  chief  recommendation  of 
hand-fed  systems  is  their  simplicity,  but  it  is  also  claimed  thatjby 
selecting  and  feeding  the  refuse  in  small  quantities  better  steaming 
results  can  be  obtained  than  with  automatic  or  mechanically  fed 
systems.  It  would  appear,  however,  that  the  cooling  of  the  furnace 
during  charging  goes  far  to  neutralise  this  advantage,  which  in  any 
case  is  not  sufficient  to  outweigh  the  sanitary  objections  to  the 
system. 

MeclMnical  Charging. — Having  regard  to  the  objections  to  hand 
feeding,  it  is  not  surprising  that  inventors  have  turned  their  attention 
to  mechanical  devices  for  feeding  refuse  into  destructor  furnaces.  The 
earliest  and  best  known  of  these  is  Bulnois  &  Brodie's  system,  in 
which  movable  iron  trucks  are  employed.  The  a|)paratus  is  con- 
structed in  such  a  way  that  the  movement  of  the  charging  truck 
opens  and  closes  the  furnace  door  so  that  the  whole  operation  of 
depositing  the  refuse  from  the  carts  into  the  furnaces  is  carried  out 
without  the  intervention  of  manual  labour. 

The  system  adopted  in  the  Greenock  installation  is  the  automatic 
"  tub-feed  "'  system,  which  found  favom'  chiefly  on  account  of  its- 
sanitary  advantages.  In  this  system  the  refu.se  is  tipped  from  the 
collecting  carts  into  tubs  or  skips,  each  skip  containing  one  load.  The 
skips  are  then  lifted  by  an  electric  crane  and  deposited  on  a  storage 
platform,  where  they  are  kept  till  required  for  charging.  This  plat- 
form is  erected  over  the  clinkering  floor,  and  is  separated  from  th& 
furnace  brickwork  to  ensure  cool  storage.  To  charge  a  furnace,  the 
skip  is  lifted  from  the  platform  by  the  crane  and  is  placed  on  a  mov- 
able cradle  directly  over  the  furnace  opening,  which  is  fitted  with  a 
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water-sealed  door.  When  released  by  the  crane,  the  weight  of  th& 
skip  operates  a  system  of  levers  and  a  balance  weight  in  such  a  way 
as  to  lift  tlic  water-sealed  door  off  the  fiu-nace  and  di'aw  it  to  one  side, 
so  permitting  tlie  cradle  to  descend  to  the  mouth  of  the  charging  door. 
The  bottom  of  the  skip  consists  of  two  hinged  doors  suspended  so  that 
when  the  skip  reaches  the  proper  position,  the  doors  open  outwards, 
and  the  contents  of  the  skip  are  deposited  directly  into  the  furnace. 
The  crane  then  lifts  the  empty  skip,  and  the  water-sealed  door, 
actuated  by  the  balance  weight,  is  drawn  back  to  its  seat,  the  whole 
operation  of  opening  the  door,  charging,  and  reclosing  the  door  hav- 
ing occupied  less  than  a  minute. 

The  principal  advantage  of  the  system  is.  of  course,  its  comparative 
cleanliness,  and  as  the  process  of  lifting  the  skips  and  charging  the 
furnaces  of  an  installation  capable  of  cremating  100  tons  in  18  hours 
can  be  performed  entirely  by  one  craneman,  the  saving  in  labour  cost 
as  compared  with  hand  feeding  is  an  important  consideration.  With 
this  method  of  charging,  the  reduction  of  temperature  which  takes 
place  during  the  slower  operation  of  hand  firing  is  largely  overcome 
and  the  efficiency  and  capacity  of  the  furnace  is  correspondingly  in- 
creased. The  disadvantage  of  the  system  is  that  it  prevents  any 
selection  or  proportioning  of  the  charges,  while  the  deposition  of  a 
whole  cart-load  of  green  refuse  into  the  furnace  at  one  charge  is  apt  to 
cause  fluctuations  of  temperature  with  consequent  variation  in  steam 
pressure. 

Furnaces  and  Boilers. — In  modern  destructor  plants  the  following 
are  essential  features  : — 

1.  Furnace  chambers  or  cells  designed  so  as  to  embody  the  principle 
of  mutual  assistance  in  operation. 

2.  A  combustion  chamber  of  suflRcient  capacity  to  maintain  a  high 
temperature  under  all  conditions  of  working  and  designed  to  act  as  an 
sufficient  dust  trap.  ' 
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3.  A  system  of  forced  draught. 

4.  One  or  more  boilers  situated  between  the  combustion  chamber 
and  tlie  chimney. 

Nearly  all  plants  now  in  operation  can  be  separated  into  two 
groups — i.e..  those  in  which  the  furnace  chambers  or  cells  are 
isolated  from  each  other,  the  hot  gases  from  two  or  more  cells  being 
led  into  a  common  combustion  chamber,  and  those  in  which  a  number 
of  grates  are  grouped  in  a  common  furnace.  An  advantage  of  the 
isolated  system  is  that  one  unit  can  be  shut  down  for  repairs  without 
affecting  the  operation  of  the  otliers.  In  the  common  furnace  system 
of  construction  only  one  of  the  sections,  into  which  the  grate  is 
divided,  is  charged  and  clinkered  at  a  time,  and  it  is  claimed  that  by 
charging  frequently  in  small  quantities  a  maximum  temperatme  can 
be  maintained  in  the  cell  itself.  The  smaller  amount  of  brickwork 
exposed  to  high  temperatures  as  compared  with  the  isolated  cell 
system  is  an  undoubted  advantage  in  keeping  domi  the  cost  of 
repairs — a  serious  item  in  all  destructor  plants. 

The  object  aimed  at  is  the  maintenance  of  high  temperatm'e  in  the 
products  of  combustion  utilised  for  steam  raising,  and  to  obtain  this  it 
is  essential  with  both  t^"pes  of  construction  that  a  large  combustion 
chamber  be  provided  beyond  the  furnaces,  where  all  gases  may  be 
finally  intermingled  and  cremated  before  coming  in  contact  with  the 
boiler.  It  is  quite  impossible  to  ensure  that  no  green  or  partly  burned 
gases  will  ever  pass  into  the  flues,  and  it  is  therefore  essential  that  the 
chamber  should  be  capable  of  storing  sufficient  heat  in  its  brick 
walls  to  reduce  the  disturbance  of  temperature  in  the  cells  during 
charging  and  clinkering.  The  curve  {Fig.  2)  taken  by  an  electrical 
pyrometer  in  the  combustion  chamber  of  one  unit  of  the  Greenock 
plant,  shows  clearly  the  rise  and  fall  of  temperature  during  these 
operations.  Tlie  second  function  of  the  combustion  chamber  is  to 
trap  as  much  as  possible  of  the  dust  liberated  from  the  furnaces. 


2,160 
1,920 
1,680 
1,440 


1^^ 


1,2 


89  10        111212345678 

noon. 

Fic.  2.— Daily  Temperatuke  Chart,  Combustion  Chamber. 

The  position  of  the  boilers  with  relation  to  the  cells  is  an  importauA 
factor  in  the  maintenance  of  high  temperature.  In  some  designs  tht 
boiler  is  sandwiched  between  two  cells,  the  gases  from  the  fires 
passing  through  side  openings  into  a  combustion  chamber  directly 
beneath  the  boiler  tubes.  The  better  practice  is  to  place  the  boiler 
beyond  the  combustion  chamber,  so  that  the  green  gases'from  newly 
charged  refuse  in  passing  through  the  chamber  will  combine  with  a 
large  volume  of  higher  temperature  gases,  thus  becoming  thoroughly 
mixed  and  cremated  before  they  are  brought  into  contact  with  the 
comparatively  cooler  surfaces  of  the  boiler. 

Draught  and  Combustion. — The  possibility  of  utilising  destructor 
heat  for  steam  raising  is  undoubtedly  due  to  the  employment  of  forced 
draught  for  combustion.  The  large  increase  in  the  rates  of  burning 
through  working  at  higher  temperatures,  and  the  fact  that  destructors 
can  now  be  operated  in  populous  districts  without  giving  rise  to 
nuisance,  may  also  be  credited  to  the  same  cause.  !Much  controversy 
exists  regarding  the  comjjarative  merits  of  steam  blowers  and  fan- 
produced  di-aught  for  assisting  combustion.  It  is  claimed  for  the 
steam  jet  that  it  is  less  costly  to  instal.  that  the  life  of  the  tire-bars 
is  more  prolonged,  and  the  process  of  clinkering  the  fires  less  arduous 
than  with  fan  draught.  Another  claim,  which  is  sometimes  questioned, 
is  that  the  steam  jets  in  contact  with  the  hot  fuel  produce  a  water  gas 
which  is  of  great  value  in  raising  the  temperature  of  combustion.  On 
the  other  hand,  it  is  admitted  that  the  amount  of  steam  required  for 
the  steam  jets  is  from  10  to  15  per  cent,  of  the  total  steam  generated  in 
tiAc  destructor  boilers,  against  4  or  5  per  cent,  for  steam-driven  low- 
pressure  fans,  and  that,  although  clinkering  is  easier,  the  quality  ot 
clinker  is  more  fragile  and  not  so  suitable  for  building  purposes. 

The  advantage  of  hot-air  draught  for  all  combustion  processes 
is  generally  recognised,  and  the  gain  in  efficiency  by  its  use  in  destruc- 
tor plant  is  beyond  dispute,  especially  as  the  added  temperature 
is  usually  obtained  by  heat  which  would  otherwise  be  wasted.    By 


placing  a  suitable  heater  in  the  main  flue  and  passing  the  air  through 
it  before  delivery  to  the  fnrnace.s,  it  is  po.ssible  to  add  300-F  to  4(lO'=F. 
to  its  temperature,  with  a  corresponding  rise  in  the  temperature  erf 
combustion.  Another  advantage  of  fan  draught  is  that  the  air  supply 
can  be  made  to  regulate  itself  to  the  requirements  of  the  fuel.  The 
amount  of  carbon  in  refuse  may  vary  from  10  to  40  per  cent.,  and  to 
ensure  complete  combustion  und?r  all  conditions  the  air  supply 
should  be  capable  of  close  regulation,  and  this  can  be  easily  attained 
with  fan  draught,  either  by  hand-operated  valves  or  by  using  a 
separate  fan  for  each  furnace  driven  by  a  shunt-regulated  variable- 
speed  motor.  In  most  installations  in  this  country  the  average 
draught  pressure  employed  is  from  1  in.  to  2  in.  of  water  column  in  the 
ash-pit,  but  much  greater  pressures  can  be  employed  with  suitable 
fire-bars  and  thick  fires.  The  Cxreenock  plant  was  originally  designed 
for  a  pressure  of  9  in.  to  12  in.,  and  it  was  found  possible  with  this 
pressure  to  work  with  fires  from  18  in.  to  2  ft.  in  tliickness.  The  fire- 
grate is  formed  of  solid  iron  bars  perforated  with  numerous  smaU  holes 
tluough  which  the  air  is  forced  into  the  refuse.  The  experience  gained 
after  a  few  months'  experimental  working  led  finally  to  the  adoption 
of  an  average  pressure  of  6  in.,  which  appears  to  suit  the  varying  con- 
ditions as  efficiently  as  the  higher  pressure,  with  the  advantage  of 
economising  the  amount  of  power  absorbed  by  the  fans.  The  type  of 
au'  heater  usually  employed  consists  of  a  battery  of  tubes  built  into 
the  main  flue,  but  in  the  Horsfall  destructor  the  air  is  heated  by  pass- 
ing it  tluough  side  boxes  in  the  furnace  itself  situated  between  the 
brickwork  and  the  grate.  It  is  found  that  their  position  here  lessens 
the  deterioration  of  the  brickwork  and  assists  the  process  of  clinker- 
ing, but  the  author  has  found  in  practice  that  the  comparatively 
small  heating  surface  of  the  boxes  and  the  rate  at  which  the  air  must 
travel  tluough  them  does  not  permit  of  a  higher  temperature  than 
ISO^F.  being  attained  at  the  outlet,  while  a  further  disadvantage  is 
that  as  the  amount  of  heat  imparted  to  the  air  depends  on  the  tem- 
peratm'e of  the  furnace,  the  draught  is  lowest  immediately  after 
charging,  i.e.,  just  at  the  time  when  high  temperature  is  most  needed 
to  dry  the  refuse  and  to  commence  combustion. 

An  ingenious  system  of  superheating  the  air  draught  has  been 
introduced  by  ilessrs.  Heenan  &  Froude  in  a  destructor  plant  recently 
erected  in  Richmond,  U.S.A.  The  furnaces  are  of  this  firms  standard 
hand-fed  t\-pe.  w-ith  four  giates  and  divided  ash-pits.  A  secondary 
chamber  is  provided  below  the  furnace  gi'ate.  and  after  the  refuse  has 
been  cremated  the  hot  clinker  is  manuallv  withdra%^-n  from  the  fur- 
nace and  falls  through  an  opening  into  the  chamber  beneath.  A  fresh 
charge  is  then  fed  into  the  furnace,  and  the  air  required  for  com- 
bustion— which  has  previously  been  drawn  tluough  an  ordinary  air- 
heater  in  the  main  flue — is  passed  tluough  the  hot  clinker  in  the 
chamber  before  being  delivered  to  the  fires.  Additional  temi)eratvire 
is  thus  added  to  the  air  just  when  it  is  most  required,  and  the  clinker 
is  also  cooled  down  so  that  the  process  of  withdrawing  and  harrowing 
away  is  rendered  much  easier  than  it  would  be  in  the  ordinary  way. 

Boilers. — The  two  types  of  boilers  in  general  use  for  destructor 
work  are  Lancashiie  and  water-tube,  the  latter  either  of  the  marine  or 
land  type,  although  in  one  or  two  cases  the  tubular  marine  type  has 
been  successfully  employed.  It  is  usual  to  provide  auxiliary  coal- 
fired  grates,  with  destructor  boilers  to  increase  the  duty  at  times 
of  abnormal  demand  ;  but  the  author  has  found  that  the  presence  of 
hot  gases  from  the  destructor  furnaces  retards  the  process  of  coal  com- 
bustion, and  the  actual  benefit  of  the  auxiliary  coal-fired  grate  lies  in 
the  use  which  can  be  made  of  it  when,  tlirough  any  reason,  the 
destructor  furnace  is  out  of  action.  The  experiment  of  forcing  the 
boilers  by  mixing  a  charge  of  refuse  with  a  smaller  charge  of  coal  in 
the  destructor  fmnace  was  not  a  success,  for  on  cleaning  out  the  fires 
the  coal  was  found  only  jiartially  burned,  the  remainder  being 
embedded  in  the  clinker,  which  had  apparently  protected  it  from 
combustion. 

The  economy  due  to  superheating  steam  is  tmiversally  recognised 
with  coal-fired  "boilers,  and  as  the  destructor  boiler  plant  in  combined 
works  is  generally  situated  some  distance  from  the  engine-room,  the 
losses  from  steam-pipe  radiation  rae  comparatively  great.  It  is 
possible,  by  superheating,  to  ensure  that  at  least  di-y  steam  only  will 
be  delivered  at  the  ensines,  while  the  losses  through  drains  and  steam 
traps  are  materiallv  reduced.  At  Greenock  the  steam  at  the  boilers 
is  at  about  ooO'F.,  the  temperature  of  the  hot  well  is  about  90  F..  and 
that  of  the  economiser  outlet  about  300"F.  The  distance  between 
the  destructor  boilers  and  the  engine  stop-valve  is  about  1(X>  ft.,  and 
it  is  found  that  in  travelling  through  this  distance  the  average 
temperature  loss  at  normal  full  load  is  40'"F. 

The  high  outlet  temperatme  at  the  economiser  gives  the  impression 
that  full  advantase  is  not  being  taken  of  the  available  heat  in  the 
boilers,  and  it  might  be  possible  by  providing  baflle  walls  in  the  boiler 
sections  to  absorb  more  heat  in  steam  raising,  and  so  reduce  the 
temperature  of  the  gases  in  the  main  flue;  but  from  exi>eriments 
made  in  this  duection  it  is  doubtful  whether  any  real  advantage  would 
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accrue.  The  reason  ajipears  to  be  that  the  dust  wliich  collects  arouud 
the'baffle  plates  and  which  can  only  be  partially  removed  by  cleaning 
while  the  boiler  is  under  duty,  reduces  the  available  heating  smface. 
with  consequent  reduction  in  the  capacity  and  efficiency  of  the  boiler. 
This  question  of  dust  in  destructor  flues  and  boilers  has  not  always 
received  the  special  attention  by  designers  that  its  importance 
deserves,  and  the  poor  results  obtained  in  many  combined  stations 
may  generally  be  traced  either  to  imperfect  design  of  combustion 
chamber  and  flues  or  to  insufficient  space  being  allowed  for  dust 
settling. 

However  perfect  the  design  of  destructor  furnaces,  good  results  can 
only  be  attained  if  proper  methods  are  employed  in  managing  the 
installation.  In  coal-fired  boilers,  stoked  by  hand  labour,  we  know 
that  the  efficiency  may  vary  by  as  much  as  20  or  25  per  cent,  with 
a  change  in  the  men  employed.  The  importance  of  the  stoker  is, 
therefore,  much  greater  when  low-grade  fuel  such  as  towTi's  refuse  is 
dealt  with,  and  to  obtain  continuity  of  temperature  the  most  careful 
attention  has  to  be  given  to  the  strength  of  air  blast  and  the  manage- 
ment and  spreading  of  the  fu'cs.  If  the  fires  are  allowed  to  blow  into 
holes  an  immediate  cooUng  effect  takes  place,  and  one  reason  for 
the  difference  between  results  obtained  on  trials  and  the  average 
results  over  a  longer  period  is  probably  the  careful  expert  supervision 
— generally  by  the  maker's  representative — when  test  runs  are  being 
made.  In  burning  refuse  with  heated  air  it  is  possible,  if  the  fire  is  not 
carefully  managed,  to  produce  the  appearance  of  perfect  combustion 
on  top  of  the  fire,  while  the  under  side  next  the  fire  bars  does  not  rise 
above  the  temperatui-e  of  the  incoming  air.  To  overcome  this  the  fire 
requires  to  be  ""  managed,"  and  so  far  the  only  method  of  doing  this  is 
by  careful  mixing  and  stirring  of  the  refuse  while  it  is  bui'nmg. 

It  has  been  said  that  the  best  clinker  is  produced  when  the  cells 
are  also  worked  to  the  greatest  advantage  for  steam-raising  piu'poses  ; 
but  the  author's  experience  does  not  coufii'm  this  opinion,  as  he  has 
found  that  with  most  classes  of  refuse  a  hard  clinker  cannot  be  pro- 
duced unless  the  material  is  kept  burning  for  some  time  after  the 
maximum  temperature  has  been  attained,  whereas  for  steam-raising 
purposes  it  is  desirable  that  the  maximum  temperature  should  be 
attained  as  rapidly  as  possible,  and  the  products  of  combustion  with- 
drawn from  the  fire  before  the  cell  begins  to  cool  down. 

Supervision. — There  ha\e  been  differences  of  opinion  in  many 
cases,  as  to  which  department  should  supervise  the  working  of  the 
destructor,  but  from  the  experience  already  gained  it  is  now  generally 
admitted  that  if  the  best  results  are  to  be  obtained  the  department 
which  is  responsible  for  utiMsing  the  steam  should  also  control  its  pro- 
duction. 

Financial  Results. — The  value  of  destructor  steam  to  the  electricity 
tmdertaking  is  a  subject  which  has  caused  the  widest  difference  of 
opinion.  In  Liverpool,  where  600  tons  of  refuse  are  burned  every 
day,  no  less  than  9,209.369  units  were  generated  from  destructor 
steam  during  1907.  and  this  result  has  been  obtained  with  non- 
condensing  compound  engines,  using  50  lb.  of  steam  per  kilowatt- 
hour.  In  other  towns,  where  the  destructor  is  linked  with  the  elec- 
tricity undertaking,  equally  good  results  can  be  shown.  In  the 
Metropolitan  districts  the  lowest  fuel  costs  are  claimed  by  Hackney, 
a  combined  station  ;  whUe  amongst  smaller  provincial  towns 
another  combined  station — St.  Helens — has  long  been  noted  for  its 
low  fuel  cost  jjer  unit.  The  Liverpool  undertaking,  which  returns 
0-35d.  per  unit  as  its  total  fuel  costs,  only  pays  the  cleansing  depart- 
ment 0-2d.  per  unit  for  the  9,000.000  units  generated  at  the  destructor 
stations.  At  Partick.  the  first  combined  station  in  Scotland,  the  fuel 
costs  were  remarkably  low  for  some  years,  the  minimum  figm'e  of 
0-20d.  per  unit  sold  being  returned  for  1905-6.  when  the  bigger  under- 
taking in  Glasgow,  with  ten  times  the  output,  could  only  reach  0-23d. 
per  unit.  These  facts  give  the  impression  that  while  in  some  cases 
the  value  of  the  destructor  steam  may  be  over-estimated  there  are 
others  in  which  it  does  not  receive  its  due  share  of  credit. 

The  various  methods  employed  in  combined  stations  to  determine 
the  value  of  the  destructor  steam  have  been  the  subject  of  much 
contention.  The  only  true  valuation  basis  is,  of  course,  the  cost 
which  would  be  incurred  if  the  generating  plant  were  run  from  coal 
alone  under  similar  conditions  as  regards  demand  and  output.  To 
make  the  comparison  accurate,  any  saving  in  capital  cost  to  the 
electrical  undertaking  should  be  taken  into  account,  and  while  it  is 
rare  to  find  any  credit  allowed  to  the  destructor  on  account  of  saving 
in  labour,  there  is  no  doubt  that  in  most  cases  a  saving  does  result  to 
both  departments  due  to  combined  supervision. 

To  take  the  saving  in  capital  cost  first,  both  departments  will 
benefit  from  the  obvious  fact  that  the  cost  of  a  site  for  a  combined 
undertaking  is  le.ss  than  two  separate  ijites.  In  buildings  there  is 
also  an  appreciable  saving,  and  as  one  cliimney  will  serve  both 
undertakings,  the  cost  will  be  halved  to  each.  The  saving  in  boilers 
is  not  so  important  as  it  appears,  as  it  is  neces.sary  to  provide  a 
sufficient  capacity  of  coal-fired  boilers  to  guard  against  an  interrup- 
tion to  the  working  of  the  destructor  plant  in  winter,  when  snowfalls 


may  interfere  with  the  delivery  of  refuse,  but  the  saving  in  mainten- 
ance and  repairs  should  be  considered.  In  feed  pipes  and  piping 
there  is  a  distinct  gain  through  combination.  In  all  these  items  the 
capital  cost  should  be  fairly  apportioned  between  the  departments, 
and  any  saving  to  the  electricity  department  taken  into  account  when 
adjusting  the  actual  value  of  destructor  steam. 

In  the  combined  installation  at  C4reenock  the  difficulty  of  arriving 
at  the  steam  value  of  the  refuse  was  rendered  easier  through  the 
generating  station  having  been  run  exclusively  by  coal-fu'ed  boilers 
for  three  months  before  the  destructor  commenced  working,  and 
it  was  therefore  possible  to  ascertain  exactly  the  consumption  of 
coal  per  unit  generated  and  the  efficiency  of  the  boilers  and  generat- 
ing plant.  Separate  water  meters  had  been  installed  to  register 
the  evaporation  in  each  set  of  boilers,  and  it  was  intended  to  appor- 
tion credit  on  this  basis,  but  this  method  did  not  take  into  account 
the  stand-by  losses  incurred  tlirough  the  irregular  worldng  of  the 
destructor,  and  it  was  also  found,  on  starting  the  destructor  plant, 
that  increased  radiation  losses  from  the  steam  pipes  due  to  the 
position  of  the  destructor  boilers,  brought  up  the  consumption  of 
steam  per  unit  generated  from  24  lb.  to  26ilb.  It  was  considered 
only  fair  that  the  destructor  should  be  debited  -with  these  losses,  and  it 
was  therefore  decided  to  apportion  the  units  generated  on  the  basis  of 
the  actual  consumption  of  coal  before  the  destructor  commenced 
working,  and  the  results  given  later  may  therefore  be  taken  as  the 
true  value  of  the  steam  to  the  electricity  undertaking  under  present 
conditions.  The  allocation  is  based  on  a  consumption  of  4^  lb,  of 
coal  per  unit  generated,  and  the  weekh'  coal  consumption  divided  by 
this  figui-e  gives  the  number  of  units  to  be  apportioned  to  coal-firing, 
the  remainder  being  crechted  to  the  destructor.  The  average  price 
of  coal  has  been  taken  at  10s.  per  ton,  and  after  including  an  allow- 
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ance  for  capital  charges  on  boilers  and  pumps,  the  figure  of  0-35d.  per 
unit  was  arrived  at  as  a  fair  payment  to  make  to  the  cleansing  depart- 
ment for  steam. 

In  addition  to  the  destructor  plant  the  installation  at  the  new 
Greenock  works  comprises  :^Two  double  drum  coal-fired  boilers, 
each  capable'^of  evaporating  16,000  lb.  of  water  per  hour.  These'are 
fitted  ■\\ith  close  link  chain  grates  and  mechanical  stokers.  The 
generating  plant  consists  of  two  750  kw.  and  two  400  kw.  direct- 
current  Belliss-Westinghouse  sets,  one  of  these  being  arranged  as  a 
two-machine  balancer  and  the  others  as  single  machines  at  500  volts. 
The  large  sets  on  test  with  steam  superheated  to  500°F.,  and  a  vacutmi 
of  26  in.  at  the  condenser  consumed  17-8  lb.  of  steam  per  kilowatt- 
hour,  and  the  smaller  sets  18o  under  the  same  conditions.  Two  sur- 
face condensers  are  employed,  the  cooling  water  being  obtained  by 
gravitation  from  a  reservoir  built  on  the  course  of  an  aqueduct  which 
originally  ran  through  the  site,  the  water  being  then  employed  to 
operate  a  mill.  Under  normal  working  conditions  the  average  con- 
sumption of  steam  is  26 J  lb.  per  kilowatt-hour,  this  figure  including  all 
losses.  All  auxiliaries  are  electrically  chiven.  The  coal  used  has  a 
calorific  value  of  11.600  B.Th.U.,  and  the  consumption,  as  already 
stated,  averages  4J  lb.  per  kilowatt-hour.  The  units  used  on  works 
for  feed  pumps,  mechanical  stokers,  air  pump  and  economiser  (not 
including  units  used  on  destructor)  amount  to  1-9  per  cent,  of  the 
generated  units.  The  chart  (Fig.  3)  shows  the  total  output  of  the 
works  during  twelve  months  ended  January  31,  1909,  the  shaded 
portion  representing  the  j)roportion  generated  by  destructor  steam, 
and  the  lowest  line  the  amount  of  energy  used  by  the  destructor  for 
])ower  and  light.  The  latter  amounts  to  12  per  cent,  of  the  destructor 
generated  units  divided,  as  follows  : — • 

Fan  draught 8-5  per  cent; 

Cranes    1-0        „ 

Clinker  treatment  1-4        „ 

Lighting    1-1        „ 
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The  amount  used  for  fan  draught  is  unusually  high,  and  is  brought 
about  by  the  abnormal  pressure  employed,  but  it  is  fully  expected 
that  this  figure  will  be  reduced  by  at  least  10  per  cent,  in  futm-e. 

The  price  to  be  charged  to  the  destructor  for  energy  supplied  is 
a  further  point  of  contention,  but  the  proper  way  is  undoubtedly  to 
treat  the  destructor  in  exactly  the  same  way  as  another  consumer  with 
a  similar  load  factor,  due  allowance  being  made  for  the  alisence  of 
distribution  costs.  On  this  basis  the  price  arrived  at  was  0-6d.  per 
unit,  the  load  factor  being  estimated  at  35  per  cent. 

It  has  been  mentioned  already  that  tests  over  a  short  period  of  time 
are  of  little  use  to  determine  the  true  value  of  destructor  steam.  As  an 
indication  of  the  capacity  of  the  destructor  such  tests  are,  however,  of 
some  importance.  The  average  result  of  67  units  per  ton  over  a 
whole  year's  working,  although  naturally  a  good  deal  lower  than  test 
results,  is  higher  than  any  authenticated  figure  which  has  come  under 
the  author's  notice  up  to  the  present,  and,  as  it  includes  all  stand-by 
losses  on  the  station,  may  be  considered  extremely  good.  It  is  only 
fair  to  the  makers  to  state  that  the  installation  was  in  some  respects 
a  new  experiment,  and  that  the  results  during  the  first  part  of  the 
year  were  adversely  affected  by  want  of  experience  on  the  part  of  the 
workmen  employed.  It  should  fiu-ther  be  explained  that  the  repairs 
bill  is  chiefly  made  up  of  alterations  and  experiments  carried  out  to 
improve  the  working  of  the  plant  after  it  had  been  taken  over  by  the 
Cor])oration. 

The  cost  of  carting  away  unsaleable  residue  is  at  present  a  large 
item  in  the  revenue  account,  and  the  labour  charges  for  crushing  and 
screening  clinker  compared  with  the  return  from  clinker  sold  are 
abnormally  high,  owing  to  the  difficulty  of  finding  a  market  for  these 
materials  in  the  present  depressed  state  of  the  building  trade. 

Some  of  the  figures  from  the  test  report  are  as  follows  : — 

Number,  size,  and  type  of  boilers 2  Babcock  &  Wilcox,  2,070 

sq.  ft.  H.S. 

Economiser,  No.  of  tubes  (Green's)    240  tubes  in  two  sections. 

Total  quantity  of  refu.se  burned     32  tons,  5  cwts. 

Ditto  per  cell  per  24  hours         24-72  tons. 

Ditto  per  square  foot  of  grate  per  hour     103  lb. 
Total  water  per  square  foot  of  heating 

surface  per  hour         2-43  lb. 

Total  water  per  lb.  of  refuse  burnt  (actual)     1-11. 
Total  water  per  lb.  of  refuse  from  and  at 

212^F.  or  100°C 1-41. 

Electrical  units  per  ton  of  refuse       97  units  per  ton. 

The  capital  cost  of  destructor,  including  one-half  cost  of  site, 
one-half  of  chimney,  buildings,  furnaces,  plant,  economiser, 
proportion  of  steam  and  feed  piping. 

Total     : £ly.SOO 

Financial  results  at  Gbeenock  Destructor  for  12  moxths  ended 
Janctaky  31,  1909. 

Revenue  Account.  Per  ton. 

Labour —                                 Expenditure.  £  s.    d. 

Operating  destructor 930  1     1^- 

Treatment  of  residue 134  0     2 

Repairs — 

(a)  Buildings  4()i  ,,     .,, 

(6)  Plant  1201  "     -* 

Disposal  of  imsaleable  residue 135  0     2 

Power  and  light 330  0     4.V 

Rates,  taxes,  insurance 83  0     ]{- 

Management    65  0     0|- 

Total     £1,843         2     2 

Credit. 

Sale  of  steam  1,005 

Sale  of  clinker 05 

£1,7.30        2     Oj 
Balance  to  Net  Revenue  Account  113         0     IJ 

Total     £1,843         2     2 

Net  Revenue  Account. 

Interest  on  £19.800  at  3J  per  cent 090  0  9J 

Sinking  fund,  ^ibth  of  capital  003  0  9J 

Balance  from  Revenue  Account 113  0  1\' 

Net  coat  of  disposal    £1.472         1     S-J 

Technical  Records. 

Tons  of  refuse  destroyed 10.995 

Units  produced  from  destructor  steam 1,142.004 

Units  used  for  power  and  light 132.00(> 

Units  generated  per  ton  07-2 

Totnl  chnker  produced 5,3.38 

Total  clinker  .sold 1,280 

The  author  is  aware  that  there  are  phases  of  the  question  which 

have  not  been  dealt  with  in  the  Paper,  but  trusts  that  the  arguments 

and  figures  submitted  may  elicit  information  from  other  engineers  on 

this  important  subject. 


DISCUSSION. 

Jlr.  Vi,'.  W.  Lackie  (Glasgow  Coi-poration  Electricity  Department),  in 
opening  the  discussion,  fully  appreciated  the  value  of  the  Paper,  but  was 
still  of  opinicin  tliat  refuse  destructors  were  refuse  coast ructors,  and  that 
a  combinatitju  of  destructor  plant  and  electricity  supply  was  not  prac- 
ticable in  Glasgow,  where  they  had  seven  small  destructors  in  which 
fully  50  per  cent,  of  the  availaljle  steam  was  used  for  driving  auxiliary 
plant  for  refuse  destruction  alone.  If  it  had  been  sufficientlylearly 
appreciated,  perhaps  their  destructors  would  have  been  combined  »-ith 
the  public  baths,  of  wliich  there  were  several  about  the  town.  To  get 
over  the  difticnity  of  feeding,  referred  to  by  Mr.  Robertson,  why  had  they 
not  some  form  of  chain  grate  feed  ?  He  was  also  of  opinion  that  the 
cost  of  condensing  plant  woidd  far  outweigh  its  advantages  in  the  com- 
bination referred  to.  In  Glasgow  he  emphasised  the  point  that  the 
cleansing  department  collected  all  the  paper  refuse  separately,  and  thus 
made  a  considerable  amount  of  money  from  its  sale,  whereas  the  paper 
would  in  the  ordinary  course  be  destroyed  with  the  other  refuse. 

Prof.  F.  G.  Baily  admitted  he  had  no  special  knowledge  of  the  subject, 
but  it  struck  him  that  this  was  an  instance  where  a  special  design  of  boiler 
might  be  further  developed.  Did  the  amount  of  £20,000  include  boilers 
and  economisers  ? 

Mr.  F.  A.  Newington  (Edinburgh)  admitted  he  had  no  experience  of  the 
subject  under  discussion  beyond  knowing  from  experience  that  destructors 
were  horribly  dirty  and  smelly  places.  In  a  recent  visit  to  Greenock  he 
was  agreeably  surprised  to  find  his  former  views  in  this  resppct 
tipset.  The  an'angements  for  handling  and  tipping  were  an  enormous 
improvement  on  anything  he  had  previously  seen.  In  fact,  he  thought 
the  author  was  unnecessarily  modest,  as  he  (the  speaker)  understood  it 
was  Mr.  Robertson's  ovvii  idea.  He  quite  agreed  nith  the  author  in  not 
drying  the  refuse  before  feeding  the  furnaces.  He  thought  thermal 
storage  should  be  a  good  tiling.  The  Kensington  and  Knightsbridge 
system  did  not  seem  quite  a  success,  but  probably  if  used  in  a  combined 
station  it  would  be.  He  agreed  with  Mr.  Lackie  that  such  a  combination 
of  destructor  and  electricity  supply  was  of  great  use  for  large  and  steady 
supply.  For  comi^arisou  purposes  he  would  like  to  know  the  cost  of 
carting  to  original  tippmg  place. 

Mr.  S.  Mavoe  thought  cremation  was  the  ideal  method  of  getting  rid 
of  refuse.  He  agreed  that  combined  destructor  and  electricity  supply 
was  quite  impracticable  for  Glasgow,  but  for  small  to\vns  it  was  quite  the 
thing  where  carting  was  within  reasonable  hmits.  He  was  much  struck  with 
the  fact  that  the  refuse  with  the  best  calorific  value  came  from  the  poorer 
districts.  Why  was  the  chain  grate  not  used  ?  It  seemed  incredible  to 
him,  since  it  would  get  over  the  difficulties  referred  to  ui  stoking. 

Mr.  Evans  asked  for  the  calorific  value  of  cabbage  stumps  and  tin  cans. 
He  also  asked  if  it  was  not  the  amount  of  unbumt  cinder  got  from  the 
poorer  districts  which  gave  the  refuse  the  higher  calorific  value 
referred  to. 

Mr.  Willis  asked  why  there  was  such  an  abnormal  slump  in  the 
demand  for  electricity  m  Jul}'.  Was  it  due  to  no  demand,  or  want  of 
refuse  ?  He  was  of  opinion  that  induced  draught  would  get  over  the 
dust  troubles  referred  to  during  firing  operations. 

Mr.  Robertson,  in  reply,  said  he  was,  like  Mr.  Lackie,  originally  pre- 
judiced against  combined  destructor  and  electricity  stations ;  but  by 
careful  plannmg  he  had  kept  the  furnaces  away  from  the  electrical  plant 
as  much  as  possible,  .and  he  had  seen  to  proper  precautions  being  taken 
duruig  firing  by  suitably  designed  tubs.  In  Liverpool  there  were  five 
such  combined  stations  as  he  advocated,  and  they  were  used  as  feeding 
pomts  for  the  tramway  system.  To  him  there  was  no  reason  why 
Glasgow  should  not  give  equally  good  results.  Cham  grate  feed  had  been 
used,  but  the  chief  ditticidty  with  it  seemed  to  be  on  account  of  the 
material  used,  jamming  and  chokmg.  With  regard  to  boilei-s.  so  far  as 
he  knew  no  special  boiler  had  been  designed.  The  gases  only  passed 
once  over  the  tubes,  as  it  was  found  the  best  I'csults  were  obtained  in  that 
way.  The  refuse  was  burned  at  a  very  high  temperature,  and  the  gases 
could  not  be  passed  direct  from  furnace  to  the  chimney  for  this  reason. 
In  reply  to  Mr.  Newington,  he  would  say  the  improvements  in  the 
Greenock  plant  were  the  Horsfall  Co.'s  patents.  The  capital  cost  in- 
cluded cost  of  boilers,  economisers  and  part  of  steam  iiiping.  The  cost 
of  carting  and  tijiping  previous  to  installation  of  destructor,  taking  it 
two  miles  out  of  town,  was  Is.  3id.  per  ton,  as  against  Is.  Sd.  for  the 
present  system  of  ilestruction.  In' reply  to  Mr.  Evans,  the  average  value 
of  the  refuse  destroyed  was  about  one-sixth  the  calorific  value  of  good 
steam  coal.  During  .luly,  on  account  of  the  holidays,  no  steam  could  be 
used.     He  fouiu!  forced  draught  the  most  desirable. 


"  Wireless  '  in  Hotels.— According  to  the  "  Electrical 
Workl  ■'  the  Waldorf-Astoria  Hotel  in  New  York  has  already  a 
wireless  telegraph  installation,  and  this  load  is  to  be  followed 
by  the  Auditorium  Annex  Hotel  at  Chicago,  where  the  United 
Wireless  Telegraph  Co.  are  to  erect  a  plant.  It  is  said  that 
similar  equipments  will  be  placed  in  hotels  at  St.  Paul  and 
Duluth,  I\Iinii.,  and  perhaps  in  Buflalo  and  other  cities.  In 
addition  to  the  Waldorf-Astoria  in  New  York,  the  Eellevue- 
Stratford  in  riiiladelphi;;  is  also  eqnipped  with  "wireless," 
and  messages  arc  exchanged  satisfactorily  between  these 
stations  and  also  with  vessels  on  the  Atlantic. 
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SIMPLEX    FLEXIBLE    SYSTEM  OF  ELECTRIC 
WIBINGP. 


In  the  early  days  of  "electric  lighting  this  form  of  illumination  was 
considered,  not  without  some  reason,  to  be  essentially  for  the  rich 
man,  and  the  genera!  opinion  was  that  the  person  not  very  well 
blessed  with  this  world's  riches  ought  still  to  stick  to  the  older  means 
of  obtaining  artificial  light.  Whatever  truth  there  may  be  in  this 
statement,  there  is  no  doubt  that  since  the  time  when  electric  light 
was  first  introduced,  and  even  up  to  only  a  few  years  ago,  the  in- 
stallation of  the  necessary  \viring  in  the  house  meant  a  rather  larger 
capital  expenditure  than  the  small  householder  was  able  to  afford. 
Our  national  character  for  stolidncss  has  in  this,  as  in  other  cases, 
given  rise  to  the  use  of  very  sturdy  systems  of  wiring,  which,  when 
erected,  have  a  very  high  factor  of  safety.  During  the  past  few 
months,  however,  the  question  has  been  raised  whether  this  craze 
for  solidity  has  not  been  carried  too  far.  and  that  while  including  all 
points  which  make  for  safety  in  a  system  of  house  wuing.  we  could 
not  as  well  give  up  a  large  number  of  the  more  expensive  items 
without  any  sacrifice  of  this  safetv.  Attention  has  been  called  in 
this  connection  to  the  surface  flexible  systems  used  on  the  Continent. 
and  a  large  number  of  engineers  have  expressed  opinions  favourable 
to  this  arrangement.  Others,  however,  have  stated  that  this  method 
of  wiring  is  scarcely  suitable  in  this  country  owing  to  the  climatic 
conditions  and  the  more  extended  use  of  high  pressures.  The  dis- 
cussion of  this  matter,  however,  has  led  to  certain  firms  making 
experiments  on  the  subject,  with  the  result  that  one  or  two  systems, 
which  certainly  combine  flexibility  and  cheapness  with  "safety. 
have  been  put  on  the  market.  We  described  one  of  these,  due  to 
^lessrs.  Siemens  Bros.  &  Co..  in  our  issue  of  April  9th.  and  we  have 
now  been  informed  by  Jlessrs.  Simplex  Conduits  (Ltd.)  that  they  are 
also  putting  on  the  market  a  flexible  system  which  it  is  hoped  will 
aid  in  the  solution  of  the  "  six-light  "  man  problem. 

This  company  claim  that  then-  unique  experience  in  electric  wiring 
matters  has  brought  home  to  them  the  fact  that  the  adoption  of 
cheap  and  um-eliable  methods  of  wiring  and  flimsy  material  will  not 
be  of  benefit  to  any  concerned  ;  a  statement  which  we  feel  sure  will  be 
endorsed  by  all  those  who  have  the  well-being  of  the  electrical  in- 


Vu..  1.— bAMi'Li,  vt  iHi.  .Simplex  Co.'s  Cable  fur  new  Flexible 
Wiring  System. 

du.stry  at  heart.  To  resort  to  such  methods  as  unprotected  flexible 
cords  of  the  ordinary  kind  as  a  means  of  popularising  electric  lighting 
would  doubtless  re-raise  the  chimera  of  danger  from  electrical  fires 
from  its  grave,  wliUe  there  can  be  no  doubt  that  such  a  method, 
though  convenient,  is  rather  repugnant  to  British  ideas  of  good 
workmanship.  The  Simplex  flexible  .system  of  wiring  possesses,  it  is 
claimed,  none  of  the  disadvantages  inherent  in  the  wholly  flexible 
systems,  while  at  the  same  time  it  is  cheap  to  instal  and  is  very 
efficient.  The  disadvantage  of  unsightliness  is  also  considerably 
mitigated,  as  with  the  patent  armoured  flexible,  to  be  described 
hereafter,  the  wiring  can  be  so  arranged  that  it  is  almost  unnotice- 
ablo  against  light-coloured  ceilings  or  wall  papers,  whilst  the  other 
systems  can  be  adapted  so  that  the  same  end  is  attained.  The  time 
has  now  come  to  expose  the  illusion  that  electric  light  is  exclusively 
for  the  rich  man,  and  with  some  such  system  as  that  introduced  by 
the  Simplex  Company  the  wants  of  the  "  six-light  "  man,  who  is 
doubtless  a  near  relation  o  the  "  man  in  the  street,"  will  be  satisfied. 

The  Simplex  armoured  flexible  ^\  u-e,  which  forms  a  part  of  this  new 
system,  and  which  we  illustrate  in  Fig.  1,  has  aheady  been  used  to 
some  extent  in  workshops  in  connection  with  radiator  wiring.  It 
consists  of  two  20/36  conductors,  which  are  insulated  with  pure 
rubber  and  covered  mth  cotton.  These  are  formed  into  one  circular 
strand,  and  are  then  armoured  with  36  gauge  iron  wire,  forming  a 
cable  having  an  overall  diameter  of  0-312.5  in.  A  similar  wire, 
covered  with  flame-proof  cotton  flexible  and  water-proofed  can  be 
used  in  cases  where  mechanical  protection  or  electrical  conductivity 
of  the  covering  is  not  essential,  while  a  third  class  of  wire  is  covered 
with  cotton  in  place  of  armouring  and  weather-proofed  underneath 
the  cotton  covering. 

The  only  accessory  required  with  this  system  of  wiring  is  a  stan- 
dard circular  kim  box.  This  box  is  so  constructed  that  it  will  take 
a  ceiling  rose,  a  switch  or  a  wall  plug,  and  it  may  also  be  emploved 
as  an  ordinary  junction  box.     Four  blank  bosses  are  provided  on  I 


this  box.  which  allows  it  also  to  be  used  as  a  terminal  or  junction  box. 
in  providing  the  necessary  outlets  it  should  be  noted  that  only  one 
tool  tor  drflling  and  tapping  is  used— i.e..  for  drilling  and  screwing 
a  standard  Simplex  i  in.  inlet.  The  internal  dimensions  of  the  box  are 
-s  in  by  1  m.,  and  ample  room  is  allowed  for  making  the  connections. 
1  J  f  '^  '^"*'*  "''^  ^  porcelain  interior,  on  which  terminals  are 
placed  for  connecting  to  the  various  cu-cuits.  For  fixing  wires  to  the 
tace  of  walls  a  small  brass  clip,  which  we  illustrate  in  Fig.  2,  is  used. 
By  means  of  a  special  nipple,  which  is  connected  to  the  box  men- 
tionedfabove,  a  very  good  connection  can  be  made  to  either  lead- 
covered  or  cotton-covered  flexible  wire.  These  nipples  depend  upon 
a  jambing  action  similar  to  that  used  in  connection  with  the  cord 
grip  lamp-holder.  The  nipple  consists  of  two  parts  ;  first,  a  tapped 
brass  nipple  of  ^  in.  exterior  diameter,  which  is  screwed  into  the 
mlet  of  the  box.  The  wire  is  inserted  into  this,  and  by  means  of  a 
Up  on  the  interior  of  the  nipple  specially  provided  it  'is  impossible 
to  carry  the  armouring  into  the  box  itself,  the  smaller  diameter  only 
permitting  the  taped  portion  of  the  wire  to  pass  through  into  the  box. 
The  second  part  of  the  grip  nipple  is  a  small  screwed  sleeve,  as  is  used 
m  an  ordinary  cord  grip.  This  part  screws  over  that  portion  of  the 
small  brass  nipple  which  projects  from  the  box,  and  by  means  of  a 
lapping  of  soft  lead  wire,  which  is  used  in  the  case  of  the  armoured 
flexible,  the  jambing  action  ensures  a  lasting  connection  between 
the  box  and  wire,  together  with  efficient  electrical  continuity.  In 
the  case  of  flame-proofed  and  cotton-covered  wire  this  jambing  effect 
is  produced  by  means  of  a  small  rubber  band.  These  nipples  are 
made  accurately  to  size  to  ensiu'e  an  efficient  gripping  effect,  and  at 
the  same  time  combining  ease  of  erection.  It  is  claimed  by  this 
means  that  an  efficient  lasting  joint  between  the  cable  and  box  is 
obtamed,  and,  if  the  wire  be  armoured,  there  is  also  good  electrical 
continuity. 


Fig.  2.— Clip  for  use  with  the  Simplex  Wiring  System. 

In  erecting  the  new  system  the  wire  is  measured  and  cut  to  the 
exact  length,  and  the  insulation  is  worked  back,  so  that  when  inserted 
in  the  nipple  it  will  butt  up  against  the  shoulder  provided.  After 
making  connections  to  interiors,  ceiling  ro.ses  or  other  accessories,  the 
connection  to  the  box  is  completed  by  fitting  the  lead  wire  (or  rubber 
ring  in  the  case  of  flame-proof  and  cotton-covered  flexible).  The 
former  should  be  lapped  round  the  armouring,  and  in  the  latter  case 
the  rubber  ring  should  be  tlireaded  on  to  the  wire,  together  with  the 
screwed  sleeve,  in  an  exactly  similar  manner  as  would  be  the  case 
in  wiring  an  ordinary  lamp-holder.  Provided  these  instructions 
are  adhered  to,  we  are  informed  that  an  efficient  and  lasting  joint 
between  the  flexible  lead  and  the  box  is  obtained,  and,  in  the  case  of 
the  armoured  grade,  complete  electrical  continuity  is  assured. 

Owing  to  the  unsatisfactory  results  which  are  inevitable  when  a 
soldered  connection  is  made  in  a  flexible,  due  to  the  fact  that  the 
detrimental  effect  of  the  hot  soldering  iron  results  in  frac'ture  of  many 
of  the  strands  at  the  point  where  the  wire  ends  into  a  sweating  socket, 
a  special  form  of  connection  has  been  adopted  which  is  adapted  to 
most  types  of  accessories,  and,  whilst  extending  facilities  for  easy 
wiring,  obviates  breakages  and  ensures  good  electrical  contact.  On 
porcelain  interiors  a  solid  cheese  head  screw  is  used,  together  with 
heavy  brass  terminal,  the  upper  portion  being  untapped  and  three 
washers  being  provided,  so  that  at  least  three  wires  may  be  taken 
to  the  same  connection.  In  nearly  every  case  it  will  be  found  most 
convenient  to  carry  out  the  wiring  from  corridors,  making  branch 
connection  to  lighting  switch  points  by  means  of  junction  boxes  with 
interiors ;  these  junction  boxes  are  available  for  light  points  in 
addition  if  desired.  When  running  tlirough  walls,  the  flexible, 
whether  armoured  or  otherwise,  must  be  protected.  This  can  easily 
be  accomplished  by  a  short  length  of  "  compo  "  tube,  which  can  be 
made  into  an  exceedingly  neat  job  by  chamfering  away  the  ends 
after  the  wire  has  been  run  through,  as  would  be  done  in  the  ordinary 
plumber's  joint. 
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ELECTRIC  CRANES.* 

BY    H.    H.   BROUGHTON. 

(Continued  from  page  1003,  Vol.  LXII.) 

Summary. — The  author  here  deals  with  the  design  and  construction 
of  the  mechanical  equipment  of  cranes.  The  mechanism  required  for 
eflfecting  the  usual  crane  motions  is  treated  in  four  sections.  The 
first  section  relates  to  lifting  mechanism.  The  article  opens  with  a 
short  discussion  on  the  determination  of  the  size  of  motor,  and  a 
simple  expression  is  given  suitable  for  most  ordinary  types  of  jib  and 
overhead  travelling  cranes.  Then  follow  notes  on  wire  ropes,  flat 
link-chains,  the  gear  ratio,  spur  and  worm  gears,  shafting,  barrels, 
blocks  and  hooks,  mechanical  brakes,  limit  switc'hes,  and  the  "  free- 
barrel  "  S3'stem.    Lifting  magnets  and  safety  tongs  are  also  described. 


Mr.  H.  Spillman,  chief  engineer  of  the  MaschLnenfabrik 
Oerhkon,  of  Oerlikon,  Switzerland,  speaking  in  the  di.s- 
cussion  on  Mr.  Brnce's  Paper  on  Worm  Contact,  read  before 
the  Institution  of  Mechanical  Engineers, f  stated  that  in 
order  to  give  high  efficiencies,  a  worm-gear  must  be  designed, 
manufactured,  and  run  under  the  following  conditions  : — 

1.  The  particular  conditions  of  service  must  be  known  to 
the  designer  in  every  case. 

2.  The  form  of  the  teeth  must  be  as  good  as  possible,  and 
the  teeth  to  be  worked  as  accurately  as  possible. 

3.  Full  care  must  be  taken  in  choosing  the  material. 

4.  The  lubrication  must  be  excellent. 

5.  The  construction  of  the  worm-gear  as  a  whole  must 
be  extremely  careful  and  accurate  in  character. 

6.  The  erection  of  the  worm-gear  at  the  site  where  it  has 
to  work  must  be  given  especial  care,  and  should  be  done 
under  close  supervision. 


Fig.  80.— Spur 
Wheel  Con- 
strdction. 


Fii:.  81. — Showing  Method  of  secdring 
Koi'E  TO  Barrel. 


Eegardmg  the  strength  of  worm-gear,  on  this  question 
there  is  great  difference  of  opinion.  In  designing  worm- 
gears,  the  strength  may  safely  be  based  on  the  same  formula 
as  for  spiu:  gear,  but  there  are  many  other  factors  which 
must  be  taken  into  consideration.  Messrs.  D.  Brown  & 
Sons,  of  Huddersfield,  whose  wide  experience  in  all  classes 
of  gearing  is  well  known,  state  that  the  most  efficient  angle 
of  the  worm  is  from  27  deg.  to  31  deg.  This  is  a  point  to 
which  engineers  attach  far  too  little  importance.  Many 
authorities  give  the  most  efficient  angle  as  about  40  deg., 
but  it  is  found  when  the  worm  angle  is  more  than  30  deg. 
the  side  thrust  is  so  great  as  to  neutralise  the  efficiency 
to  a  considerable  extent. 

It  is  generally  admitted  that  too  much  attention  cannot 
be  paid  to  the  lubricatmg  arrangements,  and  the  author  is 
of  the  opinion  that  the  shght  additional  cost  of  an  approved 
s_ystem  of  lubrication  would  be  more  than  balanced  by  the 
higher  overload  capacity  and  reduced  wear  and  tear  of  the 
gear. 

When  spur  gearing  is  used,  the  wheels  are  made  of  the 


*  Copyright.     All  rights  of  reproduction  are  reserved, 
t  Proceedings,  Inst.  Mech.  Engineers,  Jan.  19,  190G. 


best  open-hearth  steel,  hard  and  tough,  and  care  is  taken 
to  secure  a  uniform  grade,  the  best  suited  to  resist  the  wear 
caused  by  the  severe  service  to  which  crane  gears  are  sub- 
jected. In  the  form  of  wheel  shown  in  Fig.  80,  the  ca.stings 
are  practically  free  from  shrmkage  cracks,  and  blow-holes, 
and  the  roots  of  the  teeth  are  not  so  liable  to  be  spongj'  as 
with  other  designs. 

The  pinions  are  made  from  well-hammered  blanks,  cut 
from  the  very  best  high-carbon  open-hearth  steel  billets.    < 

The  main  spur  wheel  is  frequently  keyed  direct  to  the 
lifting  barrel  in  order  to  relieve  the  shaft  of  torsional  stress, 
and  to  minimise  the  load  on  the  key. 

The  slow-speed  gearmg  is  often  cast,  with  spur  or  double- 
hehcal  teeth,  shrouded  both  sides,  but  owing  to  the  rough- 
ness of  steel  castings,  and  the  large  amount  of  chipping  and 
filing  necessary  to  obtain  a  passable  gear,  it  is  open  to 


Fli:.  82. — B.\BKEL,    WINDIXO    ONE    I'aRT    OF    RoPE. 


question  whether  cut  gearing,  of  increased  pitch  and  width 
to  bring  up  the  strength  to  that  of  the  shrouded  wheel,  is 
not  the  cheaper  in  the  long  rmi,  takuig  all  the  controlling 
factors  into  consideration.* 

The  teeth  are  short,  and  wherever  possible  the  involute 
form  should  be  used.  The  higher  efficiency  of  the  mvolute 
system  generally,  but  especially  where  the  wheel  centres 
vary  through  wear,  or  other  cause,  favom-s  this  choice. 

The  high-speed  gearing  should  be  enclosed  in  dust-proof 
cast-iron  or  sheet  steel  cases  made  in  two  halves.  Steel 
cases  are  only  about  one-quarter  the  weight  of  the  corre- 
sponding cast-iron  gear  cases,  and  are  easier  to  handle. 

The  shaft  diameters  are  determined  from  the  knowni 
torque  and  bending  moment  due  to  the  wheels. 

As  far  as  possible  all  pedestals  should  be  provided  with 
caps  and  adjustable  phosphor-bronze  steps.     They  should 


Fii;.  83.— Another  Form  of  B.\rrel,  iiv  the  Nuremberg  Cr-OJE  Co. 

be  fitted  with  Kingfisher  or  Stauffer  grease  hibricators  of 
ample  capacity,  properly  fixed  to  prevent  coming  loose. 

The  construction  of  "the  barrels  or  rope  drums  will  be 
inferred  from  Figs.  81  to  83.  They  should  be  grooved  in 
the  lathe  to  give  a  smooth  bed  for  the  rope,  and  as  already 
stated  must  be  made  sufficiently  large  in  diameter  to  take 
the  entire  length  of  rope,  required  for  the  maximum  lift  in 
one  lap.  In  overhead  travelling  cranes,  and  other  cranes  of 
similar  construction,  the  grooves  are  formed  right  and  left- 
handedly  from  each  end  of  the  drum,  so  as  to  give  a  truly 
vertical  and  central  lift.^ 

*  Generally  speaking  it  is  uimecessary  to  shroud  the  main  spur  wheel. 
The  teeth  uiishrouded  are  stionger  than  the  teeth  on  the  mating  pinion 
when  shiouded  to  the  pitch  line  on  both  sides. 
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The  rope  attacliment  depicted  in  Fig.  81,  due  to  Adam- 
son  &  Co.,  is  such  that  if  the  whole  length  of  rope  is  run 
off,  as  when  working  over  a  pit  iii  the  floor  of  the  shop,  the 
eye  and  its  fastening  will  sustain  the  load,  without  assist- 
ance from  fiictional  rope  contact  with  the  drum.  A  recess 
cast  in  the  drum  receives  the  eye,  and  the  turned  pin  in- 
serted through  the  drum-end  fits  into  a  hole  in  the  steel  eye- 
piece, aromid  which  the  rope  is  bent. 


Fig.  84. — Block  and  Hook  for  Small  Loads. 

A\Tien  the  load  is  lifted  at  a  high  speed,  or  when  the 
height  of  lift  is  small,  there  is  a  possibility  of  frec|uent  over- 
winding taking  place,  and  the  limit  switch,  or  overwinding 
de\'ice,*  which  interrupts  the  current  may  not  prevent  the 
blocks  being  brought  into  violent  contact,  particularly 
when  light  loads  are  being  handled,  as  the  momentum  of 
the  gearmg  is  sufficient  to  cause  a  certain  amount  of  run- 
ning after  the  switch  is  opened.  In  such  cases  it  is  advis- 
able to  use  taper  barrels  so  that  the  load  can  be  lifted  at  the 


Fig.  85. — Block  axu  Hook  foe  .Mfwl.m  Loads. 

maximum  speed  at  the  commencement  of  the  lift,  and,  as 
the  lift  proceeds,  the  speed  is  decreased  until  the  load  nears 
the  top  of  the  lift,  when  the  speed  is  very  .slow.  In  this 
way  the  load  may  be  more  easily  handled  and  "  mused  " 
near  the  top  of  the  lift. 

The  top  block  fixing  which  carries  the  .sheaves  or  com- 
pensating pulley  is  arranged  with  a  universal  joint,  and  is 

*  Limit  switches  will  be  described  in  a  later  section  of  the  article. 


suspended  from  a  stiff  cross-beam  riveted  to  the  sides  of 
the  trolley  frame. 

Typical  designs  of  the  block  and  hook  are  shown  in  Figs. 
84  to  87  inclusive.  The  constructions  (Figs.  84  and  85)  by 
Broadbent  &  Sons  are  for  light  and  medium  loads  respec- 


Fio.  S6. — Block  and  Hook  for  Heavy  Loads. 

tively.  It  will  be  seen  that  the  block  pulleys  are  con- 
nected to  the  hook  cross-head  by  double  joints,  so  that 
they  must  hang  truly  in  line  with  the  rope  no  matter  at 
what  angle  the  rope  may  leave  the  barrel. 

The  block  and  hook  (Fig.  86)  by  the  Nuremberg  Crane 
Co.  is  suitable  for  the  heaviest  cranes,  and  that  shown  in 


Fii:.  87. — Usual  Design  op  Block  for  Small  and  Medium  Loads. 

Fig,  87  by  the  same  firm  is  suitable  for  cranes  of  small  and 
medium  capacity. 

The  details  are  shown  so  clearly  in  the  several  drawings 
as  to  require  no  elaboration. 

In  order  to  enable  the  hook  and  block  safely  to  withstand 
the  severe  forces  induced  by  the  load  slipping  or  surging, 
it  is  necessary  to  use  the  best  material  which  can  be  obtained, 
and  to  proportion  the  parts  in  such  a  way  as  to  keep  the 
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working  stresses  low.  Either  the  very  best  selected  York- 
shire scrap  iron  or  high  quaUty  mild  steel  should  be  used, 
and  the  working  stresses  adopted  should  not  exceed  3  tons 
per  square  inch  in  tension,  and  1-75  tons  per  square  inch  in 
shear.  The  bearings  of  the  sheaves  are  proportioned  to 
limit  the  pressure  on  the  axle-pins  to  0-5  ton  per  square 
inch,  and  care  is  taken  to  ensure  thorough  lubrication. 

Table  XVIII. — I'est  Showing  the  Extra  Strain  upon  a  Hoieling  Sope 
loith  a  Few  incha  of  Slack  Chain. 


Load  weighed  by  machine 

Load  Ufted  gently   

Load  lifted  with  3  in.  of  slack  chain. 


Tons.      Cwt. 


2 

17 

3 

0 

6 

0 

5 

10 

7 

0 

From  the  Impact  Tests,  by  Cradock  &  Co.,  summarised 
in  Table  XVIII.,  we  may  conclude  that  an  elastic  con- 
nection should  be  provided  between  the  hook  and  block  in 
all  cases  where  there  is  any  likelihood  of  .shock. 

(2*0  he  continued.) 


THE  INDUSTRIAL  APPLICATION  OF  THE  ELECTRIC 
MOTOR,  AS  ILLUSTRATED  IN  THE  GARY  PLANT 
OF  THE  INDIANA  STEEL  COMPANY.* 

BY   B.    R.    SHOVER. 

{Concluded  from  page  J.) 

Summary. — A  description  is  here  given  of  the  main  features  of  the 
electrical  installation  for  the  largest  steel-making  plant  in  the  world. 
Blast  furnace  gas  is  used  for  a  large  gas  engine  power  station.  One 
of  the  most  interesting  features  is  the  electrical  equipment  of  the  rail- 
mill,  the  roll  trains  being  direct  coupled  to  the  largest  induction  motors 
•ever  made,  of  2,000  and  6,000  h.p.  capacity. 


Table  and  Transfer  Motors. — In  the  rolling  mill  proper  there  are 
21  tables  and  two  transfer.?,  all  of  which  are  controlled  by  automatic 
magnetic  torque-limiting  control.  The  eight  operators  stand  on 
elevated  platforms  or  pulpits.  Some  of  the  controllers  are  mounted 
on  the  operating  pulpits  and  others  on  special  platforms  located  near 
the  motors  which  they  control.  These  tables  and  transfer  motors 
are  all  of  the  so-called  mill  type.  Tables  running  constantly  are 
equipped  with  shunt-wound  motors.  Those  doing  considerable 
amount  of  reversing  or  frequent  starting  and  stopping  have  series- 
wound  motors.  The  transfers  are  simple  chain  di'ive,  having  two 
sets  of  dogs  for  moving  the  rail  sidewise,  and  the  control  is  entirely 
automatic.  When  the  operator  throws  his  controller  to  the  forward 
position,  the  transfer  chain  makes  one-half  revolution,  depositing 
the  rail  in  the  proper  place.  Then  the  motor  stops  automatically. 
The  next  motion,  for  transferring  the  following  rail,  is  made  by  the 
operator  putting  his  controller  to  the  "  off "  position  and  again 
throwing  it  to  the  "  on  "  position. 

An  interesting  feature  of  the  auxiliary  drive  is  the  lifting  table  at 
the  three-high  40  in.  blooming  mill.  This  table  has  a  total  weight 
of  '256.0001b.,  partly  counter- balanced  by  means  of  a  cylinder  con- 
taining air  at  500  lb.  per  square  inch  pressure,  and  is  lifted  or  lowered 
40  in.  in  three  seconds.  The  operating  motor  is  250  h.p.  250  volt 
direct  current,  100  revs,  per  min.  compound  wound.  The  control, 
like  that  of  the  table  motors,  is  entirely  automatic,  and  is  manipu- 
lated by  the  operator  simply  tlu-owing  his  master  controller  to  the  uj) 
or  down  position,  the  accelerating,  running,  retarding  and  stopping 
being  taken  care  of  automatically. 

There  is  also  a  tilting  table  at  the  tliree-high  roughing  rolls  similar 
to  the  lifting  table,  but  of  considerably  less  weight.  This  table 
gives  one  complete  stroke  of  2()  in.  either  up  or  down  in  1-5  seconds. 
It  is  driven  by  a  150  h.p.  250  volt  100  revs,  per  min.  compound- 
wound  motor,  and  is  controlled  like  the  lifting  table. 

The  hot  saws,  five  in  number,  are  driven  individually  by  40  h.p. 
750  revs,  per  min.  induction  motors.  The  saws  are  40  in.  in  diameter 
and  make  1.440  revs,  per  min.  All  five  are  raised  and  lowered  at 
one  time  by  a  crankshaft  operated  by  a  25  h.p.  series  shunt- wound 
mill-type  motor.  The  control  is  similar  to  that  of  the  lifting  table, 
except  that  if  the  operator  throws  his  control  to  the  first  ))oint  thc 

*  Abstract  of  a  Paper  read  before  the  American  Institute  of  Electrical 
Engineers, 


saws  lower  and  stop  in  thai  |)osition.  It  is  then  necessary  for  him 
to  bring  his  control  t<j  the  Hrst  point  on  the  reverse  in  order  to  rai.se 
the  saws  ;  then  the  latter  come  up  to  the  top  and  again  stop  auto- 
matically. In  regular  operation,  however,  the  operator  throws  to 
the  second  point ;  upon  which  tlie  saws  lower,  cut  the  rail  and  again 
rise,  stopping  automatically  in  the  upper  position. 

The  cambering  machine  is  driven  by  a  40  H.P.  750  revs,  per  min. 
induction  motor.  On  the  hot  beds,  four  in  number,  there  is  a  push- 
up for  shoving  the  rails  off  the  delivery  table  on  to  the  beds,  and  a 
pull-up  for  dragging  the  rails  from  the  beds  on  to  the  receiving  table 
in  the  finishing  mill.  These  "  push-ups  "  and  "  pull-ups  "  are  driven 
by  75  H.P.  series  mill-type  motors,  the  controllers  of  which  are  also 
automatic.  From  the  receiving  table  the  rails  are  delivered  in  both 
directions  to  the  finishing  department  by  feed  tables  similar  to  those 
in  the  rail  mill.  Because  of  tlie  continuous  running  of  these  feed 
tables  the  controllers  are  the  ordinary  hand-operated  type. 

For  delivering  the  rails  from  this  table  to  the  straightening  beds 
"  kick-offs  "  are  used.  These  are  simply  bars  lying  normally  below 
the  surface  of  the  table,  but  raised  at  an  angle  so  that  rails  are  lifted 
and  then  slid  off  by  means  of  a  cam  on  a  motor-operated  shaft.  The 
straightening  presses,  18  in  number,  are  driven  by  10  h.p.  7.50  revs. 
per  min.  high-resistance  rotor  induction  motors.  The  drill  presses. 
18  in  number,  are  driven  by  10  h.p.  750  revs,  per  min.  induction 
motors  with  ordinary  squLrrel-cage  rotors. 

All  of  the  induction  motors  in  the  finishing  department  are  stan- 
dard, and  are  controlled  by  means  of  a  triple-pole  double-throw 
switch,  which  is  connected  to  a  five-wire  system.  The  two  extra 
wires  are  taps  taken  off  the  main  transformers,  thus  furnishing  low 


Fig.  1.— General  Electric  Co.'s  6,000  h.p.  Induction  Motor  in 
Rail  Mill. 

voltage  for  starting.  This  system  does  away  entirely  with  the  com- 
plication and  trouble  accompanying  individual  starting  compen- 
sators. 

The  loading  beds  outside  are  covered  by  two  special  electric  cranes 
which  transfer  the  rails  from  one  part  to  the  other  or  load  them  in 
cars,  tlie  rails  being  handled  by  means  of  large  special  magnets.  On 
the  south  side  of  the  runway  of  these  cranes  is  also  a  small  monorail 
crane,  whose  sole  purpose  is  to  deliver  rails  to  the  cold-saw  bed. 

The  cold  saw,  a  tooth  saw  42  in.  in  diameter  making  1,800  revs. 
per  min.,  is  driven  by  a  100  h.p.  750  revs,  jier  min.  induction  motor. 
This  saw  is  capable  "of  cutting  an  85  lb.  rail  in  22  seconds,  the  U»id 
varying  between  50  h.p.  and  100  H.P.,  according  to  the  part  of  the  rail 
that  is  being  cut. 

3Iotors  for  driving  the  Bolls.— As  mentioned  earlier  in  the  PajK-r. 
although  electric  motors  have  been  used  for  some  time  to  drive  rolls, 
the  motors  usetl  in  tliis  plant  are  several  times  larger  than  any  motors 
of  their  type  previously  built.  Their  use  for  this  purpose  nuirks  a 
new  era  in  the  industrial  application  of  electric  power.  The  main 
rolls  of  the  mill  arc  driven  by  six  iiuluction  motors,  having  a  com- 
bined capacity  of  24,000  H.P.,"  made  up  of  tlie  following  units  :  Two 
of  2,000  H.p.  at  214  revs,  per  rain.,  one  of  2.(KK1  H.P  at  GS  revs,  jxr 
min.,  one  of  6,000h.p.  at  88  revs,  per  min.,  one  of  O.lXXIu.r.  at  83  revs. 
))cr  mill.,  and  one  of  6.000  h.p.  at  75  revs,  per  min.  One  of  the 
0,000  H.P.  motors  is  showni  in  Fig.  1  and  2.000  h.p.  motors  in  Fig.  2. 

In  the  construction  of  these  motors  the  parts  were  made  extremely 
heavy  and  rigid,  following  out  as  far  as  possible  the  practice  which 
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has  proved  successful  in  the  construction  of  steam  engines  for  similar 
duty.  The  stator  frame  is  of  the  box-type  construction,  and  is  spUt 
into  four  sections  for  ease  in  handling  and  transportation.  The 
rotor  spider  is  of  cast  steel,  and  is  made  up  of  four  sections  with  two 
arms  per  section.  The  sections  are  bolted  to  disc  hubs  which  are 
pressed  on  the  shaft. 

As  the  flywheel  efTect  of  the  rotors  necessary  to  overcome  the  ex- 
cessive loads  in  rolling  can  only  be  determined  accurately  by  actual 
trial,  it  was  deemed  advisable  where  possible  to  construct  the  motors 
so  that  the  flywheel  effect  could  be  altered  after  the  motors  had  been 
put  in  oijeration.  This  was  accomplished  in  the  6.000  h.p.  and  the 
•2,000  H.r.  motors  at  68  revs,  per  min.  by  attaching  to  the  rotor 
spiders  heavy  cast-steel  rims  which  could  easily  be  removed  and 
exchanged  for  rims  of  different  weights.  On  account  of  their  tri])le 
speed,  the  two  2,0(>ii 
H.P.  214  rev.s.  per  min. 
motors  have  sejiarato 
flywheels  w  e  i  g  h  i  n  tr 
lOO.tXtOlb.each.  These 
Hywheels  are  built  up 
of  riveted  boiler  plates, 
■which  do  not  permit  of 
alteration. 

The  end  thrust  which 
may  result  from  a  dia- 
gonal fracture  of  a 
spindle  or  roll  is  fre- 
quently sufficient  to 
^vreck  either  the  mill 
or  the  motor  unless 
special  precautions  art- 
taken.  This  problem, 
which  is  extremel\ 
difficult  to  solve  when 
an  engine  is  used  for 
driving  the  rolls,  is 
very  easily  solved 
when  electric  motors 
are    used.      A    device 

termed  a  mechanical  fuse  is  attached  to  the  pedestal  by  two  break- 
able rods.  These  rods  are  so  proportional  that  they  will  break  only 
when  the  end  thrust  exceeds  150  tons.  When  the  rods  give  way 
under  this  j)ressure  the  rotor  is  free  to  move  longitudinally  away 
from  the  rolls,  thereby  relieving  the  thrust.  To  prevent  injury  to 
the  brush  rigging  it  is  so  arranged  as  to  move  freely  with  the  brushes, 
alwaj's  maintaining  their  proper  position  on  the  collector  rings. 

The  bearings  are  self  aligning  with  oil-ring  lubrication.  They 
can  also  be  lubricated  from  an  independent  oiling  system.  Pro- 
vision is  made  for  water  cooling  in  case  of  emergency.  The  coils, 
which  are  assembled  in  open  slots,  are  very  rigid.  In  order,  how- 
ever, to  prevent  any  possible  vibration  due  to  excessive  fluctuations 
of  the  current,  the  coils  are  also  firmly  laced  to  a  rigid  supporting 
ring. 
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Fig.  2. — 2,000  H.p.  iNDrcrioN  JIotors  in  Rail  JIill.     (General  Electric  Co.) 
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Characteelstkj  Cubn-es  of  6,000  n.i-. 
Induction  Motor. 


1  KEVS.    PER    -MIN. 


The  electrical  characteristics  of  the  motors  are  sho«n  in  Figs.  3 
and  4,  which  represent  the  results  of  tests  of  the  2,000  h.p.  motor  at 
214  revs,  per  min.  and  the  6,000  h.p.  motor  at  88  revs,  per  min. 
Reference  to  these  curves  shows  that  the  power  factor  and  efificiency 


H.P.   (normal   rating, I 

40deg.  rise)  2.000  2,000  6,000  6,000  6,000 

Speed  (r.p.m.) 214  68  83  88  75 

No.  of  poles    14  30  44  34  40 

Weight   complete,   lb.1390,000  .578,000  749,000  749,000  783,000 
Flywheel  effect  (lb.  atl 

1  ft.  radiHs)ofrotor.l354,000 8,9.50,00011,600,000  11.600,000|14,100,000 

Air  gap  (total),  in.    ...|    0-28  0-40     |  0-40  0-40  0-40 

Breakdown  torque,H.p|  6,800  5,100    i  18,500    |    20,600  16,400 


are  near  their  ma.ximum  at  the  rated  output  of  the  motors,  and  that 
high  values  are  maintained  throughout  the  complete  operating^ 
range.     Further  particulars  of  the  motors  are  given  in  the  table. 

The  two  2,000  h.p.  214  revs,  per  min.  motors  were  received  at  the 
Gary  works  conijilete  except  the  flywheels,  which  were  built  up  and 
turned  after  the  installation  of  the  motors.  The  three  6.000  h.p.  and 
one  2,000  h.p.  68  revs,  per  min.  motors  were  assembled  and  wound 
in  position.  The  2.000  h.p.  214  revs,  per  min.  motor,  with  its  con- 
trollers, was  tested  before  shipment,  but  the  controllers  for  the  re- 
maining four  motors  were  first  assembled  at  the  works. 

Only  two  minor  troubles  have  developed  so  far  in  the  entire  in- 
stallation. On  starting  up  one  of  the  6,000  H.P.  motors  one  section' 
of  the  rotor  resi.stance  overheated,  but  investigation  proved  this 
trouble  to  be  due  to  a  stray  piece  of  arc-lamp  carbon.     In  starting 

up  another  of  these 
motors  trouble  deve- 
loped due  to  a  broken 
gi'id  in  the  rotor  re- 
.sistance. 

Contriil  jar  Roll-train 
Motors. — In  designing 
the  efjuipment  for 
these  2,000  h.p.  and' 
6.000  H.p.  6,600  volt 
induction  motors,  not 
only  were  the  sizes  of 
the  motors  to  be  con. 
trolled  beyond  any- 
thing previously  at- 
temptecl.  but  the  spe- 
cifications |)resented 
many  novel  features, 
for  most  of  the  motors 
the  service  recjuired  a 
very  large  flywheel 
effect.  Because  of 
the  well-known  char- 
acteristics of  the  in- 
duction motor,  it  was 
clearly  recognised  that  there  would  necessarily  be  large  fluctua- 
tions in  current,  even  though  the  flywheels  were  very  large, 
unless  some  means  were  employed  for  automatically  introducing 
resistance  into  the  motor  circuit  whenever  the  load  was  sufficient 
to  cause  even  as  small  a  change  of  speed  as  2  or  3  per  cent. 
It  was  desirable  that  the  automatic  features  be  adjusted  so  as  to 
operate  continuously,  regulating  the  current  taken  by  the  motors 
so  that  the  demands  on  the  source  of  supply  for  any  one  motor  would 
be  uniform  ;  the  motor  and  its  flywheel  meanwhile  accelerating 
and  decelerating  at  a  point  just  below  synelu'onism  to  meet  the 
power  demands  of  the  rail  mill  which  it  was  driving. 

The  large  current  in  the  secondary  circuits  of  the  motors  necess'- 
tated  separate  contactors.     Rheostats  were  arranged  in  multiple 
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Fig.  4. — Characteristic  Cirves  of  2,000  h.p.  214  revs,  per  min. 
Induction  Motor. 

delta,  and  the  successive  value  of  the  resistance  was  made  such  that 
as  each  contactor  closed  the  rush  of  current  through  it  would  b& 
approximately  one-fourth  of  the  intake  of  the  motor.  This  arrange- 
ment prevents  the  rheostats  or  contactors  being  called  upon  to  carry 
anj-where  near  their  full  rated  current,  and  gives  the  whole  control 
system  a  conservative  continuous  rating. 

The  control  apparatus  for  each  motor  consists  of  :  Preliminary 
control  apparatus,  which  includes  the  oil  switches,  reversing  switches, 
series  transformers,  preliminary  relays,  &c.  Secondary  control 
(Fig.  5),  comprising  the  rheostats,  contactors,  regulating  panel,  &c., 
and,  thirdly,  the  master  controller. 

The  motors  and  the  controlling  apparatus  are  placed  in  a  separate 
room,  which  is  sci)arated  from  the  rolling  mill  proper  by  a  ])artition. 
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The  master  controller,  however,  is  in  the  rolling  mill.  Under  these 
conditions,  therefore,  the  operator  must  depend  chiefly  on  the  auto- 
matic features  of  the  control,  which  are  .so  far  away  that  he  must 
judge  of  their  correct  working  by  the  behaviour  of  the  rolls  while  the 
steel  is  passing  through  them.  In  case  of  emergency,  provision  is 
made  for  the  motor  attendant  to  shut  down  the  motors  independently 
of  the  master  controller. 

The  0,600  volt  current  enters  through  the  triple-pole  main  oil 
switch  ;  from  thence  it  passes  through  a  number  of  oil  switches  which 
determine  the  direction  of  rotation.  These  switches  are  inter- 
locked, making  it  impossible  for  them  to  be  operated  unless  the  main 
switch   is  open.     Additional   interlocks   prevent   them   from    being 


driven  mill  in  the  world  rolling  rails  directly  from  the  ingot  without 
re-heating.  Tliere  are  nine  passes  in  the  blofjming  mill.  The  first 
two  passes  are  two-high  rolls  42  in.  [litch  diameter  running  at  6  revs, 
per  min.,  and  are  connected  to  one  of  the  2.000  H.F.  214  revs,  per 
min.  motors  through  gear  reductions.  The  next  two  passes  are 
identical  with  jiasses  one  and  two.  except  that  the  rolls  are  40  in.  in 
diameter  and  make  10  revs,  per  min.  and  are  driven  in  the  same 
manner.  The  next  five  passes  are  made  in  a  40  in.  three-high  train 
direct  connected  to  a  6.000  h.p.  75  revs,  per  min.  motor.  Tlie  lifting 
table  for  this  train  has  already  been  described.  The  bloomfis  then 
cut  in  two  by  means  of  the  bloom  .shears,  operated  by'a  75  H.P. 
induction  motor. 


Fic:.  5. — Control  Evuii'MEXT  for  6,000  h.p.  Motor. 


closed  simultaneously.  This  group  of  preliminary  control  appa- 
ratus also  includes  the  necessary  relays  to  open  the  circuit  in  case  of 
overload  and  to  prevent  the  secondary  control  from  being  operated 
in  an  injurious  manner. 

The  arrangement  of  the  secondary  control  rheostats  in  multiple 
delta  is  shown  in  Fig.  6.  Direct  current  at  250  volts  was  adojited  for 
the  control  of  this  secondary  apparatus,  and  the  voltages  so  ar- 
ranged that  each  contactor  coil  is  subjected  to  a  pressure  of  only 
about  15  volts.  This  pressure  is  so  small  that  the  arcing  is  insig- 
nificant. To  compensate  for  the  different  number  of  contactors  in 
circuit  at  different  speeds  a  balancing  resistance  equalling  the  re- 
sistance of  the  contactor  is  cut  in  or  out  of  circuit  inversely  as  the 
contactors.  This  keeps  the  current  in  the  contactor  circuit  approxi- 
mately constant  at  about  5  amperes,  and  results  in  a  simple  arrange- 
ment of  contacts  on  the  regulating  device.     The  regulating  device 


Fio.  6.— Di.\GRAM  OK  Skcosd.\ry  Control  of  Rail-mii.l  Motors. 

consists'of  two  concentric  groups  of  buttons,  one  connected  to  the 
contactor  coils  and  the  other  group  to  the  contactor  resistances, 
the  two  groups  being  cross-connected  step  by  step  by  a  simple  arm 
controlled  automatically.  Should  the  250  volt  supply  fail,  a  weight 
attached  to  the  grooved  pulley  on  this  arm  serves  to  return  the 
mechanism  to  the  off  position.  The  master  controller,  which 
operates  both  the  preliminary  control  and  secondary  control  ap- 
paratus, has  two  handles  ;  one  is  a  reversing  handle  and  the  other 
is  for  applying  and  shutting  off  the  power. 

Rail  Mill. — The  rail  mill  has  a  capacity  of  4,000  tons  of  finished 
rails  per  24  hours.     It  is  not  only  the  largest,  but  also  the  only  motor- 


The  next  train  of  rolls,  which  comprises  a  three-high  roughing  mill 
with  passes  10,  11  and  12,  is  operated  by  means  of  the  tilting  table, 
the  second  edger  or  pass  16  and  leader  or  pass  17.  This  train  is  28  in. 
pitch  diameter  and  direct  connected  to  a  6,000  H.P.  motor  running 
at  63J  revs,  per  min.  The  next  pass  is  the  28  in.  two-high  former, 
direct  connected  to  a  2,000  h.p.  68  revs,  per  min.  motor. 

The  third  roll  train  consists  of  the  dummy,  or  pass  14,  the  first 
edger,  or  pass  15.  and  the  finisher,  or  jiass  IS.     These  rolls  also  are 


FlO.    7. — ESTIMATKI)    COMHINKI)    LoAD    ON     THE   MlI.L. 

28  in.  pitch  diameter,  and  the  train  is  direct  connected  to  a  6,0<Xt  H,P. 
88  revs,  per  min.  motor. 

A  diagram  of  these  passes,  and  particulars  of  the  size,  &c.,  of  the 
pieces  leaving  the  various  passes,  is  given  in  the  Paper.  To  supply 
power  to  the  train  motors  of  this  mill  there  are  two  circuits,  each  of 
10,000  kw.  normal  capacity  at  6.600  volts.  One  circuit  feeds  the 
three  blooming-mill  motors  :  that  is  two  2.000  H.P.  and  one  6,000  H.P. 
The  other  circuit  feeds  the  other  three  motors  ;  that  is.  two  6.000  H.P. 
and  one  2.000  n.p.  The  estimated  combined  load  with  the  mill 
working  at  full  capacity,  with  voltage  and  amperage  of  each  of  the 
circuits,  is  shown  in  i"ig.   7.     This  cycle,  which  is  31S9  seconds. 
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indicates  an  exceedingly  variable  load,  the  total  variations  being 
from  a  minimum  of  4,3(l0  h.p.  to  a  maximum  of  19.010  h.p.  with  an 
average  of  12,025  h.p..  which  makes  the  load  factor  on  the  six-train 
motors  almost  exactly  50  per  cent.  The  curve  was  developed  to 
provide  a  basis  for  estimating  the  size  of  the  storage  battery  neces- 
sary to  take  care  of  the  fluctuations  and  keep  a  constant  load  on  the  I 
generating  station. 

Conchisiotis. — One  of  the  most  satisfactory  conclusions,  so  far  as 
the  Indiana  St?el  Co.  is  concerned,  that  can  be  drawn  at  the  present 
date  is  that,  so  far.  all  of  the  apparatus  described  in  this  Paper 
which  has  been  tried  has  been  practically  a  perfect  success. 

In  the  original  design  of  the  plant  considerable  attention  was  given 
to  the  question  of  underground  versus  overhead  transmission.  In 
view  of  some  later  developments,  although  it  might  have  been  pos- 
sible to  put  in  underground  service,  which  would  not  have  greatly 
exceeded  the  cost  of  overhead  construction,  yet  the  latter  has  given 
no  trouble.  All  of  the  6.600  volt  feeders  are  protected  by  multigap 
lightning  arresters,  while  the  22.000  volt  has  both  multigap  and  elec- 
trolytic lightning  arresters.  The  latter  were  not  installed  until  after 
the  former  had  been  operated  for  some  time,  and  since  the  installation 
of  the  electrolytic  lightning  arresters  there  has  been  no  discharge 
over  the  multigap.  nor  have  there  been  any  bad  effects  from  lightning 
either  in  the  plant  of  the  Indiana  Steel  Co.  or  at  other  points  on  the 
line,  which  are  protected  in  like  manner. 

A  comparison  between  the  estimated  horse-power  and  the  observed 
horse-power  required  for  the  various  passes  in  the  rail  mill  shows 
some  discrepancy ;  but  because  the  steel  rolled  was  colder  than  it 
would  have  been  in  actual  practice,  since  all  of  the  machiner}-  is  new 
and  is  not  operating  so  quickly  as  it  should,  and  because,  also,  of  the 
lack  of  adjustment  of  the  rolls,  it  is  believed  that  the  power  required 
will  be  very  little,  if  any,  in  excess  of  the  original  calculations. 

After  the  roll-train  motors  had  been  started  it  was  discovered 
that  the  stopping  of  them  was  an  important  featme.  The  2.000  h.p. 
214  revs,  per  min.  motor,  when  disconnected  from  the  rolls,  required 
two  hours  to  come  to  rest,  while  the  6,000  h.p.  83^-  revs,  per  min. 
motor  required  1  hour  37  minutes  to  stop.  This  time  consumed 
would  mean  corresponding  delays  in  case  of  breaking  of  the  main 
spindle,  which,  of  course,  could  not  be  countenanced.     In  order  to 

stop  these  motors  within  a  reasonable  length  of  time,  direct  current 

at  250  volts  was  introduced  into  one  phase  of 

the  winding,  through  an  external  resistance. 

after  the  motor  had  been  disconnected  from 

the  6.600  volt  line.  By  this  device  the  2,000 

H.P,  21-t  revs,  per  min.  motor  was  stopped  in 

2  minutes  and  55  seconds,  and  the  6,000  h.p. 

motor  in  1  minute  and  42  seconds.     During 

this  time  the  first  .section  only  of  the  resist- 
ance of  the  rotor  was  closed.      This  device  is 

being  put  in  permanently,  and  a  6.600  volt 

switch  connected  to  one  phase,    the   other 

side  of  which  will  be  coimected  to  the  250 

volt  line  through  a  permanent  resistance,  and 

this  switch  interlocked  with  the  main  6,600 

volt   oil    switch,    so    that    both    cannot    be 

thrown  in  at  the  same  time. 

Probably  no  industrial  application  of  elec- 
tricity  has  been  the  result  of   more  careful 

study  on  the  part  of  the  engineers  in  charge, 

or  has  marked  a   more   general   adoption  of 

electric  power  than  the  one  just  described. 

Although   manv   of   the   motor    applications 

are  not  new,  this  plant  is  unique  in  respect 

to  the    number  and  variety  of    the  applica- 
tions and  the  size  of  many  of  its  units.     The 

rail  mill  now  in  operation,  driven  by  induc- 
tion  motors  with   a   combined   capacity  of 

24,000   H,P.,  and   having  a   normal    output 

of  4,000  tons  of  steel  rails  per  24  hour  day, 

is  without    a  rival.      The   operation   of  the 

plant  will,  therefore,  be  watched  with  more  than  usual  interest, 
both  by  steel  mill  engineers  and  electrical  engineers.  Its  success 
will  greatly  accelerate  the  application  of  the  electric  motor  in 
this  industrial  field. 


WIRELESS  TELEGRAPHY  IN  THE  TERRITORIAL 
FORCE. 

This  week  we  give  some  illustrations  of  work  performed  by  the 
London  Wireless  Telegraph  Company  R,E.  during  the  Easter  holi- 
days at  Kneller  Hall,  When  the  Territorial  force  was  created  five 
wireless  companies  were  formed — one  for  each  army  command,  Tlie 
fimction  of  these  companies  in  war  would  be  to  keep  up  communi- 
cations between  the  advanced  posts  of  the  army  and  the  head- 
quarters of  the  commander-in-chief.     For  this  reason  they  must  be 


Fi(i.  1. — Intekioh  of  the   ■■  Wireless"  .St.ition    used  by  the 

TERRITORI.iLS   DtTKINO   THE    EaSTER  MaNCEUVRES. 

mobile,  so  that  they  can  act  with  cavalry  or  horse  artillery.  Each 
company  will  consist,  for  the  present,  of  two'portable  stations,  each 
station  being  carried  on  a  waggon  which  consists  of  a  limber  and 
main  carriage.   These  waggons  are  horsed  with  a  six-horse  team  and 


Fig, 


Gennano-Amcrican  Patent  Treaty. — The  United  States 
Senate  has  ratified  the  new  patent  treaty  between  the  United 
States  and  Germany,  which  provides  fertile  reciprocal  protec- 
tion of  patents  taken  out  in  Germany  by  Americans  and  in  the 
United  States  by  Germans.  The  existing  law  is  also  amended 
so  that  the  obligation  of  manufacture  in  either  country  where 
the  patent  is  obtained  is  abolished,  and  the  patented  article 
can  be  manufactured  in  another  country  and  imported. 


View  of  the  Exterior   of    the    Station,   showinu   the   Antenkae   and 
Mast  Equipment, 


carry  fom-  men  on  the  boxes.  The  mast  is  in  sections  and  is  also 
carried  on  the  waggons.  None  of  the  wireless  companies  are  yet 
equipped  with  apparatus  of  any  kind,  although  it  is  expected  that 
some  equipment  will  be  issued  before  the  end  of  this  year. 

The  London  company  have  been  fortunate  enough  to  get  training 
in' the  stations  of  the  Lepel  Wireless  Synd.,  these  being  situated  at 
Slough  and  Twickenham.  Further,  one  of  the  officers  of  the  London 
Wireless  Company  R.E.  is  having  a  portable  station  made  by  the 
Lepel  Wireless  Synd.  for  the  use  of  his  company.  The  men  will 
therefore  have  the  advantage  of  learning  the  system,  and  the 
operators  will  be  able  to  train  for  speed  and  efficiency. 

In  the  (ierman  army  the  greatest  importance  is  attached  to 
the  science  of  wireless  telegraphy.  Thee  they  have  no  less  than  12 
companies    carrying     portable    apparatus,   besides    several    fixed 
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stations  at  towns  such  as  those  f>£  Jletz  and  Strasburg.  Up  to 
the  present  they  Imve  used  the  Telefunken  system,  but  in  this 
year's  manoeuvres  the  Lepel  system,  which  has  many  salient 
advantages,  is  to  be  tried  in  conjunction  with  the  Telefunken 
system.  The  English  regular  army  lias  only  two  companies  carry- 
ing portable  stations,  and  one  fixed  station  at  Aldershot.  Up  to 
now  they  have  been  using  spark  telegraphy,  but  lately  they  have 
purchased  installations  from  the  Lepel  Wireless  Synd.  {continuous 
wave  .system),  and  there  is  every  indication  that  the  continuous 
waves  will  come  into  extensive  use  for  military  and  shipping  pur- 
poses, not  only  in  this  country  but  on  the  Continent. 

There  is  no  doubt  that  two  companies  are  quite  inadequate  for 
the  work  of  our  regular  arm}',  and  therefore  it  is  one  of  the  best 
points  of  Mr.  Haldane's  territorial  scheme  that  five  wireless  com- 
panies are  included.  Tlierc  is  a  great  keenness  in  the  ranks  of  the 
London  Wireless  Company,  which  is  now  over  strength,  and  there 
are  still  a  great  number  of  applications  for  enlistment.  As  soon  as 
the  others  are  equipped  no  doubt  the  same  keenness  will  be  shown. 


OERLIKON  THBEE-PHASE  YARISBLE  SPEED 
MOTORS. 

The  three-phase  motor,  although,  of  course,  a  very  useful  di'iving 
apparatus  in  many  ways,  for  a  long  time  sufi'ered  from  the  fa^t 
that  to  regulate  its  speed  was  no  easy  matter,  and   in  consequeno3 


The  motor,  on  which  the  tests  were  made,  had  an  output  of 
15H.P.,  and  was  specially  built  for  driving  a  large  lathe.  It  wa.s 
capable  of  running  at  four  normal  speeds — viz.,  500,  750,  l.OfJO 
and  l,.50O  revs,  per  min.  At  all  these  speeds  a  constant  output  of 
15  H.P.  could  be  obtained,  or  a  constant  torque  of  15  kg.  on  a  brake 
lever  1  metre  long.  The  motor  was  supplied  with  current  at 
500  volts,  the  frequency  being  .50  cycles. 

The  curves  in  Figs.  2  to  7  represent  the  characteristics  of  this 
motor  for  the  six  different  positions  of  the  speed  regulator.     Fig.  2 

MKg.l 
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its  employment  for  work  in  which  a  range  of  speed  was  desired  was 
not  possible.  This  in  itself  led  to  certain  complications,  for  the 
current  had  often  to  be  transformed  from  tlu-ee-phase  to  continuous,  so 
that  the  necessary  speed  regulation  of  the  motor  could  be  obtained. 

In  recent  years,  however,  these  difficulties  have  been  overcome 
in  several  ways,  one  of  the  most  successful  being  by  altering  the 
number  of  poles  on  the  stator.  The  Maschinenfabrik  Oerlikon  were 
among  the  first  to  make  motors  of  this  type.  Since  their  first 
introduction  by  this  firm  very  considerable  progress  has  been  made, 
and  in  the  following  article  we  give  a  series  of  test  curves  which 
were  obtained  with  one  of  the  Oerlikon  standard  types  of  three- 
phase  variable  speed  motor.  We  illustrate  such  a  motor  having  au 
output  of  500  H.P. ,  which  is  installed  at  the  Sandviken  mines  in 
Sweden,  in  Fig.  1, 


Fig.  2. — Theee-Piiase  Motor  Characteristic.     Four  Poles.    Series 

Connections,  1,500  revs,  per  min. 

Note. — In  all  figurefi:!. — Power  factor;  tl.— Efficiency ;    III. — Input  in  watts; 
IV.— Torque  i  V.— Carrent;  VI.— Slip. 

shows  the  results  obtained  when  there  are  fom- poles,' the  connections 
being  in  series.  In  Fig.  3  the  motor  also  has  four  poles,  but  the  con- 
nections are  In  parallel.  Figs.  4  and  5  show  the  conditions  with 
six  poles,  the  connections  being  in  .series  and  parallel  respectively. 
Fig.  0  gives  the  results  obtained  with  eight  poles,  and  Fig.  7  tho.se 
with  twelve  poles.  The  stator  has  two  separate  windings,  wliich  are 
embedded  in  72  slots,  thus  allowing  four  and  eight  or  six  and  twelve 
poles  to  be  respectively  obtained.  The  rotor  of  this  motor  is  of  the 
squirrel-cage  type. 

The  stator  windings  corresponding  to  a  lour 
or  eight-pole  arrangement  consist  of  a  set  of 
four  groups  of  coils  per  phase,  which  can  he 
interconnected  in  three  different  ways.  In 
two  of  these  ways  the  speeds  obtained  cor- 
respond to  a  four-pole  arrangement,  the  only 
difference  between  the  two  being  that  in  one 
case  the  fom'  groups  of  one  phase  are  in  series, 
while  in  the  other  case  they  are  In  parallel. 
The  third  way  of  combining  the  connections 
gives  an  eight-pole  arrangement.  The  con- 
nections for  six  and  twelve-pole  conditions 
can  be  similarly  arranged,  the  windings  then 
having  six  groups  of  coils  per  phase.  The  . 
test  curves  shown  In  Figs.  2  to  7  give  all  the 
electrical  data  obtainable  by  means  of  any  of 
the  connections  referred  to  above  over  a  range 
of  load  from  no  load  to  full  load. 

A  comparison  of  the  results  obtained  between 
no-load  and  full  load  for  each  stator  winding, 
for  both  series  or  parallel  connections,  and 
when  using  either  the  smaller  or  greater 
number  of  poles,  show  that  (1)  the  no-load 
current,  when  parallel  connections  are  om- 
ploj-ed  at  the  same  speed  with  the  smaller 
number  of  poles.  diM\s  not  differ  considerably 
from  the  no-load  current  obtained  with 
double  the  number  of  poles.  Whilst  with 
series  connections  the  no-load  currents  with 
tlie  smaller  nmuber  of  poles  are  only  about 
a  quarter  those  with  the  double  number  of 
poles.  (2)  The ''current  at  maximum  output,  and,  in  fact,  the 
maximum  output  itself  Is  nearly  four  times  greater  with  the 
smaller  number  of  poles  when  parallel  connoetions  are  used  than 
the  current  and  corresponding  out|)Ut  with  double  the  number  of 
poles.  In  the  ca.se  of  the  series  connections,  however,  the  current 
and  output  is  nearly  the  same  with  the  smaller  numl)er  of  poles  as 
with  the  double  number  of  poles. 

The  corollary  to  this  is  that  it  is  posssible  to  do  without  the  par.illel 
connections  with  the  lower  number  of  poles— i.e.,  with  four  and  six 
poles,  when  the  motor  is  being  used  for  a  constant  outi>ut  at  the 
different  speeds  corresponding  to  the  individual  steps.  This  is  par- 
ticularlv  the  ca.se  when  the  motor  Is  used  for  driving  tools,  where  a 
constant  power  gi\  es  a  greater  torque  at  lower  siieeds.  On  the  other 
hand,  the  use  of  parallel  connections  with  the  smaller  number  of  poles 

6 


54 


THE  ELECTEICIAN,  APEIL  23,  1909. 


— I.e.,  four  and  six — is  desirable  when  it  is  necessary  to  maintain  a 
constant  torque  at  all  speeds. 

The  Oerlikon  Co.  recommend  the  use  of  parallel  connections  when 
this  type  of  motor  is  used  for  driving  pumps,  printing  presses,  roll- 
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Fig.  3. — Fofk  Poles.     Parallel  Connections,  1,500  revs   per  min. 

ing  mills,  hoisting  gears  or  traction  installations.  The  test  results 
obtained  with  tliree-phase  motors,  either  for  a  constant  output  or  a 
constant  torque,  are  given  in  the  following  tables  for  the  machine 
under  consideration — i.e.,  for  a  motor  of  typ^  360  having  an  arbi- 
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Fu;.  4. — Six  Poles.     Series  Connections,  1,000  revs,  per  min. 

trarily  chosen  output  of  15  h. p.  and  an  arbitrarily  chosen  torque  of 
10  kgm.  and  20  kgm.  This  constant  output  of  15  h.p.  corresponds 
practically  to  the  continuous  output  of  the  motor  when  it  is  running 
with  the  eight-pole  arrangement  of  connections.     If  the  connections 


Table  I. — Data  for  15  h.p.  Oer/ikon  Three-phase  Varlahle  f>peed  Motor 

rmininrj  on  a  500  volt  circuit :  frequency  50. 

A. — Data  with  Constant  Output. 


Groupiiii;  of  poles 


Speed 
r.p.in. 


Cur- 
rent 
amps 


Four  poles,  parallel 

connections    1,475     180 

Four    poles,   series 

connections  1,445     IS'5 

Six   poles,  parallel 

connections  978     205 

Six     poles,     series  ] 

connections  920     171 

Ei^'ht  poles  715     19-2 

Twelve  poles    447     230 


Start- 

Run- 

Em- 

Power 

'"K 

ning 

oiency. 

factor. 

torqut 

torque, 

m.kg. 

m.kg. 

86  0 

0-84 

7-3 

36 

80-0 

0935 

7-5 

9 

850 

C-72 

10-8 

65 

84  0 

C-915 

11-5 

14 

84  0 

0-79 

15  0 

18 

770 

0-77 

24-0 

30 

.Start- 


rent 
amps. 


B.— Data  with  Constant  Tokv''e. 
I. — ToewueIOkom. 


Grouping  of  pole?. 


Speed,  Current 
r. p.m.  amperes. 


Four  [K>les,  pnr.allel  connections  1,470 

Four  pole.-i,  series  connections  .:.  1,425 

Six  pole.s,  parallel  connections...  980 

Six  poles,  series  connections    ..  935 

Bight  poles  727 

Twelve  poles    .....".!!!...  465 

11.— TORQCE  20  Kl 

Four  poles,  jarallel  connections 
Four  ])oles,  series  connections... 
Six  poles,  parallel  connections... 
Six  poles,  series  connections    ... 

Eight  poles  __ 

Twelve  poles qiO 


23  0 
21-0 
20  0 
150 
14-5 
12-5 

IM, 


Effi- 
ciency. 

88  0 
86  0 
84-0 
850 
82-0 
76-5 


1,430 

43  0 

90-5    0-94 

£60 

.31  0 

88.0    0-85 

630 

310 

72  0    0£6 

'00 

25-5 

820    0f2 

410 

i;4-5 

73-0    0-735 

39  0 

26'8 
23-4 
20-0 
12-7 


are  changed  to  a  four  or  six-pole  arrangement  the  output  is  propor- 
tionately increased,  while  a  twelve-pole  connection  proportionately 
lowers  the  output.  The  outputs  at  each  speed  for  whicji  th,e  motor 
is  designed  correspond  to  a  constant  torque  of  10  m.kg.  The  starting 
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Fig.  5. — Six  Poles.     Parallel  Connections,  1,000  eevs.  per  min. 

conditions  of  the  motor  are  indicated  in  Table  I.,  which  shows  the 
maximum  starting  moment  for  each  pole  arrangement  and  the  cor- 
responding current  in  amperes.  The  torque  in  kilogrammes  when 
running  on  a  brake  lever  cf  1  metre  length  is  shown,  and  the  cor- 
responding current  in  amperes  is  also  given  in  the  Table. 

In  this  kind  of  work  the  proof  of  the  utility  of  such  a  machine  is 
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Fig.  0. — Eight  Poles,  750  revs,  per  min. 

given  by  the  wideness  of  its  application,  and  we  understand  that 
the  excellence  of  tliree-phase  motors  for  machine  tool  driving  is 
being  so  recognised  by  one  of  the  largest  Swiss  tool  manufacturers 
that  about  40  of  these  motors  have  already  been  installed  in  the 

n- 


0  5  10  15      '         201P 

Fig.  7. — Twelve  Poles,  500  revs,  per  min. 

works.  The  ironworks  at  Sandviken  in  Sweden,  as  mentioned  above, 
are  driving  one  of  their  rolling  mills  with  an  Oerlikon  three-phase 
variable  speed  motor  of  500  h.p.,  which  is  illustrated  in  Fig.  1.  This 
motor  works  with  a  constant  torque,  and  its  outputs  at  four  speeds 
are  given  in  Table  11.  The  efficiencies  and  power  factors  of  a  motor 
built  to  run  on  a  circuit  of  500  volts  and  a  frequency  of  50  cycles 
at  four  speeds  are  given  in  Table  III. . 


Table  II. — Data  for  500  H.p.  Oerlikon  Three-phase  Variable  fJpeed  Motor, 


Output. 
500  H.p. 
400  II.  p. 


r.|..m. 

..     367  1 
...     294 


Output. 
250  ii.p. 
200  II.P. 


r.  p.m. 
183 
147 


Table  III. — Jifficienciea  and  Power  Factors  of  an  Oerlikon  Three-phase 
Variable  Speed  Motor  running  on  a  .WO  Volt  .'lO  Cycle  Circuit. 


Speed,  r.p.m. 


183 


Efficiency  at  full  load 93^  j      90%  I     89% 

Efficiency  at  half  load .".  90%  |     87%  86% 

Power  factor  at  full  load    0'90  0  85  082 

Power  factor  at  h.alf  load    '     0-85  080  !     074 


147 


f8% 

85% 
0-80 
0  70 
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STARTING  MACHINE  WITH  DEVICE  FOR  THE 
NEUTRALISATION  OF  RBMANENCE. 


The  advantages  of  the  operation  of  large  motors  with  heavy  fluc- 
tuations in  load  and  especially  of  large  haulage  gear  by  means  of  a 
Ward-Leonard  motor-generator  set  are  in  themselves  sufficiently 
well  known  to  account  for  the  rapid  introduction  and  extensive  em- 
ployment of  the  system.  On  the  other  hand,  it  may,  however,  per- 
haps be  less  familiar  that  this  system  pos.ses.sps  a  distinct  disadvan- 
tage, the  surmounting  of  which  has  up  to  the  present  been  attempted 
in  vain. 

With  the  Ward-Leonard  system  the  motor  is  brought  to  rest  by 
completely  cutting  out  or  short-circuiting  the  excitation  of  the 
starting  machine  which  supplies  current  to  the  motor.  As  a  rule, 
it  is,  however,  not  always  possible  to  bring  the  motor  completely 
to  rest  by  this  means  owing  to  the  presence  of  remanent  magnetism 
in  the  starting  machine,  even  after  the  excitation  has  been  cut  out 
or  short-circuited.  This  remanence  suffices  to  induce  a  small  E.M.F., 
which,  however  small,  is  still  sufficient  to  produce  heavy  currents, 
on  account  of  the  low  resistancs  of  the  dynamo,  motor  and  leads, 
thus  imparting  an  undesired  motion  to  the  motor. 

This  circumstance  signifies  great  unsafely  of  operation  and  also 
decreases  the  capacity  of  the  plant  owing  to  the  difficulty  experi- 
enced in  effecting  an  accurate  stopping.  The  controlling — (.e.,  start- 
ing-gear of  haulage — is,  for  example,  on  account  of  obvious  reasons, 
mostly  connected  with  the  braking  device  in  such  a  way  that  the 
braking  or  releasing  of  same  can  only  take  place  when  the  control 
lever  is  in  its  middle  position  in  which  the  excitation  of  the  starting 
dynamo  is  cut  out  or  short-circuited  as  the  case  may  be.  When 
the  control  lever  is  in  this  position,  as  already  pointed  out,  sufficient 
remanent  magnetism  is  still   left   in  the  starting  dynamo  to  pro- 


Devk.'E  to  remove  kemanent  magnetism  in  Ward-Leonard 

tiENERATOB. 

duce  an  E.M.F.,  which,  in  turn,  causes  a  flow  of  current  from 
the  starting  dynamo  to  the  motor>  .so  that  the  latter,  inslead  of 
coming  to  rest  when  the  brake  is  released,  runs  forwards  or  back- 
wards in  accordance  with  the  preceding  excitation.  Should  the 
motor  further  possess  compensating  poles,  which  is  usual  in  the  case 
of  haulage  motors,  rolling-mill  motors,  &;.,  this  phenomenon  will 
become  even  more  aggravated. 

This  difficulty  has  up  to  the  present  mostly  been  surmounted  by 
leaving  it  to  the  discretion  of  the  operator  as  to  how  far  it  is  neces- 
sary to  push  back  the  control  lever  in  order  to  counteract  exactly 
the  remanent  magnetism  in  the  starting  dynamo,  which  prevents  the 
motor  from  coming  to  rest  when  this  lever  has  been  brought  to  its 
"off '"  position.  Tliis  procedure  is  naturally  only  a  very  incomplete 
and  unsafe  one,  as  it  is  entirely  dependent  upon  the  skill  and  atten- 
tiveness  of  the  operator.  Even  if  the  operator  has  become  perfectly 
initiated  into  this  manipulation,  he  will,  in  each  instance,  still  be  in 
doubt  again  as  to  how  far  the  control  lever  will  have  to  be  pushed 
back  so  as  to  neutralise  exactly  the  remanence  in  the  starting 
dynamo  and  bring  the  haulage  mott)r  completely  to  rest,  owing  to  the 
fact  that  the  density  of  the  field  due  to  the  remanent  magnetism 
depends  upon  the  previous  excitation,  which  varies  considerably  in 
accordance  with  the  working  conditions,  thus  even  evading  the 
operator's  positive  decision. 

The  Felten  &  Guilleaume-Lahmeyerwerke.  A.-G.,  of  Frankfort- 
on-Main,  have  now  patented  an  invention  (D.R.P.  2(18,285)  which  is 
found  to  remove  completely  the  above  discussed  difficulty  and  at 
the  same  time  is  characterised  by  great  simplicity.  It  consists,  as 
shown  in  the  diagram,  of  a  winding,  K,  mounted  on  the  field-magnet 
of  the  starting  dynamo  A,  through  which  the  armature  current  of 
the  dynamo  flows  and  which  is  connected  up  in  such  a  way  that  it 
tends  to  remove  the  magnetic  field  still  present,  owmg  to  the  rema- 
nence.    This  winding  has  been  rated  in  such  a  manner  that  upon 


cutting  out  or  short-circuiting  the  main  excitation  F,  the  magntism 
still  present  is  ju.st  neutralised.  If.  then,  the  control  lever  for 
stopping  the  motor  is  put  into  its  "off"  position,  by  which  means 
the  main  excitation  F  of  the  starting  dynamo  is  cut  out,  the  cur- 
rent generated  by  the  remanent  magnetism  flows  through  the  wind- 
ing K  in  such  a  direction  that  a  complete  demagnetisation  of  the 
field  is  attained  so  that  ths  motor  positively  comes  to  rest. 

To  attain  the  desired  action  this  winding  need  only  consist  of  a 
few  turns,  so  that  under  normal  working  conditions  of  the  generator 
it  scarcely  exercises  any  influence  at  all,  and  therefore  only  causes' 
extremely  low  lo.sses. 


IMPERIAL  COLLEGE  OF  SCIENCE  AND 
TECHNOLOGY. 


The  first  annual  report  of  the  Governing  Body  has  ju^t  been  issued, 
and  refers  to  the  year  ended  .July  31,  1908.  A  brief  statement  of  the 
measures  taken  in  the  matter  of  the  incorporation  of  the  College,  for 
which  a  Charter  was  granted  on  the  8th  July,  1907,  is  first  given, 
followed  by  a  list  of  the  members  of  the  Governing  Body.  Four 
temporary  .sub-committees  or  Advisory  Boards,  consisting  of  certain 
members  of  the  Organisation  Committee,  together  with  a  limited 
number  of  persons,  outside  the  Governing  Body,  have  been  formed. 
These  committees  made  valuable  reports  on  the  matters  committed 
to  them,  which  are  now  receiving  the  careful  consideration  of  the 
Governing  Body. 

The  actual  transfer  of  the  Royal  College  of  Science  and  the  Royal 
School  of  Mines  to  the  Governing  Body  of  the  Imperial  College  dates 
from  January  1,  1908.  but  the  Board  of  Education,  at  the  request  of 
the  Governing  Body,  untlcrtook  to  conduct  the  current  work  of  these 
institutions  up  to  the  end  of  the  financial  year  (March  .SI.  1908).  In 
arranging  for  the  continuance  and  development  of  the  work  of  the 
Institution,  the  Governing  Body  have  had  the  following  matters  under 
its  careful  consideration:  (1)  The  standard  of  admission  required 
from  students  entering  theu  first  year  courses  in  the  session.  1908-9, 
together  with  the  tests  required  by  way  of  entrance  examination. 
(2)  The  possibility  of  harmonising  the  first  year  courses  of  the  con- 
stituent Institutions  of  the  Imperial  College,  so  long  as  provision  con- 
tinues to  be  made  by  these  institutions  for  work  of  this  standard. 
(.3)  The  provision  of  fourth  year  courses  of  a  more  advanced  character 
than  had  hitherto  been  attempted. 

Among  the  additions  to  the  Imperial  College  staff  are  : — Professor 
of  Zoology,  Mr.  A.  Sedgwick,  M.A.,  F.R.S.;  Professor  of  Jletallurgy, 
Mr.  W.  A.  Carlyle,  Ma.E.,  M.Sc.,  M.I.M.M.  ;  Professor  of  Physics, 
The  Hon.  R.  J.  Strutt.  F.R.S.  ;  Assistant  Professor  of  Botany.  >Ir.  P. 
Groom,  M.A.,  D.vSc,  F.L.S. 

Although  not  falling  within  the  period  to  which  the  report  relates, 
it  is  mentioned  that  a  donation  of  £4,000  from  Mr.  C.  Hawksley  has 
been  promised  towards  the  provision  of  a  Laboratory  for  the  study  of 
hydraulics,  in  memory  of  his  father,  Thomas  Hawksley.  M.Inst.C.E., 
the  well-known  hydraulic  engineer.  It  is  with  pleasure  that  the 
Governing  Body  are  able  to  report  that  the  Council  of  the  Institution 
of  Electrical  Engineers  are  prepared  favourably  to  consider  their  co- 
operation in  the  equipment  of  an  electrical  engineering  laboratory  at 
the  Imperial  Cullcgr.  in  memory  of  the  late  Lord  Keh  in. 

Appendixes  to  the  report  give  further  information  concerning  (1) 
the  membership  of  Committees  :  (2)  donations  and  bequests  to  the 
Imperial  College  ;  (3)  members  of  staff  ;  (4)  statement  of  student.s 
enrolled;  (5)  prize  distribution  and  Rector's  addresses;  (6)  fourth 
year  special  advanced  courses.  The  total  number  of  students 
enrolled  in  the  Imiicrial  College  of  Science  and  Technology  was  4oti  in 
the  Session  1908-1909  (to  Nov.  11.  19(18.  only),  as  compared  with 
294  in  1907-8,  and  .■?II3  in  I9<>()  7.  The  convsponding  figures  for  the 
City  and  Guilds  College  «crc  4.VJ.  4;)8  and  4.-.7  respectively. 
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The  Shot-Flrer's  Guide :  A  Practical  Manual  on  Blasting  and  the  Prevention 
of  Blasting  Acci.lent.s  in  Mine.s,  t^uarries,  Ac.    By  W.  Maurice.   Searlv  Jiiadi/, 
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"THE   ELECTRICIAN"   INDUSTRIAL   SUPPLEMENT. 

With  "  The  Electrician  "  for  Sept.  14,  1906,  was  issued  the  first  of  a 
series  of  "  Industrial  Supplements,"  to  be  published  from  time  to  time 
with  "  The  Electrician."  The  thirty-lifth  issue  of  the  Supplement  will  be 
published  (Gratis)  with  the  number  of  "The  Electrician  "  for  April  30. 

The  "  Industrial  Supplement  "  is  holed  for  filing  or  hanging,  and 
filing  covers  can  be  supplied  for  holding  6  or  12  issues. 

SPECIAL   NOTICE. 


With  this  week's  number  of  "  THE  ELECTRICIAN  "  is  issued  (Gratis) 
the  Index  to  Vol.  LXII.  This  includes  the  Index  to  the  "  Industrial 
Supplement." 

Complaints  of  non-receipt  should  be  promptly  made  to  the  Publisher. 


COMBINED  DESTRUCTOR  STATIONS. 

Altliougli  tlie  comljiiuition  of  a  destructor  with  an  elec- 
tricity generating  station  has  now  been  attempted  for  a 
good  many  years,  the  value  of  the  combination  is  still  a  sub- 
ject of  some  controversy.  At  one  time  it  may  have  seemed 
that  the  capabilities  of  the  destructor  were  small.  Refuse 
was,  no  doubt,  destroyed  in  a  more  or  less  ethcient  manner, 
and  it  was  thought  something  of  an  achievement  to  attain 
this  result  without  nuisance,  an}'  idea  of  obtaining  useful 
work  beyond  that  of  cremation  being  given  no  tiiought.  A 
great  improvement,  however,  soon  took  place.  The  intro- 
duction of  forced  draught,  whetlier  by  fans  or  by  steam 
jets,  made  a  great  change,  and  along  with  more  perfect 
combustion  came  the  desire  of  attempting  to  utilise  the 
waste  heat.  But  one  most  important  lesson  had  to  be 
learned,  namely,  that  the  sanitary  requirements  of  a  de- 
structor must  be  paramount— that,  in  fact,  a  destructor  is 
essentially  a  sanitary  appliance,  and  that  its  functions 
as  sucli  must  receive  no  interference.  This  point  cannot 
be  too  much  emphasised ;  but  assuming  that  the  destructor 
accomplishes  its  work  satisfactorily — that  the  refuse  is 
burnt  perfectly, and  therefore  no  nuisance  is  created — then 
we  may  very  well  incpiire  whether  the  resulting  waste 
heat  is  not  sufficient  to  perform  some  useful  work. 

It  is  well  known  that  the  quality  of  refuse  varies  accord- 
ing to  the  locality  and  with  the  different  times  of  year. 
Taking,  however,  as  au  average  figure,  1  ton  of  refuse  per 
thousand  inhabitants  per  day — a  quantity  which  must  be 
regarded  as  somewhat  high— and  the  possibility  of  pro- 
ducing, say,  70  units  per  ton,  then  it  follows  that  a  destruc- 
tor should  be  able  to  generate  something  like  20  units  i)er 
inhabitant  per  year.     In  a  general  way  we  might  say  that 
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the  possibilities  lie  between  15  and  20  units  pet  inhabitant. 
At  present  the  number  of  units  of  eleetrical  energy  used 
per  annum  on  networks  wliich  do  not  supply  tramways, 
but  merely  the  ordinary  lighting  and  motor  load,  amounts 
to  something  like  20  to  30  units  per  inhabitant  per  year. 
On  the  face  of  it,  therefore,  the  outlook  of  the  destructor 
from  the  electrical  point  of  view  is  distinctly  promising. 
When  it  is  remembered,  however,  that  refuse  must  gener- 
ally be  burnt  continuously,  and  cannot  well  be  handled 
intermittently  to  meet  the  exigencies  of  a  lighting  load, 
and  that  on  Sundays  a  destructor  is  not  worked  to  any 
serious  extent  because  there  is  no  collection  of  i-efuse,  then 
it  will  be  realised  that  a  destructor'is  not  a  very  useful 
adjunct  to  electricity  stations  dependent  simply  upon  a 
lighting  load,  (lur  readers  will  find  this  point  emphasised 
elewhere  in  a  Paper  read  by  Mr.  J.  A.  Eobertson  before 
the  Glasgow  Local  Section  of  the  Institution  of  Electrical 
Engineers. 

Where  there  is  a  suttiQient  motor  or  tramway  load  to 
enable  a  generating  station  to  take  up  all  the  steam  gene- 
rated by  the  destructor  throughout  the  24  hours  the  case 
is  distinctly  different.  Under  such  conditions  the  destruc- 
tor may  be  certainly  beneficial,  though  there  is  always  a 
difficulty  in  arriving  at  the  true  value  of  the  steam.  A 
destructor  in  itself,  when  coupled  up  to  a  generating 
station,  does  not  improve  the  steam  consumption  per  unit. 
The  effect  of  the  additional  boilers  and  steam  pipes  cannot 
usually  be  found  in  an  easy  manner,  but  in  the  case  of 
Greenock  the  geuei'ating  station  had  been  run  a  few  months 
before  the  destructor  was  put  to  work,  and  it  was  found 
that  there  was  an  increase  of  10  per  cent,  in  the  steam 
consumption  per  unit  generated  when  the  destructor  steam 
was  utilised.  In  this  particular  case,  also,  it  was  compara- 
tively easy  to  arrive  at  a  valuation  of  the  destructor  steam. 
The  amount  of  coal  that  was  being  used  previously  was 
well  known,  and  thus  any  saving  in  coal  could  be  easily 
determined. 

In  passing,  we  might  remark  that  although  the  state- 
ment of  results  in  terms  of  units  generated  per  ton  of 
refuse  may  he  very  suitable  in  any  particular  station,  yet 
from  the  point  of  view  of  comparing  one  station  with 
another  it  is  desirable  that  results  should  be  expressed 
rather  in  terms  of  the  amount  of  steam  per  ton  than  as 
the  number  of  units  per  ton,  for  tlie  latter  depends  also 
upon  the  class  of  generating  plant  as  well  as  on  the  efficient 
use  of  the  refuse. 

Generally  speaking,  we  tliink  it  will  be  admitted  that 
the  refuse  destructor  as  an  adjunct  to  the  smaller  class  of 
■generating  station  with  a  tramway  load,  or  a  fair  motor  load, 
is,  if  properly  designed,  a  distinct  gain.  On  the  other  hand, 
as  a  station  becomes  larger  such  assistance  becomes  much 
less  pronounced.  The  destructor  can  only  increase  in 
proportion  to  the  population,  whereas  the  growth  of  the 
generating  station  depends  upon  the  more  extended  use  of 
electrical  energy  for  various  purposes,and  the  station  should 
increase  rapidly  in  size  in  any  suitable  area  quite  irrespec- 
tive of  increase  in  the  sun-ounding  population.  We  can 
well  imagine  that  as  a  generating  station  expands  the 
destructor  plant  may  become  somewhat  of  an  impediment 
rather  than  an  advantage.  For  this  reason  it  appears  to  us 
that,  generally  speaking,  the  services  of  a  destructor  are 


more  desirable  as  an  aid  to  sewage  pumping  j^lant  than  to 
electrical  generation.  Here  the  load  is  more  or  less  con- 
tinuous :  as  the  population  increases  both  the  sewage 
works  and  the  destructor  increase  simultaneously,  and  the 
latter  continues  to  give  the  same  assistance,  which  ls 
unaffected  by  other  industrial  C(mditions  of  expansion. 


REVIEWS. 


(Copies  of  the  uadermeotioneJ  works  can  be  had  from  The  Electrician  OfBce,  poet  frc* 
on  receipt  of  published  price,  adding  3d.  for  books  published  under  2a.  Add  10  per 
cent,  for  abroad  or  for  foreign  books.) 


Essays  Biographical  and  Chemical.  By  Sir  William  Ramsav, 
K.C.B.  (London  :  Archibald  Constable  &  Co.)  Pj).  247.  78.  6d.net. 

This  book  consists  of  a  very  interesting  series  of  biographical 
essays  of  chemists  and  physicists,  which  takes  up  about  half 
of  it,  and  a  series  of  essays  upon  various  chemical  subjects, 
which  fills  the  other  half. 

Although  as  chemists  we  can  hardly  at  the  present  dav  con- 
sider ourselves  the  foremost  nation,  yet  as  pioneers  we  were 
second  to  none.  And  it  is  of  interest  to  notice  that  some  of 
our  London  chemists  (Boyle,  Cavendish,  Davy  and  Graham) 
were  among  the  very  foremost  of  these  pioneers.  The  author 
de.scribes  the  work  of  these  men  and  their  lives  in  a  very 
sympathetic  style.  Davy  was  most  extraordinarily  am- 
bitious, Graham  was  retiring,  as  was  Cavendish,  who  was  pain- 
fully shy,  and  Boyle  seemed  best  to  hit  the  medium  between 
the  extremes.  All  these  men,  however,  were  of  extraordinary 
genius  and  ability,  and  their  work  was  of  a  most  accurate  and 
enduring  character. 

One  of  the  most  interesting  personalities  which  Sir  William 
describes  is  Joseph  Black,  of  Edinburgh.  Black  was  the  first 
to  carry  out  quantitative  measurements,  and  thus  exploded 
the  phlogistic  theory.  He  also  determined  the  latent  heat  of 
fusion  of  ice  and  the  latent  heat  of  steam.  The  numbers 
obtained  by  him  show  a  very  great  degree  of  accuracy,  con- 
sidering the  very  meagre  means  which  he  had  at  his  disposal. 
It  is  not,  however,  only  his  work  which  is  noticed,  but  in  a 
very  sympathetic  spirit  Ramsay  shows  us  the  man.  He  was 
a  person  of  simplicity  of  character,  who  never  said  a  hard  word 
or  made  an  enemy,  and  was,  consequently,  loved  by  all  who 
knew  him. 

A  short  note  of  Lord  Kelvin  is  also  given,  but  we  consider 
this  the  least  satisfactory  biography  in  the  book — it  is  all  too 
short  and  the  work  done  by  Kelvin  was  all  too  great. 

The  second  portion  of  the  book  is  entitled  Chemical  Essays, 
and  treats  of  a  number  of  subjects,  such  as  the  Becqueiel  rays, 
the  aurora  borealis,  radium  and  its  products,  What  is  an 
element  ?  and  the  last  essay  is  on  the  functions  of  a  university. 

Sir  William  Ramsay  considers  that  the  most  important 
function  of  a  university  is  to  attempt  to  answer  the  question 
asked  often  with  painful  iteration  by  the  child — "  Why  '1  " 
This,  of  course,  is  in  essence  another  way  of  saying  that  the 
function  of  a  university  is  research.  The  essence  of  research 
is  observation.  Faraday  noticed  that  if  a  magnet  approaches 
a  coil  of  wire  an  electric  current  is  induced  in  the  wire.  The 
results  are  electric  light,  electric  traction  and  the  enqjloyment 
of  electricity  for  all  sorts  of  motive  power. 

Perkin  noticed  an  uninviting  black  product  by  tlie  oxida- 
tion of  aniline.  Further  investigation  showed  a  brilliant  dye. 
To-day  there  are  hundreds  such. 

A  Swiss  schoolmaster— Schonbein — noticed  the  action  of 
nitric  acid  on  paper  (cellulose).  To-day  the  chief  power  for 
blasting  and  firing  guns  and  ordnance  is  nitro-cellulose. 

Yet  in  this  country  tiieone  thing  not  understood  is  research. 
How  many  of  our  universities  or  polytechnics  cultivate  re- 
search and  how  many  of  our  inaiuifacturers  will  recognise 
its  vast  importance  ?  We  iieartily  recommend  the  book  as 
being  instructive  and  also  interesting— not  always  synony- 
mous terms.  F.  M.  Perkix. 

The  Proper  Distribution  of  Expense  Burden.    By  A  H.vmiltox 

Chukcu.     (London:  "  The  Enjjineering  Magazine.")     Pp.116. 
In  this  work,  the  contents  of  which  appeared  originally  as  a 
series  of  articles  in  the  columns  of  the  "  Engineerinu  Magazine," 
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a  most  successful  attempt  has  been  made  to  deal  thoroughly 
with  the  question  of  establishment  expenditure,  and  its 
interconnection  with  costs  in  factories,  not  merely  as  regards 
the  output  as  a  whole,  but  of  each  piece  of  work  carried  out, 
and  of  each  process  that  takes  place,  before  the  finished 
product  issues  from  the  sales  department.  A  volume  which 
deals  so  thoroughly  with  details  as  the  one  before  us  is  of 
distinct  value  at  the  present  time,  when  the  keen  competition 
in  the  engineering,  and  particularly  in  the  electrical  engineer- 
ing industry,  renders  close  attention  to  costs  vitally  important 
if  the  finished  product  is  to  show  a  proper  percentage  of  profit. 
The  main  object  of  all  efforts  in  the  direction  of  ascertaining 
costs  is  that  they  may  be  filed  so  as  to  constitute  a  record 
which  may  be  referred  to  when  the  article  is  finished,  and 
which  will  form,  further,  a  valuable  guide  for  future  work. 
The  true  method  of  cost  finding  appears  to  be  the  examining  of 
all  the  various  processes  through  which  the  work  passes, 
determining  their  costs  by  comparison  with  the  known  costs  of 
similar  work,  and  adding  that  proportion  of  expense  burden 
which  each  article  should  bear.  Mr.  Church  shows  how  this 
proportion  should  be  ascertained,  and  goes  to  the  root  ideas  of 
cost  finding,  laying  down  broad  and  thoroughly  reliable 
principles  by  which  safe  and  accurate  figures  may  be  obtained 
for  machine,  piece  and  job  costs.  The  author  rightly  says  that 
these  principles  will  properly  distribute  all  expenses  of  manu- 
facture, marketing,  and  management,  so  that  the  truth  may  be 
ascertained  without  trouble  as  to  the  profit  or  loss  of  any  line  of 
product,  and  changes  in  manufacturing  cost  from  time  to  time 
be  instantly  detected  and  the  cause  discovered.  Amongst  the 
subjects  dealt  with  are  the  interlocking  of  general  charges  with 
piece  costs,  showing  the  elements  which  compose  job,  prime, 
shop,  and  inclusive  costs  and  selling  price  ;  the  methods  of 
distributing  expenses  to  individual  jobs  ;  the  scientific  machine 
rate  and  the  supplementary  rate  ;  and  the  apportionment  of 
office  and  selling  expen.ses.  One  of  the  best  chapters  in  the 
book  is  that  which  deals  with  the  classification  and  dissection 
of  shop  charges.  The  book  may  be  thoroughly  recommended, 
and  the  author  deserves  credit  for  the  painstaking  way  in 
which  he  has  dealt  with  this  complex  and  important  subject. 

G.  B.  B. 

Liquid  and  Gaseous  Fuels.  By  Vivian  B.  Lewks.  (London:  A. 
Constubleft  Co.)     Pp.  vi.— 237.     6s.net. 

In  preparing  this  extremely  readable  Ijook  the  author  has 
utilised  matter  that  had  already  appeared  in  lectures  and  Papers 
given  before  various  institutions,  but  where  such  matter  has 
i>een  used  it  has  been  brought  u\>  to  date.  We  congratulate 
(lie  uutlior  on  the  icsidt,  and  the  excellent  literary  (juality 
wliieh  has  l)een  attained  without  detriment  to  the  techjiical 
information  ttat  snch  a  technical  book  should  contain. 

The  author  has  not  entirely  excluded  the  discussion  of  solid 
fuel,  from  which  in  many  cases  liquid  and  gaseous  fuels  are 
made,  but  gives  a  general  sketch  of  the  whole  subject  and  its 
relation  to  the  power  problems  of  the  day. 

Chapter  I.  deals  with  combustion,  flame,  smoke,  the  atmos- 
phere, and  also  the  efTcct  of  smoke  in  inducing  the  formation 
of  fog.  Chapter  II.  discusses  the  cycle  of  animal  and  vegetable 
life,  and  the  action  of  the  sun  in  preserving  the  lialanee  of 
oxygen  in  the  composition  of  the  atmosphere,  formation  of 
peat  and  coal,  and  the  various  theories  as  to  the  formation  of 
petroleum.  The  compositions  of  the  principal  natural  fuels 
are  given.  Chapter  III.  de.sci'ilies  various  calorimetiMs  and 
the  methods  of  using  tlicni  foi'  the  dctciiniMatioM  of  the  caldrilic 
value  of  a  fuel.  Chapters  I\'.  and  \'.,  on  licjuiil  fui'i,  descriljcs 
various  burners  and  furnaces,  and  discusses  the  advantages  of 
such  fuel  for  naval  use.  The  manufacture  of  coal  gas,  its  en- 
richment for  lighting,  and  its  use  for  heating  and  power  form 
the  subject  matter  of  Chapters  VI.  and  VII.  Water  gas  and 
producer  gas  are  discussed  in  Chapters  VIII.  and  IX.,  with 
numerous  illu.et rations  and  descriptions  of  plant.  A  brief 
discussion  is  given  of  suction  producers  and  gas  erifiines  as 
compared  with  steam  plant  for  power  purposes. 

In  Chapter  X.,  on  the  fuel  of  the  future,  the  auUior  deals 
with  the  future  of  the  fuel  problem  and  the  probable  lines  on 


ing  the  energy  essential  to  life  and  pro.sperity.  The  super- 
session of  steam  as  a  motive  power  by  the  internal  combustion 
engine  is  predicted,  also  the  development  of  the  alcohol  motor, 
and  the  growth  of  a  great  agricultural  industry  for  the  pro- 
duction of  alcohol  for  fuel  when  excise  restrictions  are  removed. 
A  short  bibliography  is  given,  which  should  be  useful  to 
engineers  who  may  require  fuller  information  on  any  special 
branch  of  the  subject.  A.  !^. 


THE  COMPOSITION  AND  DURABILITY  OF  CABLE 
PAPERS. 

BY  CLAYTON  BEADLE  AND  HENRY  P.  STEVENS. 

(Continued  from  page  S.) 

Summary. — Information  at  present  available  upon  tlie  desirable  pro- 
perties of  paper  from  the  insulating  point  of  view  is  very  meagre.  The 
authors  attempt  to  fill  this  gap  by  giving  the  results  of  their  experience 
in  dealing  with  .such  papers  from  the  chemical  point  of  view.  The  com- 
position of  manila  and  other  papers  is  briefly  discussed.  Tests  to  which 
papers  should  be  subjected  are  considered,  and  a  number  of  tables  of 
results  are  given.  The  effect  of  moisture  is  dealt  with  at  some  length,  and 
the  authors  finally  express  their  opinions  on  changes  taking  place  when 
papers  are  in  contact  with  the  atmosphere  and  when  they  are  protected 
from  it.  '  

Mineral  matter  is  to  be  avoided  in  cable  papers.  In  deter- 
mining the  ash  in  a  cable  paper  one  almost  invariably  finds 
even  in  the  best  papers  1  or  2  per  cent,  of  ash.  We  should 
always  expect  to  find  this  quantity  of  ash  in  a  good  manila 
paper,  although  paper  when  very  "  soft-sized "  and  made 
entirely  from  chemical  wood  pulp  might  contain  less  ash. 
There  is  always  a  certain  amount  of  normal  ash  in  fibrous 
material,  and  the  2  or  3  per  cent,  found  in  manila  is  merely 
the  normal  ash  resulting  form  the  fibre  itself,  together  with 
the  small  amount  of  materials  that  arc  used  to  effect  the  sizing. 
The  addition  of  mineral  matter,  such  as  china  clay,  to  cable 
papers  to  give  anywhere  from  10  to  20  per  cent,  or  more 
of  ash  should  not  be  resorted  to  :  it  is  quite  liable  to  reduce 
the  strength  of  the  paper  as  well  as  its  lasting  qualities.  Such 
paper  should,  in  our  opinion,  be  rejected  by  the  cable  manu- 
facturers. 

On  examining  details  of  strength  tests  No.  1  to  12,  Table  A, 
it  will  be  noticed  that  there  is  considerable  variation  in  strength 
tests  of  individual  tests  A  and  E,  but  it  is  found  in  practice 
that  five  under  each  set  is  sufficient,  and  that  if  a  further  five 
tests  be  made  in  confirmation  the  average  of  the  two  sets  of 
figures  will  come  very  close  together.  The  greater  strength 
in  the  Y  than  in  the  X  direction  is  universal,  and  the  ratio  of 
Y/X  is  found  to  be  a  useful  figure. 

It  is  only  in  hand  made  paper  that  Y/X  =1-0  and  only  in 
a  few  eases.  The  greater  bulk  of  hand-made  paper  Y/X  =  l-3. 
In  papers  produced  on  fast-running  machines  such  as  com- 
mon news  Y/X  may=  100  at  times,  and  perhaps  averages  10. 

The  summary  of  strength  tests  in  the  two  directions,  together 
with  the  mean  of  the  two  directions,  is  given  in  Table  B,  and 
in  column  10  is  giveu  the  ratio  Y/X.  With  the  ordinary 
run  of  commercial  papers  of  fair  strengths  we  seldom  find  such 
high  figures  for  Y  as  is  to  be  found  in  many  of  these  papers, 
about  the  normal  figure  may  be  taken  as  falling  somewhere 
between  1-7  and  2-0.  In  this  case  seven  out  of  12  samples 
come  above  2-0,  the  average  of  these  papers  being  2-19, 
one  paper  being  about  3-0.  We  regard  this  as  being  some- 
what exceptional.  It  indicates,  of  course,  a  more  than  usiuil 
(liffcrriii-i'  in  till'  stirngtli  of  the  |i,i|]<Ts  in  (lie  two  dii'cctions 
of  Ihc  well.  It  will  lie  ndticcil  also  lli;it  the  percentage  of  air 
space  ranges  on  an  average  coiisiih  lalily  omt  50  per  cent.,  in 
fact,  mon'  like  55  j)er  cent.,  and  only  one  falls  below  50  per 
cent.  In  this  respect  they  resendile  the  ordinary  run  of  un- 
loaded commercial  papers  of  which  one  of  us  has  determined 
the  air  space  volume  of  some  hundreds.*  If  a  paper  is  sufficient- 
ly loaded  with  mineral  matter  the  air  .space  volume  becomes  re- 
duced from,  say,  fJO  per  cent,  to  29  percent.,  and  consequently  its 
capacity  for  the  absorption  of  hydro  carbon  in  a  similar  ratio. 

♦••The  ('.  13.  S.  Units"  (R  &  F.  N.  Siwn),  t'ros.s,  llcvan,  Beadle 
and  Tindall. 

Bpadle, "  Fibrous  Constituents  of  Paper."    Technics.    (George  Newnes 
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Paper  to  bo  impregnated  for  cables  should  be  regarded  not  as 
the  insulating  medium  but  rather  as  the  medium  wliich  holds 
the  insulator  ;  consequently,  it  is  required  to  have  as  great  a 
power  of  absorption  as  possible  consistent  with  the  necessary 
strength,  durability  and  other  physical  qualities. 

Table  A  herewith  contains  details  of  the  actual  breaking 
stress  tests  on  the  individual  strips  of  paper.  Direction  X 
is  when  the  pull  is  applied  on  a  strip  cut  across  the  machine 
direction,  and  direction  Y  is  when  the  pull  is  applied  on 
a  strip  cut  along  the  machine  direction,  or  direction  of  the 
reel.  It  is  usual  to  take  the  mean  of  these  directions  as  repre- 
senting the,strength  of  the  paper,  but  in  this  case  we  are  dis- 
posed to  think  that,  as  the  strips  are  cut  in  the  direction  of  the 
reel,  the  strength  in  the  direction  Y  is  a  better  criterion  from  a 
cable  manufacturer's  point  of  view. 

Table  A. — Details  oj  Slrciigtli  Tests. 


Direction 

Directic 

No.  1. 

X. 

Y. 

Test  .\ 

Iti-S  •     .. 

.■JOO 

„     B 

KiO       .. 

24-6 

,.    c 

13-8        .. 

290 

.,     D 

..        V2-2       .. 

27-7 

„     E 

14-2       .. 

29-2 

Mean  of  both  diiections  in 

lb.  per  inch  width 20-95 


38-5 
460 
'  430 
45-3 
35-8 


Mean  17-6  41-7 

Mean  nf  botli  directions  in 

lb.  jier  inch  width 29-G 


No.  2. 

Test  A    .. 

20-3 

„     B     .. 

18-3 

..     ('     .. 

18-2 

,.    V    .. 

17-4 

„     E     .. 

13-8 

No.  3. 
Test  A  . 
„  B  . 
„  C  . 
„  D  . 
.,     E     . 


30-5 
300 
30-4 
30-6 

27-0 


Mean              29-7 
Iilcan  of  both  directions  in 
lb.  per  inch  width  


No.  4. 
Test  A 
„  B 
„  C 
„  D 
„     E 


19-5 
190 
100 
15  4 
lo-3 


Mean             17-4 
Mean  nf  both  directions  in 
lb.  per  inch  width  


No.  5 

Test  \ 

..      1? 


17-2 
18-4 


47-2 
4<i(> 
40- 1 
450 

50-0 

47  0 
3ii-3 


34-8 
34-8 
330 
370 
34-8 

34-9 


350 
30-5 


Mean  17-8  32-7 

j£"an  of  both  directions  in 

lb.  per  inch  width  25-2 


.'>9-9 
r>6-4 

4r.r. 

>i7-l 
tilO 


No.  n. 

Test   A     .. 

31-2 

,.      1!     .. 

38 -S 

„      ('      . 

35-0 

..      I)     .. 

28-1 

..     E    .. 

.3.V2 

Mean  33-7 

Mean  of  both  directions  in 


58-2 


lb.  per  inch  width 4l30 


No.  7, 
Test  A 
,.  B 
„  C 
,.  D 
„     E 

Mean 


Direction 
X. 
12-5 
18-5 
100 
KiO 
KiO 

16-2 


Direction 
Y. 
43-3 
430 
420 
46-5 
430 

43-5 


Mean  of  both  directions  in 

lb.  per  inch  width  29-8 

No.  8. 

Test  A    ...       14-5       ...  30-2 

..     B     ...        13-5       ...  43-3 

„     C     ...        16-8       ...  41-3 

„     D    ...       13-5       ...  44-8 

.,     E     ...       17  1       ...  40-8 

Mean              151  41-3 
Mean  of  both  directions  in 

lb.  per  inch  width  28-2 

No.  9. 

Test  A     ...       230       ...  42-6 

„     B     ...       230       ...  410 

„     C     ...       21-2       ...  35-2 

„     D    ...       23-3      ...  45-8 

..     E     ...       22-0      


Mean 


411 


Mean  of  both  directions  in 

lb.  per  inch  width  31-8 

No.   10. 

Test   A     ...        10-4       ...  23-8 

.,      B     ...         80       ...  25-2 

„     C     ...        10-4       ...  22-2 

.,      D    ...        10-2       ...  20(i 

.,      E     ...         8-9       ...  25-2 

.Aft-an  9o  23-4 

Mean  of  both  directions  in 

lb.  per  inch  width  Ki-S 

No.   11. 

Test  A    ...       20(1       ...  3418 

„      B     ...       21-8       ...  380 

„     C     ...       21-9       ...  37-5 

.,      D     ...       200       ...  350 

„      E     ...        190       ...  250 


Mean  20-5 

Mean  of  both  directions  i 


lb.  per  in 
No.  12. 
Test  A  . 
.,15  . 
..  C  . 
,.  1)  . 
,.     E     . 

Mean 


•h  width 

1 IJO 
14-8 
15-8 
I5(i 
143 

15-3 


Mean  of  both  directions  i 
lb.  per  inch  width  .... 
No.  13. 


Test  A 

..  B 

..  f 

..  D 

,.  E 


11-5 
12-4 
13  1 
12-2 

12-5 


Mean              12-3 
Mtan  of  both  directions  in 
"lb.  per  inch  width 


311- 1 
28-3 

3(1(1 
2()-0 
290 
33-2 
28  0 

29-2 


33-5 
31() 

2(1-8 


290 
20-0 


However,  as  the  mean  strength  of  the  two  directions  is  tho 
general  figure  adopted  by  nearly  all  makers  and  users  of  paper, 
wo  do  not  care  to  depart  from  general  custom,  and  furthermore 
one  has  to  take  into  consideration  the  stresses  and  .strains  to 
which  the  strips  of  paper  are  subjected,  at  the  moment  they  are 
lapped  round  the  conductors,  as  well  as  any  .subsequent  action 
to  which  the  paper  or  cable  may  be  subjected,  tending  to  wear 
out  or  break  the  paper  when  the  cable  is  reeled,  unreeled,  &c. 

A  point  might  with  advantage  be  here  referred  to  ;  there  is  no 
difficulty  in  taking  any  direction  for  the  tests  on  the  paper  from 
the  wide  reels,  but  when  once  the  paper  is  cut  into  narrow 
strips,  only  one  direction  is  available,  namely,  the  ■"  machine." 
or  running  direction.  As  the  strips  being  only,  say,  two  inches 
wide,  we  cannot  make  tests  in  the  cross  direction.  In  order, 
therefore,  to  compare  paper  stripped  from  cables  with  the  paper 
in  reels  one  is  obliged  to  compare  strips  in  the  machine  direction 
only. 

The  individual  figures  of  the  tests  will  give  some  idea  of  the 
limits  of  variation  of  strength  in  different  parts  of  the  web,  &c., 
the  strips  having  been  cut  as  far  as  possible  equidistant  from 
one  another,  and  across  the  direction  of  the  web  of  the  large 
reels  as  supplied  to  cable  manufacturers. 

On  page  60,  column  5,  we  have  the  percentage  of  air  space, 
from  this  an  opinion  can  be  formed  of  the  relative  powers 
which  these  papers  have  of  absorbing  hydro-carbons,  assuming 
that  the  air  space  becomes  entirely  filled.  Column  6,  page  60, 
gives  the  actual  relative  thicknesses  of  the  papers  in  mm. 
Columns  7,  8  and  9  are  merely  summaries  from  page  59. 
From  columns  10  and  11,  column  12  is  calculated.  This 
gives  the  actual  relative  strengths  of  the  paper  substance  elimi- 
nating the  question  of  thickness.  A  figure  useful  for  comparing 
the  strength  of  paper  with  that  of  other  materials. 

The  volume  percentage  was  determined  by  the  system  known 
as  the  C.B.S.  units,  which  the  authors  have  found  of  great 
service.*  The  following  brief  particulars  will,  perhaps,  serve 
to  show  how  this  is  carried  out.  A  sharp  steel  punch  is  con- 
structed so  as  to  punch  discs,  of  such  a  diameter,  as  to  give  an 
area  of  1,000  sq.  mm.  This  area  is  such  that  the  thickness 
readings  in  mm.  of  ten  discs,  measured  together  by  means  of  a 
micrometer,  expresses  the  volume  of  the  paper  in  cubic  centi- 
metres without  calculation.  This  is  true,  no  matter  what  num- 
ber of  discs  one  takes.  The  discs  so  measured  are  weighed,  and 
the  weights  in  grammes  divided  by  the  volume  in  cubic  centi 
metre  gives  us  the  grammes  per  cubic  centimetre,  which  we 
call  the  ■■  apparent  specific  gravity."  As  in  the  case  of  good 
cable  papers  the  weight  of  ash  is  nominal,  it  may  bo  neglected 
in  the  calculation.  The  |)orceMtago  by  vohiiue  of  fibre  sub- 
stance is  obtaineti  1)V  ilividing  the  grammes  ])er  cubic  centi- 
metre by  1-5  (('.c,  the  specific  gravity  of  the  fibre,  substance 
which  is  not  subject  to  water  at  variation),  and  dividing  by 
100.  This  figure  deducted  from  100  gives  the  percentage 
of  air  space  as  given  in  column  5,  Table  B. 

We  have  been  asked  to  issue  a  printed  form  of  certificate, 
which  wo  have  done,  and  used  for  cable  papers.  Th.'  following 
is  a  common  form  as  u.sed  for  the  purpose  of  a  general  exami- 
nation : — 

Mark  or  Xo 

Weight  of  five  discs  0-520  gramn>es 

Thickness  of  five  discs  0-(i70  mm. 

tJiammcs  per  cubic  eentimctro 0-77l> 

Percentage  of  fibrc  by  volume    ,50-7  |H'r  cent. 

Percentage  of  airs  i)ace  by  volume     4.'*-3  iK-r  eonl. 

Breaking  strain  in  lb.  per  inch  width  Y  ...     540 
.,      X  ...     21  It 

Mean  of  X  and   Y 37  5 

Breaking   strain    in   grammes   per  width   of 

25  mm l(i.9,87  grammes 

•Sectional  area  in  mm.  of  strip  bi-okon 2-l>S  mm. 

Breaking  strain  in  square  mm.  of  .section  ai-oa     ti,342  grammes 

.Ash  in  paper 2-tiO  jier  cent. 

Colour  of  a.sh    reddish  white 

Sizing     slightly  -sized 

Approximale  Composiiion. — All  liempstock.  but  fibres  are  very 
eoai-se,  and  piper  contains  dirty  p.iiticlos  which  might  interfere  with 
insulation. 

*  -'C.B.S.  Units"    (E.    &   P.  N.  Spon),  Cross,  Bevan,  Beadle  and 

S.  Tindall. 
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Table  B. — Snmmnnj  of  Slrength  Tests  and  Volume.  Percentages,  <tc. 


Weight 
of  five 
discs. 

1 


6 

7 

8 

9 

10 

11 

12 

Mean  of 

12  papers 


0-421 
0-456 
0-562 
0-437 
0-186 
2  discs. 
0-742 
0  555 
0-422 
0-649 
0-361 
0-462 
0-351 


Thickness 

of   five 

discs. 


Grms. 
per  I 
cubic  ,- 
centi-  ! 
metre. 
3      i 


Percentage  by 
volume. 


Air 
space. 


Thick- 
ness of 
paper. 
Milli- 
metre. 
6 


0-66 
0-70 
0-72 
0-58 
0-27 
2  discs. 
1-15 
0-78 
0-67 
0-93 
0-59 
0-71 
0-62 


638 

651  I 

780 

754 


645  , 

712 

630 

698  ] 
612 
651  ! 
705  i 


42-5 
43-4 
52-0 
50-2 
45-9 

43-0 
47-5 
42-0 
46-5 
40-8 
43-4 
47-0 


57-5 
56-6 
48-0 
49-8 
54-1 

57-0 
52-5 
58-0 
53-5 
59-2 
56-6 
530 

54-6 


0-132 
0140 
0144 
0116 
0-135 

0-230 
0-156 
0-134 
0-186 
0-118 
0142 
0124 

0-146 


Breaking  strain 
of  strip  of  paper 
I  in.  wide,  in  lb. 


13-8 
17-6 
29-7 
17-4 

17-8 

33-7 
16-2 
15-1 
22-5 
9-6 
20-5 
12-3 

18-9 


28-1 
41-7 
47-0 
34-9 
32-7 

58-2 
43-5 
38-9 
41-1 
23-4 
36-1 
29-0 

37-9 


Mean 

of 
X&Y 


20-9 
29-6 
38-3 
26-1 
25-2 

46-0 
29-8 

28-2 


Ratio 
Y 
X 

10 


203 
2-37 
1-57 
2-00 
1-83 

1-72 
2-70 
2-60 


31-8     1-83 
16-5   I   2-48 


28-3 
20-6 


1-76 
2-36 


Breaking 

stress  in 

grammes  per 

width  of  25 

millimetres. 

11 


9,468 
13,409 
16,550 
11,823 
11,415 

20,838 
13,509 
12,775 
14,405 

7,474 
12,820 
10,057 

9,332 
12,606  , 


Sectional 

area  of  ■ 

strips, 

broken. 

Millimetres. 

12 


Breaking 

stress  in 

grams  per  sij. 

millimetre  of 

sectional  area. 

13 


3-3 

3-5 
3-6 
2-9 
3-4 

5-6 
3-9 
3-35 
4-05 
2-95 
3-55 
2-8 
31 
'3-6 


2,837 
3,831 
4,600 
4,075 
3,357 

3,720 
3.464 
3,813 
3,080 
2,491 
3,611 
3,592 
3,010 
3,499 


In  Germany  paper-testing  is  conducted  under  the  elaborate 
system  of  the  Konigl.  Techn.  Versuchsanstalt,  Berlin,  of  which, 
through  the  agency  and  influence  of  Prof.  Sell  and  C.  Hofmann, 
a  department  has  been  organised  exclusively  for  the  work  of 
paper-testing. 

The  mechanical  properties  of  papers  are  considered  to  be 
represented  by  data  of  (1)  Tenacity,  i.e.,  actual  resistance  to 
tensile  strain  ;  (2)  "Elasticity,"  or  rather  elongation  up  to  the 
point  of  rupture  ;   (.3)  Resistance  to  rubbing. 

Tenacity  finds  a  convenient  expression  in  terms  of  "  break  in 
length,"  i.e.,  the  length  of  a  strip  of  paper,  the  weight  of  which 
would  be  equal  to  its  breaking  weight.  This  expression  has  the 
advantage  that  it  is  independent  of  the  width  of  the  paper, 
which  may,  therefore,  be  left  out  of  consideration.  Further, 
since  the  expression  "  breaking  length  "  is  calculated  on  the 
basis  of  weight  and  not  of  dimensions,  and  since  paper  is  made 
and  sold  by  weight,  this  expression,  as  a  commercial  standard, 
eliminates  and  discounts  the  factors  of  thickness,  bulk,  loading, 
&c.,  and  becomes  a  common  measure  for  the  strength- value  of 
aU  papers,  proportional  to  the  number  of  strength  units  per  lb. 
of  paper.  On  this  basis  Ciermany  has  adopted  the  following 
"  normal  "   standards  :— 

Table  Showiii//  the  Various  Classes  into  which  Paper  is  Divided  liy  the 
Testing  House. 


breaking 
length  in 
metres. 


Ave.  elongation ' 
in  hundredths  of  [ 
original  length 
(per  cent.) 


6,000 
5,000 
4,000 
3,000 
2,000 
1,000 


4-0 
3-5 
3-0 
2-5 
2-0 
1-5 


Resistance 

against 
crumpling. 


No.  of 

double 

bendings. 


Very  great 

Great 

Rather  great 
Average 
Small 


190 
190 
80 
40 
20 
3 


The  following  is  the  result  of  high-class  manila  pai)er,  made 
in  the  British  Isles  as  officially  tested  by  the  Berlin  Testing 
House,  Sept.  14,  1904  :— 

Composition  Pure  Manila  Paper. 


Test. 

Result. 

Breaking  length,  i       Elongation. 

Strength. 

11,450  metres     ,         2-8  per  cent. 
4,450      ,.                   7-8 

Average  

7,9.50     .,                  5-3      ., 

Length  of  samples  tested         180mni. 

Width         „         „  l.->mm. 

Temperature   of    room    where    tests    were 

carried  out    17'C. 

Humidity  of  air      65  per  cent. 

Resistance  against  crumpling  Extremely  great. 

Number  of  double  bendings     More  than  1,000. 

Glue       Impermeable  to  glue. 


Insulating  Paper. 


Result 


Breaking  length,  j       Elongation. 


Strength. 

.  Lengthwise  of  machine. 
Crosswise  „ 


7,650  metres 
2,900       „ 
5,275       „ 


2-3  per  cent. 
6-0       „ 
415     ,f 


Length  of  samples  tested 180  mm. 

Width  „  „  ■..  15  mm. 

Temperature    of    room    where    tests  were 

carried  out    17°C. 

Humidity  of  air      65  per  cent. 

Resistance  against  crumpling  Very  great. 

Number  of  double  bending.i     More  than  1,000. 

Glue       Permeable  to  glue. 

Under  ordinary  atmospheric  conditions  a  cable  paper  made 
from  manila  and  other  suitable  fibres,  would  contain  about 
10  per  cent,  of  moisture  in  an  English  climate  ;  on  a  dry  summer 
day  it  might  be  only  7  or  8  per  cent.  ;  in  damp  and  foggy 
weather  as  much  as  12  or  15  per  cent.  ;  before  a  fire  it  would 
nhdergo  contraction  and  would  sink  down  to  perhaps  3  or  4  per 
cent.  Bleached  fibre  such  as  cotton  and  linen  contain  only 
about  7  per  cent,  under  ordinary  circumstances,  as  against 
10  per  cent,  in  the  case  of  manila,  &c. 

Cable  manufacturers  should  regard  10  per  cent,  as  the  normal 
moisture  content  of  their  paper,  as  received  from  manufac- 
turers, and  expect  to  find  a  reduction  of  10  per  cent,  in  weight  in 
desiccating  their  paper. 

Columns  11,  12  and  13,  Table  B  show  the  data  and  figures  for 
calculating  the  breaking  stress  in  grammes  per  square  millimetre 
sectional  area,  which  really  represents  the  specific  strengths  of 
the  papers  as  against  the  ordinary  way  of  expressing  the 
strengths  of  papers  as  pounds  per  strip  of  1  in.  wide,  which  latter 
method  is  all  very  well  in  its  way,  but  it  does  not  take  into: con- 
sideration the  thickness  of  the  paper.  In  order  to  determine 
the  "  actual  "  and  "  specific  "  strengths  of  the  papers,  it  has 
been  found  by  us  advisable  when  reporting  to  cable  manu- 
facturers to  report  both  sets  of  figures. 

It  will  be  noticed  that  the  "  actual  "   strength  of  the  strip  is 

greatest  with  No.  6  {20.838),  and  least  with  No.   10  (7,474), 

whereas  the  specific  strength  is  greatest  with  No.  3  (4,600),  and 

least  with  No.  10  (2,491).     Of  course  the  actual  strength  of  any 

particular  make  of  paper  can  be  increased  by  increasing  the 

thickness,  but  by  this  means  beyond  certain  limits  the  specific 

strength  is  found  to  be  diminished.     Paper  of  greatest  specific 

strength  is  generally  found  to  be  that  of  moderate  thickne.ss,  so 

that  if  one  wants  to  impart  strength  in  the  way  of  paper,  and 

at  the  same  time  build  up  considerable  thickness,  this  is  best 

done  by  working  several  ply  of  paper  on  ;    rather  than  by  a 

single  ply  of  thick  paper,  coiled  so  as  to  overlap. 

I      In  connection  with  this  matter,  one  has  also  to  consider  the 

I  question  of  cost,  and  in  the  manufacture  of  paper  a  paper  of 

'  moderate  thickness  is  perhaps  the  cheapest  per  pound  to  pro- 
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duce  ;  and  very  thin  papers  cost  considerably  more  per  pound. 
Furthermore,  extra  thick  papers  are  somewhat  unwieldy  to 
manipulate.  The  advantage  of  several  ply  is  also  that  the 
layers  can  be  done  alternately,  right  handed  and  left  handed, 
and  when  it  is  a  case  of  impregnated  paper  the  bulking  is  per- 
haps greater,  and  there  is  greater  space  for  the  impregnating 
material,  which  in  some  cables  lies  not  only  in  the  interstices 
of  the  paper  itself,  but  also  in  between  the  strands  of  paper,  in 
between  the  paper  and  the  conductor  as  well  as  in  between  the 
actual  wires  of  the  copper  conductor.  In  other  words,  impreg- 
nating material  is  now  freely  used,  not  only  to  saturate  the 
paper,  but  to  fill  up  all  the  available  air  space  inside  the  lead 
sheathing. 

(To  he  continued.) 


PATENTS  IN  1908. 

The  twenty  sixlli  report  of  the  Comptroller-General  of 
Patents,  which  has  just  been  issued,  shows  a  diminution  in  the 
number  of  applications  for  patents  in  the  year  1908,  "JS.SOS, 
compared  with  28,915  in  1907,  which  latter  figure  was  also 
smaller  than  that  recorded  in  the  previous  year  1906,  when 
the  high-water  mark  of  30,030  applications  was  attained.  The 
number  of  specifications,  provisional  and  e:)niplete,  shows  a 
small  decrease  compared  with  1907,  but  the  inimber  of  patents 
sealed  was  16,28t,  an  increase  of  12  over  the  previous  year's 
total  ;  in  fact,  the  highest  figure  recorded  during  the  11  years 
of  which  particulars  are  given  in  the  report.  The  number  of 
designs  register<d  was  also  a  maximum,  viz.,  2i,380,  com- 
pared with  "21,039  in  1907,  whilst  the  number  of  trade  marks 
showed  a  diminution,  only  5,9(i5  lieing  registered,  against 
6,255  in  the  previous  year.  We  give  below  an  abstract  of  the 
report. 

The  receipts  from  patents  fees  were  £262,890,  compared  with  £205,012 
in  1907,  a  decrease  of  £2,122  :  from  designs  fee.i  £5,189.  compared  with 
£5,47.'J,  a  decrease  of  £284  ;  and  from  trade  marks  fees  £17,358,  compared 
witli  £18,447.  a  decrease  of  £1,089.  The  receijits  from  the  sale  of  Patent 
Office  publications  were  £11,898,  compared  with  £11,457,  an  increase  of 
£441.  The  total  receipts  were  £297,335,  compared  with  £300.389,  a 
decrease  of  £3,054.  The  total  expenditure  on  behalf  of  the  office  was 
£179,531,  compared  with  £170,230,  an  increase  of  £3,301.  The  prin- 
cipal increase  was  in  the  amount  paid  for  salaries,  which  was  £118.520. 
compared  with  £106,869.  The  number  of  reader-s  who  made  use  of  the 
library  in  1908  was  152,221,  compared  with  148,198  in  1907,  an  increase 
of  4,023,  or  2-7  per  cent.,  and  the  largest  number  I'pcorded  in  any  one 
year.  The  number  of  volumes  added  to  the  library  was  6,059,  of  which 
1,231  were  volumes  of  jiatent  specifications  or  journals  (Knglish  and 
foreign)  and  151  were  trade  catalogues.  The  remaining  4,677  volumes 
were  text-books  or  periodical  publications  relating  to  scientific  and 
technical  subjects,  and  of  these  3,562  were  obtained  by  purchase  and 
1,115  by  donation.  The  number  of  works  in  the  library  at  the  end  of  the 
year  was  37,647.  and  the  approximate  number  of  volumes  (exclusive  of 
duplicates)  was  119,000.  The  new  "  relative  "'  system  of  shelf  classifica- 
tion of  the  library  has  been  extended  from  A  A  to  B  J.  Its  progress  has 
been  delayed  by  work  in  connection  with  the  printing  of  the  author 
catalogue.  The  system  of  keeping  deposit  accounts  at  the  sale  branch 
for  the  purcha.se  of  Patent  Office  publications  continues  to  grow  in  favoui'. 
During  the  year  II  new  accounts  were  opened,  and  the  total  number  of 
depositors  is  now  308,  of  whom  33  live  in  London,  110  in  other  parts  of 
the  United  Kingdom,  and  165  abroad. 

The  new  provisions  in  the  Patents  and  Designs  Act,  1907,  have  been 
largely  made  use  of.  In  those  cases  in  which  the  examiner  has  reported 
disconformity  between  the  complete  and  provisional  specification-,  it  is 
now  possible  for  the  Comptroller  to  cancel  the  provisional  specification 
and  treat  the  application  as  having  been  made  on  the  date  on  which  the 
complete  specification  was  left.  This  prt)vision  has  been  made  use  of  in 
265  cases.  Sec.  16,  which  allows  the  filing  of  .i  sintdc  cr>mp|nlc  specifica- 
tion and  1  he  grant  of  a  single  patent  in  rcsi>eil  I'f  the  inventions  described 
in  two  or  more  cognate  provisionals,  encourages  applicants  to  devise  and 
develci]!  sUght  improvements  upon  their  prioi  inventions,  wliicli  pcrhaji^ 
would  not  have  justified  the  expenditure  incurred  in  filing  separ.ite  ap- 
))lication9.  This  section  has  been  largely  a(!o|ited,  and  in  164  cases 
complete  specifications  have  bten  filed  respect  in  of  cognate  provisional 
specifications.  Under  .see.  10,  768  applications  for  patents  of  addition 
v/ere  filed  :  and  under  .sec.  20,  which  enables  patents  lap.sed  in  innse- 
(pience  of  the  unintentional  mm-payment  of  renewal  fee.s  within  tlie  ])ro- 
scribed  period  to  be  restored  by  order  of  the  Comptroller,  (il  applica- 
tions were  made  during  the  year,  and  33  hearings  were  held.  In  27  eases 
the  patent  was  restored,  5  apjilieations  were  withdrawn,  and  29  are 
pending. 

Under  sec.  27,  which  provides  for  the  revocation  of  patents  worked 
exclusively  or  mainly  outside  the  United  Kingdom,  15  applications  were 
made.     Two  of  these  were  abandoned  :   in  2  cases  the  patent  was  revoked 


and  11  cases  are  pending.  The  copyright  of  93S  designs,  or  4-3  per  cent. 
of  the  whole  numljcr  which  would  otherwise  have  expired,  was  extended 
for  a  period  of  five  years. 

Patent.s. 
The  sum  received  from  renewal  fees  was  £1.54,388,  compared  with 
£155.127  in  1907,  a  decrease  of  £739;    and  that  from  sealing  fees  was 
£15,912,  compared  with  £16,071,  a  decrease  of  £159. 

The  number  of  applications  of  both  provisional  and  complete  sjjecifica- 
tions  fell  off  in  1908,  those  accomj)anied  by  ijrovisional  specification.s 
being  19,495,  compared  with  19.568  in  1907,  a  decrease  of  73,  and  those 
accompanied  by  complete  specifications  9.103,  compared  with  9,347,  a 
decrease  of  244.  The  complete  specifications  filcrl  upon  previous  pro- 
visionals were  8,643,  compared  with  9,482,  a  decrea-^c  of  839,  due  to  the 
fallmg  off  in  the  number  of  applications  of  earlier  date.  (Jnly  once  before 
since  the  1883  Act  came  into  force — viz.,  in  1898 — has  there  been  a 
simultaneous  decrease  in  both  kinds  of  applications  and  in  the  complete 
specifications  filed  after  provisionals.  The  total  number  of  s  eciScations 
received  was  37.241,  compared  with  38,397  in  1907,  a  decrease  of  1,1.56, 
or  3  per  cent.  The  applications  received  from  women  inventors  num- 
bered 572,  compared  with  560  in  1907.  There  were  1,459  applications 
made  by  way  of  communication  from  abroad,  of  which  736  came  from 
the  United  States  of  America,  415  from  Germany,  52  from  France.  33 
from  Switzerland,  30  from  Austria-Hungary,  27  from  Canada,  and  23  from 
Italy.  The  applications  made  in  this  country  under  the  provisions  of  the 
International  Convention  of  1883  by  inventors  living  in  other  States  of  the 
Union  numbered  2,326,  as  against  2,286  in  1907.  Of  these,  877  were 
received  from  Germany,  607  from  the  United  States,  536  from  France, 
87  from  Belgium,  62  from  Sweden,  42  from  Switzerland,  31  from  Italy, 
27  from  Norway,  17  from  Australia,  16  from  Denmark.  8  from  Spain,  7 
from  New  Zealand,  5  from  Japan.  2  from  Brazil,  1  from  Ceylon,  and  I 
from  Cuba.  None  were  received  from  Mexico,  the  Netherlands,  Portugal, 
San  Domingo,  Servia  or  Tunis. 

An  appendix  shov.s  the  number  of  applications  and  complete  sjiecifica- 
tions  received  in  1905,  1906,  1907  and  1908,  subject  to  the  provisions 
of  sec.  1  of  the  Act  of  1902  and  sec.  7  of  the  Act  of  1907.  and  the  result 
of  their  examination.  The  latter  section,  which  is  a  re-enactment  of 
sec.  1  of  the  Act  of  1902,  has  now  been  in  operation  for  four  years,  and, 
during  this  time,  64,902  complete  specifications  have  been  examined  ii 
accordance  v/ith  its  requirements.  After  the  lapse  of  four  years,  ii 
which  a  very  large  number  of  eases  have  been  considered,  it  is  possible 
to  review  the  general  effect  of  the  working  of  the  section,  and  to  determine 
how  far  the  anticipations  of  the  Committee  appointed  in  1900  to  inquire 
into  the  working  of  the  Patents  Acts  have  been  realised.  It  is  satis- 
factory to  record  that,  despite  tbo  dra.stic  changes  in  jirocedure  intro- 
duced by  the  section,  it  is  workuig  with  smoothness,  and  an  estabUshed 
practice,  well  understood  by  patents  agents  and  their  clients,  has  been 
arrived  at.  It  has  been  recognised  that  the  main  object  of  the  official 
examination  of  applications  is  to  check  the  issue  of  invalid  patents,  and 
to  ensTU-e  as  far  as  possible  that  all  patents  issued  shall  be  bijted  upon 
specifications  which  are  neither  misleading  nor  insufficient.  The  position 
of  the  genuine  inventor  is  thus  strengthened,  and  the  patent  system  is 
prevented  from  being  misused  by  adventurers  as  a  means  of  encroaching 
on  the  rights  of  the  public.  Applicants  and  patent  agents  have  been 
encouraged  to  confer  personally  with  the  examinei's  at  each  stage  of  the 
progress"  of  their  cases,  and  not  less  than  lO.OttO  such  interviews  have 
taken  place  every  year  since  the  introduction  of  tlie  1902  Act.  It  is 
noticeable  that  since  the  introduction  of  the  present  system  of  examina- 
tion many  more  apphcations  than  before  have  been  abandoned  volun- 
tarily. 

It  is  seen  from  an  appendix  that,  in  spite  of  the  decrease  in  the  total 
number  of  applications  received  in  1908,  those  from  England  and  Wales 
were  more  numerous  than  m  1907  by  615,  and  thise  from  other  parts  of 
the  United  Kingdom  were  almost  equal  in  number.  The  applications 
from  Australia,  New  Zealand  and  Canada  show  a  decided  decrease,  and 
there  is  a  general  decline  in  the  number  received  from  foreign  states,  the 
l)rincipal  exceptions  being  Fiance,  Holland,  Russia.  Switzerland,  the 
Argentine  Rei)ublic,  Brazil,  Jlexico  and  South  .America.  The  apphca- 
tions fnmi  Germanv  decreased  by  277,  and  those  from  the  United  States 
of  America  by  442.  A  table  civen  .shows  the  nationalities  of  the  in- 
ventors to  whom  patents  were  granted  during  the  last  five  years,  the  com- 
municator of  the  invention  being  reganled  for  the  purpose  of  this  return 
as  the  patentee.  Out  of  a  total  number  of  1(),2S4  patentees  in  llKtS, 
2,819  were  resident  in  the  United  States  of  .America.  2,516  in  Germany. 
822  in  France,  334  in  Austria-Hungary,  200  in  Switzerland.  166  m  the 
Australian  Commonwealth.  159  in  Belgium,  155  in  Canada.  139  in 
Sweden  .md  134  in  Italy.  Another  table  shows  the  numlH-r  of  patent.s 
issued  in  1907  to  nali.inals  and  foivigncrs  ivsiH-ctivcly  in  the  I'niliHl 
Kingdom,  ibe  I'nitcd  States.  (Jermany,  .-Vuslria-llungary  and  Switzer- 
land. "  ... 

Patents  were  sealed  uptui  16.060.  .u- .m-5  percent.,  .if  the  ai>pheations 
made  in  the  year  1!H)7.  and  out  of  I2.:U6  patents  sealed  u|xm  the  applica- 
tions made  ii'i  the  year  189.5.  471.  or  3-8  per  cent.,  wcr-  mainlavncd  for  the 
full  ]ierio(l  of  14  years. 

riic  total  number  of  patents  which  expired  in  19(K8  was  l.">,943.  and  the 
total  number  of  new  patents  .sealed  was  16.284.  Thus  the  number  of 
patents  in  force  was  incivased  during  the  year  by  341. 

Durins:  the  last  10  vears  the  nuu'il)er  of  hearings  »\vm  opp<isitions  to 
the  grant  of  i)atonts  was  1.342.  anil  the  number  of  api>eals  to  the  Uxw 
t)fficcr  in  these  oppositions  247.  of  which  43  weiv  withdrawn  or  aban- 
doned and  20  are  still  outstanding,  while  in  one  case  the  application  for 
the  patent  was  abandoned.  The  number  of  appeals  heard  by  the  Law 
Officer  in  these  cases  during  the  last  10  years  was.  therefore.  1S3.  In  23 
of    these  appeals  the  decision  of    the  Comptroller  was  reversed,  in  56 
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varied,  and  in  104  supported.  During  the  same  period  the  number  of 
liearing.s  upon  oppositions  to  amendments  in  speciiieations  was  (M.  and 
the  number  of  appeals  23,  of  which  3  were  withdrawn  and  3  are  out- 
standing. In  the  remaining  17  appeals  which  were  heard  by  the  Law 
OflSeer  the  decision  of  the  Comptroller  was  supported  in  13  instances, 
varied  in  2  and  reversed  in  2. 

There  were  971  hearings  during  the  same  decade  under  sec.  73  of  the 
Act  of  1907  and  the  corresponding  provisions  of  the  earlier  patent  acts, 
and  25  appeals,  of  which  4  were  withdrawn  and  3  are  still  outstanding. 
In  15  of  the  remaining  18  cases  the  decision  of  the  Comptroller  was  sup- 
])ortod  and  in  2  it  was  reversed.  The  remaining  case  was  referred  back 
to  the  Comptroller. 

In  1908  5,226  hearings  were  fixed,  but  2,009  of  these  were  rendered 
tmnecessary  by  reason  of  the  abandonment  of  the  application  or  amend- 
ment of  the  specification  by  the  apjilicant.  In  all  of  the  remaining  3.217 
case^  formal  decisions  were  given  by  the  Comptroller,  with  the  result  that 
in  2  cases  only  was  there  an  appeal  to  the  Law  Officer. 

Four  petitions  for  the  extension  of  terms  were  lodged  during  1908. 
In  1  case  the  patent  was  prolonged  for  10  years,  and  of  the  other  cases  2 
were  abandoned  and  1  was  dismissed.  There  are  now  5  patents  in  force 
which  have  been  prolonged  beyond  the  normal  period  of  14  years, — viz.. 
15.159  of  1888,  8,700  of  1892,  1,272  of  1894,  10,274  of  1894,  and  17.112 
of  1894. 

The  names  of  10  patent  agents  were  added  to  the  register  durmg  the 
year,  the  total  number  on  the  register  on  December  31st  being  258. 

As  in  former  years,  the  subject  of  locomotion  in  general  occupies  a  pro- 
minent position  in  the  titles  of  applications  for  patents  made  during  the 
year  1908.  This  may  bejregarded  as  principally  due  to  the  continued  inter- 
est taken  in  the  motor'car  and  in  subjects  more  or  less  directly  connected 
therewith.  The  large  number  of  applications  made  towards  the  end  of 
the  year  in  connection  with  valves  for  internal-combustion  engines  is 
probably  due  to  the  interest  taken  by  the  public  in  performances  of  the 
■■  Knight "'  engine.  Electrical  subjects  have  in  general  fallen  off  in 
numbers,  with  the  exception  of  the  incandescent  lamp  and  the  galvanic 
battery.  The  development  in  railway  signals  of  purely  automatic 
systems  and  systems  for  giving  signals  in  the  locomotive  cab  still  con- 
tinues, but  a  new  feature  has  to  be  noticed  in  the  form  of  controlling 
apparatus  for  stopping  trains  in  the  event  of  excessive  speed.  The  in- 
creasing importance  of  indiarubber  in  the  industrial  world  is  shown  by 
attention  being  given  to  processes  for  the  regeneration  of  waste  rubber 
and  the  synthetic  production  of  rubber  or  rubber-like  products.  Tung- 
sten and  like  refractory  metals  have  recently  been  made  available  for 
manufactures  by  new  methods  of  working  them  in  alloy-like  combination 
with  ductile  metals,  which  are  afterwards  removed  by  heating  the 
finished  article. 

Designs. 

The  number  of  designs  applied  for  during  the  year  amounted  to  23,867, 
exclusive  of  1.040  sets  of  designs.  In  the  previous  year  24,219  single 
designs  and  709  sets  were  applied  for.  The  number  of  designs  refused 
registration  on  account  of  their  similarity  to  designs  already  registered 
was  000.  During  the  year  847  applications  for  registration  of  designs 
(including  the  above-mentioned  600)  were  objected  to  by  the  Comp- 
troller. The  objections,  other  than  those  on  account  of  similarity  to 
de.signs  already  registered  were  chiefly  on  account  of  want  of  subject 
matter  or  want  of  substantial  novelty. 

TR.4DE  Marks. 

The  number  of  applications  made  in  1908  for  the  registration  of  trade 
marks  (including  101  applications  made  to  the  Cutlere'  Company  o"f 
Sheffield)  was  10,645,  as  compared  with  10,796  in  1907.  The  receipts 
from  various  sources  on  account  of  trade  marks  amounted  to  £17,358.8s.2d. 
including  the  sum  of  £2,745.  2s.  for  renewal  fees.  The  notices  of  opposition 
to  the  registration  (jf  trade  marks  lodged  during  the  year  numbered  262, 
and  the  number  of  cases  heard  under  sec.  14  of  the  act  was  66. 

A  number  of  appendixes  are  attached  to  the  report,  and 
give  in  tabular  form  the  particulars  referred  to  in  the  report. 
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G.B."  SURFACE  CONTACT  SYSTEM  IN  THE 
MILE  END  ROAD,  LONDON. 


We  have  received  the  following  copies  of  reports  by  Mr. 
W.  M.  Mordey  to  the  London  County  Council  and  other  cor- 
respondence in  reference  to  the  workiuj;  of  the  "fi.B."  system 
in  the  Mile  End-road : — 

82,  Victoria-street,  S.W.,  JIarch  6,  1909. 
Prkliminaby  Report  on  Trial  Runs. 

I  have  had  a  car  out  on  the  track  twice — viz.,  this  morning  from  1:30 
to  3:30,  and  yesterday  momuig  (March  5th)  from  1:30  to  3:15,  and  have 
nm  in  all  16  double  joumey.i,  equal  to  about  16  miles,  using  both  tracks. 

On  the  first  occasion  the  condition  of  the  track  was  very  trying,  there 
being  a  good  deal  of  ice  glazing  on  the  studs  and  rails,  and  the  ordinary 
leakage  l>eing  large,  re.siilting  partly  from  the  tracks  having  been  sprinkled 
with  salt,  apparently  shortly  before  the  run  started. 

This  morning  the  conditions  were  less  trying,  as  it  was  luA  freezing  .so 
hard  and  the  road  was  cleaner:  also  the  effect  of  the  salting  of  the  pre- 
vious morning  was  less  noticeable. 

Although  some  adju.stments  require  to  be  made,  I  am  satisfied  with  the 
result  of  these  two  trial  runs. 

The  arrangement  for  stojjping  the  arcs,  which  are  the  most  c(jmmon 


cause  of  live  studs,  works  well.  It  has  been  tried  both  with  the  resis- 
tance and  with  the  condenser  devices  described  in  my  report,  and  was 
apparently  equally  successful  with  either.  Further  trials  will  be  neces- 
sary to  determine,  amongst  other  things,  the  best  proportions  to  use. 

A  crucial  test  of  this  arc  stopping  device  was  made  this  morning.  After 
running  several  journeys  with  the  device  in  use,  during  which  the  car  left 
no  live  studs  behind  it,  I  disconnected  the  device  and  ran  three  single 
journeys  without  it.  during  which  the  car  was  frequently  stopped  by  the 
detection  of  live  studs.  On  again  connecting  the  device  the  running  was 
continued  without  interruption.  This  afforded  satisfactory  proof  that 
the  device  was  acting  effectively.  A  speed  estimated  at  24  miles  an  hour 
was  attained. 

The  new  collecting  arrangement  on  the  car  seems  to  be  much  better 
than  the  old  one.  It  takes  less  than  half  the  energy,  and  gives  a  per- 
ceptibly stronger  and  more  certain  action  of  the  studs. 

I  shall  i-un  again  on  Monday  night,  and  have  aiTanged  for  Mr.  Trotter, 
of  the  Board  of  Trade,  to  be  present  informally.  W.  M.  Mordey. 

82,  Victoria-street,  S.W.,  March  10,  1909. 
Further  Report  on  Trial  Runs. 

The  car  has  now  been  run  on  the  altered  track  four  times — viz.,  on  the 
mornings  of  the  5th.  6th,  9th  and  10th  instant,  and  has  run  about  39  miles 
in  all. 

The  state  of  the  track  has  varied  from  an  icy  condition  with  freshly- 
scattered  salt  on  it  to  a  fairly  clean  condition  without  salt,  and  at  a  tem- 
perature well  above  freezing.  Under  all  these  conditions  the  trials  have 
been  satisfactory.  The  arc  stopping  device  recommended  in  my  report 
of  October  1,  1908,  is  quite  effective.  On  disconnecting  the  device 
numerous  live  studs  occur  even  in  the  driest  state  of  the  track  that  has 
so  far  obtained. 

It  hardly  seems  necessary  to  make  further  tests  under  present  con- 
ditions. I  should  like,  however,  to  make  some  further  trials  with  the 
road  in  a  very  wet  and  muddy  condition.  I  do  not,  however,  expect  them 
to  get  as  much  leakage  or  as  many  live  studs  as  on  the  salted  road  on  the 
5th  inst. 

If  there  is  no  rain  soon  it  may  be  possible  to  make  trials  by  leaving  the 
road  uncleaned  and  watering  it,  but  I  would  prefer  the  natural  rain- 
formed  mud.  Subject  to  further  trials  under  these  conditions,  which  I 
do  not  expect  will  cause  any  difficulty,  I  am  satisfied  with  the  result  of 
the  trial  runs,  and  confidently  recommend  the  Council  to  have  the  v/hole 
track  overhauled  in  the  same  way,  and  the  necessary  cars  equipped  to 
run  the  full  service. 

Mr.  Trotter,  of  the  Board  of  Trade,  who  accompanied  me  during  the 
run  on  the  9th  instant,  expres.sed  himself  satisfied  v/ith  the  result.  He 
was  particularly  pleased  by  the  effect  of  disconnecting  the  arc  stO])ping 
device,  and  of  finding  that  live  studs  then  occurred  frequently,  and  that 
they  ceased  as  soon  as  the  device  was  .again  connected.  I  have  no  doubt 
he  will  have  reported  favourably  to  the  Board  of  Trade. 

W.    M.    .MORDEV. 

82,  Victoria-street,  S.W.,  March  23.   1909. 

This  morning  I  attended  a  run  of  the  car  from  about  12:40  a.m.  to 
3:40  a.m.  The  weather  was  warm  and  the  road  was  in  a  rather  wet  and 
muddy  condition.  It  was,  however,  much  less  muddy  than  I  expected  it 
to  be.     A  very  slight  drizzling  rain  was  falling. 

Seven  double  journeys  were  made  and  various  short  runs.  With  two 
exceptions  the  running  was  satisfactory,  and  the  effect  of  the  condenser 
was  proved,  as  before,  by  running  without  interruption  when  it  was  on 
and  by  the  large  number  of  live  stud  stoppages  when  it  was  off. 

The  two  exceptions  were  as  follows  : — 

In  the  first  place,  one  stud  was  always  found  to  be  alive  and  difficult 
to  extinguish,  the  condenser  often  failing  to  put  it  out.  I,  therefore,  had 
it  taken  up,  and  found  the  top  of  the  stalk  was  broken. 

The  second  exception  was  more  serious.  A  horse  received  a  shock 
from  a  stud  on  the  short  length  of  line  east  of  Fairfield-road.  The  horse 
fell,  and  its  knees  were  cut  from  the  fall.  The  horse  did  not  seem  to  be 
otherwise  injured. 

This  short  jiiece  of  line  has  not  been  used  at  all  m  these  trials,  the  car 
never  having  been  taken  over  it.  On  testing,  it  was  found  the  stud  was 
alive,  and  evidently  not  an  arc,  but  from  a  contact.  On  running  the  car 
over  it  (jncc  or  twice  it  cleared  itself,  and  then  worked  normally.  On 
faking  it  ii|i  ii  \i.i^  fninid  to  be  in  good  order,  and  there  was  no  indication 
of  thecau^r  ut  ilifnilt.  The  '•  G.B."  Company  offered  an  explanation, 
which  is  quill'  |ii.ili:ilily  the  true  one.  They  suggest  that  a  small  drop 
of  hardened  pitch  r>r  other  material  had  got  into  the  fork  of  the  stud  and 
caused  sufficient  sticking  of  the  armature  to  prevent  it  from  returning 
when,  by  the  ordinary  vibration  of  the  road,  it  was  lowered  a  little  to- 
wards the  cable,  and  so  by  a  succession  of  small  downward  movements 
it  was  finally  caused  to  make  contact.  I  think  this  defect,  which  is  one 
of  newness,  is  very  unlikely  indeed  to  recur.* 

The  ollection  was  very  much  better  than  on  any  of  the  previous  trial 
runs,  the  car  nmning  almost  sjiarklessly,  even  at  the  higher  speeds.  It 
was  found  possible  to  run  well  with  only  one  collector  in  use. 

The  mud  did  not  interfere  with  the  running,  although  it  was  evident 
that  it  was  the  cau.se  of  a  good  many  live  studs.  W.  M.  JIordev. 

82,   Victoria-street.  S.W..  .March  31,  1909. 
FiKTHEK  Report  o.n  Trial  Runnings  with  the  ■O.B."  System. 
In  accordance  with  the  request  made  to  me  by  telephone  to-day,  that 
I  should  send  you  a  report  on  the  trial  runumgs.  I  may  say  that  I  have 


*  It  is,  perhaps,  hardly  necessary  to  explain  that  this  fault  would  not 
have  occurred  if  the  line  had  been  in  use,  as  then  the  ordinary  working  of 
the  stud  would  have  kept  it  free. 
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sent  reports  or  letters  in  the  nature  of  reports  on  the  six  sliort  runs  which 
have  been  carried  out.  These  were  dated  March  6tli,  10th  and  23rd 
respectively.  These  runs  were  very  short  and  in  some  ways  incomplete. 
The  reports  were  made  in  order  to  let  the  Council  know  at  the  earliest 
possible  moment  the  progress  of  the  trials. 

Although  they  left  certain  points  still  tcj  be  cleared  up  by  further  runs, 
they  afforded,  in  my  view,  sufficient  ground  for  the  opmion  that  the 
main  or  essential  difficulties — namely,  those  which  led  to  the  stopping 
of  the  service — had  been  removed,  and  to  enable  me  to  recommend  the 
Council  to  put  the  line  into  a  condition  to  give  a  public  service. 

I  desire  that  the  reports  or  letters  above  referred  to  should  be  taken 
as  part  of  this  report,  to  which  I  wish  to  add  the  following  : — 

These  six  short  runs  liave  shown  that  comparatively  little  preliminary 
running  will  be  recjuired  to  get  tlie  line  into  working  order.  An  examina- 
tion of  the  records  of  those  runs  shows  that  on  the  last  run,  with  the  ex- 
ception of  the  accident  to  a  horse  on  a  section  of  the  line  which  had  not 
been  tested  or  run  over,  no  defect  of  any  kind  was  met  with,  except  one 
stud,'  which  was  found  to  be  broken.  Two  or  three  such  broken  studs 
have  been  found  during  the  previous  runs. 

It  will  be  remembered  that  in  my  original  report  of  October  1,  1908, 
I  said  that  I  did  not  consider  it  necessary  for  the  purposes  of  this  trial 
that  cast  steel  should  be  substituted  for  the  cast-iron  stud  heads,  but  tliat 
a  small  number  of  such  steel  stud  heads  should  be  tried.  This  has  not 
been  done,  as  I  have  not  insisted  on  it.  It  was  not  essential  for  the  pur- 
poses of  this  trial.  I  think,  however,  it  would  be  well  to  use  steel  heads 
in  oi'der  to  avoid  the  occasional  breakages  which  would  otherwise  occur. 

The  arc  stopping  device,  as  already  reported,  has  proved  to  be  effec- 
tive. I  have  been  informed  by  Mr.  Trotter,  of  the  Board  of  Trade,  that 
he  considers  it  a  very  satisfactory  solution  of  the  difficulty  caused  by  arcs, 
and  that,  together  with  the  alarm  device  previously  fitted,  it  affords  an 
adequate  provision  against  danger  to  the  public.  This  is  satisfactory 
in  view  of  the  original  reference  to  me  to  report  in  accordance  with  the 
terms  of  the  Council's  resolution  of  July  28th-29th,  "  on  the  possibility 
of  rendering  the  system  efficient  with  due  regard  to  the  safety  of  the 
public." 

I  may  explain  that  both  the  arrangements  for  arc  stopping  mentioned 
in  my  original  report  were  tried.  On  the  first  run  and  part  of  the  second 
run  the  resistance  v/as  in  use.  It  was  quite  effective  except  at  cross- 
overs. At  those  points  11  live  studs  were  found  in  all,  due  to  short- 
circuiting  by  the  brush.  By  adjustment  of  the  resistance  and  width  of 
brush  this  could  probably  be  remedied,  but  it  is  not  necessary  to  go  into 
that,  as  the  difficulty  does  not  exist  with  tlie  condenser  which  was  after- 
wards used. 

The  trial  runs  have  not  been  sufficient  to  enable  me  to  finally  determine 
the  amount  of  capacity  of  the  condenser  necessary  to  deal  with  the  worst 
possible  conditions,  but  that  is  a  matter  that  can  easily  be  determined 
by  some  further  trials.  Experiments  were  made  showing  the  need,  for 
such  cases  of  excessive  leakage,  of  a  larger  capacity  than  I  at  first  thought 
necessary.  The  excessive  leakage  was  due  to  very  severe  climitic  con- 
ditions, probably  accentuated  by  salting  of  the  tracks.  I  have  already 
reported  that  on  the  occasion  of  the  first  run  I  found  the  track  l\ad  been 
salted  shortly  before  the  trial  started.  The  '■  G.B."  Company  has  reported 
to  me  that  on  the  morning  of  the  17th  inst.,  shortly  after  the  trial  at- 
tended by  members  of  the  Council,  the  track  was  being  salted,  the  salting 
not  being  continued  beyond  Burdett-road.  They  were  informed  by  the 
man  in  charge  of  the  work  that  he  had  been  engaged  on  this  work  for  some 
time.  If  this  informaticm  is  correct,  it  accounts  for  the  very  great  amount 
of  leakage  which  I  found  during  all  the  funs.  I  am  glad  this  salting  was 
done,  as  it  ensures  that  the  conditions  were  abnormally  severe,  but  I  am 
surprised  that  I  was  not  informed  of  it. 

Some  difficulty  was  experienced  with  the  collector,  two  stoppages 
being  due  to  breakages  of  cast  iron  links.  The  "  G.B."  Company  agrees 
with  me  that  these  links  should  be  of  steel,  and  are  preparing  a  design 
in  that  materia!.  A  further  difficulty  with  the  collector  was  caused  liv 
the  support  of  the  chain  working  loose.  This  is  a  small  and  easily 
remediable  mechanical  defect.  It  led  to  considerable  sparking  on  the 
surface  of  the  road.  When  it  had  been  put  right,  as  it  was  on  the  occa- 
sion of  the  last  run,  the  collection  was  admirable  and  sparkless.  Success- 
ful trials  were  then  made  with  one  of  the  two  collectors  out  of  action,  the 
result  being  so  good  (liat  it  may  prove  on  further  experience  possil)le  to 
dispense  with  half  the  collector  equipment,  and  so  simplify  and  lighten 
the  car.  This  woidd  alvo  slightly  bssen  the  cost  of  the  special  work  anil 
reduce  the  cost  of  ec(uipment  of  the  Bow-road  to  Cambridge -road  from 
the  figure  given  in  my  estimate  of  the  18th  ult.  of  £4,313  to  about  £3.20t». 
I  prefer,  however,  to  leave  this  matter  o)jeu  for  the  moment. 

I  have  already  reported  that  a  speed  of  probably  fully  24  miles  pi'i- 
hour  was  attained  without  difficulty.  Apart  from  other  questions,  this 
is  about  twice  the  speed  which,  I  was  informed  by  the  Council's  officials, 
it  was  possible  to  run  with  the  original  equipment. 

The  fact  that  in  even  six  short  runs  under  very  trying  conditions  wc 
had  got  the  line  into  satisfactory  working  order  (with  the  exception  of 
one  stud  which  was  f..und  to  have  a  mechanical  break)  sliows  how  coiii- 
jiaratively  little  ]>reliminary  running  is  likely  to  be  necessary  to  get  the 
whole  line  into  satisfactory  order.  I  was  ])repai-cd  from  the  first  for  a 
considerable  longer  period  of  trial  before  demonstrating  this.  I  lliiid; 
it  highly  satisfactory,  and  may  remind  you  of  the  long  period  of  tlu-.'C 
months  of  preliminary  trial  (in  actual  service)  allowed  by  the  Lincoln 
t:or]iorat  ion  to  cnn  b)r-  the  contractors  to  remedy  small  defects  of  construc- 
tion and  to  eliminate  the  weaknesses  incidental  to  all  new  work. 

With  regard  to  the  shock  experienced  by  a  horse  on  the  untried  and 
untested  part  of  the  road,  two  things  are  satisfactory — one  that  the 
ownersof  the  horse  have  reported,  as  I  have  already  inforined  you,  that 
it  is  satisfactorily  recovering,  and  shoidd  be  at  work  agam  in  a  few  days. 


The  other  good  pomt  is  that,  although  the  stud  was  fully  alive  and  all  the 
conditions  very  favourable  to  a  severe  shock,  the  horse  wa-s  not  killed, 
trom  Its  appearance  and  condition  immediately  afterwards,  I  should  have 
said  that,  except  for  its  knees,  which  were  bruised  a-s  by  an  ordinary  faU 
It  was  none  the  worse  for  the  shock.  This  experience,  regrettable  as  it  is' 
seems  to  show  that  the  risk  of  fatal  injury  to  horses  is  much  less  than  I 
have  supposed.  I  have  already  reported  that  this  accident  would  not 
have  occurred  if  we  had  taken  the  precaution  of  running  over  this  short 
length  of  line. 

During  the  preliminary  construction  work  a  large  number  of  the 
earthenware  Tpieces— more  than  100— were  found  to  be  slightly  cracked 
or  broken,  but  only  in  one  case  had  any  dirt  penetrated  into  the  T-piece. 
I,  therefore,  did  not  consider  these  slight  defects  were  serious,  as  they 
had  been  down  a  long  time  without  developing  faults.  In  any  further 
overhauling  I  should  not  consider  it  necessary  to  replace  them. 

With  regard  to  the  special  work,  a  suggestion  wa«  made  to  me  by 
Mr.  Fell  that  this  should  be  dealt  with  before  proceeding  with  further 
overhauling.  I  do  not  think  this  necessary,  and,  therefore,  did  not  advi.se 
it  at  the  outset,  partly  because  I  wi-hed  to  limit  the  expense  of  the  trial, 
and  partly  because  a  sample  turnout^ — namely,  that  at  Burdett-road— 
had  already  been  equipped  with  satisfactory  results  in  the  manner  neces- 
sary for  the  other  special  work.  This  Burdett-road  junction,  I  gather 
from  the  correspondence,  has  given  satisfactory  results  in  working.  X 
look  upon  this  special  work  as  of  a  character  that  presents  no  problem 
such  as  that  which  has  already  been  disposed  of. 

Mr.  Fell  also  mentioned  the  question  of  the  hammer  blows  due  to  horses 
possibly  making  the  studs  momentarily  ahve  in  the  same  way  that  they 
can  be  made  alive  by  the  blow  of  a  hammer.  This  matter  attracted  my 
attention  at  the  first,  and  it  was  only  after  a  long  series  of  careful  ex- 
periments, made  with  the  help  of  the  Council's  officials,  that  I  was  able 
to  satisfy  myself  that  no  danger  would  arise  from  this  cause.  Until  I 
made  those  tests  I  held  the  view  that  Mr.  Fell  has  very  naturally  ex- 
pressed. Fortunately,  also,  there  is  the  3J  years'  experience  at  Lincoln 
which  confirms  my  experiments.  There,  although  the  traffic  is  thin,  there 
are  plenty  of  fast  trotting  horses  and  heavy  vehicles,  and  yet  there  ha-s 
never  been  any  case  of  such  effect  as  I  at  first  feared.  I  am  sure  Mr.  Fell 
will  agree  that  these  tests  and  this  experience  dispose  of  this  difficulty. 

In  my  opinion,  after  a  very  short  time,  the  stoppage  of  a  car  by  the 
action  of  the  alarm  would  be  very  infrequent  indeed.  This  alarm  .seems 
to  be  quite  effective,  and  I  may  remind  you  that  this  occasional  effect 
has  always  been  known  in  connection  with  this  system,  and  was  within 
your  knowledge  before  the  adoption  of  the  .system.  So  far  as  I  know, 
no  other  surface-contact  system  has  so  adequately  provided  for  giving 
warning  of  these  occasional  defects.  Their  existence  does  not  appear  to 
me  to  constitute  a  reasonable  cause  for  anxiety  or  to  be  inconsistent 
with  "  due  regard  to  the  safety  of  the  public."  W.  M.  Mobdev. 

On  the  5th  April  the  following  letter  was  forwarded  to  the 
Council  by  the  company  : 

Hamilton  House,  Bishopsgate-street  Without,  London,  E.G. 
Aldhate  to  Bow  Tkamw.ws. 

Gentlemen, — It  would  seem  from  reports  in  the  Press  and  elsewhere 
that  your  Highways  committee  has  been  led  to  advise  the  Council 
that  the  use  of  the  "  G.B."  system  on  the  above  route  be  abandoned. 
Some  months  ago  you  appointed  Mr.  W.  M.  Mordey,  the  president  of 
the  Institution  of  Electrical  Engineers,  tc  advite  you,  as  an  expert,  on 
the  suitability  of  the  "  G.B."  system.  Later  we  contracted  with  the 
Council  to  put  in  order  a  ear  and  a  piece  of  the  above  route.  The  two 
main  provisos  of  our  agreement  wore  :— 

1.  That  the  work  should  be  carried  out  to  Mr.  Mordey's  satis- 
faction. 

2.  That  the  trial  runs  should  be  of  such  a  nature  and  extent  as 
Mr.  Mordej-  should  deem  necessary  or  expedient. 

It  would  seem  unjust  that  the  Council  should  come  to  any  decision 
either  to  retain  or  reject  our  system  until  Mr.  Mordey  had  reported 
that  the  trial  runs  and  his  investigations  there.if  «ero  complete. 

On  Wednesday  last  the  solicitor  to  the  Council  read  to  us  p;irts  of 
a  letter  from  Mr.  Mordey  in  which  he  asked  for  more  trial  runs.  It  is, 
therefore,  seen  that  the  second  proviso  of  our  contract  is  unfulfilled. 
We  should,  however,  remind  you  that  Mr.  W.  W.  Thompson  told  the 
Council,  on  March  9  last,  that  Mr.  Mordey  had  informed  him  that  tho 
experiments  up  to  that  time  were  '•eminently  sjitisfactorv. ' 

On  the  last — or  sixth — trial  run  a  horse  (now  well  and  at  work) 
received  a  shock  from  a  stud  which  had  not  been  tested  oratanj  time 
run  over  by  the  car,  and,  tlierelore,  was  not  included  in  the  trial  runs. 
A  like  accident  could  not  happen  in  service  conditions.  We  mention 
these  facts  that  the  truth  may  bo  known  in  place  of  the  Press  account 
of  the  incident. 

It  seems  that  the  system  is  about  to  bo  condemned  on  the  advice  of 
the  Council's  officials';  but  we  can  hardly  think  that  any  practical- 
man  would  seriously  say  that  it  is  possible  justly  to  condemn  any 
system  after  only  six  preliminary  runs,  or  in  all  about  12  hours'  ex- 
perience. There  were  no  faults."  beyond  mere  details  of  adjustment, 
found  during  any  of  tlie  runs,  and  before  the  trials  ended  these  adjust- 
ments wore  made  and  the  system  worked  [lerfectly.  The  official  view 
is,  therefore,  the  harder  to  understand. 

Apart  from  all  other  things,  it  w;is  an  implicit  if  not  .•\n  explicit 
provision  of  our  contract  that  if  your  export  adviseil  the  abjindonment 
of  the  system,  then  it  should  be  abandoneil,  but  if  he  advised  its  re- 
tention, then  it  should  be  retained.  Our  belief  that  the  Council  will 
not  knowinglv  set  aside  the  spirit  of  their  bond  with  us  is  the  founda- 
dation  of  this'letter.  The  "  G.B."  ScRiACE  Cosi.\cT  Co. 
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We  conclude  our  account  of  this  matter  by  the  insertion  of  the 
following  very  lengthy  communication  from  the  Company  to  Mr. 
Mordey.  By  so  doing  we  place  our  readers  in  possession  of  all  the 
information  at  our  command  : — 

Hamilton  House,  Bishopsgate-street  Without.  London,  E.G., 
W.  M.  MoRDEv.  Esq.  October  I.  1908. 

Dear  Sir  :  We  have  received  a  letter  from  the  Clerk  to  the  L.C.C.  dated  the  I8th  ult. 
a  copy  of  which  he  informs  us  has  been  sent  to  you.  We  have  replied  to  him  as  per  copy 
enclosed,  and,  in  accordance  with  the  promise  made  therein,  we  now  proceed  to  give  you 
what  information  we  can  respecting  the  surface-contact  system  laid  in  the  Bow-road  and 
the  special  equipment  on  the  cars  running  thereon.  We  do  not  know  how  far  you  have 
been  informed  of  the  earlier  history  relating  to  the  Bow-road  installation,  but  it  appears 
to  us  desirable  that  you  should  have  some  information  respecting  matters  which  are 
largely  responsible  for  the  exceedingly  unsatisfactory  state  of  affairs  to-day. 

Early  in  June  last  year,  after  a  visit  of  the  Highways  committee  to  Lincoln,  our  en- 
gineer. Mr.  Bedell,  was  asked  to  call  upon  the  chief  engineer  of  the  Council,  and  was 
informed  by  him  that  the  Council  would  not  consent  to  place  a  contract  direct  with  us  for 
any  line  to  be  equipped  on  the  ""  G.B."  surface-contact  system,  nor  would  such  contract 
be  placed  with  the  firm  who  had  worked  with  us  in  installing  the  line  at  Lincoln.  Mr. 
Bedell  then  submitted  the  n^me  of  another  firm  who  would  be  willing  to  do  the  wcrk 
and  leave  £9.000  in  the  Council's  hands  as  a  guarantee  of  the  proper  working  of  the  system. 
This  firm  was  also  refused,  and  Mr.  Bedell  was  referred  to  Messrs.  Dick,  Kerr  &  Co..  with 
whom,  however,  we  could  not  come  to  terms  on  a  royalty  basis,  as  they  required  pre- 
ferential termc  from  us,  and  we  had  been  informed  by  the  chairman  of  the  Highways 
committee  that  any  arrangements  made  must  be  such  that  the  Council  could  be  sure 
of  tenders  in  open  competition. 

The  final  arrangement  made  by  the  Council  was  to  enter  into  a  licensing  agreement 
with  the  patentees  for  the  use  of  the  patents.  The  price  first  asked  was  cut  down  from 
£800  per  mile  to  £500  per  mile,  on  our  being  informed  in  the  committee's  presence  that  no 
technical  assistance  would  be  required  from  us.  remuneration  for  which  was  included  in 
the  higher  figure.  We  mention  this  to  show  that  we  have  been  placed  by  an  arrange- 
ment made  purely  to  suit  the  Council  in  a  position  where  it  has  been  exceedingly  difficult 
for  us  to  obtain  a  working  knowledge  of  what  was  going  on.  This  arrangement  apolied 
both  to  permanent  way  and  csr  equipment.  We  very  soon  learnt,  however,  that  our 
technical  assistance  would  be  required,  although  it  was  not  proposed  to  pay  for  it  in  most 
instances. 

As  far  as  the  track  was  concerned,  all  we  were  at  first  asked  to  do  was,  for  a  fixed  sum 
per  mile,  to  supply  the  contractors  with  men  who  had  experience  of  laying  our  system, 
and  who  should  teach  their  men  how  it  was  done ;  but  the  car  equipments  were  dealt 
with  in  an  entirely  different  way. 

As  early  as  June,  1906.  we  had  been  shown  some  of  the  Council's  cars,  with  a  view  to 
seeing  whether  our  collecting  gear  could  be  fitted  to  them.  We  considered  that  it  could. 
but  that  considerable  alterations  to  the  car  would  have  to  be  made.  We  stated  this 
opinion  in  a  letter  to  the  chief  officer  dated  June  25.  1906,  and  again  referred  to  it  in  ours 
of  July  31.  1906.  On  July  16.  1907.  we  again  quoted  the  chief  officer  for  car  equipments 
at  £99  each,  instead  of  £75.  which  was  our  original  quotation  when  we  supposed  that  we 
should  be  given  the  whole  contract  for  both  car  and  track  work.  We,  however,  agreed 
to  reduce  this  figure  when  we  learnt  that,  through  a  mistake,  insufficient  money  had  been 
voted  for  the  car  equipments,  and  we  eventually  took  a  contract  for  them  at  cost  price. 

Before  this  contract  was  entered  into  we  were  asked  to  prepare  drawings  of  the  equip- 
ments, and  to  prepare  a  wooden  model  to  be  fitted  up  under  a  car.  all  of  which  we  did.  sup- 
plying our  technical  assistance  and  labour  free  of  cost.  We  experienced  much  difficulty 
with  the  design  because  drawings  of  trucks.  &c..  with  which  we  were  furnished  were 
difficult  to  get  and  unreliable.  We  also  were  informed  that  the  alterations  we  had  thought 
could  be  easily  effected  on  the  cars  were  not  supposed  to  be  possible  :  the  design  was. 
therefore,  cramped  unnecessarily  and. far  from  what  it  might  easily  have  been.  In  these 
circumstances  we  were  naturally  unwilling  to  take  any  responsibility  for  the  design, 
much  of  which  had-been  imposed  upon  us  by  the  officials  of  the  Council.  We.  therefore, 
had  to  insist  that  the  terms  should  be  such  as  apply  to  agents  merely,  and  that  no  guaran- 
tee as  to  satisfactory  working  should  be  included  in  the  contract.  We  explained  this 
position  clearly  before  the  contract  was  entered  into.  On  December.  21.  1907,  the  chief 
officer  wrote  instructing  us  to  proceed  with  the  48  car  equipments.  On  January  1,  1908, 
we  wrote  the  chief  officer  asking  whether  he  wanted  any  alterations  made  to  the  con- 
tract drawings.  He  replied  that  he  couldn't  and  wouldn't  take  any  responsibility  in  the 
matter.  To  this  we  replied  that,  as  we  could  know  nothing  about  the  special  brake  gear 
involved,  he  must  really  decide  the  matter.  All  this  delay  and  correspondence  was  due 
to  the  fact  that  the  conditions  expressed  in  the  contract  for  car  equipments  were  not 
frankly  accepted  by  the  chief  officer  and  he  still  tried  to  make  us  responsible  for  the  work- 
ing of  the  systeni.  altered  and  crippled  as  it  then  was  both  in  track  and  car  equipment. 

On  February  3.  1908.  we  were  instructed  to  proceed  with  only  one  of  the  48  equipments. 
Early  in  March  the  first  equipment  was  delivered,  covered  in  wood  and  erected  on  a  car 
in  a  rough  temporary  manner,  as  it  was  quite  understood  that  it  was  for  experimental 
purposes  only  that  this  first  ^quioment  was  hurried  through.  The  collection  with  this 
magnet  was  found  to  be  very  bad  at  first.  This  was  due  to  the  short  collection  chain 
getting  a  periodic  swing,  which  caused  it  to  leave  the  studs  after  it  had  come  in  contact 
with  them.  We  found  that  this  defect  was  cured  by  deadening  it  with  rubber  buffers. 
There  remained,  however,  a  more  serious  defect — the  magnet  was  not  strong  enough  to 
work  the  studs  properly.  The  Council's  officials  tried  placing  a  conduit  yoke  round  the 
stud  to  see  if  it-worked  more  forcibly,  but  found,  of  course,  that  the  yoke  magnetically 
short-circuited  it  and  prevented  its  working  at  all.  They  also  tried  the  effect  of  removing 
the  outer  pole  of  th"  magnet,  as  they  held  the  theory  that  it  was  worse  than  useless' 
This  experiment  resulted  in  the  .magnet  failing  to  work  many  of  the  studs  altogether. 
We  ourselves  found  that  the  gunmetal  piece  we  had  been  made  to  insert  in  the  outer  pole 
was  chiefly  responsible  for  the  weakness,  and.  as-there  was  no  real  reason  for  this  piece 
of  gunmctal.  it  was  bridgedwith  iron,  and  after  this  the  strength  of  the  magnet  was  about 
ncmil.  There  was.  however,  a  great  exception  taken  to  the  swinging  polar  extension, 
which,  although  in  s+rict  accordance  with  the  contract  drawings,  was  considered  objec- 
tionable on  account  of  the  attention  it  would  require  when  changing  over  from  conduit 
to  surface-contact  lines.  As  we  know  nothing  of  the  L.C.C.'s  service  requirements  or 
the  time  available  for  changing  over,  we  can  express  no  opinion  of  this  matter.  The 
swinging  pole  was  removed,  and  without  it  the  magnet  was  too  short  for  continuous 
collecticn,  and  during  the  Easter  holidays  the  officials  began  the  manufacture  of  double 
magnet  equipments — i.e..  two  magnets  on  each  car. 

On  April  22nd  we  wrote  to  the  chief  officer  concerning  the  relative  merits  of  one  and 
two  magnet  equipments,  and  on  24th  the  chief  officer  wrote  us  a  letter  from  which  it  ap- 
peared that  he  was  suffering  from  some  misapprehension  of  technical  facts  connected 
with  the  system,  but  at  the  same  time  considered  our  engineer's  presence  to  be  super- 
fluous when  trial  runs  were  being  made.  On  April  27th  we  a^-ain  wrote  explaining  many 
technical  points  germane  to  the  system  which  did  not  appea.  to  be  perfectly  understood. 
On  Ihe  same  day  we  wrote  another  letter  dealing  with  the  comn\ercial  aspect  of  the  case 
and  we  would  suggest  that  you  refer  to  these  letters,  as  they  deal  with  many  aspects  of 
the  matter  not  easily  condensed. 

We  were  not  consulted  as  to  the  design  of  the  magnets  which  the  officials  had  made, 
and  when  we  were  permitted  to  examine  them  we  found  that  they  were  badly  designed 
and  constructed  in  almost  every  v/ay.  The  section  of  the  sores  was  not  sufficient  to  carry 
the  fljx  for  the  pole  bars,  with  the  r*»sult  than  even  when  many  more  than  the  normal 
number  of  cells  were  used  to  excite  them  there  was  still  insufficient  magnetic  force  to 
operate  the  studs  properly.  In  many  places  the  iron  parts  of  the  magnets  were  much  too 
clos^  to  members  of  the  trucks  to  be  at  all  safe.  The  wood  protection  was  much  less 
efficient  and  of  an  even  more  temporary  character  than  on  the  experimental  magnet  first 
used,  and  iron  screws  passing  into  the  metal  of  the  magnets  were  used  to  fix  the  wood. 
The  bulk  of  the  scrap  iron  collected  by  the  magnet  found  its  way  to  the  screw  heads  and 
caused  short-circuits,  and  though  we  frequently  suggested  their  reolacement  by  brass 
screws  we  could  never  do  more  than  get  them  covered  with  compound— a  quite  inade- 
auate  substitute.  Although  we  had  found  in  the  earlier  runs  that  the  insulated  sus- 
pension bolts  required  shielding,  no  shields  were  provided  The  collector  chains,  also, 
were  not  buffered.  There  were  many  other  matters,  too  numerous  to  mention,  -n  which 
these  magnets  were  defectiv*. 

The  result  of  running  the  cars  equipped  with  these  magnets  was  naturally  disastrous 
both  to  the  equipments  themselves  and  the  studs,  to  say  nothing  of  the  ridicule  which 
v/as  thus  brought  upon  th?  system,  which  was  supposed  to  be  on  its  trial. 


The  patentees  felt  so  strongly  that  somethine  ought  to  be  done  to  put  matters  right 
that  they  took  the  pxtreme  step  of  laying  a  formal  complaint  through  their  solicitor 
before  the  Council,  when  it  was  proposed  to  hold  a  B.O.T.  inspection.  This  step  had  the 
effect  of  delaying  the  inspection  for  a  short  time,  but  nothing  material  was  done  in  the 
meantime  to  put  things  right,  and  a  service  was  started  under  conditions  which,  if  not 
'  speedily  remedied,  could  but  end  in  a  fiasco. 

We  will  now  revert  to  the  equipment  of  ihe  track.  After  receiving  the  order  from 
the  contractors  for  theUnefor  materials  for  the  "  G.B."  road  equipment,  we  sent  them 
drawings  of  the  parts  that  we  werejgcing  to  supply,  we  also  gave  them  our  ideas  as  to  the 
method  they  should  adopt  in  draining  the  conduit  at  the  lowest  points  into  catch  pits, 
which  were  not  included  in  our  order  for  material.  The  design  of  cable  access  box  which 
we  submitted  was  objected  to  by  the  Council's  officials,  who  drew  out  one  of  their  own. 
This  design  was  sent  to  us.  and  we  wrote  to  the  contractors  on  August  26.  1907.  object- 
ing to  some  points  and  pointing  out  the  superiority  of  our  design.  One  of  these  points 
was  the  inadequacy  of  the  grease  joint,  as  it  was  necessary  that  the  box  lids  should  be 
tight  in  order  to  secure  efficient  ventilation.  It  has  proved  in  practice  that  this  objec- 
tion was  well  founded.  Another  objection  to  the  design  was  made  verbally  to  the  chief 
engineer's  assistant  in  that  the  depth  of  the  box  was  such  that  the  metal  work  of  the  lid 
would  be  flush  with  the  top  of  the  paving,  and  might  possibly  come  in  contact  with  any 
scrap  iron  carried  by  the  magnet  and  cause  partial  .-^hort-circuits.  We  were  informed 
that  it  was  L.C.C.  practice  to  arrange  their  street  boxes  in  this  way.  It  turned  out  in 
practice  that  partial  short-circuits  occurred  on  these  boxes  in  nearly  every  case.  This 
was  a  very  unfortunate  thing  for  the  system, as  it  gave  rise  to  widespread  adverse  comment. 
The  violence  of  the  arc  was  such  that  we  thought  it  impossible  that  the  path  of  the  cur- 
rent was  through  the  concrete  to  the  rails,  a  circuit  of  comparatively  high  resistance, 
and  when  the  frames  of  the  boxes  were  lowered  and  the  paving  in  ths  lids  raised  we  dis- 
covered that  in  very  many  cases  a  tie-bar  or  the  earthing  strip  from  our  insulator  pins 
was  in  close  proximity  to  or  actually  touching  the  frame.  It  is  needless  to  say  that 
warning  had  been  repeatedly  given  against  fixing  earthed  metal  of  any  kind  near  the 
access  box  frames.  With  respect  to  draining  the  conduit,  we  informed  the  Council's 
officials  of  the  method  we  adopted  in  Lincoln — that  is.  running  a  pipe  from  the  lowest 
point  into  a  closed  galvanised-iron  tank  buried  in  the  roadway,  and  having  a  vertical 
pipe  coming  up  to  the  road  level  and  covered  with  a  stop  cock  box  cover,  through  which 
it  could  be  periodically  pumped  out.  The  design  of  drainage  sump  got  out  by  the  L.C.C, 
officials  was  quite  different ;  the  sump  itself  was  to  be  made  in  concrete  and  the  cover 
was  not  airtight. 

The  patentees  wrote  to  the  chief  engineer  on  September  28,  1907.  disapproving  of 
the  design  and  recommending  the  Lincoln  system  as  superior  in  every  v/ay.  The  sumps, 
however,  were  put  in  to  the  L.C.C,  design,  and  the  result  was  seen  in  several  dangerous 
gas  explosions.  The  concrete  walls  of  the  sumps  were  useless  for  the  purpose  of  excluding 
the  gas  in  the  road,  and  the  badly  fitting  sump  lids  and  inadequate  grease  joints  of  the 
access  boxes  made  it  very  difficult  to  obtain  efficient  ventilation,  so  that  the  blower  in 
the  car  sheds  had  to  be  kept  running  continuously.  At  Lincoln  half  an  hour  a  day  is 
found  to  be  quite  enough.  Extra  cable  insulators  at  access  boxes  on  spec.al  work  were 
put  in  contrary  to  our  recommendation.  Some  of  these  have  already  been  the  cause  of 
dead  earths  on  the  line.  It  is  matter  for  regret  that  almost  the  whole  of  the  track  work 
was  completed  before  the  Council  had  a  trial  car  ready  to  run.  Many,  if  not  all.  the 
mistakes  made  would  probably  have  been  discovered  and  rectified,  and  a  greater  willing- 
ness shown  to  take  our  advice,  had  only  one  car  been  ready  when,  say.  the  first  J  mile 
of  track  was  completed.  As  an  illustration  of  this,  we  may  mention  the  case  of  the  re- 
sistance studs  at  special  work.  It  was  assumed  that  single  magnet  equipments  would  be 
used  on  the  cars,  and  the  resistance  studs  were  arranged  accordingly,  but  double-magnet 
equipment  were  finally  decided  upon,  for  which  quite  different  special  work  is  required. 
the  large  number  of  resistance  studs  at  each  junction  rendering  it  desirable  to  insert  a 
resistance  in  a  part  of  the  line  cable,  as  we  designed  the  Burdett-road  special  work  to  be, 
instead  of  a  resistance  to  each  pair  of  studs.  The  ordinary  studs  could  have  been  set 
further  apart  in  order  to  suit  the  double-magnet  equipments  and  a  saving  of  expense 
would  have  resulted. 

When  the  first  car  equipment  was  completed  we  found  it  necessary  to  advise  the  chief 
officer  that  it  would  be  dangerous  to  run  a  trial  until  the  conduit  was  ventilated.  We 
had  informed  the  engineers'  department  at  the  beginning  of  the  work  that  it  would  bs 
necessary  to  instal  a  blower  to  ventilate  the  conduit,  but  this  had  not  been  done.  The 
warning  we  gave  to  the  chief  officer  was  not  unnecessary,  as  was  proved  by  the  blowing 
up  of  several  box  Hds  at  some  of  the  later  trials. 

On  June  25th  a  service  of  three  electric  cars  was  started.  At  the  chief  officer's  request 
we  supplied,  at  our  own  expense,  two  men  who  could  teach  the  Council's  employes  how 
to  extract  studs  and  generally  deal  with  the  track.  The  troubles  whicn  were  experienced 
were  numerous.  Short-circuits  and  partial  shorts  between  the  magnets  and  the  car 
were  of  frequent  occurrence,  and  their  effect  on  the  studs  was  of  course  very  damaging. 
Large  numbers  of  the  studs  tripped  the  safety  breakers  on  the  car.^.  and  could  not  after- 
wards be  located,  and  yet  others  which  sparked  on  the  detector  brushes  remained  undetec- 
ted, as  the  action  of  the  safety  breakers,  which  we  believe  were  of  L.C  C.  design,  was  very 
unreHable.  Our  men  noticed  that  the  pitch  round  the  granite  stud  blocks  had  sunk 
away  in  many  instances,  and  that  the  passage  of  a  v/atering  cart  caused  some  of  the  studs 
to  trip  the  safety  breakers.  This  led  ^s  to  suppose  that  considerable  leakage  must  be 
taking  place  through  the  dirt  immediately  surrounding  the  studs. 

Many  studs  which  remained  alive  after  the  cars  had  passed  were  extracted,  but  were 
quickly  removed  to  an  L.C.C.  depot,  where  we  cojld  not  examine  them,  so  that  we  were 
able  to  gain  littie  reliable  knowledge  concerning  the  cause  of  their  failure  to  act. 

On  July  8th  we  ceased  to  be  able  to  obtain  any  information  whatever,  regarding  the 
behaviour  of  the  system  except  such  as  the  public  generally  might  glean,  for  our  men 
were  on  that  day  ordered  to  have  nothing  further  to  do  with  the  trams.  We  were  greatly 
astonished  at  this,  as  it  had  been  arranged  with  the  chief  officer  that  they  should  bs 
employed  for  three  months,  and  no  warning  was  given  that  their  services  were  to  be 
dispensed  with.  We  wrote  to  the  chief  officer  on  July  llth.  saying  that  now  we  were 
excluded  from  the  works  we  thought  it  desirable  that  v/e  should  give  him  our  opinions. 
already  verbally  stated  from  time  to  time,  respecting  the  working  of  the  system  as  far 
as  we  had  been  able  to  see  it.  We  had  already  quoted  the  Council  for  double  magnet 
equipments,  the  desigrs  for  which  we  had  got  out  at  our  own  expense,  and  a  draft  con- 
tract for  the  supply  c*  these  had  been  forwarded  to  us  through  our  solicitors,  As  these 
magnets  differed  in  many  ways  from  those  already  on  the  cars  we  think  it  fair  to  assume 
that  the  Council's  officials  did  not  regard  their  own  design  as  satisfactory. 

We  wrote  to  the  chief  officer  on  July  1 5th  stating  that  the  methods  adopted  for  testing 
the  safety  breakers  in  the  car  sheds  were  inadequate  ;  also  that  one  of  the  cars  was 
running  with  a  magnet  coil  short-circuited  or  inoperative,  and  that  this  had  been  pointed 
out  two  days  before  and  remained  unremedied,  also  that  the  men  were  using  neat  pitch 
to  reset  the  studs  which  they  extracted.  This  is  an  illustration  of  the  way  in  which  the 
most  ordinary  precautions  for  the  safety  of  the  public  and  the  requirements  of  the  svs*em 
were  neglected.  With  unreliable  safety  breakers  Hve  studs  were  left  undetected  in  the 
road.  With  a  broken  down  magnet  every  stud  over  which  it  passed  was  liable  to  be 
damaged  and  possibly  rendered  unsafe.  With  hard  pitch  used  round  the  studs  loose 
stud  heads  and  broken  T  pieces  follow  as  a  natural  sequence. 

On  July  17th  we  received  a  letter  from  the  chief  officer  saying  that,  inconsequence  of 
accidents  to  horses  and  persons,  in  addition  to  other  defects  in  the  working,  it  was  decided 
to  stop  the  service  and  cut  current  off  till  further  notice.  In  reply  we  wrote  on  July  20th 
approving  the  decision  to  stop  the  service,  and  presuming  that  this  step  was  to  give  time 
for  our  recommendations  to  be  complied  with.  We  then  made  an  off°r  to  th"  chairman 
of  the  Highways  committee  either  to  take  over  and  keep  up  both  car  and  road  equipment 
for  a  fixed  sum  per  car-mite,  payment  to  commence  after  both  had  been  put  in  order  by 
us,  or  to  take  exciu.sive  charge  of  the  roadway,  it  being  understood  that  we  had  no  com- 
mercial interest  whatever.  On  the  22nd  we  received  a  letter  from  the  chairman  of  the 
Highways  committee  stating  that  The  committee  had  decided  to  abandon  the  scheme. 
We  wrote  in  reply  that  the  system  had  not  had  a  fair  trial,  and  at  the  same  time  wrote 
to  the  Clerk  of  the  Council  offering  to  take  over  the  road  and  put  it  right  and  maintain 
it  for  12  months  if  the  Council  would  equio  cars  to  our  desipn  to  run  on  it,  and  only  if 
satisfactory  a  charge  not  to  exceed  £2.500  to  be  made.  On  the  27th  we  received  a  letter 
from  the  clerk  saying  that  our  offer  had  been  placed  before  the  Highways  committee  but 
that  they  could  not  recommend  the  Council  to  accept  it. 

We  wrote  the  chief  officer  on  July  20th  reminding  him  of  a  telephone  conversation 
that  took  place  on  the  10th  rerpecting  some  tests  to  ascertain  the  leakage  current  through 
the  mud  which  he  had  promised  to  have  made,  as  on  the  previous  day  a  considerable 
number  of  the  .^^tuds  opened  the  .safety  breakers  on  the  cars.  The  road  was  abnormally 
muddy  that  day,  and  we  thought  it  possible  that  the  extra  leakage  caused  by  the  mud 
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might  be  sufficient  to  maintain  an  arc  for  th?  liin-^  ntc?33ary  to  alb  .v  the  safety  biaiili  to 
fjet  on  the  stud,  if  the  switch  piec;  of  the  latter  was  not  workin-  quite  freely.  We 
reminded  the  chief  officer  in  this  letter  that  though  he  had  asked  us  to  be  present  when 
he  tests  took  place,  and  we  had  been  constantly  telephoning  to  the  assistant  who  had 
the  matter  in  hand,  who  assured  us  that  we  should  be  given  due  notice,  yet  the  tests 
took  place  without  our  being  informed,  and  we  would  hke  to  know  the  results.  We  have 
never  received  these  particulars  and  they  appear  to  us  to  be  so  important  that  we  should 
bs  much  obliged  if  you  could  communicate  them  to  us. 

On  July33ih  we  received  a  letter^from  the  Clerk  of  the  Council  informing  us  of  the 
Council's  decision  to  go  on  experimenting  with  the  system  durmg  the  recess  and  to 
appoint.an  expert  to  inquire  into  the  matter.  We  wrote  in  reply, ^on  August  6th.  setting 
out  our  view  of  the  line  the  inquiry  ought  to  take  and  this  letter  has  doubtless  been 
communicated  to  you.  sine;  then  we  have  tried  several  times  by  writing  to  the  Clerk  to 
elicit  technical  information  which  would  have  enabled  us  to  give  you  the  full  and  detailed 
statement  you  asked  for  in  your  letter  to  the  Clerk,  copy  of  which  was  forwarded  to  us 
on  August  26th.  As  this  technical  information  is  still  withheld,  w?  can  only  ^ive  you  a 
statement  partly  based  on  knowledge  and  partly  on  surmise  of  what  took  place. 

We  have  thus  far  dealt  with  some  of  the  circumstances  which  culminated  in  the  inquiry 
upon  which  we  understand  you  are  now  engaged,  though  as  yet  we  do  not  know  the 
scope  or  precise  nature  of  that  inquiry.  Our  ignorance  on  these  points  must  be  our 
excuse  for  laying  before  you  many  things  which,  were  we  better  instructed,  we  should 
have  been  able  to  omit  and  also  possibly  foromitting  other  matters  upon  which  you  would 
have  wished  information.  We  propose  next  to  deal  with  the  defects  as  far  as  we  know 
or  can  surmise  them  and  the  treatment  we  should  recommend  for  their  elimination. 

Line  Leakage. — We  gathered,  although  we  could  never  obtain  any  definite  information, 
that  the  line  leakage  was  very  variable  and  that  three  or  four  dead  earths  occurred. 
We  consider  that  anything  over  0"1  amperes  per  section  after  the  current  has  been  on 
for  half  an  hour  indicates  that  water  is  present  in  the  conduit  or  access  boxes  and  that 
sumps  shojld  be  pumped  outer  low  points  not  drained  should  have  sumps  provided.  In 
the  case  of  dead  earth,  we  believe  the  cause  has  always  been  that  one  of  the  insulators 
near  access  boxes  on  special  work  (which  were  not  put  in  in  accordance  with  our  design) 
had  broken  down. 

Resistance  5/«rf5.— Several  cases  of  these  becoming  alive  were  observed.  In  the 
first  few  instances  this  was  due  to  current  leaking  from  the  resistance  wires  to  their  lead 
covering  at  the  end  in  the  resistancs  pit,  an  arc  being  maintained  meanwhile  between 
carbon  and  cable.  The  cure  for  this  is  to  employ  reliable  wiremen  when  making  the 
connections  with  the  resistances.  With  regard  to  the  later  instances  of  these  studs 
becoming  live,  we  were  excluded  from  obtaining  any  information,  and  we  think  that 
for  the  most  part  nothing  was  done  to  ascertain  the  cause ;  but  from  a  few  remarks 
made  to  us  by  assistants  to  the  Council  we  gathered  that  in  one  or  more  instances  it  had 
been  found  that  the  resistances  themselves  had  gone  to  body.  This  defect  would  follow 
inevitably  if  the  wire  on  the  head  side  was  the  one  that  became  earthed,  because  then 
the  full  current  which  the  resistancs  could  pass  would  flow  through  it  till  something 
burnt  out  and  so  broke  the  circuit.  During  the  trial  runs  there  were  no  men  present 
supplied  with  the  tools  for  removing  stud  heads,  so  anything  of  this  sort  that  might  go 
wrong  was  left  to  burn  itself  up  completely. 

There  is  another  explanation  that  would  account  for  the  trouble,  viz.  :  the  officials 
told  us  that  40  amperes  would  be  enough  to  allow  to  move  their  cars  ;  we  thought  this 
rather  low  and  got  them  to  agree  to  50  amperes  as  the  amount  to  be  passed  by  the  resis- 
tances, and  on  our  own  responsibility  we  ordered  them  with  such  a  resistanc3  that  they 
would  pass  about  60  amperes.  The  cars,  however,  frequently  refused  to  start  with  this 
current,  and  consequently,  instead  of  the  resistance  remaining  in  use  for  a  few  seconds 
only,  cars  used  to  stand  over  them  taking  full  current  for  minutes  at  a  time,  while  attempts 
were  mad?  to  bar  them  along.  Doubtless  the  resistances  overheated  and  may  even  have 
fused.  The  remedy  for  this  trouble  is  to  construct  resistances  to  pass  enough  current  to 
move  the  cars.  The  whole  matter  of  resistance  studs  is  only  of  academic  interest  now 
that  double  magnet  equipments  have  been  decided  upon,  since  our  arrangement  of 
resistance  in  the  line  cable  used  at  Burdett-road  would  become  universal  throughout  the 
track. 

Lwe  Studs.— These  can  be  divided  broadly  into  two  classes  :  {a)  those  which  were  left 
alive  and  remain  so  till  remedial  measures  v/ere  taken,  and  (b)  those  which  tripped  the 
breaker  but  became  dead  by  themselves.  For  reasons  already  explained  we  can  have  no 
detailed  information  to  go  upon,  but  as  far  as  our  observations  have  carried  us  we  think 
that  in  class  (a)  the  causes  of  failure  have  been  : — 

(1)  Dirt,  grit,  sand,  cement  or  pitch  adhering  to  the  working  parts  of  the  stud.  Caus-:. 
^Stud  not  clean  when  put  in  or  in  some  few  instances  the  T  piece  was  broken,  admitting 
foreign  matter  to  the  stud.     Rer»?dy. — Greater  care  and  cleanliness  during  initallation. 

(2)  Clearance  between  switch  pieces  and  liners  of  fork  not  sufficient  in  all  positions  of 
the  former,  and  had  escaped  the  L.C.C.  inspector's  notice.  /??wfrfy.— Greater  care  in 
inspection  and  use  of  a  minimum  clearance  gauge. 

{3)  The  woodite  eyes  in  'he  switch  pieces  have  broken  in  a  few  cases.  Cause.— The 
woodite  overheated  in  turning ;  this  defect  was  net  observable  on  inspection,  but  such 
eyes  absorbed  moisture  and  became  liable  to  break  after  studs  were  set  in  the  road. 
Remedy. — Replace  breakages  with  a  material  such  as  box-wood  boiled  in  paraffin,  which 
is  not  liable  to  be  affected  in  this  way. 

(4)  Studs  were  burnt  up,  the  inside  working  faces  roughened,  copper  clips  fused,  carbons 
loosened,  flex  fused.  &,c.  Cause.— DeiecXs  in  car  equipments  producing  large  leakage 
currents  of  hundred  of  amperes,  which  on  a  slowly  moving  or  stationary  car  would  burn 
up  any  stud  which  could  be  so  designed.  Remedy. — Use  only  properly  designed  car 
equipments'  and  substation  breakers  set  only  a  little  above  the  normal  maximum 
section  load. 

In  class  (b),  which  is  far  the  larger  division,  the  conditions  were  more  complex  and 
varied  at  different  times.  (1)  There  is  nodoubt  but  thatmanyof  these  studs  werecaused 
by  the  magnets  which  were  in  use  for  some  lime  on  the  cars  being  too  weak  to  induce 
the  carbons  to  make  proper  contact. v/ith  the  cable  :  the  resulting  heat  sometimes  pro- 
duced a  light  fusion  between  the  iron  of  the  cable  and  the  carbon,  which,  however,  broke 
down  under  the  current  taken  by  the  safety  brush,  and  so  made  the  stud  dead  as  soon 
as  the  car  had  passed.  In  some  few  cases  this  latter  action  may  not  have  taken  place 
and  then  the  stud  would  form  a  (fifth)  division  in  class  (a).  Remedy.— Ust  only  properly 
excited  magnets  on  the  cars. 

(2)  There  appeared  to  be  reason  to  suppose  that  m  certain  conditions  of  the  road 
surface  some  of  the  studs  in  cla.ss  (*).were  due  to  an  arc  being  maintained  between  the 
carbon  and  the  cable  long  enough  to  cause  the  stud  to  trip  the  safety  breaker.  We 
mentioned  this  possibility  to  one  of  the  officials  and  suggested  that  measurements  of 
insulation  resistance  between  stud  heads  and  rails  should  be  made.  This  official  informed 
lis  a  few  days  afterwards  that  he  had  found  no  case  in  which  the  resistance  was  less  than 
12.00C  ohms,  even  after  a  watering  cart  had  just  passed  over  the  street.  This  served 
to  indicate  that  the  surface  leakage  could  not  possibly  be  the  cause  of  the  trouble.  It 
WAf  found,  however,  that  there  iwas  an  unmistakable  synchronism  between  the  appear- 
ance of  studs  of  tbis  class  and  rain  storms.  We  were  very  glad  to  hear,  therefore,  from 
the  chief  officer  that  he  would  be  willing  to  carry  out  tests  by  which  the  road  leakage 
under  all  conditions  could  be  measured,  but  we  were  greatly  surprised  to  find  that  we 
had  been  excluded  from  witnessing  the  tests,  and  still  more  so  when  it  became  apparent 
that  we  were  not  to  be  told  even  the  results  of  the  measurements.  We  venture  to  think 
that  this  course  was  hardly  calculated  tp  lead  to  a  rapid  solution  of  the  difficulty,  for 
years  ago,  when  our  system  was  in  the  experimental  stages,  we  considered  the  possibility 
of  an  arc  being  maintained  between  the  carbon  and  the  cable  and  devised  a  simple  and 
efficient-means  of  eliminating  this  trouble.  This  arrangement  we  tested  on  our  experi- 
mental track  at  Ilford.  and  found  no  single  instance  of  a  stud  tripping  the  breaker  or 
remaining  alive,  although  leakages  up  to  15  amperes  stud  to  rail  were  artificially  pro- 
duced, and  we  think  we  can  promise  that  if  you  would  care  to  see  the  experiment  we 
could  demonstrate  the  fact  to  you.  although  our  plant  at  Ilford  has  been  standing  idle 
almost  continuously  for  three  or  four  years.  We  found  In  all  our  experience  that  there 
existed  in  practice  no  fear  of  sufficient  road  leakage  to  prevent  the  efficient  working  of 
the  studs,  and  so  our  method  of  obviating  it  has  not  been  called  into  requisition. 

We  have  not  sufficient  information  even  now  to  say  definitely  that  it  is  required,  but 
if,  as  we  think  possible,  studs  of  the  description  of  class  (b)  (2)  did  really  exist  on  the 
Bow-road,  then  we  unhesitatingly  say  that  our  method  of  dealing  with  the  trouble  will 
prove  a  perfect  solution.  A  precisely  similar  phenomenon  would  be  produced  if.  as  we 
have  some  reason  to  believe,  the  dirt  on  the  switch  pieces  prevented  their  free  move- 
ment, and  that  consequently  many  were  much  less  than  their  standard  distance  from  the 
cable. 

Stud  Heads.—'We  believe  that  1  or  2  per  c^nt.  of  these  have  beep  found  broker,  by  the 


traftic  dunng  th^  nine  months  they  liavc  been  in  the  road.  This  ssemi  to  indicate  that 
it  would  be  better  to  replace  them  when  they  break  with  drop  forged  steel  heads,  since 
experience  shows  that  constant  vibration  plays  a  more  important  part  than  the  mer** 
weight  of  the  trafllic. 

Ventilation.— \t  is  important  that  the  means  u.-3d  should  be  such  that  the  whole  of 
the  air  in  the  conduit  is  changed  at  least  once  in  two  or  three  days.  The  badly  designed 
access  box  covers  and  sumps  installed  in  the  Bow-road  render  it  doubtful  if  this  condi- 
tion was  met.  We  believe  tests  were  carried  out  by  the  Council's  officials,  but  we  were 
not  favoured  with  the  results. 

Car  Equipments.— ^These  were  so  defective  and  the  defects  so  apparent  that  the  only 
recommendation  we  need  make  is  that  they  should  be  entirely  scrapped,  and  new  ones 
fitted  of  good  design,  materials  and  workmanship.  It  will  then  be  found  that  the  huge 
amount  of  energy  they  consumed  for  excitaton  is  reduced  to  about  5  or  6  per  cent,  of 
that  used  to  drive  the  cars.  The  weight  of  accumulators  carried  is  reduced  in  like  pro- 
portion, and  the  damage  to  studs  and  equivalent  from  constant  shorting  is  avoided. 

We  think  the  facts  already  related  are  in  themselves  sufficient  to  explain  how  it  is  that 
while  at  Lincoln  the  "G.B."  system  runs  well,  efficiently,  and  to  the  satisfaction  of  all 
concerned,  yet  when  what  was  supposed  to  be  the  same  sy.stem  v/as  tried  in  Bow-road 
it  failed  signally  ;  but  lest  we  should  have  overlooked  some  natural  physical  reason  for 
this  it  would  be  well  to  consider  what  difference  in  the  general  condition,  if  any.  exists 
between  the  two  routes.  The  routes  are  similar,  in  that  they  are  flat  and  -Arith  few  curves. 
The  amount  of  general  traffic  over  the  lines  is  much  greater  in  London  than  in  Lincoln, 
but  certainly  no  heavier  per  vehicle.  The  car  service  is  much  more  frequent  in  Lincoln 
than  it  ever  was  on  the  Bow-road.  The  energy  required  to  drive  the  L.C.C.  cars  is  mors 
than  is  required  for  the  Lincoln  ones.  The  London  streets  are.  if  anything,  better  kept 
and  freer  from  mud  than  in  Lincoln.  The  greater  amount  of  traffic  may  be  and  probably 
is  the  cause  for  some  of  the  stud  heads  breaking,  but  this  has  been  a  small  matter  and 
plays  no  part  in  the  failure  ;  it  is.  more-over,  a  thing  easily  rectified.  The  greater  fre- 
quency of  the  service  would  have  a  beneficial  effect  on  the  maintenancecosts  per  car-mile 
run.  but  would  otherwise  not  affect  the  working  of  the  system.  The  reason  for  this  is 
that  the  wear  on  carbons  and  cable  sleeves  is  a  diurnal  matter.  The  first  few  cars  in 
the  morning,  after  the  line  has  been  out  of  use  for  a  few  hours  remove  the  damp  and 
oxide  from  the  carbon  and  sleeves,  and  after  that  there  is  practically  no  wear  or  loss  of 
material  till  next  morning.  If  will  therefore  be  seen  that  the  cost  of  maintenance  of 
the  hne  is  but  little  affected  by  the  frequency  of  the  service.  The  larger  amount  of  energy 
used  by  the  London  car  has  had  no  effect  on  the  working  of  the  system  whatever,  so  far 
as  we  have  been  able  to  discover. 

With  regard  to  the  cleanliness  of  the  streets  we  think  that,  although  to  all  appear- 
ances there  is  Httle  to  choose  between  Lincoln  and  London,  actual  experience  and  measure- 
ments of  stud  leakage  currents  might  show  that,  although  the  quantity  of  mud  in  the 
two  places  differs  little,  yet  the  chemical  composition  and  therefore  the  conductivity 
may  not  be  at  all  alike.  If.  therefore,  we  postulate,  for  want  of  definite  knowledge. 
that  the  London  mud  has  a  much  higher  conductivity,  then  all  that  is  needed  to  meet 
this,  the  only  conceivably  important  condition,  pecuHar  to  London,  is  to  use  our  arrange- 
ment for  preventing  class  {b)  (2)  studs. 

There  is.  further,  the  possibility  that  there  is  more  scrap  iron  lying  about  the  Bow- 
road  than  in  the  Lincoln  High-street,  but  in  view  of  the  number  of  engineering  works  in 
Lincoln  this  does  not  seem  likely.  If.  however,  this  is  the  case  it  would  have  no  detri- 
mental effect  on  magnets  efficiently  covered. 

There  is  one  aspect  of  the  possible  leakage  through  the  Bow-road  mud  which  we  trust 
will  not  escape  investigation.  It  is  that  during  the  earlier  trial  runs  there  was  an  almost 
total  absence  of  slruds-in  class  (&),  and  we  think  certainly  none  in  class  ib)  (2),  although 
during  most  of  these  earlv  runs  the  mud  was  in  about  the  best  condition,  as  far  as  damp- 
ness is  concerned,  to  produce  a  large  leakage.  Yet.  during  the  hot  dry  summer  weather 
a  shower  of  rain  caused  great  inconvenience.  It  seems,  therefore,  necessary  to  postulate 
either  that  the  stiffness  of  action  of  the  dirt-covered  switch-pieces  was  increasing  as  time 
went  on  and  that  there  was  therefore  less-average  gap  between  carbons  and  cable.  O' 
that  the  mud  formed  by  rain  falhng  on  the  dust  after  the  road  has  been  dry  has  a  much 
higher  conductivity  than  the  mud  that  is  met  with  throughout  the  greater  part  of  the 
year.  We  think  there  are  physical  reasons  why  one  would  expect  this  result.  Thi: 
matter  seems  to  us  to  require  careful  investigation  before  any  reliable  figures  of  roai 
surface  leakage  can  be  obtained. 

If  there  ^re  &ny  matters  with  which  we  have  not  dealt  already,  or  upon  which  you  wish 
further  information,  we  hold  ourselves  at  your  disposal  either  to  answer  questions  which 
you  may  address  to  us  or  to  meet  you  and  discuss  the  points. 

The  '-G.B."  Surface  Contact  Co. 

(Signed)     B.  H.  Bedell,  En^nneer. 


A  GRAPHICAL  METHOD  FOR  DETERMINING  THE 
FLUX  DENSITY  IN  TEETH.* 

BY  r.  BLANC. 
Summary. — After  showing  the  liinitaticms  of  tlu^  ordinary  mcthci;U 
for  finding  the  acliuil  induction  in  tlie  teeth,  the  author  pro'ceds  to  show 
liow  the  general  equation  combining  th?  appirent  and  rv>al  llux  densities 
can  be  used  in  connection  with  the  magnetisation  curve  in  ([ue^tion  for 
grapliically  [ieternjinijig  .the  required  ampere-turns. 

In  the  de  iign  of  dynamo  machines  it  is  of  groat  im])ort)mce  to  know 
how  to  accurately  calculate  the  magnetising  current,  because  on  this 
a  numb?r  of  characteristics  such  as  leakage,  overload  capacity, 
armature  reaction,  &c.,  depend.  The  magnetising  current,  or  rather 
the  M.M.F.  required  to  produce  the  flux,  depends  on  the  magnetic 
reluctance,  and  this  again  in  the  case  of  iron  depends  on  t!ie  induc- 
tion, which  effect  becomes  veiv  considerable  at  high  densities.  In 
order  to  utilise  the  material  of  a  machine  to  the  fullest  extent,  the 
designer  is  compelled  on  the  one  hand  to  work  with  the  maximum 
possible  flux,  and  im  the  other  to  make  tlie  ampere-turns  per 
centimetre  of  the  armature  circumfercnc  as  high  as  is  allowable 
with  respect  to  armature  reaction,  heating,  commutation.  Ac. 
One  result  of  this  is  to  reduce  the  tooth  dimensions  to  such  an 
extent — in  order  to  mike  room  for  th-  windini; — that  densities 
of  24,000  lines  per  square  centimetre  frequently  occur,  con- 
sequently a  considerable  jjerccntage  of  the  ampere-turns  is 
required"  for  the  teeth  alone,  and  it  becomes  of  great  importance 
to  be  able  to  calculate  the  actual  llux  d-nsity  in  the  same. 
.Since,  however,  the  magnetisation  cm-ve  cannot  be  accurately  ex- 
l)ressed  by  any  simiile  fornuiln.  recourse  must  be  had  to  graphical 
methods. 

Now  parallel  to  the  tcetii  there  is  an  air  .section  formed  by  the  slots, 
and  assuming  the  latter  of  constant  width — ,»s  usually  they  arc — the 
section  of  the  teeth  increases  the  further  it  is  taken  away  from  the 
axis.     This,  of  oour.se.  leads  to  a  variation  in  the  llux  dcnsit.v  in  the 
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teeth,  and  at  the  same  time  a  varj-ing  value  of  /i,  tliis  latter  ijuantity 
being  an  unknown  function  of  the  field  strength. 

The  u.sual  method  for  finding  the  ampere-turns  is  tu  calculate  a 
fictitious  density  in  the  teeth  at  any  particular  section,  by  assuming 
that  the  whole  flux  at  this  section  passes  through  the  teeth,  and  none 
tlu'ough  the  air  {i.e.,  slot).  This  fictitious  or  "  apparent"  density, 
as  it  is  called,  is  then  corrected  in  accordance  with  the  ratio  of  the 
taoth  dimensions,  in  order  to  obtain  the  actual  flux  density  in  the 
teeth.  Previously  this  correction  was  applied  by  cb-awing  a  series 
of  cmves  with  the  actual  flux  density  as  a  function  of  the  apparent, 
for  different  ratios  of  width  of  tooth  crown  to  width  of  tooth  root. 
That  this  is  not  correct,  however,  can  easily  be  seen,  since  the  actual 
density  must  obviously  also  depend  on  the  reluctance  of  the  air  path, 
■i.e.,  on  the  width  of  the  slot. 

Both  Lumec  and  Arnold  have  .shown  how  the  correction  for  the 
slots  can  be  made.  The  latter  determines  a  series  of  curves  to 
represent  the  apparent  and  real  densities,  for  various  values  of 
ki=iiiT  section/iron  section,  whence  the  necessary  ampere- turns  can 
be  directly  determined.  In  this  method,  however,  the  series  of  curves 
only  holds  for  the  given  magnetisation  curve,  and  must  be  drawn 
afresh  for  any  other.  In  addition  to  this  disadvantage,  it  is  also 
often  necessary  to  interpolate,  which  may  well  lead  to  inaccuracies  in 
many  cases. 

In  the  following  a  graphical  method  is  described,  whereby  the 
actual  flux  den.sity  in  the  t«eth  can  be  found  in  a  convenient  manner 
from  any  given  magnetisation  curve.     The  symbols  used  are  mainly 
those  employed  by  Arnold.     Let 
4',= flux  per  pole  entering  armature  ; 
?i=  total  armature  length  ; 

6i= ideal  pole  breadth,  measured  in  direction  of  the  circumference. 
Then  the  mean  flux  density  in  the  gap  is 

H=*„,7i6i (1) 

and  the  apparent  density  in  the  teeth 

B,.=  H<,?,/2W,     .     .     .     c     .     .     (2) 
where  /,  =  tooth-pitch  at  armature  circumference  ; 

s=  width  of  tooth  at  depth  x  from  circumference  ; 
l—ifcj=  coefficient    of    thicknes^,  of    paper    insulation    between 
armature  plates ; 

l=coTe  length  of  armature  including  pa])er  insulation. 
Then  from  (2) 

HtJ,  =  -B,zkJ.        i (3) 

This  is  the  total  flux  per  tooth,  and  is  constant  all  along  the  tooth. 
i.e.,  from  x—o  to  x=h,  where  ^  =  depth  of  the  tooth.  Now  if  b  = 
slot-width,  *  =  6 -f  2= slot -pitch  at  x,  then  the  flux  in  (3)  can  also  be 
■WTitten 

K^zU+H.r{hli  +  {li-l)z  +  {,l-ki)lz}.        »     .     (4) 


Section 


slots    ducts      paper 


total  air  section  at  position  x, 

where  H  =  actual  density  in  air  at  the  section  taken  tlu'ough  teeth 
at  X,  and  B.  =  actual  density  in  the  teeth  at  this  position. 
If  then  we  write 

B._=B,^^-f/fc3Ha-     ;    ■;    s    .    !    8 

we  get  from  (3)  and  (4).  as  given  by  Arnold 


_"i 
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"       ZIK, 

This  expression  can  be  transformed  as  follows  :  Let 
t=z  +  b 

._h^_  total  core  length  )  measured  along 
~  W~  active  core  length  [       the  axi.s. 
h       slot-width 
^~2~  tooth-width' 


3     3 


(6) 


Then 


/.  h  +  z    " 

t,=   \-l=    .   X-1 


(7) 


=  yX-)-\-l 

Thi.s  7  is  the  coefficient  k.  used  by  Lumec.     The  difference  between 
this  and  Arnold's  coefficient  is  then 

k3-y=y\  +  \-l-y^{l  +  y)(\-n 
This  difference  vanishes  when  X=  1.     In  general  this  is  not  the  case, 
however. 

Now  let  equation  (.5)  be  written  in  the  form 
B,^=B,-A;3H,. 
Then  since  Hx  the  flux  density  in  air  equal-i  the  field  slrenglh 


We  can  write 


H,.=  — AW/cm. 


B.-„=B,.-t3Hj       <i    :    . 
"=B,'-0-4)rJfc3AW/cm. 


(8) 
(8a) 


Now  the  assumption  that  the  flux  in  the  teeth,  and  in  the  slot,  is 
the  same  wherever  the  section  x  is  taken,  is  not  strictly  corrects 
Such  an  assumption  \\'ould  only  hold  when  the  flux  entered  the  teeth 
from  an  infinite  distance.  The  proximity  of  the  pole,  however,  at  a 
distance  S  from  the  tooth,  causes  more  flux  to  enter  the  sides  of  the 
teeth,  especially  at  the  upper  portions.  Nevertheless  the  error 
introduced  by  the  above  assumption  seldom  exceeds  ,}  per  cent,  in 
practice,  so  that  it  is  unnecessary  to  introduce  any  complications  into 
the  calculation. 

Now  equation  (8)  represents  a  straight  line,  which  cuts  the  ordinate 
axis,  representing  flux  densities,  in  the  point  B  .  The  point  of  inter- 
section with  the  abscissa  axis,  representing  field  strengths,  is  at  the 
point  H„=B, /fcj.  Whilst  the  inclination  of  the  line  to  the  horizontal 
is  given  by  tan  oc  =*,•..  Then  the  actual  tooth  density  B,__  must  l.'e 
on  this  line.  Further,  we  have  B..  =/  (H),  the  magnetisation  curve 
on  which  B..  must  also  lie,  and  the  point  therefore  which  satisfies 
these  two  conditions  will  be  the  intersection  of  this  curve  with  the 
straight  line. 

The  graphical  determination  of  B,    is  therefore  as  shown  in  Fig.  1. 

Calculate  B..,=  -y'X,    and  draw  through  B..  a  horizontal  to  cut  any 

chosen  vertical  in  the  point  a.     With  regard  to  the  scale  for  h^,  it  is 

convenient  to  take  this  ordinate  at  H  =  1,000,  or  when  the  abscissa 

axis   represents  A  W/cm.  as  in  Fig.    1,  we  draw  the  ordinate  at 

1,000 

q77I:=;  796  ampere-turns  per  centimetre.     We  now  set  off  belowa  the 

length  ab  =  k^,  with  1,000  or  796  as  unit,  as  the  case  may  be.  Then 
the  point  c,  where  B.  6  produced  cuts  the  magnetisation  cmve,  gives 
the  actual  induction  B_.  .  whilst  the  abscissa  at  c  gives  the  necessary 
ampere-tuins  per  centimetre. 
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In  this  way  the  ampere-turns  required  for  the  teeth  at  a  given  flus: 
density  can  be  found  from  any  given  magnetisation  curve.  Since  k 
varies  according  to  where  the  section  through  the  teeth  is  taken,  see 
equation  (6),  it  is  clear  that  llg=B,Jks  must  be  determined  for  each 
position,  provided  strict  accuracy  is  required,  although  it  will  usually 
be  found  that  the  point  of  intersection  of  the  several  straight  lines  falls 
only  slightly  below  the  axis,  as  can  also  be  easily  demonstrated  by 
extending  the  above  equations  further.  Also  for  each  particular 
gap  density,  these  straight  lines  must  be  determined,  but  a  little 
experience  with  the  method  will  soon  enable  the  designer  to  shorten 
his  work  by  adopting  convenient  constructions,  by  means  of  which 
the  ampere-turns  under  the  several  conditions  can  be  found. 

The  total  ampere-turns  for  the  teeth  can,  of  course,  be  then  deter- 
mined by  means  of  any  of  the  well  known  rules,  e.g..  when  the 
difference  between  the  maximum  and  minimum  is  not  too  great,  it  is 
sufficient  to  find  auK        and  aw.        them  from  Simpson's  rule 


AW. 
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THE  BUILDING  EXHIBITION  AT  OLYMPIA. 


The  most  casual  visitor  to  the  Building  Exhibition  which  was 
opened  at  Olympia  on  Saturday  last  and  which  will  remain  open 
till  May  1,  cannot  help  being  struck  by  two  things.  One  is  the  wide 
range  covered  by  the  exhibits,  and  the  other  is  the  high  degree  of 
artisticness  in  the  arrangement  of  the  stands  and  in  the  goods  dis- 
played. A  wide  range  of  exhibits  can,  of  course,  be  obtained  at  any 
trade  exhibition  by  including  apparatus  and  equipment  which  do 
not  come  strictly  within  the  scope  of  the  trade  exhibiting.  But  this 
has  not  been  done  at  the  Building  Exhibition  ;    in  fact,  Mr.  H.  G. 
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Montgomery,  the  promoter,  is  careful  to  point  out  in  liis  preface  to 
the  catalogue,  that  every  exhibitor  not  connected  with  the  building 
trade  has  boon  rigidly  excluded.  This  action,  far  from  proving  a 
deterrent  to  the  success  of  the  ExhibiUoii.  has.  it  is  claimed,  made  it 
more  popular  than  any  similar  undertaking. 

As  regards  the  position  held  by  electrical  work  we  may  first  point 
out  that  on  this,  as  on  former,  occasions  extended  use  has  been  made 
of  the  electric  light  for  illuminating  the  stands  and  Exhibition  gcnc- 
rall}".  In  many  cases  metallic  filament  lamps  are  combined  with 
exceedingly  artistic  fittings  and  furniture,  so  that  the  lind  en/nmhle 
has  a  very  pleasing  effect  on  the  jaded  eye  of  the  Londoner. 

The  purely  electrical  exhibits  are  few,  but  altogether  they  form  a 
very  representative  show.  Fii'st  among  the  exhibitors  may  be  men- 
tioned Messrs.  R.  Waygood  &  Co..  of  London,  who  are  showing  their 
well-known  lifts.  Their  exhibits  include  an  electric  passenger  lift, 
which  is  doing  yeoman  service  in  conveying  visitors  to  the  gallery, 
working  models  of  an  electric  "  ])ush  button"  and  sus]Hiuled 
hydraulic  lift,  together  with  a  model  wharf  erane  and  patent  rope 
grip  for  use  on  either  electric  or  hj'draulic  cranes.  The  model  «  harf 
crane,  which  is  a  counterfeit  presentiment  of  a  much  larger  one  that 
is  actually  worked  by  hydraulic  means,  is  interesting  from  the  fact 
that  while  a  derricking  motion  can  be  obtained  the  load  moves  in  a 
straight  line  instead  of  along  a  parabolic  arc,  as  is  usually  the  case. 
Further,  the  jib  is  fixed  solidly  to  the  crane  structure  instead  of  by 
chains,  so  that  any  accident  through  the  latter  breaking  is  ijuite 
avoided.  These  two  conditions  are  made  possible  by  the  use  of  a 
special  counterweight  arrangement.  Another  interesting  piece  t)f 
apparatus  shown  on  this  stand  is  the  "  Waygood  "  electric  grip. 
This  is  an  electrically-operated  device  which  prevents  the  working 
rope  being  pulled,  and  the  lift  started,  when  any  gate  is  open.  It 
can  be  adapted  to  any  kind  of  roi)e-controV!ed  lift  in  any  building 
where  suitable  electric  power  is  available. 

Another  exhibitor  at  the  Building  Exhibition  is  Messrs.  ('.  J. 
Thurspibld  &  Co..  of  Birmingham,  who  are  showing  a  number  of 
tasteful  and  artistic  fittings  for  use  with  the  electric  light.  They  make 
a  speciality  of  designing  fittings  which  will  harmonise  with  the 
existing  decorations,  and  some  examples  are  sliown  which  are  of  the 
type  that  used  to  be  in  vogue  in  the  17th  and  18th  centuries.  This 
firm  are  carrying  out  then-  work  in  an  exceedingly  British  sort  of 
way,  and  we  hops  to  return  to  the  subject  of  their  fittings  in  a  later 
i«3ue. 

Me.ssrs.  Tredegab  &  Co.,  of  London,  are  to  be  commended  for 
their  efforts  in  bringing  liefore  the  world  at  large  the  benefits  to  t>e 
obtained  by  using  electricity  in  the  home.  Their  exhibit,  in  fact, 
exempKfies  the  employment  of  electricity  in  the  country  house. 
The  complete  set  includes  an  engine,  dynamo  and  accumulaturs, 
together  with  the  necess.xry  switching  arrangements.  The  engine, 
which  is  direct  coupled  to  the  dynamo,  is  of  the  vertical  type,  using 
petrol  for  fuel.  It  is  fitted  with  water  cooling  arrangements,  and 
the  ignition  is  eflfected  by  means  of  a  sparking  coil.  This  engine,  it 
is  claimed,  can  be  started  with  a  minimum  of  trouble  and  needs  very 
little  attention.  This  last  remark  also  applies  to  the  dynamo, 
accumulators  and  switchboard,  which  are  all  designed  on  generous 
lines  and  seem  well  fitted  for  the  work  they  will  be  called  upon  to  do. 
This  exhibit  also  includes  some  examples  of  Messrs.  Tredegar's  well- 
known  wooden  fittings  for  electric  lighting,  and  it  is  interesting  to 
note  that  these  fittings  are  being  used  on  other  stands  in  the  Exhibi- 
tion. 

Messrs.  Medway's  Safety  Lift  Co,  are  showing  examples  of  their 
standard  work,  including  an  electric  passenger  lift  gear,  which  is 
self-contained  on  a  strong  cast-iron  bed-plate.  The  type  of  control 
shown  is  the  hand  switch,  but  hand  rope  or  automatic  push  button 
gear  can  also  be  provided.  A  special  safety  device  is  fitted  with  tliis 
latter  which  prevents  the  lift  being  moved  if  a  gate  is  open.  They 
are  also  showing  a  safety  arrangement  which  can  be  fixed  to  hand- 
rope  worked  lifts. 

Messrs.  Matthews  &  Yates,  of  Swinton.  near  Manchester,  have  a 
representative  exhibit  of  their  well-known  "  Cyclone,"  fans  which 
are  specially  adaiited  for  use  with  an  electric  motor.  The  exhibit 
includes  a  small  refuse  handling  plant,  in  which  a  fan  sucks  away  saw- 
dust and  chips  from  the  wood  working  machinery,  and  conveys  it 
to  a  dustheap.  The  "  Cyclone  "  fans  shown  are  very  good  examples 
of  this  firm's  work,  and  are  made  in  any  diameter  from  1  ft.  to  16  ft., 
all  parts  being  interchangeable.  Electric  motors  for  driving  these 
fans  are  also  a  speciality.  We  hope  to  return  to  this  subject  in  the 
special  Fan  Issue  of  our  Industrial  Supplement  published  next  week. 

Another  w-jll-known  electrical  firm  which  is  exhibiting  at  this 
Exhibition,  but  which  is  not  showing  electrical  gear  is  The  India 
Rubber.  Gutta  Peecha  &  Teleorapu  Works  Co.  Their  exhibit 
consists  of  a  display  of  indiarubber  tiling,  stair  nosing  and  rubber 
goods  generally,  and  includes  the  flooring  of  the  stand  which  is  made 
of  handsome  mosaic  work  all  carried  out  in  indiarubber. 


PARLIAMENTARY  INTELLIGENCE. 


Electric  Lighting  Acts  (Amendment)  BilL— The  (ila.sgow  Cor- 

jioration  have  been  recoiiinieiiilid  liy  their  Parliamentary  Bills  commit- 
tee to  endeavour  to  have  new  clauses  inserted  iu  this  bill  for  (a)  pavin<i 
the  local  Acts  of  the  Corporation  and  ib)  providing  that—"  Where  in 
.any  area  a  local  authority,  company  or  person  is  authorised  to  supply 
electricity  under  Act  of  Parliament,  or  under  licence  or  provisional 
order  granted  under  the  Electric  Lighting  Acts,  it  shall  not,  after  the 
piissing  of  this  Act,  be  lawful,  without  the  consent  of  such  local 
authority,  com|)any  or  person,  to  supply,  distribute  or  transmit  elec- 
tricity within  the  same  area  unless  such  supply,  distributiou  or  trans- 
mission is  authorised  by  Act  of  Parliament  or  by  licence  or  provisional 
order  granted  in  terms  of  the  Electric  Lighting  Acts." 

Telephone  Plant  Renewals. — In  the  House  of  Commons  on  Tues- 
day, the  Postmaster*  Jeneral  stilted  that  ho  believed  there  was  now  no 
substantial  difference  between  the  National  Teleiihone  Co.  and  the 
Post  Office  with  regard  to  the  terms  for  the  continuance  of  construc- 
tion works  which  diil  not  involve  the  replacement  of  existing  plant  of 
the  company  which  was  not  worn  out,  and  he  liojied  it  might  shortly 
be  possilile  to  cjnchide  an  arrangement  with  the  company  for  the  con- 
tinuance of  .such  works.  Au  arrangement  for  the  continuance  of  the 
more  numerous  works  which  involved  replacement  of  existing  plant 
presented  greater  difficulties,  but  he  (.Mr.  Buxton)  did  not  think  it 
would  be  expedient  to  state  the  points  of  difference. 
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APPOINTMENTS  VACANT  AND  HLLED. 

Applications  arc  invited  for  the  position  of  assistant  to  the  mains 
engineer  in  the  electric  supply  department  of  the  Corporation  of 
Birmingham.  -Applicants  must  have  had  thorough  experience  in 
c.h.t.  alternating-current  work,  including  switchgear,  transformers, 
&c.,  and  be  conversant  with  modern  systems  of  h.  and  !.t.  distribution, 
laying  and  testing  of  cables,  &c.  Commencing  salary  £150.  rising  to 
£250.  Applications  to  the  city  electrical  engineer  and  manager  ( .Mr. 
R.  A.  Chattoek,  M.I.E.E.).  li.  Dale  End,  Birmingham,  by  4  p.m.. 
May  4.     Sec  also  an  advertisement. 

A  .switchboard  attendant  is  wanted  by  the  Newcastle  &  District 
Electric  Lighting  Co.,  38,  Grainger-street  West.  Newcastle-on-Tyne. 
See  an  advTertieement. 

As  we  go  to  press  we  learn  that  ilarylebone  (I.,ondon)  Council 
have  appointed  Mr.  A.  Hugh  Seabrook  to  the  jiosition  of  borough 
electrical  engineer.  An  amendment  in  favour  of  Mr.  L.  L.  Robinson, 
of  Hackney,  was  moved,  but  the  Lighting  committee's  choice  was 
confirmed  by  a  large  majority. 

Mr.  J.  W.  Beauchamp,  who  has  been  for  the  past  five  years  deputy 
manager  of  Sheffield  Corporation  electricity  department,  has  been 
appointed  resident  electrical  engineer  at  Tunbridge  Wells. 

Mr.  E.  J.  Taylor  has  been  appointed  meter  inspector  to  Belfast 
Corporation  electricity  department. 

Gloucester  City  Council  received  248  applications  for  the  position 
of  city  electrical  engineer,  but  this  number  was  reduced  by  the 
Electricity  committee  to  the  following  five  : — Messrs.  J.  W.  Beau- 
champ  (Shefiield).  F.  H.  Corson  (Blackburn),  C.  E.  Savage  (Wolver- 
hampton). R.  N.  Torpy  (Wimbledon),  and  H.  A.  Howie  (Dudley). 
In  the  meantime  Mr.  Beauchamp  has  been  appointed  borough  elec- 
trical engineer  at  Tunbridge  Wells. 

EDUCATIONAL  NOTICES. 

Proposed  Bristol  University.— Bristol  City  Council  decided  on 
Tuesday  to  conlribule  in  the  proportion  of  Id.  in  the  pound  on 
the  rate,  or  about  £7.IMI0  pc-r  annum,  towards  the  support  of  the 
proposed  University  for  Bristol  and  the  We^t  of  England,  for  which 
over  £200.000  has  been  subscribed,  mainly  by  members  of  the  Wills 
family. 

Technological  Scholarships.— The  West  Riding  of  Yorkshirt>  County 
Council  otter  minor  technological  scholarships  (up  to  £50  each  per 
annum)  tenable  by  persons  who  have  had  practical  experience  of  a 
trade  for  at  least  "one  vear.  and  have  concurrently  attended  day  or 
evening  classes,  or  bv  pupils  who  are  about  to  leave  secondary 
schools.  The  scholarships  will  be  awarded  on  the  results  of  a  written. 
practical  and  oral  examination.  Application  forms  and  full  particu- 
lars from  the  Education  Department  (Technical  Branch),  County 
Hall.  WakolicUl. 

Institute  of  Chemistry.— Of  10  candidates  who  presented  themselves 
for  the  recent  intermediate  examination,  the  following  (i  passed  :— 

B.  M.  Brown.  A.  S.  Dodd.  T.  S.  Haines.  0.  S.  W.  Marlow.  0.  A.  Smdey, 
n.Sc.  and  O.  .1.  .Stone.  Two  candidates  pit-seuted  themselves  for  the 
final  ns.sii(  ialesliip  examination  iu  mineral  chenii.stry  luid  one  p«.ssed 
(P  W  Coiicland.  R.Sc.) :  in  met.nllnrgienl  chemistry,  of  two  examined, 
one  passed  (H.  T.  Reevo) :    and  of  five  candidates  in  organic  chemistry 
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three  passed  (C.  Gillins;.  B.Sc.  G.  E.  Johnson,  B.Su.,  and  J.  Vales.  JI.8f.). 
B.Sc).  In  the  examination  in  the  ehemistry  of  food  and  dings  and  of 
water  six  presented  themselves  and  four  passed — viz.,  T.  Coekburn. 
C.  E.  C.  Ferrey.  P.  A.  W.  Self,  B.Se..  and  F.  F.  Shelley.  Three  of  the 
candidates  (J.  Yates  T.  Cookburn  and  F.  F.  Shelley)  were  examined  for 
the  Fellowship. 

Electrical  Standardizing.  Testing  and  Training  Institution. — As  the 

result  (it  tlie  n  cinl  f.xaniinations  at  Karaday  House  the  following 
sehcilarship  awanl.s  have  bc?n  made  :  — 

To  Richard  Willan.  Widiies  (Lanes.)  Municipal  Secondary  School, 
a  Faraday  scholarship  of  50  guineas  per  annum,  tenable  for  three  years  ; 
to  Cyril  L.  Underwood,  Bedford  Grammar  School,  an  extra  entrance 
seholarshi])  of  :!.'>  guineas  ])er  annum,  tenable  for  three  years  ;  to  John 
R.  S.  Hawker.  Goldsmiths  College  (New  Cross.  London),  an  entrance 
exhibition  of  25  guineas  jier  annum,  tenable  for  three  years  :  and  to 
Roger  Brunton.  AVcllingborongh  Grammar  School,  a  special  entrance 
prize  of  20  guineas. 

Aberdeen. — The  Electricity  committee  have  considered  the  report 
of  llie  city  elcptrica!  engineer  (Mr.  J.  Alex.  Bell)  as  to  the  present 
.system  of  charging  for  electric  current,  dejireciation.  &c..  and  the 
town  clerk  and  the  city  chamberlain  will  report  upon  the  powers  of 
the  Council  a?  to  the  formation  of  a  depreciation  fimd.  Mr.  Bell 
will  bring  up  a  fre.^h  report  showing  what  Hal  rat<-  of  charging  would 
meet  the  present  situation. 

Australasia. — Mclbom'nc  Chamber  of  Commerce  recently  jjassed 
a  resolution  expressing  the  opinion  that,  before  the  Government  in- 
crease their  telephone  charges,  a  statement  showing  the  results  of  the 
working  and  setting  out  a  comparison  with  the  expense  of  working 
telei)hone  systems  elsewhere  should  be  issued  to  the  subscribers  and 
the  public,  to  enable  them  to  form  an  opinion  as  to  whether  their 
system  is  worked  economically. 

The  "  Australian  Mining  Standard  "  says  a  trial  is  being  made  at 
the  Biillarat  West  railway  station  with  a  5  ton  electric  crane,  and  it 
is  believed  that  if  this  is  satisfactory  electric  cranes  will  also  be  in- 
stalled at  other  Victorian  stations. 

It  is  firoposed  to  instal  electric  pumping  plant  in  the  deep  levels  of 
the  New  Chum  Railway  gold  mine,  Bendigo,  simil.ar  to  that  in  the 
Long  Tunnel  (Walhalla)  mine,  which  has  been  found  completely  satis- 
factory, both  as  to  costs  and  efficienc}'. 

Mr.  Johns,  resident  engineer,  has  recommended  Leonora  (W.  Aus- 
tralia) Council  to  purchase  a  54  ii.i'.  producer  gas  engine  and  a  M  kw. 
djMiamo  at  an  estimated  cost  of  £1,500,  and  to  retain  the  present 
plant  for  peak  loads  .and  emergencies.  An  independent  expert  has 
endorsed  Mr.  Johns'  recommendations. 

Austria-Hungary. — The  Hungarian  Government  have  granted  con- 
cessions for  the  construction  of  the  following  railways : — Vacz  to 
Budapest  and  Gt^diillci  (to  be  an  electric  line,  estimated  cost  £375.000); 
Hiilak  to  Trencsentaplitz  (electric,  3J  miles,  £27,792)  ;  Kerepes  to 
Giidiillii  (steam  and  electric,  8  miles,  £256.250).  The  names  of  the 
concessionaires  and  particulars  (in  Magyar)  can  be  seen  at  73,  Basing- 
hall-striet.  London.  E.G. 

Tlie  British  Consul-CJaneral  in  Vienna  will  receive  communications 
from  British  firms  who  can  equip  a  factory  for  a  Vienna  firm  for  the 
manufacture  of  incandescent  electric  lamps,  or  supply  the  machines 
and  apparatus  required. 

Barking. — During  the  past  year  the  electricity  department  sold 
1.337.344  units  of  electric  energy,  an  incroas  of  2ii;t. !•()()  over  1907-8. 
There  is  an  increa.sed  demand  for  power,  espn'ially  at  t'reeksmouth, 
and  it  is  anticipated  that  the  undertaking  will  be  self-supporting 
this  year.  The  tramcars  carried  1.280.420  passengers,  against 
946,890;  and  the  receipts  wore  £3.130,  against  £2.660.  The 
financial  position  of  this  undertaking  is,  the  chairman  (jf  the  Council 
reports,  still  un.satisfactory. 

Barnes. — The  electrical  engineer  (Mr.  C.  8.  Davidson)  recommends 
the  Ccnmcil  to  allow  the  London  Cieneral  Omnibus  Co.  to  u.se  for 
]M)wer  20  per  cent,  of  the  electric  current  supplied  to  them,  thus 
re  lucing  the  aver.age  price  to  204d.  per  unit. 

Mr.  iiavidson  is  to  report  upon  the  eflTect  which  .a  reduction  of 
25;  per  cnt.  in  the  charges  for  public  and  private  lighting  and  of 
12j  percent,  for  p<wer  from  October  next  would  have  on  the  elec- 
tricity undertaking. 

Belfast. — The  city  electrical  ch'gincer  (Mr.  T.  W.  Bloxam)  has  been 
asked  to  report  upon  the  question  of  the  charge  to  be  made  for  elec- 
tricity supplied  to  the  tramways  de))artmcnl'.  and  to  ascertain  from 
other  craporations  owning  combined  lighting  and  tramway  jjower 
stations  tlie  basis  of  their  charges. 

Bermondsey  (London). — The  Electricity  and  Street  Lighting  com- 
mittca  recently  prejiared  a  report  on  the  work'ng  of  the  refuse 
destructor  department,  in  which  figures  of  the  cost  of  refuse  destruc- 
tion in  other  town^  were  given.  The  committee  recommended  that 
no  alteration  be  made  in  the  system  of  dust  destruction,  and  this  was 
aire  3d  to  by  the  Council. 

Birmingham.—  .\  de|)utation  from  the  Tra<le.=!  Council  has  waited 
upji  t!i"  Tr.iruways  committee  to  urge  that  the  Corporation  should 


construct  their  own  li'amway  rolling  stock  instead  of  obtaining  it  by 
tender.     The  committee  have  promised  to  consider  the  matter. 

Cardiff. — By  the  casting  vote  of  the  Lord  Mayor,  it  has  been 
decided  not  to  engage  an  expert  to  report  upon  th?  slate  of  the  tram- 
way track. 

City  of  London. — The  five  members  of  the  Streets  committee, 
who  recently  visited  certain  continental  cities  in  order  to  collect 
information  as  to  street  lighting,  have  returned. 

In  an  interview  with  a  Press  representative  some  of  the  members  are 
reported  to  have  stated  that  they  had  nothing  to  learn  in  the  matter  of 
street  lighting  from  any  of  the  cities  visited  except  Berlin,  where  the 
Council  propose  to  expend  £50,000  per  annum  for  a  period  of  seveji 
j-ears  in  perfecting  the  lighting  arrangements.  "  In  .addition  to  a  chief 
engineer,  a  gas  engineer,  and  an  electrical  engineer,  the  municipality 
employs  six  chemists,  the  chief  of  whom,  a  member  of  one  of  the 
universities,  has  been  making  experiments  with  gas  and  electric  light- 
ing for  some  considerable  period."  In  addition  to  Berlin,  the  deputa- 
tion visited  Brussels,  Cologne,  Dusseldorf,  Dresden,  Munich,  Vienna 
and  Paris. 

Devonport. — The  Town  Clerk  has  issued  summonses  against  the 
Devonport  &  District  Tramways  Co.  for  the  recovery  of  penalties 
for  the  discontinuance  of  the  service  on  the  leased  lines.  The 
summonses  are  returnable  before  the  borough  justices,  and  will  be 
heard  to-day,  Friday. 

Dunster. — Somerset  County  Council  have  give  n  the  Mineliead 
Electric  Supply  Co.  permission  to  use  overhead  cables  for  supplying 
electricity  to  Dunster. 

Edinburgh. — The  Electric  Lighting  committee  have  approved  the 
provisional  estimates  for  the  year  ending  May  15,  1910. 

The  estimated  expenditure  is  at  £65,560,  against  £65,900  last  j-ear. 
The  revenue  is  estimated  at  £130,060,  against  £131,360.  The  ordinary 
expenditure,  together  with  interest  and  sinking  fund  contributions 
will  amount  to  £127,650,  and  the  estimated  balance  available  for 
appropriation  is  £2,400. 

Electric  Traction  on  the  Congo. — It  is  reported  that  M.  Thys  has 
been  sent  out  to  examine  the  rapids  and  fails  of  the  Lower  Congo  in 
order  to  decide  whether  sufficient  power  is  available  to  generate 
current  for  operating  the  Matadi-Leopoldville  railway  electrically. 

Exhibitions. — We  Iiave  received  further  literature  relating  to  the 
Buenos  Ayres  International  Kxliiliitie.n  (.f  Railways  and  Land  Trans- 
port, which  is  to  take  place  from  May  to  November.  1910.  inclusive. 

Applications  for  space  must  be  received  by  the  Executive  committee 
by  July  31  next  and  goods  will  be  admitted  from  April  I  to  May  5,  1910. 
Applications  to  exhibit  engines  or  other  objects  reejuiring  foundations  or 
special  buildings  must,  however,  be  in  by  June  15,  1909,  anel  such 
exhibits  must  be  delivered  by  Feb.  28,  1910. 

The  Duke  of  Argyll  will  ]jerform  the  opening  ceremony  of  the 
Imperial  International  Exhibition  at  Shepherd's  Bush.  The  date  of 
the  opening  (which  has  not  yet  been  fixed)  will  probably  be  about 
May  18. 

Glasgow. — Last  week  the  Corporation  adopted  the  recommenda- 
tions of  the  joint  sub-committee  of  the  Electricity  and  Tramways 
committees  in  regard  to  the  generation  of  electrical  energy. 

Mr.  .1.  Dalrymple,  general  manager  of  the  tramways  department, 
and  Mr.  W.  W.  Lackie,  chief  engineer  of  the  electricity  department, 
in  a  report  prepared  by  them,  state  that  — 

During  the  winter  of  1906-7,  when  the  cjuestion  of  the  production  of 
electricity  was  raised  by  ex-Treasurer  Stevenson,  arrangements  were 
in  progress  for  connecting  the  Pinkston  power  station  of  the  tram- 
ways department  and  the  Port  Duiidas  power  station  of  the  elec- 
tricity elepartuient  by  means  of  two  interconnector  cables.  This  work 
was  completed  about  12  months  .ago,  and  now  an  interchange  of  energy 
is  given  from  one  station  to  the  other  as  and  when  required.  This 
arrangement  is  working  with  complete  satisfaction.  In  view  of  this 
inter-connection  h.aving  been  made,  and  also  of  the  fact  that  con- 
siderable extensions  to  the  plant  have  been  and  are  at  present  being 
made  in  the  power  stations  of  both  departments,  we  consider  that  it 
is  inexpedient  to  make  any  change  in  the  existing  arrangements.  The 
object  aimeel  at  in  the  proposed  change  is  greater  economy  and 
efficiency.  We  submit,  however,  that  this  object  is  largely,  if  not 
altogether,  attaineel  by  the  above-mentioned  arrangement  of  inter- 
connecting cables,  which  enables  the  two  departments  to  co-operate 
in  the  use  of  each  other's  plant  whenever  this  can  be  done  with 
advantage.  We  are  convinced  that  no  sufficiently  sub.stantial  benefit 
could  accrue  by  disturbing  the  present  working  arrangements  between 
the  Tramways  and  Electricity  committees,  unless  and  until  some 
change  of  circumstances  should  arise  in  the  position  of  the  two  depart- 
ments which  might  require  the  whole  tjuestion  of  the  production  anrl 
distribution  of  electrical  energy  to  be  considered  anew.  Meantime, 
the  practice  of  both  departments  is,  as  far  as  possible,  being  rendered 
uniform.  We  are  .at  jiresent  looking  into  the  demand  at  ditt'erent 
hours  of  the  day  and  night  and  on  different  days  of  the  week  on  the 
generating  stations  of  both  departments,  and  if  further  economy  can 
be  made  as  the  result  of  this  inquiry,  we  will  arrange  a  regular  inter- 
change of  energ}',  so  as  to  ensure  that  the  minimum  of  plant  is  run  to 
meet  the  aggregate  demand  of  the  two  departments.  We  therefore 
recommend  that  the  two  departments  should  be  allowed  to  complete 
the  work  in  hand  along  the  present  lines,  and  that  they  should  con- 
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tiniie  to  grant  to  each  other,  whenever  required,  the  use   of  any  of 
their  available  spare  plant. 

Under  these  circumstances  the  subcommittee  uiianimouslj-  resolved 
to  report  that,  in  their  opinion,  the  existing  arrangements  for  the  pro- 
duction of  electrical  energy  should  not  be  disturbed,  and  this  view  has 
licen  endorsed  by  the  Corporation. 

Greenock. — The  Secretary  for  Scotland  has  sanctioned  the  pro- 
posal of  the  Corporation  to  borrow  £25,000  for  extensions  of  the 
electricity  works. 
>!'  In  their  report  on  the  loan  the  examiners  of  accounts  state  (1)  that  the 
Capital  expenditure  has  not  been  in  any  way  excessive,  havincr  regard  to 
■-the  economical  construction  and  effective  value  <if  the  undertaking  ; 
(2)  that  the  extensions  for  which  additional  powers  are  applied  are  neces- 
sary in  order  to  meet  obligations  already  entered  into,  and  the  natural 
calls  on  the  undertakintr  during  the  next  two  year-i :  (3)  that  the  general 
financial  administration  of  tli?  u:idertaking  h'is  b:'en  conducte;!  on  a 
sound  financial  basis. 

Grimsby. — The  Electric  Lighting  committee  are  dissatisfied  with  the 
increase  in  tlie  assessment  of  the  electricity  works  by  £'2..374.  and  the 
Maclijnery, Users'  Association  has  been  instructed  to  rept)rt  upon  the 
iliatter. 

Haniinersmith  (London). — In  view  of  ihc  present  position  of  the 
co))per  market,  the  Electrical  committee  has  been  authorised  to 
purchase  10  tons  of  cable. 

Handsworth  (Staffs.! — Mr.  H.  Graham  Harris  has  been  appointed 
Boartl  of  Trade  arbitrator  to  fi.x  the  amount  to  be  paid  by  Hands- 
worth  Council  to  the  City  of  Birmingham  Trarawaj^s  Co.  for  the 
section  of  the  cable  tramway  between  Hockley  and  New  Inns. 

Heslon  and  Isleworth. — The  Electrical  committee  is  considering 
an  extension  of  the  storage  Ijattery  at  the  electricity  works. 

Hindhead. — In  connection  with  the  application  of  the  Hindhead  & 
District  Electric  Light  Co.  for  a  provisional  order  for  Hamljledon.  &c., 
the  Board  of  Trade  have  decided  against  the  application  of  the 
Council  to  reduce  the  maximum  price  from  8d.  to  Gd.  per  unit,  as  8d. 
was  tlie  universal  price,  except  in  large  towns.  The  villages  of  Witley 
and  Thursley  have  been  excluded  from  the  order,  and  the  area  of 
supply  extended  in  certain  portions  of  Haslemerc. 

Hounslow  Railway. — The  new  line  which  has  been  constructed  by 
the  Metropolitan  District  Railway  Co.  to  Hestun-Hounslow  and 
Hounslow  Barracks  will  be  opened  on  Hay  2. 

Inquest. — At  West  Ham  on  Monday  an  inquest  was  held  on  Albert 
Rawlins,  who  was  killed  at  Stratford  on  the  16th  inst. 

Deceased,  who  was  employed  by  the  G.E.  Railway  Co.,  was  polishing 
the  panels  of  a  saloon  carriage  at  Stratford,  and  a  fellow  workman  named 
Nash  handed  to  him  a  portable  electric  lamp.  Deceased  grasped  it  by 
tv/o  fingers  and  immediately  stumbled  "  as  though  he  were  drunk,  and 
fell  dead."     Artificial  respiration  v.'as  v/ithout  avail. 

Mr.  Maurice  Vice,  electrician-in-charge  of  the  carriage  department 
of  the  C!.E.  Railway,  said  the  pattern  lamp  in  question  had  only  been  in 
use  for  six  weeks,  and  in  consec(uence  of  the  advice  of  the  Home  Ofhce  it 
was  intended  to  discontinue  them.  Witness  had  tested  the  lamp,  but 
could  hud  no  leakage  :  the  lamp  and  lead  ajjpeareJ  to  l)e  in  good  condi- 
tion. He  was  unable  to  account  for  the  accident.  He  did  not  think 
deceased  could  have  received  a  shock  unless  the  "  cage  "  had  been  alive. 
Witness  did  not  think  a  shock  of  250  volts  serious.  On  many  occasions 
he  had  had  a  shock  of  450  volts. 

Dr.  T.  Inglis  said  deceased  vi-as  a  perfectly  healthy  man  and  there  was 
no  external  sign  of  injury,  but  in  his  opinion  death  v.as  due  to  syncope 
caused  by  electric  shock.  Electro-medical  experts  agreed  that  a  voltage 
of  250  was  never  serious  to  a  healthy  man. 

A  verdict  of  accidental  death  v.as  returned. 

Liverpool. — Owing  to  the  unsatisfactoi'v  results  of  running  first- 
elass  passenger  tramcars.  the  City  Council  on  Wednesday  adopted  a 
recommendation  of  the  Tramways  committee  to  open  the  upper 
decks  of  the  first-class  cars  at  ordinary  penny  fares. 

Tlis  report  of  the  auditors  of  the  Corporation  tramway  accounts 
(M?ss.-s.  Lvwis  &  Mounsey)  for  the  past  year  has  been  issue.!. 

The  traffic  revenue  was  £663,143,  and  the  total  receipts  (including 
£7,594  from  advertisements)  £574,977,  a  decrease  of  i'8,080  compared 
with  1907.  Expenses  were  £401,181,  an  increase  of  £2,447.  The 
revenue  balance  stood  at  £173,795,  added  to  interest  on  loans,  &c. , 
making  £190,012.  After  meeting  inteiest  on  debt,  .'inking  fund,  &c  , 
the  available  balance  is  £74,574,  wliich  was  absorbed  liy  the  allocation 
of  £49,716  to  reserve,  renewal  and  depreciation,  and  £24,853  in  aid  of 
general  rate.  The  capital  expenditure  is  £2,031,291,  which  has  been 
reduced  by  £308,062,  leaving  the  net  capital  expenditure  at£l, 930, 602 
All  the  non-recurring  expenditures  are,  in  the  view  of  the  auditors, 
adequately  met  by  the  several  .-iinking  funds.  The  assets  are  stated  to 
be  £2,606,830. 

Motor  Car  Regulations. — The  Local  Gover.iinent  Bcjard  have  issued 
a  circular  on  the  decision  of  the  High  Court  in  Burton  v.  Nichol.son. 
stating  that  thi^  Board  have  come  to  the  eomhision  that  it  is  desirable 
to  rescind  both  subdivision  (3)  and  subdivision  (4)  of  Article  IV.  of 
the  Motor  Cars  Order  of  1904.  and  to  leave  the  niatteia  at  present 
dealt  with  by  these  subdivisions  to  be  governed  by  the  ordinary 
law  applicable  to  other  classes  of  vehicle.?.     These  regulations  will  be 


found  on  pages  200  to  202  of  "The  Electrician  "  Electrical  Trades' 
Directory  and  Handbook  for  190S). 

Manchester.— The  estimate.;  of  the  Tramways  committee  for  the 
present  year  have  been  prepared,  and  the  committee  propose  to  grant 
to  the  relief  of  rates  £(5ll.0()()  (jut  of  the  profits. 

The  Electricity  committee  met  on  Wednesday  to  consider  their 
estimates  and  decided  to  make  a  contribution  of  £12,000,  as  in  the  y  ear 

1908,  in  aid  of  the  general  city  rates.  The  past  year's  accounts 
showed  a  surplus  of  £33,3D4  (of  which  £12,000  had  already  Ijeen  \>aUl 
over  in  aid  of  rates),  and  the  balance  (£2l,30J)  was  placed  to  renewals 
account.  Compared  with  the  previous  year  the  sales  of  current  showed 
an  increase  of  3,500,000  units  (mainly  on  power  sales)  and  a  decrease 
of  £17,848  in  income.  The  lighting  sales  were  temiMirarily  affected 
by  the  use  of  metallic  filament  lamps.  The  majority  ot  the  business 
premises  in  the  city  had  already  been  fitted  with  the  new  lamps,  and 
the  result  sliowed  a  considerable  reduction  in  cost,  amounting  o:.  the 
a\-erage  to  no  less  than  40  per  cent.  Owing  to  the  general  depres.'^ion 
in  tr.ade  the  growth  of  the  industrial  power  business  was  not  so  marked 
as  in  the  previous  year,  but  there  are  signs  of  consideiable development 
in  the  current  year  as  the  committee  have  recently  concluded  contracts 
with  several  well-known  engineering  firms  for  large  bulk  supplies. 

Mountain  Ash. — The  Council  have  now  let  contracts  for  the  laying 
of  distributing  mains.  &c..  and  an  agreement  has  been  entered  into 
with  the  South  Wales  Electrical  Power  Distribution  Co.  for  supply  of 
electricity  in  bulk.  Current  will  be  supplied  to  the  Council  at  a 
pressure  of  11,000  volts,  which  will  be  transformed  and  distributed  l>y 
the  Council. 

Oxford. — The  City  Council  have  decided  to  enter  into  an  agree- 
ment with  the  promoters  of  the  Oxford  and  District  Tramways  Bill, 

1909.  whereby  a  combined  conduit  and  overhead  system  will  t)e 
adopted  on  the  tramways  instead  of  a  surface-contact  system.  The 
conduit  system  will  be  installed  on  three  routes,  and  the  rental  to  be 
paid  to  the  Corporation  in  respect  of  the  tramways  when  electric 
traction  has  been  adopted  is  £1,100  per  annum  fcr  a  fcried  of  42 
years. 

Postal  Telegraph  Clerks  Association. — At  the  annual  conference 
of  this  as-soeiation.  which  was  held  at  Southampton  last  week,  the 
following  matters  were  dealt  with: — 

Pre-fS  Tel<r/mins. —  A  resolution  w;\s  passed  in  favour  of  the  work  of 
transmitting  all  messages  being  performed  by  an  establisheil  stall  of 
telegraphists  placed  upon  a  uniform  se;ile  of  wages,  and  protesting 
against  the  departmental  authorities  encouraging  ne«spaper  proprie- 
tors to  rent  telegraph  lines  for  the  whole  daj',  and  supplying  theirown 
operators. 

K'ojifeK's  Labour. — Resolutions  were  .adopted  iu  favour  of  the  .abjli- 
tion  of  Sunday  duty  by  females  in  the  trunk  telephone  elepartmcnl  : 
and  also  in  faxour  of  cejual  pay  for  men  and  women  for  equal  work. 

Poftal  Te/i'irapli  nnd  Tifi  pliouc  .Sr  rrin.^. — Resolutions  calling  for  the 
appointment  of  a  committee  to  inquire  into  postal,  telegraph  and 
telephone  services,  and  the  institution  of  an  advisor}-  board  of  the 
House  of  Commons  for  the  assistance  of  the  Postmaster  General,  and 
also  in  favour  of  a  seven  hours'  day  were  adopted. 

Rochdale. — The  total  income  of  the  tramways  department  (ineUid- 
ing  the  Hcywood  lines)  for  the  jiast  j'ear  was  £57.270.  a.bainst 
£.56,557  for  the  previous  year.  The  gross  profit  was  £25.417.  and 
after  meeting  charges  for  interest  (£11.432).  sinking  fund  (£9.557)  anil 
rent  of  leased  lines  (£1.862)  there  was  a  loss  of  £189.  against  £1.3.VJ  in 
1907-8. 

Russia. — The  "Journal  dc  St.  Petersbourg "'  states  that  the 
Government  has  sanctioned  the  formation  of  the  Oranicnbaum 
Electric  Railway  Co.  to  construct  and  work  an  electric  line  fn.m 
St.  Petersburg  to  Oianicnbaum  and  Kra.snai.i  Gorka. 

Saflron  Walden.— The  Council  have  declined  to  give  a  guarantee 
to  the  Board  of  Trade  that  they  will  carry  out  the  provisions  of  their 
electric  lighting  oreler  within  12  months. 

Shoreditch  (London).— The  salary  of  Mr.  W.  Weeks,  assistant 
engineer,  lias  been  increased  by  £25  per  annum,  with  a  further  in- 
crease i>{  t!'_'5  in  12  luonlhs. 

South  American  Cable  Rates.-  The  Western  Union  Telegi-aph  Co- 
annomue  that  the  follow  ing  reduced  cable  rates  Avi!!  come  into  effect 
on  .May  1  :  Bolivia.  Cbili  and  Ecuador.  4--.  2d.  per  werd  :  Peru. 
Iquitos.  .Masisea.  Orcllaim.  Rcquena.  Cs.  2d.  per  wi  ixl :  all  other 
placa's.  4s.  2d.  per  word. 

State  Telephones  in  Canada.— The  Saskatchewan  Government  has 
purchased  the  ImII  teleiilmnc  system  of  the  provinci>  as  from  May  I. 

Sunderland.  In  moving  the  miiuites  of  the  Electricity  committe<« 
at  last  weeks  Council  meeting,  which  recommended  the  .sealing  of 
an  agreement  with  a  lirm  of  millers  for  the  supply  of  electric  power. 

Aid.  HiucE  said  the  committee  found  themselves  with  a  consider- 
able amount  of  Corporation  machinery  in  Laing's  yaitl  and  in  a  build- 
ing for  which  the  Corporation  ha<l  to  pay  rent, and  for  which  they  got 
no  return.  In  future  thev  would  not  put  down  Coriwration  plant  lu 
other  people's  premises  aiid  [wy  rent  ;  the  manufacturer  must  boai  the 
loss  in  transmission. 

Mr.  L.-v\\soN  said  the  proposed  agreement  was  the  tliin  celge  of  the 
wedge  for  an  expenditure  of  £21, .302  for  electric  lighting  cxten.sions. 
They  wore  losing  on  the  lighting  consumers  and  on  shipyard  cus- 
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SPECIAL   NOTICE. 


NOW    READY. Vol.    LXH.    of  "The  Electrician"  (1,028 

pages  I,  bound  in  strong  cloth.  Price  17s.  6d.;  post  free,  18s.  6d.  Xow 
ready.  Cases  for  Binding.     Price  2s. ;  post  free,  2s.  3d. 

A  complete  set  of  "  Tue  Electrici.ax  "  can  be  supplied.  A  number 
of  odd  volumes  and  some  odd  old  back  numbers,  to  help  in  making 
up  complete  sets,  are  also  available. 

tomers,  r.nd  the  only  customer  out  of  which  they  were  making  any 
money  was  the  Tramways  committee. 

Mr.  G.  New  said  it  wtis  proposed  to  spend  £340  and  thereby  gain 
valuable  experience  of  supplying  electricity  in  bulk  which  they  had 
not  before  had.  As  to  decreased  profits  of  the  electricity  undertaking 
the  price  had  been  reduced  to  every  consumer  of  electric  light  and 
only  the  results  of  shipyard  extension  made  that  reduction  possible. 

The  miputcj  were  approved. 

Tramways  and  Railway  Assessment. — In  consequence  of  tlie  com- 
petition t)f  (Uctric  Irams  and  motor  omnibuses,  tlie  North  London 
Railway  I'o.  have  served  nuticc  U|K)ii  Shoreditch  Borough  Council 
requiring  the  reduction  of  the  present  assessment  of  the  line  from 
£21. 7(Xl  gross  and  £15.5(K)  ratable,  to  £17,256  gross  and  £11.0.56 
ratable.  The  Council  have  decided  to  seek  to  raise  the  assessment  of 
the  tramways  in  the  borough  from  £7,400  gross  and  £3,000  rataljle 
to  £14.400  gros5  and  £10.200  ratable. 

West  Ham. — The  Education  committee  is  to  report  on  the  method 
of  lighting  tlie  infants'  department  of  the  Abbey  school. 

Whitehaven. — The  Council  have  decided  to  supply  electric  current 
to  local  electrical  contractors  for  display  piu'poses  at  l|d.  per  unit. 

Wireless  Telephone  Notes. — The  sucesss  of  the  experiments  in 
wireless  telephonic  communication  between  the  Eiffel  Tower  at  Paris 
and  Melun.  which  we  noted  last  week,  has  decided  the  French 
Minister  of  Marine  (M.  Picard)  to  resume  the  experiments  which  were 
some  time  ago  commenced,  of  endeavouring  to  establish  wireless 
telephonic  communication  between  the  French  fleet  in  the  Mediter- 
ranean and  the  station  at  the  Eiffel  Tower,  and  also  to  establish  com- 
munication between  the  French  Northern  and  Mediterranean 
squadrons.  It  is  stated  that  already  communication  has  been  success- 
fully made  between  the  Rouges  Terres  and  the  Mediterranean 
squadron. 

From  New  York  it  is  announced  that  another  inventor  has  over- 
come "  all  the  difficulties  attendant  upon  the  establishment  of  an 
efficient  system  of  wireless  telephony,"  and  that  a  public  wireless 
telephoni-  sr  rvice  has  been  established  between  Portland  and  Casco 
Bay  Nlands.  distant  about  10  miles. 

Wireless  Telegraph  Notes. — A  new  factory  which  has  been  estab- 
lished at  Genoa,  as  well  as  the  Marconi  station  at  the  extreme  point 
of  the  ancient  mole,  have  been  opened.  The  factory  and  station 
adjoin,  and  at  the  former  plant  has  been  installed  both  for  manu- 
facturing radio-telegraphic  apparatus  and  for  repairs.  A  section  of 
the  factory  is  set  apart  for  the  manufacture  of  telephones  for  u.se  on 
board  ship,  and  there  is  to  be  a  training  school  and  a  thorough  equip- 
ment connected  with  the  undertaking. 

It  is  announced  that  the  Ceylon  Government  is  about  to  establish 
wireless  telegraphic  eommimication  between  Colombo  and  Minicoy,  a 
distance  of  about  500  miles. 

Wolverhampton. — The  Electricity  committee  propose  to  extend 
the  electricity  stijjply  mains  at  a  cost  of  £700  to  Messrs.  Chubb  & 
Sons'  new  works  in  Wednesficld-road  for  the  su]>ply  of  cuiTent  for 
power  and  lighting. 

Worcester. — An  unopposed  inquiry  wa,s  held  last  week  into  the 
Council's  application  for  sanction  to  a  further  loan  of  £5,752  to  cover 
excess  expenditure,  and  to  provide  for  extensions  of  the  electricity 
undertaking. 

Of  the  .sum  applied  for  £«.52  was  for  exce.ss  expenditure,  and  of  the 
balance  £.3,900  was  for  mains,  £600  for  .services,  and  £400  for  meters. 

The  city  electrical  engineer  (.Mr.  Shaw)  .said  tliat  the  excess  expenditure 
was  due  to  the  very  large  number  of  new  customer.^.  The  out]nit  last 
year  showed  an  increa.se  of  50  per  cent. 

York. — A  town's  meeting  was  held  on  Friday  to  consider  the 
question  of  the  municipalisation  or  leasing  of  the  tramways. 

The  vice-chairman  of  the  Tiamways  committee  (Aid.  Meyer)  ex- 
plained the  provisions  of  the  York  Light  Railways  Order,  and  gave  an 
analysis  of  the  tenders  received.  There  were  three  proposals  — (1), 
complete  municipalisation  ;  (2),  the  Corporation  to  construct  the  lines 
and  then  to  lease  the  working  :  and  (3\  the  construction  and  working 
by  a  company.  Ob  being  put  to  the  vote,  tlio  second  proposal  faile<l 
to  find  a  .supporter,  and  the  municip.ilisation  clause  was  then  carried 
by  a  large  majority.  A  re<iuisition  for  a  poll  w.-is  handed  in  on  behalf 
of  those  opposed  to  the  municipal  scheme. 

Football. — Birmingham  Tramways  Department  won  the  final 
match  for  the  municipal  tramways  shield  at  Aston  Villa  ground  on 
Tuesday,  defeating  the  Potteries  eleven  by  one  goal  to  nil. 


TRADE  NOTES  AND  NOTICES. 


NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES' 
DIRECTORY  AND  HANDBOOK.— The  1909  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issu  ed  in  handy  book 
form.  These  are  included  in  the  1909  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 

TENDERS  INVITED. 

London  County  Council  invite  tenders  for  withdrawing  about 
18  miles  of  l.t.  lead-covered  cables,  now  laid  and  jointed  in  stoneware 
ducts,  and  relaymg  and  jointing  about  15  miles  of  l.t.  lead-covered 
cables,  &c.  Tenders  (upon  official  forms  to  be  obtained  from  thfi 
Clerk  of  the  Council,  Mr.  G.  L.  Gomme,  County  Hall,  Spring  Garden?, 
S.W. )  by  1 1  a.m.  of  Tuesday,  May  4.     See  also  an  advertisement. 

WooDBRiDOE  LTrban  Council,  who  are  desirous  that  a  company 
should  establish  electricity  works  in  the  district,  announced  that 
they  would  support  a  company  in  an  application  for  a  provisional 
order  and  would  enter  into  a  contract  for  public  lighting  from 
April  1,  1912.  The  population  is  4,600  and  gas  is  43.  6d.  per  1,000  ft. 
Tenders  by  June  1. 

Stockport  Electricity  and  Tramways  committees  require  tenders 
for  supply  until  March  31  next,  of  various  stores,  including  cotton 
waste,  castings,  ironmongery,  tubing,  glass,  oils,  paints.  &c.  Forms 
of  tender,  &c.,  from  the  Borough  and  Tramways  Electrical  Engineer. 

Salford  Corporation  want  tenders  by  5  p.m.,  April  20.  for  the 
erection  of  private  telephones  at  the  Town  Hall.  Specification.  &c., 
from  the  Borough  Engineer. 

Manchester  Tramways  comniitfct  want  tenders  by  10  a.m., 
May  4,  for  supply  of  a  40  to  45  b.h.p.  chassis  for  motor  tower  wagon. 
Forms  of  tender,  &c.,  from  Mr.  J.  M.  JPElroy. 

Whitehaven  Electricity  committee  require  tenders  for  c;i8tings  for 
feeder  pillars  and  lamp  columns.  Particulars  from  the  Boi'ough 
Electrical  Engineer. 

Kensington  (London)  Guardians  require  tenders  by  3  p.m., 
April  29,  for  electric  lighting  of  workhouse  chapel  and  offices,  Marloes- 
road.     Specification,  &c.,  from  the  Clerk. 

Chei-sea  (London)  Council  want  tenders  by  5:15  p.m..  May  12. 
for  su|)ply  of  electric  light  fittings,  &c.,  for  the  Town  Hall  extension. 
Sjjccifications,  &c.,  from  the  Borough  Surveyor. 

Bexhill  Council  want  tenders  by  noon  May  1  tor  12  months' 
coal  for  the  electricity  department. 

Tenders  are  invited  for  the  supjily  of  about  48,200  metres  of  lead - 
covered  cable,  of  various  dimensions,  and  for  various  voltages,  and 
also  for  certain  fittings  and  accessories  for  Copenhagen  Municipality. 
Tenders  to  the  Direktoren  for  Belysningsvaesenet.  Raadhuset, 
Copenhagen,  by  noon  of  May  S.  Specifications.  &c.  (in  Danish)  may 
be  seen  at  the  Board  of  Trade,  ''.i.  Basinghnll-street.  London.  E.C. 

TENDERS  RECEIVED  AND  ACCEPTED. 

Corn cl ion. — In  our  last  issue  we  staled  tliat  Watford  Council  had 
jilaced  an  order  with  the  Lea  Keenrder  Co.  for  a  CO2  recorder.  We  are 
informed  that  this  is  an  error,  as  the  instrument  ordered  was  one  of 
the  company's  ordinary  V  notch  water  recorders  for  measuring 
steam  consumption  and  boiler  feed  water. 

Hammersmith  (London)  Council  received  six  tenders  (varying 
from  £124.  10s.  to  £192.  5s.)  for  supply  and  fixing  of  additional  panels 
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for  \hc  main  switchboard,  and  tho  lowest  (that  of  the  Brit  ish  Westing- 
housa  Co.)  was  accepted.  The  Council  have  also  accepted  the 
tender  of  H.  F.  Harrison  for  supply  of  30  lanterns  and  brackets  at 
14s.  6d.  each  in  connection  with  the  conversion  from  gas  to  electricity 
of  the  street  lighting  in  Latimer-road. 

J.  {;.  Childs  &  Co.,  Hawthorn-road,  Willesden-grecu,  N.W.,  luive 
secured  an  order  for  one  of  their  wind-driven  electrical  generating 
]ilants  for  shipment  to  the  Canary  Islands. 

Darlington  Corporation  received  the  following  tenders  for  supply 
of  500  kw.  electric  generator,  driven  by  an  exhaust  steam  turbine  : 


B,  Thoms<iu-Hou.ston  Co 

Willans  &  Robinson      

Siemens      Bros.-     Dynamo 

Works 

J.  Musgrave  &  Sons 

P.G.Mitchell    

Riehardsons,  West-garth  ... 


3.860 
3.898 
3,0.50 
3.980 


Brush  Co £2.000       B.  Thomson-Houston  Co    .   £.3,505 

British  WestinghoHse  Co.  .     2,070       Willans  &  Robinson      3,800 

C.  A.  Parsons  &  Co 2,850 

Bellies  &  Moreom 2.880 

J.  Howdou  &  Co 2,9.'-)0 

Eraser  &  Chalmers    3,228 

Elec.  Construction  Co., 

£3,200,  £3,320  and  £3,370 

No  tender  has  been  accepted  but  the  Electricity  committee  have 
authorised  the  engineer  (Mr.  J.  R.  P.  Lunn)  to  present  a  reiiprt  on  the 
tenders,  after  he  has  visited  Weymouth  and  Weston-super-Mare, 
where  exhaust  steam  turbine  plants  are  in  operation. 

For  the  supply  of  a  300  kw.  motor-generator  set  Brighton  Cor- 
poration received  the  following  tenders  :- 


Phrenix  Dynamo  Mfg.  Co. 

{accepM) £978 

E.  Scott  &  Mountain    1,579 

Dick,  Kerr  &  Co 1,494 

Brit.Thomson-Houston  Co.  1,276 

Electric  Construction  Co...  1,256 

Lancashire  Dynamo  Co.  ...  1,235 

Brush  Co 1,223 

Schorch  Electrical  Co 1,200 


Siemens     Bros.      Dynamo 

Works £1,157 

Vickers,  Sons  &  Maxim  ...     1,15? 

Electrical  Co 1,145 

British  Elec.  Plant  Co 1,139 

Crompton  &  Co 1,130 

British  Westinghouse  Co...     1,117 

Bruce  Peebles  &  Co 1,075 

Electromotors  (Ltd.)    ....     1,055 

General  Electric  Co 1,027 

The  following  tenders  have  been  accepted  by  Newport  (Mon.) 
Corporation: — 

Edison  &  Swan  Co.  and  General  Electric  Co.,  carbon  filament  lamps  ; 
Edison  &  Swan  Co.,  radiator  lamps  ;  Oliver  Arc  Lamp  Co.,  flame  carbons 
(other  flame  carbons  are  under  test) ;  Chamberlain  &  Hookham  and  Gilles- 
pie &  Beales,  d.c.  meters  ;  Ferranti  Limited,  prepayment  meters  ;  Elec- 
trical Co.,  two-rate  meters.  The  contract  for  a.c.  meters  has  not  yet  been 
let. 

Swindon  Council  have  accepted  the  following  tenders  : — 
Crompton  &  Co.,  circulating  pump,  £109  ;    Babcork  &  Wilcox,  super- 
heaters, £175  ;  Worthington  Pump  Co.,  softener  pump,  £31  ;   H.  Poolcy 
&  Son,  weighbridge,  £79  ;    Brooke,  Hirst  &  Co.,  switchgear,  £40  ;    Ever- 
shed  &  Vignoles,  megger,  £23. 

Mountain  Ash  Council  have  entered  into  contracts  with  the 
British  Insulated  &  Helsby  Cables  for  cables,  distributing  mains, 
&c. ;  with  Ferranti  Limited  for  high  and  low- tension  switchboard  and 
transforming  plant ;  and  with  Williams  Bros,  for  erection  of  a  sub- 
station. 

Wolverhampton  Guardians  have  accepted  the  tender  of  the  District 
Electric  Co.  for  wiring  the  nurses'  house  extensions  at  £113,  and  that 
of  the  Premier  Accumulator  Co.  for  the  maintenance  of  the  battery 
at  £37.  10s.  per  annum. 

Hackney  Electricity  committee  report  that  Cowdenbeath  and 
Edinburgh  washed  peas  are  being  supplied  to  the  electricity  depart- 
ment at  10s.  6d.  per  ton,  and  as  the  most  satisfactory  results  are 
being  obtained  from  them  the  committee  have  accepted  the  offer  of 
W.  Cory  &  Son  to  deliver  4,000  further  tons  at  10s.  3d.  per  ton. 

Heston  and  Isleworth  District  Council  have  accepted  the  tender 
of  J.  M.  O'Brien  for  annual  maintenance  of  electric  light  fittings  in 
the  isolation  hospital. 

Lowestoft  Corporation  have  accepted  the  tender  of  Crompton  & 
Co.  for  a  200  kw.  set  at  £2,313.  There  were  20  tenders  and  the 
lowest  was  accc|)ted. 

Bermondsey  (London)  Council  have  accepted  the  tender  of  W. 
Geipel  &  Co.  for  supply  of  are  lamp  carbons  for  the  year  ended 
March,  1910. 

The  annual  contract  for  motors  at  Middleton  has  been  i>laced  ^^•ith 
Veritys  Limited. 

Dartford  Joint  Hospital  committee  have  accepted  the  tender  of 
G.  E.  Beaven  for  wiring  and  telephone  work  at  the  new  hosi)ital. 

Cleckheaton  Council  have  placed  an  order  with  G.  W^  Birkett  for 
wiring  the  new  Secondary  School  and  Technical  Institute. 

Newport  (Mon.)  Council  have  placed  an  order  with  Dick.  Kerr  & 
Co.,  for  thi-ee  tramcars  a^  £2,140. 

Clacton  Council  have  accepted  the  tender  of  H.  Morris  &  Bastort 
for  a  13-ton  travelling  crane  at  £105, 


Grays  Council  have  ))laced  an  order  with  the  Brush  Co.  for  electric 
pumps  at  £379. 

Siemens  Bros.  Dynamo  Works  have  received  an  order  for  supply  of 
tantalum  lamp?  for  St.  Andrew's  Cathedral,  Singapore. 

Lowestoft  Corporation  have  accepted  the  tender  of  the  Lahmcyer 
Electrical  Co.  for  the  annual  supply  of  cables. 

Commonwealth  Tenders. — The  following  tenders  have  been 
accepted  by  Government  Departments  of  the  Australiaa  Common- 
wealth : — 

The  Postmaster  General's  Department,  Brisbane,  Queensland,  have 
accepted  the  tenders  of  the  International  Electric  Co.  for  trembling  bells 
and  visual  indicators  ;  Siemens  Bros.  Dynamo  Works  for  flat  brass  ; 
India  Rubber  Co.  for  condensers,  galvanometers,  pivots  for  Q.  and  I. 
detectors,  platinum,  resistance  bo.xes  and  sounders;  British  Insulated 
&  Helsby  Cables  for  switchboard  and  receiver  cords  ;  J.  A.  Newton  & 
Co.  for  coin  attachments  ;  Lawrence  &  Hanson  for  ebonite  sheet ;  J. 
Paton  &  Co.  for  micro-telephones,  with  cord  and  plugs  ;  Slater  &  Co.  for 
spring  ink-writers  and  sounders  ;  Brisbane  Electrical  Co.  for  Frier's 
relays,  transmitters,  solder,  strip  indicators,  ringing  and  listening  keys, 
ebonite  knobs,  plugs,  receivers,  screws,  sleeves,  switchboards,  aluminium 
shutter  fronts  operator's  telephone  sets  and  pulley  weights  for  cords. 

The  General  Electric  Co.'s  tender  for  switchboards  and  annunciators 
has  been  accepted  by  the  P.M.-G.'s  Department,  Perth  (W.  Australia). 

BUSINESS  NOTICES. 

Messrs.  Balehin.  Scliuiz  &  Co.  have  opened  a  branch  of  their 
business  at  Prudential-buildiugs,  97,  Above  Bar.  Southampton,  for 
dealing  with  the  installation  of  electric  light  and  power  in  country  and 
town  houses,  factories,  ships.  &c.,  and  they  will  be  pleased  to  receive 
price  lists  from  elecdical  and  machinery  manufacturers. 

Metal  Filament  Lamps.— Messrs.  G.  M.  Boddy  &  Co.  ask  us  to 
state  that  they  have  succeeded  in  placing  on  the  market  metal  fila- 
ment lamps  ("  Metalik")  of  16  c.p.  low  voltage  (100  to  135  volts.), 
and  32  c.p.  high  voltage  (200  to  260  volts.). 

Sales  by  Auction.— Mr.  Frank  G.  Bowen  will  sell  by  auction 
at  his  rooms,  02,  Aldersgate-street,  and  Hare-court,  London. 
E.G.,  on  Tuesday'.  April  27,  at  noon,  the  plant,  machinery 
and  stock  of  a"  firm  of  electrical  engineers  and  art  metal 
workers,  including  lathes,  tools,  &c.,  electric  pendants  and 
brackets,  about  1,000  dozen  hammered  iron,  copper  and  brass 
leaves,  elbows,  mounts,  ornaments  and  hammered  iron  parts, 
surplus  stock  of  electrical  fittings,  motors,  fans,  lamps,  switchboards, 
&c.  The  lots  may  be  viewed  on  day  prior  to  and  on  morning  of  sale, 
on  the  premises  of  Messrs.  F.  A.  Andrews  (Ltd.),  3.\,  Hall-place, 
George-street,  Edgware-road,  W.  Catalogues  of  the  Auctioneer. 
Further  particulars  are  given  in  an  advertisement. 

Messrs.  Fuller,  Horsey,  Sons  &  Cassell  will  include  in  their  sale  by 
auction  at  H.M.  Dookyard,|]Chatham,  on  May  4  and  following  days. 
large  quantities  of  old  brass  borings,  kon  and  steel  scrap,  old  wire 
rope,  lead  and  zinc  ashes  and  bottoms,  old  electric  cable,  electric 
gear  and  various  stores.  1 1  lathes,  dynamos,  engines.  &e.  Catalogues 
(6d.  each)  may  be  had  at  the  Dockyard  and  of  the  Auctioneers.  11. 
Billiter-.square.  London.  E.C.     See  also  an  advertisement. 

Plant  for  Sale.— Messrs.  G.  Elliott  &  Co.,  186-188,  Long-lane, 
Bermondsey,  London,  S.E.,  have  for  sale  two  compound  Marshall 
steam  engines  coupled  to  two  Crompton  dynamos,  and  also  three 
dynamos.     Further  particulars  are  given  in  an  advertisement. 

An  advertisement  in  another  column  contains  particidars  of  some 
electrical  plant,  gas  engines,  &c.,  which  are  for  sale. 

Two  alternator-gas  engine  sets  (250  kw.  each),  direct  coupled,  are 
advertised  for  sale. 

Business  for  Sale.— An  engineer's  business  in  a  southern  town  is 
offered  for  sale  by  .Messrs.  Langridge  &  Freeman,  28,  Queen-street, 
London.  E.C.  and  Tunbridge  Wells. 

Patents  Development.— The  proprietors  of  British  Patent  No. 
7,942/19110.  for  •■Improvements  relating  to  Wu-clcss  Telegiaphie  and 
Telephonic  Systems."  desire  to  make  arrangements  for  their  de- 
velopment and  practical  working  in  this  coiuitry.  Applications  to 
Messrs.  Haseltine.  Lake  and  Co.,  7  &  8.  Southampton-buildings. 
Chancery  lane,  London.  W.C. 

Electrochemical  Laboratory  Premises  Wanted.— An  advertisement 
contains  particulars  of  the  requirements  of  consulting  engineers,  who 
wish  to  lea.se  or  purchase  |)i»emiscs  for  an  electrochemical  laboratory, 
witliin  reach  of  cheai)  electric  supply,  gas  and  water. 

Business  Literature.— From  the  business  service  department  of 
Burrup.  JIathieson  &  Sprague  we  have  a  copy  of  their  sectional  cata- 
logue which  claims  to  illustrate  the  benefits  of  educational  business 
literature.  Those  of  our  readers  who  arc  interested  in  the  subject 
can  obtain  copies  free. 
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Boiler  Economies.— Mc-isrs.  Kil.  Hinnis  &  Co..  Litilr  Hullon. 
Bolton,  and  London,  send  us  an  aitistic  pamphlet  dealing  with  the 
extensions  at  the  Coventry  electricity  works,  where  many  varieties 
of  the  firm's  well-known  apparatus  arc  installed.  The  pamphlet 
contains  i)hotographs  which  show  the  progress  of  the  works  from 
time  to  time  and  a  detailed  account  of  the  whole  installation, 
inel'ilins  th--  older  work;  is  iriven. 

CATALOGUES,  &c. 

Prescot  0VEEHE.4.D  Matekiai.. — Tho  British  Insulated  &  Helsby 
Cables  have  issued  a  new  list  dealing  with  overhead  material.  Illus- 
trations are  given  of  •'  Prcscol ""  non-fouling  trolley  wire,  which  was  one 
of  the  features  at  the  recent  Manchester  exhibition.  Standard 
Prescot  ears  for  tins  type  of  trolley  wire  are  illustrated,  and  full 
det-ails.  both  mechanical  and  electrical,  are  given.  Frogs,  crossings, 
trolley  wheels,  hangers  and  line  insulators  are  also  dealt  with. 

"  K.\LKOS  ""  FiTTiNcs. — The  Sun  Electrical  Co.  send  us  the  latest 
list  of  "  Kalkos  "  fittings,  in  which  are  included  illustrations  and 
details  of  a  ceiling  hook  for  heavy  suspension  and  a  bell  push  of  the 
flush  type  adapted  for  use  with  "  Kalkos '"  wire.  We  note  that  the 
price  of  this  tubing  has  been  considerably  reduced,  so  that  a  large 
demand  for  this  excellent  method  of  wiring  may  be  confidently 
expected. 

Neotherm  Cell.— Messrs."  Siemens  Bros.  &  Co.  have  issued  a 
reprint  of  their  leaflet  on  this  cell,  in  which,  it  will  be  remembered 
depolarisation  is  secured  by  the  conversion  of  copper  oxide  into  red 
spongy  copper.  Unlike  other  cells  of  this  class,  it  is  claimed  that 
the  Xeotherm  cell  possesses  the  important  advantage  that  the  depo- 
lari.ser  can  be  used  again  and  again.  When  the  cell  has  been  abso- 
lutely discharged  the  depolariscr  can  be  re-oxydiscd  by  rapidly 
heating  the  iron  containing  vessel  in  a  stove.  Batteries  of 
thess  cells  are  said  to  make  an  excellent  substitute  for  small  accu- 
mulators and  find  a  wide  application  for  ignition  purposes  on  internal 
combustion  machines  and  in  wireless  telegraphy  and  X-ray  work. 

"  INSTALI.ATION  News."" — The  current  issue  of  "  Installation 
News  "  deals  in  a  bright  and  airy  fashion  with  the  problems  that  are 
at  present  testing  the  ingenuity  of  the  electrical  industry.  It  also 
includes  details  of  the  new  Simplex  flexible  system,  which  we  describe 
in  the  present  issus  of  The  Electrician,  and  also  details  advances 
which  have  been  mad?  i.i  Simplex  fan  work  and  in  the  company's 
well-known  sy.=!tem  of  conduits  and  fittings  for  electric  lighting. 

Electric  Hooters. — Messrs.  Marples,  Leach  &  Co.  have  ready  a 
pamphlet  dealing  with  their  electric  hooter  and  fire  alarm  system, 
which  is,  briefly,  worked  as  follows :  The  hooters  are  constantly 
traversed  by  a  direct  current,  but  are  not  worked  until  the  fire  alarm 
pu.sh  is  actuated.  This  causes  an  Adni!  vibratory  generator  to  be 
started  up,  which  converts  the  direct  current  into  alternating  current 
of  high  voltage  and  frequency  ;  the  electric  hooter  then  commences 
sounding  and  continues  until  the  fire  station  indicator  is  returned  to 
its  normal  position. 

Machine  Tools. — Messrs.  .1.  Hohoyd  &  Co..  Milnrow.  nr.  Roch- 
dale, have  issued  two  lists  which  deal  with  furminj.'  latlits  and  grind- 
ing and  sharpening  machines  respectively.  These  machines,  which 
appear  from  the  illustrations  to  embody  both  strength  and  good 
workmanship,  are  specially  adapted  to  the  electric  drive,  and  with 
the  motor  direct  coupled  to  them  form  a  neat  and  compact  com- 
bination. The  machines  illustrated  range  from  axle  lathes  of  large 
sizes  to  quite  small  grinding  machines.  A  number  of  useful  tools  of 
various  kinds  are  included. 

B.E.P.  Motors. — The  British  Electric  Plant  (,"o.  have  issued  a 
list  which  gives  full  details,  electrical,  mechanical  and  financial,  of 
three-phase  machinery  manufactured  by  the  comjjany.  Accesso- 
ries, such  as  motor  starters  and  resistances,  arc  also  described. 

Motor  Car  Accessories. — Messrs.  D.  H.  Bonnella  &  Son  have 
issued  a  pamphlet  dealing  with  motor  car  accessories.  This  firm 
make  a  speciality  of  motor  car  fittings,  such  as  roof  lights  and  lamps, 
speaking  tubes  and  caiTiage  fittings  generally.  We  have  already 
dealt  with  the  general  features  of  these  fittings  in  The  Electrician, 
and  would  recommend  anyone  who  wishes  to  fit  up  his  car  in  an 
artistic  fashion  to  pay  a  visit  to  the  sho\vroom3  of  IVIcssrs,  Bonnella 
&  Sons. 

Speed  Indicators. — Messrs.  S.  Smith  &  Son.  9.  Strand.  London. 
W.C.,  have  ready  a  catalogue  dealing  in  a  very  exhaustive  manner 
with  their  popular  type  of  speed  inrlicators.  The  utility  and  relia- 
bilit}'  of  these  indicattjrs  is  well  indicated  by  a  letter  from  a  well- 
known  firm  of  solicitors  to  Vesirs.  Smith  &  Son.  in  which  it  is  stated 
that  the  magistrate  was  able  to  take  as  evidence  the  reading  of  their 
indicators  in  a  ca.se,  brought  before  liim  by  the  police,  of  a  motor  car 
exceeding  the  speed  limit.  The  catilogue  also  contains  illustrations 
and  details  of  several  fittings  suitable  for  motor  ear  work,  inehiding 


.accumulators  and  magnetos  for  ignition  pin|ios(S.  Sueli  tools  .is 
spanners  and  pliers,  wliieh,  uni'orluiialelx-.  only  loo  oflcn  liave  to  lir' 
employed,  arc  included. 

Opperm Ann's  Dynamos. — From  Messrs.  Opiiermaiui.  of  1 1,  Lever- 
st.,  Ooswellroad,  E.C.,  we  have  received  a  picture  postcard  illustrating 
their  eleclrotyping  dynamo,  and  giving  four  excellent  reasons  why 
these  dynamos  ';liould  be  us?d.  We  commend  these  to  the  attention 
of  our  readers. 

BANKRUPTCIES.  LIQUIDATIONS,  &c. 

Mr.  Jas.  V.  Haley.  29,  Tyrrel-street.  Bradford,  and  Mr.  R.  A.  Vinter, 
G.5.  King's-arcade,  Bradford,  are  joint  trustees  in  the  bankruptcy 
of  Arnold  Roberts  (trading  as  Roberts  Bros.),  electrical  engineer,  21, 
North-parade,  Bradford. 

An  application  'or  the  discharge  of  Wm.  T,  Garnett  (trading  as 
W,  T.  Garnett's  Cable  Co.),  Barkerend  Mills,  Bradford,  will  be  heard 
on  May  18  at  the  County  Court,  Bradford. 

A  meeting  will  be  held  at  7,  Hertford-street,  London,  W.,  on  May 
18,  to  receive  an  account  of  the  winding  up  of  the  Electromobile 
Hiring  Co.  (Ltd.) 

A  meeting  to  receive  an  account  of  the  winding  up  of  the  Mono- 
bloc  Accumulator  Synd.  (in  liqO  will  be  held  on  May  26  at  Messrs. 
Drake  &  Ciorham's,  CG.  Victoria-street,  London.  S.W. 


PATENT  RECORD. 


APPLICATIONS  FOR  PATENTS. 

Note. — The  undermentioned  Applications  {(j:cept  thow  tiirirkrd  f)  are  not 
open  to  public  inspection  until  allir  nrri  plmier  nj  (\imji/il<  S  pre  ifieaf  ions. 
Those  marked  f  are  open  for  inx/i:  liimi  12  )iiii)il/is  iifhr  tin  dale  attached 
to  them,  if  they  liave  not  been  jmlilixhrd  pn  riuK.^l;/  in  thr  ordinary  course. 
Names  within  parentheses  are  tliose  of  communicators  of  inventions.  When 
complete  Specification  accompanies  application,  an  asterisk  is  affixed. 
'  December  19,  1908. 

27.684  Leitner.     Contact  voltmeter.^. 

27.685  Leitner.     Reversing    the    connections    of    dynain  >  cli'clric 

maohine.s. 

December  21,   1908. 
27,694  BLACliBURN.     Brakes  tor  tr.xmcarj. 
27.746  Simpson.     Wireless  telegr.xphy. 

27.748  Fatrweathek.     (Elmer  Ellsw'jrth  Gr.injer,  U.S.)     Electric  rail- 
way conduit  and  equipment. 

December  22,   1908. 
27.8,^2  HoLDSWORTH.     Trolley  arms. 

27.833  Veritys  &  Pipkin.     Slow  speed  op?ratiiig  gear  for  c!?etrle  motor 

Starters. 

27.834  Veritys   &   Pipkin.     Operating  handle   meehrinism   for   slow- 

speed  gear  of  electric  motor  starter. 
27,830  Wood  &  Wood.     Vapour  electric  lamps. 
27,858  and  27,8.59  Tanner    &    Claremont.     Distribution    of    clecirie 

energy. 
27.860  Cross  &  Merchants'  Trading  Co.     Metal  filament  lamp.?. 
27,S(i2  Bingham.     'relegra|ihic  recording  apparatus. 
27.8li7  .MriKHEAO.     Ekttric  telegraphy. 
27,882  MoNToOMERY-,  VoiNc,  HELtvER  &  Baker.     Storage  batterie.?.' 

27.899  Lewis.     Arc  lamp  electrodes. 

27.900  Justice.     Electric  railv/ay  switch  mechanism.* 

December  23.  1908. 

27,923  CiiMinrNOS  &  Noreau.     Locomotive  electric  alarm  systems.* 

27,932  W.  J.  F.  Washington,  H.  Washington  &  Scott.     Coin-con- 
trolled and  coin-indicating  mechanism. 

27.951  KopPEN.     Cable  telegraphy.* 

27,960  Siemens  Bros.  Dynamo  Work?,  Hird  &  Gkimston.     Search- 
lights or  projectors. 

27,965  Ross.     Electric  heater;. 

27,907  Jacoby.     Governing  the  s|jecd   of  alternating-cunvnt  commu- 
tator machines.     (Addition  to  20,49.5/07.) 

27,986  Mair.     Transmission  gear  of  tlie  magnetic  type. 

37.!t91   HKiHPiELD.     Limp  .sup)):)rts  and  casing.'. 

27.99!)  Thompson.     (Ernst    Eiscmann    &    Co.,    G.m.b.H.,    Gsrmany.) 
Magneto-electric  sparking  apparatus.* 

28,014  Usi.lAXER.     Trolley  car  switch  controller. 

28,017  Soi-i.E.     Electric  motor  control.     (Date  aiiplleil  f.)r.  |O/l/08.)*t 

28,019  Ferranti.     Electrical  machinery. 

December  24,   1908. 

28,040  Ferccson.     Dynamo-electric  machines. 

28,0,'')()  Phillips.     Tio'lley  heads. 

28,075  Bir.ARD.     Anangement  for  plates  and  electrodes  for  batteries  and 
accumulators. 

28,092  Verityh  &  Pipkin.     R?gulating  electric  switch. 

28,102  Westcott  &  Gartside.     CoiqiUng  for  electric  cables,  wires  and 
rods.* 

28,120  Grob.     Electric  lighting  and  heating  of  vehicle-;.     (Date  applied 
for,  2/l/08.)*t 

28,130  Steckei..     Indiutiun  cliitih''s.'' 
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28,147 

28,156 
28,177 
28,18C 
2^188 
28,189 

28,190 


28,192 

28,221) 
28,2B7 
28,271 

28,27fi 
28,285 
28,280 

28,287 


28,319 
28,324 


28.351 
28,301) 


28,435 

28,438 


28.474 
28.487 
28  522 

28,545 

28,548 

28,554 

28,501 


14,285 


27.453 
27.403 


27,582 
27,735 


28.080 
28,081 
28,138 

2S.GG4 

28.730 


345 
1.981 

2,085 


3.985 
4,950 


Gibus.     Elertrcilytic  cells.     (Date  ,11)111161:1  for,  17/12/07.     Com- 
prised in  27.830/17/12/07.)* 

D.wiD.SDX.     Djmanio-electrie  machines. 

M.4B.SH.      Holders  or  sockets  for  incandescent  electric  lariip-i. 

Merz  &  Price.     Alternating-current  distriljutinf;  systems. 

B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Controllers  for  electric  motors. 

Alexanderson.     Single-phase   alternating-current   electric   mo- 
tors of  the  commutator  type.     (Date  applied  for,  20/12/07.)*)" 

TiRRiLL.     Electric     voltage     regulators.     (Date     applied     for, 
28/4/08.) 

December  28,   1908. 

Allgemeine  Electricitats-CJes.     Starting  devices  for  electric 
motors.     (Date  applied  for.  28/12/07.)*t  " 

Veritvs  &  Pipkin.     Regulating  electric  switches.* 

CoNTi.     Telephone  receivers. 

H.  Abon  Ei.ektricitats-Zahlerfabbik  G.m.b.H.     .Single-phase 
alternating  electric  current  meters.  (Date  applied  far9/10/08.)  ••(■ 

Voelker.     Electric  furnaces.* 

BouLT.     (Tom  ilcNaughton,  U.S.)     Electric  batteries.* 

BouLT.     (Henry  0.  Jackson  and  Tom  JIcNaughton,  U.S.)     Self- 
winding clocks.* 

BoiLT.     (Henry  O.  .Jackson  and  Tom  McNaughton,  U.S.)    Elec- 
tric secondary  clocks.* 

Gkob.     Pole-pieces  or  pole-sliocs  for  electric  machines  with  com- 
pensation windings.     (Date  applied  for,  2/1/08. )*t 
December  29,   1908. 

Bohi.e.     (Hermann     Bohle,     Cape     Colony.)     Dynamo-electric 
machine  for  continuous  currents. 

Electromotors     (Ltd.)     &     Gbeenhalgh.     DjTiamo-electric 
machines. 

Baerlocher.     Controllers  for  electric  motors. 

and  28,307  Orling.     Detecting  and   recording   the   passage   of 
electric  impulses. 

Eisen.stein.     Wireless  telegraphy.* 

December  30,  1908. 

Mansfield.     Boxes  for  junctions,  testing,  inspecting,  or  fuse 
purposes. 

Laigle.     Electric  filaments.     (Date  applied  for,  10/1/08. )*t 

JoHANNET.     Obtaining  variation  and  reduction  of  speed  clectro- 
dynamically.     (Date  applied  for,  3/2/08.)*t 

Bosch.     Insulation  of  the  layers  of  windings  of  electromagnetic 
apparatus.     (Date  applied  for,  12/12/0S.)*t 
December  31.   1908. 

Brieeley.     Jlethod  of  supporting  and  adjusting  overhead  elec- 
tric current  wires. 

Poole.     Electric  cuiTent  or  voltage  regulators.* 

JIiller  &  Adshead.     Bnish-holder  attachment  or  brush  yoke. 

Smith  &  Philllps.     Voltmeters,  ammeteis,  wattmeters,  and  like 
electrical  indicating  and  recording  instruments. 

.\kt.-Ges.  Brown,  Boveri  et  Cie.     Insulation  of  electric  con- 
ductors.    (Date  applied  for.  3/7/08.)*t 

Bosch.     Magneto  -  ignition     apparatus.        (Date     applied     for, 
2.5/9/08.)*t 

Shaffer.     Manufacturing  flat  incandescent  filaments  for  metallic 
filament  lamps.     (Date  applied  for,  2/1/08. )*t 

Thorpe.     Electrolytic  devices.* 


SPECIFICATIONS  PUBLISHED. 

1907  Specifications. 

Cowper-Coles.  Electric  hydrogen  and  oxygen  generators. 
(Post-dated,  20/12/07.) 

Ort.  Rieger  &  Ort.     Telephone  instruments. 

Alexander.  McCleland  &  Lange.  Unstable  chemically  or 
electrolitically  i)roduced  solutions. 

Hope.     Combined  electric  switch  and  fu.se  holder. 

BofLT.  (Radiogen  Cies.)  Radio-active  preparations  and  appa- 
ratus. 

and  28,015  Rapid  Maonetting  Machine  Co.,  Thompson  & 
D.wiES.     Magnetic  .separating  machines. 

Moseley.     Electric  measuring  instruments. 

MosELEY.     Telephone  transmitters. 

Allgemeine  Elektricitats  Ges.  Electric  incandescent  lamps. 
(Date  applied  for,  27/12/06.) 

Hornbi.ower.  Electro-galvanising  apparatus  of  the  revolving 
cylinder  type. 

Cardwell.     Telegraph  typewriter. 

1908  SPECIFICATION.S. 

KlXGSBi^RV.     (Western   Electric   Co.)     Switching  appar.ilic:   for 

interconnecting  the  lines  of  a  telephone  exchange  syslcm. 
Boin.T.     (Woodbridge.)     Electriial  distrib\uion. 
.Malev  &  CocKSHOTT.     Brakes  for  tramcnrs. 
Johnson.     Elecfricallj'-operatcd     railway     switch     points     ami 

signals. 
Hookham  &  Hoi.den.     Pre)iayment  electricity  meters. 
('ROMrToN    &    Co..    Macfarlane    &    BfROE."     Rotary    electric 

transformei's  and  motor-generators. 
B.T.H.   Co.     &  Hopps.     Electric  ignition  devices  for  internal 

combustion  engjies. 
Pi.ANCHON.     Incandescent  bodies  for  electric  lamps. 


5.172  Chadblrn's  (.Ship)  Telegraph  Co.  &  Grant.     Ships'  tell-talo 

telegraphic  apparatus. 
7.730  B.T.H.  Co.     (G.E.  Co.,  U.S.)     Telephone  relays. 
7,853  Morgan.     Connectors  for  electric  conductors. 
8,962  Bray  &  Bray,  Markham  &  Reiss  (Ltd.)     Insulated  electric 

conductors,  contacts,  and  the  like. 


COMPANIES'  MEETINGS  AND  REPORTS. 


BROMLEY  (K£NTj  ELECTRIC  LIGHT  &  POWER  CO.  LTD.)  — .\l  the  re- 
cent meeting  the  chairman  iMr.  F.  E.  Grippcr)  said  the  lamp  connec- 
tions were  still  increasing,  nearlj'  6,500  lamps  having  been  .added 
during  the  past  year,  and  the  revenue  from  electricity  supplied  had 
.also  increased  by  £520.  There  were  somewhat  about  3,000  metallic 
filament  lamps  inst.illed  in  Bromley.  A  new  suV)st.ation  had  been 
erected  at  Elmstead.  The  profit  was  £9,360.  3s.  6d.,  compared  with 
£8,933.  10s.  lid.  in  1907,  and  they  proposed  to  pay  the  same  dividend 
as  last  year. 

CALCUTTA  TRAMWAYS  CO.  (LTD.).— Mr.  E.  C.  Morgan  stated  at  tlie 
meeting  on  Tuesday  that  of  the  three  lines  now  running,  the  first  was 
opened  on  June  10,' the  second  on  July  SO,  and  the  third  on  Oct.  20. 
The  outlay  for  permanent  waj-,  &c..  was  mainly  for  the  completion  of 
the  track  construction  and  equipment  of  tbe  Alipore,  Beh.ila  and 
tTailift'  street  lines,  the  extension  of  the  Kidderpore  carshed.  the  Kali- 
ghat  loop,  and  the  laying  down  of  new  cables.  The  item  for  power 
and  sub-station  plant,  buildings,  &c.,  represented  the  completed 
installation  of  the  new  a.e.  plant,  consisting  of  Belliss  engine,  a.c.  and 
combined  a  c.  and  d.c.  generators,  with  two  additional  boilers,  new 
condensing  plant  and  reservoir,  also  the  extension  of  the  Belgatchia 
and  Kidderpore  car-sheds,  the  construction  of  new  offices  and  quarters 
at  Tollyunge,  and  tiling  the  power-house.  The  projected  capital 
expsnditure  would  amount  to  about  £10,000.  All  their  cars  were  now 
built  under  their  own  supervision  in  Calcutta.  It  h.ad  been  found 
necessary  to  effect  considerable  repairs  ro  70  motor  and  10  trailer  cars, 
and  there  still  remained  90  ears  to  be  dealt  with.  The  general  state 
of  afiairs  m  India  had  decidedly  improved. 

CITY  (OF  BRISBANE)  ELECTRIC  LIGHT  CO.  (LTD.)— At  the  recent  meet- 
ing it  was  reported  that  during  the  half-year  ended  Jan.  31  thef  output 
was  976,789  units,  against  853.920  for  the  corresponding  period  of 
1900-7;  the  revenue  from  sale  of  current  showed  an  increase  of  12i  per 
cent.,  and,  after  making  provision  for  renewals,  franchise  purchase, 
sinking  fund,.&c..  there  was  £4,946.  8s.  Id.  to  be  disposed  of.  The 
directors  recommended  payment  of  a  dividend  of  6  per  cent  per  annum, 
and  a  bonus  of  2i  per  cent,  per  annum  on  the  ordinaiy  shares,  leaving 
£1,935.  6s.  9d.  to  be  carried  forward.  During  the  half-year  furtlier 
additions  were  made  to  the  plant  in  Ann-street  station,  good  progress 
has  been  made  with  the  laying  of  mains,  and  electricity  is  now  being 
supplied  to  the  principal  streets  of  the  Valley  area. 

CRAIGFARE  ELECTRIC  CABLE  CO.  (LTD.)— The  net  profit  for  the 
vear  ended  March  31  was  £5,344.  7s.  lid  ,  which,  with  £682.  18s.  3d. 
brought  forward,  m.akes  £7,027,  63.  2d.  After  writing  off  £1,000  as 
depreciation  of  buildings  and  machinery,  the  directors  recommend 
payment  of  the  preference  dividend,  and  a  dividend  on  the  ordinary 
shares  at  the  rate  of  6  per  cent.  £500  has  been  placed  to  reserve. 
There  has  been  a  considerable  increase  in  the  volume  of  business  in  the 
cable  department. 

DEUTSCH-ATLANTISOHE  TELEGRAPHENGESELLSCHAFr,  COLOGNE.— 
The  directors'  report  for  the  year  1903  (to  be  presented  to  the  general 
meeting  on  May  1)  states  that  the  Vigo  cable  traffic  shows  a  slight 
reduction.  Damage  to  the  Atlantic  and  Vigo  cables  by  trawlers  and 
otherwise  h.as  caused  heavy  expenditure,  and  a  hope  is  expressed  that 
an  International  Conference  will  be  held  on  this  subject.  In  conse- 
quence of  the  laying  of  the  new  cable  to  South  America  the  Xord- 
deutsche  Seekalielwerke  (of  which  this  company  holds  half  the  shares) 
has  been  fully  occupied  during  the  second  half  of  the  yeai,  and  it  will 
apparently  be  fully  engaged  until  the  middle  of  1910.  Total  receipts 
(including  £21,f04  brought  forward!  were  £228,670  and  net  profit 
£128.923  (against  £131,010  in  1907;.  It  is  proposed  to  place  to  reserve 
£5,380,  special  reserve  and  cable  repairs  fund  £10,0C0,  pension  and 
benevolent  fund  £2,5C0,  directors  and  olficials' fees  £1,767,  dividend  of 
7  per  cent,  (as  in  the  previous  vear)  £84,000,  and  to  carry  forward 
i22,271. 

LONDON  GENERALOMNIBUSCO.  (LTD.)— At  an  exiraordhuiry  meeting 
last  week  the  chairman  (.Mr.  H.  Hicks)  said  that  the  diirctors  had  had 
prepared  appinxiniatc  Hmircs  of  the  amalgamated  company  for  the  half- 
year  to  Dec.  31  last,  the  liyures  had  not  been  audited,  but  he  could 
l;ive  the  shareholders  the  opinion  which  those  liguivs  had  led  the  directol-s 
to  form  as  to  the  position  and  outlook.  The  total  loss  of  the  thn-e  com- 
panies for  the  cnrre-.ponding  half-vear  in  l!H17  was  about  £150.000.  but. 
according  to  the  figures  for  the  past  half-year,  the  loss  of  the  combineil 
companies  was  certainly  not  more  than  fo.fHX)  or  £6.000.  Ho  would  be 
ilisappointed  if.  when  "the  next  ann\ial  accounts  were  presented,  they 
were  not  able  to  issue  a  balance-sheet  showing  no  loss.  Referring  to  the 
new  police  regulations,  he  said  that  with  ivgard  to  the  new  vehicles  not 
wcisrhing  more  than  3.4  tons,  the  company  wei-o  both  able  and  willing  to 
conrply  with  the  order  in  regard  to  any  new  "buses  they  might  build  or 
get  built,  providotl,  however,  the  police  authorities  allowed  the  company, 
as  they  fairly  ought,  to  keep  their  piv.scnt  overweight  'buses  until  they 
were  worn  out.  The.v  ha))pened  to  have  ordered  16  new  motor  "buses 
some  two  veal's  ago  which  were  only  delivered  last  autumn  and  had  never 
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been  on  the  road  because  they  cUJ  mit  require  them  in  the  winter  time. 
Those  "buses  were  ready  to  go  on  the  road,  but  the  Chief  Commissioner 
seemed  disinclined,  as  lie  had  issued  the  order,  to  licence  those  'buses. 

MELBOURNE  ELECrRIC  SUPPLY  CO.  (LTD.)— The  gross  profit  during 
1908  on  the  Melbourne  and  Geelong  undertakings  was  £17.t)77.  o.s.  Add- 
ing the  dividend  received  from  the  Adelaide  Electric  Su|i])ly  Co.,  &c., 
the  total  amounted  to  £22,030.  3s.  9d.,  compared  with  £1»,7-H.  4s.  for 
the  previous  year.  After  paying  management  and  general  expenses  at 
London  (£1.983.  8s.  5d.)  and  interest  (£14,758.  10s."(id.)  the  balance  is 
£5.288.  4s.  lOd.,  added  to  £1,593.  15s.  3d.  forward,  making  £().882.  Os.  Id. 
£4.000  is  put  to  reserve,  leaving  £1,771.  15s.  9d.  to  be  carried  forward. 
At  August  31,  1908.  the  total  connections  at  Mell)ourne  were  equivalent 
to  157,412  8  c.p.  lamps  (90.088  for  lighting  and  2,150  ii.P.  in  motors), 
and  the  total  units  sold  were  2,32(>,307  :  at  Geelong  the  equivalent  of 
51,864  8  c.p.  is  connected  (20,942  for  lighting  and  818  H.p.  in  motors), 
the  units  sold  being  312,061.  Arrangements  have  been  made  for  an  issue 
of  a  further  £100,000  first  mortgage  debenture  stock  and  of  £100,000  first 
preference  shares. 

MERTHYR  ELECTRIC  TRACTION  &  LIGHTING  CO.  (LTD.)— The  gross 
receipts  for  the  [last  year  from  the  traction  department  were  £11,190, 
and  from  the  electrical  supply  department  £bAbb.  Deducting  all 
revenue  expenses  chargeable  and  placing  £1,000  to  renewals  account, 
there  remains  (with  £533  forward)  £4,740.  The  equivalent  of  22,350 
8  c.p.  lamps  (18,405  for  lighting  and  3,945  for  power)  is  connected  to 
the  mains.  A  dividend  of  5  per  cent,  is  declared  on  the  ordinary  shares. 
ORIENTALTELEPHONE&ELECTRICCO.(LTD.)—Includingf  1,873.  6s.  5d. 
forward  from  1!UI7.  deducting  interim  dividends  and  making  provision 
for  redemption  of  debenture  stock  and  other  charges,  the  amount  remain- 
ing to  be  dealt  with  for  the  year  to  Dec.  31,  1908,  is  £18,728.  17s.  The 
directors  recommend  payment  of  the  final  preference  dividend  (less  tax) 
(£1,500)  and  a  further  5  per  cent,  (tax  free)  on  the  ordinary  shares 
£8,965.  13s.  (making  8  per  cent,  for  the  year),  the  transfer  to  reserve 
of  £2,500  and  of  £500  to  contemplated  pension  scheme,  leaving  £5,263.  4s. 
to  carry  forward.  The  Indian  local  companies  have  declared  the  same 
dividends  as  for  1907  (the  Bengal  Co.  5  per  cent,  and  the  Bombay  Co. 
6  per  cent.),  and  both  these  companies  report  increased  accession  of  sub- 
scribers. The  Telephone  Co.  of  Egypt  has  declared  a  dividend  of  10  per 
cent,  for  the  year  on  both  preferred  and  deferred  shares.  The  China  & 
Japan  Telephone  &  Electric  Co.  continues  to  make  satisfactory  progress 
both  at  Hongkong  and  Kowloon,  and  the  company  declared  a  dividend 
of  5  per  cent.  fi>r  19117. 

NATIONAL  ELECTRIC  CONSTRUCTION  CO.  (LTD.)  -The  gross  profit  for 
1908  is  £31,343  5s.  6d  ,  and  deducting  therefrom  expenses  of  adminis- 
tration, debenture  interest,  &c.,  there  remains £18,979.  7s.  5d.  Adding 
£9,048.  153.  6d.  from  1907,  the  available  total  is  £-28,028.  -is.  lid.  The 
directors  recommend  that  £15,000  be  placed  to  reserve,  £3,429. 17s.  5d. 
to  reserve  against  capital  charges  on  town  lighting  installations  and 
£1,550  transferred  to  debenture  redemption  fund.  The  depreciation 
on  free  wired  installations  (£200.  6s.  3d.)  and  furniture,  fixtures,  plant 
and  tools  i£186.  8s.  4d.)  absorbs  £386.  14s.  7d.,  leaving  £9,661.  ICs.  lid. 
to  be  carried  forward.  In  view  of  the  fact  that  the  past  year  has  again 
been  one  of  great  depression  in  the  electrical  industry,  and  tliat 
finance  of  tramway  schemes  in  this  country  has  been  practically  im- 
possible, the  directors  recommend  that  the  balance  of  £9,661. 10s.  lid. 
be  carried  forward.  The  first  section  of  the  Rhondda  tramways  was 
opened  on  Jul^'  11,  and  on  Nov.  11  the  last  section  was  opened.  The 
profit  earned  from  the  working  of  the  tramways  to  Dec.  31  was 
£9,438.  10s.  lOd.,  out  of  which  a  dividend  of  3  per  cent,  was  paid  to 
the  shareholders  of  the  syndicate,  in  which  this  company  has  an  in- 
terest of  over  £50,000.  The  receipts  this  j-ear  are  well  maintained. 
In  regard  to  the  Mexborough  and  Swinton  tramways,  the  surface-con- 
tact system  having  proved  a  failure,  the  overhead  system  was  installed 
in  its  place,  and  was  working  by  Aug.  29,  with  the  result  that  there 
has  .since  been  an  increase  in  the  receipts  and  a  decrease  in  the  ex- 
penses. The  directors  believe  that  this  will  be  a  dividend-paying 
undertaking  by  the  end  of  the  current  year.  The  finance  for  the  ex- 
tension of  the  Musselburgh  and  District  tramways  to  Port  Seton  has  now 
been  arranged,  and  the  work  is  in  hand  and  should  be  completed  early 
in  August.  This  extension  will  increase  the  total  length  of  the  tram- 
way's from  3  to  about  7  miles.  The  heavy  ex]ieuse  in  main- 
taining the  surface-contact  .sj'stem  at  Torquay  is  hampering  the  pro- 
gress of  the  undertaking.  Agreements  witfi  Torquay  Corporation  and 
P.iignton  Council  have,  however,  been  arrived  at  for  the  extension  of 
the  tramway  to  Paignton  on  the  overhead  .system.  Satisfactory'  terms 
have  now  been  arranged  with  Oxford  Corpor.ition  whereby  a  small 
portion  only  of  the  tramways  will  bo  constructed  on  the  conduit 
system  and  the  rest  on  the  overhead  system.  The  Citj'  of  Oxford 
Electric  Tramwa3s  Bill  before  Parliament  embodying  these  terms  «ill 
bs  supported  by  the  Corporation.  An  a;  plication  has  been  made  for 
parliamentary  powers  to  instal  the  overhead  system  on  a  portion  of 
the  Folkestone,  Sandgate  and  Hythe  tramways.  The  progress  of  the 
Bo'ness  electricity  undertaking  during  last  year  has  beeji  most  marked. 
Applications  are  in  hand  for  22,139  8  c.[).  lami)s,  of  which  19,664  are 
.connected,  compared  with  12,798  lamps  connected  last  year.  The 
Carnarvon  umlertaking  is  also  making  satisfactory  progress,  applica- 
tions for  11,139 8  c.p.  lamps  having  been  received,  of  which  10,509  lamps 
are  connected,  compared  with  8,649 lamps  connected  last  year. 

PEARSON  HRE  ALARM  (LTD.)— The  directors'  report  states  that  the 
gross  profit  is  £889  in  excess  of  last  year's  figure,  and  the  debit  balance 
is  £39,  against  a  debit  balance  of  £527  last  year.  >The  directors  pro- 
pose to  continue  to  charge  an  increased  proportion  of  the  annual  ex- 
penditure to  profit  and  loss  account,  with  a  view  to  closing  the  de- 
velopment account.  The  grcss  increase  on  the  rental  account  for 
1908  amounted  to  £722. 


NEW  COMPANIES,  STATUTORY  RETURNS,  MORI 
GAGES  AND  CHARGES,  &c. 

NEW  COMPANIES. 

POLESWORTH  ELECTRICAL  APPLIANCES  CO.  (LTD.)  (102,510).— Reg. 
April  14,  capital  £5,000  in  £1  shares,  to  take  over  the  business  of  C.  W", 
Shackleton,  at  I'olesworth,  Warwick  (carried  on  as  the  Electrical 
Appliances  Co.),  together  with  his  .secret  process  for  making  glaze  and 
enamel,  &c.  Private  company.  First  directors,  C.  W.  Shackleton  and 
T.  F.  Aikin.  Reg.  otHce,  The  Mill,  Market-street,  Polesworth,  Warwick. 

SALSBURY  LAMPS  (LTD.)  (102,539.)— Reg.  April  16,  capital  £10,000 
in  £1  shares,  to  acquire  the  business  of  Salsbury  it  Son  (Ltd.)  and  to 
carry  on  the  business  of  manufacturers  of  and  dealers  in  lamps,  motor 
cars  and  accessories,  &c.  First  directors,  H.  Salsburv,  H.  Wyman  and 
A.  H.  F.  Fitzherbert.     Reg.  ofiice,  124,  Long-acre,  London,  NV,C. 

STATUTORY  RETURN. 

ANGLO  AMERICAN  TELEGRAPH  CO.  (LTD.)-Retuin  to  Feb.  19  gives 
capital  as  £7,000,000  in  £557,460  consolidated  ordinary  stock, 
£3,221,270  preferred  ordinary  stock  and  £3,221,270  deferred  ordinary 
stock.     All  taken  vqi  an<l  paid  for  in  full.     No  mortgages  or  charges. 

MORTGAGES  AND  CHARGES. 

KILOWATT  PUBLISHING  CO.  (LTD. )— Particulars  of  £2,500  debentures, 
created  Feb.  4.  1909,  filed  pursuant  to  sec.  93  (3i  of  the  Companies 
(Consolidation)  Act,  1908,  the  amount  of  the  first  issue  (on  April  1) 
being  £1,450.  Property  charged,  company's  undertaking  and  pro- 
perty, present  and  future,  except  uncalled  capital.     No  trustees. 

ROBINSON  &  HANDS  ELECTRICAL  CO.  (LTD.) -Mortgage  debenture 
dated  March  27  to  secure  £400,  charged  on  the  company's  undertak- 
ing and  property.     Holder,  W.  H.  Lovatt. 

W.  SITCH  &  CO.  (LTD.)— Particulars  of  £1,000  debentures  created 
March  25  tiled,  the  whole  amount,being  now  issued.  Property  charged, 
company's  undertaking  and  property,  present  and  future,  including 
uncalled  capital.     No  trustees. 


CITY  NOTES. 


MEMORANDA  (April  22).— Bank  rate  2J  per  cent,  (since  April  1, 
1909).  Price  of  silver,  23; d.  per  oz.  Consols  85 — 85^  for  money  and 
account.  Consols  Pay  Day,  May  5  ;  Stock  and  Shares  Continuation 
Days,  Aijril  27  and  May  11  ;  Ticket  Days,  April  28  and  May  12  ;  Pay 
Days,  April  29  and  May  13  ;  Mining  Shares  Carry  Over  Day,  April  26. 

Prices  of  Metals  (London). — Copper,  cash,  57b  ;  three  months  53J. 
Lead,  English,  13J — 13J  ;  foreign,  cash,  13Ji — 13,'V  ;  two  months, 
13i';,.  Spelter,  cash,  21g  ;  two  months,  21^.  Tin,  English,  134— 
136 ;  foreign,  cash,  134J — 134i,  three  months,  135 — 135i.  Iron, 
Cleveland,  cash,  VJlhh,  and  three  months,  48/-.  Magnet  Steel  (price 
supplied  by  W.  F.  Dennis  &  Co.),  £55. 

BRITISH  COLUMBIA  ELECTRIC  RAILWAY  CO.  (LTD.)  -The  directors 
have  declared  an  interim  dividend  at  the  rate  of  8  per  cent,  on  the 
deferred  ordinary'  stock  for  the  half-year  ended  Dec.  31. 

CALCUTTA  ELECTRIC  SUPPLY  CORPN.  (LTD.) -The  number  of  units 
delivered  to  consumers  during  the  four  weeks  ended  March  26  ware 
526,496,  compared  with  407,925  units  in  the  corresponding  four  weeks 
of  1908. 

CASCADE  (1906)  POWER  CO.  (LTD.)  —The  balance  profit  for  the  past 
year  is  £213,  and,  adding  the  balance  brought  forward,  the  available 
amount  is  £1,494,  which  the  directors  recommend  should  be  carried 
forward. 

CITY  OF  SANTOS  IMPROVEMENTS  CO.  (LTD.)— The  profits  for  the 
past  year  were  £46,541,  and  the  directors  i)ropose  a  final  dividend  of 
4j  per  cent,  on  the  orclinary  shares,  making  7  per  cent,  for  the  year, 
leaving  £4,196  to  be  carried  forward. 

COMPANIA  TELEQRAFICA  TELEFONICA  DEL  PLATA.— At  a  recent  meet- 
ing it  was  reported  that  the  profit  was  $110,965,  and  a  final  dividend 
of  6  per  cent,  (making  12  par  cent,  for  1908)  was  declared, 

COUNTY  OF  LONDON  ELECTRIC  SUPPLY  CO.  (LTD.)— The  transfer 
books  and  register  of  holders  of  the  second  debenture  stock  are  closed 
from  17th  to  30tb  inst.  inclusive,  preparatory  to  payment  of  interest 
due  May  1. 

MONTE  VIDEO  TELEPHONE  CO.  (LTD.)— An  interim  dividend  for  the 
half-year  ended  Jan.  31,  at  the  rate  of  6  per  cent.,  has  been  declared 
on  the  ordinary  shares. 

PRIMITIVA  GAS  &  ELECTRIC  LIGHTING  CO.  OF  BUENOS  AYRES  (LTD.) 
The  directors  recommend  a  final  dividend  of  4s.  6d.  per  share  (tax 
free)  on  the  ordinary  shares,  making  7  per  cent,  for  the  year 

RIO  DE  JANEIRO  CITY  IMPROVEMENTS  CO.— The  directors'  report 
for  1908  states  that  tlie  outl.iv  on  >_'CMerating  station,  plant,  &c,, 
daring  the  year  was  £40,994. 

TRA'MWAYS  &  GENERAL  WORKS  CO.  (LTD.)— The  directors  have  de- 
cl.ncd  a  dividcurl  nf  Is.  per  share. 

UNITED  ALKALI  CO.  (LTD.) -At  the  recent  meeting  Mr.  John  Brook 
stated  that  the  one  outstanding  feature  of  the  year  was  the  serious 
shrinkage  of  their  trade,  not  only  in  this  country,  but  all  over  the 
world.  Their  jjrofits  showed  a  decrease  of  £116,664,  compared  with 
907,  and  they  hid  also  to  pay  £62,000  more  for  raw  materials. 

WOLVERHAMPTON  DISTRICT  ELECTRIC  TRAMWAYS  (LTD.)— A  divi- 
dend of  Is.  per  sh.are  has  been  declared. 


ELEGTBIG  TRIHVAT  AND  RAILWAY  TRAFFIC 
RECEIPTS. 


Aberdeen  Oorporallon 

^ilrdrlo   

Ajiglo -Argentine ■ 

"A.yr  Oorporstion 

Baker  St.  &  Waterloo  By.... 

B&rDsiey 

Barrow  

Bath  Electrio  Trama,  Ltd... 

Birkenhead  Corporation  ... 

Birmingliam  Corporation... 

Birmingham  &  Mid 

Blackburn  Corporation 

Blackpool  and  Fleetwood... 

Bolton  Corporation 

Bombay     

Boomemoatb  Corporation.. 

Bradford  Corporation 

Brighton  Corporation    

Bristol  Trams  &  Carriage... 

Bomley  Corporation 

Barton  Corporation   

Bury  Corporation  

Calcutta  Tramways  Go 

Camborne -Bedruth    

Cardiff  Corporation  

OavehUl 

Central  London  Railway 
Charing  0.,  Eos  ton  &  H'stead 
Chatham  &  Dist.  Lt.  Bys.... 
City  &  South  London  Rly... 

City  of  Birmingham  

Colchester  Corporation 

Cork  Electric  Trams  Co.  ... 

Croydon  Corporation     

Devonport  &  Dist.  Trams... 

Dover  Corporation 

Dublin  &  Luoan  Railway... 

Dublin  United 

Dudley- Stourbridge   

Dundee  Corporation 

Bast  Ham  Council 

Bxeter  Corporation 

Gateshead  &  Dist.  Trama... 

Qlasgow  Corporation 

Glossop  Trams 

Qravesend— Northfleet 

Qreat  Northern  St  City  Bly.. 
Qt.Northern,  Piccadilly, &c 
Greenock  &  Port  Glasgow... 

Hartlepool  Tramways    

Hastings  Elec.  Trams  Co.... 

Hong  Kong  

Uudderafield  Oorpn 

Hull  Corporation. 

Dford  District  Council 

[Ikeston  District  Counoil ... 

Ipswich  Corporation 

Isle  of  Thanet  Co 

Jarrow   

Eeighley  Corporation    

Kidderminster  k.  D  la  trio  t... 
Kilmarnock  Corporation  ... 
Lanarkshire  Trams  Co.    ... 

Lancashire  United 

Leamington 

Leeds  Corporation 

Leicester  Corporation    ...... 

Leith  Corporation 

Lincoln  Corporation 

Liverpool  Corporation  

Liverpool  Overhead  Rly,  ... 
•London  County  Counoil  ... 

London  United^ 

Lowestoft 

Maidstone  Corporation 

Manchester  Corporation  ... 

Mersey  Railway  

Merthyr 

Metropolitan  Dist.  Railway 
MetropolitanElec.  Trams... 

Mlddloton 

Nelson  Corporation   

Newoastle-on-Tyne  Corp. ... 

Newport  (Mon.)  

Northampton  Corporation . 
01dham>  Ashton  dc  Hyde... 

Oldham  Corporation 

Perth  (N.B.)  Corporation  ... 
Perth  ( W.A. )  Elec.  Trams... 

Peterborough  

Portsmouth  Corporation  ... 

Potteries   

Preston  Corporation 

Botherham  Corporation   ... 

Rothesay 

Salford  Corporation   


Sheffield  Corporation 

Singapore  Trams  

South  Metropolitan   

South  Staffs 

Southend  Corporation  

Bouthport  Tramways 

Stalyb'dge.Hyde.&c.Jt.Bd, 
Sunderland  Corporation  ... 

Sunderland  District  

Swansea  Trams  

Swindon  Corporation    

Taunton    

Tynemouth  and  District  ... 

Tyneaide  Trams  Co 

Wallasey  Diatriot  Oounoll... 

Walsall  Corpn 

Warrington  Oorpu 

West  Ham  Corporation 

Woston-super-Mare   

Wolverhampton  Co , 

Wolverhampton  Oorpa 

♦Worcester , 

Wrexham , 

Yorkshire  W.R.  Trama 

Yorkshire  Woollen  Dislriot 


Inc. 

or  Deo. 

Ca) 


7,0J3 

800 

2,0  J7 

84S 

2,ii)7 

;W,093 

2, 501 

&,7iO 

l.nll 

6,631 

1.181 


18 

1,126 

17 

R4i,92i 

1/ 

Its 

9 

65 

W 

4,7i9 

1/ 

4,0?0 

111 

1,188 

18 

3,125 

'J 

2,S05 

i,3n 

+ 

64 

2,286 

+ 

1,126 

163 

U 

7,273 

+ 

738 

3,502 

+ 

378 

603 

+ 

il 

11,100 

+ 

sai 

1,423 

+ 

99 

35,3J8 

+ 

4,107 

6,792 

+ 

3U2 

+  1,209 
+  2,039 
+       119 


%le^l\  A"-"- 


£ 

63,119 
3  97S 
535,647 
13,46t 
£0,730 
2.260 
2,817 
9,.03 


6,898 

11422,620 

3,933 

H,%06 


3,414 

8757,666 
1,797 


10,7o5 
60,050 
36,832 


1,682 
73,101 

9,878 
66,661 


2,446 

23,394 
b7,165 
6,250 


1,005 
8,131 
1,447 
391 
1,109 
7,139 
17,726 
18,439 
1,974 
17,260 

24,885 
363 
117,«4 
20  666 
51,182 
78,350 

"idi 
3^,644 
29,333 

2,768 
145,413 
74,463 

4,107 

10,331 
2,051 
1,147 
7,376 
7,213 
7,300 

22,462 
1,355 

24,148 
1,662 
1,411 


19,375 

•145,211 

9,200 

11,0^9 
1,00) 
3,054 
2,295 
3,017 

10,600 

12,031 

462 
1,862 
6,003 
2,390 
7,536 


382 
5,361 
11,011 
3,223 
1,242 
17,751 
11,676 


SC,511 

283 

4,935 


(a)  These  comp.irisons  are  with  the  correspoudlng  period  last  year.    §  Plus  3  days. 


ELECTRICAL  COMPANIES'  SHARE  LIST 


LAST 
OITI- 

deud 


10,  7  0 
lOi  4,/6 
10    6/0 

St.  I  iiX 


100  4J5; 

''  iX 

8« 

6% 

it 

lOOj  60/ 

1    3% 

100    4J% 

10   8,'0 

51  4,6 

3t.    4% 


St.,  3i% 
4% 


ELECTRICITY  SUPPLY. 

Bonrnemonth  ft  Poole  Eleo.  Sap.  Ord 

Do.     4J  per  Cent.  Cum.  Pref.  

Do.     6  per  Cent.  Cam,  Second  Pref. 

,  Do.    4J  per  Cent.  Deb.  Stock  (red.)    .. 

'Bromlej  (Kent)  El.  Lt.  &  Power  SharesI 

Do.  Do.  l8t  Debs. 

Brompton  ft  KensinBton  Eleo.  Sup.  Ord. 

Do.--  7  per  Cent.  Pref. 

Cent  1  Elec.  Sop.  Co.4 X  Gnar.Db.Stock 
Oh»rinp;Cro89(W.End&City)Bl.Snp.Co. 

Do.    4i  per  Cent.  Pref.  

Do.    4  per  Cent.  Dab.  Stock  (red.) 

Do  44  per  Cent,  Deb,  Etfick  (red  )  . 
Do.    City  Undertaking  4i%  Cm.  Pret. 

Chelsea  Electric  Supply  Ord 

Du.  41  per  Cent.  Dob.  Stock  (rod.)  ... 
City  of  London  Ele:trio  Lighting  Ord., 

Do.    8  per  Cent.  Cam,  Pref. 

Do.  6  per  Cent.  Dab.  Stock  (red.).... 
Do.    44  per  Cant.  2nd  Dab.  Stock  (red. 

County  of  Durham  Elec,  P.D,  Ord 

Do.    6  per  Cent,  non  Cum.  Pref. , 

County  of  London  Elec.  Supply  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    4J5;  Deb.  Stock  (red.)    

Do.    Second  Deb.  Stock 

Folkestone  Electricity  Supply  Co.  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Da.    4J  lat  Deb.  Stock  (red) 

Hove  Electric  Lighting  Ord 

Kensington  ft  Knightsbridge  Ord 

Do.    6  per  Cent.  Ist  Pref. 

Do.    i  per  Cent.  Dab.  Stock  (red,) 

KeuBingtn.  ft  Kngtbg.  Co.  &  Netting  HiU 
Co.  (Joint  Station)  iV,  Dab.  Stock  (red.) 

Kent  Elec.  Power  Co 

London  Electrio  Supply  Ord 

Do.    6  per  Cent.  Pref. 

Do.  4  per  Cent.  Ist  Mirt.  Daa 
Metropolitan  Electric  Sip.  Ord. 
Do.  4i  per  Cant.  Cum.  Pref.  .. 
Do.  41  per  Cant.  Dab.  St  ick  Ut  Mort. 
Do.  SI  per  Cent.  Mrt.  Dab.  3tock(rcd,) 
Midland  Elec.  Cjrp.for  P.D.lstSlort.Db, 

Newcastle  &  Dist.  Eleo.  Ltg.  Ord 

Do.    4»perCant.  Dab 

Newcastle  Eleo.  Supply  Ord 

Do.    6  per  Cant,  noa  Cum.  Pref.  

Do.  4  per  Cant.  Mart.  Dab.  red.  19.37. 
tNortli  Metro.  Eleo.Power  Sup.  5  Morts 

Northern  Counties  Elec,  Sap 

Do.     4J  per  Cant.  Dab 

Notting  Hill  Electrio  Ord 

Oxford  Electric  Ord 

Do.    4  per  Cant.  Deb.  Stock    

St.  James'  &  Pall  Mall  Eleo.  Orl 

Do.      7  per  Caul,  Pref,    

Do.  31  per  Cant.  Dab.  Stock  (red.)  ... 
Smithfield  illirkets  Electrio  Sap.  Ord... 

Bo.     4  per  Cent.  Dab.  Stock 

South  London  Electric  Supply  Ord 

South  Metrop'n  Eleo.  Lt.  &  Power  Ord. 

Do.     7  per  Cent.  Cum.  Pref 

Do.     41  lat  Db.  Stk.  Red 

Urban  Electric  Supply  Ord , 

Do.     6  per  Cent.  Cum.  Pref.    

Do.     41  per  Cent,  Ist  Mort.  Dab 

Westminster  Elec.  Sup.  Ord 

Do.    41  per  Cent.  Cum.  Pref.   

ELECTRIC  RAILWAYS  &  TRAMWAYS, 

Baker  Bt.  «  Waierloo  4  i  Perp.  J)l).  St 
Bath  Eleo.  Trams  Pref.  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do.  41  Ist  Mort.  Dab.  Stock  (red.)  ... 
B'hani  ft  Midland  Trams  4)  1st  U  J.  Stk. 
Bristol  Tramways  &  Carriage  Ord 

Do.    Cam.  Pref.  (fully  paid) 

Do.    4  per  Cent.  Debs 

British  Eleotrio  Traction  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    6  per  Cent.  Perpetual  Dabs 

t  Do.     41  per  Cent,  iad  Deb.  Stock  

Central  London  Ordinary  Stock 

Do.    4  per  Cent.  Pref.  Stock    

Do.    Deferred  Stock   

Do.     4  per  Cent.  Debs 

Charing  X.Euston&Hmpstd  Per,Db.Stk. 
tCity  of  Birmingham  Trams.  6%Cm.Pref. 

t  Do.    4  per  Cant.  1st  Mort.  Dabs 

City  ft  South  London  Ely.  Con.  Ord.  ... 

Do.     6  per  Cent.  Perp.  Prof.  (1891)    ... 

Do.    (1890) 

Do.    (1901) 

Do.    (1803)  . 


Price 

Wed. 

April  21. 


Uf-lOi 
93  -V>1 
lOJ-lO} 
101  —105 
4i-4i| 

95  —8a 
81-6 
S  —81 

99  -10-2 
3i-4J 
4J-4J 
38  -98 
98  — lOU 
3} -41 
34-4 
102  -106 
lOJ-loJ 

115  -1^4 

121  —123 

101  —101 

1  —2 

31-31 

81-85 
lOJ-llJ 
136   -R9 

lol  —104 
44-5 

B  -->! 

96  -93 

7i-n 

n  -7i 
65-61     I 
93  -96     I 

97  —ICO 
85  —S3 

n-a 

5  -5i 
92  -96 

48 -SJ 

ij-5i 

10  J  -109 
85  -35 
95  —93 
•-i 


6  IS    9 

4  12    0 

5  11     0 


4  11 

4  U 
6  11 
6  16 
4  i* 


4    2    6  I  J 


3  19 

4  12 
3  13 


88  -93  6  0  7 
35  -IJ  10  0  0 
B  —64 


a  -12 
6-64 

94  -97 
9  -f,l 
7-7j 

B3  —90 
i-i 

61  —70 
23-3 
k-i 

111-',,'.. 

loU— 103 

8-1 

n-'-i 

73  — 8S 
91-92 
6i-58 

95  -93 


6%"C.'P.I 


10 

fiX 

St. 

u 

10 

•216 

St. 

*z 

.St. 

.St. 

1 

10' 

1 

... 

1 

0/« 

St. 

m 

St. 

K 

at. 

n 

St. 

8  z 

St. 

sz 

Ht. 

If. 

St. 

Cent.  Pref. 

Gt,  Nortliern  &  City  Rly.  Pref.  Ord.  (4%) 
G.  Northern,  Piccadilly  ft  Brompton  Ord. 

Do.    4  per  Cent.  Deb.  Stock  . 
Haalings  k  District  Elec.  Tram 

Do.      41Db.  St 

Imperial  Tramways  Ord 

JDo.    6  per  Cent.  Pref.  

)Do.     41  per  Cent.  Dabs 

I.  of  Thanet  B.  I.  ft  Lt.  6  per  Udut.  Pref. 

Do.    4  per  Cant.  Dab.  Stock 

Lauarkauire  Tramways  

Lanes.  Utd.  Trams  5  ;  Prior  Lien  Do.  St. 
Liverpool  Overhead  K'jilway  Ord 

Do.    6  per  Cent.  Pref 

Do.    4  percent.  Dab 

London  United  Trams.  6,!;  Cum.  Prof.  ... 

Do.    4  per  Cent.  1st  Mort.  Deb.  Stock 
Mersey  Con.  Old.  Stock    

Do.    3  per  Cent.  Perp.  Pref.  

t  Metropolitan  Eleo.  Tramways  Ord 

Do.    Deferred    

Do.    6  per  Cent.  Cum.  Pref.  

Do.    41  per  Cent.  Deb.  Stock  

Metropolitan  Railway  Consolidated  

Do.    Surplus  Lands  Stocks 

Do.     84  per  Cent.  Preference 

Do.    34  per  Cent.  "  A  "  Preference  

Do,    8}  per  Cent.  Convertible  Pref, 

Do.    81  per  C«nt.  Debenture  Stock 


6  13  0 
6  0  0 
5  11    6 


4  14    0 

4  18     0 
3  16     6 


3  19 

n 

4  :s 

0 

4     i) 

0 

4   11 

0 

4  15 

0 

a  4 

i; 

!l  18 

II 

4   16 

0 

2  —3 
79  -31 
7  — S 
7  -71 

83-9)    10    u    u 

61  —59     I  6  16    0 

93-10     ,600 
91  —93     I  5    7    6 


1   — li'e 

4i-5t 

9  10 

82    -1 

4  15 

3  —4 

1:2  10 

70  -75 

a  0 

I  -2 

_ 

2  -S 

_ 

2-1 

- 

f'^^f" 

S  IS 

»j  —a; 

4  13 

854-364 

1    7 

69  -71 

4     4 

87  -S3 

3  l.S 

73  —SO 

4     7 

75  -77 

4  11 

92  —91 

3  11 

Mar,  Bept, 
Feb,  Aug 
Feb,  Aug 
Jan,  July 
April,  Oct 
May,  Nov 
March .... 
Mar,  Bept 
Jane,  Dec 
Feb,  Aug 
Feb,  Aog 
Jan,  July 

Jan,  Ja\j 
March  .. 
Jane,  Deo 
I  Feb,  Aag 
I  Jan,  July 
June,  Dec 
Jan,  July 
April,  Oct 
April,  Oct 
Feb,  Aug 
Mar,  Sent 
Jan,  3n\y 
May,  Nov 
April,  Oct 
Mar,  Sept 
Feb,  Aug 
April,  Oct 
Feb,  Aug 
Jan,  July 


April,  Oct 
Jan,  July 

Mar,  Sept 
Mar,  Sapt 
Jan,  July 
April,  Oat 
Jan,  July 


BU6IRBBS 
Week  to 

A 1-11  u,  21.' 

High-  Low 
eat.     eat. 

9|    m 


994        99 
4 


132 


Jan,  July 
June,  Deo 
Feb,  Aug 
Jan,  Jnly 
Feb,  Ang 
Feb,  Aug 
Jan,  July 

Mar,  Aug 
Jan,  July 

March  ..  y 

March   .,  ^i  i 

Jau,  July  •-        . 

Feb,  Ang  ''i  ;     . . 

Feb,  Aug  ..        ., 

Jan,  July  ••         « 
Feb    .... 

Feb,  Aug  y  ^      .. 

April -U 

Feb,  Aug  ••        ~ 

April,  Oat  ••        _ 

April,  Ojt  I  •  •        - 

April,  Oct  ;• 

April,  Oct  82 

Mar,  Sept  93,      S,\ 

Jan,  July  ,  ^il      .. 

Jan,  July  . .   ,     . . 

April -■ 

Jan,  July  ..    I     « 

April,  Oct  ..   ,     .. 

Jan,  July  ..I      .. 

Feb,  Aug  ..        „ 

Feb,*Aag  '.'.        Z 

Jane,  Deo  !,*        ,'! 

Feb,  Aug  2=:      2j 

AprU,  Oct  8jJ    S54 

May,  Kov 

Feb,  Aug  _    ,      .. 

Feb,  Aug  . .  :     . . 

Feb    ....  601       6)3 

Jan,  July    lC3i  '  112> 

Jan,  July  Oal     9al 

April,  O-t 

April,  Oct 

Feb,  Aug  31;      31 
i  Feb,  Aug 

Feb,  Aug  —        . . 

Feb,  Aug  ..I     - 

Feb,  Aug 

May,  Nov  ..  |     - 

Feb,  Aug  ..  i     _ 
I  Feb,  Ang 

\  Feb,  Aug  •.  I     *. 

Feb,  Aug  ..   !     .. 

Jan,  July  1  »   1     .. 

Mar,  Sept  ,  ■ii 

April,  Oat  ..I     .. 

Mar,  Sept  ..  I     .. 

Mar,  Sept 

Jan,  July  . .       » 

Mar,  S9p(  ..  I     _ 

Jan,  July  ■ .        « 

Feb,  Aug  . .  I     . . 

Jau,  J  ulj 

Feb,  Aug  ..        — 

Feb,  .\ug 

Jan, July  „  I     .. 

Jan,  July  ..   '     .. 

Jau,  July  j  7^1  '    7i 

Feb,  Aog.  I  _        » 


April..  . 
I  Feb,  Att? 
Jau,  July 
Feb,  Aug 
Feb,  Aug 
Feb,  Au* 
Feb,  Aug 
Feb,  Aug 
Jan,  J  uly 
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In  oftloQifttiniE  the  yield  aUowanoe  has  been  made  for  accrued  iatereac  bat  not  for  redemptioon. 


EL.ECTIMCA.L    COIVII*  A  IVIES'    SHA.R,E    LIST — Continued. 


Last  I 
Divi- 
dbrd' 


RiTSZ    DivroiiNii  I  Brsis»S8 

Vr,,.,..      UnroSHD       ^VJEK  TO 

UVK.  At,!,,,     01 


List 
jDrvi- 

Idebd 


Price 

Wed., 

April  21. 


SJ% 


5t     *i'>^ 


1 

0,7J 

1 

1/7J 

1 

vnk 

i 

e/0 

.". 

s/o 

St. 

4« 

kt. 

<« 

!> 

lUl 

(■>, 

f=», 

45: 

SL 

4« 

St. 

M'. 

5 

B,n 

5 

i!/B 

S'. 

4*3! 

I 

1/t) 

tt. 

4** 

n7i 

KHi 

1 

t'M 

1 

tlu 

1 

U/Vf 

3 

s/0 

m 

6X 

1 

0/7* 

6    2/0 

S 

«/7i 

Bt. 

4*X 

fi 

i/e 

i> 

i!/8 

St. 

4% 

6t. 

i>Z 

6 
Br. 

4k 

? 

•i/y-i 

St. 

v„ 

10 

b/U 

St. 

4S; 

A 

10/3 

5 
Ft 

;t% 

10 

iwu 

ElECTRIC  RAILWAYS  A  TRAMWAYS-  Con«™erf. 
Met.  Rly.  SJ  per  Cent.  "A"  Dfb.  Stock       PI  —93 

II 'Topolitan  District  Bsilwar  Ord I     14  J— 145 

Do.     Ellension  Pref.  (5  percent.)  i     31—34 

Do.     Asserted  Est.  Pref.  (Int.  Guar,  bv' 
Una.  Elec.  Blvs.  Co.  of  Loudon,  Ltd.'ll     f4  -f7 
1      Do.     8  per  Cent.' CoTisoltd.  Eent-charRel     18 —SU 
Do.     4  per  Cent.  Miiilsnd  Kent-charge!  102  —105 

'     Do.     Guar.  Slock  4  ler  Cent 

Do.    6  per  Cent.  Perp.  Deb.  Stock  

Do.     4  per  Cent.  Ditto „ 

New  Gen.  Tract.  6  per  Cent.  Cum.  Pref. 
Potteries  Electric  Traction  Ord.    ... 

T^a.     6  per  Cent.  Cum.  Pref.  

Do.     U  per  Cent.  Deb.  Stock    .... 
R.  Met.  Elec.  Trams.  &  Ltg.  6%  Cm.  Rre'f. 

Do.     4  per  Cent.  Deb.  Stock 

Sunderland  Diet.  Elec.Trms.B5rUtMt.Db. 
UnderpdE.Rys.Lon.e'^,  In.bds.w:tlicoup  3 

Do.    5^  Prior  Lien  Bonds.. 

Do.     4*1  Bonds  Willi  coup.  2... 

I    Yorkshire  (W.B.)  Elec.  Trams.  Ord 

I      Do.    6  per  Cent.  Cum.  Pref.    

Do.     4J  ner  Cent.  Ist  Debs 

ELECTRIC  MANUFACTURING,  Ac. 

Aron  ElectricitT  Meter  Ord.  ...I , 

Do.    6%Cnm.  Pf.    

Babcock  4:  Wilcoi  Ord 

Do.    Pref. 

British  (nsalated  i  Helsbj  Cables  Ord. 

Do.    6  per  Cent.  Pref. 

Do.  4i  per  Cent.  Ist  Mort.  Deh.  (red.) 
Prilisb  Thomsn-Housfn  t^X  Ist  Mt.Db. 
British  Weslinghonse  6  per  Cent.  Pref... 
6  fer  Cent.  Prior  Liei  Dbs  (rd.) 


6  la 
4  13 
3  IB 


5    2    0     Jttn.Jnly 


Do.    4  I 
B' ushE.  Enp  Co.4}'\,  Perp.  IslDeb.Stook 

Do.     Perpetual  2nd  Deb.  Stock    

Callenders  Cable  Con.  Ord 

Do.    6  per  Cent.  Cum.  Pref.  

Do.     4>  per  Cent.  Ist  Mort  Debs,  (red.) 
Caetn      " ' 


-.Kellner  Alkali 
Do.    4i  per  Cent.  Ist  Mort.  Deb.  ( 
Chadburn's  (Ship)  Telegraph  Ord. 

Do.     6  per  Cent.  Cum.  Pref.  

Consolidated  BlectricalCo 

tConaolidated  Signal  Go 

)    0/7i   t   Do.     6  per  Cent.  Cum.  Pret 


38  -43  9 

40-60  1  9 

29  —83  13 

9J-10J  6 

6i-6J  I   4 

106  -107  1  4 

liWlil  7 

10'2  —IW  4 

il-lA  7 

i4-ii^  I 


April,  Oct 
Apnl.Oct 

Jn]y"Feb 
Jan,  July 
Jan,  J  nly 
Mar,  Sept 
Feb,  Aug 


100   *X 


*i/. 


12  24/0 

100  *Z 

1  1/0 

1  we 

Bt.  !>% 

St.  4;t 

100  4i% 

100  6Z 

10  6/0 

1  1/0 

6  8/0 

6t.  47. 


100    6% 


2/0 
5  6/0 
60  4JX 
20    4/0 


tit.   17/6 

Bt   ty. 

St.  2/6 

100  4% 

26  4% 

10  6/0 


I'-li 

95  —9a 

l-U, 

li'-.-lu'" 

101— IW 

l-g, 

U-24 

76  -IS 
E4  —87 


83  -87 
llj-12i 
5  -64 
106  —108 
144-164 
1C;J-U 

98  — iiju 

i-i 
8-.'« 


llO  —102 
2t«-21 
l^-lji 


106  -K8      4  12 


•Cronipton  &  Co.  (Nos.  1  to  86,000) 

Do.    6  per  Cent.  Ist  Mort.  Debs.  (red.). 

Davis  &  Timniins 

Dick,  Kerr  &  Co.  Ord 

Do.     G  per  Cent.  Com.  Pref. 

Do.    4J  per  Cent.  Deb.  Stock   

Edison  &  Swan  United  ("A"8h.)(£3pd.) 

Do.    (£6  paid)   

Do.    4  per  Cent.  Jlort.  Deb.  Stock  (rd. ) 

Do.    6  per  Cent.  2nd  Deb.  Stock 

Edmundson's  Elec.  Corp.  Ord.    

Do.    C  per  Cent.  Cum.  Pref.  

Do.    44  per  cent.  1st  Mort.  Deb.  (red.) 
Electric  Construction  Co 

!>-.     7  per  Cent.  Cum.  Pref.  

Do.     4  per  Cent.  Perp.  1st  Mort.  Oebs. 
General  Electric  (1900)  6%  Cum.  Pret... 

Do.    4  per  Cent.  Ist  Mort.  Deba 

Ilenlej-'s  Telepraph  Works  Ord. 

Ho      44  per  Cent.  Pref.   

Do.    44  per  Cent.  Ist  Mort.  Deb.  Stock 
Irdia  P.ubber, Gut.  Per.,  ic.Wrks 

Do.     SpirCcnt.  Cum.  Prff ,  . 

Do.    4  per  Cent.  Debs,  (red.) 

h'ational  Elec.  Construction  Co 

EichardBons,WeBtKarth&Co.,Ltd.Ord. 

Do.    6  per  Cent.  Cum.  Pref. 

To.    44perCent.  Perp.  Deb.  Stock    ... 
Simplex  Conduits  Ord _. 

Do.    6  per  Cent.  Cum.  Pref. 

Telegraph  Construction  &  Maintenance 

Li.    4  per  Cent   Deb.  Bonds (1909)    ... 
Vi^kers,  Sons  &  Maxim,  Ltd., Ord 

Do.    6  per  Cent.  non-Cum.  Preference 

Do.    6  per  Cent.  non-Cum.  Preferred 

Do.    4  per  Cent.  Ist  Mort.  Db.Sk. (red)'  1C4  — 1C6 

Do.    44  per  Cent.  2nd  Mort.  Deb.  (red.)    IU4  — 1C6 

Do.    6  percent.  3rd  Mort.  Deba  Bcrip. 

J.G.White  &  Co.  6X  Cm.  Pref. 

Willacs  Si  Kobinson  Ord 

t  Do.    6  per  Cent.  Cum.  Pref. 

Do      4  per  Cent.  1st  Mort.  Deba 

TELEGRAPHS. 

Amazon  Telegraph 

Do.     6  per  Cent.  Debs,  (red.)   

Bt.   19/0    t  Anglo-American 

Bt.  30/0    I   Do.    Preferred   

Bt.    3  0         Do.    Deferred    1  141—148 

Bt.    4%       Commercial  Cable  4  per  Cent.  Deb.  Btk.  "       ' 

10    6  0     tCuba  Submarine  Ord 

10  lU/0    I  Do.    Preference  10  per  Cent 

Direct  Spanish  Ord 

Do.    10  per  Cent.  Cum.  Pret    

Do.    44  per  Cent.  Del 100%— 10"v% 

Direct  Unite!  Slates  Cable 121-12J 

ICO    4J%     Dircct«eBllndiaCable44ZRR.Db.(rd.)  ICO  — 102 

bl.   26/0      taetem  Ordinary    134  —137 

Do.    34  per  Ceul.  Pref.  Stock  '  85 —t7 

Do.    4  !•(  r  Cent.  Mort.  Deb.  Stk.  (red.)  I  101  —106 

Eastern  K.\tensiun  13  — )24 

Do.    4  per  Cent.  Deb.  Stock 1(0  — U2 

Eastern  &  S.Af.  4X  Mauritius  Sul^.Debs.  im  —108 
G.K.  lot  Copenhagen),  with  CXiupon  75 


1U3J      1U23 


95J 


-3i 


76  -8 


74-8: 


3  -34 
84-Si 


April,  Oot 

April 

Not  .... 
May,  Not 
Jan,  July 


Mar,  July 
Jan,  July 


Apr,  Oot 
Apr,  Oct 
May,  Not 


fB4 


334 


2iJ 


561 


100    44%     U alifaii  Bermuda 44/.  let  Mt.Db.(  red.) 


11.0  —102 
63  -66 
72  —(7 
71  —78 


25  12/B  Indo-lurop     _ 

ICO  yl  MacksT  Companies  Common  . 

100  $1  Do.      Preloicnce    

1  ..  Warconi'a  Wireless  Teleg.  Co. 

l:-U  4%  PaiiflcA;Eur(ii*nTel.i;iOnar.Db».(red.j    100      .-. 

24  1/3  I   \N  est  Coubtol  America I     la  ift 

110  4%  ]      Do.    4  per  ( ent.  Uebs.    ..,                       I       B      .8 

10  ..  I   Vest  India  fc  Panama  

10  t/0  Do.    b  per  tent.  Ist  Prof 

10  12/0      Do.    fc'„  2iid  I'ref   

100  6%  Do.    5  per  Onl.  Debe.    .. 

10  3/0  Western  Xelegraph 

Kt  iX  Do.     4  per  Cent.  Deb  block  (red.) lOl"— lo3 

~.  I  4%  1  Western  1 1!- ■"-'—'    -•—■"..      .        --         -" 


6  ■-' 
4  U 
8  16 
6  12 
3  Is 


16    3 


ICo  —102 

7i-t9 

74-64 

101  -103 

U-J-13J 


J  ane,  Dec 
June,  Dec 

5  13    6  I  K,My,Ag,N 

3  18    ti     F,My,Ag,N  10:5 
2  14     3    K.My.Ag.Ni   14;;' 

4  9    0  !jn,Ap,Jy,0    ESj 

7     10  1  Feb,  Aug        ..  ] 

6  11    u     Feb,  Aug 
6  16    0      April,  Oct 

6    8    0     April,  Oct       _   I 
4     H    0  I  Jan,  July         ..    ' 
6  15    3  lJa,Ap,Jy,0      .. 
4     j     II  !  June,  Dec 

Ja,.My,JjO  Us'. 

Ja.My.JyOl  Slj 

May,  NOT  |  .. 
Ja,Ap,Jy,0    1^,^, 

Feb,  Aug   I     .. 

May,  Not  101^ 

Jan,  July 

June,  Dec 

May,  Not  C4 
Ja,Ap,Jy,0  _ 
Ja,Ap,Jy,0 

April....         '-;.; 

J  une,  Deo 

May 

Jan,  July       . .  : 

May,  Not       1',. 

May,  Not       ^  I 

May,  Not 

Jan,  July 

Mr,Jn,0,D    ISj 

June,  Dec 


3  18  0 
3  16  0 
3  18     0 


4  17 


3  17 


1  lelegh.  cl  000  4;{  lionds      87  —02 
•  la  calculating  the  jitldt  allcw  ince  "at  bten  made  for  accrued  Interest  but  net  (or  redempUoD. 


2» 

*x 

6% 
3,'0 
0/74 
0/6 
6i 
6J. 

:  6/0 
6/0, 

I  2/6 
84% 

iX 

0/7J 
0/71 
4% 
44% 


600    6% 


COO    5X 

St. !  $1 

600    6% 
100    tu 


TELEPHONES. 

Amer.  Telephn.  &  Telegta,  Cap.  St 

Do.  CoU.  Trust  81,000  4  per  Cent.  Bds 
Anglo  Portug'se  TeL  6;!;  Ist  Mt.Db.  Stk. 

Chili  Telephone  '. 

Monte  Video  Telephone  Ord. 

Do.    6  per  Cent.  Pref. 

National  Co.  Pref.  Stock 

Do.    De£  Stock 

Do.     6  per  Cent.  Cum.  1st  Pref    

Do.     6  per  Cent.  Cum.  2nd  Pref 

Do.     B  per  Cent.  non-Cum.  8rd  Pref. ... 

Do.    Deb.  Stock  34  per  Cent,  (red.)    ... 

Do     4  per  CeLt.  Dob.  Stock  (red.) 

Oriental 

Do.    OperCent.  Cum.  Pref.  

Do.     4  percent.  Ked.  Deb.  Stock 

TelephoneCo.  of  Egypt  44XDb.Stk.(red.) 
United  KiTer  Plate 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    44  Deb.  St.  hed 


St. 

m 

St. 

HZ 

Kt 

6« 

St 

&X 

40 

MX 

100 

St. 

447. 

St. 

by. 

St. 

6X 

FINANCIAL  INVESTMENT,  At. 

Elec.  &  Gen.  InTeitment  6%  Com,  Pref. 

Globe  Telegraph  &  Trust 

Do.    6  per  Cent.  Pret 

fSabmarine  Cables  Trust  ((3ert.) 

COLONIAL  AND  FOREIGN  ELECTRIC 
RAILWAYS,  TRAMWAYS.  &c. 


Anglo-Argentine  6%  Cum.  Ist  Pref 

Do.     10%  Non-cum.  2nd  Pref.  

Do.     4%  Deb.  Stock 

Auckland  Elec.  Trams.  6%  Deb.  (red,).. 
Brisbane  Electric  Trams.  InTest.  Ord... 

Do.     6  per  Cent.  Cum.  Pref. 

Do.     44  per  Cent.  Db.  Prov.  Certs 

British  Columbia  El.Ry.Df.  Ord 

Do.     Pref.  Ord.  Stock 

Do.     6%  Cum.  Perp.  Pref  Block 

Do.    44  per  Cent,  lat  Mort.  Debs 


Do.     V 


Povi 


■  Deba 


Do.    4J%Perp  Con.  Deb.  St 

Buenos  Ayres  Lacroze  Trains  1st  Mt.  Db. 
Buenos  Ayres  Port  &  City  Tram.  Ist  Mt. 

Deb.  Slock 

Calcutta  Tramways  (1  to  137,610)  

Do.     6  per  Cent.  Cum.  Pref.     

Do.    4j;^  Isl  Deb.  Stock  (red.)    

Cape  Eleciric'Tram  Shares 

C  i  ty  ol  Buenos  Ayres  Trams  Co.  (.  1904)Sh, 

Du     4  per  Cent.  Deb.  Stock 

Colombo  Ir.  &  Ltg.  5%  1st  Mt.  Db 

Electric  Traction  Co.  of  Hong  Kong  5 

per  Cent.  Ist  Mort.  Debs 

flavsna  Eiec.  Ky.  Con.  Mt.  6%  $1,000  60 

year  Coup.  Bds 

Kalgoorlie  ll^lec.  Trams  Sh 

Do.     5  per  Cent.  "  A  "  Deb.  Block 

Do.     6  per  Cent.  "B"  Ditto 

Lisbon  Elec.  Trams.  Ord 

Do.     6  per  Cent.  Cum.  Pref. 

Do.  E  per  Cent.  Kog.  Mort.  Debs 
Madras  Elec.  Trams.  6%  Deb.  Stk. 
Marila  Elec.  Ky.  )(1,00U  Gold  Bonds 

Meiicolrams  Uo.  Com.  St 

Do.    Gen.  Con.  1st  Mort.  b'i  Gold  Bds.... 
Montreal  St.  Ry.  Sterling  44  per  Cent.' 

Debs.  (1922)  {I«08.  601  to  2,000)     

Do.        do.     (Nob.  1  to  4,6U0) 

Perth  Elec.  Trams  Ord  

Do.     1st  Mt.  Db.  Stock  

Rangoon  Elec.  Trams  &  Supply  Co.  6% 


98  —10"  4     U  0 

SS  —100  5     U  0 

7J-8B  4  16  6 

1-1  6    0  0 

M—\i  6     7  0 

106  — l6e  6  11  0 

12(4 -12. '4    4   18  0 

101-111  '566 

101 -Hi  6     6  6 

5i'.i— 513  4     C  0 

9^  —100  I  3  10  0 

l.li  -112  I  8  18  0 

li-14 

U-IJ 

83  — 9U 

lull  -1C2 

6!3— 7,'e 

5  -64 

10J4-1054 


108-11* 
isj— laj 

127  — ISu 


5  8  9 
4  16  0 
4  9  0 
4     S  0 

6  13  0 
4  n  0 
4    6  0 


7  14  0 

6    6  0 

4  10  6 

4  12  0 


Jan,  July  \  .1 
Mar,  Sept  1 
August . . 
Not  .... 
May,  Nov 
Feb,  Aug  '|l)7i 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug" 
Feb,  Aug 
June,  Dec 
Jan,  July 
April,  Oot 
April,  Oct 
Jan,  July 
Jan,  July 
July  .... 
June,  Deo 
Jan,  J  uly 


Jan,  Jnly 
Sp  DoMr  Jn 
SpDoMrJa 

April,  Get 


.  Pf. 


Do.    44;^  let  Mort.  Deb.  Stk.   

Rio  Janeiu)  Tram,  Lt,  &  P.  Cj 

fo.     3)  jr.  Gold  Buds 

lo.     lOyr.Mt.Bnds    

Bao  Paulo  Tramway,  Light  k  Power  Co. 
$100  Stock 

Do.    6  per  Cent.  1st  Mt.  $600  Db 

Toronto  Ry   Co.  Ist  Ml.  i^/,  Ster.  Bonds 


1554  -1674    6    7    0 


6    0 
4  16 

fS-74     i   6  12 
llc.J-i.7.;    5  19 


-n 


COLONIAL  AND  FOREIGN. ELECTRICITY 
SUPPLY  &0. 

Adelaide  Elec.  S'ply  Co.  6%  Co.  Pr 

BombayE.8.&T.6%Cm.Pf.  

Do.     44  per  Cent.  Deb.  Stk.  (red.)  

Calcutta  Wee.  Supply  Ord 

Canadian  Gen.  Elec.  Oo.  Com.  St 

Uo.     /%  im.  I'l.  Sleek. 

Caatner  Bleclrolytic  Alkali  Co.(of  IT.S.  A.) 

Ist  Mort.  Stl.  Debs [    97—102 

Elect.  Development  Co  of  Ontario 
Elec.  Ltg.  &  Trac.  Co.  of  Aust.  6  per 

Cent.  Cum.  Pref. 

Do.    5  per  Cent.  Deb  Stock  

tlec.  Supply  Co.  of  Victoria  6  per  Cent. 

1st  Mort.  Deb.  bt 

Indian  Elec.  Sup.  &  Xrao.Co 

Kalgoiirlio  Elec.  Power  i  Ltg.  Ord.  

I  Do.     6  per  Cent.  Cum.  Pref. 

t  Madras  K.  S.  Corp.  b  per  Cleat.  Uoostn. 

Deb.  St   

Mexican  Sleo.  Light  Co.  bV,  Ist  Men 

Gold  Bonds   

tMeiioaiiLt.&Powtr  Co.Com.8t 

Do.  6;^  Itt  Mort.  Gold  Bnds 

Montreal  Lt.  111.  &  Power  Co.  Caj).  St.... 

tKiver  Plate  Electricity  Co.  Ord 

t   Do.    6  per  Cent.  non.Cum.  Pref  

Do.     6  percent.  Deb.  Stock 

Koaano  Elec.  Co.  0%  Pref.  (1-20,000)....., 

tSliawiniguu  Water  ti  Power  Co.  C«  

Do.    bperCent.Bds !   106-108 

Do.     jJPc-.  Cn.Ml.  1.11'  .Si. '     07  _  90 

Victoria  falls  Power  Co.  Prel 


874-901 


i-i 

70  —SO 

87  -8J°- 
754-77* 
61  — 9i 


li-13 


101  — lu4 
5  — 5J 
95  —9/ 


4     I  6    6    6 


April,  Oot 
Jan,  July 
Jane,  Deo 
Jan,  July 
May  .... 
May,  Not 
Jan,  Jnly 
Mar,  Sept 
May,  Not 
Jan,  July 
Apnl.Oct 
Jan,  July 

Mar,  Sept 

Feb,  Ang 
Mar,  Sept 
Jan,  July 
Jan,  July 

F,My,'A,N 
J  one,  Dec 
May,  Not 

Juue,  Deo 

Feb,  Aug 

Jan,  July 
Jan,  July 
July  .... 
Jsn,  July 
Jan,  Jnly 
Jan,  July 
Feb,  Aug 


Feb,  Aug 


May   . . . . 

Jan,  July 


Jane,  Deo 
Feb,  Aug 


Mar,  Sept 


Jan,  July 
April,  Oot 


Jan,  July 

Fab,  Aug 
Jan,  July 

Jan,  July 

April,  Oot 
April,  Oot 


F,My,A.N 
April .... 

May   

Jan,  July 
April,  Uot 


—  V;  '  6  6 

t  Ez  dirldend.    t  lb*  Londoa  Stook  Bzohapge  Oommittee  have 


6  I  Jan,  J  aly 
9  !  Jan,  July 
decUucd  to  quote  the^ 


1  } 


10 11 


8*3 


89^ 


Uli 
12^4 

Idi 


U7i  1115  " 


974 
IU6J 

99.1 


THE  ELECTRICIAN: 

THE    OLDEST    WEEKLY    ILLUSTRATES    JOURNAL    OF 

ELECTRICAL   ENGINEERING,  INDUSTRY,  SCIENCE   AND  FINANCE. 

ESTABLISHED,    First    Series   (Weekly),    1861;      Second   Series    (Weekly),    1878. 


No.  1,615.    [vo*!.»l5. 


r...] 


FRIDAY,  APRIL  30,  1909. 


Price  Sixpence '*'|jS.']'*' 

Abroad  9d.,  or  18  cents,  or  9O0.,  or  80d/. 


CONTENTS  OF  THE  CURRENT  NUMBER. 


82 


84 


Notes    77 

Arrangements  for  the  Week      79 

Experiments  on  the  Current 
and  Energy  Efficiencies  of 
the  Finlay  Electrolytic 
Alkali-chlorine  Cell.  By  F. 
G.  Donnan,  J.  T.  Barker 
and  B.  P.  Hill.     Illustrated     80 

The  Electrical  System  ot  the 
London  County  Council 
Tramways — Disni$sion  .... 

The  Composition  and  Dura- 
bility of  Cable  Papers.  By 
Clayton  Beadle  and  Henrj' 
P.  Stevens.     Concluded    . . 

Artistic  Electric  Fittings. 
Illustrated    87 

A  New  System  of  Wireless 
Telegraphy  used  bj-  the 
Telefunken  Company.  By 
Count  Arco  89 

The  Electrification  of  Rail- 
ways. By  J.  A.  F.  Aspinall. 
Illustrated    91 

ilR.  Asi'inall's  Address 94 

Reviews  95 

Electric  Power  and  Traction 
[Davies]  ;  Die  Revision 
elektrischer  Starkstrom- 
anlagen  [Stern];  Develop- 


Beviews — rniilmned. 

ment  and  Electrical  Dis- 
tribution of  Water  Power 
[Lyndon]. 

Electric  Traction  on  Railways. 
XIV. — Practical  Considera- 
tion of  Overhead  Conductors. 
By  Philip  Dawson.  Illus- 
trated.    Continued    96 

Fundamental  Principles  in 
the  Design  of  Spark-tele- 
grajjhv  Stations.  By  Dr. 
F.  Kiebitz    99 

Correspondence    100 

Parallel  Running  with 
Eartlied  Neutrals  (W.  E. 
Sumpner). 

Le  Radiant  Cooking  Ap- 
paratus.    Illustrated 101 

The  "  Denny  "  Combined  No- 
volt  and  Overload  Release. 
Illustrated    101 

Trackless  Tramways 102 

ParliamentaryIntelligence  102 

Legal  Intelligence     103 

Municipal,  Foreign  &  General 
Notes     104 

Trade  Notes  and  Notices     . .   107 

Companies'  Meetings  and 
Reports     110 

Companies'  Share  List 114 


N^  o  T  e:  s. 


Surface  Contact  Systems. 

SLTiiifACE-coxTACT  systeiiis  combine  such  marked  advan- 
tages from  the  festhetic  point  of  view  with  comparatively 
low  cost  that  the  inventor  has  naturally  turned  his  atten- 
tion very  actively  to  this  subject.  Innumerable  surface- 
contact  systems  are  the  result,  Init,  unfortunately,  they  all 
possess  some  inherent  disadvantages.  Tiie  loss  by  leakage 
under  certain  conditions  is  con.siderable,  and  there  may  be 
serious  difficulties  in  regard  to  live  studs.  Nevertheless, 
a  certain  number  of  these  systems  have  come  into  com- 
mercial use,  and  it  is,  of  course,  only  under  everyday 
working  conditions  that  their  efficiency  can  be  defi- 
nitely disproved.  The  Dolter  system  is  a  case  in  point. 
In  this  instance  it  might  have  been  thought  that  the  experi- 
mental stage  had  been  fairly  passed,  yet  it  has  been 
found  necessary  to  remove  this  system  on  the  Ale.x- 
borougli  and  Swinton  Tramways,  and  to  replace  it  by  the 
more  usual  overhead  system.  Not  mily  has  this  course 
resulted  in  a  decrease  in  the  working  expenses,  but, 
curiously  enough,  there  has  been  an  increase  in  the  re- 
ceipts through  the  change.  At  Torquay  also  there  has 
been  trouble  in  maintaining  the  Dolter  system,  and  the 
progress   of   the   undertaking   has   been   correspondingly 


hampered.  At  Oxford,  again,  the  original  scheme  has  been 
changed  and,  where  the  overhead  system  is  not  permissible, 
the  conduit  system  is  to  be  used.  Lastly,  as  our  readers 
know,  the  "  G.15."  surface-contact  system  has  fallen  on 
rather  evil  days  in  London.  We  do  not  wish  to  e.xpress 
any  very  definite  views  on  this  particular  case,  as  there  is 
another  side  yet  to  be  heard  ;  we  think,  however,  it  will  be 
admitted  that  the  documents  publi.shed  by  the  company  do 
not  form  very  satisfactory  reading.  It  isdifBcult  to  under- 
stand why  the  ordinary  course,  and  what  appears  to  us  to 
be  the  only  possible  course,  was  not  followed — namely,  to 
give  the  company  a  free  hand  with  the  work  and  to  make 
them  entirely  responsible  for  its  satisfactory  operation.  As 
already  remarked,  however,  the  other  side  of  the  story  has 
yet  to  be  heard,  and  we  shall  refrain  from  further  com- 
ment until  this  is  told. 


The  Greenwich  Generating  Station. 

Althou<:;h  three  evenings  were  devoted  to  the  discussion 
of  Mr.  J.  H.  Rider's  Paper  on  "  The  Electrical  System  of 
the  London  County  Council  Tramways,"  the  list  of  mem- 
bers wishing  to  express  their  views  was  by  no  means 
exhausted,  and  Mr.  Rider's  reply  to  the  ci'iticisms  and 
questions  raised  by  the  various  .speakers  had  to  be  held 
over  for  publication  in  the  "  Journal."  Under  these  cir- 
cumstances, either  the  discussion  or  the  reply  must  suffer 
at  the  time,  and  we  fear  that  the  postponement  of  the 
author's  reply  will  result  in  it  being  somewhat  overlooked. 
As  far  as  the  discussion  is  concerned,  unusiial  interest  has 
been  aroused  by  some  of  the  points  involved  in  the  Paper. 
Among  these  may  be  mentioned  the  advantages  of  a  water- 
side site,  the  life  and  economy  of  steam  turbines,  the  dis- 
carding of  reverse  relays  on  the  generator  cii'cuits,  the 
choice  of  induction  motor-generators  for  transforming  the 
high-tension  energy  in  the  sub-stations,  the  breakdown  of 
the  stator  coils  when  these  machines  were  switched  on, 
and  the  apparently  large  current  consumption  by  the 
tramcars.  ]\Ir.  Rider's  reply  dealing  with  these  subjects 
should  prove  of  no  little  value. 


In  a  recent  issue  we  mentioned,  in  connection  with  Mr. 
Roger  Smith's  remarks,  that  the  choice  of  the  Greenwich 
site  would  be  likely  to  receive  the  approval  of  the  majo- 
rity of  engineers.  As  several  speakers  were  strongly  in 
favour  of  that  site  with  its  abuiulant  supply  of  condensing 
water,  we  think  that  the  "  communicated"  remarks  of  Mr. 
Leonard  Andrews,  an  abstract  of  which  appears  else- 
where in  this  issue,  are  worthy  of  attention,  particularly 
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as  they  are  based  on  informatioa  obtained  from  a  number 
of  engineers.  It  will  be  seen  that  Mr.  Andrews'  figures 
show  a  small  advantage  in  favour  of  the  Camberwell  site. 
In  view,  however,  of  his  advocacy  of  gas  engine 
stations,  we  are  more  pai  ticularly  concerned  with  his  criti- 
cism of  the  capital  cost  of  a  steam-driven  station.  Mr. 
Andrews  mentions  that  the  figure  of  £14  per  kilo- 
watt for  such  a  station,  given  in  his  recent  Paper 
read  before  the  Institution,  was  criticised  as  being  too 
high,  although  the  expenditure  at  the  Greenwich  station 
now  works  out  at  over  £23  per  kilowatt.  We  would  point 
out,  however,  that  Mr.  Andrews'  figure  was  given  for  a 
modern  steam  turbine  station,  whereas  the  Greenwich 
station  was  originally  laid  out  for  reciprocating  engines, 
and  therefore  the  expenditure  on  land,  buildings,  generating 
plant,  &c.,  is  by  no  means  comparable  with  that  in  the 
hypothetical  station  considered  in  the  Paper  referred  to ; 
whilst  the  condensing  arrangements  and  the  river  work  in- 
volved exceptional  expenditure  which  should  not  appear 
in  any  comparative  estimates.  Mr.  Andrews'  conclusion 
that  gas-driven  stations  could  have  been  installed  at  a 
lower  capital  outlay,  and  at  the  same  time  show  an  annual 
saving  of  £32,208  in  running  costs,  is  probably  too  opti- 
mistic, although  it  may  be  said  that,  in  the  light  of  modern 
developments,  the  Greenwich  station,  if  started  (7c  novo, 
could  be  laid  down  with  a  smaller  capital  expenditure. 
There  is,  however,  one  important  point  that  must  not  be 
forgotten,  namely,  reliability ;  if  this  remained  constant 
with  decreasing  capital  expenditure,  the  task  of  the  engineer 
would  be  simpler. 

Accidents  to  Tramway  Passengers. 

A  JUDGMENT  of  considerable  importance  to  tramway 
undertakers  was  delivered  on  Saturday  last.  The  case 
arose  from  a  claim  against  the  West  Ham  Corporation 
for  damages  for  injuries  to  a  passenger  on  one  of  the  Cor- 
poration's tramcars.  The  injuries  were  caused  by  a  shock 
received  from  a  trolley  standard  whilst  the  passenger  was 
proceeding  to  a  seat  on  the  roof  of  the  car.  The  facts  were 
admitted,  and  the  jury  returned  a  verdict  for  the  plaintiff 
for  £500,  but  the  Corporation  contended  that,  as  placards 
were  exhibited  in  their  cars,  and  notices  were  printed  on 
the  backs  of  the  tickets,  stating  that  the  Corporation's 
liability  for  accidents  was  limited  to  £25,  that  sum  was  the 
maximum  thatcouldbeclaimed.  Similar  bye-laws  and  notices 
have  been  introduced  by  other  Corporations,  and  therefore 
the  judgment  of  Mr.  .Justice  Coleridge  will  be  of  general 
interest  to  tramway  managers.  In  delivering  judgment, 
his  Lordship  drew  attention  to  the  fact  that  although  a 
railway  company — and  apparently  a  tramway  company — 
may  allow  passengers  to  travel  at  reduced  rates,  if  the 
latter  waive  their  claims  for  compensation  in  case  of  acci- 
dent, the  option  of  paying  a  higher  fare,  which  carried 
with  it  full  responsibility  on  the  part  of  the  company, 
always  existed.  In  the  case  in  question,  however,  no  such 
option  was  provided,  and  the  plaintiff  being  entitled,  in 
common  with  the  general  public,  to  use  the  tramways,  he 
was  carried  at  the  defendants'  risk,  as  he  had  not  had  the 
option  of  paying  a  higher  fare.  Although  the  Corpoiation 
are  desirous  of  appealing,  we  think  that  the  judgment  is  a 
reasonable  one  under  the  cucumstances  and  is  likel}'  to  be 
upheld.     Should  this  be  the  case  aa. interesting  posijion 


will  result,  and  it  may,  in  future,  become  the  custom  for 
two  fares  to  be  offered,  only  one  of  these  entailing  full 
responsibility  on  the  tramway  undertakers.  Apart,  however, 
from  the  trouble  thereby  involved,  we  think  it  would  be 
reasonable  for  the  various  Councils  to  take  full  responsi- 
bility for  accidents  to  ordinary  passengers.  We  do  not 
suppose  there  would  ])e  any  demand  for  tlie  higher-priced 
tickets.  — . — 

The  Indo-European  Telegraph  Service. 

The  proceedings  at  the  meeting  on  Tuesday  of  the  mem- 
bers of  the  Indo-European  Telegraph  Co.,  over  which  Mr. 
J.  Herbert  Tkitton  presided,  were  of  more  than  passing 
interest.  The  chairman  was  able  to  announce  that,  despite 
the  troubles  in  Persia,  the  directors  had  successfully  nego- 
tiated an  extension  of  the  company's  concession  with  that 
country,  and  he  was  able  to  show  that,  amid  the  throes  of 
civil  war,  respect  had  been  paid  to  the  property  of  the  com- 
panJ^  There  is  no  feature  more  conspicuous  in  connection 
with  international  telegraphy  than  the  success  which  has 
attended  the  delicate  negotiations  between  the  directors  of 
Eriti.sh  telegraph  enterprises  and  the  ever-chauging  Govern- 
ments of  the  nations  of  the  world.  Tiie  directors  and 
chief  officials  of  the  Indo-European  Company  may 
claim  particular  success  in  this  direction,  and  it  was 
a  fitting  sequel  to  the  40  years  almost  unl)roken  pro- 
gress of  the  company  that  the  shareholders  should,  on 
Tuesday,  have  unanimously  voted  a  considerable  sum  of 
money  to  the  directors  in  recognition  of  the  valuable  ser- 
vices which  have  culminated  in  the  present  conspicuous 
prosperity  of  the  company,  whose  40th  year  of  existence 
has  been  marked  by  successful  experimental  direct  worldng 
between  London  and  all  parts  of  India,  and  daily  successful 
direct  working  between  London  and  Karachi,  which  proves 
the  company  to  be  as  progressive  at  the  present  time  as  in 
the  past.  The  fact  that  the  resolution  voting  the  grant  to  the 
directors  was  proposed  by  Mr.  George  von  Chauvin  (a 
veteran  telegraph  engineer,  one  of  the  oldest  members  of 
the  Indo-EurojDean  Company,  representing  large  financial 
interests,  and  a  gentleman  closely  identified  with  both  the 
past  and  present  of  the  electrical  industry), accompanied,  as 
it  was,  by  a  very  interesting  retrospect  of  the  company's 
past  history,  must  have  made  the  vote  additionally  agree- 
able to  the  directors.  Everything  points  to  the  future 
success  of  the  Indo-European  Company,  and  we  are  sure 
the  telegraphic  world  especially  will  join  us  in  congratu- 
lating the  management. 


'•  Physikalische  Zeitschrift."—  It  is  announced  that  Prof. 
F.  Kiiiger,  of  (iiittingen,  has  been  appointed  editor  of  this 
journal.  Prof.  Bose,  who  has  held  the  position  for  the  last  4i 
years,  is  retiring  to  take  up  new  work  in  the  Universit}'  of  La 
Plata. 

Electrical  Trades'  Benevolent  Institution. — From  the 
"balance-sheet  just  issued  it  is  gratifying  to  note  that  the  in- 
come for  the  year  to  December  31  last  amounted  to 
£1,267.  12s.  6(1.  Of  this  amount  £1,101.  lis.  was  invested, 
money  in  the  bank  was  £129.  Ifis.  6d.,  the  balance  represent- 
ing the  total  expenses,  including  salaries,  of  the  jiast  three 
years'  existence  of  the  institution.  We  are  glad  to  note  that 
Sir  William  Preece  is  to  jireside  at  the  annual  general  meeting 
which  takes  place  to  day  (Friday)  at  the  Hotel  Cecil,  London, 
at  4  p.m.,  and  which  we  hope  will  be  well  attended. 

Cable  Interruptions  and  Repairs. 

Dale  of  Interruption.      Date  of  Repair. 
Hoiif;Konfr— Macao....!....:.,     Apr.  13,  1909     ...     Apr.  23,  1909 
jr  Oljook— Djibouti   ...vi>i...5*.',i."    Apr.  15,  1909     ...  — 
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University  College  of  Dundee. — It  is  announced  that  Prof. 
T.  Claxtou  Fidler,  who  has  occupied  the  chair  of  Engineering 
in  this  college  since  1891,  is  about  to  retire. 

The  "G.B."  Surface-Contact  System  in  the  Mile  End  road. ^ 

The  "G.B."  Surface  Contact  Co.  have  asked  us  to  state  that 
the  copies  of  Mr.  Mordey's  reports,  which  we  published  in  our 
last  issue,  were  supplied  by  the  company,  and  that  they  were 
entitled  to  take  this  course  under  their  agreement  witli  the 
Loudon  County  Council. 

Institution  of  Municipal  Engineers. — At  a  meeting  of  the 
members  of  this  Institution  resident  in  the  home  counties 
district  (northern  division),  which  includes  Bedford,  Bucking- 
ham, E.ssex,  Herts  and  Middlesex,  held  at  Olynipia  on  April 
24th,  Mr.  Henry  C.  Adams  was  elected  chairman  of  the  Dis- 
trict Committee  and  a  Member  of  Council  of  the  Institution. 
Mr.  Bernard  Partridge  was  elected  honorary  secretary,  and  an 
executive  sub-committee  was  appointed. 

Engineering  Standards  Committee. — AVe  have  received  from 
the  Engineering  Standards  comaiittee  a  copy  of  their  latest 
report  which  deals  with  "  Reciprocating  .Steam  Engines  for 
Electrical  Purposes."  It  is,  in  general,  intended  to  assist 
towards  a  mutual  understanding  between  makers  and  pur- 
chasers, and  contains  recommendations  on  governing,  cyclic 
variation,  economical  questions,  maximum  load,  steam  and  ex- 
haust pressures  and  other  matters. 

"  Engineering  Wonders  of  the  World." — The  complete 
history  of  engineering  has  yet  to  be  written,  but  a  laudable 
attempt  to  give  some  account  of  recent  developments  in  this 
branch  of  the  world's  work  is  being  made  by  Messrs.  Thos. 
Nelson  &  Sons  by  publishing  a  volume  having  the  above  title. 
To  do  this  they  have  enlisted  the  services  of  numerous  engi- 
neers who  are  experts  in  their  own  particular  class  of  work, 
and  it  is  proposed  to  give  fully  illustrated  descriptions  of  many 
of  the  best  known  wonders  in  engineering  throughout  the 
world,  the  publication  being  issued  in  fortnightly  parts.  Except 
in  the  first  chapter,  attention  will  be  contined  to  engineering 
work  completed  since  the  year  1800,  though  it  will  probably 
be  agreed  that  this  is  quite  a  wide  enough  field.  The  first 
part  of  this  new  work,  which  we  have  under  notice,  contains 
an  interesting  article  on  "Ancient  Engineering,"  by  Mr.  A. 
Williams,  the  editor,  in  which  a  description  is  given  of  such 
feats  of  prowess  as  the  Pyramids,  the  Sphinx,  and  the  great 
.stone  of  Banlbec.  Other  articles  describe  the  "  White  Pass 
and  Yukon  Railway,"  "  The  Royal  Albert  Bridge  at  Saltash," 
"  The  Rotherhithe  Tunnel "  and  the  "Salving  of  the  Gladiator." 
We  shall  be  pleased  to  hear  that  this  work  is  achieving  a  great 
success,  for  there  is  no  doubt,  as  stated  by  the  editor  in  his 
preface,  that  the  principles  involved  in  most  engineering  work 
are  very  imperfectly  understood  by  the  "  man  in  the  street "  ; 
and  any  efforts  which  are  made  to  alter  this  condition  of  affairs 
ought  to  receive  the  support  of  all  those  interested  in  the  well- 
being  of  the  profession. 

The  Institution  of  Mechanical  Engineers. — The  annual 
dinner  was  held  on  Thursday,  April  22nd,  at  the  Hotel  Cecil, 
Mr.  J.  A.  F.  Aspinall,  President  of  the  Institution,  in  the 
chair.  The  company,  which  numbered  about  160,  inclu<led 
many  distinguished  guests,  among  these  being  the  Right  Hon. 
Lord  Strathcona,  G.C.M.G  ,  the  Right  Hon.  Lord  Stalbridge, 
Sir  William  H.  White,  K.G.B.,  Sir  Archibald  Geikie,  K.C.B. 
(President  of  the  Royal  Society),  the  Hon.  Sir  Richard  Solomon, 
K.C.B.,  Dr.  H.  T.  Bovey,  F.R.S.  (Rector  of  the  Imperial 
College  of  Science  and  Technology),  Dr.  R.  T.  Glazebrook, 
F.R.S.  (Director  of  the  National  Physical  Laboratory),  Mr. 
J.  C.  Inglis  (President  of  the  Institution  of  Civil  Engineers), 
Mr.  James  Swinburne,  F.R.S.,  and  Dr.  W.  C.  Unwin,  F.R.S. 
After  the  loyal  toasts  had  been  honoured.  Sir  William  White 
proposed  "  The  Houses  of  Parliament,"  comparing  them  to  a 
machine,  of  which  the  second  chamber  was  the  very  essential 
"  governor."  Lord  Strathcona  replied  for  the  House  of  Lords, 
and  Mr.  Hamiood  Banner,  M.P.,  for  the  House  of  Commons. 
The  toast  of  "Our  Guests,"  proposed  by  Mr.  E.  B.  Ellington, 
followed,  Sir  Archibald  Geikie  responding.  The  remaining 
toast  of  "  The  Institution  of  Mechanical  Engineers "  was 
entrusted  to  Mr.  J.  C.  Inglis,  who,  in  au  interesting  speech, 
mentioned     that   it   was    impossible    to    over-estimate     the 


services  rendered  by  engineers  in  assisting  the  development  of 
the  commerce  of  this  country.  The  President,  in  his  reply, 
referred  to  the  importance  of  mechanical  training  in  com- 
bination with  theoretical  education  in  the  early  )'ears  of  a 
young  engineer's  work. 

Tantalum  and  its  Industrial  Applications. — At  the  Royal 
Institution  last  Friday  evening,  Mr.  Alexander  Siemens 
delivered  a  discourse  having  the  above  title.  The  lecturer 
first  dealt  with  the  physical  and  chemical  properties  of  the 
metal  and  showed  that  at  ordinary  temperatures  tantalum  was 
unaffected  by  all  acids  (except  fluoric)  alkalis  and  moisture. 
He  also  showed  that  it  was  an  ideal  material  for  mechanical 
apparatus  and  for  implements  which,  if  made  of  steel,  would 
be  liable  to  rust.  As  regards  physical  properties  it  was  tough 
and  malleable,  so  that  it  could  be  drawn  into  fine  wire  or 
hammered  into  thin  sheets.  Nevertheless,  it  was  quite  elastic, 
and  as  hard  as  soft  steel,  its  tensile  strength  being  27  tons  per 
square  inch.  The  filament  used  in  tantalum  lamps  was  0'03  mm. 
in  diameter,  and  should  therefore  support  a  weight  of  about 
80  grammes.  Tantalum  was  also  being  used  for  making  nibs, 
which  were  manufactured  in  the  usual  way,  though  at  first  it 
was  not  entirely  satisfactory  for  this  purpose,  as  the  loss  by 
abrasion  w.as  rather  great ;  but  by  slightly  oxidising  the  surface 
the  nibs  became  hardened,  so  that  this  loss  was  considerably 
reduced, though  it  was  still  greater  than  that  of  the  ordinary  steel 
pen.  Another  use  of  tantalum  was  that  it  seemed  to  be  a  suit- 
able material  for  making  the  knives  used  by  surgeons,  if  slightly 
oxidised  before  polishing.  If  heated  to  a  dull  red  it  absorbed 
gases,  and  in  so  doing  lost  its  strength  and  became  brittle,  a 
propertj'  which  somewhat  detracted  from  its  usefulness.  Its 
melting  point  /;;  racitu  being  about  2,30O°C.,  it  was  suitable  for 
use  as  electrodes  in  vacuum  tubes,  and  was,  in  fact,  being  ex- 
tensively employed  for  this  purpose.  Turning  to  its  applica- 
tion as  filaments  for  incandescent  lamps,  the  lecturer  showed 
that  the  original  diameter  of  the  wire  used  for  this  purpose 
had  been  reduced  from  0-0.5  mm.  to  0-03  mm.  After  the 
lamp  had  been  used  for  a  short  time  the  strength  of  the  fila- 
ment decreased  and  it  also  underwent  certain  structural 
changes.  After  about  1,000  hours  it  showed  signs  of  capillary 
contraction,  as  if  the  filament  were  going  to  break  into  a  series 
of  drops.  In  conclusion,  Mr.  Siemens  mentioned  two  interest- 
ing properties  of  the  metal — /•;':.,  that  if  heated  in  a  high 
vacuum  any  oxygen  contained  in  the  metal  would  be  expelled, 
so  that  filaments  which  were  "spotted,''  owing  to  the  fact  that 
a  certain  amount  of  oxide  was  contained  in  them,  would  be- 
come uniform  after  burning  for  a  few  minutes  at  the  normal 
voltage.  Tantalum  would  also  act  as  a  rectifier  when  used  in 
an  electrolyte  if  it  were  made  the  anode.  It  then  became 
quickly  covered  with  a  film  of  oxide,  which  stopped  the 
current. 


ARRANGEMENTS  FOR  THE  WEEK. 

WEDNESDAY,  May  5th. 
Birmini:ha:ii  Section  of  thk  Institi'tion  of  Electric.vl  Engineers. 
7 p.m.  Aiiiuud  General  Meeting  at  the  Grand  Hotel,  Birmingham. 
Stodents'  Section  of  thf,  Institi'tion  of  Ei.ectbhal  Engiseers. 
7:45  p.m.     Meeting  in  the  Library  of  the  Institution.  92,  Victoria- 
street,  \\'estminster,  S.W.     Paper  on  "Some  Notes  on  Re- 
lays," by  Mr.  E.  W.  Moss. 
THURSDAY,  May  6th. 

Institution  of  Electrical  Engineers. 
S  p.m.     Meeting    at  the   Royal    Society   of    Arts,    .John-street, 
Adelphi.     Paiier  on   "  The  Theory  and  Application  of  Motor 
Converters,"  by  Mr.  H.  S.  Hallo. 

Civil  and  Mechanical  Engineers'  Societv. 
.■^  p.m.     Meeting  at  Caxton  Hall,  Westminster,   S.W.     Paper  on 
"The  Past,  Present  and  Future  of  the  Organisation  of  the 
Engineering  Profession,"  by  Mr.  R.  O.  Wynne  Roberts. 

Corps  of  Electrical  Engineers  (London  Division). 
Commanding  Officer,  Col.  R.  E.  B.  Crompton,  C.B. 
The  following  orders  have  been  issued  for  the  current  week  :— 
Monday,    May    3rd, 

"  A  "  Company  Infantry  drill,  6:30  p.m. 

Tuesday,    May   4th, 

"  B  "  Company  Infantry  <lrill,'7  p.m. 

Thursday,    May   6tli,  I  Infaiitiv  drill,  b  p.m. 

"C"  Company   (Technical  drill.  7:15  p.m. 

Fr.iday,      May     7th,  (hUantry  drill,  6:45  p.m. 
"D"  Company  \Technical  drill,  8:15  p.m. 
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EXPERIMENTS  ON  THE  CURRENT  AND  ENERGY 
EFFICIENCIES  OF  THE  FINLAY  ELECTROLYTIC 
ALKALI  CHLORINE  CELL.* 

BY    F.    G.    DOXXAX,    J.    T.    BARKER,    AND    B.    P.    HILL. 

Sumtiiart/. — The  main  features  of  the  Finlay  electrolytic  cell  are  first 
described,  and  particulars  are  then  given  of  efficiency  tests  carried  out  in 
the  lluspratt  Laboratory  of  the  Liverpool  University.  The  ethoiency 
is  very  much  higher  than  in  cells  where  the  electrolyte  does  not  flow 
through  the  diaphragm. 


1.  Description  of  the  Cell. — The  electrolytic  cell  referred  to  in 
this  Paper  was  patented  in  England  by  Messrs.  Archibald  and  Robert 
Finlay.  of  Belfast,  in  1906.  It  has  for  its  object  the  production  of 
alkali  and  chlorine  by  the  electrolysis  of  alkaline-chloride  soltitions, 
and  embraces  the  following  main  features: — (1)  Use  of  a  double 
diaphragm  with  middle  brine  chamber  separating  the  anode  and 
cathode  compartments.  (2)  Electrolytic  (brine)  percolating  under 
head  from  the  middle  chamber  towards  both  anode  and  cathode 
compartments,  and  so  continuously  flowing  through  the  cell  dia- 
phragms. (3)  Arrangement  of  compartments  on  the  plan  of  a  filter 
press,  whereby  great  compactness  of  construction  is  obtained,  and 
resistances  are  reduced  to  a  minimum  by  a  reduction  of  the  thickness 
of  electrolyte  in  the  compartments  of  the  cell.  (4)  Suitable  arrange- 
ments for  the  escape  of  the  gases  and  the  circulation  of  the  electro- 
lyte. Although  entire  novelty  cannot  be  claimed  for  the  ideas 
involved  in  the  middle  chamber  with  double  diaphragm,  the  perco- 
lating electrolyte  or  the  filter-press  arrangement,  the  combination 
as  embodied  in  the  Finlay  cell  represents  a  form  of  construction 
which  has  not  been  practically  realised  and  tested  before. 


Brine  Supply 
Fig.  L — Diagram  of  FrsLAV  Eleotrolvtic  Cell. 

The  general  circulation  system  may  be  illustrated  by  the  sketch 
shown  in  Fig.  1.  Brine  is  fed  from  the  constant-level  tank  H  to  the 
middle  chamber  G,  the  pressure-head  being  measured  by  the  gauge 
tube  K.  The  salt  solution  flows  as  shown  by  the  dotted  arrows 
through  the  diaphragms  to  the  anode  and  cathode  compartments  A 
and  B.  The  ga.ses  escape  through  the  vessels  C  and  T).  whilst  the 
chlorinated  brine  and  the  mixture  of  salt  and  caustic  .soda  fiow 
res|)ectively  from  the  swan-necks  E  and  F.  By  regulating  the 
height  of  tlie.se  swan-necks  the  rate  of  flow  of  salt  .solution  through 
the  anode  and  cathode  diaphragms  can  be  sejiarately  adjusted.  By 
this  means  all  mixing  of  the  anode  and  cathode  liquors  due  to 
ordinary  diffusion  or  electric  endosmose  is  entirely  prevented,  whilst 
the  losses  due  to  electrical  migration  of  the  OH  -ions  from  the 
cathode  to  the  anode  comjiartment  are  very  considerably  reduced 
by  the  counterflow  of  the  electrolyte.  The  anode  A  consists  of 
dense  carbon,  or  still  better,  Acheson  graphite,  whilst  the  cathode 
B  is  made  of  wrought  iron.  The  tajjs  L,  M,  and  N  are  used  for 
emptying  the  cell  when  required. 

The  actual  construction  of  a  commercial  unit  is  illustrated  in  Fig. 
2.  which  explains  the  filter-press  arrangement  referred  to  [ircviously. 
By  this  means  any  number  of  c<mi|>artin(nts.  anodes,  and  cathodes 
can  be  simply  juxtaiKjsed  and  bolted  togctbcr  in  a  teak  frame,  and 
both  surfaces  of  every  anode  and  cathode  made  electrolytically  active. 
The  carbon  anodes  are  fixed  in  position  in  brass  or  copper  troughs 
(set  in  the  teak  frame)  by  means  of  lead,  the  latter  being  protected 
from  the  action  of  the  CIj  or  electrolyte  by  a  layer  of  a  suitable 
cement.  Electrical  connection  to  the  anodes  is  obtained  by  the 
outer  edges  of  these  metal  troughs,  as  shown  in  Fig.  2.  At  pV  are 
shown  the  slots  and  holes  connecting  the  anode  compartment  to  the 


ducts  which  convey  away  the  chlorine  and  anode  liquor.  QQ  and 
RR  are  the  corresponding  holes  forming  portions  of  the  ducts  which 
convey  the  brine  and  cathode  liquor  to  and  from  the  middle  and 
cathode  compartments  respectively.  VV  are  bolt  holes.  The 
dimensions  of  a  2.000-ampere  unit,  such  as  shown  in  Fig.  2,  are  as 
follows  :  length.  4  ft.  ;  breadth.  2  ft.  6  in.  ;  height,  4  ft.  The 
current-carrying  capacity  per  cubic  unit  is  very  considerable. 

For  the  purpose  of  the  tests  a  small  laboratory  unit  (carrying 
about  10-20  amperes)  was  employed.  This  cell  contained  a  central 
anode  compartment,  two  middle  compartments,  and  two  cathode 


Fig.  2. — Finlay  Electroly- 
tic Cell  (Practical  Ukit) 
2,000  Amperes. 

Scale, 


•  Abstract  of  a  Paper  read  before  the  Faraday  Society. 
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compartments,  as  shown  in  Fig.  3.  These  were  bolted  together  by 
two  end  frames  FF.  The  diaphragms  DD  (Fig.  3)  consist  of  sheets 
of  specially  prepared  asbestos  2-3  mm.  thick.  These  are  separated 
from  each  other  and  from  the  iron  cathodes  by  rectangular  frames 
of  waxed  cardboard  SS.  which  are  also  about  2-3  mm.  thick.  It  will 
be  .seen  that  the  middle  and  cathode  compartments  are  in  reality 
thin  sheets  of  liquid  only  a  few  millimetres  thick.  By  this  means 
the  electrical  resistance  of  the  electrolyte  per  unit  area  of  diaphragm 
or  active  cathode  surface  is  reduced  to  a  minimum,  whilst  diffusion 
and  electrical  migration  are  prevented  or  hindered  by  the  counter- 
flow  of  the  liquid.     The  cathodes  consisted  of  thin  sheet  iron.     As 


Iron  Kathode 

S  D   S  D 


\ 


fM 


Iron  Kathode 


SDSD  DSDS 

S-Scparator,  A  =  Ano(le,  D-Diapliragm,  F-Frame. 

Fui.  3. 


Acheson  graphite  rods  were  not  tii  hand,  the  anodes  emjiloyed  w'ere 
rods  of  den.sc  amor|)hous  carbon.  The  diaphragm  consisted  of  the 
asbestos  diaphragm  sold  for  electrolytic  purposes  by  Bernfcld  of 
Leipzig.  The  active  sectional  area  of  each  diaphragm  and  cathode 
was  60  sq.  in.  (387  sq.  cm.).  The  total  cathode  area  was,  therefore, 
774  sq.  cm.,  as  only  one  side  of  each  cathode  was  electrolytically 
active.  The  brine  was  used  at  a  fixed  density  of  1-18.  It  was  made 
from  ordinary  table  salt,  and  was  jjurified  from  calcium  and  mag- 
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nesiuin  salt  by  treatment  with  alkali  in  a  small  glazed  earthenware 
tank,  until  a  small  portion  on  filtration  gave  no  further  preeipitate 
when  tested  with  alkali.  After  settling,  the  li(]uid  was  siphoned  off. 
filtered,  neutralised,  and  diluted  to  the  required  density.  In 
diaphragm  cells  with  flowing  electrolyte  it  is  very  necessary  to  avoid 
any  formation  of  precipitate  in  the  middle  compartment,  as  this 
would  tend  to  choke  the  diaphragms. 

The  authors  show  that,  ignoring  ionic  migration,  the  steady  state 
for  a  given  current  will  be  reached  the  more  rapidly  the  greater  the 
value  of  the  ratio  Xjv,  where  v  is  the  volume  of  the  cathode  com- 
partment and  V  is  the  constant  flow  of  liquid  into  and  out  of  that 
compartment.  Ionic  migration,  however,  complicates  this.  To 
determine  the  cathodie  efficiency  it  is  only  necessary  to  wait  for  the 
steady  state  (as  shown  by  a  series  of  titrations  of  the  cathode  effluent) 
then  to  collect  a  measured  volume  of  the  cathode  effluent  during  a 
sufficient  period  (in  these  experiments  usually  1  to  3  hours),  deter- 
mine its  alkali  contents  by  titration,  and  compare  with  the  "  theo- 
retical "'  alkali  which  the  current  during  this  ])eriod  of  time  would 
have  produced,  had  no  alkali  (OH'-ions)  crossed  the  cathode  dia- 
phragm (reckoning  1-494  grammes  NaOH  to  the  ampere-hour).  It 
is  necessary,  of  course,  that  the  current  and  flow  of  electrolyte 
remain  constant.  There  was  no  difficulty  in  keeping  the  current 
constant,  but  it  frequently  happened  that,  even  with  a  constant 
pressure-head  in  the  brine  compartment,  uncontrollable  variations 
of  the  rate  of  flow  of  electrolyte  occurred.  In  order  to  counteract 
this,  the  volume  of  the  cathode  effluent  collected  every  .5  or  10 
minutes  was  observed,  and  the  pressure-head  readjusted,  if  neces- 
sary, in  order  to  keep  this  flow  constant.  In  the  later  experiments 
a  further  small  correction  was  introduced.  Let  r=  volume  of 
cathode  compartment  in  cubic  centimetres,  y,  =  alkali  concentration 
of  effluent  (in  grammes  or  molecules  NaOH  per  cubic  centimetre) 
just  before,  and  y„  =  alkali  concentration  of  cathode  effluent  just 
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Fig.  4. 

after  the  test  run.  Then  the  amount  (y2— yji'  of  NaOH  has  to  be 
added  to  the  alkali  found  in  the  total  cathode  effluent  during  the 
test  run.     When  this  is  done  very  concordant  results  are  obtained. 

In  several  of  the  experiments  the  cells  were  run  for  about  eight 
hours  daily  for  periods  of  a  month.  The  cathode  diaphragms  did 
not  afjpear  to  have  suffered,  but  the  anode  diaphragms  appeared  to 
be  considerably  "  pulped  "'  on  the  surface  turned  towards  the  anode. 
It  was  also  observed  that  when  making  the  more  concentrated 
caustic  solutions  (9-14  per  cent.  NaOH)  the  cathode  liquor  apjieared 
to  contain  a  considerable  quantity  of  dissolved  alumina,  derived 
evidently  from  the  cathode  diaphragm.  The  diaphragms  also 
appeared  to  get  somewhat  choked,  as  the  pressure-head  had  to  be 
increased  in  order  to  obtain  the  same  flow.  This  choking  may  have 
1  een  due  to  slight  precipitation  of  insoluble  matters  in  the  middle 
compartments,  or  to  imperfect  filtration  of  the  brine  during  the 
process  of  jjurification.  These  are  both  points  which  require  the 
most  careful  attention  when  working  with  diapliragm  cells  having  a 
percolating  electrolyte. 

A  great  advantage  which  the  double  diaphragm  cell  with  perco- 
lating electrolyte  possesses  over  single  diaphragm  cells  is  that  when 
making  the  higher  strengths  of  caustic  it  is  impossible  to  avoid  a 
considerable  migration  of  OH'-ions  to  the  anode.  This  largely  helps 
to  disintegi'ate  the  carbon  anodes  with  tlie  production,  amongst 
other  things,  of  a  suspension  of  finely  divided  carbon.  In  the  single 
diaphragm  cell  this  carbon  is  carried  into  the  pores  of  the  diaphragm 
and  rapidly  chokes  it.  In  the  Finlay  cell,  on  the  other  hand,  the 
carbon  particles  are  swept  out  with  the  anode  effluent  and  do  not 
collect  at  all  on  the  surface  or  in  the  pores  of  the  anode  diaphragm. 

Experimental  Results. — The  cell  was  run  with  currents  of  11-6. 
16-8,  and  221  amperes,  the  cmrent  densities  covering  tlie  range  of 
those  employed  in  practice  with  diaphragm  cells,  with  the  exception, 
perhaps,  of  the  Townsend  cell,  in  which  very  heavy  current  densities 


are  said  to  be  em)]loyi(l.  I'articulars  of  all  the  tests  are  given  in  th® 
Paper.  The  ex]ierimints  with  current  density  =001,5  amperes  pe'' 
square  centimdrc  show  that  when  the  cathode  efflux  varied  from 
9.54  to  208  cubic  cm.  per  hour  the  strength  of  the  efflux  varied  from 
1-.50  to  6-24  grammes  \aOH  per  100  grammes  cathode  liquor,  and 
the  current  efficiency  at  cathode  from  about  99  to  92  per  cent.  With 
a  current  density  of  00286,  the  tests  show  a  cathode  flow  varying 
from  72.3  to  109  cubic  cm.,  a  per  cent,  of  caustic  from  .3-61  to  loO, 
and  an  efficiency  from  9(50  to  640  per  cent.,  the  voltage  being  about 
3-3  or  3-4.  The  results  do  not  appear  to  show  any  marked  improve- 
ment in  efficiency  with  increase  of  current  density,  the  flow  being 
corre.sjjondingly  increased,  so  that  the  same  strength  of  caustic  is 
made,  i.e..  the  cathodie  current  efficiency  appears  to  be  mainly  a 
function  of  the  alkali  concentration  in  the  cathode  compartment  In 
the  steady  regime. 

A  .series  of  experiments  was  then  carried  out  at  a  current  density 
of  00286  with  4  mm.  asbestos  cathode  diaphragms.  The  results 
were  surprising.  The  average  voltage  rose  tt)  .3-8  (owing  to  the 
thicker  diaphragm),  but  the  cathodie  current  efficiencies  ranged 
from  80  to  75  per  cent.  tVir  caustic  strength  varying  from  .5  to  13 
per  cent,  respectively.  The  results  are  interesting  inasmuch  as  they 
show  how  much  depends  on  the  "'  denseness  "'  of  the  diaphragm.  If 
we  regard  a  porous  asbestos  diapliiagm  as  a  series  of  capillary  tubes, 
then  clearlyjfor  equal  total  fluxes  of  liquid  across  a  given  sectional  area, 
the  actual  velocity  of  flow  in  the  capillary  pores  may  vary  very 
greatly.  Experiments  were  also  carried  out.  employing  as  cathode 
diaphragm  two  2  mm.  diaphragms  pressed  together.  It  was  found 
extremely  difficult  to  keep  the  flow  of  electrolyte  constant  during 
the  test  run.  The  pressure-head  had  to  be  continually  altered,  but 
even  this  did  not  suffice  to  control  the  flow.  It  is  po.ssible  that  the 
doubled  diaphragm  may  have  had  some  part  in  causing  these  dis- 
turbances.    Curves  drawn  through  the  mean  of  the  recorded  figures 
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seem  to  indicate  that  for  higher  strengths  of  caustic  the  current 
efficiency  increases  with  the  current  density,  whereas  for  lower 
strengths  the  reverse  is  the  ease.  It  is  doubtful,  however,  whether 
these  experiments  are  accurate  enough  to  justify  such  a  generalisa- 
tion. The  efficiency  fell  from  98  to  87  per  cent,  as  the  percentage 
of  caustic  increased  from  5-4  to  11-4. 

The  last  series  of  experiments  on  cathodie  current  efficiencies  were 
carried  out  with  2  mm.  cathode  diaphragms  which  had  been  "  loaded" 
to  a  certain  extent  with  a  ])reeipitate  of  ferric  hydroxide.  In  these 
experiments  it  was  found  (|uite  easy  to  keep  the  flows  satisfactorily 
constant.  It  is  seen  that  the  slight  loading  with  ferric  hydroxide 
which  the  cathode  diaphragm  had  received  did  not  raise  the  cell 
voltage.  Also,  the  average  cunent  efficiencies  « ith  the  2  mm. 
loaded  diaphragm  are  about  the  same  as  those  obtained  with  the  two 
2  mm.  diaphragms  at  the  same  current  density,  with  the  great  advan- 
tage that  the  cell  voltage  is  sensibly  lower  (3-38  as  compared  with 
365).  The  results,  which  are  considered  to  represer.t  the  best 
average  performance  of  the  cells,  are  shown  in  Figs.  4  and  i>.  The 
current  density=0-0217,  the  temperature  was  ITdcg.  to  lOdeg., 
and  the  specific  gravity  118  in  the  experiments. 

The  cathodie  energy  efficiency  is  next  discussed,  and  finally  par- 
ticulars of  experiments  to  ascertain  the  composition  of  the  anode 
gases  when  the  cell  was  working  ai  high  and  low  cathodie  efficiencies 
respectively.  I'nder  favourable  conditions  the  anode  gas  would  be 
99  per  cent,  ehloriiu'.  w  hen  the  cell  was  making  6-7  per  cent,  caustic 
soda. 

In  order  to  show  wliat  very  much  higher  current  efficiencies  are 
obtained  in  the  Finlay  cell  as  compared  with  diaphragm  cells  in 
which  the  electrolyte  does  not  flow  through  the  diaphragm,  two 
experiments  were  also  made  in  which  both  the  chloride  and  alkali 
concentrations  in  the  cathode  effluent  (and  also  in  the  middle  cham- 
ber liquor)  were  tletermined. 
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We  give  below  an  account  of  the  discussion  wliicli  took 
ace~at  a  meeting  of  the  Institution  of  Electrical  Engineers. 
on  Thursday  last  week,  in  connection  with  Mr.  J.  H.  Rider's 
Paper  on  the  above  subject.  This  Paper  was  read  and  partly 
discussed  at  two  previous  meetings,  abstracts  of  the  Paper  and 
discussion  appearing  in  our  issues  of  March  26th,  and  April  2nd 
and  9th. 

llr.  AV.  H.  Patchell,  referring  to  the  coal  contract,  expressed  sur- 
p  rise  that  there  was  no  mention  of  ash.     Possibly  Mr.  Eider  only  in- 
tended his  contract  to  apply  to  a  very  restricted  coal  area,  so  that  his 
heatvalues  would  cover  his  ash   if    he  was  getting  coal  of  a  particnlar 
]dnd.      He  though  the  contract  would  have  to  be  altered  to  be  of  more 
general  value.    Mr.  Rider  had  gone  in  for  washed  nuts,  and  that  brought 
up  the  question  of  the  chain-grate  stoker.     He,  the  speaker,  had  burned 
washed  nuts  years  ago,  from  which  lie  got  very  high  value  for  a  sovereign. 
Subsequently.  i>«-ing  to  very  large  visei-s  taking  to  washed  nuts,  these 
went  up  to  a  price  which  he  could  not  afford,  so  he  turned  his  attention 
to  other  classes  of  coal.     He  thought  it  was  a  ])ity  to  adopt  throughout 
a  station  a  type  of  plant  which  so  very  much  restricted  the  type  of  fuel 
that  had  to  be  used,  unless  one  was  a  colliery  owaier  and  could  produce 
one's  own  fuel.    On  the  question  of  heating  surface,  Mr.  Rider  had  given 
them  the  heating  surface  of  each  boiler,  but  did  it  include  the  super- 
heater ?  The  size  of  the  boiler  seemed  to  be  very  small  in  proportion  to 
the  size  of  the  station.     Mr.  Rider  had  given  them  an  interesting  test  of 
one  of  his  boilers  which  had  3.320s4.ft.  heating  surface.and  which  gave  an 
efficiency  of  7'.t-4!l  ]ier  cent.  Some  boilers  he  (the  speaker)  had  had  under 
his  control  had  Ci,209  sq.  ft.  heating  surface.     They  were  Stirling  boilers 
with  JlcPhail  superheaters  of  800  sq.  ft.   heating  surface,   made  up  as 
an  integral  part  of  the  boiler.     On  test  these  boilers,  with  dry  fuel,  gave 
an   efticiency   of  80'29  per  cent.     That  was  the  boiler  and  superheater 
without  an  economiser,  so  that  the  figures  were  as  close  as  could  be  ex- 
pected to  Mr.  Rider's.     He  did  not  claim,  therefore,  any  great  thermal 
efficiency  by  the  use  of  larger  boilers,  but  he  did  claim  a  greater  con- 
venience in  handling  and  a  very  great  saving  in  the  cost  of  buildmgs  and 
land.     In  a  matter  of  that  kind  space  was  important.     For  the  amount 
of  Mr.  Rider's  calculated  out])Ht  he  certainly  seemed  to  be  over-boilered. 
He  had  48  boilers  for  34,000  kw.  normal,  or  42,500  kw.  maxinnnn  load. 
and  in  the  test  he  had  four  boilers  running  one  engine.     Of  course,  one 
would  not  run  normally  the  boilers  one  would  run  on  test,  so  he  (Mr. 
Patchell)  took  for  his  seven  engines  28  or  32  boilers  to  run  the  whole  of 
his  engines,  and  he  then  had  some  Iti  boilei-s  to  spare.     Perhaps  the  extra 
load  Mr.  Rider  would  be  able  to  squeeze  out  of  the  turbines  would  occupy 
Eome  of  that  plant  usefully.    The  question  of  water  level  in  London  was 
a  very  inteiesting  one,  and  was  becoming  very  important  in  view  of  the 
number  of  people  putting  down  their  o\ra  wells.     Jlr.  Rider  said  the  well 
delivered  the  water  practically  up  to  the  ground  level,  or  about  5  ft. 
below  the  top  of  the  tube.     Tliat  level  was  relatively  very  much  higher 
than  in  other  parts  in  the  neighbourhood  of  London  ;    he  knew    that  at 
Greenwich  the  water  did  stand  higher,  although  with  a  number  of  wells 
sunk   he    thought    that    the   level    would   now    be    lower.      He   would 
like  to  ask  the  author  whether  the  water  meters  were  on  the  suction  or 
the  output  side  of  the  pump,  as  he  found  that  made  a  great  deal  of 
difference.     With  regard  to  the  steam  separator,  was  this  justifiable  '! 
With  a  well-laid-out  plant  and  steam  superheaters,  why  was  so  large  a 
separator  required  ?     As  to  the  generating  plant  described  in  the  Paper, 
there  was  a  rather  striking  difference  in  the  rating  of  the  reciprocating 
and  of  the  turbo-alternator  sets.     He  asked  what  was  the   power  factor 
of  the  plant  as  a  whole  ?     As  to  piston  rings,  he  would  not  have  expected 
that  Mr.  Rider's  would  have  given  out  before  his  Corliss  valves  did.     If 
Mr.  Rider  had  had  any  trouble  with  the  latter  he  had  not  mentioned  it. 
He  (the  sj^aker)  was  struck  when  he  heard  that  .Mr.  Rider  was  actually 
reversing   the   American   method.     The   author   claimed   for   this   the 
advantage  of  drainage.       In  the  Interborciugh  station  in  Xew  York  they 
had  the  heaviest  Manhatten  engines,  and  he  learned  that  they  had  had 
no   trouble  with  them.     It  was  interesting  to  know  the  difference  there 
was  in  efficiency  between  the  two  types  of  engines.     The  results  of  the 
tests  made  in  the  Xew  York  station  and  Jlr.  Rider's  station  were  very 
much  alike:  this  fact,  he  thought,  showed  the  accuracy  with  which  the 
tests  were  made.     The  cpiestion  of  smface  coiulensing  for  t\irl)o-gencral. 
ing  sets  was  an  interesting    cme.       Mr.  Rider's  figures    indicated  (ij  lb. 
per  square  foot  for  condensing  with  liLs  reciprocating  sets,  but  for  the 
turbo    sets    he   had   not   given    the   figure.     The    table  of    total  costs 
of  the  ]jlant  given  in  the  Paper  was  interesting.     He  was  glad  to  see  that 
Mr.    Rider    adopted    normal    ways    of    thinking,    and    had    rated    his 
plant  on  the  normal  capacity,  and  not  on  the  Parliamentary  ca])acity. 
From  the  evidence  which  had  been  given  before  the  Parliamentary  Com- 
mittees one  rather  wondered  what  the  rating  was  going  to  be.     On  the 
question  of  synchronous  machines,  Mr.  Rider  had  gone  over  entirely  to 
induction  sets,  but  had  not  yet  settled  how  to  start  those  induction 
motors,  and  had  adopted  a  compromise.     He  (the  speaker)  had  put  in 
some  inducticm  sets,  but  only  to  the  extent  of  one  or  two  machines  in 
large  sub.stations,  and  had  arranged  so  that  he  could  start  them  from 
the  altemating.current  side.     He  had  afterwards  experienced  trouble 
with  these  induction  macbineii — just  such  trouble  as  Mr.  Rider  had.dp- 
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scribed.  He,  the  s]icaker,  would  certainly  put  in  symhronous  niarliiucs 
in  preference  tn  induction.  Jlr.  Rider's  exi>erience  with  tlie  breaking 
clown  of  the  coils  brought  out  an  old  fact  in  regard  to  winding.  They  had 
had  trouble  with  induction  sets  through  the  breakdown  of  the  coils. 
He  (the  speaker)  believed  that  there  was  moat  certainly  a  concentration 
of  pressure  on  the  first  few  turns  of  the  coils.  This  trouble  might  be  got 
over  by  an  external  device.  He  was  not  at  all  sure  that  the  defect  was 
not  mainly  a  mechanical  one.  In  tests  with  resistance  boxes  for  applying 
up  to  100,000  volts  pressure  he  heard  that  every  time  insulaticm  broke 
down  they  had  to  suspend  the  test  until  the  resistance  box  had  been 
re- wound.  They  put  a  choke  coil  each  side  of  the  resistance  box  and  had 
no  further  trouble.  There  was  an  interesting  point  in  the  figure  given  in 
the  Paper  as  to  the  cost  of  a  sub-station.  It  had  to  be  remembered  also 
that  the  generating  and  sub-station  plant  cost  was  only  about  halt  the 
total  cost  of  the  scheme,  as  cables  and  street  work  had  to  be  provided 
for.  He  complimented  Mr.  Rider  on  the  clean  and  tidy  aspect  of  tlic 
station  at  Greenwich,  in  marked  contrast  to  stations  in  the  old  days. 

Mr.  K.  Edgcumbe  referred  to  Mr.  Rider's  remark  in  tlie  Paper  in  which 
he  said  that  his  experience  with  reverse  relays  had  led  him  to  think  that  it 
would  be  better  to  dispense  with  them  altogether.  Three  siieakers  in 
the  previous  discussion  liad  agreed  with  Mr.  Rider  ;  but  he  (the  speaker) 
somehow  felt  that  the  cpiestion  was  such  an  important  one  that  it  ought 
not  to  be  passed  over  too  hastily,  and  he  would  very  much  like  to  have 
some  further  facts  from  Mr.  Rider  as  to  the  trouble  experienced.  He 
thought,  reading  between  the  lines,  that  reverse  relays  had  been  guilty 
of  cutting  out  generators  when  there  was  nothing  wrong  with  them. 
Did  it  follow  that  the  only  alternative  was  to  do  away  with  all  protec- 
tion on  the  generators  ?  He  did  not  know  what  Mr.  Rider's  settings  were 
at  Greenwich,  but  they  were  probably  rather  low — something  like  10  per 
cent,  of  the  output  of  the  generator.  Sometimes  engineers  went  as  low 
as  one-twentieth  of  the  output.  That  might  be  all  right  on  small  plants, 
but  he  could  not  help  thinking  that  on  large  plants,  where  surges  had  to 
be  reckoned  with,  where  there  were  generators  of  various  types  running 
in  parallel,  some  reciprocating  engines  and  some  turbines,  there  were 
bound  to  be  temporary  reversals  of  energy,  and  in  that  case  it  was  neces- 
sary to  put  in  a  time  lag.  He  had  found  that  a  fixed  time  lag  was  in- 
finitely preferable  to  an  indefinite  time  lag  depending  on  the  alacrity  of 
the  switchboard  attendant  in  cutting  out  the  generator  from  the  switch- 
board. The  other  alternative  seemed  to  be  to  do  what  Mr.  Rider  said, 
and  do  away  with  the  relays  altogether  ;  but  that  seemed  hardly  a  logical 
conclusion,  .\nother  alternative  was  to  set  the  relays  for  a  much  heavier 
reverse  curi'ent.  The  only  objection  to  that  was  that  the  'bus  bar  volts 
were  almost  certain  to  fall,  and  that  entailed  a  corresponding  increase  of 
current.  But  an  increase  to  four  or  five  times  the  normal  output  of  the 
machine  would  not  hurt  a  generator.  Personally,  before  relays  were 
discarded,  he  would  like  to  see  them  set  to  much  higher  values. 

Mr.  H.  M.  S.4YERS  said  he  had  Mr.  Rider's  permission  to  mention  some 
facts  regarding  induction  motors  which  went  to  show  that  the  troubles 
experienced  were  partly  mechanical.  In  some  careful  tests  on  the 
windings  a  point  had  been  selected  in  the  centre  of  the  winding  and  a 
mechanical  movement  had  been  detected  of,  in  some  cases,  as  much  as 
-J  in.  With  regard  to  costs,  the  figures  given  in  the  Paper  as  to  units 
generated  did  not  enable  one  to  distinguish  the  works  costs  for  current 
utilised.  From  the  figures  given  it  appeared  that  the  current  delivered 
to  sub.,;tations  was  now  about  14  per  cent,  greater  per  car-mile  than  the 
current  -cm  rated  in  the  year  ended  March  31,  1907.  The  trans- 
mis.siiiii  l.isM-,^  uerc  a  further  addition.  As  to  the  commercial  position 
of  a  liiu  si  a  lie  111.  he  took  it  that  at  Greenwich  there  was  shown  what 
could  be  done  with  a  high-tension  station,  and  he  thought  it  was  very  near 
the  limit.  Transmission  losses  to  the  farthest  sub-stations  would 
amovuit  to  about  13'7  per  cent,  at  full  load,  and  assuming  the  most 
economical  cable  section  the  capital  charges  would  double  that  loss, 
makmg  it  in  value  of  imits  generated  about  27-4  per  cent.,  so  that  if 
instead  of  requiring  about  10  miles  of  cable  the  generating  station  was 
in  a  more  central  district,  and  5  miles  of  cable  was  saved,  there  would 
actually  be  a  net  saving,  although  the  cost  of  coal  might  be  increased  by 
10  or  12  per  cent. 

Mr.  G.  L.  Addenbrooke  refei-red  to  the  question  of  the  sppluy  of 
water  to  the  boilers  and  to  Mr.  Rider's  statement  that  he  blew  off  5  in. 
every  day,  meaning  a  loss  of  £500  a  year. 

In  a  written  communicaion,  he  further  asked  for  particulars  of  the 
amoiuit  of  water  used  for  the  boiler  supply  and  what  proportion  of  the 
total  went  through  the  turbines  in  the  form  of  steam,  and  also  what  was 
the  pro])(ution  of  the  make-up  water  to  the  total  water  jiuinpcd  into  the 
boilers,  and  approximately  the  amount  of  w%ater  lost  by  bluwiiiLj  off.  He 
believed  a  good  case  could  be  made  out  for  distilling  the  make-up  water, 
esi)ecially  in  the  tinbine  plant,  as  the  necessity  for  blow-ing  down  the 
boilers  would  be  greatly  reduced,  and  their  efficiency  would  also  be  a 
little  higher  owing  to  freedom  from  scale,  and  a  considerably  smaller 
amount  of  water  would  be  required.  He  asked  Mr.  Rider  to  ex|)lain  the 
large-  sum  which  was  included  in  the  cost  of  his  gen'-r.itini;  station  for 
buildings  and  foundaticms.  There  was  a  certain  want  of  ])ro])ortion,  in 
considering  an  undertaking  of  that  kind,  in  only  devoting  a  few  lines  to  an 
expendituic-  wliieli  was  nc'arly  half  the  total,  and  which  brought  up  the 
caiiital  c.\|ieiulilure  ]ict  kilowatt  to  the  large  amount  of  £23. 

Mr.  J.  -M.  G.  Tkkzise  askc-d  for  information  respecting  the  high.tension 
switchgear.  Ho  noticed  that  isolating  jilngs  lu-ovidecl  with  insulatmg 
handles  wore  made  use  of  in  the  generating  station  and  in  the  sub- 
stations. Seeing  that  it  would  hardly  be  safe  to  grip  the  plugs  without 
the  assistance  of  a  further  insulating  device  of  some  sort,  was  there  any 
real  advantage  in  providing  that  special  insulation  over  the  ordinary 
I  barei  copper  knife  switch  operated  by  a  rod  with  a  hook  at  the  end  ?   He 
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also  asked  for  more  information  respecting  the  spark-gap8  provided  for 
protecting  the  feeder  cables  at  Greenwich.  Did  they  act  ?  Did  dis- 
charges take  place  from  them,  and,  if  so.  under  what  conditions  '!  Were 
any  means  provided  to  indicate  if  discharge  had  taken  place,  and  did 
tliey  give  any  considerable  trouble  to  keep  clean  and  in  order  ?  In 
regard  to  the  question  of  straining  the  water  for  the  condensers,  there 
was  an  immense  advantage  in  using  an  automatic  strainer  to  deal  with 
water  from  a  river  such  as  the  Thames.  But  the  fact  mentioned,  that 
15  per  cent,  of  the  water  pumped  for  condensing  at  Greenwich  went  back 
from  the  strainer  without  being  used,  seemed  a  very  serious  matter.  The 
capacity  of  each  strainer  was  stated  to  be  1,000,000  gallons  per  hour, 
and  if  the  head  against  which  the  water  was  pumped  was  taken  at  30,ft., 
that  meant  useless  pumping  for  3,600,000  gallons  of  water  per  day  against 
a  head  of  30  ft.  With  constant  pump  pressure  the  waste  in  the  strainer 
would  remain  practically  constant.  In  regard  to  the  large  power 
required  to  drive  the  circulating  water  at  Greenwich,  Mr.  Bailey  attri- 
buted it  to  some  defect  in  the  design  of  the  circulating  pipes,  Ijut  Mr. 
Roberts  had  not  agreed  with  that  idea.  He,  the  speaker,  had  endea- 
voured to  make  some  calculations  to  arrive  at  the  amount  of  power 
reiiuired  to  pump  the  leakage  water  from  the  strainer.  Taking  the  pumps 
as  having  a  capacity  of  12,000  gallons  per  minute,  and  the  motors  each 
at  250  B.H.P.,  then  the  amount  of  water  pumped  to  waste  would  consume 
some  52  b.h.p.,  equaling  377,278  B.O.T.  luiits  for  the  year.  If  two  strainers 
were  used  the  waste  would  amount  to  104  b.h.p.,  which  equalled  754,555 
imits  per  year,  so  that  two  stramers  in  use  meant  a  waste  of 
power  equal  to  more  than  three-quarters  of  a  million  units  per  annum. 
The  figures  showed  that  a  largo  proportion  of  the  power  required  to  work 
the  circulating  system  was  due  to  the  loss  of  water  from  the  strainer. 
The  disadvantage  of  having  the  pumps  outside  the  strainer  had  already 
been  referred  to.  Of  course,  the  great  disadvantage  of  the  arrangement 
was  that  the  strainers  did  not  protect  the  pumps.  It  was  not  possible 
with  the  rotary  strainer  to  adopt  the  economical  arrangement  of  having 
two  or  more  pumps  in  parallel,  so  arranged  that  one  or  more  was  brought 
into  use  as  the  load  demanded.  The  difficulty  could  be  partly  overcome 
by  usmg  d.-c.  motors  instead  of  a.-c.  motors,  so  as  to  reduce  the  speed, 
but  the  efficiency  fell  so  rapidly  with  reduced  speed  that  there  appeared 
to  be  no  advantage  in  using  the  former.  He  had  had  an  opportunity  of 
inspecting  the  Greenwich  station,  and  the  circulating  system  was 
certainly  interesting,  particularly  the  method  of  carrying  the  pipes  to 
the  station  below  the  low  water  level,  although  there  appeared  to  be 
some  disadvantage  in  the  sharp  bend  at  the  river  wall. 

Mr.  J.  R.  Salter  thought  the  first  thing  in  the  Paper  that  would  strike 
anyone  connected  with  tramway  work  was  the  heavy  capital  expendi- 
ture. What  did  it  represent  per  car-mile  ?  Another  point  was  the 
employment  of  storage  batteries,  representing  only  one-hundvedth  part 
of  the  total  capacity  of  the  plant.  He  did  not  think  it  was  ci>utcn<lcd 
that  these  gave  any  ordinary  advantage.  Mr.  Rider  had  told  tlicm  that 
the  conduit  system  was  liable  to  many  faults  to  which  the  overhead 
system  was  not  subject,  but  he  would  like  a  few  more  particulars  as  to 
the  advantages  of  the  conduit  system.  As  to  the  cost  of  current, 
the  cost  per  car-»iilc  m  Glasgow  was  much  lower  than  in  London,  and  if 
Mr.  Rider  came  anywhere  near  the  Glasgow  costs  there  would  be  a  savmg 
of  something  like  £40.000  a  year  in  generating  costs,  representing  a  capital 
of  sometliing  like  £600,000.  There  was  scarcely  any  information  given 
as  to  the  low-tension  feedei  system,  which  must  have  cost  more  than  in 
the  ordinary  overhead  system.  One  of  the  most  remarkable  departures 
was  the  use  of  shunt  machines.  He  suggested  that  the  low  efficiency 
shown  was  partly  accounted  for  by  these  shunt  machines. 

Mr.  H.  Brazil,  referring  to  the  switch  in  the  neutral  windings, 
congratulated  Mr.  Rider  and  Mr.  Shaw  on  the  ingenuity  displayed  in  the 
device  described  in  the  Paper,  but  when  one  came  to  examine  the  number 
of  switches  employed  one  was  inclined  to  doubt  the  value  of  the  device. 
In  regard  to  isqlation,  when  it  was  necessAry  to  divide  the  system  into 
two  or  more  parts  one  only  of  the  parts  could  be  earthed  by  the  device 
and  it  would  appear  to  be  very  dangerous.  The  aim  in  such  devices 
.should  be  that  the  shock  to  the  system  was  as  small  as  possible,  and 
yet  enable  the  cut-outs  to  act.  He  suggested  a  special  arrangement 
of  carbon  powder  resistances  or  choking  coils  connecting  the  neutrals 
to  a  common  earthing  bar. 

Mr.  A.  B.  Clark  thought,  from  the  diagram  in  the  Paper,  that  there 
were  two  water  meters  in  the  circulating  system.  He  would  like  to  ask 
how  much  water  they  passed  in  a  given  time,  and  also  what  vacuum 
was  maintained.  As  to  earth  resistances,  he  asked  what  the  weight  of 
Mr.  Rider's  was.  In  the  diagram  of  the  switchboard,  he  noted  that 
two  low-tension  machines  came  to  the  same  'bus  bar.  That  meant  that 
if  anything  went  wrong  with  that  section  of  'bus  bar  the  auxiliary  motors 
would  lie  stopped.  As  to  the  engines,  here  they  found  very  good  results. 
He  thought  there  was  something  wrong  with  the  boiler  tests.  How  was  the 
water  for  the  boilers  measured  ?  As  to  the  coal  contract,  in  looking 
through  a  large  number  of  analyses  for  B.Th.U.,  ho  found  that  it  was  a 
very  poor  coal  indeed  that  did  not  reach  the  limit  in  .Mr.  Rider's  contract. 
Then  as  to  moisture,  washed  coal  usually  contained  less  moisture  than 
vmwashed  coal,  because  it  waSitho  dusty  particles  that  held  the  moisture. 
Altogether,  the  schedule  referring  to  coal  seemed  to  give  toti  large  an 
allowance  to  the  coal  contractor.  The  amount  of  small  coal  allowed 
was  too  high.  ,.  ,  :: 

Mr.  G.  W.  0.  Howe  remarked  that'it  had  already  been  pointed  o\it  in 
tlie  discussion  that  the  trouble  due  to  the  breaking  down  of  the  end  coils 
of  the  stator  windings  of  the  induction  motors  was  by  no  means  new. 
Makers  had  for  many  years  put  extra  insulation  on  the  end  coils  of  trans- 
formers and  motors.  He  doubted  whether  the  device  adopted  by  Mr. 
Kider — viz.,  putting  chokuig  coils  in  series  with  the  machine — was  the 


best  way  out  of  the  difficulty.  He,  the  speaker,  suggested  another 
method  by  which  all  electrical  shock  to  the  motor  winding  would  be  pre- 
vented. In  order  to  demonstrate  the  cause  of  the  breaking  down  of  the 
end  coils,  he  showed  some  diagrams  representing  the  hydraulic  analogy. 
From  these  the  first  method  which  suggested  itself  to  the  speaker  wa.s  to 
place  a  non-inductive  resistance  in  parallel  with  the  motor  before  closing 
the  switch,  ta|ipings  being  taken  from  the  resistance  to  the  connections 
between  the  stator  coils.  This  shunt  could  be  made  of  high  resistance, 
and  need  only  be  in  use  for  a  fraction  of  a  second.  It  could  be  auto- 
matically disconnected  by  pushing  the  main  switch  home.  Another  and 
probably  far  preferable  method  was  to  put  a  number  of  condensers  in 
series  across  the  terminals  and  to  tap  off  from  the  wires  joining  the  con- 
densers to  the  wires  joining  successive  stator  coils.  These  condensera 
could  be  fitted  once  for  all  and  left  permanently  connected.  His  col- 
league, Mr.  Irwin,  who  had  independently  hit  on  the  same  idea,  would 
go  into  this  method  in  more  detail. 

Mr.  J.  FiDDES  Brown  (communicated)  asked  for  information  as  to 
the  weight  and  seating  capacity  of  the  cars,  the  average  speed  per  hour 
and  the  consumption  of  energy  per  ton- mile. 

Mr.  W.  H.  C'oLLis  (communicated)  referred  to  the  Lister  Drive  station 
of  the  Liverpool  Corporation.  The  output  of  the  turbo-alternators 
(the  neutral  points  of  the  stators  being  earthed  on  to  the  water  mains) 
was  carried  to  the  switchboard  by  means  of  three-phase  lead-covered 
and  armoured  cables,  the  armouring  being  earthed  on  to  the  water  system. 
When  several  of  the  alternators  were  running  it  was  found  that  there  was 
a  considerable  circulation  of  low-voltage  alternating  current  in  the 
armouring  of  the  machine  cables,  and,  in  fact,  one  of  the  cables  was  once 
found  arcing  to  the  metal  hanger,  due  to  the  current  passing  through  the 
hanger  to  the  armouring  of  other  cables.  That  had  now  been  prevented 
by  insulating  all  the  cables  from  the  metal  hangers.  The  machines  were 
of  two  types,  and  experiments  showed  that  practically  no  interchange 
of  current  took  place  between  similar  machines.  It  was  therefore 
decided  to  group  the  alternators  into  two  sets,  and  so  arrange  the  earth 
connections  that  either  group  could  be  earthed.  In  future  only  one  gi-oup 
would  be  earthed  at  a  time. 

Mr.  Forrest  (communicateil)  was  interested  to  note  that,  as  75  pe^ 
cent,  of  the  sub-station  plant  cunsisted  of  induction  motor-generators, 
the  author  was  apparently  satisfied  with  the  general  superiority  of  that 
type  of  plant  (jver  rotary  converters  for  tramway  work.  He  (Mr.  Forrest) 
thought  there  was  nothing  so  good  as  rotary  converters  for  rough-and- 
tumble  work,  and  mentioned,  as  ail  example  of  their  rehability,  the  case 
of  Birmingham,  where  rotaries  were  used  for  both  Ughting  and  traction. 
There  had  not  been  a  single  machine  or  transformer  failure  during  the 
2^  years  they  had  been  running.  The  best  and  safest  way  of  overcoming 
the  author's  trouble  with  the  end  coils  was  to  switch  in  through 
choking  coils.  If  the  author  had  used  rotaries  his  sub-station  efficiency 
would  have  been  at  least  7  per  cent,  better. 

Mr.  R.  A.  Chattock  (comnnmicated)  asked  for  further  information 
as  to  what  had  induced  Mr.  Rider  to  adopt  the  opinion  that  generators 
should  have  no  tripping  relays  of  any  kind.  He,  the  wi-iter,  had  now 
obtained  a  reverse  current  relay  that  could  be  relied  upon  to  act  under 
the  condition  of  a  failing  field,  and  also  of  a  reverse  or  motoring  cuiTent ; 
also  it  would  be  unaffected  by  any  condition  of  forward  cuirent  as  long 
as  the  field  current  was  norma  .  The  arrangement  had  been  installed  by 
the  B.T.-H.  Co.  at  the  Birmingham  Corporation  generating  station.  He 
was  of  opinion  that  \vith  a  pressure  as  low  as  li.tiOO  volts,  earthing  of  the 
neutral  point  was  not  necessary.  Greater  expense  was  entailed  on  an 
earthed  system. 

Mr.  Leonard  Andrews  (communicated)  discussed  Mr.  Rider's  ex- 
periment of  abandoning  the  original  scheme  providing  for  two  generating 
stations  more  or  less  in  the  centre  of  the  area  of  supjily  for  one  larger 
station  entirely  outside  that  area,  but  having  the  advantage  of  a  water- 
side site.  The  results,  at  least  so  far  as  generating  costs  were  concerned, 
were  excellent,  but  possibly  these  were  in  a  great  measure  due  to  the 
very  high  load  factor.  There  were  many  who  had  closely  studied  the 
subject  who  thought  that  better  results  would  have  been  attained  if 
the  original  scheme  had  been  carried  out.  After  all.  the  scttkMncnt  of 
such  a  weighty  matter  should  not  depend  upon  mere  expressions  of 
opinion,  but  upon  actual  facts.  The  only  solid  fact  contributed  to  the 
discussion,  having  any  bearing  upon  the  matter,  was  Mr.  Roger  Smith  s 
statement  that  he  was  paying  a  lower  price  for  coal  of  greater  heating 
value  dehvered  at  his  works  at  Park  Royal.  The  question  could  only  be 
properly  considered  in  its  entirety,  and  for  that  purpose  comparative 
capital  charges,  fuel,  water  and  other  running  charges  should  bo  taken 
into  consideration.  It  might,  however,  be  useful  to  compare  the  informa- 
tion Jlr.  Rider  had  given  with  particulars  available  from  various  other 
sources  as  follows  :  Gaunttinii  Sldtion  Capital  Charges.— In  a  recent 
Paper  the  writer  was  severclv  criticised  for  assuming  a  total  capital 
expenditure  of  £14  per  kilowatt  installed  i-oiuplctc  with  cooling  towei-s. 
and  was  told  that  if  a  river-side  site  had  liccn  selected  instead  of  coolmg 
towers  the  capital  o\itlav  would  have  been  considerably  less.  In  view  of 
this  it  was  sonu'what  surprising  that  Mr.  Rider's  actual  capital  outlay  of 
£23-63  per  kilowatt  installed  for  river-side  plant  was  allowed  to  pass 
without  comment.  Cooling  towers  for  dealing  with  an  output  equal  to 
that  of  the  Greenwich  station  could  have  been  erected  complete  for  less 
than  £30,000.  Taking  interest  and  sinking  fund  at  7i  per  cent.,  and 
addiiig  2^  per  cent,  for  maintenance  and  repairs,  the  fixed  charges  on  the 
cooling  towers  would  amount  t  >  £3,000  per  annum.  Mr.  Rider's  expen- 
diture°on  pier  and  river  work  had  been  over  £('>0.000.  The  repairs  on 
this  would  probably  be  nuich  lower  than  on  the  cooling  towei-s,  and 
might  be  covered  by  h  per  cent,  per  annum,  making  a  total  amiual  chaigc 
of  £4,800  ;   but  (his  d'id  not  cover  the  very  heavy  capital  outlay  incurred 
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in  the  elaborate  strainei-s  found  necessary.  On  the  other  hand,  it  might 
be  argued  that  some  of  the  expenditure  under  this  heading  sliould  be 
charged  to  coalliandling  phmt.  One  of  the  advantages  of  the  original 
Camberwell  site,  however,  was  that  an  elevated  siding  would  have  been 
constructed,  from  which  the  coal  could  have  been  shot  diiectly  into 
the  bunkers.  It  was  probable,  therefore,  that  the  total  cost  of  coal  aud 
ash-handling  plant,  under  the  original  scheme,  would  not  have  amounted 
to  more  than  3Ir.  Rider's  cost  of  £18,500,  phis  the  cost  of  the  water 
strainers.  It  would  be  interesting  to  learn  whether  the  very  high  cajiital 
outlay  of  £982  on  land  and  buildings  was  attributable  to  the  difficulty, 
often  experienced  when  plant  was  erected  on  river-side  sites, of  obtaining 
good  foundations.  The  ground  space  required  for  cooling  towers  of  the 
capacity  under  consideration  would  be  about  5,000  sq.  yds.  Assuming 
a  ground  rent  of  Is.  per  annum,  an  additional  expenditure  of  £250  per 
annum  would  be  incurred  under  this  heading.  Pumping  ]yaU?r. — A  dis- 
advantage of  cooling  towers  was  the  amount  of  energy  expended  in  pump- 
ing water  to  the  top  of  the  towers.  About  2.1  million  units  would  be 
required  for  dealing  with  the  estimated  output  Mr.  Rider  gave  of  91  mil- 
lion units  per  annum,  and,  taking  the  cost  of  the  current  at  0'34d.  per 
unit,  the  annual  charge  inider  tliis  item  would  be  £3,240.  Another 
serious  item  was  the  cost  of  the  extra  make-up  water  evaporated  from  the 
cooling  towers.  At  the  Camberwell  site  it  was  proposed  to  sink  a  well, 
from  which  the  water  required  could  have  been  obtained  at  an  estimated 
cost  of  less  than  2d.  per  1,000  gallons.  Thus,  28,000,000  gallons  at  2d. 
per  1.000=£2.340.  Increased  Fuel  (Consumption. — The  claim  of  a  lower 
fuel  consumption  at  a  river-side  station,  owing  to  the  lower  temperature 
of  the  cooling  water,  did  not  appear  to  be  borne  out  in  practice.  Mr. 
Rider's  fuel  consumption  of  3-1  lb.  of  coal  per  kilowatt-hour,  the  calorific 
value  of  the  coal  being  12,500  B.Th.U.  ])er  pound,  corresponded  to  a 
thermal  efficiency  of  9'05  per  cent.  The  fuel  consumptirm  at  the  Pinkston 
station  of  the  Glasgow  tramways  undertaking  was  3-05  lb.  per  kilowatt- 
hour,  the  calorifie  value  of  the  coal  being  12,000  B.Th.U.  per  pound. 
The  overall  efficiency  of  the  Glasgow  plant  was.  therefore,  9-3  per  cent., 
or  higher  than  ilr.  Rider's.  The  load  factor  of  the  Glasgow  undertaking 
was  only  37-5  per  cent.,  against  Mr.  Rider's  47'75,  and  they  obtained 
their  water  from  a  canal,  the  flow  of  water  in  which  was  very  small,  the 
result  being  that  the  temperature  of  the  cooling  water  was  often  quite 
as  high  as  it  would  be  at  the  base  of  cooling  towers.  It  appeared,  there- 
fore, that  any  advantage  in  this  respect  must  also  be  abandoned.  The 
above  items  showed,  on  the  whole,  some  advantage  in  favour  of  water- 
side sites  as  compared  with  cooling  towers.  They  must,  however,  con- 
sider, on  the  other  side,  the  extra  capital  outlay  on  feeders  with  the  extra 
transmission  losses,  and  the  cost  of  converting  that  portion  of  the  total 
current  which  would  have  been  generated  as  direct  current  if  the  stations 
had  been  jjlaced  in  central  positions.  It  was  practically  impossible  for 
an  outsider  to  estimate  the  high-tension  feeder  losses  and  extra  capital 
charges,  .-^s,  however,  under  the  original  scheme  it  was  proposed  to 
instal  6,000  kw.,  or  20  per  cent,  of  the  total  plant,  as  direct  current,  at 
least  20  per  cent,  of  the  total  output  would  have  been  generated  and 
distributed  as  direct  current.  From  a  Paper  by  Mr.  Snell,  the  cost  of 
converting  those  units  would  be  0-122d.  jier  unit,  or  £9,250.  A  balance- 
sheet  would,  therefore,  show  a  debit  balance  against  the  water-side  site 
of  £5,220,  excluding  extra  costs  of  transmission.  Thus,  at  the  time  Mr. 
Rider  started  the  Greenwich  scheme  there  was  little  to  choose,  as  far  as 
generating  charges  were  concerned,  between  the  respective  systems. 
Now,  however,  since  the  economy  and  reliabiUty  of  large  gas  engines  had 
been  proved,  the  entire  aspect  of  the  problem  had  become  changed.  At 
present  it  would  be  ])ossible  to  put  down  gas-driven  generating  stations 
(one  south  and  one  north  of  the  Thames)  at  a  lower  capital  outlay  than 
had  been  exjiended  on  Mr.  Rider's  scheme,  and  to  guarantee  that  the  total 
annual  running  costs  would  not  exceed  £60,000  for  the  output  covered 
by  -Mr.  Rider's  running  c(jsts  of  £92,208. 

Mr.  .T.  H.  Rider  said  that  although  he  would  have  preferred  to  have 
given  his  rcfily  face  to  face  with  those  who  had  discussed  the  Paper, 
he  would  hav  e  to  defer  it  for  the  "  Journal,"  as  the  reply  to  such  a  dis- 
cussion as  had  taken  placs  would  occupy  as  much  time  as  the  Paper 
itself. 

Mr.  W.  M.  MoKDEY  said  it  was  a  long  time  since  three  nights  had 
been  devoted  to  any  one  I'aper,  but  the  t'ouncil  had  given  up  this  time 
because  they  thought  the  Paper  Wiis  a  very  important  and  valualjle  one, 
and  that  they  ought  to  take  the  oj)portunity  of  giving  members  a  full 
opi)Ortunity  of  di.«cu.ssing  it. 


THE  COMPOSITION  AND    DURABILITY  OF  CABLE 
PAPERS. 

BY   CLAYTON'    BEADLE    AXI)    HEXRY    P.    .STEVENS, 
{Concluded  from  paye  61.) 

Summary. — Information  at  present  available  upon  the  desirable  pro- 
perties of  paper  from  the  insulating  point  of  view  is  very  meagre.  The 
authors  attempt  to  fill  this  gap  by  giving  the  results  of  their  cx]5erience 
in  dealing  with  such  papers  from  the  chemical  point  of  view.  The  com- 
position of  manila  and  other  papers  is  briefly  discussed.  Tests  to  which 
papers  should  be  subjected  are  considered,  and  a  number  of  t.ililcs  of 
results  are  given.  The  effect  of  moisture  is  dealt  with  at  some  Icugl  h.  ami 
the  authors  finally  express  their  opinions  on  changes  taking  place  when 
papers  arc  in  contact  with  the  atmosphere  and  when  they  are  protected 

from  it.  

Coming  to  the  subject  of  the  composition  of  the  papers  of 
which  we  have  given  the  physical  tests,  and  talking  first  of  all 


the  amount  of  ash,  we  find  that  as  a  rule  the  amount  of  ash  is 
least  with  those  containing  wood  pulp  and  greatest  on  those 
papers  consisting  of  manila  or  "  hemp  stock,"  Thus,  No.  9, 
which  consists  entirely  of  wood  pulp,  contains  0-58  per  cent.  ; 
those  which  are  mixtures  of  wood  pulp  and  hemp  stock  are 
mostly  under  1  per  cent.,  and  those  which  are  all  hemp  stock 
average  about  2-J-  per  cent.  ;  the  highest  have  4-6  per  cent. 

The  colours  of  the  ashes  of  those  papers  which  consist  either 
wholly  or  for  the  most  part  of  wood  are,  as  a  rule,  much  lighter 
than  those  containing  a  preponderance  of  hemp  stock. 

One  thing  may  surprise  us  in  Table  C,  namely,  that  they 
represent  papers  all  of  which  are  supplied  to  cable  manufac- 
turers who  tender  for  a  pure  manila  hemp  paper.  In  this 
table  it  will  be  seen  that  there  are  13  different  papers  ;  out  of 
this  number  seven  contain  a  preponderance  of  wood,  that  is 
70  per  cent,  and  upwards,  six  only  are  free  from  wood.  One, 
No.  9,  consists  entirely  of  wood  pulp,  and  another,  No.  8, 
contains  as  much  as  95  per  cent.  ;  the  rest  contain  70  per  cent, 
and  upwards.  All  those  returned  as  hemp  stock  contained 
varying  proportions  of  manila  not  given  in  some,  the  manila 
would  not  amount  in  some  cases  to  more  than  half  the  weight 
of  fibres  under  hemp  stock,  and  a  considerable  proportion  of 
the  fibres  in  some  consisted  of  jute.  This  set  are  not  picked, 
but  taken  at  random  and  represent  the  ordinary  run  of  com- 
positions of  papers  as  supplied  as  manila  paper  and  therefore 
reveal  the  importance  of  making  a  proper  examination  of  such 
papers. 

A  comparison  of  Tables  B  and  C  furthermore  assists  us  in 
forming  some  opinion  as  to  the  relative  strengths  of  papers 
made  from  wood  pulp,  or  mixtiu-es  of  wood  pulp  and  hemp, 
and  paper  containing  manila,  &c.  Taking  the  first,  Nos,  1  to 
5,  Table  R,  columns  10  to  12,  these  are  papers  containing 
70  to  85  per  cent,  of  wood  pulp,  the  "  actual "  strength, 
(column  10)  varies  between  9,400  and  16, .500,  giving  an 
average  of  12,500  for  a  paper  of  an  average  composition  of 
75  per  cent,  chemical  wood  and  25  per  cent,  hemp  stock  and 
an  average  thickness  of  -134  mm.  This  figure  is  practically 
the  same  as  the  actual  strength  of  the  whole  lot  of  papers. 
The  only  paper  consisting  wholly  of  wood  pulp  is  No,  9 ;  this 
has  an  actual  strength  of  14,000,  and  has  a  specific  strength 
of  3,000,  Looking  at  the  papers  consisting  all  of  hemp,  &c., 
and  comparing  their  strength  with  that  of  the  papers  contain- 
ing wood  pulp,  it  would  appear  that  the  strongest  papers  of 
all  are  those  consisting  of  a  mixture  of  hemp  and  wood  pulp, 
and  these  are  stronger  either  than  wood  pulp  alone  or  hemp 
alone.  But  these  remarks  must  not  be  regarded  as  conclusive 
but  only  true  of  these  commercial  papers,  for  the  simple  reason 
that  certain  kinds  of  wood  pulp  produced  much  stronger 
results  than  others,  and  it  would  be  possible  to  produce  a  wood 
pulp  paper  stronger  than  any  of  those  recorded  in  the  above 
table.  Furthermore,  if  one  wanted  strength  alone,  and  dis- 
regarded other  qualities  it  would  be  possible  to  do  the  same 
with  hemp  or  manila,  so  that  it  is  not  possibl  3  to  say  which  of 
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Not  sized ...  1 
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the  two  would  give  the  greater  strength.  On  the  whole,  in 
making  large  quantities  of  paper,  we  should  expect  a  greater 
uniformity  in  the  case  of  wood  pulp  than  in  the  case  of  hemp 
stock.  This  will  be  better  understood  by  referring  to  the 
jemarks  made  at  the  beginning  of  the  article.  We  repeat, 
however,  that  it  has  not  yet  heen  proved  that  manila  papers 
can  be  produced  stronger  than  the  strongest  chemical  wood 
paper,  and  we  might  further  point  out  that  the  strongest  papers 
we  have  so  far  ever  come  across  are  made  from  flax  fibre,  but 
they  belong  to  another  and  a  higher  class  of  product. 

Seeing  that  jute  is  likely  to  find  its  way  into  cable  papers 
either  by  accident  or  d(  sign  we  think  it  as  well  to  here  empha- 
sise the  differences,  both  ch?mical  and  physical,  between  jute 
and  manila. 

Jute. — The  raw  material  for  paper  is  obtained  either  from 
the  refuse  from  jute  spinning,  or  from  old  packing  material 
(coffee  sacks  and  the  like).  The  elementary  fibrjs  of  jute  are 
lignified  and  united  in  larger  or  smaller  bundles.  During  the 
manufacture  the  bundles  may  be  more  or  less  disintegrated 
into  single  fibres,  so  that  both  forms  may  be  recognised  in  a 
microscopical  examination  of  the  paper.  The  lumen  of  the 
jute  fibre  is  characteristic,  being  in  part  nearly  as  wide  as  the 
fibre  and  then  contracting  to  a  very  narrow  channel. 

Manila. — Old  ship's  tow  forms  the  crude  material  used  for 
paper.  As  in  the  case  of  jute,  though  less  frequently,  the 
fibres  in  the  paper  are  sometimes  united  into  bundles.  The 
lignin  in  the  elementary  fibres  is  present  in  so  small  a  propor- 
tion as  to  be  readily  removed  by  boiling  with  alkalis.  Jute 
fibres  are  generally  empty,  whilst  manila  fibres  frequently 
contain  protoplasmic  masses,  which  give  a  yellowish- brown 
colour  with  iodine  in  potassium  iodide,  and  a  lemon-yellow 
colour  with  iodine  zinc  chloride.  The  fibres  do  not  show 
sudden  changes  in  diameter,  and  their  ends  frequently  have 
the  form  of  a  lead  pencil  point,  or  of  a  bidb  with  a  fine  point. 

The  table  below  shows  the  comparative  characteristics  of 
the  two  fibres. 

For  the  last  two  years  there  appears  to  have  been  a  tendency 
towards  a  more  uniform  composition  of  a  cable  paper.  At 
one  time  they  were  taken  from  ordinary  stock  by  the  paper 
maker,  now  they  are  more  uniform  in  texture.  The  composi- 
tion that  we  generally  meet  with  is  about  two-thirds  fibres  of 
the  manila  class  mixed  with  one-third  chemical  wood  fibre  ; 
this  we  have  met  with  in  different  parts  of  the  British  Isles, 
both  with  paper  submitted  to  us  by  cable  makers,  and  paper 
stripped  off  cables  laid  down  by  public  and  private  under- 
takings for  electric  mains.  There  appears  to  be  a  general 
recognition  now  that  paper  need  not  consist  entirely  of  manila. 
This  the  cable  makers  and  users  are  willing  to  submit  to, 
and  this  entirely  endorses  our  views  as  far  as  we  are  able  to 
form  an  opinion.  Thus,  if  manila  is  to  form  the  mainstay  of 
cable  papers  until,  say,  the  purest  form  of  chemical  wood  fibre 
has  been  proved  of  equal  value,  during  the  interregnum,  we 
can  see  no  harm  in  utilising  up  to  one-third  of  best  chemical 
wood  fibre,  provided  that  the  rest  is  manila  or  hemp,  but  we 
should  like  to  see  jute  excluded  as  far  as  possible.  Well 
treated  rags  would,  of  course,  be  permissible,  provided  that 
they  are  properly  treated  in  the  mill  so  as  to  produce  a  pure 
iwper,  as  rags  are  as  durable  as  manila  itself.  Rags  are,  how- 
ever, not  likely  to  be  used,  as  strong  rags  are  more  expensive 
than  manila.  Chemical  wood  is  the  fibre  that  the  paper 
maker  would  like  to  see  take  the  place  of  manila. 

The  question  sometimes  arises  as  to  whether  a  cable  is  insu- 
lated with  paper  "  free  from  all  injurious  particles  "  or  whether 


the  impregnating  material  is  free  from  acids  or  contains  any- 
thing that  might  produce  corrosion  of  the  copper  conductor 
or  anything  that  might  destroy  the  lasting  qualities  of  the 
paper.  This  may  be  a  question  quite  apart  from  the  quality 
of  the  paper  itself,  because  the  best  paper  might  become 
useless  if  the  impregnating  material  contained  acid  substances. 

Although  the  impregnating  material  may  not  actually  con- 
tain such  substances  as  an  impurity,  it  might  be  of  such  a 
nature  as  to  develop  rancidity,  which  in  timj  would  act  upon 
and  corrode  the  copper  conductor  and  produce  soluble  copper 
salts  and  impair  the  insulation.  W^e  have  already  met  with 
such  impregnating  materials,  and,  unfortunately,  they  are 
used  extensively.  Under  such  circumstances,  what  is  the  use 
of  durable  paper  if  the  impregnating  material  is  not  suitably 
chosen. 

Sometimes  it  is  specified  that  the  cable  should  be  free  from 
"  chlorine  or  residual  chemicals."  This  evidently  has  reference 
to  the  paper  used.  It  is  quite  a  fallacy  to  assume  that  any 
paper  contains  chlorine,  which  m.eans  "  free  chlorine,"  but  it 
may,  and  frequently  does,  contain  chlorides  such  as  sodium 
magnesium  and  calcium  chlorides  in  extremely  minute  quanti- 
ties ;  furthermore,  it  contains  minute  traces  of  sulphates,  such 
as  aluminium  and  potassium  sulphates.  Such  substances  are 
present  in  such  minute  quantities  that  there  is  no  fear  of  their 
acting  upon  the  copper  conductor  beyond  dissolving  a 
minute  quantity  of  copper.  It  is  the  acidity  that  might  be 
developed  by  the  insulator  itself  that  is  to  be  feared.  The 
action  of  minute  traces  of  metallic  salts  would,  in  our  opinion, 
be  entirely  arrested  by  the  impregnating  material. 

In  order  to  determine  whether  the  paper  itself  contains  the 
impurities  or  whether  they  emanate  from  the  impregnating 
material  it  is  advisable  to  have  some  of  the  paper  before  im- 
pregnation, but,  of  course,  this  cannot  be  done  except  in  a  few 
cases. 

In  four  papers  stripped  from  cables  which  were  recently 
sent  us  for  examination,  after  extracting  the  material  used  in 
impregnating  the  papers  in  question,  we  made  an  examination 
to  determine  the  nature  of  the  fibrous  constituents.  The  four 
papers  are  practically  identical  as  regards  the  nature  of  the 
fibres.  The  paper  consists  of  a  mixture  of  manUa  and  hemp 
fibres  to  the  extent  of  about  two-thirds  their  weight,  the 
remaining  one-third  consists  of  chemical  wood  pulp. 

It  is  impossible  to  ascertain  whether  the  papers  in  question 
are  free  from  all  metallic  particles,  traces  of  chlorine  or  residual 
chemicals,  from  an  impregnated  sample.  The  material  used 
in  impregnating  the  papers  renders  such  an  investigation 
impossible,  when  the  cable  only  is  sent  for  examination. 
Small  pieces  and  narrow  strips  are  really  insufficient,  and  it  is 
next  to  impossible  to  distinguish  between  the  impurities 
imparted  to  the  paper  by  the  insulating  compound  and  the 
impurities  contained  in  the  paper  itself  before  the  insulating 
compound  is  added.  To  form  some  idea  of  the  likelihood  of 
impurities  in  the  papers  abovj  referred  to,  we  reduced  them 
to  ash,  which  was  examined,  with  the  following  results  : — 

Ash  on  weight  of 
imprcsniatod  paper. 

1 ofT  per  cent. 

2 il'JO 

3 0S2 

4.  Uncoloured       110 

4.  Coloured  or  outside  portion  (mean)       3-87 

It  should  be  mentioned  that  all  four  samples  of  paper  on 
examination    under    the    microscope   were   found   to   consist 


Colouration. 


Iodine  in  Kl. 


Jute,  with 
lignin 

Jute  with- 
out lignin 

Manila 


Bright  yellow  brown 
or  brown 

Grey,  sometimes 

brown 

Grey,  brown,  or  yel- 
lowish 


Iodine  in  ZnCL. 


Yellow  or  yellowish 
brown 

Blue,  sometimes  red- 
dish violet 

Blue,  rcddisli  violet 
and  yellow,  with  in- 
termediate shades 


Subsidiary- 
constituents. 


Frequent  change  in 

diameter 
Ditto 

In  thick  walled  tibres 
of  varying  breadth. 

In  thin  walled  tibres. 
regular 


Usually  rounded    Openings  parallel  j  None 

to  axis 
Ditto  •  Ditto  Ditto 

Frequently  ])(iin-  |  Openings  oblique  j  Groups  or  single  par- 
ted like  lead  j  or  parallel  to  enchyme  cells  with 
pencil  I     to  axis  |     fairly  thick  oblique 

I  I     walls 
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approxiraatfly  of  two-thirds  inanila  fibre  and  one-third 
chemical  wood  pulp.  No.  1  gave  a  white  ash  containing 
traces  of  iron,  alumina,  but  no  copper  or  lead.  &c.  No.  2 
gave  a  white  ash  containing  no  iron,  copper  or  lead,  but  traces 
of  alumina.  No.  3  gave  a  light  brown  ash  containing  iron  and 
alumina,  no  copper,  but  traces  of  lead.  No.  4,  micoloured, 
gave  a  white  slightly  brownish  ash  containing  iron,  alumina 
and  copper.  No.  4:,  coloured,  gave  a  greyish  brown  ash  con- 
taining iron,  alumina,  copper  and  lead. 

We  were  sm-prised  to  find  lead  and  copper  in  two  of  these 
samples.  Fui-thermore,  we  found  the  ash  of  the  impregnated 
No.  i  coloured  to  vary  between  3|  per  cent,  and  nearly  5  per 
cent.  Of  course,  traces  of  iron  and  alumina  are  the  normal 
constituents  of  the  ashes  of  a  pure  manila  paper,  and  there- 
fore would  be  derived  probably  from  the  paper  itself,  but  the 
presence  of  iron  and  copper  was  at  first  a  mystery  to  us. 

The  presence  of  copper  may  be  due  to  contact  with  metallic 
copper.  On  later  samples  we  have  arrived  at  the  cause  of  the 
presence  both  of  soluble  copper  and  lead. 

'We  recently  received  two  papers  for  examination  which 
had  been  stripped  off  some  electric  cables  as  representing  the 
material  used  as  the  dielectric.  They  were  extracted  with 
solvents  to  remove  the  impregnating  material,  with  the  follow- 
ing results  : — 

No.  1.  No.  2. 

Impregnating  material  (bone  dry)...   49-38  per  cent.   ...  43-19  percent. 

Pajjer  (bone  dry) .". 48-79        56-70 

Volatile   matter   and  moisture  (by 

diff-)   1-83         0-11 

100-00  100-00 

It  appears  evident  to  us  from  the  above  that  No.  2  in  par- 
ticular is  bone  dry  in  vacuo  before  impregnation.  If  it  was 
not  so  the  figure  for  volatile  matter  and  moisture  would  have 
been  higher,  say,  anywhere  up  to  5  per  cent.,  and,  further- 
more the  low  figure  proves  the  absence  of  moisture  in  the 
impregnating  material.  As  these  determinations  were  done 
on  samples  of  impregnated  paper  after  exposure  to  air  showing 
a  low  figure  for  moisture,  &c.,  a  further  point  is  established, 
namely,  that  such  materials  have  only  a  limited  capacity  for 
moisture,  so  that  if  preserved  dry  in  the  first  instance  they 
remain  dry. 

\\e  carefully  examined  the  nature  of  the  extracts  consti- 
tuting the  impregnating  material,  the  so-called  acidity  in 
terms  of  resinous  acids  we  found  to  be  in  the  case  of  No.  1 
-i4  per  cent,  and  in  No.  2  47  per  cent.  With  rosin  oil  we  should 
e-xpect  to  find  about  40  per  cent.  The  impregnating  material 
has  therefore  every  appearance  of  being  a  preparation  of  rosin 
oil. 

The  ashes  of  the  impregnating  paper  (i.e.,  paper  as  received) 
were  determined,  with  the  following  results  :— 

^'"- 1-  No.  2. 

1-03  per  cent 216  percent. 

The  two  ashes  were  found  to  be  similar  in  composition, 
consisting  for  the  most  part  of  lime  and  also  containing  iron, 
alumina  and  lead.  All  but  bad  are  the  ordinary  constituents 
of  the  ashes  of  ths  best  cable  papers.  The  paper  is  enclosed 
in  a  lead  sheath,  and  the  impregnating  material  may  have 
dissolved  a  small  amount  of  the  lead.  We  have  noticed  traces 
of  both  copper  and  lead  in  such  papers  when  impregnated  with 
rosin  oil,  but  the  amount  is  too  small,  in  our  opinion,  to  have 
any  effect  upon  the  dielectric  qualities. 

These  papers,  after  extraction  of  the  impregnating  material, 
were  microscopically  examined  to  determine  the  nature  of  the 
fibres,  the  following  is  our  estimate  of  the  composition  of  each. 
The  figures,  of  course,  are  only  approximate  : — 

. .    .,                                              No.  I.  No.  2. 

Mamla  and  hemp    40  per  cent.  ..     73  per  cent. 

Chemical  wood    37        ,  \(i 

Jute  and  straw,  &c 23       „  ...     11 

It  will  be  sepn  from  the  above  that  No.  2  is  a  much  purer 
manila  paper,  in  fact,  in  our  opinion,  it  is  a  very  good  paper 
indeed,  m  spite  of  the  fact  that  it  contains  a  certain  propor- 
tion of  chemical  wood  and  jute. 


Portions  of  the  extracted  paper  were  tested  for  tensile 
strength,  with  the  following  results  (expressed  in  pounds  per 
inch  width)  : — 

No.  1.  No.  2. 

41-5  lb 48-5  lb. 

It  is  evident  therefore  that  paper  No.  2  is  about  16  per  cent, 
stronger  than  paper  No.  1.  Measurements  were  made  of  the 
length  of  the  ultimate  fibres,  with  the  results  as  follows  (each 
figiu-e  being  the  mean  of  40  measurements)  : — 

No.  1.  Xo  2. 

1-75  mm 2-04  mm. 

Therefore  No.  2  is  about  16  per  cent,  longer  in  fibre  than  No.  1, 
and  may  be  regarded  as  a  very  fair  length  in  comparison  with 
a  good  class  of  cable  paper.  On  taking  measurements  of  the 
thickness  of  the  paper  both  before  and  after  extraction,  we 
noticed  that  No.  2  is  upwards  of  20  per  cent,  thicker  than  No.  1. 

From  all  points  of  view  we  regard  No.  2  as  a  superior  paper 
to  No.  1,  and  should  expect  it  to  be  also  a  very  good  dielectric, 
and  as  far  as  the  paper  is  concerned,,  i.p.,  nnimpregnated 
material,  we  should  regard  it  as  a  very  permanent  nature, 
and  would  expect  it  to  be  less  deteriorated  through  course  of 
time  than  with  No.  1. 

We  should  have  felt  inclined  to  have  given  a  favoiuable 
opinion  on  the  lasting  qualities  of  No.  2  paper  under  ordinary 
conditions,  but  these  cables  were  required  to  stand  a  con- 
siderable temperature,  for  they  pass  in  ducts  not  far  from 
steam  pipes  and  are  required  to  stand  a  temperature  of  about 
160°F.  at  times.  In  order,  therefore,  to  make  sure  on  this 
jjoint  it  was  considered  ad^■^sable  to  test  some  of  the  paper  in 
question  at  about  this  temperature  with  a  view  to  seeing 
whether  any  appreciable  deterioration  is  likely  to  result. 

The  two  impregnated  papers  were  carefully  wrapped  in 
black  paper  and  placed  in  sealed  bottles  and  exposed  for  a 
number  of  days  at  temperatures  as  under  : — 

Date,  1908.  Degiees  Centigrade.         Degrees  Fahrenheit. 

February  16            1  54  129 

17  54  i                  129 

19  69  I  156 

20  64  147 
20  70  !  158 
25  76  169 
29  70  158 

March    2  70  158 

3  67  153 

5  75  167 

6  73                163 
6  ! 81 178 

Time  of  exposure  to  heat  18  days  and  nights. 

Mean  temperature  during  period 79''C.  =  174'j!. 

Ma.ximum       do.  do.  8rC.  =  178°F. 

Minimum        do.  do.  54K'.  =  129"F. 

The  variation  in  temperature  was  purposely  maae  as  tar  as 
possible  to  imitate  the  conditions  in  practice. 

The  above  papers  No.  1  and  No.  2  were  extracted  and  tested 
for  stretch  and  strength  both  before  and  after  heating  as 
above.  Space  will  not  permit  us  to  give  details,  but  the 
result  showed  no  deterioration  whatever  on  either  sample  as 
the  result  of  the  above  heating. 

A  further  exposure  was  made  {see  table  on  p.  87). 

This  treatment  was  purposely  more  drastic  in  order  to  find 
out  whether  more  elevated  temperatures  injured  the  physical 
qualities  of  the  paper.  Each  of  the  papers  after  this  treat- 
ment was  freed  from  solvent  by  treatment  with  cold  coal  tar 
naphtha  which  completely  removed  dielectric.  They  were, 
after  resting  for  24  hours,  each  of  them  tested  for  stretch  and 
strength  against  extracted  papers  in  each  case  that  had  not  been 
heated. 

Attempts  were  made  to  exhaust  with  ether  and  other 
solvents  in  a  soxhlet  fat  extraction  apparatus,  but  this  even 
in  large  size  apparatus  does  not  yield  sufficient  quantiues  of 
extracted  paper  for  testing,  and,  moreover,  as  our  tests  appear 
to  show,  the  paper  extracted  in  so.xhlet  appears  to  be  reduced 
in  strength  by  the  extraction  process  ;  whereas,  the  cold 
extraction  with  several  treatments  with  cold  redistilled  coal 
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Date, 

Time. 

Degrees 

Degree.s 

1908. 

Centigrade. 

Fahrenheit. 

March    3 

5-30  p.m. 

83 

181 

„       10 

90    a.m. 

81 

178 

.,       11 

9-0    a.m. 

83 

181 

.,       11 

50    p.m. 

77 

171 

„       12 

90    a.m. 

81 

178 

..       12 

5-40  p.m. 

87 

189 

„       13 

9-0    a.m. 

85 

185 

„       13 

6-0   p.m. 

93 

199 

.,       14 

90     a.m. 

83 

181 

„       16 

9-0    a.m. 

93 

199 

„       17 

9-0    a.m. 

85 

185 

„      17 

6-0    p.m. 

88 

190 

„       18 

9-0    a.m. 

90 

194 

„       18 

60    p.m. 

90 

194 

„       19 

90    a.m. 

88 

190 

„       19 

60    p.m. 

89 

192 

„      20 

9-0    a.m. 

84 

183 

„       20 

60    p.m. 

87 

189 

,.       21 

10   p.m. 

90 

194 

„       23 

6-0    p.m. 

91 

19(i 

.,      24 

90    a.m. 

101 

214 

,.       24 

60    p.m. 

103 

217 

..       25 

90    a.m. 

85 

185 

25 

6-0   p.m. 

84 

183 

..       26 

90    a.m. 

8(1 

187 

Time  of  exj 

josure  to  heat,  36 

days. 

103° 

C-  =  217°F. 

do 

81° 

C  — 178°F. 

do 

875° 

C  — 189°F. 

tar  naptha  is  more  effective  in  every  way,  and  can  be  done  in 
much  less  time,  especially  in  cases  where  rosin  oils  are  among 
the  chief  ingredients. 

We  are  anxious  to  find  whether  any  researches  conducted  at 
the  National  Physical  Laboratory  would  throw  any  light  upon 
the  subject  of  the  durability  of  papers  in  this  connection. 
Mr.  Albert  Campbell,  whose  researches  on  the  insulation  of 
cable  papers  we  have  followed  with  very  much  interest,*  has 
not  studied  the  physical  and  chemical  qualities  of  the  paper 
after  impregnation  ;  his  tests  on  paper  had  reference  to  tele- 
phone cables  in  which  the  paper  is  dry  and  without  any 
impregnation  of  any  kind.  If  the  insulation  goes  down,  the 
common  remedy  is  to  drive  dry  air  through  the  whole  length 
of  the  cable.  Paper  cables  for  lighting  and  power,  on  the 
other  hand,  such  as  those  we  have  at  present  under  considera- 
tion, are  always  impregnated.  On  account  of  the  hygro- 
scopic nature  of  the  oils,  &c.,  used,  all  joints  have  to  be  most 
carefully  sealed  against  the  atmosphere  otherwise  insulation 
would  gradually  deteriorate.  Mr.  Campbell  informs  us  that 
he  has  found  rosin  oil  a  good  insulator,  but  he  expects  it  and 
some  of  the  other  oils  sometimes  have  a  slightly  acid  reaction, 
and  he  says  that  he  doubts  whether  the  action  on  the  lead  and 
copper  would  really  lower  the  insulation.  This  is  a  point 
which  requires  careful  investigation. 

On  the  subject  of  rosin  oil  in  impregnated  papers  as  a  possi- 
ble cause  of  deterioration,  we  have  b?en  in  touch  with  Signor 
E.  Jona,  of  Messrs.  Pirelli  &  Co.,  Milan,  who  is  an  authority  on 
these  matters.  We  pointed  out  to  him  that,  as  a  result  of  our 
tests,  deterioration  of  the  paper  takes  place  when  the  heat 
tests  are  made  under  the  influence  of  the  atmosphere,  but  he 
points  out  to  us  that  these  cables  being  always  lead-sheathed 
never  come  in  contact  with  the  atmosphere,  and  suggested 
that  this  may  be  the  reason  why  no  deterioration  has  been 
noticed  in  practice.  This  agrees  with  our  results.  Thus  we 
have  found  that,  even  at  elevated  temperatures  out  of  contact 
with  the  air  and  with  papers  of  proper  composition  even  for  36 
days'  treatment  there  is  no  deterioration. 

However,  we  find  that  with  impregnated  papers  containing 
oxidizable  fibres  even  out  of  contact  with  the  atmosphere, 
there  is  in  this  period  some  deterioration. 

With  good  manila  impregnated  papers  in  contact  with  the 
air  for  the  above  period  and  temperatures  there  is  some 
deterioration. 

With  impregnated  papers  exposed  to  air  containing  oxidiz- 

*  •■  On  the  Electric  Inductive  Capacities  of  Dry  Paper  and  Solid 
Cellulose."     "  Proceedings  "  of  the  Royal  Society,  A,  Vol.  LXXVIII., 


able  fibres  for  the  above  period  and  temperature  there  is 
very  marked  deterioration. 

We  cannot  find  any  publication  whatever  on  the  subject. 

One  of  the  largest  firms  of  cable  makers  informs  us  that  it 
never  occurred  to  them  in  cables  so  impregnated  that  deterio- 
ration of  the  paper  might  be  found  :  in  fact,  it  was  a  point 
that  they  had  not  investigated. 

Signor  E.  Jona  wrote  us  on  the  subject.  We  give  it  in  his 
own  words  : — 

"  I  tested,  however,  some  time  ago,  paper  tapes  impregnated 
with  losin  oil,  the  proportion  of  rosin  being  20  per  cent.  ;  these 
paper  tapes  were  left  during  100  consecutive  hours  in  a  heated 
air  current,  at  the  temperature  of  70  to  75''C.  ;  further,  the 
oil  was  extracted  from  the  paper  by  means  of  cold  benzol,  and 
the  paper  tapes,  after  such  a  treatment,  when  put  in  com- 
parison with  the  original  paper  tapes,  did  not  present  any 
deterioration." 

Our  physical  tests  throw  further  light  on  this  point,  as  we 
can  record  deterioration,  if  such  exists,  by  actual  tests  of 
strength  and  stretch.  It  would  be  interesting,  however,  to 
note  any  alteration  for  periods  of  months  or  years  and  at  less 
elevated  temperatures  than  those  recorded  by  us.  We  are 
now  investigating  the  solvent  action  of  rosin  oil  in  admixture 
with  other  oils  upon  copper  conductors. 


ARTISTIC  ELECTRIC  FITTINGS. 


The  present  arrangement  of  our  solar  system  makes  the  use  of 
some  kind  of  artificial  lighting  an  absolute  necessity  in  this  country 
during  a  certain  proportion  of  the  24  hours,  though  "the  conditions  of 
living  in  large  cities  cause  these  methods  of  illumination  to  be  used 
to  a  greater  extent  than  is  perhaps  absolutely  necessary.  Mr. 
William  Willett  is  endeavouring  to  change  this,  at  any  rate  in  the 


Fig. 
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summer  time,  though  his  efforts  at  thus  alleviating  om-  lot  are  not 
welcomed  in  all  quarters.  But  whatever  be  the  result  of  his  Day- 
light Saving  scheme,  artificial  lighting  will  still  have  to  be  used 
very  widely  and  during  the  greater  part  of  the  year. 

This  being  the  ca.se,  the  next  thing  is  to  seek  for  the  liest  method 
of  artificial  illumination,  and  this  being  found  we  should  then  try 
to  employ  it  in  the  most  efficient  way.  A  detail  which,  there  can 
be  no  doubt,  makes  all  the  difference  in  the  benefits  derived  from 
artificial  lighting  is  the  ]iropcr  design  of  the  fittings  in  which  the 
source  of  light  is  to  be  placed.  Our  forefathers,  with  very  limited 
means  at  their  disposal,  were,  in  fact,  able  so  to  arrange  their  arti- 
ficial lighting  that  they  did  not  detract  from,  but  rather  added  to. 
the  decorations  of  the  various  rooms.  This  point  requires  no 
elaboration,  for  many  of, these  old-time  fittings  are  being  adapted 
for  use  with  the  electric  light,  without  any  loss  to  their  general 
artisticness. 

On  the  other  hand,  regrettable  though  it  may  be.  the  present- 
day  lighting  fitting  is  generally  not  "  a  thing  of  beauty  and  a  joy 
for  ever"  ;  more  often  than  not,  in  fact,  it  is  a  distinct  eyesore,  botli 
from  an  artistic  and  illuminating  point  of  view.  Tliaf  there  is  really 
no  reason  whv  this  should  h-  the  case  is  proved  l>y  the  number  of 
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makers  who  are  now  turning  out  fittings  with  which  no  fault  can  be 
found  under  these  heads.  Whether  modern  electric  light  fittings  made 
'Fapris  Louis  XIV..  or  ti'ttprcf:  anybodj-  else,  are  true  art  is  a  matter 
which  need  not  be  discussed  here,  but  at  any  rate  they  are  more 
pleasing  to  look  at  than  certam  goods  which  are  sometimes'disrepect- 
fally  termed  ••  Brummagem"  ware,  but  which  usually  know  little 
of  Birmingham  as  their  source. 

i^We  mentioned  above  that  even  in  this  utilitarian  age  there  exist 
certain  firms  wlio  are  turning  out  artistic  electrical  fittings.  Among 
these  may  certainly  be  included  one  of  our  oldest  established 
electric  fittings  firms.  W.  A.  S.  Benson  «S:  Co..  whose  showrooms  are 
in  Xew  Bond-street,  London,  and  whose  works  are  at  Hammersmith, 


both  districts  Ijeing  '•  west  of  Temple  Bar."  This  firm  claim  that 
in  their  fittings  sound  construction  is  combined  with  artisticness,  so 
that  they  will  not  only  wear  but  also  look  well. 

In  order  that  our  readers  may  judge  of  these  claims  we  illustrate 
a  sample  of  their  fittings  in  Figs.  1  and  2.  This  fitting  can  be  used  as 
either'a  table  lamp  or  wall  bracket.  It  isfitted  with  a  double  joint,  an 
adjustable  shade  and  a  "Benson"  switch.  Special  attention  may 
be  called  to  this  last  mentioned  detail  which  is  supplied  %rith  the 
majority  of  the  portable  fittings  made  by  Messrs.  Benson.  It  is 
designed  in  a  very  generous  manner,  there  being  plenty  of  both 
insulating  and  current  carrying  material^  The  switch  itself  is  fixed 
in  a  cylindrical  metal  case  with  renKjvable  ends,  and  is  actuated  by 


Fig.  .3. — Another  "  Besson  " 
Table  Lajip. 


an  ivory  spindle  which  moves  in  the  direction  of  the  axis  of  the 
cylinder.  In  the  case  of  the  fitting  illustrated,  this  .switch  also  acts 
as  a  counterweight.  It  is  therfore  possible  to  place  the  lamp  at  the 
edge  of  a  table  or  piano  and  to  extend  the  jointed  arms  to  the 
fullest  extent  without  there  being  any  fear  of  it  toppling  over. 
■Great  care  is  expended  on  the  finish  of  these  lamps,  and  attention 
is  specially  paid  to  making  a  strong  mechanical  job  of  the  joints 


and  other  details.  Insulating  bushes  are  provided  at  points  where 
the  "flex"  comes  into  the  open,  as  at  the  joints,  and  where  there 
is  any  liability  of  it  rubbing  against  metal. 

As  regards  the  financial  details  of  these  lamps  we  may  say  that 
they  are  very  cheap,  considering  the  work  that  is  put  "into  them. 
Further,  the  listed  price  includes 
the  wiring,  which  is  done  with 
standard  Cable  Makers'  Association 
"flex,"  lengths  of  4yds.  being 
suppUed  with  table  lamps  and  7  yds. 
with  floor  lamps.  Shades  and 
lampholders  are  also  included. 

A  table  lamp  of  rather  different 
design  is  shown  in  Fig,  3.  It  is, 
as  will  be  seen,  carried  on  a  tripod, 
the  Benson  switch  being  in  this 
case  fixed  to  the  central  stem.  One 
of  the  feet  of  the  tripod  is  formed 
into  a  hook,  so  that  the  lamp  can 
be  suspended  from  a  bed  rail, 
while  the  leg  on  which  this  hook 
is  fixed  is  slotted  out,  so  that  the 
lamp  can  in  its  turn  be  suspended 
from  a  wall  hook. 

The  lighting  of  a  piano  is  a  problem  to  which  Messrs.  Benson  & 
Co.  have  paid  some  attention.  In  many  cases  it  is  difiicult  so  to 
arrange  the  light  that  it  illuminates  the  music  efficiently  without 
interfering  with  the  performer  should  he  turn  his  head.  This  diffi- 
culty is  specially  noticeable  in  the   brackets  usually  provided.     To 


Fig.  4. — Pl4No  Fitting. 


Fig.  5. — "  The  New  Use  for  Old  Lamps  "    He.iter. 

get  over  this  trouble  the  bracket  shown  in  Fig.  4  has  been  designed. 
It  is  arranged  to  clip  on  to  the  music  stand,  and  is  fitted  with  an 
adjustable  reflector  and  "  Benson "  switch.  A  tubular  lamp  is 
used  with  this  fitting. 

The  three  exam])les  of  Messrs.  Benson  &  Co.'s  lighting  fittings 
illustrated  herewith  by  no  means  exhaust  their  stock.      A  glance 


Fig.  I). 


WITH  Coveh  Removed. 


through  their  catalogues  will  show  that  they  are  well  to  the  front 
in  i.riginality  of  design  and  in  maintaining  all  their  goods  at  a  unform 
high  finish.  Some  artistic  table  and  floor  standards  may  be  speci- 
ally noticed.  These  are  fitted  with  one  or  more  lamps  and  form  an 
excellent  method  of  illuminating  a  room  in  a  satisfactory  fashion. 

Besides  electric  light  fittings  Messrs.  Benson  are  also  turning  out 
electric  cooking  and  heating  apparatus.     One  of  their  patent  clec- 
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trie  breakfast  healer  is  shown  in  Figs.  5  and  6.  This  heater  is  of 
special  interest  from  the  fact  that  it  forms  a  means  of  using  up  old 
lam|is  whose  illuminating  properties  are  not  what  they  might  be, 
but  whose  heat-giving  properties  are  unimpaired.  This  heater 
measures  15  in.  by  9  in.,  and,  as  will  be  seen  from  the  illustrations, 
is  fitted  with  four  lamps  contained  in  a  special  box  directly  under 
the  top  cover  of  the  apparatus.  Current  is  supplied  through  a 
flexible  wire  to  a  double  plug  connection  whereby  either  two  or  four 
lamps  can  be  used  at  once.  Diagonally  opposite  lamps  are  arranged 
o  I  the  same  circuit,  so  that  an  even  heat  over  the  whole  radiator 
surface  is  obtained,  when  only  two  lamps  are  in  use.  This  heater 
is  supplied  with  insulated  feet  and  handles,  so  that  it  can  be  stood 
on  tlie  breakfast  table,  while  its  high  finish  in  either  electro  or 
polished  copper  or  jiewter  plate  makes  it  quite  an  adjunct  to  the 
table  furniture.  These  heaters  are  made  in  both  larger  and  smaller 
sizes  ;  the  smallest  of  all  is  round  in  shape  and  contains  only  one 
lamp.  It  is  specially  recommended  for  warming  a  single  dish  or  plate 
or  other  small  work. 

Besides  these  specialities  in  the  way  of  heaters,  Messrs.  Benson 
also  supply  the  ordinary  lamp  type  radiators  in  a  number  of  new 
designs,  all  the  features  of  their  apparatus,  both  as  regards  wiring 
and  linish  generally,  being  also  included  in  this  equipment. 

Messrs.  Benson,  at  their  showTooms  in  Bond-street,  are  exhibiting 
a  great  many  other  designs  of  electric  fittings,  all  of  which  it  is  im- 
possible to  describe  and  illustrate  here.  We  must,  however,  thank 
Mr.  C.  J.  Scott,  managing  director  of  the  company,  for  spending  a 
great  deal  of  time  on  the  subject  with  us,  and  for  lending  us  the 
necessary  photographs  and  blocks  for  illustrating  the  article.  We 
passed  a  most  interesting  time  going  round  the  showrooms,  both 
from  the  artistic  and  technical  point  of  view. 


A   NEW    SYSTEM    OF   WIRELESS    TELEGRAPHY 
USED  BY  THE  TBLEFUNKEN  COMPANY. 

BY    COUNT    ARCO. 

Suinmury. — In  this  article  the  author  describes  a  new  system  (if  wireless 
telegraphy,  which  is  a  compromise  between  the  "  spark  "  and  the  "  arc  '" 
sy.stems.  Technical  details  of  the  equipment  used  are  not  given,  but  its 
])ractical  and  technical  advantages  are  fvilly  discussed.  Among  these  are 
that  the  use  of  small  antennse  is  possible,  a  high  efficiency  is  obtained  and 
large  powers  can  be  employed,  while  electrically  the  arrangement  is  much 
more  free  from  disadvantages  than  are  the  older  systems.  There  is  very 
great  freedom  from  disturbance,  and  messages  can  be  made  cjuite  "'  pri- 
vate,"  while  the  signals  are  transmitted  as  clear  musical  tones. 

After  it  had  been  discovered  that  by  means  of  the  Poulsen 
arc  it  was  possible  to  generate  undamped  oscillations  of  con- 
siderable energy,  several  scientists,  especially  those  of  a  theo- 
retical turn  of  mind,  were  inclined  to  lay  too  much  stress  on 
the  advantages  of  this  system,  and  the  opinion  was  expressed 
in  several  quarters  that  undamped  oscillations  obtained  from 
arc  lamps  would  replace  the  other  methods  of  generation 
within  quite  a  short  time.  Practical  men  spoke  against  this 
enthusiasm,  and  drew  attention  to  the  numerous  disadvantages 
present  in  the  new  system.  To-day,  scarcely  three  years  after 
this  period,  it  cannot  be  denied  that  the  warning  of  the  prac- 
tical men  was  justifiable,  and  that  the  disadvantages  of  the 
arc  lamp  are  even  greater  than  the  greatest  sceptics  thought. 
Not  only  from  the  practical  point  of  view  has  the  system 
been  fotmd  disadvantageous,  on  account  of  the  heavy  upkeep 
and  the  many  complications,  but  from  a  purely  electrical  point 
of  view  as  well  the  position  is  the  same.  Of  the  energy  gene- 
rated at  the  sending  end  only  a  small  fraction — at  most  one- 
tenth — is  converted  into  electrical  oscillations.  For  this 
reason  both  apparatus  and  machinery  must  be  large  and  heavy. 
Moreover,  the  theoretical  advantage  — great  freedom  from  dis- 
turbance from  other  stations  and  from  atmospheric  effects — is 
not  obtained  in  practice. 

Within  the  last  year  the  Telefunken  Company  have  designed 
A  new  system  which  is  a  compromise  between  the  spark  system 
of  Marconi  and  that  known  as  the  undamped  oscillation  system, 
riiis  new  system  is  known  as  the  "'  singing  spark  "  (tiinende 
Funken)  system. 

As  regards  the  technical  peculiarities  of  the  new  system,  it 
may  be  said  that  it  depends  on  spark  methods,  which  in  them- 
selves depend  on  the  principle  published  in  December.  1906, 
liy  Prof.  Max  Wien  and  called  by  him  "  Stosserregung."  This 
name  has  been  changed  by  the  GeselLschaft  fiir  Drahtlose  Tele- 


graphic to  "  quenched  spark  "  (Loschfunken).  This  principle 
has  been  so  perfected  by  the  company  that  the  sparks  follow 
each  other  equally  and  regularly  ;  so  regularly,  in  fact,  that 
they  give  out  a  clear  musical  tone,  and  to  this  system  the  name 
of  ■■  singing  spark  "  has  therefore  been  applied. 

The  first  two  types  of  station  constructed  by  the  compauy 
are  :  (i.)  A  ship  or  land  station  having  a  capacity  of  from 
0-5  k\v.  to  2  kw.,  and  suitable  for  both  large  and  small  ships 
as  well  as  for  portable  military  stations.  It  has  a  radius  of 
action  of  62^  to  500  miles  both  to  land  stations  and  ships. 
(ii.)  The  largest  .ship  station  at  present  erected,  having  a 
capacity  of  from  8  kw.  to  10  kw.  With  this  type  it  will  be 
possible  with  standard  ship  antennse,  under  favovirable  con- 
ditions,to  transmit  1 ,87-5  miles,  a  distance  which  has  never  before 
been  reached  from  ship  to  ship.  The  same  station  is  also 
suitable  for  work  on  land  with  correspondingly  larger  antenna*. 

The  practical  and  technical  advantages  of  the  new  system 
over  the  older  spark  methods,  as  well  as  over  the  undamped 
arc  oscillations,  are  summarised  in  the  following  paragraphs  : — 

1.  Singing  sparks  allow  the  work  to  be  carried  on  with  con- 
siderably smaller  antennae  than  do  the  usual  wdreless  systems. 
The  rea.son  for  this  lies  in  the  speed  with  which  the  sparks 
follow  each  other  in  the  secondary  circuit,  thus  making  it 
possible  to  transmit  greater  power  from  the  antenna  at  a 
smaller  ma.ximum  voltage  than  formerly.  For  this  reason  the 
new  system  is  specially  suitable  when  it  is  necessary  to  trans- 
mit over  long  distances  with  small  antenna*.  Theoretically  this 
should  also  be  the  case  when  arc  lamps  are  used,  as  for  a 
given  amount  of  energy  the  voltage  lost  in  the  antennae  is  a 
minimum.  Practice,  however,  has  shown  that  with  arc 
lamp  installations  the  maximum  height  of  mast  must  be  em- 
ployed, say,  from  .300  ft.  to  3.30  ft.,  while  with  the  new  system 
the  same  distance  can  be  covered  with  masts  about  half  this 
height.  The  reason  for  this  contradiction  between  theory  and 
practice  is  explained  by  the  fact  that  the  nominal  oscillation 
energy  from  the  arc  lamp  can  only  be  generated  when  the 
wave  length  is  very  great,  which  means  high  antenniie.  On  the 
other  hand,  singing  sparks  work  as  well  with  the  smallest  as 
with  the  greatest  wave  lengths. 

2.  Singing  sparks  allow  a  high  machine  efficiency  to  be  ob- 
tained, for,  according  to  the  size  and  suitability  of  the  apparatus, 
from  50  to  75  per  cent,  of  the  machine  output  can  be  changed 
into  energy  at  the  antennae.  With  the  old  spark  systems  the 
maximum  figure  was  20  per  cent.,  and  in  the  arc  lamp  arrange- 
ment 10  per  cent.  In  places  where  current  for  working  tlie 
station  has  to  be  specially  generated,  this  superiority  obtained 
by  using  singing  sparks  will  lead  to  a  considerable  decrease  in 
the  working  costs.  Further,  it  is  specially  advantageous 
where  questions  of  weight  and  vohmie  have  to  be  considered, 
since  in  small  ships  and  portable  stations  with  this  system  the 
power  and  weight  for  an  equal  range  is  only  about  a  quarter 
that  needed  for  arc  lamp  stations.  On  account  of  this  great 
efficiency  another  advantage  arises.  The  wear  and  break- 
downs of  the  apparatus  are  small,  because  of  the  small  heat  losses 
present,  while  regulation  of  the  spark  length,  or  of  any  other 
important  part,  of  the  new  sender  is  hardly  ever  necessary. 
On  this  point  i^r.  Kiebitz  has  remarked  that  "in  the  singing 
spark  system  we  may  have  a  final  solution  to  the  problem  of 
high  frequency  generation.'"* 

3.  With  the  new  system  it  is  possible  to  build  senders  as 
large  as  may  be  desired  without  any  such  limitations  (e.g., 
in  the  wave  length)  or  difficulties  (cf/.,  ir.  the  constancy  of  the 
oscillations)  as  occur  when  a  large  amount  of  energy  is  trans- 
mitted. The  new  system  behaves  quite  like  the  spark  method, 
in  which  power  as 'great  as  100  kw.  can  be  transformed  into 
oscillations  (tliough  at  a  very  low  efiiciency).  It  works 
better  than  the  arc  method  of  generation,  for  in  this  system 
if  a  large  amount  of  energy  is  used,  there  not  only  is  excessive 
damping  on  tlie  long  wave  lengths,  but  irregularities  of  many 
kinds  creep  in,  because  at  very  high  voltages  and  currents  an 
arc  lamp  is  unsteady,  and  the  great  development  of  heat  gives 
rise  to  a  rapid  burning  away  of  the  electrodes.     As,  moreover. 


*   ■■  Klcktrntcihnische    Zeitschnft."    l>W!t.   No.    10,    pp.    222.    ./.  scq. 
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these  inconstant  conditions  in  the  arc  have  an  influence  on 
the  frequency  the  system  is  put  at  a  still  further  disadvantage. 
Such  alterations  are  much  more  likely  to  occur  at  large  stations, 
and  it  has  been  up  to  date  impossible  to  instal  this  method  of 
working  for  plants  of  large  size. 

4.  The  sender  in  the  singing  spark  system  is  almost  as 
noiseless  in  its  working  as  is  the  arc  lamp. 

5.  The  sender  transmits  only  one  wave,  and  is  thus  different 
from  the  spark  sender,  which  transmits  two  coupled  waves. 
This  fact  marks  a  great  step  forward,  as  the  receiver  is  able  to 
utilise  the  total  sender  energy,  and,  owing  to  the  disappearance 
of  the  two  coupled  waves,  multiple  telegraphy  is  made  much 
more  easy.  Under  such  conditions  numerous  stations  can 
work  undisturbed  close  to  each  other. 

6.  The  wave  sent  out  by  the  singing  spark  shows  a  very 
small  damping,  viz..  between  008  and  0-02.5.  thus  enabling  a 
very  sharp  tuning  and  great  freedom  from  disturbance  in  the 
receiver  to  be  obtained.  The  freedom  from  disturbance  may, 
according  to  circumstances,  be  much  greater  than  that 
obtained  with  undamped  oscillations.  It  varies,  under  con- 
ditions to  be  hereafter  described,  from  2  to  5  per  cent. 

7.  These  singing  oscillations  remain  absolutely  constant 
and  are  independent  of  the  arrangement  and  mechanical  pro- 
perties of  the  spark  gap  and  very  much  greater  freedom  from 
disturbance  can  be  obtained  than  with  the  arc  lamp.  In  the 
latter  the  greatest  freedom  is  theoretically  from  J  to  1  per  cent., 
because  the  frequency  does  not  depend  upon  the  electric  con- 
stants of  the  circuit  alone,  but  on  the  arrangement,  length  and 
properties  of  the  arc.  So  long  as  the  principle  of  generating 
undamped  oscillations  has  to  depend  for  its  frequency  on  so 
variable  a  value  as  an  arc  lamp,  ideal  freedom  from  disturb- 
ance will  never  be  obtained.  In  spite  of  the  control  of  the 
resonance  by  means  of  a  wave  measurer,  the  frequency  of  the 
arc  lamp  alters,  and  a  choice  has  to  be  made  at  the  receiving 
end  between  a  highly  untuned  receiver,  whose  intensity  con- 
stantly varies  so  that  certain  telegraphic  working  is  difficult, 
and  a  receiver  very  slightly  free  from  disturbances,  in  which 
the  total  employment  of  the  resonance  is  renounced  so  that 
the  range  is  reduced.  Arc  lamp  practice  requires  that  the 
latter  method  should  be  chosen.  The  real  freedom  from  dis- 
turbances of  undamped  waves  reaches  only  5  to  6  per  cent., 
and  even  this,  from  the  fact  which  we  mention  below,  is  seldom 
obtained  in  practice. 

The  freedom  from  disturbances  of  2  to  5  per  cent,  obtained 
with  singing  waves  may  be  understood  by  considering  the 
following  example  :  At  the  three  angles  of  an  equilateral 
triangle,  ABC,  three  stations  of  equal  power  are  placed,  A  and 
B  being  fitted  with  senders  and  C  with  a  receiver.  C  can  then, 
as  desired,  receive  from  A  or  from  B  when  these  have  a  dif- 
ference of  wave  length  of  only  5  per  cent.  This  condition 
depends  on  the  fact  that  the  distance  apart  of  the  three  stations 
is  as  great  as  possible  for  the  energy  available,  so  that  the  tele- 
grams will  not  arrive  at  C  with  very  great  intensity.  If  the 
distance  apart  of  the  three  stations  is  reduced  to  one-half  that 
mentioned  above  the  senders  at  A  and  B  can  be  made  different 
by  .3  per  cent,  instead  of  5  per  cent.,  or  by  still  smaller  dif- 
ferences if  the  distances  are  still  further  altered.  When  speak- 
ing of  freedom  from  disturbances,  it  is  understood  that  the 
percentual  differences  which  must  necessarily  l)c  present  at 
the  maximum  range  are  included. 

8.  Singing  sparks  allow  a  large  scaie  of  oscillations  to  be 
obtained,  while  with  the  old  spark  stations  only  certain  fi.xed 
waves  could  be  sent  out ;  and,  on  account  of  electrical  re- 
sonance, the  scale  of  waves  could  only  differ  from  the  funda- 
mental of  the  antennae  by  about  double  the  wav(!  length.  It 
is  possible  with  this  new  system  to  obtain  oscillations  of  wave 
lengths  four,  five  and  even  six  times  as  long  as  the  fundamental, 
though  the  range  gradually  decreases.  This  new  system  be- 
haves exactly  like  the  arc  lamp  system,  except  that  the  singing 
o.scillations  have  the  advantage  that  antennte  with  very  small 
fundamentals  can  be  used,  while  with  arc  lamps  these  large 
scales  of  oscillations  can  only  be  enijjloyed  with  very  high  masts 
and  long  antennse.     The  generation  of  the  different  o.scillations 


can  be  obtained  on  the  new  system  in  a  very  simple  way  by 
using  the  regulating  arrangement  known  as  a  variometer,  and 
without  the  use  of  a  wave  measurer  being  generally  necessary. 

9.  As  mentioned  in  §8,  the  system  allows  very  short  oscilla- 
tions to  be  transmitted.  Short  oscillations  are,  however, 
more  absorbed  on  the  way,  though  this  apparent  disadvantage 
is  often  a  very  great  advantage  from  the  military  point  of  view. 
Suppose  a  message  is  sent  with  very  short  oscillations  to  a 
station  50  km.  away,  and  is  received  with  great  intensity.  The 
enemy  at  a  distance  of,  say,  100  km.,  would  scarcely  he  able 
to  pick  up  anything,  even  with  the  most  delicate  instruments, 
while  the  behaviour  of  longer  waves  is  quite  different.  Over 
open  country,  distances  of  over  200  km.  to  300  km.  can  be 
covered  by  these  waves,  and  they  possess  the  advantage  that  a 
listener  a  little  further  off  cannot  understand  anything.  It  is, 
further,  possible  by  using  quite  short  waves  to  remove  the 
instrument  from  the  operations  of  large  stations  which  only 
work  with  long  waves.  The  use  of  short  waves,  also,  pre- 
dicates an  extraordinarily  high  antennae  efficiency,  as,  on  ac- 
comit  of  the  more  speedy  transmission  of  energy  with  short 
waves,  the  maximum  energy  for  a  given  antennee  can  be 
increased. 

10.  The  system  of  singing  sparks  allows  under  all  cir- 
cumstances, unlike  the  arc  lamp,  full  freedom  from  dis- 
turbance, as  the  intensity  of  the  oscillations  can  be  regulated 
in  a  most  simple  fashion  between  wide  limits.  Even  with  a 
station  having  a  range  of  several  thousand  kilometres,  the 
intensity  can  be  so  reduced  that  telegrams  will  only  be  heard 
over  a  distance  of  100  km.,  and,  further,  "  tapping  "  by  un- 
authorised persons  is  made  very  difficult  and  the  Ireedom  from 
disturbances  is  greatly  increased.  Take,  as  an  example,  that 
given  in  §  7.  Suppose  the  range  of  a  sender,  say,  at  B  to  be 
reduced  to  one-hundredth  of  the  distance  from  B  to  C,  a  5  per 
cent,  freedom  from  disturbance  will  become,  perhaps,  30  per 
cent,  if  B  does  not  reduce  its  sending  intensity.  To  do  this  is 
quite  possible  with  the  new  system,  while  regulating  an  arc  lamp 
on  a  small  current  leads  to  an  unsteadiness  of  the  flame  and 
makes  the  apparatus  work  badly.  It  is,  therefore,  not  very 
correct  to  speak  of  a  freedom  from  disturbance  of  5  per  cent, 
with  the  arc  lamp  when  in  many  cases  a  freedom  from  disturb- 
ance of  only  20  to  .30  per  cent,  is  really  obtained. 

11.  Perhaps  the  greatest  advantage  of  the  new  singing  spark 
is  the  fact  that  the  signals  are  transmitted  as  clear  musical 
tones.  Musical  sparks  have  already  been  often  proposed  and 
also  partly  developed,  but  the  tone  cannot  be  made  clear,  and 
only  by  the  absolute  clearness  and  regularity  of  sound  were  the 
above  results  obtained  with  the  new  system.  With  audible 
working  from  the  old  spark  stations  the  signals  in  the  telephone 
were  received  as  ticks.  Each  time  the  spark  passed  the  mem- 
brane moved,  while  with  the  arc  lamp  similar  noises  were  also 
obtained.  Similar  phenomena  are  noticed  with  atmospheric 
discharges  in  receivers  at  these  stations,  and  with  this  arrange- 
ment the  working  was  often  disturbed  in  spark  stations  ;  but 
the  conditions  were  much  worse  in  arc  stations,  as  the  noises 
from  atmospheric  disturbances  are  very  much  like  those  given 
by  the  latter  type  of  working.  It  is,  however,  quite  different 
when  receiving  the  sound  from  the  musical  spark  system. 
However  numerous  and  strong  the  discharges  may  be,  an  even 
slightly  skilled  telegraphist  can  distinguish  them  by  their 
singing  tone.  The  sound,  if  it  is  truly  musical,  can  be  clearly 
heard  even  if  it  is  very  weak.  It  may  be  said  that  for  the 
first  time  since  the  invention  of  wireless  telegraphy  a  system 
has  been  obtained  which  enables  telegraphic  work  to  be  carried 
on  through  the  heaviest  atmospheric  disturbances,  and  up  to 
the  limit  when  the  detector  would  break  down  under  the  atmo- 
spheric discharges.* 

The  use  of  a  particular  tone  gives  the  sender  a  certain  in- 
dividuality. Turning  again  to  the  three  stations  at  the  corners 
of  a  triangle,  it  may  be  supposed  that  station  A  gives  a  sound 
with  a  frequency  of  500  per  second,  and  B  one  with  a  frequency 
of  1,000,  so  that  C  can  receive  telegrams  at  the  same  time  to 
both  stations  quite  separately  with  only  one  antenna,  a   re- 

♦  iVf  ■•  Elekti-ote<-'linische  Zcitschrift,"  1909,  No.  10,  pp.  222.  and 
p.  il9  (if  thii  issue. 
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ceiving  apparatus,  a  detector,  and  only  when  the  two  senders 
are  transmitting  oscillations  of  nearly  the  same  wave  length 
need  two  operators  be  present,  one  of  whom  writes  down  the 
telegram  with  the  higher  sound  and  the  other  the  one  with  the 
lower.  By  this  means  great  simplicity  in  working  and  quite  con- 
siderable freedom  from  disturbances  are  obtained.  It  is  no 
longer  necessary  to  tunc  the  receivers  for  multiple  telegraphy, 
for  it  often  occurs  with  this  arrangement  that  the  sender  for 
which  the  receiver  is  not  tuned  begins  to  work.  To  prevent 
this  danger  a  suitable  working  rule  has  not  yet  been  found. 
Electrical  tuning  by  using  a  long  wave  scale  can  also  be  ob- 
tained, and  by  this  method  not  only  two  but  a  great  number 
of  stations  can  work  without  disturbance  from  each  other. 

12.  The  system  of  singing  sparks  allows  an  acoustic  tuning 
of  the  receiver  to  be  obtained  by  the  use  of  clear  musical  tones, 
while  these,  as  shown  under  10,  depend  on  the  selective  capa- 
city of  the  human  hearing,  so  that  certain  parts — for  instance, 
parts  of  a  so-called  sound  intensifier — can  be  imposed  on  the 
frequency  of  the  sounds  received,  and  prevent  senders  of  other 
sounds,  impulses  from  ordinary  spark  stations  and  especially 
atmospheric  disturbances  from  interfering. 

As  to  a  receiver  for  this  new  system,  all  the  well-known 
acoustic  receivers  can  be  used,  and  no  "Ticker"  is  necessary 
at  the  receiving  end.  In  spite  of  this,  a  new  receiver  has  been 
designed  for  all  sizes  of  stations,  which  both  in  construction 
and  in  electrical  arrangement  does  not  differ  considerably 
from  the  present  type  of  receiver.  A  special  receiver  has 
also  been  designed  which,  as  a  result  of  a  number  of  measure- 
ments, has  been  shown  to  be  capable  of  receiving  over  a  large 
scale  of  wave  lengths,  from  200  to  3,000  metres,  with  a  very 
small  loss  from  damping  in  the  tuning  arrangements.  The 
operation  of  the  rectifying  detector,  working  on  the  principle 
of  the  contact  detector,  is  very  sensitive,  being  about  20  per 
cent,  more  sensitive  than  the  electrolytic  type.  It  is  also  very 
constant,  and  is  not  disturbed  either  by  atmospheric  dis- 
charges or  by  "  over-intensity  "  due  to  neighbouring  or  strong 
senders.  In  connection  with  this  receiver  two  boosting 
afiparatus  have  been  designed  which  employ  the  special  ad- 
vantages of  the  new  form  of  musical  sender.  Both  these  ap- 
paratus are  of  great  practical  importance.  There  is  then  the 
calling  apparatus,  which  is  employed  instead  of  the  telephone 
receiver  on  the  standard  receiver,  and  rings  an  electric  bell 
whenever  a  singing  sender  works  for  over  10  seconds  ;  but  for 
atmospheric  discharges  and  for  discharges  from  the  usual 
spark  sender,  as  well  as  for  Morse  signals,  it  does  not  ring, 
though  the  calling  arrangement  operates  up  to  the  limit  of 
hearing  capacity.  The  second  apparatus  is  a  resonance  relay, 
which  makes  it  possible  to  intensify  the  weakest  signals  while 
still  keeping  them  as  clear  musical  tones,  so  that  they  can  be 
received  in  the  station.  Such  an  increase  is  only  possible  by 
the  use  of  a  body  oscillating  with  mechanical  resonance,  and 
the  sound  must  be  quite  clear.  By  the  use  of  a  relay,  atmos- 
pheric disturbances  are  practically  cut  out,  as  single  discharges 
only  slightly  influence  the  resonance  system.  Several  relays 
of  different  tones  make  it  possible  to  differentiate  between 
signals  from  different  senders  which  are  transmitting  with 
equal  wave  lengths  but  different  notes,  and  differentiations 
to  be  made  without  the  help  of  the  human  ear,  which  becomes 
tired. 


THE  ELECTRIFICATION  OF  RAILWAYS.* 

BY  J.  A.  F.  ASPINALL. 
Suiitniiii'y. — Tlie  genernl  question  of  the  desirability  of  converting 
existing  steam  railways  to  electrical  working  is  first  discussed,  after  wliieh 
the  Liverpool-Southpovt  electrified  section  of  the  Laneasliire  and  York- 
shire Railway  is  described.  Valuable  information  concerning  the  results 
achieved  on  that  line  is  given,  particularly  in  regard  to  the  cost  of  opera- 
tion and  the  maintenance  of  the  various  parts  of  the  equipment. 


There  are  so  many  engineering  interests  bound  up  in  the  question 
of  the  electrification  of  railways  which  will  lead  sooner  or  later  to  a 
distribution  of  work  of  various  kinds  amongst  engineers  that  I  think 
it  might  be  useful  to  review  some  of  the  points  that  have  arisen  and 
have  had  to   be  considered  in  connection  with  a  line  of  railway 

•  Abstract  of  the  presidential  address  to  the  Institutiun  of 
ilechanioal  Engineers,  delivered  on  Friday  evening  last. 


which  has  been  converted  from  a  steam  line  into  one  worked  by 
electricity.  No  engineering  subject  requires  more  thoughtful  care 
than  the  mechanical  and  electrical  working  of  railways.  There  is 
nothing  so  coy  as  capital,  and  if  it  is  to  be  won,  it  must  be  by  con- 
vincing arguments,  and  not  by  the  doubtful  pleadings  of  conflicting 
interests.  It  is  probably  certain  that  what  may  be  called  the 
"  battle  of  the  systems"  has  had  the  effect  of  causing  railway  com- 
panies to  defer  electrification  until  they  could  see  that  engineers  were 
not  at  variance  as  to  the  system  to  be  adopted.  I  have  no  inten- 
tion of  dealing  with  the  controversial  point  raised  in  the  "  battle  of 
the  systems."'  Tho.se  who  are  interested  will  find  in  a  recent  short 
Paper,*  read  by  Mr.  F.  W.  Carter  before  the  Rugby  Engineering 
Society,  a  very  clear  statement  of  the  kind  of  w-ork  to  which  the 
different  systems  can  be  applied  with  advantage. 

It  is  too  often  stated  that  a  general  electrification  of  our  railways 
would  be  of  very  gieat  advantage.  A  careful  examination  (jf  the 
subject,  liowever,  appears  to  show  that  while  there  are  certainly 
instances  in  which  this  work  can  be  undertaken  with  great  commer- 
cial success,  each  individual  case  has  to  be  considered  with  the 
utmost  care,  not  only  on  account  of  the  costly  character  of  the 
work,  but  because  the  conditions  upon  which  success  or  failure 
depends  vary  in  almost  every  place  or  district.  The  length  of  haul, 
the  density  of  the  traffic,  the  necessity  or  otherwise  of  express  trains, 
the  presence  of  steam  trains,  the  proximity  of  signal  boxes,  the 
density  or  scarcity  of  population  at  different  points  of  the  line,  and 
the  continuity  of  the  flow  of  traffic  during  those  hours  which  are  not 
"rush  hours,"  and  a  variety  of  other  circumstances  will  affect  the 
commercial  prospects  of  such  an  enterprise.  In  dealing  with  the 
question  of  electrification  before  the  Railway  Congress  at  Washing- 
ton in  1905  I  said  that  the  Lancashire  and  Yorkshire  Railway  had 
not  gone  into  the  work  to  "save  money  but  to  make  money.''  I 
further  pointed  out  that  it  enabled  us  to  defer  for  a  long  time  any 
increase  in  the  capacity  of  our  terminal  stations. 

To  warrant  the  electric  equipment  of  a  main  line  of  railwaj'  deal- 
ing under  present  circumstances  with  long  steam-hauled  trains  at 
high  speeds  for  long  distances  without  a  stop,  some  great  commer- 
cial advantage  must  be  shown.  It  is  largely  a  question  as  to 
whether  electrical  working  would  induce  much  larger  numbers  to 
travel  and  to  travel  more  frequently.  The  existence  of  a  considerable 
population  in  two  towns  some  miles  apart,  without  any  large 
number  of  intermediate  towns  with  a  travelling  population  to  feed 
a  railway,  would  not  be  sufficient  warrant  for  electrifying  an  exist- 
ing steam  road  designed  to  carry  high-speed  trains.  It  is  probable 
that  with  two  towns  20  miles  apart  such  a  railway  could  not  in  our 
present  state  of  knowledge  succeed  financially  compared  with  a 
steam-worked  road.  The  cost  of  widening  any  railway,  the  capa- 
city of  which  has,  owing  to  growing  traffic,  become  too  small  for 
dealing  with  steam  trains,  should  be  carefully  compared  with  the 
cost  of  electrifying  the  existing  lines  with  a  view  of  seeing  whether 
the  additional  capital  required  for  electrifying  would  or  would  not 
exceed  the  cost  of  widening.  In  the  case  of  many  suburban  lines 
from  our  great  cities  electrification  will  at  once  double  the  train- 
carrying  capacity  of  the  tracks,  while  in  others  it  will  allow  for  an 
increase  in  capacity  and  yet  leave  a  greater  time  space  between 
trains  which  may  be  utilised  for  the  passage  of  steam-worked  ex- 
press trains  coming  in  from  the  more  distant  parts  of  the  line.  To 
electrify  any  suburban  railway  and  to  arrange  the  timetable  in 
such  a  way  as  to  leave  trains  running  at  the  same  speed  at  wliich 
the  steam  trains  formerly  ran.  would  be  to  tlirow  away  most  of 
the  advantages  of  the  change,  though  the  working  costs  could  be 
kept  very  low.  An  increase  of  speed,  coupled  with  greater  frequency 
of  trains,  will  soon  begin  in  a  populous  district  to  yield  that  How 
of  traffic  which  may  naturally  be  expected  from  such  facilities,  but 
it  must  at  once  be  recognised  that  higher  speeds  and  more  trains 
cost  money. 

Where  a  suburban  railway  has  tramways  running  parallel  to  its 
tracks  electrification  will  bring  back  some  of  the  passengers  lost 
on  the  installation  of  the  tramways,  but  it  must  be  remembered 
that  in  order  to  earn  a  good  average  fare  an  electrified  railway  must 
be  continued  tor  some  distance.  The  main  object  should  be  to  in- 
duce a  large  number  of  people  who  have  business  in  the  towns  to 
live  fiu-ther  out,  leaving  the  very  short-distance  traffic  to  the  muni- 
cipal tramway,  which  has  its  right  of  way  in  the  public  streets  and 
has  advantages  which  the  railway  cannot  possibly  obtain.  Some  of 
the  advantages  of  electrification  for  local  services  are: — (a)  High 
schedule  journey  speed;  {!))  much  more  frequent  service  when 
required:  (c)  increased  acceleration  and  deceleration;  (d)  greater 
jiossible  mileage  ]ier  train  per  day. 

The  Liverpool  Southport  sect  ion  of  the  Lancashire  &  Yorksliire  Rail' 
way,  which  has  been  electrified  for  some  time,  is  next  described.!  Part 


*  TuK  Electrician,  March  6,  1909,  p.  810. 

t  A  description  appeared  in  Tut:  Elkctrichn,  Vol.  LII.,  pp.  Wl, 
852,  897,  940  and  1,013. 
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of  the  section  consists  of  four  lines  of  way  and  the  remaimkr  iil  two 
lines.  Although  the  fre()uency  t>t  trains  has  been  more  than  ck)iibleil, 
the  rapid  acceleratinn  and  the  increase  in  tlie  average  speed  of  travel 
has  enabled  tlie  whole  of  the  work,  with  the  exception  of  one  or  two 
through  trains,  to  be  done  on  two  lines  of  way  (the  eastern  lines). 
thus  dispensing  with  the  staff,  and  enabling  the  waiting-rooms  and 
other  buildings  on  the  western  lines  to  be  .shut  up.  and  permitting 
the  western  lines  to  be  used  almost  wholly  for  the  steam  worked 
goods  traffic,  allowing  it  to  flow  to  and  from  the  various  yards  witli- 
out  any  interruption  from  passenger  trains.  This  may  be  looked 
upon  as  a  distinct  gain  to  the  railway  in  capacity  for  handling 
traffic.  Here  the  cost  of  electrifying  is  a  set  off  against  the  neces- 
sity for  widening  and  laying  additional  lines  tlirough  a  most  ex- 
pensive district,  which  woukl  in  time  have  become  necessary  if 
steam  working  had  been  continued  for  passenger  trains. 

During  the  first  year  of  electrification,  and  at  an  early  period  when 
the  increased  service  has  shown  the  public  the  advantage  of  greater 
frequency  (with  the  result  that  14  percent,  more  people  were  making 
use  of  tlie  trains),  it  was  interesting  to  note  that  the  total  weight 
of  the  rolling  stock  moved  in  a  day,  between  5  a.m.  and  12  mid- 
night, was  69.160  tons,  against  78,393  tons  in  the  days  when  steam 
was  used.  Fig.  1  illustrates  this,  the  dotted  lines  showing  the 
weight  of  the  steam  trains  including  the  locomotives,  and  the  full 
lines  the  weight  of  the  electric  trains  during  different  periods  of  the 
day.  A  considerable  addition  to  these  weights  has  been  the  natural 
result 'of  an  increase  in  traffic  since  1904. 

The  suburban  service  on  the  Liverpool  and  Southport  electric  line 
is'considered  to  be  the  fastest  service  of  such  a  character  in  existence. 
During  the  conversion  stage  facilities  existed  for  comparative  tests 
of  coal  consumption.  The  six-wheeled  couijled-tanked  locomotives 
(of  1904)  consumed  801b.  of  coal  per  train-mile  for  express  trains, 
and  100  lb.  with  stopping  trains,  the  high  figures  being  due  to  the 
necessary  high   acceleration.     The  coal  consunijjtion    at  the  power 
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Fig.  1. — Diagram  showing  Weight  of  Passenger  Stock  moved 
DUBDJG  A  Working  Day  between  Liverpool  and  Southport.  1904. 
Steam  before  Conversion,  Electric  after  Conversion. 

house  in  1908  works  out  at  49  lb.  per  train-mile,  and  the  energy 
consumption  of  the  train  is  49  watt-hours  per  ton-mile  for  express 
trains,  and  1 12  watt-hours  for  express  and  stopping  trains,  including 
all  shunting  work. 

The  rapidity  with  which  the  conversion  work  was  proceeded  with 
may  be  gathered  from  the  fact  that  the  order  was  given  on  October 
22,  1902,  and  the  first  experimental  train  run  on  December  29,  1903- 
Aa  aspect  of  electric  lines  which  must  not  be  forgotten  is  the  ques- 
tion of  rating.  The  curious  laws  which  deal  with  the  rating  of  rail- 
ways and  the  custom  which  .speaks  of  a  hypothetical  tenant,  result 
in  the  steam  locomotives  of  any  ordinary  railway  becoming  i)art 
of  the  tenant's  capital  and  therefore  lead  to  a  deduction  from  the 
rates,  but  in  the  case  of  an  electrical  road  the  fi.Ked  engines,  boilers 
and  dynamos,  &c,  which  supply  the  power,  result  in  additions  to  the 
annual  expenditure,  as  they  are  rated  separately. 

Third  Rail. — At  a  meeting  held  at  the  Railway  Clearing  House 
in  March,  1903,  it  was  decided  that  the  mo3(  advantageous  position 
for  the  third  rail  was  that  it  should  stand  up  3  in.  above  the  track 
rail,  and  that  the  horizontal  distance  betwcc-n  the  centre  of  the 
track  and  the  centre  of  the  third  rail  should  bp  3  ft.  11 J  in.  Fig.  2 
illustrates  this,  giving  both  the  English  and  American  practice.  An 
examination  of  the  loading  gauge,  the  construction  gauge  and  the 
under  gauge  shows  how  very  limited  is  the  space  within  which  a 
proper  position  can  be  found  for  the  third  rail.  In  fact,  it  is  im- 
possible in  England  to  use  the  inverted  and  covered  conductor  rail 
as  ased  on  the  New  York  Central,  as  both  rail  and  covering  would 
bcswapt  away  by  pas.sing  rolling  stock,  if  it  were  placed  in  the  only 
available  space  left  betweo-n  the  track  and  the  ])latforms.  If  placed 
further  out,  as  in  America,  immense  alterations  in  bridge  girders 
and  platforms  would  be  required. 


Fourth  Rail — On  the  Liverpool  and  Southport  line  a  fourth  rail 
is  u.sed,  but  it  is  below  the  surface  of  the  track  rails,  is  not  insulated, 
and  has  no  shoes  suspended  from  the  cars  in  contact  with  it. 
The  current  is  returned  through  the  ear  wheels  to  the  running 
track,  and  from  the  track  rails  by  means  of  copper  bonds  to  the 
central  fourth  rail.  This  has  the  advantage  of  enabling  the  track 
rails  to  act  as  an  auxiliary  return  to  the  fourth  rail.  Any  single 
length  of  fourth  rail  or  of  track  rail  can  be  taken  out  for  repairs 
without  aft'ecting  the  trains  in  the  next  block  section  of  line.  Par- 
ticulars and  diagrams  are  given  of  the  amount  of  abrasion  and  cor- 
rosion in  the  third  rail,  and  of  corrosion  alone  in  tlie  fourth  rail. 

Track  Rail. — The  wear  of  track  rails  has  become  a  serious  prob- 
lem on  electric  railways.  The  modern  steam  locomotive  with  a  high 
centre  of  gravity  is  a  very  easy  riding  machine,  and  it  is  far  less 
severe  on  the  road,  notwithstanding  its  great  weight.  The  more  or 
less  modern  motor  truck,  with  its  extremely  low  centre  of  gravity, 
has  all  the  defects  of  the  older  fashioned  steam  engines.  The  result 
is  that  the  rail  wear  and  tyre  wear  are  present,  because  the  pressure 
which  should  be  carried  by  the  tread  is  thrown  on  to  the  flange. 
This  is  because  there  is  no  elasticity,  in  the  form  of  a  spring,  inter- 
posed between  the  weight  above  and  the  tyre  below. 

Axle  Load. — The  centre  line  of  the  motor  is  in  tlie  same  |)lane 
as  the  centre  line  of  the  axle,  with  the  re.«ult  that  while  about 
one-half  the  weight  is  supported  by  the  tiuck  frame,  and  so  obtains 
through  the  springs  a  slightly  elastic  sujiiiort.  the  other  half  is  sup- 
ported directly  by  the  "axle  and  clipped  on  tt)  it.  This  greatly 
increases  the  weight  which  is  not  spring  borne.  The  .serious  side 
wear  of  tlie  rails  which  has  taken  jihce  o.i  the  curves  of  railways 


Fig.  2. — Cross  Section  of  Per.manent  Way,  showing  '1'uip.d  and 
Fourth  Rails  compared  with  New  York  Centb.^l  R.R.     S.ale  ,'uth, 

Dutted  lines  sliow  position  of  proteclcil  tliird  rail  as  useil  by  tlie  New  York  Centrat 
R.Il.,  and  illustrate  how  this  position  for  the  tliirci  rail  would  he  in  the  way  of  the  plat- 
forms and  certain  bridge  girders  on  an  English  Railway, 

which  have  been  electrified  is,  there  is  no  doubt,  due  to  the  centre  of 
gravity  of  the  motor  trucks  being  so  very  low  down.  Except  for  such 
difficulties  as  would  be  created  by  raising  the  motor  itself,  and  trans- 
mitting its  motion  by  suitable  mechanism  to  the  axles,  and  so  block- 
ing up  the  passages  from  car  to  car,  there  is  little  doubt  that  the 
whole  of  the  weight,  except  that  of  the  wheels,  axles  and  axle-boxes, 
could  be  supported  by  springs.  On  the  other  hand,  the  great  advan- 
tages of  the  direct  drive  would  be  lost,  and  as  practice  has  shown 
that  the  gears  wear  extremely  well  and  .show  an  admirably  smooth 
surface  after  r;inning  many  thousand  miles,  it  may  be  a  more  com- 
mi'icial  method  to  wear  out  the  cheap  rail  instead  of  expensive 
mechanism.  At  the  same  time  it  must  be  remembered  that  it  has  not 
been  practicable  to  operate  steam  trains  at  the  same  schedule  as  ii: 
frequently  adopted  for  electric  services,  and  as  a  consequence,  there 
is  no  information  as  to  how  the  tracks  would  have  been  affected  it 
they  had  been  so  operated.  These  faster  schedules  are  necessarily 
brought  about  by  higher  acceleration  and  deceleration  than  is  usual 
with  8t«am  conditions.  Thf,  division  of  the  weights  of  the  motive 
power  between  a  larger  number  of  wheels,  together  with  the  advan- 
tage of  the  motive  power  being  absolutely  in  balance,  cannot  fail  to 
have  less  damaging  effect  upon  the  permanent  w^iy,  provided  that 
other  conditions  aiv  equal.  Fig.  3  shows  the  position  of  the  centre 
of  gravity  in  electric  motor  cars  and  lo.-oinotives. 

Cart. — A  multiplicity  of  side  doors  means  that  a  larger  staff  has 
to  be  cm])loyed  on  the  platforms  if  they  are  to  be  safely  closed,  or 
if  they  are  sliding  doors  worked  automatically  there  is  some  risk  to 
the  public  of  being  caiiglil  by  them,  and  there  is  much  greater  risk 
of  sliding  doors  being  jammed  in  case  of  accident.  The  system 
importecl  from  America  of  having  men  on  each  platform  between 
each  pair  of  cars  to  oiien  the  gates  and  shout  out  the  names  of  sta- 


THE  ELECTRICIAN,  APRIL  30,  1909. 


93 


r 


tions,  leads  to  an  excessive  train  staff  being  employed.  This  multi- 
plication of  laboiu:  is  an  economic  waste,  and  the  effect  on  the 
public  is  that  having  so  many  people  to  look  after  them  they  enter 
and  leave  the  cars  in  a  very  leisurely  fashion,  resulting  in  too  much 
time  being  spent  at  stations.  A  system  of  having  large  side  doors  at 
each  end  of  a  60  ft.  car,  which  doors  are  readily  opened  or  closed  by 
the  public  themselves,  saves  the  waste  of  labour,  causes  the  passen- 
gers to  move  quickly  in  and  out  of  the  cars,  and  has  shown  in  prac- 
tice in  the  north  of  England  that  the  trains  may  be  got  away 
from  the  stations  in  less  time. 

Reference  is  also  made  to  the  platforms,  controllers  and  automatic 
vacuum  brakes. 

Cables. — Cables  form  a  very  costly  part  of  electrical  equipment, 
and  their  accessibility  when  laid  along  a  line  of  railway  is  one  of  the 
points  which  requires  the  most  careful  consideration.  Experience 
on  the  Liverpool  and  Southport  line  does  not  point  to  the  practice 
of  laying  the  cables  on  the  solid  system  in  the  6  ft.  way  as  being 
satisfactory,  and  where  a  railway  runs  tlirough  an  open  district 
there  seems  to  be  distinct  advantages  in  having  bare  wires  carried 
overhead  on  suitable  poles.  In  modern  practice  large  spans  are 
used,  the  number  of  poles  in  some  cases  not  exceeding  10  ])er  mile. 
In  the  particular  instance  of  the  high-tension  line  connecting  .\intree 
with  Seaforth,  the  cost  per  mile  of  the  overhead  equipment  was 
i£l,300,  whilst  the  cost  per  mile  of  the  cable  line  was  £2,030,  the 
cost  per  kilowatt  transmitted  per  mile  being — for  overhead  £1'2,5, 
for  cable  £2'67,  based  on  500  amperes  per  square  inch  of  conduc- 
tor section.  This. 
.. .i-lO-wheeled  Bogie  Passenger  Engine  however,    does    not 

I  represent    the     full 

„    I    ,  J  „  J-  ,  a.    ,  saving  which  might 

8-wheeIed  Radid  Tank  ,       ,  p  .       ,  ,         ^ 

beobtamed  by  over- 

,      .  ~    ..      .  ~   ■,     r.     head    transmission, 
Liverpool  and  Sonthport  Trailer  Car  , 

as   the   spans  were 

necessarily  short, 
and  for  a  certain 
distance  erection 
was  difficult  as  the 
line  ran  on  the  top 
of  a  high  embank- 
ment. Lightning 
arresters,  a  douljtful 
requirement  for  the 
atmospheric  con- 
ditions prevailing  in 
this  country,  are 
also  included  in  the 
cost  for  overhead 
transmission. 

Batttry  PUuit.— 
When  regular  work- 
ing conditions  liad 
been  in  operation 
for  some  considera- 
ble time,  bearing  in 
mind  also  the  fact 
that  the  development  of  traffic  would  necessitate  sooner  or  later 
some  increase  in  power-house  and  sub-station  plant,  it  was  decided 
in  1905  to  instal  battery  plants.  It  was  felt  that  these  were  neces- 
sary, not  only  on  account  of  mechanical  requirements,  but  also  with 
a  view  to  creating  an  almost  ab.solute  assurance  that  trains  could 
be  run  during  the  busiest  hours  of  the  day  when  a  large  number  of 
business  people  were  using  the  railway,  even  it  some  serious  acci- 
dent happened  at  the  central  generating  station.  The  general  idea 
was  to  put  in  a  battery  plant  which  would  keep  the  whole  railway 
going  for  one  hour.  These  batteries  were  of  the  well-known  buffer  type, 
controlled  by  automatic  boosters.  To  meet  the  heavy  peaks  it  was 
originally  necessary  to  run  5,250  kw.  of  power  house  plant,  though  the 
average  load  was  only  3,500  kw.,  and  the  fluctuations  of  load  were  so 
great  that  at  times  the  engines  would  entirely  cease  to  take  steam,  a 
Tacuum  being  actually  produced  in  the  high-pressure  cylinders ;  within 
a  few  seconds  the  load  would  rise  to  4,000  kw.  or  5,000  kw.,  and 
superheated  steam  would  be  admitted  to  the  cooled  high-pressure 
cylinders.  This  not  only  led  to  uneconomical  working,  but  pro- 
duced severe  stresses  in  the  engines. 

About  the  time  it  was  decided  to  introduce  the  battery  sub- 
stations, the  traffic  had  considerably  increased,  and  the  light  ing  at 
certain  points  was  not  all  that  could  be  desired.  Also  power  was 
required  at  Liverpool,  and  the  drop  in  potential  at  the  train  was 
becoming  too  great.  It  was  therefore  decided  to  place  the  battery 
sub-stations  at  points  intermediate  to  the  rotary  sub-stations,  in- 
stead of  combining  the  two  as  might  be  expected.  These  batteries 
were  installed  in  September,  1905,  and  the  results  have  amply 
justified  the  policy  that  was  adopted.     The  momentary  peaks  in  the 
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load  were  reduced  from  a  ma.ximum  of  7,0f)0  kw.  to  4..5O0  kw..  and 
the  hourly  peak  during  the  rush  hours  was  reduced  from  3.800  kw. 
to  3,100  kw.,  enabling  the  load  to  be  carried  during  the  winter  with 
4,500  kw.  of  plant,  and  during  the  summer  with  3,750  kw.  of  plar.t. 
Four  battery  plants  were  inslalleil  aggregating  5.200  ampere  hours, 
and  have  a  guaranteed  efiiciency  of  85  per  cent,  in  amjiere  hours 
and  75  per  cent,  in  watt-hours.  Tests  made  in  1907  showed  that 
14  percent,  of  the  total  rotary  sub-station  direct-current  output 
passed  through  the  batteries,  the  total  Icpss  due  to  the  batteries 
bemg  about  .3-5  per  cent,  of  the  rotary  sub-station  output.  The 
coal  consumption  was  reduced  by  85  per  cent.,  and  the  consump- 
tion for  train  services  became  0412 lb.  per  ton-mile. 

Typical  load  diagrams  are  given  in  the  Address. 

Efpciencij  of  Transmission. — Investigations  made  as  to  overaU 
efficiency  of  transmission  showed  that  197  per  cent  of  the  power 
house  output  was  lost  in  cables,  2'95  per  cent,  in  transformers  and 
537  per  cent,  in  rotaries,  the  overall  efficiency  of  transmission  from 
alternating-current  'bus  bars  being  897  per  cent.  It  is  exceedingly 
difficult  to  ascertain  the  exact  losses  in  live  rails;  calculations  made, 
however,  in  various 'ways  seem  to  indicate  that  these  losses  amount 
to  about  9  per  cent.'  of  the  sub-station  output.  The  total  efficiency 
from  alternating-cuirrent  'bus  bars  to  circuit  breakers  on  the  trains 
is  about  81  per  cent:  In  considering  the  question  of  coal  consump- 
tion per  unit,  the  most  reliable  figure  to  take  for  comparison  is  the 
coal  burned  at  the  power  house  per  unit  of  direct  current  delivered 
to  the  third  rail — that  is,  with  all  lo.sses  due  to  conversion.  This, 
for  12  months  ended  December  15,  1908,  was  3-28  lb.  The.se  figures 
for  coal  consumption  must  not  be  confused  with  those  given  for  the 
generating  stations. 

Mainlenance. — It  is  important  to  have  careful  periodical  exami- 
nation of  the  different  parts  of  the  electrical  equipment,  and  ex- 
perience has  shown  that  the  examination  should  be  specialised, 
different  groups  of  apparatus  always  being  dealt  with  by  the  same 
workmen.  Charts  of  these  inspections  are  prepared  and  afterwards 
examined  daily  by  the  foreman. 

Extensions  of  Eledrifierl  Line. — In  1907  all  the  lines  leading  to 
Aintree  were  electrified,  and  a  very  large  traffic  previously 
taken  away  by  the  municipal, tramways,  which  run  parallel  with  and 
not  many  yards  from  the  electric  line,  has  now  come  back  to  the 
railway.  A  connection  has  also  been  made  at  Seaforth  with  the 
Liverpool  Overhead  Railway. 

Operating  Costs. — Experience  shows  that  any  railway  company 
having  the  opportunity  of  putting  down  its  own  plant  in  the  country 
with  ample  facilities  for  getting  cheap  coal  and  water  should  be  able 
to  produce  current  at  the  generating  stations  at  a  "  works  cost "  of 
less  than  0'25d.  per  unit,  the  coal  consumption  being  under  3  lb. 
per  alternating-current  unit.  With  such  figures  as  these,  it  is  possi- 
ble to  work  a  high-speed  service  such  as  I  have  indicated  at  9'5d. 
per  train-mile,  including  "works  cost"  for  the  power-house,  sub- 
stations, battery  stations,  "operating  costs"  for  motor  and  electrical 
equipment  repairs,  car  repairs,  guards'  and  motormen's  wages, 
lighting  and  heating  of  cars,  repairs  of  third  and  fourth  rails,  bonds 
and  cables,  and  all  working  stores.  The  cost  per  car-milo  varies 
between  2'75d.  and  3d.  according  to  the  number  of  cars  run.  The 
total  current  producing  charges  including  conversion  at  sub-station, 
the  cost  of  battery  stations,  and  depreciation  of  batteries,  absorbs 
4-.52d.  out  of  the  9-5d.  per  train  mile.  With  the  exception  of  the 
depreciation  of  batteries,  no  sum  is  included  for  depreciation  of 
plant,  or  for  interest  on  outlay.  The  above  figures  are  not  intended 
to,  and  do  not  include  any  part  of  the  cost  of  maintaining  the 
running  track,  the  passenger  and  goods  .station;-,  or  costs  for  the 
platform  staff,  or  any  other  items  required  for  the  railway,  whether 
worked  as  a  steam  line  or  as  an  electric  line.  The  great  economy  to 
be  hoped  for  in  the  future  for  electrical  railways,  where  no  water 
power  is  available,  is  in  the  production  of  electricity  in  very  large 
quantities.  The  other  directions  in  which  economics  may  l)e  sought 
for  in  future  designs  are  mainly  in  such  improvements  in  the  motors 
as  will  lead  to  less  repairs,  and  a  very  careful  consideration  of  the 
whole  design  of  the  motor  truck.  Brake  gear  is  an  expensiTe  item, 
the  continual  stopping  causing  ra|)id  wear  of  all  pins  and  brake 
blocks,  which,  combined  with  the  dust  and  dirt  of  the  road,  all  help 
to  increase  the  cost,  and  tlierefore  to  make  one  hope  for  some  form 
of  regenerative  control  which  will  be  of  a  simple  character,  and  not 
involve  the  carrying  of  extra  weights  and  a  complete  change  of 
equipment. 

Those  items,  which  may  be  put  down  as  giving  no  trouble  what- 
ever are:  controllers,  commutators,  steel  spur-gearing,  and  the  third 
rail.  The  latter  is  easy  to  lay,  cheap  to  maintain,  and  has  proved 
by  long  experience  to  be  the  cause  of  very  few  accidents. 

A  number  of  statistics  relating  to  the  operation  of  the  Liverpool 
and  Southport  electric  line  are  given  in  Appendixes,  and  others  give  the 
effect  of  high  schedule  speeds,  properties  of  thu'd  rail  materials,  &c. 
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MR.  ASPINALL'8  ADDRESS. 

The  remark.s  made  by  Mr.  J.  A.  F.  A.spinall  in  liis  Presi- 
dential Address  to  the  Institution  of  Mechanical  Engineers, 
on  the  subject  of  railway  electrification,  are  of  more  than 
ordinary  interest  owing  to  the  fact  that  the  author  occupies 
an  important  position  on  the  Lancashire  and  Yorkshii-e 
Railway,  and  is  not  pledged  to  one  form  of  traction  rather 
tiian  another.  His  observations  are,  therefore,  characterised 
by  breadth  of  view,  and  by  recognition  of  the  fact  that  both 
electricity  and  steam  have  their  spheres  of  u.sefulness.  Mr. 
A,spiNALL  r.'mirks  that  it  has  been  urged  too  often  that  a 
general  electrification  of  our  railways  would  be  of  very  great 
advantage.  Such  statements,  however,  are  made  by  those 
who  have  not  gone  fully  into  the  matter,  and  it  may  be  said 
that  no  general  rule  exists.  On  the  other  hand,  there  are 
certainly  cases  in  which  electric  traction  has  been  used  with 
commercial  success,  and  among  these  must  be  included  the 
electric  railway  between  Liverpool  and  Southport.  Here, 
as  stated  by  Mr.  Aspinall,  electrification  was  resorted  to 
"not  to  save  money,  but  to  make  money."  If  this  course  had 
not  been  followed  it  would  have  been  necessary  to  increase 
the  terminal  facilities.  By  electrification  both  the  platform 
operations  and  the  signal  operations  per  train  are  reduced 
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to  one-half  tlie  number  necessary  foi-  steam  trains,  and  thus 
the  capacity  of  the  terminal  stations  is  doubled.  In  this 
particular  instance  not  only  has  there  been  a  great  advantage 
in  respect  to  terminal  facilities,  but  it  has  been  found  neces- 
sary to  use  only  two  tracks  for  passenger  traffic  on  those 
parts  of  the  line  wheie  four  are  laid.  Consequently  a  num- 
ber of  waiting  rooms  and  other  buildings  have  been  freed, 
less  staff  is  necessary,  and  two  of  the  ti'acks  can  be  used 
exclusively  for  goods  traflic 

It  might  be  thought  that  similar  advantages  would 
accrue  in  main  line  electrification,  but,  generally  speaking, 
this  would  not  be  so.  The  public  would  not  care  to  pay  for 
a  higher  speed,  even  if  desirable,  and  unless  additional 
tracks  were  laid  down  the  capacity  of  the  "  express  "  track 
would  be  diminished  if  higher  speeds  were  adopted.  The 
question  of  high  acceleration,  so  important  in  suburban 
traffic,  is  here  comparatively  unimportant.  In  most 
schemes,  whether  for  .short  or  long  distances,  it  is  generally 
a  problem  of  increasing  the  capacity  of  the  line,  and  thus  the 
point  must  be  considered  whether  electrification  or  the  lay- 
ing down  of  additional  ti-acks  is  the  less  costly  of  tln^  two 
alternatives. 

Among  the  interesting  points  dealt  with  bv  Mr.  Aspin.\ll, 
we  may  call  attention  to  the  fact  that  before  the  electrifica- 
tion of  the  Liverpool -Southport  line,  the  six-wheeled 
coupled  tank  locomotives  consumed  SO  lb.  of  coal  per  train- 
mile  with  express  trains  and  1001b.  with  stopping  trains, 
the.se  heavy  figures  being  due  to  the  high  acceleration 
required.  On  the  other  hand,  the  consumption  of  coal  at  the 
power  station  in  1908  was  found  to  be  only  491b.  per  train- 
mile  for  the  electrical  trains.  Another  interesting  point  is 
that  of  rating.  Apparently  a  steam  electrified  railway 
stands  at  an  advantage,  because  the  rating  law,  in  dealing 
with  the  "  hypothetical  tenant,"  considers  the  steam  loco- 
motive as  part  of  the  tenant's  capital,  and  therefore  allows 
a  deduction  from  the  rate,  but  in  the  case  of  an  electrified 
railway  the  power  station  is  rated  separately,  and  thus  in- 
creases the  annual  expenditure.  Yet  another  point  of 
great  interest  is  that  of  the  wear  of  track  rails.  It  is  well 
known  that  early  locomotives  were  built  with  their  centres 
of  gravity  comparatively  low,  but  were  found  luisatisfaetoiy, 
as  they  had  a  tendency  to  burst  the  track.  The  modern 
locomotive  is  built  with  a  very  much  higher  centre  of  gravity 
and  runs  much  more  easily,  because  the  raising  of  the  mass 
allows  the  springs  to  come  into  play  to  a  larger  extei^t.  Thus 
the  wear  of  rails  and  tyres  is  reduced  to  a  minimum.  With 
electric  rolling  stock,  however,  the  centre  of  gravity  has 
again  been  brought  low.  Not  only  is  this  the  case,  but  a 
greater  proportion  of  the  weight  is  not  spring-borne.  The 
result  is  a  greatly  increased  wear  of  tyres  and  rails.  This 
defect  could  be  remedied  by  raising  the  motors  and  trans- 
mitting the  drive  in  some  other  way.  The  wear  would 
be  reduced,  but,  on  the  other  hand,  the  drive  would  be  less 
direct  and  le.ss  efficient,  and  the  construction  of  motor  cars 
would  be  more  difficult.  The  case  is,  therefore,  once  more  a 
choice  between  two  evils. 

It  is  noticeable  that  Mr.  Aspinall  does  not  go  into  the 
question  of  the  relative  advantages  of  single-phase  and  con- 
tinuous-current traction.     In  this  connection  we  think  that 


engineers  would  do  well  to  take  to  heart  hLs  statement 
that  "  there  is  nothing  so  coy  as  capital,  and  if  it  is  to  be 
won,  it  must  be  by  convincing  arguments  and  not  by  the 
doubtful  pleadings  of  confiicting  interests.  It  is  probably 
certain  that  what  may  be  called  the  '  battle  of  the  systems  ' 
has  had  the  effect  of  causing  railway  companies  to  defer 
electrification  until  they  could  see  that  engineers  were  not  at 
variance  as  to  the  system  to  be  adopted."  It  would  be 
well  if  engineers  would  recognise  the  fact  more  generally, 
that  engineering  problems  very  seldom  class  themselves  in 
such  a  way  as  to  admit  of  a  general  solution.  What  is  un- 
suitable in  one  case  may  be  eminently  suitable  in  another, 
and  it  does  not  follow  that  either  the  single-phase  system  or 
the  contuiuous-cuiyent  system  should  be  adopted  to  the 
exclusion  of  the  other,  any  more  than  it  has  been  found 
necessary  to  adopt  alternating  current  or  continuous 
current  exclusively  for  electric  lighting ;  although  not  so 
very  many  years  ago  some  of  our  engineers  would  have  had 
us  believe  that  one  or  otlipr  of  these  .systems  must  be  hope- 
lessly wrong. 
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Electric  Power  and  Traction.    By  F.  H.  D.wies.    iLomlon:  A 
Constable  &  Co.)    Pp.  vi.— 231.     6s.  net. 

In  a  book  devoted  to  the  applications  of  electricity  to  almost 
all  purposes  of  an  engineering  nature  it  is  extremely  difficult, 
when  such  a  book  is  intended  for  the  general  reader,  to  make 
a  proper  selection  of  electrical  theory  with  which  to  lay  a 
foundation  for  subsequent  descriptions.  It  is  a  question 
whether  it  is  not  better  to  classify  the  various  tyjjes  of  electrie 
motors  under  their  usual  names — shunt,  compound,  syn- 
chronous, &c. — with  a  clear  statement  of  the  characteristics 
of  each  as  far  as  the  purchaser  or  user  is  concerned,  than  to 
attempt  to  condense  into  a  few  pages  the  theoretical  and 
technical  reasons  for  such  characteristics. 

In  the  volume  under  review  the  first  six  chapters,  contain- 
ing 65  pages,  deal  with  the  generation  and  distribution  of 
power  and  the  electric  motor.  There  is  practically  no  attempt 
to  introduce  the  reader  gradually  to  the  various  considerations 
that  he  must  master,  as  will  be  evident  from  the  fact  that  the 
fourth  page  of  the  first  chapter  deals  with  the  three- wire  system, 
followed  immediately  by  a  general  description  of  the  arrange- 
ment of  electrical  apparatus  in  a  three-wire  generating  station. 
Chapter  V.,  on  the  other  hand,  besins  with  an  explanation  of 
the  back  E.M.F.  in  a  continuous-current  motor. 

It  seems  doubtful  whether  any  practical  man  who  is  ignorant 
of  electrical  theory  will  be  much  enlightened  by  studying  these 
chapters.  He  will,  however,  find  a  good  deal  to  iuterest  him 
in  the  rest  of  the  book,  as  there  are  several  chapters  devoted  to 
such  subjects  as  the  applications  of  electric  power  in  collieries, 
in  workshops,  in  textile  factories,  in  printing  works,  at  sea,  ou 
canals,  and  in  electric  traction  in  general. 

The  various  ways  in  which  electricity  may  be  employed 
with  advantage  in  collieries,  workshops,  &c.,  are  dealt  with 
clearly,  but  almost  entirely  in  a  descriptive  manner.  More 
precise  information  might  have  been  given  in  regard  to  the 
outputs  of  motors  required  by  various  machine  tools  ;  for 
example,  a  certain  class  of  tool  is  stated  to  require  usually 
from  2  H.r.  to  25  h.p.  Electrically-driven  cranes  are  well 
described,  and  particular  attention  is  drawn  to  portable  tools. 

The  second  half  of  the  book  is  devoted  to  electric  traction, 
and  an  attenq)t  is  nuide  to  cover  the  whole  range  in  135  pages, 
with  the  obvious  result  that  many  parts  of  the  subject  arc 
insufHeiently  treated,  and  others  are  omitted  altogether. 
Inequalities  also  are  noticeable  ;    for  instance,  seven  or  eight 
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surface-contact  systems  are  mentioned  and  described  without 
any  reference  to  the  Lorain  and  the  "  O.B.""  systems. 

On  the  whole,  it  must  be  said  that  the  book  is  rather  too 
scrappy  and  superficial  to  be  of  any  yery  great  yalue,  although 
it  may  fulfil  a  useful  function  in  leading  practical  men  on  to 
study  in  a  more  systematic  manner  the  properties  of  electrical 
apparatus  and  the  application  of  electricity  to  jiower  and 
traction. 

Die  Revision  elektriseher  Starkstromanlagen.    By  P.\rr.  Stern, 

Voi.  XXXVIII.  of  "  Bibliothek  der  gesaiutoii  Technik."  (Hanover  : 
Dr.  MaxJanecke.)     Pp.  x— 227.     M.3.60. 

The  subject  of  the  inspection  and  superyision  of  heayy  cur- 
rent electrical  installations  is  yery  ably  worked  out  in  this  small 
work,  which  forms  Vol.  XXXVIII.  of  the  "  Bibliothek  der 
gesamten  Technik."  It  is  naturally  based  on  the  rules  obseryed 
in  Germany  by  fire  offices  and  other  societies  with  reference 
to  the  utilisation  of  electricity  for  industrial  and  domestic  pur- 
poses and  the  precautionary  measures  to  be  adopted.  Although 
in  many  instances  differences  from  standard  English  practice 
are  apparent,  a  perusal  of  its  pages  will  be  found  of  benefit. 
not  only  to  those  in  charge  of  electrical  plant,  but  to  those  who 
make  a  speciality  of  inspecting,  testing  and  suj^eryision. 

Tiie  book  is  diyided  into  four  main  parts.  Part  I.  deals 
with  the  various  classes  of  electrical  inspection,  their  object, 
and  the  method  of  superyision.  A  list  of  German  companies 
who  undertake  this  class  of  work  is  added,  and  remarks  are 
also  giyen  as  to  the  selection  of  an  inspecting  engineer  and  his 
outfit. 

Part  II.  investigates  the  accidents  to  human  life  from  the 
electric  current.  Some  interesting  information  is  contained 
here  in  connection  with  death  due  to  shock,  the  resistance 
of  the  body  under  different  circumstances,  the  effect  of  voltage, 
and  the  effect  of  alternating  currents  of  different  frequencies. 

Part  III.  is  on  material  damage  from  electrical  causes — 
damage  by  fire,  damage  by  acid  from  accumulators,  explosions 
of  the  gases  liberated  on  charging  accumulators,  corrosion  of 
metal  pipes  by  the  stray  earth  currents  from  electric  tram- 
ways, disturbances  produced  in  scientific  instruments  by 
earth  currents  or  inductive  action,  derangement  of  telephone 
and  telegraph  systems  by  heavy  currents. 

Damage  by  fire  electrically  receives  a  large  amount  of  atten- 
tion ;  the  other  matters  are  just  lightly  touched  upon.  Statis- 
tics then  follow  in  considerable  detail  of  the  German  fire  in- 
surance companies.  They  are  instructive  and  interesting, 
especially  as  many  cases  of  fire,  as  pointed  out  by  the  author, 
are  wrongly  attributed  to  electrical  causes. 

Part  IV.  is  a  digest  of  the  most  important  of  the  laws  and 
regulations  current  on  the  Continent  for  the  installation  of 
electricity.  Amongst  others,  those  of  the  Verband  Deutscher 
Elektrotcchniker  are  dealt  with  at  .some  length. 

Derelopment  and  Electrical  Distribution  of  Water  Power. 

BvLamai;  Lvndo.v.  (London;  ('ha|.nKUi  &  ilall.)  Pp.  vi.— 317. 
12s  6d.  net. 

The  present  work  constitutes  a  general  engineering  treatise 
on  the  .salient  features  of  hydro-electric  generation,  trans- 
mission and  distribution,  with  critical  practical  remarks  on 
the  problems  encountered  in  the  planning  of  an  up-to-date 
.scheme  of  generating  and  transmitting  electrical  energy  from 
water  power.  Descriptions  of  .some  important  typical  hydro- 
electric plants  have  been  selected  from  prominent  American 
technical  periodicals  and  reprinted.  These  descriptions  form 
a  special  characteristic  of  the  book.  They  not  only  show  in  a 
striking  manner  the  practical  application  of  the  principles 
involved,  but  enable  the  reader  to  contrast  readily  the  dif- 
ferent .systems  used,  which  otherwise  would  only  be  possible 
after  a  tedious  search  through  a  number  of  journals. 

The  book  is  divided  into  three  main  sections,  of  uliich 
Part  I.,  containing  five  chapters,  deals  with  the  hydraulic 
development  of  the  subject  ;  Part  II.,  composed  of  seven 
chapters,  di.scu.sses  the  electrical  equipment:  and  Part  HI. 
contains  the  descriptions  already  alluded  to.  Chapt(^r  I.— 
General  Condition.s — contains  an  account  of  the  factors  to  be 
considered  in  the  determination  of  the  probable  power  avail- 
able from  a  water  source,  and  enumerates  the  data  required 


for  deciding  the  commercial  value  of  an  undertaking  of  this 
kind,  together  with  figures  of  cost,  which  are  of  value.  Chap- 
ter III.  is  on  dam  construction.  Before  outlining  the  various 
types  of  dams  and  stating  their  relative  merits,  the  forces 
acting  on  them  are  investigated.  Canals  and  flumes  are  next 
given  in  Chapter  III.,  and  the  design  of  hydio-electric  power 
houses  is  explained  in  Chapter  IV.  Chapter  V.,  the  last  of 
this  section,  contains  a  general  description  of  water  wheels — ■ 
pressure,  impulse  aiul  Pelton  wheels,  variable  gates — and  the 
speed  regulation  of  turbines. 

Part  II.— The  Electrical  Equipment— starts  with  ChapterVI., 
on  the  general  idea  of  electrical  power,  the  relative  advantages 
and  disadvantages  of  continuous  and  alternating  currents,  the 
size,  type  and  method  of  drive  of  electrical  generators.  Chap- 
ters VII.  and  VIII.  give  some  very  general  information  on 
alternating-current  dynamos  and  transformers.  The  overhead 
line  is  next  examined  in  Chapter  IX.,  in  which  the  problems 
involved  are  stated  and  examples  worked  out  of  the  size  of  the 
conductors  for  direct-current,  single-phase,  alternating-current 
and  three-phase  transmission  lines  under  certain  assumptions. 
The  methods  of  supporting  the  conductors  are  given  in  Chap- 
ter X.,  which  includes  poles,  cross-arms,  insulators,  insulator 
pins  and  methods  of  leading  the  high-tension  wires  out  of 
buildings.  The  protection  of  the  line  against  lightning  is  briefly 
treated  in  Chapter  XI.,  which  is  followed  by  one  on  switching 
and  controlling  apparatus.  An  appendix  is  here  added  on  the 
computation  of  pressures  set  up  in  long  pipes  with  change  in 
gate  opening,  being  an  abstract  of  a  Paper  by  the  authoi'  read 
before  the  American  Institute  of  Electrical  Engineers. 

The  remaining  1.54  pages  of  the  book,  comprising  Part  III., 
contain  the  detailed  descriptions  of  the  nine  typical  trans- 
mission plants  already  alluded  to. 

The  book  is  essentially  practical,  is  well  printed  and  illus- 
trated, and  will  be  of  benefit  to  those  interested  in  this  branch 
of  engineering. 


ELECTRIC  TRACTION  ON  RAILWAYS.* 

XIV.— PRACTICAL  CONSIDERATION  OF  OVERHEAD 

CONDUCTORS. 

BY   PHILIP   DAWSON. 

(Continued  from  page  14-) 

Summanj. — In  this  article  the  author  first  considers  the  many 
objections  which  have  been  raised  against  the  use  of  the  third  rail  for 
main  line  railway  electrification,  and  then  proceeds  to  discuss  the  use 
of  overhead  conductors,  dividing  the  latter  system  into  those  where 
two  overhead  conductors  per  track  are  necessary  aiid  tliose  where  only 
one  conductor  per  track  is  required.  The  construction  of  the  over- 
head work  is  also  considered  in  detail. 


Primarily  it  may  be  laid  down  that  for  high-tension  work 
non-combustible  insulation  must  be  used  and,  furthermore, 
that  the  insulation  must  be  capable  of  keeping  up  its  in- 
sulating qualities  for  any  length  of  time  without  the  least 
signs  of  deterioration.  If  insulation  had  to  be  used  only 
indoors  there  might  be  many  substances  to  choose  from,  but 
the  conditions  of  being  able  to  stand  all  weathers  are  prac- 
tically only  met  by  materials  of  a  glassy  nature  ;  besides 
the  properties  of  insulation,  very  high  mechanical  pro- 
perties are  required  in  connection  with  the  suspension  of 
overhead  conductors  for  traction  purpo.ses.  The.se  com- 
bined ((ualities  are  only  met,  as  far  as  present  experience 
would  indicate,  by  porcelain  or  certain  kinds  of  earthen- 
ware. It  is  essential  to  have  insulators  which,  whilst  con- 
structed of  sufficient  thickness  for  mechanical  reasons  shall 
not  possess  any  blow  lioles  or  inequalities  inside  their  mass. 
Experience  has  shown,  furthermore,  that  unless  the  thick- 
ness of  the  insulator  in  all  directions  is  more  or  less  uniform, 
owing  to  unequal  shrinkage  in  baking  very  large  stresses 
are  set  up  in  the  interior  of  the  baked  mass  when  completed, 
•  Copyright.     All  rights  of  reproduction  reserved. 
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which  cause  vciy  serious  lisk  of  tlie  insuhitor  breaivint;  at 
the  least  .shock,  and  fiequently  quite  unexpectedly.  l"\ir- 
thermore,  experience  has  also  shown  that  it  is  impossible  to 
bake  insulators  iw.ssessinj;  considerable  thickness  in  certain 
parts  without  the  danger  of  blow  holes  arising  when  baked, 
which  are  very  difficult,  if  not  impossible,  to  detect.  For 
this  reason  the  best  insulators  of  to-day,  if  of  any  size  or 
intricate,  are  fre(|uently  made  in  separate  pieces,  some  of 
which  get  two  bakings.  Thus,  in  the  case  of  tubes  having 
heavy  corrugations  on  the  exterior,  the  inside  sleeve  is  made 
separately,  the  outside  is  baked,  and  then  the  inside  sleeve 
is  cemented  in  with  glazing  and  the  two  are  baked  together, 
the  outer  being  baked  twice  and  the  inner  only  once.  The 
chemical  composition  of  the  insulator  and  the  mechanical 
methods  adopted  in  manufacturing  play  a  most  impoilant 
part  in  the  securing  of  leliable  insulation.  In  modern  prac- 
tice the  ovens  in  which  insulators  are  baked  are  often  fitted 
with  recording  pyrometers,  so  as  to  ensure  an  even  and  cor- 
rect temperature  throughout  the  whole  process  of  baking, 
and  also  to  ensure  an  even  and  sufficiently  .slow  cooling  down 
after  baking.  Great  resistance  against  electrical  stresses 
is  frequently  combined  with  great  brittleness.  and  an  exact 
adjustment  of  these  two  qualities  is  required  in  all  insula- 
tors, and  can  only  be  reached  by  a  most  conscientious,  as 
well  as  scientific,  process  of  manufacture.  It  is  essential 
that  the  insulating  properties  of  the  porcelain  should  be  due 
to  the  porcelain  itself,  and  not  to  the  glaze  of  the  porcelain, 
the  object  of  the  latter  being  only  to  ensure  an  easy  clearing 
of  the  insulation  bv  rain.     Thus,  insulators  broken  up  and 
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High-Tension  Composite  Porcelain  Insulator. 

allowed  to  soak  for  a  considerable  period  in  water  should 
not  absorb  the  slightest  amount  under  any  circumstances. 
It  is  essential  that  good  insulators  when  once  formed  should 
be  fairly  treated,  and  that  they  should  never  be  submitted  to 
stresises  for  which  they  were  not  intended.  Furthermore, 
it  is  essential  that  all  .stresses  should  be  distributed  as  evenly 
as  possible  ;  that  they  should  be  fixed  so  as  not  to  come  in 
close  proximity  with  very  hot  gases,  which,  by  causing  un- 
even expansion,  will  produce  breakages.  Care  should  be 
taken  to  fix  in-sulators  so  as  to  prevent  any  possibility  of 
water  getting  in  between  them  and  their  supports  and,  by 
freezing  in  cold  weather,  producing  fracture.  Indeed,  the 
greatest  care  must  be  exercised  in  the  choice  of  the  make  of 
insulator  and  in  seeing  that  the  design  is  suitable  for  the 
working  conditions,  and  that  before  and  during  erection  it 
is  properly  handled,  and  last,  but  not  lea.st,  that  proper 
means  are  taken  to  fix  the  insulator  to  its  .support.  It  is, 
of  course,  essential  to  fix  any  attachments  which  bianch 
of!  from  the  in.--alator  on  to  it  in  a  rational  manner  so  as 
not  improperly  to  stress  the  material.  Thus  iron  clamps 
.•should  never  be  bolted  straight  on  to  the  insulator  with- 
out sheet  lead  or  other  suitable  medium  being  put  between 
the  porcelain  and  the  iron  clamps.  The  make  and  .shape 
of  insulator  once  chosen,  the  greatest  care  should  be  taken 
to  test  electrically  each  insulator  for  at  lea.st  ."50  minutes, 


and,  according  to  circumstances,  at  from  t  to  10  times  its 
working  pressure,  with  a  capacity  of  at  least  20  kw.  in  the 
te.sting  transformer.  Mechanical  tests  for  resistance  to  com- 
pression and  extension  should  be  made,  and,  finally,  weights 
should  be  dropped  on  to  the  insulator  to  ascertain  its 
tenacity  to  violent  shock. 

It  is  surprising  what  severe  tests  porcelain  of  the  proper 
composition  and  make  will  stand,  and  how  uniformly  the 
results  of  tests  on  a  batch  of  insulators  come  out.  Finally, 
care  should  be  taken  to  test  insulators  mechanically,  and 
submit  them  to  electrical  stresses  at  the  same  time.  Too 
great  care  cannot  be  exercised  as  regards  the  choice  of  a 
proper  design  and  make,  or  in  the  tests  to  which  all  insu- 
lators used  should  be  submitted  at  the  maker's  works  and 
under  most  careful  supervision.  What  may  prove  a  very 
good  electrical  design  may  frequently  show  up  very  badly 
as  regards  mechanical  pioperties  and  vice  versa. 

Fig.  12  .shows  a  high-tension  insulator  which,  in  order  to 
secure  absence  of  blow  holes  and  unequal  stresses  in  the 
material  after  liaking,  is  made  in  four  pieces  as  shown,  each 
piece  being  baked  separately.     Then  a  glaze  is  put  on  at  the 
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FHRENT  THICIKNESSES  OF  PORCELAIN.    MaDE   BY   PoRZELLANFABRIK, 

HteRMSDORF. 

joints,  and  the  whole  insulator  is  assembled  and  baked  a 
second  time.  In  Fig.  I."?,  on  the  contrary,  the  outer  portion 
of  the  insulator  is  baked,  then  the  interior  is  inserted  and 
the  whole  liaked  a  second  time  ;  this  secures  luiiform  re- 
sults, and  also  by  this  means  the  inside  tube  is  held  most 
firmly  because  of  the  shrinkage  which  is  bound  to  come 
even  at  a  second  baking  in  the  case  of  the  outside  portion 
of  the  insulator. 

As  regards  colour,  this  need  not  in  any  way  depend  on  the 
quality  of  the  insulator,  and  is  produced  either  by  adding  a 
dye  to  the  paste  or,  preferably,  by  adding  a  dye  to  the  glaze, 
the  greatest  care  being  taken  to  select  such  a  dye  as  will  in 
no  way  affect  the  electrical  properties  of  the  insulator  when 
completed. 

Porcelain,  which  has  proved  admirable  for  insulating  pur- 
poses, has  stood  a  maximum  compression  of  anything  from 
i,2.'iO  kg.  to  5.410  kg.  per  square  centimetre,  or,  say,  in 
round  figures,  G0,000  lb.  per  square  inch,  and  in  tension 
1,300  kg.  to  2,000  kg.  per  square  centimetre,  or,  say, 
18,-500  lb.  per  square  inch.  The  modulus  of  elasticity  was 
shown  by  a  large  number  of  experiments  to  be  only  slightly 
smaller  than  that  of  cast  iron,  the  ratio  in  this  case  being  in 
the  proportion  of  10  for  ordinary  cast  iron  as  compared  to 
54  to  7-1  for  porcelain.  These  figures  hold  good  as  regards 
the  mechanical  properties  of  good  porcelain  manufactured 
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for  electrical  purposes  bj-  the  Porzellanfabrik  Hermsdorf, 
Germany.  It  is  their  make  of  insulator  which,  after  the 
most  careful  and  lengthy  researches,  the  author  decided  to 
use  in  connection  with  the  electrification  of  the  L.B.  &  S.C. 
Railway,  and  Fig.  14  shows  the  electrical  properties  of  this 
make,  giving  nearly  a  straight  line  law,  to  tlie  effect  that 
each  10,000  volts  will  break  through  1  mm.  of  porcelain. 

Having  briefly  considered  the  question  of  porcelain  insu- 
lators, we  will  now  proceed  to  deal  witli  the  various  con- 
structions which  have  so  far  been  used  in  connection  with 
overhead  conductors  for  general  railway  electrification  when 
inten.se  service  is  to  be  anticipated.  The  conditions  which 
govern  such  an  installation  may  briefly  be  summarised  as 
follows  : — 

1.  Practical  impossibility  of  mechanical  breakdown — 
i.e.,  impossibility  of  the  breakage  of  any  one  subsidiary  part 
causing  actual  danger  to  passing  traffic.  Thus,  for  example, 
the  breakage  of  an  insulator,  or  of  a  .supporting  wire,  or  of 
the  conducting  wire,  must,  as  far  as  possible,  under  no 
circumstances  allow  any  part  of  the  construction  to  sink 
as  low  as  to  interfere  mechanically  with  passing  trains. 

2.  Provision  must  be  made  for  avoiding  as  far  as  fea- 
sible electrical  breakdowns,  and  the  construction  must  be 
.such  as  to  enable  verv  prompt  repairs  to  be  effected  in  case 
of  the  failure  of  any  part.  Hence  the  number  of  parts  con- 
stituting the  construction  should  be  a.s  few  as  possible  and 
as  far  as  can  be  interchangeable. 

3.  The  .sy.stem  must  be  .sectionalised  so  that  a  failure  will 
only  affect  one  section,  leaving  the  rest  of  the  .system  in 
proper  working  order.  This,  of  cour.se,  means  arrangements 
for  feeding  designed  so  as  to  provide  for  these  requirements. 

The  forms  of  construction  so  far  adopted  to  fill  the  above 
requirements  can,  for  our  purposes,  be  subdivided  into  two 
classes  as  follows  : — 

1.  The  double  catenary  construction,  which  in  its  turn 
can  be  subdivided  into — 

(rt)  Rigid  construction,  originally  proposed  by  the  West- 
inghouse  Company  of  America. 
(b)  Flexible  construction. 

2.  Single  catenary  construction,  which  in  its  turn  can  be 
subdivided  into — 

(a)  Construction  not  providing  specially  for  variation  in 
temperature. 

(6)  Construction  with  provision  for  maintaining  constant 
tension  in  the  trolley  wire. 

The  former,  or  doultle  catenary  construction,  has  been 
so  far  adopted  on  a  very  large  scale  in  America  in  connec- 
tion with  the  electrification  of  the  Now  York,  New  Haven 
&  Hartford  line  in  and  around  New  York. 

When  considering  this  form  of  construction  it  is  just  as 
well  to  remember  that  special  difficulties  have  to  be  met  in 
the  United  States  owing  to  the  custom  of  brakcmen  walking 
along  the  roofs  of  freight  train.s  to  attend  to  the  brakes. 
Hence,  the  wire  has  to  be  at  a  normal  height  of  at  least 
22  ft.  and  the  drop  to  go  under  bridges  suddenly  brings  the 
height  down  to  14  ft.  The  collector  has,  therefore,  to  be 
made  to  run  normally  and  at  maximum  .speed  at  the  height 
of  22  ft.,  and  yet  be  capable  of  operating  satisfactorily  also 
at  high  speeds  at  a  height  of  14  ft.  These  conditions  are 
not  met  with  in  Europe  to  any  such  degree,  altlit)ugh,  for 
reasons  which  will  be  explained  later,  in  the  case  of  the 
L.B.  &  S.C.  Railway,  the  collector  has  to  work  a  range  of 
14  ft.  to  21  ft.,  but  not  under  such  difficult  conditions  as 
those  encountered  on  the  New  York,  New  Haven  &  Hart- 
ford .sy.stem.  In  this  case  the  supports  on  the  straight  are 
as  far  as  300  ft.  apart,  and  consist  of  latticed  girders  spanning 
the  tracks  on  the  tops  of  which  the  insulators  supporting 


the  catenaries  are  fixed.  Special  strong  bridges,  called 
anchor  supports,  are  located  about  every  2  miles,  and  are 
provided  with  the  necessary  section  switches  dividing  the 
various  lines,  as  explained  later. 

Experience  with  this  line  as  described  has  shown  that  the 
wear  and  tear  of  the  conductor  wire  is  very  excessive,  and 
that  the  sparking  at  the  collector  bow,  about  which  more 
will  be  said  later,  is  very  great.  It  may  here  be  remarked 
that  the  collector  is  of  the  scissors  type,  having  easy  motion 
in  a  vertical  plane,  but  practically  none  in  a  horizontal  one, 
and  that  the  contact  surface  consists  of  a  steel  bar  some 
6  in.  wide  and  fitted  with  grooves  ;  the  pressure  exerted  by 
this  again.st  the  trolley  wire  is  very  considerable,  amounting, 
it  is  stated,  to  at  least  25  lb.  to  30  lb.  and  probably  more.  The 
cause  of  this  result  is  not  far  to  seek,  if  one  considers  the  fact 
that  the  overhead  conductor  is  composed  of  copper  and  is 
practically  rigidly  supported  without  any  appreciable  elas- 
ticity or  liberty  to  move  in  a  vertical  plane.  The  collector 
bow,  on  the  other  hand,  is  very  free  to  move  in  this  plane,  and 
must,  of  necessity,  due  to  over-action  and  pitching  of  the 
locomotive,  be  constantly  exercising  a  series  of  vertical 
hammer  blows,  with  a  planing  action  of  tlie  copper  con- 
ductor, which  is  the  softest  of  the  two  surfaces  in  contact. 
Mr.  Muiray,  the  electrical  engineer  of  the  New  York,  New 


Fk;.  1.5. — Improved  Catenary  Construction  on  Main  Line,  Nkw 
Vdhk,  Nuw  Havkn  &  HARTi-(>Rn  RAir.HOAb. 

Haven  &  Hartford  Raihoad,  .states  that  the  results  of  run- 
ning have  been — 

1.  To  reduce  the  cro.ss-section  of  the  copper  conductor  by 
wear. 

2.  To  kink  it  badly  at  the  point  of  .suspension,  with  the 
result  that  fracturing  has  been  caused. 

3.  The  roughness  of  the  conductor  wire  produced  in  con- 
sequence of  its  rigid  suspension  and  of  the  steel  collector 
bar  caused  the  contact  to  be  constantly  broken  between 
the  collector  and  the  collector  bar,  resulting  in  excessive 
sparking. 

In  order  to  get  over  this,  a  fourth  wire  has  been  resorted 
to,  which  consists  of  steel  wire  of  4/0  H.  &  S.  gauge,  and 
attached  by  means  of  clips  10  ft.  apart  and  fixed  to  the 
original  copper  conductor  wires  half-way  between  the  rigid 
support  formed  by  the  apex  of  the  rigid  tubular  triangle,  as 
shown  in  Fig.  15.  In  the  original  form  of  construction, 
when  the  locomotive  shoe  made  contact  with  the  copper 
wire,  it  was  found,  on  account  of  the  high  expansion  pro- 
perties of  coj)per,'_that  changes  in  temperature  con.siderably 
lengthened  the  span  between  the  hanger  points,  and 
because  of  the  ductility  of  the  copper  the  passage  of  the 
.shoe  at  high  sjieeds,  with  some  considerable  upward  pres- 
sure, gathered  up  the  slack  in  form  of  a  kink  at  the  hanger 
point.  This  attempt  at  absolute  rigidity  of  conductor  has 
proved  a  failure,  as  many,  including  the  author,  always 
thought  it  would  ;  but  the  experience  thus  gained  is  of 
great  use  to  the  engineering  world  in  general  and  the  elec- 
trical engineer  in  particular. 
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Fig.  10  is  very  intcreisting  and  repre.sents  the  double 
catenary  construction  at  first  adopted  in  tlie  ca.se  of  tiie 
Swedi.sh  State  Railways  for  a  short  section  of  their  experi- 
mental line  in  the  neighbourhood  of  Stockhohn. 

It  will  be  observed  that  in  this  case  no  particular  care 
seems  to  have  been  taken  at  the  curve  to  keep  the  trolley 
wire  free  to  move  in  the  vertical  direction  under  the  pres- 
sure of  the  bow,  the  push  off  in  this  ca.se  simply  consisting 
of  two  tubular  struts  at  either  side  of  the  support  fixed  to 
the  catenarv  and  the  trolley  wire  respectively,  in  a  similar 
manner  to  that  adopted  on  the  New  York,  New  Haven  & 
Hartford  line.  The  result  of  this  form  of  construction  has 
simply  been  what  could  have  been  expected — namely,  that 
severe  hammer  blows  were  caused  at  this  point  when  the 
bows  went  over  it,  with  resulting  sparking  and  liability  to 
fracture  of  the  wire. 

It  will  also  be  observed  that  the  other  droppers  through 
the  flexible  wire  are  firmly  fixed  to  the  catenary  and  the 
trolley  wire  without  provision  having  been  made  for  the 
lateral  or  up-and-down  movement,  and  that,  as  a  result, 


Fig.   1(1. — DcjiiLE  Catenaey  Construction,  Swedish  State  Rail- 
ways. 
A,  Tubul.ir  struts  or  pusb-ofls  made  of  steel  tube. 

these  have  taken  up  a  permanently  bent  position.  As  a 
matter  of  fact,  the  service  on  the  Swedish  State  Railways 
is  not  of  such  an  intense  nature  as  to  call  for  this  type  of 
construction,  and,  as  already  stated,  for  the  extensions 
a  much  simpler  ar.d  cheaper  foim  has  been  adopted.  The 
construction  adopted  on  the  L.B.  &  S.C.  Railway  is  of  the 
double  catenary  form,  and  is  entirely  different  from  any- 
thing hitherto  erected  in  any  country  ;  but  as  a  detailed 
description  of  the  whole  electrification  of  the  South  London 
line  of  this  railway  will  appear  in  a  later  portion  of  this 
work  reference  will  not  be  made  here  to  it. 
{To  be  continued.) 


Electiicity  in  Steel  Works.— Wc  are  informed  that  the 
Prussian  Slatonst-Werke  have  obtained  a  licence  from  the 
Gesellsehaft  fiir  Elektrostahlanlagen  m.h. U.,  of  Berlin,  to  use 
induction  furnaces  in  connection  with  their  steel  works.  The 
material  obtained  from  these  furnaces  will  also  be  worked  up 
at  the  Slatoust  Works.  The  necessary  electrical  eqm"pment  is 
bfing  provided  by  Messrs.  Siemens  &  Halske. 


FUNDAMENTAL    PRINCIPLES    IN   THE    DESIGN   CF 
SPARK-TELEGRAPHY  5TATI0NS.* 

BY    DK.    F.    KIEBITZ. 

In  a  lecture  delivered  before  the  Elcktrotechnischor  Vcrein  on 
December  .5tli  last,  the  author  reviews  in  an  interesting  manner  th<! 
develojiraents  wliicli  have  led  to  the  improved  results  obtainable  in 
radio-telegraphic  work  at  tlie  present  time. 

The  review  is  confined  to  the  case  of  spark  telegraphy,  and  does  not 
deal  with  the  undamjied  wave  method  ;  it  is  also  partly  retrospec- 
tive, in  that  tlie  author  does  not  deal  so  much  with  the  more  recent 
devices  which  have  been  published  from  time  to  time,  as  with  tlie 
question  how  far  the  spark  telegraph  stations  of  the  present  da.v 
represent  the  theoretical  ideal  conditions  which  promise  the  most 
favourable  results.  The  performance  of  the  actual  equipments  a.s 
compared  with  the  most  favourable  possibilities  are  considered,  and 
by  this  means  it  is  endeavoured  to  show  clearly  which  are  the  features 
of  present-day  construction  that  pos.?ess  permanent  value,  and 
what  line  should  be  followed  with  the  greatest  hope  of  success  in  the 
further  perfection  of  the  method. 

Beginning  with  the  transmitter,  he  follows  step  by  step  the  energy 
transformation  from  the  direct-current  source  onward  until  the 
Hertzian  waves  are  radiated  into  space. 

Supposing,  first,  that  a  given  source  of  direct  or  alternating  cur- 
rent is  available,  and  that  this  is  used  to  supply  a  naval  station  of 
the  older  type,  which  already  employs  a  coupled  system,  but  does  not 
yet  contain  a  resonance  transformer.  In  this  case  the  wave  genera- 
tion can  be  regarded  as  occurring  in  the  following  order  as  regards 
magnitude  :  For  1  kw.  employed  to  supply  the  station,  about  2U(l 
watts  will  bo  used  up  in  the  series  resistances  ;  800  watts  remain. 
Of  those  8f)0  watts  about  7.50  watts  are  lost  through  secondary  dis- 
charges and  heat  losses  in  the  spark  coil.  There  remain  50  watts, 
which  are  transferred  to  the  condenser  circuit  in  the  fcrm  of  charging 
energy.  Out  of  these  50  watts  about  20  are  dissipated  in  the  spark 
in  the  form  of  energy  of  heat,  light  and  sound  ;  a  further  20  watts 
are  converted  into  heat  in  the  condenser  coatings  and  in  the  circuit 
itself  (inductance),  or  else  are  lost  in  the  form  of  brush  discharge.". 
There  remain  about  10  waite,  which  are  transferred  to  the  antenna. 
Of  these  10  watts  nine  are  converted  into  heat  in  the  antenna  and 
the  earth  connection,  or  used  in  ozone  formation,  and  about  1  watt 
is  transformed  into  the  energy  of  Hertzian  radiation-— in  all  an  cfJi- 
ciency  of  one-tenth  of  1  per  cent. 

At  the  present  time  this  has  been  considerably  improved  upon. 

The  step  by  step  analysis  of  the  energy  transformations  in  a 
coupled  system  is  then  carried  out.  By  utilising  the  resonance 
principle  in  the  transformer  its  efficiency  can  be  raised  to  about  00  jier 
cent.  This  energy  is  used  to  create  a  strong  electric  field  between 
the  condenser  coatings,  and  the  condenser  circuit  has  to  be  con- 
structed so  as  to  communicat*  this  energy  to  the  antenna  circuit 
with  the  least  loss.  But  the  damping  due  to  the  spark  represents 
loss  of  energy,  as  also  do  the  brush  discharges.  The  latter  source  of 
loss  can  be  avoided,  but  the  spark  damping  cannot  be  entirely. 
Other  causes  of  damping  are  the  development  of  Joulean  heat  in  the 
oscillatory  circuit,  the  generation  of  eddy  currents  in  neighbouring 
conductors,  and  also  harmful  reflections  internal  to  the  system.  The 
first  of  these  cannot  be  completely  avoided,  but  by  suitably  choosing 
the  cross-sections  it  can  be  reduced  to  a  minimum  :  further,  through 
using  sufficiently  large  self-inductanc  The  eddy-current  losses 
used  to  be  considerable  in  the  older  type  of  stations,  where  the  circuit 
was  often  made  to  encircle  the  Le,^den  jars,  heating  up  the  coatings. 
This  is  now  avoided  with  the  use  of  plate  condensers  ;  but  it  is  always 
desirable  to  place  the  plane  of  the  turns  of  the  oscillatory  circuit  at 
right  angles  to  the  plane  of  the  condenser  plates.  For  instance, 
suitable  alterations  on  these  lines  will  reduw  the  decrement  in  the  old 
type  stations  from  0-34  to  Olfi. 

It  is  of  chief  importance  to  arrange  the  system  in  such  a  manner 
that  the  amjilitude  decrease  due  to  tiie  coupling  is  large  as  compared 
with  all  the  other  causes  of  decrease  of  amplitude.  This  is  best 
secured  by  the  use  of  Wien's  "  impact  excitation  "  (Stosscrregung) 
by  means  of  very  small  sparks. 

The  important  point  about  this  phenomenon  is  that,  although  close 
coupling  is  employed,  no  phase  swinging  occurs,  but  only  a  single 
rapid  amplitude  decrease  :  so  soon  as  the  whole  of  the  energy  for  the 
first  time  has  passed  into  the  secondary  system  the  spark  dies  out. 
and  the  primary  is  no  longer  capable  of  resonance,  and  can  be  con- 
sidered as  having  ilisapponivd  from  the  system.  In  this  way  one  is 
free  from  all  the  (lanii)iug  losses  of  the  primary  circuit. 

The  author  next  considers  the  fate  of  the  energy  which,  by  any 
procedure  whatever,  is  communicated  to  the  antenna  circuit.  Here 
the  same  energy-consuming  factors  are  encountered  a.s  were  four.d 

•  Abstract  from  the  "  Elektrotechnische  Zeitschrift." 
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in  the  primary  circuit.  Tlie  brush  discharges  arc.  u«ing  to  the 
smaller  eapacity  of  the  antenna,  more  harmful  than  in  the  closed 
oscillatory  circuit,  with  its  large  capacity.  In  the  latter  a  small 
charging  loss  is  of  little  importance,  but  in  a  system  of  small  capacity 
it  may  mean  a  quite  considerable  fraction  of  the  total  energy. 

The  energy  losses  through  Joulean  heat  are  also  present  in  the  open 
oscillator.  In  addition,  there  is  the  amplitude  decrease,  the  damp- 
ing due  to  radiation. 

An  effective  aerial  conductor  must  be  built  in  such  a  way  that  the 
radiation  decrement  preponderates  over  the  decrement  due  to  other 
losses.  In  this  respect  the  transmitter  does  not  apjiear  to  have  been 
sufficiently  investigated.  It  is.  however,  certain  that,  in  general, 
with  ordinary  antenna;,  the  radiation  decrement  is  not  over  one- 
fifth  as  great  as  the  resistance  decrement. 

Owing  to  the  limits  imposed  by  structural  considerations,  the 
radiation  decrement  cannot  be  made  very  large  and,  hence,  every 
tiling  depends  upon  the  reduction  of  the  resistance  decrement  to  the 
lowest  figure  possible. 

The  author  ne.\t  refers  to  the  advantages  and  convenience  of  using 
the  tables  and  formula;  given  by  Drude  for  predetermining  the  dimen- 
sions of  the  aerial,  coupling  coil  and  counterpoise,  and  deals  also  with 
the  effect  of  earthing.  This  leads  then  to  the  discussion  of  the  pro- 
pagation of  the  waves  in  space,  in  which  connection  Bellini  and  Tosi's 
experiments,  and  especially  those  of  the  author,  are  dealt  with. 
(For  these  latter  see  The  Electrician,  p.  972,  April  2,  1909.) 

Finally,  the  author  discusses  the  question  of  the  design  of  the  re- 
cei%-ing  station. 

In  order  to  reduce  the  effect  of  atmospheric  disturbances,  the  aerial 
wire  should  be  of  as  small  dimensions  as  possible,  and  this  is  quite 
feasible  owing  to  the  high  sensibility  of  modern  detectors  (the  elec- 
trolytic, galena  detector)  now  avaijable.  The  detector  should  be 
placed  in  a  circuit  which  is  as  far  as  possible  aperiodic,  and  this  circuit 
magnetically  coupled  to  the  antenna  circuit. 

In  conclusion,  an  example  is  quoted  showing  the  improvement 
secured  by  substituting  a  coupled  system  for  the  old  arrangement 
employed  in  the  German  naval  stations.  This,  however,  seems 
chiefly  to  demonstrate  how  dreadfully  inefficient  the  old  stations 
must  have  been,  since  for  the  30  watts  of  primary  energy  which  are 
required  by  the  coupled  system  for  communicating  over  a  distance 
of  6  km.  between  the  two  stations,  it  is  said  that  at  least  1  kw.  had 
to  be  employed  for  communicating  with  the  old  equipment. 

As  a  further  example,  the  electrical  dimensions  of  the  new  station 
erected  at  the  German  Imjjerial  Telegraphs  experimental  station  are 
worked  out  in  full  on  Drude"s  method.  As  antenna  a  smooth  brass 
tube  10  metres  long  is  used,  with  a  quadrangular  wire  umbrella 
having  sides  2o  metres  long  as  counterweight.  With  this  station 
the  messages  from  the  Norddeich  station  are  readily  received. 


CORRESPONDENCE. 


PARALLEL  RUNNING  AVITH  EARTHED  NEUTKA  LS 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir  :  The  autom.atic  earthing  switch  described  by  Mr.  J.  H. 
Eider  in  his  recent  Paper  liefore  the  Institution  of  Electrical 
Engineers  is  a  complicated  and  costly  piece  of  apparatus.  No 
one  will  regard  its  expense  as  too  great  if  it  reallj'  safeguards 
an  important  generating  station,  such  as  that  at  Greenwich, 
from  a  source  of  danger,  while  the  fact  that  the  switch  has 
been  actually  designed  and  wed  will  be  accepted  as  conclusive 
evidence  that  such  a  danger  exists,  fiut  it  appears  to  me  most 
<|uestionable  whether  this  apparatus  is  the  best  one  to  use  for 
the  purpo.se  in  view. 

The  effect  of  third  harnionics  in  the  ])hase  voltages  of  star 
connected  .dternators,  with  the  star  points  all  earthed,  has 
been  frequently  pointed  out.  Mr.  Brew,  of  the  Dublin  Light- 
ing Station,  first  drew  my  attention  to  the  matter  several  years 
ago,  and  showed  me  some  oscillograms  he  had  taken  of  the 
triple-frequency  earth  currents  occurring  under  such  condi- 
tions. But  so  far  as  I  know  no  data  of  the  voltages  corre- 
sponding with  these  harmonics  have  been  published  in  reference 
to  any  station,  and  I  doubt  whether  such  voltages  have  been 
ever  actually  measured.  Oscillograms  are  very  pretty  things, 
but  are  useless  for  exact  data,  and  until  definite  measurements 
are  obtainable  I  do  not  know  that  anyone  can  estimate  the  true 
importance  of  these  harmonics,  unless  it  be  from  actu:»l  experi- 
ence of  their  effects. 

I  write  this  letter  to  make  a  suggestion  which  I  believe  is 


novel,  and  on  which  I  should  be  interested  to  learn  the  opinions 
of  others.  The  suggestion  is  that  each  alternator  should  have 
its  star  point  connected  to  an  earthing  bar  through  a  choking 
coil,  and  that  the  earthing  bar  should  be  well  earthed  through 
a  low  resistance  of  the  usual  kind.  The  sketch  shows  two 
star  wound  three-phase  alternators,  AjAo,  earthed  in  this  way, 
and  parallel  connected  to  the  mains ;  Zj  Z,  represent  the 
choking  coils  and  1\  the  earthing  resistance. 

Under  these  conditions,  if  the  distributing  system  is  insu- 
lated from  earth,  as  will  normally  be  the  case,  the  resistance 
R  will  have  no  current  through  it  and  the  earthing  bar  B  B 
will  be  at  zero  potential.  The  point  is  that  each  of  the  impe- 
dances Zj  Zj  will  take  a  voltage  representing  the  third  har- 
monic voltage  in  the  windings  of  the  corresponding  alternator, 
and  will  normally  choke  down  any  current  these  voltages  tend 
to  cause.  Moreover,  these  choking  coils  will  form  essentially 
the  only  impedance  in  the  path  of  the  current  caused  by  the 
third  harmonic  voltage.  The  three  windings  of  each  alter- 
nator are  so  joined  up  in  parallel  that  they  constitute  a  non- 
inductive  resistance  so  far  as  the  current  of  triple  frequency  is 
concerned,  and  hence  when  two  alternators  are  parallel  con- 
nected with  star  points  earthed  in  the  ordinary  waj-  it  is  pos- 
sible for  a  third  harmonic  voltage  of  small  magnitude  to  cause 
quite  a  large  current  circulating  around  the  machines.  It  is 
probably  owing  to  this  fact  that  appreciable  currents  have  been 
observed  due  to  the  third  harmonic  voltage,  for  if  the  windings 
of  the  alternator  acted  as  a  choking  coil,  the  high  impedance 
of  this  for  currents  of  triple  frequency  would  reduce  any  such 
currents  to  a  negligible  magnitude. 


A 
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In  the  absence  of  actual  data  I  can  only  guess  the  magni- 
tude of  the  voltage  corresponding  with  the  third  harmonic. 
Let  us  assume  there  are  three  alternators  in  parallel,  the  first 
an  ideal  .alternator  with  no  harmonic  in  its  voltage,  the  second 
an  ordinary  machine  with  a  third  harmonic  voltage  of,  say,  2 
per  cent,  of  the  phase  voltage,  and  finally  an  abnormal  machine 
with  a  third  harmonic  voltage  of  10  per  cent,  of  the  phase 
voltage.  Assuming  the  voltage  from  the  star  point  to  line  is 
5,000  volts,  the  three  third  harmonic  voltages  will  then  be  0, 
100  and  500  volts.  The  ideal  machine  will  have  its  star  point 
at  exactly  earth  potential,  and  can  be  joined  direct  to  the 
earthing  bar  without  using  any  choking  coil.  The  choking 
coil  for  the  ordinary  machine  will  lie  subjected  to  100  volts, 
widle  that  for  the  abnormal  machine  will  have  500  volts  upon 
it.  These  voltages  would  cause  vciy  large  ciu'rents  through 
the  machine  windings  were  it  not  for  the  choking  coils.  With 
their  aid  the  currents  can  easily  be  reduced  to  negligible 
values,  while  the  voltages  on  these  choking  coils  will  indicate 
important  facts  about  the  alternators. 

Now,  without  discussing  details  of  the  automatic  earthing 
switch  described  in  Mr.  Rider's  Paper,  let  us  consider  the 
results  it  secures.  These  appear  to  be  three  in  number.  In 
the  first  place,  any  alternator  which  is  shut  down  has  its  star 
point  disconnected  from  earth.  No  advantage  is  claimed  for 
this  result,  and  earth  potential  would  appear  to  be  the  safest 
of  all  potentials  for  an  unused  machine.  Again,  only  one 
acting  machine  is  earth-connected  at  any  given  moment.  The 
object  of  this  appears  to  be  two  fold.  Heavy  earth  currents 
between  two  machines  due  to  the  third  harmonic  voltage  are 
prevented.  The  choking  coils  now  suggested  seem  to  secure  the 
same  result  in  a  simpler  fashion.    Another  resttlt  of  the  switch 
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is  that  if  an  earth  occurs  on  one  of  tho  phases  only  the  alter- 
nator actually  connected  witli  earth  is  called  upon  to  supply 
the  short-circuit  current,  so  that  the  "  voltage  of  the  whole 
station"  can  be  maintained  "  pendini;-  the  opening  of  the 
time-limit  circuit-breaker."  But  the  choking  coils  here  sug- 
gested could  easily  be  designed  to  prevent  serious  earth  cur- 
rents even  in  this  case.  The  object  of  the  earth  connection  is 
to  keep  the  neutral  points  of  the  alternators  at  earth  potential, 
not  to  encourage  leakage  currents  to  earth.  If  it  is  desirable 
for  one  of  the  alternators  to  be  available  to  force  current 
through  a  fault,  all  that  is  needed  is  to  connect  the  neutral 
point  of  its  windings  direct  to  the  earthing  bar,  omitting  the 
choking  coil.  So  far  as  1  can  see,  the  arrangement  of  choking 
coils  above  suggested  forms  a  simple  and  more  certain  safe- 
guard than  the  automatic  switch.  The  cost  may  possibly  be  as 
great,  but  in  this  matter  safety  is  the  first  consideration.  The 
choking  coils  can  be  made  to  give  valuable  information  about 
the  machines.  They  are  approximately  at  earth  potential,  and 
the  voltages  or  currents  they  take  might  possibly  be  utilised 
to  work  safety  appliances. 

Someone  may  object  that  according  to  the  above  figures  the 
star  points  of  the  generators  instead  of  being  kept  at  earth 
potential  differ  from  it  by  100  or  500  volts.  But  the  choking 
coils  are  not  the  cause  of  this  and  nothing  can  possibly  alter  it, 
except  those  heavy  earth  currents  which  the  automatic  switch 
is  designed  to  prevent,  or  such  changes  in  the  structure  of  the 
alternators  as  will  do  away  with  the  third  harmonic  voltages. 
These  voltages  exist  on  the  various  parts  of  Mr.  Rider's  auto- 
matic switch,  and  are  only  reduced  to  zero  on  that  switch 
which  is  connected  to  earth  by  producing  a  corresponding 
shift  in  the  values  of  the  line  voltages  to  earth. — I  am,  &c., 
Technical  School,  Birmingham,  April  20,        W.  E.  Sumi'NER. 


LE  RADIANT  COOKING  APPARATUS. 


are  eight  heating  tubes  filled  to  the  iiLside  of  the  oven,  three  on 
each  side  and  two  at  the  top  immediately  beneath  the  opening. 
These  latter  tubes  are  intended  to  serve  the  double  purpose  of  brown- 
ing the  joint  or  poultry  and  heating  the  saucepan  or  kettle  above. 
There  are,  in  addition  to  these,  two  heating  tubes  beneath  a  sheet  of 
iron  forming  the  bottom  of  the  oven,  which  are  only  put  into  use 
when  required  for  grilling  or  baking  pastrj',  cakes,  &e.  Toasting 
can  be  done  from  the  top  of  the  oven  effectively.  The  makers  claim 
that  no  special  utensils  are  required  in  using  this  apparatus  and  that 
all  the  processes  of  cooking,  roasting,  baking,  boiling,  stewing,  sim- 
mering, or,  in  fact,  anything  that  can  be  done  in  a  stove  by  the  regu- 
lation of  heat,  can  be  jjerformed  with  these  cookers.  We  have 
inspected  the  stoves  and  have  satisfied  ourselves  of  their  utility  as 
cooking  and  lieating  apparatus  and  of  their  neat  and  taking  appear- 
ance. The  figures  as  to  current  consumption  have  been  supplied 
by  the  makers. 


THE  "DENNY' 


COMBINED  NO  YOLT  AND  OVER- 
LOAD RELEASE. 


A  new  departure  in  no-volt,  and  overload  release  coils,  as  applied  to 
motor  starters,  circuit  breakers,  &c.,  has  been  devised  and  patented 


Aoju^^  Overload 
Keepek 


Fig.  1. — '■  Denny's  "  Combined  No- volt  and  Overload  Release  Coil. 

by  Mr.  C.  W.  Denny,  of  67,  CVoss  Brook-street.  Waltham  Cross.  We 
are  able  to  illustrate  in  the  accompanying  diagrams  (Figs.  1  and  2)  a 
form  of  coil  arranged  for  use  in  conjunction  with  starting  switches  of 


The  accompanying  illustration  shows  an  example  of  the  "  Popular" 
oven,  with  two  side  attachments,  of  the  Le  Radiant  system  of  electric 
cooking.  This  oven  is  placed  on  the  market  in  this  country  by  Le 
Radiant  (Ltd.).  76,  Newman-street,  Oxford-street,  London,  W.,  for 
whom  Ml'.  C.  Fonteyn  is  the  representative.  The  oven  is  supplied 
with  or  without  the  side  pieces,  which  are  completely  removable, 
and  are  each  controlled  by  two  two-way  switches.  The  complete 
piece  of  cooking  apparatus  as  shown  has  a  total  consumption  when 
at  full  heat  of  4  units  per  hour.  The  height  of  the  centre  piece  of 
apparatus  is  17  in.,  width  17  in.,  depth  18J  in.,  and  of  the  side  pieces 
height  4J  in.,  length  17|  in.,  depth  18i  in.  The  size  of  the  boiling 
rings,  which  are  oval-shaped,  is  7  in.  by  6  in.  The  available  cooking 
space  is  9J  in.  by  10  in.  by  14|  in.,  and  the  diameter  of  tlie  openings 
at  the  top  of  the  oven  for  boiling  purposes  7  in.      The  total  consump- 


J>1J     IIADIANI    ■'  lV'ri-L\ii  ' 


tion  of  the  centre  piece  of  the  apparatus_;al  full  [heat  is  1-S  units 
per  hour.  The  centre  piece  is  constructed  of  cast  uon,  highly 
enamelled  in  white  or  other  colour  inside  and  out,  and  reflectors  are 

nickel  plated  and  removable;    the   observation  holes  are  of    mica.  

and  the  heating  tubes  are  protected  by  removable  screens.     There  I  is  brought  on  to  the  starter  contacts  the  main  current  passes  round  the 


the  multiple  contact  type.  By  combining  the  no-volt  and  overload 
release  features  in  one  coil,  the  connections  are  considerably  simjiliticd 
and  the  manufactui'e  cheapened.  A  furtlier  advantage  is  claimed  in 
the  fact  that  no  shunt  connections  are 
brought  into  the  starter  (in  the  case  of 
shunt  wound  motors),  this  point  being 
of  greater  significance  when  the  starter 
is  at  some  considerable  distance  from  the 
motor,  two  wires  only  being  necessary 
in  connecting  up,  as  against  throe  in 
the  usual  arrangement.  Tlie  coil  is. 
however,  adaptable  to  shunt  and  scries 
motors  alike. 

The  magnet  employed,  being  similar 
in  appearance  to  an  ordinary  no- volt  coil. 
is  fitted  with  two  armatures,  or  keepers. 
the  one  on  the  left  in  Fig.  1  l>eing  the 
no  volt  keeper,  and  the  other  the  over- 
load keeper  :  the  coil  when  in  vise  being 
mounted  in  an  inclined  position  the  no- 
volt  keeper  rests  on  the  magnet  face, 
and  the  overload  keeper  rests  against  an 
adjustable  stop  away  from  the  magnet 
face.  Pas.sing  through  a  transverse  hole 
in  each  magnet  pole  piece,  is  a  freely 
sliding  rod  or  plunger,  slightly  longer  than 
the  pole  jiiece.  and  normally  projecting 
a  short  distance  beyond  tho  overload 
keeper  end  of  the  magnet.  The  lower  ends  come  opposite  to  tho 
free  end  of  the  overload  keeper,  and  the  upper  ends  opposite  to  the 
no-volt  keeper. 

The  action  of  the  magnet  is  as  follows  :     As  soon  as  the  switch  arm 
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coil,  and  energises  the  magnet.  When  tlie  switch  arm  has  arrived 
at  the  full  ■'  on  "  position  it  wipes  under  the  catch  which,  owing  to 
the  no-voltage  keeper  being  attracted  and  held  by  the  energised 
magnet,  engages  with  said  arm  and  retains  it  in  its  "  on  "  position. 
Should  the  current  fail  or  fall  below  a  predetermined  value,the  magnet 
will  be  de-energised  ;  and  the  spring  attached  to  the  switch  arm. 
pulling  the  latter  against  the  catch,  will  cause  the  keeper  lever  to 
rock  upon  the  fulcrum,  allowing  the  arm  to  wipe  under  and  release 
itself  from  the  catch,  and  return  to  its  "  off  "  position. 

Should  an  overload  occur  (assuming  the  switch  to  be  in  its  "  on  "" 
position)  the  overload  keeper  will  be  attracted  towards  the  magnet 
face,  and  will  strike  the  projecting  lower  ends  of  the  loose  plungers, 
which  will  be  forced  upwards.  This  will  cause  the  upper  ends  to 
strike  the  no- voltage  keeper  (which  is  against  the  magnet  face)  and 
cause  the  lever  to  rock  upon  the  fulcrum  and  the  catch  to  release  the 
switch.  By  arranging  the  no-voltage  keeper  so  that  it  only  has  to  be 
lightly  attracted  (b_v  reason  of  the  system  of  levers)  in  order  to  balance 
a  strong  pull  on  the  switch  lever,  it  admits  of  being  easily  released  by 
the  overload  keeper  coming  into  action.  The  no-voltage  keeper  is 
very  much  smaller  in  section  than  the  overload  keeper,  so  that  many 
magnetic  lines  do  not  flow  through  it.  and  it  allows  a  large  magnetic 
leakage  from  the  magnet  in  the  direction  of  the  heavier  overload 
keeper.  When  the  leakage  is  .slightly  increased  by  an  excess  of 
current  (as  above  described),  the  armature  is  attracted  and  the 
magnetic  circuit  completed. 

Should  the  overload  keeper  be  only  attracted  very  slowly,  and  with 
insufficient  force  to  cause  the  plungers  or  pins  to  release  the  no-volt 
armature,  the  latter  \(ill  be  relea.sed  by  reason  of  the  fact  that  when 
the  overload  armature  or  keeper  comes  in  close  proximity  to  the  face 
of  the  magnet,  the  magnetic  reluctance  across  the  intervening  air  gap 
is  very  much  decreased,  and  a  greater  portion  of  the  magnetic  field 
passes  through  the  overload  keeper,  consequently  weakening  the  pull 
on  the  no-voltage  keeper,  which  is  then  tripped  or  released  by  the  pull 
of  the  switch  arm  on  the  catch. 

In  a  modification  a  no-voltage  coil  only  may  be  employed,  being 
wound  and  connected  up  in  the  ordinary  manner.  In  this  case  only 
the  no-voltage  keeper  (with  its  lever  and  catch  arm)  is  employed,  the 
overload  armature  being  dispensed  with.  Owing  to  the  leverage 
ratio  between  the  keeper  and  catch  arm.  a  small  pull  on  said  keeper 
balances  a  stronger  pull  of  the  switch  arm  on  the  catch,  so  that  a 
much  smaller  coil  can  be  employed  than  with  ordinary  no-volt  release 
magnets. 


TRACKLESS  TBAHWAYS. 


The  members  of  the  Sheffield  deputation  who  recently  returned 
from  a  visit  to  the  Continent  in  order  to  collect  information  as 
to  the  possibilities  of  rail-less  electric  traction  have  drawTi  up  their 
report. 

They  state  that  the  system  is  applicable  to  and  should  be  tried  in  the 
suburbs  of  Sheffield.  Comparing  the  rail-less  electric  traction  system 
with  the  ordinary  motor  omnibuses,  both  in  view  of  the  experience  in 
London  and  other  tonus  in  the  working  of  motor  omnibuses,  and  also 
the  experience  which  the  committee  had  at  the  trials  which  took  place  in 
Sheffieli  during  1908,  the  deputation  have  no  hesitation  in  stating  that 
they  are  of  the  opinion  that  the  rail-less  system  is  very  much  superior  for 
work  of  this  description.  They  are  of  opinion  that  the  Mercedes-Stoll 
system,  which  thej'  saw  in  operation  in  Vienna,  is  best  suited  for  Sheffield 
requirements,  both  as  regards  the  general  equipment,  the  cars  and  the 
Hcx'bility  of  the  system.  They  believe  that  this  .system  could  be 
applied  and  worked  at  a  profit  as  a  feeder  to  some  of  the  existing  tram- 
way routes,  and  if  the  present  powers  rontained  in  the  Sheffield  Corpora- 
tion Act,  1907,  are  insufficient  to  allow  of  this  being  done,  they  suggest 
that  necessary  jxjwers  be  obtained  at  an  early  date.  The  cost  of  the 
■  iverhcad  line,  &e..  would  be  about  £3.000  per  mile,  and  the  cost  of  rail- 
less  electric  cars  should  not  exceed  £000  per  car.  compared  with  £9,000 
per  mile  for  single  track  and  overhead  line  (and  £1.^000  for  double  track 
and  overhead  line)  for  ordinary  tramway  construction,  and  £050  as  the 
average  cost  of  an  ordinary  tramcar.  The  upk>-ep  of  the  rail-less  system 
would  also  be  less,  proportionately,  than  that  of  the  ordinaiy  tramway. 
The  deputation  considered  that  a  trial  should  be  made  on  a  route  from 
the  present  tramway  terminus  at  Woodseats  along  the  Chesterfield- road 
to  Dronfield.  If  the  trial  proved  successful  further  routes  could  be 
equipped. 

The  deputation  are  of  opinion  that  the  system  is  not  suitable  for  opera- 
lion  in  the  busy  streets  of  Sheffield.  The  utility  of  trailers  for  ordinary 
tramway  traffic  was  very  forcibly  brought  to  the  notice  of  the  deputation, 
especially  in  Vienna  and  Budapest,  and  that  method  of  increasing  the 
ordinary  tramcar  accommodation  was  worthy  of  a  more  extensive  trial 
than  it  had  received  in  this  country. 

The  Traniways  committee  had  the  report  of  the  deputation  before 
them  at  their  meeting  on  Tuesday,  and  they  passed  a  resolution  express- 
ing the  opinion  that  rail-less  electric  traction  can  with  advantage  be 
applied  to  some  of  the  routes  suggested  in  Sheffield  and  district. 


PARLIAMENTARY  INTELLIGENCE. 

ELECTRIC  UGHTING  ACTS  (AMENDMENT)  BILL. 

The  Hiiuse  of  Lords  considered  this  bill  in  t'ommittee  on  Tuesday. 
On  clause  1.  which  provides  for  the  compulsory  acquisition  of  land  for 
generating  stations.  Lord  Bai.four  moved  the  follo\ving  new  clause  : — 

"  It  shall  not  be  lawful  for  any  undertakers  after  the  passing  of 
this  Act,  except  with  the  consent  of  the  Board  of  Trade,  to  construct 
any  generating  station  on  any  land  acquired  by  them  after  March  31, 
1909,  unless  the  construction  is  authorised  and  the  land  is  specified  in  a 
special  Act  or  Provisional  Order,  and  the  Board  of  Trade  shall  not  in  any 
case  give  such  consent  until  notice  has  been  given,  by  advertisement  or 
otherwise,  as  the  Board  of  Trade  may  direct,  to  owners  and  lessees  of 
'  land  situate  within  300  yards  of  the  land  upon  which  the  generating 
station  is  tn  be  constructed,  and  an  opportunity  has  been  given  to  those 
owners  and  lessees  of  stating  any  objections  they  may  have  thereto." 
His  LoBDSHtP  said  a  generating  station  was  not  altogether  a  thing  of 
beauty,  but  an  evil  in  almost  any  district.  The  object  of  the  new  clause 
was  that  if  anyone  proposed  in  future  to  put  up  a  generating  station  the 
sanction  of  the  Board  of  Trade  must  be  obtained.  The  undertakers 
would  have  to  publish  notice  and  a  local  inquirj'  woidd  be  held. 

Lord  Hamilton  of  Dai.zell  said  the  Board  of  Trade  would  accept  the 
clause,  which  was  then  agreed  to. 

After  several  drafting  amendments  to  clauses  2,  3,  4  and  .5  had  been 
agreed  to,  on  clause  12,  relating  to  the  audit  of  companies'  accoimts, 
Loi'd  AvEBi'RY  moved  to  insert  a  new  sub-section  to  make  the  section 
applicable  in  the  case  of  any  auditor  or  auditoi's  appointed  under  the  pro- 
visions of  the  Public  Health  Act,  1875.  or  the  JIunicipal  Corporations 
Act,  1882,  or  by  the  Local  Government  Board,  to  audit  the  accounts  of 
any  undertakers  who  are  a  local  authority.  He  said  there  was  a  strong 
impression  out  of  doors  that  local  avithorities  did  not  make  proper  pro- 
vision for  depreciation  and  reserve,  and  the  amendment  would  make  it 
possible  for  their  auditors  to  report  to  the  Board  where  the  authority 
declined  or  neglected  to  comply  with  their  recommendations.  The 
Government  apparently  proposed  to  introduce  a  drastic  amendment 
which  was  to  ajiply  to  companies  only.  The  amendment,  however,  was 
just  as  necessary  in  the  case  of  local  authorities,  and  certainly  the  Joint 
Committee  were  not  at  all  satisfied  with  the  audit. 

After  discussion,  Lord  AvEBrRY  agreed  to  withdraw  the  amendment 
at  this  stage. 

On  clause  21,  Lord  Balfour  moved  an  amendment  providing  that 
nothing  in  any  provisional  order  should  in  any  way  limit  or  affect  the 
powers  of  any  County  Council  "  or  railway  company  "  to  rebuild,  alter, 
widen  or  repair  the  structure  of  any  bridge  upon  which  any  work  might 
be  authorised. 

This  amendment  was  by  leave  withdrawal. 

Lord  Clifford  of  Chudleigh  moved  an  amendment  to  extend  the 
principle  of  the  clause  to  diverting,  widening,  raising,  draining  or  im- 
proving any  road. 

Lord  Hamilton  of  Dalzell  pointed  out  that  if  the  amendment  were 
accepted  there  would  be  one  law  for  county  roads  and  another  for  non- 
county  roads. 

On  a  division  the  amendment  was  carried  by  a  majority  of  12,  and  the 
bill  was  then  reported. 

The  Bill  as  originally  presented  was  set  out  in  full  in  The  Electrician 
for  March  19,  19(19. 

GAS  COMPANIES    ELECTRICITY  SUPPLY  BILLS. 

York  Town,  Blackwater,  Camberley  and  District  Gas  and 
Electricity  Bill  and  Aldershot  Gas  and  Water  Co.'s  (Elec- 
tricity'Supply)  Bill. 

A  Select  Committee  of  the  House  of  Commons  (presided  over  by  Mr 
Rose)  commenced  concurrent  consideration  of  these  two  Bills,  en  Thurs- 
day last. 

Mr.  Balfour  Browne.  K.C,  who,  with  Mr.  Vesey  Knox,  K,C,, 
appeared  for  the  York  Town  and  Blackwater  Gas  Co..  explained  the 
objects  of  their  Bill,  viz.  :  To  extend  the  gas  supply  area,  to  supply 
electricity  in  Frimley  (Surrey),  Hawlcy-with-Minley  and  Yately  (Hants,) 
and  Sandhurst,  Crowthorne,  Finchampstcad  and  Wokingham  Without 
(Berks.),  to  erect  on  lands  now  belonging  to  the  company  stations, 
machinery,  &c.,  to  supply  ])lant,  fittings  and  materials  to  Government 
Departments  and  authorised  distributor.--,  to  supply  by  sale  or  hire  and 
to  fix  up,  &c.,  motors,  accumulators,  cables,  lamps  and  other  apparatus, 
to  provide  that  the  consent  of  a  rural  council  to  the  placing  of  electric 
wires  above  ground  shall  not  be  unreasonably  withheld  and  that  the 
company  may  appeal  on  that  question  to  the  Board  of  Trade,  to  refuse 
sujjply  to  consumers  having  separate  supply  unless  the  consumer  agrees 
to  pay  a  minimum  annual  sum  (to  be  fixed  in  case  of  dispute  by  an 
electrical  engineer  acting  .is  arbitrator),  that  certain  local  authorities 
shall  have  the  right  to  require  the  comp.anj'  to  sell  to  them  the  portions 
of  the  undertaking  in  their  districts  at  the  expiration  of  21,  28  pr  3."> 
years,  to  raise  additional  capital  not  exceeding  £50,000.  and  to  repeal  the 
190(1  Camberley  Electric  Lighting  Order.  Counsel  said  Camberley 
Electric  Supply  Co.  had  not  done  anything.  The  district  might  use  a 
certain  quantity  of  electricity  which  would  warrant  its  supply  by  a  gas 
company  already  established,  but  not  the  establishment  of  a  separate 
electricity  undertaking.  Frimley  Coimcil  bad  refused  consent  to  the 
proposal  of  the  Y'ork  Town  Company  to  supply  electricity  in  their  dis- 
trict and  Easthampstead  Council  thought  they  should  have  proceeded 
by  provisional  order,  but  they  were  compelled  to  proceed  by  Bill  to 
acquire  electricity  supply  powers. 
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Tlie  Bill  of  the  Aldershot  Gas  &  Water  Co.,  for  whom  Jlr.  Lloyd,  K.C, 
and  Mr.  Hutchinson,  K.C.apjjeared,  seeks  powers  to  generate  and  supply 
electricity,  to  enter  into  arrangements  with  and  acquire  undertakings  of 
companies  and  persons  within  the  company's  area,  to  supply  electrical 
energy  in  bulk  outside  area  of  supply,  to  wire  consumers'  premises,  &c. 

Mr.  E.  H.  Stevenson,  civil  engineer,  gave  evidence  in  support  of  the 
York  Town  and  Blackwater  Co.'s  Bill,  and  in  reply  to  Mr.  Jeeves  (for 
Easthampstead  Council),  said  that  if  they  only  laid  a  small  quantity  of 
electric  cable  the  Board  of  Trade  could  authorise  others  to  compete. 
The  Bill  provided  for  reduction  in  price  when  the  company  had  paid  7 
per  cent,  on  their  capital.  Non-duplication  of  the  staff  would  tend  to 
reduction  of  prices.  Decrease  in  the  price  of  gas  might  to  a  minute 
extent  discourage  the  consumption  of  electricity,  but  on  the  other  hand, 
the  benefits  to  the  consumers  would  counterbalance  that. 

Mr.  Stephen  Sei.i.on  said  the  company  proposed  to  transmit  current 
at  0,000  volts  and  to  supply  it  to  consumeis  at  200  volts.  The  popula- 
tion of  the  area  was  17,000,  but  the  proportion  the  company's  scheme 
would  supply  was  taken  at  10,000,  and  the  estimated  revenue,  on  the 
basis  of  12J  units  per  head  of  that  population,  was  £2,343.  The  scheme 
contemplated  13  miles  of  mains  to  be  laid  within  a  few  years.  The 
compulsory  area  did  not  extend  to  Crowthorne,  but  the  scheme  as  a 
whole  did.  If  the  company  chose  to  limit  their  mains  to  the  com- 
pulsory area  a  consumer  in  Crowthorne  would  have  to  pay  20  per  cent, 
of  the  cost  of  extension  of  the  main  from  that  point. 

Mr.  A.  B.  Mountain,  borough  electrical  engineer  of  Huddersfield,  in 
his  evidence  on  behalf  of  the  Aldershot  Clas  &  Water  Co.'s  bill,  said  it 
was  proposed  to  transmit  alternating  current  at  2.000  volts  (with  a 
periodicity  of  50),  and  to  supply  consumers  at  100  or  50  volts,  preferably 
50,  which  was  tpiite  high  enough  to  use  with  metallic  filament  lamps. 
He  thought  one  generating  station  better  than  several,  and  theirs  would 
be  at  Farnborough.  He  agreed  with  Mr.  Sellon  that  a  company  already 
on  the  ground  would  have  an  advantage  compared  with  a  new  company. 
and  it  was  also  desirable  that  there  should  be  only  one  undertaker.  The 
Aldershot  Co.  would  take  in  the  thinly  populated  area  first  on  the  route 
of  the  mains,  but  the  York  Town  Co..  coming  from  the  north,  would 
never  reach  it.  The  Aldershot  Co.  estimated  in  three  or  four  years'  time 
an  output  of  450.000  units  (at  an  average  price  of  4id.),  which  would 
provide  an  excess  of  £4,689  over  expenditure.  He  thought  town  gas  for 
generation  of  current  would  be  found  better  than  suction  gas,  which  the 
Aldershot  Co.  proposed  to  use. 

The  Committee  jiassed  the  preambles  of  btith  bills,  subject  to  subse- 
quent settlement  <jf  details  as  to  areas,  &c. 

The  York  Town  Co.  brought  forward  an  amendment  to  the  Aldershot 
C  i.'s  bill  to  the  effect  that  the  latter  company  shall  not  have  power  to 
supply  electricity  for  any  purpose  within  any  portion  of  the  limits  within 
which  the  York  Town  Go.  are  authorised  to  supply  gas  or  electricity, 
and  this  was  adopted  by  the  Committee. 

Amendments  to  the  York  Town  Co.'s  bill  proposed  by  Mr.  Jeeves  (for 
Easthampstead  Council)  were  rejected. 

POST  OFFICE  TELEPHONE  AND  RADIO-TELEGRAPHIC 
SERVICES. 

In  the  House  of  Commons  on  Tuesday,  on  the  vote  to  complete  the 
sum  of  £1.S,977.930  for  the  salaries  and  expenses  of  the  Post  Office,  the 
Postmaster-General  (Mr.  S.  Buxton)  said  that  he  was  glad  to  say  the 
telephone  branch  showed  a  very  fair  increase  of  revenue.  He  had  been 
anxious  to  distinguish  definitely  between  the  telegraph  and  telephone 
revenue,  so  that,  while  the  telegraph  service  was  past  praying  for,  the 
telephone  system  should  be  kept  on  a  paying  basis.  It  had  been  repre- 
sented to  him  that  the  present  rates  were  too  high.  One  answer  to  that 
was  that  they  must  wait  until  they  had  taken  over  the  National  Telephone 
Co.,  and  then  see  how  the  matter  stood.  There  had  been  a  very  large 
expansion  in  the  telephone  service  this  year.  They  had  opened  102  new 
exchanges,  55  call  offices  in  connection  with  trunk  wires  and  130  other 
call  offices.  He  was  very  anxious  that,  if  possible,  the  construction  work 
of  the  National  Co.  should  be  continued  uninterruptedly  imtil  the  end  of 
their  lease.  For  some  time  past  they  had  been  preparing  the  way  for 
the  handing  over  of  the  company's  undertaking  to  the  Post  Office.  They 
had  done  a  very  large  amount  of  underground  work  for  the  company, 
and  a  considerable  amount  of  overhead  wiring  as  well  of  about  f  l.OOO.IWO 
in  value,  and  they  had  also  provided,  where  small  exchanges  were  brought 
into  force,  that  they  shoiild  be  placed  at  once  on  Post  Office  premises. 
A  Departmental  Committee  had  surveyed  the  plant  of  the  company  in 
certain  sample  towais  \nth  a  view  to  its  more  rapid  valuation,  and  to 
ante-dating,  if  necessary,  the  time  at  which  the  arbitration  might  come 
into  operation.  In  addition,  he  had  come  to  substantial  agreement 
with  the  company  in  regard  to  that  portion  of  their  construction  work 
which  did  not  involve  replacement  and  he  hoped  he  would  also  be  able 
to  come  to  an  agreement  with  regard  to  a  certain  portion  of  the  work 
which  involved  replacement.  He  thought  there  had  been  a  great  deal  of 
exaggeration  in  the  anticipation  that  there  would  be  a  large  number  of 
dismissals  by  the  National  Co.  The  company's  maintenance  and  con- 
struction staffs  were  interchangeable,  and  as  there  arose  vacancies  on  the 
maintenance  staff  they  were  filled  up  by  the  construction  staff.  In  his 
opinion,  the  best  solution  of  the  question  would  be  an  earlier  purchase 
by  the  Post  Office  of  the  National  Co.'s  undertaking, 
r  Wireless  telegraphy  was  also  making  considerable  progress.  When 
the  Berlin  Conference  was  held  in  190()  he  jirophesied  that  the  Convention, 
far  from  being  harmful  to  the  exi)ansion  of  wireless  telegraphy,  and  to 
Marconi's  Wireless  Telegraph  Co..  would  be  to  their  benefit.  Since  the 
Convention  came  into  force  Marconi'sCo.  had  loyally  co-oi)erated  with  the 
Post  Office,  and  he  A'as  glad  to  know  that,  instead  of  their  operations 


being  diminished,  they  had  very  largely  increased.  It  was  interesting 
to  note  that,  while  Marconi's  Co.  had  only  18  stations  on  German  ships 
at  the  time  the  Convention  came  into  fr>rce,  they  had  now  36  stations. 
Taking  warning  by  the  telegraph  and  the  telephone  systems,  in  which  the 
State  allowed  a  monopoly  to  grow  up  which  they  had  subsequently  to  buy 
out,  they  did  not  intend  to  allow  anything  in  the  nature  of  a  monopoly 
to  grow  up  as  against  the  State  in  the  case  of  wireless  telegraphy.  In 
1912  the  various  licences  issued  would  come  to  an  end.  and  it  would  then 
be  for  the  Government  to  say  whether  they  would  take  the  whole  system 
over  into  their  hands  or  whether  they  would  continue  to  a  certain  extent 
the  licensing  of  various  companies. 


Telephone  Equipment  for  the   Artillery. — In  the  House  of 

Commons  last  week,  Mr.  Haldane  stated,  in  reply  to  a  question,  that 
up-to-date  telephune  equipment  had  been  provided  for  the  Field  Artil- 
lery brigades  of  four  divisions.  Equipment  was  being  obtained  for  the 
remaining  Field  Artillery  brigades,  howitzer  brigades,  and  heavy  bat- 
teries of  the  Field  Army.  Money  had  been  allocated  in  this  year's  esti- 
mates for  equipment  for  the  Horse  Artillery  of  the  Field  Army  and  the 
7th  Division  and  for  the  Field  Artillery  brigades  in  South  Africa.  Pend- 
ing distribution  the  ordinary  means  of  communication  hitherto  in  use 
were  employed.  None  of  the  batteries  which  practiced  at  Salisbury 
Plain  in  1908  had  been  provided  with  telephone  equipments. 

Scottish  Provisional  Orders.— A  commission  of  inquiry  appointei 
by  the  Board  of  Trailc  mnsidered  last  week  the  provisional  order  of  the 
Skelmorlie  &  Wemvss  Bay  Gas  &  Electricity  Supply  Co.  for  power  to 
supply  electricity  within  their  area. 

Mr.  M'Clure,  K.C,  for  the  promoters,  stated  that  the  area  of  sup])ly 
embraced  the  whole  populated  district.  For  40  years  the  promoters 
supplied  gas  throughout  the  area  which  it  was  proposed  to  make  the  com- 
pulsory electricity  area.  They  proposed  to  take  power  to  supply  elec- 
tricity as  an  alternative  to  gas  if  consumers  so  desired.  The  promotors 
case  having  concluded,  evidence  for  Ayr  County  Council  and  Dr.  Philp, 
who  opposed  the  order,  was  then  given,  and  the  inquiry  concluded. 

In  the  CoLiNTON  Tramways  Order  power  is  sought  to  incorporate  the 
Colinton  Tramways  Co.  and  to  confer  powers  to  construct  and  work  a 
system  of  tramways  in  the  Colinton  district  by  electric  jjower.  Seven 
tramway  routes  are  specified  in  the  order,  and  the  total  mileage  is  about 
2J  miles.  The  capital  of  the  company  is  £50,000  in  £1  shares,  with  the 
usual  borrowing  powers.  Power  is  sought  to  enter  into  working  agree- 
ments with  existing  tramway  companies.and  also  with  regard  to  the  supply 
of  mechanical  power  for  working  the  tramways,  which  will  be  constructed 
to  the  standard  gauge  or  such  other  gauge  as  may  be  approved  by  the 
Board  of  Trade. 


LEGAL  INTELLIGENCE. 


Clarke  v.  West  Ham  Corporation. 

Mr.  Justice  Coleridge  on  Saturday  delivered  judgment  on  the  ))oints 
of  law  which  arose  on  the  jury's  verdict  in  this  action.  The  facts  of  the 
case  were  reported  in  The  Electrician  for  March  5,  p.  813. 

In  dehvering  judgment  his  Lordship  said  that  plaintiff  suffered 
damage  as  a  passenger  while  proceeding  to  a  seat  on  the  roof  of  one  of 
defendants'  cars  through  coming  in  contact  with  a  standard  which  was 
electrically  charged  owing  to  a  defect  in  the  electrical  conductor,  which 
constituted  an  admitted  breach  of  Reg.  12  of  the  Board  of  Trade.  The 
jury  found  that  that  regulation  had  not  been  complied  with  by  defen- 
dants, and  that  plaintiff  had  not.  in  fact,  taken  his  ticket  or  \)a\d  his  fare 
at  the  time  the  accident  happened.  Plaintiff,  however,  knew  that  a  special 
notice  to  passengers  was  put  up  in  a  conspicuous  position  in  the  tramcars 
to  the  effect  that  passengers  were  being  carried  at  less  than  the  maximum 
authorised  charges,  and  every  passenger  was  notified  that  in  consideration 
of  this  a  passenger  was  only  carried  on  the  terms  that  the  maximum 
amount  recoverable  from  the  Corporation  on  accoimt  of  any  injviry 
or  damages  suffered  by  a  passenger,  and  for  which  the  Corporation  was 
legally  liable,  was  £25.  The  tickets  also  contained  a  statement  as  to  the 
£25  limit  of  liability  in  respect  of  accidents.  The  jury  returned  a  verdict 
for  plaintiff  for  £500  damages,  and  the  question  was.  could  the  verdict 
be  sustained  ?  The  maximum  toll  which  defendants  were  entitled  to 
demand  could  not  exceed  Id.  per  mile.  Defendants,  in  fact,  had  a  toll 
which  they  exacted  from  all  passengers  alike,  of  less  than  Id.  per  mile, 
and  those  tolls  they  exhibited  inside  the  cars.  They  could  not  in  law. 
and  did  not,  in  fact",  offer  any  alternative  to  the  toll  which  they  charged, 
because  tolls  at  no  other  rate  were  exhibited  in  the  cars,  the  exhibition 
being  a  condition  precedent  to  the  right  to  demand  them.  Plaintiff 
knew  of  the  conditions  accompanying  the  tolls,  but  he  had  no  option. 
He  was  bound  to  travel  under  the  conditions  sought  to  l>e  imposed,  or 
not  to  travel  at  all.  As  he  knew  of  the  conditions,  he  thought  it  imma- 
terial whether  he  had  or  had  not  taken  his  ticket.  His  legal  position 
seemed  to  his  Lordship  to  be  the  same  as  if  he  had.  It  was  settled  law 
that  a  railway  company,  and  £or  that  jurpoie  a  tramway  company 
seemed  to  him  to  be  in  a  similar  position,  might,  vnider  certain  circum- 
stances, limit  their  liability.  They  might,  if  they  pleased,  offer  a  free 
pass  to  a  passenger,  or  permit  him  to  travel  under  conditions  which 
necessarily  involvi  d  a  greater  risk  to  himself  on  payment  of  a  lower  farw 
or  none,  and  call  u)  oa  him  to  absolve  them  of  their  liability  in  whole  or  in 
part.  But  no  case  had  been  decided  which  permitted  a  railway,  canal 
or  tramway  company,  wliich  had  a  duty  to  serve  the  public  at  large  in 
the  matter  of  carriage,  to  limit  their  liability  without  giving  the  pas- 
sehtrer  the  opiicm  to  travel  at  their  risk.     Defendants  had  to  admit 
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that  if  they  could  Umit  theii'  liability  in  that  ease  they  must  logically 
claim  that  thoy  were  not  bound  to  carry  any  one,  and,  if  they  did,  might 
carry  nu  one  except  upon  the  terms  that  they  should  be  absoh  cd  from  all 
liability.  But  he  thought  the  statutes  aud  regulations  which  empowered 
them  to  lay  and  work  their  lines  m  the  ])ublic  streets  forbade  such  a  con- 
tention. By  17  &  18  Vict.,  c.  31,  s.  2,  which  applied  to  defendants, 
they  were  bound  to  afford  all  reasonable  facilities  for  receiving  and  for- 
warding traffic.  By  33  &  34  Vict.,  c.  78,  s.  41,  defendants  were  bound 
to  work  the  tramway  on  pain  of  losing  their  powers.  By  sec.  44  of  the 
Xorth  .Mctnipi.litan  Tramways  Act,  1884,  they  were  bound  to  open  for 
public  traffic  under  a  penalty,  and  he  thought  the  legal  position  of  plain- 
tiff was  that  he  was,  imder  the  circumstances,  entitled  as  a  member  of 
the  public  to  the  service  of  the  tramway  of  defendants,  provided  there 
was  room.  If  that  wa,s  so.  he  was  of  opinion  that  he  was  entitled  to  tlie 
service  of  the  tramway  at  defendants'  risk.  Was  his  position  then 
altered  by  his  knowledge  of  the  conditions  imder  w^hich  defendants 
claimed  to  receive  him  as  a  passenger  ?  Prima  facie,  where  damage  had 
accrued  to  a  pereon  through  a  breach  of  a  statutory  duty  of  anotlicr 
l>erson  the  latter  was  liable.  But  it  had  recently  been  held  that  you 
might  waive  the  breach  of  a  statutory  duty,  and  that,  for  instance,  a 
workman  might  waive  the  performance  by  his  employers  of  a  statutory 
duty  towards  him  by  accepting  employment  under  them  (Da™l  c.  Bri- 
tannic Merthyr  Coal  Co.).  The  distincion  between  that  case  and  the 
present  one  .seemed  to  him  to  be  that  in  that  case  the  workman  had  no 
right  to  enter  into  his  master's  service  :  it  was  a  voluntary  act  on  his 
part.  But  where  the  pereon  injured  had  a  right  to  plaee  himself  in  a 
position  where  the  breach  of  a  statutory  duty  was  the  cause  of  injury  to 
himself,  tlie  party  upon  whom  the  duty  devolved  could  not  fetter  that 
right  by  placing  limitations  upon  the  liability  which  followed  from  the 
breach  of  the  duty.  On  those  grounds  he  gave  judgment  for  plaintiff 
for  £500. 
A  stay  of  execution  was  granted  on  terms,  with  the  view  to  an  appeal. 


Electrical  Co.  v.  0.  H.  Thomas,  Son  &  Co. 

In  the  Court  of  Appeal  on  Saturday,  Loi'ds  Justices  Fletcher  Moulton 
and  Farwell  heard  an  appeal  by  defendants  against  an  order  by  Mr. 
Justice  Walton,  who  had  sent  the  action  to  the  Official  Referee,  reversing 
an  order  by  Master  Macdonnell,  who  had  sent  the  ease  for  trial  before  a 
judge  and  jur3'. 

Mr.  B.\ILHACHE,  K.C.,  for  appellants,  said  defendants  were  owners  of 
ft  colliery  who  had  wished  to  substitute  electric   for  steam   pumjiing 
machinery  in  their  mine,  and  they  entered  into  a  contract  with  plaintiffs 
to  supply  them  with  pumps,  motors  and  apparatus.     The  tutal  claim 
against  defendants   by  plaintiffs  was  £2,976.   9s.   6d.,   which  included 
£i,035  for  supply  of  electrical    plant    to  the  Llynvi  Valley  Colliery  at 
Llangonoid,  £51.  Is.  4d.  for  goods  sold  and  delivered,  and  £1,890.  8s.  2d. 
for  work  done  and  materials  supphed  and  for  goods  sold  and  delivered. 
Defendants  counterclaimed  for  £31,707.  17s.  4d.     Plaintiffs'  defence  to 
the  counterclaim  was  that  any  delay  in  the  completion  of  the  work  was 
caused  bj-  circumstances  over  wliich  they  had  no  control,  and  which  were 
entirely  under  the  control  of  defendants.     In  the  course  of  the  supply  and 
erection  of  the  electrical  plant  there  was  a  great  deal  of  delay,  and  the 
colliery  became  flooded,  and  there  was  a  heavy  counterclaim  arising  out 
of  that.     Plaintiffs'  claim  for  £1,890.  8s.  2d.  was  in  relation  to  services 
rendered  and  goods  supplied  in  the  necessary  operations  for  the  un- 
watering  of  the  colliery,  which  became  flooded  whilst  the  original  contract 
w.as  being  performed.     The  items  of  the  plaintiffs'  claim  were  denied,  but 
when  the  matter  came  before  the  Master  the  denials  were  withdrawn  to 
this  extent — that  if  was  not  now  in  issue  that  the  goods  were  sold  and 
the  services  rendered,  or  that  the  prices  charged  for  the  goods  sold  and 
ser^-ices  rendered  were  not  fair  and  reasonable  ;    but  the  question  was 
whether  the  charges  were  recoverable  from  the  defendants,  who  said  that 
the  goods  were  sold  and  the  .services  rendered  in  the  process  of  imwatering 
the  eolhcry,  and  that  plaintiffs  could  not  recover  the  £1,890.  8s.  2d.     In 
the  counterclaim  defendants  said  that,  under  the  contract,  the  work  was 
to  be  completed  by  Christmas,  1905,  or,  alternatively,  that  it  was  to  be 
completed  within  a  reasonable  time,  and  by  reason  of  plaintiffs'  failure 
to  complete  by  Christmas,  1905,  or  within  a  reasonable  time,  defendants 
had  Bullcred  heavy  damage  by  being  deprived  of  the  use  and  profit  of 
their  colliery.     They  counterclaimed  for  one  large  item  of  £25,000,  which 
was  in  substance  an  item  for  loss  of  profit  owing  to  delay.     In  addition, 
defendants  claimed  to  be  repaid  their  standing  charges  and  expenses 
of  keeping  the  place  open  during  that  delay.     In  June.  1907,  before  the 
electrical  |>lant  was  com])Ieted,  the  colliery  was  flooded — or  18  months 
after  the  date  (Christmas,  1905)  when  the  work  was  to  have  been  com- 
pleted.    Defendants  said  that  there  was  then  an  agreement  come  to  by 
letters  whereby  plaintiffs  undertook  to  unwater  the  colliery,  defendants 
to  supply  power,  engines  and  unskilled  labour,  and  defendants  said  that 
four  weeks  was  a  reasonable  time  in  which  to    lo  that,  and  that  that 
|)eriod  was  grievously  exceeded.     A  part  of  their  counterchtim  for  danuiges 
arose  under  that  head.     Defendants'  third  claim  was  that  the  unwatering 
which  was  agreed  to  be  undertaken  in  June,  1907,  not  proceeding  satis- 
factorily, there  was  a  further  agreement  made  in  November  of  that  year, 
by  which,  in  addition  to  placing  steam  power,  engines  and  unskillecl 
labour  at  the  dlsjiosal  of  the  plaintiffs,  defendants  placed  the  whole  of 
their  plant  and  appliances  at  their  service,  and  agreed  to  suijjily  them 
with  coal  at  the  rate  of  12s.  per  ton  whilst  the  unwatering  was  going  on. 
Under  that  head  defendants  claimed  a  balance  on  account  of  coal  sup- 
plied of  £151.  4s.  lOd.     Defendants'  fourth  claim  was  that  by  an  agree- 
ment, aUo  in  letters,   plaintiffs  arranged  to  run   their  plant  for  three 
months  (from  April  28,  1908,  to  the  end  of  July  in  the  same  year).     De- 
fendants alleged  that  plaintiffs  failed  to  do  that,  and  that  they  (defen- 


dants) did  so  at  the  expenditure  of  £395.  9s.  4d.  That  being  the  nature 
of  the  acticin,  counsel  argued  that  there  was  no  power  in  the  Court  to 
order  a  case  of  that  class  to  be  tried  by  the  Official  Referee. 

Lord  Justice  Miji  ltun  suggested  that  the  cpiestion  as  to  who  was  re- 
sponsible for  the  Hooduig  of  the  mine  would  seem  to  require  scientiUc 
mvestigatiou,  as  well  as  questions  of  account. 

Mr.  Bailhoche  submitted  that  there  could  be  no  ([uestion  of  account 
in  the  case  in  the  ordinary  way.     The  question  was  one  of  damages. 

Lord  Justice  Moulton  :  I  have  no  doubt  whatever  about  the  juris- 
diction of  tlie  learned  judge  who  made  the  order,  and  I  have  not  the 
slightest  doubt  that  that  jurisdiction  was  judiciously  and  wisely  exer- 
cised.    The  appeal  must  be  dismissed. 

Lord  Justice  Farwell  concurred,  and  the  appeal  w.is  dismissed  ac- 
cordingly. 

Re  Amalgamated  Radio-Telegraph  Co,  (Ltd.) 
In  the  Winding-up  Court  last  week  Mr.  Justice  Neville  heard  a  sum- 
mons for  the  confirmation  of  a  contract  of  sale  of  the  assets  of  this  com- 
jiany. 

5Ir.  Peterson,  K.C,  said  the  two  liquidators  of  the  company  were 
Mr.  Pixley  and  Mi-.  Allen,  who  proposed  to  sell  the  assets  for  £35,000. 
There  had  been  a  provisional  contract  for  the  sale  of  the  assets  for 
£26,500,  but  a  Mr.  Hage  now  claimed  to  have  been  the  purchaser  for 
£33,000,  and  Mr.  Lees  and  Mr.  Earl  claimed  as  purchasers  for  £35,000. 
The  liquidators  now  a.sked  the  assent  of  the  Court  to  their  acceptance, 
subject  to  the  usual  guarantees,  of  the  highest  offer  for  the  assets.  The 
company  was  formed  in  September,  1906,  with  a  capital  of  £413,000,  of 
which  £63,000  was  actually  paid  down  in  cash,  and  the  assets  were 
mainly  patents,  apparatus  and  wireless  telegraph  stations  that  had  been 
established.  In  1908  winding-up  was  decided  upon,  there  being  a  num- 
ber of  unsecured  creditors.  On  March  25,  1909,  a  CLinditional  contract 
for  the  sale  of  the  assets  for  £26,500  (with  Messrs.  Lees  and  Earl)  was 
entered  into.  Then  followed  an  offer  of  £33,000  by  Mr.  Hage,  followed 
by  an  increase  of  the  offer  of  Messrs.  Lees  and  Earl  to  £35,000.  The 
licpiidators  now,  naturally,  wished  to  sell  to  the  highest  bidder. 

On  Tuesday  Mr.  Justice  Neville  gave  judgment,  and  said  that  the  only 
question  was  whether  the  sale  made  before  the  Registrar  for  £33,008  was 
binding.  The  parties  had  been  called  before  the  Registrar,  and  invited 
to  bid  against  each  other.  £33,000  was  offered  by  Mr.  Hage,  and  tha^j 
was  accepted  under  certain  conditions.  In  his  opinion  the  order  of  the 
Registrar  was  a  final  one,  subject  to  the  conditions  imposed.  He  could 
not,  therefore,  sanction  the  liquidators  accepting  a  subsequent  offer  for 
a  higher  sum.  He  would  make  no  order  on  the  summons,  the  liquidators 
to  pay  the  costs  of  all  the  parlies  out  of  the  as!;ets, — Leave  to  appeal 
was  granted. 


Devonport  &  District  Tramways  Co.  v.  Devonport  Corporation. 

On  22nd  inst.  a  Divisional  Court  (Justices  Darling,  Bray  and  A.  T. 
Lawrence)  granted  a  rule  nisi  prohibiting  the  Town  Clerk  and  Corpora- 
tion of  Devonport  and  the  magistrates  of  Devonport  from  proceeding 
further  with  certain  information  and  summonses  which  had  been  issued 
and  were  pending  against  the  company. 

Mr.  Macassey,  for  the  company,  said  the  application  was  made  on  the 
ground  that  the  magistrates  had  no  jurisdiction.  The  company  were 
authorised  by  an  Act  passed  in  1898  to  construct  tramways  in  the 
borough  of  Devonport,  and  by  an  Act  passed  in  1902  the  Corporation 
were  authorised  to  construct  other  tramways  in  other  parts  of  the 
borough.  By  an  agreement  the  Corporation  agreed  to  lease  the  Cor- 
poration tramways  to  the  comjiany.  That  agreement  was  scheduled  to 
the  Corporation  Act  of  1902,  and  ratified  by  a  clause  in  the  Act.  The 
company  covenanted  to  provide  such  reasonable  service  of  tramcars  as 
the  Corporation  thought  reasonable  in  the  public  interest,  but  if  the 
company  did  not  provide  such  reasonable  service  a  jienalty  of  £2  a  day 
was  provided  for.  Another  covenant  was  that  the  company  should  run 
workmen's  cars  to  the  satisfaction  of  the  Corporation.  There  was  also 
in  the  lease  a  clause  providing  that  if  any  differences  arose  between  the 
Corporation  and  the  company  they  should  be  referred  to  an  arbitrator, 
to  be  appointed  by  the  Board  of  Trade.  The  Corporation  had  now  sued 
the  company  under  the  Summary  Juriijdiction  Act  for  the  recovery  of 
penalties,  but  he  submitted  that  the  penalties  were  not  recoverable  under 
the  Summary  Jurisdicticm  Act,  but  as  liquidated  damages  (if  they  were 
recoverable),  and  not  before  the  magistrates.  The  Corporation  had 
served  a  notice  upon  the  coni]iany  requiring  them  to  run  a  certain  service 
of  cars.  The  company  oljjcctcd  to  the  notice,  and  that  constituted  a 
difference  between  the  ]iartics  which  it  would  be  proper  to  refer  to  arbi- 
tration, as  provided  fur  in  the  schedule  of  the  Act. 


BOOKS  RECEIVED. 

(Oopios  of  the  undermentioned  works  can  be  had  from  The  Electrictan  office,  post  free 
on  receipt  of  published  price,  addiug  3ii.  for  books  publiahed  under  23.  and  5  per  cent 
for  books  published  nett.    Add  10  per  cent,  for  abroad  or  for  foreiKQ  books.) 

"  Modern  Klectrio  Practice,"  Edited  by  Magnus  Maclean.  2nd 
Edition.     Vols.  1  to  VI.     (London:  Oieshani  Publishing  Co.)    54s. 

"  Cable  Map  of  the  World."  Compiled  by  the  Geographical  Depart- 
ment o£  the  War  Office.     (London  :  Mr.  Edward  Stanford.)     Is.  net. 

"  Le  R6glage  des  Groupes  Electrogenes."  By  J.-L.  Routin, 
(Paris  :   La  Lumiere  Electrique.) 

"  Rontgen  Ray  Wrinkles."     By  Leslie  Miller.     Is, 
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MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 

• 

APPOINTMENTS  VACANT  AND  FILLED. 

An  en^ineermg  master  {mechanical  and  electrical)  is  wanted  for 
September  next  by  the  Plymouth  Education  Authority  for  their 
science;  art,  and  technical  schools.  Forms  of  application  from  the 
Education  Secretary.  Mr.  E.  Chandler  Conk.  IS.  Princess-square, 
Plymouth.     See  an  advertisement. 

Applications  are  invited  for  the  position  of  assistant  to  the  mains 
engineer  in  the  electric  supply  dejiartment  of  the  Corporation  of 
Birmin<;ham.  Applicants  must  have  had  thorough  experience  in 
e.h.t.  alternating-current  work,  including  switchgear.  transformers. 
&c.,  and  be  conversant  with  modern  systems  of  h.  and  l.t.  distribution, 
laying  and  testing  of  cables.  &c.  Commencing  salary  £150,  rising  to 
.€•2.10.  Applications  to  the  city  electrical  engineer  and  manager  (Air. 
R.  .A.  Chullnek),  14.  IXdo  End".  Birmingluim,  by  t  p.m..  .May  4. 

Mr.  F.  H.  Cor.son.  chief  a.ssistant  engineer  at  Blackburn.  Iia.s  been 
appointed  city  electrical  engineer  at  (Jlouecster.  There  were  "248 
applicants,  but  this  number  was  reduced  to  five,  viz..  Messrs.  F.  H. 
Cor.son,  J.  W.  Beauchamp  (Sheffield).  H.  A.  Howie  (Dudley).  C.  E. 
Savage  (Wolverhampton),  and  R.  N.  Torpey  (Wimbledon).  0«ing 
to  Mr.  Beauchamp  having  been  appointed  electrical  engineer  at 
Tunbridge  Wells  tlie  Council  had  only  fo\u-  candidates  from  whom 
a  final  selection  could  be  made,  and  their  choice  ultimately  fell  on 
Mr.  Corson.  Mr.  J.  B.  Feltham  has  also  been  appointed  assistant 
engineer. 

Tunbridge  Wells  Council  have  appointed  Mr.  J.  W.  Beauchamp.  of 
Sheffield,  resident  electrical  engineer  :  Mr.  John  Bemrose,  of  Wor- 
cester, as  chief  assistant,  and  Mr.  V.  F.  Bush  as  jimior  assistant. 

Mr.  G.  Tough,  who  has  been  acting  manager  of  the  Coventry 
electricity  works  for  the  past  six  months,  has  been  apjiointed  engineer 
and  manager  of  the  undertaking  at  £350  per  annum. 

Mr.  Frederick  Hy.  Edwards,  deputy  borough  electrical  engineer  at 
Woolwich,  hai  been  appointed  deputy  electrical  engineer  at  Erith. 

Mr.  R.  V.  Weare  has  been  appointed  resident  engineer  to  the 
Chichester  Electric  Light  &  Power  Co. 

Harrogate  Council  have  appointed  Mr.  W.  M.  Procter  as  canvasser 
of  the  electricity  department  at  £2  per  week,  and  6d.  per  point 
commission. 

Mr.  T.  W.  Davies  has  been  appointed  station  superintendent  at 
Wrexham. 

Correction. — In  our  last  issue  (page  67)  wc  stated  that  Mr.  E.  J. 
Taylor  had  been  a])pointed  meter  inspector  at  Belfast.  The  position 
to  which  Mr.  Taylor  was  appointed  is  installation  assistant. 

Afghanistan. — A  representative  of  F.  &  C.  Osier  has  left  Bombay 
for  Cabul  to  make  arrangements  for  the  electric  lighting  of  the 
Ameer's  palace. 

Australasia. — The  "  Australian  Mining  Standard  "  states  that 
electric  power  plant  is  to  be  installed  at  the  Boulder  tin  mine,  Zeehan. 
Tasmania. 

At  the  request  of  the  Omah  Mines  (Ltd. ).  Zeehan  Municipal  Council 
will  supply  electrical  energy  to  the  company's  works  up  to  50  H.P. 

Bath. — Mr.  E.  Schenk  has  now  withdrawTi  his  bill  for  the  purchase 
of  the  municipal  electricity  works,  and  the  Electric  Lighting  com- 
mittee recommend  the  Corporation  to  return  to  Mr.  Schenk  half  of 
the  deposit  made  by  him  on  the  purchase  monej'  (£2,500). 

Battersea  (London). — The  Lighting  committee  are  jireparing  a 
scheme  for  wiring  premises,  but  in  the  first  place  the  installation  and 
maintenance  of  motors  and  arc  lamps  are  to  be  dealt  with. 

Under  the  pi-ovisions  of  the  L.C.C.  (General  Powers)  Act,  lOOfi.  charges 
must  be  so  adjusted  as  to  cover  any  expenditure  involved,  and  the  com- 
mittee are  of  opinion  that  they  cannot  themselves  profitalily  carry  out 
the  installation  work  involved  in  all  cases  until  they  see  the  number  of 
applicants  and  the  amount  of  work  likely  to  occur.  They  have,  there- 
fore, decided  that  for  the  present  this  work  should  be  done  by  contractors. 

Electric  light  services  are  to  be  laid  on  to  13  premises  at  an  estimated 
cost  of  £70. 

Bedford. — The  Council  have  ofi'ered  a  supply  of  electrical  energy  to 
Messrs.  W.  H.  Allen,  Son  &  Co.,  at  Id.  per  unit,  with  discounts,  the 
value  of  tlie  minimum  annual  consumption  not  to  be  lees  than  £1,650. 

Additional  plant  is  to  be  installed  at  the  electricity  works  at  a 
cost  of  £3.000. 

Bolton. — Duncan-street  sub-station  is  to  be  enlarged. 

Braunton  (Devon). — Bramiton  Lighting  committee  are  to  inter- 
view Ml-.  Dennis  with  regard  to  his  offer  to  supply  electricity  for  light- 
ing Knowle  at  the  charge  at  present  paid  for  gas. 


Carlisle. — The  Electricity  committee  are  considering  the  question  of " 
apiilyiiiL'  for  a  provisional  order  to  enable  them  to  supply  electricity 
in  districts  adjoining  the  city  boundaries. 

Chelsea,— The  Medical  Officer  of  Health  report.s  that  subsequent  to 
.June.  1908,  the  amount  of  smoke  from  the  Lots-road  generating 
station  had  materially  decreased  and  little  exception  could  now  be 
taken  to  the  smoke  emitted  from  the  chimneys. 

The  great  imi)rovenient  might  be  attributed  (1)  to  the  new  revolving 
wire-HK-sh  screen,  inserted  at  a  cost  of  £2,.i00,  into  the  adit  conveying 
the  water  of  the  Thames  to  the  condenser  pumps,  which  separated"  one 
the  leaves  and  debris,  which  often  occasioned  choking  of  the  pumps  and 
a  consefpient  loss  of  vacuum  ;  (2)  to  the  more  thorough  regulation  of 
the  draught  to  the  furnaces  through  the  fire  doors,  which  had  now  been 
carried  out  on  improved  principles  ;  and  (3)  to  the  use  of  coal  of  suitable 
quality. 

Chichester. — .Mr.  Horace  Boot,  consulting  engineer,  has  been 
rclaincd  by  Chiehester  Eleelric  Light  &  Power  Co.  at  a  salai-y.  and 
.\lr.  R.  v.  Wcarc.  who  has  .acted  as  clerk  of  works,  h.i.s  been  Appointed 
resident  engineer. 

China.— Electricity  supply  works  have  been  established  in  (he 
Japanese  settlement  at  .Antung.      The  generating  plant  is  of  British 

manufactin-e. 

Cotton  Mill  Driving.— The  Brush  Electrical  Engineering  Co.  has 

for  some  time  past  been  engaged  in  the  electrical  equipment  of  some 
of  the  mills  of  the  Fine  Cotton  Spinners  Combination  in  the  Man- 
chester and  Bolton  districts.  Up  to  the  present  11  of  these  mills 
have  been  equipped  by  the  Company,  and  the  equipment  work  at 
other  mills  is  in  progress. 

Dock  Cranes. — The  North  Eastern  Railway  Co.  propose  to  erect 

three  electric  cranes  at  Tyne  Dock. 

Electricity  in  Mining.— The  report  of  the  directors  of  Rand  Mines 
(Ltd.)  for  the  past  year  states  that  tlie  introduction  of  electric  power 
in  the  place  of  steam  plants  had  engaged  the  attention  of  the  Boards 
of  most  of  the  subsidiary  companies,  and  a  new  company  was  in 
process  of  formation,  to  be  called  the  Rand  Mines  Power  Supply  Co.. 
wliich  would  generate  electricity  in  bulk  for  distribution  to  those 
companies,  as  well  as  to  a  number  of  other  important  mining  com- 
panies on  those  fields.  Favourable  contracts  were  in  course  of 
completion,  and  it  was  anticipated  that  electric  power  from  the  new 
company  would  be  available  by  Octobsr.  1910,  and  would  enable 
substantial  economies  in  working  costs  to  be  effected. 

Exhibition. — A  Japanese  Exhibition  will  be  held  at  Shepherd's 
Bush  next  year,  and  the  Japanese  Imperial  Diet  has  sanctioned  a 
grant  of  1.800.000  yen  for  the  purposes  of  the  project. 

Flnchley. — The  gross  revenue  of  the  electricity  undertaking  for 
the  past  year  was  £15,390.  and  the  estimated  profit  was  £317. 

Fleetwood. — Sanction  has  been  received  by  the  Coimcil  to  a  loan  of 
£20.200  for  the  purchase  of  the  local  electricity  undertaking  from 
Broadstone.  Ltd. 

Hetton  (Durham).— The  local  Electric  Supply  Co.  offer  to  supply 
electric  current  for  public  lighting  at  £695  per  annum  if  overhead 
mains  are  allowed. 

Holland.— The  Communal  authorities  of  Arnhem  and  Renkum- 
Oosterbeek  are  considering  the  question  of  constructing  an  electric 
tramway,  eight  miles  in  length,  to  connect  the  two  districts. 

Amerongen  Communal  Council  have  granted  M.  Woolf  de  Maarscn 
a  concession  for  the  erection  and  working  of  electricity  supply  works. 

India. — Messrs.  F.  and  C.  Osier  are  carrying  out  electric  lighting 
installations  in  the  old  and  new  palaces  at  Patiala  (Punjab). 

Institution  of  Colliery  and  Mining  Electrical  Engineers.— At  a 
meeting  of  per.sons  interested  in  mining  and  colliery  electrical  plants, 
at  Manchester,  on  Saturday  last,  it  was  decided  to  form  an  associa- 
tion, to  be  called  the  Institution  of  Colliery  and  Mining  Electrical 
Engineers.  Mr.  William  Maurice,  general  manager  of  the  Hucknall 
Torkard  Colliery  Co.,  was  elected  first  president,  and  Jlr.  J.  Williams, 
of  3.  Moresby-parks.  Whitehaven,  electrician  of  the  Moresby  Coal 
&  Iron  Co..  is  hon.  secretary.  The  following  district  representa- 
tives were  appointed:  Messrs.  J.  E.  Savers.  M.I.E.E.  (Scotland), 
H.  J.  Fisher,  A.M.I.E.E.  (Durham).  R.  .1.  Frost  (Yorkshire).  P.  D. 
Coates  (Lancashire).  J.  Kirkbv  (Derbyshire).  H.  Cusworth  (Notts.), 
S.  H.  Bell  (Statfs.),  H.  J.  F.'  Stewart  (Ilfrneorabe).  J.  A.  Boshes 
(North  Wales)  E.  Ivor  Davies  (South  Wales).  A  further  (meeting  of 
the  Institution  will  be  called  by  the  secretary,  when  the  election  of 
Council  will  take  place. 

Italy, — The  "  Bulletin  Mensuel  "  de  la  Chambre  de  Commerce 
Franvaise  de  .Milan,  for  .Ai)ril  (which  can  be  seen  at  73.  Basinghall- 
strcet,  London.  E.C. ).  contains  a  list  of  16  electric  lighting  and  power 
concessions  which  lia\e  beiii  gianted  by  the  Prefecturts  in  various 
parts  of  Italy, 


106 


THE  ELECTRICIAN,  APEIL  30,  1909. 


Lancashire  and  Cheshire  Municipal  Tramway  Managers.— Tlie 
quarterly  meeting:  «a.<  recently  held  at  Burnley. 

Anions  those  ]iresent  were  Messrs.  H.  Mozley  (Burnlev)  (chairman). 
J.  M.  MeEhov  (.Manchester),  J.  H.  Cowell  ( Blackburn).  W.  Clough  (Bury). 
A.  T.  Eardlev  (."^tockptirt).  T.  J.  Kcndrew  (Southport).  H.  Holme  (Nel- 
son). (J.  W.  "Holford  (.Salford).  W.  WyUl  (Birkenhead).  R.  R.  Greene 
(Wallasey).  .J.  F.  Simpson  (Preston),  R.  W.  Smith-Saville  (Darwen). 
J.   \\'.   Dugdale  (Ashton-under-Lyne),  and  L,  Slattery    (Oldham)  (Hon. 

KfC). 

Several  matters  of  local  interest  were  di^cusse.-l.  and  afterwards  a  visit 
was  paid  to  the  oar  depot  and  workshops,  where  the  member.5  had  an 
opporlnnity  of  inspecting  a  two-motor  bogie  ear.  with  body  carried 
wholly  on  the  driving  wheels,  and  the  rotating  point  of  the  trucks  over 
the  centre  of  the  driving  axle,  a  vestibule  bogie  ear  with  top  covei'  and 
cabin,  the  construction  of  trucks  in  progress,  mechanical  run-back  pre- 
venter, time  meters,  &c.  On  the  invitation  of  Mr.  W.  Wyld,  general 
manager  and  engineer  of  the  Birkenhead  Corporation  tramways),  it  was 
decided  to  hold  the  next  (luarterly  meeting  at  Birkenhead  on  July  It). 

Leeds. — The  surplus  on  the  past  year's  working  of  the  tramways 
wa.s  £51.556  12s.  -kl..  of  wliioh  £4.000  is  to  be  put  to  reserve  fund,  and 
the  balance  (£47,556)  is  to  go  in  relief  of  rat«s. 

The  gross  profit  was  £163.677.  an  increase  of  £600  on  1008.  After 
p.aying  interest  on  capital  (£41,883)  and  income  tax  (£4,42!t),  the  net 
revenue  for  the  year  was  £120,619.  Sinking  fund  required  £41,I.)li,  and 
I)ermanent  way  renewal  £27,906.  The  surplus  in  1907-8  was  £64.27".t. 
The  year's  traffic  receipt.s  were  £338.032,  an  increase  of  £1,58.'),  and 
the  average  earnings  per  car  mile  10-36d.  The  addition  of  sundry 
receipts  (including  f3.5.')3.  17s.  lid.  for  advertising)  brought  the  total  to 
£342,000.  19s.  6d.  Working  expenses  were  £178,323  and  included 
£28,463  for  general  expenses,  £34,045  for  general  repairs  and  mainten- 
ance, and  £20,648  for  power  expenses.  The  amoimt  expended  on  per- 
manent way  repairs  is  £4,799  less  than  the  previous  year.  Under  the 
head  of  power  expenses  there  is  a  large  decrease  in  expenses  for  repairs 
and  renewals  of  ducts,  feeder  cables.  &c. 

The  Tramway  committee  consider  the  result  of  the  year's  working  very 
satisfactory,  and  a  vote  of  thanks  has  been  accorded  to  the  general 
manager  (Mr.  J.  B.  Hamilton)  and  the  staff  fur  their  efficient  services. 

Leicester. — lu  future,  power  users  are  to  have  the  option  of  taking 
current  either  at  the  present  flat  rats  of  2d.  per  unit  or  upon  the 
terms  of  paying  15s.  per  quarter  for  every  H.P.  of  motor  installed,  and 
J<1.  per  unit  for  current  consumed. 

L-'ght  Railways.— The  report  of'the  proceedings  of  tlie  Board  o 
Trade  and  of  the  Light  Railway  Commissioners  up  to  Dec.  31.  1908. 
under  the  Light  Railways  Act  of  ^906  has  been  issued. 

On  Dec.  31,  1907,  13  orders  were  before  the  Board  awaiting  con- 
firmation, and  11  of  these  were  contirmed  during  1908,  two  being 
consolidated  into  one  order,  and  two  were  held  over.  During  1908  15 
orders  were  submitted  to  the  Board  by  the  Light  Railway  Commis- 
sioners. Objections  were  lodged  in  respect  of  some  of  these.  The 
Board  considered  each  order  with  special  reference  to  the  points  men- 
tioned in  sec.  9  of  the  Light  Railways  Act,  and  made  such  amendments 
as  were  deemed  necessary.  Eight  of  the  orders  submitted  during 
1908  were  confirmed,  and  in  no  case  did  the  Board  refu.se  to  confirm  an 
order.  Of  the  seven  orders  under  consideration  on  Dec.  31  last,  five 
ha»e  since  been  confirmed.  The  18  orders  confirmed  in  1908  authorised 
80  miles  of  line,  the  estimated  cost  of  which  will  be  £601,739. 

In  the  12th  annual  report  of  the  Light  Railway  Commissioners, 
w  hich  covers  the  year  ended  Dec.  31,  1908,  it  is  stated  that  a  total  of 
.579  applications  for  orders  to  authorise  light  railways  (which  included 
87  applications  for  amending  oiders)  had  been  received  since  the 
commencement  of  the  Act.  In  respect  of  J66  applications  (15  in  1908 
and  351  in  previous  ye.-irs),  orders  were  submitted  to  the  Board  of 
Trade  for  confirmation,  five  other  applications  in  respect  of  which 
orders  are  under  fettlement  have  been  approved  and  197  applications 
have  been  rejected  or  withdrawn.  The  decisions  with  respect  to  four 
applications  have  been  deferred  and  seven  new  applications  made  in 
I»o\  ember  hast  remained  to  be  considered.  In  conclusion,  the  Com- 
missioners state  that  though  they  do  not  think  it  necessary  to  repeat 
Hgain  the  reasons  set  out  in  their  report  for  1908,  for  which  amend- 
ments of  the  Light  Railways  Act  appear  to  be  required,  they  think  it 
detirnble  again  to  draw  attention  to  the  need  for  the  construction  of 
light  railways  which  has  been  found  to  exist  in  many  parts  of  the 
country,  and  to  express  the  opinion  that  .such  need  is  unlikely  to  be 
met  urdces  and  until  some  amendments  of  the  Act  are  effected. 

Llandudno. — An  additional  .300  kw.  generating  set  is  to  be  ))ut 
down  at  the  electricity  works  at  a  cost  of  £1 .750. 

L.C.C.  Tramways. — In  connection  with  the  reconstruction  of  the 
tramways  in  Great  College-street,  8t.  I'ancras,  the  engineer  to  the 
London  County  Council  claims  that  where  existing  tramways  have 
been  converted  for  electric  tractif)n  the  obligation  to  provide  a  width 
of  9  ft.  6  in.  between  the  outer  rail  and  the  kerb  does  not  apply.  .\s 
it  may  hafjpen  that  the  Borough  Council  may  be  called  upon  to  incur 
the  cost  of  neces.sary  widening  the  thoroughfare.  St.  Panoras  General 
Purposes  committee  have  submitted  a  case  to  counsel  for  his  opinion 
a.s  to  the  powers  and  liabilities  of  the  Borough  Council  in  the  matter. 

Lurgan  (Ireland).— At  the  last  meeting  tie  chairman  of  the 
Council  (.Mr.  H.  G.  .Macgeagli.  .J.R.)  said  the  question  of  the  public 
lighting  «hould  be  con.sidered. 

He  coasidered  that  clcttricily  supply  w.is  a  scheme  th.it  would  not 


only  pay  but  would  be  a  source  of  income.  He  knew  of  no  town  so 
admirably  adapted  to  electric  lighting  as  Lurgan.  because  they  had  so 
many  small  manufacturers  who  would  find  electric  power  much  cheaper 
than  that  they  were  at  present  using. 

It  w;is  <lcridcil  til  discuss  at  a  special  meeting  an  offer  from  an  elec- 
trical cii!:iiii-iiini;  firm. fill  liyhtijig  the  town 

Liverpool  Engineering  Society.— At  the  annual  general  meeting 
on  Wednesday  Mr.  W.  Brodie  was  elected  president  for  the  ensuing 
year  and  Mr.  T.  R.  WiNoii,  hon.  secretary.  A  representative  coun- 
cil was  also  elected,  and  the  Derby  memorial  gold  medal  for  the 
session  1(108-9  was  presented  to  Mr.  H.  E.  O'Brien,  and  the  society's 
premium  to  Mr.  John  H.  Parkin, 

Macclesfield. — The  local  Tradesmen's  A.ssociation  have  asked  the 
Council  til  carry  out  the  terms  of  their  provisional  electric  lighting 
order,  or  to  transfer  their  powers  to  a  company. 

Manchester. — The  Tramways  committee  have  contributed  £75.000 
to  the  rates,  an  increase  of  £5,000  over  last  year. 

Mexico. — The  estimated  expenditure  on  the  Department  of  Tele- 
graphs of  the  Mexican  Government  for  1909-10  is  £290,441;  the 
revenue  for  the  same  jieriod  is  estimated  at  £205,000. 

Mine  Signalling  and  Telephones.— At  a  recent  meeting  of  tlie 
Cinderella  Deep  Co..  the  chairman  stated  that  most  efficient  .signalling 
apparatus  and  an  underground  telephone  system,  had  been  installed. 
That  company  was,  he  .said,  the  first  to  adojit  telephones  for  under- 
ground work  on  the  Rand,  and  their  usefulness  had  already  been 
amply  demonstrated  in  practice.  This  company  was  working  with 
one  shaft  only  at  a  dejjth  below  4.000  ft.,  in  consequence  of  which 
extra  precautions  had  to  be  adopted  against  accidents. 

Nelson. — The  annual  report  of  the  tramways  department  was  sub- 
mitted to  the  Tramwaj-s  committee  on  Tuesday.  The  result  of  the 
year's  working  is  a  loss  of  £820,  which  is  ascribed  to  depression  of 
trade.  The  number  of  passengers  carried  was  1.811,000.  a  decrease 
of  248,000. 

Neston  (Yorks.) — Messrs.  Forwood  &  Williams,  who  are  supjilying 
electricity  to  the  tenants  of  the  Hinderton  Hall  Estate,  are  negotiat- 
ing with  the  Council  for  the  supply  of  electricity  in  the  district. 

New  Brunswick. — The  Grand  Falls  Power  Co.  will  expend  about 
5.000,000  in  erecting  a  large  hydro-electric  plant  at  Grand  Falls, 
New  Brunswick.  The  plant  is  to  be  purchased  in  New  York.  The 
main  power-house  will  be  equipped  with  eight  units  of  10.000  H.P. 
each.  The  station  will  be  situated  near  the  Canadian  Pacific  Rail- 
road, and  sub-stations  and  long-distance  transmission  lines  will  be 
established  to  distribute  current  in  both  New  Brunswick  and  Maine. 

Newcastle-on-Tyne. — The  profit  on  the  working  of  the  tramways 
for  the  year  ended  March  31  was  about  £10.000,  compared  with 
£19,000  for  the  previous  year,  and  £8,000  for  1906. 

Obituary. — We  regret  to  record  the  death  on  28th  inst.,  at  his 
residence  in  London,  of  Mr.  Robert  Charles  Dudley,  in  his  84th  year, 
Mr.  Dudley  acted  as  correspondent  of  the  "  Illustrated  London  News" 
on  the  1865  Atlantic  Cable  expedition,  and  is  well  known  as  an  artist 
of  distinction.  His  painting  representing  the  "  Great  Eastern  " 
proceeding  homeward,  before  a  rising  gale,  after  her  unsuccessful 
attempts  to  pick  up  and  repau-  the  interrupted  Atlantic  cable  of 
the  year  named,  is  familiar  to  many  of  our  readers  through  its  large- 
.scale  photographic  reproduction,  published  by  "  The  Electrician  " 
Company.  ' 

Presentation. — Mr.  Andrews,  of  Southend,  who  has  been  appointed 
chief  engineer  of  the  Malta  tramways,  has  been  presented  ivith  a 
diamond  ring. 

Provisional  Order  Revocation. — The  Board  of  Trade  have  revoked 
the  Stroud  Electric  Lighting  Order,  1903,  as  from  April  17. 

Rawtenstall. — The  formal  o])ening  of  the  electricity  works,  and  the 
electric  tramway  undertaking,  will  take  place  on  May  15. 

Southend. — The  tramway  traffic  manager  (Mr.  Andrews)  has 
resigned. 

Southgate  (London). — The  ))roposal  of  the  Couiuil  to  transfer  their 
electric  lighting  order  of  1904  to  the  North  Metropolitan  Electric 
Power  Siqijily  Co..  is  opposed  by  the  Ratepayers'  .-Association. 

A  communication  was  recently  forwarded  to  the  Board  of  Trade 
embodying  the  Association's  objections  to  the  transfer,  and  at  a  meeting 
of  rate])ayer8,  .Mr.  G.  W.  Spencer  Hawes.  M.T.E.E.  (who  is  a  resident 
of  the  district),  attended  and  submitted  an  electricity  supply  scheme. 
He  said  the  Council  could  reasonably  look  for  a  supply  of  electricity  in 
bulk  at  between  IJd.  and  IJd.  per  unit;  he  estimated  the  cost  of  the 
distribution  station  and  feeder  cables  and  laying  mains  in  21  of  the 
principal  streets  at  £18, .500.  Apart  from  shops,  he  thought  there  would 
l>e  about  475  private  consumers  who  would  take  current  at  5d.  per  unit. 
The  estimated  revenue  was  £4,00lt,  and  after  jiaying  all  expenses  (includ- 
ing interest  at  4  per  cent.,  and  redemption  charges),  he  calculated  on  a 
period  of  22  ycai>i  there  would  be  a  surplus  of  about  £.'500. 

After  discussion,  a  resolution  was  carried,  with  two  dissentients,  to 
ask  Southgate  Council  to  consider  Mr.  Hawc's  scheme. 
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Switzerland.— The  C'orapagnie  du  C'liemin  de  Fer  Electrique  de 
Lugano  a  Tesserete  have  secured  a  concession  for  the  construction 
and  working  of  a  metre  gauge,  single  track  electric  railway  from 
Lugano  to  Tesserete. 

Telephone  Rates. — At  Glasgow  on  Tuesday  at  the  Annual  Con- 
ference, of  the  National  Chamber  of  Trade,  a  resolution  was  passed, 
on  thp  motion  of  Mr.  S.  T.  Nicholson,  of  Hull,  that  a  committee 
should  be  appointed  by  Parliament  to  inquire  into  the  question  of 
telephone  rates  and  charges,  and  that  the  interests  of  small  users 
should  be  fully  represented  thereon. 

Tyne  Tube  Scheme. — Representatives  of  Pynemouth  and  South 
Shields  Corporations  considered  on  Wednesday  the  jiroposals  of  the 
promoters  of  the  scheme  for  construct  ing  an  electric  railway  under  the 
river  Tyne  between  North  and  Scjuth  Shields. 

The  promoters,  who  desire  to  liiid  security  tov  the  interist  upon 
£IOO,()ll(»  4  per  cent,  debenture  stock,  have  asked  the  Cor])orations  to 
uniloit.ikp  liability.  It  was  .stated  that  the  North-Eastern  Railway  Co. 
wonkl  jiriibably  be  willing  to  guarantee  one-third  of  the  interest  if  the 
Corporations  would  guarantee  the  remainder.  A  resolution  recommend- 
ing the  Corporations  to  favourably  consider  the  scheme,  and  to  ask  the 
railway  company  to  guarsmtee  half  the  interest,  was  jiassed. 

West  Ham. — In  connection  with  the  through  running  of  tramways 
with  those  of  East  Ham  over  the  Plashet  CJrove  section,  4-937d. 
has  been  arranged  as  West  Ham  running  costs  and  lOd.  as  the  car 
mile  earning  beyond  what  profits  are  to  be  divided.  In  view  of  the 
undeveloped  state  of  the  district  the  Board  of  Trade  are  to  be  asked 
for  an  extension  of  two  years  for  constructing  the  Prince  Regent- 
lane  tramway  and  the  unfinished  portion  of  the  junction  between 
Barking-road.  Prince  Regent-lane,  and  Greengate-street. 

Wireless  Telegraph  Notes. — The  enterprising  management  of  an 
English  hotel  at  Shanghai  recently  equipped  the  building  with  wire- 
less telegraph  apparatus.  This  has  led  to  a  protest  from  the  Chinese 
Government  Telegraph  Department,  and  it  has  been  arranged  that 
the  installation  shall  not  at  present  be  u.sed. 

Interesting  e.xperimcnts  are  proceeding  at  the  Post  Office  wireless 
stations  at  Hunstanton  and  Skegness  (distant  16  miles)  to  ascertain 
the  minimum  cost  of  effectively  operating  stations  of  this  size. 

It  is  stated  that  the  unsettled  condition  of  the  French  Govern- 
ment postal  telegraph  and  telephone  .services  has  led  the  heads  of 
t'le  French  Postal  Telegraph  Department  to  resort  to  wireless  tele- 
graph installations  as  a  means  of  overcoming  some  of  the  difficulties 
of  the  situation.  Stations,  specially  designed,  have  been  hurriedly 
erected  at  Brest,  Havre,  Lorient,  Dunkirk,  Cherbourg,  Rochfort, 
Toulon  and  other  centres,  communicating  with  a  large  number  of 
inland  towns.  It  is  feared  that  a  renewal  of  the  strike  proceedings 
will  be  started  to-morrow  (May  1). 

The  Central  News  is  responsible  for  a  message  which  serves  to 
show  the  adaptability  of  wireless  telegraphy.  It  is  stated  that  the 
captain  of  the  North  German  Lloyd  liner  "  Kaiser  Wilhelm  II.." 
sent  a  wireless  message  to  New  York  asking  that  detectives  might 
be  available  on  the  vessel  going  into  dock  to  arrest  some  undesir- 
able personages  on  board. 

Walsall. — .4t  a  special  meeting  of  the  Council  on  Monday.  Mr. 
Pearraan-Smith  moved  that,  having  regard  to  the  amount  of  capital 
invested  in  the  electricity  undertaking,  no  further  steps  be  taken  in 
reference  to  the  proposed  expenditure  of  £3.5,0(10  for  new  plant  and 
extensions  of  mains  until  the  General  Purposes  committee  had 
reported  whether  the  pi'e.sent  system  was  the  best  adapted  for  the 
borough,  and  if  not,  the  alterations  which  were  necessary  and  the 
estimated  cost  involved. 

He  disclaimed  any  wish  to  pass  anything  in  the  n»ture  of  a  vote  of 
censure  on  the  Electricity  committer,, but  as  the  outlay  was  only  sanc- 
tioned by  a  majority  of  one  he  thought  the  matter  should  be  recon- 
sidered. £110,000  had  been  sunk  in  the  undertaking,  of  which  f54,.'jl7 
I'epresented  the  cost  of  machinery.  If  drastic  changes  were  necessary  it 
was  advisable  they  should  be  made  before  any  further  capital  outlay  had 
been  incurred,  partiodarly  as  last  year's  loss  of  £000  practically  wiped 
out  the  small  reserve  fund  which  had  been  accumulated. 

Dr.  Stead,  chairman  of  the  Electricity  committee,  said  if  the  resolution 
were  adopted  it  must  be  understood  th.at  it  would  involve  the  resignation 
of  the  committee,  as  the  scheme  submitted  was  the  outcome  of  careful 
and  pi'okinged  deliberation. 

After  debate,  the  motion  was  adopted  by  16  votes  to  13. 

Woolwich  (London).— At  the  last  meeting  of  the  Council  the  Elec- 
tricity committee  reported  that  they  had  been  considering  the  ad- 
visability of  adopting  a  scheme  of  assisted  wiring. 

The  introduction  of  the  metallic  filament  lamp  had,  the  report  stated, 
considerably  modified  the  old  order  of  things  in  the  electi'ical  indus- 
try, and,  coupled  with  a  sound  .assisted  wiring  scheme,  made  it  pos- 
sible for  the  Council  to  olTer  a  cheap  and  efficient  supply.  Many  pro- 
mises of  support  had  been  receive!,  and  the  committee,  therefore, 
thought  the  proposal  should  be  given  a  fair  trial.  The  proposal  is, 
Ijrietty,  .as  follows  :  The  Council  to  put  iu  complete  installations  of  not 
less  than  si.x  points  in  approved  revenue-earning  positions  in  houses 
exceeding  £32  rental  per  annum  (exclusive of  rates  and  taxes)  without 


initial  cost,  on  applicants  signing  the  usual  application  form  and 
a  rental  agreement.  The  Council  to  take  a  rent  of  7d.  per  lamp  in- 
stalled per  quarter  for  installations  in  Woolwich  and  Plumstead,  and 
in  Eltham  3s.  6d.  per  quarter  for  the  necessary  transformer  in  addi- 
tion, such  rents  to  be  perpetual  unless  the  installation  is  purchased. 
The  consumer  to  have  the  option  of  purchasing  the  installation  at  any 
time,  but  to  pay  cash  for  any  special  fittings  required,  and  al?o  for  any 
lamp  not  in  a  revenue-earning  position,  such  as  bathrooms,  lavatories, 
&c.  The  consumer  to  maintain  the  installation  in  full  working  order 
after  the  expiry  of  12  months'  guarantee,  or  the  Council  would  main- 
tain fully,  at  antadditional  charge  per  lamp  of  9cl.  to  Is.  i>er  quarter,  if 
the  whole  installation  is  to  be  maintained. 

The  committee  consider  the  scheme  financially  sound,  ami  conclude 
by  recommending  ,that  the  staff  and  employes  of  the  department 
(with  the  exce()tion  of  the  station  engineer,  distribution  engineer  and 
chief  clerk)  be  allowed  a  commission  at  the  rate  of  5  per  cent,  on  the 
first  year's  consumption  of  any  new  consumers  whose  signed  applica- 
tion under  the  proposed  scheme  they  may  obtain. 

The  report  and  recommendation  were  carried. 

Marriages. — Mr.  Chas.  Garnett,  borough  electrical  engineer  at 
Darwen,  was  recently  married  to  Miss  Belle  Aspden.  and.  among  the 
presents  was  one  from  the  employes  of  the  Darwen  electricity  depart- 
ment. 

Mr.  Thos.  Roles,  the  city  electrical  engineer  of  Bradford,  was 
married  at  Plymouth  on  Saturday  to  Mi.ss  Bertha  Hugo. 

On  his  marriage  Mr.  H.  E.  Midgley.  M.  \.,  A..M.I.C.E.,  deputy 
engineer  at  Erith  electricity  works,  has  been  presented  by  the' staff 
with  a  brass  kerb  suite.  The  presentation  was  made  by  Mr.  A. 
Coveney,  engineer  and  manager. 


TRADE  NOTES  AND  NOTICES. 


NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES' 
DIRECTORY  AND  HANDBOOK.— The  1909  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  {to  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issu  ed  in  handy  book 
form.  These  are  included  in  the  1909  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
publiehed. 

TENDERS  INVITED. 

WlG.\N  Corporation  invite  tenders  for  the  supply  and  erection  of 
750  kw.  engine  and  generator,  two  water-tube  boilers,  steam  and 
water  piping,  motor-driven  feed  pumps,  economi.ser.  separators, 
feed  water  filter  and  meter,  exhaust  steam  and  water  piping,  motor- 
driven  pumps  and  condenser,  coal-handling  |ilant  and  bunkers, 
h.  and  l.-t.  cables,  h.  and  l.-t.  switchboard,  removal  of  |ilant  from 
Pemberton  generating  station  to  Wigan.  constructional  steelwork 
for  the  boiler  house  extension  and  switchboard  gallery.  Co]>ies  of 
specification,  &c.,  from  the  borough  electrical  engineer.  .Mr.  .las. 
Slevin,  Bradford-place,  Wigan.  Tenders  to  the  town  clerk.  .Mr. 
Harold  Jevons,  by  May  17.     See  also  an  advertisement. 

St.  P.\NrR.\.s  (London)  Borough  Council  invite  tenders  for  suiqOy 
of  arc  lamp  carbons.  Copies  of  sjiecilication.  &c..  from  the  Elec- 
tricity Department  offices.  .57.  Pratt-street.  Camden  Town.  N.W. 
Tenders  by  noon,  July  10,  to  the  Town  Clerk.  Mr.  C.  H.  F.  Ban-ctt, 
Town  Hail,  Pancras-road,  London,  N.W.  See  also  an  advertise- 
ment. 

London  County  Council  invite  tenders  for  withdrawing  about 
18  miles  of  l.t.  lead-covered  cables,  now  laid  and  jointed  in  stonewr.ie 
ducts,  and  relaying  and  jointing  about  I'l  miles  of  l.t.  load-covered 
cables,  iSrC.  Tenders  (upon  official  forms  to  be  obtained  from  the 
Clerk  of  the  Council.  Mr.  (i.  L.  (^omme.  C(  unly  Hall.  Si  ring  (Jardens, 
S.W.)  l)y  11  a.m.  of  Tuesday,  May  4. 
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SPECIAL   NOTICE. 


NOW    READY. Vol.    LXII.    of  "The  Eii:cTRinA>- "  (1,028 

pages*,  bound  in  strong  cloth.  Price  17s.  6d.;  post  free,  I83.  6d.  Xow 
ready.  Cases  for  Binding.     Price  2s. ;  post  free,  2s.  3d. 

A  complete  set  of  "  The  Electrician  "  can  be  supplied.  A  number 
of  odd  volumes  and  some  odd  old  back  numbers,  to  help  in  making 
up  complete  sets,  a'e  also  available. 

WooDBRiDGE  Urban  Council,  who  are  desirous  that  a  company 
should  establish  electricity  works  in  the  district,  announced  that 
they  would  support  a  compaaj-  in  an  application  for  a  provisional 
order  and  would  enter  into  a  contract  for  public  lighting  from 
April  1,  1912.  The  population  is  4,600  and  gas  is  4s.  6d.  per  hOOO  ft. 
Tenders  by  June  1. 

Hertford  Corporation  require  tenders  by  May  8  for  supply  and 
fixing  of  a  ■2n  B.H.p.  motor  and  gearing.  Forms  of  tendrr.  &c..  from 
the  Borough  Engineer. 

Rawtesstall  Corporation  want  tenders  by  May  11  for  wiring 
the  Tramcar  Depot  and  ilunicipal  Offices.  .Specification,  &c..  from 
the  Borough  Electrical  and  Tramwaj-s  Engineer. 

Adelaide  (S.  Australia)  Jlunicipal  Tramways  Trust  require  tenders 
by  June  1.5  for  supply  of  50  tramcar  bodies,  trucks,  wheels,  axles, 
motor  equipments  and  car  wiring,  and  by  June  22  for  boilers. 
mechanical  stokers,  economisers,  piping,  coal  and  a.sh  handling  plant. 
steam  turbines,  generators,  exciters,  condensers,  air  and  circulating 
pumps,  switchboards.  &c.  Specifications  from  the  Chief  Engineer 
and  General  .Manager.  8.  King  William-street.  Adelaide. 

The  Junta  de  Obras  del  Puerto  de  Almeria,  Spain,  require  tenders 
by  June  7  for  supply  of  six  electric  cranes,  with  accessories,  for  the 
Almeria  docks.     Deposit  of  about  £(iTll  required  from  all  tondertrs. 
TENDERS  RECEIVED  AND  ACCEPTED. 

Brighouse  Council  have  accepted  the  tenders  of  the  Phfenix 
Dynamo  Co..  W.  T.  Glover  &  Co..  the  Edison  &  Swan  Co.  and 
Herbert  Jlorris  &  Bastert  for  supplying  plant.  &c.,  for  a  new 
transforming  station. 

Woolwich  (London)  Council  have  accepted  the  tender  of  Strachan 
&  Henshaw,  for  coal  handling  plant  at  £847  ;  that  of  the  Underfeed 
Stoker  Co.  for  14  sets  of  underfeed  stokers  at  £1,.300,  and  four  sets  at 
£770. 

West  Ham  Council  have  placed  an  order  with  Bruce  Peebles  &  Co. 
for  converting  two  1,200  kw.  Ferranti  alternators  from  single  to  two 
jihase  at  £825. 

Aston-under-LjTie  Council  have  accepted  the  tender  of  the  Stan- 
dard Engineering  Co.  for  an  induced  draught  fan.  and  that  of  the 
Stirling  Boiler  Co.  for  a  water  tube  boiler  and  chain  grate  stoker. 

East  Ham  Council  have  accepted  the  tenders  for  engine  room 
stores  for  the  electricity  and  tramways  departments  from  Middleton 
Bros..  Pfeil  &  Co.,  Wiggins  &  Rihll.  Hy.  Freund  &  Co.,  and  F.  How. 

Stirling  Corporation  have  placed  an  order  with  Callender's  Cable 
and  Construction  Co.  for  supplying  and  laying  a  new  feeder  cable 
to  the  north  end  of  the  town. 

Aylesbury  Council  have  accepted  the  tender  of  Mackrill  &  Sons 
for  electrical  work  during  the  ensuing  12  months. 

Belfast  Tramwaj's  committee  have  accepted  the  tender  of  Imeson. 
Finch  &  Co..  for  supply  of  two  miles  of  trolley  wire. 

The  contract  for  electric  bell  work  at  Warwick  hospital  has  been 
let  to  Brown  &  I'arsons. 

Commonwealth  Tenders. — The  following  tenders  have  been  accepted 
by  the  Government  Departments  of  the  Australian  Commonwealth  : 

The  Pnstmaster-Generars  Department,  Brisbane,  have  accepted  the 
tenders  of  the  International  Electric  Co.  for  trembling  bells,  condensers, 
receiver  cords,  and  carbon  diaphragms;  British  Insulated  &  Helsby 
Cables  for  receiver  cords  ;  India  Rubber  Co..  for  phonfiphorc  caiTiers, 
detectors,  galvanometers,  &c. ;  J.  Paton  &  Co.  f  )r  Ericsson  telephone 
armatures,  extension  belU,  dry  cells,  bell  coils,  generators  and  generator 
handles,  jacks,  micro-telephones,  Ericsson  watch  receivers,  carbon  rings, 
switches,  wall  sets,  table  sets  and  portable  telephones,  &c.  ;  Brisbane 
Electrical  Co.  for  binding  posts  for  receiver  terminals,  carbon  shot,  carbon 
diaphragms,  microphones  and  fittings,  pole  changers,  receivers,  switches, 
screws,  &c.  ;  Lawrence  &  Hanson  for  cells,  twin  flexible  switches,  brass 
terminals,  &c.,  and  C.  E.  Bemays  for  glass  cells  for  Tudor  accumulators 
and  positive  plates. 

The  Postmaster-General's  Department,  Melbourne,  have  accepted  the 
tender  of  .1.  Bartram  &  .Son  for  wall  sets. 

The  Postmastcr-Gcnerars  Department,  Sydney,  have  accepted  the 
tender  of  J,  Xewland  for  purchase  of  old  zinc,  cop)ier  and  lead. 

BUSINESS  NOTICES. 
Messrs.  Drake  &  Gorham  notify  that  at  the  end  of  .April  they  are 
relinquishing  the  sole  agency  for  .jandus  arc  lamps.     They  have  con- 
cluded other  selling  agencies. 


Mr.  G.  H.  J.  Hooghwinkel  has  opened  an  office  at  Prudential 
.Assurance-buildings.  20.  Park  Row.  Leeds,  and  has  taken  into  part- 
nership Mr.  Francis  Thursfield,  M.I.C.E..  M.l.  E.E..  formerly  eUctrical 
engineer  to  Burnley  and  Chester  Corporations,  and  lately  of  .Messrs. 
Preece  &  Cardew,  Westminster.  Mr.  Thursfield  will  take  charge  of 
the  Leeds  office,  and  the  firm  will  continue  Mr.  Hooghwinkel's  present 
practice  with  special  reference  to  the]  electrification  of  collieries,  steel 
works  and  mills,  the  introduction  of  exhaust  steam  turbines  and 
electrical  furnaces  for  the  smelting  and  refining  of  metals.  &c. 

Messrs.  Pooley  &  Austin,  Victoria-street.  S.W.,  have  been  ap- 
pointed sole  agents  in  London  and  the  Home  Counties  for  I.  Franken- 
burg  &  Sons"  cables,  &c.  Messrs.  Pooley  &  Austin  have  also  made 
arrangements  for  supplying  a.c.  meters,  of  British  manufacture,  for 
either  single,  two  or  three-phase  circuits. 

Mr.  Walter  Dixon  has  taken  into  jiartnership  Mr.  Frank  Anslow, 
who  has  been  associated  with  him  for  the  ])ast  nine  years  in  business. 
Both  Mr.  Dixon  and  .Mr.  .Anslow  have  carried  out  many  important 
schemes  in  connection  with  (ho  generation,  transmisison  and  a|>pUca- 
tion  of  electric,  gas  anel  other  ])owcr  to  engineering  undertakings. 
In  view  of  the  increasing  use  anel  ])ossibilities  of  the  economical 
application  of  electricity  and  gas  power,  the  firm  will  devote  special 
attention  to  their  consulting  practice.  Messrs.  Walter  Dixon  &  Co.'s 
new  address  is  ,38.  Bath-street.  Glasgow. 

Water  Turbines.— Messrs.  W.  H.  Allen,  Son  &  Co.  (Ltd.),  Queen's 
Engineering  Works,  Bedford,  announce  that,  in  view  of  the  great 
demand  which  has  arisen  for  hydraulic  turbine  machinery,  they 
have  come  to  an  arrangement  with  Jlessrs.  Piccard.  Pictet  &  Co.. 
Cieneva.  to  manufacture  water  turbines  of  large  size  to  their  designs. 
This  firm  is  one  of  the  leading  manufacturers  in  Europe  of  water 
turbine  of  the  Francis  high  speed  type,  and  they  have  placed  their 
great  experience  at  the  disposal  of  Messrs.  W.  H.  Allen.  Son  &  Co.. 
which  will  enable  them  to  manufacture  machines  of  this  character. 
Some  years  ago  water  turbines  formed  one  of  the  principal  specialities 
of  Messrs.  Allen,  but  owing  to  the  rapid  increase  of  other  branches  of 
their  business  they  were  unable  to  develop  their  water  turbines  to  the 
same  extent,  and  the  firm  are  now  again  taking  up  this  interesting 
subject  with  a  view  to  manufacturing  complete  installations  for 
hyelroel-ectric  power  stations. 

Plant  for  Sale.— Messrs.  G.  Elliott  &  Co.,^  186-188,  Long-lane, 
Bermoneisey,  London,  S.E.,  have  for  sale  two  compound  Marshall 
steam  engines  coupled  to  two  Crompton  dynamos,  and  also  three 
d3Tiamos.  Further  particulars  are  given  in  an  advertisement- 
Two  alternator-gas  engine  sets  (250  kw.  each),  direct  coupled,  are 
advertised  tor  sale. 

A  second-hand  Kc  Peache  high-speed  engine,  340-365  B.H.P. ,  maele 
bj'Davey.  I'axraan  &  Co.,  is  offered  for  sale  in  another  column. 

Business  for  Sale. — An  engineer's  business  in  a  southern  town  is 
offered  for  sale  by  Messrs.  Langridge  &  Freeman,  28,  Queen-street, 
London,  E.C..  and  Tunbridge  Wells. 

Electrochemical  Laboratory  Premises  Wanted. — An  advertisement, 
contains  particulars  of  the  requirements  of  consulting  engineers,  who 
wish  to  lease  or  purchase  ]iremises  for  an  electrochemical  laboratory, 
within  reach  of  cheap  electric  supply,  gas  anel  water. 

Oerlikon  Three-phase  Variable  Speed  Motors. — With  reference  to 
the  article  on  this  subject  which  appeareel  on  p.  53  of  our  last  issue, 
we  desire  to  state  that  the  London  address  of  this  company  is 
Oswaldestre  House,  Norfolk-street.  Strand.  W.C,  the  manager  and 
chief  engineer  of  the  British.  Iri.sh  and  Colonial  Department  being 
Mr.  G.  Wuthrich. 

CATALOGUES,  &c. 

Roller  Bearings. — The  Empire  Roller  Bearings  Co.  have  issued 
a  list  dealing  with  their  line  shafting  bearings,  which  are  of  a  dividcel 
pattern,  and  can  therefore,  it  is  claimed,  be  conveniently  fitted  in 
all  positions  without  it  being  necessary  to  remove  the  pulleys  or 
couplings.  By  their  use  considerable  saving  in  both  power  anel 
lubrication  are  stated  to  be  obtaini^d.  while  hot  bearings  are  entirely 
a%-oided. 

Primary  Batteries. — The  Atlas  Carbon  &  Battery  Co.  have  sent 
us  a  list  dealing  with  theii  primary  batteries  for  telegraph,  telephone 
and  similar  weirk.  The  company  claim  that  their  present  products 
are  the  result  of  25  years'  experience.  The  pamphlet  is  illu.strated 
anel  contains  many  useful  details  of  the  company's  cells. 

The  "  Sun  "  Collapsible  Sign. — It  is  impossible  to  make  a  tour 
round  the  streets  of  any  big  town  in  this  country  without  being  more 
or  less  fe)reibly  struck  with  the  numerous  electric  signs  which  are  in 
constant  emple)yment.  This  application  of  electricity  is,  of  course, 
extremely  good  for  trade  and  numerous  firms  make  a  .speciality  of 
this  class  of  we)rk.  Among  these  may  be  mentioned  the  Sun  Elec- 
trical Go.,  who  have  just  put  on  the  market  a  collapsible  sign  for 
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general  advertising  purposes.     It  is  very  light  and  portable  and  can 
be  fitted  up  into  a  very  small  space. 

.Siemens  Fluid  Galvanic  Batteries. — Wo  have  received  from 
Messrs.  Siemens  Bros.  &  Co.  a  copy  of  theii'  new  catalogue  on  fluid 
galvanic  batteries.  This  catalogue  is  a  most  comprehensive  publi- 
cation, consisting  of  some  46  pages  of  text,  profu.sely  illustrated  and 
containing  comjjlete  descriptions  of  all  the  more  generally  employed 
types  of  fluid  galvanic  cells.  The  cells  described  are  all  manu- 
factured in  the  battery  section  of  the  company's  works  at  Woolwich. 
The  catalogue  is  divided  into  three  sections.  The  first  deals  with 
the  Daniell  cell  and  its  many  modifications,  the  second  is  devoted  to 
the  cells  of  the  Leclanche  type  and  describes  all  the  best  known 
varieties  of  the  porous  pot,  agglomerate  and  "  sack  "  forms,  besides 
dealing  with  firing  batteries  and  batteries  for  field  telegraphy  and 
testing.  This  section  concludes  with  a  short  and  useful  dissertation 
on  the  best  methods  of  charging  Leclanch6  cells,  whilst  the  third 
section  deals  with  the  Bunsen,  Grove,  bichromate  and  the  com- 
pany's recently  introduced  copper-oxide  "  Neothcrm"  cell,  the 
depolariser  of  which  may  be  regenerated  by  heating  the  iron  con- 
taining vessel.  The  catalogue  concludes  with  a  list  of  materials  for 
charging  primary  cells.  Copies  of  the  publication  will  be  suj)|ilied 
on  application. 

BANKRUPTCIES,  LIQUIDATIONS.  &c. 

At  Bradford  Bankruptcy  Court  on  Wednesday  the  examinatinn 
took  place  of  Arnold  Roberts,  electrical  engineer,  of  Rawdon,  lately 
carrying  on  business  at  21,  North-parade,  Bradford,  as  Roberts  Bros.'^ 

Gross  liabilities  are  £3,100,  and  £2,431  is  expected  to  rank,  aiul 
deficiency  £1,697.  19s.  In  November,  1902,  debtor  commenced  busi- 
ness in  partnership  with  his  brother  with  about  £300  capital,  which 
was  borrowed.  Subsequently  the  partnership  was  dissolved,  and  the 
debtor  carried  on  the  business  alone. 

At  a  meeting  of  the  unsecured  creditors  of  the  Aluminium  Corpn. 
(Ltd.)  on  Tuesday,  a  scheme  of  arrangement  was  adopted.  It  was 
proposed  that  the  new  board  of  directors  should  consist  of  Messrs. 
J.  E.  Davidson,  E.  Scott,  Stennett,  Manville  and  Pentland. 

A  receiving  order  has  been  made  against  Middletcn  &  Co.,  elec- 
tricians, 11a,  King-street,  Dover. 

A  meeting  of  creditors  of  the  Eastern  Electrical  Synd.,  Ltd.  (in 
liq.),  will  be  held  at  1,  Broad-street-place,  London.  E.C.,  on  May  10. 

A  meeting  will  be  held  on  May  24  at  1.  Queen  Victoria-streets 
London,  E.G.,  to  receive  an  account  of  the  winding  up  of  the  Burmah 
Tramways  Construction  Co.  (Ltd.) 


PATENT  RECORD. 

APPLICATIONS  FOR  PATENTS. 

Note.' — The  tmdermenlioned  Applications  (except  those  marked  f )  are  not 
open  to  public  inspection  iinlil  after  acceptance  of  Complete  Specifications. 
Those  marked  f  are  open  for  inspection  12  months  after  the  date  attached 
to  them.,  if  they  have  not  been  published  previously  in  the  ordinary  course. 
Names  within  parentheses  are  those  of  communicators  of  inventions.  When 
complete  Specification  accompanies  application,  an  asterisk  is  affixed. 

January  1,  1909. 
'         3  Walter.     Wireless  telegraphy. 

16  Taylor.     Dynamo  electric  machines. 

18  Moakler.     Trolley  arms. 

60  Leitnee.     Automatic  electric  switches. 

63  Fessenden.     Electric   transmission   of   energy   witho\it    wires. 

(Date  applied  for,  31/3/08.)*t 
72  BoECKEL,  Gritnberg,  Krukovski  &  Luxembourg.     Dynamo- 
electric  machines.     (Date  applied  for,  24/9/08.     Comprised  in 
application  No.  20,098,  dated  24/0/08.) 
78  Dey.     Controlling  electric  motors.* 

January  2,  1909. 
92  Allqemeine    Elektrkitats    Gesellschaft.     Electric    trans- 
formers.    (Date  applied  for,  2/1/08. )*t 
103  Siemens  Bros.  &  Co.     (Siemens  &  Halske  Akt.-Ges.,  Germany.) 

Indicating  faulty  leads  in  telephone  exchanges.* 
129  Ericker  &  MoBDEY.     Alternate  current  meters. 

January  4,   1909. 
142  HiEST  &  Wolfram  (Tungsten)  Metal  Filament  Lamps.    Elec- 
tric incandescent  metal  filament  lamps. 
172  Shephard.     Electro-magnetic  contrivances  for  operating  light 

mechanism. 
185  Marconi's   Wireless  Telegraph  Co.   &   Round.     Measuring 
the  decrement  of  eleetro-mignetic  oscillations. 

194  Drysd^u.e.     Combined  electric  adaptor  and  wall  plug. 

195  Bell.     Electrical  ignition  for  internal  combustion  engines, 

218  Walton.     Filaments  for  incande.scent  electric  lamps. 

219  HooKHAM.     Electrical  conductors. 

January  5,   1909. 
259  Ridings.    Arc  lamps. 
272  Sanderson.    Make-and-break  devices  for  electrical  purposes.* 


275  Orlino,  Oldenoourc  &  SpiEOELBERrj.  Detecting  and  record- 
ing electric  imjjvdses.     (Date  apjilicd  for,  0/1/08. )*t 

282  CooLIDGE.  Refractory  electric  conductors.  (Date  a]ij)llcti  for. 
23/9/08.)*t 

285  Bingham.     Elcclrie  furnace.,. 

January  (i,   lOUll. 

287  Plumb.  Starting  and  controlling  apparatus  for  electric  molor.-i 
and  machines. 

299  McClelland.     Locking  electric  lamps  in  their  holders. 

318  Marks.     (Chicago  Coil  Co.,  U.S.)     Induction  coils  for  ignition 

and  other  purposes.* 

319  Rogers,  Brecknell  &  Munro  &  Rogers.     Electric  signals  for 

tramways,  railways  and  the  like.* 
331  Siemens  Bros.  Dynamo  Woeks  &  Schupp.     Starting  switches 

for  alternating-current  electric  motors.* 
334  Bernhaed.     Coin-freed  apparatus. 
341   BowLEY.     Armouring  insulated  electrical  conductors 
345  B.T.H.  Co.      (G.E.  Co.,  U.S.)     Regulating  device  for  systenw 

of  electrical  distribution.* 
355  Bawdon.     Telegraph  receivers.* 

January  7,   1909. 
350  Pottee.     Filaments  fur  incandescent  electric  lamps  and  heating 

purposes. 
[373  Rawt.inos.     Tumbler  switch. 
,393  Pottee.     Electric  filament  lamps. 

403  Hardingham.     (Hartmann     &     Braun     Act.-Gcs.,     Germany.) 

Producing  alternating-electric  currents  for  exciting  resonance 
apparatus. 

404  KuNKEL.     Dynamo  -  electric     machines.     (Date     applied     for, 

10/l/08.)*t 
416  MoEEis  &  Lister.     Regulation  of  electric  alternators. 
425  GlEARD.     Electric  lamps.     (Addition  to  No.  21,670/08.) 
430  SuTER.     Fittings  for  electric  incandescent  lamps. 
432  SuTER.     Holders  for  electric  incandescent  lamps. 
442  Craven,  jun.     Regulating  or  maintaining  a  constant  voltage  in 

the  circuits  of  electric  lighting  or  heating. 
466  B.T.-H.   Co.     (G.E.   Co.,   U.S.)     Inductive  disturbances  due  to 

electric  traction  systems. 

January  8,  1909. 
534  Vandervell.     Combined  magneto  and  coil  sparking  mcchanis"'- 

550  B.T.-H.   Co.     (G.E.   Co.,   U.S.)     Control  of  alternating-current 

electric  motors. 

551  B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Electric  motor  controllers. 

January  9,  1909. 

571   BoxfoeD.     Cable  clip  for  insulators  and  the  like. 

580  Siemens-Schuckertweeke,  G.m.b.H.  Electrical  resistance  coils 
of  covered  wire.     (Date  applied  for,  9/1/08. )*t 

590  Marchal.  Continuous  current  electrical  machines.  (Date 
applied  for,  15/2/08.  Comprised  in  No.  3,494/08,  dated 
15/2/08.) 

604  Nicholson.     Telephone  circuits. 

January  11,  1900. 

636  ZiPPLlES.  Electric  current  counters  or  meters.  (Date  applied 
for,  18/l/08.)*t 

667  Meszaros.     Metal  filament  lamps. 

687  Feey.     Electricity  meters.* 

693  Walker.     Dynamo-electric  maclunes. 

^694  B.T.-H.  Co.  "(A-E-G.,  Germany.)  Alternating  current  dynamo- 
electric  apparatus.     (Addition  to  No.  23,288/02.)* 

695  Green  &  Daimler  Motor  Co.     Electrically-operated  clutches.* 

700  Dickson.     Holders  for  electric  lamps. 

SPECIFICATIONS  PUBLISHED. 

1907  Specification. 
22,581  Taylor.     Electric    battery    sub-stations   fed   from    alternating 
current  systems  Cognate.     (Applications,  26,381/07  and  1,734/ 
08.) 
26,744  FeLten  &  Gcilleaume  Lahmeyerwerke  Akt.-Ges.     Direct- 
current  machines.     (Date  applied  for,  26/11/06.) 
26,762  ScHAFFER.     Transforming  machine  for  operating  arc  lamps  and 
incandescent  lamp  circuits  of  low  voltage.     (Date  ajiplied  for. 
3/12/06.) 
26,829  AwALOw.     Electrolytical  refining  of  copper. 
1908  Specifications. 
340  BoULT.     (Woodbridge.)     Electrical  distribution. 
1,005  Lake.     (Clare.)     Secondary  or  storage  batteries. 
1.240  GriLLOT.     Suspension   devices   for  electric   conductors.     (Date 

applied  for,  10/10/07.) 
1,470  B.T.-H.  Co.     (G.E.  Co.,  U.S.)         Electric  furnaces. 
1,559  .Spence.     Electric  power  transmission  systems. 
1,848  Schiessi.er.     Alternative  wireless  telegraphy  and  telephony. 
1,959  Beaumont.     Coin-freed  or  prepayment  meters. 
2,175  Kennedy-McGbegor  &  Mouxtfobo.     Electric  switches. 
2.206  Amaloam.^ted  Radio-Teleoeaph  Co.     Radio-telegraphy.  (Date 
applied  for,  31/1/07.) 

2.244  B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Djmamo-electrie  machines. 

2.245  Cleiren.     Electrical  transmission  of  power.     (Date  applied  for, 

10/10/07.) 
2,295  Tavlor.     Starting  devices  for  electric  motors. 
2.707  Howard.     Incandescent  electric  lannw. 
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4.fi83 
4,883 
5.040 

5.078 

a.ini 

5.829 
6,331 
7,014 
7.434 


Van  Raden  &  Co.  &  Metz.     Eleotiic  accumulators. 

Va.v  Rade.n  &  Co.,  Robinson  &  Hetz.     Electrodes  for  secondary 

batteries   and   manufacture   of  the  .same.      (.Addition   to   No. 

21.719/Oa) 
RiDinvAY.  RiDOWAY  &  Brunt.  Electrical  terminal  connections. 
Battv  &  Batty.     Lkjuid  magnetic  compasses. 
PiANC'HON.     Metallic  filaments  or  rods  for  electric  incandescent 

lamp^.     (Date  applied  for.  9/11/07.) 
nKEENWODD.     Electric  lamps  for  motor  cycles  and  the  like. 
B.T.-H.  Co.     (O.E.  Co.,  U..S.)     Electric  motor  controllers. 
Jones.     Arc  lamps. 

Browne  &  Bayhss.     Metallic  conduits. 
Zahringer.     .Magneto-electric  ignition  apparatus. 
B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Electric  traction  and  like  systems. 


COMPANIES'  MEETINGS  AND  REPORTS. 


Indo-European  Telegraph  Co.  (Ltd.) 

The  forty-second  ordinary  general  meeting  wa.s  held  on  Tuesday,  under 
th?  presidency  of  Mr.  .1.  Herbert  Tritton. 

The  SECRET.ARY  (Mr.  John  I.  Bethell)  read  the  notice  calling  the 
meeting. 

The  CH.-\IRM.\X  said  :  The  first  paragraph  in  the  report  informs 
the  shareholders  that  the  Directors  have  been  successful  in  obtaining  an 
extension  of  the  Company's  Persian  Concession  for  a  further  period  of  20 
years,  that  is,  up  to  January,  1945.  The  condition  of  affairs  in  Persia 
for  the  last  two  years  has  been  very  unsettled,  and  the  Company,  in  com- 
mon with  all  those  having  interests  in  that  country,  can  only  deplore  the 
existing  state  of  unrest,  which  is  so  prejudicial  to  the  prosperity  of  that 
coimtry  and  to  those  interested  in  her  welfare.  Great,  however,  as  the 
danger  has  been  to  which  the  Company's  business  ha-s  been  exposed,  it 
has  always  been  our  fixed  policy  to  avoid  any  intrusion  of  any  kind  into 
the  politics  of  the  country,  and  only  by  working  in  a  conciliatory  spirit 
with  all  parties  have  we  obtained  the  practical  freedom  from  interrup- 
tion necessary  to  enable  us  to  deal  with  our  important  international 
traffic.  How  successful  your  Directors  have  been  in  securing  the  good- 
will of  all  parties  in  Persia  is  evidenced  by  the  fact  that  in  Tauris,  which 
has  been  in  the  hands  of  the  Nationalist  party  for  over  nine  months,  we 
have  enjoyed  perfect  immunity  at  the  hands  of  that  party,  whilst  the 
extension  of  the  Concession  referred  to  is  good  evidence  that  we  retain 
the  confidence  of  the  Government  of  His  Imperial  Majesty  the  Shah. 
True,  our  lines  were  interrupted  near  Tauris  for  a  fortnight,  but  this  was 
due  rather  to  the  difficulty  of  conveying  instructions  from  the  Central 
Government  to  the  local  commander  concerned.  The  Directors  cannot 
leave  this  subject  'without  refening  to  the  services  of  the  staff  in  Persia. 
.\gain  and  again  they  have,  particularly  in  Tauris,  risked  their  lives  in 
the  protection  of  the  Company's  interests  and  property,  and  have  shown 
a  devotion  to  duty  of  which  the  shareholders  may  well  be  proud.  The 
International  Telegraph  Conference  was  opened  at  Lisbon  on  May  4, 
1903.  The  reductions  of  tariffs  concerning  this  Company  are  unimpor- 
tant, .and  affect  only  the  Anglo-Russian  and  Anglo-Turkish  tariffs  by  our 
r.iute.  The  Conference  got  through  much  useful  work  in  the  consolida- 
tion of  the  Service  Regulation.s,  and  an  earnest  endeavour  was  made  to 
grapple  with  the  ever-increasing  difficulties  of  the  so-called  pronounce- 
able-combination code  problem.  Repetitions,  which  are  necessitated 
often  by  the  mistransmission  of  a  single  letter,  continue  in  undiminished 
number,  and,  by  occupying  the  lines,  defeat  the  endeavour  of  the  Com- 
jiany  to  meet  the  ever-present  wish  both  fif  the  Company  and  of  the 
public  for  increased  speed  in  tr.ansmission.  Even  the  merchants  them- 
selves are  now  beginning  to  realise  that  by  their  very  complexity  these 
codes  are  defeating  their  own  object.  However  this  may  be,  a  general 
feeling  was  evinced  at  the  Conference  that  the  limit  of  concessions  in  this 
flirection  had  been  reached,  and  that,  in  future,  the  regukations  governing 
the  formation  of  these  codes  would  have  to  be  more  strictly  enforced. 
In  this  connection  a  Ccjmmittee  of  the  (Jovernments  concerned  will  sit 
for  the  purpose  of  examining  and  reporting  upon  any  pronounceable- 
combination  code  which  may  be  submitted  by  merchants  for  that  pur- 
pose. The  resulting  iminimilur  in  the  case  of  a  code  found  to  comply 
with  the  regulations  will  be  a  complete  protection  to  merchants  in  the 
event  of  challenge  of  any  of  the  words  of  which  it  may  be  composed. 
The  year  1!K)8  will  always  be  a  most  memorable  one  in  the  history  of 
this  Company  as  that  in  which  daily  direct  Wlieatstone  working  between 
London  and  Karachi  was  perfected,  thereby  doing  awivy  with  all  re- 
transmissions between  England  and  India,  over  a  line  .'5,900  miles  in 
length,  to  the  very  great  gain  of  our  customers  both  in  speed  and  in 
accuracy  of  transmission.  The  necessity  of  working  through  the  Persian 
(iulf  cables  has  hitherto  been  an  obstacle,  .as  a  composite  line  of  cables 
and  land-lines  does  not  lend  itself  readily  to  through  working.  This 
difficulty  was,  however,  recently  removed  by  the  com|)letion  by  the 
Indo-European  Telegraph  Department  of  a  land-line  from  Teheran  to 
Karachi  through  Central  Persia  and  Baluchistan.  The  system  employed 
is  the  result  of  year.s^of  patient  work  and  experiment  on  the  London- 
Teheran  section  by  our  m.anaging  Director,  Mr.  T.  W.  Stratford-.Andrews, 
to  whosf!  able  minagement  and  te-hnical  ability  wc  all  owe  so  much. 
Our  Ix-st  thanks  ar.»  also  mo.it  certainly  due  to  Mr.  H.  A.  Kirk,  Director- 
in-Cbief  of  the  Indo-European  Telegraph  Department,  which  works  the 
section  from  Teheran  to  Karachi.  In  connection  with  the  inauguration 
of  the  direct  working  London-Karachi,  wc  held  an  interesting  little 


siancc  in  the  instrument  room  of  our  London  Central  Station,  at  which 
the  juincipal  organs  of  the  Press  were  represented.  Telegrams  were 
exchanged  direct  with  Bombay,  Madras,  Calcutta  and  far-off  Rangoon, 
distant  7,700  miles,  with  results  that  showed  conclusively  that  Karachi 
is  by  no  means  the  limit  of  direct  working  as  introduced  by  Mr.  Stratford- 
Andrews.  The  experience  derived  from  the  duplex  experiments  con- 
ducted during  the  year  is  now  maturing,  and  the  Directors  hope  shortly 
to  be  able  to  enlist  this  important  adjunct  also  to  the  carrying  capacity 
of  the  line.  In  spite  of  the  trying  nature  of  the  work  imposed  upon  our 
instrument  clerks  by  the  handling  of  pronoimccable-combination  codes 
in  tiansraission,  the  Directors  are  pleased  to  be  able  to  report  that  the 
percentage  of  error  for  the  year  has  further  decreased  from  0-044  for 
1907  to  0-040  for  1903 — a  gratifying  figure.  Turning  to  the  accounts 
the  revenue  from  message  receipts  and  other  sources,  as  shown  in  the 
revenue  account,  shows  a  slight  decrease  of  £3,741  on  the  last  year's 
figure,  which,  however,  was  an  unusually  high  one.  The  combined 
commercial  and  maintenance  expenses  show  an  increase  of  £2,680.  The 
salary  scale  has  often  to  be  adjusted  to  meet  variations  in  the  cost  of 
living  in  the  countries  where  our  clerks  are  stationed,  and  the  principal 
increase  is  under  this  heading.  The  balance-sheet  shows  considerable 
variatiim  in  two  items  when  compared  with  l^ist  year,  sundry  debtoi-s 
having  increased  by  about  £57,000  and  unappropriated  investments 
having  decreased  by  about  £35,000.  These  changes  are  in  connection 
with  an  adviince  which  it  was  at  once  politic  and  profitable  for  the  Com- 
pany to  make,  and  which  forms  an  investment  of  an  unimpeachable 
character.  The  Duectors  consider  it  advisable,  in  view  of  the  serious 
conditions  which  have  been  prevalent  in  Per.-ia  for  so  many  months,  to 
set  aside  £5,000  to  meet  the  exceptionally  heavy  repairs  to  the  Company's 
lines  which  will  doubtless  be  found  necessary,  and  which  would  unduly 
swell  the  maintenance  account  for  the  coming  year.  They  also  propose 
to  hand  over  to  the  trustees  of  the  retirement  fund  a  further  sum  of 
£5,000.  The  Directors  propose  the  usual  final  dividend,  which  absorbs 
£14,875,  and  bonus  of  20s.  per  share,  which  accounts  for  a  further 
£17,000,  and  have  again  decided  to  recommend  a  special  distribution 
from  interest  upon  investments,  of  15s.  per  share,  free  of  tax  in  e.ich 
case.  I  now  move  the  adoption  of  the  report  and  accounts,  and  the 
declaration  of  the  dividend,  bonus  and  special  distributions  therein 
set  out. 

Sir  WILLIAM  R.  BROOKE,  K.C.I.E.,  seconded  the  motion. 

Mr.  G.  VON  CHALTVIN  moved  that  to  the  resolution  put  by  tlie 
Chairman  iin  addendum  b3  made,  and  said:  The  first  and  foremost  neces- 
sity of  every  undertaking  which  has  to  deal  with  teclmical  matters,  be  it  a 
telegraph,  a  railroad  or  a  steamship  line,  is  that  the  material]  should  be 
excellent.  It  is  not  always  that,  in  the  early  stages  of  an  undertaking, 
those  who  are  resjjonsible  for  its  management,  and  have  to  answer  to  the 
shareholders,  are  ready  to  spend  considerable  sums  of  money  upon 
what,  after  all,  is  the  real  investment  of  the  -Company's  property 
— that  is,  a  telegraph  line  in  excellent  condition  ;  but  we  have  bee  n 
fortunate  in  having  had  at  the  head  of  affairs  in  this  Company  gentlemen 
who  understand  that  first  postulate  of  successful  technical  management 
— namely,  that  your  material  in  the  first  case  and  that  your  mainten- 
ance afterwards  must  be  excellent.  The  proof  of  what  can  be  done  by 
a  well-managed  line  from  the  technical  point  of  view-  is  what  the  Chairman 
has  just  told  us — namely,  what  has  been  done  in  telegraphing  from 
London'to  Karachi.  That  is  a  performance  which  perhaps  10  or  12  years 
ago  would  have  been  looked  upon  as  an  impossibility.  It  is  a  perform- 
ance which  does  honour  to  the  Company,  and  is  of  benefit  to  its  clients 
and  customers.  The  excellent  technical  management  of  this  CompiiHy 
has  been  accompanied  by  a  wise  finaui-ial  management,  and  you  have 
had  the  satisfaction,  not  only  of  knowing  that  you  were  serving  your 
patrons  in  anexcellentmanner,:butalso  (■f  fceliug  that  there  was  something 
out  of  that  service  which  rested  in  your  own  packets.  There  is  a  third 
point,  of  equal  importance,  which  we  must  not  overlook.  In  the  nature 
of  things  your  line  passes  through  a  number  of  different  countries — and 
big,  important  countries.  Political  conditions  between  neighbouring 
ccnmtries  are  not  alwiiys  of  a  nature  to  foster  tlu-  ]inigres8  of  a  line  which 
travels  through  all  of  them.  There  must  from  tinu-  to  time  be  difficulties, 
frictions  and  jealousies,  and  it  speaks  volumes  for  the  tact,  judgment  and 
sagacity  of  the  Directors  that  not  only  has  this  line  managed,  through 
the  various  phases  of  the  political  evolutions  in  Europe,  to  hold  its  own, 
but  it  must  evidently  have  been  able  to  ingratiate  itself  sufficiently  with 
all  those  Governments  the  territories  of  which  are  traversed  by  the  lino 
for  them  to  extend  their  concessions,  and  extend  to  the  Company,  there- 
fore, the  invitation  to  remain  there  for  a  long  time  to  c<mic  (hear,  hear). 
The  Chairman  has  referred  in  a  generous  s])irit,  which  I  am  quite  sure  we 
all  share,  to  the  excellent  services  of  the  staff,  and  I  have  no  doubt  the 
thanks  of  the  shareholders  arc  fully  due  to  the  devotion  to  duty  and  to 
the  pertinacity  and  ]ilnck  of  the  men  who  over  this  long  stretch  of  lino 
have  been  upholding  the  banner  of  the  Indo-European  Telegraph  Co, 
The  best  augury  for  the  future  of  this  Comjiany  is  that  there  is  no 
slackness  in  its  management.  Wc  have  had  proof  of  this.  I  am  pro- 
posing that  you  should  vote  to  your  Directors,  as  a  proof  of  your  appre- 
ciation, a  substantial  s\im  of  money.  If  that  sum  were  compared  with 
the  totality  of  the  profits  whi<h  have  been  paid  away  by  this  Company 
during  the  prosperous  portion  of  its  career,  which  set  in  about  three  or 
four  years  after  the  beginning,  the  percentage  f>f  it  w-ould  be  ludic- 
rously small.  I  now  move  that  a  special  sum  of  £3,000  be  voted  to  the 
Directors  in  recognition  of  their  past  services  to  the  Company,  to  bo 
divided  among  them  in  such  manner  as  they  may  determine. 

.Mr.  STEVENS  :  I  rise  with  singular  pleasure  to  second  the  i-esolution. 

The  CH.-VIRM.AN  invited  discussion,  but  no  shareholder  rising  to 
address  the  meeting,  he  put  the  resolution,  and_also  as  a  rider  the  resolu- 
tion proposed   by  Mr.  von  Cliauvin  and  s?eonded  by  Mr.  Stevens.      This 
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was  carried  unanimously.  Continuing,  he  said  :  Tlie  Diiectors  liavL'  :i 
double,  or,  I  might  say,  a  multiple.  j)leasuro  in  expressing  their  thanks 
to  the  shareholders  for  the  vote  which  has  now  been  accorded  to  thom.  If 
anything  were  necessary — and  nothing  is  necessary,  I  verily  believe — 
to  increase  the  devotion  with  which  they  endeavour  to  manage  your 
affairs,  this  would  have  given  the  requisite  fillip. 

The  retiring  Directors,  the  Right  Hon.  Sir  Francis  Mowatt,  G.C'.B.. 
and  Sir  W.  R.  Brooke,  K.C'.I.E.,  were  then  reelected,  as  were  the  retiring 
auditors,  and  a  vote  of  thanks  to  the  Chairman,  Directors  and  staff  ter- 
minated the  proceedings. 

AUCKLAND  ELECTRIC  TRAMWAYS  CO.  (LTD.)  -Tlie  total  revenue  for 
1908  wa.s  £165,655,  and  the  tratiic  receipts  (£163,848)  show  an  increase 
of  £26,129.  After  deducting  expenses,  including  £15,718  for  deben- 
ture and  other  interest,  the  rental  and  percentage  of  profits  payaljle 
to  Auckland  City  Council  (£3,771)  and  setting  aside  £12,500  as  depre- 
ciation, the  surplus  is  £32,753,  m.aking,  with  £2,165  brought  forward, 
£34,920.  The  directors  have  placed  £10,000  to  reserve,  and  after 
payment  of  the  years  dividend  on  the  jireference  shares  (£3,000)  they 
recommend  a  dividend  of  6  per|cent.  per  annum  on  the  ordinary  shares, 
£3,920  being  carried  forward. 

BABOOCK  &  WILCOX  (LTD.)— At  the  meeting  on  Friday  last  the 
chairman  (Mr.  .Tohnl)ewranoe)'said  the  year  under  review  had  been  an 
anxious  one  and  business  had  shown  signs  of  deteriorating.  The  im- 
mediate future  also  did  not  seem  particularly  bright.  The  net  profit 
was  £301,614,  which,  with  £38,664  forward,  made  £340,278.  It  was 
proposed  to  pay  a  dividend  of  8  per  cent,  and  a  bonus  of  4  per  cent. 
on  the  ordinary  shares,  to  place  £100,000  to  reserve,  £25,000  to  the 
dividend  equalisation  fund,  and  to  carry  forward  £43,278.  Answering 
a  question  as  to  the  reserve,  Mr.  Dewrance  said  it  was  wi.se  for  an  in- 
dustrial company  to  look  forward  to  a  possible  rainy  day  and  provide 
against  it.  An  enormous  advantage  accrued  to  the  company  from 
having  a  large  reserve  fund. 

BRISBANE  ELECTRIC  TRAMWAYS  &  INVESTMENT  CO.  (LTD.)— Mr. 
Henry  R.  Beeton  stated  at  the  meeting  on  Wednesday  that  the  Bris- 
bane Tramways  Co.,  of  which  they  held  all  the  shares,  after  placing 
£18,000  to  its  renewals  fund,  had  paid  in  dividend  £65,000,  against 
£57,000  for  1£07.  The  growth  of  the  traffic  was  remarkable.  During 
the  past  year  the  passengers  carried  amounted  to  more  than  two  hun- 
dred times  the  whole  population  of  Brisbane  and  suburbs,  represent- 
ing an  increase  of  12  per  cent,  compared  with  1907,  and  as  the  car- 
miieage  ran  only  increased  1  per  cent.,  the  gross  receipts  per  car-mile 
increased  from  ll-40d.  to  12'66d. 

CHI8WICK  ELECTRICITY  SUPPLY  CORPN.  (LTD.)— The  directors' 
report  states  that  the  undertakings  at  Chiswick  and  Aberystwith  con- 
tinue to  make  progress,  the  number  of  consumers  at  the  end  of  the 
year  having  reached  1,705,  compared  with  1,574  at  the  end  of  1907. 
During  the  year  £3,318  was  expended  for  machinery,  mains,  free 
wiring,  &c.  The  total  number  of  lamps,  motors,  &c.,  connected  to  the 
mains  at  Chiswick  and  Aberystwyth  was  equiva'ent  to  70,285  32  watt 
Iami)3.  The  profit  was  £6,834.  8s.  9d.  Interest  required  £2,760.  14s.  6d., 
leaving  £4,073.  14s.  3d.  The  results  of  the  year  s  working  will  enable 
a  dividend  to  be  paid  on  the  ordinary  shares  of  6  per  cent,  (the  same 
as  for  1907). 

CITY  OF  BIRMINGHAM  TRAMWAYS  CO.  (LTD.)— After  providing 
£12,000  for  interest  on  debentures  and  £12,083.  6s.  8d.  for  the 
dividend  on  the  preference  shares  and  deducting  £2,104.  14s.,  being 
interim  dividend  at  rate  of  5  per  cent,  per  annum  paid  on  the 
ordinary  shares  for  the  half-year  ended  June  30,  1908,  there  remains 
£34,873.  2s.  3d.  The  directors  recommend  payment  of  a  dividend  on 
the  ordinary  shares  at  the  rate  of  5  per  cent,  per  annum  for  the  six 
monthsended  Dec.  31  last,  together  with  a  bonus  of  5  per  cent,  (making 
10  percent,  for  1908),  and  to  transfer  £28,659.  Os.  3d.  to  reserve.  The 
traffic  receipts  show  a  reduction  of  £2,213  compared  with  1907,  while 
the  receipts  from  advertising  and  interest  on  investments  show  an  in- 
crease of  £1,158.  The  decrease  in  traffic  receipts  is  mainly  due  to  the 
competition  of  the  Birmingham  Corporation  tramways.  A  reduction 
of  £5,871  has  been  effected  in  the  operating  expenses  and  in  cost  of 
maintenance  of  tramways  and  payments  to  local  authorities.  The 
Board  of  Trade  have  appointed  an  arbitrator  to  settle  the  price  to  be 
paid  for  the  track,  rolling  stock  and  depot  of  that  portion  of  the  cable 
tramway  in  Handsworth.  An  agreement  with  Aston  Corporation  has 
been  arri\ed  at  to  settle  certain  outstanding  matters,  and  an  agree- 
ment was  entered  into  during  the  year  with  Yardley  Council  to  sell  to 
the  Council  the  plant  at  Yardley  power  station,  but  completion  of  the 
purchase  has  not  taken  place.  In  view  of  the  excessive  cost  of  main- 
tenance of  the  Bristol-road  permanent  way  charged  by  Birmingham 
Corporation,  an  agreement  has  been  entered  into  with  the  Corporation 
to  reconstruct  a  portion  of  the  Bristol-road  tramway  on  the  basis  of 
the  company  paying  a  fixed  percentage  per  aniunn  on  the  cost  of  the 
work  until  the  expiration  of  the  lease  in  .Tune,  1911.  Considerable 
difficulty  was  found  in  disposing  of  the  motor  omnibuses  of  the  Bir- 
mingham *  Midland  Omnibus  Co.  after  they  had  been  withdrawn  from 
service,  and  the  prices  realised  were  very  unsatisfactory. 

COVENTRY  ELECTRIC  TRAMWAYS  (LTD.)— At  the  meeting  yesterday 
tV.e  directors  rejjorted  that  the  gross  earnings  weie  £28,332  an<l  the 
cost  of  operation  £19,201.  The  net  profit  tafter  providing  £2,637  for 
interest)  was  £6,494,  £6,607  was  available  and  the  directors  recom- 
mended that  £2,000  be  placed  to  reserve  for  depreciation,  and  that  3i 
per  cent,  dividend  be  declared. 

DUDLEY,  STOURBRIDGE  &  DISTRICT  ELECTRIC  TRACTION  CO.  (LTD.) 
At  the  meeting  yesterday  it  was  reported  that  the  gross  receipts  for 
1908  were  £43,871.   5s.  7d.     Deducting  expenses  (including   repairs 


and  maniten.ince)  and  placing  £1,0C0  to  renewals,  there  remained 
£10,188.  2s.  lid.  Deducting  preference  dividend  anil  adding 
£946.  16s.  6d.  brought  forward,  £6,136.  19s.  5d.  remained  for  alloca- 
tion. The  directors  recommended  that  £1,000  be  placed  to  sinking 
fund,  £1,000  to  depreciation  and  reserve,  and  a  dividend  of  4  per  cent, 
on  the  ordinary  shares  (£4,000s  leaving  £137  to  be  carried  forward. 
The  number  of  p.assengers  carried  was  7,649,693,  compared  with 
8,333,032,  and  the  average  receipts  per  passenger  worked  out  l-35d., 
against  l-32d.  The  proportion  of  expenses  to  receip'  s  was  65  per  cent., 
against  61  per  cent.,  and  the  number  of  cars  in  s'oc'c  59,  same  as  in 
1907. 

MELBOURNE  ELECTRIC  SUPPLY  CO.  (LTD.)— At  the  meeting  on  Monday 
Mr.  .7.  B.  Braithwaitc  said  that  the  energies  of  the  directors  had,  in  the 
main,  been  expended  during  the  past  year  in  endeavouring  to  arrange  a 
scheme  to  provide  the  necessary  capital  for  paying  off  the  floating  debt 
and  placing  the  company  in  a  sound  financial  position.  They  had  suc- 
ceeded in  raising  the  necessary  funds  and  in  providing  additional  capital 
for  the  development  of  the  Melbourne  and  Geelong  undertakings.  With 
regard  to  the  new  generating  plant  at  Melbourne,  the  turbine  machinery 
was  working  extremely  well,  and  their  engineer  said  that  the  economy 
in  water  alone  was  sufficient  to  provide  5  per  cent,  on  the  capital  invested 
in  the  turbine,  apart  from  other  economies  effected  in  generating,  &c. 
During  the  first  six  months  of  the  current  year  there  was  an  increase  in 
jncifits  on  the  Melbourne  undertaking  of  iE3,000.  At  meetings  of  the 
debenture  stock  holders  and  the  preference  and  ordinary  shareholders 
resolutions  were  carried  agreeing  to  the  company  issuing  a  further 
£100,000  .5  per  cent,  first  mortgage  debenture  stock. 

MERTHYR  ELECTRIC  TRACTION  &  LIGHTING  CO.  (LTD.)— In  mo\ing 
the  adoption  of  the  report  (given  in  our  last  issue)  Mr.  W.  L.  Madgen 
stated,  on  Tuesday,  that  the  directors  were  negotiating  with  Merthyr 
Council  to  extend  tlie  mains  to  Troedyrhiw  Merthyr  Valley  and  Tre- 
harris.  The  actual  expenditure  on  the  combined  undertakings  was 
£1,513.  They  had  been  compelled  to  make  another  application  to  the 
Board  of  Trade  for  an  extension  of  time  to  construct  the  Cefn  line,  but 
it  was  understood  the  bridge  across  the  river  would  be  proceeded  with 
this  summer. 

NORTH  OF  SCOTLAND  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.) -The  re- 
port for  1908  states  that  the  equivalent  of  20,296  8  c.p.  lamps  is  con- 
nected at  Montrose  (against  19,308  in  1907),  17,071  8  c.p.  at  Brechin 
(against  16,399)  and  18,106  8  c.p.  at  Inverness  (ag.ainst  14,655),  total 
55,473  8  c.p.  The  gross  profit  (after  deducting  debit  balancei  is 
£3,168,  and  after  paying  interest,  &c.  (£1,601)  and  writing  oBf  £640  for 
loss  on  free  wiring  and  motors  dismantled  and  depreciation  of  wiring 
stocks,  (Src,  the  net  profit  was  £925. 

ORIENTAL  TELEPHONE  &  ELECTRIC  CO.  (LTD.)— Mr.  Ackeis  stated  at 
the  meeting  on  Wednesday  that  they  were  able  to  pay  the  same  di^ndend 
as  last  year  (8  per  cent.),  which,  even  in  prosperous  times,  was  a  hand- 
some one.  They  were  carrying  forward  over  £5,000.  As  trade  was 
gradually  improving  in  all  those  countries  with  which  they  had  business 
relations,  they  looked  forward  to  still  better  results  in  the  present  year. 
Egypt  led  the  increases,  but  next  to  it  came  Calcutta,  which  had  shown 
an  unwonted  activity,  the  additions  to  the  number  of  subscribers  con- 
tinuing uninterruptedly.  One  of  the  drawbacks  to  more  extensive 
development  of  telephone  enterprise  in  India  was  that  the  Government 
provided  th:  ir  own  telephone  service,  which  was  on  a  large  scale.  In 
several  instances  they  had  obtained  authority  to  introduce  a  telephone 
service  in  other  centres  in  India  and  Burmah — such  asBangalore,  Madura, 
Mandalay,  &c. — but  without  the  support  of  Government  lines  and  their 
subscriptions  they  found  the  number  of  subscribers  among  the  public 
was  not  sufficient  to  justify  them  in  installing  and  maintaining  telephone 
exchanges.  The  Bengal  Co.  was  in  negotiation  with  both  the  Govern- 
ment and  the  commercial  communities  of  the  newly-created  Eastern 
Bengal  Province,  the  chief  seat  of  which  was  Dacca,  and  a  new  field  for 
tele))hone  enterprise  would  probably  be  open  there  shortly.  There  was 
every  indication  of  a  revival  in  their  other  telephone  exchanges  at  Madra.s, 
Rangoon,  Smgapore  and  Bombay.  The  China  &  Japan  Telephone  Co. 
had  full  employment  for  all  the  capital  they  coidd  spare,  both  in  Hong 
Kong  and  Kowloon,  and  when  the  Kowloon-Canton  Railway  was  finished 
they  might  expect  that  company  to  extend  their  sphere  of  activity  con- 
siderably in  the  direction  of,  and  probably  to.  Canton  itself.  In  Mauritius 
they  were  now  lu'ijiitiating  with  the  Government  for  a  concossion  to 
provide  the  whole  island  with  a  service,  instead  of  Port  Louis  alone,  as 
hcretof.irc. 

PEARSON  FIRE  ALARM  (LTD.)— At  the  meeting  on  Wednesday,  Mr. 
A.  D.  Fairbairn  stated  that  the  turnover  was  ni-arly  double  what  it  was 
last  year,  and  the  profit  also  showcil  an  increase  of  fSSi).  During  the 
year  arrangements  were  made  for  further  concentrating  the  business, 
and  when  those  were  completed  a  further  reduction  of  expenses  would  be 
effected.  Rentals  on  installations  showed  a  satisfactory  increase,  and 
now  amounted  to  over  £3.2(11)  per  annuni.  The  branch  for  the  sale  of 
fire  appli.ances  (started  last  year)  resulted  in  sales  to  the  extent  of  £1,021. 
The  tariff'  and  several  of  the  non-tariff  lire  offices  had  recognised  tl.e 
merits  of  their  system  by  granting  rebates  to  insurers. 

SOUTH    STAFFORDSHIRE  TRAMWAYS   (LESSEE)  CO.   (LTD.)— It     was 

reported  at  the  nicctiuL;'  yesterday  that  tlic  total  revenue  for  lilOS  was 
£48,(187.  10s.  ayainst  i'4il,'7Sii.  I'.ls^  Id.  in  IIKIT.  The  expenses  ammmted 
to  £48,048.  Os.  lid.  The  profit  was  £:«!.  Its.  Id.,  added  to  £4117.  Is.  4d. 
brought  forward,  which  was  carried  forward.  The  capital  expenditui'e 
during  the  year  in  respect  of  the  reconstruction  of  the  tramways  in  Tipton, 
Darlastftn  and  Wednesbury  was  £4.577.  13s.  8d.  The  repayment  by 
Dudley  Corporation  to  the  company  of  £(>,217.  8s.  2d.,  expended  in 
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eeonstnicting  the  tramways  leased  by  the  company  in  Dudley,  is  ex- 
pected to  be  made  on  July  1.  The  terms  of  the  lease  have  been  agreed, 
and  a  bill  for  obtaining  the  necessary  Parliamentary  powers  has  been 
deposited.  In  order  to  effect  economies  in  power  supply,  the  James- 
bridge  power  station  has  been  closed  and  the  plant  dis)>oscd  of,  an  agree- 
ment having  been  made  with  Walsall  Corporation  for  the  su])ply  of  elec- 
tricity required  for  working  the  tramways  previously  supplied  with 
current  from  that  station.  In  order  to  obviate  further  capital  expendi- 
ture on  the  purchase  of  new  rolling  stock,  an  arrangement  has  been  made 
to  hire,  through  the  Joint  Committee,  the  necessary  cars  required  for 
working  the  reconstructed  lines  in  Tipton,  Darlaston  and  Wednesbury. 
The  arrangement  with  the  other  companies  operating  tramways  in  the 
district  for  joint  working  has  jiroved  satisfactory.  The  number  of 
passengers  carried  was  8,859,415,  against  9,320,602 ;  the  average 
receipts  per  passenger  were  l'24d..  against  l'21d.,  and  the  average 
expenditure  per  passenger  (apart  from  line  rentals)  was  0-85d.,  against 
0"9d.  The  proportion  of  expenses  to  receipts  was  68  per  cent,  against 
65  per  cent. 

WEMYSS  &  DISTRICT  TRAMWAYS  CO.— The  directors'  report  states 
that  the  trafiic  receipts  f.,r  the  pasi  year  were  fl.%987.  The  balance  at 
credit  of  proKt  and  loss  accotmt,  after  paying  interest  and  making  pro- 
vision for  depreciation,  is  £3,176.  No  interest  was  paid  on  the  prefer- 
ence shares  for  the  half-j'ear  the  line  was  in  course  of  construction,  and 
three  half-years"  interest  on  the  preference  shares  at  the  rate  of  6  per 
cent,  arc  now  paid,  and  a  dividend  of  6  per  cent,  declared  on  the  ordinary 
shares. 

WOLVERHAMPTON  DISTRICT  ELECTRIC  TRAMWAYS  (LTD.)— During 
1908  the  total  revenue  was  £25.802.  2x.  6d,,  and  after  deducting 
expenses  (including  interest,  repairs  and  maintenance)  and  providing 
£500  for  renewals  fund,  the  prolit  was  £1,776.  16s.  5d.,  udded  to 
£268.  19s.  7d.  brought  forward.  The  directors  recommended  that 
£500  )ie  placed  to  depreciation  and  reserve,  that  a  dix-idend  of  1  per 
cent,  be  paid  on  the  ordinary  shares.  The  capital  outlay  during  the 
year  was  £328.  5s.  2d.  The  number  oi  pasaengers  carried  was  4,282,882, 
against  4,381,837 :  the  average  receipts  per  passenger  were  l'32d. 
against  136d.,  and  the  average  working  expenditure  per  passenger 
095d.  against  0  93d.  The  proportion  of  expenses  to  receipts  was  70  per 
cent.,  against  68  per  cent. 


NEW  COMPANIES,  STATUTORY  RETURNS,  MORI 
GAQES  AND  CHARGES,  &c. 

NEW  COMPANIES. 

AGRICULTURAL  ELECTRIC  DISCHARGE  CO.  (LTD.)  (102,565.)— Reg. 
April  19,  capital  £3,000  in  £1  shares  (1,000  preference),  to  carry  on  the 
business  of  vendors  of  and  dealers  in  certain  appliances  and  apparatus 
used  in  connection  with  inventions  for  the  production  of  continuous 
high-potential  electrical  discharges  applicable  for  the  deposition  of 
dust,  fume,  smoke,  fog  and  mist  for  the  production  of  rain,  and  for 
other  purposes  in  connection  with  the  application  of  such  invention  to 
agriculture  and  horticulture,  and  to  adopt  an  agreement  with  Sir 
Ohver  J.  Lodge,  F.R.S.,  L.  Lodge,  F.  B.  Lodge,  A.  M.  Lodge,  G. 
Newman,  J.  E.  Newman,  W.  F.  Newman  and  R.  Bomford.  Private 
companj'.  First  directors.  Sir  Oliver  Lodge,  L.  Lodge,  F.  B.  Lodge, 
A.  M.  Lodge,  G.  Newman,  J.  E.  Newman,  W.  F.  Newman  and  R. 
Bomford.     Keg.  Ottice,  :i,  Howard-street,  Gloucester. 

ARCHIBALD  WATSON  &  CO.  (LTD.)  (7,094.)- Reg.  in  Edinburgh  on 
April  23,  capital  £10,0C0  in  £1  shares,  to  purchase  the  business  of 
Archibald  Watson  &  Co.,  electrical  engineers,  brassfounders,  &c.,  of 
Glasgow.  Private  company.  First  directors,  A.  Watson,  \V.  W. 
Watson,  ]).  Dundas  and  <•.  B.  Voung. 

PALMER  &  CO.  (ELECTRICUNS)  (LTD.)  (102,597.)— Reg.  April  20, 
capital  £1,000  ill  £1  shares,  to  acquire  the  business  of  Palmer*  Co., 
and  to  carry  on  the  business  of  electricians,  engineers,  &c.  Private 
company.     W.  H.  Palmer  is  lirst  secretary. 

STATUTORY  RETURNS. 

CHARING  CROSS,  WEST  END  &  CITY  ELECTRICITY  SUPPLY  CO.  (LTD.) 

According  lo  letuni  to  Muic-h  4,  capital  i,s  £2,100,000  in  130,000 
preference,  130,000  ordiiiar\,  80,000  City  uridcrlaUing  )ireference  and 
80,000  City  undertaking  ordinary  shares  of  £5  each,  of  which  80,000 
preference,  80,000  ordinary,  80,Ol)0  City  undertaking  preference  and 
70,000  City  undertaking  ordinary  have  been  taken  up.  £5  per  share  has 
been  Cidled  up  on  the  preference,  ordinary  and  City  undertaking  prefer- 
ence, and  £1,200,000  has  been  received.  £3.'^0,0OD"is  considered  as  paid 
on  the  City  undertaking  ordinary.     Mortg  iges  and  charges,  .£931,846. 

DIRECT  UNITED  STATES  CABLE  CO.  (LTD.)— Return  to  Fell.  9  capital 
is  £1,, ',00,000  in  65,000  shares  of  £20  each,  of  which  60,710  have  been 
taken  up.     £1,214,200  has  been  received.     Mortgages  and  charges  nil. 

W.  T.  HENLEY'S  TELEGRAPH  WORKS  (LTD.)— The  capital  in  return 
to  March  15  is  £-103.000  iu  40.000  preference  and  40,000  ordinary  shares 
of  £6  each,  all  of  w  tiich  have  been  taken  >ip.  £5  per  .share  has  been 
called  up  on  39,880  preference  and  32,616  ordinary,  anrl  £362,480  has 
been  received.  £37,520  is  considered  as  paid  on  120  preference  and 
7,384  orduiary.     Mortgages  and  charges,  £150,000. 

OXFORD  ELECTRIC  CO.  (LTD  ;— In  return  to  March  19  capital  is 
£IdO,C0O  in  20,0C0  ordinary  and  10,C00  preference  .shares  of  £5  each, 
"ni*"c,J?  20,000  f.idiii.irv  and  5,500  fircfcrence  have  been  tiiken  up. 
£93,500  has  been  paid  on  13,200  ordinary  and  5,500  preference  shares, 
in  adaition  to  £1,550  paid  on  310  ordinary  shares  forfeited.  £34,000  is 
considered  as  paid  on  6,800  ordinary.   Mortgages  and  charges,  £50,000. 


SCARBOROUGH  ELECTRIC  SUPPLY  CO.  (LTD.)— In  return  to  JIarch  18 
capital  is  £100,000  in  £10  shares,  all  of  which  have  been  taken  up  and 
paid  for  in  full.     Mortgages  and  charges  nil. 

TELEGRAPH  CONSTRUCTION  &  MAINTENANCE  CO.  (LTD.)— Return  to 
March  16  gives  capital  as  £448,200  in  37,350  shares  of  £12  each,  all  of 
which  hax'e  been  taken  up.  £448,200  has  been  paid.  Mortgages  and 
charges  nil. 

TURNERS  &  MANVaiE  (LTD.)— According  to  return  to  March  2 
capital  is  £50.000  in  £1  shares,  of  which  20,012  has  been  taken  up. 
£10,621  has  been  received  and  £9,391  is  considered  as  paid.  Mort- 
gages and  charges,  nil. 

UNIVERSAL  TELEPHONE  &  ELECTRICAL  CO.  (LTD.)  —  Return  to 
March  10  gives  capital  as  £10,400  in  2,000  ordinary  sluares  of  £5  each 
and  400  founders'  shares  of  £1  each,  of  which  4C(J  ordinary  and  4C0 
founders'  have  been  taken  up.  £2.  10s.  per  share  has  been  called  up 
on  400  ordinary  shares,  and  £1,000  has  been  received.  £400  is  con- 
sidered as  paid  on  400  founders'.     Mortgages  and  cliarges,  nil. 

MORTGAGES  AND  CHARGES. 

NEW  IGNITION  SYND.  (LTD.) -Issue  on  April  20  of  £500  debentures, 
part  of  scries  created  Nov.  12,  1908,  to  secure  £5,000,  charged  on  the 
company's  undertaking  and  property,  present  and  future,  including 
uncalled  capital.     No  trustees. 

NORTHALLERTON  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.)— Issue  on 
April  7  of  £260  5  per  cent,  debentures,  part  of  series  created  Dec.  11, 
1900,  to  secure  £260,  charged  on  the  company's  property,  present  and 
future,  including  uncalled  ca|)ital.     No  trustees. 

RICHARD  PAPE  (LTD.)— Issue  on  April  5  of  £100  debentures,  part  of 
series  created  Sept.  16,  1908,  to  secure  £1,000,  charged  on  the  com- 
pany's undertaking  and  property,  present  and  future,  including 
uncalled  capital.     No  trustees.     Previously  issued  of  same  series  £500, 

RECEIVERSHIP. 

AUTO  CLAW  CO.  (LTD. )— A  notice  of  the  appointment  of  J.  Todd,  135, 
Wool  Exchange,  London,  E.C.,  as  interim  receiver,  by  order  of  court 
dated  Aj.ril  14,  1909,  has  been  filed. 


CITY  NOTES. 

MEMORANDA  (April  29).— Bank  rate  2i  per  cent,  (since  April  1, 
1909).  Price  of  silver,  2^d.  per  oz.  Consols  844^—85  for  money  and 
account.  Consols  Pay  Day,  May  5  ;  Stock  and  Shares  Continuation 
Days,  May  11  and  25  ;  Ticket  Days,  M.iy  12  and  26  ;  Pay  Days.  May 
13  .and  27  ;  Mining  Shares  Carry  Over  Days,  May  10  and  24. 

Prices  of  Metals  (London). — Copper,  cash,'  57 1',';  three  months 
58,7,.  Lead,  English,  13g— 14  ;  foreign,  cash,  13ii— 13i  ;  three  months, 
13{J.  Spelter,  cash,  211;  two  months,  21|.  yin,  English,  132— 134  ; 
foreign,  cash,  132g — 132,|,  three  months,  132J.  Iron,  Cleveland, 
cash,  47/6,  and  three  months,  48/l;j.  Magnet  Steel  (price  supplied 
by  W.  F.  Dennis  &  Co.),  £55. 

CITY  OF  BUENOS  AYRES  TRAMWAYS  CO.  (1904)  (LTD  )— The  directors 

have  declared  a  dividendbf  Is.  3d.  per  share(le.ss  tax)  for  the  quarter 
ended  March  31. 

COLOMBO  ELECTRIC  TRAMWAYS  &  LIGHTING  CO.  (LTD.)— A  dividend 
of  5  per  cent,  (tax  free)  for  1908  has  been  declared. 

EASTERN  TELEGRAPH  CO.  (LTD.)— This  company  announce  that 
subject  to  final  audit,  the  accounts  for  the  year  ended  Dec.  31,  1908, 
show  that  after  making  a  contribution  to  general  reserve  fund,  pay- 
ment of  interest  on  the  4  per  cent,  mortgage  debenture  stock,  divi- 
dend on  the  3^  per  cent,  preference  stock,  and  three  interim  dividends 
of  £1.  5s.  per  cent,  each  on  the  ordinary  stock  to  Sept.  30  last,  there  is 
a  balance  available  out  of  which  the  directors  recommend  payment  of 
a  final  dividend  of  £1.  5s.  per  cent.,  and  a  bonus  of  £2  per  cent.,  both 
tax  free,  and  paj'able  on  May  12,  making  with  previous  payments  on 
account  a  total  distribution  of  7  per  cent,  on  the  ordinary  stock  for  the 
year  1908.  The  transfer  books  of  the  ortlinary  stock  will  be  closed  from 
May  5  to  12  inclusive. 

EASTERN  EXTENSION  AUSTRALASIA  &  CHINA  TELEGRAPH  CO.  (LTD  ) 
Subject  (0  cc.iilinnation  by  the  shareholders,  the  directors  have  de- 
clared a  dividend  for  the  quarter  ended  Dec.  31  last  of  2.s.  6d.  per 
share,  together  with  .a  bonus  of  4s.  per  share  (or  2  per  cent.),  making  a 
total  distribution  of  7  per  cent,  for  the  year  1908.  The  dividend  and 
bonu.s  will  be  paid  on  12th  prox.  The  share  register  will  be  closed 
from  4th  to  11th  prox.  inclusive. 

ST  JAMES'  &  PALL  MALL  ELECTRIC  LIGHT  CO.  (LTD.)— The  amount 
of  electricity  sold  for  the  quarter  ended  Ladyday,  1909,  is  returned  at 
2,934,021  ui'iits,  estimated  to  produce  £38,238,  against  2,879,802  units, 
which  produced  £38,709  for  the  corresponding  period  of  last  year. 

STEWARTS  &  LLOYDS  (LTD.)— At  .■ni  extraordinary  meeting  on  Fri- 
day resolutions  were  confirmed  for  the  increase  of  the  capital  to 
£2.?50,000  by  the  creation  of  850,000  deferred  shares  of  £1  each,  the 
existing  ordinary  shares  to  be  known  in  future  as  preferred  ordinary 
.shares. 

URBAN  ELECTRIC  SUPPLY  CO.— There  was  a  profit  on  the  past  year's 
working  of  £22,735,  or  £9,764  le.ss  than  the  amount  required  to  meet 
the  5  per  cent,  guaranteed  dividend  on  the  issued  capital,  which  has 
been  [irox  ided  by  Edmundson's  pjlectricity  Corpn. 

WEST  AFRICAN  TELEGRAPH  CO.  (LTD.)— The  directors  recommend 
.1  liu.a!  dividend  of  4s.  per  share  (tax  free)  for  the  year  ended  Dec.  31, 
1908,  making,  with  the  interim  dividend  of  4s.  per  share  already  paid, 
at^otal  distribution  of  4  per  cent,  for  the  year. 
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BLEGTKIG  TBAHWAT  AND  RAILWAY  TRAFFIC 
RECEIPTS. 


AberdMXl  OorpOMllOD 

Airdrle  

Anglo- Argentine 

Ayr  Corporation 

Baker  St.  &  Waterloo  By... 

Bamsley 

Barrow  

Bath  Electrlo  Trains,  Ltd.. 
Birmingham  Oorporatioa.. 

Birmingham  &>  Mid 

Blackburn  OorporatloD 

Blackpool  and  Fleetwood... 

BoltoD  Corporation 

Bombay     

Boomemoatb  Oorporatlon. 

Bradford  Corporation 

Brighton  Corporation   

Bristol  Trams  &  Carriftge... 

Burnley  Corporation 

Burton  Corporation 

Bury  Corporation  

Calcutta  Tramways  Oo....... 

Cambomo-Bedruth    

Oardifi  Corporation  

Oavebill 

Central  London  Bailway  ... 
Charing  C.,Euston  <&  H'atead 
Chatham  &  Dist.  Lt.  Bys.  ... 
City  &  South  London  RIy... 

City  of  Birmingham  , 

Colchester  Corporation...,., 
Cork  Eleotrio  Trams  Oo.  ... 

Croydon  Corporation     

Devonport  &  Dial.  Trams... 

Dover  Corporation 

Dublin  &  Luoan  Bailway... 

Dublin  United 

Dudley- Stourbridge   

Dundee  Corporation 

Bast  Ham  Coonoll 

Exeter  Corporation 

Gaicshead  &  Dist.  Truna... 

Glasgow  Corporation 

QloBSOp  Trams 

Qravesend — Northfleet 

Great  Northern  &  City  Bly.. 
Gt.Northern,  Piccadilly,  &o. 
Greenock  &  Port  Glasgow... 

Hartlepool  Tramways    

HastiBga  Klec.  Trams  Co.... 

Hong  Eong  

Huddersfield  Corpn 

Ball  Corporation 

Bford  District  Council 

Ukeston  District  Council ... 

Ipswich  Corporation 

Isle  of  Thanet  Oo 

Jarrow  

Keighley  Corporation    

Kidderminster  &  Diatriot... 
Kilmarnock  Corporation  ... 
Lanarkshire  Trams  Co.    ... 

Lancashire  United 

Leamington 

Leeds  Corporation 

Leicester  Oorporatioa    

Leitb  Corporation 

Lincoln  Corporation 

Liverpool  Oorporatioa  

Liverpool  Overhead  Bly.  ... 
*London  County  CoonoU  ... 

London  United.* 

Lowestoft 

Maidstone  Corporation 

Manchester  Oorporatioa  ... 

Mersey  Bailway  

Uerthyr 

Metropolitan  Dist.  Bailway 
Metropolitan  £)ec.  Trams... 

Mlddleton 

Nelson  Corporation   

Newcastle-on-Tyne  Corp. ... 

Newport  (Mon.)  

Northampton  Corporation . 
Oldham,  Ashton  <&  Hyde ... 

Oldham  Corporation 

Perth  (N.B.)Oorporation ... 
Perth  ( W.A. )  Elec.  Trams... 

Peterborough  

Portsmouth  Oorporatioa  ... 

Potteries   

Preston  Corporation 

Botherhom  Corporadoa   ... 

Bothesay  

Ealford  Corporation   

Bheeraees  

Sheffield  Corporation „ 

Singapore  Trams  

South  Metropolitan   

South  Staffs 

Bouthend  Corporation  

Southport  Tramways 

Statyb'dge.Hyde.&c.Jt.Bd. 
,  Sunderland  Oorporatioa  ... 

Sunderland  District  

Swansea  Trama  

Swlnion  Corporation    

Taunton    

Tynemouth  and  District'!!. 

Xyneside  Trams  Oo 

W&lldiey  District  Oounoll.. 

Walfc-sil  Corpn 

Warrington  Uorpn.   ...!!!.*." 

West  Ham  Corporation 

,  Weston-Buper-Mare    

Wolverhampton  Oo !!! 

Wolverhampton  Corpn ! 

Worcester 

Wreiham  

Yorkshire  W.B.frams !!!!!' 
Yorkshire  Woollen  District 


2,£U9 

1,755 

4.629 


Ino. 
or  Deo. 

(a) 


|-,-|  Amount. 


+         27 
+  1 

+  5 

+  Bi,u;6 


i? 


1,U1S 
^7,536 
1.574 
3,433 


1,633 

155 
l.OUl 


11,06) 

+ 

311 

1,313 

- 

134 

5.807 

- 

I,U5 

163 

_ 

SI 

14,513 

- 

931 

1,933 

— 

105 

307 

+ 

k:i 

9,732 

+ 

1,U60 

7,530 

+ 

1,562 

£ 

63,J18 

3.203 

637,238 

13,718 

S4,OlO 

2,481 

3,065 

10,017 

23,263 

1U,S)57 

4,883 

1,H2 

9,108 

B46l,351 

6,687 

17,5 !6 

3.1!8 

103,407 

6,3ill 

972 

4,505 

Rf03,2u6 

1,915 

7,677 

957 

87,753 

61,39i) 

ll,6.>9 

53,200 

30,06  J 


l.'lo 
78,776 
10,950 
57,828 
3,5.0 
1,115 
11,671 
795,173 
1,974 
2,718 
21,8SS 
92,820 
6,860 
3,013 
12,712 
J131,052 
6,103 
8.943 


1,258 
7,281 
19,071 


63,0S7 
31,271 

3,065 


13,972 
2,667 
1,586 
8  111 
9.052 
7,456 

23,8,2 
1,M7 

26','fll 
2.2  i9 
1,^69 


!4,812 
;i  34,610 
10,257 
12,2)3 
1,435 
3,484 
2  933 
4,000 
11,011 
13,113 

"513 


571 
5.936 
11,796 
3,570 
1,378 
19,099 
12,681 


7,926 
10, 
),?3J 


( <   These  com.uriso:i3  are  with  thG  correspoaains  period  last  yejr.    §  Plus  3  days. 
'I  Fluj  2  days.    •  Partly  electrical,    t  Minus  3  days.    !  Minus  2  days. 


ELECTRICAL  COMPANIES'  SHARE  LIST 


ELECTRICITY  SUPPLY. 

lOi  7/0   i  Bonmemoath  ft  Poole  Elec.  Sop.  Ord.. 

10   4/6   i     Do.    4i  per  Cent,  Cam.  Pref.  

10    6/0         Do.     6  per  Cent.  Cum.  .Second  Pref.  ... 

St.    4i%       Do.    4i  percent.  Deb.  Stock  (red.)  .. 

6    3,6     iBromlej  (Kent)  El.  Lt.  &  Power  Sharei 

■        "  Do.  1st  Debs. 

.  Snp.  Ord. 


St.  44'/o 
6  2/8 
6  2/6 
St.  4j% 
10,  7/0 
10  6/0 
6% 
HZ 


St. 
St, 

6  2% 

6  6% 

10  6'0 

10  6/0 

St. ,  4i% 


6!  6'/,    I 
1. 1  4% 

St.    iX   I 


6    3,0 

6,  2/3 

St.    H% 

St.  I  3i% 

100  4i% 

10  4% 

100    4J% 

6l  8% 

6    6% 

100    4% 

100,  60/ 

1    3% 

lOo'  4i% 

10   8  0 

5    46 


Ohelsi 


Prloe 

Wed. 

AprU  28. 


n;  -101 

9tt  -luj 

icj  -10} 

101  —10.5 

'i-H 

93  —93 
8j-9 

8  -8J 


9Si-lQo> 
3}-4i 

n-ih 

102  -105 
103-101 
m  -l-'4 
121  -123 
101  —104 
1  —2 
3J-33 


93  —86 

97  — i:o 

85  —39 
li-21 

5  —54 
92  -96 

4S-5J 

4i-5J 

10  J  -103 

86  -35 
95  -93 

6  -5} 
88  — 9J 

Sl-ik 
6  -54 
91  -96 
99   -101 


.St. 

ikZ 

St. 

ii-/. 

Ill 

6^„ 

in 

i/n 

St. 

*x 

Ill 

10 

8/0 

St. 

h-/. 

St. 

4U 

St. 

8V< 

.St, 

4* 

.St 

nz 

lOll 

4« 

St. 

*!( 

5 

2/« 

lOll 

it 

St 

ur 

St. 

6« 

St. 

H 

it. 

bZ 

.St. 

bZ 

St. 

i". 

10 

6/0 

10 

6/0 

10 

10 

4/0 

St. 

it 

6 

'J/Q 

St. 

*\y. 

10 

6/. 

Frompton  ft  Kensington  Ele 

Do.-  7  per  Cent.  Pref. 

Cent  1  Elec.  Sup.  Co.4  V  Gnar.Db.Stock 
Cli«ringCroB8(W.Eod4City)El.Sap.Co. 

Do.    4J  per  Cent.  Pref.  

Do.    4  per  Cent.  Deb.  Stock  (red.) 

Do     4*  per  Cei.t,  Deb.  Stuck  (red  )  .. 
City  Undertaking  ii'/.  Cm.  Prel. 

■a  Electric  Supply  Ord 

4i  per  Cent.  Ueb.  Stock  (red.)  ... 
City  of  London  Electric  Lighting  Ord... 

Do.    6  per  Cent.  Cam.  Pref.  

Do.     6  per  Cent.  Deb.  Stock  (red.). 
Do.    4  J  percent.  2Qd  Deb.  Stock  (red.) 

CoontyofDnrhamElec.  P.D.  Ord 

Do.    5  per  Cant,  non  Cum.  Pref. 

County  of  London  Elec.  Supply  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Dj,    4JX  D^'b.  Stock  (red.)    

Do.    Second  Deb.  Stock 

Koikestone  Electricity  Supply  Co.  Ord, 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    4i  1st  Deb.  Stock  (red) 

Hove  Electric  Lightine  Ord.  

Kensington  ft  Knightsbridge  Ord 

Do.    6  per  Cant.  Ist  Pref 

Do.    4  percent.  Deb.  Stock  (red.) 

Kensingtn.  ft  Kngtbg.  Co.  &  Notting  Hill 
Co.  (Joint  Station)  4^  Deb.  Stock  (red.) 

Kent  Elec.  Power  Co 

London  Electric  Supply  Ord 

Do.    6  per  Cent.  Pref. 

Do.    4  per  Cent.  Ist  M)rt.  Deb 

Metropolitan  Electric  Sap.  Ord 

Do.     4J  per  Cent.  Cum.  Pref.  

Do.  4iperCent.  Deb.  Stock  IstMort. 
Do.  8i  per  Cent.  Mrt.  Deb.  Stock(red.l 
Midland  Elec.  Corp.for  P. D.lstMirt.Db. 

Newcastle  &  Dist.  Elec.  Ltg.  Ord.  

Do.    4V  percent.  Deb 

Newcastle  Elec.  Supply  Ord 

Dj.     6  per  Cent,  non  Cam.  Pref.  

Do.  4  per  Cent.  Mort.  Deb.  red.  19J7. 
l"Nor,h  Metro.  Eleo.Power  Sup.  5  Morts 

Northern  Counties  Elec.  Sap 

Do.    4JperCeat.  Deb 

Nottinj  Hill  Electric  Ori .. 

Oxford  Electric  Ord 

Do.    4  per  Cent.  Deb.  Stock    

St.  James'  &  Pall  Mall  Elec.  Ord 

Do.      7  per  Cent.  Pref.    

Do.  35  per  Cent.  D.-b.  Stock  (red.)  ... 
Bmithfteld  Markets  Electric  Sap.  Ord... 

Do.     4  per  Cent.  Deb.  Stock 

South  London  Electric  Supply  Ord 

South  Metrop'n  Elec.  Lt.  &,  Power  Ord. 

Do.     7  per  (Jent.  Cum.  Pref , 

Do.     4J  1st  Db.  Stk.  Red 

Urban  Electric  Supply  Ord 

Do.    6  percent.  Cum.  Pref.    

Do.     4J  per  Cent.  1st  Mort.  Deo 

Westminster  Elec.  Sap.  Ord 

Do.     41  per  Cent.  Cum.  Pref.    

ELECTRIC  RAILWAYS  A.  TRAMWAYS, 

Baker  «t.  «  Waterloo  4  i  Perp.  J)6.  Bt 
Bith  Elec.  Trams  Pref.  Ord 

Do.     6  per  Cent.  Cum.  Pref. 

Do.  4)  Ist  Mort.  Deb.  Stock  (red.) ... 
B'hani  &  Midland  Tramj  4)  Ist  Db.  Stk. 
Bristol  Tramways  &  Carriage  Ord 

Do.    Cum.  Pref.  (fully  paid) 

Do.    4  per  Cent.  Debs I     99  -ICO 

British  Electric  Traction  Ord I        J  -3 

Do.    6  per  Cent.  Cum.  Pref. il-i\ 

Do.    6  per  Cent.  Perpetual  Debs '     81—83 

t  Do.    4i  per  Cent.  2nd  Deb.  Stock 63—71 

Central  London  Ordinary  Stock l6   -68 

Do.    4  per  Cent.  Pref.  Stock I     8i-S5 

Dj.     Deferred  Stock    '     5)    -;3 

Do.    4  per  Cent.  Debs I  102   -101 

CharingX.Euston&HmpstdPer.Db.Stk.i     9i  — Jl 
tJity  of  Birmingham  Trams.  6XCui.Pref.;       4]  -4J 

t   Do.    4  perCent.  Ist  Mjrt.  Djbs " 

City  ft  South  London  Ely.  Con.  OrJ.  ... 

Do.     6  per  Cent.  Perp.  Pref.  (1891)    ... 

Do.    (1895) 

Do.    (1901) 

Oo.    (1903) 

\io,    4  per  Cent.  Perpetual  Debs 

Dublin  United  Trama.  Ord  

Do.    6perCeat.  Pref. 

Gt.  Northern  k  City  RIy.  Pref.  Ora.(4.!;) 
G.  Northern,  Piccadilly  &  Brompton  O.-d. 

Do.    4  per  Cent.  Deb.  Stock .. 

HasliQg.s  ii  District  Elec.  Trami.  6'/,  C.P. 

Do.      4i  Db.  St 

Imperial  Tramways  Ord 

(Do.    6  per  Cent.  Pref.  

JDo.     4J  per  Cent.  Debs 

I.  of  Thanet  K.  T.  &  Lt.  6  per  Cant.  Pref. 

Do.    4  per  Cent.  Deb.  SiOok 

Lanarkshire  Iraniways  

Lanes.  Utd.  Trami  5  ;  Prior  Lieu  Do.  St. 
Liverpool  Overhead  Railway  OrJ 

Do.    6  per  Cent.  Pref 


6  IS    9 
4  12    0 

J  11     0 


102      3  13     0 


6  13  4 

6  17  19 

5  12  6 

lOi  -111      6     0  8 


101  -1:4 

44-5 
6  -5i 
98  -93 


4 11 
4 11 
3  a 

6  16 


3  19 

4  12 
3  IS 


91 

-11 

n 

—\:>. 

« 

-84 

94 

-9V 

D 

-f.l 

7 

-^^, 

Hrt 

-90 

■' 

-1* 

HI 

-70 

2; 

-Si 

i 

-4 

lijo 

-ii« 

^ 

-1} 

2 

Ki 

-M 

9» 

-H 

H 

-58 

SJ  -92 
9  -3i 
81-9 


3'.J   -31J 


4  U  0 
4  12  6 
3  16     6 


10; 

-15 

S3 

-■Ji 

100 

-1!)2 

\\^ 

-li\ 

i2» 

T 

9; 

-91 

0 

-i 

Si 

-S) 

6» 

-vt 

7 

-■'4 

i-U 

6»  -5J 

si;;-io,' 

91  —31 
1  —  li\- 
4i-5i 


6  i  Cum.  Pref.  ...I       3—1        IJ  10    0 
Do.    4  per  Cent.  Ist  MorU  Deb.  Stock 

Mersey  Con.  Ord.  Stock    

Do.    3  per  Cent.  Perp.  Pret  

t  Metropolitan  Elec.  Tramways  Ord 

Do.    Deferred    

Do.    6  per  Cent.  Cum.  Pref.  

Do.    4J  per  Cent.  Deb.  Stock  

Metropoktau  Railway  Conaolidated  

Do,    Surplus  Lauda  Stocks ,. 

Do.    SJ  per  Cent.  Preference 

Do.    S*  per  Cent.  "  A  "  Preference  

Do.    84  per  Cent.  Convertible  Pref, 76-77 

84  per  Cent.  Uebenf  —  ■^-  -  '•  "'      ' 


3  —3 

.3 -J 


»j  — »; 

854  -S»l 
69  —71 
87  ^-ii 
78  —80 


U>r,  Sept, 
Kub.Ang 
Feb,  Aug 
Jan,  July 
April,  Oct 
May,  Not 
March.... 
Mar,  8eot 
June,  Dec 
Feb,  Aug 
Feb,  Aug 
Jan.  July 

Jan,  July  ■ 
March  . . 
Jane,  De« 
Feb,  Aug 
Jan,  July 
June,  Dec 
Jan,  July 
April,  Oct 
April,  Oct 
Feb,  Aug 
Mar,  S:pt 


BDSIHKSS 
Week  to 

AJBIL  28. 

High-  Low 

Mt.       Mt. 


H       88 


»9i 


.  iy  107^' 
May,  Not 
April,  Oct 
Mar,  Sept 
Feb,  Aug  „ 
AprU,  Oct 
Feb,  Aug 
Jan,  July 


10}  I  10.', 


lo! 


AprU,  Oct 
Jan,  July 
Mar,  Sept 
Mar,  Sept 
Jan,  July 
April,  Oct 
Jao,  July 
June,  Deo 
I  Jan,  July 
Jane,  Deo 
Feb,  Aug 
Jan,  July 
Feb,  Aug 
Feb,  Aug 
Jan,  July 

Mar,  Aug 

Jan,  July 

March  .. 
I  March   .. 

Jan,  July 

Feb,  Aug 

Feb,  Aug 

Jan,  July 

Feb  .... 
I  Feb,  Atlg 

April ... . 

Feb.'Aug 
April,  Oct 
April,  Ojt 
April,  Oct 
April,  Oct 
Mar,  Sept 
Jan,  Jo^ 

J«n,  Jtily 
AprU ... . 
Jan,  July 
April,  Ojt 
Jan,  July 
Feb,  Aug 

Feb,  Aog 
June,  Deo 
Feb,  Aug 
April,  Oct 
May,  Not 
Feb,  Aug 
Feb,  Aug 

Feb    6i        63} 

Jan,  July    U2i    (02J 
Jan, J  uty 


i'<i 


69      6SJ 
67i;  051 


9)| 


April,  Oj 
April,  Oct 
Feb,  Aug  3.j 
Feb,  Aj. 
Feb,  Aug 
Feb,  Aug  W2i 
Feb,  Aug 
Mir,  Not 
Feb,  Aug 
Feb,  Aug 
Feb,  Aui 
Feb,  Aug 
Jan,  July 
Mar,  Sept 
April,  Oct 
Mar,  Sept 
Mar,  Sepl 
Jan,  July 
Mar.  Sjpt 
Jan,  July 
Feb,  Aug 
Jan,  July 
Feb,  Aug 
Feb.  Aui 
Jau.  July 
Jau,  July  I 
Jan,  July  1 
Feb,  Aug. 


April..  . 
Feb,  Aa,; 
Jan,  July 
Fob.  Aug 
Feb,  Aui! 
Feb,  Aug 
Fob,  Aug 
Feb,  Aug 
Jau,  J  uly 


^4 


S5J 

6ji 
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ELECTIMCAJ^    COIMCP^^rVIES'    SHA^R-E    L.IST — Continued. 


iLastI 
lDrvi-| 

Idkndi 


Price    , 
Wed..    I  Yau>- 
April  28.       v>. 


l^^J'  i  Dmi,«i> 

DDE. 


Last  I 

DIYI- 
DENDI 


Price 

Wed.. 

April  2S. 


BUSMHS 
Week  10 
ApaiL  28. 


I  EllCTRIC  RAILWAYS  A  TRAMWAYS-  £'<""""'«'• 

o.  I  81?.  Met.  RIy.  Sj  perCfnt.  "A"  D<b.  Stock  9?  -94 

Stv      ..       MvropolitanDislri.'tFsilKavOrd '  Mj-IB 

fr!      ..          Oo.     Extension  Pi  ef.  (5  per  Cent.)   I  31-84 

2r'  31?'  Do.     AsseEted  Ext.  Fref.  (Int.  Guar,  hv 

"•I  Und.Elec.  BITS.  Co.  of  London,  Ltd.')  (rt  -f9 

:  8%  Do.     S  per  Cent.  Consoltd.  Eent-cbarge  18 -Sn 

°'  i  4*  j     Do.     4  per  Cent.  Midland  Kent-charge^  'ili  — 1U6 


41% 

0  7J 
4% 

iim 

41% 


4i 


_         ,  Stock  4  per  Cent I  f5-S5 

Do.     6  per  Cent.  Perp.  Deb.  Stock  136  — 1J9 

Do.     4  per  Cent  Ditto 90-93 

New  Gen.  Tr«ct.  6  per  Cent.  Cum.  Pref.l  i— J 

Potteries  Electric  Traction  Ord J-} 

Po.     6  per  Cent.  Cum.  Pref.  J- 1 

Do.     4J  per  Cent.  Deb.  Stock    ,  83-91 

s.  Met.  Elec.Trams.  &  Ltg.  6%  Cm.Pref.!  i-% 

Do.     4  per  Cent.  Deb.  Stock I  '2  — 7ti 

Sunderland  Diet.  Eleo.Trme,6/Cl"tMt.Db.  £0-84 

UndergdE.Kye.lon.SUn.bds.withcoiip.'i!  34  -  S6 

Do.    SIC  Prior  Lien  Bonds i  103-104 

Do.    4 J*  Ponds  Willi  coup.  2 i  f6  — t? 

Yorkshire  (WJ[.)Elec.Trama.Ord t  1-1 

Do.    6  per  Cent.  Cum.  Pref.   |  ?l-3 

Do.     4JperC*nt.  Ist  Deba '  84—88 


3  16 

3  16 

4  U 


ELECTRIC  WANUFACTURINC,  Ac. 

Aron  Electricity  Meter  Ord 

Do.     6%Ciini.  Pf. 

Babcock  i  Wilcoi  Ord 

Do.     Pref. 

British  Insulated  4  Helaby  Cables  Ord. 

Do.    6  per  Cent.  Pref. 

Do.  41  per  Cent.  1st  Mort.  Deb.  (red.) 
Brit  isb  Tbomsn-Houst'n  4}%  1st  Mt.Db. 
BritiBh  Westinghonse  6  per  Cent.  Pref... 

Do.    6per  Cent.  Prior  I.ieaDbs(rd.) 

Do.    4  per  Cent.  Mort.  Deb.  Stockl 

B  mbE.Eng  Co.41%Perp.  IstDeb.Stock 

Do.     Perpetual  2nd  Deb.  Stock     

Callendcr's  Cable  Con.  Ord • 

Do.     6  per  Cent.  Cum.  Pref.  

Do.  41  per  Cent.  1st  Mort  Deba.  (red.) 
Caatner.Kellner  AlkaU  Co 

Do.  4J  per  Cent,  lat  Mort.  Deb.  (red.). 
Chadburu's  (Ship)  Telegraph  Ord 

Do.     6  per  Cent.  Cum.  Pref.  

Consolidated  Electrical  Co 

tConaolidated  Signal  Co 

0/7J  |t  Do.    6  per  Ce^t.  Cum.  Pret 
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•Croniplon  4  Co.  (Nos.  1  to  S5,000)  

Do.    6  per  Cent.  1st  Mort.  Debs,  (red.) 

Davis  4  Timmins 

Dick,  Kerr  &  Co.  Ord 

Do.     6  per  Cent.  Cum.  Pref. 1,-C— Ij'-   I   4  16 

Do.     41  per  Cent.  Deb.  Stock    

Edison  k  Swan  United  ("A"8h.)(£3pd.) 

Do.    (£6  paid)    

Do.    4  per  Cent.  Mort.  Deb.  Stock  (rd. ) 

Do.     6  per  Cent.  2nd  Deb.  Stock 

Edmnndson's  Elec.  Corp.  Ord.    

Do.    6  per  Cent.  Cum.  Pref.  

Do.    41  per  cent.  1st  Mort.  Deb.  (red.) 

Electric  Construction  Co 

•"?.     7  per  Cent.  Cum.  Pref.  

Do.     4  per  Cent.  Perp.  1st  Mort.  Deba. 
General  Elcclric  (1900)  6%  Cum.  Pret... 

Do.     4  per  Cent.  Ipt  Mort.  Deba 

Henley's  TeleETaj>h  Works  Ord. 

Do      41  per  Cent.  Pref.   

Do.    41  per  Cent.  Ist  Mort.  Deb.  Stock 

Irdia  BuCber.Gut.  Per.,  4c.,WrkB 

Do.     6  pi  r  Cm.  Cum.  Pref : 

Do.    4  per  Cent.  Deba.  (red.) 

National  Elec.  Construction  Co 

BichBrd6on8,Weslgarth&Co.,Ltd.Ord. 

Do.     6  per  Cent.  Cum.  Pref. 

lo.    4j  per  Cent.  Perp.  Deb.  Stock    ... 

1     ..        finiplei  (Jonduite  Ord 

5    ..  Do.    e  per  Cent.  Cum.  Pref.  

I'l   24/0     Telegraph  Construction  4  Maintenance 
100    *Z  ••  ■■■    *  f"  Cent   Deb.  Bonds  (1909)    ... 

1    1/0    I  Vi..KerB,  Sonai  Maxim,  Ltd.,Ord |     2,'3-Zs', 

1    u/fi        Do.     6  per  Ceut.non-Cum.  Preference      liVi— li^ 
Rt     6%    I     Do.    6  per  Cent.  non-Cum.  Preferred  1  108  —111 
Do.    4  per  Cent,  lat  Mort.  Db.Sk.  (red)    1C4  — U6 
Do.    41  per  Cent.  2nd  Mort.  Deb.(red.)|   104  —IC 6 
Do.    6  percent.  3rd  Mort.  Deba  Scrip.  I   1C6  — K8 

J.G.White  4 Co.  6)5  Cm. Pref. 

Wil!3cs  i:  Robinson  Ord 

8/0     t  Do.    6  per  Cent.  Cum.  Pref.  „ 

Et     4%    i     Do     4  per  Cent.  Ist  Mort.  Deba 

!  TELEGRAPHS. 

10      ..      Amazon  Telegraph 

1(0    6X         Do.     6  per  Cent.  Deba.  (red.)   

Bt.    150    tAugloAmericau 

Bt.  3U/0    t   Do.    Preferred   

Et.    3  0        Do.    Deferred    

St.    4%      Commercial  Cable  4 

tCuba  Submarine  Ord 

t  Do.    Preference  10  per  Cent 

Direct  Spanish  Ord ' 8  —31 

Do.    10  per  Cent.  Cum.  Pref.    ■  8}- Pj     10    o 

Do.    41  per  Cent.  Deb tlO«%— 10i5^    1    H 

Direct  I. nitei  States  Cable lSi-I3J      6    8 

Direct  WeatlndiaCable41%Eg.Db.(rd.)  1(0  —102      4     8 

Eastern  Ordinary    124—137,6     2 

Do.     11  per  Cent.  Pref.  Stock  65  —i7        4     0 

Do.    4  11  r  Cent.  Mort.  Deb.  Btk.  (red.)  lull— 1061    8  16 

Easlem  fcxtenaion  I  12J-]2i      6    9 

Do.     4  I  cr  Cent.  Deb.  Stock  '  ICl  — lUB      3  17 

Easterns  S.Af.  i%  Mauritius  Sub.Debs.  lUl  —108  '  8  17 

G.N. (••)  CopenhaKcni.Ex. Coupon 75     ...  S7  — 29       6    4 

1'jO    41;:     iial>lBi&bermnda41Jf  IstMt.  Db.(red.)|  UK)  — 102  I  4    8 

^ Indo-European 63—66        "  "" 

MacksT  Companies  Common  '8  —82 

Do.      jreleience    73  —76 

Malconi  a  Wireless  TelcR.  Co J— J 

itlc4EuropenTel.4%Oa«r.Dbs.(red.)l  lOO  — 162 
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Do.  4  )  er  Cent.  Deb  Stock  (red.) 
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TELEPHONES. 

Amer.  Telephn.  &  Telegh.  Cap.  St H  '  -1' 5 

Do.    CoU.Truat  $1,0004  percent.  Bds     98—100 
AneloPortug'ae  TeL  6%  lat  Mt.Db.  Stk.      98  —100 

Chili  Telephone  8  — 8J 

Monte  Video  Telephone  Ord. 

Do.    6  per  Cent.  Pref. 

National  Co.  Prefl  Stock  

Do.     Def.  Stock 

Do.     6  per  Cent.  Cum.  Ist  Pref.    

Do.     6  per  Cent.  Cum.  2nd  Pref. 

Do.     6  per  Cent.  non-Cum.  3rd  Pref. 

Do.    Deb.  Stock  31  per  Cent,  (red.)    ... 

Do     4  per  Celt.  Dub.  Stock  (red.) l-O 

Oriental I       If— 11 

Do.    6  per  Cent.  Cum.  Pref.  !      U— IJ 

Do.     4  per  Cent.  Red.  Deb.  Stock 8S  —90 

Telephone  Co.  of  Egypt  41%Db.Stk.(red.)    loo  -103 
United  River  Plate i     81^—7,' 

Do. 

Do. 


6  per  Cent,  Cum.  Pref. . 
41  Deb.  St.  Red 


FINANCIAL  INVESTMENT,  Ac. 

Eleo.  &  Oen.  lUTestment  6%  Com,  Fref. 

Globe  Telegraph  &  Trust , 

Do.    6  per  Cent.  Pret , 

tSnbmarine  Cables  Trust  (Cert.) , 
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COLONIAL  AND  FOREIGN  ELECTRIC 
RAILWAYS,  TRAMWAYS,  &c. 

Anglo-Argentine  6%  Cum.  Ist  Pref.  

Do.     10%  Non-cum.  2nd  Pref.  

Do.     4%  Deb.  Stock 

Auckland  Eleo.  Trame.  6%  Deb.  (red,)... 
Brisbane  Electric  Trama.  Invest.  Ord.... 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    41  per  Cent.  Db.  Prov.  Certa 

Britiah  Columbia  El.Ry.Df.  Ord 

Do.     Pref.  Ord.  Stock 

Do.     6%  Cum.  Perp.  Pref.  Stock 

tDo.     41  per  Cent,  lat  Mort.  Deba 

Do.    Vancouver  Power  Deba 

Do.    4}%  Perp  Con.  Deb.  St 

BudUOB  Ayrea  Lacroze  Trams  lat  Mt.  Db 
Buenos  Ayrea  Port  4  City  Tram,  lat  Mt. 

Deb.  Stock 

Calcutta  Tramways  (1  to  137,610)  

Do.     6  per  Cent.  Cum.  Pref.    

Do.     4J%  Ist  Deb.  Stock  (red.)     

Cape  Electric  Tram  Shares 

Ci  t  J  ot  Buenos  Ayres  Trams  Co.  (l904)Sh. 

iX.      4  per  Cent.  Deb.  Stock 

Colombo  Ir.  4  Ltg.  6%  lat  Mt.  Db 

Electric  Traction  Co.  of  Hong  Kong  6 

per  Cent.  Ist  Mort.  Debs 

Havana  Elec.  By.  Con.  Mt.  6%  $1,000  60 

year  Coup.  Bda 

Kalgoorlie  Elec.  Trams  Sh , 

Do.     6  per  Cent.  "  A  "  Deb.  Stock 

Do.     6  per  Cent.  "B"  Ditto 

Lisbon  Elec.  Trams.  Ord 

Do.     6  per  Cent.  Cum.  Pref. 

Do.    e  per  Cent.  Reg.  Mort,  Debs 

Madras  Eleo.  Trams.  6%  Deb.  Stk 

MarilaElcc.  By.  81,000  Gold  Bonds | 

MeiKolranis  Uo.  Com.  St 

Do.    Gen.  Con.  lat  Mort.  6%  Gold  Bds.... 
Montreal  St.  By.  Sterling  4}  per  Cent 

Debs.  (1922)  (Noa.  601  to  2,000)     

Do.         do.     (Nob.  1  to  4,1)00) , 

Perth  Elec.  Trama  Ord _     __ 

■  Do.     1st  Mt.  Db.  Stock  I  lOJ  —106 

Rangoon  Elec.  Trams  &  Supply  Co,  6% 
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Do.    41^  Ist  Mort.  Deb.  81k 
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lo.    3)  yr.  Gold  Bnds 

Do.     lOyr.  Mt.  Buds 

gao  Paulo  Tramway,  ;.,ight  &  Povei  Co. 
8100  Stock 

Do.     6  per  Cent,  let  Mt.  $600  Db 

Toronto  Ky  Co.  Ist  Mt.  41(1  Ster.  Bonds 


COLONIAL  AND  FOREIGN  ELECTRICITY 
SUPPLY  &0. 

Adelaide  Eleo.  S'ply  Co.  6%  On.  Pr.  

BombayE.8.&T.6%Cm.Pf.  

Do.     41  per  Cent.  Deb.  Btk.  (red.)  

Calcutta  Elec.  Supply  Ord , 

Canadian  Gen.  Klec.  Oo.  Com.  St 

Do.     7%Cm.l'f.  Stock 

Castnor  Electrolytic  Alkali  Co.(of  U.S.A.) 

Ist  Mort.  Stl.  Debs 

Elect.  Development  Co  of  Ontario 
Elec.   Ltg.  &  Trao.  Co.  of  Aust.  6  per 

Cent.  Cum.  Pref. 

Do.    6  per  Cent,  Deb  Stock 
Klec.  Supply  Co.  ot  Victoria  6  per  Cent, 

Isl  Mort.  Deb.  Bt 

6j  I  Indian  tlec.  Sup.  &  Trao.  Co.     

lOs    0/3'    I  Kalgoorlie  Elec.  Power  4  Ltp.  Ord.  ... 
1    0/74    t  1>0.     8  per  Cent.  C—    ""-' 
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Deb.  St   
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Mexican  Lt.  4  Power  Co.  Com.  St 

Do.  6%  lit  Mort.  Gold  Buds 
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r  Plate  Electricity  Co.  Ord 

0  per  Cent.  non. Cum.  I'ref  

Do.     6  percent.  Deb.  Stock 

8/0    I   Roaario  Elec.  Co.  6%  Pref.  (1-20,000) 

Jl  'tfihawiiuBan  Water  H.  Power  Co.  Ca  

6?*        Do.    bperCent.Bds 

4iX        iJ".     Ml'er.Con.Mt.lJli   bl. 
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Cl)c  €lectric  Driue  on  $Mpboard. 


PJ^^^ST  a  time  when  the  general  public,  among  whom  may  be  included  those  belonging  to  the  elec- 

^%      ti  ical  engineering  profession,  are  more  or  less  agitated  by  questions  of  efficiency  in  our  Navy, 

Ij      and  are,  therefore,  more  than  usually  interested  in  seafaring  matters,  it  may  not  be  out  of 

place  to  draw  attention  to  the  many  uses  to  which  electricity  for  power  purposes  is  being 

]ni<:  on  board  ship.     In  this  issue  we  give  some  account  of  the  wide  employment  of  fans 

combined  with  electric  motors   for  ventilating  work  on  ships,  where  it  is  not  so  easy  ^s  on  land  to 

obtain  fresh  air,  and,  therefore,  the  artificial  removal  of  the  used-up  "  products  of  combustion  "  becomes 

a  necessity. 

This  one  application,  however,  by  no  means  exhausts  the  possibilities  of  the  electric  drive.  On  pas- 
senger and  cargo  ships  electricity  is  at  the  present  time  being  largely  used  for  working  such  auxiliaries  as 
hoists,  winches,  capstans  and  lifts  of  all  kinds.  While  on  the  newer  battleships,  though  also  employed 
for  these  purposes,  it  is  now  being  used  as  well  in  connection  with  the  gun  machinery.  The  reason 
for  this  adoption  is  not  far  to  seek,  and  the  only  wonder  is  that  electricity,  with  its  many  advantages, 
has  not  been  employed  to  a  greater  extent.  One  has  only  to  recall  the  work  required  on  a  steam-driven 
donkey  engine  for  warming  through  and  draining  the  pipes,  compared  with  the  instant  readiness  of  the 
motor,  to  realise  the  true  facts  of  the  case.  Further,  the  energy  losses,  caused  by  condensation  and 
leakage  with  the  older  methods  of  working,  are  reduced  to  a  small  fraction  of  their  former  value  by 
employing  the  motor  to  do  the  work  of  a  small  and  generally  inefficient  steam  engine.  Compared  with 
a  steam  engine  too,  the  motor  is  a  much  more  suitable  piece  of  machinery  to  be  entrusted  to  the 
mercies  of  the  ordinary  "  tar."  With  the  first  method  of  drive  it  is  practically  essential  for  a  skilled  man 
to  be  in  charge,  while  in  the  Latter  the  motor  is  protected  both  by  its  own  safety  appliances  and  by 
the  wholesome  awe  which  it  generates  in  the  minds  of  the  unitiated.  There  is  also  the  question  of 
the  space  occupied,  a  matter  which  is  of  paiamount  importance  on  board  ship,  and  here  again  the 
electric  motor  more  than  holds  its  own.  It  can  be  tucked  away  in  any  odd  corner,  and  it  is  not 
necessary  to  connect  it  liy  more  or  less  eumliersdnip  pipes  either  to  the  source  of  energy  supply  or  to 
the  outer  atmosphere. 

The  suggestion  of  driving  the  sliip  itself  by  the  aid  of  the  electric  drive  has  been  mooted,  and.  indeed, 
the  idea  has  much  to  commend  it.  A  propeller  is  most  efficient  when  running  at  slow  speeds,  while  with 
a  turbine  the  reverse  condition  is  the  case.  By  interposing  an  electric  generator  and  motor  between  the 
turbine  and  propeller  many  ad  van  tages  would  be  at  once  obtained,  both  as  regards  efficiency  and  regulation, 
and  from  the  naval  architecture  point  of  view.  The  use  of  a  three-phase  generator  coupled  to  an  induc- 
tion motor  has  been  suggested  for  the  purpose  :  an  idea  which  possesses  an  advantage  from  another  point 
of  view,  as  induction  motors  are  very  suitable  for  ship  work,  both  on  account  of  their  sturdiness  and  lack 
of  vital  parts,  and  also  because  alternating  currents  liave  but  little  effect  on  the  compass  and  no  special 
precautions  as  regards,  wiring  need,  therefore,  be  taken  in  this  case.  In  the  case  of  an  electrically-driven 
ship,  induction  motors  would  therefore  be  employed  for  driving  the  auxiliary  machinery.  These  problems 
are  now  coming  up  for  solution,  being  bound  up  with  the  question  of  the  preservation  of  our  natural 
re?ources,  and  it  does  not  show  undue  optimism  on  our  part  when  we  express  the  hope  that  the  electric 
drive  will  soon  ""  rule  the  waves  "  to  the  same  extent  as  it  is  pre-eminent  on  land. 
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Concerning  €kctric  ?an$. 

THK  .suiniuLT  woathur  wliieli  we  have  enjoyed  aud  are 
still  enjoying  at  tlie  time  tliese  notes  are  penned 
gives  ri.se  to  the  hope  that  winter  is  over  at  last, 
and  tliat  some  hot  days  are  in  store  for  us.  Although  in 
the  abstract,  and  especially  in  the  winter,  hot  days  are 
delightful,  there  does  come  a  time  when  we  wish  it  were 
not  quite  so  warm,  ami  when  we  sigh  for  cooling  breezes 
and  less  sunshine.  It  is  then  our  thoughts  turn,  or  ought 
to  turn,  towards  the  most  etlective  means  ever  devised  for 
meeting  this  couditionof  things  climatic — the  electric  fan — 
and  to  sigh  for  the  comfort  produced  by  its  use. 

With  a  foresight  which  we  fondly  believe  distinguishes 
editors  as  a  class,  we  have  determined  in  the  present  issue 
of  the  Tndusti;i.\l  Sui'I'Lement  to  give  some  account  of 
recent  developments  in  electric  fans,  and  thereliy  to  show 
our  readers  not  only  how  they  may  themselves  best  get 
cool,  and  keep  cool,  when  the  expected  hot  summer  days 
at  last  arrive,  bsit  how  and  wheie  they  may  obtain,  for  the 
jnirposes  of  tlieir  business,  supplies  of  the  best  makes 
and  most  efficient  articles  of  this  class. 

The  fan  question,  like  all  otliers  of  real  interest  at  the 
present  time,  has  its  industrial  side.  This  has  not  been 
neglected  in  our  jircsent  issue,  and  besides  describing  fans 
which  are  intended  for  more  or  less  domestic  purposes,  we 
have  also  given  some  account  of  recent  progress  in  fans 
aud  blowers  emphjyed  for  more  serious  concerns  than  just 
keeping  us  frail  iiumans  cool  in  the  dog  days. 

On  the  commercial  side,  selling  electric  fans  is  generally 
looked  upon  as  essentially  a  summer  business.  The  fan  is 
primarily  intended  for  keeping  things  cool,  and  it  is  for  this 
reason,  perhaps,  that  it  has  not  had  quite  the  vogue  in  this 
country  wliicli  it  .seems  to  have  in  some  other  countries — 


to  svit,  the  United  States.  The  fleeting  and  uncertain 
character  of  an  English  summer  is,  perhaps,  not  quite  the 
thing  to  induce  the  greater  employment  of  fans,  and  since 
this  is  the  case  the  question  occurs  to  our  laisiness  instincts 
wliether  this  apparatus  is  altogether  useless  in  the  winter 
in  this  country.  It  will,  on  cfmsideration,  we  believe,  be 
immediately  evident  that  it  is  not.  Ventilation  of  the 
proper  kind  is  just  as  essential  in  the  winter  as  in  the 
summer ;  and  the  aid  of  the  electric  fan  can  very  well  be 
enlisted  to  this  end.  In  large  buildings  where  a  hot-air 
system  of  heating  is  u.sed  this  is  an  easy  matter.  The  fan 
can  then  be  employed  for  drawing  in  a  continuous  supply 
of  fresh  air  over  the  heating  pipes,  so  that  a  healthful . 
change  of  atmosphere  is  obtained  in  the  room  while  the 
temperature  is  not  lowered  thereby. 

As  regards  the  summer  uses  of  electric  fans,  there  is 
really  little  to  say.  Their  value  is  obvious  ;  and  we  should 
like  to  see  their  employment  become  more  general,  for  they 
make  for  health  and  comfort  wherever  installed.  In  this 
direction  we  feel  sure  the  maker,  the  contractor  and 
the  supply  station  engineer  might  well  pull  together, 
and  how  this  may  be  done  is  the  problem  for  solution.  To 
take  first  the  question  of  tariffs,  though,  perhaps,  this  is 
scarcely  a  matter  which  greatly  affects  the  use  of  fans  ; 
some  form  of  restricted  hour  system  might  be  employed 
in  which  specially  low  rates  are  charged  for  energy  con- 
sumed in  driving  fans  during  the  day  time  and  up  to,  say, 
5  or  6  p.m.  in  the  evening.  This  arrangement  would,  of 
course,  have  to  be  modified  during  tlie  winter  months. 
But  it  would  encourage  th*?  use-  of  larger  fan  units.  It 
is  assumed,  in  tliis  ca.se,  that  the  fans  would  be  supplied 
from  the  lighting  circuit,  and  except  in  the  case  of  houses 
possessing  specially  dark  basements,  tliis  arrangement 
appears  to  give  rise  to  no  great  diHiculties,  for  consumers 
are  scarcely  likely  to  burn  tlieir  lamps  all  day  during  the 
summer  time  as  well  as  run  their  fans  simply  for  the  sake 
of  getting  their  energy  at,  say.  Id.  a  unit.  A  two-rate 
meter  would  be  the  only  extra  piece  of  apparatus  necessary, 
while  if  the  consumer  ran  his  tans  cUu'ing  the  evening  ht^ 
would  have  to  pay  at  the  lighting  rate.  In  the  case  of 
consumers  who  have  separate  circuits  for  light  and  power 
the  above  arrangement  would  not  be  necessary,  as  they 
could  be  supplied  from  either  of  these  circuits  at  standard 
rates.  Unless  the  fan  is  run  for  long  pei-iods,  it  is  not 
much  good  to  the  supply  engineer,  so  that  some  arrange- 
ment which  makes  this  possilile  without  overburdening 
the  consumer  financially  would  be  an  advantage.  On  the 
other  hand,  a  fan,  and  an  electrically  driven  one  at  that,  is 
a  good  thing  to  have  about  the  house,  and  if  the  consumer 
can  get  his  "juice  "  at  a  low  rate,  it  is  extremely  probable 
that  he  will  entertain  the  idea  of  employing  one  for 
ventilating  as  well  as  cooling  purposes. 

In  dealing  with  fan  matters  eflective  publicity  is  what 
is  really  wanted.  As  an  example  of  what  may  be  done  by 
its  aid  we  may  cite  some  remarks  of  Mi'.  W.  H.  Stuart  in 
a  recent  number  of  the  "Electrical  World"  regarding  the 
fan  business  in  New  .lersey.  In  this  State  energy  is 
supplied  to  fans  on  a  metered  service,  while  the  fans  them- 
selves are  obtained  either  from  contractors  or  from  the 
supply  undertaking  itself.  Special  care  is,  moreovei',  taken 
to  acquaint  consumers  with  the  benefits  derivable  from  the. 
use  of  electric  fans,  and  displays  of  the  various  types  of 
fans  are  arranged  in  the  showroom  windows.  In  New 
•lersey  the  supply  authorities  and  contractors  work  hand  in 
hand  to  their  mutual  benefit,  with  the  result  that  it  is 
estimated  that  there  is  at  the  present  time  one  fan  to  every 
two  consumers,  and  in  the  near  future  it  is  thought  that 
every  consumer  will  have  his  fan.  A  similar  state  of 
affairs  is  found  in  New  York,  where  about  2ri0,0()0  fans 
were  supplied  from  the  Edi.son  company's  mains  during  last 
summer.     Even    taking   into    account    the   difference   in 
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climatic  conditions,  it  is  to  be  feared  tliat  the  fan  con- 
ditions in  this  country  are  nothing  like  so  good — or  are 
likely  to  be  for  some  time  to  come.  But  much  might  be 
done  by  well-directed  effort. 

Some  of  tlie  more  go-ahead  of  our  electricity  supply 
undertakings  have  recently  adopted  the  method  of  sending 
out  electric  Hat  irons  on  a  month's  trial,  on  "  sale  or  return" 
terms  at  the  end  of  that  period.  The  same  methods  might 
be  applied  to  fans  with  equal,  if  not  greater,  success, for  the 
utility  of  this  apparatus  is  more  likely  to  appeal  to  tlie  male 
side  of  the  family.  The  first  cost  of  these  two  kinds  of 
electrical  equipment  is  not  so  widely  different,  and  as  the 
flat-iron  venture  has  in  many  cases  proved  of  financial 
advantage  to  the  supply  undertaking  there  seems  no  reason 
why  the  same  benefits  should  not  attend  a  similar  fan  ex- 
periment. 

Hiring  fans  is  another  direction  in  whicli  something 
more  might  be  done.  Supply  undertakings  already  hire 
meters,  and  often  motors  as  well,  so  that  fans  should  not 
prove  a  great  tax  on  their  resources.  This  system  would 
possess  the  advantage  of  allowing  the  fans  to  be  given  a 
thorough  overall  during  tiie  winter  months,  when  any  de- 
fects may  be  remedied  and  the  equipment  made  ready  fur 
the  all  too  siiort  hot  days  of  the  following  season. 

In  connection  with  the  actual  installation  of  fans  too 
little  attention  is,  we  fear,  paid  to  the  arrangement  of  the 
equipment  in  the  room.  Often  the  fan  is  placed  in  such  a 
position  that  it  only  uselessly  churns  up  the  air  without 
really  aiding  ventilation.  This  is  specially  the  case  in 
kitchens,  lavatories,  and  such-like  places,  whence  it  is 
desirable  to  withdraw  fumes  and  unpleasant  smells.  The 
fan  should  then  be  placed  on  a  bracket  close  to  an  opening, 
which  .should  preferably  be  of  the  same  size  as  the  fan. 
By  arranging  the  fan  in  such  a  position  a  very  effective 
exhaust  of  foul  air  is  obtained. 

At  the  present  time  the  electrical  industry  is  looking  for 
new  worlds  to  conquer,  but  there  is  certainly  no  harm  in 
its  tightening  its  grasp  on  those  fields  it  already  occupies. 
Hygiene  is  all  the  rage,  and  no  better  method  of  obtaining 
hygenic  conditions  in  buildings  situated  in  large  towns  can 
be  devised  than  by  using  effective  ventilating  processes — 
and  iiere  is  where  the  electric  fan  should  find  a  prominent 
place.  Hygiene  is  necessary  all  the  year  round,  so  that  the 
loa  I  from  this  source  will  be  available  both  winter  and 
summer. 


Keith  f  ans* 


A]MOXG  those  electrically-driven  fans  which  hold 
a  high  position  may  l)e  mentioned  the  Keith 
fan,  "which  is  the  result  of  many  years'  expe- 
rience. It  is  made  in  two  distinct  types,  for  low  and  high 
pressures  respectively,  and  with  either  double  or  single 
inlet.  The  low-pressure  fans,  which  aie  made  in  sizes 
from  5  in.  diameter  inlet  upwards.are,  in  the  cases  of  fans  up 
to  ITi  in.  in  diameter,  formed  of  light  sheet  steel,  and  are 
electric  rivet-welded.  The  fan  cases  can,  however,  wlien 
desired  be  made  of  cast  iron.  In  every  size  the  wheel  is 
exceptionally  light  in  construction,  though  rigiduess  also 
forms  a  feature,  and  no  internal  stays  are  required. 
In  the  single-inlet  fan  the  wheel  takes  the  form  of 
a  combination  of  two  truncated  cones  of  different  angles, 
and  is  built  up  of  blades  which  are  conoidal  in  for- 
mation, and  which  have  tlieir  deeper  or  inner  ends 
set  obliquely  to  the  wheel  axis.  The  diameter  of  the 
wheel,  both  inside  and  outside,  is  greatest  where  the  blades 
are  narrowest,  and  the  longitudinal  edges  of  the  blades  lie 
on  conical  surfaces  inclined  at  different  angles  to  the  axis 
of  the  fan  spindle. 

A   single-inlet     Keith    fan  possessing  all    the    above 


features  is  .shown  in  Fig.  1.  This  fan  has  a  12^  in.  air 
inlet,  and  is  designed  for  use  with  a  motor  running  at  760 
revs,  per  min.  It  delivers  3,400  cubic  ft.  of  air  per 
minute,  or  could  deliver  4,400  cubic  ft.  if  the  motor  were 
speeded  up  to  1,000  revs,  per  min.     Considering  the  small 


Fig.  l.-K«Jth  SmgU  InUt  Fan. 

size  of  the  fan,  it  will  be  granted  that  this  is  a  by  uo  means 
bad  performance.  The  same  diameter  fan,  but  fitted  with 
a  wider  case  and  double  wheel  and  air  inlet,  when  running 
at  the  two  speeds  mentioned  above,  moves  6,800  and 
S,S00  cubic  ft.  of  air  a  minute  respectively. 
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As  regards  the  double-inlet  Keith  fan,  we  show  two 
examples  of  wheels  used  in  this  equipment.  Fig.  2  is  a 
double  Keith  wheel  with  deep  blades,  which  are  propor- 
tioned for  hantlling  volumes  of  air  at  higli  pressures. 
Fig.  3  shows  a  similar  wheel  with  shallower  blades  for  use 
in  moderate-pressure  work. 

In  both  single  and  double  air-inlet  fans  the  wheel  is 
enclosed  in  a  volute  case,  and  blades  of  the  wheel,  generally 
32  or  48  in  number,  are  of  conoidal  foriu  and  follow  a  para- 
bolic curve.     The  blades  have  an  axial  length  of  a  little 


invariably  at  the  base  or  back  or  disc  ends  of  the  blades, 
causing  much  thrust,  and  having  a  tendency  to  cause  re- 
circulation of  the  air  througli  between  the  blades  at  the 
inlet  end  or  ends  and  thus  back  into  the  wheel  centre  or 
centres,  which  means  waste  of  energy  and  loss  in  etticiency. 

Unlik'.'  all  forms  of  fan  wheels  having  relatively  long 
narrow  blades,  the  Keith  fan  wheel,  by  reason  of  the  vary- 
ing proportions,  different  angles  and  conoidal  formation  of 
tlie  obliquely  set  blades — in  conjunction  with  the  increased 
induction  towards  the  air  inlet  or  iu'ets  caused  by  its 
double-truncated  conical  form,  and  its  freedom  from  thrust 
— ensures,  it  is  urged,  that  the  air  delivery  is  absolutely 
equalised  along  the  whole  length  of  its  outer  blade  edges, 
and  tiiere  is  consequently  an  entire  absence  of  any  kind  of 
aif  blow-off  at  any  point  of  tlie  air  inlet  or  inlets,  as  there 
invariably  is  at  one  point  or  other  on  the  air- inlet  edges  of 
all  other  such  forms  of  fans. 

To  come  from  practice  to  performance,  we  are  able  to 
give  some  interesting  details  of  how  these  claims  are  borne 
out  in  practice.  In  the  following  table  are  set  out  some 
comparative  tests  on  a  "  35  in.  exhaust  fan "  made  in 
America,  and  a  standard  Keith  fan  : — 


Fig.  2. — Double  K?ith  Wheel  for  High-pressure  Work. 


Cubic  feet 

of  air 
per  minute. 

Pressure 
iu  ounces 
persq.  in. 

"  35  in.  exhaust  fan  " 

with  24  in.  dia. 
wheel.  14  in.  air  inlet. 

R.P.M.    1      H.P. 

Keith  fan  with 

wheel  14 in.  diameter. 

12  J  in.  air  inlet. 

H.P. 

R.P.M. 

2,600 
3,200 
4,100 
4,6C0 

21 
1-9 
1-3 
10 

1,200      1        3  0 
l,'-00              3  5 
1,200      '        4-0 
1,200              4-2 

27 
2-9 
2-6 
2-5 

1,540 
1,460 
1,420 
1,140 

over  H  times  their  average  radial  depth,  tlie  mean  dia- 
meter in  each  case  of  the  inlet  centre  of  the  drum  being 
fully  twice  the  average  radial  depth  of  the  blades,  while  the 
longitudinal  edge  of  the  blades  are  further  apart  at  the 
other  end,  and  are  also  at  different  angles  to  each  other. 
The  lilades  are,  therefore,  much  shallower  towards  the 
inlet  ends  than  they  are  at  the  disc  or  l)ase  end  (Figs.  2 
and  3),  v/hile,  owing  to  the  outside  diameter  of  the  fan  -jw  \\ 
wheel  being  greater  at  the  air-inlet  end  tlian  at  the  disc        U    i  | g^fill 


The  exhaust  fan  used  had  five  wide  and  deep  square 
Hat  blades,  while  the  Keith  fan  was  fitted  with  32  blades 
of  standard  form.  The  height  of  the  exhaust  fan  was 
37  in.,  as  against  29  in.  iu  the  case  of  the  Keith  fan,  and 
the  outside  diameter  of  the  latter  was  only  about  one- 
third  that  of  the  former. 


Fig.  3. — Double  Keith  Wheel  for  Moderate-pressure  Work. 

it  follows  that  the  blades  are  locatdi  further  apart  at  the 
air-inlet  end  than  at  their  base,  .so  that  more  air  is  drawn 
in  at  the  outer  than  at  the  inner  ends  of  the  blades. 

Although  the  blades  themselves  are  neither  screwed  nor 
twisted,  their  peculiar  form  and  special  and  natural  curve 
with  different  edge  angles,  and  their  setting  on  the  disc 
(bringing  their  deeperends  obliquely  across  the  axisjgi  ve  (in 
addition  to  the  usual  scooping,  inducing  and  forcing  action) 
a  screwing  action  on  the  air,  all  tending,  it  is  claimed,  to- 
wards increased  efhciency.  In  all  other  forms  of  multil)lade 
volume-pressure  cased  fans,  the  strongest  air  current  is 


Bang  Camp> 

A:\I(>X(;  the  firms  who 
have  recently  de- 
signed hand  lamps 
in  accordance  with  the  new 
Home  Office  regidations 
may  be  mentioned  Messrs. 
Veritys,  Ltd.  Their  lamp, 
which  we  illustrate  in  the 
accompanying  photograpli, 
seems  well  fitted  for  the 
work  it  will  have  to  do.  The 
handle  and  bell-shaped 
cover  are  made  of  hard 
wood,  treated  with  a  black 
compound,  while  adequate 
protection  is  afibrded  to  the 
lamp  by  a  substantial  wire 
cage.  The  entry  for  the 
flexible  lead  is  Itell-moutlied 
and  sufficient  room  is  left 
so  that  the  leads  can  be 
drawn  in  without  injury. 
We  have  not  actually  tried 
throwing  the  sample  sent  us 
along  the  floor,  a  method  of  treatment  to  which  lamps  are 
sometimes  subjected,  but  we  have  no  doubt  it  would  come 
through  the  ordeal  satisfactorily. 


Veritys  Hand  Lamp. 
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FANS  &  BLOWERS 


For  all  OUTPUTS,  SPEEDS  and  VOLTAGES. 


MOTOR-DRIVEN    PROPELLER    FAN. 

ELECTROMOTORS  HI 

OPENSHAW. 


BX*=R^  jFan  Mooters 
and  Cxhaust  Fans.     ♦ 


Tin;  ciitii'i'  I'tiuipiiu'iit  is  made  nl'  licsl,  i|Hiilily  luatviiMl 
and  thoroujflily  liiii.sjii'd,  llic  IVainc  and  liaso  in  black 
LMiaiud  and  llie  ijuard.s  and  Ian  in  dip]HHl  and  laciinorcd 
lii'ii.ss.  'riio  franio  is  so  aniinij:('il  llnit  llio  sliicld  cnidosinj^ 
llic  arniatnro  is  renunalili',  and  tlio  whole  is  clliciontly 
vcnlilated.  1'lu'  l)eariiir;s,  which  arc  an  iniiioilanl  item  on 
a|i]iaralus  of  lliis  kind,  are  made  sell'-oilinn'  and  scH'- 
aligninjv,  aiul  liein;^  of  brass  conipusilinn  metal  will  last  for 
l)raclieally  an  indeiinilc  liiiic. 

I'esides  eontinnons-currenl.  fans,  the  I'lriLish  Tlmmson- 
llnuslon  Co.  also  sn]iply  I'an  nioloi's  in  similar  sizes  lo  Iho 
above  for  operating  on  alLernatini>-cnn'enl  circuits  at  volt- 
ages of  9."  to  no  and  190  to  TIO.  Those  are  finished  in 
tlie  same  manner  as  thecontinnous-cnrrent  Cans.  They  are 
sni)]ilied  in  swivel  and  trunnion  i'rames  and  nniy  be  ad- 
justed to  be  used  as  l)racket  Ian  motors  by  means  of  a 
sim]ile  and  inexpensive  adapter. 

The  I'liitish  Thomson-]  biiisldu  ("o.'s  exhaust  fans  I'or 
alternating  and  c(nitinnous-current  circuits  are  similar  in 
construction  to  their  12  in.  and  Klin,  desk  and  bi-iickcl 
t.yi)i>s.  These  e.xhaust  I'ans  operate;  at  the  .same  volt- 
ages as  the  desk  fans,  and  embody  the  same  details  and 
quality  of  finish.  A  ]iartieularly  noticeable  fcat\ire  is 
their    silent    o]H'i'ation.       The    exliausL    fans    ojierate    at 


TUK  tendency  of  electrical  engineering  is  all  lor 
advance,  and  for  this  reason  alone  it  is  m)t  snr- 
jirising  to  learn  that  the  range  of  aiip.iralus 
employed  for  cooling  and  ventilating  jmrposes  wliicli  is 
mauuractured  by  the  I'.ritisli  'J'homson-IIouston  ( 'o.,  of 
Kugby,  has  been  kept  W(dl  U])  to  date.  ll.T.-II.  I'an  motors 
for  I'MIl)  retain  all  the  advantageous  features  which  ha\c 
made  them  populai'  in  the  past,  and  al  the  same  time 
.several  improvements  have  been  incorporated  in  liieir  eon- 
tinnous-currenl  fjn  mo'ors.  These  are  so  designed  that 
they  niay,  with  the  nn'niinnm  of  labour,  he  arranged  to 
operate  either  as  desk  or  bracket  fans  iiy  means  of  a 
universal  screw  Joint,  which,  by  simi>ly  unscrewing  a  holt 
ai.<l  adjusting  tiie  fan  to  the  desired  angle,  enables  one 
fan  motor  to  be  used  in  a  number  of  positions.  This 
universal  joint  is  f|uite  .simple,  and  Ciumot  get  out  of  ordei', 
while  the  bolt  used  for  adjusting  jiurjioses  can  be  easily 
manipulated  with  (lie  fingers.  'These  eontinuous-eurrent 
fan  mi>tora  are  made  in  two  sizes  for  use  with  12  in.  and 
IG  in.  fans,  iind  (;nibody  lln;  cxpeiiiMux'  obtaiiu'd  in  building 
tho\i.siinils  of  similar  motors.  The  speeds  at  which  they 
operate  luive  been  siandunlised  down  to  two  oidy,  as  this 
has  liccn  found  to  meet  all  reiiuiremenls  in  jirnetiee,  ami 
they  are  wound  for  circuits  of  95  to  1 1.",  I!MI  to  2:)(),  mid 
210  to  200  volts  ros2)ectively. 


li.T.-H.  Standjfd  T.iblc  or  WatI  Fan. 

standard  speeds,  and  it  is  not  usual  to  supply  them  with 
speed  regulat.ing  switches,  bat.,  should  different  speeds  be 
re(piired,  separate;  speed  regulators  can  be  supplied.  The 
standard  linish  of  the  exhaust  fans  is  black  enamel. 

In  designing  their  fan  motors  simplicity  and  reliability 
have  bjen  the  chief  considerations,  but  appearance  has  not 
been  neglected,  as  the  accompanying  illustrations  will 
testil3\  ti>uality  has  always  been  a  dominating  feature  of 
this  firm's  numufactures  generally,  and  inexpensiveness  has 
also  received  due  consideration. 

The  great  point  about  IVT.-II.  fans  seems  to  be  their 
adaptability  to  various  conditions.  For  instance,  inie  and 
the  same  fiin  nuiy  be  useil,  as  mentioned  above,  on  t Ju^  t,able, 
01'  fixed  to  th(!  wall,  as  reejuired,  an  arrangement  wliich 
po.ssesses  the  advantage  that,  one  fan  can  ])raetically  do  the 
work  of  two.      .Again,  it    is   not   desirable  tJiaX  fans  of  this 

description   should    take  up   1 nnieh   space,  and   in   this 

(hr(;etion  also  J!.T.-II.  fans  seem  to  fill  the  bill.  They 
.should,  therefore,  find  a  wide  application. 
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Johnson  $  Phillips^  Fan$>       Sfellite  Fans^ 


Till';  l/iix-bludc;  Fiiiis  .suijjjiicil  by  .Messrs.  .JoIiumjii  iV 
I'hilliiiH,  of  Old  Charlton,  arc  tlioraii<,'hly  reprc- 
seiitative  of  tiie  liii,Mi  Sitandard  of  their  good.s.  The 
.sizes  made  range  from  small  fans  12  in.  in  diameter  up  to 
coin.,  the  intermediate  sizes  being  15  in.,  18  in.,  24 in., 
;!()  in.,  'MJ  in,,  42  in.,  4H  in.  and  54  in.  The  speeds  range  in 
a])pro.\imately  inverse  proportion  from  1,200  to  250  revs, 
per  min. 

Tiie  niotors  are  designed  on  generous  line,  witli  ample 
margin  for  any  accidental  requirements,  and  the  rise  in 
temperature  even  on  a  long  run  is  very  small  indeed, 
not  exceeding  oO'F.  for  the  ordinary  standard  pro- 
tected type.  If  totally  enclosed,  a  type  that  is  always 
recommended  for  cases  where  either  dampness  pre- 
vails or  st(!am  has  to  l)e  exhausted,  the  temperature 
rise  is  somewhat  greater,  but  even  then  it  does  not  cxceei 
(;0  dog.  If  the  fan  is  for  use  in  hot  climates,  suHicient 
margin  is  provided  so  that  the  temperature  rise  docs  not 
exceed  45  deg.  under  any  circumstances. 

The  thrust  of  the  blade  is  usually  taken  up  liy  a  waslier 
of  hard  iibre,  for  at  the  comparatively  slow  speeds  at  which 
these  fans  run  hard  libie  is  found  to  answer  the  pur- 
pose; excellently,  and  shows  no  wear  even  after  pro- 
longed running.  It  is,  moreover,  more  silent  than 
a  ball-thrust  bearing,  thougli  in  sjjccial  cases,  such 
as  when  tiu;  axis  is  in  avertical  position, a  ball-thrust 
bearing  may  be  fitted  with  advantage.  The  liladc;  itself  is 
constructed  of  sheet  steel  cold  rolled  and  close  annealed, 
securely  attached  to  a  hub  of  gunnv>;tal  or  malleable  iron, 
according  to  size,  and  riveted  at  the  outer  edge  to  a  steel 
rim, special  attenti(jn being  paidtothe  securingof  a  thorough 
lialance  and  trueness  of  running,  whilst  the  design  of  the 
ijlades  themselves  is  tlie  outcome  of  years  of  experience. 


Standard  A  C.  Fan  (Johnson  &  Phillips). 

In  the  case  of  the  alternating-current  motors,  the  short- 
circuited  type  of  rotor  is  used,  the  stator  being  wound  with 
such  a  number  of  poles  as  will  most  nearly  approximate  to 
the  desired  speed.  In  the  smaller  sizes  these  motors  are 
arranged  to  be  self-starting — that  is  to  say,  they  can  be 
operated  merely  by  a  tumbler  switch  even  on  single-iihase 
circuits.  The  larger  sizes  are  started  by  throwing  into  cir- 
cuit an  additional  winding  for  the  few  moments  of  starting, 
which  is  cut  out  as  soon  as  the  motor  has  gathered  suHicient 
speed  to  enable  it  to  run  u))  into  step.  On  two  or  three- 
jiiiase  circuits,  of  course,  no  starting  device  is  necessary. 
Speed  r(H^ulati(jn  can  be  to  some  extent  effected  by  means 
of  a  regulating  choking  toil  or  resistance,  although,  of 
course,  notiiing  like  the  range  obtainable  on  direct  current 
can  be  attained,  owing  to  the  motor  losing  power  as  soon  as 
it  gets  seriously  out  of  step.  A  standard  A.C.  fan  is  shown 
ill  the  accompanying  illustration. 


AMi)X{j  the  lirm.s  who  have  devoted  considerable 
thought  and  labour  to  the  i|uestion  of  the  proper 
design  of  fans  we  shall  certainly  be  right  in  in- 
cluding the  Electric  &  Ordnance  Acces.sories  Co.,  which  is 
well  known  for  its  "  Universal "  direct-current  fan.s. 
These  have  now  been  on  the  market  for  some  considerable 
time.  In  these  fans  (known  as  the  "A.I'."  type)  the 
motor,  which  carries  the  blades  on  an  extension  of  its 
spindle,  is  supported  on  two  arms,  lieing  held  in  position 
by  a  couple  of  liy  nuts.     This  construction  renders  it  a 


Fig.  1.— "Stelhte"  Ceiling  Fan. 

matter  of  only  a,  moment  or  two  to  convert  a  table  fan  into 
either  a  w:dl,  ceiling,  or  trunnion  fan,  or  rice  irrsa,  simply 
by  slackening  the  liy  nuts.  Maximum  adaptability  is  thus 
attained.  The  blades  are  designed  to  give  a  solid  breeze, 
unlike  many  fans,  which  only  propel  the  air  from  the  tips 
of  the  blades.  The  motor  runs  noiselessly,  the  only  sound 
when  running  being  a  slight  humming  due  to  the  rapid 
displacement  of  the  air.  The  insulation  resistance  of  the 
windings  is  high,  and  the  coils  being  of  ample  section  the 
risk  of  failure  due  to  breakdown  of  the  insulation  or  over- 
heating in  the  armature  coils  is  practically  nil.    The  brushes 
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are  of  carbon  and  self-adjusting,  and  the  bearings,  which 
are  of  phosphor  bronze,  are  Htted  with  wick-feed  hibri- 
catoi-s.  All  "  A.P."  fans  are  supplied  with  a  starting  switch, 
and  a  three-speed  regulator  is  fitted  to  the  base  of  tlie  motor. 
The  fans  are  made  in  two  sizes— namely,  12  in.  and  IG  in. 
—and  fur  all  direct-current  pressures  from  GO  to  250  volts. 

For  the  ventilation  of  small  rooms,  the  E.  &  0.  Com- 
pany manufacture  a  port-hole  fan,  the  general  design  of 
which  is  similar  to  that  of  the  "  A.P."  fans.  These  port-hole 
fans  are  supplied  in  three  sizes— namely,  Sin.,  12in.  and 
IG  in. — for  pressures  of  from  110  to  220  volts. 

All  tirst-class  steamships  are  now  titted  with  electricallj-- 
driven  ventilating  fan.s,  and  a  fan  has  been 
specially  designed  and  constructed  for  this 
purpose  by  the  ^Electric  &  Ordnance  Co. 
It  is  of  the  ceiling  type.  The  space  avail- 
able in  a  cabin  is  necessarily  limited,  and 
in  this  company's  fan  the  size  has  been 
kept  as  small  as  possible,  the  26  in.  fan 
being  only  9  in.  deep.  This  type  of  fan  is 
also  made  in  .'56  in.  size. 

The  same  company  also  manufacture 
"Ordnance"  centrifugal  fan.s,  which  are  de- 
signed for  forced  and  induced  draught 
work  in  connection  with  boilers  and  for 
ventilating  schemes  where  a  fairly  higli 
pressure  is  essential.  In  these  fans  the 
runners  consist  of  a  number  of  corrugated 
blades  firmly  secured  to  the  hubs.  Tiiis 
corrugation  of  the  blades,  it  is  claimed, 
renders  these  fans  by  far  the  most  efficient 
of  their  type.  The  reason  for  tliis  is  to 
be  found  in  the  entire  absence  of  any  slip 
back  of  air  between  the  blades — the  cause 


of  much  loss  in  efficiency  in  many  fans.  The  com- 
pany make  the  claim  that,  for  a  given  power  and  size, 
the  "Ordnance"  fan  gives  a  greater  discharge  than  any 
other  like  fan  made,  and  we  learn  that  large  numbers 
of  these  fans  have  recently  been  supplied  to  the  British 
Admiralt}'.     "We  illustrate  each  of  the  aliove  types  of  fan. 


Fig.  2.—"  Stellite  "  Table  Fan. 

For  the  removal  of  foul  air,  smoke,  acid  fumes,  dust-laden 
air,  &c.,  from  workshops,  drying  rooms  and  other  similar 
places  this  company  have  yet  another  type  of  fan,  known 
as  the  "Ordnance"  propeller  Fan,  which  can  be  either 
direct  or  belt  driven  according  to  requirements.  These 
fans  are  the  outcome  of  lengthy  experiments  and  experi- 
ence in  fan  design,  with  a  result  tliat  they  give  an  extremely 
large  displacement  of  air  for  a  very  nominal  expenditure  of 
power.  They  are  made  in  four  sizes,  ranging  from  12  in. 
to  60  in.,  and  have  an  output  var3-ing  from  1,100  to  28,000 
cubic  ft.  of  air  per  minute  for  slow  speeds,  and  from  1,450 
to  42,000  cubic  ft.  of  air  per  minute  for  high  speeds. 


Fig.  3.— "Stellite"  Port-hole  Fan. 


^uffi^cniLr^  t   to       I  he  ILIectrician.      April  JU,  ivuy. 
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All  communications  should  be  addressed  "The  Electrician" 
Industrial  Supplement,  1,  2  and  3,  Salisbury  Court,  Fleet 
Street,  London,  E.G. 

Copy  for  Text  or  Advertisement  pa^es  Jor  ttext  issue,  fiib/ishiii^  on 
May  28th!  should  reach  the  above  address  by  Tuesday,  May  18th. 

ilanujactitrers.  Contractors,  Central  Station  Engineers,  and  those 
interested  in  Electrical  Itidustrial  Developments  are  cordially  invited  to 
contribute  original  matter  to  the  SUPPLEMENT,  and  when  suitable 
this  will  be  inserted  as  space  permits. 


Filing  Case  for  "  The  Electrician  "  Industrial  Supplement. 

The  Industrial  SUPPLEMEXT  is  holed  for  filing,  and  we  are 
distributing  cases  which  will  hold  twelve  issues.  On  request  a  case 
will  be  sent  to  Consulting,  Manufacturing,  or  Contracting  firms  ;  to 
Chief  or  Resident  Engineers  of  Electricity  Supply,  Traction  or  Power 
Stations  ;  to  any  firm  of  Merchants  or  Agents  ;  to  RaOway,  Tramway, 
Dock,  Harbour,  or  other  companies  interested  in  the  applications  of 
Electric  Power,  &c.,  to  their  undertakings  ;  and  to  other  large  cou- 
Bumers  of  electrical  energy,  either  at  home,  in  the  Colonies,  or  abroad. 

A  portion  of  each  issue  of  the  SUPPLEMENT  is  reserved  for  special 
circulation  oversea. 


Editorial. 

lu  this  issue  of  the  Industrial  Supple- 
Fan  "Blades.  -^'^NT  we  have  endeavoured,  with  the 
assistance  of  numerous  makers,  to  give 
some  idea  of  the  progress  that  lias  recently  been  made  in 
electric  fan  matters.  From  an  historical  point  of  view,  the 
fan,  as  a  fan,  is  a  very  ancient  piece  of  apparatus.  Not  to 
go  too  far  back,  one  of  its  first  forms  seems  to  have  been  a 
flat  surface  of  irregular  sliape  and  made  of  various  materials, 
which  was  waved  to  and  fro  more  or  less  efficiently  by 
human  agency.  "Whether  this  arrangement  was  a  good 
one  is  hard  to  say,  but  the  air  in  the  neighbourhood  of  the 
fan  must  have  been  churned  up  rather  than  fresh  air 
brought  in.  Tlie  same  idea  is,  of  course,  applied  in  the 
punkah  used  in  India,  and  this  equipment,  combined  with 
the  electric  drive,  forms,  it  is  said,  a  very  good  method  of 
obtaining  fresh  air,  as  the  higher  speed  of  operation  sets  the 
air  iu  motion  over  a  larger  area  than  could  be  effected  by  a 
hand-worked  fan.  In  such  a  case  as  that  of  the  punkah, 
the  flat  blade  may  well  be  used,  but  this  form  has  certain 
disadvantages  when  the  working  of  modern  rotary  fans 
is  considered.  In  using  this  apparatus,  what  is  required 
is  to  draw  air  into  the  fan  and  discharge  it  at  the  other 
side.  One  is  immediately  struck  by  the  analogy  to  the 
steam  turbine.  It  is  the  motor  and  dynamo  over  again. 
In  the  turbine,  steam  is  forced  over  a  number  of  bucket- 
shaped  blades  fixed  on  a  suitable  rotor.  The  energy  con- 
tained in  the  steam,  together  with  the  proper  arrange- 
ment of  the  blades,  causes  this  rotor  to  revolve.  In  the 
fan  the  rotor  is  revolved  by  e.xternal  means,  and  the  air,  if 
the  fan  blades  are  of  proper  design,  is  drawn  in  at  one  side 
of  the  fan  and  discharged  at  the  other  at  a  velocity  which 
depends  on  the  speed  of  rotation  of  the  fan  and  on  the 


design  of  the  blades.  The  question  is  not,  of  course,  quite 
so  simple  iu  practice,  but  taking  the  above  as  an  indica- 
tion of  the  general  lines  on  which  to  work,  the  blades  may 
be  modified  or  adapted  in  accordance  with  the  special  pur- 
pose for  which  the  fan  is  designed 

It  is  not  with  the  idea  of  stating   the 

Ventilation  of  obvious  that  we  make    the  remark  that 
Coal  Mines.       .,  ^-i   ^-  a         ^       •         ■ 

the  proper  ventilation  ot  coat  mines  is  a 

subject  of  very  great  importance.  This  fact  has,  moreover, 
been  recognised  since  the  very  earliest  days,  when  various 
ingenious,  though  crude,  methods,  were  devised  for  ensur- 
ing a  proper  circulation  of  air  through  the  mine.  When 
mines  are  small  natural  ventilation  is  often  sufficient,  but 
thismethodbecomesquite  impossible  asthe  depth  and  extent 
of  the  workings  increase.  It  has,  in  fact,  been  stated  that 
about  75  percent,  of  the  air  currents  necessary  for  efficient 
ventilation  must  be  furnished  by  mechanical  means.  To 
produce  the  necessary  current  of  air  the  use  of  a  high-speed 
fan  possesses  certain  advantages,  among  them  the  property 
that  the  speed  of  this  type  of  fan  may  be  varied  more 
easily  and  with  less  danger,  while  the  parts  are  lighter  and 
more  easily  handled — a  factor  of  some  importance  when 
upkeep  and  maintenance  costs  are  considered.  On  the 
other  hand,  any  increase  in  the  output  of  a  large  slow-speed 
fan  is  obtained  at  the  expense  of  safety,  for  such  an  in- 
crease may  be  detrimental  to  a  heavy  wheel,  and  at  the 
same  time  this  type  of  fan  is  expensive  to  run  when  only 
small  volumes  of  air  have  to  be  dealt  with.  It  will,  there- 
fore, be  seen  that  the  use  of  the  electric  motor  direct 
coupled  to  a  high-speed  fan  is  almost  a  necessity  in  mining 
work. 

There  is  a  widespread  notion  in  those 
An  American  ^  •      ^i    ^  r     ^        i.  i    ^ 

View  of  the     countries  that  are  unfortunate  enough  to 

Vaplight  Saving  he  outside  the  British  Empire  that  the 
English,  as  a  nation,  are  hopelessly  mad. 
This  idea  is  well  brought  out  by  a  leader  in  our  contem- 
porary, the  "Electrical  World,"  on  the  question  of  the 
Daylight  Saving  Bill.  It  looks  upon  the  whole  affair  as  a 
good  joke  (and  we  are  not  sure  on  further  consideration 
that  this  is  not  the  proper  point  of  view).  It  is  hard  put  to 
it  to  discover  both  the  origin  and  reason  for  the  bill,  and  is 
finally  of  the  opinion  that  a  thrifty  Scot  possessed  of  a 
grudge  against  the  gas  and  electric  light  companies  is  at 
the  bottom  of  it.  A  truly  delicious  idea  !  Our  contem- 
porary suggests  many  ways  of  improving  the  bill,  and  it  is 
regrettable  that  the  exigencies  of  space  prevent  us  from 
quoting  from  this  article  at  great  length.  We  cannot  refrain, 
however,  from  reprinting  the  concluding  paragraph,  in 
which  the  real  opinion  of  America  on  the  bill  as  exempli- 
fied by  the  "  Electrical  World"  is  neatly  summed  up.  The 
paragraph  reads : — 

Frankly,  we  trust  that  the  present  bill  will  pass,  as  the  greatest 
advertisement  (barring  the  suffragette  movement)  of  the  new  century, 
and  as  fresh  evidence  of  the  far-sighted  astuteness  of  the  body  that 
annually  turns  down  the  Metric  bill.  The  Lords  can  be  trusted  to 
suppress  it  or  to  amend  it  into  some  form  yet  more  facetious.  Mean- 
while, people  will  keep  up  the  same  old  game  of  getting  up  about 
when  they  please,  working  as  long  as  thej-  please,  and  then  turning 
night  into  day,  to  the  profit  of  the  dispensers  of  liquids  and  lights. 

Comment  is  needless,  but  we  are  sure  that  the  promoters 
of  the  bill  will  welcome  the  encouragement  given  to  tlieir 
project  by  our  cousins  across  the  herring  pond. 
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WALL-PLUGS 


To  comply  with  the  New 


HOME    OFFICE    REGULATIONS. 


standard  Sizes  5-50  amps,  at  600  Volts 


By  the  use  of  these  plugs,  existing  metal 
lampholders  can  be  made  QUITE  SAFE, 
as  an  efficient  earth  connection  is  pro- 
vided for,  = 


LOW    PRICES. 
DELIVERIES    FROM    STOCK. 


Works :  Hebburn-oti'l yne. 


For  tlie  first  few  weeks,  or  years,  after 

"^Jl^  ^"^  '"  "'*  '"^ii  idea  which  has  been  germinating  in 
"Boiler  House.    ^,      .  ,     ,        ...  .  i     <.  .  i       ° 

the  inventor  s  mind  has  at  last  taken  tan- 
gible shape,  the  improvements  lie  is  able  to  introduce  into 
its  working  are  many,  and  follow  the  conditions  dictated 
by  the  experience  of  its  practical  working  that  have  been 
obtained.  After  this  initial  period,  however,  the  number 
and  importance  of  the  improvements  is  reduced  and  the 
progress  made  is  not  seldom  quite  invisible  to  the  casual 
observer.  The  above  lines  are  not  inapplicable  to  parts  of 
tlie  electrical  industry,  and  particularly  to  that  portion  of 
it  which  is  engaged  in  generating  electric  power.  To  take 
but  one  example,  the  improvements  made  in  dynamo 
design  during  the  first  10  years  of  its  existence  were 
greater  and  more  far-reaching  than  those  made,  say,  in  the 
last  10  years.  In  fact,  the  design  and  operation  of  tlie 
plant  employed  in  central  stations  has  now  been  so 
standardised  that  engineers  are  hard  put  to  it  to  discover 
methods  for  effecting  the  economies  in  working  demanded 
from  them.  In  fact,  practically  the  only  part  of  the 
station  which  offers  them  any  scope  is  tlie  boiler  house,, 
and  here  there  is  plenty.  One  of  the  most  prolific  sources 
of  waste  is  doubtless  due  to  the  low  efficiency  of  the 
ordinary  chimney  as  a  means  of  producing  the  neces- 
sary draught,  the  figure  being  placed  by  competent 
authorities  at  less  than  0'0005  of  1  per  cent.  The  use  of 
an  economiser,  it  is  true,  raises  this  figure  somewhat,  but 
on  the  other  hand,  it  decreases  tjie  intensity  of  the  draught 
and  thus  leads  to  still  further  Icsses.    Some  means  of  arti- 


ficially producing  draught  would,  therefore,  appear  to  be 
absolutely  necessary,  and  one  of  the  best  methods  of  thus 
inducing  a  draught  is  by  using  an  electrically-driven  fan. 
Such  an  arrangement,  especially  if  an  induced  draught 
method  (as  distinct  from  forced  draught)  is  employed, 
makes  for  a  more  uniform  passage  of  the  air  through  the 
fuel  bed,  while  a  steadier  flow  of  the  hot  gases  is  at  the  same 
time  obtained.  The  use  of  mechanical  draught  imme- 
diately introduces  another  advantage,  for  by  its  use  a  con- 
trol over  the  combustion  is  at  once  obtained  and  the  fires 
can  be  forced  or  retarded,  in  a  manner  not  possible  when 
a  chimney  alone  is  used,  by  simply  altering  the  speed  of 
the  motor  driving  the  fan.  Such  methods  lead  to  an 
increased  rate  of  combustion,  while  the  flue  gases  contain  a 
high  percentage  of  carbon  dioxide,  a  factor  which  in- 
dicates efficient  working.  The  greater  draught  obtained 
under  these  conditions  makes  the  use  of  an  economiser 
both  possible  and  efiicient,  while  the  size  of  the  boiler 
plant  necessary  for  a  given  electrical  output  is  greatly 
reduced.  There  is  at  the  same  time  a  much  more  com- 
plete absence  of  the  smoke  nuisance  and  the  efficient 
working  of  the  station  is  less  dependent  on  atmospheric 
conditions.  From  these  data  it  will  be  seen  how  much 
the  application  of  mechanical  draught  to  boiler-house 
working  can  aid  in  obtaining  a  higher  plant  efficiency.  It 
is  interesting  to  note  that  the  production  of  induced 
draught  in  the  boiler  house  by  means  of  the  electric  drive 
forms  another  example  of  the  way  in  which  this  form  of 
energy  lakes  a  hand  in  assisting  in  its  own  generation. 
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€lectric  Fans  on  Sea  and  Cand> 

THE  benefits  derived  from  the  use  of  electricity  for 
the  operation  of   auxiliary   machinery  on   board 
ship,  are  amply  borne  out  by  the  great  improve- 
ments that  can  be  ellected  in  the  ventilation  of  the  vessel 
by  the  employment  of  electrically-driven  fans.     The  ease 


are  also  used  extensively  on  ship  board  for  supplying 
forced  draught  to  the  boilers  for  ventilating  stokeliolds,  as 
well  as  for  circulating  the  cold  air  in  the  cold  storage 
chambers  of  the  meat  and  fruit  carrying  steamers.  Part 
of  an  order  of  30  "  Sirocco  "  fans  for  refrigeration  purposes 
on  board  fruit  boats  is  shown  in  Fig.  2.  On  land  one  of 
the  most  important  applications  of  fans  is  in  connection 
with  boiler  draught.     Steam  users  have  frequently  found 


Fig.  1.— "Sirocco"  Fans  on  Atlantic  Liner. 


with  wiiich  the  purity  of  the  atmosphere  can  Ijl;  main- 
.tained  is  chielly  due  to  the  provision  of  small  plenum  or 
exhaust  fan  set.s,  each  consisting  of  a  high  speed  fan  direct- 
coupled  to  an  electric  motor,  a  combination  of  sulHcicntly 
small  dimensions  to  be  placed  on  deck  without  occupying 
too  much  of  its  valuable  space.  Tlie  aecomjianyiiig  view 
(Fig.  1)  of  the  deck  of  a  first-class  Atlantic  liner  shows  four 
electrically-driven  "Sirocco"  fans,  supplied  by  Messrs. 
Davidson  &  Co.  of  Belfast,  which  are  used  for  the  ventila- 
tion of  the  passengers'  quarters.     Electrically-driven  fans 


an  induced  draught  fan  to  be  one  of  the  most  jjrofitable 
investments  they  had  nuide,  for  by  its  use  the  steaming 
capacity  of  their  boiler  plant  could  be  increased  without 
tlie  addition  of  new  boilers.  Further,  their  coal  bill  could 
be  reduced  by  permitting  tlie  burning  of  a  cheaper  grade 
of  fuel  than  would  be  possible  with  natural  draught,  and, 
finally,  by  their  use  the  emission  of  Jjlaek  smoke  was  reduced, 
tlius  bringing  the  plant  well  within  the  nuisance  limit. 
Such  a  fan  diiect  coupled  to  an  alternating  current  motor 
is  shown  in  Fi".  o. 
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Fig.  2.—"  Sirocco"  Fans  for  Refrigerating  Purposes. 

With  the  increasing  facilities  ofl'ered  now-a-days  by  the 
pijwer  distribution  companies,  electrically-driven  mine  fans 
are  rapidly  increasing  in  number.  A  large  fan  of  this 
description  has  just  been  installed  by  the  Glamorgan  Coal 
( 'o.     It  is  a  double  inlet  "  Sirocco,"  140  in.  in  diameter, 


Fig.  3.  -"Sirocco"  Fan  Coupled  to  A.C.  Motor. 

direct  coupled  to  a  450  h.p.  IJ.T.-H.  motor,  and  ventilates 
roadways  aggregating  60  miles.  On  test  the  fan  gave  an 
etticiency  of  82  per  cent.,  a  figure  most  satisfactory  to  the 
coUiary  manager  and  fan  maker  alike. 


Pickard  €lectric  Screw  Fans^ 

IT  may  be  truly  said  that  the  most  important  part  of  any 
fan,  however  it  may  be  driven  (though,  of  course,  we 
liope  it  will  be  by  electrical  means),  is  the  blade.  This 
])ortion  has  to  perform  the  work  for  which  every  fan  is  in- 
stalled— riz.,  to  move  the  air — and  it  is,  therefore,  sur- 
prising that  not  more  attention  is  paid  to  its  design.  It  is 
sirange,  but  nevertheless  true,  that  in  almost  all  electrical 
fans  the  design  of  the  blades  receives  but  a  secondary 
nnsideration,  which  results  in  the  crude  shapes  often  met 
\\  ith.  Sucli  shapes  are  of  little  use  for  extracting  air  from 
looms,  especially  when  air  ducts  have  to  be  employed. 

A  firm  who  have  given  a  great  deal  of  consideration  to 
this  iptestion  of  blade  design  is  ]\Iessrs.  F.  Hattersley 
Pickard  &  Co.,  of  Leeds.  The  blades  of  all  their  fans  are, 
in  fact,  carefidly  designed  and  constructed  on  correct 
scientific  principles  for  moving  large  \'olumes  of  air  in  an 
economical  and  efticient  manner.      They  will  also,  it  is 


claimed,  move  air  against  a  good  deal  of  resistance,  and  are, 
therefore,  particularly  suitable  for  the  ventilation  of  public 
buildings,  restaurants,  smoke  rooms  and  offices.  A  geo- 
metrical development  of  one  of  the  blades  is  .shown  in  Fig.  1. 
A  view  of  one  of  the  standard  fans  is  given  in  Fig.  2. 
The  Hattersley  Pickard  fans  are  supplied  with  either  con- 
tinuous or  alternating-current  motors.     A  special  feature 

T»  ^^^ — r 

vi\r^         r"?f7 

i-IMU -jifelu.- 

Fig.  I.- Geometrical  Development  of  a  Hattersley  Pickard 
Fan  Blade. 

is  made  of  the  single-phase  induction  motor  for  fan  work. 
These  motors  do  not,  it  is  claimed,  requij-e  any  special 
starting  switch,  but  can  be  started  by  an  ordinary  tumbler 
switch.  This  arrangement,  which  is  obviously  very  con- 
venient from  all  points  of  view,  applies  with  equal  force  to 
both  large  and  small  sizes  of  fans.  Fans  and  fan  apparatus 
are  too  often  given  o\-er  to  the  tender  mercies  of  some  one 
who  has  only  the  remotest  idea  how  to  treat  them,  so  that 
the  simpler  the  apparatus  the  better  for  both  fan  and  motor. 


Fig.  2.— Hattersley  Pickard  Standard  Fan. 

The  Hattersley  Pickard  fans  are  finding  a  wide  applica- 
tion not  only  for  ventilating  work,  but  also  for  such 
purposes  as  drying,  dust  removal  and  induced  drauglit. 
and  on  consideration  it  will  be  granted  that  it  is  only 
right  that  tliis  should  be  so,  seeing  the  scientific  principles 
on  which  tiiey  are  designed.  The  theory  of  the  design  of 
fan  blades  is  an  interesting  subject  and  we  shall  wait 
expectantly  for  some  further  development  along  these 
lines. 
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IX  writing  of  fans   the  journalist  is  much  jnit  to  it  to 
avoid  referring  to  that  kimh-ed  but  rather  wore-worn 
subject  of  the  weather.     Though  at  the  present  time 
it  is  not  quite  so  warm  as  it  might  be,  yet  there  are  signs 
of  something  better  to  come,  and  it  is  really  not  so  very 
unreasonable  to  bring  the  fan  subject  to  the  front. 

He  who  at  the  present  time  is  thinking  of  purchasing  a 
fan  might  do  worse  than  consider  the  claims  of  the  "For- 
titer"  fan,  made  by  the  Union  Electric  Co.  It  is  put  on 
the  market  in  a  number  of  shapes  and  sizes,  each  designed 
to  do  its  best  in  its  own  sphere  of  usefulness. 


Fig.  1.—"  Fortiter  "  Table  Fan. 

The  common,  or  usual  table  fan  is  shown  in  Fig.  1. 
This  can  be  obtained  in  a  number  of  sizes,  the  blade 
diameters  varying  from  10  in.  to  14  in.  The  air  displaced 
per  minute  varies  from  350  cubic  ft.  per  minute  in  the  case 
of  the  smaller  fan  to  1,200  cubic  ft.  per  minute  when  the 
larger  is  employed.  Standard  types  made  for  working  on 
pressures  of  110  or  220  volts  are  supplied,  while  by  means 
of  a  regulator  placed  in  the  base  of  the  fan  speeds  of  800, 
1,000  and  1,200  revs,  per  rain,  can  be  obtained  from  both 
types.  Though  rated  at  110  and  220  volts,  these  fans  can 
be  used  on  any  voltage  between  100  and  120  volts  or  200 
and  240  volts,  the  standard  frequency  in  the  case  of  alter- 
nating current  supply  being  .50. 


of  5  ft.  All  these  fans  must  necesarily  he  fitted  with 
starters,  and  a  speed  regulation  down  to  110  and  140 
revolutions  in  the  case  of  the  two-bladed  and  four-bladed 
fans  respectively  can  be  obtained.  The  weight  of  these 
fans  varies  'between  35  lb.  and  44  lb.,  so  that  the  strain  on 
the  ceiling  fitments  generally  is  not  great. 

The  "Fortiter"  porthole  fan  is  shown  in  Fig.  3,  with  its 
Iris  diaphragm  closed.     Similar  fans  with  open  rings  are 


Fig.  3.— "Fortiter  "  Porthole  Fan,  with  Iris  Diaphragm. 

also  supplied.  The  sizes  of  these  fans  vary  from  one  with 
a  diameter  of  9^  in.  to  one  with  the  quite  respectable 
dimensions  of  59  in.  The  Iris  diaphragm  fans  are  made  in 
sizes  up  to  16  in.  in  diameter.  The  air  displaced  per 
minute  varies  from  500  cubic  ft.  in  the  case  of  the  9^  in. 
open  ring  fan  to  35,000  cubic  ft.  in  the  case  of  the  59|-in. 


Fig.  2. — "Fortiter"  Ceiling  Fan. 


Fig.  4.—"  Fortiter"  Porthole  Fan,  with  Bucket  Blades. 


Tliose  who  prefer  ceiling  fans  are  also  catered  for  jjy  the 
Union  Electric  Co.,  one  of  the  "Fortiter"  ceiling  fans  for 
use  on  direct-current  circuits  being  shown  in  Fig.  2.  These 
fans  are  fitted  with  either  two  or  four  blades,  and  with  or 
without  su.3pension  rod  as  desired.  To  tho.se  who  rejoice 
in  dimen.sions  we  may  say  that  the  overall  vertical  length 
of  these  fans  is  53  in.  when  a  sus]K'nsii)n  rod  is  fitted  and 
16  in.  when  it  is  not  employed.  The  diameter  across  the 
blades  is  53  in.  in  the  case  of  the  two-bladed  fan  and  39  in. 
for  the  four-bladed  pattern.  Suspension  rods  can  also  be 
supplied  in  longer  and  shorter  lengths  up  to  a  maximum 


size.     The  limiting  figures  for  the  Iris  diaphragm  fans  are 
500  cubic  ft.  and  2,100  cubic  ft.  respectively. 

A  porthole  e.\haust  fan  fitted  with  bucket  blades  is 
shown  in  Fig.  4,  and  as  regards  output  and  dimensions  is 
similar  to  those  set  out  above.  All  these  porthole  fans  are 
very  similar  in  operation,  and  can  be  driven  by  direct 
current,  three-iihase  or  single-phase  motors.  The  number 
of  blades  varies  fi'om  four  in  the  case  of  the  small  sizes  to 
eight  in  the  largest  types.  These  fans  can  also  be  fitted 
with  automatic  louvre  siuitters  which  open  or  clo.se  as  the 
fan  is  started  up  or  shut  down. 


15 


SUPPLEMENT  to  "The  Electrician,"  April  30.   1909, 


6 


REASONS  WHY 

YOU  SHOULD   PURCHASE 

"FORTITER" 
FANS. 


1.  They  are  durable  and  elegant  in  appearance. 

2.  They  can  be  run   at  three  different  speeds. 

3.  They  are  suitable  for  all  current  supplies  at 

all  times. 

4.  They  are  easy  to  instal  and  to  sell. 

5.  They    satisfy    the    most    critical    buyer    and 

enhance  your  reputation. 

6.  They  are  cheap  to  buy  and  cost  little  to  run. 


^arKS"^.       .50UTHWARK.      LOHD0N.5J 

Glasgow,    Newcastle,    Liverpool,    Manchester,    Leeds, 
Birmingham,  Cardiff,  Dublin,  ReaJing  &  Gloucester. 


ASK  FOR  UST  3000. 


J 


4i 


flcme^^  Blou)er$. 


THE  question  of  blowers  is  becoming  move  and  m.ore 
interesting  to  electi-ical.  engineers  from   the  fact 
that  within   recent   years    blast-furnace   gas   has 
been  to  a  great  extent  nsed  for  driving  engines  to  generate 
electric  power.     The  connection  between  the  blower  and 


poses,  and  like  the  majority  of  apparatus  employed  in 
engineering  work,  their  present  design  is  due  to  large 
development  from  very  small  beginnings.  A  firm  which 
has  to  a  considerable  extent  assisted  in  this  develop- 
ment is  Messrs.  Samuelson  &  Co.,  of  Banbury,  who  for 
nearly  twenty-five  years  have  been  manufacturing  positive 
blowers  of  various  kinds.  The  experience  obtained  over 
this  period  has  given  them  a  knowledge  of  the  wants  of 
the  user  of  these  machines,  and    these  wants    are,  it   is 


Fig.  1.— Standard  Electrically-driven  "Acme"  Blower- 


the  current  may  seem  rather  remote,  Imt  in  installations 
where  gas  engines  sujiplied  with  blast-furnace  gas  are  used 
it  is  not  unnatural  that  the  blowers  themselves  should  be 
driven  by  electric  motois. 

Blowers  are,  liowever,  used  for  a  variety  of  otlier  pur- 


claimed,  met  in  the  newest  designs  of  their  improved 
"  Acme  "  positive  blowers.  This  blower  is  designed  upon 
new  principles,  and  is  said  to  embody  a  radical  change  from 
the  old  style  of  construction,  while  at  the  same  time  it 
combines   all  the   advantages   of  the  earlier   forms  and 
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eliminates  every  detail  wliicli  experience  has  shown  to  be 
objectionable. 

In  the  accompanying  illustration  we  show  an  electrically- 
driven  "Acme"  high-pressure  motor  blower  coupled 
through  gearing  to  an  electric  motor.  This  blower  is 
composed  entirely  of  metal.  The  revolvers,  of  which  there 
are  two,  are  cast  in  one  piece  and  contain  no  screws, 
bolts,  nuts,  or  other  similar  parts  which  might  become  loose 
during  working.     This  detail  of  the  machine  is  obviously 


Fig-  2.    Electrically-driven  "  Acme  " 
Pump. 


not  witliout  importance  to  the  user.  Tiie  wings  of  the  re- 
volvers, which  are  cut  back  to  aflord  a  clearance,  do  not 
touch  the  bottom  of  the  recess,  and  therefore  pass  through 
this  latter  without  obstruction,  while  the  contact  between 
the  two  revolvers  and  the  case  h,  it  is  claimed,  maintained 
during  the  entire  revolution,  so  that  any  backward  escape 
of  air  is  reduced  to  a  minimum.  Such  blowers  as  these 
not  unfrequently  find  a  place  in  foundries  and  other  places 
where  dirt  is  more  abundant  than  welcome,  so  that  the 


illustration  herewith  shows  the  construction  of  the  revol- 
vers, which  are  arranged  so  that  all  air  taken  in  is,  it 
is  claimed,  forced  forward  while  a  minimum  is  carried 
backward. 

There  are  a  number  of  ways  in  which  "  Acme  "  blowers 
can  be  used,  but  we  need  only  mention  liere  that  Messrs. 
Samuelson  recommend  the  use  of  blowers  with  iron  revol- 
vers for  blowing  and  exhausting  hot  air  or  steam  for  any 
purpose,  and  for  extracting  dust  in  such  widely  dilierent 
places  as  cutlery  works  and  soda  manufactories.  Such  a 
blower  as  that  illustrated  would  work  against  a  pressure  as 
high  as  10  lb.  per  square  inch,  and  is  specially  designed  for 
use  in  steel  making  with  the  "  Tropenas  "  process.  We 
understand  that  very  good  I'esults,  as  regards  yield  from 
the  furnaces,  have  been  obtained  by  using  Eoot's  blowers 
made  by  Messrs.  Samuelson. 

Another  speciality  of  this  firm  is  pumps,  and  in  Fig.  2 
we  illustrate  a  high  lift  pump  which  has  been  specially 
designed  for   pumping  42,000  gallons  of  water  per  hour 
against  a  liead  of  140  ft.     It  is  elec- 
trically  diiven,   and  is  being  used 
in  coal  mining  work. 

The  "  Acme  "  rotary  pumps  con- 
sist   of    two    revolvers,   which    are 
accurately  machined  to  roll  together 
without  actual  contact.     There  are 
no  valves,  and  there  is,  it  is  claimed, 
a  minimum  of  wear  in  the  pumj)  of 
]i{uts    lialjlo  to    get    out    of    order. 
The  revohcrs  are  mounted  on  steel 
spindles    of   large    diam.eter,   which 
are  forced  in  under  hydraulic  pres- 
sure keys  then  being  fitted.       The 
casings  are  of  substantial  construction,  and  are  accurately 
Ijored  to  receive  the  revolvers.     The  end  plates  ai'e  fitted 
with  Ion"  stuffing  boxes  and  are  machined  on  the  face. 


CekpDone  €xci)anae$in 
Works  and  Warehouses- 


T' 


Fig.  3.— Section  of  "Acme'    Blower,  showing  Kevolvers- 

arrangement  described  above,  whicn  prevents  any  collec- 
tion of  dirt  or  grea.se  in  the  bottom  of  the  recess,  is  a  dis- 
tinct advantage.  It  is  also  claimed  that  lialiility  to  thump- 
ing, and  any  chance  of  the  spindles  being  strained  from  this 
cause,  is  tliereby  avoided. 

Each  revolver  is  perfectly  balanced  on  its  axis,  and  is  not 
one-sided, as  in  the  Ciise  of  some  positive  blowers;  it  there- 
fore runs  with  a  steady  even  motion  and  dues  not  jerk  the 
belt  when  the  drive  is  effected  by  this  means.     The  line 


4IE  British  Insulated  &  Helsby  Cables  (Ltd.)  have 
recently  erected  at  their  Helsby  Works  a  typical 
exchange,  such  as  would  be  suitable  for  all  large 
works,  stores,  warehouses  and  the  like.  The  system 
employed  is  the  central  battery  with  automatic  calling  and 
clearing  on  Helsby  drum  indicators  with  double  super- 
vision in  the  cord  circuits.  Current,  both  for  signalling 
and  speaking,  is  obtained  from  a  central  battery. 

A  .50-line  switchboard  (Fig.  1)  is  installed,  having  five 
strips  of  10  spring-jacks  and  a  corresponding  number  of 
indicators,  room  being  provided  for  extensions.  The  indi- 
cators are  of  the  gra\ity  type,  and  tlie  drum  normally 
closes  the  opening  in  the  plate  so  that  dust  cannot  enter. 
The  surface  nsually  exposed  is  black,  thongli  when  the 
indicator  is  revolved  to  indicate  a  call  a  white  surface  is 
shown.  The  night  bell  contact  is  in  the  rear,  so  that  there 
are  no  parts  projecting  in  the  front  to  interfei'e  with  elli- 
cient  cleaning  of  the  front  of  the  board,  an  arrangement 
which  possessescertain  obvious'advantages.  The  line  circuit 
is  as  shown  in  Fig.  2.  There  are  15  pairs  of  connecting 
plugs,  eacli  pair  fitted  with  a  speaking  and  ringing  key  of 
the  vertical  type,  and  with  tandem  supervisory  signals. 
These  signals  are  also  of  the  gnnity  type,  and  are  similar 
to  the  line  indicators  except  that  tliey  are  adjusted  to  work 
on  a  horizontal  .shelf,  while  the  electromagnets  are  sheathed 
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to  pr-eveiit  "overhearing"  between  adjacent  cords.  The 
rear  signal  is  associated  with  the  answering  plug  and  the 
front  one  with  the  calling  plug,  so  that  the  operator  can  at 
any  moment  tell  the  operating  position  of  tlie  instrument 
by  the  position  of  the  indicators. 
'  The  cord  circuit  is  shown  in  Fig.  ?>.  It  will  Ijo  noticed 
that  the  tip  conductor  is  divided  by  a  condenser,  and  that 
a  supervisory  signal  is  connected  from  each  side  of  this 
condenser  to  earth.  The  I!  conductor  has  no  condenser, 
and  one  retardation  coil  is  connected  tlirough  the  battery 
to  earth.  A  generator  key  is  provided  so  that  either  the 
hand  generator  or  a  power-driven  generator  may  be  switched 
on  us  required. 

The  operator's  instrument  is  a  breastplate  transmitter 
with  headgear  receiver,  as  .shown  in  Fig.  4.     The  breast- 


Fig.  I. 
50-Iine  Telephone  Switchboard  al  the  Hclsby  Works. 

plate  transmitter  with  attachments  weighs  only  6i  oz.  The 
transmitter  is,  we  believe,  the  smallest  of  its  kind  manu- 
factured, whilst  it  is  at  the  same  time  claimed  to  be  equal, 
as  regards  its  operation,  to  the  best  "solid  back."  It  will 
be  noticed  that  it  is  mounted  at  the  end  of  a  bracket  so 
that  the  operator  talks  directly  against  the  diaphragm.  The 
instrument  is  detaciiable,  as  the  cord  ends  in  a  suitable 
plug  so  that  a  hand  set  may  be  introduced  for  use  at  quiet 
times.  A  test  board  is  provided  at  the  rear  of  the  switch- 
board and  is  illustrated  in  Fig.  5.  This  board  includes 
twin  test  jacks,  so  that  when  a  plug  is  inserted  the  two 
line  wires  and  the  two  switchboard  wires  aie  connected  by 
the  plugs  to  suitable  testing  instruments. 


In  addition,  the  installation  is  protected  l»y  carbon  arres- 
ters, heat  coils  and  fuses,  one  of  each  of  the  latter  being 
fitted  in  series  in  each  wire.  The  former,  when  a  current 
exceedin"  one-third  of  an  ampere  passes  through,  is  heated, 


Supervisory  Drum  Iodic  itors    

-n 1 


Fig.  3  — C.B.  Subscriber's  Coid  Circuit 

and  low  temperature  solder  melted  so  that  a  pin  is  with- 
drawn by  a  spring  which  opens  the  circuit.  The  fuse 
causes  the  circuit  to  open  when  a  current  of  over  3  amperes 
passes.     In  the  arrester  a  line  spring,  whicli  is  a  "tap" 


Write  at  once 
for  Trade  prices 
of  "A. P." 
Ventilating  Fans. 


All  the  signs  tend  to  the  conclusion  that 
this  summer  is  going  to  be  exceptionally 
hot.      Therefore,  the  djmard    for    High- 
Class  Fans  will  be  great. 

A. P.  Fans  are  constructed  on  sound  prin- 
ciples,  and  before  despatch    to    customers 
onJcrgo  stringent  tests. 

Breeze  can  be  sent  in  any  direction 
by  slight  adjustment. 

Highly  effective  and  efficient, 
Silent  running. 


THE  ELECTRIC  &  ORDNANCE  ACCESSORIES 
CO.,  LTD.,  BIRMINQHAM. 


SUPPLEMENT  to  "The  Electrician."  April  30.  190p. 


Id 


rear  of  this  board  so  that  it  may  be  used  as  a  distributing 
board  ■when  required. 

The  instruments  fitted  are  of  various  types,  and  illustrate 
in  practical  fashion  the  range  of  the  company's  manufac- 
tures. The  majority  are  of  the  radial-arm  type  (Fig.  ()),iu 
wliich  the  transmitter  has  a  rise  and  fall  of  6  in.  to  make 
it  suitable  for  use  by  different  heiglit  users.  Bracket-arm 
instruments  are  also  used,  as  well  as  the  table  sets  similar  to 
those  shown  in  Fig.  7.  In  the  latter  the  transmitter  is  carried 
by  a  knuckle  joint  at  the  top  of  the  pillar  ;   the  pillar  con- 


Fig.  6. — Radial  Arm  Instrument. 

taining  the  switch  carries  t!ie  receiver,  but  the  bell,  con- 
denser and  induction  coil  are  fitted  in  a  separate  case  to 
avoid  having  a  bulky  instrument  on  the  desk. 

These  instruments  are  all  efficiently  protected  by  a  com- 

Pjg^  4.— Operator's  Instruments,  including  Breastplate  Transmitter,     ])act  arrangement  of  carbon  arrester,  heat  coil  and  fuse 

with  Headgear  Receiver.  ^Fig.  8).     This  apparatus  is  similar  to  that  described  for 

the  test  board,  and  is  enclosed  by  a  dustproof  cover, 
from  the  line  rest*  on  a  carbon  block  which  is  separated  The  necessary  power  for  working  this  system  of  tele- 
from  another'block  by  a  thin  slip  of  mica,  the  under  block  phones  is  obtained  from  the  existing  installation,  con- 
bein"  connected  to  earth.  When  lightning,  or  currents  of  nection  being  made  from  a  battery  of  accunuilators  pro- 
a  vultacre  of  500  or  thereabouts,  reaches  the  line,  the  latter  vided  for  other  purposes,  so  that  the  voltage  is  24  volts 
sparkslo  earth  through  this  arrester,  and  so  protects  the  above  earth.  If  this  source  of  power  were  not  available, 
switchboar.l  apparatus.  Insidated  rings  are  provided  at  the     it  would,  of  course,  be  necessary  to  fit  a  small  power  plant 

or  to  work  from  primary  cells. 
The  switchlioard  is  placed 
in  a  room  near  the  entrance 
gate,  and  the  wires  are  carried 
to  the  various  departments 
partly  by  means  of  bare  and 
partly  by  means  of  covered 
wire. 

This    system   of  telephones 

has  been  found   a   great  con- 

^'enience  and  has  given   very 

^^^^^^^^         little  trouble  since  its  instal- 

'!■■■■  S^^MBB         lation.     "We  are  informed  that 

the  company  will  be  pleased 

l!!  H  :ta^      'iM         to   give   any  further  informa- 

tion  regarding  it  or  would  be 

^^^-1^*^' ■■■•-■.^■^^W^^SIM         pleased  to  show  it  to  anyone 

interested.  The  central  bat- 
tery system  is  not  often  used 
on  what  may  be  called  a 
purely  private  installation,  and 
ibr  this  reason  the  equipment 
at  the  Helsby  Works  should 
be  oi  special  interest  to  tele- 
Fig.  5. -Test  Board,  V^^me  engineers. 
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THE  SOLUTION 


OF   THE    CHEAP   WIRING    PROBLEM 


IS    THE 


O-S 


WIRING    SYSTEM. 


stannOS 

AND 

kuhlOS 

WIRES    ARE 


STANMOS  WIRE   WJTH   BU3K1.E  CLIP   FIXING 

BETTER  THAN  FLEXIBLE 

EASY  TO  RUN _ 


AND    ENSURE      ABSOLUTE      ELECTRICAL      CONTINUITY. 

THE  kalkOS 


ED    TUBE     WIRING    SYSTEM 


KALKOS  TUBE  WITH   BUCKLE  CLIP  FIXING. 


BEST     FOR     HIGH    CLASS     WORK     AND     DAMP     PLACES. 


Fully  described     ^jjE    SUN    ELECTRICAL    CO.,    LTD., 

in  Catalogues  ^^3-120,  CHARING  CROSS  ROAD, 

0-8,  and  K,. 


T,  legm 
"SECABIIJS   LONDON. 


LONDON,  W.C. 


Telephone : 
GERRARD  2291,  2292. 


Helsby  articles  are  so  well  known  Uirougliout  the  that  this  system  possesses  many  advantages  over  the  older 
engineering  world  for  good  workmanship  and  general  methods  of  working,  and  its  adoption"  in  works,  larfe 
suitability  for  the  conditions  under  which  they  are  to  be      oHices,  and  other  similar  places  will  brin"  the  internal 


Fig    7.— Table  T;Icp?ionc  Set. 


Fig.   8.— Instrument  Protecting  Airangement. 


employed  that  the  results  of  this  departure  by  the  firm  telephone  sy.steni  more  into  line  with  the  "  Xational,"  with 
in  installing  a  C.B.  system  in  their  own  works  will  be  conselluont^u^vant■^ge.■^  to  all  concerned.  We  shall  Iiope 
watched  with  interest.     Telephone  engineers  are  agreed     to  see  its  wider  adoption  in  the  near  future. 
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Stothcrt  $  Pitt  €lectric  Cranes* 


No  better  example  of  the  economies  which  can  be 
effected  by  using  the  electric  drive  need  be  taken 
than  that  of  the  electric  crane.  To  the  most  un- 
biassed observer  it  will  (quickly  be  evident  that  the  losses 
present  in  the  system  are  much  lower  when  power  is  sup- 
plied from  one  efficient  central  station  by  electrical  means 
than  when  each  crane  is  fitted  with  a  small,  and  therefore 
inefficient,  steam  plant.  It  is,  therefore,  scarcely  surprising 
that  many  already  existing  cranes  are  being  fitted  with 
motors,  while  practically  all  new  installations  are  similarly 
equipped. 


quay-side  by  means  of  a  flexible  cable  which  is  rolled  up 
on  the  truck  by  means  of  a  cable-drum.  The  main  feature 
of  tlie  crane  is  the  lifting  gear,  which  is  arranged  on  the 
Stothert  &  I'itt  patented  .system  of  working  with  a  free 
barrel  and  special  interlocks.  The  hoisting  speed  is  4  tons 
at  38  metres  per  minute,  or  2  tons  at  76  metres;  the  slew- 
ing speed  is  108  metres  per  minute. 

Fig  2  shows  a  portion  of  the  crane  installation  recently 
set_  to  work  by  Messrs.  Stothert  &  Pitt  at  Rio  de  Janeiro. 
This  consisted  of  13  30  cwt.  cranes  and  four  5  ton  cranes. 
Both  these  sets  of  cranes  lifted  their  loads  at  1-k  metres 
radius.  They  are  fitted  with  lifting,  slewing  and  jib- 
derricking  motions  operated  by  separate  motors.  These 
cranes,  like  those  previously  described,  are  each  fitted  with 
tlie  patented  system  of  working  with  a  free  barrel  with  its 


Fig.  l— Stothert  &  Pitt  Cranes  at  Buenos  Ayres. 


After  generalisation  follows  example  ;  and  in  this  con- 
nection we  cannot  do  better  than  illustrate  and  describe 
same  recent  crane  installations  which  have  been  erected  in 
South  America  Ijy  Messrs.  Stothert  &  Pitt,  of  Path. 

Fig.  1  shows  some  of  the  cranes  which  luive  lately  been 
put  into  use  at  Puenos  Ayres,  the  total  number  supplied 
being  24.  These  cranes  are  capable  of  lifting  4  tons  at 
101  metres  radius  on  the  single  part  of  rope.  As  will  be 
seen  from  the  photographs,  they  are  placed  on  high  gan- 
tries so  as  to  permit  of  the  passage  of  rolling  stock  beneath, 
and  to  have  the  superstructure  in  such  a  position  that  it 
would  clear  the  high  sides  of  vessels  lying  alongside.  The 
cranes  are  fitted  with  separate  motors  for  lifting  and  slewing, 
while  hand-power  travelling  is  also  provided  so  as  to  bring 
the  crane  hook  "  plumb  "  into  a  vessel's  hold.  Three- 
phase  current  is  collccLed  from  crane  junction  boxes  on  the 


special  interlocks,  and  they  lift  their  loads  on  the  single 
part  of  rope.  The  lifting  speed  for  the  5  ton  cranes  is 
GO  ft.  per  minute,  and  they  are  fitted  with  a  change  of  gear 
to  lift  loads  of  2^  tons  at  120  ft.  per  minute.  The  slewing 
speed  is  300  ft.  per  minute.  The  30  cwt.  cranes  lift  at 
200  ft.  per  minute  and  slew  at  400  ft.  per  minute. 

Another  interesting  set  of  cranes  built  l:)y  Messrs. 
Stothert  \'  Pitt  is  that  working  at  the  new  dock  at  Avon- 
mouth.  Tlie  installation  consists  of  two  3  ton,  two  10  ton 
and  one  30  cwt.  crane,  the  radius  of  all  the  cranes  being 
46  ft.  2i  in.  They  are  fitted  with  lifting,  slewing  and  jib- 
derricking  motions  operated  by  separate  motors,  and  the 
3  ton  and  30  cwt.  cranes  are  fitted  with  the  system  of 
working  with  a  free  barrel.  The  gauge  of  tha  under- 
structure  is  15  ft.  centre  to  centre,  and  current  is  collected 
by  means  of  flexiljle  cable  from  junction  boxes  on  the  quay. 
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Fig.  2. — Stothert  &  Pitt  Cranes  at  Rio  de  Janeiro. 


The  accompanying  illustrations  indicate  that  Messrs. 
Stothert  &  Pitt's  cranes  contain  true  engineering  features, 
as  they  appear  well  suited  for  the  work  they  are  called 
upon  to  do.  The  many  ingenious  details  of  the  equipment 
generally  help  to  that  end. 


Cleclricallpdrioen 
Propeller  Vans.  . 


THE  selection  of  the  particular  type  of  fan  which  shall 
be  most  efficient  for  any  given  conditions  is  a  problem 
best  left  to  the  expert  to  solve.  Our  readers  will 
doubtless  grant  this  title  to  Electromotors  Limited,  of 
Openshaw,  who  have  had  a  wide  experience  of  fan  motor 
requirements.  It  is  interesting  to  note  that  this  firm 
recommend  that  where  silent  running  is  specially  desir- 
able their  slow-speed  fans  shoulil  be  used.  They  have, 
therefore,  made  this  type  their  standard,  and  supply 
them  with  either  ventilated  or  totally  enclosed  motors. 
For  special  cases,  where  higher  speeds  are  required — for 
instance,  where  the  aperture  is  limited — high-speed 
fans  are  necessary.  In  this  case  the  motor  is  provided 
with  a  small  amount  of  ventilation,  and  high  speeds  should 
therefox'e  be  used  for  moderately  clear  air  or  inactive  gases. 
Other  things  being  equal,  the  use  of  a  slow-speed  fan  is 
thought  preferable,  not  only    on  account  of  its  silent  run- 


ning, but  as  an  investment.    For  its  extra  first  cost  is  soon 
repaid  by  the  lower  power  necessary  when  running. 

The  type  of  propeller  fan  made  by  Electromotors 
Limited,  is,  it  is  claimed,  designed  on  the  simplest  possible 
lines  to  ensure  continuous 
running  with  a  minimum  of 
attention.  Fig.  1  illustrates 
a  standard  wall  type  of  high 
or  low-speed  propeller  fan 
connected  to  a  totally-en- 
closed two-pole  continuous- 
current  motor,  which  is  pro- 
vided with  a  slotted  drum 
armature  and  former  wind- 
ings.     These    fans    can    be 


Fig.  2.— Small  Blower  Com- 
bination. 

supplied  for  either  hori- 
zontal or  vertical  dis- 
charge,the  horizontal  fans 
being  supplied  with  ring 
oil  bearings  and  the  ver- 
tical fans  with  grease 
lubricators.  Carbon 
brushes  are  fitted  to  all 
types  of  fan  and  c;in  be 
^•ery  easily  renewed.  The 
blades  are  of  stamped 
sheet      steel,     and     ai-e 


Fig.  I 


-Electromotors  Standard 
Wall  Fan. 
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Fig.  3, — Large  Capacity   Forced  draught    Apparatus. 

carefully  designed  to  miuiniise  air  friction  and  slip. 
Galvanised  iron  or  other  blades  can  be  supplied  if  required. 
A  tumbler  switch  instead  of  a  starting  switch  is  quite 
suitable  for  sizes  up  to  20  in.  diameter  and  for  moderate 
voltages.  In  the  selection  of  a  fan  it  is  advised  that  care- 
ful comparison  should  be  made  of  the  etticiencies  of  various 
types — that  is,  the  volume  of  air  moved  compared  with 
the  current  consumption  of  the  motor. 

In  addition  to  the  propeller  fans  referred  to,  Electromo- 
tors Limited  are  supplying  large  numl)ers  of  motor-driven 
cased  fans  from  the  small  sizes  used  for  suction  gas  plants, 
smithy  fires,  &c.,  to  the  larger  combinations  used  for  heat- 
ing and  cooling  plants,  forced  draught,  &c.  Fig.  3  illus- 
trates a  large-capacity  forced-draught  fan  and  Fig.  2  a 
small  blower  combination  of  Electromotors  make. 


the  slotted  drum- wound  type,  with  former- wound  coils,  the 
core  and  windings  being  very  carefully  insulatedand  arranged 
to  withstand  the  severe  conditions  to  which  electrical  appa- 
ratus is  subjected  in  tropical  climates.  The  field-niagnets 
are  of  circular  pattern,  and  to  secure  lightness  are  made  of 
cast  steel  of  liigh  permeability.  They  are  fitted  with  cast- 
iron  end  covers,  arranged  to  protect  the  commutator  and 
armature  from  dust  and  mechanical  injury,  while  allowing 
free  ventilation  through  the  windings.  Tlie  bearings  are 
fitted  with  dust-proof,  self-oiling  and  self-adjusting  renew- 
able ball  bearings,  which  will  run  without  noise  and  for 
long  periods  without  attention.  The  motor  is  fitted  with 
substantial  brush  gear,  the  brush  holders  being  of  the  lever 
type. 

The  suspension  consists  of  a  ^  in.  steel  rod,  covered  by  a 
brass  tube,  polished  or  nickel-plated.  This  arrangement 
has  been  adopted  after  much  experience  and  testing,  and 
it  has  been  found  that  such  a  suspension  is  many  times 
stronger,  and  therefore  safer  and  more  reliable  than  the 
tubular  suspension  usually  supplied  with  fans.  With  tlus 
method  of  suspension  it  is,  it  is  claimed,  impossible  for  the 
fan  to  detach  itself,  and  consequently  serious  accidents, 
such  as  have  occuired  with  gas  tube  suspensions,  need  not 
be  feared.  The  standard  fan  (Fig.  1)  has  a  suspension  4  ft. 
long,  making  tlie  total  length  of  the  fan  from  the  ceiling 
to  the  bottom  of  the  blades  about  5  ft.  6  in.,  this  having 
been  found  the  most  suitable  over-all  length  for  a  room 
12  ft.  high.  A  porcelain  insulator  is  provided  at  the  upper 
end  of  the  suspension,  and  ornamental  spinnings  are  placed 
at  the  top  and  bottoiu,  giving  the  whole  a  neat  and  hand- 
some appearance. 

The  motor  can  be  fitted  with  either  two,  three  or  four 
aluminium  or  wood  blades,  each  8  in.  wide  at  the  tip,  and 
of  such  a  length  as  to  give  a  total  sweep  of  about  5  ft.  The 
aluminium  blades  can  be  either  fiat  or  curved,  and  particu- 
lar attention  may  be  called  to  the  special  form  of  curved 
aluminium  blade,  the  shape  of  which  has  been  chosen  after 


CromptonjFans- 


MESSRS.  Crompton  &  Co.'s  long  experience  of  elec- 
trical work  in  hot  countries,  especially  in  India, 
has  given  them  quite  a  premier  place  in  the  in- 
dustry as  regards  fan  design.  In  their  fans  they  have 
embodied  all  ilie  special  features  which  their  experience  in 
tropical  climates  has  shown  to  be  necessary  to  ensure  satis- 
factory and  cHicient  operation.  Crompton  fans  run  abso- 
lutely without  iioi.se,  at  the  same  time  giving  a  powerful 
breeze  with  the  consumption  of  only  'JO  watts.  One 
of  these  fans  can,  therefore,  be  run  for  about  12  hours 
off  one  Board  of  Trade  unit.  All  these  fans  are  made  at 
Chelmsford,  and  their  parts  are  freely  interchangeable, 
being  turned  out  by  automatic  machinery,  so  that  a  mini- 
mum of  trouble  with  "  spares  "  has  to  be  provided  for. 

These  fans  are  driven  by  series-wound  motors,  and  run 
at  a  speed  of  140  revs,  per  min.  Two  windings  are 
standardised,  one  suitable  for  100  to  loO  volls  and  the 
other  for  200  to  250  volts.  The  fans,  however,  can  be  sup- 
plied for  any  other  voltage  up  to  250.    The  armature  is  of 


Fig.   I.— Standard  Crompton  Fan. 

jirolonged  experiment  as  being  the  most  suitable  for  de- 
livering the  largest  possible  quantity  of  air  for  a  given 
current  consumption,  and  at  the  same  time  spreading  the 
air  to  the  best  advantage,  thus  increasing  the  effective  area 
of  the  breeze. 
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The  blades  are  fastened  to  the  carrier  by  means  of  screws 
working  in  slots,  so  that  it  is  impossible  for  them  to  acci- 
ilentally  fly  out ;  at  the  same  time  the  blade  angle  is  easily 
adjusted.  The  setting  of  the  fan  blades  is  a  matter  of  great 
importance,  and  this  is  done  in  the  following  way  in 
(.'rompton's  fans.  A  mark  is  made  on  the  blade  shank, 
and  a  corresponding  maik  on  each  barrel  of  the  blade 
carrier.  The  blade  is  then  pushed  home  into  the  barrel 
and  turned  round  until  these  marks  are  opposite  to  one 
another.  The  blade  screw  can  then  be  screwed  home 
through  the  slot  so  as  to  liold  the  blade  in  the  desired 
position,  care  being  taken  to  see  that  the  screw  is  properly 
tightened. 

In  some  cases  it  may  be  necessary  to  alter  the  amount 
of  breeze  produced  by  the  fan  ;  for  this  purpose  the  barrels 
of  the  blade  carrier  are  provided  with  slots  so  that  the 
blades  can  be  turned  in  their  sockets.  If  this  is  to  be  done, 
the  greatest  care  must  be  taken  to  see  that  all  the  blades 
are  turned  by  exactly  the  same  amount,  as  should  one  blade 
be  set  at  a  higher  angle  than  the  remainder  the  fan  will 
certainly  give  trouble. 

The  standard  suspension  used  with  Crompton  fans  is 
nf  interest.  By  its  means  the  motor  and  fan  are  so 
suspended  as  to  be  perfectly  safe  from  falling,  while  the 
leads  to  the  motors  are  well  insulated  and,  being  wrapt 
round  the  su-spcnding  rod,  are  quite  out  of  the  way. 


Fig.  2. 

of  the  blades  is  either  26  in.  or  36  in.  and  the  motoi's  are 
designed  for  voltages  between  65  and  110  or  200  and  220 
respectively. 


i< 


mn 


t> 


ans. 


IX  the  following  illustrations  we  show  some  examples  of 
"  Sun  "  fans  which  may  be  taken  as  representative 
of  the  class  of  work  turned  out  by  the  Sun  Elecliical 
(-'o.  in  this  respect. 


Fig.  I. 

_  Fig.  1  shows  a  "  Sun"  ceiling  fan  designed  for  use  on  con- 
tinuous-current circuits  and  in  such  places  as  ships' cabins 
trains  and  where  the  ceilings  are  low  pitched.    The  sweep 


Fig.  3, 
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•icmcns  fans. 


Fig.  2  shows  an  alternating  ring  fan.  These  fans  are 
made  in  two  standard  designs,  suitable  for  running  on 
pressures  between  100  and  110  and  200  and  220  volts 
respectively,  and  in  two  sizes  having  fan  diameters  of  12in. 
and  16  in. 

Fig.  3  shows  a  "  Sun  "  bo.\  blade  fan  designed  for  exhaust- 
ing large  volumes  of  air.  These  are  made  in  11  sizes  from 
12  in.  to  60  in.  inclusive,  and  run  at  speeds  varying  from 
1,000  to  l,."i00  revs,  per  min.  At  these  speeds,  it  is  claimed, 
the  fans  run  (piite  noiselessly.  Fans  can  lie  liuilt  for 
iiigher  speeds  if  required,  liut  any  speed  above  these  will 
be  much  less  economical  in  pjower.  The  motors  coupled 
to  these  fans  are  arranged  to  work  either  veriically  or 
liorizontally  without  alteration. 

The  Sun  Electrical  Co.  also  supply  centiifugal  fans  suit- 
alile  for  tlie  electric  drive  in  which  a  special  type  of  con- 
struction is  (,'mployed.  This,  it  is  claimed,  makes  them 
exceedingly  strong  and  rigid  and  reduces  vibration  to  a 
minimum.  These  fans  are  iitted  with  oil  w<-ll  journnls 
wliich  are  both  self-aligning  and  self-lubricating.  This 
arrangement,  it  is  claimed,  reduces  both  friction  and  cost 
of  driviu" 


I 


N  saying  that  Messrs.  Siemens  Bros.  Dynamo  "Works 
are  as  much  to  the  fore  in  fan  work  as  in  other 
branches  of  the  electrical  industry  we  mean  to  convey 
the  idea  that  their  fans  are  well  designed,  and  are  admir- 
ably adapted  for  the  work  they  have  to  do.  Siemens  fans 
include  all  the  usual  types — viz.,  table  and  bracket,  ceiling 


Fig.   I.— Siemens  Table  and  Bracket  Fan, 

and  pendant,  as  well  as  porthole  fans,  and  those  more 
properly  classed  under  the  head  of  blowers.  All  these  are, 
of  course,  electrically  driven,  a  suitable  Siemens  motor 
being  provided  in  each  case. 

Table  and  bracket  fans  can  be  supplied  with  or  without 
knuckle  joint,  and  for  pressures  of  6, 12,  11 0  and  220  volts. 
The  diameter  across  the  blades  of  these  fans  varies  from 
6  in.  to  14 in.,  and  from  3  to  30  cubic  metres  of  air  arc 
circulated  per  minute.  An  example  of  a  Siemens  fan  of 
this  description  is  illustrated  in  Fig.  1. 


Fig.  2. — Siemens  Ceiling  Fan.    Short  Type. 

A  short  type  of  Siemens  ceiling  fan  is  show  in  Fig.  2. 
The  motors  of  these  fans  arc  standardised  for  pressures  of 
100  and  220  volts,  while  the  fans  themselves  are  made 
with  either  two  or  four  blades.  Besides  the  type  illustrated 
ceiling  fans  can  also  be  supplied  with  an  extension  rod  of 
any  desin  d  length. 

As  regards  porthole  fans,  these  are  normally  arranged 
for  counter-clockwise  rotation  (viewed  from  the  motor  end), 
while  the  movement  of  tlie  air  is  away  from  the  observer 
looking  fi'om  the  motor  end.     These  fans  can,  however,  be 
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>npplied  lor  running  in  the  oppo.site  direction  or  for  re-  recently  been  supplied  by  Mes.srs.  Siemens  for  slii)'  work. 
ver.sing,  if  desired,  and  fans  can  also  be  fixed  with  the  Fig.  3  shows  a  74  in.  "  Sirocco  "  fan,  and  Fig.  4  a  124  in.. 
spindle  vertical.  In  this  case  the  blades  must  be  above  fan  of  the  same  type.  The  compact  nature  of  these  sets 
tlie  motor  and  the  bearings  must  be  provided  with  makes  them  specially  suitable  for  use  on  ships,  where 
urease  lubricators.  "When  a  fan  is  required  for  use  in  a 
dump  situation  Messrs.  Siemens  recommend  that  their  ap- 
paratus should  be  provided  with  tlieir  special  damp-proof 


Fig.  3. — Siemens  Motor   and   ji  in. 
use  on   Ships- 


'  Siicc:o"   Fan  for 


Fig.   4.— 12!i  in.  "Sirocco"  Fan  driven   by  Siemens  Motors 
for   Ship   Work. 


■insulation.     A  centrifugal  fan  can,  however,  be  used  for  as   is   well   known,  etticient  veiuihition    is    an    absolute 

this  purpo.se,  if  required,  as  the  air  drawn  through  the  fan  necessity.     The  starters  are  fitteil  on  tlie  top  of  the  motors, 

does  not  then  come  in  conttict  with  the  motor.    Figs.  3  and  wliile  the  motors  arc  fixed  on  a  special  stand  to  keep  them 

4  show   two   fan    and  motor  combinations  which   have  well  out  of  the  wav. 
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Simplex  fans  and  rHotors- 

A^IllXG  those  iiiakeiswlio  include  electric  fans  within 
the  scope  of  their  specialities  the  name  of  the  Sim- 
plex Conduits  Limited  will  not  be  overlooked  by 
ouv  readers.  The  small  electric  motors  used  by  this  firm  for 
tlic  purpose  ai-e  made  in  two  sizes  suitable  for  employment 
on  circuits  whose  pressure  varies  between  100  and  120  and 
200  and  230  volts  respectively.  Standard  alternating- 
current  motors  are  also  designed  for  frequencies  between 
40  and  60.  Between  these  limits,  therefore,  the  outputs 
are  appro.xitnately  proportional  to  the  pre.ssures  and  in- 
versely proportional  to  the  frequencies.  These  motors  can, 
of  course,  also  be  wound  for  any  special  voltage  or  speed. 


desired,  be  connected  to  one-phase  of  an  ordinary  three- 
phase  motor.  The  regulation  of  these  motors  is  effected  in 
the  same  way  as  in  the  direct-current  types.  Alternating- 
current  motors,  of  an  output  exceeding  i  H.r.,  are  of  the 
asynchronous  type,  and  consist  of  a  laminated  stator,  which 
carries  the  winding,  and  a  short-circuited  rotor.  In  the 
case  of  single-phase  motors  they  are  started  by  means  of 
an  automatic  arrangement.  The  Simplex  alternating-cur- 
rent motors  are  practically  the  same  in  general  design  as 
those  of  the  contintious-current  type. 

One  of  the  most  important  uses  for  small  motors  is  for 
driving  domestic  sewing  machines,  as  shown  in  Fig.  2. 
Simplex  standard  macliines  are,  it  is  claimed,  particularly 
suitable  for  this  purpose,  as  they  have  been  specially  de- 
signed with  a  view  to  the  special  requirements  of  this  class 


Fig.  1. 

The  Simplex  direct-current  motor.i  are  specially  dis- 
tingui.shed  by  tlieir  neat  design  combined  with  high  efti- 
ciency  and  light  weight.  There  is,  however,  no  lack  of 
stability,  while  small  dimensions  are  the  rule.  The 
Simplex  motor  coupled  to  a  table  fan  is  shown  iu  Fig.  1. 
These  motors  have  field  frame  of  special  shape  built  up 
from  laminations.  By  the  use  of  this  arrangement,  it  is 
claimed,  the  losses  are  reduced  to  a  minimum  and  the  com- 
mutation is  considerably  improved.  The  insulation  of  all 
current-carrying  parts  forms  a  special  feature  of  these 
motors.  As  regards  lubricating  arrangements,  automatic 
grease  lubrication  is  always  supplit  J  with  the  small  motors, 
and  in  the  case  of  larger  motors  either  this  form  of 
"  greasing "  or  ring  lubrication  can  be  used  as  desii'ed. 
Totally  enclosed  motors  can  be  supplied  with  75  per  cent, 
the  output  of  the  open  type  motors. 

Simplex  alternating-current  motors  are  of  the  series 
type,  fitted  w'iih  a  special  winding  and  a  highly  insulated 
commutator.  By  the  introduction  of  a  special  field  frame 
the  losses  and  heating  are,  it  is  claimed,  considerably 
reduced  and  high  efficiency  obtained.  Single-phase  com- 
mutator motors,  used  m  conjunction  with  the  fans  can,  if 
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of  work.  These  motors  are  supplied  suitable  for  both  direct 
and  alternating  current,  single  and  three-phase,  and  they 
can  be  attached  to  drive  the  machine  by  being  fixed  upside 
down  underneath  the  sewing  machine  table.  Speed  regu- 
lation is  best  effected  by  means  of  a  device  fixed  to  the 
treadle  of  the  machine,  by  which  the  tightness  of  the  belt 
is  varied  and  a  certain  amount  of  slip  obtained.  This 
device  consists  of  a  roller  fixed  to  an  adjustable  lever,  so 
that  the  jjressure  of  the  roller  against  the  belt  can  be  altered 
by  pressure  on  the  foot  treadle ;  by  moving  the  treadle  in 
the  opposite  direction  a  brake  is  automatically  applied  to 
the  hand  wheel  of  the  sewing  machine,  thus  stopping  it 
immediately.  The  standard  form  of  machine  does  not 
require  to  be  altered  in  any  way  if  this  method  of  driving 
is  adopted,  and  at  the  same  time  the  machine  can  be  used 
as  an  ordinary  hand  machine  after  this  device  has  lieen 
attached. 

For  switching  off  direct-current  motors  it  is  usual  to 
adopt  a  Simplex  regulating  rheostat,  vrhich  can  be  attached 
in  a  convenient  position  underneath  the  table,  or  worked 
from  the  treadle  in  a  similar  manner  to  the  brake  described 
above. 
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Simpson  Coil  Cc$ter> 

IN  tliese  (lays  of  large  trannvay  uiulertakiiigs  iL  behoves 
those  responsible  for  tliecfhcieut  working  of  the  various 
systems  to  keep  a  sharp  eye  on  the  eH'uct  of  wear  and 
tear  on  the  rolling  stoek,  and  also  to  have  a  ready  means 
of  testing  those  parts  of  the  car  which  are  liable  to  dei'ange- 
ment.  Pei'haps  one  of  the  chief  causes  of  the  rise  in  "  units 
jier  car-mile  "  is  the  gradual  and  continuous  deterioration 
of  the  insulation  of  the  field  coils  on  the  tramway  motors. 
In  order  to  facilitate  the  rapid  and  accurate  testing  of  coils 
of  this  description,  ]M)'.  A.  G.  Brown,  of  23,  King-street 
West,  Alanclicster,  has  placed  the  Simpson  Coil  Tester  on 
llie  market.  This  instrument  is  made  on  the  principle  of 
the  Hughes  magnetic  balance,  the  balancing  coils,  con- 
denser, S;c.,  being  contained  in  a  compact  teak  case. 

The  only  preparation  necessary  for  use  is  to  connect  the 
ternunals  on  the  outside  of  the  case  to  any  direct-current 
lighting  circuit,  with  a  lamp  in  series  ;  or,  with  alternating 
current,  tn  connect  up  without  the  lamp.  When  the  current 
is  switched  on  a  faint  liu/z  indicates  that  the  instrument  is 
ready  for  use.  The  coil  to  be  tested  is  then  placed  on  the 
base  boanl  with  the  projecting  coil  of  the  instrument 
approximately  in  the  centre.  A  "  short  "  in  the  coil  is  innne- 
iliately  detected  by  a  loud  musical  note  being  heard  in  tlie 
telephone  receiver,  the  intensity  of  the  sound  varying 
with  the  number  of  turns  on  the  coil  short-circuited.  It 
will  be  seen  that,  as  no  connections  need  be  made  to  the 
coil  under  test,  great  i-apidity  and,  it  is  claimed,  absolute 
accuracy  in  testing  for  faulty  insulation  can  be  obtained  by 
using  tliis  ingenious  piece  of  apparatus. 
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Vertical  Balancer. 

IT  will   be    remembered    that  in    the    last    issue  of  the 
iKnusTiiiAi.  Suri'LEMEXT  we   gave  an  account  of  the 
interesting    vertical    balancer    made    liy    the    West- 
minster Engineering  Co.     In  the  accompanying  drawing 
we  show  a  section  of  the  upper  bearing  of  this  machine. 

An  iron  sleeve,  with 
an  umbrella  at  the 
lower  end  cast  in 
one  piece,  is  fitted 
on  the  upper  end  of 
the  armature  shaft. 
This  cast-iron  sleeve 
runs  in  a  gunmetal 
bearing  bush,  while 
the  umbrella  runs 
inside  a  deep  -lipped 
ring. 

As  regards  the 
talile  contained  in 
the  former  article 
we  should  mention 
that  in  the  second 
column  "  amperes 
ilown  along  wire  " 
should  read  "  am- 
peres down  middle 
wire." 

It  isinterestingto 
note  that  the  West- 
minster Engineer- 
ing Co.  are  also  making  vertical  type  motors  very  similar  in 
construction  to  this  vertical  balancer.  Some  of  these  motors 
have  been  constructed  for  coupling  ro  vertical  spindle 
cement  mills,  and  have  a  normal  output  of  25  u.v.  at 
200  revs,  per  min.  These  machines  have  been  at  work 
some  two  or  three  years,  and  Iiave  given  every  satisfaction. 


Bearing  of  Vertical  Balancer,  Westminster 
Engineering  Co. 
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Maximum  Demand  Indicators  and  Tariffs^ 

Although  most  engineers  admit  tlie  souudiies.s  of  the 
basis  on  which  the  maximum  demand  system  of  charging 
is  based,  the  practical  impossibility  of  exphiiuing  the 
system  to  the  great  majority  of  consumers  and  the  neces- 
sity of  installing  additional  apparatus,  involving  extra 
capital  outlay  by  the  supply  authorities,  have  resulted  in 
the  metliod  diminishing  in  popularity.  Tlie  second  objec- 
tion just  mentioned — namely,  the  additional  instrument 
required — becomes  very  important  in  the  case  of  small  con- 
sumers, the  cost  of  whose  services  and  attendant  apparatus 
should  be  reduced  to  a  minimum.  This  desire  for  a  reduc- 
tion in  the  heavy  capital  outlay  associated  with  the  con- 
nection of  consumers'  installations  has  resulted  in  some 


cases  in  the  abolition  of  a  meter,  the  charge  for  current 
supplied  being  then  based  only  on  the  number  of  lamps 
installed.  This  system,  so  excellent  in  simplicity,  may  lead 
to  abuses  ;  but  although  it  is  difficult  to  avoid  the  use  of 
meters  completely,  a  good  case  can  be  stated  in  favour  of 
abolishing  maximum  demand  indicators  for  small  installa- 
tions, even  if  retained  for  the  larger  consumers. 


Ix  this  connection  it  is  interesting  to  note,  as  mentioned 
in  the  "  Electrical  World,"  that  the  Commonwealth  Edison 
Company,  of  Chicago,  one  of  the  largest  electric  supply 
authorities  in  the  world,  has  decided  to  discontinue  the 
use  of  maximum  demand  indicators  in  the  case  of  installa- 
tions of  less  than  the  equivalent  of  twenty  50-watt  lamps, 
and  the  consumers  thereby  affected  have  been  informed 
that  in  future  their  maximum  demands  will  be  determined 
according  to  a  fixed  schedule.  The  company  has  made  a 
careful  study  of  the  records  of  some  25,000  consumers,  and 
has  ascertained  the  average  relation  between  the  lamps 
installed  and  the  maximum  demand  for  the  various  classes 
of  consumers.  From  these  figures  a  table  has  been  drawn 
up,  showing  that,  in  the  case  of  consumers  having 
the  equivalent  of  five  50-watt  lamps,  or  less,  the  connected 
lamps  are  to  be  taken  as  giving  the  maximum  demand.  In 
regard  to  larger  consumers  we  may  mention,  as  giving 
some  idea  of  the  relation  adopted,  that  with  seven  lamps 
connected  the  maximum  load  is  taken  as  six  lamps  for 
private  houses  and  6';  lamps  for  commercial  consumers, 
whilst  for  18  lamps  the  maximum  demand  of  residential 
consumers  is  estimated  as  10  lamps  and  of  commercial 
consumers  as  14  lamps. 

The  most  important  feature  in  connection  with  this  new 
policy  is  that  lamps  only  are  reckoned  in  estimating  the 
connections  ;  thus,  current  used  by  all  heating  appliances 
will,  in  general,  be  obtained  at  the  lower  price  per  unit, 
and  in  this  way  the  use  of  such  apparatus,  particularly 
Hat-irons,  is  likely  to  be  encouraged.  The  elimination  of 
the  demand  indicator  should  prove  of  considerable  benefit 
to  the  company,  and  the  consumers  will,  doubtless,  in  many 
cases  welcome  a  reduction  in  the  amount  of  apparatus  in- 
stalled, whilst  the  additional  convenience  of  less  attention 
being  necessary  to  keep  the  lighting  bill  down  to  a  small 
amount  should  be  much  appreciated  and  should  lead  to 
increaseil  sales  of  current.  In  fact,  the  system  has  many 
possibilities,  particularly  as  all  reference  to  a  maxi- 
mum demand  is  rendered  unnecessary,  the  charge  being 
based  on  a  fixed  price  per  unit  up  to  a  certain  consumption, 
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depending  on  the  number  of  lamps,  and  a  reduced  price  per 
unit  for  all  current  used  after  this  consumption  has  been 
exceeded.  No  doubt  there  will  be  critics  who  will  urge 
the  inconvenience  of  inspections  which  such  a  tariff' involves, 
but  its  adoption  by  so  large  a  concern  should  prove  that 
such  difficulties  are  not  so  very  serious.  "We  have  fre- 
quently advocated  a  tariff  of  this  kind,  and  now  that  it  is 
being  adopted  in  Chicago  perhaps  engineers  in  this  country 
will  look  into  the  question  more  seriously. 


English  Technical  Education. 

There  is  a  very  prevalent  idea  that  technical  education 
in  this  country  suffers  from  want  of  money,  and  in  sup- 
port of  such  a  view  it  is  customary  to  point  to  the  mag- 
nificent equipment  of  certain  institutions  abroad.  This 
form  of  complaint  is  natural  to  those  who  look  merely  on 
the  surface,  and  appeals  to  the  somewhat  rare  individual 
who  is  seeking  an  object  on  which  to  dispose  his  super- 
fluous wealth.  But  a  closer  examination  of  the  subject 
leads  to  other  opinions.  Elsewhere  we  give  an  abstract  of 
a  Paper  in  which  Dr.  E.  Pohl  shows  that  Prussia  spends 
about  £600,000  per  annum  on  her  technical  institutions, 
whereas  England  spends  the  larger  sum  of  about  £1,000,000. 
Since  the  population  of  Prussia  is  greater  than  that  of 
England,  the  expenditure  per  head  in  the  latter  is  about 
twice  that  in  the  former,  and  yet  the  results  are  very  much 
inferior.  This  unfortunate  difference  is  accounted  for  by 
the  simple  fact  that  technical  education  is  organised  in 
Prussia ;  the  institutions  are  fewer,  but  they  are  more 
efficient.  In  this  country  we  are  imbued  with  municipal 
aspirations,  an''  every  locality  must  therefore  have  its 
technical  schooi.  Our  schools  are  numerous  and  corre- 
spondingly mediocre.  When  the  education  is  necessarily 
elementary  this  may  not  much  matter,  but  in  the  higher 
branches  there  is  much  to  be  said  for  Dr.  Pohl's  view  that 
a  national  scheme  should  be  adopted,  thus  avoiding  waste 
and  increasing  efficiency.  By  so  doing,  it  becomes  possible 
for  the  teaching  staff  of  an  important  college  to  consist  of 
specialists  instead  of  the  professor  having  to  embrace  a  very 
wide  field.  At  Charlottenburg,  for  example,  there  are  seven- 
teen professors  and  lecturers  in  electrical  engineering  sub- 
jects ;  but  such  a  staff  would  be  impossible  on  the  smaller 
expenditure  to  which  we  have  referred,  if  our  methods 
were  adopted,  . 

Accumulators  v.  Steam  Plant. 

Mr.  A.  M.Taylor  is  to  be  congratulated  on  the  outcome 
of  the  crusade  which  he  has  carried  on  so  vigorously  for 
the  last  two  or  three  years  in  favour  of  using  batteries  to 
level  up  the  load  in  generating  stations,  and  thus  to  dis- 
pense with  a  certain  proportion  of  the  steam  plant  The  first 
result  is  not  at  liirmingham,  but  at  Manchester,  where,  as  will 
be  seen  in  another  column,  a  12,000  ampere-hour  Tudor 
battery  is  to  be  installed  with  boosters  to  correspond.  By 
so  doing  the  traction  generators  will  be  worked  at  full 
load  and  the  battery  will  help  to  meet  the  peak  load  at  the 
clo.se  of  the  day.  This  departure  in  tlie  engineering  prac- 
tice of  this  country  will  be  watched  with  much  interest, 
and  we  hope  it  will  give  all  the  advantages  claimed  by 
Mr.  Taylor. 


Wireless  Telegraphy  in  the  Territorial  Force. — In  our  issue 
of  April  23  we  published  an  article  dealing  with  the  work  ot 


the  Territorial  Force  in  the  domain  of  wireless  telegraphy,  the 
article  lieing  illustrated  by  two  photographs  showing  the  men 
at  work.  These  photographs  should  have  been  accredited  to 
the  Topical  Press. 

Royal  Field  Artillery — Territorial  Force. — The  "London 
Gazette"  of  April  30th  contains  the  follnwing  announcement  : 
"  Royal  Field  Artillery — Territorial  Force.  1st  Monmouth- 
shire, 4th  Welsh  Brigade.   Capt.  K.J.  Wallis-Jones,  tobe  major." 

Dublin  Section  of  the  Institution  of  Electrical  Engineers. — 
On  Friday  last  the  members  of  this  section  held  a  most  suc- 
cessful smoking  concert,  which  was  presided  over  by  Mr.  G.  F. 
Pilditch,  chairman  of  the  section.  A  first-class  vocal  and 
instrumental  programme  was  arranged  and  duly  executed,  the 
performers  including  Messrs.  li.  Woodhouse,  V.  Sanderson, 
R.  E.  Young,  G.  Nesbitt,  C.  Burton,  P.  Hoey  and  C.  A.  Haigh. 

Royal  Society. — Among  the  Papers  read  at  the  meeting 
last  week  were  the  following:  "A  Phenomenon  connected 
with  the  Discharge  of  Electricity  from  Pointed  Conductors,"  bj' 
Prof.  H.  T.  Barnes  and  Mr.  A.  N.  Shaw  ;  "  On  the  Effect  of 
Temperature  on  lonisation,"  by  Mr.  J.  A.  Crowther,  and  "The 
lonisation  in  Various  Gases  by  Secondary  y-Rays,"  by  Mr.  R. 
I).  Kleeman. 

Institution  of  Municipal  Engineers. — At  recent  meetings 
of  this  Institution  it  was  decided  to  form  district  com- 
mittees to  control  the  affairs  of  members  residing  in  the 
southern,  south-western,  and  south-eastern  districts.  For  the 
southern  district  committee  Mr.  H.  Boot,  of  Tunbridge  Wells, 
was  elected  temporary  chairman,  and  Mr.  E,  W.  Veale  tempo- 
rary honorary  secretary.  The  head  quarters  of  this  district 
will  be  in  London.  Mr.  F.  Latham,  of  Penzance,  was  elected 
chairman  of  the  south-western  district  committee  and  Mr.  C.  0. 
Baines,  of  Paignton,  honorary  secretar}'.  At  a  meeting  of  the 
members  resident  in  the  south-eastern  district  Mr.  H.  C. 
Adams  and  Mr.  B.  Partridge,  both  of  London,  were  elected 
chairman  and  honorary  secretary  respectively  of  the  district 
committee. 

Duplex  System  of  Wireless  Telegraphy. — A  patent  has 
recently  been  granted  to  F.  van  der  Wonde,  of  Berlin,  in 
which  a  system  of  duplex  wireless  telegraphy  is  described. 
The  apparatus  used  consists  of  a  shaft  which  carries  a  series 
of  conducting  arms.  These  are  arranged  to  engage  intermit- 
tently vTith  a  number  of  stationary  contacts.  When  this  shaft 
is  rotated  the  following  cycle  of  operations  takes  place  :  (a)  the 
transmitter  is  connected;  (h)  the  aerial  is  earthed;  (c)  the 
transmitter  is  disconnected  ;  (rf)  the  receiver  is  connected  ;  (e) 
the  earth  connection  is  interrupted  ;  and  (/)  the  receiver  is  dis- 
connected. If  the  shaft  is  rotated  so  rapidly  that  during  the 
time  of  a  "dot"  one  or  more  revolutions  take  place,  two  stations 
provided  with  this  apparatus  can  transmit  and  receiv^e  simul- 
taneously. 

Faraday  Society. — At  the  meeting  on  April  27th,  in  addition 
to  the  r:iper  on  the  Finlay  Electrolytic  Cell,  an  abstract  of 
which  appeared  in  our  last  issue,  the  following  were  also  read  : 
"  On  the  Coefficients  of  Absorption  of  Nitrogen  and  Oxygen 
in  Distilled  Water  and  Sea  Water,  and  of  Atmospheric  Car- 
bonic Acid  in  Sea  Water,"  by  Dr.  C.  J.  .1,  Fox  ;  and  "On  the 
E.M.F,  of  Certain  Platinum  Compounds,  with  Special  Reference 
to  the  Oxygen-Hydrogen  Gas  Cell,"  by  Dr.  P.  E.  Spielmann. 
The  coucluiions  reached  by  the  author  of  the  last-mentioned 
Paper  were  as  follows  :  It  is  in  the  highest  degree  likely  that 
the  FLM.F.  of  the  oxygen  hydrogen  cell,  as  usually  constructed, 
is  due  to  a  definite  hydrated  oxide  formed  bj'  the  direct  oxi- 
dation of  the  Pt  electrode  by  oxygen  in  presence  of  the  elec- 
trolyte :  this  substance,  however,  has  not  yet  been  chemically 
prepared.  The  theoretical  value  of  1-23  volts  can  only  be 
reached  at  temperatures  high  enough  to  prevent  hydrated 
oxides  from  forming — i.e.,  when  a  true  reversible  cell  exists. 
Also  further  evidence  is  supphed  in  support  of  Werner's 
valency  theories,  since  the  'N..0  molecules  must  be  clcsely  con- 
nected with  the  structure  of  the  luolccule,  on  account  of  its 
effect  on  the  E,M,F,  of  the  substance.  Grave  doubt  is  thrown 
on  explanations  of  the  decomjjosition  j)otentials  of  llsSOi  be- 
tween jilatinum  electrodes. 

Oable  Interruptions.                                          Date  of  Interruption. 
Oljuck— Djibouti    Apr.  15,  1909 
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The  Chartered  Institute  of  Patent  Agents. — The  annual 
conversazione  of  this  Institute  was  held  onThursday,  April  29th, 
at  the  Royal  United  Service  Institution,  Whitehall.  A  large 
number  of  members  and  guests  attended,  and  were  received 
by  the  president  (Mr.  W.  Trested  (;iark)  and  Mrs.  W.  Trested 
Clark.  At  affairs  of  this  description  it  is  often  an  act  of  kind- 
ness to  allow  those  present  to  forget  themselves,  and  for  this 
reason  the  decision  of  the  Chartered  Institute  to  hold  its  con- 
versazione in  the  Royal  United  Service  Institution,  where  the 
exhibits  in  the  museum  always  prove  of  great  interest,  is 
highly  to  be  commended. 

Royal  Institution. — The  annual  meeting  of  the  members  of 
this  Institution  was  held  on  Saturday  last,  Sir  James  Crichton- 
Browne,  treasurer  and  vice-president  in  the  chair.  The  annual 
report  of  the  committee  of  visitors  for  the  year  1908,  testify- 
ing to  the  continued  prosperity  and  etticient  management  of 
the  Institution,  was  read  and  adopted,  and  the  report  on  the 
Davy  Faraday  Research  Ijaboratory  of  the  Royal  Institution, 
which  accompanied  it,  was  also  read.  Forty-eight  new  mem- 
bers were  elected  in  1908,  while  03  lectures  and  19  evening 
discourses  were  delivered.  The  following  officers  were  elected 
for  the  ensuing  jear  :  President,  the  Duke  of  Northumber- 
land. Treasurer,  Sir  James  Crichton-Browne.  Secretary,  Sir 
William  Crookes.  Manariers,  Sir  T.  Barlow,  Mr.  W.  P.  Beale, 
Mr.  H.  T.  Brown,  Sir  H.  B.  Buckley,  Mr.  C.  Hawksley,  Dr. 
D.  W.  C.  Hood,  Mr.  A.  B.  Kempe,  I-ord  Kinnaird,  Sir  F. 
Laking,  Mr.  H.  F.  Makins,  J\Ir.  G.  Matthe.y,  Mr.  R.  Messel, 
Sir  J.  Fletcher  Moulton,  Sir.  Andrew  Noble  and  Hon.  L.  W. 
Rothschild.  Vidiors,  Dr.  W.  A.  Brailey.  Mr.  A.  N.  Butt,  Mr. 
J.  M.  Davidson,  Dr.  R.  T.  Glazebrook,  Mr.  J.  W.  Gordon,  Dr. 
J.  D.  Grant,  Major-General  Sir  C.  Grove,  Mr.  C.  E.  Groves, 
Mr.  J.  List,  Sir  Philip  Magnus,  Mr.  R.  Mond,  Col.  Sir  F.  Nathan, 
Hon.  C.  A.  Parsons,  Mr.  J.  Swinburne  and  Mr.  A.  J.  Walter. 
At  a  general  monthly  meeting  of  the  Institution,  held  on 
Monday,  May  3rd,  the  chairman  announced  that  he  had 
appointed  the  following  vice-presidents  for  the  ensuing  year  : 
Dr.  D.  W.  C.  Hood,  iMr.  A.  B.  Kempe,  Sir  F.  Laking,  Mr.  G. 
Matthey,  Sir  J.  Fletcher  Motdton,  Sir  A.  Noble,  Sir  J.  Crichton- 
Browne  (treasurer    and  Sir  Wm.  Crookes  (hon.  secretary). 

Junior  Institution  of  Engineers. — The  twenty-fifth  anniver- 
sary dinner  was  held  on  Saturday  evening  last  at  the  Hotel 
Cecil,  the  president  of  the  Institution,  Mr.  James  Swinburne, 
F.R.S.,  being  in  the  chair.  Among  the  many  distinguished 
guests  were  the  Right  Hon.  R.  B.  Haldane,  ]\I.P  ,  Sir  William 
H.  White,  K.C.B.,  Engineer  Vice-Admiral  H.  J.  Oram,  C.B. 
(president-elect),  Lieut.  A.  Trevor  Dawson,  R.N.,  Mr.  W.  M. 
Mordey  (President  of  the  Institution  of  Electrical  Engineers), 
Mr.  W.  Trested  Clark  (President  of  the  Chartered  Institution 
•of  Patent  Agents)  and  Mr.  A.  J.  Walter,  E.G.  After  the  loyal 
toasts  had  been  duly  honoured, 

Lieut.  Dawson  im>]iosfd  tlie  toast  of  "  The  TeiTitoi'ial  Force,"  remark- 
ing that  it  was  a  lia]iiiv  insjiiratioii  on  the  part  of  the  Council  to  mclude 
the  territorial  forces  in  the  toast  list,  because  engineers  were  keenly  in- 
terested and  involved  in  the  success  of  the  great  scheme  of  Jlr.  Haldane. 

Mr.  Haldane,  in  responding,  said  that  the  foundation  of  our  defences 
was  our  naval  power,  and  it  was  vital  that  mind  should  be  put  into  it  as 
well  as  organisation.  In  these  days  science  was  more  important  tliaii 
brute  force,  and  the  highest  science  and  the  most  careful  construction 
were  necessary  if  we  were  to  keep  our  position.  His  study  of  the  question 
of  defence  showed  that  the  problem  was  :  How  to  brmg  the  navy  and  the 
army  into  the  closest  co-operation  ':  Officers  were  coming  ui  well  for 
the  territorial  force,  which  at  present  had  reached  about  87  per  cent, 
of  its  war  strength,  although  it  had  been  in  existence  little  more  than  a 
year.  The  most  successful  element  had  been  the  technical  one.  No 
other  nation  had  got  technical  men  who  would  come  forward  and  offer 
their  services  as  they  had  done  in  this  country.  The  two  professions  which 
had  done  this  were  the  engineers  and  the  ])hysicians  and  surge(ms.  He 
only  wished  that  they  could  find  room  in  the  force  for  all  the  engineers 
who  wanted  to  join.  Was  the  territorial  army  a  sufficient  force  for 
home  defence  ?  He  thought  they  had  done  much  in  making  a  start  for 
the  solution  of  the  juoblem.  and  time  alone  would  show.  H  we  were  to 
have  compulsory  militarj'  training  the  navy  would  suffer,  and  he  pre- 
ferred an  efficient  navy  to  a  large  highly- trained  regular  army.  He  also 
believed  in  aggressive  tactics,  and  seeking  out  the  enemy.  It  was  best 
to  concentrate  our  attention  on  a  navy  which  would  completely  com- 
mand the  seas,  and  on  an  expeditionary  force  for  fighting  acros.*!  the  seas. 
At  present  we  had  a  better  expeditionary  force  than  Germany  and  France 
combined.  Those  were  his  notions  of  strategy.  To-day  organisation 
was  everything,  and  wc  were  doing  the  best  thing  at  present  in  concen- 
trating our  attention  on  o'ganisation. 

JUThe  President  (.Mr.  Swiiiljiirnc)  then  proposed  the  toast  of  "  Inven- 
tion "  in  a  speech  full  of  the  humour  for  which  he  is  noted,  describing  the 


experiences  of  a  patentee.     He  hoped  that  some  day  we  should  have 
patent  laws  which  would  encourage  invention. 

Mr.  W.  Trested  Clark  and  Mr.  A.  .T.  Walter  responded,  the  latter 
drawing  attention  to  the  way  in  which  every  other  country  looked  after 
and  took  care  of  the  inventor.  .Something  more,  he  said,  must  bo  done 
to  encourage  science  in  this  country,  and  before  long  we  must  have 
another  act  of  Parliajnint  to  restore  the  rights  of  the  patentee.  He  con- 
sidered that  tlie  good  of  the  community  was  best  served  by  specialisation. 
Electrical  inventions  were  likely  to  be  much  in  evidence  in  the  future, 
and  at  present  if  the  word  "  electricity  "  was  introduced  into  a  patent 
specification  there  was  no  difficulty  in  getting  the  assistance  of  capitalists. 
His  advice  to  inventors  was  to  invent  electrically. 

Mr.  Mordey,  in  proposing  the  toast  of  "  The  .Junior  Institution  of 
Engineers,"  congratulated  the  members  on  belonging  to  an  institution 
which  had  the  reputation  of  being  one  of  the  most  alive  of  the  engineering 
institutions.  He  asked  them  to  avoid  pessimism,  whether  national, 
jiersonal  or  professional.  They  belonged,  as  engineers,  to  the  country 
that  leads  the  world — and  that  had  always  in  modern  times  led  the 
world — in  engineering.  The  engineering  of  the  world  was  at  ]ircsent 
largely  being  carried  on  by  British  engineers — they  were  to  be  foimd 
everywhere.  It  was  not  true,  as  was  so  often  stated,  that  we  were  back- 
ward in  technical  training,  and  were  being  ousted  by  other  countries.  As 
president  of  the  Institution  of  Electrical  Engineers,  he  had  endeavoured — 
in  season  and  out  of  season — to  show  that  there  was  no  truth  whatsoever 
in  the  statement  that  we  were  backward  in  the  electrical  branch  of  the 
|)rofession  ;  and  if,  as  he  contended,  we  were  not  behind  in  the  applica- 
tions of  science,  then  we  could  not  be  backward  in  scientific  training. 
The  object  of  training  was  engineering  results,  and  the  only  safe  guide  to 
the  efficiency  of  technical  education  must  be  those  results.  There  was  no 
sign  of  falling  off  in  invention  in  tliis  country.  The  most  profound  change 
in  steam  engineering  since  the  days  of  those  great  Enghshmen.  Watt  and 
Stephenson,  was  due  to  another  Enghshman — the  Hon.  C.  A.  Parsons. 
They  had  listened  with  great  interest  to  the  words  that  had  fallen  from 
Mr.  Haldane,  and  he  knew  Mr.  Haldane  would  agree  that  there  was 
nowadays  a  fight  between  nations  that  was  going  on  all  the  time — that 
the  re.?l  battle  was  now  commercial  and  technical.  Each  engineering 
institution,  such  as  this  one,  was  a  regiment  of  highly-trained  soUders 
equijjpcd  for,  and  engaged  in,  this  constant  battle.  It  was  of  the  greatest 
public  moment  that  the  standard  of  these  regiments  should  be  kept  up 
and  their  strength  increa.sed.  For  that  reason  he  had  great  pleasure 
in  Mr.  Haldane's  presence  in  proposing  the  toast  that  had  been  entrusted 
to  him. 

Mr.  (i.  T.  Bullock,  vice-chairman  of  the  Institution,  responded ; 
and  the  toast  of  "  The  President  "  was  then  proposed  by  Jlr.  B.  E.  D. 
Kilburn,  Mr.  Swojburne  suitably  replying  and  adding  to  the  official 
toast  list  the  toast  of  "  The  Secretary."  The  speeches  were  interspersed 
by  several  vocal  and  instrumental  selections,  the  violin  solos  of  Mr. 
T,  E.  Gatehouse  being  much  appreciated. 


ARRANGEMENTS  FOR  THE  WEEK. 

MONDAY,  May  10th. 

Graduates'  Associ.atiox  of  the  Institution  ok  Mecii.anical 

Eni!INEERS. 

S  p.m.    Meeting   at    the    Institution    of    Mechanical    Engineers, 
Storey's-gate,  Westminster.     Paper  on  "  Railway  Permanent 
Way, "  by  Mr.  H.  H.  Bir.l. 
TUESDAY,  May  11th. 

tiUAScow  Sei'tion  ok  the  Institution  ok  Electrical  Enuikeers. 
.V  p.m.     Annual  General  Jleeting  at  207,  Bath-street,  Glasgow,  fol- 
lowed by  a  Paper  on  "  Interpole  Designs,"  by  Mr.  W.  B.  Hird 
WEDNESDAY,  May  12th. 

.Junior  Institution  of  Engineers. 
T:-iiip.m.      Meeting  at   the    Royal   United   Service   Institution, 
Whitehall.      Paper    on    "The    Construction    of    Coin-freed 
Mechanism  as  applied  to  Gas  Meters,"  by  Mr.  T.  S.  F.  liibson. 
THURSDAY,  May  13th. 

Institution  of  Electrical  Engineers. 
,S'  p.m.     Meeting  at  the  Royal  Society  of  Arts,  .John-street,  Adelphi, 
W.C.  Paper  on  "Economics  of  Medium-sized  Power  Stjvtions," 
by  Mr.  A.  .J.  .J.  Pfeiffer. 
FRIDAY,  May  14th. 

PUVSICAL    SoCIETV    ok    LoNllON. 

S  p.m.  Meetingat  the  Imperial  College  of  science,  Imperial  Insti- 
tute-road, South  Kensington.  Agenda  (1)  "On  a  BiSlar 
Vibration  Galvanometer,'^  by  Mr.  W.  Duddell.  F.R.S.  ;  i2) 
"  Effect  of  Temperature  on  the  Hysteresis  Loss  in  Iron  in  a 
Rotating  Field,"  by  Messrs.  W.  P.  "Fuller  and  H.  Grace. 
Royal  Institution. 

9  ii.m.     Meeting  at   Albcmarlestreet,   Piccadilly,  W.     Discourse 
on  "Solar  Vortices  and  Magnetic  Fields,"  by  Prof.  G.  H.  Hale. 

Corps  of  Electrical  Engineers  (London  Division). 
Officer  Commanding,  Col.  R.  E.  B.  Crompton,  C.B. 
The  following  orders  have  been  issued  for  the  current  week  :— 
Mond.iv,    Mav    lOtli, 

"A'Compauv    Infantry  drill,  6:30  p.m.    Adjutant's  Parade. 

Tuesday,  Mav    11th, 

"B"  Company    Infantry  drill,  6:30  p.m.  Adjutant's  Parade. 

Thursday,  May  13th, 

"C"  Company   Infantry  drill,  6:45  p.m.     Adjutant's  Parade. 

Friday,      Mav    14lh, 

"D"Compai\y  Infantry  drill,  6:45  p.m.     Adjutant's  Parade. 
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THE  THEORY  AND  APPLICATION  OF  MOTOR 
CONVERTERS.' 

BY    H.    S.    3ALL0. 

Summari/. — A  description  is  here  given  of  the  principle,  operation. 
design  .ind  characteristics  of  motor  converters.  Reference  is  also  made 
to  the  aiTangement^  necessary  when  converters  arc  used  on  three-wire 
and  traction  systems. 


Up  to  the  year  1904  the  mntcir-generator  held,  in  this  country,  the 
field  for  machines  for  the  conversion  of  alternating  to  continuous 
current.  The  only  other  class  of  machine — the  rotary  converter — 
with  the  advantages  of  higher  efficiency  and  lower  first  cost,  made 
little  headway,  due  to  most  plants  being  designed  for  ,50  oj.  at 
which  frequency  the  rotary  converter  is  unsuitable.  As  regards 
regulation,  the  synclironous  motor -generator  is  the  better  machine. 
A  rotary  is  reversible  in  theory,  but  as  soon  as  wattless  currents  are 
taken  from  the  altemating-ciu-rent  side  the  rotary  shows  a  tendency 
to  race.  Also,  from  the  ])oint  of  view  of  hunting,  the  induction 
motor-generator  is  the  safer  machine,  and  the  sj-nchronous  motor- 
generator  is  far  superior  to  the  rotary  :  this  has  been  amply  borne 
out  by  experience  gained  on  both  sides  of  the  Atlantic. 

Since  the  j-ear  1904.  however,  a  new  machine  has  been  jnit  upon 
the  British  market  under  the  name  of  "  motor  converter.'t  It  is 
claimed  that  this  machine  combines  the  good  points  of  both  the 
other  systems,  whilst  it  avoids  their  defects.  It  is  self-starting,  yet 
runs  sjTichronously  when  up  to  speed.  The  characteristics  of  the 
continuous-current  side  may  be  adapted  to  any  ordinary  require- 
ments ;  its  voltage  maj'  be  regulated  bj'  adjusting  the  shunt  resist- 
ance, and  it  can  further  be  arranged  as  a  three-wire  generator,  when 


1. — DiAORAM  OF   C'oXSE('TIOI<.S   OF  MoTOR   CONVERTER 


it  will  automatically  deal  with  very  large  out-of-balance  currents. 
There  is  no  possibility  of  rever.sal  of  polarity  as  with  the  rotary  con- 
verter. The  efficiency  is  substantially  higher  than  that  of  a  motor- 
generator  of  the  same  output,  and  is  nearly  equal  to  that  of  a  rotary 
■H-ith  its  transformers.  It  is  reversible,  and  even  when  supplying 
current  to  modern  induction  motors  its  regulation  is  excellent.  The 
first  cost  is  le.s.s  than  that  f)f  a  motor-generator,  and  when  a  large 
voltage  variation  is  required  the  motor  converter  works  out  con- 
siderably ohea|)cr  even  than  tlie  rotary,  alternating-current  boosters 
being  necessary  with  the  latter  machines  in  such  circumstances. 
Furthermore,  the  motor  converter  takes  up  considerably  less  floor 
space  than  either  of  the  former  types  of  converting  plant.  Under 
these  conditions  the  motor  converter  has  made  such  rapid  headway 
that  by  this  time  almost  200  converters,  wuh  an  aggregate  capacity 
of  over  80,0(X)  kw.,  have  been  installed. 

I'rijiripte. — The  motor  converter  consists  of  an  ordinary  induction 
motor  with  wound  rotor  and  a  continuous-current  macliine,  rigidly 
coupled  and  arranged  with  either  two  or  three  bearings.  Fig.  ] 
shows  the  diagram  of  connections  of  a  motor  converter  in  its  sira|)lest 
form.  The  stator  winding  is  shown  as  a  star-connected  three-phase 
winding,  but  it  is  evident  that  the  winding  may  also  be  mesh  con- 
nected, or  wound  for  any  desired  number  of  phases.     To  make  con- 


*  Abstract  of  a  Paperread  before  the  Institution  of  Electrical  Engineers, 
t  This  machine  was  patented  by  Messrs.  J.  L.  la  C'our  and  O.  S.  Brag- 
stad  in  the  year  1902. 


nections  clearer  the  rotor  winding  in  Fig.  1  is  shown  with  nine  phases, 
althougli  the  majority  of  converters  have  been  built  with  12  phases, 
Tliree  of  the  phases  are  connected  to  a  suitable  three-phase  starter 
through  slip-rings. 

For  the  sake  of  simplicity  it  may  be  assumed  that  the  induction 
motor  and  the  direct-current  machine  have  the  same  number  of  poles 
(in  Fig.  1.  two  poles)  and  let  us  assume  that  rotor  and  armature 
are  running  at  a  speed  corresponding  to  half  the  frequency  of  the 
primary  circuit.  The  rotating  field  set  u]i  by  the  primary  currents 
induces  in  the  rotor  windings  a  series  of  E.M.F.s,  which  have  half  the 
frequency  of  the  primary  circuit.  Also  it  is  obvious  that  the  E.M.F.s 
induced  in  the  continuous-current  armature  bindings  have  half  the 
frequency  of  the  primary  circuit,  therefore  it  is  possible  to  connect 
the  rotor  and  armature  windings  together — provided  they  are  wound 
with  a  suitable  number  of  turns — when  their  E.M.F.s  are  equal  and 
in  phase,  and  when  this  is  done  the  speed  remains  constant  and  the 
two  machines  connected  in  tandem  behave  as  a  single  synchronous 
machine.  In  order  that  the  E.M.F.s  induced  in  rotor  and  armatme 
winding  shall  balance  each  other,  the  connections  between  them  have 
to  be  made  so  that  the  rotating  field  set  u\)  by  the  rotor  currents, 
when  flowing  through  the  armature,  revolves  in  the  op|io.sitc  direc- 
tion to  the  shaft,  i.e.,  this  rotating  field  is  motionless  as  long  as  the 
speed  keeps  constant,  and  it  is  the  action  between  this  field  and  the 
one  set  up  by  the  magnet  winding  of  the  continuous-current  machine 
which  keeps  the  machine  in  synchronism,  in  exactly  the  same  manner 
as  in  an  ordinary  synclironous  motor. 

Half  the  electrical  energy  supplied  to  the  stator  will  be  converted 
into  mechanical  energy  and  transmitted  by  means  of  the  shaft  to  the 
direct-current  machine,  whilst  the  other  half  of  the  energy  supplied 
is  transferred  through  the  rotor  W'inding  to  the  armature  winding  in 
the  form  of  electrical  energy.  As  the  rating  of  the  induction  motor 
depends  on  the  speed  of  the  rotating 
field  and  not  on  that  of  the  rotor,  the 
motor  is  theoretically  halt  as  large 
as  though  with  the  given  number  of 
revolutions  it  had  to  convert  the 
whole  of  the  energy  into  mechanical 
energy.  The  Converter  runs  at  a 
speed  corresponding  to  half  the 
primary  frequency,  which  is  more 
advantageous  with  regard  to  com- 
mutation ;  consequently  it  is  made  of 
smaller  ]iroportions  than  an  ordinary 
continuous-current  generator  or  conver- 
ter for  the  same  output  and  primary 
frequency. 

When  tlie  induction  motor  and 
converter  ha\e  dift'ertnt  numbers  of 
poles  the  set  will  not  run  at  a  speed 
corresponding  to  half  the  frequency 
of  the  suppiy  circuit,  but  the  speed 
will  be  inversely  proportional  to  the 
sum  of  the  number  of  ))oles  of  both 
machines.  Thusn  =  60c/(^)„-(-p^).  where 
n  =  revs,  per  min..  c  =  periods  per  .second, 
p„  =  number  of  jjairs  of  ])cles  of  induction  motor,  pj  =  number  of 
pairs  of  jjoles  of  continuous-current  machine.  The  direct-ciUTent 
side  deals  with  pJiPa  +  Pc)  "f  tlie  energy  supplied  as  a  rotary  con- 
verter and  with  p„j{pi,  +  Pc)  ^^  ^^  ordinary  dynamo.  It  will  be  seen 
that  a  further  reduction  of  size  of  the  induction  motor  is  possible 
by  taking  p^  ^  p„.  Of  coin'se,  p^  should  not  be  too  small,  otherwise 
the  stator  winding  end  connections  would  become  unduly  long  ; 
moreover,  it  is  well  known  that  for  any  direct-current  machine  of  a 
given  output  there  is  a  definite  number  of  poles  which  will  secure 
maximum  economy  in  construction. 

Starting. — This  from  the  alternating-current  side  is  a  very  simple 
matter.  Current  is  supplied  direct  to  the  stalni  winding,  and  at 
first  only  three  (Fig.  1)  of  the  nine  or  twelve  |il],isc -w  iiulings  on  the 
rotor  are  utilised.  These  are  connected  through  sNj  i-rintrs  and  an  exter- 
nal resistance  to  a  neutral  point.  The  other  ends  of  these  three  jjhase- 
windings  arc  permanently  connected  to  the  armature  winding.  The 
machine  starts  up  as  an  ordinary  induction  motor,  and  the  continu- 
ous-current end  builds  up  its  field.  When  the  machine  approaches 
synchronous  speed,  the  E.M.F.s  induced  in  rotor  and  armature  will 
alternately  be  in  opposition  and  (conjunction,  and  conse(|uently  the 
current  flowing  in  the  starter  will  alternately  be  small  and  large, 
causing  the  needle  of  the  voltmeter,  which  is  connected  across  the 
starter  resistance,  to  swing  slowly  ovei'  the  scale.  When  the  needle 
comes  to  rest  near  the  zero-point  the  starter  is  short-circuited,  and 
then  the  machine  short  circuiter  is  pushed  home,  bringing  all  windings 
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In  practice  it  is  found  necessary  to  insert  resistance  in  the  shunt 
circuit  in  order  to  bring  the  machine  up  to  speed  without  taking 
excessive  currents  from  the  supjjly  mains.  Also  a  fixed  proportion 
of  tlie  resistance  of  the  sliunt  regulator  is  kept  in  circuit  during  the 
operation  of  syncluronising.  It  is  found  advisable  to  adjust  the 
starter  and  shunt  resistance  so  that  the  machine  first  runs  slightly 
over  synclu-onous  speed,  to  come  down  later  automatically  owing  to 
the  stronger  excitation  at  the  higher  speed.  The  single  voltmeter, 
sliown  in  Fig.  1,  constitutes  all  the  s_\-nchronising  apparatus  required, 
thus  conducing  to  the  greatest  simplicity  in  tlie  lay-out  of  the  sub- 
station. The  starting  current  is  usually  about  30  per  cent,  of  the 
full-load  current.  In  the  case  of  a  single-phase  converter  it  is,  of 
course,  necessary  to  put  an  auxiliary  winding  on  the  stator  to  pro- 
duce a  starting  torque. 

The  motor  converter  can  also  be  started  up  from  the  direct -current 
side,  in  which  case  an  ordinary  direct-current  starter  and  standard 
synchroni.sing  gear  for  the  high-tension  side  is  required.  In  order 
to  reduce  the  starting  current  to  a  minimum  it  is  well  to  keep  the 
short-cu'ouiter  open  until  the  machine  has  made  a  few  revolutions. 
It  is  possible,  however,  to  do  without  the  short-circuiter,  or  to  use  a 
mesh-connected  rotor,  but  it  is  better  practice  to  arrange  the  rotor 
windings  in  star,  so  that  slip-rings  and  short-circuiter  ma}-  easily  be 
added,  should  it  become  desirable  to  start  the  machine  from  the 
alternating-cm-rent  side.  Moreover,  the  star-point  can  be  connected 
to  one  slip-ring  to  supply  out-of-balance  ciu-rent  for  tliree-wue 
systems  in  the  manner  exjjlained  later. 

Theory. — The  author  then  considers  the  relation  which  the 
E.M.F.s  and  currents  in  the  various  parts  bear  to  one  another.  The 
designer  is  most  interested  in  the  ratio  it  between   the  output  the 


Fig.  2. — Ch.\r.\cteristks  of  500  kw.   Liohti.vg  Coxvkrtee 


tages  gained  by  the  application  of  the  motor-converter  principle  in 
the  way  of  increased  regulation,  greater  stability  in  running,  kc.  do 
not  mean  any  additional  copper  losses  in  the  armature  winding,  in 
spite  of  the  fact  that  the  direct-current  side  only  works  partly  as  a 
rotary. 

Design. — Little  need  be  said  in  this  connection.  The  number  of 
poles  for  each  side  are  determined  as  mentioned  above  ;  as  ajrule 
they  will  be  equal  or  only  differ  l)y  two.  The  design  of  the  alter- 
nating-cm rent  side  does  not  offer  any  difficulties.  The  air-gap  need 
not  be  very  small,  since  the  magnetising  current  can  be  supplied 
from  the  rotor.  The  only  item  requiring  special  attention  is  the 
reactance,  which  must  be  sufficient  to  ensure  that  the  required 
voltage  regulation  on  the  direct -current  side  can  be  obtained  without 
affecting  the  power  factor  beyond  the  guaranteed  limits. 

The  design  of  the  direct-current  end  clo.sely  resembles  the  design 
of  an  ordinary  dynamo,  the  only  difference  being  that  the  demagnet- 
ising (or  magnetising)  effect  of  the  lagging  (or  leading)  rotor^currents 
upon  the  direct-current  field  must  be  taken  into  consideration.     It 
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Fig.  3. — Regulation-  Characteristics  of  500  kw.   Lightisg 
Converter. 


machine  is  capable  of  giving  as  converter  and  as  ordinary  direct- 
current  machine.  In  this  connection  the  following  comparative  list 
for  rotaries  and  motor  converters  may  not  be  without  interest  : — 

Table  I. — A'  ior  Rotary  Converters. 
[I.ja,=  watt  current,  and  I.,„,(= wattless  current.] 


Number  nf  phases.                1                    3 

{) 

12 

l2„,-0    

0-850              1-33 
0-775             1-18 
0-705       ;        0-98 

1-93 
1-67 
1-40 

2-20 

Ij,rt— 0-3L,,     

1-87 

Ij,„— 0-5  I„r      

1-52 

Table  11.—/.-  h'  ^'otor  Coimrlir.':  irllh 

12   Rolor 

Pita 

irs. 

Vn+Pc           1     0-*    1     0-5    1     0-.! 

0-(i7 

0-75 

- 

I»w=0    1-44 

l2«-i=JI.,,r I  1-42 

l2rt=0     ;  1-28 

lv-i=ih^ 1-26 


1.58 
1-54 
1-29 
1-27 


1-74 
1-06 
1-27 
1-23 


1-86 
1-74 
1-23 
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2-00   I  I  Three-phase 

1-82   \  \  convertei-s 

1-18      (  Single-phase 

1-15  I  I  converters 


A  glance  at  the  above  list  is  sufficient  to  show  why  modern  rotaries 
are  provided  with  six  slip-rings.  Whereas  for  the  three-phase 
rotary  the  factor  k  is  only  1-33.  it  is  for  the  si.x-phase  rotary  1-93. 
With  a  12-phase  rotary  the  complication  of  1'2  slip-rings  renders  the 
gain  impracticable.  With  a  motor  converter,  however,  there  is  no 
objection  to  this  large  number  of  i)hases  ;  in  fact,  with  two  bearing 
machines  there  would  be  no  difficulty  in  using  moi'e  than  12  phases  ; 
the  gain  obtained  by  a  still  further  increase  of  the  number  of  phases 
is,  however,  small. 

The  extra  advantages  gained  by  tlie  motor  converter  arc  also 
evident.  When  we  compare,  for  instance,  the  six-phase  rotary 
converter  with  30  per  cpnt.  wattless  current  and  the  12-phase  motor 
converter  under  the  same  conditions,  and  with  /),.=^0-()()  {p„  + p,). 
we  find  that  the  factor  k  is  the  same  for  Initli  :   that  is.  all  the  advan- 


was  shown  that  the  wattless  current  I„j  in  the  armature  winding 

due  to  the  wattless  rotor  current  Io,ri  is= ~ — .where  )H,=num- 

2  sin  T/nij 

ber  of  rotor   phases.      The  demagnetising  ampere  turn-  per  pole 

are  thus  i-,,—  -,  where  X=  number  of  conductors  in  du-ect-current 

armature,  a  =  half  the  number  of  armature  paths.  A-,,=  , so-called 
magnetomotive  force  factor  of  a  synchronous  machine,  and  which 
may  be  taken  as  0-75.  The  introduction  of  commutating  poles  gives 
the  designer  a  still  freer  hand,  and  renders  the  commutation  sparkless 
with  fixed  brush  position  up  to  heavy  overloads  and  independent  of 
the  direction  of  the  current. 

Application. — Fig.  2  represents  the  characteristics  of  a  ,500  kw. 
set.  The  efficiency,  especially  at  low  loads,  is  remarkably  high. 
Fig.  3  indicates  the  possibility  of  an  excellent  regulation  by  the 
shunt  rheostat.  Sometimes  a  large  drop  in  voltage  from  no  load  to 
full  load  is  desirable,  as,  for  instance,  when  a  battery  is  floating  on 
the  'bus-bars.  It  is  possible  to  design  a  motor  converter  for  a  large 
inherent  voltage  drop,  but  there  are  also  other  means  of  accomplish- 
ing the  desired  effect.  The  most  obvious  one  is  to  ]irovide  the 
machine  with  a  reversed  com])oiind  winding,  but  in  the  case  of 
commutating  pt)lc  machines  the  same  effect  can  be  obtained  without 
this  complication.  In  this  case  the  commutating  poles  are  not  placed 
midway  between  the  main  poles,  but  slightly  forward  (in  the  direc- 
tion of  rotation  nf  the  machine),  thus  artificially  creating  armature 
reaction,  without  interfering  in  the  least  with  the  excellent  commu- 
tating qualities. 

Sometimes  it  is  required  that  a  motor  converter  shall  be  capable 
of  supplying  either  a  traction  .system  at  500  to  .55t)  volts,  or  a  light- 
ing system  at.  .say,  420  to  460  volts.  Owing  to  the  great  flexibility 
of  the  direct-current  voltage,  it  is  possiV>le  to  build  converters  for 
the  above  extreme  range  of  voltage,  and,  as  a  matter  of  fact,  several 
such  machines  with  a  \oltagc  regulation  of  as  much  as  30  per  cent, 
are  in  successful  operation.  In  order,  however,  to  improve  the 
power  factor  in  such  a  ca.se  it  is  advisable  to  use  a  synchronous 
booster  in  series  with  the  rotor  winding. 
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Jlotor  converters  can  also  be  used  inverted  and  also  for  three- 
wire  supply.  The  outer  mains  in  the  latter  case  are  connected  as 
usual  to  the  positive  and  negative  terminals  of  the  d\niamo.  whilst 
the  middle  wire  is  connected  to  the  star-point  of  the  rotor  windings, 
and  may  be  earthed.  When  large  out -of -balance  currents  are  to  be 
dealt  with,  it  is  necessary,  in  order  not  to  overload  the  brushgear  of 
the  slip-rings,  to  use  a  three-pole  change-over  switch,  arranged  so 
that  when  the  switch  is  down  the  three  slip-rings  are  short-circuited 
and  connected  to  the  middle  wire,  so  that  all  brushes  on  the  three 
slip-rings  are  called  upon  to  carry  the  out-of-balance  current.  When 
the  switch  is  in  the  other  position  the  slip-rings  are  no  longer  short- 
circuited,  but  connected  to  the  alternating-current  starter  :  the 
switch  must  be  in  this  position  during  the  starling  up  of  the  converter. 
A  motor  converter,  thus  connected  up.  automatically  balances  the 
current,  and  the  voltage  dift'erence  between  the  two  halves  usually 
does  not  exceed  1  per  cent,  of  the  voltage  between  the  outers,  with 
an  out-of-balance  current  of  as  much  as  .5(t  per  cent,  of  the  full-load 
current.  With  20  per  cent,  out-of-balance  current  the  voltage 
difference  would  be  well  under  J  per  cent.,  and  it  is  thus  clear  that 
the  balance  is  excellent  and  more  than  sufficient  for  all  ordinary 
requirements.  If.  liowever.  it  should  be  necessary  to  raise  the 
voltage  of  the  heavier  loaded  half,  a  series  booster  must  be  put  in 
circuit,  and  driven  by  the  extended  converter-shaft. 

With  a  motor  converter.*  not  arranged  as  three-wire  balancer,  all 
commutating  pole  windings  are  generally  fixed  on  either  the  positive 
or  negative  side  of  the  network.  It  is.  however,  obvious  that  this 
arrangement  cannot  be  satisfactory,  as  soon  as  out-of-balance  cur- 
rents are  taken  from  the  machine,  since  the  excitation  of  the  com- 
mutating poles  would  not  then  correspond  to  the  total  load  on  the 
machine.  The  proper  excitation  will  be  obtained  when  the  current 
through  the  commutating-pole  windings  is  an  average  bet^-een  the 
currents  in  the  two  outers.  Xow.  such  excitation  can  easily  be 
obtained  by  dividing  up  the  commutating-pole  circuit  and  by  fixing 
the  windings  alternately  in  the  positive  and  negative  mains.  It  is. 
however,  well  known  that,  with  all  direct-current  generators  and 
motors,  there  is  an  advantage  in  fixing  only  half  as  many  commu- 
tating poles  as  main  jjoles.  Xot  only  does  this  amount  to  a  certain 
saving  both  in  material  and  labour,  but  it  is  an  effective  means  of 
reducing  tlie  leakage  flux,  which  plays  such  an  important  part  in  the 
design  of  commutating  jjoles.  This  principle  is,  of  coiu-se,  also 
applicable  to  the  motor  converter  ;  but  it  would  appear,  at  first 
sight,  that  the  use  of  the  machine  on  a  tliree-wire  system  necessi- 
tates the  use  of  the  full  number  of  commutating  poles,  in  order  to 
be  able  to  divide  the  circuit  up  in  the  aforementioned  manner.  It 
is,  however,  possible  in  this  case  to  use  only  half  the  number  of 
commutating  poles  by  fixing  additional  windings  on  the  poles. 
These  additional  windings  must  have  half  as  many  turns  as  the  main 
windings,  and  the  current  of  the  middle  wire  must  pass  tlirough 
them. 

The  Paper  contains  illustrations  of  several  converters  running  in 
in  eub-stations  in  this  country ;  the  largest  is  a  1,.500  kw.  machine  of 
the  three-bearing  type  of  the  JIanchester  Corporation  electricity 
department. 


ELECTRIC  WELDING.  I 

BY    V.    D.    GREEN. 

Probably  there  are  few  branches  of  electrical  vcnk  about  which 
!ess  is  generally  known  than  that  of  electric  welding  ;  and  this  is  due 
to  several  reasons  :  (1)  Although  the  master  patents  have  run  out, 
a  great  number  of  the  controlling  jJatents  are  still  in  force,  so  the 
number  of  manufacturers  is  small.  (2)  The  j)urchasers  of  welding 
outfit.s  arc  by  no  means  anxious  to  advertise  the  fact  that  they  are 
using  them,  and  usually  prefer  to  ascribe  the  cheajjening  of  certain 
processes  to  "  better  organisation,"  or  anything  but  the  real  cause, 
lest  their  rivals  should  also  go  in  for  a  plant.  (3)  The  subject  does 
not  appeal  to  the  popular  imagination.  H)  As  the  results  attained 
are  frequently  the  outcome  (jf  much  experimenting,  tho.se  who  are  in 
a  position  to  give  information  generally  ])ref<  r  not  to. 

The  systems  of  electric  welding  in  use  at  the  present  time  may  be 
divided  roughly  into:  (I)  Arc  welding  processes;  (2)  methods  of 
welding  by  means  of  the  heat  generated  by  the  i)assage  of  current 
through  a  .semi-conducting  liquid  ;  and  (.3)  welding  by  alternating 
•current  stepped  down  by  a  special  transformer  to  the  low  pressure 
required,  and  the  heat  generated  between  the  abutting  surfaces  of 
the  work  itself. 

(1)  Although  the  first  attempts  at  electric  welding  developed  along 
thia  line,  it  was  not  until  Bernardos  introduced  his  system  that  a 

•  In  fact,  with  all  machines  producing  or  absorbing  direct  current.     *i 
t  Abstract  of  a  Paper  read  before  the  Birmingham  and  District  Electric 
Club.  *" 


really  practical  solution  of  the  jn-oblcm  was  arrived  at.  His  method 
was  to  make  the  work  itself  the  positive  pole  of  the  arc,  the  negative 
being  a  stick  of  hard  carbon.  The  principal  field  of  the  process  is 
repair  work  and  operations  on  work  in  position.  It  has,  however, 
serious  disadvantages,  and  beyond  the  fact  that  the  heat  given  out 
is  much  in  excess  of  that  obtained  by  the  oxy-hydrogen  and  oxy- 
acetylene  processes,  it  has  no  particular  advantage  over  these  latter, 
while  its  initial  cost  is  considerably  in  excess  of  either.  Very  little 
heat  regulation  is  possible,  and  there  is  a  tendency  for  carbon  to  be 
dejjosited  upon  and  become  mixed  with  the  material  of  the  work. 

A  modification  of  (he  Bernardos  system,  and  one  which  largely 
overcomes  the  carbon  deposit  trouble,  is  that  known  as  the  "  Voltes." 
Here  the  work  is  not  connected  to  the  circuit  at  all,  and  the  arc  is 
formed  between  two  carbons,  an  electromagnet  with  a  suitable 
regulator  deflecting  the  arc  on  to  the  weld.  The  heat  regulation  is 
thus  greatly  improved,  and  for  jobbing  work,  such  as  foundry 
repairs,  it  appears  to  give  excellent  results. 

(2)  It  is  doubtful  whether  the  "  acidulated  water  process  "  should  be 
included  among  welding  systems.  The  original  patent  was  taken 
out  in  1892  by  Mr.  Paul  Hohe.  The  apjiaratus  employed  consists 
of  a  bath  or  vat  large  enough  to  contain  tlie  articles  to  be  heated,  a 
pair  of  tongs  with,  insulated  handles  for  gripping  the  work  and 
suitable  regulating  and  generating  machinery.  The  vat  is  filled 
with  acidulated  water  or  any  liquid  having  a  low  resistance,  and  is 
made  the  anode,  the  tongs  holding  the  work  being  connected  to  the 
negative  jjole.  On  completing  the  circuit  by  plunging  the  work 
into  the  liquid  a  thin  film  of  hydrogen,  formed  by  electrolytic  action, 
siu-rounds  it  and  not  only  by  its  resistance  causes  an  intense  and 
highly  localised  heat  to  be  developed,  but  keeps  the  surrounding 
liquid  from  contact  with  the  metal.  The  special  advantages  claimed 
are  :  (a)  As  there  is  no  arc  to  maintain,  the  efficiency  may  be  con- 
siderably increased.  (6)  More  heat  regulation  is  possible,  and  tem- 
pering may  therefore  be  successfully  carried  out,  the  "  quenching  " 
being  accomplished  by  switching  off  the  current  and  so  allowing  the 
water  to  pierce  the  hydrogen  film,  (c)  As  the  heating  is  carried  on 
in  an  envelope  of  hydrogen  no  oxides,  scales  or  blisters  are  formed 
in  the  finished  weld.  The  process  has,  however,  made  little  if  any 
progress  since  its  introduction,  the  reasons  appearing  to  be  almost 
entirely  of  a  practical  nature. 

(3)  Perhaps  the  most  interesting  of  welding  systems,  and  certainly 
the  one  which  admits  of  the  most  delicate  adjustment  and  the  highest 
speed  and  efficiency  in  working,  is  that  invented  by  Prof.  Elihu 
Thomson,  in  1885.  The  principle  involved  is  that  of  causing  a  heavy 
current  to  pass  tlu'ough  the  abutting  ends  of  the  metal  to  be  w'elded, 
thereby  generating  heat  at  the  point  of  contact,  which  also  becomes 
the  point  of  highest  resistance.  At  the  same  time  mechanical 
pressure  is  applied  to  force  the  parts  together.  As  the  current  heats 
up  the  metal  at  the  junction  to  the  welding  temperature  the  pressure 
"  follows  up  "  the  softening  surface  until  a  com])lete  weld  is  obtained, 
and  as  the  heat  is  first  developed  in  the  interior  of  the  parts  to  be 
welded,  this  interior  is  as  efficiently  welded  as  the  visible  surface. 
Other  advantages  are  :  (a)  There  are  no  fumes  given  off.  (b)  The 
heat  is  produced  where  it  is  wanted,  and  practically  confined  there, 
(c)  The  weld  is  perfectly  homogeneous,  {d)  The  process  may  be 
made  automatic,  and  thus  uniformity  of  results  obtained,  (c)  The 
welding  may  be  continually  watched.  (/)  Clean  metal  only  comes 
into  contact,  (g)  Flaws  in  the  material  are  easily  discovered  and 
prevented.  (/()  It  is  extremely  rapid.  («)  In  consequence  of  the 
perfect  regulation  of  the  heat  cut-off,  &c.,  it  can  be  applied  to  many 
metals  which  could  previously  only  be  united  by  brazing  or  riveting. 
(;)  Work,  es])ecially  repair  work,  may  be  done  which  could  not  be 
done  at  all  by  any  other  means.  About  the  only  objection  which 
can  be  urged  against  it  is  the  initial  expense,  which  is  unquestionably 
heavier  than  in  other  systems.  It  will  be  seen  that  the  principal 
field  of  the  Thomson  process  lies  in  the  rapid  reproduction  of 
standard  work,  though  a  welding  apparatus  for  jobbing  repairs  is 
also  made. 

Although  in  principle  all  Thomson  welders  are  alike,  yet  they 
undergo  many  modifications  to  render  them  ajiplicable  to  the  several 
manufacturing  processes  in  which  they  are  used,  and  may  also  be 
hand-controlled,  semi-automatic  or  entirely  automatic.  To  the 
first  cla.ss  belongs  the  "  Universal  "  or  jobbing  welder.  In  this 
machine,  and  indeed  in  most  others,  all  electrical  parts  are  enclosed 
within  the  cast-iron  base  with  the  exception  of  the  two  ends  of  the 
secondary  coil,  consisting  as  usual  of  a  single  turn  of  heavy  cast 
copper.  These  terminate  in  broad  flat  surfaces  with  "  V  "  shaped 
grooves  in  the  centre  to  increase  the  area  of  contact.  Both  these 
and  the  under  surface  of  the  clamps  which  .slide  upon  them  are  care- 
fully scraped  true,  otherwise  the  loss  of  jjower  would  be  serious. 
The  clamps  are  provided  with  hand  wheels  for  tightening,  and  the 
"  follow  u])"  motion  is  actuated  by  another  hand  wheel,  about  3  ft. 
in  diameter,  working  on  a  rack  on  the  movable  jaw  holder.     Both 
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jaws  are  water  cooled.  A  particularly  interesting  class  of  repair 
which  may  be  done  with  the  "  Universal"  machine  is  the  welding 
of  a  broken  armature  shaft  without  the  necessity  of  re -winding  the 
core. 

Of  the  semi-automatic  cla.ss  there  are  numerous  examples.  Most 
wire-welding  machines,  such  as  are  used  in  cable  factories,  are  of  this 
description.  I'ipe-welders  are  not  unlike  wire-welders,  except  that 
heavier  currents  are  required  and  specially  powerful  holders  and 
hydraulic  "  follow  up  "  motion  rams  are  used.  In  the  United  States 
large  quantities  of  the  steel  conduit  used  in  installation  work  are 
welded  along  the  seam  by  the  Thomson  process.  In  this  apparatus 
the  two  adjustable  ends  of  the  secondary  are  not  provided  with  jaws, 
but  with  rollers.  In  the  completely  automatic  type  of  welders,  such 
as  those  used  for  wii'e  fence  making  or  chain  welding,  the  mechanical 
power  is  supplied  by  a  belt.  Chain-welders  are  extensively  used  in 
America,  but  for  some  reason  they  have  not  found  favorn'  in  the  eyes 
of  British  manufacturers.  Other  types  of  welders  are  also  referred 
to  in  the  Paper. 

Electric  welders  present  numerous  points  of  interest  in  the  matter 
of  design.  The  requirements  differ  radically  from  the  ordinary  con- 
ditions of  alternating-current  design  in  many  ways.  First  and  fore- 
most a  welder  must  be  dust-proof  and  fool-proof.  The  secondary 
voltage  and  current  must  be  decided  upon  by  exjierience.  An 
ample  overload  margin  should  be  allowed  for,  and  air  or  water  cool- 
ing should  be  provided  where  welders  have  to  work  continuously. 
With  regard  to  the  horse-power  necessary  for  various  kinds  of  work, 
the  following  figures  may  prove  interesting  : — 

Hound  Iron  and  Steal.  B.O.T. 

Diam.,  in.       Area,  sq.  in.  H.P,  Seconds,  Units, 

J     00.5     2-0     10     0-004 

i     0-22     6-5     20     0-026 

I     0-3       90     25     0-046 

f     0-45     13-3     30     0082 

(Inside  diam.)  Extra,  IJcai'y  Iron  Pipini/. 

1     0-3       8-9     '  33     0-060 

l'     0-(i       16-4     47     0-159 

U     1-1       32-3     70     0-478 

2'     1-65     42-0     84     0-724 

3       30       <)6-2     106     \l-5 

The  figures  are  from  actual  tests,  and  probably  the  times  might 
have  been  shortened.  Generally  speaking,  iron  and  steel  require 
less  energy  than  copper  (ratio  is  about  12  :  17),  brass  coming  between 
them  in  this  respect.  The  time  required  for  the  former  is,  however, 
greater  than  for  the  latter. 

It  is  always  advantageous  to  be  able  to  regulate  the  secondary 
voltage,  and  this  may  be  done  in  the  usual  way  by  a  rheostat  in  the 
exciter  circuit  of  the  alternator,  by  a  choking  coil  in  series  with  the 
primary  of  the  transformer,  or  by  taking  tappings  out  of  the  pri- 
mary coils  and  connecting  them  to  a  suitable  regulating  switch.  In 
designing  for  a  ring-welding  machine,  it  should  lie  remembered  that 
a  fair  percentage  of  current  will  not  go  through  the  weld  at  all,  but 
will  be  shunted  round  the  other  side  of  the  ring.  Where  a  reactive 
coil  is  used,  its  eflfect  is  to  cause  a  more  even  distribution  of  the  heat, 
and  therefore  for  metals  where  rapid  heating  is  inadvisable  this  form 
of  regulation  is  used.  Shunt  regulation,  on  the  other  hand,  accele- 
rates the  welding,  and  in  this  case  the  joint  will  become  weldable 
beff)re  the  heat  has  had  time  to  spread  for  more  than  a  fraction  of  an 
inch  on  either  side  of  it.  Regulation  by  varying  the  number  of 
effective  primary  turns  has  a  result  midway  between  the  two  pre- 
vious methods,  since  its  effect  is  greater  on  the  secondary  voltage 
than  on  the  power  factor. 

The  conditions  upon  which  a  good  weld  depends  are  clean  metal, 
correct  pressure  and  correct  temperature.  With  iron  all  these  con- 
ditions are  fairly  easy  to  fulfil.  With  cojiper  one  encounters  the 
difficulty  that  it  must  be  raised  to  a  much  higher  temperature,  and 
that  it  then  oxidises  very  readily.  Moreover,  its  welding  heat  is 
very  httle  below  its  liquefying  point.  It  will  thus  be  .seen  tliat  most 
careful  atljustment  is  necessary.  With  brass  these  difficulties  arc 
still  further  increased  by  the  tendency  of  the  zinc  to  volatilise  before 
the  copper  is  hot  enough,  and  by  the  brittlene.ss  of  the  metal  when 
at  the  welding  heat.  A  light  pressure  and  a  rapid  weld  are  required 
for  these  and  other  metals  which  pass  quickly  from  the  solid  to  the 
liquid  state.  The  results  of  recent  exix-riments  with  the  Thom.son 
process  seem  to  point  to  the  conclusion  that,  given  a  machine  caj)- 
able  of  comjilying  with  the  requirements  as  to  pressure,  tem])erature, 
&e..  there  is  no  metal  or  alloy  which  cannot  be  welded,  and  as  its 
capabilities  become  better  realised  its  field  will  be  enormously 
extended. 

As  to  working  costs,  local  conditions  would  have  a  considerable 
modifying  effect  on  almost  any  figures  that  might  be  quoted.  A 
decided  saving  in  working  costs  can  generally  be  shown,  varying 
from  80  to  10  per  cent.,  by  the  use  of  electric  welding  instead  of  the 
forge. 


TURBO  COMMUTATORS. 

i;v  :;.  .;.  huukrt.s. 

Simple  as  a  turbo-commutator  seems  to  be,  there  are  some 
knotty  points  in  its  design  and  construction  tliat  can  only  be 
seen  in  its  progress  through  tlie  shops,  or  appreciated  when 
finished  and  actually  running.  Therefore,  it  is  not  my  inten- 
tion to  enumerate  any  of  the  slanduni  designs,  but  rather  to 
indicate  some  of  these  points  and  how  they  may  be  met. 

One  rather  serious  drawback  I  liave  met  with  in  high-speed 
commutators,  though  certainly  not  wiih  the  shrink-ring  type, 
is  caused  by  the  mica  segments  lising  between  the  bars,  with 
the  resulting  sparking  trouble.  Now,  I  believe  it  is  in  the 
desire  to  eliminate  this,  rather  than  to  give  the  bars  any  addi- 
tional strength,  that  some  firms  have  gone  to  the  expense  and 
pains  of  giving  the  commutator  bars  a  kinked  or  a  kindred 
section.  These  kinked  bars  act  by  reason  of  their  contours  as 
an  anchor  for  the  mica  segments.  Of  course,  if  the  tightness 
of  the  shrink  rings  is  to  be  relied  upon,  and  very  little  deflec- 
tion is  permitted  in  the  bars  by  designing  these  deep  enough 
or  bj'  providing  a  sufficient  number  of  rings,  then  even  WMth 
plain  segments  there  will  be  ample  friction  between  the  mica 
and  copper  to  keep  the  former  well  in  place. 

There  is  a  very  serious  objection  to  the  kinked  form  of  seg- 
ment. Of  course  it  is  usual,  probably  on  account  of  the  higher 
voltage  per  segment,  or  the  use  of  copper  brushes,  or  possibl)' 
on  account  of  the  lower  expansion  stresses  so  obtained,  to  make 
the  mica  segments  much  thicker  than  in  ordinary  machines, 
006  in.  to  008  in.  being  quite  a  common  thickness.  It  would 
appear  difficult  to  make  good  micanite  segments  of  this  thick- 
ness even  when  plain,  without  employing  an  undesirable 
amount  of  varnish,  and  on  account  of  the  necessity  of  mould- 
ing them  to  shape,  the  kinked  segments  come  out  rather  badly 
in  this  respect.  Xow,  superfluous  varnish  causes  considerable 
trouble  during  manufacture,  as  it  is  onl\-  with  difficulty  re- 
moved from  the  mica.  It  reijuires  the  influence  of  great  heat 
and  pressure  in  the  clamps  applierl  for  a  long  time  to  do  this, 
and  even  after  much  stcjviug  and  pressing  some  of  it  will  still 
be  pressed  out  when  the  shrink  rings  go  on,  sometimes  taking- 
part  of  the  mica  with  it  as  it  passes  outwards.  This  is  un- 
desirable, for  besides  the  extra  work  involved,  there  is  a  dan- 
ger of  the  rings  being  slack  after  shrinking.  Therefore,  where 
the  mica  makers  are  unable  to  guarantee  a  good  product  in 
the  form  of  kinked  segments,  it  would  seem  better  to  give  up 
all  thoughts  of  special  segments  and  to  stick  to  the  plain  one, 

I'erhaps  the  greatest  problem  that  confronts  the  shop  fore- 
man is  the  insurance  of  a  really  good  shrink.  The  bars  when 
assembled  must  be  pulled  together  as  tightly  as  possible,  but 
too  much  reliance  can  be  placed  on  a  strained  steel  wire  to  pull 
them  together.  It  is  only  after  repeated  bakings  and  tighten- 
ings,  which  help  to  get  rid  of  the  superfluous  varnish,  that  the 
steel  wire  bands  are  put  on  and  the  clamps  taken  ott'.  Then 
the  bars  .are  turned  for  the  shrink  rings. 

The  insulating  bands  under  the  rings  are  made  in  several 
ways.  Sometimes  they  are  built  up  out  of  ordinary  micanite 
strips  held  in  place  with  shellac.  They  are  then  bound,  with 
steel  wire  by  preference,  and  baked.  The  wire  is  then  re- 
moved, and  the  bands  are  trimmed  before  the  rings  are  put  on. 
The  most  objectionable  feature  in  this  method  is  the  shellac, 
which  produces  the  same  defects  that  1  have  already  noticed  in 
the  segments.  Another  deleterious  feature  is  the  need  of 
using  the  utmost  clearance  to  make  it  possible  to  get  the 
shrink  riui;  over,  for  the  heat  of  the  ring  loosens  the  laminoe  of 
the  micanite,  which  wdl  in  all  probability  cause  several  pieces 
to  be  misplaced.  Another  method  is  to  build  up  the  insulating 
bands  of  pure  mica,  or  even  commutator  mica  strips,  with  no 
shellac,  holding  it  all  down  with  a  fine  string  band.  The  ring 
being  put  over  this  burns  away  the  string,  and  then  shrinks 
down  on  to  the  hard  pure  mica.  The  only  objection  to  this 
is  the  somewhat  large  ultimate  clearance  caused  by  the  burnt 
string,  but  the  pure  mica  forms  a  much  more  solid  bed  for  the 
ring  and  should  result  in  a  tighter  commutator. 

in  calculating  the  shrinkage  allowance  I  prefer  to  investigate 
each  particular'case  rather  than  trust  to  any  empirical  formulae. 
It  is  very  seldom  that  two  designs  are  identical:  even  if  the 
diameters,  length  and  depth  of  bars  and  integrated  area  of 


122 


THE  ELECTRICIAN,  MAY  7,  1909. 


rings  are  the  same,  tlie  total  relative  lengths  of  mica  and  copper 
in  the  mean  circumference  are  very  unlikely  to  be  the  same. 
I  prefer  to  neglect  the  initia  pressure  on  the  segments  due 
to  the  clamps,  as  it  is  most  often  small  compared  with 
what  that  of  the  shrink  rings  should  be,  and  I  also  presume 
that  the  insulating  bands  are  solid.  A  modifying  factor  could 
easily  be  obtained  from  experience,  and,  if  necessary,  added  to 
this  result. 

As  an  example,  I  shall  take  the  following  commutator  : — 

Outside  diameter,  12  in.  bars  :  40  in.  by  2  in.  deep. 

'I  otal  ring  section=28  sq.  in.  ;  mean  diameter,  ISJin. 

Length  of  mica  in  mean  circumference=5'5G  in. 

Length  of  cojiper  in  mean  circumference  =  '25-85  in. 

E.  steel  =  30  X  10"'.     E.  mica=10'^^.     E.  copper=lG  x  10''. 

Compression  stress  on  segments  due  to  12,000  lb.  stress  in 

12,000x28     ,or^A1l  ■     V, 

rmgs  =  — ; —  =  4.200  lb.  per  square  mch. 

Compression  strain  on  segments  in  diameter  of  commutator 
=  Compression  strain  of  mica  +  compression  strain  of  copper. 

^  5-56x4.200     25-85  .x  4,200 
lO'^XT     +    ICxlO-^xx 

=  23,400xlO-«+6,800xlO-'' 

=  0  03  in. 

Strain  on  rings  in  diameter 

^l.jiin^  12,000 

yoxliFxV 

=  1,480x10^"  =  0-00148  in. 

Total  shrinkage  needed 

=  Sum  of  strains  in  diameter 
=  0-00148  in. +  003  in., 
-0031.5  in.  on  diameter. 

If  we  add  the  necessary  clearance  for  string,  &c.,  of  002  in.,  we 
obtain  the  total  requisite  expansion  of  ring  =  0-0515  in.  This  is 
0-0043  of  the  diameter,  and  may  easily  be  obtained.  This 
matter  of  clearance  is  conveniently  made  as  great  as  possible, 
and  ic  does  not  matter,  as  a  rule,  if  the  rings  are  heated  to  a 
bright  cherry  red — i.e.,  if  their  section  will  permit  of  them 
being  handled  at  this  temperature. 

The  method  usually  employed  for  fixing  the  balance  weights 
seems  to  be  by  means  of  a  setscresv  through  the  outer  rim  of 
the  shrink  ring  and  screwed  into  a  weight  put  into  the  annular 
space.  This  method  is  objectionable  as  it  permits  a  limited 
amount  of  movements  being  given  to  each  weight.  As  in  this 
case,  where  the  movement  is  limited  by  the  pitch  of  the  holes 
in  the  rim,  it  may  take  a  complicated  system  of  weights  to 
obtain  the  balance,  as  i  in.  ni(jvement  to  a  weight  may  put  it 
right  or  wrong.  A  ver}'  simjtle  and  effective  method  of  fixing 
these  weights  is  to  make  them  of  a  split  dovetail  section,  with 
a  grub-screw  between  the  two  halves  ;  these  weights  have 
quite  an  unstricted  amount  of  movement. 

The  magnitude  of  these  weights  is  best  left  to  the  discretion 
of  the  designer,  as  he  will  know  from  experience  and  the  con- 
struction of  the  complete  rotor  what  sized  weights  are  neces- 
sary. One  point  that  greatly  facilitates  the  balancing  is  to 
make  all  the  weights  relative  to  their  radii  of  gyration — i.e., 
W  X  R  =  constant. 

Many  points  in  the  lugs  or  risers  call  for  consideration.  If 
these  lugs  are  made  so  that  they  may  be  put  on  after  the  rings 
it  makes  it  very  much  easier  to  assemble  the  whole  commu- 
tator. This  may  easily  be  done  by  making  an  eye  in  the  ex- 
tremitj'  of  the  double  lug,  which  fits  into  a  similar  one  in  the 
end  of  each  bar  of  the  commutator.  A  brass  pin  driven  into 
this  eye  fixes  the  lug  firmly  in  place,  and  a  drop  of  soldei-  on 
the  pin  also  prevents  any  inclination  it  may  have  to  come  nut. 
A  blow  lamp  should  not  be  used  to  thoroughly  sweat  the  whole 
into  the  bar.  This  simjile  method  is  found  most  advantageous 
on  long  commutators,  where  otherwise  the  rings  would  have 
to  be  passed  over  several  feet  before  getting  into  place.  In 
any  commutator  of  more  than  two  rings  it  is  always  best  to 
])Ut  on  the  middle  rings  first  and  the  end  ones  last. 

The  lugs  should  also  be  given  a  certain  ilexibility  from  end 
to  end.  as  it  is  wise  to  allow  the  winding  belts  to  take  all  the 
load  of  the  winding  and  its  connections.     An  easy  method  of 


accomplishing  this  is  to  make  a  kink  in  the  lugs.  Then,  if 
there  happens  to  be  any  bar  not  held  b}-  the  belts,  when  the 
centrifugal  pull  comes  on  it  will  only  straighten  out  the  lug 
without  throwing  any  great  stress  on  the  neck  of  the  lug. 

The  question  as  to  whether  a  spring  collar  is  or  is  not  neces- 
sary between  the  end  tajjcr  ring  and  the  lock  nuts,  has  always 
been  a  vexed  one.  The  onl}'  argument  I  have  heard  in  its 
f-avour  is  that  it  takes  up  any  longitudinal  expansion  of  the 
bars  ;  but  this  argument  takes  no  accotuit  of  the  fact  that  the 
bars  can  expand  diametrically  as  well  as  longitudinally. 

Supposing  now  a  hypothetical  case  of  where  the  shaft 
remains  cold  whilst  the  commutator  gets  hot.  Here  it  is 
easily  seen  that  the  line  of  expansion  of  a  point  on  the  taper 
of  the  bars  will  follow  a  path  such  that  diametrical  expansion 
-4-  longitudinal  extension  =  tan  </ii  where  </j  is  the  angle  of  this 
path  to  axis  of  shaft.  It  also  follows  that,  supposing  the 
shaft  to  get  hot  as  well,  a  point  on  its  taper  ring  will  also 
folloAv  a  similar  path.  It  uaturalh'  follows  that  if  these  two 
angles  are  the  same,  and  we  make  the  angles  of  our  tapers  to 
this  angle,  then  there  will  not  be  any  movement  given  to  the 
end  taper  ring,  hence  the  spring  collar  would  be  quite 
superfluous. 

Let  us  represent  these  two  angles  by  <pi  and  </>j  and  investi- 
gate the  various  expansions. 

rr       J        Diametrical  extension 

Tan  ^i  =  .f -. — ^. — i -. — , 

Jjongitudmal  extension 

both  being  measured  at  a  point  on  the  taper. 

Ring  strain  -  2  depth  expansion  of  1  bar  +  ring  expansion 

~  Longitudinal  expansion  of  bars 

™       ,        Diametrical  expan.sion 

Tan  i>.,=    .-—r.— i ■■ 

Longitudinal  expansion 

Diameter  of  tapers 
"^  Length  between  tapers 

To  obtain  some  idea  of  what  these  angles  may  be,  let  us  inves- 
tigate the  following  commutator  : — 

Diameter  12  in.,  bars  36  long  and  8  in.  diameter  at  tapers. 

Total  ring  section  =  2S  sq.  in.  :  mean  diameter  15Hn. 

Expansion  stress  in  rings  =  2,000  lb.  square  inch. 

Temperature  rise  of  rings  30  F.  and  in  bars  60'^F. 
Tan  <pj 
_l!ing  strain  -i-  ring  expansion  -  2  depth  expansions  of  1  bar. 


Long  expansion  oi  bar. 


^2^00  X  15|>v  ^  ^2  X  30  X  7-3  x  lO^''- ( 2  x  60 X  1-5  x  10-3  x  10"") 
^    30x10"    -' 


60x36xl0-3xl0-» 


1,030  +  2,630-1,8.50 


22,2UO 
:0-0815  =  tan  4-6  deg. 


_  1,810 
~  227200" 

~       ,       Diameter  expansion 

Tanrf>,  =  — ^-    ^    . 

Long  expansion 

Diameter 
Length 

=  ^  =0-25  =  tan  14  deg. 
36 

Here  it  is  plainly  seen  that  there  is  likely  to  be  a  good  deal  of 
difference  in  these  two  angles.  In  order  to  keep  the  bars 
always  rigid  on  the  shaft  on  account  of  the  different  times  of 
heating  in  the  bars  and  shaft,  it  follows  that  we  must  make  the 
angle  of  our  tapers  at  least  tunt  of  </),. 

It  seems  to  be  the  rule  to  make  tlic  taper  of  about  5  deg. — 
i  e.,  taper  of  1  in  10.  Supposing,  therefore,  that  we  make  our 
angle  •')  deg.,  and  also  that  we  put  a  Sfning  collar  between  the 
outside  one  and  the  lock  nuts.  First  of  all  the  bars  will  ex- 
pand and  push  the  end  taper  ring  back,  though  very  little. 
The  shaft  will  then  warm,  and  expamling  in  both  directions 
should  push  the  end  ring  still  further  against  the  spring 
washer.  This  is  rendeied  impossible,  however,  as  the  coeffi- 
cient of  friction  between  mica  and  iron  is  far  greater  than  01 
(which  is  tan  5  deg.)  and  is  nearer  0  25.  Therefore,  it  would 
ajjpear  that  to  obtain  a  perfect  adjustment  of  all  expansions 
wo  should  always  make  the  tapers  more  than  14  deg.,  and  put 
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a  spring  collar  behind  Of  course,  if  tan  4'i  =  tan  i/),  we  should 
be  perfectly  justified  in  making  our  tapers  of  that  angle  and 
leaving  out  the  spring  collar. 

It  will  be  found  that  in  most  cases  14  deg.  is  too  abrupt  a 
taper  to  allow  a  good  seating  for  the  bars,  which  should  seldom 
be  less  than  4  in.  long  and  should  preferabl}'  be  more;  in 
fact,  I  should  never  advise  it  a3  it  weakens  the  bars  greatly  at 
the  end  shrink  rings. 

There  are  many  machines  now  running,  however,  that  have 
not  this  spring  collar,  and  there  has  never  been  any  complaint 
made  of  either  the  commutator  buckling  or  twisting  that  1 
know  of.  Further,  perhaps  the  best  manufacturers  of  these 
machines  leave  it  out,  so  it  seems  to  be  proved  by  experience 
that  one  is  not  absolutely  necessarj'. 

As  to  whether  a  taper  is  necessary,  1  believe  it  is,  as  a  case 
has  come  to  my  knowledge  where  a  machine  was  always  going 
out  of  balance,  and  although  1  had  not  the  opportunity  of  per- 
sonally investigating  the  case,  1  have  no  hesitation  in  putting 
it  down  to  an  improper  support  of  the  commutator. 

With  the  tapers  usually  employed,  it  appears  that  in  most 
cases  it  will  not  much  matter  whether  a  spring  collar  is  used  or 
not ;  the  two  angles  will  seldom  agree  for  it  does  not  matter 
in  ordinary  cases  you  are  caught  if  you  compensate  for  either. 
These  taper  rings  are  usually  insulated  by  a  micanite  sleeve, 
which  should  extend  beyond  the  ring  on  the  inside.  It  is  con- 
venient to  make  these  insulation  .sleeves  about  i  in.  thick.  With 
a  small  taper  these  micanite  sleeves  will  help  greatly  to  take 
up  the  inequalities  in  expansion, Jif  any,  by  straining. 

A  method  of  making  a  spring  collar  that  strikes  me  as  being 
rather  novel  is  to  place  a  circular  spiral  spring  between  two 
washers,  something  like  an  ordinary  ball -thrust  bearing,  ex- 
cepting that  the  spring  is  placed  in  the  position  usuall}'  occu- 
pied by  the  balls. 


THE  DEFECTS  OF  ENGLISH  TECHNICAL  EDUCATION 
AND  THE  REMEDY. 

BY  DR.  R.  POHL. 

Summary. — The  author  sliows  that  tlie  defects  of  Enjjhsh  technical 
education  are  due,  not  to  the  lack  of  money  or  effort,  but  to  the 
jibseiice  of  national  organisation,  resultinfi  in  competition  between 
existing  colleges.  He  considers  it  essential  that  the  Board  of  Educa- 
tion should  establish  a  national  system  of  technical  education. 


Exceptional  opportunities  have  fallen  to  my  lot  of  becoming 
acquainted  with  technical  education  as  it  affects,  not  only  the  lec- 
tiu'er  and  the  student,  but  also  the  employer  of  laboiu',  in  this  countrj' 
as  well  as  in  Germany.  Standing  as  I  do,  outside  the  teaching  pro- 
fession, and  having  no  private  interests  to  serve,  I  thought  that. 
whatever  criticism  I  might  experience,  I  should  not  be  suspected  of 
any  ulterior  motive  if  I  came  forward  to  point  out  what,  to  my  mind, 
are  the  weaknesses  and  faults  of  the  present  system,  and  to  advocate 
what  appears  to  me  the  only  right  course  to  adopt. 

The  importance  of  technical  education  for  any  modern  nation,  but 
most  particularly  for  England,  cannot  easily  be  overestimated. 
There  is  not  a  student  of  national  economy  who  fails  to  realise  that 
Germany  and  the  United  States,  now  serious  rivals  to  English  trade, 
owe  their  rapid  industrial  and  commercial  development  largely  to 
the  magnificent  system  of  technical  education  which  they  have 
established.  Indeed,  the  recognition  of  this  fact  by  all  thoughtful 
men  has  led  to  vigorous  efforts  being  made  dming  the  last  10  years 
or  so,  and  to  a  prodigious  amount  of  money  now  being  annually 
spent  in  this  coimtry,  for  the  purposes  under  discussion. 

No  one  will  deny  that  a  very  great  deal  has  been  accomplished, 
and  personally  I  should  be  the  last  to  underrate  the  value  of  the  work 
now  being  done  in  numerous  institutions,  or  to  belittle  the  services 
of  so  many  pioneers,  to  whom,  indeed,  the  nation  owes  a  debt  of 
gratitude.  Nevertheless,  it  must  be,  and  is.  widely  recognised  that 
technical  education  is  only  in  its  infancy,  that  it  is  as  yet  far  from 
exercising  to  the  full  and  in  an  efficient  manner  that  propelling  influ- 
ence on  the  industries  of  the  country  which  is  its  ann  and  duty. 
Almost  invariably,  however,  when  this  fact  is  recognised  and  iminted 
out,  the  conclusion  is  drawn  from  it  that  the  people  of  England  must 
be  prepared  to  spend  more  money  in  erecting  and  thoroughly  equip- 
ping technical  colleges  and  universities. 

The  main  object  of  this  Paper  is  to  prove  the  fallacy  of  that  con- 
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elusion,  and  that  every  new  college  erected  is  another  stone  r(jund 
the  neck  of  technical  education.  It  is.  in  my  opinion,  certainly  not 
lack  of  money  which  is  to  blame  for  the  admittedly  unsatisfactory 
state  of  affairs.  From  the  statistical  data  contained  in  the  Govern- 
ment blue  books  and  budgets  I  have  made  a  calculation  as  to  the 
total  expenditure  of  ))ublic  money  in  England  and  Wales  as  com- 
pared with  Prussia.  The  two  countries  are  similar  in  industrial 
activity,  and  in  the  character  of  their  population.  PriLssia,  with  its 
highly  efficient  educational  system  and  its  technical  institutions 
admired  by  all  the  world,  spends  roughly  £600,000  per  annum  on 
cm-rent  expenditure.  The  statistics  available  for  England,  par- 
ticularly as  to  local  contributions,  are  rather  scanty,  but  from  a  very 
moderate  estimate  I  find  that  at  least  £1,000,000  is  annually  spent 
for  equivalent  purposes.  Taking  into  account  the  larger  population 
of  Prussia,  we  arrive  at  the  result  that  England  already  sjKjnds  about 
twice  as  much  money  as  Prussia,  reckoned  per  head  of  pojiulation. 
with  educational  results  wliich — I  say  it  without  hesitation — will 
not  bear  any  comparison.  If  one  would  compare  the  extraordinary 
expenditure  incurred  in  building  and  equipping  new  institutions,  the 
result,  I  believe,  would  be  even  more  unfavourable  to  England. 

Neither  lack  of  money  nor  of  effort  is  the  fault,  but  the  funda- 
mental principle  is  ^vrong  on  which  rests  the  whole  structure  of 
technical  training  in  this  country.  Technical  education  is  not  a 
private  or  local,  but  by  its  very  nature  a  national  affair,  and  the 
most  essentia!  condition  for  efficiency  and  economy  is  that  it  should 
be  established  on  the  basis  of  systematic  national  organisation,  and 
that  it  should  be  nationally  managed. 

The  numerous  objections  raised  by  employers  and  the  general 
public  against  technical  colleges,  and  the  still  more  numerous  griev- 
ances of  those  actively  engaged  in  technical  training,  are  largely,  if 
not  solely,  connected  with  the  present  unsound  foimdation.  The 
complaints  referred  to  are  : — ( I )  The  number  of  day  students  in  all 
institutions,  and  consequently  the  attendance  at  the  majority  of 
classes,  is  far  too  small.  (2)  The  average  education  of  daj-  students 
entering  for  technical  instruction  is  poor,  and  the  diversity  of  tlieir 
previous  training  so  great,  that  the  gravest  educational  difficulties 
result.  This  is  only  partly  due  to  the  unsatisfactory  state  of  primary 
and  secondary  education.  The  chief  reason  is  the  scarcity  of 
students,  which  leads  to  little  regard  being  taken  of  the  previous 
education  of  a  would-be  day  student.  (3)  The  undue  importance 
attached  to  external  examining  bodies,  and  the  consequent  variety 
of  examinations  to  which  the  training  must  be  adapted,  detract  from 
a  concentration  of  effort  and  uniformity  of  purpose.  (4)  The  usual 
management  of  municipal  institutions  by  a  committee,  the  constitii- 
tion  and  policy  of  which  may  change  every  year,  and  which  only 
too  often  consists  of  a  number  of  private  gentlemen  more  or  less 
strangers  to  technical  education,  is  unsound  and  wasteful.  (5)  The 
equipment  provided  in  individual  institutions  cannot  be  kept  up-to- 
date,  owing  to  lack  of  funds  and  of  students.  All  these  serious 
obstacles  result  in  financial  wastage  as  well  as  educational  inefficiency, 
the  latter  all  the  more,  as  they  make  it  exceedingly  difficult  for  a 
teacher  to  find  that  amount  of  satisfaction  in  Ids  work  necessary  to 
keep  alive  his  enthusiasm  and  that  of  his  students. 

Coming  to  the  attitude  of  the  employers  of  labour  towards  technical 
education,  it  is  not  altogether  surprising  to  find  that  little  importance, 
as  a  whole,  is  attached  to  college  training.  A  comparison  of  tiie 
advertisements  for  vacant  posts  appearing  in  English  and  German 
technical  papers  will  prove  this  better  than  anything  else.  Gene- 
rally speaking,  there  appears  to  be  amongst  employers  a  lack  of 
interest  in  technical  education,  and  not  much  willingness  to  co- 
operate with  technical  institutions.  Specific  complaints  there  are 
few  ;  I  have  occasionally  heard  it  stated  that  day  teclinical  training 
is  not  of  a  sufficiently  practical  character,  that  day  colleges  not  rarely 
fail  sufficiently  to  impress  on  the  minds  of  the  students  the  importance 
of  practical  experience,  that  technical  teachers  are  often  recruited 
from  the  ranks  of  those  day  students  who  have  found  it  too  difficult 
a  task  working  themselves  up  to  a  good  position  in  practical  life, 
that  too  little  original  work,  especially  such  as  requires  experi- 
mental research,  is  carried  out  by  the  staffs  of  day  colleges. 

My  personal  ojiinion  as  to  these  points  is  that  none  of  them  is 
quite  without  justification,  though  specific  cases  are  often  exagge- 
rated and  unduly  generalised.  The  main  cause  for  such  complaints, 
however,  lies  in  the  fact  that  even  in  the  technical!  universities  the 
number  of  students  is  not  sufficient  to  permit  of  a  number  of  sjiecia- 
lised  experts  being  appointed  in  each  department,  as  is  the  practice 
in  Germany.  The  jirofessor  or  leetmer  in  an  English  college  is 
expected  to  deal  with  a  variety  of  subjects,  each  of  which  is  a  science 
in  itself,  and  his  spare  time  is  very  limited.  Personally,  I  think  it  is 
sin-prising  that  so  much  original  work  is  done  in  spite  of  such  adverse 
circumstances. 

Evening  classes  stand  in  greater  favour  with  employers,  being 
considered  a  necessary  complement  to  the  day  work  of  apprentices. 
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Complaints  are  made,  however,  on  account  of  the  heavy  nervous 
strain  imposed  on  youths.  Proper  co-operation  between  the  em- 
ployer and  the  college  is  absolutely  necessary  in  connection  with  all 
evening  work. 

Coming  linally  to  the  general  public  and  its  attitude  towards 
technical  education.  I  need  hardly  refer  to  the  cry  heard  tliroughout 
the  length  and  breadth  of  the  land  that  the  technical  schools  impose 
a  far  too  heavy  burden  on  the  ratepayer,  a  burden  altogether  out  of 
proportion  to  the  work  accomplished,  both  qualitatively  and  quan- 
titatively. In  my  opinion  these  complamts  of  the  ratepayer  are 
fully  justified.  I  consider  some  of  the  figiu-es  which  were  recently 
published  as  to  the  cost  of  technical  education  per  student-hoiu-  are 
absurdlv  high,  and  a  conclusive  proof  of  the  inefficiencv  of  our 
present  system  ;  but.  apart  from  that  consideration,  the  ratepayer 
contributes  about  75  per  cent,  of  the  cost  of  technical  education, 
whereas  it  is  only  just  that  tlie  bulk  of  it  should  come  from  national 
sources.  This  list  of  defects  of  technical  education  could  be  still 
further  extended,  but  I  have  only  referred  to  the  most  important 
ones. 

Xow,  I  venture  to  submit  to  you  that  all  these  defects  could  be 
removed  by  placing  technical  education  on  a  national  basis. 

Day  technical  teaching,  to  be  efficient,  must  be  thoroughly 
organised  all  over  the  country,  so  that  a  limited  number  of  excellently 
equipped  colleges,  with  a  very  large  number  of  students  and  a  cor- 
responding number  of  specialised  lecturers  in  each  department,  will 
satisfy  the  needs  of  their  correspondingly  large  districts.  That  is  the 
secret  of  Prussia's  success.  Very  rarely  have  I  found  that  the 
English  admirers  of  Charlottenbiu-g  understood  the  real  difference 
between  the  German  and  any  corresponding  British  technical  college. 
It  is  this  :  technical  education  being  nationally  organised  in  Prussia. 
there  exist  only  four  technical  universities  in  the  whole  country,  with 
a  population  of  38,tXX),000  people.  The  average  number  of  day 
students  is  about  2,500  per  day.  CTiarlottenburg.  the  largest  of 
them,  is  the  technical  university,  not  ordy  for  the  whole  of  Berlin, 
but  in  addition  for  a  district  of  some  40.000  square  miles.  The 
number  of  its  students,  which,  of  course,  are  all  day  students,  is 
about  5,000,  and  the  most  stringent  regulations  as  to  their  previous 
training  are  in  force.  With  such  an  attendance  the  State  can  afford 
to  appoint  for  each  department  a  number  of  professors,  each  of  whom 
is  a  recognised  authority  in  some  branch  of  that  department.  As  an 
example,  I  may  mention  that  there  are  at  Charlottenburg  not  less 
than  17  professors  and  lecturers  in  electrical  engineering  subjects 
alone. 

Instead  of  this,  what  do  we  find  in  England  ?  The  British  Govern- 
ment has  chosen  the  easier  course  of  leaving  the  founding  and 
management  of  technical  institutions  to  the  enterprise  of  charitable 
private  persons,  corporate  bodies,  and  the  local  authorities.  As  a 
result,  there  are — not  in  greater  London,  but  in  the  Administrative 
County  of  London  only— at  least  six  colleges  of  university  stand- 
ing and  six  day  colleges  recognised  by  the  Government  as 
teclmical  institutions  competmg  with  one  another,  not  to 
mention  10  other  institutions  w-ith  day  technical  classes  and  18 
schools  of  art.  Similarly,  in  the  provinces  quite  a  number  of  lavishly 
equipped  university  colleges  have  been  founded,  and  technical  day 
schools  have  sprung  up  like  mushrooms,  theu-  number  now  being 
many  times  in  excess  of  the  well-understood  needs  of  the  country. 
Many  of  these  institutions  are  in  close  proximity  to  and  competing 
with  one  another. 

The  educational  consequences  require  no  repetition.  You  may 
go  through  all  the  defects  which  we  have  considered,  and  you  will 
easily  see  that  every  one  of  them  is  directly  attributable,  not  to  lack 
of  enorgy  or  ability  on  the  part  of  the  technical  teacher  or  to  un- 
wilUngness  of  the  British  rate  and  taxpayer  to  part  with  his  monev, 
but  to  the  absence  of  national  organisation  and  the  consequent 
disastrous  competition  between  the  existing  schools.  Jloney  can 
build  the  most  beautiful  edifices  and  buy  the  most  excellent  equip- 
ments, but  it  will  not  cure  tliis  evil.  Technical  education  will,  in 
my  opinion,  never  exercise  to  the  full  its  highly  important  functions 
in  the  life  of  the  nation  until  the  Board  of  Education  awakens  to  its 
duty  and  establishes  a  sound  national  syst  m  of  technical  education  ; 
and  such  system  will  require  to  be  enforced,  as  the  petty  jealousies 
invariably  found  to  exist  between  neighbouring  corporations  do  not 
|)erniit  of  any  hope  that  a  similar  result  may  be  obtained  by  volun- 
tary co-operation. 

The  establishment  of  a  national  system  of  technical  education 
may  pcrhajis  be  considered  a  revolutionary  and  almost  impossible 
step  in  England.  I  beg  to  disagree,  and  to  believe  that  technical 
education  can  be  far  more  easily  organised  on  the  basis  of  a  national 
system  than,  for  instance,  primary  education.  In  fact,  I  even  doubt 
as  to  whether  any  new  legislation  would  be  required  for  the  purpose. 
The  pressure  which  the  Board  of  Education,  by  means  of  the  grant 
alone,  can  bring  to  bear  on  the  governing  bodies  will  prove  sufficient 


to  bring  the  majority,  if  not  all.  of  the  existing  schools  into  line  with 
a  national  scheme,  and  to  make  them  take  up  the  position  assigned 
to  them  in  it.  I  will  go  further,  and  venture  to  prophesy  that  before 
many  years  have  passed  the  Government  will  have  to  take  this 
matter  up,  under  the  combined  pressure  of  tlie  two  parties  chieflv 
interested  in  efficiency  and  economy,  i.e.,  the  technical  teacher  and 
the  ratepayer. 

The  author  then  considers  briefly  an  ideal  system  for  England. 

Far  from  condemning  the  present  English  system  root  and  branch, 
he  considers  that  some  of  its  features  are  mo.st  excellent,  and  should 
be  maintained  and  further  developed,  namely,  the  evening  courses, 
which  are  doing  exceedingly  good  work  and  are  deserving  of  the 
liighest  praise,  and.  secondly,  to  its  democratic  spuit,  which  shows 
itself  in  the  low  fees  for  evening  mstruction  and  in  the  extensive 
system  of  scholaiships.  However,  unless  English  primary  education 
is  put  into  a  much  more  satisfactory  condition,  technical  education 
must  remain  .severely  handicapped,  and  in  this  connection  it  almost 
amounts  to  a  national  crime  that  many  thousands  of  children  are 
permitted  to  leave  school  when  only  12' years  of  age,  and  when  the 
instruction  is  just  becoming  most  vahiable.  In  addition  to  the 
extension  of  the  school  age,  primary  education  sliould  be  rounded 
off  by  compulsory  attendance  at  evening  continuation  schools  for 
three  years. 

On  the  basis  of  sound  primary  education,  the  structure  of  technical 
training  suggested  is  as  shown  in  the  following  diagram,  wliich  indi- 
cates  the  various  ways  leading  up  to  the  technical  university  : — 

Years  of  '  j 

age.  — 


19 
18 
17 

Ifi 
l.'i 
14 

i:? 

12 

11 

6-10 


I  Second  year 
(  Technical  Uni-  ■  Technical  Uui- 
'  versity  versity 

/'Apprentice-        !  Apprentice- 
I  ship  and  Even-    ship  and  Even- 
I  ing     Teclmical ;  ing    Technical 


V  School 

I  Apprentice- 
ship and  Even- 

I  ing    Continua- 
tion School 


School 


Trade  School 


rTechnical  University 


PujiiLige      Pupilage 


I  Trnde 
I  School 


Primary  School 


\  Grammar 

School  or. 

i  I  Equivalent 

i  Secondary 
School  and 
Primary 
I    School 


A  boy  of  fourteen,  leaving  the  primary  school  and  \\  ishing  to  go  in 
for  a  technical  trade,  has  two  courses  open  to  him.  If  his  parents 
cannot  afford  to  let  him  continue  in  the  day  school,  he  should  be 
apprenticed  and  should  attend  the  evening  continuation  school  up  to 
his  seventeenth  year.  He  may  then  obtain  a  more  specialised  tech- 
nical education,  according  to  his  requirements,  by  attending  the 
technical  evening  classes  for  another  tlu'ee  or  foiu-  years,  proper  co- 
operation with  tlie  employers  being  an  essential  condition  if  succes.-- 
is  to  be  obtained  ;  and  should  his  teachers  find  that  his  is  a  brain  of 
exceptional  ability,  deserving  and  desiring  to  be  developed  as  highly 
as  possible,  an  extensive  system  of  national  maintenance  scholarships 
should  enable  him  then  to  enter  the  technical  university.  The 
greatest  stress  is  laid  on  the  desirability  of  extensively  drafting  the 
very  best  evening  students  into  the  technical  universities. 

The  second  alternative  for  the  boy  of  14  is  to  continue  his  school  hfe 
in  a  trade  school  to  his  seventeenth  year,  when  the  final  certificate  will 
give  him  access  to  the  technical  university  after  an  apprenticeship 
or  pupilage  of  at  least  one,  better  two,  years.  This  would  be  the 
easiest  and  the  more  general  road  to  the  technical  university  :  but. 
again,  on  leaving  the  trade  school  the  student  may  be  apprenticed 
for  tluce  years,  attending  also  the  evening  classes,  and  he  may 
qualify  for  the  second  year  of  the  technical  university,  or  even 
obtain  a  maintenance  scholarship. 

The  third  way  of  reaching  the  technical  university  would  be 
tlirough  the  grammar  school  or  equivalent  secondary  schools.  The 
certificate  of  having  passed  a  certain  standard  either  on  the  modern 
or  the  classical  side  would,  again,  without  furth(>r  entrance  examina- 
tion, be  accepted  as  sufficient  proof  of  adecpiatc  education,  though 
for  engineering,  Iniilding,  and  textile  dejiartments  at  least  one,  but 
preferably  two,  years'  practical  work  should  precede  the  imiversity 
studies. 

Let  us,  in  conclusion,  consider  the  most  important  question  as  to 
how  the  general  introduction  of  any  such  national  scheme  would 
affect  existing  schools,  and  also  the  position  of  the  technical  teacher. 
The  majority  of  the  existing  technical  day  institutions  would  cease 
to  exist  as  such  ;  they  have  given  conclusive  proof  tliat  they  have 
no  right  of  existence.  They  would  be  transformed  into  trade  schools 
for  the  daytime.  The  evening  technical  classes,  however,  would  not 
only  be  maintained,  but  further  developed,  as  they  would  grow 
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enormously  in  general  importance.  A  number  of  the  existing 
colleges  and  universities,  spread  at  sufficiently  large  intervals  over 
the  country,  would  be  developed  into  technical  universities  of  the 
highest  order,  challenging  comparison,  not  only  as  regards  equip- 
ment, but  in  every  other  respect,  vi-ith  the  very  best  institutions  of 
other  nations.  According  to  the  nature  of  the  district,  such  techni- 
cal university  might  be  split  up,  where  necessary,  and  an  engineering 
college  be  established  in  one  centre,  a  textile  college  in  another,  a 
mining  college  in  a  third,  &c. 

As  to  the  position  of  the  technical  teacher,  at  present  he  is  over- 
biu^dened  with  day  and  wit  he  veiling  work,  in  addition  to  which  he  must 
spend  a  great  deal  of  spare  time  in  private  study,  but,  in  spite  of  this, 
his  .salary,  on  the  whole,  is  hardly  better  than  that  of  the  elementary 
teacher.  In  fact,  his  position  is  far  from  being  in  accordance  with 
the  importance  of  his  work  with  regard  to  the  life  and  development, 
of  an  industrial  nation.  The  reason  is  that  as  yet  technical  etlucation 
itself  occupies  a  position  far  below  that  which  is  its  due.  By  lifting 
technical  education  up  to  its  proper  level  and  making  it  a  national 
affair  you  would  make  the  technical  teacher  a  national,  or,  to  use  the 
ordinary  term,  a  civil  servant,  and  the  technical  teaching  profession 
would  receive  the  recognition  which  it  deserves,  and  which  it  receives 
in  other  countries. 

That  is,  in  my  judgment,  the  only  way  in  which  English  technical 
education  may  be  enabled  to  exercise  that  amount  of  guiding  and 
enlightening  influence  which  it  must  possess  if  this  industrial  country 
wishes  to  maintain  its  front  .seat  in  the  council  of  the  nations. 


THE  APPLICATION  OF  THE  NO-LOAD  AND  SHORT- 
CIRCUIT  DIAGRAM  TO  THE  DESIGN  AND  TEST- 
ING OF  INDUCTION  MOTORS. 

BY   STANLEY  P.    SMITH,    B.SC. 

Siimmari/. — The  first  part  of  the  present  Paper  contains  a  description 
of  a  diagram  for  induction  motors  by  means  of  which  the  efficiency, 
torque,  power  factor,  slip,  &c.,  can  be  accurately  determined,  and  an 
actual  example  is  given  showing  how  the  same  can  be  drawn  from  the 
no-load  and  short-circuit  currents  and  losses.  The  second  part  of  the 
Paper  is  devoted  to  a  new  and  important  application  of  this  diagram, 
whereby  the  efficiency  of  induction  machines,  when  tested  by  the  modi- 
fied Hopkinson  method,  is  accurately  obtained  for  both  motor  and  gene- 
rator. Lastly,  a  method  for  calculating  these  results  is  deduced,  and 
checked  by  means  of  the  diagram. 


In  the  first  part  of  the  present  article,  wliich  i.s  a  descrijJtioii 
of  the  use  of  the  no-load  and  short-circuit  diagram,*  there  is 
much  that  is  not  really  new,  but  it  may,  nevertheless,  be  ofr 
interest  to  many  who  require  a  diagram  of  greater  accuracy 
and  wider  application  than  the  more  commonly  used  forms 
of  the  circle  diagram,  such  as  the  Heyland.  The  author 
ventures  to  think  that  such  a  comparison  will  show  that  the 
present  diagram  admits  of  the  simplest  possible  construction, 
whilst  it  is  vastly  superior  in  point  of  utility,  for  from  it  all  the 
various  characteristics  of  the  motor,  such  as  the  power  factor, 
elHciency,  slip,  torque  and  so  on,  can  be  accuratehj  determined. 

For  our  present  purpose,  where  it  is  only  intended  to  deal 
with  its  practical  side,  it  is  merely  necessary  to  mention  that 
the  diagram  can  be  developed  from  the  e<|uivalent  electric 
circuit  of  the  magnetically  interlinked  system  of  the  asyn- 
chronous machine,  the  working  condition  being  obtained  by 
the  superposition  of  the  no-load  and  short-circuit  conditions, 
just  as  in  the  case  of  a  transformer.  In  this  way  the  electric 
circuit  shown  in  Fig.  1  is  deduced  from  the  magnetically  inter- 
linked system  of  the  induction  motor,  the  secondary  or  rotor 
constants  being  reduced  to  the  primary  or  stator  by  intro- 
ducing the  respective  ratios  of  the  number  of  turns,  number 
of  phases  and  winding  factor  of  stator  and  rotor  windings  in 
the  usual  way. 

To  find  the  equivalent  electric  resistance  of  the  mechanical 
load  we  can  proceed  as  follows  : — 

Let  E'2  =  E.M.F.  induced  in  rotor  when  at  rest,  reduced  to 
primary. 
E  2  =E.M.F.  induced  in  rotor  at  slips, reduced  to  primary. 

*  The  present  form  of  this  diagram — which  was  originally  developed 
by  Ossanna — is  largely  due  to  the  work  of  La  Com',  Bragstad  and  others. 
For  the  theory  of  the  same,  the  reader  may  refer  to  Arnold's  "  Wechsel- 
stromtechnik,"  Vol.  V.,  Part  I.,  whilst  a  comparison  of  Ossanna's  diagram 
with  Hcyland's  can  be  found  in  Pichelmaycr's  "  Uynamobau." 


Then,  since  the  E.M.F.  induced  in  the  rotor  is  proportional 
to  the  slip,  we  get  E'.,,  =  .sE'2. 

Further,  let  X',  denote  the  rotor  reactance  when  at  rest 
=  2ircL'.2,  where  c=frequency  of  applied  E.M.F.  and  L'2=in- 
ductance  of  rotor  circuit,  reduced  to  primary.  Then  at  slip  «, 
when  the  frequency  of  the  rotor  current  is  sc,  the  rotor  re- 
actance will  be  X'2,=25rscL'2=sX'2.  If,  then,  /,  denotes 
the  effective  rotor  resistance  (reduced  to  primary)  under  work- 
ing conditions,  the  current  in  the  rotor  at  slip  s  will  be 

E',.  sE'„ 

!'.,  =  ■ 


J 


r'.-+x'.:. 

sE',' 


E., 


•VCT^'^'VCt) 


^Y+x'2 


(1) 


or,  symbolically, 


r.,= 


E', 


-^+/X2 


Hence,  r'^/s  is  the  lolnl  equivnlent  resistance  in  the  rotor 
circuit  at  slip  .s  But  r'.^  is  the  actual  ohmic  resistance  in  the 
rotor  circuit ;  consequently  the  difference 


-C-') 


corresponds  to  the  mechanical  load,  and  can,  therefore,  be 
termed  the  equivalent  load  resistance.  Hence,  the  equivalent 
load  resistance  in  ohms  is  given  by  ri=r'2(l/s  —  l). 

From  Fig.  1  it  will  at  once  be  seen  that  the  rotor  current 
I'o  is  zero  when  the  rotor  is  open.     This  corresponds  to  making 


Fio,  1. — Equivalent  Circuit  of  Polyphase  Induction  Motor. 

E  =  Terminal  pressure.      ri,  Li  =  Stator  resistance  and  inductance.      r'j.  Lj  =  Rotor 
esistance  and  inductance,  reduced  to  stator.  n  =  EquiTaIent  load  resistance  = /'.J  -  -ij. 

Il  =  Stator  or  supply  current.  la  =  Maguetising  current.  I'j=Rotor  current,  reduced 
to  stator,  at  slip  s, 

r\  infinitely  large.  Also  r2=0  at  synchronism  (s  =  0),  for 
then  the  load  resistance  ri=r'2{\js—l)  is  infinite.  In  either 
of  the  above  cases,  therefore,  only  a  magnetising  current,  I,„ 
will  flow  into  the  stator.  When,  however,  the  rotor  is  closed, 
a  current,  I'.,,  will  flow  in  the  rotor  circuit,  the  value  of  I'j 
being  determined  by  equation  (1),  which  shows  that  this  cur- 
rent is  practically  proportional  to  the  torque  within  the  work- 
ing limits  of  the  motor — that  is,  for  low  values  of  s.  The 
primary  or  stator  current  I^  then  equals  the  geometrical  sum 
of  I„  and  I'a,  or  I  =I_-|-r^.  At  standstill,  with  the  rotor 
circuit  closed  (exclusive  of  any  external  resistance),  the  slip  s 
=  1,  so  that  the  equivalent  load  resistance  r,  =  r'„(\ls—\)  =  0, 
and  the  short-circuit  current,  which  we  will  denote  by  I,.,  flows 
into  the  stator. 

Coming  now  to  the  diagram  for  the  circuit  in  Fig.  1,  we  need, 
for  its  construction — • 

1.  The  no-load  current  and  losses. 

2.  The  short-circuit  current  and  losses. 

Whence  the  name  of  the  diagram.  In  addition  to  these,  it  is 
also  well  to  know  the  magnetising  current  and  iron  losses.  The 
above  can  be  regarded  as  constants  for  any  particular  motor, 
and  may  be  either  calculated  or  measured,  according  to  whether 
the  machine  is  being  designed  or  tested. 

To  obtain  the  no-load  current  and  losses.  When  designing 
the  machine,  we  find  the  watt  component  of  current  from  the 
sum  of  the  iron  and  windage  and  friction  lo.sses,  whilst  the 
wattless  component  is  given  by  the  number  of  ampere-turns 
required  to  drive  the  main  fliix  through  the  motor.     When 
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testing  the  machine,  the  no-load  current  and  losses  are  nuasuiod 
directly.  The  magnetising  current  and  losses  are  siniilarlv 
measured  when  the  machine  is  driven  at  synchronous  speed. 
or  calculated  from  the  stator  iron  losses  and  the  am])ere-turns 
required  for  the  main  flux. 

To  find  the  sJiort-circuit  current  and  losses.  In  the  case  of  a 
design,  the  resistance  and  reactance  of  tlie  stator  and  rotor 
are  calculated,  and  those  of  the  latter  are  reduced  to  the 
primary  as  mentioned  above.  In  this  way  the  short-circuit 
impedance  Z,  is  obtained  and  the  short-circuit  current  Ij 
=  E/Z(  is  calculated.  When  the  machine  is  beinu  tested  it  is 
usually  inadvisable  to  apply  the  full  pressure  E  at  the  stator 
terminals ;  consequently  we  apply  a  reduced  pressure  and 
measure  the  current  and  input  at  this  pressure.  It  is  then 
but  a  matter  of  arithmetic  to  find  the  normal  short-circuit 
current  I<.  and  power  factor  cos  <^^.  It  may  be  pointed  out  that 
in  taking  this  measurement  it  is  well  to  move  the  rotor  slowlv 
by  hand  or  otherwise  to  nullify  any  tooth  effects,  &c. 

Construetion  of  the  Dingraw. — We  can  now  proceed  to  draw 
the  circle  diagram  to  a  convenient  .scale.  Taking  the  ordinates 
to  represent  the  watt  components  of  the  current,  and  the 
abscissiip  the  wattless  components,  we  set  off  P„,  ?„  and  P^. 
respectively  to  represent  lo,  I„  and  I^  with  respect  to  the  origin 
0  in  Fig.  2.     ?„  is  then  the  no-load  point,  P„  the  magnetising 


E 

) 

I, 

) 

I  cr        ' 

0 

Fig.  2.  -  CossTRixTio.N  of  Xo-load  and  Siiort-(;ircuit  Diagram, 
5E=Termioal  pressure.    Iw=  Watt  compouerit  of  current.  Iwl  =  Wiittk-ss  component 
of  current.    Of  i;  =  Short-circuit  current.    Ol'o=  No-loicl  current.      Uf,  =  Magnetising 
«n'-rcnt.  g^,„„-i    IgW  sin  ,»/  +  lowi.  cos  j,)? 

'^  U  +  IoWLSin.Jii-I„w  cos**" 

and  Pi  the  short-circuit  point.     The  centre  M  of  the  circle  can 
be  found  from  the  following  expression,  giving  the  angle  fi 
which  the  line  OM  makes  with  the  abscissa  axis  : — 
I„w  sin  <l>A-+l„Ki  cos  4>i. 

r+ 1, 


tan  /?= 


,sin  </>.,  — I^H  cos  <!>/ 

Thus  ft  is  determined  from  the  no-load  and  short-circuit  con- 
stants of  the  motor  (see  illustrative  example).  The  position 
of  M  on  OM  is  then  found  straightaway  by  bisecting  the  line 
P  P^,  since  both  of  the  points  lie  on  the  circle. 

In  passing  it  may  be  mentioned  that  the  centre  M  of  the 
circle  i.s  never  very  far  removed  from  the  absci.s.sa  axis,  espe- 
cially in  the  ca.se  of  large  motors,  and  it  is  often  sufficient  to 
take  M  as  the  point  where  the  bisector  of  I'oP^  cuts  the  ab- 
scissa axis.  A  little  experience  will  soon  enable  the  designer 
to  judge  whether  it  is  necessary  to  calculate  the  angle  ft  or  not. 

Having  found  the  centre  M,  the  circle  passing  through  P„, 
P„  and  P^.,  over  which  the  current  moves,  can  be  drawn,  and 
we  can  at  once  proceed  to  find  the  vario  is  characteristics  of  the 
motor. 

Pressure. — Since  the  watt  components  of  the  current  have 
been  set  off  along  the  ordinate  axis  and  the  wattless  along  the 
abscLssa  axis,  it  follows  at  once  that  the  applied  pressure  E — 
which  is  in  phase  with  the  watt  component  of  the  current  and 
leads  the  wattless  component  by  90  deg. — must  also  act  along 
the  ordinate  axis.  Since  E  is  constant,  the  applied  i)r(ssuro 
will  merely  be  represented  by  a  definite  length  set  off  along 
this  axis. 

Current. — The  stator  or  primary  current  I,  supjjlied  to  an 
induction    motor  is  made  up  of  two  components  :^  the  mag- 


netisina  current  I„  and  the  working  current  which  is  equal  and 
opposite  to  thejrotor  or  secondary  current  I'.,,  just  as  in  a  trans- 
former. Let  OP  in  Fig.  2  represent  the  stator  current  Ij, 
which  moves  over  the  circle  and  about  the  origin  0  as  axis, then, 
so  long  as  the  current  I„  is  constant  =  0P„  (which  is  practically 
the  case  under  all  working  conditions),  P„P  will  repre- 
sent the  rotor  current  I'.,  (reduced  to  stator  current)  both 
in  magnitude  and  direction,  just  as  OP  represents  the  stator 
current  l^  both  in  magnitude  and  direction. 

The  Power  Fnetor.^ln  drawing  the  diagram,  the  watt  com- 
ponent I„  of  the  supply  current  was  always  set  off  along  the 
ordinate  axis  and  the  wattless  along  the  abscissa  axis  to  the 
left  of  0,  the  direction  of  rotation  of  the  diagram  being  taken 
as  clockwise.  Further,  we  have  seen  that  the  phase  of  the 
applied  pressure  E  must  also  be  along  the  ordinate  axis,  in 
order  that  EI„  represents  the  total  input  to  the  motor.  Hence 
the  angle  of  lag  </>  of  the  current  I,  behind  the  pressure  E  is 
given  by  the  angle  the  current  I,  makes  with  the  ordinate  axis, 
which,  of  course,  can  be  read  off  directly  and  the  power  factor 
(cos  (j>)  obtained  {see  Fig.  2).  Similarly  cos  <^.,  for  rotor  current 
I'o  can  be  found. 

The  Electricfd  Input. ~T\\\s,  equals  EI^,..  The  supply  pres- 
sure E  is  assumed  constant.  When  1^  =  0  the  input  will  be 
zero.  By  taking,  then,  the  ordinate  of  the  current  to  repre- 
sent the  input,  we  at  once  get  a  scale  for  EI„  in  kilowatts,  since 
E  remains  constant.  The  abscissa  axis  ivill  then  rejjresent  zero 
input.  Hence,  to  measure  the  electrical  input  W;  at  any  load 
we  have  merely  to  measure  off  the  ordinate  to  the  correspond- 
ing scale. 

The  Mechanical  Output  or  Load. — To  find  a  similar  datum 
line  for  the  output,  we  first  find  two  points  for  which  this  is 
zero.  Two  such  points  are  Pj.  and  P^,,  the  short-circuit  and 
no-load  points  respectively.  At  both  these  points  the  output 
at  the  motor  pulley  is  zero,  the  total  input  being  absorbed  by 
losses.  The  line  PqPa  then  represents  the  conditions  for  zero 
output.  Hence  the  ordinate  drawn  from  any  point  P  (Fig.  5) 
on  the  circle  to  this  line  PqP,,  represents  the  output  Wo  of  the 
motor.  To  find  the  maximum  output  Wu  „„ix.,  it  is  only  neces- 
sary to  bisect  the  arc  PoP*,  wiience  the  maximum  overload 
capacity  of  the  motor  can  be  obtained  directly  [see  Fig.  5). 

The  Losses. — In  drawing  the  diagram  the  several  ordinates 
of  P„,  P„  and  Pj.  were  made  to  represent  the  watt  components 
of  the  magnetising,  no-load  and  short-circuit  currents.  By 
multiplying  these  watt  components  by  the  constant  pressure  E 
the  respective  ordinates  will  represent  the  total  losses  Wi,  at 
these  points  to  the  same  .scale  as  the  ordinate  axis  represents 
the  input  W,  to  the  motor.  Similarly,  at  any  point,  P,  on  the 
circle  (Fig.  5)  the  ordinate  at  P  represents  the  input  W,,  of 
which  the  part  between  P  and  PoPj  is  the  output  W„  ;  hence 
the  difference  the  ordinate  and  Wo  denotes  the  total  losses  Wj,. 
Thus,  the  total  losses  at  any  point  on  the  circle  is  given  by  the 
part  of  the  ordinate  at  that  point  which  is  intercepted  between 
the  ab.sci.s.sa  axis  and  the  line  PoP*.  Since.however,  the  input 
and  output  are  luit  of  nece.ssity  to  the  same  scale,  it  is  better 
and  simpler  to  determine  the  losses  from  the  efliciency,  to  which 
we  shall  turn  presently. 

The  Torque. — To  find  a  line  for  zero  torque  we  need  two 
points  on  the  circle  for  which  the  torque  is  nil.  These  can  be 
found  quite  simply  by  merely  considering  the  expression  for 
the  torque.     This  we  can  do  as  follows  : — 

Since  —=  equivalent  resistance  per  phase  m  rotor  circuit, 
*  f 

then  total  power  supplied  to  rotor  W2=P2  ^m,  where  m  = 

number  of  rotor  phases.  Now,  ohmic  loss  in  rotor  Wb=P2''2'''- 
Whence,  total  mechanical  power  (including  windage  and 
friction) 

w,.=W2-w„=rv«(J-''2) 

=  vJfm(l-s)  =  W2(l-s); 
heucu  Wg=WM/l-s. 
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Again,    torque=  force  x  radius, 
i.e.,  T=FR, 


since  W,,  =  Ft;, 


=  Wj|/<'J2'  since  W2=27rn2R=o)2R  ; 

=  Wj,/wj(l— s),     since  hi^=u>^(\—s). 
Then  S=T<Oi=W„/l-s,     or    S=W2. 

This  quantity — 6=TcO]  =  W2 — has  the  dimension  of  a  power 

and  is  defined  as  the  torque  in  synchronous  watts,  being  the 

output  of  the  motor  at  synchronous  speed  Wj  with  the  torque  T. 

We  can  at  once  se    from  the  aljove  consideration  when  the 

torque  will  be  zero.     First  at  synchronism,  when  «  =  0,  for 


Fio.  3. — Diagram  of  Torque  and  Si.ir. 

then  l2=0,  there  being  no  E.M.F.  induced  in  the  rotor  under 
these  conditions.  Thus,  P„  is  one  point  where  the  torque  is 
zero.  The  other  case  when  the  torque  is  zero  is  at  infinite 
speed — that  is,  when  s  =  oo.  This,  though  a  purely  theoretical 
point,  nevertheless  provides  us  with  the  second  point  on  the 
circle  for  which  the  torque  vanishes. 

To  find  this  point,  which  we  will  call  V^  ,  it  is  only  necessary 
to  remember  that  the  rotor  resistance  is  in  effect  neutralised 
by  the  load  resistance  at  s  =  oo ,  for  we  then  have 

5 = W.,  =  wI-„  -  =  mr^,r,  +  mr-,r, 

'  s 

=0; 
that  is,  when  s  =  ao,  r,=  —r,. 

Consider  now  the  copper  losses  at  short-circuit  P<..  These 
are  due  to  r^  and  to  r.,  (or,  rather,  to  /,,  since  we  now  come  to 


FiQ.  4. — Diagram  showing  Construction  of  .Semi-polar. 

the  diagram).  Draw  the  ordinate  Pi.A  (Fig.  3),  and  make 
PiB  :  BA=/2 :  r-^.  If,  then,  we  produce  P„B  to  cut  the  circle, 
the  point  of  intersection  will  practically  satisfy  the  condition 
r'2=—ri,  so  that  this  point  will  beP^.  Further,  since  in  induc- 
tion motors  rj  and  r',,  are  usually  of  the  same  order,  it  is  generally 
sufficient  merely  to  bisect  the  vertical  from  P^,  to  the  abscissa 
and  produce  the  line  joining  P„  to  this  point  backwards  until  it 


cuts  the  circle.  Hence  the  conslruclion  oj  P^  usually  amounts 
to  bisecting  the  ordinnU'  (it  V,  in  B  anil  froducing  P„B  hack- 
wards  to  cut  the  circle  in  P^  (see  Fig.  .*$). 

The  line  P„P^  then  represents  zero  torque,  and  the  ordinate 
from  any  point  on  the  circle  to  this  line  will  be  a  measure  of 
the  torque  at  that  point.  Thus,  8s,„,.,  represents  the  starting 
torque,  and  S„  the  torque  at  P„  in  Fig.  .3.  The  maximum 
torque  the  motor  can  c.xert  (assuming  constant  normal  pressure 
applied  at  the  terminals)  is  8,„„^  midway  between  P^aiid  P„. 

Slif. — We  can  now  proceed  to  show  how  the  slip  can  be  found 
from  the  diagram.  This  is  quite  a  simple  matter.  At  P„  the 
slip  is  zero,  at  P/.  it  is  unity  or  100  per  cent.,  and  at  P^  it 
is  00.  Draw,  then,  a  line  through  P^  parallel  to  P„P„  to  meet 
the  tangent  drawn  at  P„,  and  divide  this  line,  which  we 
call  the  slip  line,  into  100  equal  parts  (Fig.  3).     Then  on  the 


Fig.  5.— Showing  Determination  of  Effriency  fbo.m  Power  and 
Loss  Lines. 


Note.— A  timplitii?il  .iiiii  cluscly  iippr 
losses=0  "  is  obtained  by  merely  drawiii 
produced  cuts  abscissa  axis.  This  in-ocedi 
lines  unnecossary,  .ind 


,»atc  construction  of  required  line  .''total 
■dinate  throogli  the  poiut  T.  where  rsPo 
makes  the  construction  of  the  several  loss 
abies  the  efficiency  to  be  determiueil  straishtaway. 


tangent  the  slip  is  0  per  cent,  and  at  P,.  100  per  cent.  Now 
these  points  fall  on  tlie  lines  joining  P„  to  the  points  considered. 
Similarly,  the  line  V^ ^  cuts  the  parallel  to  it  through  V,  in 
s=--'x>.  Hence,  to  find  the  slip  at  an>/  point  on  the  circle— e.g., 
at  P„—join  P.  to  P„  and  produce  P„P„  to  cut  the  slip  line  ;  then 
the  slip  s  is  read  off  directli/.  In  order  to  make  this  more 
easily  readable  over  the  working  part  of  the  diagram,  the  part 
5=0  per  cent,  to  s=I5  per  cent.,  lor  example,  can  be  magnified 
to  any  desired  extent,  as  shown  in  Fig.  3. 

i'/^jV/cMcy.— This  also  can  be  found  directly  fiom  the  diagram. 

To  do  this  we  find  two  lines,  one  of  which  shall  represent 
zero  efficiency— )'.('.,  all  loss-and  the  other  100  per  cent, 
efficiency— i.e.,  no  loss.     Now  the  former  line  wc  know  already 
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— viz..  P„Pj* — for  here  the  output  is  zero  and  the  total  input 
is  consumed  in  losses.  To  find  the  other  line,  which  is  to  re- 
present 100  per  cent,  efficiency,  it  is  at  once  clear  this  must  lie 
outside  the  circle,  for  at  no  point  on  the  circle  are  the  losses 
zero.  Now,  one  such  point  where  the  losses  arc  zero  is  the 
intersection  of  the  line  PoPj,  denoting  zero  output,  with  the 
abscissa  axis,  denotinfr  zero  input,  in  the  point  T  (Fig.  5)  ;  for 
where  both  output  and  input  arc  nil  the  losses  must  be  also  nil. 

To  find  another  such  point,  where  the  losses  are  zero, 
consider  the  several  electric  and  magnetic  losses  in  the 
motor.  Take  first  of  all  the  stator  copper  loss.  Now,  this 
varies  as  the  square  of  the  stator  current.  Since,  then, 
this  current  moves  over  a  circle  with  respect  to  the  origin  0, 
it  is  only  necessary  to  find  a  line  such  that  the  length  of  the 
perpendicidar  on  to  this  line  from  any  point  on  the  circle  varies 
as  the  square  of  the  corresponding  current.  Such  a  line  is  the 
semi-polar  of  the  circle  with  respect  to  the  origin  0.  (The 
proof  of  this  is  quite  simple,  but  would  lead  us  too  far  here.) 
The  construction  of  this  line  is  shown  in  Fig.  4,  which  simply 
consists  of  drawing  tangents  op  and  oq  to  the  circle,  and  drawing 


purpose  it  will  be  sufficient  if  we  consider  the  two  extreme 
cases.  First,  when  the  iron  losses  at  short-circuit  are  neg- 
ligible compared  with  the  copper  losses  ;  secondly,  when  the 
iron  losses  are  constant  at  all  loads.  Now,  if  the  first  assump- 
tion were  correct — viz.,  that  the  iron  losses  vary  inversely  as 
the  copper  losses — the  tangent  at  Pa-  could  be  taken  to  repre- 
sent zero  iron  losses,  whereas  the  second  assumption  of  constant 
iron  losses  would  imply  a  line  removed  to  an  infinite  distance 
from  the  circle  in  order  that  all  distances  from  the  circle  to 
this  line  are  equal.  These,  then,  can  be  regarded  as  the  limiting 
cases,  and  the  correct  line  of  zero  iron  losses  will  lie  somewhere 
between.  Now  draw  the  tangent  at  Pj.  and  let  it  cut  the  semi- 
polar  (representing  z6ro  stator  copper  loss)  in  the  point  W.  This 
is  shown  in  Fig.  5,  which,  however,  is  merely  an  explanatory 
diagram,  and  has  had  to  be  largely  exaggerated  in  order  to 
bring  the  point  W  near  the  circle.  Actually  the  conditions  will 
be  much  more  like  those  in  Fig.  6,  where  the  point  Pk  is  seen 
to  fall  much  lower  on  the  circle,  so  that  it  is  usually  necessary 
to  use  a  simple  geometrical  construction  to  find  the  point  of 
intersection  W,  which  generally  lies  a  considerable  distance 
away  from  the  diagram.     The  point  where  the  other  line, 


Fig.  6. — Nciload  and  Short-cibcuit  Diagram  op  Three-phase  Induction  Motor. 

JOOii.p.,  2,750  volts,  40«»-,  10  poles,  480  revs,  per  min.  (syn.) 

Note.— The  points  Pi/.  Pi.and  ?/■  are  the  magnetisinf,',  no-load  and  sbort-circuit  points  respectively  of  the  normal  motor. 

The  point  P<'  is  the  short-circuit  point  for  the  special  case  of  the  machine  working  with  a  definite  resistance  inserted 
the  rotor  circuit. 


a  line  parallel  to  the  polar  pq  through  the  point  s,  the  mid  point 
of  or,  where  r  is  the  point  of  inter-section  between  the  polar  fq 
and  the  line  OM.  The  line  through  s  is  then  the  semi-polar  to 
the  ciicle  with  respect  to  the  origin  0,  and  represents  the  line 
for  which  this  copper  loss  is  zero.  Any  line  drawn  from  the 
circle  at  right  angles  to  the  semi-polar  thus  serves  as  a  measure 
for  the  stator  copper  loss. 

Turning  now  to  the  other  component  of  the  .stator  losses 
-^\nz.,  the  i.'on  loss — let  us  see  if  it  is  possible  to  find  a 
similar  line  which   shall    represent  zero  iron  'oss.       For  this 

*  If  electric  und  magnetic  losses  alone  were  present,  then  the  line  of 
zero  output  would  Vie  I',!',,  but  actually  mechanical  (windage  and  fric- 
tion) losses  arc  also  present,  so  that  the  line  of  zero  output  is  taken 
through  Pn.  In  this  way  the  mechanical  losses  are  taken  into  account 
111  the  determination  of  the  efficiency. 


which  represents  constant  iron  losses  at  all  loads,  cuts  the 
semi-polar,  is  of  course  indeterminable,  since  such  a  line  must 
be  removed  an  infinite  distance  away  from  the  circle. 

Now  assume  for  a  moment  that  the  point  W  in  Fig.  5  (which 
we  know  is  much  too  near  the  circle)  is  actually  the  point  where 
the  lines  of  zero  stator  copper  loss  and  zero  iron  loss  meet,  then 
\V  will  be  one  point  where  the  stator  losses  are  zero.  A  second 
point  where  the  stator  losses  are  zero  is  R,  the  point  of  inter- 
section between  P„P„  (representing  zero  torque  or  stator  out- 
put) produced,  and  the  abscissa  axis  (representing  zero  input). 

If,  then,  the  points  W  and  R  are  joined  by  a  straight  line,  this 
latter  will  represent  zero  stator  losses.  Now  a  glance  at  Fig.  5 
at  once  shows  the  effect  of  taking  W  too  near  the  circle.  As  is 
seen,  the  slope  of  WR  is  not  much  altered  if  the  point  W 
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were  taken  much  higher  than  the  tangent  at  P,,  gives  it.  Even 
when  we  reach  the  other  limit,  where  W  is  at  infinity,  the  line 
WR  onlv  becomes  pnrnllcl  to  the  semi-polar.  In  the  actual 
diagram  of  an  induction  motor,  as  given  in  Fig.  6,  the  differ- 
ence between  drawing  WR  as  in  Fig.  5  (where  W  is  the  point 
where  the  tangent  at  Pt  cuts  the  semi-polar)  and  drawing  it 
parallel  to  the  semi-polar  is  scarcely  appreciable,  so  that  we 
can  take  WR  as  representing  zero  stator  losses. 

Now  for  the  rotor  copper  loss.  This  is  zero  at  P„.  the  point 
of  svnchronism.  The  corresponding  semi-polar  therefore  be- 
comes the  tangent  to  the  circle  at  this  point.  Hence  any  line 
from  the  circle  drawn  at  right  angles  to  the  tangent  at  P„ 
serves  as  a  measure  for  the  rotor  copper  loss  at  this  point  on  the 
circle.  Let,  then,  the  tangent  at  P^  (representing  zero  rotor 
copper  loss)  cut  the  line  RW  (representing  zero  stator  losses) 
produced  in  V.  Then  V  is  one  point  where  the  electric  and 
magnetic  losses  in  the  motor  are  zero. 

A  second  point  where  the  electromagnetic  losses  are  zero  isR 
the  intersection  of  P,P„  produced  with  the  abscissa  axis,  but,  as 
mentioned  above,  it  is  better  to  produce  P^Po  to  cut  the  abscissa 
axis  in  T,  in  order  that  the  windage  and  friction  losses  may  be 
approximately  allowed  for.  Then  VT  is  the  line  for  which  the 
total  losses  in  the  motor  are  zero,  and  consequently  the  effi- 
ciency is  10()  per  cent. 

We  have  now  the  line  representing  zero  total  losses,  so  that 
if  it  were  possible  for  the  current  to  move  along  this  line  the 
efficiency  would  be  100  per  cent.  In  a  similar  way  we  have 
seen  the  line  PoP*  represents  all  loss — that  is,  zero  efficiency. 
If  now  we  draw  a  line,  ab.  parallel  to  the  ab.scissa  axis,  and 
divide  this  into  100  parts,  the  efficiency  at  the  point  P  can  be 
read  off  directly  by  producing  PT  backwards  to  cut  the  effi- 
ciency line  in  c.  Fig.  5,  for  we  have  :  efficiency 
q  =  output/input  =  Wi  —  Wl/Wj. 

In  this  way  the  efficiency  can  be  found. 

Usually,  however,  this  construction  of  VT  is  by  no  means 
necessary,  for  a  little  experience  soon  shows  that  in  most  cases 
an  ordinate  through  the  point  T  very  nearly  coincides  with  VT. 

Hence  to  find  the  efficiency  at  any  load  : 

Produce  P,,Po  to  cut  the  abscissa  axis  in  T.  Then  draw  any 
line  ah  parallel  to  the  abscissa  axis  to  cut  the  ordinate  through 
T  in  the  point  a  and  PjPo  produced  in  h.  Divide  ab  into  100 
parts.  Then  the  efficiency  at  any  point  P  on  the  circle  is 
found  by  producing  PT  backwards  to  cut  ah  in  c  (Fig.  5). 

This  simple  construction  will  be  found  to  give  the  efficiency 
with  an  accuracy  which  i.s  quite  sufficient  for  all  practical 
purposes. 

We  can  now  illustrate  all  the  above  by  means  of  an  actual 
example.  ^^^  j^  concluded.) 


REVERSIBLE  BOOSTER  RELAY  REGULATOR. 

In  the  application  of  accumulators  to  traction  and  lighting  systems 
a  very  important  part  has  been  played  by  the  reversible  booster. 
Many  modifications  have  been  introduced  to  obtain  tlie  necessary 
flexibility  in  excitation,  but  so  far  relay  methods  liave  not  received 
much  favour.  The  following  description  of  a  relay  regulator,  which 
is  being  successfully  employed  by  the  Westinghouse  Machine  Co..  of 
East  Pittsburg,  U.S.A.,  will,  therefore,  be  of  interest. 

The  feature  of  the  system  is  the  simplicity  of  the  booster  field 
winding,  the  E.M.F.  of  the  booster,  or  boosted  rolaiy  in  the  case 
of  a  battery  employed  on  an  alternating-current  supply  system, 
being  changed  by  varying  the  excitation  of  a  single  separately- 
excited  field  winding.  This  field  winding  receives  its  energy  from  a 
small  exciter  which  has,  in  addition  to  a  sclf-excitcd  shunt  winding, 
two  equal  and  opposite  pilot  field  windings.  The  current  in  these 
two  windings  is  controlled  by  the  making  and  breaking  of  the  double 
relay  contacts  E  in  the  illustration  herewith.  These  contacts  are  in 
turn  controlled  by  the  primary  relay  of  the  regulator,  which  consists 
of  a  current  member  A,  working  in  conjunction  with  the  potential 
member  B,  to  close  or  open  the  energising  circuit  of  the  relay  mag- 
net D. 

The  current  coil  A  works  in  a  permanent  magnetic  field,  and  is 
balanced  by  an  adjustable  spring  tension.-    The  vmount  of  current 


flowing  through  the  coil  .A  is  proportional  to  the  current  flowing 
through  a  shunt  in  the  circuit  to  be  controlled,  to  the  ends  of  which 
the  terminals  of  the  coil  are  connected.  This  is  equivalent  to  an 
ordinary  ammeter  movement,  with  the  exception  that  the  range 
of  motion  is  exceedingly  small.  The  voltage  coil  B  is  exactly  equiva- 
lent, except  that  its  i)osition  varies  according  to  the  voltage  of 
the  booster  exciter.  The  primary  relay  contact  C  is  established  by 
the  conjunction  of  the  current  and  |)otential  coil  levers.  Tliis  con- 
tact, therefore,  intermittently  energises  the  electro-magnet  D, 
which  operates  the  main  relay  contact.s  E.  The  lower  contact  E 
energises  one  of  the  pilot  fields,  while  the  other  contact  E  energises 
the  equal  and  opposite  field.  These  pilot  fields  act  in  opposition, 
so  that  with  the  same  amount  of  current  flowing  through  both  there 
would  be  no  voltage  upon  the  exciter.  If,  however,  one  of  them 
receives  current  it  will  start  up  the  voltage  of  the  exciter  in  a  given 
direction,  and  the  shunt  winding  of  the  exciter  will  carry  the  field 
to  full  saturation.  This  will  be  checked  by  the  potential  coil  of  the 
relay.  It  will,  therefore,  be  seen  that,  as  the  external  load  on  the 
system  rises,  one  contact  is  broken,  and  the  booster  voltage  rises  so 
as  to  cau.se  the  battery  to  discharge.  This  discharge  will  continue 
at  an  increasing  rate  until  the  operating  equilibrium  of  the  system 
is  again  restored,  and  is  entirely  independent  of  the  condition  of 
battery  charge  or  discharge  as  long  as  there  is  enough  booster  pres- 
sure behind  the  battery  to  give  the  required  discharge  to  maintain 
the  load  constant.  Simihirly,  if  the  load  drops,  the  opposite  effect 
is  obtained  and  the  battery  charges. 

Practically  no  energy  is  handled  by  the  regulator^ since  the  voltage 
produced  by  the  jjilot  coils  is  only  20  per  cent,  of^the  total  voltage 
of  the  exciter.    Therefore,  siuce  the  exciting  energy  of  the  booster 
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will  not  be  o\er  8  per  cent,  at  a  maximum,  and  the  energy  handled 
by  the  regulator  will  l)e  a  fraction  of  1  per  cent  of  the  booster  field 
energy,  the  regulator  as  a  result  operates  with  absolutely  no  sparking 
at  the  contacts,  which  means  that  there  is  practically  no  wear. 

A  high  resistance,  F,  consisting  of  five  steps,  is  connected  in 
series  with  the  lead  from  the  controlling  shunt.  This  resistance  is 
cut  into  or  out  of  circuit  l)y  means  of  the  rotary  switch  0.  Thus, 
the  etfective  drop  across  the  current  coil  .-V  can  be  varied  by  cutting 
in  or  out  resistance,  which  will  mean  a  greater  or  less  current  flowing 
through  the  shunt,  in  order  to  prcKluce  a  given  deflection  of  the 
current  coil  arm  A.  as  the  ea.se  may  be. 

The  generator  load  will,  therefore,  he  varied  through  five  steps 
by  shifting  the  switch  G.  The  load  can  further  be  adjusted  any- 
where between  these  steps  by  changing  the  tension  of  the  current 
coil  spring  by  means  of  the  lilindlc  H.  This  covers  the  entire  range 
of  capacity  of  the  gen(r,iliiig  .system,  .so  that  the  average  load  can 
be  held  anywhere  from  fuliload  to  10  per  cent,  of  fullKuid. 

The  degree  of  regulation  with  this  type  of  regulator  is  limited 
entirciv  by  the  speed  of  tlie  liooster.  ami  does  not  depenti  in  any  way 
upon  the'regulator.  as  the  speed  of  acticm  of  the  regulator  is  far 
bevond  the  speed  of  magnetisation  of  any  commercial  ly|)e  of  booster. 
A  booster,  of  cour.se.  could  be  built  to  change  it.s  voltage  with  ex- 
ceeding rapiditv.  but  as  the  cost  increases  with  the  speed  of  mag- 
netisation. I>eyi>nd  a  certain  point  such  refinement  of  regulation  is 
neitlier  commercial  nor  necessary. 

The  best  test  of  a  regulator  is  to  consider  the  fluctuation  of  the 
average  generator  load  wilii  the  maximum  variation  of  the  external 
load.  ^  In  the  ease  of  an  installation  for  the  .Southern  Colorado  Power 
&  Railway  Co.,  a  test  for  U  hours  showed  a  Vivriation  in  the  external 
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load  from  0  to  630  amperes,  and  in  the  ftenerator  load  from  153  to 
210  amperes,  with  an  average  of  181  ami)eres  :  whilst  in  the  case 
of  a  test  over  80  seconds  the  external  load  varied  from  14  to  434 
am|X"res.  and  the  generator  load  from  177  to  1!)4  amperes,  with  an 
average  of  187  amperes.  It  will  he  seen  that  the  maximum  current 
fluctuation  on  the  generating  system  in  the  case  of  the  long  test  is 
0  per  cent,  of  what  the  current  fluctuation  would  have  been  if  the 
battery  and  regulator  had  not  been  used,  and  is  41  per  cent,  in  the 
case  of  the  short  test.  Fiu-thermore,  in  the  ca.so  of  the  long  test,  the 
energy  fluctuation  is  1-9  per  cent,  of  what  it  would  have  been  if  the 
regulator  and  battery  had  not  been  used,  and  is  2-2  per  cent,  in  the 
case  of  the  short  test.  When  it  is  taken  into  consideration  that  the 
maximum  variation  above  the  average  generator  load  is  248  i)er 
cent,  in  the  case  of  the  long  test  and  132  per  cent,  in  the  case  of  the 
short  test,  and  the  maximum  variation  of  the  external  load  below 
the  average  generator  load  is  100  per  cent,  in  the  case  of  the  long 
test,  and  93  per  cent,  in  the  case  of  the  short  test,  the  closeness  of 
this  regulation  will  be  appreciated. 

In  the  case  of  the  alternating-current  regulator,  the  direct-currept 
coil  A  is  replaced  by  a  polyphase  wattmeter  movement.  For  con- 
trolling the  average  load  the  transformer  ratio  will  be  changed  by 
moving  the  handle  G  instead  of  cutting  out  resi-stances.  as  in  the  case 
of  the  direct-current  regulation.  In  all  other  respects  the  two 
regulators  are  identical. 

Tlie  advantages  claimed  by  the  \Vestinghousc  Company  for  the 
above  system  of  regulation  are  as  follows  :  (I )  Great  eflficieni'v.  due  to 
an  inappreciable  amount  of  energy  being  required  to  0])eratc  h  ;  (2) 
it  will  allow  of  adjustment'of  generator  load  over  wide  range  m  hile 
maintaining  close  regulation  at  all  loads  :  (3)  it  will  maintain  tlic 
average  generator  load  nearly  con.stant,  irrespective  of  the  condition 
of  the  battery  ;  (4)  only  two  adjustments  are  necessary  to  effect  any 
desired  change  in  operating  conditions  ;  (5)  the  station  'bus  bar 
system  does  not  require  extensive  alterations,  such  as  the  insertion 
of  energy-absorbing  resistances  or  solenoids. 


"WIRELESS"  ON  A  RAILWAY  TBAIN. 

At  one  time  the  jaded  traveller  who  undertook  a  sea  voyage  con- 
sidered that  one  of  the  greatest  advantages  of  his  journeyings  was 
(he  entire  freedom  which  he  experienced  from  the  doings  of  the  out- 
side world.     During  the  past   few  years   this  has,   however,  been 


l''io.  1. — Marconi  Station  inside  Pullman  Cak. 

changed,  and  the  traveller  on  board  ship  every  day  receives,  through 
the  medium  of  "  wireless,"  news  from  all  over  the  world. 

In  tliis  country  railway  journeys  arc  comparatively  short,  and 
there  is,  therefore,  no  necessity  for  any  arrangements  to  be  made 
for  the  carrying  out  of  business  work  during  the  time  they  arc  being 
undertaken.  .Moreover,  the  stopping  places  are  so  close  together 
that  the  traveller  is  always  kept  well  acquainted  with  the  news  of 
the  out-side  world.  In  America,  however,  things  arc  different,  and 
the  time  is  probably  not  far  distant  when  "  wireless"  will  be  fitted 


on  all  railway  trains  in  that  country.  A  beginning  has  already  been 
made  in  this  direction ,  a  special  train  nmning  from  Butfalo  to 
Chicago  on  the  New  York  Central  Railway  liaving  been  equipped 
with  some  more  or  less  experimental  apparatus.  The  arrangements 
were  carried  out  by  the  Marconi  Wireless  Telegraph  Co.  of  America, 
under  the  direction  of  .Mr.  F.  M.  Sammis.  The  train  was  timed  to 
leave  Buffalo  at  9:.30  a.m.  on  February  27th,  and  carried  the"  Via 
Wirele.ss"  and  "Polly  of  the  Circus"  theatrical  companies  from  that 
town  to  Chicago.  Since  it  was  impossible  to  assemble  the  train 
before  7  a.m.  only  2]  hours  were  available  in  which  to  fix  the 
necessary  installation. 

The  antenna  used  was  of  the  horizontal  type,  since  the  overhead 
clearance  from  the  bridges  was  only  6  in.  Each  car  was  fitted  with 
vertical  iron  pi|)e  supports,  and  between  these  and  over  the  car  roof 
was  stretched  a  stranded  copper  wire.  This  copper  wire  was  fitted 
with  hard  rubber  strain  insulators  at  each  end.  and  the  10  cars  were 
connected  together  electrically  by  slack  wires,  so  that  curves  could 
be  rounded  without  danger  to  the  antenna.  The  wireless  station 
was  erected  in  a  Pullman  car,  which  was  in  the  centre  of  the  train. 
Two  leading-in  insulators  were  passed  through  the  ventilator  and 
a  lead  brought  in  tlirough  these  from  each  portion  of  the  antenna, 
thus  forming  two  uni-directional  aerials  working  in  opposite  direc- 
tions. An  earth  connection  was  made  by  carrying  the  lead  through 
the  window  and  connecting  it  to  one  of  the  main  journal  boxes  of 
the  car. 


2.  — H0HlZO.Nr.\L    A.NTENNA    ON    RoOF    OF    PcLLMAN    CaB. 


The  day  before  this  train  was  useil  four  .Marconi  operators  were 
sent  to  four  points  along  the  line,  and  instructed  to  rig  up  tem- 
porary stations.  The  sj)eeial,  which  during  the  journey  ran  at 
speeds  exceeding  70  miles  an  hour,  was  able  to  communicate  with 
these  stations  over  distances  varying  from  60  to  80  miles. 

Tin  experiment  seems  to  have  been  attended  with  great  success, 
for  while  there  was  a  heavy  snowstorm,  and  some  insulation  diffi- 
culties were  experienced,  due  to  the  insulators  becoming  coated  with 
soft  coal  mud,  good  communication  was  maintained  with  all  the 
stations.  In  the  accompanying  illustrations  we  show  views  of  the 
.Marconi  station  inside  the  Pullman  car  and  the  horizontal  antenna 
on  the  roof. 


SIEMENS  BROTHERS    &  CO.'S  SWITCHBOARD 
INSTRUMENTS. 


-At  one  time  the  s\vil<-lilioar(l  «as  a  eomjiarativcly  unimportant 
acees.sory  of  the  generating  station,  hut  of  recent  years  this  part  of  the 
cquijiment  has  grown  enormously  in  importance,  and  it  has  some- 
times liccn  questioned  whether  so  large  an  expenditure  in  this 
direction  is  justified.  In  this  advance  it  may  perhaps  be  said  that 
attention  has  been  paid  rather  to  the  switchgcar  for  the  manipula- 
tion of  the  power,  than  to  the  instruments  for  its  mea.surement. 
Indeed  there  is  frequently  room  for  much  improvement  in  the  design 
and  accuracy  of  those  instruments  used  for  measuring  the  output, 
&c.,  of  generating  plant,  and  although  cheap  and  ap]iro\imately 
accm'ate  instruments  are  all  that  is  necessary  for  some  installations, 
the  extra  cost  of  reliable  and  well  designed  aj)paratus  is,  in  many 
cases,  fully  justified. 

In  .Inly  last  we  described  the  series  of  testing  instruments  which 
have  been  introduced  by  Messrs.  Siemens  Brothers  &  Co.,  and  vie 
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have  recently  li;icl  Uic  ojjpDitunily  of  inspoctinj;  llie  new  switch- 
board instruments  which  are  being  placed  on  the  market  by  the  same 
firm.  The  features  of  both  series  of  instruments  are  the  excellent 
design  and  workmanship,  high  accuracy  under  all  ordinary  condi- 
tions, and  neat  finish.  As  an  instance  we  may  mention  that  the  scale 
of  every  instrument  is  hand  marked,  no  printed  scales  whatever  being 
used.  In  spite  of  the  high  quality  of  the  Siemens  instruments,  an 
inspection  of  the  new  switchboard  instrument  catalogue  will  show 
that  the  prices  are  by  no  means  high,  and.  doubtless,  the  many 
excellent  features  of  the  instruments — some  of  these  features  being 
unique — will  result  in  many  engineers  deciding  in  favour  of  the 
slightly  more  expensive  instruments,  and  also  in  a  desire  for  in- 
creased accuracy  in  all  cases.  The  catalogue  in  question  gives  de- 
tailed particulars  of  practically  a  1  instruments  installed  in  ronnec- 


-MoviNG  Coil  Watektiuiit 
Ammeter. 


Ami'Eki;; 


tion  with  modern,  switchboards,  and  should  he  in  the  liands  of 
every  engineer  interested  in  electrical  plant. 

The  Siemens  measuring  instruments  can  be  divided  into  three 
distinct  types,  viz.  :  (1)  those  for  use  with  continuous  currents  only  ; 
(2)  those  for  use  witli  alternating  currents  only,  and  (.3)  those  for  use 
with  both  continuous  and  alternating  currents.  The  first  class  are 
of  the  moving  coil  type  ;  the  second  of  the  Ferraris  tyjie  :  and  the 
third  of  the  electromagnetic  type. 

In  regard  to  the  moving  coil  instruments,  the.se  are  of  the  well-known 
Deprez  d'Ars(jnval  pattern.  We  need  scarcely  remind  our  readers 
that  in  tliis  type  a  permanent  magnet'and  moving  coil  are  employed, 
and  as  the  field  is  iiractically  uniform  the  deflecticm  is  prnpcjrtional 


Fig.  3. — Edgewise 
Ammeter. 


Fig.  4. — Moving  Coil  Volt.meteu 
ON  Bracket. 


to  the  current  passing,  so  that  an  evenly  spaced  scale  results.  These 
characteristics,  combined  with  good  damping  properties  and  im- 
munity from  disturbance  by  extraneous  magnetic  fields,  are  the  main 
features  of  moving  coil  instruments.  The  general  construction  of 
such  instruments  is  so  very  well  known  that  a  lengthy  description  of 
those  supplied  by  Messrs.  Siemens  is  unnecessary.  It  may  be 
remarked,  however,  that  temporary  cores  are  provided  for  the  per- 
manent magnets  during  the  construction  of  the  instruments,  and  that 
particular  attention  is  paid  to  the  handling  of  the  magnets  .so  that 
they  shall  be  rendered  as  permanent  as  possible.  Every  instrument 
is  tested  for  insulation  resistance  with  a  pressure  of  1,001)  volts 
between  case  and  windings,  with  the  excepticm  of  instruments  on 
pedestals  and  brackets,  which  are  tested  with  2,000  volts. 

Fig.  1.  shows  a  moving  coil  ammeter  of  a  watertight  pattern,  and 


Fig.  3  an  edgewise  instrument,  the  latter  pattern  being  of  considerable 
advantage  where  space  has  to  be  economised.  The  even  spacing  of 
the  scales  of  both  instruments  will  be  noticed.  It  may  also  be 
mentioned  that  these  moving  coil  instruments  are  made  in  a  portable 
type,  as  described  in  our  issue  df  .lulv  24th  last. 

Moving-coil  ammeters  reading  up  to  5(1  amjiercs  have  self-contained 
shunts ;  for  larger  currents  they  have  separate  shunts,  which  are 
fixed  in  a  vertical  positi<m,  as  shown  in  Fig.  2,  and  are  therefore  kept 
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Ferraris  Watertight 
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cool  by  natural  cUaught.  These  shunts  are  not  adjusted  for  any 
fixed  drop  of  pressure  unless  specified  ;  and  each  one  can  only  be 
used  with  the  ammeter  which  has  been  calibrated  with  it.  They  are 
deserving  of  special  mention,  as  they  are  the  result  of  lengthy  experi- 
ments. Many  shunts  in  common  use  give  incorrect  readings  on  the 
instruments  to  which  they  are  connected,  due  to  thermo-electric 
E.M.F.s  generated  at  the  point  of  contact  of  the  resistance  metal, 
with  the  copper  or  brass  blocks  forming  the  terminals.  Heat  is,  of 
course,  necessary  to  produce  such  an  E.M.F.,  but  it  is  a  bj-  no  means 
infrequent  occurrence  to  find  one  terminal  of  a  shunt  warm,  due  to 
expansion  and  bad  contact  eau.sed  by  heavy  currents  flowing  in  the 
neighbouring  'busbars  and  connecting  links  of  a  switchboard  at  times 
of  heavy  load.  With  a  combination  of  certain  alloys  and  cojiper  the 
thermo-electric  effect  is  often  very  marked,  and  may  result_in_an  error 
of  several  scale  divisions.  Manganin  is  used  for  the  tube  part  of  the 
shunt  seen  in  Fig.  2,  and  is  so  applied  that  we  observed  no  electrical 
effect  whatever  when  one  end  of  the  shunt  was  heated  over  a  bunsen 
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Fig.  7. — Diac.ka.m  showino  Pbikciple  or  Ferraris  Ixstrimk.nis. 

burner  flame,  so  that  Messrs.  Siemens  are  to  be  congratulated  on 
having  overcome  any  liability  to  errors  due  to  thermo-electric  effects 
in  the  shunts. 

The  voltmeter  .sliown  in  l''ig.  4  is  also  nf  tlie  moving  coil  type,  and 
is  fixed  on  a  bracket,  thus  giving  a  form  of  construction  much 
a))preciated  by  switchboard  attendants.  The  substantial  nature  of 
the  construction  will  be  noticed  from  the  illustration. 

Another  type  of  moving  coil  instrument  to  which  we  need  refer 
only  briefly  is  that  shown  in  Fig.  5.  It  represents  a  combined  volt 
and  ammeter,  and  has  been  specially  designed  for  use  with  motor  cars 
and  for  similar  |nirposes.  When  lequired  these  instruments  arc 
provided  with  watertight  covers  and  terminals. 

Turning  now  to  the  second  class  of  instruments,  those  intended  for 
use  with  alternating  currents  only,  and  termed  Ferraris  instruments, 
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these  are  constructed  on  the  rotary  field  principle.  The  theory  of 
their  action  will  be  understood  from  the  diagram.  Fig.  7.  It  will  be 
seen  that  the  rotary  field  is  produced  by  the  well-known  phase- 
splitting  device,  an  inductance  being  inserted  in  scries  with  one  pair 
of  magnetising  coils,  so  as  to  produce  a.  difference  in  phase  between 
the  two  circuits.  The  moving  member,  or  rotor,  consists  of  an  alu- 
minium drum  to  which  a  pointer  is  fixed,  and  the  instrument  may  be 
cnnsidered  as  a  squirrel  cage  motor,  tlie  movement  of  the  rotor  being 
restricted  by  a  special  spring  control.  This  spring  is  one  of  the 
features  of  the  instrument,  and  will  be  noticed  pa.ssing  horizontally 
across  the  centre  of  the  diagram.  Fig.  7.     The  arrangement  consists  of 


Fio.  S. — Ferraris   Ammeter   and    Voltmeter   on   Fixed   Bracket. 

two  .spiral  springs  joined  together  by  a  wire  ;  this  wire  passes  over 
two  cams  fixed  on  the  axis  of  the  needle  and  arranged  .so  that,  as  the 
needle  deflects,  the  wire  is  pushed  to  one  side,  and  the  springs 
extended. 

The  s])rings  and  cams  are  designed  so  that,  although  in  such  an 
instrument  the  deflecting  force  increases  as  the  square  of  the  current, 
a  practically  uniform  scale  results.  Particular  attention  may  be 
drawn  to  this  feature,  as  it  is  not  a  usual  characteristic  of  alternating 
current  instruments.  That  the  arrangement  adopted  by  Messrs. 
Siemens  leaves  little  to  be  desired  in  tliis  respect,  can  be  seen  from 
Fig.  8,  which  shows  a  Ferraris  ammeter  of  a  watertight  pattern.  The 


Fio.  9. — Febraeis  Voltmeter  for  Leitinu  ixto  Switchboaud. 

scales  usually  extend  over  a  range  of  120  deg.,  and  are  divided  almost 
evenly,  except  for  readings  below  15  per  ccnl.  of  full  load.  The 
magnets  are,  of  course,  laminated,  and  damjiing  is  j)rovided  by  two 
permanent  magnets,  eddy  currents  induced  in  the  rotor  serving  to 
bring  the  needle  rapidly  to  rest.  In  fact,  the  damjiing  is  practically 
as  good  as  in  a  d'Arsonval  instrument.  Another  and  most  imjjortant 
feature  is  that  the  instruments  are  ))ractically  unaffected  by  any 
change  in  the  power  factor,  at  any  rate  over  a  range  of  jjower  factor 
from  03  to  unity  ;  and  it  is  also  worthy  of  note  that  they  arc  for  all 
jiractical  purposes  unmflucnced  by  neighbouring  heavy  currents  or 
magnetic  fields.     In  regard  to  frequency,  it  is  desirable  that  the 


instruments'shovdd  be  used  cm  circuits  of  the  frequency  for  which 
they  have  been  calibrated,  but  variations  of  10  per  cent,  are  per- 
missible in  the  case  of  voltmeters  and  ammeters,  and  !S  per  cent,  in  the 
case  of  wattmeters,  without  inHuencing  the  readings  to  any  extent. 

We  have  referred  al)ove  to  tiie  more  imjiortant  features  of  these 
instruments,  viz.,  accuracy.  o])en  scales,  good  damping  and  extreme 
sensitiveness  ;  in  connection  with  the  latter  it  may  be  mentioned  that 
the  torque  with  a  given  current  is  about  12  times  that  u.sually  associ- 
ated with  a  moving  coil  instrument. 

Voltmeters,  ammeters,  and  wattmeters  are  constructed  on  the 
Ferraris  principle,  and  in  this  connection  attention  may  be  drawn  to 
Fig.  8.  which  shows  an  ammeter  and  voltmeter  on  a  fixed  bracket. 
This  form  of  construction  is  rather  imusual.  but  as  it  possesses  some 
advantages  it  is  likely  to  find  favour  in  special  cases.  Fig.  9  shows 
an  interesting  modification  of  the  standard  voltmeter,  the  instru- 
ment shown  being  arranged  for  letting  into  a  switchboard,  Ferraris 
voltmeters  are  only  made  for  working  pressures  up  to  500  volts  ; 
with  higher  pressures  transformers  must  be  used. 

In  regard  to  Ferraris  wattmeters,  these  are  made  for  single-pha.se 
circuits,  for  three-|)ha.se  circuits  with  branches  equally  loaded,  and  for 
three-phase  circuits  with  liranches  unt(pially  loaded.  An  interesting 
feature  is  that  the  scales  are  extended  lielow  zero  with  a  negative  range 
of  about  15  to  20  per  cent,  of  the  positive  range.  This  should  prove 
very  advantageous,  since  it  enables  the  fluctuation  of  power  between 
machines  running  in  parallel  to  be  observed,  whilst  the  freedom  from 
external  magnetic  disturbances  is  a  point  which  will  be  much  appreci- 
ated, as  many  wattmeters  are  liable  to  inaccuracy  from  that  cause. 


Fig.  10. — Electromagnetic  Ammeter  with  Front  Connections. 

Considering,  finally,  the  third  type  of  measuring  instruments,  viz., 
electromagnetic,  which  can  be  u.sed  for  continuous  or  alternating 
currents,  the  principle  of  the  movement  is  that  of  a  soft  iron  eon 
attracted  into  a  solenoid.  The  iron  core  is  treated  by  a  special  pro- 
cess by  which  hysteresis  is  reduced  to  a  minimum,  so  that  the  instru- 
ment when  used  for  continuous  current  gives  practically  the  same 
readings,  whether  the  current  has  been  increased  or  decreased  to  its 
particular  value,  whilst  with  alternating  currents  they  are  independent 
of  frequency  and  wave  form.  The  majority  of  the  instruments  of 
this  class  are  nearly  dead-beat,  and  owing  to  the  care  taken  in  shield- 
ing the  moving  parts  they  are  jjractically  uninfluenced  by  external 
magnetic  fields.  When  the  greatest  degree  of  damping  is  required — 
ordinarily  the  pointer  comes  to  rest  after  one  or  two  oscillations — an 
oil  damping  device  is  fitted  at  a  little  extra  cost. 

As  regards  mounting,  the  instruments  are  arranged  for  either  front 
or  back  connections — Fig.  10  herewith  shows  an  ammeter  (600  amps.) 
with  front  connections — an<l  the  terminals  of  voltmeters  and  of 
ammeters  readinu  u|i  to  .'i(tO  amperes  can  be  cliangcd  without  opening 
the  case,  so  that  an  instrument  with  front  connections  can  be  con- 
verted into  one  with  hack  connections  by  the  substitution  of  the 
necessary  terminals.  An  iron  case  is  usually  fixed.  Where  a  brass 
case  is  desired,  a  special  iron  screen  is  fixed  for  protecting  the  moving 
part  from  external  magnetic  fields. 

Another  striking  feature  of  these  instruments  is  the  uniform  scale. 
This  is  obtained  by  suitably  designing  the  iron  plunger  attracted  by 
the  solenoid.  The  instruments  arc  int<-n<l('d  t(  be  fixed  in  a  vertical 
po.sition.  but  it  is  worth  noting  that  they  arc  also  made  in  a  portable 
form  (described  in  our  issue  of  July  24  last),  in  which  case  a  spring 
control  is  employed  instead  of  gravity. 

For  further  information  in  regard  to  the  types  of  instruments  here 
described  we  must  refer  our  readers  to  the  new  catalogue  of  Messrs, 
Siemens  Brothers  &  Co.,  which  is  one  of  the  most  complete  publica- 
tions that  has  been  issued  in  connection  with  switchboard  apparatus, 
(To  be  concluded.) 
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THE  ELECTRIC  MOTOR  AND  THE  BELT  DRIYE. 


It  will,  no  doubt,  be  agreed  that  the  electric  motor  shows  a  great 
ilesibility  in  the  way  it  can  be  adapted  to  work  under  very  varying 
and  often  trying  conditions.  It  has  to  run  without  breaking  down 
or  overheating  in  atmospheres  which  are  sometimes  explo.sive,  and 
which  even  by  the  greatest  stretch  of  tlie  imagination  cannot  be 
called  healthy.  Again,  it  is  often  nece.ssary,  owing  to  economical  and 
other  similar  rea.sons,  that  the  motor  should  be  placed  in  some 
])osition  where  it  cannot  work  so  efficiently  as  it  might.  It  over- 
comes these  difficulties,  however,  and  generally  emerges  satisfactorily 
from  the  ordeal. 

In  some  cases  where  the  electric  drive  is  employed  the  use  of  a 
belt  is  absolutely  necessary,  and  this  use  often  means  difficulties 
when  for  other  reasons  the  motor  must  be  placed  almost  \ertically 
below  the  line  shafting.  That  these  difficulties  can  also.be  successfully 
overcome,  if  need  be,  is  shown  by  the  accompanying  photographs, 
for  which  we  are  indebted  to  i\Ii\  F.  V'.  L.  IMathias,  borough  elec- 
trical and  tramways  engineer,  of  Warrington.  Fig.  1  shows  a  belt 
in  operation,  and  also  indicates  the  extraordinary  curves  taken  by 
the  slack  side  when  running.  It  i.s  of  Whittle  leather  and  of 
the  V-link  tjiie,  its  thickness  being  ;'  in.     It  is  shown  running  on  a 


Fig.  1. — 5  H.r.  Motor  kunnixu  -vt 

1,000    EEVS.    PER    5UN.,    .\Nn     DRIVING 

rHRoiGH  "  Whittle  "  Belt. 


Fig.  2. — j  n.r.  .Motor,  showing 

SLACKNESS  OF  "  WHITTLE  "   BeLT 
WHEN    STOPPED. 


5  H.r.  motor,  the  speed  being  1,000  revs,  per  min.  and  the  iiulley 
diameter  12  in.  We  understand  that  the  pulley  groove  where  the 
belt  runs  is  comparatively  dull,  .showing  that  the  slip  is  very  small. 
This  belt  has  been  in  use  for  four  years  without  having  been 
touched  in  any  way.  Fig.  2  .shows  the  motor  at  rest,  and  well 
indicates  the  slackness  of  the  belt. 


SOME  CONSIDERATIONS  IN  THE  MANIPULATION 
OF  DRY-CORE  TELEPHONE  CABLES.^ 

BY    F.    a.    C.    B.VLDWIN. 

Sum  1)1  rill/. — The  author  describes  the  vaviou.s  operation.';  which  a  trK'- 
phone  cablr  undergoes  after  its  manufacture,  and  the  methods  adopted 
by  the  National  Telephone  Co.  to  secure  tlie  greatest  working  efficiency- 
A  few  of  tlu>  chief  appliances  and  fittings  used  are  also  described. 


The  superiority  of  the  dry-core,  air-s|)acc  or  ])aper-corc  cable  i.s 
now  universally  accepted,  and  as  the  "  duct "'  or  "  conduit  "  system 
of  installation  best  facilitates  repairs,  renewals,  inspections,  &c.,  it 
only  will  be  considered.  A  table,  which  has  been  extracted  from 
the  National  Telephone  Co.'s  specification  for  dry-core  cables  with 
10  lb.  conductors,  gives  details  of  the  number  of  pairs  in  the  core 
and  several  layers.  One  or  moi'e  "  marked  pairs  "  are  usually  pro- 
vided in  each  layer. 

The  various  methods  adopted  in  drawing  cables  into  ducts  are  as 
follows  :  (1)  Directly  by  hand  (restricted  to  short  lengths  of  small 
cables) ;  (2)  by  means  of  pulley  blocks  and  chain  or  rope  tackle 
(u.sed  in  special  cases  only)  ;  (.'?)  by  means  of  a  manually  operated 
winch  (most  commonly  used) ;  (4)  by  means  of  a  power-driven 
winch. 

Opinions  differ  as  to  whether  a  ropo  or  a  chain  i;  the  best  for 

*  Abstract  of  a  Paper  read  before  the  Birinuigham  Local  Section  of  the 
lustitution  of  Electrical  Engineers.  .        . 


hauling.  The  difference  in  prime  cost  is  negligible.  For  large  and 
heavy  cables  a  4^  in.  rope  is  usually  used.  The  attachment  of  the 
cable  to  the  rope  or  chain  is  a  matter  of  considerable  importance. 
For  this  purpose  a  wire  "  grip  "  has  been  universally  adopted,  which 
avoids  mutilation  and  consequent  scrapping  of  the  cable  end.  The 
grip  consists  of  a  woven  cylinder  of  steel  wire,  interlaced  in  such  a 
manner  that  contraction  ensues  upon  the  application  of  tension.  In 
use  it  is  simply  slipjied  over  the  end  of  the  cable,  and  tightens  up 
when  hauling  is  commenced.  Home  j)rcliminary  ineparation  of  the 
end  of  the  cable  is  necessary,  and  in  some  cases  where  heavy  lengths 
are  being  dealt  with  it  is  advisable  to  open  the  end  of  the  cable,  and. 
laying  bare  the  conductors  for  a  few  inches.  t<i  ]>lumb  them  solid 
with  the  lead  sheath.  This  en.sures  the  tension  lieing  equally  dis- 
tributed amongst  the  conductors,  and  avoids  the  possibilitv  of  the 
lead  sheath  parting.     A  lubricant  in  the  form  of  ))etroleum  jelly  is 

\  usually  applied  to  the  cable  as  it  enters  the  duct.  The  speed  of 
travel  of  cables  varies  from  about  3  ft.   to  8  ft.   per  minute.     By 

I  judicious  arrangement  it  is  in  many  cases  possible  to  deal  with  cables 
of  small  diameter  (not  exceeding  li  in.)  without  cutting  or  jointing 
in  the  maximum  lengths  in  which  they  can  conveniently  be  manu- 

\  factured. 

During  jointing  and  its  attendant  operations  precautions  are  taken 

to  secure  (1)  Minimum  number  of  faulty  circuits  in  the  completed 

cable,  (2)  immunity  from  crossed  pairs,  (3)  lead  sheath  per- 

fietly  air  and  water-proof,  (4)  electrical  properties  up  to  the 

S       standard. 

Priliminarfi  Test. — Each  length  of  cable  after  being  laid 
i-!  .subjected  to  a  preliminary  test  by  bunching  the  wires 
togetlier  and  earthing  on  to  sheath  of  cable  at  one  end,  the 
wires  at  the  other  end  of  cable  being  carefully  separated  and 
t.sted  (I)  indivklually  with  battery  and  galvanometer  for 
continuity,  (2)  for  earth,  contact  and  short-circuit,  by  bunch- 
ing wues  at  first-mentioned  end  and  testing  each  individual 
wire,  with  those  untested  earthed  on  cable  sheath. 

Jointing. — -In  jointing  esjjecially  is  it  necessary  to  observe 
cbanliness  and  to  exclude  moisture.     In  large  joints  where 
the  core  is  exposed  tor  a  period  of  20  hours  or  more  the 
niiiistuie  absorbed  by  the  dielectric   from  an  atmosi)here  of 
varying  humidity  may   be   considerable   unless  ])roper   pre- 
cautions  are   taken.     While   jointing  is  progres.sing.  heat   is 
applied  either   constantly  or  at  frequent  intervals  to  expel 
moisture.     After  the  lead  has  been  stripped  off  for  the  re- 
quisite distance,  jointing  is  performed  as  indicated  in  Fig.  I. 
Forconductors  under  701b.  per  mile  the  wires  are  tightly  tw  isted 
together  as  shown,  and  insulated  by  a  dry  paper  .sleeve.     Con- 
ductors of  "0  lb.  per  mile  and  over  are  similarly  twisted,  but  are  in- 
sulated  by    their    paper  covering,  reserved   for   the  purpose,    and 
secured,   as   illustrated,   by  a  binding  of  cotton  thread.       In  both 
eases  the  paper  is  included   in  the   first  two   twists  to   prevent    it 
running  back,  and  the  joint  is  not  soldered. 

Wires  of  respective  colours  shoukl  be  jointed  together.  The 
sleeved  or  paper-insulated  joints  should  be  distributed  to  secure 
uniform  diameter  of  completed  joint,  and  the  wires  should  be  only 
moderately  taut.  After  a  thorough  drying  the  joint  is  served  with  a 
binding  of  dry  cotton  tape  without  overlap,  and  immediately  after- 
wards the  plumbmg  is  executed.  (>  lb.  sheet  lead,  or  preferably  an 
unseamed  sleeve,  being  used.  A  brass  nozzle  with  .screwed  cap  and 
leather  washer  is  permanently  plumbed  into  the  sleeve,  and  by  con- 
nection thereto  of  a  flexible  tube,  air,  dried  by  jiassage  through  a 
small  portable  desiccator,  is  forced  into  the  joint  by  means  of  a  hand 
|)ump.  A  defect  in  the  iilumbing  is  shown  by  the  continued  appear- 
ance of  air  bubbles  on  the  application  of  soapy  water.  The  intro- 
duction of  crosses  is  guarded  against  by  jiroVing  each  pair  as 
jointed. 

LaheUing. — It  is  customary  to  assign  a  numlicr  to  each  pair  of  a 
completed  cable  for  purposes  of  distinction.  The  mctluxl  of  testing 
out  is  well  known,  and  explanation  is  unnecessary. 

Test  for  Crossed  Pair.i. — Every  completed  section  is  subjected  to  a 
test  for  crossed  pairs  which  may  have  escaped  notice  during  the  loop 
tests  made  at  each  joint.  The  test  is  diagrammatically  illustrated 
in  Fig.  2,  and  consists  in  sending  round  the  whole  of  the  pairs  con- 
nected in  i)arallel  an  alternating  current,  each  |>air  being  taken  one 
at  a  time  and  connected  to  a  telephone  receiver.  In  the  diagram  it 
is  assumed  that  a  cross  exist.s.  .and  if  the  circuit  be  traced  it  will  be 
ai)i)arent  that  when  the  receiver  is  connected  to  a  pair  that  is  crosst-d 
with  another  one  a  hum  will  be  heard  on  placing  il  to  the  car. 

Terminating  Dry-core  Cables. — The  effectual  termination  of  dry- 
core  cables  is  a  matter  presenting  some  difficulty.  Provision  has  to 
be  made  for  termination  in  positions  fully  cxiwsod  to  all  climatic 
influences  as  veil  as  in  protected  places,  but  in  all  cases  there  exists 
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the  possibility  of  penetration  of  moisture  to  the  cable  eorc.     Three 
typical  methods  of  termination  in  present  use  are  as  follows  : — 

1.  Cable  Heads  or  Tenninals.~ln  these  the  end  of  the  cable  is 
hermetically  sealed  within  a  metal  or  other  chamber,  connection 
being  made  to  the  external  circuit  by  means  of  suitable  insulated 
terminals.  Details  of  a  terminal  of  this  type,  designed  by  Mr.  S.  P. 
Grace,  of  Pittsburg,  and  made  by  the  Western  Electric  Co.  for 
external  use.  are  given  in  Fig.  3.  It  consists  of  a  cast-iron  chamber 
with  suitable  lugs  for  attachment  to  its  support  and  a  cast-iron  lid 
hinged  at  the  top.  In  a  recess  in  the  box  there  is  fitted  a  porcelain 
block,  through  which  brass  pins  extend,  provided  in  the  inside  with 
soldering  tabs  and  on  the  outside  with  screwed  nuts  and  washers. 
The  cable  enters  tlirougli  a  brass  nozzle  to  which  its  sheath  is  plumbed 


diameter  and  length  is  slipped  over  them  and  secured  at  sucli  a  point 
that  it  encloses  the  stripped  portions,  sufficient  only  being  left  pro- 
truding for  jointing  to  the  dry-core  cable.  At  this  end  the  lead 
sleeve  is  beaten  on  to  the  stripped  leaders.  «hich  are  protected  from 
injury  by  a  binding  of  insulating  tape.  Insulating  compound  at  a 
temperature  of  from  250"?.  to  280°F.  is  then  run  into  the  sleeve  in 


For  701b.  Conductors  and  under 


Fig.  I. — Details  of  Jointi.n 


For  701b.  Cotiductors  an!  over. 


and  the  wires  are  soldered  to  their  respective  tabs.  The  rear  com- 
)>artment  is  subsequently  filled  with  molten  in.sulating  compound 
through  a  hole  at  the  top.  which  is  afterwards  sealed  by  a  screwed 
l)lug.  Connection  to  the  external  circuit  is  made  by  rubber  insulated 
leaders  as  shown. 

•2.  Potheads. — The  cable  is  sealed  by  jointing  its  wires  to  vul- 
canised indiarubbcr  leaders  enclosed  in  a  lead  sleeve — to  which  the 
cable  sheath  is  ultimately  plumbed— impregnated  with  a  molten 
compound,  which,  when  set.  forms  an  air-tight  plug.  Potheads  are 
usually  manufactured  locally  as  follows  :  The  requisite  number  of 
V.I.R.  leaders  are  cut  to  the  proper  length,  and  at  one  end  of  each 

A   A  A  A  A  A 


Fk;.  2.— Test   for  Cr.oss?:D  Pair 


such  a  manner  as  to  ensure  it  being  «ell  filled  and  the  leaders  being 
thoroughly  enveloped.  When  cold,  an  air-pressure  test  is  applied 
the  mouth  of  the  sleeve  and  the  leaders  being  immer.sed  in  water  so 
that  a  leak  may  be  indicated.     If  sound,  the  pothead  may  be  used 


/*  Hir 


TrarjsvViKse  Secfiora. 

Fk;.  3.— Cablk  TEn.MiNAi. 


W.E.  Typo. 


that  the  diel  ctrie  should  hrTtri^ru^TnU  T    ?.     ;       \      essential     fitted  with  a  lead  cap  of  suitable  dimensions.     The  inverted  can  is 
The  leaders  are    hen  tjl    V  anT^ittZnchcH'/r   "■•""  T'^''     '"^''"•^  """^  ^^•'"'  '"'''^'''  '=°«l-'".'l.  and  after  the  leaders  have  beel 
.'■.-  being  laid  ^rl^fZ^^^J^^tJ^ TlITtrZr  '  f'"'^"«'  '"^^  ^^  uniformly  arrang.-.l  along  the  pothead  sleeve  con 
,  a.na  a  leaa  aecvt  ot  the  pioper     tainmg  them,  the  same  is  inserted  and  forced  well  into  the  cap. 
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superfluous  compound  being  expelled.  When  cold  the  pothead  is 
complete  and  may  be  jointed  to  the  dry-eorc  cable  in  tlic  usual 
manner. 

3.  Silk  and  Cotton  Lead-covered  Cable. — For  inside  positions  the 
present  jtractice  in  terminating  a  cable  of  over  .50  pairs  is  to  joint  it 
to  a  special  length  of  silk  and  cotton  insulated  lead-covered  cable, 
the  intervening  joint  being  filled  solid  with  paraffin  wax  as  a  means 
of  isolating  the  paper  core  from  the  atmosphere.  Tlie  end  of  the 
silk  and  cotton  cable,  which  is  to  be  connected  to  the  terminal 
apparatus  and  will  be  permanently  exposed,  is  stripped  of  its  sheath 
for  the  necessary  distance,  and  the  exposed  core  is  immediately  well 
satiu'ated  with  beeswax.  The  beeswax  should  be  maintained  at  a 
temperature  of  not  less  than  200°F.,  preferably  by  means  of  a  water- 
jacketed  waxing  tank,  and  the  cable  should  not  be  withdrawn  from 
the  wax  until  the  cessation  of  bubbling  shows  that  all  moisture  has 
been  expelled.  The  wax  is  allowed  to  penetrate  under  the  lead 
s'leathing  as  far  as  possible,  so  that  air  is  excluded  from  the  cable 
core.  Afterwards  the  waxed  wires  are  formed  out  in  a  manner  con- 
sistent with  the  disposition  of  the  terminals  to  which  they  are  ulti- 
mately to  be  connected.  The  joint  between  silk  and  cotton  and 
dry-core  cables  is  made  in  the  usual  manner  excc|)t  that  the  wires 
are  left  a  little  looser  and  that  the  ends  of  the  joint  are  packed  w  ith 
dry  cotton-wool  interposed  between  the  layers.  The  taping  is 
omitted,  and  after  being  thoroughly  dried  the  joint  is  pluralied.  If 
the  respective  tests  for  insulation  and  plumbing  are  satisfactory  the 
joint  is  immediately  filled  solid  with  pure  jiaraffin  wax.  When  cold 
another  insulation  test  and  an  air-pressure  test  are  a])plied. 

Air-pressure  Test. — To  prove  that  the  sheath  of  all  jointed  cables 
is  sound  an  air-pressure  test  is  desirable.  Air  which  has  been 
chemically  dried  is  applied  under  pressure  to  one  end  of  the  cable 
until  a  pressure  of  about  12  lb.  per  square  inch  is  registered  by 
special  pressure  gauges  fitted  at  its  extremities.  The  air  sujjply  is 
then  shut  off.  both  gauges  being  left  connected.  If  the  pressure  is 
maintained  without  appreciable  drop  for.  say,  1(1  hours,  it  may  be 
taken  as  proof  that  the  cable  sheath  is  air-tight  and  the  cable  may 
witii  safety  be  brought  into  use. 

Test  for  Insulation.  Conductiviti/  and  Capacitij.  —  The  capacity 
test  is  usually  dispensed  with.  The  conductivity  test  serves  as  a 
check  as  to  length,  and  proves  the  resistance  of  the  twisted  joints. 
The  insulation  test  is  of  greater  importance  as  the  insulation  resist- 
ance is  liable  to  considerable  variation  :  500  niegcihms  per  mile  of 
circuit  may  be  taken  as  an  average  standard,  and  when  the  dielectric 
consista  of  dry  paper  core  only  it  should  be  much  in  excess  of  this. 
Potheads,  cable  heads,  and  silk  and  cotton  cables  with  filled  joints 
detrimentally  affect  the  insulation. 

Desiccation. — An  improvement  in  the  insulation  of  air-space 
cables  is  readily  accomplished.  Atmospheric  air.  from  which  all 
moisture  has  been  extracted  by  being  jiassed  tlirough  tubes  contain- 
ing calcium  chloride,  is  forced  at  a  pressure  of  from  1.5  lb.  to  20  lb. 
per  square  inch  through  the  cable  of  low  insulation.  The  moisture 
is  absorbed  by  the  dry  air  and  expelled  along  with  it  at  a  vent  opened 
in  the  cable  at  a  suitable  point.  In  a  desiccating  ajiparatus  which 
is  being  fitted  by  the  National  Telephone  Co.  at  its  important 
c.Kchanges,  a  motor-driven  air  compressor  supplies  air  at  regulated 
pressure  to  a  chamber  which  is  connected  to  four  vertical  cast-iron 
cylinders.  The  cylinders  are  connected  in  series,  and  the  chloride 
of  calcium  is  distributed  within  them  on  jierforatcd  brass  trays 
supported  at  equal  intervals  by  a  central  rod.  Each  cylinder  is 
provided  at  the  to])  with  a  flanged  lid  .secured  by  bolts  and  made 
air-tight  by  a  rubber  washer,  and  at  the  bottom  with  a  blow-olf  cock 
for  drawing  ott'  the  extracted  moisture.  The  first  and  last  cylinders 
are  fitted  respectively  with  a  lever  valve  for  regulating  and  a  gauge 
for  indicating  the  pressure. 


DISCUSSION. 
Mr.  PrDi.EV  STr.\RT  wished  the  author  had  referred  to  tlie  develop- 
ments that  had  taken  place  in  the  construction  of  dry-core  cables.  It 
was  now  about  15  years  since  the  first  100-pair  dry-core  caliUs  for  3  in. 
ducts  were  introduced.  At  present,  owing  to  the  rapid  strides  which 
manufacturers  had  made  in  this  country,  600-pair  cables  could  be 
drawn  into  3  in.  duels.  Every  one  would  appreciate  the  advan- 
tages in  the  matter  of  iirice  per  duct  circuit.  One  reason  for  this 
advance  was  that  they  had  been  able  to  introduce  a  wire  calile  of  10  lb. 
per  mile.  By  this  means  they  clitained  a  6C0-pair  cable  which,  start- 
ing in  1905  with  2'55in.  diameter,  had  now  been  cut  down  to  2'34iu. 
diameter.  He  thought  that  engineers  generally — both  power  and 
telephone — were  apt  to  bind  down  suppliers  too  much  to  speeilication, 
with  the  result  that  manufacturers  had  been  trying  to  cut  down  ex- 
penses to  get  orders  The  National  Telephone  Co.  had  in  recent  years 
made  a  deep  studj'  of  the  question  of  the  sheathing  of  dry-core  cables. 
There  had  been  much  coutroversy,  which  whs  the  most  advantageous, 
lead  or  alloy?  The  sjieaker  gave  a  summary  of  the  results  of  investi- 
gations on  leadfas  against  &\\  alloy  of  lead  and  3  per  cent,  of  tin.  The 
deduction  which  he  made  was  that  the  alloy  was  cheaper  and  had 


general  advantages  over  lend.  If  the  price  of  tin  went  to  a  very  high 
figure,  of  course  they  would  need  to  reconsider  the  question.  As  to 
conductors  of  70  lb.  and  upwards,  the^e  were  used  for  long  circuits, 
trunks  and  junctions.  There  h.ad  been  a  novel  design  introfluced,  for 
which  it  was  claimed  that  a  101b  conductor  with  twin  ductx^dtiW 
give  something  like  the  ..iame  transmission,  but  teste  dkl  not  give  the 
results  claimed.  The  speaker  showed  further  diugmms  iiun  tables 
giving  much  valuable  information  respecting  vurious*sys't«feS  of  tele, 
phone  cables  and  their  cost. 

The  Author,  in  reply,  tendered  his  thanks  to  Mr.  Stuart  for  .-upple- 
menting  the  Paper  with  such  valuable  information.  He  pointed  cut, 
however,  that  the.  Paper  was  intended  to  put  forward  the  melhoils  , 
adopted  in  performing  various  operations,  and  as  carried  out  by  the 
National  Telephone  Co.,  and  the  means  they  found  secured  the  best 
results.  As  a  i)ractical  Paper  he  had  purpo.sely  omitted  everything  on' 
the  design  and  construction  side.  Of  course,  a  i^reat  deal  of  impor- 
tance was  attached  to  the  de.sign  of  these  cables,  but  if  those  oi^rations 
to  which  he  had  alluded  were  not  carried  out  in  practice  in  a  proper 
manner  he  was  afraid  that  much  of  the  time  spent  in  resign  would  be 
wasted.  Mr.  Stuart  had  mentioned  the  relative  qualities  of  lead  and 
alloy.  He  agreed  that  they  did  get  a  greater  methanical  strength 
from  an  alloy  of  something  like  3  per  cent.  This  cerl  ainly  seamed  the 
best,  because  they  must  needs  have  a  certain  an.ount  of  tensile 
strength.  In  pulling  in  the  cables  there  was  a  great  strain  imposed 
on  the  lead.  It  would  be  a  serious  matter  if  it  parted,  and  the  break 
would  be  difficult  to  locate. 

Prof.  Kapp,  in  proposing  a  vote  of  thanks,  said  that  the  short  dis- 
cussion was  not  an  indication  of  their  interest.  It  must  rather  bo 
taken  as  a  proof  of  the  great  merit  of  the  presentation  of  the  question 
by  Mr.  Baldwin, 


COMBINED  SWITCH  AND  FUSE. 

The  British  Electric  Caliljratcd  Fuse  Co..  of  Harpcndcn.  have 
recently  introduced  a  new  form  of  combined  fuse  and  switch.  The 
design  is  particularly  neat,  and  embodies  several  new  features  for 
this  class  of  apparatus,  which  should  ajipeal  strongly  to  all  users  of 


Combined  Switch  and  Fuse. 
(British' Electric  Calibrated  Fuse  Co.) 

electricity.  As  will  be  noticed  from  the  illustration,  the  fuse  blades 
are  actually  the  switch  blades,  and  there  is  no  way  of  making  circuit 
with  anything  but  the  correct  size  of  fuse.  It  is  also,  it  is  claimed, 
impossible  to  insert  wire  cither  in  iiarallel  with  a  fuse  or  alone. 
Therefore,  the  circuit  in  which  one  of  these  fuse  switches  is  inserted 
is  absolutely  ensured  agaiijst  any  excessive  overload,  to  which  it  might 
otherwise  be  sulijcctod,  either  through  negligence  or  ignorance. 

This  point'  alone  .should  api>cal  to  all  engineers.  The  consulting 
engineer  can  rest  assured  his  design  will  not  be  abus<-d  ;  the  con- 
tractor does  not  risk  an  unfair  slur  upon  his  rci)utation.  and  the 
consumer  knows  he  will  not  experience  a  breakdmvn  due  to  bad 
treatment  of  his  plant.  It  should  al.so  Ik-  noticed  that  theiv  is  only 
one  thumbscrew  for  fixing  each  fuse,  and  the  saddle  is  dead.  st>  that 
a  novice  can  replace  a  blown  fuse  in  under  10  seconds,  without  any 
fear  of  a  shock. 

On  the  face  of  it,  it  would  seem  that  this  appliance  merits  investi- 
gation and  trial,  and  the  company  are.  for  this  reason,  offering  to 
send  on  approval  a  fuse  switch,  either  of  the  open  or  enclosed  type. 
to  any  responsible  applicant,  with  a  catalogue  giving  full  particulars 
of  both  sizes  and  prices. 
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RAILLESS  ELECTRIC  TRACTION. 

There  is  not  much  doubt  that  railless  electric  traction 
will  receive  an  iinpetivs  in  this  country  through  the  report 
of  the  deputalioii  ap[>ointed  by  the  Tramways  Coniuiittee 
of  Sheiliekl.  This  Committee  recently  went  to  the  Conti- 
nent for  the  purpose  of  investigating  the  value  of  railless 
electric  traction  as  a  method  of  feeding  tramways.  They 
inspected  the  Mercedes-StoU  system  at  Vienna  and  the 
]\Ia.K  Schicmann  method  at  Mulhauseu,  and  in  the  report 
a  description  is  also  given  of  the  Filovia  system  in  use 
in  Italy.  The  latter  is  operated  by  a  trolley  pole  and 
special  form  of  four-wheeled  trolley,  two  wheels  running  on 
eacli  of  tlie  two  overhead  wires  rendered  necessary  in  this 
form  of  traction.  The  operating  costs  are  said  to  be  6d.  to 
7^d.  per  car-mile.  This  seems  low,  though  it  must  not  be 
forgotten  tliat  single-deck  cars  are  in  use,  as  is  customary 
on  the  Continent,  with  seats  for  24  passengers,  and  the 
lightness  of  the  ear  is  rendered  evident  by  the  statement 
that  the  equiwuent  consists  of  two  10  ii.i'.  motors.  At 
jMulhauseii  also  trolley  poles  are  used,  but  tlie  trolley  is  of 
a  simpler  design.  The  cars  there  are  characterised  by  a 
front  drive.  Although  this  form  of  drive  has  been  used  on 
Krieger  electric  automobiles,  we  are  not  aware  that  it  has 
been  tried  to  any  extent  on  heavy  vehicles.  The  effect  of  sucli 
a  drive  is  to  render  the  steering  somewhat  difficult ;  no 
object  is  stated  for  the  adoption  of  this  method,  though  it 
may  be  that  greater  freedom  from  side-slip  is  a  sufficient 
reason.     The  working  costs  are  about  .5d.  per  car-mile. 

The  Mercedes-StoU  .system  is  worked  with  a  flexible 
cord,  as  opposed  to  a  trolley  pole,  and  a  four-wlieelcd 
trolley  carriage  which  runs  on  the  top  of  the  pair  of  over- 
head wires.  Apparently  this  form  of  trolley  runs  satis- 
factorily and  with  little  wear.     The  omnibuses  are  char- 
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acterised  by  tlie  special  form  of  Mercedes  construction  in 
which  the  motors  arc  more  or  less  incorporated  witli  the 
wheels,  as  described  in  The  Electrician  of  April  17, 1908. 
With  a  car  weighing  2i  tons  the  running  cost  is  said  to  be 
4id.per  car-mile.  This  system  is  favoured  by  the  deputation 
in  preference  to  the  other  methods,  and  also  to  tlie  ordinary 
motor  omnibus,  and  the  opinion  is  expres.sed  that  the 
system  can  be  worked  at  a  profit.  It  is  pointed  out  that 
the  cost  of  overhead  lines,  &c.,  will  lie  about  £:!,000  per 
mile,  though  it  is  not  stated  whether  one  pair  or  two  pairs 
of  overhead  wires  will  be  used.  This  figure  compares  with 
£9,000  per  mile  for  single  track  with  overhead  lines  and 
£15,000  for  double  track.  The  cost  of  the  cars  is  taken  as 
£(300 per  car,  which  seems  a  high  figure  compared  with  £050 
for  the  ordinary  tramcar.  Any  sucli  system  is,  of  course, 
at  a  considerable  advantage  as  regards  upkeep,  as  there  is 
no  charge  for  maintenance  of  roadway. 

It  is  not  unnatural  to  consider  whether  the  electric 
omnibus  does  not  offer  a  rather  promising  solution  to  a 
problem  of  this  kind.  As  against  the  capital  charges  on 
£3,000  per  mile  the  upkeep  of  the  accumulators  has  to  be 
set.  For  heavy  omnibuses  2|d.  per  mile  seems  a  working 
figure,  and  for  light  ouniibuses  it  isdifticult  to  say  to  what 
this  might  be  reduced.  Means  for  charging  the  accumu- 
lators could  be  arranged  M'ithout  great  difficulty  at  tlie  end 
of  any  tramway  line,  and  such  a  system  of  accumulator 
cars  would  have  the  advantage  of  greater  flexibility  than 
the  trolley  omnibus.  The  cars  need  not  be  housed  at  the 
end  of  the  line,  but  might  be  accommodated  with  the 
tramcars,  if  the  car  shed  were  not  at  any  great  distance 
from  the  terminus  to  be  served.  If  battery  maintenance 
could  be  reduced  to  a  reasonable  figure  such  a  system 
certainly  offers  advantages.  On  the  other  hand,  although 
the  trolley  omnibus  lacks  flexibility  and  must  be  kept 
absolutely  to  the  route  that  has  been  equipped  for  it,  the 
overhead  .system  can  be  modified  very  simply  at  any  time 
when  the  service  warrants  the  extension  of  the  tramway 
along  routes  served  by  the  trolley  omnibus. 

The  pros  and  cons  will  be  more  easily  weighed  when  the 
Sheifield  Corporation  have  equipped  some  lines,  and  had 
their  cars  running  for  some  time.  We  do  not  doubt 
that  the  experiment  will  be  watched  with  very  consider- 
able interest  by  tramway  managers,  for  every  tramway  net- 
work is  ternunated  by  routes  which  would  not  be  remu- 
nerative for  tramway  working,  but  which,  nevertheless,  it  is 
desirable  to  develop. 


REVIEWS. 


(Copies  of  the  umlermentioned  worka  can  be  had  from  77je  Electrician  Offlce.  post  free, 
ou  receipt  of  publi&lied  price,  adding  3d.  for  books  publislied  under  2s.  Add  10  per 
cent,  for  abroad  or  for  foreign  books.) 


Experimental  Elasticity.  By  G.  F.  C.  Seakle,  F.R.S.  (Cam- 
bridge; University  Press  )     Pp.  xvi.— 185.     5s.  net. 

This  book  is  a  development  of  manuscript  notes  prepared  by 
the  author  for  use  in  the  Cavendish  Laboratory.  The  present 
volume  is  the  first  of  an  intended  series  on  all  the  branches  of 
practical  physics. 

There  are  two  schools  ot  teachers  in  practical  physics  ; 
one  teaches  chiefly  or  entirely  by  text  books,  tlio  other 
believes  in  the  more  flexible  method  of  nianuscripts.  The 
author,  after  considerable  experience  with  tlie  latter  nietliod, 
appears  now  to  be  developing  the  former.  The  first  half  of  this 
book  is  devoted  to  tJie  theory  of  elasticity,  in  which  are  the 
well-known  theorems  of  stresses  and  strain,  and  also  some 


methods  for  tensional  and  torsional  stresses  recently  published 
by  Dr.  Filon  before  the  Royal  Societv. 

In  the  second  half  of  the  book  are  the  standard  experiments, 
14  in  number.  The.se  should  he  very  helpful  to  advanced 
students.  In  addition  to  the  well-known  experiments  on 
Young's  modulus  and  rigidity,  we  find  the  author'.s  own  methods 
on  elastic  hysteresis,  torsional  and  tensional,  the  torsion  of  a 
blade,  the  energy  dissipated  in  torsional  hysteresis,  also  the 
author's  now  well-known  method  of  comparing  Young's 
modulus  and  rigidity  for  a  wire  dynamically  by  vibrations. 
This  method  the  author  also  uses  to  determine  Poisson's  ratio. 

The  book  ends  with  useful  appendixes  on  mechanical  prin- 
ciples and  notes  on  practical  students'  work  in  general.  We 
do  not  remember  seeing  elsewhere  some  methods  here 
used — {.(].,  the  ratio  of  the  two  radii  of  curvature  of  a 
uniformly  bent  beam,  also  Rayleigh's  reciprocal  relations 
between  force  and  displacement.  One  or  two  pa.ssages  ap- 
pear to  us  obscure  ;  the  theory  might  lie  expanded  in  places 
with  gain  in  clearness  ;  while,  on  the  other  hand,  there  seems 
to  be  unnecessary  fulness  on  some  of  the  practical  details  and 
directions  in  the  latter  part  of  the  book.  In  the  experiment 
on  the  measurement  of  Young's  modulus  by  stretching  a  wire 
horizontally  on  a  kind  of  monochord  apparatus,  no  mention 
is  made  of  the  friction  of  the  pulleys,  by  which  the  tensions  in 
the  vertical  and  horizontal  portions  of  the  wire  are,  in  general, 
unequal. 

To  sum  up,  we  find  here  an  original,  practical  book,  which 
should  be  of  considerable  value  in  the  physical  and  engineering 
laboratory,  and  we  shall  look  eagerly  for  the  succeeding  volumes 
in  the  series,  which  promise  to  enrich  oiir  shelves. 

P.  E.  Shaw. 

The  Management  of  Dynamos.    By  C.  W.  LujimisPaterson.    4th 

edition.     (London  :    Crohhj',   Lockwood  &  Son.)     Pp.    viii.— 235. 

4s.  6d.  net. 

This  book  now  appears  in  its  fourth  edition,  after  being 
revised  and  partially  re- written.  Its  title  is  rather  misleading, 
as  the  book  also  deals  with  theory  and  construction,  in  so  far 
as  these  relate  to  the  management  of  continuous-current 
dynamos  and  motors,  and  is  specially  written  for  those  in 
charge,  or  who  expect  to  have  charge,  of  such  machines. 

The  book  is  divided  into  three  parts — the  theory,  the  con- 
struction and  the  management  of  the  dynamo.  In  the  first 
place  the  book  discusses  in  a  very  simple  and  readable  manner 
the  electrical  principles  underlying  the  action  of  all  dynamos 
and  motors.  Occasionally,  however,  some  of  the  author's 
remarks  arc  rather  misleading.  For  example,  in  drawing  an 
analogy  between  flow  of  water  and  flow  of  electricity,  he  states 
that  a  current  is  analogous  to  the  volume  of  water  passing 
through  a  pipe,  which  is  obviously  wrong,  and  we  fear  may 
puzzle  some  readers.  We  must  challenge  the  statement  that 
a  machine  designed  for  100,000  watts  may  be  arranged  to  gi\e 
1.000  amperes  at  100  volts,  10,000  amperes  at  10  volts  or 
100  amperes  at  1.000  volts.  These  outputs  would  require  con- 
siderable modification  in  any  modern  design  of  machine,  and 
it  would  be  by  no  means  such  a  simple  matter  as  the  author 
indicates. 

The  theory  of  the  dynamo  is  very  simply  explained, 
hut  we  are  very  disappointed  with  the  author's  treatment 
of  the  construction  of  the  dynamo.  In  this  section  those 
types  of  machines  which  were  in  vogue  when  the  book  was 
first  written  in  1895  are  given  (piite  a  proiniiient  place,  tie 
modern  types  being  only  Inielly  mentioned.  This  is  especially 
evident  in  the  author's  description  of  commutators.  In  the 
same  way,  carbon  brushes  and  holders  are  merely  referred  to, 
whilst  tlie  old-fashioned  wire  and  gauze  brushes  with  their 
holders  are  described  at  length. 

Coining  to  the  practical  ])art  of  the  liook.  we  congratulate 
the  author  on  his  simplicity  of  language  and  clearness  of  ex- 
pression, though,  again,  he  inenfions  some  rather  old-fashioned 
methods,  such  as  cutting  out  one  or  more  field  coils  to  regulate 
the  voltage  of  dynamos  ;  but.  on  the  whole,  the  ]iart  dealing 
with  the  various  types  of  dynamos  and  the  method  of  regulat- 
ing them  is  ;is  satisfactory  as  can  be  expected  in  an  elementary 
book.     The  chapters  dealing  with  the   management   of  the 
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dj'uamo  aiul  the  fuults  which  may  ariso  are  voiv  wi'll  written, 
and  the  methods  expkiniiig  how  the  manv  difficulties  which 
occur  with  these  machines  are  got  over  should  be  of  great 
assistance  to  any  person  having  such  machines  in  his  charge. 
The  last  two  chapters  are  devoted  to  motors  and  motor  starters, 
and  to  the  troubles  likely  to  arise  in  connection  with  them  and 
the  method  of  curing  their  ills. 

On  the  whole  wc  think  this  book  should  be  of  great  help  to 
the  mechanic  who  has  no  complete  knowledge  of  dynamo.s  or 
motors,  but  wishes  to  have  sufficient  knowledge  to  enable  him 
to  get  over  the  various  difficulties  which  occur.  The  w-orst 
feature  of  the  book  is  in  the  diagrams  and  sketches,  which  are 
wanting  in  neatness  and  clearness. 

Electric  Furnaces.  By  Wilhelm  Borcuers.  TransUteilliy  H.  O. 
Solomon.  (London  :  Longmans,  Green  &  Co.)  Pp.  ix.--218. 
7s.  6d.  net. 

The  author  sadly  lacks  the  discriminating  power  which  one  is 
accustomed  to  expect  from  the  historian,  and,  in  our  opinion, 
greatly  over-estimates  the  importance  of  his  own  work,  ^'ery 
full  descriptions  are  given  of  the  numerous  laboratory  devices 
employed  from  time  to  time  at  Aachen  ;  but  these  are  inter- 
woven with  accounts  of  industrial  furnaces  in  a  manner  not 
easy  to  follow.  Another  weakness  of  the  author  is  his  appa- 
rent inability  to  recognise  the  relative  value  of  the  inventor 
who  sketches  out  some  form  of  furnace  construction  and  the 
patient  investigator  who  concentrates  his  attention  upon  em- 
ploying the  simplest  means  to  attain  the  object  in  view.  This 
is  apparent  throughout  the  whole  book,  but  is  nowhere  more 
marked  than  in  the  short  section  (plentifully  interspersed  with 
marks  of  exclamation)  devoted  to  Moissan's  work,  in  which 
his  great  scientific  achievements  in  laying  the  foundation  of 
our  knowledge  of  high-temperature  chemistry  arc  scarcely 
mentioned. 

The  chapter  dealing  w'ith  electrodes  and  their  connections 
contains  much  useful  information,  and  it  is  unfortui\ate  that 
the  author  has  not  devoted  more  of  the  space  available  to 
generalities  of  this  kind  connected  with  furnace  construction. 
It  is  noteworthy  that  no  mention  is  made  of  artificial  graphite, 
nor  of  the  devices  used  for  the  automatic  control  of  the  energy 
consumption  in  the  furnace;  almost  every  industrial  furnace 
at  j)resent  in  u.sc  i.s  provided  with  mechanism  for  regulating 
the  supply  of  current,  and  a  description  of  this  auxiliary  plant 
would  have  made  a  valuable  addition  to  the  book.  Again,  five 
pages  are  devoted  to  the  mercury  vapour  lamp  (which  is  scarcely 
to  be  classed  as  an  electric  furnace),  but  no  account  is  given 
of  the  important  types  of  furnace  in  use  for  the  manufacture 
of  the  oxides  of  nitrogen. 

The  printing  and  illustrations  are  excellent,  and  the  transla- 
tion appears  to  have  been  carefully  carried  out.  There  is, 
moreover,  a  great  deal  of  information  which,  with  due  dis- 
crimination, will  prove  of  value  to  those  interested  in  the  use 
and  application  of  electric  furnaces.  R.  S.  Hutton. 


THE  MEASUBEMENT  OF  THE   INSULATION  RESIS 
TANCE  OF  A  LIYE  THREE  WIRE  SYSTEM.* 

BY   DR.   CISIIERT  K.\PI"  AND   DR.  DENNIS  COAI.ES. 

Summary.— Two  method."  of  Bsceitaining  tlie  joint  fault  resistance 
of  II  three-wire  system  witliout  disconnecting  the  earth  connection  are 
first  described.  The  authors  then  proceed  to  describe  a  method  where- 
b\-  the  insulation  of  each  wire  may  be  ascertained  separately. 


The  well-known  Ru.ssell  test  gives  the  combined  insulation  resis- 
tance  of  the  three  wires,  but  not  that  of  each  wire  separately.  It 
moreover  necessitates  interrupting  the  earthing  connection  whilst 
the  test  is  being  miide.  This  is  not  necessary  in  Frnhlirh's  moditi- 
cation.  but  the  latter  also  does  not  allow  of  a  separation  of  the 
joint  oondiictivily  of  the  three  faults.  The  following  two  methods 
for  finding  the  joint  fault  resistance  do  not  require  the  earthing 
cnnnecficm  of  the  middle  wire  to  be  broken. 

1.  Let.  in  Fig.  1.  ah  repre.sent  a  potential  slide,  the  resistance  of 
which  need  not  be  known.    The  ends  are  permanently  connected  to 


the  outer  wires,  and  the  slider  is  connected  througli  an  ammeter.  A, 
to  earth.  The  middle  wire  is  connected  through  a  voltmeter,  V,  of 
resistance  p  to  earth.  R  is  the  usual  earthing  connection  with  its 
ammeter  A,,.  To  measure  the  total  fault  resistance  pu,sh  the  slider 
into  such  a  position  that  A  reads  zero,  and  note  the  reading  of  V 
which  we  shall  call  e.  Then  push  the  slider  into  such  a  position  that 
V  reads  zero,  and  note  the  reading  on  A  which  we  shall  call  /.  The 

fault  resistance  is  then  /=  .-     — . 
i  —  e  p 
2.  The  middle  wire  has  bssides  its  usual  earth  connection  a  con- 
nection with  a  graduated  resistance  with  sliding  contact,  and  the 
latter  is  connected  to  earth  through  a  1  jw-rcading  ammeter  (Fig.  2). 


Fig.  2. 

We  found  it  convenient  to  use  for  this  purpose  a  Siemens  milli- 
ampcre  meter  of  1  ohm  resistance,  but  any  other  instrument  of 
known  resistance  will  do.  To  make  a  test  set  the  slider  so  that  the 
pointer  of  the  ammeter  reads  a  little  under  half  its  total  range,  and 
note  the  corresponding  resistance  in  circuit  between  the  slider  and 
middle  wire.  Let  this  be  p  and  the  current  i.  Then  shift  the  slider 
so  as  to  reduce  the  resistance  to  such  a  value  p,  that  the  current  is 
exactly  doubled.  This  will  bring  the  pointer  to  near  the  end  of  the 
scale.  Thus  both  currents  can  be  read  with  gieat  accuracy.  If  r  is 
the  resistance  of  the  ammeter  the  combined  fault  resistance  s 
/;=p  — 2f,  -  r.  The  above  methods  are  very  simple  and  do  not 
interfere  with  the  earthing  connection ;  also  they  can  be  applied  at 
any  point  of  the  system. 

Tho  proof  of  these  formula-  is  simi>Ie  and  is  given  in  the  Paper. 

Since  all  the  methods  for  finding  the  fault  conductivity  proposed 
up  to  the  present  give  the  sum  of  the  conductivities,  it  is  obviously 


*  Abstract  of  an  original  communication  accepted  by  the  Council  of 
the  Institution  of  Electrical  Engineers  for  publication  in  the  "  Journal.'' 


Fio.  3. 

hopeless  to  try  separating  tlura  by  the  use  of  additional  artificial 
faults.  Wo  must  introduce  a  new  element  into  the  (est,  and  this  is  a 
slight  variation  of  the  ditferenceof  voltage  between  the  two  sides  of 
the  system.  This  may  be  done,  since  the  Board  of  Trade  allows  a 
variation  of  ±  4  per  cent,  in  the  pressure  on  the  consumer's  pre- 
mises, and  readings  are  taken  with  a  +  and  -  variation  oti  each  side. 
Fig.  3  represents  the  apparatus  used.  The  outer  wiies  are  con- 
nected to  the  terminals  1,  2,  and  the  middle  wire  is  connected  to  o. 
y  is  a  voltmeter  capable  of  reading  the  jjressure  between  the  two 
outer  wires.  It  is  provided  with  a  switch  so  that  it  may  also  be 
used  to  measure  the  pressure  between  one  outer  and  the  middle 
wire.  A  is  the  low-reading  ammeter  used  in  No.  2  test  above,  and 
P  is  its  series  resistance.  This  is  not  altered  during  the  test.  The 
pressure  between  the  two  outer  wires  is  also  kept   constant,  but  Ej 
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and  E,  are  varied  so  that  E=E,  +  £2=  K,' +  E;:  K,'- E,  =  K,  -  E,' 
being  the  permissible  variation  of  about  8  per  cent,  of  the  declared 
pressure.  If  K  is  the  combined  conductivity  of  the  three  faults  and 
the  ammeter  with  its  series  resistance,  we  have— 

E,rj-E2C2  +  cK=0, 

E,'fi-E2'c2  +  e'K=0. 

(E,'-E,)f,  +  (E,-E./)C2  +  (e'-f)K=0. 

(E/-E,k,  +  (E/-E',)ca  +  (<'/-f)K=0, 

■ ' .'  ■  ,  e  -  e' 

c,  +  r. 


K. 


„'E., 


-El     E/ 


El' -El 

Since  r.  =  Ci  +  Ci  +  r„  is  known  from  the  test  made  according  to 
method   2,  we  find  the   conductivity  of  the  fault  on  the  middle 

wirer  =c-K— ^~^    .     The  other  two  conductivities  are  then  de- 

"  Ei'-E, 

termined,  giving 

■^)     and     c..  =  k(1.  „, 
^E   •  Ei'-Ei     E/  -        VE      E,' 

This  test  can  also  be  made  at  any  point  of  the  system — for  in- 
stance, in  the  engineer's  office.  It  is  important  that  the  voltage 
over  the  outer  wires  should  be  unaltered  during  the  few  minutes 
required  for  the  test. 

On  consideration  of  the  above  formulae  it  will  be  observed  that 
the  values  of  the  fault  conductivities  of  the  outer  mains  depend  for 
their  accuracy  upon  the  determination  of  the  small  differences 
between  the  large  voltages  Ei'and  Ei.  To  render  this  measurement 
sensitive  two  methods  may  be  employed:  («)  in  which  a  voltmeter 
having  an  initial  spring  tension,  and,  say,  of  10,000  ohms  resistance, 
reading  from  230  to  270  volts,  is  used  ;  {h)  in  which  a  low-reading 
voltmeter  is  connected  to  a  sliding  contact  on  a  slide  wire  con- 
nected to  the  outer  mains,  the  other  terminal  of  the  voltmeter 
being  connected  to  the  middle  wire.  Both  these  methods  may  be 
extended  to  the  measurement  of  the  voltage  between  the  middle 
wire  and  earth  upon  the  same  instrument.  When  the  insulation  of 
the  outer  mains  is  high  compared  with  that  of  the  neutral  main,  and 
especially  when  the  earthing  resistance  is  low,  the  value  of  (f  — f') 
is  very  small  compared  with  <:  That  is  to  say,  a  given  change 
(E,'  -  E)  in  the  mains  voltages  produces  a  very  small  change  on  the 
voltmeter  reading  between  the  neutral  and  earth,  and,  therefore, 
for  this  reading  also  a  voltmeter  with  initial  spring  tension  is  desir- 
able. By  varying  the  series  'esistance  of  such  a  voltmeter,  one 
instrument  may  be  used  to  measure  sensitively  both  E^'  — E,  and 

f-C'. 

The  .second  method  (6)  of  using  a  low-reading  voltmeter  for 
mea.suring  E|'-E|  is  as  follows:  A  graduated  potential  slide,  PQ 
(Fig.  4),  is  connected  between  the  outers,  and  a  low-reading  volt- 
meter is  connected  alternately  between  the  sliding  contact  M  and 
the  middle  wire,  and  between  earth  and  the  middle  wire  by  means 
of  a  plug  swith.  When  the  Jilug  is  in  hole  1,  let  v  be  the  voltage 
indicated,  and  let  i-,  and  k.,  represent  the  reciprocals  of  the  resis- 
tances I'M  and  QM,  and  let  i-,,  be  the  reciprocals  ot  the  resistance  of 
voltmeter  and  its  series  resistance  if  any  is  used  when  connected 

to   M.      Then   the    authors    show    that    AE==-Ac.; r-    "'here 

k=k„+kj  +  ki  «nd  aE  and  Ac  are  the  changes  produced  by  altering 
the  balancer.  The  sensitiveness  of  the  measurement  of  Ac  is 
governed  by  the  sensitiveness  of  the  voltmeter,  because  /•  may 
always  be  made  zero  by  adjusting  the  position  of  the  slider  M.  It 
is  thus  possible  to  mea.sure  Ac  with  very  much  greater  accuracy  than 
E,'— E,,  when  a  voltmeter  without  initial  spring  tension  is  used. 

The  authors  finally  show  how  the  measurement  of  the  mains' 
voltages  may  be  obviated,  so  that  only  one  indicating  instrument 
ia  required  to  make  all  the  measurements  for  determining  the  fault 
resistances  of  the  thrcj^-  mains  of  a  three-wire  system. 

By  setting  the  slider  M  (Eig.  4)  in  its  middle  position  we  may  use 
the  voltmeter,  with  the  ])lug  in  hole  1.  to  indicate  the  condition 
Ei=E2.  For  when  this  is  attained,  by  adjusting  the  shunt  regu- 
lator of  the  balancer,  the  voltmeter  will  indicate  zero.  Having 
made  this  adjustment  of  volts,  we  are  at  liberty  to  move  M  with- 
out in  any  way  affecting  the  values  of  E,  and  K,.  It  is  jjroved  that 
where  7=conductivity  of  the  voltmeter  when  connected  to  earth, ' 
Ae     k,  +  k\ 

'■^  +  '-'=aT.  •-T~*''  +  "/'' 

k,  -  k, 
'■;-''i=  ^^  •  (<-  +  7)- 

This  last  method  has,  however,  the  disadvantage  that  the  use  of  an 
instrument  reading  from  zero  renders  the  measurement  of  Ac  likely 
to  be  unsensitive.  By  the  use  of  a  simple  compensating  jiotential 
slide  the  difficulty  may  be  overcome. 


THE  DESIGN  AND  REQUIREMENTS  OF  ELECTRIC 
POWER  WORKS.* 

BY    HOB.\CE    BOOT. 

In  regard  to  the  necessity  of  a  good  site  a  great  many  works  are 
suffering  from  the  early  mistakes  made.  In  many  municipal  works, 
the  site  was  cho.sen  on  account  of  the  corporation  owningithe  land — 
often  in  the  middle  of  well-populated  district,': — and  as  the  works 
have  grown  this  bad  selectiim  has  cost  them  thousands  of  |)ounds. 
This  applies  to  fuel,  which  should  be  obtainable  to-day  either  by 
rail  or  water,  preferably  by  both,  to  a  supply  of  water  for  boiler 
feed  and  condensing  purposes,  to  the  question  of  nuisance,  annoy- 
ance or  injunctions,  to  foundations,  and  to  space  for  extensions. 

The  author  then  enumerates  the  various  buildings  required  for  an 
electric  power  station,  and  shows  how  the  cost  of  land  and  buildings 
varies  in  different  undertakings.  Thus,  at  Newcastle  these  items 
work  out  at  £8-48  per  kilowatt  of  plant,  at  Brighton  £27-67,  and  at 
Chichester  £3  (buildings  only).  Generally  speaking,  for  small  power 
houses,  nothing  beats  brickwork  with  the  cantilever  roof  and  lantern 
lights  running  along  the  top.  For  very  large  power  houses,  concrete 
and  steel  construction  is  the  best  ;  that  is  to  say,  the  whole  of  the 
building  is  constructed  of  steel  work  and  filled  in  with  concrete  walls. 
Provided  there  is  sufficient  land,  it  is  advisable  to  build  a  dwelling- 
house  for  the  engineers-in-charge  and  cottages  for  the  principal 
workmen,  so  that  the  men  are  always  near  if  required. 

In  regard  to  the  question  of  nuisance,  if  it  is  im])ossiblc  to  get  a 
site  away  from  the  residential  property,  it  is  advisable  to  buy  up  the 
property  first,  as  afterwards  the  prices  asked  may  l)ecome  greatly 
enhanced. 

The  type  of  plant  makes  a  very  great  difference  to  the  size  of  the 
works.  Thus  two  800  kw.  reciprocating  sets,  considered  by  the  author, 
required  48  ft.  by  46  ft.  of  ground  space,  whereas  two  I, .500  kw.  steam 
turbines  only  required  28  ft.  by  50  ft.  Power  stations  do  not  lend 
themselves  to  architectural  embellishments  :  (a)  since  cajjital  cost 
has  to  be  kept  down  ;  (6)  in  that  their  general  shape  cannot  be  very 
sightly.  The  materials  used  are  best  left  to  local  conditions. 
Inside  the  walls  should  be  lined  to  a  height  of  about  10  ft.  with  «  hite 
glazed  bricks  and  finished  off  with  ornamental  chocolate  or  other 
bricks.  The  style  of  the  flooring  for  the  engine-room  is  very  difficult 
to  settle,  but  .so  far  as  pattern  goes  it  is  hard  to  beat  mosaic  or 
tessellated  paving,  but  it  should  be  set  up  in  squares,  as  otherwise 
there  will  not  be  sufficient  give,  and  it  will  crack,  owing  to  the  varia- 
tions in  temperature.  In  many  works  tiles  are  used,  but  the  trouble 
is,  that  when  heavy  tools  are  dropjied  the  tile  is  usually  broken. 
Hard  wood  flooring  has  been  tried,  but  with  oil  and  grease  about  it 
is  difficult  and  expensive  to  keep  clean,  and  when  dirty  becomes 
very  slippery.  For  tlie  boiler-house  the  author  is  in  favour  of  using 
blue  bricks  placed  sideways  on  account  of  their  lasting  pro|)erties. 

A  site  should  not  l)e  chosen  where  a  great  deal  of  money  has  to  be 
wasted  on  levelling  :  also,  great  care  must  be  taken  to  sec  that  the 
flues  and  economisers  are  not  placed  below  the  ground  water  level. 
It  is  very  difficult  to  keep  the  boilers  and  generators  in  a  line  with 
one  another,  on  account  of  the  boilers  requiring  so  much  more  room 
for  the  same  output.  In  America  they  often  place  the  boilers  on 
different  floors,  but  this  practice  has  not  been  copied  over  here,  as 
there  are  undoubtedly  objections  to  it. 

Refuse  destructors  are  sometimes  situated  alongside  the  electricity 
works,  but  a\  here  a  works  has  only  a  lighting  load  the  saving  obtained 
by  combining  the  two  is  not  so  apparent  as  it  would  be  in  the  case 
of  combining  a  refuse  destructor  with  a  waterworks  or  works  requir- 
ing a  con.stant  amount  of  power.  Anyhow,  the  author  thinks  the 
practice  will  increase  rather  than  diminish. 

A  few  particulars  are  then  given  of  the  (;reen«ieh  generating 
station  of  the  London  County  Council.  The  buildings  are  of  steel 
framework  enelo.sed  with  brick  walls  having  stone  dicssings  for 
ornamentation.  The  boiler  and  engine  houses  arc  faced  with  iviry 
white  glazed  bricks  and  a  brown  glazed  dado.  The  floors  through- 
out are  of  cimcrete.  covered  with  tcrrazzo  or  granolithic. 

Should  gas  engines  (either  suction,  producer  or  power  gas)  lie  u.scd. 
then  a  boiler-house  is  not  required.  A  diagram  in  the  Paper  gives 
a  very  good  idea  of  the  requirements  of  a  producer  gas  engine  build- 
ing, together  with  the  space  required  for  the  ga.s  plant.  In  the 
works  designed  by  the  author  for  the  city  of  Chichester,  which  arc. 
of  eour.se,  small,  but  «hich  will  ))robal)ly  be  followed  by  all  small 
towns  where  an  electricity  supply  is  not  at  present  given,  the  build- 
ings only  comprise  an  engine-house.  The  walls  are  brickwork,  the 
roof  steel  framework  and  slated,  the  flooring  terrazzo,  and  the 
generating  plant  is  interesting  as  one  of  the  first  (if  not  the  first) 
employing  engines  of  the  Diesel  type  for  prime  movers, 
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The  cost,  as  mintiuned  above,  oomis  out.  from  the  biiikliiii;  point 
of  view,  very  low,  wliieh  is  one  of  tlic  advantages  of  using  Diesel  oil 
engines  for  generating  electric  power.  The  author  i.'^  of  the  opinion 
that  for  small  towns,  where  coal  is  dear,  nothing  can  beat  the  results 
obtained  by  these  engines ;  and  with  metallic  filament  lamps 
reducing  the  cost  of  electricity  below  that  of  gas  (in  small  towns), 
there  is  no  reason  why  many  towns,  which  hitherto  have  been  too 
small  to  put  down  works,  should  not  follow  tlie  example  of  Chichester. 


CORRESPONDENCE. 

— -♦- — 

I'ARALl.EL  RUNNING  "WITH  EARTHED  NEUTRALS. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

8in:  By  a  perhaps  notnimatural  coinciclence,  tlie  idea  I  sug- 
gested during  the  discussion  on  Mr.  Rider's  Paper,  on  the  22iid 
ult. — viz.,  to  connect  the  neutral  point  of  each  alternator 
through  a  choking  coil  to  a  common  'bus  bar  which  is  con- 
nected to  earth  through  a  resistance,  appears  to  liave  occurred 
quite  independently  to  Dr.  Sumpner,  and  I  am  pleased  to  note 
from  his  letter  to  you,  dated  the  26th  ult.,  that  he  considers 
the  idea  a  sound  one. 

I  entirely  agree  with  Dr.  Sumpner  that,  for  reducing  the 
current  between  the  neutral  points  of  the  machines,  tlie 
choking  coil  arrangement  is  far  simpler  than  the  device  for 
connecting  only  one  machine  to  earth  at  a  time,  but  I  cannot 
endorse  his  opinion  when  be  further  states  that  the  choking 
coils  should  be  made  large  enough  to  prevent  serious  earth 
currents.  1  think  that  the  choking  coils  should  be  designed 
to  deal  with  the  currents  circulating  between  the  neutral 
points,  and  that  they  should  not  oppose,  to  any  verj'  appre- 
ciable extent,  the  normal  frequencj'  currents  going  to  eaith, 
these  being  dealt  with  by  the  main  resistance. 

1  venture  to  suggest  that,  both  as  regards  cost  and  limiting 
of  current  to  earth,  the  arrangement  of  carbon  powder  resis- 
tances, wliich  I  described  at  the  meeting  on  the  22ud  ult., 
possesses  ver}'  considerable  advantages  over  existing  methods. 
An  earthing  resistance,  if  of  the  ordinary  iron  grid  type  (where 
the  ohmic  value  is  lowest  when  cold)  with  or  without  clioking 
coils  in  series,  must  be  of  such  a  value  that  Avlien  the  fault 
occurs  on  the  longest  feeder,  sufficient  current  will  pass  to 
trip  the  automatic  switch  on  that  feeder.  Mr.  Rider  states 
that,  in  his  system,  the  value  of  the  resistance  must  not  be 
more  than  3  •">  ohms,  and  it  is  therefore  possible  to  get 
3,700  ^3-.")  =  1,050  amperes  to  earth,  if  the  fault  is  so  close 
to  the  station  as  to  make  its  resistance  negligible. 

With  carbon  powder  resistance,  on  the  other  hand,  the 
ohmic  value  is  highest  when  cold,  and  decreases  as  the  resi.--- 
tancc  heats  up.  'faking  a  resistance  which  decreases  to  Hh  of 
its  oiiginal  value,  at  which  figure  it  remains  practically 
constant,  it  is  clear  that  wo  can  afford  to  have  a  resis- 
tance which  will  be  6ve  times  :'r5  ohms  =  17-.">  ohms  when 
cold.  The  maximum  current  that  will  pass  to  earth  when  a 
fault  occurs  is  then  '■i,100~  17-5  =  2 12  amperes.  If  this  is  not 
sufticient  to  trij)  the  automatic  switch,  the  resistance  will  auto- 
matically decrease  until  just  suflicient  current  passes  to  cause 
the  switch  to  break  circuit,  and  this  latter  current  (250  to 
300  amperes)  should  be  the  maximum  which  will  pass  to  earth 
under  any  circumstances,  assuming  that  the  automatic  switches 
work  properly. 

It  is  therefore  clear  that  with  the  carbon  powder  resistance 
the  greatest  current  when  a  fault  occurs  willbe  212ampere5,  and 
the  maximum  that  the  automatic  '^witches  will  have  to  break 
will  be  300,  whereas  with  ordinal 3*  resistances  the  current  in 
lioth  cases  will  be  anj-lhing  between  300  and  1,050,  and  prob- 
abl3'  will  most  often  1>3  nearer  the  latter  figure. — I  am,  Hcc, 
Beekenhara,  May  3.  H.  Br Azn.. 

TO  THE   EDITOR   OK   THE   ELKCTRKTAN. 

Sir:  I  have  read  with  great  interest  the  letter  which  you 
publish  in  your  last  issue  from  Dr.  Sumpner  on  the  neutral  line 
currents  flowing  between  two  or  more  similar  alternators 
coupled  in  parallel.  I  have  recently  had  an  opportunity  of 
investigaliiig  these  currents  in  the  case  of  a  station  containing 
a  number  of  2,000  kw.  sets.     The  magnitude  of  the  neutral 


line  current  may  be  surprisingly  largo  :  in  one'casc  it  rose  to  as 
much  as  20  per  cent,  of  the  line  current  from  the  machine 
when  coupled  to  another  of  different  type,  though  the  wave 
shapes  of  E.M.F.  on  the  two  machines  were  very  slightly  dis- 
similar. The  largeness  of  the  circulating  current  is,  I  think, 
due  to  the  comparatively  small  inductance  of  the  local 
circuit  round  which  the  currents  are  flowing.  I  am  not 
quite  clear  as  to  what  Dr.  Sumi)ner  means  when  he 
speaks  of  the  inductances  of  the  three  branches  of  the  three- 
phase  generator  cancelling  out.  The  inductance  of  the 
armature  due  to  "armature-reaction  flux"  will  be  partly 
neutralised  by  the  eft'ects  of  mutual  induction,  but  the  induc- 
tance of  the  armature  due  to  "slot-leakage  flux"  must  be 
constant  and  is  the  same,  or  very  nearly  so,  for  all  frequencies. 
I  have  made  a  careful  comparison  lietwcen  the  E.M.F.  waves 
in  the  case  1  have  referred  to  above,  and  I  estimate  that  the 
total  triple  frequency  voltage  cannot  have  beeu  much  greater 
than  3  per  cent,  of  the  full  voltage  of  the  machine.  Taking 
this  figure,  I  get  a  value  of  the  reactatice  for  the  armature 
seven  times  the  resistance,  which  is  a  reasonable  figure.  The 
largeness  of  the  circulating  current  with  such  a  small  difference 
between  the  two  E.M.F.  waves  is  most  interesting.  The  only 
harmful  eflect  of  these  currents  is  the  tendency  to  overheat  the 
armature  coils,  though,  as  Mr.  Peck  has  pointed  out  in  a  letter 
to  one  of  your  conterapDraries,  the  actual  heating  effect  as 
compared  with  that  due  to  the  main  armature  current  is  un- 
usually small.  In  the  case  I  have  mentioned,  where  the  cir- 
culating current  per  phase  was  20  per  cent,  of  the  main 
current,  the  extra  heating  effect  at  full  load  will  only  be  -t  per 
cent,  of  that  due  to  the  main  current. 

I  was  further  interested  in  Dr.  Sumpuer's  letter  from  the 
recommendation  that  he  makes  as  to  the  best  method  of  getting 
rid  of  these  currents,  since  it  was  precisely  the  same  as  the 
suggestion  I  made  in  an  unpublished  report  written  at  the  be- 
ginning of  April.  The  same  suggestion  has  also  been  made  by 
Mr.  Peck  in  a  letter  to  which  1  have  already  referred.  It 
seems  obvious  that  an  inductance  must  be  the  best  method  of 
getting  rid  of  a  highfrcijuency  current :  that  is,  that  it  must 
be  more  effective  thau  a  resistance,  for  the  same  purpose.  A 
drawback  to  its  use  is  that,  if  there  is  any  out-of-balance  cur- 
rent, it  would  act  a5  an  additional  apparent  inductance  to  the 
armature  and  thus  tend  to  spoil  the  pressure  regulation.  With 
a  power  station  feeding  sub-stations  the  out-of-balance  current 
is  always  negligil'le,  and  hence  the  use  of  an  inductance  coil 
should  not  prove  harmful.  The  ideal  plan  would  be  to  have 
a  circuit  for  the  neutral  currents  coming  from  the  feeders, 
which  was  resonant  for  the  main  frequency,  but  which  would 
present  a  great  impedance  to  local  currents  of  triple  frequency. 
There  seems,  however,  so  little  possibility  of  serious  harm  result- 
ing from  these  triple  frequency  currents  that  a  circuit  of  this 
kind  would  probably  give  more  trouble  than  it  was  woitb.  0;.o 
fact  which  is  worth  noting  is  that  two  machines  of  exactly 
similar  type  may  produce  no  triple  frciiuency  currents  when 
they  are  running  at  the  same  jiower  factor,  but  when  the  exci- 
tation of  one  of  them  is  altered  so  as  to  change  the  power 
factor,  quite  large  circulating  currents  (almost  entirely  of  triple 
frequency)  will  flow.  Sometimes  harmonics  as  high  as  the  21st 
arc  present,  but  these  are  relatively  unimportant. — I  am,  iV'c, 

E.  W.  Marchant. 
The  University,  Liverpool,  May  3. 


THE  THIRD  R.\IL  IN  ELECTRIC  TRACTION. 

TO    THE    EOnOR    OF   THE    ELECTRICIAN. 

Sir  :  It  is  impossible  to  allow  the  statements  re  the 
third  rail  made  by  Mr.  Dawson  in  your  i,ssue  of  April  Kitli  to 
to  pass  without  comment,  since  if  the  statements  made  by  liiiii 
in  the  preceding  articles  of  the  series  ai-e  equally  biassed  tlie 
value  of  an  otherwise  excellent  treatise  on  electric  traction  on 
railways  is  greatly  diminished. 

The  .single-phase  system,  the  three-phase  system  and  the 
third-rail  system  are  each  of  value  in  their  proper  a])plications, 
but  none  of  these  .systems  arc  of  universal  application  to  every 
]iroblem  of  .steam  railway  electriflcation  :  the  third-rail  system 
lias  proved  itself,  both  in  this  country  and  in  the  U.S.A.,  to  be 
eminently  suitable  lor  suburban  electrification,  and  it  is  tie 
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universal  experioiice  of  those  en<;ineers  who  liave  liad  to 
operate  lines  equipped  with  third  rail  that  the  objections 
raised  by  Mr.  Dawson,  by  that  chief  engineer  of  an  important 
English  railway,  and  by  Mr.  Williams  are  purely  imaginary. 

Dealing  with  the  objections  seriatim  :  In  three  out  of  five 
cases  of  derailment  the  third  rail  is  undisturbed  :  in  cases 
where  it  is  disturbed,  the  disturbance  is  confined  strictly  to  the 
immediate  locality  of  the  wreck  ;  the  disturbed  third  rail  can 
be  reinsulated  temporarily,  or  cut  out  completely,  in  a  few 
minutes  with  the  ordinary  tools  carried  by  every  railway  break- 
down crew. 

.The  packing  of  line  can  be  done,  and  is  done  daily,  on  every 
third-rail  railway  without  risk.  I  enclose  a  photograph  which 
speaks  for  itself.  [This  shows  such  operations  in  progress  on 
the  Albany  k  Hudson  Railway.— Ed.  E.] 

Material  for  repairs  and  renewals  can  easily  be  unloaded 
at  any  time ;  it  is  not  compulsory  to  unload  it  on  to 
the  third  rail.  The  third  rail  is  fixed  in  numbers  of  stations 
and  sidings  both  here  and  in  the  U.S.A.,  which  are  used  as 
much  by  steam  trains  as  by  electric  trains,  and  yet  no  serious 
accidents  have  occurred. 

In  the  case  of  a  heavy  fall  of  snow  sufficient  to  cover  the 
third  rail,  brushes  fixed  to  the  shoe  beams  easily  remove  it. 
Such  snow  falls  are  rare  in  this  country  ;  in  America,  however, 
heavy  snow  falls  are  common  and  are  easily  dealt  with.  A 
more  serious  difficulty  in  a  snow  fall  is  that  of  the  car  wheels 
failing  to  make  contact  with  the  rail. 

As  regards  structural  alterations  to  platforms  to  permit  of 
the  installation  of  a  third  rail,  the  necessity  for  running  the 
third  rail  on  the  platform  side  is  far  from  obvious,  and,  to  a 
railway  man,  it  would  seem  improbable  that  many  platforms 
encroach  on  a  line  18  in.  from  and  3  in.  above  the  running  rails. 

Signal  rodding  is  not  as  a  riile  run  on  the  sleeper  ends,  and 
the  writer  has,  in  the  course  of  fairly  extensive  railway  travel, 
seen  very  few  places  where  the  installation  of  a  third  rail  would 
involve  appreciable  alteration  to  signal  rodding.  Again, 
water  and  gas  mains  do  not,  as  a  rule,  run  so  close  to  the  run- 
ning rails  as  to  foul  a  third  rail. 

Reverting  to  the  case  of  wrecks,  as  dealt  with  generally  on 
page  11  of  your  issue  of  April  16th,  it  is  impossible  to  glean 
whether  these  remarks  are  Mr.  Williams's  or  Mr.  Dawson's, 
but  the  conditions  pictured  are  not  those  in  this  country. 
Single-line  working  is  the  usual  method  adopted  when  one  road 
is  blocked  b}'  a  wreck  ;  few  railways  have  room  to  run  a  tem- 
porary track  round  a  wreck  blocking  both  roads,  and,  in  any 
case,  the  wreck  would  be  cleared  before  the  necessary  points 
and  material  could  possibly  be  obtained.  No  railway  operator 
would  ever  contemplate  bringing  up  a  crane  to  a  wreck  by  any 
means  except  steam,  or  would  use  any  crane  except  a  steam 
crane,  particularly  if  the  use  of  an  electric  crane  and  an  electric 
locomotive  involved  the  possibility  of  the  wreck  having  brought 
down  the  whole  overhead  structure  on  the  presence  of  which 
the  possibility  of  current  supply  depended. 

How  a  third  rail  could  hide  dwarf  signals  is  a  puzzle,  and, 
again,  derails  need  not  derail  the  train  on  to  the  third  rail. 

Finally,  the  third  rail  has  this  great  advantage  over  an  over- 
head conductor,  that  it  can  be  inspected,  and,  with  very 
ordinary  precautions,  repaired,  while  traffic  is  running  ;  and, 
indeed,  this  is  done  daily  on  every  third-rail  railway. 

Mr.  Dawson  should  make  a  careful  inspection  of  some  of 
the  third-rail  systems  in  this  country,  after  doing  which  I 
am  sure  he  would  be  the  first  to  acknowledge  that  his  present 
impressions  are  erroneous.  Railway  Encineer. 

We  have  submitted  the  above  letter  to  Mr.  Dawson  from 
whom  we  have  received  the  following  reply  : — 

TO    THE    EDITOK    OF    THE    ELECTRICIAN. 

Sir  :  In  reference  to  the  letter  signed  "  Railway  Engineer," 
regarding  the  articles  I  am  contributing  to  your  columns, 
there  are  a  lew  points  to  which  I  should  like  to  refer. 

The  criticisms  on  the  third  I'ail  to  which  he  objects  are  those  of 
two  railway  engineers,  the  first  the  chief  engineer  of  one  of  our 
large  railway  companies,  than  whom,  probably,  few  have  had 
greater  experience  in  constructing  and  maintaining  permanent 


way,  signals,  bridges,  station  jjlatforms,  &c.,  in  this  country  ; 
the  other,  Mr.  Williams,  as  far  as  I  know  an  independent 
American  engineer,  not  connected  with,  or  interested  in,  any 
electrical  manufacturing  concern. 

No  one  has,  or  can,  doubt  that  the  continuous-current 
third-rail  system  has  given  very  good  re-sults  in  the  past,  and 
I  have  always  been  a  staunch  upholder  of  it  against  systems 
such  as  the  three-phase  and  the  Ward-Leonard,  where  these 
have  been  proposed  for  dealing  with  suburban  traffic.  It  is 
the  hard  facts  with  which  I  have  been  faced  when  dealing  with 
railway  electrification  which  have  brought  me  to  adopt  the 
single-phase  system  for  the  electrification  of  the  South  Loudon 
line  of  the  L.B.  &  S.C.  Railway  Co.,  and  I  think  I  can  go  as 
far  as  to  say  that,  had  there  been  no  other  alternative  but  the 
third  rail,  the  electrification  on  this  line  would  never  have 
taken  place. 

I  should  like  to  take  this  opportunity  of  saying  that  the 
details  involved  in  third-rail  construction  and  examples  of  its 
application  have  been  most  carefully  investigated  and  con- 
sidered by  me,  and  will  form,  I  hope,  not  one  of  the  lea.st  inter- 
esting chapters  of  my  book  on  "  Electric  Traction  on  Railways  " 
now  in  the  press. 

As  regards  the  objections  to  the  third  rail  which  your  cor- 
respondent derides,  they  are  those  which  have  been  made  to 
me  by  English  and  Continental  railwav  engineers  of  great 
experience,  and  no  simple  denial  that  such  difficulties  do  exist 
will  obviate  them.  The  great  advantage  as  regards  main- 
tenance, which  your  correspondent  alleges  exists  in  the  case 
of  the  third  rail,  appears  to  me  to  be  of  minor  importance,  and 
and  I  do  not  fear  comparison  with  the  overhead  system  as 
such,  where  it  has  been  properly  designed  and  erected. 

Had  your  correspondent  seen  fit  to  sign  his  name,  instead 
of  writing  under  a  nom  dc  plume,  I  venture  to  think  his  letter 
would  have  carried  more  weight,  and  would  have  been  of 
greater  interest  to  your  readers. 

I  cannot  leave  this  subject  without  pointing  out  that  Herr 
Geheimrat  Wittfeld,  the  chief  engineer  of  the  Prussian  Ministry 
of  Public  Works,  under  whom  the  whole  of  Prussia's  large  and 
excellent  railway  system  is  operated,  has  expressed  himself  in  no 
uncertain  terms,  and  goes  so  far  as  to  say  that,  for  railway  work, 
both  main  line  and  suburban,  only  one  system  can  possibly  be 
considered,  and  that  the  single-phase  system.'  This  expres- 
sion of  opinion  has  been  given  after  he  has  had  practical  expe- 
rience of  both  systems,  extending  over  several  years,  on  the 
third-rail  system  between  Berlin  and  Gross-Lichterfelde,  and 
on  the  single-phase  system  at  Hamburg. 

In  conclusion,  I  regret  exceedingly  that  your  correspondent 
should  suggest  that  I  am  unduly  biased  in  favour  of  any  par- 
ticular system  qua  system,  or  doubt  the  spirit  in  which  I  have 
attempted  to  deal  with  the  very  difficult  problem  of  railway 
electrification,  which  has  rarely  been  treated  at  length  by  any 
impartial  or  disinterested  engineer.  My  only  interest  is  to 
attempt  to  find  a  system  of  electric  traction  which,  whilst 
possessing  all  the  essential  features  necessary  for  its  successful 
operation,  should  meet,  as  far  as  possible,  the  many  objections 
which  most  railway  engineers,  locomotive  superintendents 
and  general  managers  as  a  rule  bring  up  against  railway 
electrification.  My  experience  has  shown  me  that  the  third 
rail  and  its  adjuncts  are  held  in  abomination  by  most  railway 
men,  and  it  is  for  this  reason  that  I  have  been  brought  to  adopt 
the  single-phase  system.  There  are  no  doubt  many  cases,  such 
as  tubes  and  lines  like  the  District  and  Metropolitan  Railways, 
where  the  third  rail  will  give,  in  future,  as  it  has  already  done 
in  the  past,  every  satisfaction,  aiul  possibly  other  cases  where 
there  may  be  urgent  reasons  to  adopt  it,  and  I  entirely  agree 
with  your  correspondent  that  every  case  nuist  be  investigated 
on  its  merits,  but  only  by  those  who  are  fully  acquainted  with 
all  the  different  systems. 

I  shall  be  quite  prepared,  if  your  correspondent  will  give  me 
his  name,  and  is  open  to  ((mviction,  to  show  him  lines  on 
which  numy.  if  not  nil,  the  dillieulties  I  have  referred  to  are  to 
be  met  with,  and  for  this  purpose  I  should  not  have  to  take 
him  to  America,  or  even  to  the  Continent.— I  am.  &c.. 

London,  May  3.  p^jLip  Dawsox. 
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A  NEW  .-SYSTEM  OF  WIRELE.^S  TELEUKAl'HY  I'SEI) 
BY  THE  TELEFUNKEN  COMPANY. 

TO   THE    EDITOR    OF   THE    ELECTRICI.AX. 

Sir  :  In  view  of  the  claims  of  Count  Arco  and  Dr.  Kiebitz. 
of  the  Telefunkcn  Company,  to  the  invention  of  a  now  system 
of  wireless  telegraphy,  as  published  in  your  last  week's  issue,  wc 
wish, with  your  permission,  to  make  the  foUowiu"; statement  : — 
In  1892.  Elihu  Thomson,  using  metal  electrodes,  produced  a 
t_\-pe  of  discharge  intermediate  between  the  spark  and  the  arc. 
I>ut  was  unable  to  obtain  either  con.stancy  of  action  or  a  sufli- 
ciently  energetic  current  for  practical  purposes.  These  diffi- 
culties have  been  overcome  by  arrangements  described  in  the 
patents  of  Baron  von  Lepel,  which  have  quite  recently  been 
laid  open  for  in.spectioii.  His  apparatus  produces  practically 
uniform  electrical  oscillations  without  the  use  of  an  arc.  It  is 
equally  suitable  for  wireless  telegraphy  or  telephony  :  it  is 
more  efficient  than  either  arc  or  spark,  and  the  energy  supply 
may  be  either  from  a  direct  or  alternating-current  circuit. 

Baron  von  Lepel  commenced  his  work  on  the  subject  in 
1906,  at  first  at  his  own  expense,  and  later  w-ith  the  assistance 
of  a  small  private  company,  and  applied  for  his  first  patent  in 
the  summer  of  1907.  His  inventions  were  so  far  developed 
that  in  the  beginning  of  1908  he  was  able  to  give  the  German 
War  Office  a  successful  demonstration  of  wireless  telegraphv 
on  his  system  between  Berlin  and  Brunswick,  a  distance  of 
about  120  miles.  At  that  time,  however,  it  was  not  possible 
to  raise  the  capital  necessary  for  the  further  development  of 
his  patents  in  Germany.  In  the  autumn  of  last  year,  through 
the  kindness  of  the  British  War  Office,  he  was  permitted  to 
carry  out  extensive  trials  at  Aldershot.  and  gratefully  acknow- 
ledges the  assistance  he  received  from  the  officers  in  charge, 
in  the  elaboration  of  a  portable  station  for  military  use.  The 
apparatus  of  both  stations  tested  was  bought  by  the  War 
f)ffice,  and  shortly  afterwards  this  .syndicate  was  formed. 

We  have  at  present  two  experimental  stations  in  England, 
our  German  .syndicate  having  three  in  Germany.  We  own  a 
number  of  valuable  patents,  among  which,  in  addition  to  the 
principal  patent,  may  be  mentioned  those  for  a  tuned  receiver, 
suitable  for  use  in  any  wireless  .system,  aiul  for  a  new  method 
of  transmitting  a  musical  note. 

Shortly  after  the  success  of  his  first  experiments.  Baron  von 
Lepel  approached  the  Telefunkcn  Company  with  a  view  to 
selling  his  inventions.  Negotiations  were,  however,  broken  off 
by  the  company,  after  they  had  reached  an  advanced  stage. 
A  year  later  the  same  firm  renewed  these  negotiations  through 
the  agency  of  the  Allgemeine  Elektrizitats  Gesellschaft,  but 
they  again  came  to  no  result.  A  few  weeks  ago  the  Telefunkcn 
Company  succeeded  in  establishing  wireless  communication 
between  Berlin  and  Vienna  by  means  of  the  system  they  call 
the  '■  singing  spark,"  a  performance  which  elicited  a  con- 
gratulatory telegram  from  the  Emperor  of  Austria.  The 
Telefunkcn  Company  achieved  this  result  with  an  oscillation 
generator  which  difFe?s  only  in  name  from  that  of  von  Lepel. 

Owing  to  the  fact  that  the  details  of  the  I.,epel  .system  were 
shown  to  them  (luijrjg  the  protracted  negotiations  of  1907- 
1908  it  is  impossible  to  speak  of  their  ajjparatus  as  an  inde- 
pendent invention  ;  it  is  rather  a  consciou8ly  sjjurious  imita- 
tion, which,  on  jjublication  of  tin-  l.,epel  patents,  ceased  to 
have  any  just  claim  to  originality. — Wo  are.  &c.. 

The  Lei'ei,  Wiuei.e.s.s  Sv.nu.  (Ltd,). 
Adrian  Simpson,  General  Manager. 
•T,  Albany-courtyard,  Piccadilly,  W.,  May  -1. 

TO  THE  EDITOR  OF  THE   ELECTRICIAN. 

Sir  :  Messrs.  The  Lepel  Wireless  Synd.  (Ltd.)  who  are 
clients  of  mine,  have  asked  me  to  forward  to  you  the  above 
statement.  They  have  also  promised  to  give  you  an  ojipor- 
tunity  of  publishing  a  technical  de.scription  of  their  .system  in 
ihe  course  of  a  week  or  two. 

I  may  say  that  from  personal  observation  I  can  testify  tli.at 
(he  advantages  claimed  by  Count  Arco  and  Dr.  Kiebitz  for 
the  ■'  singing  spark  "  arc  just  tho.se  of  the  Lepel  System  ;  hut 
naturally  the  Telefunkcn  imitation  appears  to  bo  inferior  to 
the  origijial  in  several  important  respect-s. — I  am,  &c., 
34,  Norfolk-street,  London.  W.C,  Mav4.    .J.  Er.skine-Mlrkay. 


WIRELESS  TELEGRAPHY  IN  THE  GERMAN  ARMY. 

TO   THE    EDITOR   OF   THE    ELECTRICIAN. 

Sir  :  I  notice  in  your  issue  of  April  23rd  some  remarks  on 
wireless  telegraphy  in  the  Territorial  Force,  in  which  it  is  stated 
that  the  German  Army  has  up  to  the  present  used  the  Tele- 
funkcn spark  system,  but  that  the  Lepel  continuous-wave 
.system  is  coming  into  extensive  use. 

Allow  me  to  say  that,  after  severe  and  exhaustive  tests,  the 
Poulsen  continuous-wave  system  was  accepted  by  the  German 
Government  two  years  ago,  and  the  use  of  tlie  Poulsen  .system 
has  been  greatly  extended  since  then. — I  am,  &c., 

London,  April  29.  T.  Vinceni  Smith. 

THE  BREAKING   DOWN  OF  INDUCTION  MOTOR 

WINDINGS.  i 

TO  rHK  KorroR  of  the  electricia.n. 
Sir  :  Referring  to  Mr.  Rider's  Paper,  in  which  he  describes 
the  breakdown  of  the  stator  coils  of  an  induction  motor  with 
squirrel  cage  rotor  at  the  time  of  sw'itching  on  to  the  'bus-bars, 
I  should  like  to  point  out  one  source  of  trouble  which  is  not 
commonly  known.  Apart  from  the  dangers  which  accom- 
pany any  switching  in  of  inductive  windings  owing  to  the  con- 
centration of  the  line  pressure  over  a  small  number  of  turns, 
the  stator  coils  of  such  a  motor  are  subjected  to  transient 
mechanical  forces  which  might  cause  a  breakdown. 

The  method  of  bringing  a  squirrel  cage  motor  up  to  syn- 
chronous speed  and  then  connecting  it  to  the  line  presupposes 
that  an  induction  motor  at  synchronism  will  only  take  its  no- 
load  current.  This  is  correct  for  the  stationary  state,  i.e., 
when  a  rotating  field  is  established,  as  only  then  have  the 
various  E.M.F.s  in  the  rotor  a  zero  resultant.  But  during  the 
time  which  elapses  between  the  closing  of  the  switch  and  tlu^ 
establishment  of  the  stationary  condition  the  rotor  winding 
can  be  regarded  as  a  short  circuit  for  the  stator  coils  and  a 
current  reaching  the  magnitude  of  the  single-phase  short- 
circuit  current  might  flow  in  the  windings. 

In  motors  with  a  big  output  per  pole  the  ampere-turns  in 
the  coils  will  reach  very  high  values  owing  to  this  current  rush, 
and  if  the  end  connections  are  not  well  supported  they  will  be 
attracted  toward  the  stator  iron,  and  thereby  frequently  cause 
a  breakdown.  Inserting  a  reactive  coil  in  series  which  can  be 
gradually  short-circuited  is  best  suited  for  overcoming  this 
trouble.  It  ought  to  be  well  understood  that  this  current  rush, 
although  also  depending  on  the  state  of  saturation  of  the  iron, 
must  not  be  confouiuled  with  the  current  rush  which  might 
occur  when  thi'owing  in  an  induction  motor  with  o])rn  cir- 
cuited rotor. 

1  should  add  that  the  same  phenomenon  is  met  with  when 
starting  a  squirrel  cage  motor  by  aid  of  an  ordinary  starting 
transformer.  For  in  this  case,  too,  after  disconnecting  the 
motor  from  the  fractional  voltage  taps  no  field  any  longer 
exists  and,  in  throwing  it  over  to  full  voltage,  the  field  has  to 
build  up  gradually  again.  With  high-speed  induction  motors 
for  larger  outputs,  tremendous  current  rushes  occasionally 
can  be  observed.  In  order  to  avoitl  these  it  is  iin])erative  not 
to  disconnect  the  motor  from  the  line  when  eliaiii;ing  from  one 
voltage  to  another. 

Those  further  intercsteil  in  the  matter  will  iind  in  an  article 
published  by  me  in  the  "  Zeitschrift  fiir  .Maschinenbau  [wnd 
Elektrotechnik,"  XX\'I.,  .lahi'gang.  Heft  3,  oscillograms  show- 
ing the  current  rushes. — I  am,  &c., 

Berlin,  May  3,  Lionel  Fleischman.v. 

neutralisation  of  reman enck  in 
(!Eni:rators. 

to  thic  editor  ok  the  electrician. 
Si  I!  :  In  your  issue  of  last  week,  April  2:ird,  you  described 
a  starting  machine  with  a  device  for  the  neutralisation  of 
renianence  for  use  in  the  Ward  ric:onard  system,  which  has 
been  patented  by  the  Feltcn  iV  ( JuilloannieLahmeyerwcrke 
A.-G.,  of  Frankfort  on-Main.  The  North  German  Automobile 
Works  of  Bremen,  with  which  the  writer  is  connected,  have 
for  some   time  made  extensive   use  in  their  benzine  electric 
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automobiles  of  the  Krieger  system  of  control,  which  attains 
the  same  end  very  simply  and  has  the  advantage  of  greater 
flexibility  in  adaptation  over  the  system  you  describe,  as  it 
reduces  the  controlling  gear  to  its  minimum. 

As  shown  in  the  diagram,  A  is  the  generator  driven  by  a 
benzine  motor.  This  generator  is  provided  with  three  separate 
field  windings,  a  main  series  winding,  shown  at  H,  a  main 
shunt  winding  shown  at  S,  and  an  auxiliary  series  winding, 
shown  at  P.  This  latter  is  wound  so  as  to  oppose  the  action 
of  the  two  other  field  windings.  Under  full  load  conditions 
the  small  diverter  Q  is  short-circuited  on  the  auxiliary  wind- 
ing, thus  causing  the  latter  to  be  inactive.  To  slow  down,  the 
switch  K  is  open  circuited,  the  full  current  Hows  through  P, 
and  as  this  winding  is  rated  very  highly  a  powerful  demag- 
netising effect  is  obtained,  which  quickly  reduces  the  voltage 
and  brings  the  motor  to  rest.  To  stare  again  it  is  necessary 
to  remagnetise  the  generator  field.  This  is  very  simply  done 
by  closing  the  lighting  battery  momentarily  on  the  winding  R 
A  very  slight  amount  of  power  only  is  necessary  as  the  gene- 
rator immediately  builds  up  for  itself. 


It  will  be  noticed  too,  with  this  method,  that  speed  icgula- 
tion  is  made  very  simple.  On  a  gradient,  for  exam[)le,  the 
diverter  resistance  is  diverted,  the  benzine  motor  is  allowed  to 
run  at  a  higher  speed  but  the  generator  voltage  is  not  in- 
creased. Thus  the  motor  now  gives  an  increased  torque  with- 
out increase  of  speed  which  is  just  what  is  desired. — I  am.,  &c., 

Bremen,  April  28.  P.  A.  Mos>say. 


ELECTRICAL  TRADES'  BENEYOLENT  INSTITUTION. 

On  Friday  last  week  the  first  annual  general  meeting  of  this  Institution 
was  held  at  the  Hotel  Cecil,  London,  and  was  presided  over  bySir William 
Preece,  K.C'.B.,  F.R.S. 

Mr.  W.  Davexpokt  (secretary)  read  the  report  on  the  past  year's  work, 
H-hich  stated  tliat  the  year  had  been  one  of  considerable  activity  in 
different  directions.  The  Manchester  Exhibition  had  proved  successful, 
and  a  sum  of  about  £350  was  coming  at  an  early  date  to  the  Institution. 
It  was  felt  that  the  announcement  of  that  sum,  together  with  others, 
could  be  most  appropriately  made  at  a  festival  dinner,  and  a  committee 
was  appointed  to  arrange  that  function.  A  special  collection  both  before 
and  at  the  dinner  was  made,  resulting  in  the  receipt  of  over  £660,  so  that 
there  had  been  an  inciea.se  of  the  funds  of  the  Institution  of  over  £1.100. 
The  dinner,  a|)art  from  its  immediate  direct  resvilts,  was  a  great  success, 
and  may  be  regularly  repeated  in  the  future.  During  the  year  two  cases 
of  relief  came  before  the  committee,  and,  b(jth  proving  deserving  ones, 
were  juomptly  attended  to  with  most  satisfactory  results.  Other  eases 
were  now  before  the  committee  for  consideration.  The  invested  funds 
were  sufficient  to  ))ay  one  or  more  pen!:ions,  but  by  the  rules  no  pensions 
can  be  allotted  before  next  year.  They  had  had  to  relinquish  the  offices 
at  2,  Queen  Anne's  tiate.  Westminster,  S.W.,  kindly  loancil  free  of  all 
charge  by  Mr.  C.  S.  Xorthcotc,  but  there  was  every  probaliility  that  (he 
Institution  of  Electrical  Engineers  would,  in  its  new  bouu'  on  the  Thames 
Embankment,  i)r<]viile  accommodatiiui  for  mcetiutfs  in  connection  witli 
this  Institution,  also  free  of  charge.  The  executive  offices  remain  iit 
Ridler-placc,  Blackfriar.s.  S.E.  The  eommittec  took  tlic  <ipporlunily  of 
thanking  .Mr.  Northcote  for  kindly  providing  them  with  office  accommoila- 
tion.  The  tltanks  of  the  Institution  were  al^o  due  to  the  Press  f(u-  sup. 
port  on  many  occasions.  The  Olympia  Electrical  Exhibition  Fund,  in 
which  the  Institution  had  a  contingent  interest,  would  fall  in  in  March, 
1911,  and  would  amount  to  about  £-tOO.  As  mentioned  in  the  report. 
a  sum  would  accrue  to  the  fund  almost  immediately  from  the  Man- 
chester Electrical  Exhibition.  190S,  of  about  £350,  making  the  funds 
in  hand  or  certain  to  accrue  £2,464. 

Sir  William  Preece  proposed  the  adoption  of  the  report,  and  ex- 
pressed his  regret  at  having  been  tmable  to  be  present  at  the  dinner.  He 
was  bound  to  confers  that,  although  he  heard  on  all  sides  sounds  of  satis- 
faction and  success  at  the  dinner,  it  would  have  been  even  more  cheerful 
if  there  had  been  a  greater  number  present  and  the  subscriptions  had  been 
larger  and  more  numerous.  Howe\er,  they  had  made  a  start,  and  could 
hope  that  in  successive  years  there  would  be  an  even  more  satisfactory 
rcsi)onse.     He  had  been  associated  with  the  electrical  industry  now  for 


57  years^  and  if  be  only  lasted  imtil  19J2  he  would  be  able  to  celebrate 
his  diamond  jubilee  of  service  as  an  electrical  engineer.  That  would  be  a 
unique  position,  and  he  confessed  he  felt  proud  of  it.  and  also  of  the  fact 
that  he  had  been  associated,  either  directly  or  indirectly  with  nearlyevery 
branch  of  electricity  for  engineering  ])ur|)o.scs.  Like  any  other  business 
and  industry,  it  was  subject  to  periodical  changei".  There  wa.s  a  time  of 
joyous  success  and  a  time  of  depre.ssiim.  It  was  now  gradually  pa-ssing 
fiom  the  latter  stage,  and  therefore  the  future  could  I^  looked  forward 
to  more  hopefully.  He  tho\igbt  the  depression  was  not  solely  due  to 
bad  trade,  but  much  of  the  misfortinie  they  were  now  undergoing  was 
the  offspring  of  Parliamentary  action.  They  had  suffered  from  the  very 
opposite  treatment  from  what  they  ought  to  have  received  from  those 
who  had  brought  thera  into  existence.  Despite  this  treatment,  the 
success  of  their  industry  was  so  great  that  at  the  present  time  there  was 
somewhere  about  £370,000,(X)0  invested  in  the  electrical  industry.  It 
was,  however,  a  difficult  thing  to  get  money  for  any  new  electrical  en- 
terprise. As  to  the  Electrical  Trades'  Benevolent  Institution,  the  field 
of  the  Institution  was  to  look  chiefiy  after  tho.se  who  were  not,  and  could 
not  be,  members  of  trade  unions.  Their  purpose  was  to  provide  for  a 
rainy  day.  They  wanted  to  encourage  thrift  and  to  avoid  in  the  Fund 
the  effect  of  charity.  He  thought  that  everybody  who  at  any  time  was 
likely  to  receive  assistance  from  the  Fund  should  be  a  contributor  in 
some  form  or  other,  and  that  the  Institution  should  l)e  as  self-supporting 
as  possible.  Every  branch  of  skilled  labour  had  its  own  trade  union  to 
support  it  in  times  of  stress.  What  they  wanted  to  do  wa.s  to  provide 
something  for  the  administrative  and  clerical  side  of  the  industrj'.  They 
had  a  capital  of  £2,464,  and  he  did  not  see  why  in  time  that  should  not 
be  tens  of  thousands. 

Sir  William  then  proposed  a  vote  of  thanks  to  Mr.  W.  M.  Mordey  for 
his  courtesy  in  presiding  at  the  festival  dinner,  and  to  Mr.  R.  K.  Gray 
and  Mr.  J.  H.  Rosenthal  for  their  assistance  as  vice-presidents. 

The  motion  was  carried  unanimously. 

The  retiring  members  of  the  committee  of  management,  Mr.  H.  H. 
Berry,  Mr.  H.  Bevis,  Mr.  Guy  Burney,  Mr.  E.  J.  Clark  and  Mr.  Justus  Eek, 
were  then  re-elected,  and  the  following  were  elected  as  new  members  : 
Sir  Irving  Courtenay,  Mr.  T.  E.  Gatehouse,  Mr.  R.  .1.  Wallis-.Joncs,)  Mr. 
E.  Garcke,  Jlr.  W.  B.  Esson  and  Mr.  G.  Skinner. 

Messrs.  Hextalls  were  elected  hon.  solicitors  to  the  Fund,  and  Mr. 
Henley  Smith  was  re-elected  auditor. 

In  a  general  discussion  which  followed,  Jlr.  Geo.  Ticker  suggested 
that  the  rule  relating  to  the  (pudification  for  membership  of  the  Fund 
should  be  more  clearly  defined.  The  rule  as  it  stood  provided  that  appli- 
cants must  have  been  subscribers  for  five  years,  and  have  been  engaged 
in  the  electiical  trade.  That  was  a  very  wide  qualification,  and  he 
thought  something  ought  to  be  done  to  define  the  connection  of  subscri- 
bers with  the  electrical  trades,  which  would  entitle  them,  if  the  occasion 
arose,  to  apply  for  assistance  from  thfe  Fund.  The  rule,  as  it  stood,  did 
not  exclude  the  skilled  labourer  or  the  trades  unionist. 

Aitev  discussion,  it  was  agreed  that  the  matter  be  put  before  the  com- 
mittee for  consideration. 

The  proceedings  terminated  with  a  vote  of  thanks  to  Sir  William 
Preece  for  presiding. 

With  a  view  to  encouraging  subscriptions  and  donations  to  the  Elec- 
trical Trades  Benevolent  Institution  we  make  the  following  extract  imm 
the  rules,  and  we  shall  be  pleased  to  either  forward  subscriptions  to  the 
Institution  or  to  answer  inipiiries  : — 

Objrd. — Rule  2. — The  object  of  the  Institution  is  to  grant  pensions 
and  to  dispense  temporary  relief  to  deserving  and  necessitous  persons  who 
are  or  have  been  engaged  in  the  electrical  trade  in  the  United  Kingdom, 
or  to  their  widows  and  families. 

Qualification  ior  PoiiioiM.— Rule  3. — Applicants  must  have  bi'en  sub- 
scriber's for  at  least  five  years,  and  have  been  engaged  in  the  electrical 
trade.  JIust  not  be  less  "than  .50  years  of  age,  unless  it  shall  be  proved 
to  the  satisfaction  of  the  committee  that,  although  less  than  that  age.  they 
ai-e  incapacitated  from  earning  a  living  by  reason  of  mental  or  Iwdily 
infirmity.  Widows  of  subscribers  who  are  in  necessitous  circumstanee.s 
dining  widowhood.  No  one  shall  be  eligible  who  may  be  in  receipt  of 
indoor  parish  relief. 

Tcmimmry  ifc/i>/.— Rule  4.— The  committee  may  from  tunc  to  tune 
make  immediate  grants  of  money  out  of  the  funds  of  the  Institution  1 1 
relieve  temporary  or  urgent  necessity  occurring  amongst  deserving  i>er- 
.^ons  M  ho  arc  or  liave  been  engaged  in" the  electrical  trade,  or  amongst  the 
children  or  widows  <.f  siu-h  persons  ;  but  no  grant  shall  exceed  the  sura 
,.f  fill,  ,ind  the  name-  of  the  persons  so  relieved  shall  not  be  pubb-li-.l. 


BACK  GEAR  CRADLES  FOR  B.T.  H.  MOTORS. 

In  some  applications  of  the  motor  diive  it  is  necessary  to  have  a 
considerable  speed  reduction  between  the  motor  and  the  dri\-cil 
machine,  and  also  to  have  the  whole  arrangement  as  compact  as 
possible.  -A.  positive  diive  is  besides  sometimes  essential.  These 
conditions  are  fulfilled  bv  using  spur  wlteel  reduction  gear,  which  us 
more  compact  than  a  belt  drive,  and  more  efficient  than  worm  gear- 

Thc  British  Thomson-Houston  Co.  has  developed  a  special  method 
of  applying  back  gear  to  small  motors,  which,  it  is  claimed,  ivquins 
no  ultciation  to  the  motor  itself  other  than  fitting  a  pinion  to  the 
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shaft  and  two  dowel  pins  to  the  feet.  The  device  as  shown  in  the 
accompanying  illustration  consists  essentially  of  a  strong  cast-iron 
cradle,  to  the  base  of  which  the  motor  is  bolted.  Two  brackets, 
one  at  each  end  of  the  cradle,  support  a  bearing  housing  for  the 
countershaft,  and  a  sheet-iron  case  to  enclose  the  gear  wheels.  The 
base  of  the  cradle  is  machined  flat  above  and  below  so  that  the 
motor  can  easily  be  set  with  its  shaft  exactly  parallel  to  the  counter- 
shaft, and  the  outfit  is  mounted  on  slide  rails  when  used  in  connection 
with  a  rope  or  belt  drive.  The  countershaft  bearing  housings  are 
made  in  one  piece  to  ensure  accurate  alignment,  and  can  be  rotated 
in  the  cradle  brackets  to  allow  of  the  cradle  being  fi.xed  in  various 
positions.  The  nn)tor  end  shields  can  also  be  rotated,  so  that  the 
whole  can  Ix-  mounted  on  tloor.  ceiling,  or  wall.  In  the  latter  case 
the  motor  may  be  either  above  or  below  the  countershaft.  Cast- 
iron  bearings  of  liberal  dimensions  are  jjrovided  for  the  countershaft. 
They  are  lubricated  by  means  of  oil  rings,  and  fitted  with  oil  over- 
flows and  drain  plugs.  To  ensure  smooth  working  and  long  life,  the 
teeth  on  the  cast-iron  gear  wheels  and  steel  pinions  are  accurately 
machined.     Black  fibre  packing  pieces  arc  interpo.sed  between  the 


B.T.-H.  JIoioK  AND  Positive  Gear  Ceadle. 

gear  ca.se  and  the  cradle,  and  these,  together  with  correctly  designed 
and  well-made  gears,  reduce  the  noise  to  a  minimum.  The  side  of 
the  gear  case  can  readily  be  removed  for  inspection  of  the  wheels 
without  disturbing  any  other  part  of  the  equipment.  The  back 
gear  cradles  arc  made  in  ditferent  sizes,  suitable  for  various  B.T.-H. 
motors,  continuous  and  alternating  current. 


THE  IMPBOVEMENT  OF  POWER  FACTOR  IN 
ALTERNATING  CURRENT  SYSTEMS. 

At  a  meeting  of  the  Birmingham  Local  Section  of  the  Insti- 
tution of  Electrical  Engineers  on  April  21st  two  Papers  were 
read  and  discussed.  An  abstract  of  the  first  of  these,  on 
"  Manipulation  of  Te!e]>lione  l)r3-core  Cables,"  is  given  else- 
where in  this  issue,  Tiie  second  was  by  Mr,  Miles  Walker, 
on  "The  Improvement  of  Power  Factor  in  Alternating-Cur- 
rent Systems,"  and  had  previously  been  read  and  discussed 
before  the  Manciiester  Local  Section,  an  abstract  of  the  Pai)er 
appearing  in  our  issue  of  January  22nd  last,  and  of  the  discus- 
sion in  our  issue  of  January  29th.  We  give  below  an  account 
of  the  discussion  at  Birmingham  : — 

Dr.  Si  .MP.NEn  considoreil  that  there  were  two  pd.ssribic  ways  of  impniv- 
ing  the  power  factor  of  an  idtcmating-ourrent  mnehinc  :  (I)  By  means 
of  compensators  (this  method  wa.s  rather  theoretical,  because  eomijcnm- 
tors  could  not  be  made  cheap  enough)  ;  (2)  by  some  Bpecial  kind  of 
machine,  such  as  the  one  described  by  the  author.  All  smcessful  ex- 
amples of  these  methods  were  those  which  were  directly  atluehed  to  the 
machine  which  was  to  be  compensated.  This  was  an  unfiutunate  fad, 
fx'caufc  if  these  machines  could  not  he  made  on  a  large  scale  to  com- 
pensate the  whole  .system  at  once  the  commercial  advantage  would  be 
comparatively  small.  Being  fixed  to  the  motor  the  difficulty  was  greater. 
Generators  tended  to  become  larger,  motors  did  not.  The  scheme  wu.s  a 
means  of  inducing,  by  a  dynamo  with  low  frequency  excitation,  an 
K.M.F.  of  the  right  frequency  into  the  rotor.  The  important  point, 
which  had  not  occurred  to  him  until  it  was  mentioned  by  .Mr.  Walker, 
was  that  in  order  to  produce  the  right  amount  of  compeniiation  for  a 


particular  machine  they  had  to  induce  a  certain  number  of  kilovolt- 
ami)eres.  and  the  number  depended  entirely  upon  the  frequency.  The 
whole  question  was  one  of  cost.  What  was  the  cost  of  the  compensator 
as  compared  with  the  machine  ? 

Mr.  A.  M.  Taylor  pointed  out  that  the  compensator  machine  could 
nut  be  used  in  mines  and  such  places  on  account  of  the  sparking.  Also, 
that  although  the  device  improved  the  jiower  factor  of  the  current  taken 
by  the  motor,  yet  it  did  not  allow  for  the  power  factor  of  the  whole 
system  being  brought  up  to  unity.  Had  Mr.  Walker  any  suggestions 
for  getting  over  that  ? 

The  Chairman,  Dr.  G.  Kapp,  referred  to  the  statement  that  "  the 
induction  drop  in  mains  is  also  increased  when  the  current  lags.  &c." 
He  found  that  the  reactive  drop  was  not  18  per  cent.,  but  only  15  |)er 
cent.  It  was  18  per  cent,  if  he  took  the  delivery  jiressure.  He  con- 
sidered that  the  author  had  taken  the  complicated  method  of  Leblanc 
and  worked  it  out  practically.  He  was  afraid  that  even  now  it  was  only 
practical  as  applied  to  very  large  motors.  Such  motors  could  be  built 
with  a  power  factor  of  about  0-96.  This  was  not  much  to  cavil  about, 
and  it  was  doubtful  whether  the  4  per  cent,  was  worth  Leblanc's  methods  ; 
but  it  was  worth  the  arrangement  of  the  author,  which  was  much  cheaper. 
He  agreed  that  it  was  a  commercial  subject.  They  would  be  interested 
to  hear — perhaps  in  a  future  Paper — what  were  the  practical  results 
obtained  with  the  machines  which  the  author  was  now  building.  It 
would  be  a  great  advantage  if  he  could  get  the  apparatus  fitted  to  small 
motors,  and  still  more  important  if  it  could  be  attached  to  a  single-phase 
motor. 

Mr.  Miles  Walker,  in  reply,  thmif^ht  it  was  ton  c-irly  to  speak  about 
prices,  although  he  could  speak  piisiiixrly  liioul  hmjIi-.  Wlnri  marhincs 
came  to  be  manufactured  onaconiim  nialM  alc.iliiliiriKiiis  as  In  wlial  tlic 
cost  would  be  could  then  be  made.  It  had  burn  .sa.J  that  the  louipcn- 
sators  could  only  be  used  in  conjunction  with  large  motors.  But  if  they 
had  a  number  of  motors  in  a  mill  where  there  was  a  large  motor  and 
several  small  motors,  they  could  get  a  current  from  the  large  motor 
that  would  compensate  for  that  taken  by  the  small  ones.  It  was  essen- 
tial that  any  improvement  of  the  power  factor  must  not  be  accompanied 
by  sparking,  and  the  machine  must  require  practically  no  attention. 
When  this  had  been  attained  he  thought  that  there  would  be  considerable 
use  for  it.  As  to  the  size  of  the  commutators,  the  one  they  were  building 
was  for  an  800  h.p.  motor  and  was  about  9  in.  diameter.  The  mere  fact 
that  they  had  an  open-circuit  armature  did  not  mean  that  they  would  be 
troubled  with  sparking.  In  further  reference  to  Mr.  Taylor's  remarks, 
the  author  pointed  out  that  it  was  possible  with  the  compensator  nial- 
chine,  not  only  to  bring  the  power  factor  to  unity,  but  also  to  take  a 
leading  current,  and  in  this  way  bring  up  the  power  factor  of  the  whole 
system.  As  to  the  chairman's  reference  to  his  figures.  Mr.  Walker  said 
that  these  were  approximate  results.  'I'licie  would  always  be  a  certain 
amount  of  ohmic  drop,  but  the  total  ilro|)  might  be  less  than  18  percent., 
as  had  been  stated.  He  thought  it  would  be  possible  to  apply  the  method 
to  a  single-phase  machine. 


THE  POST  OFFICE  TELEGRAPH  STAFF. 


The  retirement  of  Mr.  J.  W.  Willmot,  I.S.O..  .M.Inst.C.E.,  from 
the  position  of  Controller  of  the  Post  Office  Telegraph  Factories 
took  ))lacc  on  Jlay  1.  aid  marks  the  close  of  a  useful  career, 
extending  tiver  a  period  of  49  years,  in  the  service  of  telegraphy. 
Born  in  1849,  Mr.  Willmot  was  educated  at  a  school  presided  over 
by  Mr.  Penley  (father  of  the  famous  comedian),  and  entered  the 
service  of  the  Electric  &  International  Telegraph  Co.  in  1862,  receiv- 
ing a  thorough  training  in  the  company's  workshops.  It  was  not 
long  before  he  became  attached  to  the  Engineer  in-Chief's  depart- 
ment as  one  of  the  technical  officers,  and  in  this  position  served 
under  Mr.  Latimer  Clarke,  Mr.  Cromwell  \'ar]ey,  Mr.  R.  S.  CuUey 
and  Sir  William  Preece,  being  transferred  to  the  Engineer-in-Chiefs 
department  on  the  acquisition  of  the  telegraphs  by  the  State  in  1870. 

Mr.  Willmot  was  intrusted  with  the  important  work  of  installing 
the  first  pneumatic  tube  system  at  the  General  Post  Office,  which 
necessitated  not  only  a  knowledge  of  pneumatics  but  also  of  engines 
and  boilers  He  subsequently  installed  .similar  systems  of  less  mag- 
nitude in  the  principal  commercial  cities  of  the  provinces. 

In  1880  Mr.  A.  Stroh,  who  had  been  supplying  the  Post  Office 
with  automatic  and  A. B.C.  instruments  invented  by  Sir  Charles 
Whcatstonc,  signified  his  intention  of  retiring  from  business,  and 
in  order  that  the  body  of  skilled  workmen  whom  Mr.  Stroh  had 
trained  should  not  be  dispersed,  his  workshops  were  taken  over  by 
the  Government,  and  Mr.  Willmot  was  selected  to  make  the  neces- 
sary arrangements  and  to  be  superintendent  of  tho.se  shops.  He 
continued  to  hold  the  position  of  superintendent  i>f  the  instrument 
factory  until  a  rearrangement  brought  about  tlic  creation  of  the  posi- 
tion of  Controllers  of  Factories,  to  which  position  he  was  appointed 
in  19U2. 

Mr.  Willmot's  abilities  as  an  engineer  were  recognised  some  years 
ago  by  his  election  as  a  mcndjcr  of  the  Institution  of  Civil  Engi- 
neers, and  he  also  holds  a  Diploma  of  Honour  from  the  Chicago 
Exhibition  for  skill  as  a  designer.  The  appreciation  of  his  services 
to  the  State  wa-s  marked  by  the  conferring  upon  him  of  the  Imperial 
Service  Order. 
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In  tlie  early  clays  of  telegraphy  Mr.  Willmot  designed  a  single  and 
double  sluice  valve  for  use  in  the  pneumatic  system,  by  which 
carriers  conveying  the  messages  were  rapidly  inserted  and  removed 
from  the  tubes  and  the  necessary  vacuum  or  [jressure  turned  on. 
Another  of  his  inventions  was  an  intermediate  signaller,  by  which 
the  carrier,  having  passed  a  certain  j)oint,  actuated  the  apparatus 
which  signalled  to  the  sending  station  that  the  distance  liad  been 
covered,  and  that,  therefore,  it  was  safe  to  insert  a  second  carrier. 
This  was  somewhat  on  the  lines  of  the  block  system  on  railways, 
and  resulted  in  a  considerable  increase  in  the  working  capacity  of 
the  tube-  On  the  telegraph  side  Jlr.  Willmot  invented  a  magnetic 
bias  for  the  high-speed  Wheatstone  transmitter,  a  hollow  punch  for 
perforators,  and  a  pneumatic  motor  for  the  Hughes  instrument,  be- 
sides which  numerous  instruments  have  been  improved  in  certain 
details  by  his  practical  knowledge  and  originality. 

In  retiring  from  the  pubhc  service  Mr.  Willmot  takes  with  him  the 
best  wishes  of  a  great  number  of  friends  in  the  Post  Office  and  out- 
side who  have  been  associated  with  him  in  his  work. 

JMr.  Willmot  is  succeeded  in  his  position  of  Controller  of  Factories  by 
Mr.  W.  G.  Hinton. 


PABLIAMENTARY  INTELLIGENCE. 


Electric  Lighting  Acts  (Amendment)  Bill^On  the  report  stage 

of  this  bill  ill  tlie  House  of  Lords  yesterday  {Thursd.ij')i  Lord  Hamilton 
of  Dalzell  moved  to  insert  the  followiLig  new  sub-section :  A  company, 
local  authority,  or  body  receiving  a  supply  of  electricitj'  under  this 
section  shall  not  use  the  electricity  in  such  manner  as  to  cause,  or  to  be 
likely  to  cause,  any  interference  with  (iovernment  observatories  or 
laboratories,  but  this  sub-section  shall  not  apply  to  any  such  company, 
local  authority,  or  body  who  by  any  Act  of  Parliament  or  order  con- 
6rmed  by  or  having  the  eti'ect  of  an  Act  of  Parliament  containing  pro- 
visions for  the  protection  of  such  observatories  or  laboratories,  are 
authorised  to  use  electricity  for  the  purposes  for  which  a  supply  is 
authorised  to  be  given  under  this  section. 

Submarine  Cables  and  Trawlers.— In  the  House  of  Commons  on 

Tuesday  Mr.  .J.  P.  Bolano  asked  the  Postmaster-General  whether  he 
was  aware  that  the  cable  repairing  ship  ■•Buccaneer"  had  lately 
repaired  two  breaks  in  one  of  the  main  transatlantic  cables,  at  dis- 
tances of  £4  and  58  miles  respectively,  from  Waterville,  and  that  the 
damaged  parts  of  the  cable  which  were  recovered  proved  conclusively 
that  the  breaks  were  caused  by  trawlers  ;  and  whether,  seeing  that  no 
less  than  11  trawlers  were  reported  as  operating  in  the  immediate 
vicinity  of  the  repair,  he  would  take  any,  and,  if  so,  what  steps  to 
prevent  this  ilestruction  of  private  property  in  time  of  peace. 

In  reply,  Mr.  S.  Bu\ton  said  that  it  had  been  reported  to  him  that 
injuries  to  one  of  the  transatlantic  cables  had  recently  occurred  in  the 
locality  mentioned,  and  that  they  were  attributed  liy  the  Cable  Co.  to 
trawlers.  He  appreciated  the  seriousness  of  those  interruptions, 
and  he  trusted  tliat  the  steps  which  it  was  proposed  to  take  with 
a  view  to  minimise  them  would  pro\e  effective.  In  consultation 
with  the  President  of  the  Board  of  Trade,  he  appointed  a  Com- 
mittee last  summer  which  carefully  investigated  the  whole  ques- 
tion. The  Committee  had  before  it  a  proposal  made  by  certain 
of  the  cable  companies  that  trawlers  should  be  excluded  from  an  area 
extending  some  70  miles  from  the  shore,  in  which  damage  attributed 
by  the  companies  to  trawlers  had  occurred,  The  Committee  considered 
that  proposal  impracticable,  a  view  in  which  His  Majesty's  Government 
concurred.  It  had  reported,  however,  in  favour  of  an  alternative  pro- 
posal made  by  certain  cable  companies  for  the  inspection  of  trawling 
gear,  and  steps  were  now  being  taken  to  give  effect  to  the  recom- 
mendation. An  inspector  had  been  appointed,  and  the  matter  was 
before  the  Treasury  at  present. 


LEGAL  INTELLIGENCE. 


Seebold  v.  Page  &  Miles. 

Tjast  week  Mr.  Justice  B\icknill  commenced  the  heiring  of  an  action 
for  damages  for  alleged  breach  of  contract.  Defendants  denied  the 
breach  and  counterclaimed  for  £25.  fis.  8d.  for  work  done  and  materials 
supplied. 

Mr.  Low,  K.C..  said  plaintiff  (lessee  of  the  Worthing  Theatre  Royal) 
was  taking  electric  current  from  the  local  electricity  department. 
Later,  negotiations  were  opened  vi-ith  defendants  for  putting  down  inde- 
pendent generating  plant.  Several  estimates  were  sidimitted.  Plaintiff 
had  also  been  in  communication  with  Tangyes  Limitctl  and,  subse- 
quently, a  fourth  estimate,  which  was  the  foundation  of  the  contract, 
was  submitted  by  defendants.  There  was  a  dispute  as  to  whether  or 
not  Tangyes'  specification  accompanied  that  estimate.  The  tender, 
however,  did  not  jirovide  for  a  Tangye,  but  for  a  National  gas  engine, 
and  plaintiff  was  told  that  the  same  conditions  applied  to  it  as  to  Tangyes' 
as  to  simiilicity  of  working,  &c.  The  estimate  (dated  July  31,  liMXi)  was 
for  £410,  subject  to  3J  per  cent,  discount  for  cash  within  one  mimth  of 
delivery  ;  and  it  provided  for  supplying,  fixing  and  erecting  on  plnintilT's 


foundations  one  lU  H.i:  National  gas  engine  (with  m.igneto  ignition, 
starter,  tank.-,  &c.)  one  Xational  suction  ga.s  producer  and  one  C'rompton 
dynamo  (80  to  8.5  amiK-rcs  at  2.->0  volts).  That  tender  was  acce|)ted. 
and  the  work  completed  in  January.  1007.  There  was  from  time  t.i 
time  considerable  trouble  with  tlie  belting  connecting  the  engine  with  the 
dynamo,  and  there  were  ako,  it  was  alleged,  several  gas  explosions. 
I'ltimately,  plaintilT.  who  all  along  had  acted  on  the  advice  and  sugges- 
tions of  defendants  and  their  manager,  called  in  expert  assistance.  He 
did  not  find  fault  witli  the  engine,  the  dynamo  (jr  the  gas  producer, 
though  he  did  not  think  they  were  really  of  the  latest  or  most  effective 
kind  ;  but  of  the  way  in  which  the  plant  was  i)ut  together  and  the  way 
in  which  the  various  accessories  were  constructed  by  defendants.  Since 
certain  alterations  had  been  made  the  plant  had  worked  smoothly  and 
had  done  its  work  satisfactorily.  Plaintiff  consequently  complained 
that  defendants  had  not.  under  the  terms  of  their  contract,  installed 
plant  fit,  ))roper  and  suitable  for  lighting  the  theatre. 

Plaintiff  gave  evidence  in  supirort  of  his  claim,  but  in  cross-examination 
admitted  that  having  laid  down  the  plant  the  Corporation  had  offered 
to  supply  him  at  4d.  per  unit  instead  of  6d.  It  was  likely  the  dynamo 
was  returned  to  Messrs.  Crompton  &  Co.  in  a  very  dirty  condition,  and 
the  young  man  whom  he  employed  as  electrician  had  previously  had 
charge  of  the  electric  machinery  of  some  '"  roundabouts.  "  He  did  not 
know  that  defendants  complained  of  the  way  the  exhaust  pits  were  con- 
structed. 

Alfred  Hitches,  emploj'cd  by  plaintiff  to  look  after  the  plant. 
attributed  the  cause  of  the  explosions  to  misfiring  of  the  magneto  and 
tliere  was  not  sufficient  allowance  made  to  enable  the  gases  to  get  away. 
He  had  had  no  exper^nce  of  gas  engines  until  he  took  over  plaintiff's 
machine.       -j  -':- 

Mr.  Robert  Wooim,ey,  who  was  instruct-ed  to  examine  the  plant. 
said  that  it  was  in  fairly  good  condition.  Had  plaintiff  been  properly 
advised  he  would  never  have  put  down  such  a  plant  for  the  lighting  of 
his'Jhcatre.  The  best  plant  for  the  purpose  would  have  been  a  direct- 
coupled  plant.  In  cross-examination  he  said  that  exhaust  pits  were 
condemned  by  the  whole  engineering  world.  He  did  not  know  that 
jilaintiff  used  for  a  time  ordinary  househi>ld  coal.  .  Tlie  engine  was  built 
for  anthracite  coal.  He  had  not  altered  the  foundations  of  the  engine 
at/all.  He  suggested  that  the  original  belt  was  bad,  and  not  large 
enough  for  the  work  it  had  to  do.         -    .    ■ 

For  the  defence.  Mr.  Geo.  Phillips,  for  maiiy.  years  in  defendants' 
service,  said  he  submitted  various  estimates  to  plaintiff  in  regard  to  the 
work,  and  the  fourth  estimate  was  accepted.  The  ])lan  put  in  showed 
all  the  work  that  was  done  by  the  b\iil;lcr.  and  a  plan  was  left  at  the 
works  all  the  time  they  were  on.  The  whole  of  the  work  was  carried  out 
in  accordance  with  the  plan.  While  he  was  ther*  the  machinery  worked 
satisfactorily  in  every  way.  He  ran  it  for  about  three  weeks.  Plaintiff 
never  expressed  dissatisfaction  then.  Plaintiff  took  possession  of  the 
machinery  in  May  and  paid  the  balance  of  defendants'  account. 

Capt.  H.  R  Sankey  said  that,  in  his  opinion,  there  was  nothing  to 
show  that  the  plant  had  been  badly  installed,  but  it  had  not  been  pro- 
perly looked  after.  On  examining  the  djTiamo  he  found  the  f  e'd  magnets 
were  in  a  dirty  condition.  He  did  not  agree  with  the  suggestion  that  the 
narrowness  of  the  belt  had  necessitated  such  a  high  tension  that  the 
armature  spindle  of  the  dynamo  had  b^e.T  jiuUed  sideways  owing 
to  tlic  wearing  of  the  bushes.  In  crqss, examination,  he  said  that  in 
jilaintiff's  design  there  was  no  iron  silencer  at  all.  It  was  called  an  ex- 
liaust  ]iipc.  'I'lic  pits  were  the  silencer.  He  did  not  think  that  the  width 
of  the  belt  was  of  any  importance  at  all  in  that  particular  ca.se. 

Mr.  CJeoroe  Phillips,  local  manager  of  defendants  at  Worthing,  was 
re-called  and  further  cross-examined  by  Mr.  Low.  He  said  that  the 
suggestion  to  have  the  pits  was  made  by  the  Naitonal  Co.  He  knew 
that  there  were  other  means  of  silencing  besides  doing  it  by  pits.  He 
never  gave  plauitiff  any  opportunity  of  choosing  whether  he  would  have 
])its  or  other  means  of  silencing.  He  did  tell  plaintiff  that  the  National 
Co.  said  that  iron  covers  were  necessary.  He  (pioted  him  £18  as  the 
jirice  of  the  iron  covers. 

The  case  had  not  concluded  when  we  went  to  press. 


Bristol  Gas  Co.  v.  Bristol  Tramways  Co. 

Last  week  Mr.  Justice  Phillimore  heard  a  special  case  stated  hy  an 
arbitrator  for  the  opinion  of  the  Court. 

Sir  Alfred  Cripps,  K.C.  said  the  question  raised  depended  up.m  a 
point  of  construction,  all  the  facts  answereil  having  been  found  by  the 
arbitrator.  The  question  was  whether,  as  the  tramway  lines  were  laid 
down  in  Bristol,  certain  inconvenience  and  additional  expen.se  wen> 
thrown  upon  the  Gas  Co.  when  they  went  to  deal  with  their  mains  for 
repairs,  &c.  The  arbitrator  had  found  (lartly  in  favour  of  the  Gas  Co. 
and  partly  against  them.  A  clause  in  the  Tramway  .\ct  provided  that 
any  addition.d  expense  imposed  upon  the  Gas  Co.  by  reason  of  the  exis- 
tence of  the  tramway  in  any  road  or  place  where  any  such  mains,  pipes, 
&c.,  should  have  been  laid  before  the  construction  of  the  existing  tram- 
way, should  be  borne  by  the  promoters.  The  Hi-st  contention  was  that 
that  proviso  only  ai>plied  to  additional  expenses,  whei-e  there  had  lieen 
actual  interruption  of  their  tramway  traffic.  The  arbitrator  found  m 
favour  of  tile  (ias  Co.  on  that  point.  The  other  issue  was  that  the  Gas 
Co.  claimed  they  were  entitled  to  additional  expenses  when  it  was  thrown 
upon  them  by  reason  of  the  existence  of  a  tramway  in  a  road  which 
should  have  lieen  laid  before  the  construction  of  the  tramway.  On  that 
issue  the  arbitrator  found  against  the  Gas  Co.  The  Gas  Co.  claimed 
£115,  and  the  arbitrator  gave  them  £.'t7.  Counsel  contended  that,  as  the 
Gas  Co,  was  the  tirst  comer,  having  prior  legislative  powers,  they  should 
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not  be  jiiit  in  i  woisc  positii'ii  than  tlic  second  tomor,  tlie  Tramways  Co.* 
v.lio  had  subsequent  legislative  powers. 

Mr.  Simon,  K.C.  (for  the  Tramwiiys  t'o.)  denied  that  the  Uanwvay 
i-erriee  had  caused  the  interruption  alleged  by  plaintiffs  to  the  work  they 
(lesii-ed  to  carry  I'ut.  and  further  that  they  should  have  given  tlie  Tram- 
ways Co.  proper  notice  when  they  desired  to  work  on  any  pijics  under- 
neath the  tram  rails.  Had  they  done  so. defendants  would  have  been  able 
to  regulate  their  traffic  so  ;ts  to  cause  plaintiffs  a  minimum  of  ineon- 
venienee. 

His  Lordship  thought  the  arbitrator  was  right  and  liad  airived  at  a 
right  conclusion  on  the  issues  liefore  him.  It  might  be  said  that  the  (ias 
Co.  had  incurred  considerable  capital  expenditiire  and  were  under  many 
statutory  obligations  and  restrictions  ;  therefore  it  was  only  fair  that  they 
shoidd  be  allowed  to  fully  develop.  The  laying  of  such  pipes,  in  his 
opinion,  must  be  regarded  as  new  developments  on  the  part  of  the  {!as 
Co.  If  the  main  had  to  come  up,  or  the  position  of  the  main  had  to  be 
altered,  the  company  would  be  entitled  to  any  additional  expense  of  tlie 
work,  or  if  any  existing  jiipes  had  to  come  \ip  they  would  also  be  entitled 
to  recover  additional  expense  on  that  work  :  but  the  cost  of  laying  of 
additional  service  inpes.  which  were  feeders  to  new  houses,  ought  to  be 
home  by  the  company  itself,  and  the  Tramway  Cfl.  might  to  be  con- 
sidered to  that  extent  as  being  in  occujiation  before  the  Gas  Co.  The 
award  must  be  upheld,  and  the  ajipeal  would  be  dismissed  without  costs. 


Consolidated  Nickel,  Tin  &  Copper  Mines  v.  Crompton  &  Co. 

Mr.  .Muir  Mackenzie.  K.C,  Official  Referee,  commenced  the  hearing 
of  this  action  by  plaint'tis  for  damages  for  alleged  breach  of  contract 
ill  connection  with  an  electric  pumping  plant  which  defendants  under- 
took to  ereet  at  plaintiff  '  mine.  It  was  contended  that  by  a  contract 
in  «Titmg  in  February  and  March,  1907.  it  was  agreed  that  Messrs. 
Crompton  should  instal  in  the  Wheal  Busj'  Mine,  Cornwall,  for  £1,640, 
an  electric  pumping  plant  for  pumping  the  mine  free  from  water.  The 
installation  was  to  be  capable  of  delivering  1,000  gallons  of  water  per 
minute  against  a  total  head  of  120  ft.,  including  friction.  Plaintiffs  also 
alleged  that  it  was  agreed  that  defendants  would  deliver  and  fix  the 
plant  and  machinery  at  the  mine  on  or  before  May  24,  1907,  and  that 
in  the  event  of  their  failure  to  do  so,  defendants  would  pay  plaintiffs,  by 
way  of  hcpiidated  damages  for  the  non-completion  of  the  installation, 
a  sum  equal  to  1  per  cent,  of  the  contract  price  for  every  week's  delay 
for  the  iirst  three  weeks,  and  10  per  cent,  for  every  additional  week. 
\VTien  defendants  made  the  contract  they  were  quite  aware  that  under 
the  terms  of  their  licence  plaintiffs  were  botmd  to  instal  a  pumpmg  plant 
of  the  above  capacity  in  the  mine  by  June  20,  1907, and  if  they  failed  to  do 
so  they  were  liable  to  forfeit  their  lease.  In  entering  into  the  contract 
plaintiffs  left  it  to  defendants'  skill  and  jtidgment  to  supply  plant  and 
machinery  reasonably  tit  for  the  purpose  of  pumping  the  water  out  of 
the  mine,  and  plaintiffs  alleged  there  was  an  implied  warranty  that  tlicy 
would  do  so.  They  declared,  however,  that  defendants,  in  breach  of  the 
contract,  had  failed  to  deliver  the  plant  and  machinery,  or  to  coni|jletc 
the  same  and  set  it  in  j)ro])er  working  order  by  Jlay  24,  1907  ;  that  tlicy 
had  not  yet  completed  their  contract,  and  were  liable  to  the  jienalties 
mentioned.  Further,  that  defendants  had  failed  to  supply  machmery 
capable  of  doing  the  work  stipulated,  and  what  they  had  supplied  was 
not  reasonably  lit  to  pump  the  water  out  of  the  mine.  By  reason  of 
this  plaintiffs  alleged  they  had  been  unable  to  use  the  plant,  were  unable 
to  pump  the  water  out  of  the  mine,  and  had,  in  consequence,  been  un- 
able to  win  the  mineral  in  the  mine. 

For  the  defence,  Messrs.  Crompton  declared  that  they  did  deliver  the 
machinery,  and  that  the  ])ump  and  plant  so  supplied  was  able  to  fulfil — 
and,  in  fact,  did  fulfil — all  that  was  stipulated  by  the  contract.  Alter- 
natively, they  contended  that,  if  the  pump  and  machinery  failed  to 
fulfil  all  that  was  required,  the  faUure  was  due  to  the  negligence  of 
plaintiffs  in  not  providing  skilled  and  competent  workmen  to  work  and 
manage  the  installation,  and  was  not  d>ie  to  any  breach  of  contract  on 
their  part.  They  counterclaimed  £1,040,  the  balance  of  the  price  agreed, 
plamtiffs  having  paid  only  £(i00  of  the  £1,040. 

Mr.  C.  A.  Russell,  K.C,  with;  Mr.  .Schiller  were  for  plaintiffs,  and  Mr. 
Abel  Thomas,  K.C,  and  Mr.  .J.'.Sankey  for  defendants. 

.Mr.  RrsSEi.i..  K.C,  said  :  On  .June"20,  1903,  three  gentlemen,  named 
Adler,  Norbctt  and  Williamson,  acquired  the  lease  of  the  mine  in  ques- 
tion from  Lord  Falmouth.  The  mine  since  18(i6  had  been  shut  down, 
and  it  had  become  filled  with  water.  Before  ()])erations  could  be  resumed 
the  various  adits  or  levels  had  to  be  pumjied  out.  Under  the  licence 
plaintiffs  were  to  search  for  tin  and  tin  ore  and  all  other  metals,  &c.,  for  21 
years.  They  were  also  bound  to  procure  and  have  in  working  order  a 
modem  giumping  plant  as  set  out  by  or  before  .June,  1 907.  In  default  of  so 
doing  they  were  liable  to  forfeit  their  lease.  After  obtaining  quotations 
from  Messrs.  Cromjiton  &  Co.,  whom  they  accepted  as  being  skilled  in 
such  matters,  they  left  it  to  them  to  propose  what  would  be  an  efficient 
plant  to  instal.  After  negotiations,  Messrs.  Crompton  suggested  that  an 
electrically-driven  i)ump  with  gas  engine  woidd  be  a  suitable  ])lant, 
and  plaintiffs  finally  adopted  their  suggestion.  The  specificatiim  which 
wa.s  put  fi>rward  by  defendants,  and  which  was  finally  adopted,  stated 
that  they  proposed  to  supply  "  a  75  b.h.p.  to  80  b.h.p.  suction  gas  en- 
gine and  producer  plant  suitable  for  use  with  anthracite  coal,  the  engine 
to  be  capable  of  that  output  at  180  to  200  revs,  per  min.,  with  heavy 
flywheel  for  belt  driving."  He  wished  to  call  attention  to  the  description 
of  the  generator.  The  specification  described  it  as  "  having  stationary 
armature  and  revolving  field  system."  The  sinkmg  pump,  said  the  speei- 
lication,  WHS  of  the  turbine  multi-stage  vertical  spindle  pattern,  direct 
coupled  to  one  of  defendants'  standard  vertical  spindle  totally-enclosed 
three-phase  induction  motors,  .^S  H.P.,  running  at  1.4.5fi  revs,  per  min. 


on  a  550  volt  50  cycle  circuit.  This  pump  niit;ht  have  l)ceu  all  very 
well  had  it  had  a  sufficiently  powerful  motor  to  diive  it.  and  had  all  the 
other  ])ortiuns  of  the  ])lant  been  such  that  the  mi>tor  could  have  obtaincxl 
current  which  would  have  been  requisite  to  drive  it.  But  such  was  ntit, 
plaintiffs  urged,  the  case.  The  whole  virtue  of  the  inimp  dcpemlcil 
u|ion  whether  it  was  pnqierly  driven.  Plaintiffs  contended  that  llic 
pum|)ing  set  as  a  whole  was  not  capable  of  performing  the  duty  allotted 
to  it,  and  their  complaint  was  directed  principally  against  the  motor. 
In  one  of  their  letters  defendants  told  his  clients  that  they  had  "put  for- 
ward "  a  three-phasealternating-current  scheme  because. with  this  arrange- 
ment, there  would  be  no  commutator  or  rubbing  contacts  whatever  on 
the  motor  and  no  attention  would  be  required  for  the  electrically-driven 
sinking  pump  other  than  lubrication.  That  show'cd  beyond  a  doubt 
that  plamtiffs  left  it  to  defendants  to  put  forward  the  plant  thej-  thought 
would  be  the  most  suitable  and  cttieient.  Defendants  placed  a  great 
deal  of  the  work  with  sub-contractors,  and  whether  it  was  through  de- 
fective arrangements  with  those  sub-contractors  or  not  he  could  not  say, 
but  on  May  24  only  a  portion  of  the  jilant  was  on  the  site.  Con-^iderable 
correspondence  ensued,  and  plaintiffs  got  very  anxious,  because  they 
began  to  run  a  risk  of  losing  the  lease  by  a  breach  of  its  conditions. 
However,  they  miinaged  eventually  to  get  the  lease  extended,  but  pro- 
gress was  retarded  by  a  series  of  breakdowns.  A  niiin  named  Craig, 
who  was  in  charge  of  the  work  on  behalf  of  the  contractors,  with  his 
assistants,  tried  their  best  to  get  the  plant  to  run.  but  \mavailingl.v. 
Plaintiffs  were  advised  that  they  had  not  got  what  they  had  stipulated 
for  from  defendants,  and  therefore  they  commenced  the  present  ac^tion. 

Mr.  E.  H.  Williamson,  manager  of  the  mining  comiiany,  said  plaintiffs 
gave  defendants  thoroughly  to  understand  the  importance  of  having 
the  plant  installed  and  working  by  a  certain  date.  No  suggestion  was 
made  as  to  what  plant  should  be  used  ;  they  left  that  to  Messrs.  Cromp- 
ton &  Co.,  who  proposed  putting  in  electric  jilant.  He  could  not  say 
when  the  plant  did  actually  an-ive,  but  he  thought  the  last  piece  of 
machinery  earae  about  July  23.  Negotiations  with  some  French  engineers 
fell  through,  and  the  mine  was  not  unwatered  sufficiently  to  commence 
work  in  it  until  March,  1908.  He  did  not  think  it  had  ever  been  un- 
watered completely,  generally  speaking.  He  agreed  that  the  specifica- 
tion stated  that  defendants  intended  to  supply  a  "  sinking  pump  of  the 
turbine  multi-stage  vertical  spindle  type,  to  deliver  1,000  gallons  of 
water  per  minute  against  a  total  head  of  120  ft.,  including  friction." 
By  that  he  did  not  understand  that  the  head  of  120  was  an  "  ideal  head," 
and  that  it  would  not  raise  it  because  of  the  friction.  The  contract  said 
"  including  friction,"  and  therefore  he  took  it  to  mean  that  the  head  of 
water  was  a  real  head,  and  not  an  ideal  one.  However,  he  was  not  an 
engineer.  Plaintiffs'  electrical  engineer,  Mr.  Garner,  sent  them  reports 
of  the  working  of  the  motor,  &c.,  and  that  gentleman  eventually  advised 
them  that  it  would  not  be  safe  to  pump  to  the  full  depth  of  120  ft.  If 
they  did  the  plant  might  break  down,  and  so  they  issued  instructions 
that  the  water  level  should  be  kept  at  about  90  odd  feet. 

The  case  was  proceeding  when  we  went  to  press. 


Macaulay  and  Wife  v.  Great  Northern,  Piccadilly  &  Brompton 
Rly.  Co. 

The  Court  of  Appeal  (the  Lord  Chief  Justice  and  Lords  Justices  Moul- 
ton  and  Farwcll)  on  Thiir.sday  last  heard  this  appeal  of  plaintiffs  from  a 
judgment  of  Mr.  Justice  Lawrance,  after  trial  with  a  special  jury.  The 
action  was  brought  to  recover  damages  for  personal  injuries.  On  April  12, 
1907,  plaintiffs  entered  one  of  defendants'  lifts  at  Holborn  station,  but 
after  the  cage  of  the  lift  had  risen  a  few  feet  a  man  named  Tomlinson 
fell  from  the  top  of  the  shaft  of  the  lift  on  to  the  roof  of  the  cage  and 
through  the  roof  into  the  cage,  bemg  killed  on  the  spot.  Both  plaintiffs 
sustained  serious  injuries  through  being  struck  by  Tomlinson  in  his  fall. 
The  facts  were  given  in  The  Electrician  for  Dec.  4  last.  The  jury 
found  that  Tomlinson  went  to  the  station  on  the  legitimate  business  of 
the  company,  and  as  he  had  not  left  the  company's  ))remises  they  con- 
sidered he  v/as  in  the  service  of  the  com])any,  and  that  the  company  did 
not  supply  reasonably  safe  appliances  to  the  doors  of  the  lift.  They 
assessed  the  damages  at  £750  for  the  male  plaintiff  and  £200  for  the  lady. 
Upon  these  findings  the  learned  judge  entered  judgment  for  defendants, 
and  plaintiffs  a|ipcalcd  upon  the  ground  that  upon  the  findings  of  the  jury 
they  were  entitled  to  judgment. 

At  the  conclusion  of  legal  arguments,  their  Lordships  held  that  there 
was  abinidance  of  evidence  to  justify  the  findings  of  the  jury,  allowed  the 
appeal,  and  entered  judgment  for  plaintiffs. 


Patent  Revocation.— The  Comptrollcr-freneral  (jf  Patents  (Mr. 
Temples  Franks)  has  given  his  decision  on  the  appllc.ilion  for  the  revoca- 
tion of  letters  patent  No.  4,391  of  1904  on  the  ground  that  the  patented 
process  was  carried  on  exclusively  or  mainly  outside  the  United  King- 
dom. The  patent  was  granted  to  Dr.  E.  Weber  (of  .Schwepnitz,  Saxony) 
for  "  improvements  in  the  jireparation  of  clay  for  the  casting  of  clay 
ware." 

In  giving  his  decision,  Mr.  Temple  Franks  said  it  was  admitted  that 
the  "  jiatented  process  "  was  in  use  in  14  or  15  factories  in  Gsrmany  and 
Austria,  two  in  .Sweden,  one  in  Belgium  and  one  in  America,  and  that 
it  was  not  in  any  way  used  or  carried  on  in  this  cotintry.  The  patentee 
was,  therefore,  confined  to  resisting  the  application  on  the  ground  that 
he  cotdd  give  satisfactory  reasons  wh\'  the  process  was  not  carried  on 
to  an  adequate  extent  in  the  United  Kingdom.  The  reasons  given  were 
that  the  patentee  had  made  repeated  efforts  to  sell  or  licence  the  patented 
process  in  this  country,  that  he  had  treated  this  country  fairly  and  had 
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liiit  fiivcii  any  |irefereiu'i'  Ici  Clermany  ur  utlicr  fuicifjii  coimlrics,  (liat 
the  fiuhiic  to  WDvk  here  was  due  to  "  the  conservatism  of  English  mann- 
facliirir-,  "  ami  tliat  lie  had  now  entered  into  a  bona  fide  eontract  givins 
an  option  to  purchase  the  patent  rij;lits  for  Kni,dand.  He  was  not  wholly 
satisticd  with  the  evidence  adduced  in  sii]iport  of  those  allegations,  and 
he  had  decided  to  revoke  the  patent — not  forthwith,  Init  on  Dec.  lil 
next,  unless  in  the  meantime  it  was  shown  to  his  satisfae'ion  that  the 
patented  process  was  carried  on  to  an  adeciiiale  extent  in  the  United 
Kingdom.  From  the  evidence  it  appeared  tliat  there  was  a  bona  fide 
mistake  in  the  way  in  which  the  patent  rights  were  offered  to  purcharers 
in  this  country.  Taking  into  consideration  all  I  he  cirrumstancp=  of  the 
ca*e.  he  gave  no  eosf  to  either  side. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 


APPOINTMENTS  VACANT  AND  FILLED. 

An  assistant  uminirr  is  wanted  by  Liverpool  t'orjioration  lo  take 
charge  of  erection  and  raaintenanee  of  overhead  e()nii>menl  of 
electric  tramway.  Salary.  £250  per  annum.  Applications  to  the 
resident  electrical  engineer.  24.  Hatton-garden.  Liverpool.  See  an 
advertisement. 

The  appointment  of  lecturer  in  the  physics  and  electrical  engineer- 
ing departments  at  the  Sunderland  Technical  College  is  now  vacant. 
Salary  £150  per  annum.  Applications  to  the  Secretary,  Mi\  T.  W. 
Bryer.3,  15,  John-street,  Sunderland,  befcre  Aloic'ay,  May  31.':  Sfe 
also  an  advertisement. 

An  engineering  master  (mechanical  and  electrical)  is  wanted  in 
September  next  by  the  Plymouth  Education  Authority  for  their 
science,  art  and  technical  schools.  Forms  of  application  from  Mr. 
E.   Chandler  Cook,   18,  Princess-square,  Pl3'mouth. 

Coventry  Corporation  require  a  station  superintendent.  Com- 
mencing salary  £3.  3s.  per  week.  Applications  to  the  manager  by 
15th  inst. 

Blackpool  Cleansing  committee  require  an  engineer  (with  experi- 
ence of  mechanical  and  electrical  plant)  at  their  refuse  dpitructor 
works.     Wages  35s.     Applications  by  May  12. 

Mr.  0.  W.  Butler,  deputy  director  general  of  stores  at  the  India 
Office,  has  beon  appointed  director  general,  in  succession  to  Mr.  V. 
Grant  Burls.  C.S.L  Mr.  J.  W.  Fry  succeeds  to  the  position  hitherto 
held  by  Mr.  Butler. 

The  appointments  of  Mr.  Bcmrojc  and  Mr.  Bush  as  chief  electrical 
assistant  and  junior  a.ssistant  at  Tunbridgc  Wills  Iiave  been  con- 
firmed. 


Accrington. — The  Electricity  committee  will  give  a  12  months' 
ti'ial  to  a  bonus  scheme  for  the  employe?  at  the  Electricity  works. 

Aston. — On  Wednesday  the  Electricity  committee  reported  that 
for  the  year  ended  March  31  the  total  income  of  the  electricity  de- 
nartraent.  after  deducting  discounts  and  allowances,  was  £24,565, 
against  £21,140  in  1907-8. 

The  total  working  expenditure  was  £13,273,  against  £11,414,  the 
gross  profit  being  £11,292,  against  £9,730.  -"^fter  paying  interest  the 
balance  profit  was  £3,156,  against  £3,083. 

The  salary  of  the  electrical  engineer  (Mr.  Robert  Foster)  has  been 
increased  to  £500  per  annum. 

Battersea  Polytechnic.  London.— The  special  summer  classes  at 
this  Polytechnic  include  courses  of  lectures  on  testing  of  materials, 
engineering  drawing  office  practice,  electric  traction  and  high  tension 
transmission,  &c.  The  feos  are  moderate.  Prospectuse.s  may  be 
obtained  from  the  Secretary,  Battersea  Park-road,  London.  S.W. 

Blackburn. — The  profit  on  the  past  year's  working  of  the  electricity 
undertaking  was  about  £1  .(lltO.  but  the  deficit  on  the  tramways  will  be 
about  £4.8ttO. 

Bournemouth. — Mr.  Cecil  Barber  has  retired  from  the  position  of 
Works  engineer  and  trafiic  manager  of  the  Corporation  tramways, 
consequent  upon  the  a]ipointment  of  Mr.  C.  W.  Hill  to  the  position. 
Mr.  Barber  had  occupied  the  position  for  the  past  seven  years. 

Mr.  0.  W.  Hill,  chief  assistant  in  the  Birmingham  Corporation  tram- 
ways department,  has  this  v/cck  taken  up  his  duties  as  general  manager 
of  the  Corporation  tramways.  It  will  h?  remembered  there  were  103 
applications  for  thi>  iiosition,  but  this  number  was  reduced  to  10,  and 
afterwards  to  a  short  list  of  four  :— Mr.  Hill,  Mr.  P.  .1.  Pringlc  (tramways 
manager  and  borough  electrical  engineer  at  Burton-oii-Trent),  Mr.  F. 
Ayton  (chief  engineer  and  manager  of  Iji^swicli  Corporation's  electric 
supply  and  tramways  departments),  and  Mr.  C.  Barber.  A  long  discussion 
took  place  at  the  Council  meeting,  and  to  the  mntion  that  Mr.  Hill  be 


appumlcd,  an  amendment  was  put  that  the  appointment  he  given  to  Mi- 
Barber,  but  this  was  defeated,  and  another  amendment  that  the  matter 
be  referred  back  to  the  committee  was  defeated  by  two  votes.  Xotice 
was  given  of  a  motion  to  rescind  this  resolution,  but  this  ha.s  been  dr..piH-d. 
Chelmsford.— The  Electric  Sujiply  Corporation  has  been  in- 
striictid  to  erect  11  new  incandescent  electric  lamps  in  the  Spring- 
Cork  Tramways  Strike.— For  some  days  there  has  been  a  serious 
strike  of  the  employes  of  the  Cork  Electric  Tramways  &  Lighting 
Co.,  with  the  result  that  the  tramway  service  has  been  entirely  sus- 
pended. The  following  official  .statement  gives  the  state  of  affairs 
at  the  time  of  going  to  pre.ss: — 

The  present  position  of  the  strike  in  connection  with  the  employes 
of  the  Cork  Electric  Tramways  *  Lighting  Co.  is  practically  thesjime 
as  when  it  started— that  is,  the  men  are  still  all  out,  and  there  are  no 
trams  running  in  the  city.  The  power  station,  however,  is  beinf  run 
by  members  of  the  engineering  staff  and  some  of  the  empTovis 
who  remained  loyal  at  the  time  of  the  strike,  and  the  power  .-ind 
lighting  supply]  is  being  maintained  as  heretofore.  Although  there 
were  rumours  that  there  was  a  possibility  of  failure  of  the  light- 
ing supply,  these  .are  al  sohitely  unfounded,  as,  fortunately, '~the 
company  have  only  recently  taken  in  a  very  large  supply  of  coal,  aiifl 
are,  in  consequence,  well  able  to  maintain  the  supply  without  the 
slightest  ditficulty. 

We  learn  that  the  strike  \\  .as  started  without  a  moment's  notice,  and 
this  action  has  considerably  minimised  any  little  sympathv  which  the 
public  might  have  felt  for  the  men.  A  conference  between  the  direc- 
tors and  representatives  of  the  strikers  took  place  on  Tuesday.  Many 
demands  were  conceded,  but  the  acceptance  was  dependant  on  the  ra- 
instatement  of  the  hands,  which  the  directors  would  not  assent  to. 

Customs  Duties.— .\  list  of  decisions  recently  published  shows  that 
imjjorts  of  lioldcrs  (including  handles  for  portable  incandescent 
electric  lamps)  into  Xcw  Zealand  are  subject  to  a  duty  of  30  per  cent, 
ad  val  (20  per  cent,  if  of  British  make),  and  that  dynamos,  regulators. 
rheostats,  ampere  and  volt  meters,  meter  bridges  (declared  to  l)e  for 
teaching  piuposes),  and  high  frequency  apjjaratus  and  electrodes  used 
in  electrotherapy  (British  or  foreign)  are  admitted  duty  free. 

Edinburgh.— At  the  meeting  of  the  Corporation  on  Tuesday,  the 
chairman  of  the  Electric  Lighting  committee  (Councillor  A.  A. 
Murray)  moved  a  'recommendation  in  favour  of  the  acceptance  of 
the  tender  of  the  Lahmeyer  Electrical  Co.  for  the  supply  of  cables. 
tender  for  cables. 

He  stated  that  the  choice  of  the  committee  lay  between  the  offer 
of  the  Lahmeyer  Co.  and  one  of  £6,905  made  by  a  British  companv. 
The  latter  had  made  a  reduction  from  their  first  tender. 

Councillor  Leishman  said  a  firm  should  not  have  been  allowed  to 
m.ake  a  reduction  after  their  estimate  was  in. 

Councillor  MrRRAY  said  in  a  case  like  th.at  the  offer  was  subject  to 
adjustment  and  checking  of  schedules,  which  accounted  for  the  re- 
duction. 

Councillor  Lvox  saiil  although  everyone  sympathised  with  the  want 
of  work,  it  was  not  their  province  to  interfere.  The  Lahmeyer  Co. 
had  been  contractors  there  for  many  years  and  had  done  satisfactory 
work. 

Mr.  R.\wsos  moved  as  an  amendment  that  the  committee's  recom- 
mendation be  not-  accepted.  He  said  that  if  there  ever  was  a  time 
when  thej-  should  consider  their  own  people  it  was  now. 

The  committee's  recommendation  was  adopted  by  35  votes  to  9. 

Electrical  Exhibitions.— Accrington  Electricity  committee  propose 
to  hold  an  exhibition  of  electric  motors,  fittings.  &c..  in  the  Town 
Hall,  and  the  Council  are  recommended  to  grant  £100  towards 
expenses. 

.■\n  exhibition  of  electric  light  fittings,  electric  motors,  cooking  and 
heating  apparatus,  &c.,  is  being  held  at  the  Shire  Hall.  Hereford,  bj- 
tween  the  10th  and  I5th  inst. 

Hereford. — .Application  is  to  be  made  for  sjinction  to  a  further 
loan  of  £S.O0()  for  extensions  of  the  electricity  undertaking. 

Huddersfleld.— At  the  last  meeting  of  the  Council  .Md.  Woodhcad 
announced  that  on  the  past  year's  working  of  thetramways  there  was 
a  surplus  of  £2.061.  compared  with  £6,514  for  1007-S.  The  Tram- 
ways committee  proposed  to  transfer  the  amount  in  relief  of  the  rates. 

The  committee  had  set  aside  £12,387  for  depreciatiim.  interest  and 
contribution  towards  redemption  of  debt.  The  i-cscrve  or  renewals 
account  stood  at  £.35.1.')5.  Is.  3d.  He  stated  that  to  be  able  to  strengthen 
the  undertaking  to  the  extent  of  over  £25,000  without  adding  to  the 
annual  outlay  for  interest  and  repayment  of  principal,  and  still  to  leave 
between  £30.000  and  £40,(K10  as  a  rcservo  against  contingencies,  was  a 
most  satisfactory  state  of  atTairs. 

India. — The  "Indian  and  Eastern  Engineer"  states  that  the 
Calcutta  jetties  are  to  be  lighted  in  future  entirely  by  electricity 
from  the  Port  Ct>mmissioners'  own  power  station.  It  is  intended  to 
use  "  Excello  "  flame  arcs,  and  the  Howrah  Bridge  lighting  is  to  be 
included  in  the  scheme.  It  is  expected  that  about  £MM)  per  annum 
will  be  saved  eoniparcd  with  present  cost. 
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Italy. — At  a  iTcnit  meeting  the  Depait mental  Traftic  Commissicm 
at  Genoa  recently  passed  a  resolution  recommending  the  adoption  of 
electric  traction  on  the  Genoa-Spezia  State  Railway. 

Leith. — The  Council  are  to  consider  a  motion  to  e.xteml  the  tram- 
ways from  Seatield  to  Portobello. 

Leyton. — .A.s  the  Electrical  Company  refuse  to  accejit  the  con- 
ditions specified  as  to  the  cost  of  carbons  for  the  Blondel  arc  lamps 
they  offered  for  trial,  the  electrical  engineer  (.Mr.  F.  Harraan  Lewis) 
is  to  draw  up  a  specification  of  the  requirements  for  proposed  new- 
flame  arc  lamps  and  invite  several  arc  lamp  makers  to  tender  and 
submit  a  sample  scries  on  approval. 

.Mechanical  stokers  are  to  be  fitted  to  two  of  the  cylindrical  boilers 
on  approval,  and  if  they  are  satisfactory  the  other  two  boilers  will  be 
similarly  fitted. 

LiV3ipool. — On  Wednesday  the  Tramways  committee  recom- 
mended the  City  Council  to  apply  for  sanction  to  a  loan  of  £11,112 
for  widening  Xetherfield-road  and  the  construction  of  a  double  line 
of  tramways.  The  L.G.  Board  has  sanctioned  the  borrowing  of 
£58,000  to  provide  additional  generating  plant  at  Lister-drive  No.  2 
electric  power  station,  and  the  committee  asked  to  be  allowed  to 
borrow  £10.(;00  for  prospective  expenditure  on  sub-station  equip- 
ment.    The  report  «as  adopted. 

Loch  (Isle  of  Man). — The  Loch  Parade  Tenants"  Protection  Society 
s  considering  a  scheme  ftir  the  electric  lighting  of  the  promenade. 

London  County  Council. — On  Tuesday  it  was  agreed  to  lend 
Southwark  Council  £8.5(X)  for  electric  lighting. 

Tramuai;''  ovr  Blacl-friars  Bridge. — A  recommendation  to  incur  ex- 
penditure to  join  up  the  tramway.s  from  the  Thames  Embankment  over 
Blackfriars  Bridge  was  agreed  to. 

Hiijhgaic-Toad  Tramu-am. — X  further  adjourned  report  to  expend 
fi!-l,.580  on  the  reconstruction  of  the  tramways  in  Highgate-road  was 
submitted. 

Brotklfy-road  lo  Fores'  Hill  Tramways. — The  Highways  committee 
recommended  a  capital  expenditure  of  £61,710  for  the  con.struction  of 
authorised  tramways  from  Brocklej-road  to  Forest  Hill. — Postponed. 

Feed  PHlnrs. — Authority  was  given  the  Hiahways  committee  to  expend 
£82.5  for  12  additional  feeder  pillars  required  in  connection  with  existing 
electric  traniwa\-s.  ., 

L.C.C.  Tramways. — The  traffic  receipts  on  the  C&uncirs  tramways 
during  the  year  ended  March  31  were  £1.801.477,  an  increase  of 
£176.582  over  the  previous  year.  £263.51-1  was  received  on  the  horse 
tramways,  the  remainder  being  electric. 

Stepney  Council  decided  on  Wednesday  to  consent  to  the  use  of 
the  overhead  trolley  .system  on  the  small  portion  of  Ihc  tramwa}' 
route  between  Burdett-road  and  Coborn-road. 

Manchsster. — .An  interesting  report  by  the  Tramways  committee 
on  halfpenny  stages,  extension  of  time  for  workmen's  fares  and 
sp;cial  fares  forworking  wom°n  and  children,  «as  before  the  Corpora- 
tion on  Wednesday. 

The  cnmmittce  were  of  opinion  that  the  general  introduction  of  half- 
p.'nny  stages  on  the  main  routes  of  the  tramway  system  would  result 
in  serious  financial  l(>.ss,  that  the  interests  of  the  travelling  public  and  the 
citizens  generally  were  best  served  by  adhering  to  the  minimum  fare  of 
Id.,  that  it  was  not  desiraVjle  at  the  ])re!ent  time  to  grant  further  con- 
cessions as  regards  workmen's  fares  or  to  grant  special  jirivilegcs  for 
working  women,  and  that  the  existing  regulations  as  regards  children's 
fares  be  amended  so  that  children  under  five  years  of  age  and  not  occupy- 
ing a  seat  may  be  carriel  free,  and  those  over  five  and  under  12  years  at 
half-fare,  no  fare  to  be  less  than  Id.  A  list  of  suggested  alterations  of  th 
long-distance  fares  was  also  (-ubmitted  for  approval. 

In  moving  the  adoption  of  the  report,  the  chairman  of  the  committee 
(.\ld.  Bowes)  said  that  it  proved  conclusively  that  the  adoption  of  half- 
penny fares  would  me:m  a  loss  of  £107,020  "per  annum,  and  instead  of 
the  committee  subsidising  the  rates  to  the  extent  of  £75,000.  the  rate- 
jiayer-  woald  have  to  subsidise  the  tramways. 

.\fti  r  (li-i  ii!.>i'  II  till'  report  and  recommendations  were  approved. 

Marylebone  (London).— In  the  estimates  of  the  Electric  Supply 
committee  for  the  current  year  the  anticipated  increase  in  units  .sold 
is  put  at  I.(K»0.fKM).  and,  after  allowing  for  all  expenses  (including 
interest  and  sinking  fund  chargf  s).  tlirre  will  be  a  )irofit  of  £1,341. 

National    Electrical    Manufacturers    Association.— -A   committee 

me.iiiiy  ,,t  iliis  assiK-ialion  will  !«•  held  at  the  offices,  Balfour  House, 
Finsliury. pavement.  London.  E.C.,  on  .Monday  next  at  2  p.m. 

Nottingham. — The  Corporation  propose  to  ajjply  for  additional  Par- 
liamentary powers  for  the  construction  of  the  Carlton-road  tramway. 

Personal. — .Mr.'  H.  Brownscombe,  shift  enginesr  at  Dover,  ha.s 
resigned. 

'J'he  staff  at  the  generating  station  at  Devonport  Dockyard  have 
presented  a  marble  timepiece  to  .Mr.  R.  D.  Spanton,  electrical  engi- 
neer, on  his  marriage. 

•Mr.  M.  Farrcr,  resident  engineer  of  llu  Twickenham  and  Tedding- 


ton  Electric  Supply  Co.,  was  recently  married  lo  .Miss  Jennie  Sl^nL',  of 
Broailstairs. 

Plymouth. — The  Electricity  committee  recommend  the  Corjxira- 
tion  to  carry  out  extensions  of  tlic  plant  at  tlie  elcctricitv  works  at  a 
cost  of  £2,500. 

Provisional  Orders.-  The  Board  of  Trade  have  granted  provi.sif.nal 
orders  for  Stourbridge  and  for  Staines  and  district. 

Provisional  Orders  Revocation. — The  Board  of  Trade  have  revoked 
as  from  April  30  the  Glastonbury  Corporation  Electric  Lighting 
Order,  1904.  and  the  Walmer  Electric  Lighting  Order,  1904. 

Southampton. — Owing  to  the  low  price  of  copper,  tenders  are  to 
be  invited  for  the  supply  of  heavy  cable  for  trunk  main  purposes, 
delivery  to  be  made  in  June,  1910. 

The  borough  electrical  engineer  (Mr.  H.  F.  Street)  is  to  fiu'nish  alter- 
native estimates  (1)  for  the  supply  and  erection  liy  Messrs.  Babcock  & 
Wilcox  of  a  new  boiler  and  (2)  for  the  erectiim  of  the  boiler  by  the 
department's  staff. 

.■\ppHcation  is  to  bo  made  for  sanction  to  borrow  £3.000  for  mains  and 
services. 

A  sub-committee  has  been  appointed  to  consider  rciommendations 
by  the  manager  for  doing  away  with  a  number  of  short  jiieces  of  single 
tramway  track.  It  is  estimated  that  the  revenue  is  adversely  atfected 
by  these  short  jiieces  by  upwards  of  £2,000  \>er  annum. 

Southwaik. — On  Wednesday  the  Establishment  committee  re- 
ported that  they  had  had  under  consideration  the  question  of  the 
apijointment  of  an  electrical  engineer,  for  which  119  applications  had 
been  received.  Having  regard,  however,  to  a  reference  the  com- 
mittee had  received  from  the  Electric  Light  committee,  and  to  the 
fact  that  the  Special  committee  appointed  by  the  Council  in.Januarj' 
with  reference  to  the  electric  light  undertaking  had  not  yet  com- 
jileted  its  negotiations,  they  had  deferred  making  an  appointment 
for  tliree  months. 

Canon  Horsley  said  there  seemed  to  be  an  impression  abroad  that 
an  electrical  engineer  was  not  likely  to  get  fair  treatment  in  South- 
wark, and  he  had  been  .asked  by  a  gentleman  desirous  of  becoming  a 
c.indidate  for  the  post,  if  it  w.as  true  that  the  Borough  Council  were 
taking  steps  to  sell  the  undertaking.  If  that  was  so  how  could  they 
expect  good  men  to  compete  for  the  y)0st? 

Mr.  R.  C.  D.w  IS  said  negotiations  were  now  going  on  with  regard 
to  the  undertaking,  but  nothing  definite  had  been  arrived  at.  It  was, 
however,  thought  the  appointment  of  an  engineer  should  be  postponed 
lo  see  what  decision  was  arrived  at. 

The  report  was  adopted. 

Spain. — The  Spanish  Government  have  introduced  a  bill  for 
reforms  of  the  post  and  tclcgrapli  s<rviecs  at  a  cost  of  about  £148,000 
for  material  and  £830. .'JdO  for  the  i  rcclion  of  central  post  and  tele- 
graph offices,  in  the  provincial  capitals  and  other  towns. 

The  Malo  de  Molina  and  Ahlcmeyer  companies  have  foimed  a 
new  company  and  acquired  a  waterfall  at  Villa  de  Bes  which  is 
to  be  utilised  for  operating  electric  generating  plant  to  supply  cur- 
rent for  use  in  Cartagena,  about  99  miles  distant. 

Sfoke-upon-Trent. — During  the  past  year  the  electricity  dtjart- 
ment  sold  693,367  units  of  electric  current,  and  the  revenue  was 
£4.927.  compared  with  £3.925. 

The  generating  expenses  were  £2,820.  against  £2.003.  and  the  gross 
juofit  £2  100,  compared  with  £1,921.  After  paving  interest  and  sinking 
fund  (£1,959),  the  net  profit  was  £141,  against  £157.  6s.  lid.  Owing 
to  the  reduction  in  the  price  of  current  and  the  extended  use  of  metallic 
filament  lamps  the  results  had  been  adversely  affected.  The  average 
price  worked  out  at  l-70d.  per  unit  sold,  against  2-51d.,  and  the  cost  of 
generation  at  0-9Sd..  against  l-28d. 

Telephone  Rates  in  Australia. — Regulations  recently  issued  by  the 
CommoiiweaUh  l'ostinastcr-(  General  contain  the  following  pro- 
visions with  regard  to  telephone  rates  : — 

The  charges  in  tele])hone  networks  in  districts  with  a  population  of 
oi-  luider  10,000,  and  for  an  area  with  a  radius  of  live  miles,  £3  for  ex- 
clusive service,  £2.  10s.  for  each  subscriber  on  a  two-party  and  £2  on  a 
three  or  more  ])arty  service.  For  10.000  to  100,000  population  and  10 
mile  radius  the  charges  are  £3.10s.,  £2.  15s.  and  £2.  5s.  Over  100,000 
l)opulation  with  10  mile  radius  £4,  £3  and  £2.  10s.  The  toll  charge  for 
all  effective  originating  calls  is  |d.  per  call  for  the  first  2,000  calls  per 
half-year  and  Jd.  for  each  call  in  excess.  These  charges  only  ap|)ly  to 
lines  up  to  2  miles  in  length  :  for  lines  of  greater  length  10s.  extra  per 
\  mile  per  annum  will  be  charged  for  exclusive  lines,  ,5s.  per  subscrilier 
for  two-party  and  2s.  lid.  for  three  or  more  party  lines.  These  rates 
applv  lo  nil  new  si.bsiiiluTs  from  Mar.b  111  lust,  and  all  subscribers  will 
be  bi.>ML;lil  ur.diT  the  new  rates  by  Maivli  nc.Nt. 

Tramway  and  Light  Railway  Ofllcials'  Association. — At  a  meeting 
of  the  executive  council  at  Birmingham,  on  Saturday,  the  acting 
president  (Mr.  A.  R.  Fearnlcy,  Sheffield)  said  the  meeting  had  been 
called  to  wind  up  the  association  in  accordance  with  the  resolution 
jiasscd  at  Leeds  on  .March  13  owing  to  (he  growth  of  the  Municipal 
Tramways  and  the  Tramways  and  Light  Railways  .Associations. 

In  onlir  to  show  appreciation  of  the  services  rendered  to  the  associa- 
tion  by  Mr,  K.  W.  Cramp  (general  manager  of  the  Birmingham  and 
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Jlidlaiid  Tiamwuy.s  Joint  Committi'c),  wlio  luul  been  lion,  yecietary  fur 
upwcirclp  i)f  seven  yeaiv,  (he  members  presented  him  with  a  canteen  <if 
cutlery. 

Tramway  Lease.  —  Burton-on-Trcnt  Corporation  intend  to  lease 
to  llie  .Midland  Railway  t'o.  (for  21  years  from  July  1,  1906)  at  a 
rent  of  £825  per  annum,  a  tramway  forming  a  junction  at  the  borough 
boundary  with  tlie  ('ciin]iany"s  light  railway  and  a  tramway  forming  a 
junction  with  the  ( 'orporation.s  tramways.  The  company  are  to  use 
no  motive  power  other  than  electrical,  except  in  case  of  emergency, 
are  to  take  all  electrical  energy  from  the  Corporation  (c.c.  at  not  less 
than  .500  volts)  at  l-3d.  per  unit,  with  power  to  agree  from  time  to 
time  on  new  prices  or  refer  the  question  to  arbitration.  The  Corpora- 
tion are  to  have  power  to  run  cars  over  the  lines  on  payment  of  4Jd. 
per  car-niilc.  including  the  charge  for  electrical  energy. 

Tunbridge  Wells. — On  Wednesday  the  Council  adopted  the  recom- 
mendation of  the  Lighting  committee  to  retain  Mr.  Horace  Boot  as 
consulting  electrical  engineer  from  August  31st  ne.xt. 

Mr.  Boot  is  to  be  paid  a  commission  of  5  per  cent,  upon  capital  works 
nndeitaken  by  the  Coipnration  in  respect  of  which  he  may  be  employed  ; 
a  minimum  sum  at  the  rate  of  £100  per  annum  to  be  paid  Mr.  Boot  during 
the  time  he  hold?  the  appointment,  and  £100  to  be  alto  paid  to  Mr.  Boot 
in  discharge  of  all  commission  and  other  payments,  except  actual  out  of 
pocket  expenses  in  resjiect  of  all  capital  works  already  sanctioned  bv 
the  L.G.  Board. 

West  Bromwich.— The  Electricity  committee  report  that  for  the 
year  ended  .March  31,  the  sales  of  electricity  for  private  lighting 
realised  £3.374.  2s.  7d.,  an  increase  of  £45.  Os.  5d.  ove  r  1907-8 ;  for 
public  lighting  £677.  2s.,  an  increase  of  £39.  12s.  ;  for  traction. 
£6,599.  Is.  3cl.,  a  decrease  of  £552.  4s.  lOd.  :  and  for  power, 
£2,797.  12s.  3d.,  an  increase  of  £1,037.  .5s.  8d.  The  total  sales  realised 
£13.461.  8s.  lid.,  compared  with  £12,877.  14s.  3d.,  an  increase  of 
£583.  143.  8d.,  or  4-53  per  cent. 

West  Hartlepool. — Aid.  Macfarlanc  reported  to  the  Council  on 
Tuesday  that  the  gross  incoms  of  the  electricity  department  during 
the  past  year  was  £15,300,  an  increase  of  £500, and  the  expenditure 
was  £8,801).  After  paying  interest  and  sinking  fund,  the  balance  (£581) 
was  transferred  to  reserve. 

Will.— The  late  Mr.  Gdo.  E.  Belliss.  founder  of  the  well-known 
firm  of  BoUiss  &  Morcom,  left  estate  valued  at  £285.254.  4s.  lOd. 
gross  and  £276.823.  4s.  7d.  net. 

Wimbledon. — Ii  future  the  charge  for  energy  for  power  will  be  as 
follows  : — ■ 

Up  to  750  units  per  quarter  l^d.  per  unit,  1,250  units  Ifd..  2,500  units 
IJd.,  .5,000  units  Ijjd.,  12,500  units  l^d.,  25,000  units  IJd.,  62.500  units 
Id.,  and  over  02.500  units  pev  quarter  sjiecial  rates.  2d.  jier  unit  is  to  be 
charged  for  current  supplied  fur  heating  and  cooking 

Application  is  to  be  made  for  sanction  to  borrow  £5.000.  the  estimated 
capital  expenditure  upon  mains  and  house  services  during  the  year 
ending  March  31,  1010,  and  £800  for  meters. 

Wireless  Telegraph  Notes.— Mr.  Marconi  wields  a  ready  pen.  and 
demolishes  in  a  fe«-  words  the  various  "  discoveries "'  of  some 
medical  cranks,  who  seem  to  delight  in  finding  opportunities  for 
airing  their  Latin  derivatives.  This  is  Mr.  Marconi's  w-ay  of  pulveris- 
ing the  alarmists  : — 

My  attention  has  been  called  to  one  or  two  articles  which  have  recently 
appeared  in  the  authoritative  medical  Pre.'^s  dealing  with  certain  noxious 
physical  eifects  alleged  to  be  ])roduccd  upon  wireless  telegraphic  operators 
in  the  course  of  their  employment.  The  text  for  these  articles  seems  to 
have  been  finnished  by  the  report  of  a  medical  officer  in  the  French  navy, 
who  is  pleased  to  attribute  to  the  practice  of  wireless  telegraphy  the 
occurrence  within  his  observation  of  various  cases  of  conjunctivitis!, 
keratitis,  corneal  ulceration,  leukoma,  functional  cardiac,  and  other 
formidable-sounding  maladies.  .\s  I  am  not  ambitious  to  be  associated 
with  any  new  addition  to  the  already  sufficiently  sorrowed  lis-t  of  occu- 
pational diseases,  ijcrha])-?  you  will  kindly  allow  me  the  courtesy  of  your 
cohmins  to  state  most  emphatically  that,  whatever  may  ha])pen  in  con- 
ditions; with  which  I  am  not  acquainted,  my  own  experience  and  that  of 
the  companies  associated  with  my  name,  both  here  and  in  other  parts  of 
the  world,  supplies  no  evidence  whatever  in  support  of  these  suggestions. 

Just  as  it  is  necessary  to  protect  the  eyes  from  the  effects  of  any  source 
of  intense  light,  so,  in  our  high-power  stations,  we  find  it  convenient  to 
Eurround  our  sparks  and  discharges  with  a  non-translucent  screen  or 
box  ;  but  no  other  precautions  have  been  found  necessary,  and  the 
health  <if  our  operators  and  othei-  employes  has.  I  am  glad  to  say.  been 
uniformly  satisfactory.  During  the  12  yeai-s  or  so  of  our  operations  we 
hive  had  to  deal  with  n;)  single  case  of  compensation  for  any  injury  of 
this  t)rigin,  nor.  so  far  as  I  can  ascertain,  has  any  such  injury  l>cci\ 
suffered.  Speaking  for  myself,  I  may  remark  that  my  own  good  health 
has  never  been  better  than  during  the  often  extended  periods  when  1 
have  been  exposed  for  many  hours  daily  to  the  conditions  now  ehallent'cd. 
and  in  the  constant  neighbourhood  of  electrical  discharges  at  our  Tran.s- 
atlantic  station^,  which  I  believe  aie  the  most  powerful  in  the  world, 

I  observe  that  at  least  one  daily  newspaper  seems  to  have  pressed  the 
fCports  to  which  I  have  alluded  into  the  service  of  a  further  theory  that 


electric  waves  as  used  in  wireless  telegraphy  may  he  harmful  not  only  to 
the  ojierators,  but  to  the  world  at  large.  This  suggestion  is  a  very 
familiar  one  to  me,  but  hitherto,  1  confess,  it  has  reached  me  only  through 
the  letters  of  the  insane  p?rs<)ns  who  ocrasionally  bpsiege  me  with  accu- 
sations and  threats  in  respect  of  the  tortures  which  they  imagine  me  to 
be  continually  and  of  malice  aforethought  inflictin'.'  iipnn  them  by  the 
practice  of  wireless  telegraphy.  G.  ilABCOM. 

From  several  .sources  news  has  come  to  hand  that  wireless 
telegraphic  communication  has  been  successfully  established  between 
New  York  City  and  Chicago,  but  the  distance  between  these  two 
chief  American  cities  have  in  the  accounts  published  varied  between 
700  and  1,000  miles  !  It  is  related  that  considerable  difficulty  was 
experienced  in  establishing  effective  communication  owing  t(j  the 
very  large  number  of  messages  of  varied  kinds  with  which  the  atmos- 
phere between  the  two  cities  is  charged.  In  Xew  York  the  station 
is  established  on  the  roof  of  the  Waldorf-Astoria  Hotel,  and  the 
Chicago  station  is  on  the  Auditorium  Annex  Hotel.  The  first  mes- 
sages were  exchanged  between  the  leading  ncw.spapcrs  of  the  two 
cities.  The  large  number  of  amateur  installations  (the  crrclion  of 
wireless  stations  forms  a  favourite  pastime  of  the  gilded  yi.uth  of 
America),  were  responsible  for  considerable  loss  of  time  in  "  getting 
through." 

The  number  of  vessels  of  the  leading  steamship  lines  w  hich  are  being 
equipped  with  wireless  telegraph  apparatus  is  increasing  in  a  very 
rapid  manner.  The  P.  &  O.  Company  have  added  a  number  of  their 
principal  vcs.sels  to  the  wireless  equipments,  and  the  Royal  JIail 
Steam  Packet  Co.  have  also  decided  to  equip  another  group  of  their 
steamships  with  the  Marconi  Company's  apparatus. 

York. — The  result  of  the  poll  of  the  citizens  on  the  tramway 
question  was  announced  on  Saturday  as  follows  : — 

For  tramways  constructed  and  worked  by  the  Corporation  6.297  votes, 
for  tramways  constructed  by  the  Corporation  and  leased  to  a  company 
78  votes,  and  for  tramways  constructed  and  worked  bv  a  company 
3,734  votes. 

At  the  meeting  of  the  City  Council  on  Mondaj'.  .\ld.  Meyek  said  that 
the  Tramways  committee  would  be  called  together  in  a  week's  time  to 
make  a  recommendation  as  to  the  acceptance  of  a  tender.  The  overhead 
system  would  be  adopted,  because  the  surface-contact  .system  would  cost 
about  £20,000  more,  and  in  order  to  make  it  pay  they  would  have  to 
earn  another  £1,000  a  year.  Then  there  was  the  element  of  ri.''k.  for  the 
svstem  was  not  satisfactory  in  every  place  in  which  it  was  used. 

The  revenue  of  the  electricity  department  for  the  year  ended  March 
was  £18  248,  including  £12,8.57.  10s.  Id.  from  the  sale  of  current. 

The  expenses  were  £9,477.  ]8s.  3d.,  leaving  a  gross  jirofit  of 
£8,770.  Is.  lid.  After  paying  interest  (£4,529i  and  sinking  fund 
(£3,259.  12s  Id.),  the  net  profit  is  £981.  9s.  The  net  capital  expendi- 
ture is  £105,381.  During  the  yeav  1,671,702  units  were  generated,  of 
which  1,342,815  were  sold. 

The  Electricity  committee  have  placed  on  record  their  appreciation 
of  the  services  of  IMr.  J.  W.  Hame  (city  electrical  engineer)  and  the  staff'. 

Electrical  Football  League. — The  annual  general  meeting  of  the 
Electrical  football  League  will  take  place  on  May  19  (at  7  p.m.)  at 
the  offices  of  the  St.  James' and  Pall  Mall  Electric  Light  Co.,  19. 
Carnaby-street,  Golden-square,  W. 

Representatives  of  clubs  wishing  to  join  should  attend  this  meeting. 
The  past  season  has  been  a  very  successful  one  and  it  is  hoped  to  make 
next  .season  even  more  so  by  introducing  new  clubs.  The  hon.  sec. 
(Mr.  J.  W.  Fraser),  39,  Wearside-road,  Lewishara,  S.E.,  will  supply 
information.  The  following  was  the  position  of  the  clubs  at  the  end 
of  the  season  : —  Gcals 

Played.  Won.  Lost.  Drawn.  For,  Agst,     Pts. 
Metropolitan  Electric  ...  12  ...  11  ...     0  ...  1  ...  49  ...     7  ...  23 

County  of  London 12  ...     8  ...     3  ...  1  ...  24  ...     9  ...  17 

St.  Pancras 11  ...     5  ...     3  ...  3  ...  ;5  ...  17  ...  13 

Robertsons 11  ...     4  ...     6  ...  1  ...  22  ...  25  ...     9 

General  Electric    ._ 12  ...     3  ...     6  ...  3  ...  19  ...  22    .      9 

St.  James 12  ...     3  ...     6  ...  3  ...  13  ...  ^3  ...     9 

Ediswan  12  ...     0  ...  10  ...  2  ...     5  ...  55  ...     2 

Dinner.— On  the  29th  ult.  the  statf  of  the  .\b(  rdecn  Corporation 
electricity  department  gave  a  dinner  at  the  Imperial  Hotel  to  Mr. 
Richard  B.  W.  Pirie,  their  erstwhile  colleague,  who  has  been  success- 
ful in  securing  the  important  position  of  chief  internal  auditor  to  the 
British  Columbia  Electric  Railway  Co.,  in  Vancouver  City. 

Mr.  J.  .\i.EX.  Bei-l.  city  electrical  engineer,  presi(!ed  over  a  company 
of  18,  and  dinner  was  followed  by  an  excellent  nuis-ical  entertainment. 
In  giving  the  toast  of  "  Our  Guest,"  .Mr.  Bel!  i-cferred  to  Jlr.  Pirie's  con- 
nection with  the  department  and  the  happy  mentories  of  his  associations 
with  the  statf  at  the  old  ("otton-sti-eet  works  and  at  Dee  village.  Since 
then  he  had  gained  valuable  experience  at  Weston-su|)er-XIare  and 
Cardiff,  and  with  the  Clyde  \'alley  Electric  Power  Co.,  which  would  fit 
him  admirably  for  the  important  jiosition  he  was  now  about  to  fill. 
Forj  his  ability,  his  natural  courtesy  and  his  evercenial  good  nature 
Mr.  Bell  ventured  to  jucdict  for  him  further  success  in  the  near  future. 
Jlr.  Pirie,  who  replied  in  s\iitab|c  terms,  saiN  friun  Liverpool  to-day, 
Friday. 
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TRADE  NOTES  AND  NOTICES. 


NOW  READY. 

"THE  ELECTRICIAN  "  ELECTRICAL  TRADES' 
DIRECTORY  AND  HANDBOOK.— The  1909  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issued  in  handy  book 
form.  These  are  included  in  the  1909  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published.    

TENDERS  INVITED. 

WiGAX  Corporation  invite  tenders  tor  tlie  sup|j!y  and  erection  ut 
7.50  kw.  engine  and  generator,  two  water-tube  boilers,  steam  and 
water  piping,  raotor-diiven  feed  pumps,  economiser,  separators, 
fe?d  water  filter  and  meter,  exhaust  steam  and  water  piping,  motor- 
driven  pumps  and  condenser,  coal-liandling  plant  and  bunkers, 
h.  and  l.-t.  cables,  h.  and  l.-t.  switchboard,  removal  of  plant  from 
Pemberton  generating  station  to  Wigan.  constructional  steelwork 
for  the  boiler  house  extension  and  switchboard  gallery.  Copies  of 
specification,  &c.,  from  the  borough  electrical  engineer,  Mr.  Jas. 
Slevin.  Bradford-place.  Wigan.  Tenders  to  the  town  clerk.  Mr. 
Harold  .Jevons.  by  May  17.     See  also  an  advertisement. 

Manchester  Tramways  committee  invite  tenders  for  the  supply 
and  delivery  of  main  .switchboard  and  auxiliary  distribution  boards, 
steel  girder  tramway  rails,  steel  tiebars  for  tramway  rails,  copper 
trolley  wire,  and  tramway  rail  bonds.  .Specifications  from  the  general 
manager.  Mr.  .1.  .M.  McElroy.  Tenders  to  the  Chairman  of  the 
C;)mmittee,  '>'>,  Piccadilly,  Manchester,  must  be  received  by  10  a.m. 
of  Tuesday.  May  18.     See  also  an  advertisement. 

Tenders  are  invited  for  supply  of  50  coin  attachments  (suitable 
for  coins  of  different  values)  to  the  Postmaster-General's  Depart- 
ment in  Victoria.  Tender  forms  and  specifications  may  be  obtained 
at  the  Commonwealth  Offices.  72.  Victoria-street,  London.  S.W.  Sec 
also  an  advertisement. 

Tenders  are  invited  for  eight  sections  of  common  battery  switch- 
biird  and  subscribers"  apparatus  for  Hawthorn  Exchange  for  the 
Postmaster-tiencral's  ])ei)artment.  \'kt()RIA.  Tender  forms  and 
specifications  from  the  Commonwealth  OflRce.  72.  Victoria-street. 
London,  S.W.     See  also  an  advertisement. 

Tenders  are  also  invited  for  supply  of  telephone  material  to  tlic 
Postmaster-General'.s  Department  in  Queensi.axd.  Tender  forms 
and  specifications  may  be  obtained  at  the  Commonwealth  Office.  72. 
Victoria-.street.  London.  S.W.     See  also  an  advertisement. 

Tenders  are  invited  for  supply  of  one  d.-c.  steam-driven  generat- 
ing set  for  Melbourne  (Victoria)  electricity  works.  Tender  form. 
conditions,  specification  and  plans  can  be  obtained  from  the  agents 
for  Melbourne  City  Council,  Mes.srs.  McIlwTailh.  .McEacharn  &  Co. 
J'r.'iprietary  (Ltd.).  Billiter-square-buildings.  J>ondon.  E.C.  Tenders 
ti  tbeTjwnC.erk,  town  hall.  .Melbrmrne.  by  Wednesday.  .luly  14. 
Ses  also  an  advertisement. 

Tenders  are  also  invited  for  supply  of  1,12.5,000  flame  and  70.000 
ordinary  arc  lamp  carbons  for  .Melbourne  Corporation.  Teiuiir 
form,  specification,  conditions.  &c..  from  the  agent.s  for  .Melbourne 
City  Council.  .Messrs.  Mcllwraith,  .McEacharn  &  Co.  Proprietary 
(Ltd.).  Billiter-square-buildings,  London,  E.C,  to  whom  tenders  by 
noon,  Tuesday,  May  2.5.     See  also  an  advertisement. 

St.  PANfUAS  (London)  Borough  Council  invite  tenders  for  supply 
of  arc  lamp  carbons.     Copies  of  specification,  &c.,  from  the  Elec- 


tricity Department  offices,  57,  Pratt-strcet,  Camden  Town,  N.W. 
Tenders  by  noon  July  10  to  the  town  ckrk.  Mr.  C.  H.  F.  Barrett, 
Town  Hall,   Paucras-ioad,  London.  IS'.W 

WoouBKiDOE  LTrban  Council,  who  arc  tlosirous  that  a  company 
should  establish  electricity  works  in  the  district,  announced  that 
they  would  support  a  company  in  an  api>lieation  for  a  provisional 
order  and  would  enter  into  a  contract  for  public  lighting  from 
.-Vpril  1,  1912.  The  population  is  4,600  and  gas  is  4s.  6d.  per  LOOO  ft. 
Tenders  by  June  1. 

The  Postmaster-General's  Department.  >s^EW  South  Wai,e.s.  want 
t'?nders  by  May  19  tor  supply  of  two  multiple  magneto switchboard^;. 
by  June  3(1  for  a  photometer  (similar  to  Siinmance-Abady  steel-tuhr 
jihotometer)  with  two  spare  sighting  wheels,  and  by  Sept.  29  for 
supply.  &c..  of  branching  multiple  magneto  switchboard  for  Edge- 
elill'  Exchange.     * 

The  Belgian  Ministry  of  Railways,  Posts  and  Telegraphs  rcquiie 
tenders  by  11  a.m..  May  12,  for  supply  of  high-tension  cables.  &c.. 
for  the  Spa  to  Verviers  railway.  Specifications  from  the  Socieir 
National  des  Chemins  de  Fer  Vicinaux.  14,  rue  de  la  Science.  Brussels. 

Tiie  invitation  issued  by  the  Italian  ^Ministry  of  Marine  for  siqiply 
of  electric  lamps  at  the  Royal  .\rsenals  (referred  to  on  pp.  904  and 
984  of  our  issues  of  March  19  and  April  2)  has  been  withdrawn. 

TENDERS  RECEIVED  AND  ACCEPTED. 

Bermondsey  (London)  Council  ha\'c  accepted  the  tenders  of 
Ferranti  Limited  for  meters,  indicators,  fuses  and  switches  ;  of  the 
General  Electric  Co.  for  two-rate  meters  and  time  switches  com- 
bined, standard  fuses.  &c.  ;  and  of  W.  Geipcl  &  Co.  for  Davy  en- 
closed arc  lamj)  carbons  at  6s.  per  100  pairs. 

Salford  Council  have  accepted  the  tenders  of  Ferranti  Limited, 
Cliamberlain  &  Hookliam.  the  Gsneral  Electric  Co.,  and  the  Reason 
Mfg.  Co.  for  the  annual  supply  of  meters,  of  the  Siriuswerke  for  arc 
lamp  carbons,  and  of  Matthews  &  Yates  for  maintaninig  electric  fans 
at  two  Council  schools  at  13s.  per  fan  per  quarter. 

The  City  of  London  Wood  Wool  Co.,  Plover  Works,  Hackney  Wick, 
London.  N.E..  have  secured  contracts  for  this  years  supply  of  the 
company's  Elastene  fibre  for  packing  from  the  India  Office  and  the 
Admiralty. 

Wolverhampton  Corporation  have  accepted  the  tender  of  G.  P. 
Trentham  for  the  construction  of  tramway  track.  &c.,  from  Queen- 
square  to  Per.n-road,  at  £5.404.  Tlicre  were  13  tenders,  varying 
from  £5.404  to  £13.200. 

Chester  Council  have  placed  an  order  with  the  TJudor  Accumulator 
Co.  for  removal  of  the  traction  battery  to  a  new  l?a,ttery  room  at  the 
electricity  works  at  £129.  10.s. 

Nottingham  Corporation  have  placed  an  order  with  Mes.srs. 
Willans  &,  Robinson  for  two  400  kw.  reciprocating  engines,  to  be 
direct  coupled  to  Siemens  d.c.  d}'namos. 

Bridlington  Council  have  accepted  the  tender  of  Waring  &  GiUow 
(Manchester)  for  a  scheme  of  electrical  illumination  on  the  Royal 
Prince's  Parade  at  £540 

Cumberland  County  C'ouncil  have  placed  an  order  with  Gibson  i- 
Cairns  for  three  years'  maintenance  of  the  electric  light  installation 
at  the  county  offices. 

St.  Helens  Corporation  have  placed  an  order  for  low-level  jet  con- 
densing plant  with  Willans  &  Robinson. 

Douglas  (I.M.)  Council  have  accepted  the  tender  of  Waller  .Scoll 
( Ltd. )  for  25  tons  of  tram  rails  at  £7.  lO.s.  j)er  ton. 

Eastbourne  Council  have  placed  an  order  with  Ferranti  Liniitid 
for  supply  of  100  meters. 

Kingston-on-Thames  Council  have  placed  orders  with  Siemens 
Bros.  &  Co.  and  W.  T.  Glover  &  Co.  for  sujiply  of  cables. 

Poplar  (London)  Council  have  placed  an  order  with  Frasei'  & 
Eraser  for  hotwcll  tanks  at  £48.  5s. 

Dartford  Council  have  accepted  the  tender  of  Johnson  &  Phillii)s 
fnr  feeder  cable  at  £351. 

On  Tuesday  Edinburgh  Corporation  accepted  the  tender  of  the 
Lahmeyer  Electrical  Co.  for  the  .supply  of  in.sulated  cables  at  £6,544. 

(iloucester  Council  have  ))laced  an  order  with  Crompton  &  Co.  for 
Conradty  carbons  for  one  year  at  £105.  2s.  7d..  less  2J  per  cent. 

Derby  Council  have  accepted  the  tender  of  A.  A.  Andrews  for 
wiring  the  refu.se  destructor  at  £21. 

A  contract  for  the  provision  of  electricity  supply  works  for  the 
siqijily  of  current  for  light  and  power  in  the  Port  of  Tarragona  ha.s 
been  given  to  th(^  Socicdad  Maquinista  Tcrrestre  y  Maritima.  of 
J5arcelona.  at  :{47.8S()  pesetas  (about  £5.073).  The  tender  of  (i. 
Bruck,    on    behalf    of    the    .A. E.G. -Thomson-Houston    Iberiea.    at 
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286,768  pesetas  (about  £4,182)  was  not  ailmiltoci,  on  the  ^Muinid  lliat 
the  mattTial  to  bo  employed  was  not  of  national  inaniilacliirc  and 
therefore  not  in  aecoidance  with  tlie  hiw  of  Feb.  U,  l!Mt7,  and  llic 
reguUilion  of  March  -23,  19(J8. 

The  Industrla  Electriea  Comjiany.  of  Barcelona,  has  seemed  a 
contrael  for  the  eonstruetion  of  an  eleotrie  tramway  in  Jerez. 

Commonwealth  Tenders. — The  PostniasterGenerars Department. 
Melbourne,  have  acee|)ted  the  tender  of  the  British  Insulated  & 
Helsby  Cables  for  12  miles  of  h.d.  copper  wire. 

The  Postmaster-General's  Department.  Sydney,  have  accepted 
the  tender  of  the  India  Rubber  Co.  for  three  nauts  of  single  core 
submarine  ealile  at  £3.50. 

Large  Battery  Contract. — We  learn  tliat  tlie  Tudor  Accumulator 
Co.  have  seemed  a  contract  from  Manchester  Electricity  Supply 
department  for  the  supply  and  en  ction  of  a  large  storage  battery. 
The  capaeily  of  tlie  battery,  which  is  In  coiisisl  nf  210  cells,  is  to  be 
1 1,700  amp. -hours  at  a  three-hour  rate  nl  di-rliaj  ue,  8,400  amp. -hours 
at  a  one-hour  rate,  and  a  current  of  !.").( Kill  anipc  res  is  to  be  obtained 
for  a  period  of  five  minutes.  It  is  proposed  to  use  the  battery  in  the 
evening  for  the  lighting  supply,  and  it  is  to  be  charged  in  the  daytime 
from  tlie  traction  generators.  The  weight  of  each  cell  will  be  about 
3  tons,  and  its  dimensions  6  ft.  1|  in.  by  2  ft.  2J  in.  by  3  ft.  4i  in.  high. 
Each  cell  will  contain  77  plates,  each  plate  being  20J  in.  by  29  in.  In 
connection  with  the  battery  three  boosters  are  to  be  supplied.  These 
will  be  used  in  parallel  on  the  lighting  load,  and  two  in  series  on  the 
traction  load,  in  the  latter  case  One  running  at  constant  voltage  and 
the  other  being  automatically  rev^'sible.  These  boosters  are  to  be 
supplied  by  the  Lancashire  Dynamo  &  Motor  Co.  A  feature  of  the 
contract  is  that  the  battery  is  to  be  maintained  at  full  capacity  for  a 
period  of  no  less  than  15  years.  It  is  believed  that  this  battery  will 
be  the  largest  in  tliis  country. 

BUSINESS  NOTICES. 

The  ofifiees  and  showrooms  of  the  Jandus  Arc  Lamp  and  F^leelrie 
Co.  are  now  at  their  Holloway  works,  additional  premises  having  been 
acquired.  The  Comjiany  have  terminated  the  sole  agency  agree- 
ment with  Messrs.  Drake  &  Gorliam,  and,  in  future,  will  sell  direct 
from  their  viorks,  at  Holloway,  which  will  be  their  sole  address. 
Additional  workshop  space  has  also  been  secured  to  cope  with  the 
increasing  demand  for  their  regenerative  flame  lamp.  The  .Jandus 
Co.  was  formed  to  manufactui'e  the  first  enclosed  arc  lamp,  and  as 
they  were  the  first  with  the  carbon  enclosed  lamp,  so  they  have  (it  is 
claimed)  been  the  first  to  solve  the  problem  of  tlie  enclosed  flame  are. 
Licensed  concessions  have  been  granted  to  various  large  foreign  firms 
to  manufacture  enclosed  flame  lamps  in  all  European  countries,  the 
United  States  and  Canada.  A  special  factory  has  also  been  laid  down 
for  the  manufacture  of  the  patented  carbons  used  in  conjunction  with 
the  Jandus  enclosed  flame  lamp. 

Fi-edk.  Chas.  Geary  and  Frank  S.  Rippin  (trading  as  Geary, 
Rippin  &  Co.),  electrical  engineers,  25,  Central  Arcade,  Wolverhamp- 
ton, have  dissolved  partnership.  Debts  by  Mr.  Geary,  who  con- 
tinues the  business. 

Geo.  Morrison  and  .John  Wm.  Roebuck,  electrical  engineers.  4, 
Birley-street,  Blackpool,  have  dissolved  partnership. 

Geo.  Bingham  and  Alfd.  Hy.  Hall,  electricians,  Parkstone,  Poole, 
have  dissolved  partnership.     Debts  by  Mr.  Hall. 

Frank  Fearnside  and  Harold  Glover,  electrical  engineers  and 
contractors,  Burke's-buildings,  .John-street,  Bradford,  have  dissolved 
partnership.     Debts  by  Mi'.  Fearnside,  who  continues  the  business. 

The  Electrical  Industries  Supply  Co.,  12,  Maedonald's-lane, 
Corporation-street,  Manchester,  have  acquired  the  business  of 
Soholes  &  Co. 

On  May  10  Messrs.  Crews  &  Handford  will  remove  to  Clarence 
Chambers.  4.  Piccadilly,  Manchester.     Telephone  4565  City. 

Condensing  Plants. — Messrs.  Willans  &  Robinson,  of  Rugby,  who, 
during  the  past  few  years  have  paid  considerable  attention  to  the 
manufacture  of  surface  condensing  plants,  have  extended  this 
department  of  their  business  to  include  conden.sers  of  the  jet  type, 
particularly  condensers  built  on  the  counter  current  and  barometric 
column  principles.  Due  to  the  large  number  of  instances  where 
condensers  of  the  jet  type  are  required,  in  connection  with  exhaust 
st«am  turbines,  special  arrangements  have  been  made  for  the  manu- 
facture of  this  class  of  condenser. 


Plant  for  Sale.— Messrs.  G.  Elliott  &  Co.,  186-188,  Long-lane, 
Bermondscy,  London,  S.E.,  have  for  sale  two  compound  Marshall 
steam  engines  coupled  to  two  Crompton  dynamos,  and  also  three 
dynamos.     Further  particulars  are  given  in  an  advertisement. 

Two  alternator -gas  engine  sets  (250  kw.  each),  direct  coupled,  are 
advertised  for  sale. 


A  second-hand  Kc  Peache  high-.sj«;cd  engine,  340-3C.J  B.ii.r.,  made 
by  Davcy.  Paxman  &  Co.,  is  otfcred  for  .sale  in  anotlier  column. 

Plant  Wanted.  -The  Sandycnjft  F(HHidry  Co.  (SandycrofI,  near 
Chestci)  advertise  that  they  require  a  second-hand  liigli-speetl 
engine,  suitable  lor  driving  an  alternator  of  about  (iOO  kw. 

Electrochemical  Laboratory  Premises  Wanted.— .\n  adverli.semcnt 

contains  particulars  of  the  rei|uirenients  of  consulting  engineers,  who 
wish  to  lease  oi'  purchase  ]irenii.ses  for  an  electrochemical  laboratory, 
witliin  reuli  of  cheaj)  electric  supply,  gas  and  water. 

Patent  Development. — The  proprietors  (jf  the  following  patents 
are  desirous  of  entering  into  arrangements  by  way  of  licence  and 
otherwise  for  exploiting  same  in  this  country  : — 

No.  15,243/1903  for  "  Improvements  in  Means  for  Automatically 
Regulating  Electric  Currents  generated  by  Dynamos." 

No.  17,.3I4/1905,  for  "  Improvements  in  Automatic  Regulators  or 
Rheo.^tats  for  Electric  Currents." 

No.  28,15!V1**97,  for  "  Means  for  use  in  Lighting  Railway  Cans  or 
Carriages  by  Electricity  and  for  regulating  the  Current  for  same." 

No.  I7.HII1/19I)1.  for  "  Improvements  in  Apparatus  and  Devices  for 
controllini;  Electric  Currents." 

No.  I(i,illi2/HII)2,_for  "Improvements  in  Electric  Switches  or  Cut-offs." 

Communications  in  regard  to  the  above  to  Messr.?.  Haseltine,  Lake  & 
Co.,  chartered  patent  agents  and  consulting  engineers,  7  and  8,  South- 
ampton-buildings, Chancery- lane,  london,  W.C. 

No.  2,274/1904,  relating  to  "  Improvements  in  Telegraphic  Trans- 
mitters," and  No.  5.944/1902,  relating  to  "  Improved  Telegraphic 
Systems."  Applications  to  Messrs.  Lloyd  Wise  &  Co.,  46,  Lincoln's 
Inn  Fields,  London,  W.C. 

"  The  Journal.  " — Part  194  of  the  "  Journal  of  the  Institution  of 
Electrical  Engineers  "  is  now  ready,  price  5s.  Particulars  of  the 
contents  arc  given  in  an  advertisement. 

"  Simplex." — Simplex  Conduits  (Ltd.)  have  decided  to  make  an 
important  departure  in  connection  with  the  Imperial  International 
Exhibition,  to  be  opened  at  Shepherd's  Bush  this  month.  As  this 
departure  is  at  variance  with  the  company's  policy  of  strictly  limiting 
their  dealings  to  contractors,  they  have  sent  the  following  letter  to 
Mr.  L.  G.  Tate,  secretary  of  the  Electrical  Contractors'  Association: — 

As  you  are  aware,  we  are  erecting  a  model  Electrical  Home  at  the 
forthcoming  Imperial  International  Exhibition,  and  for  this  purpose  we 
have  secured  a  large  space  in  the  grounds  of  the  White  City,  oiu'  object 
being  to  popularise  the  name  "  Simplex  "  in  connection  with  metal  fila- 
ment lam])s,  electrical  cooking,  heating,  and  ventilating  apparatus,  and 
other  electrical  goods  sold  by  our  company.  In  order  to  secure  the 
maximum  advantage  from  tliis  undertaking  it  will  be  unavoidable  that  a 
certain  number  of  transactions  will  take  place  with  the  general  public. 
As  this  is  a  departure  from  tlie  policy  whicli  we  have  always  pursued, 
and  which  we  mtend  to  continue,  of  dealing  only  through  tlie  contractor, 
we  have  given  the  matter  some  consideration,  and  as  evidence  of  good 
faith  our  directors  have  decided  to  pay  into  your  central  fund  a  sum,  to 
be  disposed  of  in  any  manner  your  board  may  think  fit,  equivalent  to 
5  per  cent,  upon  the  gross  value  of  all  such  sales  as  may  be  effected  at 
our  exhibit  above  mentioned.  We  trust  this  will  meet  the  views  of  yoin- 
members  and  be  acceptable  to  them. 

We  may  mention  that,  as  you  will  readily  understand,  the  expenses 
in  connection  with  this  departure  are  very  heavy,  and  consequently  we 
are  unable  to  ofl'er  you  a  larger  percentage  than  that  named.  Further, 
we  have  no  doubt  that  our  enterprise  in  this  direction  cannot  fail  to  be 
to  the  ultimate  advantage  of  the  electrical  contractor. 
In  connection  with  the  Simplex  exhibit,  the  site  occupied  is  situated 
between  the  Garden  Club  and  the  Grand  Restaurant  in  the  Elite 
Gardens,  and  has  an  area  of  over  1,000  sq.  ft.  In  addition  to  a  large 
.showroom,  there  is  an  eleetrically-equiii|iecl  dining  room,  drawing 
room,  bedroom  and  kitchen. 

A.E.G.-Zeitung. — We  have  received  from  the  Allegemeine  Elek- 
frizitts  Gescllschaft.  a  copy  of  their  journal,  which  deals  with  the 
various  advances  made  from  time  to  time  in  the  electrical  industry, 
and  the  application  of  electrical  energy  to  industrial  work.  The  lire- 
sent  number  contains  articles  on  "  Twenty-five  years  of  the  Berlin 
Electricity  Works,"  "  New  Problems  in  the  Electrical  Industry." 
"  Steam  Installations.  Then  and  Now,"  "  Electrically-Driven 
Tools,"  and  the  "  Electric  Drive  in  .Aigrieulture."  The  number  is 
well  illustrated  throughout  and  .special  attention  may  be  called  to  a 
full  page  illustration  showing  an  example  of  illumination  by  Nernst 
and  A.  E.G.  Are  Lamps. 

L.  &  S.  W.  Railway  Guide.— The  London  &  South  Western  Railway 
Co.'s  Ofticial  Illustrated  Guide  and  List  for  1909  has  ju-t  been 
issued,  edited  liy  .Mr.  W,  T.  Perkins.  The  book  contains  much 
matter  of  interest  to  those  seeking  information  concerning  eligible 
holiday  resorts  for  the  tired  brain  worker.  The  L.  &  S.W.  Railway 
and  its  ramifications  tap  many  licautiful  places  not  only  in  England 
but  across  the  water.  A  large  map,  specially  prepared,  is  included. 
.50,000  copies  of  this  "  Guide  "  have  been  i.ssucd,  under  the  direc- 
tion of  Mr,  Henry  Holmes,  Superintendent  of  the  line,  and  these  are 
being  distributed  gratuitously. 
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CATALOGUES,  &c. 

Electromedical  Apparatis — .Mt'.ssr.s.  Siemens  Rro(hers  &  t'o.. 
Caxton  House.  Westminster,  liave  issued  the  March  supiJlcment  to 
their  Electro-JIedical  catalogue,  dealing  with  switchboards  for  adding 
to  ordinary  X-Ray  outfits  in  order  to  make  them  suitable  for  rapid 
and  instantaneous  radiograi)hy.  These  boards  are  made  of  various 
types,  with  automatic  as  well  as  with  hand  control,  and  Messrs. 
Siemens  Brothers  &  Co.,  are  prei)ared  to  design  suitable  boards  for 
connecting  to  any  existing  plants. 

"  A  Fleet  is  Being. " — .\  firm  noted  for  the  solidity  of  its  equip- 
ment and  the  general  utility  of  its  ajiparatus  for  the  work  which  it 
has  to  do  is  f'alloiider"s  Cable  &  Construction  Co.  It  is.  therefore, 
not  surprising  that  its  cables  ar,^  employed  to  a  large  extent  on 
His  Majesty's  ships.  The  use  of  electricity  in  the  Navy  becomes 
mare  and  more  extended  as  each  new  ship  is  launched,  and  in  the 
more  modern  ships  Callender  cables  have  found  a  wide  application. 
For  this  reason  an  excellent  sketch  has  been  prepared  by  Mr.  C.  J. 
Oreene  showing  the  various  warships  on  which  the  main  electrical 
distribution  has  been  effected  either  entirely  or  in  part  by  means 
of  Callender  cables  and  boxes.  The  ships  illustrated  include 
the .  "  Bellerophon."'  "Invincible."  "Inflexible."  "Indomitable," 
"  Vanguard."  "  Defence."  "  Boadicea."  "  Bellona,"  "  Superb  "  and 
"  Temeraire."  The  arrangement  of  the  .ships  in  the  picture  gives  a 
good  idea  of  their  readiness  for  action  and  illustrates  the  conception 
of  a  "  fleet  in  being.' 

Joist-box  CoMPorsDS. — Messrs.  Wm.  Geipel  &  Co.  forward  a 
copj'  of  a  descriptive  pamphlet  dealing  with  joint-box  compounds. 
in  which  are  set  out  various  points  in  connection  with  these  useful 
substances  which  it  is  necessary  to  remember  in  making  a  choice  of 
them  for  electrical  work. 

Electrical  Co.'s  Speclalities. — The  Electrical  Co.  have  issued 
a  set  of  pamphlets  dealing  with  their  specialities,  including  motors 
for  massage  purposes,  cigar  lighters  and  similar  accessories,  oil  and 
knife  switches.  In  their  oil  switches  the  Electrical  Co.  make  a  point 
of  interlocking  the  equipment  so  that  the  switch  ca.se  can  only  be 
opened  and  the  fuse  withdrawn  when  the  switch  is  in  the  "  oft'  " 
position. 

Switchboard  Isstru.mests.— From  Messrs.  Siemens  Bros.  &  Co. 
wc  have  received  a  very  complete  catalogue  illustrating  and  describ- 
ing their  range  of  switchboard  instruments.  The  instruments,  of 
which  details  are  given  in  this  catalogue,  are  illustrated  and  dealt 
with  at  some  length  in  another  portion  of  this  issue,  and  we  need 
only  here  call  the  attention  of  our  readers  to  the  fact  that  any  am]>li- 
fications  of  the  points  rai.sed  in  this  article  can  be  obtained  by  apply- 
ing to  Messrs.  Siemens  Bros.  &  Co.,  and  that  a  perusal  of  this  cata- 
logue will  amply  repay  the  time  spent  over  it. 

"  Z"  Ti.me  Switch. — Messrs.  Marsh.  Son  &  Co..  of  London  and 
Birmingham,  have  issued  a  show  card  illustrating  their  new  "  Z  " 
time  switch,  whereby  it  i.s  claimed  you  can  "  Light  your  Windows 
and  Save  your  Light  Bill."  This  card  is  well  calculated  to  catch 
the  eye.  and  we  commend  it  to  those  of  our  readers  who  are  engaged 
in  selling  this  class  of  apjiaratu-i. 

BANKRUPTCIES,  LIQUIDATIONS,  &c. 

A  meeting  of  creditors  of  the  Buenos  .\yres  Grand  National  and 
La  Capital  Tramways  Joint  Committee.  Ltd.  (in  liq.),  will  be  hold  at 
62.  London-wall.  London.  E.C..  on  .May  14.  Claims  by  June  1,  to 
Mr.  Fortcscue  Thursby.  62,  London-wall,  K.C. 

Claims  against  the  Eastern  Electrical  Synd.,  Ltd.  (in  liq.).  bv 
June  14  to  .Mr.  W.  H.  Stentiford.  1.  Broad -street-place.  London,  E.C. 

A  dividend  is  to  be  paid  to  the  creditors  of  Hy.  John  Furniss. 
electrician.  iiA.  Quecn-.street.  Derby,  and  claims  arc  to  be  sent  by 
Mav  HI  t.i  Mr.  l\  Stone.  47.  Fiill-slrc-t.  D.Tbv. 


PATENT  RECORD. 


APPLICATIONS  FOR  PATENTS. 

Note. — The  undermenliminl  Apiiliratinnx  ii.xrtpl  i],i,xr  marked  f)  are  no 
open  to  public  inspection  until  afttr  (irri pliDice  o/  Coni/ilete  Specifications 
7'hose  marked  f  ure  open  for  inspection  12  months  ajtcr  the  date  attached 
to  them,  if  they  have  not  been  puljlished  priviously  in  the  ordinary  course. 
Names  mthin  parentheses  arc  tliose  of  communicators  oj  inrentions.     H'Aen 
complete  Specification  accompanies  application,  an  asterisk  is  affixed. 
January  12,  1909. 
747  Bryas.     Trolleys  for  electricully-driven  vehicles.* 
7.^9  Dry.     f^jntrolling  electric  mutorH.* 
7'>4  .Mi-SKO  &  Raili.ess  Electric  Traction  Co.     Trullcy  .irms  fur 

electric  traction  Bystems. 
769  MAK(^i;Ba.     .Secondary  batteries  or  accumulators. 
'W  U.T.-H.  Co.     (.\.E.fi..  Cicrmany.)     Alternating  current  ilynaTuo- 
electric  apparatus.     (Addition  to  No.  23,2S8/02.)* 


S03 

s:i7 

84.3 

S7.'-. 
803 

077 

080 

1,009 

1,029 

1,067 

1,077 

1,086 
1,092 

1.136 
1,157 

1.263 

1.270 

1..30.5 
1.316 

1.327 

1,340 

1.345 


1,386 
1.414 
1.410 
1,422 

1.425 


1,510 
1,541 


January  13,  1909. 
Ft  i.i.KR.     Electric  hand  lamps. 

Fane  &  Newhouse.     Electrical  heating  app.iratns. 
BownEN,  Anderson  &  Atchley.     Supports  of  overhead  electric 

cables  and  the  like. 
McLean.     Supporting  electric  lamps. 
Nicoi,.     Ciillei'ting  current  in  connection  witli  electric  tra"tion. 

January  14,   1909. 
Lampmann.     (Carl  Engel  and  Oskar  Schroder.  Gerni:niy.)   Wind- 
ing for  electro-magnets  and  the  like. 
Denni.s.     Telephone  service  meters.* 
January  15,  1900. 
Bandfiei.d.     .\ttiichment  of  telegr;i]ili  and  similar  land  wires  to 

insulator.-:. 
Booth   &   Hamer.     Maintaining  the  circuit  of  electric  lamps 

burning  in  series  on  failure  of  one  or  more  such  lamps, 
and  1,078  Munro  &  Ram. less  Electric  Traction  Co.     Electric 

traction  systems. 
MuNRO  &  Railless  Electric  Traction  Co.     Trollej-heads  for 

clcctrically-])ropelled  vehicles. 
Childs  &  Hill.     Electric  control  of  lifts.* 
Taylor.    Accumulator  sub  stations.    ( Date  applied  for,  29/1 1/07 

Comprised  in  application  No.  26.381.  dated  20/11/07.) 
January  16,   1909. 
Bradley  &  Bickerton.     Electrolytic  cell.-;. 
Andre.     Regulating  the  voltage  of  elect ric;d  machine.-f. 

January  18,   1909. 
SiMMS  &  SiMMS  Mfg.  Co.     High-tension  mugneto-electrlc  ap- 

jiaratus.* 
Siemens  Bros.  &  Co.    (.Siemens  &  Halske  Akt.-G,=s.,  Gennany.) 

Telephone  exchanges.* 

January  19,   1909. 
Carrick  &  Procter.     Rail-sanding  app.iratus. 
Gebruder,  Siemens  &  Co.     Electrode  for  searchliglits.     (Date 

applied  for,  9/4/08.     Addition  to  No.  13.071/07.)*t 
Boeckel.  Grunberv.  Krukowsky  &  Luxembouko.     Dvnamo- 

electrlc  machines.     (Addition  to  No.  20,098/OS.)* 
St.   Laurent,   Lancaster,   McNeale   &  Collins.     Secondary 

batteries. 
B.T.-H.    Co.     (G.E.    C.).,   U.S.)     Aluminium    electmlytic  cells. 

(Date    applied    for,    4/0/08.     Comprist-il    in    No.     18,610/O-i, 

4/0/08.)* 

January  20.   1000. 
HiNTZE.     Switch-holder,-:. 

&  1.415  Berry.     Electrical  heating  apparatus. 
Mi'iRHEAD.     Electric  telegraphy. 

W.  R.  SvKES  Interlocking  Signal  Co.  &  Tarrant.     Locking- 
gear. 
HuTCiiiNS.     Insulation   of  electric   conductors   and   compounds 

therefor. 

January  21,   1900. 
Siemens    Bros.    Dynamo    Works.     (Siemens-SchucUcrtwerke, 

G.m.b.H.,   Germany.)     Regulntion   of  current  and   voltage  in 

dynamo-electric  machines.* 
Siemens    Bros.     Dynamo    Works.     (Siemens-Schnckertwerke, 

G.m.b.H.,  Germany.)     Electric  fuse  holders.* 
TiMAR   &    Dreger.     Preventing   dickering   in   are    lamps   with 

])arallel    carbons.     (Date    applied    for.    (8/7/08.     Addition    to 

No.  1 2.656/08.  )*t 
Boui.T.     (International  Tclcchronometer  Co.,   U.S.)     Telephone 

aiiparatus.* 


7,844 
7,8.54 
8,425 

8.904 
10„341 


10,699 
10,893 
11,068 


11,161 
11.161 
11,4IH) 
12,170 
13,100 
1.3,257 
1 3,299 
13.515 


SPECIFICATIONS  PUBLISHED. 

1008  Specifications. 

Dawson.  Means  for  attaching  shades  and  reflectors  to  incan- 
descent electric  lamps. 

B.T.-H.  Co.,  Hastings  &  Wise.     Electric  motor  controllers. 

Hall.     Cooling  or  ventilating  dynamo-electric  machnes. 

Evans.  Elektrocheniische  Werke.)  Production  of  electrical 
discharge. 

BouNKAU.     Electrical  furnaces.     (Date  a|)plied  for.  24/4/07.)      ' 

B.T.-H.  Co.  (Allgemeine  Elektricitiits  Ges.)  Incandescent 
electric  lamps. 

HooKHAM  &  Holden.  Electrolytic  meters.  (Addition  to  No. 
3,327/05.) 

Maxse.     (Piivt.)     Tclcgi-.tphic  relays. 

Chamberlain  &  Hookham  &  Hoi.okn.     Electricity  meters. 

Soc.  Francaise  ues  Procedes  .1.  L.  Rontin  pour  le  Com- 
poundage  Electro-Mecanique  des  Groups  Electboqenes. 
Flectro-mechanical  regulators  or  governors  for  electric  gene- 
rators, electric  furnaces  and  the  like.  (Date  applictl  for, 
24/5/07.) 

B.T.-H.  Co.     (A. E.G.)     Dynamoelectric  m.achiues. 

B.T.-H.  Co.     (A.E.G.)     Dynamo  electric  machines. 

B.T.-H.  Co.  &  Robertson.     Incandescent  electric  lamps. 

Headley,  Walton  &  L\wley-Pinchino.     Electric  switches. 

Miertschke.     Arc  lamps. 

Helberoer.     Electric  furnaces. 

CcRRAN  &  Kelly.     Trolleys  or  collectors  for  electric  tramcars. 

fjRosE  &  Lambert.  Electric  fuse  boxes  and  fuse  holders  there- 
for.    (Addition  to  No.  6,849/07.) 
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13,(i78  Wolff,     (jonductors  for  alternating  electric  current. 

14,982  Veritys  Limited  &  Wobslev.  Electric  arc  lamps  having 
inclined  carbons. 

15,041  British  Insulated  &  Hei.sby  Cables  &  Cole.  Armouring  of 
He.xihle  electric  trailing  cables. 

15,742  Siemens  &  Halske  Akt.-Ges.  Time  limit  relays.  (Date  applied 
for,  8/10/07.) 

15,874  RowE.     Electro-magnetic  device. 

15,898  Siemens  Bros.  &  Co.  (Siemens  &  Halske  Akt.-(ies.)  Indicat- 
ing faults  in  the  circuits  of  electrical  transmis-sion  systems. 


COMPANIES'  MEETINGS  AND  REPORTS. 

Great  Northern  Telegraph  Co.  (Ltd.) 

At  the  general  meeting  at  Cij]iciihagcn  on  April  24,  under  the  presi- 
dency of  Mr.  F.  Zahle,  Commodore  E.  .Suen.son  said  that  during  the 
past  year  their  cables  had  suffered  more  than  usually  from  interruptions, 
of  which  there  had  been  24  on  1 1  cables  in  Eurojie  and  10  on  six  cables  in 
the  Far  East,  without  reckoning  five  interruptions  necessitated  in  con- 
nection with  e.\ten.?ive  renewals  of  the  cables  between  Hongkong, 
Shanghai  and  Nagasaki  with  heavier  types.  Those  repairs  and  renewals 
had  kept  their  cable  steamers  occupied  :  the  "  H.  C.  Orsted  "  in  Europe 
for  98  days,  the  "  Store  Nordiske  "  and  "  Pacific  "  in  the  Far  East  for 
192  days,  of  which,  however,  64  were  for  the  account  of  other  administra- 
tions. No  other  system  of  submarine  cables  suffered  .'^o  much  from 
damage  by  fishing  vessels  as  that  of  the  company,  and  particularly  the 
cables  in  the  North  Sea  connecting  Great  Britain  and  France  on  the  one 
side  with  the  Scandinavian  countries  on  the  other  side,  and  they  were 
glad  that,  th<iugh  the  Committee  of  Enquiry  appointed  by  the  British 
Government  ctudd  not  recommend  the  drastic  measures  proposed  by  the 
Transatlantic  companies  for  prohibiting  trawling  in  a  certain  area  of  the 
Atlantic,  the  Committee  advised  the  adoption  of  the  regular  inspection  of 
trawls,  which  the  Great  Northern  Co.  had  advocated  in  vain  many 
years  ago.  The  continual  struggle  against  the  havoc  wrought  by  fish- 
ing vessels  was  very  expensive  to  the  cable  companies,  which  were  at  the 
same  time  constantly  called  upon  to  reduce  their  tariffs,  regardless  of  the 
greater  cost  of  submarine  cables  and  their  maintenance,  compared  with 
that  of  aerial  lines,  not  to  speak  of  wireless  telegraph  systems.  The 
service  by  the  Wladiwostock  and  Kiachta  routes,  which  connected  the 
company's  cables  in  Europe  with  those  in  the  Far  East,  had  never 
reached  a  higher  standard  than  during  the  past  year.  In  January  they 
took  possession  of  their  new  building  at  Shanghai ;  in  October  the  head 
office  accommodation  at  Copenhagen  was  considerably  extended  :  in 
December  their  station  at  Newcastle  (England)  was  installed  in  the 
Scottish  Provident  Institution's-building,  Mosley-street ;  and  at  the 
beginning  of  this  year,  their  office  and  station  in  London  were  removed  to 
15,  St.  Helen's-place.  All  these  changes  were  effected  without  any  delay 
or  interference  with  the  traffic.  The  reductions  introduced  by  the 
Inteniational  Telegraph  Conference,  at  Lisbon,  in  1908,  were  too  small 
to  be  of  any  appreciable  value  to  the  public,  but  the  loss  of  revenue  to 
the  telegraph  administrations  would  be  considerable.  When,  therefore, 
Utopians  who  are  not  satisfied  with  reasonable  reductions  demand  a  uni- 
form rate  of  Id.  a  word,  they  were  asking  for  the  impossible.  Fortu- 
nately, however,  the  sensible  merchants  prefer  a  good  service  to  low  rates, 
a  fact  which  could  not  but  assist  cable  companies  in  a  possible  competi- 
tion from  wireless  telegraph  companies,  a  competition  to  which  holders  of 
shares  in  cable  undertakings  are  perhaps  inclined  to  attach  too  mucli 
importance.  The  more  extensive  use  of  wireless  telegra]>hy  had  accen- 
tuated the  great  defects  of  the  new  invention,  particularly  the  facility  with 
which  telegrams  can  be  tapped,  whereby  the  secrecy  of  the  telegrams 
becomes  more  or  less  illusory.  The  ex])erience  of  the  last  year  had, 
therefore,  only  tended  to  confirm  their  confidence  in  the  absolute  superio- 
rity of  the  old  system  of  telegia])hy  by  wire  wherever  practicable.  The 
cable  and  wire  manufacturers  would  hardly  have  h»d  such  a  prosperous 
year  if  those  views  were  not  shared  by  the  Governments  and  private 
administrations  who  adhered  to  the  use  of  wires,  submarine,  under- 
ground or  overhead. 

The  company  had  received  notice  from  the  Norwegian  Government 
that  the  concession  for  the  Norwegian-Danish  cable,  granted  in  1808, 
prolonged  in  18S0,  and  expiring  at  the  end  of  1910,  would  not  be  re- 
ncv.ed.  Although  no  definite  information  has  yet  been  given  us  with 
regard  to  the  Norwegian  concession  for  the  cables  to  Great  Britain, 
which  expired  simultaneously,  they  were  under  the  impression  that  the 
authorities  were  not  disposed  to  entertain  any  ])roposals  from  the  com- 
pany for  a  prolongaticm,  although  they  felt  convinced  that  they  could 
I'll'er  a  solution  more  favourable,  both  to  the  Norwegi:in  Government  and 
to  the  telegraphing  public,  than  would  be  obtained  by  the  termination  of 
the  company's  concession.  The  Ncnwegian  Government  had.  jointly 
with  the  Danish  Government,  offered  to  purchase  the  Norwegian- Danish 
cable.  The  loss  of  all  the  Norwegian  traffic  after  1910  would  incan  a 
considerable  decrease  in  their  receipts.  A  similar  fate  might  sooner  or 
later  befall  other  of  their  cables  at  the  expiiation  of  the  concessions, 
proving  how  absolutely  necessary  it  was  not  to  toiich  their  reserve  funds  so 
long  as  the  dividends  (and  bonus)  exceeded  a  standard  which  they  might 
hope  to  be  able  to  maintain  with  the  assistance  of  the  dividend  equaliza- 
tion fund.  The  negotiations  in  the  Far  East  entered  into  with  the 
Japanese  Government  in  1907,  had  not  made  much  progress  in  1908  ; 
they  wei-e  resumed  at  the  Lisbon  Conference,  but  no  result  was  arrived  at, 
and  the  premature  departuie  from  Europe  of  the  Japanese  delegates  pre- 
vented the  contemplated  continuation  of  the  negotiations  elsewhere  in 


Europe,  so  they  were  still  awaiting  the  pleasure  of  the  Impeiial  Govern- 
ment .  The  Chinese  landline  system,  which  was  formerly  the  property  of 
a  private  Chinese  company,  although  managed  by  a  (iovemment  admini- 
stration, has  in  the  course  of  the  year  been  completely  transferred  to  the 
Government,  the  latter  having  purcha.sed  all  the  shares. 

There  had  been  a  further  declme  in  traffic  receijits  during  1908  of  some 
£18,000.  Interest  had  decreased  by  about  £f)40,  whilst  sundries  had  in- 
creased by  nearly  £400.  Salaries  and  wages  had  increased  by  £8,800 ; 
and  altogether  ordinary  expenses  had  increased  by  £11.800.  The 
directors  projiosed  to  make  the  bonus  2  per  cent,  less  than  that  for  the  last 
two  years,  thus  making  the  dividend  and  bonus  18  ))cr  cent,  for  the  year, 
of  which  5  )ier  cent,  had  already  been  paid  as  interim  dividends.  The 
alterations  in  the  ailniinistratiim  of  the  company  at  Co]icnhagen  had  been 
effected  in  September  last  by  his  resigning  the  i)ositiou  of  managing 
director  and  the  ajqiointment  of  a  board  of  management,  consisting  of  the 
following  four  members:  General  managers,  Messrs.  K.  Suenson  (formerly 
secretary)  and  P.  Michelsen  ;  engineer-in-chief,  Mr.  K.  O.  A.  Gulstad  : 
and  inspector  of  telegraphs,  Capt.  H.  Rothe,  D.R.E.  This  board  of 
management  took  charge  on  Oct.  1  last,  and  has  since  then  conducted 
the  business  of  the  company  to  the  entire  satisfacti(m  of  the  board. 

AUCKLAND  ELECTEIC  TRAMWAYS  CO.  (LTD.)— Mr.  C.  G.  Tegetmeie 
st.ated  at  the  meeting  on  Tuesday  that  the  capital  expenditure  was 
£690,320,  an  increase  durini^  the  year  of  £52,611.  They  had  further 
considerable  capital  expenditure  in  view.  It  had  been  decided  to 
instal  an  additional  600 kw.  set.  Other  imi)rovements  and  additions 
were  in  course  of  beinj;  carried  out  at  the  power  station.  Their  total 
revenue  was  £165,655,  against  £140,451  ;  and  their  expenses  were 
about  £18,000  more.  Power  and  running  expenses  showed  an  increase 
of  £14,553,  due  to  the  lai-gel}-  increased  car-mileage  run  and  to  the 
increased  cost  of  coal.  The  net  profit  was  £32,754,  against  £29,722. 
They  proposed  to  pay  a  dividend  (ju  the  ordinary  shares  at  the  same 
rate  as  last  year  (6  per  cent.)  and  to  carry  forward  £3,920.  7s.  8il., 
against  £2,165.  fs  7d.  Their  traffic  receipts  continued  to  show  very 
gratifying  e.Npansion. 

CLYDE  VALLEY  ELECTRICAL  POWER  CO.— The  directors  report  that 
the  credit  balance  on  the  half-year's  working  is  £1,030,  which  is 
carried  forward.  Contracts  for  supply  of  current  to  the  extent  of 
24,381  H.p.  had  been  entered  into  at  Dec.  31  last,  an  increase  of 
4,351  II. P.  on  the  half-year.  At  the  meeting  on  Monday  the  report 
and  accounts  were  adopted  on  the  motion  of  Mr.  A.  Bonar  Law,  M.P. 

CRAIGPARK  ELECTRIC  CABLE  CO.  (LTD.;— Mr.  J.  T.  Tullis  presided 
,at  the  meeting  on  Monday,  and  stated  that  there  bad  been  an  increa.sed 
output  in  cables.  The  machinery  for  the  manufacture  of  the  different 
classes  of  cables  was  in  good  working  order,  and  capable  of  a  large 
increase  in  trade.  While  the  results  last  year  were  not  apparently  so 
good  financially  the  volume  of  business  was  much  greater  than  in  any 
previous  year.  Their  manufactures  now  included  every  class  of  cable 
recpiired  in  the  electrical  industry,  including  bitumen,  gutta-percha, 
indiarubber  and  paper-covered  cables. 

EASTERN  TELEGRAPH  CO.  (LTD.)— The  directors'  report  for  the 
six  months  ended  Dec.  31,  1908,  states  that  the  revenue  for  the 
I>eriod  amounted  to  £566,100.  19s.  3d.,  from  which  are  deducted 
£202,364.  15s.  6d.  for  ordin.ary  expenses  and  £51,278. 3s.  8d.  for  expen- 
diture relating  to  maintenance  of  cables,  sundry  differences  in  ex- 
change, and  income  tax  yja^'able  abroad,  leaving  £312,458.  Os.  Id. 
.added  to  £53,765.  2s.  5d.  from  preceding  account,  making  a  total 
available  b.ilance  of  £366,223.  2s.  6d.  After  providing  for  income  tax 
payable  in  England,  interest  and  preference  dividends  (which  absorb 
£81,788.  10s.  2d.),  there  remains  £284,434.  12s.  4d.  .The  directors 
have  placed  £70,000  to  general  reserve  and  have  paid  an  interim 
dividend  of  1^  per  cent,  on  the  ordinary  stock,  amounting  to  £50,000. 
They  now  recommend  a  final  dividend  on  the  ordinary  stock  of  1  j  per 
cent,  and  a  bonus  of  2  per  cent.,  amounting  together  to  £130,C00,  both 
payable  on  May  12  (tax  free),  and  making,  «ith  the  three  previous 
payments  on  account,  a  total  distribution  of  7  per  cent,  for  the  year 
1908.  It  is  proposed  to  carry  forward  the  balance  of  £34,431.  12s.  4d. 
EASTERN  IXTENSION,  AHSTRAIASIA  &  CHINA  TELEGRAPH  CO 
(LTD.)— The  report  of  the  directors  for  the  half-year  ended  Dec.  51 
last  states  that  the  gross  receipts  amounted  during  that  period  to 
£3C6,889.  ICs.  7d.,  against  £304,416.  3s.  lid.  for  the  corresponding 
half-year  of  1S07.  Working  exjienses,  including  £25.203.  14s.  7d.  for 
maintenance  of  cables,  absorb  £151,507,  against  £154,203.  10s.  8d.  for 
the  corresponding  period  of  1?07,  leaving  a  balance  of  £155,382.  10s.  7d. 
From  this  is  deducted  £3,105.  17s.  ICd.  for  income  tax  payable  in 
England,  and  £15,048  for  interest  on  debenture  stock,  leaving  as  the 
net  profit  for  the  half-year  £137,228.  12s.  9d.  Adding  £65,7?7.  3s.  ^d. 
brought  forward  from  the  previous  half-year,  there  is  an  avaihible 
balance  of  £203,005.  16s.  Id.  Due  quarterly  interim  dividend  of  H 
per  cent,  has  Ijeen  paid  for  the  half-year,  and  it  is  now  proposed  to 
distribute  another  of  like  amount  on  i2th  prox.,  making  a  total  divi- 
dend of  5  per  cent.  It  is  also  proposed  to  pay  a  bonus  of  4s.  \Kr  share, 
or  2  per  cent  ,  making  a  total  distribution  of  7  {ler  cent,  for  1S08. 
£50,000  has  been  transferred  to  general  reserve  fund,  and  the  balance 
of  £18,005.  16s.  Id.  carried  forward. 

LEWES  &  DISTRICT  ELECTRIC  SUPPLY  CO.  (LTD.)— Capital  ex" 
penditure  .luring  19C8  amounted  to  £3.671,  bringing  the  total  of 
£30,806.  Gross  revenue  was  £2,294.  Expenditure,  including  i307 
interest,  and  £150  for  new  negative  plates  for  the  battery  was  £2,065, 
leaving  a  profit  of  £229,  £250  is  to  bo  placed  to  depreciation  and 
renewals. 

MUSSELBURGH  &  DISTRICT  ELECTRIC  LIGHT  &  TRACTION  CO.  (LTD.  - 
The  net  revenue  balance  at  the  end  of  1908  was  £4,024.  After  accrueii 
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interest  « as  i^aid  there  icinainefl  £1,611.  The  directors  leeomniend 
that  £400  be  jilaced  to  tramways  leserve  and  renewals,  fund,  and  £209 
for  lii'litinjr,  and  a  dividend  on  the  [preference  shares  of  2  per  cent. 
(£880?. 

NATIONAL  ELECTEIC  CONSTRUCTION  CO.  (LTD.)— At  the  meeting  last 
weeU,  Mr.  L.  B.  Schlesinger  said  that,  not  withstanding  the  depression 
in  trade,  tlie  past  year's  results  were  not  unsatisfactory,  except  that 
no  dividend  vas  recommended.  The  tinaneial  position  of  the  com- 
panj-  must  be  strengthened  until  the  capital  locked  up  in  investments 
was  realisable.  They  were  carrying  forward  a  substantial  balance, 
which  would  enable  a  5  per  cent,  dividend  to  be  paid  directly  their 
tinances  permitted  it.  After  review  ing  the  position  of  the  company's 
various  undertakings  the  chairman  said  the  heavy  expense  in  main- 
taining the  surface  contact  system  of  the  Torquay  tramways  was 
hampering  the  progress  of  that  undertaking.  The  surface-contact 
system  having  proved  a  failure  elsewhere,  he  was  glad  to  say  that 
satisfactory  terms  had  been  arranged  with  Oxford  Corporation, 
whereby  only  a  small  portion  of  the  tramway  to  be  electrified  would  be 
constructed  on  the  conduit  system  and  the  rest  on  the  overhead 
system.  Owing  to  the  difficulties  in  the  way  of  tramway  enterprise,  he 
could  say  that  they,  as  a  company,  would  not  again  attempt  the  pro- 
motion of  tramways  in  this  country  under  present  conditions. 

LISBON  ELECTRIC  TRAMWAYS  i LTD.)— The  result  of  the  operations 
for  the  past  \ear,  after  deducting  interest,  &c.,  shows  a  net  profit  of 
£89,863.  4s.  9d.,  added  to  £12.011.  9s.  Id.  brought  forward,  making 
£101,874. 13s.  lOd.  £35,000  has  been  placecl  to  depreciation  reserve  and 
£5,0C0  to  exchange  reserve.  The  available  balance  is  £61,874.  13s.  lOd. 
Preference  dividend  (£25,535.  3s.  8d.)  has  been  paid,  and  the  directors 
recommend  a  dividend  of  5  per  cent,  for  the  year,  on  the  ordinary 
shares  (£31,701.  6s.),  leaving  £4,640.  4s.  2d.  to  be  carried  forward.  The 
traflic  shows  an  increase  of  Rs.26,540.144,  but  owing  to  the  fall  in  the 
rate  of  exchange  the  net  result  in  English  currency  is  a  decrease  of 
£2,716.  18s.  8d.  During  the  year  the  directors  purchased  an  interest 
in  the  Nova  Companhia  dos  Ascensores  ilechanicos  de  Lisbon,  so  as  to 
enable  the  company  to  consolidate  its  system  and  to  offer  greater 
facilities  to  the  travelling  public. 

SUBUARINE  CABLES  TRUST. —The  revenue  for  the  year  ended  Aijril 
15  amounted  to  £25,433.  12s.  lid.  and  the  expenses  to  £1,167.  4s,  5d., 
le;iving  £24,266.  8s.  6d.,  to  which  is  added  £49.  Is.  4d,  brought  for- 
ward, making  an  available  balance  of  £24,315.  9s.  lOd.  After  pro- 
viding £18,105  to  meet  paj-ment  of  the  coupons,  £5,982.  Is.  6d.  has  been 
transferred  to  redemption  fund,  leaving  £228.  8s.  4d.  to  be  carried 
forward.  During  the  year  50  certiticates  have  been  redeemed  by  pur- 
chase in  the  open  market,  with  the  surplus  funds  of  the  Trust,  costing 
£5.982.  Is.  6d. 

URBANELECTRICSUPPLYCO.  (LTD.)— Mr.  P.  D.  Tucket  stated  at  the 
meeting  on  Wednesday  that  the  results  of  t!>e  past  year  had  not  realised 
the  ex]>ectation=  entertained  a  year  ago.  The  returns  had  been  adversely 
affected  by  the  exceptionally  fine  weather,  trade  depression  and  the  in- 
crea.scd  use  of  the  metallic  filament  lamp.  Increase  of  £4,543  in  eight 
of  the  towns  served  by  the  company  w  as  offset  by  a  decrease  of  £2,161 
at  the  remaining  five. 

WEST  AFRICAN  TELEGRAPH  CO  (LTD.)— The  revenue  for  the  year 
ended  Dec.  31  amounted  to  £56.316.  lis.  lid.,  from  which  is  deducted 
£16.682.  14s.  6.i.  for  ordinary  expenses  and  £8,147.  Is.  lid.  for  expen- 
(liture  relating  to  maintenance  of  cables,  leaving  £31,486.  15s.  6d., 
added  to  £831.  6s.  6d.  brought  forward,  making  £32,318.  2s. 
£1,343.  6s.  3d.  has  been  provided  for  income  tax,  £20,000  transferred 
to  general  reserve,  and  an  interim  dividend  of  2  per  cent,  (tax  free) 
(£4,621.  16s.)  was  paid  on  Dec.  1  last.  The  directors  recommend  a 
Hnal  dividend  of  2  per  cent,  (tax  free),  making  4  per  cent,  for  the  year, 
the  balance  of  £1,731.  3s.  9a.'  bei[ig  carried  forward. 

WEST  COAST  OF  AMERICA  TELEGRAPH  CO.  (LTD.)— The  gross  receipts 
for  1908  amounted  to  £52,612.  13.s.  2d.,  against  £61,854.  7s.  8d.  in 
1907.  Working  expenses  were  £33,193.  7s.  lOd.,  compared  with 
£34,616.  lis.  6d.  After  providing  £6,800  for  interest  and  £531. 15s.  7d. 
for  income  tax,  there  remains  £12.087.  9s.  9d.,  added  to  £1,354.  15s,  6d, 
brought  forw.-ird,  making  £13,442.  5s.  3d.  £8,000  has  been  placed  to 
general  reserve  and  £2,000  to  maintenance  shif.'s  reserve,  and  the 
director;'  recommend  a  dividend  of  2',  per  cent,  (tax  free),  amounting 
to  £2,813,  leaving  £629.  5s  3d.  to  be  carried  forward. 

WESTERN  TELEGRAPH  CO.  (LTD,)— The  revenue  for  the  half-year 
ended  Dec.  31  last  .imounled  to  £343,658.  Os.  lid.  and  the  working 
expenses  to  £133. 673. 4s.  After  jiroviding  £16,000  for  debenture  stockin- 
terestand  £5,661,  Cs.  6d.  for  income  tax,  there  remains  £188,333. 16s.  5d,, 
to  which  is  added  £4,259.  13s.  lid.  brought  forward,  making  a  total  of 
£192,593.  10s.  4d.  First  and  second  interim  dividends  (amounting  to 
£62,379)  have  been  i)aid,  and  after  transferring  £100,000  to  general 
resurvc,  £5,000  to  maintenance  ships'  reserve,  £10, COO  to  marine 
insurance  and  £10,000  to  land  and  buildings  depreciation,  there  re- 
mains £5,214.  10s.  4d.,  which  is  carried  forward. 


NEW  COMPANIES,  STATUTORY  RETURNS,  &c. 

NEW  COMPANIES. 

CARDWELL,  BOORMAN  (LTD.)  (102,674,)— Kcg.  April  26,  capital 
£1,000  in  £1  shares,  to  acquire  business  of  Cardwell,  Boorman,  I'ord- 
Lloyd  (Ltd.)  (in  liquidation),  and  to  carry  on  the  busine.-is  of  oloctri- 
cians,  electrical  and  mechanical  engineers,  manufacturers  of  and 
dealers  in  electrical,  telegraphic  and  teleplionic  apparatus,  &c.  I'rivatfl 


company.  First  directors,  C  Stirling  (chairnuin)  and  A.  F.  NVard 
(managing  director).  Reg.  otiice,  Boswell-court,  Devonshire  street, 
London,   W.t'. 

CHORLEY  &  DISTRICT  TRAMWAYS  (LTD.)  (102,751.)— Reg.  April  29, 
capital  £300,000,  to  carry  out  the  construction  and  equipment  of 
tramways,  tramroads  and  other  works  authorised  by  the  Preston, 
Chorley  and  Horwioh  Tramways  Acts  of  1903, 1904  and  19C6,  &c.  First 
directors.  Lord  Lyveden,  R.  C.  M.  Pooley  and  C.  Looker  (all  per- 
manent),    Reg.  office,  154,  Finsl)Hry  I'avement  House,  London,  E,C. 

COWPER  COLES  ENGINEERING  CO  (LTD.)  (102,724.)— Reg.  Aprir28. 
capital  £40,000  in  £1  shares,  to  adojit  an  agreement  with  Sherard 
Cowper-Coles  &  Co  ,  A.  E.  Tugwood  (the  liciuidator'i,  S.  O.  Cowper- 
Coles  and  J.  Macgregor-Laird,  and  to  carry  on  the  liusiness  of  iron  and 
steel  workers,  electricians,  consulting  and  electrical  engineers  and 
technical  consultants  or  advisers,  &c.  Private  company.  First  direc- 
tors, J.  M.  Laird  and  S,  0.  Cowper-Coles. 

RADIUM  LAMP  (LTD.)  (102,710.) -Reg.  April  27,  capital  £100  in  £1 
shares,  to  carry  on  the  business  of  manufacturers  of  and  dealers  in  lamps 
and  parts  thereof  for  lighting,  heating  or  otherwise  by  electricity  or 
other  means,  and  to  adopt  an  agreement  with  R.  Schreiber  and  J.  F. 
Wakelin.  Private  company.  First  directors,  R.  Schreiber  (chairman 
and  managing  director)  and  J.  F.  W.akelin. 

WARDLE  ENGINEERING  CO.  (LTD.)  (102,714.)— Reg.  April  27,  capital 
£5,000  in  £1  shares,  to  carry  on  the  business  of  electrical  and  mechanical 
engineers,  suppliers  of  electricity,  &c.  Private  company.  Reg.  office, 
112,  Portland-street,  Manchester. 

STATUTORY  RETURNS. 

LONDON  ELECTRIC  SUPPLY  CORPN.  (LTD.)— The  capital  in  return  to 
Feb.  23  is  £1.050,000  in  200,000  ordinary  share^  of  £3  each  and  90,000 
preference  shares  of  £5  each,  of  which  111,000  orduiur}-  and  69,840 
preference  have  been  taken  u)).  £3  |)er  share  has  been  calleil  ujj  on 
110.000  ordinary  and  £5  per  share  on  69,840  preference,  and  £632,360 
has  been  received,  including  £160  on  160  forfeited  .shares.  Mortgages 
and  charges,  £387,355. 

NEW  IGNITION  SYND.  (LTD,)— In  return  to  April  12  capital  is  £6,000 
in  £1  shares,  all  of  which  have  been  taken  up.  £2,027  has  been 
received  and  £3,973  is  considered  as  paid.  Mortgages  and  charges, 
£3,000. 

A.  REYROLLE  &  CO.  (LTD.)— In  return  to  April  9  capital  is  £4O,OD0  in 
20,000  ordinary  and  20,000  preference  shares  of  £1  each,  of  which 
17,500  ordinary  and  18,819  jireference  have  been  taken  up.  £29,319 
has  been  received  and  £7,000  is  considered  as  paid.  Mortgages  and 
charges,  £14,400. 

SMITHFIELD  MARKETS  ELECTRIC  SUPPLY  CO,  (LTD,)— Return  to 
April  2  gives  capital  as  £100,000  in  £5  shares,  of  which  12,000  have  b.vn 
taken  uj).     £60,000  has  been  paid.     Mortgages  and  charges,  £54,70]. 


CITY  NOTES. 


MEMORANDA  (May  6).— Bank  rate  2^  por  cent,  (since  April  1, 
1909).  Price  of  silver,  24;d.  per  oz.  Consols  8."iJ — ESi  for  money  and 
85,'t— 85!  for  account.  Consols  Pay  Day,  June  1 ;  Stock  and  Shares 
Continuation  Days,  j'\Iav  11  and  25  ;  Ticket  Days,  May  12  and  26  ;  Pay 
Days.  May  13  and  27  ;  Mining  Shares  Carry  Over  Days,  May  10  and  24. 

Prices  of  Metals  (London). — Copper,  cash,  57 ji';  three  months 
SS,';,.  Lead,  English,  13i — HI  ;  foreign,  cash,  13 1  ;  three  months,  \ih. 
Spelter,  cash,  211i'— 2i|;  three  months,  22-22).  Tin,  English, 
132—134  ;  foreign,  cash,  131]- 132J,  three  months,  132— 132.J.  Iron, 
Cleveland,  cash,  48/1,  and  three  months,  48/9.  Maijiiet  Steel  (price 
supplied  by  W.  F.  Dennis  &,  Co.),  £55. 

BRITISH  ELECTRIC  TAACTION  CO.  i  LTD.)— The  Hon.  Albert  Stanley, 
MP.,  lias  joined  the  board  to  fill  the  vacancy  caused  by  the  death  of 
the  Itiglit  H<.n.  H,  0.  Arnold-Forster. 

CALCUTTA  ELECTRIC  SUPPLY  CORPN.  (LTD.)— The  directors  recom- 
inend  a  tinal  dividend  for  1903  at  the  rate  of  9,^  \n:v  cent,  par  annum 
(making  8  jier  cent,  for  the  year)  on  I  he  ordinarj'  shares. 

DUDLEY,  STOURBRIDGE  &  DISTRICT  ELECTRIC  TRCTION  CO.  (LTD.)  - 
Mr,  S,  R,  lilundstoiie  stated  at  tin-  meeting  .in  Monday  that  tliere  was 
a  deci-ease  in  traffic;  receipts  ,.f  £2,777, 

ELECTRICAL  ENGINEERING  IN  JAPAN.— The  '  Japan  Chioni(;Ic  ' 
announces  that  the  incorpoiation  into  one  concern  of  the  Shibaura 
Engine  Works  (Tokyo),  the  Tokyo  Electrical  Works  Co.  and  the  local 
branch  of  the  General  Electric  Co.  of  America  has  become  an  accom- 
pli.shed  f.-ict.  The  capital  of  the  new  company  is  4,000,000  yen,  51 
jier  cent,  of  which  has  been  contributed  by  American  capitalists  and 
49  per  cent,  by  Japanese.  Of  the  seven  directors  four  are  Americans 
and  three  Japanese. 

RICHARDSONS,  WESTGARTH  &  CO.  (LTD  ) -The  directors  announce 
that  no  paymeni  in  respect  of  the  dividend  on  the  preference  shares  is 
being  m;ide. 

TRAMWAYS  &  GENERAL  WORKS  CO.  (LTD.)— The  profit  for  19J8 
was  £979,  and  a  dividend  of  Is.  jier  sl.aie  (tax  free)  is  recommended. 

WEST  INDIA  &  PANAMA  TELEGRAPH  CO.  (LTD.)— The  directors  recom- 
mend payment  of  the  following  dividends  ;  6s.  per  share  on  the  first 
preference  shares  (dividend  for  six  months  to  Dec.  31)  and  '18s.  per 
share  on  the  second  preference  shares  (on  account  of  dividends  accrued 
lo  Dec.  31.) 
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KLBCTHIC  TRiMWlY  AND  R&ILWAT  TRAFFIC 
RECEIPTS. 


Aberdeeo  OorportUon 

AlrWe  • 

Anglo-Argentine 

Ayr  Oorporalion  .•••••••• 

Baker  St.  4  Waterloo  By.... 

Bjrnsley 

Barrow  ■■• VVi"" 

Bath  Eleotrlo  Tranu,  Lt4... 
Biimlngbam  Oorpjratlon... 

Birmingham  &  Mid 

Blackburn  Corporation ...... 

Blackpool  and  I'leelnool... 

Bolton  Corporation  

Bomba;    ■• 

Boiimomoath  Corporation.. 

Bradford  Corporation 

Brighton  Corporation   

Bristol  Trams  &  Carnage... 

Burnlej  Corporation 

Barton  Corporation   

Bury  Corporation  

Calcutta  Iramwajs  Oo 

Cambomo-Redrutb    

OardiS  Corporation  

OayebUI ■■■■.• 

Central  London  Railway  ... 
CharlngO.,Bugton  i  H'stead 
Chatham  A  Dbt.  Lt.  Bys.... 
City  *  South  London  Rly... 

City  ol  Birmingham  

Colchester  Corporation 

Cork  Blectrio  Trams  Oo.  ... 

Croydon  Corporation     

Devonport  &  Dist.  Trams... 

DoTer  Corporation 

Dublin  &  Luoan  Railway.. 

Dublin  United 

Dodley.Stourbridje   

Dandee  Corporation  

KastHara  Council 

Eioter  Corporation 

GiUcsliead  &  Tist.  Trama... 

QIaagov  Corporation 

QloaMI)  Trams 

OraTesend— Northfleet 

Oreat  Northern  *  City  Rly.- 
Qt.Norlhern,  PiccadUly,&c 
Orsenock  &  Port  Glasgow... 

Hartlepool  Tramways    

BasllDgs  Elec.  Trams  Co.... 

Bong  Kong 

Uuddersfirld  Oorpn 

Hull  Corporation 

niord  District  Council 

Ilkeston  District  Council ... 

Ipswich  Corporation 

Isle  ol  Thauet  Oo 

jarrow  

Eelghley  Corporation    

Eidderminster  a.  District... 
Eihnaruock  Corporation  .. 
Lanarkshire  Trams  Co.    ... 

Lancashire  United 

Leamingtoa 

Leeds  Oor^toratioQ 

Leicester  Corporation    

Leith  Oorporatiou  

Lincoln  Corporation 

Li?erpool  Corporation  

Liverpool  Overhead  Hly.  ... 
•  London  County  Council  ... 

London  United^ 

Lowestoft 

Maidstone  Corporation 

Uanohester  Corporation  ... 

Mereey  Railway  

Merthyr 

Uetropolitan  Dist.  Railway 
UetropolitanElec.  Trams... 

MIddleton 

Nelson  Corporation   

Newoastle-ou-Tjne  Corp.  ... 

Newport  (Mon.)  

No;thampton  Corporation 
Oldham,  Ashton  tc  Hyde  ... 

Oldham  Corporation 

Perth  (N.I3.)Oorporation  ... 
Perth(W.A.)  Eleo.  Trama... 

Peterborough  

Portsmouth  Corporation  .. 

Potteries  

Preston  Corporation 

Botherham  Corporation   ... 


May      1  I 


Salford  Oorijoralion   

Bbeerneas  

Bbeffleld  Corporation 

Shigapore  Trams  

South  Uetropolitan   

South  Staffs 

Southend  Corporation  

Soutbport  Tramways 

Stalyb'dgf.Hjdc.&cJt.Bd, 

Sunderlaad  Corporation  ... 

Sunderland  Distriot  

Swansea  Trams  

Swindon  Corporation    

Taunton    

Tynemouth  and  Disltiot"!! 
I  Tyneside  Trams  Co 

Wallasey  District  Council.. 

Walsall  Corpn 

Warrington  Oorpn.  ......... 

West  Ham  Corporation 

,  Westc.i.aupor-Maro    

Wolverhampton  Oo ". 

.Wolverhampton  Oorpn... 

Worcester 

Wreiham  

Iforkshire  W.B.  Trams !!!!!'. 

Yorkshire  Woollen  Distriot. 


April  3u 
May       1 


April  2) 

May       1 

1 

.'Vpiil  29 
M»y  2 
April  23 


May       I 
April  3  I 


April  23 
„  ii 
.,      2J 

May      1 


May      1 
April  20 


May      1 

1 

April  21 


May  2 
April  21 
May      1 


April  2J 
.May  1 
Ap  il  2) 


-May      3 
April  2i 

May      2 


May       1 
April  i-i 


\l;iy       1 
n        1 

April  22 


May      2 
April  23 


■i39.3lj3 
4,633 


Ino, 

or  Deo. 

(a) 


+  $I,5I1 
+         9» 


01,672 
3.137 
c;«,.'<23 
1 3,90 3 
57,4(5 
2  035 
3,293 
10,759 
29,751 


22,158 

4  302 

113,666 


2,U31 

l',Vl31 
93,331 
66,101 
12,363 
66,361 
42,725 


1,9?8 
81,033 
ll,6il 
5S,977 


2,911 
26,316 
98,765 
7,421 
3,217 
13,66) 
(139,235 

u'.'ioi 


],708 
8,9S0 
1,691 


169.Hi 
23,801 

123,745 
90,03) 


3,268 
165,255 
88,227 

4,891 

65) 

17,813 

3,279 

2,0  H 

8,637 
10.903 

7,605 
25,200 

],6J1 


6J1 
30,42j 
$l63,55.-> 
11,071 
13,010 
r,812 
3,713 
3,6.)J 
5,114 
11,.>30 
11,033 


7,661 
668 

6,318 
12,513 

3,831 

1,480 
2J,lSj 
13,53l> 


8,136 
11,275 

l,3l8 


1  These  oompiu-isoas  are  with  the  corresponding  period  last  year.    §  Plus  3  days. 
il  fliio  i  days,    •  Partly  electrical,    t  Minus  3  days,     {  Minns  2  days. 


ELECTRICAL  COMPANIES'  SHARE  LIST. 


i:  LAST 
£  DIVI-I 
£  DSHD 


10  7/0 

10 1  */« 

10  6/0 

St.  I  4J% 

6  3;8 

St.  4J% 


St.  ih'lo 


6  2/3 

6  2/6 

it.  4i% 

10  7/0 

10  6/0 

it.  6% 


Chelsi 


6  iV. 

6  6% 

10  60 

10  6'0 

it.  4i% 

■  4J% 


6'  3  6 
6'  2  6 


61  3.0 

f>\  2 '3 
St.]  i\X 
St.  I  34% 
100  4  J  7. 
10|4% 
lOol  4i% 

6'  8,j; 

6    b% 
100    4% 

100  6o; 

1   3% 

100!  4J% 

10   8  0 

6    4  6 

St.    i\ 


Prloe 
Wed. 
Mays. 


'?'"•  DD«.  ,?'*'-'<' 


Mi -10 

9g-10i 

10|-10} 

lOl  —10.5 

.i-4j 


8i-9 
8  -8J 
93  -102 

H-H 

J3  — loi 

9'  — IDl 

3}— li  5  8 

3|-H  1  9 

102  -105  4  7 

101 -10|  5  10 

ni-\.'.\    4  16 

121  —123      4     1 
101  —104 

1  —2 

34-3} 


lOJ-llJ 
156   -109 

90  -102 
44-5 
6  —54 

96  -93 

n-n 

74-71 
65 -6i 
93  -36 


5-5J 

92  -96 
4S-5J 
li-5i 

107  -110 
86    -85 

93  —93 

88  -90 
3i-»J 
6  -54 

94  —96 
99  -101 


ELECTRICITY  SUPPLY. 

Boamemouth  &  Poole  Eieo.  Sup.  Ord... 

Do.     44  per  Cent.  Cum.  Pref.   

Do.     6  per  Cent.  Cum.  .Second  Pref.  ... 

Do.  4J  per  Cent.  Dab.  Stock  (red.)  .. 
Bromlej  (Kent)  EL  Lt.  li  Power  Shares 
)  Do.  Do.  Ist  Debs, 

Bromptot.  ft  Kensington  Elec.  Sup.  Ord. 

Do.-  TperCjnt.  Pref 

Cent  1  Elec.  Sop.  Co.4'<  Ouar.Db.Stock 
Charing  Cros3(W. End  4  City)E!.Sup.Co. 

Do.     44  per  Cent.  Pref.  

Do.    4  per  Cent.  Deb.  Slock  (rei  ) 

Tin     i\  per  Cent.  Deb,  Stock  (red  )  .. 
Citv  Undertaking  ^^X  Cm.  Pre!. 

a  Electric  Supply  Ord 

44  per  Cent.  Deb.  Stock  (red.)  ... 
City  of  London  Electric  lighting  Ord... 

Do.    8  per  Cent.  Cam.  Pref.  

Do.    6  per  Cent.  D>b.  Stock  (red.) 

Do.  44  per  Cent.  2Qd  Deb.  Stock  (red.) 
Conntyof  Durham  Elec.  P.D.  Ord 

Do.    B  per  Cent,  mn  Cam.  Pref. 

County  of  London  Eleo.  Supply  Ord 

Do.    6  per  Cent.  Cam.  Pref. 

Do.    44%  Deb.  Stock  (red.)    

(Do.    Second  Dab.  Stock 

Folkestone  Electricity  Supply  Co.  Ord. 

Do.    5  per  Cent.  Cum.  Pref. 

Do.    44  1st  Deb.  Stock  (red) 

Hove  Electric  Lighting  Ord 

Kensington  4  Knightshridge  Ord 

Do.    6  per  Cent.  Ist  Pref 

Do.    4  per  Cent.  Deb.  Stock  (red.) 

Konsingtn.  4  Kngtbg.  Co.  &  Notting  Hill 
Co.  (Joint  Station)  4 i$  Djb.  Stock  (rei) 

Kent  Elec.  Power  Co.... 

London  Electric  Supply  Ord 

Do.    6  per  Cent.  Pref. 

Do.    4perCent.  Ist  Mirt.  Dab.  ... 
Metropolitan  Electric  Sap.  O.-d 

Do.     44  per  Cant.  Cam.  Pref.  

Do.     44  per  Cent.  Dab.  Stjck  1st  Mort. 

Do.  34perCent.Mct.  Djb.  S:oekirad.) 
MidlandElec.Corp.forP.D.litUjft.Oo. 
Newcastle  &  Diet.  Eleo.  Ltg.  Ord 

Do.    4»  percent.  DjO 

Newcastle  Elec.  Supply  Ord. 

Do.    6  per  Cant,  nan  Can.  Pral'.  

Do.  4  per  Cant.  Mi.-t.  Dj'j.  rsl.  1907. 
Norlh  Metro.  Elec.Power  Snp.  SJIorts 
Northern  Counties  E.ec.  Sap 

Do.    41  perCsut.  D.-b 

Nottin;;  Hill  Electric  Ori 

Oxford  Electric  Ord 

Do.     4  per  Cent.  Dab.  Stock    

St.  James'  &  Pall  Mill  Elec.  Ord. 

Do.      7  per  Cant.  Pref.    

Do.  34  per  C.'ut.  Dab.  Stock  (red.)  ... 
Smithfleld  Mirkets  Eleolrio  Sip.  Ord  .. 

Bo.     4  per  Cent.  Dab.  Slock Oi  — /u 

South  London  Electric  Supply  Ord ,       ii  -3J 

Do.    5  .  1^1  Moit.  Stk.  Bed "'■     " 

South  Metrop'n  Elec.  Lt.  &  Power  Ord, 

Do.    7per(5ent.Cam.  Pref. 

Do.    44  1st  Db.  Slk.  B.'l 

Urban  Electric  Supply  Ord 

Do.     6  per  Cant,  Cum.  Pref.    

Do.    4*  per  Cent.  Ist  Mort.  Dab 

Westmiiister  Elec.  Sup.  Ord 

Do.     44  percent.  Cum.  Pref.    

ELECTRIC  RAILWAYS  JL  TRAMWAYS, 

Baker  bt.  «  vVact^rloo  4  i  Perp.  Db.  St 
Bath  Elec.  Trams  Pref.  Ord 

Do.     6  per  Cant.  Cum.  Pref. 

Do.  44  Ist  Mort.  Dab.  Stock  (red.)... 
B'ham  4  Midland  Ira  on  4)  ist  Do.Stk. 
Bristol  Tramw.-iy3  &  Cirrlage  Ord 

Dc.     Cum.  Prel.  (fully  paid/ I       81-9 

Do.    4  percent.  Dab! I     99   -100 

British  Electric  Traction  Ord I        4—3 

Do.    6  per  Cent.  Cam.  Pref. 1      2J-31 

Do.    6  per  Cent.  Perpetual  Dabs 81  —8S 

Do.     44  per  Cent.  20.1  Dab.  Stock ,     6S  —71 

Central  London  Ordinarv  Stock es  —70 

Do.    4  per  Cent.  Prat.  Stock    85  —S7 

Do.     Deferred  Stock   52  —54 

Do.    4  per  Cent.  Dabs. li)2  — 101 

Charing X,Easton4Hmostd Per  Db.Stk.      92  —94 
City  of  Birmingham  Trams.  5JJCai.Pref.'       4i-4i 

Do.    4  per  Cent.  Ist  Mirt.  Dabs 

City  4  South  London  Ely.  Can.  O.-J.  ... 

Do.     6perCent.  Perp.  Pret  (18i)l)    ... 

D:>.     (189U) 

Do.    (19J!) 

Jo.    (1903) 

tDo.     4  per  Cent.  Perpetual  Djbl 

Dublin  United  Trams.  Ord  

Do.     6  per  Cent.  P.af. 

Gt.  Northern  &  City  Rly.  Pref.  0rd.(4ijl' 
G.  Northern.  Pice.  &  Bro apton  4JJ  G.Pl. 

Do.    4  per  Cent.  Dab.  Stock 

Hastings  &  District  Elec.  Trams.  6/i  C.P. 

Do.      44  Db.  St 

Imperial  Tramways  Ord 

(Do.    6  per  Cent.  Prof.  

St.J44i;|   IDo.    44  per  Cent.  Debs 

6l  113   1  I.  of  Thauet  B.  T.  &  Lt.  6  per  Cent.  Pref. 

Do.    4  percent.  Dab.  S:ock 

Lanarkshire  Traniways  

Lanes.  Utd.  Trams  5".  Prior  Lien  Do.  St. 
Liverpool  Overhead  Railway  Ord 

Da.    6  per  Cant.  IVaf 

Da.    4  percent.  Dab 

London  United  Trams.  5?;  Cum.  Pref.  ... 

Do.  4  per  Cant.  Ist  Mort.  Deb.  Stock 
Mersey  Con.  Ord.  Stock    

Do.    8  per  Cent.  Perp.  Pref.  

Metropolitan  £iec.  Tramways  Ord 

Do.    Deferred    

Do.    5  per  Ijant.  Cum.  Pref.  

Do.    44  per  Cent.  Deb.  Stock  

Metropolitan  Railway  OonsoUdalei  So  —37 

Oo.    Surplus  Lands  Stocks 69  —71 

Do.    34  per  Cent.  Preference 83 — 90 

Do.    3*  per  Cent.  "  A  "  Preference  7j  — 30 

Do,    Sj  per  Cent.  Convertible  Pref, 76  —7S 

"^        "    per  '  'ent.  Oebeiit 


6  IS    9 

4  le    0 

5  11    0 


3  18 
5  19 
1  13 
3  19 


Mar,  Bspt, 

9; 

94 

Feb,  Aog 

Feb,  Aug 

10,», 

,, 

Jan,  July 

April,  Oct 

,^ 

May,  Not 

March.... 

Mar,  Seot 

June,  Dae 

io.J 

^ 

Feb,  \ii 

Feb,  Aug 

*h 

ID 

Jan,  JqIt 

lOo 

981 

Jan,  July 

March    .. 

June,  Dae 

Feb,  Aug 

101;- 

10  ,V 

Jan,  July 

Hi 

6  13  4 
6  17  19 
5  13    6 


6  10 
4  11 

4  11 

5  11 


Jan,  July 
April,  Oct 
April,  Oct 
Feb,  Anj 
Mar.Sapt 
Jan,  July 
May,  Njt 
April,  Oct 
Mar,  Sapt 
Feb,  Aii 
Aprd,  Ojt 
Feb,  Ai? 
Jan,  July 


^^ 

- 

April,  Oat 
Jan,  July 
Mar,  Sapt 
Mir,  Sapt 
Jaa.  July 

i'h 

4     2 

3  19 

4  12 
3  18 


4  17  10 
i  6  16    6 


)    0/6 

St.    ihX 

St.  44% 

W\  6.4 
10    4% 

3/0 
6% 

44X 

St.:  i/. 

St.  24^ 

100!  4^ 
S:. .  4  J 
6.  2/6 
too  iV. 
it.  lU 
St.;  6/i 
St. !  bX 
St.  bZ 
St.  6% 
St.  i/, 
10  6/U 
lO  6/0 
10  .. 
10  .. 
St.  iK 
6  3/0 
St.  HX 
10  6/. 
10;  6% 


St.  I  iX, 

10  e/a 
•St.  6;i, 
10  .. 
10 1  6% 
st.i  4% 
10  a/a 

St.  I  iX 


94  -97 

88-91 
7  -74 

83  —90 
8-1 


Dli— iJSi 

A— f's 

l/i-lj". 

lou— 103 

3^=a 
80  —84 
9i-9i 
bi-bi 

•jT  —99 

4-i 

I -J 

SS  -92 
S)  -93 
9  -94 


April.  Oj 
Jin,  Jaly 
Juna,  D.-c 
Jan,  July 
Juus,  Dae 
Fab,  Aag 
Jsu,  July  , 
Fab,  iii 
Fab,  iag 
Jau.July 

M»r,'Ai.  t 
Jan,  Jay 
Mirah  .. 
Mirch  .. 
Jan,  Jaly 
Fab,  Al{ 
Feb,  Aij 
Jaa,  Jaly 

Feb    

Feb,  Ali 
April 


-  Wi     ,1)21 


6  13    0 

4  18     0 
4  13    6 


Fab,  Ai> 
April,  On 
April,  0;t 
April,  Oat 
April,  Oct 
Mir,  Sspt 
Jan,  July 

Jan,  July 
April.... 

Jau,  July 
Aoril,  Oj: 
Jin,  July 
Feb,  Aa» 


97JI    97i 


St. 

1 

iuj 

1 

0/8 

St. 

m 

St. 

>iX 

St. 

■i>i 

St. 

m 

St. 

m 

Kt. 

th 

St. 

97  -101 
3 '.4 -314 
110  -H2 
10  J  -10) 
10. >  -106 
93  -91 
99  —101 

121-134 

91  — 9d 
2  —3 

SI  -36 
61-74 
7  -74 

8S  -9J 

61  -59 

'■'K—ioh 

91  —93 
1  -li's 

82  -1 


i-1 
-A -A 


ilj4  -971 


Jans,  Dae 

t,'"- 

1 

949 

Fab, A ig 

3,'. 

?M 

6  11    0 

April,  Oct 

Si* 

ii\ 

0    6    6 

Miy,  Njr 

?^' 

6S4 

6    0    0 

Fab,  Aag 

70 

69 1 

4  12     0 

Feb,  Aui 

Sj» 

4  11     6 

Feb    .... 

O.J 

61} 

3  16    6 

Jaa,  Jaly 

4     6     0 

Jan,  Jaly 

9J4 

»-■} 

5     2     6 

.ipril,  0  :t 

3  19    0 

April,  O.-t 

.. 

4  16    0 

Feb,  Ai- 

31 

3.{ 

4     9    0 

Fab,  Ai,. 

111 

4  11     0 

Feb,  il.; 

4  15    0 

Fab,  A  ,i 

vtll 

^ 

5    4    0 

Fab,  vui 

3  19    0 

il»y,  Sti 

.^ 

4  16    0 

Feb,  Aaj 

^ 

4    9    0 

Feb,  Am,' 

Fab, A ai 

^ 

Feb,  A  ij 

4    3    6 

Jan,  Jaly 

.Mar,  Sap: 

„ 

5    4    6 

April,  Oj; 

„ 

8    0    0 

Mir,  Sapt 

3    0    0 

Mar,  Sj,): 

SOU 

Jan,  Jaly 

u 

M»r,  Sa,'t 

^ 

6  16    0 

J. .0,  July 

« 

6  18    9 

Fell,  A..g 

6    7    6 

Jan,  July 

Fab, Attj 

„ 

^ 

9  10    0 

Fab,  Ais 

4  15    3 

Jan,  July 

„ 

12  10    0 

J»a,Jaly 

3    6    S 

Jan,  July 

73 

72 

Feb,  Aus. 

- 

- 

April.'.  . 

:i 

5  IS    0 

Feb,  An,; 

1^ 

•i 

4  13    6 

Jaa,  July 

97 

3tt 

1    7    0 

Feb,  Aug 

39 1 

36  ,> 

4    4    6 

Feb,  Aug 

3  IS    0 

Feb,  Aug 

s»t 

SSI 

4    7    6 

Feb,  Aug 

78,' 

78 

4  IJ     0 

Feb,  Aug 

774 

76; 

8  13    3 

Jau,  J  aly 

91i 

»Si 

ta  oftloatfttioK  the  xield  allowaaoo  a%t  t)»33  mti?  tor  Ao^raed  iatsrdst  bat  not  ("or  reJemptiou 
♦  Bz  Diridend.         t  TUe  Loivion  ^tock  KKoh.inste  Committee  h:*ve  decl  ne.i  to  quote  theee* 
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El^ECTRICAJL.    COl^TPAIVIES 

^t3?T?     DIVIDEIID 
DUB. 


SHAR-E    T^TST.— Continued. 


NABOS. 


Price 
Wed,. 

May  5. 


ynoiD- 


>D. 


MSKS9 

Week  to 
Mat  6     I 


Lasti 
Dtvi- 
DEin>l 


Prlee 
Wed.. 
Mays. 


EltCTRIC  RAILWAYS*  TRAMWAYS- Co/it/™ed. 
Met.  Ely.  S§  per  Cent.  "  A  ■  Df  b.  Stock  92  —94 
M-'Topolitan  District  EBilwBT  Ord 15  — I6i 

Do.     Eltension  Pref.  (6  per  Tent.)   , 

Do.     Assectea  Ext.  Pref.  (Int.  Guar,  by 
Und.  Elec,  BIts.  Co.  of  London,  ltd.) 
S  per  Cent."  Consoltd.  Fent-charge 


High  I    Lo¥ 

est,  !    est. 


— <2 


4^    I     Do.     4  per  Cent.  Midland  Eent-cbarge    loa  —W^ 
jaV  ~         „..-.-      ^     .  ...... 

4% 


>ck  4  per  Cent 

6  per  Cent.  Perp.  Deb.  Stock  

4  per  Cent.  Ditto 

;eE.  Tt«c;.  6  per  Cent.  Cum.  Pref. 

0/»5      Potteries  Eleclric  Traction  Ord.    

0/8  P.i,     6  per  Cent.  Cnm.  Pref.  

4i%        Do.     44  per  Cent.  Deb.  Stock    

0  TJ      R  Met.  Elec.  Trains.  *  Ltg.  65^  Cm.  Pref.' 

4%         Do.     4  per  Cent.  Deb.  Stock 

bX       SnnderUnd  Dist.Elec.Tnn».65:l"tMt.Db. 
rnderedE.FTS.Ion. 6°,  In.bds.withcoup.9. 

f        tDo,  5%  Prior  Lien  Bonds.. 

4*5'  i    Do.    4»^  Bondsviili  coup.  2 „.. 

Yorkshire  (W.B.)  Klec.  Trama.  Ord 

..     I      Do.    6  per  Cent.  Cum.  PreC    

•    4)     ,     Do.     4lperCeot.  lat  Deba 

ELECTRIC  MANUFACTURINC,  Ac. 

Aron  ElectncitT  Meter  Ord.  ...' 

]   OiJi'     Do.    6%  Coin.  Ff. 

2/4!    tBabcock  &  Wilcox  Ord.  ...  xd  iuid  bonus 

p/7J      IDo.    Pref. 

6/0       British  Insulated  t  Helsbj  Cables  Ord. 

[   S/O         Do.    6  per  Cent.  Pref. 

HI  Do.  4*  per  Cent.lst  Mort.  Deb.  (red.l 
■  ij?  British  Tbomsn-Honst'n  4}J:  let  Mt.Db. 
.'  British  Weslinghoase  6  per  Cent.  Pref... 

,,    'i',;       Do.    6  i^r  Cent.  Prior  I.iea  Dbs(rd.l 

Do.     4  per  Cent.  Mort.  Deb.  Stock  

Blu3hE.EiiB.Co.4i'"„Perp.  IstDeb.Stock 

Do.     Perpetual  2nd  Deb.  Stock     

CaUenders  Cable  Con.  Ord. 

Cent.  Cum.  Pref. 


1  17 
6    3 

6 
0 

M 

6  a" 

0 

6  12* 

4  lU 

0 

6 

Jan,  July 
Feb,  Aag 
Feb,  Aug 

reb,Ang 
Jan,  July 
Jan,  Jnly 
Mar,  Sept 
Jan,  July 
Jan,  July 
May  .... 
April,  Oct 
Feb,  Aug 
May,  Not 
Fob,  Aug 
Jan,  Jtily 
Jan,  July 
June,  Deo 


bt,    *i 

St.  <K 


1    I/O 

1  o/7i 

3    8/11 

UlO    6% 

1  0/74 

5    2/0 

5  0/7i 

Et.    <4% 

5    1/6 

5    2/6 

it.    *X 

It.    6Z 


4i% 

2/93 

4% 

10    WO 

10/3 


4A— J]', 

ti-yl  V    0  0 

(i_t|  I  4  10  6 

106  —lis  4     3  U 

HI  -96  4  13  3 

1-i  .  ;■ 

94-96  6     6  0 

38  -43  a     4  U 

40  -60  9     0  I' 

iU  _S3  13  13  0 

94-11 J  6  la  6 

61-6}  -     -  ■■ 


.'. 

103| 

Mtrch  .. 

Jm.JnlT 

- 

Aprii,'oot 
April,  Oct 

fV? 

Jnly,  Feb 
Jan,  July  j 
Jan,  July  ! 
Mar,  Sept  { 
Feb,  Aug  j 


iv-. 


St 


2/3 


Do.    4f  per  Cent.lst  MortDebs.(red.)l  106  -107  ,  4    4    0 

Caatner-Kellner  Alkali  Co |     i  If— )i    fe  10    0 

Do.    4J  percent.  1st  Mort.  Deb.  (red.).    102 —KB  -  4    4    0 

Chadburn's  (Ship)  Telegraph  Ord !|— liV  '  '  1 '    * 

Do.    6per  Cent.  Cum.  Pref.  jj— l,ij  )  5  13    0 

Consolidaled  Electrical  Co -     ..     - 

Conaolidated  Signal  Co l,'o— 'A 

Do.    6  per  Cent.  Cum.  Pr«f.  SI— 31    16    4    0 

-CromptoniCo.iSos.  1  toP6,000)  1  — IJ      1116    0 

Do.    6  per  Cent.  1st  Mort.  Doha.  (red.).      96  —is     [^    '■^    0 

Daris  A  Timmins 

Dick,  Kerr  &  Co.  Ord 

Do.     6  percent.  Cum.  Pref. 

Do.    4J  per  Cent.  Deb.  Stock   

Edison  &  Swan  linited  ("A"Sh.)(£3pd.) 

Do.    (£6  paid)    

Do.    4  per  Cent.Mort.Deb.  Stock(rd.) 

Do.    6  per  Cent.  2nd  Deb.  Stock 

Edmundeon'9  Elec.  Corp.  Ord 

Do.    6  per  Cent.  Cum  Pref.  i 

1)0.    4J  per  cent,  lat  Mort.  Deb.  (red.) 

Electric  Construction  Co 

•V.     7  per  Cent.  Cum.  Pref.  

Do.     4  per  Cent.  Perp.  lat  Mort.  Deba.  I     tu  —  b4     ;  o     o    w 
General  Electric  (1900)  6%  Cum.  Pret...         3i— ij     '6     9    0 

Do.     4  percent.  1st  Mort.  Deba E4-I8        JH     0 

Henley's  Telegraph  Works  Ord llj-lvl 

4i  y)er  Cent.  Pref.  ...     .» 


6i>, 


l,'--l'-- 
101'— 11-4 


eo  -13 
1  -14 


El 


4  j  per  Cent,  let  Mort.  Peb.  Stock 
Itdia  Kutber.Gut.  Per.,  4c.,Wrk« 


lot.    U 


12   24/0 
KO    *X 


fcl.    ♦* 
100    4JZ 


J  J -61 
lot)  —108 
14«-15i 
Hj'-U 


Jan,  July 
Mar,  Sept 
Jan,  Jnly 
Jan,  July 
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New  Systems  of  Wireless  Telegraphy. 

Wii.vT  is  flaimed  a.s  an  futively  new  system  of  -wireless 
telegraphy  was  described  in  our  issue  of  April  30th  in  a 
special  article  by  Count  Aiico.  The  system  is  being 
exploited  by  the  Telefunken  Company,  and  has  been 
developed  by  them  during  the  past  year.  The  article  drew 
from  the  Lepel  Wireless  Syndicate  a  letter  which  was 
published  in  our  correspondence  columns  last  week; 
ui  this  it  was  bluntly  stated  that  tlie  Telelunken  sys- 
sem  was  "  a  consciously  spuriotxs  imitation "  of  the 
method  devised  by  von  Lepei..  In  tliis  present  issue 
(p.  174)  we  print  an  article  whicli  describes  fairly  fully 
the  working  parts  of  the  Lepel  apparatus,  and  which 
the  Lepel  Syndicate  think  will  substantiate  their  charge 
•  if  copying.  It  will  be  seen  from  the  article  that  tiie 
real  novelty  of  the  system  lies  in  the  parts  concerned 
in  the  generation  of  electrical  oscillations.  The  arc,  or 
spark — whichever  it   may  be  called — is   made   to  occur 


between  two  parallel  metal  plates  kept  separated  to  a  con- 
stant amount  by  a  distance-piece  con.sisting  of  a  ring  of 
thin  paper.  The  gap  is  very  small,  and  thus  the  P.D. 
necessary  to  jump  the  gap  need  only  be  400  or  500  volts. 
This  P.I),  may  be  supplied  from  direct  or  alternating- 
current  mains,  and  since  the  gap  is  shunted  in  the  Duddell 
manner  by  an  inductance  and  capacity,  electrical  oscilla- 
tions are  generated  when  the  discharge  occurs  between  the 
plates.  The  prime  advantages  of  this  parallel  plate  arrange- 
ment are,  first,  the  exactness  of  the  setting  and  the  maintain- 
ing of  the  arc-length,  and,  second,  the  possibility  of  sig- 
nalling by  kindling  and  extinguishing  the  arc.  Constancy 
of  arc-length  is  needed  to  obtain  constancy  of  wave  length, 
and  the  kindling  method  of  sending  Morse  signals  reduces 
the  current  consumption. 

<  )K  the  Telefunken  method  described  by  Count  Akco, 
all  we  know  is  that  it  depends  on  the  use  of  small  sparks 
so  short-lived  that  the  primary  circuit  in  which  they  are 
formed  ceases,  at  a  very  early  stage  in  the  train  of  oscilla- 
tions in  the  secondary  circuit,  to  react  upon  this  circuit 
the  secondary  oscillations  are  thus  but  slightly  damped. 
This  kind  of  spark  is  called  the  "  quenched  spark,"  and  the 
principle  has  been  so  perfected  by  the  Telefunken  Com- 
])iiny  that  the  sparks  follow  each  other  regularly  enough 
to  give  out  a  clear  musical  tone — the  so-called  singing 
spark.  We  do  not  know  precisely  how  all  this  is  done,  and 
thus  we  are  quite  unable  to  compare  the  working  methods 
of  the  rival  systems  of  wireless  telegraphy.  This  plentiful 
lack  of  particulars  of  the  new  Telefunken  method  is, 
unhappily,  supplemented  by  the  reserve  shown  by  the 
Lepel  Syndicate  as  regards  the  electj-ical  theory  of  their 
method.  If  only  we  knew  the  scientific  basis  of  their 
method,  we  should  be  in  a  much  better  position  and  our 
readers  also,  to  compare  the  competing  systems.  With 
the  available  data  just  comparison  is  impossible.  But 
especially  as  regards  the  Lepel  system  the  thouglit  that 
leaps  to  the  mind  is  that  the  method  of  generating  is  at 
the  bottom  merely  a  mechanical  variant  of  the  cooled 
Poulsen  arc  in  a  hydrogenous  atmosphere  produced  by 
the  burning  of  paper  ;  but  it  is  an  adaptation  in  which  the 
mode  of  ensuring  a  constant  arc  length  and  of  supplying  the 
necessary  atmosphere  is  of  surpassing  ingenuity  and  per- 
fection. 

Halfpenny  Tramway  Fares. 

Ai.THdUtai  halfpenny  tramway  fares  are  in  operation  in 
but  few  towns,  the  subject  is  one  of  the  most  important 
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with  which  tramway  managers  have  to  deal,  and  pro- 
posals for  the  adoption  of  such  fares  have  frequently  to  l>e 
considered  by  municipal  tramway  committees.  The  most 
recent  report  on  the  subject,  to  which  we  briefly  referred 
in  our  last  issue,  is  by  Mv.  J.  M.  McElkoy,  general  manager 
of  the  Manchester  Corporation  tramways,  and  is  one  of  the 
most  valuable  yet  presented,  as  it  contains  a  careful  analj'sis 
of  the  whole  question.  It  is  pointed  out  that  the  working 
classes  are  not  largely  benefited  by  halfpenny  fares,  as  is 
often  supposed,  since  those  who  mainly  derive  benefit  are 
business  people  frequently  moving  about  the  city,  and  a 
moi-e  satisfactor}^  result,  at  any  rate  as  regards  the  housing 
question,  is  obtained  if  the  working  classes  have  the  advan- 
tage of  cheap  fares  for  long  distances.  Tramway  under- 
takings are  not  unacquainted  with  peak  loads,  and  in  this 
connection  ^lanchester  seems  to  suffer  particularl3^  The 
conditions,  however,  appear  to  vary  very  considerably  in 
different  towns,  for  at  Glasgow,  which  is  always  referred 
to  as  an  example  of  the  success  of  halfpenny  fares,  the  load 
is  more  evenly  distributed  throughout  the  day,  and  there  is 
always  room  for  halfpenny  passengers,  even  at  rush  hours. 
It  is  interesting  to  notice  that  of  the  many  tramway 
managers  whose  views,  often  culled  from  experience,  on  the 
adoption  of  halfpenny  fares,  are  referred  to  in  the  report, 
only  those  at  Sheffield  and  London  believe  them  to  be  a 
success.  The  conditions  on  the  London  County  Council 
tramways  are  uuusual,  and  it  is  probable  that  the  exceptional 
facilities  of  the  workmen's  and  halfpenny  fares  ai'e  provided 
at  the  expense  of  the  ordinary  passenger,  or,  perhaps,  the 
ratepayer.  The  difficulty  of  the  problem  is  that  the  full 
effect  of  these  fares  is  not  always  felt  in  the  early  years  of 
their  trial,  when  agitation  for  lengthy  halfpenny  stages  is 
not  infrequent,  and  the  gradual  growth  of  this  class  of 
traffic  may  lead  to  considerable  expense  when  the  cars  pro- 
vided are  only  sufficient  in  number  or  carrying  capacity 
for  the  longer  distance  traffic. 

Continuous  Oscillations  in  Surgery. — Last  week,  at  the 
Koyal  Institution,  Dr.  Horace  Manders  described  an  interest- 
ing apiilication  of  liigh-frei|uency  discharge  to  the  treatment 
of  rodent  ulcers  and  the  like.  The  operating  knife  is  con- 
nected to  a  source  of  contiiuioua  oscillations,  with  the  result 
that  as  tissue  is  removed  cauterisation  takes  place  and  the  ten- 
dency to  bleed  is  reduced. 

Glasgow  Section  of  the  Institution  of  Electrical  Engineers. 
At  the  annual  general  meeting  of  thi.s  section  held  on  Tues- 
day, May  11th,  the  report  of  the  council  of  the  section  was 
subnriitted,  and  the  following  officers  were  elected  to  serve 
during  the  coming  session  ;  Vhinnnnn,  E.  G.  Tidd  ;  I'asi  Chair- 
men. F.  G.  Baiiy  and  W.  W.  Lackie  ;  Vice-chairman,  Wm. 
McWhirter;  Chairman  of  Stwlenls  Section,  H.  A.  Mavor  ;  Hon. 
Sec.  and  Treasurer,  J.  E  Sayers  ;  Meathera  of  ( 'oarmittee.,  J.  K. 
Stothert,  Jos.  Taylor,  K.  Robertson ,  J.  A.  Robertson,  J.  T, 
Bottomley,  Magnus  Maclean,  Sam  Mavor,  Councillor  W.  C. 
Martin  and  Campbell  M'Millan. 

Wireless  Telegraph  Licences. — As  there  appears  to  be  some 
impression  that  a  wireless  telegraj)!!  in.stallation  for  receiving 
purposes  only  does  not  require  a  licence,  the  Postmaster- 
General  directs  the  attention  of  the  public  to  the  wording  of 
sec.  1  (1)  of  the  Wireless  Telegraphy  Act,  which  is  as  follows  : 
"  A  person  shall  not  establish  any  wireless  telegraph  station,  or 
instal  or  work  any  apparatus  for  wireless  telegraphy,  in  any 
place  or  on  board  any  British  ship  except  under  and  in 
accordance  with  a  licence  granted  in  that  behalf  by  the  Post- 
master-General." This  provision  covers  receiving  as  well  as 
transmitting  stations. 

Oable  Interruptions.  Date  of  Interruption. 

Obock— Djibouti    Apr.  15,  1909 

Jamaica— Colon „ May   6,  1909 


University  of  Liverpool.— Among  the  honorary  degrees  con- 
ferred by  this  University  on  the  occasion  of  the  installation 
of  the  Earl  of  Derby  as  Chancellor  were  the  following  :  Jhctar 
of  Laus,  Mr.  Marconi ;  Doctor  of  Science,  Mr.  Francis  Darwin, 
and  Doctm-  of  Enfiineering,  Hon.  C.  A.  Parsons. 

Corps  of  Electrical  Engineers  .^ — -The  Sergeants'  Mess  of 
this  section  of  the  Territorial  Force  held  a  most  successful 
Bohemian  concert  at  the  hea(li)uarters  of  the  corps  in  Regency- 
street,  Westminster,  on  Saturday  evening  last.  A  large  num- 
ber of  members  and  guests  were  present,  who  thoroughly 
enjoyed  the  musical  fare  provided  by  the  Entertainments 
Committee.  The  artistes  included  Company  Sergt. -Major 
Mathews,  Sergt.  White  and  Sergt. -Drummer  Etches  on  the 
militarj-  side,  while  others  who  contributed  were  Mrs.  S. 
Mathews  and  Miss  M.  Spashett,  as  well  as  Messrs.  W.  S. 
Robins Dn,  L.  J.  Took,  V.  G.  Brooke  and  H.  West.  The 
decorations  of  the  hall  were  quite  "splendiferous,"  and  reflect 
great  credit  on  Company  Sergt. -Major  (Inst.)  Stone,  K.E., 
under  whose  direction  they  were  carried  out. 

Electricity  in  Naval  Gunnery.  — It  is  announced  that  important 
experiments  have  recently  been  carried  out  in  home  waters, 
under  the  personal  supervision  of  Vice-Admiral  Sir  Percy  Scott, 
in  order  to  test  a  new  type  of  director.  Sir  Percy  Scott's  inven- 
tion. It  is  claimed  that  iiy  this  invention  any  particular  group 
of  guns  can  be  trained  in  any  direction  without  the  as.sist- 
ance  of  gunlayers.  The  barbette,  oi'  broadside  guns  are 
electrically  connected  with  the  fire-control  station.  Hitherto 
it  has  been  necessary  for  the  gunlayers  to  train  these  guns 
according  to  indicated  directions  from  the  otticers  in  the  tops, 
and  then  to  fire  them  simultaneously  from  the  conning  tower. 
I'nder  this  invention  the  guns  are  both  trained  and  fired  by 
the  operation  of  electrical  apparatus.  The  experiments  are 
reported  to  have  been  successful. 

Energy  Consumption  on  Single-Phase  Railways. — Accord- 
ing to  the  "  Electrical  Review  and  Western  Electrician  "  during 
January  of  this  year  a  power  consumption  test  was  made  on 
the  Bhinkenese-Ohlsdorf  division  of  the  Prussian  State  Rail- 
ways to  determine  whether  the  manufacturers  had  ful- 
filled the  guarantees  for  the  several  sections.  The  single-phase 
portion  of  the  route  is  16  5  miles  long,  and  is  operated  at  a  pres- 
sureof  6,000volts,the  frequency  being  25.  The  ec|uipmenis  tested 
comprise  54  sets  of  Winter-Eicliberg  motors  rated  at  115  H.r. 
on  the  one-hour  basis.  The  results  of  the  tests  were  exceed- 
ingly gratifying,  and  the  power  consumption  was  found  to 
average  only  33'6  watt-hours  pei'  ton-kilometre  (about  -18'7 
watt  hours  per  ton-mile),  while  the  guaranteed  average  was 
41 -3  watt-hours  per  ton-kilometre  (about  59'^  watt-hours  per 
ton-mile).  These  equipments  were  furnished  by  the  Allgc- 
meine  Elektricitiits  Gesellschaft,  and  25  more  are  under  con- 
struction for  this  railway. 

Linking-up  in  London. — ^At  a  recent  conference  of  borough 
councils  owning  electricity  undertakings,  and  held  at  Shore- 
ditch,  the  Associated  Municipal  Electrical  Engineers  of  Greater 
London  were  asked  to  draw  up  a  scheme  of  linking-up.  The 
Associated  Engineers  have  now  done  this,  and  their  report 
shows  that  they  have  made  careful  inquiries  as  to  the  capacity 
and  type  of  plant  at  present  in  use  at  the  electrical  stations  of 
the  several  borough  councils,  and  more  especially  of  what  is 
known  as  "  spare  or  reserve  plant."  They  have  also  collected 
a  large  amount  of  statistical  data,  and  are  in  a  position  to  sub- 
mit an  estimate  of  the  cost  of  carrj'iug  out  a  scheme  of  linking- 
up,  but  they  desire  that  details  shall  not  be  published  at  pre- 
sent. 

At  a  joint  conference  on  Wednesday  of  the  Councils  owning 
electricity  undertakings  anil  the  London  Electric  Supply  Com- 
panies at  the  Great  Eastern  Hotel,  it  was  unanimously  resolved  : 
Tlmt  in  the  opinion  of  this  conference  it  is  advisable,  providing  a 
suitable  .scheme  can  be  formulated,  that  the  jiowers  conferred  under 
I  he  London  Electric  Supjily  Act,  1908,  .shall  be  carried  out  by  the  local 
.uithorities  and  companies  jointly. 

It  was  agreed  to  appoint  a  joint   consultative  committee  of 
12  members,  with  secretaries  representing  both  sides. 

Birmingham  Section  of  the  Institution  of  Electrical  Engi- 
neers.— The  annual  general  meeting  of  the  Birmingham  Local 
Section  of  the  Institution  of  Electrical  Engineers  was  held  at 
the  Grand  Hotel,  on  Wednesday,  May  oth.  Prof.  G.  Kapp, 
the  chairman,  in  proposing  the  adoption  of  the  report  of  the 
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committee  for  the  session  1908-9  stated  that  although  they  had 
lost  a  few  student  memberships,  yet  their  full  mem1)ershi])  list 
showed  an  increase.  As  to  the  Papers  read,  they  had  reason  to  be 
satisfied  with  their  record.  The  Tapers  had  been  of  a  high 
order,  and  the  members  had  shown  a  great  interest  in  the  dis- 
cussions. The  motion  was  seconded  Ijy  Mr.  A.  Willmott.  In 
proposing  a  vote  of  thanks  to  the  authorities  of  the  University 
of  Birmingham  for  allowing  them  to  hoM  their  meetings  in  the 
University  buildings,  Mr.  .J.  C.  Vaudrey  stated  that  the  uni- 
versity had  established  one  of  the  first  schools  of  electrical 
engineering,  and  it  had  attached  to  it  in  Prof.  Kapp  one  of  the 
ablest  demonstrators  in  electrical  science.  The  vote  of  thanks 
was  seconded  by  Mr.  F.  .J.  Moft'itt.  Dr.  W.  E.  Sumpner  pro- 
posed a  vote  of  thanks  to  Piof.  Kapp  for  his  work  during  the 
two  years  in  which  he  was  chairman  of  the  Local  Section.  On 
behalf  of  the  members  of  the  section  he  congratulated  Prof. 
Kapp  on  having  been  elected  President  of  the  Institution. 
Mr.  M.  Railing  seconded  the  proposal,  which  was  carried  with 
acclamation.  The  meeting  closed  with  a  brief  reply  by 
Prof.  Kapp. 

The  Finlay  Electrolytic  Cell. — In  the  discussion  on  the 
Paper  by  Prof.  F.  (1.  Donnan  and  Messrs.  J.  T.  Barker  and 
B.  P.  Hill  on  this  subject  before  the  Faraday  Society,  Mr. 
Finlay  gave  some  interesting  information.  He  remarked  that 
they  had  obtained  (on  a  large  scale)  98  per  cent,  current  effi- 
ciency at  8'4  volts  when  making  solutions  of  8  grammes  caustic 
soda  per  100  cubic  cm.  There  were  certain  points  distinctly 
in  favour  of  large  cells  as  against  small  ones.  For  example, 
the  joint  round  the  edges  of  the  diaphragms  was  comparatively 
unimportant  in  the  former.  In  the  latter  a  leakage,  even 
if  not  sutticient  to  give  a  loss  of  effluent,  accounted  for  a 
•certain  inefficiency.  There  was  also  a  loss  of  current.  In 
practice,  when  making  8  per  cent,  solutions  of  caustic  soda, 
dilution  was  not  necessary,  although  required  in  the  tests  for 
the  sake  of  uniformity  ;  the  voltage  was,  therefore,  somewhat 
lower.  The  working  voltage  had  also  been  further  reduced  Ijy 
certain  improvements  since  the  experimental  cells  were  made. 
It  was  possible  to  make  solutions  containing  8  grammes  of 
caustic  soda  jjer  100  cubic-  cm.  with  a  pres.sure  of  three  volts, 
the  brine  being  at  ordmary  temperature  with  a  current  efli- 
ciency  of  98  per  cent.  This  gave  a  yield  of  490  grammes  of 
caustic  soda  per  kilowatt-hour,  or  about  40  per  cent,  more  than 
the  most  successful  process  now  worked  in  this  country.  The 
absence  of  secondary  reactions  was  one  of  the  chief  features  of 
the  cell,  and  for  this  reason  ammonium  chloride  might  be  elec- 
trolysed by  its  means  without  formation  of  nitrogen. 

Royal  Society. — The  first  of  this  year's  soirees  of  the  Royal 
Society  was  held  last  Wednesday  evening,  when  there  were 
a  good  many  interesting  things  to  be  seen.  It  may,  perhaps, 
be  said  that  the  greatest  attention  was  given  to  the  scientific 
fortitude  displayed  bj'  a  well-developed  bull  dog  which  stood 
with  two  of  its  feet  in  crystallising  dishes  to  make  the  neces- 
sary electrical  connections  and  thus  to  show  the  variations  of 
its  heart  on  an  Einthoven  galvanometer.  So  impressed  w.is 
the  bull  dog  with  the  seriousness  of  the  occasion  that  probablj 
half  those  who  looked  at  the  movements  of  the  string  galvano 
meter  went  away  with  the  impression  that  the  dog  was  stuffed 
Passing  from  this  exhibit  of  Dr.  A.  D.  Waller  to  those  of  a 
more  usu.al  kind,  we  think  it  may  be  said  that  the  most  in- 
teresting electrical  exhibit  was  the  device  shown  by  Mr.  Arthur 
Wright  for  solving  algebraic  equations.  Having  left  behind 
the  mystification  of  electricity  consumers,  Mr.  Wright  appears 
in  the  new  role  of  providing  simplicity  in  the  form  of  a  device 
for  solving  equations  with  the  very  greatest  ease,  even  though 
they  are  of  such  a  nature  as  to  turn  the  hair  grey  of  our  best 
oiathsmaticians.  Powers  of  x  in  odd  decimals  without  any 
p.articular  relation  lietween  themselves  present  no  terrors.  The 
•device  is  a  combination  of  rheostats,  slide  rules  and  a  Wheatstone 
bridge,  the  equation  being  solved  when  the  bridge  is  balanced. 
Such  .an  extension  of  the  slide  rule  will,  doubtless,  open  up 
possibilities  of  all  kinds.  Some  pretty  experiiftents  were 
shown  on  gases  and  vacuum  tubes.  Thus  Prof.  J.  N.  Collie 
showed  that  when  mercury  is  shaken  up  \vith  pure  neon  in  a 
glass  tube  a  bright  orange-red  glow  is  seen,  and  if  a  sihca  tube 
with  mercury  and  neon  in  it  is  boiled  the  mercury  gives  a 
bright  green  light.     Sir  William  Ramsay  showed  that  radium 


emanation  under  pressure  in  a  capillary  tube  liquifies  to  a 
colourless  liquid  which  phosphoresces  strongly.  The  Rev. 
H.  V.  Gill  showed  vacuum  tubes  fitti'd  up  with  small  strips  of 
palladium  foil  which  give  an  unusual  kind  of  glow.  Several 
exhibits  were  shown  from  the  National  Physical  Laboratory. 
Thus  Mr.  W.  Rosenhain  showed  an  electrical  muffle  furnance 
with  a  high  degree  of  heat  insulation,  the  resistance  winding 
being  of  thin  platinum  foil.  Messrs.  C.  C.  Paterson  and  E.  H. 
Rayner  showed  a  (juadrant  electrometer  built  specially  for 
alternating  current  power  measurements  of  high  precision. 
The  construction  is  such  as  to  admit  of  e.asy  and  accu- 
rate adjustments,  and  the  accuracy  of  mea.surement  may 
amount  to  two  parts  in  10,000.  Messrs.  Paterson  and  Rayner 
.also  showed  examples  of  standard  non-inductive  w.ater  cooled 
manganin  tube  resistances,  as  described  recently  in  THE 
Er,ECTi:icrAX,  and  also  metal  glow  lamps  for  photometric 
sub-standards.  These  lamps  are  made  with  the  tungsten 
filaments  in  one  plane,  and  are  run  at  1  -5  watts  per 
candle.  Mr.  A.  Mallock  showed  an  interesting  little  engine 
vs'orked  by  stretched  indiarubl>er,  the  idea  being  to  take 
the  energy  out  of  the  rubber  piecemeal,  and  thus  to 
maintain  continuous  effort  by  using  a  reel  of  stretched  india- 
rubber.  Prof.  Silvanus  Thompson  showed  that  indiarubber  in 
tensile  stress  contracts  strongly  when  its  temperature  is  raised, 
thus  enabling  this  material  to  be  used  as  the  working  sub- 
stance of  a  thermal  engine.  Prof.  Thompson  also  showed 
some  of  his  standard  permanent  magnets  for  quantometric 
work.  Mr.  S.  C'owper-Coles  exhibited  an  apparatus  for  joint- 
ing aluminium,  and  specimens  of  parabolic  reflectors  made  by 
electro-deposition,  .and  Mr.  C,  E.  S.  Phillips  showed  some 
pretty  experiments  on  the  (low  of  sand  through  tubes.  Elec- 
tric splashes  on  photographic  plates  were  shown  by  Mr.  A.  W. 
Porter  ;  and  Dr.  C.  V.  Drysdale  exhibited  his  vacuum  tube 
model  illustrating  the  propagation  of  alternating  currents  in  a 
helix,  as  described  recently  before  the  Physical  Society,  and 
also  stroboscopic  apparatus  for  measuring  speed,  &c.  A  .string 
electrometer,  m.ade  by  the  Cambridge  Scientific  Instrument 
Co. ,  was  shown  by  Messrs.  T.  H.  Laby  and  Hortice  Darwin.  It 
is  intended  for  the  measurement  of  minute  quantities  of  elec- 
tricity, and  for  use  as  an  oscillograph.  A  silvered  quartz 
fibre  is  stretched  between  two  vertical  plates,  one  of  these 
being  at  +  40  and  the  other  —40  volts  :  any  change  of  potential 
of  the  fibre  causes  a  laterjil  deflection,  which  is  observed 
through  a  microscope.  A  sensitiveness  of  000  eye-piece 
divisions  per  volt  has  been  obtained.  This  instrument  has 
been  used  for  the  counting  of  alpha  particles,  the  string  being 
deflected  as  the  negative  ions  reach  it. 


ARRANGEMENTS  FOR  THE  WEEK. 

FRIDAY,  May  14tll  (to  day). 

PnvsicAL  SociETV  OF  London'. 
N  p.m.     Meetiny-  ;it  the  Imperial  College  of  Science,  Imperial  Insti- 
tute-road,  Soutli   Kensington.     Agenda:    (1)    "On   .a    Bitilar 
Vibration   Galvanometer,"    by  Mr.    W.  Duddell,  F.R.S.  ;  (2) 
"  Effect  of  Temperature  on  the  Hysteresis  Loss  in  Iron  in  a 
Rotating  Field,"'  by  Messrs.  W.  P.  Fuller  and  H.  Grace. 
Royal  iN.STiTnxioN. 
9  /).)».     Meeting  at   Albemarle-street,  Piccadilly,  W.     Discourse 
on  "  Solar  Vortices  and  Magnetic  Fields,"  bj-  Prof.  G.  H.  Hale. 
SATURDAY,  May  15tli. 

Bik:\iin(;iiam  and  Distrut  Electric  Club. 
;  ;i.»i.     Meeting  at  the  Colonnade  Hotel,  New-street,  Birmingham. 
Paper  on  "  Illumination,"  by  Mr.  W.  Smith. 
THURSDAY,  May  20tli. 

Institution  of  Electrical  Enoineers. 
cS'  p.m.     Annual  General  Meeting  at  the  Royal  Society  of  Art«, 

.John-street,  Adelphi,  W  .C.  ;  to  be  followed  at 
S:-!0  p.m.  by  a  Paper  on  "  Some  Tests  and  Uses  of  Condensers," 
l.y  Mr.  \V.  M.  .Alordey. 

Corps  of  Electrical  Engtaeers  (London  Division). 
Otticer  Comraai\ding,  Col.  R.  E.  B.  Crompton,  C.B. 
The  following  orders  have  been  issued  for  the  cu-rent  week  : — 
Monday,   May    17th, 


"  A  "  Companj' 
Tuesday,  Mtiy   18th, 

"  B  "  Company   

Thursday,  May  20th, 

"  C  "  Company  

Friday,      May    21st, 
"  D"  Company  


Infantry  drill,  6:45  p.m.    (Practice  for 
Otiicers'  drill  cup  competition.) 
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ECONOMICS  OF  MEDIUM  SIZED  POWER  STATIONS. 


A  STUDY  OF  COMl'ARISONS  BETWEEN  STEAM.  GAS  AND 
OIL  ENGINES. 


BY    A.    J.    J.    PFEIFFER. 


Sttmmari/. — A  description  is  first  given  of  the  princi))le  and  operation 
of  the  Diesel  oil  engine ;  and  a  comparison  is  then  made  of  the  capital 
and  operating  costs  of  steam,  gas  and  oil  plants  respectivelj'  to  deal  with 
a  maximum  load  of  1.(500  kw.  Finally,  a  comparison  is  made  of  sub- 
station distribution  and  local  oil-engine  plants. 


Much  has  been  written  and  discussed  on  the  comparative  merits 
and  demerits  of  gas  rersiis  steam  prime  movers  in  central  station 
)iractice.  but  conii>aratively  little  seems  to  be  generally  known  of  the 
rapid  developnuiit  of  the  internal  combustion  oil  engine  working  on 
the  Diesel  principle.  To-day  the  largest  single  oil  engine  unit  has  an 
output  of  800  H.P.,  but  manufacturers  are  prepared  to  construct 
units  up  to  4,000  b.h.p..  and  engineers  connected  with  very  large 
supply  or  power  companies  may  find  it  profitable  to  consider  this 
type  of  plant  for  their  central  stations,  as  well  as  an  alternative  to 
sub-station  plant,  especially  where  transmission  distances  would 
necessitate  large  capital  expenditure.  The  following  references  to 
"  oil  engines  "  cover  only  those  working  on  the  Diesel  principle, 
since  only  that  tj'pe  up  to  the  present  is  constructed  large  enough 
to  be  considered  a  factor  in  central-station  design. 

The  author  first  mentions  the  principles  of  operation  of  the  oil 
engine.  The  principal  difference  between  the  Diesel  oil  engine  and 
the  ordinary  gas  engine  lies  in  the  fact  that  only  the  ah'  used  for  com- 
bustion is  compressed,  the  fuel  being  gradually  injected  after  this 
compression  of  the  air  has  taken  place,  the  resultant  great  advantage 
Ijeing  the  elimination  of  the  possibility  of  premature  ignition,  no  sud- 
den increase  of  pressure,  and,  therefore,  less  strain  on  the  working 
parts.  Manufacturers  of  Diesel  engines  are  now  following  closely 
in  the  footsteps  of  the  gas  engine  development,  and  are  adopting  the 
two-cycle  and  also  the  double-acting  principle  for  large  units,  giving 
one,  two  or  four  working  strokes  per  revolution. 

An  outline  of  the  arrangements  of  a  complete  plant,  consisting  of 
five  400  kw.  units,  is  next  given  in  the  Paper,  together  with  diagrams 
of  a  single  unit  and  of  the  station. 

Thernw-dynamic  Efficiency. — An  oil-engine  plant  burning  crude 
petroleum  of  about  18.500  B.Th.U.  per  pound  has  a  thermo-dynamic 
efficiency  far  exceeding  that  of  a  steam  or  gas  plant,  this  efficiency 
remaining  practically  constant  over  a  wide  range  of  sizes  of  units,  and 
is  about  as  follows  :  Taking  the  calorific  value  of  fuel  as  100,  the  loss 
in  e.xliaust,  cooling  and  radiation  will  be  55.  engine  friction  and  air 
])ump  losses  11  ;  the  brake  horse-power  will,  therefore,  be  repre- 
sented by  34,  and,  assuming  a  generator  efficiency  of  91  per  cent.. 
the  efficiency  of  the  complete  set  at  full  load  will  be  31  per  cent. 
The  auxiliary  plant  losses  in  addition  to  the  air  pump  are  very  small 
and  do  not  reach  \  per  cent.  The  efficiency  at  half  load  may  be 
taken  as  24-8  per  cent.,  at  three-quarter  load  29-2  per  cent.,  and  at 
full  load  30-5  per  cent. 

Reliability,  Simplicity,  ttc. — As  regards  these  two  mentioned 
factors,  this  type  of  oil  engine  leaves  nothing  to  be  desired,  and,  so  far 
as  the  second  factor  is  concerned,  the  oil-engine  plant  is  certainly 
much  superior  to  either  steam  or  gas.  The  costly  stand-by  losses  of  a 
steam  or  gas  plant,  especially  at  Iuh  load  factors,  are  absent.  All  labour 
in  connection  with  fuel  liandling  and  boiler  or  producer  plant  is  done 
away  with,  and,  in  con.sequence,  the  wages  bill  is  about  one-half  to 
two-thirds  of  that  of  steam  or  gas.  On  the  advice  of  the  waiter  a 
1,000  B.H.P.  jilant  was  installed  for  the  Howrah  system  of  the 
Calcutta  Tramways  Co..  the  largest  unit  being  450  b.h.p.  This 
plant  has  been  running  for  almost  a  year  without  a  hitch  of  any  kind, 
having  passed  through  the  period  of  guarantee  w  ilhout  requiring  the 
slightest  repair.  Once  the  oil  engine  is  thonmglily  well  installed 
and  adjusted  there  is  much  less  to  go  wrong  than  w  ith  cither  steam 
or  gas  plant,  and  it  is,  therefore,  much  more  fool-proof,  an  impor- 
tant consideration  in  countries  and  places  where  skilled  labour  is 
.scarce  or  very  expensive.  Like  a  gas  engine,  the  overload  capacity 
of  an  oil  engine  is  limited  to  about  15  to  20  per  cent. 

The  speed  regulation  approximates  easily  to  that  obtained  in  a 
steam  engine,  and  can  be  made  to  come  witliin  )!  i"  r  cent.,  or  even 
le.s.s.  between  no  load  and  full  load.  .V  k  jinl-  |i,ii  ilhl  r\mning. 
a  speed  variation  of  l/2.50th  to  l/300th  can  caMly  In-  nl.tained  with  a 
four  cylinder  four-cycle  single-acting  engine  with  u  small  flywheel. 
To  obtain  the  same  result  with  three  cylinders,  however,  requires  a 
flywheel  of  cast  steel,  the  use  of  the  ordinary  heavy  cast-iron  fly- 
wheel being  advisable  only  for  speed  variations  \i\t  to  l/160th. 


The  noise  of  the  exhaust  can  be  effectively  done  away  with  so  as  to 
make  it  possible  to  operate  a  plant  in  the  heart  of  a  city  without  its 
becoming  a  nuisance.  Smoke  must  also  be  guarded  against  in  work- 
ing an  oil  plant  in  cities  or  towns,  and  it  comes  into  evidence  when 
engines  operate  below  one-fifth  to  one-sixth  full  load,  the  cause  being 
the  imperfect  combustion  of  the  oil  fuel.  For  plants  having  low  load 
factors,  therefore,  it  will  be  advisable,  in  addition  to  the  advantage 
of  economy,  to  jjut  in  at  least  one  small  unit  to  cope  with_light  loads, 
or  possibly  to  instal  accumtdators. 

Fuel. — The  type  of  engine  under  consideration  can  biun  almost  any 
liquid  fuel :  but  generally,  and  especially  in  Great  Britiiin,  petroleum 
residue  from'  the  Dutch  East  Indies,  Texas  and  Roumania  is  used, 
while  on  the  Continent  gas  oils  and  paraffin  oils  are  successfully 
employed.  Of  late  a  new  source  of  oil  fuel  has  been  foiuid,  and  that 
is  gas  plants.  Carburetted  water  gas  plants,  of  w-hich  tliere  arc  a 
great  many  in  Great  Britain,  give  off  an  oil  tar  as  by-product  which 
lends  itself  admirably  as  oil-engine  fuel,  having  a  calorific  value  of 
about  0-9  that  of  crude  petroleum,  or  about  16,500  B.Th.U.  per 
pound.  Such  fuel  oil  has  already  been  u.sed  for  some  time  past  on  the 
Continent  in  connection  with  Diesel  oil  engines.  Then,  again, 
amongst  the  by-products  of  a  retort  gas  ])lant  using  bituminous  coal 
is  a  tar  oil.  this  containing  asphalt,  which  has  to  be  removed  before 
the  oil  can  be  used.  As  crude  petroleum  is  found  in  a  great  many 
jiarts  of  the  world  (a  map  in  the  Paper  shows  the  world's  oil  fields), 
and  as  new  fields  are  being  continually  discovered,  the  reliability  of 
supply  and  price  fluctuations  may  be  regarded  as  no  worse  than  coal. 
Crude  petroleum  residue  costs  at  present  between  50s.  and  55s.  per 
ton  at  ports  in  England  ;  in  South  America  about  COs.  per  ton,  and 
in  Indian  ports  about  45s.  to  50s.  per  ton. 

Comparisons  of  Capital  and  Operatino  Costs  for  Steam  and  Gas 
VERSUS  Oil  Plants. 

Let  us  assume  the  case  of  a  plant  dealing  with  a  maximum  effective 
load  of  1,600  kw.,  and  consider  three  types  of  loads  having  the  fol- 
lowing annual  load  factors  :    Lighting  load.  17-5  ])er  cent.  ;   lighting 


•Abstract  of  a  Paper  read  before  the  Institution  of  Electrical  Engi- 
neers. 


Lh.  of  Fuel. 
FiQ  1. — TouL  Fuel  Consdmption  pee  Kti.ow4TT-hour  Generated. 

and  power  load,  33  per  cent.  ;  traction  load,  52  per  cent.  Plant  load- 
hoiu-  curves  resulting  from  the  ordinary  daily  load  characteristic? 
are  given  in  the  Paper  for  these  three  types  of  loads. 

The  divisions  of  engine  units  are  assumed  as  follows  :  175  per 
cent.,  load  factor,  five  400  kw.  sets  (1  reserve),  one  100  kw.  set. 
33  per  cent,  load  factor,  four  400  kw.  sets  (1  reserve),  two  200  kw-. 
■sets.  52  per  cent,  load  factor,  five  400  kw.  sets  (1  reserve).  For 
these  it  is  assumed  that  five  (1  reserve)  units  are  provided  for  both 
boiler  and  producer  jilants. 

Estimates  of  capital  costs  may  be  made  to  diverge  considerably. 
The  following  figures  are  based  on  high-grade  plants  tlrroughout : 
(a)  Steam  Plant. — Machinery,  &c.,  £16  \icx  kilowatt.  Buildings  and 
foundations,  £8-5  per  kilowatt.  Total.  £24-5  per  kilowatt.  (6> 
Oas  Plant. — Machinery,  £175  per  kilowatt.  Buildings  and  founda- 
tions. £6  per  kilowatt".  Total,  £23-5  per  kilowatt,  (c.)  Oil  Plant.^ 
^lachinery,  £19-5  per  kilowatt  (with  vertical  four-stroke  engines  I. 
or  £17-5  per  kilowatt  (two-cycle  engines).  Buildings  and  foundations. 
£5-5  ))er  kilowatt.  Total,  £23  to  £25  ])er  kilowatt.  It  would  sccni. 
therefore,  that  the  difference  of  capital  outlay  between  the  three 
high-grade  plants  is  but  nominal.  Land  values  have  not  been  taken 
into  accoimt.  as  they  are  variable  anrl  are  usually  comparatively 
small. 

Fuel  Ct/n.^iimptian  and  Thermd-ili/iunnic  Efficiency. — {a)  Steam. — 
A  plant  embodying  most  up-to-date  cluiractcristics  to  attain  maxi- 
mum economy  has  been  assumed,  including  compound  condensing 
engines,  water-tube  boilers,  cconoraisers,  100°F.  superheat,  steam 
consumjition  at  full  load,  including  auxiliaries,  20-5  lb.  |)cr  kw.-hour  ; 
coal,  13,000  B.Th.U.;  8  1b.  water  evaporated  per  pound  of  coal. 
{h)  Gas. — Vertical  single-acting  tandem  engines,  jiressure  producer  ; 
coal,  13,0(X)  B.Th.U.  jier  ]iound.  (c)  Oil. — Vertical  single-acting 
four-cycle  engine  ;   oil,  18,.500  B.Th.U.  |icr  ))ound. 

From  till'  fuel  consumptions  sliown  in  Fig.  1  the  following  thermo- 
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djTiamic  efficiencies'are  obtainod  at  the  thrt-t-  load  factors  assumed  : 
Steam  plant,  5-CO,  7-30  and  8-70  per  cent  ;  gas  plant,  11-7,  13-3  and 
14-5  per  cent.  ;  oil  plant,  25-7.  273  and  27-8  per  cent.  The  su- 
periority of  the  oil  engine  plant  as  regards  thermo-dynamie  efKciency 
is  attributable  to  absence  of  stand-by  losses  and  gi'eater  efficiency 
in  the  cycle  of  operation  in  the  engine  itself.  The  above  advantages 
are  to  a  certain  extent  offset,  however,  by  the  greater  driving  losses 
of  the  oil  engine,  the  mechanical  efficiency  of  which,  inclusive  of  the 
air'pump,  is  only  about  76  to  77  per  cent.  If  the  overall  thermo- 
dvnamic  efficiencies  resulting  from  the  assumed  coal  consumptions 
shown  in  Fig.  1  are  plotted  with  respect  to  load  factors,  it  will  be  found 
that  the  curves  will  pass  very  closely  the  points  representing  average 
results  of  20  steam  plants,  and  eight  gas  plants  set  out  in  the  ap- 
pendix to  the  recent  Paper  by  Messrs.  Andrews  and  Porter. 

A  table  also  shows  how  the  fuel  consumptions  in  Fig.  1  are  ob- 
tained at  the  three  load  factors  assumed — viz.,  by  taking  the  pounds 
of  fuel  representing  efiective  work  done,  adding  the  amount  repre- 
senting stand-by  losses,  boilers  at  131b.  per  1.0001b.  steam,  pro- 
ducers at  20  lb.  per  producer  hour,  and  then  a  further  percentage 
to  cover  inefficient  handling,  lo.ss  in  efficiency  due  to  fouling  of 
tubes,  &c. 

It  will  probably  be  possible  to  raise  the  efficiency  of  gas  plants 
somewhat  if  the  heat  of  the  engine  exliaust  is  made  use  of  to  aid  in 
generating  the  steam  requu-ed  in  coimectiun  with  the  producer  jilants. 

Total  Works  Costs. — In  Table  I.  are  tabulated  details  of  the  com- 
parative works  cost  per  unit  generated  for  the  various  load  factors 
assumed. 


"«/ — M — ^ 


Fig  2. 
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Cost  of  Coal  per  Ton,  in  Shilliniii:. 
-Steam  versus  Oil  "  Parity  Corves." 


The  "  parity  "  curves  given  in  Figs.  2  and  3  are  based  on  Table  I., 
and  show  the  price  of  coal  at  which  the  total  works  costs  of  steam 
and  gas  plant  are  respectively  equal  to  that  of  oil  plant,  with  oil  fuel 
at  various  figures. 

Table  I. 


Load 
factor. 

- 

Steam. 

Gas. 

Oil. 

Pence  per 
unit. 

Pence  per 
unit. 

Pence  per 
unit. 

Fuel           

At  15s.  perton 
0-376 

0-04 
0-16 

0-09 

At  25s.  per  ton 
0-300 

0-045 
0-015 

0-090 

At  60s.  perton 
0-230 

17-5       I 
per  cent.   ] 

Oil,       waste, 
water,  ifte 

0-042 
0-100 

Maintenance  and 
repaii-s  

0-064 

Total     ... 

0-666 

0-585 

0-43() 

33        / 

per  cent.    1 

Fuel  

Oil,&c 

W.ages    

Maintenance,  &c. 

0-286 
0035 
0-110 
0-070 

0-265 
0040 
0-110 
0-070 

0-218 
0-036 
0-070 
0-050 

Total      ... 

0-501 

0-485 

0-374 

52        j 
per  cent.  ' 

Fuel  

Oil,  &c 

0-247 
0-030 
0-085 
0-060 

0-243 
0035 
0-080 
0-060 

0-212 
0-030 
0-054 

Maintenance,  &c. 

0-042 

Total     ... 

0-422 

0-418- 

0-338 

The   savings  per  kilowatt-hour  effected  by  the  oil-engine  plant 
under  certain  assumptions  of  constant  oil  fuel  costs  and  varying 


coal  costs  are  ))l(itted  as  curves  in  the  Paper,  and  it  is  mentioned 
that  as  the  capital  costs  of  the  three  types  of  plant  are  practically 
equal,  interest  and  depreciation  will  be  the  same  for  each,  this  also 
applies  to  management,  whilst  a  small  saving  (due  to  land)  vr^  be 
.shown  in  the  item  for  rents,  rates  and  taxes  in  the  case  of  oil  plant. 
So  that  the  saving  shown  by  the  curves,  and  in  Table  I.,  may  be  con- 
sidered as  not  only  due  to  works  costs,  but  also  to  total  costs.  Curves 
are  also  given  in  the  Paper  for  steam  plant  of  less  efficiency  and  with 
coal  of  poorer  quality. 

Conclusions. — The  above  results  show  that  the  internal  combustion 
oil  engine  working  on  the  Diesel  principle  pos.sesses  advantages  both 
from  a  technical  as  well  as  a  commercial  stand|)oint  which  will  mak& 
this  t3'pe  of  prime  mover  a  most  important  factor  in  future  central- 
station  practice.  Its  limit  of  application  depends  primarily  upon 
relative  fuel  costs,  which  for  Great  Britain  would  mean  that  it  pro- 
bably cannot  compete  with  steam  or  gas  engines  in  the  immediate 
neighbourhood  of  coal  centres.  For  colonial  and  foreign  work, 
where  coal  costs  are  high,  it  undoubtedly  pos.sesses  overwhehning 
advantages. 

compamson  of  capital  and  opekating  costs  of  sitb-statioif 
Distribution  versus  Local  Oil-engine  Plants. 
The  divergence  of  conditions  governing  sub-station  practice  i^ 
much  greater  than  that  for  central  station  work,  and,  therefore,  a 
general  basis  of  comparison  with  oil-engine  stations  proportionately 
more  difficult.  Suppose  we  take  the  case  of  a  large  distributing 
system  in  London,*  having  an  outlying  central  station  feeding  10 
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Cost  of  Coal  per  Ton,  in  Shillings. 
Via.  3. — Qas  versus  Oil  "  Parity  Curves. 

sub-stations,  each  sub-station  having  the  output  and  size  of  the  oil- 
engine plant  considered  in  the  foregoing.  Transmission  by  means 
of  high-tension  underground  cables,  each  station  being  debited  with 
5  miles  of  duplicate  cable.  Conversion  by  means  of  transformers  and 
rotaries.  ^Maximum  load  on  each  sub-station,  1.600  kw.  Loss  in 
transmission  and  conversion,  14  per  cent. 

Capital  Costs. — If  the  sub-station  plant  is  worked  out  on  the 
assumption  that  the  overload  capacity  of  the  converter  sets  is  made 
use  of  to  the  extent  of  15  per  cent,  in  excess  of  the  Diesel  engine  at 
the  times  of  maximum  demand,  the  normal  rating  of  the  running 
machinery  required  is  1.400  kw..  and,  allowing  25  per  cent,  for  spare, 
the  plant  installed  at  each  sub-station  would  be  1.750  kw..  as  against 
2.000  kw.  of  oil-engine  plant.  The  capital  cost  per  kilowatt  for  the 
sub-stations'will  be  :  Plant.  £4-75,  buildings  £2,  land  £3-25,  total  per 
kilowatt  £10,  giving  a  total  amount  for  10  sub-stations  of  £175.000. 
The  cost  of  transmission  main.s — 5  miles  x  10  x  £3.000  per  mile  of 
duplicate  cable — gives  £150,000. 

.\ssiuning  a  diversity  factor  of  1-25,  the  capacity  of  the  central 
station  would  be:  Running  machinery  12.750  kw.,  plant  installed 
{20  per  cent,  for  spare)  15,500  kw.  If  the  cost  of  the  central  station 
is  taken  at  £20  per  kilowatt  (including  £6  for  buildings  and  £2  for 
land),  the  total  for  central  station  is  £310,000.  and  tlio  total  cost  ^vith 
sub-stations  will  be  £635,000. 

H'ort-s  Ctisls. — The   sub-station'cost 
station  output  will  be  : — 

Sub-station  load  factor.     17-5  per  ccn 

Oil,  waste,  stores  0-005     .. 

Salaries  and  wages   0070 


pence  per  unit  of  sub- 

33  per  cent.      52  per  cent. 

.     0tK)4     0-003 

.     0-0.55     0040 


Maintenance  and  repairs 0025     0-020     0-015 


Total  per  unit   0-090     IHWO     0-OCO 


*  Some  of  the  following  figures  for  cjipital  and  operating  costs  wer 
based  on  6gures  given  in  the  Paper  by  Mr.  J.  H.  Rider  on  "The 
Electrical  System  of  the  London  County  C'ouncil  Tramways," 
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and  for  the'oentral  station  tlic  pence  per  uni^  of  central  station 

output : — 

Central  station  load  factor.  25  per  cent.     49  per  cent.      7(i  ))er  cent. 

Coal  at  Us.  per  ton  0-305     0-230     0-200 

Oil,  waste,  water  and  stores  .     0-010     0-008     0007 

Salaries  and  wages   0-050     0035     0-028 

Maintenance  and  repaii-s     ...     0-055     0043     0037 

Total  per  unit   0-420     0-31(>     0-272 

The  combination  in  pence  per  unit  of  sub-station  output  will  be  : — 
Sub-station  load  factor.     17-5  per  cent.    33  per  cent.    52  per  cent. 
Pence  per  effective  unit  0-580     0-447     0-376 

If  5  per  cent,  be  the  interest,  and  if  depreciation  is  charged  at  the 
average  rate  of  6  per  cent,  for  machinery.  "2  per  cent,  for  buildings 
and  3  per  cent,  for  cables.  &c..  the  additional  charge  per  effective 
kilowatt-hour  outi>ut  of  the  sub-station  will  be  0-o36d.,  0-280d. 
and  O-lSttd.  for  the  17-5.  33  and  52  per  cent,  load  factors  respectively. 
'  Conclii^':ioi>,<i — If  in  connection  with  the  10  local  Diesel  plants  we 
allow  £5  iier  kilowatt  installed  as  the  value  of  land,  the  total  capital 
involved,  based  on  two-cycle  engines,  would  be  £560.000,  as  against 
£635.000  for  the  central  station  sub-station  scheme.  Table  11. 
shows  the  difference  in  total  operating  expenditure  per  effective  unit 
including  capital  charges  (management,  rates  and  taxes,  &c..  not 
included).  Judging  by  these  results,  it  is  evident  that  imder  the 
above  assumptions  the  local  Diesel  plants  can  be  operated  cheaper 
than  a  system  of  a  large  outlying  central  station  distributing  power 
by  means  of  converting  sub-stations.  Engineers  with  higher  central 
station  and  operating  costs  should,  therefore,  consider  the  Diesel 
engine. 

Table  II. 

Local  station  load  factor.     17-5  per  cent.  33  per  cent.    52  per  cent. 
Central  station  sub-station — 

1.  Works  cost— coal  at   14s.     0-580     0-447     0-376 

2.  Interest  and  depreciation     0-536     0-280     0180 

Total  1-116  0-727  0-556 

Diesel  plant — 

1,  Works  cost— oil  at  50s....  0-396  0-338  0-303 

2.  Interest  and  depreciation  0-500  0-267  0169 


Total  0-896 


0-605 


0-472 


THE  USE  OF  DIELECTRICS  AND  THE  PRINCIPAL 
TESTS  APPLIED   TO  THEM.* 

BY  T.  OERMA>X   AND  S.  M.   HILLS. 

Stinimtiii/. — The  authors  discuss  the  properties  of  insulating  materials 
and  describe  the  various  tests  they  consider  ought  to  he  applied  to  the 
different  substances.  Particulars  of  a  new  method  of  testing  are  also 
given. 

The  ])ropeitics — electrical,  thermal  and  mechanical — of  various 
insulating  materials  are  first  considered,  and  then  the  action  of  an 
electrical  stress  on  a  dielectric.  A  good  insulator  should  possess 
the  following  qualities: — (1)  High  disruptive  .strength;  (2)  good 
insulation  resistance ;  (3)  physical  properties  permanent  over  a  wide 
variation  of  temperature;  (4)  non-volatile;  (5)  non-hygroscopic;  (6) 
able  to  resist  the  action  of  water,  acids,  alkalis  and  oils;  (7)  fire- 
proof. Insulators  for  switchboards  should  also  be  of  good  mechani- 
cal rigidity  with  low  surface  leakage:  whilst  the  additional  qualitie.s 
of  insulators  for  dynamos  are:  pliability,  freedom  from  fracture. 
toughness  and  ability  to  stand  mechanical  strain,  and  a  high  soften- 
ing point ;  and  for  cables :  flexibility,  elasticity  and  low  specific  in- 
ductive capacit; . 

As  no  .single  .substance  fulfils  all  these  requirements,  in  order  to 
obtain  a  satisfactory  insulator  "  mixtures  "  are  resorted  to.  Such 
mixtures  cause  an  unequal  distribution  of  pressure  in  the  dielectric, 
and  this  will  probably  account  for  a  large  number  of  insulation 
troubles.  The  experiments  of  Fessenden  and  Symons  are  instanced 
in  thk  connection,  and  those  of  Dr.  Baur,  to  determine  the  relation 
between  the  alternating-current  breakdown  voltage  and  the  dielec- 
tric strength  of  an  insulator — viz.,  V=c(r^^  where  f/=thickncss  of 
insulation  in  millimetres  and  c  — a  constant  termed  "  the  electrical 
breakdown  strength." 

Insulators  for  high-tension  power  distribution  are  next  considered. 
Gla&s  or  porcelain  gives  excellent  results  up  to  about  5,000  volts, 
but  most  of  those  of  glass  permit  of  surface  leakage,  even  when  now, 

*  Abstract  of  a  Paper  lead  before  the  Junior  Institution  of  Engi- 
neers. A  short  account  of  this  Paper  appearetl  in  the  Notes  columns 
of  our  issue  of  April  9. 


and  they  weather  very  considerably.  In  time  the  surface  becomes 
somewhat  roughened,  and  then  dirt  and  moisture  begin  to  collect 
until  a  conductor  is  formed  which  is  fairly  good.  Again,  glass  is 
slightly  soluble  in  water,  and  this  in  itself  is  a  reason  for  its  hygro- 
scopic nature.  It  should  never  be  used  in  damp  climates.  Varia- 
tions of  insulating  efficiency  occur ;  a  drizzling  rain  or  a  fog  will  be 
found  to  result  in  effects  more  detrimental  than  those  due  to  a  heavy 
rain.  The  latter  tends  to  wash  off  any  dirt  from  the  outer  surfaces, 
and  has  practically  no  effect  upon  the  undersides  of  the  petticoats. 

In  regard  to  porcelain,  it  is  found  that  cheap  material  is  often 
extremely  hygroscopic ;  especially  is  this  the  case  with  some  of  the 
American  porcelain,  which  will  absorb  1  to  2  per  cent,  of  its  weight 
of  water,  this  showing  poor  insulating  properties.  The  best  porce- 
lain should  absorb  no  moisture,  and  should  show  a  brilliant  vitreous 
tract  lu-e  which  will  give  no  flowing  stain  on  the  application  of  ink. 
The  glaze  on  the  porcelain  affects  the  properties.  Glass  is  homoge- 
neous tlu-oughout  its  thickness,  but  with  porcelain  it  is  a  common 
experience  to  find  that  as  soon  as  the  glaze  is  damaged  a  porous 
and  practically  uninsulating  porcelain  is  revealed.  Thoroughly 
vitrified  porcelain,  in  which  the  ordinary  glaze  is  replaced  by  an 
actual  fusing  of  the  material  itself,  is  much  preferable  to  ordinary 
glass.  It  is  strong  and  tough,  non-hygroscopic,  has  very  liigh  in- 
sulating properties,  the  surface  does  not  weather,  and  the  insulation 
is  practically  permanent.  If  the  vitrification  extends  considerably 
below  the  surface  the  resistance  will  not  only  withstand  leakage,  but 
puncture,  better  than  glass. 

A  description  is  then  given  of  the  methods  employed  at  the  Herms- 
dort  Porcelain  Works  for  testing  insulators.*  Tests  on  the  break- 
down voltage  of  dielectrics  can  be  carried  out:  (1)  Between  two 
needle  points  ;  (2)  between  ball  and  plate  ;  (3)  between  two  parallel 
plates.  The  first  mentioned  is  useful  for  testing  oils  and  gases,  the 
third  for  testing  papers  and  such-like  dielectrics,  while  the  second 
does  not  appear  to  be  of  much  value  for  practical  purposes.  The 
third  method  does  to  a  great  extent  provide  a  method  of  testing 
under  conditions  analogous  to  those  obtaining  in  actual  practice, 
but  the  authors  venture  to  think  that  the  process  for  testing  sam- 
ples of  dielectrics  to  be  used  for  insulating  armature  coils,  trans- 
former coils,  &c.,  described  lat.r  in  the  present  Paper,  is  to  be  pre- 
ferred. 

Oils. — There  are  two  principal  methods  of  testing  the  breakdown 
voltage  of  oil,  viz.,  (1)  between  two  spheres  submerged  in  the  oil  and 
placed  i  in.  apart ;  (2)  between  two  needle  points  submerged  in  the 
oil  and  placed  }  in.  apart.  The  results  obtained  by  the  latter  method 
are  lower  than  those  obtained  by  the  former,  and  since  in  a  trans- 
former or  switch  there  are  many  sharp  edges,  if  not  points,  the 
authors  favour  the  use  of  the  needle  point  method.  Whilst  the 
voltage  is  being  increased,  all  the  particles  of  dirt,  &c.,  present  in 
the  oil  collect  between  the  two  needle  points.  If  the  pressm-e  is 
switched  off.  these  particles  can  be  removed  on  a  piece  of  blotting 
paper  and  should  be  examined  microscopically,  when  metallic  par- 
ticles can  be  distinguished.  Metallic  particles  are,  of  course,  most 
undesirable  in  an  insulating  oil.  but  the  presence  of  moisture  is  the 
greatest  evil,  as  0-5  per  cent,  moisture  will  reduce  the  dielectric 
strength  to  one-half. 

Varnishes — These  play  a  very  important  part  in  the  insulation  of 
armature  coils,  field  coils,  &c.,  and  are  chiefly  manufactured  from 
linseed  oil.  Up  till  quite  recently  linseed  oil  was  a  very  undesirable 
ingi-edient  in  an  insulating  varnish,  as  it  rapidly  absorbed  oxygen 
and  formed  a  tough  elastic  oxide;  this  oxidation  continued 
until  a  viscid  substance  jiartially  soluble  in  water  was  formed.  Mr. 
R.  C.  Warner  made  a  series  of  experiments  to  illustrate  this  point, 
and  the  i-esult  of  his  experiments  are  mentioned  in  the  Paper. 

It  is  common  practice  to  im])regnate  cotton  and  cambric  with 
insulating  varnishes.  Cotton  contains  acid  bodies  derived  from 
Pectin,  which  are  soluble  in  water,  and  although  water  is  only  feebly 
ionised  on  the  application  of  an  electric  c\urent  it  helps  other  sub- 
stances to  ionise,  and  in  so  doing  sets  up  electrolysis  and  chemical 
action.  The  production  of  green  on  the  insulation  of  copper  con- 
ductors is  commonly  termed  verdigris,  but  this  is  a  mistake,  for  the 
grci-ii  formation  is  a  compound  resulting  from  the  chemical  action 
produced  by  acids  in  the  cotton  acting  U]5on  the  linseed  oil. 

As  regards  the  testing  of  insulating  varnishes,  three  preliminary 
tests  on  the  physical  properties  have  to  be  made  before  the  elec- 
trical properties  are  tested.  The  sample  of  the  varnish  must  bo 
distilled,  and  the  following  tests  then  performed:  (1)  Flash  point 
in  air  (if  any) ;  (2)  flash  point  as  given  by  one  of  the  many  pieces 
of  flash  point  apparatus  now  on  the  market ;  (3)  place  a  small 
samjjle  of  the  distillate  on  a  watch  glass  and  evaporate  to  dryness. 
No  residue  should  be  left. 

The  electrical  tests  are  two  in  number,  and  show  (1)  the  relation 

•  A  description  appeared  in  The  ELKciRiciAN,  Ajjril  24,  1908,  p.  51. 
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between  dielectric  strength  and  specific  gravity ;  (2)  the  relation 
between  dielectric  strength  and  the  time  of  application  of  the  vol- 
taic stress.  From  the  first  the  specific  gravity  at  which  the  varnish 
is  to  be  used  is  determined.  The  dielectric  strength  does  not  vary 
with  the  density,  but  this  is  probably  due  to  the  fact  that  there  is 
a  certain  density  at  which  the  varnish  can  most  easily  percolate 
and  soak  into  the  pores  of  the  paper  and  thus  give  a  resultant 
insulator  where  the  electric  displacement  is  most  uniform  throughout. 

For  the  time  test  several  pieces  of  paper  are  treated  with, the 
varnish  at  the  gravity  just  found  to  be  the  best.  The  paper  is 
tested  by  the  parallel  plate  or  slot  method,  and  the  relation  between 
the  time  of  a])plication  of  test  and  the  voltaic  stress  applied  is 
obtained  by  connecting  an  electric  bell  in  the  circuit.  When  the 
sample  punctures  the  bell  rings,  rings  being  mea.sured  by  means  of 
a  stop  watch.  This  test  is  made  at  various  voltaic  stresses,  and  an 
application  of  10  minutes  is  usually  a  long  enough  maximum  period 
as  at  this  point  the  cmve  runs  into  a  straight  line  parallel  to  the 
axis.  On  dividing  by  a  safety  factor  the  running  voltage  of  the 
insulation  is  obtained. 

It  is  advisable  to  make  the  following  supplementary  tests:  (1) 
Dip  two  pieces  of  copper  strip  in  the  varnish  and  dry  for  four  hours 
at  70°C.  Boil  one  of  these  samples  in  oil  and  one  in  water  for  a 
period  of  six  hours.  Xo  signs  of  blistering  should  be  visible  if  the 
varnish  is  suitable  for  withstanding  the  action  of  heat.  A  sample 
of  varnish  which  is  to  be  used  in  an  oil-cooled  transformer  should 
always  be  tested  in  this  manner ;  (2)  Cut  some  of  the  dipped 
paper  up  into  strips  h  in.  wide,  and  test  it  for  brittleness  by  liending  a 
strip  round  pieces  of  iron  rod.  These  rods  should  descend  in  dia- 
meters from  1  in.  to  ,',;  in.  in  stages  of-,Vin.  A  good  varnish  will 
bend  round  the  smallest  rod  without  cracking ;  (3)  It  is  often  found 
that  when  cambric  or  linen  is  treated  with  an  insulating  varnish  its 
tensile  strength  diminishes.  A  piece  of  cambric  should  be  dipped 
in  the  varnish,  dried  for  four  hours,  and  then  tested ;  (4)  Dip  a 
piece  of  copper  strip  in  the  varnish,  and  heat  at  70"C.,  for  four 
hours.  Heat  the  sample  over  a  Bunsen  flame  and  note  the  tem- 
perature at  which  the  varnish  becomes  soft  and  tacky.  The  latter 
point  should  not  be  less  than  SO'C.  Insulation  often  rapidly  dete- 
riorates with  ag3,  and  it  is  necessary  to  store  samples  of  insulation 
and  test  them  after  they  have  been  stored  about  three  months. 
Since  insulation  is  a  bad  conductor  of  electricity,  in  most  cases  it  is 
a  bad  conductor  of  heat,  and  this  accounts  for  its  deterioration 
with  age.  There  are,  however,  insulating  materials  on  the  market 
which  do  radiate  heat,  a  notable  example  being  electro-enamel,  a 
mixture  introduced  by  Jlr.  Tivrner.  These  substances,  however. 
being  expensive  and  usually  in  the  form  of  a  paint,  are  not  suitable 
for  impregnating  papers,  cambric,  &c. 

Linen,  cDc. — A  few  tests  are  mentioned  to  which  linen  and  cambric 
should  be  subjected.  The  first  is  to  cut  the  linen  up  into  strips 
i  in.  wide,  and  test  both  in  the  direction  of  warp  and  weft  for  ten- 
sile breaking  stress  and  elongation.  The  average  elongation  is 
8-10  per  cent,  for  linen  and  cambric  and  3-5  per  cent,  for  brown 
linen,  whilst  the  breakdown!  stresses  are  90-I201b.  and  80-lOOlb. 
respectivel)-.  The  textm'e  should  be  fairly  fine,  but  not  so  fine  that 
varnish  cannot  percolate  and  soak  into  the  pores  of  the  material- 
Dressing  is  a  disad%'antage,  and  should  be  avoided  as  much  as 
possible,  as  it  is  liable  to  contain  chlorine  from  the  bleaching  opera- 
tion. Oiled  cloths  possess  a  high  dielectric  strength  and  are  very 
flexible  when  new,  but  rapidly  deteriorate  with  age,  and  it  is  im- 
perative that  "  ageing  tests"  be  made  on  this  class  of  insulator. 

Mica. — Mica  is  a  very  good  insulator,  as  it  not  onlj'  possesses  a 
high  dielectric  strength,  but  is  also  unaffected  by  heat.  One  great 
objection  to  its  use  is  that  it  is  not  flexible,  but  this  has  been  over- 
come to  a  large  extent  by  preparations  of  mica  such  as  micanite, 
mica  cloth,  &c.  Jlost  mica  used  in  electrical  work  comes  from  India. 
The  green  shades  are  the  softest,  the  variety  known  as  "  white 
amber,"  which  comes  from  Canada,  being  the  most  flexible. 

Marbles,  cl-c. — The  following  tests  are  recommended:  (1)  Weigh 
a  small  sample  and  roast  in  an  ash  furnace  for  three  hours.  The 
loss  in  weight — i.e..  moisture — should  not  exceed  O'Oo  per  cent.  (2) 
Immerse  in  water  for  24  hours.  The  gain  in  weight  should  not 
exceed  O'Oo  per  cent.  (3)  Crushing  stress  should  be  ascertained. 
(4)  Workability  is  usually  determined  b}'  noting  the  time  taken  to 
drill  a  hole  A  in.  deep  and  the  temperature  of  the  tool  after  the 
experiment.  (5)  The  dielectric  strength  should  be  tested,  the  vol- 
tage at  wliich  moisture  commences  to  evolve  in  the  form  of  steam 
and  also  the  voltage  at  breakdown  being  noted. 

Though  marble  is  preferable  to  slate  on  account  of  its  greater 
freedom  from  metallic  veins  and  more  pleasing  appearance,  it  is  by 
no  means  an  ideal  switchboard  material.  It  is  always  cold  and 
consequently  rapidly  condenses  moisture,  causing  surface  leakage. 

The  authors  have  found  by  experiment  that:  (I)  Mechanical 
properties  of  marble  are  good  in  the  inverse  proportion  to  the  elec- 


trical properties.  (2)  The  greater  the  specific  gravity  the  lower  the 
absorption  of  moisture.  (3)  The  greater  the  specific  gravity  the 
lower  the  breakdown  voltage.  (4)  The  greater  the  specific  gravity  the 
greater  the  crushing  stress.  It  will  thus  be  seen  that  the  specific 
gravity  exerts  considerable  influence  on  the  electrical  properties. 

Dynamo  Insulators. — Rubber  should  never  be  employed,  as  it 
deteriorates  so  rapidly.  A  number  of  composite  iasulations  are  used, 
consisting  of  mica  strip  pasted  on  to  sheets  of  another  insulating 
material,  amongst  which  the  following  may  be  mentioned:  (1) 
Two  sheets  of  red  rope  paper  with  one  thickness  of  mica  between 
them  the  whole  being  shellaced  together.  The  average  B.D.V. 
is  about  230  volts  per  mil.  (2)  Mica  and  bond  paper  made  in  a 
similar  way.  Average  B.D.V.  2.50  volts  per  mil.  (3)  Mica  and 
canvas.  B.D.V.  65  volts  per  rail.  The  B.D.V.  above  are  R.5L& 
values. 

Tlie  process  of  insulating  armature  coils  and  field  coils  by  taping 
them  with  cotton  tape  wound  on  the  half-lap  and  dipping  in  an 
insulating  varnish  is  then  described  by  the  authors.  To  obtain  a, 
high  space  factor  the  space  occupied  by  the  armature  insulation  must 
be  reduced  to  a  minimum.  For  lining  the  armature  .slot  the  follow- 
ing, arranged  in  order  of  toughness,  are  used  :  Leatheroid,  presspahn, 
B.P..  black  paper,  red  rope  ]3aper  and  manilla  paper.  All  slot  lining 
material  should  be  thoroughly  dried  and  waterproofed,  the  best 
method  being  to  submit  the  material  to  prolonged  soaking  in  hot 
linseed  oil.  It  should  be  noted  that  most  papers  have  a  grain,  and 
where  used  for  slot  linings  or  for  purposes  where  the  paper  has  to  be 
bent,  that  the  paper  should  be  bent  along  the  grain. 

The  ''Slot"  Method  of  Testing.— T:\us  is  a  new  method  of  testing 
dielectrics  which  are  to  be  used  in  the  insulation  of  armature  coils. 
A  number  of  tests  by  this  method  have  been  carried  out  by  the 
authors  in  the  laboratories  of  the  Xorthampton  Polytechnic  Insti- 
tute. The  method  essentially  consist.s  in  testing  a  sample  of  the 
dielectric  in  a  laminated  iron  slot,  a  sketch  of  the  apparatus  being 
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V—  i.e.  Supply.    B— Iron  Laminations.    0— Clamping  Bolts.    D— Iron  Plates. 
E— Brass  Condactov.    1"— Dielectric  Cutler  Test. 

Fig.  1. — APP.A.RATUS  used  by  the  Authors. 

shown  in  Fig.  1.  Various  sized  conductors  were  used  in  order  to- 
test  dielectrics  of  differing  thicknesses,  the  size  of  the  conductor 
being  larger  or  smaller  than  the  first  conductor  which  was  used  in 
duect  proportion  to  the  thickness  of  the  dielectric  :  thus  the  pres- 
svu:e  on  the  dielectric  was  always  the  same.  All  samples  were 
tested  at  a  temperatiu-e  of  CO'C.  A  very  accurate  Brown  and  Sharpo 
micrometer,  with  ratchet  attachment,  was  used  for  measuring  the 
thickness  of  the  sample  at  the  point  of  fractm-e.  The  authors  con- 
sider that  this  method  of  testing  more  nearly  approaches  practical 
conditions  than  the  parallel  plate  method  does,  although  they  do 
not  advocate  the  abolition  of  the  latter  method.  At  first,  however, 
it  seemed  to  possess  the  disadvantage  that  several  conductors  of 
various  sizes  were  required.  To  obviate  tliis  the  authors  recommend 
the  use  of  a  conductor,  as  sho\vn  in  Fig.  1.  which  consists  essen- 
tially of  two  brass  strips  kept  apart  by  two  spu-al  springs. 

Electricity  readily  discharges  from  points,  and  as  in  a  laminated 
slot  there  are  several  points  or  ridges,  it  was  expected  that  there 
would  be  considerable  difference  between  the  resvilts  of  the  open  slot 
system  and  the  parallel  plates.  This  was  found  to  be  the  case,  and 
figures  given  in  the  Paper  show  a  percentage  of  difference  of  from 
17-5  to  59o  per  cent.  The  relation  between  dielectric  strength  and 
thickness  does  not  follow  a  straight  line  law,  but  as  the  slope  of  the 
curves  of  the  various  dielectrics  tested  was  about  the  same  and  not 
much  different  from  a  straight  line,  and  also  because  many  manu- 
facturing firms  use  it,  the  authors  adopted  the  term  "  B.D.V.  i>er 
mil "  as  a  convenient  standard  of  comparison. 

Present  methods  of  raising  the  voltage  are  of  a  jerky  nature,  and 
in  order  to  obtain  a  smooth  and  yet  rapid  regulation  the  authors 
emploved  the  method  illustrated  in  Fig.  2.  A  long  range  trans- 
former is  placed  so  that  the  secondary  is  in  the  supply  circuit  and 
the  primary  forms"  a  chcuit  of  its  own  through  a  variable  resistance 
of  carbon   or  water.     This   forms  the   regulation;  another  trans- 
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former,  as  shown,  being  employed  in  the  usual  manner  for  stepping 
up  the  voltage.  The  transformer,  -n-hich  should  be  leaky  and  able 
to  withstand  a  short-circuit,  resolves  itself  into  a  choking  coil,  and 
as  the  actual  regulation  is  done  in  a  separate  circuit  the  increase  in 
voltage  must  be  gradual.  To  avoid  a  rush  of  current  at  first 
switching  ou,  a  rheostat  resistance  is  introduced  into  tlie  main 
•circuit. 

Conclusion. — Insulation  is  affected  by  so  many  conditions  that 
testing  is  a  matter  of  serious  difficulty,  and  widely  different  results 
are  obtained,  the  reasons  for  which  are  not  definitely  known.  The 
authors"  tests  were  made  at  a  temperature  of  60°C.,  but  their  expe- 
rience leads  them  to  consider  that  where  speed  is  of  importance  it 
is  far  better  to  test  at  tlie  atmospheric  temperature,  as  it  is  verj' 
difficult  to  maintain  a  uniform  temperature  during  testing.  Many 
firms  depend  upon  the  figures  of  insulation  makers,  few  taking  the 
trouble  to  investigate  for  themselves.  Those  who  do  so  jealously 
guard  their  knowledge  that  outsiders  stand  but  little  chance  of 
profiting  by  it.  This  is  not  as  it  should  be  if  British  electrical 
engineering  practice  is  to  advance.  All  the  present  methods  of  coil 
asulation,  such  as  rubber,  varnished  paper,  &c.,  are  unsatisfactory. 


Resistance 


H^ 1 


CarboD  Resistance 
Primary 
Secondary 


Voltmeter 

—<:> — 


Fig.  2. — Connections  used  bv  the  .\uthobs. 

the  ideal  insulator  being  one  which  can  be  applied  in  the  form  of 
putty  or  paint,  and  one  which  is  a  simple  substance  and  not  a  com- 
pound, so  that  the  electric  displacement  would  be  the  same  through- 
out. Further,  the  study  and  improvement  of  insulation  demands 
the  attention  of  the  scientific  electrician  and  trained  chemist  rather 
than  that  of  the  practical  engineer. 


THE  APPLICATION  OF  THE  NO  LOAD  AND  SHORT- 
CIRCUIT  DIAGRAM  TO  THE  DESIGN  AND  TEST- 
ING OF  INDUCTION  MOTORS. 

BY   STANLEY   P.    SMITH,   B.SC. 

(C'onclu  ded  from  2>oge  139. ) 

Summary. — The  first  part  of  the  present  Paper  contains  a  description 
of  a  diagram  for  induction  motors  by  means  of  which  the  efficiency, 
torque,  power  factor,  sUp,  &c.,  can  be  accurately  determined,  and  an 
actual  example  is  given  sho«ing  how  the  same  can  be  drawn  from  the 
no-load  and  short-circuit  currents  and  losses.  The  second  part  of  the 
Paper  is  devoted  to  a  new  and  important  apphcation  of  this  diagram, 
whereby  the  eflSciency  of  induction  machines,  when  tested  by  the  modi- 
fied Hopkinson  method,  is  accurately  obtained  for  both  motor  and  gene- 
rator. Lastly,  a  method  for  calculating  these  results  is  deduced,  and 
checked  by  means  of  the  diagram. 

Illustralive  Example. — For  this  purpose  we  can  use  the  test 
results  obtained  from  two  large  .300  h.p.  induction  motors, 
built  at  Messrs.  Siemens  Bros.  Dynamo  Works,  Stafford,  to 
whom  the  writer  is  indebted  for  the  following  data.  The  motors 
were  designed  for  2,750  volts  three-jihase,  with  a  frequency  of 
40  cycles  per  second.  The  number  of  poles  was  10,  thus  giving 
a  synchronous  speed  of  480  revs,  per  min.  The  data  from 
which  the  diagram  for  these  motors,  shown  in  Fig.  6,  was 
drawn  was  deduced  from  the  test  results  given  below,  which 
are  the  moan  of  those  given  by  the  two  motors. 

1.  No-load  Measurements  {i.e.,  machine  running  light).    No- 
load  loss  =  ll-7  kw.  ;   no-load  current  Ii,=  16  amperes. 
Tu  .  11-7x1000        ^  ^^ 

Then  cosc/.„=yg^275CbrV^=^'15- 


No-load  watt  component 

1„,,.  =  I   cos  <^o=  16x0-15  =  2-4  amperes 
11-7x1000 
=   v'3'>^^750=^'^^™P"*^'- 
No-load  wattless  component 

lo„.L=I(.  siu  (cos-i  0-15)  =  16  x  sin  81° 
=  16x0-99=  15-8  amperes. 

2.  Magnetisation  Measurements. — Iron  loss  =  6-4  kw.     Hence 
watt  component  of  magnetising  current 

^  6-4x1000 

i„...  =  ^^F — ;;;7^=1"4  amperes- 
"       V  3  X  2750  ^ 

Wattless  component  I„„.j^-Io„l=  l^^'S  amperes. 

3.  Short-circuit  Measurements. — Measured  :    Current  95  am- 
peres, pressure  920  volts,  loss  28-5  kw.     Then,  power  factor  on 


short-circuit 

cos  <j>i.— 

Short-circuit  current 


28-5x1000 
v'3  X  95  X  920' 


=  0-19. 


2750 
Ix.=-qK7r  X  95=  284  amperes. 

^\'att  component  of  short-circuit  current 

I*w  =  I/  cos  ^^.=  284x0-19  =  54  amperes. 

Wattless  component  of  short-circuit  current 

^^«L=  v/l?-I,.„,^=  \/ (284 -f  54) .  (284=54)  =  279  amperes. 

The  points  Po,  P„  and  P^  are  then  set  off  to  scale  in  Fig.  6. 
To  find  the  line  on  which  the  centre  M  of  the  circle  lies 
we  have 


tan  /i= 


Jo„.s^n  <M-Io„.lCos  4>t 

_       2-4x0-98-1- 15-8  X  0-19 
"284-1-15-8x0-98- 
2-35 -f  3 


2-4x0-19 

5-35 
''2W05 


0-0179, 


284-1-15-5-0-45" 
whence  /3=  1  deg. 

We  then  draw  OM  to  make  an  angle  of  1  deg.  with  the 
abscissa  axis,  and  determine  the  position  of  M  by  bisecting  the 
line  P^Pq.  The  circle  can  now  be  drawn  and  the  charac- 
teristic curves  of  the  motor  determined.  These  are  shown  in 
Fig.  7,  which  gives  the  curves  of  efficiency,  power  factor  and 
slip.     The  several  scales  were  determined  as  follows  : — 

Current  Scale  (to  which  diagram  was  drawn).  —  1  cm.  =  5  am- 
peres. 

Poiver  Scale. — 

W;=  J3EIw=v^3x2,750Iw  watts  =4-763  I„kw. 

Now,  1  cm.  =  5  amperes  in  current  scale;  hence,  in  poiver 
scale,  1  cm.  =  4-763x  5  =  23-815  kw.  These  scales  are  shown 
in  Fig.  6. 

We  then  take  a  number  of  points  on  the  diagram  and  read 
off  the  respective  efficiencies,  power  factors  and  slips,  which  are 
shown  plotted  in  Fig.  7,  against  their  respective  loads.  The 
maximum  output  is  Wo„,„x.  =538  kw.  =  734  b.h.p. 

With  regard  to  the  torque,  we  can  either  reduce  this  to  syn- 
chronous watts,  as  shown  above,  or  give  it  as  a  percentage  of  full 
load  torque,  which  is  often  more  convenient,  and  is  thus  shown 
in  Fig.  6.  Thus,  at  short-circuit  with  normal  pressure  applied 
at  the  terminals  of  the  motor,  the  starting  torque  would  be 
about  66  per  cent,  of  the  normal  torque,  whilst  the  maximum 
torque  the  motor  can  yield  is  255  per  cent,  of  the  normal 
torque. 

As  a  check  on  the  scales,  take  the  point  Ph  on  the  circle 
(Fig.  6).  The  current  I  at  this  point  =  OP5,  =  5x  10-2  cm. 
=  51  amperes.  Further,  at  this  same  point,  we  measure  in- 
put  W,  =  218kw.    and    cos</),m  =  0-9   per   cent.     Now,    V^EI 

cos  0M  =  1,OOOW„  whence  I  =    .  -^  — (\a~  50-9 amj)eres, 

V  o  X  ^,7o0x  0-9 
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•which  agrees  with  the  measured  value  0Pji*=51  amperes. 

Thus  we  see  that  the  scales  are  correct  throughout,  and  the 
diagram  can  be  used  for  reading  off  the  several  magnitudes 
directly.  In  the  reproduced  diagram  in  Fig.  6  the  scales  are 
shown  below  the  diauram  reduced  in  the  jiiopei'  proportion. 

Further  A iiiilirdliitim  nj  the  No-load  und  Sh<irl-circiiil  J)in</ri(iii 
to  Induction  il/o^or.s.  -Several  probh^ns  aiising  in  connertion 
with  induction  motors  can  be  solved,  or  partially  solved,  by 
means  of  this  diagram.  For  instance,  by  its  aid  it  is  possible  to 
find  the  amount  of  resistance  which  naust  be  inserted  in  the 
rotor  circuit  in  order  to  obtain  a  given  torque  at  starting,  and 
to  examine  the  behaviour  of  the  motor  during  running  up.  I 
An  interesting  case,  and  one  that  may  not  be  out  of  place  here, 
is  when  the  induction  machine  acts  as  a  generator — that  is, 
when  the  watt  component  becomes  negative.  This  happens 
whenever  the  negative  slip  becomes  sufficiently  large  to  carry 
the  current  below  the  abscissa  axis. 

An  actual  example  of  this  occurs  when  two  asynchronous 
machines  are  tested  by  the  modified  Hopkinson  method,  where 


results  obtained  from  the  above  300  b.h.p.  motors,  which  were 
also  tested  in  this  way.     The  connections  for  the  test  are  shown 
in  Fig.  8,  and  one  set  of  readings  is  tabulated  below  (Table  I.). 
Table  I. 


Motor  input. 

1 

Total 
loss  in 
Kw. 

'"I'S-    J^^'. 

[  Cos  0\|. 

=  P. 

2,760       50-6 


Genera- 
tor out- 
put W,,o 


Loss  in  iDgerted 

resiebance  in 
generator  rotor. 


11-5 


Let  us  first  consider  the  set  of  readings  as  they  stand.  The 
power  factor  cos  </>ji  for  the  motor  at  the  input  W,„,  is  obtained 
directly  from  the  readings,  but  to  what  load  do  these  readings 
refer  ?  This,  of  course,  involves  the  question  of  efficiency, 
which  is  always  difficult  to  calculate  from  such  test  resxdts 
owing  to  the  uncertainty  of  the  belt  losses,  &c.,  and  we  shall 
now  see  how  the  diagram  comes  to  our  aid.     In  passing,  we 


Fig.  6. — No-load  and  SHonT-ciRcuiT  Diagram  op  Three-phase  Induction  Motor. 
300II.P.,  2,750  volts,  40 >^,  10  poles,  480  revs,  per  min.  (syn.) 
Note.— The  points  Pn,  P,i  and  P*  are  the  magnetising,  no-load  and  short-circuit  points  respectively  of  the  normal  motor. 


one  machine  is  made  to  pump  back  energy  to  the  other.  More- 
over, since  there  is  generally  a  great  deal  of  uncertainty  about 
the  results  when  calculated  from  such  tests,  owing  to  the  un- 
satisfactory nature  of  the  assumptions  which  have  to  be  made, 
it  may  be  well  worth  while  to  show  how  simply  accurate  re- 
sults can  be  obtained  from  the  diagram,  and  also  see  if  the 
latter  cannot  be  of  assistance  iu  deducing  some  method  of 
calculation  which  will  give  results  in  harmony  with  the  actual, 
as  given  by  the  diagram. 

Application  of  Diagram  to  the  Hopkinson  Method  of  Testing 
Asynchronous  Machines. — For  this  purpose  we  can  use  the 

*  The  current  measured  on  test  {see  Table  I.)  at  this  input  and  2,760 
volts  was  50-6  amperes,  consequently  the  experimental  error  is  not  worth 
mentioning. 

t  Since  this  Paper  was  Aviitten,  similar  problems — solved  by  means  of 
the  Heyland  diagram — were  published  in  an  article  by  Solomon  in  The 
Electrician,  January  15,  1909. 


may  point  out  that,  if  there  is  any  inaccuracy  in  the  method 
we  are  about  to  employ,  it  is  cntirehj  negligible  compared  with 
that  which  has  already  gone  before,  viz.,  the  experimental 
error  in  taking  the  readings,  or  when  compared  with  any  of 
the  generally  used  methods  of  computing  the  efficiency  from 
these  results.  Indeed,  we  may  safely  say  that,  not  only  the 
efficiency,  but  also  the  slip  and  power  factor,  can  be  found 
more  readily  from  the  diagram,  provided  only  the  above  power 
readings  can  be  relied  on. 

Now  the  motor  efficicncij  is  obtained  straight  away  from  the 
diagram  by  setting  oft'  the  jwint  Pj,.  as  shown  in  Fig.  6,  the 
ordinate  representing  the  motor  input  W„„  =  218kw.,  and 
OPj,  the  current  =  50-6  amperes.  As  is  seen,  the  power  factor 
cos  <,'),[=0-9  ;  the  slip  .%  =  1-7  per  cent.  ;  whilst  the  efficiency 
i;j,=91-6  per  cent.,  and  therefore  the  output  W„,o='/.mW„„ 
=  200  kw.     Thus  the  output  to  which  the  above  efficiency. 
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power  factor  and  slip  of  the  motor  correspond  is  accurately 
determined  from  the  diagram,  and  equals  20()  k\v.  =  268  b.h.p. 

Now  for  the  generator  efficiencif.     It  is  equally  simple  to 
determine  this  also,  but  in  doing  so  we  must  not  forget  that  the 
generator  rotor  resistance  is  greater  than  the  normal  owing  to 
the  inserted  resistance  r,,  which  will  make   the  efficiency  '),; 
much  less  than  if  the  machine  were  working  normally.     This, 
however,  introduces  no  difficulty  provided  we  find  the  new 
short-circuit  point  P%  corresponding  to  this  case.      This  is 
simply  done.     We  first  find  the  inserted  resistance  per  phase 
3E-.,       3  X  33- 
'■'=1000Pr  11500  =''-^'-^  "''"'• 
{See  Table  I.)     Reducing  this  to  the  primary,  we  get 

/,=0-284x 3-62-  =  3-73  ohms, 
where  number  of  stator  turns/number  of  rotor  turus=3'62. 
Hence,  total  resistance  per  rotor  phase  reduced  to  priniarv 
=  r2+/,=047-^3-73  =  4-2  ohms. 
Before  finding  the  current,  however,  we  must  also  know  the 
reactance.     Now.  from  the  readings  for  the  short-circuit  con- 
stant Pj.  we  have  impedance  per  phase  at  short-circuit 

^E 2750 

~  s'3x284 


Zr- 


=  5'6  ohms. 


V  31 
whence  reactance  per  phase, 

X,.=  ■^'Z'k-r\.=  v/5-62-0-942=5-5  ohms, 
where  n.=ri-l-r'2=0-47+0-47  =  0-94  ohms. 

Hence,  with  the  resistance  r',  inserted  in  the  rotor  circuit, 
the  impedance  per  phase  will  be 

Z\  =  ^{r,  +  (r'._+r,)Y'  +  X\ 
=  v'(0-47  4-4-2)2 +  5-52 
=  7'2  ohms. 
From  this  we  have  short-circuit  current  at  P'^ 
E  2750 

^'^■=73Z^=73^2='-'^"^P""" 

Now,  provided  we  are  not  working  in  the  neighbourhood  of 
synchronism  (where  r,=oo),  the  magnetising  current  will   not 
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Fio.  7. — ErnciExcy,  Power  Factor  and  Slip  Curves  as  given  by 
Fig.  G. 

introduce  any  appreciable  error,  and  P'^.  can  be  set  off  directly 
on  the  circle.  The  point  P'^  representing  I'/  is  shown  thus 
in  Fig.  6,  whilst  Po,  the  point  corresponding  to  the  generator 
output,  is  drawn  on  the  lower  half  of  the  circle.  To  obtain  the 
power  factor,  efficiency  and  slip  for  this  condition  we  have 
merely  to  find  the  corresponding  line.s,  just  as  in  the  case  of  a 
motor.  In  this  case,  of  course,  the  abscissa  axis  represents  the 
line  of  zero  output,  whilst  the  line  P'/,P„  represents  zero  input, 
the  conditions  being  just  the  reverse  to  those  of  a  motor.  The 
efficiency  line  is  then  drawn  parallel  to  the  line  P'^Po,  where 
the  mechanical  input  is  zero,  and  is  bounded  by  the  abscissa 
axis,  representing  zero  efiBciency,  and  the  no-loss  line  passing 
through  T,;,  representing  100  per  cent,  efficiency.  As  seen 
from  the  diagram,  the  efficiency  i?,;  =  86-7  per  cent  and  the  power 
factor  cos  </>g=085.  For  the  slip— which  is  negative— a 
parallel  to  P„P^is  drawn  to  pass  through    P',..      This  line 


P',.0.,  (Fig.  6)  is  produced  backwards  beyond  the  tangent 
at  P„,  and  a  length  =  iP'.Oo  is  divided  into  50  parts  in  a  similar 
way  to  the  slip  line  for  the  normal  motor.  The  slip  Sq  is  thus 
=  6-4  per  cent. 

It  is  thus  seen  that  the  diagram  affords  a  complete  insight 
into  the  behaviour  of  the  machines  during  the  above  test,  and 
at  once  gives  the  efficiencies,  &c.,  without  any  correction  what- 
ever for  belt  slipping  and  such  like  difficulties  met  with  ia 
calculations.  It  must  be  remembered,  of  course,  that  »/„ 
represents  the  efficiency  of  the  generator  at  an  output  of 
157-5  kw.  with  respect  to  the  short-circuit  point  P'^ — i.e.,  the 
efficiency  of  the  generator  as  on  test  and  not  under  normal 
conditions.  Had  the  inserted  resistance  been  zero,  then,  of 
course,  the  machine  would  have  been  woiking  normally,  with 
Pi  as  its  short-circuit  point.  With  a  given  ratio  of  pullevs, 
however,  this  desideratum  is  not  always  easy  to  be  obtained. 

Method  of  Calaihitimj  Efficiency  from-  Modified  Hojikinson 
Test  of  Induction  Motors.— As  seen  from  the  foregoing,  it  is 
quite  easy  to  measure  the  motor  input  and  the  generator  output. 


Fiu.  S. — >ScHE.MK  OF  Connections  for  Testing  Induction  Motors  by 

Modified  HoPKtNsON  Method. 

M=Motor.    G=Genei-ator.    Wmj=Motor  input.    P=TotaI  losses:. 

Pr=Ijoss  in  inserted  resistance  in  generator  rotor  circuit. 

but  how  are  we  to  determine  the  loads  to  which  these  cor- 
respond '!  Now,  although  the  above  graphical  method  givei 
in  a  simple  manner  results  the  reliability  of  which  only  de- 
pends on  the  accuracy  of  the  readings,  yet  it  may  not  always 
be  desirable  or  po.ssibie  to  construct  such  a  diagram  for  obtain- 
ing these  results.  Since,  however,  we  now  have  a  useful  check 
on  any  analytical  method  we  may  deduce,  let  us  see  if  it  is  not 
possible  to  find  some  such  means  whereby  the  efficiency  can  be 
proijerly  calculated.     To  do  this  we  can  proceed  as  follows  : — 

After  adjusting  the  pulleys,  &c.,  until  the  induction  motor 
is  able  to  drive  the  induction  generator  under  the  required  con- 
ditions— the  losses  and  wattless  current  bemg  supplied  from 
an  independent  electric  source — let  resistance  be  inserted  in 
the  rotor  circuit  of  the  generator  until  the  input  to  the  motor 
is  as  much  above  the  load  at  which  the  machines  are  to  be 
tested  as  the  output  of  the  generator  is  below  this  load.  Since, 
then,  the  efficiency  curve  of  an  induction  machine  is  practically 
a  straight  line  over  the  working  part,  it  is  obvious  that  the 
efficiency  of  both  generator  and  motor  with  respect  to  this  mean 
load  would  be  about  the  same  if  both  machines  were  working 
under  normal  conditions. 

We  then  measure — * 

1.  Total  losses=power  taken  from  .supply  mains  =  P. 

2.  Motor  input=W„„. 

3.  Losses  in  inserted  resistance  in  generator  rotor  circuit  =  P,. 

4.  Speeds  of  motor  and  generator  and  frequency  of  supply. 

*  In  addition  to  these  measurements,  it  is  also  well  to  measure  tho 
generator  output  W,/o,  if  instruments  are  available.  In  certain  rases  it 
may  be  better  to  measure  W,,ii  than  P ;  in  the  present  test  the 
generator  output  was  obtained  by  deducting  the  total  loss  P  from  the 
motor  input  W„,i. 
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Stai'tiiij;,  then,  from  the  definition  that  the  combined  effi- 
ciency of  the  two  machines  is 

g  outputs     g  outputs 
-g  inputs  ~  motor  input 


Vmg; 


we  get 


W,„,- 


where  W„o= generator  output  =  W„„  —  P, 
Pj„=belt  loss  on  no^^load, 
Pj,= additional  belt  loss  on  load, 

P,.  =loss  in  inserted  resistance  in  generator  rotor  circuit. 
We  must  now  see  how  these  several  quantities  can  be  deter- 
mined. 

To  find  the  no-loud  bdl  loss  P^^  we  measure — 
(a)  The  loss  P  when  the  motor  is  driving  the  generator  and 
the  rotor  circuit  of  latter  is  open  but  its  stator  is  connected  to 
the  mains.     Denote  this  loss  by  P'.     Any  small  iron  loss  in  the 
generator  rotor  will  be  usually  quite  negligible. 

(6)  The  loss  P  when  the  belts  (or  ropes)  are  thrown  off  and 
both  machines  are  running  light.     Denote  this  loss  by  P". 
The  no-load  belt  loss  is 

P.o  =  P-P. 
To  find  the  additional  belt  loss  under  load  P^,  : 
For  the  additional  belt  loss  which  occurs  on  load  due  to  in- 
creased belt  slip  we  can  proceed  as  follows  :  Let^D,i  and  D,i 
equal  the  effective  diameters  of  the  motor  and  generator 
pulleys  respectively  after  the  thickness  of  the  belt  has  been 
taken  into  account.  Now.  if  there  were  no  belt  slip  on  load, 
we  should  have 

Speed  of  generator  _Dj, 

Speed  of  motor        D,.' 

Actually,  however. 

Speed  of  generator     I)j, 
Speed  of  motor     ~  Dg 

where  c  is  a  constant  <  1  and  represents  the  slip  of  the  belt. 

Further,  let  «,■  and  «m  denote  the  respective  slips  as  measured 
on  generator  and  motor  under  test.      Then 
Speed  of  generator     H-«a 
Speed  of  motor    ~1— Sjj 

By  substituting  these  two  expressions  for  the  ratio  of  the 
we  can  find  c.     Thus 

DmI-c     1+g., 
Do    1     ~l-..„' 

D^,    1 +■■?,; 

Dji  l-*a 

D^,       1+g,; 

£•51  1-«m' 

In  the  present  case,  which  was  a  rope  drive — there  being 
eight  IJ  in.  ropes — the  effective  diameter  of  the  motor  pulley 
was  45  in.  and  of  the  generator  40  in.,  whence 

J  +  «a 


1- 


1 


l-c=. 


c=l- 


-0-89 


1-Sv 


Now  c  represents  the  amount  by  which  the  generator  speed 
is  reduced  owing  to  the  belt  slip,  and  since  this  is  practically 
zero  at  no  load,  it  may  be  taken  as  the  correction  for  the  reduced 
speed  of  the  generator  caused  by  the  slipping  or  creeping  of  the 
belt  on  load.  Since  then  only  the  (1  — f)th  part  of  the  motor 
output  is  conveyed  to  the  generator,  it  is  obvious  that  c  per 
cent,  of  the  motor  output  must.be  consumed  in  producing  he^t 
at  the  pulleys.  Hence  we  have  for  the  additional  belt  loss  on 
load 

P.,  =  ^W„,„=cW,„,,,„. 

The  efficiency  i^j,  of  the  motor  can  be  estimated  quite  accu- 
rately enough  for  the  purpose  of  finding  Pj„  since  c  is  always 
very  small  when  the  belts  are  properly  tightened. 

In  this  way  the  combined  elliciency  i/j„,  can  be  found,  and  it 
now  remains  to  split  up  i/m,;  into  the  separate  efficiencies,  y^i 


and);G.     Before  doing  this,  however,  we  will  first  calculate  rj^f,. 
for  the  machines  whose  test  results  are  shown  in  Table  I. 

For  the  slips  we  will  take  the  values  as  given  by  the  diagram, 
though  these  can  eijually  well  be  measured.  Then,  motor 
slip  Sj,=  l-7  per  cent,  and  generator  slip  s,;  =  6-4  per  cent.  ; 

whence  constant  c=l-0-89  -r^^^  =1-0-89  ^'^^-=0-04. 
1-%  0-983 

Motor  Input. — Pressure=2, 760  volts.  Current  =  50-6  amperes. 

T       .w       o,Qi  1  J  218x1000 

Input  W„i  =  218kw. ;  wlience  cos  </>»,=  -r^ — 0-Q 

^  "■  "     v'3x276Ox.50-6~"^- 

Total  losses  supplied  to  system  P  =  60-5  kw. 

Hence,  output  of  generator  is 

W^a=W„,-P  =  2I8-60-.5=1.57o  kw. 

Measured  loss  in  inserted  resistance  in  generator  rotor  cir- 
cuit P,=  11-5  kw.     No-load  belt  I0.SS  Pjo=  10  kw.     Additional 
belt  loss  Pw=c  .  W„,i;„  =  0-04  x  218  x  0-9  =  7-.5  kw. 
We  then  get 

S  outputs  =  W„„+Pjo-f  P^-f  P, 

=  1.57-5  +  10+7.5-f  ll-5=186-.5  kw. 
Then  combined  efficiency 

<  outputs     186-5 


218 


We  have  now  to  analyse  this  combined  efficiency. 

To  do  this,  consider  the  losses  in  the  two  machines.  These 
are  W„j-5  outputs  =  218-186-5  =  31-5  kw.  But  it  is  not 
known  how  these  losses  are  distributed  between  the  two 
machines,  and  the  simplest  procedure  is  not  to  trouble  about 
the  actual  loads,  but  to  take  the  load  corresponding  to  which 
the  generator  efficiency  equals  the  motor  efficiency,  so  that 
iy„=i;i-.  =  ^/7;,m.  Now,  if  there  were  no  external  losses  in  the 
belts,  &c.,  this  corresponding  mean  load  would  be  i(W„,„-|- W,o), 
but  under  actual  conditions  it  will  be  better  to  find  this  load 
from  the  machine  working  under  normal  conditions — namely, 
the  motor— by  deducting  from  the  output  of  the  latter  half 
the  losses  in  the  two  machines.  This  procedure,  though  not 
strictly  accurate,  is  quite  good  enough  for  all  practical  purposes. 
Taking,  then,  the  corresponding  mean  load,  '/M^^'™i— M^^'mi  —  ^ 
outputs) ,  we  have  with  respect  to  this  load 

'?M='?G=  <''V^=  s/0"^=92-2  per  cent, 
where  );ji  and  jJg  both  refer  to  the  machine  ivorking  normally  with 
an  output  of  ( =0-922  x  218-i(218- 186-5) }kw.  =  247  b.h.p. 

From  the  diagram  the  efficiency  at  this  load  (247  b.h.p.) 
is  )^j,=91-5  per  cent.,  consequently  the  agreement  between  calcula- 
tion and  the  diagram  is  within  1  per  cent. 

We  thus  see  that  the  above  method  of  calculating  the  effi- 
ciency gives  results  which  are  in  good  agreement  with  those 
yielded  by  the  diagram,  and  may,  therefore — together  with  the 
latter  method — be  regarded  as  a  satisfactory  way  of  deter- 
mining the  efficiency  of  induction  motors  when  tested  by  the 
modified  Hopkinson  method. 

It  may  be  useful  to  summarise  briefly  this  method  : — 

1.  Measure,  in  the  way  above  described,  motor  input  W„ , 
generator  output  W^^,  no-load  belt  loss  Pt„,  additional  belt 
loss  Pj,  and  loss  in  resistance  inserted  in  generator  rotor  cir- 
cuit P,.. 

2.  Determine  combined  efficiency 

_  ^  outputs  _  W,o  +  PiO  +  P„  +  P. 

''"«"■  :§  inputs-  W,„.- 

3.  Then  the  separate  efficiencies  >;ji  and  >;,;  of  the  two  ma- 
chines are  v/j/mo  ^^'ith  respect  to  the  corresponding  mean  load 

W„,„-A  losses  in  niachiues=)/MW„„-i(W„„—  $  outputs) 
as  output. 

In  coiuluding  this  Paper,  the  author  wishes  to  acknowledge 
his  indebtedness  to  Mr.  A.  E.  Claj-ton  for  his  kind  assistance 
and  to  Mr.  Steinmetz  for  the  care  he  has  taken  in  drawing  the 
diagrams.  Valuable  help  and  criticism  has  also  been  un- 
grudgingly given  by  Dr.  Kloss  and  Mr.  Marden,  of  Messrs. 
Siemens  Bros.  Dvnamo  Works,  Stafford. 


*  It  must  be  borue  in  uiiiiJ  tbat  «l,  is  negative. 


168 


THE  ELECTRICIAN,  MAY  14,  1909. 


SIEMENS  BROTHERS  &  GO'S  SWITCHBOARD 
INSTRUMENTS. 

(ConcJiuled  from  page  13'?.) 

Having  described  the  three  series  of  measuring  instruments,  wo 
shall  now  refer  briefly  to  other  switchboard  apparatus  of  a  new 
type  which  is  being  introduced  by  Messrs.  Siemens  Brothers  &  Co. 
In  this  connection  we  should  like  to  draw  particular  attention  to 
apparatus  for  the  synchronising  and  parallel  running  of  alternators. 
In  regard  to  zero  voltmeters  little  need  be  said,  since  all  the  electro- 
magnetic and  Ferraris  voltmeters  can  be  arranged  for  that  purpose  al 
slightly  extra  cost.  Double  voltmeters  are  of  more  interest  ;  in 
these  there  are  two  independent  movements  but  only  one  scale,  over 
which  both  pointers  move.  They  serve  to  show  if  the  machine  about 
to  be  switched  in  has  the  same  pressure  as  the  'bus  bars,  in  which  case 
both  pointers  take  up  the  same  position  on  the  scale. 

Phase-comparers  are  supplied  to  indicate  if  the  current  of  tlie 
machine  under  observation  is  in  phase  with  the  supply  ciu'rent.  while 
phase-indicators  give  the  approximate  power  factor  of  each  machine. 


Fig.  11. — .Synciikon'isin'i;  Oitfit. 


^*5^-^ 


Kii:.  12. — In'strujiext 
Pedrstal  with  Teleoraph. 


and  are  only  made  for  three-phase  circuits  with  equally  loaded 
branches,  or  for  two-phase  current.s.  Various  combinations  of  all 
the  above-mentioned  instruments  can  be  mounted  on  a  bracket  or 
pedestal  for  the  purpose  of  synchronising  machines.  Messrs. 
Siemens  are  making  a  feature  of  this  arrangement,  and  Fig.  1 1  shows 
a  .synchronising  outfit  on  a  pedestal,  and  consisting  of  Ferraris  sector 
voltmeters  for  'bus  bars  and  for  machines,  zero  voltmeter  and 
illuminated  synchroniser,  two  pha.se  lamps,  switch  for  synchroniser 
and  two-way  switch  for  generator,  the  whole  forming,  as  can  be  seen, 
an  artistic,  compact  and  well  designed  piece  of  apparatus.  In  place 
of  the  pedestal  a  bracket  can  be  supi)lied  in  which  case,  of  cour.se,  the 
arrangement  becomes  even  more  compact. 

A  feature  is  also  made  of  central  station  telegrajihs  for  communi- 
cating orders  between  the  switchboard  gallery  and  engine-room. 
boiler-house,  &c.  Some  such  arrangement  is  indisi)en.sable  in  all 
large  power  stations,  and  the  instruments  are  designed  either  for 
fixing  on  pedestals  or  on  switchboards.  Every  instrument  can  be 
employed  as  a  transmitter.  Fig.  12  shows  a  suggested  arrangement 
in  which  the  signalling  apparatus  is  fixed  half-way  down  a  pillar  on 
which  is  mounted  a.  universal  instrument,  comj)rising  Ferraris  volt- 
meter, ammeter  and  wattmeter.     As  can  be  judged,  the  readings  of 


this  latter  instrument  can  be   seen  at   some  distance  ;   the   whole 
arrangement  is  compact  and  convenient. 

Great^'r  attention  is  now  paid  to  the  maintenance  of  the  mains 
system  of  electric  supply  undertakings,  and  instruments  for  record- 
ing leakage  currents  are  usually  employed.  The  moving-coil  volt- 
meters 'described  in  the  first  part  of  this  article  can  be  used  on 
continuous-current  circuits  as  leakage  current  meters  if  provided  with 
resistance  scales.  Messrs.  Siemens  Brothers,  however,  recommend 
special  instruments,  having  considerably  higher  resistance  and 
sensitiveness,  for  use  in  such  cases  :  and  instruments  are  also  made 
for  use  on  single-phase  or  three-phase  circuits.  In  the  ease  of  con- 
tinuous current,  the  measmements  are  matle  « ith  the  supjjly  pressure, 
but  in  the'case  of  alternating  currents  a  battery  of  dry  cells  is  em- 
liloyed,  and  the  supply  pressure  is  superimposed  on  the  testing  pres- 
sure without  affecting  the  readings  of  the  instruments.  The  scales 
are  arranged  to  read  0—2  megohms,  or  0—1,000  milliampercs.  The 
resistance  scale  .shows  the  insulation  resistance  dkectly  when  the  test 
is  made  on  a  "  dead  "  cii-cuit  ;  but,  if  the  circuit  is  "  alive,"  the 
insulation-resistance  can  be  calculated  from  the  resistance  shown, 
by  connecting  the  instrument  to  the  positive  and  negative  conduc- 
tors. All  the  instruments  are  provided  with  an  adjustable  magnetic 
shunt  by  means  of  which  their  sensitiveness  can  be  so  adjusted  that 
the  resistance  or  current  scale  remains  accurate,  although  the  testing 
or  supply  pressure  varies  as  much  as  +  8  per  cent.from  that  with  which 
the  instrument  was  calibrated.  Fig.  13  shows  a  complete  leakage 
current  meter  out  fit  for  two  and 
three  wire  continuous  -  current 
circuits.  The  illustration  indi- 
cates also  the  u.se  of  a  pair  of 
contact  pliers  for  testing  singlo 
"  dead  "  conductors. 

Of  recent  years  relays  have  come 
into  very  extensive  u.se,  ))articu- 
larly  in  connection  with  switchgear 
Messrs.     Siemens    Brothers    have 


l^ipy 


Fid.  13. — Leakaoe  C'uurent 
.Metfr  Outfit. 


Fi(!.  14. — Maximum  I'tirrent 
Time  Relay. 


an  excellent  selection  of  relays  for  various  purposes,  but  these  we 
cannot  do  more  than  mention.  All  the  moving-coil  and  Ferraris  in- 
struments which  we  have  described  can  be  employed  as  relays,  if 
lilted  witli  maximum  or  minimum  contacts.  It  may  be  mentioned 
that  the  relays  are  only  made  for  low  tension  ;  in  the  case  of  high 
tension,  series  resistances  and  mea.suring  transformers  must  be 
employed  for  continuous  and  alternating  current  respectively.  Fig. 
14  shows  a  maximum  current  time  relay  and  Fig.  1.5  a  pressure 
variation  relay  for  an  alternating-current  circuit,  the  cover  being 
removed  in  the  latter  instrument,  which  is  provided  with  maxi- 
mum and  minimum  contacts,  adjustable  for  variations  of  ±  2  jier 
cent.  The  maximum  current  time  relay,  Fig.  14,  is  intended 
for  connecting  to  current  transformers  with  5  amperes  secondary 
current,  and  the  relea.se  can  be  adjusted  from  35  to  7  amperes,  whilst 
a  second  scale  is  provided  whereby  the  time  limit  can  be  varied  from 
2  to  15  .seconds  ;  heavier  currents  than  lho.se  mentioned,  of  cour.sc, 
cause  the  release  to  be  quicker,  approximately  as  the  square  of  the 
current.  Instantaneous  releases  can  be  fitted  which,  if  desired,  come 
into  operation  when  the  current  in  the  secondary  winding  of  the 
transformer  exceeds  20  amperes.  Other  relays  supplied  arc  for 
reverse  power,  for  single  or  three-phase  circuits,  and  for  threc-iihase 
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hiffli-tension  nverliead  transmission  lines.  Tlie  last  mentioned  relay 
operat<>s  with  at  least  3  per  cent,  of  the  normal  current,  and  above  30 
per  cent,  inequality  of  load,  and  is  intended  for  disconnecting  an 
untapped  distant  feeder  in  the  case  of  a  broken  wire  or  of  great 
inequality  of  load. 

Essential,  and  by  no  means  unimportant,  parts  of  a  high-tension 
switchboard  are  the  transformers  for  operating  the  various  instru- 
ments. Apart  from  the  necessity  of  using  current  transformers 
where  very  large  currents  have  to  be  measured,  it  is  very  desiralile  to 
keep  high-tension  current  away  from  the  switchboard  itself.  It  ^ill 
be  seen,  also,  that  the  design  of  these  small  transformers  is  of  vital 
importance  if  the  continuity  of  supply  is  not  to  be  endangered.  In 
regard  to  insulation,  Me.ssrs.  Siemens  take  the  greatest  precautions  to 
ensure  that  breakdown  shall  not  result  from  pressure  surges.     Thus, 


FlG.'I5. ^Pressure  Varution  Relay. 


Fig.  10. — Small  Current 
Traksformer. 


transformers  up  to  30,000  volts  are  tested  with  twice  the  working 
pressure  ;  and  for  higher  pressures  with  one  and  a  half  times  the 
working  pressure. 

It  is  interesting  to  notice  that  the  normal  maximum  .secondary 
current  of  all  current  transformers  is  5  amperes,  with  the  exception  of 
two  types  in  which  a  current  of  1  ampere  is  used.  The  important 
characteristics  of  the  Siemens  transformers  for  measuring  instru- 
ments were  recently  described  in  our  columns  (March  12,  1909.  p.  840) 
and  it  will  be  remembered  that  whereas  many  of  the  instrument 
transformers  hitherto  available  cannot  be  depended  upon  to  maintain 
a  constant  ratio  over  a  wide  range,  and  that  the  phase  difference 
bstwei  n  primary  and  secondary  currents  is  often  excessive,  these  dis- 
advantages have  been  eliminated  in  the  Siemens  transformers  by 
constructing  the  stampings  of  the  cores  in  one  piece,  thus  jjrevent- 


FiG.  17. — CuRSENT     Fig.  18. — Current  Trans 
Transformer.  former  on  Bracket. 


Via.  19. — Pressure 
Transformer. 


ing  errors  due  to  the  reluctance  of  an  air-gap.  It  will  be  evident 
that  this  method  of  construction  involves  greater  difficulty  and  ex- 
pense in  winding,  but  these  liave  been  overcome  by  Messrs. 
Siemens  Brothers  in  a  very  ingenious  way.  That  the  results  leave 
little  to  be  desired  will  be  seen  by  the  tests,  of  which  particulars 
were  given  in  our  issue  referred  to  above ;  we  may  mention  that  the 
ratio  of  the  transformer  is  adjusted  accurately  to  within  1  i)er  cent. 
Fig.  16  shows  a  current  transformer  for  use  with  electromagnetic 
ammeters  for  1  amjjerc.  The  transformers  for  small  currents  can 
be   fixed    by    means    of   two    bolts   wliilst  the   larger    ones    can 


a  narrow  form  to  be  arrived  at,  and  hence  this  tj^e  of  transformer 
is  specially  suitable  for  fixing  in  narrow  switchboard  cells.  It  is 
fi.xed  by  means  of  a  base-plate  with  lugs.  A  further  type  is  shown 
in  Fig.  18,  in  which  a  bracket  .system   of  suspension  is  indicated. 

In  regard  to  pressure  transformers  little  need  be  said  ;  in  their 
main  features  they  resemble  those  just  descri>)ed.  but  we  may  men- 
tion that  a  pressure  overload  10  per  cent,  above  the  normal  may  be 
given  and  an  overload  of  20  per  cent,  is  permissible  for  1.5 
minutes.  All  the  transformers  are  completely  enclosed,  and  thus 
protected  from  damp  and  other  external  influences,  and  the  cases 
in  every  instance  are  arranged  for  an  earth  connection.  Fig.  19 
shows  a  typical  pressure  transformer  fitted  with  a  base. 

Messrs.  Siemens  Brothers  new  switchboard  instrument  catalogue 
also  contains  particulars  of  other  instruments,  including  recorders  of 
various  types,  a  general  feature  being  the  bracket  type  of  construc- 
tion. We  may  conclude  this  brief  description  of  a  most  interesting 
series  of  apparatus  by  drawing  attention  to  a  useful  addition  to  the 
customary  catalogue.  Towards  the  end  of  the  new  catalogue  (page  01 ) 
the  iastruments  are  cla.ssiiied  according  to  currents,  pressures  antl 
sizes,  so  that  the  "  would-be "'  ])urcha.ser  can  see  at  a  glance  the  range 
of  prices  offered  by  the  various  tyjjes.  For  example,  taking  one  par- 
ticular capacity,  we  notice  the  list  prices  of  ammeters  range  from 
£1  to  £26.  10s.,  according  to  the  size  of  the  instrument  and  whether 
it  is  of  the  moving  coil,  Feriaris  or  electromagnetic  type,  so  that  it 
will  be  seen  purchasers  have  practically  unlimited  choice,  and  can 
rapidly  select,  those  instruments  most  suited  to  their  purpose  and 
])ocket. 


THE  REGULATION  OF  fiLTERNATE-CURRENT 
FLAME  ARC  LAMPS.* 

BY    PAUL   HuGNER. 

Summary. — Attention  is  called  to  the  importance  of  the  resistance 
variations  occuring  in  alternate-current  arc  lamps  in  the  arc  gases,  and  to 
the  fact  that  if  choking  coils  are  used  in'place  of  series  resistances  the 
efficiency  is  improved  nearly  40  per  cent. 


The  gases  through  which  the  arc  passes  have  a  very  low  heat 
capacity,  and  the  temperature  of  these  gases,  therefore,  varies  from 
instant  to  instant,  as  the  current  passes  through  its  cycle.     These 


gases  behave  like  a  so-called  conductor  of  the  second  class,  and  their 
resistance  falls  as  the  temperature  rises.  Consequently,  their  re- 
sistance passes  through  its  cycle  in  the  same  way  as  the  current  does, 
and  reaches  its  maximum  value  at  the  instant  when  the  current  is 


Fio.  2. 

From  this  it  follows  that  the  current  is  met  at  the  start  by  the 
maximum  resistance  ;   as  soon  as  the  gasos  arc  somewhat  heated  the 


be  suspended  from  the  conductors.     Fig.  17  shows  a  current  trans-     ^^^^^^^^^  ^^^^-^^  to  increase  more  rapidly,  owing  to  the  lessened  re- 
former of  a  different  type,  the  primary  terminals  being  situated  at ? -_ • 

the  top  and  bottom  instead  of  both  on  the  same  side.    This  enables  '  *  Abstracted  from  the  "  Elektroteohnische  Zeitschrift," 
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sistance.  If  the  circuit  is  free  from  induction,  the  maximum  vahie 
is  reached  some  little  time  after  the  volts  have  passed  through  their 
maximum,  and  from  this  point  the  fall  is  very  rapid  until  it  reaches 
zero  at  tlie  moment  when  the  volts  are  also  zero.  The  investiga- 
tions of  Blondel,  Duddell  and  Marchant  on  these  points  are  alreadj* 
well  known. 

These  phenomena  occur  with  any  alternate  current  arc  lamp  :  but 
their  real  importance  is  specially  to  be  noted  in  the  case  of  alternate- 
current  flame  arc  lamps.  In  this  case  the  variations  of  temjierature 
and  resistance  are  very  great,  and  special  attention  must  be  paid  to 
them,  seeing  that  much  depends  on  the  way  in  which  the  lamps  are 
run  and  coupled  up.  It  is  now  known  that  the  amount  and  nature 
of  the  regulating  resistance  has  great  influence  on  the  results,  and 
the  present  article  is  intended  to  show  the  extent  to  which  the  design 
of  the  regulating  device  affects  the  results  obtained  from  the  flame 
arc  lamps  at  present  on  the  market. 


The  tests,  to  which  reference  is  made  in  the  present  article,  were 
carried  out  by  the  firm  of  KiJrting  &  Mathiesen  on  the  Excello  flame  arc 
lamp  ;  the  carbons  were  made  by  Conradty.  of  Nuremberg,  the  volts 
lost  in  the  carbons  being  between  1  and  3.  The  alternators  gave  a 
voltage  which  practically  followed  a  sine  curve,  and  had  an  average 
value  of  110  with  a  frequency  of  50.  Fig.  1  gives  the  oscillograph 
curves  of  the  voltage  of  the  alternator,  and  the  current  through  the 
two  Excello  lamps  in  series  ;    the  current  was  10  amperes  and  the 


lamps  had  an  ordinary  inductionless  series  resistance.  Fig.  2  shows 
the  voltage  across  the  lamps  and  the  current.  The  net  result  in  this 
case  is  that  the  power  factor  of  the  whole  circuit  is  0-857,  and  of  the 
lamps  0-766.  The  consumer,  unfortunately,  knows  and  cares  nothing 
about  the  power  factor  ;  but  it  will  be  of  importance  to  consider  it  in 
the  present  investigation.  Figs.  3,  4  and  5  refer  to  the  same  lamps 
when  run  with  a  choking  coil.  In  Fig.  3  we  have  the  current  and  the 
total  voltage  in  the  circuit ;  in  Fig.  4  the  current  and  voltage  over 
the  lamps,  and  in  Fig.  5  the  current  and  the  voltage  over  the  choking 


Fig.  5. 

coil.  In  this  case  the  power  factor  of  the  circuit  was  0-712.  and  of  the 
lamp  0-S03.  The  power  factor  of  the  lamp  is  increased  by  5  per  cent., 
whereas  that  of  the  circuit  is  lower  than  before,  owing  to  the  in- 
crea.sed  lag.  The  dotted  ctu-ve  in  Fig.  2  also  shows  the  way  in  which 
the  illumination  varies  from  instant  to  instant  as  the  current  rises 
and  falls. 


It  will,  therefore,  be  seen  that  the  power  factor  and  efficiency 
depend  on  the  nature  and  amount  of  the  regulating  resistance  or 
choking  coil,  and  it  is  of  interest  to  see  what  effect  is  produced  on  the 
emission  of  light  by  a  change  from  inductionless  resistance  to  choking 
coil.  Photometric  determinations  with  the  Ulbricht  spherical 
photometer  show  that  such  change  is  very  noticeable.  For  instance, 
in  one  case,  where  two  lamps  were  run  in  series,  on  110  volts,  it  was 
found  that  with  an  inductionless  resistance  the  Hefner  candle-power 
was  1,700  ;  but  when  a  choking  coil  was  substituted  for  the  resistance 
the  candle-power  rose  to  2,270.  In  other  words,  the  light  was  in- 
creased by  33  per  cent. 

Further  tests  with  6,  8,  10  and  12  amperes  gave  the  following 
results : — 

1.  With  a  given  tj^pe  of  lamp,  coupled  up  in  a  definite  manner, 
and  supplied  with  carbons  of  a  definite  make,  the  power  factor  is 
independent  of  the  current  through  the  lamp.  Tests  show  slight 
deviations,  which  are  probably  of  the  nature  of  experimental  errors  ; 
in  any  case,  it  is  not  possible  to  trace  any  connection  between  the 
power  factor  and  the  current. 

2.  With  a  given  type  of  lamp,  and  given  electrical  conditions,  the 
power  factor  depends  on  the  make  of  the  carbons  and  on  the  nature 
of  the  regulating  device.  Thus,  the  following  figures  were  obtained 
with  two  lamps  run  in  series  on  1 10  volts  : — 


Type  of  Carbons. 

Power  Factor  with 

Series  resistance 

Choking  coil. 

Excello  70;  yellow 

Excello  70  ;   pearl  white 

Lamp. 
0-766 
0-796 
0-864 

Circuit. 
0-857 
0-873 
0-914 

Lamp. 
0-803 
0-826 
0-896 

Circuit. 
0-712 
0-734 
0-792 

3.  The  amount  of  light  given  by  a  lamp  depends  on  the  carbons 
and  also  on  the  nature  of  the  regulating  device.  The  light  is  greater 
if  a  choking  coil  is  used  than  if  there  is  a  series  resistance.  This 
gain  in  light  emission  is  proportionally  more  marked  in  those  cases 
in  which  the  carbons  give  the  most  intense  light.  On  the  other  hand, 
with  carbons  giving  a  less  intense  light,  the  increase  in  power  factor 
and  efficiency  is  greater. 

From  the  practical  point  of  view,  the  most  important  thing  is  the 
imitrovement  in  efficiency  which  results  from  the  use  of  the  choking 
coil,  as  compared  with  the  series  resistance.  This  is  evident  from  the 
figures  in  the  following  table  : — 


Type  of  Lamp. 


Method  of     g  ,2  ^S 
running,      -ell 


Excello  Munt, 
by  Korting  & 
Mathiesen  . . . 


Two  on  110 
volts  with 
series  resist- 
■mce. 

Two  on  110 
volts  with 
choking  coil 


mm. 

7 


This  table  shows  that  the  efficiency  is  increased  by  38  per  cent,  if 
choking  coils  are  used.  This  point  is  so  noticeable  that  the  use  of 
choking  coils  becomes  a  much  more  important  matter  in  these  days, 
when  flame  arcs  have  replaced  the  plain  carbon  arc  ;  for  in  the  latter 
case,  as,  indeed,  in  all  cases  in  which  the  arc  emits  a  relatively  poor 
light,  the  gain  from  the  use  of  the  choking  coil  is  comparatively 
small,  and  in  carbon  lamps  with  the  carbons  one  above  the  other  the 
improvement  is  so  small  that  the  difference  can  scarcely  be  noticed. 
Therefore,  in  such  cases  the  improvement  is  simply  one  of  efficiency, 
and  there  is  little  difference  in  the  amount  of  light  emitted  ;  if  three 
arc  put  in  series  on  110  volts  the  efficiency  is  only  improved  by  15  per 
cent. 

These  points  must  be  noticed  in  the  photometric  examination  of 
flame  arc  lamps.  The  usual  plan  is  to  put  the  lamp  itself  on  a  re- 
latively high  voltage.  This  plan  is  altogether  wrong  for  flame  arcs, 
and  causes  the  lamp  to  give  more  light  than  is  intended.  It  is  much 
better  to  run  the  lamp  on  the  voltage  for  which  it  is  intended  in 
actual  practice,  and  the  latest  regulations,  which  have  been  laid 
down  for  the  photometric  examination  of  arc  lamps,  lay  stress  on 
these  points,  to  which  attention  has  been  specially  directed  by  tlie 
experimental  work  described  in  the  present  article. 
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ELECTRIC  TRACTION  ON  RAILWAYS. "" 

XIV.— PRACTICAL  CONSIDERATION  OF  OVERHEAD 
CONDUCTORS. 

BY   PHILIP   DAWSON. 

(Continued  from  page  99.) 

Summary. — In  this  article  the  author  first  considers  the  man}' 
objections  which  have  been  raised  against  tlie  use  of  the  third  rail  for 
main  line  railway  electrification,  and  then  proceeds  to  discuss  the  use 
of  overhead  conductors,  dividing  the  latter  system  into  those  where 
two  overhead  con<luctors  per  track  are  necessary  and  those  where  only 
one  conductor  per  track  is  required.  The  construction  of  the  over- 
head work  is  also  considered  in  detail. 


Having  thus  examined  tl)e  double  catenary  form  of  con- 
struction, we  will  now  proceed  to  consider  the  various  forms 
of  single  catenary  construction  adopted  both  in  Europe  and 
America. 

As  already  stated,  there  are  two  forms  of  single  catenary 
construction,  namely,  what  may  be  called  the  simple  form 


Fig.  17. — Single  Catenary^Suspension,  showing  Short  Circuiting 
Device  (B)  which  Comes  into  Action  in  case  of  Breakage  of 
Wire,  Swedish  State  Railways. 

A,  Tubulin-  puili-oft  anJ  stc;ijli«r. 

and  the  compen.sated  one,  which  is  equipped  with  counter- 
weights and  which  secures  a  constant  tension  on  the  ti  olley 
wire  under  all  conditions  of  temperature. 

As  an  example  of  the  single  catenary  construction,  we  can 
again  take  a  section  of  the  experimental  line  constructed 
by  the  Swedish  State  Railways.  Fig.  1 7  sliows  the  ordinary 
smgle  bracket  arm  straight-line  construction.  As  shown  in  the 
illustration,  at  each  bracket  arm  there  is  a  light  tubular  push 
off  (marked  A)  or  steadier  attached  to  a  hinged  swivel  from  a 
second  insulator  located  under  the  bracket  arm.  In  case  of 
breakage  of  the  trolley  arm  or  supporting  catenary,  a  pivot- 
ing metal  arm,  which  is  surrounded  noimally  by  an  earthed 
metal  hoop,  will  be  brought  into  contact  with  this  hoop  (B), 
thus  earthing  and  rendering  safe  the  whole  .section.  The 
arrangement  thus  shortly  descriheil  is  clearly  shown  in  the 
illustration.  Fig.  17. 

*  Copyright.    All  rights  of  reproduction  reserved. 


A  slightly  different  form  of  construction  is  shown  in  Fig. 
18,  which  has  been  largely  adopted  by  the  Westinghouse 
Company  in  America  for  inter-urban  lines.  In  this  case  the 
insulators  are  hollow  corrugated  porcelain  sleeves  .slipped 
on  to  the  tubular  bracket  arms,  and,  as  shown  in  Fig.  19, 
the  pu.sh-offs  are  supported  from  similar  insulators.  This 
last  figure  also  shows  the  earthed  loop  which  encircles  the 
catenary  line,  and  which  would  put  the  whole  section  to 


IS. — Westinghouse  .Single  CIatenary  Bracket  Arm  Construc- 
tion. 

earth  in  case  of  breakage  of  either  the  trolley  or  the  catenary 
wire.  Instead  of  using  iron  tubes  or  wooden  rods  to 
push  against  the  trolley  wire  in  order,  not  only  to  keep  it 
in  its  proper  position  in  curves,  but  also  to  keep  it  from 
swinging  laterally  ;  it  is  also  possible  to  use  a  pull-off 
arrangement,  and  this  method  of  construction  has  been 
adopted  by  the  Ameiican  Westinghouse  Company  in  con- 
nection with  the  Sarnia  Tunnel  section  of  the  Grand  Trunk 


Fig.    111.-    \\  i;sri\(:ii(M  -<!.  Sin.^ii:  (AiiiNMa    Cmnsiki,  iion,   >ii.i\mng 

Karthed  Safktv  Loop  at  Kacu    1?hai  ki;t  .\r,M   tmuim  gh  which 

Catenaries  Pa.ss. 

E=-Earthiutr  loop. 

Railway  of  Canada,  which  has  recently  been  e(|uipped  by 
them  on  the  single-phase  system.  This  form  of  construction 
is  very  clearly  shown  in  the  illustration  Fig.  -0. 

As  will  be  .seen  fi-om  the  photograph.  Fig.  22,  the  main 
conductor  wire  is  carried  straight  through,  and  the  wire 
for  the  branch  track  converges  on  to  the  nuiin  wire,  and 
tlien  rises  .shghtly  above  it  at  the  point  of  crossing.     The 
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space  in  the  V  thus  formed  is  filled  in  with  deflector  wires 
to  guide  the  collector  bow,  which  in  this  case  is  of  the  Panto- 
graph typ?.  and  to  prevent  it  from  catching  in  the  overhead 
construction.  It  is  customary  in  the  Westinghouse  Ameri- 
can practice  to  use  a  flat  pantograph  with  curved  ends,  and 
this  deflector  construction  is,  therefore,  necessary, 
f;*  Having  thus  generally  examined  the  simplest  form  of 
catenary  construction,  we  will  consider  one  which  presents 
.some  .special  features  in  tliat  careful  arrangements  have 


Fio.  20. — Showtxg  Pull-offs  on  Curve,  and  Cosstruction  tsed  to 

KEEP     THE     CONDUCTOKS     FROM     SuROrXO     LATERALLY.         SaRNIA 
TufTNEL,    GeAUD   TbUNK   RaILEOAD^  OF    CANADA,   TNDER    THE  St. 

Claie  River. 

been  made  to  so  sectionalise  the  overhead  conductor  that 
these  are  entirely  interlocked  with  the  signals,  so  that  until 
a  rail  is  made  clear  by  this  signal  there  can  be  no  current  in 


and  adopted  by  them  on  a  section  of  their  experimental 
single-phase  railway  which  they  equipped  for  the  Swiss 
Government    between    Seebach    and    Wettingen.     On    a 


Fig.  22. — .Showing  Defleitor  used  in  .Single  Catenary  Constric- 
tion AT  Points.  Sarnia  Tunnel,  Grand  Trunk  Railroad  of 
Canada,  under  the  St.  Clair  River. 

A  an.l  P,  Pull-offs.      D,  Defioctor. 

portion  of  this  line,  and  generally  at  stations,  single  catenary 
construction  was  adopted,  as  is  clearly  seen  in  Fig.  21. 
It  will  be  seen  by  examining  this  illustration  that  each  of 


SHO«i.NU    ImLKLUGKING    OK  .S|(;.S  a  I.   AND    SwrRil. 


it  and  hence  it  is  physically  impossible  for  the  train  to  start 
or  go  on  running  for  any  great  distance.  Such  an  ariauge- 
ment  has  been  perfected  by  the  Maschinenfabrik  Oerlikon, 


the  signals  shown  on  either  side  of  the  figure  are  comiected 
to  horn  switches  and  that  these  are  open  when  the  signals 
are  at  danger.     No  current  can  be  in  the  trolley  wire  section 
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to  which  the  signals  give  access.  Thus,  the  signals  on  the 
ght  being  at  danger  the  right  horn  switch  is  open,  whereas 
the  left-hand  signal  being  up  (which  on  the  Continent  corre- 
sponds to  the  signal  being  lowered  in  this  country)  the 
corresponding  horn  switch  is  closed,  and  the  trolley  line 
corresponding  to  it  is  therefore  alive  and  supplied  with 
current. 


this  usual  practice  the  trolley  wire  is  slung  from  this  by 
means  of  loose  clips  which  can  slide  along  the  secondary 
wire.  The  catenary  and  the  secondary  or  supporting  wires 
are  anchored  to  insulators  at  both  ends  of  a  .section,  whilst 
the  trolley  wire  itself  whilst  the  clips  holding  the  trolley 
wire  slide  up  or  down  the  supporting  wire  which,  as  well  as 
the  catenary  lengthens  or  shoitens  according  as  the  tem- 


FlG.      23. DiAflRAM     OF     SlKMENS-SCHUCKKRT     (H.4MDDRCi-BL.1NKENESE)-SlNGLE    CATENARY    CONSTRUCTION. 


I      A  more  complicated  form  of  single  catenary  suspension 
I  has  been   designed   by   the   Siemens-Schuckertwerke   and 
I   installed    by  them  on  the  Hamburg- Blankenese  line,  and 
it  was  a  slightly  altered  form  of  this  construction  which  was 
adopted  by  Mr.  Sayers,  the  electrical  engineer  of  the  Mid- 
land Railway.     Briefly,  the  principle  of  this  construction 
,    is  as  follows  : — A  single  catenary  is  just  hung,  being  run 


l"'ia.  21. — Hamhuki;- Blankenese  Single  Catenary  Siemens- 
ScHucKERT  Bracket  Construction. 

Main  catenary  porcelain  insiilntor.  H.  Hiuge.  P.  Piisli  olT.  D,  Dropper  wire 
G,  Trolley  steadier  or  guiile.  C,  Catenary.  W,  Siijiportiiig  wire.  S,  Sliding  clips 
supporting  trolley  wire.  T,  Trolley  wire. 

through  and  attached  to  the  principal  hangers  located  on 
the  top  of  the  bracket  arm  or  cross  girders  as  the  case  may 
be.  From  this,  by  means  of  droppers,  the  longer  ones  of 
which  are  made  in  two  pieces,  is  hung  a  secondary  wire 
from  which  the  trolley  wire  itself  is  hung.     But  contrary  to 


perature  goes  up  or  down.  In  order  to  stiffen  the  trolley 
wire  laterally,  a  special  clip  is  fitted  (two  or  three  to  each 
span),  which  after  being  attached  to  the  supporting  wire, 
go  upwards  and  clip  round  the  catenary  in  such  a  way, 
however,  as  to  allow  side  clips.  Fig.  23  shows  diagram- 
matically  this  arrangement.  As  single  catenary  construc- 
tion is  liable  to  sway  considerably  it  is  necessary  to  anchor 
the  wire  at  each  support.  The  method  usually  adopted  for 
doing  this  in  the  case  of  the  single  catenary  suspension 
ahead}'  described  has  been  clearly  illustrated.  In  this  case 
the  push  or  pull  oflE  is  horizontal,  so  as  to  introduce  uo 
vertical  stiffness  into  the  trolley  wire  and  to  allow  of  a 
bow  shding  smoothly  along. 

Fig.  24,  from  a  photograph,  clearly  shows  the  Siemens- 
Schuckert  single  catenary  construction  on  the  Hanibiirg- 
Blankenese  line  and  the  push  or  pull  offs  and  line  steadiers. 
In  this  the  single  catenary,  the  supporting  wire,  the 
droppers  from  which  the  carrying  wire  is  supported 
from  the  catenary  and  the  trolley  arm  itself,  as  well  as 
the  loose  clips  which  attach   it   to   the   supporting  wires, 


Fixed  to 
catenary  clip 


^aamii^^^Biiic 


Fixed  to  clip 
on  supporting  wire 


Fig.    25. — Droppek    Wire,    used    ox    Hajiburg-Blankenese    Line. 

can  clearly  be  seen.  The  average  span  on  the  straight 
is  48  metres.  The  distance  between  the  droppers  from 
which  the  wire  actually  supporting  the  trolley  wire  is  hung 
is  ()  metres,  and  the  distance  between  the  clips  supporting 
the  trolley  wire  from  the  auxiliary  supporting  wire  is  ;? 
metres.  The  supporting  wire  in  the  case  of  Hamburg  is 
of  solid  steel,  having  a  diameter  of  G  nun.  The  catenary  is 
a  steel  cable  composed  of  seven  strands,  and  the  total 
sectional  area  of  the  wires  composing  the  cable  is  35  sq.  mm. 
The  sag  of  the  above  catenary  at  mean  temperature  is  for 
a  48  to  50  metre  span  taken  at  1-50  metres.  In  the  case  of 
Hambmg  the  trolley  wire  has  been  hung  at  a  uniform 
height,  except  under  bridges  of  5-20  metres  above  rail  level. 
The  vertical  droppers  already  referred  to  for  the  centre  part 
of  the  span  are  in  one  piece,  and  consist  of  steel  wire  ;)  mm. 
in  diameter.  Towards  the  ends  of  the  span,  when  they 
become  of  some  length,  they  are  in  two  pieces,  and  hinged 
at  centre  in  order  to  give  flexibility,  as  shown  in  Fig.  25. 
The  sectional  area  of  the  trolley  wire  in  Hamburg  is  \)o 
sq.  mm. 

{To  be  continued.) 
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THE  LBPEL  SYSTEM  OF  WIRELESS  TELEGRAPHY. 


Up  till  quite  recently  there  have  teen  only  two  practical 
methods  of  producing  a  continuous,  or  near!}-  continuous,  high- 
frequency  alternating  current.  About  two  years  ago  Marconi 
added  a  third,  and  now  a  fourth  has  been  invented  by  Von 
Lepel.  Of  the  first  two,  that  most  nearly  approaching  to 
ordinary  engineering  practice  is  the  high-frequency  alternator 
used  by  Fessenden  for  wireless  telegraphy  and  telephony;  the 


current  in  any  circuit  of  the  generator.  Even  if  the  spark 
rate  be  high  it  has  no  relation  to  the  current  frequency,  hence 
successive  sparks  in  general  commence  with  a  current  out  of 
jihase  with  the  tail  end  of  the  jig,  which  may  exist  in  the 
circuit  if  the  damping  be  low  enough. 

If,  however,  as  in  the  Lcpel  system,  the  discharge  rate  be 
controlled  by  the  high-frequency  current  itself  the  conditions 
are  entirely  diflerent,  with  the  result  that  a  continuous  high- 
frequency  current  of  only  slightly  varying  amplitude  is  pro- 
duced in  the  transmitting  circuit. 


Fig.  1. — Lepel  Portable  Wireless  Station. 


other  system  is  really  a  group  of  methods,  the  members  of 
which  come  under  the  generic  term  "arc"  systems,  although 
the  characteristic  curves  of  their  currents  are  very  difTerent. 
They  have  one  feature  in  common,  however,  which  may  serve 
to  define  the  class — viz.,  that  energy  is  taken  from  the  supply 
circuit  throughout  some  portion,  or  phase,  of  every  cycle  of  the 
high-frequency  current.  This  distinguishes  the  arc  from  the 
spark,  in  which  latter  no  energy  is  taken  from  the  supply  circuit 
during  the  existence  of  the  oscillatory  current,  which  there- 
fore dies  out  very  rapidly,  since  its  total  energy  was  stored  in 
the  potential  form  in  the  condenser  before  the  discharge  com- 


The  apparatus  is  shown  in  Fig.  1  and  diagrammatically  in 
Figs.  2  and  3.  The  thing  which  strikes  one  on  seeing  the 
apparatus  is  the  absence  of  anj'  large  piece — no  induction  coil, 
no  enclosed  arc,  only  a  small  metal  liox  ixhmt  the  size  and 
shajie  of  a  breakfastcup,  a  condenser  abotit  ;H  in.  x  2|  in.  x  iin., 
and  a  spiral  coil  of  thick  wire.  The  box  is  the  generator  and 
contains  the  Hat  metal  plates,  about  3  in.  in  diameter,  which  con- 


Fio.  2.— Tbansmittbb.  Fig.  3.— Receivek. 

A,  Aerial  wire.    G.  Gtiiirator.    I'l.C.,,,  (j,  C„,  VariiiWe  capacities.    Li,L»,T.3, 

Capacities.    Lj,  L„,  Coupled  inductances.  Inductances  in  tuued circuits.    L4,  C'oupl- 

hs*  Aerial  inductance.    Sj,  S3,  Supply  ter*  ing  at  detector  circuit  D  to  intermediate 

uiinal^.      The  current  in  Ci,  Lj,  G  lias  circuit, 
usually  tbesamefretiueucy  as  A.  L^iLgfO,  B, 

menced.  In  ordinary  "arc"  generators  of  high-frc(|uency 
current,  energy  is  taken  from  the  suppl}^  circuit  during  one 
half  of  each  cycle  of  the  high-frequency  current ;  in  Marconi's 
generator  it  is  taken  during  both  halves  of  a  cycle. 

In  ordinary  spark  systems  the  number  of  sparks  per  second 
has  no  relation  to  the  frequency  of  the  current  produced,  the 
spark  rate  being  controlled  by  such  external  arrangements  as 
an  electromagnetic  or  mechanical  break  in  the  juimary  cir- 
cuit, or  by  the  freipiency  of  a  low-frequency  alternator.  Thus 
It  is  not  possible  to  maintain  ;/    continuous  high-freijuency 


Fig,  4 — Paper  from  Generator  after  Three  Hours' 
Continuous  Use. 

stitute  the  electrodes  of  the  discharge  gap.  These  are  separated 
by  one  or  two  thicknesses  of  thin  paper  excejit  at  the  centre, 
where  a  small  hole  is  cut  in  the  paper  leaving  only  air 
between  the  plates.  The  paper  burns  very  slowly  as  the 
discharge  pnjcecds,  one  piece  often  sufficing  for  from  two  to 
three  hours'  continuous  working.  Fig,  4  shows  one  of  the 
[lieces  of  pa[)er  after  three  hours'  use  by  the  Territorials  on 
May  2nd.  The  electrodes  are  usually  water  cooled,  one  or 
both  of  them  being  hollow,  but  air  cooling  is  also  practicable. 
There  is  a  screw  which  gives  a  fine  adjustment  of  the  distance 
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between  the  electrodes,  and  a  bayonet  joint  which  allows  of 
the  upper  electrode  being  nnnoved  in  a  moment  should  it  be 
necessary  to  change  the  papei-  or  clean  tlie  surface.  The  con- 
denser, though  of  considerable  capacity,  is  very  small  in  bulk  ; 
it  consists  of  mica  and  metal  foil,  the  details  of  its  construc- 
tion being  covered  by  one  of  the  Lepel  patents.  The  spirals 
which  form  the  main  inductances  consist  of  thick  copper  wire 
or  rod,  and,  being  mounted  on  ebonite  plates,  take  up  but 
little  more  space  than  an  ordinary  blotting  book.  A  sliding 
contact  on  the  principal  spiral  L,,  Fig.  2,  gives  the  vi'ave-Iength 
adjustment,  and  the  outer,  or  aeria!  spiral,  is  hinged  so  that  its 
mutual  induction  with  the  other  can  bo  varied  within  wide 
limits.  A  supply  voltage  of  from  400  to  500  volts,  either 
direct  current  or  alternating  current,  is  used,  the  current 
being  limited  to  a  few  amperes  by  the  introduction  of  an  iron 
wire  resistance  in  series  with  the  generator.  Since  the  dis- 
charge gap  is  so  small  the  current  starts  immediately  on 
pressing  the  key  in  the  supply  circuit,  and  ceases  on  its 
release.  Thus  no  energy  is  wasted,  as  the  circuit  is  made  only 
during  the  transmission  of  a  signal. 

The  actual  high-frequency  energy  in  the  generator  circuit  is 
surprisingly  large,  amounting,  with  a  supply  of  800  watts  direct 
current,  to  as  much  as  2.50  or  300  watts,  an  efficiency  not 
hitherto  attained  by  any  other  high-frequoncy  current  genera- 
tor which  has  come  under  the  writer's  notice.  A  hot  arc  can 
be  drawn  out  from  the  lower  part  of  the  aerial  to  a  length  of 
nearly  2  cm.,  the  energy  being  sufficient  to  molt  the  tang  of  a 
small  file  in  the  course  of  a  few  seconds. 

During  some  recent  experiments  it  has  been  found 
possible  to  cause  a  periodic  variation  of  the  high-frequency 
current  of  audible  pitch,  thus  obviating  the  necessity  for  an 
interrupter  in  the  receiving  circuit  and  rendering  the  signals 
audible  in  any  tuned  receiver.  The  system  thus  complies 
with  the  condition  of  intercommunicability  imposed  by  the 
Kadio-telegraphic  Convention . 

The  receiver,  which  is  a  p.ateut  of  von  Lepel  and  Dr. 
Burstyn,  contains  two  tuned  circuits — the  aerial  and  inter- 
mediate— and  an  aperiodic  circuit,  in  which  is  the  detector. 
This  last  is  of  the  thermo-electric  type,  .and  compares  very 
favourably  in  sensibilitj'  with  better  known  forms.  At  moderate 
ranges  a  recording  instrument  has  been  used,  though  this  is 
naturally  not  as  sensitive  as  a  telephone.  Signals  from  the 
experimental  station  situated  between  Slough  and  Windsor 
have  been  received  strongly  at  Hunstanton  in  Norfolk,  a  dis- 
tance of  about  100  miles  overland,  and  communication  was 
established  at  a  distance  of  over  300  miles  during  experimental 
tests  in  Germany  some  time  ago. 

Owing,  no  doubt,  to  the  large  high  frequency  energy  pro- 
duced by  the  generating  circuit,  it  is  possible  to  use  compara- 
tively small  aerials.  The  whole  system  is  thus  one  of  great 
simplicity;  the  apparatus  contains  probably  a  smaller  amount  of 
wire  than  is  used  in  any  other  "wireless"  system,  while  at  the 
same  time  the  efficiency  is  high.  There  ar.'  at  j)resent  t«-o  ex- 
perimental stations  in  England,  at  Slough  and  Twickenham,  ai  d 
three  in  Germany,  under  the  control  of  the  Lepel  Syndicate. 


IMTERNATIOHAL    ELECTROTECHNICAL 

COMMISSION. 


The  "  Transactions  '"  of  the  Council  of  the  International  Electro- 
technical  Commission,  which  met  in  October.  IDd.S,  have  just  hcLii 
published,  and  contain  full  details  of  the  business  done  and  the 
various  resolutions  passed  at  the  different  sittings.  In  our  issue  of 
October  23,  1908,  we  gave  a  short  description  of  the  various  subjects 
discussed  and  resolutions  ])assed ;  and  we  are  now  able  to  amplify 
these  to  some  extent.  It  will  lie  remembered  tliat  the  ehair  was 
taken  by  Sir  John  Gavcy.  C.B..  and  that  an  address  of  welcome  was 
delivered  to  tlie  delegates  by  the  Rt.  Hon.  A.  .T.  Balfour,  iM.P.  Prof. 
Elihu  Thoni.son  was  elected  ))resiilent  in  sueoession  to  the  hxte  Lord 
Kelvin,  while  Col.  R.  E.  (  ronipton  was  re-eleeted  Hon.  Secretary,  .and 
the  api)ointnienl  of  Mr.  C.  Le  Maistre  as  first  g(-neral  secretary  was 
confirmed. 

The  rejiort,  whieh  we  have  before  us  of  the  Council  meetings,  is 
.prefaced  by  two  excellent  photographs  ;  one  of  the  jircsident.  I'rof. 
Elihu  Thomson,  and  the  other  of  a  group,  taken  on  the  steps  of  the 
new  building  of  the  Institution  of  Electrical  Engineers,  where  the 
meeting  ^^■as  held,  showing  the  delegates  from  the  various  countries. 


as  well  as  the  officers  and  certain  invited  guests  who  attended  the 
meeting.     A  list  of  Ihr  d.  1,  ..mI.s  present  is  then  given. 

It  will  lie  [■•■liii  mill  ic  i|  ilKit  at  (he  time  of  the  meeting  some 
difficulty  had  Ikcii  <  .vjh  ik  lu cd  by  the  Italian  electrical  engineers  in 
forming  a  committee  in  that  country  to  deal  with  the  work  of  the 
Commission.  We  are  now  able  to  state  that  owing  to  the  efforts  of 
Signor  Guido  Semenza.  of  .Milan,  the  Italian  Electrical  Society  has 
decided  to  join  in  the  work  of  the  Commission,  and  is  forming  an 
eleetrotechnical  committee,  the  president  of  which  will  probably  be 
I'rof.  Luigi  Lombardi,  of  the  Technical  School  in  Naples.  An 
eleetrotechnical  committee  has  been  formed  in  Belgium,  with  the 
assistance  of  the  government  of  that  country,  the  I'rcsident  of  which 
will  be  Prof.  Erie  Gerard  and  the  secretary  M.  S.  Mittcwie.  the 
energetic  secretary  of  the  electrical  section  of  the  Chamber  of  Cem- 
merce.  A  Brazilian  committee  has  also  been  formed  in  Rio  by  the 
Brazilian  government,  under  the  Presidency  of  Prof.  Morize. 

The  report  of  the  council  meeting  of  the  commission,  which  we 
now  have  imder  notice,  begins  by  an  account  of  the  opening  meeting 
held  in  the  Examination  Hall,  Victoria  Embankment,  on  October  19, 
1908.  The  address  of  welcome  to  the  delegates  by  Mr.  Balfour  is 
given  in  full,  and  the  formal  business  proposals  with  regard  to  the 
election  of  officers,  the  ratification  of  the  rules  and  the  report  on 
progress  read  by  the  secretary.  Col.  R.  E.  Crompton,  arc  also  set  out 
at  length.  In  this  connection  it  is  interesting  to  notice  that  at  the 
time  of  the  meeting  there  were  ten  eleetrotechnical  committees  in 
proper  working  order,  while  there  were  also  six  countries  in  which 
committees  would  be  formed  very  shortly,  and  six  other  countries 
had  the  matter  of  the  formation  of  a  committee  under  consideration. 
In  our  notice  in  The  Electrici.\n.  to  which  we  referred  above,  the 
principal  points  in  this  report  were  detailed,  and  it  is  unnecessary  to 
refer  to  them  further  here. 

At  the  second  meeting  the  delegates  assembled  as  a  committee  and 
proceeded  to  discuss  the  various  business  laid  before  them.  This 
included  the  alteration  of  the  statutes  so  that  each  country  should  be 
entitled  to  one  vote  only,  and  that  the  decisions  of  the  committee 
should  be  subject  to  a  majority  of  at  least  four-fifths  of  the  votes 
recorded.  Any  modification  of  this  resolution  is  only  to  be  decided 
by  a  unanimous  vote  of  the  delegates.  The  subject  of  nomenclature 
was  then  discussed,  and  various  proposals  carried.  This  subject  had, 
it  appeared,  been  already  taken  in  hand  by  a  firm  of  German  pub- 
lishers, and  the  question  for  the  committee  to  decide  was  whether  this 
work  should  not  be  done  by  the  commission  itself.  It  was  finally 
decided  that  it  was  not  the  business  of  the  commission  to  publish  an 
extended  dictionary,  but  rather  to  confine  its  energies  to  the  explana- 
tion of  a  comparatively  small  number  of  eleetrotechnical  terms.  It 
was,  therefore,  decided  to  issue  a  glossary  which  should  give  short 
explanations  of  the  various  terms  used  in  the  electrical  industry.  It 
will  be  remembered  that  part  of  this  has  already  been  published,  and 
has  appeared  in  the  columns  of  The  Electrician. 

The  next  subject  dealt  with  was  the  provisional  unit  of  light,  but 
after  some  discussion  on  this  matter  the  question  was  postponed  to 
allow  the  various  committees  to  consider  the  subject  in  such  a  manner 
as  would  give  satisfaction  to  both  the  electrical  and  gas  industries. 
The  question  of  Fire  Insurance  rules  was  postponed  for  the  time  being, 
and  that  of  symbols,  after  having  been  discussed,  was  referred  to  the 
committees  in  the  vai-ious  countries,  in  order  that  they  might  gather 
information  with  a  view  at  .some  future  date  of  being  able  to  put  for- 
ward a  proixisition  for  a  consideration  by  the  commission. 

The  t'ouncil  met  again  on  October  22,  and  the  various  subjects 
discussed  and  icsolutions  pas.sed  by  the  committee  were  reported  to 
them.  Reports  by  the  delegates  on  the  progress  of  their  committees 
were  submitted,  and  various  resolntions.tbanking  Ihe  c  ffiecrs  for  the 
work  Ihcy  find  luidrrlnkrii.  were  pnsscd.  The  (ViUi-cil  ilu  n  adjounrd. 


THE  EFFECT  OP  AN  AIR  BLAST  UPON  THE  SPARK 
DISCHARGE  OF  A  CONDENSER  CHARGED  BY  AN 
INDUCTION  COIL  OR  TRANSFORMER.* 

BY  .T.    -\.    FI.HMINl.'.   n.SC.   F.K.S..    AM)    H.    \V.    UK  U.MiUSON.    B.SC. 

Siimmnry. — 'I'lic  diseliarge  runout  is  sli.iwn  to  be  more  regular,  and  the 
roRim.ance  ninro  noounitcly  delinentod.  wlieii  the  spark-gnp  is  snbjoclod  to 
an  air-bkst.  .Also  it  isshown  that  with  the  spark-gap  broken  into  a 
number  of  smaller  ga|>s  in  series  arcing  is  suppi-essed  almost  as  effectively 
as  by  blowing  upon  a  single  gap,  but  gi-eatcr  steadiness  is  obt.nined  in  the 
latter  case.  

When  the  oscillatory  discharge  of  a  condenser  is  caused  to  take 
place  across  a  spark-gap  in  the  usual  manner  by  charging  the  con- 
denser by  means  of  an  induction  coil  or  transformer,  the  resulting 
intrrmitlent  spark  littween  the  spark  balls  is  a  complex  efVeet.  It 
consists  partly  of  the  true  o-scillatory  discharge  of  the  condcnst'r 

*  Abstract  of  a  Paper  rcad  befoi-c  the  Physical  Society,  a  short  account 
of  the  discussion  appeared  in  our  i.«sue  of  April  lli,  p-  -ti- 
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and  partly  of  an  electric  arc.  unidirectional  or  alternating,  which  is 
superimposed  on  the  true  condenser  oscillatory  spark.  The  dis- 
charge current  will  generally  be  found  to  be  irregular,  and  if  a  radia- 
tive circuit  is  coupled  to  the  condenser  circuit  as  in  radio-telegraphy, 
the  radiation  f'"om  it  will  be  found  to  consist  of  trains  of  waves  whose 
initial  amplitude  is  also  variable.  This  irregularity  is  a  source  of 
difficulty  in  making  radio-telegraphic  or  laboratory  measurements 
of  current  decrement,  wave-length.  &c..  when  originated  by  con- 
denser discharges.  To  produce  a  uniform  oscillatory  discharge 
the  true  arc  discharge  must  be  either  prevented  or  arrested  at  once, 
and  the  spark  between  the  balls  should  arise  wholly  from  energy 
which  comes  out  of  the  condenser,  and  not  from  energy  coming 
directly  from  the  transformer  or  coil.  When  moderate  power  is 
being  employed  tliis  arc  discharge  can  be  best  annulled  by  a  blast 
of  air  thrown  on  the  spark-gap.  This  has  the  effect  of  blowing  away 
the  arc.  but  does  not  stop  the  condenser  oscillatory  discharge. 

To  determine  the  effect  of  air  blast  the  following  experiment  was 
tried  :  A  10  in.  induction  coil  had  its  secondary  circuit  connected 
to  brass  spark  balls  3  cm.  in  diameter  set  with  a  gap  of  1  mm.,  and 
the  balls  were  also  cormected  to  a  rectangular  circuit  of  round  copper 
wire,  the  diameter  of  the  wire  being  01 62  cm.  and  the  sides  of  the 
rectangle  respectively  1421  cm.  and  3417  cm.  The  ordinary  or 
steady  resistance  of  this  rectangle  is  0046  ohm.  and  its  high  fre- 
quency resistance  to  currents  of  a  frequency  of  the  order  of  )  -25  x  10^ 
is  0-31  ohm.  The  inductance  of  this  circuit  (calculated)  is  5.012  cm. 
In  series  with  this  circuit  was  placed  a  condenser  consisting  of  metal 
])lates  immer.sed  in  paraffin  oil,  the  capacity  of  which  was  0002645 
mfd.  In  contiguity  to  the  long  side  of  the  above  rectangle  was 
l)laced  the  bar  of  a  Fleming  cymometer,  two  such  instruments  being 
used  in  the  experiments,  called  respectively  No.  2  and  No.  3.  The 
cymometer  circuit  can  have  two  short  fine  wires  of  constantan,  each 
about  5  cm.  long,  inserted  in  it  at  pleasure,  against  one  of  which  a 
bismuth-iron  thermo-junction  is  attached.  By  passing  measured 
small  continuous  currents  through  this  fine  wire  and  connecting  the 
ends  of  the  thermo-junction  to  a  low  resistance  single-pivot  Paul 
galvanometer,  the  arrangement  can  be  calibrated  as  a  hot-wire 
ammeter  to  indicate  directly  the  mean  square  value  of  the  oscilla- 
tions. The  other  fine  wire  can  be  inserted  as  an  added  resistance 
in  the  circuit  of  the  cymometer.  The  cymometer  consists  of  a  cir- 
cuit including  a  spiral  wire  having  inductance  L  and  a  condenser 
of  capacity  C.  which  can  be  continuou.sly  varied  in  tho  same  propor- 
tion, so  that  the  oscillation  constant  (v/l^'L.)  of  the  circuit  can  be 
given  any  valui  between  certain  limits.  The  cymometer  was  em- 
ployed to  take  a  resonance  curve  of  the  spark  circuit  by  the  usual 
Bjerknes-Drude  method  (i.)  when  the  spark  balls  were  not  subjected 
to  air  blast,  and  (ii.)  when  the  jet  of  air  was  thrown  between  them. 

An  extremely  steady  jet  of  air  for  this  purpose  can  be  obtained 
by  the  use  of  a  small  Lennox  blower.  The  resonance  curve  is  ob- 
tained by  plotting  the  values  of  the  R.M.S.  current  (a)  expressed  as 
.1  fraction  of  the  maximum  current  (A)  induced  in  the  cymometer 
circuit  by  the  damped  oscillations  in  the  spark-ball  circuit  corrcs- 
])onding  to  various  values  of  the  natural  frequency  n  or  oscillation 
constant  for  any  setting  of  the  inductance  and  capacity  of  the  cymo- 
meter circuit. 

If  there  is  no  air  blast  on  the  balls  the  deflection  of  the  galvano- 
meter hardly  ever  remains  steady,  and  the  points  plotted  for  the 
rejonance  curve  do  not  lie  well  on  a  smooth  curve.  This  difficulty 
has  been  experienced  by  other  observers — viz..  Mr.  R.  A.  Hou.stoun 
{see  The  Electrici.\n.  Vol.  LXII.,  p.  636),  and  Messrs.  J.  E.  Taylor 
and  W.  Duddell.  If.  however,  a  steady  blast  of  air  at  a  suitable 
l)res3ure  is  thrown  between  the  s})ark  balls,  this  irregularity  is  greatly 
reduced  provided  the  spark-ga]i  is  not  long. 

With  the  above  described  arrangements  a  resonance  curve  can  be 
easily  taken  as  follows  :  The  jet  of  air  from  the  Lennox  blower 
conveyed  by  a  rubber  pipe  ending  on  a  glass  nozzle  is  allowed  to 
play  between  the  spark  balls  and  these  are  connected  together  by  a 
(condenser  of  known  capacity  in  series  with  an  inductance  which  has 
cither  b^en  measured  or  predetermined.  This  inductance  is  pre- 
ferably formed  of  round  copper  wire,  and  may  be  rectangular  in 
form,  and  its  high  frequency  resistance  and  inductance  can  then  be 
calculated  by  known  formula*.  The  cymometer  is  then  placed  along- 
side this  rectangle  so  as  to  have  induced  oscillations  created  in  it, 
and  by  means  of  the  hot-wire  ammeter  in.serted  in  its  circuit  the 
mean  .square  value  a  of  the  cymometer  current  is  taken  for  various 
sittings  of  the  circuit,  which  give  it  various  assigned  natural  fre- 
quencies J).  If  A  and  N  are  the  maximum  values  obtained  we  then 
calculate  the  value  of  the  sum  of  the  decrements  of  the  spark  and 
cymometer  circuits  from  the  Bjerknes-Drude  formula.*  Since  the 
resonance  curve  is  not  symmetrical  with  respect  to  its  maximum 
ordinate,  the  best  mode  of  procedure  is  as  follows  :  Having  taken  a 
series  of  values  of  the  cymometer  current  a  without  the  extra  damp- 
*  See  "  The  Principles  of  Electric  Wave  Telegraphy,"  by  J.  A  Fleming 


ing  resistance,  and  tho.se  of  the  current  o,  when  the  resistance  is 
inserted  in  the  cymometer  circuit,  and  observed  the  maximum 
values  A  and  A,  of  the  quantities,  for  various  values  of  n  we  plot 
two  curves,  each  to  abscissa;  Ji/N,  but  one  having  ordinates  a/A  and 
the  other  ordinates  aJA,.  The  latter  curve  should  lie  outside  the 
former,  but  should  have  the  same  value  for  its  maximum  ordinate — 
viz.,  unity.  We  then  draw  a  number  of  horizontal  lines  across  the 
hump  of  the  resonance  curves  with  such  ordinates  that  the  greatest 
length  intercepted  by  the  curves  is  not  more  than  0(16  on  the  same 
scale  that  N  is  taken  as  unity.  Let  the  half  length  of  any  such  hori- 
zontal intercept  be  called  x  and  the  corresponding  ordinate  a/A  be 
denoted  by  y,  we  then  calculate  the  value  of  T>=irx  s^y''j(l—y^), 
and  this  gives  us  the  value  of  the  sum  of  the  decrements  of  tlic  spark 
and  cymometer  circuits.  It  is  well  to  calculate  D  from  several,  say 
four  or  five,  measurements  of  x  and  y  for  intercepts  of  different 
lengths,  and  then  take  the  mean  value  for  D.  In  the  same  way 
from  the  outer  resonance  curve  we  can  calculate  the  value  of  D,. 
The  difference  between  D  and  D,  is  the  increment  in  the  decrement 
due  to  the  added  resistance  wire,  and  if  R  is  its  high-frequency 
resistance  and  if  the  frequency  of  resonance  is  N  and  the  corres- 
ponding inductance  of  the  cymometer  is  L,  we  should  have  Di— D 
=  R/4NL=J2'  as  a  check  on  the  observations.  Details  of  one  set  of 
experiments  are  given  in  the  Paper  to  show  the  advantage  gained 
by  the  use  of  the  blower. 

The  observations  also  appear  to  show  that  the  air  blast  has  not 
much  influence  upon  the  primary  decrement  or  upon  the  spark 
resistance,  or  at  most  tends  to  slightly  increase  the  spark  resistance 
for  very  short  sparks.  The  good  effect  of  the  air  blast  is  seen  best 
when  applied  to  short  sparks,  which  tends  to  show  that  it  is  of 
assistance  in  destroying  the  arcing  then  occurring.  This  arc.  how- 
ever, is  unable  to  persist 'with  longer  gaps  ;  that  is  to  say,  it  blows 
itself  out,  and  accordingly  for  spark-lengths  of  3  mm.  or  upwards, 
and  when  using  an  ordinary  10  in.  induction  coil  with  mercury 
break  as  interrupter,  the  blast  is  of  no  special  advantage. 

Another  set  of  experiments  was  conducted,  the  object  of  which 
was  to  ascertain  the  effect  of  the  air  blast  upon  multiple  and  upon 
very  short  spark-gaps,  since  at  one  time  some  radio-telegraphists 
were  of  opinion  that  an  advantage  was  gained  by  dividing  up  a 
spark-gap  into  smaller  spark-gaps  in  series.  In  order  to  avoid 
misinterpreting  the  results,  it  was  necessary  to  be  sure  that  when 
using,  say,  one  single  spark  of  0-5  mm.  in  length  and  comparing  it 
with  the  effect  of  five  spark-gaps  of  01  mm.  in  series,  any  increase 
in  the  current  at  the  discharge  circuit  was  not  due  to  an  alteration 
in  the  number  of  discharges.  As  far  as  could  be  observed,  this  was 
not  the  case  when  sufficiently  short  spark-gaps  were  employed. 
The  results  of  the  measurements,  of  which  particulars  are  given, 
show  that  up  to  a  certain  length  of  gap  (about  2  mm.  in  the  case  of 
the  experiments)  the  air  blast  had  a  very  decided  effect  in  increasing 
the  mean  square  value  of  the  discharge  current,  but  beyond  that 
point  it  seems  to  have  the  effect  of  diminishing  it.  On  the  other 
hand,  if  a  single  gap,  say  of  0-2  mm.,  is  broken  u])  into  two  gaps  ia 
series  each  of  0-1  mm.  and  so  on  for  the  other  spark  lengths,  it  is 
found  that  dividing  the  spark-gap  into  two  parts  also  increases  the 
discharge  current  up  to  about  0-8  mm.,  and  after  that  the  current 
diminishes.  If  the  double  air  gap  is  blown  upon,  the  current  is 
increased  as  compared  with  the  same  two  gaps  not  blown  upon,  but 
is  not  increased  as  compared  with  a  single  gap  blown  upon.  The 
same  is  true  when  the  .spark-gap  is  broken  up  respectively  into  three, 
four,  five  and  six  gaps.  The  effect  of  dividing  the  gap  up  to  a  certain 
point  is  to  increase  the  discharge  current,  but  the  effect  of  the  air 
blast  on  the  multiple  gaps  becomes  less  and  less  marked  in  proportion 
as  the  number  of  gaps  increases,  so  that  the  effect  of  dividing  up  a 
gap.  say  06  mm.,  into  five  gaps  of  0-12  mm.  each,  is  to  increase  the 
discharge  current  almost  as  much  as  by  subjecting  the  single  gap  of 
0-6  mm.  to  the  air  blast.  This  increase  appears  to  be  due  to  the 
suppression  of  the  arc  discharge,  and  hence  the  arcing  is  suppressed 
by  the  separation  of  the  gap  into  niulti|ile  gaps,  almost  as  effectively 
as  by  blowing  upon  the  single  ga]).  On  the  other  hand,  separating 
the  spark-gap  into  more  than  five  .separate  gaps  seems  to  result  in 
diminishing  the  total  discharge  current  beyond  a  certain  very  short 
length  of  S])ark.  The  figures  obtained,  however,  do  not  show  what 
is  observed  in  practice — namely,  the  greater  steadiness  of  the  dis- 
charge current  under  the  operation  of  the  air  blast  ;  and  the  conclu- 
sion, therefore,  is  that  in  any  experiments  in  which  great  constancy 
is  required  in  the  discharge  current  in  the  condenser  circuit,  a  great 
advantage  is  obtained  by  using  a  short  s])ark-gap,  and  by  subjecting 
the  discharge  spark  to  an  air  blast,  as  this  both  increases  the  charging 
voltage  of  the  condenser  and  steadies  the  discharge  current  by 
abolishing  the  arc. 

A  similar  set  of  experiments,  of  whic'h  particulars  are  given  in  the 
Paper,  was  tried  with  a  larger  alternating-current  plant  and  a  high- 
tension  transformer. 
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PHYSICAL  SOCIETY. 

At  the  meeting  held  on  April  23.  at  the  Imperial  College  of  Seienoe. 
Dr.  C.  Chree.  F.R.S..  president,  in  the  Chair,  a  Paper  by  Prof.  W.  H. 
Bragc;  and  Mr.  J.  L.  Oi^ssoN. 

'■  On  a  want  of  Symmetry  shown  by  Secondary  X-rays." 
was  read  liy  Prof.  Bragg.  \\'lifn  a  primary  X-ray  strikes  an  atom. 
a  seeondary  X-ray  somctimt.s  start.s  out  from  the  jilace  of  impaet. 
The  experiments  deseribed  in  the  Paper  were  made  with  the  object 
of  comparing  the  intensity  of  emission  of  the  secondary  X-ray  in  a 
direction  making  an  angle  of  about  4.5  deg.  with  the  primary  with  the 
intensity  in  a  direction  making  an  angle  of  13.5  deg..  and  therefore 
turning  back  almost  completely.  It  was  found  that  in  the  case  of 
atoms  of  platinum,  tin  or  aluminium,  or  of  such  light  atoms  as  arc 
contained  in  celluloid,  the  former  was  larger  than  the  latter,  being 
sometimes  three  times  as  great.  Madsen  has  obtained  similar,  but 
much  greater  inequalities  in  the  case  of  the  y-rays.  Wlien  atoms  of 
copper  or  iron  were  tested,  atoms  which  give  rise  to  a  very  soft  radia- 
tion, there  was  little  inequality.  A  similar  inequality  effect  also 
occurs  in  the  case  of  /3-rays.  On  the  original  pulse  theory,  calcula- 
tion showed  that  there  should  be  no  inequality  of  the  secondary 
X-radiation  in  any  case.  If  that  theory  were  abandoned,  as  most 
writers  now  agree  to  do.  and  the  X-rays  were  supposed  to  be  bundles 
of  energy  travelling  tlu-ough  space,  there  did  not  appear  to  be 
sufficient  definition  of  such  entities  as  would  enable  any  comparison 
to  be  made  between  theory  and  experiment.  If  the  rays  were 
supposed  to  be  material,  the  facts  were  generally  in  agreement  with 
expectation  and  afforded  another  instance  of  close  parallelism 
between  the  phenomena  of  the  X  and  the  y-rays. 

Prof.  C  H.  Lees  said  that  Prof.  Bragg  had  given  a  lueid  account  cif 
his  theories  of  7  and  X-ra}'s.  His  researches  would  make  physicists 
more  careful  in  accepting  the  iether-puke  theory.  He  asked  if  it  was 
likely  that  better  means  v/oul'.l  be  devised  to  discriminate  between 
various  forms  of  y  and  X-rays  than  dividing  them  into  "  hard  ""  and 
"  soft,  ■'  radiations.  He  thought  many  discrepancies  could  be  attributed 
to  this  want  of  discrimination. 

Mr.  C.  A.  Sadler  pointed  out  that  whatever  lack  of  symmetry  might 
exist  in  the  emergence  and  incidence  secondary  X-radiations  from  a 
plate  of  a  substance  which  was  a  source  of  scattered  primary  radiations. 
Professor  Bragg's  results  conclueivcly  proved  that  such  lack  of  symmetry 
did  not  exist  when  the  plate  was  a  source  of  homogeneous  radiation.  If 
then  it  was  a  necessary  condition  of  Prof.  Bragg's  theory  that  such 
lack  of  fymmetry  should  exist  with  ."^econdrry  X-radiations,  we  must 
either  conclude  that  the  theory  here  broke  down  or  that  these  homo- 
geneous radiations  were  not  X-radiations  as  usually  understood.  It  was 
to  be  noted  also  that  the  measured  lack  of  symmetry  (ignoring  the  lack 
of  symmetry  in  the  case  of  homogeneous  beams,  which  had  been  shown 
to  be  only  apparent)  in  the  most  pronounced  cases  was  small  compared 
with  those  obtained  with  y-rays. 

Prof.  Bragg,  referring  to  the  remarks  of  Prof.  Lees,  said  that  for 
precision  the  actual  speed  of  all  electrons  ought  to  be  measured.  Instead 
of  measuring  the  speed  the  penetrating  power  might  be  determined. 

A  Paper  entitled 

■  Transformations  of  X-rays  ' 
was  read  by  Mr.  C.  A.  Sadler.  It  has  been  shown  that  the  mem- 
bers of  the  group  of  metals  Chromium — Silver  emit  under  suitable 
primary  beams  radiations  which  are  homogeneous  and  which  in- 
crease in  penetrating  power  with  increase  of  atomic  weight  of  the 
radiator.  Using  these  homogeneous  beams,  the  tertiary  radiation 
excited  by  them  in  other  metals  has  been  studied  by  the  Author.  It 
was  found  that  the  tertiary  radiation  excited  in  any  member  of  the 
group  Cr — Ag  was  homogeneous,  and  its  penetrating  power  was  that 
characteristic  of  (he  radiation  from  the  substance  when  excited  by  a 
primary  beam.  With  any  given  tertiary  radiator  it  was  found  that 
the  intensity  of  the  homogeneous  type  of  radiation  emitted  when  the 
homogeneous  radiations  from  the  members  of  the  group  Cr — Ag 
successively  fell  upon  the  radiator  was  inappreciable  unless  the 
exciting  radiation  was  more  penetrating  than  that  characteristic  of 
the  radiator.  Defining  a  quantity  k  such  that  the  fraction  of  the 
energy  of  the  .secondary  beam  jiassing  normally  through  a  thin  layer 
ix  of  the  tertiary  radiator  which  was  transformed  in  tertiary  radia- 
tion =  kcx.  it  was  found  that  as  long  as  the  penetrating  power  of  the 
•secondary  beam  was  less  than  that  characteristic  of  the  tertiary 
radiator,  k  was  sensibly  zero.  When  the  seeondary  beam  became 
more  penetrating  than  that  characteristic  of  the  tertiary  radiator,  k 
increased  rapidly  to  a  maximum  and  then  decreased  over  a  consider- 
able range,  with  increase  of  penetrating  jiower  of  the  secondary,  as  a 
'linear  function  of  the  ionisation  iiroduced  m  a  thin  layer  of  air  by  the 
8- oondary  beam.  It  has  been  shown  that  when  the  characteristic 
radiation  is  excited  in  a  substance,  a  corresponding  increase  in  the 
al'sorption  of  the  exciting  radiation  by  that  .substance  takes  place. 
If  X  denote  the  increase  in  the  value  of  the  absorption  coefficient 
of  the  exciting  beam  by  the  material  of  the  tertiary  radiator  eonsc- 
qutnt  upon  the  emission  of  the  tertiary  radiation,  t.X'  was  found  to 


decrease  slowly  at  first  and  then  more  rapidly  as  the  exciting  beam 
became  more  penetrating. 

Prof.  Bragg  congratulated  the  Author  on  his  interceting  experiments, 
and  said  he  could  not  see  any  satisfactory  explanation  of  them  on  the 
pulse  theory. 

A  Paper  on  the 

■  Theory  of  the  Alternate  Current  Generator." 
by  Professor  Lyle.  was  read  by  Dr.  Rissell.  The  Author  points 
out  that  the  theory  of  armature  reaction  as  ordinarily  di.scu.s.sed  by 
electricians  is  unsatisfactory,  as  an  important  effect  due  to  the  mutual 
induction  between  the  current  in  the  field  winding  and  the  current 
in  the  armature  circuit  is  neglected.  To  simplify  the  problem,  the 
case  of  a  simple  ironless  single-pha.se  alternator  is  first  discussed. 
The  magnetic  field,  .supposed  uniform,  is  due  to  the  current  in  a 
fixed  coil  connected  with  a  source  of  constant  E.M.F..  and  the 
armature  is  a  coil  of  wire  rotated  in  this  field  with  constant  angular 
velocity.  In  these  circumstances,  we  may  sup}>ose  that  the  mutual 
inductance  between  the  two  circuits  varies  in  accordance  with  the 
harmonic  law.  The  differential  equations  which  determine  the  vr  lues 
of  the  two  currents  are  easily  WTitten  down,  but  their  solution  pre- 
sents difficulty.  The  Author  gives  a  method  of  getting^the  complete 
solution.  He  first  assumes  that  both  the  currents  can  be  expanded 
in  Fourier  .Series.  He  then  applies  a  novel  vector  method  and 
obtains  equations  to  determine  the  value  of  the  harmonic  of  any  order 
in  terms  of  the  constant  term  in  the  field  current.  The  operators  in 
these  equations  are  infinite  determinants,  but  he  shows  how  these  can 
be  readily  reduced  to  continued  fractions.  In  practice,  the  resist- 
ance of  the  exciting  cii-cuit  is  small  compared  with  it.s  inductance, 
and  thus  the  time  constant  is  large.  The  continued  fraction  opera- 
tors therefore  rapidly  become  recurring,  and  so  the  equations  giving 
the  solution  are  simple. 

The  results  prove  that  only  odd  harmonics  appear  in  the  expression 
for  the  armature  current,  and  only  even  harmonics  appear  in  tho 
expression  for  the  field  current.  The  frequency  of  the  induced  rippl'i 
superposed  on  the  exciting  current  is  therefore  double  the  fundamental 
frequency.  The  interesting  fact  is  proved  that  this  ripple  is  asymme- 
tric, that  is,  the  positive  half  of  the  wave  is  of  a  different  shape  from 
the  negative  half.     x-\  simple  geometrical  solution  is  also  given. 

The  Author  next  takes  into  account  the  effects  of  hysteresis  and 
eddy  currents.  This  he  does  by  means  of  the  permeability  operators, 
the  use  of  which  he  explained  in  the  '■  Phil.  Mag.'"  for  January.  1905. 
The  magnetic  leakage  of  the  armature  is  also  taken  into  account.  As  a 
practical  illustration  of  the  method,  the  operation  of  a  small  two-pole 
alternator  when  supplying  a  non-inductive  load  is  predetermined. 
A  diagram  is  given  showing  the  exact  shape  of  the  current  wave 
in  the  armature,  the  ripple  superposed  on  the  exciting  current,  and 
their  relative  phase  displacement.  The  action  of  "  dampers  "  and 
the  theor}'  of  the  synchronous  motor  are  also  discussed. 

ilr.  W.  DuDDELL  expressed  his  interest  in  Prof.  Lyie's  Paper,  and 
remarked  that  the  results  which  he  had  obtained  were  in  accord  with 
experiments  made  by  himself  and  Dr.  ilarchaut  some  years  ago. 

Dr.  RrsSELL  congratulated  the  Author  on  having  obtained  such 
instructive  solutions  of  the  differential  equations  which  determine  the 
value  of  the  armature  and  field  currents  in  a  simple  generator.  The 
subject  of  armature  reaction  had  been  carefully  studied  by  electrical 
engineers,  and  the  literature  of  the  subject  was  ipiite  extensive.  He 
referred  in  particular  to  the  study  made  by  Prof.  Blondcl  m  lilOO  of 
the  ripples  in  the  exciting  current  of  a  two-phase  and  a  three-phase 
alternator.  It  was  well  known  that  in  a  sinele-phasc  machine  the 
frequency  of  the  ripple  superjiosed  on  the  exciting  current  by  the  alter- 
nate magnetising  and  demagnetising  effect  of  the  armature  current 
was  double  the  frequency  of  the  armature  current.  This  ripple  dis. 
ajipcared  at  no  load,  but  in  ])ractice  the  ripples  at  no  load  were  often 
very  marked  owing  to  pulsations  of  the  reluctance  due  to  slots  in  the 
armature.  The  latter  ripples  were  much  less  pronounced  at  full  load 
as  the  load  circuit  acted  like  a  damping-coil :  but  new  ripples  due  to  the 
armature  reaction  appeared,  causing  a  distortion  of  the  wave-form. 
As  a  rule,  electrical  engineers  assumed  the  existence  of  a  sine  wave 
of  armature  current  and  then  investigated  the  ampere-turns  to  be 
added  or  sulitractcd  from  the  field  coils  so  as  to  neutralise  the  mag- 
netising or  demagnetising  etfect  produced.  In  this  connection  Blondel's 
two-reaction  method  v.as  extensively  used  as  it  enabled  approximate 
values  to  be  rapidly  obtained.  The  effect  of  the  reaction  on  the  wave- 
form of  the  machine,  however,  had  been  practically  neglected,  and 
Prof.  Lyle  deserved  great  credit  for  his  solution.  In  connection  with 
the  parallel  running  of  turbo-altcrnatoi-s  it  was  important,  and  the 
theory  deserved  careful  study  by  ergineeiv.  The  speaker  thought  that 
"dampers"'  were  mainly  us'ed  "to  prevent  i.hase-swinging.  He  agreed 
with  Prof.  Hiipkinson  that  a  similar  effect  might  often  be  moi-c  economi- 
cally produced  bv  puttmg  more  copjicr  ■•n  the  field  wmdings.  The 
difficulties  that  arose  in  connection  with  perfecting  the  theory  of  svn- 
dironoiis  motors  arose  mainly  from  the  difficulty  of  taking  hysteresis  into 
account  in  the  mathematical  equations.  He  thought  that  Prof.  Lyle's 
work  in  this  direction  wiis  most  valuable. 

Prof.  L.  R.  WiLBERFOROE  exhibitt^d  a  galvanometer  of  the  Brcca 
pattern  suitable  for  general  use  in  elementary  laboratories. 
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F.R.S.     Price  Is.  ;  strong  cloth  28.  6d. 
Electricity  Ueters:  Their  Construction  and  management.    By  C.  H.W, 

Gerhardi.    Profusely  illustrated.    Price  9s.  nett. 
Electricity  in  Horticulture.    By  Prof.  S.  LemstrSm.  lUnstrated.  88.  M.  nett. 
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H.Sc,  F.R.S.,  F.R.S.E.    Price  10s.  6u. 
Practical  Notes  for  Electrical  Students.     By  A.  E.  Eennelly  and  H.  D. 

Wilkinson,  il.I.E.E.    Price  63  6d. 
Klectric  Motive  Power.    By  Albion  T.  Snell.    Price  10s.  6d.  nett. 
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J.  U.  H.  Darby.    New  Hdition.    Price  78.  6d.  nett. 
Signalling  Across  Space  Without  Wires :  The  Work  of  Herts  and 

His  Successors.    With  new  Chapter  on  Tuning,    By  Dr.  Sir  Oliver  J.  Lodge. 

Pr.ce  6s.  cett.  (F.B.S.    Price  10a.  6d. 

The  Art  of  Electrolytic  Separation  of  metals.    By  Dr.  O.  Gore,  LL.D., 
Electro-Chemistry.    By  Dr.  George  Gore.    Price  28.  (78.  6d 

The  Incandescent  Lamp  and  its  Manufacture.      By  Gilbert  S.  Bam. 
Beginner's  Manual  of  Submarine  Cable  Testing  and  Working,    By 

G.  M.  Baines.    Price  7s.  6d.  nett. 
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Electric  Railways :  Their  Construction  and  Management.    By  Philip 

D.iwsou.     .^    .    ,v  R'a.l.,. 
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The  Shot-Firer's  Guide:  A  1'nu.lical  Manual  on  Blasting  and  the  Prevention 

01  bliiiiicg  Atciduni.,  in  ilinto,  t^uarrics.  do.    By  W.  Maurice.   Xtarlu  /icadv. 


The  Rates  for  SnbsciiptioDi  to  "The  Electbician"  are  as  under  : — 
Year.       IIalf-Ybak.     Quarter.  )   p      , 
nmted  Kingdom  26a.  Od.     _     18a.  <d.       _     7s.  Od.      (      °''  'f ,  ' 

Canada 28b.  Sd.    ...    14a.  6d,      ...    78.  6d.     t,^7 

Post*!  Union    ...  80B.  04.     _     IIS.  Od.       _     8b.  Od.      J  '""dvance. 
(Thla  charge  incladea  all  BapploneDta.) 
AVw  I'olunifs  of 'THn  Eluctuiciah"  committee  in  jipril  and  Oclcitr, 
Voi5 1,  to  LJit  can  «iow  b»  enpplled.    Prlct  od  appUcatlon, 


■g^c  §tectvician. 

The  Oldest  Electrical  Journal  Icstablisheri  as  a  u-cklii  Journal.  18(11-1878). 

Published  every  Friday,  Price  Sixpence  ;   Post  Free,  Sixpence-Halfpenny. 
Editorial,  Publishing  and  Piinting  Offices, 

1,  2  &  3,  SALISBURY  COURT,  FLEET  ST.,  LONDON 

(Oni.V   .MHIUKSS.) 

Tclipliuiu:  Holluirn  949-   Trlcgrains  :  Ei.EcTRKiAS  Newspaper  London. 

All  Letter.^  n-hilimj  to  Subscription.^  Advert i.sement^  and  other  buMneaa 
matters  to  be  addressed  Publisher.  "  The  Electrician,"  Salisbury- 
court.  Fhct-st..  London.  Cheques  and  P.O.s  to  be  crossed  "  Coutis  <S;  Co." 

All  Editorial  communications  to  he  addressed  to  The  Editor.  Letters 
lor  in.sertiun  in  "  The  Electrician."  or  containing  question.^,  to  be 
arcom/iauicd  by  name  and  address  of  the  writer  as  evidence  of  good  faith. 
Xo  notiee  is  tal:cn  of  anonymous  communications. 

"  The  Ei-fX'TRKTAN  "  ofjers  exceptional  adrantaqcs  to  Advertisers.  It  has 
by  far  the  largest  circulation  of  any  English  Electrical  paper  and 
circulates  all  over  the  World.     Tlii.s  stdlciiK  »l  is  i/ufniiiturd. 

Adnrlisciciil  l!>il,s.  dr..  jorward,  d  on  a  pplicHini,  In  the  Publish,  r. 

Trade  AdviohtisK-MENT.s  intended  for  the  cum  til  issic  innsl  reach  the 
O/jice  at  latest  by  Wednesday  evening's  post.  /A  m  leuls  ,,f  1  rpirinq 
Advertisements  and  alterations  to  standing  Advi  rlisi  m.  nls  hy  first  post 
Wednesday.      Wrapper  Advertisements  by  first  post  Wednesday. 

Contracts  and  other  Official  Announcements,  Auctions,  Appoint- 
ments Vacant  and  Wanted,  and  all  l:inds  of  Small  Advertise- 
ments accepted  up  to  3:30  P.M.  Thursday. 

"THE   ELECTRICIAN"  INDUSTRIAL   SUPPLEMENT. 

With  "  The  Electrician  "  for  .Sept.  14,  10013,  was  issued  the  first  of  a 
series  of  '"  Industrial  Supplements,"  to  be  published  from  time  to  time 
with  "  The  Electrician."  The  thirty-fifth  i.ssue  of  the  Supplement  was 
published  (Gratis)  with  the  number  of  "  The  Electrician"  for  April  30. 

The"  Industri.4L Supplement"  is  a  eomprchensive  record  of  develop- 
ments in  Electrical  Plant,  Machinery,  Apparatus,  Accessories.  Sundries 
and  Materials,  and  of  their  prove(i  suitability  for  various  Industrial 
purposes. 

The  "  Industrial  Supplement  "  is  holed  for  filing  or  hanging,  and 
filing  covers  can  be  supplied  for  holding  G  or  12  issues. 
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lating- to  Electricity  Supply  and  to  Electric  Traction  on 
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ANTIQUATION. 

i'loiu  lime  to  lime  the  subject  of  antiquation  looms 
soniewliat  large  on  the  engineering  horizon,  though  it  has 
never  become  so  important  in  this  country  as  in  America. 
Here  we  do  not  take  risks  to  any  great  extent ;  and  it  may 
be  said  that  our  progress  would  be  more  rapid  if  our  finan- 
ciers regarded  engineering  risks  more  fuvoural)Iy.  In 
America  less  caution  is  exhibited,  and,  consequently,  pro- 
gress is  often  made  there  while  we,  on  this  side,  look  on  to 
see  what  the  outcome  will  be.  Sumctiiues  the  result  is  un- 
satisfactory, and  thus  scra])piiig  has  been  there  a  com- 
mon occurrence  at  times.  Such  a  course  requires  a  con- 
siderable amount  of  courage,  for  the  financial  yutlook 
certainly  is  not  improved  by  this  process  for  the  time 
being,  thougli  it  may  ultimately  be  strengthened  very 
materially.  Scrapping  is  always  a  contingency  where 
different  systems  of  doing  tlie  same  thing  arise,  and  where 
the  process  of  .survival  of  the  fittest  lias  to  be  endured. 
There  is  no  difhculty  so  long  as  any  one  .system  does  not 
show  a  marked  superiority  or  inferiority  in  com]iariRon 
witli  the  otliers,  but  the  longer  it  takes  to  reach  this  stage 
tlie  more  serious  may  be  tlie  ultimate  result. 

A  town  wliere  the  question  of  depreciation  is  exercising 
tlie  minds  of  tlic  Council  is  thiit  of  Walsall.  Here  we  have 
a  town  of  sometliing  like  93,000  inhabitants,  where  the  elec- 
ti  i(,'iLy  undertaking  is  in  its  fourteenth  year  and  the  out- 
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put  is  about  a  million  and  a  half  units  per  aiiuuui.  Con- 
sidering tlie  ag-e  of  the  undertaldng  and  the  character  of 
the  town  one  might  expect  financial  success  here  as  else- 
where. Tiie  undertaking,  however,  is  still  working  at  a 
loss,  and  this  is  attributed  by  the  Council  to  the  system  in 
use.  Walsall  is  one  of  those  networks  which  is  operated 
on  what  is  known  as  the  "Oxford  "  system,  which,  although 
taking  its  name  from  Oxford,  is  no  longer  in  use  in  that 
town.  As  is  well  known,  it  consists  of  high-tension  con- 
tinuous-current geueration  with  transformation  to  low- 
tension  continuous  current  at  sub-stations  by  means  of 
motor-generators.  Although  £110,000  has  been  spent  on 
the  undertaking,  the  Council  feel  the  system  to  be  so  far  at 
fault  that  they  are  considering  the  question  of  reconstruct- 
ing the  whole  concern  and  scrapping  the  present  high- 
tension  continuous-current  plant. 

Serious  ditterenees  of  opinion  as  to  generation  and  dis- 
tribution are  scarcely  likely  to  arise  in  the  future,  now  that 
the  limitations  of  continuous  current  and  alternating  cur- 
rent are  so  well  known,  though  in  matters  of  detail  it 
may  be  otherwise.  In  detail  there  must  be  continual 
progress.  The  reciprocating  steam  engine  is  giving  way  to 
the  steam  turbine,  and  it  may  be  that  gas  engines  will  yet 
prove  their  superiority  over  both.  Such  changes  in  engi- 
neering practice,  however,  do  not  introduce  any  very 
serious  ditticulties.  The  more  modern  plant  is  used  in 
extensions,  and  the  older  plant  can  generally  be  utilised 
until  it  has  served  a  fair  lifetime.  But  with  systems  as  a 
whole  it  is  otherwise. 

Although  we  do  not  suppose  that  any  engineer  would 
put  down  the  Oxford  system  at  the  present  time,  it  is  ques- 
tionable whether  it  is  worth  while  to  scrap  such  a  system 
once  it  is  in.  It  is  working  well  at  Hull,  where  the  popu- 
lation is  250,000,  and  the  undertaking  is  in  its  seventeenth 
year,  with  an  output  of  about  5|  million  units  per  annum. 
We  described  this  interesting  plant  in  The  Electrician 
some  time  back.  It  appears  to  be  successful,  and  it  is  being 
extended  from  time  to  time.  There  seems  no  particular 
reason,  therefore,  why  the  Oxford  system,  as  a  system, 
should  not  compete  commercially  with  others,  although 
very  possibly  it  may  be  undesirable  in  certain  respect^. 
We  would,  therefore,  suggest  that  the  Council  of  Walsall 
would  do  well  to  consider  very  carefully  whether  there  are 
not  other  reasons  to  account  for  the  poor  result  achieved 
Ijy  the  electricity  undertaking,  and  to  hesitate  before  such 
a  drastic  step  is  taken  as  to  scrap  the  pivscut  plant  and 
system. 


REVIEWS. 

(Copies  of  the  undermcntioucii  works  can  be  had  from  Tht  Eleclrician  Offloc,  post  tree, 
on  receipt  of  publiblie.!  price,  adding  3d.  for  books  published  under  2s.  Add  10  pir 
cent,  for  abroad  or  for  foreign  books.) 


An  Elementiry  Manual  of  Radiotelegraphy  and  Radiotele- 

pbony.     Hv  ,T.  .\.  Fr.EMiNi;,  F.K.,S.     .London:   I,o!:s,nnnns,  (Irecn 

&Co.)  Pp.' xiv.— 329.  73.  6(1.  net. 
Radiotelegrapliy  has  developed  at  sucli  a  i,ii)id  latc  during 
the  past  few  years,  and  is  now  of  such  pract  ical  iiuportancf  tliat, 
a.s  the  author  says  in  his  preface,  "  means  are  required  for 
adequately  teaching  the  subject  to  cloctroteehuicai  students, 
and  to  practical  operators,  and  thus  equipping  them  witii  the 
initial  scientific  information  necessary  to  enable  them  to  follow 
intelligently  its  practical  development." 

The  present  work  has  been  written  with  this  aim  in  view,  and 


Prof.  Fleming  has  earned  the  gratitude  of  all  electrical  students, 
for,  in  spite  of  several  defects  which  are  referred  to  below,  he 
has  produced  a  really  valuable  introductory  text-book. 

To  the  average  electrical  engineer  there  is  something  mys- 
terious about  electromagnetic  waves,  just  as  polyphase  currents 
were  mysterious  not  many  years  ago  ;  the  latter  mystery  has 
now  largely  disappeared,  or  rather,  is  ignored,  owing  to  the 
fact  that  the  engineer  uses  such  currents  daily,  and  can  measure 
them  and  think  numerically  about  them  ;  the  former  mystery 
will  vanish  in  exactly  the  same  way.  Thus  to  familiarise  a 
student  with  the  phenomena  associated  with  electromagnetic 
waves,  we  must  teach  him  how  to  make  numerical  calcula- 
tions about  them.  This  is  exactly  what  Prof.  Fleming  has 
attempted,  and  from  this  point  of  view  the  only  improvement 
one  can  suggest  is  the  inclusion  of  a  number  of  exercises  for  the 
student  to  work  out  for  himself. 

From  a  theoretical  standpoint,  however,  the  book  is  not 
quite  so  satisfactory  ;  thus  in  the  section  on  plane  waves 
(p.  123),  E  and  H  being  taken  parallel  to  the  axes  of  x  and  y 
respectively,  and  the  direction  of  propagation  along  the  axis  of 
z,  we  find  :  "  If  at  the  origin  the  electric  force  has  a  value  E 
along  the  axis  of  x,  then  the  electric  force  in  the  plane  xz  in  a 
direction  parallel  to  the  axis  of  x,  but  at  a  distance  82  from  it  is 

jp 
E—  ,    fe,  being  less  the  further  we  remove  from  the  origin." 

dz  "^ 

This  error  is  corrected  by  integrating  round  a  small  rectangle 
in  the  wrong  direction ;  the  same  mistakes  are  made  with  H, 
and  so  the  correct  circuital  equations  are  obtained,  viz. : 

"''■dt      dz'  dl  dz' 

aird  from  these  follow  the  wave  propagation  equations 

dm_  I    dm      rf-E^  I    rf2E 

Hi?  ~ l>.k      dzr  dl-  ^ fik      dz^ 

The  author  then  goes  on  to  say  that  these  equations  can  be 
satisfied  by  solutions  of  the  form 

E  =  E„sm2.(^-y, 


H  =  H„cos 


Kl-T> 


where      =  V  fk 

This  is  quite  true,  but  these  solutions  do  not  satisfy  the  circuital 
equations  ;  to  do  this,  one  must  replace  the  sine  by  cosine,  or 
the  cosine  by  sine,  i.e.,  E  and  H  are  in  the  same  phase  and  do  not 
differ  90  deg.  in  phase,  as  the  above  expressions  imply,  and  as 
the  author  repeatedly  asserts. 

Again,  in  dealing  with  the  problem  of  two  inductively 
coupled  oscillation  circuits  which  separately  have  the  same 
frequency,  it  is  stated  (p.  35)  that  "  if  free  oscillations  are 
excited  in  one  circuit,  the  result  will  be  to  create  in  both  circuits 
a  complex  oscillation  which  is  alternately  of  gieater  and  of  less 
frequency  than  the  natural  frequency  of  either  circuit  taken 
alone."  From  this,  and  a  mechanical  analogy  which  is  given, 
we  are  led  to  believe  that  if  one  of  the  circuits  is  radiatiu;;  we 
should  obtain  a  train  of  waves  consisting  of  a  scries  of  waves  of 
one  frequency  then  a  series  of  the  other  frequency,  followed  by  a 
series  of  the  first  frequency  and  so  on  :  surely  both  frequencies 
will  be  radiated  siniultancously. 

The  chapters  dealing  with  radiating  and  receiving  circuits, 
detectors,  radiotelegraphic  stations  and  radiotelegraphic 
measurements  are  very  good  indeed.  One  point  may  be  noticed 
with  regard  to  Marconi's  disc  discharger:  the  explanation 
niven  does  not  agree  with  that  given  by  Marconi  himself  at  the 
Roval  Institution  last  year.  'The  last  chapter  is  devoted  to 
radiotelephony,  and  contains  a  brief  account  of  the  results 
achieved,  and  the  methods  employed  in  this  branch.        .1.  L. 

Die  Elaktroteclinik.    Bv  K.  Laidif.s.    Vol.  LXX  XVIII.  of  "Bib 
liothelv   (let-  .'esamten'Tcchnik."     (Hanover:    l^r.  Max  Janecke. 
Pp.  291.     M.'3.60. 
The  present  little  book.  Vol.  LXXXVIII.,  of  the  "  Biblio- 
thek  der  gesamten  Technik."  is  the  outcome  of  a  series  of  lec- 
tures dehvered  by  the  author  in  his  capacity  of  teacher  at  the 
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Royal  High  School  of  Machine  Construction  at  Hagen,  West- 
phalia. Static  electricity  has  been  entirely  omitted,  and 
rightly  so.  As  the  author  himself  states  in  the  preface,  far 
too  much  time  is  spent  in  public  schools  in  teaching  the  students 
frictional  electricity,  and  showing  them  numberless  experi- 
ments on  the  subject,  but  rarely  one  from  the  domain  of  elec- 
trical technology. 

The  fundamental  principles  of  current  electricity  and  the 
technical  production  and  application  of  the  electric  current 
constitute  the  contents  of  the  book,  which  may  be  said  to 
maintain  the  standard  of  this  German  technical  series.  The 
subject  has  been  concisely  and  well  treated  ;  the  text  is  clear 
and  profusely  illustrated,  and  the  book  is  well  printed.  A 
good  many  of  the  illustrations  have  apparently  been  specially 
prepared  ;  they  are  not  the  old  familiar  ones  almost  invariably 
found  in  this  class  of  book. 

There  are  four  main  sections.  The  first  one  deals  with  the 
general  fundamental  laws  of  current  electricity,  magnetism 
and  electromagnetism — necessarily  in  a  brief  manner — Ohm's 
law,  Kirchhoii's  law,  &c.  Section  II.  is  on  the  electrical  uuits — 
the  ampere,  volt,  kilowatt,  watt-hour — and  also  on  electrical 
measuring  instruments.  Section  III.  is  the  largest  in  the 
volume,  and  gives  a  cursory  but  excellent  account  of  the  pro- 
duction of  heat  by  the  electric  current,  the  transformation  of 
heat  into  electricity,  hot-wire  instruments,  electric  lighting — 
carbon  filament,  metal  filament,  Nernst  and  different  types  of 
arc  lamps — primary  batteries,  bells,  telephones,  telegraphy, 
electrolysis,  accumulators,  the  conversion  of  mechanical  into 
electrical  energy  and  the  converse,  continuous-current  and  alter- 
nating-current dynamos  and  motors,  transformers  and  con- 
verters, power  transmission,  tramways.  The  final  section  is  on 
installation  material. 

Physikalische  Wandtafeln.  L,  riAu.\DLi.R.  (Brunswick  :  F.  Viewe<r 

\-  Suliii.)  M.12. 
Tliis  scries  ot  Ircture-room  tables  and  diagrams  deals  with 
Heat,  and  the  subjects  are  of  the  standard  dealt  with  in  the 
more  advanced  lectures  of  a  first-year  college  course  and  in  the 
ordinary  lectures  of  a  second-year  cour.se.  Thcv  arc  12  in 
number,  each  being  on  a  sheet  100  cm.  by  140  cm.  Thev  arc 
very  good,  and  it  is  to  be  hoped  that  their  sale  (individual 
diagrams  cost  m.  U)  will  justify  the  production  of  succeeding 
series. 


THE  THEORY  AND  APPLICATION  CF  MOTOR 
CONYEBTERS. 


We  give  below  an  account  of  the  discussion  last  week  at  the 
meeting  of  the  Institution  of  Electrical  Engineeis,  when  Mr. 
H.  S.  Hallo  lead  his  Paper  on  this  subject.  An  abstract  of 
this  Paper  apjieared  in  our  last  issue. 

Dr.  E.  RosESBERG  said  that  no  doubt  the  author  had  given  them  the 
theory  and  application  of  a  very  interesting  machine,  but  even  the  author 
would  scarcely  claim  that  the  cr)mparison  with  the  rotary  converter  was 
impartial,  and  it  was  necessary  to  ihuminate  the  other  side  of  the  ques- 
tion. In  the  first  part  of  the  Paper  the  author  never  mentioned  the 
expression  '"  rotary  converter  "  for  one  part  of  his  machine,  but  always 
called  it  a  "  direct-current  machine."  The  only  reason  appeared  to  hie 
that  if  he  had  said  from  the  beginning  it  was  a  rotary  converter  then  he 
could  not  have  claimed  the  many  advantages  over  the  latter  which  were 
]iut  in  the  Paper.  Let  them  consider  <jf  what  a  motor  converter  really 
consisted.  It  was  a  rotary  converter  for  full  output  and  half  frequency, 
but  with  higher  losses  and  worse  commutation  than  a  plain  rotary,  com- 
bined with  a  motor  for  full  output,  but  running  at  half  speed  and  having 
additional  iron  losses.  Therefore  the  efficiency  was  undoubtedly  mudi 
inferior  to  the  plain  rotary.  Lower  frequency  in  the  rotary  part  was  no 
advantage.  Even  with  high-speed  direct-current  machines  we  prefer  a 
higher  frequency  than  2.5,  and  the  motor  converter  necessitated  a  lower 
speed.  A  plain  rotary  converter  for  .50  cycles  was  an  excellent  and  abso- 
lutely reliable  machine.  From  the  tables  in  the  Paper  it  appeared  that 
a  motor  converter  would  be  practically  as  good  as  an  ordinary  con- 
verter for  half  the  frequency.  The  comparison  was  hardly  correct.  In 
a  motor  converter  the  wattless  current  for  the  motor  was  to  be  provided. 
The  author  claimed  25  per  cent,  as  magnetising  current.  This  might  be 
correct  for  no  load,  but  due  to  the  leakage  in  the  primary  and  the  secon- 
dary of  the  induction  motor,  the  wattless  cnrrent  at  full  load  would  in- 
crease  to  something  like  40  per  cent.  Therefore  33  ))er  cent,  was  not 
even  sufficient  to  make  up  for  the  lagging  current  of  the  motor,  to  say 
nothmg    of    giving  leading  current  to  the  siijiply.  whereas  the  rotary 


converter  supplied  nearly  30  per  cent,  leading  current.  That  would 
show  that  the  converter  part  of  the  motor  converter  had  to  be  about  20 
or  25  per  cent,  larger  than  the  ordinary  rotary  converter  for  half  fre- 
quency for  the  same  heating.  While  blaming  the  use  of  booster.^  in  plain 
rotary  converters,  the  author  had  advocated  the  use  of  a  booster  for 
motor  conveiters  which  had  to  work  on  lighting  and  traction  loads. 
For  exactly  the  same  voltage  range,  however,  a  plain  rotary  converter 
could  be  built  and  worked  very  satisfactorily  without  a  booster,  using 
two  tappings  on  the  transformer  and  regulating +  5  per  cent,  by  means 
of  a  shunt  regulator,  obtaining  a  good  power  factor  throughout.  The 
winding  for  a  three-wire  machine,  mentioned  by  the  author,  was  invented 
(by  the  speaker)  in  1903  and  described  in  the  technical  press  in  1904  for 
compounding  three- wire  machines. 

Mr.  B.  M.  Jenkin  mentioned  that  when  motor  converters  were 
adopted  for  the  tJreat  Western  Raihv.ay  no  machine  of  the  kind  had 
been  built  with  the  exception  of  a  small  experimental  one  at  Messrs. 
Bruce  Peebles'  works.  The  machines,  however,  had  worked  very 
satisfactorily,  and  he  was  very  satisfied  with  the  results.  One  reason 
for  itdoijting  them  was  that  they  suited  the  conditions  particularly 
well.  The  prolilem  was  to  supply  power  for  the  Hammersmith  and 
City  Railway  and  also  power  for  lighting  Paddington  station,  goods 
sheds,  &c.  It  was  absolutely  necessary  to  maintain  a  lightinf;  supply 
under  all  conditions,  and  for  that  reason  they  put  in  at  the  sub- 
station some  batteries  of  sufficient  size  to  maintain  for  a  short 
time  the  supply  to  the  railway  and  for  a  Ion;;  time  the  supply 
for  lighting,  should  there  be  an  interruption  in  the  supply  fiom 
the  Park  Royal  power  station.  The  system  of  lighting;  at  Padding- 
ton was  by  alternating  current,  so  that  in  the  case  of  such  interrup- 
tion an  alteinating-current.  supplj'  had  to  be  maintained  from  the 
sub-stations  by  means  of  the  batteries.  They  decided  in  order  to 
do  that,  to  put  in  reversible  motor  converters.  In  addition  to  doing 
the  work  better,  the  motor  converter  h.ad  other  advantages— viz., 
smaller  floor  space  as  compared  with  the  motor  generator,  they  could 
be  started  up  equally  well  from  the  alternating-current  or  the  direct- 
current  side,  they  were  as  reversible  as  direct-current  machines,  no 
exciters  were  required,  unity  power  factor,  and  a  high  etticiency  at 
both  full  and  low  load.  On  comparing  the  efficiency  curve  with  that 
of  a  motor  generator  they  found  that  a  much  better  efficiency  was 
obtained  at  light  loads,  and,  in  consequence,  a.  higher  overall  efficiency 
was  obtained  at  the  sub  station.  In  dealing  with  widely  fluctuat- 
ing loads,  as  was  the  case  in  supplying  power  to  a  railway,  the 
conditions  were  not  the  same  as  in  the  case  of  a  steady  load,  be- 
cause in  the  latter  case  one  was  able  to  select  the  number  of 
machines  necessary.  But  with  a  railway  load  machines  had  to  be 
used  that  would  work  efficiently  over  a  \  cry  wide  range.  The  tests 
showed  an  efficiency  of  93'5  per  cent,  at  full  load,  and  it  must 
be  remembered  that  at  that  time  the  machines  were  practically  untried 
and  were  of  the  three-bearing  type.  With  later  types  an  eff-ciency 
of  92  per  cent,  could  no  doubt  be  obtained.  As  to  reversibility,  he 
varied  and  reversed  the  direct-current  .and  alternating-current  loads 
from  a  30  per  cent,  overload  as  generator  to  an  overload  of  77  to  100 
per  cent,  as  motor  with  practically  no  sparking.  That  showed  the 
reliability  of  the  machines  for  that  purpose.  One  objection  advanced 
against  the  motor  converter  was  its  liability  to  run  away.  It  was  true 
that  if  the  direct-current  field  was  broken  the  machine  would  run  up 
to  the  true  svnchronous  speed  of  the  induction  motor — viz.,  about 
twice  the  normal  speed  of  the  converter.  Machines  intentionally 
allowed  to  run  away  in  this  way  stood  the  test  .satisfactorily.  There 
were  one  or  two  other  peculiarities  which  might  be  emphasised.  Re- 
garding the  arrangement  of  the  switchgear  one  had  to  be  careful  in 
starting  u|i  from  tlie  alternating-current  side  that  the  field  of  the  direct- 
current  machine  built  up  as  the  machine  gained  speed,  or  else  it  would 
be  necessarj'  to  shut  down  and  begin  again.  In  effect  tbe  machine  was 
a  transformer,  and  that  had  to  be  borne  in  mind  in  adjusting  the  volt- 
ages. In  starting  from  the  direct-current  side  the  machine  w.as  run 
up  to  speed  exactly  as  a  direct-current  motor.  The  speed  was  regu- 
lated by  a  rheostat,  so  as  to  obtain  synchronism.  The  simplest  way 
to  regulate  the  alternating-current  voltage  in  synchronising  was  to 
vary  the  direct-current  voltage.  Tests  were  made  to  .ascertain  how  the 
machines  behaved  under  actual  working  conditions.  One  was  to  run 
under  regular  working  conditions  for  24  hours  with  the  batteries,  and 
then  for  24  hours  without  the  batteries  at  the  sub-stations,  in  order  to 
see  what  eflect  it  had  on  the  efficiencj'.  In  addition  to  the  primary 
reason  for  putting  in  batteries — viz.,  to  ensure  continuity  of  supply 
and  steadiness  of  high-tension  voltage  for  lighting — it  w.as  also  hoped 
that  the  load  on  the  motor  converters  would  be  steadied,  so  that  less 
[ilant  would  be  required  in  the  sub-stations  and  powerhouse.  Taking 
the  results  obtained  at  one  of  the  sub-station.s,  when  the  battery  was 
in  use,  they  ran  two  motor  converters,  and  witliont  liatteryon  the  second 
day  they  had  to  run  three.  The  fluctuation  in  load  on  the  machines, 
with  the  battery,  was  from  a  minimum  of  38  per  cent,  to  a  maximum 
of  116  ])er  cent.,  i.(.,  16  per  cent,  overload.  On  tbe  second  day  the 
load  varied  from  zero  to  an  overload  of  32  per  cent  The  fluctuation 
of  the  high-tension  volts  on  the  first  da}-  was  2  7  per  cent,  and 
on  the  second  day  6'8  per  cent.  The  mean  load  on  the  direct- 
current  generators  of  the  motor  converters  on  the  first  day  was 
75  per  cent,  and  on  the  second  d.ay  43  per  cent.  The  motor 
converter  efficiency  was  89  per  cent,  on  the  first  day  and  82  per 
cent,  on  the  second.  The  greater  variation  in  the  load  brought  the 
efficiency  down,  but  still  82  percent,  was  very  high  for  a  varying  load 
that  constantly  dropped  to  zero.  The  battery  losses  on  the  first  day, 
of  course,  reduced  the  substation  efiiiciency  somewhat,  and  the  overall 
efficiency  on  the  first  day  with  the  battery  was  78  per  cent,  and  on  the 
second  day  it  was  82  percent.  The  figure  of  82  [ler  cent.,  without 
batteries,  compared  directly  with  the  sub-station  efficiency  of  the 
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London  County  Council  tramways,  where,  from  Mr.  Rider's  Paper,  it 
was  75  per  cent,  witli  ordinary  motor  generators. 

Mr.  Ro(JER  T.  Smith  had  found  that  the  property  of  the  motor  con- 
verter in  giving  leading  currents  above  a  certain  load  wa.s  most  impor- 
tant, and.  as  a  "matter  of  fact,  the  current  was  alway.s  leading  in  the  ma- 
chinery at  the  Great  Western  sub-stations.  On  high  peaks  the  pijwer 
factor  fell  as  low  as  92  per  cent.,  but  when  running  with  a  battery  under 
ordinary  conditions  it  reached  98  per  cent.  The  leading  currents 
assisted  the  lagging  currents  of  the  generators  at  the  power  station,  the 
result  being  that  the  inherent  regulation  was  improved  and  the  very 
difficult  problem  of  keeping  a  steady  voltage  on  the  lighting  'bus  bars 
was  rendered  easier.  Another  excellent  feature  of  the  converters  was 
their  overload  capacity.  During  the  Exhibition  traflic  last  year  it  was 
not  uncommon  to  have  all  the  machines  in  a  sub-station  overloaded  HO 
per  cent.  The  reason  was  that  the  reversible  booster  of  the  Highfield 
type  did  not  reverse  quickly  enough  to  take  up  the  load  as  it  came  on, 
so  that  the  whole  of  the  load  at  first  had  to  be  taken  by  the  converters. 
As  soon  as  the  booster  got  properly  reversed  it  took  >ip  the  overload  of 
the  converters,  and  did  exactly  what  v/as  required.  Without  that 
instantaneous  overload  capacity  of  the  converters  they  would  not  be 
nearly  so  successful  as  they  actually  were  in  working  with  batteries.  He 
had  made  a  supplementary  test  to  the  one  referred  to  by  Mr.  Jenkin 
and  would  publish  the  results  in  the  "  Journal."  The  average  daily 
input  for  11  days,  including  Easter  week,  was  15.500  kw. -hours,  the 
daily,battery  charge  1.730  kw. -hours,  and  the  discharge  1.(530  kw.-hours. 
That'meant  that  12  per  cent,  of  the  whole  energy  came  through  the 
batteries.  The  loss  in  the  booster  and  battery  was  5  per  cent.  The 
daily  machine  load  factor  was  51  per  cent,  and  the  daily  efficiency  of  the 
machines  was  83-5  per  cent.  That  was  considerably  lower  than  the  89 
per  cent,  mentioned  by  Mr.  Jenkin.  which  was  for  another  sub-station. 
An  interesting  point  to  note  was  that  at  the  sub-station  which  had  the 
efficiency  of  89  per  cent,  the  battery  was  of  1,000  kw.  capacity,  36  per 
cent,  of  the  output  passing  through  the  battery ;  and  at  the  sub-station 
where  the  efficiency  was  83  per  cent,  the  battery  was  of  only  500  kw. 
capacity,  12  per  cent,  of  the  output  passing  through  the  battery.  The 
commercial  efficiency  of  the  whole  station,  i.e.,  from  the  A.C.  input  to 
the  D.C.  output  to  the  track,  was  79  per  cent,  in  both  cases.  It  did  not 
pay.  therefore,  so  far  as  efficiency  was  concerned,  to  instal  so  large  a 
battery.  It  had  been  put  in  so  large  to  provide  for  breakdowns.  If  the 
Great  Western  work  had  to  be  done  all  over  again  there  would  be  no 
hesitation  in  installing  motor  converters. 

Mr.  A.  HucH  Seabrook  (West  Ham)  disagreed  with  the  author  as 
to  the  unsuitability  of  rotary  converters  on  50  period  systems.  At 
West  Ham  they  had  12  sub-stations,  in  three  of  which  50  period  rotary 
converters  were  used,  one  running  day  and  night,  and  they  had  not 
experienced  the  slightest  trouble.  As  to  starting  up  there  was  also 
not  the  slightest  trouble.  He  thought  there  was,  perhaps,  something 
in  the  liability  of  the  polarity  to  become  reversed  at  starting  up,  but 
he  found  that  a  two-pole  switch  was  a  perfectly  simple  way  of  getting 
over  the  difficulty.  As  to  reversibility,  he  knew  of  rotary  converters 
running  on  an  inductive  load  day  and  night  from  the  direct-current 
side  and  giving  alternating-current  output.  Ordy  a  spare  armature 
was  kept,  and  there  had  not  been  the  least  trouble  in  running.  He 
thought  it  was  quite  wrong  to  say  that  a  motor-converter  took  up  less 
floor  space  than  rotary  converters  and  their  transformers.  The  effi- 
cienc}',  in  connection  with  daj-  and  night  continuous  running,  was  an 
important  point,  and  from  his  experience  it  would  not  pay  to  run 
motor-generators  or  motor-converters  on  daj'  and  night  load,  even  if 
the  machines  were  obtained  free  of  cost.  The  efficiency  of  such 
machines  was  lower,  greater  attention  was  required,  and  high-tension 
current  being  used  for  the  stator  caused  greater  liability  to  break- 
downs. By  installing  rotary  converters  capital  w.as  saved  and  effi- 
ciency gained,  and  if  space  was  ,a  consideration,  the  transformers 
conld  be  put  in  the  basement  or  on  the  roof,  or,  as  they  frequently  did 
in  West  Ham,  out  of  doors. 

Mr.  FR.4NK  Bailey  (City  of  London  Electric  Lighting  Co.)  welcomed 
the  Paper  as  giving  a  clear  explanatory  description  of  a  most  interesting 
apparatus.  In  testing  rotary  converters  for  use  with  frequencies  above 
50  he  had  found  that  they  were  not  easy  to  handle  in  practice,  and  for 
that  reason  he  had  adopted  motor  generators  in  spite  of  the  greater  loss. 
At  Bankside,  during  last  year,  they  had  put  about  4,719,000  units  into 
motor  generators  and  obtained  3.635.000  units  out  of  them,  or  an  overall 
efficiency  of  77  per  cent.  He  thought  the  author  was  justified  in  calling 
attention  to  the  remarkable  results  obtained,  and  particularly  in  refer- 
ring to  the  ease  of  manipulation,  which  was  an  important  feature.  The 
question  of  efficiency  required  serious  consideration  as  with  large  outputs 
at  varying  loads  the  average  efficiency  was  of  more  importance  than  the 
full,  load  efficiency. 

Mr.  J.  S.  Peck  remarked  that  the  future  success  of  the  motor  con- 
verter always  seemed  to  him  to  be  based  on  the  fallacy  that  a  high-fre- 
quency rotory  converter  could  not  be  made  to  operate  successfully,  but 
in  view  of  the  number  of  high-frei|uency  rotaries  now  operating  satisfac- 
torily, it  had  to  be  admitted  that  it  was  a  satisfactory  machine  and  that 
its  efficiency  was  higher  than  that  of  the  motor  converter.  As  to  the 
point  that  the  rotary  converter  had  made  little  progress  in  this  country 
since  1904,  the  firm  with  which  he  was  associated  had  installed  over 
160  000  kw.  of  rotary  converters,  a  very  fair  proportion  of  which  had  been 
for  high-freciuency  circuits.  The  author  stated  that  the  motor  con- 
verter was  patented  by  Messrs.  J.  L.  La  Cour  and  0.  S.  Bragstad  in  1902. 
hut  He  omitted  to  state  that  a  fundamental  patent  was  granted  to  M. 
Maurice  Leblanc  in  1899,  and  he  believed  that  all  companies  manufac- 
turing motor  converters  were  paying  royalties  to  the  o\vners  of  it.  He 
also  thought  that  after  what  Jlr.  Jenkin  ha(J  said,  they  would  agree  that 


the  starting  up  of  a  motor  converter  was  not  quite  so  simple  as  would 
appear  from  the  description  in  the  Paper,  whereas  the  starting  of  a  rotary 
from  the  A.C.  side,  as  described  by  Mr.  Seabrook,  was  extremely  simple. 
In  regard  to  voltage  regulati'in.  it  was  quite  possible,  by  putting  reactance 
in  the  circuit  of  a  rotary  to  obtain  exactly,  the  same  voltage  range  by 
field  adjustment  as  it  was  possible  to  obtain  on  the  motor  converter. 
The  reactance  could  be  placed  in  transformers  or  in  separate  choke  coils. 
He  admitted  that  the  transformers  and  the  rotary  converter  would  prob- 
ably take  up  slightly  more  space  if  placed  on  the  same  floor  level  than 
would  the  motor  converter,  but  if  the  station  was  built  for  rotary  con- 
verters a  gallery  would  be  provided  for  the  transformers,  or  they  could 
be  placed  in  the  basement,  since  they  required  no  attentif)n  whatever. 
The  Charing  Cross  sub-station  of  the  Underground  Electric  Railways 
was  a  good  illustration  of  the  amount  of  rotary  capacity  it  was  jiossible 
to  squeeze  into  a  small  flcor  space.  He  did  not  believe  that  the  same 
capacity  of  motor  converters  could  possibly  be  placed  in  the  same  sub- 
station. He  asked  why  Mr.  Hallo,  in  comparing  the  copjjer  losses  of  the 
rotary  and  motor  converter  had  chosen  an  unusual  combination  of  poles. 
If  the  author  took  p(.'p„  +  p.=0'.5  instead  of  0-6,  the  comparison  would 
be  still  more  in  favour  of  the  rotary.  He  thought  the  efficiency  curve 
given  in  the  Paper  was  impossible,  as  one  could  not  obtain  with  any 
ratio  of  losses  a  machine  which  could  give  92  per  cent,  efficiency  from 
ilrths  to  IJ  load  and  still  meet  the  efficiencies  given  for  the  lower  loads. 
He  asked  the  author  to  give  the  separate  losses.  For  the  rotary  con- 
verter there  was  no  high  voltage  winding,  the  high  voltage  being  con- 
fined to  the  transformer.  An  additional  transformer  could  be  kept  as  a 
spare  in  the  event  of  breakdown,  and  even  if  this  was  not  done,  a  trans- 
former could  be  repaired  in  the  course  of  a  few  days,  while  a  breakdown 
in  the  high-tension  stator  winding  would  require  several  weeks  to  repair. 
The  highest  voltage  for  which  an  ordinary  size  motor  converter  could  be 
safely  wound  was  about  6,000.  For  10,000  volts  or  higher,  it  would  in 
general  be  necessary  to  instal  transformers  for  the  motor  converter, 
which  would  put  it  entirely  out  of  the  running.  The  switchgear  for  a 
rotary  converter  was  no  more  complicated  than  that  required  for  a  motor 
converter,  provided  the  transformers  were  connected  directly  to  the 
rotary.  The  fact  that  switches  could  be  put  in  between  transformers 
and  rotary,  while  they  could  not  be  placed  between  the  motor  and  D.C. 
machine  of  a  motor  converter  .set,  was  an  advantage  which  the  rotary 
had  over  the  motor  converter. 

Mr.  F.  L.  LA  CouR  (communicated)  called  attention  to  Fig.  5  in  the 
Paper,  showing  a  motor  converter  with  mesh-connected  rotor,  which 
might  lead  to  the  impression  that  such  a  converter  was  as  good  as  one 
with  star-connected  rotor.  As  far  as  he  knew,  the  rotor  connection  shown 
in  that  figure  had  never  been  tried.  Both  the  rotor  and  the  armature 
windings  were  mesh  connected  and  wound  in  12  phases.  Sho\dd  the 
shape  of  the  fields  in  the  two  machines  differ  materially  from  each  other 
it  was  evident  that  idle  currents  would  pass  between  the  two  windings. 
Those  idle  currents  could  be  considered  as  made  up  of  many  harmonics 
of  which  the  fifth  in  the  case  of  a  three-phase  converter  might  be  the 
most  prominent.  From  one  rotor  phase  to  the  next  those  fifth  har- 
monics were  displaced  five  times  30  deg.,  i.e..  150  deg..  which  was  a  little 
more  than  the  angle  between  the  pha.ses  in  an  ordinary  three-phase 
motor.  For  that  reason  and  while  each  phase  of  the  rotor  and  armature 
windings  consisted  of  few  turns  and  thus  possessed  a  very  small  self- 
induction,  a  small  fifth  harmonic  E.M.F.  would  produce  a  fairly  strong 
fifth  harmonic  current  with  a  considerable  amount  of  power.  If.  on  the 
other  hand,  the  mesh-connected  rotor  was  replaced  by  a  star-connected 
one  the  fifth  harmonic  current  from  the  armature  winding  would  have  to 
pass  through  two  rotor  phases  with  twice  as  many  turns  as  on  each  of  the 
mesh-connected  phases,  and  as  those  rotor  phases  were  displaced  150  deg. 
with  regard  to  the  fifth  harmonic,  the  self-induction  of  the  two  rotor 
phases  in  series  would  be  very  large  for  the  fifth  harmonic  current.  In 
other  words,  the  fifth  harmonic  E.M.F.  induced  in  the  armature  winding 
would  only  produce  verj-  small  currents  in  the  rotor  winding.  As  that 
was  the  same  case  with  the  seventh  and  eleventh  harmonics  the  idle 
current  passing  between  the  armature  winding  and  a  star  connected 
rotor  winding  would  be  so  small  that  they  could  be  connected  in  ]nactical 
work.  On  account  of  the  few  poles  on  the  D.C.  side  of  the  motor  con- 
verter the  commutator  was  not  so  crowded  with  brushes  as  rotaries  for 
the  same  frequency,  so  that  flash-overs  and  burning  of  brush  gear  did  not 
occur  so  often.  Another  reason  why  the  motor  converters  very  seldom 
flashed  over  was  on  account  of  the  large  reactance  and  the  revolving 
magnetic  field  of  the  induction  motor.  That  feature  led  to  the  problem 
of  parallel  operation  and  that  was  where  the  motor  converter  stood  at  a 
great  advantage  over  rotaries.  On  the  D.C.  side  a  good  parallel  opcratii>n 
was  dependent  on  a  fair  voltage-drop  from  no  load  to  full  load,  which 
Has  the  case  with  the  motor  converter,  so  that  no  trouble  had  been 
experienced  in  that  direction.  On  the  A.C.  side  good  parallel  operation 
depended  on  the  synchronising  current  as  well  as  on  the  tendency  to 
hunt  and  drop  out  of  step.  By  designing  the  induction  motor  with  a 
large  reactance,  the  natural  frequency  for  hunting  of  a  mutor  converter 
was  very  low  (from  75  to  150  oscillations  per  minute),  so  the  resonance 
could  not  take  place  between  a  converter  designed  in  that  way  and 
alternators  driven  cither  by  reciprocating  engines,  which  made  150  to 
200  revs,  per  min..  or  steam  turbiucs.Vhich  worked  with  more  than  200 
steam  impulses  per  minute. 

Prof.  E.  Arnold  (communicaied)  thought  that  the  installation 
recently  jjut  in  by  Messrs.  Brown.  Boveri  &  Co.  for  an  electrochemical 
works  in  Saxony  a  remarkable  one.  The  power  was  generated  in  two 
three-phase  50  cycle  turbo-alternators  of  1.000  kw.  each,  2,000  revs,  per 
min.,  500  volts.  The  three-phase  current  was  converted  into  direct 
current  by  means  of  two  motor  converters  of  900  kw.  each.   160-175 
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Volts,  ."i,li(Ml-.').loO  ampeics,  214  revs,  per  mill.,  the  indmliDii  motui- 
having  12  ])i)les  and  the  D.C  machine  Ki.  With  the  heavy  <iinditions 
of  a  continuous  24  hours"  full  load  running,  a  difference  of  ethiiency  of 
2  to  3  percent,  meant  a  reduction  of  cost  of  at  least  £300  to  £450  a  year. 
The  extra  winding  referred  to  by  the  author  for  a  throe-v.ire  supply 
eoidd  be  dispensed  with  if  the  main  excitation  winding  was  divided  into 
two  eipial  portions  and  the  one  half  supplied  with  the  positive  and  the 
other  with  the  negative  man  wire  current. 

Mr.  H.  W.  ClKEGORY  (communicated)  said  that  the  high  efficiency  of 
the  motor  converter  at  low  loads,  as  compared  with  the  rotary,  might 
be  understood  when  the  iron  losses  were  lonsidered,  or  did  the  author 
attribute  the  efficiency  solely  to  the  absence  of  higher  harmonics  in  the 
motor  converter  running  light?  The  motor  converter  lent  itself  better 
to  the  adaptation  of  the  synchronous  booster  than  did  the  rotary  cnn- 
verter,  inasmuch  as  the  booster  armature  in  the  former  machine  dealt 
only  with  a  part  of  the  current  in  the  D,C.  armature  while  the  rotaiy 
converter  booster  dealt  v.ith  the  whole  of  the  D.C.  output.  He  thought 
the  absence  of  slip-rings  carrj-ing  heavy  currents  on  the  motor  c(jnverter 
was  a  ])oint  insufficiently  appreciated. 

Mr.  K.  Fave-H.\xsen  (communicated)  said  that  the  claim  made  by 
the  author  that  the  motor  converter  was  at  an  advantage  over  the 
rotary  converter,  due  to  the  higher  reactance  of  the  induction  motor 
compared  with  the  transformer,  was  a  mistake,  as  the  transformer, 
besides  the  advantage  of  high  efficiency  and  increased  safety  for  high 
voltages,  also  had  the  advantage  that  any  reactance  required  could  be 
obtained  between  very  wide  limits.  His  experience  had  shown 
that  a  transformer  with  a  reactance  of  20  to  30  per  cent  was  cheaper 
and  had  as  good  an  efficiency  as  transformers  witli  i  to  H  per 
cent,  reactance.  The  transformer  also  had  the  further  advantage 
that  reactance  could  be  easily  and  cheaply  altered  after  the  trans- 
former had  been  built  up.  The  ease  v.ith  which  any  desired  reactance 
qould  be  obtained  in  a  transformer  was  one  which  made  the  rotary 
converter  suitable  for  many  services  for  which  the  motor  converter 
could  not  be  used  with  advantage.  If  the  rotary  had  to  run  from 
D.C.  to  A.C,  the  transformer  would  be  designed  with  low  reactance, 
which,  compared  with  the  high  reactance  of  the  induction  motor,  made 
the  regulation  of  the  rotary  plant  very  much  better  than  that  of  the 
motor  converter,  the  voltage  drop  being  about  one-third  or  less.  A 
further  advantage  of  the  transformer  over  the  induction  motor  was  that 
it  could  easily  be  provided  with  tappings  on  the  H.T.  side,  so  that  the 
rotary  could  be  used  for  the  purpose  of  lighting  and  traction  without  a 
booster  and  still  run  at  the  best  possible  power  factor  in  both  cases.  If 
the  A.C.  voltage  was  specially  low,  an  auto-transformer  could  in  many 
cases  be  used,  thereby  further  increasing  the  superiority  of  the  rotary 
plant  regarding  price  and  efficiency.  There  was  one  thing  the  induction 
motor  could  do  which  the  transformer  could  not,  and  that  was  to  alter 
the  frequency  of  the  supply  ;  in  all  other  respects  the  transformer  could 
do  the  same  work  as  the  induction  motor  in  a  better  and  more  efficient 
way. 

Mr.  H.  S.  Hallo  gave  only  a  brief  summary  of  his  reply.  Those  who 
had  si)oken  from  actual  experience  had,  like  himself,  arrived  at  the  con- 
clusion that  the  motor  converter  had  fulfilled^the  high  expectations  of 
its  inventors  and  had  become  a  very  important  factor  in  sub-station 
practice.  He  next  considered  those  who  had  not  spoken  from  experi- 
ence, and  recommended  Dr.  Rosenberg  to  read  the  Paper  agam.  The 
30  per  cent,  wattless  current  was  the  current  which  was  actually  in  the 
stator  and  not  the  current  in  the  rotor,  and  it  referred  to  cases  where  the 
converter  had  to  supply  leading  wattless  current  to  compensate  for 
wattless  current  taken  up  by  induction  motors.  In  regard  to  the  slow 
speed  of  motor  converters,  he  did  not  think  the  Great  Western  Railway 
slow-speed  ones  were  a  fair  instance,  as  the  standard  motor  converters 
of  that  outjuit  ran  at  a  higher  speed.  As  to  tapjiings  on  transformers, 
he  need  only  refer  to  the  discussion  on  a  ])revious  Paper  where  the  idea 
had  been  condemned  He  thought  Mr.  Seabrook  had  been  particularly 
lucky,  as  there  were  very  few  engineers  who  had  ])leasant  experiences 
with  oO  cycle  rotaries.  The  only  rational  way  of  consiilering  the  coni- 
parixon  of  the  floor  space  required  was  to  take  the  actual  space  occupied 
by  the  motor  converter  and  its  accessories  as  against  the  rotaiy  and  its 
acc:es8orieH.  The  argument  that  transformers  did  not  take  up  any  space 
Ijceausc  they  could  be  placed  in  the  basement  did  not  hold  good  at  all ; 
in  fact,  the  v/holc  motor  converter  could  be  jilaced  in  the  basement.  He 
admitted  that  there  was  a  time  when  high-tension  stator  windings  could 
not  be  manufactured  satisfactorily,  but  that  was  a  thing  of  the  past. 
During  the  la.st  three  or  four  years  Messrs.  Bruce  Peebles  had  not  cx]ii' 
rienccd  such  a  thing  as  a  breakdovni  in  a  high-tension  winding.  In  fad, 
stationary  high-tension  windings  could  be  made  just  as  safe — or  safer — 
than  revolving  D.C.  armature  windings.  He  considered  that  the  cfli- 
ciency  of  a  motor  converter  under  actual  working  conditions  was  only 
1  per  cent,  less  than  that  of  a  rotary  converter  and  its  transformer.-<.  it 
had  often  been  found,  as  had  been  repeatedly  stated  by  leading  engineers 
in  the  pages  of  the  "  .Journal  "  of  the  Institution,  (hat  the  high  eHicicmies 
claimed  by  the  manufacturers  of  rotary  converters  were  not  realised  in 
praeticc.  The  efficiency  curves  in  the  Pajier  v/ere  not  calculated  from 
the  separate  losses,  but  were  actually  obtained.  He  had  licforc  him 
some  figures  taken  in  the  Manchester  Corporation  electricity  works  to 
ascertain  the  efficiency  of  motor  converters  and  motor  geiieialors  under 
netiial  running  conditions.  Although  the  machines  were  built  for  the 
extremely  high  voltage  regulation  of  30  per  cent.,  the  efficiencies  were 
very  high,  in  fact,  at  a  quarter  load  considerably  higher  than  giviii  in 
the  Paper.  The  efficiency  of  a  250  kw.  motor  converter  at  fail  load  was 
found  to  be  89-2  per  cent.,  and  of  the  motor  generators  in  the  stations 
85-5  and  86-()  per  cent.  At  quarter  load  the  efficiency  of  the  motor  con- 
verter was  85-0  per  cent,  and  of  the  motor  generator  74  per  cent. 


CORRESPONDENCE. 


PARALLEL  RUNNING  WITH  EARTHED  NEUTRALS. 

TO  THE   EDITOR   OF   THE   ELECTRICIAN, 

Sn; :  When  writing  my  letter  of  the  2Gth  ult.  I  was  under 
the  impression  that  the  suggestion  of  using  choking  coils  to 
conuect  the  neutrals  to  earth  was  a  novel  one.  The  letters  in 
your  last  issue  make  it  clear  that  the  idea  has  occurred  to 
others.  But  the  only  important  matter  is  to  discu.ss  how  such 
choking  coils  would  work,  and  this  was  the  main  object  of  my 
letter.  Mr.  Brazil  is  not  <juite  correct  in  assuming  that  I  re- 
commend choking  coils  in  preference  to  resistances  for  opposing 
the  normal  frequency  earth  ciurents.  .\11  I  said  was  that  it 
would  be  eas}^  to  design  the  choking  coils  for  such  a  purpose. 
The  arrangement  I  suggested  involved  the  use  of  some  form 
of  resistance.  The  particular  form  of  resistance  recommended 
by  liim  may  have  advantages  over  others,  but  when  I  wrote 
my  letter  I  was  quite  unaware  of  Mr.  Brazil's  suggestions. 

Prof.  Marchant,  while  agreeing  with  me  that  the  large  cir- 
culating current  around  two  machines  is  due  to  the  compara- 
tively small  inductance  of  the  local  circuit,  expresses  some 
doubt  aliout  my  statement  that  the  star  connected  windings 
of  the  alternator  form  a  practically  non-inductive  combination 
so  far  as  the  triple  frequency  currents  ai'e  concerned.  He 
alludes  to  the  "slot  leakage  flux,"  and  is  quite  correct  in 
implying  that  this  will  cause  .some  inductance  in  the  coils. 
But  the  main  coil  flux  is  due  to  the  action  of  the  currents  on 
the  normal  magnetic  circuit  of  the  machine,  and  my  point 
was  that  when  a  current  flows  from  the  neutral  point  to  the 
mains  through  the  three  windings  the  joint  magnetising  effect 
on  the  normal  magnetic  circuit  is  nil,  or  negligible,  and  that, 
except  for  small  leakage  effects,  no  reactive  E.M.F.s  .are  in- 
duced in  the  coils.  When  a  machine  is  working  under  normal 
conditions  the  currents  in  the  three  windings  are  so  directed 
that  the  sum  of  the  currents  flowing  from  the  neutral  point  is 
zero  at  each  instant — that  is,  if  one  of  the  currents  flowing  to 
neutral  is  10  amperes  and  the  other  two  currents  are  flowing 
from  neutral,  the  sum  of  the  two  latter  currents  is  also  10 
amperes.  Currents  fulfilling  this  condition  magnetise  the  iron 
strongly.  If,  however,  one  of  the  currents  were  reversed  in 
phase,  the  other  currents  remaining  as  before,  the  joint  mag- 
netising effect  of  the  currents  would  be  zero,  except  for  small 
secondary  cft'ects  due  to  leakage.  This  can  readily  be  seen  by 
studying  the  distribution  of  currents  in  the  stator  windings  of 
a  three-ph.ose  motor  with  rotor  on  open  circuit.  When  the 
triple  frequency  current  flows  between  the  neutnal  point  and 
the  mains  it  is  in  the  same  phase  in  each  winding,  and  at  every 
instant  is  similarly  directed  in  each  coil  as  regards  the  neutral 
point.  The  result  is  that  very  little  magnetism  is  produced  by 
such  currents,  aud  the  coils  are  essentially  non-inductive.  In 
fact,  if  the  distribution  of  currents  is  examined,  it  will  be 
found  that  adjacent  conductors  are  traversed  by  equal  currents 
flowing  in  opposite  directions.  The  armatures  act  almost  like 
dead  resistances  for  these  triple  frc'iucncy  curre.its.  When 
two  machines  are  connected  by  their  neutral  points  1  think  it 
probable  that  it  is  principally  owing  to  this  fact  that  these 
triple  frequency  currents  arc  so  noticeable. — I  am,  &c., 

May  10.  W.  E.  SuJii'NER. 

ACCUMULATORS  FOR  PEAK  LOADS. 

TO  THE  EDITOR  OE  THE  ELECTRICIAN. 

Siu  ;  The  announcement  as  to  IManchester,  which  you  were 
able  to  make  last  week,  is  very  satisfactory,  and  Mr.  Pcarcc  is 
entitled  to  much  congratulation  on  his  practical  advocacy  of 
views  which  coincide  with  my  own. 

I  do  not  anticipate,  however,  that  he  will  long  be  in  the 
proud  position  of  lieing  sole  exemplar  of  the  Lighting  Peik 
Battery  policy. 

As  regards  my  personal  efforts  to  further  this  cause  (ably 
assisted  by  your  paper),  which  you  were  good  enough  to  touch 
upon,  I  feel  I  have  only  very  clumsily  put  forward,  as  it  has 
developed,  what  has  been  in  my  mind  ;  but  it  is  rather  signifi- 
cant that  the  only  two  engineers  to  whom  I  have  had  an 
opportunity  of  putting  forward  what  I  consider  the  most  im- 
pressive and  up-to-date  a.spect  of  the  ca=e  have  Mh  decided  to 
put  in  large  batteries. — I  am,  &c., 

King's  Heath,  May  11.  A.  M.  Taylor. 
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SOME  '  ELECTRIC  AMD  ORDNANCE  '  SPECIALITIES. 

VVr  air  often  told  by  those  wlio  ..iifilit  t,,  Uiiou  tliat  U,  sueeeed 
ill  electiieal  engineering  work  our  attention  slioiild  be  eontined  to 
one  particular  braneh  of  the  subjeet— in  faet.  tliat  wc  should  spe- 
cialise—Md  that  to  wander  at  oiu-  own  sweet  will  over  t  he  whole  range 
of  the  profession,  even  if  it  does  not  lead  to  tlisaster.  will  not  bi  ing  us 
to  the  top  of  the  tree.  Like  all  generalisations,  this  statement  is 
sometimes  true  ;  on  the  other  hand,  it  is  often  false,  for  it  is  not 
■it  all  difficult  to  point  out  both  men  and  firms  who,  not  con- 
iiniiig  tliemselves  to  one  narrow  groove,  have  achieved  success  in 
iiiuneioiis  directions.  Among  the  firms  of  whom  this  is  true  may 
1)  ■  placed  tlie  Kleetrie  &  (Jidnance  .Accessories  (,'o..  of  Birming- 
ham, who  are  well  noted  as  general  specialists. 

Fh'st  among  their  i)roduets  may  certainly  be  placed  controllers  of 
all  kinds  and  sizes,  suitable  for  both  series,  shunt  and  compound  con- 
tinuous-current motors,  as  well  as  for  alternating-cm-rent  slip-ring 
nicitors.  The  company's  new  catalogue  shows  that  these  con- 
ire  listed  for  capacities  betweei    75  H. P.  and  125  H.P.,  and 
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for  standard  voltages  of 
from  110  to  125,  220 
to  250  and  440  to  .500 
volts.  These  controllers 
are  equipped  with  all  the 
necessary  fittings,  includ- 
ing braking  stops  for 
tramway  and  crane  work. 


liined  swit<-h  and  fuse  ut  the  double-pole  type  and  an  "  .Viitiij/iad  " 
starter  is  shown  in  Fig.  1. 

This  starter  works  in  the  following  way  :  The  handle,  wliich  carries 
a  small  pot  magnet,  and  which  at  its  "  off  "  position  is  on  the  right 
of  the  starter,  is  pushed  over  to  the  left  and  pick.*!  up  the  starting 
lever.  This  action  compresses  a  steel  spring,  which  flraws  tlie  sw!t<-h 
arm  over  the  contact  plates.  This  movement  is  controlled  by  a 
dash  pot,  so  that  the  motor  cannot  start  up  t<M)  rapidlj-.  The  over- 
load acts  both  during  switching  on  and  when  the  motor  is  running. 
It  de-energises  the  pot  magnet  mentioned  above  and  causes  the 
switch  arm  to  Hy  back.  The  controlling  action  of  the  dash  j)ot 
renders  it  impossible,  it  is  claimed,  to  accelerate  the  switch  suffi- 
ciently to  cause  damage  to  the  motor,  and  thus  makes  the  starter 
practically  fool-proof. 

An  iron-clad  combined  ((uickliieak  lever  switch  and  fuse  similar 
to  that  shown  in  Kig.  1  is  illiistrate<l  upen  in  Fig.  2.  This  switch 
has  been  specially  designed  for  house  service  and  motor  work,  it. s 
purpose  being  to  replace  the  more  or  less  unsatisfactory  arrange- 
ments hitherto  em|)loyed.  It  combines  the  tlvree  separate  devices — 
viz.,  the  double-pole  switch,  the  two  single-pole  main  fuses  and  the 
connecting  cables,  inone,  and  is  at  the  same  time  claimed  to  be  a 
much  sounder  piece  of  apparatus.  The  case  is  of  cast  iron.  asl)e3tos- 
lined  and  provided  with  inlet  and  outlet  glands  that  can  be  adapted 
to  take  any  kind  of  tubing.  Separate  slate  bases  are  ])rovided  for 
each  pole,  on  which  are  m(junted  self-aligning  and  renewable  cop|«>r 
contacts,  as  well  as  sweating  sockets  and  the  other  necessary  switch 
fittings.  Tliese  bases  are  well  insulated  from  the  iron  ca.ses.  and  the 
poles  are  also  .separated  by  an  insulating  fillet.     The  switch  lever  and 


Via.  1. — .Motor  P.-^xel,  fitted  waxH 
"  Stellite  "  <JuicK  KEr.iK  D.P.  Switch 

.\ND  FtrSES  AND  "  .Al'TOORAD   "  iStARTER. 


Fig.    2. — ''Steli.ite"   (Juick 
Break  Switch  and  Fuse  ((3pen). 


Fui.  3.— Croic  of  •'Stei.i.ite  " 

IXSII.ATORS. 


if  necessary.  One  type  of  crane  controller  is  fitted  on  the  hoisting 
side  with  two  "dead-slow"'  contacts,  in  addition  to  the  ordinary  con- 
tacts, and  is  specially  intended  for  foundry  work.  \n  interesting  con- 
troller is  that  of  the  "'  D.  X."  or  double  voltage,  type.  It  is  used 
when  a  wide  range  of  speed  is  required,  and  is  so  arranged  that  the 
motor  is  first  put  across  one  outer  and  the  neutral  of  a  three-wire 
system,  and  is  then  put  across  the  two  outers.  Shunt  regulation  is 
obtained  on  the  low-voltage,  as  well  as  on  the  high-voltage,  side, 
w  liile  it  is  claimed  the  change  over  from  low  to  high  voltage  is  effected 
((uitc  sparklessly. 

In  these  days,  when  the  use  of  the  electric  drive  is  becoming  more 
and  more  extended,  and  is  finding  its  way  into  remote  ]ilaces  where 
the  attendance  is  far  from  skilled,  it  is  very  necessary  that  the  starting 
etiui|)ment  should  be  arranged  to  stand  "  the  heartache  and  a  thou- 
sand natural  shocks  "  that  motor  starters  are  heir  to  without  being 
itself  damaged  or  damaging  other  peo|)le.  These  somewhat  arduous 
conditions  are.  it  is  ihiimed,  fulHllecl  by  the  "  .-Vutograd  "  starter 
of  the  Electric  iV  Ordnani-e  .\en-ssories  Co.  The  general  construction 
of  these  starters  is  identical  with  that  of  the  firm's  well-known  stan- 
dard type,  the  only  difference  being  that  in  the  "  .\utograd  "  all 
resiionsibility  is  taken  from  the  operator.  The  motor  can  only  be 
started  up  gradually,  and  all  the  operator  has  to  do  is  to  push  the 
handle  to  the  starting  position,  the  automatic  accelerating  gear  doing 
the  rest.     A  starting  (.anel  fitted  with  iron-clad  i|uickl)ieak  com- 


all  outside  parts  are  insulated  and  an  earthing  terminal  is  provitled. 
The  switch  is  designed  on  generous  lines,  so  that  the  resistance  is  low 
and  heating  is  avoided.  The  mechanism  is  simple,  the  actual  quick 
make  and  break  being  operated  by  inclined  angle  pieces  which  arc  cast 
.solid  with  the  bottom  of  the  case.  These  work  in  conjunction  with  two 
special  ])lungers.  fitted  with  steel  rollers,  on  the  brass  switch  blade 
and  fuse-carrying  body.  In  closing  the  switch  each  plunger  engages 
with  one  of  tlic  angle  pieces,  and  is  under  com|>ression  until  the  to)» 
of  the  angle  piece  is  reached.  The  it)mpression  is  then  released,  ami. 
owing  to  the  inclined  surface  of  the  angle  piece,  the  switch  blades  are 
rapidly  driven  home  and  a  "'  quick  make  '"  thus  effected.  .\  ""  (juick 
break  "'  is  similarly  obtained.    The  sw  itch  lever  works  in  a  loose  link. 

.\nother  sijeciality  of  the  Kleetrie  &  Ordnance  .Accessories  Co.  are 
insulators,  a  number  of  which  are  shown  in  Fig.  3.  These  arc  made 
at  the  firm's  own  factory,  and  merely  illustrate  what  has  been  done 
in  this  direction.  The  examples  arc  not  intended  to  be  exhaustive, 
and  other  porcelain  ware,  such  as  ceiling  roses,  counter  counter- 
weights, cut-outs  and  high-tension  insulators  for  switehhoartl  and 
external  line  work  are  also  made. 

Ctues.sing  is  not  a  scientific  operation  :  and  it  is.  iheroloiv.  by  no 
means surprising',that  it  sometimes  leads  to  eurious  results.  In  in.Kieni 
cutting  proces.ses.  owing  to  keen  comix'tition  ami  the  higher  speeds 
made  possible  by  the  use  of  higli-spei-il  steel,  it  is  iieees,snry  to  have 
some  accurate  inethod  of  arriving  at  the  correct  cutting  siiecd  of  tho 
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tool.  Guessing  can  be  employed,  but  this  is  not  accurate  even  wlien 
(lone  by  experts,  for  one  of  these  latt<'r  estimated  in  a  sjieoial  that 
tlie  speed  was  four  times  cheater  than  it  really  was.  Tachometers 
also  have  certain  olijections  owing  to  tlic  vibration  of  the  indicating 
finger  and  friction,  so  tliat  some  otlier  method  is  really  required. 
These  disadvantages  are.  it  is  claimed,  overcome  by  using  a"Warner" 
cut-meter.  This  consists  essentially  of  a  [lerniantnt  magnet  fas- 
tened to  a  spindle,  at  one  end  of  Hhich  is  a  dri\ing  wheel  or  disc 
fitted  with  a  rubber  tyre.  When  this  tyre  is  placed  against  any 
revolving  body  the  magnet  actuates  an  aluminium  dial  calibrated 
in  feet  or  metres  per  minute,  as  may  br  required.  A  portion  of  this 
dial  is  visible  through  a  small  glass  window  in  the  instrument  ca.se. 
and  a  line  etched  on  it  allows  the  exact  speed  of  the  tool  to  be 
accurately  read  off. 

The  apparatus  described  and  illustrated  forms  only  a  part  of  those 
contained  in  a  set  of  catalogues  recently  issued  by  the  Electric  & 
Ordnance  Accessories  Co.  These,  in  their  turn,  only  form  a  part  of 
the  equi])ment  tmned  out  by  the  firm.  Other  specialities  include 
fans,  which  we  dealt  with  in  the  last  issue  of  our  iN'm'.sTRiAl.  Srr- 
I'l.EMENT,  telephones,  switchgear  and  arc  lamps. 


PATENT  OFFICE  PROCEDURE. 

In  tuture  'he  following  procedure  will  apply  in  all  casi-s  of  ap)ilica- 
tions  for  revocation  of  patents  under  Sees.  -.'V  and  7H  to  81  of  the 
I'atents  and  Designs  Act.  1907  : — 

1.  The  applicant  should  .simultaneously  «  ilh  )iis  application  on  patents 
form  24  leave  at  the  office  evidence  by  way  of  statutory  declaratinn, 
stating  the  particulars  upon  which  he  relies  in  support  of  theallegations 
contained  in  the  application  :  the  copy  of  the  application  delivered  to 
the  patentee  or  his  ai;ent,  in  accordance  with  jiatents  rule  78,  should  lie 
accompanied  with  copies  nf  such  evidence. 

2.  The  patentee  should,  within  14  days  from  the  delivery  of  such  copy 
or  within  such  further  time  as  the  Com|>troller  may  allow,  leave  at  the 
"fUce  evidence  by  way  of  statutory  declaiatiou  stating  whether  or  not  the 
allegations  contained  in  the  application  are  correct  ;  and,  if  they  are 
incorrect,  giving  the  particulars  upon  which  he  intends  to  rely  in  answer 
to  the  allegations  made  by  the  applicant.  Copies  of  such  evidence 
should  at  the  same  time  be  dehvered  to  the  a))plieant. 

,3.  .Should  the  applicant  then  decide  to  jiroceed  with  his  application,  he 
may  then  leave  and  deliver  further  statutory  declarations  in  answer,  in 
accordance  with  the  provisions  of  the  latter  part  of  rule  79. 

4.  The  Comjitrdller  will  then  intimate  to  the  jiarties  whether,  having 
regard  to  the  circumstances  of  (he  case,  he  considers  it  desirable  and 
intends  to  h.old  a  preliminary  hearing  on  the  question  whether  a  prima 
Jricic  case  has  been  made  in  support  of  the  allegations  in  the  application, 
or  whether  he  intends  in  ordinary  course  to  deal  at  one  hearing  with  the 
whole  case,  including  the  further  (juestions  whether  the  patentee  can 

; prove  that  the  ])atcntcd  article  or  process  is  manufactured  or  carried  on 
to  an  adequate  extent  in  the  United  Kini;dom,  in-  can  give  satisfactory 
reasons  why  the  article  or  process  is  not  so  manufactured  or  carried  on. 

5.  Should  the  Comptroller  think  fit  to  hold  a  preliminary  hearing  as 
aforesaid,  and  as  a  result  of  such  healing,  decide  that  a  /jrima  facie  ca.se 
has  l)cen  made  in  su])port  of  the  allegations  in  the  application,  or  should 
he  determine  to  |iroceed  in  ordinary  course  to  deal  at  one  hearing  with  the 
whole  case,  including  the  further  (piestiims  mentioned  in  head  (41,  then, 
and  in  either  of  the  said  ca.ses.  he  will  gi\;e  to  the  )>atcntee  further  time 
for  leaving  at  the  office  and  delivering  to  the  applicant,  pursuant  to 
rule  7!>,  evidence  by  way  of  .statutory  declaratiiui  with  regard  t(.  such 
further  <|uestions  or  either  of  them,  and  will  suliscipieutly  give  to  the 
applicant,  under  rule  79.  and  thereafter  if  necessary  to  the  patentee  under 
ruli-  SO.  further  time  for  leaving  f\irther  evidence  by  way  of  statutory 
declaration  with  regard  to  such  questicms  ov  either  of  them  in  answer  or 
re])ly  as  the  case  nia_\'  be. 

li.  In  the  event  of  an  application  under  sec.  27  being  unccmtested  by 
the  patentee,  the  Ci>iii]itroller  in  deciding  whether  costs  should  be  awarded 
to  the  ap|ilicant  will  consider  whether  proceedings  under  the  section 
might  have  )>ecn  avoided  if  reasonable  notice  had  been  given  liy  the  ap- 
jiluant  lo  the  patentee  before  the  application  was  tiled. 


High  Frequency  Electric  Oscillations. — A  patent  recently 
issued  to  -Ml  Otto  Siheller  of  Stegiitz  describes  a  modification 
of  the  Poiilsen  system,  in  wiiicii  he  makes  nsr.  of  the  hc:it  of 
the  are  to  jjroiluce  tlie  hyili(jgen  atmospiu-ro  reriuired  for  these 
high-fre(|Uency  oscillations,  lie  places  a  vessel  ccjntaining  a 
liijiiid  hydrogen  compound  .above  tlie  ciiamber  enclosing  the 
electrodes  of  the  arc.  The  liquid  is  fed  by  drops  upon  tlie 
electrode  near  the  arc,  and  is  immediately  evaporated  by  the 
heat,  tile  hydrogen  atmosphere  thus  lioiMg  maintained.  At 
tile  same  time  the  electrode  is  cooled.  In  older  to  provide 
against  an  explosion  when  starting  the  apparatus,  safct)  valves 
arc  fitted  to  the  arc  chambers. 


LEGAL  INTELLIGENCE. 


Telegraph  Construction  &  Maintenance  Co.  v.    Merchant   &  Co- 
and  A.  Cohen  &  Co. 

The  hearing  of  this  action  was  commenced  by  Mr.  Justice  Lawrauce 
and  a  s])ecial  jury  last  week,  and  arose  out  of  thefts  of  large  quantities' of 
guttapercha  from  plaintiffs. 

Mr.  Shearman.  K.C,  and  Mr.  Disturnal  were  for  plaintiffs  :  Mr.  Rufus 
Isaacs,  K.C.  and  Mr.  .1.  R.  Atkin,  K.C,  and  Mr.  R.  B.  Murphey  for  defen- 
dants  Cohen  &  Co.,  and  Mr.  Spencer  Bower.  K.C,  and  .Mr.  P.  T.  Black- 
well  tor  Merchant  &  Co. 

Mr.  Shearman  said  plaintiff  company  were  the  largest  makers  in  the 
world  of  submarine  telegraph  cables  in  the  manufacture  of  which  they 
used  a  large  quantity  of  guttapercha.  Plaintiffs"  claim  against  both 
defendants  arose  out  of  large  quantities  of  gutta-purcha  which  had  been 
stolen  from  plaintiffs  and  had  found  its  way  first  to  .Merchant  &  Co.  and 
then  to  Cohen  &  Co..  the  latter  being  the  substantial  firm  in  the  matter. 
Between  190")  .uid  1908  serious  thefts  of  gutta  percha  took  place  from 
]ilaintiffs'  wurks.  and  upon  inquiries  the  stuff  was  traced  to  a  small  shop 
kept  by  .Merchant  &  Co..  who  sold  some  of  it  to  Cohen  *  Co.  A  man 
named  Boniface  and  several  workmen  of  ])laintiffs  were  proseimted  for 
the  theft  and  Boniface  received  18  months  imprisonment.  The  main 
question  was  the  value  of  the  gutta  percha,  as  Messrs.  Cohen  had 
admitted  that  a  portion  of  the  goods  in  question  belonged  to  plaintiffs, 
hut  denied  that  the  value  was,  as  .stated  by  plaintiffs,  about  4s.  per 
]>oiind. 

Mr.  W.  P.  (inA.NVlLLE,  assistant  manager  of  plaintiffs'  winks,  said  the 
police  in  .lanuary,  1908,  brought  to  them  a  large  quantity  of  gutta- 
percha stolen  from  them,  and  the  result  was  the  conviction  of  Boniface 
and  others.  They  had  received  back  from  Messrs.  Cohen  a  quantity  of 
gutta  and  had  credited  theni  with  the  value  in  the  claim.  The  gutta- 
percha which  had  been  returned  to  plaintiffs  by  Cohen's  had  cost  3d. 
per  lb.  to  finish. 

In  cr<iss-c.\aniination  Mr.  Granville  said  Messr.-,.  Cohen  had  given 
plaintiffs  every  information  and  submitted  their  books  for  plaintiffs' 
insj)ection.  A  parcel  of  21  ewt.  was  identified  by  one  of  plaintiffs'  men 
as  belonging  to  them  at  Messrs.  Cohen's  and  they  allowed  the  police  to 
remove  that  parcel.  A  parcel  of  28  cwt.  was  recoveretl  by  Messrs. 
C'ohen  from  Messrs.  R.  &  J.  Dick  and  handed  to  ])laintiffs.  The  market 
in  raw  gutta  percha  was  very  limited  and  was  only  dealt  in  by  broker.s. 
There  were  no  current  prices,  and  it  would  not  be  possible  to  trace 
stolen  gutta  percha  to  the  brokers'  sales.  His  company  dealt  with 
abfiut  1,000  tons  of  gutta  percha  yearly. 

Mr.  Isaacs  remarked  that  the  witness  having  adniiftcd  the  hona- 
Hdes  of  Messrs.  Cohen,  the  only  question  thiit  remained  was  thai  of  the 
value  of  the  gutta-percha. 

Mr.  Granvii.i.e  said  none  of  the  stolen  gutta  was  raw.  I)nt  was  all 
partly  manufactured. 

In  reexamination  he  said  that  21  cwt.  were  given  n]>  by  Messrs. 
Cohen  and  a  quantity  was  in  blocks  bearing  the  impress  of  parts  of  a 
man's  body.  No  firm  could  buy  such  blocks  as  parts  of  an  ordinary 
consignment  of  gutta.  Witness  valued  the  stuff'  at  4s.  per  lb.  fin-  the 
p(jlice  court  ])roceedings  against  the  men  who  were  convicted. 

Chas.  Bo.NiFAfE  said  he  was  in  the  employ  of  plaintiffs  for  19  years 
u])  to  two  years  ago.  From  1905  to  1908  several  men  used  to  bring 
witness  soft  gutta  and  he  immediately  disfigured  it  and  sold  it  to  Mer- 
chant &  Co.,  who  kept  a  private  house.  He  did  not  know  Merchant  & 
Co.  but  saw  a  man  named  .Jewell  there  (.Jewell  stood  forward  in  Court, 
and  witness  identified  him).  Sometimes  his  wife  took  it  in.  Mer- 
chant's used  to  .send  a  carman  to  witness's  hou.se  for  the  stuff,  for  which 
he  got  9d.  per  pound. 

BJr.  CiiAs.  W.  ALi.Eit,  ohief  clerk  to  plaintiffs,  submitted  Kgures  as  to 
the  value  of  the  guttapercha,  and  .said  a  sam|)le  was  made  up  of  the 
goods  returned  from  Cohen's  and  Dick's  ani  submitted  to  a  German 
firm,  the  result  being  an  order  for  2  tens  at  5s.  Id.  per  pound. 

Mr.  KriTs  Isaacs  said  he  took  the  point  that  plaintirts  had  not 
established,  by  any  evidence  against  Cohen  &  Co.,  th.it  they  received 
1  lb.  more  than  they  said  they  received  and  accounted  for.  The  ques- 
tioii  of  value  was,  of  course,  in  ilispute. 

Mr.  BowEK  (for  defendants  Merchant  &  Co.)  said  Mr.  Merchant 
was  dead,  and  his  widow  represented  the  firm.  It  was  very  hard  on 
her  that  buying  gutta,  as  she  believed  honestlv,  she  should  have  to 
pay  again  its  value.  But  she  ought  not  to  be  made  to  pay  more  than 
the  actual  value. 

Mr.  Isaacs  (for  Messrs.  Cohen !  said  that  the  firm  had  been  in  busi- 
ness for  over  100  years,  and  were  highly  respected  in  the  trade.  The 
question  was,  what  was  the  real  value  of  the  gutta  at  the  time  it 
came  into  the  possession  of  Messrs.  Cohen. 

Miss  McKnh:ht  (daughter  of  Mrs.  Merchant)  said  Merchant  ife  Co. 
started  buying  from  Boniface  before  she  had  anything  to  do  with  the 
liooks.  She  never  asked  who  Boniface  was.  Jewell  left  .Merchant's  ju.st 
before  the  trouble. 

Mr.  A.  McKnioiit  said  that  after  Jewell  Wfts  engaged  l>y  his  mother 
the  firm  dealt  in  gutta-percha.  &c.  They  bought  from  Boniface 
through  Jewell,  who  then  kept  the  books.  He  believed  Boniface  came 
to  the  firm.  He  had  offered  gutta-percha  to  other  firms  besides  Colien, 
but  tlie  price  offered  was  too  low.  He  did  not  know  where  Jewell  was 
employed,  before  he  came  to  Merclmnt's. 

Mr.  Simon  G.  Coiien,  partuei-  in  the  firm  of  Cohen  &  Co.,  said  that  in 
March,  1905,  his  firm  iKJught  from  Merchant  &  Co.  waste  rubber,  ,ind 
their  first  purchase  of  gutta  was  in  August  of  that  year.    They  bought 
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from  Merchant  k  Co.  256c\vt.  211>.  in  all,  and  it  was  paid  for  in  the 
ii'iual  way,  all  the  transactions  appearing  in  their  ledji-ers.  He  had  not 
the  slifrhtest  idea  that  any  of  the  stuff  he  bought  was  stolen  from 
plaintiffs.  The  average  price  he  paid  for  it  was  lljd.  per  pound,  and 
the  sale  price  was  under  Is.  2id.  [>er  pound.  When  it  was  found  the 
"■utta  percha  was  stolen  it  was  at  once  given  up.  Block  gutta  peroha 
might  be  offered  for  sale  in  any  sha|)e.  He  looked  on  the  gutta 
percha  bought  from  Merchant's  as  waste. 

Other  evidence  followed,  which  closed  defendants'  case. 

Mr.  Justice  Lawba.N(  e,  in  summing  up  the  case  to  the  jury,  said 
the  only  question  they  liad  to  try  was  what  w.ts  the  fair  and  reason- 
able suiii  to  be  paid  to  plaintiffs  for  their  loss.  They  need  not  trouble 
about  the  way  the  goods  were  stolen  b_v  Boniface  and  the  other  men 
in  plaintiffs'  employ,  as  that  was  not  the  question  they  were  trying. 
The  jurj-  had  to  say  what  was  the  value  of  the  guttapercha  which  had 
not  been  returned  to  plaintifi's. 

In  the  result  the  jury  returned  a  verdict  for  plaintiff  for  3s.  fid.  a 
pound  for  all  guttapercha  not  returned  to  them,  and  judgment  was 
accordingly  entered  for  plaintiff  for  £4,057.  43.  and  costs,  and  an  order 
was  made  for  payment  out  to  them  of  £1,500  in  court. 


Consolidated  Nickel,  Tin  &  Copper  Mines  v.  Crompton  &  Co. 

Tile  evidenit*  in  tliis  la^^c  was  resunital  u  ht*n 

Mr.  Thomas  Tomkin  said  that  before  the  in.stallation  cif  the  electrii.- 
plant  in  the  mine  he  had  had  iir)  experience  of  electric  pumps  or  gas 
engines.  He  and  his  men  had  nothing  to  do  with  the  setting  up  of  the 
plant,  except  such  hel]i  as  they  rendered  imder  the  supervisicm  of  Messrs. 
Croxsley's  or  Messrs.  Crompton's  men.  The  Worthington  pump  was 
delivered  on  .Iidy  23,  but  it  was  not  complete,  and  whilst  negotiations 
were  proceeding  with  regard  to  these  missing  parts  a  temporary  jiimip 
was  erected.  He  came  to  the  conclusion  that  the  motor  was  not  strong 
enough  for  the  work  it  had  to  do.  He  noticed  that  where  they  were 
using  a  long  suction  pipe  and  the  piinq)  was  falling  off  in  efficiency  the 
motor  seemed  to  drive  it  more  easily,  hut  when  they  used  a  shorter 
suction  pipe  and  worked  the  pump  up  to  its  full  capacity  the  motor  did 
not  seem  equal  to  the  task  and  the  insidation  burnt.  Witness  reported 
these  observaticms  to  Mr.  Williamson  and  his  report  was  communicated 
to  defendants.  Before  they  had  got  the  pumji  at  work  again  after  the 
last  breakdown  the  water  had  again  risen  to  the  adit  level,  and  all  the 
mining  operations  had  to  be  stopped.  After  se%'eral  repairs  the  motor 
was  returned,  but  even  since  they  had  had  several  short  stoppages, 
owing  to  the  overheating  of  the  exciter,  &c..  but  from  that  time  onwards 
-Mr.  Garner.  eni))loyed  li\-  plaintiff's,  had  had  charge  of  the  electrical  part 
of  the  plant,  and  they  had  pumped  out  the  water  to  a  depth  of  93  ft.,  and. 
acting  on  the  instructions  of  .Mr.  Norbert,  they  had  maintained  the  water 
at  that  level.  He  admitted  that  he  had  only  had  experience  with  Cornish 
pumps.  He  gathered  his  opinion  that  the  motor  wa.s  not  stron<?  enough 
from  his  observations  of  it  whilst  it  was  working. 

By  Mr.  Abei,  Thom.\s  :  Was  there  ever  in  your  reports  any  suggestion 
that  the  pum|)  was  incapable  of  pumping  1.000  gallons  per  minute  ? — I 
do  not  think  so. 

Yet  you  tell  us  you  lia\c  thought  so  all  ainng. — I  do  not  think  the 
motor  is  sufficient  to  drive  thv  pump  so  that  it  can  give  that 
output.  He  denied  that  he  had  any  prejudice  against  electrically- 
driven  pumps:  in  fact,  he  was  rather  in  favour  of  them,  as  they 
were  verj'  convenient.  Altogether,  the  plant  broke  down  four  times. 
Ci-ompton's  men  had  nc\er  suggi'sted  that  the  breakdowns  were  caus<>d 
by  the  incompetence  of  witness's  men  in  handling  the  plant. 

Mr.  S.  R.  Tomkin,  son  of  ])revioiis  witness,  and  assistant  to  his  father, 
said  complaint  had  never  been  made  as  to  the  incompetence  of  the  plain- 
tiff's men  working  the  plant. 

Wm.  S.anuox.  w  ho  was  engaged  to  help  Crossley's  men  in  the  erection 
of  the  gas  plant,  said  they  were  in  the  habit  of  starting  the  whole  plant 
frcun  the  engine.  He  knew  there  was  a  triple  ])ole  switch  at  the  mouth 
of  the  mine  for  starting  the  motor,  but  to  his  knowledge  it  was  never 
used.  They  started  by  speeding  u])  the  engine  and  generator.  They 
had  always  had  trouble  with  the  governors  of  the  engiiu-  and  they  did 
not  work  projierly  now.  .Mr.  Craig  had  never  com])lained  that  witness 
did  not  run  the  engine  properly,  and  he  was  still  emplcjyed  at  the  mine 
doing  .so.  He  had  had  ni>e.\])erience  of  gas  engines  until  he  was  employed 
at  the  Wheal  Busy  mine.  He  found  that  if  the  engine  worked  irregidarly 
the  motor  got  hot.  .Sonietinu's  the  motor  got  out  of  step,  but  seldoni. 
When  that  hajipcnecl  they  had  to  switch  off.  During  the  last  six  months 
they  found  that  the  thing  worked  all  right.  He  did  not  think  that  was 
because  the  engine  drivers  had  learnt  their  business.  The  governor  had 
been  improved  iqion  by  Garner. 

.Mr.  Gilbert  Rosexhisch  .said  that  in  .lanuary  last  he  examined  the 
various  parts  cjf  the  machinery  and  he  also  measured  the  water  that  was 
being  pumpc-d.  He  hid  no  criticism  to  make  about  the  [jinducer  |)lant. 
With  regard  to  the  engine,  in  his  view  that  was  not  satisfactory  and  did 
not  c-omply  with  the  specification  with  regard  to  the  Hywheels,  which 
shoidd  have  been  three  times  the  weight.  The  running  of  the  engine 
was  affected  by  this  want  of  weight  and  therefore  the  running  would  he 
very  irregular.  The  degiei  of  regularity  would  be  affected  by  the 
variation  of  the  load.  'I'heif  were  two  Hywheels,  and  in  addition  the 
,)ulley  carrying  a  heavy  belt  dividing  the  generator  was  fixed  on  an 
overhanging  projection  of  the  main  shaft  of  the  engine  .so  that  the  centiv 
— the  driving  pulley  outside  the  Hywheel — was  some  2  ft.  from  the 
nearest  support.  The  result  of  that  was  that  the  shaft  became  bent. 
,and  was  the  cause  of  Imt  liearings,  which  must  involve  the  wearing  of 
the  bra.s.ses.      He  ex.uuineil  the  governor  and  fuuiul  that  it  li.id  been  sei 


so  that  it  did  not  govern  the  s]ncd  of  the  engine.  The  (lywhcel  of  the 
engine  was  so  very  light  the  governor  was  unable  to  prevent  abnormal 
fluctuations  in  speed.  The  alternator  was  not  of  the  modem  ty|)e  pro- 
vided for  in  the  s|)ecification.  There  was  also  an  absence  of  anything 
to  prevent  the  oil  from  splashing  on  to  the  field  windings.  The  exciter 
W.1S  of  extremely  low  voltage.  In  his  opinicm.  40  volts  was  extremely 
low,  the  usual  voltage  Ix-ing  110.  The  switchboard  was  defective,  the 
current  reading  ammetei-s  being  too  large  for  the  working  current. 
There  was  no  wattmeter  or  any  means  of  telling  what  power  wa«  being 
taken.  There  was  no  starting  switch  for  the  motor.  The  fuses  were  so 
large  that  they  did  not  give  the  desired  protection.  The  main  cable 
leading  from  the  switchboard  to  the  motor  was  hung  unsatisfactorily. 
The  cable  was  rubber  covered.  Bitumen  would  have  lieen  a  far  better 
insulaticm.  If  continuous  running  of  the  motor  was  necessary  the  heat 
generated  must  be  dissipated.  The  motor  was  not  totally  enclosed.  It 
had  air  jtipes  inserted  to  produce  a  passage  of  air  through  the  motor  and 
therefore  was  a  ventilated  motor.  If  air  pi|)es  had  iK-en  added  after- 
wards it  would  indicate  that  they  found  the  motor  was  getting  too  hot. 
Increase  of  load  on  the  motor  would  tend  to  increased  heating.  He  had 
made  a  calculation  for  the  purpose  of  testing  theoretically  whether  the 
motor  was  powerful  enough  for  the  work  to  be  done.  'I'hey  ought  to 
have  had  an  engine  of  from  1 1.5  to  120  h.p.  The  engine  as  supplied  could 
not  have  kept  the  work  going  even  if  the  ])ump  had  done  the  proper 
M(uk.  The  plant  could  not  do  the  duty  which  was  required  under  the 
contrac-t. 

Cross-examined  by  Mr.  .Abel  Thomas,  witness  said  that  until  he 
came  to  England  in  1898  his  experience  was  entirely  in  .America. 

You  sav  the  Crossley  engine  is  hopelesslv  wrong  ? — Ye.s.  for  this  kind 
of  work.  ■ 

What  does  this  class  of  work  require  different  tu  any  other  ? — It 
requires  constant  speed. 

\Vith  a  71  H.p.  gas  engine  diiving  an  electric  generator,  would  you 
want  heavier  flywheels  than  would  be  required  for  any  other  purpose  ? — 
No  ;  it  woidd  depend  upon  the  variation  of  the  si>eed  at  which  you  were 
working. 

Have  you  ever  known  a  gas  engine  such  as  the  one  at  the  mine  with 
flywheels  heavier  than  9  tons,  even  for  the  production  of  electric  light, 
where  the  running  has  to  be  particularly  even  ? — Yes. 

The  engine  you  require  for  electric  light  is  very  different  from  the 
engine  you  want  for  jmm]>ing  ? — No.  The  object  of  the  engine  is  to 
keep  the  speed  ccmstant,  whatever  the  recpiirements.  and  the  way  to  keep 
the  speed  constant  is  to  have  sufficiently  heavy  flywheels. 

Do  you  think  there  was  anything  improper  in  supplying  the  alternator 
with  revolving  armature  and  stationary  fields  '; — The  use  of  such  ma- 
chines is  not  advisable  foi'  mine  work.  &v.  By  supplying  such  a  machine 
defendants  did  not  fulfill  the  terms  of  the  specification. 

Ycui  would  have  to  have  brushes  in  any  case  ? — Y'es.  but  they  would 
be  for  very  small  current.  The  voltage  of  the  exciter  was  too  low.  ,^nd 
they  had  constant  trouble  to  excite  the  field.  110  would  have  been  a 
suitable  voltage. 

Do  you  really  mean  that  110  would  he  any  use  on  an  engine  like  this  ? 
— Certainly.  I  recommend  it. 

Have  you  ever  known  a  machine  like  this,  coupled  to  such  an  alter- 
nator, fitted  with  an  110  volt  exciter  ? — Yes.  it  is  a  very  usual  voltage. 
.\l!  the  exciting  machines  at  the  Chelsea  power  house  are  110  volts. 

How  many  thousands  of  volts  does  that  machinery  ran  up  to  there  ? 
— Thev  use  up  to  125  volts  for  excitation  and  the  machine-s  are  about 
200  H.p. 

Do  \nu  think  that's  a  fair  comparison  ?  In  this  case,  you  know,  we 
have  a  71  H.P.  engine  ? — There  is  no  difference  whatever. 

With  regard  to  the  absence  of  a  starting  switch  for  the  motor,  witness 
said  that  to  start  the  motor  directly  on  the  line  was  a  very  inadvisable 
method.  .\s  to  the  ammeter  it  would  depend  upon  the  amount  of  the 
starting  current  whether  or  no  a  smaller  meter  would  indicate  pro]>erly. 
The  starting  current  ought  to  be  2.1  times  the  normal  running  current. 
in  this  ease  00  amiieres.  so  that  the  starting  current  would  be  in  the 
region  of  loO  am))eres.  He  could  not  say  the  exact  capacity  of  the  fuses 
hut  at  all  events  they  were  a  great  deal  larger  than  was  actually  ivipiired. 
The  motor  was  a  "'  ventilated  enclo.sed  motor.  "  to  use  the  pro|)er  term. 
it  was  not  sufficient  for  the  work  it  had  to  do  So  far  as  he  knew  the 
pump  was  properly  constructed.  A  .■>.">  h.p.  motcn-  ought  to  raise  water 
to  a  head  of  120  ft.  including  frictiiui.  with  a  mai-gin  of  about  2J  H.r. 
With  a  totally  enclosed  motor  35  j)er  cent,  rise  wa,s  the  standard  rise — 
that  is.  03  K.  It  was  the  standard  for  totally  enclosed  mot<n-s.  railway 
motois.  or  power  motors  of  any  kind.  The  motor  ran  for  nearly  eight 
houi-s  (with  one  stop  of  a  few  minutes)  and  it  was  loaded  27  |H'r  cent. 
during  the  fii'st  (51  houi-s'  run,]and  .50  per  cent,  during  the  last  li  hours, 
and  that  was  a  strong  test  fcu'  any  motor.  Under  such  a  tost  as  that  he 
should  expect  the  temperature  of  the  motor  to  rise  to  over  20il=F.  He 
should  test  a  motcu'  of  that  type  at  its  rated  brake  horse-power  for  six  or 
eight  hour.-,  and  then  give  it  an  overload  of  25  )>er  cent,  fen-  two  hours. 
Aftei  that  he  would  have  given  it  a  heavy  overload  to  see  how  much  it  would 
take  to  pull  it  out  of  step.  If  during  the  run  at  its  brake  horse-jMiwer  the 
temperature  rose  to  over  72°F.  he  would  not  let  it  go  out  of  the  sho|>s. 
I'he  standai-d  sfiecification  was  40"C.  For  motoi-s  running  continuously 
the  standard  specification  varied  between  35'F.  and  40~F.  There  were 
accepted  ndes  in  the  electrical  industry  in  this  country,  but  there  were 
no  Board  of  Trade  rules  correspiuidingto  the  (!overnnu-nt  rules  in  other 
countries. 

.Mr.  Thomas  submitted  a  letter  by  .Mr.  Cragg  which  stated  that  he 
thought  the  real  cause  of  the  motor  going  wi-ong  was  that  it  was  not 
(piite  large  enough  to  drive  the  pnmp  when  it  had  a  short-cirenit.  It 
H.is  under  similar  cireumstances  that  it  went  wrong  just  after  the  pump 
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Ii.nl  hwn  lowered.  The  reason  for  his  (Mr.  tVagg)  thinking  thnt  the 
motor  was  overloadeil  was  that  the  eotton  insulation  of  all  the  coils  hotb 
aood  .md  bad  «as  charred  and  the  troiii;hs  in  the  .slots  ajijieared  to 
have  burnt  so  much  that  it  was  a  job  to  net  them  out. 

Witness  said  that  when  the  stator  device  broke  down  the  coils  were 
burnt  out  and  wei-e  ivwound  at  the  mine.  If  thev  kept  switc  hiiif;  on 
the  I  iirivnt  and  the  motor"  did  not  start  owinj;  to  trouble  in  t hi' rotor 
and  they  Kot  excessive  current  in  the  stator  it  would  burn  out  the  coils. 
.As  to  the  lause  of  the  windings  of  the  stator  beini;  burnt  o\it.  he  thought 
(hat  what  caused  that  «as  that  the  shaft  was  not  stiff  enough,  thai  the 
rolor  mechanieally  rubbed  the  .stator  and  produced  heat  there  and  burnt 
that  ■ml.  Either  the  shaft  i-eally  burnt  or  the  bearings  permitted  it  to 
go  out  of  line.  The  shaft  was  not  thick  enough  originally,  because  he 
was  told  the  rotor  did  actually  touch  the  stator.  Kither  that  or  the 
air-uap  was  too  small.  If  the  air-ga])  was  very  small  then  the  shaft 
must  Ih>  exti-emely  stiff.  He  thought  0-7.")  mm.  would  be  a  fair  air-gap 
for  a  motor  of  that  size.  He  wimld  be  surprised  to  hear  that  it  was 
.ertainly  ,,*i";jjths.  Witnes.s  admitted  that  the  motor  might  pull  out  of 
step  and  cause  short-cin-uitiny  ami  burning'  of  the  bars.  If  any  of  the 
bars  of  the  motor  were  burnt  out  there  woulil  be  more  pull  at  one  place 
than  another.  If  such  tension  occurred  by  the  burning  init  of  the  bars 
the  rotor  might  well  come  against  the  stator  if  the  shaft  did  not  |)revent 
it.  That  is  a  thing  which  is  guarded  against  by  making  the  shafts  of  that 
particular  type  of  motor  abnormally  heavy.  He  did  not  know  the 
details  of  the  motor  -ind  he  did  not  know  the  actual  air-gap  or  how  high 
tlu'V  Men-  working  the  machine. 

When  the  rotor  «as  ))erpendicidar  m  upright  what  was  to  bring  it 
against  the  stator  unless  you  have  .i  '  iiurri  out  '!  " — A  worn  bearing  or 
.1  tiearing  out  of  line. 

What  l)caring  was  it  in  such  a  condition  on  that  motor  V — The  one  1 
~aH — :the  ba'l  bearing. 

Did  you  .see  one  ? — I  saw  the  drawing. 

Have  you  ever  heard  that  it  did  wear  J — Ves,  one  letter  stated  so. 
Witness  said  a  ball  bearing  had  only  a  line  contact  with  the  shaft, 
and,  therefore,  a  shaft  which  was  held  in  ])0.sition  by  two  ball  bearings 
Mas  a  shaft  which  was  only  supported  at  two  points  and  there  was  no 
tenden<v  to  prevent  deflection.  If,  however,  the  shaft  ran  in  solid 
iK-arings.  then  it  was  tixed  at  both  ends  and  those  bearings  resisted 
iletlection.  It  was  true  that  in  that  particular  ma<-hine  there  was  a  third 
iK-aring.  but  that  he  understood  had  been  iiut  in  afterwards.  This  third 
liearing  would  enormously  help  the  top  end,  but  it  would  u<it  affect  the 
bottom  end.  The  third  bearing  would  help  to  stiffen  the  shaft,  but  he 
should  not  do  it  in  that  way.  Solid  bearings  were  the  standard  prac- 
■fiee.  He  woidd  lubricate  it  with  (jil  from  the  top.  The  conclusion  he 
came  to  was  that  where  there  were  two  ball  bearing.s  they  did  not  tend 
to  keeji  a  rigid  shaft  and  that  a  solid  bearing  kept  it  more  rigid.  Those 
ball  iK-.irings  would  cause  the  shaft  to  deHect  sufficiently  to  allow  the 
n.tor  to  hit  the  stator.  Whether  it  woidd  Ije  ])ossible  for  the  rotor  to 
touch  the  stator  when  they  had  got  in  the  other  set  of  ball  hearings 
would  de)Kmfl  on  the  mechanical  air-gap.  If  it  were  very  small  it  might 
touch  :  lai  the  other  hand,  if  it  were  very  large  it  would  not  touch. 
.Si.xty-thousandths  was  a  large  air-gap,  and  he  wimld  be  surjn'ised  to  hear 
that  with  that  air-gap  the  rotin-  touched  the  stator.  With  regard  to  the 
sui-tirm  of  the  |>ump  affecting  the  running  of  the  motor,  witness  said  that 
with  a  ))ro|)cr  motiu  if  the  suction  weie  kept  within  reasonable  limits  it 
should  not  affect  the  power  reipiired.  To  work  a  |nimp  of  the  |)artieular 
kind  he  had  juit  the  efficiency  of  the  motor  at  H'y.  02  was  too  high.  It 
was  usual  to  s|>ecify  the  nature  of  the  water  to  be  pumped  :  ))ump  makers 
invariably  requested  information,  because,  not  only  the  amount  of  mate- 
rial ill  the  water  affected  the  ])iimps  but  the  nature  of  the  water.  Those 
pumps  worked  with  a  very  smad  clearance,  and  dirt  or  rmlallic  particles 
Iiad  a  large  effect  rrpon  them. 

(Vmtiinring,  witness  said  the  acid  in  the  w.itei-  would  have  .rrr  effect 
on  Ihe  delivery  pi|)e,  and  more  horse-power  woirld  be  letpiired  to  prrmp 
thc-ame  cpiantity.  It  was  advisable  to  keep  the  ixciter  at  a  low  voltage 
li>  i-nsiriv  satisfactory  operation.  That  is  the  tendency  of  modern 
])iactice.  They  did  not  need  a  high  voltage  on  the  field  coils. 
The  Okkkmi.  Rkfkhke  :  What  do  you  suggest,  Mr.  Thomas  / 
.Mr.  Tllo.^iAS  :  I  suggest  4(1.  for  instance,  in  a  big  machine  like  they  rr.sc. 
Witness  said  that  that  was  not  an  extremely  low  voltrrge  for  large 
exciters,  but  it  was  for  small  ones.  That  exciter  was  a  very  siitirll  one. 
4(J  volts  was  very  Itjw.  With  srich  an  exciter,  where  they  had  large 
bnishes  the  thing  was  entirely  different.  Then  a  low  voltage  was 
adopted.  It  might  be  40  or  .)0  for  large  machines,  but  luit  with  little 
ones  like  thi.s,  where  it  was  most  difficult  to  get  sufficient  earryirrg  capa- 
city on  Ihe  lirushes  with  4((  volts,  'i'he  overall  efficiency  of  machines  of 
that  s.irt.  motor,  pump,  and  so  on,  was  not  more  than  30  or  40  per  cent. 
Under  ordinary  working  conditions  it  worked  out  at  about  3:1J  ))er  cent. 
An  to  rise  of  lemfH-rature  Ihe  .American  rides  were  ])ractically  the  same 
a.t  the  (ierman.  He  would  accept  the  (Jerman  rules  as  being  fairly 
aeeuiate  for  Ihe  conditions  with  an  enclosed  motor  of  the  type  at  the 
mine.  .According  to  the  (ferman  specilicatioir  the  tcrn]ieiatrirc  might 
go  up  to  .W^C.  or  (lO'F.  above  the  surrounding  .itrirosphere.  That  worrld 
be  for  cotton  wire  insulation.  Witness  did  not  know  the  kind  of  iiisir- 
lation  on  the  motor  in  this  ease.  It  wns  iprite  true  if  the  insulation  were 
)ia|>erin  certain  instanees,  (iO^C.  might  be  allowed,  but  it  woirld  depeird 
on  the  position  of  the  motor.  If  a  motor  were  in  ir  jilirce  where  it  is  irot 
likely  to  receive  a  tremendous  amount  of  attention  it  was  best  to  rate  it 
very  conservatively  to  avoid  the  dangers  of  overheating.  If  the  insulation 
were  pajrcr  it  would  Ije  (}0  i)er  cent.,  which  was  e(piivalent  to  lOH.  There 
was  nol  a  ri.sc  of  10  per  cent,  above  that  figure  for  a  stationary  winding. 
He  did  not  know  the  German  spei-ifieation.  He  was  actually  rprotirrg 
the  .American. 


Do  you  agree  that  the  German  rules  are  rea.sonable  and  pro(>t>r  to  be 
used  y — Yes.  when  they  are  taken  in  <imjuiiction  with  the  conditions 
imposed.  Those  are  Government  rules  and  may  lie  varied  for  certain 
purposes.  He  would  not  specify  any  rnl^tor  in  .i  mine  to  l>e  run  up  to 
108  F  In  a  mine  where  a  motor  had  to  work  cimtinuyusly  and  could 
not  ivceive  the  attention  it  wiuild  have  in  an  engine  house  it  was  policy 
for  engineers  and  contractoi;s  to  rate  such  motors  a-s  conservatively  as 
pos.sible  in  order  to  keep  the  teutperature  down.  For  that  reason, 
sipiirrel-cage  induction  motors  were  often  rated  at  40°C.,  and  he  could 
give  instances  where  they  were  rated  at  35"C.  Of  course,  they  could  be 
run  uji  to  ,"iO  ('.  and  (HI  ('.,  but  it  was  not  advisable,  nor  was  it  good  prac- 
tice. With  totally  enclosed  motors  it  was  the  practice  to  rate  them  a 
little  higher  because,  being  totally  enclosed,  the  atmosphere  did  not. 
affect  till-  high  tcruperature.  He  had  not  heard  of  thousands  of  motors 
running  in  this  cmrntry  at  a  temperature  u|)  to  1'20'F.  He  did  not  know 
w  hat  happened  to  the  bars  of  the  rotor  when  the  three  great  bi-eakdowns 
oc-curred.      He  had  pirt  the  efficiency  of  the  motor  at  85. 

Witness  pvrt  in  specifications  from  varimis  electrical  engineering  firms 
and  electrical  irudertakings  in  srrppoit  of  his  evidence  as  to  the  rise  of 
temperature  allowed  under  certain  wcuking  c-ondition.s.  among  them 
being  the  specilicaliori  issued  by  the  Undergrc.ind  Railway  Co,  for  all 
tlieir  20  sub-statioris  machinery.  This  specitication  was  for  motors  and 
rotary  ccmverters  and  it  allowed  a  rise  of  3j-('.  cjr  l)3^F.  Witness  said 
this  s])ecification  was  prepared  by  .Mr.  .James  Cha|nnan.  chief  engiiieer. 
and  was  for  very  small  motors. 

In  answer  to  the  Official  Referee,  witness  said  that  he  should  call  the 
)iiimp  installed  at  the  mine  a  medium-sized  pump,  with  a  normal  capa- 
city under  the  best  conditions  of  about  70  per  cent.  When  sirch  pumps 
wer-e  not  worked  under  the  best  conditions  the  cHlciency  drop)iccl  very 
rapidly  after  a  certain  ]ioint.  A  turbine  pump  was  designed  for  a.  given 
head,  and  if  the  head  were  increased  above  that  amount,  nhicli  wns  the 
same  as  decreasing  the  s))eed  for  its  head,  then  the  efficiency  fell  off 
rapidly,  so  much  so.  that  if  they  decreased  the  speed  of  a  Worthington 
pump  from  1;>  to  20  ))er  cent,  below  ncniual  it  would  pumji  no  water 
whatever  On  the  other  hand,  a  deer-ease  of  the  head  tended  to  overload 
the  maehine,  and  that  was  why  check  valves  were  put  in.  The  |iurup  in 
this  case  was  made  for  120  ft.  total  head,  but  it  had  to  work  if  dropiied 
to  that  de)ith  to  a  mrrch  larger  head  because  of  the-  friction.  The  friction 
was  iinusirally  high,  becairse  the  7  in.  pijie  which  was  being  used  was 
rrruch  too  small  for-  1.000  gallons  a  minrrte,  and  it  was  for  that  reason  that 
he  calculated  tlu-  efficiency  of  this  particirlar  |iirmp  at  laily  (>.">  |>cr  c-ent. 

Evidence  of  .Mr.  Gainer,  plaintiff's  electrical  engineer,  which  had  been 
taken  on  ciunmission  was  then  ]iut  in,  and  counsel  announced  that  that 
concluded  ])laintiff's  case, 

Mr.  .Abel  Thomas,  for  the  defence,  said  that,  broadly  speaking,  his 
clients'  ca.se  was  that  the  ]ilairt  sirpplied  was  in  accordance  with  the 
speciffcation.  The  trouble  expcric-nc-ed  was  always  ascribed  by  plaintiffs 
to  the  machinery  itself,  and  rrol  to  the  way  the  |)lant  was  worked.  His 
submission  was  not  that  the  machinery  was  over  loaded  oi-  that  it  was 
too  weak  for  the  jjurpose,  but  that  it  was  worked  by  peo|ile  who  were 
utterly  ignorant  of  every  |5oint  in  connection  with  gas  engines  and 
electrical  plant.  The  contract  had  been  acted  iipcm  by  plaintiff's  as 
Ihoirgh  it  were  a  contract  by  which  defendants  had  guaranteed  that  they 
wiurld  work  the  machinery  for  months  with  their-  own  men.  In  reality 
it  was  nothing  of  the  kincl.  If  they  had  liked  they  c-ould  have  sent  Mr. 
Cragg  away  on  .Sei)tember  7,  1907,  when  the  machinery  had  been  set  to 
work,  but  irnfortunately  for  defendants,  and  fortrinately  for  plaintiffs. 
Messrs.  t'rompton  &  Co.  had  a  habit — a  habit  wlricli  in  this  instance  had 
led  to  very  soie  results — of  leaving  a  mair  in  charge  wheir  they  sent 
machinery  down  to  distant  places,  not  because  they  were  obliged  to,  but 
liec  aiise  they  desired  their  machinery  to  run  properly.  It  was  in  this 
way  Cragg  was  left,  and  he  could  not  help  thinking  that  that  was  the 
secret  of  the  whole-  mess  they  and  jilaintiffs  had  got  into.  With  regard 
Ic)  the  criticism  <m  the  gas  engine,  plaintiffs  had  only  called  one  engine , . 
c-X]iert.  and  for  him  to  come  for-wai-d  and  tell  .Messrs.  Crossley  that  their' 
or-dinary  design  was  bad,  and  ought  to  be  altcrc-d  was  coming  it  pretty 
strong  !  .All  they  guaranteed  with  legarci  to  the  elec-tric-  generator  was 
llrat  it  should  be  ca))able  of  producing  a  normal  out|)Ut  of  .m  kw..  at 
"mO  volts,  50  cycles,  when  ririniing  at  a  speed  of  750  revs,  per  ruiir.  Xo- 
bcjcly  had  denied  that  it  did  do  that,  nor  had  anycme  suggested  that  it 
corrid  not  do  it.  It  was  for  plaintiffs  to  pi-ove  that  they  did  not  supply  it. 
and  he  hoped  to  pi-ove  bcyorrd  any  doirbt  that  the  motor  sirjiplied  to 
jilaintiffs  was  like-  hundr-ccls  and  probably  thousands  of  other  ruotors 
sent  out  by  defc-iicfarrts,  w  hiclr  wc-rc-  tcstc-cl  arrd  were  capable-  of  doing  the 
work  whic-"lr  llre-y  were  spec-ifie-el  to  do.  .\s  to  the  e-xciter,  he  thought  his 
evidence  worrld  prcjvc  conclusively  that  that  rnac-hiue  was  ample  for  the 
jpirrpose  if  ersc-cl  pr'opei-ly.  If  tlic-y  proved  that,  then  the  fact  that  it  was  a 
40  volt  rriaclrine  was"  to  its  advantage-.  The  spec-ific-ation  >aid  the 
liirnrp  would  be-  "of  the  tiiibinc  rnrrlti-slagc  vc-rtic-al-spinclle;  pattern, 
capable-  of  delivering  1,000  gallorrs  of  walc-i-  per-  rrriniitc.  agains't  ir  total 
head  of  120  ft.,  iiic-hrding  friction.  The  pump  will  be  direct  c-oirpled  to 
one-  of  orir  standirrel  ver-tic-al  spindle  tot-iMy-enclosed  thi'ec-phase  in- 
dirclion  irrotors.  .'tri  h.h.I'.,  rirnniirg  .it  a  speed  of  I,4.i0  revs,  per  ruin,  cm  a 
.ViOvc.lt.  ."iO  cycle  c-ii-cuit.'  .\  great  deal  of  the  case  depc-iide-d  upon 
what  meaning  was  going  to  be  prrt  irpori  tlrirt  clau.se.  His  clients  sub- 
mitted that  Ihe  nrcaning  of  lire  spec-ific-atiorr  was  that  the  120  ft.  was  to 
inc-lrrde  the  frictioir.  That  was,  tlrcy  hail  to  supply  a,  luimp  ca|iable  of 
raising  water  where  thi-r-c  was  no  friction  120  ft.  high.  That  was  what 
they  aske-cl  Worthingtoir's  to  give  them,  arrd  that  was  what  thev  [iromised 
lo  give  plaintiffs.  The  whole  of  .Mr-.  Koscnbrrsc-h's  evideiui-"was  based 
upon  the  .'issum]itlon  that  cleferulants  wc-rc  supplying  a  piuup  which 
would  raise-  water  ideallv  to  a  height  of  130  ft.,  brrt  e-ver-y  witness  he  worrld 
c-«ll  worrld  say  that  thc-'|,iimp  w.arlcl  nol  cl..  ih.it.       Irr  a  le-ltci'  Hiitterr  to 
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Williamson  by  defondants  on  February  28.  l'J07,  tliey  stated  that  the 
pump  motor  would  be  forwarded  to  the  ])ump  builder's  works  where  a 
eomi)lete  sinking  pump  would  be  erected  to  see  that  everything  was 
satisfactory,  and  they  estimated  that  the  complete  pump  would  be 
delivered  on  the  site  in  about  12  weeks  from  that  date.  That  con- 
tended counsel,  defendants  did  not  in  this  case  do.  It  was  a  thing  they 
■nearly  always  did,  but  in  this  instance  Mr.  Williamson  succeeded  in 
frightening  them  so  much,  that  they  were  afraid  not  to  deliver  as  soon  as 
possible.  The  time  passed  for  delivery,  and  what  they  did  was  not  to 
wait  to  test  the  pump  with  the  motor  complete,  in  accordance  with 
practice,  but  to  send  them  separately  and  put  them  together  at  the  mine. 
That,  unfortunately,  was  the  beginning  of  the  way  in  which  the  minds  of 
the  agents  who  were  working  for  .^[cssr.■^.  C'rompton  were  misled,  because 
they  knew  there  ought  to  have  hrcii  this  test,  and  they  were  afraid,  when 
things  went  wrong,-that  pcrli.ips  it  was  the  fault  of  their  machinery,  and 
that  for  some  reason  or  other  something  was  wrong.  Having  set  their 
minds,  as  it  were,  in  that  direction,  the  result  was  that  they  never  saw 
what  was  I'eally  happening,  viz.,  that  unskilled  men  were  trying  to  work 
.a  tiling  which  really  required  skill,  and  they  were  always  trying  to  do 
something  to  the  motor.  The  motor  as  it  went  down  in  the  mine  was 
absolutely  fitted  in  every  way  to  carry  out  the  duties  required  of  it,  but 
there  was  one  thing  which  it  could  not  meet,  nor  could  it  be  protected 
against,  that  was  unskilled  workmen  allowing  an  excess  of  electric  power 
to  run  into  the  motor  at  a  time  when  the  irregularity  created  by  bad  gas 
in  the  suction  plant  had  put  the  generator  out  of  step  with  the  motor. 
Immediately  that  happened,  imless  the  pump  were  switched  off,  the 
results  would  be  to  burn  out  cither  the  motor  or  the  rotor,  and  that  was 
what  happened,  not  once  but  three  times.  Curiously  enough  on  each 
occasion  Mr.  Cragg  was  nowhere  near  the  mine,  and  the  plant  was  in  the 
bands  of  infants  at  the  work.  As  to  the  question  of  the  air-gap,  it  was 
an  astonishing  story  tha  twith  a  suspended  motor  as  this  one  was,  with  a 
shaft  on  two  bearings  29^  in.  apart — he  was  taking  Mr.  Rosenbusch's 
figures — that  that  shaft  could  be  moved  over  even  the  small  simce  there 
was  between  the  rotor  and  the  stator.  It  would  be  very  difticult  for  it  to 
'do,-but  it  had,  and  there  was  only  one  way  of  accounting  for  it,  viz.,  by 
burning  some  of  the  bars  either  of  the  stator  or  the  rotor.  Let  the  Court 
follow  what  happened.  The  rotor  revolved  with  very  great  velocity,  and 
if  the  machine  were  perfectly  working  the  tension  on  ev,ery  side  was 
exactly  equal.  The  object  of  the  machine  was  that  they  should  be  equal 
and  the  rotor  run  perfectly  straight  and  steady.  Burn  out  some  of  the 
bars,  however,  and  the  result  was  that  they  had  an  enormovis  pulling  at 
one  side  and  a  pushing  at  the  other,  where  the  electric  force  could  not 
act,  because  the  bars  were  burnt  out.  His  clients,  after  long  considera- 
tion, and  after  examining  the  inside  of  the  machinery  to  have  it  repaired, 
had  come  to  the  conclusion  that  they  had  now  reinstalled  that  motor  in 
practically  the  same  condition  it  was  in  when  it  was  put  up,  and  that  it 
was  working  at  the  present  time  perfectly,  and  will,  without  burning  out 
either  the  stator  or  rotor,  because  the  people  who  were  now  in  charge 
of  the  gas  engine  and  motor  knew  their  business,  and  were  running  the 
plant  iiroperly  and  regularly. 

■  Mr.  R.  B.  H.  Cragg  said  that  on  June  3,  1907,  he  went  down  to  take 
charge-of  the  plant  at  the  Wheal  Busy  mine  for  Messrs.  Crompton.  He 
saw  there  three  of  "  Captain  "  Tomkins'  men  who  were  ultimately  made 
engine  driver.^,  although  he  did  not  know  they  were  engine  drivers  at 
that  time.  None  of  them  seemed  to  know  anything  about  electricity. 
When  they  installed  the  temporary  pump  the  water  was  lowered  in  the 
shaft  some  17  ft.  or  18  ft.,  and  had  they  put  the  pump  to  a  lower  plat- 
form they  could  have  gone  down  another  20  ft.  Cajituin  Tomkins,  how- 
ever, did  not  desire  that,  as  he  wanted  to  get  the  Wortliington  i)um]i  in 
and  go  right  down  with  it  when  it  arrived.  The  |uunp  anixcd  on  July 
23,  and,  after  delay  over  a  foot  valve  and  strainer,  the  first  attempt  to 
start  it  was  made  on  Aug.  19.  In  order  to  do  so  the  volts  on  the  alter- 
nator were  to  go  up  to  about  4.50  and  the  main  switch  put  in.  Then  all 
the  resistance  in  the  shunt  of  the  exciter  was  cut  out,  but  the  pump 
M'ould  not  start.  An  engineer  and  fitter  came  down  and  the  spindle  of 
the  motor  was  examined  but  foinid  to  be  correct.  Ultimately  the  stator 
was  taken  away  and  the  air-gap  increased  by  yj^  in.  On  Aug.  31  they 
got  to  work.  It  ran  then  but  after  a  week  the  thrust  bearing  i:)f  the 
pump  heated  and  Messrs.  VA'orthington's  representative  came  down. 
The  installation  was  again  started.  During  the  week  ends  witness 
reported  to  his  firm  they  had  trouble  in  getting  the  plant  to  start,  but 
that  was  due  to  bad  gas,  as  the  jiroducer  was  cleaned  out  on  (Saturdays 
and  the  gas  was  generally  bad  for  some  t'nie  afterwards.  In  the  same 
report,  witness  stated  that  the  motor  took  about  50, amperes  to  drive, 
but  it  was  doing  more  than  1.000  gallons  at  that  time.  The  motor  got 
very  hot  after  six  hours'  run.  and  then  it  seemed  to  remain  constant. 
He  had  reduced  the  ])eriodieity  to  about  48  so  that  the  pump  did  not  do 
much  duty.  On  Sept.  13  the  main  bearing  of  the  motor  seized  whilst  he 
was  away  at  dinner,  and  when  he  arrived  at  the  engine  house  he  found 
the  pump  stop]ied.  The  engine  man  in  charge  at  the  time  said  he  had 
tried  once  or  twice  but  could  not  get  it  to  go.  He  tightened  the  belt  and 
tried  to  start  the  ]ilant  himself,  hut  failing  to  do  so  he  went  down  and 
examined  the  motor  and  found  that  the  main  shaft  had  seized  and  was 
sticking  to  the  sleeve  in  the  thrust  bearing. 

^Ir.  JIi'iR  M.\CKENZIE  :  What  ■  a  used  it  ? — The  rotor  might  have  been 
pulled  out  of  centre.  I  think  that  was  the  only  thing  that  could  have 
caused  it.  Excessive  current  going  round  the  stator  might  cause  that. 
I  can  think  of  no  other  reason. 

On  tlie  17th.  saiil  witness,  the  motor  broke  down  again;  the  stator 
Was  burned  uut  in  two  places  and  the  bar.s  of  the  motor  had  gone.  He 
was  not  present  when  it  hapi)ened,  which  was  about  9  or  10  o'clock  in 
the  evening.  When  he  goc  there  the  engine  man  told  him  that  the  fuse 
had  gone  whilst  the  motor  had  been  running.     One  of  the  three  fuses  on 


the  switchboard  had  blown,  and  it  was  that  fact  that  made  witness  guess 
there  was  some  trouble  with  the  motor.  An  excessive  current  would 
cause  the  fuse  to  go,  and  that  eteessive  current  might  be  produced  by  an 
earth  owing  to  one  of  the  cables  becoming  damaged  in  the  shaft  or  the 
gas  engine  running  badly.  They  examined  the  cable,  however,  and 
found  It  mtact.  If  the  electric  motor  had  'got  out  of  step  with  the 
altefnator  there  was  no  method  of  remedying  it.  Excessive  current 
going  through  the  electric  motor  warmed  it  up.  and  if  it  was  con- 
tinued it  would  burn  it  out.  At  the  time  the  burn  out  occurred  the 
plant  was  in  the  hands  of  plaintiff's  men.  It  was  a  bad  burn  out  and  the 
motor  was  .sent  away  to  Chelmsford,  returning  again  on  Sept.  30.  By 
that  time  the  water  was  back  to  the  adit  level.  On  Oct.  4  Mr.  Miller 
came  down,  and  from  Oct.  9  to  Nov.  13  the  motor  ran  without  any 
serious  stoppage.  In  reporting  to  defendants,  witness  wrote  that  ho 
thought  all  his  time  since  Oct  14  ought  to  be  charged  to  the  Consolidated 
Company,  as,  with  the  exception  of  the  burning  of  the  leads  on  Oct.  17. 
nothing  had  been  wrong  with  the  plant  which  could  fairly  be  ascribed  to 
defendants.  "  While  I  am  writing  on  this  subject,"  witness  continued 
in  his  report,  "  I  must  say  that  unless  they  get  a  good  man  to  look  after 
this  job,  they  will  continue  to  have  trouble,  as  the  men  do  not  know 
their  work,  and  apparently  do  not  intend  to  endeavour  to  make  them- 
selves competent.  There  is,  unfortunately,  a  strong  prejudice  against 
gas  engines,  and  if  there  is  any  trouble  their  tendency  is  to  sit  down  and 
send  for  somebody  to  put  it  right.  They  are  used  to  Cornish  pumps, 
which  want  little  or  no  attention,  and  resent  having  to  look  after  things." 
On  Nov.  13,  there  was  another  breakdown,  but  again  witness  was  not 
present  when  it  happened.  He  denied  that  on  this  occasion,  when  he 
was  leaving  the  mine  to  go  to  Truro,  .Martin  reported  to  him  that  the 
temperature  of  the  motor  was  high,  and  that  he  laughed  at  the  suggestion. 
He  got  back  from  Truro  at  about  5:30  that  afternoon,  and  found  the 
plant  was  shut  down  becau.se,  they  told  him,  the  temperature  of  the  moti  r 
had  run  up  to  220.  He  stayed  in  the  engine  house  until  it  was  re-started, 
about  7  o'clock,  but  at|  10  o'clock  they  sent]  for  him  saying  a  fu.se  had 
gone.  He  had  the  motor  up  to  the  surface  and  found  that  there  was  a 
burn-iut  in  the  stator;  one  of  the  end  windings  had  gone  and  there  were 
two  bad  coils  on  the  stator.  When  they  knocked  out  the  bars  a  few 
days  later  they  found  there  was  no  solder  in  the  rotor.  Before  it  could 
have  done  that  the  solder  must  have  melt«d,  which,  of  course,  indicated 
great  heat.  Both  stator  and  rotor  were  re-wound,  new  insulation  was 
|iut  on  the  rotor  and  seven  new  bars  were  put  in  and  re-soldered.  Be- 
tween Dec.  7  and  20  the  motor  was  again  up  out  of  the  mine  because 
she  had  developed  a  "  knock,"  jyJiich  was  found  to  be  due  to  the  top  ball 
race,  and  it  was  during  this  interval  the  ball  races  were  being  altered. 
Among  other  alterations,  witness  said  that  the  top  rings  of  the  rotor  were 
grooved  and  some  steel  wire  wound  round  the  top.  The  motor  was 
installed  on  Saturday,  the  20th,  and  after  some  trouble  owing  to  bad  gas 
for  the  engine,  they  started  the  plant  running  again  at  about  9:30  a.m. 
In  the  early  hours  of  Sunday  morning  the  earth  lamps  showed  an  earth, 
indicating  a  defect  in  one  of  the  windings,  and  the  whole  plant  was  once 
more  shut  down.  Examination  of  the  motor  showed  that  .the  solder 
had  again  been  melted  out  of  the  rotor,  and  witness  sent  it  back  to 
Chelmsford.  During  the  first  week  in  March,  when  the  motor  again  came 
out  of  the  repairing  shops,  the  plant  started  running  again. 

Cross  examined  by  Mr.  Russell,  K.C.  :  It  jwas  on  May  24  that  he 
came  to  the  conclusion  that  it  would  be  better  to  send  the  motor  back  to 
the  works.  He  tried  several  ways  of  getting  the  motor  to  start  easier, 
and  on  one  or  two  occasion  he  held  up  the  governors  of  the  engine  in  order 
to  get  the  ergine  to  fire  more  frequently,  as,  with  the  governors  as  they 
were,  he  could  not  speed  up  the  motor  properly.  He  did  not  agrce  with 
the  view  that  the  method  of  starting  up  had  alone  been  responsible  for 
the  trouble,  because  10  H.p.  induction  motors  were  very  often  switched 
direct  on.  He  was  unable  to  say  how  long  it  took  for  a  5.5  h.p.  motor  of 
that  type  to  get  its  normal  heat.  At  the  time  referred  to  in  his  report  the 
motor  was  taking  about  58  to  Ii2  amperes.  It  was  an  exceedingly  heavy 
load,  and  it  was  developing  more  energy  than  necessary  to  lift  the  wafer. 

Can  you  conceive  anything  except  bad^workmanship — very  bad  work- 
manship— which  would  allow  the  stator  of  the  motor  to  move  ? — Yes. 
Sujiposing  the  motor  had  been  dropped  or  anything  like  that,  it  might 
move  the  stator.  That  would  not  be  bad  workmanship.  He  found 
evidence  that  all  the  coils  had  been  affected  by  overheating,  because  the 
cotton  insulation,  even  on  the  coils  which  were  good,  was  chari-ed. 

With  the  exception  of  the  leakage  trouble,  and  the  governor  once 
wanting  a  spring,  had  there  been  anything  in  the  least  to  indicate  that 
they  were  not  running  the  engine  properly  ? — There  were  a  good  many 
times  when  it  stopped  and  was  started  again. 

Do  you  mean  that  the  charge  mis-fired  '! — Yes,  that  might  be  it  They 
would  let  her  drop  out  of  step.  In  December  he  had  personally  looked 
into  the  matter  of  the  running  of  the  engine.  On  December  9  Messrs. 
('rompton  wrote  him  :  "  Mr.  McFarland  told  us  that  at  ceriain  intervals 
the  ]iump  appears  to  lose  its  water  partially  when  the  ammctor  goes  up  to 
anything  between  1.50  and  200  amperes.  '  "  On  the  11th  he  rejilied  that  it 
was  incorrect  that  the  motor  took  up  to  20(t  amperes,  as  it  did  not  tako 
more  than  150  at  any  time.  His  letter  also  ran  :  "  I'nfortunately,  the 
governor  of  the  engine  was  winking  badly  for  the  two  ilays  on  which  we 
tried  it  last  week.  I  have  found  that  tlie  engineer  had  the  governor  to 
pieces  when  it  was  idle,  :uid  has  used  the  «rong  spring  when  putting  it 
together  again,  which  will  probably  account  for  the  bad  running  ou  tlio 
two  nights  in  question." 

Who  do  you  say  hail  the  governor  to  pieces  ? — .lenkins,  I  understand. 

Wo  have  had  .ienkins  and  he  said  he  did  not  do  anything  of  the  kind  ? 
I  ha\e  seen  the  governor  to  jiieces  on  the  bench  in  the  engine  i-oom,  when 
Jenkins  w  as  in  the  engine  room,  anyhow. 
,   The  defendants'  case  had  not  concluded  when  we  went  to  press. 
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Seebold  v.  Page  and  Miles. 

The  hearing  of  tliis  action  was  cinniudt'il  by  Mr.  Justice  Bucknill  on 
Tuesday. 

For  the  defence,  Mr.  Geo.  Clements  (of  Messi-s.  Crompton  &  Co.) 
said  he  remembei-ed  the  armature  of  the  dynamo  being  returned  to  his 
firm  in  July.  The  cause  of  the  breakdown  was  the  filth  and  dirt.  In 
his  opinion  the  machine  had  not  been  properly  attended  to. 

Jlr.  JnHX  Winder,  foreman  of  defendant  Krm,  said  that  after  the 
trouble  arose  he  insjiected  the  plant  and  formed  the  opinion  that  the 
breakdown  was  caused  through  neglect  on  the  part  of  the  man  in  charge. 

Mr.  Edward  Andertox,  London  manager  of  the  National  Gas 
Engine  Co.,  said  that  the  way  the  engine  was  placed  was  his  suggestion 
and  the  pit  was  also  his  original  suggestion.  In  his  opinion  the  plant 
was  properly  installed. 

Jlr.  Samuel  Wilbeks,  working  foreman  of  the  National  Gas  Engine 
C<i..  gave  evidence  as  to  the  erection  of  the  gas  engine. 

Mr.  E.  J.  Page,  director  of  defendant  company,  said  the  plant  was 
certainly  pixjperly  installed  and  there  was  no  trouble  in  running  or  start- 
ing it  when  he  was  there.  It  was  a  self-starting  engine.  The  only  diffe- 
rence in  lighting  a  theatre  and  a  large  mansion  was  that  they  had  to  pro- 
vide for  changing  the  load.  This  was  done  by  jiroviding  a  dynamo 
compound  wound  and  a  shunt  regulator.  The  outer  bearing  was  on  the 
concrete  bed,  but  if  the  bearings  had  not  been  true  the  engine  would  not 
have  run  an  hour. 

Mr.  A.  HCGHES  was  i-ecalled  on  behalf  of  plaintiffs,  and  at  the  conclu- 
sion of  the  evidence  counsel  agreed  not  to  address  his  Lordship  on  behalf 
of  their  respective  clients,  antl  his  Lordshiji  intimated  that  he  would  con- 
sider his  decision. 

"Z"  Electric  Lamp  Mfg.  Co.  ^Ltd.)  v.  Zossenheim.— On  Satur- 

daj'  Mr,  Justice  Warrington  ordered  judgment  to  be  entered  for  plain- 
tifl's  ill  rlefault  of  defence,  defendant  not  ap[iearing. 

Re  Amalgamated  Radio-Telegrapb  Co.  (Ltd-)— On  Saturday  the 

Court  of  Appeal  (before  the  Master  of  the  Rolls  and  Lords  Justices 
Buckly  and  Kennedy)  heard  the  appeal  oi  the  liquidators  of  this  coin- 
(Kiny  from  a  decision  of  Mi.  Justice  Neville  contirmiiig  a  contract  for 
the  "sale  of  the  assets  of  the  company  to  Mr.  llagc  for  £33,000.  The 
fact*  were  given  in  The  Ei-Eitrkian'  for  April  3J  (p.  104). 

At  the  conclusion  of  legal  arguments  the  Master  of  the  Rolls,  in 
giving  judgment,  said  lie  thought  the  decision  of  Mr.  Justice  Neville 
was  right  and  his  order  should  be  affirmed,  with  this  variation,  that 
the  liquidators  should  be  entitled  to  raise  any  defence  they  might  have 
under  the  Statute  of  Frauds. 

Lord  Justice  Buckley  that  appeal  ought  to  be  allowed. 

Lord  Justice  Kennedy  agreed  with  the  judgment  of  the  Master  of 
the  Rolls,  and,  by  a  majority,  the  appeal  was,  subject  to  the  variation 
stated,  dismissed. 


PARLIAMENTARY  INTELLIGENCE, 

ELECTRIC  LIGHTING  ACTS  (AMENDMENT)  BILL. 

On  the  report  stage  of  this  bill  in  the  House  of  Lords  on  Thursday 
last  week,  on  the  motion  of  the  Earl  of  Onslow,  an  amendment  was 
accepted  to  clause  7  (relating  to  the  audit  of  companies"  accounts) 
"  further  safeguarding  the  interests  of  the  authority  empowered  to  pur- 
chase an  undertaking  or  of  the  consumers." 

Lord  Aveburv  moved  to  in.scrt  a  new  sub-section  to  make  the  pro- 
vision applying  to  the  accounts  of  a  company  apply  also  to  the  accounts 
of  mimicipal  undertakers. 

Lord  Zoi'CHE  8U])ported  the  amendment,  and  expressed  the  view  that 
municipal  audits  were  in  many  cases  very  unsatisfactory. 

Lord  Hamilton  of  Dalzell  opposed  the  amendment,  which  he 
submitted  was  hardly  relevant  to  the  present  bill,  although  he  did  not 
deny  that  the  audit  of  municipal  accounts  might  be  capable  of  improve- 
ment in  certain  instances. 

The  Earl  of  O.nslow  sym))athised  with  the  object  of  the  amendment, 
but  he  doubted  whether  that  bill  was  the  proper  opportunity  to  raise 
the  question.  It  would  be  better  to  deal  with  the  subject  in  its  broadest 
aspect  in  a  separate  measure. 

The  amendment  wa.s  withdrawn. 

iMtd  AvEBi'RV  then  moved  the  following  amciidinint  lo  (  Kmsc  l.")  : — 

■■  1.  Where  the  undertakers  are  a  local  authority  they  may  (through 
a  contractor,  but  not  otherwise)  provide,  let  for  hire  and  tix.  repair  and 
remove,  but  shall  not  manufacture,  lampi,  meters,  electric  lines,  fuses, 
Dwitchei,  fittings,  lamp-holders,  motors  and  other  fittings  for  Ughting 
and  motive  power." 

The  clause  to  run  on  as  drawn  to  the  end  of  proviso  (c),  and  then  add  : 
"  (d)  Nothing  in  this  section  shall,  in  casei  where,  within  three  months 
after  the  undertakers  have  obtained  any  loan  necessary  for  the  purpose 
of  the  undertaking,  there  Is  or  are  no  firm  or  firms  carrying  on  the  busi- 
ness of  electrical  contractors  within  the  area  of  supply.iirevent  the  under- 
takers themselves  from  exercising  the  powers  given  by  this  section 
without  the  employment  of  a  contractor. 

"  (c)  If  the  undertakers  fail  to  comply  with  the  provi.soes  (o),  {!>)  or 
(f)  of  this  section  they  .shall,  on  conviction  under  the  Summary  Juris- 
diction  Act.s,  be  liable  to  a  fine  not  exceeding  £10,  and  to  a  further  lino 
not  excelling  fa  for  each  day  on  which  the  offence  is  continued  after 
conviction  therefor." 

His  lordship  said  that  the  amendment  in  reality  raised  the  cjucstion 
of  municipal  trading. 

The  Earl  of  Onslow  said  thev  had  to  consider  the  interests  of  con- 


sumers, and  it  was  extremely  convenient  to  be  able  to  hire  fittings  from 
the  persons  who  supplied  either  electricity  or  gas.  To  a  large  extent, 
however,  the  object  sought  to  be  attained  by  the  amendment  of  the  noble 
lord  was  already  provided  for  in  the  bill. 

Lord  Faber  thought  it  inadvisable  to  give  local  authorities  the  powers  . 
proposed  in  the  bill,  because  they  were  under  statutory  obligation  to 
inspect  wires  and  lamps,  and  it  would  be  unreasonable  to  ask  themto 
inspect  fittings  they  had  themselves  put  into  a  house. 

Lord  MoNKSWELL,  in  defending  London  County  Council  for  establish- 
ing a  works  department,  said  that  department  was  established  because 
the  Council  had  evidence  that  there  were  rings  of  contractors,  which  they 
considered  could  only  be  successfully  fought  by  the  Council  doing  the 
work  themselves. 

Lord  Hamilton  of  Dalzell  said  the  object  the  Board  of  Trade  had 
in  jiutting  in  this  clause  was  to  bring  the  bill  into  conformity  with  the 
model  clause  adopted  in  individual  cases. 
The  amendment  was  agreed  to. 

An  amendment  by  Lord  Balfour  was  accepted  so  as  to  provide  that 
where  a  main  road  is  carried  over  a  railway  by  a  bridge  maintained  by 
the  railway  company,  the  rights,  privileges  and  exemptions  conferred  on 
county  councils  shall,  for  the  purposes  of  rebuilding,  widening  or  repair- 
ing the  bridge,  be  extended  to  the  railway  company. 

In  moving  the  third  reading  of  this  Bill  on  Tuesday,  Lord  Hamilton 
OF  Dalzell  said  he  was  authorised  to  state  that  in  the  case  of  any  appli- 
cation being  made  under  sub-sec.  1  of  clause  .5,  which  )Pinvidod  for  the 
supply  of  electricity  to  railways,  tramways  and  canals  p:irlly  outside  the 
area  of  supply,  the  Board  of  Trade  would  carefully  consider  all  the  cir- 
cumstances before  givmg  their  consent,  and  in  particular  would  cmlcavour 
to  jirevent  any  extravagant  speculation  by  local  authorities  which  might 
injuriously  affect  the  interests  of  ratepayers  or  consumers  of  electricity 
within  their  area. 
The  Bill  was  read  a  third  time  and  passed. 

LONDON  UNITED  TRAMWAYS  BILL. 

On  Tuesday  a  .Select  Committee  of  the  House  nf  Lor.ls  (presided  over 
by  Lord  Ludlow)  commenced  the  consideration  of  this  bill. 

Mr.  B.iLFoUR  Browne,  K.C.  (with  Mr.  Fitzgerald,  K.C.,  and  Mr. 
-Macassey).  for  the  promoters,  said  it  was  a  bill  to  confer  powers  upon 
the  London  United  Tramways  (Ltd.)  to  run  over  certain  parts  of  the 
London  County  Council's  undertaking,  and  to  postpone  the  jicriod  at 
which  the  London  County  Council  could  take  over  the  lines  belonging  to 
the  company  at  Hammersmith.  The  company  had  55  miles  in  operation 
and  had  another  19  miles  of  tramways  authorised.  At  Hammersmith 
there  were  short  pieces  of  lines  which  the  London  County  Council  had 
powers  to  acquire  in  July  next,  and  the  promoters  wanted  those  powers 
to  be  postponed  till  1919  in  the  case  of  the  line  running  from  Young's 
Corner  to  Bientwoed,  and  till  1924  for  the  tramway  from  Askew-road  to 
Acton.  They  also  asked  the  Committee  to  allow  them  to  have  authority 
to  run  their  trams  over  the  London  County  Council  lines  to  the  bridges. 
The  company  would  fit  their  cars  so  that  they  could  be  worked  on  the 
conduit  system  as  required.  The  cars  of  the  County  Council  would  be 
able  to  run  right  through  from  the  bridges  to  Hampton  Oiurt  and  vice 
versa,  and  the  company  would  have  the  same  facilities. 

On  Wednesday  Sir  J.  Clifton  Robinson,  managing  director  of  the 
London  United  Tramways,  gave  evidence  in  support  of  the  bill,  and 
expressed  the  opinion  that  the  proposals  were  in  the  public  interest. 

A  number  of  witnesses,  including  Sir  F.  Dixon-Hartland,  M.P., 
stated  that  the  present  facilities  for  through  travel  from  Uxbridje, 
Chiswick,  and  other  outside  places  to  Shepherds-bush  and  Hammersmith 
were  a  great  public  convenience,  and  they  feared  that,  if  the  London 
County  Council  purchased  the  lines  in  the  county  there  would  be  an 
interruption  of  those  facilities. 

The  hearing  had  not  concluded  when  we  went  to  press. 

NORTH-WEST  LONDON  RAILWAY  BILL. 

A  Committee  of  the  House  of  Commons  (presided  over  by  Sir  J. 
Compton  Rickett)  commenced  the  consideration  of  this  bill  last  week. 
The  bill  jiroposes  to  authorise  a  tube  railway  between  Cricklewood  and 
Edgware-road  railway  station.  The  remainder  of  the  line  from  Kdge- 
ware-road  to  Victoria,  which  was  previously  authorised,  has  been  aban- 
doned. 

Mr.  Balfoib  Browne,  K.C,  said  the  promoters  wanted  a  junction 
at  Edgwaic-road  with  the  Bakerloo  Tube,  so  that  ji.i--i  n-c  i~  (  nuld  com- 
|j|cte  the  journey  lo  Victoria  by  cimnecting  with  (In  I  >isl  li.  I  M;iihvay  at 
Charing  Cross.  Originally  the  capital  to  be  raised  «.is  i:!.niJll,OU0,"ljiit 
under  the  new  jiroposal  only  £1.200,000  would  be  required. 

The  Chair.man  said  he  did  not  think  Parliament  was  very  favourable 
to  extension  schemes,  which  were  hung  up  for  years  and  then  modified 
or  abandoned.     Such  action  prevented  other  schemes  being  started. 

Mr.  Balfour  Browne  stated  that  the  undertaking  had  becu  taken 
over  by  the  British  Electric  Traction  Co.  and  the  change  of  jjlan  was 
supported  by  local  opinion. 

Mr.  E.  G.ARCKE  said  that  about  a  year  ago  the  Brush  Co.,  the  original 
inomoters,  ajiproachcd  his  company  with  a  view  to  raising  the  necessary 
capital.  In  the  new  circumstances,  it  ^^■ould  be  impossible  to  raise 
money  for  the  old  scheme,  or  for  a  scheme  wliich  «-as  wholly  and  solely 
a  tube  railway.  In  the  case  before  the  Committee  there  was  to  be  a 
working  agreement  between  witness's  undertaking  and  the  Bakerloo 
Railway.  The  British  Electric  Traction  Co.  would  find  the  money 
required  for  the  construction  and  also  take  the  deferred  ordinary  shares. 
There  wfiuld  bo  no  difficulty  in  raising  the  preferred  ordinary  and  the 
debentures.  In  eross-oxaraination  he  admitted  that  the  tramway  under- 
takings with  which  he  was  connected  had  not  been  so  profitable  as  was 
anticip.ited,  but  he  argued  that  the  company  was  in  the  position,  so  far 
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Sir  Cliarles  Rivers  Wilson  and  Mr.  Cecil  Brailhwaile  also  gave  evidence 
;is  lo  tile  financial  proi^osals. 

Mr.  R.  W.  Howley,  inspecting  officer  of  (he  Biitisli  Electric  Traction 
(;<).,  gave  particulars  of  the  estimated  receipts  IVcirn  the  proposed  line. 

Mr.  W.  Barclay  Paksons,  C.E.,  said  he  had  desianccl  and  constructed 
the  New  York  underground  system  and  he  declared  the  scheme  to  be  a 
great  improvement  on  the  original  proposal  to  run  to  Victoria. 

Sir  George  Gibb  gave  evidence  as  to  the  merits  of  confluent  junctions, 
exchange  stations  and  shuttle  services.  In  his  view  a  juncti(m  at 
Paddington  would  be  a  serious  injury  to  the  North- West  London  and 
BakerliMi  Railways. 

Mr.  \V.  Forbe.s  and  Mr.  A.  H.  Stanley  also  gave  evidence  in  su|))iort  of 
tlie  bill. 

Mr.  E.  Garcke  was  recalled,  and  .stated  that  his  company  were  pre- 
|)ared  to  finance  the  new  scheme  to  the  e.\tent  of  half  the  capital.  They 
promoted  the  Bill  in  the  hope  to  make  a  moderate  jirofit,  and  of  that 
profit  had  agreed  to  allow  the  Brush  Co.  32  per  cent.  The  Brush  Co. 
had  spent  £75,000  in  the  promotion  of  the  original  scheme. 

On  Wednesday  Mr.  C.  Aldinoton,  assistant  traffic  sujierintendent  of 
the  G.W.  Railway  Co.,  gave  evidence  in  su))port  of  that  company's 
petition  against  the  bill.  A  shuttle  service  to  Edgware-road  would  not  be 
satisfactory.  The  change  of  trains  meant  loss  of  time,  and  he  did  not 
believe  that  the  platforms  could  be  cleared  by  such  a  service. 

Mr.  J.  C.  Ingli",  general  manager  of  the  G.W.  Railway  Co.,  and  Sir 
C.  McLaren,  chairman  of  the  Metropolitan  Railway  Co.,  also  gave 
evidence  in  opposition  to  the  bill. 

Evidence  in  favour  of  a  direct  service  through  Paddington  station  to 
parts  of  London  served  by  the  "  Bakerloo  "  line  was  given  by  witnesses 
from  Windsor,  Ealing,  Reading,  &c. 


Folkestone.  Sandgate  &  Hythe  Tramways  Bill— On  Tuesday 

a  Select  Coniinittce  of  the  House  of  Commons,  presided  over  by  Mr. 
Stuart  Sanuicl.  commenced  consideration  of  this  Bill,  which  is  promoted 
by  the  Folkestone,  Sandgate  &  Hythe  Tramways  Co.  Mr.  Cowar", 
K.C..  explained  the  objects  of  the  bill,  one  of  the  principal  being  the 
recission  of  such  portions  of  the  company's  agreements  with  the  local 
authorities  as  provided  for  the  equipment  of  tramways  in  their  areas  on 
the  Dolter  surface-contact  system  of  electric  traction.  Mr.  Coward  said 
the  Board  of  Trade  had  written  to  the  company  suggesting  that  they 
would  be  well  advised  to  adopt  some  form  of  traction  other  than  the 
Dolter  .system.  In  July  or  August  last  the  promoters  had  to  reluctantly 
recognise  the  fact  that  the  Dolter  system,  as  it  then  existed,  would  not 
do  for  tramway  traction  in  this  country.  The  company  would  not  ven- 
ture to  pro])nse  the  Lorain  or  the  G.B.  systems,  and,  as  the  result  of  cor- 
respondence with  the  company,  Sandgate  Council  stated  that  they  would 
not  object  to  the  substitution  of  the  overhead  system  but  they  wished  to 
impose  terms  as  to  street  widenings,  &c.,  which  the  company  could 
not  accept.  Folkestone  had  already  agreed  with  Lord  Radnor  that  the 
overhead  system  would  not  be  installed,  otherwise  the  company  would 
have  taken  up  a  different  position  there.  The  company  had  had  to 
expend  £32,659,  of  which  £23,000  had  been  paid  to  the  Councils  in  solid 
cash.  Hythe  and  Sandgate  had  on  more  than  one  occasion  approved 
the  overhead  system,  which  they  opposed  in  this  case.  Folkestone 
Council  had  resolved  that  the  system  to  be  adopted  on  the  Folkestone 
tramways  should  be  determined  by  arbitration  in  accordance  with  the 
Act  of  1906,  but  there  was  nothing  to  arbitrate  about.  The  Coinicil 
ought  to  be  satisfied  with  the  present  proposal,  which  would  give  them 
the  conduit  system  on  all  the  main  lines,  and  if  they  did  not  want  any 
overhead  lines  in  their  district  the  company  would  comply,  provided  the 
overhead  lines  in  Folkestone  were  not  made  obligatory  under  the  Bill. 

The  consideration  of  the  Bill  had  not  been  completed  when  we  went 
to  pi  ess. 

North  Metropolitan  Electric  Power  Supply  Bill — A  Comuiittcc 

of  the  Hoiisi.  ,,f  Lord-  (presided  over  by  Lord  LudloH)  on  Friday  passed 
the  preamble  of  this  Hill,  which  has  already  been  through  the  House  of 
Commons. 

Mr.  Balfour  Browne,  K.C,  for  the  promoters,  said  the  authorised 
ai-ea  of  supply  extended  over  325  square  miles.  The  com|)any  were 
under  the  restriction  to  supply  to  authorised  users  for  haulage  and  trac- 
tion purposes  and  for  lighting  the  vehicles  ])ropelled  by  such  power. 
They  now  sought  power  to  supply  to  authorised  users  for  lighting  railway 
stations  and  workshops.  The  jiowers  of  the  company  extended  into  the 
areas  of  50  difTcrent  .Luthorities,  but  only  West  Ham  opposed. 

Telegraph  and  Electric  Light  'Wires  —In  the  House  of  Commons 

last  week  Mr.  Bkach  asked  the  Postmastcr-tiencral  a  question  in  regard 
to  a  dispute  between  Llaidiaran  District  Council  and  the  Postal  't'ele- 
gra])h  Dcjiartment  as  to  the  cost  of  altering  their  .system  of  electricity 
supply  in  conseqiience  of  the  erection  of  Post  Office  wires  in  the  village  of 
Llanhaian. 

.Mr.  lifx-rnN  said  that  the  liability  to  protect  the  Postmaster-General's 
wires,  as  well  .is  the  jicrsons  of  tlie  general  public,  was  thrown  upon 
electric  light  iindertakiMs  by  Board  of^Trade  Regulation  under  sci-.  4  of 
the  Electrl<'  Lighting  Act,  ]«88.  In  (he  presci'it  case  there  was  some 
question  as  to  the  best  means  of  atfording  the  recpiired  iirotoction.  ,ind 
there  were  circumstances  which  led  him  to  think  that  he  might  pr.qicrly 
charge  the  iiublie  funds  with  most  of  the  cost.  The  chairman  of  tli'e 
Parish  Council  had  undcrlaken  that  the  sm.ill  proportion  charged  to  the 
Council  would  be  paid.  All  difficulties,  therefore,  were,  he  hoped,  at  an 
end.  He  could  not  undertake  to  accept  responsibilities  which  by  law 
were  thrown  upon  local  authorities  or  private  persons. 


MUNICIPAL.  FOREIGN  &  GENERAL  NOTES. 


APPOINTMENTS  VACANT  AND  FILLED. 

West  Ham  Corporation  invite  a|iplications  for  the  position  of 
electrical  engineer  and  manager  of  their  electricity  undertaking. 
Candidates  must  have  had  considerable  experience  in  important 
electricity  undertakings,  and  have  a  sound  knowledge  of  the  com- 
mercial management  of  electricity  .supply.  Apjjlieation  forms,  &c., 
from  the  town  clerk,  Mr.  Fred.  E.  Hilleary,  Town  Hall.  West  Ham, 
to  whom  ajiplications  must  be  sent  by  5  i).ni.  Tuesday.  .Tune  1.  See 
also  an  advertisement. 

Sheffield  Klectric  Light  committee  invite  apjjlication.s  for  the 
position  of  deputy  manager  and  chief  assistant  of  the  electric  supply 
department.  The  commencing  salary  will  be  in  accordance  with  the 
qualifications  of  the  candidate  selected,  the  maximum  being  £300, 
rising  by  biennial  increments  of  £2.t  to  f-lOO  per  annum.  Candidates 
must  have  had  worksho]>  training,  practical  experience  in  the  work- 
ing of  electricity  undertakings,  &c.  Applications  to  the  general 
manager  (Mr.  S.  E.  Fedden),  electric  supply  department.  Commer- 
cial-street, Sheffield,  by  May  29.     See  also  an  advertisement. 

An  assistant  engineer  is  wanted  by  Liverpool  Corporation  to  take 
charge  of  erection  and  maintenance  of  overhead  equipment  of 
electric  tramway.  Salary.  £250  per  annum.  Applications  to  the 
resident  electrical  engineer,  24,  Hatton-garden,  Liverpool. 

The  managers  of  the  Technical  College,  Dundee,  invite  applications 
for  the  position  of  lecturer  in  electrical  and  mechanical  engineering. 
The  person  appointed  will  have  full  charge  of  the  electrical  depart- 
ment, and  must  be  competent  to  take  the  senior  branches  of  mechani- 
cal engineering.  Salary  £350.  Applications  to  the  Director  of 
Studies,  Technical  Institute.  Dundee,  by  .June  15.  See  also  an 
advertisement. 

The  appointment  of  lecturer  in  the  physics  and  electrical  engineer- 
ing departments  at  the  Sunderland  Technical  College  is  now  vacant. 
Salary  £150  per  annum.  Applications  to  the  Secretary,  Mr.  T.  W. 
Bryers,  15,  John-street,  Sunderland,  before  Jlondaj',  May  31.  See 
also  an  advertisement. 

Blackburn  Council  have  appointed  Mr.  E.  Moxon,  chief  assistant 
electrical  engineer  at  £225  per  annum,  as  from  June  7,  rising  by 
annual  increments  of  £12.  lOs.  to  £250  per  year  ;  and  Jlr.  G.  Tinner, 
station  superintendent  at  £175  per  year,  rising  by  annual  incre- 
ments of  £10.  8s.  to  £206  per  annum. 

Mr.  C.  A.  Thorpe,  junior  engineer  of  Hammersmith  (London) 
electricity  works,  has  been  promoted  to  the  position  of  foiuth 
engineer-in-charge. 

Mr.  G.  Wlieeler  has  been  appointed  junior  shift  engineer  at  South- 
port. 

Mr.  T.  H.  Laby  has  been  appointed  professor  of  physics  at  the 
Victoria  University  College.  W'ellington,  X.Z. 


EDUCATIONAL  NOTICES. 


Motor  Car  Engineering. — The  :iew  department  for  this  subject  in 
the  Merchant  \'enturcrs'  Technical  College.  Bristol,  was  opened  on 
May  3.  when  the  first  professor  of  motor  car  engineering  in  this 
country  (Mr.  Wm.  Morgan.  B.Se.).  began  his  cour.scs  of  lectiu'es,  and 
(he  demonstrations  of  practical  work  in  the  recently  equipped  motor 
car  engineering  shop.  We  are  informed  that  the  new  department 
has  proved  distinctly  successful,  as  during  the  first  week  nine 
students  have  presented  themselves,  five  of  whom  are  taking  the 
complete  courses  in  motor  car  engineering  (.'SO  hours  a  week),  and  the 
remaining  four  ar<'  motor  car  users  who  ha-.'e  entered  for  the  short 
summer  ci)ursc  of  lectures  and  practical  work. 

Scholarships. — West  Riding(ofVorks.)CountyCouneilolVcrfnur  tech- 
nical .scholarships  (of  the  value  of  £60  per  annum)  to  residents  within 
the  administrative  area  of  tlu>  West  Riding,  and  available  for  courses 
of  instruction  in  connection  with  engineering  (meebanieal  or  elec- 
trical), metallurgy,  dyeing  or  other  ajiproved  industry.  The 
scholarships  are  intended  for  young  artisans  wlm  alreaily  have  a 
suitable  amount  of  mill  or  workshop  expericiuv.  and  the  awards  will 
be  mainly  based  on  the  results  obtained  at  examinations  of  the 
Board  of  Education  and  of  the  City  and  (.iuilds  of  London  Institute. 
Particulars  may  be  obtained  from  the  l\diicntion  ni^jvirlmrnt  (Tech- 
nical Braueh),  County  Hall.  WakelicKl. 

Bristol  Merchant  Venturers'  Technical  College.— The  new  buildmgs 

of  this  college  will  be  opened  liy  Lord  Keay  ou  •huic  24. 
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Australasia. — The  Victorian  Railway  Commissioners  liave  de- 
cided not  to  proceed  with  the  electrification  of  the  Melbourne  sub- 
urban steam  raihvays.  upon  which  Mr.  ('.  H.  Jlerz  prepared  and  sub- 
mitted a  report  in  favour  of  converting  the  Port  Melbourne-St. 
Kilda  and  the  Brighton-Essendon  branches  to  electric  traction  at  a 
cost  of  nearly  £900,000,  the  length  of  track  being  about  29  miles. 
Then,  by  stages,  the  whole  of  the  lines,  aggi-egating  some  129  miles, 
were  to  have  been  changed  to  electric  working,  the  cost  of  the  entire 
scheme  being  £2,227,000.  The  Railway  Commissioners  are  reported 
to  be  in  disagreement  with  Mr.  Merz's  estimates  of  increased  trafSc 
to  follow  electrification,  and  are  of  opinion  that  for  several  years 
to  come  equally  good  or  better  financial  results  can  be  obtained  by 
overhauling  the  steam  rolling  stock  and  running  an  accelerated 
service, 

Barnsley. — The  Market  committee  have  applied  for  sanction  to 
borrow  £308  for  the  electric  lighting  of  the  stalls  in  May  Day  green 
market. 

On  Tuesday  the  chairman  of  the  Electricity  committee  (Aid.  Brady) 
re)>orted  to  the  Council  that,  after  gianting  £1,000  in  aid  of  the  rates 
out  of  the  past  year's  profit  on  the  electricity  undertaking,  £429  was 
carried  forward.  He  was  pleased  to  say  that  their  experience,  contrary 
to  that  of  other  towns,  was  that  the  introduction  of  metallic  filament 
lamps  had  not  reduced  their  turnover. 

Bath. — The  City  Council  have  decided  to  return  the  whole  of  the 
deposit  made  by  ilr.  Schenk  on  the  execution  of  the  abortive  agree- 
ment for  the  purchase  of  the  electricity  works  (with  interest  at  3  per 
cent,  per  annum),  deducting  only  £2,.^0O  paid  in  July,  1907,  as  con- 
sideration for  the  extension  of  time. 

Bexhill. — After  paying  all  expenses,  including  interest  and  sinking 
fund,  there  was  a  net  profit  of  £536.  Cs.  lOd.  on  the  past  year's  work- 
ing of  the  electricity  undertaking.  £2'20.  9s.  Id.  was  allowed  for 
depreciation. 

Birmingham. — The  Tramway  committee  propose  to  hand  over 
£30.(11  Mi  out  of  the  past  year's  profits  of  the  tramways  undertaking 
to  the  relief  of  rates. 

The  committee  have  decided  not  to  entertain  the  j)roposal  to 
manufacture  their  own  tramcars. 

Bolton. — iThe  Electricity  commitlee  have  decided  to  allocate 
£t;,.")00  out  of  the  net  profits  on  the  past  year's  working  of  the  elec- 
tricity department  to  the  relief  of  rates. 

Bournemouth. — There  w  ill  be  a  deficit  of  about  £G,OCK)  on  the  past 
yiar's  working  of  the  municipal  tramways. 

Brighouse. — There  is  a  deficiency  of  £483  on  the  past  year's  work- 
iriu'  of  the  electricity  undertaking.  The  Council  are  now  taking 
electricity  in  bulk  from  the  Yorkshire  Electric  Power  Co. 

Bumley. — The  profit  on  the  past  year's  working  of  the  municipal 
tramways  was  £8.381,  of  which  £2,380.  16s.  8d.  has  been  devoted 
to  relief  of  rates  and  £6,000  added  to  reserve.  12,176,782  passengers 
were  carried  and  1,229,'224  car-miles  run.  The  total  revenue  was 
£()2.6G9  and  the  expenses  £40,9.50. 

Bury  ( Lanes. ) — The  profit  on  the  past  year's  working  of  the  tram- 
ways was  £3.272.  of  which  £2,500  has  been  placed  to  reserve,  and 
the  balance  (£772)  has  been  voted  to  the  relief  of  the  rates.  Over 
11,500,000  passengers  were  carried,  an  increase  of  500,000. 

The  profit  on  the  electricity  undertaking  was  £2,914,  against 
£4,0'26.  The  decrease  is  attributed  to  the  reduction  in  the  price  of 
current,  to  the  extended  use  of  metallic  filament  lamps,  &c. 

Cable  Makers'  Association. — We  are  inf<jrmed  by  the  secretary 
(.\Ir.  A.  H.  Howard)  that,  in  accordance  with  a  resolution  of  the 
A.s.sociation  pa.s.sed  at  a  meeting  on  the  5th  inst.,  Messrs.  Charles 
Macintosh  &  Co.,  Ltd.  (William  Rickard.  Ltd.)  have  ceased  to  be 
members  of  the  Association. 

Carlisle. — A  new  feeder  cable  is  to  1)C  laid  to  Caldewgate  and  New- 
town at  a  cost  of  £1,550. 

The  electrical  engineer  and  manager  (.Mr.  S.  T.  Allen)  has  jirepared  a 
rep(jrt  on  the  e.\ten'<ion>  of  |i|imt  necessary  to  meet  next  winter's  demand 
for  current,  and  he  nn. in  mends  the  Council  to  put  down  additional  plant 
at  an  estimated  (  ost  of  to.ii'ilt. 

Owing  to  the  resignation  of  Mr.  .Moberley,  mains  superintendent 
at  Carlisle,  Mr.  Thomp.son.  the  present  station  superintendent,  has 
been  promoted  to  the  position  of  principal  assistant. 

Cleethorpes. — .\n  inquiry  was  held  here  on  Tuesday  into  the 
apphcation  of  the  Council  for  permission  to  borrow  £4,000  for  elec- 
tricity supply. 

Customs  Decisions. — .According  to  recent  decisions,  no  import  duty 
is  leviable  under  the  Netherlands  tariff  on  wire  clamps  used  in 
stretching  telegraph  and  telephone  wires  or  on  wolfram  metal  wire 
used  for  incandescent  lamps,  even  if  cut  in  lengths.  Electric  trans- 
formers are  dutiable  according  to  their  chief  component  parts  or  as 
in-itrumcnls 


Darwen.— There  was  a  profit  of  £627  on  the  past  year's  working  of 
the  electricity  department. 

Dudley. — Electrical  energy  is  to  be  supplied  by  the  Corporation  to 
Jlessrs,  Bingleys'  marine  works  at  Cradley-road  by  means  of  an 
overhead  cable. 

East  Grinstead. — The  Finance  committee  have  been  asked  to 
report  upon  a  iirojiosal  of  the  Sussex  Electricity  Co.  for  the  supply 
of  electricity  in  the  district,  and  as  to  the  advisability  of  allowing 
overhead  cables. 

Electric  Lighting  Accounts,— The  Board  of  Trade  have  just  issued 
a  form  of  accounts  for  electricity  supply  companies.  The  prescribed 
form  differs  in  no  respect  from  the  form  given  in  the  Digest  of  the 
Law  of  Electric  Lighting  and  Traction  in  the  1909  edition  of  "  The 

Finchley. — An  inquiry  was  held  last  week  into  the  application  of 
the  Council  for  permis.=ion  to  borrow  £2,000  for  the  supply  and 
erection  of  50  3,()00  c.p.  arc  lamps  in  certain  tlioroughfares  in  the 
district. 

Evidence  in  support  of  the  scheme  was  given  by  the  electrical  engi- 
neer (Mr.  E.  Calvert),  and  there  were  two  or  three  jietitions  from  rate- 
payers also  supporting  it,  but  some  opposition  was  offered  by  the  North 
Middlesex  Gas  Co. 

Fire. — We  are  asked  by  the  Hart  Accumulator  Co.  (Ltd.),  Marsh- 
gate-lane,  Stratford,  London,  E.,  to  contradict  the  reports  that 
have  appeared  in  Wednesday's  daily  papers  in  regard  to  the  fire 
which  occurred  at  their  works  on  Tuesday.  The  damage  is  not  so 
extensive  as  has  been  stated,  and  the  fire  was  entirely  confined  to  a 
jiortion  of  the  works  that  was  at  the  time  unoccupied,  so  that  de- 
liveries will  not  be  aft'ected  in  the  slightest  degree. 

Fulham  (London). — Tde  lamps  on  Eelbrook  Common  are  to  be 
adapted  for  Osram  lamps  at  a  cost  of  £21. 

Hammersmith  (London).— The  Board  of  Trade  have  agreed  to 
appoint  a  referee  to  settle  the  difference  between  the  Council  and  the 
London  L^nited  Tramways  (Ltd.)  as  to  the  repair  of  the  tramway 
track  in  the  borovigh.  Mains  are  to  be  extended  to  supply  current 
to  the  Jletropolitan  Water  Board's  new  pumping  station  at  a  cost 
of  £234. 

Leith. — The  Granton  tramway  extension  was  opened  for  traffic 
on  Tuesday. 

Light  Railways. — Southend  Corporation  intend  to  apply  to  the 
Light  Railway  Coniniissioncrs  for  an  order  to  revive  the  powers 
granted  by  Southend-on-Sea  Light  Railways  Extensions  Order, 
1904,  except  that  it  is  proposed  to  abandon  a  portion  of  railway  No.  1. 
Electrician  "   Electrical  Trades'  Directory  and  Handbook, 

Llandudno. — An  unopposed  inquiry  was  held  last  week  into  the 
application  of  the  Council  for  permission  to  borrow  £2,4.50  for  addi- 
tional plant  for  the  electricity  works. 

London  County  Council. — On  Tuesday  the  recommendation  of  the 
Highways  committee  to  expend  £61,710  on  the  construction  of  tram- 
ways from  Brockley-road  to  Forest  Hill,  S.E.,  was  agreed  to. 

Labour  Coyiditions. — A  long  report  was  submitted  by  the  same  com- 
mittee with  regard  to  the  conditions  of  labour  of  drivers  and  conductors, 
which  had  been  raised  by  the  Amalgamated  Association  of  Tramway 
and  Vehicle  Workers.  The  committee  pointed  out  that  there  had  been 
a  steady  and  continuous  improvement  in  these  conditions,  and  they  were 
not  prepared  to  advise  the  Council  to  go  further.  In  a  further  report  t'-e 
committee  recommended  that  they  be  authorised,  after  conference  with 
the  Board  of  Trade,  to  submit  to  the  Council  the  details  of  a  scheme  fur 
the  establishment  of  Conciliation  Boards  for  the  Council's  tramways  on 
the  lines  of  those  agreed  to  in  the  case  of  railway  companies.  The  report 
was  adopted. 

London  County  Council  and  Metropolitan  Boroughs.     Bat tcrsca. 

Camlierwcll.  Chelsea.  Fulluini.  KcnsioL'ton.  Shorcditch.  Sonthwark. 
Wandsworth  and  Woolwich  liorough  Couni'ils  have  approved  of  (he 
action  taken  by  Westminster  City  Clouncil  in  protesting  against  Ihc 
policy  of  the  L.C.C.  in  encroaching  on  the  jurisdiction  of  the  .\Ictro- 
pfilitan  Borough  Councils  in  electric  supply  and  other  private  bills. 

Lowestoft. — The  Council  have  decided  that  for  the  present  elec- 
trical engineers  canvassing  and  obtaining  new  consumers  for  "  free  " 
wiring  shall  be  allowed  to  execute  the  wiring  at  the  current  contract 
price,  subject  to  the  satisfaction  of  the  borough  engineer. 

Market  Harborough. — A  circular  is  to  be  sent  out  to  all  ratejjayers 
in  the  compulsory  area  of  the  provisional  electric  lighting  order  to 
ascertain  the  probable  demand  for  electric  current. 

Middlesbrough. — An  inquiry  was  held  yesterday  (Thursday)  into 
the  application  of  the  Council  for  .sanction  to  borrow  £10,000  for 
ricclric  lighting  extensions. 

Nelson. — The  net  profit  on  the  past  year's  working  of  the  elec- 
Irjcily  department  was  £.3(i.  889.572  units  were  sold,  including 
267,464  for  lighting,  .534,932  for  traction,  05,188  for  jiower,  and 
21 ,988  sold  bv  contract. 
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Personal. The  salary  of  the  Fulhatn  (London)  borough   electrical 

eni'imTr  (Mr.  .\.  J.  Fuller)  has  been  increased  lu  £525  per  annum. 

Plymouth. — Tlie  Electricity  committee  have  been  authorised  to 
put  down  addition.il  plant  at  the  electricity  works  at  an  estimated 
cast  of  £2.500. 

Current  for  illuminated  sky  signs  is  to  be  supplied  at  Jd.  per  unit 
less  than  the  ordinary  lighting  rate,  provided  750  units  per  annum 
are  consumed. 

Portadown  (Ireland). — -A  plebiscite  of  the  ratepayers  is  to  be  taken 
on  a  proposal  to  establish  electricity  supply. 

Presentations. — Bradford  Electricity  staff  have  presented  a  dining 
room  clock  til  the  city  electrical  engineer  (Mr.  Thos.  Roles),  on  his 
marriage. 

Norwich  tramway  staff  have  presented  a  silver  salver  and  cake 
basket  to  Mr.  A.  N.  Banister  on  his  retuement  from  the  position  of 
manager. 

Brighton  tramway  staff  have  made  a  presentation  of  a  travelling 
bag,  &c.,  to  Mi-.  F.  J.  Gosden,  who  has  entered  the  service  of  the 
London  County  Council. 

On  his  dejiarture  for  Australia,  Mr.  Orr,  late  assistant  engineer 
at  the  Summer-lane  station,  Birmingham,  has  been  presented  by 
the  staff  with  a  gold  chronograph  and  Mrs.  Orr  with  a  silver  vase. 

On  the  9th  inst.  the  Bournemouth  tramways  staff  presented  the 
late  manager  (Mi-.  Cecil  Barber)  with  a  bronze  electric  light  group 
("  L'Orage  '")  and  a  leather  suit  case,  and  Mrs.  Barber  with  a  fitted 
luncheon  and  tea  basket  and  an  Indian  lizard  pur.se  with  silver 
fittings. 

Mr.  F.  T.  Olding,  chief  assistant  in  the  traffic  department,  made  the 
presentation,  and,  in  reply,  Mr.  Barber  said  he  was  very  pleased  and 
gratified  with  the  great  kindness  which  had  been  sliuwn  him  by  the  staff, 
and  he  thanked  them  most  heartily  for  their  splendid  presents  to  himself 
and  Mrs.  Barber.  He  was  very  proud  of  the  staff,  and  his  greatest  regret 
in  le.iving  Bourneniovith  was  that  it  would  sever  his  cunneetion  with 
them. 

Rhine  Water  Power  Scheme, — A  French  consular  report  states 
that  it  is  proposed  to  form  a  company  in  Mulhausen,  with  a  capital 
of  about  £2,114,000.  for  the  construction  of  reservoirs  in  the  Vosges 
district  and  the  generation  by  water  power  of  electrical  energy  for 
industrial  purjMKses  in  Mulhau.sen.  It  is  calculated  that  200,000  u.P. 
could  be  generated  by  the  Rhine  waterfalls  between  Schaffhausen 
and  Bale. 

Roumania. — The  German  Consul  at  Bucharest  states  tliat  the 
demand  for  all  kinds  of  electrical  machinery  is  steadily  increasing 
year  by  year.  Electrical  machinery  is  largely  used  in  the  oil  fields 
and  in  the  timber  |)roducing  areas. 

ShefTield. — The  Electric  Light  committee  propose  to  apply  for 
sanction  to  borrow  £50,000  additional  for  laying  feeders  and  for 
general  main  extensions  and  sub-stations,  and  £t).00()  for  house 
services,  &e. 

South  Africa. — Tallies  have  been  (Hepared  by  Mr.  R.  N.  Kotze  (the 
Tr.ansvaal  Guvernment  mining  engineer)  showing  the  imports  of 
machinery,  &c..  into  the  Transvaal  during  the  year  ended  June  30 
last,  for  the  use  of  gold,  coal  and  diamond  mines  and  metallurgical, 
chemical  and  lime  works,  and  which  include  electrical  fittings  to  the 
value  of  £140.179,  electrical  generators,  engines,  &c.,  £38,868, 
electric  hoists  and  motors  £17,169,  electric  locomotives  £1,001, 
other  electric  motors  £21,556,  electric  pumps  £27,126. 

Tile  "  British  and  South  African  Export  Gazette  "  says  : — 

The  Transvaal  (iovernment  are  about  to  establish  iron  smelting  works 
at  Pretoria  and  it  is  understood  that  the  Agent-General  in  Londiiu  will 
shortly  invite  tenders  for  the  supply  of  an  electric  furnaee  to  turn  nut 
0  t.ins  iif  steel  per  day. 

The  Criiwn  I)eep  (Ltd.)  have  ordered  four  125  H.P.  and  two  150  h.p. 
motors.  The  West  Rand  Consolidated  Mines  have  also  ordered  a  num- 
ber of  motors. 

Johannesburg  Corporation  will  shortly  want  tenders  for  electricity 
meters.  Tin-  Municipality  have  ordered  a  10  h.p.  and  a  5  h.p.  motor  and 
lamiis.  swilihcs.  &o.,  ftir  the  abattoirs  and  cattle  markets. 

OiullsliiHun  Electric  Lighting  Co.  are  in  the  market  for  complete 
electric  liglitiug  [iliint.  Particulars  fromMr.  G.  Koelewijn,  P.O.  Box  47, 
Oiultshiiiirii. 

Southwark  (London). — We  are  asked  to  state  that,  in  regard  to 
the  advertisement  of  the  Borough  Council  which  apjjeared  in  the 
issue  of  The  Electriown  for  March  19,  the  Council  have  deferred 

tiie  apjiointmont  of  a  chief  engineer  and  manager  of  their  electric 
light  undertaking  fur  three  months. 

Telephony  in  Saskatchewan.— The  Saskatchewan  Govemuunt 
took  over  all  the  limg-distpnce  lines,  local  exchanges  and  equipment 
of  the  Bell  Telephone  Co.  in  the  province  on  May  1. 

Tramcars  for  Military  Purposes. — The  possibility  of  employing 
tramcars  for  the  mobilisation  nf  troops  has  been  discu.ssed  at  a  con- 


ference held  in  Manchester  between  officers  of  the  E.  Lancashire 
Territorial  Force  and  representatives  of  the  tramway  undertakings 
in  the  district.  Between  12,0tKJ  and  13,000  troops  of  the  dixdsion 
will  assemble  at  Worsley  in  July  for  review  by  the  King.  Of  these 
some  3,000  will  be  transported  by  tramcar  from  the  various  East 
Lancashire  towns.  Others  will  journey  by  train,  but  the  Manchester 
and  Salford  contingents,  which  form  by  far  the  greatest  number, 
will  march  to  the  parade  gr  )und. 

Turkey. — The  imports  at  Constantinople  during  the  year  ended 
February.  HMIS.  cnmprised  eirctrir  liclls.  &c..  to  the  value  of  £4.(KMI, 
including  £340  from  the  United  Kingdom. 

Utilisation  of  Waste  Heat  from  Coke  Ovens.— At  Messrs.  Pease  & 
Partners'  collieries  at  Bankfnot  (Durham),  an  installation  of  90 
patent  coke  ovens  has  been  in  operation  for  some  time,  and  recently 
it  was  decided  to  lay  down  30  additional  ovens.  Wherever  possible 
electric  power  has  been  adopted.  The  waste  heat  from  the  90  coke 
ovens  at  Crook  is  being  utilised  at  a  power  station  which  has  Ijeen 
provided  in  the  immediate  vicinity  by  the  Bankfoot  Power  Co.,  in 
which  Messrs.  Pease  &  Partners  have  subscribed  one-half  of  the  share 
capital,  and  the  Waste  Heat  &  Gas  Electric  Generating  Stations 
(Ltd.)  the  other  half.  At  this  station,  which  was  put  into  com- 
mercial service  a  few  weeks  ago,  there  is  plant  of  3,300  h.p.  gene- 
rating three-phase  current  at  3,000  volts  40  cycles. 

Venezuela. — Renter's  Agency  announces  that  all  outstanding 
differences  between  the  Venezuelan  Government  and  the  Compagnie 
Frani>aise  des  Cables  Telegraphiques  have  been  settled,  and  an 
agreement  between  the  parties  has  just  been  signed  which  will  enable 
the  company  to  re-o])en  its  regular  service  with  Venezuela  forthwith. 

Watford. — The  chairman  of  the  Electricity  committee  (Mr.  Good- 
rich) has  stated  that  metallic  filament  lamps  are  not  bavin's  any 
serious  effect  on  the  actual  number  of  units  .sold.  Where  these 
lamps  had  had  a  disHslrous  effect  was  usually  where  the  bulk  of  the 
current  was  fur  lighting,  but  ir,  Watford  they  were  fortunate  in  hav- 
ing a  number  of  po«er  consumers. 

An  unopposed  inquiry  was  held  here  last  week  into  the  application  of 
the  Council,  for  sanction  to  borrow  £4,952  for  electric  lighting  extensions. 

West  Ham, — The  electrical  engineer  (.Mr.  A.  H.  Seabrook)  and  the 
tramways  manager  (Mr.  H.  E.  Blain)  have  decided,  in  order  to  im- 
prove the  traction  supply  in  Stratford  district,  to  lay  a  015  O.tMH) 
volt  two-pha.se  twin  concentric  cable  from  the  generating  station  to 
the  Town  Hall,  to  install  rotary  converters  and  transformers  and  the 
necessary  switchgear  at  a  cost  of  £6,258. 

The  value  of  the  tramways  cable  recovered  will  be  about  £9.0(XI. 
Under  this  arrangement  the  tramways  department  cut  out  the  trans- 
mission  losses  between  Canning  Town  and  Stratford,  valued  at  approxi- 
mately £1,000  per  annum.  The  electricity  department  gains  the  advan- 
tage of  having  rotary  cunverters  running  in  the  middle  of  Stratford, 
which  \vill  have  the  effect  of  increasing  the  current-carrying  capacity 
of  the  cables  by  improving  the  power  factor  of  the  system. 

In  conjunction  with  the  above  scheme  the  ordinary  supply  arrange- 
ments from  Canning  Town  to  Stratford  will  be  rearranged  by  laying  one 
0-15  0,000  volt  two-phase  cable  from  the  generating  station  to  the  Town 
Hall  (duplicate  of  the  proposed  tramway  cable),  costing,  with  the  step- 
down  transformers  and  switchgear,  £3,200,  and  removing  the  existing 
cables  to  stock,  value  £3,400.  The  capital  cost  will  be  nil,  as  the  cables 
to  be  removed  are  perfectly  good  and  can  be  removed  to  other  parts  of  the 
borough.  A  final  improvement  to  consolidate  the  supply  to  Stratford 
is  to  be  the  linking  up  of  the  (i.OOO  volt  two-phase  cable  from  the  corner 
of  Abbey-lane  to  Highstreet,  where  the  present  t),000  volt  twi)-i)hasf 
cable  fro'm  Canning  Town  to  that  point  ends,  and  along  High-street  and 
Broadway  to  Tottii  Hall,  connecting  u|)  with  the  proposed  new  cable. 
The  cost  of  this  will  be  £1,000,  which  is  the  net  cost  of  the  three  schemes 
on  capital  account.  The  Electricity  committee  have  decided  to  carry 
out  the  work. 

The  Electricity  committee  have  tmanimously  passed  a  resolution 
recording  the  fact  that,  while  they  heartily  congratulate  Mr.  Seabrook 
on  his  success  in  obtaining  the  important  appointment  of  general  manager 
of  the  Marylebone  electricity  imdertaking,  they  deeply  regret  the  loss  of 
his  valuable  services  to  the  Borough,  and  recommend  that,  in  order  to 
place  on  permanent  record  the  Conmirs  high  ajiprcciation  of  the  value  of 
Mr.  Seabrook's  work  in  developing  the  West  Ham  electricity  undertaking. 
a  testimonial  on  vellum  under  the  Corporate  seal  be  presented  to  him. 

As  several  important  mattei-s  relating  to  electricity  are  pending,  the 
Electricity  committee  have  decided,  subject  to  the  consent  of  Mary- 
lebone Council  being  obtained,  that  the  .services  of  Mr.  A.  Hugh  Seabrook 
be  retained  as  consulting  electrical  engineer  at  a  fee  of  100  guineas  for  a 
period  of  one  year,  or  such  time  as  may  be  necessary  to  finally  dispose  of 
the  several  ponding  matters. 

Wireless  Telegraph  Notes.-The  woiuh  is  of  wirclcs.s  telegraphy 
form  the  theme  for  much  newspaper  writiiu;.  and  some  of  the  m<irc 
recent  developments  have  appealed  to  the  public  imagination.  It 
is  now  announced  that  the  arrangement.s  taken  by  the  French 
authorities  to  circumvent  the  postal  telephone  and  telegraph  strikers 
include  an  arrangement  with  the  French  Ministry  of  Marine  to  hold 
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all  warships  in  port  in  readiness  to  tako  up  imsitions  along  the  coast. 
in  order  that  their  wireless  telegi'aph  equipments  may  be  utilised  to 
secure  and  maintain  telegraphic  conimunieat ion,  which  may  other- 
interrupted  by  the  strike  and  the  strikers. 

It  is  announced  that  Capt.  Hovland,  of  the  Norwegian  Navy,  has 
invented  a  system  of  automatically  recording  wireless  telegiaph 
messages  in  print.  Jlessages  arc  said  to  have  been  exchanged  be- 
tween a  station  erected  after  the  inventors  own  designs  and  a  Nor- 
wegian naval  wireless  station  12.1  miles  distant  {Tojniii).  when 
Capt.  Hovland  demonstrated  how  by  his  system  absolute  secrecy  of 
wireless  telegrams  could  be  preserved  and  the  ordinary  signals  could 
be  automatically  transformed  into  secret  written  characters.  With 
the  aid  of  a  "  tabulator,''  constructed  somewhat  on  the  ])lan  of  a 
tj^pewritcr,  the  signals  are  despatched  and  the  wireless  message 
arrives  at  the  receiving  station  printed,  either  in  ordinary  or  in 
secret  characters,  as  desired.  It  is  further  stated  that  the  Norwegian 
naval  authorities  have  decided  to  give  financial  support  to  the 
exploitation  of  the  system. 

The  I'aris  "'  Matin  "'  recently  gave  some  particulars  of  a  claim 
made  by  two  army  telegraphists  (MM.  Mailly-Chalon  and  L.  Chan- 
telot)  to  have  invented  a  method  of  transmitting  handwriting  over 
wireless  telegi'aph  systems.  The  invention  consists  of  adapting 
the  ordinary  Hilautograph  to  the  influence  of  Hertzian  waves  in 
such  manner  as  to  render  the  communication  perfectly  intelligible 
and  secret.  This  is  said  to  be  effected  by  means  of  a  sensitive  drum 
on  the  receiving  instrument,  the  "  impressions"  being  meaningless 
to  everybody  until  they  are  recorded  on  this  drum,  with  the  result 
that  only  the  receiver  can  read  the  message.  The  inventors  claim 
that  experiments  extending  over  several  months  lead  them  to  the 
conclusion  that  the  invention  is  of  practical  utility. 

At  an  exhibition  of  recent  inventions  which  is  being  held  at  St. 
Petersburg  an  exhibit  is  shown  of  wireless  telegraph  apparatus 
connecting  St.  I'etersburg  with  Viborg  (Finland)  and  with  Sebastopol 
(Crimea).     The  latter  city  is  1,000  miles  from  St.  Petersburg. 

At  Punta  del  Este  a  wireless  t^legiaph  service  was  opened  on 
April  15.  Another  station  is  to  be  erected  at  Rio  Grande,  and  these 
stations,  when  ready,  will  enable  communication  to  be  maintained 
with  vessels  between  Rio  de  Janeiro  and  Buenos  .4\Tes,  the  .Argen- 
tine station  being  located  at  Bernal. 

Electrical  Contractors'  Dinner. — The  eighth  annual  dinner  of  the 
Electrical  Contractor.s'  Association  will  be  held  at  the  Holborn 
Restaurant,  London,  on  June  14. 


TRADE  NOTES  AND  NOTICES. 


NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES' 
DIRECTORY  AND  HANDBOOK.— The  1909  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issued  in  handy  book 
form.  These  are  included  in  the  1909  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 

TENDERS  INVITED. 

■^cnders  are  invited  for  the  supply,  alternatively,  of  one  1,000  kw., 
1.2.50  kw.  or  1,.-)(K)  kw.  d.c.  dynamo  and  engine  U)  the  City  of  Mkl- 
BOCRNE.  Tender  form,  conditions,  specification,  dtccanbe  obtained 
from  the  agents  of  the  Council,  Messrs.  Mcllwraith.  McEacharn  &  Co. 
Proprietary  (Ltd.).  Billiter  Square-buildings.  London,  E.C.  Tenders, 
addres^cfl  to  the  chairman  of  the  Electric  Supply  committee,  Town 


Hall.  Melbourne,  by  2  p.m.  Wednesday,  July  14.  Further  par- 
ticulars are  given  in  an  advertisement. 

Tenders  are  invited  for  the  sujjply  of  69,750  incandescent  lamps 
to  the  City  of  Melbourne.  Specification  and  forms  from  the 
agents  of  the  Council,  Messrs.  Mcllwraith.  McEacharn  &  Co.  Pro- 
prietary (Ltd.),  Billiter  Square-buildings.  London,  E.C,  to  whom 
tenders  by  noon  Tuesday,  June  1.     See  also  an  advertisement. 

Tenders  are  also  invited  for  svipply  of  1.125.000  flame  and  70,000 
ordinary  arc  lamp  carbons  for  Melbourne  Corporation.  Tender 
form,  specification,  conditions,  &c..  from  the  agents  for  Melbourne 
City  Council.  Messrs.  Mcllwraith,  McEacharn  &  Co.  Proprietary 
(Ltd.).  Billiter-square-buildings,  London.  E.C.  to  whem  tenders  by 
noon  Tuesday,  May  25. 

Tenders  are  invited  for  sup])ly  of  50  coin  attachments  (suitable 
for  coins  of  different  values)  to  the  Postmaster-General's  Depart- 
ment in  VicTORi.\.  Tender  forms  and  specifications  may  be  obtained 
at  the  Commonwealth  Offices,  72.  Victoria-street,  London,  S.W.  See 
also  an  advertisement. 

Tenders  are  invited  for  eight  sections  of  common  battery  switch- 
board and  subscribers'  ajiparatus  for  Hawthorn  Exchange  for  the 
Postmaster-General's  Department,  Victoria.  Tender  forms  and 
specifications  from  the  Commonwealth  Office,  72,  Victoria-street, 
London,  S.W.     See  also  an  advertisement. 

Tenders  are  also  invited  for  supply  of  telephone  material  to  the 
Postmaster-General's  Department  in  Queensl.vnd.  Tender  forms 
and  specifications  may  be  obtained  at  tlie  Commonwealth  Office,  72, 
Victoria-street,  London,  S.W.     See  also  an  advertisement. 

Tenders  are  invited  for  the  sujiply  of  a  branching  multiple  magneto 
switchboard  to  the  Postmaster-General's  Department  in  New  South 
W.4LES.  Tender  forms  and  specification  may  be  obtained  at  the 
Commonwealth  Office,  72,  Victoria-street.  London,  S.W.  See  also 
an  advertisement. 

Tenders  are  invited  for  the  supply  of  one  photometer,  &c..  to  the 
Postmaster-General's  Department  in  New  South  W.\i.es.  Tender 
forms  and  specification  from  the  Commonwealth  Office,  72,  Victoria- 
street,  London,  S.W.     See  also  an  advertisement. 

WiGAN  Corporation  invite  tenders  for  the  sujjply  and  erection  ul 
750  kw.  engine  and  generator,  two  water-tube  boilers,  steam  and 
water  piping,  motor-driven  feed  pumps,  economiser,  sejjarators, 
feed  water  filter  and  meter,  exhaust  steam  and  water  piping,  motor- 
driven  pumps  and  condenser,  coal-handling  plant  and  bunkers, 
h.  and  l.-t.  cables,  h.  and  l.-t.  switchboard,  removal  of  plant  from 
Pemberton  generating  station  to  Wigan,  constructional  steelwork 
for  the  boiler  hou.se  extension  and  switchboard  gallery.  Tenders 
to  the  town  clerk,  Mr.  Harold  Jcvons,  by  May  17. 

Manchester  Tramways  committee  invite  tenders  for  the  supply 
and  delivery  of  main  switchboard  and  auxiliary  distribution  boards, 
steel  girder  tramway  rails,  steel  tiebars  for  tramway  rails,  copper 
trolley  wire,  and  tramway  rail  bonds.  Tenders  to  the  Chairman  of  the 
Committee,  55,  Piccadilly.  Manchester,  10  a.m.  of  Tuesday,  May  18. 

St.  PANCR.iS  (London)  Borough  Coiuicil  invite  tenders  for  supply 
of  arc  lamp  carbons.  Copies  of  specification,  &c.,  from  the  E)pc- 
tricity  Department  offices,  57,  Pratt-street,  Camden  Town,  N.W. 
Tenders  by  noon  July  10  to  the  town  clerk,  Mr.  C.  H.  F.  Barrett, 
Town  Hall,  Pancras-road,  London,  N.W. 

St.  Pancras  (London)  Council  want  tenders  by  noon  May  17  for 
12  months'  coal  for  the  electricity  works.  Specification,  &c.,  from 
the  electricity  department. 

London  County  Council  want  tenders  by  11  a.m.,  .Tune  15,  for 
200  double-deck,  roof  covered  tram  car  bodies,  200  car  sets  of 
maximum  traction  swing  bolster  trucks,  and  200  electrical  equip- 
menti.  Forms  of  tender,  &c..  from  the  County  Hall.  Spring  Gardens, 
S.W. 

Farnwortii  CoutM'il  want  tenders  l)y  May  24  for  the  supply, 
laying,  &c..  of  e.h.t.  and  l.t.  cables,  and  10  circuit  breakers.  Speci- 
fications. &c..  from  the  electrical  engineer. 

Dartford  Council  want  tenders  by  noon  May  19  for  12  months' 
supply  of  house  service  cable,  jointing  material,  &c.  Forms  from 
111.-  Clerk. 

WmTEUAVEN  Corporation  want  tenders  by  noon  May  25  for  supply 
and  erection  of  a  balancing  set.  Specification,  &c..  from  the  Borough 
Electrical  Engineer. 

HoRNSEY  Council  require  tenders  by  noon  JMay  28  for  supjjly  of 
cables.     Forms  of  tender,  &c.,  from  the  Borough  Electrical  Engineer. 

Woolwich  Council  want  tenders  by  noon  May  17  for  coa'.  for  the 
electricity  department.     Forms  from  the  Town  Clerk. 

The  Direction  of  Public  Works,  Madrid,  invite  offers  (until  May  21) 
for  a  concession  for  an  electric  tramway  from  Catarroga  to  Silla,  in 
comjjetition  with  an  offer  received  from  the  Cia  General  de  Tran- 
vias  de  Valencia, 
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Frv  Bros £31,206 

R."C.  Brebner 33,669 

H.  Af.  Xnwell  43.617 
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TENDERS  RECEIVED  AND  ACCEPTED, 

liiinticin  (Vninty  Cuuncil  have  rcreivod  the  following  tenders  :  — 
Construction  of  trarawax's  from  tlie  '■  Plough,"    Clapham,  to  Cedars 
road,  near  Lavender  Hill,  &c. 
Dick,  Kerr  &  Co.  (uccepHd  £28703 

A.  M.  Coles 29,361 

W.  llanders    29,619 

J.  Afowlem  A  < ' .'!n.271 

'I'iie  nM(l<Tnicntioneil  porlions  iif  ll 
to  (he  .\nder.?ton  Foundry  Co.,  or  Wilsons,  Pe;ise  &  Co  ;  the  insulators  to 
Donllon  &  Co.,  or  Bullers  (Ltd.) :  and  the  tiebars.  bolts.  &e.,  to  Bayliss, 
•Jon^s  &  Bayliss,  or  CJuest,  Keen  &  Nettlefolds. 

For  Track-  Knili  and  Fa^lenini/.^. 

Bolckow.  Vanghan  &  Co.  (aeeeple'l)    .'..£24,958  19     8 

.s-tahlurrks-Verbnnd.   Diisseld.irf  *21.0.">7     .'>     O 

.^ui  ill/' Anunyme  d'OuLTc'c  .Marihaye    22. ."ill    Hi     2 

S..rii  (■■  Anonvnie  des  Acir'ries  d'Angleur  ...      22,(i.">l!   11     H 

Lurain  SteefCo 2li.0(i2   l!l     (I 

P.  &  \r.  MaeLellan(North-East«rnSteelCo.)...     2(i,4i).>     1     ii 

Walter  .Scott  (Ltd.)  2(l.S(i.->     ."i     I) 

Barrow  H.nematite  Steel  Co 27.:i!HI     il     Ii 

.Slot  Rails  and  Conductor  Tci>i. 

Frodingham  Iron  &  Steel  Co.  (accepted) £21,197  15     0 

Walter  Scott  (Ltd.)   21,7H4     .">     0 

P.  &W.MacLell.an  (North  Eastern  Steel  Co.)  ...     22,012   10     0 

Barrow  Haematite  Steel  Co 33,6.50     0     0 

Societe  Anonyme  des  Acieries  d'Angleur *14,869     0     0 

*  Incomplete  tenders. 
The  contract  for  the  manufacture  of  bolts  and  nuts  may  be  sub-let  to 
Gue.st.  Keen  &  Nettlefolds. 

The  offer  has  been  accepted  by  the  L.C.C.  of  W.  T.  Henley's  Telegraph 
Works  Co.,  to  extend  the  existing  l.t.  cables  on  the  Aldgate-Bow  tramway 
route  at  a  reduction  of  Ii  per  cent,  on  the  rates  under  their  contract  for  l.t. 
cables,  entered  into  on  March  31,  1908. 

For  withdrawing  and  relaying  l.t.    cables    at    Elrphrnil  and  Casfh'  stih- 
station. 

R.  W.  Blackwell  &  Co.  (accepted)  £29,44  16    2 

Western  Klectric  Co 3,147   17     4 

Johnsnn  &  Phillips  3.191     2     2 

British  Insulated  &  Helsby  Cables    3.198   17     (> 

W.  T.  Henleys  Telegraph  Works  Co 3.245     0     3 

W.  T.  Glover  &  Co 3.324  17     7 

Callender'.s  Cable  and  Construction  Co 3.435   10     6 

Siemens  Bro.s.  &  Co 3.438     7     9 

.Marylebone  (London)  Council  have  accepted  the  following  tenders 
W.  T.  Glover  &  Co.,  binding  wire  and  tinned  copper  fuse  wire  :  London 
Electric  Wire  Co.,  tinned  fuse  wire  and  tinned  cojiper  sheet  ;  Siemens 
Bros.  &  Co..  Para  strip  and  black  adhesive  tape  :  Le  Carbone  and  Wm. 
Patterson,  dynamo  brushes  ;  British  Electric  Mfg.  Co..  ceiling  roses  and 
lampholders.  J.  H.  Tucker  &  Co..  switches  ;  Edison  &  Swan  Co..  sw;itch- 
blocks  ;  W'.  MeGeoch  &  Co..  sockets  ;  General  Electric  Co.,  switchbloeks, 
distribution  boards  and  pear  switches  :  Davis  Electrical  Co..  distribu- 
tion boards  and  fuse  bridges  ;  Union  Electric  Co.  and  Sloan  Electrical 
Co.,  arc  lamp  carbons  ;  Jennings  &  Co..  meter  boards  and  creosoted 
troughing ;  British  Electrical  Trades  Supply  Co.,  pitch  :  .\rmorduct 
Mfg.  Co.,  cut-outs. 

Hammersmith  (London)  Council  have  accepted  the  tenders  of 
the  British  Electric  Transformer  Co.  for  a  200  kw.  transformer  at 
£175,  and  Spagnoletti  Limited  for  a  100  kw.  transformer  at  £89.  An 
order  has  been  placed  with  the  Western  Electric  Co.  for  the  supply 
of  cable  at  £1.710;  and  the  tender  of  Brown.  Duncan  &  Co.  has  also 
been  accepted  for  supplying  and  fitting  a  furnace  for  a  boiler  at 
£105.  10s. 

The  Metropolitan  Asylums  Board  received  the  following  tenders 
for  two  large  ambulancB  tramcars  and  two  smaller  ones  :  — 

United  Electric  Car  Co.  (amplcl)  £838,  Dick.  Kerr  &  Co.  £846.  7s.  6d.. 
Gloucester  Railw.ay  Carriage  &  Wai;on  Cd.  £860.  Bru.sh  Co.  £875.  Hurst. 
Nelson  &  Co.  £1,000.  G.  C.  .Milncs.  V,ns  &  Co.  £1.200.  Mountain  &  Gibson 
£1.930. 

Wrexham  Council  hav^e  accepted  the  following  tenders  : — 
British  Insulated  &  Helsby  Cables  for  pillar  bo.K,  £70;  Willans  &  Robin- 
son,  automatic  expansion  gear,  £10.3;    .and  E.  (!reen  &   Sons,  ccono- 
misers,  £162.  l-'is. 

Darlington  Corporation  have  accepted  the  tender  of  Belliss  & 
Morcom  for  supply  of  a  500  kw.  electric  generator  and  exhaust  steam 
turbine.  The  full  list  of  tenders  was  given  in  our  issue,  for  April  23 
(P-  71). 

MerthjT  Tydfil  Guardians  have  accepted  the  offer  of  the  local 
Electric  Traction  &  Lighting  Co.  for  wiring  the  w'orkhotise  and 
infirmary  at  £521.  2s..  and  for  supply  of  electric  current  at  £200  for  a 
minimum  of  15.000  units  and  2id.  per  unit  beyond. 

Hastings  Corporation  have  accepted  the  following  tenders  : — 

Tudor  Accumulator  Co.,  for  overhauling  the  storage  battery  and  also 
for  maintaining  same  for  10  years  at  £41.  5s.  ])cr  annum;  H.  G.  Mnyer 
&  Co.,  for  the  supply  of  200,000  carbons  for  Oriflamme  arc  laniiis. 

The  Lancashire  Dynamo  and  Motor  Co.  have  olitained  tlie  con- 
tract for  the  supply  of  motors  (5  to  .30  ii.r.)  to  (Jovan  Council  for  the 


ensuing  year.  This  is  the  sixth  year  the  Company  has  secured  the 
motor  contract  at  Govan. 

I'areham  Urban  Council  have  accepted  tlie  following  lenders  :  — 

British  Insulated  &  Helsby  Cables,  electric  supply  mains,  £238  ; 
Spagnoletti  Limited,  transformers,  £172 ;  and  W.  Lucy  &  Co.,  lamp 
pillars,  brackets  and  fittings  £24.  14s.  8d. 

Hammersmith  (London)  Council  received  II  tenders  for  the  eon- 
VI  rsion  of  the  lifl  in  ihc  Town  Hall  from  hydraulic  to  tlrctric  iiowcr. 
the  amounts  varying  from  £111!  to  £29i».  and  ibal  of  .Med  way's  Safety 
Lift  Co..  at  £IG7.  was  accepted. 

Bury  (Lanes.)  Council  have  accepted  the  tender  of  the  General 
Electric  Co.  for  supply  of  two  500  kw.  sets  of  motor  generators, 
that  of  Le  Carbone  (Ltd.)  for  six  gross  of  carbon  brushes,  and  that 
of  Carr  Bros,  for  500  insulation  bolts. 

Bradford  Electricity  committee  have  ])Iaeed  an  order  with  the 
Crosthwaitc  Fire  Bar  Synd.  for  two  cooling  at  the  Valley-ro.id  works 
at  £3.475. 

Maidenhead  Council  have  accepted  the  tender  of  W.  Geipel  &  Qci 
for  carbons  for  Crompton  lamps,  that  of  Chamberlain  &  Hookham 
for  meters,  and  that  of  the  Western  Electric  Co.  for  cables. 

For  the  supply  and  erection  of  the  second  portion  of  the  e.h.t. 
switchgear  at  West  Ham  generating  station  the  tender  of  the  British 
Westinghouse  Co.  at  £345  has  been  accepted. 

York  Tramways  committee  recommend  the  acceptance  of  tlie 
tender  of  Dick,  Kerr  &  Co.  for  the  construction  of  the  permanent 
way  and  equipment  of  about  10  miles  of  tramway  track  at  £7.8,827. 

West  .Sussex  Education  committee  have  accepted  the  tender  of  Mr. 
Privctt  for  wiring  the  .secondary  school,  Chichester. 

The  CJcncral  Electric  Co.  have  secured  thc'c  mtract  for  the  supply 
and  erection  of  plant  for  the  proposed  electricity  works  at  Uitenhagc, 
South  Africa. 

Walmer  Council  have  placed  an  order  with  .Stuart  &  Moore  for 
installing  electric  fire-alarms  at  £61. 

Alder,sliot  Council  have  accepted  the  tender  of  Burcli  &  Vertue 
for  installing  electric  fire-alarms. 

The  Mirrlees-Watson  Co.  send  us  a  list  of  recent  contracts  for 
condensing  plant  secured  by  them. 

Ravensthorps  Council  have  accepted  the  tender  of  Ferranll 
Limited  for  50  metallic  lamps  for  street  lighting. 

Wandsworth  (London)  Guardians  have  accepted  the  tender  of 
O.  E.  Taylor  &  Co.,  for  wiring  the  new  infirmary  at  £1.855. 

Clacton-on-Sea  Council  have  accepted  the  tender  of  ,Jo'in-on  & 
Phillips  for  supply  of  cable  at  £56. 

Battersea  (London)  Council  have  accepted  the. tender  of  >lac- 
kenzie  &  Moncur  for  supply  of  six  are  lamp  columns  at  £12.  15a.  each 

Bristol  Docks  committee  have  accepted  the  tender  of  W.  T 
Henley's  Telegraph  Works  Co.  for  cables.  &c. 

The  A. E.G.  Electrical  Co.  of  South  Africa  have  received  orders  for 
a  300  H. p.  and  a  160  it. p.  motor  for  Cieldenhnis  Deep  (Ltd.).  eight 
50  H.P.  and  two  60  h.p.  motors  for  Xourse  Mines  (Ltd.).  four  125  li.P. 
motors  for  the  Crown  Deep  and  five  electric  winding  hoists  and  a 
1.000  kw.  generator  for  the  Randfontein  Estates  (Jokl  Mining  Co. 

C.  .J.  Thursfield  &  Co.  have  a  contract  for  electric  light  fittings  for 
Durban  Tomi  Hall. 

BUSINESS  NOTICE. 

A  new  company  is  being  formed  to  take  over  the  British  business  of 
the  well-known  firm.  Pirelli  &  Co..  cable  manufacturers,  of  Milan, 
and  Mr.  H.  Bevis  has  resigned  from  the  board  of  tlie  General  Electric 
Co.  in  order  to  take  up  the  position  of  managing  director  of  the 
company.  The  address  of  the  new  company.  PirHli  (Ltd.).  is  45. 
Basinghall-street.  London.  E.C. 


Patent  Development. — The  proprietors  of  the  fi>llowing  patents 
are  desirous  of  entering  into  arrangements  by  way  of  licence  and 
otherwise  for  exploiting  same  in  this  country  : — 

No.  15,243/1903  for  "  Improvements  in  Means  for  Automatically 
Regulating  Electric  Currents  generated  by  Dynamos." 

No.  17.314/1905,  for  "  Improvements  in  Automatic  Regulators  or 
Rheostats  for  Electric  Currents." 

No.  28.159/1897,  for  "  Means  for  use  in  Lighting  Railway  Cars  or 
Carriages  by  Electricity  and  for  regulating  the  Current  for  same." 

Xo.  17.601/1901.  for  "  Improvements  in  Apparatus  and  Devices  for 
controlling  Eleciric  Currents." 

No.  Ui.962/1902.[fiir  •Improvements  in  Electric  Switches  or  Cut-offs." 

Communications  in  regard  to  the  above  to  Messrs.  Haseltino.  Lake  & 
Co..  chartered  patent  agents  and  consulting  engineers,  7  and  8,  .Soutli- 
ampton-l)uildings   Chanrerylane,  London,  \V.C. 
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Plant  for  Sale.— Messrs.  G.  EUiott  &  Co.,  186-188,  Long-lane, 
Bermondsey,  London,  S.E..  have  for  sale  two  compound  Marshall 
stsam  engines  coupled  to  two  Crompton  dynamos,  and  also  three 
dynamos.     Further  jiarticulars  are  given  in  an  advertisement. 

Two  alternator-gas  engine  sets  (250  kw.  each),  direct  coupled,  are 
advertised  for  sale. 

A  second-hand  Ke  Peache  high-speed  engine,  3-tO-3G5  b.h.p..  made 
by  Davey,  Pasman  &  Co.,  is  offered  for  sale  in  another  column. 

CATALOGUES.  &c. 

Line  Material  fob  Electric  Railways.— .Some  weeks  ago  we 
OiUed  attention  to  a  catalogue  sent  to  us  by  Messrs.  Siemens  Bros. 
Dynamo  Works,  in  which  the  various  apparatus  necessary  for 
electric  railway  work  were  dealt  with  in  an  artistic  and  complete 
manner.  These  lists  have  now  received  two  additions.  The  first 
contains  details  of  rosettes  and  fork  bolts,  straps  for  the  various 
types  of  poles  used  in  railway  work,  hangers,  sound  dampers,  strain 
insulators  and  tlie  various  other  apparatus  which  are  required  in 
this  important  branch  of  electrical  engineering. 

We  have  also  received  a  supplement  to  one  of  the  price  lists 
already  noticed.  This  contains  details  of  hand  switches  with  mag- 
netic blow-ouLs  arranged  for  pressures  up  to  650  volts  and  currents 
up  to  3,000  amjieres. 

I^RESCOT  Joist  Boxes.— The  British  Insulated  &  Helsby  Cables 
send  us  a  number  of  pamphlets  illustrating  and  describing  their  well- 
known  Prescot  joint  boxes.  The.sc  are  made  in  a  number  of  patterns, 
but  those  now  under  notice  are  specially  intended  for  three-phase 
work.  They  are  made  suitable  for  working  voltages  up  to  C.OOII 
volts,  and  are  intended  for  colliery  work  as  well  as  for  general  use. 
An  interesting  pamphlet  gives  a  list  of  the  various  undertakings 
where  Helsby  tramway  materials  and  cable  have  been  supplied. 

Electrical  Pi.ast  and  Suppues. — We  have  to  acknowledge 
from  the  Electric  &  Ordnance  Accessories  Co.  a  binder  containing 
a  number  of  catalogues  dealing  with  the  various  activities  of  this 
firm.  These  catalogues  contain  details  of  controllers,  starting  gear 
and  .switches,  fans,  insulators  and  telephones.  We  take  the  oppor- 
tunity of  noting  these  here,  the  apparatus  is  dealt  with  at  greater 
length  on  another  page  of  this  i.ssue. 

Leitner  System  of  Train  Lighting.- Practically  everybody 
at  the  present  day  is  agreed  that  electric  lighting  is  the  best  and  safest 
method  of  illuminating  railway  carriages.  This  being  granted,  the 
difficulty  is  to  design  an  equipment  which  shall  fulfil  the  many  and 
arduous  conditions  met  with  in  railway  working.  Numerous  sys- 
tems have  been  proposed  for  this  purpose,  and  one  of  the  most 
successful  is  that  invented  by  Mr.  H.  Leitner.  The  system,  which, 
it  will  be  remembered,  is  in  use  on  the  Great  Western  Railway,  has 
b?en  fully  described  in  The  Electrician,  and  we  have  now  received 
from  Jlr.  Leitner  an  excellently  illustrated  pamphlet  giving  various 
details  of  his  system,  and  the  results  of  numerous  tests  that  have 
b^en  carried  out  by  independent  persons,  and  which  show  the  general 
efficiency  of  the  apparatus  and  its  suitability  for  the  work  it  has  to  do. 
^  Adaptors  for  Metal  Filament  Lamps.— Messrs.  Julius  Sax  & 
Co.  forward  a  pamphlet  dealing  with  this  subject.  The  adaptors 
illustrated  in  the  catalogue  are  intended  for  fitting  to  lamp-holders 
when  it  is  desired  to  burn  two  metallic  filament  lamps  in  series  on 
high  voltage.  They  can.  however,  also  be  used  as  fittings  when 
supplied  with  cord  grips.  These  fittings  are  made  in  numerous 
types  and  arc  specially  adapted  for  use  with  "  Holophane  "  reflector 
globes. 

Fan  Advertising  Literature.— The  Union  Electric  Co.  have 
is.<.U3d  two  pamphlets  dealing  with  "  Fortiter "  fans.  The  first 
indicates  several  methods  in  whidi  the  "  Fortiter  "  fan  may  be 
u.seful  to  the  ordinary  consumer,  while  the  second  gives  concise 
details,  both  electrical  and  financial,  of  these  well-known  apparatus. 

"  Facile  "'  Twin  Lead  Wirino  Sy.stem. — A  system  of  wiring 
which  is  known  as  the  "  Facile  '"  has  lately  been  put  on  the  market 
by  Julius  Sax  &  C-o..  who  in  a  new  catalcjirue  describe  the  fittings 
a  id  accessories  which  make  this  arrangement,  it  is  claimed,  abso. 
lutely  watertight.  The  system  is  said  to  t>e  easy  to  erect  and  to 
adapt  it.self  to  future  extensions. 

Shot  Firing.— The  Sterling  Telephone  &  Electric  Co.  have  i.ssued 
a  catalogue  containing  details  of  various  methods  of  shot  firing. 

"  Oral  "  Lamps. — The  Armorducl  Mfg.  Co,  have  issued  a  leaflet 
giving  revi.sed  prices  for  "  (iral  "  lamps. 

E\sv  Replacement  .\itom.atic  Distribltion  Boards.— A 
pamphlet  received  from  .Mes-srs.  .Spagnoletti  deals  with  a  new  type 
of  e.isy  re,ilacemcnt  automatic  distribution  board.  This  apparatus 
IS  mten  l-d  lo  b-  us<cl  in  lu.use  lighting  in.st'>ad  of  fuses,  and  forms 


^^•hat  is  practically  a  .small  cu'cuit-breaker.  A  fuse  is  also  carried 
on  this  arrangement,  which  operates  in  the  case  of  the  cut-out  failing. 
Electric  Fans. — Mr.  G.  Braulik  has  issued  a  pamphlet  dcalint; 
with  small  electric  fans  and  power  motors.  The  fittings  are  artistic, 
and  take  only  16  to  18  watts. 

Engineers"  Stores. — From  Messrs.  Watts,  Finchara  &  Co., 
Billiter-buildings.  London,  E.C..  we  have  received  price  lists  of 
engineers"  stores  (including  belting,  asbestos  goods,  oils,  tools,  &c.), 
of  iron  and  steel  joists,  building  and  railway  material,  castings,  &c., 
and  of  bolts  and  nuts.  The  firm  make  a  .speciality  of  studs  and  screws 
for  electrical  work. 

Imports. — The  following  are  official  values  of  electrical  machi- 
nery, material,  and  apparatus  imj)orted  into  this  countrj' (a)  during 
April,  1909,  and  (6)  during  the  current  year  from  Jan.  1  to 
April  30,  with  the  increases  or  decreases  compared  with  the  corres- 
ponding i)eriods  of  1908: — 

Electrical  machinery  («)  £34,591  (decre.a.se  £10,521)  ;  (lA  £153,928 
(decrease  £72,192)  ;  telegraph  and  telephone  cables  (n\  £7,553  (de- 
crease £5,442),  (h)  £32,358  (decrease  £15,336)  :  telegraph  and  tele- 
phone app.ar.atus  (a)  £16,2C5  (incre.ase  £1,452),  (/-)  £60,527  (decrease 
£14,222)  :  other  electrical  wnes and  cables,  rubber  insulated  («)  £4,073 
(decrease  £3,893),  ('0  £18,022  (decrea.se  £8,773)  ;  with  other  insulations 
(«.)  £7,973  (decrease  £6,791),  (b)  £37,861  (decrea.se  £4,616) ;  carbons  (f() 
£9,887  (decrease  £2,908),  (/<)  f  46,066  (decrease  £14,765);  glow  lamp.s 
(n)  £45,068  (increase  £26,198),  (/•)  £161,671  (increase  £84,844);  arc 
lamps  and  electric  searchlights  (a)  £268  (increase  £203),  (h)  £7,630  (in- 
crease £6,429  ;  parts  of  arc  lamps  and  searchlights  (other  than  carbons) 
(a)  £3,759  (decrease  £978),  (/-)  £16,122  (decrease  £2,982)  ;  primary  and 
.second.ary  batteries  (a)  £4,074  (decrease  £2,321),  (h)  £18,281  (incre.ase 
£1,512).  Total  of  electrical  goods  and  .apparatus,  other  than  m.achi- 
nerv  and  telegrajih  .and  telephone  wire  (a)  £104,171  (increase  £1,491), 
('0  £432,500  (increase  £27,755). 

Exports. — The  exports  of  electrical  machinery,  material,  &c.  (a) 
during  April,  1909,  and  (b)  during  the  current  year  from  .Tan.  1 
to  .\pril  30,  and  the  increases  and  decreases  compared  with  the 
corresponding  periods  of  1908,  are  as  follows  : — 

Electrical  machinery  (a)  £159,567  (increase  £34,8051,  ('-)  £474,165 
(increase  £13,432);  telegraph  and  telephone  cables  (n)  ,£47,490  (in- 
crease £22,865),  {!»  £145,734  (decrease  £44,741);  telegraph  and  tele- 
phone apparatus  (a)  £15,675  (incre.ase  £5,060),  (h)  £65,625  (increase 
£14,877)  ;  other  electrical  wires  and  cables,  rubber  insulated  in)  £26,199 
(increase  £8,558),  (h)  £88,814  (decrease  £4,174);  with  other  insulations 
(a)  £20,017  (decrease  £8,C96),  (h)  £79,923  (decrease  £7,815) ;  carbons  {a) 
£404  (decrease  £140>,  {b)  £2,471  (increase  £206)  ;  glow  lamps  (a)  £5,122 
(increase  £40J),  ('i)  £22,531  (increase  £7,940):  arc  lamps  and  search- 
lights (o)  £975  (decrease  £814),  (/.)  £7,064  (increase  £1,745)  ;  parts 
of  arc  lamps  and  searchlights  (other  than  carbons)  (ft)  £1,225  (decrease 
£356),  (b)  £6,294  (increase  £1,0111;  prim.ary  and  secondary  batteries 
(a)  £7,968  (decrease  £819),  (b)  £38.401  (increase  £21,013).  Total  of 
electrical  goods  and  apparatus,  other  than  machinery  and  telegraph 
and  telephone  wire,  (a;  £152,825  (increase  £28,649),  (6;  £576,309  (de- 
crease £7,473). 

BANKRUPTCIES,  LIQUIDATIONS.  &o. 

In  the  London  Bankruptcy  Court,  on  Wednesday,  the  public 
examination  was  held  of  Chas.  H.  W.  Biggs,  of  Salisbury-court, 
Fleet-street.  London,  printer  and  pul)lisher,  trading  as  Biggs  &  Sons. 
Gross  liabilities  .i'10,418.  53.  Id.,  of  which  £9,270.  I63.  od.  was 
exp"cted  to  rank,  and  assets  £3,406.  12s.  iij. 

Bankrupt  stated  that  .since  1884  he  had  carried  on  business  as  a 
printer  and  publisher.  He  began  trading  under  the  style  of  Biggs  & 
Sons  about  two  year.5  ago,  but  his  sons  were  not  jiartners  in  the  business, 
being  merely  employed  by  him  at  a  weekly  salary.  From  187t)  to  June, 
1008,  he  was  a  directorof  the  "  Contract  Journal  "  C).  (Ltd.).  Up  to  Sep- 
tember last  he  had  been  employed  by  that  company  to  edit,  and  since 
1899,  to  print  and  publish  the  paper.  He  resigned  bis  directorship  of 
the  company  in  the  early  part  of  last  year.  Since  I8S4  he  had  also 
published  the  "  Electrical  Engineer,""  and  in  October,  1908,  he  started 
"  Biggs  &  iSons'  Contractors'  Record  and  JIunicipal  Engineering.  " 
Soon  after  starting  that  paper  he  sold  it  to  his  danghter-in-law,  who  in 
turn  sold  it  to  the  Salisbury  Publications  Co.  (Ltd.)  that  had  been 
formed  to  acipiire  it.  The  consideration  for  the  sale  of  the  paper  was 
£2.')0  in  cash  and  £250  in  shares  of  the  company.  The  shares  were  placed 
in  the  names  of  hisfwo  sons  because  they  had  found  money  for  the  jjaper. 
He  sold  no  other  jjaper  to  the  Salisbury  Publications  Co.  He  was 
employed  by  that  company  down  to  the  time  of  his  bankruptcy  to  edit 
and  ])ublish  the  paper  on  a  profit-sharing  system,  but  he  had  not  yet 
received  any  profits.  He  attributed  his  in.solvency  jiriniipally  to  his 
liability  to  the  representatives  of  a  relative  of  a  ])artner,  who  had  joined 
him  for  a  short  time  in  18S8,  for  money  advanced  and  interest  claimed, 
and  also  lo  his  household  and  personal  expenses  having  exceeded  his 
income  during  the  last  year. — The  examination  was  concluded. 

,Iohn  R.  W.  Middlclon  and  Aid.  E.  E.  Daniels  (trading  as  Middle- 
ton  &  Co.).  electricians,  11a.  King-street,  Dover,  have  been  adjudi- 
cated bankrupt. 

A  supiJcmental  dividend  of  45d.  is  payable  at  the  O.R.'s,  Byrom- 
Hlreef .  Manchester,  to  the  c-reditors  of  Walter  Wardlc,  electrician.  14, 
Osbornioad,  bi'vrnshulmc,  Manchester. 
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Messrs.  E.  A.  Lazaius  and  Forteseue  Tluirsby  have  been  appointed 
Iir|uidators  of  La  Capital  Traction  &  Electric  Co..  Buenos  Ayres,  Ltd. 
(in  liquidation),  La  Ca])ital  Tramways  Co..  Ltd.  (in  liquidation),  and 
llie  Buenos  Ayre.=  New  Tramwayf  Co..  Ltd.  (in  liquidation).  Meet- 
ings of  creditors  will  be  held  on  May  20.  al  (12.  London  Wall.  London. 
EC.     Claims  to  Mr.  Thursby  by  .1  une  1 . 

Generators  Limited  is  beinj;  wound  up  voluntarily,  and  Mr. 
M.  G.  B.  Murgatroyd  (Murgatroyd.  Shuttleworth  &  Haworth), 
Manchester,  has  been  appointed  liquidatoi'. 


PATENT  RECORD. 


APPLICATIONS  FOR  PATENTS. 

Note. — TIte  undermenlioned  AppliaUions  (except  those  marked  f)  are  n  o 
open  to  public  inspection  until  after  acceptance  oj  Complete  Specifications 
Those  marked  f  ar-  open  for  inspection,  12  months  after  the  date  attached 
to  them,  if  they  hun-  not  been  published  previously  in  the  ordinary  course. 
Nam.es  within  pnrrnlhcsrs  are  those  of  communicators  of  inventions.  It'Aert 
complete  Specification  accompanies  application,  an  asterisk  is  affixed. 

January  22,   1909. 
1,614  MuNRO  &  Railless  Electric  Traction  Co.     Electric  traction 

.systems. 
1,620  Rose.     E.xhaustion  of  metal  filament  electric  lamps  and  other 

apparatus  requiring  a  high  vacuum. 

1.641  Si.MMs  &  SiMMs  Mfo.  Co.     Contact  breakers  for  use  with  magneto- 

eloetrir  niacliines. 

1.642  I.KiTNKK.     Klc(  trode.s  for  electric  accumulators. 

.lanuary  2.3,   1909. 

l.fi.'il  K.T.-H.  Co.  (<!.E.  Co.,  U.S.)  Balancing  end-thrusts  in  dynamo- 
electric  machines.  (Date  applied  for.  1S/8/0S.  Comprised  in 
No.  17.380.  18/8/08.) 

1,652  BiRNBAi'M.     Electrical  game  a))paratus. 

I.(>li2  Rki.by,  iSANnERs  &  Preston.     PMectric  switches. 

l.<)73  BiRcHALL.     Lamp-holders  for  electric  incandescent  limps. 

l.()7S  BiRCHALi,.     Electric  iron-clad  switches. 

1,679  SiE.MENs  Bros.  Dynamo  Works  &  Kloss.  (Siemens-.Schuckerf 
werke,  G.m.b.H.,  Germany.)  CoolUig  of  the  windings  of 
dynamo-electric  machines.* 

1.696  Elllson.     Circuit-breaker.5.     (Addition  to  No.  13.285/07.) 

1.705  Ai.LuEMEiNE  Elektricitats  Ges.     Alternating-current  electric 

machines  of  the  commutator  type.  (Dat  capplied  for.  24/1/08.)* 

1.706  Audibert.     Dividing  electric  current.* 


January  f5,  1909. 
Switches  for  electric  lamp-holder.5  and  other  purposes 
Are  lamps. 
Electric  traction. 
Electric  signal  transmitter. 
Electric    signalling    systems.     (Date    applied    for, 


Diseon- 


Are 


1,741  Hewitt. 
1,758  Herwig. 

1.760  Gribbi.e 

1.761  Oatwav. 
1.788  Tavt.or. 

.30/1/08.) 
1,800  W.  T.  Henley's  Telegraph  Works  Co.  &  Nichols, 

nectiug  boxes  and  the  like  for  electric  cables. 
1.805  Tamkin.     Combined  current  meter  and  insidation  te,ster. 
1,813  Hanisch     &     Reoina     Booenlampenfabrik     G.m.b.H. 

lamps.* 
1,820  Eraser  &  Tudor  Accumulator  Co.    Supply  and  regulation  of 

electrical  energy  for  train  lighting  and  the  like. 

January  26,   1909. 
1,875  S.   P.  Syndicate  &  Saver.     Electric  traction  im  the  surface- 
contact  .system. 

1.878  Bowman.     Electrical  signalling  at  liigh  speeds. 

1.879  Walter.     Electrolytic  cells. 

1.927  Lowne  &  LowNE  Ei.ectrk'  Ci.ock  &  Appliances  Co.     Mecha- 

nism for  electrically  recording  recurring  movement  or  impulses. 

1.928  B.T.-H.  Co.     (G.E.  Co..  U.S.)     Electric  lamp  filaments. 

January   27,   1909. 
1.959  Taylor,     t'harging  and  discharging  accumulators. 
1,978  Bell.     Electrical    ignition    for    internal    combustion    engines. 

(Addition  to  No.  195/1(9.) 
1.985  Jti.ius  Sax  &  Co.  &  Wheat.     Ele.-tric  indicators. 
1.998  Bri-i.l.     Electric  resistances.     (Date  applied  for.  l/2/0S.)*t 
2,004  Chai'doir.     Electric  fuse  boxes,  cut-outs,  switch  fuses  or  the  like.* 
2,01(i  Hardingham.     (Hartmann     &     Braun     Akt.-Ges.,     (iermany.) 

Allernating-current  magnets  for  resonance  apparatus.* 

2.027  B.T.-H.  Co.     (G.E.  Co..  U.S.)     Electric  arc  electrodes  and  in 

processes  of  makinc  them. 

2.028  *  2,029  B.T.-H.  Co.  "  (G.E.,  Co.,  U.S.)     Electric  lamp  fdaments. 

January  28.   1909. 
2,071  Ci.ACHER.     Purifying  carbon  for  electrical  and  lUlicr  purposes. 
2,070  Beaver  &  Claremont.     Apparatus  for  use  with  electric  cables. 

( Date  applied  for.  23/3/08.     Comprised  in  No.  0,477  23/3/08.) 
2,100  Green.     Holders  for  electric  lamps.* 
2,127   &   2,128  B.T.-H.   Co.     (G.E.   Co.,    U.S.)     Electrical   insulatinn 

material.     (Addition  to  No.  1 9,03.">/05.)* 
2,130  Wright.     Electric  accumulatoi's. 


January  29,   1909. 
2,144  Terrev,  Peatey  &  Hunt.     Controlling  switch  for  electric  trans- 
formers. 
2,147  Taylor.     Electric  accumulator  sub-stations. 
2,107  Ravbukn.     Incandescent  lamps. 

2.109  Sharman.     Telegraphy  , and  telephony  by  earth  e(mduction. 
2,170  Siemens     Bros.     Dynamo     Works.     (.Siemens-Schuckertwerko, 
G.m.b.H.,  (Jermanj'.)  Dynamoelectric  machines  for  speed  regu- 
lation. 
2,177  Siemens  Bros.  Dynamo  Works,  Kloss  &  Wii„son.     Dynamo- 
electric  machines. 
2.213  Maiben.     Construction  of  tangent  galviinometers. 
2.217  Curtis,   Mackley  &  Adams  Mfg.  Co.      Electro-magnetically 
controlled  electric  switches. 

January  30,   1909. 
2,252  Lamkin  &.  Wetjen.     Electrical  contact  devices. 
2.208  Lantour.     Continuous-current  commutatorless  dynamo-electric 

machine. 
2,280  Mascord.     Generation  and  transmis.-'ion  of  electromotive  jiower. 
2,287  Weekes.     Fuse  switches. 
2,311   Dawbarn.     Contact  making  devices  for  use  with  trolley  wires. 

February   1.   1909. 
2.330  Chambers.  Telegraphy  and  telephony  by  means  of  Hertzian  waves. 
2.335  Taylor.     Electric  accumulator  sub-stations. 
2,353  Hatry.     Indicating  fuse  containing  indicator.  ~' 

2,379  CowDEROY  &  Reason  Mfg.  Co.     Vents  for  use  with  electric 

accumulators,  batteries  and  the  like.* 
2.389  B.T.-H.    Co.     ((!.E.    Co.,    U.S.)     Treatment    of    electnc    lamp 
filaments. 

February  2.   1909. 
2.420  Dickinson  &  Linzell.     Electric  distributuig  systems. 
2,404  Siemens   Bros.   Dynamo   Works   &   Schupp.     Motor  starting 

..switches. 
2.520  Heyland.     Regulating    .system    for    alternate-current    installa- 
tions.    (Date  applied  for.  3/2/08.)*t 
2, .520  Heys.     Discharging  accumtdators  or  primary  batteries  into  an 
alternating-current  circuit  and   charging  accunudators   bv   an 
alternating  current.* 
2..529  B.T.-H.  ('...     ((!.E.  Co..  U.S.)     Elertric  pr..lcrliv,'  dcvi.i-s. 

February's,   1900. 
2, .5.50  Baker.     Switch  for  closing  and  opening  an  cle^-tric  circ\!it. 
2,552  &  2,.553  Hill  &  Rowland.     Arc  lumps  of  the  flame  arc  typ". 
2..508  Tucker.     Electrical  switches. 
2.595  Fry-.     Wireless  telegraph  circuits. 

2,611  British  Aluminium  Co.   &   Horn.     Joints   for  electrical  con- 
ductors. 
2.012  Haden.   Haden   &   Blackm.\s.     Damp-]iiMof   box   fur  electric 

switches  and  wall  plugs. 
2,042  Akt.-Ges.  Stahlwerke  Weissenfels  vormals  Goppinoer  & 
Co.     El" .trically  welding  chains.     (Date  applied  for.  3/2/08. )*| 
February  4,   1909. 
2,0(17  Beevers,  Carnegie  &  Crowcroft.     Trolley  heads. 
2.083  Marino.     Secondary  or  storage  batteries.* 
2.080  Siemens  Bros.   Dynamo  Works,  Kloss  &   Wall     Dynamo- 
electric  machines. 
2.715  Baerlocker.     Controllers  for  electric  motors. 
2,733  Spagnoi.etti.    Circuit  mterrupters  to  take  the  place  of  a  fuse  in 

electric  lighting  and  power  installations. 
2,749  Garde  &  Adams.     Electrodes  of  secondarv  batteries  (accumu- 
lators).    (Date  applied  for.  2/4/08. )*t 
2,754  Rorke  &  RoRKE.     Switches  for  electrical  purposes.* 

February  5.  1909. 
2.707  Peake.     Electrical  thermometers  and  pyrometers. 
2.851  Siemens  Bros.   &   Co.     (Siemens  &   Halske  A.-G..  Germany.) 

Telephone  exchanges.* 
2.853  Siemens  &  Halske  Akt.-Ges.     Incandescence  filaments  from 
tungsten  or  other  difficult  ductile  metal ;.      (Date  applied  for. 
1I/2/0S.     Addition  to  No.  4,814/OS.)*t 
February  0.   1909. 
2,900  Martin  &  Jackson,     (ioveming  the  .-peed  of  marine  engines  and 

turbines  electrolytically  and  electrically. 
2.933  Fox   &    Railless   Electric   Tuution   Co.     Electric   tracti.ui 

.systems. 
4.932   i'HOMAs.     Electrical  controllers. 

February  8.   1909. 

2,959  Turner.     Dynamos  and  motm-.* 

3,002  Thompson.      Electric  tramways  or  railways. 

3,004  Electric  Ignition  Co.  &  Ha  L.     Electric  switches. 

3.O40  Peck,  Faye-Hansen  &  Lustgarten.     Alternating-electric  cur- 
rent distributi(m  systems. 

February  0,   1!K)9. 

.3.105  Simplex  Conduits  &  Elliott.     Switches,  adapicrs  and  wiring 
connections  for  controlling  two  lamp:. 

3.130  Belcher.     Earthing   of   all   non-c..ndurtiug   parts   of   electrical 
tumbler  switches. 

3.100  Hawker.     Electric  switches. 

3.174  Odman.     Starting  devices  for  electric  motor.;. 

:i.l70   Dunnatt.     .Automatic  electric  switches. 

3.191   Curtis  &  .\d.\jHS  Mfc.  Co.      Electrical  i^esistamcs. 

3,199  Thompson.   (Meafabrik  Magnet- ElektrLscher  -Aiipirale  G.m.b.H.. 
Germany.)     Magneto-ignition  apparatus.* 


lOG 
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SPECIFICATIONS  PUBLISHED. 

1907  Specifications. 
24.197  Lr.MotNE.     .Vutomatio  distribution  of  telegraphic  moMa2?s. 
27.S49  B.T.-H.  Co.     (G.E.  Co..  U.S.)     Single-pha^e  motor  control. 
28,652  HOBAKT,  Ce.vmer  &  Co.iD.     Electrical  distribution  system'. 

190J!   SpECIFIO.\TiOSS. 

1.450  Mavor  &  JIavor  &  Coplson.     Electiical  opsr.vtion  of  hiiilaae 
and  winding  gear. 

2,163  Archer.     Hauling  gear  for  electric  hauling  macliincs. 

2,411  Stii.i..     Electric  current  generator.^. 

2,581  North  &  Orchard.     Relay  devices  for  electric  circuits. 
f  2.838  Amphlett  &  .Amphlett.      Dynamo-electric  machines. 

3,154  Mind.     Signal  apparatus  with  wirele-ss  transmission. 

3,248  Hoi-.E  &  "■  Z  "  Electric  Lamp  Mfo.  Co.     Suppnris  for  tlliimcnt^ 
in  electric  incandescent  lamps. 

3.284  B.T.-H.   Co.,   Robertson   &   Hoi.nEX.     Electrical  ]in«cr  trans- 
mifsion  systems. 

3.388  HowEi.L.     Incandescent    electric    lamp^.     (Date     applicil     for, 
7/8/07.) 

3,494  JIarchal.     Charging  accumulators. 

3.592  Grammont   &    Roftin.     Electric   servo-motor  systems.     (Date 
applied  for.  21/2/07.) 

3,()46  RoBlssox.     Prepayment  mechanism  for  electric  meters. 

4.113  Fairwe.ather.     (Allmiiima    Svenska    Elektriska    Aktiebolaget.) 
Electric  polypliase  induction  machines. 

4,24<")  Bradbcrx.     Telephone  systems. 

4.361   MoRCOM  &  Morris.     Choking  coils. 

4,637  Wagner.     Electricallv-driven    trackless    train.     (Date    aii|)licd 
for,  16/3/07.) 

4,977  Jones.     Are  lamps. 

.5,042  Beech.     Printing  and  sight-reading  telegraph  apparatus. 

5,502  GooDWTN  &  BiBGESS.     Generation  of  ozone. 

fi.370  Harrison.     Electric  starting  snitches. 

n,.501  Charles.     Electric  switch  boxes. 

6,765  Enoel.     Electrical  contact  device.     (Date  ajiplied  for,  27/3/07.) 

7,382  Electric  &  Ordnance  Accessories  Co..   Hall  &  Mueller. 
Electromagnet ic  cireu it- breakers. 

8,467  Jack.     Dri\-ing  and  breaking ^ear  for  overhead  electric  cranes. 

9,042  HoroHTON.     Electrodes   for   the  application   of   liigh-frequency 
electric  currents. 

9,851   BoiLT.     (Uni<m  Switch  &  Signal  Co.)     Electric  signalling  sys- 
tems for  railways. 

9.8.>9  Kallmann.  Starting  devices  for  electric  motors.  (Date  applied 
for.  28/10/07.) 

10,019  ElSENSTEiN.  Electrical  impulse  charges  for  M<e  in  wireless 
telegraphy. 

10,590  B.T.-H.  Cfl.  (G.E.  Co.,  U.S.)  Electric  incandescent  lamii 
filaments. 

10.918  BE\as  &  CoATES.  Electrical  ignition  apparatus  for  internal- 
combustion  engines. 

11.575  Ward.  Trolleys  for  electric  tramcars.  (Cognate  application. 
24,099/08.) 

11,806  LiNDgnsT.     .Alternating-current  electromagnet. 

12,009  HooKHAM.     Electricity  meters. 

12,302  W1LKINS&  MriRHEAD"&  Co.  Magneto-electric  ignition  apparatus. 

12.592  Ide.     Push-switch  lamp-holder  for  electric  light  littini's. 

12,(>83  B.T.-H.  Co.     (G.E.  Co..  U.S.)     Controlling  means  for  an-  br.ikcs. 

13,378  Stephens,  f^lectric  ignition  apparatus  for  internal-combu.stion 
engines. 

13,875  Stolz  &  ViGG.\RS.  Telephone  apparatus.  (Date' applied  for, 
1.3/1/08.) 

14.411  Bon.T.  (Benjamin  Electric  Mfg.  Co.)  Terminals  or  contact- 
pieces. 

16.535  Gaiffe.     Electrical  condensers.     (Date  apnlied  f(M-,  8/2/OS.) 

16.621  B.T.-H.  Co.     (A.E.G.)     Control  of  electric  motors. 

17.281  Imbebt.     Electric  furnaces. 

17.331  Hcbbell  &  FcLLER.     Reversible  galvanic  batteries. 

17,421  KoRTiNc;  &  .Mathiesox  Akt.-Ges.  Arc  lamps.  (Date  aiiplicil 
for.  2O/S/O7.) 

17,530  I.ANij-CND  Seekabelwerke  Akt.-Ges.  Electric  cables.  (Date 
npi«lied  for,  7/9/07.) 

17,752  LcLiNG.     Electric  switches.     (Dnt<?  apjjlied  for,  31/8/07.) 

17.852  DcpONT  &  Harle  et  CrE.  Continucuis-currcnt  motors.  (Date 
applied  for.  27/8/07.) 

17,886  Falk.     Electric  battery. 

18.238  KoEPSEL.  Electrical  method  of  transmitting  movcmcnis  due 
to  a  .small  c.xjienditurc  of  energy-.     (Date  applied  for,  3/9/07.) 

18,275  Cooper.  Regenerative  systems  of  control  for  electric  motors. 
(Date  applied  for,  3/9/07.) 

18,460  B.-T.H.  Co.  (A.E.G.)  Commutating  devices  for  dynamo- 
electric  machines. 

18,756  Zahringer.  Rotary  interrupters  for  magneto-electric  ignition 
ilevices.     (Date  applied  for.  30/3/09.) 

19,052  Pope  &  O'Consell.  Supports  for  filaments  of  incandescent 
electric  lamp.s. 

19,054  Beach.  Cuircnt  collectors  and  control  systems  of  elect  rically- 
propclled  vehicles.     (Date  applied  for,  26/9/07.) 

19,357  BAtLEY.     Trolley  heads  for  electric  traction. 

19,720  Siemens  Bros.  Dynamo  Work.s.  (Siemens  Schuckcrlwerke 
Ges.)  Securing  the  end  connections  of  rotors  of  dynamo, 
electric  machines. 


COMPANIES'  MEETINGS  AND  REPORTS. 


Eastern  Telegraph  Co.  (Ltd.) 

The  seventy-fourth  ordinary  general  meeting  of  this  Company  was 
held  on  Wednesdav,  under  the  presidency  of  Sir  John  Wolfe  Barrt, 
K.C.B. 

The  SECRETARY  (Mr.  .\.  R.  llardie)  read  the  notice  convening 
the  meeting  and  the  auditors'  certificate. 

The  CHAIRMAN  said  :  The  gross  revenue  for  the  half-year  under 
review  .amounted,  in  round  figures,  to  £566,100.  against  for  the  cor- 
responding period  of  1907,  £695,400,  or  a  reduction  of  £29,300.  This 
falling  ofl'  in  our  receipts  extends  over  nearly  every  liraiich  of  the 
tratfie.  The  principal  reduction,  however,  is  in  our  Egyptian  traliic, 
which  alone  shows  a  decline  of  £11,000  \\hen  compared  with  the 
half-year  to  December,  1907,  and  is  largely  due  to  the  cotton  strike 
in  Lancashire,  this  factor  also  being  the  principal  cause  of  the 
falling  off  of  £5,000  in  our  receipts  from  traffic  with  India.  On  the 
other  liand,  I  am  pleased  to  record  an  increase  of  about  £5,000  in  our 
rcceif)ts  from  messages  exchanged  with  South  Africa  and  Turkey.  We 
hope  that  the  improvement  in  South  African  ti'atiic  is  an  indication  of 
the  revival  of  trade  in  that  country  which  has  been  so  anxiously  expected 
ever  since  the  termination  of  the  war,  and  we  trust  that  the  gradual 
development  which  is  evidently  taking  place  at  the  present  time  will 
prove  to  lie  of  a  permanent  nature,  and  that  our  revenue  from  this 
source  will  again  be  maintained  at  a  tigureapproaching  the  '"  Standard 
Revenue  "  of  £300,000.  The  total  amount  of  this  revenue  for  the  year 
1908  was  only  £255,000.  The  increase  in  the  Turkish  traffic  is  due  to 
the  political  changes  which  have  latelj'  been  taking  place  in  that; 
countrj".  I  am  pleased  to  say  that  the  current  year,  so  far  as  we  have 
gone,  shows  an  improvement  in  revenue  over  1908  We  trust  that  we 
have  now  turned  the  corner  and  that  the  improvement  will  continue. 
Turning  now  to  the  expenditure  side  of  the  revenue  account,  it  will 
be  seen  that  the  working  expenses  amounted  in  round  igures  t  o 
£253,600,  .against  for  the  half-year  ended  December,  1907,  £2&1,700, 
or  a  decrease  of  £8.100.  The  general  expenses  in  London  show  an 
increase  of  £400,  and  the  working  expenses  at  stations  are  £3,690 
more  than  they  were  tor  the  corresponding  half-year.  Of  the  last- 
mentioned  amount,  £800  is  due  to  automatic  increases  in  the  salaries 
of  the  staff,  while  maintenance  of  instruments  shows  an  increase  of 
£1,200,  largely  due  to  the  introduction  of  improved  apparatus  at  some 
of  the  more  important  stations.  O^ir  contributions  towards  the  ex- 
penses of  joint  stations  worked  by  other  companies  are  also  increased 
to  the  extent  of  £600  this  half-year.  Various  other  items  of 
expenditure  at  stations  show  minor  increases,  while  others  show  a  de- 
crease, the  nett  increase  being,  as  stated,  £3,600.  As  a  set-off  to 
the  above  mentioned  increases,  the  expenditure  in  respect  of  main- 
tenance of  cables,  shows  a  satisfactory  decrease  of  £11,400.  As  1 
have  repeatedly  pointed  out  at  these  meetings,  this  is  an  item 
of  expenditure  which  is  ver3»  difficult  to  control,  and  is  of  neces- 
sity of  an  extremely  variable  nature,  the  decrease  in  the  present; 
instance  being  due  to  the  fact  that  it  has  not  been  necessary  to  lay 
in  so  much  new  cable  when  carrying  out  rejiairs.  In  view  of  the 
importance  of  continuing  to  make  substantial  contributions  to  the 
general  reserve  fund,  we  have  not  on  this  occasion  added  to  the 
maintenance  ships'  fund,  esjiecially  as  this  last-mentioned  fund  has 
now  reached  a  considerable  sum.  We  are,  therefore,  able  to  carry 
the  same  amount  to  general  reserve  fund  as  we  did  in  the  correspond- 
ing half-year  of  1907.  It  was  only  to  be  expected  that  the  general  de- 
pression which  has  existed  tor  some  time  past  in  the  trade  of  the  world 
would,  to  some  considerable  extent,  reflect  upon  the  traffic  receipts  of 
this  Company.  Our  experience  in  the  past  has  shown  that  no  surer 
signs  of  the  rise  and  fall  of  the  commercial  barometer  can  be  found 
than  in  the  study  of  the  variations  of  the  traffic  receipts  of  sub- 
marine cable  companies,  and  perhaps  this  is  more  marked  in  the  case 
of  this  Company,  whose  revenues  are  derived  from  so  many  of  ttio 
trade  centres  of  the  world.  Although  we  have  suffered  in  common  with 
almost  e\  ery  other  commercial  undertaking,  1  am  glad  to  say  that  we 
have  iioen  able  to  maintain  the  payment  of  the  usual  dividend  and 
bonus  on  the  ordinary  stock,  and  make  a  substantial  contribution 
to  our  general  reserve  fund,  but  the  result  of  the  working  for  the 
whole  year  ended  Dee.  :!1,  1908,  shows  th.at  we  have  carried  £20,000 
less  to  that  fund  and  £7,000  less  to  the  maintenance  ships"  fund  than 
we  did  in  the  year  ended  Dec.  31,  1907.  Had  we  not  anticipated  the 
loss  of  revenue  which  we  foresaw  was  likely  to  occur  during  the  year 
1908,  and  provided  for  it  by  carrying  forward  from  the  1907  accounts 
a  b.ilance  of  nearly  £35,000  more  than  usual,  the  total  contribution, 
to  the  general  reserve  fund  for  the  year  1908  would  have  compared 
still  more  unfavourably  with  the  preceding  year. 

On  July  1st  next  the  alter.ations  in  the  rules  and  regulations  of 
the  International  Telegraph  Convention,  approved  by  the  Lisbon 
conference  of  1908,  come  into  operation.  There  is  very  little  in  tha 
alterations  that  aflects  this  Company,  but  I  may  perhaps  call  attention 
to  an  existing  anom.aly  in  counting  official  code  words  which  thiS, 
Company  was  anxious  to  abolish.  The  regulations  allow  any  pro- ' 
nounceablc  combination  up  to  10  letters  to  be  accepted,  but  combina- 
tions compo.sed  of  bona  fiile  words  are  excepted.  "  Abobarliatc ''  is 
accepted  as  a  legitimate  combination,  but  "Canyoucome,"'wbethei'  used. 
as  plain  language  or  joined  together  as  a  code  w  ord,  is  charged  as  three 
words.  This  regulation  has  given  rise  to  many  disputes  between  our' 
customers  and  ourselves,  and  the  Companies  expressed  their  willingness 
to  accept  any  combination  in  artificial  language  that  could  be  pro- 
nounced, Avhether  composed  of  groujis  of  plain  language  w  ords  or  purely 
artificial  comliinatioii.  The  Companies'  proposition,  which,  no  doubt, 
would  have  been  a  convenience  and  saving  to  the  public,  was  fully  ' 
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(lisciissetl  iit  the  Conference,  and  altliougli  tlie  (iovernments  i-ecognisecl 
tliat  the  Companies  were  right  in  jiiinciple,  tliey  were,  owing  to 
tinaiui^il  reasons,  forced  to  refuse  the  suggested  alteration.  A 
largo  proportion  of  European  correspundeuec  passing  oxer  the 
landlmes  or  cables  owned  by  the  European  Ciovoriuuents  consists 
of  [ilain  language  messages,  and  if  the  alteration  in  the  rule  had 
been  ])assed  the  public  would  have  been  able  to  join  any  plain  lan- 
guage message  together  and  divitlo  the  total  number  of  letters  by  10  and 
80  arrive  at  the  number  of  paying  words,  but  the  estimated  loss  of 
revenue  to  the  European  Governments  would,  in  consequence,  have 
been  so  large  that  their  representatives  felt  that  the  Companies'  pro- 
position could  not  be  accepted.  It  is  right  for  me  to  observe  in  this 
connection  that,  owing  to  the  Companies'  ordinary  tiafKc  being  com- 
posed almost  entirely  of  code  language  of  about  10  letters,  their 
revenues  would  not  have  lieen  materially  affected  by  tlie  alterations  we 
jiroposed.  I  now  move  the  adoption  of  the  report  and  accounts  and 
the  declaration  of  the  dividends  and  bonus  therein  sot  out. 

Tlic  VICE  CHAIRMAN  AND  MANAGING  DIRECTOR  (Sir  John 
DenisonPendcr,  K.C.M.G  )  seconded  the  resolution,  which  was  carried 
unanimousl}'. 

A  cordial  vote  of  thanks  to  the  chairman,  directors  and  staff  (to 
whom  the  proposer,  Mr.  Agius,  paid  a  warm  tribute)  was  adopted, 
and  the  proceedings  terminated. 


Eastern  Extension  Australasia  &  China  Telegrapli 

Co.  (Ltd.) 

Tlic  spvonty-iirst  half-yearly  ordinary  general  meeting  of  this  Company 
was  held  on  Tuesdav.  Sir  .loHX  Wolfe  Barry.  K.C.B.,  presided. 

The  (;K\KHAL  .MANAGER  and  SECRETARY  (Mr.  F.  E.  Hesse) 
read  the  notiie  calling  the  meeting,  the  minutes  of  the  last  meeting  and 
the  report  of  the  auditors. 

The  CHAIRMAN  said  :  Gentlemen,  the  gross  revenue  for  the  half- 
year  under  review  amounted  to  £306,889,  against  £304,410  for  the 
corresponding  period  of  1907,  showing  an  increase  of  £2,473. 
Unfortunately  this  increase  is  more  apparent  than  real,  seeing 
that  the  revenue  for  the  past  half-year  includes  £10,000  which  the 
Company  earned  over  the  Tasmanian  cables  in  previous  years,  but  for 
whicli  the  -Australian  Federal  Government  refused  to  account-  until 
they  were  comjielled  to  do  so  by  the  decision  of  the  High  Court,  as  I 
explained  when  I  Inst  had  the  pleasure  of  addressing  you  si.x  months  ago. 
If  this  e.xce)itional  revenue  be  deducted,  the  figures  show  an  actnal 
decrease  for  the  half-year  of  nearly  £8,000,  which  is  due  to  the  oom- 
mercial  depression  that  has  prevailed  for  some  time  past  in  all  parts  of 
the  Far  East.  I  am,  however,  inclined  to  think  from  slight  indications  of 
improvement  recently  noticeable  in  the  Straits  .Settlements  and  else- 
where, that  we  have  seen  the  worst  of  this  commercial  depression,  and.  I 
ventme  to  hope,  that  before  very  long  the  financial  situation  in  the 
countries  served  by  our  cables  will  improve. 

Passing  to  expenditure,  it  is  to  be  noticed  that  the  working  expenses 
during  the  last  half-year,  amounted  to  £1.51,.507,  against  £154,203  for  the 
corres|ionding  jjeriod  of  1907,  showing  a  decrease  of  £2,696.  The  net 
|)r.itil  for  till'  half-year  was  roundly  £137,000,  and  after  adding  nearly 
iiili.OOO  liiduglit  forward  from  the  previous  half-j'car,  there  remained  an 
nvail.ibj.-  Iialancc  of  £203.000  (apjilanse).  The  usvud  (piarterly  interim 
dividends  of  2s.  (Id.  per  shaio  were  paid  during  the  past  year,  and  it  is  now 
]iniposcd  todistribute  a  final  dividend  for  the  year  of  like  amount,  making 
a  total  dividend  of  ,>  per  cent.  It  is  also  proposed  to  pay  a  bonus  of  4s.  per 
share,  or  2  per  cent.,  making  a  total  distribution  for  the  year  1908  of 
7  per  cent,  on  the  share  capital.  The  usual  additions  have  been  maile 
during  the  past  year  to  the  maintenance  ships',  insurance,  and  deprecia- 
tion Funds,  and  after  applying  £.50,000  of  the  revenue  balance  to  the 
general  reserve  fund,  the  sum  of  £18,005  is  carried  forward. 
The  balance  of  cost  of  the  Java-Cocos  cable,  amoiniting  to 
£8,710,  has  been  debited  duiing  the  jjast  half-year  to  the  general 
reserve  fund,  together  with  £1,519  for  the  partial  renewal  of 
the  Singapore-Banjoewangie  cable,  leaving  to  the  credit  of  this  fund 
£1.034,345.  It  will  have  been  seen  from  newspaper  references  on  the 
sid)jert  that  the  Company's  cable  steamer  "  Patrol"  was  unfortunate 
cn(Higli  to  r\m  on  to  a  shoal  when  proceeding  last  autumn  to  a  cable 
reiiair  in  the  Netherlands  Indian  Archipelago.  Thanks,  however,  to  the 
valuable  help  rendered  by  the  Netherlands  Indian  (iovernment  in 
|iriimptly  seniling  one  of  their  warships  to  the  assistance  of  the  "  Patrol," 
and  to  tile  cpther  facilities  available  at  the  time,  the  cable  steamer  was  got 
off  tlie  shoal  in  a  comiiaratively  short  time,  without  sustaining  any 
material  damage  and  at  a  very  small  cost  to  the  imderwriters.  We 
desire  to  record  our  acknowledgments  to  the  Netherlanils  Indian 
Government  for  their  assistance,  as  also  for  several  other  instances  of  their 
goodwill  towards  the  Company,  which  we  greatly  apiircciate.     (Cheers.) 

When  addressing  you  six  months  ago,  1  referrcil  to  the  Company's  un- 
satisfactory i-elations  with  the  Australian  Federal  Government,  and  to 
the  necessity  for  closing  our  Tasmanian  stations  when  the  concession 
giving  us  exclusive  rights  of  cable  communication  between  Australia  and 
Tasmania  expired,  unless  some  arrangements  were  ]u-eviously  made  with 
the  Government  on  the  subject.  Unfortunately,  the  latter  event  has  not 
taken  place,  and  our  Tasmanian  stations  were  therefore  closed  on  the 
SOth  tdtimo.  when  the  concession  expired,  and  the  two  cables  recently 
laid  by  the  Government  between  Australia  and  Tasmania  were  opened  for 
traflic.  The  cable  communication  between  those  cotnitries  is  conse- 
quently now  carried  on  by  the  Government,  and  otn-  cables  will  be  picked 
up  when  a  suitable  opportunity  occurs  in  order  that  we  may  utilise  them 
elsewhere.  I  now  move  the  adoption  of  the  rei)orl  and  accounts,  and  the 
payments  of  the  dividend  and  bonuses  therein  recommended. 


The  Marfpiis  of  TVVEEDDALE.  K.T..  seconded  the  resolution,  which 
was  unanimously  carried. 

The  retiring  Directors,  Sir  .John  Denison-Pcnder,  K.C.XLG..  and  the 
Hon.  (Jcoigc  I'ccI,  and  the  retiring  auditors  were  then  re-elected. 

■Mr.  I-VTH  staid  that  at  the  last  meeting  h,-  referre.I  to  the  ipicstion 
of  the  division  of  the  dividend.  The  dividend  of  7  per  cent,  had  now 
been  paid  for  many  years,  and  he  was  sure  that  his  brother  shearbolders 
and  himself  were  very  grateful  to  the  management  that  they  had  been 
able  to  maintain  the  dividend  at  that  rate  for  so  long  :  but  he  ventured 
to  suggest  that  the  division  of  the  diviilend  which  was  paid  quarterly 
might  be  arranged  in  a  different  manner.  It  had  been  the  custom  to  pay 
2s.  6d.  per  share  for  three  quarterly  periods,  and  in  the  fourth  period  to 
pay  6s.  6d.  No  doubt  the  word  "  bonus  "  sounded  very  nicelv,  but 
when  a  bonus  was  declared  year  after  year  it  came  to  be  regarded  .as  part 
of  the  dividend,  and  he  ventured  to  suggest  to  the  Chairman  and  the 
Directors  that  it  would  be  a  convenience  to  the  shareholders — and 
especially  to  the  larger  shareholders — if  the  dividend  were  divided  in 
sueh  a  manner  that  a  larger  projinrtion  of  it  might  be  paid  in  the  first 
three  quarterly  periods  and  a  smaller  ju'oportion  in  the  final  quarter — 
an  arrangement  similar  to  that  carried  out  in  the  ca.se  of  the  Western 
Telegraph  Co. 

The  CHAIRMAN:  The  matter  shall  be  considered  by  the  Directors 
before  the  next  meeting.  I  am  not  at  all  clear  whether  we  shall  be  able 
to  meet  Mr.  Lyth  in  the  way  he  wishes,  but  we  will  consider  the  point. 

Mr.  JOHN  NEWTON  in  pr.iposing  a  vote  of  thanks  to  the  Chairman, 
Directors  and  staff,  said  it  might  not  be  strict^  relevant  to  refer  to  the 
question  of  dividend,  but  he  would  like  to  say  that  it  would  be  of  great 
benefit  to  the  property  as  an  investment  if  the  dividends  were  a])por- 
tioned  as  was  done  by  the  Western  Telegraph  Co.  He  thought  it  likely 
that  the  shares  would  stand  firmer  and  at  a  higher  level,  without  fluctua- 
tion, if  the  dividends  were  more  equally  divided.  He  did  not  think  there 
was  any  chance  of  the  bonus  being  reduced,  although,  of  course,  the 
Directors  knew  the  position  better  than  he  did  ;  but  the  Chairman  stated 
on  a  previous  occasion  that  he  would  have  the  courage  to  utilise  the  reserve 
fund  in  case  of  a  temporary  necessity.  He  had  great  pleasure  in  pro- 
posing a  vote  of  thanks  to  the  Chairman  and  his  colleagues  for  their 
continuo\is  successful  administration  of  the  Company's  affairs. 
Mr.  LYTH  seconded  the  motion,  which  was  carried  unanimously. 
The  Chairman  having  returned  thanks,  the  proceedings  terminated. 


Western  Telegraph  Co.  (Ltd.) 

The  seventy-first  ordinary  general  meeting  was  held  on  Wednesday, 
under  the  presidency  of  Sir  Johs  Wolfe  Barrv,  K.C.B. 

The  SECRETARY  (Mr.  E.  Steer  Hodson)  having  read  the  notice 
calling  the  meeting, 

The  CHAIRMAN  said  :  Gentlemen,  the  remarks  which  I  made  when 
I  h.ad  the  jileasure  of  addressing  you  in  November  last  perhaps  pre- 
pared you  for  a  decrease  in  our  traffic  revenue  for  the  six  months 
ended  Dec.  31.  The  reduction  is  not  so  great  as  was  at  one  time 
expected,  some  improvement  being  manifested  during  the  last  few- 
weeks  of  the  year.  The  message  receipts,  however,  show  a  falling  off 
of  £13,624,  and  rents,  interest  on  deposits,  &c.,  were  less  by  £383, 
together  £14,007.  This  is  reducible  by  an  increase  in  the  interest  re- 
ceixed  on  incestments,  amomiting  to  £5,860,  making  a  net  decrease  of 
£10,147.  On  the  other  side  of  the  account,  the  general  expenses,  main- 
tenance of  cables,  and  income  tax  were  more  b3'  £8,007,  the  result  being 
that  our  net  earnings  were  less  by  a  little  over  £18,000.  The  decre.ase 
in  message  receipts  occurred  in  Brazil,  the  River  Plate  and  on  the  West 
Coast  of  South  America,  but  more  especially  in  the  last-named  district. 
The  general  expenses  in  London  show  an  increase  of  £295,  and  those 
at  the  stations  a  net  increase  of  £5,994.  The  other  expenses  call  for  no 
special  rera.ark  with  the  exception  of  those  in  connection  Avith  improved 
apparatus, as  the  further  installation  of  automatic  and  relay  instruments 
cau.sed  an  additional  cost  of  over  £1,500,  The  c:ible  used  in  the  main- 
tenance of  our  submarine  lines  accounts  for  an  increase  of  nearly  £1,000. 
The  result  of  the  account  is  this— that  after  providing  £16,000  for  de- 
benture stock  interest  and  £5,661  for  income  tax  there  remains  a 
balance  of  £188,555  :  to  this  is  added  the  sum  of  £4,259  brought  for- 
ward from  June  30  last,  making  a  total  of  £192,593.  First  andsecond 
interim  dividends,  amounting  to  £62,379,  have  been  paid,  and  after 
transferring  £100,000  to  the  general  reserve  fund,  £5,000  to  the  main- 
tenance ships'  reserve  fund,  i'10,000  to  the  n;arine  insurance  fund  and 
£10,000  to  the  land  and  buihlings  depreciation  fund,  there  remains  a 
balance  of  £5,214,  which  is  carried  forward  to  the  next  account.  A 
reduction  of  the  taritl'  with  the  west  coast  of  South  America  was  made 
on  the  1st  iust.  Negotiations  are  at  present  proceeding  on  our  behalf 
with  the  Brazilian  and  Argentine  Goveinments  with  regard  to  im- 
proved submarine  telegraphic  communication,  but  I  am  not  yet  in  a 
position  to  enter  into  details  on  the  matters.  The  temiency  to  growth 
in  the  cost  of  conducting  the  busines.s  of  submarine  telegraph}-  is 
noticeable,  and  this  is  in  spite  of  our  efforts  in  the  direc- 
tion of  economy.  The  facts  arj  that  to  obtain  a  really  eflicient 
service,  which  ours  admittedly  is,  we  must  keep  abreivst  of  the 
time — both  in  improved  apparatus,  constant  repairs  and  additions 
to  our  cal)les,  and  also  in  maintaining  a  highly  trained  and  skilled 
statV.  By  these  means  we  maintain  our  position  in  the  face  of  compe- 
tition at  some  of  oiu-  most  important  centres,  and  we  venture  to  think 
that  we  have  secured  the  confidence  of  our  clients  and  of  the  Govern- 
ments of  the  countries  with  which  we  are  connected.  I  now  move  the 
adoption  of  the  report  and  accounts. 

The   DEPUTY   CHAIRMAN   (Sir  .1.  Deni.son- Pender,   K.C.M.G.) 
secondeil  the  motion,  which  was  carried  unanimously. 

There  being  no  other  business,  a  vote  of  thanks  to  the  Chairman 
and  Directors  terminated  the  proceedings. 
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West  African  Telegraph  Co-  (Ltd.) 

The  tweiity-foui-lh  ordinary  general  meetint;  was  held  on  Wednes- 
day,   under   the   presidency   of    the    Most   Hon.    the   MARi^rEss    of 

TwEEDnALE,  K.T. 

The  SECRETARY  (Mr.  John  Cambrook)  rea<l  the  notice  convening 
the  meeting  and  the  auditors'  report 

The  CHAIRMAN  said  :  Gentlemen,  the  gross  revenue  for  the  year 
under  review  amounted,  in  round  figures,  to  £56,300,  against,  for 
the  year  1907.  £59,200,  or  a  decrease  of  £2,900.  Our  proportion 
of  the  receipts  from  the  South  African  joint  purse  continues  to  decline, 
and  is  this  year  £990  less  than  the  preceding  yeai-.  I  am,  however, 
pleased  to  be  able  to  state  that  the  current  year,  so  far  as  we  have 
gone,  shows  indications  of  an  improvement  in  this  branch  of  our 
revenue.  The  Portuguese  trafhc  shows  an  increase  of  £1,160  over  1907, 
and  interest  on  reserve  fund  investments  for  1908  amount  to  £1,000 
more  than  in  1907.  The  diminution  in  our  receipts  is,  in  the  main 
due  to  exchange,  which  has  adversely  affected  our  revenue  to  the 
extent  of  £3,900.  Fluctuation.s,  as  you  arc  aware,  in  the  rate 
of  exchange  have  marked  the  progress  of  the  Company  from 
tlie  beginning.  It  was  only  two  years  ago,  you  may  remember, 
when  I  reported  to  you  a  proht  on  exchange  of  £1,000.  We  hope 
soon  to  return  to  those  better  times.  As  regards  the  expendi- 
ture side  of  the  account,  there  is  little  to  which  it  is  necessary 
for  me  to  draw  special  attention.  I  may,  however,  point  out  that, 
although  the  working  expenses  of  statiojis  show  an  increase  over  last 
year  of  £700,  the  total  working  expenses  were  £945  less,  owing  to  a 
reduction  of  £1,700  in  the  expenses  attending  maintenance  of  cables, 
which  may  be  considered  very  satisfactory.  I  mentioned  at  our  last 
meeting  that  the  total  cost  of  the  renewal  of  the  St.  Thome-Loanda 
section  of  our  cables  had  not  then  been  ascertained,  but  I  am  now  able 
to  inform  you  that  the  actual  sum  expended  was  £10,899.  The  final 
figure  of  £2,274  appears  this  year  as  a  charge  against  the  general 
reserve  fund. 

The  MANAGING  DIRECTOR  (Sir  John  Denison-Pcnder,  K.C.M.G.) 
seconded  the  motion,  which  was  carried  unanimously. 

The  retiring  director  and  auditors  were  re-elected,  and  the  pro- 
ceeding5  closed  with  a  vote  of  thanks  to  the  chairman,  directors  and 
staff. 

West  Coast  of  America  Telegraph  Co.  (Ltd.) 

The  twelfth  ordinary  general  meeting  was  held  on  Tuesday,  under 
the  presidencv  of  Sir  John  Uexison-Pf.nher,  K.C.M.ti. 

The  SECRETARY  (Mr.  Fred.  L.  Robinson)  having  read  the  notice 
ciUing  the  meeting  and  the  auditors'  certificate, 

The  CHAIRMAN  said  :  There  is  nothing  very  important  for  me  to 
bring  to  your  notice  to-day,  either  in  f.avonrof  or  against  the  working 
of  the  Company  during  tlie  last  12  months.  With  regard  to  the  gross 
receipts,  you  will  see  that  there  is  a  decrease  of  £9,242.  This 
falling  off  is  on  account  of  the  international  traffic,  and  this  is  owing, 
to  a  great  extent,  to  the  stagnation  of  trade,  and  also  to  the 
reduced  local  tratfic— chiefly,  I  think,  due  to  the  earthquake  at 
V.alparaiso  and  the  effect  it  has  had  on  the  general  business  of  that 
country.  With  reference  to  the  working  expenses,  there  is  a  reduc- 
tion of  £1,426.  Salaries  and  wages  show  an  increase  of  £270,  but 
travelling  expenses  are  less  l)y  £313,  electrical  expenses  by  £303,  and 
stationery  by  £<87.  The  material  item  which  has  caused  the  reduc- 
tion in  the  expenses  is  owing  to  our  having  been  fortunate  enough 
during  the  year  under  review  to  get  a  charter  for  our  repairing 
steamer;  that  gave  us  £1,500.  The  interruptions  that  have  taken 
place  during  the  year  were  six  in  number,  which  lasted  for  57  days. 
That  is  a  considerable  lime,  but  it  was  owiug  to  two  or  three  of  the 
interruptions— three  certainly — having  taken  place  in  the  month  of 
February.  The  steamer,  therefore,  had  of  course  to  effect  the  repairs 
one  at  a  time.  At  the  last  meeting  1  referred  to  the  new  steamer  we 
were  about  to  liuild,  our  old  steamer  being  about  30  years  old,  and  prac- 
tically beyond  the  work  of  a  cable-repairing  steamer,  although  she 
might  still  bo  a  good  vessel  for  cargo  work  or  work  of  that  description. 
Within  the  la-st  four  months  the  Directors  have  accepted  a  contract 
from  the  Ooole  Shipbuilding  Co.  to  build  a  steamer,  which  will  be 
engined  under  the  same  contract  by  Richardson,  Westgarth&Co.,and 
we  hope  within  six  months  to  have  that  steameron  the  station  at  a  cost 
of  under  £20,000,  which,  1  think,  is  a  very  moderate  price  for  the  ship 
we  are  getting.  With  reference  to  the  future,  I  cin  only  say  that 
notice  has  been  given  within  the  last  month  by  our  adver.sary  of  a 
reduction  of  the  rates  to  Chile,  Peru  and  Bolivia,  and  the  reduction 
Ciime  into  force  on  the  1st  inst.  1  cannot  say  yet  — it  being  early  days 
— how  that  will  affect  our  receipts.  I  now  move  the  adoption  of  the  re- 
[lort  and  accounts. 

Sir  ALBERT  J.  LEPPOC  CAPPEL,  K.C.I.E.,  seconded  the  motion. 

Mr.  LYTH  said  that  he  had  been  a  .shareholder  for  iniiiy  years,  and 
was  a  holder  at  the  original  price  of  the  shares  — £10.  Me  was  also  a 
holder  of  debentures,  which  originally  bore  8  per  cent.,  but  which  was 
reduced  to  4  per  cent.  The  Chairman  at  the  time  gave  him  reason  to 
think  that  the  result  of  the  change  would  be  that  good  dividends 
would  be  paid,  but  he  did  not  think  that  2J  per  cent,  could  be  re- 
garded as  a  good  return.  5  per  cent,  would  be  only  a  moderate  return. 
He  might  be  tohl  that  the  debentures  would  in  due  time  have  tu  be 
met  or  partially  renewed,  but  be  thought  that  the  existing  generation 
of  shareholders  ought  to  derive  some  benelit  iluring  their  lifetime  from 
the  traffics  which  were  now  being  obt,iincd.  lie  hoi)Oil  that  the 
Directors  would  .sympathise  with  that  view. 

The  CHAIRMAN  :  With  respect  to  your  remarks,  I  can  assure  you 
that  we  sympiithise  with  you  and  our8elve.s,  and  we  are  doing  the  very 
best  wo  can  to  improve  matters.  You  must  remember  that  a  good 
many  years  ago  we  worked  in  conjunction  with  a  company  which, 


when  they  got  on  their  legs — owing  greatly'  to  thfeir  association 
with  this  Company — threw  us  over,  and  our  working  expenses 
were  thus  very  materially  increased — in  one  case,  certainly,  by 
each  of  us  having  to  put  a  ship  on  to  the  station  instead  of  our 
ha\ing  only  one  to  do  the  work  of  the  two  companies.  Compet- 
ing cables  wore  also  laid  alongside  ours.  In  12  months  that  re- 
duced the  Company  from  a  prosperous  one  to  one  not  paying  a  divi- 
dend. This  was  before  my  time,  and  also  before  any  of  the  [U'esent 
menibers  of  the  board  were  associated  with  the  Company.  I5ut  the 
Western  Telegiaijh  Co.  then  came  forward,  and  materially  strengthened 
the  position  of  the  West  Coast  of  America  Co.  If  it  had  not  been  for 
that  assistance  I  do  not  think  we  should  liave  been  in  existence  today  ; 
our  undertaking  wouhl  very  likely  have  been  sold  for  an  old  song  to 
the  competing  company.  Our  condition  is  quite  different  to-day. 
It  may  be  said  that  we  have  reserves  amounting  lo  about 
£80,000,  but  the  actual  amount  is  £66,000  plus  £12,000  for 
the  ship's  reserve.  We  have  to  find  this  year  about  £20,000 
to  pay  for  the  new  ship  and  put  her  on  the  station.  Of  course, 
that  amount  will  be  reduced  by  any  credit  we  may  obtain  from  the  sale 
of  the  old  ship.  We  are,  however,  gradually  bringing  up  the  reserve, 
which  now  amounts  to  £66,000  ;  I  put  the  ship's  reserve  aside,  as  that 
has  practically  gone,  and  more.  I  think  you  must  allow  the  Directors 
to  go  on  strengthening  the  position  of  the  Company  before  we  increase 
the  dividend,  '^'ou  have  your  debenture  interest  to  meet  as  well  as 
the  interest  on  your  income  bonds,  but  our  position  is  certainly  get- 
ting better,  although  our  progress  is  very  slow,  1  admit.  If  we  could 
increase  our  dividend  no  one  wonld  be  more  pleased  to  do  so  than  our- 
selves ;  but  we  shall  always  err  on  the  side  of  caution,  and  v\ork  the 
Company  into  such  .a  financial  position  that  it  will  have  considerable 
strength.  That  must  be  done  at  a  certain  sacrifice  with  respect  to  the 
dividend.  Our  capital  is  £280, COO,  and  £60,000  reserve  is  a  very 
poor  amount  when  you  come  to  think  that  a  great  p.art  of  that  capital 
is  in  income  bonds  and  debentures  which  have  to  Vje  met  in  1917. 
We  shall  be  able,  no  doubt,  to  renew  some  of  the  debentures,  but 
you  must  have  a  liackiug  to  balance  the  amount.  It  is  not  likely 
that  we  shall  be  able  to  renew  the  whole,  because  the  cable  is  very  much 
older  now  than  when  tlie  debentures  were  originally  issued.  You  must 
also  remember  that  the  reason  we  have  had  to  put  so  much  to  reserve 
is  th.at  we  started  without  any  reserve  at  all.  We  shall,  howe\er,  do  the 
best  we  can,  and,  natur.ally,  tfie  Directors  would  be  very  pleased  to  add 
another  1  per  cent,  on  to  the  dividend  if  they  could  possibly  see  their 
way  to  do  it. 

The  resolution  was  then  carried  unanimously. 

Resolutions  .sanctioning  the  dividend  and  reelecting  the  retiring 
director  and  auditors  were  then  passed,  and  a  vote  of  thanks  to  the 
chairman  and  directors  lirought  the  proceedings  to  a  close. 

Submarine  Cables  Trust. 

The  (hiity-cij;htli  cirdiiuiry  annual  meeting  was  held  yesterday  under 
the  ])resi(lcni  y  i>f  the  .Makijuis  op  Tweeddale.  K.C. 

The  .SE('Ri'"rARY  (.Mr.  Sidney  CoUett)  read  the  notice  convening  the 
meeting  and  the  report  of  the  auditors. 

The  CHAIRMAN  then  said  :  Gentlemen,  the  receipts  for  1908-9 
amounted  to  £2.').433,  leaving,  after  deducting  expenses,  £24,2()<),  as 
against  £22.784  in  the  previous  year.  The  net  result  is  that  after  adding 
£4it  brought  forward  from  last  year  to  our  receipts,  we  have  an  avail.-.ble 
balance  of  £24.31.'i.  We  have  paid  the  two  half-yearly  coupons,  amount- 
ing in  all  to  £18,105,  leaving  a  surplus  of  £0,210.  This  surplus  has 
enabled  us  to  purchase  50  certificates  (the  largest  number  ever  ari|uiicd 
in  any  year  out  of  the  surplus  funds  of  the  Trust).  This  alismlii'il 
£5,982.  is.  (id.,  leaving  £228.  8s.  4d.  to  be  carried  forward.  Up  to  tli" 
present  time  we  have  acquired  1.208  certificates,  out  of  the  original  4,200, 
leaving  2,992  still  outstanding.  I  may  add  that  the  market  values  of 
the  securities  wc  hold  show  an  ap|iri;ci;ition  over  original  cost  of  nearly 
£185,000,  111-  an  increase  of  mure  tlian  li'i.iM)U  over  last  year.  I  now  move 
the  ado]>tii>ii  of  tin-  report  and  accounts. 

Sir  JOHN  DENISON-PKNDER.  K.C.M.G.,  seconded  the  motion. 

Mr.  E.  W.  tlREENE  referred  with  satisfaction  to  the  improvement 
in  the  position  of  the  West  India  &  Panama  Telegraph  Co.,  one  of  the 
Trust's  investments,  and  remarked  that,  although  the  amount  involved 
was  not  large,  it  would  be  very  satisfactory  to  receive  a  dividend  t)n  the 
ordinary  shares  held  in  that  com|)any.  In  other  respects,  the  dividends 
received  and  the  position  of  the  Trust  appeared  to  be  stable.  He  after- 
wards inquired  how  the  positiim  stood  with  reference  to  the  winding-up 
of  the  Trust. 

The  CHAIRMAN  :  With  regard  to  the  termination  of  the  Trust, 
should  our  income  remain  the  same  as  it  is  now,  the  last  certificate  will 
be  acquired  in  lUSli,  when  the  securities  will  be  sold  and  the  proceeds 
be  distributed  among  the  holders  of  the  coupons  of  reversion,  and  the 
Trust  will  then  come  to  an  end.  With  reference  to  the  West  India  & 
Panama  Co.,  their  affairs  arc  improving.  Everything  otherwise  in 
connect ii>n  with  the  Trust  is  in  a  perfectly  sati.sfactory  condition.  He 
then  put  the  inotion,  and  it  was  carried  unanimously. 

The  retiring  auditors  having  been  re-elected,  a  vote  of  thanks  to  the 
chairman  and  trustees  l]naii;ht  the  meetint;  to  a  close. 


CITr  OF  BIRMINGHAM  TRAMWAYS  CO.  (LTD.)— Mr.  C.  S.  Hilton 
stated  at  the  meeting  last  Mcck  that  the  traffic  receipts  were  less  by 
£2,262,  mainly  due  to  cunipctilion  of  the  Corporation  tramways.  The 
electric  lines  had  maintaincil  tlieir  position  fairly  well.  The  expenses 
showed  a  decrease  of  £5,694,  ilue  to  the  le.sser  amount  paid  for  insur- 
ance, &c.  The  net  result  was  an  iiiiprovemeiit  of  £1,20U.  They  were 
unable  to  come  to  a  friendly  agreement  with  Handswoi  th  Council  for 
the  sale  of  the  lines  to  them,  and  the  matter  would  now  go  to  arbi- 
tration, 
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ALDERLEY  &  WILMSLOW  ELECTRIC  SUPPLY  (LTD.)— At  tlie  recent 
meetin;,'  the  directors"  report  for  the  year  endeJ  Dec.  31  stated  tliat 
the  total  connections  had  increased  from  an  equivalent  of  16,269  to 
17,725  8  c.p.  lamps.     The  proHt  of  the  year  wa.s  £1,745.  6s.  8ii. 

BRUSH  ELECTRICAL  ENGINEERING  CO.  (LTD.)— For  the  year  ended 
Ucf.  .'il.  I!HIS.  thi'  i^r.iss  inDtil  w;is  £28,213.  (is.  8d.  Debiting  general 
charges  and  maintenance,  the  net  jn'ulit  is  £2.(il4.  (is.  2d.  Debenture  and 
other  interest  charges  absorbed  £17,798.  :js.  2d.,  and  £24,173.  13s.  .3d.  has 
been  added  to  meet  bad  and  doubtful  debts  and  depreciation  of  stocks. 
The  directors  pi-ojiose  to  ajiply  £10,22!).  fts.  (id.  standing  to  credit  of 
general  reserve  towards  writing;  off  tlie  loss  on  the  year's  working,  and 
To  carry  forward  (he  debit  balance  c,f  £2!t,128.  Os.  Ud.  The  report  states 
that  tlie  year  under  review  has  been  <inc  of  exceptional  trade  depression 
in  which  the  engineering  industries  liave  been  especially  affected.  Tlie 
aggregate  of  orders  secured  during  the  first  part  of  the  year  was  l)elow 
tile  ;iveratrc,  but  it  was  exjieeted  that,  in  accordance  with  previous  expe- 
liiii.  I-.  Ihr  n-Mill-  for  til.-  filler  part  of  the  year  would  lielp  to  counteract 
tins  sli.iii.nrc.  rnf.iituiMlcly  this  was  not  realised,  and  the  coiuluilin;,' 
luontlis  sliowed  .i  fiatlur  marked  falling  off  in  the  volume  of  business. 
The  working  expenses  and  establishment  changes  li.m-.  in  spite  of  the 
abruptness  with  which  trade  dechned,  been  Milistiritlally  reduced  and 
important  economies  have  been  effected.  The  shortage  of  orders  has 
aggravated  the  already  keen  rivalry  amongst  liome  manufacturers,  and 
with  powerful  comiietition  from  abroad  to  contend  with,  prices  have 
ruled  low.  On  the  electrical  engineering  side,  the  company's  business 
lias  been  adversely  affected  by  the  general  adoption  of  metal  filament 
lamps.  By  the  use  of  this  new  type  of  lamj)  a  great  economy  in  current 
is  effected.  While  its  advent  should,  therefore,  be  highly  beneficial  to 
the  electrical  industry  in  the  long  run,  the  immediate  effect  has  been  to 
leave  many  electricity  undertakings  witli  a  surplus  of  power,  thus  tem- 
porarily cheeking  the  orders  for  additional  plant.  Negotiations  are  in 
progress  to  acquire  selling  rights  of  a  well-tried  and  higlily  successful 
metallic  filament  lam|i.  The  demand  for  tramcars  was  small  during  the 
year,  and  there  has  been  a  noticeable  lapse  in  the  iiromotion  of  tramways 
and  Ught  railways  in  the  United  Kingdom.  Orders  for  main  line  rolling 
slock  have  also  been  scarce.  The  reduced  demand  for  the  company's 
slaple  manufactures  has  led  the  directors  to  investigate  other  openings 
tor  activity  in  the  industrial  applications  of  electricity,  and  the  com- 
jiany's  experts  are  engaged  on  developments  in  special  branches  which 
hold  out  encouraging  prospects.  The  business  so  far  secured  in  (he 
inesent  year  shows  a  marked  advance  in  comparison  with  a  similar  period 
ill  1908. 

DOULTON  &  CO.  (LTD.)  -At  the  meeting  on  Tuesday  it  was  reported 
that,  after  including  £7.999  contriliuted  by  the  chairman  towards  pro- 
xiiliiii^'  for  the  preference  dividend,  and  writing  £500  oft' goodwill,  the 
credit  balance  was  £1,506. 

ELMORE'S  GERMAN  &  AUSTRO  HUNGARIAN  METAL  CO.  (LTD.)— The 
directors'  report  for  1908  states  that  the  only  alteration  in  the  accounts 
is  that  the  amount  of  8  per  cent,  debenture  stock  has  been  reduced  by 
the  redemption  of  £5,778.  ICs.  and  the  loan  to  the  Metall  Co.  has  been 
reduced  by  a  like  amount.  The  directors  report  an  unsatisfactory  year 
owing  to  the  continued  decrease  in  trade  and  increase  in  competition, 
resulting  in  a  reduction  in  the  selling  price.  The  sales  have  increa.sed 
and  the  cost  of  production  reduced  to  a  considerable  extent,  the  sales 
to  date  showing  an  increase  of  15}  per  cent,  in  weight.  The  amount 
stan<Iing  to  credit  of  profit  and  loss  in  the  Austrian  Co.'s  balance  sheet 
being  only  £389.  8s.  lOd.,  the  directors  regret  their  iiuibility  to  declare 
u  dividend. 

FALKIRK  &  DISTRICT  TRAMWAYS  CO.— At  the  meeting  last  week, 
f lie  directors  reported  that  the  profit  was  £723,  after  placing  £1,750 
to  clepreciation.  The  directors  recommended  that  no  dividencl  should 
be  paid,  as  the  district  had  been  very  muchaft'ected  by  trade  de^jre.ssion. 
GENERAL  ELECTRIC  CO.  (U.S.A.)— The  annual  report  for  the  year 
'iided  .Ian.  31  states  that  the  piollts  (inrhidint;  $3.").!IIS  for  .securities 
sold  and  81,4;')3.942  from  royalties,  dividends,  &c.,  and  after  deducting 
all  patents,  general  and  miscellaneous  cxiieiises.  lixcd  charges,  allowances 
foi  dc|ii(cialion  and  losses,  and  writing  off  .Sl..">24.29.")  from  factory 
I'l.iiilsi  wcrr  si. 802,250.  After  meetmg  dividend  iiayiiicnts  there  was 
I  dcticit  .if  ,S4I  1,773,  which  was  charged  to  surplus  account.  The  year 
l^,ls  marked  by  severe  and  continued  depression  in  the  business  of  the 
.  .uupany.  The  value  of  orders  received  during  the  year  was  only  70  per 
.  int.  of  that  for  each  of  the  two  previous  years,  and  shipments  to  cus- 
I. liners  only  (13  per  cent,  of  the  shipments  for  1907.  The  great  and 
■iiidden  shrinkage  in  business  had,  because  of  the  difficulty  in  reducing 
ixpenscs,  resulted  in  great  increases  in  the  ratio  cost  of  selling  ])ricps, 
with  a  corresponding  decrease  in  the  percentage  of  jirofits.  Since  the 
.lose  of  the  year  these  conditions  have  improved,  luid  the  outlook  for  the 
.  nsuing  year  is  said  to  be  encouragmg.  The  total  niimber  of  separate 
■  uilcrs  and  contracts  received  was  248,384,  compared  with  23(i,8(i4,  an 
increase  of  11,,')20,  but  the  average  value  jier  order  was  30  per  cent.  less. 
During  the  year  then;  was  expended  in  actpiiriiig  patents,  for  licences 
under  jiatcnts  and  in  patent  litigation  $929,109.  The  jilan  of  decentra- 
lisation has  been  continued  with  satisfactory  results.  Each  line  of  apiia- 
ratns,  sueh  as  switchboards,  induction  motors,  steam  turbines,  meters 
and  transformers,  has  been  placed  in  its  respective  building  or  factory. 
Each  group  is  supplied  with  a  special  set  of  engineers,  manufacturing 
staff  and  clerical  force,  with  a  separate  factory  accounting  system.  The 
total  lloor  space  of  factories  on  Jan.  31  was  7,000,000  sq.'ft.,  and  the 
number  of  employes  23,300.  Among  the  buildings  completed  during 
the  year  was  one  with  142,000  sq.  ft.  floor  space  at  Schenectady  for  the 
manufacture  of  wiring  devices  ;  a  building  of  99,000  sq.  ft.  floor  space 
at  Lynn,  for  meters  and  instruments ;   au  iron  foundry  of  59,000  sq.  ft. 


floor  space  at  PittsHeld,  and  building.s  of  92,870  sq.  ft.  for  lamp  works. 
Work  has  been  resumed  on  a  building  (jf  71,000  sq.  ft.  at  Pittsfield,  to  be 
used  as  carpenter  and  pattern  shops  and  for  pattern  storage. 

Vice-President  E.  W.  Rice,  jun.,  in  his  report,  states  that  experience 
in  the  use  of  the  high  ele<  tri.  luessures  of  fr.jm  60,000  to  100,000  volts, 
needed  for  the  economic  al  distribution  of  electricity  over  very  long  dis- 
tances, has  been  ,so  satisfactory  that  higher  pressures  up  to  150,000  volts 
are  being  consilered  in  pending  propositions.  In  this  connection,  it  is 
stated  that  the  sales  of  transformers  of  (iO.oiH)  volts  and  over  in  1908  were 
nearly  double  those  in  1907.  Many  improvements  have  been  made  in 
switches  for  the  control  of  high-tension  circuits,  and  there  have  been 
designed  and  placed  in  commercial  operation  switches  capable  of  con- 
trolling 1 10,00()  volts,  which  is  the  highest  voltage  now  in  practical  opera- 
tion. Two  14,000  kw.  turbines,  placed  in  operation  in  Chicago,  and  two 
in  New  York,  have  proved  satisfactory  in  every  respect,  and  orders  for 
additional  units  of  the  same  size  have  been  received.  The  company 
cnguieers  have  com|iletcil  tli.'  .lesigii  of  a  number  of  turbine  generators 
for  operation  b\  low  pressure  .u  exh.uist  steam.  The  economic  value  of 
these  machines  is  ba.s.d  ii|ion  tlie  fact  that  steam  turbines  are  much  more 
efficient  than  si.'  nii  .iiLiincs  in  the  lower  range  of  steam  pressures  be 
tween  atmospli.  1 1.  incisure  and  a  good  vacuum.  Turbines  of  this 
character  have  liccii  designed  up  to  500  kw.  ca[)acity,  and  it  is  expected 
that  they  will,  by  utilising  the  exhaust  steam  from  one  of  the  existing 
engines,  increase  the  capacity  of  the  combined  unit  more  than  40  per 
cent.,  with  a  substantial  reduction  in  coal  consumption.  The  Curtis 
steam  turbine  has  been  adapted  to  the  driving  of  centrifugal  pumps, 
and  the  city  of  San  Francisco  has  purchased  eight  750  H.p.  and  four 
(iOO  H.p.  turbine  pumps  for  a  high-pressure  water  system.  This  is  stated 
to  be  the  first  important  ap|ilieation  of  steam  turbines  to  this  class  of 
service.  The  new  type  of  coniniutating  pole  railway  motor  has  proved 
most  satisfactory  in  practical  ojjeration,  and  large  numbers  have  been 
sold.  Several  new  sizes  have  been  developed.  The  1,200  volt  railway 
system  has  been  further  perfected,  and  the  installations  already  made 
have  proved  an  unqualified  success.  The  vertical  type  of  rotary  con- 
verters of  the  company's  design  has  continued  to  give  satisfaction,  and 
many  additional  installations  have  been  made  during  the  year.  A 
number  of  these  vertical  rotaries  are  being  built  of  2,500  kw.  capacity, 
which  are  claimed  to  be  the  largest  rotaries  constructed.  An  esijecially 
interesting  application  of  electricity  is  exemplified  in  an  order  received 
during  the  past  year  for  the  complete  electrical  equipment  of  two  power 
stations  and  an  electric  traiiMiiissi..n  plant  furnishing  power  and  light 
for  the  construction  of  tin'  dam  ,ii  i;atun.  Isthmus  of  Panama.  The 
order  includes  12  special  elccliic  loc.jinotives  and  a  number  of  .special 
motors. 

KALGOORLIE  ELECTRIC  POWER  &  LIGHTING  CORPN.  (LTD.)— For  the 
year  1908  the  profit  was  £21,1)44.  10s.  7d.  Including  amount  brought 
forward  the  total  balance  was  £(),556.  18s.  8d.  A  dividend  has  been 
declared  and  paid  at  the  rate  of  fl  per  cent,  per  annum  on  the  preference 
shares  for  the  six  months  ended  March  31,  and  the  directors  recommend 
that  a  dividend  be  paid  at  the  rate  of  3  per  cent,  per  annum  for  the  six 
months  ended  Dec.  31  on  the  ordinary  shares,  making  4  per  cent,  for  the 
year.  There  was  an  increase  in  the  amount  of  power  sold,  and  although 
the  profit  is  not  so  large  as  last  year,  the  directors  consider  the  results 
satisfactory  in  view  of  the  lower  average  price  obtainable  for  power,  the 
jiiercascd  cost  of  fuel,  etc. 

LISBON  ELECTRIC  TRAMWAYS  (LTD.)— At  the  meeting  on  Wednes- 
day Col.  Sir  C.  Euan-Smith  stated  that  notwithstanding  the  political 
unrest  during  the  year  their  traffic  had  shown  a  slight  increase.  The 
serious  depieciation  in  the  rate  of  exchange  had,  however,  made  a 
difference  of  £12,000  to  them.  They  were  only  able  to  carry  forward, 
after  the  declaration  of  the  dividend,  £4,640.  4s.  2d.",  against 
£13.271.  9s.  Id. 

POTTERIES  ELECTRIC  TRACTION  CO.  (LTD.)— The  receipts  for  1908 
amounted  to  £108,722.  7s.  3d.  The  traffic  receipts  (£92,330.  7s.  9d.) 
show  a  decrease  of  £3.223.  10s.  4d.  Deducting  all  expenses  charge- 
able to  revenue,  the  directors  recommend  that  £5,409.  14s.  7d,  be 
applied  to  permanent  way  renewals  account,  £1.000  to  depreciation 
and  £2,000  to  gener.al  renewals  account,  and  after  paying  the  prefer- 
ence dividend  (£12,250)  the  balance  (£1,121.  3s.  lid.)  is  carried  for- 
ward. Capital  expenditure  during  the  year  amounted  to  £4,930.  Is.  id. 

RANGOON  ELECTRIC  TRAMWAY  &  SUPPLY  CO.  (LTD.)— The  directors 
re[iort  to  Nov.  30,  in  Rangoon,  and  Dee.  31,  in  Liverpool,  states  that 
during  the  year  an  additional  1,500  kw.  turbine  has  lieeii  installed. 
Traffic  receipts  give  fair  satisfaction.  Municipal  street  lighting  was 
finally  completed  on  July  1,  and  the  company  h.as  just  been  granted  a 
licence  by  the  Government  of  Burma  to  light  the  military  cantonmenta 
of  Rangoon.  During  the  year  some  progress  has  been  made  in  the 
private  lighting  department,  and  the  directors  look  for  a  substantial 
increase  of  consumption  during  the  present  year.  The  company  isalso 
to  supply  electrical  energy  to  the  (Joveriimeiit  buildings  in  Rangoon. 
The  gross  profit  was  £26,069.  Os.  4d.  Deducting  Liver|iool  ex|ienses, 
interest,  etc.,  the  balance  is  £13,396.  2s.  8d,,  added  to  £439.  I9s.  6d. 
brought  forward.  Preference  dividend  absorbed  £12,278.  15s.  Id.,  and, 
after  writing  £1,174.  6s.  8d.  off  preliminary  expenses,  the  balance  has 
been  carried  forward. 

SWANSEA  IMPROVEMENTS  &  TRAMWAYS  CO.— The  gross  receipts 
of  the  tramways  undcrt.-ikiii.,;-  for  the  half-vear  to  Dec.  31  were 
£27,362.  2s.  8d.,  a  decrease  of  £454.  16s.  9d!  on  the  corresponding 
period  last  year.  The  available  balance  is  £8,760.  19s.  3d  .  and  the 
directors  recommended  that  £2,000  bo  placed  to  depreciation  and  re- 
serve, and,  after  payment  of  the  preference  di\  idends,  a  dividend  at 
the  rate  of  3  per  cent,  on  the  ordinary  shares  was  declaretl. 
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THAMES  IRONWORKS,  SHIPBUILDING  &  ENGINEERING  CO.  (LTD.)  — 
The  report  for  1E03  stales  that,  after  addiiig  ilel.cnt  me  interest,  «riting 
down  investments,  &c.,  there  was  a  loss  of  £36,279.  Deducting  £19,539 
brought  forward,  there  remained  an  adverse  balance  of  £16,740.  It 
was  proposed  to  transfer  £20,0C0  from  reserve,  and  to  carry  forward 
£3,260. 

TYNEMOUTH  &  DISTRICT  ELECTRIC  TRACTION  CO.  (LTD.)— At  the 
recent  meeting  tie  directors  reported  that  the  past  year's  revenue 
was  £12,151.  7s.  3d.,  and  after  deducting  expenses  (including 
repairs  and  maintenance,  interest  and  renewals)  the  balance  was 
£3  542.  Is.  lid,  added  to  £226.  9s.  4d.  brought  forward.  £500  was 
Ijlaced  to  depreciation  and  reserve  and  £500  to  sinking  fund  for  deben- 
ture redemption.  Preference  dividend  absorbed  £1,525,  and  a  divi- 
dend of  2  (jer  cent,  was  declared  on  the  oidinary  shares  (£928.  4s  ).  The 
balance  forward  is  £315.  7s.  3d. 

WEST  INDIA  &  PANAMA  TELEGRAPH  CO.  (LTD.)— The  directors' 
report  for  the  six  months  ended  Dec.  31  states  that  the  amount  to 
credit  of  revenue  (including  £2,000  transferred  from  income  tax  ac- 
count) is  £31,871. 14s.  5d.,  against  £37.2o2.  7s.  lid.  for  the  correspond- 
ing half-year  of  1907.  Expenses  have  been  £22,160.  3s.  3d.,  against 
£23,028.  i5s  5d.  The  balance  is  £1«,711  lis.  2d.,  added  to  £1,466. 16s.4d. 
interest  on  investment  and  £1,132.  Is.  8d  brought  forward,  making 
£15,310.  9s.  2d.  The  diiectors  ])ropose  that  this  amount  be  dealt  with 
by  paying  on  the  tirst  preference  shares  a  dividend  of  6s.  per  share 
for  the  six  months  to  Dec.  31  (£10,368.  18s.*  aud  on  the  second  prefer- 
ence shares  18s.  per  share  on  account  of  dividends  accrued  to  Dec,  31 
(£4,202.  2s.),  the  balance  (£739.  9s.  2d.)  Ijeing  carried  forward.  The 
traffic  receipts  for  the  ^ix  months  show  a  decrease  of  £3,231,  compared 
with  those  for  the  corresponding  period  of  1907.  Tlie  company's 
cables  continue  to  be  maintained  in  good  woiking  order. 


NEW  COMPANIES,  STATUTORY  RETURNS,  &o. 
NEW  COMPANIES. 

DAVEY  ELECTRIC  CO.  (LTD.;  (102,814.)  — Reg.  May  3,  capital  £2,000 
in  £1  shares,  to  carry  on  the  business  of  electrical,  mechanical  and 
general  engineers,  manufacturers  of  and  dealers  in  electric  lamps, 
electricity  meters,  switches,  cut-outs,  &c.     Private  company. 

DUAL  IGNITION  CO.  (LTD.)  (102,902.)— Reg.  May  8,  capital  £100  in 
£1  shares,  to  carry  on  the  business  of  manufacturers  of  appliances  for 
the  electrical  ignition  of  internal  combustion  engnies,  electricians, 
manufacturers  and  warehousers  of  motors,  automobiles,  &c.  Privats 
company.     Reg.  office,  23,  Colmorc-row,  Birmingham. 

MOUNTAIN  &  GIBSON  &  THORNEWILL  (LTD.)  102,873)- Reg.  May  6, 
capital  £159.000  in  £1  shares,  l^i  accpiire  the  business  carried  on  by 
ilountain  cV  tJibsou  (Ltd.)  at  Elton  Fold  Works,  Bur}-,  and  to  carry  on 
the  business  of  civil,  mechanical,  electrical,  railway,  tramway,  marine, 
lighting,  ventilating,  consulting  and  general  engineers,  founders, 
machinists,  suppliers  of  electricitj-,  manufacturers  of  and  dealers  in 
railway,  tramway  and  road  locomotives,  carriages,  cars,  motor  cars, 
trucks,  &c.  First  directors,  R.  Thornewill,  J.P.,  M.I.M.E.,  E.  D. 
Simon,  B.A.,  A.M.I.C.E.,  M.  B.  Mountain,  C.  Spalding,  G.  M.  Gibson, 
B.A.,  A.M.I.C.E.,  and  X.  M.  Lawrence.  Reg.  office,  49,  Queen 
A'ictoriastrcet,   London.  E.C. 

NATIONAL  TELEWRITER  CO.  (LTD.)  (102,859.)— Reg.  May  5.  capital 
£300,000  in  210,000  preferred  ordinary  shares  of  £1  each  and  90,000 
deferred  shares  of  £1  each,  to  acquire  upon  terms  of  an  agreement  w  ith 
the  Telewriter  Synd.  the  patents  and  licences  and  the  benefit  of  cer- 
tain agreements  in  connection  with  the  use  of  the  telewriter  and  other 
property  and  rights,  and  to  carry  on  the  business  of  manufacturers  of 
aud  dealers  in  dynamos,  wire,  cables,  insulating  materials,  accumida- 
tors,  telephones,  telewriters,  telautographs  and  other  apparatus,  elec- 
tricians, &c.  First  directors,  Sir  'William  P.  Treloar,  Bart.,  A.  E. 
Prideaux,  Sir  John  G.  Craggs,  Kt.,  M.V.O.,  E.  K.  Ellice-Clark, 
E.  \V.  W.  Edwards,  .T.  Liddell  and  Sir  Albert  K.  RoUitt.  Reg.  ofiice, 
4,  London  Walli.uildings,  London,  E.C. 

POLLAKVIRAG  RAPID  TELEGRAPH  CO.  (LTD.)  (102,910.) -Reg.  May  8, 
capital  ±;100,500  in  100,000  preferred  ordijiary  shares  of  £1  each,  and 
10,000  deferred  shares  of  Is.  each,  to  adopt  an  agreement  with  P.-V. 
Synd.,  to  carry  on  the  business  of  a  telegraph,  telephone  and  elec- 
tricity supply  company,  to  est.ablish,  control  and  regulate  telephone 
and  telegraph  exch.mges,  to  transmit  and  facilitate  the  transmission 
of  telephonic  .-ind  telegrajihic  commmunications,  &C.  Three  of  the 
first  ilircctor.s  shall  be  nominated  by  the  Socioti;  Gcnerale  de  Tele- 
graphie  Rapide  I'oUak  \  irag)  and  two  of  the  first  are  H.  V.  Bouillon 
and  J3ela  Steiner,  managing  director  and  director  respectively  of  the 
said  society.  Registered  by  Slaughter  ift  May,  12,  Austin  Friars, 
London,  E.G. 

PROCKTEK  &  KEKYON  (LTD.)  (102,894.)— Reg.  May  7,  capital 
£1,000  in  £1  shares,  to  cirry  on  the  business  of  mechanical,  electrical 
anil  general  engineers,  &c.  Private  company.  First  directors,  ('. 
Kenyon  and  F.  M.  Prockter.  Reg.  olticc.  Star  Life  nuildings,  30.  ("ross- 
streei .  Manchester. 

ROBINSON&;  CARTER  LTD.i  (102.864)— Reg.  Afay  5.  capital  £1,000  in 
£1  shares,  to  carry  on  the  business  of  electricians,  engineers,  manufac- 
turers of  electricity.  Sec.  Private  ccimp.iny.  C  A.  Robinson  is  pernix- 
neiit  governing  director. 

STRATHPEFFER  &  DINGWALL  ELECTRIC  CO.  (LTD..  (7,111.)  Reg. 
in  Edinburgh  May  5,  capital  £100  in  £1  shares,  to  carry  on  at  Strath- 
peffer  and  Dingwall  the  business  of  electricians,  electrical  and  gas 
engineers,  suppliers  of  electricity,  &c.  Major  E.  W.  B.  Mackeniiie  is 
one  of  the  first  directors      Reg.  otlioo,  Kddarj-,  Ross  sJiire. 


STATUTORY  RETURNS. 

NORTHALLERTON  ELECTRIC  LIGHT  &  POWER  CO.  iLTD.)— Return  to 

March  10  gives  capital  as  £6,500  in  2.930  preference  shares  of  £1  each 
and  12,000  ordinary  shares  of  6s.  each,  of  which  1,151  jireference  and 
4,561  ordinary  have  been  taken  up.  £2,519.  6s.  has  been  received. 
Mortgages  and  charges  at  date  of  return,  £5,400.  Issued  April  7, 
1909,"£260. 

POWER  PLANT  CO.  (LTD.)— In  return  to  Match  22  capital  is  £5,CO0  in 
£l  shares,  all  of  which  have  been  taken  up.  £4,992  has  been  received, 
leaving  i8  in  arrears.     Mortgages  and  charges,  £5,000. 

SOUTH  METKOFOUTAN  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.) -Re- 
turn to  March  15  gives  capital  as  £500,000  in  250,000  ordinary.  100,000 
second  preference  and  150,000  first  preference  shares  of  t'l  eac.'h,  of 
which  123,000  ordhiary,  50,000  second  preference  and  142,968  tirst 
preference  have  been  taken  up.  £1  per  share  has  been  called  up  on 
120,500  ordinary  and  137,600  first  preference  and  5s.  per  share  on 
50,000  second  preference  shares,  and  £270,600  has  been  received. 
£7,863  is  coiisidered  as  paid  on  2,500  ordinary  and  5,368  first  preference. 
Mortgages  and  charges,  £254,175. 

YORKSHIRE  (WEST  RIDING)  ELECTRIC  TRAMWAYS  CO.  (LTD.)  — 
According  to  return  to  March  19  capital  is  £600,000  in  70,000  prefer- 
ence and  50,000  ordinary  shares  of  £5  each,  of  which  46,261  preference 
and  40,C00  ordinary  have  been  taken  up.  £431,305  is  considered  as 
paid.     Mortgages  and  charges,  £299,000. 

MORTGAGES  AND  CHARGES. 

ENGINEERING  INSTRUMENTS  (LTD.)— Particulars  of  £5,000  deben- 
tures created  Nov.  30,  1906,  filed  pursuant  to  sec.  93  (3)  of  Companies 
(Consolidation!  Act,  1908,  amount  of  present  issue  being  £380.  Pro- 
perty charged,  company's  undertaking  and  property,  present  and 
fnture,  including  uncalled  capital.     No  trustees. 

HARPER  ELECTRIC  PIANO  CO.  (LTD.)— Issue  on  April  27  of  £500  de- 
bentures, part  of  series  to  secure  £5,000. 

LEICESTERSHIRE  &  WARWICKSHIRE  ELECTRIC  POWERSYND.  (LTD.)  - 
Issue  on  April  19  of  £550  debentures,  part  of  series  created  July  9, 
1907,  to  soruiL-  t!5,00O,  charged  on  the  company's  undert;rking  "and 
propertv.  luc^eiit  and  future,  including  uncalled  capital.    No  trustees. 

POPE  S  ELECTRIC  LAMP  CO.  (LTD.) — Land  registry  charge  on  freehold 
land  and  premises  at  Hammersmith,  dated  April  16,  1903,  to  secure 
all  moneys  due  or  to  become  due  from  company  to  London,  City  and 
Midland  Bank. 

RECEIVERSHIP. 

AUTO  CLAW  CO.  (LTD.)— A  notice  of  the  appaintment  of  Mr.  J.Todd, 
of  135,  Wool  Exchange,  E.G.,  as  receiver  and  manager,  by  order  of 
Jourt  dateil  April  30',  1909,  has  been  filed. 


CITY  NOTES. 

MEMORANDA  (May  13).— Bank  rate  2^  per  cent,  (since  April  1, 
1209).  Price  of  silver,  24  i\d.  per  oz.  Consols  84!  J  — Sb\\,  for  money  and 
85—85;  for  account.  Consols  Pay  Day,  June  1 ;  Stock  and  Shares 
Continuation  Days,  May  25  and  June  9 ;  Ticket  Days,  May  26  and 
June  10  ;  Pay  Days.  May  27  and  June  11  ;  Mining  Shares  Carry  Over 
Day,  May  24. 

Prices  of  Metals  (London). — Copper,  cash,  59i'5  ;  three  months 
59J.  Lead,  English,  13A — 13J  ;  foreign,  cash,  13]:  ;  three  months,  33,",: 
Spelter,  cash,  21;- 2i;l  ;  three  months,  22J.  Tin,  English,  132^- 
134i  ;  foreign,  cash,  132;;,  three  months,  132J— l,33j.  Iron,  Cleveland, 
cash,  48/5,  and  three  months,  48/11.  Magnet  Steel  (price  supplied  by 
W.  F.  Dennis  &  Co.>,  £55. 

BRITISH  ELECTRIC  TRACTION  CO.  (LTD.)— The  Hon.  Arthur  Stanley, 
M.P..  who  riia-ntiv  joiiuui  the  linar.l.  has  retired  pending  the  determina- 
tion of  a  llu^illl■^^.  ill  w  hiili  lic  ll.^^  roiillictiiig  intcrcsts. 

CASCADE  (1906)  POWER  CO.  (LTD. )— The  balance  profit  at  the  end  of 
1908  has  been  carried  forward.  Endeavours  have  been  made  to  close 
up  the  sale  of  the  undertaking  of  the  Cascade  Water  Power  &  Light  Go. 

CENTRAL  ELECTRIC  SUPPLY  CO.  (LTD.)— The  4  per  cent,  debenture 
stock  transfer  books  of  this  company  will  be  closed  from  the  18th  to 
the  31st  inst.  inclusive. 

MELBOURNE  ELECTRIC  SUPPLY  CO.  (LTD.) —During  the  week  this 
company  invitcil  aiiplic  itious  for  an  issue  of  £100,000  5  per  cent,  first 
mortgage  dcljenture  slock  anil  23,000  7  per  cent,  first  cumulative 
preference  sh.-ires  of  £5  each,  the  latter  at  par  and  the  stock  at  93 
per  cent. 

NATIONAL  TELEWRITER  CO.  (LTD.)— During  the  week  this  company 
invited  a|iplicatio'is  fur  180,0C0  £1  preferred  ordinary  shares. 

STOCK  EXCHARGE  NOTICES.— The  Stock  Exch.ange  Committee  have 
granted  a  riuotntion  to  3.5.704  £10  fully  )mid  4  per  cent,  guaranteed  inc- 
fercnce  shares  (jf  the  (It.  Knrlhcrn.  I'icaiilillii  <(•  ISrumptnn  Jii(il>r<ii/  Cn. 
(in  lieu  of  shares  now  (|Uoted).  The  Connnittee  have  been  asked  to 
a|ipoiiit  a  special  settling  day  in.  and  grant  a  quotation  to  scrip  fully  and 
jiartly  p.iid  for  1';{(III.(I(MP  4! "per  cent,  perpetual  consolidated  debenture 
stock  of  the  Wiiiiiijiii/  K/irlric  lirii/w/i;/  Co.,  and  to  allow  a  further  issue  of 
.S4.82:!.2(lll  r'..nimon  sink  (in   SjOO  s'h.ares)  of  the  Mc.rim  TrKwiK'iyxI'o. 

to      I.C     (|llMl,.,|. 

TRAMWAYS  &  LIGHT  RAILWAYS  ESTATES  CO.  (LTD.)— The  revenue 
for  1908  (including  £186  lirought  forward)  was  £1,196,  and  the  ex- 
penses were  £749,  leaving  £446.  After  applying  £100  to  reduction  of 
goodwill  account  and  paying  a  dividend  at  the  tats  of  2  per  cent,  per 
annum,  the  balance  (£146)  was  carried  forward. 


BLBCIRIG  IBAHVAT  AMD  RAILWAY  TRAFFIC 
I  RECEIPTS. 


Iberdoen  OorporHlon  

llrdrlo  

inglo-Argentlne 

iyr  Oorporation • 

Baker  St.  &  WMorloo  By... 

Btrnsle; 

Barrow  •■• •••■••• 

Bath  Electric  TramJ,  Ltd.. 
Binntagaam  Oorpuration.. 

Birmmfibam  &.  Mid 

Blaokbarn  Oorporation 

Blackpool  and  Fleetwood.. 

Bolton  Oorporation 

Bomba;    •• 

Boumemoath  Corporation.. 

Bradford  Corporation 

Brighton  Oorporation   

BrUtol  Trams  &  Carriage.. 

Burnley  Oorporation 

Barton  Oorporation   

Bury  Oorporation  

Oaloulta  Tramways  Oo 

Camborne-Redruth    

Cardiff  Oorporation  

Oavehill 

aentral  London  Railway  ... 
Oh8rlngO.,Eu8ton&H'stead 
Chatham  &  Dist.  Lt.  Rys. ... 
City  &  South  London  Rly... 

OKy  ol  Birmingham  

Oolcheater  Oorporation 

Oork  Bleotrio  Trams  Oo.  ... 

Croydon  Oorporation     

De^oDport  &  Dist.  Trams... 

Dover  Oorporation 

Dublin  &  Luoan  Railway ... 

Dublin  United 

Dudley-Stourbridge   

Dundee  Oorporation 

Baflt  Ham  Oounoil 

Exeter  Oorporation 

Giaeplii-'ad  &  Dist.  Trams... 

Glasgow  Oorporation 

alossop  Trams 

Qravesend — Northfleet 

Great  Northern  4  Oity  Rly.. 
Ql.Northern,  Piccadiiiy.&o. 
Greenock  &  Port  Glasgow... 

Hartlepool  Tramways    

Hastings  Elec.  Trams  Oo.... 


Uudderstteld  Oorpn 

Hull  Oorporation 

Dtord  District  Ooonoil 

Ilkeston  District  Oooncll ... 

Ipswich  Oorporation 

Isle  of  Thanet  Oo 

Jarrow  

Kelghley  Oorporation    

Kidderminster  Si  District... 
EUmaroock  Oorporation  ... 
Lanarkshire  Trams  Oo.    ... 

LanoaBhire  United 

Lsamington 

Leeds  Oorporation 

Leicester  Oorporation    

Leith  Oorporation 

L'jiooln  Oorporation 

Liverpool  Oorporation  

Liverpool  Overhead  Rly.  ... 
London  County  Uounoil  ... 

London  United 

Lowestoft 

Uaid^tone  Oorporation 

Uanchester  Corporation  ... 

Mersey  Railway  

Merthyr 

Uetropolitan  Dist.  Railway 
UetropoUtan  filec.  Trams... 

Blddluton 

Nelsrn  Corporation    

Newcastle-ou-Tyne  Corp. ... 

Newport  (Mon.)  

Northampton  Oorporation . 
Oldham,  Ashton  &  Uyde  ... 

Oldham  Corporation 

Perth  (N.B.)Oorporation  ... 
Perth(W.A.)Eleo.  Trams... 

Peterborough   

Portsmouth  Oorporation  ... 

Potteries    

Preston  Oorporation 

Rotherham  Oorporation   ... 

Rothesay  

Salford  Corporation  


Sheffield  Oorporation 

Singapore  Trams  

South  Metropolitan  

South  Stafls 

Southend  Oorporation  

Southport  Tramways 

Stalybdge.Hyde.&cJt.Bd, 
Sunderland  Corporation  ... 

Sunderland  District  

Swansea  Trams  

Swindon  Corporation    

'launtjn 

lynomouth  and  Dislriot  ... 

Tyneside  Trams  Co 

Wallasey  Distriot  Council.., 

Walsi  !  Corpn 

Warrington  Oorpn 

West  Ham  Corporatior 

Weetou-supor-Uare   

Wolverhampton  Co 

Wolverhampton  Oorpn 

'fforcestor 

Wrexham 

Yorkshire  W.R.  Tram's".'.".!! 
Yorkshire  Woollen  District 


May  .-. 
April  3U 
May      Ci 


Apr:i  3. 

..      31 

May      f 


April 
May 


April  30 
-May      9 


April  3U 
May      8 


April  30 
May  (J 
April  3u 
May      8 


April  30 
-May  8 
Apiil  3U 


April  30 

Jlay  10 

April  cO 

May  9 


May      6 
April  30 

May       8 


April  30 
Muy  .-. 
April  30 


May       9 
April  3  J 


2.37a 

Rll  U» 

1,622 


J8,S84 
1,636 
2,381 


lU.SJl 
1,341 

35,.')98 
6,119 


Inn. 

or  Deo. 

(a) 


;o;ks.l  ^-x"""- 


-i-Bl,UJ2 

41 

■i-       243 


I     *5 


7.^r  ,    -       139  I     13 


Gj,977 
3,612 
712,748 
14,191 
60, too 
2.79J 
3,507 
11,(86 
36,117 
1 2,!  93 
0,996 
2,001 
13,8i3 
i3lI.H16 
i',817 
26,891 


1,481 

6,875 
I<e99,690 

2,153 
11,810 

1,100 
98,636 
69,30J 


H  16,-. 

lia 

r  11 

+   Bll.iil 

f  711 

+  SIO 

■1-  10,217 

-h  319 


1,0  J4 

H 

4 

?,072 

f 

156 

89,283 

-I- 

953 

12,456 

- 

236 

60,136 

f 

2,105 

(.913 

h 

1,016 

l.iOJ 

16,597 

- 

89 

8J0.8i5 

- 

16,301 

3,107 

. 

119 

2/, 731 

- 

3.398 

101,475 

t- 

6.970 

7.yi7 

116 

3,120 

- 

133 

U.sriO 

- 

438 

fU7,8i9 

^  $10,313 

9,271 

1- 

498 

13,783 

f 

92 

660 

_ 

16 

2,011 

1- 

151 

9,318 

<• 

298 

1,802 

f 

16J 

859 

•(• 

31 

1,435 

60 

7,3,11 

- 

351 

2I,4S7 

- 

1,311 

2J,2;0 

1- 

350 

2,606 

f 

175 

36,667 

(- 

2,i03 

26,413 

+ 

91 

761 

i- 

40 

179,657 

881 

24,616 

- 

1,6J3 

U9.3I2 

f 

16,910 

96,183 

- 

4,730 

978 

. 

37 

82,730 

1- 

2,748 

35,269 

f 

893 

3,456 

3 

175,103 

t- 

15,510 

94.473 

)■ 

11,026 

6,200 

- 

23;l 

7  a? 

- 

17 

21,661 

2(S 

3,9J8 

t- 

3L' 

4,5 1 J 

f 

211 

9  166 

631 

12,811 

465 

7. 7, .5 

- 

9;( 

26,577 

1- 

74 

1,734 

1  10 

711 
33,031 
5173,3/2 
11,8 1 7 
13,831 
2,236 
4,0J1 
4,101 
6,187 
11,940 
11, '.161 

'5511 
2  412 
7,173 
6,098 
9,011 
1,913 
9,95  i 
745 
6,71.5 
13,27? 
4, Oil  I 


(«)  These  comp.irisou8  are  with  the  correspoudiug  period  last  year.  §  Plus  3  days. 
II  Plus  2  days.    •  Partly  electrical.    1  Minus  3  days,    J  Minus  3  days. 


ELECTRICAL  COMPANIES'  SHARE  LIST' 
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ElECTRIGITY  SUPPLY. 

Bonrnemoatb  ft  Poole  Eleo.  Sap.  Ord... 

Do.    4i  per  Cent.  Cam.  Pref.  

Do.     6  per  Cent.  Cum.  Second  Pref.  ... 

Do.  4J  per  Cent.  Deb.  Stock  (red.)  ... 
Bromley  (Kent)  El.  Lt.  &  Power  Sharei 
tOo.  Do.  1st  Debs, 

Bromptoi.  4  Kensington  Eleo.  Sup.  Ord, 

D^.     7  per  Cent.  Pref. 

Cent  1  Eleo.  Sup.  Co.4  <  Gnar.Db.Stook 
CharinxCro83(W.End4City)El.Sap.Co, 

Do.     4i  per  Cent.  Pref.  

Do.     4  per  Cent.  Deb.  Stock  (red.) 

Do     4i  per  Cent,  Deb.  St'ick  (red  )  .. 

Do.  City  Undertaking  \\/  Cm.  Pre(. 
Chelsea  Eleotrio  Sapply  Ord,  

Dw.  4J  per  Cent.  Dab.  Stock  (red.)  ... 
City  of  London  Electric  Lighting  Ord.., 

Do.     8  percent.  Com,  Pref.  

Do.    6  per  Csnt.  Dsb.  Stock  (red.) 

Do.    4iperCent.2iid  D^b.  Stock  (red.) 

ConntyofDurhamElec.  P.D.  Ord 

I     Do.    B  per  Cent,  non  Cam.  Pref. 

County  of  London  Eleo.  Supply  Ord 

Do.    6  per  Cent.  Cum.  PreC. 

Do.    4J%  Deb.  Stock  (red.)    

IDo.    Second  Djb.  Stock 

Folkestone  Electricity  Supply  Co.  Ord. 

Do.    BperCent.  Cum.  Pref. 

Dj.    4i  1st  Deb.  Stock  (red) 

Hove  Electric  Lighting  Ord 

Kensington  &  Knif^htsbridge  Ord 

Do.    6  per  Cant.  1st  Pref 

Do.    4  per  Cent.  Djb.  Stock  (red.) 

Kensingtn.  &  Kn  Jtbg.  Co.  &  Netting  Hill 
Co.  (Joint  Station)  4i;  Djb.  Stock  (red.) 

Kent  Elec.  Power  Co.... 

London  Electric  Supply  Ord 

Oo.    6  par  Cent.  Pref..... , 

Do.    4  per  Cent,  lit  M)rt.  Djo 

Metropolitan  Electric  Sup.  Ord 

Do,     4i  per  C.'nt.  Cum.  P.-ef.  

Do.     4Jp3rC3nt.  Dab.  Stockist  Mort, 

Do.  3i  per  Cent.  M  rt.  Djb.  3tock(red.) 
Midland  E lee.  Corp.for  P.  D.  Ijt M  jrt.  Db. 
Newcastle  &  DiSt.  Eleo.  Ltg.  Ord 

Do.    4i  perOjut.  D3b 

Newcastle  Elec.  Sapply  Ori 

Di.     BperCjat.  njaCum.  Prat". 

Oj.  4pBrC!at.  Wort.  0)b.  red.  IDir. 
North  Metro.  Elec. Power  Sup.  5  Morbs 
Northern  Countiej  files.  Sip 

Do.     4J  par  Cent.  Djb 

Nottin,;  Hill  Eleotrio  Ori 

Oxford  Electric  Ord 

Do.    4  par  Cent.  Deb.  Stock    

Sb.  James'  &  Pall  Mill  Elec.  Ori 

D3.     7  per  Cent.  Pref.    

Do.  3J  per  C3nt.  D)b.  Stook  (red.)  ... 
Smithfiold  Mirkets  Electric  Sip.  Ofd... 
Siuth  London  Electric  Sapply  Ord 

Do.     5 '»  1st  Mort.  SIk.  Rel 

South  Metropn  Elec.  Lt.  &  Power  Ofd. 

Do.     7  per  IJent.  Cum.  Pref. 

Do.    4i  1st  Db.  Stk.  R>i 

Urban  Eleotrio  Supply  Ord 

Do.    6  per  C.'nt.  Cuoi.  Pref. 

Do.     4J  per  C-'ut.  lat  M  )rt.  Deo 

Westminster  Elec.  Sup.  Ord 

Do.     4i  percent.  Cum.  Pref.    

ELECTRIC  RAILWAYS  A,  TAAMMAYS, 

Baker  St.  «  Waterloo  4  <  Perp.  Db.  8t 
Bath  Eleo.  Trams  Pref.  Ord 

Do.     B  per  Cent.  Cum.  Pref. 

Do.  \\  1st  Mort.  Deb.  Stock  (red.)  ... 
B'ham  ft  Midland  T.-amj  4)  Ist  Dj. Stk. 
Bristol  Tramways  &  Carriage  Ord 

0:>.    Cum.  Pref.  (fully  paid) 

Do.    4  per  Cent.  Debi 

British  Eleotrio  Traction  Ord 

Do.    6  per  Cant.  Cam.  Pref. 

Do.    B  per  Cent.  Perpetual  Dobs 

Do.    4i  per  (5eat,  2ad  Deb.  Stock 

Central  Loadon  Ordiaary  Stock 

Do.    4  per  Cent.  Prof.  Stock    

Do.     Deferred  Stock   

Do.     4  per  Cent.  Debs 

Charing  X.Euston&UmpstdPerDb.Stk. 
City  olBirmingham  I'rHmj.  5^Ciu.Pref. 

Do.     4  per  CiUt.  1st  Mjrt.  Dobi 

City  ft  South  Loadon  Ely.  Con.  Ord.  ... 

Do.     BperCent.  Perp.  Pref.  (1891)    ... 

Do.     (18J0) 

Do.    (1901) 

Jo.     (1903)  

t  Do.    4  per  Cent,  Perpetual  Debs 

Dublin  United  Trami.  Ord  

Do.    epsrCeat.  Pref. 

Gt.  Northern  &  City  Rly.  Pref.  Ord.(4iJ: 
G.  Northern,  Pioc.  ft  Broaipton  4;^  G.Pf. 

Do.    4  per  Cant.  Deb.  Stock )    94  — 9'i       4    3 

Hasliogs  &  District  Elec.  Trams.  6%  C.P.j      "      "  ' 

Do.      \\  Db.  St 

Imperial  Tramvrays  Ord , 

JDo.    6  per  Cent.  Pref.  , 

JDo,     4i  per  Cent.  Debs 

I.  of  Thaoot  E.  T.  ft  Lt.  6  per  Caul.  Pref 

Do.    4  par  Cent.  Dob.  Stock 

Lanarkshire  Tramways  , 

Lanes.  Utd.  fraon  5  ;  Prior  Lien  Do.  St 
Liverpool  Overhead  Railway  Ord 

Do.    6  per  Cent.  Pref 4i —5^ 

Do.    4  percent.  Deb 8i    -4 

London  United  IVaais.  5,$  Cum.  Pref.  ...        3  —1 

Do.    4perC6nt.l3t  Mort.  Deb.  Stock      71   -73 
Mersey  Con.  Ord.  Stock    1    -2 

Do.    a  per  Cent.  Perp.  Pref.  U    -J 

UetropoUtan  fcllec.  Traoiwaya  OrJ j;  -i 

Do.    Dsferre.1    ^?i*j  -:,"s 

Do.    6  per  Cent.  Cum.  Pref.  |     vi— sj 

Do.    4J  per  Cent.  Dab.  Stock  |     KJj-J/t 

Metropolitan  Kailway  CousolidaleU  1     S8|— 80J 

Do.    Surplus  Lauds  Stocks ,     69—71 

Do.    8i  per  Cent.  Preference... I     B3 — 30 

Do.    3J  per  Cent.  "  A  "  Prelerenoe  79  — 81 

Do.    35  per  Cent.  Convertible  Pref, 79 —SI 

Do     8J  par  Cent.  Debenture  Stock  Of  —95 


Prloe 

Wed. 

May  12. 


M»r,  Sept, 
Fob,  Aug 
Keb,  Aug 
Jan,  Jnly 
April,  Oct 
ilay.  Not 
March. ...  [ 
Mar,  Seat  ; 
June,  Deo 
Feb,  Aug 
Feb,  Aug 
Jan.JolT 


ll«-lv^j 
100-103 

6-1 

2  -.'i 

SO  -34  5  7 

94 -9i  5  4 

6i-5|  1  0 


90   -r-o    4   1   0 
8-3 
2j-at 

81   -8i 

61  -70 

69   -71 

85   -S7 

5;   -34 
101  -101 

9i  —91 
43 -5i 

97    — lul 

31    -3-2 
110   -Hi      4 
10  i  —10) 
10  J  -1.15 

93  —31 

90  -101      3  19    0 


9|  — lOJ  I  5  17 
91  —94     '  6    7 


Jan,  July 

~ 

Juae,  Deo 

963 

Feb,  Aug 

Jaa,  July 

fab,  Aug 

Feb,  Aug 

.. 

Jaa,  July 

- 

Mar,  Aug 

Jan,  Jalj 

» 

March  .. 

mm 

March   .. 

Jaa,  July 

•  • 

Feb,  Aug 

Feb,  Aug 

Jau,July 

Feb    .... 

AprU-... 

.  Ih 

- 

103^ 

„  Feb,  Aa»  \  ^\ 
6  April,  03t  lOfi 
April,  Ojt  ,  !••, 
0  April,  Oct  •'3- 
3  I  April,  Oct  »^{ 
0  !  Mar,  Sept  »} 
0  I  Jan,  July        "J 


Jan,  July  ; 

AprU....  1 
I  Jan,  July 

April,  Oct 
'  Jan,  July 

Feb,  Aug 


9S) 


3i>4 


97     I  93) 


In  oiloaUting  the  yield  allowaaoe  has  been  mide  for  aosraed  interest  bat  ttot  for  redemption 
*  Bi  Dividend.        1  The  Lomlon  Stock  Exchange  Committee  huve  iWoIined  to  quote  these- 
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EL.ECTR-ICA.L    CO»rE»A.IVIES'     SH-A^ItE    LIST — Continued. 


JlLlSTI 

s  Din- 


Price        Rath  %  i  „„,„        fBmt 
Wed..        YIKLB-     DmDMD  I  °Sl 
May  12.        ED.     1     O"". 


ELECTRIC  RAILWAYS  &  TRAMWAYS- 

SJ?.     Met.  Ely.  ?}  per  Cent.  "A  ■'  Dfb.  Stock 

..      M>Torolitan  District  EailvravOnl 

Do.    Eiletision  Pref.  (6  per  Cent.)   

8}%'     Do.    Apsetted  Fst.  Pref.  (Int.  Guar,  hv 

Dnd.  Elec.  BITS.  Co.  of  London,  ltd.')|  r»  -71 
S%  I  Do.  8  per  Cent."  Consoltd.  Kent-cbarKel  18—80 
4^         Do.     4  per  Cert,  Midland  Eent-cbarcel  Ui3  — 1C6 

Ji%       Do.     Gnar.  Stock  4  per  Cent :ll-!6 

6%    I     Do,     6  per  Cent.  Perp.  Deb.  Stock  i   139  —HI 

4%    I     Do.     4  v>er  Cent,  Ditto !     94-96 

>'ew  Gen.  Tract,  6  per  Cent.  Com.  Pref.l        J-i 

tip?     Potteries  Electric  Traction  Ord ' 

0/6         Do.     6  per  Cent.  Com.  Pref.  

4J5;       Do.    U  per  Cent.  Deb.  Stock 

0  71      .<;.  Met,  Elec,  Trams,  A  LtE,  6%  Cm.  piVf, 

4%         Do,     4  per  Cent.  Deb,  Stock 

65!        Snnderland  Diet.  Elec.Trm8,6°/V»Mt,Db 

rnderedF,BTs,Ir.n.t'.-  In,bdK.witlicoup.3, 


4  18  6 
3  15  0 
8  IS    6 


tDo,  5X  Prior  Lien  B 

Do,    uy.  DoBds Willi  coup,  n , 

1    Yorkshire  (W.B.)  Klec.  Trams.  Ord 

i      Do.    6  per  Cent.  Cnm.  Pref.    

Do.     4irerCeQt.  l8t  Debt.    .    . 


4- J 

83  -91 

-o'IIb        6  ^6     6 
t2  -86     I  6  16    0 

Itll  -102      4  18    0 
E6  -t8       6    2    0 
4-1 
fi-3 

84  -£8 


ELECTRIC  IHAIIUFACTURINC,  Ac. 

i<   ..        Aron  Electricity  Meter  Ord 

10/7^        Do.     eSfCiim.  Pf.    

12/4'  tB«bcock&  Wilcoi  Ord.  ...  idaiid  toiiMs!  ij-jj       4    u    U 

1  Pfli     IDo.    Pref 1«— 14    i  4    C    tJ 

(    6/0  British  Insulated  ft  He!«by  CsblcB  Ord.  U— "J     '  8  13    6 

6    8/0         Do.     6  per  Cent.  Pref. <J-(6     '  4  10     S 

ft.    4i:t  I'o.     4J  per  Cent.  1st  Mort.  Deb.  (red.)  I  105—118      4     3     0 

St.    i\i  PritisbThomsn-Housfn4iS:istMt.Db.  HI  —96        4  13     8 

5     ..  Pritieb  WesiingbcnseeperCent.Pref...!  J_^ 

luu      f/  Do.     6  iier  Cent.  Priori  ieo  Dbs  (rd.)  i  94-96       6    6     0 

St     *X          Do.    4  per  Cent.  Mort.  Deb.  Stock  '  38—43        9     4     0 

St'    44S;  B'UsbE.Eng  Co.4i".,Perp.  l8;Deb,Stock  43  -4S 


Feb,  Aug 
Jan,  July 
Jan,  July 
Mar,eept 
Jan,  July 
Jan,  July 
May  .... 
Apnl,  Dot 
Ji^b,  Aug  ' 
May,  Noy 
Fob,  Aug 
Jan,  July 
Jan,  July 
June,  Deo 


96)1     90 


2/6 
HX 
1/6 
445! 


m  l>X 

1  «/7i 

5  2/0 

5  0/7i 

St,  44% 

,S  1/6 

5  2/e 

St.    4% 
tt.    6% 


*iX 

2/Sj 
6/0 

45; 

10/8 
2/3 
4« 
16/0 


CeUe 


Castn 


Perpetual  2nd  Deb.  Stock 

ider's  Cable  Con.  Ord 

6  per  Cent.  Cum.  Pref.  

4»  per  Cent.  1st  Mort  Deba.  (red.) 

er-Kellner  Alkali  Co 

4i  per  Cent.  1st  Mort.  Deb.  (red.). 
Chadbums  (Ship)  Telegraph  Ord 

Do.    6  per  Cent.  Cum.  Pref.  

Consolidated  Electrical  Co 

Consolidated  Signal  Co 

Do.    6  per  Cent.  Cum.  Pref.  

•Croropton  4  Co.  (Nos.  1  to  f6,000)  

Do.    6  per  Cent,  let  Mort.  Debs.  (red.). 

Datis  ft  Tinimins 

Dick,  Kerr  &  Co.  Oni 

Do.     6  per  Cent.  Cnm.  Pref. 

Do.     4j  per  Cent.  Deb.  Stock    

Edison  &  Sitan  United  ("A"  Sh.)(£3pd,) 

Do,    (fepaid)    

Do,    4  per  Cent.  Mort,  Deb,  Stock  (rd.) 

To.    6  per  Cent,  2nd  Deb,  Stock 

EdmnndEcns  Elec.  Corp.  Ord 

Do,    6  per  Cent.  Cum.  Pref,  

L'o.    H  per  cent,  Ist  ilort.  Deb.  (red,) 
Electric  Construction  Co 

D?.     7  per  Cent.  Cum.  Pref.  

Do.     4  per  Cent.  Perp,  1  St  Mort.  Deba. 
General  Elcclric  (19001  6%  Cum.  Pret... 

Do.    4  per  Cent.  Ut  Mort.  Deba 

Henley's  Telegraph  Works  Ord 

Do      4J  per  Cent.  Pref,   

lo,    4  j  per  Cent.  1st  Mort.  Deb,  Stock 
IidiaPuHier.Gut,  Per,,  ftc.Wrke 


i        6  IB 


29  —S3 

98-^lCi 

6i-fi 

106  -11.7 

y-i—1 

102'- 111) 

ii-iA 
U-i.'. 

i-i 
i,;,-iA 


1  — ]J 

95  -9a 

l-U 

li'.— I-,': 

101  ■— 11.4  14    6    9 

4-4  I       ••  „ 

H—H  BOO 

70-76  '6     6     8 

t4  — fc7  I  5  :5    U 

60  -1 3  ;  7    3    0 
1-4 

1  -IJ  9    6    9 

lU  —64  I  6     6     0 

■,i-,i  6     9     0 

Bj  -16  4  110 

1J8-DI  6     2     6 

ii-H  I  4     6     U 

106  — loB  I  4     ii     6 


l'o. 


.  Pn  f. 


144—164 

1(5-11 

9D  —101 


6    9 
3  19" 


15,0 
3U/0 


lU/0 
8/0 
6/0 
4i% 
4/0 
44% 
1:6/0 
17/6 
4% 
2/6 
47. 
*% 


t-i-i.6 

u 

6  —5i 

82  — i;34 
111  — ;03 

-'i--A 

lA-l.^s 


044-lori  446 

lU4-Ktj    4  IJ     0 

9  -lU        6     0    0 

3  15    0 


100  *X  Do.    4  I  er  Cent,  Debs:  (red.), 

1  IsatioDal  Elec.  Construction  Co 

I  .,  Bicbard£ons,We8tBarth&Co.,Ud.0rd, 

1  ,,         Do.    6  per  Cent,  Cum,  Pref, 

Bl.  *iX  io,    4J  per  Cent,  Perp,  Deb.  Stock    ... 

1  ..         Simplex  (londuits  Ord 

5  ■•  Do.    6  per  Cent.  Cum,  Pref 

12  24/0  lelegraphCnnstructum  &  Maintenance 

100  *X  L  ;■,    4  per  Cent   Del.,  Donds  (1909)    .„ 

1  1/0      Vi,.Kers,  tons  &  Maiim.  Ltd  ,  Ord 

1  0/6  Do.     6  per  Cent,  non-Cum.  Preference 

et.  5%  to.    6  per  Cent,  non-Cum,  Preferred 

St,  4%  Do.    4  percent,  lat  Mort,  Db,Sk,(red)    in  _ji6 

ICO  4J%  Do,    4J  per  Cent.  2nd  Mori.  Deb, (red,) 

ICO  f>Z  Do.    6  per  Cent,  3rd  Mort,  Debs  Scrip. 

10  »'.     J.G.Whitc&Co.  e^Cm.Pref. 

1  1/u      WU:aD6iKobinEon  Ord 

6  S/0         Do.     6  per  Cent,  Cum,  Pref,  'l-Si 

fct.  *7i  Do      4  per  C<nt,  Ist  Mori.  Debs, 

TLLEGRAPHS.  I 

Amazon  Telesiajb 1  ££- SJ 

Do.     6per  Cent,  Debe.  (red  )   13 —t6 

Anglo-An-encan  « '  68  —CO 

Do.    Pieferred 1  10lj-ll-2i    6  17 

Do,     Deferred    i'i-lH      2    4 

((rtmercial  Cable  4  per  Cent.  Deb.  Btk.  <)l  -yn       4    6 

Cuba  gnl  marine  Old ,  1  J-9 

Lo,    Preference  10  ptr  tent I  17—18 

Direct  Sfanish  Ord I  3  — Sj 

Do.     lOper  Cent,  Cum.  Pref.    tJ-9          b     » 

Do.    44  I  cr  Cent,  Deb,, lOty.— 105%    4     8 

Direct  I  nitcl  Slates  Cable  I  Ui!-131i6    8 

Direct  VleslIndiaCable4i%KK,Db.(rd,|'  uu  —102  '  4    8 

Eielein  Oidinary    126  —1^7-  !  6     2 

Do,    SJpert.ent,  Pref.  Stock  I  16  — i7J      4    0 

tDo,    4  jcrCent.Mort.Deb.  Sik.  (red,):  10iJ-lO4j    glO 

Eastern  L,\ten8ioD  12) — 1^^      6  I'J 

Do.    4  I  er  Cent,  Deb,  Stock  i  il.l  — lull      3  17 

Eastern  i  8,Af,  4>,  Mauritiua  Snb.Dcba,  IK  -101 


April,  Oct 
April,  Oct 

Jnlyi  Feb 
Jan,  July 
Jan,  J  oly 
Mar,  Sept 
I  Feb,  Aug 

I  Jan, July 
Mar,  Sept 
j  Jan,  July 
;  Jan,  July 
Jan,  July 
Noy,  May 
May,  Nov 
Feb.  Aug 
March  . . 
April,  Oct 
August ,,, 
April,  Oct 
April,  Oct 
Jan,  July 
Jan,  July 
Mar,  Sept 

Sept 

Sept 

Jan,  July 
Feb,  Aug 
Feb,  Ang 
June,  Deo 
Mar,  Sept 
Jan,  July 
May,  Noy 
Jan,  July 
Jtn,  July 
July  .... 
Jan,  July 
June,  Deo 
Mar,  Sept 
Feb,  Aug 
Feb,  Ang 
Mar,  Sept 
Feb,  Aug 


May,  Noy 
Jan,  July 


Mar.  July 
Jan,  July 


June,  Dec 
June,  Dec 


lOlJ 


6  10 


6  13  6 
6  11  0 
6  16     0 


33J   I     3:4 


lOdi 
:v7,  ' 


■-6,0    G.K.lol  Copenhaeen),Ex,Coupon75     ...'     17-23 
44%     Dai>laiJL:lseimuda4>vistMt.  Db.(red.)l  ilO  — ]l>: 

62,6     Indo-luropean  e...  all   I     62  -11 

Uackai  Compamea  C/ommon  'ib  —iH 

Do.      irelcicnie    '     73  —76 

Warc.ni  t  Wirelcsaleleg.  Co (       ti— i» 

PacilJcAlurcp..nTel.4%Guar.Db«.(red.)    lOU  -11.2 

Weal  Comhlol  America 1}  — IJ 

Do.    4  percent.  Deb* ICO —102 

We'.t  Indian  Panama  „ 1".— lo 

Do.    6  jir  Cent.lBiPref  V-Vi 

Do.    C%  2l.d  Pref       I}— '1 

Do.    6  per  Cent.  Debe 101  —lt3 

.?*""'  '^«l'sraph..f _l      It]— 14i 


6    8 

l>2  <  4     b 


3  18     0 

4  12     0 
3  18     0 


4  17  0 
4  ID  0 
3  17     6 


Apr,  Oct 
Apr,  Oct 
May,  Noy 

jDse,  Dec 
Jmie.  Dec 
F,My,Ag,N 

E,My,Ag,N 

F,My,Ag,Ni 

Jn,Ap,Jy,01 

Feb,  Aug 

Feb,  Aug 

April, Oct 

April.Oct 

Jan,  July 

Ja,Ap,Jy,0 

June,  Dec 

j8,My,JyO 

Ja,>ly,JjO 

May,  iioy 

Ja,Ap,Jy,0 

ti      Feb,  Aug 

u     May,  Noy 

U  I  Jan,  July 

1}     June,  Dec 

U  I  May,  Nov 

(,    Ja,Ap,Jy,0 

0  'Ja,Ap,Jy,0 

April.... 

June,  Dec 

May  .... 

Jan,  July 

May,  Nov 

May,  Noy 

May,  Noy 

Jan,  July 

Mr,Jn,0,D 

June,  Dec 


V.i 

10 
li'i',. 


■  v       „.  -,      Deb  Stock  (rod.) i  iOl  -10<l 

*Z        "eateni  Inioulelegh.^l  000  4^  Doods'     Ui.  — 95     |4     6     01 
•  In  cakutatiug  the  yields  »iIow;inco  "at  been  nude  ((fr  accrued  latareit  but  not 


9i   ' 


-     6% 
'■    ii'A 

..     Cu. 

(or  relemptloo.    t  E< 


0/74 
0/6 

'  ex 

'  6% 

6/0 
e/o 
2/6 

34% 
4X 
1/0 
I  0/7i 
4% 
44% 
3/0 
2/6 
*iX 


10  20 
10  3/0 

10    6% 


Amer.  Telephn.  &  Telegh.  Cap.  St 

Do.    Coll.  Trust  $1,0004  per  Cent.  Bds 

AnploPortng'se  Tel.  6%  Ist  Mt.Db.  Stk. 

Chili  Telephone  

Moule  Video  Telephone  Ord. 

tDo.    6  per  Cent.  Pref, '       !g— ii; 

National  Co,  Pref.  Stock  107  — luPi 

Do,     Def,  Stock I  123j— 1251 

Do,     6  per  Cent,  Cnm.  iBt  Pref,    1  lOJ- 11 

Do,     6  per  Cent,  Cnm,  2nd  Pref '  lOJ-ll 

Do,     6  per  Cent,  non-Cum,  3rd  Pref,  ,„        Sg-SJ 

Do.    Deb.  Stock  3J  per  Cent,  (red,)    .„  'J^l  —100 

Do     4  per  Cei  t.  Dob.  Stock  (red,) 1  u  -  1 .2 

(OrienUl '. l,'o— 1,',; 

tDo.    6  j.er  Cent,  Cum.  Pref.  I.'h— I'Vs 

Do,     4  per  Cent.  Eed.  Deb.  Stock I  83  —90 

TelephoneCo,ofEEypt4il;Db.Stk.(red.)!  If"  —102 

United  Kiyer  Plate 6J— ij 

Do.    6  per  Cent.  Cnm.  Pref. 5-61 

Do.    4jDeb.  St,  ked 


FINANCIAL  INVESTMENT,  kt. 

Elec,  ft  Gen,  Inrestment  6%  Cnm.  Pref,  3|— 3J 

Globe  Telegraph  &  Trust lOJ- U  J 

Do.    6  per  Cent.  Pref. :  I2j— ISJ 

Submarine  Cables  Irnst  (Cert.) 127  — 13j 


St,!  44% 


COLONIAL  AND  FOREIGN  ELECTRIC 
RAILWAYS,  TRAMWAYS,  Ac. 

'  Anglo-Argentine  6%  Cum,  1st  Pref.  

Do.     10%  N'ou-cum.  2ud  Pref,  

Do,     4%  Deb,  Slock 

Auckland  Elec,  Trams.  6%  Deb.  (red,),., 
t  Brisbane  Electric  Trama.  Invest.  Ord..., 

|Up,     6  per  Cent,  Cum,  Pref. 

Do,    4J  per  Cent,  Db,  Prov.  Certs 

tBritiah  Columbia  El.Ky.Df.  Ord 

Do,     Pref.  Ord.  Stock 

Do.     6%  Cum,  Perp,  Pref.  Stock 

Do,     4i  percent.  1st  Mort.  Debs 

Do.     Vancourer  Power  Deba 

Do.     4J%  Perp   Con,  Deb,  St 

j  EuenoB  Avres  Lacroze  Trams  Ist  Mt.  Db. 
buenos  A  jies  Port  ft  City  Tram.  1st  Mt. 

Deb.  block 

tCakullalramwajad  to  137,610)  

Do.     6  percent.  Cum.  Pref.     

Do.    4j%  1st  Deb.  Stock  (red.)    

Cape  ElictricTram  Shares 

Ci  I J  ol  Buenos  Ayres  Trams  Co,  ( 1904)Sh. 

IK      4  per  Cent,  Deb,  Stock 

1  Colombo  Tr,  ft  Ltg,  6%  Ist  Mt,  Db 

Electric  Traction  Co.  of  Hong  Kong  6 

jer  Cent,  1st  Mort,  Debs 

Davana  Elec.  Ky.  Con,  Mt,  6%  $1,000  60 
Coup.  Bds. 


6|-fS 


Jan,  inly  1     ,, 
Mar,  Sept      ,, 
August..  I    if 
Nov   ,.,,  I     s,: 
May,  Noy  '     , , 
Feb,  Aug    107J 
Feb,  Aug    IJJX 
Feb,  Auij 
Feb,  Aug 
Feb,  Aug 
June,  Dec 
Jan,  July  ; 
April,  Oct  I 
April.Oct  ' 
Jan,  July 
Jan,  July 
July  ..,, 
June,  Dec 
Jan,  July 


Hi 


6,V 


Jan,  July 
dpDoMrJu    II 
4  10    6    SpDcMrJu    134 
i  12     0      April.Oct  I-': J 


Hi    4     4 

U4  I  i  18 


12J  -127      i  14 
lUl  -112      4     a 


101  — 1U4      4     ti 


lUl'i 
-lutli 


April,  Oct 

Jan.  July 

June,  Dec 

Jan.  July 
y  I  May  .... 
9  ■  May.  Noy 
0  Jau,  July  ,*"* 
8  I  Mar,  Sept  -jH 
6  I  May.  Nov  '-'* 
0  i  Jan,  July    "1 

April,  Oct  j    •■• 

Jan,  July       -- 


iSh. 


100 1  6% 
6:  6% 
6,  1)0 

100  l'/7J 
St,  6% 
St,,   6% 

,,  I  b' 

101  ■'■14 
,,  6/, 
St,  I  4i% 

St,     li% 


'  A  '■  Deb,  Stock  . 
■B"  Ditto 

!,  Ord, 


Kalgooriie  Elec,  T 

Lo,     6  per  Cent. 

Do.     6  per  Cent. 
:  Libbon  Elec.  Iran 

Do,     0  per  Cent,  Cum,  Pref. 

Do.    fc  per  Cent.  Keg,  Mort.  Deba  

Madras  Elec,  Trama,  6%  Deb.  Stk 

Marils  Elec.  By,  «1, 000  Gold  Bonds 

tWeiuolraiua  UG  Lorn.  St 

Lu.    Gen,  Con,  Ist  Mort,  6,;  Gold  Bds,,,, 
lloutreal  St,  Ky,  Blerling  4J  per  Cent, 

Debs.  (1922)  (Nua.  601  to  2,U0O)     

tUo.         1I.J.     (Nos,  1  to  4,0001 

'  ferlh  Eke,  TiamaOrd  

Do,     1st  Mt,  Db.  Stock  

LaugooD  Elec.  Trams  ft  Supply  Co.  6% 


99  —iui      4     8    0 


Mar,  Sept ' 

Feb,  Ang 
Mar,  Sept 
Jan,  July 
Jan,  July 

F.My.A.N 
June,  Deo  ! 
May,  Nov 

June,  Deo 

Feb,  Ang 


1  0     Jan,  July 

B  0  I  Jan,  July 

»    0     July 

6  0  I  Jan,  July 

1  0  I  Jan,  July 

6  U      Jan,  July 
Feb,  Aug 


9i>    il 


Ui  —in      3     7 

aci-S)7.i  I  b    3  u 

103  —IK     4    6  0  1  Feb,  Ang 

U2.-1   1      4     B  B  ^ 

:;—:.;       8  12  6  '  May  .... 

loj  — lu6  ,  4  Ij  u     Jan,  July 


.  Pf. 


St.:  4j%     Do.    44%  IbtMorl.  Ueb.  Sik.   .... 
1001      ..       K:i.  Janeii..  Tram,  Lt.  ft  P.  Cj. 

..  '     bX  ]     lo.    3  .  3  r.  Gold  Bnds 

10015%     !     lo.     lllyr.  Ml.Bnda    

»:  4      bau  Paulo  Tramway,  Eight  ft  Power  Uo. 

$100  Stock 
6%         Do,    5  per  Cent.  1st  Mt,  $500  Db. 
4J;i     Toronto  Ky  Co.  Ist  Mt,  4i/,  Stor,  Bondi 


COLONIAL  AND  FOREIGN  ELECTRICITY 
SUPPLY  &0. 


8/0 
loi  6/0 

St,'  4J% 

1:  3/3 
lOlt^lJ 
■M  m 
6% 


500 


6% 


1664 -If 8J 


lOs'  0/3 

1    0/7S 

Bl.    bX 

UO    6% 

St,'  $1 
600  5% 
100,  JIJ 

1  )/■-; 

1  1.28 

Bt,    6% 

6    3/0 

100      $1 


Adelaide  Elec,  B'ply  Co,  6%Cn,Pr.   ..., 
Bcmbaj  E,  S,  ft  T.  6%  Cm,  Ff,    

Do,     4i  per  Cent,  Deb.  Slk,(red,)  „. 

CaUnlla  Elec.  bupply  Ord 

Canadian  Geo,  Elec.  Go.  Com.  bt 

1  ...     ;%  I'm,  I'f.  Stock... 

Castner  Electrolytic  Alkali  Co,(ofU.S,  A.) 

l»l  Moll,  btl.  Debs 

Klect.  Development  Co  of  Ontario .... 

Elec.  ltg,  &  Trac.  Co.  of  Aust,  6  per 
Lent.  Cum.  Pref. 

Do,    6  per  Cent.  Deb  Stock  

Elec.  bupply  Co,  of  Victoria  6  per  Cent. 

Ist  Mcit,  Deb.  bt 

Indian   Elic,   Sup.  &  Irac.Co ,,„ 

Kalgooriie  Klec.  Power  ft  Ltg.  Ord. 

Do.     6  per  Cent.  Cum.  Pref. 

Madras  E.  S.  Corp.  5  per  Cent.  Coostn, 

Deb,  bt   

Mcjican  Elec.  light  Co.  bZ  Ist  Mori. 

Gold  Ponds 

Meiicau  Li,  ft  Power  Co,  Com,  St.    .,. 

Do.  5%  litMort.GoldBiula 

Monlrcal  Ll.  Ht.&  Power  Co.  Cap.  St,... 
Kiver  Plale  Eleclricity  Co.  Ord 

Do.    B.per  Ccnt.nou,Cum,Pref  u.\  lijjiu 

Do.     6  per  Cent,  Deb,  Stock 

Kosaiio  tkc.  Co.  0%  Pref.  (1-20.000) 

bhawimi^au  Water  in.  i'ower  Go.  Ca  

Do.    6pex  Cent.Bds 

"lo,     4jl'cr.  Coii.Mt.  IJI.,  Si. 

VKioria  ialls  Power  Co.  Pref ' 


871 -COJ 
lS-2 


4  IB    S 
6  12     0 

5  11    0 


7  10    0 
6    6    0 


6     7     B 


Jnne,  Deo 
Feb,  Aug 


Jan,  July 
April,  Oct 


Jan,  July 

Feb,  Ang 
Jan.  July 

Jan,  July 

April,' Oct 

April,  Oct  I  771 

I  88J 
7» 
OJ 


Kl 


lOUi 


4  18    3  !F,My,A,N  UUl 
IJ-IJ        5     6b      AprU  ....  f     IV., 

1  —'I        6     6     0      May   1     lil 

1.2  — lo.i      4  U    3     Jan,  July  '     .. 

6'"  — 5.",.  I  6    b    u  I  April,  Oct  j      6| 

ks'— loj  [  4    u    u  I          _  ii9j 

Jan,  July     lu7s 

..         I     90  I     He 
Jan,  July 
diyldend.    t  ^*  I.e>>dOB  Stock  Eichange Committee  have  declined  to  quole  llieie] 


4  11 


.3! 


7»i 


THE  ELECTRICIAN: 


THE    OLDEST    WEEKLY    ILLUSTRATED    JOURNAL    OF 


ELECTRICAL   ENGINEERING,  INDUSTRY,  SCIENCE   AND  FINANCE. 

ESTABLISHED,    First    Series    (Weekly),    1861;      Second    Series    (Weekly),    1878. 


No.   1,618.      [vo'!.''Llm.] 


FRIDAY,  MAY  21,  1909. 


Price  Sixpence  ""ZlS";'*' 


CONTENTS  OF  THE  CURRENT  NUMBER, 


208 


213 
215 


Notes    203 

Arrangements  for  the  Week     205 

The  Electric  Furnace  and 
Electrical  Process  of  Steel- 
making.  By  W.  Roden- 
hauser.     Illustrated 206 

Oerlikon  Alternating-Current 
Railway  Motors,  and  their 
Effects'  on  Telephone  Sys- 
tems. By  Dr.  Behn-Eschen- 
burg' 

Electric  Cranes.  By  H.  H. 
Broughton.  Illustrated. 
Continued     209 

The  Electrification  of  Steam- 
driven  Non-reversing  Rol- 
lin^Mills.    ByW.  F.;Mylan  212 

The  Electrical  Treatment  of 
Sewage  EIHuent.     lUus. 

The  International  Candle. 

A  Note  on  the  Production  of 
Steady  Electric  Oscillations 
in  Closed  Circuits  and  a 
Method  of  Testing  Radio- 
telegraphic  Receivers.  By 
J.A.Fleming,D.Sc.,P.R.S., 
and  (i.B.  Dyke,  B.Sc.  lUus.  216 

Side-Rod  Single-Phase  Loco- 
motive.    Illustrated 217 

The  Electrolytic  Theory  of  the 
Corrosion  of  Iron  and  its 
Applications.  By  VV.  H. 
AValker 217 

Interpole  Designs.  By  \V.  B. 
Hird.     Illustrated 219 

Metallic  Filament  Lamps.  Bv 
0.  Brandt.     Illustrated    .'.  220 

Some  Notes  on  Insulating 
Material.  By  G.  H.  Fletcher  221 

The  Imperial  International 
Exhibition    '222 

Sub-Stations  axdPower  Dis. 
TRii'.rTioN 224 


Precision  Micrometers.  Illus.  223 

Reviews  225 

Electric  and  Petrol-Electric 
'Vehicles[Poynter- Adams]; 
reviewed  b\-  C.  W.  S. 
Crawley.  La  Telegraphic 
sans  Fils  [Van  Dam]. 
Economics  of  Medium-sized 
Power  Stations — Discussion  226 

Correspondence    228 

MotorConverters{E.  Rosen- 
berg). 
Third  Rail  in  Electric  Trac- 
tion. 
A  New  System  of  Wireless 
Telegraphy  used   b3'  the 
Telefunken         Company 
(Graf  Arco). 
Actinic  Properties  of  Brush 
Discharges  (C.  J.  Watson, 
E.  A.  Watson). 
Diesel    Engines    in    Small 
Generating  Stations  (H. 
Leslie  Dixon). 
English  Technical   Educa- 
tion (Charles  II.  Wright). 
The  "  G.  B."  Surface  Contact 
System   in    the   Mile-End, 

Road,  London 230 

Double      Revolution      Drum 

Type  Starters 231 

The  Bristol  Recording  Pyro- 
rometer.  Bv  B.  Longmuir, 
B.Met.,   ancl  T.    Swinden, 

B.Met 231 

ParliamestaryIntelligence  232 

Legal  Intelligence     233 

Mnnicipal,  Foreign  &  General 

Notes     233 

Trade  Notes  and  Notices     . .  237 
Companies'      Meetings     and 

Reports     241 

Companies'  Share  List 243 


I^  O  T  £  S. 


The  International  Candle. 

As  will  be  seen  elsewhere,  the  National  I'hysical  Labora- 
tory have  made  an  important  announcement  in  regard  to 
the  photometric  units  maintained  at  the  Bureau  of  Stand- 
ards in  America,  the  Laboratoire  Central  d'Electricitc  in 
Paris,  and  the  National  Phy.sical  Laboratory  in  this  country. 
A  definite  agreement  ha.s  now  been  arrived  at  by  which 
England,  America  and  France  will  henceforth  have  the 
same  standard  of  light,  to  be  known  as  the  "  International 
Candle."  It  is  also  satisfactory  to  learn  that  the  agree- 
ment has  the  approval  of  the  Gas  Keferees.  Hitherto, 
the  Fi-ench  and  English  standards  have  been  nearly  the 
same,  and  practical  agi-eenient  was  reached  by  the  standard 
humidity  at  Tediliugton  being  reduced  from  10  litres  to 
8  litres  of  moisture  per  cubic  metre  of  dry  air,  although 
the  former  figure  had  been  accepted  by  the  International 
Photometric   Commission   at   Ziirich   in   1907  ;   America 


has  differed  to  the  extent  of  I'G  per  cent.,  but  in  future  the 
pentane  candle,  the  boui/ic  ddcivialc  and  the  American 
candle  will  all  have  the  same  value.  America  was  willing 
to  reduce  its  standard  by  16  per  cent.,  and  thus  come  into 
line,  provided  France  and  Great  Britain  would  unite  with 
her  in  maintaining  a  constant  value,  to  be  known,  with 
the  approval  of  other  countries,  as  the  International 
Candle.  Germany  presents  a  more  difficult  case.  Accord- 
ing to  the  new  agreement  the  Hefner  assumes  a  simpler 
relation  than  hitherto,  being  exactly  nine-tenths  of  an 
International  candle,  but  we  hope  very  much  that 
the  Hefner  unit  will  not  be  maintained.  Germany 
occupies  at  the  present  time  such  an  important  position  in 
the  lamp  industry  that  it  will  be  very  unfortunate  if  lamps 
continue  to  be  imported  into  this  country  marked  in 
Hefner  units  and  known  with  Hefner  efficiencies.  To 
tho.se  acquainted  with  the  matter  it  is,  perhaps,  unimpor- 
tant, but  the  general  public,  who  do  not  realise  such  dis- 
tinctions, cannot  discriminate  between  11  Hefner  candles 
and  10  English  or  Inter)iational  Candles,  and  thus  the 
German  lamp  will  remain  at  an  advantage.  The  proposal 
to  call  the  new  unit  tlie  International  candle  has  been  sub- 
mitted to  the  International  Electrotechnical  Commission, 
and  it  is  to  be  hoped  that,  whea  the  time  comes,  Germany 
will  see  fit  to  fall  into  line  with  other  countries  so  that 
complete  unanimity  may  be  the  result.  To  remove  at  one 
stroke  all  the  many  units  which  have  been  a  source  of 
trouble  for  years  would  indeed  be  an  excellent  piece  of 
work.  . 

Electricity  Supply  Accounts. 

As  will  be  seen  from  another  jiage  of  this  issue,  the 
annual  reports  and  statements  of  accounts,  for  the  year 
ended  March  31st  last,  of  the  municipal  electricity  and 
tramway  undertakings  are  beginning  to  come  to  hand. 
These  early  reports  are  always  of  interest,  since  some  indi- 
cation of  the  general  progress  made  may  be  gathered  from 
them.  It  must  be  admitted  that  at  tlie  first  glance  the 
results  achieved  by  the  Leeds  and  lUirton-upon-Trent  elec- 
tricity undertakings,  of  which  the  accounts  are  brietiy 
abstracted  elsewhere,  are  rather  surprising.  At  Leeds  the 
luunber  of  units  sold  for  ynivate  lighting  has  decreased  by 
over  530,000,  or  about  10  per  cent.,  representing  a  loss 
in  receipts  of  £7,8-42,  whilst,  in  spite  of  an  increase  of 
1,563  H.I'.,  or  18  per  cent.,  in  the  motors  connected  to  the 
mains,  the  revenue  from  this  soui-ce  shows  a  diminution  of 
£1,935,  due  to  reductions  in  tlie  scale  of  charges,  the  final 
result  being  a  total  reduction  in  revenue  of  £9,288.  In 
spite  of  this  discouraging  feature,  the  gross  profit  and  also 
the  net  surplus  show  increases,  duo  to  careful  management 
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and  a  reduction  in  the  "  exceptional "  expenditure  on 
renewals.  Trade  depression,  of  course,  accounts  for  some 
of  the  loss  of  revenue,  particularly  as  regards  power  users, 
but  metal  filament  lamps  have  played  an  important  part, 
since  it  is  found  that  where  these  are  installed  consumers 
have  reduced  their  energy  consumptions  very  considerably. 
The  result  of  such  reduced  cost  of  electric  lighting  will 
certainly  be  a  considerable  addition  of  new  consumers,  but 
this  takes  time  for  its  eflect  to  be  felt.  Meanwhile, 
owing  to  its  satisfactory  financial  position,  the  under- 
taking is  able  to  regard  the  temporary  depression  without 
concern  as  to  the  future. 

TlTRXiXG  now  to  the  Burton-upon-Trent  accounts,  the 
effect  of  metal  filament  lamps  has  here  been  very  notice- 
able, the  revenue  from  lighting  consumers,  in  spite  of  a 
larger  increase  in  the  number  of  lamps  connected  than  foi 
several  yeai's  past,  being  £6,097,  a  decrease  of  £366  com- 
pared with  the  previous  year,  and  also  a  lower  figure  than 
that  recorded  in  1907.  The  restricted-hour  system  of 
power  supply,  which  Mr.  P.  J.  ri;L\GT-E  has  so  ably  advo- 
cated, has  been,  however,  the  mainstay  of  the  undertaking, 
and,  notwithstanding  the  depressed  condition  of  trade  in 
the  town,  the  revenue  from  power  users  has  increased  by 
£534,  representing  an  increase  of  33  per  cent,  in  the  num- 
ber of  power  units  sold.  The  most  interesting  feature, 
however,  is  the  fact  that  the  average  price  of  all  units  sold 
for  motive  power  is  only  0'98d.,  which  low  figure  should 
result  in  a  considerable  access  of  new  business*  when  the 
trade  conditions  once  again  improve.  The  development  of 
the  motor  and  heating  and  cooking  loads  certainly  .seems 
to  furnish  the  best  results  during  the  temporary  reduction 
in  output  brought  about  by  the  introduction  of  high-etti- 
ciency  lamps,  and  there  is  no  doubt  that  those  undertak- 
ings where  such  a  policy  has  been  pursued  will  continue  to 
show  satisfactory  financial  returns  ;  in  this  connection  it  is 
interesting  to  notice  that,  in  spite  of  the  unusual  condi- 
tions prevailing,  the  Burton-upon-Trent  undertaking  is  able 
to  show  a  surplus  of  £836. 

Merchant  Venturers'  Technical  College,  Bristol. — The  new 
buildings  of  thi.s  college  will  be  opened  on  June  I'lth,  by  Lord 
Keay,  master  of  the  Society  of  Merchant  Venturers. 

Imperial  College  of  Science  and  Technology. — The  Gold- 
smiths' Company  has  contributcMl  t'."iO,000  towards  the  exten- 
sion of  the  buildings  of  the  Central  Technic;d  College,  South 
Kensington,  which  is  in  future  to  form  the  engineering  depart- 
ment of  the  Imperial  College,  and  will  be  known  as  "The  City 
and  Guilds  College." 

University  of  Bristol. — It  is  announced  that  H.M.  the  King 
has  l)een  jjleased  to  .sign  a  charter  for  tlie  establishment  of  "a 
university  at  Bristol.  It  will  be  remembered  that  a  sum  of 
£200,000  has  been  subscribed  for  this  purpose,  and  the  City 
Council  recently  ilecided  to  make  an  annual  grant-in-aid  equal 
to  the  amount  of  a  penny  rate. 

Iron  and  Steel  Institute. — -At  the  annual  general  meeting 
of  this  institute  last  week,  the  Bessemer  modal  was  j)rc.scnteil 
to  M.  Alcx.mdre  Pourcel  by  Sir  Hugh  Bell.  M.  Pourcel  was 
instrumental  in  introducing  the  Bessemer  and  open  hearth 
processes  into  France,  but  is  chieHy  known  in  connection  with 
his  investigations  into  the  metallurgy  of  ferro-manganese,  which 
he  was  the  first  to  mamifacture  in  the  blast  furnace. 
Cable  Interruptions  and  Repairs. 

Date  of  Interruption.     Date  of  Repair. 

Obock— Djibouti   Apr.  15,  1909     ...     May  15,  1909 

Jamaica— Colon May    6,  1909     ...  - 

Dakar— Conakry   J May  13,  1909     ...  — 

Tangier— Cadiz I  May  19,  1909     ..  — 


Finsbury  Technical  College  Old  Students'  Association 
Magazine. — The  current  issue  of  this  magazine  contains,  as  its 
chef  d'lvucre,  a  portrait  and  biography  of  Mr.  P.  V.  McMahon, 
president  of  the  association.  Other  articles  deal  with  "English 
Compound  Locomotive  Practice  at  the  Present  Day";  "The 
Position  and  Future  of  the  Gas  Engine,"  and  "Switching  and 
Wiring  Systems."  The  Old  Students'  Notes,  as  usual, ^forni  a 
feature  of  the  issue. 

Students'  Section  of  the  Institution  of  Electrical  Engineers. 

We  are  informed  that  the  committee  of  this  section  propose  to 
make  arrangements  to  visit  numerous  large  engineering  works 
in  Germany.  Certain  preliminary  arrangements  have  been 
planned  and  permission  has  been  asked  to  visit  some  im- 
portant works.  These  include  the  works  of  Messrs.  Siemens 
&  Halske,  Siemens-Schuckert,  Bergmann,  and  the  AUgemeine 
Elektricitiits  Geselischaft,  the  Charlottenburg  Technical  Insti- 
tute and  the  Reichsanstalt.  The  visit  will  take  place  about 
the  second  week  in  July,  and  full  particulars  can  be  obtained 
from  the  honorary  secretary,  Mr.  E.  W.  Moss. 

Osterreichische  Ingenieur-  und  Architekten  Verein. — The 
Council  of  this  Society  has  decided  to  give  a  number  of  prizes 
for  the  best  essay  on  the  following  subject  :  "  How  can  Alter- 
nating-current Distribution  Systems  be  Protected  from  the 
Harmful  Phenomena  which  occur,  and  which  are  known  as 
the  Higher  Harmonics  of  Current  or  Pressure  Waves,  or  how 
can  their  Origination  be  Prevented  ? "  The  consideration  of  a 
number  of  points  has  to  be  included  in  the  discussion  of  the 
subject,  full  particulars  of  which  can  be  obtained  from  the 
secretary  of  the  society  at  9,  Eschenbachgasse,  Vienna.  Three 
prizes  are  to  be  given,  of  value  Kr.3,000,  Kr. 1,000  andKr.500 
respectively. 

Municipal  Tramways  Association. — The  meeting  of  the 
Managers'  Section  of  this  Association  will  be  held  on  Thursday 
and  Friday,  May  27th  and  28th,  under  the  presidency  of  Mr. 
A.  L.  C.  Fell.  The  members  will  be  welcomed  by  Sir  Joseph 
Baxter,  chairman  of  the  Newcastle  Corporation  Tramways 
Committee,  and  the  meetings  will  be  held  in  the  Town  Hall, 
Newcastle.  The  subjects  to  be  submitted  for  discussion  are 
as  follows  :  "Description  of  the  Newcastle  Tramways  System," 
by  Mr.  E.  Hatton  ;  "Charges  for  Energy  for  Tramway  Pur- 
poses," by  Mr.  J.  M.  McElroy ;  "Medical  Examination  and 
Conductors,  what  Standard  of  Same  should  be,"  by  Mr.  J.  E. 
Hamilton  ;  "  Time  Meters,"  by  Mr.  H.  Mozley  ;  "  Mainten- 
ance of  Track  and  Roadway."  by  Mr.  W.  M.  Rogerson  ;  and 
"Transfer  Tickets,"  by  Mr.  A.  Ellis.  Various  excursions  in 
the  neighbourhood  of  Newcastle  will  be  made  on  the  after- 
noons of  the  meetings. 

Train  Despatching  by  Telephone. — According  to  "Engi 
neering,  "  on  a  portion  of  the  western  lines  of  the  Canadian 
Pacific  Railway,  between  Winnipeg  and  Brandon,  tram 
despatching  by  telephone  is  to  be  tried.  Instructions  have 
been  issued  for  the  installation  of  the  telephone  system  on  the 
main  line  between  these  two  points  ;  and  if  the  experiment 
proves  satisfactorv,  other  sections  will  be  dealt  with  in  a 
similar  manner.  At  present  the  section  of  the  Canadian 
Pacific  eastern  lines  between  Montreal  and  Parnham  is  oper- 
ated by  telephone,  and  has  worked  well.  The  system  is  the 
same  as  that  which  has  been  under  test  on  the  Burlington  and 
other  railway  lines  of  the  blnited  States.  The  135  mile 
stretch  between  Winnipeg  and  Brandon  has  28  stations  and 
three  junction  points,  with  20  daily  regular  trains  and  many 
extras,  so  that  every  opportunity  will  be  aflbrded  for  an  ade- 
quate test  of  the  telephone  system. 

Heavy  Electric  Traction. — At  a  I'ecent  meeting  of  the  West 
of  Scotland  Iron  and  Steel  Institute  at  Glasgow,  Mr.  J.  M. 
Scott  Maxwell  <lelivered  a  lecture  on  this  subject.  The 
lecturer  began  by  contrasting  steam  and  electric  traction  and 
proceeded  to  speak  of  the  advantages  of  the  latter  under  cer- 
tain circumstances.  The  mileage  of  the  electrified  railways  in 
the  United  States  was,  he  said,  about  equal  to  that  worked  by 
steam  locomotives  in  this  country.  The  New  York  municipal 
authorities  had  forced  the  Central  Railroad  Co.  to  electrify 
their  system  on  account  of  the  large  number  of  accidents  that 
were  taking  place  on  that  line,  owing  to  the  density  of  the 
smoke  in  the  company's  long  tunnel  under  that  city,  while  the 
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same  course  had  beeu  followed  in  Chicago.  American  public 
opinion  demanded  electrification  where  there  were  tunnels, 
but  the  same  statement  did  not  hold  good  in  this  country. 
The  lecturer  emphasised  the  importance  of  electrifying  subur- 
ban underground  lines,  as  he  said  that  the  service  would  then 
be  more  expeditious,  cleaner  and  cheaper,  while  the  traffic 
would  also  be  heavier.  A  drawback  to  development  along 
these  lines  in  this  countrj-  was  that  in  our  railway  companies 
and  in  our  big  undertakings  the  practical  engineer  occupied  a 
subordinate  position.  The  people  in  authority  had  generally 
more  knowledge  of  the  financial  and  commercial  aspect  of  the 
business,  which  might  explain  whj-  no  rapid  engineering  deve- 
lopment took  place.  In  America  the  man  at  the  head  of 
affairs  was  ac'[uainted  with  the  other  side  of  the  business  as 
well,  and  was  designated  a  commercial  engineer.  Mr.  Maxwell 
urged  that  if  progress  was  not  to  be  hampered  in  this  country, 
engineers  must  have  greater  intluence  in  the  administration  of 
railway  matters,  and  interest  themselves  to  a  greater  extent 
in  local  and  Parliamentary  affairs  of  legislation. 

"  New  Kind  of  Glow  in  Vacuum  Tubes." — A  Paper  having 
this  title  was  read  before  the  Koj-al  Society  on  IMay  (ith,  by  the 
Rev.  S.  V.  Gill,  in  which  he  described  experiments  made  with 
the  object  of  investigating  the  nature  and  causes  of  a  pheno- 
menon observed  by  the  author  when  occupied  with  a  research 
connected  with  palladium  foil.  A  piece  of  palladium  foil,  or 
platinum  foil  coated  with  palladium  black,  was  heated  to  a 
%vhite  heat  in  air  at  a  pressure  of  about  0-15  mm.  A  purple- 
blue  glow  was  seen  to  surround  the  hot  metal,  while  between 
the  glow  and  the  palladium  there  was  a  dark  space.  The 
thickness  of  the  dark  space  varied  with  the  temperature  of  the 
foil.  The  glow  disappeared  when  the  tube  was  heated  to  a  high 
temperature,  and  returned  when  it  was  cooled.  It  was  shown 
that  the  presence  of  the  glow  depended  on  a  reaction  between 
the  gases  introduced  into  the  tube,  when  the  })alladium  was 
heated,  and  the  disintegrated  particles  of  palladium.  Water 
vapour  had  to  be  present  in  the  tube,  and  the  glow  could  be 
made  to  disappear  by  freezing  out  the  vapour  by  means  of  a 
few  drops  of  liquid  air  applied  to  the  outside  of  the  tube,  or 
by  introducing  some  phosphorous  pentoxide  into  the  tube. 
The  spectrum  of  the  glow  showed  certain  regions  which  corre- 
sponded to  portions  of  the  spectrum  of  carbon  monoxide  gas. 
It  was  also  shown  that  carbon  monoxide  was  present  in  the 
tube  which  showed  the  glow.  No  effect  was  observed  when 
electric  and  magnetic  fields  were  applied  to  the  glow.  The 
probable  cause  of  the  luminosity  was  the  luminous  union  of 
carbon  monoxide  and  oxygen  brought  nbout  by  palladium 
charged  with  hydrogen,  in  the  presence  of  water  vapour.  A 
second  effect  was  also  briefly  described  ;  this  appeared  to  be 
due  to  the  causes  which  gave  rise  to  thermo-luminosity. 


INCORPORATED  MUNICIPAL  ELECTRICAL  ASSOCIATION. 

As  already  announced  in  these  columns,  the  fourteenth 
annual  convention  of  this  Association  will  take  place  at  ^lan- 
chester  from  June  21st  to  25th  inclusive.  The  proceedings 
will  open  on  the  Monday  evening  with  a  reception  and  con- 
versazione at  the  Town  Hall,  Manchester,  when  the  Eight  Hon. 
the  Lord  Mayor  of  Manchester  (Alderman  E.  Holt)  will 
receive  the  members.  Business  will  begin  at  10  o'clock  on 
Tuesday  morning,  June  22nd,  in  the  Large  Lecture  Hall  of  the 
Municipal  School  of  Technology  in  Wlutworth-street,  jNIan- 
chester,  when  the  Lord  Mayor  will  welcome  the  Association, 
and  the  president,  Mr.  S.  L.  Pearce,  chief  electrical  engineer, 
Manchester,  will  deliver  his  address.  A  Paper  on  "Cheap 
Units,"  by  Councillor  A.  Sinclair,  of  Swansea,  will  also  be 
read.  At  the  conclusion  of  the  meeting  the  members 
will  be  entertained  to  luncheon  in  the  Town  Hall  by 
the  Electricity  Committee  of  Manchester  ;  the  afternoon 
will  be  spent  in  visiting  the  Stuart-street,  Dickinson  street 
and  Bloom-street  electricity  stations  of  the  Manchester 
Corporation.  On  Wednesdaj^  June  2;ird,  the  Association 
will  migrate  to  Liverpool,  where  they  will  be  welcomed  at 
St.  George's  Hall  by  Sir  Chas.  Petrie,  chairman  of  the  Tramways 
and  Electric  Power  and  Lighting  Committee  of  the  Liverpool 
Corporation.  Papers  on  ■'  The  Influence  of  Metallic  Filament 
Lamps  on  the  Electrical  Industry  and  on  Street  Lighting,"  by 


Mr.  E.  E.  Hoadley.  chief  electrical  engineer,  Maidstone,  and 
on  "  Modern  Cable  Systems,"  by  Mr.  E.  M.  HoUingsworth, 
chief  electrical  engineer,  St.  Helens,  will  then  be  read  and 
discussed.  At  the  close  of  the  meeting  the  members  of  the 
Association  will  be  entertained  to  luncheon  at  the  Exchange 
Hotel,  Liverpool,  by  the  Tramways  and  Electric  Power  and 
Lighting  Committee.  In  the  afternoon  the  Lister  Drive  elec- 
tricity station  of  the  Liverpool  Corporation  and  the  Cunard 
steamship  "  Mauretania  "  will  be  visited.  A  special  train  will 
be  provided  for  the  use  of  members  travelling  from  Man- 
chester to  Liverpool  and  back.  Tickets  at  reduced  fares 
will  be  issued,  and  will  also  be  available  by  the  ordinary 
trains.  On  Thursday,  June  24th,  a  meeting  will  be  held 
at  the  Municipal  School  of  Technology,  Whitworth-street, 
Manchester,  when  Papers  on  "Steam  Turbines  from  the 
User's  Point  of  View,"  by  ^Ir.  A.  S.  Blackman,  chief 
electrical  engineer,  Sunderland,  and  "  Notes  on  Condens- 
ing and  Water  Cooling  Plant  "  (Travelling  Studentship  Prize 
Paper,  1909),  by  Mr.  E.  Lunn,  assistant  electrical  engi- 
neer, HuJdersfield,  will  be  read  and  discussed.  In  the  after- 
noon visits  will  be  paid  to  various  works  in  the  neighbourhood, 
including  those  of  the  Lancashire  Dynamo  &  Motor  Co., 
Electromotors,  Ltd.,  Messrs. Connolly,  the  British  Westinghouse 
Co.,  the  Hyde-road  car  shed  of  the  Tramways  Department, 
the  Polygon  sub-station  and  testing  department  of  the  Man- 
chester Corporation  and  the  Municipal  School  of  Technology. 
The  annual  dinner  of  the  Association  will  be  held  at  the  Mid- 
land Hotel  in  the  evening  at  6;30  for  7  p.m.  The  annual 
general  meeting  will  be  held  on  Friday  morning  at  the  Munici- 
pal School  of  Technology  ;  and  the  generating  stations  of  the 
Salford  Corporation  and  the  Lancashire  Electric  Power  Co.  will 
be  visited  in  the  afternoon.  The  works  mentioned  above  will 
also  be  open  to  visitors  on  Fridaj'  afternoon. 

We  are,  as  usual,  making  special  arrangements  for  giving 
full  reports,  both  of  the  Papers  and  discussions  at  this  Con- 
vention, and  our  issue  of  June  2.5th  will  contain  an  account  of 
the  proceedings  up  to  the  close  of  the  meeting  on  Thursday, 
June  24th.  The  Ixdustkial  Supplement  issued  with  The 
Electrician'  of  June  25th  will  be  devoted  to  matters  of 
special  interest  to  supply  engineers. 


ARRANGEMENTS  FOR  THE  WEEK. 

SATURDAY,  May  22nd. 

Institltion'  of  Mining  Electrical  Engin-eers. 
6p.m.     Business  meeting  at  the   University  College   of   South 
Wale.*,  Cardiff.     Chairman  :  Mr.  S.  F.  Walker. 

MONDAY,  May  24th. 

Newcastle  Local  Section  of  the  Isstitction  of  Electrical 

Eniuneers. 
S  p.m.     Aleeting  in  the  Electrical  Engineering  Lecture   Room, 
Armstrong  College,  Newcastle-on-Tyne.  Paper  on  "  The  Wire- 
less Telegraph  Installation  at  CuUercoats,"'  by  Mr.  Sorensen. 

WEDNESDAY,  May  26tli. 

Royal  Soiietv  of  Arts. 
4  p.m.     Meeting  at  John-.-^treet.    Adelphi.      Lecture  on   "The 
Manufacture  of  Nitrates  fiom  the  .Atmosphere  by  the  Electric 
Arc,'  by  Herr  Sam  Eyde. 
THURSDAY.   May  27th. 

Manacers'  Section  of  the  Mcnicipal  Tramways  Association. 
10  a.m.  Meeting  in  the  Council  Chamber,  Town  Hall,  Xewcastle- 
oii-Tyne 
FRIDAY,  May  28th. 

Manacers'  Section  of  the  Minicii'AL  Tramways  Association. 
10  a.m.     Meeting  in  the  Council  Chamber,  Town  Hall,  Newcastle- 
on-Tyne. 

Royal  Institotion. 
9i\m.     Meeting  at  Alberaarle-.street,  Piccadilly,  W.     Discourse 
on   "Advances  in   our  Knowledge  of  Silicon  as  an  Organic 
Element,''  by  Prof.  J.  Emerson  Reynolds,  E.K.S. 

Corps  of  Electrical  Engineers  (London  Division). 
Officer  Commanding,  CoL  R.  E.  B.  Crompton,  C.B. 
The  following  orders  have  been  issued  for  the  current  week  : — 
Monday,   May    24th, 

"  A  "  Compauv    

Tuesday,  M.\v   25th, 

"B"  Company   I      Infantry  drill,  6:45  p.m.    (Practice  for 

Thursday,  May  27tli,   /"  Ollicers'  drill  cup  comi)etition.) 

■ '  C  "  Company  

Friday,     May    28th, 
"  D"  Company  
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THE  ELECTRIC   FURNACE  AND  ELECTRICAL  PR    - 
CESS  OF  STEELMAKING* 

WITH   PARTICXT^AR  REFERENX'E  TO  THE  RDCHLlXi; 
RODEXHAUSER  FURNACE. 

BY  W.  RODEXHArSEK. 

Summary. — The  author  first  briefly  considers  electric  arc  furnaces 
and  points  out  the  features  and  disadvantages  of  each  tj^ie.  He  then 
passe*  on  to  induction  furnaces  and  describes  tlie  Riichling-Roden- 
nauser  furnaces  installed  at  VOlklingen.  The  capital  cost  of  the  various 
types  of  furnaces  is  also  discussed. 


Electrically  refined  steel,  with  the  various  furnaces  for  producing 
it,  has  been  much  discussed  in  industrial  centres  during  the  past 
few  years.  A  renewed  consideration  of  the  subject,  however,  ap])ears 
to  be  justified  and  demanded  by  the  industry ;  since,  though  electric 
Bteel  refining  progressed  slowly  at  first,  it  is  now  advancing  with 
rapid  strides,  and  is  being  readily  taken  up  by  the  entire  industry. 

The  author  first  gives  a  summary  of  the  types  of  furnaces  which 
have  got  beyond  the  "patent"  and  "test"  stages.  The  following 
are  considered:  The  Stassano,  Heroult  and  Girod  furnaces,  on  the 
one  hand  {i.e..  electric  arc  furnaces);  and  the  Kjellin.  Erick  and 
Riichling-Rodenhauser  furnaces  on  the  other;  the  main  differences 
between  the  two  groups  are  discussed.  After  Werner  Siemens  con- 
structed arc  furnaces  in  1878-79.  which  closely  resembled  the  Giiod 
furnace,  Stassano.  in  1898,  built  tlie  first  arc  furnace  which  was 
applicable  to  the  iron  industry. 

A  critical  weakness  of  the  Stassano  furnace  compared  with  other 
arc  furnaces  is  that  heat  losses  cannot  be  avoided.  Also,  the  roof 
can  only  stand  the  high  temperatiu-e  of  the  furnace  for  a  short 
time,  although  it  is  composed  of  expensive  magnesite;  and  a  re- 
newal occupies  a  considerable  time,  and  the  cost  of  renewals  is  heavy. 
The  electrodes  projecting  almost  horizontally  into  the  furnace  are 
more  easily  broken  than  if  they  were  vertical.  The  entire  furnace 
is  arranged  so  that  it  can  be  rotated  in  order  to  mix  the  metal,  and 
thus  en.sure  homogeneity  in  the  product,  but  it  is  not  likely  to  be 
extensively  adojited  except  for  small  charges. 

The  construction  of  tlie  Heroult  furnace,  which  was  patented  in 
1900  and  is  tlie  best  kno^n  arc  furnace,  offers  several  advantages 
over  the  Stassano  furnace.  As  the  carbons  are  arranged  vertically 
there  is  less  chance  of  heating  the  roof,  which  is  movable.  The 
furnace  does  not  need  to  be  rotated,  and  so  is  more  simple  in  con- 
struction. In  common  with  all  arc  furnaces  the  question  of  main- 
tenance of  the  roof  is  the  weak  point,  as  this  needs  to  be  replaced 
every  14  days.  The  Girod  furnace,  which  resembles  the  Heroult. 
presents  the  advantage  over  the  latter  that  the  demand  for  energy 
is  more  constant. 

In  all  arc  furnaces  the  place  where  the  carbons  pass  through  tlie 
walls  must  be  thoroughly  cooled,  since  without  this  (I)  the  carbons 
will  become  very  hot  and  oxidise  rapidly  where  the  air  has 
access  to  them,  (2)  it  is  difficult  to  prevent  the  carbons  rubbing  on 
the  surrounding  masonry  where  they  enter  the  furnace,  causing 
small  currents  to  escape  from  one  electrode  to  the  other.  This 
aoplies  particularly  to  the  Heroult  furnace.  The  provision  of 
openings  in  the  furnace  roof,  which  is  exposed  to  great  heat,  is  also 
a  drawback,  as  the  artificial  cooling  required  at  these  aperatures 
causes  a  great  variation  of  temperature  in  the  roof,  wliich  does  not 
increase  its  durability,  and  a  considerable  loss  of  heat. 

The  difference  between  the  Heroult  and  the  Girod  furnaces  consists 
in  the  current  leaving  the  latter  furnace  by  a  water-cooled  iron 
electrode  in  the  bottom  of  tlie  furnace  instead  of  by  a  .second  sus- 
pended electrode.  It  appears  doubtful  if  this  arrangement  presents 
any  advantage  from  the  metallurgist's  point  <^f  view,  for  it  is  evident 
that  there  will  be  a  gradual  increase  in  temperature  from  the  water- 
cooled  electrode  to  the  high  temperature  of  the  active  bath  of  metal, 
and  that  the  metal,  which  is  solid  near  the  electrode,  Ix-conies  first 
pasty  and  then  liquid  fartlier  away  from  it ;  also  energy  is  lost 
through  cooling  tlic  furnace  iKjttom.  Girod,  in  using  waler-cooled 
electrodes  in  spite  of  the.se  di.siid vantages,  combines  the  advantages 
of  the  resistance  furnace  with  those  of  the  arc  furnace. 

Tlic  view  that  the  jia.ssage  of  the  current  through  the  bath  of 
metal  has  any  great  influence  on  the  heat  produced  in  a  present- 
day  arc  furnace  must  be  abandoned,  and  in  the.se  furnaces  the 
heating  must  be  entirely  ascribed  to  the  very  localised  effect  of  the 
arc.  In  sjiite  of  this,  however,  the  passage  of  the  current  through 
the  carbon  electrode  cau.ses  a  considerable  loss  of  energy. 

The  conclusions  respecting  the  operation  of  the  arc  furnace  may 
be  summarised  a.s  follows :  (1)  The  temiierature  of  the  eliaige  can- 
not be  appreciably  increased  by  resistance  heating.     (2)  The  charge 


•  Abstract  of  a  Paper  read  before  the  Iron  and  Steel  Institute. 


is  almost  entirely  heated' by  the  arc,  and  the  heating  is  very  much 
localised.  (3)  The  passage  of  the'ciu-rent  through  the  carbon  elec- 
trodes gives  rise  to  considerable' loss  of  energy,  due  both  to  the 
comparatively  high  resistance  of  the  carbon  and  to  the  water  cir- 
culation for  cooling  the  apertures  where  the  carbons  enter  the 
furnace.  This  loss  of  energy  is  about  10  per  cent.  The  cost  of 
maintenance  of  the  carbon  electrodes  is  also  considerable. 

I iidurtioii  Furnaces. — These  are  primarily  due  toFerranti,  who  in 
1887  obtained  a  British  patent  for  his  invention  wliich  was  con- 
structed too  much  from  the  electrician's  point  of  view,  and  has  not 
attained  practical  importance.  It  had  the  principal  points  of  the 
Kjellin  furnaces,  and  the  constructinu  of  the  Frick  furnace,  which 
has  attained  .some  practical  iiii|icirlaii(i',  is  also  very  similar  to  that 
of  the  Kjellin  furnace.  The  principal  difference  between  them  being 
that  in  the  former  the  primary  windings  are  placed  above  and 
below  the  annular  hearth  instead  of  within  it.  The  grooved  annular 
hearth  is  the  characteristic  feature,  and  as  these  furnaces  have  no 
side  doors  the  operations  are  watched  and  regulated  by  lifting  off 
the  covers  of  the  grooved  annular  hearth  section  by  section.  The 
peculiar  .shape  of  the  hearth  naturally  prevents  the  removal  or 
changing  of  the  slag,  and  these  furnaces  are  only  adapted  to  con- 
ditions where  comparatively  pure  materials  are  to  be  melted  or 
alloyed. 

The  Rochling-Rodenhauser  furnace,  which  has  been  patented 
since  1906.  has  a  hearth  a  very  different  shape  from  the  induction 
furnaces  just  mentioned.  This  furnace  is  constructed  for  single- 
phase  and  for  three-phase  current,  having  two  grooves  {see  Fig.  1) 
in  which  metal  is  melted  in  the  first  case,  and  three  in  the  second. 
In  both  cases  these  groves  open  into  a  distinct  oiicn-hearth,  the  work- 
ing chamber,  where  all  the  metallurgical  operations  take  place,  while 


FlO.    1. — 8-TON   SlNCr.K-I'H.-VSE    lirjCIlLINcRoDKN  MAUSER    FuRN.iCE. 

the  grooves,  which  have  a  comparatively  small  cross  section,  form 
the  secondary  circuits  in  which  the  currents  which  heat  the  metal 
are  induced.  Thus  there  is  a  working  chamber  surrounded  by  the 
transformer  which  closely  resembles  the  hearth  of  an  arc  furnace. 
Lateral  doors  are  jMovided  and  enable  the  hearth  to  be  observed. 
As  the  furnace  is  so  constructed  that  it  can  be  tilted,  one  of  the 
doors  is  provided  with  »  spout  for  pouring  the  charge,  while  the 
furnace  may  be  charged,  or  slag-forming  material  or  additions  may 
be  thrown  in  through  either  of  the  doors.  As  the  doors  are  not 
much  above  the  level  of  the  top  of  the  bath,  the  slag  can  be  as  easily 
removed  in  the  Riichling-Rodenhauser  furnace  as  in  an  arc  furnace, 
which  is  not  the  case  with  the  other  induction  furnaces  previously 
mentioned,  so  that  this  furnace  is  very  well  suited  for  refining  pro- 
cesses. 

The  central  hearth  is  very  similar  in  form  to  that  or  an  open- 
hearth  furnace,  and  this  construction  offers  considerable  advantages 
from  the  electrical  standjioint.  In  the  older  furnaces  the  current  in 
the  primary  only  serves  to  induce  a  secondary  current  in  the  annular 
hearth,  but  in  the  Rochling-Rodenhauser  furnace  a  distinct  secon- 
dary winding  is  provided  in  which  a  secondary  current  is  induced 
by  the  jjiimary  current,  and  these  windings  arc  connected  to  cast- 
steel  terminal  ))lates  which  are  embedded  in  the  refractory  material 
of  the  furnace.  This  refractory  material  becomes  an  electrical  con- 
ductor at  the  higher  temperatures,  and  this  enables  an  additional 
electric  circuit  to  be  formed,  so  that  the  currents  induced  in  the 
.secondary  winding  pass  through  the  terminal  jilatcs  to  tlic  central 
hearth  and  through  the  bath  of  metal,  heating  the  bath  still  further. 
The  conditions  in  whicli  current  is  pa.s.sed  through  the  bath  in  this 
furnace  are  very  different   from  those  in  which  current  is  passed 
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tlirough  in  the  arc  furnaces  described  in  the  earlier  part  of  this 
Paper.  Tliere  is  very  Httle  wastage  of  the  |)art  of  the  refractory 
material  which  serves  as  the  electrical  conductor,  and  it  has  even 
been  found  that  these  parts  last  the  longest  of  any  part  of  the 
furnace  lining. 

There  is  no  necessity  for  changing  the  terminal  plates,  and  the 
heavy  charges  for  replacement  of  electrodes  which  are  incurred  witli 
all  types  of  arc  furnaces  are  avoided.  In  addition,  there  is  no  pos- 
sibility of  the  bath  of  metal  taking  up  impurities  from  the  elec- 
trodes, as  the  current-carrying  parts  in  contact  with  the  metal  are 
composed  of  the  same  materia]  as  the  rest  of  the  lining,  while  with 
the  arc  furnaces  there  is  always  the  danger  of  the  bath  taking  up 
impurities  from  the  electrodes.  Finally,  the  very  considerable  losses 
of  energy  which  take  place  due  to  the  passage  of  current  through 
tlie  carbon  rods  which  form  the  electrodes  are  avoided. 

In  the  earlier  electric  furnaces  the  power  factor  was  necessarily 
very  low,  on  account  of  the  large  space  between  the  primary  wind- 
ing and  the  annular  bath  of  metal  which  constituted  the  secondary, 
and  the  frequency  of  the  supply  current  had  to  be  reduced  to,  in 
some  cases,  5  cycles  per  second,  so  that  the  power  factor  should 
not  be  less  than  0'6  to  0'7.  This  resulted  in  the  capital  cost  of  the 
electric  generators  and  transformers  being  greatly  increased.  In 
the  Riichling-Rodenhauser  furnace  the  combination  of  the  heating 
channels  and  central  hearth,  with  the  .secondary  windings  supply- 
ing current  to  the  bath,  enables  the  power  factor  to  be  consider- 
ably increased,  and  so  permit.s  normal  frequencies  to  be  employed  ; 
and  it  is  quite  possible  for  a  furnace  capable  of  dealing  with  a 
16-tou  charge  to  work  on  a  25-cycle  system. 

Since  direct  current  is  usually  unsuitable,  the  choice  of  current 
lies  between  single  and  tliree-phase,  and  three-phase  furnaces  are 
to  be  preferred  from  the  point  of  view  of  capital  cost,  particularly 
in  works  where  there  is  already  plant  supplying  electric  power  to 
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rolling  mills,  &c.  In  fact,  great  care  is  necessary  in  the  choice  of 
the  electric  supjjly  system  for  the  fiu-naces.  as  any  increase  in  the 
capital  cost  of  the  power  plant  will  react  unfavourably  on  the  finan- 
cial results  obtained. 

Naturally,  variations  in  the  load  cannot  be  prevented  with  any 
type  of  furnace,  but  it  is  important  to  distinguish  between  gradual 
changes  of  load  made  intentionally  and  unintentional  sudden 
changes  of  load.  All  sudden  changes  of  load  are  practically  im- 
possible with  the  induction  furnace.  If  the  induction  furnace  A^hich 
is  suitable  for  an  electric  circuit  of  normal  voltage  and  frequency 
has  decided  advantages  over  the  arc  furnace  from  the  point  of  view 
of  the  generating  plant,  it  must  be  remembered  that  the  induction 
fiurnace  has  the  greater  capital  cost.  If  the  combined  capital  cost 
of  the  arc  fui-nace  and  transformer  be  compared  with  that  of  the 
induction  furnace,  the  latter  is  still  the  dearer  on  account  of  the  very 
s))ecial  construction  of  the  transformer.  This  increased  capital  cost 
of  the  induction  furnace  is  insignificant  compared  with  the  extra 
capital  cost  of  the  generating  plant  required  for  an  arc  furnace,  on 
account  of  the  great  variations  of  load.  It  may,  therefore,  be  said, 
generally,  that  the  cheapest  combined  plant  is  obtained  by  adopting 
a  three-phase  furnace,  which  can  wfork  on  a  circuit  of  normal  fre- 
quency and  does  not  take  great  variations  of  power. 

From  the  electrical  point  of  view  the  induction  furnace  shows  far 
better  results  than  the  arc  furnace  under  all  conditions.  Tests  made 
on  a  3J  ton  induction  fui-nace  at  Viilklingen  have  shown  an  elec- 
trical efficiency  of  97  per  cent.,  while  it  is  shown  in  the  Paper  that 
10  per  cent,  of  the  total  energy  is  lost  in  the  carbons  alone  of 
an  arc  furnace. 

Although  an  e.xact  calculation  of  the  losses  of  heat  can  scarcely 
be  made,  it  may  be  said  that  the  heat  losses  of  all  modern  electric 
furnaces  are  about  the  same,  for  though  the  induction  furnace  is  at 


some  disadvantage  compared  with  the  arc  furnace,  on  account  of 
the  special  shape  of  its  hearth  and  heating  channels,  the  water- 
cooling  of  the  a])ertures  through  which  the  carbons  enter  an  arc 
furnace  accounts  for  a  considerable  loss  of  heat,  and  there  is  more 
heat  lost  when  the  doors  were  opened  than  in  the  induction  furnace, 
where  the  to)>  layers  of  .slag  act  ])artly  as  a  heat  in.sulator. 

MetuUiirqirtil  <  luiilitions. — The  advantages  of  a  gofxi  electric  fur- 
nace are:  On  acruunt  of  the  convenient  regulation  of  the  tempera- 
ture attainable,  the  phosphorus  can  be  removed  till  only  a  trace  re- 
mains; it  is  especially  suitable  for  the  most  thorough  desulphurisa- 
tion ;  and  finally,  when  the  refining  is  complete,  the  charge  can  b© 
left  in  the  furnace  as  long  as  convenient  without  its  composition 
being  changed. 

Two  Ri'ichling-Rodenhauser  steel  furnaces  are  workini:  at  the 
Ripchling  Iron  and  Steelworks,  one  of  which  (Fig.  1)  is  an  8-ton  single- 
phase  furnace,  and  the  other  (Fig.  2)  a  2-ton  three-phase  furnace.  The 
8-ton  furnace,  which  takes  600  kw.,  takes  its  power  from  a  4,000 
to  .5,000  volt  5-C3'cle  per  second  generator  wliich  existed  previously  ; 
while  the  2-ton  furnace,  on  account  of  the  steady  demand  for  power 
which  it  makes,  which  is  characteristic  of  the  Riichhng-Roden- 
hauser  furnace,  is  .supplied  from  the  pow-er  circuit  of  the  works,  just 
as  a  motor  might  be.  and  takes  200  kw.  to  250  kw.  at  a  pressure  of 
400  volts  on  a  50-cycle  circuit.  The  high-tension  current  is  supphed 
direct  to  the  furnace  transformers,  which  are  fully  enclosed,  so  there 
is  no  chance  of  the  workmen  coming  in  contact  with  the  high  tension. 
While  the  small  furnace  is  chiefly  used  in  the  production  of  high 
class  tool  steel,  the  larger  finnace  is  producing  chiefly  structural 
steel  and  similar  material  of  which  large  quantities  are  required. 

There  are  two  ])oints  about  the  working  of  the  Ri'ichUng-Roden- 
hauser  furnace  tliat  are  worthy  of  consideration ;  the.se  are  the 
heating  up  and  the  maintenance  of  the  heat  of  the  furnace.  In  order 
to  heat  up  induction  furnaces  before  charging,  it  was  usual  in  the 
past  to  place  an  iron  ring,  which  was  either  screwed  or  welded 
together,  in  the  annular  hearth,  being  heated  up  by  the  action 
of  the  electric  current  until  both  it  and  the  hearth  were  red  hot. 
The  fluid  metal  was  then  charged  into  the  furnace  and  heated  further 
until  a  sufficient  temperatvu-e  was  attained  to  carry  out  the  refining 
])rocess.  This  method  of  heating  up  requires  that  molten  metal 
should  be  charged  into  the  furnace,  and  tliis  must  be  first  melted  in 
a  cupola  or  in  crucibles.  This  auxiliary  melting  plant  can  be  dis- 
pensed with  in  the  modern  electric  furnaces,  which  do  not  have  to  be 
charged  with  liquid  metal.  The  above-mentioned  ring  would  be 
embedded  in  pieces  of  scrap,  turnings,  &c.,  so  that  when  the  electric 
current  is  switched  on,  the  ring  is  first  heated  and  it  in  its  turn 
heats  up  the  surrounding  material,  which  frits  together  and  itself 
becomes  a  conductor  conveying  additional  current  and  increasing 
the  heat  of  the  furnace,  so  that  the  entire  charge  is  soon  fluid,  and 
the  refining  process  can  be  commenced. 

A  further  advance  has  been  made  in  the  method  by  which  the  fur- 
nace is  ke])t  hot  when  not  working.  Since  in  a  small  works  the 
electric  furnaces  may  only  be  working  on  day  sliifts.  they  must  be 
kept  hot  during  the  night  and  perhaps  also  a  charge  may  not  be 
finished  on  Saturday,  and  so  has  to  be  kept  hot  during  Sunday.  In 
such  a  case  only  about  one-thud  to  a  quarter  of  the  normal  energy 
consumption  would  be  required  to  keep  the  Ri'ichling-Rodenhauser 
furnace  hot,  and  at  the  present  time  operations  can  be  stopped  before 
the  process  is  comjileted  with  only  half  the  charge  in  the  fiu-nace, 
since  when  the  doors  are  closed  the  furnace  is  air-tight,  and  only 
cools  very  slowly  and  gradvially.  The  S-ton  furnace  at  ViUklingen 
has  been  left  for  30  hours  without  taking  any  current,  and  could  be 
heated  up  again  with  the  normal  energy  consumption.  While  the 
supply  of  electric  current  was  suspended  the  furnace  did  not  cool 
down  very  much,  and  after  I(i  hours"  interval  the  interior  of  the 
furnace  was  still  red-hot.  This  is  a  proof  of  the  excellent  thermal 
efliciency  of  the  furnace. 

A  comparison  is  finally  made  between  the  metallvirgical  conditions 
in  the  Hemult  furnace,  as  typical  of  the  arc  furnaces,  and  the'Riich- 
ling-Rodenliauser.  asa  tyjiical  induction  furnace.  The  term  "electro- 
metallurgical  process"  is,  properly  speaking,  not  correct,  and  it  can- 
not be  too  greatly  emphasised  that,  in  the  opinion  of  all  those  who 
have  made  a  special  study  of  the  subject,  the  electric  current  should 
be  regarded  solely  as  a  source  of  heat.  Any  possible  chemical  action 
of  the  electric  current  may  be  left  out  of  consideration,  so  that  the 
advantages  of  the  electric  furnace  are  based  entirely  on  the  facilities 
which  exist  for  lioating  the  bath  without  introducing  impurities,  the 
possibilitv  of  attaining  very  liigh  temperatures  and  the  ease  with 
which  this  temperature  may  be  regulated,  ("omparing  the  above 
furnaces  it  has  been  shown  that  the  refining  action  can  he  carried 
as  far  as  mav  be  desired  in  cither  furnace,  but  the  slag  must  be 
thinner  and  more  fluid  in  the  Hi'roult  furnace.  A  point  worthy  of 
mention  is  the  homogeneousness  of  the  metal  produceil  in  each  tj'pe 
of  furnace.    .Although  the  circulation  in  the  induction  furnace,  which 
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is^clearly  visible  to  the  eye,  thoroughly  mixes  the  charge  and  accele- 
rates the  refining  process,  it  is  not  suflScient  to  attack  the  furnace 
lining  to  any  extent.  This  is  clearly  proved  by  the  tact  that  at  the 
Riichling  iron  and  steel  works  at  Volklingen,  the  8-ton  furnace  ^^■o^ks 
for  quite  14  days  without  any  repairs  to  the  lining  being  needed. 
The  furnace  lining  is  only  350  mm.  thick.  The  lining  of  a  Heroult 
furnace  needs  repairs  after  every  charge,  while  the  Riichling-Roden- 
hauser  furnace  will  work  1-t  days  without  repairs,  and  .such  repairs 
require  the  furnace  to  be  stopped  from  2-1  to  4S  hours,  according 
to  the  amount  to  be  done,  the  sides  of  the  hearth  being  the  parts 
chiefly  needing  rejiair.  and  the  roof  is  available  for  further  use  after 
slight  j)atching  up.  At  Vi'lklingen  the  lining  consists  of  dolomite 
and  tar.  and  the  cover  of  the  hearth  is  of  fireproof  stone.  With 
reference  to  the  cost  of  repairs  per  ton  of  steel  in  these  comparatively 
small  furnaces,  these  are  less  than  the  cost  of  those  for  an  ordinary 
open-hearth  furnace. 

An  appendix  to  the  Paper  contains  particulars  of  tests  on  the 
three-phase  fmnace  to  determine  how  far  the  charge  in  the  furnace 
was  homogeneous.  These  showed  that  the  chemical  composition 
remained  practically  unaltered  whilst  the  charge  was  in  the  fiu-nace. 


OERLIKON  ALTERNATING -CURRENT  RAILWAY 
MOTORS,  AND  THEIR  EFFECTS  ON  TELEPHONE 
SYSTEMS.* 

BY  DR.  BEHN-ESCHEJJBXIRG. 

'  Summary. — Though  deduced  primarily  from  experience  gained  with 
Oerlikon  motors,  the  results  given  in  the  present  article  are  of  quite 
general  interest  to  all  connected  with  single-phase  traction,  and  show 
how  both  difficulties  of  design  and  outside  disturbances  set  up  in  neigh- 
bouring telephone  lines  have  been  successfully  overcome  until  finally  the 
single-phase  series  commutator  motor  bids  fail'  to  out-rival  any  of  its 
competitors  for  main  line  r.ailway  work. 


Historical  Survey  of  Telephonic  Disturbances  on  the  Seebach- 
Wettingen  Line. — The  chief  difficulties  which  were  encountered,  and 
had  to  be  overcome  before  the  opening  of  the  first  alternating-cm-rent 
railway  in  Switzerland,  viz..  the  Seebach-Wettingen  line,  were  not  in 
any  way  due  to  the  system  itself,  but  to  secondary  disturbances  set 
up  in  the  neighbouring  telephone  lines.  Since,  however,  this  trouble 
has  been  successfully  overcome  without  either  shifting  the  existing 
telephone  wires  or  reducing  the  originally  proposed  pressure,  one  of 
the  greatest  objections  to  the  electrification  of  railways  may  now  be 
said  to  have  been  removed. 

The  original  system  consisted  of  a  locomotive,  on  which  was 
installed  a  tluee-phase  motor  coupled  to  a  generator,  which  supplied 
the  continuous-current  driving  motors  ^^•ith  energy  on  the  Ward 
Leonard  principle.  Here  the  power  was  supplied  at  15,000  volts 
50  cycles,  and  although  at  that  time  only  500  metres  of  telephone 
lines  ran  alongside  the  electrified  portion  of  the  line,  disturbances  were 
set  up  in  the  former  as  soon  as  the  latter  was  put  under  pressure. 
The  cause  of  these  disturbances  were  traced  back  to  the  harmonics 
in  the  pressure  wave,  for  as  soon  as  a  pure  sine  wave  was  supplied 
to  the  line  the  trouble  disappeared.  Nor  was  any  trouble  experi- 
enced when  this  was  superseded  by  single-phase  current  at  15.000 
volts,  15  cycles,  so  long  as  no  load  was  on  the  system,  although  the 
induced  potentials  and  charges  in  the  lines  could  be  measured  in 
the  usual  waj',  by  means  of  voltmeter  and  ammeter. 

Along  with  the  15-cycle  frequency  came  the  alternating-current 
series  motors  with  auxiliary  poles.  The  motors  had  8  main  poles  and 
8  auxiliary  poles,  whilst  on  the  rotor  there  were  90  open  slots  and  a 
multiplex  lap  winding  with  equalising  connections,  108  conductors 
and  384  commutator  bars.  The  introduction  of  these  motors  led  to 
quite  new  and  complicated  telephonic  disturbances.  ^V'hethor  the 
locomotive  ran  light  or  loaded,  a  loud  singing  and  whistling  was  set 
up  in  the  telephones,  the  note  of  which  rose  clearly  as  the  speed 
increased,  whilst  the  intensity  varied  very  little  with  the  current  and 
proved  also  to  be  independent  of  the  i)luoe  where  the  locomotive 
happened  to  be  travelling.  After  a  length  of  18  km.  alongside  the 
telephone  wires  had  been  electrified,  the  disturbances  Vjecame  so 
Strong  that  several  metres  away  from  the  telephones  a  sharp  whistling 
noise  could  be  heard,  and  proper  telephone  working  became  im- 
possible. 

In  a  report  of  .March  18,  1907,  of  the  Oerlikon  Works  to  the 
Federal  Telegraph  Department,  the  oscillographic  observations  of 
these  disturbances  were  discussed.  In  this  re])ort  it  was  shown  that 
although  the  pressure  curve  was  smooth  when  the  locomotive  was  at 
rest,  yet  higher  harmonics  appeared  as  soon  as  motion  occurred. 
These  ripples  were  proportional  to  the  speed,  e.g.,  at  22  km.  there 
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were  39,  at  37  km.  64,  at  28  km.  51,  and  at  35  km.  60.  The  ampli- 
tude of  these  ripples  at  all  speeds  above  20  km.  was  about  the  same, 
and  did  not  alter  much  whether  the  loco  was  running  light  or  draw- 
ing a  train.  This  amplitude  rose  to  20  per  cent,  of  that  of  the 
fundamental. 

A  remarkable  tiling  about  these  oscillograms  is  that  the  amplitude 
of  the  pulsations  in  the  current  curve  rises  and  falls  symmetrically 
with  the  fundamental,  wliilst  in  the  pressure  cm've  they  appear  to  be  a 
maximum  when  the  current  is  at  its  highest  value,  and  are  thus  dis- 
jilaced  from  the  axis  of  symmetry  by  an  amount  equal  to  the  phase 
displacement.  It  was  further  sho'mi  that  these  higher  harmonics 
become  more  irregular  when  the  two  motors  work  in  series  than 
when  one  motor  works  alone.  The  number  of  ripples  agrees  with  the 
number  of  rotor  slots  passing  over  the  stator  at  the  corresponding 
speed.     Thus  at  22  km.  the  rotor  runs  at  6  revs,  per  sec,  hence  with  a 

6  x96 
frequency  of  14-3, =  40  teeth  pass  over  the  stator  sm-face  in 

one  cycle.     In  the  oscillogram  39  ripples  were  counted. 

Compared  with  the  harmonics  in  the  pressure  waves  of  alternators, 
the  observed  effects  differed  from  the  fact  that  in  the  former  case  the 
harmonics  chiefly  occur  at  no-load  and  are  smoothed  down  as  the 
load  increases,  whilst  in  the  latter  they  appear  to  come  from  the 
ciurent  and  seem  to  be  independent  of  the  value  of  the  load.  This 
last  iHi'iKily  also  seems  to  sliow  that  the  origin  of  the  pulsations  is 
Hill  caiiscd  liy  ciimmutatiiin  cimditions,  which  would  surely  vary 
V  ith  the  Iliad  :  but  results  seemed  to  point  out  that  they  were  set  up 
rather  by  pulsations  in  tlie  E.M.F.  induced  in  the  main  circuit  of  the 
motors.  To  confirm  this,  the  locomotive  was  drawn  by  a  steam 
locomotive,  and  oscillograms  were  taken  with  the  field  excited,  but 
without  current  in  the  armature.  It  was  foimd  that  the  same  ripples 
occurred  as  before,  and  the  same  telephonic  disturbances  took  place. 
In  these  machines  the  rotor  slots  were  open,  being  10  mm.  wide  and 
50  mm.  deep,  tlic  winding  being  seciu'ed  by  a  wooden  wedge. 

Tests  were  also  taken  with  alternating-current  series  motors  with 
entirely  different  slots.  For  tliis  purpose  a  number  of  40  H.P.  motors 
were  run  in  the  test  house  in  parallel  with  the  overhead  line  of  the 
railway,  so  that  all  pressure  variations  were  transmitted  to  the  latter. 
These  motors  had  smooth  evenly-slotted  stator  cores  with  distributed 
exciting,  compensating  and  auxiliary  windings,  wlulst  the  126  slots 
on  the  rotor  were  totally  dosed.  As  was  to  be  expected,  the  ripples 
were  now  consiilnalily  smaller — being  about  2  per  cent,  of  the  funda- 
mental— and  the  tt'leplione  disturbances  in  the  crossed  lines  dis- 
appeared, although  still  detectable  in  the  uncrossed.  Nevertheless 
the  oscillograms  do  not  always  show  the  same  effects,  even  vinder 
apparently  identical  conditions,  from  which  it  must  be  inferred  that 
some  other  local  disturbances,  e.g.,  resonance,  are  at  work. 

As  a  result  of  the  above  experiments  new  armatures  were  built  for 
the  Seebach- Wettingen  locomotives.  These  armatm-es  were  liuilt 
with  closed  and  much  smaller  slots  than  the  previous,  whilst  the  .slot 
axis  was  skewed  with  respect  to  the  rotor  axis  by  an  amount  equal  to 
a  slot-pitch. 

The  stators,  commutators  and  the  winding  were  left  as  before,  but 
the  number  of  rotor  slots  was  increased  to  192.  An  interesting 
circumstance  might  also  be  mentioned  here,  viz.,  that  when  closed 
slots  were  used  the  resistance  connections  between  winding  and 
commutator  were  omitted,  and  despite  all  theories,  the  commu- 
tation was  in  no  way  less  perfect  than  with  the  old  rotors,  and 
after  25,000  km.  running  the  commutator  and  brushes  havo  still 
no  need  of  repair.  With  these  new  rotors  the  pulsations  in 
the  pressure  curves  vanished,  and  the  telephonic  disturbances  in 
some  lines  became  scarcely  noticeable,  whilst  in  others  it  was  so 
reduced  that  it  could  be  completely  removed  by  the  introduction  of 
certain  improvements  in  the  telephone  system,  wliich  chiefly  con- 
sisted of  increasing  the  amount  of  lacing  of  the  wires,  and  su])plying 
all  the  lines  with  discharge  coils. 

The  motors  of  a  third  locomotive,  supplied  by  Siemens  Schuckert, 
gave  much  smaller  pulsations  than  those  of  the  first  locomotives. 
The  stators  had  56  semi-closed  slots,  wliilst  the  rotor  had  a  series 
parallel  winding  wound  in  74  open  slots.  It  is  clear  from  the  fore- 
going that  such  a  ratio  of  stator  slots  to  rotor  slots,  possessing  only 
2  as  a  common  factor,  gives  com])aratively  small  variations  in  the 
reluctance  compared  with  the  conditions  in  the  first  locomotive. 

Theory  of  the  Pulsations  in  the  Motors. — The  main  exciting  coils 
of  the  motors  carry  the  current  i,  which  varies  approximately  as  a 
sine  wave,  i.e..  i=I  sin  at.  Let  R  denote  the  magnetic  permeance 
of  the  whole  magnetic  circuit.  This  varies  from  a  maximum  to  a 
minimum,  whilst  the  slotted  armature  passes  over  a  distance  of  a 
slot-pitch  over  the  surface  of  the  main  poles.  Then  if  there  are  Z 
slots  and  T  revs,  per  minute  the  frequency  n,  of  the  variation 
of  R  is  ZT/60=ra,.  Put  aj,  =  27TO„  then  R  =  R„{1+K  sin  (w|i-f  «)}, 
where  K  is  the  fraction  by  which  the  permeance  R  periodically 
varies  from  its  mean  value  Rq.     Neglecting  the  effect  of  hysteresis. 
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the  flux  due  to  the'current  i  is'F=riR,  where  the  coefficient  depends 
n  the  winding.     Hence  we  can  ^vrite  for  the  flux  : — 
F=cl  Ro[sin  w(  +  K  sin  ml  sin  (wi«  +  a)J. 
The  E.M.F.  produced  in  the  magnet  coils  by  this  flux  is  given  by 
e  =Ci^^=EiCosw<  +  EiK"'  sin  wt  cos  (mit  +  a) 

+  EiKcosw«  sin((u,/  +  o). 
A  second  E.M.F.  due  to  the  rotation  of  the  armature  coils  in  flux  F  is 
62= Ej  sin  wt  +E2K  sin  ut  sin  {u>it+a). 
The  resultant  of  these  two  E.M.F.s  gives  the  total  pressure  of  the 
motor,  and  it  is  clear  that  the  pulsations  in  the  magnetic  circuit  set 
up  similar  pulsations  in  the  circuit  of  the  motors,  which  must  appear 
in  the  current  and  again  in  the  flux. 

The  curves  plotted  from  the  above  equations  agree  with  those 
taken  with  the  oscillograph,  thereby  confirming  the  correctness  of 
the  above  analysis.  The  fact  that  the  value  of  the  oscillations  does 
not  vary  directly  with  the  current  (or  load)  is  chiefly  due  to  the  high 
saturation  in  the  motors.  Lastly,  it  might  be  repeated  that  the 
above  trouble  was  not  due  to  commutation  effects  but  solely  to  the 
peculiar  construction  of  the  earlier  motors.  That  these  disturbances 
are  not  caused  by  a  property  common  to  all  alternating-current 
motors  is  proved  from  the  fact  that  they  were  removed  by  suitable 
modification  in  the  design,  and  it  is  quite  possible  for  such  trouble 
to  occiu:  w-ith  non-commutator  motors,  e.g.,  induction  motors  under 
similar  conditions.  The  fact  that  commutation  might  give  rise  to 
trouble  is  not  disputed,  but  no  evidence  of  such  was  present  in  these 
instances. 

Experimental  Data  obtained  from  the  Seehach-W ettingen  Line. — 
Since  Dec.  1.  1907,  this  line  has  been  open  for  public  traffic.  No 
trouble  has  been  experienced  with  the  high  tension  of  15,000  volts, 
and  the  insulation  of  the  line  is  good  in  all  weather,  despite  the 
presence  of  the  steam  locomotives  at  the  two  termini  of  the  elec- 
trified portion  of  the  line.  The  average  loss  of  energy  in  the  line  of 
20  km.  is  about  1  h.p.  Of  late  the  weight  of  the  trains  has  been 
increased  to  290  tons  and  the  speed  to  60  km.  per  hour.  There  are 
several  long  inclines  of  1  per  cent,  where  a  pull  of  4,500  kg.  at  a 
speed  of  40  km.  must  be  developed,  requiring  an  output  of  660  h.p. 
per  locomotive.  (The  motors  were  originally  built  for  200  h.p.,  but 
yield  the  required  330  h.p.  without  difficulty.)  The  watt-hour 
consumption  per  ton-kilometre  is  27  to  29,  against  a  theoretical 
consumption  of  23  watt-hours.  The  power  factor  under  normal 
conditions  is  above  90  per  cent.  As  regards  the  commutators, 
although  no  method  of  lubrication  is  used,  the  surface  remains 
quite  smooth  and  the  brushes  work  as  satisfactorily  as  in  the  best 
continuous-current  motors.  Sparking  occurs  neither  at  starting 
nor  at  the  heaviest  overloads.  It  is  confidently  expected  that  the 
locomotives  will  run  50,000  km.  before  the  commutators  need 
attention. 

The  toothed-wheel  gearing  of  the  motors  with  the  countershaft 
(which  is  coupled  to  the  driving  wheels  by  means  of  cranks)  has 
cau.sed  no  difficulty  and  shows  no  sign  of  wear,  whilst  this  method 
of  supporting  the  motors  makes  accessibility  easy  and  permits  the 
use  of  open-type  motors.  Neither  motors  nor  transformers  are 
artificially  cooled.  Two  methods  of  control  have  been  used,  both 
of  which  have  proved  equally  satisfactory.  The  one  con.sists  in  the 
use  of  a  large  drum  controller,  the  other  of  separate  switches  operated 
by  alternating  current. 

Principles  underlying  the  Design  of  Alternating-Current  Commu- 
tator Motors. — The  motors  are  built  with  commutating  poles  and 
compensating  wmdings  like  continuous-current  motors  and  can  be 
used  as  such — as  indeed  they  are,  when  they  work  as  generators  for 
braking  purposes.  In  addition  to  the  reactance  voltages,  &c.,  met 
with  in  a  continuous-current  macliine,  there  is  an  additional  E.M.F. 
induced  in  the  coils  under  the  brushes  when  alternating  current  is 
used,  and  the  designer  must  keep  this  E.M.F. — due  to  the  pulsating 
flux — or,  rather  its  eft'ects,  within  safe  limits.  Means  for  attaining 
this  end  consist  in  artfficially  increasing  the  resistance  of  the  circuit 
of  the  coils  under  the  brush  by  using  high  resistance  connections 
between  winding  and  commutator  and  carbons  with  high  contact 
resistance,  whilst  the  magnitude  of  this  E.M.F.  is  reduced  by  keep- 
ing the  flux  .small,  limiting  the  number  of  turns  short-circuited  by  a 
brush  and  by  means  of  auxiliary  poles  or  windings  which  compen- 
sate this  E.M.F.  over  a  wide  range  of  working.  The  principle  of 
this  last  method  was  originated  by  the  Oerlikon  Works  in  a  patent 
dated  March,  1904,  and  consists  in  the  production  of  auxiliary  fields 
perpendicular  to  the  axis  of  the  main  field  and  displaced  from  the 
latter  in  time.  Since,  however,  this  compensation  can  only  occur 
when  the  armatm-e  coils  rotate  in  the  auxiliary  field,  the  latter  can- 
not provide  satisfactory  commutating  conditions  at  starting  or  at 
very  slow  speeds. 


This  last  difficulty  has  been  overcome  as  follows : — Experience 
has  shown  that  brush  carbons  can  be  made  which  will  not  seriously 
spark  so  long  as  the  effective  jjressure  between  their  tips  does  not 
exceed  7  volts  and  the  permanent  current  density  does  not  exceed 
15  amp./cm2.  For  mechanical  reasons,  the  width  of  these  carbons 
must  not  be  less  than  8  mm.  Now,  the  pitch  of  the  commutator 
bars  can  without  difficulty  be  made  equal  to  4  mm.  Thus  the  pres- 
sure between  three  bars  must  not  exceed  7  volt.s.  Taking  this  at  the 
fundamental  principle  for  the  design  of  series  motors,  and  u.sing 
ordinary  lap  windings  with  one  turn  between  adjacent  bars,  we  at 
once  get  the  largest  admissible  value  for  the  magnetic  flux.  Thus, 
the  flux  per  pole  at  15  cycles  must  not  exceed  3-6  x  10°  lines,  or  at 
25  cycles,  2-4  x  10".  The  question  now  ari.ses  whether  it  is  possible 
to  build  motors  for  large  outputs  with  such  low  fluxes,  since  the 
torque  of  a  motor  is  proportional  to  the  flux.  Other  firms,  e.g., 
Westinghouse,  work  with  much  higher  fluxes,  but  are  then  compelled 
to  use  resistance  connections  between  winding  and  commutator. 
Now,  it  must  be  remembered  that  these  resistance  connections 
reduce  the  second  factor  on  which  the  torque  depends,  for  they 
occupy  about  50  per  cent,  of  the  winding  space,  so  that,  without 
these  connections,  the  number  of  ampere  conductors  can  be  in- 
creased by  about  50  per  cent.,  hence  a  50  per  cent,  greater  torque 
can  be  exerted.  In  addition  to  this,  the  resistance  connections  give 
rise  to  considerable  difficulties  owing  to  the  great  heat  developed. 
The  present  Oerlikon  design,  even  of  motors  up  to  1.000  h.p.,  pro- 
poses, therefore,  to  do  away  with  resistance  connections  altogether, 
and  work  witliin  the  above-mentioned  limit  of  3-6  megalines  for  the 
flux. 

In  this  way  the  commutation  both  at  starting  and  when  running 
is  properly  provided  for.  At  the  same  time  it  must  not  be  for- 
gotten, when  compared  with  liigh  pressure  (600  to  1,500  volts)  con- 
tinuous-current motors,  that  the  pressure  between  commutator  bars 
is  less  than  10  volts,  whilst  in  the  latter  macliines  it  is  15  to  25  ;  in 
addition  to  which  the  danger  of  breakdo^vn  or  arc  over,  due  to  ex- 
cessive potential,  is  much  less  in  the  alternating-current  motor, 
owing  to  its  low  pressure.  Also,  when  compared  with  the  com- 
pensated repulsion  motor,  or  with  the  three-phase  induction  motor, 
the  ])resent  motor  will  be  found  to  possess  many  superior  qualities, 
whilst  for  speed  regulation  it  is  inferior  to  none. 


ELECTRIC  CRANES.* 

BY    H.    H.   BROUGHTON. 

{Contiiined  from  page  49.) 

Sammarij. — The  author  here  deals  with  the  design  and  construction 
of  the  mechanical  equipment  of  cranes.  The  mechanism  required  for 
eflecting  the  usual  crane  motions  is  treated  in  four  sections.  The 
first  section  relates  to  lifting  mechanism.  The  article  opens  with  a 
short  discussion  on  the  determination  of  the  size  of  motor,  and  a 
simple  expression  is  given  suitable  for  most  ordinary  types  of  jib  and 
overhead  travelling  cranes.  Then  follow  notes  on  wire  ropes,  fla 
link-chains,  the  gear  ratio,  spur  and  worm  gears,  shafting,  barrels, 
blocks  and  hooks,  mechanical  brakes,  limit  switches,  and  the  "free- 
barrel  "  system.    Lifting  magnets  and  safety  tongs  are  also  described. 

Mechanical  BraJces. — In  some  cases  a  mechanical  brake  is 
required  on  the  lifting  gear.  Such  brakes  must  allow  the 
machinery  to  run  freely  in  hoisting,  but  prevent  the  load 
from  descending  except  when  the  motor  is  run  in  the 
lowering  direction.  In  most  forms  of  mechanical  brakes 
the  brake  is  applied  by  the  action  of  the  load,  hence  they 
are  called  load  brakes. 

In  a  Paper  read  at  the  Cleveland  Convention  of  the 
American  Foundrymen's  Association,  Mr.  Saw\-er  divides 
load  brakes  used  by  reputable  American  firms  into  two 
classes  :  one  in  which  the  brake  pressiu'e  is  not  reduced  ui 
lowering,  but  the  motor  acts  with  the  load  to  cause  the 
brake  to  slip,  and  the  other  in  which  the  motor  torque  in 
the  ■'  lowering  "  direction  reduces  the  pressure  between  the 
surfaces,  allowing  the  brake  to  slip  and  the  load  to  descend. 

Mr.  Peters  has  given  the  following  description  of  the 
"  Weston  "  load  brake. t  Referring  to  Fig.  88,  the  ratchet 
wheel  R  is  free  to  revolve  when  hoisting,  but  is  held  by  two 


*  Copyright.     All  rights  of  reproduction  are  reserved. 
t  "  De'sign  of  the  \\'eston  Load  Brake."  by  Ulrit-h   Peters, 
(New  York). 
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silent  pawls  P  from  turning  in  the  lowering  direction.  The 
friction  nut  X  i.s  geared  to  the  motor,  and  the  retaining 
shaft  S,  with  gear  pinion,  lead.s  to  tlie  hoisting  drum.  The 
retaining  shaft  S  and  frictioi^  nut  N  are  threaded  right  or 
left-handed,  according  to  the  hoisting  direction.  The  fric- 
tion flange  F  is  keyed  to  the  retaining  shaft  S.  and  engages 
with  the  friction  nut  N  by  means  of  three  jaws  which  liave 
•about  l■^  deg.  angidar  play.  The  friction  flange  F  drives 
the  pinion  direct  through  tongued  and  grooved  projections 
between  the  pinion  and  flange.  Any  tendency  of  the  load  to 


The  con.struction  of  the  "  free-wheel  "  brake  drum  will 
be  understood  from  Fig.  89.  An  iron  or  steel  block 
witli  internal  notches  machined  in  the  periphery,  is 
keyed  to  the  shaft.  The  outer  member  of  steel  or  iron, 
machined  all  over,  is  bored  out  and  fitted  with  a  plios])hor- 
bronze  bush,  tlie  boss  of  the  block  being  turned  to  the 
correct  diameter  to  give  a  bearing  fit  througli  the  bush. 
Four  (or  other  number)  case-hardened  and  gromid  steel 
rollers  connect  the   inner   block   to    the    outer    member. 


Fig.  88. — Weston  Loah  Bkake. 

revolve  the  retaining  shaft  when  the  motor  is  at  rest  causes 
the  friction  flange  with  the  friction  disc  D  to  be  pressed 
against  the  side  of  the  ratchet  wheel  and  the  thrust  washer 
of  the  nut,  due  to  the  screwing  action  of  the  threads.  The 
friction  of  this  washer  again.st  the  ratchet  wheel,  which,  as 
ah-eady  explained,  does  not  turn  in  the  lowering  direction, 
is  sufficient  to  hold  the  load.  Upon  starting  the  motor  to 
lower,  it  turns  the  friction  nut  and  relieves  a  certain  amount 
of  pressure  on  the  washers,  until  the  pressure  is  overcome 
so  far  as  to  permit  the  load  to  rotate  the  friction  flange  in 


Fig.  89. — "Free  Wheel"  Bhake  Drum. 

Sector-shaped  pieces  of  cast-iron,  pressed  against  the 
rollers  by  means  of  hght  steel  springs,  serve  to  keep  the 
rollers  in  exact  register.  A  wrought-iron  or  steel  ring 
secured  to  the  outer  member  prevents  lateral  displace- 
ment of  the  rollers.  When  the  shaft  rotates  in  a  clock- 
wise direction,  the  outer  rim  is  "  free  "  from  the  .shaft, 
and  this  direction  of  rotation  is  for  lifting  the  load.  In 
lowering,  the  direction  of  rotation  is  reversed.  The  outer 
rim  is  locked  to  the  block  keyed  on  the  shaft,  by  means  of 
the  rollers,  but  as  the  brake  is  applied  to  the  outer  rim, 


uni.son  with  the  .speed  of  the  friction  nut,  or  the  motor. 
The  heat  generated  in  the  brake  is  in  direct  proportion  to 
the  load  and  the  lowering  speed,  and  sufficiently  large 
ladiating  surfaces  must  be  allowed  in  the  brake  so  as  to 
]jrcvent  overheating.  In  the  article  referred  to  above,  it 
is  stated  that  the  required  combined  area  A  (sq.  in.)  of 
friction  nut  and  thrust  washer  is  from  Of!  SW  to  1-0  SW, 
where  W  is  the  lifting  capacity  in  tons,  and  R  is  the  lowering 
speed  in  feet  per  minute.  As  to  the  position  of  the  brake, 
Mr.  Peters  states  that  the  best  results  have  been  obtained 
in  practice  at  about  100  revs,  per  min.  of  the  retaining 
shaft  at  the  maxinuim  lowering  speed. 


rotation  of  the  .shaft  and  consequently  the  whole  of  the 
gear  and  the  barrel  is  always  controlled  by  the  brake. 
With  the  motor  at  rest,  the  braking  effort  is  sufficient  to 
hold  the  maximum  load  without  any  fear  of  the  latter  run- 
ning down. 

The  overload  slipping  brake,  shown  in  Fig.  90,  by 
the  British  Hele-.Sliaw  Patent  Clutch  Co.,  has  been  applied 
to  the  hoisting  motions  of  a  number  of  heavy  electri- 
cally driven  cranes,  built  by  Craven  Bros.,  for  handling 
armour  plates.  For  such  woik  it  will  be  seen  that  if  the 
hook  is  not  at  the  correct  level  when  the  plate  is  put  under 
the  presfs,  the  gantry  or  the  crane  ma^'  be  dr.mig'^'t^  when 
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the  press  is  put  into  action.  In  the  construction  shown, 
the  clutch  is  balanced  by  means  of  springs  introduced 
between  the  outer  case  and  the  sub-case  which  exactly 
balance  the  load.  The  pressure  is  retained  on  the  clutch 
by  means  of  knife  edges  in  the  back.  When  the  overload 
occurs,  the  inner  case  and  the  outer  ca.se  have  a  differential 
movement  which  causes  the  knife  edges  to  slide  down  one 
another  and  so  release  the  load.  The  latter  is  thus  enabled 
to  be  held  down  at  its  correct  level  by  the  press. 

Matthews'  patent  hydraulic  brake,   used  by  Stothert  & 
Pitt  on  manv  of  their  block-setting  titans  and  other  hea\'v 


Fig.  91 — Overwinding  and  Oveklowering  Switch. 

cranes,  has  proved  entirely  satisfactory  under  the  most  ex- 
acting conditions  of  service. 

The  brake  consists  of  two  hydraulic  cylinder.?  fitted  with 
pistons,  guides,  and  cross-heads,  as  shown.  The  pistons 
are  actuated  from  crank-discs,  which  are  driven  by  the 
main  Ufting  gear  of  the  crane  when  the  load  is  being 
lowered.  By-passes  are  provided  to  connect  the  ends  of 
the  cylinders,  and  special  throttle  valves  are  provided  for 
ojjeniug  or  closing  the  openings.  The  cylinders  are  jacketed 
with  cold  water  to  absorb  the  heat  generated.  By  means 
of  a  ratchet  free-wheel  clutch,  when  the  load  is  being  lifted, 
the  hydraulic  pistons  remaui  at  rest  so  that  no  resistance  is 
opposed  to  hoisting. 


Limit  Switches. — It  is  customary  to  provide  a  limit  switch 
on  the  hoisting  motion.  The  function  of  such  a  switch  i.s  to 
open  the  circuit  at  the  critical  moment,  in  order  to  prevent 
the  blocks  and  hook  being  drawn  together. 

The  arrangement  shown  in  Fig.  91  is  much  used  for  the 
purpose.  The  screwed  rod  R  attached  to  the  barrel  shaft  S, 
carries  a  fixing  F  which  is  bored  out  and  threaded  at  its 
upper  end  to  mate  with  the  screw  E.  The  fixing  Is  pre- 
vented from  rotating  by  means  of  the  guide  rod  6.  In  the 
lower  end  of  the  sliding  fixing,  a  earbon-ccntact  C  is  secured. 
Underneath  are  fixed  upon  appropriate  supports  two  pairs 
of  carbon-contacts  Cj  and  C.,,  the  positions  of  which  mav 
readily  be  adjusted  to  suit  any  height  of  lift.  The  first  pair 
of  contacts  is  a  safeguard  against  overwinding,  and  the 
second  pair  is  provided  as  a  safeguard  against  overlowering. 
As  soon  as  the  moving  contact  bridges  over  either  pair  of 
fixed  contacts,  the  motor  circuit  is  broken.  There  are 
several  ways  in  which  the  contacts  can  be  connected  in 
circuit.  An  obvious  arrangement  is  to  connect  each  pair  of 
contacts  to  the  terminals  of  the  "  no- voltage  "  release  coil 


I''lO.    92.~OVERWINDINO    .4ND    OVERLOWERIXG    SwiTCH.  [ 

The  advantage  of  this  type  of  brake  is  that  lowering  can 
be  performed  with  exceeding  smoothness,  and  the  speed 
regulated  to  great  nicety. 

In  addition  to  the  several  mechanical  brakes  described 
above,  a  number  of  compressed  air-brakes  might  be  in- 
cluded. Such  brakes  may  be  supphed  with  aii'  by  means 
of  a  small  motor  driven  compressor  mounted  on  the  crane 
in  much  the  same  way  as  the  brakes  are  supplied  with  air 
on  an  electric  train. 


Fig.  93. — Overwinding  Switch. 

of  an  ordmary  circuit-breaker.  This  should  be  mounted 
in  the  operator's  cabin,  as  it  is  necessary  to  hold  the  circuit- 
breaker  ■'  in  "  until  current  is  obtained  by  turning  the  con- 
troller handle  to  the  first  notch  in  the  "  reverse  "  direction. 
In  Fig.  92  is  shown  another  good  form  of  limit  switch. 
A  screwed  rod,  fLxed  in  the  end  of  the  barrel  shaft,  carries 
a  guided  nut  which  travels  along  the  screwed  rod  until 
the  adjustable  pin  strikes  one  or  other  of  the  bell-crank 
levers  mounted  at  each  end,  one  being  for  overwinding  and 
the  other  for  overlowering  as  before.  The  free  ends  of  the 
bell-cranks  are  connected  by  means  of  Unks  to  an  arm  which 
is  attached  to  a  shaft  carried  across  the  fi-ont  of  the  switch. 
This  arm,  on  being  Ufted,  raises  a  trigger  which  causes  the 
switch  to  open  under  the  action  of  a  strong  spring.  For 
continuous  current  and  single-phase  alternating  current 
equipments  a  single-pole  switch  is  necessary,  and  for  two 
and  three-phase  equipments  a  double-pole  switch  must  be 
provided.  The  construction  and  method  of  mountmg  the 
switch  will  readily  be  mferred  from  Fig.  93. 
(To  be  continued.) 
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THE    ELECTRIFICATION   OF    STEAM  DRIVEN    NON 
REVERSING  ROLLING  MILLS.* 

BY   AY.    F.    JIYLAX. 

In  the  United  Kingdom  much  has  abeady  been  done  in  the  elec- 
trification of  non-reYersing  rolhng  mills,  though  yet  more  work 
remains  to  be  executed,  and  the  question  is  therefore  one  deserYing 
of  the  Yery  closest  consideration.  The  accompanying  table  giYes  a 
list  of  some  of  the  mills  now  in  operation  in  this  country,  together 
with  information  as  to  the  type  of  rolls,  size  of  motor,  electrical 
characteristics  of  the  power  supply  and  the  method  of  applying  the 
motiYe  power  to  the  rolls.  It  is  estimated  that  in  Europe  at  the 
present  time  there  are  upwards  of  230  electrically-driYen  non- 
rcYersing  mills  in  operation,  the  total  horse-power  exceeding  200.000. 

The  electric  dri\-ing  of  rolling  mills  is  quite  past  the  experimental 
stage,  and  it  is  not  only  possible  to  estimate  with  accuracy  the  size 
and  other  details  of  the  equipment,  but  also  to  determine  the  actual 
cost  of  operation  under  any  giYen  conditions.  The  choice  of  a  suit- 
able equipment  is  all  important,  each  case  requiring  separate  con- 
sideration :  while  often  the  final  result  is  in  the  nature  of  a  com- 
promise, the  best  arrangement  from  the  electrical  point  of  Yiew 
proYing  impossible  of  realisation  owing  to  local  conditions. 

The  size  of  motor  required  can  be  estimated  from  indicator 
diagrams  taken  on  the  engine  when  the  mill  is  doing  its  hardest 
work,  though  too  much  reliance  must  not  be  placed  on  these  results. 
Allowance  must  be  made  for  the  increased  output  required  from  the 
motor  owing  to  the  higher  aYerage  speed,  so  that  it  is  better  to  deter- 
mine the  horse-power  of  the  motor  by  calculating  the  work  it  will  be 
called  upon  to  do  from  data  already  obtained  under  the  same  or 
similar  conditions.  Knowing  the  total  output  of  the  mill  during  a 
certain  period,  the  nature,  size  and  section  of  the  raw  material, 
the  size  of  the  finished  product  and  the  cycle  of  operations — i.e., 
the  number  and  time  of  the  passes  and  the  period  of  rest — it  is 
possible,  by  comparison  with  figures  already  obtained  from  other 
installations,  to  estimate  very  closely  the  horse-power  of  the  motor 
to  be  installed. 

A  properly  designed  fljnvheel  is  of  great  use  in  helping  to  reduce 
the  size  of  the  motor  and  enabling  it  to  overcome  the  peak  loads 
without  absorbing  too  great  a  current  from  the  line.  Any  demand 
on  the  energy  contained  in  the  flywheel  must  be  followed  by  a  light - 
load  period  to  allow  the  motor  to  regain  its  normal  speed  and  it 
should  be  remembered  that  the  time  taken  to  extract  energy  from  a 
flywheel  is  usually  considerably  shorter  than  the  time  required  to 
return  the  same  amount  of  energy  to  it.  In  the  perfect  case  the 
light  load  period  is  equal  to  or  greater  than  the  overload  period. 
The  use  of  a  flywheel  for  levelling  the  output  demanded  of  the  motor 
is  not  generally  practicable  if  the  time  in  rolling  one  pass  exceeds 
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about  30  seconds,  and  in  such  cases  the  introduction  of  a  heavy- 
flywheel  is  open  to  very  serious  objections,  as  the  motor  would, 
after  a  certain  point  in  the  pass,  have  to  pull  the  flywheel  round  in 
addition  to  supplying  the  power  required  for  rolling.  This  is  the 
case  in  rolling  long  bars  and  rails.  Here  a  comparatively  light  fly- 
wheel is  desirable,  levelling  only  the  smaller  ])eaks  and  variations  in 
the  load,  the  motor  being  designed  to  deal  w  itli  the  main  peaks  Avitli- 
out  any  external  assistance.  When  heavy  flywheels  are  employed, 
an  automatic  device  is  used  to  en.sure  tliat  they  take  their  full  share 
of  the  load.  This  is  effected  on  mills  with  direct-current  motors  by 
increasing  the  strength  of  the  separately  excited  field  and  in  alter- 
nate-current motors  bj-  inserting  a  resistance  in  the  rotor  circuit. 

The  author  then  deals  with  the  methods  of  S)iced  regulation 
employed  in  electrically-driven  rolling  mills  and  with  the  imi)ortance 
of  efficiency  in  the  gearing  or  other  driving  arrangements  between 
the  motor  and  mill. 

The  author  next  turns  to  details  of  sinue  actual  conversions. 
One  of  these  is  a  cold  rolling  brass  merchant  mill  which  is  now  driven 
by  a  250  h.p.  motor  running  at  250  revs,  per  min.  This  motor  is  of 
the  slip-ring  type  and  is  direct  geared  to  the  mill.  It  is  placed 
underground,  thus  giving  a  large  additional  floor  space  which,  as 
the  mill  is  in  the  heart  of  a  large  city  and  rather  confined  for  room, 
is  of  the  greatest  possible  value.  This  mill  has  two  breaking-down 
rolls  and  six  finishing  rolls,  driven  by  a  train  of  wheels.  The  ingots 
dealt  with  are  of  brass  10  in.  wide.  I  in.  thick,  and  varying  from 
16  in.  to  18  in.  long.  The  original  engine  worked  with  a  boiler 
pressure  of  about  50  lb.  per  square  i  nch.  had  a  single  cylinder  of 
25  in.  diameter  by  4  ft.  stroke,  and  ran  at  53  revs,  per  min.  At 
no  load  the  engine  indicated  60  b.h.p..  the  average  load  was 
120  B.H.P..  and  the  maximum  load  235  b.h.p.  The  average 
output  has  been  considerably  increased  since  the  mill  was  con- 
verted. It  has  been  found  on  the  average  that  breaking  down 
10  in.  by  I  in.  by  12  in.  brass  ingots  into  strips  for  ivires  takes 
86  units  per  ton. 

Another  case  is  an  iron  and  steel  merchant  mill  which  rolls  sections 
of  various  shapes,  sizes  and  hardness.  It  consists  of  five  pairs  of 
12  in.  rolls  running  at  80  revs,  per  min.  as  a  minimum,  and  is  driven 
through  double  licHcal  steel  gears.  Owing  to  the  methods  of  work- 
ing the  mill  is  frequently  overloaded,  but  as  the  motor  is  generously 
rated  no  trouble  has  been  experienced  from  this  cause.  The  supply 
in  this  case  is  direct  current,  and  the  motor  has  a  normal  output  of 
200  B.H.P.  when  running  at  speeds  between  200  to  450  revs,  per  min. 
The  machine  is  fitted  with  commutating  poles,  speed  variation  being 
obtained  by  the  use  of  a  field  rheostat.  Since  this  mill  was  electri- 
fied an  increase  in  output  of  over  30  per  cent,  in  material  rolled  and 
a  decrease  in  the  power  consumed  of  60  per  cent,  has  been  obtained. 
The  current  is  supplied  from  a  large  power  plant,  equipped  with  gas 
engines  and  turbines,  so  that  the  generating  costs  are  very  low. 
Examples  of  the  savings  effected  by  the  use  of  the  electric  drive  in 
the  sheet  iron  and  rail  and  girder  mills  are  also  given  in  the  Paper. 


Details  of  Some  Electrically-driven  Rolling  Mills  in  Operation  or  under  Erection  in  this  Conntry. 
Where  installed. 


Description  of  mill. 


Motor. 


H.P.        Speed. 


Supply. 


Father  Iron  cfe  Steel  Co 

Etna  Iron  &, Steel  Co 

Etna  Iron  &  Steel  Co 

English  McKenna  Process  Co 

Excelsior  Iron  &  Steel  Co 

Rcdheugh  Mills 

Sir  Theodore  Fry  

(Being  erected  only) -! 

John  Summers      

J.  Brown  &  Co 

J.  Brown  &  Co 

H.  Wiggins  &  Co 

H  Wiggins  &  Co 

W.  H.  iloorc  &  Co 

G.  Johnson  &  Co 

The  Mint,  Birmingham 

Birmingham  Metal  &  Munitions -! 

Willans  &  Robinson     

District  Iron  &  Steel  Co 

Jonas  &  Ojlver 

British  Insulated  &  Helsby    

Newcastle  \ 


3  high  12  in.  merchant  mill 

3  high  12  in.  merchant  mill  .. 

3  high  9  in.  merchant  mill 

6  rail  mills  re-rolling  old  rails.. 

Sheet  mill 

Sheet  mill 

Forge  mill  merchant  staff 

16  in.  mill  merchant  staff    

10  in.  mill  inerthiint  staff   

8  in.  mill  merchant  staff 

16  in.  rail  mill 

3  high  merchant  mill 

12  in.  merchant  mill 

12  in.  merchant  mill 

Sheet  (nickel)  mill  

Bar  (nickel)   mill 

Sheet  (brass)  mill 

Sheet  (brass)  mill 


Sheet  (brass)  mill 

Sheet  (brass)  mill 

Tube  mill  I 

12in.  merchant  and  spoke  mill... 

Bar  mill 

Copper  rod  mill 

Wire  rod  mill '■ 

Wire  rod  mill 

Wire  rod  mill 


500-1000 
500-1000 

250 

500 

200 

350 

400 

250 

250 

250 

250 

325 

200 

200 

200 

150 

200 

250      1 
(-  325 
■    235 
(  235 
Two  110 
Two  160 

275 

250 

200 

250 

130 

130 

130 


375 
375 
485 
290 

375 

330 

385 

385 

385 

385 

570 
200-450 
200-450 

300 

375 

240 

240 

365 


360 
360 
360 

500 
350-380 
388 
770 
580 


3  phase,  25  period,  400  volts 
3  phase,  25  period,  400  volts 
3  phase,  25  period,  400  volts 
3  phase,  50  period,  440  volts 
3  phase,  25  period,  400  volts 
3  phase,  40  period,  400  volts 
3  phase,  40  period,  400  volts 
3  phase,  40  \\vrmi\.  400  volts 
3  phase,  40  vc'iioil-  tlH»  volts 
3  phase,  40  yvnoA.  400  voHs 
3  phase,  40  period,  400  volts 
3  phase,  40  period,  400  volts 
230  volts  (direct  current) 


3  phase,  25  period, 
3  phase,  25  period, 
3  phase.  2.-)  |.(ii,icl, 
3phas,..  i.-.  li'Vl...l, 
3phas,.,2.-,|.,nu,l, 
3 phase,  25  iiciioci, 
3  phase,  25  peril  kI, 
3  phase,  25  iieriod 
3|,ba-.e,  L',-,  ,.,„„l 

410    \l.llS    (.lllrrl    n 

3l)l,ase.  LV,  |..,,o,l 

2  phase,  oO  pei-iud 
240  volts  (direct  ci 

3  phase,  40  jieriod 
3  phase,  40  period, 
3  phase,  40  period. 


440  volts 
440  volts 
440  volts 
440  volts 
5.000  volts 
.".(KK)  volts 
5,000  volts 
,  400  volts 
too  volts 

inent) 

440  volts 
200  volts 

irrent) 

440  volts 
440  volts 
440  volts 


Ropes 
Ropes 


Double  helical  gears 

Ropes 

Ropes 

Geared 

Geared 

Geared 

Geared 

Geared 

Ropes 
Double  heUcal  gear 
Double  helical  gear 

Ropes 

Geared 

Geared 

Geared 

Geared 

Geared 

Geared 
Double  helical  gear 
Double  helical  gear 

Ropes 

Geared 

Belted 

Geared 
Geared 
Geared 
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The  advantages  of  using  an  electric  motor  rather  than  the  cjlder 
forms  of  drive  are  that,  owing  to  the  ease  with  which  a  constant 
torque  may  be  maintained,  it  is  possible  to  run  the  mill  at 
higher  speeds  than  formerly  and  thus  to  obtain  more  uniform 
results.  This  increase  in  speed  presents  no  difficulty  as  regards  the 
handling  of  material,  while  the  constant  torque  exerted  renders  the 
mills  ))raclically  free  from  stalling.  The  increased  speed  makes  for 
an  incrcasfd  (iu(|iiil  from  the  mills,  while  the  large  overload  capacity 
enables  a  widely  fluctuating  load  to  be  dealt  with. 

The  decreased  power  costs  obtained  by  using  a  motor  are  due  to 
the  fact  that  energy  may  be  purchased  at  a  small  cost  from  one  of 
the  numerous  sup))ly  comjjanies,  thus  .shutting  down  the  wasteful 
steam  boilers  and  local  electrical  plant. 

A  very  important  advantage  which  follows  on  the  introduction  of 
electricity  is  the  possibility  of  arriving  at  very  exact  figures  (not 
approximations)  of  the  actual  power  consumed  under  any  conditions. 
This  information  being  obtained  for  each  section  rolled,  enables  a 
very  close  ]irice  for  rolling  to  be  determined.  From  such  figures  it 
is  possible  to  tell  at  a  glance  whether  the  mill  is  in  good  working 
order,  or  by  making  alterations  and  taking  readings,  to  see  whether 
the  best  jiussible  method  of  handling  the  material  and  obtaining  the 
desired  result  is  being  adopted. 

The  extreme  simplicity  of  the  control,  and  the  ease  with  which  it 
is  possible  to  make  electrical  apparatus  practically  fool-proof, 
reduces  the  labour  costs  considerably,  and  this,  coupled  with  the 
impossibility  of  an  electrically-driven  mill  racing,  render  less  frequent 
the  stojjpages  for  broken  coujilings.  pinions  and  rolls.  Such 
troubles  are  inseparable  from  a  steam-driven  mill  and  are  a  constant 
source  of  annoyance  and  a  big  loss,  not  only  due  to  increased  u])keep 
but  to  time  lost  by  the  mill  having  to  stand  whilst  the  repairs  are 
carried  out.  The  ])rovision  of  simple  and  certain  protective  devices 
is  easily  arranged  for,  which,  in  emergency,  can  be  relied  upon  to 
operate  with  certainty. 

A  very  material  saving  in  floor  space  is  certain  where  a  mill  is 
converted  to  electricity,  and  this  is  a  great  advantage  as  it  enables 
the  space  around  the  mill  to  be  used  for  the  more  rapid  handling  of 
the  material  required  to  feed  the  mill,  and  for  the  disposal  of  the 
finished  product.  Very  often  the  motor  can  with  advantage  be 
installed  below  the  Hoor  level,  the  only  gear  on  the  shop  floor  being 
the  comparatively  insignificant  control  gear. 

An  electrically-operated  mill  has  in  any  case  Jess  stand-by  losses, 
and  in  the  ca.sc  of  the  motor  fed  from  a 
supply  company's  main,  none  at  all.  In  com- 
paring the  cost  of  rolling  under  the  two  systems 
(3tcam  and  electricity)  this  point  is  important, 
as  in  one  case  the  loss3s  are  very  serious  and 
add  largely  to  the  total  cost  of  rolling  a  certain 
output.  Where  a  motor  is  emploj'ed  for  driv- 
ing a  mill  a  great  advantage  accrues  through 
being  able  to  start  up  immediately,  and  a  further 
reduction  in  cost  of  rolling  is  obtained  through 
less  labour  being  required  to  handle  the  same 
material.  A  motor  requires  only  intermittent 
attention,  and  with  emergency  devices  for  stop- 
ping it  is  not  necessary  to  have  an  attendant 
standing  by  continually. 

As  regards  the  question  of  capital  cost,  that 
of  an  electrically-equipped  rolling  mill  is  at  most 
only  equal  to,  and  in  the  majority  of  cases  is  con- 
siderably cheaper  than,  the  corresponding  steam 
equipment.  If  electrification  involves  the  erection 
of  generating  plant  the  expenditure  of  a  larger 
sum  of  money  than  that  involved  by  putting 
down  a  new  steam  plant  is  necessary,  but  there 
are  usually  a  number  of  auxiliaries  which  can  be 
converted  to  the  electric  drive  with  a  resulting 
increase  in  economy,  and  this  conversion  will 
justify  the  installation  of  a  special  generating 
plant. 

Many  mills  are  taking  their  su])])lies  from  power 
companies'    mains.    e.s|ieeially  in    the    Glasgow. 
Birmingham    and    the    North-East    Coast    dis- 
tricts.     These   have   |)roved   to  be  entirely   re- 
liable,  and   operate  at  a  much  lower  cost  than 
under     the    old    conditions.       In    one    instance,    with    power     at 
0-85d.  per  kilowatt-hour,  a  saving  of  over  £3,001)   was    made   on 
one  year's  working,  more  than  paying  for  the   cost  of   the  equip- 
ment.     The    crux   of   the    whole    question    of    rolling   electrically 
IS  whether  or  not  a  reasonably  cheap  source  of  power  is  obtainalilc 
iither  from  a  private  generating  station  or  from  an  outside  source, 
and  this  obtained,  electrical  rolling  will  be  finuul  to  be  eonsiilcrably 
cheaper  than  steam. 


THE  ELECTRICAL  TREATMENT  OF  SEWAGE 
EFFLUENT. 


It  will  doubtless  be  remembered  by  our  readers  that  some 
time  ago  the  water  supply  of  Nice  was  equipped  with  a  large 
ozonising  plant  for  the  purpose  of  sterilising  the  drinking 
water.     This    was    necessary,    inasmuch    as    bacteriological 

examination  of  the  town  suppiv  revenlf-rl  the  fact  that  a  certain 
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amount  of  matter  was  present  in  the  water,  which  could  not 
fail  to  be  somewhat  dangerous  to  the  health  of  the  public. 
Accordingly  a  motor  running  at  220  volts  on  an  alternate 
current,  three  jihase,  25  cycles  circuit,  driving  a  pump  and 
dynamo,  was  installed,  the  latter  giving  current  at  220  volts, 
and  a  frequency  of  500  per  second.  This  current  was  then  trans- 
formed to  20,0(W  volts,  and  passed  to  a  series  of   ozonisers, 


O/.n.NlsliliS. 


composed  of  two  rectangular  glass  plates,  fitted  with  IG  glass 
separating  pieces,  whereby  the  surfaces  of  the  plates  were 
separated  by  one  millimetre  of  air  space.  Each  plate  was 
covered  on  the  outside  with  tinfoil,  and  one  of  the  plates  Lad 
at  its  centre  a  hole  for  the  air  to  be  drawn  through.  The 
energy  required  for  the  pump  is  26  kw.,  while  the 
energy    required    for    the    ozoni.ser   is    78  kw.        The    water. 
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which  is  taken  from  a  spring,  is  delivered  by  the  pump  to  the 
first  floor,  whence  it  flows  into  the  mixers.  The  output  of  each 
mixer  is  120  cubic  metres  per  hour,  with  a  maximum  of  150 
cubic  metres  per  hour.  The  water  and  the  ozone  are  then 
mixed  in  suitable  nozzles,  and  after  passing  through  the 
filters,  the  clarified  water,  smelling  strongly  of  ozone,  flows  into 
the  empty  reservoir. 

Fig.  1  shows  the  ozone  chambers  on  the  left,  from  which  the 
ozone  is  conducted  to  the  main  supply  on  the  right,  mixed  in 
the  emulsers  and  carried  to  the  sterilising  galleries,  which  are 
under  the  floor  shown.  Fig.  (5  shows  another  view  of  this 
equipment,  while  Fig.  2  shows  more  clearly  one  of  the  ozone 
chambers.  Fie.  3  shows  the  outlet  of  the  ozonised  liquid,  and 
Fig.  i  the  electric  plant  required.  So  successful  was  this 
plant,  which  was  installed  under  the  Otto  processes  repre- 
sented by  the  Lahmeyer  Electrical  Co.,  of  New  Oxford- 
street.  London.  W.C.,  that  a  second  installation  is  being  put 
in  at  Nice,  the  first  one  of  which  is  treating  five  million 
gallons  of  water  per  day,  and  they  have  received  an  order  for 
the  treatment  of  a  ten  million  gallon  supply  for  the  City  of 
Paris. 

There  is  now  a  further  development  of  the  treatment  of  water 
by  means  of  ozone.     The  exceedingly  good  results,  which  have 
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already  been  furnished  in  connection  with  town  supply  drinking 
water,  by  pa.ssing  a  high  pressure  electric  current  over  dielec- 
trics, has  induced  a  consideration  of  the  application  of  the  same 
processes  to  the  treatment  of  sewage  effluent.  The  principle  of 
the  system  is  particularly  simple.  Air  is  drawn  through  the 
ozonisers  and  is  then  carried  to  a  mixing  chamber  which  affords 
thorough  contact  between  the  ozone  and  the  water,  and  the 
mixture  is  then  carried  through  a  sterilising  gallery,  by  which 
means  the  liquid  is  thoroughly  saturated.  Ozone  is  well  known 
for  its  bactericidal  powers,  and  thus  all  pathogenic  germs  are 
eliminated.  The  action  of  ozone  is  particularly  noticeable 
where  the  presence  of  bacUlus  coli  is  found  in  large  quantities, 
such  as  in  wells  which  have  become  contaminated  by  sewage, 
and  the  overflowing  of  water  sources  in  times  of  storm  on  to  the 
land  where  contamination  takes  place.  Germs  of  typhoid 
and  enteric  are  also  particularly  susceptible  to  the  influence  of 
ozone.  Taking  therefore  the  system  in  which  it  is  required  to 
treat  25, (XX)  gallons  of  sewage  effluent  per  hour  or  600,000  gallon 
per  day,  the  solids  in  suspension  in  the  water  to  be  treated  may 
be  allowed  for  at  the  rate  of  three  grains  per  gallon,  or  42-8 
grammes  per  220  gallons  ;  the  total  weight  would  be  230  lb. 
per  24  hours.  As  the  matter  in  suspension  would  be  very  fine, 
it  would  be  necessary  to  employ  a  coagulant,  such  as  sulphate 
of  alumina,  and  to  pass  the  mi.xture  through  a  precipitation 


tank,  but  a  roughing  tank  would  usually  be  sufficient  to  treat 
this  amount  of  suspended  matter.  For  pumping  purposes  a 
centrifugal  pump  is  employed  to  raise  the  effluent  to  a  height  of 
10  metres,  at  the  rate  of  31-1  cubic  metres  per  second,  and 
taking  the  efficiency  of  the  pump  at  0-6  the  necessary  power  is 
6-8  H.P.  For  the  production  of  ozone,  allowing  one  gramme 
per  100  gallons,  246-4  grammes  would  be  necessary  for  112 
cubic  metres,  and  the  energy  expended  would  be  7,392  watts. 
Taking  into  account  the  efficiency  of  the  alternator  this  would 
involve  the  expenditure  of  14-4  h.p.  The  exciter  absorbs 
0-57  H.P.,  and  the  total  power  for  the  whole  plant  would  be 
21-72  H.F.     The  plant  veiniired  to  deal  witii  this  mitput  would 
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be  a  centrifugal  pump,  a  15  kw.  single-phase  alternator  of  500 
cycles,  220  volts,  with  an  exciter,  a  distributing  board  complete 
with  instruments  for  control  and  measurement,  a  single-phase 
transformer  converting  from  220  to  15,000  volts  at  500  cycles 
with  a  coil  absorbing  power  of  15  k.v.a.,  a  seven-element  battery 
ozoniser  for  246-6  grammes  of  ozone,  absorbing  about  1,056 
watts  per  element,  and  an  emulser  composed  of  100  aspirators 
mounted  in  a  cylindrical  iron  box  with  an  enamelled  interior, 
each  having  an  output  of  1-12  cubic  metres  per  hour  under  a 
pressure  of  13  ft. 

For  an  output  of  double  the  capacity  the  pump  power 
required  would  be  13-8  H.P.,  the  energy  consumption  in  ozonisa- 
tion   14.850  watts,   and  the  total   power  for  the  alternator 


Fig.  5. — Diagram  showing  Arrangement  of  Plant. 

43-85  H.P.  Two  transformers  of  the  type  mentioned  above 
would  be  required,  and  the  element  battery  and  emulser  sec- 
tions would  have  to  be  doubled  in  capacity.  These  groups  of 
emulsers  are  mounted  on  a  tank  of  bonded  cement,  above  the 
sterilising  galleries,  so  that  the  level  of  the  water  in  the  sluices 
placed  in  the  galleries  is  13  in.  above  the  pebbles.  This  water 
level  should  also  be  26in.  below  the  aspirator  level  in  the  emulser 
groups.  The  depth  of  the  tank  is  6  ft.,  and  a  pipe  in  bonded 
cement  connects  the  lower  part  of  the  tank  with  the  water  inlet 
of  the  galleries.     The  arrangement  is  clearly  seen  in  Fig.  5. 

The  sterilisation  galleries  are  composed  of  large  taidvs  in 
masonry,  covered  over  with  pure  cement  in  order  to  render  tlieni 
watertight,  every  gallery  having  an  interior  dimension  of  about 
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18  ft.  by  5  ft.  For  the  smaller  capacity  of  2.5,(K)()  gallons  of 
sewage  effluent  per  hour,  one  sucli  gallery  is  sufficient,  the 
capacity  being  doubled  for  the  larger  figure  mentioned.  The 
lower  portion  of  the  gallery  which  is  4  ft.  6  in.  in  height  between 
the  base  and  the  grids  supporting  the  pebbles,  forms  a  reserve 
of  ozonised  water,  and  is  furnished  at  the  bottom  with  a 
hydraulic  joint ;  this  allows  the  outlet  of  the  water,  but  retains 
the  gas,  which  must  therefore  rise  into  the  gallery  among  the 
mass  of  pebbles.  The  water  falls  into  the  cistern  by  a  sluice, 
which  can  be  used  to  gauge  the  output.  The  body  of  the 
gallery  is  8  ft.  in  height  above  the  grid  which  carries  pebbles 
for  a  height  of  about  6  ft.  It  is  important  that  these  pebbles 
should  be  thoroughly  smooth  and  carefully  cleaned  from  any 
traces  of  clay  or  earth  ;  they  should  also  be  non-porous  and 
non-ferruginous.  The  ozonised  air  is  conducted  from  the 
battery  of  ozonisers  by  a  stoneware  conduit  as  far  as  the 
emulser,  and  the  air  which  accumulates  at  the  upper  part  of 
the  emulser  tank  is  conducted  under  the  grid  by  a  similar  pipe, 
which  runs  the  whole  length  of  the  gallery.  The  part  of  the 
pipe  which  is  exposed  to  the  gallery  is  perforated  in  order  to 
allow  the  freeing  of  the  ozonised  air,  by  which  means  a  thorough 
sterilisation  is  obtained  between  this  and  the  water  flowing 
over  the"pebbles  to  meet  it. 


Fig.  0. — Okneral  View  op  Ozonisers  and  Emulsers. 


That  this  scheme  is  anything  but  visionary  is  shown  by  the 
actual  success  of  the  ozone  processes,  as  developed  by  the  firm 
mentioned.  In  addition  to  tlie  installations  mentioned  above, 
this  apparatus  has  already  been  installed  for  drinking  water  at 
Dinard  and  Cosne,  at  each  of  which  places  .528,()I)()  gallons  arc 
treated  per  'li  hours,  Chartres  where  1,210,()()()  gallons  per  2-i 
hours  are  treated,  Armentieres  660,000,  Avranches  .506,000,  a 
second  installation  for  Dinard  506,000,  &c.,  while  at  the  follow- 
ing towns  installations  have  been  erected  or  are  in  the  course  of 
construction  to  deal  with  si.x  million  gallons  per  day  : — Ville- 
franche,  Beaulieu,  Saint  Jean,  Eze,  La  Turbie,  Gabbe-Roque- 
brune,  Mentone,  Monaco,  Monte  Carlo  and  other  towns. 

Where  iron  appears  very  largely  in  solution  it  is  necessary  to 
precipitate  this  before  using  the  ozone  apparatus,  but  it  may  be 
roughly  taken  that  for  the  treatment  of  one  million  gallons  per 
day  of  sewage  effluent,  the  cost  of  the  whole  of  the  plant  neces- 
sary would  be  between  £3,000  and  £4,000,  while  the  working 
expenses  for  such  a  system  can  be  gauged  from  the  figures  of 
power  required,  given  above.  This  is  in  such  strong  contrast 
>^'ith  the  extensive  works  which  are  at  present  laid  down  for  the 
treatment  of  sewage  effluent,  in  many  cases  absorbing  a  con- 
siderable acreage  of  valuable  land,  that  the  subject  is  well  worth 
careful  investigation  by  our  municipal  engineers. 


THE  INTERNATIONAL  CANDLE. 

We  have  received  from  the  National  Physical  Laboratory 
the  following  inqjortant  memorandum  in  regard  to  an  inter- 
national standard  of  light: — 

In  order  to  determine  as  accurately  as  jios.sible  the  relations  be- 
tween the  photometric  unit.sof  America,  France,  Germany  and  Great 
Britain,  comparisons  have  been  made  at  different  times  during  the 
past  few  years  between  the  unit  of  light  maintained  at  the  Bureau 
01  Standards,  Washington;  at  the  Laboratoire  Central  dElectricite, 
Paris;  at  the  Physikalisch-Technische  Reiclisan.stalt,  Berlin,  and  at 
the  National  Physical  Laboratory,  London. 

The  unit  of  light  at  the  Bureau  of  Standards  has  been  maintained 
through  the  medium  of  a  series  of  incandescent  electric  lamjjs,  the 
values  of  which  were  originally  intended  to  be  in  agreement  with  the 
British  unit,  being  made  100/88  times  the  Hefner  unit. 

The  unit  of  light  at  the  Laboratoire  Central  is  the  bougie  decimale, 
which  is  the  20th  part  of  the  standard  defined  by  the  International 
Conference  on  Units  of  1884,  and  which  is  taken,  in  accordance  with 
the  experiments  of  Violle,  as  0104  of  the  Carcel  lamp. 

The  unit  of  light  at  the  Physikahsch-Teolmische  Reiclisanstalt 
is  that  given  by  the  Hefner  lamp  burning  at  normal  barometric 
pressure  (76cm.)  in  an  atmosphere  containing  88  litres  of  water 
vapour  perxubic  metre. 

The  unit  of  flight  at  the  National  Physical  Laboratory  is  that 
given  by  the  10  c.p.  Harcourt  pentane  lamp, 
which  was  prescribed  for  use  by  the  Metro[K)litan 
Gas  Referees,  burning  at  normal  barometric 
pressure  (76  cm.)  in  an  atmosphere  containing 
8  litres  of  water  vapour  per  cubic  metre. 

In  addition  to  the  direct  intercomparison  of 
flame  standards  carried  out  recently  by  the 
national  laboratories  in  Europe,  one  comparison 
was  made  in  1906  and  two  in  1908  between 
the  American  and  Euro[)ean  units  by  means  of 
carefully  seasoned  carbon  filament  electric  stan- 
dards, and  as  a  result  of  all  the  comparisons, 
the  following  relationships  are  established  be- 
tween the  above  units: — 

The  pentane  unit  has  the  same  value  within 
the  errors  of  experiment  as  the  bougie  decimale. 
It  is  16  per  cent,  less  than  the  standard  candle 
of  the  United  States  of  .America  and  11  per 
cent,  greater  than  the  Hefner  unit. 

In  order  to  come  into  agreement  with  Great 
Britain  and  France,  the  Bureau  of  Standards  of 
America  proposed  to  reduce  its  standard  candle 
by  1'6  per  cent.,  provided  that  France  and  Great 
Britain  would  unite  with  America  in  maintain- 
ing the  common  value  constant,  and,  with  the 
approval  of  other  countries,  would  call  it  the 
International  candle.  The  National  Physical 
Laboratory.  London,  and  the  Laboratoire  Cen- 
tral d'Electricite,  Paris,  have  agreed  to  adopt 
this  proposal  in  respect  to  the  photometric 
standardisation  which  they  undertake,  and  the 
date  agrjed  upon  for  tlie  adoption  of  the  common  unit  and  the 
change  of  unit  in  America  is  April  1.  1909. 

The  following  simple  relations  will,  therefore,  hold  after  that  date: 
Proposed  new  imit=I  pentane  candle 
=  1  bougie  decimale 
=  1  American  candle 
=  1'11  Hefner  unit 
=  0-104  Carcel  unit. 
Therefore,  1  Hefner  unit  =  0-90  of  the  proposed  new  unit. 

The  pentane  and  other  photometric  standards  in  use  in  America 
will  hereafter  be  standardised  by  the  Bureau  of  Standards  in 
terms  of  the  new  unit.  This,  within  the  limits  of  experimental 
error,  will  bring  the  photometric  units  for  both  gas  and  electrical 
industries  in  America  and  Great  Britain,  and  therefore  the  elec- 
trical industry  in  France,  to  a  single  value,  and  the  Hefner  unit  will 
be  in  the  simple  ratio  of  9, 10  to  this  international  unit. 

Ths  proposal  to  call  the  common  unit  of  light  to  be  maintained 
jointly  by  the  national  standardising  laboratories  of  America, 
France  and  Great  Britain  the  •'  International  candle  "  has  been 
submitted  to  the  International  Electrotcchnical  Commission,  and 
through  it  to  all  the  countries  of  the  world  which  are  represented 
on  that  Commission. 

It  is  hoped  that  general  ajiproval  will  be  secured,  and  that  in 
the  near  future  the  term  "International  candle"  for  the  new 
unit  will  have  official  international  sanction. 
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A  NOTE  ON  THE  PRODUCTION  OF  STEADY  ELEC 
TKIC  OSCILLATIONS  IN  CLOSED  CIRCUITS  AND 
A  METHOD  OF  TESTING  RADIO  TELEGRAPHIC 
RECEIYERS* 


BY  J.  A.   FLEMISH.  U.SC,  F.R.: 


.VXD  v..  B.  DYKE.  B..SC. 


Summary. — The  authors  sliow  that  by  using  two  closed  ostiUatory  cir- 
cuits placed,  say,  50  ft.  to  150  ft.  apart,  the  equivalent,  for  testing  purposes, 
of  radio-t«legraphic  stations  with  open  oscillators  at  very  large  dis- 
tances  can  be  obtained.  A  description  is  given  of  the  apparatus  at 
University  College,  London,  and  of  tests  on  various  detectors. 


In  testing  radio-telegraphic  detectors  the  difficulty  is  generally 
to  obtain  facilities  for  working  in  actual  stations  and  at  various  dis- 
tances. The  tirst-namcd  author  lias,  therefore,  been  seeking  for 
some  years  past  for  a  method  of  testing  receivers  within  very  moderate 
distances  so  as  to  afford  all  the  advantages  to  be  obtained  by  work- 
ing over  long  distances  without  any  of  the  disadvantages.  This  has 
now  been  acliieved  by  the  use  of  closed  electric  circuits  or  magnetic 
oscillators  instead  of  electric  oscillators.  In  a  previous  Papert  two 
formula;  were  given  :  one  for  the  radiation  in  watts  from  a  linear 
oscillator  of  the  Hertzian  type  of  length  I,  and  the  other  from  a 
square  closed  circuit  of  area  S,  on  the  assumption  that  the  oscilla- 
tions were  persistent  oscillations  having  a  root  mean  S(juare  value, 
.a,  and  a  frequency,  X.     These  formulre  were 

W=8"  X  10--''r-o-N^  (for  the  open  or  electric  oscillator). 
W=4  X  10-3*S-a-N^  (for  the  closed  or  magnetic  oscillator), 
where  W  stands  for  the  radiation  in  watts,  I  for  the  length  of  the 
linear  oscillator  and  S  for  the  area  of  the  closed  or  magnetic  oscil- 
lator. Hence,  for  any  such  frequencies  as  are  used  in  radio-tele- 
graphy and  for  such  dimensions  as  are  generally  possible,  an  open 
or  linear  oscillator  has  much  greater  radiative  power  than  a  closed 
oscillator  of  about  the  same  linear  dimensions.  Accordingly,  if  two 
closed-circuit  oscillators  are  placed  at  a  certain  distance  apart'and 
oscillations  .set  up  in  one  of  them,  and  the  other  one  used  as  a 
receiving  circuit,  the  current  in  the  receiving  circuit  can  be  made 
extremely  feeble  when  the  oscillators  are  separated  by  not  more 
than  a  few  hundred  yards,  and  we  can  avail  ourselves  of  such  a  means 
to  provide  «hat  is  the  equivalent  to  two  radio-telegiaphic  stations 
with  open  or  linear  oscillators  separated  by  many  hundreds  of  miles, 
i;  In  order  to  supply  the  necessary  conditions  for  quantitative  work, 
one  of  these  closed  circuits  must  be  made  the  seat  of  perfectly  con- 
stant oscillations,  damped  or  undamped,  by  preference  damped 
oscillations.  The  appliances  which  have  now  been  in  use  in  the  radio- 
telegraphic  research  laboratory  at  University  College,  London,  for 
many  years  past  for  this  purpose  are  as  follows :  The  source  of 
E.M.F.  may  be  an  induction  coil  or  transformer.  If  an  induction 
coil,  it  is  preferably  operated  by  large  secondary  cells,  the  i)rimary 
current  being  interrupted  by  some  good  form  of  mercury  coal-gas 
break.  We  have  used  for  this  pur[)ose  with  great  advantage  the 
Bfeclere  mercury  coal-gas  break.  We  have  also  used  with  even 
greater  advantage  for  some  time  a  mercury  turbine  break  by  Schall, 
thus  converted  into  a  coal-gas  break  which  will  work  for  hours  at  a 
time  for  many  months  without  the  slightest  attention.  To  obtain 
perfectly  constant  results  it  is  necessary  to  cause  a  jet  of  air  to 
impinge  upon  the  .spark-gap  to  destroy  the  arcing  which  otherwise 
would  take  i)lace,  and.  as  shown  in  another  Paper. J;  the  result  of  this 
air  blast  is  to  remove  the  causes  of  the  irregularity  in  the  di.scharge 
current.  It  is  also  dcsiiable  to  enclose  the  spark  balls  in  a  cast-iron 
chamber  for  silencing  purposes. 

The  form  of  spark-gap  used  by  the  authors  consists  of  a  cast-iron 
chamber,  S  (Fig.  1),  closed  by  a  lid  with  a  glazed  peephole  in  it,  the 
distance  of  the  spark  balls  being  adjustable  by  a  screw,  and  a  glass 
jet,  J,  being  arranged  so  as  to  cause  a  steady  jet  of  air  from  a  small 
Lenno.v  blower  under  a  pressure  of  10  in.  to  20  in.  of  water,  to  im- 
pinge upon  the  s|)ark-gap.  An  aperture  is  left  in  the  cast-iron  cham- 
ber, through  which  this  air  escapes.  By  using  a  small  spark-gap 
not  more  than  3  mm.  in  length,  and  a  uitable  pressure  of  air,  it  is 
possible  to  maintain  oscillations  of  great  constancy  in  a  circuit  which 
includes  the  spark-gap  S,  a  suitable  conden.ser,  C„  and  the  closed 
circuit  L,,  which  constitutes  the  radiator.  The  radiator  is  pre- 
ferably made  by  winding  8  or  10  turns  of  stranded  insu'ated  wire 

♦  Abstract  of  a  Paper  read  before  the  Physical  Society.  A  short  ac- 
count of  the  discussion  ap])cared  in  our  issue  of  A])ril  IGth,  p.  2(). 

t "  On  Magnetic  Oscillators  as  Radiators  in  Wireless  Telegraphy,"  liy 
.1.  A.  Fleming.     Tjie  Electrician,  December  27,  lii07,  and  January  3, 

:J  The  Kffect  of  an  Air-blast  upon  the  Spark  Discharge  of  a  Condenser 
^arged  by  an  Induction  Coil  or  Transformer,"  by  J.  A.  Fleming  and 
H.  W.  Richardson.      (See  p.  175  of  our  last  issue). 


upon  a  square  wooden  frame,  which  may  be  anythmg  from  2  ft. 
to  8  ft.  or  1(1  ft.  inside.  The  condenser  may  be  an  ordinary  leyden 
jar.  or  j)refcrably  an  oil  condenser  ci insisting  of  metal  plates  placed 
in  anhydrous  paraffin  oil.  The  higli-frequeney  capacity  of  this 
condenser  can  then  be  measured  accurately,  and  also  the  inductance 
of  the  radiative  circuit  and  the  frequency  of  the  sparks  can  be 
ascertained  by  a  spark  counter.  The  mean  square  value  of  the 
current  in  the  oscillatory  circuit  can  be  determined  by  a  hot -« ire  or 
thermo-electric  ammeter  inserted  in  it,  or  in  a  circuit.  M,  inductively 
coupled  to  it.  Signals  can  also  be  automatically  sent  by  interrupting 
the  primary  circuit  of  the  transformer  or  induction  coil  by  a  key 
operated  by  a  punched  tape. 

At  a  distance,  say.  of  50  ft.  to  150  ft.  ov  more,  another  square 
circuit  may  he  set  up  consisting  of  a  similar  square  coil  of  insulated 
wire.  Lj  (Fig.  2),  and  a  conden.ser.  C„.  A  convenient  form  is  one 
consisting  of  fi.xed  semi-circular  plates  and  a  number  of  movable 
semi-circular  plates  fi,xed  on  a  shaft,  which  can  be  rotated,  so  as  to 
bring  the  second  set  of  plates  more  or  less  in  between  the  first  set, 
the  vessel  being  filled  with  a  highly  insulating  oil.  Two  of  such 
closed  oscillatory  circuits  can  be  set  up  within  a  large  building. 

To  test  a  radio-telegraphic  detector  of  any  kind  it  is  first  necessary 
to  be  certain  that  the  detector  per  se.  when  unconnected  to  the 
oscillatory  receiving  circuit,  is  not  directly  affected  by  the  spark 
at  the  distance  at  which  the  .sending  and  receiving  circuits  are  .set  up. 
Then  any  particular  type  of  oscillation  detector,  D  (Fig.  2),  can  be 
tested  as  to  sensibility  by  inserting  it,  either  in  series  with  the  con- 
den.ser of  the  receiving  circuit,  or  in  parallel  with  the  condenser 
of  the  receiving  circuit.  The  detector  D  is  associated  with  a  tele- 
phone, T,  and  a  battery,  B,  shunted  by  resistance  R  as  usual.  The 
use  of  the  closed  circuits  has  this  great  advantage,  that,  being  direc- 
tive radiators  and  absorbers,  it  is  possible,  l)y  a  displacement  of  the 


FiQ.  1.— Transmitting  Cihcuitp. 


Fig.  2.— Heceivino  Ciucuits. 


planes  of  the  magnetic  oscillators  with  reference  to  one  another, 
to  obtain  a  quantitative  measure  of  the  sensibility  of  any  given 
oscillation  detector. 

Anotlicr  method  is  to  maintain  the  receiving  circuit  in  its  position 
of  niaxinuim  effect,  but  to  upset  the  tuning  of  the  receiving  circuit 
by  varying  the  capacity  of  the  condenser  t)r  the  inductance  of  the 
circuit.  This  varies  the  mean  square  value  of  the  received  current, 
and  from  the  resonance  curve  enables  us  tn  get  the  measure  of  the 
current  or  P.T).  which  tlie  particular  oscillation  detector  under  test 
will  just  not  detect. 

It  has  been  found  convenient  to  denote  the  relative  telegraphic 
value  of  detectors  by  stating  the  angle  in  degrees  through  which  the 
receiving  coil  has  to  be  rotated  from  the  zero  position  that  good 
audible  signals  can  be  obtained  on  the  telephone.  If  a  note  is  made 
of  the  value  in  amperes  or  milliamperes  of  the  current  in  the  closed 
transmitting  circuit,  this  can  always  be  recovered,  and  if  the  spark 
length  and  spark  frequency  are  the  same,  we  can  always  be  sure  that 
the  sending  circuit  is  in  a  constant  and  similar  condition  when  com- 
parative tests  are  made. 

The  closed  receiving  coil  is  conveniently  made  by  winding  silk- 
covered  copper  wire,  No.  16  S.W.G.,  on  a  square  mahogany  frame, 
which  can  be  revolved  on  jiivots  carried  on  a  baseboard,  which  can 
itself  be  set  at  any  required  angle.  In  general  appearance  it  re- 
sembles an  instrument  used  in  physical  laboratories  under  tlie  name 
of  an  earth  inductor,  for  obtaining  small  induced  currents  by 
means  of  the  rotation  of  a  coil  in  the  tt'rrestrial  magnetic  field. 

Some  Fleming  oscillation  valves  of  a  new  type  were  found  tci  be  .so 
sensitive  to  o.scillations  that  no  position  in  which  the  rcccix  in?.'  circuit 
could  be  placed  was  ,so  completely  a  position  of  zeri)  mutual  induction 
that  these  valves,  when  used  with  a  t<'lcphone,  gave  no  signals  from 
a  tuned  transmitter.  Such  valves  were  called  zero  valves.  Others 
could  not  detect  signals  until  the  coil  had  been  turned  tlirough  5,  10 
or  20  deg.  from  the  zero  or  minimum  position.     A  magnetic  detector 
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Inserted  in  series  with  the  coil  could  not  detect  the  signals  from  the 
transmitter  until  the  coil  was  turned  tlirougli  15  deg.  An  elec- 
trolytic detector  of  a  particular  make  required  a  rotation  of  40  deg., 
and  a  carborundum  detector  required  45  deg.  rotation  of  tlie  coil 
to  give  audible  signals  on  the  telejjhone.  These  measurements  are 
not  given  as  absolute  and  final  measurements  of  the  relative  sensi- 
bility of  all  magnetio.  electrolytic  or  crystal  detectors. 


SIDBROD  SINGLE  PHASE  LOCOMOTIYE. 


A  type  of  single-phase  locomotive,  designed  to  reduce  the  main- 
tenance charges  on  rolling  stock  of  this  class,  has  recently  been 
designed  and  built  by  the  General  Electric  Co.  and  the  American 
Locomotive  Co.  The  distinguishing  feature  is  the  mounting  of  the 
motors  on  tcjj)  of  the  frames  and  connecting  them  to  the  driving 
wheels  by  rods  and  cranks.  Two  800  H. P.  .single-phase  15  cycle 
motor.swill  form  the  equipment  of  the  locomotive,  which  is  designed 
todevelop  a  tractive  effort  of  .30,0001b.  at  a  speed  of  18  miles  per 
hour,  and  to  have  a  maximum  speed  of  50  miles  per  hour.  Tlie 
locomotive  has  been  equipped  temporarily  with  two  400  ii. P.  motors 
for  testing  puiiioses. 

The  frame  and  running  gear  are  not  unlike  tliose  of  the  steam 
locomotive.  There  are  three  pairs  of  49  in.  coupled  driving  wheels, 
a  radial  two-wheeled  pony  truck  at  one  end  and  a  four-wheeled 
bogie  truck  at  the  other  end.  The  total  wheelba.se  of  the  locomo- 
tive is  36ft.  3  in.,  but  the  rigid  wheelbase  is  only  10ft.,  which  per- 
mits rounding  the  sharpest  curves.  The  weight  when  fully  equipped 
will  be  250,0001b.,  of  which  162,0001b.  will  be  carried  by  the  three 
driving  axles.  This  gives  a  weight  per  driving  axle  much  higher 
than  that  on  either  the  New  York  Central  or  the  New  Haven  electric 
locomotives,  although  slightly  less  than  the  maximum  weight  em- 
ployed on  high-speed  steam  locomotives. 


connection  through  the  driving-wheel  side  rods.  The  object  of 
using  the  jackshaft  is  to  permit  a  horizontal  drive  between  the 
spring-supported  part  of  the  locomotive  and  the  driving  wheels. 
This  is  necessary  in  order  to  provide  for  vertical  play  between  the 
spring-supported  part  and  the  non-si)ring-supported  wheels  with  a 
negligible  variation  in  the  distance  between  crank  centres. 


Fig.  2. — Flexible  CocpLrxc. 

An  interesting  mechanical  detail  is  the  flexible  coui)ling  {see 
Fig.  2)  inserted  between  the  motor  armature  shaft  and  the  motor 
crank  arm.  The  motor  crank  arm  and  its  counterweight  are 
formed  in  one  piece,  which  is  bored  out  to  fit  over  an  extension 
of  the  motor  armature  shaft.     Just  outside  the  armature  bearing 


I.-  SiNc:r,i':  riiAsK  LofoMOTivE  with  Ckwks 


The  motors  start  as  repulsion  inotois  with  sliort-eireuitcd  arma- 
tures, and  as  the  speed  increases  are  changed  over  to  series  repulsion 
motors,  thus  giving  the  motors  high  starting  torque  and  eliminating 
running  with  .short-circuited  armatures.  The  starting  tractive  effort 
is  about  twice  tlie  running  effort  on  the  same  input.  By  mounting 
the  motors  on  top  of  the  frame,  extralarge  bearings  may  be  employed, 
and  the  air-gap  may  be  reduced  to  a  minimum,  since  there  is  no 
danger  of  the  armature  dropping  on  the  pole-pieces.  Also  the  motors 
being  carried  on  the  frame  of  the  locomotive  and  near  the  centre, 
there  are  no  severe  shocks  produced  by  dead  weight  on  the  axles, 
and  the  moment  of  inertia  of  the  locomotive  around  its  vertical  axis 
is  reduced  to  a  minimum. 

The  arrangement  of  connecting  rods  between  the  motors  and  the 
driving  wheels  is  illustrated  in  Fig.  1  herewith.  Two  jackshafts, 
10  in.  in  diameter,  and  supported  in  bearings  rigidly  fi.\ed  in  the 
locomotive  frames,  extend  across  the  frames  outside  of  the  end  driving 
wheels.  Quartered  crank  arms  are  shrunk  and  keyed  on  both  ends  of 
these  jackshafts  and  similar  crank  arms  are  attached  with  flexible  coup- 
lings til  both  cndsof  each  motor  armature  shaft.  Inclined  connecting 
rods  extcntl  from  each  motor  crank  arm  to  the  corresponding  jackshaft. 
To  the  same  crank  pins  on  the  jackshafts  are  connected  the 
driving-wheel  side  rods.  For  each  revolution  of  the  motor  arma- 
tures, therefore,  the  driving  wheels  make  one  complete  revolution, 
and  the  motors  revolve  in  exact  unison,  due  to  the  mechanical 


*  Abstracted  from  the  "  Electrical  World.' 


the  armature  shaft  is  enlarged  in  diameter,  and  notches  are  cut 
out  to  form  seats  for  eight  sets  of  radial  leaf  springs.  On  the 
inside  surface  of  the  crank-arm  counterweight  suitable  notches 
are  formed  to  seat  the  other  end  of  the  leaf  springs.  The  sets  of 
springs  are  fastened  to  th,-  counterweight  by  bolted  lugs  which 
fit  over  the  spring  bands. 


THE  ELECTROLYTIC  THEORY  OF   THE  CORROSION 
OF  IRON  AND  ITS  APPLICATIONS." 

BY    \V.    H.    WALKER. 

SMmHwiry.— The  author  first  describes  the  fundamental  conceptions 
involved  in  the  modiiii  electrolytic  theory  of  the  corrosion  of  iron,  and 
then  develops  this  tlieoiy  from  the  facts  now  known,  showing  that  the 
older  carbonic  avid  theory  advocated  by  Dr.  Friend  can  be.  and  is,  in- 
cluded therein.  Finullv  "he  points  out  some  pia.tical  applications  of 
this  theory  to  the  prnbloni  of  corrosion  as  met  with  in  engineering 
practice. 

In  accordance  with  the  almost  universally  accepted  electrolytic 
dissociation  theory,  when  a  salt  dissolves  in  water  a  certain  propor- 
tion of  the  dissolved  molecules  are  regarded  as  dissociated  or  broken 
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up  by  the  water  intu  com|)onent  parts  called  ions.  These  ions  fre- 
quently act  as  whole  molecules  do,  but  differ  from  real  atoms  in  that 
thej'  carry  relatively  large  charges  of  electricity.  Water  itself  is 
somewhat  dissociated  into  two  ions  oppositely  charged — the  po-sitive 
hydrogen  ion  composed  of  one  atom  of  hydiogen.  and  the  negative 
hydro.xyl  ion  composed  of  one  atom  each  of  o.xygen  and  hydrogen. 

In  the  case  of  pure  iron  in  water  a  conditionperfectly  analogous  to 
that  of  electrolytic  solution  pressure  is  found  to  exist.  Water  itself  is 
dissociated  to  a  small  but  p;>rfectly  definite  extent  into  its  ions, 
hydrogen  (H)  and  hydroxyl  (OH).  ^A'hen  a  strip  of  pure  iron  comes 
into  contact  with  water,  it  sends  into  the  water  iron  atoms  in  the 
form  of  positively  charged  ions.  Hydrogen  as  a  metal  has  a  much 
smaller  .solution  pressure  than  iron,  and  hence  an  equivalent  number 
of  hydrogen  ions  plate  out  on  the  iron  strip  (leaving  the  free  hydroxyl 
ions  with  their  negative  charges  to  balance  the  iron  ions  with  their 
positive  charges),  and  an  electric  current  flows  from  the  iron  by 
means  of  the  iron  ions  to  the  solution,  and  by  means  of  the  hydrogen 
from  the  solution  back  to  the  iron  again,  thus  completing  the  circuit. 
The  deposited  film  of  gas,  however,  offers  a  great  resistance  (called 
polarisation)  to  the  flow  of  the  current  and  the  action  ceases. 

The  solution  of  the  iron,  in  the  first  instance,  depends  upon  the 
number  of  the  hydrogen  ions  present.  This  number  of  hydrogen 
ions,  or  the  concentration  of  these  ions,  is  increased  by  the  addition 
of  any  acid.  So  «eak  an  acid  as  carbonic  increases  the  number,  but 
to  a  relatively  .small  amount ;  while  a  strong  acid,  like  hydrochloric 
or  sulphuric,  adds  to  the  number  to  such  an  extent  that  the  solvent 
action  becomes  violent,  and  the  deposited  hydrogen  conies  off  as  a 
stream  of  gas. 

It  is  this  aspect  that  Dr.  Friend  has  ignored,  and  he  concludes  that, 
when  pui'e  iron  is  placed  in  water  free  from  oxygen  and  carbonic  acid, 
no  iron  is  dissolved,  because,  under  such  circumstances,  no  iron  was 
detected  by  him  by  the  ordinary , test  for  iron  ions,  namely^  potas- 
sium sulphocyanate.  But,  on  the  other  hand,  he  finds  that,  when  the 
minute  amount  of  carbonic  acid  which  naturally  adheres  to  the  iron 
and  to  the  sides  of  the  containing  vessel  is  present,  iron  will  dissolve, 
and  under  these  conditions  can  be  later  precipitated  by  oxygen  as 
rust.  Upon  these  observations  he  tlirows  out  the  entire  electrolytic 
theory  of  corrosion,  and  states  :  "  We  thus  see  that  the  electrolytic 
theory  of  corrosion  is  untenable."  Even  though  the  entire  accuracy 
of  the  experimental  work  just  noted  be  granted,  the  fact  remains 
that  these  data  in  no  way  contradict  the  electrolytic  theory,  but  in 
reality  they  confirm  it. 

Dr.  Friend  did  not  detect  the  iron  ions  in  the  water  in  which 
his  iron  strip  had  stood,  simply  because  his  analytical  methods  were 
not  sufficiently  refined.  A  very  delicate  test  for  the  presence  of  the 
iron  ion  is  the  blue  colour  obtained  with  potassium  ferricyanide  solu- 
tion, while  phenolphthalien  becomes  intensely  red  in  the  presence  of 
hydroxyl  ions.  If  a  piece  of  iron  be  placed  in  an  aqueous  solution 
containing  potassium  ferricyanide  and  phenolphthalien,  which,  to 
prevent  convection  currents,  has  been  thickened  with  a  little  ordinary 
gelatine,  a  bright  blue  colour  is  formed  at  those  points  at  which  the 
iron  is  passing  into  .solution,  and  a  bright  red  colom-  where  the 
hydrogen  is  plating  out. 

Since  the  presence  of  the  polarising  film  of  hydr(.i.'cn  an■|•^ts  llic 
further  solution  of  the  iron,  in  order  for  the  reaction  n.  |ii(hiii|  this 
hydrogen  must  be  removed.  The  destruction  of  the  liyciioocn  liliii 
in  ordinary  corrosion  is  accomplished  by  the  oxygen  of  the  atmos- 
phere, which  is  dissolved  in  the  water.  Also,  any  substance  which 
dissolves  or  reacts  with  hydrogen  accelerates  corrosion. 

It  wa-s  formerly  thought  that  the  action  of  oxygen  as  a  factor 
necessary  in  corrosion  was  simply  to  oxidi.se  the  iron  ions  thrown 
into  solution,  and  to  precipitate  them  as  rust.  While  it  is  true  that 
this  reaction  does  take  [ilace,  and  is  indeed  the  most  striking  function 
that  oxygen  performs,  it  is  in  reality  a  secondary  one,  which  is 
simply  incidental  to  corrosion  and  not  a  necessary  part  of  the  action. 
Its  real  accelerating  effect  is  due  to  the  fact  that  it  dcj>olarises  the 
hydrogen  which  is  set  free  by  the  reaction,  and  separates  out  on  the 
metallic  iron. 

This  is  proved  by  a  number  of  now  well-known  phenomena.  Thus. 
when  a  piece  of  iron  is  placed  in  ordinary  water  cxpo.scd  to  the  air 
it  will  dissolve  or  ru.st.  If  there  be  placed  in  the  water  with  this 
piece  of  iron  a  piece  of  platinum,  the  .solvent  or  corroding  action  of 
the  water  will  not  be  changed.  If  now  the  platinum  and  iron  be 
electrically  connected,  a  marked  increase  in  the  rate  of  the  solution 
or  corrosion  of  the  iron  is  noticed. 

Another  example  is  found  in  the  action  of  zinc  in  water  containing 
an  electrolyte.  If  a  strip  of  zinc  and  a  piece  of  iron  be  placed  in 
water  containing  a  very  little  salt,  the  iron  will  corrode  rapidly, 
while  the  zinc  will  be  but  slightly  attacked.  The  usual  explanation 
for  this  phenomenon  is  that  the  zinc  protects  itself  with  an  adheicnt 
lilm  of  zinc  oxide  or  liydroxide.  wliilc  the  iron  jiroduccs  a  noti- 
adhercnt  voluminous  hydroxide  which  does  not  protect.     If  now 


instead  of  being  separated  the  two  strips  of  metal  be  placed  so  as  to 
touch  each  other,  the  iron  no  longer  corrodes,  but  the  zinc  very 
rapidly  passes  into  solution.  The  explanation  consistent  with  the 
electrolytic  theory  is  that  the  zinc  in  the  first  arrangement  corrodes, 
because  its  surface  does  not  catalyse  the  reaction  H2-hO  =  H20  with 
sufficient  rapidity  to  remove  continually  the  hydrogen.  The  film  of 
hydi'ogen.  therefore,  forms  on  the  zinc  and  protects  it.  When  the 
two  strips  are  united,  the  greater  solution  pressure  of  the  zinc  forces 
a  larger  number  of  zinc  ions  into  the  solution,  and  the  next  result  of 
the  flow  of  the  current  is  that  the  zinc  soon  becomes  anodic  over  its 
entire  surface,  while  the  iron  becomes  the  cathode  and  is  not  dis- 
.solved. 

Some  important  conclusions  may  be  drawn  from  a  consideration 
of  the  factors  involved.  Since  before  the  iron  can  form  rust  it  must 
first  pass  into  solution,  and  in  so  doing  cause  an  electric  cmrent  to 
flow  from  the  iron  at  that  point  to  the  iron  at  some  other  point,  any 
cucumstance  which  will  aid  the  flow  of  this  current  will  accelerate 
the  solution  of  the  iron.  Differences  of  potential  resulting  from  a 
segregation  or  uneven  distribution  of  any  impurities  which  the  iron 
or  steel  may  contain  will  do  this.  Hence  we  should  expect  that  the 
speed  of  corrosion  would  increa.se  in  accordance  with  the  percentage 
of  im])urities  present.  The  simplest  way,  of  cour.se,  to  insure  an 
absence  of  segregation  is  to  eliminate  altogether  those  materials  not 
needed  in  the  iron.  It  has  been  found  that  a  steel  made  imder  such 
0()n(lili<iiis  lliat  the  total  impurities  are  reduced  to  0-05  per  cent. 
resists  iniii.sion  to  an  extent  equal  to  the  iron  of  our  forefathers. 
Till-  steel  ccimpanies  have  been  slow  to  accept  this  general  proposi- 
tion, but  it  is  gratifying  to  know  that  material  of  this  purity  may 
now  be  obtained  on  the  open  market. 

Since  iron  can  pass  into  solution  only  by  assuming  the  ionic  form, 
and  having  at  the  same  time  an  equivalent  amount  of  hydrogen  pass 
from  the  ionic  condition  to  the  gaseous  state,  the  speed  of  the  reac- 
tion will  depend  upon  the  number  of  hydrogen  ions  present  in  tht 
solution.  The  effect  of  free  acids  has  already  been  noted  ;  but  the 
presence  of  any  material,  such  as  alum  or  magnesium  chloride  when 
subjected  to  pressure,  or  other  materials  which  by  hydrolysis  will 
form  an  acid,  will  also  accelerate  corrosion. 

If,  on  the  other  hand,  the  hydrogen  concentration  be  reduced, 
the  corrosion  of  the  iron  will  also  be  decreased.  Such  a  condition 
may  be  most  easily  realised  by  adding  ><>  the  water  a  strong  alkali, 
which,  owing  to  the  presence  of  a  large  number  of  hydroxyl  ions, 
decreases  thereby  the  number  of  the  hydrogen  ions.  This  is  the 
probable  explanation  why  the  iron  of  Dr,  Friend's  experiment  did  not 
corrode  in  the  presence  of  oxygen  and  hydi'ogen. 

This  fact  has  an  important  bearing  upon  the  question  uhich  has 
been  lately  much  discussed,  as  to  whether  concrete  will  ])rotect  iron 
from  corrosion.  Inasmuch  as  Portland  cement,  when  it  sets  or 
hardens,  liberates  a  large  quantity  of  caustic  lime,  which  is  a  strong 
alkali,  and  since  good  concrete  is  therefore  saturated  with  this  strong 
alkali,  the  answer  to  the  question  must  be  in  the  affirmative.  Iron 
or  steel  will  not  corrode  when  embedded  in  concrete.  But  caustic 
lime  is  soluble  in  water,  and  poorly  made  concrete  is  not  impervious 
to  water.  Therefore,  if  iron  be  embedded  in  concrete  through  wiiich 
water  at  any  timi'  be  allowed  to  percolate,  this  calcium  hydrate  will 
lie  slowly  but  surely  ilissolvetl  ami  washed  away,  and  with  it  will 
(lisaii]iear  tlie  inliibiliiig  action  of  tlie  concrete,  and  iron  embedded 
therein  will  surely  rust.  To  insure  absolute  protection  of  the  rein 
forcing  members  of  concrete  construction,  therefore,  such  concrete 
must  be  sufficiently  dense  and  carefully  made  to  render  it  practically 
waterproof.     This  is  not  an  impossible  condition. 

The  fact  that  the  presence  of  a  metallic  iron  surface  accelerates  the 
corrosion  of  zinc  has  an  important  bearing  upon  the  protection  of 
structures  where  both  an  iron  and  zinc  surface  are  exposed.  Since 
o.xygen  is  necessary  to  insure  the  continuous  removal  of  the  hytlrogen 
film,  it  is  obvious  that  if  no  oxygen  be  allowed  to  reach  the  iron 
through  the  water,  no  corrosion  can  take  place.  This  fact  teaches 
us  much  regarding  the  corrosion  f)f  boiler  shells  and  tubes.  Pitting 
may  be  entirely  avoided  if  the  air  be  removed  from  the  feed  water 
before  its  introduction  into  the  boiler.  This  may  best  be  done  by 
the  employment  of  an  ojien  feed  water  heater,  or,  what  is  better  still, 
a  feed  water  heater  connected  to  the  dry  vacuum  pumps  of  the  con- 
denser. If  such  treatment  is  not  j)ossible,  the  air  may  be  removed 
from  the  feed  water  by  drawing  the  water  through  a  closed  box  con- 
taining scrap  iron  ;  the  oxygen  in  the  water  is  u.sed  up  in  corroding 
the  scrap  iron  instead  of  the  boiler  tubes.  Or.  the  oxygen  in  the 
water  may  be  absorbed  by  feeding  into  the  boiler  with  the  water  a 
very  small  quantity  of  an  alkaline  solution  of  a  tannin  material. 
Such  a  solution  of  alkaline  tannate  will  break  up  under  the  ]ire.ssure 
and  tcm[)cratin'c  of  the  Imilcf.  uilh  a  fornuition  of  a  pyrogalliitc  of 
the  alkali,  and  this  ra)ii(lly  absorbs  (he  oxygen.  Soda  as)i,  or  rather 
alkali,  is  of  course  u.seful.  but  not  because  of  its  effect  upon  the 
oxygen  content,  but  because,  as  has  already  been  exi)lained,  corrosion 
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is  inhibited  by  thus  docreasing  tlic  hydrogen  ion  concentration  of  the 
water. 

Tin  is  a  metal  which,  like  copper,  accelerates  the  corrosion  of  iron 
by  aiding  in  the  oxidation  of  the  hydrogen  set  free  \>y  the  reaction. 
If,  therefore,  in  the  manufacture  of  the  so-called  tinplatc.  which  i.s 
sheet  iron  or  steel  covered  with  a  layer  of  metallic  tin.  thcic  be 
imperfections  or  pin-holes  in  the  tin  coating,  these  channels  through 
the  tin  to  the  iron  will  become  centres  of  corrosion  which  rapidly 
destroy  the  plate.  It  is  impossible  to  detect  these  imperfections  by 
a  simple  inspection,  and  hence  users  of  tinplate  have  been  unable  to 
test  the  quality  of  their  raw  material  from  this  point  of  view.  Since 
the  iron  must  pass  into  solution  at  the.se  exposed  points  in  the  tin 
coating,  their  presence  may  be  easily  located  by  flowing  upon  the 
tin  surface  a  solution  of  gelatine  t>r  glue  in  which  is  dissolved  some 
potassium  ferricyanide.  \\'hen  the  jelly  has  stiffened  the  iron  will 
pa.ss  into  solution  through  the  holes  in  the  tin  and.  reacting  with  the 
ferricyanide,  will  leave  a  bright  blue  spot  in  the  jelly.  A'ariations  in 
the  qualitj'  of  tinplate  may  thus  be  easily  detected. 

The  author  has  already  shown  *  that  "  mill  scale  "'  or  magnetic 
oxide  of  iron  is  strongly  electro-negative  to  iron.  Since  mill  scale 
is  insoluble  in  water  and  carmot  of  itself  enter  into  the  reaction,  its 
only  function  must  be  analogous  to  that  of  platinum  or  other  inso- 
luble cuncluctor  of  this  kind,  viz.,  to  furnish  a  surface  on  which  the 
hydrogen  lilierated  by  the  dissolving  iron  can  separate  and  be  cata- 
lylically  oxidised  to  water  again.  This  is  also  true  of  the  black 
oxide  protective  coatings  eometimes  used  upon  iron  and  steel,  as, 
for  example,  that  of  the  Bower-Barf  process.  Just  as  is  the  case  in 
mill  scale,  these  coatings  are  verj'  .serviceable  so  long  as  the  whole 
coating  is  intact.  But  so  soon  as  a  portion  of  the  metallic  iron  is 
exposed,  this  portion  corrodes  all  the  more  rapidly  on  account  of  the 
presence  of  the  surface  of  scale  on  which  the  oxidation  of  the  hydro- 
gen and  consequent  depolarisation  can  go  on.  Hence,  if  it  were 
possible  to  remove  the  mill  scale  entirely  from  steam  boiler  tubes, 
for  example,  pitting  would  be  largely  eliminated,  and  the  life  of  the 
tubes  prolonged. 

Many  more  examples  of  the  application  of  the  electrolytic  theory 
to  problems  of  corrosion  could  be  given,  but  these  will  suffice  to 
make  clear  the  general  applicability  of  the  theory,  and  its  usefulness 
in  the  investigation  of  a  subject  of  such  fundamental  importance  to 
manufactiners  and  users  of  iron  and  steel.  The  Paper  is  accom- 
panied by  several  illustrations  showing  tlic  actions  described. 


INTERPOLE  DESIGNS.! 

BY  W.  B,  HIBD, 

5«»i)Hari/.  -The  author  first  discusses  the  design  of  interpoles  for 
continuous-current  machines,  and  then  shows  that  their  adoption  can 
be  justitied  even  in  the  case  of  small  machines  at  moderate  speeds.  A 
saving  is  shown  in  first  cost,  due  to  the  use  of  smaller  air-gap  and 
longer  armature,  and  also  a  better  efficiency  can  be  obtained. 


Designers  are  by  no  means  unanimous  concerning  the  extensive 
use  of  interpoles.  Continuous-current  designs  may  be  considered 
as  falling  into  (I)  Those  where  the  conditions  are  such  that  no 
satisfactory  solution  is  possible  without  forced  commutation  of  some 
kind;  (2)  where  the  given  conditions  allow  of  a  satisfactory  solu- 
tion without  any  special  commutating  devices.  In  the  first  class 
fall  generators  and  motors  running  at  abnormally  high  speeds — e.g., 
generators  direct  coupled  to  steam  turbines  or  motors  driving  the 
modern  type  of  high-lift  turbine  pumps  ;  also  motors  in  which  a 
high  range  of  speed  variation  by  means  of  shunt  regulation  is 
required.  It  is  possible  in  these,  by  the  use  of  interpoles,  to  work 
with  values  of  the  reactance  voltage  five  or  six  times  as  great  as 
would  be  admissible  in  an  ordinary  machine,  and  with  careful  design 
the  results  are  entirely  satisfactory.  There  has  been  no  great  dif- 
ference of  opinion  a,s  to  the  advantages  of  the  device  tur  machines 
of  this  class,  although  some  design?rs  pr^'fer  the  use  of  a  compen- 
sating winding  spread  over  the  main  pole-face.  A  very  different 
state  of  affairs  exists,  however,  on  the  question  as  to  whether  the 
use  of  interpoles  is  legitimate  in  the  case  of  those  macliines  which 
can  be  satisfactorily  designed  without  using  any  special  commutat- 
ing device. 

In  spite  of  warnings  from  high  quarters  in  discu.ssions  on  Papers 
and  in  the  technical  press,  the  use  of  interpoles  in  normal  designs 
has  been  increasing  and  is  becoming  more  and  more  fre<iuent,  and 
the  continued  trend  to  an  increased  use  of  interpoles  in  compara- 
tively small  machines  appears  to  indicate  that  there  is  more  in  it 
than  a  mere  fashionable  whim.     Before  considering  th?  use  of  inter- 

*  "  Journal  "  of  the  American  Chemical  Society,  1907,  p.  1259. 
t  Abstract  of  a  Paper  read  before  the  Glasgow  Local  Section  of  the 
Institution  of  Electrical  Engineers, 


poles  in  machines  of  small  output  and  ordinary  speeds  the  author 
describes  a  simple  method  of  arriving  at  the  dimensions  and  windings 
of  the  interpoles. 

One  of  the  simplest  formulai^or  calculating  the  reactance  voltage 
is  that  published  by  Mr.  Mavor  in  a  Paper  read  at  the  International 
Engineering  Congress  in   1901.     In  a  slightly   modified  form   this 

ec/mirl 
formula  is  p=       ^^    ,  where  p  is  the  reactance  voltage,  e  the  E  M,F. 

generated  in  the  armature,  c  the  armature  current,  m  the  nnmber 
of  turns  in  one  section,  I  the  gross  length  of  armature  core,  p  the 
number  of  poles,  ii  the  number  of  magnetic  lines  per  pole,  /  tlie 
number  of  lines  per  unit  length  of  core  due  to  1  ampere  fiowing  in 
one  turn  of  the  short-circuited  coil.  The  value  of/  varies  to  .some 
extent  with  the  size  of  slot,  the  relative  length  of  conductor 
in  the  slot,  and  in  the  end  winding,  &c.,  but  for  ordinary  machines 
it  does  not  materially  differ  from  20  lines  per  inch  length  of  core. 
The  value  of  the  reactance  voltage  given  by  the  formula  Ls  the  maxi- 
mum value,  and  on  the  assumption  that  the  current  in  the  short- 

2 
circuited  coil  varies  as  a  sine  curve,  the  mean  value  will  be  -p,  say, 

0'636p,  and  to  obtain  good  commutation  it  is  necessary  that  a  field 
be  provided  under  the  interpole  such  as  to  generate  a  voltage  in 
the  short-circuited  coil  equal  to  0'636p. 

If  the  number  of  turns  in  the  coil  is  m.  and  if  R  be  the  number 
of  revolutions  per  minute,  D  the  diameter  of  the  armature,  and  \ 
the  length  of  the  interpole  measured  parallel  to  the  shaft,  the  E.M.F. 
generated  in  a  magnetic  field  of  density  B  will  be  m  x  jrDR/60  v  x  x  B, 
and  must  b?  equal  to  0639/>.    Thus 

By  =0636  ^   ZLan' 

if  the  interpole  shoe  is  made  of  the  same  length  as  the  armature 
core  X=?,  and  the  formula  gives  directly  the  value  of  B  required  in 
the  interpole  gap.  It  is  usual,  however,  to  make  \  less  than  /  when- 
ever possible,  the  advantages  being  to  lessen  the  leakage  between 
interpole  and  main  pole  and  also  to  minimise  the  interference  with 
the  freedom  of  ventilation  which  an  interpole  extending  over  the 
whole  length  of  core  would  produce.  Also  the  value  of  B  in  the 
interpole  air-gap  is  increased,  and  with  a  high  value  the  reluctance 
of  the  magnetic  path  surrounding  the  short-circuited  coil,  and  conse- 
quently the  value  of  the  reactance  voltage,  is  not  appreciably  affected 
by  the  presence  of  the  interpole,  as  would  be  the  case  with  a  low 
value  of  B  due  to  \=l. 

The  width  of  the  interpole  shoe  is  not  involved  in  the  formula 
given  above  ;  it  is  determined  by  the  consideration  that  if  the  coil 
undergoing  reversal  is  in  the  interpole  field  for  too  short  a  proportion 
of  the  time  of  short-circuit  the  reversal  will  not  be  properly  carried 
out.  whilst,  on  the  other  hand,  the  very  considerable  leakage  which 
takes  place  between  the  interpole  and  the  neighbouring  main  pole  of 
opposite  polaritj-  makes  it  advisable  to  keep  the  width  as  small  as 
possible,  so  as  to  leave  the  actual  distance  from  pole  shoe  to  pole 
shoe  as  large  as  practicable.  Various  recommendations  have  been 
made  ;  a  simple  one  is  width  equal  to  one  slot  pitch  plus  one  tooth 
width.  It  would  appear,  however,  in  practice,  at  any  rate  in  the 
case  of  machines  where  the  reactance  voltage  can  be  kept  do^vn  to 
reasonable  limits,  that  considerable  latitude  is  possible  in  the  choice 
of  a  pole  width. 

Sufficient  ampere-tui'ns  must  be  provided  to  neutralise  tlae  arma- 
ture ampere-turns  in  addition  to  those  requu'ed  to  give  the  requisite 
value  of  B  in  the  air-gap.  It  will  be  seen,  therefore,  that  the 
number  of  amjiere-turns  required  are  considerable  ;  in  fact,  they 
are  frequently  in  excess  of  the  number  required  on  the  main  poles. 
As.  however,  the  interpole  can  usually  be  made  of  small  section,  so  as 
to  keep  the  mean  turn  of  the  winding  short,  the  number  of  ampere- 
turns  can  be  obtained  with  only  a  relatively  small  expenditure  of 
copper. 

Although  the  arrangement  of  using  fewer  interpoles  than  main 
poles  gives  good  results  on  small  machines — say,  20  h.p.  motors,  in 
which  the  reactance  voltage  is  not  excessive — it  has  not  been  found 
satisfactory  in  machines  of  any  considerable  size  :  and  where  it  is 
done,  the  field  strength  of  the  interpoles  must  be  correspondingly  in- 
creased. 

To  retiu'n  to  the  question  of  dynamos  and  motors  of  comparatively 
small  sizes  and  working  at  ordinary  speeds,  in  order  to  justify  the 
use  of  interpoles  it  must  be  shown  that  such  machines  can  lie  by  the 
use  of  interpoles  made  either  better  or  cheaper  than  could  be  done  on 
ordinary  lines  of  design. 

First,  in  regard  to  cost.  The  material  and  laboiu-  expended  on  the 
interpoles  are  counterbalanced  by  the  use  of  a  reduced  dejith  of  air- 
gap.  allowing  of  smaller  magnets  carrying  less  copper,  reduced  num- 
ber of  commutator  parts,  saving  both  labour  and  material  in  the 
commutator,  and,  lastly,  the  j)ossibility  of  working  >vith  a  greater 
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length  of  armature  core  relative]}'  to  the  diameter.  The  last  means 
does  not  appear,  up  to  the  present,  to  have  been  fully  taken  advantage 
of.  If  we  consider  a  dvnamo  as  consisting  of  two  ends,  the  pnrt.s  of 
the  macliine  outside  the  two  parallel  planes  which  pass  through  the 
ends  of  the  armatiu-e  core,  and  of  an  active  part  included  between 
these  planes,  and  then  vary  the  core  length — i.e..  the  active  part — 
leaving  everything  else  as  before,  and  plot  the  cost  of  manufacture 
of  different  machines  so  obtained  again.st  core  length,  the  point.s 
should  be  very  approximately  on  a  straight  line,  for  every  addition  of, 
say,  1  in.  in  core  length  wil!  mean  an  equal  addition  of  material  and  of 
labour.  The  curve  will  remain  a  siraiglit  line  with  increasing  lengths 
until  a  point  is  reached  where  the  increased  distance  between  bear- 
ings requires  that  the  mechanical  ])arts  of  the  machine  shaft  and 
bearings  be  strengthened,  when  a  slight  addition  in  cost  will  result. 
•*  If,  however,  the  curves  arc  i)lotted  with  d-l  instead  of  length  as 
base  line,  as  in  the  accompanying  figure,  and  if  it  be  assumed  for  the 
moment  that  the  output  of  the  machine,  watts  revs,  per  min..  is 
proportional  to  (FI,  the  points  where  these  lines  cross  show  the 
different  lengths  at  which  it  is  advantageous,  from  the  point  of  view 
of  economy  in  first  cost,  to  pass  from  one  diameter  to  the  next  larger 
diameter.  The  curves  are  fairly  in  accordance  with  ordinary 
present  practice,  and  the  actual  scale  of  cost  price  can  be  filled  in  for 
any  individual  line  of  machines.  The  curves  indicate  that  the 
economical  lengths  for  the  different  diameters  dealt  with  are  con- 
siderably in  excess  of  those  usually  met  with.  The  statement,  how- 
ever, is  true  only  on  the  assumption  that  the  output  increases  pro- 
portionately to  the  length.  In  ordinary  designs  this  assumption  is 
not  true,  because  of  the  sparking  limit  to  output ;  but  if  interpoles 
are  used  this  sparking  limit  is  removed  so  as  to  allow  of,  at  any 
rate,  a  nearer  approach  to  the  economical  length. 
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As  to  whether  the  heating  limit  will  not  prevent  the  output  of  the 
machine  being  increased  proportionately  to  its  length,  when  the 
length  becomes  so  great  as  to  require  increased  diameter  of  shaft, 
stronger  spider.  &c.,  the  increased  impediment  to  the  circulation  of 
air  in  the  inside  of  the  core-  makes  the  increased  temperature  rise 
more  marked,  and  it  would  appear  that  some  method  of  forced  venti- 
lation compelling  the  air  to  come  in  contact  with  the  heated  sur- 
faces might  be  devised  to  remove  this  limit  to  output  also.  Some- 
thing more  is  wanted  than  merely  stirring  the  air  with  fan  blades — a 
definite  circulation  along  a  predetermined  path  is  required  ;  but  if  it 
be  true  that  forced  ventilation  is  the  necessary  consequence  of  forced 
commutation,  it  may  be  confidently  anticipatctl  that  such  a  system 
will  be  forthcoming.  Such  devices,  far  from  being  a  confession  of 
weakness,  are  an  added  strength  in  enabling  a  larger  output  to  be 
obtained  from  a  cheaper  machine. 

The  fact  that  interpole  designs  for  normal  outputs  are  becoming 
more  and  more  common  seems  to  show  that  the  manufacturer.s  using 
them  find  that  they  cheapen  the  cost  of  manufacture,  and  this,  in 
spite  of  the  fact  that  although  the  advantage  to  V)C  gained  by  in- 
creased armature  lengtli  is  clearly  recognised  no  very  striking 
departure  has  been  made  in  tlic  manufacture  of  machines  with  long 
armatures.  Present  interpole  designs  rely  mostly  on  the  saving  to 
be  obtained  by  the  use  of  reduced  air-gaj)s  and  smaller  commutators 
with  fewer  j)arts.  The  i)o.ssiblc  output  of  a  machine  as  limited  by 
sparking  having  been  increased  by  forced  commutation,  it  is  to  be 
expected  tliat  heating  should  now  be  found  the  limiting  condition, 
and  the  logical  c<melusion  appears  to  be  that  the  next  step  is  to 
devise  improvements  in  the  methods  of  getting  rid  of  the  heat,  so 
that  full  advantage  may  be  taken  of  the  increased  fret  tloni  wliich  the 
interpoles  give  from  sparking  limit. 

Finally,  as  to  whether  a  machine  for  ordinary  out|)uts  \\\\\  lie  im- 
proved or  the  rever.se  by  the  introduction  of  intcrpejlcs  and  by  the 
modifications  of  design  which  such  a  use  of  interpoles  involves.  In 
designs  on  ordinary  lines  there  is  a  great  temptation  from  economical 


reasons  to  press  up  the  reactance  voltage  to  the  highest  limit,  and  to 
work  with  the  lowest  possible  factor  of  safety.  Thus  it  is  not  an  un- 
common experience  to  find  modern  generators  working  perfectly 
satisfactorily  under  ordinary  circumstances,  but  having  a  reactance 
voltage  so  nearly  up  to  the  liighest  safe  value  that  if  the  brushes  are 
not  in  exactly  the  best  position,  or  if  the  commutator  lias  been  allowed 
to  get  at  all  out  of  condition,  they  will  flash  over  frum  linisli  to  brush 
if  the  load  be  suddenly  tlu'own  off.  Cases  of  that  kind  aiipear  to  be 
entirely  removed  by  the  use  of  interpoles,  and  there  seems  every 
reason  to  believe  that  an  extended  use  of  this  method  of  con.struction 
would  lead  to  better,  not  to  worse,  machines,  as  far  as  commutation 
is  concerned.  As  to  mechanical  troubles  arising  with  machines  in 
which  the  air-gap  is  smaller,  and  the  length  between  bearings  greater 
than  present  practice,  the  suggested  lengths  of  air-gap  for  interpole 
machines  are  still  made  greater  than  the  very  small  gajis  to  lie  found 
in  induction  motors  in  which  the  mechanical  difficulties  have  been 
successfully  overcome,  and  also  that  the  maximum  lengths  suggested 
still  give  a  ratio  of  length  to  diameter  much  smaller  than  those  com- 
monly in  use  in  the  days  of  bipolar  smooth-core  machines. 

On  the  score  of  efficiency  it  may  be  contended  that  increasing  tlie 
losses  to  such  an  extent  as  to  require  forced  ventilation  will  lo^i'er  the 
efficiency  of  the  machine.  But  the  increased  losses  correspond  to  a  more 
than  proportionately  increased  output,  and  therefore  to  a  better 
efficiency.  In  conclusion,  it  is  submitted  that  the  logical  consequence 
of  the  use  of  forced  commutation  appears  to  be  a  still  further  increase 
in  armature  lengths  which  may  necessitate  the  introduction  of  forced 
ventilation,  and  it  offers  the  means  of  progressing  towards  the 
smallest  and  cheapest  satisfactory  machine  tor  a  given  out])ut. 


METALLIC  FILAMENT  LAMPS.* 

BY    O.    BRANDT. 

In  consequence  of  the  great  improvements  which  have  been  made 
in  the  art  of  manufacturing  metallic  filaments,  especially  from  the 
point  of  view  of  efficiency  in  running,  length  of  life  and  high  candle- 
power,  it  may  be  of  interest  to  examine  some  of  the  makes  from  these 
points  of  view. 
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Fig.  1.— OsnAM  Lamp  No.  1,  32  c.p.,  122  Volts. 

Four  osram  lamps  were  tested,  the  normal  voltage  being  122 ;  two  of 
them  gave  32  Hefner  candle-power  and  the  other  two  50  c.p.  Thej 
were  of  an  old  type,  so  constructed  that  they  could  only  be  used  witli 
the  filament  pointing  downwards  in  a  vertical  direction,  whereas,  of 
course,  since  that  time,  the  method  of  manufacture  has  been  so  im- 
proved that  they  are  capable  of  burning  in  any  position.  Figs.  1,  2, 
3  and  4  give  the  results  of  the  running  of  these  lamps.  Lamps  1, 
3  and  4  were  still  burning  after  l.tiOd  liours,  while  No.  2  broke  after 
1,400  hours.  During  tlic  lirst  :!ii(l  hours  there  was  a  distinct  in- 
crease in  the  light  emission  ;  the  maximum  illumination  is  reached 
between  200  and  400  hours,  the  current  meanwhile  remaining  almost 
steady.  It  will  be  noticed  that  the  32  c.}).  lamps  gave  more  than  their 
nominal  candle-iiowcr  both  before  the  beginning  and  after  the  end 
of  the  tests  ;   but  this  was  not  the  case  with  the  50  c.p.  ones. 

The  two  next  osram  lam))S  were  for  125  volts,  and  gave  respec- 
tively 32  c.p.  and  .W  c.p.  They  were  constructed  to  liurn  in  any 
jKisitiim.  The  tests  were  conducted  in  all  i  ases  on  alternate  current 
from  the  Berlin  mains  at  120  volts;  at  this  voltage  the  nominal 
candle-power  was  not  actually  reached.  The  tests  were  carried  out 
during  the  winter  months,  and  the  voltage,  which  was  nominally 
120,  occasionally  rose  in  the  evenings  to  128  and  130,  but  these 


'  Abstracted  from  the  "  Elektrotecbnische  Zeitscbrift." 
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fluotuaduns  produced  no  effect  on  tlie  osrani  lamps, 
two  lamps  had  its  filament  inclined  at  an  angle  of  4 
tical,  while  the  other  was  fixed  with  its  filament  p 
The  test  was  discontinued  after  1.400  hours,  witli 
in  Figs  5  and  (>. 
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lasted  for  200  hours  and  the  third  for  82  hours.  Finally,  two 
"  Anker  "  lamps,  made  at  the  Ri.xdorf  works  near  Berlin,  were  tested. 
They  gave  rather  more  than  .50  c.p..  and  lasted  180  and  390  hours 
respectively. 
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Fig.  5. — Osram  Lamp  No.  5, 
50  c.p,,  125  Volts. 


Fin.  6. — Osr.AM  Lamp  No.  6, 
32  C.P.,  125  Volts. 


It  is  quite  possible  that  many  of  these  lamps  would  have  done 
much  better  on  direct  current,  and  it  must  be  admitted  that  the 
variations  of  voltage  on  the  to«n  mains  put  the  lamps  to  a  rather 
severe  test. 


SOME  NOTES  ON  INSULATING  MATERIAL, 

BY    (1.    11.    rLET(  IIKR. 

Summary. — The  author  describes  the  properties  and  gives  particulars 
of  tests  on  various  insulating  materials,  more  particularly  those  used  in 
the  winding  of  coils  for  clectriral  machinery. 

Insulation  has  two  features,  namely,  its  ohmie  resistance  and  its 
dielectric  strength.  These  are  often  confused,  although  they  are 
quite  distinct.  Often  the  insulation  with  the  highest  ohmic  resis- 
tance has  the  lowest  breakdown  point.  For  instance,  air  has  a  very 
high  insulation  resistance  but  a  comparatively  low  dielectric  strength. 
It  is,  then,  a  mistake  to  sujipose  that  because  a  m'achine  has  a  high 
ohmie  insulation  resistance,  the  insulation  is  necessarily  good.  Even 
the  reverse  may  bo  the  case,  for  a  machine  may  have  a  compara- 
tively low  insulation  resistance,  and  yet  may  stand  several  thousand 
volts  without  puncturing.  Of  course,  in  some  cases,  such  as  tele- 
graph and  telephone  work,  where  small  currents  are  used,  and 
leakage  currents  must  be  a  mininuim.  insulation  with  a  high  resist- 
ance is  important,  a  high  dielectric  sircngth  not  being  .so  necessary. 
But  in  high-tension  work  the  dielectric  slrcnglli  is  the  more  impor- 
tant. The  properties  of  good  insulation  are  as  follows: — High 
insulating  resistance,  great  disruptive  strength,  ficxibility  or  elas- 
ticity (that  it  may  be  bent  without  cracking)  in  the  ca.se  of  coil 
insulation  ;  it  must  be  mechanically  strong  and  tough,  so  that  it 
cannot  be  easily  torn  or  split  ;  it  must  be  capable  of  standing  high 
temperatures  without  softening  or  suftering  permanent  injury,  and 
it  should  be  unaffected  by  gases  or  acids  with  which  it  may  come 
in  contact. 

The  author  then  give-:  some  curves  showing  the  dielectric  stiviigth 
of  air. 

The  material  fulfilling  most  of  the  conditions  of  an  ideal  insulator 
s  mica.  This  is  used  to  a  large  extent  in  every  field.  \'arious 
Kinds  of  mica  are  used  for  diflferent  purposes.  For  the  making  up 
of  tubes  and  slot  insulation,  Indian  mica  is  invariably  used,  the 
dielectric  .strength  of  (his  being  higher  than  that  of  amber  mica. 
For  insulating  the  segments  of  commutators  amber  mica  is  used, 
because  for  this  purpose  insulatitm  of  a  soft  nature  is  needed,  diclec 
trie  strength  being  of  little  importance,  as  the  voltage  between  bars 
is  usually  less  than  20.  Other  kinds  of  mica  are  used,  but  Indian, 
and  Canadian  amber  arc  the  two  kinds  which  are  most  extensively 
One  of  the  chief  features  of  mica  is  the  ease  with  which  it  can  be 
built  up  into  plates  of  any  size  and  thickness.  •".Micanitc"  is 
made  by  buikling  up  thin  p'iece^  of  mieo  with  slullae  varnish,  and 
liressing  tlie  sheets  between  steel  i>lales  under  great  jiressure  and  at 
a  temperature  of  about  200  l'\  A  point  about  mic-anite  which  is 
both  an  advantage  and  a  disadvantage  is  the  fact  that  when  healed 
it  becomes  soft  and  pliable.  Nearly  all  alternator  windings  are 
insulated  on  that  portion  which  fits  in  the  core  slot,  by  means  of 
micanitc  in  thin  sheets,  wound  round  the  coil  before  the  shellac  is 

♦  Abstract  of  a  Paper  read  before  the  Dick,  Kerr  Engineering  Society. 
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drj-,  and  then  pressed  under  a  high  temperatui-e  to  the  desired  size. 
Mica  is  also  used  to  insulate  the  turns  of  the  coil  from  each  other, 
being  intcrwound  between  the  turns.  The  sheets  used  for  this 
l)urpose  are  made  by  building  up  two  or  three  layers  of  mica,  flaked 
as  thin  as  possible,  upon  Japanese  paper  or  parchment  paper.  This 
paper  gives  the  sheets  mechanical  strength.  This  method  of  insu- 
lating coils  is  much  better  than  making  tubes  to  fit  the  slots  and 
winding  the  coils  tlirough  them. 

Good  Indian  mica  of  1  mil  thickness  breaks  down  at  4,000  volts, 
but  as  the  thickness  increases,  the  breakdowTi  pressure  per  mil 
thickness  is  not  as  high  as  this,  .\mber  mica  is  not  so  uniform  as 
Indian,  and  the  l)reakdt)«n  point  is  not  quite  so  high.  A  sample  of 
I!  mils  thickness  broke  down  at  an  average  of  6.500  volts.  A  sample 
of  mica  from  South  Africa  broke  down  at  9.900  volts,  the  thickness 
being  also  3  mils.  A  sample  twice  this  thickness  sparks  through  at 
13.000  volts. 

Many  other  substances  arc  used  in  the  insulation  of  electrical 
machinery,  paper  insulation  perhaps  being  the  most  common.  Par- 
ticulars arc  given  by  the  author  of  the  amount  of  moisture  absorbed 
by  various  papers  and  of  breakdown  voltages.  It  is  seen  that 
loathcroid  is  very  absorbent,  and  as  this  is  used  to  a  large  extent  to 
protect  the  mieanite  on  high-tension  windings,  it  is  important  to  see 
that  it  is  dried  out  properly  before  being  put  into  use.  Leatheroid 
is  not  at  its  best  an  excellent  insulator,  but  its  toughness  makes  it  a 
useful  material  for  protecting  other  insulation.  The  best  flexible 
insulation  is  "  empire  cloth  " — linen  cloth,  treated  with  a  mixture 
containing  a  large  percentage  of  linseed  oil,  and  rolled  to  a  given 
thickness.  The  dielectric  strength  of  empire  cloth  is  comparatively 
high,  a  thickness  of  0-007  in.,  breaking  down  at  about  4,000  volts. 

The  folUffling  list  gives  the  dielectric  strength  of  other  insulating 
materials : — 

Damp 
Mnleriul.  breakdown. 

Cirtridgc  paper.  0-003        ...  800 

Rcdrope  paper,  001   1,200 


0005 
Manila  paper,  0-008 

Leatheroid,  0-01       

0015         

Fuller  board,  0020 

„       0-0.30    

Twii-])ly    empire    cloth    and 
mica  combination  0-02() 

Asbcsto.s,  0-12.5  

Mieanite,  0-012       

Wood  (maple),    imprcjinatecl    I 
with  lin.sced  oil,  0-312")  "l 


1,000 
1,220 
1,270 
3,050 
5,000 
6,000 

24,000 
3.200 


Breakdown  when 

baked  one  hour. 

780 

1,420 

1,000 


Black  fibre,  0-142 
Red  libre,  0-18 


3,000 

5,100       Flash 

5,000    '   test. 

(;,00U 

OK  at 

27,tK)0 

0,800 

10.000 

OK  fl.ish  test  12,000 

Breaks  down  at  10,000  in  1  min. 
7.000  in  2  min. 

Stand.s  5.000  fur  )(l  miii. 

13.000  1     Flash 

14,000/     test. 

The  papers  arc  often  treated  with  varnish,  this  increasing  the 
dielectric  strength  considerably.  The  chief  desiderata  for  varnish 
are  (1)  flcxibilitj'.  (2)  no  chemical  action  (on  removing  the  varnished 
covering  from  a  wire,  the  copper  is  sometimes  found  to  be  coated 
with  a  green  oxide  ;  this  is  due  either  to  acid  in  the  varnish,  cr  acid 
absorbed  by  the  varnish  from  the  atmosphere).  (3)  non-absorption 
of  moisture,  (4)  high  dielectric  strength.  The  following  results  show 
the  dielectric  strength  of  varnishes  on  various  materials  and  also  the 
effect  of  drying  : — 

, Breakdown  point. , 

0-01   Fid'er  board.  0-01   Bedrope  paper. 

yarnixh.  lie/nre  After  Be/ore  Alter 

bakini/.  biikinq.  bakiwj.  baking. 

Shellac  2.718     4,070     1,.195     1,780 

Armalac  (black)        2,880     .I.OOO     1,.555     1,070 

Sterling  varnish        3,925     ,5,420     2,155     2,000 

Standard  varnish     4.110     0.240     —       — 

Not  treated  1,490     3,000     1,340     1,275 

Varnishes  containing  linseed  oil  arc  liable  to  absorb  moisture. 
The  insulation  of  oil-cooled  transformers  is  ccm.sidered  by  itself,  as 
oil  affects  some  kinds  of  insulation  ccmsiderably.  Rubber  covered 
cables  and  insulation  should  be  avoided  because,  as  is  well  known, 
rubber  is  soluble  in  oil.  A  rubber  covered  cable  should  not  be 
placed  in.side  an  oil-cooled  transformer  at  all,  as  the  oil  will  crce]) 
along  the  braiding  and  attack  the  rubber.  Our  standard  treatment 
B-rvcs  well  for  transformers.  A  standard  treatment  is  a  layer  of 
half  lap  linen  tape,  varnished  and  dried  three  times.  The  oil  soaks 
to  the  coils  through  this  uniform  covering,  but  does  not  appreciably 
affect  the  varnish.  Two  standard  treatments  puncture  at  9,000 
volt.s.  Transformer  oil  is  another  important  item,  and  care  should 
be  exercised  in  the  selection  of  a  good  quality.  The  two  fundamental 
functions  of  transformer  oil  are,  first,  to  conduct  the  heat  from  the 
coils  and  core  to  the  ease.     (T'he  latter  should  ha-e  as  large  a  surface 


as  possible,  to  radiate  the  heat  to  the  surrounding  atmosphere.) 
Second,  to  insulate  ;  filling  up  the  air  spaces  in  the  windings,  and 
between  the  winding  and  core.  The  four  essential  points  are :  (1) 
freedom  from  acid.  (2)  high  dielectric  strength,  (3)  high  flash  point, 
(4)  freedom  from  water  or  moisture. 

The  following  are  some  figures  taken  on  various  samples  of  trans- 
former oil,  with  a  j'„in.  spark-gap  between  balls  of  1  cm.  diameter  :— 


Specific  grarily. 
0-924 
0-901 
0-884 
0-883 
0-890 


Flash  point. 
159%'. 
187°C. 
170°C. 
179°C. 
173°C. 


Breakdown  loHage. 
8,S00 
i;,9U0 
7,800 
8.000 
0,300 


While  dealing  v.ith  oil,  it  v.-ould  be  well  to  mention  that  switch  oil, 
like  that  just  dealt  with,  should  have  a  high  dielectric  strength  ; 
but,  in  order  that  it  may  not  be  readily  displaced  by  an  arc,  it  should 
be  more  viscous  than  transformer  oil.  .Since  arcing  is  continually 
taking  place  in  the  oil,  it  is  essential  that  it  should  not  readily  car- 
bonise. Also,  as  in  the  case  of  transformer  oil,  the  flash  point  must 
be  high.  A  factor  which  enters  into  the  subject  is  that  of  specific 
inductive  capacity.  This,  of  course,  does  not  apply  to  direct  current 
circuits,  but  in  alternating  current  high-frequency  or  high-pressure 
machines.  Mica,  an  insulation  largely  used  in  such  machines,  has  a 
large  specific  inductive  capacity  (50).  This  allows  a  capacity  cur- 
rent to  pass  through  which,  though  practically  harmless  to  the  mica 
insulation,  yet  may  burn  any  dirt  or  other  semi-conductor  on  the 
surface  of  the  mica.  The  same  destructive  action  takes  place 
between  the  bent  and  the  adjacent  straight  coils  of  an  alternator  or 
induction  motor,  which  in  some  parts  of  the  winding  are  at  a  maxi- 
mum difference  of  potential. 

If  a  sheet  of  mica  or  mieanite  is  subjected  to  a  liigli  electrical 
pressure  for  any  length  of  time  it  will  be  noticed  that  the  insulation 
becomes  quite  warm,  due  to  dielectric  hysteresis.  A  mieanite  tube 
i  in.  thick  subjected  to  a  pressure  of  12.000  volts  for  one  hour  gave  a 
temperature  rise  of  60°F.  The  heating  is  also  due  to  a  sort  of  bom- 
bardment which  takes  place  in  the  mieanite  if  it  is  not  well  pressed. 
Small  sparks  flying  from  one  piece  to  the  next,  resulting  in  heating, 
and  also  in  a  more  or  less  harmful  disintegi'ation  of  the  particles. 
Another  action  is  that  of  osmosis,  and  great  discretion  sliould  bo 
exercised  in  the  employment  of  fibrous  and  hygroscopic  material  for 
direct-current  insulation. 

The  author  concludes  \\ith  a  few  remarks  on  jointing  and  testing. 
Transformer  and  alternator  coils  should  be  tested  for  short-circuit 
between  the  turns  before  assembling,  as  this  may  save  a  great  amount 
of  time  and  labour.  This  can  be  done  by  placing  the  coils  on  a 
laminated  iron  limb,  and  using  one  coil  for  excitation.  The  volts 
should  be  brought  up  to  about  50  per  cent,  mere  than  normal.  This 
should  be  maintained  for  about  10  minutes,  when  any  shcrt-cireuit 
may  be  detected  by  the  heating  of  the  coil  at  the  shorter. turn.  The 
test  for  an  induction  motor  of  the  slip-ring  type  is  made  by  opening 
the  rotor  circuit,  and  bringing  up  the  stator  volts  to  25  per  cent, 
over  normal.  This  will  show  up  any  short-circuit  in  either  stator  or 
rotor  windings. 


THE  IMPEBIAL  INTERNATIONAL  EXHIBITION. 

With  the  advent  of  early  summer,  the  general  public,  and  espe- 
cially the  by-no-means-small  ]u-oportion  of  that  public  living  around 
the  area  called  London,  has  forcibly  brought  before  its  notice  the 
various  "Exhibitions"  to  be  opened  for  instruction  and  recreation. 
Perhaps  we  should  have  put  recreation  first,  as  in  a  great  many 
cases  "  in.struction  "  is  simply  the  excuse  for  a  day's  round  of  plea- 
sure and  excitement.  When  we  were  told  about  this  time  last  year 
that  the  elaborate  buildings,  maeliinery  and  electrical  plant  brought 
together  and  erected  in  the  Franco-Iiritish  Exiiibition  were  to  bn 
totally  demolished  in  about  six  months'  time,  there  were  many  who 
refused  to  give  credence  to  the  report.  These  doubting  ones  are 
now  justified,  for  the  buildings  and  grounds  in  which  the  Frane<!- 
British  Exhibition  was  held  at  Shcjiherd's  Bush  last  year  will  still 
be  familiarly  known  as  the  Great  White  City  this  year  under  ths 
guise  of  the  Imperial  International  Exhibition,  19C9,  which  was 
opened  with  due  pomp  and  ceremony  by  the  Duke  of  Argyle  yester- 
day. 

The  many  and  various  applications  of  electrical  energy  in  (his 
vast  Exhibition  which  were  to  be  seen  last  year  have  been  ampli- 
fied, and  in  some  cases  very  decided  improvements  have  been  made. 
This,  from  the  electrical  engineer's  point  of  view,  is  very  satisfac- 
tory, in  that  it  .shows  the  '■  man  in  tlie  .street "  h.ow  electricity  is 
becoming  more  and  more  essential  to  his  everyday  well-being.  The 
visitor  is  brought,  in  almost  every  case,  by  either  electric  trains  or 
electric  cars,  and  when  he  arrives  at  the  Exhibit itm  he  finds  most 
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of  the  jMincipal  fpatiiros  electrically  operated,  and  electricitj'  the 
medium  for  giving  liiiu  the  wonderful  illumination  effects  at  night. 
As  regards  these  electrical  features,  we  propose  at  present  to  give 
a  general  idea  of  the  alterations  that  have  been  made  since  the 
closing  of  the  White  City  last  year. 

The  general  solieme  of  current  supply  remains  much  the  same  as 
described  in  TrtE  Electrician  of  May  15,  1908,  with  the  exception 
that  whereas  last  year  a  certain  amount  of  power  was  obtained  from 
the  Parsons  turbine  and  Westinghouse  gas  engine  in  the  Macliiricr\- 
Hall,  this  year  that  source  of  supply  is  not  available.  To  make  up 
for  this  a  new  sub-station  has  been  erected  immediately  on  the 
south  side  of  what  used  to  be  the  Machinery  Hall,  so  that  practically 
the  whole  of  the  current  for  power  and  lighting  is  obtained  from 
either  the  Hammersmith  Borough  Council  or  the  Notting  Hill  Elec- 
tric Lifhting  Co.  Tlie  new  sub-station  is  divided  into  two  enclosed 
ssotions.  On  the  one  side  are  three  200  kw.  transformers,  bringing 
the  feeder  pressure  of  2,200  volts  down  to  440  volts,  the  pressure 
U53d  throughout  t]\<^  Exliibition,  and  the  switchgear,  &c.,  belong- 
in"  to  the  Hammersmith  Borough  Council.  On  the  other  side  the 
distribution  panels  belonging  to  the  Exhibition  authorities  are 
placed.  The  feeders  from  the  transformers  come  on  to  the  'bus 
bars  and  the  area  of  supply,  including  the  six  buildings  in  what  was 
the  Court  of  Arts,  is  split  up  into  six  sections  by  means  of  double- 
pole  switches  at  the  switchboard.  Tlie  other  sub-stations  have  also 
bssn  divided  up  so  that  the  plant  belonging  to  th?  sup])ly  stations 
is  entirely  separate  from  that  owned  by  tlie  Exhibition  authorities. 

In  sub-station  "  A  "  the  two  400  kw.  motor  converter.?,  which  were 
formerly  driven  by  the  Kensington  supply  at  5,()0O  volts  three  phase 
are  now  fed  by  the  Hammersmith  supply  at  2,000  volts  two  phase. 
To  effect  this  step-up,  two  Berry  transformers  have  been  installed. 
These  are  practically  the  only  alterations  that  have  been  made  in 
the  scheme  of  supply  from  that  in  use  last  year. 

Coming  to  the  most  important  electrical  feature  of  the  Exhibi- 
tion, the  illumination  of  the  grounds  and  buildings,  the  great  out- 
standing innovation  is  the  very  extensive  use  of  high  candle-power 
metallic  filament  lamps.  In  the  majority  of  cases  these  have  dis- 
placed arc  lamps  and  the  authorities  claim  that  for  illumination  and 
effect  much  better  results  are  obtained,  as  the  best  of  well-regu- 
lated arcs  will  flicker  at  times.  These  lamps  are  to  be  seen  in  use 
at  the  Cascade,  the  old  Fine  Arts  Palace,  the  new  Imperial  Tower, 
most  of  the  l)audstands,  and  in  a  portion  of  the  roadway  on  the 
south  side  of  t-lie  Machinery  Hall. 

In  the  Ciscade  some  90  200  c.p.  metallic  filament  lamps  are  placed 
underneath  the  glass-work,  graded  in  batches  of  five  different 
colours.  The  lanterns  on  the  partitions  on  the  top  of  the  cascade  also 
l»ve  five  55- watt  metallic  lamps,  each  lamp  being  of  the  correspond- 
ing colour  to  the  five  different  coloured  lamps  used  underneath  the 
cascade.  It  is  curious  to  note  in  connection  with  this  that  the  colour 
effects  are  obtained  by  switches  operated  by  hand  at  the  switch- 
board. It  is  also  interesting  to  note  that  two  new  electrically-driven 
direct-coupled  Rees  Roturbo  pumps  of  250,000  gallons  per  hour 
capacity  have  been  installed  to  supply  the  water  for  the  cascade. 
The  motors  for  this  work  are  each  of  50  H. p.,  and  have  been  made 
by  the  Electric  Construction  Co.  As  these  pumps  have  no  foot  valves 
a  direct  motor-driven  centrifugal  air  extractor  has  been  installed  by 
the  Rees  Roturbo  Co.  for  priming  purposes  when  starting  up. 

The  Fine  Arts  Palace,  which,  it  will  be  remembered,  was  not 
lighted  at  all  last  year,  has  now  about  72  200  c.p.  metallic  lamps. 
These  are  placed  in  very  handsome  cases  with  opalescent  globes,  and, 
in  the  day  time  at  any  rate,  might  easily  be  mistaken  for  small  arc 
lamps.  Metallic  filament  lamps  in  use  for  outside  lighting  are  to  be 
seen  in  the  road  on  the  south  side  of  the  Machinery  Hall,  where  12 
200  c.p.  lamps  are  suspended  from  ornamental  standards  similar  to 
the  method  employed  for  arc  lamps.  Most  of  the  towers  and  lan- 
terns are  also  now  fitted  with  metallic  lamps,  and  it  is  hoped  by 
this  means  to  obtain  a  perfectly  steady  light  and  consequently  better 
effects.  The  metallic  lamps  in  use  are  of  the  well-known  "  Osram  " 
type,  made  by  the  General  Electric  Co, 

The  general  outlining  of  the  buildings  by  carbon  filament  lamjts 
has  been  extended  on  a  very  lavish  scale.  The  Machinery  Hall 
ooMt,  which  was  not  previously  illuminated,  has  now  some  5,500 
lamps  placed  on  the  adjacent  buildings,  and  the  Imjierial  Tower,  an 
imposing  and  entirely  new  structure  in  the  centre  of  the  grounds,  is 
illuminated  by  about  (i,000  lamps.  Another  innovation  is  a  series  of 
panoramas,  in  the  Machinery  Hall,  depicting  health  resorts;  these 
require  about  3,000  lamps  of  various  colours  to  give  the  necessary 
effect.  The  remainder  of  the  lighting  is  practically  the  same  as 
was  seen  last  year. 

Prom  these  notes  it  will  be  seen  that  the  use  of  electricity  at 
the  White  City,  tremendous  as  it  was  last  year,  is  still  more  vast 
this  year,  and  we  therefore  propose  to  describe  in  detail  some  of  the 
new  electrical  features  in  a  later  issue. 


PRECISION  MICROMETEBS. 

It  goes  without  .saying  that  both  in  the  laboratory  and  work- 
shop the  micrometer  is  a  very  useful  instrument.  This  b?ing  so, 
and  considering  the  extent  to  which  these  in.struments  are  used,  we 
are  surprised  to  learn  that  up  to  the  j)rcscnt  it  has  alwaj-s  been 
necessary  to  import  them  from  abroad.  But  as  the  Englishman 
is  always  desirous  of  purchasing  home-made  goods,  we  arc  pleased 
to  be  able  to  announce  that  .Messrs.  Elliott  Bros,  are  now  making 
|)rccision  micrometers  at  Ticwisham.  for  which  they  hope  to  have 
the  support  of  the   engineering  trade  in  this  rniitilry. 

r 


Fig.  1. — Mrko.mkteu  Fixko  to  A  h.u.staule  Caerving  Ar.m 
FUR  BenlH  Work. 

As  regards  the  actual  micrometers  nothing  more  need  be  said 
except  that  they  come  up  to  the  standard  set  by  Messrs.  Elliott's 
other  well-known  instruments.  They  are  made  in  I  in.  and  2  in. 
sizes,  reading  in  thousandths,  and  with  or  without  a  ratchet  head. 

In  connection  with  these  micrometers  two  Very  interesting  pieces 
of  apparatus  have  been  designed,  which  we  illustrate  in  the  accom- 
panying figures.  Fig.  1  shows  an  attachment  whereby  the  micro- 
meter can  be  ufed  on  the  bench.  It  consists  of  a  heavy  cast-iron 
base  with  an  adjustable  carrying  arm,  which,  it  is  claimed,  can  be 
moved  in  practically  any  direction.  Everyone  who  has  had  a  certain 
amount  of  gauging  to  do,  especially  with  small  pieces,  knows  how 
very  awkward  it  is  to  handle  the  micrometer  entirely  with  one  hand, 
and  the  necessity  for  some  means  for  holding  the  instrument  while 


Fit;.  2. — Micrometer  with  Finokr  -■Vttachjiest. 

leaving  both  hands  free  is  very  evident.  This  attachment  allows 
this  to  be  done.  The  micrometer  can  also  be  so  turned  in  it  that  the 
light  falls  fauiy  on  to  the  divisions  on  the  frame  andtho  positions  of 
the  markings  on  the  thimble  can  then  very  easily  be  read  off. 

Fig.  2  is  a  finger  ring  attachment  for  enabling  the  micrometer  to 
be  carried  on  the  third  and  little  finger  of  the  right  hand,  while  the 
thumb  and  first  linger  are  loft  perfectly  free  to  move  the  scnnv. 
The  frame  of  the  ring  is,  as  will  be  seen,  formed  very  much  like  the 
finger  holes  in  a  large  pair  of  scissors,  so  that  the  curves  are  con- 
venient to  the  fingers,  and  the  wliolo  apparatus  can  be  hold  in  the 
right  hand  an  almost  unlimited  time  without  fatigue.  The  arrange- 
ment is  intended  for  use  when  a  large  number  of  small  pieces  have 
to  be  gauged.  These  can  be  taken  in  the  left  hand  and  placed 
quickly  between  the  measuring  =urfaees. 
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SUB  STATIONS  AND  POWER  DISTRIBUTION. 

Modern  central  .station  practice  has  been  directed  to- 
wards the  conceutration  of  electrical  generating  plant  in 
large  power  stations  and  the  distribution  of  electrical 
power  from  sucli|ceutres  to  local  snb-stations.  In  fact,  it  is 
largely  on  the  econt)my  resulting  from  the  adoption  of  such 
methods  that  the  large  electric  power  supply  companies 
have  based  their  hopes  of  success.  It  is  true,  however, 
tliat  many  people  have  their  doubts  whether  such  power 
supply  schemes,  with  their  long  Irausmission  lines  and 
necessarily  consideral)le  power  losses,  can  compete  suc- 
cessfully with  smaller  installations  scattered  over  the  dis- 
tricts served  by  tlie  power  companies  ;  and  one  is  reminded 
by  tlie  Taper  read  last  week  by  Mr.  A.  J.  J.  ri'EiFi'EK 
before  the  Institution  of  ]']lectrical  Engineers,  of  the  con- 
troversy which  raged  some  few  years  ago  round  this  ques- 
tion. Although  the  Paper  is  chiefly  devoted  to  a  compari- 
son of  tile  capital  and  running  costs  of  steam,  gas  and  oil 
engines  (the  author  advocating  the  adoption  of  oil  engines 
of  the  Diesel  type  in  medium-sized  power  stations,  except 
where  the  latter  are  situated  in  tlie  immediate  neighbour- 
hood of  coal  centres),  tlio  feasibility  of  installing  Incal  oil- 
engine plants  iuste.'id  of  sub-stations  sup]ilicd  from  a  main 
power  station  is  also  discussed. 

With  the  comparison  made  by  the  author  between  the 
various  prime  movers  we  do  not  at  present  propose  to  deal, 
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beyond  calling  attention  to  the  fact  that  the  advocates  of 
internal  combustion  engines — both  of  the  gas  and  oil  type- 
usually  compare  the  actual  results  of  steam  practice  with 
the  hypothetical  results  of  the  alternative  prime  niovi-rs, 
the  latter  figures  being  often  estiniatedfrom  brief  experience 
of  the  cost  of  running  the  plant  in  question.  Central 
station  engineers  know  very  well  that  the  figures  obtained 
with  plant  run  under  the  varying  conditions  experienced 
in  practice  almost  invariably  fall  far  short  of  those  which 
nn'glit  be  expected  from  the  results  obtained  with  the  plant 
under  test,  or  otherwise  favourable  conditions.  There  is 
no  doubt  that  economical  running  is  possible  witli  internal 
combustion  engines,  but  this  is  usually  obtained  at  the 
expense  of  increased  capital  charges,  as  compared  with 
steam  plant,  and  as  the  high  cost  of  Diesel  engines  is 
generally  admitted,  we  can  hardly  agree  with  the  autl'.or 
when  he  takes  the  cost  of  a  steam  plant  power  station  as 
£24'5  per  kilowatt,  and  of  one  with  oil  plant  as  £23  to 
£25  per  kilowatt. 

It  is,  however,  with  the  question  of  sub-station  distri- 
bution that  we  are  more  particularly  concerned.  The 
author  considers  the  case  of  a  large  distributing  system  in 
London,  having  an  outlying  generating  station  feeding  10 
sub-stations,  each  subject  to  a  maximum  load  of  1,600  kw. 
Five  miles  of  duplicate  cables  are  allowed  for  the  trans- 
mission lines  to  each  sub- station,  and  the  losses  in  trans- 
mission and  conversion  are  taken  as  14  per  cent.  The 
figures  for  capital  and  operating  costs  given  by  the  author 
are  based  largely  on  particulars  obtained  from  Mr.  J.  H. 
Eider's  recent  Taper  l)efore  the  Institution.  In  regard  to 
capital  cost,  it  seems  from  Mr.  Kider's  remarks  during  the 
discussion  on  Mr.  Pfeiffeii's  Paper  last  week  that  the 
author  has  gone  astray  in  basing  his  capital  cost  for  the 
sub-stations  on  the  figure  given  by  Mr.  Pider  for  the 
Shoredttch  sub-station  of  the  London  County  Council 
tramways,  which  is  the  most  expensive  sub-station  on  the 
system.  Again,  the  capital  cost  of  the  generating  station 
to  contain  plant  of  1.5,500  kw.  capacity  is  based  on  £20  per 
kilowatt  of  plant  installed,  which  figure,  as  we  pointed  out 
in  connection  with  Mr.  Leoxaud  Andrews'  Paper,  is  too 
high  for  a  modern  steam  turbine  station.  The  Greenwich 
generating  station,  which  is  frequently  referred  to  as  an 
instance  of  a  higher  cost  per  kilowatt,  does  not  furnish  a 
basis  for  comparison,  owing  to  the  exceptional  nature  of 
the  plant  and  buildings. 

It  will  be  seen  from  our  account  of  the  discussion  else- 
where in  this  issue  that  Mi:  PiDER  also  criticised  the 
operating  costs  of  the  sub-stations,  his  experience  showing 
that  these  should  be  reduced  to  nearly  one-half;  but  more 
serious  was  the  alteration  necessary  in  tlie  central  station 
operating  costs.  The  author,  Avhilst  taking  the  figures 
given  in  Mr.PlDER's  Paper  for  coal,  oil  and  wages,  has  altered 
Mr.  Rider's  figure  of  O'OLSd.  for  repairs  and  maintenance 
to  004:;d.  It  should  also  be  noticed  that  Mr.  Pidek's 
figures  were  for  only  the  first  section  of  the  (Ireenwich 
station,  and  since  January  1st  of  the  present  year  the  costs 
of  that  station  work  out  at  only  0-20 Id.  per  unit,  instead  of 
0-291d.  given  in  Mr.  Pider's  Paper  and  OlUGd.  given  by 
Mr.  Pi'EiFFER.  The  steam  turbines  are,  it  is  stated,  largely 
responsible  for  the  considerable  reduction  in  the  fuel  costs 
at  (rreenwich,  that  item  since  .Tanuary  of  the  present  year 


working  out  at  only  01 97d.  per  unit.  This  result  should 
prove  very  gratifying  to  those  engineers  who  have  advocated 
the  adoption  of  steam  turbines  from  the  point  of  view  of 
economical  running,  apart  from  considerations  of  reduced 
space  and  capital  outlay.  As  regards  economy,  therefore,  the 
case  for  the  hjcal  oil  plants  is  by  no  means  so  favourable 
as  Mr.  I'feiffer  makes  out,  and  the  saving  .shown  in  total 
cost  by  adopting  this  type  of  plant  will  be  converted  into 
a  loss  in  all  cases  of  moderate  or  high  load  factor,  if  the 
costs  of  the  Diesel  plant  are  worked  out  with  oil  at  a  more 
usual  figure  than  50s.  per  ton — say,  60s.  per  ton — or  are 
taken  from  actual  practice. 

Even  under  the  most  favourable  conditions,  however,  we 
think  there  are  important  disadvantages  against  such  a 
scheme  as  that  proposed  liy  the  author.  In  the  first  place 
the  management  of  a  number  of  isolated  plants  cannot  be 
carried  out  so  satisfactorily  or  so  economically  as  where  the 
plant  and  staff  are  located  in  one  station.  The  generating 
plant  will  also  be  better  maintained  in  tlie  latter  case,  and 
in  times  of  breakdown  the  advantages  of  control  from  one 
central  point  cannot  be  over-estimated.  There  is  also  the 
important  advantage  that  a  large  generating  station,  of 
whatever  type,  benefits  through  diversity  factor,  lower 
cost  per  kilowatt  and  lower  costs  per  unit.  The  transmis- 
sion costs  must  reach  a  certain  figure  before  these  advan- 
tages can  be  disregarded.  Another  feature  is  that  oil  en- 
gines cannot  take  big  overloads — this  is  mentioned  by  the 
author — so  that  l)esides  the  necessity  of  running  a  con- 
siderable amount  of  idle  plant  to  take  care  of  fluctuating 
loads,  the  pressure  regulation  is  also  liable  to  be  unsatis- 
factory ;  whilst  in  the  case  of  a  failure  of  one  machine  the 
others  running,  unlike  the  usual  transforming  plant  in  a 
sub-station,  are  unable  to  take  up  the  load.  Peliability  is 
one  of  the  most  important  points  to  be  considered  by 
central  station  engineers,  and  tliat  oil  plants  possess  this 
characteristic  is  by  no  means  certain.  Indeed,  we  are  in  a 
position  to  know  that  oil  engines  under  certain  conditions 
have  been  unsatisfactory  and  unreliable;  and  this  fact,  taken 
in  conjunction  with  the  undoubted  inaccuracy  of  the  com- 
parative figures  given  by  the  author  for  the  cost  of  opera- 
tion in  the  two  cases,  sliould  go  far  to  show  that  engineers 
are  proceeding  on  the  right  lines  in  generating  high-tension 
current  as  economically  as  possible  in  a  central  power 
station  and  transforming  at  sub-stations  to  meet  local  re- 
quirements. 

REVIEWS. 

(Copies  of  the  undermentioned  works  can  be  had  from  Tht  Eleelrician  Offloe,  [xKt  free, 
ou  receipt  of  published  price,  adding  3d.  for  boolss  published  under  2s.  Add  10  per 
cent,  for  abroad  or  for  foreign  books.) 


Electric  and  Petrol  Electric  Vehicles.     By  W.  PovstekAimms. 

Part  II.  of  "  Motor  Car  Meclumi.sm  and  Manaseinent."     (London  : 

Charles  tJriffiu  &  Co  )  Pp.  x.— 181.  5.s.  net. 
"  To  those  acquainted  with  the  science  of  cloctrical  engineer- 
ing the  coming  of  the  electric  road-vohiolo  is  looked  for  with 
confident  anticipation,"  are  the  author's  opening  words,  and 
he  strengthens  them  later  on.  A  bold  statement  :  we  would 
suggest  adding  '"  onlv  "  between  '"  with  "'  and  "'  the. 

We  are  far  from  "denying,  however,  that  in  one  restricted 
fliiss  of  road  motor  traVtion  olcrtricity  has  established  itself 
almost  oxtlusively  ;  and  tliat  in  another  class,  somewhat  less 
restricted,  the  few  experiments  that  have  been  made  have  been 
very  promisiiii;.     For  town  work,  to  replace  a  carriage,  the 


226 


THE  ELECTRICIAN,  MAY  21,  1909. 


battery  car  has  come  to  stay.  Like  the  horse,  but  unlike  thr 
ordinarv  car.  it  has  only  a  limited  "  radius  of  action  "  :  but 
its  radius  is  greater  than  that  of  the  horse,  and  it  can  do  its  full 
output  dav  alter  day  :  while,  over  the  ordinarv  car.  it  has.  for 
this  work,  many  advantages.  If  the  battery  can  be  improved 
the  car  will  improve  pari  -passu  ;  otherwise  it  is  not  very  far 
from  its  limit.  Itsuse  will  probably  increase  greatly  ;  and,  as  it 
need  never  be  charging  during  peak  time  or  fog.  it  w-ill  afford  a 
very  welcome  additional  load  to  the  station  engineer. 

The  other  class  is  where  a  dynamo  and  motor  are  used  to 
replace  the  gear  box  in  a  petrol  vehicle.  The  idea  has  many 
most  valuable  advantages  on  paper,  and  we  sincerely  hope 
that  they  will  be  found  equally  conspicuous  in  practice  after 
extensive  road  running,  without  counterbalancing  defects. 
If  .so.  the  svstem,  in  one  or  more  of  its  numerous  forms,  will  have 
a  considerable  future  for  motor  omnibuses.  One  car  is  men- 
tioned as  being  actually  on  the  road. 

It  is  always  a  little  difficult  to  know  how  much  to  tell  an 
outsider  ;  and  to  remember  that  axioms  to  us  are  mysteries  to 
him ;  Mr.  Adams  succeeds  fairly  well,  but  we  sometimes  wish 
he  would  not  try  and  tell  the  truth  :  it  is  so  confusing  to  the 
outsider.  It  is  far  wiser  sometimes  to  take  the  bull  by  the 
horns  and  say.  "  The  following  is  not  strictly  a  correct  explana- 
tion, but  if  you  will  act  on  it  as  if  it  were,  you  will  find  3^ou 
come  to  the  right  conclusions."  Immoral  '!  Let  the  engineer, 
who  in  his  work  really  thinks  of  the  surrounding  medium  and 
not  of  the  wire,  cast  the  first  stone. 

Nevertheless  Mr.  Adams's  book  is  one  which  every  electric  car 
owner  should,  after  reading,  pass  on  to  his  driver.  It  gives 
most  things  that  the  latter  ought  to  know — but  which  he  often 
does  not.  It  deals  simply  and  fairly  plainly  with  chassis, 
battery,  motors,  and  charging  :  and  has  several  excellent 
chapters  on  general  management  and  driving.  The  glossary 
at  the  end  will  stand  much  revision.  The  definition  of  "  pulley" 
is  perhaps  hardly  required  ;  but  to  define  it  as  "  a  wheel  or 
drum,  vari/>n{/  very  grcath/  in  shape,  keyed  on  to  a  shaft,  &c.," 
suggests  a  wire  wheel  after  a  collision. 

If  a  lew  simpler  diagrams  were  given  where  the  text  does  not 
really  require  them  the  beginnei-  could  easily  be  lead  up  step 
by  step  to  the  more  complex  ones;  as  it  is, we  fear,  he  will  often 
cut  them,  as  hieroglyphs  beyond  his  ken. 

Before  bringing  out  a  second  edition  Mr.  Adams  should  give 
the  book  to  two  or  three  drivers  and  ask  them  to  mark  the  parts 
they  don't  understand,  and  (the  same  thing)  the  parts  they 
think  arc  wrong.  The  comments  may  startle  him,  but  they  will 
make  liis  second  edition  much  nearer  perfection.  The  book  is 
well  and  neatly  get  up.  and  well  illustrated. 

C.  W.  S.  Cr.w.-ley. 

La    T^:6grapllie   sans  Fi's.     r.v   I.   V.w   Dam.     Second   edition. 
{Taris:  Ch.  Bcranger.)     Pp.  xiii.— 254. 

This  excellent  textbook  has  been  thoroughly  revised,  render- 
ing it  undoubtedly  one  of  the  best  which  has  been  published  in 
French,  at  least  from  the  point  of  view  of  the  wireless  telegraph 
engineer.  The  author  very  properly  assumes  that  his  readers 
have  some  knowledge  of  electricity  and  of  mathematics,  and 
spends  but  little  space  on  ancient  history.  The  result  is  that, 
though  the  book  is  not  a  large  one,  it  contains  a  very  great 
amount  of  information  which  is  of  direct  use  to  telegraphists  in 
regard  to  both  theory  and  practice.  There  are,  of  course,  some 
error.';  which  it  would  be  well  to  correct  in  any  later  edition. 
For  instance,  on  p.  48,  the  conclusion  drawn  from  Fleming's 
calculation  of  the  capacity  of  an  aerial  wire  as  to  the  rate  of 
radiation  of  encigy  is  nujst  misleading.  The  average  rate  of 
radiation  over  a  .second  or  more  may  amount  to  only  one  watt, 
but  since  almost  every  type  of  detector  responds  to  the  train  of 
waves,  caused  by  a  single  spark,  it  is  the  rate  of  radiation  during 
a  spark  that  is  of  consequence.  This  rate  is,  of  course,  manv 
hundreds  of  times  that  of  the  time  average  of  radiation  of 
energy,  and  is  the  chief  factor  in  determining  the  range  of  the 
station. 

This  and  a  few  similar  mistakes,  however,  detract  but  little 
from  the  general  excellence  of  the  book,  which  will  be  icad  with 
nterest  not  only  liy  students  but  also  by  engineers. 


ECONOMICS  OP  MEDIUM-SIZED  POWER  STATIONS. 

We  give  below  an  account  of  the  discussion  which  took  place 
at  the  meeting  of  the  Institution  of  Electrical  Engineers  last 
week,  when  Mr.  A.  J.  J.  Pfeiifer  read  his  Paper  on  this  sul'ject. 
An  abstract  of  this  Paper  appeared  in  our  last  issue. 

Mr.  .T.  H.  RiiiER  referred  to  the  attention  no»-  lieing  paid  to  internal 
combustion  engines,  and  said  he  li.id  not  been  quite  converted  by  the 
author  to  the  use  of  Diesel  oil  engines.  He  asked  the  author  to 
explain  the  reference  in  the  Paper  to  variations  in  the  speed  of  oil 
engines  as  1,500.  It  was  usual,  when  speaking  about  speed  varia- 
tions, to  express  them  as  .a  percentage  of  the  angular  velocity. 
In  making  comparisons  between  the  cost  of  a  power  station  with 
its  sub-stations  and  Diesel  engine  sub-stations,  the  author  gave 
the  cost  of  10  sub-stations  as  £175,000,  b.ased  upon  the  figures 
which  he,  the  speaker,  gave  of  the  Shoreditch  sub-station.  The 
author  took  land  at  £5'25  per  kilowatt.  In  his,  Mr.  Rider's,  desire 
to  be  above  suspicion  in  the  figures  he  gave  in  his  Paper  he  took  the 
most  expensive  sub-station  they  had  on  the  whole  system.  The  £3'5i5 
per  kilowatt  for  land  referred  to  a  site  that  cost  £10,000.  They  had  sub- 
stations quite  as  large  on  land  that  only  cost  £825  ;  in  fact,  the  average 
of  the  whole  of  the  sub-stations  was  only  £4,000,  so  that  with  the 
land  and  similarly  with  the  buildings  the  author  h.ad  gone  astray 
in  taking  his  (Mr.  Rider's)  figures  as  a  basis  on  wdiich  to  work  out 
the  cost  of  his  sub-stations.  He  was  only  able  to  deal  with  the 
figures  ffiven  for  the  53  per  cent,  load  factor  in  the  table  dealing 
with  the  cost  per  unit  of  sub-station  outi)ut,  because  they  hapiiened 
to  coincide  with  his  experience  and  related  to  49  per  cent.  load, 
factor  for  the  central  station.  He  did  not  know  what  substation  Mr. 
Pfeiffer  had  in  his  mind  when  he  gave  the  operating  cost  per 
unit  as  0  08d.  He  could  give  figures  based  upon  the  whole  of  last 
year's  working,  therefore  not  hypothetical  at  all,  where  the  oil,  waste 
and  stores  cost  0  COld.  (for  the  same  load  factor)  and  not  0004d.;  salaries 
and  wages  0'C41d.  and  not  0055d.  ;  m.aintenanco  and  rep.airs  0'007d. 
and  not  0'02d.;  making  a  total  of  only  0  049(1.  per  unit  for  operating  the 
sub-stations,  as  against  the  author's  O'OSd.  Again,  the  first  three 
items  in  the  table  of  pence  per  unit  for  central  station  output  were 
taken  from  his,  the  speaker's,  paper,  but  the  author  did  not  take  the 
figure  the  speaker  gave,  and  which  was  for  actual  results,  of  O-OlSd. 
for  maintenance  and  repairs.  He  took  a  hypothetical  figure— 0'043d. 
Mr.  Rider  then  gave  some  actual  figures  based  upon  recent 
working.  Since  Jan.  1  last,  mstead  of  U'291d.  the  works  cost  at 
Greenwich  was  only  C261d. ,  and  coal  had  gone  down  from  0'23d. 
to  0'197d  ,  largely  due,  he  thought,  to  the  excellent  working  of  the 
turbo-generators.  In  the  table  oil  the  last  page  of  the  Paper,  where 
the  author  made  a  comparison  between  a  central  station — sub-station 
scheme  and  a  Diesel  oil-engine  scheme,  it  was  seen  that  for  35  per  cent, 
load  factor  he  gave  .a  difference  in  favour  of  the  Diesel  engine  of  G'112d. 
per  unit.  If  the  corrected  figures  were  now  jnit  in,  and  the  author's 
figure  for  oil  was  modified  by  taking  oil,  not  .at  50s.,  but  60s.,  since  in 
a  pre\ious  table  he  gave  it  as  6Cs.,  the  result  was  in  fa\'Our  of  the  steam 
central  station  and  sub-stations.  That  showed  that  figures  could  prove 
anything.  The  author  had  given  no  details  of  the  prime  movers  and 
had  taken  a  lump  sum  per  kilowatt  :  in  fact,  they  were  not  told  wlut  the 
actual  costs  were  of  any  single  job.  He  asked  the  author  whether  he 
seriously  thought  that  a  Diesel  oil  engine  scheme  was  a  practical  one 
in  a  large  city,  where  oil  tanks,  water-cooling  towers,  silencers,  &c., 
all  went  to  increase  the  cost'of  land  and  increase  the  trouble  of  working. 
He  asked  the  author  regarding  the  water  used  for  cooling  the  cylinders. 
How  much  water  was  required?  Did  much  evaporate  from  the  towers? 
Was  it  a  nuisance  in  the  neighbourhood  ?  In  making  comparisons 
between  Diesel  sub-stations  and  motor-generator  stations  the  small 
overload  capacity  of  the  Diesel  engine  must  be  taken  into  account.  The 
Diesel  engine  had  an  overload  capacity  of  only  20  per  cent.,  whereas 
the  speaker's  sub-stations  had  an  overload  capacity  of  100  per  cent. 

Mr.  W.  B.  EssoN  said  that  some  three  years  ago  he  had  occasion  to 
oompare  the  relative  costs,  using  steam,  gas  and  oil  engines,  and  had 
arrived  at  the  conclusion  that  for  500  u.r.  miits  steam  plant  was  the 
most  economical.  Mr.  J.  F.  C.  Snell  in  a  Paper  icad  last  year,  also  came 
to  that  conclusion.  In  regard  to  the  size  of  the  Diesel  engines,  he  knev/ 
of  a  case  similar  to  that  referred  to  in  the  Pa])er  and  could  give  the  results 
of  the  working.  They  were  300  H.r.  three-cylinder,  engines  running  at 
160  revs,  per  min..  coujiled  to  200  kw.  alternators  with  a  frequency  of 
v.'),  the  flywheels  being  of  cast  iron,  of  such  dimensions  as  to  reduce  the 
cyclic  irregularity  to  l/IiOO.  The  oil  ccmsumption  came  out  at  0'72  Ih. 
per  kilowatt-hour  at  an  average  load  on  the  engine  of  only  12.5  kv,".,  the 
sets  a])parently  v.'orking  betv.cen  j|  and  J,  load.  In  the  oil  engine  thcr,^ 
were  practically  no  standby  losses,  and  if  such  of  the  engines  in  the 
station  as  were  running  were  fully  loaded,  ths  oil  consumption  was  prac- 
tically independent  of  the  load  factor.  That,  of  course,  was  not  so  with 
steam.  They  had  as  making  up  the  total  c  msumptiim  of  steam  in  the 
steam  engine  a  variable  quantity,  depending  upon  the  nimibcr  of  units 
generated,  and  a  constant  (|uantity,  jiractically  independent  of  the  num- 
ber of  units  generated.  He  th(jught  the  author  had  greatly  exaggerated 
the  steam  standby  losses  in  the  Pa])er.  If  the  curve  in  Fig.  (i  was  re- 
drawn so  that  instead  of  showing  the  fuel  consumption  per  kilowatt-hour 
it  showed  the  total  consumption  of  fuel  for  particular  load  factors,  the 
author  arrived  at  the  extraordinaiy  result  that  for  no-load  at  all  the 
consumption  was  ope-third  of  the  total  fuel  used  when  the  station  v.'as 
running  on  a  load  factor  of  ^0  per  cent.  This,  of  course,  was  quite 
»hsurd,  and  far  too  high.     In  a  case  he  had  to  advise  on  'in  Calcutta, 
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where  oil  was  cheap  and  coal  clear,  and  where  the  use  of  oil  had  been 
decided  on  anyway,  the  question  arose  as  to  whether  ordinary  oil  engines 
or  Diesel  oil  engines  should  be  used.  The  Diesel  engine  being  much 
more  economical  in  fuel  consumption  than  the  ordinary  oil  engine,  it 
might  be  thought  the  former  would  be  the  best  to  use.  In  the  calcula- 
liims  it  came  out  that  the  ordinary  oil  engine  used  87  tons  r>f  oil  per 
annum,  whereas  the  Diesel  engine  used  only  37  tons  ;  but  notwithstand- 
ing this,  he  came  to  the  conclusion  that  it  was  chea)iii  In  iisr  tlio  ordinary 
oil  engine  and  87  tons  of  oil  per  annum  than  the  |)ir  .1  ml  .n^'liic  and  .'!7 
tons  per  annum,  becau.se  the  saving  in  fuel  would  nn[  ,  >  in]|iiii.s,itc  for  the 
extra  capital  outlay  and  depreciation  on  the  Diesel  cuiiuie.  The  case  as 
to  whether  a  suction  gas  engine  should  be  usetl  instead  of  a  Diesel  engine 
had  to  be  solved  in  the  same  way.  Suctii>n  gas  could  sometimes  beat 
Diesel  engines  because  of  the  extra  capital  outlay  on  the  latter.  It 
depended  on  the  hours  of  running.  The  author  gave  the  cost  of  the 
Diesel  oil  as  48s.  per  ton.  He,  tlie  speaker,  had  been  told  by  Diesel 
engine  makers  that  the  oil  delivered  to  their  works  in  the  North  cost  Gijs. 
per  ton,  and  delivered  to  I-ondon  the  cost  of  the  oil  was  51s.  (3d.  per  ton. 
Mr.  H.  Leslie  Dixon  (Leatherhead  &  District  Electricity  Co.)  sjioke 
as  a  usei"  of  Diesel  engines.  At  Leathei'head  they  were  originally  steam- 
condensing,  and  owing  to  the  ])oor  load  factor  and  small  output  the  coal 
costs  were  over  lOd.  per  unit  generated.  With  Diesel  engines  their 
present  fuel  costs  were  0-29d.  per  unit  generated  on  the  1908  output  of 
only  170,000  units,  a  result  better  than  the  majority  of  stations  of  similar 
size  could  show.  The  cost  of  repairs  was  also  low,  and  on  three  years 
running  did  not  exceed  40s.,  the  total  works  cost  per  unit  generated  being 
0-7t)2d.  for  last  year.  In  another  similar  electric  supply  station  equipped 
with  Diesel  engines,  with  which  the  speaker  was  arcpiaintec',  (he  engines 
had  been  in  use  nearly  six  years,  and  a  few  pounds  covered  the  cost  of 
repairs  during  that  time.  An  important  feature  was  the  cleanliness  of 
the  cylinder  interior  and  valves  in  working,  due  to  the  perfect  combus- 
tion, although  burning  a  heavy  oil.  It  had  therefore  only  been  found 
necessary  to  drav,'  pistons  once  a  year,  when  the  piston  top  was  generally 
found  to  be  cleaner  than  that  of  a  petrol  engine  using  light  spirit.  The 
ease  of  working  was  remarkable,  an  ex-stoker  driving  the  tv/o  120  b.h.p. 
Diesel  engines,  and  there  had  been  no  trouble.  They  eoidd  start  up  from 
cold  without  any  preparation  and  get  on  to  the  'bus-bars  with  a  120  H.p. 
set  in  4.5  sees.,  which  was  a  valuable  feature  in  central  station  work.  The 
engines  at  the  two  stations  referred  to  were  not  English  made,  but  were 
built  by  Sulzer  Bros. 

Mr.  H.  W.  Handcock  thought  it  would  be  interesting  to  mention 
some  results  which  had  actually  been  achieved  with  the  Diesel  engine, 
and,  incidentally,  he  could  quite  bear  out  the  very  good  results  obtained 
it  Leatherhead.  The  actual  figures  were  as  follows  :  In  1905,  when  the 
steam  plant  was  at  work,  the  cost  of  fuel  ]3er  luiit  generated  was  l'044d., 
and  the  total  works  costs  l-933d.  In  1906  there  was  a  mixed  system  ; 
Bi  1907,  working  entirely  with  Diesel  engines,  the  cost  of  fuel  was  down 
lo  0-3245d.,  the"  works  cost  being  l-238d.,  and  in  1908  the   cost  of  fuel 

tas  only  0-29d.,  and  the  total  works  costs  0-702d.  The  result  was  that, 
,  spite  of  metallic  filament  lamps,  they  were  able  to  show  a  substantial 
dividend.  In  the  year  190(i  the  cost  of  oil  was  G3s.,  in  1907  it  wa,s  66.s., 
and  in  1908  it  rose  to  70s.,  delivered  at  the  generating  station,  and  was 
down  again  at  (ids.  in  the  present  year.  When  the  Diesel  engines  were 
first  started,  oil  v/as  in  the  neighbourhood  of  40.5.  per  ton.  Some  time 
ago  it  was  said  that  oil  might  go  up  to  90s.  i)er  ton,  and  others  said  that 
it  might  go  down  to  35s.  per  ton.  They  had  a  feeling  of  uncertainty  as 
to  what  the  price  might  eventually  be.  Taking  next  a  station  at  Hind- 
head,  which  was  converted  to  Diesel  engines  some  time  before  Leather- 
head, the  cost  of  fuel  per  unit  generated  in  1904  with  non-condensing 
plant  was  1-G7d.  per  unit,  in  190(>  with  the  Diesel  engines  it  dropped  to 
0-432d.,  and  in  1907  to  0-35(id.  In  small  stations  it  appeared  that  great 
advantage  resulted  from  the  use  of  Diesel  engines,  but  it  was  only  fair  to 
fay  that  the  Diesel  engines  required  more  skilful  attention  than  steam 
engines.  As  the  Paper  dealt  with  gas  as  v.'ell  as  with  oil,  he  was  bound  to 
Kay  that  he  had  obtained  equally  economical  results  with  the  gas  engine, 
and  suction  ]ilants  gave  an  exceedingly  good  account  of  themselves.  He 
thought  there  would  be  a  great  race  in  the  future  between  the  two.  The 
capital  outlay,  however,  c^f  Diesel  engines.  com|>ared  with  gas  and  steam, 
was  high.  It  might  |>ossibly  hap|>cn  in  the  case  of  municipal  undciiakin^s 
that  if  the  ])eriod  of  loan  v.'crc  undidy  short  it  might  be  better  finance  to 
use  a  cheaper  though  less  economical  engine.  The  best  immediate  results 
from  very  economical  and  well  built,  but  expensive,  engines,  like  the 
Diesel,  were  obtained  where  the  depreciation  account  could  be  spread 
over  the  whole  life  of  the  engine. 

Mr.  H.  M.  iSayers  said  there  was  no  doubt  about  the  exceedingly  high 
thermo-dynamic  efficiency  of  the  Diesel  oil  engine,  and  one  of  the  features  of 
I  he  tests  that  had  been  made  was  the  remarkable  consistency  of  those  re- 
iilts,  viz.,  from  0-42  lb.  to 0-46  lb.  perbrakeh(uscpower-hour,  covering  the 
full  load  range  of  the  tests.  The  small  Diesel  engines  were  as  economical 
as  the  large  ones,  an  advantage  not  possessed  by  steam  engines  and  gas 
engines.  Nevertheless,  the  Diesel  oil  engine  had  not  made  the  progress 
that  might  have  been  expected,  |iartly  due,  no  doubt,  to  the  natural 
conservatism  of  engineers  and  others  ;  but  the  difficidty  of  getting 
information  in  advance  concerning  Diesel  engines  was  very  serious.  He 
'hought  the  author  had  given  the  prices  of  the  Diesel  oil  engines  a  little 
loo  low.  He  thought  that  for  an  average  size  £20  per  kilowatt  was  more 
like  the  figure,  or  an  addition  of  20  per  ( ent.  to  steam  plant  figures.  It 
■as  true  that  there  was  a  saving  on  the  building.s,  and  also  that  ther,' 
were  no  boilers,  gas  produeer.<  and  condensers,  but  the  price  of  these  was 
actually  paid  to  the  Diesel  Company.  It  looked  as  though  the  price  of 
the  Diesel  engine  had  been  very  carefully  worked  out  to  make  the  total 
cost  of  the  engine  equal  to  the  price  of  a  good  steam  plant  with  boilers 
and  condensers.     The  most  important  thing  that  had  prevented  the 


extensive  use  of  Diesel  engines  was  the  uncertainty  as  to  the  supply  and 
price  of  the  oil.  He  did  not  think,  however,  that  the  uncertainty  would 
continue.  The  price  of  the  Diesel  engine  would  fall  when  the  patents 
expired,  and  the  large  demand  for  the  engine  would  tend  to  increase  the 
sources  of  supply  of  the  oil  :  for  example,  small  coal.  Average  bitu- 
minous coal  gave  off  70  per  cent,  of  high  class  oil.  That  was  about  1  ton 
of  oil  per  4  tons  of  coal.  If  I  ton  of  oil  would  do  the  work  of  4  or  5  tons 
of  coal  the  carriage  of  the  ton  of  oil  would  be  very  much  more  economical 
than  the  cairiage  of  4  tons  of  coal  and  the  average  price  of  the  fuel  might 
be  less  than  the  equivalent  coal.  He  was  not  at  all  sure  that  piiic  lines 
from  the  coal  pits  to  the  big  towns  would  not  assist  materially  in  solving 
the  smoke  nuisance  and  also  the  power  distribution  question. 

Mr.  Leonard  Andrews  showed  a  diagram  in  which  he  had  repro- 
duced Mr.  Pfeiffer's  curves  of  thermal  efficiencies  of  steam  and  gas  ])lantR 
at  different  load  factors,  and  in  which  he  had  also  plotted  the  actual 
efficiencies  obtained  at  30  steam  and  giis  installations,  ,as  published  in  his 
recent  Paper.  It  would  be  seen  that  the  author's  hypothetical  curves 
coincided  with  the  actual  results  for  both  steam  and  gas.  He  thought, 
however,  that  those  interested  in  the  development  of  internal  combus- 
tion engines  must  recognise  that  steam  residts  were  steadily  improving. 
In  his  own  Paper  he  had  assumed  a  steam  efficiency  10  per  cent,  higher 
than  the  actual  recorded  results,  and  he  nov.'  showed  a  third  curve  con- 
structed on  this  basis,  which,  he  thought,  fairly  represented  the  tnie 
position  as  regards  steam  efficiencies.  It  would  be  seen  that  even  after 
making  this  amendment,  the  difference  between  steam  and  gas  engine 
efficiencies  corresponded  to  a  saving  of  11  lb.  to  2  lb.  of  coal  per  kilowatt- 
hour  for  any  load  factor.  He  hoped  that  Mr.  Pfeiffer  would  be  persu<aded 
to  complete  this  diagram  by  including  a  number  of  oil  plant  efficiencies 
obtained  imder  actual  working  conditions.  The  actual  working  result 
Mr.  Esson  had  given  of  0-72  lb.  of  oil  per  kilowatt-hour  was  equivalent 
to  a  thermal  efficiency  of  20  (ler  cent.,  which  corresponded  very  closely 
to  the  figure,?  in  the  Paper.  He  disagreed  with  the  author's  estimate  of 
cost  of  fuel  for  steam  and  gas  plant.  He  thought  15s.  per  ton  for  steam 
coal  was  much  too  high  for  an  average  figure,  and  no  one  would  think  of 
paying  25s.  per  ton  for  coal  to  be  consumed  in  gas  producers  for  an 
installation  of  the  size  upon  which  the  author  had  based  his  estimates. 
One  of  the  results  shown  in  the  diagram  as  closely  corresponding  to  the 
author's  efficiency  curve  was  obtained  with  coal  costing  9s.  per  ton.  The 
price  of  coal  varied  very  much  in  different  parts  of  the  country,  but  he 
thought  12s.  per  ton  was  an  outside  figure  to  allov/  as  an  average  for 
either  steam  or  gas  to  compare  with  (iOs.  per  ton  for  oil.  By  accepting 
the  author's  figures  for  relative  efficiencies,  and  taking  the  cost  of  coal  at 
12s.  per  ton,  the  total  works  costs  for  a  33  per  cent,  load  factor  came  down 
to  0-455d.  for  steam  andO-3  48d.  for  gas  as  compared  with  0-374d.  for  oil, 
which  confirmed  Mr.  Handcock's  experience  that  there  v.as little  to  choose 
between  gas  and  oil  as  regards  works  costs.  He  was  interested  to  note 
that  the  ]uice  of  steam  plant  had  apparently  risen  during  the  past  few 
v.'eeks  since  he  read  his  Pa])er  on  tias  Engines,  when  he  had  been  severely 
criticised  for  taking  £14  per  kilowatt  as  the  cost  of  steam  plant,  whilst  no 
one  had  objected  to  the  author's  figure  of  £24-5  per  kilowatt. 

Mr.  H.  S.  Russell  said  a  large  number  of  station  engineers  were  con- 
sidering the  use  of  oil  engines  for  small  and  medium  sized  stations,  for 
which  there  was  a  very  large  field  in  this  country.  The  oil  engine  would 
also  be  found  useful  for  large  stations  with  low  load  factor.-!.  He  did  not 
think  that  engineers  had  studied  sufficiently  the  large  economy  that 
could  be  obtained  in  existing  steam  stations  with  Diesel  engines  to 
supplement  their  present  plant.  In  one  station  the  total  cost  per  imit 
when  only  steam  plant  was  used  came  out  to  1131d.,  but  when  a  Diesel 
engine  was  run  for  24  hours  and  the  steam  sets  used  only  for  the  ))eak 
load  the  cost  per  unit  was  0'(i5d..  i.e.,  was  reduced  by  45  per  cent.  That 
could  be  done  in  many  other  stations.  It  was  a  fact  that  they  used  a 
separate  pump  for  each  cylinder  in  the  early  days,  and  that  was  aban- 
doned in  favour  of  one  single  plunger  pump.  Tl  e  practice  now,  in  the 
case  of  the  British  makers  of  Diesel  engines,  was  to  use  one  pump  with  a 
separate  plunger  for  each  cylinder  to  ensure  the  equal  distribution  of 
fuel  at  all  loads.  Another  advantage  of  working  with  a  sepai-atc  plunger 
was,  seeing  the  way  the  Diesel  engine  worked,  that  the  governing  was 
di^ne  by  varying  the  time  during  which  the  suction  valve  of  the  pump 
was  open,  that  it  was  quite  simple  to  find  a  device  by  which  the  su(  tion 
valve  could  be  kept  open  for  any  lyhnder,  and  therefore  the  oil  could  be 
returned  to  the  reservoir. 

Mr.  MoRDEY  asked  whether  it  ran  steadily  under  all  those  eiuiditions. 
Mr.  Russell  :  Yes.  If  the  oil  costs  taken  over  the  whole  average 
load  were  0-24d.  iier  iniit,  then  that,  of  course,  would  correspond  to  a 
consumpticm  of  about  0-72  lb.  per  kilowatt-hour,  about  the  figure  men- 
tioned by  Mr.  Esson.  As  to  the  two-cycle  engines,  the  atithor  siKike  of 
them  as  siimething  new,  but  they  had  been  tried  in  this  country  seven 
years  ago,  were  found  unsatisfactory,  and  were  abandoned.  In  fact,  a 
"two-cycle  engine  was  shown  at  the  tilasgov.-  Exhibiton.  He  thought  the 
avitlKU-  was  n>istaken  in  his  idea  that  the  use  of  a  two-stroke  cycle  would 
necessarily  reduce  the  cost  of  the  engine.  It  wa.s  imagined  by  some  that 
two-cycle  engines  would  give  twiic  the  power  of  four-cycle  engines  with 
the  same  size  cylinders  and  stroke,  but  that  was  ni>t  so, as,  owing  to  heat- 
ing limitations,"  it  would  be  necessary  to  run  at  only  half  the  speed.  Ho 
asked  the  author  to  confirm  in  his  reply  the  figuiv  given  in  the  Paper  for 
the  cyclic  irregularity  of  the  Daimler  Slotor  t'o.'s  sets,  lecause  it  seemed 
to  him  that  a  variation  of  only  1  100  was  rather  bad  for  the  parallel 
running  of  alternators.  Most  alternator  makers  in  this  country  insisted 
(m  a  variation  of  1/250  or  1/300.  He  did  not  agree  that  oil  engines  would 
only  run  without  smoke  down  to  one-  fifth  load,  as  his  experience  was 
that  they  would  run  without  smoke  at  one-eighth  or  one-tenth  load.  His 
opinion  was  that  an  engine  was  not  running  satisfactorily  unless  it  was 
absolutely  smokeless,  except  just  when  starting  up.     As  to  the  figures. 
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he  disagreed  with  >[r.  Andrews'  criticism  of  the  author's  figures  tor  nil  and 
gas  plant.  He  tliuught  there  was  not  a  single  station  working  with  suctio:i 
gas  plant  at  a  cost  of  less  than  2d.  per  unit,  but  results  with  Diesel  plant 
showed  0-4d..  0-5d.  or  0-6d.  The  author  was  wrong  in  thinking  that  the 
Diesel  engine  took  as  much  lubricating  oil  as  the  gas  engine,  and  Diesel 
engines  used  a  cheaper  grade  of  oil.  The  first  Diesel  engine  was  made  in 
this  eoimtry  13  years  ago.  That  particular  engine  last  year  was  taken 
down  and  removed  to  Stockport  where  it  was  being  re-erected,  and  on 
examination  it  was  found  that  the  ])arts  were  in  e.^ieellent  condition.  In 
regard  to  Mr.  Sayers"  remarks  a.s  to  the  sujjply  of  oil  fuel,  he  thought  it 
was  clear  to  most  of  them  that  coal  prices  had  varied  quite  as  much. 
The  hundreds  of  thousands  of  horse  power  of  Diesel  engines  at  present 
working  in  the  world  consumed  less  than  a  thotisandth  part  of  the  oil 
output. 

llr.  W.  H.  Booth  saiil  that  when  one  knew  there  was  something  like 
350,000  H.p.  of  Diesel  oil  engines  at  work  it  must  be  recognised  that  that 
.  engine  had  come  to  stay.  It  was  true  that  with  the  Diesel  engine  it  was 
absolutely  necessary  that  everything  should  be  in  good  order,  but  that 
was  possibly  a  recommendation.  It  was  not  possible  to  run  either  gas 
or  oil  engines  in  poor  condition.  It  was  <laimed  that  steam  engines 
would  always  run,  but  was  that  an  advantage  if  they  ran  inefficiently  ' 
In  a  test  he  had  made  he  noticed  that  the  exhaust  was  exceedingly  hot, 
and  there  was  a  small  exhaust  jiipe  which  caused  considerable  back 
pressure.  In  the  test  he  got  an  efficiency  of  31  per  cent.,  and  if  the 
exhaust  pipe  had  been  larger  he  believed  this  would  have  exceeded  31 
per  cent.  In  some  other  tests  he  had  obtained  44  per  cent,  efficiency  on 
the  indicated  horse- power,  and  31  per  cent,  on  the  brake  horse-power. 
Considering  the  very  high  temperature  and  pressure  of  the  exhaust  in 
oil  engines,  it  had  occurred  to  him  that  possibly  something  might  be  done 
in  the  way  of  using  the  exhaust  in  a  turbine.  \\Tien  gas  at  a  temperature 
of  iK)0  deg.  or  1,000  deg.  was  being  turned  away,  that  must  mean  a  lofs 
of  considerable  power.  He  had  recently  gone  into  the  question  of  using 
Diesel  engines,  and  had  come  to  the  conclusion  that  they  would  be  more 
efficient  and  chea]>er  than  steam,  but  some  steam  had  to  be  provided  for 
certain  operations  and  this  had  prevented  further  consideration.  As  to 
the  oil  suitable  for  such'engines,  there  was  a  large  expanse  of  bituminous 
clay  in  this  country  v/hich  contained  a  considerable  amount  of  hydro- 
carbons. He  would  like  to  ask  the  author  if  it  was  not  possible  to  apply 
gas  to  the  Diesel  engine,  as  it  was  a  very  simple  process  to  compress  gas, 
and  Diesel  had  originally  intended  to  use  gas  as  well  as  oil  as  fuel.  With 
reference  to  the  final  temperature  of  the  exhaust,  he  suggested  the  cool- 
ing of  this  before  discharge,  for  it  would  reduce  the  work  to  be  done  in 
pushing  aside  the  atmosphere. 

l[r.  J.  E.  DowsoN"  (communicated)  asked  the  author  to  give  his  autho- 
rity for  the  figures  he  had  put  forward  for  the  efficiency  of  the  oil  engine. 
He  would  be  glad  to  know  if  the  authors  figure  of  11  per  cent.,  which  the 
friction  of  the  engine,  pump,  &c„  were  supposed  to  absorb,  was  correct, 
iis  it  was  stated  in  the  Paper  that  the  mechanical  efficiency  was  only  713 
to  77  per  cent.  In  the  Paper  the  author  said  that  for  light  loads  there 
should  be  small  units  for  the  oil  engine,  to  prevent  nuisance  from  smoke, 
but  no  such  precaution  was  necessary  with  gas  power.  Also  with  one 
gasholder  serving  all  the  engines  there  was  no  need  to  have  the  same 
number  of  producers  as  of  engines.  There  could  be  three  large  producers 
(one  in  reserve)  instead  of  five  smaller  ones,  and  the  number  of  scrubbers 
would  be  reduced  proportionately.  The  heat  efficiency  of  the  gas  plant 
would  also  lie  higher,  and  the  standby  losses  woidd  be  smaller,  if  there 
were  fewer  producers.  His  estimate  for  a  suitable  gas  plant  came  out 
considerably  under  the  author's  estimate  of  £23.  10s.  per  kilowatt.  He 
also  drew  attention  to  the  high  price  of  25s.  per  ton  taken  for  coal  for  gas 
plant. 

The  author  reserved  his  reply  for  the  "Journal," 
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JIOTOK  CONVERTEKS, 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir  :  In  j-our  last  issue  you  gave  a  report  of  the  discussion 
at  the  Institution  of  Electrical  Engineers  on  this  subject, 

Mr.  Hallo  in  his  reply  to  my  criticism  about  the  unfairness 
of  comparing  the  factor  K  in  his  tables  1  and  2  for  the  con- 
verter part  of  a  motor  converter  with  33  per  cent,  wattless 
current  to  a  plain  rotary  converter  giving  30  per  cent,  wattless 
current,  has  thought  it  advisable  to  recommend  me  to  read  the 
Paper  again,  and  to  see  that  the  w.ttless  euneut  referred  to 
was  the  current  which  was  actually  in  the  stator  and  not  in 
the  rotor,  and  which  therefore  was  actually  supplied  as  leading 
wattless  current  to  the  line. 

Mr,  Hallo's  statement  is  completely  wrong,  for  he  defines  on 
p.  15  the  current  L„,  for  the  motor  converter  as  wattless  cur- 
rent per  rotor  phase,  and  although  he  acknowledges  in  the 
example  preceding  these  tables  that  for  3.')  per  cent,  wattless 
current  supplied  to  the  'bus  bars,  the  total  wattless  rotor  cur- 
rent must  be  60  per  cent,  (for  the  reasons  stated  in  the  dis- 
cussion I  beUeve  75  per  cent,  would  be  nearer  the  mark)  he 
makes  his  comparison  for  a  ratio  of  33  per  cent,     (h^,  =  iL„). 


Also  in  the  pamphlet  of  Messrs.  Arnold  and  La  Cour  "  Kas- 
kadenumformer,"  published  in  lltQ  1,  from  which  the  theoretical 
part  cf  Mr.  Hall's  Paper  is  taken,  it  is  stated  with  ample  clear- 
ness that  the  wattless  current  P„,  refers  to  the  rotor  only. 
Arnold  and  La  Cour,  on  p.  20  of  their  pamphlet,  give  a  table 
for  a  wattless  rotor  current  of  33  per  cent.,  and  a  second  table 
for  66  per  cent.  Mr.  Hallo,  however,  in  his  Paper,  has 
reprinted  only  the  table  for  33  per  cent,  wattless  current  in 
the  rotor,  and  has  made  his  misleading  comparison. — I  am,  &c., 

Trafford  Park,  Manchester,  May  1.5.  E.  Rosenberg. 


THIRD  RAIL  IN  ELECTRIC  TRACTION. 

TO   THE   EDITOR   OF   THE    ELECTRICIAN. 

Sir  :  I  regret  that  circumstances  prevent  me  from  coming 
into  the  open  to  meet  Mr.  Dawson,  and  I  quite  agree  with  him 
as  to  the  general  undesirability  of  anonymous  letters  ;  for  his 
and  your  readers'  information  I  may  saj-,  however,  that  I  am 
one  of  the  army  of  obscure  operating  engineers  who  usually 
silentlj'  listen  to  the  criticisms,  generally  undeservedly  severe, 
and  almost  always  ignorant,  of  the  plant  they  operate.  Mr. 
Dawson's  reply  on  matters  of  fact  is  hardly  convincing ;  he 
avoids  replying  to  the  points  raised  in  my  letter,  and  quotes 
the  opinions  of  gentlemen  who,  however  wide  their  experience 
in  other  matters,  have  no  experience  of  third-rail  work.  The 
opinion  of  Herr  Wittfekl,  who  has  had  experience  of  both 
types,  is  of  no  great  value,  the  Berlin  Gross  Lichterfelde  line 
being  too  small  an  undertaking  to  provide  the  data  necessary 
to  determine  the  value  of  the  type  of  traction  employed  ;  I 
have  seen  the  line,  and  its  eipiipment  could  hardly  be  called 
either  model  or  modern.  The  opinion  of  the  chief  engineer  of 
a  large  unelectrified  railway  system  would  not  be,  in  this  case, 
as  valuable  as  that  of  a  permanent  way  inspector  in  charge  of 
a  section  of  railway  equipped  with  thir  1  rail. 

In  my  letter  of  May  7th  I  confined  myself  to  correcting  some 
mis-statements  obvious  to'  any  engineer  operating  a  third-rail 
railway. 

Abler  pens  than  mine  have  attacked  successfully  the  many 
other  disabilities  of  the  single-phase  system,  and  the  disad- 
vantages of  the  third  rail  as  applied  to  the  L.B.  &  S  C.  must 
have  been  grave  indeed  if  they  alone  counterbalanced  the 
increased  cost  of  equipment  and  running  due  to  the  single- 
phase  system. 

Surely  the  general  construction  of  the  L.B.  &  S.C.  cannot  be 
verydifl'erent  from  that  of  the  N.E.  Railway,  the  Metropolitan 
Railway  and  the  L.Y.  Railway.  It  would  be  of  the  greatest 
interest  to  railway  engineers  if  Mr.  Dawson  would  give  a  few 
details  of  the  actual  difiiculties  encountered  in  the  third-rail 
scheme  for  the  L.B.  &  S.C.  Railwaj',  and  would  also  state  the 
cost  of  the  present  track  equipment  so  that  some  comparison 
might  be  made  with  the  cost  of  third-rail  work,  the  general 
impression  being  at  present  that  for  suburban  work  the  over- 
head construction  is  three  to  four  times  as  expensive  as  third- 
rail  construction. 

If  Mr.  Dawson  admits  that  the  L.B.  &  S.C.  has  been  elec- 
trified on  the  single-phase  system  due  to  special  circumstances 
on  that  line  not  existing  on  other  suburban  railways,  I  apolo- 
gise for  the  suggestion  of  bias.  Mr.  r)awEon,  however,  so  far 
as  I  have  read  his  writings,  advocates  the  single-phase  system 
as  the  only  one  stiitable  for  suburban  or  iriterurban  traction, 
and  in  view  of  this  it  was  difKcult  not  to  feel  Mr.  Dawson  had 
some  bias.  I,  however,  willingly  accept  his  assurance  of  his 
perfect  impartiality. 

I  am  much  obliged  to  Mr.  Dawson  for  his  offer  to  convince 
me  of  my  errors,  and  if  he  will  respect  my  anonymity  in  the 
Press,  I  would  be  pleased  to  accept  his  offer.     I  may  hope, 
however,  that  I  shall  convince  him,  not  he  me. — I  am,  &c.. 
May  14.  Railway  Engineer. 

A"  NEW  SYSTEM  "OF  WIRELESS  TELEGRAPHY  USED 
BY  THE  TELEFUNKEN  COMPANY. 

TO  THE  EDITOR  01''  THE  KI.KtTRICIAN. 

Sir  :  From  i)atent  considerations  I  ])articidarly  avoided  in  my 
recent  article  desciibing  the  methods  by  which  our  new  "sing- 
ing spark  "  system  works,  and  simply  iletailed  its  eti'ects.  I 
shall  describe  these  methods  for  the   first  time  in  a  lecture 
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which  I  am  delivering  on  Juno  -ith  in  Cologne  before  the  Ver- 
hand  Deutscher  Elektrotechnikcr.  This  diffidence  will  l)e 
understood  by  every  technical  man  when  I  say  that  at  the 
present  time  we  have  no  less  than  20  applications  for  patents 
relating  to  this  new  system  under  consideration  by  the  German 
Patent  Ottice.  Futtlier,  none  of  these  many  applications  have 
yet  been  objected  to  by  the  Patent  Office,  which,  as  is  well 
known,  is  very  careful  in  its  examination,  on  account  of  a  prior 
application  by  von  Lepel. 

To  my  knowledge  nothing  is  known  about  these  20  appli- 
cations by  either  von  Lcpel  or  Simpson,  so  that  when  the 
latter,  in  spite  of  this,  states  that  our  new  system  uses  the 
same  means  and  is  nothing  more  or  less  than  an  imitation  of 
that  due  to  von  Lepe',  of  which  we  have  become  acquainted  by 
long  protracted  negotiations,  his  assertions,  mildly  speaking,  are 
very  bold  and  wholly  void  of  any  foundation.  Any  word  in 
contradiction  might  therefore  be  quite  superfluous. 

In  spite  of  this  I  will  deal  with  the  matter  in  the  hope  that 
it  may  have  the  efl'cct  of  clearing  tlie  air. 

We  have  no  knowledge  of  the  methods  used  by  von  Lepel 
at  the  present  time.  Wc  know  no  more  than  what  his  gene- 
rator was  like  in  April,  1007,  when  we  broke  oflTour  preliminary 
negotiations  on  account  of  his  arrangement  being  then  quite 
unserviceable. 

His  first  patent  application  was  dated  August,  1907,  or  five 
months  after  this  unsuccessful  discussion. 

Negotiations  entered  upon  at  the  beginning  of  1908  were  of 
a  quite  commercial  nature.  Our  oft-repeated  request  for  the 
disclosing  of  his  system,  which,  he  said,  was  wholly  redesigned 
and  improved,  was  rejected  by  von  Lepel,  as  was  our  demand 
for  information  regarding  the  contents  of  his  patent  applica- 
tions— a  rather  unusual  proceeding  during  preliminary  nego- 
tiations over  a  patent ! 

Only  one  single  patent  has  been  granted  to  von  Lepel  in 
France  (313,298).  I  suppose  this  is  his  master  patent,  as  it 
deals  with  a  generator  for  producing  electrical  oscillations. 
Supposing  that  von  Lepel  is  working  under  this  patent,  it  is 
easy  for  me  to  decide  the  question  whether  von  Lepel  and  the 
Telefunkeu  Company  arc  using  the  same  means.  Von  Lepel's 
patent  protects  a  method  in  which,  as  can  easily  be  gathered, 
spark  discharges  arc  not  employed.  I  stated  in  my  article,  and 
I  repeat  it  here,  that,  on  the  contrary,  the  Telefunken  arrange- 
ment is  a  purely  spark  method  and  is,  in  fact,  the  method 
described  by  M.  Wien  in  the  "  Physikalische  Zeitschrift  "  for 
December,  1906,  or  nearly  a  year  before  von  Lepel's  applica- 
tion for  his  master  patent.  The  Telefunken  arrangement  is 
physically,  if  1  may  say  so,  the  exact  antithesis  of  that 
described  in  von  Lepel's  patent.  There  must  be  an  error 
somewhere ;  perhaps  von  Lcpel  is  using  a  new  arrangement 
regarding  which  the  patents  are  not  yet  published.  We  must, 
therefore,  await  them. 

I  must  take  this  opportunity  of  correcting  one,  among  manj^, 
of  the  numerous  mistakes  :  Dr.  Kiebitz  is  not,  nor  has  been, 
attached  to  the  Telefunken  Company,  but  works  quite 
sejiarately  from  this  undertaking.  He  has  belonged,  as  an 
engineer,  to  the  Reichs  Telegraphen-Versuchsamt  (research 
department  of  the  National  Telegraphs)  for  many  years,  and 
woiks  there,  fiom  a  quite  scientific  side,  on  the  problems  of 
wireless  telegraphy. — 1  am,  &c., 

Berlin,  May  11.  Graf  Ahco. 


ACTINIC  PEOPERTIES  OF  BRUSH  DISCHARGES. 

TO   THE    EDITOR   OF   THE    ELECTRICIAN. 

Sir  :  Considerable  interest  has  lately  been  aroused  by  ex- 
periments tending  to  show  that  the  passage  of  an  electric  cur- 
rent round  a  sharp  corner  is  aceompanie<l  by  the  emission  of 
electrons  which  will  produce  an  effect  on  a  photographic  plate, 
such  elTect  being  taken  as  proving  that  an  electric  current,  or 
the  electrons  constituting  it,  are  possessed  of  inertia. 

While  we  do  not  wish  to  make  any  assertion  as  to  the  cor- 
rectness or  otherwise  of  this  result,  we  would  like  to  point  out 
a  possible  source  of  error  against  which  any  one  experiment- 
ing in  this  direction  would  do  well  to  guard,  and  this  lies  in 
the  powerful  actinic  properties  of  the  light  given  by  a  bru'h 
discharge  which  is  scarcely  visible  to  the  eye. 


A  faint  brush  discharge  from  a  point  or  sharp  edge,  which  is 
quite  invisible  in  a  dark  room  at  a  distance  of  a  few  feet,  is 
accompanied  by  the  emission  of  a  large  amount  of  ultra-violet 
radiation,  so  much  so  that  an  exposure  of  a  photographic  plate 
to  these  for  a  few  seconds  at  the  distance  of  about  1  ft.  is  suffi- 
cient to  turn  it  Ijlack. 

This  was  first  noticed  in  some  tests  made  in  purcuance  of 
some  of  Righi's  work  on  the  discharges  from  points.  Right 
found  that  when  a  point  was  electrified  so  as  to  give  a  brush 
discharge  streams  of  ions  were  diiven  from  it  along  the  lines 
of  force.  These  could  be  caught  with  a  plate  of  insulating 
material  such  as  ebonite,  which  then  became  electrified.  If 
this  ebonite  was  then  dusted  over  with  a  mixture  of  sulphur 
and  red  lead,  the  electrified  portions  became,  so  to  speak, 
mapped  out.  If  any  object  were  placed  in  ths  \  ath  of  the  ions 
a  shadow  was  thrown  which  came  out  on  dust'ng  the  plate. 

The  experiment  was  tried  of  substituting  a  photographic 
plate  for  the  sheet  of  ebonite,  and  an  excellent  photograph 
was  at  once  obtained  which  was  at  first  thought  to  be  due,  like 
the  other  effect,  to  the  action  of  ions  driven  along  the  lines  of 
force.  It  was  soon  found,  however,  that  this  was  not  the  case, 
but  that  the  picture  was  a  true  photograph  taken  by  a  wave 
motion  radiation,  and  obviously  nothing  more  nor  less  than 
ultra-violet  light.  The  magnification  of  any  shadow  thrown 
by  an  object  was  found  to  be  exactly  that  which  would  be  due 
to  a  radiation  travelling'in  straight  lines,  and  very  different  from 
that  obtained  with  the  sulphur  and  red  lead  pictures  previously 
mentioned.  Further,  quartz  was  found  to  be  transparent  to 
the    radiation,    although    glass   was  opaque.      The  railiation 
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could  not,  like  Righi's  ions,  be  blown  aside  by  a  current  of  air, 
and,  lastly,  photographs  taken  through  a  pin-hole  showed  dis- 
tinct and  well-marked  diffraction  rings. 

The  figure  shows  the  shadow  picture  obtained  of  a  piece  of 
perforated  zinc.  The  time  of  exposure  was  about  10  sec.,  the 
distance  of  the  point  from  the  photographic  plate  about  15  cm., 
and  the  brush  discharge  was  just  visible  in  a  dark  room  at  a 
distance  of  6  ft.  The  dark  mark  seen  is  due  to  a  crystal  of 
quartz  placed  on  the  plate.  It  will  be  seen  that  it  was  partially 
transparent  to  the  rays.  Its  irregular  shape  prevented  its  being 
completely  so. 

In  view  of  the  obviously  powerful  nature  of  the  ultra-violet 
radiations  which  may  bo  produced  if  any  l)rush  discharges  are 
present,  even  if  these  are  of  the  feeblest,  and  probably  even  if 
they  are  invisible  to  the  eye,  it  is  advisable  that  experimenters 
on  this  subject  should  take  particular  care  to  prevent  their 
being  mislead  by  these  effects. — -We  arc,  A-c., 

C.  J.  Watson. 

Birmingham,  May  17.  E.  A.  Watson. 

DIESEL  ENGINES  IX  SMALL  GENERATING 

STATIONS. 

TO  THE  EDITOR  OF  THE  ELEITKK  IAN. 

Sir  :  Your  issue  of  the  7th  iust.  contained  a  report  of  a 
Paper  read  by  Mr.  H.  Boot  on  "  The  Design  of  Electric  Power 
Works  "  at  a  recent  meeting  of  the  Institution  of  Municipal 
Engineers. 
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The  author  if  quoted  as  having  stated  thai  the  electric  gene- 
rating plant  at  Chichester  is  interesting  as  being  one  of  the 
first,  if  not  the  first,  to  employ  Diesel  engines  as  priiuemovers. 
As  a  matter  of  fact  Mr.  Boot  has  no  right  whatever  to  claim 
any  credit  for  being  a  pioneer  in  advising  Diesel  engines  for 
station  work.  Four  southern  undertakings  successfully  ope- 
rating Diesels,  long  before  a  brick  was  laid  at  Chichester,  were 
Hindhead,  Guildford,  Leatherhead  and  Lewes,  to  say  nothing 
"of  a  number  of  traction  sets  in  use  elsewhere. 

To  Messrs.  Handcock  iV-  Dykes  the  honour  is  really  due  of 
first  advising  the  use  of  Diesels  in  small  lighting  stations,  and 
it  is  nearly  six  years  ago  that  they  ordered  the  first  of  three 
Diesel  sets  for  the  Hindhead  A  District  Electric  Light  Co. 
and,  later,  advised  the  Leatherhead  undertaking  to  change 
over  from  steam  to  Diesels. 

The  results  obtained  have  well  justified  the  advice  of  Messrs. 
Handcock  &  Dykes,  as  the  total  works-cost  per  unit  gene- 
rated has  fallen  at  one  station  from  l-71d.  with  steam  to 
0-762d.  with  Diesels,  while  at  another  station  the  economy  is 
even  more  pronounced. — I  am,  itc, 

H.  Leslie  Dixon,  Engineer  and  Manager. 
Generating  Station,  Leatherhead,  May  16. 


ENGLISH  TECHNICAL  EDUCATION. 

TO  THE   EDITOR   OF   THE   ELECTRICIAN, 

Sir  :  I  am  glad  to  note  that  Dr.  Pohl  advocates  the  main- 
taining and  further  development  of  evening  technical  classes, 
which  are  (though  suffering  from  the 'indifferent  or  unduly 
curtailed  elementary  education  of  many  of  the  students)  doing 
useful  work  among  engineering  apprentices. 

An  advantage  evening  classes  possess  is  not  always  recog- 
nised, namely,  that  it  is  possible  for  some  of  the  lectures  to  be 
giv^n  by  a  man  who  is  engaged  in  actual  engineering  practice. 
Such  a  lecturer  is  likely  to  know  the  exact  immediate  needs  of 
his  students,  who  of  course  will  be  mainly  apprentices.  He 
may  even  be  in  a  position  to  be  familiar  with  their  daily  work. 
In  an  J'  case  the  fact  of  his  being  in  actual  practice  allows  him  to 
put  matters  in  such  a  way  that  he  obtains  the  confidence  of 
the  students,  and  there  is  a  mutual  understanding.  The  great 
difficult)',  it  is  to  be  presumed,  is  to  find  men  engaged  in 
engineering  business  with  sufficient  spare  time  to  devote  to 
this' work  of  education. 

The  work  is  often  a  change  of  labour  to  such  men,  and  con- 
sequently does  not  become  the  burden  it  certainly  is  to  the 
technical  teacher  who  has  spent  the  day  in  class,  laboratory 
and  lecture  room. — I  am,  &c., 

Chelmsford,  May  12.  Charles  H.  Wiucht. 


THE  '  G.B"  SUBFACE-CONTACT  SYSTEM  IN  THE 
MILE-END  ROAD,  LONDON. 

Wc  have  been  favoured  by  the  G.B.  Surface  Contact 
Company  with  a  copy  of  the  following  letter : — 

S2,  Vktoiia-street,  S.W.,  April  .J.    I!t0(l. 
G.  L.  Oomme,  Esq., 
Clerk  to  the  London  CViunty  Coiinfil, 
Spring-gardens,  .S.W. 

<1.B.  Tramuayn. 

Deak  Sir  :  I  am  obliged  for  the  copy  of  llic  rcpdit  uf  llic  Highways 
lommittee  of  the  L-jndon  County  Council  and  not*  that  the  Chief 
Kngineer  and  the  Chief  Officer  of  the  Council's  tramways  are  of  opinion 
that  the  experiments  so  far  carried  out  do  not  satisfactorily  remove  all 
the  objections  which  they  brought  to  your  notice  in  July,  lOOS,  and 
as  the  result' of  whi'-h  they  recommended  the  discontinuance  i.f  the 
system. 

I  have  again  examined  the  reports  of  these  officers,  dated  respectively 
September  Ist  and  August  26th  last,  and  now  enclose  the  Chief  Officer's 
statement  of  defects  with  my  notes  Ihcrcnn.  I  refer  in  the  sutiic  way 
to  the  two  main  defects  referred  to  in  the  Chief  ICngineers  statement. 

You  will  sec  that  all  the  points  have  been  dealt  with  except  one  or  two 
which,  as  already  rcjiortcd.  I  did  not  consider  il  nece';..,nry  t-i  (k,il  with 
at  thii  itagc  ai  they  pre;enttd  no  difficulty  or  uncertainty. 

I  am  sorry  I  have  not  had  an  opportunity  of  going  over  these  points  in 
detail  either  with  the  committee  or  with  the  officers  in  question,  as  I  am 
sure  it  would  only  have  been  necessary  to  examine  them  one  by  one  to 
dispose  of  them. 

The  trial  runs  have  been  few  and  short  in  duration,  but  as  they  showed 
that  the  main  difficulty  was  overcome,  and  as  they  revealed  noth'ng  that 


was  not  obviously'capableof  easy  remedy,  1  did  not  think  it  necessary  to 
delay  making  my  recommendation,  believing  that  ample  opportunity 
woidd  be  found  for  clearing  up  the  two  outstanding  points. 

(Signed)     VV.  M.  Mordev. 
Notes  on  Dejects  uj  G.B.  Si/slcm. 
Sum  marl/  of  Defects. 
Statement  sent  by  Chief  Officer        Notes  by  W.  M.  Mordey,  April 
of    tramways    to    VV.    M.    Jlordey,     5,  190!) :  — 
ated  August  2«,  1908  :— 

(a)  Broken  Stiid  Heads. 
Causing  cracked  stoneware  T-  Usinj;  cast  steel  instead  of  cast 
]iicces  through  which  water  and  iron  will  prevent  breakage.  In 
other  matter  leaks,  thus  making  the  trial  1,000  T-pieces  examined, 
studs  sticky  in  action,  so  that  when  more  than  100  slightly  cracked, 
a  car  passes  they  either  remain  dead  but  only  one  had  allowed  water 
or  alive.  or  other  matter  to  leak  in. 

In  several  instances  the  shank  i>f        This  can  be  prevented  by  suit- 
the  stud  under  the  head  was  found     able 
broken. 


In  a  few  cases  the  cement  joint         No 
between  the  T-piece  and   the   cable     tra(k. 
])i])e  became  defective,  probably  due 
to  the  vibration  of  the  heavy  traffic. 
(6)  Leakage  helwcen  Stud  Head  and 

Bail. 
Causing — 

1.  Live  studs,   the  circuit  being 
maintained  through  an  arc  between     vented 
the  carbon  contact  and  the  cable  by 
leakage  from  the  stud  head  to  the 
rail  through  wet  road  refuse. 

2.  Excessive    leakage     to     earth 
during  adverse  weather  conditions. 


Ijustment  of  the  head. 
such    case    found    on    trial 


These   live  studs  arc  now   prc- 


Tliis  leakage  is  quite  unimpor- 
tant, so  far  as  cost  is  concerned.  On 
the  nverage  it  is  certainly  not  as 
m\irh  as  ^',1h  of  a  penny  )>cr  car- 
mile. 


(r)  ;>f/(T/.s'   in   Stud  Mcrhdiiism 
caufilng  Live  Studs. 

1.  Defective  enamelling  on 
"  knock-on  "  causing  rust  and  con- 
sequent stickiness. 

2.  Some  of  the  trouble  in  the 
studs  was  probably  due  to  the  small 
current  -  carrying  capacity  of  the 
leads. 

3.  Destructive  effect  of  gas  gene- 
rated when  arcing  took  place  be- 
tween the  carbon  contact  and  cable. 

4.  Insulators  to  which  springs 
were  attached  found  broken. 

.').  Flexible  leads  getting  jammed 
between  the  spring  and  the  guide. 

t>.  Stickiness  in  stiids  probably 
caused  by  carbon  deposit  and  mois- 
ture. 

(d)   Ueitistance  Studa. 
1.   Nut  pni|icrly  designed  for  cur- 
rciil  wliich  they  bad  tu  carry. 

i.  Unsuitable  design  of  stoneware 
T-piece  making  it  -most  difficult  to 
i'onnect  up  stud  even  with  n  very 
small  lead 

(e)    Aeces-i   Box   Covers. 
See  Cliief  Engineer's  statement. 

(/)     Ventilation. 

,S  •(•  Chief  Engineer's  statemeiil 
(g)     Skater. 

See  Chief  Officer's  statement- 
Summary.  After  referring  to  pre- 
liminary difficulties,  he  proceeds  ; 
"  The  cars  inspected  by  the  Board 
of  Trade,  and  all  cars  subsequently 
run  in  service  were  fitted  with  two 
three-coil  skates.  The  great  disad- 
vantage of  this  arrangement  was 
that  the  magnets  absorbed  an 
abnormal  amount  of  energy." 

The  C.B.  Com|)any  were  requcs-         It  i 
led  to  submit   a  design  for  a  two-     halve 
iUate  equipment  which  would  allow     siMcd 
for  the  necessary  gap  for  the  plough 
t.  arrier  between  the  two  skate.?.  This 
design  has,  I  believe,  been  prepared, 
but  whether  this  would  give  any 
better  results  than  those  obtained 
from  the  skate  equipment  originally 
designed  by  the  G.B.   Company  is 
extremely  doubtful. 


No  sucli  case  f.uiud  ou  |[ial  track. 


Tests  already  reported  show 
current  -  carrying  capacity  suffi- 
cient. Further  borne  out  by  con- 
dition of  studs  on  trial  track. 

No  evidence  of  this  found.  In 
any  case  arcing,  which  is  su]iposed 
to  cause  it,  is  now  prevented. 

Prevented  by  small  insulatois  of 
improved  design  at  the  cost  of  less 
than  Id.  each. 

None  found  on  trial  track — 
might  be  caused  occasionally  liv 
aicing,  which  is  now  prevented. 

Absence  of  arcing  and  reason- 
aVile  drviug  of  conduit  will  prevent 
this. 


Knlh  these 
lodificatioii 


.vnided  by  pn.p, 
■f  special  work. 


These  h.ive  i)C(ii  already  partly 
dealt  with.  They  jircsent  no  .scri- 
nus  difficulty. 

Already  reported  on.  This  pre- 
sents no  difficulty. 

The  cueigy  absorbed  is  now  less 
than  that  taken  up  by  one  l(i  ci). 
lamji. 


<  a   great   inipr ■vcmi'Mt.      It 
the  ciKTgv  and  dnuMcs  tlic 
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fJreal  ilisaJvantagc  of  tlie  two- 
skate  ciiiiipment  would  be  that  each 
stud  would  be  operated  tv/ice  when 
a  ear  was  passing. 

Defccls  in  Colltclor  Skalei. 

1.  Being  insulated  with  worn! 
sheathing,  the  water  and  mud  per- 
meates the  fibres  and  oauses  elee- 
trical  leaks  of  considerable  magni- 
tude during  wet  weather. 

2.  The  large  area  of  highly  mag- 
netic metal  under  each  car  is  respon- 
sible for  the  collection  of  a  largo 
quantity  of  metal  debris,  resulting, 
in  some  cases,  in  very  serious  short- 
eireuits. 

3.  The  magnet  must  of  necessity 
be  carried  close  to  the  level  of  the 
road,  consequently  any  displace- 
ment of  setts  or  wood  block  paving 
results  in  the  fouling  of  the  skate 
therewith  and  breakage  of  the 
equipment. 

•t.  Breakage  of  the  collector 
chains  in  service  resulting  in  short- 
circuits  and  damage  to  equipment 
generally. 


This  seems  to  give  rise  to  no 
difficulty,  but  in  report  of  March 
."ilst  I  point  out  that  one  of  the  col- 
lectors  can  very  probably  be  dis- 
pensed with  altogether. 


Greatly  improved  results  should 
be  obtained  with  the  new  design. 
No  tro\ible  met  with  in  trial  run.s. 


Risks  from  this  cau.se  are  very 
slight  with  the  L.C.C.  standard  of 

paving. 


I  agree,  and  had  arranged  for 
steel  instead  of  cast-iron  chains. 
This  would  prevent  breakage. 


DOUBLE  REVOLUTION  DRUM  TYPE  STARTERS. 

The  tendency  nou-aclays,  especially  in  electrical  work,  is  towards 
e.\tremc  simplicity,  and  when  we  consider  the  class  of  labour  fre- 
quently put  in  charge  of  electrical  maehiaery.  it  is  easy  to  under- 
stand that  tlie  demand  for  "  mistake-proof  "  apparatus  is  quite  a 
natural  one. 

In  the  early  days  of  variable  speed  motor  working,  starting  up  a 
motor  on  a  weak  licld  was  a  fairly  common  occurrence,  and  even 


DoiiBi.K  Revolution  I)iu-m  Tvpk  Starteu  {A.  Reyrom.v.  &  Co.) 

now  nuinufaclurcrsor  variable  speed  motors  frequently  receive  back 
for  repairs  machines  wbidi  have  been  subjected  to  this  somewhat 
violent  treatment.  Willi  a  view  to  providing  apparatus  which  will 
obviate  any  possibility  of  mistake.  Messrs.  A.  Reyrolle  &  Co.  have 
recently  put  on  the  market  a  modilieation  of  their  well-known  drum 
typs  starter,  and  this  apparatus  apjiears  to  combine  the  maximum 
of  safety  with  simplicity  in  an  elVcctivc  manner. 

When  starting  up  a  motor  with  a  "Reyrolle"  double-revolution 
starter  regulator,  wl-.ieh  we  illustrate  in  the  accompanying  figure, 
the  operator  first  brings  the  operating  handle  to  the  starting  po?ition 
and  '•  waits  there  until  the  motor  starts,"  after  which  he  complct<?s 
the  first  revolution,  and  thus  brings  the  motor  up  to  its  normal 
speed.  A  further  slight  movement  of  the  handle  automatically 
throws  over  a  switch  inside  the  casing,  which  .short-circuits  the 
starting  resistance  and  makes  the  necessary  connections  to  the  re- 
gulating resistance,  and  continued  movement  cuts  this  into  circuit 
and  speeds  up  the  motor  in  the  usual  way.    During  the  whole  of  this 


operation  the  motor  i.s  safeguarded  against  overloading  and  also 
against  a  failure  in  the  supply,  by  means  of  a  combined  overload  and 
no-voltage  circuit-breaker,  which  is  put  in  by  the  oiwating  handle, 
but  which  is  entirely  independent  of  tho  latter,  immediately  the 
circuit  is  made.  The  makers  will  be  pleased  to  send  full  particulars 
and  prices  of  this  apparatus  to  any  of  our  readers  who  are  interested, 


THE  BRISTOL  RECORDING  PYROMETER.* 

BY    P.    LOXG.MriR.    B.MET..    .VND    T.    .SWIMliN.    B.MET. 

In  a  Paper  read  before  the  American  Society  of  Mechanical  En- 
gineers in  1906  Prof.  Bristol  described  a  low-resistance  thermo- 
electric pyrometer  designed  to  meet  the  .severe  conditions  of  ordinary 
shop  use.  This  pyrometer  has  entered  largely  into  American  works 
practice,  but  so  far  as  the  authors  know  is  new  to  this  country,  hence 
the  following  experience  with  an  installation  of  the  latest  design  will 
be  of  value  to  those  interested  in  temiicrature  measurement. 

The  accuracy  and  utility  of  the  thermo-electric  pjTometer  as 
introduced  by  Le  Chatelier  are  now  beyond  question.  From  the 
purely  works'  point  of  view  two  difficulties  lie  in  the  delicacy  of  the 
galvanometers  and  in  the  decay  of  the  platinum  and  platinum-alloy 
thermo-elements.  An  example  of  the  latter  is  found  in  the  effect  of 
reducing  atmospheres,  and  platinum  thermo-couples  have  a  com- 
paratively short  life  w  hen  used  in  flues,  gas  mains  or  similar  situations. 
Even  in  oxidising  atmospheres,  such  as  annealing  furnaces  for  the 
production  of  malleable  cast  iron,  the  cost  of  the  platinum  thermo- 
couples, when  continuou.sly  used,  is  an  appreciable  factor  per  ton 
of  castings  annealed. 

One  distinguishing  feature  of  the  Bristol  pyrometer  is  the  use  of  an 
inexpensive  thermo-element.  The  E.M.F.  of  these  thermo-couples 
is  much  greater  than  that  developed  by  platinum  alloys  ;  hence,  a 
Weston  milli-voltmeter  replaces  the  delicate  high-resistance  instru- 
ment essential  to  platinum  couples.  The  thermo-couple  wires  are 
insulated  by  asbe.stos  cord,  and  then  coated  with  carborundum  paint, 
further  protection  being  afforded  by  means  of  a  metallic  tul>e.  The 
couple  wires  are  comparatively  thick  (about  Xo.  5  gauge),  hence  the 
difficulty  arising  from  variations  in  the  resistance  of  the  thermo- 
element with  varj-ing  temperature  is  almost  eliminated. 

The  recorder  presents  many  interesting  features.  The  records 
are  made  on  a  smoked  chart,  graduated  in  time  and  degrees  Centi- 
grade or  degrees  Fahrenheit.  The  chart,  set  to  correspond  to  the 
time  of  the  day.  is  revolved  by  clockwork,  and.  at  short  intervals. 
is  brought  in  contact  with  the  pointer  of  a  milli-voltmeter  actuated 
by  the  thermo-electric  current.  This  vibration  eliminates  friction 
between  the  pointer  and  chart,  but  the  intervals  are  so  short  that  a 
continuous  line  results.  The  chart  gives  a  24  hours'  record,  and  is 
entirely  visible.  The  chart.s  are  subsequently  fixed  by  soaking  for  a 
few  seconds  in  a  fixative,  and.  after  drying  almost  spontaneously, 
are  quite  hardened,  and  may  be  filed  for  reference.  Changing 
records  and  fixing  occupies  only  a  few  minutes  per  24  hours  :  this, 
and  winding  up  the  clock,  represents  all  the  attention  required. 

.\n  important  feature,  and  one  which  is  not  always  allowed  for, 
is  the  temperature  of  the  cold  junction.  The  net  E.M.F.  pri>duced 
in  any  thermo-electric  circuit  is  dependent  on  the  difference  in  tem- 
perature of  the  hot  and  cold  junctions.  Many  instruments  are  cali- 
brated and  supplied  to  reatl  correctly  with  a  cold  junction  temp.era- 
ture  of  from  I.5'C.  to  20  C.  Others  neglect  the  cold  junelii>n  en- 
tirely. Bristol  has  designed  a  \mique  "'  compen.s;Uor  "  which  auto- 
matically corrects  for  variations  in  temperature  of  the  cold  junction. 
It  consists  of  a  glass  bulb  with  a  short  stem,  into  which  two  platinum 
wires  are  fused.  These  are  in  turn  connected  within  the  boi-e  of  the 
stem  by  a  looji  of  fine  platinum  wire.  The  compensator  is  placed  in 
the  circuit  at  the  cold  jiuiction.  and  if  the  temperature  rises  the  mer- 
cury witli  which  the  bulb  is  filled  rises  up  the  stem,  cutting  out  a 
certain  portion  of  the  platinum  wire,  and  reducing  the  ixsistancc  of 
the  circuit.  The  eonii)ensator  is  so  calibrated  that  for  a  given  circuit 
the  rcducti(m  in  resistance  just  counterbalances  the  diminution  in 
E..M.F.  due  to  the  rise  in  tem|)erature  of  the  cold  junction. 

.\  comi)leto  installation  has  been  thoroughly  tested  on  a  ll.i.st 
furnace  belonging  to  the  Sheepbridge  Coal  it  Iron  Co.,  Chesterfield. 
.V  platinum  thermo-couple  leading  to  a  Roln-rls-.-Vusten  pyrometer 
is  permanently  installed  in  the  sjime  blast  main.  Ctuuparisons  made 
during  the  test  run  extending  over  several  months  showed  good 
agreement  in  readings  obtained,  and  examples  of  the  curves  arc  given 
in  the  Paper.  The  installation  was  finally  removed  to  the  authors' 
laboratory  in  order  to  le-standardise,  and  thereby  ascertain  the  effect 
of  continuous  exposure  in  a  temperature  range  of  600C.  to  700~C. 
Viisual    examination    of   the    thermo-couple    and   protecting    tube 

*  .\bstract  of  a  Paper  ivad  befoiv  the  Iron  and  Steel  Institute. 
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showed  no  change  in  condition.  Comparison  with  a  previously 
standardised  platinum-iridium  thermo-couple  in  a  temperature 
range  up  to  900=C.  gave  remarkably  concordant  results.  The  liulki- 
ness  of  the  Bristol  thermo-elcment  junction  renders  standardisation 
by  the  usual  methods— boiling  and  solidification  points— somewhat 
difficult  as  regards  manipulation.  Hence  the  method  adopted  of 
comparison  at  various  temperatures  with  a  previou.sly  standardised 
platinum  couple. 

E.xact  information  as  to  the  normal  working  life  of  the  couple  was 
tiesued,  and  this  has  not  been  obtained.  The  results  show  that, 
under  the  conditions  described,  the  thermo-electric  properties  of  the 
couple  have  not  been  materially  affected.  The  mechanism  of  the 
recorder  is  admhablv  suited  to  works  conditions.  Strong  magnetic 
fields  may  possibly  affect  the  readings,  but  this  difficulty  is  not  often 
encountered.  The  real  trouble  in  the  case  of  most  recorders,  that 
of  vibration  and  shock,  is  practicidly  overcome. 


PARLIAMENTARY  INTELLIGENCE. 

FOLKESTONE,  SANDGATE  AND  HYTHE  TRAMWAYS  BILL. 

A  H.iii~e  of  (.'i.iiimnns  .Select  Committee  commenced  consideration  of 
thi::^  l>ill  la>t  week. 

On  Friday  ilr.  Stephen  Seli.on  said  it  was  fatal  to  a  scheme  to  have  to 
make  extensions  on  a  different  system.  Overhead  and  surface-contact 
systems  wovild  not  work  satisfactorily  together.  The  arrangement  be- 
tween the  British  Electric  Traction  Co.  and  Wolverharaptou  Corporation 
for  interchange  of  traffic  on  the  overhead  and  the  Lorain  surface-contact 
lines  was  abandoned  because  it  would  not  work.  The  Lorain  system 
was  not  only  more  expensive  as  to  first  cost,  but  also  in  the  more  serious 
matter  of  working  costs.  The  Lorain  system  studs  must  project  above 
the  road,  as  a  rigid  skate  was  used,  and  the  noise  was  greater  than  with 
overhead  wires.  The  Wolverhampton  Corporation  system  showed  a  loss 
of  £1.291  for  the  year  ended  March,  1908.  Sandgate  and  Hythc  ap- 
l>roved  a  few  years  ago  proposals  to  use  the  overhead  system  in  their 
districts.  He  thought  the  offer  now  made  to  Folkestone  was  a  generous 
one.  There  was  not  the  same  difficulty  in  interchange  of  traffic  between 
conduit  and  overhead  lines  as  between  surface  contact  and  overhead 
lines,  and  in  the  case  of  surface  contact  there  was  a  greater  weight  of 
equipment  to  cany  than  on  the  conduit  system  cars.  If  the  cost  per 
ear-mile  were  6-51d.  at  Wolverhampton  and  6-72d.  at  Birmingham,  the 
question  of  the  price  the  Corporation  tharged  themselves  for  current 
had  to  be  considered.  At  Wolverhampton  it  was  IJd.,  which  was  fairly 
low. 

Mr.  C.  E.  C.  SiuwFiELD,  chief  engineer  of  W'olverhanipton  Corpora- 
tion's electricity  supply  and  tramways  undertakings,  and  Mr.  A. 
Baker,  manager  of  Birmingham  Corporation  tramways,  gave  evidence 
to  the  effect  that  the  Lorain  system  could  be  worked  commercially  and 
successfully.  Sir.  Baker  said  he  bad  come  to  the  conclusion  that  there 
was  no  inconvenience  whatever  from  the  studs.  The  Dolter  system 
had  [iroved  unsatisfactorj-. 

Yesterday  (Thursday)  the  chief  constable  of  Folkestone  and  several 
business  men  ha\  ing  premises  on  the  route  of  the  proposed  overhead 
ideation  of  the  tramways  in  Folkestone  gave  evidence  in  favour  of  tha 
construction  of  that  section.  It  would  be  a  mistake  to  drop  the  lines 
in  Folkestone  which  the  promotors  proposed  to  construct,  if  at  all,  on 
the  overhead  system. 

The  consideration  of  the  bill  had  not  been  concluded  when  we  went 
to  press. 

NORTH-WEST  LONDON   RAILWAY  BILL. 

A  select  ctmunittec  of  llu-  House  of  Commons  {presided  over  by  Sir 
.1.  Comptox-Rkkett)  continued  the  consideration  of  this  Bill  on  13th 
inst. 

Mr.  R.  iSelbie,  general  manager  of  the  Metropolitan  Railway,  gave 
evidence  against  the  Bill.  The  Metropolitan  Co.,  he  said,  served  all  the 
requirements  within  half  a  mile  im  cither  side  of  the  Edgware-road,  and 
were  making  alterations  at  Bakcr-strcct  to  allow  a  through  service  to  the 
City. 

•Sir  ,IoH>'  Wolfe-Barry,  who  was  chairman  of  the  advisory  hoard  of 
the  Traffic  Commission,  said  that  the  Commissioners  came  to  the  con- 
clusion that  a  tube  railway  from  the  Marble-arch  to  Victoria  would  best 
meet  pubhc  needs.  The  extension  to  Victoria  was  required  in  the  jiublic 
inleiv-it.  and  he  feared  that  the  proposal  now  made  to  stop  at  Edf.'wiirc- 
road  would  ])lace  a  serious  obstacle  in  the  way  of  the  through  communi- 
cation. 

On  Friday  Mr.  FitzOerat.ti.  K.C,  addressed  the  committee  on  behalf 
of  the  promoters,  the  British  Electric  'J'raction  Co.  That  company  had  a 
ca).ilal  of  £.>.(K)0.00(),  a  yearly  income  of  £200.000,  and  an  investment  of 
£220,000  in  Consols  ready  to  be  used  for  construction  of  the  line.  They 
were  prepared  to  take  deferred  shares  to  the  amount  of  £40O.(l(Hi,  The 
powers  authorised  for  the  Victoria  extension  had  expired. 

The  committee  unanimously  found  that  the  preamble  had  not  been 
proved. 

CENTRAL  LONDON  RAILWAY  BILL. 

On  Tuesday  a  House  of  Commons  Committee  (presided  over  by  Sir 
.J.  Compton  Rickctt)  commenced  the  consideration  of  this  bill. 
-Mr.  FiTZOKRALi),  K.C..  for  the  promoters,  said  it  was  proposed  to  make 


an  extension  of  the  existing  line  at  the  Bank  to  Liverpool-street,  termi- 
nating under  the  existing  railway  stations  of  the  G.E.  and  N.  London 
Railways.  It  was  also  proposed  to  construct  two  subways — one  at  the 
Museum  station,  connecting  with  the  Holborn  station  of  the  G.N.,  Picca- 
dllly  &  Brompton  tube,  and  the  other  at  the  Bank,  running  to  the  book- 
ing hall  of  the  City  &  South  London  Railway. 

Sir  Henky  Oakley,  chairmnn  of  the  company,  said  that  since  the 
introduction  of  motor  omnibuses  the  comijany  found  that  the  passengers 
on  the  short  distances  showed  a  considerable  reduction.  Omnibuses 
saved  the  people  the  trouble  of  getting  uito  lifts  and  running  along  plat- 
forms. When  the  company  lowered  its  fares  the  traffic  gradually  came 
back  again.  The  outlay  on  the  extension  would  be  £300.000,  and  to  get 
a  5  per  cent,  return  on  that  the  company  would  have  to  carry  4,000,000 
passengers  per  annum,  which  was  equal  to  12.000  per  day  for  ,3(X)  days. 

Mr.  F.  Ree.  general  manager  of  the  L.  &  N.W.  and  the  N.  London 
Railways,  and  Mr.  J.  F.  S.  Gooday,  general  manager  of  the  G.E.  Railway, 
gave  evidence  in  support  of  the  bill. 

On  Wednesday  Mr.  BALFonR  Browne,  E.G.,  on  behalf  of  the  Metro- 
politan Railway  Co.,  opened  the  opposition  to  the  bilk  He  asked  the 
Committee  to  say  that  the  proposed  line  was  pure  competition  and 
nothing  else.  That  was  nothing  but  a  block  line,  which  was  entirely 
in  the  interest  of  the  (;.E.  RIv.  Co.  and  it  was  to  do  nothing  but  share 
the  Cireat  Eastern  traffic  that  came  to  Liverpool-street. 

.Sir  Charles  M'Laren,  M.P.,  In  his  evidence,  pointed  out  that  since 
they  electrified  their  line  the  result  from  the  public  point  of  view  was 
a  success,  but  to  the  company  it  had  been  most  disastrous,  .is,  althouorh 
they  carried  more  passengers,  their  dividends  had  dropped  consider- 
ably.    The  fares  were  too  low. 

The  Chairman  intimated  that  the  Committee  could  not  pass  the  bill 
with  the  provision  in  it  that  the  Central  London  Co.  was  not  to  extend 
its  line  north  or  east,  or  that  it  should  not  make  an  exchange  station 
with  any  other  company.  After  discussion  a  new  clause  was  drafted, 
and  yesterday  (Thursday)  the  Committee  found  the  preamb'e  of  the 
bill  proved. 


LONDON  COUNTY  COUNCIL  (TRAMWAYS  AND 
IMPROVEMENTS)  BILL. 

A  Select  Committee  of  the  House  of  Commons  {presided  over  by  Sir 
Geo.  Doughty)  has|been  considering  this  bill  this  week.  The  bill 
authorises  the  construction  of  various  additional  tramways,  &c.  In 
regard  to  the  proposal  for  the  extension  of  the  double  line  of  tramway 
along  Farringdon-road  to  the  City  boundary,  after  hearing  evidence 
the  chairman  said  the  Committee  had  come  to  the  conclusion  that  the 
extension  of  the  line  would  be  to  the  public  advantage,  but  they  de- 
sired from  the  Council  an  assurance  that  there  should  be  no  unreason- 
able delays  at  the  terminus. 

Mr.  Erskine  Pollock,  K.C.,  for  the  promoters,  said  a  clause  should 
be  prepared  to  satisfy  the  Committee. 

The  Chairman  said  In  those  clrcumstancos  the  Committee  found 
that  jiart  of  the  preamble  proved. 

The  Committee  also  approved  the  proposals  In  regard  to  the  proposed 
extension  of  the  tramway  from  theexistlngline  in  Battersea  Park -road 
over  Battersea  Bridge  to  Beaufort-street,  Chelsea. 


OLDHAM  CORPORATION  BILL. 

A'^Select  Committee  of  the  House  of  Commons  considered  this  Bill  last 
week.  The  tramway  clauses  proposed  to  construct  additional  lengths 
of  tramway,  &c.,  in  the  outlying  districts  at  an  estimated  cost  of  £193,100. 
After  evidence  had  been  given  by  the  tramways  manager  (Mr.  L.  Slat- 
tery)  and  the  borough  surveyor  (Mr.  Foote),  the  clauses  were  adjusted 
by  the  Committee.  The  clause  to  authorise  the  use  of  the  trackless 
trolley  system  was  struck  out  by  agreement,  and  a  clause  to  regulate 
fares  was  inserted  to  moet  the  requuements  of  the  Board  of  Trade.  A 
])rovision  empowering  the  Corjioration  to  run  motor  omnibuses  in  and 
out  of  the  borough  was  by  agreement  amended  to  limit  the  operation  of 
the  borough. 

In  the  electricity  supply  clauses  jiowcr  was  sought  to  take  over  any 
provisional  order  for  any  of  the  adjoining  distriits,  to  enable  the  Cor- 
i)f)ration  to  enter  into  arrangements  for  the  supply  of  electricity  in  bulk, 
to  authorlsi-  undertakes  In  Chadderton.  Riiyton,  Crompton,  Lees  and 
LImchurst,  to  supply  individuals  and  firms  just  outside  the  boundary, 
&c.  The  Lanca.shlre  Electric  Power  Co.  0])posed  clauses  45  and  4()  (as 
to  bulk  supiily  and  the  transfer  or  orders),  but  the  Committee  decided  to 
retain  them.  An  appllcatlcm  by  iSpringhcad  Council  to  be  Included 
within  the  scope  of  clause  44  was  rejected. 

Tramcar  Drivers'  Hours. — In  the  House  of  Commons  on  Monday, 
Mr.  (JwvNN  asked  the  President  of  the  Board  of  Trade  if  there  were 
any  regulations  governing  the  number  of  hours  that  the  driver  of  an 
electric  tramcar  might  work  at  a  stretch  ;  and  if  such  regulations 
were  carefully  observed  on  the  London  Ignited  Tramways 

In  reply,  Mr.  W.  Ciurchill  said  that  no  such  regulations  h.ad  been 
issued  by  the  Board  of  Trade.  The  pow cis  of  the  Board  in  regard  to 
tramways  were  limited  to  intervention  ou  grounds  of  public  sifety. 
He  was  prepared  to  consider  information  brought  before  him,  and  to 
act  so  far  as  statutory  jjowers  allowed. 

Telegraph  (Arbitration  i  Bill.— The  Postmaster-General  has  intro- 
duced a  bill  into  the  House  of  Commons  to  give  further  powers  to  the 
Railway  and  Canal  Commission  to  determine  diirerenoes  with  respect  ■ 
to  telegraphs  (Including  telephones^ 
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Baker  Street  ft  Waterloo  Railway  Bill.— This  bill,  wliich  sought 

nn  extension  of  time  for  the  e<jnsti mtion  of  the  authorised  I'uilway 
from  Edgwarc-road  to  ra(IilMi^'t<jn,  lias  been  withdrawn. 

North  Metropolitan  Electric  Power  Supply  Co.  (Ltd.)  — This 

bill  has  now  been  read  a  third  time  in  the  House  of  ly)rds,  and  as  it 
has  already  been  thioui;li  the  House  of  Commnu  it  now  only  awaits 
Koyal  assent. 

London  United  Tramways  Bill— On  Friday  a  Select  Com- 
mittee of  the  HoH-e  of  Lords  (Lord  Ludlow  presiding)  rejected  this  bill, 
by  which  the  London  United  Tramways  Co.  sought  running  powers 
over  tlie  London  County  Council's  tramway  system,  &c. 


LEGAL  INTELLIGENCE. 


Gould  V.  Lehwess. 

On  Tuesday  Mr.  Justice  Philliuiore  conimenc?d  the  hearing  of  this 
action. 

Mr.  J.  B.  Atkin,  K.C,  for  the  plaintiff,  said  the  claim  was  for  the 
recovery  of  £.'{,201).  the  ]irice  of  certain  sfi>i.iL;c  liildries.  Plaintiff  was 
the  inventor  of  a  stiira.t;p  battery  known  as  (licC.iuld  liattery,  the  manu- 
facture of  which  was  controlled  in  America  bj-  a  ciiuiijany,  of  which  Mr. 
Gould  was  president.  Plaintiff,  however,  retained  his  property  in 
British  and  European  rights.  In  1900,  a  company  called  the  Electrobus 
Co.  was  formed  in  this  country,  and  defendant  was  apparently  largely 
interested  in  it.  Mr.  Lehwess  went  over  to  America  to  see  Mr.  Gould  to 
secure  English  rights  on  behalf  of  the  Electrobus  C'o.  He  had  a  series  of 
interviews  with  Mr.  Goidd  and  suggested  that  a  company  should  be 
formed  in  England  for  selling  and  manufacturing  the  batteries  in  London 
and  for  negotiating  with  the  Elcctrolius  Co.  for  the  use  of  them.  Mr. 
Gould  refused  to  have  anything  to  do  with  such  a  company  unless  it 
guaranteed  a  cash  cajiital  of  at  least  £25,000.  Defendant  said  there 
would  be  no  difficulty  about  that.  The  price  of  the  English  rights  to  the 
-  patent  was  fixed  at  §60,000,  and  Mr.  Lehwess  made  it  clear  that  he 
wished  Mr.  Gould's  interest  to  be  in  shares  in  the  company.  That  was 
agreed  to,  and  it  was  further  arranged  that  Mr.  Gould  should  have  the 
control  of  the  company  and  should  have  55  per  cent,  of  the  shares  allotted 
to  him  fully  paid  up.  In  pursuance  of  this  arrangement  Mr.  Lehwess 
deposited  810,000  in  a  New  York  bank  as  a  guarantee  that  he  woidd 
carry  out  the  arrangement  entered  on  on  Nov.  1,  190(3.  It  was  agreed 
that  defendant  should  form  a  company  in  England  to  be  called  the  Gould 
Storage  Battery  Co.  for  introducing  the  Gould  battery  into  England. 
Plaintiff  on  Nov.  30,  1909,  cabled  defendant  "  Do  I  understand  that 
£25,000  in  cash  has  been  paid  ?  "  to  which  defendant  replied  "  All  shares 
issued  cash.  About  4,000  reserved."  Relying  upon  that  representa- 
tion plaintiff  .sent  over  15  sets  of  batteries  of  42  cells  each,  which  were 
supposed  to  be  paid  for  by  the  company  at  the  price  of  $860  per  set.  A 
.  further  set  were  sent  later.  There  was  a  stipulation  that  a  test  should 
be  made  of  the  batteries  in  London,  and  an  expert  of  Mr.  Gould's  works 
was  sent  over  to  give  a  demonstration  in  the  presence  of  an  independent 
engineer.  The  batteries,  said  plaintitf,  ]iassed  all  the  tests  stipulated  for 
in  the  agreement.  Defendant  contended  that  in  accordance  v/ith  his 
agreement  with  plaintiff  he  formed  the  Gould  Storage  Battery  Co.  of 
England  with  a  nominal  capital  of  £25,000.  In  accordance  with  the 
agreement  plaintiff  received  55  per  cent,  of  the  share  capital.  He  denied 
that  he  was  personally  liable  for  the  amount  of  the  contract  which  he 
said  was  due  by  the  company,  if  by  anybody.  The  whole  of  the  shares 
that  were  issued  were  issued  to  the  Asister  Banking  Corpn.,  of  the  Channel 
Islands.  That  company  paid  nothing  for  its  shares,  but  Mr.  Gould 
remained  under  the  impression  that  they  had  done  so.  Plaintiff  alleged 
that  by  conducting  tests,  &c.,  of  the  batteries  in  question  and  other 
methods  defendant  made  it  impossible  for  him  to  carry  out  his  agree- 
ment, and  therefore  he  was  entitled  t  >  jugdment. 

Mr.  Chas.  a.  tiouLD  gave  eviden^'e  to  bear  out  counsel's  statement 
and  described  the  v/ay  in  which  the  tests  were  interrupted. 

On  'Wednesday  defendant  (Dr.  Lehwess)  gave  evidence,  and  said 
that  by  his  cablegram :  "  All  shares  issued.  Cash  about  £4,000 
reserved,"  he  meant  that  of  the  25,000  shares  21,C00  had  been  issued 
fully  paid  and  that  4,0C0  shares  had  been  reserved  to  lie  issued  for 
cash.  Later  on  he  saw  the  phimtiff  in  New  York,  and  pointed  out  the 
defects  which  had  been  discovered  in  the  batteries,  and  he  told  plaintiff 
that  when  the  batteries  had  passed  the  test  he  would  pay  for  them, 
the  plaintiff  said,  "  Very  well  ;  1  will  look  to  you."  Witness  did  say 
that  plaintift'knew  th.at  no  money  had  been  paid  for  shares  excejrt.  that 
which  had  been  paid  by  the  seven  signatories.  In  the  Spring  of  1908 
his  holding  in  the  Electrobus  Co.  was  labout  12,000  to  14,000  shares. 
He  took  no  part  in  controlling  the  Electrobus  Co.  The  batteries  were 
hired  out  to  the  Electrobus  Co.,  but  they  proved  very  unsatisfactory. 
In  cross-examination  witness  said  that  he  thought  a  great  deal  of  the 
misunderstanding  that  had  arisen  was  due  to  the  fact  that  plaintiff 
had  but  an  imperfect  acquaintance  with  English  company  procedure. 

The  case  was  proceeding  when  we  went  to  press. 


Block  Light  Co.  v.  Thos.  A.  Field  &  Co. -On  Wednesday  Mr. 
Verey,  OtScial  Referee,  heard  this  action  for  the  recovery  of  damages 
for  negligence  in  storing  683  cases  of  electric  light  globes,  &c.  It  w.as 
alleged  that  defendants  had  stored  the  goods  cirelessly,  exposing 
them  to  the  weather,  with  the  result  that  they  became  so  soddened 
and  stained  as  to  bj  of  no  market  value.  Defendants  denied  the 
allegations,  but  after  hearing  evidence  the  Official  Referee  gave  judg- 
ment for  plaintiff's  for  £266,  3s.  and  coats, 


Consolidated  Nickel,  Tin  &  Copper  Mines  v.  Crompton  &  Co. 

The  hearing  of  this  case  was  resumed  before  Mr.  Muir  Mackenzie, 
K.C,  on  Wednesday. 

Mr.  Cr.^ccs  was  further  cross-examined.  He  said  that  plaintiffs 
were  not  consulted  as  to  what  the  strength  of  the  fuses  should  be.  The 
fuses  were  the  lightest  they  could  get  the  motor  to  start  with.  Upon 
the  system  adopted  at  the  time  the  fuses  would  not  go  until  you  got  a 
current  which  was  about  three  times  as  powerful  as  was  required  for 
ordinary  running. 

Mr.  John  T.  Leach,  attached  to  the  Bristol  office  of  Messrs.  Cros.sley 
Bros.,  said  he'^was  three  weeks  erecting  the  plant.  There  was  no  diffi- 
culty about  the  engine  ;  it  was  sufficiently  powerful  three  times  over 
to  work  the  pump.  Two  of  the  men  who  were  working  the  engine 
seemed  a  liit  careless.  When  he  went  down  to  the  mine  on  Dec.  27, 
1907,  he  lookei  at  the  governor  and  thought  it  had  been  taken  to 
pieces,  antl  not  put  together  properly,  but  Jenkins  denied  that. 
VVitness  put  it  right  in  .about  20  minutes. 

Defendants'  case  had  not  concluded  when  we  went  to  press. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 


APPOINTMENTS  VACANT  AND  HLLED. 

West  Ham  Corporation  invite  applications  for  the  position  of 
electrical  engineer  and  manager  of  their  electricity  undertaking. 
Candidates  must  have  had  considerable  experience  in  important 
electricity  undertakings,  and  have  a  sound  knowledge  of  the  com- 
mercial management  of  electricity  supply.  Application  forms.  &c., 
from  tlie  town  clerk,  Mr.  Fred.  E.  Hilleary,  Town  Hall,  West  Ham, 
to  whom  applications  must  be  sent  by  5  p.m.  Tuesday,  June  1.  See 
also  an  advertisement. 

The  managers  of  the  Technical  College,  Dundee,  invite  applications 
for  the  position  of  lectiu?er  in  electrical  and  meclianical  engineering. 
The  person  appointed  will  have  full  charge  of  tlie  electrical  depart- 
ment, and  must  be  competent  to  take  the  senior  branches  of  mechani- 
cal engineering.  Salary  £350.  Applications  to  the  Director  of 
Studies,  Teclinical  Institute,  Dundee,  by  June  15.  See  also  an 
advertisement. 

The  appointment  of  lecturer  in  the  pliysics  and  electrical  engineer- 
ing departments  at  the  Sunderland  Technical  College  is  now  vacant. 
Salary  £150  per  annum.  Applications  to  the  Secretary,  Mr.  T.  W. 
Bryers,  15,  John-street,  Sunderland,  before  Monday,  May  31.  See 
also  an  advertisement. 

Sheffield  Electric  Light  committee  invite  applications  for  the 
position  of  deputy  manager  and  chief  assistant  of  the  electric  supply 
department.  Tiie  commencing  salary  will  be  in  accordance  with  the 
qualifications  of  the  candidate  selected,  the  maximum  being  £300, 
rising  by  biennial  increments  of  £25  to  £-100  per  annum.  Candidates 
must  have  had  workshop  training,  practical  experience  in  the  wurk- 
ing  of  electricity  undertakings,  &c.  Applications  to  the  general 
manager  (Mr.  S.  E.  Fedden).  electric  supply  department.  Commer- 
cial-street, Sheffield,  by  May  "29. 

A  teclmical  assistant  is  required  by  a  firm  of  chartered  patent 
agents;  must  have  had  experience  in  drafting  specifications  and 
dealing  with  official  objections  and  a  knowledge  of  electrical  matters 
is  desirable.     See  also  an  advertisement. 

The  Governors  of  the  Borough  Polytechnic  Institute.  London,  in- 
vite applications  for  the  position  of  head  of  the  chemistry  depart- 
ment for  day  and  evening  work.  Commencing  salarj'  £300  jier 
annum. 


Mr.  H.  H.  Clare  has  been  appointed  station  engineer  at   Wck)!- 
wich  at  £180,  and  Mr.  H.  W.  Mansfield  has  been  promoted  to  the 


position  of  works  foreman. 


Aberdare.— An  adjourned  inquiry  into  tlie  application  of  the 
Council  for  iiermission  to  borrow  £17,000  for  electricity  supply 
works  was  held  on  Tuesday. 

Evidence  in  support  of  the  application  was  given  by  Mr,  S.  Sellon 
and  Mr.  C.  S.  A'esey  Brown.  The  latter  stateil  that  the  Northern 
Counties  Electricity  Supply  Co.  had  introduced  electricity  supply  in 
several  towns  similar  to  Aberdare,  where  the  residents  were  mostly 
coal  miners.  In  those  towns  a  large  number  of  houses  occupied  by 
colliers,  of  a  rental  of  from  £15  to  £25  a  year,  had  been  supplied  with 
electricity.  Compared  with  those  towns,  the  chances  of  supplying 
small  houses  in  Aberdare  with  electricity  were  better. 

Mr.  W.  A.  Chambn,  general  manager  of  the  South  Wales  Electrical 


234 


THE  ELECTRICIAN,  MAY  21,  1909. 


Power  Distiibution  Co.,  was  of  opinion  that  it  was  not  possible  to  work 
the  proposed  untlertakiiig  at  a  profit,  assuming  Mr.  Sellon's  fij;i>ris  as 
to  estimated  gross  profits  were  correct.  He  thought  there  would  he 
a  loss  of  £200.  and  the  estimated  consumption  of  150,000  umts  in 
Aberdare  was  too  high. 

Mr.  Sr.\EKS  considered  the  area  to  be  supplied  was  too  small  to  make 
a  profitable  scheme. 

Aberdeen.— At  the  last  meeting  of  the  Council  tlie  Electricity 
committee  recommended  that  the  city  electrical  engineer  (Jlr. 
J.  Alex.  Bell)  be  allowed  to  provide  a  small  stock  of  electric  heat- 
ing and  cooking  apparatus  for  hiring  out. 

Mr.  Gray,  who  moved  the  adoption  of  the  report,  said  that  as  the 
hiring  out  of  gas  stoves  was  not  to  be  discontinued,  he  did  not  see 
where  the  objection  should  come  in  regarding  the  present  proposal 
Memijers  who  were  opposed  to  the  hiring  out  of  cooking  apparatus 
had  alreadv  in  their  own  jilaces  of  business  and  in  their  homes  gas 
stoves,  and  if  that  was  so  he  failed  to  see  any  difference  in  principle 
between  the  hiring  of  a  gas  stove  and  an  electric  stove. 

A  long  discussion  ensued,  but  ultimately  the  recommendation  was 
agre  ed  to. 

Acton.— On  Wednesday  the  Council  decided,  by  eight  votes  to 
five,  not  to  lease  their  electricity  undertaking  to  the  Metropolitan 
Electric  Supply  Co. 

Amalgamated  Society  of  Engineers.— The  58th  annual  report  of 
this  Society  (for  the  year  ended  December  last)  has  been  issued. 

The  general  seereta'rv  (Mr.  .Jenkin  .Jones)  calls  attention  to  the  fact 
that  the  membership  decrea.-ed  during  the  year  from  110,084  to  108,120, 
compared  with  an  increase  of  5,213  in  the  previous  year.  As  the  total 
admissions  were  7,C44  (compared  with  11,302)  and  the  deaths  1,321 
(1,260),  the  exclusions  (chiefly  for  arrears  of  contributions)  were 
obviously  very  numerous.  The  Society  has  a  balance  in  the  general 
fund  of  "£324.472,  a  decrease  of  £168,544  compared  with  a  gain  of 
£80,555.  The  aggregate  funds,  including  general  otKce  balances, 
general  fund  investments,  superannuation  reserve  fund  and  branch 
balances,  were  £673,201  (against  £809,630).  The  abstract  statement 
of  receipts,  &c  ,  of  all  the  branches  shows  average  arrears  per  mem- 
ber of  6s.  1  jd. 

Argentina.— The  "Review  of  the  River  Plate"  says  the  Pro- 
vincial Government  have  approved  the  plans  for  the  conversion  of 
La  Plata  tramways  to  electric  traction. 

The  public  electric  lighting  of  Ituziango  by  the  Cia.  Alemafia 
Transatlantica  de  Electricidad  was  inaugurated  recently. 

The  Cia.  de  Electricidad  de  la  Provincia  have  asked  for  a  concession 
for  an  electric  tramway  between  Banfield  and  Almirante  Brown, 
Buenos  Ayres. 

Asylum  Lighting. — Surrey  County  Council  have  adopted  a  recom- 
mendation to  adopt  electric  instead  of  gas  lighting  at  Brookwood 
a.sylum,  and  about  £4,000  is  to  be  spent  on  electrical  and  steam 
plant. 

Australasia. — Dunedin  (N.Z.)  Harbour  Board  have  authorised  an 
outlay  of  £1.800  for  electric  cranes. 

The  Royal  (.Jommission  on  the  question  of  vehicular  comnmnication 
across  Sydney  Harbour  have  reported  in  favour  of  the  construction  of 
separate  subways  for  tramways,  railways  and  other  vehicular  traitic. 
The  Commission  recommend  the  construction  of  a  tramway  subway 
from  Xnrth  Sydney  to  Barton-street  Circular  Quay  at  a  cost  of  £460,000, 
that  the  station.s  sliould  be  near  the  surface  so  as  to  avoid  the  necessity 
for  lifts  and  that  the  subway  be  sufficiently  large  to  permit  of  the  use  of 
standard  size  rolling  stock. 

Barnes. — The  Council  have  resolved  that  from  the  end  of  the  Sep- 
tember quarter  the  price  for  current  for  lighting  be  reduced  from  4d. 
to  3Jd.  per  unit  subject  to  discounts  and  for  heating  and  cooking  from 
1  Jd.  to  1  jd.  per  unit.  The  average  price  obtained  for  public  lighting 
for  the  past  j'ear  was  l'43d.  per  unit,  and  this  figure  remains  un- 
altered. 

Beckenham. — The  Urban  Council  have  elected  Mr.  A.  H.  Dykes 
(.Messrs.  Handcock  &  Dykes)  as  chairman  of  the  Electricity  com- 
mittee for  the  ensuing  year. 

Bermondsey  (London). — During  the  year  ended  March  31,  58  new 
consumers,  with  an  ajjplied  demand  of  ()02()1  kw.,  were  connected, 
and  39  existing  consumers  extended  their  supply  equal  to  317  kw.. 
making  a  t<jtal  increa.se  for  the  year  of  919(>1  kw.,  against  576-7"i  kw. 
in  1907. 

Bethnal  Green  (London). — Hackney  electricity  department  is  pre- 
paring a  scheme  for  the  .supply  of  electricity  in  bulk  in  this  district. 

Bridlington. — An  unopposed  inquiry  was  held  last  week  into  the 
Council's  application  for  sanction  to  borrow  £5.100  for  extensions  of 
the  electricity  undertaking. 

Brighton. — The  Lighting  committee  have  decided  to  reduce  the 
charge  for  current  to  large  power  u.ser«.  An  agreement  has  also  been 
entered  Into  for  the  supply  of  energy  to  the  railway  works,  and  the 


committee  otfer  to  supply  electricity  to  the  Britannia  Mills,  Port- 
slade  (subject  to  wayleave.  &c.)  at  Od.  per  unit  for  the  first  hour's 
average  daily  use  of  the  maximum  ilcmand  and  "id.  per  unit  after 
for  lighting.  Motors  up  to  100  h.p.  rated  capacity  would  also  be 
installed,  and  there  would  be  a  fixed  charge  of  £265  per  annum  (£66  5s. 
quarterly),  plus  0-6d.  per  unit  metered  :  but  in  the  event  of  the  price 
of  coal  exceeding  16s.  per  ton  delivered  in  the  Council's  bunkers,  an 
extra  005d.  per  unit  per  Is.  per  ton  of  such  increase  or  part  thereof 
in  proportion  be  paid  in  addition  to  the  aforementioned  0-6d.  per 
unit. 

Chili. — Tlie  Compania  Electrica  de  los  Andes  have  secured  a  con- 
cession to  utilise  the  waters  of  the  river  Aconcagua  to  the  extent  of 
1.000  u.p.  for  generating  electrical  energy  for  lighting  and  traction  in 
Los  Andes  and  district. 

Clacton. — A  special  meeting  of  the  Council  was  held  last  week  to 
consider  the  revenue  account  of  the  electricity  undertaking  for  th<> 
past  year. 

The  electrical  engineer  (Mr.  H.  W.  EverITt)  stated  that  several  large 
consumers  had  used  less  energy  and  there  had  been  fewer  arc  lamps  in 
use;  and  old  and  new  consumers  were  taking  advantage  of  the  metallic 
filament  lamp,  which  reduced  current  consumption  more  than  half.  The 
engines  had  run  300  hours  more  than  last  year,  but  the  average  load  on 
them  had  been  11-25  per  cent,  lower.  The  battery  had  also  received  140 
hours  more  charging.  The  average  consumption  of  gas  in  the  engines 
per  kilowatt  hour  was  2  cub.  ft.  higher  than  last  year,  due  to  smaller 
average  loads  on  the  engines.  The  extra  cost  of  running  could  only  be 
attributed  to  the  extra  current  put  into  the  battery,  the  increased 
amount  of  oil  vised,  and  the  lower  average  load  and  increased  gas  eon- 
sumpticm. 

In  the  discussion  it  was  suggested  that  the  electricity  and  gas  and  water 
imdertakings  should  be  placed  under  one  management,  and  that  the  front 
should  be  lighted  by  arc  lamps. 

The  whole  (juestion  was  referred  to  the  Electricity  committee  for 
report. 

Cork. — -The  strike  of  the  tramway  employes,  which  has  lasted  for 
some  weeks  and  caused  the  complete  suspension  of  the  service  for 
over  a  fortniglil,  has  been  settled,  and  the  public  service  resumed. 

Damaging  Telegraph  Cables. — Renter's  Agency  states  that  an  in- 
dictment has  been  found  against  the  master  of  a  dredger  belonging 
to  an  American  company  for  breaking  two  submarine  cables  belong- 
ing to  the  Commercial  Cable  Co.  The  charge  against  the  skipper  is  a 
violation  of  United  States  statutes  enacted  for  the  protection  of 
telegraph  cables.  The  damage  on  this  occasion  took  two  days  to 
repair  and  caused  considerable  interruption  in  telegraphic  business. 
The  penalty  is  stated  to  be  either  a  fine  of  $5,000  or  two  years'  im- 
prisonment. 

Dock  Cranes. — The  North-Eastern  Railway  Co.  have  decided  to 
erect  two  large  electric  cranes  at  their  MidcUesbrough  dock  for  load- 
ing andunloading  vessels. 

Electrical  Exhibitions. — An  interesting  exhibition,  organised  by 
the  Hornsey  Borough  Council  electricity  department,  has  been  held 
this  week  at  the  Athenajum.  Muswell  Hill,  London,  N.  The  exhi- 
bition was  opened  on  Monday  by  the  mayoress,  Mrs.  E.  A.  Ebble- 
white,  and  among  the  exhibitors  were  : — 

Messrs.  Siemens  Bkos.  &  Co.,  who  showed  the  "O.S."  and 
"  Kalkos  "  systems  of  simple  wiring  iji  several  styles,  the  installa- 
tions being  mounted  on  a  large  three  panel  board,  complete  with  fuse 
boxes,  switches, brackets, lainps  and  fittings.  Tantalum  lamps  in  various 
stages  of  manufacture  were  also  shown.  The  .Sun  R.vy  Reflector  Co. 
had  a  number  of  their  patent  Nosma  reflectors  for  all  kinds  of  electric 
lamps  on  view.  These  reflectoi's  are  of  silvered  glass  with  a  special 
form  of  capping,  preventing  the  ingress  of  air  to  the  inner  lining 
of  the  glass,  the  life  being  prolonged  and  the  efficiency  preserved 
thereby.  Mr.  J.  A.  Ritchie,  of  Muswell  Hill,  had  an  i-sland  stand, 
showing  in  the  four  sides  metal  filament  lamps  of  various  kinds,  a 
good  selection  of  artistic  fittings,  bells,  private  telephones,  &c. 

J.  W.  Cabpknter  (Ltd.),  Muswell  Hill,  exliilnted  artistic  fittings  for 
lighting,  radiators,  hanging  and  stand  lamps  and  small  arcs. 

The  Artistic  Glass  Enoiiavino  (Jo.,  llolloway,  exhibiteil  some  attrac- 
tive signs  fitted  with  Peaeellier's  patent  automatic  contact  breaker, 
which  occupies  only  9  in.  by  3  in.,  is  comparatively  inexpensive  and  can 
be  fitted  to  either  alternating  or  continuous  current.  Several  signs  or 
lanterns  can  be  operated  by  one  contact  breaker. 

F.  Cottrell  (Ltd  ),  Crouch  End,  had  a  stand  with  fittings  of  various 
kinds.  H.  W.  Sutton,  Enfield  and  Muswell  Hill,  showed  metallic 
filament  lamps  and  .several  examples  ot  s|iecialities  in  fittings  and 
cooking  apparatus.  The  British  Vacuum  Cleaner  Co.  showed  a  port- 
able set  with  electric  motor  driving  the  vacuum  [lump.  The  Electrical 
Co.  also  exhibited. 

A  successful  electrical  exhibition  was  also  held  last  week  at  the 
Town  Hall.  Hereford.  The  exhibits  included  displays  of  electric 
motors,  elect ric  cooking  and  heating  apparalus,  arc  and  metallic  fila- 
ment lamps,  <'lectric  light  fittings,  &.c.  Among  the  firms  exhibiting 
were  the  tjnion  Electric  Co.,  Dick.  Kerr  &  Co.,  the  British  Prome- 
theus Co.,  Harding  Bros.,  R.  E.  Walker.  &c. 
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SPECIAL    NOTICE. 

NOW    READY Vol.    LXII.    of  "The  Electrician"  (1,028 

pages),  bound  in  strong  cloth.  Price  17s.  6d. ;  post  free,  18s.  6d.  Now 
ready.  Cases  for  Binding.     Price  2s. ;  post  free,  2s.  3d. 

A  complete  set  of  "  The  Electrician  "  can  be  supplied.  A  number 
of  odd  volumes  and  some  odd  old  back  numher.s,  to  help  in  making 
up  complete  sets,  are  also  available. 

Electric  Ambulances. — We  are  glad  to  learn  that  the  electric 
motor  ambulance,  which  ha.s  become  a  familiar  sight  and  has  done 
very  successful  work  in  the  City  for  some  time,  is  now  a.ssisted 
by  a  second  electric  ambulance  of  similar  appearance  and  capable 
of  even  greater  speed.  Both  ambulances  have  been  on  duty  in 
King  Edward-street  this  week,  but  the  new  one  is  to  be  ultimately 
stationed  in  New-street,  Bishopsgate. 

Electricity  v.  Gas. — At  the  meeting  of  the  Welsbach  Incandescent 
Gas  Light  Co..  on  Tuesday,  Lord  Weardale  said  the  results  of  the 
past  year's  trading  had  been  affected  by  depressed  trade,  and  the 
competition  of  the  metal  filament  electric  lamp.  A  large  section  of 
the  public  had  been  induced  most  wrongly,  as  they  thought,  to  believe 
that  electricity  was  at  last  a  cheaper  illuminant  than  gas,  and  though 
they  had  over  and  over  again  challenged  those  misstatements,  a  great 
deal  of  damage  had  been  done. 

Felixstowe. — Jlr.  James  Swinburne  has  been  appointed  aribtrator 
in  a  dispute  between  the  Council  and  the  Suffolk  Electricity  Supply 
Co.  as  to  the  character  of  the  extensions  to  the  plant  at  the  generat- 
ing station.  The  main  question  is  whether  the  new  plant  shall 
consist  of  one  150  kw.  unit  or  two  7.5  kw.  sets. 

Fire. — A  somewhat  disastrous  fire  occurred  on  the  premises  of 
Simplex  Conduits  (Ltd.).  at  Neweastle-on-Tyne.  last  week.  The 
company  have  opened  other  premises  in  Pilgrim-street,  and  have 
made  arrangements  to  obviate  any  delay  in  the  execution  of  orders. 

Hackney  (London).— The  Electricity  committee  rejiort  that  there 
is  an  increasing  demand  for  electrical  energy  for  power  in  the  Hackney 
Wick  district. 

Halifax. — A  Board  of  Trade  inquiry  was  held  on  Wednesday  into 
the  application  of  the  Corporation  for  sanction  to  double  the  tram 
line  in  Northgate.  and  to  lay  a  .single  line  in  George-street.  There  was 
considerable  oppo.sition.  and  after  taking  evidence  the  inspector 
(Major  Druitt)  intimated  tliat  he  would  report  in  due  course. 

India. — The  Burma  Railways  Co."s  Malagon  station  gocds  yp.rd  is 
to  be  lighted  by  45  B.T.-H.  flame  arc  lamps. 

Plant  has  been  purcha.sed  in  India  for  the  electric  lighting  of  the 
Chandpur  station  of  the  Assam-Bengal  Railway. 

Calcutta  and  Bombay  firms  have  been  asked  to  tender  for  the 
electric  lighting  of  the  city  of  Bhopal.  Eight  miles  cf  rjads  and 
several  city  jialaces  are  to  be  lighted  electrically. 

International  Code  Telegraphy.— The  London  Chamber  of  Com- 
merce has  received  a  notification  from  the  Postmaster-General  of  the 
following  principal  points  in  which  the  regulations  relating  to  Code 
have  been  altered  by  the  Lisbon  International  Conference.  1908  : — 

1.  An  express  stipulation  has  been  inserted  in  order  that  tliere  may  be 
no  doubt  as  to  the  condition  which  was  previously  impUed.  namely,  that 
the  standard  of  pronounceability  to  which  artificial  code  words  must 
conform  is  the  current  usage  of  the  eight  languages  specified. 

2.  The  Administrations  of  Great  Britain,  France  and  Germany  have 
been  authorised  to  give  the  approval  of  the  International  Telegraph 
Union  to  such  code.-j  as  are  voluntarily  submitted  and  are  found  upon 
examination  to  be  prepared  upon  a  proper  basis. 

This  slight  modification  in  the  Regulations  affecting  Coding  has 
been  adopted  in  order  to  "check  the  increasing  use  of  Codes  which 
tran.sgress  a  reasonable  standard  of  pronounceability  and  which 
therefore  tend  to  considerably  diminish  the  efficiency  and  retard  the 
speed  in  working  of  the  International  Telegraph  Service."' 

Light  Railways. — Application  has  been  made  to  the  Light  Railway 
Commissioners  for  an  order  extending  the  time  for  complying  witli 
the  Headcorn  and  Maidstone  Junction  Light  Railway  Orders.  1906 
and  1907.  and  authorising  the  use  of  power  other  than  steam,  pur- 
chase of  electric  current.  &c. 

London  County  Council.— On  Tuesday  it  was  agreed  to  lend 
Bermondsey  £5,262  for  electric  lighting. 

Electric  Lighting  Ads  {Amendment)  Bill. — The  Parliamentary  Com- 
mittee recommended  that  an  attempt  be  made  to  get  the  following 
amendments  of  this  Bill  adopted  by  Parliament  :— 

(i.)  That  London  Coimty  Council  shall  be  entitled  to  be  heard  before 
the  Board  of  Trade  on  any  order,  or  consents  affecting  London,  made 
under  clauses  1,  .%  4,  fi.  7  and  8. 

(ii.)  That  clau.se  11  be  amended  so  as  to  provide  that  a  jier.son  shall  be 
entitled  to  the  use  of  a  certified  meter  without  extra  charge  for  such 


certification  by  the  \mdertaker  .^iupplying  electricity,  and  that  the  in- 
spector of  such  undertaker  shall  take  into  consideration  the  size  of  the 
meter  as  being  suitable  to  the  requirements  of  particular  premises. 

(iii.)  That  clause  15  shall  not  apply  to  existing' consumers. 

Mile  End-road  Traimrays. — The  Highways  committee  recommended 
that  the  reconstruction,  of  the  above  tramways  should  be  executed  by 
Messrs.  Dick,  Kerr  &  Co.  as  an  extension  on  their  present  contract.  The 
estimated  cost  is  £30,2oO.^Carried. 

L.C.C.  Tramways.— -A  service  of  oleelrlc  ears  is  now  running  froqi 
Tottenham  C(JUit-road  to  Finsbury  Park. 

London  Telephone  Service. — A  new  central  battery  exchange  o 
the  National  Telejihone  Co.  was  opened  on  Saturday  last,  to  take  the 
jilace  of  the  old  exchange  for  the  Dalston  area.  The  new  exchange  is 
fitted  with  all  the  latest  improvements  in  telephone  plant,  apparatus, 
and  accessories. 

Middlesbrough. — An  inquiry  was  held  here  last  week  into  the  appli- 
cation of  the  Council  for  sanction  to  borrow  £10,000  for  cable  exten- 
.sions,  i!tc.     There  was  no  opposition. 

Newfon-le-Willows. — The  Council  have  ap[)licd  for  a  further  exten- 
sion of  their  electric  lighting  order. 

Obituary.— The  death  occurred  on  13th  inst.  of  Mr.  John  Castell 
Evans,  .senior  demonstrator  in  applied  chemistrj'  at  Finsbury  Tech- 
nical College.  _  ..    • 

Portugal. — Coimbra  Municipality  have  been  granted  permission  to 
borrow  1.50,000  milreis  for  the  construction  and  working  of  an  electric 
tramway  in  the  town.  •  "   ; 

Presentation.— On  the  14th  inst.  the  Bradford  City  electrical  engi- 
neer (Mr.  Thos.  Roles)  was  presented  with  a  silver  rose  bowl  by  the 
staff  on  the  occasion  of  his  marriage. 

The  presentation  was  made  at  a  smoking  concert  at  which  there  was  a 
large  muster  of  the  staff.  The  chair  was  occupied  by  Mr.  C.  W.  Salt 
(chief  assistant  engineer),  and  Mr.  C.  B.  Holdsworth  said  that  though 
Mr.  Roles  was  a  strict  disciplinarian  he  was  kindly  and  considerate  in  his 
dealings  with  the  staff',  and  he  could  rely  upon  their  loyal  support. 

The  presentation  was  then  made  by  Mr.  W.  Jones,  works  superint<>n- 
dent.  The  toast  of  "  Mr.  and  Mrs.  Roles,"  proposed  by  the  chairman, 
was  received  with  musical  honours. 

In  acknowledging  the  gift  Mr  Roles  said  that,  although  the  trade  of 
Bradford  had  not  been  very  satisfactory  of  late,  they  could  congratulate 
themselves  on  an  increase  of  10  per  cent,  in  the  units  consumed  during 
the  past  year,  and  he  looked  forward  to  a  further  increase  in  the  coming 
year.  In  the  matter  of  electric  lighting  they  had  done  verj'  well  and 
builders  were  now  wiring  houses  thro\igh  as  soon  as  they  were  put  \ip  in 
readiness  for  a  supply  of  current.  There  was  a  good  deal  of  work  on 
now  in  connection  with  the  extension  of  plant,  and  he  trusted  that  with 
the  new  jilant  they  would  reduce  the  working  costs. 

Private  Bill  Legislation. — The  Torquay  Electric  Tramways  Co. 
(Ltd.),  intend  to  apply  for  leave  to  introduce  into  the  Torquay  and 
Paignton  Tramways  Bill  clauses  to  transfer  to  the  Company  the 
powers  conferred  on  the  Dolter  Electric  Traction  (Ltd.)  by  the 
Torquay  Tramways  Act,  1904,  with  regard  to  the  construction  and 
working  of  certain  tramways,  to  extend  time  for  the  construction  of 
the  lines,  to  authorise  the  use  of  the  overhead  sj-stem  on  one  route, 
to  make  provision  for  purchase  by  Torquay  Corporation  of  the  exist- 
ing tramways  and  tramway,  No.  1  jiroposed  to  be  authorised  by  the 
Bill  at  one  time,  to  enable  the  Corporation  to  purchase  tramway  No.  2 
in  Paignton  (in  the  event  of  its  not  being  purchased  by  Paignton 
Urban  Council)  on  the  same  terms  as  the  purchase  of  tramway  No.  1. 
subject  to  the  right  of  the  Council  to  repurchase  such  tramwaj'. 

Provisional  Orders  Revocation. — The  Board  of  Trade  '  have 
revoked  the  Heysham  Electric  Lighting  Order.  1904.  as  from  May  7. 
and  the  Saffnjn  Walden  Electric  Lighting  Order,  1£04,  as  fix  m  May  It" 

Rawtenstall. — The  municijial  electric  tramways  were  opened  for 
traffic  on  Saturday.  Electric  current  was  switched  on  by  the 
chairman  of  the  Electricity  committee  (Councillor  Cou))e).  The 
system  will  be  extended  to  Bacup  shortly,  and,  including  the  Bacup 
section,  the  entire  scheme  will  cost  £144,544. 

Russia. — The  construction  of  an  electric  railway  from  Moscow  to 
Troitza-Serguicv  is  being  commenced. 

St.  Pancras  (London). — London  County  Council  has  written  to  the 
Borough  Council  vdxh  regard  to  the  proposal  of  the  latter  to  take 
money  from  the  electricity  reserve  fund  and  invest  it  in  a  loan  of 
£12,000.  to  the  electricity  department  for  machinery  and  plant. 

The  Finance  committee  of  the  L.C.C.  are  (they  state)  advised  that  to 
advance  money  in  this  manner  is  not  such  an  investment  as  was  autho- 
rised by  the  St.  Paneras  Electric  Lighting  Order,  1883.  The  BoiMUgh 
Council  would,  in  the  opinion  of  the  committee,  be  well  advised  to  make 
an  arrangement  with  the  County  Coimcil  to  rcdiice  tlie  period  of  the  loans 
(42  years)  so  that  outstanding  loans  may  be  made  i-epayable  within 
])eriods  based  on  the  ]irobable  life  of  the  plant.  &c. 

The  Finance  committee  of  the  Borough  Council,  in  a  report,  state  that 
they  are  advised  that  to  advance  moneys  out  of  the  reserve  fund  in  the 
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manner  pioposeil  is  quite  in  order.  After  carefully  considering  the 
points  raised  they  are  of  opinion  that  the  local  authority  should  adhere 
to  their  decision  to  borrow  the  whole  sum  requisite  from  the  reserve  fund. 

St.  Petersburg. — It  is  reported  that  the  Municipal  Council  propose 
-to  issue  a  loan  of  about  lO.OOO.OCK)  roubles  for  various  works,  includ 
in<r  th"  extension  of  the  telephone  system. 

Southampton. — The  general  manager  of  the  tramways  has  been 
directed  to  olitain  tenders  for  a  motor-driven  air  comjircssor. 

Southwark  (London).— The  Council  have  ajiplied  to  the  L.C.C.  for 
.sanction  to  borrow  £-2.1.'i(l  for  house  .services,  meters,  &'c.,  during 
19U9-10. 

Wireless  Telegraph  Notes.— The  jjublic  is  to  be  prtivided  with  a 
working  example  of  wireless  telegraphy  at  the  Travel  and  Sports 
Exhibition  at  Oljmpia,  London,  in  July.  The  Marconi  Wireless 
Telegrapli  Co,  will  establish  a  complete  installation,  enabling  visitors 
to  send  messages  direct  from  the  exhibition  to  ships  at  .sea.  There 
will  al.so  be  facilities  for  telegraphing  by  wireless  methods  within  the 
building. 

Woolwich. — Tlu'ee  testing  stations  are  to  be  established,  and  mains 
extensions  are  to  be  carried  out  at  a  cost  of  £162,  Tenders  are  to  be 
invit"d  for  pi])ework  for  the  cooling  pond  at  Plum.stead  station. 

Workhouse  Lighting.— At  an  extraordinary  meeting  of  the 
Guardians  of  South  Dublin  Union  last  week  a  previous  resolution 
in  favour  of  gas  lighting  was  rescinded,  and  it  was  decided  to  con- 
ditionally accept  the  tender  of  the  Ampere  Electric  Co,  for  electric 
lighting, 

York. — -\t  a  special  meeting  of  the  City  Council  on  Wednesday 
it  was  decided  to  postpone  until  the  June  meeting  the  recommenda- 
tion of  the  Tramways  committee  to  accept  the  tender  of  Dick,  Kerr 
it  Co.  for  the  construction  and  equipment  of  tramways  at  an  esti- 
mated cost  of  £78,827. 

Electro-Harmonic  Society. — The  annual  general  meeting  will  be 
held  at  the  Institution  of  Electrical  Engineers,  92,  Victoria-street, 
London,  S.W.,  on  Wednesday,  May  26  at  4  :  30  p.m.  to  receive  the 
accounts  for  the  twenty-tliird  session,  to  elect  officers,  &c. 

During  the  past  season  58  new  members  have  been  elected,  59  resigned, 
12  were  struck  off  the  register  for  non-compliance  with  rule  II  and  two 
members  died.  The  total  membership  is  G25.  Total  receipts,  including 
balance  forward  (£83.  15s.  5d.),  were  £425.  4s.  lid.,  and  after  paying 
expenses,  including  cost  of  six  concert.^,  the  balance  at  the  bank  and  in 
hand  was  £63.  193,  3d.,  but  there  are  subscriptions  due  estimated  to 
realise  £20,  making  the  b.nlance  £83.  19s.  3d. 


ELECTRICITY  SUPPLY  AND  TRAMWAY  ACCOUNTS, 

Belfast. — A  sub-committee  has  be3n  appointed  to  report  upon  the 
question  of  the  charge  made  for  current  for  traction,  as  the  manager 
(.Mr.  Xanc?)  alleges  that  for  the  year  ended  March  .31  last  his  de- 
partment was  overcharged  to  the  extent  of  about  jE1,220. 

The  city  electrical  engineer  (Mr.  T.  W,  Blo.xam),  in  his  report  for 
the  year  ended  March  31.  states  that  the  revenue  from  the  sale  oi 
current  for  lighting  and  power,  &c  (but  excluding  tramway  supply) 
was  £37,010,  an  increase  of  4"2  per  cent. 

The  number  of  units  sold  for  lighting  was  2  055,935,  an  increase  of 
2-2  percent  ;  the  number  of  units  .sold  for  power  was  1,687,989,  increase 
of  8  per  cent  The  total  cost  of  production  had  been  reduced  by 
11  i)er  cent.,  partly  due  to  increased  economy  effected  since  the  tur- 
bine machinery  commenced  operation  and  partly  due  to  reduction  in 
price  of  coal.  The  cost  per  unit  supplied  to  the  tramways  had  been 
reduced  by  13  per  cent  ,  which  effected  a  .saving  of  nearly  £3,000  to 
that  department.  The  net  profit  was  £9,270,  making,  with  balance 
from  Last  year  (£2,098),  a  total  of  £11,368,  which  has  been  allocated  as 
follows:  General  purposes  £5,000  and  depreciation  fund  £6,368.  The 
equivalent  of  8  c.p.  lamps  connected  is  325,211  (including  4,695  h.p.  in 
motors), an  increaseof  104  per  cent.  ;  and  there  are  applications  for  a 
further  equivalent  of  35.709  8  c.p.  The  number  of  consumers  is  1,971, 
an  increa.se  of  196.  The  maximum  combined  load  last  winter  was 
6,309  kw.  (3,284  kw.  lighting  and  3,025kw.  tramways),  and  the  maxi- 
mumjtramwuy  load  occurred  on  March  5  (being  the  day  of  the  heavy 
snowstorm),  3,300  kw.  The  maximum  lighting  load  was  on  Dec.  15, 
and  was  3.413  kw. 

In  response  to  a  request  from  a  large  consumer  asking  that  a  com- 
bined flat  rate  for  lighting  and  power  should  be  fixed,  Mr.  Bloxam 
recommended  that  such  a  combined  rate  should  be  provided  in  the 
:ase  of  consumers  using  over  40.000  units  per  quarter  for  power,  the 
rate  to  be  fixed  at  1-ld.  per  unit  until  further  notice.  The  recommen- 
dation was  agreed  to. 

An  experiment  is  being  made  as  to  the  relative  merits  of  electricity 
and  gas  for  street  lighting.  Hitherto  {there,  has  been  little  public 
electric  lighting  in  Belfast,  and,  in  order  to  demonstrate  the  merits  of 
modern  arc  lighting,  four  flame  arc  lamps  have  been  erected  at  two 
central  (loints  in  the  city. 


Burnley. — For   the   year   ended   March   31    the   total   income  of 
the   tramways  department  was  £62,668.    16s.    lid.,   including 
£01,910.  16s.  3d.  fr(jm  passenger  receipts,  or  12088d.  per  car-mile 
against  12-691d.  in  1907-8. 

Expenses  were  £40,9,50.  9s.  3d.  (7-995d.  per  car  mile,  against  7-924d.). 
Cross  profit  was  £21,718.  7s.  8d.  After  meeting  interest,  sinking  fund, 
&c.,  £6,000  was  placed  to  reserve  and  £2,380.  16s.  8d.  carried  tn  borough 
fund.  12,176,782  passengers  were  carried,  a  decrease  of  179,176,  and  the 
car  miles  run  1,229,224,  an  increase  of  26,894,  The  gross  total  capital 
expended  is  tl!l3,(»06.  2s.,  an  increase  of  £6,860.  5s.  Id.  during  the  year. 

Burton-on-Trent. — The  accounts  of  the  electricity  department  fcr 
the  year  ended  March  last  show  total  capital  expenditure  £82,579.. 

Revenue  was  £12,444  and  expenditure  £6,575,  and  after  jiroviding 
£5,029  for  interest,  sinking  fund  and  redemption  fund,  the  surplus  was 
£837  (against  £1,105  in  ]nevious  year).  The  borough  electrical  engineer 
and  tramway  manager  (.Mr.  P.  J.  Pringle)  says,  in  his  rejiort,  some  £69 
is  being  paid  (under  repairs  to  machinery)  out  of  revenue  for  improve- 
ments of  a  capital  nature,  so  that  with  £26  provided  out  of  revenue  on 
account  of  stock  motors  and  £44  received  on  account  of  hire  of  the 
motors,  there  is  really  a  surplus  of  £139  in  addition  to  the  £805  placed 
to  renewals  fund.  The  figures  in  the  accounts  are  for  53  compared  with 
52  weeks.  The  use  of  metallic  filament  lamps  has  shown  a  marked 
effect  on  the  accounts.  Cost  of  fuel  rose  4-2  per  cent.  Revenue  increased 
£183,  and  expenditure  £451.  Gross  profit  is  £.5,866  (£6,105).  For 
private  lighting  the  total  lamps  connected  are  33,615  8  c.p.  (31,775). 
The  reduced  charge  of  5d,  flat  rate  and  the  rebates  on  the  maximum 
demand  system  reduced  the  revenue  by  £400,  and  the  outside  arc  lighting 
charge  has  been  reduced  to  4d.  per  unit.  Revenue  from  private  lighting 
is  less  than  six  years  ago,  although  the  lamp  connections  have  increased 
by  43  per  cent.  The  units  sold  for  power  were  533,390  (401,690),  and 
applications  arc  in  hand  f<ir  KU])|)ly  for  motors  aggregating  about  500  H,p. 
The  average  price  of  current  for  power  was  0-98d.  Works  costs  were 
0-810d.  (0-812d.),  total  costs  1033d.  (1055d.),  and  capital  charges  0-79d. 
(0-8(>d.).  Out  of  775-5  h.p.  in  motors  526-25  H.p.  was  on  the  restricted 
hour  system,  which  took  67-5  per  cent,  of  the  total  power  and  80  per 
cent,  of  the  total  motor  supply.  The  revenue  from  the  restricted  hour 
consumers  was  £1,515  (£1,010). 

The  accounts  of  the  tramways  department  show  capital  expendi- 
ture £l().'").64(l  (increase  £11)  :—" 

Total  rereipts  (exclusive  of  M.R.  Co.'s  running)  were  £14,183  (£14,908), 
M.R.  Cu.'s  running,  &c..  £926  (£1,014),  oper.ating  expenses  (exclusive 
of  M.R.  Co.'s  runnmg,  &c.)  were  £11,303  (£10,504).  Car-mileage  was 
425,843  (430,913),  plus  M.R.  Co.'s  running,  49,690  (54,464).  Cost  of 
power  (at  2d.  per  unit  for  first  100,000  units  and  l|d.  after)  was  £3,489 
(£3,403),  and  after  paying  working,  power  and  management  expenses  the 
gross  surplus  was  £3,188.  After  providing  for  interest  and  contribu- 
tions to  redemption,  sinking  and  renewals  funds  there  was  a  deficit  of 
£2,747.  The  current  used  per  car-mile  on  Corporation  cars  was  l-26d. 
(M9d.)  units  at  an  average  cost  of  l-74d.  (l-64d.).  The  cost  of  fixing 
Pringle  emergency  skid  brake  to  all  cars  working  on  steep  gradients, 
and  the  alteration  of  the  design  of  sanders  from  inteimittent  to  con- 
tinuous and  placing  them  so  as  to  discharge  close  to  the  wheel,  has  been 
charged  to  revenue. 

The  accounts  were  presented  to  and  approved  by  the  Council  last 
week. 

Crewe, — The  profit  on  the  past  year's  working  of  the  electricity 
undertaking  amounted  to  nca'Iy  £1,000,  of  which  £500  has  been 
applied  to  relief  of  rates. 

Dundee. — The  total  receipts  of  the  municipal  tramways  system 
for  the  past  year  amounted  to  £62,801,  an  increase  of  £2,228  over 
1907-8.     The  total  number  of  passengers  carried  was  16,778,000. 

Grimsby. — The  accounts  of  the  electricity  department  for  the  year 
ended  March  31  have  been  approved  by  the  Electric  Lighting  com- 
mittee. 

The  accounts  show  total  revenue  £17,142,  tot.al  expenditure  £7,802, 
and  gross  profit  £9,264.  After  paying  interest  and  sinking  fund  the  nei 
profit  was  £3,184  (against  £2,442  in  1007-8),  of  which  £500  has  been 
devoted  to  relief  of  rates.  The  equivalent  of  78,934  8  c.p.  lamps  was 
connected  (against  72,039),  the  number  of  consumers  being  697  (595). 
2,043,158  units  were  sold,  including  749,959  to  private  consnmer.s, 
684,500  to  the  railway  comjiany  in  bulk,  479,791  to  tramways  and 
128,908  for  public  lighting. 

In  the  report  of  the  borough  electrical  engineer  (Mr.  W.  A.  Vignoles) 
it  is  pointed  r>ut  that  although  there  is  an  increase  of  102  in  the  number 
of  consumers,  the  revenue  only  increased  by  £38,  owing  to  extended  use 
of  metallic  filament  huups.  sl'ackness  of  trade,  &c.  The  total  costs  of 
generation  were  0-592d.  (against  Olilild.)  and  the  total  working  costs 
were  0-875  (against  0-912d.). 

Launceston  (Tasmania). — The  total  capital  expenditure  of  the 
municipal  electricity  department  is  £166.871, 

Last  year's  revenue  was  £17,t>83  (compared  with  £16,287  in  1907). 
'1  he  gross  profit  was  £9,605  (against  £8,855),  and  after  meeting  capital 
charges  the  surplus  was  £2.108  (iL.-ioV)  of  which  £2,0!I2  was  ]ilaccd  to 
reserve;  works  costs  wen-  (IS27il.  ((l-.S4lid.)  per  unit  and  total  costs 
l-264d.  (l-362d.).  462„502  (4X2,542)  units  were  sold  for  private  light- 
ing, ,587,065  (389,332)  f(U-  power,  10(1.880  (70,128)  for  healing  and  37<),'839 
(357,878)  for  public  lighting.     The  equivalent  8  c.p.  lanii)s  connected  at 
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Dec.  :n  wi-rc  :!!l,()02  (.■!7,!li:S),  and  the  ivv,-mic>  |iit  He.],.  Iani|,  was 
us.  3.5(1.  (.Is.  (j]d.)  235  (ITS)  mcitms  of  l.Uti?  ii.i-.  (7l)'Jn.r.)  wen-  con- 
nected. The  ratio  of  expenses  (iniluding  ciqiital  charges)  to  receipts  lias 
dropped  from  90-43  to  8808  per  cent.  .Metallic  filament  lamp.^  arc 
supplied  free  to  the  equivalent  of  the  ol<l  carbon  lamp  free  supply,  and 
tlic  consumer  pays  any  excess  at  cost  price.  The  demand  for  c\irrent 
for  radiators  and  irons  is  still  increasing  and  appear.^  to  l)o  greater,  in 
proport'on  to  the  population,  than  anywhere  else  in  the  Australian 
Commonwealth. 

Leeds. — The  revenue  account  of  the  electric  lighting  department 
was  submitted  to  tlie  Tramways  and  Electricity  committee  on  iMon- 
day.when  it  was  reported  that  the  total  receipts  were£104, 148.  Is.  2d., 
including  £73.08(1.  12s.  7d.  from  private  lighting  (against 
£80.928.  ()S.  3d. ),£->,  149.  18s.4d.(£4,G61.  10s.  3d.)  from  street  lighting, 
and  £2,'5,911.  8s.  2d.  (£27,846.  10s.  7d.)  tor  power.  The  total  receipts 
for  1907-8  were  £113,436.  8s.  Id. 

Working  expenses  were  £34,270.  lOs.  lid.,  against  £35,276.  6s.,  and 
extraordinary  renewals  cost  £2,138.  Us.  7d.,  against  £13,372.  9s.  7d., 
leaving  a  gross  proHt  of  £67,738.  9s.  8d.,  against  £64,787.  12s.  6d.  Income 
tax.  interest  and  redemption  fund  absoi-licd  £5il.49(.).  7s.  8d.,  against 
£57,865.  Ills.  9d..  leaving  a  surplus  of  £8,24S.  2s..  against  £6,921.  12s.  9d. 
12,395,118  units  were  sold,  against  12,412,861,  and  the  average  price  per 
unit  was  2-02d.,  against  2-19d.  Expenses  (including  extraordinary 
renewals,  interest  and  redemption  fund)  were  l-86d.,  against  2-06d.,  and 
the  surplus  O-Kld.  ai^ainst  0-13d.  The  capital  expended  during  the  year 
(less  (  n-dils)  was  1-:17.K?0.  Ids.  (id.,  against  £35,424.  lis.  2d.,  bringing"  the 
total  capilal  cxpt  iidcil  to  i:'.ll6.!ll3.  17s.  3d.  Out  of  the  surplus  £3,000 
has  been  trau.sfciictl  to  tlic  newly-formed  reserve  fund,  and  the  balance 
(£5,248.  2s.)  has  been  applied  to  relief  of  rates,  bringing  the  total  con- 
tributed to  date  for  this  purpose  to  £45,86f).  13s.  4d.  The  equivalent  of 
313,627  35  watt  lamps  was  installed  at  March  31,  against  317,890  in  1908, 
a  decrease  of  4,263.  For  private  lighting  5,241,523  units  were  sold, 
against  5,771,597,  and  for  street  lighting  988,785  against  895,009;  the 
average  price  obtained  being  3-Old.,  against  3'08d.,  the  units  sold  per 
lamp  installed  were  19-69,  against  21-25,  and  the  revenue  per  lamp  in- 
stalled 4:1  l-34d.,  against  5:5-47d.  At  March  31  there  was  an  aggregate  of 
9,942  H. p.  installed,  against  8,379,  an  increase  of  1,563  H.p.  The  units 
sold  for  power  amounted  to  6,164,810,  against  5.746,255,  the  average 
price  per  unit  was  1-Old.,  against  l-16d.,  the  units  sold  per  horse-power 
installed  were  686,  against  754,  and  the  revenue  was  £2.  17s.  8d.,  against 
£3.  13s.  2d. 

The  decrease  in  the  equivalent  number  of  lamps  installed  for  private 
lighting  is  due  to  the  growing  use  of  metallic  filament  lamps  and  the  sub- 
stitution of  these  lamps  reported  to  the  department  represent  a  reduction 
equal  to  11,490  35  watt  lamps.  The  extension  of  the  use  of  electric  light- 
ing, which  is  generally  regarded  as  the  inevitable  result  of  the  low  cost  at 
which  this  form  of  illumination  can  be  obtained,  has  not  yet  made  itself 
very  appreciable  in  Leeds.  The  decrease  in  revenue  from  power  sales  is 
due  to  a  reduction  in  the  scale  of  charges.  The  various  items  of  ordinary 
expenditure  shov/  a  reduction,  including  coal  (notwithstanding  an  in- 
crease of  24  per  cent,  in  its  average  price),  of  which  the  quantity  used  was 
26  per  cent,  less  than  in  1907-8.  The  total  ordinary  working  expenses 
per  unit  were  0-67d.  (the  same  as  in  1907-8)  and  the  total  charges  were 
l'86d.,  against  206d.  Of  the  capital  expended  during  the  year 
£15,558.  18s.  3d.  was  for  generating  plant  and  £21,571.  12s.  3d.  for  exten- 
sion of  mains,  sub-stations  and  meters.  An  additional  3,000  kw.  steam 
turbo-alternator  is  comprised  in  the  extensions  at  the  generating  station, 
increasing  the  capacity  of  the  plant  to  15,740  kw.  The  maximum  load 
upon  the  plant  has  been  8,220  kw.,  ccmipared  with  8,. 300  kw.  in  1907-8. 


TRADE  NOTES  AND  NOTICES. 


TENDERS  INVITED. 

The  Electricity  committee  of  Stepney  (London)  Borough  Council, 
invite  tenders  for  the  supply  during  the  period  ending  June  30,  1911, 
of  ampere-hour  meters,  demand  indicators  and  time  switches,  and  arc 
lamps.  Specifications,  forms  of  tender.  &e..  may  be  obtained  from 
the  borough  electrical  engineer  and  manager.  Mr.  W.  C.  P.  Tapper. 
27,  Osborn-street.  Whitechapel.  E.,  where  tenders  must  be  delivered 
by  noon  of  June  14.     See  also  an  advertisement. 

SoiiTn.\MPTON  Corporation  invite  tenders  for  the  supply  of  sundry 
heavy  cables  for  l.t.  trunk  mains  required  by  the  electricity  depart- 
ment in  accordance  with  the  .specification,  particulars  and  conditions 
which  may  be  obtained  from  the  borough  electrical  engineer,  Mr. 
H.  F.  Street.  Tenders  must  be  delivered  at  the  office  of  the  town 
cl"rK,  Mr.  R.   R.  Linthorne.     See  also  an  advertisement. 

(iRiMSBY  Corporation  invite  tenders  for  supply,  delivery  and  erec- 
tion of  two  superheaters  for  two  Stirling  boilers,  and  the  renewal  of 
dripping  bars  in  existing  cooling  towers.  Specification,  &c..  from  the 
borough  electrical  engineer  (Mr.  W.  A.  Vignoles).  Tenders  by  first 
l)ost  Monday,  June  7.     See  also  an  advertisement. 

Tenders  are  invited  for  supply  of  50  coin  attacliments  (suitable 
for  coins  of  different  values)  to  the  Postmaster-General's  De])art- 
ment  in  Victoria.     Tender  forms  and  specifieat  ions  may  be  obtained 


NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES' 
DIRECTORY  AND  HANDBOOK.— The  1909  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issued  in  handy  book 
form.  These  are  included  in  the  1909  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 


at  the  Commonwealth  Offices,  72,  Victoria-street,  London,  S.W.  See 
also  an  advertisement. 

Tenders  are  invited  for  eight  sections  of  common  battery  switch- 
board and  subscribers'  apparatus  for  Hawthorn  Exchange  for  the 
Postmaster-General's  De])artment,  Victori.\.  Tender  forms  and 
specifications  from  the  Commonwealth  OfBee,  72,  Victoria-street, 
London,  S.W.     See  also  an  advertisement. 

Tenders  are  invited  ft)r  the  supply  of  a  branching  multiple  magneto 
switchboard  to  the  Postmaster-Generals  Department  in  Xew  South 
Wales.  Tender  forms  and  .specification  may  be  obtained  at  the 
Commonwealth  Office,  72,  Victoria-street,  London,  S.W.  See  also 
an  advertisement. 

Tenders  are  invited  for  the  supply  of  one  photometer.  &e.,  to  the 
Postmaster-General's  Department  in  New  South  Wales.  Tender 
forms  and  specification  from  the  Commonwealth  Office,  72,  Victoria- 
street,  London,  S.W.     See  also  an  advertisement. 

The  Powell  Duffryn  Steam  Coal  Co.  (Ltd.)  Aberaman,  Aberdare, 
want  tenders  by  10  a.m.  June  7  for  supply  of  stores,  including 
electrical  goods,  ironmongery,  gunmetal  fittings,  indiarubber  goods, 
&e.  Forms  of  tender  from  Aberaman.  Tenders  to  the  Directors, 
101,  Leadenhall-street,  London,  E.C. 

PoPL;VR  (London)  Guardians  want  tenders  by  6:30  p.m.  May  26 
for  supplying  and  fixing  two  electric  fans  in  the  workhouse  laundry. 
Forms  of  tender,  &c.,  from  the  Clerk,  45,  Upper  North-street, 
Poplar,  E. 

Dudley  Corporation  want  tenders  by  noon  June  10  for  supply 
and  erection  of  a  motor-generator,  with  switehgear.  Specification, 
&e..  from  the  Borough  Electrical  Engineer. 

CoLWYN  Bay  and  Colwyn  District  Council  want  tenders  by 
May  27  for  supply  of  cables  and  accessories,  carbons,  meters,  boiler 
accessories  and  engine-room  stores.   Forms  of  tender  from  the  Clerk. 

Buky  Corporation  want  tenders  by  9  a.m..  .lune  2,  for  the  erec- 
tion of  an  electricity  generating  station  at  Chamber  Hall.  Bury. 
Specification,  &e.,  from  the  Borough  Engineer  and  Surveyor. 

Tenders  are  invited  for  the  electric  lighting  of  Mount  Pleasant 
Chapel,  Leek.  Specification.  &c..  from  .Mr.  Hy.  Ellcrton.  Derby- 
street,  Leek. 

Hornsey  Council  want  tenders  by  4  p.m..  May  28,  for  coal  for 
electric  lighting  station,  &c.     Forms,  &e.,  from  the  Town  Clerk. 

Tenders  are  invited  for  the  supply,  alternatively,  of  one  1,000  kw.. 
1.250  kw.  or  1,500  kw.d.c.  dynamo  and  engine  to  the  City  of  Mel- 
bourne. Tender  form,  conditions,  specification.  &c..can  he  obtained 
from  the  agents  of  the  Council.  Messrs.  Mcllwraith,  MeEaeharn  &  Co. 
Proprietary  (Ltd.).  Billiter  Square-buildings,  London,  E.C.  Tenders, 
addressed  to  the  chairman  of  the  Electric  Supply  committee:  Town 
Hall,   Melbourne,   by  2  p.m.   July   14. 

Tenders  are  invited  for  the  supply  of  09,750  incandescent  lamps 
to  the  City  of  Melbourne.  Specification  and  forms  from  the 
agents  of  the  Council,  Mes.srs.  Mcllwraith,  McKachani  &  Co.  Pro- 
prietary (Ltd.).  Hilliter  Square-buildings,  London,  E.C,  to  whom 
tenders  by  noon,  June  1. 
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Tenders  are  also  invited  for  supplj-  of  1.125.000  flame  and  70,000 
ordinary  arc  lamp  carbons  for  Melboubne  Corporation.  Tender 
form,  spccitieation.  conditions.  &e..  from  tlie  agents  for  MellKnune 
City  Cniineil.  Messrs.  .Melhvrailli.  .Mel^iK-liuni  iS:  C...  I'lcpi  irtaiy 
(Ltd.).  Billiter-square-buildings.  London.  E.C..  to  whom  tenders  by 
noon.  -May  2.5. 

Tenders  are  also  invited  for  supply  of  telephone  material  to  the 
Postmaster-General's  Department  in  QrEENSL.\ND.  Tender  forms 
and  specifications  may  be  obtained  at  the  Commonwealth  Office,  72. 
Victoria-street,  London,  S.W, 

Cape  Town  Corporation  invite  tenders  for  street  lamp  fittings  for 
electric  lighting.  Specification  from  Messrs.  Davis  &  Sopcr,  54,  St. 
Mary  Axe,  London,  E.C. 

The  Direction  of  Public  Works.  Madrid,  will  receive  oilers  until 
June  8  for  a  concession  for  the  construction  and  working  <if  an 
electric  tramway  from  the  Vallxidrera  line  to  Tibidabo.  in  com- 
petition with  tlie  iilVer  .submitted  by  the  Soeiedad  Ani'mima  El 
Tibidabo. 

TENDERS  RECEIVED  AND  ACCEPTED. 

Whitehaven  Council  received  the  following  tenders  for  the  supply 
of  castings  for  feeder  pillars  and  lamp  columns  : 


British      Insulated      & 

Helsby  Cables £70  15  0 

Hardy  &  Padmore  67     2  0 

Mackenzie  &  Moncur...     65  13  6 


W.  Lucy  &  Co.  {accepti'd) 

£56  16    0 

Falkirk  Iron  Co 145    5    0 

Callender'sCo 115  14    6 

The  borough  electrical  engineer  (Mr,  P,  W.  Sankey)  states  that  a  large 
difference  in  prices  may  be  partly  accounted  for  by  the  fact  tliat  in 
some  cases  makers'  standard  patterns  required  alteration  to  acco  nmo- 
date  the  switch  panels  supplied  under  another  contract. 

The  London  County  Council  have  accepted  the'.tender  ofjDick, 
Kerr  &  Co.  for  overhead  equipment  at  £2,511.  5s.  2d. 

The  troughing  portion  may  be  sublet  to  Mr.  H.  C.  Philcol;  the 
bases  to  K.  A.  Bradshaw  &  Sons  ;  the  poles  to  the  British  Mannesman 
Tube  Co.  :  the  trolley  wire  to  F.  Smith  &  Co.  ;  the  pole  straps  and 
small  work  to  B.  C.  Martin  ;  the  M.I.  span-wire  cross  to  the  Leys 
JIallealile  Casting  Co. 

For  the  erection  of  the  first  portion  of  the  Abbey  Wood  car  shed 
the  London  Countv  Council  have  accejited  the  tender  of  F.  &  G. 
Foster  at  £16,982.  " 

Southwark  Borough  Council  have  placed  orders  with  Venner  & 
Co.,  Gillespie  &  Beales  and  the  Electrical  Co.  for  meters. 
'    Clcckheaton  Council  have   accepted  the  tender  of  Siemens  Bros. 
&  Co.  for  supplj-  of  cables  for  12  months.     There  were  11  tenders. 

The  Governors  of  Sir  Titus  Salt's  Hospital,  Shipley,  have  accepted 
the  tender  of  R.  Lindley,  Jan.,  for  electric  lighting  installation,  and 
that  of  the  Keighley  Electrical  Engineering  Co.  for  an  electric  lift 
for  invalids. 

Bristol  Council  have  accepted  the  tender  of  F.  &  W.  Bracher  for 
wuing  work.  &c.,at  Avonbank  station  at  £397  ;  that  of  P.  .John  &  Co. 
for  wiring  Kingstown  Close  schools  at  £169.  8s.  ;  and  that  of  the 
Oliver  .Vrc  Lamp  for  arc  lamp  carbons  at  £200. 

Stepney  (London)  Council  have  accepted  the  tender  of  Foster 
Bros,  for  pipework,  hot  well,  &c.,  at  £3,989.  There  were  seven  tenders, 
varying  in  amount  from  that  of  the  accepted  lender  to  £6.337. 

For  sui)])ly  of  motor-driven  pumps  the  tender  of  the  Rees  Roturbo 
Alfg.  Co.,  at  £1,969  (with  patent  ventilated  motors)  has  bten  accepted. 
For  this  contract  there  were  nine  tenders,  two  heing  incomplete,  and 
the  amounts  varied  from  that  of  the  accepted  tender  to  £3.1.'>0. 

E.  Newbold  &  Co.  have  secured  the  contract  for  the  electric  light 
work,  &c.,  at  the  Kensington  (London)  Guardian's  Offices,  &c,,  at 
£169. 

Siemens  Brothers  Dynamo  Works  (Ltd.)  have  secui'ed  the  contract 
for  the  supply  of  carbon  filament  lamps  and  Tantalum  metal  fila- 
ment lamps  for  the  borough  of  Partick. 

Dudley  Education  committee  have  accepted  the  tender  of  Dudley 
Electrical  Co.  for  wiring  the  new  high  school  for  girls. 

Surbiton  Council  have  accepted  the  tender  of  Pasterficid  & 
Engli.sh  for  extending  the  generating  statii  n  buildings. 

Whitehaven  Council  have  accepted  the  tender  of  Whip|>  &  Bourne 
for  switchgear  for  feeder  pillars. 

Sunderland  Council  have  accepted  the  tender  of  Crompton  &  Co. 
for  arc  lamp  carbons  for  six  months. 

Lcwisham  (London)  Council  have  accepted  the  tender  of  H.  Hooper 
for  wiring  the  strong  rotmis  at  the  Town  Hall  at  £20.  Pis.  6d. 

S.  Hodgson  &  Co.  have  secured  the  contract  for  wiring  the  Brig- 
house  secondary  schools. 

Clcckheaton  Council  have  aecept<'d  the  tender  of  Siemens  Bros.  & 
Co.  for  the  supply  of  cables  at  £723.  8s.  (id. 


Large  Gas  Engines. — Messrs.  Ehrhardt  &  Sehmer  have  recently 
received  three  repeat  orders  (aggregating  3,000  H.P,)  for  large  gas 
engines  to  be  direct  coupled  to  electric  generators.  Last  week  the 
firm  recei\ed  a  repeat  order  from  the  Skinningrove  Iron  Co.  for  a 
1.200  H.P.  engine,  to  work  on  blast  furnace  gas.  This  is  an  extension 
to  two  smaller  engines  of  the  same  make  now  in  course  of  erection, 
and  they  have  also  just  received  an  order  for  an  identical  engine  for 
use  in  a  large  chemical  works  in  this  coiuitry  where  one  of  their 
1,200  H.P.  engines  has  been  running  on  Mimd  anininnia  recovery 
))roducer  gas  during  the  past  two  years. 

BUSINESS  NOTICES. 

The  Cowper-Coles  Engineering  Co.^(Ltd.)  has  been  formed,  with 
offices  at  Grosvenor-mansions,  82,  Victoria-street,  S.W.,  to  develop 
the  business  of  Sherard  Cowper-Coles  &  Co,  and  to  carry  on  the 
work  of  electro-metallurgists  and  chemical  engineers. 

Mr.  H.  V.  Kramer,  late  managing  director  of  Kramos  (Ltd.),  has, 
we  are  informed,  severed  his  connection  with  that  company,  and  has 
formed,  in  conjunction  with  the  Witton  Engineering  Works.  Birm- 
ingham, the  Witton-Kramer  Electric  Tool  &  Hoist  Co.,  to  carry  en 
the  manufacture  and  sale  on  a  larger  scale  of  the  electric  suspension 
and  mono-rail  trolley  hoists,  electro-lifting  magnets,  portable  electric 
chills  and  grinders,  and  brake  solenoids. 

The  Electric  Lighting  &  Tramways  Accessories  Co.  has  started 
business  at  73  and  75,  Finsbury  pavement,  E.G.,  with  Mr.  A.  W. 
Boreham.  late  of  the  Consolidated  Supply  Co.  and  the  Britisli 
Electric  Car  Co.,  as  manager.     Telephone  No.  9844  London  Wall. 

Chas.  Wm.  Shaekleton  and  Chas.  David  Lavington  (trading  as 
Polesworth  Electrical  Appliance  Co.).  Polesworth,  Warwickshire, 
have  dissolved  partnership.     Debts  by  Mr.  Shaekleton.  , 

Geo.  Cooke  and  Wm.  H.  Sellers  (trading  as  Geo.  Cooke  &  Co.), 
electrical  engineers.  Hawthorn-street,  Wilmslow,  have  dissolved 
partnership.     Debts  by  Mr.  Cooke,  who  continues. 

Wm.  Baker  and  Walter  Anderson,  electrical  engineers,  14,  High- 
street,  Sutton,  Surrey,  have  dissolved  jiartnership,  and  the  share  of 
Wm.  Baker  in  the  business  has  been  assigned  to  Geo.  J.  Hawkins, 
who  will  continue  the  business  in  partnership  with  Walter  Anderson. 
Debts  by  Messrs.  Anderson  and  Hawkins. 

Alfd.  Chas.  Cossor,  the  elder,  and  Frank  Cossor  (trading  as  A.  C. 
Cossor  cS:  Son),  barometer,  thermometer,  &c..  makers,  12,  Clerken- 
well-green,  London,  E.C,  have  dissolved  partnership.  Debts  by 
Mr.  Frank  Cossor. 


Plant  for  Sale.— Messrs.  G.  Elliott   &   Co.,    186-188,  Long-lane 
Bermondsey,   London,  S.E.,  have  for  sale  two  compound  Mar.shal 
steam  engines  coupled  to  two  Crompton  dynamos,  and  also  tlireel 
dynamos.     Further  particulars  are  given  in  an  advertisement. 

Whitsuntide  Holidays. — To  obtain  the  greatest  benefit  from  a 
holiday  it  may  be  accepted  that  a  change  of  aii-  is  essential.  The 
country  is  now  looking  its  best,  and  the  facilities  for  comfortable  and 
expeditious  travel  is  an  inducement  to  spend  the  Whitsun  recess 
away  from  home.  The  A. B.C.  programme  of  the  Great  Centriil 
Railway  contains  particulars  of  over  300  seaside  and  inland  health 
resorts  in  the  Midlands  and  the  North,  which  can  be  reached  in  quick 
time  at  very  low  fares.  To  those  wishing  to  remain  nearer  London 
the  Vale  of  Aylesbury.  Chiltern  Hills,  and  Stratford-on-Avon  jiar- 
ticularly  appeal.  Those  who  prefer  walking  or  cycling  have  the 
beauty  spots  of  Middlesex.  Herts,  and  Bucks  to  select  from.  The 
company  provide  express  corridor  and  buffet  car  accommodation  on 
trains  which  leave  Marylebone  on  Friday,  Saturday,  Sunday  and 
Monday,  May  28  to  31,  and  full  particulars  of  times  of  departure, 
fares  and  other  information  are  given  in  the  progranmie,  of  which 
copies  may  be  obtained  free  at  Marylebone  Station,  ,Tt  any  of  the 
Company's  town  offices  and  agencies,  or  by  post  from  the  Publicity 
Department,  216.  Marylebone-road,  London,  N.W. 

CATALOGUES,  &c. 

TRAN.SPORMERS    FOR    USE    WITH    INSTRUMENTS. — McSSrS.    SlemcnS 

Bros.  &  Co.  have  issued  a  rejirint  of  an  article  from  "  The  Elec- 
trician," of  March  12  last  describing  a  multiple-range  pressure 
transformer  specially  designed  to  meet  the  requirements  of  It b  ora- 
tory and  research  work.  Current  transformers  for  a  working 
l)ressure  of  12,000  volts  are  also  described  and  the  results  of  numerous 
tests  on  these  instruments  were  given. 

"  GuTT.iPLEX." — The  Armorduct  Mfg.  Co.  have  a  panijihlrt 
ready  dealing  with  a  new  rubber  braided  flexible  cable. 

"  Gral-Akc  "  FiTTiNus. — Higli  c.p.  metallic  filament  lamps  have 
to  some  extent,  encroached  ujwn  the  field  of  arc  lamps,  and  for  this 
reason  many  makers  have  designed  fittings  which  shall  be  capable  of 
taking  metallic  filament  lamps  of  candle-powers  up  to  .500,  among 
these  being  the  Armorduct  Mfg.  Co. 
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Telepho>«e  Cables. — Messrs.  Siemens  Bros.  &  Co.,  have  ready  an 
artistic  pamphlet  dealing  with  underground  telephone  cables,  pro- 
fusely illustrated  both  with  views  of  the  maehincry  for  manufactuiing 
these  cables  at  the  Company's  Woolwich  «oiks  and  also  with  llirec- 
colour  plates  made  from  actual  sections  of  the  ordinary  and  com- 
posite telegraph  and  telephone  cables,  manufactured  at  Woolwich. 
After  a  short  introduction  the  catalogue  proper  gives  a  specification 
of  the  Siemens  underground  cables,  the  sizes  of  conductor  generally 
employed  for  telephone  work  being  furnished  in  a  table.  To  facili- 
tate the  determination  of  the  gauge  of  conductor  and  type  of  cable 
necessary  to  ensure  efficient  transmission  of  speech  or  to  meet  certain 
definite  conditions,  an  extract  is  appended  from  Sir  John  Gavey's 
Presidential  Address  to  the  Institution  of  Electrical  Engineers  in 
1905,  which  outlines  tlie  principles  followed  in  British  Post  Office 
practice.  Clauses  from  the  agreement  between  the  Post  Oifice  and 
National  Telephone  Co..  respecting  the  standards  of  telephone  trans- 
mission are  also  given.  A  portion  of  the  catalogue  is  devoted  to  an 
exhaustive  specification  of  the  various  parts  of  these  cables,  and  this 
section  should  form  a  useful  addition  to  the  numerous  "  catalogue- 
text  books,  "  which  makers  are  now  i.ssuing.  The  various  cables 
manufactured,  including  those  of  the  telephone  and  telegraph  com- 
posite t.vpp,  are,  as  stated,  illustrated  in  three  colours,  full  details  of 
their  diameter,  weight  and  capacity  being  also  provided. 

Electbic  F.\Ns.^Tiie  Electric  and  Ordnance  Accessories  Co.,  of 
Birmingham,  have  issued  their  fan  catalogue  for  the  coming  season. 
These  fans,  which  were  dealt  with  in  the  last  issue  of  "  Tlie  Elec- 
trician '"  Industrial  Supplement,  include  fans  of  the  desk,  ceiling 
and  porthole  types,  suitable  for  use  on  both  alternating  and  direct 
current.  The  A. P.  fan.  which  is  one  of  the  firm's  specialities,  can 
easily  be  adapted  by  means  of  some  slight  adjustments  for  use 
either  as  a  desk,  wall  or  ceiling  fan,  and  in  addition  a  breeze  can 
easily  be  sent  in  any  horizontal  direction.  These  fans  have  been 
specially  constructed  to  conform  to  the  requirements  of  the  British 
Admiralty,  and  we  are  informed  that  they  are  being  used  very  widely. 

"  Bruston  "  Transformer  Switch. — Messrs.  Morris  &  Lister,  of 
Coventry,  are  distributing  a  pamphlet  dealing  with  a  new  trans- 
former switch,  which  they  have  placed  on  the  market  for  use  with 
metallic  filament  lamps.  The  use  of  this  switch,  it  is  claimed,  adds 
considerably  to  the  economy  of  metallic  filament  lamp  installations, 
as  the  no-load  losses  in  the  auto-transformers  (although  small)  mount 
up  considerably  during  the  hours  when  the  lamps  are  not  in  use.  By 
means  of  this  switch,  however,  the  transformer  is  cut  out  of  circuit 
when  all  the  lamps  are  switched  off. 

SiMPLEx-IsARiA  Fans. — Simplc-X  Conduits,  Ltd.,  have  ready  a 
new  fan  catalogue.     We  described  this  apparatus  in  the  last  issue  of 

our  iNDUSTBLiL  SUPPLEMENT. 

Motors.— The  Langdon-Davies  Motor  Co.  Ltd.,  of  Deverell- 
street,  Southwark,  S.E.,  have  sent  us  a  pamphlet  showing  the  many 
uses  to  w'hich  their  well  known  motors  can  be  put.  This  includes 
illustrations  of  the  first  Langdon-Davies  motor,  now  in  the  South 
Kensington  Museum,  and  of  the  more  modern  tyi^esof  motors  applied 
to  fans,  organ  blowers  and  hoists. 

Hart  Accumulator. — The  1909  edition  of  the  catalogue  of  the 
Hart  Accumulator  Co.,  of  Stratford,  just  issued,  deals  very  fully  with 
the  Hart  storage  batteries,  full  details  of  the  various  parts  being 
given,  with  instructions  for  working  the  fini.shed  batter}-.  Hart 
batteries  are  made  in  several  types,  including  those  specially  designed 
for  lighting,  for  use  with  25  volt  metallic  filament  lamps,  and  on 
traction  work.  They  can  be  supplied  in  both  glass  and  lead-lined 
boxes  as  required. 

The  Stereometer. — Messrs.  Siemens  Brothers  &  Co.  have  sent  us 
a  copy  of  a  supplement  to  their  catalogue  No.  506,  dealing  with  the 
Stereometer,  an  instrument  for  localising  foi'eign  bodies  by  means  of 
the  X-rays.  This  important  new  instrument,  and  its  methods  of 
application,  are  fully  described  and  illustrated.  We  understand, 
however,  that  in  addition  to  the  information  given  this  localising 
apparatus  has  the  advantage  that  it  does  optically  what  all  previous 
types  of  localisers  have  done  with  cross  threads,  &c.,  whilst  it  is 
said  to  be  more  accurate  than  anything  that  has  previously  been 
designed  for  the  purpose,  and  is  constructed  with  the  precision  of  a 
microscope.  It  has  been  found  that  with  the  stereometer  foreign 
bodies  in  the  eye  can  be  localised  with  great  accuracy.  The  instru- 
ment is  portable  and  can  (it  is  urged  in  its  favour)  be  employed  [by 
anybody. 

BANKRUPTCIES,  UQUIDATIONS.  &c. 

A  receiving  order  has  been  made  against  Jo.se|ih  Cunnington. 
I  Grace  Smith  and  Harry  P.  Allison  (trading  as  Laing.  Wharton\t 
I  Cunnington),  electrical  engineers  and  contractors,  7.  Gt.  Newport- 
.  street,  London,  W.C.     First  meeting  of  creditors  May  2!i,  and  public 


examination  June  23,  at  Bankruptcy-buildings,  Carey-street, 
London,  W.C. 

Thos.  Ward,  late  managing  director  of  Electrical  Instrument 
.Mauufactuicrs  (Ltd.),  failed  to  attend  for  further  examination  at 
Edmonton  Bankruptcy  Court  on  Monday.  The  c.vamination  and  an 
application  for  the  adjudication  of  the  debtor  were  adjourned. 

The  first  meeting  of  creditors  of  .lohn  R.  W.  Middleton  and  Alfd. 
E.  E.  Daniels  (trading  as  Middleton  &  Co.),  electricians,  11a,  King- 
.strcet.  Dover,  will  take  place  on  .May  22,  at  68a,  Castle-.street. 
Canterbury,  and  the  public  examination  on  May  27  at  the  Guild- 
hall, Canterbury. 

Lancelot  W.  de  Grave,  electrical  engineer,  19,  Queen-street, 
Derby,  has  been  adjudicated  bankrupt. 

Voluntary  Liquidation.— -Marples,  Leach  &  Co.{Ltd.)  is  to  be  wound 
up  voluntarily.  A  meeting  of  creditors  will  take  place  on  May  29. 
at  28.  Artillery-lane,  London,  E.C.  Claims  by  .luly  14  to  the  joint 
liquidators.  Messrs.  Robt.  Clements  and  Geo.  Ambach.  .Adnil-build- 
ings.  .-Vrtillery-lane,  London,  E.C. 


PATENT  RECORD. 

APPLICATIONS  FOR  PATENTS. 

Note. — The  undermenlioncd  Applications  {except  those  marked  f)  are  no 
open  to  public  inspection  until  after  aeceplance  oj  Complete  Specifications 
Those  marked  f  are  open  for  inspection  12  months  after  the  dale  attached 
to  them,  if  they  liave  not  been  published  previously  iri  the  ordinary  course. 
Names  within  parentheses  arc  those  of  communicators  of  inventions.  When 
complete  Specification  accompanies  application,  an  asterisk  is  afjlxed. 
February  10,  1909, 
.'5,217  Hookham   &   HoLDEN.     Prepavment    eleetricitv    meters.     (.\d- 

dition  to  No.  2.769/08.) 
3.232  Willis.     Electric  switches. 

3.280  Johnson  &  .Steele-Brown.     Life-guards  for  electtic  tramcars.* 
3,300  North.     Electricity  meters. 
3,311  Wilkinson.     Electrical  wiring. 

February  II,   1909. 
3,345  Lea.     Fusible  cutout. 
3.352  Carter.     Dynamo-electric  machines. 
3.369  Roberts.     Signalling  on  electric  tramways  and  raihv.iys. 
.3..371  HoLM.tN.     Arc  lamps.     (Addition  to  No.  27,536/08.) 
3,397  Knudsen.     Transmission  of  electrical  impidses  for  telegraphy, 

typesetting  and  the  like. 
3,434  Phillimore.     Joints  in  aluminium  cables. 
3,437  Neaie  &  Powell.     Electric-driven  mechanism. 

February  12,  1909. 
3,486  Holmes.     Rotary  electric  switch. 
3,509  Berner.     Grapnels  for  raising  submarine  cables. 
3,511   BoscH.     Armatures    for    magneto    induction    machines.     (Date 

applied  for,  20/ll/08.)*t 
3,513  Dieppe  &  Knoll.     Arc  lamps. 

3.517  L.4KE.     (Cutler-Hammer  Mfg.  Co.,  U.S.)     Multiple  switch  start- 

ing devices.* 

3.518  Holloway  &  Tanner.  Electrical  switches. 
3,533  Peck.  Control  systems  for  electric  motors. 
3,539  JoHANNSEN.     Switchboard  equipments.* 

February  13,   1909. 

3,545  EwART.     Device   for    transforming    continuou.<   elootricity    into 
alternating  electricity. 

3.547   Bandfield.     Guard  or  shield  for  iusiilators   of  telegraph   and 
telephone  line  wires. 

3,554  Fennel  &  Perry.     Electric  radiators. 

3,556  Fennel  &  Perrv.     Lamp-holders. 

3,560  Tannahill.     Electrical  controllers. 

3,592  Taussig,     Electrolysis  of  alkali,  chlorides  or  the  like. 

3.599  Grunwald.     Electrical  induction  furnaces.     (Date  applied  for, 
7/5/08.  )«t 

3,()18  Gray.     Low-tension  ignition  contrivances  of  internal-combus- 
tion engines. 

3,621  Peaucellier.     Contact  making    and   breaking    device.     (Date 
applied  for,  4/5/08.  )*t 

3,626  Cowper-Coles.     Eleetro-depositiim  of  metals. 
February   15,   1909. 

3,666  Richardson.     Series  adaptoi-s  and  fittings  for  electric  lamps. 

3.674  BowRON.     Locking  devices  for  holders  for  electric  glow  lampt'. 

3.709  Kolemine  &  Juan.     Electrical  heating  devices.     (Date  apphed 
for,  1 9/3/08.  )*t 

3.717  Randall.     Telephones. 

3.718  Sales  &  Grimaud.     Telautographic  and  like  instruments.* 
3.746  Trin.     Electric  mine  lamps.     (Date  applied  for,  19/12/08.)*t 
3.759  Bosch.     Lubricating  the  uiterruptcr  cams  of  magneto- ignition 

apparatus.     (Date  applied  for.  31/10/08.)*t 
February  16.   1909. 
3.798  Carr.     Manufactinc  of  telegraph  and  like  insulators. 
3,812  Hanchett,  B.\rratt  &  Jones.     Electric  resistances. 
3,814  Denny  &  Johnson.    Electric.il  torsiometer. 
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3  831  Storer.     Armature    windings    for    dynamo-electric    machine; 

(Date  applied  for.  2/3/08.)*t 
3.830  WtLLiAJisos.     Portable  electric  light  fixture?.* 

February  17,  litOit. 
3.877  TrcKER.     Electrical  switches. 
3.897  BoHM.     Electric  incandescent  lamps. 
3.tt04  CoDD.     Detachable  contact-breakers. 
3.n.51  B.T.-H.    Co.     (G.E.    Co.,   U.S.)     Manufacture   of   incandescent 

electric  lamp  filaments  and  apparatus  thcrcfur.* 
February  IS,   1909. 
3.973  Hanxz.     Electrical  current  convertor. 
4.022  M.\TERtKl.N.     Electronuignetic  apparatus  suitable  for  operating 

mechanism  from  a  distance.* 
4.02t>  &   4.027  ScHlESSi.ER.     Wireless  telephony.     (Date  applied  for. 

30/3/08.     Comprised  in  No.   7,028.   3i)./3/0S.)* 

4.028  ScHlESSLER.     Electric  condenser.^.     (Date  ai)plled  for,  30/3/08. 

Comprised  In  No.  7.028,  30/3/08.)* 

4.029  Rhodes   Motors    &   Fielden.     Starting   device   for   dynamo- 

electric  machines. 

4.030  r.NTERBERG     UND     Helmi.e.     Cimtact- bleaker     for     magneto- 

electric   sparking   apparatus   for   internal-combustion   engines. 

(Date  applied  for,  8/8/08.)*t 
4,034  De  Martis.     Electric  batteries.* 
4,03.5  Sweeney  &  Tre.\t.     Cable  or  telegraph  eo  le* 
4.038  CoDD.     JIagneto-ignition  apparatus. 

February  19,  1909. 
4.0.")7   Peakk.     Electrical  pyrometers. 

4.093  Brook  &  Hirst.     Switches  and  automatic  circuit-breakers. 
4.111  Curtis,  Mackley  &  Adams  Mfg.  Co.     Actuating  the  conta  t 

arms  or  levers  of  electric  switches. 
4.122  Kobting.     Alternating-current  arc  lamps.* 
4.125  Marconi  &  Marconi's  Wireless  Telegraph  Co.     Receivers 

for  wireless  telegraphy. 
4.136  Glover.     Supplying  tramears  with  power  from  electric  cables. 
4!lfi4  B.T.-H.    Co.     (G.E.    Co.,    U.S.)     Manufacture    of   filaments    or 

coherent  conductors  of  refractory  material.* 
February  20,   1909. 
4.173  Aitken.     Telephonic  apparatus. 
4.175  RiTHENBrRG.     Electrodes  for  electric  furnaces. 
4.181   St.ansfield  &  Hatt.     Controlling  the  voltage  of  dynamo-ele-tric 

machinery. 
4.228  Murray.     Cut-outs.* 
4.248  Leitneb.     Variable-speed'dynamos. 
4.2.50  B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Electric  switches.* 
4.252  Siemens  Bros.  &  Co.     (Siemens  &  Halske  Akt.-Ges.,  Germany.) 

Rontgen-ray  apparatus.* 

February  22,   1909. 

4.270  Conner.     Signalling  and  rmging  key. 

4.271  Conner.     Electromagnetic  counters. 

4.317  SIE.MENS   Bros.   Dynamo   Works   &   Payne.     Motor   staitmg 
switches,  valves  and  like  apparatus.* 

4.374  Buchanan.     Continuous-current   dynamo-electric   machines. 

4^370  Smith  &  Granville.     Inductance  coils  for  telephone  cables  and 
the  like. 

February  23,   1909. 

4.399  Conner.     Electrical  relay. 

4,404  Kennedy.     Electricity  integrating   meters.     (Addition   to  No. 
9.2.54/08.) 

4,416  SwEETSER.     Reducing  electric  currents  for  low  voltage  incan- 
descent lamps. 

4,425  Siemens   Bros.    Dynamo    Works,    Broadhead    &    Hawkins. 
Electromagnetic  systems  for  controlling  light.s  on  railway  trains. 

4,459  Foxteyn.     Electrically-heated  cooking  ranges  or  stoves. 

4,472  Allgemeine     Elektricitats-Gesellschaft.     Controllers     for 
dynamo-electric  motors.     (Date  applied  for,  24/2/08.)*t 

4,480  Nikiforoff.     Relay  for  telephone  and  weak  alternating  currents. 
February  24,   1909. 

4,.501  Aitken.     Telephone  sub-stations  systems. 

4,.5.53  Aktiebolaget  Elektrometall.     Electric  furnace.     (Date  ap- 
plied for,  10/3/08.)* 

4,558  Societe   Francaise   Electrolytique.     Extraction   of   metals 
from  their  ores  and  the  like.     (Date  applied  for,  25/2/08. )*t 

4,5(50  Bayliss.     Metallic  conduits. 

4,561   C.  WusT  et  Cie.     Locking  device  for  switch  boxes.     (Date  ap- 
plied for,  15/4/08.)*t 

4,594  Siemens  Bros.   &  Co.     (Siemens  &  Halske  A.-G.,   Germany.) 
Electromagnetically  operated  switches,  relays  and  the  like.     _ 
February  25,   1909. 

4,614  Willis.     Electric  switches. 
'  4.630  Conner.     Telephone  and  switchboard  lamp  jacks. 
'  4,r).52  Maschinenfabrik  Oerlikon.     Single-phase  alternating-current 
electric  commutator  motors.     (Date  apjilied  for.  26/2/08.)* 

4.672  &  4,673  Berry.     Electrical  heating  ai)panitus. 

4,690  Fairweather.     (Landers,  Frary  &  Clark,  U.S.)     \  apour  lamps. 
(Date  applied  for,  19/9/03.     Application  No.  1,979,  19/9/08.)* 

4.703  Stachow.     Magnetic  ore  separators.* 

4.704  B.T.-H.  Co.     (A.E.G.,  (icrmany.)     Protective  devices  for  electric 

generating  and  distribution  .systems  and  apparatus. 

4.705  .\i,i.<iEMEiNE  Elbktbicitats-Ges.     Protective  devices  for 

nating-current  systems.     (Date  apiilied  for,  25/2/08. )*t 


4,762 
4,801 


4,825 
4,837 


4,863 
4,882 


February  26,   1909. 
Peukert.     Producing  electrical  oscillations  of  high  freipiency. 

(Date  applied  for,  17/3/08.)*t 
Bellino  &  Tosi.     Directed  wireless  telegr.ijihy.     (Date  apjilied 

for.  7/3/08.)*t 

February  27,  1909. 
Da  doe.     Electric  switches. 
Derain.     Electric   generators  giving   constant   pressure   under 

varying  speeds.     (Addition  to  2,195/08.)* 
Fairless  &  Dixon.     Magnetic  locking  device.* 
B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Automatic  regulators  for  electric 

circuits.*       (Addition  to  No.  5,037/07.) 
Grassot.     Watt-hour  meters.     (Date  applied  for.  31/7/0^. )*t 


Cloped- 


iiltcr- 


SPECIFICATIONS  PUBLISHED, 

1908  Specifications. 
105  Schreiber.     Secondary  battery.     (Post-dated  17/7/OS.) 
3,995  MoRDEY  &  Fricker.     Electrolytic  electricity  meters. 
4.717  Richardson.     Electric  signalling  apparatus  for  railways. 
5,089  Savart  &   Graindorge.     Electric  sound-producing  apparatus. 

(Date  applied  for,  31/10/07.) 
5.097  Bristol.     Portable  electric  accumulators. 
.5,137  Harrison  &  British  Insulated  &  Helsby  Cables.      Circuits 

for  simultaneous  telegraphy  and  telephony. 
6,008  Horstmann  cSr  Horstmann  Gear  Co.     Electric  meter.?. 
6,338  Moseley.     Secondary  electric  batteries  or  accumulators. 
13,787  B.T.-H.  Co.,  Carter  &  Martin.     Electric  meters. 
13,982  Hadida.     Telephones. 

14,.537  B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Electric  heating  devices. 
1.5.470  Pearne.     Electric  selective  systems. 

17,206  Bradburn.     Telephone  apparatus.     (Date  applied  for,  25/2/08.) 
17,622  Allgemeine  Elektricitats  Ges.     Electrically-operated  cranes 

and  lifts.     (Date  applied  for.  23/8/07.) 
18,905  Watson  &  Eaton.     Telephone  hidexes. 
19,118  McKenna.      (Gluhlampenwerk     Anker    Ges.)     E'e  trcal   glow 

lamps  with  metal  filaments, 
19,659  Thompson.     (Von  Inwold  &  Von  Inwold.)     Incandescent  fila 

ments  for  electric  lamps. 
19,871  Opsahl.     Oil  Switches  for  electric  currents. 
19,890  Siemens    Bros.    Dynamo    Works.     (Siemens    Schuckertweike 

Ges.)     Electrical     potential     regulators     or    speed-controlling 

devices.     (Addition  to  No.  14,725/07.) 
20,300  Kitsee.     Telegraphic  relays. 
20,600  Siemens  Bros.  &  Co.     (Siemens  &  Halske  Akt.-Ges.)     Signalling 

telegraphs. 
20,671  Daniels.     Telephone  instruments.     (Date  applied  for,  10/4/08.) 
21,195  Rdthardt  &  Co.     Rotary  current  breakers  for  magneto-electric 

ignition  apparatus.     (Date  applied  for,  10/10/07.) 
21,761  Allgemeine    Elektricit.4.ts   Ges.     Cooling   the   commutators 

of  electrical  machines.     (Date  applied  for,  15/10/07.) 
22.179  Kitsee.     Electric  telegraphy. 
22,409  Siemens  Bros.  &  Co.     (Siemens  &  Halske  Akt.-Ges.] 

circuit  signal  installations. 
22.740  Myschkin.     Electric  motor  for  high-tension  cun-ente. 
23,071  B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Electric  furnaces. 
23,340  Siemens  Bros.  Dynamo  Works  &  Lyd.4LL.     Detection  of  faults 

in  overhead  lines  for  high-tension  alternating  electric  currents. 
23,602  Hallock.     Controlling  devices  for  electric   motors.     (Date  ap- 
plied for,  8/11/07.) 
23,834  Creed  &  Coulson,     Telegraphic  apparatus. 
23,963  Siemens    Bros.     Dynamo     Works.     (Siemens-Schuckertwerke 

Ges.)     Alternating-current  commutator  electric  machines. 
24,052  Carstens.     Electric  signal'mg  apparatus. 
24.241  Societe  d'Electbicite  Nilmelior.     Electric  ignition  devices. 

(Date  applied  for.  16/12/07.) 
24,711  Brown  &  Ross.     Electric  ignition  devices  for  internal  combus- 
tion engines. 
25,264  Van  Raden  &  Co.  &  Metz.     Accumulators.     (Date  applied  for. 

7/2/08.) 
2.5,557  B.T.-H.    Co.     (G.E.    Co.,    U.S.)     Wire,    and   the    manufacture 

therefrom  of  coherent  bodies  of  refractory  material  suitable 

for  use  as  glow  bodies  or  filaments  for  incandescent  lamps. 
25,855  Bosch.     Magneto    electric    ignition    apparatus.     (Date    applied 

for,  31/9/08.) 
26  053  Egner  &  Fredriksson.     Aerial  electric  cables.     (Date  applied 

for,  2/12/07.) 
26,449   &   26,4.50  Hartmann   &   Braun   Akt  -Ges.     Hot-wire  electric 

current  measuring  instruments.     (Date  applied  for,  0/3/08.) 
26,485  Mayer.     Trolley  \vire  suspenders.     (Date  applied  for,  21/12/07.) 
27,236  Justice.     (Kiddle  &  Baumann.)     Electric  generators. 
28,147  Gibbs.     Electrolytic  cells.     (Date  applied  for,  17/12/07.) 
28,548  Bosch.     Magneto    electric    ignition    apparatus.     (Date    a])pliea 

for,  25/9/08.) 

1909  Specifications. 
275  Orling,  Oldenbourg  &  Spiegelberg.     Electro  capillary  con- 
trivance.    (Date  applied  for,  6/1/08.) 
1  092  Taylor.     Electric     accumulator    sub-stations.     (Date     ajiplicd 

for,  29/11/07.) 
1,510  Siemens    Bros.    Dynamo    Works      (Siemens    Schuckertweike 

Ges.)     Fuse  holders. 
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COMPANIES'  MEETINGS  AND  REPORTS. 

West  India  &  Panama  Telegraph  Co.  (Ltd.) 

The  sixty-fomth  ordinary  general  meeting  was  held  on  Wednesday, 
under  the  presidency  of  Mr.  Walter  Bishop  KiNcsFonn. 

The  MANAGER  "and  SECRETARY  (Mr.  R.  T.  Brown)  read  the 
notice  calling  the  meeting. 

The  CHAIRMAK  then  said  the  accounts  show  that  our  total  re- 
ceipts for  the  half-year  amounted  to  £34,871,  and  are  thus  £2,391  less 
than  those  for  the  corresponding  half  year  of  1907,  which  were  £37,262. 
Strictly  speaking,  the  actual  net  decrease  in  traffic  and  other  receipts 
amounts  to  £3,391,  but  owing  to  our  having  been  enabled  this  half- 
year  to  bring  in  an  e.xtra  £1,000  from  income  tax  account,  the  decrease 
is  reduced  to  £2,391  net. 

Turning  to  the  expenses  side  of  the  account,  you  will  no  doubt 
have  noticed  that  the  expenditure  for  the  half-year — namely,  £22,160 
— is  £868  less  than  that  for  the  corresponding  period.  The  net  result 
is  £12,711,  which,  with  £1,467,  interest  on  investments,  and  £1,132, 
the  balance  brought  forward  from  the  last  account,  makes  an 
available  total  of  £15,310.  You  will  have  seen  from  the  report  that 
the  Directors  propose  to  pay  the  half-year's  dividend  of  63.  per  share 
on  the  first  preference  shares  and  18s.  per  share  on  the  second 
preference  shares,  tlie  latter  on  account  of  accrued  dividends  to 
Dec.  31,  1908,  carrying  forward  £739  to  the  next  account  By  this 
payment  of  18s.  per  share  the  second  preference  shareholders  will 
receive  6s.  per  share  more  than  they  did  in  the  preceding  half-year. 
The  balance-sheet  shows  tha.t  up  to  Dec.  31  last  there  remains  an 
arrear  of  £6,069,  or,  in  other  words,  26s.  per  share,  which,  as  you  know, 
is  payable  out  of  the  first  available  jirotits. 

As  to  the  traffic  receipts  for  the  current  half-year,  we  are  somewhat 
disappointed  to  find  that,  up  to  the  end  of  April  they  show  a  decrease 
of  £1,657,  as  compared  with  those  for  the  corresjjonding  four  months 
of  1908.  This  seems  to  show  clearly,  I  am  afraid,  that  at  present 
there  is  little  or  no  indication  of  any  improvement  in  West  Indian 
trade,  on  which,  of  course,  our  traffic  receipts  mainly  depend. 

At  the  last  meeting  I  informed  you  that  the  plant  for  the  in- 
stallation of  wireless  telegra|>hy  between  British  (iuiana  and  Trinidad 
was  on  the  point  of  being  shipped  from  London.  I  am  pleased  to 
say  that  the  mstallation  has  now  been  completed  in  British  Guiana, 
and  the  contractors  have  almost  finished  the  establishment  of 
the  station  at  Trinidad.  It  will,  I  think,  be  interesting  to  you  to 
know  that  the  mainmasts  at  both  places  (one  in  British  (Juiana  and 
one  in  Trinidad)  are  225  ft.  high— that  is  to  say,  23  ft.  higher  than 
the  Monument  in  the  City  of  London.  Y'ou  can  easily  imagine  that 
the  transport  overland  of  this  hea\y  material  has  been  a  work  of  no 
little  difficulty.  We  are  informed  that  the  installation  will  probably 
be  finished  by  the  end  of  this  month.  As  I  said  at  the  last  meeting, 
we  hope  that  this  will  prove  an  important  and  useful  addition  to  our 
cable  communication  between  the  two  colonies.  I  now  move  the 
adoption  of  the  report  and  accounts  and  the  declaration  of  the 
dividends. 

Mr.  HENRY'  HOLMES  seconded  the  motion,  which  was  carried. 

The  retiring  director  (Sir  John  Cameron  Lamb,  C.B.,  C.M.G.)  was 
re-elected,  as  were  the  retiring  auditors,  and  a  vote  of  thanks  to  the 
Chairman,  Directors  and  staft'  brought  the  proceedings  to  a  close. 


BARNSLE?  &  DISTRICT  ELECTRIC  TRACTION  CO.  (LTD.)— At  the 
meeting  yesterday  (Thursday)  the  directors  reported  that  the  total 
revenue  for  the  past  year  was  £9,.377  and  the  expenditure  £7,824. 
After  pajing  debenture  interest,  &c.,  the  profit  was  £1/752,  which  with 
£262  brought  forward  made  a  total  of  £2,015.  A  sum  of  £200  has  been 
placed  to  depreciation  and  reserve,  £300  to  sinking  fund  for  redemp- 
tion of  loans  and  debentures  the  preference  dividend  absoi bed  £1,319, 
leaving  £196  to  csrry  forward.  The  traffic  receipts  showed  an  increase 
of  £462  over  those  of  1907,  but  the  expenses  were  higher. 

BRITISH  WESTINGHOUSE  ELECTRIC  &  MFG.  CO.  (LTD.)— The  report  for 
loos  status  that  the  trading  results  have  been  affected  by  trade  depres- 
sion and  severe  lonipi-titiDn.  The  trading  profit  is  £()-l-.771.  Deductinir 
expenses  on  surplus  land  and  buildings  (£4,471),  interest  on  debentures 
(£7.525),  on  temporary  loans  (f  1,SS4)  and  on  mortgage  dcbcntui-e  stock 
(£4n.fi54),  the  balance  is  £1,23(1,  whi.h.  together  with  £11.341  brouglit 
forward,  has  been  more  than  tduntcrbalanced  by  the  a])])ropriation 
required  for  the  ]n-ior  lien  debenture  redemption  fund  and  other  special 
expenditure,  leaving  a  debit  balance  to  be  carried  forward  of  £0,521. 
The  falling  off  in  the  volume  of  business  has  been  chielly  in  the  home 
markets,  export  business  having  maintained  about  the  same  volume 
as  last  year.  A  substantial  sum  has  been  expended  out  of  revenue 
during  the  year  for  the  maintenance  of  buildings,  machinery  and  plant, 
and  the  directors  do  not  deem  it  necessary  to  provide  for  further  depre- 
ciation in  the  year's  accounts.  A  C()mparis(m  of  the  past  year  with  the 
three  jireceding  years  shows  the  turnover  to  have  been  about  the  same. 
The  total  expenditures  for  factory,  operating,  selling  and  administration 
expenses  had  declined  l)y  20  i>er  cent,  compared  with  lllOi)  and  liKlti, 
and  10  per  cent,  compared  with  lyo".  Orders  lo  dale  slightly  exieed 
those  ftir  the  corresponding  period  of  last  year.  There  is  some  appear- 
ance of  a  revival  in  trade. 

BRDSH  ELECTRICAL  ENGINEERING  CO.  (LTD.)— Lord  Vaux  of  Har- 
rov  den  stated  on  Tuesday  that  the  poor  results  of  the  company's  opera- 
li'ius  durmg  1908  were  due  to  the  fact  that  they  had  been  going  through 
1  period  of  extraordinary  trade  depression,  and  although  the  prospects 
now  seemed  a  little  brighter,  they  were  still  far  from  having  emerged 
from  the  state  of  stagnation  into  which  business  generally,  and  their 
own  industry  in  particular,  had  fallen.     Last  year  in  all  departments 


the  volume  of  orders  was  very  much  bekjw  the  average.  The  largely 
extended  uses  of  metallic  filament  lamps  had  for  the  time  affected  the 
engineering  side  of  the  industry  severely.  They  believed  that  the  new 
lamp  would  further  popularise  the  electric  light,  and  that  the  reduced 
cost  of  current  would  attract  many  fresh  consumers  ;  although,  there- 
fore, the  immediate  effect  had  been  to  check  orders  for  new  generating 
plant,  they  felt  that  that  would  only  be  a  temporary  phase,  and  they 
were  looking  forward  to  a  considerable  impetus  in  the  demand  for  power- 
house plant.  They  had  been  ngotiating  for,  and  hoped  shortly  to  com- 
plete, arrangements  by  which  they  would  acquire  selling  rights  for  a 
metallic  filament  lamp  which  had  ])roved  to  be  very  successful  and  was 
now  being  sold  in  large  numbers  on  the  Continent.  Some  of  the  larger 
tramway  undertakings  had  lately  taken  to  building  their  own  car  bodies, 
and  the  regular  car-building  shops  were  suffering  from  a  lack  of  work. 
New  promotions  of  tramways  and  light  railways  had  been  very  few, 
a  state  of  affairs  which  must  be  largely  attributed  to  legislative  obstacles. 
Efforts  are  being  made  to  bring  home  to  the  Board  of  "Trade  that  further 
progress  in  the  direction  of  improved  facilities  by  means  of  light  railwaj's 
and  tramways  had  been,  and  must  continue  to  be,  seriously  hampered 
until  these  obstacles  were  removed.  The  aggregate  of  orders  so  far 
booked  this  year  show  a  satisfactory  increase  over  that  for  the  corres- 
])onding  period  of  last  year,  and  they  were  hoping  that  that  improvement 
would  continue.  They  were  investigating  and  developing  along  certain 
special  branches  of  electrical  industry  which  they  hoped  might  prove 
valuable.  One  of  those  consisted  in  the  conversion  of  exhaust  or  waste 
steam  into  electric  power.  They  had  lately  met  with  substantial  suc- 
cess in  securing  contracts  of  that  class  of  plant,  and  it  was  their  intention 
to  energetically  exploit  that  field  and  other  special  branches. 

CALCDTTA  ELECTRIC  SUPPLY  CORPN.  (LTD.)— During  1908  6.765.792 
units  were  sold,  an  increase  of  23  per  cent,  over  sales  in  1907.  The 
number  of  houses  connected  increased  from  3.721  to  4.396,  and  the 
equivalent  connections  in  8  c.p.  lamps  from  320.863  to  378,835.  Not- 
withstanding that  the  price  of  cuiTent  for  power  was  reduced  25  per 
cent.,  the  gross  revenue  has  increased  by  nearly  £12,000— (from  £103.360 
to  £115,287.  Costs  (largely  due  to  the  high  price  of  coal)  have  also 
increased  by  £11,014.  An  abnormal  outlay  has  had  to  be  incurred  in 
repair.s,  particularly  to  the  engines  and  boilers  at  the  Emambagh-lane 
station,  and  the  amount  of  the  cost,  in  excess  of  the  average,  has  been 
charged  to  renewals  fund.  £60,220.  14s.  Ud.  has  been  expended  during 
the  year  on  capital  account,  chiefly  on  extensions  of  mains,  additions  to 
machmery  and  meters.  The  demand  for  electricity  in  Calcutta  is  increasing 
in  a  remarkable  manner.  The  net  profits  were  £58,188.  Os.  4d.  (compared 
with  £57,275.  13s.  lid.),  added  to  £4,160.  17s.  9d.  brought  forward. 
Deducting  interim  dividend  (at  rate  of  6i  per  cent,  per  annum  on  the 
ordinary  shares)  the  preference  dividend  and  other  items,  the  avail- 
able surplus  is  £41.668.  13s.  The  directors  recommend  that  £15.000  be 
placed  to  credit  of  depreciation  and  renewals,  and  that  a  final  dividend 
at  the  rate  of  9i  per  cent,  be  paid  on  the  ordinary  shares  (making  8  per 
cent,  for  the  year).     £3.303.  15s.  4d.  is  to  be  carried  forward. 

CALLENDER'SCABLE&CONSTRUCTIONCO.  (LTD.)— The  report  for  the 
year  ended  Dec.  31  states  that  the  balance  |)rofit  is  £61,614,  added  to 
£45,107  brought  forward,  making  £10(),721.  Interest  absorbed  £13.500. 
preference  dividend  £10,000,  and  the  appropriation  for  depreciation  of 
buildings,  plant  and  machinery  £11,087,  leaving  £72,134.  It  is  pro- 
posed to  pay  an  ordinary  dividend  of  10  per  cent  (less  tax),  (part  paid 
in  November  last);  also  a  bonus  of  5s.  per  share  (less  tax),  carrjTng 
forward  £45,884.  In  view  of  the  additional  burdens  proposed  to  be 
placed  on  income,  the  directors  have  thought  it  expedient  to  alter  the 
principle  on  which  dividends  have  hitherto  been  calculated,  and  they. 
therefore,  propose  that  for  the  future  all  dividends  and  bonuses  shall  be 
])aid  subject  to  the  deduction  therefrom  of  income  tax.  Considering 
the  extremely  unfavourable  conditions  which  prevailed  during  the  whole 
of  190S,  the  directors  consider  there  is  every  reason  to  be  satisfied  with 
the  results  of  the  year's  operations.  Depressed  trade  has  i-esulted  in 
the  business  secured  by  the  company  being  restricted  both  at  home 
.and  abroad.  No  new  imdertaking  of  any  importance  in  the  electrical 
industry  was  carried  uito  effect  during  the  period  under  review,  the  oi-ders 
sci\ircd  by  the  company  being  conhned  almost  exclusively  to  extensions 
ipf  networks  and  sujiply  stations  already  in  existence. 

The  advent  of  the  metal  filament  lamp  had  the  tempcn-ary  effect  of 
rediu'ing  the  volume  of  cable  orders,  but  the  directoi-s  have  no  mis- 
givings on  that  account,  being  convinced  that  that  development  woulil 
so  benefit  the  industiy  in  the  near  future  that  it  must  largely  increase 
the  company's  operations.  The  uncertainty  as  to  the  action  of  Parlia- 
ment in  regard  to  the  electric  supply  of  London  had  also  been  a  factor 
in  limiting  cable-laying  work,  as  until  the  passing  of  the  recent  act 
regulating  supply  in  the  metropolis  all  extensions  there  were  ]>ractically 
at  a  standstill.  A  fair  trade  was.  however,  done  in  rubber  wires  and 
cables,  and  the  board  had  every  reason  to  be  satisfied  with  the  oiR^rations 
of  the  Anchor  Cable  Co.  The  extensions  of  the  business  in  the  colonics 
and  abroad  had  received  the  constant  consideration  of  the  board,  and 
taking  into  account  the  paucity  of  ordei's  on  the  market,  and  the  generally 
adverse  conditions  jircvailiug.  they  considered  the  company  had  secured 
a  very  fair  proportion  of  the  contracts  available.  The  opeiations  of  the 
German  Co.  had  tended  materially  to  assist  business  in  that  country, 
and  elsewhere  in  Europe,  although  the  electrical  trade  on  the  Continent 
had  also  suffered  from  depression  and  from  unusually  severe  competition. 
The  factories  at  Erith  and  Leigh  had,  on  the  whole,  been  fairly  well 
occupied  during  the  year,  and  are  so  now.  but  their  capacity  in  both 
cases  is  largely  in  excess  of  the  existing  demand.  Considerable  expen- 
diture had  been  incurred  on  the  erection  of  a  new  testing  station  at  the 
Erith  factory  to  meet  the  ever-increasing  requirements  of  the  various 
tiovernment  departments  and  of  the  industry. 
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GRAVESEHD  &  NORTHFLEET ELECTRIC  TRAMWAYS  (  LTD.)— ll'"'  ti.ta 
revenue  for  HH»S  was  £11.207.  Os.  7d..  compared  with  £13,0:>S.  fts.  5d. 
for  1007.  DediKting  expenses  (including  repairs  and  maintenance  and 
interest)  there  remains  £788.  Os.  od..  added  to  £271.  l(>s.  3d.  brought 
forward,  making  £1.059.  Kis.  Sd.  In  view  of  heavy  renewals  retjuired, 
the  directors  recommend  that  £1,000  be  allocated  to  reserve  and  i-enewals 
fund  and  that  the  balance  (£59.  Kis.  8d.)  be  carried  forward.  The 
continued  depression  of  the  local  industries  is  responsible  for  tlie  serious 
diminution  of  nearly  £2.000  in  traffic  receipts.  A  reduction  of  10  per 
cent,  was  made  in  the  car-miles  run.  but  owing  to  a  dispute  with  Grave- 
send  Corporation  as  to  the  accuracy  and  suitability  of  the  meters  bj- 
which  the  company's  supply  is  sought  to  be  measured  it  has  not  been 
possible  to  take  credit  in  the  accounts  for  any  saving  in  the  consumption 
i>f  electrical  energi,-.  The  report  states  that  the  attitude  taken  up  by 
the  Corporation  ha.s  left  no  alternative  to  the  company  but  to  seek  to 
recover  by  an  action  at  law  the  large  amount  by  which  tlie  company 
has  been  <i\er-charL'ed. 

JOHNSON  &  PHILUPS  (LTD.)— For  the  year  ended  Dec.  31  the  profit 
on  trading  account,  &c.,  after  making  provision  for  bad  and  doubtful 
debts,  and  after  charging  to  revenue  upwards  of  £3,427  for  maintenance 
of  buildings,  plant,  &(C  amounted  to  £10,037.  7s.  8d.,  making,  with 
£tj,S73.  7s.  Id.  from  1907,  £16,910.  Us.  9d.  .\fter  deducting  £2,000 
for  depreciation  on  buildings,  plant,  &c..  £1.559.  18s.  remuneration  of 
directors,  &c.,  £8,139.  8s.  9d.  interest  on  debenture  stock,  and  f4,530.5s.6d 
as  reserve  for  debenture  sinking  fund,  £681.  2s.  is  carried  forward.  The 
directors  regret  to  report  a  considerable  falling  off  in  the  profits  for  the 
year  owing  to  the  low  prices  ruling  in  the  electrical  trade,  and  also  the 
general  depression  in  trade  and  natural  decrease  in  business  done.  The 
cable  business,  liowever,  has  been  fairly  well  maintained,  and  shows 
signs  of  a  decided  improvement,  which  is  considered  highly  satisfactory, 
forming  as  it  docs  the  major  part  of  the  business.  The  outlook  is, 
therefore,  promising,  and  the  directors  have  every  confidence  in  the  good 
])rospects  for  the  ensuing  year. 

THAMES  IRONWORKS,  SHIPBUILDING  &  ENGINEERING  CO.  (LTD.)  — 
At  the  mcetinff  on  Friday  Wr.  A.  M.  Alexander  stated  that  their 
electrical  department  had  done  i^s  share  of  work  in  connection  with 
the  Walton-on-Thames  pumping  station,  and,  besides  orders  for  work 
of  V  irious  kinds  for  the  London  County  Council  Tramway  Department, 
and  other  public  authorities,  they  had  supplied  a  large  quantity  of 
apparatus. 

POTTERIES  ELECTRIC  TRACTION  CO.  (LTD.)— At  the  meeting  on 
Frida.v,  Mr.  (i.  F.  M.  Coniwallis-West  stated  that  he  thought  the 
gliareholders  would  agree  that  the  directors  were  justified  in  passing 
the  dividend.  During  the  past  year  the  company  had  suffered  a 
serious  decline  in  its  receipts,  practically  entirely  due  to  the  terrible 
state  of  trade  in  the  district  served  bj- the  company.  They  spent  a 
considerable  sum  in  maintiiining  the  permanent  way  and  rolling  stock, 
and  also  in  renewals  of  the  line.  The^'  carried  936,70D  fewer  work- 
people than  in  1907.  They  had  a  credit  of  £2,0C0  to  meet  the  £5,297 
which  they  contemplated  spending  in  renewals.  Their  financial 
position  would  be  greatly  strengthened  by  the  adoption  of  the  board's 
proposaL  The  parcels  irafTic  sliowed  considerable  development,  and 
new  sources  of  revenue  under  that  heading  were  being  attached.  Their 
l)Ower  and  running  expenses  increased  liy£700,  owing  to  tlie  cost  of  fuel, 

RANGOON  ELECTRIC  TRAMWAY  &  SUPPLY  CO.  (LTD.  —On  Tuesday 
.Mr.  Frank  Tnl.ui  >Mid  the  roiuji^uiy  bad  earned  the  dividend  on  the 
preference -liaic-  in  arlilitioii  t.i  [layiiig  interest  on  the  debenture  stock 
during  the  pa,st  year,  and  the  present  year's  re.sults  would  be  better 
than  those  for  last  year.  The  tramways  had  proved  fairly  satisfactory, 
the  takings,  which  had  been  affected  by  the  mon.socn  being  of  excep- 
tional duration,  totiiUing  just  under  £50,000.  Expenses  had  been  69 
)jcr  cent.,  and  it  was  hoped  to  get  this  percentage  down  to  50  on  the 
current  year.     The  public  lighting  department  was  satisfactory. 


NEW  COMPANIES,  STATUTORY  RETURNS,  &o. 
NEW  COMPANY. 

AUTOMOBILE  ELECTRIC  LIGHTING  SYND.  (LTD.)  (103.032.)— Reg. 
May  15,  capital  £5,000  in  £1  shares  2,600  deferred  i,  to  adopt  an  agree- 
ment with  the  Polkey  .Automobile  Kle<  trie  Lighting  Synd.,  for  the 
acquisition  and  exploitation  of  certain  p  dents  or  rights  or  privileges, 
.and  to  carry  on  the  business  of  mechanical  and  electrical  engineers, 
generators,  distributors  and  suppliers  of  electricity.  I'rivate company, 
t'irst  directors,  1.  Polkey,  W.  Veto  and  A.  K.  Lancaster.  Ileg,  office, 
(Queen's  College,  Paradiscs^treet,  Birmingham. 

STATUTORY  RETURNS. 

W.  T.  GLOVER  a,  CO.  LTD.)  -  H.turn  to  .March  29  gives  capital  as 
£214.850  in  £1  shares  (ICO.OOO  pref.  rencc),  all  of  which  h.ivc  been  taken 
up.  £1  per  shore  has  been  called  up  on  67,000  preference  and  50,000 
ordinary  shares,  and  £117,000  lias  liecn  received.  £97,850  is  con- 
sidered "as  paitl  on  tbo  rcniaindcr.      .Mortgages  and  charges,  £176,0DC. 

HOWARD  ASPHALT  TROUGHINO  CO  LTD.)— Return  to  March  29 
gives  capital  as  £20,000  in  £1  shares  (1,000  deferred),  of  which  1,007 
ordinary  and  1,000  ilefenccl  liavebcen  taken  up.  £7  has  been  received 
and  £2,0C0  is  c.n-id.  red  as  paid.     Mortgages  and  charges,  nil, 

MELTOH  MOWBRAY  ELECTRIC  LIGHT  CO.  (LTD.)— In  return  to  March 
24  capital  is  £25,000  in  £5  shares,  of  which  4,000  have  been  taken  up. 
£20,000  has  been  received.     Mortgagee  and  charges,  £20,000, 


MORTGAGES  AND  CHARGES. 

BRITISH  PROMETHEUS  CO.  (LTD.)— Issue  on  April  22  of  £200  deben- 
tures, ])art  of  series  created  Oct.  30,  1907,  to  secure  £3,500,  charged 
on  the  company's  undertaking  and  jirojjcrty,  present  and  future,  in- 
cluding uncalled  capital.     No  trustees. 

COWANS  (LTD.)— Debenture,  dated  May  4,  to  secure  £3,000,  charged 
on  company's  undertaking  and  property,  present  and  future,  including 
uncalled  capital.  Holders,  W.  T.  Glo\er  &  Co.  Also  trust  deed  of 
even  date,  further  securing  above  debentme,  charged  on  company's 
lease  of  Victoria  Works,  Springfield-lane,  Salford.  Trustees,  A.'L. 
Ormrod  and  C.  Cooper. 

ELECTRO-MECHANICAL  BRAKE  CO.  (LTD.  i— Mortgage  on  sums  of 
money  due  or  to  become  due  from  the  Leeds  City  Tramways,  dated 
Aiml'lS,  1909,  to  secure  £575.     Holders,  Metropolitan  Bank. 

MAWDSLEYS  LIMITED.— Particulars  of  £2,000  second  debentures, 
created  April  26,  have  been  filed,  the  amount  of  the  present  issue  beini 
£1,200.  Projierty  charged  :  Company's  property,  present  and  future, 
including  uncalled  capital.     No  trustees. 

NEW  SYSTEM  PRIVATE  TELEPHONE  CO.  (LTD.)-Issueon  May  4  of 
£1,000  ilebentuvcs,  ]iart  of  a  series  of  which  particulars  have  already 
been  filed. 


CITY  NOTES. 

MEMORANDA  (May  20).— Bank  rate  2|  per  cent,  (since  April  1, 
1S09).  Price  of  silver,  24Y'Vd.  per  oz.  Consols  85^ — 85-J  for  money  and 
account.  Consols  Pay  Day,  June  1  ;  Stock  and  Shares  Continua- 
tion Days,  May  25  and  June  9  ;  TicketJ  Days,  May  26  and  June  10  ; 
Pay  Daj-s.  May  27  and  .Tunc  11  ;  Mining  Shares  Carry  Over  Day, 
May  24. 

Prices  OF  Metals  (London). — Copper,  cash,  59^;  three  months 
59r6.  Lead,  English,  13^— 13i  ;  foreign,  cash,  13^  ;  three  months,  13j 
— 13i ,!  ;  Spelter,  cash,  22—22;  ;  three  months,  22^-224,  Ti7i,  English, 
131 — 133  ;  foreign,  cash,  131},  three  months,  132 — 152|,  Iron,  Cleve- 
land, cash,  47/10^,  and  three  months,  48/7.  Marjaet  Steel  (price  sup- 
plied by  W.  F.  Dennis  &  Co.),  £55. 

CASTNER-KELLNER  ALKALI  CO.  (LTD.)— The  directors  have  declared 
an  interim  dividend  at  the  rate  of  10  per  cent,  per  annum  for  the  six 
months  ended  March  31. 

MOUNTAIN  &  GIBSON  &  THORNEWILL  (LTD.)— The  name  of  Mountain 
(Jibson  is  one  which  has  been  before  the  electrical  industry  for  many 
years,  and  the  firm  has  become  well  knov™  as  leading  manufacturers 
of  electric  railway  and  tramway  rolling  stock,  trucks  and  accessories. 
There  are  very  few  municipalities  or  companies  owning  electric  tramway 
undertakings,  either  in  this  country  or  abroad,  but  have  placed  orders 
with  the  firm  for  either  rolling  stock  or  accecssories.  These  owning 
bodies  include  the  t!orporations  of  London,  Birmingham,  Glasgow, 
Belfast,  Dublin,  -Manchester,  Salford,  &c.,  as  well  as  extensive  electric 
traction  undertakings  in  India,  South  .Africa,  South  America  and  the 
Continent  of  Europe.  The  expansion  of  both  the  home  and  foreign 
trade  of  the  company  necessitates  larger  works,  and  has  led  to  a  contiact 
to  acquire  the  freehold  and  leasehold  wi>rks  and  undertaking  of  .Messrs. 
Thornewill  &  Warham  (Ltd.),  engineers,  at  Burton-on-Trent,  which  are 
favoiuably  situated  and  are  of  a  character  generally  to  add  considerably 
to  the  facilities  for  conducting  the  combined  company's  general  business, 
A  prospectus  which  has  just  been  issued,  and  which  will  be  found  set  oul 
in  abridged  form  in  this  issue  of  The  ELECTRiriAN,  invites  subscription 
at  par  for  60,000  shares  of  £1  each  and  808  5  per  cent,  debentures  of 
£50  each  in  the  combined  business  of  Mountain  &  Gibson  &  Thornewill 
(Ltd.).  The  interest  U]ion  the  latter  security  is  payable  half-yearly  in 
February  and  August,  the  first  payment  falling  due  on  Aug.  1  next.  The 
debentures  are  secured  by  a  trust  deed  containing  a  general  floating 
charge  on  the  imdertaking.  The  profits  of  the  Mountin  &  Gibson  busi- 
ness for  1908  were  at  the  rate  of  £6,38<)  per  annum.  The  assets  of  the 
new  company  arc  estimated  at  £171,770,  less  liabiUties  which  are  to  be 
paid  off  out  of  this  issue,  £.')3,772.  Should  the  whole  of  the  present 
issiif  be  subscribed,  £40,400  will  be  available  as  working  capital  for  the 
new  fiini|iany.  The  aliri<lged  ]irospectus  (m  another  page  contains  further 
|,.,rli.-nlars.  ■ 

REUTER'S  TELEGRAM  CO.  (LTD.)— For  the  year  ended  Deo.  31  the 
balance  was  £5,429.  10.5.  lOd.,  including  £148.  10s.  5d.  brought  for. 
ward.  An  interim  dividend  of  2J  per  cent,  w.as  paid  in  Octobci-,  and 
the  directors  now  declare  a  dividend  of  4s.  |)er  share,  cqu.al  to  2J  per 
per  cent.,  making  5  per  cent,  (tax  free)  for  the  year.  £693.  18s.  lOd. 
is  carried  forward. 

RUBBER  TANNED  LEATHER  CO.  (LTD.)— A  lompany  with  the  above 
title  has  this  week  invited  applications  for  125,000  shares  of  £1  each  at 
par.  The  chairman  of  the  company  is  Lord  SuHield  (chairman  of  the 
Westminster  Electric  Sujiply  Corpn.),  and  several  of  the  other  directors 
are  interested  in  rubber.  The  company's  patents  relate  to  a  |iroccss  of 
rubber  tanning  which,  it  is  claimed,  has  been  bro\ight  to  a  high  (Icgree 
of  pcifeilicm,  and  which  can  be  used  for  a  large  variety  of  purposes  for 
whi<  b  at  1  he  |)rc-.ent  lime  pure  rubber  or  a  more  or  less  expensive  rubber 
rompounil  bast..  bc,iiii.l.>ycd. 

STOCK  EXCHANGE  NOTICES.- The  Stock  Exchange  committee  have 
appointed  tlune  4  a  special  .settling  day  in  and  have  granted  a  c|uota- 
tion  to  scrip  (fully  paid)  for  £1,250,000  6  per  cent.  50ycar  mortgage 
bonds  of  the  ilexico  Tramways  Co.  Tlie  committee  have  been  asked 
to  grant  a  quotation  to  a  further  issue  of  §51,500  30-year  5  per  cent. 
•*500  gold  bonds  of  the  Kaminintiquia  Power  Co.  (Ltd.). 
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BLEOTBIG  TB&HWAY  AND  B&ILW&T  TBAFFIC 
BECEIPTS. 


Bheffleld  Oorporatiou 

Blogaporo  Trams  

BoQth  Metropolitan   

South  Staffs 

Bouthend  Oorporation  

Bo'Jthport  Tramways 

Stalyb-dgo,Hy(lf,&o.,Jt.Bd 

Btmderlaad  Uorporation  .. 

BoodiTlaud  Dintriot  

Snaosea  Trams  

Sviudon  Oorporation    ..... 

Ikonton   

^OMnouth  and  Distrlot  !!! 

Hneaide  Trams  Oo 

Wallasey  District  Oounoll... 

Walsall  Corpn 

Warrington  Oorpn.  .'.'.'.'.".'".' 

West  Ham  Oorporation 

Woston-Bupcr-Mare    '.. 

Wolvorhampton  Oo 

Wolvorbampton  Oorpn....  ' 
•Woroostst 

WMiham  ....    

Torbhlro  W-bViV^s  "i"'. 

Yotkshlra  Woollen  Dlstriet. 

(a)  TUeie  oompar 


tiberdeenOorporaUon May 

Alrdrlo '      ■■ 

Anglo-Argentine '      n 

ijT  Corporation « ,i 

Baker  St.  &  Waterloo  By 

Bamsley- 

Barrow  ••■ "•;• 

Bath  Eleotrlo  Trams,  Ltd 

Birmingham  Oorporation 

Birmingham  &  Mid April 

Blaokburn  Oorporation May 

Blackpool  and  Fleetwood ... 

Bolton  Corporation 

Bombay    •• ;'f"  * 

Boumemonth  Corporation..    May    1 

Brad<ord,Corporation 

Brighton  Oorporation    

Bristol  Trams  &  Carriage... 

Burnley  Corporation 

Barton  Oorporation   

Bury  Corporation  

Oiloatta  Tramways  Oo 

Cambome-Bedruth    

Oardifl  Oorporation  

Oa«hill ••••■■ :■•■ 

Central  London  Railway,... 

Obartog  0.,BuBton  &  H'stead 

Chatham  4  Dist.  Lt.  Bys. ... 

City  &  South  London  Kly... 

Oily  o(  Birmingham  

Ooloheater  Oorporation 

Cork  Blootrio  Trains  Oo.  ... 

Oroydon  Oorporation     

Dewnport  &  Dist.  Trams... 

Doyer  Oorporation 

Dublin  &  Luoan  Railway  ... 

Dublin  United 

Dndley-Stourbrldge  

Dundee  Oorporation 

Baat  Ham  Council 

Bseter  Oorporation 

Oatesheaii  &  Dist.  Trams... 

Glasgow  Oorporation 

Qloflsop  Trams 

GraTesend— Northfloet 

Great  Northern  ii  Oity  Ely.. 

Qt.Norlhern,  Piccadilly,&c, 

Greenock  &  Port  Glasgow... 

Hartlepool  Tramways    

Hastings  £iec.  Trams  Oo.... 

Hong  Kong  

Biddersfield  Oorpn 

HoU  Oorporation 

Dloid  District  Oounoll 

lUkealon  Dlstrlot  Oounoll ... 
I  [pBVloh  Oorporation 

laleolThanetOo 

I  Jamv  

Eeigbley  Oorporation    

Kidderminster  &  Dlstrlot... 

Kilmarnock  Corporation  ... 

LanarkHhiie  Trams  Oo.    ... 

LanoashLre  United 

Leamington 

Leeds  Oorporation 

Leicester  Oorporation   

3  Jeith  Oorporation 

iitDcoln  Corporation 

Liverpool  Corporation  

LlTerpool  Overhead  Kly.  ... 

Llandudno  &  Oul  wyn  liayRy 
*Iibndon  County  Uounoil  ... 

London  United  

Lowestoft 

Uaidstone  Oorporation, 

Mauoho^tcr  Oorporation  ... 

Mersey  Hallway  

Merthyr 

Metropolitan  Dist.  Railway 

Metropolitan Blec.  Trams.. 

Hlddleton 

Nelson  Corporation  

Hewoastle-on-Tyne  Corp. .. 

Newport  (Mon.)  

Northampton  Corporation 

Oldham,  Ashton  &  Hyde .. 

Oldham  Corporation 

Perth  (N.B.)  Oorporation  .. 

Pet»h(W.A.)  Eleo.  Trams.. 

Peterborough  

Portsmouth  Corporation  .. 

Potteries  

Preston  Oorporation 

Botherham  Oorporation  „ 

Bothesay  

Sallord  Corporation   


13 


Ino. 

or  Dee. 

(a) 


7!8  I   + 
6,383  I    + 


2.319 

R3li,620 

1,578 


1,165 


89,125 
1,607 
2,330 


:.',158 


1,217 


+  b2,262 
+  I 

13 
+  ti 

-    1,172 
+       52U 

+         25 
+         2U 


+       150 


+         43 

+.?1,123 


+    2,104 


No.  of 

weeks 

Amount. 

£ 

eo 

07,319 

18 

3.S55 

19 

7d9,GiS 

62 

14,429 

19 

63,710 

18 

2.9  2 

18 

3,713 

19 

12,261 

7 

42,531 

17 

13,607 

7 

8,137 

7 

16,172 

15 

8678,436 

e 

19,392 

7 

6  018 

2S 

124,121 

7 

9,103 

7 

1,717 

t7 

8,o;u 

I'J 

R9i7,r;s 

20 

2,271 

7 

13,871 

18 

1,183 

19 

101,141 

13 

73,180 

19 

13,941 

19 

62,293 

18 

48,212 

ll'i 

9,453 

la 

6,605 

7 

1,23J 

19 

2,217 

19 

91,613 

IS 

13,231 

[52 

61,301 

SU 

6,527 

IJ 

17,550 

60 

818,471 

20 

2,343 

13 

3,300 

19 

29,170 

19 

U<J,130 

18 

8,-520 

18 

3,631 

19 

1.5,481 

19 

$156,941 

6 

10,829 

U 

16,114 

6 

781 

7 

2,373 

§24 

9,758 

18 

1,916 

6 

1  0:7 

18 

1.526 

19 

22,733 

19 

23.526 

13 

2,662 

7 

43,093 

11 12 

26,933 

7 

863 

1118 

190,433 

20 

23.903 

23 

3,093 

§5 

191,737 

!|22 

102,316 

7 

1,153 
97,375 

19 

37,364 

18 

3,659 

19 

195,126 

18 

100,6  6 

18 

5,536 

)« 

92  i 

25,271 

§7 

3,U1G 

18 

9.7.-2 

7 

14,637 

52 

7,833 

13 

27,919 

19 

I.SIO 

18 

31,319 

e 

.'4,443 

6 

3,738 

13 

1,371 

{' 

30,576 

18 

783 

V 

41,460 

19 

S1S3.300 

18 

13,599 

13 

14,623 

6 

2,631 

18 

4,274 

§i 

6.121 

!8 

13,372 

18 

1-1.875 

19 

627 

13 

2,5Sl 

19 

7,576 

<,a 

6,979 

19 

9,603 

6 

2,289 

5 

12,207 

18 

834 

18 

7,111 

19 

14,013 

18 

4,371 

18 

1,66S 

20 

23,561 

18 

15,321 

19,716 

311 
5,261 


''^""mparisons  are  with  the  corresponding  period  1 
II  Plus  2  days,     •  Partljieleotrical.    1  Minus  3  day 


3t  year.  §  Plus  3  days, 
t  Mious  2  day?. 


ELECTRICAL  COMPANIES'  SHARE  LIST. 


1    a 

LABI 

a 

OITI- 

DIRD 

" 

in 

7/0 

It 

4/8 

10'  8/0 

St.  iiZ 

i\  3/6 

iSt. 

41% 

St.  4% 
St.  Ui'/o 
6'  2/8 
6.  2/6 
St.i  4i% 
10  7/0 
10  6/0 
St.  I  6% 
St.!  4i% 


6  6% 

10  6'0 

10'  8/0 

it.  4J% 

it.!  4J% 

61  3/6 

2/6 


St. 

4J? 

St. 

•3V'!; 

100 
10 

4f 

lOU 

MZ 

b 

n 

b 

6X 

IIIL 

it 

101 

SO) 

1 

■iX 

lOU 

41% 

St.;  iti 

6  1|3 

St.  4/, 

10 1  6/J 

■St.  t  6% 


ELECTRICIir  SUPPLY. 

Bonmemouth  ft  Poole  Eleo.  Snp.  Ord... 

Do.     4i  per  Cent.  Cnm.  Pref.  

Do.     6  per  Cent.  Com.  Second  Pref.  ... 

Do.  41  per  Cent.  Deb.  Stock  (red.)  .. 
Bromley  (Kent)  El.  It.  &  Power  Share: 
tDo.  Do.  1st  Deh3, 

i3romptoii  ft  Kensington  Eleo.  Sap.  Ord, 

Du.     7  per  Cent.  Pref. 

Cent  1  Elec.  Sap.  Co.4 ij  Gaar.Db.Stock 
Charing  Cro38(  W. End  ft  City)BI.Sap.Co. 

Do.    4i  per  Cent.  Pref.  

Do.     4  per  Cent.  Deb.  Stock  (red.) 

Do,    ih  per  Cent,  Dob.  Stock  (rod.)  .. 

Do.  City  Undertaking  4i%  Cm.  Pre(. 
Chelsea  Electric  Supply  Ord 

Du.  41  percent.  Deb.  Stock  (red.)  ... 
City  of  London  Electric  Lighting  Ord... 

Do.     8  per  Cant.  Cam.  Pref. 

Do.     6  per  Cent.  Deb.  Stock  (red.) 

Do.  4iperCent.  2nd  Deb.  Stock  (red.) 
CountyofDarhamElec.  P.D.  Ord 

Do.     6  per  Cent,  non  Cam.  Pref. 

County  of  London  Eleo.  Supply  Ord 

Do.    6  per  Cent.  Cam.  Prof. 

V)y,    41%  Dsb.  Stock  (red.)    

\[)o.    Second  Dab.  Stock 

Folkestone  Electricity  Supply  Co.  Ord. 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    41  Ist  Dab.  Stock  (red) 

Hove  Electric  Lighting  Ord 

Kensington  &  Knightsbridge  Ord... 

Do.    6  per  Cant.  Ist  Pref 

Do.     4  per  Cant.  Dab.  Stock  (rod.), 
Kensingtn.  ft  Kngtbg.  Co.  &  Notting  HiU 
Co.  (Joint  Station)  4'(J  Deb.  Stock  (red.) 

Kent  Eleo.  Power  Co 

London  Electric  Supply  Ord , 

Do.     6  per  Cent.  Praf. 

Do.    4  per  Cent.  Ist  Mort.  Dab 

Metropolitan  Electric  Sap.  Ord 

Do.     41  per  Cent.  Cum.  Pref.  

Do,     4J  per  Cant.  Dab.  Stock  Ist  Mort, 

Do.  BiperCent.  Mrt.  Dab.  3took(red.) 
Midland  Elec.Corp.forP.D.ljtMort.Db, 
Newcastle  &  D.Bt.  Eleo.  Ltg.  Ord. 

Do.    4*  per  Cant.  Dab 

ISewcastle  Elec.  Supply  Ord 

Dj.     6  per  Cant,  noa  Cum.  Praf. 

Do.  4  per  Cjnt.  Mart.  Djb.  red.  1907. 
Norlh  Metro.  E'.ec. Power  Sup.  SMorts 
Northern  Counties  Elec.  Sap 

Da.     45  per  Cant.  Dab 

Nottin;Hill  Electric  Ord, 

Oxford  Electric  Ord 

Do.    4  per  Cant.  Dab.  Stock    

St.  James'  &  Pall  Mall  Elec.  Ord. 

Da.    7  par  Cant.  Praf.    

Do.  3J  per  Cant.  Dab.  Stoak  (red.)  . 
Smithfield  Mirkete  Electric  Sap.  Ord, 
South  London  Electric  Supply  Ord 

Do.    6;'.  M  Mort.  SIk.  Bel 

Sauth  Metrop'n  Eleo.  Lt.  &  Power  Ord. 

Da.     7  per  Cant.  Cam.  Pref. , 

Da.    411st  Db.  Stk.  Rsl 

Urban  Electric  Supply  Ord 

Do.     6  per  Cant.  Cum.  Praf.    

Do.     4J  per  Cent.  Ist  Mart.  DaD... 
Westminster  Elec.  Sap.  Ord 

Do.    4i  per  Cent.  Cum.  Pref.   

ELECTRIC  RAILWAYS  A  TRAMWAYS, 

Baker  St.  «  Waoerioa  4  i  Perp.  Db.  St 
Bath  Eleo.  Trams  Pref.  Ord 

Da.     6  par  Cant.  Cum.  Pref. 

Do.  4i  let  Mort.  Dab.  Stock  (red.) ... 
B'hanl  &  Midland  Traaii  4)  Ist  Ui.Ssk, 
Bristol  Tramways  &  Cirriaga  Ord 

Do.    Cum.  Pref.  (fully  paid) 

Do,     4  per  Cant.  Dabi 

British  Electric  Traction  Ord 

Do.     6  per  Cant.  Cam.  Pref. 

Do.     6  per  CJeut.  Perpetual  Daba 

Da.     4J  per  Cent.  2ad  Deb.  Stock 

Central  London  Ordinary  Stock 

Da.     4  per  Cent.  Pref.  Stock    

Do.     Deferred  Stock   

Do.     4  per  Cant.  Dabs 

Charing  X.Euston&Hmpstd  Per.Db.Stk. 
City  of  Birmingham  Trams.  5%Cai.Pref. 

Do.     4  per  Cant.  Ist  Mort.  Dabs 

City  ft  South  London  Ely.  Coo.  Ord.  .. 

n,^  R'na,.  ('snf.      Pflril.     Ppftf 


Price 

Wed. 

May  19. 


Hi-10  6  «  0 

93  -10}  4  9  0 

I'll  -lOJ  6  11  6 

101  —105  4  5  6 

4i-45  6  15  9 

03  —SB  4  le  0 
61-9  .5  11  0 
8  -31  4  2  0 

93  -102  3  13  C 

33-41  6     1  0 

43-15  4  12  0 

:I3  -lul  3  19  0 

93  — lOl  4     9  0 

3} -4k  5     8  6 

38 -Ij  1     9  3 

102  -100  4     7  6 

lOj-ll  5  10  0 

Ui  -lij  4  11  0 

121  -123  4     10 

101  —104  4  0  6 
l.!-2i 

33-33  3  11  5 

U  -Si  5  13  6 

lOj-lll  5    6  6 

100  —109  429 
91'  — lOli 
41-5 
6  -51 

97  -:oj 

n-n 
n  -7s 

04  —37 


Mar,  Sept, 
Feb,  Aug 
Feb,  Aug 
Jan,  July 
April,  Oct 
May,  Not 
March. ... 
Mar,  Sept 
June,  Dec 
Feb,  Aug 
Feb,  Aug 
Jan.  July 


6  10 
4  11 

4  10 

5  11 


98 


-101      3  19     0 


83  —39 

li-aj 

5  — 5j 
92  -96 

4S-5 

H-H 
107  — U) 
85  -35 
95  —93 

41-5 
80   -90 

44-5 

6  —51 


91  —33 

11!  -121 

8-6i 

94   -V 

H-n 
7  -74 

8)  —90 

8-3 

2i  -3i 
12    — 1'4 


4  17  6 
»  0  10 
4  19     0 


SS  -Ji 
SI  -9i 
S}-3i 
81-3 
9D  -160 
J-U 
2i-3^ 
85  — S9 
6i  —70 
69  --71 
85  -S7 
5!  -54 
102 
93 

41 -5i 
97  — iJl 
311  -32j 
lio  -U2 
lOi  —10) 
10!  -115 


4  IS  6 
6  13  0 
4  11     6 


6'per  Cant.  Perp.  Pref.  (1891) 

Do.     (1S9C) 

Do.     (1901)  

Jo.     (1903) 

Do.     4  per  Cant.  Perpotual  Dabs.  . 
Dublin  Unite.l  Trams.  Ord  

Do.     6  per  Cent.  Pref. 

CJt.  Northern  &  City  RIy.  Pref.  Ord.(4%) 
G.  Northern,  Picc.  &  Brompton  JiJ  G.Pl. 

Do.    4  per  Cent.  Dab.  Stock |     01—9 

Hasliags  &  District  Eleo.  Trami.  6X  C.P.       *>  — " 

Da.      4J  Db.  St 

Imperial  Tramways  Ord 

JDo.    6  per  Cent.  Pref.  

JDo.     4J  per  Oeut.  Dabs 

I.  of  Thanet  B.  1.  A  Lt.  6  par  Oeut.  Pref. 

Do.    4  per  Cent.  Oab.  Stock 

Lanarkshire  Tramways  

Lanes.  Utd.  Trami  5  ;  Prior  Lieu  Do.  St. 
LiTorpooi  OrerheaJ  Itiilway  Ord I      1  —I,', 

Do.    6  per  Cant.  Pref I     Ji  -51 

Do.    4  per  Cent.  Deb ' 

London  United  Trams.  iX,  Cnui.  Pref.  ... 

Do.    4  per  Cent.  1st  Mort.  Dab.  Stock 

Mersey  Con.  Ord.  Stock    

Metropolitan  Elec.  Tramways  Ord 

Do.    Deferred    - 

Do.    6  per  Cent.  Onm.  Pref.  _       _ 

Do.    41  per  Cent.  Dab.  Stock  »i  — 93  : 

Metropobtau  Railway  Consolidated  ]     S8J-3'Ji 

D).    Surplus  Lands  .itocks !    70—72 

Do.     8J  per  Cent.  Pioforoncc :     SS  — 90 

Do.    SJ  per  Oeut.  "  A  "  Prel'erenoe  S3  —31 

Do,    3J  pet  Cent.  Convertible  Pref, S3 —81 

Do.    81  per  Cent^  Dabenture  Stock 01      "' 


99  —101 

13  -It 
4-1 
81-1 


S3  -37 
6j-ti 


71  -7j 
1   -2 


4; 


3i| 


121 


llOO) 
Jan,  July 
March  ..  ' 
June,  Dec 
Feb,  Aug 
Jan,  July 
June,  Dec 
Jan,  July  .,  '  ,, 
April,  Oct  _  !  _ 
April,  Oct  ..  I  .. 
Feb,  Aug 

Mar,  Sept     10» :      „ 
Jan.Jnly        .."      .. 
May,  Nor     101)    loij 
April,  Oct       .. 
Mar,  Sept 
Feb,  Aug 
April,  Oct 
Feb,  Aug 
Jan,  July        . .        . 


April,  Oat 
Jan,  July 
Mar,  Sept 
Mar,  Sept 
Jan,  July 
AprU,  Oct 
Jan,  July 
June,  Deo 
Jan,  July 
June,  Dao 
Feb,  Aug 
Jan.Jnly 
Feb,  Aug 
Fab,  Aug 
Jan,  July 

Mir,"Aug 
Jan,  July 
M^rch  .. 
March  .. 
Jan,  July 
Feb,  Aug 
Feb,  Aug 
Jan,  July 
Fab  .... 
April ... . 


Feb,  Aug 
April,  Oat  1 
April,  Oat 
April,  Oat 
April,  Oat 
Msr,  Sept  , 
Jaa,  July  I 

Jan,  July 
April.... 
Jan,  July 
April,  Oat 
Jan.Jnly 
Feb,  Auj 

Feb.'Aag 
June,  Dio 
Feb,  Aug 
April.  Oat 
May,  Noy 
Feb,  Aug 
Feb,  Aug 
Feb  .... 
Jan,  July  , 
Jan,  July 
April,  O.t 
April,  Oat 
Feb,  Aug 
Feb.  Au^ 
Feb,  Aug 
Feb,  Aug 
Feb.  Aug 
May.  Nov 
Feb.  Aug 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug  I 
Jan.  July  , 

'  Mar,  Sept 
April,  Oct 
Mar,  Sept 
.Mar.  Sapt 
Jan.Jnly 
■Mar.  Saj.t 
Jail,  July 
Feb.  Ai^ 
Jan.Jnly 
Feb,  Aug 
Feb,  Aug  i 

I  Jan.  July 
Jan.  July 

I  Jau,  July 

'  F«b.  Aag, 

April..  . 
Feb,  kag 
Jan,  Ju^ 

Feb,  Aug 
Fob,  Aug 
Feb,  Au  » 
Feb,  Aug 
Feb,  Aug 
Jan,  J  uly 


93i| 
i 


2.AI    i\\ 
8»      87i 

70i  69i 

bi'i        '.'. 

la»i  hyi 

«>        921 

H     Hi 
iij 


91} 


31| 


91} 


1)1 


an 


'?» 


In  oaicnlktiuc  the  yield  allowance  has  been  male  for  aoarael  iuterait  bat  not  for  reJsmpdoa 
•  Bi  DiTideud!         J  The  London  Stock  Bichi\ng«  Comiiittee  Uiye  decl'ned  to  quote  cheie 
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^■1  I^AST 

=  Dm- 

31]  DSHD 


ELECTRICAI^CO^FA^ES     SHAR]E~LlgT: 


NAME. 


Price 
Wed., 
May  19, 


rl^?|DiTn>KKD:«->?.''f! 


I  El ECTRIC  RAILWAYS  A  IKhHVMS- Continued. 

St.    3j?,     Met.  Rly.  SJperrpnt.  "A"  D(b.  Stock       98-94 
St.       ••       Mvropolitan  District  Eailwav  Ord.    ..  17  — 1!J 

Uo.,   Ejlension  rref.  (6  rerCent.) U  -« 

3a.    AFfetted  Fst.  Pref.  (Int.  Guar.  by\ 

Und  Elee.  Jilvs.  Co.  of  London,  Ltd,!  (9  -71 
Do.  S  per  Cent.  Consoltd.  Pent-chareel  iS  -60 
I  Do.  4  per  Cent.  Midland  Pent-charge  103  -1C( 
Do.  Guar.  Stock  4  per  Cent 
Do.  6  per  Cent.  Perp.  Deb.  Stock  ":.'.": 
Do.     4  per  Cent  Ditto  .. 

Potteries  Electric  Traction  Ord. 

Do.    6  per  Cent.  Cnm.  Pref  

Do.    41  per  Cent.  Deb.  Stock' 

Do      4  per  Cent.  Deb.  Stock  .. 
r^H  "/f  p"'"V-  E'^-Trme.SJJl.riii.bb. 
Do.  5?  Prior  Lien  Bonds 

4J^  BoudswiUi  coup  3 

■  (W.B.)  Elec.  Trams.  "Ord:'."V. 


HZ 


,  0/6 

St  *i^- 

1  0  7J 

«'  6*1 

100  °* 


4  18 
3  15 
3  li 


92  —94  ;  4  6  l> 
II  — li3  4  8  9 
14  -oe     '430 

''i-Y  6  u  0 
13  -PI     :  4  19    0 

i-6       ?  »?   <! 


Jan,  July 
Feb,  Aug 
Feb,  Ang 

I  Feb,  Ang 
j  Jan,  JnlT 
Jan,  Julv 
;  Mar,  Sept 
I  Jan,  July 
i  Jan,  July 
I  May  .... 
April,  Oct 
Feb,  Ang 
Way,  Nov 
Fob,  Aug 
Jan,  July 
Jan,  July 
June,  Deo 


Yorkfbii  _  ,^ 

Do.    6perCent.'ca 


95) I     94 j 
U?i    101 


361 
101J 


Last 
Dm. 

IDEBD 


-Continued, 


NAHB, 


2« 

*x 

St.  bX 
S/0 
0/7i 
0/6 

6% 

lOj  6/0 
10    6/0 
6l  2/6    - 
St.;    8U 

St.   iX 
1,  i/o  i 
1  0/7J 

St.    iX 


Price 

Wed.. 

Hay  19. 


-141 


TELEPHONES.  | 

Amer.Telephn.  4TeIegh.Cap.  St 14) 

Do.     Coll.  Trust  »I,0004  per  Cent.  Bds  9^h 

*"?!S.P<"-'"R  »«  TeL  bX  Ist  Mt.  Db.  Stk.  BS  • 

Chih  Telephone  \  g  • 

Monte  Video  Telephone'ori' I  l 

Do.    6  per  Cent.  I-ref.  ..                 [  >?. 

IS-ationat  Co.  Pref.  Stock  .....'.'.■.'.".".■ i  lor'-xucn 

?^.%l^•;;-■••:■■:■;.••v """i  '«i-12.j 


Do, 


-lufi 

6  per  Cent.  Cum.  ist  Pref!  ...     ., 

Do.    eperCent.  Cnm.  2nd  Pref.  ....'"■■'  ICJ-U 

Do.     6  per  Cent.  non-Cum.  3rd  Pref. ..  58  -  51 

Do.    Deb.  Stock  3J  per  Cent,  (red.)   ...,  M  -loO 

Do     4  per  Celt.  Dob.  Stock  (red.). I  1  0  -li2 

Oriental '  •■        - 

Do.    6  per  Cent.  CnmrPref. 

,  4  per  Cent.  Ked.  Deb.  Stock'!'." 


6  10    6 

4  16    0 

5  9    0 


l"ii 


■li', 
It's— 1  A- 
83  —90 


4- 


ouer^,ent.l,am.  Pref.    i       fj_3 

4i  rer  Cent.  Ist  Deba I     (6—60 


ELECTRIC  MAirUFACTURIKC,  &e. 

Arcn  ElectncitT  Meter  Ord.  . 

Do.    f,y,  Cdid.  Pf.  .      „  

Babcock  &  Wilcoi  Ord "' 

Do.    Prof. !..  

^nl'°''»'°''°'j?'^'' l_^S'*''y  CaWea'Cri'' 


Do.    6  per  Cent.  Pref. j       (i 


la-ii 


-"i        6  13    6 


4J  per  Cent.  1st  Mort.  Deb.  (red.)  , 
b  Thorns  n-Honsfn  4}2  1st  Mt.Db.l 
"percent.  Pref...  I 
a  Dbs(rd.) 


Brilieh  Weslirgbcn 
Do     6  jier  Cent.  Pr: 
Do,     ■ 


5    2/6 

St.    4J% 

1    1/6 

St.  ihr. 

0  7* 
0/7| 
1  0/Sf 
1  1/0 
1  0/7Ji 
3  S/U  I 
100   bX    ' 


*,\,  T.      \4  t"  *-■*'"•  ^'o"-  ^'b-  Stock 

4«  B'UshE.t:ng,Co.4i<'.,Perp.  IstDeb.S 

^*'  ,.H?-    /"P^'Dsl  2r>d  Deb.  Stock    ... 

B  0  CaUender  s  Cable  Con.  Ord. 


Stock 


Perpetual  2rid  Deb.  Stock 
ders  Cable  Con.  Ord 
Do.    6  per  Cent.  Cum.  Pref 

C^tner'^KPeWAlk^lil-o^' "''■'•  ("-^'•'l  '^ijyj 

^"db'ti::^^':!;:;?^^?:^^^:;™^!)!!  ior_ia 


105 
Bl  —96 

9t.J-97J 
40  -44 

43  -4S 
29  -S3 
SJ-ICI 


Chadbnrn's  (Ship)  Telegraph  Ord. 
Do.    6  per  Cent.  Cum.  Pref 

Consolidated  Electrical  Co.   '  ,        ,_. 

Consolidated  Signal  Co 1  i  _  js 

Do.    6  per  Cent.  Cum.  Pref.  ! '       ■'•     - 

'Croraplon  4  Co.  (Nos.  1  to  's6,6oo) 

IHTi's  Ij"  '^^'"'  '^'  '"°"-  ^''"-  '"'^")' 

Dick,  Kerr  &  Co.'Orii 

5  0/7J       Do.     6  per  Cent.  Cum."pref! I     la'Zi'? 

t.    *i%        D'-     *J  P"  Cent.  Deb.  Stock   ..  lUl'-lfl 

c    i;«      Edison  i  Swan  United  ("A" Sh.) (£3 pd!)  1-1 


1  -ij 


i-n 
ij-i, 


_  1/6 

6  2/6 

Bt.  *% 

Bt.  ex 


uspaid) :.::..:::::  '^'\   ,r.'. 

4  per  Cent.  Mort.  Deb.  stock  (rd.)'     M  ■  7; 


Bt. 

*iX 

•/ 

2 

2/9-:' 

St 

n 

10 

b/O 

Kt, 

*X 

.5 

10/3 

6 

2/3 

nt 

HX 

1(1 

16/0 

10 

100 
1 

I 

n 

Do. 
Do. 

Do.    6  per  Cent.  2nd  Deb.  Stoc'kT.'.;.".!!      Ti  -: 
EdmnndEons  Elec.  Corp.  Ord.    .. 

Do.    6  per  Cent.  Cum.  Pref.  " 

4J  Ff  cent.  Ist  Mort.  Deb.  (red!)' 


Electr 


Gene 


Irdii 


Eimple 


i>7 


,  i-i 

eo  —13 
1  -H 

to  -64 
86  -tS 

ni-i!8 

lOo  —11.8 
14i-lli 

1C3-U 

0i(  -101 


1  7  1> 

6 

(  5  13 

0 

!  7   It 

0 

,'  '  '2 

0 

6    0 

0 

11  16 

0 

5    2 

0 

7  12 

0 

4  16 

u 

4     6 

9 

f,  .V 

n 

6     6 

8 

6  ;5 

0  1 

1? 

24/0 

10( 

*x 

1 

1/0 

1 

0,6 

Rl. 

t>X 

m. 

42 

100 

thZ 

100 

bZ 

10 

s„ 

1 

1/u 

6 

8/U 

Kt. 

*X 

in 

100 

bX 

Ht. 

15,0 

t)t. 

80/U 

Kt, 

SO 

St. 

4!i: 

10 

6,0 

10 

10/0 

b 

2/0 

b 

6/0 

CO 

44% 

struction  Co.. 

V  per  Cent.  Cum.  Pref.  !!!!!!!!! 

1)0.     4  per  Cent.  Perp.  1st  Mort.  Deba. 
■'■•  eral  Electric  (1900)  6%  Com.  Pret 

■    4  F"  Cent.  Ut  Mort.  Deba 

ley  8  Teleoraph  Works  Ord 

4i  per  Cent.  Pref.  

*i  per  Cent.  1st  Mort.  Deb.'siock 
iiubber.Gut.  Per.,  4c.,Wrki 

o-     6l.rCcct.(ii„.  Prcf 

'•  4  )er  Cent.  Deba.  (red.) 
ional  Elec.  Conslruution  Co 
bhrdE.ns,  Westgarth  Si  Co.,'L'td.drd.l 

I.    6  per  Cent.  Cum.  Pref. 

4j  per  Cent.  Perp.  Deb.  Stock  ".'.! 
Conduits  Ord.  ... 

vo.    c  per  Cent.  Cnm.  Pref.  !!!!!!!!". 

Telegraph  Construction  &  Maintenance" 
L  i.    4  per  Cent   Deb.  Bonde  (1909)    .. 

VuKers,  Sons  k  Maxim,  Ltd.,  Ord. 

Do.  6  per  Cent.  noD.Cum.  Preference 
Do.  6perCenl.  non-Cum.  Preferred 
t  Uo.  4  per  Cent.  Ist  Mort.  Db.Sk.(red| 
Lo.  4\  per  Cent.  2nd  Mort.  Deb. (red.) 
r.°\,\  f  '^'"''-  Sf'l  ^■"■•-  Debs  Ecrip. 

J.O  \\bite4Co.6;tCm.Pref. I 

"il-ats&IiobinsonOrd 

Do.    6  per  Cent.  Cum.  Pref. !!!!" 

Do     4  per  Cent,  lat  Mort.  Deb 

.  „  TEIEERAPHS. 

AmazcnTelegiaih _ 

Do.     6perCent.  Dobs,  (red  ) '!!!!!!!!!'"!     ta'_| 
ADglo-Amencan ....  ' 

Do.    Preferred   .... 

Do.  Deferred  .... 
Commercial  Cable  4 
CubaSul 

Do.    Preference  10  per  Cent., 
Direct  Sfanish  Ord 

Do.    10  per  Cent.  Cum.  Pref. ' 
44  per  Cent.  Deb 


14 

B  -5} 

8?i-c4 
111  —103 

1(8  -111 
lo2  — 1(.4 
H4i-lcej 


78  — 8;i 
23-8i 


3  19 

0 

• 

6     8 

0 

5    (; 

0 

3  17 

(i 

j  4  11 

3 

4     8 

0 

3  17 

u 

4     4 

6 

4  11 

9 

6    u 

0 

3  IS 

0 

8  18 

0 

4  17 

6 

March  .. 
Jan,  Julj 


April,  Oct  i 
April,  Oct 

July,  Feb 
I  Jan,  July  j 
I  Jan,  Only  | 
I  Mar,  Sept  I 

Feb,  Ang 

I  Jan.Jtily 

'  Mar,  Sept  ■ 
Jan,Jafy 
Jan,  July  ' 
Jan,  July 
Not,  May 
May,  Not 

Feb.  Aug 

March   . . 

April,  Oct 

August ... 

April,  Oct 

April,  Oct 

Jan,  July 

Jan,  July 

Mar,  Sept 

Sept  .... 

Sept  .._ 

Jan, July 

Feb,  Aug 

Feb,  Ang  I 

June,  Dec 

Mar,  Sept 

Jan,  July 

May,  Not 

Jbd,  July 

Jm,  July 
July  .... 

Jan,  July 
June,  Deo 
Mar,  Sept 
Feb,  Aug  I  12 
Feb,  Aug 
Mar,  Sept 
Feb,  Aug 


May,  Not 
Jan,  July 


^61  8/*n^'  ?;SS°p"??°-p°il?/^"i^D''-Stk-(red!>'  loo-. 


St.  I  44X 


United  Kiver  Plate ,...          '       '  63-/1 

Do.    6  per  Cent,  Cum.  Pref. 5—68 

Do.    4J  Deb,  St,  Ked ;'!!;!;!;i  104  — 105J 

FIHARCIAl  INVESTMENT,  Ac. 

Eleo.  4  Gen.  InTestment  6%  Cmn,  Pref.  BJ  -3} 

Globe  Telegraph  ii  Trust..?...  IO2— 1)} 

Do.    6  per  Cent.  Pref. 123—131 

Submarine  Cables  Trust  (Cert.)!!!!!!!!!!!!  127  —laj 

COLONIAL  ANO  FOREIGN  ELECTRIC 
RAILWAYS,  TRAMWAYS,  kt. 


'1.      ii'. 


6 

8/0 

li 

6/0 

Ht. 

n 

Rt. 

bZ 

5 

^H 

fi 

2/H 

Ht. 

m 

St. 

HZ 

Anglo-Argentine  6%  Cum.  Ist  Pref. 
Do.  10%  Non-cum.  2nd  Pref.  ... 
4 J;  Deb.  Stock 


Jan,  July 
Mar,  Sept 
August . . 


May,  Nov 
Feb,  Aug 
Feb,  Aug  ml 
Feb,  Aug  lOi 
Feb,  Aug  I  lOJ- 
Feb,  Aug  5ji 
June,  Deo  98| 
Jan,  July  ,  l:)ji 
April,  Oct 

April,  Oct 

Jan,  ,Tuly 

Jan,  July 

July  .... 

June,  Dec 

Jan,  July 


I2ji 


Jan,  July 

iSpDcMrJu    -- 

4  10    6   SpDcMrJui  13J 

'  "■    ■      April,  Oct  1 130 


4  12    0 


Auckland  Elec'. 'r'rams. '6'%  "De'b.'i'red.'j!!!!  l02'-lt4* 
Brisbane  Electric  Trams^IuTest.  Ord'...       Sj— 6 
4i»— C,^, 
loj  —lui 


Mar,  July 
Jan,Jaly 


St.    iX 

..  I  bX 

100    6  A 


1       .. 

100     bX 

6     6X 

6    1,0 

100  0,7{ 

St.    bX 


Do.     6  per  Cent.  Com.  Pref. 

Do.    4i  percent.  Db.  Prov.  Certs. 

British  Columbia  El.Ky.Df.  Ord 

j     Do.    Pref.  Ord.  Stock 

Do.    6%  Cum.  Perp.  Pref.  Stock.... 

Do.    ii  per  Cent.  Ist  Mort.  Debs.  ... 
Do.    \  ancouver  Power  Debs 
Do.    4J%  Perp  Con.  Deb.  St!   !!""!!!!!' 
I  Buenos  Ayrea  Lacioze  Trams  lat'ji't!  Db! 
Buenos  Ayres  Port  &  City  Tram.  1st  Mt. 

[      Deb.  Stuck 

,   Calcutta  Tramways  (1  to  137,610)  ..!"'!" 

Do.    6  per  Cent.  Cum.  Pref. 
I     Do.    «i/;  1st  Deb.  Stock  (red.)  '!!!!."!.'!! 

Cape  ElectricTram  Shares 

ICily  ol  Buenos  Ayres  Trams  Co.  (1904)Sh 
Do      4  per  Cent.  Deb.  Stock 
Colombo  Ir.  &  Ltg.  6%  1st  Mt.  Db. 
t  Electric  Traction  Co.  of  Hong  KonE"5 

r«T  Cent.  1st  Mori.  Debs 

[  BaTana  Elec.  By.  Con.  Mt.  6%  8i!o6o"6'6 

year  Coup.  Bds 

Kalgoorlie  Elec.  'IramsSh !!!!' 

Do.     6  per  Cent.  "  A  "  Deb.  Stock 

Do.     6  per  Cent.  "B"  Ditto 

Lisbon  Elec.  Trams.  Ord .'.'! ^ 

Do.    6  per  Cent.  Cum.  Pref! !!!! 1  — « 

Do.    e  per  Cent.  Keg.  Mort.  Deb»  ...    "      tl~95 
Medras  Elec.  Trama.  5%  Deb.  Stk.    ....'.'!      91—1.4 


123  —127 
U:i  -112 
lul  -Its 
101  -104 
St  J  lOOJ 
9bj-lU05 

I     96  — IJD 
4i-43 
44-61        , 
99  —lUZ     4 

4-i 


93  -93 

b?'— " 

61  -66 

H 


April,  Oct 
Jan,  July 
June,  Deo 
Jan,  July 
May  .... 
May,  Not 
Jan,  July  |1063 
Mar,  Sept  '" 
May,  Not 
Jan,  July 
April,  Oct 
Jan,  July 


5jiJ 


m 


68  -eo  ;  6  JU 
lOlJ-112/  6  ;7 
lU-l/J)  2  6 
914-93J  4  6 
tJ-9 


u« 

HZ 

ib 

62,6 

«l 

KO 

«1 

1:0 

tZ 

'A 

1/8 

*z 

lit 

10 

«/0 

10 

l!^/0 

100 

l>X 

10 

3/0 

tt 

4X 

>. 

*x 

B  I,    fi  V      .  ,.  '-;  *^-  M""'tiu8  Sub.Debs. 

IV     S   ,■.'     *-?l"°'"E"').E».Conpon76        1     v;  -oq 

Ualil.,4berii.ud.4*^l.tMt.Db.(red.)l  Ji'lJ-lu'l 

Inoo-luropean  <■...  all  j)J    it'' 

Waik.j  Couipanies  Common'....!!!!!!!!!!!,     Is  Itj' 

M^c..n":'^i;^:„-iii-;ci;:-;:;::;~-    "eye 

tl'!;!"..* *-'^''I><^nTel.4;iOQK.Dba.(red.)    iol"-Iu2 


June,  Dec  1034 
June,  Dec   IOdj 


Apr.  Oct 
Apr,  Oct 
May,  Not 

Jnne,  Deo 
June,  Dec 
^'.My,Ag,N 
F,My,Ag,N:l02J 
F,My,Ag,N;  171 
Jn,Ap,Jy,0 
Feb,  Aug 
Feb,  Aug 
April,  Oct 
April,  Oct 
Jan,  July 
Ja,Ap,Jy,0 


io(i  41 4 
St.  I  44% 

St. ,  4JX 

1!  1/0 
St.'   6% 
3/0 


6%    j  Marila  Elec.  Ky.  li(l,000  Gold  Bonds  ! 


M 

Do.    Ge 


coir 


.St. 


Mar,  Sept 

Feb,  Aug 
Mar,  Sept 
Jan,  J  uly 
Jan,  July 

F,My,'A,N 
J  une,  Dec 
May,  Not 

June,  Deo 

Feb,  Ang 

Jan,  July 
I  Jan,  July 

Jnly  .... 
,  July 
,  July 

Jan,  July 

Feb,  Aug 


9-i 


lVe»l  Coatt  01  America".". ."" 

Do.    4  per  Cent.  Uebs.    !.! 

^eit  India  ii.„„„,  

Y°-  *^•' t>nt.  1st  Pref .■;;."!.■;;■ 

Do.    6  per  Cent.  Debs."'.'..'.' 

weatem  lelegrapb  ' 

W  eitem  Imon  lelegh.  jl  OOO  m  Bond! 

-culating  Ue  ylcd.  .,.ow.„ee  h„  b.»  ^^e  ,or  aoc.ed  .o.„..t  bu.'  «, '  ,,„„„;„» 


1»-18 

ICO  —102 

ii-li 

«  -!»* 

101  -lu3 
UJ-144 
101  -lOi 


3  18 
<  12 
3  18 


4  17 
4  18 

8  17 


,Dec 
Ja,My,Jyo':3i| 
Ja,>ly,J}0'  Soj 
May,  X*OT  |lU4g 
Ja,Ap,Jy,0;  li'g 
Feb,  Aug  I  .. 
May,  Not 
Jan,  July 
J  une,  Dec 
May,  Not 
JarAp,Jy,o 
Ja,Ap,Jy,0 
April.... 
J  une,  Dec 
May  .... 
Jan,  July 
Uay.NoT 
May,  Not 
May,  Not 
Jan,  July 


107i 


153 

13:4 

?64 
103« 


■28       i7 


10  6/0 
"■     44% 


Mr,Jn,0,D 
June,  Dec 


t 

101 

.i/r 

:oij 
100 

6t 

600 
6 

6% 

St. 
Bt. 

6X 
6X 

6 

10s 

0/3 

1 
Bt. 

^* 

EOO 

6% 

a.  Con.  Ist  Mort.  6%  Gold  Bds 
Montreal  St.  Ky.  Sterhng  4i  per  Cent' 
Debs.  (1922)  (Nos.  601  to  2,000) 

Do.        do.     (Nos.  1  10  4,(JU0) 

I  Perth  Elec.  Trams  Ord  ..  .  

Do.     1st  Mt.  Db.  Stock  !!!! 

Jiangoon  Elec.  Trams  4  Supply  "co'.'e^' 

Do.    44%  1st  "M'ort'."De'b.  "sik! ! 

Eio  Janeiiu  Tram,  Lt.  &  P.  c" 

lo.    Sijr.  Gold  bnds 

I     lo.    iOyr.  Mt.  Bnds    !!!.!." 

I   bao  Paulo  Tramway,  Light  4'  Power  Co 

$100  Stock " 

Do.    6  per  Cent,  lat  Mt.  $60o"iib 

Toronto  Ky  Co.  1st  Mt.  i^/,  Ster.  Bond's 

COLONIAL  AND  FOREIGN  ELECTRICITY 
SOPPLY  &o. 


Adelaide  Elec.  S'ply  Co.  6%  Ca.  Pr. 
BombayE.  B.  4T.6%Cm.  Pf.  

Do.    4J  per  Cent.  Deb.  Slk.  (red) 
Calcutta  Elec.  Supply  Ord.  ... 
Canadian  Gen.  Klec.  Oo.  Com.  St."" 

J'".     ;%i;m.l'f.  Stock.. '  _ 

Castner  Electrolytic  Alkali  Co.(ofi)'.'B'A'i!  "" 

IstMort.  Sll.  Debs '1    07  _ 

Elect.  Development  Co  of  Ontario..!!   !!'      t8  — 


93  —98  I 
14lj— l5li,V 
ll(Ji-9ii   j 


{^ICf^l?    ?    0  1  Feb,  Aug 


1101 


10.>  —106  I  4  Ij 
fl-6i     I  5    6 

99  -iv]  I  ^   a 
106  —107 
V7i-  9s4l  6   i' 
833-  rf9a 


May 
Jan,  July 


«li 


91  —94 

t4-7. 

120  -123 


Elec.  Ltg.  &  Irac.  Co.  of  Aust. 

Cent.  Cum.  Pref. *     I 

Do.    6  per  Cent.  Deb  Stock  ..!!!!!! 

Elec.  Supply  Co.  of  Victoria  6  per"oent 

lalMoit.  Deb.  St 'I 

Indian  Elec.  Sup.  &  Trao.  Co.' I 

Kalgoorlie  Elec.  Power  4  Ltg.  Ori' 

Do.    6  per  Cent.  Cum.  Pref. !!!"' 

E.  b.  Corp.  6  per  Cent.  C'onatu! 


light  Co.  bZ  Ist'Mor 


Deb.  St 

Melicau  Ele 

Gold  Bond 

St.  '  $1      I  Mexican  Lt.&  Power  iio.  Com.'tjt 

600;  6%         Do.  6/.  lit  Moit.  Gold  Bnds. 
100;  JIJ    iJMonlreal  LI.  Ut.&PowerCo  C8lj"s't 
1    1/i;     Kiver  Plate  Electricity  Co.  Ord. 

1   121       Do.    6  per  Cent.non-Cum.Pref  !! 

Bt.    bX         Do.    6  per  Cent.  Deb.  block 

6    3/0       Eosano  Elec.  Co.  6%  Pret  (l-20.0o'(i)"' 
100      il      Shaw inigan  Water  &  Power  Co.  Ca 

..    6;^         Do.    6perCent.BdB 

St.|447.  ,    tLo,     SJPer.  Con.Mt.Db.  Bt.      !!! 

..|6u.    I  Victoria  tails  Power  Co.  Prer, .,,...,,.'" 


76  —60 
834-904'; 

n  —It) 

B-'i-92! 


102  — luii  '  4  14    3 


6,t 
10,, 

107 

9M 

898 

Jnne,  Deo 

;bi4 

lOOK 

Feb,  Aug 

101^ 

8t>  —loo 
107  —109 

96  —  »S 


Mar,  Sept 


Jan,  July 
April,  Oct 


Jan,  July 

Feb,  Aug 
Jan,  July 
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NOTES. 


Revocation  of  Patents. 

It  will  be  remembered  that  recently  tlie  Comptroller 
of  tiie  Patent  ( )ilice  revoked  a  Bremer  patent  held  by  the 
British  Westinghouse  Company  and  a  Hogner  patent  held 
by  Messrs.  Korting  &  Mathiesen,  on  the  ground  of  in- 
sufficient manufacture  in  this  country.  These  decisions 
have  now  been  reversed  by  Mr.  Justice  Parker  owing  to 
the  peculiar  circumstances  aflecting  the  manufacture. 
Ih-iefly,  it  may  be  said  that  the  Westinghouse  Company 
acquired  Bremer  patents  in  1901,  and  proceeded  to  manu- 
facture, but  the  lamps  that  were  sold  were  not  success- 
ful and  acquired  a  bad  reputation.  In  1902  H5unek, 
of  Messrs.  Korting  &  Mathiesen,  obtained  patents  for 
what  is  stated  to  be  the  same  invention,  and  this 
firm,  owing  to  large  experience  in  arc  lamps,  produced 
a  successful  lamp  and  began  importing  into  this  country. 
The  Westinghouse  Company  adopted  the  course  of 
coming  to  terms  with  Messrs.  Korting  &  Mathiesen,  by 
which  the  latter  paid  royalties  to  the  former  on  imported 


lamps  ;  the  Westinghouse  Comj^any  also  obtained  a  free 
licence  to  work  the  Hogner  patent.  They  then  continued  to 
make  Bremer  lamps.  It  will  readily  be  seen,  however,  that 
under  these  conditions  successful  competition  against 
]\Iessrs.  Korting  &  Mathiesen  would  be  extremely  difficult. 
In  fact,  so  difficult  is  the  position  that  Mr.  Justice  Parker 
considered  the  output  of  lamps,  although  admittedly  small 
in  comparison  with  the  number  imported,  to  be  consistent 
with  a  bo7ia  fide  attempt  to  work  the  patent  in  this 
country.  The  position  of  the  Hogner  patent  is  not  so 
strong,  but  as  matters  stand,  failing  developments  in  patent 
liti,gation,  it  is  not  to  be  revoked. 


Discussions  at  the  Institution. 

In  our  Correspondence  columns  this  week,  Mr.  E.  W. 
Cowan  makes  certain  suggestions  for  imp^o^•ing  the  char- 
acter of  the  discussions  upon  Papers  at  the  Institution  of 
Electrical  Engineers.  Briefly,  these  suggestions  stipulate 
that  members  should  submit  a  brief  summary  of  their  re- 
marks when  sending  in  their  names,  so  that  the  chairman 
may  discriminate  more  easily  ;  that  the  author  should  be 
given  a  definite  time  in  which  to  reply ;  and  that  Papers 
should  be  discussed  by  "  compartments."  It  is  difficult  to 
say  exactly  what  promotes  a  good  discussion.  Very 
largely  the  question  lies  in  the  hands  of  members 
themselves.  For  some  reason  or  other,  some  speakers 
seem  to  object  to  the  idea  of  sending  up  their  names, 
and  they  reserve  their  remarks  to  a  chance  10  minutes' 
free  time  at  the  end  of  the  list.  This  is  altogether 
undesirable.  It  is  difficult  to  arrange  adequate  time 
for  a  discussion  unless  it  is  known  at  the  beginning 
of  the  meeting  how  many  members  wish  to  take  part 
therein.  Equally  it  is  difficult  to  reserve  suHicient  time  to 
enable  the  author  to  reply.  In  many  cases  if  time  is 
reserved  for  the  author  then  the  discussion  is  cut  short, 
and  vice  versa,  because,  very  generally,  the  criticiMus  and 
reply  are  insufficient  for  a  subsequent  meeting.  -  Of  course, 
a  discussion  may  be  carried  over  with  tlie  idea  of  a  second 
Paper  being  read,  but  this  is  somewhat  unfair  to  the  author 
that  follows,  and  this  course  is  therefore  unpopular. 
Undoubtedly,  it  would  often  be  interesting  to  have  debate 
rather  than  discussion,  as  suggested  by  Mr.  Cowax  ;  this 
method  appears  to  be  followed  to  a  considerable  extent 
by  our  American  friends,  but  there  are  pros  and  cons,  and 
if  the  time  is  short  probably  the  formal  discussion  is  the 
better  of  the  two. 
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The  Design  of  Electrical  Machinery. 

Whex  exaiuiuiug  dynamos  and  motors  constructed  some 
10  years  ago.  or  even  of  more  recent  date,  one  is  nowadays 
struck  by  the  liberal  amount  of  iron  in  their  field  magnets 
and  armatures.  The  excessive  competition  in  the  electrical 
industry  during  the  past  few  years  has  resulted  in  such  a 
reduction  of  prices  that  manufacturers  of  electrical 
machinery  have  had  to  pay  much  attention  to  methods 
for  securing  the  greatest  economy  in  construction.  Con- 
tinental and  American  machines  have,  at  times,  provided 
many  examples  of  the  economical  use  of  material,  and 
Papers  read  before  the  Institution  of  Electrical  Engineers 
during  the  last  two  or  three  years,  notably  one  by  Messrs. 
JklACFAELAXE  and  BuRGE  in  December  last,  show  that  Eng- 
lish manufacturers  are  by  no  means  behind  in  economic 
dynamo  and  motor  design.  The  output  limits  of  early 
continuous-current  machines  were  usually  determined  by 
considerations  of  sparking,  but  the  use  of  interpoles, 
which  is  now  becoming  very  general,  has  practically 
eliminated  that  trouble,  so  that  rise  of  temperature  has 
become  the  most  important  factor.  This  being  the  case,  it 
is  not  surprising  that  improved  methods  of  ventilation 
have  been  receiving  much  attention.  One  system  which 
is  being  tried  is  to  incorporate  a  fan  in  the  armature 
itself,  by  fixing  blades  on  the  spider,  but  it  is  interesting  to 
note  that  in  the  recent  discussion  on  interpole  design  at  a 
meeting  of  the  Glasgow  Local  Section  of  the  Institution  of 
Electrical  Engineers,  a  brief  account  of  which  appears  on 
another  page  of  this  issue,  Mr.  W.  W.  Lackie  favoured  a 
separate  fan  for  forced  ventilation.  Although  objections 
may  possibly  be  raised  against  the  complication  thereby 
introduced,  we  do  not  see  why  forced  ventilation  should  not 
1)6  regarded  as  a  necessary  means  of  obtaining  the  maxi- 
mum output  and  efficiency  irom  a  given  machine,  in  the 
same  way  that  condensers  are  employed  for  increasing  the 
output  and  efficiency  of  steam  engines. 

Insulating  Materials. 

In  our  issue  of  ^lay  Hist  we  published  an  abstract  of  a 
Paper  by  ilr.  (i.  H.  Fletcher  on  the  subject  of  Insulating 
Materials,  in  which  it  was  stated  that  on  removing  the 
varnished  insulating  covering  from  a  wire  the  copper  was 
sometimes  found  to  be  coated  with  a  green  oxide.  In  our 
correspondence  columns  this  week  Mr.  J.  S.  S.  Cooper 
takes  exception  to  this  statement,  pointing  out  quite  cor- 
rectly that  green  oxide  of  copper  does  not  exist.  But  that 
in  itself  would  not  prevent  the  formation  of  some  salt 
intermixed  with  oxide,  thus  givi  ng  a  gi-een  tint.  As  the 
result  of  testing,  Mr.  Cooper  has  failed  to  find  any  trace  of 
copper,  and  he  reaches  the  rather  curious  conclusion  that 
"  the  green  matter  is  thus  seen  to  he  some  obscure  organic 
salt  of  copper,  so  exceptionally  deep  in  tint  that  a  f|uantity 
sufficient  to  stain  some  feet  of  tape  a  vivid  green  was  not 
enough  to  respond  to  the  delicate  ferrocyanide  test." 
Copper  is  a  metal  which  can  be  detected  so  readily  that 
this  conclusion  seems  rather  strange.  Whetiier  the  salt 
were  organic  or  inorganic  there  should  Ije  little  difrerence 
in  this  difficulty.  Verdigris  is  often  looked  upon  as  the 
substance  in  question,  but  if  this  were  the  case  there 
should  be  no  trouble  in  making  certain  of  the  fact.  Upon 
referring,  however,  to  a  Paper  by  Messrs.  Germann  and 


HilLS  on  Dielectrics  in  our  issue  of  IMay  14th,  it  will  be 
noticed  that  the  authors  ascribe  the  green  colour  to  the 
formation  of  a  compound  resulting  from  the  chemical 
action  by  acids,  in  the  cotton,  upon  the  linseed  oil. 
We  do  not  know  whether  this  has  been  definitely  proved, 
but  it  seems  at  least  more  probable  than  the  suggestion  of 
an  obscure  organic  salt. 


The  National  Telephone  Co. 

Among  the  important  events  in  the  telephone  world  must 
be  included  the  annual  dinner  of  tlie  National  Telephone  Co., 
which  took  place  last  week.  This  event  was,  perhaps,  tinged 
with  melancholy  at  the  idea  that  it  might  be  the  last  of 
such  dinners,  and  also  by  considerable  uncertainty  on  the 
part  of  the  staff  as  to  their  future.  It  is  to  be  hoped  that 
all  will  yet  go  well,  for  it  would  be  a  bad  testimonial  to  a 
Government  department  if  conditions  under  private  enter- 
prise were  the  preferable  of  the  two.  Mr.  Geop.ge 
Franklin,  the  president,  in  replying  to  the  toast  of  the 
"  National  Telephone  Co."  gave  some  interesting  figures.  As 
showing  the  magnitude  of  the  royalty  paid  by  the  company 
to  the  Post  Office  at  the  present  time,  he  stated  that  if  the 
Postmaster-General,  after  acquiring  the  business,  kept  the 
telejihone  accounts  as  the  company  had  done,  he  would  be  in 
a  position  to  present  a  "  Dreadnought"  to  the  country  at  least 
once  in  five  years.  In  regard  to  the  working  of  the  com- 
pany, the  total  number  of  messages  over  the  system  had 
reached  1,323,000,000,  and  the  cost  to  the  subscriber  per 
message  had  been  0'49d.  Irate  subscribers  will  be  sur- 
prised to  learn  that  the  average  time  elapsing  from  the 
moment  when  the  subscriber  begins  a  call  till  the  operator 
answers  "  Number,  Please,"  is  only  4"70  seconds,  and  that 
the  time  from  the  commencement  of  the  call  until  the  sub- 
scriliers  are  connected  is  only  38  seconds.  In  giving  some 
engineering  details  Mr.  Frank  Gill  mentioned  that  al- 
though much  of  the  work  might  be  described  as  electrical 
engineering,  they  could  not  compete  with  the  supply  com- 
])anies  in  giving  current  at  Id.  per  unit ;  in  fact,  the  elec- 
trical energy  for  telephone  operations  worked  out  at  about 
£16,400  per  unit,  and  it  would  be  necessary  to  have 
16,000,000  conversations  in  progress  at  the  same  time  to 
equal  the  power  consumed  by  an  ordinary  16  c.p.  incandes- 
cent lamp.  Nevertheless,  we  complain  of  the  inefficiency 
of  the  telephone  receiver. 


Institution  of  Mechanical  Engineers. — The  annual  conver- 
sazione was  held  on  Friday  evening  last,  at  the  Institution, 
St.  James's  Park,  Westminster,  and  was  well  attended,  the 
guests  being  received  in  the  large  hall  by  the  president,  Mr. 
.).  A.  F.  Aspinall.  The  entertainment  provided,  which  was  as 
excellent  as  usual,  included  the  band  of  H.M.  Scots  Guards, 
vocal  and  instrumental  music,  electrophones  and  a  lecturette 
on  "  Flight  in  the  Immediate  Future."  Mr.  F.  W.  Lanchester 
was  to  have  been  responsible  for  the  lecturette,  but,  unfortu- 
nately, was  prevented  by  ill-health,  his  place  being  taken  by 
Mr.  P.  L.  (iray.  The  subject  being  one  of  great  importance 
at  the  jircsent  time,  much  interest  was  taken  in  the  remarks  of 
the  lecturer,  which  were  well  illustrated  by  models. 

Cable  Interruptions.  Date  of  Interruption. 

Jamaica — Colon May    6,  1909 

Dakar— Conakry    May  13,1909 

Tangier— Cadiz May  19,  1909 
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Boyal  Society. — Among  the  I'apers  read  at  the  meeting 
yesterday  was  one  on  "  The  Absolute  Vahie  of  the  Mechanical 
Equivalent  of  Heat  in  Terms  of  the  International  Electrical 
Units  "  by  Prof.  H.  T.  Barnes. 

Derby  Result  to  South  America  (via  Eastern-Madeira). — 
The  race  for  the  Derby  was  run  at  Epsom,  .Surrey,  at  3:G  p.m., 
on  Wednesday,  and  occupied  2  min.  49  sec.  The  result  was 
announced  at  Valparaiso,  Chili,  at  3:10,  or  1  min.  11  sec.  after 
the  finish  at  Epsom. 

Tramways  and  Light  Railways  Association. — The  "  Official 
Ciicular  "  for  Maj'  contains,  besides  various  matters  relating 
to  the  Association,  a  copy  of  the  recent  judgment  in  the  rating 
appeal  case,  Blackpool  ami  Fleetwood  Tramways,  and  a  reprint 
of  an  article  from  the  "  Municipal  Journal,"  entitled  "  Half- 
penny Fares." 

Corps  of  Electrical  Eagineers. — We  are  asked  to  announce 
that  the  athletic  and  cycling  trials  and  championship  sports  of 
this  corps  will  be  held  at  the  Stamford  Bridge  Ground, 
Fulham-road,  Chelsea,  on  AVednesday  next,  June  2nd,  at  6:30. 
These  sports  are  in  the  nature  of  eliminating  trials  and  the 
successful  competitors  will  be  chosen  to  represent  the  corps  at 
the  Territorial  Force  Sports  which  take  place  at  the  Stadium 
on  June  26th.  Swimming  sports  will  also  be  held  at  the 
Westminster  Baths,  Great  Smith-street,  to-morrow  evening,  at 
9  o'clock.  Tickets  and  full  information  can  be  obtained  from 
tie  hon.  sec,  Q.M.S.  G.  A.  Applebee,  Headquarters,  Regency- 
street,  Westminster,  S.W. 

Electric  Progress  in  France  and  Austria. — A  corres]iondent 
of  the  "Electrical  Review  and  Western  Electrician"  states 
that  there  is  considerable  activity  in  the  Pyrenees  region  of 
France  in  the  way  of  electrical  enterprises.  One  of  these  is  an 
electric  railway  which  has  lately  been  authorised,  and  the  erec- 
tion of  which  will  soon  be  started.  It  includes  three  separate 
sections,  one  of  which  will  run  from  Aiich  to  Lannemezan  and 
have  standard-gauge  track,  with  a  second  section  leading 
from  the  intermediate  station  of  Castelnau-Magnoac  to  Tarbes. 
The  third  section  runs  from  Arreau  to  Saint-Lary.  A  hydro- 
electric plant  will  be  erected  in  the  valley  of  the  Oule,  in  order 
to  suppl}'  the  current  for  these  lines,  as  well  as  the  already 
existing  electric  railroads  from  Tarbes  to  Bagneres  and  others 
in  this  part  of  the  Pyrenees.  The  Southern  Railroad  Co.  is 
carrying  out  this  work.  An  electric  railroad  is  also  to  be  con- 
structed in  Austria  between  Klosterneuberg-Kierling  and  the 
town  of  Gugging,  the  project  having  lately  been  approved  by 
the  Minister  of  Railroads.  A  local  syndicate  has  obtained  the 
concession  for  building  the  line.  An  electric  railway  from 
Koloszvar  to  Klausenberg,  15  miles  long,  is  also  to  be  con- 
structed. 

Electricity  Supply  in  Paris. — In  an  article  in  a  recent  num- 
ber of  "L'lndustrie  Electrique,"  M.  A.  Soulier  explains  the 
present  position  of  electricity  supply  in  Paris  and  also  shows 
how  the  many  scattered  stations  and  systems  are  to  be  co- 
ordinated to  some  extent  during  the  next  few  years.  The  old 
power  stations  are  being  gradually  suppressed  and  are  being 
replaced  by  sub-stations  on  the  same  sites,  which  will  allow  a 
greater  amount  of  power  to  l)e  successfully  dealt  with  without 
increasing  the  Hoor  space.  The  actual  generation  of  energy 
will  be  confined  to  two  large  stations  outside  Paris,  and  on  the 
banks  of  the  Seine,  where  coal  and  water  supplies  will  be  easily 
available,  and  where,  for  these  reasons,  the  economical  condi- 
tions will  be  more  favourable  than  those  existing  at  present. 
Prom  the  technical  point  of  view  the  operation  of  the  proposed 
sub-stations  will  possess  many  points  of  interest,  as  both  asyn- 
chronous and  synchronous  motors  will  be  used  for  driving  the 
motor-generators,  while  rotary  converters  will  also  be  em- 
ployed. As  regards  distribution,  the  same  variety  will  be 
observed,  since,  besides  employing  three,  two  and  single-phase 
alternating  currents,  direct  current  on  the  three  and  five- 
wire  systems  will  also  be  employed.  The  interest  attaching 
to  all  these  installations  will  be  increased  still  further  if 
the  scheme  of  using  the  power  of  the  Rhone  for  supplying 
Paris  with  electricity  should  one  day  be  realised. 

Electricity  Supply  in  Rheinhessen. — According  to  "  Engi- 
neering," the  districts  of  Worms,  Alzey,  Oppeuheim  and 
Mainz,  in  the  Rheinish  province  of  Hessen,  have  come  to  an 
agreement   with  the  Rheinische  Schuckert   Gesellschaft  and 


the  Siemens-Schuckert  Werke  whereby  about  100  towns  and 
villages  are  to  be  supplied  with  electricity.  The  agreement  is 
for  a  period  of  50  years,  but  can  be  terminated  at  the  expiration 
of  30  years,  when  the  municipal  associations  will  have  the 
option  of  taking  over  the  whole  plant.  The  equipment  gener- 
ally will,  in  any  case,  become  the  property  of  the  associations 
after  50  years,  though  the  power  plant  proper  will  remain  the 
property  of  the  company.  The  generating  stations  will  prob- 
ably be  biult  near  Rheindiirkheim  and  Osthofen.  The  utilisa- 
tion of  water  power  is  not  contemplated,  but  the  machinery 
for  the  water  works  at  Osthofen  and  elsewhere  will  be  driven 
electrically.  The  tariflP  rates  are  to  be  the  following  :  For 
light,  5d.  :  for  power,  3d.  ;  for  heating  and  cooking,  lid. 
per  kilowatt-hour,  subject  to  discount.  Electricity  meters  are 
to  be  let  for  one  month  at  2Jd.  for  five  lamps,  3M.  for  10 
lamps,  6d.  for  30  lamps,  and  7d.  for  50  lamps.  Street  lamps 
will  be  charged  Zh\.  per  kilowatt-hour,  or  a  lump  sum  for  the 
year.  For  the  first  10  years  the  company  alone  will  have  the 
right  of  putting  down  installations,  though  other  firms  are  to 
be  considered.  The  company  will  therefore  grant  certain 
facilities — ?.(/.,  give  each  subscriber  who  enters  into  a  contract 
before  supply  is  opened  two  lamps  free  of  charge.  The  instal- 
lation tariff  is  to  be  revised  at  intervals  of  three  years.  The 
whole  province  has  about  400,000  inhabitants,  mostly  engaged 
in  agriculture  and  small  industrial  works. 

National  Physical  Laboratory. — Vol.  V.  of  "Collected 
Researches"  has  just  been  issued  by  the  National  Physical 
Laboratory,  and  contains  the  following  reprints  : — 

"  Magnetic  Decliniation  at  Kew  Observatory,  1890  to  1900,"  bv 
C.  Chiee,  Sc.D.,  LL.D.,  F.R..S. 

"  Observations  on  Recalescence  Curves,"  by  Walter  Rosenhain,  B.A. 

"  Eutectic  Research. — No.  1.  The  Alloys  of  Lead  and  Tin,"  by  W. 
Rosenhain,  B.A.,  and  P.  A.  Tucker. 

"  The  Variation  of  Manganin  Resistances  with  Atmospheric 
Humidity,"  bv  F.  E.  Smith.  [See  abstract  in  The  Electbiciax,  Vol. 
L.\"II.,  p.  222.) 

"On  the  Secular  Changes  of  the  Standards  of  Resistance  at  the 
National  Physical  Laboratory,"  by  F.  E.  Smith. 

"On  the  Determination  of  the  Constants  of  Mercury  Standard.^  of 
Resistance,"  by  F.  E.  Smith. 

"Comparison  of  the  Board  of  Trade  Ampere- Standard  with  the 
Ay rton- Jones  Current  Weigher,  with  an  Appendix  on  the  E.M.F.  of 
Standard  Cells,"  by  T.  Mather,  F.R.S.,  and  F.  E.Smith. 

"  Experiments  on  Wind  Pressure,"  by  T.  E.  Stanton.  D.Sc. 

"  A  New  Fatigue  Test  for  Iron  and  "Steel,"  by  T.  E.  Stanton,  D.Sc. 

"  Notes  on  Screw  Threivds,"  by  H.  H.  .Teffcott,  B.A. 

"The  Determination  of  Phosphorus  in  Phosphor  Tin,"  by  W. 
Gemmell  and  S.  L.  Archbiitt. 

"  On  a  Method  of  Comparing  Mutual  Inductance  and  Resistance  by 
the  Help  of  Two-Phase  Alternating  Currents,"  bv  Albert  Campbell, 
B.A.     (See  abstract  in  The  ELECTRici.ix,  Vol.  LXU.,  p.  931.) 

"On  Compensation  for  Self-Inductance  in  Shunt  Resistances,  '  bv 
Albert  Campbell,  B.A.  (From  The  Ei.KiTRrciAX,  Vol.  LXL,  p.  1000.) 
The  collection  of  these  Papers  in  a  handy  form  will  no  doubt 
be  welcomed. 


ARRANGEMENTS  FOR  THE  WEEK. 

FRIDAY,  May  28th  (to-day). 

Manai;eks'  Section  hk  the  Minicip.\i,  Tramways  Association. 
10  a.m.    Meeting  in  the  Council  Chamber,  Town  Hall,  Newcastle- 
on-Tyne. 

Royal  Ixstitdtiox. 
9  p.m.     Meeting  at  Albemarle-street,  Piccadilly,   W.     Discourse 
on  "Advances  in  our  Knowledge  of  Silicon  as  an  Organic 
Element,"  by  Prof.  J.  Emerson  Reynolds,  F.R.S. 
THURSDAY,  June  3rd. 

Royal  Institution. 
'  p.m.     Meeting  at  Albemarle-street,  Piccadilly,  W.     Lecture  on 
"  A  Modern  Railway  Problem"  :  "SteamV.  Electricity,"  by 
Prof.  W.  E.  Dalby.  '  (Lecture  I.) 
FRIDAY,  June  4tli. 

Royal  Institution'. 
0p.m.    Meeting  at  Albemarle-street,  Piccadilly,  W.   Discourse  on 
"  Researches  in  Radiotelegraphy,"  bv  Prof.  J.  A.  Fleming, 
F.R.S. 

Corps  of  Electrical  Engineers  (London  Division). 
Officer  Commanding,  Col.  R.  E.  B.  Crompton,  C.B. 
The  following  orders  have  been  issued  for  the  current  week  : — 
Tuesday.    June    1st,  \  Practice  for  officers' drill   cup  competition 

"B"  Company   J         at  6.30. 

Thursday,  June  3rd,  \ 

Fi?dl\%°°Ju'ne'*'  "4tiii   [officers-  drill  cup  competition  at  7  oclock. 
"D"  Company  / 
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SOME  TESTS  AND  USES  OF  CONDENSERS. 


BY    \V.    M.    MllRDEY. 

Suminar)/. — The  general  question  is  discussed  whetlier  condensers 
can  be  used  commercially  in  competition  with  over-excited  synchronous 
motors  for  the  improvement  of  power-factor  in  distribution.  Tests  are 
given  of  Mansbridge  low-tension  condensers  and  Moscicki  high- 
tension  condensers.  A  comparison  of  capital  and  running  costs  is  in 
favour  of  condensers  under  certjiin  conditions.  Finally,  the  use  of 
condensers  for  extinguishing  or  preventing  arcs  is  considered. 

The  idea  of  using  condensers  for  providing  idle  leading  current  to 
compensate  the  idle  lagging  current  due  to  self-induction  in  alternate- 
current  working  seems  to  have  been  liist  proposed  in  1891.  in  this 
country  by  Mr.  Swinburne,  and  in  France  by  Hutin  and  Leblanc.j 
The  principle  was  not  new.  At  the  CVystal  Palace  Electrical  Exhi- 
bition in  1891,  Mr.  Sninburne  showed  some  paper  condensers  made 
for  high-tension  work.  He  also  wrote  and  spoke  on  the  subject.j 
Hardly  any  progress  was  made  so  far  as  practical  applications  went. 
And  then  conditions  changed,  and  the  subject  no  longer  attracted 
attention.  There  was  a  period  wlien  the  capacity  of  the  cables  in 
distribution  systems  in  many  cases  provided  a  good  deal  of  com- 
pensation, and  we  find  Mr.  Swinburne  saying  in  his  Presidential 
Address  of  1902.  that  "  it  is  hardly  worth  while  discussing  condensers 
now  as  there  is  generally  excess  of  capacity  in  systems,  so  that  the 
current  leads  relatively  to  the  pressure." 

But  now  the  growth  of  the  motor  load  is  making  a  difference,  and 
in  many  cases  there  is  a  real  need  for  the  improvement  of  the  power 
factor  in  supply  systems,  for  various  reasons,  such  as  keeping  down 
the  loss  in  the  mains  and  increasing  the  useful  output  of  generators 
and  reducing  their  cost.  The  loss  in  the  mains  is  inversely  propor- 
tional to  the  square  of  the  power-factor,  thus  : — 

Powcr-fiictor      ...     1   ...  0-8     ...  0-8     ...  0-7     ...  0(i     ..    0-5 
Loss        1  ...   1-24  ...   1-56  ...  204  ...  2-78  ...  40 

As  to  the  eflfect  on  cost  and  output,  it  is  sufficient  to  quote  ilr. 
Miles  Walker's  interesting  Paper,  read  before  the  Manchester  Local 
Section,  on  .Jan.  12.  1909.  on  "  The  Improvement  of  Power  Factor 
in  Alternating-current  Sj'stems."  in  which  he  refers  to  one  case  where 
the  rating  of  some  turbo-alternators  was  raised  50  per  cent,  owing 
to  their  being  used  at  nearly  unity  power-factor,  j 

For  the  improvement  of  power-factor  two  methods  may  be  com- 
pared—the use  of  condensers  and  the  use  of  over-excited  sjTichro- 
nous  motors.',]  The  latter  method  is  practicalh'  the  only  one  that 
has  so  far  obtained  engineering  recognition.  I  am  glad  to  be  able  to 
give  some  particulars  of  one  interesting  example  of  its  use.  for  which 
I  have  to  thank  Mr.  Fedden.  of  the  Sheffield  Corporation.  He  has 
installed  a  specially  designed  motor  made  by  the  British  Thomson- 
Houston  Co.  It  has  a  capacity  of  600  k.v.a..  and  consists  of  a  two- 
pha.se  motor  for  2.000  volts  50  ru  witli  a  direct-current  exciter  and 
an  induction  motor  for  starting  up,  all  on  one  shaft.  It  is  used  at 
intervals  during  the  day  to  keep  up  the  power-factor  of  the  system 
and  to  reduce  the  excitation  of  the  main  turbine  generators,  which 
are  in  a  station  two  miles  away.  At  the  })resent  time  the  average 
day  load  is  about  4,000  k.v.a..  at  an  average  power-factor  of  0-7. 
equal  to  an  actual  load  of  2.800  kw.  The  compensating  motor 
rai.ses  the  power-factor  on  an  average  to  0-83,  reducing  the  apparent 
load  from  4,000  to  3,380  k.v.a.,  thus  releasing  620  kw.  of  capacity  in 
generators,  and  in  cables  between  the  two  stations.  These  figures 
correspond  to  a  load  on  the  motor  of  nearly  1.000  k.v.a. 

Having  had  occasion  to  use  condensers  for  some  exjieriments  on 
arcs,  which  are  alluded  to  later,  the  opportunity  was  taken  to 
investigate  some  of  their  qualities  to  see  to  what  extent  they  might 
be  considered  suitable  for  use  on  alternate-current  systems.  The 
results  seem  to  point  to  such  use  being  now  within  the  region  of 
practical  engineering. 

There  are  many  kinds  of  condenses,  including  tho.se  in  which  the 
electrodes  are  separated  by  air  or  oil,  but  for  our  present  purpose 
only  two  types  will  be  considered  : — 

1.  Paper  condensers  of  the  kind  described  by  Mr.  Mansbridge 
before  this  Institution  last  year,^  and 

2.  The  Moscicki  type  of  gla.ss  condenser. 

*  Paper  read  before  the  Institution  of  Electrical  Engineers  on  Thursday 
last. 

t"  La  Lumi6re  Electrique,"  XL.,  pp.  201  and  2.57.  1801. 

X  See,  for  example.  The  Elbctrician,  Jan.  1,  1892  :  "  The  Pnil)al)le 
Future  of  Omdensers  in  Electric  Lighting,"  by  .lame.s  Swinbmnc.  ]i|i. 
227-228  (from  "  Industries  "). 

§  "  .Journal,"  XUL,  p.  602. 

li  The  quality  possessed  by  such  motors  which  makes  them  availaVjle 
for  thLs  purpose — illustrated  by  the  \/-{;\iTven  connecting  armature  and 
Held  current — was  described  by  the  author  in  a  Pa)K'r  on  "  Testing  and 
Working  Alternators,"  read  .March  23,  1893,  Vol.  XXII.,  p.  llC. 

T  "  Journal,"  Vol.  XLI.,  p.  .-j3.'),  UJ08. 


The  former  are  made,  by  a  continuous'process,  of  paper  coated  on 
one  side  with  a  thin  metal  layer  like  the  so-called  silver  paper  used 
for  packing  tea.  These  have  the  great  advantage  that  if  they  are 
pierced  they  are  self-healing,  the  metal  being  vaporised  so  as  to 
produce  a  space  clear  of  metal  round  the  fault. 

Tliey  appear,  however,  only  to  liavc  been  made  for  low  pressm-es, 
and  therefore,  so  far  as  the  author's  present  laiowledge  of  them  goes, 
a  number  of  them  must  be  placed  in  series  for  high-pressure  working. 

The  iloscicki  condensers,  which  are  not  at  present  being  made  in 
this  country,  consist  of  specially  formed  glass  tubes  closed  at  one  end 
and  coated  inside  with  silver  deposited  chemically,  the  outside 
coating  being  sometimes  applied  in  the  same  way  and  sometimes 
dispensed  with  altogether,  the  outer  electrode  consisting  in  this  case 
of  a  mixture  of  glycerine  and  water,  in  w  Inch  the  tubes  are  immersed. 
These  condensers  are  said  to  be  largely  used  for  wireless  telegraphy, 
for  which  purpose  the  metal  coating  is  made  very  thick  in  order  to 
lessen  the  resistance  and  the  damping  effect.  They  are  being  used 
in  some  cases  abroad  for  power-factor  improvement  on  extra  high- 
tension  transmission  lines.  The}'  seem  to  be  very  suitable  for  this 
purpose,  as  by  the  use  of  a  suitable  thickness  of  glass  they  can  be 
made  to  withstand  a  very  high  voltage. 

No  information  regarding  the  losses  was  obtainable  for  either  of 
these  condensers.  I  have  therefore  had  some  tests  made  of  both 
types  by  ili-.  Wild,  of  the  Westminster  Testing  Laborator}'.  The 
results  obtained  are  only  to  be  taken  as  approximately  correct, 
instrumental  difficulties  introducing  some  uncertainty  in  the  measure- 
ment of  power  in  apparatus  having  power-factors  of  only  about  001. 
It  is  believed,  however,  that  the  results  may  be  relied  upon  for  the 
low-tension  paper  condensers  within  5  per  cent,  each  way,  and  for 
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Fig.  1.  — Tests  of  Low  Voltage 
Pii'EB  Condenser  (Mansbridge 
Condenser). 
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Fig,  2. — Tests  of  High  Voltage 
Gl.ass  Condensers  (Moscick- 
Condensebs  and  Leyden  Jars). 


the  high-tension  glass  condensers  within  7J  per  cent,  each  way  at 
the  highest  voltages  and  15  per  cent,  at  the  lowest.*  A  Mansbridge 
condenser  made  for  500  to  600  volts  direct  current,  and  having  a 
capacity  of  about  10  microfarads,  was  tested  with  alternate  current 
at  various  pressures  from  100  to  oOO  volts  and  at  25,  50,  and  75  rv. 

The  results  of  the  tests  are  shown  in  Fig.  1,  which  gives  the  loss  in 
watts  ])cr  microfarad  at  various  voltages  and  frequencies,  and  the 
power-factor  at  various  frequencies.  The  capacity,  as  shown  by  the 
proportionality  of  current  to  picssure  and  to  frequency,  was  almost 
constant.  The  power-factor  was  also  found  to  be  nearly  constant 
at  all  frequencies  from  25  to  75  f-j.  The  variation  of  power-factor 
with  voltage  was  less  than  the  instrumental. errors  within  the  limits 


*  Tlic  llansbiidgp  condensers  were  tested  with  a  wattmeter  of  the 
rellectiii!;  dcflertional  tyjic.  It  was  ascertained  that  the  error  due  to  the 
self-in(l\ietion  of  the  jnessure  coil  did  not  exceed  lA  per  cent,  on  a  power- 
factor  of  0015  at  .W  ~. 

The  Moseieki  condensers  were  tested  with  the  same  wattmeter  in  con- 
junction with  a  100  to  1  jjotential  transformer.  The  potential  trans- 
former brought  into  the  measurement  an  error  of  the  order  of  20  to  25 
per  cent.  In  order  to  obtain  a  suftiiient  deflection  on  the  wattmeter  it 
was  necessary  to  cut  down  the  non-inductive  resistance  in  series  with  the 
i)ressure  coil  to  such  an  extent  that  another  error  was  Imiught  in  of  the 
order  of  about  20  per  cent.  This  crnir  was  in  the  opposite  direction  to 
that  involved  by  the  use  of  the  ]icitenlial  transformer.  Both  these  en'ors 
were  determined  with  a  fair  degree  of  accuracy,  and  were  allowed  for  in 
t  lie  final  result. 
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of  the  tests.  Tlie  curve  for  jiower-factor  sliow.s  the  mean  results  for 
the  tliree  highest  voltages.  It  will  be  seen  that  the  loss  of  energy 
was:  small. 

Having  found  the  qualities  of  a  low-tension  condenser,  it  would 
seem  that  no  difficultj'  should  be  met  with  in  using  a  number  of  such 
condensers  in  series  for  high-tension  work,  as  the  conditions  in  each 
section  as  to  voltage,  loss,  and  power-factor,  will  be  the  same  when 
used  in  such  a  series  as  when  used  singly.  The  British  Insulated  & 
Helsby  Cables  (Ltd.),  who  made  the  condenser  tested,  have,  in  answer 
to  the  autlior's  question,  suggested  500  volts  per  section  for  a  con- 
denser so  made  up  for  10,000  volts,  and  state  that  it  would  occu)iy 
about  2  cubic  ft.  per  microfarad,  and  they  think  the  ])rice  would  be 
about  £27  per  microfarad.  They,  however,  state  that  they  have  had 
no  experience  of  condensers  so  made  up  or  used.  The  above  tests 
and  information.  Iiowever,  enable  a  tentative  comparison  to  be  made 
witli  the  10.(K)(l  volt  Mdscicki  condenser  tested. 

Thi.s  IMosoieki  oonden.ser  consists  of  eight  tubes,  having  a  total 
capacity  of  003  microfarad.  It  is  intended  for  alternate-current 
working  at  10,000  volts.  Each  tube  is  2  in.  in  diameter  and  2  ft.  9  in. 
long,  or  with  connections  3  ft.  2  in.  Owing  to  instrumental  difficul- 
ties, it  was  impossible  to  obtain  the  same  degree  of  accuracy  with 
tliese  tests  as  with  the  paper  condensers,  and  the  range  of  voltage 
and  frequency  over  which  it  was  practicable  to  make  them  was  also 
less.  As  a  matter  of  curiosity  some  tests  were  made  of  a  set  of  six 
Leyden  jars  of  i  gallon  size,  having  a  total  capacity  of  O-Ol.'j  micro- 
farad. Tliey  were  kindly  lent  to  the  author  by  Mr.  Cam)ibell 
Swinton.  The  curves  representing  watts  lost  per  microfarad  on 
different  voltages  and  frequencies  are  shown  in  Fig.  2  for  both  these 
glass  condensers.  They  are  similar  in  their  character  to  those 
obtained  from  the  Mansbridge  paper  condensers.  At  5,000  volts 
and  at  7,500  volts  the  loss  in  watts  per  microfarad  in  the  Moscicki 
condenser  and  in  the  Leyden  jars  is  the  same,  but  at  10.000  volts 
there  is  a  marked  difference.  There  is  some  brush  discharge  in  the 
Leyden  jars  from  5,000  volts  upwards.     The  hisses  in  the  Moscicki 
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Fig.  3.  — V.4RIATI0N  of  apparent  resistance  with  time. 
(Moscicki  Condenser). 

condenser  continues  to  increase  approximately  as  the  square  of  tlie 
voltage,  while  that  in  the  Leyden  jar  is  higher  in  proportion,  possibly 
indicating  an  ajiproach  to  the  point  of  breakdown.  It  should,  how- 
ever, be  mentioned  tliat  the  jars  have  been  used  on  induction  coils 
giving  a  10  in.  spark,  corresponding  to  a  very  much  higher  voltage. 
The  curves  showing  variation  of  power-factor  with  frequency  have 
been  di'awTi  from  a  mean  of  the  results  at  the  three  different  voltages, 
giving  greater  weight  to  the  high-voltage  readings  owing  to  the 
greater  degree  of  accuracy  obtainable  with  them.  They  must  be 
accepted  with  some  reserve,  owing  to  the  less  degree  of  accuracy  in 
these  tests.  They  show,  however,  that  the  JMoscicki  glass  condenser 
works  with  a  loss  of  about  1  per  cent,  of  the  kilo  volt -amperes  dealt 
with. 

It  Mas  thought  to  be  of  interest  to  find  the  variation  of  the  apjia- 
rent  resistance  of  the  Moscicki  condenser  ancl  to  find  how  its  C"R 
losses  so  ascertained  compared  with  the  energy  losses  found  in  the 
alternate-current  test.  The  author  was  enabled  to  make  this  resis- 
tance test  by  using  a  10,000-volt  secondary  liattery  kindly  placed 
at  his  disposal  by  Mr.  Campbell  Swinton.*  The  ap})arent  resistance 
so  ascertained  is  shown  in  Fig.  3,  readings  being  taken  at  500  and  at 
10,000  volts.  Unfortimately,  the  readings  \\ere  not  continued  long 
enough  to  reach  the  steady  condition,  the  current  slowly  falling — 
that  is,  the  apparent  resistance  slowly  rising — oven  after  20  minutes" 
application  of  the  pressure.  As  these  curves  only  start  with  the 
result  at  the  end  of  I  minute,  they  afford  no  indication  of  what  the 
apparent  resistance  would  be  within  the  time  of  a  half-period.  It 
will  be  seen  that  any  C-R  loss  based  on  these  resistance  curves  will 

*  This  battery,  which  was  made  by  Mr.  Swinton,  comprises  4.8tX> 
secondary  cells,  each  cell  consisting  of  a  test  tube  4  in.  long  by  \  in. 
diameter,  tlie  whole  being  convcnientiv  arranged  for  charging  in  a  num- 
ber of  parallel  sets  of  80  cells  in  .scries. '  The  charging  cunciit  is  arnoigcd 
to  be  8  miUiampcics. 


account,  only  for  an  insignificant  proportion  of  the  total  losses  with 
alternate  current. 

In  comparing  Figs.  1  and  2,  it  must  be  remembered  that  the  power- 
factor,  and  not  the  watts  per  microfarad,  is  the  proper  basis,  seeing 
that  the  loss  (as  well  as  the  kilovolt-amperes  per  microfarad)  appears 
to  rise  as  the  square  of  the  pressure  in  any  given  condenser.  The 
proper  basis  of  comparison  is  the  loss  in  a  pajx>r  conden.scr,  made  up 
in  .sections  for  high-pressure  u.se  in  one  case,  against  the  loss  in  the 
special  high-voltage  glass  condenser  of  the  same  capacity.  From 
the  results  .shown  in  Fig.  1,  a  10.000-volt  Mansbridge  condenser 
would  lose  about  160  watts  per  microfarad  at  5t»  peritjds  :  and  from 
Fig.  2,  the  Moscicki  10,000-volt  condenser  would  lo.sc  about  320 
watts  per  microfarad,  the  loss  in  the  latter  case  being  less  accurately- 
measured  than  that  in  the  former. 

It  is  satisfactory  to  find  the  losses  are  so  small.  They  arc  respec- 
tively about  0-6  per  cent,  and  about  I  per  cent,  of  the  kihivolt- 
amperes  dealt  with.  These  losses  are  of  the  same  order  as  the  mag- 
netising losses  in  transformers  of  good  design,  ^^"ith  such  small 
lo.sses  as  tlie.se.  no  difficulty  should  be  experienced  in  preventing 
objectionable  heating.  Condensers  lend  themselves  very  well  to 
arrangements  giving  large  cooling  surface.  In  the  Jloscicki  type, 
the  tubular  form  ensures  this.  The  Mansbridge  type  can  be  sub- 
divided to  give  any  desiied  cooling  surface. 

It  is  perhaps  a  large  assumption  to  make  that  condensers  have 
reached  such  a  stage  as  to  justify  a  direct  comparison  with  syn- 
chronous motors,  it  is  felt,  however,  that  a  little  encouragement 
and  experience  would  )irobably  enable  makers  of  condensers  to 
justify  such  an  assumption,  and  therefore  the  author  ventures  to 
make  the  comparison.  In  sub-station  work,  at  least  where  motor- 
generators  or  rotary  converters  are  used,  or  industrial  work  where 
synchronous  motors  are  used,  it  should  ahi  ays  be  possible  to  arrange 
by  over-excitation  to  provide  a  considerable  amount  of  power-factor 
correction  at  a  small  increase  in  the  cost  of  the  machinery.  But 
there  are  many  conditions  in  alternate-current  supply  where  self- 
induction  cannot  be  compensated  in  this  \iay.  In  some  cases  the 
expense  of  special  over-excited  synchronous  motors  running  without 
load  may  be  fully  justified,  the  Sheffield  case  being  an  example.  But 
the  objections  to  the  use  of  running  machinery  are  very  great.  If 
condensers  can  be  made  to  work  reliably,  even  at  the  same  capital 
and  working  cost  as  motors,  they  would  be  preferable.  In  any  event, 
a  comparison  may  be  useful. 

The  simplest  case  will  be  to  assume  that  either  the  motor  or  the 
condenser  would  be  placed  in  a  generating  station  or  in  a  sub-station, 
and  that  the  motor  would  not  be  used  for  any  other  purpose.  It 
would  be  much  more  favourable  to  the  motor  to  take  the  case  of  an 
over-excited  motor  or  rotary  converter  doing  other  work,  but  to  deal 
with  that  it  would  be  necessary  to  know  all  the  conditions.  On  the 
other  hand,  it  would  be  more  favourable  to  the  condensers  to  dis- 

Table. 

Cripacili/  in  Kilovolt-amperes  of  Motor,  or  in  Microfarads  of  Condensers 
required  for  a  load  of  1,000  kw.  at  various  Power-factors  to  be  Corrected 
to  Unity  or  to  any  other  Power-factor. 


Power- 

1 

1    Kilovolt-amperes 

Capaciti 

required 
50 

in  microfarads  at 

required  at 

load. 

leading  power- 

2.000 

5,000 

10,000 

20,000 

factor=0. 

volts. 

volts. 

volts. 

volts. 

0-9t) 

142 

113 

18 

4-5 

113 

0-98 

203 

162 

26 

6-5 

1-62 

0-97 

251 

200 

32 

8-0 

•100 

0-9ti 

292 

233 

37 

9-3 

2-33 

0-95 

329 

262 

42 

10-5 

2-62 

0-90 

485 

386 

62 

15-5 

3-86 

0-85 

(i20 

494 

79 

19-7 

4-94 

0-80 

750 

598 

96 

23-9 

5-98 

0-7.-> 

882 

703 

113 

28-2 

703 

0-70 

1,020 

814 

130 

32-5 

814 

0(ir> 

l,l(i5 

930 

148 

370 

9-30 

O'fiO 

1.333 

1.065 

170 

42-5 

10-68 

-      0-5.) 

1.520 

1,210 

194 

48-5 

1210 

0-50 

1,732 

1.380 

221 

550 

13-80 

The  figures  in  column  2  represent  the  whole  wattless  component  cor- 
responding to  the  various  power- f act oi-s  in  column  1  with  l.tMXIkw.  real 
load.  The  kilovolt-amperes  or  capacity  nHpiiivd  for  cori-oction  to  any 
])ower-fact(ir  less  thiin  unity  will  be  equal  to  the  dirtorcnce  l>etween  the 
wattless  component  in  the"  uncorrected  circuit  and  that  in  the  circuit 
after  correction.  Thus,  t.i  liriiig  "1'  :>  l.WH)  kw.  circuit  fixim  0-75  to  0-95 
power-factor  requires  882  —  329  553  k.v.a.  if  a  synchronous  motor  ba 
u.scd.  With  condcnsei-s  working  at  5.000  volts  50  rv.  it  will  require  1 13— 
42-71  microfarads. 

The  kilovolt-amperes  requii-ed  for  correction  are  independent  of  fre- 
(|ucncy  and  vulliigc.  'I"hc  capacity  rccpiired  is  inversely  proportional  to 
the  frc<|ucncy  and  to  the  square  of  the  voltage. 
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tribute  them  about  the  system.  For  example,  thej'  could  be  placed 
close  to  large  motors,  and  switched  in  or  out  by  movement  of  the 
motor  sivitch — that  would  give  effective  correction  at  all  loads  with- 
out involvins;  any  attention. 

We  may  confine  ourselves  to  a  comiiarison  of  a  case  where,  if  any 
correction  is  to  be  etiected.  it  must  lie  liy  either  a  synchronous  motor 
or  a  condenser,  and  will  take  the  simplest  case  and  assume  a  syn- 
chronous motor  or  a  condenser  installed  at  a  generating  or  sub- 
station, for  the  compensation  of  a  circuit  rcquhing  1.000  kw.  at 
lO.OtH>  volts.  aO  periods,  with  a  power-factor  of  0-8.  We  see  from 
the  table  above  that  to  give  unity  power  factor,  this  would  need  a 
motor  of  750  k.v.a.,  or  a  condenser  having  a  capacity  of  24  micro- 
farads. The  cost  of  the  motor  erected  with  foundations,  switcligear. 
and  accessories  will  not  be  less  tlian  £1.100.  8uch  a  machine  «ould 
certainly  not  take  less  than  40  kw.  to  run  it  at  full  load,  and  20  kw. 
at  light  load.  Let  us  assume  a  mean  of  30  kw.  and  that  it  is  used  for 
12  hours  a  day  only.  This  gives  a  total  annual  consumption  of 
131.400  units.  " 

The  cost  of  a  condenser  of  24  microfarads  for  the  above  conditions 
would  be  about  £720  with  switchgear  and  accessories.  The  loss  in 
this  condenser  will  not  be  more  than  1  per  cent,  of  its  apparent  load 
— 7-5  kw.  at  full  load.  In  practice,  the  condenser  would  be  in  sec- 
tions, some  of  which  would  be  switched  out  as  the  load  fell,  but  we 
will  assume  that  it  is  all  kept  in  circuit  for  12  hours  a  day.  The  total 
annual  consumption  would  be  32.850  units.  Although  there  are 
good  reasons  why  the  energy  used  in  such  a  device  should  be  charged 
at  the  average  works  cost,  it  is  preferred  to  take  it  on  a  lower  basis 
of  about  the  cost  of  the  coal,  say,  0-25d.  per  unit.  No  spare  is  pro- 
vided in  either  case,  and  no  charge  is  included  for  upkeep,  capital 
charges,  attendance,  or  lubrication,  nor  is  the  account  in  either  case 
credited  with  an\'  sum  to  represent  the  increase  of  useful  capacity 
and  efficiency  or  reduction  of  cost  of  the  generating  plant.  We  then 
get  the  following  comparison  : — 

Synchronous  motor.     Condenser. 

Capital  cost £1,100        £720 

Annual  cost  of  energy  wasted     137         34-2 

These  figures  speak  for  themselves.  They  would  be  still  more 
striking  if  the  comparison  included  necessary  spare  apparatus,  and 
particularly  if  any  attempt  were  made  to  provide  a  similar  total 
correction,  often  more  effectively,  by  subdivision  into  smaller  motors 
placed  about  the  .system.  It  will  be  clear  that  a  large  condenser 
could  be  sub-divided  without  disadvantage,  but  in  the  case  of  syn- 
chronous motors  such  sub-division  would  involve  a  considerable 
increase  of  cost  and  lo.ss.  Xo  attempt  has  been  made  to  compare 
the  cost  of  condensers  with  the  added  cost  necessary  to  make  ordinary 
motors  or  rotary  converters  available  for  power-factor  correction  in 
addition  to  tlieir  ordinary  work,  but  the  low  capital  and  working 
cost  of  the  condensers  ]5oints  to  a  comparison,  even  on  this  basis, 
being  po.ssibly  favourable  to  the  latter. 

The  author  ventures  to  draw  renewed  attention  to  this  subject  in 
the  hope  that  something  may  now  be  done  in  the  direction' of  satis- 
factorily using  conden.sers  on  alternate-current  systems. 

In  conclusion,  it  may  be  of  interest  to  give  the  result  of  .some 
experiments  on  the  use  of  condensers  for  preventing  or  stopping  the 
formation  of  arcs  under  certain  conditions.  In  investigating  the 
action  in  a  surface-contact  tramway  system  recently,  the  author 
found  that  trouble  was  experienced  due  to  the  formation  of  per- 
sistent arcs  at  the  underground  contacts.  When  the  road  was  wet 
and  dirty  a  small  leakage  current  passed  from  the  live  contact  stud 
under  the  car  over  the  surface  of  the  road  to  the  rails.  When  the 
car  had  pas.sed  and  the  underground  contact-piece  had  .separated  its 
proper  distance  from  the  live  conductor,  this  leakage  current  was 
sufficient  to  maintain  an  arc  across  the  air-si)ace  of  the  contact- 
maker,  thus  keeping  the  stud  alive  so  long  as  the  arc  persisted.  It 
was  found  that  with  a  terminal  voltage  of  about  560  volts  the  voltage 
between  the  stud  and  the  rail  was  usually  about  400  to  440  volts. 
and  the  voltage  across  the  arc  about  120  to  100  volts.  Sometimes 
arcs  would  persist  for  a  few  seconds  with  not  more  than  0-6  ampere, 
and  they  would  often  [K-rsist  when  the  leakage  current  was  over  1 
ampere — this  latter  condition,  it  will  be  seen,  corresponds  to  a  resist- 
ance of  the  leakage  path  from  the  stud  to  the  rail  of  a  maximum  of 
440  ohms. 

The  prevention  of  these  arcs  by  increase  of  gap,  or  by  other  struc- 
tural alterations  was  not  found  to  be  practicable,  and  it  therefore 
remained  to  try  to  find  some  means  for  preventing  their  formation, 
or  for  immediately  putting  them  out  if  they  were  formed.  For  this 
purpose  experiments  were  made  with  a  conden.ser,  which  was  found 
to  be  quite  effective. 

Two  conditions  may  be  given  : — 

(A)  A  suitable  condenser  placed  across  the  gap  prevents  any  arc 
bcmg  formed,  however  small  the  gap — for  example,  it  was  not  possi- 
ble to  maintain  an  arc  across  a  gap  of  even  g'^  in. 


(B)  If  the  arc  is  formed  and  it  is  then  shunted  by  a  suitable  con- 
denser it  will  at  once  go  out. 

The  minimum  safe  capacity  for  these  two  cases  was  found  to  be 
as  follows : — 


.\mperes. 

Condition 

(A). 

Condition 
(B). 

Amperes. 

Condition 
(A). 

Condition 
(B). 

1-5 
2-0 

microfarads 
1 
2 

microfarads 
2 
4 

2-5 
30 

microfarads 
3 
4 

microfarads 
0 
8 

It  was  found  quite  practicable  to  extinguish  the  arcs  by  shunting 
them  by  a  condenser  carried  on  the  car,  one  terminal  being  connected 
to  the  collector  or  skate,  the  other  to  a  small  wire  brush  hanging 
down  under  the  rear  platform  of  the  car.  and  making  successive 
contacts  with  the  studs.  It  was  also  found  that  the  arcs  could  be 
put  out  by  placing  the  condenser  in  shunt  across  the  leakage  path 
instead  of  across  the  arc  itself,  or  with  two  condensers  in  series  across 
the  resistance  and  the  arc,  with  a  middle  connection  to  the  junction 
between  them.  It  was  not  necessary  that  the  condenser  should  be 
in  a  discharged  condition,  the  arc  being  i)ut  out,  whether  the  con- 
denser when  applied  was  discharged  or  w hen  it  was  charged  to  the 
full  voltage  of  the  circuit,  in  which  latter  case  the  effect  would  be 
produced  in  whichever  direction  of  polarity  the  condenser  was  applied. 
The  arcs  could  also  be  put  out  by  a  resistance  shunt,  but  there  are 
objections  to  that,  and  in  any  case  it  need  not  be  examined  here. 

The  author  wishes  to  express  his  thanks  to  Messrs.  Isenthal  &  Co.. 
for  the  use  of  some  Moscicki  condensers,  and  to  Mr.  A.  E.  Levin  for 
substantial  assistance  in  the  experiments  and  in  preparation  of  the 
Paper. 


DISCUSSION. 

Mr.  G.  F.  Mansbridge  noticed,  in  connection  with  paper  condensers, 
that  the  author  in  describing  their  self-sealing  properties,  considered  that 
the  metal  was  "  vaporised."  He,  the  speaker,  thought  that  it  might 
be  well  to  qualify  that  expression.  When  treating  the  foiled  paper  in 
the  dry  condition  before  making  it  up  into  the  condenser  special  pro- 
vision was  made  for  obtaining  a  large  spark  at  the  weak  spots,  and  there 
was  no  doubt  that  under  those  conditions  some  of  the  metal  was  actually 
"  vaporised."  He  thought  that  the  action  was  not  quite  the  same  in 
the  finished  condensers,  since  the  conditions  were  then  less  favourable 
for  the  production  of  a  large  spark.  He  considered  that  the  chief  cause 
of  thesealing-up  effect  was  not  the  vaporising  of  the  tin,  but  the  break- 
ing up  of  the  thin  film  under  the  action  of  heat  into  tiny,  discomiected 
patches.  He  pointed  out  that  by  the  process  of  manufacture  the  tin  was 
first  broken  up  into  very  fine  powder,  and  then,  after  being  uniformly 
spread  on  the  paper,  was  reconstituted  into  a  coherent  film  by  the  action 
of  the  burnishing  rollers.  Under  these  conditions,  the  film  necessarily 
possessed  little  cohesion,  and  readily  became  agam  disintegrated  by  a 
small  amount  of  heat.  That  point  might  at  first  sight  appear  a  minor 
one,  but  he  thought  it  was  of  importance,  because  the  idea  of  vapor- 
ising the  metal  seemed  to  suggest  something  like  an  arc,  whereas  even 
with  a  comparatively  high  voltage  on  a  condenser  there  was  nothing  like 
an  arc.  The  effect  might  be  likened  to  an  attempt  to  form  an  arc 
between  the  ends  of  two  extremely  fine  wires.  Obviously  in  this  case 
the  arc  would  become  self-destructive.  With  regard  to  the  supply  of 
condensers  for  high-tension  work,  he  thought  it  was  purely  a  question  of 
supply  and  demand.  At  the  present  time  the  Helsby  Company  and 
other  firms  were  making  low-tension  condensers  by  the  thousand, 
whereas  they  received  orders  for  but  few  high-tension  condensers.  It 
was,  therefore,  much  more  convenient  from  the  manufacturing  point  of 
view  to  take  low-tension  condensers  and  put  them  in  series,  rather  than 
to  alter  the  winding  machines  and  put  in  special  papers  for  high-tension 
condensers.  Gixen  a  sufficient  demand,  there  was  no  reason,  so  far  as 
he  knew,  why  high-tension  condensers  should  not  be  built  up  direct,  and 
inasmuch  as  there  would  be  a  considerable  saving  of  material  and  labour 
by  building  high-tension  condensers  in  tlus  way,  instead  of  assembling 
low-tension  plates,  he  would  strongly  recommend  direct  building.  If, 
however,  it  was  jiroposed  to  run  low-tension  condensers  in  series,  he 
suggested  as  an  alternative  that  the  pressure  should  be  lowered  by 
transformation  and  put  on  to  the  condensers  in  parallel  because  the 
effective  capacity  would  be  the  same,  and  there  was  an  obvious  advan- 
tage in  not  having  10,000  volts  or  even  2,000  volts  across  the  terminals. 
He  asked  at  what  temperature  the  test  given  in  Fig.  1  was  taken  and 
whether  it  was  the  same  in  all  the  tests  ;  he  presumed  it  was  somewhere 
about  ()0"F.  The  insulation  and  the  dielectric  strength  of  condensers 
and  other  factors  depended  so  much  on  the  temperature.  He  would 
like  also,  if  possible,  to  separate  the  C-R  losses  from  tlic  iliilirlric  lusses. 
He  thought  the  author  referred  to  the  C'R  losses  wiili  ivlj.ikI  I.)  the 
actual  insulation  resistance  of  the  condenser.     He,  tlic  spcikii,  nicant 


the  C-R  losses  in  llic  c-IccIk 
<m  the  market  wiir  iIc-imi 
current.s,  such  as  wi  re  uk  I 
quantity  of  tin  was  then  tn 
purj)ose  there  was  ample  ■ . 
used,  but  if  condensers  wen' 


li-s.  The  Mansbridge  condensers  at  present 
'd  primarily  for  only  comparatively  small 
\  illi  in  telegraphic  and  telephonic  work  ;  the 
r  kr|i(  down  as  low  as  possible.  For  that 
iidii.  ti\  iiy  in  the  foiled  paper  as  at  present 
run  at  full  load  for  anything  like 


I 


\ri 


12  hours  a  day  he  would  rather  use  a  little  more  tin,  and  also  a  greater 
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number  of  ccmnec-tions  to  the  electrodes,  so  ;is  to  bring  down  the  C-R 
losses  in  the  electrodes  themselves.  If  those  losses  could  be  separated 
from  the  dielectric  hysteresis  losses  he  thought  it  might  give  them  some 
useful  information.  He  thought  that  a  reduction  in  the  thickness  of  the 
wax  in  the  condenser  might  possibly  reduce  the  dielectric  loss,  but  he 
was  not  prepared  to  make  that  as  a  definite  statement.  He  thought  the 
experiments  on  the  arcs  were  particularly  interesting,  in  view  of  the 
rather  paradoxical  effect  obtained  compared  with  the  effect  of  a  cable 
relay.  Mr.  S.  G.  Brown  used  a  condenser  across  a  doubtful  contact  to 
maintain  the  current  and  to  prevent  a  break  in  continuity.  The  author 
had  used  the  condenser  across  the  break  to  ensure  the  break.  In  treat- 
ing the  foiled  paper  for  condensers  it  was  usual  to  burn  out  all  the  weak 
places  by  passing  the  paper  in  a  continuous  strip  over  a  metal  roller. 

■  This  roller  was  connected  to  one  pole  of  a  supply  at  100  volts,  and  the 
other  pole  was  connected  to  a  rubbing  contact  on  the  tin  side  of  the  paper, 
so  that  whenever  a  defect  passed  over  the  roller  there  was  a  momentary 
spark,  and  the  defect  was  eliminated.  Now,  it  was  a  curious  fact  that 
although  there  was  plenty  of  current  available  yet  by  putting  a  condenser 
of  appreciable  capacity  across  the  mains  there  was  a  considerable  increase 
in  the  number  of  faults  detected — double  or  treble  the  number  of  weak 
spots  being  picked  up  when  the  condenser  was  connected.  That  seemed 
to  have  a  bearing  upon  both  the  experiments  shown  by  Mr.  Mordey. 
One  might  put  an  appreciable  resistance  in  series  with  the  condenser  and 
still  get  the  same  effect.  -  '  *■"- 

Mr.  W.  B.  EssoN  thought  that  the  reason  why  the  condenser  had  not 
made  the  progress  that  might  have  been  expected  of  it  was  because  it 
had  never  been,  until  recently,  an  engineering  piece  of  work.  He  be- 
lieved that  the  Stanley  Mfg.  Co.,  of  America,  at  one  time  supplied  as 
part-  of  their  ordinary  equipment  for  two-phase  motors  a  couple  of  con- 
densers.    He  did  not  know  what  success  they  had  with  them,  though 

_  evidently  their  utility  had  been  recognised.  He  thought  the  Moscicki 
condenser  was  a  thorough  engineering  piece  of  work.  Some  time  ago 
he  conducted  some  experiments  using  these  condensers  running  at 
6,000  volts  night  and  day  for  the  best  part  of  a  week.  Nothing  hap- 
pened, so  presumably  they  were  all  right,  and  there  was  no  reason  to 
believe  that  they  would  not  work  for  years  continuously  in  the  same  way. 
As  to  rectifiers,  wliich  Mr.  Mordey  called  compensating  motors,  these  had 
been  used  with  great  success  on  a  90  miles  transmission  line  in  India. 
There  they  had  had  trouble  originally  with  lagging  current,  because  they 
used  induction  motors  ;  but  later  they  installed  synchronous  motors  for 
the  large  powers,  not  only  for  the  purpose  of  compensation,  but  to  do 
useful  work.  These  were  over-excited  in  such  a  way  as  greatly  to  in- 
crease the  power-factor,  and  thus  increase  the  plant  capacity  of  the  sta- 
tion. That  was  a  ease  in  which  compensatmg  motors  were  actually 
used  for  the  purpose  described  by  the  author,  but  there  was  no  doubt 
that  in  many  instances  the  condenser  would  be  used  as  being  much  more 
convenient  and  also  cheaper,  if  it  could  be  made  cpiite  reliable. 

Mr.  J.  E.  Taylor  thought  that,  as  the  application  of  the  condenser 
was  likely  to  increase,  the  method  of  measurmg  the  losses  was  rather 
important.  He  thought  there  were  better  methods  available  than  the 
use  of  a  wattmeter.  \Miere  only  small  capacities  were  concerned,  as  in 
the  case  of  the  Moscicki  condenser,  the  Duddell  thermo-ammeter  lent 
itself  very  well  to  the  measurement  of  C-R  losses,  and  it  could  be  used 
in  such  a  way  that  there  was  no  self-induction.  With  self-induction 
and  low  power-factor  the  measurement  was  very  difficidt,  but  by  includ- 
ing in  the  measurement  circuit  a  fine  filament  of  wire  of  kno\m  resistance 
and  of  negligible  capacity,  it  was  possible  to  determine  with  accuracy 
those  C-R  losses  in  the  circuit  simply  by  varying  the  known  resistance  in 
the  circuit.  The  idea  was  that  when  one  put  a  known  resistance  into 
the  circuit  so  that  one  got  the  maximum  C-R  develoi)ed  in  the  known 
resistance  then  the  resistance  was  equal  to  the  remanent  dissipation 
resistance  in  the  circuit. 

Mr.  G.  L.  Addenbrooke  (communicated)  thought  there  was  no  doubt 
that  the  cheap  and  reliable  form  of  condenser  would  find  many  applica- 
tions in  heavy  engmeering,  as  had  already  been  the  case  in  telephone 
and  telegraph  work,  since  the  mechanical  method  of  making  condensers 
was  introduced.  He  thought  the  author's  results  for  power-factors  were 
too  low.  He  tested  a  Mansbridge  condenser  some  time  ago  by  the 
electrostatic  method  and  obtained  a  power-factor  about  double  that  of 
the  author's.  Similar  figures  to  those  given  m  the  Paper  he  had  obtained 
on  a  Muirhead  condenser,  which  was  a  more  expensive  article.  He 
thought  it  would  be  wise  to  take  the  power-factor  of  those  condensers 
as  not  under  1  per  cent.,  which  was  the  figure  the  author  allowed  in  an 
example  of  their  use  at  the  end  of  the  Paper.  He  had  not  had  an  oppor- 
tunity of  testing  a  Moscicki  condenser,  but  was  under  the  impression  that 
the  power-factor  of  that  type  was  also  above  that  given,  and  he  was  sur- 
prised that  the  power-factor  of  the  Leyden  jars  tested  by  J[r.  Mordej' 
came  out  so  near  that  of  the  Moscicki  condensers,  as  he  miderstood  that 
the  silvering  direct  on  the  glass  reduced  the  losses  considerably,  com- 
pared with  tin  foil  apphed  as  it  was  to  Leyden  jars,  and  some  tests  he 
had  made  some  time  back  bore  out  that  assumption.  An  example  would 
show  how  important  such  a  small  difference  was  from  the  practical  point 
of  view.  Taking  the  condenser  suggested  by  the  author  for  10,000  volts 
and  1  microfarad  capacity,  and  occupying  a  space  of  about  2  cubic  ft., 
at  10,000  volts  that  condenser  would  take  a  current  cciinN|MiiicIiii;4  to 
31  apparent  kw.,  and  therefore  the  loss  at  1  per  cent.  p-n\ri  lutor 
would  be  310  watts.  He  thought  the  experience  of  membns  hcmiI.  I  >ho\v 
that  310  watts  expended  within  2  cubic  ft.  of  material,  wliich  was  not  a 
good  conductor  of  heat,  would  lead  to  an  inadmissible  rise  in  temperature, 
unless  considerable  subdivision  and  good  ventilation  were  effected.  On 
the  other  hand,  if  the  power-factor  were  one-half,  the  heat  would  only  be 
half  and  would  be  very  much  more  within  practical  limits.  The  author 
had  made  no  mention  of  the  saving  in  capital  costs  of  mains  and  the 


improvement  in  the  working  of  alternating-current  generators,  by  the 
use  of  condensers  in  practice. 

Mr.  J.\.MES  Swinburne  (communicated)  said  that  his  firm,  as  it  then 
was,  made  condensers  about  1801  to  take  up  the  wattless  or  idle  current 
of  "  hedgehog  "  transformci-s.  Those  condensers  were  made  of  oiled 
paper,  which  was  first  dried  for  some  days,  then  further  dried  under 
vacuum,  and  finally  treated  with  parafhn.  The  paraffin  was  to  keep  it 
dry,  not  to  insulate  ;  in  fact,  it  reduced  the  insulation  resistance.  They 
made  some  specimen  condensers  that  kept  their  charge  for  three  weeka 
without  perceptibly  falling  off,  but  the  commercial  condensers  were  not 
so  good.  They  tried  mica,  waxed  paper,  glass,  and  other  dielectrics. 
However,  they  found  that  glass  heated;  and  that  trouble  was  present, 
he  believed,  in  all  dielectrics  whose  inductive  capacity  was  abnormal 
with  reference  to  their  index'of  refraction.  As  an  alternative  to  condensers, 
over-excited  motors  were  discussed.  The  idea  was  to  uncou))le  one  or 
two  generators  from  their  engines  and  let  them  run  light  and  over- 
excited. That  was  ])ublishcd  about  1891.  but  people  had  tried  to  patent 
it  several  times  since.  The  uses  of  leading  cunents  were  more  numerous 
than  generally  sujjposed.  A  leading  cunent  could  be  used  for  exciting 
a  dynamo  by  armature  reaction,  or  increasing  its  excitation.  That  was 
the  cause  of  the  phenomenon  known  as  the  Ferranti  effect  in  the  Dept- 
ford  mains.  He  remembered  reading  a  Paper  before  the  Physical  Society 
pointing  out  that  the  ordinary  resonance  theoiy  of  self-induction  and 
capacity  would  not  explam  the  phenomenon,  and  that  the  armature 
reaction  theory  would.  The  leading  current  could  be  used  to  alter  the 
ratio  of  transformation  of  a  transformer  by  making  the  inductive  drop 
act  in  the  opposite  direction.  How  far  it  would  pay  to  use  condensers 
to  prevent  arcing  at  switches  he  did  not  know.  Of  course,  the  President's 
application  to  the  surface  contact  system  was  a  very  special  case,  and 
yet  it  would  have  occurred  to  very  few  people  to  have  tried  such  a  solu- 
tion. A  new  form  of  electro-djTiaraic  condenser  was  brought  before  the 
Society  in  1902.  He  had  since  found  out  that  JI.  Leblanc  was  the  real 
inventor  of  that  or  something  very  like  it,  and  he  would  like  to  take  the 
opportunity  of  calling  .attention  to  that  point. 

Mr.  W.  M.  Mordey,  in  reply,  said  he  was  interested  to  hear  that  the 
metal  was  not  vapourised  ;  but  he  had  a  recollection  of  magnified  photo- 
graphs which  Mr.  Mansbridge  had  showed  them  of  the  faults  that  did 
occur,  and  they  had  the  appearance  of  a  small  amount  of  metal  vapour- 
ised round  a  small  hole.  As  to  the  temperature  of  the  test,  that  was 
normal,  being  the  ordinary  temperature  of  the  workshop.  He  thought 
that  the  C-R  losses  in  the  conductor  of  the  condenser  were,  perhaps,  less 
important  than  Mr.  Mansbridge  supposed.  In  the  10  microfarad  condenser 
shown — which  at  .500  volts  50 -v.  had  an  apparent  power  of  785  v.a., 
or  more  than  1  H.p. — the  total  loss  was  only  4i  watts,  and  a  large  portion 
of  that  loss  was  dielectric  hysteresis,  so  that  the  possible  reduction  in 
the  total  loss  due  to  any  increase  in  the  cross-section  of  the  conductor 
must  be  small.  He  looked  rather  to  cheapening  these  condensers  than 
to  further  reduction  in  their  losses.  His  object  in  reading  the  Paper 
was  a  very  humble  one.  He  merely  nished  to  act  as  a  sign-post  to  direct 
attention  to  a  field  that  it  might  pay  them,  as  engineers,  to  explore. 


ON  THE  NATURE  OF  ELECTROLYTIC  CONDUCTORS 


Ever  since  the  discovery  that  water  coidd  be  decomposed  into 
h3'drogen  and  oxygen  by  the  electric  current  the  question  as  to  the 
nature  of  the  substances  that  suffer  chemical  decomposition  by  the 
passage  of  an  electric  ciu'rent  has  received  careful  experimental 
investigation.  In  this  work  the  effort  has  natmally  always  been 
to  ascertain  what  other  peculiar  chemical  or  physical  properties  were 
associated  with  this  conductivity,  and  to  wliich  this  property  might 
be  a,scribed. 

Researches  on  this  subject  were  made  by  Faraday,  who  was  able  to 
divide  substances  into  electrolytes  and  non-electrolytes,  and  who 
discoverd  a  famous  law  that  forms  the  basis  of  all  electrolytic  work. 
Hittorf,  Arrhenius  and  Van't  HoiT  have  all  advanced  theories  as  to 
the  true  nature  of  electrolytes,  but  the  fact  must  be  calmly  faced 
that  no  single  physical  or  chemical  property,  so  far  as  we  know. 
affords  any  basis  whatsoever  of  a  correct  view  as  to  the  nature  of 
electrolytes  as  contrasted  with  non-electrolytes.  Nevertheless,  the 
various  views  presented  have  all  been  useful  in  that  they  have 
stimulated  experimental  inquiry  which  has  brought  out  a  vast 
quantity  of  new  facts,  though  the  latter  have  in  all  ca.scs  shown 
that  the  views  entertained  as  to  the  nature  of  electrolytic  conduc- 
tors are  quite  untenable,  being  founded  upon  by  far  too  narrow  a 
field  of  induct  ion. 

Whether  an  electrolyte  or  a  non-electrolyte  results  from  a  com- 
pound of  a  conducting  with  a  non-conducting  substance  depends  on 
the  relative  amounts  of  each  present  in  the  combination,  while  the 
teraperatm-e  is  also  a  factor  of  consequence,  .-^s  an  example,  the 
compounds  of  tin  with  chlorine  may  be  taken.  Stannous  chloride 
is  quite  a  good  electrolyte  when  in  a  fused  condition,  while  stannic 
chloride  is  an  insulator  over  a  von-  wide  range  of  temperature. 
Its  non-electrolytic  character  is,  therefore,  not  merely  a  question  of 
state,  but  rather  one  of  composition.  In  general,  it  may  be  said  that 
every  element  tends  to  preserve  its  properties  as  it^  enters  a  com- 

*  Abstract  of  a  Paper  read  before  the  American  Electrochemical 
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pound,  so  far  as  the  other  ingredients  in  the  compound  will  permit  I 
it  to  do  so.  In  such  properties  as  mass,  specific  heat,  refractive 
power  and  specific  volume,  which  are  known  to  be  additive  or  ap- 
proximately so,  the  elements  exhibit  in  a  large  nieasme  the  pro- 
perties in  the  combined  state  which  they  had  in  the  free  state.  In 
the  case  of  properties  like  the  optical  rotatory  power  and  electro- 
Ivtic  conductivity  wliich  are  not  additive  in  character,  the  elements, 
or  groups  of  elements,  retain  their  original  properties  to  a  much  less 
degree,  though  it  would  be  quite  incorrect  to  assert  that  they  lose 
them  entirely. 

On  the  basis  of  the  above  considerations  it  would  seem  easy 
enough  to  see  why  some  substances  containing  metals  should  be 
electrolytes,  and  why  others,  which  also  contain  metals,  do  not 
conduct.  A  great  difficulty,  however,  arises  in  explaining  why 
certain  substances  and  solutions  wliich  contain  no  metals  at  all 
conduct  electrolytically  and  others  do  not.  In  the  face  of  the  fact 
that  in  general  compounds  of  metals  mth  moderate  amounts  of 
non-metals  form  electrolytes,  whereas  there  are  also  known  com- 
pounds and  notably  solutions  which  conduct  electrolytically  and 
yet  do  not  contain  metals,  one  might  well  hold  that  the  electrolytes 
which  do  not  contain  metals  have  yet  a  property  which  is  charac- 
teristic of  compounds  containing  metals.  In  tliis  category  we  have 
notably  acids  and  salts  of  non-metallic  bases.  The  hydrogen  of 
acids  has  always  been  considered  as  having  metallic  characteristics, 
and  the  fact  that  liquid  hychogen  has  after  all  been  found  to  be  a 
non-conducting,  colourless  liquid,  and  solid  hydrogen  a  colourless, 
transparent  solid,  has  been  somewhat  disappointing  to  many  chemists. 
In  so  far  as  many  non-metallic  salts  do  possess  the  power  to  con- 
duct electrolytically,  they  are  akin  to  metallic  salts.  Indeed,  in 
consideration  of  the  fact  above  mentioned,  that  metallic  salts  are 
very  commonly  electrolytes,  one  might  almost  incline  to  the  view 
that,  since  the  non-metallic  electrolytic  salts  really  have  one  of  the 
very  pronounced  characteristics  of  metallic  salts — namely,  the 
power  to  conduct  electricity — they  represent  a  step  toward  the 
s\-nthesLs  of  the  metals  themselves.  It  must  not  be  overlooked  that 
very  many  salts  do  not  conduct  electricity.  So,  for  example,  the 
chlorides  of  carbon,  silicon,  sulphur  and  titanium,  the  oleates,  pal- 
mitates  and  stearatcs  of  the  heavy  metals,  and  in  general  all  alkyl 
halides  and  esters  of  various  kinds  are  insulators.  And  it  must  also 
be  kept  in  mind  that  many  compounds  rich  in  content  of  heavy  metal 
like  zinc  ethyl,  mercury  ethyl  and  other  organic  metallic  compounds 
are  yet  non-conductors. 

It  is  relatively  easy  to  understand  why  the  conductivity  of  a 
metal  should  be  reduced  by  union  with  a  non-metal  commonly 
forming  an  electrolyte  or  an  insulator ;  but  it  is  not  so  easily  com- 
prehended why  in  certain  cases  the  union  of  the  two  very  poor 
conductors  should  result  in  a  verj'  good  electrolyte.  Cases  where 
two  or  more  good  insulators  unite  to  form  a  good  conductor  of  the 
first  class  are  not  known.  Cases  where  excellent  first-class  con- 
ductors are  transformed  to  either  electrolytic  conductors  or  insu- 
lators by  chemical  union  Tvith  non-conductors  are  common  :  but 
we  also  have  an  abundance  of  cases  where  two  insulators,  or  at  any 
rate  very  poor  conductors,  yield  a  good  electrolyte  when  combined 
with  each  other.  As  a  typical  example  of  the  latter  class,  acetic 
acid  and  water  may  be  cited.  Both  of  these  are  very  poor 
conductors  indeed,  whereas  by  combining  the  two  the  solution 
conducts  well.  All  efforts  to  explain  such  cases  have  thus  far  failed. 
These  efforts,  of  course,  have  been  directed  toward  finding  some 
other  physical  or  chemical  property  of  the  solvent  or  solute,  or  both, 
to  ■which  the  peculiar  electrolytic  conductance  of  the  resulting  com- 
bination, the  solution,  could  be  ascribed.  Thus,  the  specific  induc- 
tive capacity  and  the  state  of  polymerisation  of  the  solvent  have 
been  invoked  but  without  avail.  The  supjjosed  relation  between 
the  so-called  osmotic  pressure,  vapoiu:  tension  or  freezing  and  boil- 
ing points  of  solutions,  on  the  one  hand,  and  their  electrolytic  con- 
ductivity and  chemical  activity  on  the  other,  has  also  repeatedly 
been  shown  to  be  quite  untenable.  Moreover,  the  comparison  of 
the  so-called  molecular  conductivity  of  solutions  at  different  dilu- 
tions reallj'  involves  a  comparison  of  conductors  of  different  cross- 
sections,  and  30  cannot  legitimatelj'  be  u.sid  as  a  basis  for  further 
conclusions  as  to  the  nature  of  electrolytes,  as  is  frequently  done 
at  present.  The  power  of  two  non-conductors  to  >mitc  to  form  a 
solution,  or  a  compound  in  the  narrower  sense  of  the  term,  which 
is  an  electrolyte,  is  not  confined  to  certain  elements  nor  to  certain 
peculiar  combinations  of  elements.  It  must  be  admitted,  of  course, 
that  all  our  notions  as  to  the  chemical  constitution,  so-called,  of  a 
compound  are  derived  from  the  mode  of  building  up  or  tearing  down 
the  compound  and  its  behaviour  toward  re-agents.  Our  efforts 
to  trace  the  power  to  conduct  electrolytically  t(j  the  chemical  con- 
stitution of  a  comj)Ound  are,  therefore,  simply  efforts  to  find  a  re- 
lation.ship  between  electrolytic  conductivity,  f)n  the  one  hand, 
and  the  behaviour  of  the  substance  in  question  toward  other  chemical 
re-agenta  on  the  other.     And  it  is  really  not  surprising  at  all  that 


we  should  not  be  able  to  find  any  simple  relationship  to  exist  here. 
We  do  not  know  why  a  piece  of  silver  conducts  and  a  piece  of  sulphur 
does  not,  though  the  experimental  fact  in  question  has  been  known 
for  a  long  time  ;  and  we  are  really  much  more  in  the  dark  as  to  why 
some  compounds  conduct  electrolytically,  others  do  not  conduct 
at  all,  and  still  others  conduct  without  decomposition.  A  frank 
acknowledgment  of  the  actual  situation  .seems  very  desirable,  for 
it  is  bound  to  stimulate  inquu-y  that  will  lead  to  a  better  compre- 
hension of  the  phenomena  of  conduction.  The  few  experiments 
which  have  been  made  thus  far  with  induced  currents  in  electro- 
lytes show  that  when  no  electrodes  are  used  electrolj'tes  conduct  the 
same  as  the  metals  themselves.  The  presence  of  electrodes  seems, 
consequently,  essential  in  order  that  electrolysis  may  take  place. 
The  statement  of  Faraday  that  the  electrodes  are  the  doors  at  which 
the  electrolytic  products  are  eliminated  by  the  electric  ciu'rent, 
which  acts  as  an  axis  of  force,  is  as  adequate  as  ever  in  summing  up 
the  situation.  The  concentration  changes  which  occur  at  the  elec- 
trodes in  solutions  may  be  regarded  as  secondary  phenomena  pro- 
duced by  the  chemical  changes  taking  place  at  the  surface  of  the 
plates.  Experimental  facts  show  that  the  viscosity  is  really  quite 
a  minor  factor  in  determining  the  conductance  of  electrolytes.  In 
the  case  of  all  liquid  electrolytes,  Faraday's  law  has  been  found  to 
hold  at  room  temperatures  and  also  at  high  temperatiu'es.  Re- 
cently tests  in  this  laboratory  have  shown  that  it  is  also  valid  at 
quite  low  temperatiu'es.  In  the  cases  of  gases,  it  is  well  known  that 
Faraday's  law  generally  does  not  hold.  The  study  of  radio-active 
phenomena  and  the  power  which  vaiious  emanations  have  to  make  an 
air-gap  conduct  has  rightfully  aroused  much  interest,  and  experiment- 
ation and  also  speculation  as  to  the  nature  of  electricity  and  matter 
and  their  inter-relations.  Much  more  intelligent  experimentation 
must  be  made  upon  the  subject  of  electrical  conduction  in  general 
and  electrolytic  phenomena  in  particular  before  we  can  hope  for  a 
real  improvement  of  ovu^  theories  of  the  inter-relation  of  electricity 
and  matter  and  our  views  of  the  process  of  electrolysis  and  the  nature 
of  electrolytic  conductors. 


A  NEW  FORM  OF  STANDARD  RESISTANCE.* 

BY    E.    B.    KOSA. 

Summary. — A  description  is  here  given  of  the  new  standard  resistances 
which  have  been  designed  and  made  at  the  Bureau  of  Standards,  Wash- 
ington. These  resistance  coils  are  sealed  and  are  unaffected  by  changes 
in  atmospheric  humichty.  The  measurements  made  show  a  remarkable 
constancy  in  the  value  of  the  resistance,  the  variations  being  only  in  the 
neighbourhood  of  1  part  in  100,000. 


In  a  previous  articlef  an  account  was  given  of  an  investigation  of 
the  effect  of  atmospheric  humidity  upon  the  resistance  of  coils  of 
manganin  wire.  The  resistance  always  increased  by  an  appreciable 
amount  when  the  humidity  of  the  atmosphere  surrounding  the  coil 
increased,  owing  to  the  swelling  of  the  shellac,  the  wire  embedded 
in  the  shellac  being  stretched  by  an  amount  depending  on  the  relative 
humidity  of  the  air  and  the  length  of  time  the  coil  was  exposed.  It 
was  found  that  keeping  the  coils  submerged  in  pure  high-grade 
petroleum  oil,  as  is  usually  done  in  precision  resistance  measurements, 
did  not  prevent  this  change,  although  it  largely  retarded  it.  Such 
oU  in  a  damp  atmosphere  absorbs  moisture  and  passes  it  on  to  the 
shellac,  and  in  a  drier  atmosphere  gives  it  up  again.  The  effect  is 
increased  by  stirring  the  oil  to  secure  uniformity  of  temperature. 

Dr.  Lindeckt  and  Mr.  F.  E.  Smith§  have  confirmed  these  results. 
Dr.  Lindeck  found  two  methods  of  reducing  the  change  produced  by 
humidity.  The  first  was  to  use  a  heavy  paraffin  oil,  which  absorbs 
and  transmits  moisture  to  a  less  degree  than  the  petroleum  oil  com- 
monly used.  The  second  was  to  use  a  very  thin  tube  on  which  to 
wind  the  resistances,  and  to  cut  slits  in  it,  so  that  the  tube  yields 
readily  to  external  pressure.  The  objection  to  the  first  method  is 
that  the  heavy  paraffin  oil  is  less  mobile  and  does  not  equalise  the 
temperature  of  the  bath  as  readily  as  the  lighter  oil,  and  is  less  con- 
venient in  use.  The  second  method  does  not  permit  as  substantial 
a  construction  as  the  usual  form  of  coil,  and  would  not  seem  to  be  a 
satisfactory  solution,  even  if  it  prevented  the  change  to  a  greater 
degree  than  it  does.  As.  however,  neither  method,  according  to 
Lindeck,  prevents  the  coils  entirely  from  changing,  some  other 
method  must  be  employed.  The  methods  which  have  been  em- 
ployed at  the  Bureau  of  Standards  arc  here  described. 

The  design  which  was  adopted  nutre  than  a  year  ago,  and  which 
experience  has  since  shown  to  be  perfectly  satisfactory,  is  shown  in 

*  AVjstracted  from  the  "  Bulletin  of  the  Bureau  of  Standards." 
t  The  Electbician,  Vol.  LX.,  p.  102. 
I  The  Electrician,  Vol.  LIX.,  p.  G26. 
§  Thb  Electbioian,  Vol.  LXII,.  p.  222. 
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Fig.  1.  The  coil  is  wound  in  the  usual  manner  on  a  brass  cylinder 
30  mm.  in  diameter  and  70  mm.  long,  and  is  contained  within  a 
cylinder  40  mm.  in  diameter  and  12-5  cm.  high.  The  coil  is  shel- 
lacked, dried  and  annealed  in  the  usual  manner,  as  originally  specified 
by  the  Reichsanstalt.     The  coil  is  supported,  as  shown,  by  a  small 


The  new  form  of  resistance  standard  is  much  smaller  tlian  the 
Reichsanstalt  type,  so  long  and  so  favourably  known  throughout 
the  world  as  a  standard  of  resistance.  It  weighs  only  about  400 
grammes  filled,  and  measures  only  7-5  cm.  across  the  terminals, 
instead  of  16  cm.  For  measurements  up  to  an  accuracy  of  0-<X)l  per 
cent,  it  is  measured  as  it  stands,  its  current  capacity  being  ample 
when  using  reasonably  sensitive  galvanometers,  and  the  small  ther- 
mometer in  the  central  tube  giving  its  temperature  with  all  needed 
accuracy.  The  temperature  coefficient  is  generally  not  greater  than 
0-002  per  cent,  per  degree,  so  that  a  quarter  of  I  dcg.  uncertainty  in 
the  temperature  would  cause  an  error  less  than  that  allowed. 

When  used  as  standards  of  the  highest  precision,  and  measured  to 
one  part  in  1 ,000,000  or  closer,  it  is  necessary  to  know  the  tempera- 
ture of  the  coil  very  accurately.  The  standards  are  then  submerged 
in  an  oil  bath  which  can  be  stirred  and  kept  at  constant  tempera- 
ture and  ths  precaution  taken  not  to  use  current  enough  to  make 
the  temperature  of  the  wire  uncertain.  The  standards  when  pro- 
perly prepared  and  aged  are  remarkably  constant  in  value,  and  in 
measuring  them  to  test  their  constancy  the  author  has  been  obliged 
to  take  extreme  precautions  in  order  not  to  have  their  .slight  varia- 
tions exaggerated  by  errors  of  measurement.  The  temperature 
coefficients  of  the  coils  vary  through  wide  limits,  the  average  value 
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Fig.  1.— Section  of  Sealed  Resistance  Standard. 
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Fio.  3. — Pla:>  of  Bridge. 


tube  (closed  at  the  bottom)  which  serves  as  a  thermometer  tube.  |  between  15°C.  and  30°C.  generally  falling  between  4  and  20  parts  in 
The  hard-rubber  top  through  which  the  leads  pass  is  threaded,  and  ^  a  million  per  degree,  but  sometimes  exceeding  20.     Different  speci- 


screws  into  the  outer  brass  cylinder  which  forms  the  case.  When 
the  coil  is  finally  adjusted  the  case  is  nearly  filled  with  pure  oil  that 
has  been  freed  from  moisture,  and  the  top  screwed  firmly  into  place. 
To  make  the  jeint  perfectly  tight,  shellac  is  usually  put  into  the 
threads  before  screwing  up.  Shellac  is  also  put  into  the  joints  in 
the  top,  where  the  leads  and  thermometer  tube  pass  tlirough  the 
ebonite.  The  terminals  dip  into  mercury  cups,  but  the  upper 
potential  terminals  may  ordinarilj'  be  used  as  current  terminals. 
Only  in  low-resistance  coils  (1  ohm  and  less)  is  the  difference  in  resis- 
tance appreciable. 

Sealing  the  standards  in  this  way  possesses  several  distinct  ad- 
vantages. First  and  most  important,  of  course,  is  the  protection 
against  the  changes  in  resistance  due  to  the  absorption  of  moisture 


mens  of  manganin  wu-e  vary  greatly  as  to  temperature  coefficient, 
and  hence  it  must  be  carefully  selected  if  the  coils  are  to  have  coeffi- 
cients as  small  as  these. 
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Fig.  2. 

by  the  shellac  (or  varnish  or  other  protective  covering).  In  the 
second  place,  it  protects  the  coils  from  dh't  or  mechanical  injury, 
to  which  they  are  liable  if  open.  And,  tinallj',  if  any  bare  spots 
exist,  due  to  shellac  coming  off  or  being  imperfectly  applied,  the 
ixidising  effect  of  moisture  in  the  oil  bath  and  of  the  atmosphere 
is  far  greater  than  it  can  be  when  the  coil  is  sealed  air  tight  in  very 
pure  dry  oil.  Hence  the  resistances  are  not  onlj'  protected  from  the 
serious  fluctuations  from  day  to  day,  and  the  still  greater  seasonal 
changes  due  to  moisture,  but  also  from  slower  changes  due  to  oxi- 
dation of  the  manganin  and  the  possible  sudden  changes  due  to 
accident. 


Fui.  4. 

Particulars  of  measiu-cments  on  a  number  of  samples  of  wire  are 
given  in  the  "  Bulletin."  The  resistance  curves  are  seen  to  be  sub- 
stantially parabolas,  and  the  temperatm-e  coefficients  viuy  greatly 
tlirough  the  range  15  deg.  to  25  deg.  The  curves  serve  as  a  warning 
to  anyone  anxious  to  make  good  resistance  standards  not  to  use 
manganin  wue  without  first  testing  it  for  temperature  coefficient. 
Fig.  2  herewith  shows  the  effect  on  the  temperature  coefficient  of 
difi'erent  methods  of  treatment. 

The  apparatus  employed  in  comparing  the  coils  of  any  denomina- 
tion with  one  another  consist  of  a  Wheatstone  b-idse  with  the  coils 
arranged  m  a  circle  (.see  Fig.  4),  having  two  extra  coils  mserteJ.,  on 
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which  shunts  may  be  applied  for  balancing  the  bridge  instead  of 
shunting  directly  the  ratio  coils.  Or  these  two  openings  may  be 
closed  by  heavy  links  and  the  shunts  applied  directly  to  the  ratio 
coils.  The  circular  frame  is  so  hinged  that  it  may  be  opened  far 
enough  to  admit  a  larger  coU  :  as.  for  example,  one  of  the  Reich- 
sanstalt  form.  The  apparatus  is  very  convenient,  is  compact, 
requires  a  relatively  small  oil  bath,  or  may  be  used  without  an  oil 
bath  except  in  comparisons  of  extreme  precision,  and  will  accom- 
modate any  kind  of  a  resistance  standard  that  is  provided  with 
terminals  for  dipping  into  mercviry  cups. 

For  stepping  up  from  one  denomination  to  another  the  author  has 
designed  the  form  of  bridge  shown  in  Fig.  3.  This  is  a  very  compact 
and  convenient  apparatus  for  comparing  the  sum  of  five  coils  of  one 
denomination  with  two  coils  in  parallel  of  the  next  higher  denomina- 
tion. 

Observations,  particulars  of  which  are  given  in  the  "'  Bulletin, 
show  a  remarkable  constancy  in  the  resistance  of  the  coils.  While 
they  are  not  all  constant,  there  is  only  one  coil  of  the  28  under  ob- 
servation that  has  changed  as  much  as  two  parts  m  100,000  during 
the  past  12  months.  This  coil  is  regarded  as  defective.  Of  the  other 
27  coils,  more  than  half  have  changed  less  than  one  part  in  100,000. 

Measurements  have  also  been  made  on  13  1-ohm  coils  dming  the 
past  tliree  months.  In  seven  coils  the  average  deviation  is  less  than 
one  part  in  a  miUion,  and  for  the  entire  13  the  mean  of  the  average 
deviations  is  exactly  one  part  in  a  million.  These  comparisons  were 
made  at  temperatures  ranging  between  lo°C.  and  28°C..  some  of 
them  thus  involving  considerable  temperature  corrections,  and  the 
small  variations  are  no  more  than  the  probable  errors  of  the  measiu-e- 
ments.  On  the  other  hand,  open  1  olmi  coils  exposed  to  atmospheric 
influences  sometimes  change  appreciably  in  a  single  day.  or  even  in  a 
few  hours  :  and  although  the  average  values  of  the  1  ohm  standards 
at  the  Reichsanstalt  have  undoubtedly  remamed  very  constant  for 
some  years.  Dr.  Lindeck  has  recently  found  a  dift'erence  of  about 
13  parts  in  a  million  in  his  1  ohm  coil  between  April  and  October. 
His  coils  of  larger  denomination— of  10,  100,  1,000  and  10,000 
ohms — changed  in  the  same  time  from  28  to  75  parts  in  a  million. 
Moreover,  these  changes  occurred  in  the  favourable  climate  of  Berlin, 
whereas  in  London  or  Washington  the  change  could  be  expected  to 
be  much  greater. 

The  reference  standards  of  the  Reichsanstalt  are  now  being  kept 
in  an  atmosphere  of  constant  luuuidity  in  order  to  avoid  these  changes, 
and  at  the  National  Physical  Laboratory  the  reference  standards 
are  about  to  be  sealed  for  the  same  reason. 

A  further  study  of  these  resistances  is,  of  course,  necessary,  but  the 
author  thinks  it  not  improbable  that  if  three  or  four  national  labora- 
tories were  each  supplied  with  a  dozen  sealed  standards  of  the  Bureau 
of  Standards  t)-pe,  and  they  were  occasionally  intercompared  by 
means  of  a  number  of  travelling  coils  of  the  same  type,  that  a  mean 
international  ohm  could  thus  be  maintained  constant  to  within  one 
or  two  parts  in  a  million,  and  a  reference  to  primary  mercury  ohms 
■would  need  to  be  made  only  at  relatively  infrequent  intervals. 

Reference  is  then  made  to  the  comparison  of  standard  resistances 
at  Washington,  London  and  Berlin.  These  showed  that  the  values 
assigned  to  the  coils  in  Washington  differed  from  the  values  found 
at  the  Reichsanstalt  by  about  one  part  in  100,000  on  the  average. 
This  shows  excellent  agreement  in  the  stepping  up  at  the  two  in- 
stitutions. 

Such  intercomparisons  of  resistances  between  the  several  standar- 
dLsing  institutions  should,be  made  from  time  to  time,  and  a  mean 
value  of  the  international  ohm  derived  therefrom,  which  would  be 
used  by  all  countries.  Now  that  resistance  standards  are  available 
that  can  be  depended  upon  to  within  a  few  ])arts  in  a  million,  pro- 
bably for  long  intervals  of  time  a  concrete  international  ohm  can  be 
maintained  that  can  be  used  in  all  countries,  and  the  value  of  a  resis- 
tance standard  will  then  be  the  same  from  whatever  source  it  is 
derived.  It  onlj-  remains  to  have  established  some  permanent 
official  body  as  an  international  electrical  commisssion,  which  may 
cau.se  the  neces.sarj'  intercomparisons  of  the  several  mercury  stan- 
dards to  be  made,  and  deduce  therefrom  the  value  of  the  common 
international  ohm.  In  the  same  way  intercomparisons  of  other 
concrete  standards,  as  standard  cells,  inductance  coils, 
&c.,  will  fix  the  values  concretely  of  the  various  inter- 
national units,  and  so  promote  uniformity  in  standards 
and  advance  the  precision  of  electrical  measurements. 

Particulars  are  finally  given  of  a  special  form  of  Wheat- 
stone  bridge  which  is  termed  an  Anderson  bridge,  em- 
ployed for  measuring  inductances,  and  two  special 
jirecision  rheo.stats.  The  bridge  isu.sed  with  alternating 
currents,  employing  tuned  galvanometers,  and  to  in- 
crease its  current-carrying  capacity,  in  order  to  give  a 
high  sensibility,  the  bridge  has  a  metal  case  which  is 
filled  with  petroleum. 


CENTBIFUGAL  FORCE. 


BY  H.  LUCKIN. 


On  looking  into  most  text  and  pocket-books  for  the  formula 
for  centrifugal  force  one  usually  finds  the  following 

F=^r, 

when  W=weight  in  pounds,  V  =  velocity  in  feet  per  second 

(7=32-2  and  R^radius  in  feet,  while  in  those  which  go  into 

details  something  after  the  following  will  appear : — 

"When  a  particle  of  W  lb.  moves  in  a  circle  of  Eft.  radius, 

with  a  velocity  of  Y  ft.  per  second,  it  must  be  pulled  or  pushed 

towards  the  centre  of  the  circle  by  a  force,  F,  whose  magnitude 

WY- 
inpounds= — j- ,  ^  =  32-2. 

;/K 

This,  as  far  as  it  goes,  is,  of  course,  quite  correct,  as  from 
this  formula  all  other  centrifugal  force  formula'  are  derived, 
but  where  it  is  in  frequent  use,  as  it  is  in  most  electrical  draw- 
ing offices,  for  calculating  the  centrifugal  forces  acting  on  the 
various  parts  of  the  armatures,  windings,  commutators,  &c.,  it 
is  found  to  be  rather  a  tedius  formula. 

Let  us  take  this  formula  F=  — =--,  and  from  it  deduce  a 
_f/E 

simpler  one.  Xow,  W  in  pounds  we  cannot  verj^  well  simplify, 
but  Y  =  velocity  in  feet  per  second  armature  speed  are,  how- 
ever, given  at  so  many  revolutions  per  minute,  so  for  V  we 

may  read  - — — ^ if  N=the  number  of   revolutions  per 

minute.  Again,  R  is  in  feet,  but  it  is  usually  found  in  calcu- 
lations much  easier  to  work  with  R  in  inches,  as  this  saves 
converting  such  dimensions  as  5  J  J  in.  into  the  decimal  part  of 
a  foot.  Therefore  let  us  take  R  in  inches,  and  so  for  R  we 
must  read  R'12.  Then,  by  making  use  of  these  values  in 
place  of  Y  and  R  respectively,  the  formula  will  read 


Wx4R-x7r^xN- 
32-2  xEx  60^x12 


=  00000283  WRN2;  or 


WRNi 


35,340 

The  second  of  these  two  is,  perhaps,  the  better,  as  it  does  away 
with  the  objectionable  0  000s  which  is  apt  to  lead  to  confusion 
when  calculating  with  a  slide  rule.  Of  course,  if  it  is  found 
more  desirable  to  work  with  R  in  feet  multiply  the  above 
formula;  by  12;  they  will  then  read  F  =  0-0003-llWRN- and 
■WRN"-/2,941  respectively. 

WR\- 

I  think  the  formula  F=  ^  -.—.-.  when  once  tried  will  always 
35,840  ■^ 

afterwards  be  used,  as  it  lessens  the  chance  of  error  somewhat, 
eliminating,  as  it  does,  converting  revolutions  per  minute  into 
velocitj'  in  feet  per  second,  and  inches  and  fractions  of  same 
into  the  decimal  part  of  a  foot.  For  those  constantly  engaged 
in  centrifugal  force  calcvtlations  the  following  table  will,  how- 
ever, be  found  to  be  still  more  useful. 

The  table  gives  the  centrifugal  force  in  foot  pounds  for  1  lb. 
at  1  in.  radius  for  any  number  of  revolutions  per  minute  from 
10  to  990,  advancing  by  tens,  and  can,  of  course,  be  used  for 
1,000  to  9,900  revs,  per  min.  (advancing  by  hundreds)  by 
moving  the  decimal  point  two  places  to  the  right.  To  use  the 
table  multiply  the  figure  in  the  table  by  the  weight  in  pounds 
and  by  the  radius  of  gyration  in  inches.  Thus  centrifugal 
force  due  to  23  lb.  being  rotated  at  900  revs,  per  min.,  the 
radius  of  gyration  being  4|  in.  =  C  x  4*75  x  23,  and  as  for  900 
revs,  per  min.  C=23,  then  F=23  x  4-75  x  23=2,512  lb. 
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AN  ECCLESIASTICAL  ASPECT  OF  ELECTRIC  FANS. 

In  this  enlightened  country  the  chmate  does  not  allow  us  to  take 
fans  in  what  is  really  a  serious  manner,  or  even  to  think  of  them 
without  a  shudder  for  the  greater  part  o£  the  year,  though  the  lovely 
weather  that  we  have  been  lately  enjoying  has  no  doubt  had  the 


Crompton  i:  Co.  ;  in  fact,  we  have  from  time  t(j  time  in  these 
columns  called  attention  to  the  many  interesting  details . of  the  in- 
stallations which  they  have  erected  in  India.  One  of,  the  latest 
buildings  in  that  country  to  which  Crompton  fans  have  been  sup- 
plied is  of  an  ecclesiastical  nature.  St.  Thomas's  Cathedral,  Bombay. 
The  ventilation  of  churches,  even  in  this  country,  is  often'not  all 
that  can  be  desired,  and  the  soporific  results  are  well  known.  .  T<> 


t'ROMPTON  F.4NS  IN  St.  Thomas's  C'athkdkal,  Bo.mbay.     (Installation  Ij,\'  tire.wes,  Cotton  &  Co.) 


effect  of  putting  a  number  of  these  apparatus,  and  we  hope  elec- 
trically driven  ones,  into  more  or  less  extended  use.  In  more  sultry 
climates  the  matter  is  altogether  different,  and  the  employment  of 
fans  is  very  wide.  This  is  particularly  the  case  in  India,  where  the 
large  white  population,  who  are  by  nature  unfitted  to  withstand  the 
great  heat,  makes  some  sort  of  artificial  ventilation  an  absolute 
necessity  in  practically  all  the  buildings.  Man-driven  punkahs  have 
been  used  since  the  very  earliest  days,  but  these  are  now  being 
gradually  superseded  by  electrically-driven  fans. 

And  this  is  as  it  should  be.     Further,  perhaps  no  other  firm  have 
more  aided  the  development  of  electric  fans  in  India  than  have  Messrs. 


remove  these  difficulties  a  number  of  Crompton  fans  have  been  in- 
stalled in  this  cathedral,  and  their  method  of  installation  is  shown 
in  the  accompanying  illustration.  Each  pillar  supports  four  hand- 
some wrought-iron  brackets,  from  each  of  which  is  suspended  a 
standard  Crompton  ceiling  fan,  whose  details,  both  electrical  and 
mechanical,  are  well  known  to  our  readers.  The  work  has' been 
carried  out  by  Mes.srs.  Greaves,  Cotton  &  Co..  and  certainly  reflects 
great  credit  upon  them.  Even  in  India  the  ventilation  pro- 
vided by  these  fans  should  be  ample,  and  there  should  be  no 
excuse  for  drowsiness  among  the  congregation,  at  this  church  at 
anv  rate. 


ELECTRIC  TRACTION  ON  RAILWAYS.* 

XIV.— PRACTICAL  CONSIDERATION  OF  OVERHEAD 

CONDUCTORS. 

BY    PHILIP   DAWSON. 
{Continued  from  page  173.) 

Summary. — In  this  article  tlie  author  first  considers  the  many 
objections  which  have  been  raised  against  the  use  of  the  third  rail  for 
main  line  railway  electrification,  and  then  proceeds  to  discuss  the  use 
of  overhead  conductors,  dividing  the  latter  system  into  those  where 
two  overhead  conductors  per  track  are  necessary  and  those  where  only 
one  conductor  per  track  is  required.  The  construction  of  the  over- 
head work  is  also  considered  in  detail. 


Having  now  described  some  of  the  most  important 
examples  of  overhead  construction  adopted  in  connection 
with  high-tension    single-phase    railways,    with  suburban 

*  Cupjfriyhi.     All  rights  of  rcpruduciiou  rei>eiired. 


and  countiv  lines,  we  will  consider  more  carefully  some 
of  the  many  details  which  have  to  be  used  in  connec- 
tion with  such  construction.  Fig.  26  illustrates  the  con- 
struction adopted  by  the  AVestinghouse  Company  for  the 
single  catenary  bracket  arnt  type  of  suspension.  It  will  be 
seen  that  the  dropjjcrs  or  hangers  which  support  the  trolley 
wire  from  the  catenary  are  malleable  castings,  or  drop 
forgings,  and  that  corriigated  jiorcelain  insulators  are  fixed 
over  the  bracket  arm.  Two  types  of  insulators  are  shown, 
one  suitable  for  pipe  arms  and  tlie  other  suitable  for  arms 
of  T-iron  construction,  single  insulators  being  resorted  to. 
At  the  same  time  it  will  be  noticed  that  every  pull  or  push 
off  device  required  the  insertion  of  at  least  one  additional 
insulator,  in  other  words  that  the  form  of  insulators  is  in 
many  ways  comparable  to  the  construction  which  has  so 
long  been  adopted  for  trolley  lines  for  tramways.     Fig.  2l> 
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illustrates  the  different  points  in  sucli  detail,  and  tlieir  uses 
are  so  self-evident  and  so  clearly  showii  in  the  illustration 
that  no  hirther  detailed  description  is  needful  here.  The 
earthed  loop  shown  in  the  illustration  is  fixed  to  the  main 
bracket  insulator,  serving  to  earth  the  catenary  in  case  of 
breakages,  and  also  serves  to  protect  the  insulator  from 
mechanical  damage,  in  the  case  when  ordinary  trolleys  are 
used  which  might  come  off  at  an  insulator,  and.  flying 
against  it,  cause  a  fracture.  j  '. 

AVhen  span  wire  construction  is  used  the  bracket  arm 
insulator  already  described  is  fitted  on  to  a  piece  of  pipe 
havmg  a  loop  at  each  end  and  this  is  fixed  by  means  of  a 
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Steady  Strain  Bracket . 
This  is  the  same  as  the  ordinary  size  bracket  with  the  addition 
of  the  lower  insulator  and  steady  strain  brace. 
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loped.  The  trouble  in  the  past  has  been  that  while  porce- 
lain has  good  mechanical  strength  in  pure  compression,  its 
strength  cannot  be  relied  on  in  tension  or  in  bendmg  strains, 
although,  as  previously  shown,  very  good  results  have  been 
obtained  with  properly  designed  and  manufactured  porce- 
lain in,sulators. 

In  the  insulator  shown  in  Fig.  29,  the  portion  of  the  por- 
celain carrying  the  load  is  so  dispo.sed  that  it  is  impossible 
for  any  but  compression  strains  to  reach  the  porcelain.  It 
will  be  noticed  in  the  cut  that  a  good  sized  mass  of  porcelain 
placed  between  two  parallel  surfaces  carries  the  load.  The 
head  of  the  insulator  which  carries  the  load  is  enveloped  in 
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Trolley 
Curve  Pulloff  Hanger 


For  Trolley  Wire 


3  L 


Hanger  or  Dropper  made  in  6  lengths. 


Earthmg  Loops 
Bracket  Arm  Insulator.  Bracket  Arm  Insulator. 

Side  View.  End  View. 

This  insulator  without  the  guard  loops  is  used  upon  the  i'.cady  strain  bracket, 
the  section  break  and  the  anclior  poles. 
Fii;.    2'i. — l)ET.\[r.i   of   Wk-stimmioi'se   Single   Caten.^kv,    BR.\rKKT   .\HM   CoNSTRirTiuN. 


Suspension  Support  for  the  Catenary  TroUey  Line  used  on  Curves. 


.span  wire  attached  to  each  end  of  it  to  the  two  cross  poles 
.supporting  the  .-pan.  Fig.  27,  from  a  photograph,  gives 
details  of  tlie  section  insulator  u-^ed,  which  consi.sts  of  an 
armoured  wooden  strip  about  -^  ft.  long,  supported  as  shown. 
Fig.  2H  .-hows  an  entirely  different  form  of  sectional  insu- 
lator construction  as  used  on  ono  portion  of  the  Swedish 
State  Railways  experimental  line. 

Experience  has  p  oven  that  moulded  insulators,  while 
r^uite  satisfactory  for  low  voltages,  are  not  entirely  .satis- 
factory for  high  voltages.  PorL-elain  has  proved  to  be  the 
best  all-round  insulating  material  that  has  yet  b?en  deve- 


a  split  malleable  iron  case,  the  joint  of  which  is  packed  to 
keep  out  moisture.  The  insulation  of  the  head  is  further 
protecteil  by  a  moulded  mica  cap  cemented  on  with  an 
insulating  cement.  This  ensures  the  head  of  the  porcelain 
against  moisture  and  dirt. 

Other  features  claimed  for  the  insulator  are  («)  the  head 
of  the  holts  passing  through  the  porcelains  are  larger  than 
the  opening  in  the  shell,  .so  the  line  can  never  get  away 
should  the  porcelain  be  broken  into  small  pieces  and  drop 
out.  {b)  The  portion  of  the  porcelain  having  the  greatest 
electrical  strain  is  free  from  mechanical  strain,     (r)  In  case 
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the  porcelain  neclc  becomes  cracked,  the  lesultiiig  arc  will 
not  burn  the  cable  and  cause  it  to  break. 

The  essentials  of  the  anchorage  scheme  illustrated  in 
Fig.  '50  consists  of  anchoring  catenary  and  trolley  to  a 
bracket  arm  and  anchoring  the  bracket  arm  to  the  adjacent 
pole  on  either  side.  The  catenary  is  supported  on  the 
regu'ar  insulator  whose  stud  passes  through  the  bracket 
arm  and  an  "  anchor  plate  "  on  the  bottom  of  the  bracket 
arm.  The  catenary  and  trolley  wire  are  anchored  to  this 
plate  by  means  of  a  strain  insulator,  spreader,  clamp  ear, 
and  cable  clamp  as  shown.  This  brings  all  parts  of  the 
same  vertical  plane  with  the  catenary  and  trolley  wire  so 
that  when  ordinary  trolleys  are  used,  as  is  usual  on  Ameri- 
can interurban  routes,  the  trolley  wheel  cannot  strike  them 
if  it  comes  oflf  the  wire.  The  p'ate  also  affoids  protection 
for  the  insulator  against  the  trolley  pole. 


Fig.  27. — Westinghouse  StNOLE-PHASE  Section  Insulator. 

A— Clips  tlirougli  wliicli  T  of  braoket  arm  passes.    0=Catenary.    T=Troney  wire. 

This  schem^  of  two-point  anchor  avoids  pulling  the 
trolley  wire  away  from  the  centre  line  of  the  track,  as  is  the 
case  when  the  anchor  is  attached  at  the  middle  of  a  span. 
It  also  allows  flexibility  at  the  anchor  point,  and  by  means 
of  the  spreader  avoids  "  cupping "  the  trolley  wire  by 
applying  the  strains  on  catenary  and  trolley  wire  in  parallel 
directions. 

It  will  be  noted  that  in  this  construction  also  provision  is 
made  for  the  use  of  an  ordinary  trolley  and  trolley  wheel, 
which  is  quite  suitable  in  connection  with  interuiban 
American  railway  practice,  but  which  could  not  be  tolerated 
under   the   working  conditions   obtaining  with    main   line 


Fig.  28. — Section  Insulator,  as  used  on  the  Swedish  State  Rail- 
ways. 

railway  working,  where,  of  course,  it  must  be  out  of  the 
question  for  a  current  collector  to  ever  get  ofT  the  oveihead 
conductor. 

Some  further  American  construction  details  as  regards 
the  practice  of  the  General  Electric  Co.,  of  America,  will  now 
be  considered  in  connection  with  the  Toledo  and  Chicago 
interurban  single-phase  railway  which  was  equipped  by 
them.  The  trolley  line  consists  essentially  of  a  grooved 
copper  wire  and  a  steel  catenary  cable,  also  called  "  mes- 
senger" in  America.  The  foimer  is  of  No.  000  hard-drawn 
copper  and  the  latter  is  conrposed  of  seven  strands  of  No.  77 
B.  &  S.  steel  wire.  The  diameter  of  the  catenary  cable  is 
I  in.  and  is  made  of  a  special  grade  of  steel  having  a  tensile 
strength  of  70,000  lb.  per  square  inch.     The  trolley  is  sus- 


pended every  50  ft.  from  the  catenary  cable  by  means  of 
mechanical  clips,  of  which  two  forms  are  used.  One  of 
these  (illustrated  in  Fig.  25)  supports  the  trolley  midway 
between  the  poles,  at  the  point  where  the  amount  of 
catenary  sag  is  a  maximum  and  is  attached  to  the  catenary 


Steady  Braces  or  Push  offs 


Hickory  Wood 


'  Sectional  View  of 
Porcelain  Insulator. 
^  Porcelain 

Sectional  View  of  Pull- off 
or  Strain  Insulatof. 


Porcelain  "^  Moulded  Mica 

Fig.  29. — Push  and  Pull-offs  Johns-Hanville  Type. 

by  means  of  the  sister  hooks  seen.  The  one  shown  in  the 
figure  is  used  at  other  points  and  is  suspended  from  the 
catenary  by  means  of  flexible  steel  wire  or  rigid  distance 
pieces. 


.\nchor  Spreader. 

Fiii.  30. — Details  of  .John  Manville  Single  I'atenaky  C'onstruc- 

tion. 

The  bracket  arms  are  made  of  2|  in.  e.vtornal  diameter 
structural  steel  piping.  They  are  fastened  to  the  poles  by 
means  of  a  Hange  and  two  lag  screws  and  are  supported  by 
a  I  in.  guy  rod.  In  Fig.  'M  all  the  essential  details  of  the 
bracket  construction  are  clearly  shown,  whilst  Fig.  ;?2  gives 
details  of  attachments.  The  trolley  i-*  supported  20  ft. 
above  the  track.      The  tyjic  of  insulator  used  to  support 
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the  catenary  is  shown  in  Fig.  33,  and  is  of  porcelam,  5  in. 
in  diameter  and  3|  in.  in  height  and  has  a  surface  distance 
of  "I  in.  These  insulators  weigh  3  lb.  each  and  were  tested 
to  withstand  40.000  volts  pressure.  They  are  attached  to 
the  malleable  iron  pms  bv  means  of  cement. 

We  will  now  consider  a  little  more  in  detail  the  overhead 
section  switches  adopted  in  comiection  with  this  form  of 
construction.  There  are  two  forms  of  aerial  switches 
generally  used  :   one  in  which  the  whole  switch  is  mounted 


Fin.  31. — Bracket  and  Steady  Brace  Now  Used. 

on  porcelain  insulators  which  are  fixed  and  in  which  the 
ring  is  operated  by  itself  to  open  and  close  a  circuit,  a 
counterweight  usually  being  pro\'ided  in  order  to  make 
closing  and  opening  (as  the  case  may  be)  certain.  This 
type,  as  used  on  the  Swedish  State  Railways,  is  shown  in 
Fig.  3i,  and  is  operated  by  means  of  an  insulated  rope  fixed 
ui  a  locked  box  at  the  bottom  of  the  pole,  as  seen  in  the 
illustration.  This  type  has  not  proved  satisfactory,  as  it 
has  been  found  that,  owing  to  the  counterweight  that  is 
required,  it  is  liable  to  go  to  pieces. 

Another  tvpe  which  was  evolved  by  the  Swedish  State 
Railways  themselves  is  shown  m  Fig.  35.  It  was  made  by 
slightly  altering  a  Siemens  lightning  arrester.  As  will  be 
seen,  in  this  type  the  insulators  themselves  form  part  of 


Sister  Huok.  Mechamcal  Cui-. 


Eye  Hook,  Mechanic  ai.  (.'i.ir. 


Hickory  Strain  Insllatok. 

_FiG.   32. — Constructive   Details,   General   Electric  Co..   Toledo  and 

Chicago  Interirban  Railway. 

the  moving  switch  contacts,  being  connected  to  one  end  of 
a  right  angle  lever,  hinged  at  the  centre,  and  at  the  other 
end  of  which  the  counterweight  is  attached. 

Another  form  of  this  arrangement  as  installed  by  the 
Siemens-Schuckertwerke  on  the  Hamburg-Blankenese  line 
is  shown  in  Fig.  3G.  This  illustration  also  clearly  shows 
the  bending  in  wires  from  the  overhead  feeder  to  the 
contact  wire. 

A  mo.st  careful  investigation  of  everything  that  has  been 
done  either  in  Europe  or  America  was  made  by  tlie  writer 
before  he  eventually  decided  on  the  overhead  construction 
adopted  on  the  South  London  line  of  the  L.B.  &  S.C.  Rail- 
way. As  a  complete  description  of  this  installation  will 
be  given  later  on,  reference  will  not  be  made  to  it 
here.  The  design  of  overhead  consstruction  requires  the 
most   careful   investigation    and   attention,    before    being 


definitely  laid  out  and  settled  upon.  Large  scale  and 
accurate  p'ans  of  the  tracks  are  necessary,  but  it  is  essen- 
tial to  verify  the  whole  lay  out  on  the  site,  and  the  gi-eatest 
care  must  be  exercised  in  selecting  the  position  for  the  sup- 
ports, so  as  to  render  them  not  only  as  little  objectionable 
as  possible  from  a  railway  point  of  view,  but  also  so  as  to 
locate  them  in  positions  in  which  there  is  little  or  no  likeh- 
hood  of  their  being  disturbed. 


Fig.  33. — Catenary  Insulator  used  on  the  Toledo  and  Chicago 
Interurban  Railway,  as  made  by'  the  General  Electric  Co. 

The  following- are  a  few  of  the  points  which  must  be  borne 
in  mind  when  laying  out  a  .system,  and  it  is  important  to 
recollect  that  the  overhead  construction  for  one  of  our  main 
line  railways  must,  under  no  circumstances,  be  considered 
as  a  sort  of  glorified  tramway  construction. 


Kic.  3-1. — (Jvkkhkad  Switifi.  Old  Type.     Not  Recommended. 
SwKiiisii  Statk  Railways. 


It  should  be  designed  on  the  same  basis  as  that  on  whicii 
all  railway  work  is  designed  and  constructed,  and  that  is,  as 
far  as  such  a  result  is  possible,  with  a  view  of,  or  prac- 
tical impassibility  of,  mechanical  breakages  occurring.  In 
America,  with  but  few  exceptions,  such  as  the  New  York. 
New  Haven  and  Hartford,  the  single-pha.se  high  tension 
system  has  been  used  on  long  interurban  roads,  and  not  for 


THE  ELECTRICIAN,  MAY  28,  1909. 


259 


main  line  railway  working,  and  hence,  the  overhead  con- 
struction, as  will  have  been  seen,  by  what  has  been  said,  in 
this  chapter,  in  many  cases  resembles  a  sort  of  glorified 
tramway  construction.  This  may  be  all  very  well  from  a 
point  of  view  of  securing  cheap  construction,  and  on  lines 
where,  if  a  trolley  wire  were  to  break,  no  very  great  harm 
would'  be  done.     TotMlly  different  conditions  apply  when 


Rg.  35. — Form  of  Okdinary  Siemens  Lightning  Arkestkr,  Con- 
verted INTO  Switch.     Swedish  State  Railways, 

considering  the  problem  of  electrification  of  one  of  our  main 
line  railways,  and  it  is  in  this  connection  that  a  few  of  the 
very  many  points  which  require  attention  have  been  set 
forth  below  : — 

Some  Maxims  and  Rules  to  be  Borne  in  Mind  when 
Laying  Our  and  Designing  Overhead  Construc- 
tion FOR  Railway  Work. 
1.  The  number  of  insulators  should  be  as  small  as  possible, 

ihi  fewer  the  points  of  insulation,  the  less  the  danger  spots 


Fig.   3(i. — Siemens-Schuikert  (1\  kkiieao  Switch,   as  rsRn  on  the 

HAMBrUG-Kl.ANKHNE.IE    LiNE. 

F  Feeder.    O,  Push-off.    W,  Feed  wire  to  trolley  line. 

2.  The  meclianieal  and  electrical  strength  of  the  insulator 
adc  ptcd  should  be  so  gi-eat  as  to  render  the  jikeliliood  of  a 
breakdown,  under  the  woi'st  conditions,  very  remote. 

.'5.  No  pull  off  wires  .should  be  used  it  it  is  po.ssiblc  to 
avoid  them,  and  for  pull  or  push  off  points  actual  supports 
should  be  utilised,  as  well  as  the  principal  insulators  already 
installed  for  supporting  thei  catenaries  and  conductor  wires. 


4.  Remember  never  to  use  porcelain,  except  in  direct 
compression,  and  to  see  that  the  bearing  surface  taken  on 
the  insulator  surface  is  large,  and  tliat  as  far  as  po.ssible 
uniform  pressure  is  exerted  on  it. 

5.  A  soft  material  such  as  leather  fibre  or  lead,  according 
to  circumstances,  should  be  inserted  between  the  insulator 
and  the  clip  that  surrounds  it,  where  bolted  clips  of  any 
description  are  used. 

G.  If  little  caps  are  fixed  to  the  top  of  insulators  these 
should  be  very  firmly  attached  to  the  insulator  by  means  of 
proper  cement,  which  is  non-hygroscopic,  and  which  does 
not  expand  in  setting,  and  which  is  not  effected  by  heat  or 
by  vibration.  For  this  purpose  a  mixture  of  red  lead  and 
glycerine  has  frequently  been  used. 

7.  All  fixtures  of  insulators  should  be  such  as  to  render 
them  easily  and  rapidly  removable  under  the  most  adverse 
circumstances  of  light  and  weather  ;  no  special  tools  .should 
be  required,  no  nuts  or  screws  of  bolts  should  refjuire  un- 
fastening in  order  to  replace  the  principal  insulator. 

8.  Nothing  but  the  very  best  form,  from  the  manufactur- 
ing point  of  view,  and  quality  of  insulator  should  be  used, 
and  in  this  connection  special  attention  is  called  to  the 
remarks  on  porcelain  insulators  made  in  a  previous  part  of 
this  article. 

9.  Precautions  must  be  taken  so  as  to  render  it  absolutely 
certain  that  when  men  are  at  work  on  the  line  it  is  not  only 
cut  off  from  current  supply,  but  also  earthed. 

10.  Great  care  and  forethought  must  be  exercised  in 
deciding  upon  the  sectionalising  of  the  line,  so  as  to  meet  the 
railway  requirements. 

11.  AH  clearances  between  the  live  wires  and  standards 
should  be  as  great  as  circumstances  permit. 

(To  he  continued.) 


INTERPOLE  DESIGN. 


"We  give  below  a  short  account  of  the  discussion  which  took 
place  at  a  meeting  of  the  Glasgow  Local  Section  of  the  Insti- 
tution of  J:iectrical  Engineers,  when  Mr.  W.  B.  Hird  read  his 
Paper  on  the  above  subject.  An  abstract  of  this  Paper  appeared 
in  our  last  issue. 

The  Chairman  (Mr.  W.  W.  Lackie)  said  the  subjeet  was  (j1_  mcreasing 
importance  and  of  great  moment  to  manufacturers.  His  tii-st  experi- 
ence of  inter-pole  design  was  not  very  happy.  The  characteristic  of  a 
shunt  machine  with  interpoles  resembled  that  of  a  compound-wound 
machine,  and  the  result  was  that  in  running  in  parallel  the  mterpole 
machine  endeavoured  to  do  all  the  work,  sending,  in  the  ease  of  a  short- 
circuit,  a  reverse  current  through  the  shvint-wound  machines  and  operatmg 
the  reverse-current  cutouts.  Several  methods  of  overcoming  this  had 
been  suggested,  one  being  to  insert  a  resistance  between  the  uiter|iolo.s 
and  the  switchboard,  so  as  to  cause  a  drop  in  |ires.s>iro  when  a  heavy  load 
was  on.  The  method  now  adopted  was  to  put  one  oi-  two  reverse  series 
windings  on  the  field  of  the  machine.  The  other, tiiiuble  with  mterpole 
machiiies  was  that  if  the  lu-ushes  were  moved  or  reipiiicd  to  be  moved 
1)ey..nd  the  z.)iie  of  the  iiiterp..lc  the  ditfcrence  of  potential  per  segment 
of'coinmutator  was  liigh  .iiul  Hashing  over  took  place.  The  author  had 
ivferred  t.i  forced  ventilation,  but  he,  the  speaker,  thought  it  had  been 
found  that  fixing  fan  blades  on  the  spider  was  not  always  so  economical 
as  a  separate  fan. 

Jlr.  H.  A.  Mavor  thought  the  (loints  raised  were  of  very  great  impor- 
tance. For  a  long  time'hc  was  .sceptical  of  interpoles,  I'ecause  of  the 
methods  ncce.ss.ary  in  getting  rid  of  the  troubles  intio.luced.  lliat  wa.s 
true  before  reactance  v. jltage  was  so  fully  undei-stood.  It  wa.s  about 
25  years  since  Prof.  Ryan,  of  ]5iistol,  fii-sl  suggested  mteri>oles.  It  was 
remarkable  how  the  invention  lay  dormant  for  many  yeai's,  Possibly 
increasing  the  diameter  of  machines,  decreasing  the  <-ost  of  materials,  and 
inci-casiug  the  o„tpiit  by  keeping  the  i-eacfance  ilown  would  be  better 
than  having  smaller  diameters  and  using  interpoles.  The  d.fticuhy  re- 
f.-rreil  t.i  bv  Mr.  l.aekie  would  also  not<  arise,  but  they  were  face  o  faeo 
with  the  difficulty  that  largo  diameters  were  unsuitable  for  coupling  to 
turbines,  and  such  a  device  as  suggested  must  be  adopted  for  runiimg  m 
parallel.  .  ,  ■       v    ■» 

Mr.  WcWhirter  mentioned  that  at  one  time  it  was  the  sparking  limit 
which  governed  the  output,  but  now  it  was  the  heatmg  limit.     If  the  cost 
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was  kept  domi,  as  it  appeared  to  be  by  interpoles,  there  was  no  doubt 
the  other  advantages  were  great,  and  led  t<i  the  absence  of  sparkmg.  He 
asked  for  a  simpler  explanation  of  the  reactance  voltage  formula  given  by 
the  author,  the  expression  '"  20  lines  per  inch  length  of  core  ""  appearing 
strange.     Did  it  mean  length  parallel  to  the  spindle  '! 

Mr.  HiKD  :   Yes. 

Mr.  McWhieter  also  said  he  considered  Mr.  Lackie's  suggestion  of  an 
external  fan  was  a  good  one. 

Dr.  John  S.  Nicholson  thought  that  if  the  output  was  limited  by 
heating  they  should  try  and  eliminate  the  heating  without  the  use  of  a 
fan.  The  better  the  iron  and  other  materials  used  the  less  would  be  the 
heating,  and  a  great  advance  on  those  lines  was  being  taken. 

Mr.  C.  McMil-L.iN-  mentioned  that  he  was  an  understudy  of  Jlr.  Hird\s 
predecessor,  and  approved  of  his  methods.  (This  referred  to  Sayer's 
S|)ecia!  armature  windings.)  Progress,  in  his  opinion,  must  be  obtained 
witliout  such  refinements  as  extra  forced  ventilation.  The  lines  indicated 
by  Mr.  Hird  should  be  followed  as  closely  as  possible  by  designers.  He 
would  like  to  know  what  success  attended  the  attemjits  at  forced  ven- 
tilation for  railway  motors.  The  results  were  not  very  accessible.  He 
also  asked  if  the  curves  shown  applied  to  experience  gained,  and  so  repre- 
sented the  commercial  facts  of  the  case,  or  whether  they  applied  to  a 
limited  range.  Jlinor  facts,  such  as  increase  in  strength  of  shaft  to  deal 
with  the  large  weight  of  armature,  were  added,  and  they  began  to  vitiate 
the  simplicity  of  the  laws  indicated  by  the  graphical  results. 

Mr.  H.  A.  M.WOR,  interjjosing,  said  Mr.  McMillan's  remarks  suggested 
a  note  of  warning  to  young  engineers  in  dealing  with  such  problems. 
Wages,  material  and  other  things  did  fluctuate,  and  for  estimates  of 
cost  of  machinery  one  must  not  expect  to  get  within  10  per  cent,  of  the 
true  price. 

Mr.  E.  G.  TiDD  thought  Mr.  Hird  seemed  to  have  discovered  a  con- 
spiracy against  intcrpole  design.  Interpoles  were  now  recognised  as  a 
commercial  success.  The  most  comjiact  motor  sold  more  readily  than 
any  long  inartistic  looking  arrangement. 

Mr.  J.  R.  Barr  considered  that  interpoles  were  only  justified  in  the  case 
of  special  machines. 

Mr.  T.  G.  Pearson  asked  if  water  cooling  had  not  been  tried.  It 
might  be  simpler  than  air. 

Mr.  Hird  replied  briefly. 


LANGDON-DAYIES  MOTORS. 

In  the  simplicity  of  their  control  alternating-current  induction 
motors  possess  a  feature  which  will  always  make  them  ])opular  with 
power  users,  and  the  limit  of  simplicity,  particularly  as  regards 
design,  is  probably  reached  in  those  of  the  squirrcl-oagc  pattern.  A 
name  which  has  always  been  intimately  connected  with  this  type  of 


Fin.  1. — 40  H. p.  Smp-rino  Motdi:. 

motor  is  that  of  "  Langdon-Davies,"  and  an  inspection  of  the  motors 
now  being  supplied  by  the  Langdon-Davies  Motor  Co.  shows  the 
great  developments  that  have  taken  place  in  the  design  of  squirrel- 
cage  motors  since  the  latter  were  first  introduced. 

It  must  not  b3  thought,  however,  that  the  Langdon-Davies  motors 
are  only  of  the  squirrel-cage  type,  as  motors  of  all  sizes  with  wound 
rotors  are  continually  being  manufactured  by  the  company,  and  an 
interesting  arrangement  of  a  slip-ring  motor  is  .seen  in  Fig.  1. 

It  will  be  remembered  that  in  its  early  form  the  squirrel-cage 
rotor  consisted  of  a  number  of  eop]>er  rods  inserted  in  holes  in  the 
iron  core  and  soldered  to  a  copper  ring  at  each  end,  the  holes  being 
placed  close  to  the  periphery  of  the  rotor  so  as  to  avoid  magnetic 
leakage.  This  design  was  liable  to  cause  trouble  due  to  the  conduc- 
tors not  being  quite  symmetrically  placed  in  regard  to  the  magnetic 
field.  When  the  open-slot  tyi)e  was  next  evolved,  this  diflfioulty,  of 
cijurse,  was  practically  surmounted,  and  open  slots  have  now  become 
standard  construction. 


Round  wires  were  for  many  years  cmitloycd  for  the  winding  in- 
serted in  the  slots,  but  flat  strip  is  now  adopted  and  possesses  many 
advantages.  Of  these  we  may  mention  the  fact  that  the  slots 
become  much  narrower — indeed,  they  may  simply  be  regarded  as 
saw-cuts  in  the  body  of  the  rotor — with  consequent  greater  economy 
in  iron,  and  also  improved  efficiency.  The  method  of  fixing  the 
conductors  is  as  follows  :  The  iron  sheets  forming  the  rotor  are 
clamped  between  two  gunmetal  end  plates  :  after  the  saw-cuts 
have  been  made  in  these  plates  and  the  conductors  inserted,  the 
surface  of  the  gunmetal  is  milled,  this  process  resulting  in  the  con- 
ductors being  securely  held  in  the  slots.     The  ends  of  the  copper 


Fig.  2. — Squirrel-cage  Motor  driving  High-pressure  Centrifugal 
Fan. 

strips  are  bent  over  flat  against  the  end  plates  of  the  rotor,  the  ends 
of  every  third  or  fourth  strip,  however,  are  left  unbent,  and,  forming 
a  blade,  thereby  promote  the  ventilation  of  the  motor. 

In  the  original  type  of  rotor,  in  which  the  holes  or  slots  were 
parallel  with  the  shaft,  the  turning  moment  was  uneven  :  it  was  soon 
found,  however,  that  an  improvement  resulted  if  the  slots  were  cut 
at  an  angle  to  the  axis  of  the  rotor,  and  that  form  of  construction 
is  now  always  adopted,  the  amount  of  slant  being  made  slightly 
greater  than  the  pitch  of  the  slots  so  as  to  allow  a  little  overlap. 


Fir;.  3. — Smai.i,  Six(.i,k  phast.  ,Mii']iiii  wjtu  Staktinc  Switch. 

With  this  design  an  absolutely  even  turning  moment  results  and  the 
starting  of  the  motor  is  facilitated. 

.■\n  important  factor  in  determining  the  efficiency  of  an  alttrnat- 
ing-eurrcnt  motor  is  the  air-ga]).  This  has  to  be  made  very  small 
if  the  magneti.sing  current  is  to  be  kept  within  small  limits,  and  the 
accurate  centring  of  the  rotor  is  therefore  an  important  detail  in  the 
construction  of  these  motors,  whilst  the  wear  of  the  bearings  has  also 
to  be  carefully  taken  into  eori.sideration.  The  method  adopted  at 
the  Langdon-Davies  works  cerlniiily  seems  to  admit  of  little  improve- 
ment.    The  process  is  as  follows  : — 

The  brackets  on  the  sides  of  the  motor  containing  the  bearings 
are  completely  finished,  .as  is  also  the  cast-iron  body,  these  being  all 
fitted  together.  The  stami)ings  of  the  stator  arc  then  mounted  on 
a  dummy  shaft,  and  whilst  thus  supported  are  fi.xed  into  the  stator 
frame,  the  dummy  shaft  i)assiTig  through  the  bearings,  rerfcet 
centralisation  is  thus  secured,  and  any  risk  due  to  errors  of  machining 
are  completely  inevented.     The  rot(ir  stampings  are  all  made  with  a 
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cantral  hole  exactly  fitting  the  shaft  in  the  smaller  moturs  and  the 
spider  in  larger  machines.  After  being  fixed  in  position  they  are 
then  trued  up.  As  the  rotor  stampings  are  the  pieces  which  are 
stamped  out  of  the  stator  plates,  this  method  of  construction  pro- 
vides the  minimum  possible  air-gap.  The  bearings  are  made  with 
very  long  surface.!,  reuilting  in  an  exceedingly  long  life  before  the 
wear  allows  the  rotor  to  touch  the  stator. 

The  importance  of  accurately  centring  the  rotor  cannot  be  too 
strongly  emphasised,  and  the  results  are  seen  in  the  quiet  and  vibra- 
tionle.^s  running  of  Langdon-Davies  motors,  as  proof  of  which  it 
is  no  uncommon  occurrence  for  the  prime  mover  driving  the  turning 
shop  to  b3  quite  overlooked  by  engineers  when  passing  through  the 
works.  The  motor  in  question,  which  is  of  10  h.p..  has  now  been 
running  for  over  10  years  and  the  bearings  have  never  required 
attention  beyond  the  addition  of  oil.     This  is.  indeed,  a  unique  record 
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Fi(i.  4. — 0::din.\i;v  Tyi-k  Staktei!. 

and  speaks  well  for  the  smooth  running  of  the  rotor.  The  bearings 
now  usually  adopted  consist  of  phosphor  bronze,  as  the  original  type 
of  cast-ir(jn  bearing,  although  giving  such  excellent  results  when 
receiving  proper  attention,  was  not  very  popular  in  inexperienced 
hands.  A  typical  motor  is  shown  in  Fig.  2,  direct  coupled  to  a 
centrifugal  fan. 

A  few  central  station  engineers  regard  squirrel-cage  motors  with 
some  disfavour,  urging  the  supposed  large  starting  currents  as  an 
objection,  and  oppose  the  installation  of  all  save  the  smallest  sizes. 
In  view  of  the  desirability  of  encouraging  the  use  of  motors,  and  the 
cheapness  of  the  squirrel-cage  type,  this  policy  cannot  be  always 


Fig.  5. — L.\test  Type  or  Startino 
Switch  fob  Squirrel-cage  Motors. 


Fi<;.  li. 
Automatic  C'ut-(ji't. 


defended,  more  particularly  when  it  is  remembered  that  the  starting 
current  of  a  squirrel-cage  motor  can  be  fixed  by  the  design,  whilst  if 
motors  with  slip  rings  and  starting  resistance  are  employed  the 
maximum  starting  current  is  controlled  by  the  method  of  handling 
the  starting  switch  and  may  be  greater  than  where  the  simpler  type 
of  motor  is  installed.  Langdon-Davies  squirrel-cage  motors  of  all 
outputs  are  in  regular  use,  and  have  given  entire  satisfaction  for 
many  years.  A  loose  pulley  can,  in  the  great  majority  of  eases,  be 
fixed  to  allow  the  motor  to  run  up  to  speed  with  only  the  load  of  its 
own  belt  before  the  working  load  is  tliroYvn  on. 

We  noticed  recently,  when  visiting  the  works  of  the  Langdon- 
Davies  Jlotor  Co.,  a  number  of  three-phase  motors  direct-coupled 
to  "  Sirocco  "  fan.s,  which  are  being  supplied  to  the  Admiralty  for 


wireless  telegrai)h  stations.  Tlicse  motors,  which  had  been  sub- 
jected by  the  Admiralty  to  very  severe  tests,  will  doubtless  give  an 
excellent  account  of  them.selves. 

For  small  motors,  such  as  J  h.p..  \  h.p.,  1  h.p..  2  ii.p.  and  4  h.p.. 
squirrel-cage  motors  are  in  great  demand,  and  we  noticed  a  very 
large  number  being  complet<"d.  The  attention  paid  to  their  con- 
struction is  as  great  as  in  those  of  larger  size,  and  their  simplicity 
and  smooth  running  are  responsible,  no  doul)t,  for  the  great  popu- 
larity of  the.se  small  motors.  They  are  produced  for  both  single 
and  polyphase  working,  and,  in  the  case  of  single-phase  motors, 
starting  coils  are  wound  with  the  usual  arrangement  of  a  "  throw- 
over  "  switch  having  "  oflf,"  "start"  and  "full"  positions.  For 
motors  up  to  1  h.p.  the  switch  is  generally  fixed  on  the  top  of  the' 
machine,  as  shown  in  Fig.  3,  thus  forming  a  very  rcmpact  and  con- 
venient arrangement  ;  for  larger  sizes,  up  to  abc  ut  10  h.p..  a  switch 
of  the  type  shown  in  Fig.  4  is  usually  employed.  This  type  has  the 
great  merit  of  extreme  simplicity  and  is  therefore  the  most  lasting 
and  reliable.  It  is  of  a  very  solid  design  and  the  marble  slab  on 
which  the  switch  arm  and  contacts  are  fixed  is  mounted  on  a  frame 
which  contains  the  non-inductive  starting  resistance. 

At  the  present  time  much  uncertainty  exists  in  regard  t )  the 
interpretation  of  the  new  Home  Office  Regulations.  There  sjems 
to  be  some  doubt  as  to  whether  starting  switches  have  to  be  com- 
pletely enclosed,  or  whether  a  well-protected  handle,  such  as  that 
seen  in  Fig.  4,  in  which  there  is  no  danger  of  the  operator's  hand 
coming  in  contact  with  "  live  "  metal,  is  sufficient.  One  of  the 
most  recent  types  of  starting  switch  brought  out  by  the  Langdon- 
Davies  Motor  Co.  is  shown  in  Fig.  5  herewith. 

It  will  be  noticed  that  this  type  of  starter  is  fitted  with  no- voltage 
and  overload  releases,  which  perform  the  same  duties  as  those  regu- 
larly used  with  direct-current  motors.  The  switch  arm  when  using 
the  starter  is  moved  over  to  the  left  and  held  in  the  "  start  "  position. 
As  soon  as  the  motor  has  attained  full  speed,  the  arm  is  moved  over 
to  the  "  full  "  position,  and  is  held  in  position  by  the  trigger,  the 
no-voltage  solenoid  core  being  held  up  by  the  current.  Should  the 
current  be  interrupted,  or  the  motor  become  overloaded,  the  sole- 
noid core  immediately  ceases  to  be  energised,  and  the  core  falls  on 
the  end  of  the  trigger.  This  releases  the  switch  arm.  which  falls 
into  the  "  off  "  position.  The  lamp,  which  is  fitted  on  the  top  of 
the  starter,  forms  a  resistance  which  is  in  series  with  the  no-voltage 
solenoid.  In  addition  to  operating  in  this  way,  it  has  the  further 
useful  purpose  of  showing  when  the  switch,  and  the  motor  controlled 
by  it,  is  in  use.  Fig.  6  shows  an  automatic  cut-out  also  fitted  with 
a  lamp. 

We  are  indebted  to  Mr.  F.  B.  O.  Hawes,  managing  director  of  the 
Langdon-Davies  Motor  Co..  and  Mr.  F.  W.  Hartmann,  assistant 
managing  director,  for  giving  us  facilities  for  obtaining  the  informa- 
tion contained  in  this  article  ;  and  we  must  also  express  our  thanks 
to  Mr.  Davidson,  the  works  manager,  for  kindly  conducting  us  over 
the  works  and  explaining  the  various  processes  connected  with  the 
construction  of  the  motors  and  starting  switches  here  described. 
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^HE   ELECTRICIAN"   INDUSTRIAL   SUPPLEMENT. 

With  "  The  Electrician  "  for  Sept.  14,  1906,  was  issued  the  first  of  a 
series  of  "  Industrial  Supplements."  to  be  published  from  time  to  time 
with  "  The  Electrician."  The  thirty-sixth  issue  of  the  Supplement  is 
published  (Gratis)  with  the  cuirent  number  of  "  The  Electrician." 

The"  Industrial  Supplement  "  is  a  comprehensive  record  of  develop- 
ments in  Electrical  Plant,  Machinery,  Apparatus,  Accessories,  Sundries 
and  Materials,  and  of  their  proved  suitability  for  various  Industrial 
purposes. 

T!\p  "  Industrial  Suitlement  "  is  hdlcd  fcr  fding  or  hanging,  and 
liling  (.(iver.s  can  be  siiiiplk-d  fdi'  lidldiug  li  or  1  2  issues. 

HLBOTRICITT  SUPPLY  TABLESS  AND  DATA. 

This  Valuable  Set  of  Tables  and  Eng'ineeping'  Data  re- 
lating to  Eleetrieity  Supply  and  to  Electric  Traction  on 
Railways  and  Tramways  in  the  United  Kingdom,  the 
Colonies,  and  some  important  places  abroad,  are  now 
ready,  and  can  be  obtained  complete  in  handy  book  form, 
price  6s.  6d,  post  free,  or  on  very  hard  paper  for  rough  or 
constant  use,  price  8s.  6d,  post  free.  A  complete  Index 
is  included. 

THE  INSTITUIION  OF  ELECTBIC&L  ENGINEERS. 

In  looking  nver  the  uimual  report  of  the  Council  of  the 
Institution  of  Electrical  Engineers,  an  abstract  of  which 
will  be  found  elsewhere,  one  of  the  most  striking  points  i,s 
the  small  growth  of  the  Institution  during  the  past  year. 
The  total  increase  is  only  29.  A  few  years  ago  the  growth 
was  extremely  rapid,  and  although  the  rate  which  then 
held  good  could  scarcely  be  expected  to  last  for  any  lengthy 
period,  so  rapid  a  falling  off  is  a  little  surprising.  Possibly 
the  Institution  has  reached  practically  as  large  a  percen- 
tage of  the  profession  as  will  lie  attracted  by  a  body  of  this 
kind,  or  it  may  be  that  no  great  increase  can  be  expected 
until  some  material  change  is  made  ;  it  is  to  be  hoped  that 
the  Institution's  new  home,  which  is  to  be  realised  so  very 
shortly,  may  give  tlie  necessary  fillip  to  the  increase  of 
membership.  On  the  other  hand,  it  may  be  that  the  in- 
dustry has  .settled  down  to  a  somewhat  stagnant  condition, 
and  the  fact  that  there  are  fewer  .students  than  thei'c  were 
a  year  ago  lends  some  colour  to  this  view. 

When  the  Council  decided  last  year,  with  the  sanction 
of  a  special  general  meeting,  to  ijurchase  the  building  of 
the  Iioyal  College  of  riiysicians  and  the  Eoyal  College  of 
Surgeons,  many  inemljcrs  had  their  mi.sgivings  as  to 
whether  the  burden  so  taken  up  was  not  more  than  tlie 
Institution  could  bear  witli  safety.  "We  are  glad  to  fiinl 
that  Mr.  ]IA.MV10NI>,  the  treasurer  of  the  Institution,  in 
presenting  the  balauce-.sheet  last  week,  felt  quite  assured 
in  re"ard  to  the  future.     The  buildino  is  much  larger  than 
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is  necessary  at  the  present  time,  and  the  annual  cost  is 
likely  to  be  heavy  ;  we  are,  thevefore,  very  glad  to  find  that 
the  lloyal  Colleges  of  riiysicians  and  Surgeons  will  occupy 
a  large  part  of  the  building  for  at  least  the  next  three 
years.  This  should  make  a  material  difference  to  the 
certainty  of  the  situation.  By  the  end  of  that  period  it 
is  to  be  hoped  that  the  membership  will  sliow  a  tendency 
to  increase  more  rapidly  than  at  present,  and  that  the 
financial  position  will  be  perfectly  sound. 

Along  other  lines  the  Council  continue  to  move  with 
present  requirements.  Thus,  a  new  edition  of  the  Wiring 
Kules  is  in  course  of  preparation,  and  will  contain  certain 
modifications  to  meet  the  new  Ifegulations  of  the  Home 
Office.  Provision  will  also  be  made  to  sanction  less  ex- 
pensive methods  of  wiring,  and  apparently  the  rules  are  to 
be  extended  to  embrace  work  at  very  low  pressures,  pre- 
sumably those  which  have  been  bionght  about  by  the  in- 
troduction of  25-volt  metal  filament  lamps.  Another  sub- 
ject to  which  the  Council  are  giving  attention  is  that  of 
professional  conduct.  The  Institution  of  Civil  Engineers 
has  already  done  something  in  this  direciion.  Years  ago 
the  Institution  of  Electrical  Engineers  look  up  the  matter, 
but  without  any  great  measure  of  success,  and  a  further 
attempt  is  now  to  be  made.  There  are  many  who  feel  that 
no  good  in  this  direction  will  be  done  by  what  is  necessarily 
a  heterogeneous  body,  because  the  rules  apply  particularly 
to  only  one  class,  and  should  really  be  framed  by  that  class 
without  the  influence  of  other  interests.  Yet  another 
question  is  that  of  examination  for  associate  membership  ; 
this  is  merely  mentioned  in  the  report,  no  scheme  being 
submitted.  It  will  be  seen  that  the  Council  have  some 
difficult  problems  before  them,  and  we  hope  that  no  hurried 
decisions  will  be  made. 

In  any  society  it  is  most  important  that  the  council 
should  reflect  the  feeling  of  tlie  general  body  of  members. 
This  desirable  state  of  things  has  not  always  characterised 
the  Institution  of  Electrical  Engineers,  and,  as  a  result, 
there  has  been  friction  which  at  times  has  been  acute. 
Fortunately,  of  late  years,  this  condition  has  improved  very 
materially,  but  nevertheless  we  think  there  is  still  wanting 
tlie  intimate  touch  that  should  exist  between  the  Council 
and  the  members.  It  is  an  undesirable  task  to  criticise  a 
body  that  gives  much  time  for  the  common  good  and 
receives  nothing  in  return  ;  moreover,  plain  speaking  does 
but  little  good,  and  we  do  not  care  to  indulge  therein 
L'xcept  as  a  last  resource.  Wc  will  therefore  content  our- 
selves with  the  remark  that  the  Institution  of  Electrical 
Eugineers  is  primarily  a  body  concerned  with  electrical 
engineering  and  with  the  technical  applications  of  electricity 
:is  a  profession,  and  this  fact  cannot  be  borne  in  mind  too 
thoroughly  by  the  Council  in  all  their  actions. 


REVIEWS. 


(Copies  of  the  uodermcntioncJ  works  can  'le  had  from  Tht  Eleclrictan  OfHce,  post  tree, 
ou  receipt  of  pnbliahed  price,  adding  3d.  for  booka  published  under  2s.  Add  10  per 
cent,  for  abroiid  orfor  forei[i:u  books.) 


Elementary  Manual  on  Steam  and  the  Eteam  Engine.  l\v  Pnif. 
Anhrfav  .Ta:\iiesox.  12th  edition.  (London:  Cluules  OrilKn  &  Co.) 
Pp.  xi\-.— 355.     3s.  6d. 

The  first  three  lectures  or  chapters  deal  with  tlio  calculation 
of  such  areas,  volumes  and  weights  as  are  commonly  met  with 
iu  practice.  The  next  sixteen  lectures  treat  of  the  effect,  nature, 
transfer  and  measurement  of  heat;  of  the  properties  of  water 


and  steam;  of  indicators  and  indicator  diagrams;  of  eccentrics 
and  slide  valves,  and  of  the  early  steam  engines.  The  details 
of  a  compound  marine  engine  are  described  in  Lectures  XX.  to 
XXV.  A  description  of  various  types  of  boilers  and  boiler 
mountings  is  given  in  the  two  followinjr  lectures.  The  last 
lecture  is  devoted  to  locomotive  and  steam  turbine  work.  Of 
the  four  appendixes,  one  deals  with  experimental  work,  another 
consists  of  various  examination  tables  and  constants,  whilst 
the  remaining  two  are  devoted  to  recent  Board  of  Education 
examination  papers. 

The  subject  matter  of  the  theoretical  portion  of  the  book  is 
clear  and  concise,  but  does  not  cover  the  syllabus  for  Sta^e  I. 
The  descriptive  part  is  well  written,  although  there  are  a  few 
inaccuracies. 

Judging  from  the  past  examination  papers,  it  appears  that 
the  ability  to  execute  hand  sketches  of  some  of  the  principal 
details  of  steam  plants  is  essential  to  success.  An  intimate 
knowledge  of  the  form,  service  and  position  of  the  details  to 
be  sketched  is  necessary  if  satisfactory  sketches  are  to  be  pro- 
duced. The  fact  that  three  or  four  views  may  be  required  to 
portray  accurately  the  shape  of  a  detail  must  not  be  overlooked. 
Although  it  is  preferred  that  the  requisite  knowledge  be  gained 
by  a  direct  association  with  and  handling  of  the  actual  details, 
yet  students  are  often  obliged  to  rely  solely  upon  book  illustra- 
tions for  information  and  ideas.  Considered  with  reference  to 
the  above,  the  sketches  in  this  book  are  far  from  the  ideal.  A 
highly-shaded  sketch  of  a  piston  may  be  artistic ;  a  reprint 
from  a  photograph  of  a  vessel  travelling  at  a  high  speed  may  be 
beautiful ;  or  that  of  a  power  station  condensing  plant  mav  he 
interesting;  but  do  they  help  students  preparing  for  this 
examination  ? 

Details  of  a  triple-expansion  engine  (marine  type)  of  modern 
design  in  place  of  the  compound  engine  shown  would  increase 
the  educational  value  of  the  book. 

It  would  be  of  interest  to  learn  how  the  throttle  valve  liner 
and  body  are  machined  so  as  to  fit  togethei'  iu  the  manner 
showu  on  p.  211. 

Galvanotechnik.  By  Engineer  KkausB.  Vol  XCII.  of  "  Bibliothek 
der  gesamten  Technik."  (Hanover  :  Dr.  Max  Janecke.)  Pp.  xi. — 
195.     M.2.80. 

This  little  book  is  intended  for  the  use  of  students  engaged 
in  the  metallurgical  industry.  It,  therefore,  contains  very 
little  theory,  because,  as  the  author  states,  it  is  intended  for  the 
practical  man.  He,  consequently,  thinks  that  it  should  be 
useful  to  those  who  are  practically  engaged  in  electroplating 
or  electrotyping,  and  have  not  the  time  to  study  carefully  the 
larger  handbooks. 

As  the  book  is  small  the  author  has  not  thought  it  necessary 
to  insert  all  the  various  receipts  to  be  found  in  the  literatuie 
for  this  or  that  process.  He  has,  therefore,  contented  himself 
with  giving  those  which  he  himself  con.siders  the  best.  We 
certaiidy  agree  that  most  books  on  this  subject  inal<e  tiie 
mistake  of  giving  too  many  processes,  e.speciallv  as  nian\'  of 
them  are  absolutely  valueless. 

The  book  commences  with  a  description  of  the  sources  of 
current.  Nearly  all  the  various  primary  batteries  are  mentioned 
and  briefly  described.  There  is  then  a  very  short  description 
of  the  dynamo,  followed  by  an  equally  short  sketch  of  aecuinu- 
lators.  The  next  subject  treated  of  is  the  chemicals  used  by 
the  electroplaters,  and  here  we  think  the  author  makes  a  mis- 
take in  trying  to  teach  chemistry  in  a  book  of  this  kind.  For 
example,  what  would  the  following  convey  to  one  who  had 
studied  no  chemistry  :  "  Of  particular  value  are  the  three 
grouj)s  of  material — acids,  bases  and  salts.  The  bases  are 
mostly  metallic  oxides  and  compounds  of  such  with  water, 
which  then  form  hydroxides.  .  .  .  The  acids  are  chiefly 
nxynen  roinpounds  oi'  the  non-metals,  which  have  taken  up 
water."" 

This  nu^thod  of  teaching  is  too  much  like  that  which  w;vs  in 
vogue,  and  to  a  certain  exteiit  still  is,  in  this  country,  of  trying 
to  build  without  .i  foundation. 

The  rest  of  the  little  book  has  a  good  many  quite  useful 
"cookery"  receipts,  some  of  which  will  be  very  valuable  to  the 
experienced  plater,  who  will  be  able  to  employ  thorn  without 
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first  reading  the  chemistry  (?)  ;  in  fact,  probalily  better  without 
doing  so. 

Of  course,  we  are  not  advocating  that  a  plater  shouhl  k»arn 
no  chemistry.  In  fact,  we  consider  it  most  essential,  but  the 
chemistry  must  be  properly  taught — half  knowledge  is  of  yery 
little  use".  "  F.  M.  P.  " 

Elektrotecbnische  Me^'sbuIlde.  By  Alex.  Kc'Nigswehther.  Vol.  II. 

nf  ■' i.ruiiilriss  del-  Elektiotechnik."  (Hanover;  Dr.  Max  Jantcke.) 

Pp.  167.  M.4.J0. 
The  second  volume  of  this  series  is  devoted  to  electrotechnical 
measurements,  and  as  it  follows  the  previous  volume  on  the 
"  Physical  Principles  of  Direct  and  Alternate-Current  Tech- 
nics," its  object  is  chiefly  to  develop  the  fundamental 
principles  of  the  theory  and  construction  of  direct  and  alter- 
nate-current instruments,  and  methods  of  testing.  The  first 
part  describes  the  most  common  forms  of  galvanometers, 
dynamometers  and  supply  meters  and  calls  for  little  comment, 
except ,  perhaps,  that  the  sources  of  error  in  the  alternate-current 
instruments  are  rather  glossed  over.  Three  chapters  are  then 
devoted  to  the  measurement  of  resistance,  current,  and  P.D. 
respectively.  The  chapter  on  power  measurement  is  short  and 
clear,  but  the  theory  of  the  w'attmeter  hopelessly  inadequate. 
Capacity,  inductance  and  magnetic  measurements  receive  a 
fair  amount  of  attention,  and  the  last  portion,  which  deals  with 
the  measurement  of  phase  and  delineation  of  wave  form,  con- 
tains a  very  clear  account  of  the  various  point  to  point  methods, 
oscillographs  and  the  ondotrraph.  The  style  is  throughout 
simple,  and  the  figures  clear ;  and  the  book,  while  of  a  somewhat 
elementary  nature,  will  doubtless  be  of  service  to  the  students 
and  young  engineers  for  whom  it  is  intended. 


INSTITUTION  OF  ELECTRICAL  ENGINEERS. 

The  annual  general  meeting  was  held  last  week  on  Thurs- 
day evening  at  the  Koyal  Society  of  Art?,  being  followed  by  a 
Paper  on  "  Some  Tests  and  Uses  of  Condensers,"  by  the  Presi- 
dent, Mr.  W.  M.  Mordey.  An  abstract  of  this  Paper  will  be 
found  elsewhere  in  this  issue. 

The  annual  report  of  the  Council  was  approved,  as  were  also 
the  statement  of  accounts  and  balance-sheet  for  the  year 
ended  December  31,  1908.  In  moving  the  adoption  of  the 
report,  Mr.  Mordey  said  that  he  hoped  more  Papers  on  tele- 
graphic subjects  would  be  brought  forward  in  future;  in  fad, 
theic  had  been  no  Paper  of  importance  in  telegraphy  since  the 
one  by  Mr.  Sidney  Brown  on  "Automatic  Relay  Tran.slation 
for  Long  Submarine  Cables,"  seven  years  ago.  In  connection 
with  the  list  of  members  of  the  British  Electrotechnical  Com- 
mittee given  in  the  report,  Mr.  Mordey  mentioned  that  since 
the  report  was  printed  Mr.  Alex.  Siemens  had  been  elected 
chairman  of  the  committee  in  place  of  Sir  John  Gavey,  who 
had  resigned,  bntwhowould  continue  to  serve  on  the  committee. 
Although  the  statement  was  not  included  in  the  report,  Mr. 
Mordey  was  pleased  to  be  able  to  state  that  the  Council  of  the 
Institution  had  that  day  sanctioned  a  pension  scheme  for  the 
whole  of  the  staff  by  means  of  insurance.  For  this  purpose 
the  premiums  will  be  met  partly  by  the  staff',  the  remainder 
being  cortiibutcd  by  the  Institution.  He  referred  to  the 
Building  Fund,  and  hoped  that  there  would  soon  be  a  very 
large  incieasein  the  number  of  regular  annual  subscriber.-^.  He 
believed  members  of  all  classes  would  wish  to  contribute  in 
this  way,  and  he  suggested  that  a  large  number  of  small  con- 
tributions— from  half  a  guinea  to  a  guinea  or  two- -would  be 
a  very  satisfactory  form  of  support  by  the  members  to  the 
arrangement  to  which  the  Council  had  devoteil  so  much  atten- 
tion. In  conclusion,  Mr.  Mordey  mentioned  that,  as  no  nomi- 
nations had  been  received  other  than  those  made  by  the 
Council,  the  Council  nominees  were  duly  elected.  The  mem- 
ber.? of  the  new  Council  arc,  therefrre,  as  given  in  our  issue  of 
April  2:5rd. 

Mr.  Hammond,  in  seconding  the  report,  dealt  with  the 
statement  of  accounts  foi-  the  past  year.  In  taking  over  the 
new  building  next  month  he  felt((uite  certain  that  they  would 
be  able  to  make  both  ends  meet,  and  at  the  same  time  put 


aside  the  necessary  sums  for  the  redemption  of  the  debt.  In 
making  such  an  estimate  he  did  not  rely  on  any  increase  of 
membership,  although,  doubtless,  fuch  increase  would  result 
when  the  Institution  became  established  in  a  home  of  its  own. 

The  meeting  terminated  with  the  usual  votes  of  thanks  to 
the  Institution  of  Civil  Engineers,  the  Koyal  Society  of  Arts, 
and  the  officers  of  the  Institution. 

An  abstract  of  the  report  of  the  Council  is  given  below. 

(Irtnrlh  nf  Ihc  Inxlilutiuii. — Siiuc  the  date  of  the  last  annual  general 
meeting.  421  pruposals  for  election  have  been  considered,  and  there  have 
been  elected  14  members,  1(15  associate  members,  17  associates,  and  201 
students.  To  the  class  of  members  there  have  been  transferred  35 
associate  members  and  8  associates,  to  the  class  of  associate  members 
there  have  been  transferred  25  associates  and  115  students,  and  to  the 
class  of  associates  there  has  been  transferred  1  student.  The  total  roll 
is  now  (i,097,  compared  with  0,0(58  in  the  previous  year,  and  is  com- 
posed of  7  honorary  members,  1,136  members,  2,375  associate  members, 
1,030  associates,  1,438  students  and  105  foreign  members. 

Mr.  Oliver  Heaviside,  F.R.S.,  and  the  Hon.  Charles  A.  Par.wns,  C.B., 
F.R.S. ,  have  been  elected  as  h<jnorary  members.  Honours  have  been 
conferred  upon  several  member.-i  of  the  Institution.  Sir  H.  H.  Cunyng- 
hame  has  been  created  a  Knight  ConunMnder  of  the  Order  of  the  Bath, 
and  Knighthoods  have  been  conferred  i^n  Sir  Robert  Hadfield  (who  has 
also  been  elected  a  Fellow  of  the  Rnval  Society),  and  Prof.  Sir  J.  J. 
Thomson,  F.R.S. 

Reference  is  made  to  the  deaths  of  Prof.  W.  E.  Ayrton,  F.R.S.,  the  Rt. 
Hon.  Lord  Blythswood,  F.R.S.,  Mr.  E.  J.  Bristow  (hon.  solicitor).  Mon- 
sieur Mascart  (honorary  member),  Herr  Erail  Naglo  and  Mr.  C.  H. 
Reynolds. 

Meetings  and  Papers. — During  the  past  session  16  general  meetings, 
20  council  meetings  and  112  committee  meetings  have  been  held. 
There  have  been  45  meetings  of  Local  sections,  namely,  at  Birmingham 
7.  at  Dublin  7.  at  Glasgow  7,  at  Leeds  6,  at  Manchester  11,  and  at  New- 
castle 7.  A  complete  list  of  Papers  and  original  communications,  with 
the  places  where  read,  is  given  in  the  report. 

The  council  hope  that  members  will  avail  themselves  of  the  "  .Journal  " 
to  a  greater  extent  than  in  the  past  as  a  medium  for  the  publication  of 
short  notes  or  communications — not  necessarily  for  reading  or  discussion 
at  meetings — on  new  discoveries,  methods  of  testing,  and  similar  matters. 
Sr/idldrships. — The  council  have  awarded  a  Salomons  Scholarship, 
vmIuc  £50.  to  Mr.  J.  Mould,  of  the  Finsbury  Technical  College,  and  a 
David  Hughes  Scholarship,  value  £50,  to  Mr.  H.  M.  Browne,  of  King's 
College. 

Annual  Premiums. — The  premiums  for  Papers  and  communications 
have  been  awarded  as  follows  :  The  Institution  Premium,  value  £25,  to 
M.  J.  H.  Rider  for  his  Paper  on  "  The  Electrical  System  of  the  London 
County  Council  Tramways  "  ;  the  Paris  Electrical  Exhibition  Premium, 
value  £10,  to  Messrs.  L.  Andrews  and  R  Porter  for  their  Paper  on  "  The 
LTse  of  Large  Oas  Engines  for  Generating  Power  "  ;  an  extra  Premium, 
value  £10.  to  Messrs.  W.  Cramp  and  B.  Hoyle  for  their  Paper  on  "  The 
Electric  Discharge  and  Production  of  Nitric  Acid  "  ;  an  Extra  Premium, 
value  £10.  to  Mr.  T.  Swinden,  for  his  Paper  "  Researches  on  the  Magnetic 
Properties  of  a  Series  of  Carbon  Tungsten  Steels  "  ;  an  Extra  Premii  m, 
value  £10.  to  Mr.  E.  A.  Watson  for  his  Paper  on  "  The  Dielectric  Strength 
of  Compressed  Air"  ;  an  Extra  Premium,  value  £5,  to  Mr.  H.  S.  Hallo, 
for  his  Paper  on  "  The  Theory  and  Application  of  Motor  Converters  "  ; 
an  Extra  Premium,  value  £5,  to  Messrs.  J.  C.  Macfarlane  and  H.  B\irge, 
for  their  Paper  on  "  Output  and  Economy  Limits  of  Dynamo  Electric 
Machinery  "  ;  an  Extra  Premium,  value  £5,  to  Mr.  J.  S.  Peek  for  his 
Paper  "  Fly  Wheel  Load  Pjcpialiser  "  :  and  an  Original  Communication 
Premium,  value  £10,  to  Messrs.  C.  C.  Paterson  and  E.  H.  Rayner  for  their 
communication  "  Non-inductive,  Water-cooled  Standard  Resistances 
for  precision  Alternating-Current  Measurements."  Students'  premiums 
have  been  awarded  to  Slessrs.  B.  E.  Stott,  J.  Hargrove,  L.  H.  A.  Carr, 
P.  C.  Jones,  W.  S.  Lonsdale  and  C.  S.  Richards.  In  conjunction  with 
the  Institution  of  Mechanical  Engineers,  a  gold  medal  has  been  designed 
for  ]Ucscntation  to  those  recipients  of  tlie  Willans  premium  who  may 
jircfcr  to  receive  the  award  in  this  form.  Bronze  replicas  have  been 
presented  to  Mr.  Mark  Robinson  and  to  Mr.  P.  V.  McMahon,  to  whom 
the  Council  awarded  the  Willans  premium  in  1897  and  in  1904  respec- 
tively. 

Studenl/i'  Section. — .\t  the  o|icning  meeting  of  their  session  an  address 
to  the  students  was  dchvcicd  by  Mr.  .1.  S.  Highiic  Id  on  the  subject  of 
"The  Rcs]M.nsibihty  of  the  i':ii^!iu.(  r."  'IVn  nuTlirigs  ahogcthcr  have 
been  licld  in  tlic  Library  of  Ihc  Inslil  uticm.  .it  which  nine  Papers  have  been 
read  and  discussed.  Tlie  St  udents'  Conunittee  organised  a  visit  to  Ncw- 
castle-on-Tync  in  the  summer  of  1908.  The  Glasgow  and  Manchester 
branches  of  the  Stu<lcnts'  Secticm  have  also  completed  a  successful 
session,  liaving  held  eight  meetings  and  nine  meetings  respectively.  The 
students'  ccunmittecs  and  their  honorary  secretaries  are  to  be  con- 
gratulated on  the  success  of  the  meetings  and  visits. 

fiecrelaryship. — Reference  is  made  to  the  resignation,  last  November, 
of  the  secretaryship  by  Mr.  G.  C.  Lloyd  and  to  the  appointment  of  Mr. 
P.  F.  Rowcll  as  his  successor. 

Tht  Institulion  Building. — The  Council  have  entered  into  an  agree- 
ment to  complete  the  purchase  by  June  1,  1909.  For  the  present,  the 
Institution  will  occupy  the  whole  of  the  ground  floor  and  a  large  portion 
of  the  first  floor,  which  will  form  a  library,  of  nearly  3,000  sq.  ft.,  facing 
tlie  river.  It  is  proposed  to  enlarge  and  improve  the  entrance  hall  and 
the  lecture  theatre.  The  remaining  portion  of  the  building  has  been  let 
for  three  years  to  the  present  owners,  the  Royal  Colleges  of  Physicians 
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and  Surgeuns.  It  is  expected  that  the  Inatitutiun  will  be  transferred  to 
the  new  building  in  the  autumn,  and  that  the  enlarged  theatre  will  be 
available  early  in  1910. 

The  BrUixh  E/erfrolechiiicnt  CiitiDitilUi . — The  names  of  the  members 
of  this  committee  arc  given  in  the  reiiorl.  The  list  of  terms  with  explan- 
ations  under  preparation  by  the  sub. committee  on  Nomenclature  has 
now  been  completed  as  far  as  the  letter  K,  and  it  will  .shortly  be  circulated 
to  the  variou.s  committees  abroad.  The  Briti.sh  Committee  have  for- 
warded to  the  Central  Offices  a  proposal  with  regard  to  an  International 
Unit  of  Light,  and  the  matter  is  now  before  the  several  Electrotechnical 
Committees. 

Wiriivi  Rules. — A  new  edition  of  the  wiring  rules  is  in  course  of  pre- 
paration. This  will  contain  certain  modificati(ms  to  meet  the  new 
Kegulations  of  the  Home  Office,  and  provision  will  be  made  to  sanc- 
tion certain  less  expensive  methods  of  wiring  and  to  extend  the  Rules 
for  work  at  very  low  pressures.  It  is  hoped  to  issue  this  revised  edition 
before  the  end  of  the  year. 

Professiomd  Conduct. — The  Council  have  under  consideration  the  issue 
of  a  statement  on  the  subject  of  ju-ofcssional  conduct,  a  matter  which 
has  recently  engaged  the  attention  of  the  Institution  of  Civil  Engineers. 

Examiiuilionx  for  .i.i.iorinU-  Mi  inhiralii/). — The  Council  are  considering 
the  (juestion  of  rcciuiring  candidates  for  associate  membership  to  pass  a 
ipialifying  examination.  ' 

Building  Fund. — The  attention  of  members  generally  is  called  to  this 
fund.  The  Council  express  the  ho])e  that  there  will  be  a  large  increase 
in  the  number  of  contributions,  and  they  wish  to  ])i>int  oiit  the  import- 
ance, in  the  aggregate,  of  even  small  annual  subscriptions. 

Benevolent  Fund. — The  committee  of  management  report  that  the 
Benevolent  Fund  of  the  Institution  shows  a  satisfactory  increase  for  the 
past  year.  On  Dec.  31,  1908,  the  capital  account  of  the  Fund  stood  at 
£3,000,  as  compared  with  £2,735.  9s.  lid.  at  the  end  of  1907.  The 
donations  to  the  Fund  in  1908  include  one  of  £105  from  Mr.  W.  B.  Esson 
and  another  of  £75  from  the  committee  of  the  Electrical  Engineers"  Ball. 
The  Wilde  Benevolent  Trust  Fund  stands  at  £1,744.  His.  Grants  in  aid 
have  been  made  from  the  income  of  both  Funds  tluiing  1008. 

Annual  Accounts. — The  report  of  Mr.  R.  Hammond,  tlie  hon.  ti-easurer, 
shows  that  the  balance  carried  to  the  general  funil  at  the  end  of  1908, 
being  excess  of  income  over  expenditure,  was  £3.253.  9s.  3d.,  as  com- 
pared with  £3,678.  9s.  2d.  for  1907,  showing  a  decrease  of  £424.  19s.  Ud. 
The  transfers  to  the  Building  Fund  during  the  year  1908  included  a 
transfer  of  dividends  amounting  ti>  £44li.  8s.  The  balance  sheet  sets  out 
the  total  investments  other  tium  tlie  investments  of  the  trust  funds.  It 
is  seen  that  the  total  asests  amount  to  £51,552.  lis.  Id.,  against  which 
are  to  be  set  liabilities  amounting  to  £1,064.  lOs.  5d.,  leaving  as  the  net 
assets  of  the  Institution  £50,487.  lis.  8d. 

The  Building  Fund  has  increased  during  1908  by  the  amount  of 
£1,219.  lis.  2d.,  the  incroa.se  being  due  to  revenue  from  ju'operty,  sub- 
scri]>tions,  dividends  on  investments,  and  sundry  other  items. 

The  General  Fund  has  increased  to  the  extent  of  £3.253.  9s.  3d.,  and, 
after  deducting  the  transfer  to  Building  Fund,  now  stands  at  £6,852. 6s. 9d. 
Museum. — Several  interesting  pieces  of  apparatus  have  been  added 
during  the  year.  The  Institution  is  imder  a  deep  obligation  to  the  Post- 
master-General, who  has  kindly  arranged  that,  in  future,  duplicates  of 
specimens  of  telegraphic  and  telephonic  apparatus  selected  for  the  Post 
Office  Museum  shall  be  sent  to  the  Institution  Museum.  The  attention 
of  members  is  called  to  the  desirability  of  reporting  to  the  Institution 
the  existence  of  any  objects  of  historical  interest  connected  with  electrical 
science  and  industry  which  may  appear  suitable  for  inclusion  in  the 
Mu.seum. 

Library. — Early  in  1908  the  Cinmcil,  under  the  advice  of  the  honorary 
solicitors,  considered  the  steps  that  should  be  taken  for  the  appointment  of 
new  trustees  for  the  Ronalds  Library.  At  a  meeting  of  the  surviving 
trustees,  5Ir.  J.  C.  Carter  and  Mr.  J.  M.  Fletcher,  who  continue  to  act, 
the  following  new  trustees  were  appointed  :  Col.  R.  E.  Crompton.  C.B., 
Dr.  R.  T.  Glazcbrook,  F.R.S.,  Sir  John  Gavey,  C.B.,  Mr.  W.  Duddcll, 
F.R.8.,  Mr.  B.  Ronalds,  and  Mr.  R.  Carter.  The  Council  have  now 
acquired  1,418  out  of  the  1,623  works  which  were  reported  to  bo  v.anting 
to  complete  the  Institution's  collection  of  electrotechnical  literature.  In 
addition  to  these  the  number  of  new  books  purchased  since  .May  15.  1908, 
is  12(1,  and  346  Imoks  and  pamphlets  have  been  presented  by  members, 
|iublishcrs,  and  kindred  societies.  The  number  of  members  who  consult 
the  library  continues  to  increase,  the  tota.i  number  of  readers  during  the 
jiast  12  months  having  been  850,  of  whom  34  were  non-members. 

An  apjiciuiix  to  the  rc)iort  contains  a  list  of  transactions,  proceedings, 
&c.,  received  by  the  Institution. 


SOME  CONTACT  RECTIFIERS  OF  ELECTRIC 
CURRENTS.* 

BY    L.     W.    .Vl'.STlN- 

It  is  not  generally  kncivvn  that  there  is  a  largo  number  uf  solid 
conductors  of  electricity,  metallic  and  non-metallic,  in  which,  when 
brought  together  so  as  to  form  a  contact  of  not  too  low  resistance, 
electricity  appears  to  pass  more  easily  in  one  direction  than  in  the 
other.  Most  eases  of  this  kind  are  too  uncertain  and  eapricious  in 
their  action  to  allow  definite  study.  But  silicon  in  contact  with 
almost  any  of  the  ordinary  metals,  carbon  steel,  and  tellurium- 

•  Abstract  from  the  "  Bulletin  of  the  Bureau  of  Standards." 


aluminium   all   show   a   well-marked  and   fairly   regular   unilateral 
conductivity. 

In  the  investigation  of  these  contacts  I  have  used  two  main 
methods  of  experiment.  In  the  finst  a  direct  E.M.F.  was  applied  to 
the  contact,  first  in  one  direction  and  then  in  the  other,  and  the 
resulting  currents  measured  on  a  galvanometer  <,r  ammeter  having 
resistances  small  in  comparison  with  that  of  the  contact.  In  the 
second  method  a  known  alternating  current  at  GO  cycles  was  sent 
through  a  fall  of  pot^-ntial  wire  and  the  required  voltages  taken  from 
sliding  contacts  and  applied  to  the  rectifying  contact,  which  waa  in 
series  with  the  direct-current  meter. 

Silicon.— Thu  fact  that  a  piece  of  silicon  when  properly  brought 
in  contact  with  brass  or  copper,  or,  in  fact,  almost  any  of  the  common 
metals,  is  capable  of  acting  as  a  detector  for  electrical  oscillations 
without  the  u.se  of  external  E..\1.F.  was  first  announced  by  G.  W. 
Pickard  who  ascribed  the  phenomenon  to  thermoelectric  action. 

A  table  in  the  Paper  shows  the  unilateral  conductivity  of  a  silicon- 
steel  contact  for  direct  currents  at  0-014  to  2-5  volts.  The  diffe- 
rence in  the  values  of  the  current  from  silicon  to  steel  and  from  steel 
to  silicon  increases  from  0-3  to  19,000  micro-amperes  as  the  voltage 
is  raised.  It  is  also  seen  that  the  resistance  for  currents  in  the 
direction  steel  to  silicon  drops  rapidly  with  increasing  voltage.  A 
second  table  contains  the  rectified  currents  for  various  alternating 
voltages,  the  contact  being  adjusted  for  maximum  rectification  with 
the  smaller  voltages.  It  is  noticed  that  these  rectified  currents  up 
to  about  10  volt  correspond  approximately  with  the  differences  in 
the  direct  currents  in  the  previous  table.  Below  0-2  volt  the  phe- 
nomenon is  extremely  reproducible,  and  contacts  may  be  .set  and 
remain  constant  in  their  action  for  weeks  at  a  time,  unless  violently 
jarred  or  exposed  to  too  high  voltages.  Within  this  range  the  recti- 
fied currents  are  approximately  proportional  to  the  square  of  the 
alternating  voltage.  Hence  a  silicon  rectifier  with  a  galvanometer 
is  a  useful  instrument  for  all  kinds  of  high  frequency  work  with 
small  currents. 

For  the  determination  of  the  absolute  sensitiveness  of  the  silicon 
rectifier  at  high  frequencies,  a  rectifier  of  rather  low  sensibility  wa.s 
compared  with  an  extremely  sensitive  thermoelement  at  a  frequency 
of  140,000.  They  were  connected,  in  turn,  in  series  with  a  1  micro- 
farad i)aper  condenser  for  stopping  the  direct  current,  and  with  an 
inductance  of  00331  microhenry  coupled  very  loosely  to  a  second 
tuned  circuit  in  which  oscillations  were  excited.  The  discrepancy 
of  4  per  cent,  was  less  than  the  average  deviation  from  the  mean 
(5-2  per  cent).  The  experiment  shows  that  there  is  no  change  in 
sensitiveness  with  frequency  within  the  limits  of  accuracy  of  the 
observations. 

While  in  general  the  rectified  current  with  silicon  rectifiers  flows 
from  steel  to  silicon,  an  exception  has  been  found  in  a  certain  sample 
which  is  probably  somewhat  less  pure  in  its  composition  thin  the 
rest  of  the  silicon  specimens  used.  From  this  sample,  rectifiers  of 
exceptional  .sensitiveness  have  been  made,  but,  curiously  enough, 
the  rectified  current  flows  from  silicon  to  steel,  or  in  the  opposite 
direction  to  that  usually  observed.  Still  more  curiouslj-,  however, 
it  is  found  that  the  thermoelectric  E.M.F.  at  the  contact  is  also 
reversed,  .still  remaining  in  opposition  to  the  rectification.  That 
this  effect  is  really  a  property  of  this  .sample  is  shown  by  the  fact 
that  the  reversals  persist  in  the  case  of  other  pieces  broken  from  the 
larger  sample  and  also  with  freshly  broken  surfaces.  As  might  be 
expected,  when  a  contact  is  made  between  two  specimens  of  silicon 
with  the  opposite  rectifying  qualities,  a  rectifier  of  remarkable  sen- 
sitiveness is  produced. 

Carbon  Steel. — -Another  substance  capable  of  forming  rectifying 
contacts  is  carbon.  It  gives  the  most  satisfactory  results  when 
used  with  steel.  Tho  polished  surface  of  an  ordinary  steel  sewing 
needle  in  contact  with  arc  light  carbon  *  giving  excellent  results. 
By  varying  the  pressure  it  is  possible  to  prt)duce  rectifiers  of  widely 
varying  resistance.  For  high  resistance  rectifiers  particularly  good 
results  were  obtained  by  making  the  contact  on  the  soft  centre  of  a 
cored  carbon.  The  high  resistance  contacts,  while  showing  regular 
rectification  for  alternating  currents,  do  not,  so  far  as  the  author 
has  observed,  show  regular  and  satisfactory  unilateral  conductivity 
for  direct  currents. 

.V  comparison  of  (he  observations  given  in  llie  Paper  with  the 
silicon  ob.servations  shows  that  Im-  the  higher  voltages  Iho  carbon 
rectification  is  much  less  perlccl.  but  as  the  carbon  .sensibility  curve 
drops  more  slowly  the  difference  for  very  small  voltages  is  less.  It 
is  also  to  be  noted  that  in  the  case  of  carbon  the  effect  becomes  too 
irregular  for  obscr\'ation  at  a  much  lo«cr  voltage. 

Tellurium. — In  addition  lo  the  rectifying  effect  of  tellurium- 
aluminium  contacts. I  which  appears  to  he  thermoelectric,  or  at 
least  in  the  same  direction  as  the  thermoeleetrie  action  and  which 

•  Graphite  seems  to  be  distmetly  inferior. 

t  Described  in  the  "  Physical  Review,"  No.  24,  p.  508,  1907.    . 
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becomes  irregular  above  low  voltages,  there  is  a  second  rectifying' 
effect  in  op|)osition  to  the  first.  This  in  general  becomes  promincn 
only  at  the  higher  voltages.  There  is  a  middle  region  in  the  vicinity 
of  0-5  volt  where  the  two  effects  appear  to  be  in  conflict.  This 
second  effect  seems  entirely  analogons  to  the  rectification  of  silicon 
and  is  of  the  same  order  of  magnitude.  For  quantitative  observa- 
tions the  tellurium-aluminium  is  somewhat  inferior  in  point  of  con- 
stancy. 

Conclusions. — In  all  the  cases  noticed,  the  contact  has  a  resistance 
of  .several  ohms  as  though  there  were  a  resisting  film  between  tlie 
conductors.  In  all  the  ca.ses.  too.  there  is  a  comparatively  poor 
conductor  in  contact  with  a  good  conductor,  but  the  rectification  in 
the  cases  of  carbon-steel  and  of  silicon-steel  is  from  the  good  to  the 
poor,  while  in  tellmium-aluminium  it  is  in  the  opposite  direction 
(except  for  very  low  voltages  wlicre  another  i)henomenon.  perhaps 
thermoelectric,  predominates).  It  may  be  worth  noting  that  the 
first  effect  is  in  the  same  direction  as  tlic  rectified  current  in  the 
aluminium  electrolytic  rectifier.  Another  peculiar  fact  is  that  in 
the  tliree  ca.ses  studied  the  rectified  current  flows  in  opposition  to 
the  thermoelectric  cinrent  produced  by  heating  the  contact,  except 
in  the  case  of  tellurium-aluminium  at  low  voltages,  as  noted  above. 

It  is  clear  that  we  are  dealing  with  a  contact  phenomenon,  depend- 
ing as  it  does  vitally  upon  the  pressure  and  area  of  the  contact 
surfaces.  When  these  .--lufaces  arc  sufficiently  large  and  tlie  contact 
sufficiently  close  the  rectification  entirely  disappears.  It  may  be 
that  there  is  something  of  the  nature  of  polarisation  and  a  counter 
E.M-F.  at  the  contact,  but  if  this  exists  no  evidence  of  it  has  thus 
far  been  found.  Of  course  it  is  possible  that  we  are  here  dealing 
with  the  still  obscure  question  of  the  escape  of  electrons  from  a  con- 
ductor, and  that  our  rectifying  contacts  furnish  us  with  conditions 
under  which  the  electrons  pass  more  readily  in  one  direction  than  in 
the  other,  that  is.  that  it  is  a  case  of  direct  and  not  secondary  recti- 
fication. The  rectified  currents  described  have  been  small,  but  it 
seems  jirobable  that  b}-  a  proper  arrangement  of  contacts,  perhaps 
in  parallel,  considerably  larger  currents  could  be  rectified. 


CORRESPONDENCE. 

OIL  ENGINES  FOR  USE  IN  SUB-STATIONS. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir  :  Your  leading  article  on  the  question  of  Diesel  oil 
engines  for  sub-stations  will,  I  feel  sure,  meet  with  the  assent 
of  the  majority  of  central  station  engineers  who  have  to  run  a 
central  station  in  conjunction  i\ith  sub  stations. 

The  projiosals  put  forward  are  really  too  radical  in  their 
nature  to  cause  them  to  be  looked  upon  with  favour.  It  is 
quite  too  alarming  to  think  of  the  tremendous  changes  that 
would  be  involved  by  decentralising  the  main  station  and 
breaking  the  links  between  the  sub-stations  and  the  main 
station.  If  the  oil  engine  is  as  economical  as  claimed,  let  it,  by 
all  means,  be  put  in  at  the  central  station,  but  don't  break  the 
links  between  the  main  station  and  the  sub-stations. 

It  has  hitherto  been  an  accepted  principle  the  world  over, 
that  the  greater  the  amount  of  plant  that  can  be  centralised  in 
one  station  the  lower  will  lie  the  fixed  charges  for  wages  and 
supervision.  When  to  this  is  added  the  lower  capital  cost  per 
Idlowatt  of  the  larger  generating  plant,  a  further  advantage  is 
obtained. 

It  is  also  a  fact  that  the  smaller  the  proportion  which  the 
cost  of  fuel  bears  to  the  other  charges  making  up  the  cost  at 
the  sub-statioD,  the  greater  does  the  saving  become  that  is 
effected  by  centralisation  under  the  above  two  items. 

The  cost  of  the  sub-station  plant  is  so  low,  by  compari.?on 
with  the  main  plant,  that  it  can  be  thrown  in,  with  still  a  con- 
siderable advantage  in  favour  of  centralisation.  This  sub- 
station plant,  moreover,  being  all  operated  from  the  sub-station 
switchboard,  attendance  on  same  is  reduced  to  a  minimum,  and 
wages  charges  are  correspondingly  low,  even  in  sub-stations 
very  much  smaller  than  Mr.  Pfeifl'er  Ins  considered. 

Then  again,  the  cost  of  the  high-tension  feeders  between  the 
main  station  and  the  sub-stations  will,  in  most  large  towns,  be 
found  to  be  only  of  the  onler  of  £2  per  kilowatt  instead  of  the 
£«  taken  by  Mf.  PfeifTer. 

If  accumulators  are  introduced  in  the  sub-stations,  several 
further  advantages  are  gained :  (1)  The  generating  plant  at 
the  sub-station  can  be  used  to  give  30  to  40  per  cent,  more 
output ;    ^2)  the  wages  and  other  fixed  charges  consequent 


upon  not  putting  down  that  extra  plant  are  in  a  large  measure  | 
saved  ;  (3)  a  stand-b}',  instantaneously  available  for  the  genera- 1| 
ting  station  and  for  each  of  the  substations,  is  provided.  j 

When  these  advantages  are  tacked  on  to  those  of  centralisa-- 
tion  it  will  be  seen  how  much  we  are  asked  to  give  up  by  the' 
employment  of  oil  engines  in  sub-stations,  let  alone  the  poor  I 
overload  capacity  of  the  oil  engine,  which  is  a  moat  serious 
disadvantage  when  used  under  such  conditions — I  am,  &c.. 

King's  Heath,  May  23.  A.  M.  Taylor.      I 


DIESEL  OIL  ENGINES  IN  SMALL  GENERATING 
STATIONS. 

TO  THE  editor  OF  THE  ELECTRICIAN. 

Sir  :  I  read  with  amusement  the  letter  of  Mr.  H  Leslie 
Dixon  with  respect  to  my  claim  for  "  being  a  pioneer  in 
advising  Diesel  engines."  I  can  assure  Mr.  Leslie  Dixon  such 
was  not  my  claim. 

If  he  will  carefully  read  my  Paper  he  will  notice  the  follow- 
ing :  "  In  the  works  I  designed  for  the  cit\  of  Chichester  .  .  . 
the  generating  plant  is  interesting  as  one  of  the  first  (if  not 
the  first)  depending  upon  its  supply  when  employing  engines 
of  the  Diesel  type  for  prime  mo\  ers."  I  think  Mr.  Dixon  will 
find  that  all  the  companies  he  mentions  have  steam  plant  and 
also  accumulators ;  at  Chichester  we  have  neither,  but,  as  cor- 
rectly stated  in  my  Paper,  the  supply  depends  upon  the  Diesel 
engines — whereas  in  the  companies  he  names,  they  have  in- 
stalled, it  is  true,  engines  along  with  their  steam  plant  and 
battery  plant. 

However,  it  is  a  small  matter,  and  by  all  means  let  Mr. 
Dixon  have  any  honour  he  may  get  out  of  Diesel  engines — for 
I  am  certaiulj'  not  envious  of  any  such  claim  ;  at  the  same 
time  Mr.  Dixon,  if  he  finds  time  to  reply,  will,  no  doubt,  give 
me  the  names  of  the  towns  where  no  steam,  accumulators  or 
other  plant  are  used  (for  lighting  stations),  save  only  Diesel 
oil  engines,  nor  any  other  plant  as  stand-by. 

I  am  pleased  Mr.  Dixon's  figures  confirm  my  own  with 
respect  to  the  costs  per  unit  which  are  i)o.ssible  with  Diesel  oil 
engines. — I  am,  &c,,  Horace  Boot, 

Consulting  Engineer  to  the  Tonbridge  Corporation 
and  the  Chichester  Electric  Light  &  Power  Co. 

Westminster,  S.W.,  May  22. 

[The  claim  made  by  Mr.  Boot  apjjarently  is  based  on  the 
words  "  depending  upon  its  supply  when"  in  the  above  quota- 
tion. If  this  is  so,  we  are,  no  doubt,  responsible  for  the  mis- 
understanding which  has  arisen,  for  in  preparing  our  abstract 
we  removed  the  words  in  question  ;  we  must  admit,  however, 
that  we  did  not,  and  do  not  even  now,  follow  their  connection 
with  the  remainder  of  the  sentence. — Ed.  K.] 

INSULATING  MATERIALS. 

TO   THE   EDITOR   OF   THE    ELECTRICIAN. 

Sir  :  On  p.  221  of  your  last  issue  you  publish  nn  abstract  of 
a  Paper  by  Mr.  G.  H.  Fletcher  on  "  Some  Notes  on  Insulating 
Material."  In  this  Paper  the  author  states  that  "on  removing 
the  varnished  covering  from  a  wire,  the  cojjper  is  sometimes 
found  to  be  coated  with  a  green  oxide,'  and  apparently  makes 
the  usual  tacit  assumption  that  this  green  colour  is  a  fatal  de- 
fect. I  have  so  many  times  seen  in  prijit  similar  statements 
that  it  seems  worth  while  to  attempt  to  show  how  very  mis- 
leading they  are. 

In  the  first  place,  though  no  chemist,  I  have  good  reason  to 
believe  that  the  only  known  oxides  of  copper  arc  red  or  Ijlack. 
The  substance  in  question  must,  therefore,  be  some  other  salt 
of  copper.  Nitrate  formed  by  electric  discharge,  and  chloride 
from  the  bleaching  material  in  the  cotton  or  linen  have  been 
suggested.  To  obtain  the  oliserved  density  of  colour,  either 
of  these  .salts  would  have  to  be  present  in  sufficient  quantity 
to  more  than  cover  the  whole  mass  with  easily  observable 
crystals.  In  addition,  the  green  substance  gives  none  of  the 
reactions  of  a  chloride  or  nitrate.  As  a  matter  of  fact,  I  have 
had  a  considerable  quantity  tested  by  a  professor  of  chemistry, 
and  we  were  both  astonished  to  find  that  we  could  not  even 
obtain  the  reactions  for  eojiper,  easily  detected  though  it  is. 
The  green  matter  is  thus  seen  to  be  some  obscure  organic  salt 
of  copper,  so  exceptionally  deep  in  tint  that  a  quantity  sutii- 
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cient  to  stain  somu  feet  of  tape  a  vivid  green  was  not  enough 
to  respond  to  the  delicate  ferrocyanide  test. 

From  a  practical  puint  of  view,  the  substance,  though 
alarmiu"  in  appearance,  seems  to  do  little  real  harm.  I  be- 
lieve I  have  detected  a  reduction  of  the  breakdown  voltage  in 
specimens  tested  in  a  hot  state,  but  never  in  a  cold. — I  am,  &c., 

Manchester,  May  2  L  J.  S.  S.  Cooper,  M.A.,  B.Sc. 

THE  INSTITUTION  OF  ELECTRICAL  ENGINEERS. 

TO   THE   EDITOR   OF   THE    ELECTRICIAN. 

Sir  :  It  may  be  of  profit,  as  the  current  session  of  the  Insti- 
tution of  Electrical  Engiueers  is  now  drawing  to  a  close,  to  take 
some  stock  of  the  position  in  the  light  of  a  review  of  the  pro- 
ceodin"s  at  the  general  meetings  now  terminated. 

AVe  have  had  many  good  Papers,  but  I  venture  to  cjuestion 
whether  we  have  complemented  the  value  of  those  contribu- 
tions by  bringing  to  bear  upon  thcni  the  best  criticism  which 
the  knowledge  and  experience  of  the  general  body  of  members 
renders  potentially  available  ?  Are  there  not  "  ungotten 
minerals"  which  a  means  ought  to  be  found  of  extracting  for 
the  fiu'ther  enrichment  of  our  discussions  ?  With  this  oljject 
in  view  I  submit  a  few  suggestions  in  the  direction  of  some 
alteration  in  the  method  of  conducting  these  discussions. 

1.  Might  not  all  members  desiring  to  take  part  in  a  discus- 
sion be  required,  when  sending  in  their  names,  to  subrait  a  very 
brief  summary  of,  or  at  least  the  heads  of,  their  proposeil  con- 
tribution 1  The  president,  having  a  list  before  him  of  the 
points  which  will  be  dealt  with  by  each  speaker,  can  "edit" 
the  debate  with  due  regard  to  the  relative  importance  of  the 
matter  contributed  rather  than  to  his  estimate  of  the  impor- 
tance of  the  matter  which  the  speaker  is  capable  of  contributing. 
Thus  interesting,  but  digressive,  discourse  may  be  curtailed  ; 
anil  time  found  for  valuable  contributions,  some  of  which  though 
tendered  remained  "  ungotten"  (to  my  knowledge)  during 
the  last  session.  Of  course  these  contributions  can  always  be 
sent  to  the  "Journal,"  but  there  is  not  the  same  point  in  swelling 
the  minutes  of  proceedings  with  matter  which  did  not  form 
part  of  those  proceedings,  and  the  inducement  is  often  an  in- 
sufficient incentive  to  excite  the  efibrt. 

2.  Instead  of  the  autiior's  reply  being  relegated  to  a  few 
breathless  minutes  at  or  after  closing  time,  might  not  an 
opportunity  be  given  to  him  of  replying  at  reasonable  length 
to  all  the  points  of  criticism  which  lend  themselves  to  verbal 
treatment  ?  The  meeting  wants  to  hear  the  author's  defence. 
Debate  has  lost  its  best  characteristic  when  criticism  is  not  met 
with  prompt  reply. 

3.  When  Papers  lend  themselves  to  such  a  treatment,  might 
not  the  discussion  of  them  be  taken  "  by  compartments  "  ? 
The  author  or  the  editing  committee  could  settle  the  divisions 
and  the  jjrcsident  woulcl  introduce  them  to  the  meeting  in 
the  order  of  their  impoitance.  With  such  an  arrangement 
much  confusion  would  l>e  avoided,  and,  when  time  pressed,  the 
points  of  relative  unimportance  would  be  crowded  out  instead 
of  persons  of  relative  luiimportanco.     A  progressive  change. 

There  would  also  be  a  great  advantage  from  a  "  debate  " 
point  of  view  if  at  least  a  few  minutes  wore  icservcd  for 
general  discussion,  as  distinct  from  the  contributions  of  those 
who  have  sent  in  their  names  and  if  the  author  was  given  an 
opportunity  of  replying  on  each  point  before  the  next  one  was 
presented  for  discussion. 

The  above  suggestions  are  not  made  in  any  spirit  of  criti- 
cism, but  purely  with  a  view  to  a  possible  improvement  of 
what  is  already  good. — I  ara,  &c., 

4,'Quccn  Victoria-street,  E.C.,  May  25.   Edw.  W.  Cowan. 

ENGLISH  TECHNICAL  EDUCATION. 

TO  THE  IDITOR  OF  THE  ELECTRICIAN. 

Sir  ;  It  must  be  gratifying  to  those  who  are  devoting  their 
lives  to  tiie  training  of  engineers,  and  to  those  who  are  bearing 
the  expense,  to  have  Mr  C.  H.  Wright's  assurance  that  even- 
ing technical  classes  arc  doing  useful  work  among  engineering 
apprentices. 

As  to  some  of  the  lectures  being  given  by  men  engaged  in 
actual  engineering  practice,  the  real  objection  to  this  is  that 
it  is  well-nigh  impossible  to  find  men  engaged  in  engineering 
business  who  are  capable  of  expressing  thc'r  ideas  in  such  a 


way  as  to  be  understood  by  engineering  apprentices.  More- 
over, the  majority  of  such  men  cannot  devote  time  to  the  pre- 
paration of  lecture  notes  and  experiments,  or  to  the  corrcctiou 
of  students'  exercises  and  notes. 

If  Mr.  Wright  has  had  any  experience  in  technical  education 
he  must  know  that  it  is  customary  for  members  of  the  staff  to 
be  "  on  duty"  not  more  than  30  hours  per  week  and  that  prob- 
ably not  more  than  one-third  of  the  time  is  devoted  to  lectur- 
ing. Hence  Mr.  Wright's  statement  that  evening  work  is 
certainly  a  burden  to  mendjers  of  the  permanent  staff  is  absurd. 
In  one  case  the  lecturer  is  prepared  for  his  work,  and  in  the 
other  too  often  is  he  tired  in  consequence  of  a  hard  day's  work 
in  the  shops  or  drawing  olHce.  The  bulk  of  the  ffirious  evenin" 
work  which  is  being  done  in  our  engineering  colleges  is  due  t) 
the  efibrt s  of  the  permanent  staff. 

In  order  that  a  lecturer  can  keep  up-to-date  in  his  ideas  he 
should  be  allowed  b\'  the  governing  body  for  ev'ery  three  yeara' 
service  to  spend  a  year  in  the  shops,  or  in  inspecting importan"-, 
work,  or  in  private  practice  or  research,  and  it  is  the  duty  o; 
the  Government  to  insist  upon  it. — I  am,  &c., 

Brighton,  May  24.  H.  H.  BROUtiiiTO-^. 


MOTOR  CONTROL  APPARATUS. 

The  question  of  tlie  control  of  electrical  apparatus  is  not  without 
its  difificuUies,  and  probably  for  this  reason  much  attention  has  been 
given  to  the  subject  by  those  engaged  in  engineering  work.  And 
the  result  is  certainly  not  unsuccessful.  The  increasing  apphcation 
of  the  electric  motor  to  heavy  work,  such  as  driving  rolling  mills, 
has  also  increased  the  difficulty  of  this  problem,  especially  as  regards 
speed  control,  and  has  made  it  a  necessity  for  the  starting  and  con- 
trolling resistance  to  be  generously  designed. 


FlO.  1. — V   rvi'E  "DlNliEY 

Controller. 


Kio.  ?.  — VVeli.man  Brak 


Among  the  firms  wh'i  have  made  it  their  busines.s  to  deal  with 
these  problems  is  Messr.5.  Wellman-Seavor  it  Head,  of  Lontlon, 
who  have  now  on  the  market  several  types  of  controlleis  suitable 
for  use  in  di'Ti'rent  kinds  of  work.  Perhaps  the  mast  interesting  of 
these  is  the  "Dinkey"  type  V  controller,  illustrated  in  Kisx.  1.  It 
has  been  designed  for  use  under  the  nio.st  arduous  working  condi- 
tions, and,  in  consequence,  tlie  construction  is  most  substantial,  both 
electrically  and  mechanically,  while,  it  is  claimed,  the  ne-ssity  for 
simplicity,  ease  of  operation,  compactness  and  accessibility,  have 
not  been  fi>rgi)tten.  There  are.  in  fact,  only  four  eonne:'tions  to 
make — a  remark  which  sums  up  succinctly  the  elainis  niadj  above. 
This  controller  is  being  largely  used  for  controlling  live  ro'U  and 
screwing  down  gear  in  steel  works  ;  and  is  exclusively  employed 
for  these  purposes  in  some  of  the  largest  steel  works  on  the  Con- 
tinent, over  lOt)  having  been  supplied  to  one  works  alone.  The 
reason  for  the  adoption  of  the  "  Dinkey  ""  controller,  in  spite  of  its 
higher  first  cost,  is  .said  to  depend  on  the  fact  that  the  contact 
fingers  can  be  renewed  while  the  cuutroller  is  working  the  live  rolls 
without  interfering  with  the  output.  This  condition  is  a  necessity. 
when,  as  in  this  parlicidar  case,  the  mill   rues  '24  hours  a  day  the 
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whole  year  round,    the  motors  being  started  and  reversed  :2o,000 
tunes  a  day — not  a  bad  day's  work. 

Another  type  of  controller,  made  by  Messrs.  Wellmar-Seaver 
&  Head,  is  designed  for  use  on  heavy  work  in  contined  spaces.  It 
is  an  adaptation  of  that  described  above,  the  genera!  arrangement 
being  the  same,  though  the  outer  appearance  is  rather  different. 
The  two  contact  faces  are  placed  back  to  back  above  the  easing 
holding  the  resistance,  thus  making  the  width  of  the  controller 
about  7  in.  less  than  in  the  standard  type  described  above.  The  con- 
tact finger  arm  is  in  duplicate,  and  is  worked  by  an  insulated  handle 
placed  directly  above  the  contact  faces. 

Two  types  of  controller  are  made  for  ordinary  and  light  crane 
work  respectively.  These  possess  much  the  same  characteristics  as 
the  types  described  above,  but  have  fewer  contacts  for  the  corre- 
sponding sizes.  The  first  is  made  in  five  standard  frames  covering 
all  horse-powers  from  1  H.r.  to  50  h.p.  at  220  and  500  volts  and  from 
1  H.P.  to  25  H.P.  at  110  volts.  In  three  of  these  frames  the  contact 
facs  is  carried  on  the  side  of  the  resistance  casing,  in  the  otlier  two 
it  is  carried  on  the  top.  The  second  type  of  crane  controller 
consists  of  a  circular  plate  of  slate  on  which  are  carried  the 
contact  segments,  contact  arm  and  resistance  coils.  All  the  work- 
ing parts  and  terminals  are  fixed  to  the  slate  and  can  bo  removed 
with  it.  the  iron  frame  simply  serving  as  a  support  and  protective 
covering  for  the  resistance. 

Type  ••  K  ■'  controller  is  specially  designed  for  use  with  haulage 
gears.  Its  chief  features  ai'e  simplicity  and  the  quick  break  on 
every  step.  A  sector  blade  engages  with  a  copper  clip  and  an 
auxiliary  switch  breaks  the  circuit  on  a  special  contact  breaker  ;  no 
current  is  broken^  on  the  clip  which  gives  a  large  contact  area  on 
each  side  of  the  blade. 

The  grid  resistances  used  with  these  controllers  consists  of  a  steel 
stamping,  one  form  of  which  is  shown  in  the  illustration  Fig.  3, 
with  a  deep  corrugation.  It  has  been  designed  to  get  over  the  diffi- 
culty which  has  been  experienced  with  the  stamped  grids  owing  to  their 
tendency  to  vibrate  and  sag,  especially  when  hot.     The  corrugation 


In  the  control  apparatus  line  Messrs.  Wellman-Scaver  &  Head 
are  also  making  drum-type  reversing  controllers  of  very  sound 
design,  as  well  as  a  fuse,  to  which  we  shall  hope  to  return  in  a  later 
issue. 

Another  speciality  is  the  Wellman  signalling  apparatus  for  mines, 
consisting  of  a  special  bell  push  which  closes  both  a  lighting  and'bell 
circuit.  When  the  bell  push  is  released  the  bell  circuit  is  opened, 
but  the  luminous  signal  circuit  remains  closed  by  an  electro-magnet 
inside  the  bell  push.  The  light  thus  remains  on  until  the  receiver 
of  the  signal  acknowledges  it  by  pressing  a  button  which  opens  the 
magnet  circuit.  The  cast-iron  bo.\  containing  the  signalling  lamps 
is  placed  in  a  conspicuous  position  either  on  a  wall  or  pedestal.  In 
mines  using  alternating  current  this  apparatus  can  bo  actuated 
direct  from  the  alternating-current  mains  by  a  Nodon  imjjroved 
rectifier,  which  is  supplied  by  Messrs.  Wellman-Scaver  &  Head, 
and  thus  the  use  of  Leclanchi  cells,  which  are  often  a  source  of 
great  annoyance  in  mines,  is  avoided.  The  whole  of  the  signalling 
in  the  Harton  Coal  Co.'s  mine  at  East  Boldon,  Durham,  is  actuated 
direct  from  their  alternating-current  mains  by  this  rectifier. 


NATIONAL  TELEPHONE  COMPANY'S  STAFF  DINNER. 


Fro.  3.  -Cast  Steel  CIkm)  used  in  "  Dinkey  "  Controller 
Resistance. 

effectually  prevents  this,  and  allows  the  grid  to  be  mounted  in  an 
ordinary  resistance  frame  without  the  necessity  of  packing  the  grids 
with  asbestos  or  other  liners  between  them.  Owing  to  its  large  radiat- 
ing surface  it  has  the  same  carrying  capacity  as  a  cast-iron  grid 
about  three  times  its  own  weight.  The  grid  illustrated  weighs  5 oz., 
and  has  a  resistance  of  0-03  of  an  ohm  with  50  amperes  continuous 
rating  carrying  capacity.  The  cast-iron  grid  previously  used  with 
the  same  capacity  weighed  1|  lb„  so  that  the  reduction  in  weight  is 
considerable,  while,  owing  to  the  flat  .surface  of  the  ends,  it  makes  a 
much  better  contact  than  a  cast-iron  one. 

Another  speciality  of  this  firm,  which  comes  under  the  head  of 
control  apparatus,  is  the  Wellman  brake,  illustrated  in  fig.  2.  It 
is  particularly  adapted  for  electric  cranes,  hoists  and  all  machinery 
subject  to  frequent  stops  and  reversals.  The  actual  braking  is  done 
by  a  series  of  metal  to  metal  plates  running  in  oil.  and  consequently 
theco::flfici;nt  of  friction  is  constant,  while,  as  the  pressure  is  applied 
in  the  direction  of  the  axis,  the  brake  is  equally  effective  whichever 
way  the  motor  is  rotating.  With  the  motors  at  rest  and  no  current 
pissing  through  the  magnet  coil,  the  armature  plate,  B,  is  pressed 
against  the  friction  plates  by  means  of  a  spring.  This  clamps 
the  stationary  friction  plates  to  the  reolving  ones,  and  the  motor 
shaft  is  prevented  from  turning.  At  the  instant  the  current  is 
turned  on  to  the  motor  the  magnet.  A,  is  e.xcited  and  at  once  attracts 
the  armature  plate,  releasing  the  friction  plates  of  all  pressure  and 
allowing  the  armature  shaft  to  rotate.  As  the  revr>lving  di.scs  dip 
into  the  oil  bath  in  the  friction  case,  the  whole  of  the  interior  is  kept 
flooded  with  oil,  thus  cn.suring  efficient  lubrication.  .Also,  as  there 
i.s  a  film  of  oil  batween  each  pair  of  friction  discs  which  takes  a  little 
time  to  squeeze  out  when  the  brake  is  applied  by  the  cessation  of 
the  motor  current,  there  is  no  jar  or  shock,  the  process  of  coming 
U)  real  being  quick  but  smooth.  The  actual  movement  of  the  brake 
'"  y/'y  «"•*'•'  being  only  ^  in.  in  the  largest  size,  and  the  wear  is 
said  to  be  mappreeiable.  while  everything  being  enclosed  damage  of 
all  kmds  i.3  practically  nil. 


The  tifteenth  uiuuial  diuuer  uf  i\w  slall  uf  tlu  National  TLlcphime  Co, 
Has  held  on  Thursday  evening  last  week,  v.ith  Mr.  Albert  Anns,  secre- 
tary of  the  company,  in  the  chair. 

Besides  the  president  of  the  company  (Mr.  George  Franklin),  Mr.  Anns 
was  supported  by  Sir  H.  Babington  Smith,  K.C.B.,  C.S.I,  (secretary  of 
the  General  Post  Office),  Sir  Robert  Hunter,  Sir  John  Gavey,  C.B., 
Major  O'Meara,  CM.G.,  Mr.  C.  A.  King.  C.B.,  Mr.  A.  M.  Ogilvie,  Dr. 
Walmsley,  Mr.  C.  S.  Agnew,  Mr.  W.  A.  Smith,  Mr.  G.  H.  Robertson, 
Mr.  S.  J.  Goddard,  Mr.  Frank  Gill,  Mr.  G.  F.  Preston,  &e.,  the  gathering 
nunibering  over  300  in  all. 

After  tlie  loyal  toasts,  the  Chairman  proposed  "  The  National  Tele- 
phone Co."     He  said  it  was  a  disappointment  to  them  that  Mr.  Sidney 
Buxton,  the  Postmaster-General,  was  unable,  owing  to  a  prior  engage- 
ment, to  be  present,  as  they  would  have  liked  to  have  given  a  hearty 
welcome  to  the  Postmaster-General  from  those  who  would  become,  or 
at  least  many  of  them,  sooner  or  later,  members  of  the  department  over 
wliic  li  .Ml.  Huxtiin  so  ably  presided.     It  was  their  pleasure  that  evenuig 
tu  make  tlic  acquaintance  of  the  secretary  of  the  Post  Office,  Sir  H. 
Babingtun  Smith,  wlio  was  known  to  many  of  them  and  admired  for  his 
good  work  in  the  service  of  the  State.     The  toast  he  was  proposing 
invited  a  reference  to  the  progress  made  by  the  National  Telephone  Co. 
during  the  past  12  months.     This  had  not  teen  so  rapid  as  in  some  pre- 
vious years,  one  of  the  chief  reasons  being  the  limitation  of  capital 
expenditure,  a  subject  which  had  caused  some  pubUc  discussion.     The 
company  were  face  to  face  with  the  problem  as  to  the  keeping  on  of  their 
constructional  staff,  as  with  the  imminent  transfer  of  the  undertaking 
the  limitation  of  capital  expenditure  was  inevitable,  and  the  discharge 
of  the  men  who  had  executed  the  important  work  of  construction  on 
which  the  company  had  been  engaged  for  so  many  years  had  come  to 
be  a  serious  question  for  the  directors  to  consider.     The  board  had 
hurried  on  the  'vork  which  in  the  ordinary  course  would  have  been  spread 
over  a  longer  period  so  as  to  cause  as  little  distress  amongst  the  con- 
struction staff  as  possible,  and  the  directors  still  had  hope  that  an'ange- 
ments  would  be  made  which  would  obviate  the  discharge  of  these  highly- 
trained   technical   men.     The   company   had    opened   during   the   year 
88  nev/  telephone  exchamres,  and  had  added  27,576  working  stations, 
liesides  making  good  the  loss  of  20,180  subscribers — a  loss  which,  strange 
to  say,  went  on  all  the  time  so  far  as  their  experience  went.     Referring 
to  the  subject  of  the  measured  rate,  the  chairman  said  that,  thanks  to 
the  firm  front  shown  by  the  Postmaster-General,  and  to  the  part  played 
by  the  company,  the  measured  rate  question  had  been  settled  in  a  way 
to  secure  the  telephone  as  a  valuable  commercial  asset  to  the  nation. 
The  value   of  the  National   Company's   business   tn-diy,    iLnmring  the 
unpleasant  fact  that  they  were  working  under  a  tcniiiii  iMr  lir,  )isc.  was 
at  least  £20,000,000.     The  action  of  the  Postmastei-( ;.  ii.iil  m  m  Ii  regard 
to  the  measured  rate  had  saved  the  future  of  this  grc:'.l  iindi  li.ii.iiiy  from 
being  imperilled. 

The  question  with  which  the  staff  of  the  National  Telephone  Co.  was 
chiefly  concerned  was.  What  was  to  bo  (heir  future  ?  The  1905  agreement 
was  a  good  one  for  the  shareholders,  but  it  was  not  a  fair  and  just  agree- 
ment for  the  staff  (hear,  hear).  He  v.mdd  like  to  say,  in  this  connection, 
that  the  directors  and  their  late  t'<'"eral  manager,  Mr.  Gaine,  fought 
strenuously  for  fair  terms  for  the  staff.  They  were  not  suecessfid,  and 
the  staff  became  alarmed  and  fornud  the  Staff  Transfer  A.ssociation. 
Thanks  to  the  wisdom  and  moderation  uf  the  officers  of  that  associatitm, 
a  fair  measure  of  success  could  be  recurded.  While  the  directors  and 
the  chief  [ifficials  co\dd  not  lake  an  active  )iart  in  that  association,  it  had 
always  had  their  sympathy  and  su))|Mirt.  He  was  optimi.''tic  enough  tu 
believe  that  when  the  end  came  they  would  all  have  fair  Ircatmcril. 
Mr.  Sidney  Bii.xton,  since  his  accession  to  the  office  uf  Pustmastcr- 
(jlcneral,  had  shown  himself  nu)st  S{)liclt()us  fur  the  welfare  uf  the  great 
army  of  men  and  women  he  conlrulli^d  in  that  important  department  of 
the  State,  and  was  in  consequeni c  held  in  the  highest  esteem  by  all 
branches  of  that  department.  Parliament,  too,  had  always  shown  a- 
disposition  to  sec  that  no  act  of  actual  injustice  was  sanctioned,  and  it 
would  be  an  act  of  injustice  if  any  single  member  of  the  staff  of  the 
'  Nit-iunal  Telephone  Co.  suffered  from  the  tnuisfer.     The  dinners  of  the 
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Rtaff  of  the  National  Clompany  weie  pleasant  occasions  for  meeting 
together,  and  he  could  only  express  his  regret  at  a  presentiment  he  felt 
that  this  might  be  the  last  of  such  gatherings.  In  any  case,  they  wcjuld 
be  a  pleasant  memory  to  all  who  had  assisted  in  the  foundation  of  the 
great  teleplione  industry.  He  coupled  with  the  toast  the  name  of  Mr. 
George  Franklin,  their  esteemed  president  and  managing  director. 

Mr.  George  Fbankmn,  in  reply,  said  Mr,  Anns  in  liis  optimism  had  gone 
so  far  as  to  venture  upon  an  estimate  of  the  value  of  the  company's  pi'o- 
perty,  and  he  (Mr.  Franklin)  could  only  feel  astonishment  at  their  chair- 
man's modesty.  With  greater  responsibility  and  less  freedom,  he  (Mr. 
Franklin)  hesitated  to  give  sucli  a  figure.  IJeforo  proceeding  he  wished 
to  thank  them  for  the  generous  hospitality  which  the  staff  had  always 
accorded  to  the  directors  and  for  which  they  tendered  their  cordial  ap- 
preciation. It  was  a  great  pleasure  to  meet  once  a  year  in  this  way  the 
men  who,  scattered  all  over  the  country,  were  doing  their  best  to  further 
the  interests  of  the  company  in  somewhat  difficult  surroundings  and 
circumstances.  Mention  had  been  made  liy  their-  chairman  of  this  being 
possibly  their  last  annual  dinner.  He  hoped  that  that  would  not  be  so. 
He  felt  sure  that  if  the  business  of  the  National  Telephone  Co.  should  pass 
over  to  the  State,  and  ui  place  of  their  genial  chairman  of  to-night  they 
were  to  have  their  friend  Sir  Henry  Babington  Smith,  their  dinners 
would  be  none  the  less  enjoyable.  With  regard  to  the  agreement  of  11)05, 
the  less  said  about  it  the  better,  as  its  meaning  might  have  to  be  de- 
termined elsewhere.  He  would  be  permitted  to  refer  to  the  remarkable 
progress  of  the  company  even  under  the  abnormal  conditions  under 
which  they  were  working  to-day.  The  gross  revenue  for  the  year  to 
March  31  last  was  f3,081,.585,  or  twice  as  large  as  it  was  seven  years  ago. 
Out  of  tliat  they  had  paid  the  Postmaster-General  a  royalty  of  no  less 
than  f283,7.')8,  which  would  be  increased,  he  presumed,  by  the  victory 
which  the  Post  Office  had  won  over  the  company  in  the  House  of  Lords 
in  connection  with  the  subject  of  A  to  B  lines.  The  total  royalty  paid 
to  the  Postmaster-General  from  the  beginning  was  reaching  £3.0011.000, 
the  total  figure  to  date  being  £2,829,528,  and  for  that  royalty  they  had 
received  no  consideration.  Thus  had  the  National  Telephone  Co.  pre- 
sented the  State  witli  the  value  of  two  "  Dreadnoughts."  If  the  Post- 
master-General, after  acquiring  the  company,  kept  the  telephone  ac- 
counts as  the  company  had  <lonc,  he  would  be  in  a  position  to  present  a 
"  Dreadnought  "  to  the  country  at  least  once  in  five  years.  The  National 
Company  had  now  1.555  exchanges,  of  which  75  was  the  increase  on  the 
past  year.  The  total  number  of  messages  over  the  company's  system 
had  reached  1,323,000,000,  or  an  increase  of  9,500,000  over  the  previous 
year.  The  cost  to  the  subscriber  per  message  had  been  0'49d.,  or  some- 
thing less  than  |d.  As  to  the  conduct  of  that  service,  he  wished  to  say 
how  much  the  directors  appreciated  the  great  improvement  which  had 
taken  place  in  London.  They  had  made  certain  tests  in  many  thousands 
of  cases  during  the  half-year  ended  December  last,  and  had  found  the 
average  time  elapsing  from  the  moment  when  the  subscriber  began  to 
call  until  the  operator  answered  with  "  Number,  jilease,"  was  only  4-70 
seconds,  and  the  time  from  (he  commencement  of  the  call  until  the  sub- 
scribers were  connected  was  only  38  seconds.  In  the  jirovinces  the  reccu-d 
was  not  greatly  diflerent.  From  the  commencement  of  the  call  tti  the 
subscribers'  obtaining  communication  varied  from  22  to  45  seconds. 
This  was  immensely  creditable  to  the  company's  staff.  With  regard  to 
the  complaint  as  to  a  vast  number  of  their  lines  being  overhead,  he  would 
like  to  say  that  71-3  per  cent,  of  their  lines  were  underground,  only  28-7 
per  cent,  being  above  ground.  This  was  proof  that  the  company  had 
not  been  idle  in  prosecuting  a  policy  of  true  development.  As  to  their 
exchanges,  the  percentage  worked  on  the  central  battery  system  was 
26-6,  and  six  further  C.B.  exchanges  had  been  opened  on  this  system,  and 
there  were  20  more  in  hand.  The  number  of  stations  according  to  the 
population  was  1  to  78  inhabitants,  compared  with  1  to  137  inhabitants 
in  1903,  an  eloquent  proof  that  the  company  had  been  keeping  abreast 
of  the  demand.  Mr.  Anns  had  referred  to  the  question  of  the  measured 
rate.  Events  had  moved  rapidly  since  last  year.  The  policy  of  the 
measured  rate  had  been  jiractically  universally  adopted,  and  he  would 
predict  that  those  v/ho  advocated  the  fiat  rate  as  against  the  measured 
rate  were  not  cmly  standing  in  the  way  of  their  own  interests,  but  were 
standing  in  tlie  way  of  the  development  of  the  telephone  service.  Before 
concluding  he  wished  to  refer  to  the  question  of  the  position  of  the  staff 
in  regard  to  the  forthcoming  transfer.  There  was  a  natural  anxiety 
prevailing  as  to  the  rumours  of  negotiations  with  the  Postmaster-Generai, 
and  the  possible  effect  of  such  negotiations  on  the  staff'.  He  sym])a- 
thiscd  entirely  with  this  anxiety.  There  were  no  secrets  to  dividgc.  In 
all  discissions  on  the  subject,  while  the  interests  of  the  j)ublie  and  those 
of  the  shareholders  must  be  considei-ed,  the  directors  fully  recognised 
the  need  for  seeing,  so  far  as  was  within  their  jiowcr,  that  no  injustice 
should  fall  upon  any  individual  member  of  the  staff  by  reason  of  (he  trans- 
fer, whenever  that  time  might  be,  and  the  fact,  as  Mr.  Anns  had  pointed 
out,  that  the  Postmaster-General  (Mr.  Buxton)  had  shown  himself  sym- 
pathetic and  get-at-able  in  all  matters  affecting  his  staff  he  thought  should 
give  them  confidence  and  encourage  the  belief  in  his  fairness.  It  was 
no  mere  formal  expression  when  he,  as  president  of  the  National  Tele- 
phone Co.,  assui-ed  them  tliat  the  directors  warmly  aiipreciatcd  the  con- 
tinned  devotion  of  the  stall  to  the  comp.any's  interests. 

Mr.  W.  H.\RT.  in  projiosing  the  toast  of  "  Our  Guests,"  said  it  w.as  a 
great  pleasure  to  the  staff  to  have  the  opportunity  of  meeting  together  on 
occasions  like  the  present,  but  it  gave  them  particular  (ileasurc  to  wchomc 
the  directors  and  also  the  gentlemen  who  honoured  them  willi  tlieir 
pi-esence  on  these  occasions— their  guests.  He  particularly  asked  his 
fellow  members  of  the  ptaff  of  the  National  Telephone  Co.  "to  welcome 
those  friends  who  represented  the  Post  Office.  They  desired  to  con- 
gratulate Sir  Henry  Babington  Smith  on  the  honoiir  conferred  upon 
him  by  His  JIajesty  during  the  past  year. 


Sir  Henry  Babington  Smith  expressed,  on  behalf  of  himself  and 
his  fellow  guests,  the  warmest  thanks  for  the  hospitality  whi.li  the  staff 
of  the  National  Telejihone  Co.  had  accorded  them.  This  was  the  first 
time  he  had  been  able  to  attend  one  of  their  annual  gatherings,  although 
it  was  not  the  first  occasion  that  he  had  been  honoured  with  an  invitation. 
One  of  these  invitations  he  received  two  years  ago,  when,  they  would 
remember,  circumstances  arose  which  prevented  that  dinner  being  held. 
He  could  not  allov/  an  occasion  like  this  to  pass  without  paying  liis 
tribute  of  respect  and  esteem  to  the  man  to  whom  in  so  high  a  measure 
the  prosperity  of  the  National  Company  and  its  great  business  was  due. 
He  had  a  message  to  deliver  from  the  Postmaster-tJcneral  to  say  how 
much  he  regretted  being  unable  to  be  present  and  to  have  the  oppor- 
tunity of  making  closer  acquaintance  with  some  of  that  staff  which  sooner 
or  later  would  pass  under  the  orders  of  himself  or  his  succe.ssors.  On 
one  point  he  felt  sure — that  when  the  National  service  passed  into  tho 
hands  of  the  Post  Office  the  staff  of  the  National  Company  would  find 
a  welcome  in  joining  the  staff  which  already  formed  part  of  the  great 
Post  Office  service  (cheers). 

Mr.  W.  A.  Smith,  a  director,  in  further  reply  to  the  toast,  regretted 
the  absence  of  Mr.  Sands,  who  was  unfortunately  unwell.  He  (Mr. 
Smith),  along  with  Mr.  Sands,  were  the  only  two  Uving  directors  of  the  old 
original  National  Telephone  Co.  He  remembered  the  first  gathering  of 
the  staff  of  the  National  Telephone  Co.  in  Glasgow  28  years  ago  next 
November,  and  he  had  always  believed  it  to  be  the  desire  of  the  directors 
to  cultivate  with  their  staff  the  most  friendly  and  cordial  relations. 

Mr.  Frank  Gill  next  proposed  the  toast  of  "  Engineering."  He  said 
the  toast  was  of  a  very  wide  nature,  and  he  was  glad  of  this,  as  they  had 
the  privilege  of  having  as  their  guests  that  evening  other  engineers  than 
those  connected  with  the  company.  He  was  travelling  north  on  one 
occasion  when  a  fellow  passenger  in  conveisaticm  asked  him  what  he  did 
for  his  living,  and  when  he  informed  him  that  he  was  engineer  to  a  tele- 
phone company  his  inquirer,  a  well-kno«ii  public  man,  asked  "  What 
engineering  is  there  in  telephone  work  ?  "  Well,  he  could  assure  them 
there  was  quite  a  lot  of  engineering  in  telephone  work,  and  they  even 
ventured  to  call  them.selves  electrical  engineers.  There  was  one  danger 
they  had  to  face,  and  that  was  of  forgetting  that  much  of  their  work 
concerned  engineering  that  was  not  electrical.  Many  of  their  problems 
were  mechanical.  In  their  teleiihone  construction  work  engineering 
problems  had  to  be  met,  and  in  their  building  work  they  had  to  meet 
mechanical  problems.  Much  of  their  work  was  rather  in  the  nature  of 
civil  than  electrical  engineering,  but  when  they  came  to  the  electrical  side 
this  was  undoubtedly  their  most  interesting  work.  At  the  present 
moment  their  chief  work  lay  in  the  study  of  the  jjroblems  xif  transmis- 
sion. In  their  work  they  required  special  apparatus  and  sjiecial  methods 
of  carrying  it  on,  and  he  was  glad  to  be  able  to  say  that  the  results  of  their 
research  work  had  been  fruitful,  and  telephone  circuits  to-day  were  de- 
signed with  nearly  as  much  precision  as  electric  lighting,  traction  or  any 
other  electrical  form  of  circuit.  There  was,  however,  one  thing  that 
telephone  engineers  could  not  do,  and  that  was  to  supply  current  for 
s])eech  at  Id.  per  unit,  or  at  a  price  that  would  compare  in  any  way  with 
electric  lighting  supply.  His  colleague,  Mr.  Cohen,  had  worked  this 
matter  out  for  him,  and  he  was  sure  they  would  like  to  know  that  elei - 
trical  energy  for  telephone  operations  worked  out  at  about  £16,400  per 
unit.  They  had  to  get  to  the  consumer  an  amount  of  energy  such  as 
would  require  Ki.OOO.OOO  similar  conversations  set  up  at  the  same  time 
to  equal  the  energy  consumed  under  similar  conditions  by  an  ordinary 
1(5  c. p.  incandescent  lamp.  It  was  a  somewhat  difficult  problem  to 
measure  with  accuracy  a  quantity  of  such  very  small  degree.  In  this 
work  they  were  greatly  aided  by  the  beautiful  apparatus  designed  by  one 
of  their  guests  that  evening,  Mr.  Duddell.  He  had  tried,  but  not  very 
successfully,  he  feared,  to  ascertain  the  number  and  value  of  the  world's 
telephones.  He  believed,  however,  he  v.as  not  far  wrong  in  saying  that 
there  are  in  the  world  at  the  present  time  about  10.000,000  telephones, 
and  that  the  capital  invested  was  about  £350,000,000.  With  regard  to 
the  special  application  of  engineering  to  the  National  Telephone  Co.'s 
service,  he  was  glad  to  be  able  to  say  they  had  been  favoured  by  the 
directors  with  a  clear-sighted  policy  on  engineering  mattei-s.  If  en- 
gineering plant  was  laid  out  well  the  industry  with  which  it  was  associated 
was  almost  bound  to  be  a  success.  On  the  other  hand,  if  it  was  laid  o>it 
badly,  it  was  difficult  to  rescue  the  industry  from  failure.  Which  went 
to  show  that  the  engineering  people  were  very  necessary  in  an  enterprise 
of  this  chniaclcr.  He  coupled  the  toast  with  the  naiue  of  .Mr.  W.  M. 
Mordcy.  president  of  the  Institution  of  Electrical  Engineers,  and  an 
exponent  of  all  that  is  l>est  in  British  electrical  engineering. 

Mr.  W.  M.  Mo'MiEY  said,  in  reply,  that  he  had  missed  two  feasts — the 
dinner  and  the  jirevious  speeches  ;  but  duty  had  called  him  to  jux^side 
over  the  Institution  of  Electrical  Engineers  that  evening.  .Although  ho 
could  not  claim  to  be  a  professional  telephone  engineer,  he  had  had  a 
fairly  early  connection  with  that  branch.  He  had  made  a  telephone 
from  a  description  cabled  over  to  this  country  in  the  early  seventies,  and 
in  1877  he  had  the  honour  of  assisting  Mr.  Graham  Bell  in  his  lectures 
and  demonstrations  in  this  country.  He  was  glad  that  his  friend  Mr. 
Gill  had  said  that  there  was  a  full  i\?cognition  among  telephone  engineer* 
that  the  entire  science  and  profession  of  electrical  engineering  w;is  one 
and  indivisible,  that  it  was  not  possible  to  divide  the  industry,  tho 
science  or  the  practice  of  electrical  engineering  into  watertight  ciunpart- 
ments.  He  was  sure  telephone  engineers  owed  something  to  the  heavier 
departments  of  electrical  engineering.  He  desrribed  some  tests  he  had 
been  engaged  upon  iu  connection  with  the  improvement  of  iron  for 
magnetic  purposes,  and  particularly  in  connection  with  the  eommenial 
development  and  improvement  of  iron,  an  invention  of  Sir  Kobert  Had- 
field's,  and  he  thought  he  was  divulging  no  secrets  when  he  said  that, 
although  that  iron  had  been  tlevelopcd  for  heavy  engineering  work,  it 
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gave  a  very  distinct  impinvemeiit  in  telephoning.  He  was  satisfied  that, 
for  the  first  time,  there  liad  been  iirndiucd  an  iron  which,  without  any 
ihange  whatever  in  the  telephone,  gave  distinctly  better  residts  under 
any  given  conditions.  He  thanked  them  very  heartily  for  the  cordial 
manner  in  which  the  toast  had  been  received. 

Mr.  \V.  Howe  proposed  the  toast  of  "  The  Chairman,"  and  said 
the  services  which  Mr.  Anns  had  rendered  to  the  company  had  been 
referred  to,  and  on  such  an  occasion  as  the  present  it  was  the  pleasure 
of  the  staff  to  i-efer  to  the  services  which  Mr.  Anns  had  rendered  to 
them.  Their  chairman  had  many  sterling  quahties  which  endeared  him 
to  the  staff.  They  regarded  him  as  always  having  been  their  friend  as 
well  as  their  colleague,  and  they  hoped  he  would  occupy  the  chair  at 
many  more  of  their  gatherings. 

Mr.  Anns  thanked  Mr.  Howe  and  all  his  colleagues  for  the  way  the 
toast  had  been  received.  They  had,  he  said,  always  been  loyal  colleagues 
to  him. 

During  the  evening  an  excellent  programme  of  music  was  presented, 
and  the  arrangements  for  the  large  gathering  were  admirably  carried  out. 


LEGAL  INTELLIGENCE. 


Arc  Lamp  Patents. 


In  re  Geo,  Braulik's  Application  to  revoke  Bremer's  Letters  Patent 
No.  18,786,  1902. 

On  21st  inst.  Mr.  Justice  Parker  resumed  the  hearing  of  this  appeal 
from  a  decision  of  the  Comptroller-General  of  Patents  revoking  the  above 
patents  which  was  adjourned  from  March  last  for  further  evidence.  The 
case  was  fully  reported  in  The  Electrician  for  March  12  and  19. 

Mr.  W.iLTER,  K.C.,  representing  the  appellants  (the  British  Westing- 
house  Co..  a.s  owners  of  the  Bremer  jiatent)  submitted  that  that  was  really 
a  claim  by  BritLsh  manufacturer^  iiL' linst  Messrs.  Korting  &  Mathiesen, 
who  held  the  licence  fn>m  the  Wcstinglinusc  Co..  and  were  represented 
in  this  country  by  the  Union  Electric  Co.  Though  saddled  with  a  con- 
siderable disadvantage,  the  British  Westinghouse  Co.  continued  to 
manufacture  under  the  jiresent  arrangement.  In  1905  they  made  145 
lamps,  in  190<5  106,  in  1SH)7  527,  and  in  1908  530  up  to  Nov,  2,  and  they 
had  at  that  time  in  stock  274  lamps.  The  company  was  saddled  not 
imly  with  the  opposition  of  their  licensees,  but  they  had  also  to  deal 
with  numerous  infringers.  After  the  licence  was  granted  Korting  & 
Mathiesen,  through  the  Union  Electric  'Co.;  imported  in  1906  2.467 
lamjjs. 

Mr.  BorsFiELD,  K.C,  for  the  applicant,  said  only  part  of  those  were 
lamps  manufactured  under  the  patent,  and  he  proposed  by  technical 
evidence  to  show  that  that  was  so. 

Mr.  Walter  said  that  they  were  lamps  manufactured  under  the 
licence. 

Mr.  BoisriELD  said  that  his  instructions  were  that  only  a  part  were 
constructed  under  the  letters  patent  in  question. 

Mr.  Walter,  continuing,  said  that  in  1907  3,012  lamps  were  sold  by 
the  Union  0>.  and  in  19()H  2.777  lamps.  As  regards  infringement  in 
this  country,  there  were  steps  taken  by  the  Westinghou.se  Co.  In  10f)6 
they  issued  a  writ  against  a  company,  particulars  of  objection  were  put 
in,  and  ])laintiffs,  feeling  that  perhaps  their  claim  was  too  weak,  on 
.Sept.  25,  1907,  obtained  leave  to  amend.  The  patent  was  amended 
and  a  fresh  writ  issued  against  the  company.  In  the  meantime  that  said 
comyjany  went  into  li(|uidation,  and  the  receiver  and  liquidator  consented 
to  a  perjjetual  injunction.  A  fresh  action  was  then  commenced  against 
Rraulik.  the  respondent  to  the  ))resent  appeal.  The  date  of  the  writ  in 
the  action  against  Braulik  was  .Jan.  2,  1908,  the  statement  of  claim  was 
dcliverc<l  on  .July  2  ;  on  Nov.  12,  1908.  a  defence  was  put  in.  The 
))etition  for  revocation  was  lodged  on  Oct.  20.  The  response  to  the  action 
for  infringement  was  to  lodge  a  i)etition  for  revocaticm.  Under  all  the 
circumstances,  he  submitted  that  this  was  not  a  case  that  the  Act  of 
1907  was  intended  to  deal  with,  and  he  asked  his  Lordship  to  hold  that 
there  was  not  such  want  of  adequate  manufacture  in  this  coimtry  within 
the  meaning  of  the  act  as  to  bring  this  patent  within  the  penal  clauses 
of  the  statute. 

.\t  the  conclusion  of  the  evidence,  Mr.  Boi'.sfield,  K.C,  on  behalf 
of  the  jK-titioner,  submitted  that  respondents  had  not  complied  with  the 
section,  and  that  the  agreement  which  the  British  Westinghouse  Co. 
had  entered  into  with  .Messrs.  Kiirling  &  Mallii'-.sen  showed  that  the  West- 
inghouse Co.  did  not  intend  to  seriously  undertake  the  manufacture 
of  the  arc  lamps  in  this  country.  It  was  consistent  with  the  British 
Westinghouse  Co.'s  view  to  let  tjiese  lamps  Ix;  ."cnt  from  abroad,  so  that 
they  could  get  their  money  in  royalties  in  that  way.  He  contended  that 
the  company  had  no  right  to  make  a  business  aiTangement  of  that  kind 
to  the  prejudice  of  a  British  industry.  Patentees  in  a  sense  had,  having 
regard  to  the  fact  that  a  patent  was  granted  to  them,  a  British  industry 
in  partnership  with  them,  and  they  were  bound  to  do  what  they  could 
to  encourage  a  British  industry.  He  quite  agreed  that  from  the  appel- 
lants' point  of  view  it  was  very  good  business  that  the  German  firm  cimld 
go  on  st-nding  into  this  country  thousands  of  lamps  a  year  and  paving  :i 
royalty  U|>fm  them. 

His  LoRL>.sHip  :  At  the  date  of  this  agreement  tlicy  had  spent  a  l<it  of 
money  in  trying  to  establish  an  industry  and  failed.  They  then  found  a 
man  who  could  do  it.  They  either  had  to  fight  him  or  come  to  some 
terms  with  him.     WIihI  is  there  unfair  to  the  British  industry  in  those 


Mr.  BoiSFIELD  replied  that  it  might  have  l>een  a  reasonable  bargain 
to  make  so  far  as  the  parties  to  it  were  concerned  ;  but  asked  whether 
any  result  could  have  been  expected  from  the  licence  except  the  result 
that  had  flown  from  it.  In  1906  the  IJritish  Westinghouse  Vo.  were 
])ractically  manufacturing  no  liun|>s  nt  all  in  this  country  in  accordance 
with  the  patent,  and  in  March  of  tint  year  a  licence  to  manufacture  was 
granted  by  the  British  Westinghouse  i'o.  to  Messrs.  Korting  &  Mathie- 
sen, and  under  that  licence  the  German  Co.  paid  a  royalty  upon  evciy 
lamp  made  under  the  patent  and  imported  by  them. 

His  Lordship  said  that  the  case  for  the  appellants  was  that  nobody 
was  willing  to  take  a  licence  but  Kiirtiug  &  JIathiesen. 

Mr.  BousFiELD  said  the  obvious  intention  of  the  agreement  was  that 
the  British  Westinghouse  Co.  meant  to  get  their  profits  out  of  the  royalties. 

His  Lordship  could  not  understand  what  other  course  the  British 
Westinghouse  Co.  could  have  purstied  under  the  circumstances. 

Mr.  BousFiELD  replied  that  to  his  mind  the  cjuestion  was  what  course 
liis  Lordship  ought  to  pursue.  The  first  question  was.  Had  the  patented 
article  been  manufactured  to  an  adequate  extent  here,  and,  if  not,  had 
there  been  a  satisfactory  reason  given  ?  In  a  former  judgment  upon  the 
act  his  Lordship  had  already  dealt  with  what  was  "  adequate  extent  " 
and  "  satisfactory  reason,"  and  he  (cnmisel)  was  satisfied  with  what  his 
lordship  .said  in  that  judgment  about  that.  The  word  "  adequate  "'  was 
a  word  which  coimoted  means  to  an  end.  The  act  was  aimed  at  patents 
being  used  for  ilcveloping  industries  abroad  at  the  expense  of  home 
industries.  He  submitted  that  when  one  had  to  define  what  "  adequate 
extent  "  meant  you  had  to  look  at  the  mischief  the  statute  was  aimed  at. 

His  Lordship  :  You  do  not  want  to  penalise  a  man  who  has  done 
his  best. 

Mr.  Boi^sFlELD  :   Have  these  people  done  their  best  ? 

His  Lordship  :  The  question  might  have  been  different  if  the  patent 
had  not  been  in  dispute. 

Mr.  BousFTELD  said  that  they  must  assume  for  the  purpose  of  the  case 
that  the  patent  was  valid.  If  it  was  invalid,  there  was  an  end  of  the 
petition  for  revocation.  The  British  Westinghouse  Co.  must  have  known 
that  as  a  result  of  what  they  did  they  would  only  be  able  to  put  on  the 
market  200  or  300  lamps  made  in  this  country.  He  submitted  that  U)ion 
the  evidence  his  Lordship  was  bound  to  find  as  a  fact  that  the  lamps  liad 
not  been  adequately  manufactured  in  the  United  Kingdom,  and  that  the 
British  Westinghouse  Co.  had  offered  no  satisfactory  reason  why  they 
had  not. 

Mr.  Saroeant  addressed  his  Lordship  on  behalf  of  th-  Board  of  Trade. 

JUDGMENT. 
In  delivering  judgment  on  Tuesday  his  Lordship  said  that  the  appeals 
were  from  two  decisions  of  the  Coniiitrollcr  unilcr  see.  27  of  the  Patents 
and  Designs  Act,  1907,  by  one  of  which  (clKtccl  Feb.  <l.  litOSt)  he  revoked 
letters  patent  No.  18,786",  1902,  belonging  to  the  British  Westinghouse 
Electric  &  Mfg.  Co.,  and  by  the  other  "(dated  Feb.  18,  1909)  he  revoked 
letters  patent  No.  23,606,  1908,  belonging  to  the  Kortinu  &  .Mathiesen 
A-G.,  a  German  company,  whom  he  will  hereafter  refer  to  as  Korting  &. 
Mathiesen.  The  two  ca.ses  were  closely  associated,  and  could,  in  his 
opinion,  in  the  circumstances  which  were  peculiar  and  not  likely  to  rec\ir, 
be  dealt  with  separately.  He  agreed  with  the  Com]ili()ller  (and,  indeed, 
it  was  not  really  disputed  before  him)  that  in  each  case  the  patented 
article  was  manufactured  mainly  outside  the  United  Kiiigd(uu,  so  that 
in  the  one  case  the  company,  and  in  the  other  Korting  &  Mathiesen. 
had  to  prove  that  the  patented  article  was  manufactured  to  an  adequate 
extent  within  the  United  Kingdom,  or  give  satisfactory  reasons  why  it 
was  not  so  manufactured.  In  order  to  discharge  that  onus  they  must 
at  least  show,  with  regard  to  their  respective  letters  patent  that  they 
had  not  by  any  exercise  of  their  patent  rights  given  any  preference  to 
foreign  over  British  industry,  or  otherwise  done  anything  inconsistent 
with  the  obligations  arising  imder  the  act.  In  Nov.,  1901,  the  West- 
inghouse Co.  acquired  from  one  Bremer  a  number  of  |)ntcnts  granted 
in  this  country  for  imj)i'ovements  in  connection  with  arc  lam)is,  together 
with  the  benefit  of  any  further  improvements  to  be  made  by  him  wilhiu 
the  period  limited  by  the  contract  of  purchase.  Bremer  subsequently 
obtained  letters  patent  No.  18,786,  1902.  for  further  improvements,  being 
the  letters  patent  the  subject  of  the  first  of  these  appeals,  and  in  due 
course  (pursuant  to  contract)  he  assigned  same  to  the  company.  The 
latter  had  not,  ])rior  to  their  acquisition  of  the  Bremer  patents,  made  or 
dealt  in  arc  lamps,  .and  they  acquired  the  jiatents  with  a  view  to  estab- 
lishing an  industry  in  arc  lamps  at  their  works  at  Trafford  Park,  England, 
Immediately  after  they  commenced  manufacturing  lam]is  under  the 
patents,  and,  with  the  object  of  forthwith  creating  a  trade  in  this  country, 
i>ought  from  Bremer  a  number  of  lamps  already  made  by  him  abroad. 
The  lamps  su|)plied  by  Bremer,  as  also  the  lamps  first  manufactured 
by  the  com])any,  proved  defective,  and,  in  con.sequence,  the  company 
acquired  a  bad  reputation  in  that  kind  of  goods.  They  continued,  hov/- 
ever,  at  considerable  expense,  to  make  experiments  in  ordci'  (o  ovcn'onie 
their  initial  difficulties  in  the  manufacture,  anil  remedy  the  defects  which 
they  discovered  in  the  articles  as  supplied  by  Bremer  aiul  as  made  by 
themselves,  utilising  for  that  jiurpose  the  improvements  which  were  the 
subject  of  letters  patent  No.  18,786,  of  1902.  Shortly  after  Bremer's 
application  for  his  1902  patent  (on  Oct.  29,  1902)  one,  Hcigner,  an  en- 
gineer in  the  em))loyment  of  Korting  &  Mathiesen,  applied  for.  and  sub- 
se(|uently  obtained,  letters  patent  f<u'  ]iractically  the  same  invention 
(23,(i06,  of  1902,  the  subjcil  of  the  seciuid  of  these  appeals).  Korting  & 
Mathiesen,  who  acquired  these  letters  patent  from  Hogncr,  in  1903  began 
to  import  into  this  coimtry  liimjis  made  unilcr  Hiigner's  ])atent,  which 
were  admittedly  an  infringement  of  Hrenur's  19(12  patent,  if  such  patent 
be  valid.  That  was  done  through  the  I'liiou  Kli-ctric  Co.,  who  acted  as 
thiir  agents  in  this  roiititry.      In  I'.Hi:!  L'(i  mii  li  limps  were  iiuiiortcd.  in 
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1IH)4  .'J!)8.  :iiul  iti  KIO.'i  as  many  ^^!<  2,348.  It.  (lid  not  appear  when  the 
Weatinglicuise  Cii.  first  became  aware  of  tlial  importation  of  infringing 
lamps.  Up  to  the  beginning  of  190()  they  were  still  busy  experimenting 
and  trying  to  obviate  the  diffieultie.'i  they  had  encountered  in  manufac- 
turing under  the  Bremer  patents.  At  the  beginning  of  1900  they  had,  as 
they  thought,  obviated  all  .such  difficulties,  and  were  then,  at  any  rate, 
fully  aware  of  the  importation  of  infringing  articles  Ijy  the  Union  Electric 
Co.  as  agents  of  Korting  &  Mathiesen.  Questions  seemed,  however,  to 
have  arisen  as  to  the  validity  of  their  1902  patent,  one  objection  sug- 
gested being  based  on  diseonforraity.  Under  these  circumstances  they 
had  two  courses  open  to  them  :  either  they  could  conimencc  proceedings 
for  infringement,  at  the  possible  risk  of  having  tluir  111(12  patent  declared 
invalid,  and  perhaps,  incidentally,  setting  u|i  Hiigncr's  jiatcnt.  or  they 
could  endeavour  to  come  to  terms  with  Korting  &  Mathiesen.  They 
chose  the  latter  cour.se,  and  entered  into  negotiations  with  Korting  & 
Mathiesen  and  the  Union  Electric  Co.,  which  resulted  in  an  agreement 
under  which  they  granted  to  Korting  &  Mathiesen  a  licence  under  the 
Bremer  patents  for  10  years  from  Jan.  1,  lOOii.  determinable  as  the  end  of 
the  first  five  years  by  six  months'  notice  given  liy  either  party,  and  subject 
to  a  royalty  of  so  much  per  lamp  sold  in  the  United  Kingdom  or  the  Isle 
of  Man,  and  they  obtained  from  Korting  &  Mathiesen  a  free  licence  under 
the  Hogner  patent  of  1902  for  the  same  period  and  determinable  in  the 
same  maimer. 

Having  come  to  that  agreement,  the  company  proceeded  to  put  their 
goods  on  the  market  in  comjietition  with  the  lam])s  of  Korting  &  Mathie- 
sen. In  1901)  they  made  under  the  Bremer  1902  patent,  and  sold  be- 
tween 100  and  200  such  lamps,  in  1907  527,  and  in  1908,  up  to  Nov.  2, 
530  such,  and  they  had  274  made  by  them  still  in  stock.  On  the  other 
hand,  in  1901)  Korting  &  Mathiesen  imported  into  this  country  3,4t)7 
similar  lamps,  in  1907  3,612,  and  in  1908  2,777.  The  company  had  not 
as  yet  been  very  siiccessful  in  competing  with  Korting  &  Mathiesen,  but 
they  accounted  for  that  by  the  fact  that  they  had  only  recently  started 
the  manufacture  of  arc  lamps,  and  had,  unfortunately,  acquired  a  bad 
reputation  for  their  goods  from  the  first.  A  number  of  cheap  infringe- 
ments of  their  patent  were  also  being  imported  into  or  nuvde  and  sold  in 
this  country,  and  they  had  instituted  proceedings  to  stop  such  infringe- 
ments, which  proceedings  wei'c  still  pending.  Their  hope  was  that,  as 
they  were  now  manufacturing  a  really  good  lamp,  that  when  that  became 
better  known  and  infringement  had  been  stopped,  they  would  be  able 
to  compete  successfully  with  Korting  &  Mathiesen  in  this  country,  if  not 
in  foreign  markets.  Respondent  (who  was  also  a  defendant  in  one  of  (he 
actions  for  infringement)  said  that  by  neglecting  to  cstalilisli  infringe- 
ment proceedings  between  1903  and  190()  in  respect  of  Kiirdiig  &  .Mathie- 
.sen's  inipoKi'd  limps,  by  entering  into  the  agreement  of  March  12,  190(1, 
and  by  lMini;liiiii  cllorts  to  put  competing  lamps  on  the  market,  they  had, 
in  effect,  dcstroyid  all  chance  of  establishing  an  industry  in  this  country 
in  the  article  protected  by  Bremer's  1902  patent,  and  that  such  patent 
ought,  therefore,  to  be  revoked  under  sec.  27  of  the  .\ct  of  1907.  It  was 
even  suggested  that,  whatever  may  have  been  their  intentions  at  first, 
they  must  have  given  up  any  bona  fide  intention  of  starting  such  an 
industry  when  they  entered  into  the  agreement  with  Korting  &  Mathie- 
sen. He  had  given  the  matter  a  good  deal  of  consideration,  and  he  had 
come  to  the  conclusion  that  the  company  had  been,  and  were  still, 
making  a  bona  fide  attempt  to  establish  in  this  country  an  industry  in 
arc  lamps.  They  acquired  the  Bremer  patents  (including  the  patent  of 
1902)  for  that  pur|iosc.  and  they  had  expended  large  sums  with  that  end 
in  view,  beyond  what  they  Jiaid  to  Bremer.  It  was  by  no  mean.s  an  easy 
task  to  establish  an  industry  for  the  first  time.  Both  managers  and  work- 
men must  buy  their  experience,  and  the  attempt  became  the'  more  difficult 
if  it  must  be  made  in  the  teeth  of  the  competition  of  a  firm  who  had 
already  acquired  a  great  reputation  for  the  quality  of  their  own  goods  and 
had  access  to  English  markets.  If,  however,  the  person  who  attempted 
to  establish  such  an  industry  had  patent  rights  in  this  country,  such 
patent  rights  were,  of  course,  of  great  value,  for  they  would  enable  him 
to  exclude,  or  limit,  the  competition  which  otherwise  might  prove  fatal ; 
but  even  such  patent  rights  might  be  of  little  use  if  the  competitor  was  in 
a  position  to  put  goods  on  the  market  which  he  could  sell  by  virtue  of 
his  reputation,  even  if  they  did  not  contain  the  latest  im]irovenicnts.  In 
the  present  ca.se  it  was  obviously  the  right  policy  of  the  company  to  use 
their  1902  patent  to  limit,  or  exclude,  competiticm  from  Kiirting  &  Mathie- 
sen. Possibly,  they  might  have  succeeded  in  stopjiing  altogether  the 
importation  of  goods  made  by  the  latter  under  the  Hogner  patent.  They 
came  to  the  conchisicm,  however  (and  he  was  not  in  a  position  to  say  it 
was  a  wrong  conclusion),  not  to  attempt  that,  but  to  use  their  1902 
patent  to  limit  the  competition  they  feared.  By  the  agreement  of 
March  12,  190().  (hey  han<licap  Korting  &  Mathiesen  to  the  extent  of  the 
royalty  imposed  on  them, and  obtained  a  free  liccinc  themselves  in  respect 
of  the  Hiigncr  patent,  thus  using  their  patent  rights  to  increase  and 
not  to  diminish,  the  chaiu'c  of  being  able  to  establish  an  industry  in  arc 
lamps  in  this  country.  It  was  true  they  limited  tlieir  own  power  of 
granting  liienoes  at  royalties  below  the  fixed  minimum,  but  he  could  not 
see  that  that  fixed  minimum  was  unfair,  and,  if  it  were,  it  did  not  prevent 
anyime  applying  for  and  obtaining  a  compulsory  licence.  It  was  true, 
also,  that  they  limited  their  power  of  under-selling  Korting  &  Mathiesen 
in  the  British  market,  but  it  was  still  open  to  them  to  compete  with 
Korting  &  .Mathiesen  by  putting  as  good  or  a  better  article  on  the  market 
at  the  same  price,  if  tie/  succeeded  in  establishing  their  patent  rights, 
and  could  obtain  a  reputation  for  their  goods  before  Jan.  1,  1911,  they 
could  ileterniiiu'  the  agiMement  of  March  12,  1901),  and  altogether  exclude 
foreign  goods  made  under  their  1902  patent  for  the  remainder  of  the  term 
for  which  the  patent  was  granted.  He  was  satisfied  that  it  was  to  their 
interest  to  manufacture,  under  their  patent,  to  as  large  an  extent  as 
possible  in  the  United  Kingdom,  for,  leaving  out  of  account  the  money 


expended  in  purchasing  and  exiierinienting  with  their  patents,  their 
profit  on  each  lamp  now  made  and  sold  by  them  was  greater  than  the 
royalty  they  received  on  each  lam[)  imported  and  sold  by  Korting  & 
Mathiesen.  He  could  find  nothing  in  the  company's  conduct  inconsistent 
with  a  bona  fide  intention  to  manufacture  the  patented  article  to  a-s  large 
an  extent  as  possible  in  this  country,  and  the  agreement  of  March  12, 
1906,  was  conducive  to  that  end.  With  regard  to  the  delay  between 
1903,  when  Korting  &  Mathiesen  first  began  to  import  lamps  made  under 
the  Hogner  patent,  and  the  date  of  the  agreement,  it  was,  of  course,  true 
that,  had  the  agreement  been  arrived  at  earlier,  the  company  would  have 
gained  in  royalties,  but  as  they  were  not  in  a  position  to  put  their  lamp.s 
on  the  market  before  190(),  that  would  not  have  prevented  Korting  & 
Mathiesen  from  being  the  first  to  establish  a  business  in  the  patented 
article  in  the  United  Kingdom.  In  his  opinion,  the  company  had 
throughout  used,  and  still  were  using,  their  best  endeavours  to  fulfil 
the  obligation  arising  under  the  .\ct  of  1907  by  establishing  in  this 
country  an  industry  in  the  article,  the  subject  of  their  1902  patent,  and 
they  had  further  proved,  t  >  his  satisfaction,  that  their  want  of  success 
up  to  the  present  time  had  been  due  to  circumstances  beyond  their  own 
control,  and  not  to  the  manner  in  which  they  had  exercised  the  rights  con- 
ferred upon  them  by  the  patent  in  question.  The  Act  of  1907  was  never 
meant  to  penali.se  want  of  success  when  the  patentee  had  done  his  best, 
and  he  could  not,  therefore,  come  to  the  conclusion  that  the  company's 
patent  ought  to  be  revoked. 

With  regard  to  Hogner's  patent,  Korting  &  Mathiesen  had  not  so  strong 
a  case  for  resisting  its  revocation  as  the  company  had  for  resisting  the 
revocation  of  Bremer's  patent  of  1902.  Korting  &  Mathiesen  had  made 
no  attempt  to  work  Hogner's  patent  in  this  country  otherwise  than 
through  the  company,  ancl  it  was  largely  due  to  the  competition  of  lamps 
made  by  them  abroad  that  the  company  had  been  able  to  manufacture 
and  sell  so  few  lamps  in  this  co\nitry.  On  the  other  hand,  they  might  fairly 
say  that  they  had  not  only  granted  a  free  licence  to  a  company  which  in- 
tended and  was  presumably  qualified  to  work  the  patent  in  this  country, 
but  had  precluded  themselves  from  importing  and  selling  competing  lamps 
without  paying  a  substantial  royalty.  Further,  such  patent,  so  far  as 
he  could  see,  could  be  valid  only  if  Bremer's  1902  patent  be  invalid,  and 
then  only  if  such  invalidity  be  due  to  the  objection  based  on  discon- 
formity.  If  it  be  ultimately  decided  that  Bremer's  1902  patent  w,as 
invalid,  and  Hogner's  patent  valid,  and  Korting  &  Mathiesen  did  not  then 
forthwith  take  steps  for  working  Hogner's  patent,  or  ensuring  that  it  be 
worked  to  an  adequate  extent  in  this  country,  he  thought  they  would 
have  great  difficulty  in  resisting  its  revocation.  He  had,  however,  come 
to  the  conclusion  that,  \uidcr  present  eircum.stanccs,  he  might  fairly 
accept  the  reasons  given  by  them  for  the  small  extent  to  which  the  patent 
was  worked  in  this  country  a-s  satisfactory,  and  he  came  to  that  conclu- 
sion the  more  readily  beause  the  revocation  of  this  patent  might  make 
things  even  more  difficult  for  the  company,  who  were,  as  he  had  said, 
doing  their  best  to  create  an  industry  in  the  patented  article  in  the  United 
Kingdom. 

He  proposed,  therefore,  in  cacli  case,  to  reverse  the  Comptroller's 
decision  so  far  as  it  revoked  the  patent  in  question  ;  but  not  to  disturb 
his  directions  as  to  the  costs  of  the  proceedings  before  him.  He  should 
allow  no  costs  of  the  appeals,  except  the  Attorney-General's  costs,  which 
he  directed  to  be  borne  and  paid  in  the  one  case  by  Mr.  Braulik  and  the 
company  in  equal  shares,  and  in  the  other  case  by  Mr.  Braulik  and 
Korting  &  Mathiesen  in  equal  shares.  His  decision  to  allow  further 
evidence  on  the  appeals  must  not,  however,  be  taken  as  a  precedent 
governing  other  cases. 


Consolidated  Nickel,  Tin  &  Copper  Mines  v.  Crompton  &  Co. 

Continuing  the  hearing  of  this  case  before  the  Official  Referee  (Mr. 
Muir  Mackenzie,  K.C.),  on  20th  inst., 

Mr.  W.  J.  Evans,  an  engineer  in  the  cmi)ljy  of  Messrs.  Crossley  Bros., 
said  be  was  informed  on  Jan.  5  by  Capt.  Tonkin  that  there  was  some 
trouble  with  the  self-starter,  which  witness  took  to  pieces  and  found 
there  was  a  piece  of  grit  underneath  one  of  the  valves.  He  removed  it 
and  then  the  starter  worked  all  right.  He  did  not  think  the  engine  had 
been  carefully  looked  after. 

Mr.  C.  E.  Sexton,  engineer  in  charge  of  contract  work  for  Messrs, 
Crompton  &  Co.,  said  he  went  to  Chacewater  on  Aug.  22,  1907.  .Vt  that 
time  the  temporary  plant  was  running.  There  were  difficulties  in  start- 
ing the  plant.  When  the  motor  was  switched  on  the  gas  engine  slowed 
up.  He  put  that  down  to  the  gas  plant  not  being  run  i)riq)erly  by  the 
men  in  charge.  It  was  not  given  sufficient  attention.  He  got  the 
impression  that  they  did  not  iniderstand  the  gas  plant  or  the  engine.  He 
tried  to  get  the  rotor  into  a  position  in  which  it  would  not  bind  against 
the  stator.  At  first  he  was  inclined  to  think  that  the  spindle  was  out  of 
truth,  but  that  turned  out  not  to  be  correct.  He  doubted  whether  a 
small  increase  of  the  air-gap  would  deci-ease  the  efficiency  of  the  i»"«<'!'- 
He  considered  plaintiffs'  were  ordinary  unskilled  men.  When  the  diffi- 
culties of  starting  the  motor  cropped  up  witness  certainly  came  to  the 
conclusion  it  was  desirable  to  have  some  one  nu)i-e  skdful  on  the  spot 
than  plaintiffs'  men.  He  did  say  to  his  principals  that  there  was  nothmg 
wrong  with  the  motor.  There  was  no  difficidty  about  starting,  and 
there  was  no  trouble  with  the  gas  engine  ;  the  whole  trouble  was  that 
the  men  were  incompetent  and  ignorant. 

Mr.  .Iasies  Stider,  principal  armatun^  winder  for  alternatmg- 
cmrcnt  machines  at  Messrs.  Cr,imi)tons  works  at  Chelmsford. 
said  that  he  wound  the  stator  .>f  the  motor  in  question  in  this 
action  in  accordance  with  instructions  fitmi  the  winding  office. 
It     was     pr.iperly     and    efficiently    done.       When    the  machine    was 
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returned  to  the  worl<s  in  .September  witness  took  it  to  pieces  ami  ex- 
amined it.  He  found  that  the  three  outside  coils  of  tlie  stator  were  Ijurnt 
and  tlie  inp|i.-r  wire  exiuiseil.  Tlie  l>ars  of  the  rolor  had  lioen  fasteued 
with  solder  and  rivet^.  hut  the  solder  had  melted  away.  The  solder  had 
run  owing  to  a  hcavv  lurrent.  The  melt inj;  point  of  .sohler  was  over 
300  F.  or  400  F.  He" could  tell  by  examining  the  windings  of  the  slator 
if  a  breakdown  was  due  to  defective  workmanship  or  bad  material,  and 
the  breakdon-n  in  question  did  not  arise  from  defective  workmanship. 
He  would  not  be  able  to  say  from  what  he  saw  what  amount  of  current 
had  been  going  through  the  motor.  When  he  rewound  the  stator  he 
did  not  use  any  thicker  wire,  but  woimd  it  exactly  as  he  had  done  in  the 
first  place.  When  the  breakdown  in  November  occurred  witness  went 
down  to  the  mine  to  again  re-wind  the  stator.  This  time  the  motor  was 
totally  burnt  out.  There  was  no  insulation  left  on  the  stator,  and  the 
rotor"was  devoid  of  any  solder.  That  must  have  been  due  to  heavy 
current  in  the  machine.     Witness  repaii-ed  it  as  Ijcfore. 

Mr.  P.  W.  Fkeddemacher,  estimating  engineer  for  Messrs.  C"i-ompton, 
said  that  in  October,  1900,  he  had  an  interview  with  Mr.  Williamson, 
director  of  the  Consohdated  Co.  with  a  view  to  giving  an  estimate  for  a 
pumping  installation  at  the  mine.  He  obtained  quotations  for  a  pum]i 
capable  of  delivering  "  1.000  gallons  of  water  per  minute  against  a  head 
of  120  ft.""  In  his  opinion  a  pump  specified  for  in  those  words  meant 
a  pump  capable  of  delivering  1.000  gallons  a  minut<>  against  a  120  ft. 
head  which  was  made  up  of  the  height  due  to  the  suction  and  delivery 
and  also  the  pij>e  friction.  Mr.  Williamson  did  not  tell  him  that  he 
wanted  a  pump  to  unwater  a  mine  120  ft.  deep.  Had  he  done  so  witness 
would  not  have  specified  in  the  way  he  did  to  the  firms  who  quoted.  He 
would  have  first  questioned  Mr.  Williamson  as  to  the  length  and  diameter 
of  the  pipe  through  which  the  water  had  to  be  delivered,  and  any  curves 
there  might  be.  He  knew  nothing  of  letters  which  afterwards  passed 
between  the  jiarties  raising  the  question  of  the  necessity  for  more  power 
on  account  of  friction. 

Mr.  W.  P.  MiLLEK.  a  member  of  the  London  staff  of  defendants. 
stated  that  he  went  down  to  the  mine  on  Oct.  5,  1907,  to  superintend 
the  starting  of  the  jiumping  plant.  He  found  the  motor  coupling  was 
out  of  centre  with  the  pump  coupling  by  abont  iJS^th  of  an  inch.  It  was 
a  flexible  coupling,  and  therefore  that  did  not  in  any  way  affect  the 
ninning  of  the  pump.  They  put  it  right,  however,  and  the  job  took 
them  a  day,  together  with  erecting  the  pump.  They  commenced 
pumping  on"  the  afternoon  of  the  9th,  and  the  voltage  before  they  put 
the  switch  in  was  about  5.50.  Immediately  it  was  ))ut  in  it  dropped  to 
270  or  300  vrith  a  starting  current  of  150  amperes.  When  tlie  plant  had 
got  into  its  stride  the  running  current  was  about  50  amperes  and  the 
volts  530  to  550.  When  they  started  the  motor  and  machinery  ran  very 
satisfactorily  indeed,  but  during  the  first  night  they  had  to  shut  down 
because  the  engine  backed  out  altogether  through  bad  gas.  That  was 
undoubtedly  from  want  of  attention  to  the  gas  producer.  At  the  time 
witness  was  at  the  engine  end  of  the  room  near  the  switchboard.  He 
pulled  out  the  rotor  switch  because  the  engine  was  slowing  down,  the 
short  circuit  current  was  about  150  to  170  amperes  and  the  voltage  had 
dropped  to  between  230  and  300.  Under  such  conditions,  of  course,  it 
would  not  have  taken  many  minutes  to  bum  out  the  machine.  After 
witness  had  taken  out  the  swit<'h  he  went  to  the  other  end  of  the  room 
and  saw  a  man  who  had  been  lying  down  jump  up  and  rush  to  his  gas 
valve  at  the  top  end  of  the  engine  room,  but,  of  course,  that  was  no  good. 
Witness  then  went  into  the  producer  house  and  found  the  gas  scrubtiers 
were  very  hot,  showing  that  they  had  not  had  sufficient  water  supply. 
The  water  cock  was  not  full  on,  and,  in  addition,  was  blocked  a  little.  He 
reported  to  defendants  that  "  with  the  exception  of  the  gas  falling  off 
owing  to  driver's  inattcnticjn,  the  ])lant  had  worked  well."  All  through 
the  following  day  the  engine  ran  very  well,  but  there  was  trouble  again 
in  the  night.  Witness  diil  not  stand  by  the  plant  that  night  again,  but 
when  he  came  down  in  the  morning  he  found  on  examination  of  the  plant 
that  the  lighting  supply  had  all  lieen  stopped  and  the  lam])S  blown  to 
pieces.  The  supply,  witness  explained,  was  run  direct  off  the  alternator 
supply.  When  they  pulled  imt  the  main  switch  in  taking  the  load  off 
the  alt<>mator,  the  pressure  went  iij)  to  about  750,  which,  of  course,  was 
far  too  high  for  any  lamp  circuit.  Therefore,  when  he  saw  the  lam])s 
had  been  blown,  he  knew  they  had  had  a  "  shut  down  "  of  some  kind. 
The  driver,  when  witness  first  came  down,  told  him  they  had  had  no 
trouble  during  the  night,  but  it  was  afterwards  admitted  that  something 
had  gone  wrong.  Witness  could  only  give  one  solution,  viz.,  bad  gas 
through  inattention  tr>  the  engine.  During  the  rest  of  the  time  witness 
was  there  they  did  not  have  much  trouble  with  the  plant.  In  his  opinion, 
the  motor  was  allowed  too  frequently  to  get  out  of  step,'owing  primarily 
to  bad  ga.s.  Belt-slip,  too,  might  have  nad  something  to  do  with  it. 
The  plant  was  not  having  fair  treatment.  He  tohl  his  principals  that 
the  only  thing  that  was  wanted  was  that  the  men  who  were  running  the 
plant  should  be  got  rid  of  and  proper  men  engaged. 

.Mr.  .J.  B.  Gai.l,  F.I.C,  in  the  emi)loy  of  f'allenders  Cable  &  Construc- 
tiim  Co.,  said  he  had  analysed  a  sample  of  the  water  taken  from  Wheal 
Busy  mine  in  November,  1907.  He  found  it  contained  silica,  iron  oxide, 
lime,  magnesia,  soda,  cop|)er  oxide,  nickel  and  zinc  oxide,  sulphuric 
anhydride  and  chlorine.  Free  sulphuric  acid  was  present  to  the  amount 
of  4-67  grains  ]ier  gallon,  and  that  would  affect  the  metal  of  the  pump. 
setting  up  chemical  action  on  the  ca.st  iron  and  the  bronze.  In  addition. 
eleotrolytic  action  would  also  be  set  up.  The  chemical  action  mcaiil 
corrosion  and  rusting,  whilst  the  electrolytic  action  would  tend  to  remove 
the  metal  by  solution,  and  thus  increase  the  clearance  of  the  pumji. 
n  itness  had  detected  the  ])rc8ence  of  copper  sulphate  in  the  water  which 
would  have  a  corrosive  effect  upon  both  the  iron  and  bronze  of  the  jnimp. 
The  presence  of  phosphorous  in  the  bronze  tised  for  making  parts  of  the 
pump  made  it  all  the  more  susceptible  to  attack  by  dilute  sulphuric  acid 


The  phosphorous  would  be  present  in  the  forin  of  metal  phosphides, 
which  were  readily  decomposed  by  contact  with  dilute  acids.  From 
experiments  he  had  carried  i>ut,  he  had  arrived  at  the  conclusion  that 
there  woiihl  be  a  difference  in  |iotcntial  set  up  in  the  iiunq)  of  O-O  of  a 
volt  approximately  when  the  pump  was  full  of  the  acid  liquor.  The 
effect  of  that  would  be  to  cau.sc  a  passage  <if  electricity  with  concurrent 
corrosion  of  the  cast-iron  surface.  As  the  results  of  his  experiments  he 
found  that  the  amount  of  corrosion  from  chemical  action  amounted  to  one- 
sixth  of  an  ounce  over  1  sq.  ft.  of  surface  area  after  6S  days"  immersion, 
whilst  through  electrolysis  for  the  cast  ir(m  the  loss  in  weight  amounted 
to  one-third  of  1  ounce  per  square  foot  after  07  days'  immersion.  Those 
were  the  results  of  his  experiments,  but  in  the  mine  itself  he  should  say 
the  loss  would  be  heavier.  If  they  had  had  a  sam])le  of  the  water  sent 
to  them  in  the  first  place  they  would  have  su])])lied  a  very  different  kind 
of  cable  to  that  which  his  firm  did  sujiply  for  the  plant  in  ([uestion. 
Under  such  conditions  vidcanised  bitumen  cable  was  far  better  than 
rubber  insulation.  He  agreed  that  cable  put  into  the  shaft  to  supply 
the  current  from  the  generator  to  the  motor  was  not  the  right  sort.  The 
cable  did  not  actually  touch  the  v/ater. 

Mr.  H.  WiNWoOD,  advisory  engineer  to  Messrs.  Tangye,  said  that  the 
word  "  head  "  meant  the  total  amount  of  work  done  by  the  pumping 
from  the  surface  of  the  water  to  the  top  of  the  delivery  including  all 
friction  in  the  pipes  through  which  the  water  might  be  transmitted. 
Corrosion  was  rather  common  in  mining  all  the  world^over,  andjin  metalli- 
ferous mines  it  was  very  general.  He  had  seen  a  sample  of  wat«r  from 
the  [ilaintiffs'  mine,  and,  in  his  opinion,  it  was  an  acidulous  water  which 
would  have  a  very  considerable  effect  on  the  pump.  It  was  not  usual 
when  specifying  for  pumps  to  inquire  the  nature  of  the  water.  If  the 
water  was  bad,  customers  generiilly  called  attention  to  it.  Suction  gas 
plants  were  very  generally  used  for  driving  electric  pumps. 

Mr.  Jas.  Atkin.son,  engineer  to  .Mf>~i-.  (Vox  Icy  Bros.,  said  that  it 
was  under  his  direction  that  most  of  Ih-  -  i-  .  n-iius  were  made.  That 
particular  type  of  engine  was  a  sini;lr  r\liii,l(i  otto  cycle  gas  engine 
working  on  suction  gas.  The  cylinder  was  17  in.  diameter  and  24  in. 
stroke  and  arranged  to  run  at  200  revs,  per  min.  The  rims  of  the  fly- 
wheels together  weighed  2-2  tons.  The  flywheels  had  a  stored-up  energy 
in  them  of  185  ft.-tons  when  they  were  running  at  200  revolutions.  The 
current  was  taken  from  the  generator  to  the  motor  and  the  motor  would 
re]uoduce,  as  it  were,  the  variations  in  speed  of  the  generator.  That 
variation  would  not  affect  the  working  of  a  pump  of  that  kind.  The 
flywheels  were  sufficient  for  driving  the  pump.  If  the  flywheels  had  been 
9  tons  they  could  not  have  constructed  the  engine  in  the  way  it  had 
been  constructed.  Irregularity  due  to  bad  gas  would  affect  the  motor 
in  the  way  that  the  engine  would  run  slower.  Mr.  Rosenbusch  had 
suggested  that  the  shaft  was  bent,  but  he  maintained  that  in  all  proba- 
bility that  was  not  so.  The  fact  that  they  had  made  so  many  engines 
with  the  same  strength  of  shaft  was  fairly  conclusive  that  the  shaft  was 
not  bent  with  the  strain.  He  thought  it  was  probably  due  to  neglect  to 
keep  the  bearmgs  properly  adjusted,  which  would  leave  a  little  slackness 
in  the  bearings  and  at  every  explosion  it  would  jump.  From  what  he 
could  gather  the  engine  had  been  shamefully  neglected.  It  required  a 
man  of  a  certain  amount  of  training  to  work  that  kind  of  engine.  Those 
engines  were  u.sed  for  almost  every  purpose  for  which  power  was  required. 
The  reason  why  they  were  not  used  for  electric  lighting  was  that  they 
had  not  sufficient  regularity  for  that  purpose.  To  build  that  particular 
type  of  engine  for  electric  lighting  work  they  w()uld  have  to  increase  the 
size  of  the  flywheel. 

Mr.  J.  N.  Boot,  an  engineer  of  the  Worthington  Pump  Co.,  said  he 
had  been  shown  an  analysis  of  the  water  taken  from  the  Wheal  Busy 
mine,  and  certain  acids  in  it  would  in  time  tend  to  eat  away  the  meta! 
of  the  pump  and  that  would  to  a  certain  extent  decrease  the  efficiency 
of  the  pump.  The  water  contained  quantities  of  ochre  which  would 
have  a  deleterious  effect  on  the  pump.  If  he  were  supplying  a  pump 
to  the  order  of  a  mining  company,  and  if  he  had  any  doubt  about  it,  he 
would  make  inquiries  as  to  the  chemical  composition  of  the  water  to  be 
pumped.  So  far  as  he  knew,  Messrs.  Crompton  did  not  give  them 
information  as  to  there  being  acid  in  the  water.  They  supplied  the 
pump  on  the  assumption  that  the  water  which  it  had  to  pump  would 
contain  acid,  at  any  rate  to  any  such  extent  as  to  affect  the  puniji. 

Mr.  J.  ('.  Macfarlane.  M.I.E.E.,  who  was  in  charge  of  the  main  shoji 
at  Messrs.  Crompton's  works  at  Chelmsford,  said  that  he  remembered 
the  motor  supplied  to  plaintiffs.  It  was  a  vertiele  s))indle  totally  en- 
closed three-phase  iiduction  motor,  with  an  output  of  55  b.h.p.  when 
running  at  a  speed  of  1,450  revs,  per  min.  on  a  550  volt  50  cycle  circuit. 
Messrs.  Cromptons  manufactured  a  very  large  number  of  motors  of  the 
same  style  and  strength  every  year  and  they  supplied  a  good  many  of 
them  for  pumjiing  in  mines.  Before  the  motor  left  the  works  it  was 
tested.  The  resistances  of  the  windings  were  taken,  the  power  factor 
and  efficiencies  were  tested  and  the  motor  was  run  on  light  load  for  some 
considerable  time  to  test  the  bearings.  The  usual  tests  were  applied 
with  regard  to  the  soundness  of  the  insulation.  It  was  the  practice  of 
the  company  to  test  a  motor  at  its  full  load  for  four  or  six  hours  before 
des|)atch  ;  but  in  the  present  case  that  was  not  done  because  the  motor 
would  have  to  have  waited  for  two  or  three  days  to  get  the  power.  As 
originally  arranged,  there  were  three  bearings  upon  the  shaft  supporting 
the  rotor  portion  of  the  motor.  As  originally  designed,  the  distance 
l)etween  the  bearings  was  about  27  in.,  which,  in  his  ()]iinion,  w;is  right. 
The  distance  was  fairly  short  in  this  case,  due  to  the  design  of  the  rotor. 
At  the  end  of  August  the  motor  was  sent  to  the  Redruth  Foundry,  and 
the  air-gap  was  increased  from  i^tt^'i*'  *"  lirntlis  of  an  inch.  He  had  made 
calculations  in  respect  of  that  and  was  of  opinion  that  it  would  not 
decrease  the  power  factor  moie  than  1  jicr cent.  The  jirobability  was  that 
it  was  about  half  of  1  per  cent,  decrease  in  the  power  factor.   On  Sept.  13 
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tlie  main  bearing  nf  the  motor  seized  and  on  Sept.  20  it  wus  returned  to 
Chelm'iford.  He  found  then  that  several  of  the  stator  coils  were  entirely 
burnt  out — tliat  was  to  say.  the  insulation  was  burnt  right  oil  the  wires. 
He  thought  at  the  time  the  trouble  was  entirely  due  to  starting  up  the 
|.I.int.  He  noticed  that  the  solder  ronnecting  the  rotor  bars  to  the  end 
unfs  was  thrown  out  of  the  joints.  The  melting  point  of  this  solder  was 
lietu'een  :j50  deg.  and  400  d eg.  .\  starting  eurieni  of  loO  am|ieres.  if 
allowed  to  continue,  produced  tremendous  heat.  In  fact,  the  heat  lost 
in  the  copper — the  heat  wasted  in  the  copper — was  ))roportionat^  to  the 
sipiare  of  the  curi'ent — that  was  to  say,  if  you  doubled  the  current  you 
would  have  four  times  the  loss  of  heat  in  the  copper.  In  this  case  150 
amperes  was  three  times  the  full  load  current  and  the  copper  heating 
must  have  been  nine  times  as  great  as  under  normal  full  load  conditions. 
It  would  not  be  safe  to  have  a  starting  current  of  l.W  amperes  running 
through  it  for  more  than  six  or  seven  minutes  at  the  outside.  If  the 
current  were  allowed  to  continue  for  a  longer  period  there  would  be  a 
total  burn  out,  the  solder  would  be  entirely  melted  out  of  the  joints  in 
the  rotor  and  the  insulation  would  be  burnt  off  of  the  stator  coils — a 
state  of  things  which  he  found  in  the  present  ease.  If  the  motor  should 
fall  out  of  step  the  engineer,  to  remedy  that  state  of  things,  should  draw 
.lut  the  switch,  which  would  open  the  circuit.  Before  he  did  that,  he 
might  tiy  and  remedy  it  by  increasing  the  current  through  the  field  of 
the  alternator — that  was  to  say,  he  could  increase  the  excitation  of  the 
nllornator  and  thereby  increase  the  magnetism,  thereby  increasing  its 
volts — that  was  to  say,  the  E.M.F.  generated,  and  he  might  be  able  to 
stop  it  in  that  way.  There  was  no  difficulty  in  doing  that  if  you  knew 
anything  at  all  about  driving  these  engines.  He  did  not  think  that  what 
had  happened  was  due  to  any  defect  in  the  motor  itself.  In  his  opinion, 
the  cause  of  the  burning  out  was  either  due  to  the  starting  current  being 
left  on  too  long  or  to  the  fact  that  the  motor  got  out  of  step.  He  thought 
the  exciter  voltage  in  that  case  was  exactly  suited  to  the  work.  The 
reason  that  a  starting  switch-was  used  was  to  cut  down  the  voltage 
impressed  on  the  motor  in  order  to  cut  down  the  starting  current.  That 
was  done  in  that  case  by  allowing  the  alternator  to  supply  an  automa- 
tically reduced  voltage  when  the  motor  was  starling  up.  In  witness's 
opinion,  if  the  motor  were  worked  with  its  full  current  of  .'5.')  amperes  it 
would  pump  at  the  rate  of  1,000  gallons  per  minute  instead  of  about  600. 
which  was  its  capacity  at  about  45  amperes.  There  was  no  neees.sity  to 
have  an  ammeter  recording  more  than  100  amperes.  The  150  amperes 
was  only  recpiired  at  starting  and  there  was  no  necessity  for  a  meter  to 
record  that  amount.  If  the  plant  had  been  started  uj)  properly  the 
am|)eres  would  have  come  down  within  half  a  minute  to  the  normal 
working  amperes  of  50  or  fiO.  Anyone  who  understood  his  business 
would  know  that  if  the  amperemeter  showed  up  to  100  amperes  that 
there  was  danger  and  that  he  ought  to  stop  the  plant  at  once.  Totally 
enclosed  motors  would  not  stand  a  great  deal  of  continuous  running  on 
ten  overload  because  of  heating.  But,  of  course,  that  was  a  statement 
which  was  subject  to  qualifications.  What  happened  w.is  that  there 
was  a  certain  ipiantity  of  heat  generated  inside  the  motor,  and  when  the 
rate  of  generation  of  that  heat  was  equal  to  the  rate  of  dissipation  then 
the  temperature  remained  constant.  A  totally  enclosed  motor  was 
usually  rated  about  25  to  50  per  cent,  lower  than  an  open  or  ventilated 
motor,  according  to  the  size  of  the  machine  ;  with  medium  sized  motors 
it  was  25  per  cent.  He  disagreed  that  a  ventilated  motor  of  the  same 
size  as  a  55  h.p.  totally  enclosed  machine  would  be  rated  at  100  H.p. 
The  motor  sup|ilied  to  plaintiffs  was  constructed  with  a  large  number  of 
raidatiug  gills,  and  motors  of  this  type,  if  ventilated,  would  not  give 
more  than  2.">  jier  cent,  increased  power. 

Mr.  Alan  Williams,  electrical  engineer,  employed  at  Messrs.  Cromp- 
ton  &  L'o.'s  works,  said  that  the  motor  in  question  was  rated  to  do 
65  ll.p.  at  a  speed  of  about  1,4.50  revs,  per  min.,  and  it  could  do  that 
contiiuKnisly,  and,  further,  it  could  do  25  per  cent,  overload  for  two 
hours  and  larai'i'  overloads  for  shorter  periods.  The  type  of  enigne  was 
perfectly  suitable  for  driving  pumps  of  that  kind.  The  variations  in 
speed  between  explosions  would  not  make  any  difference  to  the  running 
of  the  motor  and  pump.  The  men  who  worked  jilant  of  that  kind 
required  a  certain  amount  of  training.  The  motor,  for  the  position  in 
which  the  |iump  was  situated,  was  practically  the  only  tyjie  of  motor 
for  that  purpose. 

The  healing  h.ad  not  concluded  when  we  went  tn  pre.?s. 

Gould  V.  Lehwess. 

The  hearing  of  this  case  was  resumed  before  Mr,  .Justice  Pliillimorc  o,i 
Friday,  when  further  evidence  was  given  for  tho  defence. 

At  the  do.se  of  defendant's  evidence, 

Mr.  W.  M.  MoRDEV  gave  evidence  to  the  effect  that  plaintiff  cmdd  not 
po.wibly  have  fulfilled  the  tests  prescribed  for  his  batteries  in  the  contract, 
as  there  was  no  battery  manufactured  that  cmdd  meet  such  tests. 

On  Tuesday  defendant's  counsel  (Mr.  Gorc-BroM'ue)  gave  an  account  of 
defendant's  share  holding  in  the  London  Electrobus  Co. 

Mr.  .lAfon  .Vtherton  said  he  was  a  director  of  the  London  Electrobus 
Co.  from  the  l.")th  April,  1908.  until  the  end  of  that  year.  In  May.  1908, 
when  the  question  of  batteries  generally  was  discussed  by  the  board,  he 
was  appointed  to  inquire  into  the  matter,  in  conjunction  with  a  Mr. 
Hoberts,  who,  however,  did  not  attend,  and  the  whole  thing  was  practi- 
cally left  in  witness's  hands.  Dr.  Lehwess  talked  to  him  about  both  the 
Could  and  the  Tudoi'  batteries,  and  bothered  him  several  times  about 
m-iking  a  test  of  the  (iould  batteries.  Witness  said  they  could  not  stop 
the  business  of  the  ccunpauy  in  order  to  make  tests.  The  company,  he 
said,  was  not  interested  in  tests  so  long  as  they  ran  the  'buses  at  2d.  a 
mile,  the  cost  set  out  in  the  prospectus.  The  tests  did  not  interest  him. 
Thoy  had  a  contract  to  have  their  'buses  run  at  2<1.  a  mile  for  battery 
power,  and  that  was  what  interested  him, 


Mr.  .Justice  Phili.imork  :  How  did  yim  become  a  director  of  the 
Electrobus  Co.  V  Who  i)ut  you  there  't — I  was  asked  to  go  there.  I 
think  the  firm  of  accovnitants  that  acted  for  the  company.  I  was  asked 
at  the  same  time  as  Sir  Henry  Dering. 

Did  you  take  any  shares,  or  were  they  found  for  you  ? — We  took  our 
qualification.  He  left  the  Board  because  he  thought  the  directors  were 
running  things  im  too  lavish  a  scale.      He  retired  v.iluntarlly. 

.Mr.  Gouk-Bbow.ne  :  Did  Dr.  Ia-Iiwcss  control  the  Board"; — No, 
certainly  not.  If  he  had  tried  to  control  it  there  would  have  been  some 
trouble.  Dr.  Lehwess  did  not  control  the  board,  but  he  knew  that  he 
had  been  a  promoter  of  the  company.  The  only  question  before  the 
board  on  the  date  of  his  (witness's)  appointment  was  one  relating  to  the 
Tudor  batteries. 

His  Lordship  pointed  out  that  there  was  nothing  in  witness's  report 
Bhowing  that  he  had  gone  into  the  iiucstion  of  the  Gould  batteries  at  all. 

Mr.  Atherton  replied  that  the  Gould  batteries  not  being  satisfactory, 
he  had  not  to  consider  them.  His  qualifying  shares  were  acquired  from 
Dr.  Lehwess.  He  did  not  pay  for  them.  Not  in  actual  cash,  but  he  had 
an  arrangement  with  Lehwess  to  transfer  to  him  (witness)  200  shares  at  a 
nominal  consideration,  to  pay  for  in  cash  at  a  later  date.  He  did  not,  in 
fact.  ]iay  him.  Dr.  Lehwess  and  he  had  a  row,  and  when  he  ceased  to  be  a 
directoi'he  handed  the  shares  back  to  Dr.  Lehwess.  As  to  the  tests,  the 
company's  'buses  ran  from  (>  in  the  morning  to  12  at  night,  so  that  the 
peven  or  eight  hours  required  for  a  test  of  the  batteries  would  have  inter- 
fered with  the  working. 

At  this  stage.  Dr.  Lehwess  was  recalled. 

His  Lordship  :  You  told  us  that  when  the  Enghsh  Gould  Electric 
Storage  Co.  was  formed  the  shares,  other  than  the  4,000  previously 
mentioned  in  this  case,  the  100  taken  by  Capt.  Loeock,  and  the  seven 
signatory  shares,  were  all  taken  by  the  Asiatic  Banking  Corjin.  ? — They 
were  all  takeir  as  fully  paid. 

But  you  were  the  Asiatic  Banking  Corpn.  ? — As  I  explained  to  your 
Lordship,  I  was. 

This  is  a  serious  matter.  You  did  not  writs  to  Mr.  Gould  to  tell  him 
that  you  were  the  Asiatic  Banking  Corpn.  't — I  did  not  tell  him  anything 
at  all  about  it. 

After  counsel  had  delivered  their  addi'esses. 

Mr.  Justice  PhilLIMOBE,-  in  giving  judgment,  said  the  facts  wore  plain. 
Plaintiff  supplied  the  storage  batteries  under  a  contract  with  defendant. 
who  said  he  was  not  liable  to  pay  for  them  becau.se  they  had  not  passed 
the  stipulated  test.  His  Lordship  came  to  the  conclusion  that  the  reason 
why  the  tests  were  not  carried  out  was  because  defendant  prevented  that 
being  done.  He.  therefore,  held  that  plaintiff  was  entitled  to  a  judgment 
for  £2,528.  15s.  the  amount  of  the  claim,  less  the  present  estimated  value 
of  the  batteries. 

A  stay  of  execution  was  granted. 

Bergtheil  &  Young  v.  Argus  Printing  Co. 

In  the  City  of  London  Court  on  Tuesday,  plaintiffs  sought  to  re- 
cover £14.  Os.  9d.  for  electrical  work  done.  It  was  stated  that  in 
October  last  plaintiffs  put  in  certain  flame  arc  lamps  on  approval  at 
defendants'  printing  works  in  London.  Complaints  were  made  that 
the  lamps  were  not  working  properly.  To  this  complaint  plaintiffs 
alleged  that  the  resistances  had  been  tampered  with  and  that  there 
was  evidence  of  rough  treatment  on  the  part  of  defendants'  men.  The 
lamps  were  kept  for  six  months,  and  then  defendants  wanted  to 
return  them.  The  custom  was  that  such  goods  should  be  returned 
within  a  month  or  be  paid  for. 

After  hearing  the  evidence,  JudgeLuMi.EY-SMlTil,  K.C.,  said  it  \yas 
not  a  question  of  goods  on  sale  or  return,  but  of  defendants  allowing 
plaintiffs  to  put  the  lamps  on  their  premises.  Plaintiffs  were  not 
entitled  to  be  paid  for  the  lamps,  but  defendants  must  pay  £1.  7s.  6d. 
for  work  which  they  had  ordered.  Judgment  would  be  entered  for 
£1.  Os.  6d.  for  plaintiffs  beyond  the  £2  15s.  3d.  which  had  been  paid 
into  Court  in  respect  of  items  for  carbons,  &c. 

■Wilkinson  Feed  'Water  Heater  Patents.— The  Comptvollei-  of 

Patents  has  given  his  decision  in  the  matter  of  an  opposition  to  the 
grant  of  a  patent  to  Mr.  George  Wilkinson,  of  Harrogate,  for  improve- 
ments in  the  "  Wilkinson  "  feed  water  heater.  There  are  a  series  of 
patents  for  this  heater,  but  the  present  application  (No.  1,777.  190S) 
relates  to  means  for  regulating  the  anuumt  of  heat  transferred  from  the 
steam  to  the  feed  water,  it  being  recognised  that  there  is  a  lin\it  to  the 
number  of  heat  units  which  can  economically  be  transferreil  from  the 
steam  in  a  boiler  to  the  feed  water  brought  into  contact  therewith.  The 
grant  of  the  patent  was  opposed  by  Messrs.  Hamilton  &  McMasters.  of 
Belfast,  on  the  ground  that  the  invention  had  been  patented  under  their 
l)rior  patent.  No.  21,070,  1900,  and  alsouiion  thegmuud  that  the  manner 
in  which  Mr.  Wilkinson's  inventiim  was  to  be  performed  was  iiot  suffi- 
ciently or  fairly  described  and  ascertained  in  his  complete  specitication. 
The  comptroller  dismissed  the  opposition,  with  seven  guineas  costs. 


Tariff  Reform  and  the  Electrical  Engineering  Industry.— It  is.  cf 

course,  well  known  to  our  readers  that  -Mr.  C.  A.  Pearson,  the  head  of 
the  "Daily  l-lxiuoss  '  newspaper,  is  a  leading  member  of  the 
Tariff  Reform  League,  and  his  enorgctio  work  lias  done  much  to  keep 
that  movement  in  the  foregnmnd.  In  the  "  Daily  Kxpress  "  for 
Jtay  20  an  article  on  the  question  of  Tariff  Reform  as  it  affects  the 
electrical  industry  appeared,  and  ho  think  it  right  to  refer  our 
readers  to  this  article.  We  understand  that  a  postcard  indicating  a 
desire  to  receive  a  copy  of  llio  "  Daily  Express"  of  the  date  men- 
tioned will  secure  this  being  forwai-ded  free  of  charge. 
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PARLIAMENTARY  INTELLIGENCE. 

FOLKESTONE.  SANDGATE  AND  HYTHE  TRAMWAYS  BILL. 

Lord  RadmiR  gavp  evidence  last  week  nil  this  hill  before  ths  House  of 
Commons  Committee  presided  over  l>y  Mr.  Asliton.  He  .said  there  was 
about  half-a-mile  of  Sandgate  Hill  on  which  he  desired  the  conduit 
sj-stem  to  be  adopted.  If  that  should  cost  £7.(1(11)  more  than  the  over- 
hrnd  system,  that  did  not  seem  a  serious  matter  for  the  c-ompany. 

.Mr.  Fkeem.ix.  K.C.  (for  Lord  Radnor),  said  his  lordship  did  not  c-on- 
sidcv  Folkestone  a  suitable  place  for  tramways,  but  he  subordinated  his 
own  wishes  to  those  of  the  municijial  authority  when  they  wished  to 
eimstruet  tramways  themselves,  and  he  gave  them  land  worth  about 
£2.tX)0.  They  hat!  handed  this  over  to  a  jirivate  eomjiany.  but  to  save 
the  appearance  of  the  to\™  they  sti])ulated  for  the  Uolter  system  for 
the  whole  of  Folkestone  and  Sandgate.  The  company  now  appealed 
to  be  relieved  of  their  obligations,  without  giving  Lord  Radnor  anything 
in  return.  He  wanted  to  make  it  eomjiulsorv  to  ccmstruct  the  (heriton- 
road  line  and  the  ha'.fmile  on  Sandgate  Hill  on  the  conduit  system  at 
the  same  time  as  the  other  portions  of  the  tramways. 

On  Tuesday.  Mr.  Cow.\rd,  K.C,  for  the  promoters,  said  that  the 
National  Electric  Construction  Co.  had  spent  £80,000  in  trying  to  perfect 
the  Dolter  .system,  but,  unhappily,  they  had  made  a  mistake.  The 
company  jiroposed  to  spend  £.5,000  in  addition  to  what  the  lOOli  scheme 
would  have  cost  although  they  were  now  getting  3  route  mUes  of 
line  less.  The  Lcuain  .system  was  an  afterthought  of  the  local  autho- 
rities, and  was  only  mentioned  after  the  promoters  had  put  all  their 
cards  on  the  table.  The  patentees  of  the  Lorain  system  would  not 
guarantee  it.  and  it  hid  been  suggested  that  the  promoters  should  put 
down  the  Lorain  system  without  a  guarante?.  The  promoters  wislied 
to  repeal  the  section  of  their  act  which  said  the  question  of  the  system 
to  be  used  must  jo  to  arbitration. 

After  consultation,  the  Chjirm.^n  announced  that  the  Committee's 
decision  was  that  only  so  much  of  the  preamble  was  proved  as  related  to 
the  extension  of  time,  which  would  be  fixed  at  two  vears. 


Royal  Assent. — On  Tuesday  last  Royal  assent  was  given  to  the 
Anglo- Argentine  Tramway  and  the  North  Jletro  politan  Electric 
Power  Supply  Companies'  Acts. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 


APPOINTMENTS  VACANT  AND  FILLED. 

The  Governors  uf  the  Hcriot-Watt  College.  Kdinlnirt'h.  invite 
applications  foi-  the  position  of  assistant  lecturer  in  electrical  engi- 
neering as  frotn  S;pt.  6  next.  Salary  £130  per  annum.  Further 
information  from  I'rof.  JJaily  at  the  College.  Applications  must  be 
IcxJged  by  June  21.     See  also  an  advertisement. 

Tne  Aro.i  Ebctricity  Meter  (Ltd.).  80.\.  Salusbury-road.  Kilburn. 
require  a  test  room  assistant.     See  advertisement. 

West  Ham  Corporation  invite  applications  for  the  position  of 
electrical  engineer  and  manager  of  their  electricity  undertaking. 
Candidates  must  have  had  considerable  experience  in  important 
electricity  undertakings,  and  have  a  sound  knowledge  of  the  com- 
mercial management  of  electricity  supply.  Application  forms,  &c., 
from  the  town  clerk,  Mr.  Fred.  E.  Hilleary,  Town  Hall,  West  Ham, 
to  whom  applications  must  be  sent  by  5  p.m.  June  1. 

The  managers  of  the  Technical  College.  Dundee,  invite  applications 
for  the  position  of  lecturer  in  electrical  and  mechanical  engineering. 
The  person  appointed  will  have  full  charge  of  the  electrical  depart- 
ment, and  must  be  competent  to  take  the  senior  branches  of  mechani- 
cal engineering.  Salary  £350.  Api)lications  to  the  Director  of 
Studies,  Technical  Institute,  Dundee,  by  June  15. 

The  appointment  of  lecturer  in  the  physics  and  electrical  engineer- 
ing departments  at  the  Sunderland  Technical  College  is  now  vacant. 
■Salary  £150  per  annum.  Applications  to  the  Secretary,  Jlr.  T.  W. 
Bryers,  15,  John-street,  Sunderland,  before  May  31. 
"  A  cookery  demonstrator,  capable  of  using  electrical  cooking  appa- 
ratus in  an  effective  manner,  is  required  for  the  IJorough  of 
Accrington  electrical  exhibition  from  Ac;g.  .30  to  Sejit.  7  next.  Par- 
ticulars from  the  Borough  Electrical   Engineer. 

Croydon  Education  committee  invito  applications  for  the  post  of 
j>rincipal  of  the  polytechnics.  Salary  £300.  ri.sing  to  £350.  Forms 
from  th"  Clerk,  Cath'jrinc-strect,  Croydon.     .Applications  by  June  20. 

Teacher.?  of  electrical  engineering  and  wircnien's  work  are  wanted 
for  evening  classes  at  Tottenham  Polytechnic.  I'Ve  12s.  Od.  \>er 
evening.  Applications  by  June  7  to  .Mr.  J.  W.  Tomlinson  at  the 
Polytechnic. 

A  full  time  a.<Mistant  for  the  electrical  engineering  department  is 
raquircd  for  Ix'icester  Municipal  Technical  School.  Commencing 
salary  £100.  .Vpplications  to  the  secretary.  Mr.  T.  (Jroves.  l)y  June  16. 
An  addilion.al  lecturer  in  maihcmatics  is  required  at  West  Ham 
Municipal  Tee'i':cal  Inslitutc.  Salary  £200.  .AjiplirationM  to  the 
Prin-ipil. 


.Mr.  E.  C.  Jennings,  at  present  with  the  British  Thom.son-Houston 
Co..  has  been  appointed  assistant  to  the  mains  engineer  of  the 
i'.irniingham  Corporation  electricity  department. 

Mr.  J.  H.  Cardcw  has  been  ajipointcd  as  the  Ooveinnicnt's  elec- 
trical inspector  at  Madras. 

EDUCATIONAL  NOTICES. 

East  London  College,-  .\  spuial  Icclurc  c-n  "  Tl.e  Technical 
Aspect  of  the  G.B.  System  of  Electric  U'raction  "'  will  be  delivered 
by  Prof.  J.  T.  Morris  on  June  7  at  8  p.m.,  and  a  course  of  three 
lectures  on  "  The  Electrilication  of  Main  Lines  "  will  be  delivered  by 
Mr.  L.  Murphy  on  .Tune  2,  0  and  16. 

University  of  ShsfTield. — The  council  of  this  university  recently 
decided  to  purchase  a  Kjellin  electric  furnace  for  experimental  pur- 
poses in  the  applied  science  department.  Sir  Joseph  Jonas,  vice- 
cha'rman  of  the  department  has  generously  given  £500  towards  the 
cost  of  the  furnace. 


Amalgamated  Association  of  Tramway  and  Vehicle  Workers.— The 
nineteenth  annual  conference  of  this  .Association  was  opened  at  Brad- 
foid  on  Wednesday.  -About  70  delegates,  representing  a  membership 
of  14.S33.  attended.  In  the  evening  the  Lord  Mayor  entertained  the 
delegates  to  dinner  in  the  Council  Chamber. 

Ashton-under-Lyne, — Sanction  to  a  loan  of  £48.424  for  extensions 
of  the  electricity  undertaking  has  been  applied  for  b}'  the  Council. 

Bedford. — 58  gas  lamps  are  to  be  super.seded  by  electric  lamps  at  a 
cost  of  £030.  The  annual  charge  will  be  £150.  15s..  an  increase  of 
£17.  15s..  but  the  total  candle  power  of  the  electric  lamps  «ill  be 
3.840.  against  928  from  the  gas  lamjis. 

Bray  (Ireland.) — An  inquiry  was  held  here  last  week  into  the 
Council's  application  for  sanction  to  borrow  £2,C00  for  extensions  of 
the  electricity  works. 

Cookstown  (Ireland). — Mr.  Pegg  (of  Messrs.  Miller,  Wilson  &  I'egg) 
has  been  asked  by  the  Council  to  prepare  a  report  on  the  question 
of  electricity  supply  for  the  district. 

Country  House  Lighting. — Mr.  G.  H.  Simpson-Hayward,  the  well- 
knoun  Worcestershire  cricketer,  has  for  some  time  past  been  restor- 
ing and  repairing  his  residence — '"  The  Place.''  Icomb,  which  is  one 
of  the  oldest,  if  not  the  oldest,  country  residence  in  Gloucestershire. 
With  a  view  to  further  improvements  and  safety  from  fire,  Mr. 
Simpson-Hayward  has  now  decided  to  instal  the  electric  light 
throughout  the  house  and  stables,  and  Messrs.  Sanders  &  Co..  of 
Clarence-street,  Cheltenham,  have  secured  the  contract  for  the 
work,  which  will  consist  of  a  complete  generating  plant,  inclueling 
oil  engine,  djaiamo,  storage  batterj-.  unelerground  cable,  and  the 
necessary  wiring,  fittings  and  lamps. 

Dewsbury. — The  order  made  by  the  L.G.  Board  for  the  extension  of 
the  boundaries  of  Dewsbury  include  clauses  which  transfer  the 
Ravensthorpe  electricity  undertaking  to  the  Borough  Council, 
extend  the  electricity  powers  of  Dewsbury  to  Ravensthorpe.  and 
provide  that  nothing  in  the  Order  shall  i)rejudicially  allcct  the  pcjwers 
of  the  Yorkshire  Electric  Power  Co. 

Droylsden. — Manchester  Electricity  committee  have  ekeideel  to 
take  steps  to  give  a  supply  of  electricity  in  this  district. 

Egham. — The  Council  have  assented  to  the  inclusion  of  a  clause  in 
the  Egham  provisional  order  to  enable  the  Company  to  give  a  supply 
of  electric  current  to  small  consumers  from  dusk  to  dawn  at  a  uniform 
rate  of  lOs.  pe^r  lamii.  per  annum. 

Electric  v.  Gas  Lighting. — At  the  meeting  of  Burton-on-Trent 
Coimcil  last  week,  in  the  course  of  adiscus.sion<in  the  annual  accounts. 
Councillor  King  gave  a  striking  instance  of  economy  effected  by  the 
substitution  of  electric  for  gas  lighting. 

Sonic  time  ago  the  churc'hwardens  of  St.  Peter's  Church,  Stapenhill, 
substituted  electric  for  gas  lighting.  The  electric  light  had  cost  £3.10s.8d. 
against  £1.S.  7s.  7(1.  for  gas  for  the  same  quartcis  in  the  previous  ye.ar 
-Mr.  Kino,  commenting  on  these  figures,  urged  those  who  had  the  charge 
of  jmlilic  Imildings  in  the  town  to  ajijily  to  the  borough  electrical  en- 
gineer (Mr.  P. .!.  Pringle)  for  a  supply  of  electricity. 

The  cliurc  h  referred  to  was  previously  lit  liy  12  coronals  of  fish-flame 
burner.s  each  ror mal  having  24  burners  ;  but  the  whole  of  these  burners 
were  not  in  use.  Tlic  lighting  is  imw  effected  by  75  osram  lamps  of  25  c.]). 
each.  The  bill  for]  electric  i  lighting  for  two  epiarters  amounted  to 
£3.  10s.  8d.,  against  £13.  7s.  7(1.  for  gas  for  the  corres|ioii(liiig  ipiarters 
in  the  previous  yeir.  Apart  from  the  great  ecimoniy  clleitcd.  tlicre  are 
other  advantages  in  favour  of  electric  hgliting — viz.,  increased  ilhiinina- 
tion  and  the  decided  improvement  in  the  atmosphere.  Wc  are  informed 
that  the  registration  of  the  electricity  meter  has  been  checked,  and  that 
a  test  meter  was  inserted  some  time  ago  to  double  cheek  the  consumption, 
and  there  is  no  i|Ucstion  wluHevcr  that  the  ccnnomv  slmwii  has  been 
oblaille.l. 

Electrical  Exhibition. — -An  exhibition  is  to  be  held  in  the  Town 
Hall,  .Aeeringlcin.  under  llie  auspices   of  the   municipal  cliclrieity 
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depa-tment.  from  Aug.  .'!0  to  Sept.  7  next,  and  free  space,  power. 
&c..  williin  reasonable  limits,  will  be  provided  for  exhibits. 

Gilllngham. — The  Council  have  applied  for  sanction  to  a  loan  of 
£3,000  for  additional  generating  plant,  including  a  Diesel  oil  engine 
set.  Low  voltage  transformers  are  to  be  hired  out  to  consumers  at 
Is.  per  (|uart«r  up  to  a  capacity  of  500  watts,  and  Is.  6d.  from  500  to 
1,000  watts. 

Hastings. — 1.30  further  gas  lamps  are  to  be  coiu'crted  to  electric 
lamps  at  an  estimated  cost  of  £.")00. 

Hereford. — An  inquiry  was  held  last  week  into  the  application  of 
the  Council  for  sanction  to  a  loan  of  £8,000,  for  extensions  of  the 
electricity  undertaking. 

The  Iiisjipctor  (Major  C.  E.  Norton,  R.E.)  referred  to  the  practice  of 
lumping  all  the  loans  together  and  charging  the  capital  expenditure  to 
the  general  total  instead  of  allocating  it  to  each  of  the  separate  items. 

The  city  electrical  engineer  (Mr.  \V.  T.  Kerr)  exi)lained  that  the  system 
was  ado]ited  by  his  predecessors,  and  the  chairman  of  the  Electricity 
conunittec  (Mr.  Mchire)  said  they  would  take  care  that  future  loans  were 
kept  se])arato.  Ho  and  Mr.  Kerr  had  been  endeavouring  to  get  the 
accounts  into  somctliing  like  ship  shape. 

TluM-p  was  no  opposition. 

Islington. — The  Great  Northern  &  City  Railway  Co.  have  offered  to 
supply  electricity  in  bulk  to  the  Council,  and  the  matter  has  been 
referred  to  the  Lighting  committee  for  report. 

*  The  Borough  Council  have  now  agreed  to  the  proposal  to 
widen  the  Ball's  Pond-road,  at  an  estimated  cost  of  about  £54,000- 
for  the  purpose  of  laying  a  double  line  of  tramways.  The  Islington 
Cjuncil's  portion  of  the  cost  will  be  one-third  of  £22,775,  the  total 
cost  of  the  widening  in  Islington,  the  remainder  of  the  £54,000  being 
required  for  the  widening  of  the  Hackney  portion  of  the  road. 

Leeds. — The  extension  of  the  city  tramways  from  Horsforth  to 
Guiseley  was  opened  for  traffic  on  Wednesday. 

London  (Canada.) — The  London  Electric  Co.  have  ofl'ered  to  dis- 
pose of  iheir  generating  plant  and  undertaking  to  the  City  Council  for 
$400,000  in  order  that  they  may  not  find  themselves  in  competition 
with  the  municipality  in  the  business  of  electricity  supply. 

London  County  Council.— On  Tuesday  it  was  agreed  to  install 
electric  light  at  the  western  engine  hou.se  at  the  Deptford  pumping 
station. 

Anclmriiuj  nj  Tnirk  Rails. — A  recommendation  of  the  Highways  com- 
mittee to  cx|iciiil  £7,lluu  on  the  anchoring  of  track  rails  v/as  postponed. 

Ccijiiliil  .1  tfiiinil  I'l  Triiiiiir(ii/.i. — In  connection  with  the  aimual  estimates 
(wliii'h  liavc  prc\  ioiisly  ap|icaic!l),  the  Highways  committee  presented 
astatcnieiit  slio^iiiy  tiiat  the  lohil  (  :i|iil:il  expenditure  for  tramways  up 
to  March  31.  190S,  had  amounlnl  In  IS.  1 1  .").O00,  while  a  further  amount 
had  still  to  he  expended  for  tlic  roiii|ilcuoii  of  the  work  of  electrifieation 
and  the  construction  of  authorised  lines,  making  the  total  capital  outlay 
abniit  £12.7.')ll.O00.  The  expendiliuc  to  March  31.  HtOt».  was  £9.484,000. 
exclusive  of  the  cost  of  acquiring  part  of  the  London  United  Tramways 
Co.'s  undertaking,  and  for  the  construction  of  new  tramways  for  which 
Parliamentary  powers  are  being  soujilit  this  year.  The  annual  estimates 
now  before  the  Council  provided  for  expenditure  foi'  tramways  in  the 
year  mOO- 10  of  £1,800,000. 

Lea  Bri'Uiv-riiud  Tnimways. — The  same  committee  recommended  an 
expenditvne  of  £l,(ii)0  for  the  construction  of  a  tramway  in  the  Lea 
Bndgc-road  on  the  overhead  trolley  system,  and  that  the  work  should  be 
carried  out  by  Messrs.  Dick,  Kerr  &  Co.  When  constructed  the  tramway 
will  be  Worked  by  Leyton  Council,  who  will  pay  as  an  annual  rent  (a) 
sVth  part  of  the  cost  incurred  in  respect  of  the  execution  of  the  street 
widenings  on  the  route,  (b)  ^'jth  ])art  of  the  total  cost  of  construction  and 
equipment  of  the  tramways,  (<•)  32  ])er  cent,  on  the  total  cost  of  the  street 
widening^  and  the  constructi(m  of  the  tramv.'ays  for  the  time  being  unpaid 
by  the  Leyton  U.D.C..  and  {d)  I  per  cent,  of  the  total  cost  of  the  street 
v.'idcning  and  the  construction  of  the  tramways. 

HInrkjridrx  Hrid(/€. — The  Highways  committee  were  authorised  to 
arrange  for-  Messrs.  Dick,  Kerr  &  Co.  to  lay  pipes  for  the  cables  across 
Blackfriar.  Bridge  for  the  tramways  at  a  cost  of  £1.200. 

Sand  Cniflii?!;/  AppnrdtuK. — An  cx|ienditure  of  £2,ti90  was  authorised 
for  the  |ir.)vision  of  additional  sand  crushing  apparatus,  &c. 

KKfiinnhi. — On  the  recommendation  of  the  Finance  committee, 
the  following  estimates  were  agreed  for  the  Highways  committee ; 
£1,800,0(11)  on  capital  account,  and  on  revenuc'acconnts  (electric  traction) 
£1.10:!..".70.  aiul  (for  horse  traction)  £173,750.  " 

Marylebone  (London).— The  Klectricity  Supply  committee  report 
that  the  results  of  the  conversion  of  the  street  lamps  in  Harley- 
strejt  to  electric  lighting  has  been  very  satisfactory,  and  that  the 
cost  of  the  whole  conversion  of  1.064  street  lamps  would  be  under 
£7,000  against  the  ])revious  estimate  of  £8.000. 

The  newly-appointed  borough  electrical  engineer  (Mr.  \.  H.  .Sca- 
bvook)'iasbeen|)crmitted  toact  as  consulting  engineer  to  West  Ham  for 
one  year,  in  order  lo  dispo.se  of  .several  pendin;;  m  it  tors  in  that  district. 

Municipal  Telephony.— On  Monday  .\ld.  Frown,  chairman  of  Hull 
Telephone  committee,  presented  the  annual  teport  of  the  telephone 
undertaking  to  March  31 . 

The  total  receipts  were  £10,.'j92,  an  increase  of  £l,02r>.  gross  pr.ilit 


£4,443,  increase  £472.  and  £1,780  was  tran-sferrcd  to  loan  repayment 
account,  an  increase  of  £,oOlJ,  making  the  total  amount  carried  to  loan 
repayment  account  £4,405,  to  temporary  sinking  fund  £1.217,  and  to 
reserve  £2,311,  total  (including  the  year's  surplus  of  £1,040)  £8,973.  afU-r 
deducting  the  cost  of  changing  over  the  .system.  The  Government 
royalty  for  the  year  was  £1,082,  and  the  total  to  March  31.  1909, 
£3.778.  Capital  expended  is  £57,858,  increase  of  £3,111,  which  has  been 
expended  on  extending  the  plant  under  the  main  heading.s  of  under- 
ground, overhead,  exchange  and  instrument  construction.  The  total 
conduits  laid  now  reach  35  miles  l,(il7  yds.,  and  the  underground  mileage 
equals  3.<J39  miles  848  yds.  metallic  circuit,  or  7.278  miles  of  single  wire. 
The  total  overluad  mileage  is  now  575  miles  1,425  yds.  of  metallic  circuit, 
or  1,151  miles  of  single  wire.  The  cost  per  .station  now  stands  at  £21'42, 
compared  with  £22-3<i  last  year. 

The  Ch.^irman  claimed  the  report  showed  that  the  undertaking  was  in 
a  happy  condition.  They  had  paid  £5,0(i7.  Us.  2d.  for  maintenance, 
£1,780.  9s.  9d.  to  sinking  fund  and  £l,01(i.  9s.  2d.  in  interest,  and  were 
left  with  a  profit  of  £2,122.  9s.  8d.  Out  of  that  they  had  to  jiay  the  Post- 
master-General in  royalties  £1,082.  (jr  51  per  cent,  of  the  net  ])rotits.  and 
10  per  cent,  of  the  whole  turnover.  The  fact  that  they  had  met  all 
charges  and  paid  to  sinking  fund  £500  more  than  hitherto  wa.s  sufficient 
proof  that  municipal  telephones  could  be  made  to  pay.  and  ample  vindica- 
tion of  the  policy  adopted  by  the  Corporation.  During  the  past  year 
they  had  had  25.")  new  subscribers. 

New  Submarine  Cable. — "  The  Times  "  publishes  some  further 
interesting  particulars  concerning  the  proposed  new  submarine  tele- 
graph cable,  between  Europe  and  Argentina  :  - 

The  Argentine  Government  has  at  present  imder  consideration  a 
scheme  which  was  originated  by  the  Western  Telegraph  Co.  for  giving 
the  country  direct  cable  communication  with  Eunqie,  instead  of  via 
Uruguay  and  Brazil  on  one  side,  and  through  Chile  and  other  West  Coast 
Republics  on  the  other.  As  things  stand  at  present  the  Argentine 
Republic  might  at  any  time  find  herself  cut  off  from  telegraphic  commu- 
nication with  Europe,  should  the  outbreak  of  a  war.  revolution,  or  other 
cause  determirie  the  suspension  of  cable  messages  in  any  of  the  coimtries 
through  which  the  lines  at  present  pass.  The  proposed  new  cable  would 
join  up  with  existing  cables  at  Ascension,  and  one  of  the  conditions  of 
the  concession  is  that  the  line  should  have  a  greater  carrying  capacity 
than  any  of  the  existing  cables  of  the  same  length.  The  report  of  the 
Posts  and  Telegraphs  Department  on  the  scheme  has  been  very  favour- 
able, and  the  Executive,  it  is  believed,  will  endeavour  to  get  the  necessary 
Bill  through  Congress  as  soon  as  the  Chambers  meet  next  month,  in  order 
that  no  time  may  be  lost  in  putting  the  work  in  hand.  There  is  no  doubt 
that  the  proposition  is  a  favourable  one  for  the  country,  as  no  special 
privilege  nor  subvention  is  asked  for.  the  only  stipulation  being  the 
exemption  from  taxation  for  a  term  iif  25  years,  which  is  not  much  in 
exchange  for  the  benefits  offered,  and  the  reduction  of  50  per  cent,  to  be 
allowed  from  existing  rates  for  official  despatches.  A  rebate  from  the 
present  tariff  of  15  cents  per  word  for  private  messages  is  also  sti])ulated 
for,  which  would  reduce  the  cost  per  word  to  Great  Britain  from  104  cents 
(4s.  2d.),  the  present  charge,  to  89  cents  gold  (3s.  OJd.).  and  be  of  enor- 
mous advantage  to  the  commercial  community  and  the  trade  of  the 
country  in  general. 

V^'hen  this  cable  is  laid  it  will  be  the  second  large.st  cable  in  the  W(  rid 
(3,2.50  nautical  miles),  and  will  have  the  heaviest  core. 

Personal. — Mi'.  C.  S.  Thomson,  formerly  superintending  engineer 
to  the  Brush  Co.,  and  for  the  last  six  years  connected  with  the  exjiort 
business  of  the  British  Westinghouse  Co.  in  Lt  ndon,  ha.s  S(-vered  his 
connection  with  the  latter,  and  has  taken  up  the  position  of  London 
representative  of  Messrs.  Nickers.  Sons  &  Maxim,  announced  in 
another  column. 

Scottish  Tramway  Officials'  Association. — The  summer  meeting  of 
this  Association  was  held  at  Aberdeen  on  Friday  and  Saturtlay  last. 

Mr.  B.  iS.  PlLCHER  (Aberdeen)  was  elected  invsident  for  the  year,  and 
gave  an  address  on  "  Current  Consumption  as  applied  to  .\berdccn." 
describing  the  system  which  had  been  introchued  in  Aberdeen  thi'ee  yeai"s 
ago  and  had  effected  a  substantial  saving. 

At  the  dinner  in  the  Palace  Hotel  Mr.  .Shepherd,  general  manager  at 
Edinburgh,  proposed  "  The  Chairman  and  Members  of  the  Aberdeen 
Tramways  Commitlci'.  '  which  was  replied  to  by  Mr.  CoiTTs. 

Tramcar  Disinfection. — Liverpool  Tramways  committee  lia\c  in- 
augurated a  system  by  which  their  tramcars  are  disinfected  daily. 
Hitherto  all  cars  have  been  disinfected  during  the  night  at  the  sheds, 
but  during  the  summer  sea.son  all  cars  are  also  to  be  disinfected  during 
the  day. 

Watford. — The  Electricity  committee  have  decided  to  introduce  a 
system  of  bonuses  to  the  stal!  at  the  .-lectricity  works  for  economy  in 
coal  eonsum)>tion. 

WesthOUghton  (Lanes.)— The  ^\esthoughton  Electric  Lighting 
t)rder  of  UW2  has  been  formally  transferred  to  the  Lancashire  Elec- 
tric Power  Co..  who  w  ill  at  once  jnit  into  operation  the  powers  con- 
Icrred  by  llu-  Order. 

Wireless  Telegraph  Notes. — It  is  announced  ihat  the  U.S.  Navy 
Dcpartuunl  have  invited  further  tenders  for  the  construction  of  a 
tower  (300  ft.  in  height  for  wireless  telegraph  work  ai  Washington, 
with  a  guaranteed  radius  of  3.000  miles.  The  base  will  be  50  it.  in 
diameter,  and  the  tower  w  ill  taiH'r  to  8  ft.  at  the  top.  H  is  calcu- 
Inted,  according  to  t'u<  reports  published,  that  c<  ii  municaticn  will  be 
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possible  with  Gibraltar  eastward  aim  San  Franci.sod  westward.  The 
cost  of  this  i)art  of  the  work  is  given  as  £60,0lHt.  It  will  be  re- 
memb?rcd  tint  fnders  were  recently  accepted  for  a  station  of  n.OOO 
milci  radius.  iSpceitil  particulars  of  the  tenders  were  published  in 
our  columns. 

Tli'^  wireless  telrjrraph  stalii.n  at  Iii>wieh.  which  is  being  built  and 
equipped  for  the  .Admiralty,  is  approaching  completion.  The 
station  occupies  four  acres. 

.An  Ordinance  has  been  issued  by  the  Gibraltar  authorities  regu- 
lating the  working  of  wireless  telegraph  apparatus  installed  on 
merchant  .ships,  whether  British  or  foreign,  while  in  the  territorial 
waters  of  Gibraltar.  It  is  provided  that  no  such  apparatus  shall  be 
worked  or  used  whilst  such  ship  is  in  any  of  the  harbours  of  Gibraltar. 
except  with  the  special  or  general  permission  in  writing  of  the 
Governor.  Such  apparatus  is  to  be  worked  in  such  a  way  as  not  to 
interfere  with  naval  signalling  or  the  working  of  any  wireless  tele- 
graph station  lawfully  established  in  Gibraltar  or  the  territorial 
waters  th.ercof.  and.  in  particular,  must  not  interfere  with  the  trans- 
mission of  any  messages  between  wireless  telegraph  stations  estab- 
lished on  land  and  on  ships  at  sea.  The  rules  are  not  applicable  to  the 
use  of  wireless  telegraphy  for  the  purpose  of  making  or  answering 
signals  of  distress. 

Workhouse  Lighting.— An  L.G.  Board  inquiry  was  recently  held 
into  the  application  of  the  Guardians  of  Korth  Dublin  Union  for 
sanction  to  a  loan  of  £2,000  for  the  elsctric  lighting  of  the  wt  rkhouse 
and  north  city  disjicnsaries. 


ELECTRICITY  SUPPLY  AND  TRAMWAY  ACCOUNTS 

Birmingham.  — In  prtsenting  the  report  of  the  liUetrieity  ccun- 
mittce  on  Tuesday  the  chairman  (Mr.  Eli-^way)  said  that  a  promi- 
nent featiue  was  the  rapid  growth  in  output  during  the  past  year. 

The  units  sold  for  private  lighting  and  power  had  gune  lip  to  3,000.000, 
an  increase  of  31  per  cent,  on  the  ))revious  year.  The  output  foi  traction 
was  up  by  500,000  units.  The  most  satisfactory  point  about  the  statis- 
tics was  the  inereasc  in  the  number  of  consumers.  There  was  an  in- 
crease of  25.000  10  c. p.  lamps,  and,  more  satisfactory  still,  motor  con- 
nections had  gone  up  from  7,084  kw.  to  10.71(i  kw.,  representing  an  in- 
crease of  more  than  50  per  cent.  The  total  cost  of  production,  distribu- 
tion and  management  was  £72,984,  which  represented  a  saving  of  over 
£5,000  on  the  year.  That  was  largely  due  to  the  fact  that  they  had  shut 
tlown  the  Dale  End  station  and  were  working  more  from  Summer-lane. 
An  item  of  special  expenditure  was  £6,347  which  had  been  spent  in  the 
rcconstnutiim  <if  the  Dale  End  ofhces.  The  £1 1,071  for  plant  abandoned 
in  Dale  End  and  Water-street  cleared  off  the  amount  for  that  purpose. 
Their  gross  profit  was  £85,000.  They  proposed  to  carry  £7.000  to  re- 
newals fund  to  provide  a  sufficient  sum  of  money  each  year  to  make  up 
the  difference  between  the  actual  life  of  the  plant  and  the  period  for 
which  they  had  obtained  the  loan.  The  average  price  per  unit  had  gone 
down  in  the  hust  nine  years  from  4-37d.  to  l-73d.,  and,  therefore,  they 
proposed  to  provide  a  sum  each  year  to  enable  them  to  renew  plant  which 
became  worn  nut  during  the  period  of  the  loan,  and  to  provide  aa;iinst  any 
risk  of  the  plant  becoming  obsolete.  The  reserve  fund  was  not  apiilioablc 
for  the  pnrpo.se, because  it  was  a  fund  to  meet  unforeseen  and  unexpected 
expenditure.  Renewal  of  plant  was  not  an  unforeseen  or  unexpected 
circumstance.  They  were  also  obliged  to  invest  their  reserve  fund  from 
time  to  time  in  .securities,  and  that  made  it  difficult  to  draw  upcin  it  for 
renewal  purpises.  The  surplus  for  the  year  was  £  1 0,007,  which,  fur  the 
first  time,  they  projiosed  to  pay  to  the  improvement  rate. 

In  presenting  the  accounts  of  the  Tramways  department, 

Mr.  Harrison-  Barrcjw  said  the  amount  spent  during  the  year  was 
£72,000,  of  which  £3(1.000  had  been  spent  on  |)ermanent  way  and  about 
£19.000  on  ears.  In  the  coming  year  only  a  small  amount  of  capital 
would  be  spent,  and  the  bulk  would  be  for  the  cxtensiim  of  the  permanent 
way  department  at  Miller-street.  Revenue  had  ri.sen  from  £3.")(i, 1)8(1  tu 
£3()5.011,  an  increase  of  £S.925.  Of  that  amount  £4,143  was  expended 
r)utside  and  £4,782  inside  the  city.  The  net  revenue  inside  the  city  was 
£291,030,  against  £28(i,2.")5.  The  smallness  of  the  increase  was  undoub- 
tedly due  to  bad  trade.  The  average  takings  per  ear.mile  were  ll-13d., 
compared  with  ll-42d.  in  1907-8.  The  amount  spent  on  electric  current 
was  about  £2. .500  more  than  last  year.  Wages  had  increased  about 
£9,000,  chiefly  caused  by  increased  »er\ices,  reduction  in  hours  of  em- 
ployes, increase  of  ear  mileage  and  automatic  increase  in  wages.  Rent, 
rates  and  taxes  showed  a  considerable  increase,  due  largely  to  increased 
income  fax.  Great  credit  was  due  to  the  motormen  for  the  great  freedcmi 
from  accidents  during  the  year.  Under  general  repairs  and  maintenance 
there  was  a  considerable  increase  in  the  amount  spent  on  permanent  way. 
and  a  heavy  increase  in  the  cost  of  rolling  stock.  The  net  result  was  a 
gross  profit  of  £105,403,  compared  with  £121,112,  and  the  net  profit  was 
£51,039,  compared  with  £72,000.  £21. .5.50  was  carried  to  reserve,  and 
a  balance  of  £29,489  would  be  handed  over  to  relief  of  the  rates.  The 
numtjcr  of  i)as8cngers  carried  showed  an  inerea.se  of  about  2.000,000.  The 
average  fare  was  the  same,  but  the  j)crcentage  of  working  expenses  had 
increaHcd  Id  04  eomparcd  with  58. 

The  airiMinIs  were  approved. 

Burton-on-Trent. — The  accounts  of  the  Electricity  Sujiply  and 
Tramways  departments  (an  abstract  of  which  ajipeared  in  our  last 
iesae)  were  presented  to  and  approved  by  the  Council  last  week. 


Croydon. — The  accounts  of  the  electricity  department  for  the  past 
year  show  a  balance  of  £0.443.  5s.  Id.,  and  of  this  amount 
£3,.500  has  been  appropriated  for  street  lighting  and  distribution 
renewals,  and  £5,943.  5s.  Id.  carried  forward.  From  June  30  next  the 
Hat  rate  for  current  is  to  be  reduced  from  4Jd.  to  4d.  per  unit,  and  the 
elurfu  for  are  lamps  will  be  redncrd  frcui  £10  to  £15  each  per  annum. 

Exeter, — For  the  year  ended  March  the  receipts  of  the  tramways 
department  were  £15,873  against  £15,4'20  in  1908. 

The  traffic  expenses  weie  £4,329,  against  £4,106.  The  general 
expenses  were  £1,365,  against  £1,303,  and  repairs,  maintenance,  itc., 
£1,035,  against  £1,136.  The  cost  of  current  was  £4,&58  ag.ainsb 
£3,909.  3,891,000  passengers  were  carried  against  3,751,000.  The 
depaitment  has  contributed  £821  to  the  rates  and  £2,00(j  has  been 
placed  to  reserve. 

Norwich. — The  chairman  of  the  EleetricJty  committee  (Mr.  W'ild) 
stated  at  the  meeting  of  [the  Corporation  last  week  that  the  report 
of  the  electricity  department  for  the  year  ended  March  was  satis- 
factory. 

They  had  (Mr.  Wild  said)  passed  through  a  year  of  depression,  but 
the  output  for  1907-8  exceeded  that  of  the  previous  year  bv  800.000  units, 
and  that  fjr  1908-9  that  of  the  previous  year  by  400,000  units.  There 
were  a  number  of  empty  houses  (nearly  2,000),' and  the  capital  of  the 
committee,  in  the  shape  of  meters  and  wiring,  was  lying  idle  in  many  of 
those  houses.  There  was  an  extension  of  metallic  filament  lamps,  and 
although  the  output  was  4,0(ifi,000  units,  against  3,3(51,000  last  year, 
the  coal  bill  was  less.  The  cost  of  coal  per  unit  last  year  was  0-43d., 
this  year  0-39d.  per  unit.  Three  per  cent,  of  the  decrease  was  due  to  a 
reduction  in  the  price  of  coal,  and  7  per  cent,  to  economy  in  the  manage- 
ment, &c.  The  whole  cost  per  unit  last  year  was  106d.,  against  21(>d.. 
and  the  price  realised  was  2-2d.,  against  2-33d.  They  woidd  ]irc>l]ably 
have  to  ask  the  Council  for  powers  to  obtain  another  loan  to  still  fuithcr 
extend  the  business  in  the  autumn.  The  sale  of  current  this  year  realised 
£35.331.  against  £33,851  ;  and  meter  rents  £1,2.58,  against  £1.323. 
Tlie  whole  income  of  the  year  was  £37,188,  against  £3.5,612.  Working' 
expenses  were  £8,892,  .against  £8,()1S  ;  re))airs  and  maintenance  £4, ill."! 
(£5,244)  ;  rates,  taxes  and  insurance  £1,621  (£1,475),  and  management 
expcn.ses  £3,015  (£3,529).  Totol  expenditure  was  £19.046,  against 
£18,808,  and  the  balance  was  £18.142.  After  paying  interest  and  sinking 
fund  (£14.706),  the  net  ])rotit  (£3,700)  was  carried  to  appropriation 
account,  makmg  that  £3,800.  £850  had  been  written  off  for  depreeia- 
ticm,  and  ii  balance  of  £1,200  was  voted  in  relief  of  the  rates.  There  were 
29,000  houses  in  Norwich,  and  at  least  20,000  of  these  were  capable  of 
taking  electricity,  yet  only  4,400  did  so.  If  only  the  20,000  v/ould  co- 
operate with  the  committee  what  could  they  not  do  ?  They  might  bj- 
their  co-operation  have  the  best  su]i])ly  of  electricity  in  the  kingdom,  and 
at  the  same  time  remove  the  city  from  the  reproach  of  being  said  to  be 
the  highest  rated  city  in  the  kingdom.  He  urged  ratepayers  to  co- 
operate with  the  committee,  and  not  let  selfish  motives  keep  them  from 
using  electricity  for  lighting  and  power.  He  would  like  to  say  i>ne  word 
of  appreciation  of  the  staff  under  Mr.  F.  M.  Long,  who  had  worked  well 
and  successfully. 

Stepney  (London.) — The  accounts  of  the  electricity  supply  under- 
taking for  the  12  months  ended  March  31  were  .submitted  to  and 
apjuovcd  by  the  Council  at  their  meeting  last  week. 

The  total'  mcome  was  £46.934.  3s.  2d.,  including  £37,852.  3s.  lOd. 
received  from  private  consumers  for  power  and  heating  and  £6,012. 18s. 6d 
from  public  lighting.  The  expenses  were  £28,740.  5s.  3d.,  leaving  a  gross 
profit  of  £18,185.  17s.  lid.  After  paying  interest  and  providmg  for 
re|)ayment  of  debt,  &c.,  the  net  balance  was  £1,808.  2s.  8d.  The  total 
capital  outlay  to  date  is  £324,034.  4s.  lOd.  7,760,301  units  were  gene- 
rated, an  increase  of  1,321,709.  3,088.177  units  were  sold  for  ])rivate 
lighting,  an  increase  of  295,091  ;  2,558.585  for  power  and  heat,  an  in- 
crease of  725,4,55  ;  1,129,772  for  public  lighting,  an  increase  of  43.244, 
and  57,391  for  bulk  suppiv,  making  a  total  of  (),833.8()5  units  sold,  an 
increa.se  of  1,121,181.  The  average  works  cost  was  0-692d.  per  unit  sold 
(against  0-701d.)  and  the  total  tost  was  l-505d.  against  l-539d.  The 
average  revenue  per  unit  sold  was  r54d. 

In  his  report,  the  engineer  and  manager  (Mr.  W.  C.  P.  Tapper)  states 
that  the  figures  for  the  past  year  show  the  undertaking  in  a  better  position 
than  in  any  previous  year.  The  net  surplus  is  slightly  lower  than  in 
jirevious  years,  owing  to  the  heavy  charges  incurred  in  connection  with 
the  opposition  to  the  varicnis  power  bills  in  the  1908  sessiim  and  to 
itureased  interest  and  sinking  fund  charges.  The  gross  profit  represents 
(>()5  ]ier  cent,  on  the  capital  outlay,  but  it  is  anticipated  that  the  capital 
expcnditine  on  the  Blyth's  Whaif  scheme  will  be  unproductive  during 
the  first  few  years  and,  consequently,  will  lower  the  percentage  of  profit. 
The  equivalent  8  c.p.  lamps  connected  dining  the  year  aggregate  65,550. 
making  the  total  311,131  8  c.p.  The  total  connections  were  greater  than 
in  any  previous  year,  but  the  increase  had  been  almost  entirely  confined 
to  power,  the  net  increase  in  the  connections  for  private  lighting  being 
only  2,1.55  8  c.p.  The  actual  connections  were,  however,  considerably 
in  excess  of  tliis  figure  for  private  lighting,  because  during  the  year  an 
CXI  c|]tioMally  large  number  of  existing  consumers  replaced  carbon  filament 
by  metallic  filament  lamjis,  thus  reducing  the  number  of  ,30  watt  lamp 
eipiivalents  connected  to  their  installations.  Of  the  12(),578  lamps  e(m- 
nccted  for  private  lighting,  13,093  r(q>rcsent  consumers  who  have  taken 
advantage  of  the  rcstrieted  supply.  The  average  revenue.  ])er  unit 
(l-,54d.)  was  lower  than  last  year,  and  still  constitutes  a  record  for 
London. 
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TRADE  NOTES  AND  NOTICES. 


TENDERS  INVITED. 

Salford  Electricity  committee  invite  tenders  for  the  supply, 
delivery  and  erection  at  the  Corporation  electricity  station, 
Frederick-street,  Pendleton,  of  a  battery  booster  and  switchgear. 
Specification  and  form  of  tender  may  be  obtained  from  the  borough 
electrical  engineer,  Mr.  Victor  A.  H.  McCowen,  M.I.E.E.,  and 
tenders,  addressed  to  the  Chairman  of  the  Electricity  committee, 
must  be  delivered  at  the  offices  of  the  Borough  Electrical  Engineer 
by  noon  of  Monday,  June  14.     See  also  an  advertisement. 

TlNBKiDGE  Wells  Corporation  invite  tenders  from  manufacturers 
for  supply  and  delivery  of  l.t.  cables  during  the  ensuing  12  months. 
Sppcitications.  &c.,  from  the  consulting  engineer,  Mr.  fiorace  Boot, 
at  the  Electricity  Works.  Tunbridge  Wells.  Tenders  to  the  town 
clerk,  Mr.  W.  C.  Cripps.  Town  Hal!.  Tunbridge  Wells,  by  10  a.m.. 
June  12.     Sec  also  an  advertisement. 

The  Visiting  committee  of  the  North  Wales  Co\mties  Asylum 
invite  tenders  for  fitting  up  the  asylum  \^  ith  telejihones,  fire  alarms, 
night  recording  clocks  and  entrance  bells.  Particulars  at  tlie 
.\3ylum  or  from  Mr.  Wm.  Barker.  Denliigii.  See  also  an  advertise- 
ment. 

Tenders  are  invited  for  eight  sections  of  common  battery  switch- 
board and  subscribers'  apparatus  for  Hawthorn  Exchange  for  the 
Postmaster-Generars  Department,  Victorl4.  Tender  forms  and 
specifications  from  the  Commonwealth  Office,  72,  Victoria-street, 
London.  S.W.     See  also  an  advertisement. 

Tenders  are  invited  for  supply  of  50  coin  attachments  (suitable 
for  coins  of  different  values)  to  the  Postmaster-General's  Depart- 
ment in  Victoria.  Tender  forms  and  specifications  may  be  obtained 
at  the  Commonwealth  Offices,  72,  Victoria-street,  London,  S.W. 

Tenders  are  invited  for  the  supply  of  a  branching  multiple  magneto 
switchboard  to  the  Postmaster-General's  Department  in  New  South 
Wales.  Tender  forms  and  specification  may  be  obtained  at  the 
Commonwealth  Office,  72,  Victoria-street,  London,  S.W.  See  also 
an  advertisement. 

Tenders  are  invited  for  the  supply  of  150  relays  (non-polar)  to 
the  Postmaster-General's  Department  in  the  State  of  New  Soi'TH 
Wales.  Tender  forms  and  general  conditions  may  be  obtained  at 
the  Commonttcalth  Office,  72,  Victoria-street,  London,  S.W.  See 
also  an  advertisement. 

Tenders  are  invited  for  the  supply  of  one  photometer,  &c.,  to  the 
Postmaster-General's  Department  in  New  South  Wales.  Tender 
forms  and  specification  from  the  Commonwealth  Office,  72,  Victoria- 
street,  London,  S.W. 

The  Electricity  committee  of  Stepney  (London)  Borough  Council, 
invite  tenders  for  the  supply  during  the  period  ending  June  .30,  1911, 
of  ampere-hour  meters,  demand  indicators  and  time  switches,  and  arc 
lamps.  Specifications,  forms  of  tender.  &c.,  may  be  obtained  from 
the  borough  electrical  engineer  and  manager,  Mr.  W.  C.  P.  Tapper, 
27,  O.sborn-street,  Whitechapel,  E.,  where  tenders  must  be  delivered 
by  noon  June  14. 

Southampton  Corporation  invite  tenders  for  the  supply  of  sundry 
heavy  cables  for  l.t.  trunk  mains  required  by  the  electricity  depart- 
ment, in  accordance  with  the  specification,  particulars  and  conditions 
which  may  be  obtained  from  the  borough  electrical  engineer,  Mr. 
H.  F.  Street.     Tenders  to  the  town  clerk,  Mr.  R.  R.  Linthorne. 

Grimsby  Corporation  invite  tenders  for  supplj',  delivery  and  erec- 
tion of  two  superheaters  for  two  Stu'ling  boilers,  and  the  renewal  of 
dripping  bars  in  existing  cooling  towers.  Specification,  &c.,  from  the 
borough  electrical  engineer  (Mr.  W.  A.  Vignoles).  Tenders  by  first 
post  June  7. 

London  County  Council  require  tenders  by  1 1  a.m.  June  22  for 
the  supply  and  fixing  at  Greenwich  generating  station  of  steam,  ex- 
haust, feed  and  drain  piping,  valves,  &c.,  and  cast-iron  condenser 
water  piping,  valves,  &c.  Forms  from  the  Clerk  of  the  Council, 
Spring-gardens,  S.W. 

Penrikyber  Navigation  Colliery  Co..  Pesriiiwcehier.  Glam.. 
want  tenders  by  June  5  for  12  months'  supply  of  electrical  fittings, 
iron  and  steel  castings,  ironmongery,  tools,  paints,  &e.  Forms  from 
the  Secretary. 

Sor;LcoATES  Guardians  want  tender.'!  by  10  a.m.  June  9  for  supply 
and  erection  of  15  kw.  dynamo  driven  by  steam  turbine  or  higli- 
apeed  engine.  Specification  from  Mr.  W.  J.  Coles  (Maxted.  Knott 
&  Coles),  Burnett-avenue.  Hull. 

Portsmouth  Corporation  want  tentlers  by  10  a.m.  June  Ili  for 
one  or  two  years'  supply  (10.000  to  12,000  ton.'!  per  annum)  of  eoal 
for  the  electricity  department. 


Ili'ord  District  Council  \vant  tenders  by  .June  7  for  conslrueti<,n 
and  alteration  of  trainwavs  permanent  way.  .Specification,  &c., 
from  .Mr.  H.  A,  Shaw.  Town  Hall.  Jlford. 

.Manciiesieiv  (iuardians  «anr  tendds  by  noon  June  1(5  fnr  an 
electric  light  installation  for  their  offices.  Specifications,  &c.,  from 
the  Werk. 

Dudley  Corporation  «  ant  tenders  by  noon  .Tune  10  for  supply  and 
erection  of  a  traction  battery  and  automatic  booster  with  switrh- 
gear.     Specification,  &c.,  from  the  Borough  Electrical  Engineer. 

Plymouth  Corporation  want  tenders  by  .June  7  for  suppl3'  of  steam 
coal  for  the  electricity  department.  Specifications,  &c.,  from  the 
Borough  Electrical  Engineer. 

Tenders  are  wanted  by  June  28  for  the  construction  of  an  elpotric 
tramway  at  Ploesti  (Roumania),  for  the  Municipality.  Tenders 
must  be  accompanied  by  a  deposit  of  £1,000  and  local  repre- 
s?ntation  is  desirable. 

TENDERS  RECEIVED  AND  ACCEPTED. 

M.arylebone  (London)  Council  have  aceei)ted  the  tender  of  H. 
Harrison  for  1,90G  twin  lamp  lanterns,  and  23  triple  lamp  lanterns, 
and  for  the  conversion  of  street  lamps  to  electric  lighting  as  follows  : 
Fittings  for  twin  lamp  lanterns.  128.  3d.  each,  fixing  on  site  3s.  Gd.. 
fittings  for  triple  lamp  lanterns  16s.  each,  fixing  4s.,  wooden  rods  for 
turning  on  and  off.  Is.  each,  spare  parts  complete  switch  in  chamber 
5s.  6d..  sealing  chambers  Is.  9d.,  reflectors.  2-light  3s.  9d.,  Slight 
6s.  Od.,  enclosed  fu.se  carriers  4d.  each. 

Hastings  Corporation  have  accepted  the  tender  of  the  General 
Electric  Co.  for  Osram  lamps  at  £47.  10s.  ;  W.  Lucy  &  Co.  for  laraj) 
brackets,  lanterns.  &c..  at  £158.  17s.  6d.  ;  W.  T.  Glover  &  Co.  for 
concentric  cable  at  £71.  10s.  ;  Doulton  &  Co.  for  rectangular  trough- 
ing.  bricks  and  insulateirs  at  £41.  Is.  Id.  ;  Cowans  (Ltd.)  for  joint 
boxes. 

London  County  Council  have  entered  into  a  contract  with  Messrs- 
Rcid  l5ros.  for  laying  stone  ware  ducts  in  connection  with  the  elcc. 
trification  of  further  portions  of  the  Victoria  Embankment  tram- 
ways at  £3,500,  and  the  offer  of  Geo.  Skey  &  Co.  for  the  supply  o- 
15,000  stonev.are  cable  ducts  at  £9  per  1,000  has  also  been  aceeptcdf 

Wm.  Geipel  &  Co.  have  secured  the  contract  for  the  supply  to  the 
L.  &  N.W.  Railway  Co.  of  the  whole  of  the  carbons  required  during 
the  year  ending  June  30,  1910.  including  open  and  enclosed  type 
and  flame  carbons  of  Henrion  make.  We  are  informed  that  tlie 
contract  is  for  1.170,000  carbons. 

Southend  Council  have  accepted  the  tender  of  Hadfield's  Steel 
Foundry  Co.  for  24  steel  tramcar  tyres,  at  22s.  6d.  each,  and  that  of 
Callender's  Co.  for  cables. 

Gillingham  (Dorset)  Fire  Brigade  committee  have  accepted  the 
tender  of  Mr.  Martin  for  sujiply  and  erection  of  electric  fire  calls. 

Hull  Telephone  committee  have  accepted  the  tender  of  the  British 
Insulated  &,  Helsby  Cables  for  £253  worth  of  new  telephone  cable. 

Siemens  Bros.  Dynamo  Works  have  obtained  a  contract  for  the 
supply  of  Tantalum  lamps  to  the  L.  &  N.W.  Railway  Co. 

Bennis  Stoker  Contracts.-- Jlessrs.  Ed.  Bennis  &  Co,  have  re- 
cently secured  a'number  of  important  contracts  for  Bennis  stokers, 
including  some  installations  of  the  company's  high-duty  smokeless 
coking  stoker.  It  is  claimed  that  this  new  stoker  overcomes  all  the 
recognised  disadvantages  of  cokers  hitherto  placed  on  the  market, 
and  combines  the  best  features  of  the  sprinkling  and  coking  types. 
Following  are  some  of  the  recent  contracts  booked  by  the  company : — 

Ruston,  Proctor  &  Co.,  four  Bennis  stokers  and  self-cleaaing  com- 
pressed air  furnaces  for  two  Lancashire  boilers  (repesit  order) :  A.  SI. 
Peebles  &  Son,  two  1909  high-duty  smokeless  coking  stokers  for  an 
8ft.  6  in.  boiler;  Keyes'  Daren  Flour  Mills,  two  1909 high  duty  smokeless 
coking  stokers  for  "a  7  ft.  6  in.  Lanc.nshire  boiler  :  Leeds  IncU1st1i.1l  Co- 
operative Society,  two  stokers  and  self-cleaning  c.a.f.  for  an  8  ft. 
Lancashire  boiler  (repeat)  ;  C.  Brown  &  Co.,  two  high-duty  smokeless 
coking  stokers  for  an  8  ft.  Lancashire  boiler  ;  Greeiiall,  Whitley  &  Co., 
stoker  and  c.a.f.  for  a  brewing  copper,  and  four  stokers  and  self-clean- 
ing c.a.f.  for  6  ft.  6  in.  Lancashire  boilers  and  one  independent  co;\l 
elevator  for  Wilderspool  brewery:  Rd.Thackri»y&  Sons,  two  stokers  and 
self-cleaning  c.a.f.  foran  8 ft.  Lancashire  lioiler  :  B.Brearley  &  Sons,  two 
stokers  and  self-cleaning  c.a.f.  for  an  8ft.  bin.  Lancashire  boiler  ^repeat) : 
S.  Courtauld  &  Co  ,  six  stokers  and  self-cleaning  c.a.f.  for  8  ft.  Liinca- 
shire  boilers,  with  independent  coal  elevators  to  each  boiler  (repeat) : 
J.  R.  &  A.  Smith,  two  stokers  and  self-cleaning  c.a.f.  for  an  8  ft.  Lan- 
cashire boiler ;  Blackburn  &  Brav.  two  stokers  and  eamel  or  natural 
draught  furnace  for  an  8  ft.  Lancashire  boiler  :  (.iauible  &  Smith,  four 
selfeleaniug  c.a  f.  for  7  ft.  6  in.  Lancashire  boilers  (repeat)  ;  \\  .  &  .1.  h. 
Crossley,  two  stokers  and  self-cleaning  c.a.f.  for  an  8  ft.  Laucjishire 
boiler  (repeat):  1).  Dixon  &  Sons,  two  stokers  and  self  cleaning  c.a.f. 
for  an  8  ft.  bin.  Lancashire  boiler  ;  Bowyer  &  Priestley,  two  stokers 
and  self-cleaning  ca.f.  for  a  now  7  ft.  bin.  diameter  boiler:  and  J. 
Oekleston  &  Son,  stoker  and  c.a.f.  for  Cornish  boiler  for  burning 
spent  tun  mixed  with  coal  i,repeat). 
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Rolling  Stock  Contracts.— ^lessis.  Moimlain  &•  Oilison  &  'I'liornowill 
(Ltd.)  have  recently  secured  important  contracts  fur  rolling  stock. 
and  their  other  manufactures  from  the  .Admiralty  and  a  number  of 
municipal  and  coni|iany  owned  undertakings  at  h.ome  and  abroad, 
incluclin'i  Bradford.  Llandudno,  t'olwyn  Bay.  Costa  Rica,  La  Plata 
Tramways.  London  Bri<!hU)n  iS:  S.  Coast  Railway,  the  Dock  Works  of 
Canada.  Oporto  (Portugal),  and  South  .Africa,  Messrs,  Mountain  & 
Gibson  &  ThornewiU  (Ltd.)  are  now  making  a  public  issue  of  capital, 
some  particulars  of  which  ap|icarcd  in  the  la  ;t  issue  of  The  Electhi- 

(UN. 

BUSINESS  NOTICES. 

Mossr.s.  Vickcrs.  f<ons  it  Maxim  inform  us  that  in  view  of  tli*" 
growth  of  their  electrical  business,  and  for  the  greater  convenience  o' 
their  cusloimrs  in  London,  they  have  .appointed  a  rciiresentative  at 
28.  Victoria-street.  S.W.  This  branch  of  the  business  will  be  under 
the  management  of  Mr.  C.  S.  Thomson,  M.Sc,  M.I.E.E..  who  will 
deal  w  itii  the  large  range  of  electrical  machinery  made  at  the  Shefifield 
Work-',  and  also  the  smaller  motors  and  generators  manufactured  by 
the  Electric  &  Ordnance  .\ooo3sorie3  Co..  at  Birmingham,  under  the 
control  of  th"  N'ickers  Co. 

Tii^  partnership  between  C.  Remington,  W.  Ramsbottom,  and 
J.  H.  Bennett  (trading  as  Remington,  Ramsbottom  &  Bennett), 
electrical  engineers,  Manchester,  has  been  dissolved  so  far  as  regards 
C.  Remington. 

Th?  partnership  between  A.  John,  A.  S.  Lloyd,  and  W,  G,  T'^cr- 
inghim  (trading  as  the  Electro-SIedical  Co.),  Wigmore-street. 
London.  W..  his  been  dissolved  so  far  as  regards  W  G.  Everingham. 


Slle  by  Auction. — Messrs,  Fortt,  Hatt  &  Billings  have  received 
instructions  to  sell  by  auction,  on  Tuesday.  June  15.  upon  the 
premises  at  Locksbrook  Engineering  Works,  Bath,  the  lease,  good- 
will, patents,  patterns,  drawings,  working  plant  and  stock  of  Kramos 
Limited.  Catalogues  are  in  course  of  preparation  and  may  be 
obt,iined  from  Messrs,  Ham,  Denneky  &  Co,,  C.A.,  Quiet-street, 
Bath,  or  of  the  Auctioneers,  3.  Burton-str,^et,  Bath,  See  also  an 
advertisement. 

Plant  for  Sale.— Messr.?.  G.  Elliott  &  Co.,  lSG-188,  Long-lane 
Bormondsey,  London,  S.E.,  iiave  for  sale  two  compound  Marshall 
Bteam  engines  coupled  to  two  Crompton  dynamos,  and  also  three 
dynamos.     Further  particulars  are  given  in  an  advertisement. 

A  charging  .set  for  electric  car  (dynamo,  alternating  current  motor 
and  accessories)  is  advertised  for  sale  on  another  column. 

.\n  adverti^rmeat  contains  particulars  of  .some  electrical  engineer- 
ing plant  (including  two  110  H.p.  d.c  Siemens  motors,  with  starter, 
&c.,  one  105  h.p.  single-])liase  motor,  two  4  h.p.  electric  capstans, 
one  2-ton  electric  derrick  crane  and  one  5  h.f.  electric  locomotive) 
which  is  for  sale. 

Whitsuntide  Holidays. — We  have  received  from  the  London  & 
Soul  h  \\'c.^tirn  Railway  Co.  a  programme  of  the  holiday  arrangements 
made  for  VVliil.>>untide,  and  from  this  we  find  that  the  company  are 
providing  amply  for  tho.se  who  are  seeking  health  and  recreation  in 
the  country,  at  the  seaside  in  England,  or  at  the  .several  popular 
and  interesting  places  on  the  Continent  for  which  the  company's 
lleet  of  steamers  provide  facilities.  Tlie  ^South  Western  arrange- 
ments for  those  visiting  the  Channel  Islands  are  of  the  most  complete 
character,  and  wo  have  the  best  of  reasons  for  knowing  that  the 
islands  are  very  charming  just  now.  It  only  remains  for  us  to 
advi.se  intending  holiday  seekers  to  write  for  a  copy  of  the  Whitsun 
excursion  list,  which  can  be  obtained  at  all  the  company's  ticket 
issuing  offices  and  agencies,  at  the 
company's  .stations,  or  direct  from 
headquarters  at  Waterloo,  It  is 
w.irlh  reminding  those  wishing  to 
avail  Ihciiisilvcs  of  such  facilities 
that  tickets  can  be  obtained  at  these 
agencies,  offices,  &c,,  beforehand  if 
desired. 


Auto-Transformers.-  The 

l;.nr|<„  -I'cll       .\r,.       L:,„iJ,       (A,..      of 

Wiiiili!.  (Icin.  are  puiting  on  the 
market  a  m-w  type  of  auto-trans- 
tormcr  for  use  with  metallic  filament 
lamps.  We  show  the  exterior  of 
this  transformer  in  the  accompany- 
ing   illustration.     The    connections 

Bbockie-Pell  Acio-tiunskobmeh.  ''■'"  miulc  in  a  porcelain  chamber, 
which  is   protect,ed  at   the   top   by 

e.ist-iron  cap  and  is  readily  accessible  by  the  removal  of  two  .screws. 

The  company  claims   for  this  transformer   a    very    high  efficiency 

and  good  voltage  regulation. 


O.S.  Wiring  System. — .\s  mentioned  in  our  last  week's  issue,  one  of 
the  princijial  exhibitors  at  the  Electricity  Exhibition  organised  by 
Hornsey  Borough  '"electricity  department,  were  Missrs.  Siemens 
Bros.  &  Co..  who  showed  a 'large  board  (15  ft.  long  by  Oft.  high) 
wired  in  order  to  demonstrate  the  various  applications  of  the  O.S. 
system  to  economical  wiring,  whilst  it  also  showed  clearly  the  bend- 
ing qualities  of  the  Stannos  wires.  As  the  matter  is  of  considerablo 
interest  to  wiring  contractors  we  give  an  illustration  of  this  exhibit 
which,  as  will  be  seen,  was  moinited  on  a  large  tbree-iianel  board, 
complete  with  fuse  boxes,  sw  itches,  brackets,  lamps  and  liftings.  For 
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SiEME.ss  Bros,  k  Co. 

the  lighting  of  ihi  board  Tantalum  lamps  were  used  throughout,  and 

the  exhibit  must  have  given  visitors  to  the  exhibition  a  good  idea  of 

'he  way  in  which  this  system  of  wiring  is  carried  out. 

CATALOGUES.  &c. 

Electric  Fans. — Messrs.  Ercole.  .MartUi  &  Co.,  of  Milan  and 
London,  forward  a  copy  of  their  catalogue,  which  has  been  trai^K- 
lated  into  English  for  u.se  in  this  country.  It  contains  all  details 
of  their  well-known  fans,  which  are  made  in  numerous  types, 
including  those  for  use  on  the  desk,  for  fixing  to  brackets,  and  for 
ceiling  and  port-hole  work.  An  interesting  type  is  the  ielf-rofating 
ceiling  fan,  which  is  supplied  with  a  20  in.  rod  and  which,  it  is 
claimed,  is  a  most  beneficial  piece  of  apparatus.  Small  elcclric 
motors  and  electroliers  combined  with  ceiling  fans  are  among  other 
specialities  of  this  firm  dealt  with  in  the  catalogue. 

The  Sun  Evaporator. — The  Sun  Patent  Evajjorator  Co.,  of 
Liver|iool.  have  sent  us  a  pam])hlet  dealing  with  their  :iew  evapo- 
rator, designed  to  secure  the  condition  that  the  gases  are  utilised  at 
the  highest  available  temperature.  The  basic  idea  is  that  a  thin 
metal  |)late  is  a  far  more  efficient  heat  conductor  than  a  thick  one. 
The  steam  drawn  from  the  boiler  is  superheated  and  is  jiasscd 
through  a  shell  boiler  into  a  series  of  nests  of  tubes  placed  in  the 
water  space  and  is  then  returned  at  the  temperature  of  saturated 
steam  into  a  sectmdary  superheater,  where  it  is  dried,  .slightly  super- 
heated, and  led  into  the  steam  mains.  By  the  use  of  this  device,  it 
is  claimed,  the  coal  bill  is  reduced,  the  steam  capacity  is  increased, 
and  the  boiler's  life  is  prolonged. 

Electric  Revolution  Iniiicator. — Messrs.  Siemens  Bros.  &  Co. 
have  just  issued  a  pamphlet  dealing  with  the  Siemens  electric 
revolution  indicator.  This  apparatus  is  designed  for  indicating  the 
speed  of  an  engine  or  otlu  r  sliafi  at  positions  .some  distpnce  away. 
It  is  claimed  that  it  is  specially  suitable  in  .ship  work  for  indicating 
the  s])eed  of  a  vessel  on  the  bridge.  The  neces.sary  transmission  is 
effected  b}'  an  alternaling  (uncnt  which  is  supplied  by  a  special 
form  of  g<'neralor  driven  by  eli.-iin  gearing  from  the  engine  shaft. 
The  indicators  are  practically  x'ollmelers  of  Ihi  Hell-Uiiown  Ferraris 
type. 
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Simplex  Electric  Fittings.— The  Simijicx  Co.  have  ready  two 
pamphlots.  one  of  whieh  deals  witli  electric  fittings.  These  are 
divided  into  tw(<  classes,  cheap  brass  brackets,  pendants  and  elec- 
;  troliers  and  candle  fittings.  The  second  panii>hlet  deals  with 
I  "  spookie "  shades,  claimed  to  give  all  the  decorative  ellect  of 
I  stained  glass  with  an  added  richness  and  softness. 
i  WiLLANS  V.\cuuM  TuKHiNES. — We  have  received  from  Messrs. 
!  Willans  &  Robinson  a  pamphlet  dealing  with  their  exhaust  steam 
i  turbines.  The  brochure  contains  an  exhaustive  commentary  on 
i  the  possibility  of  installing  Willans  vacuum  turbines  for  working  in 
.  conjunction  with  either  condensing  or  non-condensing  reciprocating 
engines,  the  various  advantages  accruing  when  this  course  is  adopted 
\  being  put  forward  with  great  clearness.  We  are  not  able  to  do  more 
t  than  note  this  interesting  pamphlet  at  the  moment,  but  we  shall 
I  return  to  the  subject,  which  is  one  of  great  and  immediate  import- 
j  ance,  in  more  detail  in  our  next  i.ssue. 

'  Hand  Lamps. — Messrs.  Ward  &  Goldstone.  have  issued  a  pamph- 
;  let  dealing  with  their  "  Guardian  "  hand  lamp,  which  is  sjiccially 
interesting  from  the  fact  that  tlie  new 
Factory  and  Workshoj)  Electricity  Regu- 
lations come  into  force  on  the  1st  of 
next  month.  Messrs.  Ward  &  Goldstone's 
lamp,  whieh  we  illustrate  herewith, 
is  patented  and  is  claimed  to  be  the  only 
hand  lamp  with  a  switch  lampholder,  and 
complies  with  the  Board  of  Trade  regula- 
tions. The  guard  is  made  of  No.  10  gal- 
wirc. 


'  GiARDJAN  "  Hand  Lamp. 


i      Oil  Engines. — Messrs.  H.  &  C.  Gray- 
son,  of  Liverpool,    have   ready    a    small 
[   catalogue   dealing    with    their    petrol    or 
paraffin  engines  for  stationary  and  marine 
I    work  which    o])crate   on   either    the   two 
or  four   cycle   system.      Great    attention 
is  paid    to   the   general   design,    and   the 
I    result,  it  is  claimed,  is  most  satisfactory. 
The  engines    are   specially    designed    for 
!   direct  coupling  to  electrical  generators,  and 
they  certainly  form  a  neat  and  handy  set. 

Electric  JIotor-Coxtrol  App.\ratus. 
— We  have  received  from  Messrs.  Well- 
ni»n,-Seaver  &  Head,  Victoria-street, 
London,  S.W.,  a  copy  of  their  catalogue 
dealing  with  this  subject.  It  contains 
details  of  controllers,  motor  starters  and 
electric  brakes.  Some  of  the  firm's  special- 
1  ities  are  more  fully  described  and  illustra- 
ted on  another  page  of  our  present  issue. 

"Installation  News.'" — The  pit: ce  dc  resistance  of  the  April 
issue  of  this  publication  is  a  leading  article  entitled  "Flexible 
Chaos,"  dealing  with  the  numerous  flexible  systems  of  wiring  at 
present  in  vogue. 

BANKRUPTCIES.  LIQUIDATIONS.   &c. 
In  the  bankruptcy  of  Middleton  &  Co.,  electrical  engineers,  i:c.. 
i    Bovor,    the   gross   liabilities   are   returned   at   £789.    Uts.    9d.    and 
!    £771.  14s.  7d.  is  expected  to  rank.     Assets  nil. 

I        The  Offiiiai,  Receiver,  in  his  observations,  states  that  one  uf  the 
'    debtor.^  (.1.  R.  W.  lliddletnn)  had  been  established  as  an  electrical  en- 
gineer fur  lietwecn  four  and  five  years,  and  two  years  ago  he  was  joined 
by  Alfred  Daniels  and  Francis  Balch  in  co-partnership,  the  arrangement 
being  that  Daniels  and  Balih  should  each  pay  into  the  business  £200  as 
their  share  of  the  capital.     The  tirm  traded  as  Middleton  &  Co.,  and  the 
'    debtor  Middleton  stated  that  at  that  time  he  had  a  considerable  amount 
I    of  work  nn  hand,  and  considered  his  share  in  the  partncrslii|)  was  worth 
j    more  than  the  others,  and  it  was  arranged  that  he  should  have  13  per 
'    cent,  of  the  gross  prolits,  and  that  the  balance  should  be  e(|iially  divided 
I    between    the   three   partners :     meantime   Middleton   sbcndd    draw   i.'!. 
I    Daniels  £2.   1.5s.  and  Balch  £2.  ,5s.  per  week.     Bal.li  retired   from  the 
;    partnership  in  August   last,  and  Middleton  and  Daniels  (ontiuued  the 
j    business,  arranging  to  pay  Balch  £2.50  as  his  share  by  weekly  payments 
1    of  £1.   10s.     Apparently,  there  was  now. owing  to   Baleh  about   £22(i. 
I    Debtors  admitted  (hat  no  proper  bahnue-slieets  were  made  out,  and  that 
they  discovered  in  September  last  that  they  were  unable  to  discharge 
I    theu"  accounts,  pay  wages,  &c.     They  were  financed  by  a  gentleman  to 
I    the  extent  of  over  £350,  and  on  Dec.  8,  1908,  assigned  their  business. 
1    including  stock  in  trade,  goodwill,  &c.,  to  him  in  consideration.     The 
I   busmess  was  still  being  continued  by  the  purchaser  in  the  name  of  Middle- 
j    ton  &  Co..  on  the  same  premises,  and  dclitors  remained  in  his  employ  at  a 
,    salary  of  £2  a  week  each. 

The  first  meeting  of  creditors  of  J.  G.  8.  Cunnington  and  H.  1'. 
Allison,  trading  as  Laing.  Wharton  &  Cimnington.  electrical  engineers 
and  contractors.  Great  Newport-street,  London,  W.C.,  took  place  on 
Tuesday. 

'    Mr.  D.  Williams,  assistant  O.R.,  reported  that  the  debtor.  Jlr.  Cun- 
nington, had  been  examined,  and  hail  stated  that  he  began  business  in 


1894.  He  traded  alime  until  lfHl2,  when  he  took  in  a  partner,  who 
brought  into  the  business  capital  and  stock  to  the  value  of  £3,000.  to- 
gether with  the  goodwill  of  Lairiy,  Wharton  &  Down  (Ltd.).  The  part- 
ners traded  \mder  the  style  of  Laiii^<.  Wharton  &  Cunningtfm  until  1  !I0.'}, 
when  the  partnership  was  dissolved,  .Mi.  Cunnington  taking  over  the 
liabilities  and  assets.  He  theu  contiiined  alone  until  1907,  when  he 
entered  into  partnership  with  the  debtor.  Mr.  .\lliKon,  and  traded  down 
to  the  date  of  the  receiving  order.  The  liabilities  were  £6,541.  Us.  8d., 
net  assets  £3,785.  17s.  9d.,  and  the  failure  was  attributed  to  an  ad\'erse 
judgment  for  £4,000.  for  which  debtors  stated  they  had  received  no  con- 
sideration. Resolutions  for  an  adjudication  in  bankru])tcy  were  passed, 
and  Mr.  A.  Page,  C.A.,  was  appointed  trustee. 
The  following  are  th^  creditors  over  £20  in  this  failure  : — 


H.  J.  Snowdon  and 

H.  Muff £4.027  7 

Standard  Cable  Mfg.  Co.   199  9 

Callenders  Cable  Co....      52  Iti 

Evered&  Co 24  10 

Atkins   &   Dott 26  1 

Cons.  Pneumatic  Tool  Co.  96  18 
British  Insulated  & 

Helsby  Cables  ...••■       27  18 

D.  P.  Batterv  Co 35  0 


Electrical  Co £59     5     4 

Fulham  Elec.  Mfg.  Co.       31)   13     4 

Galsworthy  Ltd 

General  Elec.  Co 

Homsby  &  .Sons    

Marples,  Leach  &  Co.. 

R.  Pope  &  Co 

.1.  Pinson  &  Co 

.J.  .Stringwith 02   15 

A.  T.  .Snell 21   19 


24   1 

7     5 

47 

!   11 

7K 
51    1 

i      0 

>     (1 

21 
44 

1  (1 
I     (1 

At  Bradford  County  Court  last  week,  Judge  Graham.  K.C.,  condition- 
ally granted  the  discharge  of  Wm.  T.  Garnett.  late  cable  manufacturer. 

Charlotte  Rix.  "  a  per.son  or  one  of  the  persons  trading  as  Bridge- 
water  &  Wright,  "  electrical  engineer.  Vork-road,  King's  Cross. 
London.  N..  has  been  adjudicated  bankrupt. 

Volunlary  Liquidation. —  A  meeting  of  the  creditors  of  the 
General  Electric  Sign  &  Engineering  Co.  (Ltd.)  (in  liquidation)  will 
be  held  at  Messrs.  Hayes  &  Co.'s  offices,  28,  Basinghall-street,  E.C., 
at  2  p.m.  on  June  10.    The  liquidator  is  Mr.  E.  Hayes. 


COMPANIES'  MEETINGS  AND  REPORTS. 


Callenders  Cable  &  Construction  Co.  (Ltd.) 

The  aimual  general  meeting  was  held  yesterday,  under  the  presidency 
of  Mr.  Henry  Drake,  who  commented  briefly  u))im  the  repm-t  of  the 
directors  (an  abstract  of  which  apjjeared  in  our  last  issue,  p.  241).  and  in 
regard  to  the  item  of  shares,  investments  and  interests  in  other  com- 
panies, remarked  that  the  amount  of  this  item  had  been  so  greatly  in- 
creased because  some  items  from  the  general  debtors'  account  had  been 
transferred  and  put  under  this  bead  as  being  the  more  correct.  Last  year 
(hey  placed  £10,000  to  suspense  account.  This  amount  still  remained 
in  that  account,  and  their  profit  for  the  year  might  be  said  to  be  prac- 
ticallv  the  same  as  in  the  ])revious  years. 

Mr.  T.  O.  CALLENDER  (Managing  Director)  said  he  ihinight  19()8 
would  be  remembered  as  an  exceedingly  bad  year,  especially  by  those  in 
the  engineering  and  allied  trades.  Not  only  had  there  been  strikes  if  the 
utmost  importance,  all  of  which  affected  their  business,  but  the  year  had 
been  marked  by  great  financial  stringency.  There  had  been  plenty  of 
money,  but  none  for  operations  of  the  kind  in  whieh  the  company  were 
interested.  Their  business  had  also  been  injured  by  the  complete 
stoppage  of  all  work  in  London  pending  some  decision  as  to  the  future  of 
London  electricity  supply.  For  two  years  practically  no  new  work  was 
carried  out  in  Londmi.  but  the  bill  whieh  was  passed  last  autumn  had 
lifted  that  cloud,  and  already  they  had  received  orders  to  the  extent  of 
many  thousands  of  pounds  for  mains  of  extensions,  and  for  linking  up  in 
London.  The  advent  of  the  metalhc  lilamcnt  lamp  had  also  been  a  very 
sore  trial  to  them.  Mains  which  they  had  hoped  the  comiiauics  would 
extend  each  year  had  been  more  than  suflicicnt  '.«  meet  the  deuuuul  last 
year  :  but  the  directors  did  not  look  fcu-ward  w  itb  any  misgiving,  and  he 
thought  that  although  they  might  suffer  a  little  just  now.  there  wcudd 
jiresently  be  a  large  extension  in  the  use  of  electric  lighting  due  to  these 
lamps.  The  management  of  the  company  «ere  thankful  to  see  the  back 
of  1908.  which  had  been  the  most  trying  year  they  had  had.  Recently 
there  had  been  a  very  distinct  and  satisfactiuy  improvement.  The 
demands  from  old  customers  were  increasing,  and  there  was  a  decided 
movement  towards  extension  elsewhere.  On  the  Continent,  wheiv  they 
liadiarried  out  much  wcnk  during  the  past  few  yeai-s.  things  had  been. 
if  possible,  worse.  During  the  last  part  of  1(108  thei-e  was  a  bitter  warfaiv 
lietweeu  the  different  makers  of  electric  plant,  but  even  thei-e  things  wei-e 
improving,  and  this  warfare  seemed  to  be  dying  out.  They  had  lYcently 
secured  some  very  good  orders.  Unfcutunately,  there  was  not  much 
margin  of  profit,  "but  nevertheless,  they  wci-e  useful  adjuncts  to  their 
business  at  Erith  and  Leigh.  With  all  the  complaints  as  to  keen  com- 
petition and  as  to  prices,  thev  bad  managed  to  make  a  fair  profit.  They 
had  been  assisted  by  the  excellent  results  fr.uu  the  Anchor  Company, 
which  was  profit-earning  and  helping  towai-ds  the  dividend.  The  St. 
Helens  Co.  had  not  yet  got  into  that  position,  but  they  were  workuig  it  up, 
and  he  hoped  at  no  distant  date  would  give  them  ecpially  good  results. 
There  was  a  considerable  sum  in  the  balance  sheet  for  new  plant,  and 
machinery.  The  engineers  of  municipalities,  the  Government  and  othei-s 
were  constantly  adding  to  the  burden  put  upon  them  in  Iheir  specitiea- 
tions,  and  whereas  a  few  years  ago  they  thcnight  they  were  clever  in 
making  a  cable  to  stand  10,000  volts,  they  had  now  to  make  cables  for 
ten  times  that  pressure,  and  it  was  necessary  to  put  down  plant  to  meet 
these  conditiims. 

The  report  and  accounts  wi  re  then  adopted. 
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BRITISH  WESTINGHOnSE  ELECTRIC  &  MFG.  CO.  (I,TD.)~Mi.  J.  A. 
Brvco  stated  at  the  meeting  mi  Mumlay  that  the  falhin;  off  in  the  trading 
profit  was  due  to  the  universal  depre.ssion  in  business.  Not  only  was  the 
volume  of  t>rders  smaller,  but  the  severe  eonipetition  for  sneh  as  there 
weR'  necessitated  a  further  reduction  in  prices.  Dealing  with  the  various 
items  in  the  accounts,  he  said  that  shares  in  other  companies  (£287,092) 
showed  a  large  reduction  in  cousetiuence  of  the  transfer  of  shares  of  the 
Traction  &  Power  Securities  Co.  The  largest  portion  of  the  item  was 
now  represented  by  shares  of  the  Clyde  Valley  Electrical  Power  Co., 
whose  business  was  now  rapidly  incrcasuig.  The  balance  was  in  shares 
of  the  Traction  &  Power  Securities  Co.,  and  small  items  in  other  com- 
panies. The  steel  foundry  was  closed  in  the  early  months  of  1908,  the 
directors  fearing  that  to  continue  operations  would  result  in  a  serious 
loss  owing  to  the  restricted  volume  of  business  then  offering.  A  careful 
study  of  comparative  figures  for  the  four  years  beginning  1905  led  the 
directors  to  the  conclusion  that  the  many  changes  and  improvements 
that  had  been  made  during  the  past  three  years  had  resulted  in  a  marked 
increase  in  efficiency,  and,  notwithstanding  the  heavy  handicap  of  a 
large  plant,  restricted  volume  of  business  and  severe  cutting  of  prices, 
the  accounts  showed  that  the  percentage  of  gross  profit  returned  on  the 
apparatus  manufactured  had  been  satisfactory.  Among  the  more  im- 
portant economies  that  had  been  effected  was  that  of  factory  expenses, 
which  had  been  reduced  by  30  per  cent.,  with  a.  resulting  saving  of 
£70,000  per  annum.  Other  expenses  showed  a  decrease  at  the  rate  of 
£10,000  per  annum,  and  that  saving  had  been  accompanied  by  a  marked 
increase  in  efficiency  of  manufacture.  Under  that  combination  of  economy 
and  improved  efficiency  the  percentage  of  gross  profits  had  more  than 
doubled.  The  directors  had  carefully  considered  the  possibility  of  a 
further  reduction  of  staff  with  a  view  to  economy  until  better  times 
arrived.  During  the  past  year  they  had  secured  several  important  con- 
tracts. The  future  seemed  to  depend  mainly  upon  the  volume  of  busi- 
ness which  could  be  secured.  For  the  moment  no  great  help  was  to  be 
looked  for  on  the  side  of  export  business  ov.'ing  to  the  general  depression 
all  over  the  world,  resulting  from  the  American  financial  crisis  of  1907, 
and,  with  a  reduced  demand,  the  competition  for  orders  abroad  hatl  been 
almost  as  severe  as  at  home.  There  were,  however,  signs  that  the  wave 
of  depression  was  passing  away,  and  it  might  be  hoped  that,  after  the  turn 
of  the  year,  the  outlook  might  be  brighter.  It  may  be  doubted,  however, 
whether  the  position  of  the  electrical  industry  in  this  country  could 
become  permanently  sound  until  British  purchasers  realise,  as  they  had 
done  in  Germany  and  America,  that  the  standardisation  of  manufacture 
was  in  their  interest  as  much  as  in  that  of  the  manufacturer.  To  that 
having  been  realised  in  Germany  was  due  the  fact  that,  though  the  elec- 
trical manufacturing  capacity  of  that  coimtry  was  far  larger  than  that 
of  Great  Britain,  it  was  occupied  to  an  immensely  greater  extent  by  the 
supply  of  the  demand  in  Germany  itself,  where,  owing  to  the  cheapness 
of  manufacture  resulting  from  standardisation,  the  application  of  elec- 
trical apparatus  was  infinitely  more  extensive  in  every  industry,  and  that 
relative  cheapness,  aided  by  the  enterprise  of  the  large  industrial  banks — 
numerous  in  Germany,  but  non-existent  here — enabled  the  German 
manufacturer  to  compete  on  favourable  terms  for  his  surplus  product, 
which  was  much  less  in  volume  than  that  of  this  country,  in  the  foreign 
and  colonial  markets  which  naturally  belonged  to  us.  When  consumers 
have  had  bro\ight  home  to  them  the  elementary  axiom  that  the  manufac- 
ture of  an  article  to  10  patterns  imly  was  immensely  cheaper  than  the 
manufacture  of  it  to  100  patterns,  demand  would  begin  to  overhaul 
supply.  There  were  already  faint  signs  that  that  fact  was  beginning  to 
dawn  upon  the  British  consumer. 

ELECTRIC  TRACTION  CO.  OF  HONG  KONG  (LTD.)— The  traflSc  receipts 
for  the  year  ended  Dec.  31  showed  au  increase  over  those  of  1907,  but 
owing  to  the  decline  iu  the  value  of  the  <lollar  the  total  amount  is  less. 
The  expenses  also  show  a  decrease.  The  loss  sustained  in  respect  of 
subsidiary  coinage  during  the  year  was  £4,070.  After  providing  for 
working  expenses  and  payment  of  interest  there  is  a  profit  of  £3,756, 
added  to  amount  hrought'forward,  making  £4.286,  of  which  £4,000  has 
been  allocated  for  dejjreciation  and  renewals,  the  balance  (£286)  lieing 
carried  forward.  Mr.  J.  .T.  Stodart  Kennedy,  late  nian,iger  of  the 
electric  tramway  in  Bangkok,  has  been  .ipiiointcd  manager  in  succes- 
sion to  Mr.  J.  Gniy  Scott. 

ELMORE'S  GERMAN  &  AUSTRO  HUNGARIAN  METAL  CO.  (LTD.)— At 
the  meeting  last  week,  Mr.  J.  MacFarlan  slid  the  company  had  been 
eff'ectcd  by  the  severe  trade  depression  which  existed  in  Germany  and 
practically  throughout  the  world  during  the  year.  Their  salesWerc 
extending,  ami  tlicre  was  a  suljstantial  increase  to  date.  The  trading 
for  the  lir.-^t  four  months  of  this  year  was  unsatisfactory. 

GALLOWAYS  LIMITED.— At  the  adjourned  meeting  on  Friday,  Mr. 
E,  N.  Galloway  presided.  The  meeting  Avas  private,  but  it  was  statefl 
that  after  a  long  discussion  the  directors'  report  was  passed,  and  Mr. 
A.  Hewlett,  jun.,  and  Mr,  C.  Price  were  elected  directors  to  fill 
vacancies  caused  by  the  retirement  (by  rotation)  of  Mr.  A.  W.  Gallo- 
way and  Mr.  Wm."Biylis.s.  Mr,  R.  t.  Roddick  and  Mr.  L.  Agnew 
have  joined  the  board. " 

MIELEE8,  BICKERTON  &  DAY  (LTD.) -At  the  first  annual  meeting 
last  week  the  diicctor.-'  report  for  the  |jeriod  from  Dec,  1907,  t^ 
March  31,  1909,  recommended  that  £1,645  .should  be  written  off'  for- 
mation expenses,  and  the  balance  profit  (£1,567)  be  carried  forward. 
The  chairman  (Mr.  A.  F.  Bairdl  stated  that  their  works  had  becu 
erected  to  the  plans  of  Mr.  Clias.  Day  at  a  cost  (including  plant  and 
tools;  of  £45.100,  and  workmen  ware  rapidly  becoming  familiarised 
with  the  sjxicial  recjuireraeats  of  the  Diesel  engine.  The  directors 
had  been  in  negotiation  for  agencies  abroad,  and  some  had  been  com- 
pleted. He  had  found  that  on  the  Continent  the  manufacture  of  Diesel 
engines  was  going  forward  bv  leaps  aijd  bounds. 


PARA  ELECTRIC  RAILWAYS  &  LIGHTING  CO.  (LTD.)— At  the  meeting 
on  Wednesday,  Sir  Wm.  Evaus-Gonlon  said  that  it  was  only  in 
June,  1908,  that  the  last  of  the  mule-drawn  cars  disappeared,  and  the 
full  effect  of  electric  tr.action  could  not  be  judged  by  the  .accounts  to 
Nov.  30  last .  The  gross  receipts  of  the  tramways  were  £139,509,  com. 
pared  with  £137,098,  and  of  the  liffhting  department  £65,802,  com- 
pared with  £67,485,  a  total  of  £205,311,  compared  with  £204,585.  The 
expenses  were  £152,637,  compared  with  £162,951,  Iea\iug  a  profit  of 
£52,674,  against  £41,632.  Net  returns  were  better  by  £11,000,  which 
might  be  regarded  .as  very  satisfactory.  When  their  ligliting  cables 
had  been  put  underground  a  very  material  sa\ing  of  costs  would  be 
effected.  During  four  months  ended  b'ebruary  economies  were  effected 
representing  a  s;iving  at  the  rate  of  over  £18,000  per  annum,  and  with- 
out any  sacrifice  in  efficiency.  The  returns  which  had  come  to  hand 
since  the  commencement  of  tliis  \ear  had  more  than  confirmed  the 
estimate  he  had  formed  of  the  company's  prospects. 

PERTH  (W.  AUSTRALIA)  ELBCTRIC  TRAMWAYS  (LTD  )— The  gioss  re- 
ceipts  for  1908  were  £73.;i3S.  12s..  inmiiair.l  with  £7ri,()41.  17s.  lOd.  for 
1907,  and  the  profit  was  £28,72(1.  12s.  2a..  ai,'ainst  £31.17ii.  19s.  lid.  The 
decreased  profit  was  due  to  diminislied  traffic  recei))ts,  to  increased 
facilities  and  increased  mileage  necessary  to  give  better  service  on  cer. 
tain  lines,  partly  to  increased  wages,  and  ]>artly  to  increased  expenditure 
on  renewals  of  track,  rolling  stock,  &c.  The  company  were  pressed  to 
build  extensions  into  North  Perth,  South  Perth,  Maylaiids  and  Bays- 
water  and  West  Leederville.  For  dealing  with  these  extensions  a  com- 
pany called  the  Perth  Traction  &  Development  Co.  (Ltd.)  is  being  formed 
to  act  as  auxiliary  to  the  company.  After  payment  of  interest  and  sink- 
ing fund  on  the  first  and  second  debenture  issues  and  trustees'  fees,  the 
balance  at  credit  of  profit  and  loss  account  is  £11,153.  17s.  9d.  After 
adding  balance  brought  forward  (£945.  18s.  2d.)  and  deducting  £t),000 
for  preference  dividend,  the  balance  is  sufficient  to  pay  a,  dividend  of 
5  per  cent,  on  the  ordinary  shares.  The  directors  have  decided  to  put 
aside  £2,500  from  this  year's  profits  to  reserve,  and  can  only  recommend 
a  dividend  of  2J  per  cent,  on  the  ordinary  shares,  leaving  £1,099.  15s.  1  Id. 
to  be  carried  forward. 

REUTER'S  TELEGRAM  CO.  ILTD,)— At  (he  meeting  on  Weilnesday 
Admiral  Sir  John  C.  Dalrymple  H.ay  said  that  the  outstanding  feature 
of  their  oijerations  during  the  past  year  had  been  the  incessant  and 
growing  demands  of  the  news  department.  In  India  they  were  taking 
steps  to  place  their  service  upon  a  satisfactory  footing,  and  they  con- 
tinued to  pay  special  attention  to  their  business  in  China.  The 
greatest  journalistic  coup  of  the  year  was  the  news  received  at  Mol- 
Ijourne  by  wireless  telegraphy  fiom  Suva  (Fiji)  of  the  progress  of  the 
American  battleships  when  1,200  miles  aAvay  from  Fiji. 


NEW  COMPANIES. 


BASTIAN  ELEOTRIC  HEATING  SYND.  (LTD  )  (103,083.)— Reg.  M.ay  19, 
capital  £10,000  in  £1  shares,  to  adopt  an  agreement  with  C.  O.  Bastian 
and  to  carry  on  the  business  of  manufacturers  of  and  dealers  in  elec- 
tric heaters  and  cookers  and  kindred  appliances,  founders,  electricians, 
&c.  First  directors  A.  C.  Newman,  H.  G.  U.  Smith,  and  P.  Vandervell. 

PIRELLI  LIMITED.  (103,068.)— Reg.  May  18,  capital  £8,000  in  £1 
shares,  to  carry  on  the  business  of  manufacturers  of  and  dealers  in 
indiarubber,  gutta-percha  and  asbestic  articles,  insulating  materials, 
insulated  wires  and  cables  for  use  for  telegraphic,  telephonic  and  other 
purposes,  electric  lighting,  &c  ,  and  to  adopt  an  agreement  with 
Pirelli  &  Co.,  of  Milan,  Italy.     I'rivate  company. 

PREMIER  LIGHTING  &  ENGINEERING  CO.  (LTD.)  (103,093.)— Reg.  May 
19,  capital  £3,000  in  2,999  ordinary  shares  of  £1  each  and  15  deferred 
shares  of  Is.  4d.  each,  to  adopt  an  agreement  between  W.  C.  Sharpe, 
W.  C.  Sharpe,  jun,,  and  H.  C.  Robottom,  and  to  carry  on  the  business 
of  engine  builders  in  .accordance  with  the  patents  referred  to  in  the 
.s.aid  agreement,  electricians,  engineers,  machinists,  &c.  Private  com- 
pany. First  directors,  H.  C.  Robottom  (chairman)  and  W.  C.  Shariie. 
Reg.  office,  4,  Lloyd's-avenue,  London,  E.G. 


CITY  NOTES. 

MEMORANDA  (May  27^.— Bank  rate  2J  per  cent,  (since  April  1, 
1909).  Price  of  silver,  24  jd.  per  oz.  Consols  85— 85,^  for  money  and 
account.  Consols  Pay  Days,  June  1  and  July  1  ;  Stock  and  Shares 
Continuation  Days,  June  9  and  23;  Ticket  Days,  June  10  ,ind  24; 
Pay  Days,  June  11  and  25  ;  Mining  Shares  Carry  Over  Day,  .June  8. 

I'RICES  OF  Metals  (London). — Copper,  cash,  bl-j;;  three  months 
611  ;■•  Lead,  English,  133 — 13^  !  foreign,  cash,  13,  s  ;  three  months,  13,i  ; 
Spelter,  c-ash,  22—22;  ;  throe  mouths,  22i— 22^'.  Tin,  English,  131i- 
133'i  ;  foreign,  cash,  132^,  three  months,  133J — 1,333,  Iron,  Cleve- 
land, cash,  48/9,  and  three  months,  49/5.  Maijnel  Steel  (price  sup- 
plied by  W.  F.  Dennis  &  Co.,i,  £55. 

ARON  ELECTRICITY  METER  (LTD.)— flic  transfer  books  an<l  regi.itcr 
of  members  will  be  closeil  from  June  1  to  19  inclusive. 

BRUNNER,  MOND  &  CO.  (LTD.  i— The  net  profit  for  the  year  ended 
March  31  «.is  £760,130,  and  a  final  dividend  at  the  rate  of  30  per  cent. 
is  pr(i|i()scd  iiM  (lie  nnlinary  shares,  making  27^  per  cent,  foi  the  year, 
adding  £100.000  to  suspense  account,  writing  £2,500  ofT  patents  and 
carrying  forward  £37,033,  .■^uliicct  to  directors'  fees. 

MOUNTAIN  &  GIBSON  &  THORNEWILL  (LTD.)— The  list  of  subscrip- 
tions for  the  issue  at  par  of  60,000  shares  of  £1  each  and  808  5  per  cent, 
debentures  of  £50  each  of  this  company  will  close  to-day  (Friday). 


jnHE  ILBOTBIGIAM,  MAY  28.  1909. 


BLBGTBIG  TRAMWAY  AND  BAILVAT  TBAFFIO 
RECEIPTS. 


iberdeen  OorpoMllon 

Alrdrle  

Anglo- Aigentlne 

Ayr  Oorporation 

BakerSt.i  W»terlooBy.... 

Bainsley 

BWTOW  ■•• ■■■••■ 

Bath  Eleotrlo  Trams,  Ltd, 
Birmingham  Corporation. 

BinuiBgbam  &  Mid 

Blaokborn  Oorporation .... 
BlacVpool  and  Fleetwood. 

Bolton  Oorporation 

Bombay    ••••■ 

Bournemouth  Oorporation 

Bradford  Corporation 

Brighton  Oorporation  .... 
Bristol  Trams  &  Carriage. 

Burnley  Oorporation 

Burton  Corporation  

Bury  Oorporation  

Osloulta  Tramways  Co 

Camborne-Eedruth    

Cardiff  Oorporation  

OaTehill 

Oentral  London  Railway.. 
Oharing  0.,Euston  &  H'slead 
Chatham  4  DlBt.Lt.Bya.... 
City  &  South  London  Bly... 

City  ol  Birmingham  

ColohoBter  Corporation 

Cork  Kleotrio  Trams  Co.  ... 

Croydon  Oorporation     

DoTonport  &  Dist.  Trams... 

Dover  Corporation 

Dublin  &  Luoan  Bailway... 

Dublin  I'nlted 

Dudley-Stourbridge  

Dundee  Corporation 

Ess)  Ham  Oounoll 

Exeter  Corporation 

Oatcsliead  &  Dist.  Trams... 

Qlasgow  Corporation 

Qloesop  Trams 

Qravesend— Northfleet 

Great  Northern  &  City  Bly.. 
Ot.Nortliern,  Piccadilly, &c 
Greenock  &  Port  Glasgow.. 

Hartlepool  Tramways    

Hastings  Eleo.  Trams  Co.... 

Hongkong 

huddersfield  Corpn 

Hull  Corporation 

Ulord  District  Oouuoil 

Ilkeston  District  Oonncll.... 

Ipswich  Oorporation 

Isle  ol  Thauel  Co 

Jarrow  

Keigblpf  Corporation    

Kidderminster  Sc  District... 
mimarnock  Corporation  ... 
Lanarkshire  Trams  Co.    ... 

Lancashire  United 

Leamington 

Leeds  Corporation 

Leicester  Corporation    

Leitb  Corporation 

Liucolu  Corporation 

Liverpool  Oorporation  

Liverpool  Overhead  Rly,  ... 
l.lftiuluano&OolwynliayRy 
♦London  County  Uouncil  ... 

London  United  

Lowestoft 

UaidHtone  Corporation 

MancheBter  Corporation  ... 

Mersey  Railway  

Merthyr 

Metropolitan  Dist.  Railway 
Metropolitan  Bloc.  Trams... 

Middloton 

Nelson  Corporation  

Newoastle-ou-Tyne  Corp.  ... 

Newport  (Mon.)  

Northampton  Corporation . 
Oldham,  Ashtcn  &  Hyde ... 

Oldham  Corporation 

FBrth(N.B, (Corporation  ... 
PcrlhlW.A.jlSlec.  Trams... 

Peterborough  

Portsmouth  Oorporation  ... 

Potteries  

Preston  Corporation....!.  !.. 
Butherham  Corporation   ... 

Rothesay  

>^alford  Corporation  .,..'.'.!!! 


fihefflcld  Oorporation 

Blngapore  Trams  , 

Bguth  Metropolitan 

South  Staffs " 

Southend  Corporation  ]!!!! 
Southport  Tramways 
tflalyhdge,Hyae,&c.,Jt.Bd; 
Buuderlaud  Corporation  ... 
Sunderland  District  ... 

'  SwauBea  Trama  ..„ 

Swindon  Uorporation 

Taunton    

Ijnemouth  and  Distri'o't"."! 
■lyuei.  ie  Trams  Oo.. 
WaUa»<;y  District  Oounoll..' 

Walsall  Corpn 

VVarrlnKtonUorun.  ."." 

WestHsmOorporaUon 

Weston-81-.por-Mare   

Wo  verhanipton  Oo 

&fi!.ri"»0''n>n-...:: 


May    19       1,3IS 


iVreibam 

forkehire  W.B.'Trams  i!!"' 
o'MhlreWoollea  Dlslrlol 


2,369 
R3J,61U 

4,'^■il 


$7,0  ;8 
l.COJ 


Ino. 

or  Deo. 

(a) 


Iwe^ks'l  *■»<">■"• 


£ 

69,503 
4,076 
783,133 
274 
t)6,7'.tlj 
3,131 
3,929 
13,21)1 
49,011 
14,101 
11,169 

18  512 
i617.016 
11,890 
36,107 
0  913 
129,661 
10,331 
1,977 


1,290 
10J,9:0 
77,01.1 
11,632 
65,2!7 


7,5J4 
2,313 
ll<,538 


i  3,496 
JO,6.'>7 
Ur).76J 
9,118 
3,^16 
ll),3;a 
{161, 48J 
13,137 
18,141 

"901 


109,148 

)',"331 

112,251 
39,271 
3,861 
1S5,IJ7 
106,814 
5,893 
1,062 
29,061 
6,163 


(«)  These  comparisons  are  with  the  corresponding  period 
U  Plus  2  daj's,    •  P^rtlyieleptticul.    t  Min^3  3  daj 


47,U13 

}292,701 

13,385 

16,137 


8,317 
12,383 
16,836 


14,518 

942 

7.514 

14,013 
4,615 
1,763 

23,680 

16,231 


Ino.  or 
Peg  (g) 


ELECTRICAL  COMPANIES'  SHARE  LIST. 


ilLAST 
i  DIVI- 
DXHD 


lOi  7/0 
10  4/6 
10 1  6/0 

St.l  4J% 
6    3/8 

3t.    4J% 


St.  4% 
St.i4i»/„ 
6  Vi 
6  2/6 
St.l  H% 
--    7/0 


1,963 
l.Uil 

17,571 


lOOl   60/ 

1|  3% 

lOJ   4i% 

101  8,'0 


last  year.  §  Plus  3  days 
s,     I  Minus  2  days. 


ELECTRICITY  SUPPLY. 

Bonrnemonth  ft  Poole  Eleo,  Snp.  Ord... 

Do.    H  per  Cent.  Cnm.  Pref.  

Do.     6  per  Cent.  Cum.  Second  Pref. 

Do.    H  per  Cent.  Dab.  Stock  (red  ) 

Bromlej  (Kent)  El.  Lt.  t  Power  Shares 

Do.  Do.  1st  Debs. 

Rrompton  ft  Kensington  Eleo.  Sup.  Ord, 

Do.-  7  per  Cent.  Pref. 

Cent  1  Elec.  Snp.  CoAV,  Ouar.Db.Stock 
Charing  Cro8s(W.End  4  City)ELSnp.  Co. 

Do.    4Jper  Cent,  Ptef.  

Do.    4  per  Cent.  Deb.  Stock  (red.).... 

Do,    4J  per  Cei.t,  Deb.  Stuck  (red.)  . 

Do.     City  Undertaking  HX  Cm.  Prel, 

Chelsea  Electric  Supply  Ord 

Du.  4J  per  Cent.  Dab.  Stock  (red.)  ... 
City  of  London  Electric  Lighting  Ord... 
Do.    8  per  Cent.  Cum.  Pref. 

Do.     6  per  Cent.  Deb.  Stock  (red.) 

Do.  4i  percent.  2nd  Deb.  Stock  (red.) 
County  of  Durham  Eleo.  P.D.  Ord. ... 

Do.    6  per  Cent,  non  Cum.  Pref.  ... 
Connty  of  London  Elec.  Supply  Ord, 

Do.    6  per  Cent.  Cum.  Pref. 

Do,    4J%  Deb.  Stock  (red.)    

Do.    Second  Deb.  Stock 

Folkestone  Electricity  Supply  Co.  Ord. 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    4J  1st  Deb.  Stock  (red) 

Hove  Electric  Lighting  Ord 

Kensington  ft  Knightsbridge  Ord... 

Do.    6  per  Cent.  1st  Pref 

Do.     4  per  Cent.  Deb.  Stock  (red.) 
Kensingtn.  4  Kngtbg.  Co.  &  Notting  Hill 
Co.  (Joint  Station)  4 JJ  Deb.  Stock  (red.) 

Kent  Elec.  Power  Co 

London  Electric  Supply  Ord 

Do.    6  per  Cent.  Pref. , 

Do.    4  per  Cent.  Ist  Mort.  Dab 

Uetropofitan  Electric  Sup.  Ord 

Do.     4jper  Cent.  Cum.  Pref.  

Do.    4i  per  C^ent.  Deb.  Stockist  Mort. 

Dd.  sJperCent.Mrt.  Dab.  Stock(red.) 
Midland  Elec.  Corp.forP.D.lstMort.  Do, 
Newcastle  &  Dist.  Eleo.  Ltg.  Ord.  

Do.    4k  per  Cent.  Deb 

Newcastle  Elec.  Supply  Ord 

Dd.    6  per  Cent,  non  Cum.  Prof.  

Do.  4  per  Cent.  Mort.  Deb.  red.  la07. 
Nort  h  Metro.  Elec.Power  Sup.  5  Morta 
Northern  Counties  Eleo.  Sap 

Do.    4i  percent.  Djb 

NottinK  Hell  Electric  Ord 

Oxford  Electric  Ord , 

Do.    4  per  Cent.  Deb.  Stock    

St.  James'  &  Pall  Mall  Elec.  Ord. 

Do.    7  par  Cent.  Pref.    

Do.  3J  per  Cent.  Dab.  Stock  (red.)  ... 
Smithfleld  Msrketa  Electric  Sap.  Ord... 
Sonth  London  Electric  Supply  Ord 

Do.     5/-  1st  Mort.  Stk.  Red 

South  Metrop'n  Eleo.  Lt.  &  Power  Ord, 

Do.     7  per  (5ant.  Cum.  Pref 

Do.     4i  let  Db.  Stk.  K?lI 

Urban  Electric  Supply  Ord 

Do.    6  per  Cent.  Cum.  Pref.    

Do.    4J  per  Cent.  Ist  Mort.  Deb 

Westminster  Elec.  Sup.  Ord 

Do.    4i  per  Cent.  Cum.  Pref.    

ELECTRIC  RAILWAYS  tk  TRAMWAYS, 

Raker  St.  4  Waterloo  4  J  Perp.  Db.  St 
Bath  Elec.  Trams  Pref.  Ord 

Do.     6  per  Cant.  Cum.  Pref. 

Do.  4)  Ist  Mort.  Dab.  Stock  (red.)  ... 
B'ham  &  Midland  Trams  41  Ist  O^.Stk. 
Bristol  Tramwilys  &  Carriage  Ord 

Do.    Cum.  Pref.  (fully  paid; 

Do,    4  per  Cent.  Debs 

British  Electric  Traction  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    6  per  Cent.  Perpetual  Dabs 

Do.     4J  per  Cent.  2nd  Deb.  Stock 

Central  London  Ordinary  Stock 

Do.    4  per  Cent.  Pref.  Stock    

Do.     Deferred  Stock  

Do.     4  perCant.  Debs 

Charing  X.Euston&Hmpstd  Par.Db.Stk. 
City  ol  Birmingham  Trams.  6%Cm. Pref. 

Do.    4  per  Cant.  Ist  Mort.  Dabs 

City  4  South  London  Ely.  Con.  Ord.  ... 

Do.     6  per  Cent.  Perp.  Pref.  (1891)    ... 

Do.     (1896) 

Do.     (1901) 

Do.     (1903) 

Do.     4  per  Cent,  Perpetual  Dabs 

Dublin  United  Trams.  Ord  

Do.    a  per  Cent.  Pref. 

Gt.  Northern  &  City  Rly.  Pref.  Ord.  (4^) 
G.  Northern,  Pioc.  4  BromptouliJ  G.Pf. 

Do.    4  per  Cant.  Dab.  Stock 

Hastinga  Si  District  Eloo-  Trains.  i>X  C.P. 

Do.      4J  Db.  Bt 

Imperial  I'ramways  Ord 

tDo.    0  per  Cent.  Pref.  

IDo.    4 J  per  Cent.  Dabs 

I.  of  Thanet  E.  T.&  Lt.  6  par  Caut.  Pref. 

Do.    4  per  Cant.  Dob.  Stock 

Lanarkshire  Tramways  

Lanes.  Utd.  Iiami  6  J  Prior  Lieu  Do.  St. 
Liverpool  Orerheid  Rlilway  Ord 

Do.    6  per  Caut.  Pref ■ 

Do.    4  per  Cant.  Deb 

London  United  Trams,  a/.  Cum.  Pref.  ... 

Do.    4  per  Cent.  Ist  Mort.  Dab.  Stock 

Mersey  Con.  tlrd.  Stock    ■ 

Metropolitan  Elec.  Tramways  Ord 

Do.    Deferred    

Do.    6  per  Cent.  Cum.  Pref.  

Do.    4)  per  Cent.  Deb.  Stock 


Price 

Wed. 

Mayas. 


-10      6    0  0  Mar,  Sept,  i 

-lOJ     4    e  0  Feb,  Ane 

lOi-lof     6  II  6  Feb.  Aog 

5  6  Jan,  July 

15  9  April,  Oct 

16  0  May,  Sot  \ 
II  0  March.... 

i  6  Mar,  8rot 

18  0  Jnne,  D'ac 
1 1  u  Feb,  Aag 
li  0  Feb,  Asg 

19  0  Jan.  July 


101  —101 

41-4J 
93  — 9« 

6i-9 

8  -Si 

93  -l')2  3  13 

n-ii  5  U 

4J-«J  4   li 

ii  -101  3  19 

991-101  4     9 

81-41  5    8 

3j  -ik  4    9 

102  -lud  4    7 

101  -li  6  10 

Ui  -l;4  4  13 

121  -123  4    1 

101  -101  4    6 
l:i  -2i 


-3  J 


5  II  6 

6  s  e 

4  -'  9 

4  7  6 

6  10  0 

4  11  0 

4  lu  0 

5  1')  0 


IW    -llj» 
10. 1  -1J3 

4i-5 

6  ->i 

97  --.'M 
71 -7J 

n  -n    6  0 

ik-'ii        4   U 

91  — J7        t     3 

98  -101   ,  3  19 

85  —39       S     1 
n-li       3    6 

54-54      f,  U 
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meiit  of  accuuiulator-diiveu  craues,  especially  when  a  cheap 
supply  of  power  is  available  for  charging  purposes,  possesses 
many  advantages.  Their  radius  of  action,  though  small,  is 
generally  quite  extended  enough  for  ordinary  industrial  pur- 
poses, while  thi.<  type  of  crane  possesses  the  advantage  that 
its  sphere  of  usefulness  is  not  hampered  by  the  absence,  or 
presence,  of  the  trolley  wire,  and  that  it  can  practically  go 
anywhere  where  there  are  rails.  Its  adoption  for  use  in 
railway  yards  should,  therefore,  be  assured,  when  the  pre- 
judice at  present  e.xi.sting  in  favour  of  the  "potato-engine" 
arrangement  now  so  often  employed  for  loading  goods  into 
trucks  is  a  thing  of  the  past. 

The  day  of  the  accumulator  then,  even  when  it  is  of  the 
lead  type,  is  by  no  means  past ;  and  there  is  no  reason  to 
suppose  that  it  will  not  be  still  furtlier  extended.     We  lay 
no  claim  to  tlie  gift  of  [irophecy:  but  there  seems  no  harm 
in  .«aying  that  if  a  secondary  battery  is  invented,  ;aid  the 
"  if"  should  certainly  be  in  large  capitals,  which 
is  lighter  and  perhaps  more  efficient   than  the 
present  existing  types,  it  will  heljj  towards  tlie 
solution  of  sucli  problems  as  tlie  provision  of 
suitable  conveyances  in  districts  where  there  is 
but  a  scattered  population. 

This  latter  problem  is  already  receiving  some 
attention,  and  the  .system  known  as  the  "track- 
less trolley  "  has  been  proposed  as  a  solution. 
There  can  be  no  doubt,  however,  that  the  u.se  of 
accumulators  would  be  in  many  ways  more 
advantageous  ;  each  lurining  unit  would  be  self- 
contained  and  the  erection  of  a  double  overhead 
tiiilley  wile  would  become  unnecessary. 


"A  REAT  interest  is  being  taken  in  the  design  of  switch- 

Jf     gear  at  the  present  time,  and  for  this  reason  some 

descriptive   particulars  of   their   latest    designs  in 

Switches  sent  us   by  Messrs.    Cowans  are    of   peculiar 


Fig.  I. — Single -pole  Ssvitch  tor  Pressures  up  lo  3,000  volts. 

interest.  The  firm  call  special  atteiitioi!  to  the  fact  that^an 
oil-immersed  contact  has  always  a  higher  specific  coiiduc- 
tivitv  than  a  contact  in  air,  the  ratio  of  efhciencv  of  contact 


Enclosed  Swilcli  for  Pressures  up  to  600  volls. 
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being  at  least  '2.  to  I  in  favour  of  tlie  oil-immei'sed  ('oiitact. 
Further,  the  conductivity  is  maintained  at  a  hi^h  efficiency, 
whereas,  in  the  case  of  dry  contacts,  the  efficiency  rapidlv 
deteriorates.  This  deterioration  is,  of  course,  due  to  oxi- 
dation. 

Messrs.  Cowans  recommend  tlie  extension  of  the  use  of 
oil  switches  for  continuous-current  circuits  under  certain 
conditions.  The  break  is  too  .sudden  for  circuits  of  high 
inductance,  but  in  the  case  of  motors,  where  there  is  a 
"  cushioning  "  resistance  or  its  equivalent,  they  have  b.^en 
u,sed  with  complete  success.  A  powerful  maiinctic  1/low-out 
has  much  the  same  effect  as  a  break  under  oil.  Prof.  Bertram 
Hopkin.son  made  some  experiments  many  years  ago  which 
demonstrated  that  the  rise  of  pressure  accompanying  the 
opening  of  the  strong  blow-out  circuit  breakers  then  in 
general  use  was  considerable.  Under  oil  there  is,  with  con- 
tinuous currents,  always  a  flash  at  break,  and  this  flash  is 
Nature's  ^5afety  valve  and  relieves  the  pressure  considerably. 
The  presence  of  this  flash  necessitates  that  certain  special 
precautions  should  be  taken  in  the  design  of  the  .switches 
to  prevent  trouble  arising  from  the  carbonisation  of  the  oil. 

The  switch  which  we  illustrate  in  Fig.  1  is  of  the  single- 
pole  type,  without  any  automatic  gear,  and  is  designed  for 
pressures  up  to  3,000  volts.  Its  chief  merits  are  its  sim- 
plicity and  substantiality.  All  "  live  "  parts  are  protected 
against  accidental  contact.  This  switch  is  made  for  two, 
three  and  four-pole  circuits,  and  can  be  fitted  with  excess 
current  automatic  trip  with  or  without  time  lag  arrange- 
ment, or  with  reverse-current  automatic  release  gear. 

Fig  2  shows  a  similar  switch,  but  completely  enclo.sed 
and  adapted  for  pressures  not  exceeding  fiOO  volts.  It  has 
been  designed  for  n.ine  and  workshop  use. 


construction,   and,  of  cour.se,   not  fitted   with  the   electric 
drive,  is    still   going  strong,  and  seems  good  for  another  -tO 

years.  "" 

The  reason  foi-  this  satisfactory  result  is  .said  to  be  found 
in  the  construction  of  the  Waddle  fan  and  its  principle  of 
working,  which  is  common  to  both  the  first  and  late.st  types. 
The  Waddle  fan  may,  in  fact,  be  considered  as  a  light  hollow 
disc,  the  two  sides  of  which  are  braced  together  bv  the  blades, 
which  are  riveted  to  them.  The  periphery  is  open  all 
round,  and  the  air  is,  it  is  claimed,  discharged  equally  from 
every  part  of  it.  The  load  on  every  blade,  and  on  every 
part  of  it,  is  therefore  .steady  and  unvarying,  while  there 
is  .said  to  be  a  complete  absence  of  that  vibration  which  is 
an  annoying  feature  of  some  enclosed  fans.  In  an  enclosed 
fan  each  blade  is  doing  a  maximum  amount  of  work  when 
nearest  the  outlet,  and  this  load  is  suddenly  thrown  off  as 
soon  as  the  blade  has  passed  this  point.  !8i;i 

The  Waddle  fan  is  of  the  single-inlet  type,  an  arrange- 
ment which  is  said  to  possess  certain  well-defined  advan- 
tages, and  the  air  on  leaving  the  blade  tips  enters  a  diffuser, 
and  is  finally  discharged  into  the  atmosphere  at  a  greatly 
reduced  velocity.  Direct  driving  is  advocated  wherever 
possible,  but  fans  designed  for  belt  driving  are  also  made, 
one  of  which  is  shown  in  the  accompanying  illustration.  The 
Waddle  electrically-driven  fans  are  made  in  nine  sizes, 
varying  from  .'J  ft.  to  f8  ft.  in  diameter,  and  capable  of 
dealing  with  volumes  of  air  between  25,000  and  400,000 
cubic  ft.  per  minute. 

This  wide  range  allows  them  to  be  used  for  a  variety  of 
purposes,  while  then'  sound  engineering  details  also  tend  to 
this  end. 


Waddle  fans. 

To  those  to  whom  questions  of  the  depreciation  of 
plant  and  machinery  appeal  with  some  force  it  will 
be  of  interest  to  know  that  the  very  first  fan  erected 
by  the  Waddle  Patent  Fan  &  Engineering  Co.,  of  Llanelly, 
IS  still  in  full  working  order.    This  fan,  though  of  primitive     Jij 
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Siemens'  CircuitBreakers, 


SPECIAL  attention  has  recently  been  directed  b}^ 
Messrs.  Siemens  Bros.  Dynamo  "Works  (Ltd.)  to  the 
subject  of  automatic  ch-cuit-breakers,  and  they  have 
now  placed  on  the  market  two  improved  designs,  known 
as  classes  S.K.B.  and  S.K.A.  respectively,  the  former  for 
dealing  with  currents  ranging  up  to  1,000  amperes  and  the 
latter  for  larger  currents 

These  circuit-breakers — of  either  the  single,  double  or 
triple-pole  types — are  designed  for  ilirect  or  remote  opera- 
tion on  continuous  or  alternating-current  circuits.  All 
current-carrying  parts  are  of  copper,  the  main  brushes 
being  built  up  of  coppi^r  laminations,  which  press  firmly 
against    the    main    contacts   wlien    the   circuit-breaker   is 


^^^ 


*7 


Fig.  1. 


-Siemens'    Class    S.K.B.  Circuit-Breaker.   Maximum    and 
Reverse  Type. 


closed.  The  arc  at  break  can  only  take  place  between 
auxiliary  contacts  specially  designed  for  the  purpose,  wiiich 
are  provided  with  a  pair  of  metal  horns ;  the  danger  of 
spoiling  the  main  contact  surface  is  thereby  entirely 
avoided. 

Automatic  releases  can  be  fitted  to  the  S.K.B.  type 
(Fig.  1)  to  suit  any  of  the  following  conditions — viz.,  ma.xi- 
raum,  nia.xinium  and  reverse,  minimum  or  no-voltage.  The 
nia.xiiiium-current  circuit-breakers  are  held  in  tlieir  closed 
position  by  a  magnetically  controlled  catch,  wliich,  when 
the  current  rises  to  a  predetermined  value,  is  released, 
thereby  causing  tlie  circuit-ljrcaker  to  open.  It  is  then 
impossible  to  close  the  circuit-breaker  while  the  overload 
or  short-circuit  persists.  The  maximum-current  ixlease 
can  be  set  for  any  value  between  normal  and  about  three 
times  normal.  Ma.ximum-current  circuit-breakers  for  high 
voltages  (aljove  750  volts)  consist  of  two  switches  in  series, 
arranged  to  break  tlie  circuit  at  two  places. 


In  the  case  of  class  S.K.A.  (Fig.  2)  circuit-breakers  the 
operating  and  tripping  mechanism  is  made  in  one  size  only, 
and  forms  a  self-contained  unit.  This,  together  with  the 
switch  part  (which  varies  in  size  according  to  the  capacity), 
forms  a  complete  non-automatic  circuit-breaker,  which  can 
be  readily  arranged  as  an  automatic  circuit-breaker  of  any 
desired  type  by  fitting  tlie  necessary  releases.  In  this 
manner  it  can  be  arranged  as  either  a  maximum,  reverse, 
minimum  or  no-voltage  circuit-breaker,  or  comliiuations  of 
these.  The  releases  form  independent,  direct-acting,  self- 
contained,  detachable  units  whicli  can  be  readilv  fitted  to 
an  existing  S.K.A.  circuit-breaker.  Multiple  brushes  are 
employed,  each  of  which  is  built  up  of  interchangeable 
unit  brushes,  the  number  of  tiio  latter  varying  according  to 


Fig.  2. — Siemens'  Class  S  K.A.  Circuit-Breaker, 


the  capacity  of  the  circuit-breaker.  Tlie  brushes  are 
carried  on  pivots  which  tend  to  equalise  tiie  pressure  and 
reduce  the  contact  resistance.  F^ach  complete  brush 
can  be  removed  or  replaced  by  the  withdrawal  of  a  single 
bolt. 

All  parts,  with  tlie  exceptidii  of  thi'  main  contacts  and 
brush  carrier,  are  the  same  fur  all  sizes  and  readily  inter- 
changeal)le.  Complete  sots  of  parts  are  alw;iys  in  stock, 
thus  ensuring  prcunpt  delivery.  Both  ty|)es  of  circuit- 
breaker  can  be  fitted  witii  a  tiuie-liniit  attachment  to  delay 
the  action  of  the  releases. 

In  the  foregoing  notes  it  will  be  seen  that  ]\lessrs.  Siemens 
have  spent  a  good  deal  of  time  and  trouble  on  the  design 
of  their  circuit-breakers.  A  great  jioint  seems  to  be  that 
the  main  current  carrying  parts  are  unaffected  by  the  break, 
which  is  made  between  auxiliary  and  easily  renewable  con- 
tacts. Such  an  arrangement  obviously  greatly  prolongs  the 
life  and  improves  the  operation  of  the  .-^witch. 
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Induction  Instruments- 

THE  advantage  for  switchboard  purposes  of  instru- 
ments   of    the    ordinary  external  dimensions,  but 
arranged  with   a   long   scale   must   be  obvious   to 
everyone.    This  desirable  state  of  things  can  only  be  arrived 


as  may  be  desired.  In  Fig.  1  the  external  diameter  of  the 
instrument  illustrated  is  8  in.,  while  the  length  of  the  scale 
is  15i  in.  To  obtain  the  same  length  of  scale  in  a  round  type 
instrument  of  similar  construction,  in  which  the  movement 
would  have  to  be  restricted  to  an  angle  of  75  deg.,  the  external 
diameter  would  require  to  be  of  the  order  of  20  in. 

The  induction  type  instrument,  as  introduced  by  Messrs. 
Ferranti  Limited,  of  Hollinwood,  Lanes.,  is  of  exceedingly 
simple  construction.  The  moving  portion  consists  of  a 
pivoted  aluminium  disc  having  a  contour  of  spiral  form. 
The  edge  of  the  disc  swings  within  the  gap  of  a  shaded- 
pole    electromagnet ;    the   electromagnet    being    energised 


Fig.  2. — Ferranti  Inc'uction  Ammeter, 
by  the  main  current  in  the  case  of  ammeters  and  by  a  pressure 
winding  in  the  case  of  voltmeters.  The  shaded-pole  electro- 
magnet is  built  up  of  stampings  in  the  ordinary  way,  and  one- 
half  of  the  front  and  the  corresponding  half  of  the  back  pole  is 
surrounded  by  a  copper  shroud,  which  causes  the  flux  eman- 
ating from  these  portions  of  the  pole  to  be  retarded  in  phase 
behind  the  flux  due  to  the  unshrouded  portions  of  the  pole. 
The  currents  induced  in  the  disc  by  the  shrouded  portions 
occupy  a  position  under  the  unshrouded  portion,  and  vice 
versa;  and,  owing  to  the  phase  displacement,  there  is  a 
current  component  induced  in  the  disc  under  each  portion 
of  the  pole  in  phase  with  the  magnetic  flux  emanating 
from  that  portion  of  the  pole,  resulting  in  a  torque  in  one 
direction.  The  value  of  the  torque  depends  upon  the  flux- 
densitv,  phase  displacement  and  quantity  of  material  in 
the   disc   acted   upon.     Since,   however,   the  disc  has.   as 


Fig.  I. — Ferranti  Induction  Instrument, 
at  by  arranging  for  the  movement  to  swing  over  an  arc  of 
the  order  of  .300  deg.     The  induction  type  instrument  not 
only  lends  itself  admirably  to  this  purpose,  but  also  allows 
the  scale  to  be  made  open  or  closed  at  any  one  part  of  the  arc     erroi  s  in  the  accuracy  of  the  instrument 


Fig.  3.— Long  Scale  Power  Factor  Inoicator. 

already  explained,  a  spiial  form,  the  quantity  of  material 
acted  upon  by  the  pole  varies  as  the  movement  is  deflected ; 
and  by  suitably  shaping  the  disc  it  is  evident  that  any  form 
of  scale,  whether  uniform  or  not,  can  be  arrived  at.  The  disc 
is  controlled  by  a  system  of  hair  springs  in  the  usual  manner. 
The  torque  exerted  u])on  the  movement  in  this  class  of 
instrument  is  very  considerable,  a  torque  of  2-5  gramme- 
centimetres  being  easily  obtainable.  This  is  naturally  of 
considerable  importance,  since  with  a  large  torque  slight 
variaticns   of   pivot   friction   do   not   produce   perceptible 
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The  instruments,  as  manufactured  by  Messrs.  Ferranti, 
are  compensated  for  frequency,  wave  form  and  temperature 
changes.  This  compensation  is  effected  in  the  case  of 
amnieteis  by  a  suitable  .shunt  connected  across  the  main 
windin".  The  shunt  is  non-inductive,  and  will,  therefore, 
shunt  a  larger  proportion  of  the  whole  current  with  an 
increase  of  frequency.  Otlier  conditions  remaining  the 
same,  the  torque  upon  the  disc  increases  with  frequency ; 
consequently,  by  arranging  to  shunt  a  larger  proportion 
of  the  current  when  the  frequency  increases,  the  neces- 
sary correction  is  obtained.  The  shunt,  again,  has  a  some- 
what different  temperature  coefficient  to  that  of  the  main 


Fig.  4. — Long  Scale  Induction  Indicating  Wattmeter. 

winding,  and  consequently  the  amount  of  current  shunted 
depends  also  upon  temperature.  The  shunt,  therefore,  at 
the  same  time  is  arranged  to  provide  the  necessary  tempera- 
ture compensation.  In  the  case  of  the  voltmeters,  the  compen- 
sation for  frequency  and  wave  form  is  al.so  partly  due  to  a  non- 
inductive  series  resistance  inserted  in  the  voltmeter  circuit. 

Figs.  2,  3  and  4  illustrate  other  types  of  Ferranti  instru- 
ments, such  as  power-factor  indicators,  which  are  designed 
in  harmony  with  the  foregoing  criteria. 


BritisI)  Westingbouse 
€lcctric  Tans.    .    . 


THE   British   Westinghouse   Mfg.    Co.'s   1909   electric 
desk  fans,  although  containing  several  new  features, 
show  a  considerable  reduction  in  price.     They  are 
made  both  for  direct  and  alternating  currents,  the  former 
having  blades  from  Ts  in.  to  16  in.  in  diameter.    The  blades 
of  the  alternating-current  fans  vary  from  9  in.  to  16  in. 

The  12  in.,  14  in.  and  16  in.  type  of  direct-current  fan  is 
quite  a  special  production,  beautifully  made  and  artistically 
fini.shed  in  black  enamel  with  gold  lines.  The  blades  are  of 
lacquered  brass  and  are  highly  polished.  They  are  a  com- 
bination of  the  desk  and  bracket  type,  and  being  quite 
portaljle  and  having  complete  universal  movements,  can 
be  converted  from  desk  to  bracket  use  merely  by  operating 
a  thumb  screw.  They  are  also  provided  with  a  swivel  and 
truimion,  so  tliat  all  the  movements  required  can  be  ob- 
tained without  the  aid  of  a  screwdriver. 

The  new  fan  regulators  for  50  per  cent,  speed  regulation 
have  been  specially  designed  for  use  with  direct-current 
ceiling  fans  and  small  motors.  The  cover  is  efficiently 
ventilated  and  is  insect-proof,  which  is  absolutely  essential 
in  tropical  countries.  It  is  thoroughly  insulated  and  has 
no  exposed  parts.  The  resistances  are  of  the  Westinghouse 
patent  unit  type,  and  in  case  of  a  burn-out  can  be  easily 
and  quickly  replaced  after  removing  the  cover.    It  is  artistic 


in  design,  the  cover  being  of  antique  hammered  copper. 

Though  the  ceiling  fans  have  undergone  no  radical  change 
of  design,  various  improvements  have  been  effected.  They 
have  four  wooden  blades  with  a  sweep  of  .57  in.  The  motors 
are  controlled  by  a  conveniently  located  switch,  and  give 


Westinghouse  Fan  Regulator. 

three  speeds  of  100,  150  and  200  revs,  per  min.  Ths  rotating 
element  is  mounted  on  ball  bearings  with  an  effective 
system  of  automatic  lubrication  and  practically  noiseless 
working.  The  direct-current  ceiling  fans  have  similar 
speeds,  the  consumption  of  energy  depending  on  the  speed, 
which  is  controlled  by  a  regulating  resistance  cut  in  and  out 
of  the  circuit  by  means  of  the  switch  mounted  on  the  under  side 
of  the  fan.    The  commutator  gives  .sparkless  commutation. 

The  new  type  of  direct-current  box-blade  fans  are  of  very 
powerful  make.  They  are  in  10  sizes,  with  speeds  ranging 
from  250  to  1,000  revs,  per  min.  They  can  be  worked 
horizontally  or  vertically  without  any  alteration  or  adjust- 
ment, and  are  smartly  finished,  the  frame  in  green  and  the 
blades  in  red. 
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2,000  B.P.  Bioipcr  motor. 


THE  recent  introduction  of  the  electric  drive  into 
iron  and  steel  works  has  had  the  result  that  the 
Mowing  machines  are  now  usually  actuated  by 
this  nit-ans.  A  motor  installed  at  the  Peiner  works  by  the 
Feltcn  &  Guilleaume-Lahmeyerwerke  All.,  of  Frankfort- 
on-Main,  fur  this  jiurpose  is  interesting  for  several  reasons. 
It  is  claimed  to  be  one  of  the  largest  con'.iuuons-current 


be.  The  armature  core  is  built  up  of  soft  iron  stampings 
12  in.  wide  and  has  a  diameter  of  l.j  ft.  and  a  breadth  of 
:Ji't.  _  It  is  keyed  on  to  a  shaft  of  diameter  2  ft.  6  in., 
and  is  carried  on  two  bearings.  Current  is  conveyed  to 
the  armature  by  20  brush  bars,  eacli  containing  seven 
bruslies.  The  commutator  is  12  ft.  in  diameter,  and  has 
11  in.  of  useful  breadth.  Tiie  brush-holder  is  fi.xed  to  the 
frame  of  the  machine  by  a  special  support,  by  the  use  of 
which,  it  is  claimed,  all  chance  of  any  oil  reaching  the 
current-can  ying  parts  is  avoided. 

The  motor  is  fitted  witli  a  shunt  regulator  and  with  a 
starting  rheostat,  by  which 
also  the  speed  is  controlled 
between  22  and  40  revs,  j  or 
mill.  It  is.  there.''ore,  con- 
structed with  extra  generous 
dimensions.  In  practice, 
however,  it  is  e.Niiected  that 
this  regulation  will  scarcely 
ever  be  employed.  The  start- 
ing resistance  is  divided  into 
nine  sections.made  up  of  sheet 
iron  and  carried  on  porcelain 
insulators.  The  starter 
brushes,  which  are  fi.xed  on  a 
movable  nut  running  on  a 
.square  tiireadcd  screw,  whicli 
is  fitted  with  a  lumd  wheel, 
slide  on  the  faces  of  contacts 
conned ed  to  these  resistances. 
\Vheii  the  motor  is  started,  as 


Fig.  1.-2,030  H.P  D.C  Blower  Motor. 

motors  that  has  been  built  up 
to  the  present  time,  and  as 
far  as  is  known  it  is  the 
first  that  has  been  applied  to 
driving  blowing  machinery 
in  steel  works.  Such  macliines 
as  blowers  provide  unly  an 
intermittent  load,  but  when 
it  is  neces.sary  to  blow  a 
charge  they  must  Ijeinstautly 
ready.  Furtiier,  it  is  neces- 
sary that  their  speed  should 
be  capable  of  regulation  be- 
tween wide  limits  in  order 
that  the  pressure  of  the  air 
lilown  throng])  the  furnaces 
may  be  maintained  at  any 
desired  value.  It  was,  in  fact, 
this  last  condition  that  d(;ter- 
mined  the  Felten  &  Guill- 


Fig.  2.— Rsguhting  and  Starting  Gear  for  2,000  H.P.  Motor. 


eauine-LahmeyerwerkeCo.  to  useacontinuous-current  motor. 
This  motor,  wiiich  is  of  the  sluint  type,  is  illustrated  in 
Fig.  1.  It  is  supplied  with  current  at  TjOO  volts,  and  is 
capable  of  developing  2,000  ji.i-.  when  running  at  any 
speed  between  ;30  and  80  revs,  per  min.  At  a  speed  of 
■40  rev.s.  it  is  designed  to  give  1,-500  ii.j>.,  and  at  least 
fiOO  ii.i'.  when  running  at  22  rev.s.  It  will  thus  be  seen 
that  a  large  range  of  power  can  be  obtained  with  great 
ease.  Tlie  field  system  is  made  np  of  20  pcjles  of  circular 
seetion  and  \^  in.  in  diameter,  between  which  are  placed 
the  same  number  of  auxiliary  poles,  with  the  idea  of 
avoidmg  sparking  at  tlu-   brushes  wiiatever  the  load  may 


each  main  brush  leaves  the  starter  contact,  the  au.xiliary 
brushes  put  the  following  contact  in  circuit  with  a  rod  of 
copper  connected  to  an  electrode  whicli  is  immersed  in  a 
spicial  liquid  resistance.  The  oliject  of  this  is  to  prevent 
tlie  sudden  alteration  in  current  which  would  residt  from 
the  fact  that  the  numlier  of  secti<ms  on  the  starter  is  small. 
This  electrode  is  carried  on  a  spindle  keyed  to  the  screw 
so  that  its  position  at  any  instant  corresponds  exactly  with 
that  of  the  brush.  As  it  Ijccomes  more  and  more  immersed 
the  resistance  of  the  liipiid  becomes  less  until  as  the  starter 
reaches  the  last  contact  it  is  cut  out  altogether. 

Tlie  fitting  which  supports  the  screw  and  the  contacts  ig 


37 


divided  into  tw(j  sep.irate  compartments.  One  of  tliese 
contains  the  liquid  resistance,  while  in  the  other  is  fixed  a 
double-pole  automatic  circuit-breaker.  An  indicating 
arran"enient  worked  by  the  screw  jIiows  at  any  instant  the 
position  of  the  lirushes  on  the  starter.  The  automatic 
circuit-breaker  is  interlocked  with  tliis  arrangement,  and 
cannot  be  switched  in  until  the  starter  brushes  are  brought 
Ijack  to  their  initial  position.  Further,  a  liell  which  works 
in  connection  with  tiiis  indicating  arrangement  prevents 
the  principal  starter  brushes  from  being  stopped  between 
two  of  the  starter  contacts,  in  which  case  all  the  current 
would  be  passed  continuously  through  the  liquid  resistance. 
The  small  wheel,  which  can  be  seen  below  that  of  the 
starter  in  Fig.  2,  works  the  shunt  regulator  through  a  chain 
and  gear  wheels,  so  that  the  speed  of  the  motor  can  be 
altered  between  40  and  80  revs,  per  inin.  without  any 
oreat  expenditure  of  energy.  The  man  in  ciiarge  of  this 
set  is  made  aware  of  the  working  conditions  of  the  blower 
by  the  readings  of  a  pressure  gauge,  which  shows  the  pres- 
sure in  thee.Nhaust  pipe,  and  by  a  voltmeter  and  ammeter, 
which  read  up  to  500  volts  and  5,000  amperes  respectively. 
Further,  he  is  in  communication  with  the  furnace  room  by 
means  of  a  bell  system  which  is  shortly  to  be  replaced  by 
iiu  optical  telegraph.  This  apparatus,  by  means  of  a  num- 
ber of  incandescent  lamps,  allows  a  whole  series  of  signals 
to  be  accurately  and  clearly  transmitted. 

Tliis  interesting  motor  was  put  into  operation  in  January 
last,  and  as  the  result  of  tests  made  at  tliat  period  it  would 
seem  that  it  is  capable  of  fulfilling  all  the  conditions  likely 
to  be  impo.sed  upon  it.  By  closing  the  exhaust  valve  from 
the  blower  the  load  on  the  motor  was  raised  to  as  much  as 
2,6;'i0  ii.r.,  correspouding  to  a  current  of  4,100  amperes, 
without  any  heating  of  the  brushes.  As  under  ordinary 
couditions  the  current  will  not  exceed  2,H0O  to  3,900 
ampere.s,  it  would  seem  that  the  sparkless  operation  at  all 
loads  is  fully  assured.  The  blowing  of  the  charge  takes 
about  V'l  minutes  on  an  average,  and  there  is  an  interval 
of  18  and  20  minutes  between  two  blowings,  during 
which  the  motor  runs  light  at  a  speed  of  40  revs,  per  min. 
This  method  of  working  has  been  adopted  under  normal 
couditions  as  it  permits  the  motor  to  be  taken  advantage 
of  at  any  instant,  and  is  not  more  costly  than  stopping 
tiie  motor  between  the  blowing,  as  the  energy  only  costs 
about  |d.  per  unit ;  besides,  it  allows  economy  as  regards 
labour,  as  one  man  can  look  after  the  whole  installation. 
Further,  frequent  startings  of  such  a  set  as  this  would  be 
very  inconvenient  and  would  cause  a  large  expenditure  of 
energy.  Tests  on  this  machine  have  shown  that  its  use 
instead  of  the  .steam  blowing  apparatus  formerly  employed 
lias  given  rise  to  an  increased  production,  owing  to  the 
greater  speed  at  which  the  charges  can  be  blown. 


Veritps  fm$. 


AT  this  time  of  year,  with  the  hot  weather  in  the 
ofhng,  our  thoughts  turn  towards  fans  and  the 
cooling  breezes  produced  by  their  use.  Among 
tan  makers  who  have  a  useful  range  of  electric  fans  are 
Messrs. Veritys,  and  an  interesting  fan  made  by  them  is  shown 
in  Fig.  1.  This  is  known  as  the  "  Delhi "  desk  fan  and 
IS  intended  for  alternating-current  work.  It  is  of  special 
interest,  as  Messrs.  Veritys  consider  that  it  is  one  of  the 
few  of  its  kind  made  in  this  country,  most  alternating- 
current  fans  being  of  foreign  make.  The  problem  of  the 
proper  design  of  these  fans  is  more  difficult  than  would  be 
thought  at  fii-st  sight.  They  are  made  for  two  standard 
voltages,  from  100  to  125  and  200  to  250  volts  respectively, 
and  for  four  frequencies  consumption  varying  from  55  to  70 
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watts.  These  fans  have  a  blade  diameter  of  12  in.  The 
"  Delhi  "  desk  fan  is  fitted  with  a  self-starting  induction 
motor  and  no  fibie  whatever  is  used  in  its  construction. 
Three  speeds  are  obtainable.  The  bearings  of  this  fan,  and 
aLso  of  the  "  Typhoon  "  desk  fan,  which  we  describe  below, 
are  made  of  solid  cast-iron  in  which  the  spindle  runs.  These 
bearings  are  of  ample  length,  and  by  dispensing  with  the 
usual  gun-metal  liners  perfect  alignment  can  be  secured. 


The  next  fan  on  the  li.st  is  the  "  Typhoon  "  combined 
table  and  bracket  fan,  which  we  illustrate  in  Fig.  2.  This 
is  provided  with  a  very  neat  arrangement  by  which 
the  fan  and  trunnion  can  be  taken  out  of  the  pedestal 
stand  and  placed  in  another  socket  also  provided  on  the 
pedestal,  so  that  the  desk  fan  is  transformed  into  one  of 
the  bracket  type.  This  fan  is  made  in  three  sizes,  having 
blade  diameters  of  9  in.,  12  in.  and  16  in.  respectively,  two 


Fig.  2. 

speeds  being  available  in  each  size.  The  motors  pro- 
vided with  these  fans  are  made  for  pressures  of  24,  (55, 
100  to  110,  200  to  220,  and  2:i0  to  2(50  volts  respectively. 
The  blades  are  of  polished  brass  and  are  protected  by  a 
substantial  brass  guard  strongly-  supported  by  corrugateil 
straps.  The  motor  is  of  the  "  Aston  "  type  and  is  specially 
designed  for  silent  and  sparkless  running.  The  regulator 
provided  gives  two  speeds  with  an  "  off  "  position. 

An  "  Aston  "  ventilating  fan  suitable  for  more  serious 
ventilating  work  is  also  made  by  Messrs.  Veritys. 
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Cdltorlal. 


The  Electrical  ^"  ^"^^'^  ^^^e  early  days  of  the  electrical 
Production  of  industry  William  Siemeus  succeeded  in 
ron  an  Steel  employing  the  electric  current  for  the  pro- 
duction of  steel,  and  one  of  the  sights  of  the  Paris  E.Khibi- 
tion  of  1881  was  a  small  ingot  of  metal  made  in  an  elec- 
tric furnace.  Like  many  other  inventions,  liovvever,  this 
furnace  was  somewhat  before  its  time,  and  it  was  not'until 
quite  recent  years  that  electrical  methods  of  producing  iron 
and  steel  became  economically  possible.  Since  its  second 
birth,  however,  the  advances  in  this  direction  have  been 
very  rapid  and  its  position  in  the  iron  and  steel  world  may 
be  rightly  gauged  by  the  prominence  given  to  such  I'apeis 
on  the  subject  as  have  recently  been  read  before  the  Iron 
and  Steel  Institute.  Nor  is  the  application  of  electricity 
in  metallurgy  confined  to  iron  and  steel,  for  it  is  common 
knowledge  that  one  very  widely-used  metal,  aluminium 
would  scarcely  be  more  than  a  chemical  curiosity  without  its 
aid.  To  make  the  various  electrical  processes  an  industrial 
success,  clieap  power  is  an  absolute  necessity  ;  and  it  is  in- 
teresting to  know  that  where  this  is  available,  such 
methods  are  economically  advantageou.s.  For  instance 
according  to  Mr.  I'ring,  in  California,  commercial  pig  iron 
made  by  electrical  methods  can  be  obtained  on  the  San 
Francisco  market  at  half  the  price  of  the  inipoited  material 
The  advantages  of  producing  irai  from  the  ore  by  elec- 
trical means  are  not  so  pronounced  as  those  obtained  when 
the  same  methods  are  applied  to  steel  manufacture.  An 
exceedingly  economical  cycle  of  operations  seems  to  be  made 
up  of  the  following  sections :  The  production  of  iron  in  the 
ordinary  blast  furnace,  the  heating  of  the  iron  in  either  an 
ordinary  or  electric  furnace,  and  its  final  purification  in  the 
electric  furnace.  It  is  found  that  a  much  better  quality  of 
steel  is  obtained  in  this  way  than  by  the  ordinary  methods  • 
doubtless   owing   tu   the   easier    manipulation   which    is 


possible,  especially  in  the  induction  or  conducting  hearth 
type  of  furnace.  In  such  an  installation  blast  furnace  gas 
used  in  connection  with  suitable  engines  would,  of  course, 
be  employed,  and  cheap  power  thus  obtained.  At  the 
present  time  in  this  country,  unless  something  of  this 
kind  is  done,  the  outlook  for  the  electric  furnace  is  not 
\ery  bright ;  for  coke  is  cheap,  and  it  has  ))een  shown  that 
the  costs  of  the  blast  and  electric  furnaces  are  equal  when 
coke  is  25s.  per  ton  and  electricity  £2  per  horse-power- 
year,  or  0-073d.  per  unit.  In  countries  where  the  condi- 
tions are  reveised,  and  plenty  of  cheap  water  power  is 
available,  much  development  may  be  made  in  the  near 
future  along  the  lines  of  electric  i)roduction  of  iron  from 
its  ores.  As  regards  steel  refining,  on  the  other  hand, 
electrical  prospects  are  even  more  rosy,  as  the  difi'erence  in 
the  costs  of  heating  are  not  so  great.  Besides,  as  men- 
tioned above,  the  metal  obtained  is  of  a  higher  quality, 
a  factor  which  should  l:ie  l)y  no  means  overlooked  in 
considering  this  question.  To  the  supply  engineer,  per- 
haps, the  matter  is  not  one  of  extreme  importance,  but  to 
electrical  engineers  in  general  it  will  be  helpful  to  know 
the  progress  which  is  being  nuade  in  what  was  only  a 
few  years  ago  quite  a  virgin  field. 

_.,     ^  ^  The  primary  idea  of  the  designer  of  the 

The  Advan        ,.,•,..  i  i^  •  ,  ,     , 

tages  of  OiUim   hrst  oil  switch  was  to  provide  a  method 

mersed  Switch  of  breaking  an  electrical  circuit  without 
Contacts,  . 

an  accompaniment  of  destructive  arcing. 

As  is  so  often  the  case,  however,  this  idea  was  the  cause  of 
imjjroved  operation  in  quite  other  directions  to  those  first 
thought  of  by  the  inventor,  for  it  has  since  been  found  that 
while  oil-immersed  switches  are  excellent  from  the  point 
of  view  of  preventing  arcing,  they  have  a  further  advantage 
in  that  they  increase  the  conductivity  of  the  actual  con- 
tacts— i.e.,  the  conductivity  of  such  switches  at  the  point 
of  contact  has  been  found  to  be  considerably  greater  than 
in  the  case  of  dry  contacts,  for  a  given  area  and  a  given 
pressure  between  the  contacts.  Mr.  Browning,  who  carried 
out  some  experiments  on  this  subject,  at  Manchester  in 
1906,  showed  that  the  ratio  of  the  conductivities  of  oil- 
immer.sed  and  dry  contacts  was  as  130  to  34  in  favour 
of  the  former  with  a  mechanical  pressure  of  15  lb.  per 
square  inch.  At  a  pressure  of  35  lb.  per  square  inch, 
at  which  pressure  the  highest  conductivity  was  obtained, 
the  ratio  was  decreased  to  130  to  G8.  The  actual  condi- 
tion of  the  contacts,  as  would  naturally  be  expected  from 
the  above  figures,  was  much  better  when  they  were  kept 
under  oil.  The  explanation  of  this  improved  efficiency  is 
proliably  a  double  one.  In  the  first  place  oxidation  cannot 
take  place,  and  as  copper  oxide  is  a  bad  conductor  its 
absence  cannot  but  help  to  lower  the  contact  resistance  of 
the  switch.  The  other  reason  put  forward  is  that,  the  space 
between  the  actual  points  of  contact  being  filled  with  a 
thin  film  of  oil  instead  of  air,  the  conductivity  of  the  whole 
area  is  improved  in  such  proportion  as  an  oil  is  a  better 
conductor  than  air.  This  is  certainly  an  interesting  point, 
for  it  is  evident  that  the  actual  contact  between  two  parts 
of  a  switch  at  the  so-called  point  of  contact  is  very  poor, 
and  that  a  thin  layer  of  air  is  always  present.  This,  in  the 
case  of  the  oil  switch,  is  replaced  by  a  layer  of  oil  of  higher 
conductivity  than  the  air,  with  the  inqiroved  results  stated 
above.     It  would  be  interesting  to  know  the  effect  of  the 
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ordinary  steam-ladeu  atmosphere  of  a  central  station  on 
the  conductivity  of  the  switch  contacts.  At  first  sight  it 
would  seem  that  a  layer  of  damp  air  would  increase  the 
conductivity,  but  any  such  increase  in  this  direction  is 
probably  more  than  counteracted  by  the  oxidising  effect  of 
the  air.  Such  an  increase  in  conductivity  as  that  men- 
tioned above  should  lead  to  a  substantial  reduction  in  the 
lieating  losses  and,  though  small,  may  none  the  less  be  worth 
considering  from  an  economical  point  of  view.  At  the 
present  time  oil-switches  are  generally  used  on  alternating- 
current  circuits,  liut  their  employment  on  continuous 
currents  as  well  presents  no  unsurmountable  difficulties. 
This  particular  question  is  one  which  falls  within  the 
scope  of  what  may  l)e  called  theoretical  engineering.  It  is 
perhaps  not  so  economically  important  as  some  of  the  prob- 
lems now  exercising  the  minds  of  engineers  ;  though  this 
side  should  not  be  neglected,  and  it  is  interesting  in  that 
it  gives  an  insight  into  the  "  how  "  of  engineering  work. 

The   motor   car   can    certainly   be   no 

. ,  FJ.^'^*'''f     longer  considered  merely  as   a    thin"  of 
Lighting  of  "  ,     ,.       ,      ■ 

Motor  Cars,     pleasure.      It  is  now  used    tor  business 

purposes  to  a  very  large  extent,  and  is 
also  finding  an  increasing  application  in  the  transport  of 
both  humans  and  goods.  This  being  so,  it  is  not  surprising 
to  find  that  care  is  being  taken  so  to  equip  cars  that  they 
are  capable  of  use  at  all  hours  of  the  day  and  night  To 
fulfil  such  a  condition  some  method  of  artificial  lighting  of 
the  interior  of  the  car  becomes  necessary,  wiiile  the  head- 
lights also  have  to  be  illumiiiated  by  some  means  or  other. 


Following  the  example  of  the  bicycle,  oil  and  acetylene  are 
both  used  for  these  purposes,  but  the  claims  of  electricity  as 
the  best  lighting  agent  have  not  gone  unconsidered.  For 
the  electrical  lighting  of  cars,  accumulators,  which  are  also 
employed  for  supplying  the  ignition,  are  often  used.  This 
method  has  certain  obvious  disadvantages,  especially  when 
the  car  has  to  cover  a  large  mileage  regularly  every  day, 
as  in  the  case  of  motor  omnibuses.  Under  such  conditions 
the  battery  would  have  to  be  of  large  capacity,  and  there- 
fore heavy,  to  supply  the  necessary  current  for  an  extended 
period  without  failure.  The  dead-weight  of  the  car  would, 
as  a  consequence,  be  considerably  increased.  The  problem 
confronting  motor  engineers  has  already  been  successfully 
attacked  on  our  railways  with  the  result  that  various  methods 
have  been  proposed  in  which  a  dynamo  driven  from  the  axle 
mainly  supplies  lighting,  but  is  re-inforced  b}-  a  battery 
when  the  train  is  standing  still.  A  similar  principle  has 
been  applied  to  motor  omnibuses,  for  we  understand  that 
22  steam  cars  belonging  to  the  ^Metropolitan  Steam  Omni- 
bus Co.,  which  have  been  fitted  with  the  well-known 
Leitner  system,  have  successfully  run  upwards  of  half-a- 
million  car-miles.  The  provision  of  sucii  a  portable 
"  central  station  "  has  the  advantage  that,  barring  extra- 
ordinary accidents,  the  good  operation  of  both  the  ignition 
and  lighting  is  safeguarded.  Uood  ignition  can,  it  is  true, 
be  arranged  by  fitting  botii  a  magneto  and  battery,  but 
to  our  mind  the  portable  central  station  is  a  better  method, 
while  it  possesses  the  further  distinction  of  being  also  able 
to  provide  an  adequate  illumination  by  the  vaiious  car- 
lights,  both  interior  and  exterior,  at  night. 


SUPPLEMENT  to  "The  Electrician.-  Man  28.  1909. 


40 


HENLEY'S 


ITUMEN 


%#  ULCANISED    f^ 

CABLES 


W.  T.  HENLEY'S  TELEGRAPH  WORKS  Co.,  Ld., 
13  &  14,  BLOMFIELD  STREET,  E.G. 

Telephones :  T 

G.P.O.,  3596  Central.     N.T.O.,  4910  Loadoa  Wall  (3  lines).  Hcnleys  Works  Loudon, 


J{  Deu)  Compound 
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TN  the  great  majority  of  cases  where  electrical  energy  is 
A  transmitted  to  a  distance  from  the  generating  station 
it  is  veiv  necessary  to  know  at  the  switchboard  the 
voltage  at  the  feeding  point,  which  voltage,  of  course,  varies 
with  the  station  voltage  and  with  the  load  on  the  feeder. 
To  do  this,  pilot  wires  running  alongside  the  cable  are 
generally  used,  and  by  this  means  it  is  possible,  bv  using  a 
sufficiently  high  resistance  voltmeter,  to  obtain  in  the 
station  a  measure  of  voltage  at  the  distributing  point. 


This  voltmeter  was  calibrated  to  give  the  drop  in  volts 
directly.  For  this  purpose  an  adjustable  resistance  was  placed 
between  the  two  current  terminals,  and  if  for  any  reason  an 
alteration  of  the  resistance  of  the  feeder  took  place  with  a 
proportionate  alteration  in  volts,  it  was  sufficient  to  alter 
the  amount  of  this  resistance  to  obtain  again  the  differential 


Fig.  1. 


This  aiTangement,  which  is  always  costly,  is  often  by  no 
means  safe,  for  the  fine  pilot  wire  employed  deteriorates 
rapidly,  and  its  use  is  often  the  cause  of  bad  insulation.  On 
the  other  hand,  if  the  pilot  wires  are  kept  quite  separate  from 
the  others  their  in.stallation  and  fixing  moans  a  laj'ge  amount 
of  extra  labour. 

Means  have,  therefore,  been  sought  to  obtain  a  voltmeter, 
which,  while  connected  to  the  feeder  at  the  point  of  departure 
from  the  generating  station,  gives  readings  which  depend  on 
the  current  in  such  a  way  that  they  are  inversely  propor- 
tional to  the  load  on  the  feedci.  The  first  apj)aratus 
designed  for  this  purpose  consisted  of  a  .solenoidal  galvano- 
meter. This  had  two  windings  in  opposite  directions,  one 
of  thick  and  the  other  of  thin  wire.  The  fine  winding  was 
connected  across  the  station  voltage  whilst  the  feeder 
current  traversed  the  coarser.  The  magnetism  due  to  the 
feeder  current,  therefore,  opposed  that  due  to  the  voltmeter 
circuit,  so  that  the  readings  of  the  voltmeter  were  decreased 
in  proportion  to  the  strength  of  tlic  current  passing  along 
the  feeder. 


effect  desired.  This  interesting  arrangement  had  the  dis- 
advantage of  necessitating  the  employment  of  a  soft-iron 
galvanometer  which  is  always  exposed  to  hysteresis  errors, 
and  which  consequently  does  not  allow  these  instruments 
to  be  used  for  accui'ate  readings. 

The  latest  method  for  overcoming  these  difficulties  is  due 
to  M.  Pillier,  of  Messrs.  Chauvin  &  Arnoux,  of  Paris,  to 
which  firm  we  are  indebted  for  the  details  describing 
the  instrument.  In  this  method  the  use  of  highly  accurate 
moving  coil  voltmeters  of  the  d'Ai'sonval  type  is  possible 
for  continuous  current.  For  alternating  current,  voltmeters 
of  the  hot  wire  type  aic  necessary. 

Fig.  1  .shows  the  general  arrangement  of  the  apparatus. 
As  will  be  seen,  the  moving  coil  G  is  connected  to  one  pole  of 
the  circuit  through  a  resistance,  R,,  which  is  called  the  circuit 
resistance.  It  is  also  connected  across  the  terminals  of  the 
shunt  S,  through  a  resistance  equal  to  its  own.  The 
current  due  to  the  voltage  tends  to  divide  into  two 
equal  parts  thro\igh  the  resistance  and  the  coil.  In  the 
same  Way  a  current  due  to  the  main  current  flows  through 


41 


SUPPLEMENT  to  "  The  Electrician."  Mai/  28.  1909. 


the    coil    and     resistance.        This,     as     shown     by     the  the  place  of  ordinary  or  fiame  arc  lamps  either  for  outdoor 

arrows,  opposes  the   "  voltage  "    current  in  the  instrument  or  indoor  work  ;   but  they  possess  an  advantage  in  the  way 

and  is  added  to  it  in  the  resistance.     By  determining  these  of  small  capital  outlay  and  there  are  besides  many  interior 
two  currents  it  is  found  that  the  current  passing  through  the 
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Fig.  3. — Chauvin  &  Arnoux  Compound  Voltmeter. 

coil  depends  on  the  generator  voltage  and  on  the  cui'rent 
in  the  feeder,  so  that  the  deflection  is  in  proportion  to  the 
voltage  to  be  measured. 

A  similar  arrangement  can  be  used  on  ;3-wire  circuits, 
but  the  connections  are  necessarily  more  complex.  The 
voltmeter  in  this  case  is  of  the  differential  type  and  has 
two  moving  coils  mounted  on  the  one  spindle  and  deflect- 
ing in  the  field  of  one  electro-magnet.  The  requirements 
in  this  case  are  of  course  to  obtain  a  deflection  of  the 
needle,  which  will  be  equal  to  the  algebraic  sum  of  the 
deflections  of  both  the  moving  coils  taken  separately.  The 
additional  shunt,  which  is  connected  in  the  middle  wire,  as 
shown,  renders  it  possible  to  obtain  accurate  readings  on 
both  instruments,  even  when  the  out  balance  current  is 
considerable.  Fig.  2  shows  the  diagram  of  connections  when 
such  a  voltmeter  is  connected  to  a  three- wire  system,  while 
in  Fig.  3  is  shown  a  general  view  of  a  compound  voltmeter 
of  the  moving  coil  type  with  shunt  complete. 

This  interesting  instrument  is  supplied  in  this  country 
by  Messrs.  Wni.  (ieipel  &  Co.,  of  London. 


Fig.  1. — Reason  Shop  Fitting  for  Exterior  Work. 

show  rooms  and  show  cases  where  the  light  of  even  a 
miniature  arc  lamp  is  more  than  is  either  necessary  or 
desirable.  It  is  to  meet  such  cases  that  these  fittings  are 
particularly  applicable. 


Sftop  Ciflhtitifl  yittitifls. 

THE  design  of  suitable  fittings  for  lighting  shoji  windows 
has  recently  received  much  attention,  while  the  in- 
troduction of  metallic  filament  lamps  has  rendered 
certain  modifications  in  the  details  of  these  fittings  neces- 
sary. Among  the  firms  who  have  had  this  question  under 
consideration  are  the  Reason  Manufacturing  Co.  of  lirighton, 
who  have,  as  a  result,  been  led  to  design  a  line  of  fittings 
specially  for  use  with  these  lamps,  so  that  full  advantage 
may  be  taken  of  a  cheap  and  efficient  method  of  lighting. 
Without  touching  upon  a  delicate  subject,  we  may  say  that 
there  can  be  no  doubt  that  such  an  arrangement  as  that 
proposed  by  the  Reason  Co.  offers  certain  well-defined 
advantages  over  any  system  of  gas  lighting. 

The  fittings  illustrated  hefewith  aie  not  intended  to  take 
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A  "  Reason"  shop  reflector  for  outside  work  is  sliown  in 
Fig.  1.  It  is  claimed  for  it  that  it  is  cheap  and  efficient, 
and  can  be  fixed  in  a  very  short  time  by  any  workman. 
The  special  point  about  this  fitting  is  the  .silvered  glass 
reflector  which  is  placed  at  the  back  of  the  lamp  and  which 


Fig.  2. — "Reason"  Shop  Reflector  for  Inside  Worlc. 

enormously  increases  the  effective  candle-power  in  the 
direction  where  it  is  most  required.  The  light  is  also 
diffused  satisfactorily,  a  point  of  some  importance  where 
the  actual  source  of  light  is  as  concentrated  as  in  a  metallic 
filament  lamp.  The  globe  is  attached  to  a  strong  cast- 
iron  ring  and  can  readily  be  removed  for  cleaning  and 
renewal.  This  fitting  can  be  made  more  ornamental,  if 
desired,  by  the  addition  of  scroll  work  or  other  design  in 
accordance  with  the  existing  decoration. 

A  strong  window  fitting  for  interior  work  is  shown  in 
Fig.  2  ;  a  somewhat  similar  fitting  fixed  at  the  end  of  a 
bracket  arm  is  also  supplied.  The  reflectors  used  are  of 
a  patent  silvered  glass  type  in  which  the  silvering  is 
protected  by  two  walls  of  glass,  being  thereby  sealed 
up,  so  that  it  is  contained  in  an  air-tight  and  dust-proof 


Figs.  3  and  4.—"  Reason  "  Fittings  for  Use  witfi  Metallic  Filament 
Lamps. 

compartment.     The.se  are  also  safer  than  mo.st  glass-ware 
again.st  rough  handling 

Two  fittings  designed  for  use  with  high  candle  power 
incande.scent  lamps  are  illustrated  in  Figs.  3  and  4.  As 
will  be  seen,  these  fittings  are  similar  in  outward  appear- 
ance to  miniature  arc  lamps.  They  are  supplied  in  four 
types  ;  two  of  these  being  intended  for  outdoor  and  two 
for  indoor  work.  They  are  fitted  with  ordinary  bayonet 
fittings  and  when  used  with  a  300  c.p.  lamp  the  likeness  to 
a  miniature  arc  lamp  is  fairly  close.  Those  intended  for 
indoor  work  are  highly  finished  off  and  make  a  most  arti.stic 
fittinc 


Ci)e  Latest  in  Desk  fans. 

TTTE  are  pleased  to  put  before  our  readers  the  latest 
\  \      production  of  the  General  Electric  Co.  in  desk  fans. 


Fig.  I.— G.E.C.  Table  Fan,  Vertical  Type. 

It  is  interesting  to  note  that  although  much  better  mate- 
rial has  been  used  in  the  construction  of  these  fans,  the  cost 
of  production  has,  it  is  claimed,  been  considerably  reduced, 
while  at  the  same  time  a  much  lighter  and  neater  article, 


Fig.  2. — G  E.G.  Table  Fan,  Horizontal  Type. 

causing  as  great  an  air  movement  as  before,  has  been  put 
on  the  market.  The  regulating  resistance  and  switch  are 
identical  with  the  universal  patterns.  The  total  weight 
complete  with  fan  and  guard  is  only  lf|  lb.  The  diameter 
of  the  front  is  12  in.  only ;  the  fan  is  for  use  on  direct 
current. 


€kctric  WasBer. 


ELECTIiK'fTY  is  already  used  to  some  extent  in  the 
laundry,  and  the  latest  step  forward  in  this  direction 
is  the  "  Tlior  Hlectric  "  washing  machine  recently 
introduced  by  the  Hurley  Machine  (,'onipany  of  Chicago, 
it  consists  of  a  small  motor  connected  by  a  belt  to  the 
wash-tub,  the  current  being  obtained  from  an  ordinary 
lamp  socket.  The  wringer  is  also  specially  adapted  for 
use  with  a  motor,  and  can  be  started  and  stopped  by 
merely  pressing  a  button.  All  that  is  necessary  to  start 
the  work  is  to  fill,  partially,  the  machine  with  soapsuds, 
place  the  clothes  in  it  and  turn  on  the  current. 
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Roots'  Blowers, 


THE  maclunery  used  in  engineering  woric  for  llie 
purpose  of  delivering  air  under  pressure  may 'be 
conveniently  divided  into  Ihree  classes.  In  the 
tirst  of  these  are  placed  such  fans  as  deliver  comparatively 
large  volumes  of  air  at  a  pressure  slightly  above  that  of 


small  vulumes  of  air  at  pressures  above  that  of  tlie  atmos- 
phere. Intermediate  between  these  two  classes  is  the  third 
in  wliich  are  machines  delivering  moderate  volumes  of  air 
at  higher  pressures  than  are  those  of  the  first  class,  but  at 
the  same  time  also  delivering  larger  volumes  than  those  of 
the  second  class  at  lower  pressures.  Such  a  machine  is 
the  Boots'  blower,  manufactured  by  ]\Iessrs.  Thwaites 
Bros.,  of  Bradford. 

This  blower  was  first  introduced  iu  this  country  in  1876 


Fig.  I. — Etectrically-drlven  Roots'  Blowers. 

the  atmosphere.  Centrifugal  fans  are  examples  of  this  and  was  then  fitted  with  wooden  revolvers  covered  with 
class  of  machine.  In  tlie  next  class  are  placed  blow-  plastic  composition.  In  the  modern  machines,  bow- 
ing engines,  or  compressors,  which  deliver  comparatively     ever,  machined  iron  is  now  generally  employed.     These 
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revolvers,  ensures,  it  is  claimed,  both  great  regularity  iu 
running  and  absence  of  knocking.  Tlie  form  of  revolver 
ado])ted  is  the  result  of  oO  years'  experience  and  experi- 
ment, aud  gives,  it  is  said,  the  best  results  under  actual 
practical  conditions.  While  there  is  no  actual  contact 
between  revolvers  and  case  the  backward  leakage  of  the 
blast  is  a  minimum,  so  that  a  liigh  overall  etticiency  of 
tiie  blower  can  be  obtained,  and  volumes  of  air  up  to 
pressures  of  about  o  lb.  per  square  inch  obtained  with  ease 

The  case  in  which  the  revolvers  operate  is  carefully 
macliined  throughout,  its  semi-cylindrical  sides  being 
accurately  bored,  while  the  end  plates,  which  carry  the 
shaft  journals,  are  planed  and  the  journals  bored  simul- 
taneously on  a  duple  .v  boring  machine.  The  type  of 
journal  adopted  is  also  the  result  of  much  experiment,  the 
final  result  of  which  is  tlie  employment  of  a  special  conical 
adjustable  journal.  Tiiese  journals  allow  no  leakage  of 
the  air,  while  any  blowing  out  of  the  lubricant  is  quite  a 
remote  contingency.  The  gear  wheels  are  preferably 
moulded  from  a  machine-cut  pattern,  as  the  makers  con- 
sider that  this  ensures  a  better  accuracy  of  pitch  and  form 
of  teeth,  while  the  wlieels  themselves  are  more  durable  than 
those  of  the  machine-cut  type. 

Such  blowers  as  these,  which  are  made  in  sizes  varying 
from  that  capable  of  delivering  20  cubic  ft.  of  air  per  minute 
to  that  capable  of  delivering  25,000  cubic  ft.  of  air  per 
minute,  are,  of  course,  eminently  suited  for  use  with  the 
electric  drive.  An  example  of  a  Roots'  blower  direct- 
coupled  to  a  60  ii.p.  electric  motor  is  shown  in  Fig.  1.  In 
tliis  arrangement  the  armature  .shaft  carries  a  pinion  of 
cither  gunmetnl  or  compresseil  raw  hide,  which  gears  into 
a  spur-wheel  carried  on  an  extension  of  one  of  the  lilower 
shafts.  Botli  spur-wlieels  and  pinions  have  machine-cut 
teeth,  and  are  enclosed  in  an  iron  case.  By  means  of  a 
suitable  regulation  of  the  motor  varying  speeds  of  the 
1  )Ii  I wcr  can  be  olitained  and  the  amount  of  air  delivered  thus 


Fig.  2.— Thwaites'  Fans  coupled  direct  to  Motor. 

revolvers,  which  are  cast  in  one  piece  from  a  special  mix-  adjusted  to  any  desired  amount — an  arrangement  which  pos- 
ture of  cast  iron,  are  accurately  machined  all  over  to  gauge,  sesses  certain  obvious  advantages.  Fig.  2  illustrates  another 
and  are  then  carefully  balanced.  This  latter  operation,  side  oi  Messrs.  Thwaites  Bros.'  work,  showing  two  electri- 
combined  with  the  arrangement  employed  for  centring  the  cally-driven  ians  which  have  recently  been  constructed. 
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IT  seems  a  perfectly  obvious  fact  that  a  piece  of  engineer- 
ing apparatus  which  has  Vieen  developed  as  the  result 
of  wide  experience  and  after  many  years'  close  study 
of  the  conditions  under  which  it  is  required  to  work  is 
likely  to  be  more  efficient  tlian  one  wliicli  is  put  on  the 


have  been  supplied,  and  are  in  daily  use  in  ventilating  in- 
stallations of  various  kinds,  as  well  as  for  generating°and 
inducing  draught  in  boiler  houses  ashore  and  afloat  and  for 
removing  dust  or  shavings  from  machinery  and  workshops. 
The  casings  and  wheels  of  "  Ulster  "  fans  are  so  propor- 
tioned that  they  will  pass  the  largest  possible  volume  of 
air  or  gas  with  a  minimum  of  friction.  At  the  same  time 
they  are  capable  of  maintaining  either  a  high  pressure  or 


Fig.   1. — High-pressure  Electrically-drivea  Blower. 


market  straightaway  in  what  mai/  prove  a  perfect  form. 
Other  things  being  equal,  the  best  apparatus  is  admittedly 
turned  out  by  the  oldest-established  firms.  Among  these, 
at  any  rate  as  regards  fan  matters,  may  certainly  be  placed 


Fig.  2.—"  Ulster  ■'  Fan  lor  Induced  Draught  Work. 

Messrs.  Musgiave  &  Co.,  of  lielfast,  whose  "Ulster"  fans 
embody,  it  is  claimed,  the  results  of  long  practical  experi- 
ence, gained  in  designing  and  applying  this  class  of  equij)- 
ment  to  various  industries.     Large  numbers  of  these  fans 


suction  without  there  being  any  necessity  to  use  excessive 
speeds.  Great  care  is  taken  to  balance  the  fan  wheels 
correctly,  so  that  they  may  be  relied  upon  to  run  without 
vibration.  The  bearings  are  of  ample  length  and  are  of 
the  self-oiling  swivelling  type.  For  high  temperatures 
they  can  be  fitted  with  a  water-cooling  device.  The  com- 
ponent parts  of  the  "  Ulster  "  fans  are  constructed  strictly 
to  gauge  and  are  all  readily  interchangeable. 

Fig.  1  illustrates  Messrs.  Wusgrave's  high-pressure  type 
I  if  blower-.  It  is  made  specially  suitable  for  high  pressures 
and  small  volumes  of  air  such  as  would  be  required  in  con- 
nection with  cupolas  or  gas  plants  working  on  pressures  up 
to  20  in.  water  gauge.  The  fan  casings  of  these  blowers 
are  strongly  constructed  of  cast  iron,  while  tiie  wheels  and 
shafts  are  made  of  steel  tliroughout.  The  fans  are  sup- 
plied with  pulleys  for  separate  drive  by  belt,  or  they  can 
be  direct-coupled  to  a  motor,  as  shown  incur  illustration. 

Fig.  2  shows  an  "  Ulster "  fan  applied  to  mechanical 
draught  purposes.  This  type  is  intended  for  use  in  pro- 
ducing forced  draught  for  bailers,  smith's  forges  and  other 
similar  work.  It  is  specially  adapted  to  the  motor  drive, 
and  the  fan  and  motor  together  make  up  a  convenient  and 
also,  it  is  claimed, a  very  economical  combination.  "I'lster" 
I'ans  are  also  maile  in  medium  and  liigh-pressure  types, 
types  which  are  suitable  for  air  pressures  beyond  the  limits 
attainable  by  standard  "  Ulster  "  or  steel-plate  fans.  The 
medium-pressure  type  is  used  for  forced  draught  for  steam 
boilers,  forge  fires  and  dust  collecting  installations  where 
pressures  up  to  about  10  in.  water  gauge  with  a  moderate 
volume  of  air  are  necessary. 

The  question  of  induced  draught,  as  we  endeavoured  to 
show  iu  our  last  issue,  is  intimately  bound  up  with  economy 
in  the  boiler  house,  and  by  the  use  of  such  apparatus  as  tiie 
"  Ulster"  fan  a  large  increase  iu  efficiency  can  be  obtained 
in  this  part  of  the  station. 
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J\n  €lectricallp=ariueti 
Uloocm)orkina  Plant 
for  DortDcrn  Inaia.  > 

THE  application  of  the  electric  drive  to  siuli  opera- 
tions as  generally  take  ])lace  in  sawmills  is  well 
illustrated  bj'  some  recent  examples  of  wood-work- 
ing plant  that  have  been  built  by  Messrs.  J.  IM'ickles  ^;  Co., 


in  the  mill  that  consecutive  operations  of  the  material  with 
a  minimum  of  handling-  is  olitaiued. 

Fig.  1  shows  an  electrically-operated  vertical  log-sawing 
frame  with  a  roller  feed,  direct  driven  by  a  motor  through 
machine-cut  spur  and  raw-hide  gearing,  and  having  the 
starting  switch  in  the  handiest  position  for  operation.  This 
machine  is  made  by  ]\Iessrs.  Tickles  &  Co.  in  \arious  sizes 
to  take  logs  of  diameters  from  18  in.  to  48  in.  It  is  of  mas- 
sive construction  throughout,  and  is  arranged  to  carry  the 
ma.ximum  number  of  saws.  This  type  of  log  frame  is,  it  is 
claimed,  suitable  for  erection  in  almost  any  locality  ;  as, 
being  top-driven  and  self-contained  on  a  heavy  base  bed,  it 
can  lie  fixed  either  on  or  .slightly  below  the  floor  level. 
The  feed  motion  is  variable  and  is  effected  liy  a  roller  feed 


Fig,  I. — Veitical  Log-sawing  Machine. 


of  Hebden  Ihidge,  for  use  in  an  extensive  now  sawmill 
and  joinery  works  in  X(jrthern  India.  The  full  equip- 
ment consists  of  vertical  log  frames  for  dealing  with  logs 
up  to  '.i  ft.  in  diameter.  These  frames  carry  as  many  as  4.5 
saws  at  once.  Travelling  table  rack  saw  benciies  for  re- 
sawing  and  edging  operations,  as  well  as  roller  and  drag- 
feed  saw-benclies,  cross-cut  saws  .md  band  saws,  have  also 
been  installed.  A  feature  of  the  installation  is  a  number  of 
four-cutter  planing  and  moulding  machines,  while  some 
interesting  and  modern  joinery  machinery,  by  which  such 
operations  as  tenoning,  mortising  and  boring, as  well  as  t  urn- 
ing  and  mitreing,  can  be  eflectcd,  have  also  been  erected. 

All  tlie  machinery  in  this  mill  is  driven  by  alternating 
current  motors  from  a  high-tension  su]jply  working  at  a 
pressure  of  2,200  volts.  Some  of  the  macliines  are  direct 
driven  Ijy  separate  motors,  an  arrangement  which  possesses 
the  great  advantage  of  requiring  no  shafting  or  belting, 
while  at  the  same  time  the  equipment  can  be  so  arranged 


wiih  bogies  and  lails  as  shown.  II'  hard  irregular  logs 
have  to  be  dealt  with,  however,  it  is  found  that  a  rack  feed 
with  screw  clips,  rollers  and  stands  is  preferable. 

Fig.  2  shows  the  standard  type  crab  of  a  10-ton  electric 
three-motor  crane,  specially  designed  with  extra  strong 
gear  and  electrical  equipment  to  stand  the  rough  usage  of 
sawmills  or  timber  yards.  The  travelling  wheels  of  the 
crab,  and  also  of  the  cranes  themselves,  are  fitted  with 
closed  roller  bearings,  <o  that  the  friction  is  a  minimum, 
and  consequently  very  little  power  is  required,  especially  at 
starting  with  heavy  loails.  The  controllers  for  each  motor 
are  mounted  in  the  crab  itself,  which  is  covered  in  to  pro- 
tect the  gear  from  the  weather,  and  carries  the  operator, 
who  is  located  immediately  above  the  lifting  jiook.  The 
controllers  are  of  latest  tramway  type  combined  with  suit- 
able resistances.  15oth  mechanical  and  electrical  automatic 
brakes  are  provided  to  hold  the  load  in  any  position,  and  it 
can  be  lowered  without  current. 
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Fig.  2. — Standard  Type  Crab  for  10-ton  Crane. 

Messrs.  Pickles  make  a  speciality  of  supplying  cranes  of 
the  type  above  named,  iir  with  the  controller  cage  attached 
under  one  end,  special  attention  being  given  to  the  design, 
so  that  highest  amount  of  lift  and  minimum  headroom  is 
obtained.  These  cranes  are  made  f<ir  lifts  from  5  to  25 
tons,  and  each  size  is  of  generous  proportions,  so  that  the 
overloads  above  mentioned  can  be  tackled  with  ease. 


accurately  balanced,  and  gives  a  neat,  fin- 
ished appearance  to  the  whole.  Special 
attention  is  given  to  the  insulation,  and  the 
ciiiviplete  motors  arc  subjected  to  severe 
breakdown  tests  before  leaving  the  work*. 
Two  automatic  oil  rings  are  fitted  to  all 
motors  whose  output  exceeds  1  ii.i'.  The 
.'.tandard  two-pole  protected  type  motor  of 
the  1  11. P.  size  is  illustrated  in  Fig.  L  Tlie 
same  type  of  machine  is  used  on  standard 
fans,  and  is  found  to  give  very  satisfactory 
results,  both  as  regards  silent  running — a 
sjiecial  feature  of  this  firm's  motors^and 
efiiciency.  It  is  claimed  for  "Cyclone"  fans 
that  they  have  a  minimum  current  eon- 
sumption  for  a  maximum  of  air  moved. 
They  are  standardised  in  all  sizes  from 
0  in.  to  72  in.  diameter  for  working  on 
direct  current,  and  also  on  alternating 
current  either  single,  two  or  three-phase. 
All  parts  are  jigged  throughout  and  inter- 
changeable, and  the  fans  mn)'  be  run  with 
any  kind  of  discharge  to  suit  every  require- 
ment, oil  ring  bearings  being  fitted  for 
horizontal  positions  and  ball  bearings  for 
angular  and  vertical  positions. 
■  The   single-phase   motors   (one   of    which    fitted   to   a 


**Cpclone''  yan$> 


j\f(  IXG  those  firms  who  have  had  a  vast  deal  of  ex- 
perience in  fan  matters  may  be  mentioned  Messr.'^. 
Matthews  &  Yates,  of  Swinton,  near  Manchester. 
They  have  been  for  many  years  engaged  in  the  manufacture 
of  nil  types  of  fans,  lioth  direct-coupled  and  belt-driven,  and 
these  fans,  which  are  very  often  used  in  conjunction  with 
an  electric  motor,  are  made  for  every  conceivable  purpose 
for  which  such  devices  can  be  employed. 

An  apparatus  of  interest  in  connection  with  the  applica- 
tion of  the  electric  drive  to  fan  work  is  a  new  type  of  two-pole 
motor  which  has  lately  been  put  on  the  market  by  JVIessrs. 
Matthews  &  Yates.  The  armature  of  this  motor  is  former 
wound,  the  end  windings  being  carried  by  a  strong  cast- 
iron  plate,  which,  it  is  claimed,  enables  the  armature  to  be 


Fig.  l.-Slandard  Two-poL-  I  H.P.  Motor. 

"Cyclone"  fan  is  shown  in  Fi-'.  2)  have  an  auxiliary  start- 
ing winding,  so  that  it  is  possible  to  start  the  fau  up 
against  load  without  any  loose  pulley.   In  connection  with 


SUPPLEMENT  to  "The  Electrician."  Map  28.   1909. 


48 


LTD. 


FERRANTI 

'  HOLLINWOOD,   Lancashire 

SWITCHGEAR  FOR  MILLS. 


FERRANTI    SUB-STATION    SWITCHBOARD 

supplied  fo"-  the  recent 
MANCHESTER    ELECTRICAL   EXHIBITION. 


this  winding,  a  special  two-way  switch  is  used,  so  arranged 
that  it  cannot  be  left  in  the  starting  position. 

The  motor  is  of  the  induction  type  witli  a  squirrel-cage 
rotor,  and  is  wound  for  frequencies  between  50  and  87  for 
standard  speeds,  the  speed   being   reduced  or   increased 


Fig.  2.— Standard  "Cyclone"  Fan. 


sliglitly  from  standard  for  other  frequencies.  The  power 
factor  may  be  taken  as  O'C,  for  all  sizes,  for  speeds  between 
L'25  and  900  revs,  per  min.,  and  for  out[)uts  between  G.50 
and  10,.5()l)  cubic  ft.  ]mv  minute.  All  the  fan  motors  are 
wound  for  voltages  from  lOO  to  200,  with  the  exception  of 
tlie  smaller  sizes  with  wliich  a  suitable  transformer  is 
sujjplied. 

Attenticin  should  also  be  called  to  tlie  blade  construc- 
tion, which,  owing  to  its  open  type,  does  not  obstruct  natural 
ventilation,  a  detail  which  is  in  many  cases  very  desirable. 

Electric  blowers  (as  shown  in  Fig.  3)  are  also  standard- 
ised by  this  firm  in  sizes  from  SJin.  to  40  in.,  and  are  used 
for  ventilating  work  where  a  considerable  resistance  is  occa- 
sioned by  the  use  of  necessary  air  trunks,  and  where  higher 


Fig.  3.  — Standard  Electric  Blower. 

pressuresare required  than  can  beobtained  by  propeller  fans. 
Tiie  blower  illustrated  is  a  combination  of  a  light  pattern 
blower  and  exhauster  (as  constructed  for  general  ventilat- 
ing work,  wliere  high  jiressures  are  not  required)  and  a 
semi-enclosed  type  continuous-current  motor.  It  is  par- 
ticularly adapted  for  ventilating  pulilic  buildings,  hotels 
and  restaurants,  as  it  can  be  placed  in  any  out-of-the-way 
corner  and  air  trunks  carried  to  it.  Being  a  combination 
of  blower  and  motor,  there  are  no  belts  or  other  driving 
arrangements  required  beyond  the  necessary  connections 
to  the  supply  circuit.  It  is  built  for  either  right  or  left 
hand  working  and  to  discharge  in  any  position — vi::.,  top 
or  bottom  horizontal  discharge,  vertical  up  or  down  dis- 
charge, or  at  any  angle  between — as  may  lie  required  to 
suit  any  special  purpose. 

High-pressure  electric  blowers  for  gas  prnducers,  smiths' 
fires  and  similar  work,  to  suit  any  special  requirement,  are 
manufactured  by  this  firm,  who  are  experts  in  the  appli- 
cation of  fans  and  lilowers  for  all  purposes.  A  fan  of  this 
kind,  wiiich  has  been  specially  designed  to  meet  the  grow- 
ing demand  for  an  uij-to-date  machine,  that  will  give  the 
required  duty  with  the  maximum  efficiency  is  illustrated 
in  Fig.  4.  It  is  intended  for  all  purposes  where  a  small 
volume  at  high  pressure  is  required.     The  casing  is  built 
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entirely  of  mild  steel,  with  an  angle  iron  stiffener  at  the  base. 
The  bearings  are  well  adapted  for  their  work,  being  of  the 
self-lubricating  oil-ring  type,  and  fitted  with  e.xcra  long 
gunnietal  seatings.  A  modified  arrangement  of  this  fan 
is  used  for  exhausting  gas  in  conjunction  with  gas-producing 


Fig.  4.— Standard  High-Pressuie  Blower- 
plants,  when  the  iulet  and  outlet  are  fitted  with  drilled 
flanges  to  facilitate  the  attachment  of  gas  pipes,  and  a  gun- 
j.ietal  stuffing  gland  is  fixed  to  the  side  of  the  casing  wliere 
the  shaft  passes  through,  so  as  to  prevent  the  escape  of 
gas.  Tiiey  can  be  airanged  with  pulley  for  belt  driving 
or  be  fitted  with  direet-coupled  electric  motor. 


STEAM  TURBINES,     TRANSFORMERS      SWITCHBOARDS. 


GENERATORS. 


ELECTROLYSERS. 


OERLIKON 

D.C. 
SINGLE  AND   MULTIPHASE 

MOTORS 

For  All  Industrial  Purposes. 

THREE-PHASE  VARIABLE  SPEED 

MOTORS. 


Quality 
H/GHEST  Emciency 

Power  Factor 


Prices 
LOWEST  SWp 

Maintenance 


MASCHINENFABRIK   OERLIKON, 

BRITISH,  IRISH  AND  COLONIAL  DEPARTMENT. 

n    WIITHRIPH    CHIEF  ENGINEER     OSWALDESTRE  HOUSE, 
u.   vvuinniun,       jno  MANAGER,    NORFOLK  STREET,  STRAND,  LONDON,  W.C. 
Tel.  Address:  "Oerlik  London."      Telephone  No.:  4167  Gerrard. 


Some  American  and 
Continental  Fan$>  . 

IT  is  always  interesting  to  those  engaged  in  eiectntal 
work  of  any  kind  to  see  or  hear  about  what  is  being 
done  in  other  countries  in  regard  to  their  particular 
speciality.  For  this  reason  we  give  below  some  details  of 
American  and  Continental  fan  practice,  thus  indicating 
the  arrangements  used  for  this  purpose  in  conntiies  other 
than  our  own. 

One  of  the  best-known  manufacturers  of  fans  in  the 
United  States  of  America  are  the  Kimble  Electric  Co.. 
of  Chicago.  These  fans  are  of  the  Blackman  type,  and  are 
all  driven  by  a  variable-speed  single-phase  alternating- 
current  motor.  Pressures  between  lUO  and  220  volts  and 
frequencies  between  50  and  80  are  considered  the  best  to 
use.  The  motor  is  of  the  commutator  type,  the  speed 
variation  being  obtained  by  altering  the  position  of  the 
brushes  on  the  commutator  by  means  of  a  lever.  The 
speed  can,  therefore,  be  continuously  varied  between  a 
certain  maximum  or  minimum  without  the  use  of  any 
rheostats  or  resistance  coils.  The  fan,  as  shown  in  Fig.  1, 
is  controlled  by  two  pendant  chains,  which  are  attached  to 
the  levers  mentioned  above.  In  spite  of  the  uiherent 
noisiness  of  an  alternating-current  motor,  these  fans  are 
claimed  to  be  practically  noiseless  when  they  are  running 
at  full  speed.  Kimble  fans  are  made  in  three  sizes.  18  in., 
24  in.  and  30  in.  in  diameter  respectively,  and  deliver 
2,500,  (5,000  and  12,800  cubic  ft.  of  air  per  minute  when 
working  on  full  load. 
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Another  fii-m  who  make  fans  a  speciality  are  the  Ilg 
Electric  Yextilatixg  Co..  of  New  \''ork,  a  section  of  one 
of  whose  fans  we  show  in  Fig.  2.  As  will  be  noticed, 
besides  actually  diawing  the  air  into  the  fan  and  delivering 
it,  the  motor  itself  is  fitted  with  a  vent  pipe.  The  motor  is 
of  the  enclosed  type  and  its  ventilation  is  effected  by  the 


Fig.  I.  -Kimb!e  Variable  Spe^d  Fan. 

vacuum  created  in  front  of  the  fan  axis  drawing  air  from 
the  outside  through  this  pipe  which  is  connected  with  the 
hood.  The  latter  completelv  encloses  the  motor  on  all  sides 
l)ut  the  front.  After  ventila- 
tin<;  the  motor  the  air  is  carried 
away  with  the  general  exhau.st. 
This  fan  can  be  fitted  witli 
either  continuous  or  alternating 
current  motors,  and  is  made 
in  l."5  sizes,  floliveiing  from  2..5:}0 
to  4().00U  cubic  ft.  of  air  per 
miinite. 

The  Spracce  Electric  Co., 
of  New  York,  are  another  firm 
of  fan  specialists,  the  well- 
known  lAuidell  fan  being  one 
of  their  specialities.  These  fans 
are  made  in  all  conceivable 
types,  including  those  for  use  on 
ceilings,  walls  and  tables  as  well 
as  oscillating  and  exhaust  fans. 
A  standard  Hi  in.  oscillating 
table  fan  for  direct  cur- 
rent is  .shown  in  Fig.  'i.  It 
is  fitted  with  a  single  field 
coil,  and  the  worm-gear  mecli- 


Fig.  3.— Sprague  Table  Fan. 

anism,  which  is  entirely  enclosed  witiiin  a  dust-proof 
enamelled  iron  casing,  is  con.structed  with  generous 
proportions  so  that  the  wear  is  very  small.  The  oscillating 
movement  may  be  put  into  or  out  of  action  by  a  small  lever 


Fig.  2. 
Kg  Electric  Fan. 


Fig.  4  —A  Swiss  Electric  Fan. 

fixed  to  the  gear  casing.  The  aic  tlirough  wiiicli  llie  fan 
oscillates  is  practically  100  deg.  in  the  case  of  a  bracket 
fan  and  25  deg.  in  the  case  of  the  desk  fan.  These  fans  are 
made  in  two  sizes,  12  in.  and  Mi  in.  in  diameter,  and  for  the 
standard  pressures  (jf  I  l"i  and  2.iO  volts;    three  speeds  are 
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available  in  each  tvjic.  A  ratlii'r  inti'i-esting  fan  which  is 
made  bv  this  firm,  but  is  not  seon  much  in  this  country,  is 
the  column  fan  standing  on  the  floor,  in  general  appear- 
ance it  is  like  a  ceiling  fan  turned  upside  down. 

A  Continental  firm  which  ha.s  had  a  good  deal  of  experi- 
ence in  fan  work  is  the  Societe  Anonyme  pour  Construc- 
tions Electriqites,  of  Biasca.  We  illustrate  one  of  their 
fan.s  in  Fig.  4.  In  this  fan  the  motor  is  entirely  enclosed, 
the  rotor  being  fixed  on  a  steel  spindle.  Concave  blades 
are  used  and  are  jnotected  by  a  solid  guard.  These  parts 
are  nickel-plated,  the  rest  of  the  fan  being  finished  in  black 
enamel.  Two  speeds  are  available  and  the  fan  is  said  to 
be  very  silent  in  working. 


"Hlpha"  Cabk  Connector. 

ONE  of  the  first  practical  jobs  which  is  set  the  electrical 
.student  on  his  entry  into  a  technical  college  is  to 
joint  two  wires  together.  The  result  is  generally 
not  .succe.s.sful,  btit  the  patience  and  application  which  mu.st 
be  expended  on  the  work  are.  we  are  told,  desirable  from  a 
disciplinary  ;)oint  of  view,  and  in  this  way  at  least  fit  the 
beginner  for  the  problems  he  will  have  to  tackle  in  after  life. 
This  matter  of  joints  is  really  no  matter  to  the  student-  who 
looks  towards  higher  things ;  but  even  the  experienced 
wireman  finds  some  difficulty  in  making  a  successful  elec- 
tiical  connection  with  large  wires  when  he  has  to  rely  on 
twisting  and  soldering  iron  alone. 
Many  methods  of  overcoming  these  difficulties  have  been 


"Alpha"  Cable  Connector. 

proposed,  and  among  the  most  successfvd  of  them  may  be 
noted  the  "  Al])ha  "  patent  cable  connector  made  by 
Messrs.  How,  Paitington  &  Co.,  of  TafE's  Well,  and  supplied 
by  Messrs.  Haslam  &  Schontheil.  of  Cardiff:'.  The  connector 
t^hown  in  the  illustration  is  intended  for  making  a  straight 
through  joint  on  two  cables,  though  other  types  .suitable 
foi'  all  classes  of  work  are  also  .supplied.  The  connector 
consists  essentially  of  a  taper  split  brass  tube,  which  is 
tapped  at  each  end  and  fitted  with  two  nuts.  When  it  is 
required  to  make  a  joint  these  nuts  are  simply  slacked  back, 
and  the  two  cable  ends  inserted,  the  nuts  being  then  screwed 
up  over.  It  is  claimed  that  a  lad  can  make  a  joint  with 
this  connection  in  two  minutes,  but  ten  men  cannot  ]iull 
it  apart.  No  solder  is  required,  while  no  un.stranding,  or 
binding  wire  is  needed.  As  regards  the  strength  of  tliis 
joint,  a  test  was  made  on  a  0-25  sq.  in.  cable  fitted  with  one 
of  these  connectors,  and  it  was  found  that  the  joint  had  a 
conductivity  equal  to  that  of  the  cable,  and  a  weight  of 
-  tons  was  lifted  by  it  without  severing  the  joint. 

This  arrangement  is,  therefore,  a  great  advance  on  the 
more  usual  methods  of  binding  and  .soldering  up.  which, 
moreover,  have  the  disadvantage  of  destroying  the  cable  to 
some  extent.  With  the  "Alpha'  connector,  on  the  other 
iiand,  the  wire  need  rot  be  touched,  while  the  result  seems 
all  that  can  be  desired. 
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SMALL  HIGH  FREQUENCY  CURRENTS 

Can    be   EASILY    MEASURED    by   the 

Duddell  Th6rmo-Milliamm6t6r 


THIS  is  a  robust  pivoted  coil  instrument,  but  the 
current  to  be  measured  does  not  enter  the  coil 
at   all.      It    passes  through   a   small   compact 
"heater"  which  is  in   close   proximity  to   a   special 
thermo-couple  which  forms  a  part  of  the  moving  coil. 

It  has  exceedingly  small  self  induction  and  a 
negligble  capacity. 

It  is  therefore  accurate  on  the  high  frequency 
currents  used  in  wireless  telegraphy  and  can  at  any 
time  be  easily  checkea  with  ditect  current. 
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Report  of  the  Electrical  Inspector  of  Factories. 

To  anyoue  who  delights  in  the  study  of  human  nature 
we  can  lecoininend  no  better  subject  for  contemplation 
than  the  Ainiual  Ifeport  of  the  Cliief  Inspector  of  Factories 
and  Workshops.  Tlie  subjects  dealt  with  are  varied  ;  and 
there  is  no  lack  of  humour  in  its  pages.  Not  the  least  in- 
teresting portion  of  the  volume  is  that  in  which  the  Elec- 
trical Inspector  of  Factories,  Mr.  G.  Scott  If  am,  reports 
on  his  work  of  supervising  the  electrical  installations  in 
such  places  as  are  factories  under  the  Act,  a  term  which 
includes  <ienerating  stations  and  sub- stations.  This  report 
will  be  found,  in  abstract,  on  another  page  of  this  issue.  As 
usual,  it  l)Ogins  with  a  tabular  summary  of  the  accidents  at 
electric  generating  stations  which  have  occurred  during  the 
year,  and  this  does  not,  unfortunately,  make  very  pleasant 
reading.  The  number  of  accidents  shows  a  slight  increase 
over  that  of  tlie  previous  year  ;  this  increase,  however,  is 
partly  due  to  the  fact  that  accidents  which  have  occurred 
in  generating  statious  and  sub-stations  belonging  to  certain 
electric  railways  are  now  included  for  the  tiist  time.    And 


it  cannot  be  overlooked  that  the  great  majority  of  the 
accidents,  whether  fatal  or  non-fatal,  that  took  place 
during  the  year  were  quite  preventable.  Mr.  Ram  gives 
short  details  of  the  way  in  which  each  accident  occurred, 
and  without  much  reading  between  tlie  lines,  it  may  easily 
be  discovered  that  practically  all  the  accidents  were  due 
either  to  want  of  forethought  on  the  part  of  the  employer, 
carelessness  on  the  part  of  the  employe,  or  bad  design  of 
the  apparatus  ;  or  combinations  of  any  or  all  of  these. 


1  lUKiNiJ  the  years  that  Mr.  Ka.m  has  produced  his  annual 
reports  he  has  presented  many  useful  suggestions  to  the 
electrical  engineering  world  at  large.  Last  year  he  pro- 
posed a  hand  lamp  of  safe  design,  by  the  use  of  which 
many  accidents  could  be  prevented.  In  parenthesis,  and 
as  an  interesting  commentary  on  this,  it  may  be  mentioned 
that  one  of  the  fatal  electrical  accidents  during  the  year 
was  due  to  such  a  type  of  lamp  as  drew  down  adverse 
criticism  from  Mr.  Eam  last  year.  This  year  Mr.  Ram 
suggests  an  arrangement  whereby  commutators  can  be 
safely  cleaned  while  running ;  also  a  method  whereby  the 
wire  entanglements  often  met  with  in  the  neighbourhood 
of  motors  may  be  avoided,  and  details  of  a  new  and  safe 
design  of  plug  for  portable  equipment.  What  we  have  said 
above  with  regard  to  bad  design  in  apparatus  is  confirmed 
by  reading  Mr.  Ram's  account  of  the  accidents  that  have 
happened  in  factories  other  than  electrical  generating  sta- 
tions. The  accidents  due  to  arcing  of  switches  were  mostly 
due  to  faulty  construction  of  the  apparatus.  Often  there 
was  no  switch  by  means  of  which  the  current  could  be  cut 
off  before  the  fuses  were  replaced.  Portable  apparatus 
accounts  for  a  considerable  number  of  injuries,  some  due 
to  badly  designed  hand  lamps,  but  more  to  badly  designed 
]ilugs.  This  is  a  (luestion  to  which  Mr.  R.vm  considers 
manufacturers  should  give  their  attention.  Want  of 
forethought  on  the  part  of  the  employer  and  careless- 
ness on  the  part  [of  the  employe  are  generally  the  cause 
of  accidents  in  test  rooms.  Too  often  an  apprentice 
is  employed  on  this  work ;  and  he  has  no  adequate  ap- 
preciation of  the  dangers  present.  Another  frequent  cause 
of  acciilents,  as  rendered  (evident  in  this  years  report, 
is  the  insufficient  earthing  of  apparatus.  In  explaining 
the  ([uestion,  Mr.  Kam  goes  fully  into  the  pros  and  cons 
of  the  systems,  or  lack  of  systems,  that  are  at  present  used. 
( )wing  to  pressure  on  our  space,  we  are  not  able  to  reprint 
this  part  of  the  report  in  full  (a  portion  is  certainly  only 
intended  for  non-teclmical  readers),  but  as  a  short  essay  on 
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the  subject  it  is  quite  admirable.  In  these  days  of  depres- 
sion any  encouragement  is  worth  a  great  deal,  and  for  this 
reason  we  are  pleased  to  see  that  Mr.  K.\M,  who  may  be 
certainly  classed  as  an  independent  critic,  is  of  the  opinion 
that  the  exhibits  shown  at  the  recent  I\Iauchester  Exhibi- 
tion indicate  that  steady  progress  is  being  made  in  the 
design  of  electrical  apparatus.  This  is  certainlj-  something 
to  be  thankful  for.  The  report  this  year  is  of  more  than 
passing  interest  owing  to  the  fact  that  the  new  regulations 
come  into  force  on  tiie  first  of  next  month  :  "  a  consumma- 
tion devoutly  to  be  wished,"  in  Mr.  Kam's  opinion.  Better 
control,  he  considers,  will  be  possible  under  these  regula- 
tions ;  and  in  agreeing  with  him  we  may  again  express  an 
opinion  that  we  have  expressed  before,  that  if  administered 
in  a  liberal  fashion  and  w^ith  a  proper  appreciation  of  the 
needs  of  a  growing  industry,  they  will  do  a  great  deal  of 
good  ;  but  if  administered  in  any  other  way,  they  will  be 
very  harmful. 

Railway  Electrification. 

That  the  future  of  the  electrical  industry  is  bound  up  in 
no  small  degree  with  the  electrification  of  our  railways  will 
be  readily  admitted,  but  the  converse  proposition  is  not  so 
easily  proved.  In  this  connection  too  much  stress  cannot 
be  laiil  upon  the  opinions  formed  by  engineers  with  practi- 
cal experience  of  the  matter.  Thus,  Mr.  J.  A.  F.  Aspinall, 
in  his  recent  Presidential  Address  to  the  Institution  of 
Mechanical  Engineeis,  remarked  that,  in  his  opinion, 
"  there  are  a  number  of  suburban  lines  around  our  great 
cities,  and  especially  near  London,  which  can  be  electrified 
with  advantage  to  the  public  and  to  the  railway  companies." 
In  view  of  Mr.  Aispinall's  position  as  manager  of  the  Lan- 
cashire &  Yorkshire  Railway  Co.,  this  opinion,  which  is  the 
result  of  experience  with  the  electrical  line  between  Liver- 
pool and  Southport,is  encouraging.  Similar  views  have  also 
been  recently  expressed  by  Mr.  W.  S.  Murhay,  electrical 
engineer  of  the  New  York,  New  Haven  &  Hartford  Eail- 
road,  in  a  Paper  read  before  the  New  York  Kailroad  Club. 
The  author,  after  uttering  a  warning  as  to  standardisation 
at  the  present  time,  expressed  his  strong  belief  in  the 
single-phase  system.  The  single-phase  system  is  young 
in  comparison  with  the  direct-current  .system,  but  it  has 
possibilities  which  are  beyond  the  sphere  of  the  latter.  As 
the  result  of  his  experience  I\Ir.  Mueeay  says  conclusively 
that  on  lines  having  the  same  features  as  tho.se  of  the  New 
Haven  road  he  would  certainly  be  in  favour  of  alternating 
current.  It  is  interesting  to  note  that  he  prefers  generation 
at,  say,  2,200  volts  and  the  use  of  step-up  transformers, 
rather  than  generating  direct  at  6,000  volts.  The  costs  per 
kilowatt  are  practically  the  same  in  either  case,  Ijut  the 
interposition  of  transformers  provides  a  cu.shioning  effect 
on  the  occasion  of  short  circuits,  which  is  very  desirable, 
and  is  lacking  in  the  case  of  the  high- voltage  generator 
station.  As  is  well  known,  copper  wire  was  first  installed 
on  this  railway  for  the  trolley  line,  but  gave  trouble  on 
account  of  kinks  being  produced  at  the  hanger  points. 
This  was  sub.sefiuently  supplemented  by  an  auxiliary  steel 
wire,  the  copper  wire  being  used  merely  for  transmission. 
After  six  months'  operation  this  steel  wire  was  found  to 
have  worn  only  to  the  extent  of  1  per  cent,  of  its  vertical 
diameter,  so  that  a  long  life  may  be  expected.  With 
regard  to  the  relative  advantages  of  steam  and  electric 


locomotives,  Mr.  Murray  found  that  the  latter  are  able  to 
perform  a  greater  mileage  per  day  ;  so  much  so  that  64 
electric  locomotives  would  do  the  work  of  100  steam 
locomotives. 


( )N  another  page  will  be  found  an  account  of  the  discus- 
sion which  followed  the  reading  of  Mr.  Murr.4.y's  Paper 
before  the  American  Institute  of  Electrical  Engineers  on 
the  subject  of  the  New  Haven  electrification.  This  is  in- 
teresting on  account  of  the  particulars  given  in  regard  to 
various  single-phase  lines,  and  also  because  further  results 
are  now  given  of  the  performance  of  the  single-phase  motors. 
These  appear  to  be  giving  no  trouble.  Disturbances  from 
short-circuits  have  disappeared,  and  the  mileage  of  the 
motors  has  become  in  some  instances  as  high  as  70,000 
miles.  The  commutators  appear  to  wear  as  well  as  on 
continuous-current  motors.  In  a  discussion  of  this  kind 
there  was  naturally  some  comparison  between  single-phase 
and  continuous-current  systems,  such  a  comparison  being 
prompted  by  the  fact  that,  on  the  one  hand,  there  is  the 
New  Haven  line  working  with  11,000  volts  single  phase 
and,  on  the  other  hand,  the.  New  York  Central  line  work- 
ing with  600  volts  continuous  current.  There  is  nothing 
easier,  however,  than  to  draw  misleading  comparisons.  At 
first  sight  it  would  seem  that  the  continuous-current  loco- 
motives weigh  somewhat  less  than  the  single-phase  locomo- 
tives, and  are  capable  of  drawing  about  double  the  load. 
Any  such  comparison,  however,  is  vitiated  by  the  fact 
that  the  New  York  Central  service  is  of  a  local  character 
a  few  trains  running  12  or  13  miles,  and  the  remainder 
only  about  6  miles.  The  distance  being  short  and  the 
service  intermittent,  the  locomotives  are  able  to  work  at  a 
load  far  in  excess  of  the  one-hour  rating  without  over- 
heating. The  New  Haven  service  is  of  a  very  different 
character.  Since  part  of  the  New  Haven  line  is  operated 
by  continuous  current,  a  further  comparison  is  possible,  and 
Mr.  Murray  stated  that  the  operating  costs,  per  se,  on  the 
continuous-current  zone  were  just  40  per  cent,  greater  than 
with  alternating  current.  Something  was  made  of  the  fact 
that  delays  on  the  New  Haven  line  were  much  greater  than 
on  the  New  York  Central,  but  it  appears  that  these  have 
been  reduced  to  13|  per  cent,  of  tlie  figure  given  some  time 
ago.  Thus  it  may  be  concluded  that  any  comparisons  of  this 
kind  are  apt  to  be  very  misleading  unless  carried  out  with 
the  greatest  attention  to  all  the  facts  of  each  case. 

Wiring  Rules. 

With  the  exception  of  the  Wiring  Kules  of  the  Institu- 
tion of  Electrical  Engineers,  the  Pluenix  Fire  Office  rules 
for  electric  light  and  electric  power  installations  are  prob- 
ably the  most  widely  adopted  in  this  country.  From  a  hasty 
glance  through  the  thirty-eighth  edition  of  these  rules,  which 
has  just  been  issued,  we  notice  that  they  have  been  mostly 
rewritten.  In  general  it  may  be  said  that  particular  atten- 
tion has  been  paid  to  rendering  tlie  rules  applicable  to 
modern  wiring  systems  and  metal  filament  lamps.  Recent 
developments  have  rendered  certain  alterations  necessary, 
not  only  in  these  rules  but  also  in  those  of  the  Institution  ; 
and  a  new  edition  of  these  also  is  to  be  issued  next  session.  A 
multiplicity  of  rules  i.s,  of  course,  to  be  deplored,  but  as  the 
Institution  rules  are  not  universally  adopted,  it  is  worth 
noting  that  the  Phcunix  rules  are  accepted  by  many  Fire 
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Offices  as  a  basis  for  their  own,  tlioiigh  it  is  to  be  hoped 
that  one  set  of  regulations  will  ultimately  result.  In  our 
glance  through  the  new  rules  we  notice  two  which  are  of 
interest — viz.  (1)  that  all  joints  in  tubing  should  be 
treated  with  aluminium  paint,  and  (2)  that  He.xible  cords 
not  provided  with  an  efficient  tlame-proof  outer  covering 
must  not  be  used  in  shop  windows  containing  inflammable 
goods.  In  our  next  issue  we  hope  to  deal  with  further 
points  in  detail. 

Electrical  Marine  Propulsion. — An  intere.sting  lecture  was 
recentl)'  delivered  by  Mr.  W.  P.  Durtnall  at  the  Queen's  Hall, 
Chatham,  to  a  large  company  of  engineer  officers  of  the  Royal 
Navy.  The  lecturer  considered  the  effect  of  economy  in  fuel 
and  machinery  on  the  design  and  fighting  capacit}'  of  sliips  of 
war,  and  showed  that  by  taking  advantage  of  modern  develop- 
ments of  electrical  machinery  and  adopting  electrical  power 
transmission,  the  steam  turbine  would  prove  as  economical  at 
sea  as  it  is  on  land.  Mr.  Durtnall  believed  that  a  polj'phase 
system  was  the  only  one  to  meet  all  requirements,  and  in  this 
connection  he  described  the  "  Paragon "  system  of  main 
marine  propulsion,  which  is  well  known  to  our  readers. 

Electric  Traction  in  Berlin. — According  to  "The  Times," 
the  Gesellschaft  fiir  Elektrische  Hoch  und  Untergrundbahnen 
has  recently  opened  two  new  lines  in  Berlin.  On  the  one  hand 
the  line  has  been  extended  into  the  outlying  suburbs  in  the 
west,  and  on  the  other  from  the  Leipzigerplatz  to  the  Spittel- 
markt,  which  lies  in  the  centre  of  the  city.  Although  no  use- 
ful facilities  previously  existed  in  Berlin  for  travelling  quickly 
from  one  part  of  the  city  to  the  other,  the  new  e\tension  has 
not  been  appreciated  bj'  the  public  to  the  extent  that  was 
expected.  There  is  reason  to  believe,  however,  that  traffic 
will  increase  in  the  future,  and  further  extensions  are  contem- 
plated. In  spite  of  the  general  depression,  the  company  has 
been  able  to  declare,  as  in  the  previous  year,  a  dividend  of 
5  per  cent. 

The  "  Electron." — The  current  issue  of  this  now  well-known 
journal  is  particularly  healthy  looking.  From  time  to  time 
we  have  called  attention  to  the  complaints  of  its  editor  of  lack 
of  copy,  but  this  want  now  seems  to  be  amply  satisfied ;  and 
we  are  pleased  to  note  that  the  editor  is  of  the  opinion  that 
further  demands  on  the  literary  capabilities  of  his  readers  will 
be  no  longer  necessary.  The  articles  this  month  include  one 
on  "Rolling  Mills"  by  Mr.  C.  A.  Ablett,  on  "  Engineering  and 
the  Gyrostat"  by  Mr.  J.  K.  Catterson-Smith,  and  on  "The 
Cableshio  'Faraday'"  by  Mr.  F.  AUinson.  Quite  a  considerable 
portion  of  the  paper  is,  as  usual,  taken  up  wdth  Siemens  doings ; 
and  the  various  clubs  and  societies  established  in  Stafford  seem 
to  be  in  a  very  flourishing  condition,  a  condition  which  is 
doubtless  not  a  little  due  to  the  publicity  given  to  their  doings 
in  the  columns  of  the  "  Electron." 

Boiler  Efficiency  Calculator.— We  haveiecentlj-  seen  a  novel 
type  of  slide  rule  designed  to  facilitate  comparison  of  actual 
figures  of  water  evaporated  per  pound  of  coal,  when  the  feed 
water  and  also  the  steam  are  at  temperatures  other  than 
212°F.  The  percentage  overall  working  efficiency  of  boiler  and 
furnace  can  also  be  ascertained.  There  are  four  logarithmically 
graduated  scales,  and  the  method  of  operation  is  as  follows  : 
The  known  feed-water  temperature  is  set  opposite  the  actual 
evaporation  per  pound  of  coal  burnt ;  this  allows  the  equivalent 
evaporation — from  water  at  212°F.  at  a  boiler  pressure  of 
1501b.,  and  also  from  water  at  2r2°F.  at  atmospheric  pres- 
sure— to  be  read  off  from  two  pointers.  If  the  rule  is  then 
turned  over,  the  thermal  units  transmitted  to  the  water  and 
steam  for  each  pound  of  coal  burnt  and  the  percentage  efficiency 
{with  coal  of  14,000  B.Th.U.)  are  indicated  on  the  scales  at  the 
back.  Corrections  are  provided  for  differences  of  boiler  pres- 
sure, for  superheat  or  wetness  of  the  steam,  and  for  coal  of 
other  quality. 

Cable  Interruptions.  Date  of  Interruption. 

Jamaica — Colon May   6,  1909 

•    Dakar— Conakry    May  13,  1909 

-   Tangier— Cadiz „ May  19,1909 


The  Illuminating  Engineering  Society. — It  will  be  remem- 
bered that  at  ;in  inaui;iiral  iliiiner  held  on  February  9th  last  it 
was  decided  to  form  an  Illumiiiutin;^  Engineering  Society.  A 
committee  was  formed  to  consider  the  matter  and  reported  to 
the  supporters  of  the  society  at  a  meeting  held  on  May  25th. 
A  number  of  gentlemen  are  to  be  invited  to  act  as  officers  or 
on  the  council  of  the  society.  Anyone  interested  in  the 
objects  of  the  society  and  desiring  to  become  a  member  is  in- 
vited to  communicate  with  the  lion,  secretary,  Mr.  L.  Gaster, 
32,  Victoria-street,  London,  S.W. 

Institution  of  Mining  Electrical  Engineers.— A  general  meet- 
ing of  members  and  prosiiective  vjiembers  of  the  newly-formed 
Institution  of  Mining  Electrical  Engineers  was  held  recently  at 
Sheffield,  under  the  chairmanship  of  Mr.  William  Maurice,  presi- 
dent of  the  Institution.  In  opening  the  proceedings  the  presi- 
dent explained  the  lines  on  which  it  was  proposed  to  develop 
the  Institution.  He  suggested  that  branches  should  be  formed 
in  every  mining  centre,  and  that  each  branch  should  be 
separatel}'  organised.  AH  Papers  submitted  to  be  read  at 
branch  meetings  would  be  first  approved  bj-  the  general 
council,  and  then  read,  so  far  as  practicable,  simultaneously  at 
all  the  branches.  The  general  council  would  be  mainly  an 
organising  and  administrative  body  drawn  from  representatives 
of  local  councils.  It  would  hold  quarterly  meetings  and  arrange 
for  an  annual  general  meeting  in  various  mining  centres. 

A  meeting  of  the  Institution  was  held  on  May  22nd  at  the 
University  College,  Cardiff,  at  6  p  m.,  at  which  Mr.  S.  F. 
Walker  presided,  and  the  following  gentlemen  were  nominated 
for  local  officers :  President,  Mr.  Sydney  F.  AValker ;  vice- 
presidents,  Messrs.  E.  M.  Hann,  G.  F.  Flanders  and  Llewellyn  -. 
and  local  secretary,  Mr.  E.  Ivor  Davies.  It  was  decided  to 
hold  meetings  alternately  at  Cardiff  and  Swansea  in  order  to 
give  members  the  opportunity  of  having  meetings  locally  as 
far  as  possible.  There  was  some  discussion  upon  the  question 
of  membership,  and  seveial  members  expressed  the  opinion 
that  only  mining  electrical  engineers  should  be  elected  as 
members.  It  was,  however,  explained  that  for  the  present  the 
membership  would  be  open  to  all  those  interested  in  mining 
electrical  work  in  a  responsible  capacity,  and  that  later  on  a 
separate  class  of  membership  would  be  opened  for  those  who 
wished  to  undergo  an  examination  and  g.ain  a  certificate  of 
competency  which  it  is  proposed  that  the  Institution  should 
issue.  The  membership  of  the  Institution  has  now  reached 
nearly  100. 


ARRANGEMENTS  FOR  THE  WEEK. 

FRIDAY,  June  4tli  (to-day). 

Royal  Institution". 
fip.m.    Meeting  at  Albemarle-street,  Piccadilly,  W.   Discourse  on 
"  Researches  in  Radiotelegraphy,"  by  Prof.  J.  A.  Fleming, 
F.R.S. 
THURSDAY,  June  lOth. 

Royal  In'stitotion. 
■1  p.m.     Meeting  at  Albemarle-street,  Piccadilly,  W.     Lecture  on 
"  A  Modern  Railway  Problem"  :  "  Stsara  c.  Electricity,"  by 
I'rof.  W.  E.  Dalby.     (Lecture  II.  1 

FRIDAY,  June  11th. 

Physical  Society. 

S  p.m.  Meeting  at  the  Imperial  College  of  Science,  Imjierial 
Institute-road,  South  Kensington.  Agenda  :  "  The  Arthur 
Wright  Electrical  DeYice  for  Evaluating  and  .Solving  Equa- 
tions," by  Dr.  A.  Ru.ssell  and  Mr.  A.  Wright :  '•  The  Echelon 
Spectroscope,  its  Secondarv  Action  and  the  Structure  of  the 
Green  Hg  Line,"  by  Mr.  "H.  Stanstield  :  '-The  Propose*! 
International  Unit  o"f  Candle-power,"  by  Mr.  C.  C.  Paterson  ; 
"  Inductance  and  Resi-^tanco  in  Telephone  and  other  Circuit^s," 
by  Dr.  J.  W.  Nicholson  ;  "  Note  on  Terrestrial  Magnetism," 
by  Mr.  G.  W.  Walker,  and  "  On  the  Form  of  Pulses  consti- 
tuting White  Light,"  by.Mr.  A.  Eagle. 
Royal  Institdtion. 

9  p.m.  Meeting  at  Albemarle-street,  Piccadilly,  W.  Discourse 
on  "  Problems  of  Helium  and  Radium,"  by  Sir  James  Dewar, 
F.R.S. 

Corps  of  Electrical  EnE^ineers  (London  Division). 
OflScer  Commanding,  Col.  R.  E.  B.  Crompton,  C.B. 
The  following  orders  have  been  issued  for  the  current  week  : — 
Monday,    June     7th,  \ 

•;^A;"  Company  ...       [officers'  drill  cup  comiietition  at  7  o'clock. 
Tuesday,  June    8th,   i  "^ 

"B"  Company  ' 
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THE   NEW  HAVEN   RAILROAD  ELECTRIFICATION. 


lu  our  issue  of  January  8th  last  we  gave  an  abstract  of  tlie 
Paper  read  bj-  Mr.  W.  S.  Murray  before  the  American  Insti- 
tute of  Electrical  F^ngineers,  in  which  the  author  described  his 
experience  with  the  overhead  single-phase  system  on  the  New 
Haven  Railroad.  In  view  of  the  importance  of  this  subject  at 
the  present  time,  the  following  account  of  part  of  the  discus- 
sion (from  the  "Proceedings")  which  follo\yed  the  reading  of 
the  Paper  should  prove  of  interest  to  our  readers. 

Jlr.C.TowNLEY  noted  that  tlie  author  had  omitted  the  customary  con- 
clusions usually  drawn  from  the  facts  furnished  in  a  Paper.  Those  which 
seemed  to  stand  forth  were  :  (1)  The  system  was  put  in  without  any  pre- 
vious similar  installation  to  pattern  after.  (2)  Several  of  its  funda- 
mental features  were  either  entirely  new  or  had  so  new  an  appUcation 
that  their  previous  use  was  not  much  of  a  guide.  (3)  Sundry  and  various 
defects  developed  as  the  installation  progressed,  resulting  in  interruptions 
to  the  service.  (4)  These  defects  had  practically  all  been  remedied, 
certain  other  improvements  had  been  made,  and  (5)  Five  months  after 
the  comi)lete  substitution  of  electricity  for  steam  the  system  had  been 
demonstrated  to  be  successful,  and  well  adapted  to  the  service  for  which 
it  was  designed.  At  the  present  time  the  electric  service  was  less  subject 
to  interruption  than  was  the  steam  service  which  it  replaced.  In  the 
speaker's  opinion  what  was  really  at  the  bottom  of  the  major  part  of  the 
difficulties  encountered  was  that  the  electrificati<m  was  not  begun  soon 
enough.  The  keystone  of  the  system  was  the  locomotive.  A  study  of 
the  list  of  changes  that  were  made  in  the  locomotive  originally  furnished 
disclosed  the  interesting  fact  that  while  there  wei'e  a  number  of  electrical 
dilficulties.  a  very  large  per  cent,  of  the  changes  made  were  mechanical. 
With  the  principal  elements  of  the  locomotive  design — namely,  the  large 
gearless  25  cycle  motors — there  had  been  practically  no  trouble.  Their 
pex"formance  as  to  torque,  commutation  and  capacity  had  been  most 
gratifjing.  A  feature  of  locomotive  design  of  the  greatest  importance 
was  the  Hexible  drive,  whereby  the  armature  of  the  gearless  motor  was 
wholly  supported  on  and  exerted  its  driving  power  through  a  set  of 
spirally  concentric  springs.  The  method  of  mounting  the  armatures 
obtaining  thecushioned  effect,  exerting  the  full  driving  power  of  the  motors 
and  compensating  for  the  so-called  varying  torque  thereof,  had  been 
successfully  accomphshed  in  a  way  never  before  tried.  The  results  in 
improved  track  maintenance  could  not  fail  to  be  of  far-reaching  con- 
sequence. 

Air,  B.  G.  LAirME  said  there  were  two  parts  of  the  total  equipment  to 
which  he  had  given  a  great  deal  of  personal  attention — namely,  the 
design  of  the  alternating-current  generators  in  the  power  house  and  the 
main  motors  on  the  locomotives.  In  the  motors  there  were  two  points 
that  were  generally  looked  upon  as  sources  of  weakness — namely,  the 
commutation  and  the  use  of  preventive  leads  (or  so-called  "  resistance 
leads  '"),  between  the  armature  winding  proper  and  the  commutator. 
As  to  the  record  on  these  points  :  With  a  mileage  of  30,000  to  50,000, 
the  commutators  of  the  motors  were  all  in  excellent  condition,  having  a 
good  polish  and  showing  but  relatively  little  wear.  At  the  present  rate 
of  wear  on  these  commutators  they  appeared  to  have  15  to  20  years'  life. 
It  was  correctly  considered  that  an  injury  to  the  armature  of  a  motor  is  a 
much  more  serious  condition  than  an  injury  to  the  field  or  the  connec- 
tions. The  records  of  the  New  Haven  installation  showed  that  the  in- 
juries to  the  armature  represented  only  a  small  percentage  of  the  total 
injuries.  In  fact,  the  few  damages  to  the  armatures  had  been  largely 
from  external  causes.  In  such  cases  as  he  had  been  able  to  make  a 
thorough  examination  into  the  condition  of  the  winding  on  the  armatures 
they  showed  no  dangerous  overheating  from  the  heavy  loads  that  had 
been  carried,  and  also  that  the  preventive  leads  gave  no  more  eridence 
of  heating  than  the  main  windings.  Only  two  instances  had  been  found 
where  there  was  a  breakdown  in  the  preventive  leads.  The  time,  he 
thought,  had  now  arrived  when  the  "  preventive  "'  leads  should  stand 
on  their  own  merits,  for  no  amount  of  criticism  could  belittle  the  record 
which  they  had  made  in  the  New  Haven  service.  As  to  the  geneiators. 
no  defect  had  developed  in  them  which  was  not,  to  a  certain  extent,  fore- 
seen and  apparently  provided  foi'.  The  first  and  most  pronounced 
source  of  trouble  was  hcatiuL',  not  in  the  winding,  but  in  the  field  or  rotor 
structure,  due  to  the  ]jul-.ii  mu'  nvctidii  of  the  armature  winding  when 
carrying  a  heavy  load  in  -m^l.  ph  i  i  •  iirrent.  When  the  first  rotor  was 
built  the  structure  was  lairiin:iic  li  ;.-  rcnipletely  as  mechanical  conditions 
would  permit.  Upon  testing  the  tir,-,t  machine  it  was  found  that  there 
was  local  heating,  with  heavy  load,  sufficient  to  create  hot  spots  in  the 
core  ;  and  in  a  comparatively  short  time  in  turn  these  spots  damaged  the 
insulation  on  the  coils  from  the  outside,  thus  causing  earths  on  the  wind- 
ing. It  was  decided,  after  con.siderablc  work  had  been  done,  to  attempt 
to  eliminate  all  pulsating  reactions  from  the  armature  by  putting  a  short- 
circuited  winding  on  the  rotor,  of  such  value  that  a  very  large  cuncnt 
could  flow  in  it  with  but  very  little  loss.  It  was  the  idea  to  dam]i  out 
the  field  in  very  much  the  same  way  that  the  armat\ire  of  a  polyphase 
alternator  demagnetises,  or  kills,  its  magnetic  field  if  the  armature  ter- 
minals are  all  short-circuited  together.  A  comf>k'tc  cag('  winding  was 
placed  on  one  of  the  rotors  of  the  New  Haven  generators.  This  rotor 
had  not  been  designed  originally  for  this  purpose,  and  it  was,  therefore, 
difficult  to  adopt  the  most  suitable  proportions  in  this  svinding,  but  what 
was  put  on  immediately  showed  in  practice  that  a  practicable  remedy 
had  Ixcn  applied  for  this  trouble.      .Meanwhile,  the  new  rotors  desigiuil 


for  the  aiiplication  of  heavy  cage  windings  were  under  construction,  and 
upon  the  installation  of  these  the  field  or  rotor  trouble  all  disappeared.  It 
is  interesting  to  note  that  the  fourth  machine  installed,  which  has  a. 
+.200  kv,-ampere  single-phase  rating,  has  a  solid  steel  core,  in  the  sur- 
face of  which  the  copper  cage  winding  is  embedded.  As  this  winding 
completely  eliminated  the  pulsating  armature  reaction,  there  was  no 
furtlu'i'  occasion  for  laminating  the  field  as  a  protection  from  magnetiL 
pulsations.  The  generators  in  the  power  house  at  first  suffered  from  the 
tremendous  shocks  which  accompanied  short-circuits  on  the  line.  The 
considerable  stray  fields  at  the  ends  tended  to  exert  a  bending  or  dis- 
torting effect  on  the  end  windings,  and  bracing  not  proving  sufficient, 
an  unsaturated  choke  coil,  or  impedance  coil,  was  placed  on  the  trolley 
side  of  each  machine  to  reduce  the  short-cu-cuit  current  to  six  times  full- 
load  current.  This  coil  took  up  a  comparatively  small  voltage  under 
normal  operation,  but  in  case  of  a  short-circuit  the  E.JI.F.  generated  in 
it  was  sufficient  to  limit  the  current  rush  to  less  than  half  the  value  it  would 
attain  without  this  coil.  The  shocks  on  the  machines  were  very  greatly 
red\ued,  so  reduced  that  future  trouble  from  this  source  was  not  feared. 
An  interesting  point  in  connection  with  the  use  of  the  cage  windings  on 
the  generators  was  that  the  appai-ent  regulation  of  the  system  had  been 
improved.  This  was  anticipated,  but  the  actual  result  in  practice  was 
more  pronounced  than  was  expected. 

Mr.  L.  B.  Stillw'eli.  conKirlcipd  the  engineering  world  was  fortunate 
in  the  fact  that  the  Xrw  N^rk  Central  Railroad  and  the  New  Haven 
Railroad  had  not  adnpic;!  iln-  ^.mie  electric  system.  Such  an  oppor- 
tunity to  comi>arr  flic  |Mi~Ml.ilities  and  hmitations  of  the  direct-current 
system  and  tlir  -innlr  |ili:iso  alternating-current  system  was  unpre- 
cedented, and,  r\ri|ii  111  Viiurica,  would  be  impossible.  Whatever  they 
might  think  of  tlic  wiMloiii.  from  an  economic  standpoint,  of  investing 
millions  to  learn  from  experience,  the  answers  to  questions  which  by 
Cierman  methods,  for  examjile,  might  be  answered  at  much  less  cost  (and 
there  was  much  to  be  said  on  both  sides  of  this  question),  they  as  en- 
gineers were  in  no  position  to  complain  of  lack  of  opportunity  to  subject 
their  ideas  to  the  test  of  practice.  With  reference  to  the  plan  adopted 
to  improve  the  overhead  trolley  construction  which  converted  this  to  a 
catenary  construction  with  secondary  suspension  cable,  he  observed  in 
Hamburg  recently  that  the  single-phase  system  in  use  in  that  city 
employed  this  method  of  supporting  the  trolley  wire. 

Mr.  H.  P.  D.-vvis  said  that  in  the  operation  of  a  railroad  one  condition 
stood  ahead  of  all  others — namely,  the  trains  must  be  kept  running  and 
the  schedule  maintained  at  almost  any  cost.  In  this  connection  the 
author  had  presented  a  condition  of  vital  difference  between  electric 
and  steam  operation  of  a  railroad.  The  answer  to  the  quest  i(m  :  What 
was  the  best  way  to  distribute  current  at  high  potential  to  a  trollej'  wire 
over  a  busy  railroad,  with  four  or  more  parallel  tracks,  increased  in  places 
to  several  times  this  number,  and  connected  at  intervals  to  busy  sidings 
and  shifting  yards,  was  yet  to  be  forthcoming.  In  practice,  the  failure 
of  the  Hue  to  operate  as  laid  out  was  for  a  considerable  time  extremely 
puzzling.  The  destructive  action  of  short-circuits  on  the  circuit-breaking 
apparatus,  on  the  generator  windings,  on  the  insulation  of  the  line,  and  the 
failure  of  the  circuit-breakers  to  be  selective,  could  not  be  explained  by 
any  previous  experience.  To  protect  the  generators  choke  coils  were 
placed  in  the  trolley  phase  of  each  generator,  and  designed  to  cut  down 
the  maximum  short-circuit  current  values  to  about  40  per  cent.,  and  the 
resulting  mechanical  shock  to  about  Itj  per  cent.  To  limit  the  current 
to  be  opened  in  the  distribution  system,  and  to  make  the  .selective  action 
possible,  ohmic  resistances  were  placed  in  each  of  the  three  feeder  li  ads 
going  to  the  distributing  system.  These  resistances  were  n<u'mally 
short-circuited  by  cii-cuit-ljieakers  controlled  by  a  single  underload  and 
overload  master  relay,  so  installed  that  the  entire  station  single-phase 
output  ]iassed  through  it.  The  a\it(imatic  tripping  coils  of  the  circuit- 
breakers  on  the  overhead  feeder  and  trolley  systems  were  normally  cri 
out.  In  the  event  of  a  short-circuit  or  overload  on  the  system  exceeding 
a  certain  predetermined  current,  the  master  relay  above  referred  to 
o]ierated,  causing  the  circuit-breakers  short-circuiting  the  resistances  to 
oi)cn.  The  ])ower-house  resistance  was  proportioned  so  that  it  allowed 
sufficient  current  to  How  to  trip  the  two  circuit-breakers  in  the  trouble 
section,  and  yetlimited  the  amount  of  current  to  less  than  enough  to  trip 
any  of  those  in  parallel  in  the  remainder  of  the  system.  If  one  or  both 
of  the  circuit-breakers  at  the  ends  of  a  trolley  section  failed  for  any  reason 
to  operate,  it  was  arranged  that  the  main  circuit-breakers  at  the 
power  house  operated  and  opened  the  entire  circuit.  To  accomplish 
this,  the  main  ])ower-house  circuit- breakers  were  provided  with  time 
relays  of  the  constant-time  type,  set  so  that  they  did  not  act  until  a 
sufficient  period  had  elapsed  for  the  trolley  and  feeder  current  breakers 
to  open, 

Mr.  C.  P.  Steinmetz  believed  that  when  the  time  arrived  to  electrify 
the  transcontinental  railways  it  would  be  done  by  means  of  the  alter- 
nating-current motor.  In  the  immediate  railway  problems,  the  decision 
whether  one  or  the  other  type  of  motor  should  be  used  had  shifted  from 
the  electrical  engineer  to  the  railway  engineer  or  the  railway  manager. 
This  decision  would  be  determined  by  the  economic  question  whether 
higher  weight  efficiency — i.e..  higher  draw-bar  pull  per  pound  of  motor 
weight  and  reliability  of  service — should  be  sacrificed  because  of  the 
]>ossibil!ty,  at  some  future  time,  when  the  electrification  of  railroads  for 
long  distances  was  proposed,  of  being  able  to  extend  the  same  system 
of  operation  over  other  parts  of  the  road. 

Mr.  A.  H,  Armstrono  thought,  in  view  of  the  fact  that  the  alternating- 
current  trolley  construction  as  installed  on  the  New  Haven  line  Mpparently 
cost  80  per  cent,  more  than  a  000  volt  third  rail,  and  tlw  allinuitiiig- 
current  locomotives  cost  at  least  double  for  the  same  service  |ieil(iiincd, 
it  was  instructive  to  compare  the  operating  results  secured  with  the  two 
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systems.     The  locomolive  weights  given  inihided  [lony  trucks  (in   Inith 

Idl'dllintivcs. 

New  Haven 
flOO  volt  cl.c.  1 1.000  volt  ii.c. 

(>00  volt  d.o. 

Weight  total 94-.5  tons      102  tons 

Weight  on  driver ()8-5    , 77    „ 

Number  of  motors  4  4 

Total  H.P..  1  hr.  rating 2.200  1.000 

Guaranteed  trailing  load. . .       400  tons         200  tons 

Having  approximately  the  same  total  weight,  a  single  New  York  C'ential 
locomotive  unit  had  a  capacity  equal  to  two  New  Haven  units,  although 
the  motors  of  the  latter  were  cooled  by  forced  ventilation.  The  relia- 
bility of  the  direct-current  and  alternating-current  systems  was  illus- 
trated by  the  train-minutes  delay  for  the  months  of  July  to  October, 
1908,  inclusive.  The  alternating-current  figures,  taken  from  Mr.  Mur- 
IXay's  Paper,  were  ,5.(195  minutes-,  and  the  direct-current  figures  from  the 
New  York  Central  operation  were  160  minutes. 

Mr.  N.  \V.  Storer.  in  connection  with  the  remarks  of  the  last  speaker, 
gilid  it  was  well  known,  and  had  been  announced  in  the  technical  Press. 
,  tllkt  all  the  New  Y'ork  Central  locomotives  weie  to  be  reecmstrncted  by 
changing  the  two-wheel  trucks  to  four-wheel  trucks,  and  that  the  weight 
of  the  modified  locomotive  was  between  115  and  120  tons.  Mr.  Arm- 
Strong  had  also  stated  that  the  guaranteed  trailing  load  of  the  New  Y'ork 
Central  locomotive  was  400  tons,  and  that  of  the  New  Haven  was  200 
.Ions.  The  trailing  loads  of  these  two  locomotives  should,  of  course,  be 
(((ompared  in  the  same  kind  of  service.  The  New  York  Central  guarantee 
■:fne  based  on  express  service  with  long  lay-overs.  The  New  Haven 
locomotive  was  guaranteed  to  handle  a  200  ton  trailing  load  in  con- 
tinuous local  service.  In  express  service,  which  was  the  class  of  service 
on  which  the  New  York  Central  guarantee  was  based,  the  New  Haven 
locomotive  handled  easily  a  load  of  300  tons.  No  one  was  more  anxious 
than  the  speaker  to  give  the  New  Y'ork  Central  locomotive  full  credit. 
He  believed  that  it  was  doing  most  excellent  service  ;  biit  that  service 
was  simply  switching.  There  were  a  few  trains  that  had  to  be  hauled 
s  distance  of  about  12  or  13  miles.  The  remainder  of  the  trains  were 
hauled  for  a  distance  of  only  about  ti  miles.  This  was  anything  but 
trunk-line  service.  The  distance  was  so  short,  and  the  service  nceessarily 
80  intermittent,  that  the  locomotives  should  be  able  to  work  at  a  load  far 
in  excess  of  the  one-hour  rating  without  over-heatini;.  It  was  a  note- 
worthy fact  that  since  the  wreck  of  the  Brewster  cxpic^^  llnsr  locomo- 
tives had  never  been  run  double-headed.  It  was  als. i  noit  H.nihy  that 
after  that  date  the  Umiting  speed  on  the  New  Y'ork  (Vnlral  lUrtric  zone 
was  45  miles  per  hour  until  recently,  when  it  had  been  raised  to  50  miles 
per  hour.  Under  these  circumstances,  it  was  impossible  to  make  com- 
parisons between  them  and  the  New  Haven  locomotives,  which  were 
operating  in  all  classes  of  service,  running  most  of  the  time  at  veiy  high 
speeds.  It  must  be  borne  in  mind  that  the  electric  locomotive  of  the 
future  would  be  designed  so  as  to  have  good  riding  qualities,  and  to 
secure  them  the  mcchaniial  parts  would  form  a  much  larger  part  of  the 
total  weight  than  was  thought  necessary  or  desirable  two  m-  three  years 
ago.  This  feature  in  itself  would  bring  the  weights  of  the  single-phase 
and  direct-current  locomotives  much  nearer  together. 

Mr.  M.  M.  Davis  (communicated)  thought  the  author's  remarks  about 
the  effect  of  single-phase  c\irrents  upon  telegra])h  and  telephone  wires 
might  be  misunderstood.  Transformers  were  by  no  means  completely 
corrective,  although  to  some  extent  they  were  beneficial.  His  under- 
standing was  that  the  transformers  on  the  New  Haven  road  were  applied 
only  to  single- wire  operation,  and  that  they  did  not  neutralise  the  dis- 
turbing effects  of  the  single-phase  electric  current  sufKciently  to  permit 
the  operation  of  duplexes,  quadruplexes  and  printer  circuits  \ipon  the 
wires  to  which  the  author  referred.  This  meant  that  one-half  or  two- 
thirds  or  even  a  larger  proportion  of  the  carrying  capacity  of  the  tele- 
gra)ih  wires  was  destroyed,  notwithstanding  these  transformers.  To 
apply  these  transformers,  several  otherwise  idle  wires  must  be  carried 
upon  the  poles,  and  these  wires  and  transformers  were  objectionable. 

Mr.  H.  F.  Parshall  (communicated)  thought  it  must  be  conceded  by 
all  that  the  alternating-current  ti'ain  ecpiipment,  per  se,  was  infericn'  as 
regards  cost  and  maintenance  to  a  direct-current  train  equipment,  and 
that  it  gave  no  tractive  advantage.  The  advantage,  then,  must  be  ex- 
ternal to  the  train,  and  confined  to  the  system  of  transmission,  or  more 
properly  the  collector  system,  since  the  transmission  system  would 
naturally  be  the  same  either  with  c'^'-ect  current  or  alternating  current.  It 
had  been  found  that  the  cost  of  aliigh-teusion  overlieatl  system  properly 
installed  was  greatly  in  excess  of  that  of  a  third-rail  system,  and  having 
regard  to  the  exceedingly  numerous  difficulties  as  p\it  in  evidence  by  the 
Paper,  it  could  not  be  contended  that  the  action  of  an  overhead  high- 
tension  system  was  anything  like  as  satisfactory  as  the  third-rail  system- 
The  absolute  latk  of  commercial  data  as  regards  the  cost  of  the  installa- 
tion, cost  of  operation  and  cost  of  maintenance  vitiated  an}'  conclusion 
that  might  be  drawn  other  than  that  the  system,  when  compared  with 
such  a  system  as  had  been  installed  by  the  New  York  Central,  was  en- 
tirely unjustified  by  the  practical  results.  In  his  opinion,  many  of  the 
troubles  experienced  would  have  been  avoided  had  the  alternating- 
current  system  been  installed  in  accordance  with  accepted  alternatmg- 
current  practice,  with  a  high-tensicm  system  of  transmission,  say,  from 
20,000  to  30,000  volts  witli  substations  at  the  different  sections  and  a 
trolley  voltage  not  exceeding  5.000.  The  cost  need  not  have  been  greater. 
and  the  system  would  have  been  far  and  away  safer.  ii>  that  the  different 
sections  could  be  independently  controlled.  Further,  the  volume  of 
stray  current  in  the  earth  causing  electrolysis  and  induction  troubles 
would  be  greatly  lessened.     In  conclusion,  he  said  he  was  responsible 


for  the  electric  tra.ti.m  installation  of  the  Central  l/imlon  Kailway. 
While  this  was  one  of  the  first  systems  to  employ  multipha.se  trans- 
mission with  .synchronous  converters  and  a  direct-current  collector 
system,  none  of  the  troubles  instanced  by  the  author  had  been  experienced, 
and  since  the  installation  opened  there  had  never  been,  all  told,  an  hour's 
delay  cansed  by  any  electrical  failure.  He  had  not  found  a  problem 
to  which  the  single-i)hase  system  was  properly  applicable.  He  had  re. 
cently  pretty  thoroughly  investigated  railway  matters  in  the  United 
States,  and,  considering  the  inherent  properties  of  the  different  classes 
of  apparatus,  his  conclusion  was  that  the  direct-current  system  of  electric 
traction  was  superior  to  all  others,  and  was  likely  to  remain  so  for  many 
years  to  come. 

.Mr.  O.  S.  Lyfori)  (communicated)  gave  particulars  of  the  O])eration  of 
the  electrified  section  of  the  Erie  Railroad  Company.  It  commenced 
its  work  on  a  moderate  scale  on  a  branch  line  with  34  miles  of  track  and 
six  motor  cars.  The  line  was  operated  with  11.000  volt  single-phase 
trolley,  and  had  been  in  ojjeration  18  months  with  the  following  results  : 
Saieiy. — One  man  lost  his  life  during  the  first  few  days  of  operation  by 
coming  in  contact  with  the  trolley  wire.  There  had  been  no  other  per- 
sonal injuries  to  employes  or  to  the  public  due  to  the  electrical  equipment. 
liellribllih). — In  October.  lOOS,  there  were  no  detentions  chargeable  to 
the  electrical  efpiipment.  In  November  there  were  four  detentions  of 
this  character,  one  due  to  control  trouble,  two  due  to  hot  motor  bearings, 
one  due  to  breakage  of  air-compressor  crank  shaft.  Three  of  these  de- 
tentions were  of  a  character  preventable  by  more  rigid  inspection.  In 
December  there  had  been  no  detentions  up  to  the  date  of  the  meeting. 
This  good  record,  however,  was  obtained  only  after  the  equipment  had 
been  in  process  of  "  tuning  up"  feu-  many  months.  In  the  12  months 
ended  October  31,  1908,  there  were  120  detentions  chargeable  to  the 
electrical  equipment,  which  detentions  totalled  4,800  minutes.  These 
included  a  number  of  serious  detentions  due  to  the  90  mile  60.000  volt 
transmission  line  over  which  ])ower  was  received  from  Niagara  Falls  for 
the  operation  of  the  road.  The  record  was  much  better  than  that  ofjthe 
steam  equipment  replaced.  Mriiiiliniincc. — There  had  been  no  trans- 
former troubles,  either  (m  the  cars  or  in  the  sub-stations.  Motor  troubles 
had  been  very  few.  No  mechanical  troubles  with  the  contact  wire.  The 
wear  on  this  wire  >ip  to  .\ugust,  1908,  was  from  0004  in.  to  0009  in., 
at  which  rate  it  would  be  between  20  and  30  years  before  the  wire  would 
be  worn  back  to  the  supporting  cli])s.  Stretch  of  the  copper  wire  and 
abnormal  wear  at  hard  spots  would  no  doubt  result  in  a  life  materially 
less  than  this.  There  had  been  no  apparent  deterioration  of  the  gal- 
vanising of  the  messenger  cable  and  other  galvanised  parts,  but  such 
painting  as  was  done  on  the  overhead  work  had  not  lasted.  There  had 
been  no  material  troubles  or  expense  caused  by  locomotive  gases.  The 
life  of  the  pantograph  shoes  averaged  about  15,000  miles.  Cost  of 
Operation. — The  operating  cost  under  the  usual  transportation  and 
maintenance  headings  of  the  Interstate  Commerce  Commission  classifica- 
tion, averaged  during  last  summer  about  9d.  per  car-mile.  It  was  diffi- 
cult to  make  a  fair  comparison  with  other  lines.  The  greatly  increased 
cost  of  the  electrical  equipment  of  the  locomotive  or  motor  car  must 
necessarily  involve  greater  cost  of  repair  and  maintenance.  The  savings 
effected  in  other  parts  of  the  system  must  carry  this  burden. 

Mr.  Philip  Dawsox  (communicated)  agreed  with  the  conclusions  at 
which  the  author  anived,  in  which  he  pinned  his  faith  for  general  railway 
electrification  of  urban,  suburban  and  long-distance  lines  to  the  single- 
phase  system.  It  was  the  very  serious  inconvenience  possessed  by  the 
direct-current  third-rail  system  which,  he  believed,  had  brought  about  the 
introduction  of  the  single-phase  system.  Had  it  not  been  for  the  latter 
system  the  conditions  were  such  that  the  directors  and  officers  of  the 
London.  Brighton  &  South  C'oast  Railway  Co.  could  never  have  seen  their 
way  to  adopt  electric  traction,  if  adopting  it  had  involved  the  use  of  the 
third-rail  system.  The  form  of  construction  was  the  double  catenary. 
The  droppers  were  solid  Sherrardised  steel  wire,  the  shorter  ones  having 
a  loop  at  each  end,  the  longer  ones  consisting  of  two  parts  loojicd  in  the 
middle.  This  arrangement  gave  great  tlexibility  in  the  vertical  plane, 
whilst  ensuring  great  stabihty  in  the  hmi/nntal  plane  for  the  trolley  wire. 
The  catenaries" were  of  galvanised  steel  wire  cable  ?  in.  in  diameter.  Each 
catenary  was  independently  fixed  by  means  of  a  turn  buckle  and  insula- 
tor, and  supjiorted  horn  a  saddle  )iiece  resting  on  the  top  of  the  main 
insulatcn-.  The  sag  in  the  catenary  was  i-alculated  so  as  to  produce  abso- 
lute lialancing  at  the  svipports.  The  principal  insulator  had  to  bear  a 
dead  weight  \\ hich  amounted  to  8,50  lb.  .All  of  the  insulators  wei-e  of  the 
best  cpiality  porcelain,  and  the  ]irincipal  ones  were  tested  to  tiS.lXH)  volts, 
and  the  secondary  ones  to  25.000  volt*  for  30  minutes:  10  per  cent,  of  the 
insidators  were  "tested  mechanically.  The  whole  construction  of  the 
catenaries,  girder  btidses.  insulators.  &v..  was  calculated  so  as  to  result 
in  a  factor  of  safety  of  10.  The  trolley  wii-e  itself  was  round,  with  sharp 
grooves  at  the  sides,  into  which  mechanical  clips  fixed,  and  its  area  was 
0197  sq.  in.,  its  tensile  strength  being  in  all  cases  above  22  tons  per 
sciuare  inch.  In  cucler  to  |>rcvent  the  hammer  blows  fixim  which  the 
New  Haven  line  had  suffered,  the  whole  construction  had  been  designed 
so  as  to  make  the  clips  and  the  droppers  from  which  the  clips  were  sup- 
ported as  light  as  possible  in  comparison  with  the  weight  of  the  trolley 
wire  itself.  Three  years  ago.  at  the  time  the  Umdon.  Brighton  * 
South  Coast  Railway  installation  was  planned,  he  made  the  most  careful 
investigation,  and  (lecided  on  the  flexible  system  instead  of  the  rigid  one 
originallv  adopted  by  the  New  Haven  line.  The  greatest  span  so  tur 
was  195ft.  The  vertical  projection  of  the  sag  of  the  catenary  wire  atoO  F. 
for  this  span  corresponded  to  li  ft.  Contrary  to  Continental  practice, 
t\u>  ti-olley  wire  was  drawn  up  and  anchi>i-ed  at  both  ends  with  due  regard 
for  the  lowest  temperature  to  which  it  might  be  subjected,  so  that  m  the 
coldest  weather  the  elastic  limit  should  not  be  exceeded  in  the  \vii>e.    Ho 
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had  provided  for  the  wire  being  staggered  18  in.  aUogether.  or  0  in.  on 
either  side  of  the  centre  hne  of  the  track,  although  there  were  occasions 
when  he  had  diverted  it  so  as  to  go  as  far  as  13  in.  from  the  centre  line. 
The  normal  height  of  the  wire  would  be  between  16  ft.  and  17  ft.,  whilst 
in  the  two  terminal  stations  the  height  was  21  ft.  At  some  of  the  lowest 
bridges  the  wire  descended  to  a  height  of  13  ft.  10  in.,  or  only  4  in.  above 
loading  gauge.  The  train  service  which  would  operate  over  the  line  at 
present  was  of  a  purely  local  character,  and  it  was  not  likely  that  at  the 
outset  a  speed  of  45  miles  an  hour  would  be  exceeded.  Careful  considera- 
tion had  led  him  not  to  adopt  the  pantograph  type  of  collector,  but  to 
adopt  a  type  of  trailing  bow  collector.  This  collector  consisted  of  a 
tubular  frame,  the  top  of  which  wa.s  fitted  with  two  bows,  one  forming 
the  rigid  portion  of  the  frame  itself,  whilst  the  other  was  hinged  and  sprung 
from  it.  It  was  believed  that  this  method  would  ensure  sparkless  run- 
ning and  o]ierating  with  a  pressure  of  from  12  lb.  to  15  lb.  between  the 
collector  strip  and  the  contact  wire.  There  were  two  bows,  one  for 
operating  in  each  direction.  On  the  top  of  the  collector  bows  were  fixed 
renewable  grooved  aluminium  strips,  as  it  was  believed  that  by  this 
means  the  wear  of  the  wire  would  be  localised  on  the  contact  strip,  vir- 
tually no  wear  of  the  trolley  wire  taking  place.  Furthermore,  owing  to 
the  form  of  strip,  and  to  the  low  pressure  exercised  by  it  against  the 
trolley  wire,  the  cost  of  the  strip  itself  would  not  be  a  very  large  item  in 
the  working  expenses. 

Mr.  IvAX  Ofverholm  (communicated)  gave  some  particulars  of  the 
tests  of  single-phase  equipment  in  Sweden.     The  conditions  in  the  power 
station  were  somewhat  different  from  those  in  the  Cos  Cob  station.  They 
had  four-pole  generators  running  at  750  revs,  per  min.  and  driven  by  steam 
turbines.     In  this  case  the  Hywheel  effect  of  the  steam  turbine  with  its 
gearing  (reduction  8.500  to  750)  was  about  three  times  as  big  as  the 
flywheel  effect  of  the  generator  :   therefore,  when  a  short-circuit  came  on, 
the  stresses  on  the  generator  axles  were  so  severe  that  the  axles  were 
twisted.     For  this  reason  the  coupling  between  generator  and  turbine 
had  to  be  made  so  weak  that  it  would  break  when  severe  short-circuits 
came  on.     It  was  also  proposed  to  make  a  kind  of  spring  coupling  that 
would  allow  the  generator  to  slow  down  when  the  momentary  stress  of  a 
short-circuit  came  on  ;    but  as  the  cost  of  such  a  contrivance  was  con^ 
siderable.  they  preferred  to  make  a  coupling  that  did  break,  but  was 
eaUy  replaced.     In  the  power  station  there  were  two  generators  but  only 
one  circuit-breaker,  which  at  the  same  time  kept  the  generators  in  parallel 
and  connected  to  the  line.     With  this  circuit -breaker  they  had  not  had 
the  least  trouble.     In  the  beginning  there  was  much  trouble  with  the 
windings  of  the  generators.     They  were  often  short-circuited.     At  first 
it  was  thought  this  was  due  to  high  potential  stresses,  and  protective 
devices  were  installed.       As  these  did  not  seem  to  work  at  all,  they 
studied  the  conditions  more  closely,  and  found  that  the  coils  of  the 
windings  were  bent  in  many  places.     They  therefore  got  the  idea  that 
the  short-circuits  were  partly  due  to  mechanical  stresses.    Mechanically 
stronger  insulation  was  then  used  in  some  places  where  weak  points  were 
found.     Since  then  there  had  been  no  short-circuits  in  the  generators, 
although  there  had  been  several  very  severe  external  short-circuits.    He 
was  interested  to  hear  that  the  author  thought  the  single  catenary  con- 
tact line  was  just  as  good,  or  even  better,  than  the  double  catenary.     In 
Sweden  they  thf)Ught  that  a  contact  line  without  any  catenary  was  the 
best,  provided  the  mechanical  stress  in  the  contact  wire  was  kept  con- 
stant at  different  tem])eratures,  and  the  bow  pressure  so  adjusted  that 
the  resultant  stress  in  the  contact  wire  (the  sum  of  the  normal  stress  in 
the  contact  wire  and  the  bending  stress  resulting  from  the  bow  pressure) 
never  exceeded  the  elastic  limit.     At  present  it  was  not  so  with  ordinary 
trolley  lines.     In  nearly  all  the  cases  considered  they  found  that  the 
elastic  Urait  was  exceeded  ;    the  fact  that  the  trolley  lines  did  not  come 
down  more  often  was  due  to  the  fact  that  co|iper  wire  could  stand  bending 
•above  the  elastic  limit  to  a  remarkable  degree.    For  steel  wire  the  elastic 
limit  was  sufficiently  high,  and,  according  t<i  their  researches,  such  a  wire 
could  keep  the  internal  stresses  sufficiently  constant  at  varying  tem- 
perature without  being  readjusted.     For  this  reason  he  thought  it  was  a 
good  idea  to  put  up  a  steel  wire  as  contact  wire  on  the  Xew  Haven  road  ; 
but  he  wondered  if  it  could  stand  the  smoke  from  the  locomotives.   They 
had  had  very  bad  ex|)erience  in  that  respect.     He  knew  of  at  least  one  big 
installation  with  steel  catenary  wires  where  these  had  had  to  be  re|iliued 
by  bronze  wires.     They  thought  they  could  imjjrove  the  present  tr(jlicy 
line  construction  without  catenary  very  much  by  using  automatically 
working  tightening  gear.     They  intended  to  make  the  distance  between 
the  suspension  jKiints  25  to  30  metres.  But  he  did  not  think  that  they  could 
operate  locomotives  at  high  speeds  on  such  a  line  with  only  one  bow     It 
was  their  intention  to  uhc  two  bows  placed  (>  metres  or  more  apart.  The 
bow  had  a  small  (30  cm.  high)  top  bow  with  little  inertia,  supported  by  a 
pantograph.     The  arrangement  they  intended  to  use  was  an  improved 
form   of  this  bow.     The  a<ithr)r  hatl  spoken  of   hard  s])ots   in   the   line 
and   the  way  to  get  rid  of   them.     They  had  had  the  same  experience, 
and  therefore  now  made  the  line  a-s  movable  as  ])ossible  in  a  vertical 
direction,  but  had  anchored  it  duly  in  a  horizontal  direction.     They  did 
not  intend  to  use  any  deflectors  on  their  lines.     They  had  made  many 
trials  in  order  to  see  how  to  get  rid  of  the  difficulties  at  the  points  where 
the  wires  crossed  each  other,  and  had  found  that  these  difficulties  could 
be  done  away  with  by  placing  the  wires  in  the  jiroper  position  at  the 
crfissing.     In  connection  with  telegraph  and  telephone  disturbances,  in 
the  case  of  the  New  Haven  Railroad  the  disturbances  seemed  to  be  due 
chiefly  to  electromagnetic  influence,  and  not  to  the  static  charging  effect 
from  which  the  Swedish  telegraph  and  telephone  lines  suffered  so  much. 
This  could  also  be  prevented,  but  by  other  means  ;   these  were  mentioned 
in  Mr.  Dahlander's  report  about  the  Swedish  trials. 

Mr.  C.  E.  EvELETit  (communicated)  had  built  and  tested  in  1904  an 
oil  circuit-breaker,  which  contained  less  than  3  gallons  of  oil  and  opened 


rcjieatedly  on  a  smglc  break  with  a  current  of  20,000  (o  25,000  amperes 
at  2,200  volts.  This  was  equivalent  to  a  rupturing  capacity  with  four  breaks 
in  series,  such  as  would  ordinarily  be  used  for  a  single-phase  circuit  of 
over  100,000  k.v.a.  Under  these  conditions  the  circuit  was  ruptured 
without  throwing  oil  or  otherwise  damaging  the  switch,  except  for  some 
burning  of  the  contacts.  .\s  these  tests  preceded  by  a  considerable  time 
the  selection  of  the  New  Haven  oil  circuit-breakers,  and  as  there  were 
many  oil  circuit-breakers  in  service  for  feeders  where  the  total  generator 
capacity  connected  to  the  'bus  bar  exceeded  50.000  kw.,  it  was  apparent 
that  circuit. breakers  capable  of  liandling  the  New  Haven  conditicms  had 
been  built  and  might  have  been  selected.  If  they  had  been  adopted  a 
large  proportion  of  the  serious  delays  would  have  been  obviated. 

Mr.  \V.  8.  MtTRRAY,  in  reply*,  did  not  think  it  was  by  any  means  im- 
possible to  design  generators  of  the  vcjltage  and  capacity,  as  installed  in 
Cos  Cob  station,  to  withstand  the  shocks  of  short-circuits  of  the  character 
that  had  been  received  by  that  station,  yet  the  form  of  protective  ap- 
paratus that  had  been  installed  to  alleviate  the  electrical  and  mechanical 
strains   incident   to   these   short-circuits   certainly   suggested   the   wise 
expedient  of  designing  a  low  voltage  (say  not  greater  than  2,300  volts) 
station,  employing  static  transformers  to  secure  the  higher  transmission 
voltages  :    and  it  was  to  be  noted  the  increased  cost  due  to  transformer 
equipment  would  be  offset  by  a  lower  price  per  kilowatt  of  generators 
and  switchboards,  due  to  lower  voltage,   and,  further,  that  what  loss 
might  1)6  suffered  in  virt\ie  of  the  introduction  of  transformers  would  be 
greatly  offset  by  the  higher  efficiency  accruing  from  a  low  instead  of  a 
high-voltage  generating  system.     He  believed,  in  connection  with  single- 
phase  electrification,  this  arrangement  in  power-house  design  should  be 
effected.      Four   months  had  elapsed  since  Mr.  Lamme's  remarks  were 
made,    and   the   short-circuit  disturbances   had    since  disappeared,  and 
the  mileage  of  the  motors,  instead  of  the  figures  stated  by  Mr.  Lamme, 
had  become    in    some  instances  as  high  as  70,000  miles;    the  average 
mileage  of  all  motors  being  probably  00,000  miles,  and  this  with  60  per 
cent,  of  the  commutators  still  unturned.     As  a  matter  of  fact,  and  as  Mr. 
Bchrend  had  pointed  out.  the  o]ieration  with  both  alternating  and  direct- 
current  jKiwcr  was  very  much  alike  as  far  as  sparking  was  concerned,  and 
the  |icrii>d  before  turning  up  of  the  commutators  was  necessary  was, 
therefore,  about  the  same.     In  regard  to  the  use  of  a  two-phase  rather 
than  a  three-phase  generating  plant,  as  applied  to  the  New  Haven  con- 
ditions, power  house  location  had  much  to  do  Avith  the  choice  between 
the  two  systems.     In  the  case  of  a  two-phase  system  it  was  natural  to 
suppose,  in  order  to  secure  the  highest  copper  efficiency,  that  the  point 
of  divergence  of  the  two  phases  should  take  place  at  the  power  house,  if 
the  power  house  was  on  the  line  of  the  railroad.  Examining  the  location  of 
the  powerhouse  in  the  case  of  the  New  Haven  line,  it  was  to  be  noted  that 
about  18  miles  of  track  lay  west  of  the  station,  while  about  Si  miles  lay 
cast  of  it.     Thus  it  was  quite  clear  that  had  the  station  been  designed  for 
two  phases  they  would  have  been  very  much  unbalanced,  especially  as 
the  train  density  was  heavier  per  mile  of  track  on  the  longer  section. 
In  connection  with  Mr.  Parshall's  remarks,  the  London  and  New  York 
subways  offered  about  as  much  comparison  to  the  New  York,  New  Haven 
&  Hartford  Railroad  conditions  as  a  steamboat  did  to  a  flying  machine. 
Also,  the  perfected  alternating-current  motor  did  not  weigh  40  per  cent, 
more  than  a  direct-current  motor  of  the  same  capacity.     If  the  air-gap 
of  the  alternating-current  motor  was  of  a  character  which  permitted  the 
revolution  of  the  armature  in  its  bearings,  and  required  no  greater  main- 
tenance than  the  direct-current  motor,  it  did  not  matter  ho'v  much 
smaller  it  was  than  the  direct-current  motor  air-gap.     Higher  armature 
speeds  were  a  specific  advantage  rather  than  disadvantage,  in  view  of 
this  characteristic  having  exicllcnt   ii|.|iliration  to  the  direct-connected 
type  of  locomotive.     Their  cxiirmnrr  .lid  not  prove  that  the  cost  of 
the  high-tension  overhead  systrm  |iii.|ii  i  ly  installed  was  greatly  in  e-.cess 
of  a  third-rail  system.     Even  if  tlie  overhead  contact  construction  on  an 
alternating-current  system  was  more  expensive  in  first  cost,  it  might  be 
more  economical  in  >ise.     Their  present  operating  sheets  showed  tliat 
the  operating  costs,  per  se,  on  the  direct-current  zone  w^-re  just  40  ;)or 
cent,  greater  than  those  with  alternating  current.       Mr.   Armstrong: 's 
remarks  were  inconsistent  with  the  facts.     For  example,   the  weights 
of  the  locomotives.     Again,  his  reference  to  the  one-hour  performance  of 
the  New  Haven  locomotives  cr>m])lctely  ignored  the  continuous  capacity 
for  which  the  New  Haven  locomotives  were  designed.     It  was  intcrestmg 
to  note  that  the  average  for  the  train-minute  delays  during  the  past  five 
months  following   the   four  months  cited  in  the  Paper  was  13J  per  cent, 
of  the  average  during  the  period  of  (Operation  the  Paper  included.     Mr. 
Lyford's  statistics  in  regard  to  wear  on  the  contact  wire  were  interesting, 
and   corroborated   micrometer   measurements   made   on   the  steel   wire 
(hiring  the  past  nine  months  of  operation.     Mr.  Dawson's  remarks  were 
of  much  interest.     It  was  to  be  noted  that  the  spans  of  the  L.B.  .V  S.C. 
Railway  weie  very  much  less  than  in  the  New  Haven.     The  clips  for 
supporting  the  contact  wire  might  be  sufficiently  light  to  prevent  kinking 
at  the  hanger  points.     This  arrangement  would  be  greatly  fortified  if, 
as  Mr.  Dawson  stated,  speeds  of  45  miles  an  hour  woidd  not  be  exceeded. 
The  double  messenger  triangular  form  of  hanger  offering  a  more  rigid 
form  of  construction,  and  :i  L'ir:iiri  degree  of  inertia  at  the  hanger  points, 
shortly  proved  itself  nndr  im  Mi    Uiy  the  speed  conditions  that  existed 
upon  their  lines,  and  In    li  li   .|iiiii    sure  that,  even  in  the  form  of  single 
catenary  suspension,  then-  ciniiiilions  would  not  permit  the  form  of  con- 
struction as  adopted  and  descrilied  by  Mr.   Dawson.     In  short,  their 
experience  with  the  overhead  cf>nstruction  led  to  the  following  brief 
specification  for  an  overhead  contact  wire  :  (1)  One  single  steel  stranded 
messenger   cable   with   deflection   corresponding   to   econouii<a]    values 
fixing  distance  of  span.     (2)  One  horizontal  solid  copper  conductor  sup- 

♦  Written  about  four  months  subsequent  to  the  date  of  the  Paper. 
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,orted  from  steel  messenger  at  intervaLs  of  10  ft.  with  light  tension  on 
ame.  (3)  One  horizontal  solid  grooved  steel  (contact)  wire  supported 
.y  light  cli])s  (weight  not  greater  than  9  oz.)  from  the  solid  copper  wire 
t  mid  points  hetween  messenger  hangers.  The  tension  in  this  wire  not 
0  exceed  the  cla.stic  limit  of  the  steel  at  lowest  temperature.  This 
.uiiliary  or  contact  wire  (3)  had  as  much  right  for  existence  as  the  floor 
if  a  highway  bridge.  To  make  contact  on  the  copper  wire  would  be  the 
ame  as  running  on  the  members  of  a  bridge.  The  double-bow  pauto- 
'raph  collector  with  renewable  contact  strips  had  been  tried  on  the  New 
Saven  system.  They  did  not  get  a  very  great  deal  of  encouragement 
nit  of  this  form  of  collector.  In  answer  to  Mr.  Ofverholm's  inquiry  in 
■egard  to  the  effect  of  smoke  on  the  steel  contact  wire,  a  careful  observa- 
tion on  the  steel  wire  during  the  past  nine  months  did  not  indicate  that 
the  blast  from  the  locumnti\es  had  had  much,  if  any,  effect. 


THE  RADIO-TELEGRAPHIC  STATION  AT 
CDLLERCOATS.* 

BY    .\.iOE.    S.    M.    SoKENSEN. 

I  After  referring  to  the  early  history  of  wireless  telegraphy  and 
describing  the  principles  of  the  apparatus  employed,  a  description 
I  of  the  installation  at  CuUercoatsf  is  given  to  show  tlie  construction 
I  and  working  of  a  spark  system.  The  building  of  the  CuUercoat.s 
I  radio-telegraphic  station  nas  started  in  February.  1906,  and  the  mast 
I  and  house  completed  about  June.  1906.  The  mast  is  a  lattice-built 
'  pole  which  was  completely  constructed  to  its  full  length  lying  on  the 
ground,  .\fter  fixing  the  upper  ends  of  the  guys  to  the  mast,  it  was 
lifted  bodily  into  position  by  means  of  a  derrick  crane.  This  first 
installation  of  apparatus  has  been  greatly  altered,  and  is,  therefore, 
not  described  here. 

The  mast  serves  to  support  the  antennse,  wliich  originally  took  the 
form  of  an  inverted  fan.  consisting  of  eight  wires  connected  at  the  top 
and  about  60  ft.  from  the  ground,  spread  at  equal  distances  between 
two  smaller  masts  1.50  ft.  apart.  The  wires  were  connected  to  the 
inlet  insulators  on  the  roof,  four  wires  meeting  at  each  of  the  two 
inlets.  The  present  antenn;e  are  made  in  the  umbrella  shape.  Eight 
wires  are  suspended  between  tlie  to)i  of  the  pole  and  eight  iron  posts, 
arranged  on  the  rocks  and  on  land  at  nearly  equal  distances  apart,  in 
a  circle  roimd  the  pole.  The  upper  160  ft.  of  each  wire  forms  part 
of  the  antenna?,  and  is  separated  by  a  long  insulator  of  hard  lubber 
from  the  rest  of  the  wire,  w  hich  only  serves  as  a  stay.  The  lower  ends 
of  the  eight  antennje  wires  are  connected  by  an  octagonal  boundary 
wire. 
At  the  top  of  the  mast  four  wires  come  together  on  each  side,  and 
!  are  there  joined  to  two  copper  cables,  wliich  run  down  to  the  leading- 
I  in  insulators  on  the  roof.  The  two  half  parts  are  suspended  from  the 
top  of  the  mast  by  means  of  a  series  of  porcelain  insulators,  and 
similar  insulators  are  used  to  cut  the  guys  into  short  lengths.  The 
insulators  are  constructed  so  that  the  wires  are  looped  into  each  other 
tlu-ough  the  insulators,  and  in  case  an  insulator  breaks  the  wires 
will  remain  in  position.  The  antenna^  are  made  of  seven  stranded 
silicon-bronze  wire,  strand  No.  20.  The  earth  connection  consists 
of  70  copper  w  ires  of  about  2  mm.  diameter,  laid  about  6  in.  under 
the  surface,  and  spreading  from  the  centre  of  the  cabin  in  all  direc- 
tions like  spokes  in  a  wheel.  The  average  length  of  the  earth 
wires  is  L'JO  ft.  The  interior  of  the  cabin  is  divided  into  four  rooms, 
of  which  tltree  are  occupied  by  the  spark  apparatus. 

The  engine  room  contains  a  motor-generator  and  necessary  regidat- 
ing apparatus.  The  town  supply  at  480  volts  is  used.  The  s])eed  of  the 
motor  can  be  regulated  by  field  resistance  from  1.800  to  2,t00  revs. 
per  min.,  and  the  motor  started  automatically  by  a  motor  .^tarter  of 
the  "  Igranic  "  type,  which  is  controlled  from  the  operating  room. 
The  dynamo  is  a  single-phase  alternator,  which  gives  90  to  120  cycles 
according  to  the  number  of  revolutions.  By  field  regulation  the  volt- 
age can  be  altered  from  yOO  to  600  volts.'  To  protect  the  dynamo 
from  high-freijuency  induction,  the  cables  pass  through  choking  coils 
with  spark  arresters  before  they  enter  the  operating  room,  where  the 
telegraph  key  and  a  variable  reactance  are  inserted  in  the  circuit, 
which  is  completed  in  the  third  room — the  spark  room — through  the 
P''imary  winding  of  a  dry  transformer.  The  secondary  of  the  trans- 
former is  connected  to  the  spark-gap,  across  which  is  shunted  a  bat- 
tery of  Leyden  jars  and  a  self-induction  heli.x.  forming  the  closed 
oscillatory  circuit  ;  the  antenna'  and  the  earth  coimections  arc  taken 
off  from  two  points  of  the  same  helix,  thus  forming  a  so-called  galvanic 
or  direct  coupling.  As  the  fundamental  wave-length  of  tht  antenna? 
(I.e..  the  wave-length  obtained  when  the  antenna'  are  connected 
direct  to  earth  through  the  spark-gap)  is  800  metres,  and  the  normal 

*  Abstract  of  a  Paper  read  before  the  Newcastle  Local  Section  of  the 
Institution  of  Electrical  Engineers. 

tA  complete  descrii)tion  of  this  installation  appeared  in  The  Elec- 
TWCUS,  December  20,  1907,  p,  355, 


working  wave  is  600  metres,  the  antenn.-c  are  "  shortened  "  by  an 
inserted  small  battery  of  I^yden  jars.  Over  these  jars  the  antenniB 
are  "  interrupted  '  by  an  anchor  .spark-gap,  which  ordinarily  leaves 
the  antenna'  disconnected  from  the  sender,  but  during  sending  is 
bridged  acro.ss  by  a  spark. 

.V  branch  of  the  antenna?  comes  into  the  operating  room  to  a  switch 
by  which  it  can  be  joined  through  a  self-inductance  and  a  condenser 
to  earth.  This  apparatus  forms  the  receiving  circuit,  which  can  be 
tuned  by  varying  the  capacity  and  the  self-inductance.  The  con- 
denser consists  of  a  set  of  .semicircular  plates,  which  can  l>c  turned  in 
and  out  in  the  spaces  between  a  set  of  similar  ti.xed  pbtcs.  whereby 
the  capacity  can  be  altered.  The  helix  has  lOO  turns  of  thick  in- 
sulatecl  cop|)er  wire  about  1  mm.  in  diameter,  and  terminals  at  dif- 
ferent places  arranged  so  that  a  number  of  turns  in  steps  of  five  can 
be  branched  off.  If  self-inductance  and  capacity  are  arranged  in 
series  with  the  antenna-  and  earth,  the  receiver  can  be  tuned  to  wave- 
lengths from  300  to  1,000  metres,  and  when  the  condenser  is  shunted 
across  the  inductance,  to  wave-lengths  of  between  800  and  2,.i00 
metres. 

Inductively  coupled  to  the  tuning  helix  is  another  coil,  the  ends  of 
which  are  connected  to  the  detector,  in  this  ca.se  a  De  Forest  electro- 
lytic cell,  by  means  of  which  the  received  energy  is  transformed  into 
audible  signals  composed  of  long  and  short  sounds  in  a  telephone. 
Ordinarily  the  operator  on  duty  is  constantly  listening  in  tliis  tele- 
phone, and  on  600  metres  wave-lengtfi.  A  ship  intending  to  com- 
municate with  the  station  will  send  a  call  signal  with  the  names  (in 
code)  of  the  called  and  the  calling  station.  To  reply,  the  operator- 
breaks  theantenn.-e  switch, which  in  its  other  position  closes  thecircuit 
to  the  control  relay  of  the  motor  starter,  the  motor  starts,  and  in 
10  seconds  the  transmitter  is  ready  for  making  the  reply.  \A"hen 
this  has  been  done  the  antennje  are  switched  over  again,  the  motor 
stops  and  receiving  conditions  are  immediately  re-established. 

The  described  arrangements  could  be  modified  in  several  ways.  In 
short-distance  work,  for  instance,  a  spark  coil  might  be  employed 
instead  of  motor-generator  and  transformer.  Further,  the  sender 
could  be  arranged  with  a  single  open  circuit  or  with  inductive  instead 
of  galvanic  coupling,  and  likewise  the  receiver,  where  also  special 
hook-ups  may  be  used  for  the  various  forms  of  detectors.  But  the 
systems  are  all  able  to  intercommunicate,  and  a  common  feature  in 
all  of  them  is  that  the  waves  are  damped  and  interrupted. 

Reference  is  then  made  by  the  author  to  Duddeirs  and  Poulsen's 
methods  of  generating  high-frequency  undamped  oscillations.  Im- 
mediately after  his  discovery  ilr.  Poulsen  started  experiments  on 
radio-telegraphy,  and  in  a  short  time  the  Poulsen  system  was  de- 
veloped so  far  that  the  construction  of  complete  apparatus  for  prac- 
tical use  could  be  started.  In  November,  1906,  a  receiver  of  the 
Poulsen  type  was  installed  at  the  Cullercoats  station,  and  at  the  first 
test  signals  were  received  from  the  Danish  stations,  Lyngby  and 
Esbjerg,  over  distances  of  about  400  and  600  miles  respectively.  Early 
in  1907  an  experimental  arc  was  set  up  in  Cullercoats,  and  very  satis- 
factory results  were  obtained,  considering  the  energy  and  the  small 
antenna^  then  used.  In  1908  the  antenna-  at  Lyngby  and  Cullercoats 
were  extended,  and  the  stations  equipped  with  generators  of  up-to- 
date  design,  and  since  then  perfect  working  has  been  obtained  at 
all  times  between  the  three  stations. 

It  was  mentioned  above  that  the  cabin  at  Cullercoats  had  four 
rooms,  and  the  installations  in  three  of  them  have  been  described. 
The  fourth  is  occupied  by  the  complete  Poulsen  installation,  consist- 
ing of  the  two  essential  parts,  sender  and  receiver.  The  sender  com- 
prises the  generator,  the  oscillatory  circuit  with  capacity  and  selt- 
induction,  antenna>  and  earth.  As  the  oscillatory  tension  between 
the  condenser  plates  is  much  smaller  in  a  Poulsen  arc  sender  than 
in  a  spark  sender,  it  is  possible  to  use  condensers  with  air  or  oil 
dielectric  of  the  design  mentioned  above,  one  advantage  of  which  is 
that  the  capacity  of  the  sender  is  readily  altered,  and  as  the  distance 
between  the  plates  only  needs  to  be  a  few  millimetres,  the  condensers 
occupy  considerably  less  room  than  a  battery  of  Leyden  jars.  The 
sendingcircuit  or  circuits  can, of  course,  be  arranged  in  exactly  similar 
hook-ups  to  those  of  a  spark  sender,  the  arc  taking  the  place  of  the 
spark-gap. 

The  generator  is  built  in  the  following  way  :  On  an  iron  footplate 
are  mounted  two  vertical  iron  cores,  round  which  the  magnetic  field 
coils  are  placed.  Above  the  coils  an  airtight  double-walled  box  is 
placed  between  the  cores,  and  horizontal  pole-piecos  pass  through  the 
box  on  each  side,  an  air  space  being  left  between  them.  The  arc 
electrodes  are  passed  through  the  end  walls  of  the  box.  but  are  insu- 
lated from  it,  and  are  placed  so  that  the  arc  is  burning  between  the 
magnet  poles.  The  copper  electrode  is  in  a  fixed  position,  while  the 
carbon  holder  can  be  moved  to  and  fro  by  a  screw  for  adjusting  the 
arc  length,  rotated  by  a  small  motor  through  a  worm  gear.  Outside 
the  box  the  electrodes  enil  in  metallic  (ilates  with  radiators  for  aii- 
cooling.     From  a  sight  feeder  (such  as  is  used  for  oil  in  gas  engines) 
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methylated  spirit  is  dropjied  into  the  arc.  and  by  its  decomposition 
generates  the  nece.«sary  hydrogen  atmosphere. 

The  direct-current  supply  passes  from  the  switch  tlirough  a  ^  ariable 
resistance,  the  maj:netic  field  windings  and  two  air-cored  choking 
coils,  to  prevent  oscillations  in  the  mains,  to  the  arc  electrodes. 
The  signalling  is  ellected  by  letting  the  telegraph  key  short-cu-cuit 
a  part  of  the  selt-induction  in  the  circuit,  so  that  the  arc  is  oscillating 
during  the  Avhole  period  of  working,  but  two  dift'ercnt  waves  are 
radiated,  corresponding  to  marking  and  spacing.  It  will  be  under- 
stood that  as  long  as  tiie  key  is  pressed  the  transmitter  generates 
a  persistent  train  of  constant  oscillations,  and  consequently  nothing 
w-ould  be  heard  in  an  ordinary  receiver  for  audible  signals.  To  pro- 
duce sound  it  is  necessary  to  cut  the  oscillations  u))  in  groups,  oc- 
curring with  a  frequencv  which  can  be  heard.  So  far  this  cutting 
up  could  be  ellected  in  the  sender  or  I  lie  receiver  at  will. 

15y  the  "'  ticker.'"  a  very  ingenious  arrangement  of  Jlr.  Poulsen's> 
it  is  possible  to  employ  this  method  advantageously  in  the  receiver. 
The  Poulsen  "  ticker-telephone  "  receiver  consists  of  a  primary-  cir- 
cuit (the  ordinary  antenna'  earth  circuit,  with  neces.sary  selt-induc- 
t.ince  and  capacity  for  tuning),  which  is  in  inductive  and  extremely 
loose  coupling  with  a  secondary  closed  eii-cuit.  comiiosed  of  self- 
inductance  and  capacity.  Across  the  secondary  condenser  is  placed 
through  an  intermittent  contact  (the  ''  ticker  "")  a  condenser  of  large 
capacity  (in  comparison  with  the  condenser  in  the  circuit),  and 
across  this  condenser  is  placed  a  telephone. 

The  action  is  as  follows  :  If  the  '"  ticker  "'  contact  is  broken  the 
Sf  condary  circuit  is  quite  free — that  is  to  say.  no  energy  is  taken  from 
the  circuit — and  if  set  in  oscillation  from  a  sender  through  the  primary, 
the  secondary  cucuit  «i!l  accumulate  energy  by  integrating  the 
impulses  :  after  a  certain  time  the  ticker  contact  is  closed,  the  circuits 
thrown  out  of  resonance  and  the  secondary  gives  up  the  energy  to  the 
'■  bliK>k  condenser."  which  again  discharges  through  the  telephone  ; 
then  the  "  ticker  "  closes  again,  and  the  process  is  repeated  as  long  as 
energy  is  forthcoming  from  the  sender  and  of  the  proper  frequency. 
In  this  way  the  signal  is  marked  in  the  telephone  by  a  ticking  noise, 
from  which  the  apparatus  is  named. 

It  will  be  seen  that  this  method  allows  a  considerable  amount  of 
energy  to  be  given  olT  in  the  receiver  at  one  time,  although  only  oscil- 
lations of  very  small  amplitude  are  created  in  the  sender,  while  at  the 
san;e  time  it  requires  and  makes  use  of  the  sharpness  of  tuning 
obtained  b\-  undamped  waves. 

Detectors  can  be  used  w  ilhout  the  '"  ticker  "  for  printing  arrange- 
ments. A  specially  sensitive  type  is  the  photograjihic  printer,  in 
which  the  feeble  direct  current  obtained  from  the  detector  is  passed 
through  the  line  wire  in  an  Edelmann  thread  galvanometer.  The 
wire  moves  in  front  of  a  slot,  and  through  a  microscope  the  slot  is 
photographed,  with  the  moving  shadow  of  the  wire,  on  a  strip  of 
.sensitive  paper.  As  the  mass  of  the  wire  is  extremely  small,  the 
s[)ced  is  nearly  unlimited,  as  long  as  energy  enough  is  obtained  to 
give  a  visible  movement.  In  this  way  messages  have  been  received 
in  Lyngby  from  Esbjerg  at  a  rate  of  ."JOO  words  a  minute,  and  at 
( 'ullercoats  from  Lyngby  up  to  K>0  words  a  minute. 

Brief  reference  is  made  in  the  Paper  to  radio-telephony,  and  the 
author  tinally  states  that  a  comparison  between  the  arc  and  spark 
systems  will  certainly  sho«  the  advantage  of  the  arc  system,  uhich 
is  bound  in  time  to  supersede  the  other  method. 


THE    PRACTICAL  STERILISATION  OF  WATER  AND 
OF  SEWAGE  EFFLUENTS.* 

liV    It.    C.    H.    SIIENTO.V. 

The  author  here  deals  with  the  practical  sterilisation  of  .sewage 
effluents  and  of  water,  as  distinguished  from  the  theoretical  side  of 
the  question,  which  has  been  treated  at  great  length  by  chemists 
and  bacteriologists.  Sterilisation  wr^rk  cannot  be  carried  out  to  the 
best  advantage  without  the  co-operation  of  both  the  engineer  and 
the  scientist.  Tliia  fact  has  often  been  overlooked  in  the  past  in 
sewage  purification  ex|)criment8  and  requires  to  be  emphasised. 
Hitherto  most  people  in  this  country  have  regarded  the  idea  of 
st'-rilisation  of  water  or  of  .sewage  elTluent,'!  with  disfavour,  and 
eminent  authorities  have  declared  it  to  be  practically  impossible. 
This  feeling  of  prejudice  is  the  more  remarkable  when  one  considers 
that  the  sterilisation  of  sewage  eflfluentu  is  practised  in  .America  and 
has  b."fn  recommended  by  the  Hoard  of  Agriculture  of  (hat  country, 
while  the  sterilisation  of  water  supplies  has  been  adopted  on  an 
extensive  .scale  at  many  places  on  the  Continent  and  in  .America. 

AbBtract  of  a  Paper  read  before  the  Institutioa  of  Municipal  Enei- 
neen.  " 


Various  methods  have  at  different  times  been  jiroposed  for  stcriH- 
sation.  Heat,  lime,  acids,  ozone,  copper  and  its  compounds,  chlorine 
and  its  compounds,  itc,  have  been  proposed  as  agents,  but  at  the 
])resent  time  there  is  a  general  agreement  of  opinion  that  chlorine  is 
the  most  economical  sterilising  agent  for  sewage,  while  for  the  steri- 
lisation of  water  ozone  has  been  used  at  the  majority  of  places.  For 
the  sterilisation  of  water  Dr.  Rideal  has  pointed  out  that  ozone  is 
the  ideal  agent,  since  it  leaves  behind  it  only  oxygen  and  nothing 
foreign  to  the  water  ;  but  in  the  author's  opinion  there  is  much  to  be 
said  in  favour  of  hypochlorite  of  sodium,  and  especially  for  that 
produced  by  electrolytic  methods.  This  agent  is  much  cheaper,  and 
unless  the  amount  of  organic  matter  jjresent  in  the  water  is  very 
large,  it  will  have  no  unpleasant  effect  upon  the  liquid.  It  is  difficult 
to  .see  how  ozone  purification  can  compete  with  sterilisation  by 
means  of  hypochlorite  in  the  case  of  sewage  effluents,  but  the  ozone 
plant  manufacturers  are  undertaking  to  do  such  work,  and  in  view 
of  further  developments  it  is  quite  possible  that  both  systems  w  ill  be 
used. 

Ozone  Sterilisation. — In  his  Paper  read  before  the  Royal  .Sanitary 
Institute  upon  the  purification  of  water  by  ozone.  Dr.  Rideal  draws 
attention  to  the  fact  that  the  Paris  authorities  are  sterilising,  or  have 
decided  to  sterilise,  a  large  proportion  of  their  water  stipply.  From 
this  Paper  and  from  the  discussion  which  followed  it,  it  seems  that 
about  20,000,000  gallons  of  water  per  diem  are  now  to  be  sterilised 
by  the  ozone  processes,  as  the  result  of  experiments  which  have  been 
carried  on  for  a  considerable  period.  This  decision  by  the  Paris 
authorities  in  favour  of  ozone  is  of  great  importance. 

There  are  many  patents  which  affect  the  various  processes  of 
ozone  sterilisation.  Particulars  are  given  in  the  Paper  of  many 
ozone  installations  by  tlie  Lahmeycr  Electrical  Co.,  to  whom  the 
author  is  also  indelited  for  the  following  figures : — .Allowing  20 
gallons  per  head  per  day  for  a  town  of  50,000  people,  a  supply  of 
1.000.000  gallons  ])er  day  could  be  sterilised  at  a  capital  outlay  of 
£4.000.  This  would  include  the  whole  of  the  electrical  machinery, 
sterilising  galleries  and  motive  power  (if  necessary)  where  no  local 
electrical  supply  is  available.  Should  an  electrical  supply  be  avail- 
able the  annual  cost  of  treatment  would  be  lower.  A  i)opulation  of 
25.000.  requiring  odO.OOO  gallons  per  day.  would  entail  an  outlay, 
under  the  above  conditions,  of  £3.500.  The  cost  per  10,000  gallons 
of  water  treated  would  be  about  5d.  to  7|d.,  according  to  the  local 
value  of  the  kilowatt -hour,  which  usually  ranges  from  Id.  to  I^d. 
The  cost  of  treating  1.750,000  gallons  per  diem  would  be  about 
£1,168  per  annum.  This  is  inclusive  of  labour,  repairs,  rates,  taxes, 
power,  depreciation  of  plant  and  sinking  funds,  inclusive  of  interest 
at  6  per  cent,  on  the  capital  outlay  of  £4..'500.  The  cost  of  treatment 
of  1.000  gallons  in  this  case  works  out  at  ;Jd.  The  cost  of  sterilis;i- 
tion  of  sewage  by  ozone  is  estimated  as  follows  : — 

For  the  treatment  of  600,000  gallons  per  day  :  For  supplying  the 
whole  of  the  machinery,  exclusive  of  erection.  £15,000.  For  the 
treatment  of  1,2.50,000  gallons  per  day  :  In  accordance  with  the 
particulars  given  above,  £4,000. 

The  above  figures  give  an  approximate  idea  of  the  cost  of  ozone 
sterilisation,  but  it  is  impossible  to  compare  them  exactly  with  the 
))riccs  which  follow  without  having  further  details  as  to  the 
quality  of  the  water  sterili.sed.  In  the  case  of  sewage,  the  figures 
n  ',;((■  to  a  liquid  containing  3  grains  per  gallon  of  solids. 

lliipiichlorite  Sterilisation  jar  Water. — The  sterilisation  of  drink- 
ing water  by  means  of  hypochlorite  is  obviously  j)ossible,  and  tl" 
cost  of  the  treatment  and  of  the  plant  itself  is  very  nuich  less  than  in 
the  case  of  ozone,  whilst  an  unpleasant  taste  could  only  result  in 
cases  where  the  water  contained  a  large  quantity  of  suspended 
matter  and  required  treatment  with  a  much  larger  proportion  nf 
chlorine. 

Reference  is  next  m,^de  to  the  Herniite  i)lant  installed  at  Po|)lar, 
and  to  particulars  of  its  working.* 

Dr.  Rideal,  in  a  i^a per  read  recently  before  the  Faraday  Society, 
described  the  oxychlorides  process  in  use  at  (iuildford.  Early 
experiments  proved  that  if  1  part  per  100.000  of  available  chlorine 
were  added  at  the  inlet  of  a  branch  |)ipc  through  which  .septic 
eflhient  were  pa.ssing  at  the  rate  of  l.dOl)  gallons  \nv  hour,  the  ))il)e 
being  40  ft.  long  and  2J  in.  bore,  the  liipiid  would  be  deodorised  in 
lia.ssing  through  the  pipe.  A  large  number  of  other  experiments 
.■showed  that  it  was  jiossible  to  deodorise  septic  tank  effluent  without 
in  any  way  interfering  with  stibsequent  filtration.  A  much  more 
im|)ortant  fact  was  a.scertained  in  the.se  ex])eriments — viz.,  that  by 
the  addition  of  hypochlorite  to  ,the  tank  elHuent,  clogging  growths 
can  be  dis.solved  and  washed  sj)eedily  from  filters.  It  was  also  found 
that  an  addition  of  strong  hypochlorile  would  prevent  the  sjuinkler 
from  becoming  clogged  with  growths,  and  it  was  also  established 
that  filters  that  have  been  thus  treated  quickly  recover  under  normal 
conditions. 

•  See  The  Electi;icun,  Xov»mbcr».  1907. 
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Investigators  for  tlie  Ohio  State  Board  ajipear  to  liave  no  doubt 
that  more  economical  results  are  to  be  obtained  by  the  use  of  hypo- 
chlorite produced  by  electrolytic  methods.  A  summary  of  the 
experiments  is  given  in  the  Paper.  Copper  suljjhate  experiments 
were  made  before  the  chlorine  experiments,  and  it  was  clearly 
established  that  chlorine,  even  in  the  chemical  form,  was  very  much 
more  economical  than  copper  sulphate.  On  a  basis  of  treating 
daily  41.000  gallons  of  effluent  from  the  primary  contact  filters,  the 
initial  cost  of  a  sulphate  plant  would  be  about  £14.  The  cost  of  the 
chemicals  would  be  about  3s.  5d.,  and  the  cost  of  labour  about  2s.  Id. 
per  diem.  The  annual  cost  with  copper  sulphate  at  3d.  per  lb.,  and 
labour  Is.  Did.  an  hour,  would  be  £96.  10s.  ;  ca|)italis((l  at  5  per  cent, 
this  would  represent  an  investment  of  £1.0.'!(i.  Wliilst  in  another 
case  of  an  Ohio  installation  for  dealing  with  KiO.dOO  gallons  per  day 
the  capitalised  value  is  shown  to  be  £4,400. 

For  the  chlorine  experiments,  calcium  hypochlorite  or  bleaching 
powder  was  selected,  costing  2d.  per  lb.,  and  showing  on  analysis  34 
per  cent,  of  available  chlorine.  It  was  found  that  unless  special 
precautions  were  taken  in  dissolving  the  chloride  of  lime,  many  large 
lumps  which  enclosed  chlorine  remained,  and  materially  reduced  the 
efficiency  of  a  given  weight  of  the  chemical.  Experiments  were 
carried  out  at  the  Boys'  Industrial  School,  Lancaster.  Ohio.  The 
sand  filter  effluent  was  treated  with  available  chlorine  varying  from 
3-6  to  4  parts  per  1,000,000,  taking  the  daily  average.  Coli  organisms 
were  completely  removed,  and  the  removal  of  the  total  number  of 
organisms  was  from  99-8  to  99-9  per  cent.  The  solution  was  dis- 
charged into  the  sewage  at  the  rate  of  0-75  gallon  a  minute,  and 
variations  in  the  quantity  of  chlorine  applied  were  made  by  changing 
the  strength  of  the  hypocldorite  solution.  The  cost  of  constructing 
the  plant  for  treating  sand  filter  effluent  in  this  manner  may  be  taken 
at  £18.  8s.,  and  it  is  estimated  that  the  annual  cost  of  applying  4 
parts  to  the  1,000.000  of  available  chlorine  to  a  sand  filter 
effluent  flow  of  160,000  gallons  per  diem,  would  be  about  £184.  16s. 
including  labour.  Capitalised  at  5  per  cent,  this  would  represent  an 
investment  of  £3,700. 

Conclusions. — It  is  difficult  to  compare  prices  exactly  owing  to 
the  varying  conditions  in  the  cases  concerning  which  figures  are  to 
be  obtained.  Prices  are  not  quoted  for  comparison,  but  merely  as 
a  matter  of  general  interest.  For  instance,  at  Marion,  Ohio,  the  cost 
of  sterilisation  per  1,000,000  gallons  with  chloride  of  lime  appears  to 
be  about  27s.  8Jd.  (4  parts  of  available  chlorine  per  1,000,000).  while 
at  Boston,  with  5  parts  of  chlorine  per  million,  the  cost  is  4s.  4^d. 
per  1,000,000  gallons.  It  is  stated  in  a  Paper  read  before  the  Nova 
Scotia  Society  of  Engineers  that  the  cost  of  sterilising  the  Phila- 
delphia water  by  the  Vosmayer  ozone  process  costs  from  13s.  to 
30s.  4d.  per  1,000,000  gallons.  Here  the  water  is  very  bad.  The' 
figures  of  the  Lahmeyer  Company,  which  presumably  refer  to  a 
ivater  of  average  quality,  give  a  price  of  from  41s.  8d.  to  62s.  6d.  per 
1.000.000  gallons,  taking  the  cost  of  the  electrical  power  at  from 
Id.  to  l.\d.  per  unit  and  allowing  for  many  things  probably  omitted 
in  other  prices.  Dr.  Rideal  gave  an  estimate  relating  to  Paris, 
where,  assuming  that  the  cost  of  the  electric  power  to  be  ^d.  per  unit 
(a  very  low  figure),  the  cost  of  ozone  sterilisation  would  be  27s.  9d. 
per  1,000,000  gallons. 

In  the  Digby-Shenton  Paper  it  was  demonstrated  that  at  London 
prices  1  kg.  of  available  chlorine  in  the  form  of  hypochlorite  can  be 
produced  by  modern  electrolysers  with  guaranteed  output  for  lOd.. 
taking  electrical  power  at  Id.  per  unit  and  salt  at  Id.  for  10  lb.  This 
price  does  not  include  labour.  On  this  basis  the  cost  of  treatment 
would  be  for  4  parts  per  million  of  chlorine  15s.  2d.  per  million  gallons 
treated. 

It  was  established  by  Drs.  Kautbach  and  Rideal  in  the  Maiden- 
head experiments,  that  1  gramme  of  available  chlorine  would  steri- 
lise 1-21  cubic  metres  of  settling  tank  effluent,  or  1-5  cubic  metres  of 
filter  effluent.  In  any  good  modern  electroly.ser  1  B.T.U.  will  pro- 
duce from  152  to  200  grammes  of  available  chlorine.  Taking  the 
lower  figure  we  obtain  sterilisation  of  an  unfiltcred  sewage  effluent 
at  a  rate  of  24-95  B.T.U.  per  1,000.0(1(1  gallons  by  hypochlorite  as 
against  the  rate  of  133  B.T.U.  per  l.ddO.dill)  ^MJIons  by  the  ozone 
process  at  Paris,  as  described  by  Dr.  Rideal  in  his  nzone  Paper,  which 
process  was  dealing  with  water  and  not  with  sewage. 

In  the  author's  opinion,  therefore,  it  is  clear  that  hypochlorite 
sterilisation  must  be  much  more  economical  than  ozone  treatment, 
making  every  allowance  for  the  price  of  salt. 


ELECTRIC  CRANES.* 

BY  H.  H.  BROUGHTON. 
{Continued  from  page  iill.) 
Summary. — The  author  here  deals  with  the  desiirn  and  construction 
of  the  mechanical  equipment  of  cranes.  The  mechanism  required  for 
effecting  the  usual  crane  motions  is  treated  in  four  sections.  The  first 
section  relates  to-  lifting  mechanism.  The  article  opens  with  a  short 
discussion  on  the  determination  of  the  size  of  motor,  and  a  simple  ex- 
pression is  given  suitable  f<n-  most  ordinary  types  of  jib  and  overhead 
travelliug  cranes.  Then  follow  notes  on  wire  ropes,  fl.at  link-chains, 
the  gear  ratio,  spur  and  worm  gears,  shafting,  barrels,  blocks  and 
hooks,  mechanical  brakes,  limit  switches,  and  the  "free-barrel"  sys- 
tem.    Lifting  magnets  and  safety  tongs  are  also  described. 

"  Free-Barrel  "  Sy.stem. — An  excellent  mechanical  feature 
in  the  lifting  mechanism  of  Stothert  &  Pitt's  jib  cranes  is 
the  "free-barrel"  arrangement.  As  the  system  has  been 
adopted  in  nearly  all  the  harbours  and  docks  recently  con- 
structed, comprising  installations  at  Glasgow,  Heysham, 
Cardiff,    Bristol,    Southampton,     Fishguard,    Sunderland, 


Motor  Control  Apparatus. — Correclioii. — In  our  account  last 
week  of  the  motor  control  api)aratus  manufactured  b)'  Messrs. 
WsUman-Seaver  ^t  Head,  tlie  footline  to  Fig.  3  should  read 
"Steel  Stamping  Grid  used  in  'Uinkey'  Controller  Resis- 
tance," instead  of  "Cast  Steel  Grid  used  in  '  Dinkey  '  Con- 
troller Resistance." 


Fig.  94.—"  Free-Barrei,  "  Arbaxgement  by  Stothert  k  Pitt. 

Table  Bay,  East  London,  &c.,  we  propose,  through  the 
courtesy  of  the  makers,  to  describe  the  arrangement  at 
some  length. 

Referring  to  Fig.  '14,  it  will  be  seen  that  the  hoisting  drum 
A  is  not  keyed  directly  on  the  shaft,  but  runs  loosely  upon 
it,  being  connected  and  disconnected  by  a  coil  friction- 
clutch  B.  This  friction-clutch  is  thrown  in  and  out  of  gear 
by  the  rod  C  which  is  actuated  by  the  controller  handk^  D. 
When  the  controller  handle  is  in  the  position  shown  the 
clutch  is  disconnected  and  the  motor  is  at  rest.  On  moving 
the  handle  forward  the  motor  is  started,  and  the  clutch  is 
thrown  into  gear,  thus  locking  the  barrel  to  the  shaft  and 
lifting  the  load.  Further  motion  of  the  handle  increases 
the  speed  of  the  motor  without  altering  the  clutch,  the 
motion  being  taken  up  by  the  spring-box  E. 

Lowering  is  perfoinied  bv  the  mechanical  brake  F,  which 
is  operated  by  the  foot-treadle  G.  Between  the  ^readle 
*  Copyright.    All  rights  of  reproduction  are  reserved. 
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and  the  controller  liandle.  an  interlock,  in  the  form  of  a 
coupling-rod,  is  provided,  so  that  depressing  the  treadle 
and  putting  on  the  brake  throws  back  the  handle  D,  stops 
the  motor,  and  disconnects  the  barrel,  leaving  the  load 
suspended  on  the  brake.  This  arrangement  aUso  prevents 
the  motor  being  started  until  the  brake  is  released. 

The  construction  of  the  coil-clutch  is  .shown  in  Fig.  9"). 
and  a  clear  idea  of  the>  whole  lav-out  will  be  gathered 
from  Pig.  96. 


"(L 


Fig.  95. — Con,-Ci.cTcn  Fitteh  to  Crane  Babt-el. 

The  advantages  derived  from  the  "free-barrel"  system 
are  briefly  as  follows  : — 

(i.)  Lowering  can  be  performed  at  a  rapid  rate  without 
reversing  the  motor,  thus  enabling  the  crane  to  work  at  a 
very  high  speed. 

(ii.)  Lifting  can  be  carried  on  without  stopping  mitil  the 
top  of  the  hft  ;  the  clutch  is  then  instantly  disconnected, 
leaving  the  motor  armature  rotating,  no  time  being  lost  in 
waiting  for  the  armature  to  come  to  rest. 


It  will  be  seen  that  in  cranes  where  the  motor  is  always  in 
gear  with  the  lifting  barrel  the  motion  must  be  checked 
before  the  top  of  the  lift  to  prevent  overwinding,  but  with 
the  system  under  consideration  it  is  found  that  a  load  can 
be  lowered  the  full  depth  before  the  motor  has  come  to  rest, 
and  frequently  there  is  a  certain  amount  of  momentum  left 
in  the  armature  to  aid  the  next  lift. 

Li/tiiKj  Magnets. — During  the  last  few  years  numerous 
attenijits  have  been  made  to  use  magnets  for  the  purpose 
of  lifting  figured  sections,  rails,  plates,  ingots,  and  pigs. 

At  first  sight,  the  problem  of  designing  such  magnets 
appears  to  be  analogous  to  that  of  an  ordinary  tractive 
magnet.  That  such  is  not  the  case  is  evident  from  an 
examination  of  the  many  types  which  have  been  evolved. 
The  designs  have  to  be  based  upon  experimental  data  and 
full  knowledge  of  the  conditions  under  which  the  magnets 
have  to  work  and  of  the  service  for  which  they  are  intended. 

Mr.  A.  C.  Eastwood,  in  an  article  *  on  the  subject,  states 


Fic.  96. — Frek-Bakbel  Lifti.so  Mechanism. 

(iii.)  Decrease  in  gearing  strains,  as  the  gear  is  never 
reversed. 

(iv.)  A  more  equal  demand  upon  the  power  station,  as 
the  use  of  the  coil  clutch  does  away  with  the  rush  of  current 
at  starting. 

(v.)  Increased  economy. 

(vi.)  From  the  electrical  engineer's  point  of  view,  the 
motor  is  very  well  treated. 


Fig.  97. — Section  of  Liftfng  Maunet. 

that  a  lifting  magnet  which  would  readily  lift  an  ingot 
weighing  10,0001b.  would  not  lift  a  single  pig  w^eighing 
100  lb.  when  lowered  upon  a  pile  of  jiig-iron. 

A  magnet  which  appears  to  be  gaining  ground  is  that 
manvifactured  by  the  Controller  Co.  A  section  of  a  pig 
magnet  is  depicted  in  Fig.  i(7.  The  case  C  is  a  heavy  casting 
made  from  a  grade  of  steel  having  low  retentivity. 


Fig.  98. — Small  Magnet  for  Loading,  together  with 
"  TiLTiN<:  ■'  Device  for  Unloading. 

The  magnetising  coil  W  is  former- wound  ;  it  is  impreg- 
nated with  compound  in  a  vacuum-oven,  and  heavily  insu- 
lated .so  as  to  minimise  the  risks  of  internal  short-circuits 
and  earths.  The  coil  is  completely  enclosed  and  protected 
by  the  case,  which  is  ribbed  to  provide  for  rapid  radiation 
of  the  heat  from  the  coil. 

Current  is  supplied  through  a  suitably  protected  plu^ 


Cassier's  Magazine,"  December.  1906. 
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connection,  and  the  plug  is  pulled  out  when  it  is  desired  to 
detach  the  magnet  from  tlie  crane  hook.  For  the  reason 
given  below  a  "  tell  tale,"  or  preferably,  a  magnetic  lock  of 
some  kind,  should  be  fitted  to  the  plug,  so  as  to  make  it 
impossible  to  remove  the  latter  while  current  is  passing. 
The  cable  should  be  permanently  secured  to  the  hook  block. 
It  is  necessarv  to  place  a  non-inductive  resistance  in 
parallel  with  the  magnet  winding  at  switching  ofE  in  order 
to  prevent  the  high  E.M.F.  of  self-induction  from  damaging 
the  winding.  If  this  precaution  be  neglected,  sooner  or 
later  the  insulation  will  be  broken  down,  or  the  operator 
will  receive  a  dangerous  shock,  or  the  switch  contacts  will 
be  badly  damaged. 


Fig.  99— Wiring  Diage.^m  tor  Lifting  Magnet  Circuit 

The  magnetic  flux  takes  some  time  to  die  down  after  the 
magnetising  force  has  been  removed,  and  this  "  time  ele- 
ment "  characteristic  of  a  lifting  magnet  is  miade  use  of 
when  plates  are  being  handled.  A  number  of  these  can  be 
lifted  at  one  time,  and  dropped  singly  in  any  place  desired 
by  simply  opening  and  closing  the  switch  which  controls  the 
magnet.  Resistances  inserted  in  the  circuit  by  means  of  a 
simple  form  of  controller  bring  about  the  same  result. 

The  manner  in  which  such  magnets  are  controlled  is  shown 
in  diagrammatic  form  in  Fig.  99.  The  field  breaking  switch 
S,  with  non-inductive  resistance  R,  mounted  behind,  is 
fixed  in  the  operator's  cage.  A  drum  D,  geared  to  one  of 
the  hoist  shafts,  and  provided  with  two  collector  rings, 
Cj,  C,,  is  mounted  on  the  trolley.  Current  is  conveyed  to 
and  from  the  magnet  winding  by  means  of  a  heavily  insu- 
lated, twin  conductor,  flexible  cable  which  is  coiled  on  the 
drum,   and   connected   to   the   two   collector   rings.     The 


Fig.  100. — Alternative  Method  op  Wiring  fob  Lifting  Magnet. 

brushes,  /j,,  6,,  are  connected  to  two  cross- wires,  one  of 
which  may  be  the  common  return  for  the  whole  trolley.  It 
IS  desirable  to  connect  these  wires  to  the  supply,  on  the 

live  "  side  of  the  circuit-breaker  or  main  fuses. 

An  alternative  method  of  coupling  up  the  magnet  is 
depicted  in  Fig.  100.  In  this  case  the  twin  conductor  cable 
is  passed  over  a  pulley  P,,  attached  to  the  trolley  ;  back 
over  a  pulley  P.,,  attached  to  one  of  the  bridge  girders  near 
the  operator's  cage  ;  down  and  under  a  pulley  Pa,  and  back 
over  a  pulley  P^  (behind  P.),  to  the  switch  or  controller  in 
the  cage.  A  weight  W,  is  attached  to  the  pulley,  Ri, 
which  rises  and  falls,  lo  take  care  of  the  slack  cable  required. 

The  great  drawback  to  lifting  magnets  is  that  they  are 
not  absohitely  reliable  and  safe  in  operation.     Makers  ol 


such  magnets  urge  that  these  drawbacks  are  no  greater  in 
practice  than  faulty  slinging.  Accidents  due  to  careless- 
ness of  this  kind  are  rare,  and  engineers,  more  particularly 
English  engineers,  seem  to  prefer  to  take  the  risks  which 
arise  from  the  faulty  .slinging  of  awkward  loads  than  pin 
their  faith  on  lifting  magnets. 

A  number  of  clever  arrangements  which  possess  all  the 
advantages  of  the  lifting  magnet  and  none  of  its  disadvan- 
t.Tges  have  been  devised  by  the  Stuckenholz  Co. 

The  mode  of  working  with  the  arrangement  shown  in 
diagrammatic  form  in  Fig.  101  is  such  that  when  the  grippers 
or  jaws  are  opened,  the  magnet  is  lowered  to  raise  the 
material,  in  this  case  tubes,  after  which  the  jaws  close 
again  under  the  magnet,  and  thus  prevent  the  material 
being  accidentally  dropped,  even  in  the  event  of  failure  of 
the  cuiTcnt  supply. 

It  is  evident  that  the  jaws  may  be  of  such  a  form  as 
to  support  the  load.  Under  these  conditions,  the  magnet 
is  only  required  for  lifting  purposes,  and  consequently  an 
appreciable  saving  of  current  is  effected. 


Fig.  lOL — Lifting  Magnet  with  Safety  Jaw  Attachment. 

Large  lifting  magnets,  apart  from  their  great  cost,  are  of 
considerable  size  and  weight ;  tlie  latter  impairs  the  effi- 
ciency of  the  lifting  mechanism,  and  the  current  consump- 
tion of  the  magnet  itself  runs  to  a  high  figure. 

The  appliance  shown  in  Fig.  98  has  been  used  in  order  to 
work  a  crane  at  its  full  capacity  and  at  the  same  time  employ 
a  comparatively  small  lifting  magnet. 
(To  be  continued.) 


A  NEW  FORM   OP  FERY  RADIATION  PYROMETER. 


During  the  last  few  years  tlie  metlK)ds  of  measuring  liigh  tempera- 
tures have  been  developed  by  the  physicist,  and  the  manufacturer 
has  not  been  .slow  in  employing  in  everyday  life  the  instruments  and 
methods  so  develojied.  Everyone  who  has  had  any  exjierience  of 
the  temperature  measurements  made  in  the  majority  of  works  during 
the  pa.st  10  or  20  years  must  be  struck  with  the  enormous  ad- 
vance that  has  been  made.  A  few  years  ago  in  many  processes 
temperatures  could  be  only  gauged  approximately  by  eye.  whereas 
now  they  are  stated  delinitely  in  degrees  Centigrade  or  Fahrenheit. 
The  improved  methods  have  also  brought  with  them  a  demand  for 
accm-acy  which  to  the  uninstrueted  appears  entirely  unnecessary. 
Ten  years  ago  very  few  manufacturers  or  engineers  would  have 
thought  it  necessary  or  feasible  to  control  a  high  temperature  process 
to  within  1  per  cent.,  yet  this  limit,  and  even  finer  limits,  are  now 
being  frequently  imposed.  It  is  difficult  to  .say  how  much  this 
desire  for  increased  accuracy  is  due  to  the  ambition  of  the  manu- 
facturer to  produce  a  still  liner  product  than  that  he  has  been  in  the 
habit  of  making,  or  the  wish  to  go  one  better  than  his  com|)etitors. 
Competition  is  a  hard  mistress — the  eternal  struggle  after  the  cents., 
and  yet  this  same  struggle  docs  more  than  anything  else  to  develop 
iadustr\-. 
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To  improve  the  products  all  the  methods  of  manufacture  must  be 
closely  examined,  and  this  brings  in  its  train  improved  furnaces. 
with  improved  methods  of  determining  the  temperature  of  those 
furnaces. 

The  great  drawback  to  the  employment  of  pvrometers  in  furnaces 
whose  temperatures  are  higher  than  I.IKIO'C  has  been  the  destruce 
tion  of  the  p\Tometers  by  the  intense  heat,  and  it  was  not  until  th- 
radiation  or  optical  methods  of  measuring  temperatures  were  evolved 
that  this  difficulty  was  overcome. 

In  radiation  pjTometers  the  lieat  radiated  by  the  hot  body  is 
measured  in  various  ways  by  the  heat  effect  it  produces,  such  as  by 
the  electric  current  set  up  when  the  radiation  heats  one  or  more 
junctions  of  two  dissimilar  metals,  the  expansion  produced  by  the 
heating  of  a  conipoimd  metal  strip,  or  the  change  in  resistance  of  a 
fine  metal  ribbon.  The  laws  governing  the  amount  of  heat  or  energy 
radiated  in  relation  to  the  actual  temperature  of  the  hot  body  have 
been  studied  by  several  observers.  Of  the  radiation  pjTomcters  the 
best  known  is  that  invented  by  Prof.  C'h.  Fery,  of  the  Ecole  Jlunici- 
pale  de  Physique  et  de  Chimie  Industrielles,  Paris,  in  which  some  of 
the  heat  rays  from  the  hot  bodj-  are  concentrated  by  means  of  a 
concave  mirror  on  to  one  junction  of  a  small  thermo-electric  couple. 
This  couple  when  heated  sets  up  an  E.M.F..  vhich  is  indicated 
on  a  galvanometer,  the  scale  of  which  is  divided  in  degrees  of 
temperature.  The  great  disadvantage  of  this  form  of  pyrometer 
is  the  fact  that  a  galvanometer  has  alwa\'s  to  l)e  used  in  conjunction 
with  it  ;  this  necessitates  a  comparatively  level  spot  on  which  to 
place  the  galvanometer,  and  the  employment  of  leads  to  connect  the 
pyrometer  to  the  galvanometer. 

Realizing  this  drawback.  Prof.  Fery  has  designed  a  new  pyrometer 
which,  whiist  having  practically  all  tlie  advantages  of  the  old  instru- 
ment, does  not  require  a  galvanometer  and  leads.     The  instrument  is 


the  needle  set  to  the  zero  on  the  scale.  It  is  important  that  this 
zero  adjustment  should  be  made  immediately  before  taking  any 
observation,  the  shutter  in  front  of  the  pjTometer  being  closed 
whilst  the  setting  adjustment  is  made  by  a  small  knob  on  the  side  of 
the  instrument.  On  opening  the  shutter  and  exposing  the  instru- 
ment to  tlie  heat  rays  the  pointer  will  be  seen  to  rise  rapidly  to  some 
point  on  tlic  scale,  and  then  to  pause  ;  this  point  is  the  temperature 
of  the  hot  body.  It  will  be  noticed  as  the  instrument  as  a  whole  gets 
hotter  the  pointer  will  creep  up  slowly,  and  if  the  pjTometer  is  left  in 
position  for  a  comjiaratively  long  while  then  a  second  zero  reading 
must  be  taken,  and  a  correction  applied  for  the  new  zero  reading. 

Extreme  scientilic  precision  is  not  claimed  for  the  new  instrument, 
but  an  accmacy  of  between  1  and  2  per  cent,  is  readily  obtainable. 

The  following  table  shows  the  result  of  some  comparative  tests 
made  by  Mr.  G.  C.  Pearson*  at  the  Birmingham  Gas  Works  between  a 
standardised  thermo-electric  Fery  radiation  pyrometer,  and  the  new 
spiral  t)^5e  of  instrument : — 


Fery. 

Spiral. 

Difference. 

Fery. 

Spiral. 

Difference. 

990 

990 

0 
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1,225 

1,220 
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1,250 

1,250 

0 

1,240 

1,238       1       -2 

845 

840 

-  5 

1,260 

1,260      1          0 

These  tests  are  of  particular  interest,  as  they  were  made  by  an 
observer  who  had  practically  no  experience  with  the  new  instru- 


Fio.  1. — Enlarged 
View  of  Spiral. 


Fk;.  2. — Diagrammatic  Sectional  View  of 
Instri'.ment. 


h'lG.   3.  —  PVKO.MKTEK  CoilI'LETK. 


Fio.  4. — Fkont  View  or  Instru- 
ment. 


a  comj)letc  unit  in  it.sclf,  and  only  those  who  have  had  to  take  the 
temperatures  of  an  open  hearth  steel  furnace  or  of  a  gas  retort  with 
the  older  type  of  instrument  can  fullj'  appreciate  what  this  means. 

The  principle  and  con.struction  of  this  new  instrument  is  extremely 
simple.  Instead  of  the  heat  rays  being  concentrated  on  a  thermo- 
electric couple  as  in  the  earlier  instruments,  they  are  focus.sed  on  a 
small  bi-metallic  strip  made  of  two  metals  rolled  into  the  form  of  a 
spiral  which  unrolls  when  heated,  owing  to  the  largely  different  co- 
efficients of  e.xpan.sion  of  the  metals  used. 

Fig.  1  shows  an  enlarged  view  of  the  spiral,  its  centre  being  fixed, 
whilst  its  outer  free  end  carried  a  light  aluminium  pointer  whicji, 
as  the  spiral  unfolds,  moves  in  front  of  a  scale  calibrated  in 
temperatures.  The  sjjiral  is  very  small,  actually  measuring  less 
than  i  in.  (3  mm.)  diameter  and  /',  in.  (2  mm.)  wide.  It  is  blacked 
so  as  to  absorb  as  large  a  quantity  of  heat  as  possible.  Any  radiation 
pas.sing  through  its  convolutions  is  refic  ;ted  back  on  to  it  by  means  of 
a  very  small  mirror  placed  behind  it.  (This  mirror  is  not  shown  in 
Fig.l.) 

''  Fig  2  shows  diagrammatically  a  sectional  view  through  the  instru- 
ment, A  representing  one  of  the  heat  rays  which,  coming  from  the 
furnace  or  hot  body,  strike  tiie  concave  mirror  ('  and  are  reflected 
to  a  focus  on  the  small  sjjiral  .S.  The  jjointcr  P  moves  in  front  of  the 
scale  D,  the  observation  being  taken  through  the  gla.ss  window  W. 
A  shutter,  not  .shown  in  the  illustration,  is  provided  in  front  of  the 
instrument,  to  screen  off  all  radiated  heat  until  it  is  desired  to  take  a 
reading. 

In  order  to  eliminate  errors  wliich  may  ari.se  through  change  in  the 
actual  temperature  of  the  instrument,  an  adjustment  is  i)rovided  by 
which  the  centre  rod  sujjporting  the  spiral  may  be  turned,  and  thus 


ment,  and  were  taken  in  a  retort  house  in  full  ojieration.  The  two 
pyrometers  were  focussed  on  the  same  point  in  the  retort  and  th: 
readings  taken  simultaneously. 

As  will  be  seen  from  Fig.  3,  the  instrument  is  portable,  and  is 
supplied  with  a  light  rigid  wooden  tripod.  Fig.  4  shows  the  front 
view  of  the  pyrometer  with  the  temperature  scale  and  pointer. 

As  at  present  constructed  the  instrument  is  made  with  tluee 
different  scales,  which  it  is  believed  will  cover  iiKist  commercial 
requirements.     These  scales  are  ; — 

(1)  .^OCC  to  1,100°C.  which  will  cover  practically  all  annealing, 
hardening  and  ca.se  hardening  temperatures. 

(2)  500"C  to  1,4(K)"(!.,  which  will  cover  practically  all  the  tempera- 
tures met  with  in  gas  works,  the  pottery  trade,  &c.  It  is  on  the  whole 
the  most  generally  useful  range. 

(3)  SOCC.  to  l.TOO^C.  covering  any  temperature  in  a  steel  works. 
In  order  to  get  true  tempcraline  readings  with  this  and  all  types 

of  radiation  pynmietcrs.  the  condition  wliich  slioiiUl  he  fulfilled  is  that 
the  hot  body  sighted  on  should  be  confaiiiofl  within  a  chamber,  the 
walls  of  which  are  at  a))))roxiinatcly  the  .same  temperature  as  itself. 
This  condition  is, of  cour.sc,  fullillrd  in  most  jiractical  cases,  such  as  in 
taking  the  temperature  of  the  inside  of  a  gas  retort,  firebox,  anneal- 
ing, hardening,  or  muffle  furnace.  &c.  The  error  caused  by  the  fact 
of  the  furnace  door  being  open  when  sighting  is  negligible,  especially 
as  the  instrument  is  calibrated  under  these  same  conditions.  If  it  is 
desired  to  take  observaticms  witlKJul  (jpcning  the  dour  of  the  furnace, 
or  making  any  o|)cning  in  the  wall,  tlie  arrangement  illustrated  by 

*  Midland  Junior  Gas  Engineering  Association,  Fehruary  13th,  1909. 
t  \'ariation  due  to  draught,  to  the  effect  of  wliich  the  now  instrument 
wuuld  appear  to  he  niiuli  the  more  sensitive. 
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Fig.  5  tany  he  adopted.  A  cast  iron  or  fire-day  tulje  is  built  into 
the  furnace  wall  the  tube  being  closed  at  the  end  A,  which  is  inside 
the  furnace  and  open  at  the  other  end.  Since  the  tube  takes  up  tlie 
temperature  of  the  furnace  for  some  distance  along  its  length,  it 
fulfils  sufficiently  closely  the  required  conditions  of  a  closed  chamber 
with  walls  at  the  high  temperature,  and  therefore  by  sighting  on  the 
blind  and  A  we  get  the  true  temperature,  without  allowing  any  cold 
air  to  find  its  way  into  the  furnace,  or  flame  to  come  out. 

In  measuring  the  temperature  of  a  crucible  t)f  molten  metal,  or  an 
ingot  of  steel,  or  any  body  which  is  not  inside  a  closed  chamber  with 
hot  walls,  the  reading  obtained  will  be  lower  than  the  true  tempera- 
ture of  the  body.  Tlie  amount  by  which  the  reading  will  be  low- 
depends  chicflj'  on  the  nature  of  the  surface  of  the  l>ody  itself;  for 
instance,  in  the  case  of  a  block  of  carbon,  it  will  be  very  small  since 
carbon  is  what  is  known  as  a  "  black  body,"  whilst  in  the  case  of 
a  crucible  of  copper  with  a  clean  surface  the  reading  will  be  perhap.s  a 
hundred  degrees  or  more  below  the  true  temperature. 

Although  no  definite  figures  can  be  given  for  this  apparent  error, 
as  it  depends  on  local  conditions,  yet,  if  the  conditions  remain  the 


-Arr.vnoement  for  Observing 
Door. 


WITiroUT   OPENIXG    FuRK.iCB 


game,  the  error  will  be  a  constant  one,  so  that  it  may  be  determined 
once  for  all  experimentally  by  measuring  the  temperature  of  the  body 
first  inside  and  then  outside  the  furnace. 

This  new  Fery  pyrometer  is  being  constructed  in  this  country  by 
the  Cambridge  Scientific  Instrument  Co.),  who  have  also  the 
sole  manufactuiing  and  selling  rights  in  the  Colonies  and  the  Uniteji 
States. 


A  NEW  R&IL-GRINDING  MACHINE  FOR  TRAMWAYS. 

There  are  very  few  electric  tramway  systems  which  are  not  faced 
with  the  problem  of  removing  corrugations  from  the  rails.  The 
cause  of  these  corrugations  is  still  a  much  discussed  question,  but, 
so  far,  no  one  theory  has  been  universally  accepted  as  correct. 
Nevertheless,  whatever  the  cause  underlying  the  formation  of 
corrugations  may  be,  it  is  very  important  that  they  should  be  removed 
without  delay,  otherwise  the  effect  will  soon  be  apparent  in  an 
increased  cost  for  repair  to  rolling  stock  and  equipments,  while 
residents  along  the  tramway  route  will  have  ju.st  cause  for  complaint 
of  the  noise  made  by  the  cars. 

The  usual  method  em])loyed  uj)  to  the  present  for  renio\  ing 
corrugations  has  consisted  in  running  a  car  fitted  with  blocks  of 
carborundum  or  other  abrasive  substance  to  and  fro  over  the  aliected 
portions  of  the  track,  the  wavy  surface  being  gradually  ground 
down  by  the  scrubbing  action  of  the  blocks,  which  are  forced  down 
upon  the  rails  with  considerable  pressure.  Not  only  is  this  method 
slow  but  it  is  also  expensive,  owing  to  the  amount  of  power  con- 
sumed. 

Machines  have  also  been  employed  in  which  a  rotating  grinding 
wheel  is  driven  by  a  motor,  the  whole  being  carried  on  a  little  truck 
running  on  the  rails.  But  as  the  grinding  w  heel  has  been  supported 
from  the  track,  it  follows  that  any  inequalities  which  the  truck 
Wheels  pass  over  will  be  reproduced  on  the  rail  by  the  grinding 
wheel,  which  can,  therefore,  never  entu'ely  remove  a  corrugated 
surface. 

To  get  over  this  ditiiculty,  and  to  enable  corrugations  to  be 
quickly  and  cheaply  removed,  a  new  machine,  called  "  The  Corru- 
gation Remover,"  has  been  designed  and  patented  by  Mr.  Frank 
Ayton,  chief  engineer  and  manager  of  the  Ipswich  Corporation 
electric  supply  and  tramways  departments,  and  Mi'.  L.  Crosta, 
managing  director  of  the  Railway  &  General  Engineering  Co.,  of 
Nottingham,  and  mode  by  the  latter  firm.     The  new  feature  em- 


bodied in  this  machine  lies  in  fi.xint;  the  grinding  «heel  in  a  "  skate  " 
which  is  only  attached  to  the  truck  by  two  radius  arms.  The  skate 
is  able  to  move  vertically,  and  also  to  some  extent  in  a  lateral  direc- 
tion, independently  of  the  movement  of  the  truck  carrying  the 
driving  motor.  A  screw  adjustment  and  guide  are  provided  for 
feeding  the  grinding  wheel  down  in  the  skate.  As  the  skate  slides 
along  the  rail  on  two  perfectly  Hat  faces,  it  is  obvious  that  the  crests 
of  the  corrugation  waves  will  be  ground  off,  and  finally  a  perfectly 
Hat  and  smooth  surface  rejiroduced  on  the  rail  head.  The  effect  is 
really  the  same  a.s  that  obtained  by  a  carpenter  truing  up  the  wavy 
edge  of  a  board  with  a  trying  |)lane. 

The  machine  is  also  arranged  so  that  it  may  be  used  to  grind  out 
the  smaU  grooves  worn  by  the  wheel  flanges  at  the  bottom  of  the 
grooves  of  open  jioints.  These  grooves  cause  bumping  of  the  cars 
entering  points  and  are  also,  no  doubt,  the  cause  of  many  l)roken 
axles.  For  this  purpose,  the  machine  is  provided  with  a  second  set 
of  skate  faces  and  a  nari'ow  grinding  wheel  is  used. 


COERUOATION   ReMOVER.       AyTON    ASD   C'rOSTA's    PATENT. 

The  power  requhed  is  small.  \\'hen  the  machine  is  running 
light,  that  is  to  say,  with  the  grinding  wheel  not  touching  the  rail, 
the  motor  of  the  machine  shown  in  the  illustration  takes  li  kw. 
When  grinding  corrugations,  the  average  input  is  3"5  kw.,  and  the 
maximum  about  .5  kw.  The  motor  is  rated  at  5  b.h.p.,  and  the 
drive  is  to  a  countershaft  and  thence  to  the  skate  by  means  of  two 
chain  belts  of  Hans  Renold's  make.  PoMer  is  taken  from  the 
trolley  wires  by  a  long  bamboo  with  contact  hook  at  the  top.  The 
slow  traverse  along  the  track  of  about  5  ft.  to  8  ft.  per  minute  is 
obtained  by  winding  up  a  small  steel  rope  on  the  little  winch  seen  at 
the  left  end  of  the  machine.  The  other  end  of  the  rope  is  fixed  to  a 
steel  stake  driven  between  the  setts  or  into  the  wood  paving  blocks. 


SOME   NOTES  ON  WILLANS  VACUUM  TURBINES. 

Introduction. — This  is  an  age  <jf  progress,  also  of  economy  :  the 
net  result  being  the  ])roduelion  of  a  class  of  machinery,  since  this  is 
also  an  age  of  machinery,  by  which  a  certain  amount  of  work  can 
be  done  for  a  less  expenditure  of  energy  than  has  hitherto  been 
possible.  This  is  particularly  tlie  case  in  steam-driven  generat- 
ing stations.  First,  there  was  the  slow-siieed  engine,  then  the  high- 
speed reciprocating  engine  and  then  the  turbine  ;  each  piece  of 
apparatus  having  certain  and  distinct  advantages  over  its  prede- 
cessors. In  laying  down  a  new  station  at  the  present  time,  though 
there  have  been  notable  exceptions,  steam  turbines  are  practically 
certain  to  be  specified.  There  are.  however,  cases  where  the  old 
reciprocating  engines  are  in  good  working  order :  where  their 
replacement  by  turbines  would  not  be  economical  ;  but  where  some 
increase  in  the  plant  efficiency,  and  perhaps  also  in  the  output,  is 
much  tt)  be  desired. 

A  certain  amount  of  energy  is  still  available  in  the  steam  when  it 
leaves  the  engine,  for  either  the  condenser  or  the  atmosphere,  and 
if  this  can  be  converted  into  work  an  economical  problem  is  at  once 
solved.  1  To  aid  tliis  solution  is  the  purpose  of  the  \\illans  vacuum 
turbine  which  can  be  installed  in  all  cases  where  exhaust  Steam  is 
available,  whether  the  existing  reciprocating  engmes  are  working 
condensing  or  non-condensing.  The  actual  economy,  which  can  be 
cttectcd,  can  only  be  determined  by  a  consideration  of  the  conditions 
in  each  particular  case;  but  some  idea  may  be  gained  by  taking 
certain  empirical,  but  at  the  same  tune  practical,  figures  and  deduc- 
ing therefrom  results  which  may  be  considered  as  being  sufficiently 
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near  the  mark  for  the  inirpose.     This  we  shjill  foithwilh  proceed  to 
do. 

Although  the  greatest  savings  are  elTected  with  tlie  Willans 
vacuum  turbine  when  the  existing  engines  are  working  non-con- 
densing, as  the  whole  of  the  exliaust  steam  can  then  be  used  in  the 
turbine  to  produce  additional  power,  without  an  increase  in  the 
boiler  output  being  necessary,  much  economy  can  also  be  obtained 
when  condensing  engines  are  employed.  The  question  is  simply 
this  :  Does  the  lack  of  cooling  water  preclude  the  use  of  a  conden.ser  ? 
If  it  does  a  vacuum  turbine  is  imi)ossibIe,  even  though  its  erec- 
tion and  use  in  conjunction  ■witli  reciprocating  engines  may  ipso 
facto  justify  the  installation  of  a  condenser. 

Non-Condensing  Stations. — In  considering  each  class  of  station. 
and  the  pros  and  eons  for  and  against  the  erection  of  a  vacuum 
turbine,  it  must  be  noted  tliat  in  a  non-condensing  station  a  supj>ly 
of  circulating  water  for  the  condensing  jilant.  which  is  a  necessary 
adjunct  of  the  vacuum  turl)ine,  is  the  tirst  matter  to  be  dealt  with. 
The  saving  in  steam  consumption  with  a  combined  reciprocating 
engine  and  turbine  set  will  probably  l)e  a  quite  sufficient  setoff 
against  the  tirst  cost  of  coolini;  towers  or  ponds,  and  is  just  ideation 


ditions,  and  the  extra  power  obtainable  from  the  same  weight  of 
steam  by  this  arrangement,  are  shown  in  the  following  table  : — 


- 

Pow 
from 

er  obtainable 
reciprocating 
engme. 

Additional  power 

obtainable  from 

Willans  vacuum 

turbine. 

Compound  engines,  working 
with  saturated  steam,  non- 

Kw. 

500 

50O 
500 
500 

Kw. 

375 

Compound  engines,  working 
with  sujierheated  steam 
100^  F.,  non-condensing  ... 

Triple  engines,  working  with 
saturated  steam,  non-con- 

320 
340 

Triple  engines,  working  with 
steam  superlieated  100°F., 
non-condensing 

300 

Comlensing  Stations. — Tlie  problems  which  have  to  be  considered 
in  connection  with  the  installation  of  a  vacuum  turbine  in  a  con- 


Willans-Pabsons  1,350  Kw.  VAccnii  Tikbixe  (2,400  R.P.M.). 
This  machine  is  one  of  two  sets  installed  at  tlie  works  of  Sir  Bernar  1  Samuelson  &  Co.,  .MiiliUoslirouyli-on-Tees. 


enough  for  tiie  introduction  of  the  condensing  plant.  The  exhaust 
8team  which  is  lost  when  running  non-condensing  will  now  be  saved, 
while  with  a  surface  condensing  plant  of  the  "  vacuum  augmentor  " 
type,  the  temperature  of  the  air  pump  discharge  is  apjiroximately 
the  temperature  corresi)onding  U)  the  vacuum,  thus  enabling  the 
condensed  steam  to  be  pa,sscd  into  the  l^oilers  through  an  economiser, 
without  previous  heating  being  necessary. 

Since  the  Willans  vacuum  turbine  is  primarily  designed  for  re- 
ceiving st«am  at  about  atmo.spheric  pressure,  and  asnon -condensing 
engines  discharge  their  steam  at  this  pressure,  the  engines  will 
develop  the  same  power  whether  discharging  to  the  atmosphere  or 
into  a  turbine ;  and  no  alteration  to  their  valve  gear  or  cylinders  will 
be  necessary.  Further,  the  same  output  is  obtained  from  the 
reciprocating  engine  and  no  more  steam  is  u.sed.  .Any  power 
derived  from  the  turbine  is,  therefore,  a  net  gain  when  the  power 
necessary  for  driving  the  condeasing  plant  has  been  deducted  ;  and 
this  it)  but  a  small  amount. 

The  (ipcration  of  certain  types  of  reciprocating  engines  working 
m  conjunction  with  Willans  vacuum  turbines  under  different  con- 


densing station  are  not  quite  the  same  as  those  outlined  above. 
The  points  which  arise  are  :  Can  the  output  of  the  existing  engines 
be  maintained  when  exhausting  into  a  turbine  instead  of  into  a  con- 
denser ;  if  it  is  imjjo.ssiblc  for  the  existing  engines  to  maintain  their 
outputs  under  the  altered  conditions,  to  what  extent  will  their  out- 
put be  reduced  and  this  reduction  counterbalanced  by  the  output 
obtained  from  the  turbine  ;  is  the  existing  condensing  plant  of  suffi- 
cient capacity  to  deal  with  the  steam  and  maintain  a  good  vacuum 
for  the  purjjoses  of  the  turbine  :  if  not  what  means  can  be  adopted  for 
improving  the  vacuum  without  installing  a  new  condensing  plant  ? 
When  the  previous  full  load  output  from  the  reciprocating  engine 
can  be  maintained,  the  introduction  of  a  turbine  between  the  engine 
and  condenser  necessitates  an  increase  in  jiressure  in  the  exhaust 
chamber  oi  the  engine.  For.  when  exhausting  direct,  this  pressure 
will  be  between  2  lb.  and  2-.')  lb.  ab.solute  per  square  inch,  a  value 
which  will  have  to  be  raised  to  about  161b.  when  the  turbine  is 
employed,  in  order  to  maintain  the  jjrevious  engine  output.  This 
will  necessitate  an  alteration  of  valves  or  cylinders,  or  both,  and  an 
ex|)inditurc  of  a  larger  quantity  of  steam.     These  conditions  will 
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impose  no  ditticulties  in  luaiiy  cases  and  tlie  economies  effected  are 
evident  from  tlie  following  example  : — 

A  500  kw.  triple  expansion  engine  using  steam  at  a  pressure  of 
160  lb.  l)er  square  inch  superheated  100°F.  and  exhausting  into  a 
25  in.  vacuum  will  l)e  considered.  The  introduction  of  a  turbine  in 
this  case,  will  necessitate  the  engine  exhausting  at  a  pressure  of  1(>  lb. 
absolute.  The  out))ut  of  the  engine  will  then  remain  the  same  as 
before,  but  it  will  require  about  30  ))er  cent,  more  stfam  ;  though 
now  the  output  of  the  combined  set  will  have  increased  from  ."tOO  kw. 
to  800  kw.  The  engine  was,  before  the  introduction  of  the  turbine, 
oonsumini;  !),.'><«)  lb.  of  steam  per  hour  or  19  lb.  ])er  kilowatt  hour  ; 
while  after  the  inlroduetion  of  the  turbine  the  combined  set  was 
consuming  li.^.^lllh.  nf  sti\iin  and  pnidueing  8(10  kw.  with  a  con- 
sumption of  l.')-44lb.  of  steaTu  per  kilowatt  hour.  That  is  an  ad- 
ditional 300  kw.  is  produced  for  the  ccmsumption  of  '2.850  lb.  of  steam 
per  hour,  oi'  at  the  rate  of  9-5  lb.  of  steam  per  kilowatt  hour,  while 
the  overall  eftieiency  has  risen  by  3-56  lb.  of  steam  p.io  kilowatt  hour. 

When  the  previous  full-load  output  from  the  reciprocating  engine 
falls,  when  exhausting  into  a  turbine  instead  of  into  a  condenser, 
even  then  saving  may  be  effected  by  installing  a  \aeuum  turliine. 
This  may  be  shown  by  taking  the  same  500  kw.  engine  as  in  lh<'  |irc- 
vioHS  example.  No  alterations  in  the  valves  are  made  and  the  out- 
put may  be  assumed  to  fall  to  380  kw.  ;  so  that,  while  before  using 
y,500  lb.  of  stt'am  per  hour,  it  is  now  employing  about  10,050  lb.  per 
hour.     This  quantity  allows  the  turbine  to  produce  about  240  kw. 

Without  the  turbine  the  engine  exerted  500  kw.  with  a  steam 
consumption  of  19  lb.  per  kilowatt  hour,  while  the  combined  .set 
exerts  (i20  kw.  with  a  steam  consumption  of  l()-2  lb.  |)er  kilowatt 
hour  ;  so  that  an  extra  120  kw.  is  produced  at  a  rate  of  4-58  lb.  of 
steam  per  kilowatt  hour,  and  the  overall  etriciency  is  increased  by 
1'8  lb.  of  stt'am  per  kilowatt  hour. 

The  above  examples  tacitly  assume  that  the  existing  conden.sers 
are  capable  of  maintaining  the  desired  vacuum  of  27-5  in.  and  unless 
this  is  the  case  the  estimated  output  will  fall.  It  may  be  increased 
to  its  former  value  by  increasing  the  quantity  of  cooling  water  or  by 
fittmg  a  vacuum  augmentor  ;  and  the  particular  method  clio.sen 
depends  on  the  conditions  jiresent. 

To  sum  u|).  tliercfore,  it  may  be  said  that  the  installation  of  a 
Willans  vacuum  turbine  |ios.sesses  many  advantages  when  the 
existing  engine  is  working  continuously  above  its  normal  full  load, 
as  is  the  case  with  many  a  mill  engine.  This  overload  may  then  be 
transferred  to  a  turbine  arranged  for  working  with  exhaust  steam 
from  the  engine.  The  turbine  is  capable  of  working  on  live  steam 
should  the  engine  break  down,  while  .should  the  turbine  get  out  of 
order  the  engine  can  exhaust  direct  into  a  condenser. 

Enough  has  been  said  to  show  that  great  economies  are  the  result 
of  the  introduction  of  a  turbine  of  this  kind  into  both  condensing 
and  non-condensing  steam-driven  stations.  The  question  of  first 
cost  has,  it  is  true,  to  be  con.'sidered,  but  such  a  consideration  can  only 
show  that  the  increased  earning  capacity  makes  the  extra  expendi- 
ture quite  worth  while.  Further,  some  extra  expenditure  would 
have  to  be  made,  as  such  work  would  not  be  undertaken  until  the 
.station  was  working  at  near  its  full  capacity,  and  tin-  introduction  of 
such  a  vacuum  turbine  would  have  the  effect  of  staving  olf  the  evil 
day  when  still  more  serious  extensions  would  become  necessary. 


EXPERIMENTAL  ANALYSIS  OP  ARMATURE 
REACTION. 

BY  DR.  QISBERT   KAPP. 

Sumitianj — The  author  describes  two  tests  for  .separating  the  re- 
actance voltage  and  the  drop  produced  by  armature  back  excitation 
in  a  polyphase  armature.  The  machine  is  worked  short-circuited  and 
the  excitation  regulated  so  that  the  current  in  one  phase  remains  the 
same,  whilst  the  number  of  phases  included  in  the  circuit  is  varied. 


There  are  several  methods  for  experimentally  separating  the  two 
effects  which  are  comprised  under  the  term  "  armature  reaction," 
and  among  these  the  best  known  are  Fischer-Hinnen's  and  Blon- 
del's.  In  both  of  these  a  choking  coU  (or  in  three-phase  machines 
three  choking  coils)  are  required.  In  both,  the  machine  is  worked 
alternately  on  direct  short-circuit  and  on  the  choking  coils,  but  whilst 
Fischcr-Hinnen  adjusts  the  excitation  in  both  cases  so  as  to  get  the 
same  current,  Blondel  leaves  the  excitation  unaltered  and  notes  the 
current  in  both  cases.  Then  from  the  observed  values  of  excitation 
and  current  and  with  the  help  of  the  "  no-load  characteristic  "  it  is 
p.issible  to  find  :  (a)  The  inductance  of  the  armature,  (6)  the  back 
excitation  produced  by  the  armature  current;  both  these  values 
being  found  for  a  current  lagging  by  OOdeg.,  or  nearly  so,  since  a 
machine  working  on  dead  short-circuit,  or  on  a  purely  inductive  load, 
has  a  power  factor  nearly  iero. 

•  Abstract  of  an  original  communication  accepted  by  the  Council 
of  the  Inst,  of  Electrical  Engineers  for  publication  in  the  "  Journal." 


For  both  these  methods  the  determination  of  inductance  and  back 
ampere-turns  is  made  graphically,  and  its  accuracy  depends  on  the 
accuracy  with  which  a  point  of  intersection  between  two  lines  can 
be  determined.  If  the  characteristic  is  not  strongly  curved  it  is  very 
(litiicult  to  obtain  this  point  of  inter.scction  with  even  moderate 
accuracy,  but  the  greatest  drawback  to  cither  method  lies  in  this, 
that  choking  coils  capable  of  taking  approximately  full-load  current 
and  .something  like  three-quarters  to  full  voltage  must  be  provided. 
Such  coils  are  expensive,  and  although,  as  has  been  shown  by  Dr. 
Coales,*  transformers  with  an  initial  continuous-current  excitation 
may  be  n.sed  in  their  stead,  this  expedient  can  only  be  used  if  trans- 
formers of  the  right  .size  and  voltage  happen  to  be  available.  It  is 
with  the  object  of  avoiding  the  necessity  of  providing  such  special 
apparatus  as  choking  cf)ils  or  transformers  on  the  one  hand  and 
eliminating  the  inaccuracy  of  the  graphic  construction  if  applied  to 
machines  of  rising  characteristics  on  the  other,  that  I  have  endea- 
voured to  devise  the  test  now  about  to  be  described. 

It  .should  be  noted  that  my  test,  as  well  as  the  tests  of  Fischer- 
Hinnen  and  Blondel,  can  only  give  the  inductance  approximately, 
for  the  inductance  has  not  a  constant  value,  but  varies  with  the 
jihase  angle.  By  sending  an  alternating  current  from  an  indepen- 
dent source  through  the  armature  whilst  this  was  kept  fixed  in  two 
positions — namely,  wires  midway  between  pole  centres  and  exactly 
over  pole  centres — I  have  found  that  the  inductance  in  these  ca.ses 
varied  as  ]  to  3.  When  the  machine  is  at  work  with  .some  such  power- 
factor  as  08  the  crest  of  the  current  wave  will  occur  at  about  the 
moment  that  the  wires  are  near  the  edge  of  the  poles,  and  conse- 
quently the  average  inductance  will  lie  somewhere  between  these 
extreme  limits. 

I  have  also  made  an  independent  test  of  the  average  inductance 
of  the  same  armature  in  the  following  way :  The  three  phases  were 
connected  in  "  mesh,"  and  at  one  of  the  corners  an  ammeter  was 
inserted  in  series  with  an  independent  .source  of  alternating  E.M.F. 
Since  the  generator  had  been  previously  used  to  determine  the  in- 
ductance of  one  phase  separately,  the  shape  of  its  E.M.F.  curve 
would  influence  Itoth  tests  in  the  same-  way,  and  as  we  are  only 
concerned  with  tin-  proportion  liclwirn  ilir  average  inductance  and 
its  extreme  values,  the  inllurnce  of  any  u|ipci'  harmonics  in  the  curve 
of  impressed  E.M.F.  cancels  (jut.  The  result  is  given  in  the  follow- 
ing tables : — 

I.— One  Phase  only  in  Circuit.     Position  of  Maximum  Reactance. 

Exciting  force  per  pair  of  poles 

in  ampere  turns    0        ...  1,600  ...  4,800  ...  7,400 

Reactanceof  onephaseiuohms...  073  ...  072     ...     0-53  ...  0-44 

U.—One  riiasc only  in  Circttit.     Position  of  Minimum  Reactance. 
Exciting  force  per  pair  of  poles 

in  ampere  turns —  ...  0  ...  4,000  ..  11,000 

Reactanceof  one  phase  in  ohms  ..     —  ...  0  236  ...  0232  ...  0  225 

III. — The  Three  Phases  coupled  in  Mesh.     Armature  Rotating. 
Exciting  force  per  pair  of  poles 

in  ampere  turns --   ...      —      ...  0  ...   1.600 

lieictance  per  phase  ill  ohms —   ...     —      ...  0316   ...  0  316 

It  will  be  seen  from  I.  that  the  reactance  decrea.ses  with  increasing 
excitation.  This  is  natural.  As  the  teeth  in  the  armature  get  more 
saturated  they  are  less  able  to  take  additional  induction  from  the 
armature  current,  In  the  position  of  minimum  reactance  this  effect 
is  hardly  nolirealile,  since  the  .saturation  in  the  teeth  occurs  near 
the  |iole-centres  and  hardly  at  all  between  the  poles,  where  the  wires 
are.  From  III.  it  will  be  seen  that  the  average  inductance  is  inde- 
pendent of  excitation,  about  30  per  cent,  greater  than  the  minimum, 
and  fi'om  44  to  28  per  cent,  smaller  than  the  maximum,  according 
to  saturation. 

Test  III.  does  not  give  the  average  inductance  when  the  machine 
is  working  in  the  usual  way.  In  III.  the  armature  was  kept  run- 
ning wide  of  synchronism  ;  therefore,  the  crest  of  the  current  wave 
occurred  as  often  in  the  "  maximum  "  as  in  the  "  minimum  posi- 
tion. When  the  machine  is  normally  at  work  the  crest  value  always 
occiu-s  at  a  fixed  point  between  these  two  positions,  and  it  is  not 
possible  to  estimate  whether  the  average  value  of  the  reactance 
under  this  condition  will  be  greater  or  smaller  than  the  average 
found  by  test  III.  The  shape  of  the  pole-pieces,  their  circum- 
ferentialwidth,  the  material  of  the  pole-shoes  (whether  laminated 
or  solid),  and  the  number  of  slots  in  which  each  eoil-sido  is  housed, 
all  have  an  influence.  It  is,  however,  probable  that  the  average  re- 
actance in  regular  work  w  ill  be  a  little  greater  than  found  by  test  III. 
On  the  other  hand,  the  average  reactance  found  by  the  Fischer- 
Hinnen,  or  Blondel,  and  by  my  tests  is  certain  to  be  a  little  smaller 
than  the  average  as  determined  by  III.,  for  the  simple  reason  that 
in  these  tests  the  crest- value  of  the  current  occurs  near  the  "  mini 

mum  "  position. 

*  The  ElEctricia.n,  December  25,  1908,  p.  412. 
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The  two  tests  which  are  described  below  are  only  possible  with 
polyphase  armatures.  Their  general  principle  is  to  work  the  machine 
short-circuited,  without  the  intervention  of  choking  coils,  and  to  regu- 
late the  excitation  so  that  the  current  in  one  (jarticular  pliase  re- 
mains the  same,  whilst  the  number  of  pha.^es  included  in  the  circuit 
is  varied.  By  varying  tlie  current  flowing  tlirough  the  other  phases 
we  vary  the  back  excitation  produced  by  the  armature  on  the  field, 
whilst  at  the  .same  time  the  reactance  voltage  of  the  "  particular 
phase  "  in  which  the  current  remains  the  same  does  not  vary.  Since 
the  open  circuit  E.M.F.  is  (apart  from  the  very  small  correction  due 
to  armature  resistance  which  we  neglect)  the  sum  of  the  reactance 
voltage  and  the  drop  produced  by  armature  back  excitation,  we  can 
separate  the  two  effects  by  taking  readings  under  two  different  con- 
ditions.    The  following  tests  explain  the  pnice.<s. 

Slar-oiiinecled  Annaliin  irilli  Ihrt'eiiln  An-i&sihh'. — In  Fig.  1  it  is  the 
'•  ]>articular  pha.se"  in  which  the  current  is  kept  tlie  same  whilst  it  is 
varied  in  the  other  two.  The  accessible  centre  O  is  connected  by 
switches  S,.  Sj.  S.,  with  the  three-pliase  terminals,  the  connection  to 
the  particular  phase  containing  an  ammeter.  The  maciiine  is  run  at 
its  proper  speed,  and  a  no-load  cliaract eristic  is  taken  in  the  usual  way, 
all  three  switches  being,  of  course,  open.  Xow  S,  is  closed,  and  the 
excitation  adjusted  so  that  about  full-load  current  flows  through  phase 
a.  It  is  not  necessary  that  the  speed  should  be  carefully  adjusted: 
any  frequency  within  5  or  10  per  cent,  of  the  normal  gives  the  same 
short-circuit  current.  At  the  same  time,  the  excitation  is  noted  and 
the  corresponding  E.M.F.  taken  from  the  no-load  characteristic. 
Then  the  other  two  switches  are  closed.  This  causes  short-circuit 
currents  to  How  in  these  other  phases  as  well  as  in  a,  and  the 
demagnetising  action  of  the  armature  on  the  field  is  thereby  in- 
creased, so  that  the  ammeter  will  now  show  a  smaller  current 
in  a  than  previously.  To  bring  -back  the  cui'rent  to  its  old  value 
we  increase  the  excitation  as  much  as  may  be  required,  and  note 
again  the  excitation  and  the  corresponding  E.M.F.  on  the  charac- 
teristic. We  have  now  two  E.M.F.  readings  and  one  current  reading, 


and  that  is  all  that  is  required  to  separate  reactance  and  back  exci- 
tation ;  but  to  eliminate  errors  of  ob.servation  it  is  well  to  take  the 
readings  several  times  and  for  different  currents — in  fact,  to  plot 
the  short-circuit  characteristics  for  one  phase  and  for  the  three 
phases  in  action.  As  is  well  known,  these  arc  straight  lines,  as  is 
also  the  no-load  E.M.F.  characteristic  at  these  low  excitations  with 
which  one  deals  in  a  short-circuit  test.  I.^t  X,  and  X-,  be  the 
ampere  turns  of  field  excitation  corresponding  to  a  particular  cur- 
rent I,  when  one  and  when  three  jihases  respectively  are  in  action. 
Also  let  Xi,~r  I  be  the  back  ampcro  turns  produced  by  the  arma- 
ture current  1.  e  being  a  constant;  and  let  X,  represent  that  excita- 
tion which  will  produce  an  E.M.F.  E,  jusl  sufficient  to  counter- 
balance the  reactance  voltage.  With  a  frequcncj'  v  the  angular 
speed  is  <<>=2n'i',  and  we  have  E^=<<<LI  where  L  is  the  inductance 
of  one  phase.  Since  I  is  the  same  in  every  phase  we  have  for 
the  two  tests  X,=  X,-fXj  and  X3=X,-l-3Xj.  Therefore,  we  get 
X,  =  (.3X,  —  X3)  2.  From  the  no  load  characteristic  we  get  the  cor- 
responding value  of  E,,  and  this  gives  the  reactance  uL=E,'I.  This 
test  was  made  on  a  .30  k\v.  three-phase  machine  in  the  laboratory 
of  the  Birmingham  University.  It  is  the  same  machine  on  which 
the  direct  test  for  average  reactance  above  mentioned  gave  0-3 16 
ohms.  The  readings  gave  the  value  of  the  resistance  as  0-294  ohm. 
A  Blondel  test  made  on  the  same  machine  by  another  observer 
gave  a  reactance  of  0'3:5  ohm  at  the  same  frequency  of  50.  The 
characteristic  of  the  machine  is,  however,  ho  very  slightly  curved 
that  great  accuracy  by  means  of  the  graphic  method  cannot  be 
expected.  The  armature  has  a  three-hole  winding  with  four  wires 
in  each  hole.  If  all  the  wires  were  concentrated  in  one  hole  the  arma- 
turebackam|HTc-turnswouldbetheoreticallyl2x<J0Xl/2x  v'2=760. 
The  actual  value  is  only  642-5.  It  is  probable  that  the  reduction 
in  due  to  the  spreading  of  the  coil  side  over  one-third  of  the  pole- 
pitch  instead  of  iu  concentration  at  one  point. 


Mesh  Connected  Armature. — The  test  is  arranged  as  shown  in 
Fig.  2.  Two  of  the  terminals — namely,  those  of  the  "  particular 
phase"  are  shorted  through  an  ammeter  A,  and  the  other  two 
pha-ses  may  be  shorlcd  by  closing  the  switch  S.  The  machine,  of 
which  the  no  load  characteristic  at  normal  frequency  has  previously 
been  taken,  is  now  run  at  al)o\it  normal  speed  (though  also  in  this 
case  a  deviation  from  the  normal  up  to  10  per  cent,  is  immaterial), 
and  the  excitation  is  adjusted  so  that  a  definite  ciurent,  say  about 
.'iO  percent,  more  than  the  normal  phase  current,  shall  be  indicated 
by  A.  I'hases  h  and  c.  being  at  the  moment  of  maximum  current 
nearer  the  pole-centres,  will  have  more  inductance,  so  that  their 
share  will  be  a  little  less  than  one-third  and  that  of  a  will  be  a  litt'.e 
more  than  two-thirds  of  the  total  current  I  indicated  on  A.  Since, 
however,  the  circuits  are  in  parallel,  the  disturbing  effect  of  this 
inequality  in  the  average  reactance  on  the  total  observed  current  is 
not  very  serious.  At  any  rate,  the  sujiposition  of  a  division  in  the 
ratio  of  1  to  2  and  of  the  same  reactance  in  all  phases  is  a  necessity 
if  we  would  treat  the  problem  mathematically. 

Whatever  may  be  the  ratio  in  which  the  current  divides  between 
the  two  parallel  circuits,  it  has  a  lag  of  OOdeg.  in  both,  and  its 
demagnetising  action  is  therefore  correctly  given  by  k  I,=  Xj,  if  by 
I,  we  note  the  current  indicated  in  A  when  the  switch  is  open,  k 
being  (as  before)  a  constant.  Two  of  the  coils,  namely.  It  and  c, 
carry  crest  value  of  the  current  when  their  sides  are  only  30deg. 
instead  of  90  deg.  distant  from  the  pole-centres.  Their  back  exciting 
force  may  for  this  position  be  considered  as  proportional  to 
sin  30°,  or  half  what  it  would  be  if  the  current  in  these  coils  lagged 
by  90  deg.  This  will  be  the  lag  in  all  the  three  coils  when  the  switch 
is  closed.  The  current  indicated  is  now  smaller,  and  to  bring  the 
current  in  the  "  particular  phase  "  a  back  to  its  old  value  I,  we  must 
increase  the  excitation  so  that  A  indicates  the  current  I  \  3.  The 
two  currents  for  "  switch  open  "  and  "  switch  closed  "  are  there- 
fore 1-5  I  and  >/3  I,  or — l2=l-15Ii.  To  Ii  corresponds  the  excit- 
ing force  of  X,  ampere-turns.  To  1^  corresponds  the  exciting  force 
of  X2  ampere-turns.  Both  are  noted  on  an  ammeter  in  the  field 
ch-cuit.  When  the  switch  is  closed  the  back  excitation  produced  by 
the  armature  is  Ij  \/'i,  and  this  is  exactly  double  the  amount  pro- 
duced by  T|  when  the  switch  is  open.  We  have  therefore  the  fol- 
lowing relations:  X,  =  X.-f  X^,  X,=X,-i-2Xj,  X4=X2  - X,,  and  X, 
=  2X,  -Xo.  By  reference  to  the  no-load  characteristic  we  find  the 
corresponding  value  of  E,,  and  since  the  current  flowing  through 
the  '•'  particular  phase  "  has  throughout  remained  at  the  value — 
1  =  1, /lo  the  reactance  is  uL=r5  E,  I,.  In  applying  the  test  to  a 
mesh-connected  armature,  it  is  advisable  to  take  all  readings  several 
times,  so  as  to  get  the  .short-circuit  lines  for  the  two  conditions  of 
•'  switch  open  "  and  "  switch  closed  "  as  accurately  as  possible. 

A  test  made  on  the  machine  above  mentioned  gave  a  value  for 
wL= 0-292  ohms,  the  agreement  with  tlie  determination  of  the  react- 
ance when  the  armature  was  star  coupled  being  perfect.  This 
should  not  be  taken  to  indicate  that  the  method  is  equally  perfect ; 
rather  the  reverse.  The  two  determinations  should  give  different 
values.  Errors  of  observation  happen  to  balance  imperfection  of 
method  as  regards  reactance,  whilst  they  accentuate  each  other  as 
regards  armature  back  excitation.  In  the  star  test  the  coefficient  ;; 
was  found  to  be  V'l,  whereas  now  we  find  the  cin'ffieient  i-=8-05. 
The  discrepancy  is  due  to  tlie  .assumption  made  lliat  the  current 
divides  in  the  ratio  of  2  to  I  between  the  ••  particular  pluuse  "  and 
the  f>ther  two  phases. 

As  a  general  conclusion  of  this  investigation,  we  may  say  that  the 
new  method  of  testing  for  reactance  and  back  excitation  gives 
these  values  for  the  case  that  the  current  has  a  lag  of  90  deg.  The 
method  is  absolutely  correct  when  applied  to  a  star-coupled  arma- 
ture, but  only  aiiproximately  correct  when  applied  to  a  mesh- 
coupled  armature. 
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DIFFERENTIAL  BALLISTIC  METHODS  OF 
MEASURING  HYSTERESIS  LOSSES. 

BY   E.    BEATTIE,    D.SC,    AND   P.    M.    ELTON,    B.SC. 

Summary. — Ballistic  metliods  of  measuring  hysteresis  are  very  accu' 
rate,  but  have  the  {lisadvantago  that  they  are  generally  troublesome' 
The  authors  describe  a  method  that  is  quick  in  operation  and  has  the 
advantage  that  it  refers  to  short  test  pieces.  Instead  of  obtaining  the 
B-H  curve,  the  5B-H  curve  is  found  by  a  differential  measurement,  the 
method  preferred  being  that  of  momentarily  short-circuiting  a  resistance 
in  the  magnetising  circuit  so  that  H  is  brought  up  to  its  maximum  value 
and  immediately  returns  to  its  previous  value,  a  single  specimen  being 
used.  The  conditions  for  the  interval  of  short-circuit  are  examined. 
The  results  are  satisfactory,  but  the  authors  find  that  the  loss  in  a  ring 
is  1-65  times  that  found  in  strips,  whether  by  the  differential  or  the 
step-by-step  method.  Finally,  some  differential  methods  involving 
two  specimens  are  described. 

Indisputably  our  most  accurate  means  of  measuring 
hysteresis  losses,  the  ballistic  method  would  doubtless  be 
appealed  to  more  frequently  than  it  actually  is  when  such 
measurements  are  in  question,  were  it  not  for  two  serious 
objections.  On  the  one  hand,  the  form  of  test  piece  required — 
a  closed  ring  or  a  long  rod — is  highly  impracticable  from  the 
point  of  view  of  the  test  room,  where  an  easily  prepared  speci- 
men is  a  first  desideratum  ;  and,  on  the  other  hand,  the  mani- 
pulation of  the  method,  as  well  as  the  subsequent  reduction  of 
the  experimental  results,  is  very  tedious. 

The  difficulty  with  regard  to  the  form  of  test  piece  is  more 
imaginary  than  real.  It  has  long  been  recognised  that  hy- 
steresis measurements  can  be  made  on  short  bundles  of  straight 
strips  by  alternating  current  or  wattmeter  methods,  and  it  i^ 
no  less  true,  at  least  in  theory,  that  specimens  of  the  same  kind 


Vio.  1. — "  SnfGLE  Specimen  "  Differential  Ballistic  Method,  ab 

RANGED  EITHER  FOR  "  ToTAL  LoSS  "  TeST  (G  CONNECTED  TO  N, 

FOR  "  Specific  Loss  "  Test  (G  connected  to  Na). 
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are  also  suitable  for  ballistic  tests.  We  may,  for  instance, 
place  a  straight  test  piece  in  a  straight  magnetising  coil,  Nj 
(Fig.  1),  carry  the  magnetism  through  a  cycle  in  the  usual  way, 
and  plot  a  curve  connecting  the  mean  total  flux  F  (as  measured 
by  a  ballistic  galvanometer  in  circuit  with  a  secondary  coil,  N,. 
extending  over  the  whole  length  of  the  magnetising  coil) 
against  the  magnetising  current  I.  The  area  of  tliis  F-I  loop 
is  a  measure  of  the  total  loss  throughout  the  })ulk  of  the  s])cci- 
raen,  the  loss  in  ergs  per  cubic  centimetre  per  cycle  in  a  speci- 
men of  volume  V  being  (Ni/V)/T(?F,  where  both  [  and  F  are 
expressed  in  C.G.S.  units  and  Nj  is  the  total  number  of  turns 
on  the  magnetising  coil.  The  equivalent  uniform  induction 
to  which  this  loss  must  be  referred  is  equal  to  0-75  times  tlu^ 
induction  at  the  centre  measured  by  means  of  the  narrow 
exploring  coil  N,,.* 

Or,  again,  adopting  a  different  procedure,  and  keeping  the 
ballistic  galvanometer  connected  to  N3  throughout,  we  may 
trace  a  B-H  looj)  bv  jilotting  the  induction  B  at  the  centre 
against  the  ai)plie(l  n\a<i;nctising  force  H,  due  to  the  coil  alone. 
Owing  to  the  fact  that  the  demagnetising  force  arising  from  the 
free  magnetism  at  the  ends  of  the  specimen  is,  for  short  speci- 

*  See  The  Electrician,  January  1."),  lOO'.l,  p.  549,  where  other  methods 
of  estimating  the  equivalent  \niifiinn  indiutiou  are  also  referred  to.  The 
factor  0-75  is  what  the  writers  find  yixc^s  Ihc  best  residts  with  a  bundle 
of  J  in.  strips  20  in.  long  built  up  to  a  square  section.  A  shorter  bundle 
than  this  is  not  convenient  as  a  test  piece  since  it  requires  an  excessively 
large  magnetising  force  to  drive  the  induction  up  to  10,001)  lines  per 
square  centimetre,  which  is  often  taken  as  a  standard  iu  testing  work. 


mens,  proportional  to  the  induction  at  the  centre,  the  area  of 
this  loop  is  equal  to  the  area  of  a  true  B-H  loop,  and  is,  there- 
fore, a  measure  of  the  actual  specific  loss  at  the  particular 
section  where  the  exploring  coil  is  wound.*  The  induction  to 
which  this  loss  must  be  referred  is  now,  of  course,  equal  to  that 
at  the  centre. 

These  methods,  which  may  be  described  as  "  total  loss  " 
and  "  specific  loss  "  methods  respectively,  both  give  accurate 
results,  and  they  permit  the  use  of  a  test  piece  of  convenient 
and  practical  form  easily  and  quickly  prepared.  But  the 
difficultv  as  to  tediousness  of  manipulation  still  remains — 
would  appear,  in  fact,  to  be  enhanced  rather  than  diminished 
by  the  adoption  of  short  specimens  as  test  pieces,  since  the 
hysteresis  loops  obtained  with  these  (Fig.  2)  are  long,  narrow, 
apparently  difficult  to  determine  accurately,  and  certainly 
difficult  to  measure  up  accurately.  In  reality  it  is  quite  other- 
wise, however,  for,  by  adopting  a  certain  method  of  conduct- 
ing the  experiment,  which  we  now  proceed  to  describe,  a  bal- 
listic test  on  short  specimens  can  be  made  with  such  siuprising 
ease  as  to  put  it  at  once  on  an  almost  equal  footing  with  the 
quickest  of  available  methods  of  measuring  hysteresis.     And 
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it  is  precisely  with  short  specimens  that  this  desirable  result 
is  attained  ; "  with  rings,  or  closed-circuit  test  pieces,  the  em- 
ployment of  the  special  method  alluded  to,  whilst  considerably 
shortening  the  experimental  work,  does  not  effect  anything  like 
the  same  degree  of  simplification. 

Principle  of  the  Melhod.—ln  the  ai)plication  of  the  ballistic 
method  to  hysteresis  measurenu^nts  the  usual  procedure  is  to 
carry  the  magnetism  of  the  test  piece  through  a  complete  cycle 
(or  half  cycle)  by  varying  the  magnetising  current  in  suitable 
small  steps,  the"  throw  of  the  ballistic  galvanometer  at  each 
change  of  magnetising  current  being  noted.  From  these  in- 
dividual throws  the  ordinates  of  the  B-H  curve  are  then  built 
up.  This  process  is  necessarily  tedious  owing  to  the  large 
number  of  observations  re(|uired— observations  which  cannot 
be  taken  in  rai)id  succession— and  from  the  proportionately 
large  amount  of  arithmetical  labour  involved  in  reducing  these 
observations  ])rcparatorv  to  plotting  the  B-H  curve.  Inac- 
curacies are  also  liable 'to  result,  owing  to  the  errors  being 
cumulative. 

These  disadvantages  were  early  recognised  by  several  ex- 
perimenters, and  Vignolcs.t  Ewing,j:  and  Hopkiuson  §  mde- 

*  .SVc  The  Electruian.  Vol.  LXII..  p.  13ii.  November  li.  1908. 

t  The  Electrician,  Vol.  X.WU..  p.  49.  May  lo.  1S91. 

t  ■  Phil.  Trans.,"  Vol.  C'LXX.XIV..  Series  .\.  p.  9So  (1S93) ;  also  Thk 
Electrician.VoI.  XXXII..  p.  (i;!(i.  .\priltl.  1S94.  ,        ,        ,    „     , 

§"Pro-  Roy.  Soc",  Vol.  LH1-.  V-  3.">2  (1S93).  See  also  A.  Hoyt 
Taylor,  TuE  Eleotbician,  Vol.  LVU.,  p.  9(iS.  October  5,W90G. 
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pomleiitly  devised  modifications  of  the  ordinary  metliod  which 
enable  tlie  actual  ordinates  PJ[,  Ac,  (Fig.  3)  to  be  directly 
measured.  These  modified  methods  are  certainly  great  im- 
provements from  the  point  of  view  of  accuracy.  It  is,  however, 
possible  to  go  a  step  further,  and,  bv  adopting  a  differential 
method,  to  measure  the  difference  PQ  or  ^B  between  corres- 
ponding ordinates  instead  of  the  ordinates  themselves.  This 
difference  is  what  enters  directly  into  the  estimation  of  the 
area  of  the  B-H  loop,  and  it  is  what  has  to  be  got  at  ultimately 
whatever  experimental  procedure  happens  to  be  adopted  in 
the  first  instance.  To  measure  SB  directly,  therefore,  means 
not  only  an  increase  in  the  attainable  accuracy,  but  also  a 
reduction  of  the  necessary  observations  to  just  one-half  the 
number  required  when  the  ordinates  themselves  are  indi- 
vidually determined. 

A  number  of  differential  methods  enabling  SB  to  be  obtained 
from  a  single  throw  of  a  ballistic  galvanometer  have  been 
devised  and  tested  by  the  writers,  and  will  be  referred  to  in 
the  course  of  this  Paper.  Some  of  these,  requiring  the  use  of 
two  exactly  similar  test  pieces  and  the  duplication  of  the  mag- 
netising coils,  &c.,  are  necessarily  somewhat  complicated,  and 
on  that  account  are  less  generally  useful.  There  is,  however, 
a  most  useful  differential  method  easy  to  set  up  and  to  manipu- 
late which  requires  but  a  single  test  piece.  This  method  is 
based  on  the  following  principle  :  Suppose  that,  preparatory  to 
taking  a  ballistic  throw,  the  magnetism  of  the  specimen  is 
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carried  several  times  round  a  cycle  (say,  in  the  direction  in- 
dicated by  the  arrows  in  Fig.  3)  by  reversing  the  full  mag- 
netising force  ON.  Suppose,  further,  that  the  process  is 
stopped  when  the  magnetising  force  has  the  value  OM,  and  is 
increasing,  the  .specimen  being  thus  left  in  the  magnetic  con- 
dition represented  by  the  point  P.  I.,et,  now,  the  magnetising 
force  be  suddenly  increa.sed  from  OM  to  its  full  value  ON 
(thereby  causing  the  induction  to  increase  from  PM  to  YN) 
and,  immediately  after,  suddenly  reduced  to  its  original  value 
OM  (thereby  causing  the  induction  to  decrease  from  YN  to 
QM).  Provided  these  two  induction  changes  take  j)lace  in 
sufficiently  rapid  succession,  the  throw  of  a  ballistic  galvano- 
meter in  circuit  with  an  exploring  coil  wrapped  round  the  speci- 
men will  evidently  be  proportional  to  the  total  change  of  in- 
duction— i.e.,  proportional  to  PQ  or  S3. 

The  experimental  arrangements  by  which  these  o]K'rations 
can  be  carried  out  arc  shown  liagrammatically  in  Fig.  1.* 
Es.sentially  they  are  the  same  as  for  an  ordinary  hallistic  test, 
except  as  regards  the  mean.s  employed  for  varying  the  mag- 
netising current.  For  this  purpose  a  tapping  key,  K,  is  con- 
nected up  so  as  to  permit  the  short-circuiting  of  a  part,  R^,  of 
the  resistance  in  series  with  the  magnetising  coil.  In  jwint  of 
fact,  K  is  specially  constructed  with  a  view  to  limiting  tiie 
duration  of  contact  when  this  is  desired,  but  in  reality  it  merely 

*  It  may  pre<lii<le  the  pussibilKy  of  cniifHsion  or  niii*iiii(liMvi(anilin>;  (o 
think  <<f  the  liallLstic  galvanometer  in  Fig.  1  a«  connecfod  In  Nj,  i.v..  a 

•i|>pfific  Ions  "  method  of  mcatiurement  uh  In-ing  adopted.  The  Kpeiial 
manipuhitivc  dcviiCH  to  he  dcserihed  are.  however,  eipially  applicalile 
whether  it  in  «  "  total  lrm»  "  or  a  "  wpecilie  loss  '  method  thai"  is  a'lopted  ; 
and  whether  the  test  piece  is  in  the  form  of  a  ring  or  u  hundle. 


fulfils  the  functions  of  a  simple  tapping  key.  As  such,  therefore, 
it  is  represented  in  the  diagram,  and  as  such  it  may  conve- 
niently be  referred  to  for  the  time  being. 

The  course  of  an  experiment  is  to  start  by  rocking  the  com- 
mutator C,  the  key  K  being  held  down  meanwhile.  After  one 
or  two  reversals  the  commutator  is  stopped  in  its  mid  position, 
which  interrupts  the  current  and  leaves  the  magnetism  at  the 
point  X  (Fig.  3).  Next  K  is  opened  and  the  commutator 
thrown  over  in  the  direction  in  which  it  was  last  moving.  This 
carries  the  magnetism  to  the  point  P,  which  corresponds  to 
a  magnetising  force  OM=H,  measured  by  the  observed  read- 
ing of  the  ammeter  A.  These  preliminary  adjustments  having 
been  made,  K  is  closed  momentarily  and  the  resulting  ballistic 
throw  noted.  During  the  short  interval  that  K  is  closed  the 
induction  has  time  to  rise  from  PM  to  YN,  and,  on  opening  K, 
it  falls  to  QM  ;  hence  the  total  change  of  induction  during  the 
operation  is  PQ  =  SB,  which,  therefore,  is  what  the  throw  of 
the  ballistic  galvanometer  measures. 

In  this  way  we  get  two  related  values  of  H  and  SB.  To 
obtain  others  we  have  only  to  repeat  the  whole  of  the  above 
process  with  different  values  of  Rj'  t^"  value  of  Rj,  which 
determines  the  size  of  the  hysteresis  loop,  being  kept  fixed. 

It  is  easily  seen  that  by  giving  suitable  values  to  R,  any 
ordinate,  PQ,  lying  between  X  and  Y  can  be  measured,  and  a 
few  of  these  serve  to  determine  the  area  XYZ  of  a  half  hy  stcresia 
loop.  This  area  is  best  estimated  by  plotting  the  observed 
SB  against  the  corresponding  H,  as  in  Fig.  5.  We  thus  obtain 
a  SB-H  curve  in  place  of  the  usual  B-H  looj},  and  ^^\^  area 


included  under  this  SB-H  curve  is  necessarily  equal  to  the  area 
of  a  half  B-H  loop.     We  have  accoidingly 

Hysteresis  loss  =  .y-X  area  included  under  SB-H  curve. 

Another  observation  is  required  to  give  the  value  of  the  maxi- 
mum induction  to  which  this  hysteresis  loss  refers.  This,  of 
course,  is  obtained  at  once  by  noting  the  ballistic  throw  ou 
reversing  the  commutator  C  whilst  K  is  held  down. 

Cmiditions  for  Success. — Certain  easily  observed  precautions 
have  to  be  taken  in  order  to  ensure  the  success  of  this  method. 
For  instance,  when  K  is  us?d  to  momentarily  short-circuit  Rj, 
wj  must  arrange  so  that  the  duration  of  contact  is  neither  too 
long  nor  too  short.  Between  the  })aBsagc  through  the  gal- 
vanometer of  the  (juantity  Q,  of  electricity  induced  by  the 
change  of  induction  from  PM  to  YN,  and  the  passage  of  the 
inver.sc  quantity  Q^  induced  by  the  change  of  induction  from 
YN  to  QM,  there  is  a  time  interval  t  equal  to  the  duration  of 
contact  of  K.  If  t  is  appreciable,  the  galvanometer  does  not 
measure  accurately  the  difference  ])etwecn  Q,  and  Q., — i.e., 
does  not  give  the  true  value  of  SB.  So  long  as  we  arc  dealing 
with  normal  hysteresis  loo|)s  (such  as  are  obtained  with  ring 
specimens,  or,  more  generally,  with  test  pieces  built  up  to  form 
a  closed  magnetic  circuit)  no  s])ecial  care  n^ed,  as  a  matter  of 
fact,  be  taken  to  sec  that  t  is  of  very  exceptional  shortness. 
Hut  when  straight  specimens  are  erni)loyed  the  hysteresis  loops 
are  nmch  distorted,  and  an  ap])reciable  amount  of  error  may 
easily  aj)pear  uidess  t  is  ki'])t  very  small  compared  with  the 
])eriodic  time  of  oscillation  T  of  the  galvanonu'ter.  To  enable 
the  shortest  permissible  tluratiou  of  contact  of  K  t«  be  asccr- 
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tallied  ill  any  given  case  it  is,  therefore,  necessary  to  calculate 
the  magnitude  of  the  possible  error  in  the  difYerontial  action 
of  the  galvanometer  in  terms  of  t. 

As  only  a  rough  estimate  is  required,  it  will  suffice  for  this 
purpose  to  consider  a  ballistic  galvanometer  with  negligible 
damping.  The  quantity  Qj  when  discharged  impulsively 
through  the  galvanometer  at  rest  causes  the  moving  system  to 
start  off  with  an  angular  velocity,  which,  being  proportional 
to  Qi,  may,  for  simplicity's  sake,  be  represented  by  Q,.  Since 
the  galvanometer  is  undamped,  the  subsequent  motion  of  the 
suspended  system  is  given  by  d6/dt,  =  Q^  cos  lit,  where  ^  =  2n-/T, 
so  that  during  the  short  interval  t  which  elapses  before  the 
passage  of  the  quantity  Qj  the  system  travels  an  angular  dis- 
tance 6^  =  (QJh)  amliT,  and  the  velocity  falls  to  Q,  cos /(r. 
When,  after  time  t,  the  quantity  Q,  passes  impulsively  in  an 
inverse  direction,  the  velocity  is  suddenly  reduced  from 
Q,  cos  ^T  to  V2  =  Qi  cos /iT— Qj,  which  is,  accordingly,  the 
initial  velocity  with  which  the  moving  system  starts  off  on 
its  second  stage  of  motion.  The  subsequent  motion  during 
this  second  stage  is  given  by  rf^/rf<  =  V2  cos  ^<  — ^^A  sin  ,'?^ 
•which  shows  that  the  velocity  falls  to  zero  after  a  time  T„ 
=(T/2n-)  tan~'(V2/^i/i)-  During  this  time  the  moving  system 
travels  a  distance  e.,  =  (\Jh)  sinhT.y  +  d^  (cos^T.^-l),  sc  that 
the  total  distance  travelled  from  the  commencement — i.e., 
the  amplitude   of  the  first  throw  of  the   galvanometer — i3 


True  Mag.Forco  H  in  C.G.  S.units 
Fig.  5. — Typical  5B  H  C'pkves  for  Ikon  Rikg. 

9i+e,=s.\nhT:.^{\,  +  {Q^-f\\^sin-hT}fh.  From  this  the  per- 
centage error  arising  from  the  non-siniultaneous  passage  of 
Qi  and  Q2  is  readily  shown  to  be 

l00{Q..li7^Q,Y  sin^  hT=  100 .  47r-((,),/t^)i  -  ( 


fS)-.(tf, 


since  T  is  supposed  to  be  small.  For  Q,/(Qi  — Q2)  we  may, 
from  Fig.  3,  substitute  PQ'/PQ,  and  thus  write  the  expression 
for  the  percentage  error  in  the  final  form 


»»-tv?)  ■  G) 


In  a  normal  hysteresis  loop  PQ'/PQ  is  of  the  order  of  magni- 
tude of  1  ;  hence  an  accuracy  of  1  per  cent,  may  lie  secured 
nven  when  t  is  as  large  as  T/60,  or  0-10  second  in  the  case  of  a 
galvanometer  with  a  periodic  time  of  six  seconds.  In  the  dis- 
torted loops  obtained  with  short  straight  test  piccis,  however, 
I*Q71'Q  iii'iy  lie  as  large  as  10,  and,  therefore,  to  secure  an 
accuracy  of  1  per  cent,  t  must  not  exceed  T/600,  or  OOl  second 
with  a  galvanometer  whose  periodic  time  is  six  seconds. 

Fig.  4  shows  a  convenient  and  easily  constructed  form  of 
mercury  key  to  take  the  place  of  the  simple  tapping  key  K. 
and  .secure  a  period  of  short-circxiit  of  constant  and  suitabU' 
duration.  A  rocking  lever,  ]j,  of  brass  carries  needle  contacts 
at  each  end,  which  dip  into  mercury  cups,  MM.  these  latter 
being  connected  to  the. ends  of  R.,  when  the  key  is  in  use.  The 
needles  make  simultaneous  contact  with  their  respective  mer- 
cury cups  only  when  the  lever  is  passing  through  its  mid 
position.     Two  independent  triggers,  T^  T.,,  enable  the  lever 


to  be  set  either  symmetrically  C"  half  set"  position)  or  fully 
depressed  ("  full  set  "  position).  On  being  released  by  the 
triggers  the  lever  tilts  over  under  the  pull  of  the  spring  S  and 
short-circuits  R2  for  an  interval  of  time  which  can  be  controlled 
by  adjusting  the  needles  and  the  tension  of  the  spring.  It 
was  found  that  no  great  nicety  of  adjustment  was  required, 
as  the  duration  of  short-circuit  could,  in  practice,  be  varied 
over  quite  a  considerable  range  without  affecting  the  extent 
of  the  ballistic  throw  ;  but  usually  the  key  was  adjusted  to 
short-circuit  R2  for  about  (>(X)5  second. 

Whilst  due  care  must  be  taken  that  the  time  of  short-circuit 
of  Rj  is  sufficiently  brief  to  secure  a  proper  differential  action 
of  the  ballistic  galvanometer,  it  is  no  less  necessary  to  guard 
against  its  being  too  brief.  If  the  duration  of  the  short-circuit 
is  too  brief,  the  magnetising  current  does  not  have  sufficient 
time  to  rise  to  its  full  value  before  K  is  opened,  and  the  method 
then  fails.  This  is  best  provided  against  by  a  proper  adjust- 
ment of  the  time-constant  of  the  magnetising  coil  circuit. 
Clearly  the  conditions  are  most  unfavourable  when  the  appa- 
ratus is  arranged  to  measure  the  initial  ordinate  XZ  (Fig.  3), 
since  the  current  has  then  to  rise  through  its  maximum  range — 
i.e.,  from  zero  to  its  full  value — in  the  allotted  space  of  time. 
In  this  case  the  growth  of  current  which  follows  the  closing  of  K 

takes  place  in  accordance  with  the  equation  i'=(E/Rj)(l—e~  l  ) 
where  R^  is  the  total  resistance  of  the  magnetising  coil  circuit 
with  Rj  cut  out,  and  L  is  its  inductance.  The  time  taken  for 
the  current  to  rise  to  within  p  per  cent,  of  its  full  value  is, 
therefore,  2-3  L/R,  log,o  (100//;),  and  we  must  arrange  that 
this  rise  occurs  within  tli?  time  of  .short-circuit  t  as  fixed  by  K. 
That  is  to  say,  we  must  have  L/R,^t/2-3  1o2;,„  (100//)).  Thus, 
if  jB=one-third  of  1  per  cent,  we  must  have  L/Rj^t/5-8,  and 
if  /)  =  one-tenth  of  1  per  cent,  we  recjuire  L/R,^r/6-9.  Stated 
as  an  easily  applied  practical  rule,  the  time-constaut  of  the 
magnetising  coil  circuit  (with  R2  cut  out)  must  not  exceed,  say, 
one-sixth  the  duration  of  contact  of  K.  This  allows  the  cur- 
rent to  rise  to  within  0-25  per  cent,  of  its  full  value  before  the 
end  of  the  short-circuit  of  Rj,  and  ensures  all  the  accuracy 
that  wUl  generally  be  required. 

In  the  apparatus  used  by  the  writers  for  testing  straight 
specimens  the  magnetising  solenoid  consisted  of  1,400  turns 
of  No.  22  S.W.G.  copper  wire  wound  in  a  single  layer  on  a  tube 
1-5  in.  in  diameter  and  5  ft.  in  length.  With  a  straight  test 
piece  inside  formed  of  a  20  in.  bundle  of  i  in.  strips  made  up  to 
a  square  section,  the  total  inductance  was  0-03  henry.  The 
key  K  being  set  to  work  at  t=0-005  second,  a  resistance 
Rj  =  36  ohms  was  thus  required  to  bring  the  time-constant  of 
the  magnetising  coil  down  to  the  value  prescribed  by  the  pre- 
ceding rule.  In  practice,  a  resistance  R,  varying  from  50  to 
100  ohms  was  employed  so  as  to  make  quite  certain  of  the  cur- 
rent always  attaining  its  full  value. 

It  should  be  noted  that  if  a  fiuxmcter  is  used  in  place  of  a 
ballistic  galvanometer  for  differential  testing,  the  time  of  con- 
tact of  K  may  be  much  longer  than  that  stated  above,  so  that 
a  special  short-circuiting  key  is  not  absolutely  necessary. 
K  may  then  be  an  ordinary  tapping  key,  or,  preferably,  a  sim]ile 
switch  with  rubbing  contacts  worked  by  hand.  A  few  trials 
will  soon  show  what  arc  the  allowable  limits  to  the  duration  of 
contact. 

(To  be  conduced,) 


PHYSICAL  SOCIETY. 


At  ihenuetinglieMon  Ma\  lOliiit  ihr  ImpiiiaK'olUgo  of  .Science, 
Dr.  C.  CtiTvEE.  K.R.S..  president,  in  tlie  chair,  a  rnpi-r  on 

•'  A  Bifilar  Vibration  Galvanometer '" 
wa.5  read  by  Mr.  \^'.  DfnDEl.l..  Tlie  I'apt  r  descrilK.-;  a  new  type  of 
vibration  galvanometer  aiul  a  S(>ri<\<  of  tcsl^^  mtulo  upon  it.  Vibration 
galvanometers  may  lie  divided  into  two  tyiies :  (1)  Those  in  which 
the  moving  part  coiisi.st.s  of  a  piece  of  iron  or  .-^teel  and  tlic  cm-rent  to 
he  measured  Hows  round  fixed  coils,  as  in  the  case  of  the  Thoinsoii 
galvanometer  ;  (2)  those  in  which  the  current  to  be  measured  tlow.^ 
round  a  moving  coil  placed  in  a  tixcd  magnetic  licld  on  the  syphon 
recorder  principle.  The  vibration  galvanometers  of  Max  Wien  and 
Rubens  belong  to  the  first  class,  while  Mr.  CyH^bell's  vibration  aal- 
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vanometiT  and  ihe  •>ne  described  in  the  Paper  beKinp  to  tlic  second. 
In  the  instiunient  dcscribjd  the  mass  of  the  movins;  parts  is  reduced 
to  a  minimum,  the  moving  coil  being  reduced  to  the  two  wires  form- 
i.ii:  its  two  sides,  similar  to  a  bitilar  oscillograph,  but  with  this  dif- 
ferenc'.- :  Whereas  the  bitilar  oscillograph  is  designed  so  as  to  make 
the  dsmping  aperiodic,  the  vibration  galvanometer  is  designed  so 
as  to  keep  the  damping  as  small  as  [lossiblc.  S  series  of  tests  made 
upon  the  instrument  showed  that  the  total  range  of  frequenev  was 
very  large — namely,  from  about  90 a.  per  .second  up  to  l.!KH)ru  per 
second.  The  damping  is  very  small,  so  that  the  resonance  is  very 
sharp.  A  scries  of  measurements  on  the  sensibility  of  the  instrument 
showed  that  t\\c  sensibility  to  alternating  current  decreases  very 
nearly  inversely  as  tlu  frequency  for  which  the  instrument  is  ad- 
justed, wiiercas  for  direct  current  the  sensibility  decreases  approxi- 
mately inversely  as  the  square  of  the  frequency  for  which  the  instru- 
ment is  adjusted,  which  is  what  usually  takes  ])laee  with  direct- 
current  galvanometer.s.  The  sensibility  of  the  aalvanometer  for 
detecting  small  alternating  voltages  is  reduced  by  the  back  E.M.F.  of 
the  instrument,  and  the  Paper  concludes  with  a  determination  of  the 
magnitude  of  the  back  E.M.F.  in  the  instrument  shown  at  the  meet- 
ing. The  advantages  of  the  galvanometer  are  its  simplicity,  ease  in 
tuning. wide  range  of  frequency  for  which  it  can  be  tuned,  high  sensi- 
bility, negligible  self-inductiou  and  comparatiiely  small  back  E.il.F. 

J[r.  A.  t'.\jrPBELL  said  that  thanks  were  due  to  the  author  for  an  in- 
teresting account  of  the  valuable  and  thorough  investigation  he  had 
made  of  the  behaviour  of  single-loop  bitilar  vibration  galvanometers. 
(lalv-anometers  of  this  type  had  been  used  at  the  Reichsanstalt  for 
several  years  ("Zeitsehr.  fiir  Instrumcntenkunde."'  May.  lOOli)  and  had 
given  good  results  with  frequencies  as  high  as  2,.500-o]ier  second.  He 
did  not  know  what  sensitivity  was  obtained  with  the  German  instruments, 
but  there  was  no  doubt  Mr.  DuddelKs  pattern  of  the  same  type  was 
much  more  sensitive  than  the  instrument  of  the  moving-coil  type  which 
he  (Mr.  Campbell)  described  in  1907.  Blondel  pomted  out  in"l900  that 
in  an  oscillograph  there  was  no  advantage  in  having  more  than  one  turn 
of  wire,  but  this  appeared  to  be  only  true  when  the  mirror  was  very 
small.  .As  a  large  mirror  with  plenty  of  light  and  good  definition 
greatly  improved  the  ease  and  accuracy  of  observation,  he  gave  the 
preference  to  a  moving  coil  of  more  than  one  turn,  even  though  the 
single-loop  instrument  was  highly  recommended  by  Dr.  Orlich.  With 
a  moderately  large  mirror  one  could  obtain  good  definition  of  a  dark 
line  with  a  scale  distance  of  600  cm.  Mr.  Campbell  mentioned  that 
Wien's  vibration  galvanometer  ("Ann.  der  Physik."  1901)with  very  small 
magnets  and  minute  mirror  gave  70  mm.  at  1  metre  distance  for  1  micro- 
ampere at  100f\-per  second,  and  had  a  resistance  of  200  ohms.  Mr. 
Duddell's  curves  were  most  instructive.  He  had  verified  experimentally 
the  kw  which  he  (Mr.- Campbell)  had  stated  from  theoretical  considera- 
tions— namely,  that  with  a  given  bitilar  suspension  (tuned  to  resonance) 
the  sensitivity  varies  inversely  as  the  frequency.  The  figures  given 
tended  to  show  that  the  short?r  bifilars  gave  reduced  sensitivity.  With 
much  shorter  bililars  he  had  found  great  loss  of  sensitivity.  In  the 
moving-coil  tyiK"  with  many  turns  the  back  E.M.F.  was  considerable, 
and  might  even  double  the  effective  impedance  of  the  instrument  and 
lower  the  volt  sensitivity  accordingly. 

Dr.  .1.  A.  Flem.ng  asked  the  author  if  he  had  tried  his  instrument  with 
intermittent  currents  of  the  right  frequency.  If  the  galvanometer  was 
sensitive  to  currents  such  as  were  obtained  by  rectifying  trains  of  oscilla- 
tions from  condensers,  it  might  be  useful  as  an  optical  call  in  wireless 
telegraphic  .station.'*. 

Dr  RissKi.i,  congratulated  the  author  on  the  notable  advance  he  had 
made  in  the  design  nf  vibration  galvanometers.  He  much  appreciated 
the  clear  presentation  and  the  accuracy  of  the  experimental  results.  He 
asked  whether  variati(ms  of  the  barometric  pressure  had  any  ajipreciable 
effect  on  the  sensitivity  of  the  in.strument,  and  suggested  that  variations 
in  the  humidity  of  the  atmosphere  might  possibly  have  some  effect.  So 
far  .IS  he  w.ls  aware,  the  author  was  the  first  to  point  out  the  inipiulancc 
of  the  back  E..M.K.  due  to  the  vibrating  wires  cutting  the  magnetic  field. 
He  thought  that  the  experimental  results  given  would  be  a  great  hel])  in 
formulating  a  more  exact  mathematical  theory  of  this  tyi)e  of  apparatus. 
He  showed  that  to  a  first  appr.jximation  the  author's  results  were  in 
agreement  with  those  deduced  from  the  dillercntial  e<|uation  ordinarily 
given  for  the  motion  of  the  mirror.  He  ii.sked  whether  the  frequency 
of  ordinary  alternating-cuiTent  supply  circuits  was  sufticiently  steady 
to  avoid  the  necessity  of  constant  tuning  of  the  apparatus. 

The  'liiAiRMA.v  asked  the  author  if  the  minor  was  always  situated  in 
the  middle  of  the  vibrating  fibres. 

I  he   \irMou.  referring;  to  .Mr.  CampbeH's  remarks,  said  i sideralions 

of  space  prevented  him  from  working  with  scale  dislamcK  of  (>  metres. 
With  regard  to  Wien's  instrument,  it  was  e.i^y  to  i.btain  high  current 
sensibility  but  not  high  voltage  sensibihty.  He  had  tried  Prof.  Fleming's 
sne^'estion.  but  his  instrument  was  not  sensitive  enough  for  ordinary 
si)inaU.  With  more  uniform  spark  frequency  it  gave  excellent  results. 
In  reply  to  J)r.  Russell,  he  staled  that  the  sensitivity  of  the  galvanometer 
did  vary  -lightly  with  the  barometric  pressure.  In  the  ordinary  dif- 
fercnti;d  ('r|ii>i|ii,n  the  term  giving  the  moment  of  the  applied  forces 
needed  amentling,  and  so  also  did  the  term  for  the  damping  cuujile.  The 
•  ompletc  equation  was  complex,  and  there  were  difficulties  in  the  way  of 
gcttmg  an  exact  solution.  The  frequency  of  ordinary  supply  circuits  was 
quite  constant  cnou({h  for  accurate  work.  In  reply  t<i  Dr.  Chrec,  he 
stated  that  the  mirror  was  always  symmetrically  situated  on  the  sus- 
pension. 


A  Pajicr  by  .Messrs.  W.  V.  Filler  and  H.  tiR.vcE  on  the 

"  Effect  of  Temperature  on  the  Hysteresis  Loss  in  Iron  in  a  Rolating 

Field  ■■ 
was  read  by  Prof.  Marchant.  The  rotating  licld  was  produced  by 
means  of  two  phase  currents.  One  phase  was  connected  to  a  coil  of 
long  rectangular  section  and  of  sufticient  length  to  i)roducc  a  imiforra 
licld  within  a  radius  of  2  cm.  from  the  centre.  The  second  phase 
was  connected  to  a  similar  coil  enclosing  this  one  and  causing  a  flu.\ 
at  right  angles  to  it.  The  resultant  field  at  the  centre  was  uniformly 
rotating.  An  irim  disc,  1  era.  diameter.  0027cm.  thick,  was  sup- 
ported by  a  bitilar  suspension  and  the  torque  measured  bj-  a  mirror 
and  scale  in  the  usual  way.  The  specimen  was  heated  by  means  of 
nickel  wire  heaters  placed  above  and  below  it,  and  the  temperature 
measured  by  means  of  a  thermo- junction  placed  clo.5e  to  the  di.sc. 
The  flu.x  in  the  iron  was  measured  by  the  voltage  induced  in  a  coil  of 
eight  turns  of  bare  wire  wound  round  it.  To  measure  the  voltage, 
the  ma.ximum  value  of  which  was  of  the  order  of  ((O.'S  root  mean 
square  volts,  a  special  galvanometer  was  constructed.  This  depend.s 
for  its  action  on  the  forces  exerted  by  a  rotating  field  on  a  suspended 
coil  carrying  alternating  currents.  If  E  be  the  E.M.F.  applied  to  the 
moving  coil,  and  E,  the  E.il.F.  due  to  the  field  on  the  coil,  then,  by 
turning  the  coils  producing  the  field  round  until  the  dellection  is  a 
minimum,  this  deflection  is  prop<utional  to  E—  l'^,.  The  results  of 
the  experiment  show  that  tiic  ctTcct  of  increasing  the  temperature 
of  iron  is  to  reduce  the  hj'steresis  loss  at  a  given  inditction  and  to 
cause  the  maximum  loss  to  occur  at  a  lower  value  of  the  induction. 
In  one  specimen  the  maximum  value  of  the  loss  at  220°C.  was 
12,300  ergs  per  cubic  centimetre  per  cycle  at  an  induction  of  10,000 
c.g.s.  units.  At  .■580°C.  the  maximum  less  was  2.600  ergs  at  an  in- 
duction of  10,700.  The  frequency  in  the  experiments  was  12  cycles 
per  second. 

Dr.  W.  H.  EccLES  remarked  that  the  effects  of  previous  thermal 
treatment,  and  of  the  nature  of  the  material  on  the  properties  studied 
by  the  authors,  were  so  enormous  that  comparison  of  the  present  ex- 
jjeriments  with  similar  ones  with  alternating  fields  was  difficult  ;  but 
the  authors'  curves  seemed  to  show  that  the  effect  of  rise  of  temperature 
on  hysteresis  loss  was  less  for  rotating  fields  than  for  alternating  fields 
if  the  fields  were  below  about  12  c.g.s.  The  curves  showed  also  that 
the  maximum  values  of  hysteresis  loss  in  rotating  fields  were  reached  at 
lower  and  lower  flux  densities  the  higher  the  temperature,  although  the 
permeability  varied  but  little.  This  was  of  imporance  from  the  point 
of  view  of  the  molecular  theory  of  magnetism  :  it  showed  that  smaller 
forces  sufficed  to  rotate  the  molecules  within  a  magnetically  stable 
group  at  high  than  at  low  temperatures.  The  authors'  experiments 
might  be  regarded  as  adding  strong  confirmation  to  the  molecular  theory 
of  magnetism. 

Prof.  Marchant  said  the  iron  tested  was  obtained  direct  from  the 
manufacturers  and  its  previous  thermal  treatment  v.as  not  known.  A 
pcriiuability  curve  had,  however,  been  obtained.  He  expressed  his 
interest  in  Dr.  Ecdos'  remarks  upon  the  bearing  of  the  experiments  on 
the  molecular  theory  of  magnetism. 
A  Paper 

'  On  a  Method  of  Testing  Fho:ogiaphic  Shutters. " 
by  Messrs.  A.  Campbell  and  T.  .S.\iini.  was  read  by  .Mr.  .Smith.  The 
authors  described  a  sini)ilc  and  rapid  mclbod  of  testing  the  speed.j 
and  efficiencies  of  photographic  shutters,  with  a  nuvximum  error  of 
0-00(H  second  at  the  lugiiest  spccd.s.  A  vibrating  beam  of  light 
falling  through  a  narrow  slit  on  to  a  moving  plate  serves  to  measure 
the  time.  This  beam  is  obtained  by  reflecting  tiic  light  of  a  Nernst 
lamp  from  the  mirror  (area  50  sq.  mm.)  of  a  vibration  galvam  meter 
actuated  by  acurnml  of  fi.xed'frequency  (say,  100  or  .5('0-<. per  second) 
obtaineil  frcmi  a  microphone  hummer.  The  use  of  the  vibration 
galvanometer,  in  which  the  amplitude  is  enormously  increased  by 
ris<mancc.  greatly  facilitates  the  measurements.  \Vlun  tlu'  total 
duiatiim  of  exposure  only  is  required,  the  vibrating  beam  of  light  is 
passed  through  the  shutter,  tracing  a  sine  curve  on  the  moving  |ilalc. 
The  duration  of  exposure  is  immediately  found  by  counting  the 
number  of  ri|)i)les  recorded  on  the  plate.  Ten  records  of  the  various 
speeds  of  a  shutter  can  be  taken  side  by  .side  on  one  5  in.  by  -1  in. 
plate  in  one  minute. 

When  the  cfiieieney  in  addition  lo  (he  (hualion  of  exposure  is  re- 
quired, the  nict  hod  adopted  is  e.s.seiitially  f  lial  of  Sir  Win.  .Miiiey.  but 
llie  time  measurements  are  made  with  the  vibrating  beam  of  light 
instead  of  a  screen.  The  sine  curve  now  extends  over  the  length  of 
the  |)late  and  serves  as  a  continuous  tinic  record,  and  is  to  be  prc- 
ferred  to  any  intermittent  method  of  measuring  the  time.  A  slit  is 
placed  in  a  diameter  of  the  shutter  opening  as  close  to  the  shutter 
leaves  as"|)o.ssible,  and  an  image  of  a  line  source  of  light  is  made  lo 
fill  this  slit.  By  means  of  a  concave  mirror  an  image  of  this  slit  is 
formed  on  the  i)late  by  the  side  of  the  vibratint!  beam  of  light.  Ai 
the  shutter  opens  the  length  of  the  slit  through  which  light  can  reach 
the  plate  increa.ses,  and  the  record  on  the  plate  gives  the  length  of  the 
slit  which  is  opened  at  every  instant  of  time.  Measurements  are 
then  taken  of  Ihe  area  of  the  shutter  aperture  corresponding  to  a 
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nuniI)or  of  lengths  of  the  slit  opening.  Combining  these  reeords  the 
area  of  the  shutter  aperture  at  every  instant  of  tlie  i.\|)osnre  is  ob- 
tained, and  by  integrating  this  area  Mith  respect  to  time  the  equiva- 
lent exposure  at  full  aperture  and  the  efUcieney  are  calculated. 

Mr.  Beck  exjiressecl  his  interest  in  the  method,  which  he  said  was 
the  nioMt  satisfactory  yet  jn-oduced.  It  was  difficult  to  say  exactly  what 
to  call  e.\]K)sure.  In  pliotograjihing  moving  objects  it  was  advisable  to 
use  as  the  effective  time  the  time  during  which  the  central  eight-tenths 
of  the  shutter  was  open. 

Mr.  DuDDELL  said  the  method  was  an  ingenious  one  for  determining 
the  efficiencies  of  shutters.  He  suggested  that  by  using  an  arc  it  might 
be  possible  to  reduce  the  size  of  the  mirror  and  thus  work  at  higher 
frequencies.  Instead  of  using  a  slit  it  might  be  better  to  use  a  short 
focus  cylindrical  lens. 

Mr.  Campbell,  referring  to  Mr.  Duddell's  remarks,  said  that  with  a 
Nornst  lamp  it  was  possible  to  obtain  high  frecpicncy  cuives  shcnvin'r 
verv  little  tendency  to  tail  off. 


THE  UTILISATION  OF  ELECTRICITY  IN  EYE 
HOSPITALS. 


It  will  probably  be  the  testimony  of  th?  surgeons  connected  with 
hospitals  and  similar  establishments  in  large  engineering  centres 
that  a  considerable  proportion  of  the  cases  of  accident  with  which  they 
have  to  deal  are  associated  with  eye  trouble,  due  to  mechanical 
injury.  This  is  not  very  much  to  be  wondered  at,  in  spite  of  the 
large  number  of  precautions  now  taken  to  extract  as  much  as  possible 
of  floating  dust  and  foreign  matter  from  the  air  of  grinding  shops 
and  similar  places  where  small  particles  of  matter  are  likely  to  be 
found,  inasmuch  as  many  of  the  engineering  operations  require  close 
and  careful  watching,  and  it  is  very  easy  for  a  splinter  of  iron  or 
steel  to  fly  from  the  lathe  or  from  under  the  chisel  into  the  eye  of 
the  mechanic.  In  order  to  meet  such  trouble  a  special  type  of 
extractor  for  dealing  with  magnetic  particles  embedded  in  the  eye 
has  been  devised  by  Messrs.  John  Hunter  &  Co.,  of  Paradise-street, 
Liverpool,  and  has  been  installed  in  the  Liverpool  Eye  and  Ear  In- 
firmary; St.  Pauls  Eye  Hospital,  Liverpool;  the  Royal  Eye  Hos- 
pital, Southampton ;  the  Royal  Infirmary,  Xewcastle-on-Tyne  ;  and 
the  Royal  Eye  Hospital,  Manchester.  It  is,  in  addition,  used  in  the 
privat?  practice  of  some  of  our  well-known  surgeons. 

The.se  magnets  are  manufactured  of  two  types.  One  is  a  fixed 
typs,  which  is  used  for  operation  on  a  patient  when  he  is  standing 
or  sitting  down,  the  other  type  is  arranged  so  that  the  whole  magnet 
can  be  tilted  at  such  an  angle  that  it  can  be  used  upon  a  patient  in 
a  reclining  position  on  a  couch.  In  the  former  types  the  apparatus 
consists  of  a  heavy  cast-iron  stand,  carried  on  gunmetal  wheels, 
which  are  mounted  on  ball  bearings,  so  that  the  magnet  can  be  easily 
moved  about  the  operating  room.  The  magnet  itself  consists  of  a 
core  of  best  Swedish  soft  iron  about  3  ft.  long  and  6  in.  in  diameter. 
It  is  turned  off  blunt  at  the  ends  and  screwed  fo  that  pointers  of 
different  shapes  can  lie  fitted  as  desired.  The  core  is  mounted  on 
a  cradle,  which  cradle  is  fitted  on  a  east- iron  stand,  a  groove  is  cut 
at  the  top  of  the  stand,  and  steel  balls  are  fitted  in  this  groove,  the 
cradle  which  has  a  corresponding  groove  turned  in  it  riding  on  the 
balls.  The  whole  magnet  can  thus  easily  be  turned  round  with  a 
circular  horizontal  motion.  It  is  energised  by  two  coils,  which 
ate  wound  with  about  2001b,  of  double  cotton  covered  insulated 
wire.  The  two  coils  are  connected  in  series  and  a  switchboard  is 
provided,  which  can  either  be  mounted  upon  the  stand  of  the 
magnet  or  in  a  convenient  pcsilicn  on  the  wall  of  the  operating 
room.  This  board  has  the  necessary  main  switches  and  fuses,  and 
IS  provided  with  a  regulating  resistance  in  order  to  vary  the  strength 
of  current  in  the  coils,  and  therefore  the  degree  of  magnetisation  of 
the  magnet.  The  maximum  current  which  is  usually  allowed  in  the 
winding  of  these  ra.agnets  is  8  amperes  and  the  pull  obtained  is 
301b.  per  square  inch  at  a  distance  of  1  in.  from  the  magnet  end. 
The  height  of  the  magnet  from  the  ground  is  about  4  ft.  Oin.,  and 
its  total   weight   about  4  cwt. 

The  magnet  used  for  operating  upon  patients  in  a  reclining  posi- 
tion is  similar  in  electrical  details  to  the  one  described  above,  but 
instead  of  the  magnet  itself  being  carried  on  a  cradle  and  arranged  to 
move  horizontally,  it  is  mounted  on  trunnion  bearings;  a  spindle 
is  passed  through  the  centre  of  the  core  at  right  angles  to  its  length 
and  a  quadrant  is  fitted  to  the  end  of  this  s])indle,  which  gears 
into  a  worm  wheel  fitted  on  the  side  of  the  stand.  When 
the  Worm  wheel  is  turned  by  band  the  magnet  tills  to  the  angle 
which  is  most  convenient  for  operating  uiKin  the  patient. 

It  will  be  seen  from  the  above  that  electricity  is  proving  itself  of 
practical  service  in  a  sphere  which  would  hardly  be  obvious  on  first 
thought,  and  it  i^  interesting  to  note  the  acceptance  with  which 
this  novel  application  of  electric  energy  is  being  received  among 
medical  men. 


A  NEW  ELECTRIC  REGULATOR. 


A  suppo.sed  disadvantage  of  rln'tric  liL'bt  hi  that  it  is  impossible 
to  u.se  it  in  any  «ay  except  in  the  "  full  on  "  position  and  that  it 
cannot  be  regidated.  It  is  ofte^n  an  advantage  to  certain  persons 
to  use  a  night-light  in  their  rooms,  but  the  ordinary  electric  light  is 
too  bright  for  this  purpose,  and  some  other  means  of  jiroviding  a 
dim  illumination  has  up  to  the  present  had  to  be  resorted  to.  A 
means  for  obtaining  such  a  dim  light,  and  in  fact  of  regulating  an 
incandescent  lamp  through  the  whole  range,  from  the  "  red  hot  hair 
pin  "  stage  to  "  full  on,"  has  just  been  put  on  the  market  by  the 
Electrical  Regulators  &  Foonomi-scrs  (Ltd.).  cr  Liverpool.  The 
regulator  by  means  of  which  this  end  is  attained  is  shown  in  th  - 
accompanying  illu.stration.  In  it  no  liquid  is  employed,  but  a  mix- 
ture of  "great  natural  elasticity,"  and  consisting  of  materials  not 
affected  by  very  high  temperatures,  is  usrd.  This  is  contained  ia 
s-miU  eylind'-rs  each  lined  with  insulating  material  and  provid;! 
with  a  piston.     No  asbestos  is  emploj'cd. 

Such  a  unit  cylinder  can  be  combined  with  others  to  form  a  re^  i- 
lator  capable  of  carrying  and  regulating  quite  large  currents,  an! 
such  regulators  will  shortly  be  put  on  the  market  for  general  pur- 
poses. The  points  claimed  for  this  regulator  are  dead  atea  ly  work- 
ing over  long  periods,  greater  range  of  control  than  in  any  other 
existing  appliance,  graduation  .such  as  cannot  be  obtained  even  with 
a  liquid  type  of  resistance,  simplicity  of  construction,  reliability 
and  very  low  first  cost.  The  st.andard  tyjje  is  applicable  to  any 
voltage  from  1  to  i.jO  volts  without  alteration  or  adjustment. 


Nkw   Rlcllatok.     (Electrical  Regulators  &  Economiscrs,  LUl.) 


In  connection  with  the  use  of  this  regulator  for  lamps  it  may  be 
noted  that  switching  metal  filament  lamps  full  on  at  one  fell  swoop 
has  recently  been  shown  to  atlVct  the  life  of  the  lamp  owing  to  the 
stresses  set  up  in  the  filament  by  the  overshooting  ett'cct.  This  may 
to  a  great  extent  be  avoided  by  gradually  increasing  the  voltage  to 
its  full  value ;  and  it  is  preferable  not  to  do  this  by  contact  steps. 
This  fact  may  be  readily  demonstrated  with  this  appliance  by  turn- 
ing up  the  lamp  gradually  from  a  very  low  illumination  and  observ- 
ing the  bending  Hf  the  filament  ;  whilst  if  the  regulator  is  turned 
very  low  and  the  lamp  then  switched  on  at  the  wall  switch  the 
reluctance  of  th(-  filament  to  take  up  heat  is  demonstrated  by  the 
length  of  time  elapsing  between  the  .switching  on  and  the  filament 
becoming  luminous,  thus  making  clear  the  heat  inertia  pos.ses.sed  by 
such  lamps,  in  consequence  of  which.  '\n  initial  rush  of  current 
occurs. 

This  fact  is  interesting  as  showing  a  weakness  of  the  metal 
filament  lamp,  but  a  practical  remedy  is  ditticuU.  There  is  an 
obviiuis  appliealion  for  such  a  regulator  in  sick  roou  s,  bedrooms, 
hospitals  and  theatres.  It  can  aUo  be  applied  to  fan -work  and  for 
stai'ting  and  regulating  small  nu  t.)rs. 

This  latter  application  seems  to  us  thj  direction  in  which  such  a 
regulator  will  hi  most  widely  used.  It  is  cheap  and  seems  to 
possess  other  advantages  over  the  "  wire  "'  starter. 
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filing  covers  can  bo  supplied  for  holding  G  or  12  issues. 

HIiBGTRICITY  SUPPLY  TABLES  AMD  DATA. 

This  Valuable  Set  of  Tables  and  Engineeping  Data  re- 
lating to  Electricity  Supply  and  to  Electric  Traction  on 
Railways  and  Tramways  in  the  United  Kingdom,  the 
Colonies,  and  some  important  places  abroad,  are  now 
ready,  and  can  be  obtained  complete  in  handy  book  form, 
price  6s.  6d.  post  free,  or  on  very  hard  paper  for  rough  or 
constant  use,  price  8s.  6d.  post  free.  A  complete  Index 
is  included. 


STREET  LIGHTING. 

1  )iiiiiig  the  last  year  or  two  the  coiiipetitiou  lictween  gas 
and  electricity  uiulertakiiigK  i'or  the  lighting  of  the  streets 
of  most  of  our  towns  has  become  very  keen.  The  awaken etl 
activity  on  the  part  of  the  gas  industry  is  due,  doubtless, 
to  tlieir  appreciation  of  the  fact  that  the  progress  of  elec- 
tric lighting  is  threatening  to  oust  the  incandescent  gas 
mantle  from  what  has  hitherto  been  regarded  as  one  of  its 
strongholds — viz.,  the  lighting  of  small  streets.  Most  gas 
undertakiugs  have  become  reconciled  to  the  installation  of 
arc  lamps  for  the  illumination  of  important  thoroughfares, 
Ijiit  tiie  carbon  glow  lamp  has  never  been  looked  upon  as  a 
.serious  competitor  in  situations  where  tiie  large  amount  of 
liglit  ftiniiilied  by  are  lamps  is  unueccssary.  The  introduc- 
tion of  metal  lilamcut  lamps  on  an  extensive  scale  ha.', 
however,  put  a  new  comple.xiuu  mi  aiiiiirs,  and  with 
tliis  further  competition  tiie  gas  interests  arc  making 
strenuous  eflbrts  to  retain  the  street  lighting  which  at 
present  they  provide.  In  this  connection  it  has  been  no 
uncommon  occurrence  for  experimental  lamps  to  be  erected 
for  the  purpose  of  showing  what  can  bt^  done  by  the  various 
illumiiiaiits,  and  our  readers  will  remember  that  in  many 
cases  the  gas  and  electrical  undertakings  have  betsu  invited 
to  compete  by  installing  over  sliort  routes  tlieir  suggested 
schemes  for  illuminating  the  streets.  Wliere  such  tests  are 
carried  out  on  scientific  lines  and  due  attention  is  paid 
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to  securing  a  fair  and  equitable  basis  of  comparison, 
electrical  engineers  have  little  to  fear  as  to  tlie  results 
obtained,  and,  in  fact,  would  welcome  the  opportunity  pro- 
vided of  demonstrating  the  high  eificiency  of  electric  light- 
ing ;  but  there  is  little  doubt  that  such  conditions  rarely 
prevail,  and  in  view  of  the  diRiculty  of  making  an  accurate 
comparison  and  of  the  many  points  involved,  this  is, 
perhaps,  not  surprising. 

A  case  in  point  has  lately  arisen  at  Bradford,  and  there 
are  indications  that  this  case  will  be  largely  used  by  those 
interested  in  the  gas  industry  as  an  example  of  the  supe- 
riority of  gas  lighting,  compared  with  electric  arc  lighting, 
for  the  illumination  of  large  public  thoroughfares.  In  a 
recent  issue,  when  referring  to  the  experimental  lighting 
which  has  been  under  consideration  by  the  Bradford  City 
Council,  our  contemporary,  "The  Gas  World,"  remarked  : 
"  The  city  owns  both  gasworks  and  electricity  works,  and, 
therefore,  it  matters  not  one  jot  to  the  ratepayers  whether 
the  streets  are  lighted  by  gas  or  by  electricity,  so  long  as 
they  are  lighted  in  the  best  and  most  economical  manner. 
That  gas  has  been  selected  under  these  conditions,  and 
after  careful  and  iniparti.il  trial,  is  a  matter  for  congratu- 
lation, though  not  for  surprise.  The  fact  is,  that  gas  must 
win  on  the  merits  every  time,  when  merits  are  admitted 
into  the  equation."  We  would  point  out,  however,  that 
the  words,  "  impartial  trial,"  scarcely  represent  the  actual 
condition  of  affairs.  Full  particulars  of  the  trial  will  be 
found  elsewhere  in  our  present  issue,  and  it  will  be  seen 
that  the  sub-committee  which  reported  to  the  Council 
on  the  trial  arrived  at  their  decision  without  troubling 
to  consider  any  figures  as  to  the  comparative  amount 
of  illumination  provided  in  the  two  cases,  apparently  forn;- 
ing  their  conclusions  from  an  inspection  of  tlie  lamps  and 
from  extraneous  considerations.  As  the  gas  lamps  were 
placed  at  a  height  of  11  j-  ft.  and  the  arc  lamps  were  25  ft. 
from  the  ground,  it  is,  perhaps,  not  surprising  that  the 
mendjers  of  the  sub-committee  were  dazzled  by  the  close 
proximity  of  the  incandescent  mantles — which  are  always 
carefidly  renewed  immediately  before  such  inspections. 
On  another  page  will  be  found  curves  showing  the  distri- 
bution of  light  ol)tained  with  the  two  types  of  lamps 
used  for  the  experimental  lighting,  and  from  these  curves 
it  will  be  seen  how  much  greater  is  the  illumination 
obtained  with  the  arc  lamps.  Also,  from  an  examination 
of  the  experimental  lighting  which  we  ourselves  made  last 
week,  we  can  testify  that  the  illumination  provided  by  the 
flame  arc  lamps  leaves  little  to  be  desired,  a  feature  jjeing 
its  remarkable  uniformity. 

When  it  is  remendjered  that  the  gas  lamps  were  spaced 
on  an  average  19  yds.  apart"  on  each  side  of  the  road— /.c, 
one  li^np  for  each  95  yds.  of  thoroughfare,  and  that  two 
tramway  poles  were  also  situated  every  40  yds.,  the 
appearance  of  the  pavement  when  the  experimental  gas 
lamps  were  erected  can  Ije  imagined ;  in  fact,  it  was 
designated  a  "skittle  alley"  in  the  local  Press,  and  it 
was  in  marked  contrast  to  the  route  where  the  flame  arc 
lamps  were  installed  on  the  tramway  standards.  There  is 
no  doubt  that  the  excessive  amount  of  lighting  provided  by 
the  arc  lamps  and  also  by  the  gas  lamps  in  the  first  test 
was  unjustified  by  the  circumstances,  and  this  was  evi- 
•dently  the  opinion  of  the  sul>committee,  for  they  eventu- 


ally arranged  for  half  the  gas-lampj  columns  to  be  removed 
and  alternate  arc  lamps  to  be  extinguished. 

Careful  investigation  of  the  details  of  the  experimental 
trial  appears  to  show  that  the  decision  arrived  at  in  favour 
of  gas  lighting  was  practically  a  foregone  conclusion,  and 
this  view  may  be  considered  as  supported  by  the  fact  that 
the  financial  results  of  the  municipal  gas  undertaking  have 
recently  shown  unmistakable  signs  of  the  progress  made  by 
the  electricity  undertaking  ;  while  instructions  have  actually 
been  issued  that  all  canvassing  of  gas  consumers  by  the 
electricity  department  is  to  cease,  except  in  the  case  of  an 
extension  of  mains.  This  attitude  throws  much  light  on 
the  situation,  which  is  rendered  more  humorous  by  the  fact 
that  as  soon  as  the  electrical  engineer  issued  his  report, 
giving  the  cost  of  the  arc  lighting  as  Gs.  5d.  per  yard  of 
street,  it  was  followed  by  the  report  of  the  gas  manager,  in 
which  the  cost  of  the  incandescent  gas  lighting  was  stated 
as  6s.  4id.  per  yard.  Further  comment  is  unnecessary,  ex- 
cept to  point  out  that  electricity  gave  more  than  doulde 
the  amount  of  light  at  about  the  same  cost. 

Some  instructive  information  can,  however,  be  obtained 
from  the  reports  in  question.  Thus,  much  has  recently 
been  heard  of  the  wonderful  results  obtained  with  high- 
pressure  gas  lighting.  After  an  inspection  of  many  existing 
installations  the  gas  manager  at  Bradford  had  to  report  that 
such  lighting  would  cost  no  less  than  about  18s.  per  yard 
of  street,  as  compared  with  the  figure  of  6s.  5d.  for  flame 
arc  lamps  every  40  yds.  Again,  it  will  be  seen  that  the 
gas  manager  claims  greater  penetrability  for  gas  illunana- 
tion  in  the  case  of  fog,  contrary  to  general  experience. 
We  must  admit,  however,  that  popular  feeling  in  Bradford 
is  at  present  favourable  to  incandescent  gas  lighting,  largely 
on  account  of  its  colour,  although  on  the  introduction  of 
this  form  of  lighting  some  years  ago  the  characteristic  light 
of  the  mantles  was  generally  considered  a  decided  disad- 
vantage. 

To  obtain  the  best  results  witli  arc  lighting  it  is  essential 
that  the  lamps  should  be  placed  high, — and  the  greater  the 
candle-power  the  more  important  is  this  fact — but  this  point 
is  not  appreciated  by  the  general  public,  who  at  present 
favour  lamps  at  low  levels,  which  dazzle — and  injure — 
the  eyes.  Where  the  lamps  can  be  placed  at  the  correct 
height,  and  suitable  globes  used  for  distributing  the  light, 
the  resulting  illumination  is  remarkably  uniform  ;  and  in 
this  conirection  we  should  like  to  draw  particular  attention 
to  the  effects  where  ordinary  and  "dioptric"  globes  are 
employed.  The  distril)ution  of  light  with  the  latter  type 
of  globe  appears  to  be  almost  ideal  for  street  illumination. 

There  is  no  doubt  that  in  some  cases  electrical  engineers 
will  have  a  ditticult  task  in  overcoming  popular  prejudice, 
particularly  where,  as  at  Bradford,  the  public  are  satisfied 
with  what  in  many  towns  wouhl  be  considered  totally  inade- 
quate lighting  of  tlie  main  streets  ;  but  there  is  also  no  doubt 
that  eventually,  when  the  loss  of  trade  due  to  the  inhabi- 
tants of  neighbouring  villages  preferring  to  visit  more  up-to- 
date  and  better  lighted  towns  is  fully  appreciated,  and  with 
the  growing  demand  on  all  sides  for  increased  illumination, 
electrical  engineers  will  come  by  their  own,  for  fiame  arc 
lamps  undoubtedly  provide  at  the  present  time  the 
cheapest  and- from  the  physiological  puint  of  view— the 
most  scientific  form  of  illumination  for  main  thoroughfares. 
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Copies  of  the  nndermentioncd  works  cao  be  had  from  Tht  Elfctrieian  Office,  post  free, 
on  receipt  of  ptibHbbed  price,  adding  3d.  for  books  pabtisbed  under  2s.  Add  10  per 
cent,  for  abroad  or  for  foreign  books.) 


The  Standard  Handbook  for  Electrical  Fngineers.    (London : 

K.  &  F.  X.  Sfon.)     Pp.  .\.\. -1,228.     17.-.  net. 

In  the  preparation  of  this  haiidbooic.  which  is  one  of  the 
most  complete  we  have  seen,  many  writers  have  been  engaged. 
Altogether  it  consi.sts  of  20  sections,  covering  the  whole  science 
and  practice  of  electrical  engineering, including  olectrochemistrv, 
telegraphy  and  telephony,  and  each  section  has  been  dealt 
with  by  a  specialist.  Thus.  Mr.  O.  A.  Kenyon  has  written 
several  of  the  .sections,  whilst  ^Ir.  A.  S.  McAlbster  is  respon- 
sibh?  for  those  on  ""  Electric  Motors  ''  and  "  Transformers," 
Mr.  H.  M.  Ilobart.  in  conjunction  with  Mr.  Kenyon,  for  ""  Elec- 
tric Generators,''  Mr.  K.  B.  Miller  for  "Telephony."  Mr.  A.  H. 
Armstrong  for  "  Electric  Traction."  Messrs.  E.  Lyndon  and 
O.  H.  Kenyon  for  "  Batteries,"  Messrs.  R.  C.  Beardsley  and  G. 
Shadd  for  "  Central  Stations,"  Messrs.  A.  N.  Abbott  and  O.  A. 
Kenyon  for  "  Transmission  and  Distribution,"  Dr.  Louis 
Bell  for  '■  Illumination,"  Dr.  Roeber  for  "  Electrochemistry," 
and  Mr.  W.  H.  Onken  for  "  Wiring." 

In  compiling  a  book  of  this  kind  it  is  often  difficult  to  draw 
the  line  between  the  textbook  and  the  handbook.  (We  are 
glad  to  see  that  this  is  not  called  a  pocket  book.)  Part  of  the 
work  is  perhaps  too  much  like  a  textbook,  which  is  undesirable, 
but  other  parts  are  excellent  in  giving  condensed  information  of 
the  type  desired  in  a  true  handbook.  We  do  not  profess  to 
have  read  every  word,  but  in  glancing  through  some  of  the 
sections  we  have  noticed  a  few  points  that  might  receive 
attention  in  the  next  edition.  Considering  the  importance  of 
the  silver  voltameter  some  officially  recognised  method  of 
using  it  might  have  been  given.  If  apparatus  is  to  be  described 
then  a  slide  wire  type  of  potentiometer  might  well  have  been 
included.  Under  the  heading  of  "  Measurements  "  we  were  a 
little  surprised  to  find  motor  rheostats  and  calculations  for 
their  design  :  this  would  seem  more  appropriate  for  the  section 
on  motors.  If  the  double  bridge  method  of  measuring  resist- 
ance is  to  be  known  by  the  name  of  Thomson,  the  latter  should 
not  be  spelt  with  a  /).  In  referring  to  oscillographs  we  think  a 
reference  to  Duddell's  instrument  should  have  been  made.  In 
the  section  on  "  Properties  of  Materials  "  the  electrochemical 
series  of  elements  is  given,  but  there  is  no  indication  that 
the  order  of  this  series  depends  on  conditions.  Useful  informa- 
tion is  given  in  regard  to  aluminium,  but  chemical  readers  will 
not  be  disposed  to  accept  the  statement  that  alumina  is  a  harm- 
less snU.  In  the  ageing  tests,  due  to  Mr.  Clinker,  the  tempera- 
ture conditions  aie  not  quite  clear.  The  classification  of 
dielectrics  and  insulators,  and  the  information  so  given,  prob- 
ably form  one  of  the  most  useful  parts  of  the  book,  and  are 
typical  of  what  a  handbook  should  be.  An  excellent  feature 
of  the  book  is  the  use  of  heavy  type,  which  renders  pjominent 
the  subject  of  each  paragraph. 

The  i)oiiits  referred  to  do  not  seriously  detract  from  the 
value  of  the  work,  which  engineers  will  find  a  very  useful 
addition  to  their  libraries. 

Iron  and  SteeL     By  J.  II.  Staxsbie.     (London  :  A.  Constable  &;  Co.) 
P|i.  xvi.— 375.    6s.  net. 

Apart  from  the  fact  that  iron  is  the  one  metal  which,  perhaps, 
more  than  all  others  has  contributed  to  the  development  of 
civilisation,  it,  together  with  steel,  possesses  a  great  attraction 
for  the  engineer,  especially  if  he  be  of  the  electrical  persuasion. 
Unfortunately  time,  in  the  majority  of  eases,  does  not  permit 
the  study  of  a  .standard  text  book  on  the  subject,  and  the  matter 
!s.  therefore.  liable  to  be  neglected.  This  need  no  longer  be 
the  case,  for  Mr.  f-<tansbic's  book  will,  we  think,  nu-et  a  want 
in  this  respect,  and  will  amply  re|)ay  the  time  s|)ent  on  it.  It 
IS  a  member  of  the  well-known  "  Westminster  "  series,  and  is 
in  no  whit  behind  the  other  works  of  its  kind  that  have  come 
under  our  notice. 

I  he  hook  begins  with  a  discussion  of  some  elementarv 
chemical  matters,  which  may  well  be  omitted  by  those  having 


any  knowledge  of  the  subject.  The  subsequent  cha])ter  on 
■■  Materials  Used  in  Iron  and  Steel  Manufacture  "  should  prove 
useful,  though  here  again  a  certain  amount  of  extraneous 
master  has  been  introduced,  no  doubt  with  a  view  to  complete- 
ness. An  historical  resume  of  iron  manufacture  from  the 
times  of  Tubal  Cain,  or  thereabouts,  brings  the  author  to  a  con- 
sideration of  "  Pig-iron  and  its  Manufacture."  This  portion 
appears  to  be  very  complete,  full  descriptions  of  modern  blast- 
furnace plant  being  supplemented  by  photographs  and  detailed 
drawings.  Much  interesting  information  is  given  on  the  com- 
position of  various  alloys  of  iron  and  on  modern  foundiv 
practice.  The  refinintr  of  crude  pig-iron  is  of  great  iin])ortanei' 
both  to  ironmaster  and  user,  and  Mr.  Stansbie  has  dealt  with 
this  subject  as  it  deserves.  The  various  refining  processes 
are  described  at  length,  and  special  attention  is  paid  to  "  pud- 
dling "  and  the  products  of  the  "'  puddling  "  furnace. 

So  much  for  what  may  be  called  the  preliminary  processes 
of  manufacture,  a  subject  which  takes  up  the  first  1  tO  pages  of 
the  book.  The  author  then  passes  on  to  the  manufacture  and 
properties  of  steel ;  and  this  portion  of  the  work  is  as  well  done 
as  the  rest,  special  attention  being,  oE  course,  paid  to  tlie 
Bessemer  and  Open  Hearth  processes.  The  following  chapter, 
on  "  The  Mechanical  Treatment  of  Iron  and  Steel,"  contains 
an  account  of  the  various  types  of  rolling  mills  and  other 
apparatus  now  employed  for  working  the  metal.  Mr.  Stansbie 
does  not,  howevef,  deal  with  the  driving  of  such  machiiu^ry, 
and  the  usefulness  of  the  electric  motor  in  this  connection  does 
not  appear  to  be  mentioned.  Some  interesting  information 
is  given  about  the  mechanical  properties  of  iron  and  steel,  the 
appearance  of  the  metals  under  the  microscope  and  the  lessons 
to  be  learnt  therefrom.  The  effect  of  heat  upon  iron  in  its 
various  allotropie  forms  and  its  eutectic  properties  arc  then 
di.scussed,  while  the  way  in  which  the  properties  of  the  metals 
vary  with  the  amount  of  carbon  "  in  solution  "  is  discussed.  The 
paragraphs  on  hardening  and  tempering  should  be  of  interest 
to  engineers  in  general,  and  the  description  of  the  apparatus 
for  achieving  the  desired  degree  of  temper  on  a  tool  is  as  com- 
plete as  can  be  expected. 

The  next  chapter,  on  "  Electric  Smelting."  will  appeal 
specially  to  electrical  engineers.  The  author  has,  however, 
seen  fit  to  begin  the  chapter  with  a  disquisition  on  dynamos 
and  electrical  theory  generally  before  dealing  with  electric 
furnaces.  The  well-known  furnaces  due  to  Heroult,  Kjelliu 
and  Sta.ssano  are  described  and  illustrated  ;  and  the  Rossi  and 
Keller  furnaces  for  smelting  iron  alloys  are  mentioned.  We 
should,  however,  like  to  see  rather  more  details  about  the  cost 
of  these  processes,  for  there  is  no  doubt  that  ujion  this  their 
subsequent  adoption  depends.  An  interesting  chapter  on 
'■  Special  Steels  "  concludes  the  book. 


ANNUAL  REPORT  OF  THE  ELECTRICAL  INSPECTOR 
OF  FACTORIES. 

We  give  below  an  abstract  of  the  report  of  the  Electrical 
Inspector  of  Factories,  Mr.  G.  Scott  Ram,  on  his  work  dining 
1908,  which  has  just  been  published.  The  report  begins  by 
referring  to  the  increasing  use  of  electrical  energy  for  motive 
power  in  factories,  the  figures  for  190S  and  the  previous  year 
being  443,000  and  .357,000  respectively — an  increase  of  24  per 
cent.  These  figures  are  liased  on  those  given  in  The  Elkc- 
TRI(I.\N  tables,  and  although  21  undertalnngs  give  no  reply 
and  certain  small  jilaces  are  not  included,  the  re.=.ult  given 
above  is  no  doubt  a  reliable  enough  indication.  The  report 
then  proceeds  : — 

.Vccidcnls  in  the  fullciwing  table  show  a  slight  increase  over  tlmsc  (if  the 
jireviuiis  year,  but  tliis  is  partly  aieiiinitod  fur  by  llio  inclusion  of  aoci- 
diMibs  ciccuninn  in  llic  frciUTatin)^  stations  and  sub-st.ilions  of  certain 
eleclric  railwHvs  whicli  werr'  not  imliulcd  in  |iicvious  tables.  Thoso 
account  for  17  of  th«  mcrhanicnl  and  11  of  the  electrical  accidents. 
Klectrical  stations  of  electric  railways  are  under  the  Factory  Act  where 
any  part  of  the  current  is  used  for  lighting  the  railway,  as,  for  instance, 
the  station  or  tunnels.  At  the  request  of  the  Board  of  Trade,  these 
electrical  stations  which  were  not  previously  under  our  insjjection,  are 
now  visited   by  H.M.   Inspectors  of  Factories.     Probably  the  greater 
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Table  I- — Aceiden.ls  at  Electrical  Gciicraliin/  Slalit 
and  Sub-ntdtions,  1908. 


Description. 


NoiiElrclricnl. 
At  engines,  jinrnps,  ancl  generator; 

At  boilers  and  steam  plant 

At  coal  handling  plant 

Falls  

Struck  by  falling  bodies 

Miscellaneous   


Electrical. 

At  switchboards,  when  engaged  in 
ordinary  routine  work  ;  mostly 
due  to  faulty  design  of  appara- 
tus, or  to  mistakes  on  the  part 
of  the  switchman 

Cleaning,  repairing,  &c.,  at "  live" 
switchboards  or  other  "  live  " 
conductors 

Cleaning,  repairing,or  other  hand- 
ling of  switchboards  .supposed 
to  have  been  made  "  dead  "  : — 

(a)  Skilled    persons 

(b)  Unskilled  persons 

Adjusting    brushes,    cleaning    or 

lubricating  commutators 
Miscellaneou.g   


Conipanie.s  and 

local  authorities   ' 

giving  a  supply  by  ^   Private  stations. 
way  of  trade,  and  ] 

electric  railways.  ^ 


Non-fatal.  Fatal.  |  Non-fatal.     Fatal. 


number  of  the  electrical  accidents  under  the  second  heading  could  have 
been  avoided  altogether  if  it  had  not  been  necessary  to  work  on  the  con- 
ductors when  alive.  Several  accidents  occurred  when  the  labourers 
were  put  to  work  without  adequate  precautions — the  fatal  accident  was 
a  case  in  point,  and  two  other  non-fatal  accidents  also  arose  from  this 
cause.  Three  accidents  from  short  circuit  occurred  through  persons  using 
metal  rules.  In  the  three  accidents  where  the  conductors  were  erroneously 
supposed  to  be  dead,  the  injured  persons  were  in  each  case  cleaning  or 
repairing  extra  high-pressure  switches,  and  appear  to  have  had  only  them- 
selves to  blame  for  not  definitely  ascertaining  whether  the  pressure  was 
cut  off.  In  some  of  the  accidents  in  lubricating  or  wiping  commutators, 
in  addition  to  severe  electrical  burns,  very  serious  injury  was  also  caused 
by  the  man's  hand  being  dragged  in  between  the  commutator  and  the 
brush  holder.  Many  (jf  these  accidents  could  be  avoided  by  the  use  of  a 
suitable  holder  for  ajiplying  the  wiper  or  the  block  of  lubricant  instead  of 
holding  it  with  the  liand.  Amongst  the  miscellaneous  accidents  there 
were  three  due  to  the  use  of  hand  lamps,  one  being  fatal.  In  this  case  the 
lamp  was  being  used  inside  a  boiler.  The  pressure  was  200  volts  alter- 
nating. I  dealt  somewhat  fully  with  this  class  of  accident  in  my  last 
year's  report,  giving  illustrations  of  several  types  of  dangerous  lamps. 
The  present  case  differs  fnun  the  others  in  that  the  victim  was  not  holding 
the  lamp  in  his  hand  at  the  time,  but  was  found  lying  upon  it,  a  bum  on 
his  elbow  showing  where  the  contact  was  made.  Another  accident  was 
due  to  a  man  tojiching  the  extra  high  pressure  stator  coils  of  a  generator. 
I  have  drawn  attention  in  previous  reports  to  the  inadecpiate  guards  often 
supplied  by  the  makers  of  this  class  of  machine.  A  remarkable  feature 
of  the  accidents  in  this  table  is  the  number  which  occurred  at  extra  high 
pressure  systems  without  fatal  results,  although  in  most  cases  the  injuries 
were  very  severe,  and  in  some  cases  probably  causing  permanent  disable- 
ment. 

Table  II. — Reported  Electrical  Accidents  in  Factories.  Emjinecrimi  Works, 
<S;c.,  other  than  Electrical  Generating  Stations  and  Sub-Stations.  1908. 


Description. 

Non-fatal.     Fatal. 

^-"s°^{f;:t'!!;::::::::::;:::::::;::::::::::;;;;;;::::; 

27 
19 
21 
42 
26 
22 
10 
22 

3a 

Portable  apparatus,  connectors,  and  flexible  wires... 
Unprotected  conductors,  switches,terminals,  fuses.&c. 

Working  on  live  conductors  |'*''"|«.f  If  ^""'^    

\unskdled  persons 

Miscellaneous  accidents  in  electrical  manufacturing 

works — mostly  in  testing  operations 
MiBcellaneous      

1 
4 

222 

12 

The  accidents  due  to  arcing  of  switches  occurred  with  only  a  few 
exceptions  at  motor  starters  and  switches,  were  due  to  the  absence  of  or 
inadequate  protection  of  the  apparatus.     The  cause  of  the  arcing  was 


gincrally  the  faulty  construction  of  the  switches.  Those  due  to  the  arc- 
ing of  fuses  arc  mostly  due  to  the  absence  of  any  protection  at  the  fuse 
wires.  Nine  of  them  were  at  motor  starting  panels,  where  the  man 
starting  the  motor  is  necessarily  close  to  the  fuses.  Most  of  the  aocidents 
in  replacing  fuses  were  due  to  short  circuits  with  bare  metal  fuse  wire's 
owing  to  there  Ijcing  no  switch  by  which  the  picssure  could  be  first  cut  off 
from  the  terminals.  The  number  of  accidents  in  the  use  of  jKirtabIc 
apparatus  is  considerable.  In  three  the  main  injuries  were  shock  in  the 
u.se  of  hand  lamps  ;  in  the  remainder  the  injuries  were  bums  due  to  short 
circuits.  Fifteen  of  these,  causing  in  most  cases  severe  injiuies  to  the 
man's  hand,  occurred  when  inserting  the  plug  of  the  connector  into  the 
socket.  Plug  connectors  as  ordinarily  designed  are  not  satisfactory. 
Portable  apparatus,  and  its  flexible  wires  are  very  liable  to  get  damaged 
when  not  in  use,  a  short  circuit  in  the  conductors  being  formed.  This  is 
not  detected  until  the  next  occasion  that  the  apparatus  is  brought  into 
use.  An  attempt  is  then  made  to  put  the  i)lug  into  a  live  socket.  The 
result  is  a  flash  at  the  contacts  which  burns  the  man's  hand.  The  flash 
from  the  short  circuit  being  often  very  severe  on  account  of  the  ciroiit 
being  much  too  heavily  fused.  Such  accidents  might  be  entirely  avoided 
if  electrical  manufacturers  would  give  these  matters  consideration  in  the 
design  of  the  plugs.  Such  a  plug  should  be  ai ranged,  firstly,  so  that  the 
flexible  wires  enter  it  from  below  and  not  at  the  end,  so  that  the  wires  do 
not  pass  through  the  hand  of  the  person  using  it.  Incidentally  this 
arrangement  offers  the  further  advantage  that  the  wires  are  not  bent  at 
the  point  where  they  enter  the  plug,  the  insulation  being  therefore  less 
likely  to  be  damaged  at  that  spot,  and  further  the  wires  are  less  likely  to 
get  loose  in  the  terminals  as  ]iersons  cannot  pull  the  plug  out  by  means  of 
the  flexible  wires  as  is  not  unfrcquently  done  in  the  case  of  ordinary  plugs. 
There  should  be  a  sufficiently  large  handle  tf>  afford  a  good  grip.  Be- 
tween this  handle  and  the  live  metal  of  the  contact  pins,  terminals,  &c., 
there  should  be  a  circular  disc  or  shield  to  protect  the  user's  hand  in  case 
of  a  flash  at  the  moment  of  inserting  the  plug.  The  guard  disc  need  not  be 
large,  for  small  plugs  suitable  for  a  hand  lamp,  2.5  in.  diameter  would  be 
sufficient.  The  flexible  wires  should  enter  the  plug  on  the  side  of  the 
guard  disc  away  from  the  handle. 

The  accidents  through  unprotected  conductors  are  mostly  of  a  prevent- 
able nature.  One  of  the  fatal  cases  was  due  to  the  u.se  of  an  unguarded 
high  pressure  arc  lamp  in  a  ship  yard  within  reach  of  persons  employed. 
The  other  was  due  to  overhea<l  wires  carrymg  extra  high  pressure  not 
being  out  of  reach  of  a  person  on  the  roof  of  a  building.  It  is  not  sufficient 
that  dangerous  wires  should  be  ]ilaced  out  of  reach  merely  of  persons  on 
the  ground.  They  should  be  out  of  reach  from  any  position  in  which  any 
peison  is  likely  to  have  to  be. 

The  danger  involved  in  working  on  live  conductors  is  evident  from  the 
fact  that  22  of  the  33  accidents  occurred  to  skilled  persons  who  should  be 
fully  acquainted  with  the  risks.  In  the  fatal  case  a  boy  of  16  was  in- 
structed to  reverse  the  connections  at  the  terminals  of  an  alternating- 
current  motor  working  at  275  volts  pressure.  There  was  no  switch  pro- 
vided in  the  circuit  whereby  the  pressure  could  have  been  first  cut  off. 
The  entire  absence  of  the  most  elementary  precautions  in  this  ea,se,  in 
spite  of  previous  accidents,  affords  another  example  of  the  necessity  for 
regulations. 

The  accidents  in  testing  departments  of  electrical  manufacturing  works 
include  four  fatal  cases.  It  is  remarkable  that  the  average  age  of 
twenty-one  of  the  persons  meeting  with  accidents  in  this  class  is  only  20 
years.  Many  of  them  are  described  as  apprentice  electrical  engineers. 
The  reason  of  this  is  no  doubt  that  the  young  apprentice  likes  to  get  into 
the  testing  department,  as  the  work  is  more  interesting  and  instructive 
and  probably  less  irksome  than  in  the  shops,  and,  on  the  other  hand,  he  is 
useful  to  the  employers  on  account  of  having  had  some  training  in  a 
technical  college.  There  can  be  no  objection  to  the  employment  of  young 
apprentices  in  this  work  provided  that  there  is  a  responsible  competent 
person  to  supervise  the  o])erations.  The  apprentice  seldom  has  an  ade- 
quate appreciation  of  the  dangers,  and  takes  risks  which  an  older  man 
would  shun.  Whilst  many  testing  departments  are  most  carefidly  con- 
ducted and  supervised,  there  are  others  quite  the  reverse.  The  work  of 
such  a  department  fre<iuently  requires  temporary  arrangements  of  con- 
ductors and  apparatus  v.nying  with  each  test,  but  this  is  no  reason  for 
neglecting  the  corresponding  necessary  temporary  precautions.  Much 
of  the  apparatus  and  conductors  can,  however,  generally  be  arranged  in  a 
permanent  manner  and  permanently  s.afeguarded,  and  this  should  always 
be  done  so  far  as  practicable.  In  some  works  anything  is  considered  good 
enough  for  the  test  room.  Switches  without  any  quick- bivak  action, 
and  which  would  not  be  tolerated  for  similar  work  elsewhere  arc  used  ; 
cables  with  the  insulating  material  bringing  in  shreds  are  considered  good 
enough,  and  so  on,  adding  unnecessarily  to  the  risks.  Three  of  the 
fatalities  occurred  in  connection  with  pressure  testing.  One  was  due  to 
the  inadequate  g\iarding  of  a  wire  carrying  a  pressure  of  20,000  voll.s. 
There  was  only  a  single  bar  wood  fence  in.securely  fixed  to  sci-een  off  this 
wire  and  the  apparatus  in  use  from  the  rest  of  the  test  room,  the  wire 
being  only  a  few  inches  within  the  fence.  -\n  apiuvntice  was  employed  a 
few  feet  away  at  a  table.  He  subsequently  got  uji  from  ihe  table  and 
came  into  contact  with  the  wire  and  was  killed.  A  seoirely  fixed  and 
adequate  fence  should  be  >ised  foi  smh  work,  bnl  can,  of  ciuu-se,  be 
arranged  so  as  to  be  readily  rcniovablc.  .\notlur  of  the  fatal  ca.se.s  also 
emphasizes  the  necessity  of  adrquafe  fcnc  ing  to  keep  persons  away  from 
danger  during  pressure  testing.  This  occurred  at  the  It-sting  tank  in  a  cable 
works.  There  was  a  single  bar  barrier  at  the  entrance  to  the  gangway 
alongside  the  tank  and  danger  notices  were  exhibited.  .\  man  employed 
at  the  test  tank,  in  preparing  the  connections  to  the  cables  for  testing, 
evidently  did  not  consider  that  the  notices  applied  to  him.  He  passed 
the  barrier  and  the  notices,  and  came  into  contact  with  a  li.OOO  volt  lead 
and  was  instantlv  killed.     Another  fatality  occurifd  in  Ihe  testing  of 
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mica  tubes,  the  victim  taking  Imld  of  tlie  end  of  the  test  cable  befoi-e  tlic 
pressure  was  off.  Precisely  what  led  him  to  make  this  mistake  is  not 
clear.  The  fourth  case  was  of  an  unusual  kind,  and  appears  to  have  been 
due  to  a  very  hijh  instantaneous  pressure,  produicd  by  breaking  the  field 
circuit  of  a  large  motor,  giving  a  severe  shock  to  a  man  liolding  the  hand 
wheel  of  a  rheostat  in  the  circuit,  although  the  hand  wheel  was  insulated 
from  the  moving  arm  of  the  rheostat  sufficiently  for  ordinary  purposes. 

The  "  miscellaneous  "  accidents  include  live  fatalities.  One  of  these 
occurred  to  a  crane  driver  in  the  cab  of  a  jib  crane  on  a  wharf.  The 
system  was  400  volts  3-phase.  The  main  switch,  ammeter,  &c.,  were  fixed 
on  a  steel  plate  which  was  in  turn  attached  to  wood  work.  A  leakage  had 
occurred  at  the  ammeter  causing  this  plate  to  become  charged.  The 
man  was  found  lying  on  the  floor  of  the  cab  and  his  hand  was  burnt.  It 
is  supposed  that  he  touched  this  jilate  or  the  ca.se  of  the  ammeter  v.hilst  he 
also  had  his  foot  on  the  metal  brake  lever,  and  .so  received  the  shock. 
The  metal  plate  should  of  course  have  been  connected  to  earth,  but  this 
had  not  been  done.  There  is  also  an  alternative  explanation  of  the 
accident,  as  the  switch,  which  was  without  a  cover,  was  of  a  type  which 
I  have  so  often  described  and  condemned,  in  v.'hi<h  the  hand  is  liable  to 
touch  live  metal  when  grasping  the  handle.  In  either  case  the  precau- 
tions were  inadequate.  The  second  fatality  was  on  a  3-phasc  .system. 
440  volts,  at  a  travelling  coal  stamper  at  coke  ovens.  The  attendant 
got  up  to  oil  a  motor  close  to  the  trolley  wires  without  first  turning  off  tlic 
switch  provided  for  cutting  off  the  pressure,  and  came  into  contact  witli 
the  live  wires.  The  third  fatality  occurred  at  an  electric  welding  plant. 
The  man.  who  was  a  smith's  striker,  took  hold  of  the  end  of  a  bar  of  metal 
which  was  being  heated,  and  was  killed  by  shock.  Although  the  norma! 
pressure  in  the  welding  circuit  would  be  only  a  few  volts,  a  leakage  had 
occurred  in  the  transformer  from  the  primary  winding  where  the  pressure 
was  300  volts.  In  this  case  the  welder  was  of  a  tyjie  having  one  insulated 
jaw.  tlie  other  being  in  metallic  connection  with  the  frame.  The  accident 
could  not  have  o.curred  if  the  frame  had  been  properly  earthed.  An 
attempt  had  been  made  to  earth  it  by  connecting  by  means  of  a  single 
No.  18  wire  to  a  small  plate  buried  in  the  dry  ground  below  the  floor  of 
the  shop.  A  plate  in  such  a  position  would  be  quite  useless,  even  if  the 
small  connecting  wire  did  not  get  broken.  The  fourth  fatality  occurred 
to  a  man  at  work  on  a  pole  carrying  live  wires  at  200  volts,  and  it  is  not 
clear  whether  he  was  killed  by  the  shock  or  the  fall.  The  fifth  fatality 
was  similar,  death  being  due  to  a  fall  following  shock  from  a  500  volt 
trolley  wire.  In  both  of  these  eases  the  pressure  should  haye  been  cut 
off  the  wires  before  allowuig  the  men  to  work. 

One  or  two  other  accidents  in  this  class,  although  not  involving  loss  of 
life,  are  worth  notice.  One  was  due  to  an  overhead  travelling  crane 
becoming  charged  up,  a  man  on  the  ground  at  the  sling  getting  a  .shock.  I 
have  described  similar  accidents  in  former  reports.  Such  cranes  should 
be  connected  to  earth  through  tlu-  running  rails  on  the  gantry.  These 
rails  should  be  electrically  bonded  together  and  earthed.  A  rubbing  c(m- 
tact  between  the  crane  and  the  rails  should  be  jirovided,  as  a  connection 
through  the  ijearings  and  the  axles  of  the  wheels  cannot  be  relied  upon  cm 
account  of  the  film  of  oil  or  grease  used  for  lubricating. 

Another  accident  from  shock  occurred  to  a  man  when  taking  hold  of  a 
leaky  lamp  fitting  on  a  rising  and  falling  pendant.  The  voltage  was  200 
alternating.  He  was  in  connection  with  earth  through  some  metal  he 
was  holding  with  the  other  hand.  Another  accident  shows  the  necessity 
of  using  special  flame-tight  apparatus  in  places  such  as  dry  cleaning 
works  or  enamelling  works  where  there  is  inltammable  vapour  about.  In 
this  case  a  fuse  blowing  set  fire  to  a  tank  of  benzene  enamel  7  ft.  away. 
Switches  and  fuses  should  not  be  in  the  same  room  with  such  substances 
where  it  can  be  avoided.  Another  accident  again  emphasises  the  im- 
portance of  properly  earthing  motor  frames,  &c.  A  man  received  a  severe 
shock  when  using  an  emery  wheel  directly  connected  to  a  motor.  Another 
accident  again  shows  the  danger  of  leaky  lam])  holders  in  ])laces  where  the 
person  handling  them  is  in  c<mnection  with  earth.  A  man  standing  on 
earthed  metal  was  about  to  change  a  lamp,  and  on  taking  hold  of  the 
holder  received  a  severe  .shock,  rendering  him  insensible. 

As  examples  of  dangerous  conditions  of  ]>lant  I  found  in  electrical 
stations  of  authorised  electricity  supi)ly  undertakings  a  number  of 
dangerous  switchboard  passage-ways,  some  where  there  was  no  protection 
whatever  at  the  high-pressure  apparatus,  not  even  by  cellular  divisions 
between  the  different  panels  or  conductors.  In  some  the  blades  of  isolat- 
ing switches  when  in  the  "  off  "  position,  in  which  jmsition,  however, 
they  were  live,  projected  into  the  ])assage,  in  two  cases  just  at  the 
entrance  where  a  pcrstm  wrmld  be  most  likely  to  inadvertently  come  into 
contact  with  them.  In  a  high-pressure  generating  stali(jn  of  a  local 
authority  the  switchboard,  v/hich  although  not  new  had  been  r<:ccntly 
remodelled,  had  dangerous  passage-ways — one  having  exposed  live  con- 
ductors at  high  pressure  on  each  side,  the  width  of  the  jjassage  between  the 
live  conductors  being  only  2  ft.  (!  in.  In  a  generating  station  of  an 
electric  supply  company,  the  main  extra  high-])rcssure  switchboard,  not 
min-e  than  two  years  old,  had  a  narrow  j)assage-way  at  the  back  contain- 
ing the  switches  and  other  apparatus  along  the  side.  There  were  bare 
connections  from  these  to  the  bare  'bus-bars  placed  immediately  above  the 
passage  and  only  C  ft.  0  in.  from  the  floor,  no  protection  whatever  being 
prfiviried.  Thepassage  was.  however,  el  >.sed  by  a  locked  gate.  In  a 
transforming  sub-station  behmging  to  the  same  undertaking,  the  medium 
pressure  distribution  switchboard,  consisting  of  switch  fuses,  was  fixed 
on  the  wall  bchinil  the  transforrncrrt.  The  extra  high-pressure  leads  to  the 
tranHformers,  were  brought  up  in  front  of  the  transformers,  and  for  the 
top  12  in.  or  so  the  insulating  material  ha<l  been  removed  from  the  cables 
and  a  l.iyer  or  two  of  rirdinary  wireman's  tape  had  been  snbstittitcd. 
These  tail  ends  of  the  cables  were  therefore  quite  imsafe  to  touch,  and  yet 
anyone  having  to  use  the  switch-fuses  would  |>erforce  have  to  lean  against 
them.     The  arianitement  was' just  a  trap.     Ill  the  same  sub-station  the 


extra  high-pressure  fuses  were  of  an  oil-immersion  type.  No  oil  was, 
however,  in  use  or  provided.  I  have  frequently  described  cases  where 
not  only  safety  but  ordinary  convenience  in  working  has  been  sacrificed  by 
unnecessarily  craniiiing  the  arrangement  of  plant  and  apparatus.  I  found 
this  again  in  the  main  sub-station  of  a  public  su])ply  undertaking,  having 
a  bidk  supply  from  a  power  company.  I  found  some  quite  new  under- 
ground transforming  sub-stations  already  put  to  work,  the  floors  being 
covered  with  water  due  to  leakage  through  the  structure. 

I  found  on  factory  |)rcmlscs  and  in  public  supply  generating  stations 
further  examples  of  motor  switches  both  for  continuous  and  alternating 
current  of  a  dangerous  type,  where  the  hand  is  liable  to  touch  live  metal 
when  gras|)lng  the  handle,  fixed  over  ircm  floor  plates  where  the  user  is  in 
danger  of  getting  a  severe  shock  to  earth,  the  ))recise  conilllions  which 
have,  in  fact,  led  to  fatal  accidents.  I  found  a  number  of  cases  of  series 
incandescent  lighting  on  ^oO  volt  alternating  circuits,  with  the  lamp 
holders  and  metal  shades  not  earthed,  suspended  out  of  doors  or  over  iron 
floors  where  a  leakage  in  the  lamp  holder  might  readily,  as  it  has  done 
beftirc,  lead  to  fatal  accidents. 

I  also  investigated,  on  behalf  of  tiie  Mines  Department,  an  electric 
shock  fatality  in  a  coal  mine.  This  occurred  on  a  concentric  system  with 
hare  outer  conductors  earthed  at  the  generating  station.  On  the  brani:h 
circuit  where  the  accident  occurred  tlu^rc  were,  hov/ever,  fuses  on  both 
couductcu-s.  The  outer  conductors  had  become  charged  up  owing  to  the 
connection  with  earth  having  become  broken  by  reason  of  the  fuse  having 
blown  while  the  fuse  on  the  inner  continued  to  hold.  There  should,  of 
course,  have  been  no  fuses  or  break  of  continuity  of  any  kind  in  the 
outer  conductor.  There  was,  however,  a  local  earth  connection  beyond 
the  fuses,  but  it  did  not  prevent  the  outer  conductor  from  becoming 
charged  so  that  the  man  who  gras])cd  it  was  killed,  his  hand  being  burnt 
to  the  bone.  This  local  earth  connection  was  made  to  a  water  ])ipe  nearly 
200  yds.  in  length,  partly  lying  In  water.  The  connecting  cable  was,  how- 
ever, loose,  both  on  the  outci-  conductor  and  on  the  water  pipe,  and  did 
not,  therefore,  make  a  ijo.irl  i.  .ntact.  It  is  unfortunately  a  very  prevalent 
idea  in  regard  to  w^  i  k  m  In ,-, ,  Liioiind  as  well  as  in  mines  that  any  kind  of 
connection  is  g I  •■ -^Ii  i"V  earthing  purposes.  Joints  in  earth  con- 
nections recpilre  jii.st  as  canlol  making  as  those  in  conductors. 

Sir.  Ram  then  deals  with  the  question  of  earthing  apparatus  and 
machinery,  and  the  very  inefficient  way  in  which  this  is  usually  done, 
leading  to  accidents  and  shocks.  Instead  of  using  a  number  of  isolated 
earth  plates  it  is  a  better  plan  to  run  a  special  earth  strip  with  the  neces- 
sary branches  throughout  the  installation,  connecting  to  the  various  parts 
which  reiiuirc  earthing,  this  strip  being  itself  connected  to  earth.  It  need 
be  so  conni  I  t(  cl  mily  at  one  point  if  a  really  good  earth  is  provided.  The 
size  of  tia  .ailh  .  il.jcs  should  in  every  part  of  an  installation  bear  a 
definite  relation  to  the  size  of  the  conductors  in  each  part,  anil  should  be 
large  enough  to  cany,  without  overheating,  current  sufficient  lu  bluw  the 
fuses  protecting  such  part  or  branch. 

Table  Ul.—Ucporlcd  Etirtrind  Falalities,   1908.     AS'i/.sVcm  and 
Voltage. 

System. 
A=  Alternating, 
C— Continuous. 
l=Singlc-ihase, 
3=Three-phasc. 


1  I  January    j   West  Hartlepool! 

2  February  '  Manchester  

3  j  February  Edinburgh    

4  February  Eston  Jetty ' 

;j      May  Tarrow  

0  j  May  .Middlesbrough... 

7      May  Woolwich 

*8      July  West  Ham   

9     August  Uolton  

10  I  August  Wigan  

*11   j  August  '    Winehburgh 

12  '  September    '  Preston 

13  I  October I  Queenbi>r.>ugl> ... 

14  December I   Londim 


,500 
),000 

400 

275 

',700 

i.OOO 

.'•>()() 

:!00 

440 

200 

500 

i,50U 

202 


A. 
A. 
A. 

A  :i. 

A  3. 
A  3. 
A. 
('. 

A  I. 
A  3. 


*  Fall  following  shock. 

The  report  then  gives  a  general  nuami  of  the  exhibits  at  the  Manchcsler 
exhibition  last  October,  the  exhibits  at  which  .showed,  it  is  considered 
that  considerable  attention  is  being  made  to  the  design  of  safety  appara- 
tus. Some  of  the  m(jr<>  nnpcjrtant  exhibits  arc  described  in  some  detail. 
Attention  is  called  to  the  way  In  which  connection  Is  made  between  the 
tubing  carrying  the  »Hpi)ly  cable  and  the  motor.  A  space  Is  often  left ; 
but  this  Is  unnecessary,  f(U' a  length  of  llexible  tubing  can  be  used  in 
which  the  v/ire  is  carried  and  the  whole,  motor  and  connecting  tubing, 
can  be  moved  siifliciently  U<r  belt  tightening  purposes.  The  r'|iorl 
continues  : 

Although,  as  I  have  stated,  the  exhibits  generally  indicated  that  nimh 
more  attenti<m  Is  jiaid  by  manufacturers  to  questions  of  safety  than  was 
the  case  a  few  years  ago,  theri'  were  nevertheless  examples  showing  that 
this  point  of  view  is  still  frc(|uently  overlooked  by  the  designers  (if 
apparatus.  There  were,  for  Instance,  extra  high-prc.s.sure  motors  having 
Insufticient  protection  of  the  hlgh-|ircssure  parts.  There  were  numerous 
examples  of  switches  constructed  so  that  the  user's  hand  is  in  danger  of 
touching  live  metal,  tirip  fuses  for  heavy  currents  were  shown,  h.-uang 
the  porcelain  grip  too  small,  in  some  cases  scarcely  3  in.  in  length,  so 
that  the  user  could  not  grasji  the  handle  with  more  than  three  fhigers, 
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and  would  probably  in  consequence  touch  the  live  metal  with  his  other 
finder.  In  another  case  a  distribution  board  of  excellent  workmanship 
and  having  ),'nc)d  grip  fuses,  4i  in.  in  the  porcelain  grip,  was  entirely 
spoiled  by  tlic  ai  rarijiement  being  such  that  several  of  the  grip  fuses  could 
not  possibly  be  handled  without  the  hand  touching  the  live  'bus-bars  or 
the  main  terminal  lugs.  Change-over  switches  were  shown  having  the 
handle  arranged  in  such  a  way  that  in  switching  on  t<i  one  set  of  contacts 
the  live  blades  coming  from  the  other  contacts  would  inevitably  touch  the 
user's  hand  or  wrist. 

In  conclusion,  reference  is  made  to  the  new  regulations,  and  to  the 
inquiry  held  by  Mr.  James  Swinburne,  F.R.S.,  into  the  objections 
received  to  these  rules.  An  account  of  the  proceedings  at  this  inquiry, 
and  the  rules  as  amended  which  will  come  into  furce  on  the  first  of  next 
month,  have  already  been  jniblished  in  The  Electrician. 

The  regulations,  it  is  hoped,  will  have  the  effect,  by  improving  the 
standard  of  work  generally,  of  reducing  tlic  number  of  preventable  acci- 
dents. It  is  evident  that  a  large  number  of  the  accidents  which  have 
occurred  in  the  past  have  been  caused  by  neglect  of  such  precautions  as 
will  now  be  required.  Nearly  all  the  cases  of  bad  and  dangerous  work 
and  conditions  which  I  have  described  and  commented  upon  in  my  annual 
reports  for  some  years  are  now  covered  l)v  the  regulations. 


A  STBEET  LIGHTING  TEST  AT  BRADFORD. 


f^  Although  as  regards  the  lighting  of  side  streets  the  ratepayers  of 
the  city  of  Bradford  have  little  of  which  to  complain,  this  does  not 
apply  to  the  main  thorouglifares.  where  the  low  candle-power  incan- 
descent gas  lamps  serve  merely  as  signposts,  indicating  the  directions 
•pursued  by  the  various  streets.  In  view  of  the  fact  that  for  many 
'years  the  gas  department  made  no  charge  for  lighting  the  streets,  the 
low  standard  of  lighting  prevailing  is,  perhaps,  not  surprising  ;   but 
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Fio.  1,— Cdeves  showing  DiSTfliBcrrioN  of  Light  fbom  Flame  Arc  Lami'. 

"A.  Witti  '  dioptric  "  globe.         B.  With  lellectors  in  onliQary  globe, 
C.  With  ordiuary  opalescent  globe. 


it  has  resulted  iu  the  inhabitants  becoming  accustomed  to  what  in 
most  towns  would  be  considered  insufficient  illumination.  From 
time  to  time,  however,  applications  are  made  by  the  more  up-to-date 
residents  tor  the  provision  of  additional  lighting  in  their  respective 
districts. 

As  the  result  of  such  an  application,  a  special  sub-committee  of  the 
Finance  and  General  Purposes  committee  was  appointed  some  time 
ago  to  report  on  the  subject  of  street  lighting  in  the  centre  of  the  city. 
This  sub-eommittee  visited  London  for  the  |iurpose  of  inspecting  and 
comparing  the  vnrious  systems  of  street  lighting  by  pas  and  elec- 
tricity, and  eventually  recommended  that  the  Electricity  c<mmiittee 
and  the  Gas  committee  be  each  authori-sed  to  light  up  experimen- 
tally for  purposes  of  comparison  a  length  of  about  J  mile  of  some 
thoroughfare.  The  choice  fell  on  Manninghara-lane.  for  which  road 
It  was  felt  that  improved  lighting  was  necessary. 

In  accordance  with  this  resolution,  a  length  of  TO"  yd.s.  of  Man- 
ninghani-lane — -viz.,  between  the  Theatre  Koyal  and  Burlington- 
street — was  illuminated  by  18  '' F.xcello  '  Ki-hour,  single-carbon, 
8  ampere  rtame  arc  lamps.  These  were  of  2.o00nominalc.p.,  and  were 
arranged  in  two  circuits,  one  on  each  side  of  the  road.  The  existing 
tramway  standards  were  utilised,  so  that  the  lamps  were  spaced 


about  i<>  yds.  apart,  and  the  brackets  were  fixed  at  a  slight  angle  tr) 
the  span  wires  sui)porting  the  trolley  wires  to  allow  of  the  lamps  being 
raised  and  lowered  by  means  of  a  winch  without  fouling  the  wire. 
The  height  of  the  arcs  from  the  ground  when  the  lamps  were  in 
position  was  25  ft.  .3  in.,  resulting  in  a  good  distribution  of  the  light 
on  the  road  and  pavements,  whilst  at  the  same  time  foot  pasgengerg 
were  not  incnnvenienced  by  the  glare  of  the  lamps,  which  is  so  notice- 
able when  short  standards,  such  as  tho.se  customary  with  gas  lighting, 
are  employed. 

As  indicating  the  enormous  improvement  in  the  lighting,  we  may 
mention  that  the  l.S  arc  lamps,  each  of  2,500  nominal  e.p..  repla<-e<l 
22  gas  lamps,  for  each  of  which  LW  c.p.  was  claimed,  two  incan- 
descent mantles  being  fixed  in  each  lamp.  Taking  the  actual  candle- 
power  of  the  arcs,  as  shown  by  the  curves,  to  be  2.2(  0  c.p.,  it  will 
be  .seen  that  the  total  candle-power  provided  i)y  tl  e  arc  lam|>s  was 
39,000,  as  against  .3,300  by  the  existing  ga-s  lamps — that  is  to  say, 
12  times  as  much. 

The  Electricity  committee  offered  to  supply  and  maintain  the 
lamps,  including  current,  carbons,  trimmers'  wages,  repairs,  4c., 
for  the  sum  of  £12.  10s.  per  lamp  per  annum.  This  figure  was  bas:»d 
on  current  at  Id.  per  unit,  £6  for  wages,  repairs  and  carbons,  and 
an  allowance  of  10  per  cent,  for  depreciation,  .^c.  It  should  be  mted 
that  the  total  energy  consumption  was  estimated  at  lO.IOl  units  per 
annum,  allowing  for  half  the  number  of  lamps  being  extinguished 
at  11  p.m.  A  great  advantage  claimed  for  the  arc  lamp  method  of 
illumination  was  that,  owing  to  the  possibility  of  utilising  existing 
tramway  standards,  there  was  no  obstruction  of  the  pavement  by 
additional  posts.  It  is  interesting  to  note  that  the  cost  of  each  '.amp 
erected  complete  with  overhead  mains  was  £20. 

In  his  report  on  the  gas  lighting  experiment,  the  gas  engineer  stated 
that  high-pressure  gas  lighting,  although  giving  twice  as  much  light 
per  foot  of  gas  used,  would  have  necessitated  consider- 
able outlay  on  compressing  plant,  special  mains  and 
2  S  maintenance,  and  he  did  not  consider  that  high-prc.=surc 
w  "-  lamps  of  l.OIX)  c.p.  or  2.0f>f)  c.p..  at  a  height  of  20  ft. 
to  25  ft.,  would  give  sv.ch  a  uniform  distribution  of 
light  as  a  larger  number  of  smaller  units  placed  closer 
toeether  and  at  a  lower  level.  The  gas  department 
had,  therefore,  erected  75  lam)is  in  the  portion  of  Mar- 
ningham  -  lane  from  Burlington  -  street  to  the  back  of 
Mount  Royd,  a  distance  of  703  yds.  The  lamps  were  cif 
the  ordinary  pattern  fitted  with  three  new  type  Bray 
burners,  and  were  said  to  average  about  .■}-84  cubic  ft. 
of  gas  per  hour,  whilst  the  height  of  the  mantles  above 
the  ground  was  IH  ft.  The  lamps  were  placed  on  an 
average  at  a  distance  of  a  little  over  13  yds.  apart  en 
both  sides  of  the  road.  1  he  a\erage  cost  of  each  lamp 
erected  complete  was  stated  to  be  £i.  19s..  whilst  the 
maintenance  was  estimated  at  £1.  4s.  3d.  per  lamp. 
Taking  the  previous  years  figure  for  the  cost  of  gas: — 
viz..  Is.  5d.  per  1,000  cubic  ft. — the  total  rest  worked 
out  at  £2.  10s.  Ikl.  jier  lamp,  or  Os.  i-^d.  per  yard  of 
street  (although  when  only  22  two-burner  gas  lamps  were 
previously  used  the  cost  ]ier  yard  of  street  was  stated  to 
be  2.S.  5Jd.  per  yard).  A  plan  of  the  street,  showing  the 
position  of  the  lamps  is  given  in  Fig.  3. 

After   the    experimental  lighting  had  been  in  opera- 
tion for    some    little    time  complaints   were   raised  by 
members  of  the  Council  that  the  light  provided  by  both 
schemes  was  excessive,  and.  in  view  of  the  high  rates, 
extravagant.     It  was,  therefore,  decidtd  ihat   only  half 
of  the  gas  lamps  were  to  be  used  in  future,  and  that  one  series  of  arc 
lampi — i.e..  nine  lamps— was  also  to  be  left  out.     After  the  sub- 
committee had  again  inspected  the  lighting  they  decided  in  favour 
of  gas  lamps  on  both  sides  of  the  road,  spaced  ap]iroximately  3iN  yds. 
apart.     No  partictdars  regarding  the  actual  amount  of  illumination 
provided  by  each  system  of  lighting  were  placed  before    the    sub- 
committee, who  judged  the  cflect  solely  by  their  own  observations. 

The  accompanying  curves  (Fig.  11  show  the  distribution  of  light 
for  one  of  the  are  lamps  used  in  the  tests.  It  will  be  noticed  that 
three  curves  are  given.  These  represent  the  distribution  of  light  (I) 
when  the  ordinary  globe  supplied  with  the  lamp  was  tilted,  (2)  when 
an  arrangement  of  reflectors  was  fitted  inside  the  globe,  and  (3)  when 
a  special  type  of  globe,  of  "  dioptric  "  pattern,  which  has  only  just 
been  placed  on  the  market,  was  u.sed.  The  feature  of  this  globe  is 
the  large  amount  of  light  which  is  projected  in  a  direct  ion  approach- 
ing the  horizontal.  This  feature  makes  the  globe  particularly  suitable 
for  street  lighting,  and  the  diflVrence  w  hioh  results  in  the  illumination 
of  a  road  when  the  ordinary  type  of  globe  and  the  "  dioptric  "  type 
is  fitted  is  clearly  shown  in  Fig.  4.  This  diagram  illustrates  the 
horizontal  illumination  in  candle-feet  obtained  at  a  height  of  4ft.  Sin. 
with  two  flame  arc  lamps  fixed  40  yds.  apart,  when  globes  of  the 
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customary  type  aiul  of  tlu-  ■  <li<>i.liic  "  patttni  aio  cnii>l»ycd.  It 
will  be  seen  that  the  luiiiiinum  illumination  is  hugely  increased  in 
the  latter  case,  whilst  the  maximum  illumination  is  at  the  same 
time  decreased,  with  the  result  that  tlie  illumination  is  much  more 
uniform  and  the  general  appearance  of  the  lighting  is  greatly  im- 
proved. Fig.  2.  which  was  supplied  to  us  by  Mr.  T.  Roles,  the  city 
electrical  engineer,  is  interesting  as  showing  the  comparative  results 
obtained  with  the  various  forms  of  lighting,  but  it  must  be  remem- 
bered that  the  values  given  are  calculated  from  the  characteristic 
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Fig.  3. — Plan  of  Road  suowimg  Position  of  Lamps, 

curves  of  the  lamps,  and  are  not  experimental  determinations  in 
the  street  ;  moreover  the  illuminations  are  approximately  perpen- 
dicular to  the  rays,  and,  therefora,  although  affording  a  comparison 
they  do  not  apply  to  street  illumination  as  ordinarily  determined. 

It  was  generally  stated  that  the  inhabitants  considered  the  gas 
lighting  superior  to  electric  lighting,  and  this  is  probably  to  some 
extent  true,  for  the  yellow  colour  of  the  arc  lighting  was  objected  to 
by  a  number  of  people  as  being  unpleasant  to  the  eye.  The  gas  was 
also  generally  considered  to  give  the  better  light,  but  this  impression 
wa-s  undoubtedly  due  to  the  fact  that  the  gas  lanterns  and  the 
sources  of  light  were  very  near  the  eyes  of  pedestrians,  whilst  the  arc 
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There  are  several  local  reasons  why  the  gas  lighting  was  looked 
upon  with  considerable  favoui-.  The  city  of  Uradford  is  made  up 
of  the  original  township  of  liradford  together  w  ith  a  number  of  other 
smaller  townships  which  have  been  added  thereto,  and  a  certain 
amount  of  local  jealousy  is,  therefore,  aiiparent.  It  is  contended 
by  the  inhabitants  of  the  outlying  townships  that  their  main  streets 
should  be  as  well  hghted  as  tliosc  in  the  centre  of  the  city,  and  that 
if  electricity  is  used  for  the  purpose  in  the  latter  it  should  be  similarly 
used  in  the  former.  Probably  another  factor  in  the  decision  was  that 
the  gas  figures  for  the  past  few  years  have 
not  been  so  satisfactory  as  they  once  were, 
due  to  the  competition  of  the  electricity  dc- 
])artment.  and  it  was  undoubtedly  felt  that 
were  electric  lighting  to  be  adojited  for  the 
main  streets  a  further  blow  would  be  given  to 
the  gas  undertaking. 

We  obtained  much  of  the  information  given 
above  from  an  inspection  of  the  street  light- 
ing at  Bradford  which  we  made  last  week. 
Our  observations  showed  that  with  "  diop- 
tric "'  globes  in  use  the  illumination  of  the 
road  was  very  uniform,  and  no  objection, 
such  as  is  occasionally  raised  against  tiame 
arc  lighting,  could  possibly  be  brought  for- 
ward as  to  patchy  or  uneven  lighting.  The 
gas  lamps  presented  a  long  row  of  bright 
sources  of  light,  but  the  actual  illumination 
of  the  road  was  distinctly  less  than  with  the 
arc  lighting,  whilst  in  regard  to  shadows 
there  was  nothing  to  choose  between  the  two 

methods  of  illumination,  owing  on   the   one 

— ■ hand  to  the  large  number  of  gas  lamps,  and 

on  the  other  to  the  height  of  the  flame 
lam  ps. 
The  array  of  posts  obstructing  the  footpaths,  usually  associated 
with  a  large  number  of  low  candle-power  lamps,  would  not  be 
tolerated  in  many  towns,  and  the  removal  of  all  additional  obstruc- 
tions by  placing  the  arc  lamps  on  the  tramway  standards  considerably 
improves  the  appearance  of  the  road.  The  Exccilo  lamps  burned 
with  great  steadiness,  and  t!ie  colour  of  the  light,  when  once  the 
public  have  become  used  to  it.  would  prove  much  more  pleasant 
than  the  greenish  tinge  associated  with  all  incandescent  gas  lighting. 
Our  inspection  satisfied  us  that  in  conii)arative  tests,  where  due 
regard  is  jiaid  to  the  amount  of  illumination  obtained  and  to  the 
possibility  of  removing  a  multitude  of  posts  from  the  pavements, 
Maine  arc  lighting  can  easily  be  proved  superior  to  the  most  modern 
type  of  lighting  by  incandescent  gas. 


ARC  LAMP 


CORRESPONDENCE. 


0  10  20  30  40  .09  60  7J  8U  00  lOC  110  l-'l 
F.el. 

Flo.  4. — Iux.mination  (calui'lated)  on  a  Horizontal  Sl'rfack  4}  ft. 

ABOVE   TUE    c;KOUND    WITU     Fi.ASIE    LaMI'S     25}  rr.     IlIOH,     AND    SPACED 
40  YDS.  APART,  showing  ADVANTAOK  OF  "  UlOPTllIC  ''  Qlohe. 
A.  With  "  ilioptric "  gl«l)C!<.       B.  Glohi-j  of  orllimry  tipc 

lamps  were  high  over  the  roat',  gi  in  the  latter  case  the  eye  wa.s  not 
so  much  affected  by  the  lamps  being  in  the  field  of  view,  and  a 
better  judgment  could  be  formed  of  the  illumination.  The  physio- 
logical effect  Is,  undoubtedly,  the  cause  of  many  erroneous  jiopul.ir 
impressions  as  to  the  amount  of  light  obtained  from  electric  arc 
lamps  and  gas  lamps.  Ko  complaint  whatever  was  made  as  to  any 
unsteadiness  of  the  light  from  the  flame  arc  lamps. 


MOTOR  CONVERTEKS. 

TO  THE  KDITOU  OF  THE  ELECTRICIAN. 

Sill :  In  your  issue  of  2 1st  ult.  a  letter  from  Mr.  Rosenberg 
ajipears  referring  to  the  discussion  at  the  I.E.E.  when  my 
Paper  dealing  with  motor  converters  was  read  before  that 
Institution. 

When  criticising  the  Paper  Mr.  Rosenberg  did  not  confine 
himself  to  the  point  ho  now  raises,  but  made  several  irrelevant 
statements  of  such  surprising  nature  tliat  I  advised  him,  in  the 
few  seconds  at  my  disposal  for  vcrljal  reply,  to  read  the  Paper 
again, 

I  do  not  agree  with  corresjiondence  or  controversy  in  the 
technical  press  on  the  subject  matter  of  a  Paper  read  before  a 
scientific  institution  until  the  Paper,  the  discussion  and  the 
full  reply  to  the  discussion  liave  been  published,  but  at  the 
same  time  I  cannot  let  Mr,  Rosenberg's  letter  pass  without 
saying  that  lie  is  still  labouring  untler  a  inisap])i'ehension,  and 
if  lie  will  wait  until  my  full  rejily  is  puljlished  I  believe  he  will 
then  agree  that  my  ])ievioiis  recommendation  was  amply  jus- 
tified, and  my  statement  to  the  effect  that  when  comparing 
the  motor  converter  and  the  rotary  converter  running  under 
the  same  conditions  {i.r.,  when  supplying  the  same  leading 
wattless  current  to  the  mains)  the  factor  K  is  the  same  for 
both — or,  putting  this  in  another  way,  the  30  per  cent,  wattless 
current  referred  to  must  for  a  true  comparison  bo  taken  as  the 
cunont  in  the  stator  and  not  in  the  rotor  winding— is  substan- 
tially correct. — I  am,    &c., 

Edinburgh,  May  31.  H.  S.  Hallo. 
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B.T.  H.  CONTINUOUS-CDRRENT  MOTORS  AND 
GENERATORS. 

The  electric  motor  has  now,  it  will  be  agreed,  Ijecome  a  quite 
standardised  piece  of  apparatus.  Each  maker  has  his  own  par- 
ticular way  of  doing  some  particular  thing,  but  on  the  whole  the 
finished  production  of  one  firm  is  not  unlike  the  tinished  production 
of  another,  being  given  that  equal  care  is  expended  in  the  design 
and  that  good  quality  materials  are  employed  throughout. 

This  being  the  case,  any  departure  from  the  lieaten  track  is 
rather  an  achievement,  and  for  this  reason  we  are  pleased  to  be  able 
to  notice  a  type  of  continuous-current  motor   just  introduced   by 


Fig.  1. — D.H.  MoTOit  with  Exi'Anded  Met.vl  L'ovius. 
Thojison-Houston  Co.) 


(BlilTISH 


the  British  Thomson-Houston  Co.,  of  Rugby,  which  appears  to 
posiiess  some  novel  features,  while  at  the  same  time  retaining  all  the 
serviceable  details  which  are  the  property  of  this  firm's  well-known 
machines.  In  the  construction  of  these  motors  only  the  best 
quality  material  is  used,  and  this  remark  applies  specially  to  the 
insulation  employed  on  th"  armature  and  field  coils.  Great  care  is 
taken  to  remove  all  moisture.  To  do  this  the  insulated  conductors 
of  which  the  coils  are  formed  are  subjected  to  a  drying  process  and 
then  treated  with  a  special  moisture-proof  compound.  Further, 
these  coils  are  submitted  to  an  alternating  pressure  of  1.500  volts 
for  a  period  of  CO  seconds  when  hot  so  that  if  the  insulation  is  liable 
to  break  down  this  test  should  discover  the  fact. 


Fin.  2. — D.H.  "Protected"  Motor.    Pullf.v  End. 


The  armature  core  of  lli"sc  motors  consists  of  laminations  of  slicet 
Steel  of  high  permeability.  These  laminations  are  slotted  in  tlie 
usual  way  to  receive  (he  winding  and  are  clamped  mider  pressure 
between  substantial  end  I' incfcs.  The  cores  are  provided  with  radial 
vcntilatin-,'  thiets  to  allow  free  circulation  of  air  through  the  body 
of  tlie  nrniiiture  to  be  ol)lained.  At  the  ends  of  the  armature  and 
also  in  each  ventilating  duct,  steel  spacers  are  provided  to  support 
each  tooth.  This  con.struction  prevents,  it  is  clainred,  the  vibration 
whicii  sometimes  occurs  with  unsupported  teeth. 

The  armature  winding  is  made  up  of  form  wound  coils  which  are 
carefully  insulated,  as  are  also  the  slots  in  which  they  are  embedded. 
The  coils  are  secured  bv  binding  bands.     The  commutator  is  built 


up  of  harddiawn  copper  segments  which  are  insulated  from  each 
other  by  mica  strips.  Tlie  commutator  shell  is  forced  into  position 
and  rigidly  keyed  to  prevent  any  relative  movement  between  the 
armature  winding  and  the  commutator.  This  .shell  is  provided  with 
ventilating  ducts.  Tiie  magnet  frame  on  these  motors  is  of  cafit-iron 
and  the  ])oles  are  rigidly  bolted  to  it.  These  poles  are  built  up  of 
laminated  steel,  and  can  be  removed  with  their  field  spools  without 
any  displacement  of  the  armature  being  necessary.  Tliis  is  certainly 
a  point  of  great  imjiortance  to  the  user.  The  field  coils  are  held  on 
by  the  projecting  pole  tips. 

The  brushes  are  of  carbon  and  are  carried  in  brushbolders  of  tl.e 
clock-spring  type  so  constructed  that  the  tension  of  any  brush  is 
uniform  throughout  the  life  of  the  brush  and  is  readily  adjusted 
without  removing  the  liru.sh  from  the  commutator.  Flexible  con- 
nections are  employed  for  carrying  the  current  direct  from  each 
carbon  brush  to  the  body  of  the  holder,  thus  making  a  positive  con- 
nection between  the  two. 

All  these  new  motors  are  designed  to  stand  a  full  load  test  fcr 
sis  hours  with  a  thermometric  rise  in  temperature  not  exceeding 
72^F„  while  they  are  capable  of  standing  25  per  cent,  overload  for 
one  hour  and  50  per  cent,  momentarily.  If  the  machines  are  totally 
enclosed  these  figures  need  some  modification,  and  such  machines 
can  be  provided  with  fans  whereby  forced  ventilation  is  effected. 

Our  illustrations  show  the  commutator  end  of  one  of  these  new 
motors  fitted  with  expanded  metal  covers  and  the  pulley  end  of 
another  which  is  of  the  protected  type. 


A  NEW  PORCELAIN  HANDLE  FUSE. 

In  our  last  issue  we  gave  some  account  of  the  specialities  turned 
out  by  Jlessrs.  Wellman-Scaver  k  Head  in  the  domain  of  electric 
control  apparatus,  and  we  are  now  able  to  supplement  this  to  some 
extent.  Not  one  of  the  least  important  pieces  of  control  apparatus 
ix  the  fuse,  and  the  new  porcelain  handle  fuse  which  we  illustrate  in 
the  accompanying  drawing  has  been  designed  to  overcome  the 
troubles  experienced  with  the  ordinary  type  fuse  with  square  brass 
ends  fitting  into  ordinary  copper  clips.  We  only  hope  it  will  be  able 
to  elTeet  this  end.  The  disadvantages  of  the  old  type  fuse  were, 
that  however  carefully  the  brass  end  was  fitted  in  the  clips,  the 
contact  was  always  liable  to  be  reduced  b  v  the  clips  getting  bent  with 


Ei-Kv.vriox  AS!)  Sections  oi-  New  Enclosed  Fisf. 

rough  usage  ;  and  most  fuses,  even  the  best  designs,  after  being  in 
uselor  some  lime,  made  contact  only  on  part  of  their  clips.  Owing 
to  the  ends  heating  and  expaiidinu  in  use.  (he  porcelain  brokcal  these 
points.  The  method  of  fixing  by  remenling  a  brassend  on  a  porcelain 
handle  was  an  unmeehanical  and  unsatisfactory  job.  If  the  handle 
was  broken  a  comf)lete  new  fuse  was  nccesstiry,  involving  heavy 
renewal  costs  where  breakages  were  fr<-quent. 

These  di.iiculties  arc  got  over  in  this  fuse  by  making  the  whole 
fuse  in  porcelain  with  square  hollow  ends.  The  ends  arc  provided 
with  windows  on  two  opposite  sides,  through  which  the  contacts 
project,  and  which  are  held  in  position  by  a  spiral  spring  between 
them.     The  fuse  i^  then  mounted  in  a  solid  maehincd  clip. 

The  contacts  are  thus  made  self-aligning  and  make  a  very  giwd 
e(mtact.  There  is  no  cement.  The  sprhig  allows  for  expansion 
without  dancer.  The  clips  cannot  be  bent,  and  in  the  event  of  the 
porcelain  handle  beinc  broken,  the  cost  of  replacement  is  small  as 
only  the  porcelain  needs  ivnewing,  the  old  contacts  being  easily 
fitted  into  the  new  frame  in  a  few  minutes. 
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NOTE  ON  HORIZONTAL  RECEIVERS  AND  TRANS- 
MITTERS IN  WIRELESS  TELEGRAPHY. 

BV    PROF.    H.    M.    MACDOXALD,    F.R.S. 

In  a  |iievious  oommunicatinn  f  Mi'-  Marconi  has  givon  the  results 
nbservod  when  a  straight  liorizontal  ct)nJuolor  is  sul>3tit\itcd  for  the 
usual  vertical  conductor  employed  a*  a  transmitter  or  receiver  at  a 
wireless  telegraph  stirtion.  The  object  of  the  following  note  is  to 
consider  the  tlieorj'  of  such  an  arrangement,  or,  at  any  rate,  one 
aspect  of  it.  The  receiver,  as  being  the  more  important,  is  considered 
first. 

Let  AB  (Fig.  1)  represent  the  horizontal  receiver,  consisting  of  a 
straight  conductor  having  the  end  A  connected  to  a  spark-gap,  C'C'i. 
or  other  wave  detector.  The  electric  oscillations  in  AB  can  be  repre- 
sented by  a  distribution  of  Hertzian  oscillators  along  AB.  and.  if  L 
denotes  the  current  strength  at  any  point  of  AB.  it  must  satisfy  the 
conditions  L  =  0  at  B.  the  free  end,  and  rfL/rf.s'=0  at  A.  since  the 
electric  force  |)erpendicu!ar  to  AB  at  A  must  vanish.  If  the  distance 
of  AB  from  the  earth  is  not  too  small,  the  effect  of  the  oscillations 
belonging  to  the  image  in  the  earth  of  AB  on  those  in  AB  may  be 
neglected,  the  radiation  from  the  free  end  B  will  be  approximately 
symmetrical  with  respect  to  AB,  and  the  oscillations  in  AB  are  then 

B  A 


•     Fig.  1. 

approximately  the  same  as  if  BA  formed  part  of  a  semi-infinite 
straight  conductor  in  which  a  system  of  oscillations  is  being  main- 
tained. B  being  the  free  end  and  A  the  first  node  from  the  free  end  ; 
the  wave-length  of  these  oscillations  is  very  approximately  five  times 
the  length  of  AB.  J  and  therefore  the  receiver  is  of  maximum  efficiency 
when  its  length  is  one-fifth  of  the  lengtli  of  the  transmitted  wave,  a 
result  ob.served  by  Marconi,  i  When  the  distance  of  AB  from  the 
earth  is  so  .small  that  the  effect  of  the  oscillations  in  the  image  of 
AB  in  the  earth  on  the  oscillations  in  AB  is  not  negligible,  the  radia- 
tion from  the  free  end  B  will  not  be  symmetrical  with  respect  to  AB, 
but  may  be  taken  as  being  approximately  symmetrical  with  respect 
to  some  line  through  B  making  an  angle  with  BA  :  the  wave-length 
of  the  oscillations  in  AB  is.  therefore,  equal  to  the  wave-length  of 
the  oscillations  in  a  bent  conductor  joining  AB  :  that  is  greater  than 
five  times  the  length  of  AB.  and.  therefore,  in  this  ca.se  the  receiving 
conductor  has  its  maximum  efficiency  when  its  length  is  somewhat 
less  than  one-fifth  of  the  length  of  the  transmitted  wave,  a  result 
also  observed  by  Marconi.  To  examine  the  effect  of  the  orientation 
of  the  receiver,  consider  a  straight  conductor,  BAB',  twice  the  length 
of  AB  (Fig.  2).  and  its  image.  BiA,B,'.  in  the  horizontal  plane,  A  and 
A,  being  their  middle  points  respectively. 

B A B' 


B,        -         A,         +        B,' 

Fio.  2. 

When  electric  oscillations  are  being  maintained  in  BB'  with  the 
corresponding  set  in  B,B,',  A  and  A,  are  nodes  ;  hence,  if  a  wave 
detector  is  placed  in  AA,  no  effect  will  be  observed  in  it  due  to  its  own 
oscillations,  and  therefore  the  P.D.  at  CC',.  due  to  the  forced  oscilla- 
tions in  the  receiver  when  the  receiver  AB  is  in  the  position  Fig.  1 
is  equal  and  opposite  at  any  instant  to  the  I'.D.  at  CC,  when  the 
receiver  is  in  the  position  which  results  fnmi  turning  it  through  two 
right  angles  round  CC,.  Xow.  the  total  effect  at  CC,  is  made  up  of 
two  part.s.  one  due  to  the  direct  action  of  the  advancing  waves,  the 
other  due  to  the  oscillations  in  the  receiver.  Tf  in  Fig.  1  the  advanc- 
ing waves  be  supposed  to  be  travelling  from  left  to  right,  the  oscilla- 
tions in  the  receiver  may  be  regarded  ...s  the  resultant  of  two  .sets  of 
])rogre.ssive  waves,  one  travelling  from  B  to  \  and  the  other  from 
A  to  B  ;  and.  since  the  oscillations  in  the  receiver  are  maintained  by 
the  advancing  waves,  the  set  of  progressive  waves  in  the  receiver 
travelling  from  B  to  A  must  be  in  the  same  phase  as  the  advancing 
waves  at  A.  Further,  since  the  electric  force  perpendicular  to  AB 
at  A  vanishes,  the  electric  distribution  on  AC  has  at  any  instant  the 
opposite  sign  to  that  on  AB,  and  therefore  the  P.I),  at  CC,  due  to  the 
oscillations  in  the  receiver  is  at  each  instant  in  the  opposite  phase 
to  the  P.D.  due  to  the  direct  action  of  the  advancing  waves.     Hence, 

•  Paper  rea<l  before  the  Royal  Society,  slightly  abbreviated, 

t  Tub  Ei.ectrkia.n-,  May  4,  lOOfi. 

t  Maodonald,  "  Electric  Waves,"  1902,  Chan.  X. 

S  The  ELEf  trk  IAN,  .May  4.  1906.  p.  102. 


if  a  denote  the  maximum  P.D.  at  CC,  due  to  the  direct  action  of  the 
advancing  waves,  and  ^  the  maximum  P.D.  due  to  the  oscillations 
in  the  receiver,  the  P.D.  at  CCi  at  any  instant  is  (a  — /3)cospt. 
When  AB  is  turned  through  two  right  angles  round  CC,,  the  ad- 
vancing waves  still  travelling  from  left  to  right,  the  set  of  progressive 
waves  in  the  receiver  travelling  from  B  to  A  must  be  in  the  opposite 
phase  to  the  advancing  waves  at  A.  since  the  oscillations  in  the  re- 
ceiver are,  as  before,  maintained  by  the  advancing  waves,  and  there- 
fore the  P.D.  at  CC,  due  to  the  oscillations  in  the  receiver  is  in  this 
case  in  the  same  phase  as  that  due  to  the  duect  action  of  the  ad- 
vancing waves,  and  is  at  any  instant  {a +li)  cos  pt.  Hence,  the 
total  effect  at  CC,  is  greater  when  the  free  end  B  is  pointing  directly 
away  from  the  transmitter  than  when  it  is  pointing  directly  towards 
it.  In  the  above  the  receiver  AB  has  been  assumed  to  be  placed  per- 
pendicularly to  the  wave  fronts  of  the  advancing  waves.  When,  in 
Fig.  2,  BB'  is  in  the  plane  of  the  wave  fronts  of  the  advancing  waves 
no  oscillations  will  be  set  up  in  BB'  ;  and.  therefore,  when  BB'  makes 
an  angle,  e,  with  the  direction  of  the  advancing  waves,  the  ampli- 
tude of  the  oscillations  in  BB'  lies  between  zero  and  the  value  cor- 
responding to  6  =  0.  Hence,  when  the  receiver  AB  makes  an  angle, 
ff.  with  the  direction  in  which  the  transmitted  waves  are  advancing, 
the  P.D.  at  CC,  is  a  cos  pt  +  j(e)  cos  {pt +  i),  where  j3>/(0)>0.  and 
I  depends  on  C,  If,  then,  a  curve  be  drawn  to  represent  the  P.D.  in 
terms  of  the  orientation  of  the  receiver,  it  will  be  of  the  form  of  the 
figure  8.  with  unequal  loops,  the  larger  loop  being  further  from  the 
transmitter,  its  greatest  radius  being  a+ [3. 

When  the  horizontal  conductor  is  used  as  a  transmitter  its  effect  is 
made  up  of  tw'o  sets  of  oscillations,  one  from  the  oscillations  in  the 
horizontal  conductor  emanating  from  the  free  end.  the  other  from 
the  vertical  spark-gap.  At  a  distance  the  effect  of  the  first  set  is 
the  .same  as  that  of  a  horizontal  Hertzian  o-scillator  with  its  image  in 
the  horizontal  ;  hence,  choosing  axes  of  reference  such  that  z  is 
vertical  and  x  is  measured  horizontally  in  the  direction  of  AB,  the 
vertical  electric  force  at  a  distance  due  to  this  set  is 


B.^ 


d  sin  K  (c-  VO 


'dxdz  '  dz  r 

The  vertical  electric  force  due  to  the  second  set  is 


^(5+-) 


sin  K  (r  —  \t) 


hence,  retaining  only  the  more  important  terms,  the  vertical  electric 
force  at  the  surface  at  a  distance  is 


(A-B^)> 


sin  ir  (r- V0  + A ;.,cos  k  {r  -  \t). 


where  A  and  B  have  the  same  sign,  as  the  waves  proceeding  from  the 
free  end  are  at  the  free  end  in  approximately  the  opi)osite  jihase  from 
those  proceeding  from  CC,.  Hence,  the  square  of  the  amplitude  of 
the  vertical  force  at  a  distance  is 

(A--  co8fl)^^^-f  A^*"  , 
r  f'         r^ 

where  0  is  the  angle  the  direction  of  the  receiver  makes  with  AB.  and 
for  a  given  value  of  r  this  gives  a  figure  8  curve,  with  unequal  loops 
to  represent  the  intensity  of  the  transmitted  waves. 

The  essential  feature  of  the  various  systems  of  directed  wireless 
telegraphy  is  the  interference  of  two  sets  of  waves  differing  in  phase 
and  proceeding  fr(jm  sources  at  a  distance  apart.  Braun's*  arrange- 
ment consists  of  three  vertical  antenna^,  each  20  metres  high,  placed 
at  the  corners  of  an  equilateral  triangle  whose  side  is  30  metres.  The 
waves  proceeding  from  one  of  these  differs  in  phase  by  7r/2  from  the 
waves  proceeding  from  the  other  two.  For  the  best  effect  the  per- 
pendicular of  the  triangle  is  a  quarter  of  a  wavelength,  as  then  the 
waves  proceeding  in  one  direction  are  in  the  same  phase,  while  those 
proceeding  in  the  opposite  direction  are  in  opposite  phases.  For  this 
X/4  =  .30  cos  ir/() — that  is.  X=103 — or  approximately  five  limes  the 
height  of  the  attcnna.  agreeing  with  theory. 

Artom'sf  arrangement  consists  of  two  equal  antcnna>,  each  inclined 
at  an  angle  of  4.5  dcg.  to  the  horizontal,  the  oscillations  in  thcra  differ- 
ing in  phase  by  7r/2.  The  antennae  are  bent  through  an  angle  of 
no  dcg.  at  the  ends  above  the  horizontal,  and  led  to  the  conductors  ; 
the  waves  that  interfere  are  those  radiated  from  the  bends,  and  the 
wave-length  for  the  greatest  effect  will  be  greater  than  five  times  the 
length  of  the  straight  part  of  an  antenna,  the  radiation  from  the  bend 
not  being  symmetrical  with  respect  to  the  antenna.  For  complete 
interference — that  is,  with  the  waves  in  one  direction  in  the  same 
phase — and  the  waves  in  the  other  direction  in  opposite  phases,  the 
distance  between  the  two  bends  is  a  quarter  of  a  wave-length  ;  hence, 
if  a  is  the  length  of  the  straight  part  of  each  of  them,  X/4=2o  cos  7r/4, 
that  is,  \  =  .5-6o.     In  Marconi's  arrangement  the  two  sources  are  the 

•  "  Jahrbuch  Drahtl.  Tele.,"  Vol.  I. 

t  ■'  Accad.  dei  L'ncei,"  Roma,  Vol.  XV.,  p.  692,  1906. 
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spark-gap  and  tlic  free  end  of  the  horizontal  conductor,  wliose  dis- 
tance apart  in  ajiproximately  one-fifth  of  a  wave-length,  while  the 
oscillations  differ  in  phase  approximately  7r/2,  the  waves  at  the  bend 
ditl'erini;  in  phase  by  tt.  It  should  be  observed  that  in  Braun's 
arrangement  and  Artom's  arrangement  the  amplitudes  of  the  two 
component  sets  of  waves  are  for  all  distances  in  the  same  constant 
ratio,  while  in  Marconi's  arrangement  the  amplitudes  arc  in  a  ratio 
which  varies  as  the  distance. 


TRAIN  LIGHTING  BY  TURBO-GENERATOR  ON 
LOCOMOTIVE.* 


Suburban  train  operation,  differing  from  through-lrain  operation 
in  that  there  is  no  changing  of  locomotives  and  rarely  of  cars,  ofTers 
exceptional  opportuntiy  for  simplicity  in  electric  train  lighting. 
Tlii.s  is  shown  by  the  new  equipment  adopted  by  the  Chicago,  Bur- 
lingtiin  and  (juincy  Railroad  in  its  suburban  service  out  of  Chicago. 
Tlie  arrangement,  which  has  been  tried  on  one  train  making  a  regular 
daily  run  in  the  evening  from  Chicago  to  Aurora,  a  distance  of  about 
40  miles,  consists  in  bolting  a  turbo-generator  on  the  top  of  the 
locomotive  between  the  two  steam  domes,  electrical  connections 
being  taken  to  the  cars. 

A  horizontal  Curtis  steam  turbine  drives  a  two-pole,  110- volt 
20  kw.  direct-current  dynamo.  The  whole  unit  is  ironclad,  the 
covers  being  clamped  in  with  gaskets,  so  that  it  is  storm-proof. 
Steam  is  taken  at  the  locomotive  boiler  pressure,  the  variation  on 
different  locomotives  being  taken  care  of  by  the  governor.  The 
turbine  runs  at  4.500  revs,  per  min.  The  whole  unit  is  5  ft.  6  in. 
long,  2  ft.  8  in.  high  and  1  ft.  II  in.  wide,  and  weighs  2,300  lb. 

Thcr;  is  a  marble  panel  in  the  cab  of  the  locomotive  on  which  are 
mounted  a  voltmeter  and  a  rheostat.  No  attention  beyond  opening 
the  stop  valve  and  regulating  the  resistance  should  the  number  of 
cars  vary  is  necessary.  Nine  standard  suburban  pas.senger  coaches 
arc  lighted  and  also  the  headlight  and  lamps  in  the  locomotive  cab. 
The  locomotive  headlight  is  a  50  c.p.  carbon- filament.  There  are 
four  electric  lamp.s  in  the  cab,  and  each  car  has  21  16  c.p.  lamps. 

The  circuit  from  the  dynamo  is  led  to  the  rear  of  the  tender  where 
a  straight  Gibbs  connector  is  applied,  and  these  connectors  are  used 
throughout  the  train  length.  There  are  no  steam  connections 
between  cars  and  no  storage  batteries,  so  that  the  system  is  sim- 
plicity itself. 

Mr.  C.  B.  Young,  mechanical  engineer  of  the  Chicago,  Burlington 
and  Quincy  Railroad  Company,  has  designed  the  equipment  which 
he  considers  the  best  and  simplest  system  for  suburban  service. 
Practical  railroad  men  appear  to  be  greatly  pleased  with  the  system 
which  this  company  has  now  adopted  as  standard  for  all  its  suburban 
trains. 


LEGAL  INTELLIGENCE. 


Consolidated  Nickel,  Tin  &  Copper  Mines  v.  Crompton  &  Co. 

Thf  Official  Referee  (Mr.  Muir  M:ickenzie,  K.C.)  t oniluded  the  hearing 
of  this  case  last  week. 

Mr.  M-iCFARLANE  was  further  questioned  as  to  the  effect  of  overloading 
the  motor.  The  chief  reason,  he  said,  why  he  came  to  the  conclusion 
that  it  was  advisable  to  make  the  motor  partly  ventilated  was  because  of 
the  burning  out  which  was  caused  by  the  motor  falling  out  of  step  and 
taking  in  large  wattless  current.  Of  course,  even  with  the  increased  ven- 
tilation, the  motor  would  still  burn  out  if  it  were  allowed  to  get  out  of 
step.  His  firm  made  as  many  machines  without  starters  as  with. 
Starters  were  usually  used  in  connection  with  electric  lighting  plants. 

Mr.  Alan  Williams,  recalled,  said  that  fu.scs  were  not  intended  to  be 
any  protection  against  what  he  might  call  moderate  overloiuiing — say, 
from  10  to  15  per  cent.  In  fact,  fuses  were  really  no  protection  iigainst 
overloading,  because  they  were  not  made  large  enough  to  withstand  the 
starting  current  and  an  overload  of  the  magnitude  of  the  starting  cur- 
rent would  be  unreasonable.  Fuses  were  really  provided  for  auolhcr 
purpose  altogether,  and  they  were  not  used  fiu'  the  purposes  of  protection 
in  a  plant  of  that  sort.  For  anything  beyond  a  few  seconds  at  starting 
it  would  be  vun'ensoiiablc  to  attcni|it  to  run  a  motor  which  nominally 
worked  at  50  amperes  at  the  150  amperes  to  which  the  current  rose  at 
starting.  B'uses  were  provided  to  protect  the  alternator,  the  switchboartl 
and  the  main  cables  in  the  event  of  a  short-circuit  owing  to  injury  to  the 
cable.  With  reference  to  the  fact  that  the  armature  of  the  machine 
i-evolved  whilst  the  fields  were  stationary,  although  defendants  had 
8pecili«d  a  reverse  type,  the  machine  installed  was  the  better  type  for  the 
work  it  had  to  do.  It  was  true  stationary  armature  machines  were 
mostly  used  nowadays  for  high-tension  work  and  with  large  machines, 
but  for  the  out]iut  required  in  that  particular  case  it  was  important  to 
have  a  massive  field  with  plenty  of  copper  winding  on  it  and  a  relatively 
lighter  armat\ne.  The  suggestion  that  the  flywheels  of  the  gas  engine 
were  not  heavy  enough  was  unreasonable.  The  weight  of  the  flywheels 
was  quite  sufficient.     If  the  gas  was  of  such  a  bad  quality  as  to  allow  the 

'Abstracted  from  the  "  Electrical  World." 


engine  to  get  out  of  step,  heavy  llywlieels  would  not  prevent  it.  The  man 
in  charge  of  the  plant  did  not  know  what  to  do  when  the  breakdown 
occurred,  and  he  did  not  seem  to  care.  With  a  reasonable  amo\mt  of 
skill,  and  with  sufficient  attention,  the  whole  i>lant  was  perfectly  well  able 
to  do  the  work  required  of  it.  He  had  not  the  slightest  doubt  that  the 
burning  out  of  the  motor  in  September,  November  and  December  were 
caused  by  reduction  in  the  mean  speed  of  the  alternator,  due  to  bad  gas, 
slipping  belt  and  other  causes.  These  things  might  have  been  all  avoided 
had  those  in  charge  of  the  plant  used  care  and  skill. 

Mr.  H.  R.  .1.  BuRSTALr.  (Messrs.  Burstall  &  .Monkhouse)  said  he  saw 
the  motoi',  which  was  now  at  work  at  Chacewater,  while  under  test  at 
Crompton's  works  at  Chelmsford.  It  was  started  at  8:30  a.m.  and  ran 
until  2:30  p.m.  The  average  load  was  about  70  h. P.,  70  anijieres  by 
480  volts  was  his  note.  It  was  then  stopped  for  five  minutes,  and  then 
it  ran  on  until  4  p.m.  at  a  load  of  88  amperes — over  90  H.r.  The  normal 
power  of  the  machine  was  specified  at  55  H.P.,  so  that  for  the  first  part 
of  the  test  it  was  considerably  overloaded.  When  it  was  stopped  he 
took  the  top  plate  off  and  took  the  temperatures.  The  stator  was  160''F. 
outside  and  22  inside,  the  temperature  of  the  air  being  64.  The  rotor 
was  very  hot — about  250  deg.  he  thought.  Kven  with  that  overload  and 
with  that  temperature,  there  was  no  sign  of  softening  of  the  insulation 
varnish  in  the  stator.  The  temperature  of  2.50  deg.  had  not  damaged  the 
rotor  in  any  v/ay.  The  machine  ran  well  during  the  test  and  the  bearings 
were  cool.  During  the  test  the  power  factor  varied  between  091  and  092. 
He  did  not  think  that  the  want  of  a  steadying  bearing  had  anything  to 
do  with  the  first  breakdown.  The  capacity  of  the  motor  would  be 
increased  by  ventilating  it,  and  it  would  be  able  to  t.ike  a  heavier  over- 
load without  overheating.  The  addition  of  ventilation  would  not  have 
converted  an  inefficient  machine  into  an  efficient  one.  On  March  .5,  1908. 
he  visited  the  mines  in  com])any  with  Mr.  Williams,  and  saw  the  whole 
of  the  installation  above  ground.  He  then  found  that  the  motor  was 
either  out  of  stej)  or  was  stopped.  He  found  the  main  switch  had  been 
allowed  to  remain  in,  allowing  the  current  to  pass  through  the  motor, 
which  was  liable  to  damage  the  motor.  The  reason  of  the  failures  on 
these  occasions  was  from  the  belt  sii])ping  so  much  that  they  could  not 
get  enough  pressure  or  volts  on  the  alternator,  and  that  would  cause  the 
motor  to  fall  out  of  step.  Afterwards  the  old  belt  was  put  back,  and  the 
machine  started  satisfactorily.  He  had  seen  the  specification  and  the 
letter  of  Messrs.  Crompton  dated  Feb.  12.  The  plant  installed  was  of 
the  ordinary  type.  The  armature  was  revolving,  which  was  different 
from  that  specified,  but  that  made  no  difference  from  a  customer's 
point  of  view.  The  machine  was  the  ordinary  type  of  low-tension  alter- 
nator. He  thought  the  flywheels  were  suitable  for  the  job,  and  that  the 
governor  was  suitable  v/ith  proper  adjustment.  He  thought  an  auto- 
transformer  was  not  necessary,  because  you  could  get  the  same  effect  by 
lowering  the  volts  or  the  alternator.  Fuses  were  usually  put  in  for  pro- 
tecting the  motor.  The  installation  had  a  pair  of  fuses.  The  protecting 
device  was  a  pair  of  fuses.  Those  were  no  protection  to  the  motor  imder- 
running,  which  was  no  protection  against  overload.  He  saw  no  objec- 
tion to  that  in  that  case.  He  had  machines  of  2,000  kw.  running  abso- 
lutely unprotected  at  the  jirescnt  time.  He  trusted  to  the  man.  He 
was  speaking  of  machines  running  in  the  generating  station  at  Deptford 
of  the  London  Electric  Kupjily  C'nriiiL  There  the  line  was  protected,  but 
not  the  generator.  At  Chacewater  the  line  was  protected,  but  not  the 
motor.  He  did  not  believe  in  automatic  appliances  where  you  had  men 
in  charge,  because  they  led  to  carelessness.  The  first  time  he  saw  the 
motor  was  after  the  ventilating  tubes  had  been  put  into  it.  He  pre- 
ferred not  to  say  whether  the  increase  of  the  air-gap  reduced  the  power 
factor  of  an  induction  motor.  He  knew  that  generally  it  had  that  effect. 
The  auto-transformer  produced  the  very  conditions  which  were  required 
for  starting.  The  same  result  coidd  be  got  by  lowering  the  volts  in  the 
alternator.  The  more  power  they  had  in  the  alternator  the  more  chance 
of  starting  easily.  He  calculated  the  over-all  efficiency  at  50  or  tiO  per 
cent,  working'  at  full  power.  If  they  got  it  to  half  load  he  would  expect 
the  over-all  efficiency  to  be  about  30  per  cent.,  or  something  like  that. 
The  shop  test  would  not  show  whether  the  motor  would  start  up  under 
load  or  not. 

Counsel  having  addressed  the  Court,  judgment  was  reserved. 

Patent  Revocation  Applications. 

Last  week  the  Comptroller-tieneral  of  Patents  dismissed  two  applica- 
tions for  the  revocation  of  letters  patent  because  the  patented  articles 
were  not  manufactmed  in  this  country. 

In  giving  his  decision  on  the  application  to  revoke  letters  patent 
No.  8,401  of  1903  (for  im|irovemeuts  in  sound-magnifying  horns  for 
phonographs  and  the  like)  he  said  that  it  appeared  to  him  fairly  clear — 
at  any  rate  in  the  case  of  "  patented  articles  " — that  as  a  general  rtde 
a  patentee  ought  not  tn  be  called  ujum  to  manufacture  any  mechanism 
or  machine  which  he  had  not  specitiially  described  and  claimed  in  hi.s 
specification.  That  woidd,  above  all,  appear  to  be  the  case  where  such 
mechanism  or  machuie  was  the  subject  of  prior  patents,  and  was  only 
claimed  in  ccmibination.  if  at  all,  in  the  patent  >mder  consideration.  If 
the  general  principle  stated  was  correct,  the  following  general  resvUt,") 
woidd  seem  to  follow — namely,  if  the  patentee  had  claimed  a  wholly 
new  machine  or  mechanism,  he  must  manufacture  that  in  this  country 
or  run  the  risk  of  coming  within  the  provisions  of  sec.  27.  If  he  claimed 
a  new  improvement  in  a  well-known  machine,  he  must  manufacture  the 
improvement,  and  not  necessarily  the  whole  machine  :  but  if  he  claimed 
the  improvement  in  comliinaliou  with  a  machine  consisting  of  well- 
known  parts  it  might  be  tliat  he  nuist,  besides  manufacturing  the  im- 
provement, put  together  the  whole  u\achine  in  this  country,  or  at  any 
rate  the  combination  he  cl.iinu'd. 

He  dismissed  the  ap|ilicatiou,  with  40  guineas  costs. 
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APPOINTMENTS  VACANT  AND  FILLED. 

The  CouQcil  of  th-  M  troi)  >!it  in  Borowjih  of  Himmmsmith  re- 
quire a  fourtli  assistant  engineer  to  aet  as  junior  engineerin- 
charge  and  to  take  charge  of  aneight-hour  sliift.  Salary  £130,  rising 
by  annual  increments  of  £3  to  £150  per  annum.  Applications  to  the 
borough  electrical  engineer  (Mr-  G.  Gilbert  Bell).  8.">.  FuUiam  Palarc- 
road,  W.,  by  10  a.m.  Friday.  June  11.     See  also  an  advertisement. 

The  Governors  of  the  Heriot-\Vatl  College,  julinliurgh,  invite 
applications  for  the  position  of  assistant  lecturer  in  electrical  engi- 
neering as  from  Sept.  6  next.  Salary  £130  per  annum.  Further 
information  from  Prof.  JJaily  at  the  College.  Applications  must  be 
lodged  by  June  21.     See  also  an  advertisement. 

A  demonstrator  and  assistant  in  the  laboratory  is  wanted  in  the 
department  of  electrical  engineering  of  the  Glasgow  and  West  of 
Scotland  Technical  College.  Salary  £100  jicr  annum.  Ajiplications 
by  June  2-1  to  Prof.  Magnus  Maclean,  from  w  horn  further  particulars 
may  be  obtained.     See  advertisement. 

The  managers  of  the  Technical  College,  Dundee,  invite  applications 
for  the  position  of  lecturer  in  electrical  and  mechanical  engineering. 
The  person  appointed  will  have  full  charge  of  the  electrical  depart- 
ment, and  must  be  competent  to  take  the  senior  branches  of  mechani- 
cal engineering.  Salary  £350.  Applications  to  the  Director  of 
Studies,  Teclmical  Institute,  Dundee,  by  June  15. 

The  Council  [of  King's  College  (University  of  London)  invite 
applications  for  the  position  of  professor  of  physics.  Applications 
by  June  1-t.  Particulars  from  the  secretary,  Mr.  Walter  Smith, 
King's  College,  Strand,  London,  W.C. 

The  Governing  Body  of  the  South  Western  Polytechnic  Institute 
(London)  invite  applications  for  the  post  of  head  of  the  mechanical 
engineering  department.  Commencing  salary  £350-£400.  Applica- 
tions to  the  Secretarj'  by  June  22. 

Croydon  Education  committee  invite  applications  for  the  post  of 
principal  of  the  polytechnics.  Salary  £300,  rising  to  £350.  Forms 
from  the  Clerk,  Catherine-street,  Croydon.     Applications  by  June  20. 

A  firm  of  insulat«?d  wire  and  cable  makers  require  an  agent  for 
the  southern  counties,  not  including  London. 


Mr.  C.  W.  Thompson,  of  West  Hartlepool,  has  been  appointed 
chief  engineer  and  manager  of  the  Saltburn  electricity  works,  which 
are  owned  by  the  Cleveland  Trust. 

Association  of  Teachers  in  Technical  Institutions.— The  third  annual 
conference  of  this  association  was  held  at  Liverpool  on  Jtonday  and 
Tuesday.  The  president.  Mr.  John  Wilson.  M.Sc,  was  in  the  chair, 
and  Mr.  T.  Burke,  C.C,  vice-chairman  of  Liverpool  Technical  Edu- 
cation sub-committee,  welcomed  the  members  of  the  association  on 
behalf  of  the  municipality.  Mr.  W.  Hewitt,  B.Sc.,  Director  of 
Technical  Instruction,  Liverpool,  also  welcomed  the  delegates  on 
behalf  of  the  working  stall  of  the  Technical  Education  Department  in 
Liverpool. 

Mr.  WiLSos  delivered  his  presidential  address,  and,  after  reviewing  the 
progress  made  by  the  association  during  the  past  year,  said  the  salary 
scheme  suggested  by  the  association  brought  tlie  technical  teacher  up  to 
the  level  as  regards  salary  f>f  the  secondary  school  teacher,  who  had  less 
work,  less  worry  and  less  responsibility.  To  attract  the  best  possible 
teachers  for  the  evening  classes  payment  commensurate  with  the  difli- 
culty  and  importance  of  the  work  must  be  offered,  and  there  must  be  a 
reasonable  security  of  tenure.  The  most  effective  ami  lasliiiL'  work  of 
the  technical  teacher  was  not,  and  could  not  be,  reconi)"  n  i  il  lin  nn  ially. 
They  asked  for  more  consultation  and  conferences  on  t(  c  Imi  i!  iIm  ilion 
matters  between  the  local  education  authorities  and  their  iri  liin;.;  ^talTs. 
One  main  obstacle  still  lay  in  the  opposition  of  the  f(jremen  and  the 
trades  unions,  and  the  ajiathy  of  the  workers  themselves  during  the 
critical  period  from  14  to  21  years  ot  age.  As  a  result  of  the  special 
attention  rightly  given  to  the  pressing  claims  of  secondary  education,  the 
needs  of  technical  education  had  dropped  into  the  background.  That 
deficiency  in  secondary  school  accommodation  had  been  largely  made  >ip. 
In  recent  years.  a.s  a  result  of  being  examined  and  controlled  by  the 
secondary  branch  of  the  Board  of  Education,  their  scientific  and  technical 
bias  had  almost  entirely  disappeared.  They  needed  two  distinct  groups 
of  secondary  schools,  one  corresponding  to  the  "  grammar  school  "  type 
and  preparing  for  the  universities  or  the  learned  professions,  the  other 
definitely  preparing  boys  and  girls,  for  commerce,  scientific  and  technical 
industries,  trades  and  crafts.  That  grouji  of  .secondary  schools  covered 
the  types  of  schools  generally  known  as  day  technical  schools,  commercial 
schools,  trade  schuols,  craft  schools  and  the  like.  In  all  of  these  the 
general  education  of  the  pupils  should  be  continued,  along  with  the 
definite  training  intended  to  be  of  value  when  the  pupil  entered  upon  the 
"'TJf^'*^  f'"'  existence  in  the  industrial  arena. 

One  of  the  weaknesses  of  English  technical  education,  due  to  the  lack  of 
educational  organisation  on  a  national  basis,  was  that  most  of  their 


technical  institutions  were  too  closely  modelled  after  the  same  pattern. 
Neighbouring  institutions  were  too  often  trying  to  do  almost  exactly 
similar  work,  resulting  in  much  educational  and  financial  waste.  Some 
institutions  were  atlcn\|iting  too  many  different  types  of  educational 
work.  One  cause  of  that  bewildering  nndtiplicity  of  work  often  attempted 
by  teclmical  institutions  was  the  lack  of  clear  conceptions  respecting  the 
objective  and  methods  of  technical  education.  The  technical  institutions 
in  the  large  towns  shoidd  be  of  two  distinct  types,  termed  broadly  trade 
schools  and  technical  schools,  or  technical  colleges  or  iiolytcchnics.  In 
the  trade  schools  in  the  large  towns  the  evening  work  should  lie  of  n 
technical  evening  continuation  school  character,  the  curricula  to  be  of 
direct  educational  and  industrial  value,  co-ordinated  with  and  leading  up 
to  the  evening  work  of  the  technical  school  or  polytcchuic.  the  manage- 
ment of  which  should  also  have  lontrol  of  the  trade  school.  The  tech- 
nical schools  or  polytechnics,  of  which  there  should  be  one  for  each  group 
of  towns  or  large  centre  of  (jojiidation.  should  restrict  themselves  in  the 
day  time  to  students  from  111  years  onwards.  The  mstruction  given  should 
be  of  that  high  standard  which  would  he  designated  briefly  as  "  university 
standing."  The  day  technical  school  or  polytechnic  work  must  be 
regarded  as  being  on  an  e(|ual  level  with  the  <udinary  university  colleges. 
Further,  there  must  be  siunc  measure  of  co-ordination  of  the  work  of  these 
technical  schools  or  polytechnics  to  ensure  a  high  measure  of  sjiecialisa- 
tion  without  imnecessary  overla]>ping.  By  common  consent  the  organi- 
sation and  curricula  of  the  jirescut  evening  continuation  schools,  save  in 
a  few  towns,  were  very  imsatisfactriry.  judging  by  such  pupils  as  after- 
wards passed  on  to  the  evening  technical  schools.  The  evening  con- 
tinuation schools  for  boys  engaged  in  trades,  industries  or  crafts  should 
lead  on  directly  to  the  technical  school.  The  principal  feature  of  the 
organisation  of  the  school  must  be  the  co-ordination  w'ith  the  technical 
school,  the  authorities  of  which  should  have  a  direct,  if  not  even  a  eon- 
trolling,  voice  in  the  management,  curricula  and  appointment  of  the  con- 
tinuation school  teachers.  Further,  the  latter  should  be,  as  far  as  tha 
scientific  and  technical  subjects  are  concerned,  technically  trained  men, 
and  not  elementary  school  teachers.  He  suggested  that  the  time  was 
now  ripe  for  the  appointment  of  a  Royal  (or  Departmental)  Commission 
on  Technical  Education  to  deal  with  the  general  question  of  the  organisa- 
tion and  co-ordination  of  technical  education. 

On  the  motion  of  the  honorary  secretary  (Mr.  P.  Abbott),  the  following 
resolution  was  earned  : — 

"  The  preliminary  training  which  students  receive  at  present  before 
entering  technical  institutions  is  not  such  as  to  fit  them  for  benefiting  by 
the  instruction  provided.  To  im])rove  this,  the  following  reforms  are 
desirable  :  (1)  No  child  should  lie  allowed  to  leave  school  before  the  age  of 
1.5  and  the  half-time  system  shciuld  he  almlishcd  :  (2)  In  the  education  of 
children  attending  elementary  siliocls  special  attention  should  be  given 
to  the  teaching  of  practical  arithmetic,  elementary  science,  and  to  manual 
training." 

A  number  of  resolutions  dealing  with  the  organisation  of  evenmg  con- 
tinuation schools,  admission  to  teclmical  schools,  and  the  division  of 
secondary  schools  into  three  brandies  (technical,  secondary,  commercial 
secondary  and  classical  secondary)  were  passed. 

On  Tuesday,  on  the  motion  of  the  hon.  secretary,  the  following  resolu- 
tion was  adopted  : — "  This  Association  lieartily  approves  of  the  general 
principles  embodies  in  the  following  recommendations  of  the  minority 
rejiort  of  the  Poor  Law  Commissioners  :  '  It  should  be  illegal  to  employ 
boys  below  the  age  of  15  or  any  youth  below  18  for  more  than  30  hours  per 
week,  and  boys  should  be  compelled  to  attend  some  suitable  public 
institute  giving  physical  and  technical  training  for  not  less  than  30  hours 
]ier  week  at  periods  to  suit  the  convenience  of  employers  in  different 
industries.'  " 

Barking. — In  order  to  jirovide  for  the  supply  of  electric  current  to 
Messrs.  de  Pass  &  Co.'s  premises,  the  Council  have  decided  to  obtain 
estimates  for  an  additional  2f)0  kw.  alternator. 

Bridlington. — In  deference  to  the  wishes  of  the  L.G.  Board,  the 

Council  have  decided  that  as  from  March  31  last,  the  cost  of  meters 

is  to  be  charged  to  revenue  account. 

Charge  against  English  Electrical  Engineers  at  Antwerp.—  On  May 
27th  the  trial  commenced  of  the  four  English  elcctiical  engineers 
(Messrs.  Burton,  Cowan.  Hogarth  and  Kobinson)  who  were  arrested 
on  March  23,  1908,  on  a  charge  of  purloining  drawings  from  the  Bell 
Telephone  Co..  when  they  were  leaving  the  company's  service  to 
return  to  London,  .\fter  remaining  in  prison  for  a  month  the  Court 
of  -Apoeal  ordered  their  release  and  the  repayment  of  the  £800  bail 
disl)urscd  by  the  British  CcjusuI  on  their  behalf.  All  four  accused 
men  were  present  at  tin-  trial. 

M.  Cornet,  who  was  called  by  the  judicial  authorities  as  an  expert, 
stated  that  the  documents  alleged  to  have  been  taken  away  by  Burton 
were  not  of  an  absolutely  secret  character,  and  were  rather  the  result 
of  studies  by  the  accused  engineer,  who  wished  to  use  his  notes  for  his 
personal  use. 

MM.  DEBAConRT  and  Sintruyen.  photographers  employed  by  the 
Bell  Co.,  stated  that  they  had  taken  plmtographs  and  made  copies  for 
Cowan  and  Robinscm,  but  for  the  most  jiart  long  before  their  departure 
from  Antwerp.  Sintruyen  declared  that  the  orders  for  the  ]>hotographs 
were  not  signed  by  Cowan,  but  by  someone  else. 

M.  PiERARD,  chief  engineer  to  the  State  Telegraphs  and  'rcle))honcs, 
stated  that  he  was  aware  that  engineers  made  a  practice  of  taking  notes, 
and  that  he  himself  possessed  documents  belonging  to  the  State. 

M.  D.\M0)SEAiT,  engineer  to  the  Bell  Co.,  flaid  that  he  saw  nothing 
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really  impartant  in  tlv  <l<~  mn.  nU  wliich  were  snid  to  hnve  Iiclmi  iiiulninod 
for  tiip  uiirnnsp  iif  rMjniniiiii'   h  iiij  thorn  In  compi'titors.      It  would  nover 

enter  the  head  of  a  rm ml i  .mother  lirm  to  make  use  of  documents  so 

little  in  aeoordance  with  its  own  interests,  and  obtained  in  a  manner  so 
little  in  aocordanee  with  the  dignity  of  an  engineer. 

On  Friday  last  Pr.if.  0.  Coi.ard  stated  if  he  were  publishing  a  work 
cm  telephony  he  would  consider  it  a  necessary  act  of  courtesy  to  ask  those 
linns  from  "whom  he  obtained  information  for  authority  to  publish  it, 
liiit  to  make  use  of  such  information  was  not.  in  his  opinion,  criminal. 

Mr.  Connor,  manager  of  the  firm  into  whose  cmjiloy  defendants  were 
entering,  said  that  he  was  formerly  chief  engineer  to  the  Bell  Co.,  and 
supervised  a  number  of  important  contracts  in  Brussels  and  elsewhere. 
There  never  had  been  any  secrets  at  the  Bell  Co.  Moreover,  if  a  new 
system  were  discovered,  rivals  would  know  of  it  immediately,  as  it  would 
be  discussed  at  meetings  of  engineers.  The  copies  taken  were  of  no  value, 
and  lie  also  maintained  that  in  telephony  a  con.structional  secret  was  an 
iniiiiissiiiility.  If  anything  important  were  discovered  the  inventor 
woulil  iminciliatcly  ji.itcnt  it.  He  asserted  that  no  information  obtained 
from  the  Bell  Co.  could  be  of  any  value  to  him. 

On  AWdne.sday  counsel  for  the  Public  Prosecutor  addressed  the  Court, 
and  declared  that  there  had  been  no  theft.  He  asked  for  the  acquittal 
<if  defendants,  and  at  the  same  time  expressed  deep  regret  at  the  long 
detention  in  custody  of  the  four  engineers,  who  were  kept  in  prison  for 
a  month  and  had  had  that  charge  hanging  over  their  heads  since  March, 
1908. 

Me.  DUPONT,  counsel  for  the  defence,  analysed  the  evidence  for  the 
pro.secution,  and  contended  that  neither  theft  nor  abuse  of  confidence 
had  been  committed. 

After  20  minutes'  deliberation  the  Court  announced  that  all  defendants 
were  acquitted.  The  Bell  Telephone  Co.  was  ordered  to  pay  the  costs 
of  the  action. 

ChBshunt. — The  C'nur.cil  have  instructed  their  Clerk  to  ascertain 
from  two  or  three  electrical  engineers  what  their  fee  would  be  for 
m  iking  a  report  on  the  question  of  electricity  supply  in  the  district. 

Croydon. — The  charge  for  electric  current  for  private  lighting  has 
been  reduced  from  ijd.  to  4d.  per  unit. 

Darwen  (Lanes.) — The  charge  for  electric  current  for  traction  has 
been  reduced  from  l|d.  to  1  Jd.  per  unit. 

Electric  Lighting  Acts  (Amendment)  Bill. — The  Municipal  Elec- 
trical Association  have  issued  a  circular  to  local  authorities  owning 
electricity  works  calling  attention  to  clause  1.5  of  the  bill  as  amended 
in  the  Hotise  of  Lords  which  would  allow  a  local  authority,  through 
a  contractor  (but  not  otherwise),  to  provide  electric  fittings.  &c..  and 
they  suggest  the  addition  of  a  clause  to  the  bill  prohibiting  the 
supply  or  distribution  of  electricity  in  the  area  of  an  authorised 
undertaker  without  the  cons?nt  of  such  undertaker,  unless  autho- 
rised by  Act  of  i'arliamtnt  or  by  licence  or  provisional  order  under 
the  Electric  Lighting  Acts. 

Several  Councils  have  passed  resolutions  in  favour  of  the  clause 
es  originally  drafted  and  also  in  sujiport  of  the  suggested  new  clause. 
Greece. — An  article  in  the  "  Bulletin  Commercial  "  (Brussels) 
calls  attention  to  the  increasing  demand  in  Oreece  for  all  kinds  of 
electrical  appliances  and  material,  especially  insulated  underground 
and  aerial  cables,  wire  for  indoor  work,  insulators,  dynamos,  motors, 
transformers,  measuring  instruments  and  carbons.  The  Hellenic 
Electrical  Co.  imports  electrical  material  to  the  value  of  over  £12,000 
per  annuiu. 

•■  Hammersmith  (London).— Application  has  been  made  to  the 
London  County  CJounoil  for  sanction  to  a  loan  of  £2,000  for  com- 
pleting the  scheme  for  the  conversion  from  gas  to  electricity  of  259 
public  lamps  in  55  streets. 

Hessle. — Xcgotiations  have  been  proceeding  between  the  Urban 
Council  and  Hull  Corporation  as  to  the  transfer  of  the  Hessle  Elec- 
tric Lighting  Order,  1905,  and  the  Corporation  have  now  offered  to 
take  over  the  order  without  pecuniary  consideration. 

International  Protection  of  Inventions. — His  Majesty  has  declared 
that  as  from  Jan.  1,  1909,  the  provisions  of  .sec.  91  of  the  Patents 
and  Designs  Act,  1907  (under  wliich  His  JIajesty  has  power  to  make 
arrangcmeirts  with  any  foreign  State  for  the  mutual  protection  of 
inventions,  designs  and  trademarks),  shall  apply  to  Austria-Hun- 
gary, with  which  State  such  arrangements  have  been  made. 

Italy. — The  "  Monitcur  des  lutcrets  Matcricls  "'  (Brussels)  states 
that  the  municipal  authorities  of  Rome  will  shortly  invite  tenders 
for  the  construction  and  working  of  two  electric  tramways  in  the 
t.)w  n. 

Japan. — The  British  Vioe-Consul  at  O.saka  {Mr.  A.  R.  Firth)  says 
an  American  firm  had  until  recently  practically  a  monopoly  of  the 
demands  for  electrical  machinery  and  apparatus  in  the  Osaka 
district,  but  British  and  German  tirms  have  recently  secured  con- 
tracts. With  tlie  projected  electric  railways  and  extensions  of 
electricity  undertakings  it  is  probable  tliat  large  quantities  of  elec- 
trical machinery,  &c..  will  be  reipiired  during  the  next  few  years. 
The  report  of  the  Yokohama  Board  of  Trade  for  1 90S  states  (hat 
electric  motors  and  dynamos  imported  into  .Japan  were  valued  at 
2,049,0-18  yen  (£170,904).  against "l.772.i)57  yen  (£151,4(lti)  in  190". 


Kingston-on-Thames. — The  Council  have  decided  to  adopt,  as 
from  Ladyday,  the  following  charges  for  electrical  energy  for  lighting 
business  premi-ses  5d.  per  unit  for  accounts  of  less  than  £\00  p?r 
annum,  4.^d.  per:  unit  up  to  £150  per  annum,  4Jd.  per  unit  up  to 
£200  per  annum,  and   tjd.  per  unit  above  £200. 

Lancashire  Tramways.— Bolton  Corporation  have  approved  an 
arrangement  for  the  through  running  of  Iramcars  between  the 
.systems  of  the  South  Lancashire  Tramways  Co.  and  Bolton  Corpora- 
tion. 

Light  Railways  — Application  has  been  made  for  an  order  autho- 
rising amendment  and  extension  of  time  of  the  Headcom  and 
Maidstone  Junction  Light  Railway  Orders  190(i  and  1907,  amending 
capital  powers,  authorising  the  usj  of  motive  power  other  than 
steam,  the  purchase  of  electric  current.  &c. 

The  Blackburn,  Whalley  &  Padiham  Light  Railways  (Revival 
and  Extension  of  Time)  Order  has  been  submitted  to  the  Board  of 
Trade  for  eonfirmation.     Objections  by  .June  7. 

L.C.C.  Tramways. — The  conduit  system  cars  from  King's  Cross 
and  Farringdon-road  are  now  running  to  Cambridge"]  Heath  rail- 
way station.  On  the  southern  system  overhead  trolley  cars  from 
Loughborough  Junction  (which  change  over  from  the  conduit  sys- 
tem at  Camberwell  Green)  now  rim  to  Heme  Hill,  and  this  branch 
is  to  be  continued  along  Dulwich-road  and  Tulse  Hill-road  to  Nor- 
wood Cemetery.  The  Loughborough  Junction  to  Heme  Hill  section 
and  the  lines  in  Hampstead-road.  High-street,  Camden  Town,  Cam- 
den-road,  Farringdon-road,  K^ing's  Cross  road,  and  Swinton-street, 
which  have  been  reconstructed  on  the  conduit  system,  were  opened 
on  Friday  last. 

Maidstone.  -158  street  gas  lamps  are  to  be  adapted  for  electric 
lighting.     The  charge  for  current  will  be  £3  per  lani])  per  annum. 

Maidens  and  Coombe. — The  Council  have  now  ajiproached  King- 
ston-on-Thames and  Wimbledon  Councils  in  regard  to  the  sujiply  of 
electricity  in  the  district. 

Wimbledon  Council  offer  to  supply  electricity  in  bulk  on  the  following 
terms  :  (1)  Maidens  and  Coombe  Council  to  pay  the  instalments  of  sinking 
ftind  and  interest  in  respect  of  loans  contracted  to  meet  the  cost  of  laying 
one  or  more  supply  cables  to  such  point  or  points  within  their  district  as 
may  be  arranged.  (2)  The  price  of  energy  to  be  2d.  per  unit,  measured 
at  the  Wimbledon  generating  stjition  ;  but  if  the  price  of  coal  exceeds 
by  10  per  cent.  22s.  per  ton  for  Welsh  coal,  or  los.  per  ton  for  inland  coal, 
this  price  to  be  increased  pro  rata.  (3)  Maidens  and  Coombe  Council 
to  agree  to  take  a  supply  for  a  term  of  years  equal  to  that  allowed  by  the 
L.G.  Board  for  the  repayment  of  loans,  with  an  option  to  determine  the 
agreement  at  the  end  of  10  years  on  giving  six  months'  notice,  and  repay- 
ing outstanding  balance  of  loans  and  interest  ;  and  (4)  the  price  of  2d. 
]ier  unit  to  be  subject  to  revision  at  the  end  of  10  years  and  of  every  five 
years  thereafter. 

Middlesex. — An  agreement  is  to  be  entered  into  by  London 
County  Council  and  the  Metropolitan  Electric  Tramways  (Ltd.)  for 
the  working  by  the  company  of  L.C.C.  ti-amways  between  the  Arch- 
way Tavern  and  the  county  boundary  at  Highgate  Archway,  at  £2,5(X> 
per  annum. 

.Middlesex  Light  Railways  and  Tramways  committee  have  been 
authorised  to  expend  up  to  £500 on  works  connected  with  cross-over 
roads,  &c. 

National  Electrical  Manufacturers'  Association.— A  Committee 
meeting  of  this  Association  will  lie  held  at  Balfour  House,  Finsbury- 
pavement,  London.  E.C.,  on  Tuesday,  June  15.  at  2.30  p.m. 

New  Cable  Steamer. — .\  „Yiew  steel  screw  cable  steamer  (the 
"  Kctriever  ")  was  launched  on  May  20  from  the  yard  of  the  (Joolo 
Shipbuilding  &  Repairing  Co.  for  the  West  Coast  of  America 
Telegraph  Co.  The  dimensions  of  the  vessel  are  185  ft.  on  load-line 
by  28  ft.  beam  and  10  ft.  6  in.  depth  moulded.  Messrs.  Richard- 
sons,  Westgarth  it  Co.,  of  Middlesbrough,  have  the  contract  for 
fitting  the  steamer  with  compound  engines  and  a  large  boiler  work- 
ing at  120  lb.  pressure.  There  arc  tliree  cable  t«nks  and  special 
cable  winch,  bow  gear,  cable  leads.  &c.  Sir  John  l^enison- Pender. 
K.C.M.G..  chairman  of  the  West  Coast  Company,  was  present  at 
the  launching.  The  vessel  will  n-place  the  Company's  present  cable 
steamer  of  the  same  name. 

Obituary.— We  regret  to  announce  the  death  of  Mr.  Thomas  Smith, 
the  head  of  the  firm  of  Thomas  Smith  &  Sons,  electric  and  steam 
crane  makers,  Rodley,  near  Loeds. 

Oulton  Broad.— The  Council  on  Wednesday  adopted  a  recommen- 
dation of  tlie  (?eiieial  Purposes  committee  to  make  inquiries  of 
councils  of  districts  of  a  similar  size  who  have  obtained  provisional 
Orders  as  to  how  they  hive  dealt  with  their  powers. 

Patentees  and  International  Exhibitions.— The  King  on  May  17 
ordered  that  the  provisions  of  sec.  45  of  the  Patents  and  Designs 
Act  of  19t)7  (under  which  His  Majesty  may  order  that  the  exhi- 
bition of  any  invention  at  an  international  exhibition  sliall  not  preju- 
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dice  the  right  of  the  inventor  to  apply  for  a  patent  and  shall  not 
prejudice  the  validity  of  the  patent)  shall  apply  to  the  Turin  Inter- 
national Exhibition."  1911.  and.  further,  that  patentees  shall  be 
relieved  from  the  provision  in  the  act  that  notice  shall  be  given  to 
th^  Comptroller  of  Patents. 

Personal.— Mr.  Horace  H.  L?age  has  resigned  his  appointment 
a-,  sales  ensineer  with  the  Electrical  Co.  (A.E.G..  Berlin)  and  has 
started  business  at  10,  City-road,  E.C..  as  manufacturers'  agent  and 
merchant  in  electrical  accessories.  Mr.  Leage  would  be  glad  to 
receive  manufacturers'  catalogues  and  price  lists. 

Plymouth.— The  as.-<es.sment  of  the  electricity  works  has  been  in- 
creised  from  £2.00()  to  £4,50(1. 

Per.; mouth.— The  Electric  Light  committee  recommend  that  out 
of  the  profit  on  the  past  year'.s  working  of  the  electricity  department 
il.Ti"!  lie  voted  to  the  relief  of  rates. 

Presentation.— Mr.  F.  H.  Corson,  chief  electrical  engineer  at 
Blackburn,  who  has  been  ajjpointed  city  electrical  engineer  at  Glou- 
cester, has  been  presented  by  the  Blackburn  staff  and  employes  with 
a  silver  coffee  pot,  and  a  gold  pendant  and  brooch  combined  (set 
with  pearls  and  a  peridot)  for  Mrs.  Corson. 

Jlr.  P.  P.  WiiKEi.wRiGiiT,  borough  electrical  engineer,  who  presided 
ut  the  presentation  ceremony,  said  the  gifts  were  a  token  of  the  esteem 
in  which  Mr.  Corson  was  held  by  the  subscribers.  He  had  known  Mr. 
Corson  for  seven  years,  and  had  always  found  him  pleasant  to  work 
with  and  anxious  to  do  his  best  for  the  prosperity  of  the  department. 
He  was  to  be  congratulated  upon  being  chosen  out  of  248  applicants  for 
his  new  post,  and  the  city  of  Gloucester  was  also  to  be  congratulated 
upon  having  secured  Mr.  Corson  for  their  electrical  engineer. 

Aid.  W.  Thompson-,  chairman  of  the  Electricity  and  Tramways  com- 
mittee, in  making  the  presentation,  said  Mr.  Corson  had  been  a  hard- 
working and  capable  servant  of  the  Corporation.  They  regretted 
losing  him.  but  Blackburn's  loss  was  Gloucester's  fain. 

Mr.  Corson  ackrowledged  the  gifts  in  suitable  terms. 

Provisional  Order  Revocation. — The  Board  of  Trade  have  revoked 
the  Xewton-in-Makerfield  Electric  Lighting  Order,  1903,  as  from 
May  25. 

Reigate. — Sanction  has  been  received  to  a  loan  of  £1.521  to  cover 
excess  expenditure  on  the  electricity  undertaking,  but  the  L.G. 
Board  have  advised  the  Council  to  call  in  a  consulting  engineer  to 
report  generally  upon  the  financial  position  of  the  undertak.ing,  and, 
pending  this,  sanction  has  been  withheld  to  a  loan  of  £2,.'?40  for 
extensions  of  mains.  &c. 

Roumania. — The  communal  authorities  of  Bacau  have  been 
iiuthori.sed  to  contract  a  loan  of  £02,000  for  waterworks  and  water- 
l^ower  electricity  generating  works. 

.A  company  is  to  he  formed  next  month  fcr  the  construction  of 
electric  tramways  in  Bucharest.  Operations  will  be  commenced 
with  £12it.000  capital. 

Sao  Paulo  (Brazil). — Tlic  directors  of  the  Sao  Paulo  Tramway, 
Light  &  Power  Co.  announce  that  they  have  received  definite  advice 
from  Brazil  to  the  effect  that  the  statements  which  have  been  circu- 
lated on  the  subject  of  the  threatened  organisation  of  a  rival  com- 
pany and  local  opposition  to  the  company  are  misleading,  and  for  the 
most  part  without  foundation. 

Spain. — The  British  Consul  at  Gijon  (.Spain).  Mr.  A.  Lovelace, 
states  that  electrical  machinery  is  being  imported  in  increasing 
quantities,  chiefly  from  Germany,  and  two  German  firms  have 
established  themselves  at  Gijon  with  German  employes. 

The  iSociedad  Tranvia  del  Kste  dc  .Madrid  have  obtained  a  con- 
cession for  the  construction  and  working  of  an  electric  tramway 
from  the  Pasco  de  Recolctos  to  the  Calle  de  la  Florida,  Madrid. 

Stevenage. — The  Board  of  Trade  have  deferred  the  revocation  of 
the  (.'imncil's  j)rovisional  order  for  12  months.  Offers  are  to  be 
invited  for  taking  over  the  order. 

Stoke-on-Trent. — The  salary  of  the  borough  electrical  engineer 
(.Mr.  P.  .J.  S.  Tiddeman)  has  been  increa-sed  from  £3.50  to  £400. 

Vladivostock  (Russia) —.MeH3r.s.  J.  G.  White  cS:  Co.  have  submitted 
to  the  Munici|)al  Council  a  draft  of  the  terms  upon  which  they  are 
w  illing  to  establish  electricity  supply  works  and  tramways  and  carry 
out  certain  water  supply  works. 

WalthamstOW. — -Wiring  contractors  are  to  be  supplied  with  elec- 
trifcimiiil  at  half  the  ordinary  lighting  rates  for  showroom  purposes. 

West  Ham. — Pondina  the  ])urcha.se  by  West  Ham  of  six  now 
tiamcars  I>^ylo.n  Council  are  to  lend  six  for  not  le  ;s  than  six  months 
on  payment  of  Id.  per  car-mile  run,  with  aminimum  mileage  of  (iOO 
miles  per  car  per  week. 

Tlie  irrecoverables  on  the  amount  of  private  consumers' accounts  for 
current  fcr  the  past  (juarter  was  023  |)er  cent.,  against  045  per  cent, 
in  the  correspoudirin  period  of  1908.  'I'he  amount  of  arrears  on  private 
consumers'  accounts  is  0  80  per  cent.,  against  0-30  per  cent. 

In  19C8  the  expenditure  on  new  motors  was  £3,580,  and  the  income 
£1,392,  against  i:3,965and  £659  respectively  in  1907;     The  ettimated 
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NOW    READY Vol.    LXII.    of  "The  Elkctrician  "  (1,028 

pagesi,  bound  in  strong  cloth.    Price  17s.  6d.;  post  free,  18s.  6d.     Now 
ready.  Cases  for  Binding.     Price  2s.;  post  free,  2s.  3d. 
A  complete  set  of  "The  Electrician  "  can  bo  supplied.     A  number 
"d  volumes  and  some  odd  old  back  numbers,  to  help  in  making 
implete  sets,  are  also  available. 

expenditure  under  this  head  for  1909  is  £1,890  and  income  £2,280. 
There  was  a  deficit  on  motors  on  hire  for  1908  of  £598  and  a  profit  for 
1909  of  i820.  From  the  time  when  the  Corporation  commenced  hiring 
out  motors  in  1900  up  to  March, 1908,  it  was  the  practice  to  deliver  ana 
fix  motors  free  of  charge,  and  the  rents  charged  were  in  many  cases 
inadequate  to  cover  maintenance,  not  allowing  for  depreciation,  the 
idea  being  to  make  the  profit  out  of  the  increased  sale  of  current.  This 
was  altered  from  March  1908,  and  no  fixing  or  delivering  is  now  done 
free,  and  rents  have  been  raised  to  a  figure  covering  all  charges.  Up 
to  1909  the  amount  spent  on  motors  was  £13,198,  of  which  £2,027  has 
been  written  off. 

Application  is  to  be  made  for  sanction  to  borrow  £5,000  for  mains 
and  services  during  the  ensuing  12  months. 

Willesden  (London). — An  additional  cable  is  to  be  laid  between 
Dollis  Hill-lane  and  Melrose-avenue  at  a  cost  of  £3,050. 

The  Electrical  Engineer  reports  that  the  change  effected  last  year  in 
part  of  the  Cricklewood  are.a  from  d.c.  to  a.c.  supply  has  proved  satis- 
tory  and  economical,  and  the  area  is  to  be  extended. 

Wireless  Telegraph  Notes. — According  to  a  report  recently  made 
by  the  U.S.  Consul  at  Tsingtau,  the  Chinese  Board  of  Communica- 
tions are  inviting  tenders  for  wireless  telegraphic  installations  which 
it  is  proposed  to  establish  between  long-distant  points  in  north-west 
Chinese  Turkestan,  which  are  practically  inaccessible  with  ordinary 
methods  of  communication.  The  sites  of  the  wireless  stations  will, 
it  is  stated,  be  between  the  Altai  mountains  and  Ahsien.  It  is  con- 
templated to  make  this  the  commencement  of  a  series  of  w  ireless 
points  for  linking  up  the  districts  between  Peking  and  the  extreme 
north-west  of  China. 

It  will  be  remembered  that  the  High  Court  .some  time  ago  gave 
judgment  in  the  matter  of  the  litigation  between  Lloyds  and  the 
Marconi  Wireless  Telegraph  Co.  In  conformity  with  this  judgment 
the  company  is  equipping  with  Marconi  apparatus  Lloyds  station 
at  the  North  Foi-eland. 

Worthing. — An  inquiry  was  held  last  week  into  the  application 
of  the  Council  to  borrow  £3,900  for  laying  two  new  feeder  cables 
and  extension  of  distributing  mains.     There  was  no  opposition. 

York. — Application  has  been  made  for  sanction  to  a  loan  of  £550 
for  a  new  traction  switchboard.  It  is  proposed  to  adopt  arc  lighting 
along  the  new  tramway  routes. 

Outing.^On  the  22nd  ult.  the  head  office  staff  of  Callender's 
Cable  &  Construction  Co.  held  their  third  annual  outing,  which 
took  the  form  of  an  excursion  to  Brighton,  and  a  luncheon  and  tea 
at  the  Old  Ship  Hotel. 

The  Managing  l)irector  (Mr.  T.  O.  Callender)  presided  at  tha 
luncheon  and  said  he  was  pleased  to  learn  that  the  shorthand  class 
had  been  such  an  unqualified  success,  and  that  it  had  been  so  favour- 
ably commented  upon.  The  members  of  their  clerical  staff  wereafl'orded 
special  facilities  for  securing  a  knowledge  of  Pitman's  .shorthand.  One 
hour  each  morning  was  allowed  for  a  lesson,  and  so  interested  were  the 
staff  that  there  was  a  regular  attendance  of  from  15'to  20  each  morning. 
Mr.  H.  Vince,  who  was  appointed  by  the  company  to  conduct  the  class, 
has  for  the  past  12  years  been  engaged  as  a  shorthand  instructor  in 
the  evening  schools  of  the  London  County  Council.  He  also  trusted 
that  the  newly  formed  swimming  club  would  be  taken  up  with  en- 
thusiasm, as  he  was  of  opinion  that  every  member  of  such  a  maritime 
nation  as  ours  should  be  a  qualified  .swimmer. 

Mr.  DuNKLEY  (lion.  sec.  of  the  outing  fund)  asked  Mr.  Callender  to 
thank  the  board  for  their  generous  donation,  and  also  expressed  the 
pleasure  of  the  staff  at  the  presence  of  the  visitors. 

The  Corps  of  Electrical  Engineers  (London  Division). — The  first 
annual  athletic  meeting  of  this  corps  was  held  at  Stamford  Bridge 
Gnmnds,  lulliam,  on  Wednesday  evening  last,  with  the  primary 
object  of  selecting  men  to  represent  the  corps  in  the  territorial 
Sports  at  the  .Stadium  on  the  20th  of  this  month. 

The  weather  conditions  were  distinctly  against  any  records  bemg  made, 
and  the  times  were,  in  fact,  in  most  cases  quite  moderate.  Without 
making  any  invidious  comparisims,  the  best  iierforinances  were  cer- 
tainly those  of  .Sap.  E.  ('.  Abbott-Young  in  the  100  yards.  Sap.  C.  Leos 
in  the  (piartcr  mile  and  Sa]).  .J.  R.  Birch  in  the  mile.  The  first  of  these 
runners  should  certainly  be  heard  of  again.  An  inter-company  tug  of 
war  provided  an  exceedingly  good  contesl.  in  s])ite  of  the  fact  that  one 
(■oin])any  did  not  ])ut  in  a  team.  The  |)rizcs  and  medals  won  were  dis- 
tributed at  the  end  of  the  meeting  by  Col.  R.  E.  Crompton,  C.B.,  com- 
manding officer  of  the  corps.  The  officials  included  the  following  : 
Referee.  Major  H.  M.  Le.af ;  judges.  Captains  ,1.  H.  S.  Phillips,  H.  E. 
Wcbb-Bowen.  K.  W.  E.  Edgecunilie  and  W.  H.  Mcrritt.  and  Quarter- 
master Hon.  Major  W.  B\mn';  timekii-|i(i.  .Second-Lieut.  F.  H.  Masters, 
who  carried  out  his  duties  by  means  of  a  .Smiths  s|)lit-scuond  chrono- 
giajih,  and  Hon.  Sec,  QuartcrmasterSergl.  (!.  A.  A])plcbee. 
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ELECTRICITY  SUPPLY  AND  TRAMWAY  ACCOUNTS. 

Blackburn.-  I'or  the  year  ended  M;ireh  '25  tlie  total  receipts  of  the 
tramways  doi)artraent  were  £60,131.  13s.  2d.,  the  traffic  revenue 
being  j;.W.'792.  17s.  31d.,  or  1204d.  per  car-mile. 

Traffic  expense.s  were  £14,504.17s.l0(l.,  general  expenses  £3,.545.11s.f>d., 
eeneral  repairs  and  maintenance  £13,322.  14s.  2d.,  and  ])ower  ex- 
penses £12,0K9.  16s.  lid.,  total  £43,.')()3.  O.s.  5d..  leaving  a  balance  of 
£16  028.  12s.  yd.  After  paying  interest  (£7,112.  1.5s.).  sinlting  fund  con- 
tributions (£7,7.50.  IHs.  lOd.),  &c.,  there  was  a  deliciency  of  f4.H()3.  17s.  6d. 
The  gross  cajiital  expenditure  is  £334,00ti.  The  nunilier  nf  jiassengers 
carried  was  in,737..")2S,  and  tlie  car-miles  run  1,132,023.  The  total 
number  of  units  oF  energy  used  was  2,(M)!I,117  (1-82  units  ])er  ear-mile), 
flnd  the  |ier,i'iilai;e  of  worl<ing  expenses  to  receipts  was  72-3t. 

The  iici'ounts  of  tlie  electricity  department  for  the  year  ended  March  25 
slinw  lolnl  income  £35.  loH.  9s.  9d.  Exjienses  wcre£18,2H7.  3s.,  including 
I'.illlo.  7.<-  '.Id.  for  generation,  £.5,158.  llis.  5d.  for  repairs  and  maintenance 
f  liuiklings,  plant,  mains,  &c.,  £2,582.  17s.  5d.  for  rates  and  taxes,  find 
'  1  444.  Ss.  (id.  for  management.  Gross  profit  was  f  lli,8()!).  (is.  9d.,  and 
idr  iiaying  interest,  sinking  fund,  &c.,  net  profit  was  £970.  2s.  lOd., 
,ii;ainst  £1,443  in  the  previous  year.  4.424.207  units  were  generated 
(4212,300  units  sold),  1.7!m,04!»  U>  private  consumers.  2,(MiO;i  1!)  supplied 
for  traction  and  344.132  fi.r  puhlic  lighting.  Then-  arc  200  ans  and  470 
inoandescents (the  same  as  last  yeai)  for  public  lighting,  and  the  maximum 
supply  demandeil  was  2,000  kw. 

The  borough  electrical  engineer  (Mr.  P.  P.  Wheelwright)  reports  that 
the  motor  and  apparatus  hiring  department  has  been  of  great  assistance 
in  developing  the  motor  load,  and  he  recommends  that  no  restriction 
be  placed  on  its  progress.  The  long  list  of  trades  which  have  adopted 
the  electric  drive  is  striking  testimony  of  the  increasing  popularity  of 
electric  power.  Like  other  towns,  the  undertaking  has  been  affected  by 
the  increased  use  of  metallic  filament  lamps,  the  units  sold  only  sho'^dng 
an  increase  of  2  per  cent,  over  1907-8,  while  the  number  of  consumers 
increased  from  1,700  to  2,000,  or  about  18  per  cent.  The  total  con- 
nections in  equivalent  30  watt  lamps  are  17.5,.550,  an  increase  of  11 
per  cent.  Motors  totalling  1,216  h.p.  have  been  installed  on  the  hire- 
purcluise  system. 

Blackpool. — The  capital  expenditure  of  the  Corporation  tramways 
department,  which  has  not  been  increased  during  the  past  year,  is 
£282.613. 

The  income  for  the  year  ended  March  was  £52,117  (against  £53,740 
in  previous  year),  e.\-|)enditure  £33,491  (£32.419),  gross  profit  £18,626 
(£21,321'  and  net  profit,  after  meeting  interest  and  .sinking  fund, 
£3,653  (£0,436),  ^which  has  been  placed  to  permanent  way  renewal 
fund.  8,138,569  (8,135,006)  passengers  were  carried  and  945,229 
(945,268)  car  miles  run.  TraHic  revenue  was  12-93d.  and  total  revenue 
i3'23d.  per  ear  mile.  ^Yorkin^  expenses  were  5  95d.  excluding,  and 
8S0d,  including,  power  cost.  The  average  fare  «as  l-38d.  per 
passenger. 

Bolton. — The  accounts  of  the  electricity  department  for  the  year 
ended  March  31  show  total  income  of  £59,153.  3s.  8d.,  including 
£18,475,  17s.  2d.  net  from  private  lighting.  £17,4G8.  4s.  lOd.  from 
power  and  £19,175.  lOs.  6d.  from  traction  and  £2,.55n.  10s.  9d. 
profit  on  fittings  trade  account,  the  balance  being  made  of  motor 
and  meter  rental. 

The  expenses  were  £26,321.  16s.  7d.,  and  included  £20,f  25.  Is.  6d. 
forcost  of  generation,  £977.  lis.  lOd.  for  distribution,  £1,760.  15s.  Id. 
for  management  and  £3.203.  18s.  31.  for  rent,  rates  and  taxes  and 
f354.  9s.  ?d.  for  the  purchase  of  new  meters.  The  gross  ]_)rofit  was 
f  32,831.7s.  3d.,  and  after  paving  interest  and  providing  for  depreciation 
I'lc  net  prolitwas  £5,804.  If  s.  8d.,  making,  with  £4,375.  ICs.  5d.  brought 
forward,  a  disposable  balance  of  £10,180.  6s.  Id.,  out  of  which  £6,500 
was  voted  to  relief  of  rates,  £1,000  written  off  Duncan  street  sub-sta- 
tion .account  and  £2,630.  63.  Id.  carried  forward.  12,447,966  units  were 
generated;  1,570,392  were  supplied  for  private  lighting,  4,185,853  to 
the  tramways  department  and  4,925,519  to  power  users. 

The  results  have  been  afiected  liy  depression  in  the  cotton  trade  and 
by  a  strike  which  lasted  for  seven  weeks.  Like  other  municipalities, 
the  electricity  department  has  also  felt  the  introduction  of  metallic 
filament  lamps.  The  average  price  is  slightly  lower  than  in  1907-8, 
and  the  total  revenue  is  .also  loiver.  Owing  to  an  increase  of  £1,000  in 
rates  the  works  cost  has  increased. 

Brighton. — The  accounts  of  the  electricity  department  for  the 
year  ended  jMareh  have  been  issued  and  show  net  profit£5C4.  17s,  7d.. 
against  a  deficit  of  £3,657  for  previous  vear. 

Income  increased  from  £88.082.  10s.  lid.  to  £88,815.  Is.  2d.,  and  the 
expenses  decreased  from  £40,753.  Os.  lOd.  to  £43,572.  13s.  (id.,  leaving 
gross  profit  £15,242.  7s,  8d,  There  are  4,773  ccmsumers  against  4,523, 
and  the  eipiivalcnt  number  of  8  c.p.  lamiis  oonnectcil  is  333.143.  against 
.tl9.(i2S.  8,037,711  (8,002.370)  units  were  s.ild,  imduding  5,083,1M5  for 
private  lighting  and  power,  28,243  to  Hove  t'oriioration  in  bulk  and 
1,889,410  to  the  tramway  department. 

Crewe. — For  the  year  ended  March  31  the  total  income  of  the 
electricity  dc|Mrtmcnt  was  £7,509.  4s.  9d.,  including  £3.799.  9s.  7d. 
from  the  sale  of  current  'oy  meter  and  £3,5G5.  10s.  5d.  from  public 
lighting. 

Tht  expenses  were  £3,6i8.  13s.  7d.,  and  included  £2,152.  3s.  2d.  for 
generation,  £105.  6s.  7d.  for  distribution,  £398.  13s.  7<1.  for  public 
lighting,  £416.  7s,  8d.  for  lent,  rates  and  taxes  and  £500.  10s.  9d.  for 
management  expen.«^es.  The  gross  profit  was  £3,8£0.  lis.  2d.,  and  after 


Iiaying  interest  (£1,265.  16s.  5d.),  sinkinj,  fund  (£870.  2a.  2d.;  and  re- 
payment of  loans  (£891.  13.s.  lid.)  there  was  a  net  profit  of  £981.  Ss.  3d. 
'J'ho  total  capital  expenditure  is  £54,154.  lOs.  8J,,  an  increase  of 
£1,719.  18s.  lid.  674,889  units  of  electric  current  were  generated  and 
596,901  units  were  sold  (300,174  to  private  consumers).  There  are  30 
arc  lamps  and  748  incandescent  posts  for  street  lighting.  The  max- 
mum  supply  demanded  was  420  kw. 

Dover. — The  Council  recently  applied  for  sanction  to  a  loan  of 
£1,190  for  excess  expenditure  on  the  electricity  undertaking. 

The  L.G.  Board,  however,  state,  with  regard  to  the  application  and 
to  the  .accumulated  deficiency  on  revenue, .account  for  the  four  years 
ended  March  31,  1908  (a  total  of  £3,338),  that  if  the  Council  are  not 
prepared  to  take  the  necessary  steps  w  ith  a  view  to  an  amendment  of 
sec.  7  of  the  Dover  Corporation  Act,  1905,  they  must  comply  with  its 
provisions  by  raising  their  charge  for  electrical  energy.  The  Hoard 
also  .asked  for  particulars  as  to  the  application  of  the  sinking  fund,  &c. 

The  Electricity  committee  consulted  Messrs.  Price,  Waterhouse  & 
Co.  on  the  financial  position,  and  the  firm  made  certain  recommenda- 
tions with  regard  to  the  undertaking  and  the  provision  to  be  made  for 
meeting  the  deficiency  on  revenue  account.  The  Town  Clerk  is  to  reply 
to  the  points  raised  by  the  Board,  and  to  state  with  regard  to  the  de- 
ficiency that  it  is  proposed  to  comply  with  the  re(piirements  of  sec.  7 
of  the  1905  act  by  including  the  amount  of  the  deficiency  in  the  esti- 
mate for  the  ensuing  j'ear  and  charging  such  rate  to  the  consumers  as 
will  cover  that  sum  together  with  the  estimated  cost  of  the  year's 
working  and  the  necess<ary  payment  into  the  sinking  fund. 

Dundee. — Revenue  of  the  electricity  department  for  the  pa.«t  year 
showed  an  increase  of  about  £2,000,  and  expen.ses  a  decrease  of  £300. 

Gross  profit  was  £12,047,  against  £9,741  in  lfl08  After  paying  in- 
terest and  sinking  fund  (£11,808)  there  was  a  net  profit  of  £1,250  A 
large  saving  has  been  elfected  in  the  coal  bill,  notwithstanding  that 
000,000  more  units  were  generated.  A  saving  of  £4,500  was  effected 
on  mains  and  services  repairs,  but  there  was  an  increase  of  £507  on  assess- 
ments and  taxes  and  £128  on  insurance.  The  convener  of  the  Gas  and 
Electiicity  committee  (Mr.  Don)  and  the  city  electrical  engineer  (Mr.  H. 
Richardson)  have  been  congratulated  on  the  results  of  their  work. 

Fulham  (London). — For  the  year  ended  March  these  was  a  surplus 
of  £3.573  on  the  working  of  the  electricity  undertaking,  against 
£1,408  in  the  previous  year. 

After  complying  with  the  district  auditor's  requirements  as  to  payment 
of  proportions  of  accrued  principal  and  interest,  the  net  surplus  is 
£1,914,  making,  with  £408  brought  forward,  £2,322,  of  which  £2,000 
has  been  transferred  to  machinery  maintenance  and  reserve. 

The  Electricity  committee  have  decided  that  the  requirements  of 
the  London  County  Council  as  to  the  establishment  of  testing  stations 
are  to  be  opposed  as  unnecessary  and  inexpedient,  and  other  Metro- 
politan Borough  Councils  possessing  electricity  undertakings  arc  to  be 
communicated  with  with  a  view  to  joint  opposition  to  the  [iroposed 
refpiirements  of  the  County  Council. 

Gloucester. — The  ninth  annual  report  of  the  electricity  depart- 
ment states  that  during  the  past  year  43  new  consumers  were 
added  (with  an  aggregate  of  2,307  8  c.p.  lamps)  and  47  consumers 
extended  their  installations  to  the  extent  of  a  total  of  2.207  8c. p. 
lamps,  making  a  total  of  4,514  8  c.p,  lamps  connected  during  the  year. 

Applications  for  electric  power  are  steadily  increasing.  The  units 
sold  were  1,390,253  (lighting  and  power  547,308,  traction  598,366, 
public  lighting  190,716,  and  refuse  destructor  53,863),  against  1,320,782 
in  1907-8,  and  1,299,629  in  1906-7.  The  average  price  obtained  was 
l-99d.  against  2C3d.  Capital  expenditure  has  risen  from  £88,9<,7.19s.lld, 
in  1908  to  £90,334.  9s.  9d.  The  total  income  for  the  year  was 
£12,353.  18s.  11(1.,  and  expenditure  was  £6,738.  7s.  2d.,  leaving  gross 
profit  £5,615.  lis.  9d.,  or  6|  per  cent,  on  capital  outlay.  Interest  and 
repayment  of  loans  absorbed  £5,605.  4s.  lOd.,  leaving  net  profit 
£10s.  6s.  lid.,  against  a  deficit  of  £1,2C6  in  1908.  The  cost  per  unit 
sold  has  dropped  from  l-38d.  in  19C8  to  l-13d.  in  1909,  the  largest 
decrease  being  in  coal.  The  coal  consumed  was  4,490  tons,  against 
4,908  tons  in  1907  8,  the  total  saving  being  £587. 

Hatnpstead  (London). — For  the  year  ended  March  the  total  income 
of  the  electricity  department  was  £62.878,  against  £65.738  for  1907-8. 
The  decrease  is  attributed  to  the  extended  use  of  metal  filament 
lamps. 

Keighley.— The  receipts  of  the  electricity  department  were 
f5,(!7().  lis.,  for  the  nine  months  ended  March  31,  the  date  to  which 
(he  accounts  ^vill  be  made  u))  in  future. 

The  expenses  were  £3,220.  Os.  5,1.  and  the  gr.iss  profit  £2.444.  U>s.  tid. 
After  paying  interest  (£1,122),  sinking  fund  instalment  (1,214.  15s.  Id.), 
&c.,  (here  was  a  net  profit  of  £30.  9s.  lOd.  The  total  works  losls  were 
0-81d.  (against  0-85d.)  ]ier  unit,  and  the  total  costs  were  l-89d,  (against 
210(1.).  The  improvements  are  due  to  an  in<  ivase  in  the  number  of 
units  s(dd  for  power  and  to  a  deciX'ase  in  the  ]U  ic  e  of  coal. 

The  report  of  the  borough  electrical  cngineer(Mr.,!.  McF..'^jiVTil)states 
that  recent  developments  in  power  s\ipply  jioint  to  the  probabdity 
of  a  very  large  expansion  in  the  near  future,  anil  the  I'orporation  are 
recommended  to  make  provision  to  give  a  cheai>  and  reliable  supply  of 
electricity  for  power,  especially  to  the  mills.  To  be  in  a  position  to  do 
this  high'-speed  steam  Ivnbinc's  and  tbr.-e-phase  alternators  (of  not  less 
than  1.(100  kw.)  must  be  >ised.  Mr.  Smyth's  estimate  ..f  the  M>st  of  the 
proposed  plant  is  £20,000,  i>f  whirh  £10,000  would  be  spent  in  the  first 
year. 

The  accounts  have  been  approved  by  the  Council. 
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Lancaster. — The  income  of  the  elect lieily  (k(iaitnv  nl  lor  the  year 
endod  .Ahirch  25  was  £9,645.  6s.  8cl..  including  iry.T^H.  18s.  7d. 
net  from  the  sale  of  current  for  private  lighting.  £740.  9s.  4d.  for  power, 
£415.  3s.  under  special  agreemenis,  £1.770.  •_'<.  .■JJ.  from  the  tram- 
ways department  and  £786  from  puhlic  liglitint;. 

The  expenses  were  £.),lilii».  Uis.  lOd..  and  included  12. 1171.  4.>i.  liil.  I'.ir 
generation,  £056.  83.  "Od.  for  distribution,  £()44.  !•.<.  4d.  for  extensions  of 
machinery  and  plant,  mains,  &c.,  £847.  lis.  nd.  for  management,  and 
£472.  8s.  for  rent,  rates  and  taxes,  and  after  paying  miscellaneous  charges 
the  net  balance  was  £3.975.  9s.  lOd.  Interest' absorbed  £1,1.'>4.  17s.  4d.. 
contribution  to  stock  dividends  account  £645.  6s.  (id.,  and  sinking  fimd 
£1.573.  4s.  5d.,  leaving  a  net  profit  of  £711.  7s.  lOd.,  of  which  £700  has 
been  placed  to  the  district  fund  in  relief  of  rates  and  €11.  7s.  lOd.  carried 
to  reserve.  The  capital  e.xpenditure  is  £63  2">2.  0^.  lOd.,  an  increase  of 
£31.  lOs.  during  the  year.  705.4.iO  units  of  current  were  sold.  The  lani)! 
connections  are  equivalent  to  64,029  8  c.]).  lanip.s. 

In  the  report  of  the  borough  electrical  engineer  (Mr.  W.  A.  Tester)  ii 
is  stated  that  there  was  only  a  very  slight  increase  (0-47  per  cent.)  in  tin- 
total  number  of  units  sold  ;  the  amount  supplied  to  the  public  lamps 
had  not  altered,  but  the  power  supply  by  contract  increased  by  about 
29  per  cent.,  and  there  was  also  a  slight  increase  in  the  number  of  units 
supplied  to  the  tramways,  but  there  was  a  fall  of  4-33  per  cent,  in  private 
lighting  owing  to  the  increasing  use  of  metallic  fdament  lamps.  On  the 
other  hand,  the  number  of  connections  had  increased  by  10  per  cent. 
Economies  effected  in  the  works  had  resulted  in  the  amount  of  current 
used  at  the  works  being  reduced  by  21  per  cent.,  and  the  current  not 
accounted  for  has  also  been  reduced  by  .50  jier  cent.  The  works  costs 
were  0-S4d.  per  unit,  compared  with  l-"ld.,  the  total  costs  being  l-25d., 
against  l-50d.  The  total  net  profit  was  £1.356,  of  which  over  £664  was 
applied  in  extensions  of  plant  and  mains. 

The  income  of  the  tramways  department  was  £5.016.  8s.  9d.,  including 
£4,839.  7s.  lOd.  from  traffic  revenue.  The  traffic  expenses  were 
£1,990.  5s.  lid.,  general  expenses  £598.  3s.  8d..  general  repairs  and  main- 
tenance £1,131.  l.>s.  lid.,  and  power  expenses  (247,632  units  at  l-7d.) 
£1.7.")4.  Is.  3d.  After  providing  for  interest  and  sinking  fund  there  was 
a  deficit  of  £3.235.  7s.  lOd.,  against  £2,749.  9s.  1,301,886  passengers 
were  carried  and  158,792  car-miles  run.  The  average  traffic  revenue 
per  car-mile  was  7-31d.,  and  the  average  working  expenses  (including 
power  cost)  were  8-22d. 

Lincoln. — The  accounts  of  the  electricity  department  were  approved 
by  the  Council  on  Tuesday. 

The  ^ross  profit  was  £6,496,  of  which  £3,974  was  reiiuired  for  loans 
and  intcre,--t,  £98  was  applied  to  meeting  deficiency  on  tramways,  and 
£1,000  transferre<l  to  tramways  risks  insurance  account,  leaving  net 
profit  £1,423.  The  output  of  current  was  18  per  cent,  greater  than  in 
the  pre\  ions  year. 

Tramways  account  showed  gross  profit  £2,457,  and  after  payin;,' 
£2.555  for  loans  and  interest,  there  was  a  net  deficiency  of  £98. 

Mr.  Pratt,  chairman  of  the  Electricity  committee,  said  they  were  in 
an  excellent  position  in  regard  to  both  undertakings,  .and  the  output 
of  units  in  the  electricity  department  showed  a  large  increase. 

Newcastle-on-Tyne. — The  report  and  accounts  of  the  tramways 
deiiartmeni  were  presented  to  the  Tramways  committee  on  Wed- 
nesday, 

The  chairman  (Sir  JosEru  Kllis),  who  moved  the  adoption  of  the 
report,  st.ated  tliat  the  capital  expenditure  to  date  was  £1,165,673,  but 
by  sinking  fund,  &c.,  they  had  paid  off  £224,459.  Tlie  yesa's  profit 
wa-s  £81,515.  53.  lOd.,  ag.ainst  £94,466.  2».  lid.  last  ye.ar.  Their  ex- 
penses were  £122,609,  against  £116,852,  an  increase  of  over  £6,000. 
Thegeneral  working  expenses  were  lower,  but  the  increase  was  caused  l)y 
rates  and  taxes  (£12,730,  against  £7,431)  and  by  permanent  way  repairs 
(£8,747.  17s.  6d.,  .against  £5,628.  17s.  2d.),  alterations  to  tr.aincars,  &c. 
The  total  revenue  wa-  £204,123,  agaiiLst  £211,318,  a  decrease  of  about 
£7,000,  due  to  depressed  trade.  £81,513.  6s.  lOd.  was  re(]uired  to 
pay  interest  and  redemjition  fund,  and  £1,551.  10s.  3d.  to  liquidate 
the  debt  on  the  old  horse  tramw.iy,  £1,300  for  tlie  right  to  supply 
their  own  energy  to  their  car  shetls  m,  Byker  (whicli  were  situate  in 
Walker),  and  after  ptiying  other  expenses  the  net  profit  was 
£7,657.  12s.  lOd.,  which  he  moved  .should  be  added  to  the  reserve 
and  renewals  fund.  They  had  made  a  very  great  sacrifice  in  reducing 
fares  and  lengthening  fare  stages  last  year. 
The  rejiort  and  accounts  were  apjjroved. 

St.  Helens  (Lanes.) — In  submitting  the  annual  accounts  of  the 
electricity  department  for  the  past  year.  Aid.  Ueecham  stated  at  the 
Council  m(-eting  on  Wednesday  that  there  had  been  a  considerable 
increase  in  the  numl)er  of  units  sold  for  power.  'J'otal  income  was 
£19,533,  Increase  <,f  £285  over  previous  year.  (Jost  of  pnxluctien 
was  reduced  from  (J-Sld.  to  0-77d.,  pi  r  unit,  which  was  among  the 
lowest  in  the  country.  (Jros-s  profit  was  £9.778.  and  afti-r  paying 
interest  on  loans  and  sinking  fund  cimtribution.  the  surjjlus  was 
£376,  an  increase  of  £1(XJ. 

Sunderland. — The  annual  report  of  the  electricity  department  for 
the  year  ended  March  31 ,  states  that  the  revenue  was  £48,480,  against 
£.58,203  in  1907-8. 

Expenses  were  £22,328  (including  £7,112  for  coal)  and  gross  profit  was 
£26,151,  again.st  £23.121.  Interest  required  £12.7.53.  sinking  fund 
£14.9.54,  lands  appropriated  redemption  fund  £142,  and  sjiecial  exjMn- 
diturc  £1,266.  After  meeting  these  charges  there  was  a  deficiency  of 
£2,96.5,  against  £1.908.  The  number  of  units  sold  was  <i,.584 ,82!>,  ac;ainsi 
on  estimate  of  7,819,800. 


The  borough  electrical  engineer  (Mr.  A.  S.  Bi,.\rKM.\N)  states  that 
power  consumers  took  2.515.51()  units,  a  decrease  of  1,829,338.  Ordinary 
consumers  increased  from  1,224  to  1.238,  but  the  sales  were  down  about 
10  per  cent.,  due  in  part  to  the  small  power  consumers  supplied  from  the 
public  network,  in  part  to  the  more  general  adoption  of  metallic  filament 
liuups.  and  in  part  to  the  dc]n-ession  in  trade.  The  tola!  imits  consumed 
by  this  class  was  1.888,908.  For  public  lighting  there  were  one  additional 
are  lamp  and  24  osram  lamps,  and  the  increase  in  the  units  sold  for  arc 
lighting  was  about  11  per  cent.  For  traction  1,770,411  units  were  sold, 
a  decrease  of  about  3i  ])er  cent.  Business  has  been  so  bad  that  con- 
sumers have  economised  to  the  utmost.  The  decrease  over  the  whole 
output  is  23-8  per  cent.,  while  the  revenue  is  17  per  cent.  less.  The  in- 
crea.se  in  capital  exjienditure  during  the  year  was  £10,453,  and  was  wholly 
due  to  the  payment  of  balances  upon  plant  extensions  already  in  hand. 
The  total  capital  expenditure  is  now  £419,748.  Notwithstanding  the 
rcdnccd  out|)ut,  there  is  a  substantial  reduction  in  works  costs.  Jlr. 
r.l  1  km.in  r('L:,irds  the  future  with  confidence;  money  is  rcmiired  for 
lie  iliii^  V.  ilh  the  old  plant  and  for  building  up  a  reserve  fund,  and  this 
will,  it  issliili'il.  be  forthcoming  in  due  course. 

West  Bi'omwich.  -The  total  income  of  the  electricity  department 
for  the  year  ended  ^March  was  £13,071,  an  increase  of  £579  over  19ti7-8. 

The  income  from  private  consumers  showed  an  increase  of  £45,  from 
power  consumer.5  an  increase  of  £1,054,  and  public  lighting  an  increase 
of  £31 ;  but  there  was  a  decrease  of  £552  in  the  receipts  fnun  the  tramways 
department.  The  total  mnnber  of  units  sold  was  2,011.985,  an  uicrease 
of  187,098.  The  gross  profit  was  £6,855,  an  increase  of  £799,  and  the 
net  |irofit  £2,442.  an  increase  of  £411. 

The  borough  electrical  engineer  (Mr.  W.  A.  Jackson)  states;  that  the 
increase  in  the  sales  is  the  largest  since  the  inception  of  the  undertaking, 
notwithstanding  the  decrea.se  in  the  units  sold  for  traction.  The  action 
of  the  Electricity  committee  in  giving  manufacturers  the  benefit  of  cheap 
rates  for  power  has  been  more  than  justified,  and  has  resulted  in  de- 
creased works  costs.  Economies  effected  have  reduced  the  cost  of  pro- 
duction by  11  per  cent.,  and  the  net  profit  is  3-38  per  cent,  im  the  capital. 

On  the  tramways  undertaking  the  net  profit  is  £271,  to  which  has  to  be 
added  £66  frimi  the  account  for  repairs  and  maintenance  of  tracks, 
thvii  reducing  the  deficit  to  date  to  £756. 


TRADE  NOTES  AND  NOTICES. 


NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES' 
DIRECTORY  AND  HANDBOOK.— The  1909  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  9d.  The  new  and  enlarged  volume 
brings  a  great  mass  cf  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issued  in  handy  book 
form.  These  are  included  in  the  1909  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 

TENDERS  INVITED. 

DuvoNPORT  Corporation  Electricity  committee  invite  lenders  for 
the  supply  of  stores  for  the  12  months  ending  .Tunc  30.  1910,  includ- 
ing (I.e.  meters.  ])aper-insulated  cables,  rubber  covered  wires, 
flcxibles.  cutouts  and  lubricating  oils.  Particulars  and  forms  of 
tender  from  the  borough  eleclrieal  engineer  (Mr.  J.  W.  Spark). 
Kewport-atreet,  East  Stonehouse,  Devon.  See  also  an  advertisement. 

Tenders  are  invited  for  the  supply  of  one  overhead  travelling  crane 
to  .Melbourne  (Australia)  City  Council.  Tender  forms,  conditions,&c.. 
from  the  agents  for  the  City  Council.  :\hssrs.  Mellwraith.  MeEaeliarn 
&  Co.  Proi)rietary  (Ltd.).  I'.illiter-sipiarc-huildings,  London.  E.C. 
Tenders  to  the  Chairman  of  tlii'  ICIectrieal  Supply  eiunmittee.  Town 
Hall,  Melbourne,  must  be  received  by  2  ji.m.  Wednesday,  Aug.  4. 
See  also  an  advertisement. 

Tenders  are  invited  for  the  supply  of  a  branching  multiple  magneto 
switchboard  to  the  Postrairster-General's  Department  in  New  South 
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Wales.  Tender  forms  and  specification  may  be  obtained  at  the 
Commonwealth  Office,  72,  Victoria-street,  London,  S.W.  See  also 
an  advertisement. 

Tenders  are  invited  tor  the  supply  of  150  relays  (non-polar)  to 
the  Postmaster-General's  Department  in  the  State  of  New  Soith 
Wales.  Tender  forms  and  general  conditions  may  be  obtained  at 
the  Commonwealth  Office,  72,  Victoria-street,  London,  S.W.  See 
also  an  advertisement. 

The  Electricity  committee  of  Stepney  (London)  Borough  Council, 
invite  tenders  for  the  supply  during  the  period  ending  June  .30.  1911. 
of  ampere-hour  meters,  demand  indicators  and  time  switches,  and  arc 
lamps.  S|)ecifieations,  forms  of  tender,  &c.,  may  be  obtained  from 
the  borough  electrical  engineer  and  manager,  Mr.  W.  C.  P.  Tapper, 
27,  Osborn -street.  Whitechapel,  E..  where  tenders  must  be  delivered 
hy  noon  June  14. 

Salford  Electricity  committee  invite  tenders  for  the  supply, 
delivery  and  erection  at  the  Corporation  electricity  station, 
Frederick-street,  Pendleton,  of  a  battery  booster  and  switchgear. 
Specification  and  form  of  tender  from  the  borough  electrical  engi- 
neer, Mr.  Victor  A.  H.  MeCowcn.  M.LE.E.  Tenders  to  the 
Chairman  of  the  Electricity  committee,  by  noon  of  Monday,  June  14. 

Ti'NBKiDfiE  Wells  Corporation  invite  tenders  from  manufacturers 
for  supply  and  delivery  of  l.t.  caliles  during  the  ensuing  12  months. 
Specifications.  &c..  from  the  consulting  engineer.  Mr.  Horace  Boot, 
at  the  Eleetricitv  Works.  Tunbridw  Wells.  Tenders  to  town  clerk, 
Mr.  W.  C.  Cripps.  Town  Hall.  Tunliridge  Wells,  by  10  a.m.  June  12. 

Southampton  Corporation  invite  tenders  for  the  supply  of  sundry 
heavy  cables  for  l.t.  trunk  mains  required  by  the  electricity  depart- 
ment, in  accordance  with  the  specification,  particulars  and  conditions 
which  may  be  obtained  from  the  borough  electrical  engineer,  Mr. 
H.  F.  Street.     Tenders  to  the  town  clerk,  Mr.  R.  R.  Linthoine. 

London  County  Council  want  tenders  by  11  a.m.  June  22  for 
the  roadwork  and  platelaying  of  the  authorised  tramways  in  South- 
wark-street  and  Blackfriars-road  and  on  the  Victoria-embankment 
east  of  John  Carpenter-street.  Sjiecification,  &c.,  from  the  Chief 
Engineer.  County  Hall,  Spring-gardens,  S.W. 

London  County  Council  require  tenders  by  11  a.m.  June  22  for 
the  supply  and  fixing  at  Greenwich  generating  station  of  steam,  ex- 
haust, feed  and  drain  piping,  valves,  &c.,  and  cast-iron  condenser 
water  piping,  valves,  &c.  Forms  from  the  offices.  Spring-gardens, 
London,  S.W. 

In  connection  with  their  additional  sewage  disposal  works  at 
Leioh,  the  Leigh  and  Atherton  Joint  Sewerage  Board  want  tenders 
by  10  a.m.  June  11  for  the  supply  of  dynamos,  motors,  cables,  &c., 
and  for  electric  lighting.  Specifications,  &c..  from  Messrs.  Banks. 
Fairelough  &  Stephen,  engineers.  Leigh,  Lanes. 

The  Visiting  committee  of  the  North  W.\les  Counties  A.sj-lum 
invite  tenders  for  fitting  up  the  asj-lum  «ith  telephones,  tire  alarms, 
night  recording  clocks  and  entrance  bells.  Particulars  at  the 
Asylum  or  from  Jlr.  Wm.  Barker,  Denbigh. 

Carlisle  Corporation  want  tenders  by  noon,  June  14.  for  the 
supply  and  erection  of  underfeed  stokers,  superheaters,  and  aSOOkw. 
d.c.  mixed-pressure  steam  turbo-generator.  Specifications,  &c.,  from 
the  City  Electrical  Engineer. 

Clacton  Council  want  tenders  by  noon,  .June  16,  for  stores,  in- 
cluding electric  service  fittings,  joint  b;>x  compound,  bitumen, 
cotton  waste,  oils,  &c.     Forms  of  tender,  &c.,  from  the  Clerk. 

Leeds  Tramways  committee  want  tenders  for  the  supply  of  a 
100  H-p.  motor.  Specification,  &c.,  from  the  Tramways  General 
Office  on  or  befoi'e  June  8. 

^  Great  Yarmouth  Co-operative  Society  want  tenders  by  (i  p.m., 
Jane  8,  for  the  extension  of  the  electric  lighting  at  the  Central 
Stores,  Middle  Market-road,  Gn  at  Yarmouth,  j 

Tenders  are  invited  for  eight  sections  of  common  battery  switch- 
board and  subscribers'  apparatus  for  Hawthorn  Exchange  for  the 
Postmaster-General's  Department,  Victoria.  Tender  forms  and 
specifications  from  the  Commonwealth  Office,  72,  Victoria-street. 
London,  S.W. 

Tenders  are  invited  for  supply  of  50  coin  attachments  (suitable 
for  coins  of  ditTerent  values)  to  the  Postmaster-General's  Depart- 
ment in  Victoria.  Tender  forms  and  sjieeifications  may  be  obtained 
at  the  Commonwealth  Offices,  72,  Victoria-street,  London.  S.W. 

TENDERS  RECEIVED  AND  ACCEPTED. 

Dartford  Council  have  accepted  the  tenders  of  Ferranti  Limited 
and  Chamberlain  &  Hookham  for  meters:  .Johnson  &  Pliillips  for 
service  cables,  &c. :  S.  W.  Gibson  &  Co.  for  general  stores  ;  and 
J.  P.  Hall  &  Sons  for  condensing  plant  with  Recs  roturbo  pump. 

New  Zealand  Government  have  accepted  the  tender  of  P.  Pituiau 


for  the  suiijily  of  two  liydraulic  governors  for  regu kiting  the  speed 
of  two  SOb.h.p.  Pelton  wheels  at  the  Mount  Egmont  branch  railway. 
New  Zealand. 

The  Education  committee  of  the  London  County  Council  have 
l)laced  an  order  with  the  (General  Electric  Co.  for  the  supply  of  a 
motor  generator  for  the  .scliool  of  building  at  Brixton,  and  also  ftr 
extensions  of  the  switcliboard  at  £3."iO.  10s. 

Hammersmith  (London)  Council  have  accepted  the  tender  of 
Eraser  &  Chalmers  for  the  supply  and  erection  of  a  coal  conveyor 
and  projector  at  £660.  There  were  four  tenders,  varving  from  £660 
to  £1.440. 

Hounslow  Council  have  accepted  the  tender  of  the  Tudor  Accu- 
mulator Co.  for  the  supply  and  maintenance  of  26  additional  cells 
to  the  storage  battery. 

Kinsston-on  Thames  Council  have  placed  orders  with  Siemens 
Bros.  &  Co.  and  W.  T.  Henley's  Telegraph  Works  Co.  for  supply  of 
cables  and  with  the  Electrical  Co.  for  metallic  filament  lamps. 

Bridlington  Council  have  accepted  the  tender  of  Holdsworth  & 
Sons  for  a  Lancashire  boiler  at  £648.  10s.,  and  that  of  the  Anchor 
Cable  Co.  for  cables  for  a  year. 

The  tender  of  Gunlon  &  Knox  for  construction  of  telephone  con- 
duits at  Newcastle  (N.S.W.)  has  been  accepted  by  the  Postmaster- 
General's  Department. 

The  Postmaster-General's  Department.  Melbourne,  Australia, 
have  ordered  from  the  Western  Electric  Co.  extra  apparatus  for 
Windsor  telephone  exchange  junction  line  at  £565. 

Splatt,  Wall  &  Co.  have  secured  the  contract  for  an  electric  lift 
for  the  nurses'  quarters  at  Perth  (W.  Australia)  Hospital  at  £.535. 

Gibson,  Battle  &  Co.  are  supphing  an  electric  lift  for  the  Fisher 
Library,  Sydnej'  University. 

Noyes  Bros.  (Sydney)  have  a  contract  fiir  ))umping  machinery, 
electric  generating  plant.  &c..  for  Hawkesbury  Agricultural  College. 

Franki  &  Co.  have  .secured  the  contract  for  the  equipment  elec- 
tricity supply  works  at  Rochester  (Victoria). 

Cheshire  Education  committee  have  accepted  the  tender  of  J. 
Wood  for  electric  bell  fitting,  &c.,  at  the  new  Cheadle  schools. 

Walthamstow  Council  have  accepted  the  tender  of  \\'.  T.  Henley's 
Telegraph  Works  Co.  for  the  supply  of  paper  insulated  cables. 

Leyton  Council  have  accepted  the  tender  of  the  Standard  Cable 
Mfg.  Co.,  for  the  annual  supply  of  service  line  cable. 

Dewsbury  Guardians  have  accepted  the  tender  of  Fox  &  Co,  for 
electrical  work  at  the  new  nurses'  home. 

The  Bastian  Meter  Co.  have  again  secured  the  contract  for  the 
supply  of  5-amperc  meters  to  Edinburgh  Corporation. 

Southampton  Corjjoration  have  aeeeptod  the  tender  of  Babcock 
&  Wilcox  for  a  boiler  at  £1.530. 

BUSINESS  NOTICES. 

The  partnership  between  Hy.  Fredk.  Calcutt  and  Kdwd.  Radburn, 
electrical  and  motor  engineers,  Watford,  hasbe?n  dissolveel  by  order 
of  Hertfordshire  County  Court. 

The  partnership  between  E.  H.  Johnson.  A.  R.  F.  M.  Reinhardt, 
A.  J.  Grose,  R.  Niepel.  and  J.  M.  Bein  (trading  as  the  E.M.F.  Manu- 
factiu'ing  Co.),  Ironmonger-lane.  London.  E.C.  has  been  dissolved. 

John  iloore  Dawson  and  Thos.  Rigg  (trading  as  the  De  Laval 
Igniter  Co.),  accumulator  experts.  Haden-sti'cet.  Mosele}--road, 
Birmingham,  have  dissolved  partnership. 

Mr.  G.  Wiitluieh  has  appointed  Jlessrs.  W.  B.  &  J.  ]?ain.  65. 
^^'aterloo-street,  Glasgow,  to  represent  l\im  in  Scotland  for  the  sale 
of  the  machinery,  plant  and  apparatus  nianufaetured  by  the 
Maschinenfabrik  Oerlikon.  The  resources  at  the  command  of 
Messrs.  Bain  will  ensure  prom])t  attention  to  the  requirements  of 
clients. 

Plant  for  Sale.— Messrs.  G.  Elliott  &  Co..  1S6-1S8.  Long-lane 
Bermondsey,  London,  S.E.,  have  for  sale  two  compoimd  Marshall 
eteam  engines  coupled  to  two  Crompton  d>-namos.  and  also  three 
dynamos.     Further  particulars  arc  given  in  an  advertisements 

An  adverlisement  contains  particulars  of  some  electrical  engineer- 
ing plant  (including  two  110  )i.r.  d.c,  Siemens  motors,  with  starter. 
&c..  one  105  H.r.  single-i>ha»e  motor,  two  4  ii.r.  electric  capstan--^ 
one  2-ton  electric  de>rriek  crane  and  one  5  }\.v.  electric  locomotive) 
\\  hich  is  for  sale. 

Factory  Sites.— West  Ham  Corporation  electricity  supply  depart- 
ment are  showing  eommendable  energy  and  enterprise  in  advertising 
the  advantiiges  of  West  Ham  as  a  manufacturing  centre.  They  have 
recently  issued  a  list  of  vacant  factory  sites  and  manufacturing 
premises  in  the  West  Ham  area,  and  at  the  same  time  point  out 
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the  ixdvantagej  of  the  cheap  supply  of  electric  po«er  which  is  now- 
given  by  tlie  electricity  supply  department.  Porscms  interested  can 
obtain  further  particulars  of  the  properties  contained  in  the  list  from 
the  Sales  .Manager,  8t.  Romford-road.  Stratford. 

"Tantalum"  Lamp  Prices.— Reductions.— A  new  list  is  issued 
by  .Messrs.  Siemens  Brothers  Dynamo  Works.  Tyssen-street,  Dalston, 
Lt)ndon.  dealing  with  the  various  tyi)es  of  "  Tantalum  "  lamps 
now  on  the  market,  and  announcing  reduction  in  prices.  The  list 
illustrates  the  well-known  "Tantalum"'  high-voltage  lamps,  which 
are  to  be  sold  at  3s.  6d.  in  bell-shaped  bulbs  and  3s.  9d.  in 
spherical  bulbs.  The  spherical  lamp  is  a  new  departure.  Further, 
the  standard  bell-.sh:vped  or  the  spherical  "Tantalum''  lamps  of 
5(t-8t)  volts,  \2  c.p.  and  16  c.p..  are  now  to  be  sold  at  "23.  each.  The 
price  sheet  also  shows  illustrations  of  a  new  "  Tantalum  "  candle 
lamp,  supplied  for  24-iO  volts,  in  5  c.p.  and  10  c.p.,  which  will  find 
a  ready  market  for  use  with  candelabra  fittings,  designs  and  prices 
of  which,  we  imderstand.  can  also  be  obtained  from  Messrs.  Siemens 
Bros.  The  new  factory  at  Dalston,  which  was  opened  some  few- 
months  ago,  poss;>3ses  great  facilities  for  the  manufacture  of  these 
lamps,  and  the  rapid  progress  in  the  development  of  the  lamp  is 
well  shown  by  the  foregoing  reduction  in  prices. 

"A.E.C.  Zeitung.'' — The  June  issue  of  this  journal  contains  an 
article  on  "'  A  Visit  of  a  north- Bohemian  Engineer  to  the  A.E.G.," 
on  "  .Esthetics  in  the  Industry,"  by  Prof.  Peter  Behrens,  and  on 
"  Automobile  Omnibuses."  The  issue  is  quite  up  to  the  usual 
standard. 

CATALOGUES,  &c. 

B.T.-H.  Motors.— The  B.T.-H.  motor  is  by  this  time  a  well-known 
piece  of  engineering  apparatus ;  and  it  is.  therefore,  of  .special 
interest  to  note  that  the  British  rhomson-Houston  Co.  have  just 
put  on  the  market  a  new-  design  of  motor,  which,  it  is  claimed, 
possesses  several  distinct  advantages.  The  pamphlet  describing 
thes3  motors  contains  full  details  of  their  design  and  ojjeration.  and 
i=!  well  illustrated.  The  matter  being  of  some  importance  at  the 
present  time,  we  have  devoted  a  certain  amount  of  space  to  it  in 
another  portion  of  the  paper,  and  to  this  article  we  refer  our  readers. 

SuRGic.\L  L.v.MPS. — The  Sanitas  Electrical  Co.  issued  recently  a 
catalogue  dealing  in  a  very  extensive  manner  wivh  their  electro- 
therapoutic  apparatus,  and  this  has  now  been  amplified  by  the 
.-ulditicm  of  some  41)  pages,  devoted  entirely  to  the  latest  develop- 
m^nt  in  lamps  for  surgical  purposes.  It  is  quite  impossible,  in  the 
spaci  at  our  dispo.sal.  to  go  into  this  at  all  fully,  but  we  can  say  that 
the  lamps  cover  a  wide  range,  and.  as  far  as  we  can  see,  every  possible 
need  in  this  direction  is  met.  Those  interested  in  this  class  of  work 
should  ])rovide  themselves  with  a  copy  of  one  of  these  catalogues. 

I.ithoute  Ixsur,.ATORs.^Litholite  (Ltd.).  of  Hackney,  N.E., 
have  forwarded  us  a  copy  of  a  new  list  of  standard  Litholite  insula- 
tor.^.  This  is  so  arranged  that  new  sheets  can  be  added  from  time 
to  time.  It  contains  .sectional  drawings  and  full  dimensions  of  all 
the  insulators  manufactured  by  this  firm.  The.se.  as  is  well  known. 
cover  a  wide  range. 

Flexible  Coitlinos. — We  have  received  from  the  Power  Plant 
Co..  of  West  Drayton,  a  pamphlet  dealing  with  their  patent 
coupling.-*.  These,  besides  l>eing  flexible,  are  also  insulating  and 
reversible.  The  pamphlet  contains  full  details  of  sectional  drawings 
of  the  various  sizes  of  the  coujjlings  made  by  the  firm. 

Ironclad  .Switl-iie.s.--  In  another  portion  of  this  is.sue  we  publi.sh 
a  statement  by  .Mr.  G.  Scott  Ram  on  tl:  •  greater  care  which  is  now- 
bsing  taken  in  the  design  of  motor  control  ujiparatus.  This  state- 
ment is  borne  out  by  an  inspection  of  a  double-pole  ironclad  switch, 
which  ha.1  just  been  put  on  the  market  by  K.  K.  .Moy  (Ltd.).  The 
switch  is  designed  for  work  on  motor  circuits,  and  is  made  in  one  size 
only,  to  carry  10  amperes  at  .5.50  volts.  Care  is  taken  in  providing 
j)roper  insulation  of  all  parts.  The  switch  has  a  quick  break  action, 
and  the  whole  a)(paratus  ajipears  to  be  quite  an  engineering  job. 

Electrk-.vl  .M.\rH[NERV.— Messrs.  T.  W.  Broadbent  (Ltd.).  of 
Hudder-sfield,  send  us  a  copy  of  their  new-  leaflet  containing  details 
of  their  continuous-current  machines,  shunt  regulators  and  switches. 
We  are  pleased  to  learn  that,  in  .spite  of  the  trade  depression,  the 
firm  have  numerous  large  orders  on  hand,  and  w-e  can  only  hope  that 
this  happy  state  of  things  will  continue.  The  machines  are  of  good 
design  and  should  be  able  to  satisfactorily  perform  the  work  they 
are  built  to  do. 

New  Conduit  Accessories.— The  Armorduct  Mfg.  Co.  are  issu 
ing  a  catalogue  illustrating  and  describing  new  types  of  conduit 
fittings,  &c. 

Coventry  Challenge  Cycles.— We  have  rcceive.l  from  the 
CTiallenge  Cycle  Co.,  of  Coventry,  a  pamphlet  which  uivcs  full  pnr- 
ticulars  of  this  company's  well-known  machines. 


Helsby  AcTl\TnEs.— The  British  Insulated  &  Helsby  Cables 
have  made  several  additions  to  their  numerous  and  useful  leaflets. 
These  include  one  .showing  a  list  of  the  "  Chief  ('ontracts  for  Tele- 
phone Cables  containing  200  Pairs  and  Over.  "  recently  executed  by 
the  companj-.  Prescot  joint  bo.xes  of  various  types  are  illustrated 
and  described  in  three  other  leaflets,  while  the  last  contains  details 
of  the  Helsby  magneto  mine  exploders  and  shot-firing  cables.  The 
mine  exploder  contains  a  series  of  powerful  permanent  steel  magnets 
between  the  pole  pieces,  of  which  an  armature  is  rotated  by  means 
of  double  spur  and  pinion  gear  operated  by  detachable  handles. 
These  exj)loders  are  made  both  for  high-tension  and  low-tension  shot- 
liring  work. 

Electric  Fans. — This  being  the  season  of  electric  fans.  .Messrs. 
Baxendale  &  Co..  of  Manchester,  have  issued  a  pamphlet  dealing 
witli  their  standard  types.  These  include  table  fans  for  both  alter- 
nating and  direct-current  circuits,  which  can  when  desired  be  fitted 
with  an  oscillating  base.  Porthole  fans  and  friction  gear  fans  for 
both  direct  and  alternating  current,  as  well  as  exhaust  tans  and 
propeller  fans,  are  also  su]iplicd. 

Mirriees-Diesel  Oil  F.noines.  — Mirrlees,  Bickcrton  &  Day 
forward  a  descriptive  booklet  of  the  various  types  of  "  Mirrlees- 
Diesel  "  oil  engines  made  by  them.  Concise  information  is  given 
showing  the  working  of  this  particular  type  of  engine,  as  well  as  an 
interesting  account  of  the  gradual  development  of  the  "  Mirrlces- 
Diesel  "  machine  from  the  original  Diesel  ])atents.  Several  tables 
showing  the  cost  of  running  are  inchuied,  and  these  should  be  of 
interest  to  engim"er.s  in  general. 

BANKRUPTCIES,  LIQUIDATIONS.  &o. 

The  public  examination  of  Lancelot  W.  de  Grave,  electrical  engi- 
neer, 19,  Queen-street,  Derby,  will  bo  held  at  the  Court  House, 
St.  Peter's  Churchyard,  Derby,  on  June  15. 

At  the  first  meeting  of  creditors  on  Saturday  the  liabilities  were 
stated  to  be  £271.  12s.  6d ,  assets  estimated  at  £45.  9s.  lid.  Debtor 
started  in  business  about  10  years  ago  as  an  electrical  engin  eer,  sub- 
setiuently  as  a  metal  worker,  and  in  1907  he  purchased  a  cycle  business. 
Attributed  failure  to  lack  of  capital  and  trade  depression. 

The  public  examination  of  J.  R.  W.  Middleton  and  A.  E.  R.  Daniels, 
electrical  engineers,  trading  as  Middleton  &  Co.,  at  King-street,  I'over. 
were  examined  at  Canterbury  County  Court  last  week.  Partic- 
ulars of  this  bankruptcy  ajipearcd  in  our  last  issue  (p.  279).  .Vftcr 
various  questions  had  been  answered  by  debtors,  the  examination 
was  adjourned  for  a  month,  debtors  being  ordered  to  file  accounts  and 
statements  in  the  meantime. 

The  trustee  (Mr.  Clias.  H.  Plant.  13.  Winckleystreet,  Preston)  in 
the  bankruptcy  of  Richd.  Sutclifl'e  Blackburn,  electrical  engineer, 
Osborne-street,  and  Ribstone  Works,  Hebden  Bridge,  has  been 
released. 

Claims  against  Geo.  SutclifTe  (trading  as  Geo.  Sutcliffe  &  Co.), 
electrical  engineer.  22.  Church-.strect.  Abi'rtillery,  by  June  10  to 
Mr.  E.  F.  Gardner.  144,  Commercial-street,  Newport,  Mon. 

A  first  and  final  dividend  of  Is.  3d.  will  be  payable  on  June  10  at 
Government-buildings,  Swansea,  to  the  creditors  of  Thos.  Arth\u' 
Evan.s,  electrical  and  mechanical  engineer  and  contractor.  14, 
Heathfield-street,  Swansea. 

Claimsagainst  the  Amalgamated  Radio-Tclegrajih  Co.  (Ltd.)  (in 
liq.)  by  July  0  to  Messrs.  F.  W.  Pixley  &  H.  Allen,  58,  Coleman- 
street,  London,  E.C.   [ 

A  meeting  will  be  held  at  3,  London-wall-buildings,  LondonE.C...^ 
on  J\ine  20.  to  receive  an  account  of  the  winding  up  of  the  Corn- 
wall Kleclric  Power  Synd.  (Ltd.) 

Mr.  Alan  G.  Robson,  61,  Pilgrim-street,  Newcastle-on-Tyne,  has 
been  appointed  liquidator  of  the  Eldon  Electric  Co.,  Ltd.  (in  liq.), 
in  place  of  Mr.  W.  S])arks,  who  has  resigned. 

In  pursuance  of  si'C.  188  of  the  Companies  (Consolidation)  Act 
a  meeting  of  the  creditors  of  .Marples,  I>eacli  &  Co.  (Ltd.)  which  w.-is 
called  by  the  joint  li<)uidators  (Alcssrs.  Geo.  Anibach  and  R.  Clements), 
was  held  at  28,  Artillery-lane,  London,  E.C,  on  May  20. 

No  ])roper  printed  statement  of  affairs  whs  presented,  hut  Mr.  ClcnicntM 
read  figures  from  a  balance-sheet  of  the  comp.-iiiy  prepnred  as  at  Miiy  14 
last.  According  to  this  the  liabilities  were  i:22.07!t.  of  whiih  £17,"><ir> 
was  due  to  tr.adc  creditors,  and  in  addition  llicre  were  tlebentures  for 
£7, .500.  There  were  also  contingcnl  liiiljilitics  of  no  less  than  £18,000. 
bill  it  war  not  known  what  pnrtiiin  of  these  would  rank  on  the  estate  for 
dividend.  The  assets  were  put  at  £33,257.  l.'i.  2d.,  including  cash  in 
hand  £872.  7».  2d.,  debtorn  £10,.538.  10s.  lOd..  stock  at  valuation 
£Ui.l>ll.  2s.,  fixtures,  &c.,  £1,868.  19s.  lOd.,  plant  and  machinery 
£680.  7s.  1  Id.,  and  investments  in  the  Time  Ring  Spinning  Co. 
£2,H7t>.  13».  .5d.  It  was  pointed  out  that,  apart  from  contingent  liabi- 
lities, there  was  a  large  surplus.  Arrangements  were  being  made  with  a 
will-known  German  company  to  take  over  the  assets  of  the  company, 
and  the  whole  of  the  claims  of  creditors  would  then  be  paid  in  full.  It 
was  not  known  what  portion  of  the  contingent  liabilities  would  rank. 
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Until  tlio  li:il)ility  wii.s  kiinwu  the  German  oomjiany  eould  nut  take  over 
the  bushiess.  as  they  might  be  called  upon  to  meet  the  contingent  liabi- 
lities, or  what  portion  of  them  ranked  on  the  estate.  The  negotiations 
were  still  in  progress,  but  it  was  not  to  be  expected  that  the  purchasers 
would  make  themselves  responsible  for  the  contingent  liabilities. 

Rejilying  to  a  question,  the  liquidator  said  that  the  company  which 
proposed  to  take  over  the  concern  was  the  Bergmann  Electrical  Co.  of 
Berlin.  A  creditor  said  that  the  Bergmann  Co.  might  buy  the  assets  from 
the  liquidators  of  the  company,  and  Mr.  Clements  replied  that  they 
might  get  over  the  difficulty  by  way  of  an  assignment,  and,  in  fact,  that 
was  what  they  proposed  doing,  if  it  could  be  done.  In  regard  to  the  con- 
tingent liabilities,  Mr.  Clements  stated  that  some  time  ago  the  company 
entered  into  an  arrangement  with  the  Time  Ring  Spinning  Co.  under 
which  the  comji.any  were  to  receive  an  order  from  the  Spinning  Co.  to 
carry  out  an  installation  contract  amounting  to  about  £18,000,  but  in 
addition  the  company  were,  if  necessary,  to  invest  about  £1.'),000.  So 
far  the  com]iany  had  paid  £2,500  on  the  shares  they  held  in  the  Spinnmg 
Co,  and  a  further  call  of  £750  was  now  due.  There  were  also  other 
minor  contingent  liabilities,  including  a  claim  against  them  in  respect  to 
the  sale  of  certain  lamps.  The  contract  regarding  the  mill  was  entered 
into  about  12  montlis  ago.  The  mill  was  not  yet  built,  but  when  it  was 
completed  the  company  was  to  fit  it  up. 

A  creditor  said  it  was  a  rank  speculation,  and  not  a  matter  of  business, 
and  another  creditor  expressed  the  opinion  that  it  was  a  very  hazardous 
agreement  to  enter  into. 

Replying  to  a  question,  the  liquidator  stated  that,  under  the  articles 
of  association,  the  directors  had  the  right  to  invest  money  in  outside 
concerns. 

A  creditor  said  that  the  article  only  meant  the  investment  of  any 
surplus  cash  the  company  might  possess.  Apparently  the  compaiiv 
had  never  had  any  surjilus  cash  for  investment,  and  the  directors  had 
no  right  to  enter  into  such  an  agreement.  He  was  of  opinion  that  the 
investment  in  the  Spinning  Co.  was  tiltra  vires,  and  that  the  directors 
should  be  held  res]ionsible. 

Mr.  Clements  said  whether  the  investment  was  ultra  rireif  was  a  ques- 
tion for  counsel  to  decide.     The  securing  of  the  contract  for  £18,000  was 
conditional  on  the  investment  of  £15,000,  and  was  a  purely  business 
arrangement.     The  company  whose  name  had  been  mentioned  in  con- 
nection with  the  purchase  of  the  concern  were  by  far  the  largest  creditors 
in  this  matter. 
A  resolution  approving  of  the  appointment  of  the  present  liquidators 
1 ,1»8S  opposed  by  several  creditors.     It  was  stated  that  the  debentures 
SWOuld  be   taken   over   bj'  the    purchasers,  and    no    receiver   had    been 
E|ppointed  by  the  debenture  holders.     The  last  issue  of  debentures  was 
^ttade  on  Jan.  2-5  of  the  present  year,  and  the  balance-sheet  showed  that 
Kpe  company  was  then  solvent.     After  a  somewhat  protracted  discussion, 
^pwas  decided  by  a  large  majority  to  adjourn  the  meeting  for  a  month, 
Wg>^  liquidators  being  asked  in  the  meantime  to  obtam  further  and  more 
Knefinite  mformation  regarding  the  contingent  liabilities. 

Winding-up  Petition.— A  petition  for  the  winding  up  of  .Vuto- 
Controllcrs  (Ltd.)  has  been  presented  to  Dorset  County  Court  by 
Mr.  E.  G.  Bry-ant,  and  will  be  heard  at  the  Town  Hall,  I'oole,  on 
June  U. 


PATENT  RECORD. 


APPLICATIONS   FOR    PATENTS. 

Note. — The  undermentioned  Applications  [except  those  marked  \)  are  not  open  to  public 
inspection  until  after  acceptance  of  Complete  Specifications.  Those  marked  '  are  open  for 
iKpeclion  12  months  after  the  date  attached  to  them,  if  they  have  not  been  published  previously 
w  lite  ordinary  course.  Names  within  parentheses  are  those  of  communicators  of  intentions. 
When  complete  Specification  accompanies  application,  an  asterisk  is  affixed. 

March  1,  1909. 
4,928  Mauinson.     Eleclricslly-driven  rotary  pumps. 
4,991  CoDD.     Armature's  for  magneto  machines. 
4.997  Giles.    Safety  device  for  the  dissipation  of  excess  voltage  in  electrical  systems. 

(Date  applied  for.  29,5.'08,l't 
5,003  MosER.     Generating  a  synchronous  alternating  current  of  limited  or  defined 

strength. 
5.018  Bennett,  Estes  &  Ev.^NS.    Trolleys  or  rotary  collectors  for  electric  cables.* 

March  2.  1909. 
5,040  Whalley,     Electric  indicators. 
S.Ot.]  Somers  2c  Crowley.     Distributing  electrical  energy. 
5.062  SoMERS  &  Crowley.     Storage  battery. 
5.070  PoTTTiR.     Electric  apparatus  for  strett  and  other  lighting. 
5,081  MusPHv.     Rectifying  electric  currents.* 
5,114  Heywcrth.    Secret  telephone  transmitters.* 

March  3,  1909. 
.  .131  Herbert.     Magnetic  instructor. 
*,I4S  Conker.     Electrical  relay. 
>,I68  Crompton  &  Co..  Macfarlane  &  Bt'P.OE.     Electrical  regenerative  control  apF'T- 

ratusand  systems.' 
5,209  B.T.-H.  Co.     (G.E.  Co.,  U.S.I     Motor-generator  sets.* 
»,210  Hopps.     Ignition  devices  for  internal-combustion  engines. 

'  March  4,  1909. 

5,223  Lacey.    Safety  shut-off  appliance  for  electrical  controllers. 
5,235  DuDoECN  &  Cross     Trolley  heads. 
5,238  Vickery.    Controlling  magnetic  moments. 

5,249  MuNP.o  &  Railless  Electric  Traction  Co.  Trolley  heads  or  cunent  collectors. 
5.279  Smith.     Electrical  signalling  apparatus. 

5-280  Lake.     (Cutler-Hammer  Mfg.  Co.,  U.S.)     Multiple-switch  starters.* 
5.302  Tate.     Electric  terminals. 
5,318  Alloemeine  Elektricitats  Ges.    Control  of  dynamo-electric  machines.     (Date 

applied  for,  4'3'08.)'t 
,,,,  ^  March  5.  1909, 

0.413  Guccenheimer  &  Cossen.     Measuring  alternating  electric  currents.* 
5.418  B.T.-H.  Co.    (G.E.  Co.,  U.S.)    Controlling  electric  circuits. 


5.425  Phillii 

5.426  OppENf 

5.427  Apdisc 
5,459  McClei 


5,563 
5,564 
5,565 


5,566 
5,567 
5,578 
5,605 
5,611 


5,703 
5,706 
5,717 


5,761 
5,777 
5,778 
5,783 


5,828 
5.888 
5.891 


March  6.   1909. 
Jointing  for  ahminium  cables. 

(Akt.-Ges.  Mix  &  Genesr.  Germany.)     Loud-spealcing  telephones, 
itch  of  transformer  for  electric  currents. 
Maximum,  current  indicator  for  electricity. 
March  8.  1909. 
Dickson.     Electromagnet. 

PuiG.     Points  for  railways,  electric  trains  and  tramways.* 

CuMONT  &  Compagnie  de  Signaux  Electriques  pour  Chemihs  de  Fek.     Elec- 
trical coitTol  of  railway  signals.    (Date  applied  for.  25/3,.'08.)*t 
Bevan.     Telegraphic  instruments. 
Regnart.     Electric  candle  lamps.* 

Eisensteik.  Wireless  telegraphy.  (Addition  to  No.  10,019,08.)* 
Edgcumbe  &  Everett.  Relays  for  protection  of  electric  circuits. 
Naylor.     Electrical  plug  boxes. 

March  9.  1909. 
Electric  accumulator  sub-stations  fed  from  alternating-current  systems. 
Reversing  alternating-current  commutator  machines.     (Date  applied 
-  Rule  13,  23  12  08.     Comprised  in  No.  27.967.  23/12.'08.) 
Harrisom  &  Frazer.     Transformers. 
Lake      (Gibson  Mfg.  Co..  U.S.)     Telephone  mouthpieces.* 
Alloemeine    Elektricitats-Cee.     Protective   devices   for   alterr.ating-current 
systems.     (Date  applied  for,  12/3,0a)*t 

March  10.  1909. 
S.  H.  Smith,  W.  1,  Smith  &  Green,     S'vitch  for  use  with  transformers  for  metallic 


Taylor. 

I    JACOBV. 

for  urd 


fila 


ent  lamps. 


4,8,S7 
4,962 
5,440 
5,628 
5.681 
5,686 
5,974 
6,059 
6,187 
6,228 
6,323 
6,421 
6,449 
6,562 


Tucker.     Electrical  switches. 
Bell  &  Pletts,     Apparatus  for  electrically  heating  air  and  other  media. 
Everett  &  Edocumbe.     Thermal  relays  for  the  protection  of  electric  circuits. 
Sclater  &  BooTHROYD.    Apparatus  for  using  low-pressure   electric   lamps  on 

alternating  systems  of  distribution. 
Flood.     Electric  switches. 

B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Electric  measuring  instruments. 
B.T.-H.  Co.     (G.E.  Cx).,  U.S.)     Reducing  oxides.* 

March  11.  1909. 
Ker.     Automatically  insjrting  or  cutting  out  resistance  in  electrical  circuits. 
Suchostawer.     Electric  motors  and  generators. 
Rawlincs,  Handcock  &  Dykes.     Fixings  for  making  attachm.ents  to  walls  or 

ceilings  for  electrical  conductors  and  other  purposes. 
Hovt  ^  SmsABAUGH.     Spark  plugs.* 
Siemens  Bros.  &  Co.     (Siemens  &  Halske  Akt.-Ges.,  Germany.)     Telephone 

Lake.     (Cutler  Hammer  Mfg.  Co..  U.S.)     Multiple-switch  starters.* 
B.T.-H.  Co.    (G.E.  Co.,  U,S.)     Electrical  measuring  instruments. 

March  12,  1909. 
TwiGG.     Electric  sparking  plugs. 

5,959,  5,960,  5,961  &  5.962  GiBBS.     Production  of  metallic  articles  by  electro- 
deposition.     (Date  applied  for.  27/2,08.     Comprised  in  No.  4,410.  27/2'08.) 
Hackett.     Combined  tramway  and  telegraph  pole.     (Date  applied  for,  14  8,'08.)*t 
Fessenden.     Producing  indications  by  received  electromagnetic  waves.* 

SPECIFICATIONS    PUBLISHED. 

1907  Specifications. 

Griffin.     Electromagnetic  sparkHng  plugs  (Post-dated  2;4,0a) 

Felten  &  GuiLLEAUME  Lahheyerwerke  Akt.-Ge3.     Direct-current  electncal 

machinery.     (Date  apphed  for,  6, 12,06.)  , .  „  „_ 

Fessendfn.     Signalling  by  electromagnetic  waves.      (Date  apphed  for,  I4flf07.) 
Fessenden.     High-frequency  electrical  oscillations  and  apparatus.    (Date  ap- 
plied for,  4,2.'07.) 

1908  Specifications. 
Eliescn,     Electric  accumulators. 

Friedheim.     Electrolytic  deposition  of  metal  on  hollow  articles.    (Date  applied 

for,  4/3  07.     Addition  to  No.  7,563  07.) 
B.T.-H.  Co.  &  Park.     Track  brakes  for  tramways  and  railways. 
Atkinson  &  Garside.     Electric  controllers  or  switches. 
Craig.     Portable  motor-generators  for  charging  cells  and  other  purposes. 
Myers  &  (5edge.    Switch  for  the  control  and  transmission  of  electric  energi'. 
Long.     Electric  light  fittings. 

Christian.     Current-collecting  devices  for  electric  railway  vehicles. 
B.T.-H.  Co.    (G.E.  (io.,  U.S.)     Dynamo-electric  machines. 
Baron.    Suspension  devices  for  electric  lamps. 

Hodgson.     Electric  switches  for  charging  and  discharging  electric  accumulators. 
Grob.     Electric  lighting  and  heating  of  vehicles.     (Date  applied  for,  203/07.) 
STEINERT&  Stein.     Electromagnetic  separation.    (Date  applied  for.  21/3,07.)    , 
Crompttn  &  Co.  &  Crompton.     Electric  arc  lamps. 
Morris.     Electrolytic  production  of  aluminium  oxide. 
B.T.-H.  Co.     (Rupley.)     Electric  clook-v,inding  mechanisms. 


COMPANIES'  MEETINGS  AND  REPORTS. 

ARON  ELECTRICITy  METER  (LTD.)— For  the  year  ended  March  31,  after 
providing  for  general  charges  and  depreciation,  the  net  profit  was 
£20,067.  10s.  3d.,  making,  with  £3,971.  Os.  M.  from  last  year,  a  total 
available  profit  of  £24,039,  out  of  which  the  directors  distributed  in 
December  last  a  dividend  of  3  per  cent,  on  the  preference  shares,  absorb- 
ing £3,746.  17s.  (id.,  leaving  £20,292.  2s.  (id.  The  directors  ivcommend 
payment  of  the  balance  preference  dividend  (£8,742.  14s.  .■.d.)  and  the 
transfer  of  £5,000  to  reserve  towaixls  goodwill  and  jiatents,  leaving 
£6,549.  8s.  Id.  to  be  carried  forwaiii.  The  report  states  that  tlie  business 
continues  to  be  satisfactory  in  all  branches.  The  factories  in  Schweidnitz 
and  Paris  are  being  increased  to  meet  the  growing  demand  for  the  com- 
pany's manufactures.     Tlie  taximeter  business  continues  to  develop. 

JOHNSON  &  PHILLIPS  (LTD.)— The  chairman  (Mr.  Robt.  W.  Blackwell) 
stated  at  the  mcetiui;  last  week  that  the  balance  on  trading  account  was 
£10,037,  and  with  £ti,S73  brought  forward  the  total  to  l>e  dealt  with  was 
£16,910.  After  pr.)viding  for  appr..priations  amounting  to  £H).229  the 
balance  (£681)  had  been  carried  forwni-d.  The  fall  which  had  occurred 
in  their  business  was  largely— in  fact,  practically  wholly— due  to  the 
business  in  that,  and  in  any  enterjuisc  connected  with  electrical  manu- 
facturing, being  in  a  stagna'nt  condition.  The  cable  business,  which  for 
manv  vears  had  been  the  backbone  of  the  cmccrn.  had  been  well  main- 
tained," and  it  was  their  belief  that  it  would  continue  to  prosper.  There 
were  signs  that  the  current  year  would  be  very  much  in  excess  of  what  it 
was  dining  the  past  year.  Their  sole  trouble,  however,  had  been  the 
absolute  stagnation  in  the  whole  manufacturing  industry  of  the  country, 
and  they  had  had  to  take  their  shai-e  of  that  loss.  The  delay  in  holding  the 
meeting  was  to  enable  the  board  to  make  a  thorough  investigation  into 
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till'  lU-tailid  tiiiiircs  of  the  pa^t  year,  and  siitli  rumiKui.s.ni.^  as  iiiiL'lit  lead 
them  to  arrive  at  a  safe  eoncliision.  They  had,  naturally,  ni>t  wished 
to  rush. the  matter,  or  to  go  outside  the  usual  staff  of  the  comiiaiiy  in 
the  preparation  of  the  figures.  So  far  as  they  eould  see.  the  prospei  ts  of 
the  present  year  were  very  much  better.  He  could  not  say  what  the  con- 
dition might  be  at  the  end  of  the  year,  but  the  work  in  hand  was  better, 
more  lucrative,  and  there  was  much  more  of  it  than  in  the  corresponding 
))eriod  of  last  year.  They  had,  furthermore,  taken  the  opportunity  to 
cut  down  a  great  portion  of  the  expenditure  on  the  staff  fif  the  company, 
and  they  believed  the  company  was  in  a  .sound  jiosition  at  the  present 
moment,  and  that  the  working  staff  arrangements  were  better  by  far 
than  they  were  a  year  ago.  Such  expert  work  as  they  had  in  hand  had 
so  far  produeed'very  good  results.  They  were  specially  satisfied  at  the 
present  moment  with  the  appearance  of  the  new  form  of  arc  lamps  which 
had  been  evolved  by  Ifr.  James  Brockie.  The  new  lamp  was  about  to  be 
placed  on  the  market — both  the  magazine  and  flame  lani))s  and  the  small 
arc  lamps,  in  all  of  which  they  expected  there  would  be  a  considerable 
trade  in  the  future.  Looking  "round  to  the  trade  in  general,  they  really 
did  not  .see  that  they  had  had  more  than  their  share  of  the  ill-fortune 
which  had  attended  the  electrical  engineering  business  generally. 

KALGOORUE  ELECTRIC  POWER  &  LIGHTING  CO.  (LTD.)— At  the  recent 
meeting  Mr.  Roger  W.  A\'allaee,  K.C,  said  that  their  i)lant  had 
been  working  very  satisfactorily  during  the  past  year,  with  the  excep- 
tion of  part  of  the  new  unit.  This  had  cost  over  £20,000.  Ijut  they 
had  been  able  to  find  the  money  without  raising  fresh  capital.  The 
strike  at  the  mines  had  materially  affected  their  revenue.  Their 
manager  in  Australia  (Mr.  Crocker)  had  informed  them  that  they 
reiiuired  still  further  to  increase  their  plant,  as  new  developments  at 
the  mines  pointed  to  an  increased  use  of  electricity, 

KALGOORLIE  ELECTRIC  , TRAMWAYS  (LTD.)— Thelgross  receipts  for 
UIUS  amounted  to  £47.3(«.  compared  with  £48,008  for  1907.  The  net 
profits  were  £15,400,  against  £10,270.  During  the  year  the  ears  travelled 
72,6497  miles  and  carried  3,028,419  passengers,  compared  with  650,.530 
miles  run  and  3,052,241  passengers  carried  during  1907.  The  earnings 
per  car-mile  were  17o3d.,  and  the  expenses  ll-25d.,  against  17-63d. 
and  1117d.  respectively  in  1907.  The  expenses  per  cent,  of  earnings  in 
1908  were  64-17,  compared  with  03-36.  The  report  states  that,  in  regard 
to  future  prospects,  it  is  undeniable  that  affairs  generally  in  Western 
Australia,  and  especially  at  Kalgoorlie,  are  undergoing  a  very  encourag- 
ing change  as  compared  with  the  past  few  years. 


NEW  COMPANIES,  STATUTORY  RETURNS,  MORT 
GAGES  AWD  CHARGES.  &c. 


NEW  COMPANIES. 

BRIDGWATER  CONSTRUCTION  CO.  (LTD  )  (105,219.)— Reg.  May  26, 
capital  i'1,250  in  £1  .shares,  to  take  over  the  business  of  a  construc- 
tional, electric  and  hydraulic  engineer.  Private  company.  First 
directors.  S,  Bridgwater  and  Miss  F,  Bridgw.ater.  Reg.  ollice,  453, 
HoUowayroad,  London,  N. 

BRISTOL  ELECTRO  CHEMICAL  CO.  (LTD.)  (10.^,193.)— Beg.  May  25, 
capital  £500  in  £1  shares,  to  carry  on  the  business  of  manufacturers 
of  and  deiilers  in  carbide  of  calcium  and  other  chemicals.  Private 
company,  Reg.  ofF.ce,  care  of  Thorp  &  Saunders,  Salisbury  House, 
Londen-wall,  E.G. 

LECHLADE  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.)  (103,163.)— Reg. 
May  22,  i-a|iital  £400  iu  £1  sliares,  to  carry  on  the  liusiness  of  elec- 
tricians, mechanical  engineers,  generators  of  electricity,  Ac.  I'riva^ 
comjiany.  First  directors.  A,  C  Nash,  E.  H.  Nash  and  B.  P,  (iilibons. 
Reg.  office,  High-street,  Lechlade,  Glos. 

B.M.P  SYND.  (LTD.)  (103,145.)— Reg.  May  21,  capital  £8,000  in  £10 
shares,  to  acquire  a  concession  for  tramways  between  Ponte  Delgoda 
and  Furnas,  in  the  Island  of  San  Miguel,  Azores,  and  to  carry  on  at 
San  Miguel  or  elsewhere  the  business  of  constructors  of  tramways,  and 
buildings,  Ac.  First  directors  are  P.  Biirtin,  T.  Cuillard  and  O.  C. 
d'Ancourt.     Reg.  office,  21,  Liverpool -street,  London,  E.G. 

SMALL  POWER  DYNAMO  ft  MOTOR  CO.  fLTO  )  (103,094.) -Reg.  May 
19,  capital  £15,030  in  £1  shares,  to  take  over  the  business  of  electrical 
and  mechanical  engineer.s  carried  on  by  J.  Benthum,  F.  S.  Blakey,  R, 
Wilson  and  .Jane  Bentham,  at  Higher  Opensh.iw,  Manchester,  wj  the 
Small  Power  Dynamo  &  Motor  Co.  Private  company.  Firtt  directors, 
.1,  Benthani,  F.  S.  Blakey  and  R.  Wilson,  Reg.  office.  Old-lane,  Higher 
Openshaw,  Maruhostcr. 

TAYLOR'S  PATENT  SAFETY  SHUNTING  LEVER  (LTD.)  (103,169.)— 
Reg.  May  23.  cipital  £10.000  iu  £1  -hares,  to  .-icipiire  the  bcnelit  of 
certain   existing   ioveiitions  relating  to  iminovements   for  operating 

Coints  and  signals  on  railways  and  tramways,  and  to  carry  on  the 
usincss  of  mechanical,  electrical  and  general  engineers,  &c.  Private 
company.  First  directors,  H.  W.  Sanderson,  W.  Ualford,  A.  E. 
Mitchell  and  S.  .Jeffreys. 

STATUTORY  RETURNS. 

CHELSEA  ELECTRICITY  SUPPLY  CO.  (LTD.)-  lielurn  to  .March  24 
gives  capital  a-i  £400,030  in  74,000  ordinary  and  6,000  preference  shares 
of  £5  each,  of  which  49,436  ordinary  and  6,000  preference  shares  have 
been  taken  up.  £5  per  share  called  up  on  37,770  ordinary  .-md  6,000 
preference,  and  £218,850  has  been  received.  £58,330  is  co'jisidered  as 
paid  on  11,666  ordinary.  Mortgages  and  charges,  £176,000  debenture 
stDck,  ■ 


HASTINGS  &  DISTRICT  ELECTRIC  TRAMWAYS  (LTD.)  -Return  to 
April  1  gives  capital  as  £500,000  iu  50,030  preference  and  50,000  or- 
dinary shares  of  £5  each,  of  which  40.000  preference  and  28,235  ordi- 
nary have  lieen  taken  up.  £200,003  has  l)oen  paid  on  40,000  prefer- 
ence and  £141,175  is  considered  as  paid  on  28,235  ordinary.  Mort- 
gages and  charges,  .£250,000. 

LONDON  PLATING  BRAZILIAN  TELEGRAPH  CO.  (LTD.)— Ill  return  to 
May  12  capital  is  £400,003  in  £10  shares,  of  which  37,480  have  been 
taken  up.    £374,800  is  considered  as  paid.    Mortgages  and  charges,  nil, 
MORTGAGES  AND  CHARGES. 

BRUSH  ELECTRICAL  ENGINEERING  CO.  (LTD.)— A  memorandum  of 
.satisfartion  in  fidl,  liy  instalments  from  Nov.  14, 1901,  to  Sept.  9, 1908, 
of  cliaru'cs  dated  April  15,  1931.  to  June  30,  1908,  securing  in  all 
£103,297.  13s.  Id.,  has  been  tiled. 

ELECTRO-MECHANICAL  BRAKE  CO.  (LTD.)— Two  mortgages  dated 
April  27  anil  May  4,  to  secure  £250  and  £350  respectively,  charged  on 
(.()  moneys  due  or  to  become  due  to  the  company  from  the  Midland 
Engineering  Co.  and  (b)  moneys  due  or  to  be  become  due  to  the  com- 
pany from  the  Birmingham  Corporation  tramways  department. 
Holders,  Metropolitan  Bank  of  I'uigland  and  Wales. 

OMEGA  ELECTRIC  LAMP  CO.  (LTD  )— Lssue  on  May  14  of  £503  deben- 
tures, part  of  a  series  of  which  particulars  have  already  been  tiled. 
RECEIVERSHIP. 

MARPLES,  LEACH  &  CO.  (LTD.)— A  notice  of  the  appointment  of  R. 
Clements,  14,  Hilly  Fields-crescent,  Brockley,  as  receiver  on  May  14, 
1909,  under  powers  contained  in  1st  moitgage  debentures,  dated  Jan. 
25,  1909,  lias  been  filed. 


CITY  NOTES. 

MEMORANDA  (June  SV — Bank  rate  2|  per  cent,  (since  April  1, 
1909).  Price  ofjsilver,  24,',;d.  per  oz.  Consols  84| — 84i;  for  money  and 
84,;J — 84i  for  account.  Consols  Pay  Day,  July  1 ;  Stock  and  Shares 
Continuation  Days,  June  9  and  23;  Ticket  Days,  June  10  .and  24; 
Pay  Days,  June  11  and  25  ;  Mining  Shares  Carry  Over  Day,  June  8. 

Peices  of  Metals  (London), — Copper,  '^caah,  60;  three  months 
601;',  icad,  English,  13s — 13J  ;  foreign,  cash,  13^ — 13,'V,;  three  months, 
13| ;  Spelter,  cash,  22-22;  ;  three  months,  22J— 22;|.  Tin,  English, 
131 — 133  ;  foreign,  cash,  131;  three  months,  132J — 1,33J.  Iron,  Cleve- 
land, cash,  48/11  and  thiee  months,  49/6|.  Magnet  Steel  (price  sup- 
l)lied  by  W,  F.  Dennis  &  Co.),  £55. 

CANADIAN  GENERAL  ELECTRIC  CO.— The  directors  have  declared  a 
dividend  of  Ij'  per  cent,  on  the  income  stock  for  the  quarter  ended 
June  30, 

COMPANIES  TO  BE  STRUCK  OFF  THE  REGISTER. —The  following  -will 
lie  struck  off  the  Register  of  Joint  Stock  companies  unless  cause  to  the 
contrary  is  shown  before  Aug.  28:  Anglo-Iberian  Electric  Light  <Sr 
Po-.vcr  Co.,  C;irl  Oppermann  Electric  Carriage  Co.,  Electric  Carriage  & 
Storage  Co. 

FREDERICK  SMITH  &  CO.,  WIRE  MANUFACTURERS  (LIMITED  AND 
REDUCED), — A  petition  for  confirming  a  resolution  reducing  the  capiti»' 
of  this  company  from  £200,000  to  £115,000  has  been  presented  to  the 
High  Court.  The  proiiosed  reduction  is  the  result  of  tlie  recent  sale  of 
the  Salford  branch  of  the  company's  business,  a  large  part  of  the 
capital  of  the  company  being  no  longer  required  for  the  purposes  of 
the  Halifax  business,  which  now  constitutes  the  company's  under- 
taking. 

MACKAY  COMPANIES.— The  regular  quarterly  dividend  of  1  per  cent, 
on  the  preferred  shares  and  the  regular  quarterly  dividend  of  1  per 
cent,  on  the  common  shares  in  the  Mackay  companies  will  be  paid  on 
.July  1.  Tlie  transfer  books  will  not  be  closed.  Dividend  cheques  of 
ICnglish  and  Continental  shareholders  will  be  made  payable  at  the  rata 
of  4s.  lid.  to  the  dollar,  .-it  the  option  of  the  payee,  at  the  Union  of 
London  and  Smith's  Bank,  Lonilon,  K.C. 

MIDLAND  ELECTRIC  CORPN.  FOR  POWER  DISTRIBUTION  (LTD,)- The 
accounts  for  the  year  19U8  sliow  a  loss  of  £11,517,  increasing  the  debit 
bal.inc-c  to  b(.caiVicd  forward  to  £82,602. 

SIEMENS  BROS.  &  CO.  (LTD.) —The  directors  recommend  a  dividend 
of  4  per  cent.  (4s.  |ier  share)  for  the  past  year.  £2,528  was  wriiiten  off 
.shares  in  other  companies  .and  .£3,459  carried  to  the  pension  fund. 

STOCK  EXCHANGE  NOTICES.— The  Stock  Exchange  committee  have 
ordereil  a  further  issue  of  $51, .WO  30-yenr  5  per  cent,  gold  bonds  of  the 
Kdiiiiiii-itii/iiiii  I'ower  Co.  (Ltd.).  to  be  quoted  in  the  official  list.  The 
eomiiiittee  have  been  asked  to  appointj  special  settling  days  in  and 
grant  quotations  to  a  further  issue  of  900,000  £1  fully  and  partly  l)aid 
ti  per  c(^nt.  cumulative  iircfcreiiee  shares  of  the  Victoria  Falls  <(•  Trans- 
mill  J'oirer  Co.  {Ltd.),  and  169,406  £5  fully  paid  5  per  cent,  third  pre- 
ference shares  of  the  Anglo-Arycnliite  Tramioays  Cn.  {Ltd.),  and  also 
to  ajipoint  special  settling  days  in  20,000  £10  fully  paid  6  per  cent, 
cuniuiativc  preference  shares  of  Hurst,  Nelsoti  <f  Go.  {[Ad.)  and  £100,000 
5  per  cent,  ]>rior  lien  debenture  stock  of  the  llriixh  Ehrlrical  Enijimrriwj 
Co.  (Ltd.)  and  to  grant  quotations  to  £50,000  4i  percent,  debenture 
stock  of  the  Anrhir  Cable  Co.  (Ltd.)  ;  a  further  issue  of  39,070  £5  fully 
paid  ordinary  and  39,070  £5  fully  paid  7  per  cent,  cumulative  pre- 
ference shares  of  the  British  Aluminium  Cn.  (Ltd.)  :  a  further  Lssue  of 
£63,124  4  per  cent,  guaranteed  debenture  stock  of  the  Central  Electric 
Siippli/  Co.  (Ltd.):  13,500  £10  fully  paid  ordinary  shares  of  the  dates- 
head  a.-  IHstricl  Tramwai/s  Co.,  and  a  further  issue  of  £68,200  £100  first 
tnortgage  6  per  cent.  35-year  sinking  fund  gold  bonds  of  the  if'esl 
Koulcnay  Power  S-  Liijht  Co.  (Ltd.) 
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Brighton  Oorporation 
Briitol  Trams  &  Carriage. 
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Burton  Oorporation 
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Calcutta  Tramways  Oo..., 
Cunborne-Redruth 
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Oatehill .••••■■ 
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Cltj  &  South  London  Kly... 

Oltj  of  Blrmlngliam  

OoldieBter  Oorporation 

Cork  Kleotrio  Trams  Oo.  ... 
,  Oioldon Oorporation  ...., 
DeMnport&Dlat.Trama. 

Dover  Oorporation 

Dublin  4  Lnoan  Railway . 

Dublin  tlnllcd 

Dudley.Stoorbridge  

Dundee  Corporation 

Bast  Ham  Council 

gielel  Oorporation 

I  Oatcshead  Je  Diet.  Trams... 
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OlOMOp  Trams 
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I  UniAshire  Trams  Oo.    . 

I  [^B^ahlre  United 

1  Utmington 
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Leloeeter  Corporation   .... 
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I  Uwpool  Oorporation  .... 
Unrpool  Overhead  Rly.  . 
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*Loii^a  County  Oounoil 
LoDfloD  United  
LgwaMott 
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Miaeheeter  Oorporation 

UeneyBaiiway  

Uerthyr 

Uetropolitau  Dist.  Bailwa} 
Metropolitan  Eleo.  Trams.., 
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Htweastle-oU'Tyue  Corp. .. 
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BuQderland  District  

Swansea  Trams  
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I  Tyneside  Trams  Oo. 
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ELECTRICITY  SUPPLY. 

Bonrnomouth  4  Poole  Eleo.  8np.  Ord 
Do.     4i  per  Cent.  Cnm.  Pref.  ......... 

Do.  6  per  Cent.  Cam.  .Second  Pref. 
Do.  44  per  Cent.  Deb.  iStock  (red  ) 
B^omlel  [Kent)  El^U.  4  Power  She™. 

Brompton  4  Kensington  Elec.  Sup.  Ord. 

7  per  Cent.  Pref. - 

,1,-1,1  lElec.  Sup.  Co.4'<  Gnar.Db.Stock 
Ch»rinECross(W.End4City)Bl.Snp.Co.l 

Do      4*  per  Cent,  Pref. 

D°      4  per  Cent.  Deb.  Stock  (red.  ...... 

Do      4*  per  Cei.t,  Deb,  £t"ck  (red.)  .. 

Do  City  Undertaking  44%  Cm.  Prel. 
Oheisea  Electric  Sapply  Ord.       ...  ....... 

D  44  per  Cent.  Deb.  Stock  (red.)  ... 
CitV  of  London  Electric  Lighting  Ord... 

Do.     8  per  Cent.  Cam.  Pref. 

C^Snty'^f^Durham  Elec  P^D.  Ord 

Do,    6  per  Cent,  non  Cnm.  Pret. 

County  of  London  Elec.  Sapply  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do     4J%  Deb.  Stock  (red.)    

Do.'    Second  Deb.  Stock..............^-.-. 

Kolkestone  Electricity  Supply  Co.  Ord, 

Do.     6  per  Cent.  Gam.  Pref. 

Do.    4J  Ist  Deb.  Stock  (red) 

Hove  Electric  Lighting  Ord.   . 

KensiDBton  4  KnigMsbrldge  Ord 

K7         Do.     6  per  Cent.  Ist  Pref. 

iV    I     Do      4perCent.  Dab.  Stock  (red.).„... 

A       Kensinetn  iKngtbg.  Co.  &NottingHiU 

Co.  (Toin°  Station)  4%  Deb.  Stock  (red.) 

Kent  Elec.  Power  Co.......... 

London  Electric  Sapply  Ord 

Do.     6  per  Cent.  Pref.  .^... 

Do.     4  per  Cent,  lat  Mort.  Deb 

Metropolitan  Electric  Sap.  Ord 

no      44  per  Cent.  Cnm.  Pref.  

5o'  44  per  Cent.  Deb.  Stockist  Mort. 
no'  84  per  Cent.  Mrt.  Dob.  Stock(red.) 
Mid'landEtec^Sorp.forP.D.UtMort.Db. 

Newcastle  &  Dist.  Eleo.  Ltg.Ord.  

Do.    44  per  Cent.  Dab. 

Newcast'le  Elec.  Supply  Ord. 

Do.  6  per  Cent,  non  Cam.  P"]-  •■■•••  •" 
Do.  4  per  Cent.  Mort.  Dab.  red.  1907. 
Nonh  Metro.  Eleo.Power  Sup.  5  Morts 

Northern  Counties  Elec.  Sup 

Do.     44  per  Cent.  Djb.  

Notticf  Hell  Electric  Ord 

Oxford  Electric  Ord.  .•...-••.•.■. 

Do.     4  per  Cent.  Deb.  Stock 

St   James'  &  Pall  Mall  Elec.  Ord. 

Do.    7  per  Cent.  Pref.     ................... 

Do.  34  per  Cent.  D.-b.  Stock  (red.)  ... 
BmithBe"ld  Markets  Electrio  Sap.  Ord... 

South  London  Electric  Supply  Ord. 

Do      5',  1st  Moit.  Slk.  Red 

Sooth  Metrop'n  Eleo.  Lt.  &  Power  Ord, 

Do      7  per  Cent.  Cum.  Pref 

Do.     44  lat  Db.  Stk.  Bed 

Urban  Electric  Supply  Ord.    

Do.     5  per  Cent.  Cam.  Pref.        

Do.     4§  per  Cent.  Ist  Mort.  Deb 

Westminster  Elec.  Sup.  Ord. 

Do      44  per  Cent.  Cam.  Pref.    

ELECTRIC  RAILWAYS  «,  TRAMWAYS. 

Baker  St.  «  Waterloo  4^  Perp.  Db.  8t 

Bath  Elec.  Trams  Pref.  Ord 

Do.     6  per  Cent.  Cum.  Pref................ 

Do.    44  1st  Mort.  Deb.  Stock  (red  ) .... 

B'ham  «  Midland  Trami  41  Ist  Oi.Stk. 

Bristol  Tramw.iys  &  Cirriage  Ord 

Do.    Cum.  Pref.  (fully  paid) 

Do.    4  per  Cent.  Debs. 

British  Electrio  Traction  Ord 

Do.     eperCent.  Cum.  Pref.^... 

Do.     5  per  Cent.  Perpetual  Dobs.  i 

Do.     44  per  Cent.  Sml  Dab.  Stock 

Central  Loudon  Ordinary  Stock 

Do.     4  per  Cent.  Pref.  Stock    

Do.     Deterred  Stock    

Do      4  ner  Cent.  Dabs 

CharingX,Eu3ton4HmpstdPer  Db.Stk 
City  of  Birmingham  Trams.  6%Cm.Pr8f. 

Do.     4  per  Cant.  Ist  Mort.  Oobs..   

City  &  South  London  Ely^  C™   Ord.  ... 

Do.     6  per  Cent.  Ferp.  Pref.  (1891) 
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GtrNortliern  &  City  Kly.  Pref.  Ord  (4%)| 
G.  Northern,  Pioc.  4  Brompton  4.4  U.ri.| 

Do.    4  per  Cent.  Dab.  Stock  ■••••■•••■"p 
Uaalioga  4  District  Elec.  Trams.  6X  C.P. 

Do.      44  Db.  St 

Imperial  Tramways  Ord 

)Do.    6  per  Cent.  I'ref.  

IDo.     44  per  Cent.  Dabs 

1.  of  Thanet  B.  T.  4  Lt.  6  per  Cent.  Pref. 

Do.    4  per  Cant.  Dob.  Stock 
Lanarkshire  i'raiuwnys  ..........       _ 

Lanes.  Utd.  Trams  6  t  Prior  Lien  Db.  St. 
Liverpool  Overhead  Railway  Ord 

Do.    6  percent.  Pref 

Do.    4  per  Cant.  Deb. "•■•;.—•■ 

London  ij  nited  Trams  6%  >^<J°':  ^ "'•  y 
Do.    4  per  Cent.  1st  Mort  Deb.  Stock 

Mersey  Con.  Old.  Stock    ■••••■ 

MetropoliUn  Elec.  Tramways  Ord 

Do.    Deferred    -.•••• 

Do.    6  per  Cant.  Cum.  Prel. 
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Metropolitan  Hallway  Consolidated  *' «  "^^J     i    :i    X 

Do.    Surplus  Lamls  Stocks I  ' 

Do.    8J  per  Cent.  Preference c 
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St.    H%     Mft.  Ely.  Si  JXT  Cent.  "A"  D«b.  stock  I  92—94     '  S  14  6 

St.      ..       M  ■••rorolitun  District  E«Uw«T  Ord i  If  J—ic,  »  ;         _ 

Do.     Eltension  Pref.  (6  perCsnt.)  41—43     I 

Do.     AFfpr.ted  Kxt.  Pref.  (Int.  Guar.  br\ 

Und.  Elec.  BITS.  Co.  of  London,  ltd.)  t9  -71     !  <  18  6 

Do.     3  per  Cent.  Consoltd.  Kenl-chareel  18 —8"  3  IS  0 

Do.     4  per  Cent.  Midland  Bent-cbarge  Iii3  —106  ;  S  15  6 

Do.    Guar.  Stock  4  i>er  Cent ,  t9  — 92  4    7  u 

Do.    6  per  Cont.  P.  rp.  Deb.  Stock  ...  l41  — H3  4    3  9 

Do.     4  i*r  Cent.  Ditto 95—97  4    2  6 

New  Gen.  Tract.  6  per  Cent.  Cam.  Pref.  i— j               - 

Polteriea  Electric  Traction  Ord I  v^- ,', 

Do.     6  per  Cent.  Cnm.  Pref.  |  J-J  8     U  0 

Do.    4JperCent.Deh  Stock  SO  -t9  5    10 

R.  Met.  Elec.Trams.  &  Ltg.  6^Cm."p«f.'  j-|  9  12  n 

Do.     4  per  Cent.  Deb.  Stock  ....                1  '2  — 7t>  5     5  6 

Bonderland  Dist.  Elec.Tmis.6?;i"tMt.Db.  84  —t8  6  14  0 

rnderEdE.Kys.Ix.n.6\In.bd5.withcoup.3 
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51;  Prior  Lien  Bonds 
Do.    4JV  Bonds  «itli  coup.  8  ........ 
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Do.     6  per  Cent.  Cam.  Pref.    . 

Do.     4i  ner  Cent,  let  Debi " 


6/0 
3/0 

ill 

*x 


2/6 
4« 
1/0 
4« 
0,H 
0/7i 

o/si 
i/u 

0/75' 

bX    I 

0/7i 

2/0 

0/7  J 

4if 

1/6 

2/6 

*% 
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2  2/9J 

St.  4X 

10  6/0 

St.  42 

0  10/3 

6  2/8 


ELECTRIC  MANUFACTURING,  kt. 

Aron  ElectricitT  Meter  Ord. 

Do.    8%Cnm.  Pf.   „ 

Babcock  &  "Wilcox  Ord 

Do.     Pref. 

British  Insnlated  &  Helsbj  Cablea  Ord. 

Do.    6  per  Cent.  Pref. 

Do.  H  per  Cent.  1st  Mort.  Deb.  (red.) 
British  Thomsn-Housfn  4j%  Ist  Mt.Db. 
British  Weslinghonse  6  per  Cent.  Pref... 

Do.    6  i>er  Cent.  Prior  I.iea  Dba(rd.) 

Do.    4  per  Cent.  Mort.  Deb.  Stock: 4u 

B!u9hE.Eng.Co.4j%Perp.lstDeb.Stocki     43  -ii 

Do.     Perpetnal  2nd  Deb.  Stock    '     29  83 

Callender'8  Cable  Con.  Ord I       9|  _iog 


1U1J-10!4    1  17     tJ 
8b  -90        6     0     0 


4- 

2J-3 
£6  —90 


n-ti 
la-ij' 

cf-fi 

105  —IVS 
91  —96 

9f.;-9f.i 


I  4  13     3 


_-  Cent.  Cum.  Pref.  6i-68 

Do.     4f  per  Cent.  1st  Mort  Debs,  (red.)    106  — lo7 
tCastner-Kellner  Alkali  Co 

Do.     4i  per  Cent.  Ist  Mort.  Deb.  (red.). 
Chadburns  (Ship)  TeleKraph  Ord 

Do.     6  per  Cent.  Cum.  Pref.  

Consolidated  Electrical  Co 

Consolidated  Signal  Co 

Do.    6  per  Cent.  Cum.  Pret  

•Crompton  4  Co.  (Nos.  1  to  86,000)  

Do.    6  per  Cent.  Ist  Mort.  Debs.  (red.). 

DarisA  Timrains 

Dick,  Kerr  &  Co.  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Di..    4J  per  Cent.  Deb.  Stock   

Edison  &  S«an  United  ("A"8h.)(£3pd.) 

Do.    (f  6  paid)    

Do.    4  per  Cent.  Mort.  Deb.  Stock  (rd.) 

Do.    6  per  Cent.  2nd  Deb.  Stock 

Edmnndsfin's  El.  c.  Corp.  Ord.    

Do.    6  per  Cent.  Cum.  Pref.  

Do.    4i  per  cent.  Ist  Mort.  Deb.  (red.) 
Electric  Constmction  Go 

I'?.    7  per  Cent.  Cum.  Pref.  

Do.     4  per  Cent.  Perp.  Ist  Mort.  Oeba. 
General  Electric  (1900)  5%  Com.  Pret... 

Do.    4  per  Cent.  1st  Mort.  Debs 1     8j  — ib 

Henley's  Telegraph  Works  Ord. Uj-l?! 

"-      41  [ler  Cont.  Pref.   4it— 51 


iS-r;.' 
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102  — lue 
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0 
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0 
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7  12 
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6  0 

0 
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11  16 

0 
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5  a 

0 
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'-("8—1 

8  0 

u 
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4  16 

u 

101  — 1U4 

4  6 

9 

U-24 

5  0 

0 

70  -.76 

6  6 

8 

84  —87 

S  15 

U 

'B-r 

60  — 13 

V  a 

0 

«  -It 

tu  -64 


100  1% 


Bt.  4ir. 


4iX  t  Do.    4)  per  Cent,  let  Mori.  Deb.  Stock  104  — lu6      4     .'> 

■.10   16/0     Itdia  Jtutjber.Gut.  Pcr.,4c.,W>ke i  I14— If}     6  IJ 

Do.     Sp.rCVnt.Cum.  Pref '  lOJ-ll 

Do.    4  per  Cent.  Debs,  (red.) 9J  — 101      3  19 

National  Eleo.  Construction  Co i—l 

BichardBons,Wesigsrth&Co.,Ltd.Ord.  J—;;     , 

Do.    6  per  Cent.  Cum.  Pref. J_;'      I 

To.    4i  per  Cent.  Pcrp.  Deb.  Stock    ...  63  — bii     16    8 

6implei  Conduits  Ord.  U         !         „ 

Do.    6  per  Cent.  Cum.  Pref. 6-51     ' 

24/0     Telegraph  Construction  4  Maintenance  821—34     '  5    C 

43!         Li.    4  per  Cent   Deb.  Bonds (1909)    ...  It'l  — 103      3)7 

1/0       VKlier^  8-ns4Maiim,  Ltd.,Ord fi-5,;       4  10 

0/6        Do.     6  per  Cent.  non. Cum.  Preference  Ij'a— l,-!i   !  4    S 

5/!         Do.    6  per  Cent.non-Cum.  Preferred  1C8  —la      4  lU 

iZ         Do.     4  per  Cent.  Ist  Mort.  Db. Sk. (red)  iu2  — K4      3  17 

*iX   I  Do.    44  per  Cent.  2nd  Mort.  Deb.(red.)  121-1044    46 

bZ     (Do.    6  perCeut.3r.J  Mort.  Debs  Scrip.  1(5  _107      413 

t*:      J.O.White  4  Co.  6  {Cm.  Pref. 9-10        6     u 

I/u      Willans  4:  Kobinson  Ori J_J         315 

8/0         Do.    6  per  Cent.  Cum.  Pref.  2"-.>,»,      •'     2 

*}i        Do     4  per  Cent.  Ist  Mort.  Debs 70  -hi        5    n 

TELEGRAPHS.  I 

Amazon  Telei;rapb 2J— 8i             _ 

bX         Do.     6  per  Cent.  Debs,  (red  )    9i  — 96        6     3 

■  .'-■O     Anglo-American |  57  _6J       6  12 

30,0        lie.     Preferred    191—102      6:8 

sO         [>o.     Deferred    1  U'.-IU      2    6 

tX       Commercial  Cable  4  per  Cent.  Deb.  Btk.  91)— 991      4    6 

6,0       Cuba  Submarine  Ord I  ,J-9          6  IH 

10/0       Do.    Preference  10  per  Cent I  17—18       6  11 

Direct  Spanish  Ord 2j— 3|        6  18 

Do.    10  per  Cent.  Cum.  Pref.    tj-9         6    9 

Do.    4i  |«r  Cent.  Deb lOOX— W-i    4     B 

Direct  Initei  Htalet  Cable U-{-i3i      6     8 

India  Cable  4J%  Eg.  Db.(rd.)  Iji  — l(ja 


Eastern  Urd 

Do.      8J  per  Cent.  Pref.  Stock  

Do.    4  per  Cent,  ilort.  Deb.  Btk.  (red.) 

Eastern  Extension   

*y.         Do.    4  per  Cent.  Deb.  stock  

iZ  Eastern  i  S.Af.  4%  Mauritius  8ab.Deb8.|  lOo"— 103 
'.CO  G.N.(0l  Copenhagen),  with  Coupon76.... I  27  —28 
4i%     ilalilai&bermada4i'<l>tMt.  Db.(red.)    101—11)3 
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TELEPHONES. 


St.  iX 

St.  6% 

lOi  6/0 

10  e/0 

6  2/6 

St.!  3i;s 

St.]  ii 

i'  1/0 

1;  0/71 


Amer.  Telephn.  &  Telegh.  Cap.  St 

Do.  Coll.  Trust  81,0004  per  Cent.  Bds 
Andlo-Portug'ee  Teh  6%  Ist  Mt.Db.  3tk.! 

Chili  Telephone  | 

Monte  Video  Telephone  Ord. 

Do.    5  per  Cent.  Pref. 

National  Co.  Pref.  Stock  \ 

Do.     Def.  Stock 

Do.     6  per  Cent.  Cum.  l8t  Pref    

Do.     6  per  Cent.  Cum.  2nd  Pref. 

Do.     6  per  Cent.  non-Cam.  Srd  Pref.  ... 

Do.    Deb.  Stock  SJ  per  Cent,  (red.)    ... 

Do     4  per  Cett.  Deb.  Stock  (red.) ] 

OrienUl 

Do.    6  per  Cent.  Cum.  Pref.  

Do.     4  per  Cent.  Red.  Deb.  Stock ! 

4i%  I  Telephone  Co.  of  Egypt  4iJ;Db.3tk.(red.)i 


-1444  6  U 

-10»i  3  19 

-lOlJ  4  IS 

-85  4  16 


lOJ— 11  5  9  0 
101-11  6  ;>  0 
5g-53        4     6     0 


United  River  Plate.. 
Do.    5  per  Cent.  Cum.  Pref. . 
Do.     4J  Deb.  St.  Ked 


FINANCIAL  INVESTMENT,  He. 

Eleo.  ft  Gen.  luTestment  6%  Cam,  Frel. 

Globe  Telegraph  Si  Trust 

Do.    6  per  Cent.  Pref 

Snbmarine  Cables  Trust  (Cert.) 


ax 


61   8/0 
10;   6/0 

St.;    41% 

b.   3/3 
100  .^  I J 

10„   -m 

100    bX 

600 !  6X 


St.'  bX 

St.    6% 


St.'  (t 

600  6% 

100  gl> 

1  1/U 

1  12i! 

St.  bX 

b  8/0 

100  »1 

•■  'X 

bt.  4U 


COLONIAL  AND  FOREIGN  ELECTRIC 
RAILWAYS,  TRAMWAYS,  &c. 

Anglo-Argentine  eX  Cum.  1st  Prof.  

Do.     10%  Non-cum.  2nd  Pref.  

Do.     4%  Deb.  Stock 

Auckland  Elec.  Trams.  6%  Deb.  (red.)... 
Brisbane  Electric  Trams.  Invest.  Ord..,. 

Do.     6  per  Cent.  Cum.  Pref. 

Do.     4J  per  Cent.  Db.  PrOT.  Certs 

British  Columbia  El.Ry.Df.  Ord 

Do.     Pref.  Ord.  Stock 

Do.     6%  Cum.  Perp.  Pref.  Stock 

Do.     41  per  Cent.  1st  Mort.  Debs 

Do.     Vancouver  Power  Debs 

Do.    41%  Perp  Con.  Deb.  St 

Buenos  Ayres  Lacruze  Trams  Ist  Mt.  Db. 
Buenos  Ayres  Port  &  City  Tram.  1st  Mt. 

Deb.  Stock 

Calcutta  Tramways  (1  to  137,810)  

Do.     6  per  Cent.  Cum.  Prof.     

Do.     4J%  1st  Deb.  Stock  (red.)     

Cape  ElectricTram  Shares 

City  ol  Buenos  Ayres  Trams  Co.  (1904)Sh. 

Du      4  per  Cent.  Deb.  Stock  

Colombo  I'r.  &  Ltg.  5%  1st  Mt.  Db 

tElccliic  Traction  Co.  of  llong  Kong  6 

per  Cent.  Ist  Mort.  Debs 

Havana  Elec.  Ky.  Con.  Mt.  6%  $  1,000  60 

year  Coup.  Bds 

Kslgoorlie  Elec.  Trams  Sh 

Do.     6  per  Cent.  "  A  "  Deb.  Stock 

Do.     6  per  Ceut.  "B"  Ditto 

Lisbon  tiec.  Trams.  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    5  per  C!ent.  Keg.  Mort.  Debs  

Madras  Elec.  Trams.  6%  Dob.  Stk 

MuLila  Elcc.  Ky.  »1,000  Gold  Bonds 

Meiicolranis  Uo  Com.  St 

Do.  Gen.  Con.  1st  Mort.  b/.  Gold  Bds.... 
Montreal  St.  Ky.  Sterling  4^  per  Cent. 

Debs.  (192i)  (^03.  601  to  2,000)    

Do.         ilo.     (Nos.  1  to  4,CjO) 

Perth  Elec.  Trams  Ord  

Do.     Ist  Ut.  Db.  Stock  

fiangoon  Elec.  Trams  4  Supply  Co'.'qx 


lui-in 

128-13} 


9.".— 9':' 


102  —104  I  4  16     0 


5  7  6 
4  17  (> 
4  9  0 
4     S  0 

6  11  8 
4  13  0 
4     6  0 


"Zi6J 


.  Pf. 


Do.    41%  1st  Mort.  Deb.  Stk.   

K  o  Janeiro  Tram,  Ll.  &  P.  C  ■ !.! 

Do.    3j  jr.  Oolrt  bud) '.  ... 

lo.     to  yr.  Mt.  linds    

Sao  Paulo  Tramway,  Ligut  4  Power  Uo 
JlOU  Stock 

Do.    6  per  Cent.  Ist  Mt.  «50j  Db 

Toronto  Ky  Co.  Ist  Mt.  4J4  Ster.  Bonds 


COLONIAL  AND  FOREIGN  ELECTRICITY 
SUPPLY  &o. 

Adelaide  Elec.  B'ply  Co.6%CB.Pr.   

BombayE.S.  4T.B%Cm.Pt   

Do.     41  per  Cent.  Deb.  Stk.(red.)  

Calcutta  Elec.  Supply  Ord 

Canadian  Gen.  Elec.  Go.  Com.  St.  

iJo.     7%  Cm.  I'f.  stock, 

Castnor  Electrolytic  Alkali  Co.(of  U.S.A.) 

lat  Mort.  Sll.  Debs 

Elect.  DeTclopmout  Co  of  Ontario 

Elec.   Ltg.  it,  Trac.  Co.  of  Aust.  6  pei 
Cent.  Cum.  Pref. 

Do.     5  per  Cent.  Deb  Stock  

Elec.  Supply  Co.  of  Victoria  6  per  Cent! 

1st  Mort.  Deb.  Bt 

Indian  Elcc.  Bup.  &  Trao.  Co 

Kalgoorlie  Elec.  Power  4  Ltg.  Ord.  

Do.    6  per  Cent.  Cum.  Pret 

Madras  E,  ti.  Corp.  6  per  Coat.  Cunata. 

Deb.  St   

Mexican  Elec.  Light  Co.  6%  1st  Mart. 

Gold  Bonds    

Mexican  Lt.  4  Power  Co.  Com.  St.    ...  " 

Do.  6^  lit  Mort.  Gold  Bndi '" 

Montreal  Lt.  Ul.ii.  Power  Co.  Cap.  St.... 
Kiver  Plate  Electricity  Co.  Ord 

Do,    6  per  Cent.noa-Cum.Pref 

Do.     6  per  Ceut.  Deb.  Stock 

Eoaario  ISIec.  Co.  6%  Fret  (1-20,0UU).!!... 
tihawinigan  Water  it  Power  Co,  Ca  

Do.    bporCcnt.Bda 

Do.     41I'cr.  Con.Mt.  Ub  St. 

Victoria  Falls  Power  Co.  Prof 
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Rival  Wireless  Systems. 

There  was  a  great  deal  of  interest  in  the  discourse 
delivered  by  Dr.  J.  A.  Fleming  at  the  lioyal  Institution  on 
Jridiiy  evening  last  on  the  subject  of  "  liesearches  in  Kadio- 
Telegraphy  "  ;  but  perliaps  the  ponit  of  greatest  interest  to 
those  connected  with  such  work  was  the  brief  description 
given  of  the  new  discharger  nsed  by  the  Telefunken  Com- 
pany. Our  readers  already  know  that  some  question  has 
arisen  as  to  the  similaiity  of  this  discharger  and  that  due 
to  r.aron  von  Lepel.  The  Lepel  discharger  consists  of  two 
water-cooled  discs  about  8  in.  in  diameter,  separated  by  a 
couple  of  rings  of  thin  paper,  so  that  there  is  a  very  small 
gap  between  the  two  discs  ;  and  the  pressure  applied  is  in 


the  neighbourhood  of  400  to  500  volts.  As  e.xplained  by 
Dr.  Fleming  in  his  discourse,  and  in  greater  detail  in  a 
short  article  in  our  present  issue,  the  Telefunken  discharger 
consists  of  several  small  gaps  (11  in  the  example  shown), 
the  plates  being  of  copper  5  in.  in  diameter,  and  separated 
from  each  other  by  mica  rings,  so  that  the  gap  is  no 
greater  than  001  in.  between  each  pair  of  copper  surfaces. 
This  discharger  replaces  the  ordinary  spark-gap  in  the 
primary  circuit,  and  as  the  damping  of  very  short  sparks 
is  extremely  large,  the  primary  oscillations  are  rapidly 
stopped  and  the  secondary  circuit  oscillates  only  with  a 
single  period.  Thus  we  see  that  in  the  case  of  the  Telefun- 
ken discharger  it  may  be  said  that  highly  damped  primary 
sparks  are  used,  and  in  the  Lepel  discharger  that  an  oscil- 
latory arc  is  created.  For  the  moment  we  shall  not  go 
further  into  this  point ;  but  it  again  raises  a  question  which 
has  sometimes  been  asked,  namely,  What  is  an  arc,  and 
what  is  a  spark  ? 

The  Colonies  and  the  Cables. 

There  has  been  a  good  deal  of  discussion  during  the  past 
week  on  the  subject  of  submarine  cable  rates,  and  the  dis- 
cussions have  been  notable  for  the  same  failure  to  grasp  the 
real  position  of  this  matter  as  was  displayed  at  the  Colonial 
Institute  some  months  ago,  and  sul  isequently  at  the  Mansion 
House,  when  the  subjects  of  I'enny-a-Word  Telegrams 
and  State-owned  Cables  were  discussed.  The  speakers, 
many  of  them  prominent  men,  all  seem  to  have  lost  sight 
of  the  fact  that  large  reductions  in  the  charge  for  messages 
over  long  cables  must  of  necessity  mean  many  more  cables, 
involving  the  expenditure  of  nuUions  of  money.  This  is  a 
question  which  must  not  be  looked  at  merely  from  the 
point  of  view  of  loss  of  revenue  ;  tliose  who  have  ventilated 
their  views  on  the  subject  at  the  Tress  Conference  seem 
to  have  regarded  it  as  the  only  point  to  be  considered. 
Il  must  be  remembered  that  rapidity  and  accuracy  are 
the  very  essentials  of  the  telegraph  service,  and  that  these 
essentials  could  only  be  secured  by  a  fully  sutHcient 
number  of  cables  to  carry  the  traffic  at  all  times.  The 
necessity  for  many  more  cables  would  raise  the  impor- 
tant questions  of  interest  on  capital,  depreciation  and 
maintenance,  working  expenses  and.  finally,  the  provision 
and  upkeep  of  the  necessary  cable  repair  steamers  to  en- 
sure that  the  cables  should  be  in  constant  working  order. 
A  point,  of  which  more  than  sufficient  is  made,  is  that  of 
the  "  idle  hours  "  of  the  cables.  Owing  to  diflereuce  in 
time,  this  is  a  much  shorter  period  than  is  generally  sup- 
posed and,  of  course,  only  applies  to   the  hours  during 
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which  the  cables  are  not  fully  occupied.  Until  those  who 
are  discussing  this  matter  at  the  Conference  of  Press 
Eepresentatives  fully  comprehend  the  important  bearing 
which  the  points  above  mentioned  have  upon  the  general 
question  of  the  reduction  of  cable  rates,  they  will  not  he 
arguing  from  correct  premises  ;  and  on  a  subject  iuvohing 
such  heavy  expenditure  as  would  the  provision  of  long 
submarine  cables  to  meet  the  demand  arising  from  any 
further  large  reduction  in  the  present  charges  for  cabling, 
it  cannot  be  claimed  that  a  fair  start  has  been  made  in 
approaching  so  vast  a  subject.  With  some  of  the  proposals 
submitted,  and  with  many  of  the  remarks  put  forward  at 
the  Conference,  we  have  neither  space  nor  inclination  to 
deal,  for  they  are  outside  the  range  of  calm  discussion. 


Insulation  Resistance. 

To  obtain  the  in.sulation  resistance  required  by  the 
various  authorities  before  an  electrical  installation  can  be 
connected  to  the  supply  mains  is  frequently  a  source  of 
much  trouble  to  the  wiring  contractor,  and  as  the  con- 
sumer usually  does  not  appreciate  the  technical  reasons 
for  any  delay  in  obtaining  a  supply  of  electricity,  he  is 
consequently  biased  against  electrical  methods.  There 
is  no  doubt  that  the  insulation  resistances  demanded  by 
electric  supply  authorities  have  sometimes  been  absurdly 
high — thus,  2;^)0  megohms  divided  by  the  number  of  lamps 
installed  was  in  some  cases  stipulated — but  experience  has 
shown  that  such  high  values  are  not  necessarily  a  proof  of 
good  materials,  and  that,  even  if  obtained  on  the  initial 
test,  they  are  not  always  maintained  under  working  con- 
ditions. The  insulation  resistance  to  earth  specified  in  the 
Wiring  Kales  of  the  Institution  of  Electrical  Engineers  is 
30  megohms  divided  by  the  number  of  points,  in  the  case 
of  the  wiring  alone  before  the  erection  of  fittings,  whilst 
with  fittings  erected  the  value  in  megohms  must  be  25 
divided  by  the  number  of  lamps.  In  our  last  issue  we 
mentioned  the  desirability  of  uniformity  in  the  regulations 
for  electrical  installations,  and  this  particularly  applies  to 
the  ca.se  of  insulation  resistance.  In  this  connection  it 
should  be  noticed  that,  in  preparing  the  new  I'luenix  rules, 
the  value  of  the  insulation  resistaiice  required  for  electrical 
installations  has  been  more  than  doubled,  and  is  now 
40  megolims  divided  by  the  number  of  pow^.s-,  an  arc  lamp 
being  considered  as  equivalent  to  10  points,  compared  with 
one  megohm  in  the  Institution  rules.  These  values  cer- 
tainly api)earto  us  to  be  unnecessarily  high  for  an  average 
installation,  and  it  is  to  be  regretted  that  when  tlie  change 
was  made  a  value  more  nearly  equal  to  that  required  liy 
the  Institution  was  not  adopted. 


Fuses. 

Another  direction  in  which  consideraljle  divergence  is 
.shown  between  the  Pha-nix  rules  and  tho.se  of  tlie  In- 
stitution is  in  connection  with  fuses,  and  we  doubt  if  it  is 
advisable  to  fix  the  overload  capacity  of  fuses,  at  any  rate 
the  smaller  size.s,  at  so  low  a  figure  as  50  per  cent,  of  the 
normal  current  corresponding  to  the  size  of  tlie  conductors 
protected ;  the  more  so,  .since  a  current  density  of  only 
1,000  amperes  per  square  inch  is  allowed  for  conductors 
according  to  the  Phoenix  rules,  whilst  the  Institution 
mles  allow  current  densities  up  to  2,300  amperes  per  squaic 
inch  in  the  case  of  small  wires.  Again,  the  Phcenix  rule 
would  mean  that  if  copper  fuses  were  employed  they  might 


at  times  run  at  an  undesirably  high  temperature.  In  the 
Institution  wiring  rules  a  more  reasonable  basis  is  taken, 
viz.,  that  fuses  shall  efl'ectually  interrupt  tlie  current  when 
a  short-circuit  occurs,  and  also  in  the  case  of  an  overload  of 
200  per  cent.,  provided  that  in  all  cases  they  prevent  the 
temperature  of  the  conductors  protected  from  rising  above 
the  specified  limits.  If  fuses  of  too  low  a  capacity  are 
employed,  they  are  liable  to  blow  unnecessarily  due  to 
minor  causes,  with  the  result  that  the  consumer  comes  to 
regard  them  as  uncertain  and  a  nuisance.  If,  as  is  usual, 
they  are  inserted  merely  to  protect  the  apparatus  or  con- 
ductors from  dangerous  overload  a  higher  limit  than  50 
per  cent,  might  be  allowed,  so  that  the  circuit  would  only 
be  interrupted  in  the  case  of  absolute  danger.  Unneces- 
sary failures  of  supply  due  to  melted  fuses  may  cause  con- 
sumers to  go  to  the  other  extreme  and  to  insert  fuses  of 
excessive  capacity. 


Electricity  Meter  approved  by  Board  of  Trade.— The  Board 
of  Trade  on  June  2nd  approved  the  pattern  and  construction  of 
the  meter  numbered  Bl  16,660  (for  the  measurement  of  elec- 
trical energy  when  supplied  on  the  constant  potential  alternat- 
ing system)  deposited  at  the  Board  of  Trade  on  March  5,  1908 
by  the  British  Westingbouse  Electric  &  Mfg.  Co.,  and  known 
as  the  Westingbouse  type  N  single-phase  watt  hour  meter, 
provided  that  the  meter  be  as  described  in  the  specification 
deposited  at  the  Board  of  Trade  on  May  26,  1909,  and  num- 
bered H  7,162.  The  Board  have  further  approved  of  the 
means  provided  for  fixing  meters  of  this  description  and  for 
connecting  them  with  the  service  mains. 

Electric  Traction  in  France. — According  to  the  "  Electrical 
Review  and  Western  Electrician  "  the  Allgemeine  Elek- 
tricitiits  Gesellschaft  has  secured  an  order  from  the  Midi  Rail- 
way for  an  electric  locomotive  for  both  goods  and  passenger 
service.  The  normal  speed  of  the  locomotive  will  be  27  9 
miles  per  hour,  and  the  maximum  465  miles  per  hour.  The 
line  voltage  is  10,000  volts,  and  the  single-phase  system  will 
be  used.  The  locomotive  will  cairy  two  Winter-Eicbberg 
motors,  each  of  SOO  ii.r.  capacity  on  an  hour  rating,  ani 
600  II.  I',  capacity  on  a  contiinious  rating.  The  locomotive  will 
have  three  driving  and  two  trailing  axles.  The  motors  will  be 
connected  to  driving  rods  without  the  use  of  gearing 

Effect  of  Circuit  breakers  on  the  Wear  of  the  Electrica^ 
Equipment  of  Tramcars. — According  to  the  "  Street  Railway 
Journal,"  the  rate  at  which  the  motors,  controllers,  wiring  and 
other  electrical  parts  of  a  car  equipment  wear  out  depends 
more  closely  on  the  proper  adjustment  of  the  cai'  circuit- 
breakers  than  on  any  other  ])iece  of  apparatus.  The  adjustment 
of  the  circuit-breaker  should  be  checked  by  the  use  of  a 
rheostat  and  ammeter  at  least  once  a  month,  and  in  doing  so 
the  current  should  be  gradually  raised  when  approaching  the 
tripping  point,  otherwise  the  true  reading  will  not  be  obtained. 
It  is  the  practice  in  some  shops  to  set  the  lircaker  by  the  use 
of  a  calibrated  scale  or  dial.  Such  a  scale  is  not  necessarily 
correct,  and,  if  it  were,  the  method  is  not  one  to  be  relied  upon, 
as  the  friction  of  the  tripping  mechanism  changes  on  account 
of  rust.  Again,  tlie  ciicuit-l)rcakers  are  not  always  put  on  a 
car  in  the  position  which  the  mauufactiuer  intended,  and  any 
changes  in  position  alter  the  gravitational  control,  an<l  hence  the 
calibration  of  the  breaker,  To  determine  the  correct  setting 
for  a  circuit-breaker,  a  car  should  be  put  in  regulai  service 
over  the  lino  <ni  which  it  is  intended  to  run,  and,  with  an 
ammeter  and  pro])er  acceleration,  the  correct  current  at  which 
to  set  the  breaker  can  be  <lctcrniined. 

A  Modern  Railway  Problem  :  Steam  or  Electricity. — At 
the  Itoyal  Institution  on  Thursday,  .June  3rd,  Prof.  W.  E. 
iJalby  delivered  the  first  of  a  scries  of  two  lectures  on  this 
subject.  At  the  beginning  of  his  lecture  Prof.  Dalby  went 
into  the  economical  side  of  tlie  cjuestion,  and  showed  that, 
while  a  steam  locomotive  was  self-contained,  the  restricted 
space  into  which  the  equiiiment  had  to  be  fitted,  and  the  im- 
possi))ility  of  using  condensers,  made  the  equipment  generally 
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REt^IALi    FllICHT   AT    BUSHV. 

I<ast  month    the  Government  recognised  the  importance  of   aeronautics  bj'  appointing  a  committee  to  which  aeronautical 
problems  would  be  referred,  and  nominated  Dr.  R.  T.  Glazebrook,  F.R.S.,  Director  of  the  National  Phj'sical  Laboraton,-,  as 
one  of  the  members.  ^  We  have  not  been  to  Bushy  to  verify-  the  flight  so  graphically  shown  above,  but  we  gather  it  is  rather 
f^^^'l  a  flight  on  the  part  of  the  artist's  imagination  into  the  near  future. 


very  inefficient ;  and  of  the  energy  contained  in  the  coal  only 

a  very  small  percentage  was  converted  into  mechanical  energy. 
On  the  other  hand,  with  electric  traction  the  economies  which 
could  be  obtained  in  generating  the  steam  were  greater,  owing 
t'l  the  fact  that  the  generating  plant  could  be  grouped  together 
in  large  units  at  a  central  station  ;  and  condensers  could 
be  used.  Owing,  however,  to  the  fact  that  the  energy  liad 
to  be  transmitted  from  the  generating  station  to  the  place  where 
it  was  used,  and  that  transformation  was  also  necessary,  both 
of  which  gave  rise  to  losses,  the  actual  mechanical  energy 
available  at  the  road  wheels  of  an  electrically-driven  train  was 
not  very  different  from  that  in  the  case  of  a  steam  locomotive. 
One  of  the  advantages  of  electric  traction  was  that  the  dead 
weight  of  the  locomotive  was  avoided,  as  the  motors  were 
fixed  on  the  axles  of  a  passenger  coach,  and,  further,  a  motor 
could  be  put  on  every  axle  of  a  train  without  inconvenience, 
so  that  in  theory  the  driving  power  of  an  electric  train  was 
unlimited.     About  1,000  h.p.,    on  the  other  hand,  was  the 


maximum  available  from  a  steam  locomotive.  Questions  of 
adhesion  also  played  an  important  point  in  the  latter  case. 
The  question  of  speed,  however,  was  not  without  its  economi- 
cal aspect,  and  it  must  be  recognised  that  to  obtain  such  a 
speed  as  100  miles  an  hour  passengers  would  have  to  pay 
considerably  more  than  they  were  doing  at  present.  In 
this  connection  the  lecturer  instanced  the  s.s.  "  Mauretania,' 
which  it  would  not  be  possible  to  drive  at  its  present 
speed  if  the  passengers  alone  had  to  bear  the  expense. 
Prof.  Dalby  then  went  into  the  question  of  relative  advan- 
tages of  steam  and  electric  traction  over  a  given  route. 
Ho  said  that  at  the  present  time  to  obtain  a  fast  service, 
limited  to  a  speed  of  from  50  to  55  miles  an  hour,  between  two 
to-wns  100  miles  apart  no  more  economical  arrangement  coidd 
be  devised  than  a  steam  locomotive.  If  a  high  speed  up  to, 
say,  100  miles  an  hour  was  desired,  electric  traction  would,  of 
course,  be  necessary ;  but  such  speeds  would  not  be  possible  on 
existing  roads  owing  to  the  curves.     On  a  straight  line  such 
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speeds  could  be  obtained,  as  shown  by  the  Marienfeld-Zossen 
experiments  some  years  ago.  Passengers  wouhl  not,  however, 
under  those  conditions,  be  able  to  travel  for  Id.  per  mile,  but 
would  have  to  be  prepared  to  pay  two  or  three  times  that 
amount.  The  lecture  was  full}'  illustrated  by  means  of  lantern 
slides,  which  showed  the  developments  that  had  taken  place 
since  the  early  days  in  the  design  of  steam  locomotives. 
Standard  examples  of  electric  locomotives  and  motor  cars  were 
also  given,  together  with  curves  showing  the  operation  of  the 
two  types  of  engine. 

Progress  in  Single  phase  Electric  Traction. — According  to 
the  '-Elektrotechnikuiid  Maschinenbau,"  the  Prussian  railway 
authorities  have  recently'  ordered  a  single-phase  electric  loco- 
motive for  working  on  a  6,000  volt  circuit  with  a  frequency  of 
25.  This  locomotive  will  be  fitted  with  two  300  n.r.  motors 
and  will  be  tested  on  the  Orianenburg  experimental  line  as  to 
its  suitabilitv  for  goods  train  work.  Three  locomotives  and 
seven  motor  cars,  for  use  on  a  single-phase  circuit  of  8.000 
volts  pressure  and  a  freijuency  of  2.3,  have  also  been  ordered 
for  the  Albatal  Eailway  from  Karlsruhe  to  Herrenalb.  Similar 
equipment  is  being  supplied  for  the  Pamplona-Sanguesa  line 
in  Spain  and  for  the  line  from  Naples  to  Piedmont.  All  this 
work  is  being  carried  out  by  the  Allgemeine  Elektricitiits 
Gesellschaft. 

"L'Industrie  Electrique"  states  that  la  Compagnie  des 
Omnibus  et  Tramways  de  Lyons  has  just  successfully  put 
in  operation  two  lines  from  that  town  to  Jons  and  Mirribet 
respectively.  This  is  said  to  be  the  first  example  in  France  of 
a  line  being  worked  by  single  phase  current  with  a  trolley 
voltige  of  6,G00  volts.  The  total  length  worked  by  this  system 
is  about  10  miles.  Catenary  suspension  is  used  for  the  trolley 
wire.  The  necessary  energj-  is  bought  in  the  neighbourhood 
and  is  transformed  up  from  5-50  volts  by  two  225  kw.  motor- 
generators,  the  generators  of  which  supply  current  at  the 
trolley  pressure  of  6,600  volts.  Four  motor  cars,  each  fitted 
with  two  45  H.P.  motors,  are  at  present  in  use. 

Calculation  of  High-tension  Power    Transmission    Lines. 

A  Paper  oti  this  subject  by  M.  Gaisset  has  apjieared  in  a  recent 
number  of  "  L'Eclairage  Electrique."    The  author  considers  the 
calculation  of  the  transmission  poles  and  conductors,  and  it  is 
shown   that  the   maximum  stress    must  never  exceed   about 
one-quarter  to  one-third  of  the  breaking  stress.     The   wires 
shoulil,  of  course,  be  so  arranged  that  they  can  never  touch 
each  other,  and  the  installation  costs  per  kilometre  of  the  con- 
ductors .should  never  exceed  with 
the  greatest  possible  span  a  cer- 
tain   fixed    limit.      Calculations 
made  by  the  author   show   the 
costs  per  kilometre  on  a  straight    I 
run  are  a  function  of  the  height   i; 
of  the  poles.      The   results   are    s 
given      in     the      accompanying    I 
curves,   where    curve    1    is    for  -^ 
wooden  masts,  cur\-e  2  for  U-iron    = 
masts,  curve  3  for  armoured  con-   "? 
Crete    masts    and    curve    4    for   ^ 
latticework  masts.     It   will   be   ■; 
Been  from  these  that  for  each  type 
of  mast  there  is  a  certain   height 
for  which  the    installation  costs 
of  the  line  are  a  minimum.     It  ^       '\     "     ^f      ^" 

18  only  possible  to  compare  to- 
gether seriously  curves  '<  and  4,  as  with  these  a  mean  life 
of  30  years  can  be  obtained,  while  the  average  life  of  the 
wooden  masts  is  only  about  15  years.  The  values  given 
for  cur\'e  1  should,  therefore,  really  be  doubled.  For  trans- 
mission lines  with  man}-  curves  the  values  for  wooden  and  con- 
crete masts  have  to  be  taken  considerably  higher,  owing  to  the 
necessary  .stiffening  required. 
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6,600  Volt  Single-Phase  Railway. — According  to  the  "  Elec- 
trical World  ''  a  single-phase  railway  77i  miles  long  has  been 
putin  operation  between  South  Bend,  Ind.,  and  Pullman, 
HI.  The  line  is  known  as  the  Chicago,  Lake  Shore  &  South 
Bend  liailway.  The  rolling  stock  at  present  consists  of  4S 
passenger  cars,  12  Hat  cars,  1  snowplough,  and  1  '"  utility  "  car. 
Each  of  the  larger  passenger  cars  is  equipped  with  four  125  H.P. 
single-phase  motors  arranged  for  multiple-unit  control.  Along 
the  main  portion  of  the  route  the  troUej'  pressure  is 
6,600  volts,  but  through  the  cities  and  in  the  shops  and  3-ards 
the  trolley  E.M.F.  is  lowered  to  700  volts.  In  each  case  single- 
phase  current  is  utilised,  no  direct  current  being  employed. 
The  trolley  wire  is  of  4  0  grooved  section,  supported  bj'  a 
\  in.  steel  catenary  cable.  There  are  10  substations.  Two 
are  at  the  ends  of  a  33,000  volt  transmission  line  and  eight 
are  used  for  supplying  energy  at  low  tension  in  the  city 
section  and  in  the  car  shops  near  Michigan  City.  The  cars 
are  provided  with  both  wheel  and  pantograph  collectors  ;  the 
latter  are  used  only  at  (5,000  volts,  while  the  former  can  be 
operated  at  either  700  volts  or  6,000  volts. 

Electric  Traction  at  Buenos  Ayres. — According  to  the 
'•  Kailway  Times  "  the  suburban  tratiic  dealt  with  by  the  rail- 
ways entering  Buenos  Ayres  has  undergone  a  remarkable 
increase  during  recent  years,  and  the  (juestion  of  electriBcation 
has  been  under  consideration  for  some  time.  A  municipal  tube 
railway  project  was  also  set  on  foot,  but  so  far  this  has  come  to 
nothing.  The  Central  Argentine  llailway,  by  virtue  of  its 
amalgamation  with  the  Eosario  line,  carries  more  passengers 
in  and  out  of  the  city  than  any  other  company,  and  the  board 
has  just  decided  to  have  a  report  prepared  on  the  electrification 
of  the  suburban  lines.  ^Ir.  Charles  H.  Merz  has  been  appointed 
to  prepare  this  report,  and  will  leave  for  Buenos  Ayres  in 
August.  It  is  understood  that  there  is  a  possibility  of  a  compre- 
hensive scheme  being  drawn  up  for  the  conversion  of  the  local 
and  suburban  lines  of  the  other  companies  as  well.  In  the  event 
of  electrification  being  decided  on,  British  electrical  manufac- 
turers should  obtain  substantial  orders  for  plant  and  equip- 
ment, in  addition  to  the  special  rolling  stock  that  will  be 
required.  To  .show  the  extent  of  the  Buenos  Ayres  suburban 
traffic  it  may  be  mentioned  that  1,145,000  passengers  yearly 
use  its  station  at  Ketiro,  whilst  1,313,000  are  dealt  with  at  the 
Ketiro  New  Station,  on  the  Eosario  section.  The  Buenos 
Ayres  Great  Southern  handles  al)0ut  2^  millions  annually  at 
its  Plaza  Constitucion  Station,  the  Buenos  Ayres  Western  1  \  mil- 
lions at  Callo  de  Septiembre,  and  the  Pacific  412,000  at  Eetiro. 
At  one  of  its  suburban  station",  the  Central  Argentine 
has  000,000  passengers  yearly,  and  at  six  more  consider- 
ably over  a  quarter  of  a  million  are  dealt  with,  whilst  similar 
figures  are  shown  by  the  Buenos  A3res  Great  Southern. 


ARRANGEMENTS  FOR  THE  WEEK. 


Cable  Interruptions  and  Bepairs. 

Diite  of  Interruption. 

Jamaica — Colon Aluy   6,  1909     .. 

Dakar— Conakry    May  13,  1909     .. 

Tanper— Cadiz May  19,  1909     .. 

Cayenne— .Salinas .June  7,  1909 

Paramarilio— Cayenne June  8,  1909 


D.ite  of  Repair, 
.hine  3,  1909 


FKrOAY,  June  11th  (to  day). 

PnVSIl'AL  SuiIBTV. 

6'  p.m.  Meeting  at  the  Imperial  College  of  Science,  Imperial 
Institute-road,  South  Kensinjrton.  Agenda  :  "  The  Arthur 
Wrifrht  Electrical  Device  for  Evaluating  and  Solving  Eijua- 
tioiis,'  by  Dr.  A.  Ru.ssell  and  Mr.  A.  Wiiglit ;  "  The  Echelon 
Speclroscope,  its  Secondary  Action  and  the  Structure  of  the 
Green  Hg  Line,"  by  Mr.  "H.  Stanstield  ;  "The  Proposed 
International  Unit  of  Candle-power,"  by  Mr.  C.  C.  Paterson  ; 
"  Inductance  and  Resistance  in  Telephone  and  other  Circuits," 
by  Dr.  J.  W.  Nicholson  ;  "  Note  on  Terrestrial  Magnetism," 
by  Mr.  G.  W.  Walker,  and  "  On  the  Form  of  Pulses  consti- 
tuting White  Light,"  by  Mr.  A.  Eagle. 

RoVAI.  I.VSTITOTION. 

0  p.m.      Meeting  at  Albemarle-street,  Piccadilly,  W.      Discourse 
on  "  Problems  of  Helium  and  Radium,"  by  Sir  James  Dewar, 
F.R.S. 
TUESDAY,  June  16th. 

The  F.vraoav  Society. 

S  p.m.  Meeting  in  the  Library  of  the  Institution  of  Electrical 
Engineer.",  92,  Victoria-street,  S.W.  Addres.s  on  "The 
National  and  International  Conservation  of  Water  for  Power," 
by  .Mr.  E.  K.  Taylor.  Papers  on  :  "The  Formation  of  Silicon 
Sulphide  in  the  Desulphurisation  of  Iron,"  by  Mr.  W.  Fielding; 
"  A  Contribution  to  the  Study  of  Electric  Furnaces  as  Applied 
to  the  Manufacture  of  Iron  and  Steel,"  by  Mr.  C.  A.  Keller; 
"Automatically  Circulating  Furnaces  of  the  Gin  Type  for  the 
Electrical  Production  of  Stieel,"  by  Mr.  (J.  Gin. 
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THE  RELATIVE  ADVANTAGES  OF  RECIPROCATINGF 
ENGINES  AND  TURBINES  FOR  TRACTION  GENE 
RATING  STATIONS.* 

BY   G.    RIZZO. 

Summary. — The  author  first'discusses  the  various  aspects  of  the  boiler- 
house  problem,  aiul  shows  how,  by  the  use  of  superheated  steam  and 
proper  attention  to  good  stoking,  much  greater  efficiency  could  be  ob- 
tained than  is  always  done  at  present.  He  then  passes  on  to  consider 
the  heat  cycles  produced  by  both  reciprocating  engines  and  turbmes, 
when  working  under  various  conditions,  and  shows  how  the  vacuum 
which  it  is  most  efficient  to  use  is  dependent  on  a  number  of  eontiicting 
factoi's.  A  summary  of  the  costs  for  erecting  a  station  containing  all  the 
most  modem  improvements  is  given  in  conclusion. 


It  is  very  difficult  to  draw  a  general  conclusion  from  the  more  or 
less  complete  answers  sent  in  to  the  questionnaire.  It  would,  more- 
over, be  inaccm'ate  to  describe  these  answers  as  true  general  deduc- 
tions, on  account  of  the  difference  in  fact  that  exists.     For,  in  .spite 


sou 
■2m 

1    200 

/ 

/ 

/' 

y                 k 



?•  rn 

^'^^/B                                                                       Icy 

S 

/                 uX 

\ 

^Mmm^y/MM///////////^^^^^^^ 

\=1. 


Fig.  1. 


of  the  difference  iu  the  quantitative  values  given  in  answer  to  the 
questionnaire,  it  must  be  admitted  that  in  each  particular  case  the 
arrangements  adopted  are  those  which  are  best  suited  to  the  par- 
ticular end  to  be  attained. 

In  dealing  with  the  researches  of  Prof.  Hirn  on  superheated  steam, 
the  author  show.s  how  these  were  at  first  overlooked,  and  how  it 
was  not  until  the  multiple-expansion  engine  had  attained  a  certain 
degree  of  perfection  that  the  question  was  considered.  It  is  now- 
recognised  that  the  use  of  superheated  steam  is  necessary,  and.  as  a 
result,  modern  sujjerheaters  are  well  designed,  and  form,  with  the 
boiler,  an  arrangement  of  maximum  efficiency  without  too  great  a 
reduction  in  the  heating  surface.     In  spite  of  all  arrangements  that 
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Siiprrheal  in  Dojrn-s  Centigrad,: 

-Influence  of  Si'perhe.\t  on  Steam  Consumptio^t. 


have  been  dcsigued.  however,  all  the  heat  contained  in  the  issuing 
gases  cannot  be  utili.=cd,  so  that  they,  of  necessity,  leave  the  boiler 
at  a  high  temperature.  Great  saving  may,  however,  be  effected 
by  inptalling  economisers  which  absorb  a  part  of  the  heat  remaining 
in  the  gases  and  lower  their  temperature  to  about  I25°C. 

The  rejiort  then  deals  with  the  question  of  the  chemical  composi- 
tion of  the  issuing  gases,  and  shows  that  complete  combustion  should 
give  a  gas  containing  21  per  '!ent.  of  carbon  dioxide,  though  in  prac- 
tice about  1.1  or  14  per  cent,  is  the  maximum  reached.  If  a  boiler 
were  installed  withoufan  economiser.  the  gases  would  then  escape 
at  SOCC,  and  if  the  percentage  of  carbon  dioxide  present  wore  only 

*  Abstract  of  a  report  by  JI.  G.  Rizzo.  assistant  general  manager  of  the 
Society  Generale  des  Chemins  de  Fer  economiques  Brussels,  on  the  replies 
received  by  the  Union  Internationale  do  Tramways  et  do  Cliemins  de 
Fer  d'luterot  Locale  in  response  to  the  iimUioniinire  .sent  out  to  mem- 
bers.    This  was  presented  at  the  biennial  meeting  (1908)  at  JIuuich. 


7.  the  total  losses  would  be  .'Jl  jicr  cent.  If.  hf>wevcr.  the  tempera- 
ture of  the  gases  can  be  reduced  to  12.5  deg.  by  employing  an  econo- 
miser, and  thus  improving  the  conditions  of  combustion,  a  percentage 
of  carbon  dioxide  of  about  14  can  be  obtained,  thus  reducing  the 
losses  to  about  7  per  cent.  The  amount  of  carbon  dioxide  present, 
therefore,  determines  the  economy  of  the  combustion. 

Good  stoking  depends  to  a  very  great  extent  on  the  skill  of  the 
personnel,  differences  of  as  much  as  40  per  cent,  in  the  steam-raising 
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Fig.  3. — Inflfen'oe  of  V.\kiation  in   Pressure   ox   Steam 
Consumption. 

capacity  of  the  boiler  having  been  traced  to  this  property.'  In  this 
connection  the  author  gives  an  account  of  numerous  tests"  which 
have  been  undertaken,  and  which  fully  bear  out  his  statements  on 
this  subject. 

As  regards  mechanical  stoking,  this  method  allows  a  greater  boiler 
efficiency  to  be  obtained,  the  increase  in  evaporative  power^being 
from  20  to  60  per  cent.  Their  use,  moreover,  simplifies  the  muscular 
work  of  the  human  stoker,  so  that  the  boiler-room  staff  can  give  their 
full  attention  to  the  fires.  It  has  been  shown  that  by  the  use  of  an 
automatic  stoker  an  economy  of  about  3  per  cent,  can  be  obtained, 


No 

.  2  Reeiproca 

ing  Eng 

ine. 

k 

■v 

k 

\ 

N 

N 

\ 

^ 

^ 

^ 

^ 

^ 

^ 

IFiG.  4. 


I         2o         40         60         80         100       120        140        100 
Siiperlual  in  Degrees  Cenligyade. 

-Influence  of  Scterheat  on  Steam  Consumpt.on. 


though  in  practice  this  would  increase  to  5  or  6  per  cent.,  for  during 
the  tests  the  stoker  was  continually  under  observation,  while  under 
ordinary  conditions  this  would  not  be  the  case.  Another  advantage 
of  automatic  .stokers  is  that  from  6-6  lb.  to  8-7  lb.  of  coal  can  be  burnt 
per  square  foot  of  grate  surface  per  hour,  while  the  actual  feeding  is 
effected  in  a  much  more  economical  manner,  as  constant  changes 
of  temperature  owing  to  the  opening  of  the  furnace  door  are  avoided. 
Another  place  where  loss  should  be  avoided  as  far  as  possible^is 
in  the  steam  pipes.     When  the  steam  is  saturated  the  loss  in  the  pipe- 
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Fig.  5.— Influence  of  Superheat  on  Steam  Consumption. 

work  is  a  function  of  the  condensed  steam,  while  with  superheated 
steam  the  fall  in  temperature  gives  the  loss.  The  hrst  loss  has  no 
influence  on  the  thermal  efficiency  of  the  enginc.wh.le  the  second  has  ; 
the  relative  loss  depending  on  the  dimensions  of  the  pipe  work  and 
on  the  velocitv  of  the  steam,  faro  should,  therefore  Ih^  taken  to 
avoid  great  lengtli  in  the  pipes  and  the  employment  of  complicated 
bends    as  thex'  give  rise  to  much  loss  when  superheated  steam  is 
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used.  It  is  better  to  take  care  of  the  lagging,  and  to  protect  all  the 
radiating  surfaces.  By  taking  the  precautions  detailed  above  it  is 
possible  to  obtain  witli  superheated  steam  75  to  78  per  cent,  of  the 
heat  energy  contained  in  the  coal  at  the  admission  valve  of  the 
engine. 

In  modern  installations  a  heat  cycle,  similar  to  the  entropy 
diagram  shomi  in  Fig.  I,  is  obtained.  This  requires  good  boilers 
generating  steam  at  a  pressure  of  at  least  12  atmospheres,  good 
superheaters  delivering  superheated  steam  to  the  engine  at  a  tem- 
perature of  300~C.,  and  condensers  giving  the  best  possible  vacuum. 

These  conditions  must  l)e  realised  when  steam  tiu-bines  are  em- 
ployed in  order  to  obtain  an  economical  consumi)tion,  -nhich  will 
only  be  comparable  to  that  of  a  good  reciprocating  engine  if  the 
output  of  the  turbine  is  from  l.fiOO  kw.  to  2.000  kw.  For  instance, 
the  entropy  diagram  of  a  machine  working  on  saturated  steam  at 
eight  atmospheres  with  a  vacuum  of  SO  per  cent,  is  represented  by 
the  area  ABCD.  which  is  equivalent  to  1.55-5  calories.  If  the  work- 
ing pressure  is  raised  to  16  atmospheres,  tlie  corresponding  tempera- 
ture of  saturated  steam. being  200  deg.,  the  area  of  the  entropy 

No.  4  Reciprocating  Engine. 
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Fig.  6. — ISFLUEscE  of  Superheat  on  Ste.vm  CoNsniPXiON. 

diagram  will  increase  by  16  per  cent.  If  the  vacuum  is  increased  to 
96  per  cent.,  the  steam  temperature  being  lowered  by  30  deg.,  the 
area  will  increase  by  14-5  per  cent.  If  the  steam  is  superheated 
to  350  deg.,  the  area  of  the  entropy  diagram  will  increase  by  21  per 
cent.,  and  the  total  area  of  the  heat  cycle  will  represent  235-5  calo- 
ries. In  the  first  place,  616-4  calories  have  been  provided,  and  in  the 
second  712-9.  The  theoretical  heat  efficiencies  are,  therefore,  25-4 
and  33  per  cent,  respectively.  By  combining  these  efficiencies  with 
those  of  the  engine  itself  an  overall  efBciency  comparable  with  that 
of  a  gas  engine  is  obtained. 

The  reciprocating  engine  is  only  able  to  take  partial  advantage  of 
the  complete  expansion  of  the  steam,  as  the  third  cylinder  of  a  triple- 
expansion  engine  only  uses  al  't  45  per  cent,  of  the  energy  theo- 
retically present  in  the  steam,  Wi.      the  two  others  use  80  per  cent. 

No.  6  Turbine. 


Percentwje  Vacuum. 
FlO.  7. — ISFLUENCE  OF  VACU13I  ON  StEAM  C'oNS|-MPTIO-V. 

The  energy  losses  in  the  third  cylinder  point  to  an  incom|)lete  e.\ 
pansion.  If  the  entropy  diagram  of  the  machine  e.vliausling  into 
the  air  is  compared  with  that  of  one  working  on  a  conden.ser  pres- 
sure of  1-4  lb.  per  square  inch  it  is  found  that  the  heat  utilised 
increases  from  82-5  to  1.55-5  calories — i.e.,  the  employment  of  a  con- 
denser should  give  a  theoretical  gain  in  efficiency  of  45  jier  cent. 
Practically,  however,  an  increa.sc  in  the  efficiency  of  20  per  cent,  is 
■with  difficulty  obtained.  Multiple-expansion  reciprocating  engines 
utilise  the  steam  under  good  conditions  in  the  high-pressure  cyhnders, 
for  as  these  cylinders  are  relatively  small,  the  friction  and  radiation 
losses  are  low.  and  the  expansion  can  be  employed  uji  to  that  of  the 
connecting  p)ipe  to  the  next  cylinder.  The  low-pressure  cylinder, 
however,  does  not  permit  a  total  utilisation  of  the  expansion  to  be 
obtained — at  least,  the  dimensions  of  tlie  cylinder  in  which  it  would 


be  po.ssible  to  obtain  such  an  expansion  would  be  very  large,  and 
would  lead  to  such  losses  from  friction,  condensing  and  wire  di-awing 
as  would  render  the  arrangement  practically  impossible. 

If  a  reciprocating  engine  of  1.450  H.p.  consumes  101b.  of  steam 
at  12  atmospheres  per  effective  horse-power-hour,  the  steam  being 
.superheated  to  300  deg.,  and  there  being  a  pressure  of  0-84  lb.  per 
square  inch  in  the  condenser,  it  is  found  that  1-1  cubic  ft.  of  steam 
are  exhausted  into  the  condenser  per  second.  If  the  average  velocity 
of  the  piston  is  12i  ft.  per  second  the  low-pressure  cylinder  would 
have  to  have  a  diameter  of  12  ft.  to  deal  with  this  volume.  By 
allowing  the  steam  to  escape  at  a  speed  of  16^  ft.  per  second  the 
cross-section  of  the  exhaust  valve  must  be  8J  sq.  ft.,  and  this  value 
will  be  about  double  if  a  pressure  of  0-56  lb.  per  square  inch  at  the 
exhaust  has  to  be  obtained.  According  to  the  experiments  of  Prof. 
Josse,  it  appears  that  by  raising  the  vacuum  of  a  reciprocating 
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Fig.  8. 

engine  by  lO'per  cent,  between  the  limits  of  70  and  80  per  cent.,  an 
overall  increase  in  the  efficieficy  of  5  per  cent,  is  obtained.  By 
increasing  the  vacuum  by  the  same  amount  between  80  and  90  per 
cent,  the  overall  efficiency  is  rai.sed  2  per  cent,  in  steam  consumption. 

The  above  disadvantages  do  not  come  into  the  question  in  the  case 
of  the  turbine.  This  machine  uses  up  the  low-pressure  steam,  and 
it  is  possible  to  employ  a  flow  of  several  thousand  cubic  feet  per  hour 
without  the  size  of  the  machine  becoming  very  large.  It  is,  there- 
fore, possible  to  obtain  a  complete  expansion  and  all  the  other 
advantages  connected  with  it;  so  that  it  may  be  said  that  the  limit 
in  economical  production  of  the  vacuum  is  practically  dependant 
on  that  of  the  highest  vacuum  which  can  be  obtained — i.e.,  in  a 
turbine  the  vacuum  corresponding  to  a  maximum  economy  coincides 
with  the  best  vacuum  that  can  be  obtained.  Fig.  2  gives  for  a 
turbine  the  percentage  diminution  in  steam  consumption  per  1  per 
cent,  rise  in  vacuum. 

It  should  not  be  lost  sight  of,  however,  that  the  vacuum  should 
be  obtained  by  simple  methods;  and,  consequently,  in  each  in- 
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stallation  the  value  of  tlie  maximum  vacuum  which  can  be  obtained 
is  arrived  at  by  taking  into  account  the  price  of  the  apparatus  and 
the  commercial  value  of  the  ciiculating  water.  If  these  factors 
are  left  out  for  the  time  being,  it  is  found  that  the  other  charges  are 
the  cost  of  jiroducing  tlie  vacuum  and  the  economy  obtained  by 
using  a  turbine.  It  would  be  bad  policy  to  exploit  the  one  at  the 
expense  of  the  other.  The  cost  of  the  necessary  power  for  obtaining 
the  vacuum  includes  that  absorbed  by  the  air  and  circulating 
l)umps.  By  employing  air  jmnijis  of  the  Edwards  type  it  is  found 
that  the  power  absorbed  is  priKtically  indejiendent  of  the  vacuum 
when  this  is  between  66  cm.  and  75-5  era.  As  regards  the  power 
ab.sorbed  by  the  circulating  jjump.  tliis  will  depend  on  many  factors, 
which  will  vary  with  the  particular  case.  For  a  given  condenser 
tlie  power  absorbed  by  the  circulating  pump  will  be  proportional 
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to  the  product  of  the  volume  of  the  water  circulating  per  second,  by 
the  resistance  head  in  feet  opposed  to  the  circulation.  This  being 
determined,  it  may  be  said  that  the  most  economical  vacuum,  in 
the  widest  sense,  will  be  that  which  corresponds  to  a  minimum 
steam  consumption  per  effective  horse-power.  On  account  of  the 
importance  of  the  condenser  from  the  point  of  view  of  steam 
economy,  researches  have  been  made  to  obtain  the  most  efficient 
condenser.     These  researches  had  for  their  object  the  discovery  of 
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an  apparatus  which  gave  the  most  perfect  vacuum,  maintained  by 
the  least  expenditui'e  of  circulating  water,  with  the  least  condensing 
surface,  and  with  the  smallest  capacity  per  pound  of  steam  con- 
densed. 

Prof.  R.  L.  Weighton  has  shown  that  the  tjrpe  of  condenser  known 
as  the  "  Contraflo  "  possesses  many  distinct  advantages  over  the 
older  types.  Comparative  tests  made  on  it  and  on  older  types  of 
condenser  show  that  to  increase  the  efficiency  of  this  equipment  the 
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condensed  water  should  be  passed  tliroughthe  condenser  as  quickly 
as  possible,  and  that  the  velocity  of  the  circulating  water  should 
be  as  high  as  practicable.  Also  the  latter  should  enter  at  the  bottom 
and  leave  at  top  of  the  condensers,  wliile  its  temperature  at  the  outlet 
should  correspond  to  the  vacuum  obtained.  The  temperature  of  the 
condenser  water  should  be  from  3  deg.  to  5  deg.  higher  than  the 
temperature  corresponding  to  the  vacuum  obtained. 
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Pearson  and  Stoney,  considering  the  importance  of  condcnsois  in  a 
steam  turbine  station,  and,  above  all,  the  ]iart  that  they  play  in  eco- 
nomical steam  consumption,  have  designed  an  apparatus  subsidiary 
to  the  condenser  wliich  is  intended  to  increase  the  vacuum.  In 
Fig.  3  is  indicated  the  influence  of  the  variation  of  pressure  on  the 
steam  consumption.  The  diagram  consists  of  two  curves  for  two 
different  machines,  giving  the  limiting  conditions.     The  consumjition 


corresponding  to  a  pressure  of  13  atmospheres  has  been  taken  as 
unity,  the  steam  being  .superheated  through  50  deg. ;  the  engine 
running  on  a  86-7  per  cent,  vacuum.  The  ordinates  of  this  curve- 
give  the  steam  consumption  at  50  deg.  of  sujierheat  e.xpreased  as  a 
percentage  of  that  at  a  pressure  of  13  kg.  The  curves  in  Fig.  4 
show  the  influence  of  superheat  on  the  steam  consumption,  steam 
at  a  pressure  of  13  kg.,  superheat  at  50  deg.,  and  a  vacuum  of  86-6 
per  cent,  being  taken  as  a  basis.  The  two  curves  show  the  limiting 
effects  of  the  superheat  on  two  different  machines.  As  is  well  known, 
superheat  is  specially  desirable  for  machines  which,  when  running 
on  saturated  steam,  are  rather  inefficient ;  for  example,  engines 
having  large  cooling  surfaces,  or  with  large  useless  spaces.  Fig.  5 
gives  the  effect  of  superheat  on  the  consumption  of  a  reciprocating 
engine,  taking  as  a  basis  .50  deg.  of  superheat.  The  ordinates  of 
this  curve  represent  the  steam  consumption  expressed  in  percentages 
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of  that  corresponding  to  50  deg.  of  superheat.  Fig.  6  represents 
the  percentage  variation  in  the  consumption  of  a  reciprocating 
engine  per  degrees  Centigrade  increase  in  superheat,  the  steam  being 
at  13  kg.  and  the  vacuum  86-6  per  cent.  Fig.  2  gives  the  effect  of 
superheat  on  the  steam  consumption  of  the  turbine.  The  ordinates 
of  this  curve  give  the  values  of  the  con.sumption  as  percentages  of 
that  corresponding  to  50  deg.  of  superheat.  Fig.  7  represents  the 
effect  of  vacuum  on  the  consumption  of  turbines.  The  ordinates 
of  this  curve  give  the  variation  as  a  percentage  of  the  steam  con- 
sumption for  each  percentage  variation  in  the  vacuum.  Figs.  8  to 
15  give  the  commercial  efficiencies  for  different  conditions  of  load 
pressure,  vacuum  and  superheat  of  reciprocating  engines  as  com- 
pared with  turbines. 

The  cost  per  kilowatt-liour  in  a  steam  generating  station  contain- 
ing all  the  improvements  detailed  above,  and  possessing  condensing 
water  in  sufficient  quantity,  is  then  considered.     It  is  evident  that 
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in  each  particular  case  different  factors  influencing  the  various 
expenses  and  establishing  the  price  per  kilowatt-hour  will  have  to  be 
taken  into  account.  The  example  here  given  is  that  of  a  station 
supplying  a  tramway  load.  This  station  contains  throe  horizontal 
compound  tandem  engines,  the  expansion  of  which  can  be  varied 
by  a  regulator,  and  which  work  condensing  and  on  superheated 
steam  at  300°C.  Each  machine  is  capable  of  developing  1.4.50 
effective  H.p.  continuously  when  working  at  a  iiressure  of  1'2  atmo- 
spheres and  a  condenser  pressure  of  7  cm.  of  mercury.  This  Dower 
corresponds  to  an  admission  of  a  vohnno  of  steam  e<(ual  to  2^  per 
cent,  of  that  of  the  high-pressure  cylinder.  The  diameter  of  the 
high-pressure  cylinder  is  2  ft.  4  in.,  and  that  of  the  low-pressure 
cylinder  4  ft.  The  stroke  of  the  pistons  is  4  ft.  and  the  sikxkI  is  94 
revs,  per  min.  Each  machine  is  directly  coupled  to  a  1 .0(X1  kw. 
three-phase  alternator,  the  power  factor  being  O'.t.     The  rotor  of 
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this  alternatiu  is  of  the  flj-wheel  type,  its  mumcnt  of  inertia  being 
l.W)  tons-m-'.  The  exciter  sets,  which  work  at  110  volts,  are 
fixed  on  the  end  of  the  shaft  of  each  maeliine.  The  switchboard 
contains  all  the  measuring  instruments  and  usual  switchgear,  to- 
gether with  the  feeder  panels  and  the  switches  for  operating  au.xiliary 
machinery.  The  boiler  house  contains  four  boilers  of  the  Babcock 
&  Wilcox"  type,  having  a  heating  surface  of  ."J.VlX)  sq.  ft.  An  interior 
-superheater  delivers  steam  at  325  deg..  while  the  boilers  are  fitted 
with  automatic  stokers.  The  installation  also  has  four  groups  of 
Green's  economisers  of  90  tubes  each,  a  steam  feed  pump  and  another 
electrically  driven.  The  chimney  is  180  ft.  high  and  has  a  diameter 
of  8(5  ft.  at  the  top.  It  is  capable  of  exerting  a  draught  of  13  mm. 
at  the  furnace  registers,  and  allows  theoiierationof  all  the  six  boilers 
at  full  load  at  the  same  time.  The  capital  outlay  for  this  installation 
is  given  in  the  following  table  : —  '**'  '  Lf 

Engines,  including  pipe  work  ...  £14.400 

Generators,  including  exciters.  &c 7.'2(Mt 

.Switchboard  and  cables    1,800 

Boilers       6,6(M) 

Economisers     2,400 

Pumps  and  pipe  work    ■2,8(MI 

Coal  conveyor 1.000 

Coal  stores   2,000 

Land  and  buildings    10.000 

Chimney,  cranes  and  erection 4,000 

.Miscellaneous       2,000 


Total 


£54,200 


As  regards  the  consumption  of  coal  per  kilowatt-hour,  it  may  be 
noted  that  with  the  alternator  at  one-third  load  the  machine  con- 
sumes ,5.200  calories  per  kilowatt-hour,  at  half  load  5,130,  at  three- 
quarter  load  5.530,  and  at  full  load  4.850.     By  applying  the  correc- 
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THE  TELEFUNKEN  OR  QUENCHED  SPARK 
DISCHARGER. 

BY  J.  A.  FLEMING,  F.R.S. 

In  my  lecture  last  Frid.ay  evening  at  the  Royal  Institution 
time  did  not  permit  me  to  do  more  than  give  a  brief  descrip- 
tion and  show  one  experiment  with  the  multiple  small-gap  flat 
plate  discharger  which  has  been  devised  by  the  experts  of  the 
Gesellschaf t  fiir  Drahtlose  Telegraphie  for  giving  practical  eflfeet 
to  Prof.  M.  Wien's  method  of  excitation  by  shock  in  spark 
telegraphy.  The  methods  now  in  use  by  that  com})any  were 
being  described  by  Count  Arco  in  a  lecture  at  Cologne  at  the 
same  hour  as  my  lecture  in  London,  under  the  title  '"  Das  Neue 
Telefunken  System."  Although  Count  Arco  had  kindly  for- 
warded to  me  an  advance  copy  of  his  lecture,  I  refrained  at  his 
request  from  more  than  a  general  statement  of  the  nature  of 
the  discharger  pending  the  publication  of  his  lecture  in  the 
"  Elektrotechnische  Zeitschrift." 

As  there  seems  ti)  be  an  impression  that  the  Telefunken 
discharger  and  that  of  von  Lepel  are  identical,  it  may  be  well 
if  I  describe  here,  briefly,  experiments  which  1  had  not  time  to 
show  on  Friday  evening,  and  which  seem  to  me  to  prove  that 
the  operative  principles  involved  in  the  two  appliances  are 
difl'erent.  I  explained  in  the  lecture  th.at  when  isochronous 
primary  and  secondary  oscillation  circuits  are  connected  induc- 
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tion  due  to  the  efficiency  of  the  pipe  work  and  that  of  the  boiler, 
the  generating  set  when  running  at  one-third  load  develops  1  kw.- 
hour  per  6,800  calories,  at  half  load  1  kw.-hour  per  6,700  calories, 
at  three-quarter  load  1  kw.-hour  per  5,960,  and  at  full  load  1  k\\:- 
hoiu-per  6,4WJ  calories.  One  kw.-hour  can,  therefore,  be  produced 
per  1-8  lb.  of  coal  if  the  load  on  the  network  varies  between  606  kw. 
and  2,00f)  kw.  This  consumption  of  1-8  lb.  of  coal  takes  into  ac- 
count all  the  losses,  including  that  of  lighting  the  boilers  in  the 
morning.  Taking  the  total  output  of  the  station  as  8,.50(J,000  kw. — 
i.e.,  2,850  kw.-hours  per  kilowatt  installed — and  taking  5  per  cent. 
interest  on  capital,  together  with  a  dcDfeciation  of  4-6  per  cent,  for 
the  machinery  and  3  per  cent,  for  the  buildings,  we  arrive  at  an  ex- 
penditure of  bl4d.  per  kilowatt-hour.  The  other  expenses  of  the 
.station,  including  wages,  lubrication  and  maintenance  charges,  may 
be  estimated  at  007  per  kilowatt-hour,  while  coal  may  be  taken  as 
costing  0-22.5d.  per  kilowatt-hour.  The  total  cost  jjer  kilowatt-hour, 
therefore,  works  out  at  0-435d. 
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Fii,.  1.— Oscillations  in  Inductivelv-coupled  Circuits. 

lively  or  directly,  as  long  as  the  spark  endures  in  the  primary 
circuit  so  long  will  those  reactions  take  place  which  result  in 
the  production  of  a  corajjlex  oscillation  in  both  circuits  resolv- 
able into  oscillations  of  two  freipiencies.  1  illustrated  this 
by  an  experiment  with  two  equal  pendulums  hung  side  by  side 
on  a  loose  string,  and  showed  \>y  means  of  my  cymometer 
that  in  the  similar  electrical  case  of  two  eijual  coupled  circuits 
oscillations  of  two  frequencies  were  {)resent.  if  time  had 
jicrmitted,  it  coulil  have  been  also  shown  by  the  cymometer 
that  these  two  oscillations  were  present  in  the  primary  as  well 
as  in  the  secondary  oscillation  circuit  when  using  the  ordinary 
spark-gap  in  the  primary.  The  Telefunken  discharger  is  based 
on  the  known  fact  that  the  damping  of  very  short  sparks  is 
extremely  large,  and  that  if  we  can  "quench"  or  .';top  the 
primary  oscillations  after  one  or  two  swings  the  secondary 
ciicuit  then  continues  to  oscillate  freely  with  a  single  period, 
as  shown  in  Fig.  1. 

Tiie  discharger  I  used  consisted  of  12  round  flanged  plates 
of  copper,  5  in.  in  diameter,  the  surfaces  being  turned  true  and 
having  a  groove  in  tliem  (see  Fig.  2).  A  mica  ring  is  inter- 
posed between  each  pair  of  copper  plates  of  such  size  that  the 
mica  half  covers  each  groove.  This  groove  is  important,  for 
without  it  the  discharge  spark  tends  to  take  place  always  at 
the  edge  of  the  mica.  The  mica  is  of  such  thickness  as  to 
make  an  air  space  of  not  greater  than  O'Ol  in.  between  the 
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flat  copper  surfaces.  In  this  discharger  we  have  then,  say,  11 
air  gaps,  each  about  001  in.  wide  and  of  circular  section. 
When  this  discharger  replaces  the  ordinary  spark-gap  in  the 
primary  circuit  it  damps  out  instantly  the  primary  spark,  and 
hence  excites  the  free  oscillations  in  the  secondary  circuit  by 
shock.  If,  then,  we  place  the  cymometer  alongside  of  the 
secondar}'  circuit  we  find  in  it  oscillations  of  only  one  fre- 
quency and  not  two.  Also,  if  we  place  it  alongside  the  pri- 
mary circuit,  we  cannot  detect  in  that  circuit  anj'  oscillations, 
because  they  are  so  rapidly  damped  out  that  they  have  too 
small  a  mean  square  value  to  affect  the  cj'mometer  or  cause 
the  Neon  tube  to  glow  perceptibly. 

In  consequence  of  this  rapid  damping  it  is  possible  to  em- 
ploy an  alternator  having  a  frequency  of  1,000  to  2,000  to 
create  a  corresponding  number  of  primary  discharge  sparks 
per  second,  without  producing  any  true  arc  discharge.  The 
rapid  cooling  of  the  discharge  surfaces  entirely  prevents  it. 

The  discs  for  this  purpose  are  made  of  copper  or  silvered 
copper  plates,  and  in  the  case  of  large  discharges  the  discs  are 
made  hollow  and  water-cooled. 

The  rapid  succession  of  highly-damped  primary  sparks 
creates  then  an  equally  rapid  succesion  of  very  feebly  damped 
trains  of  oscillations  in  the  secondary  circuit  having  a  very 
large  mean-square  value,  and  therefore  possessing  many  of  the 
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Fig.  2. — Plax  and  Section  showinc  Portion  of  Disciiarcer. 

properties  of  undamped  oscillations  generated  without  any 
true-arc  eflfect.  The  operation  of  this  discharger  seems  to  me 
therefore  essentially  different  from  one  in  which  an  oscillatory 
arc  is  created  between  metal  surfaces  by  the  employment  of  a 
continuous  or  direct  current,  neither  is  its  operation  dependent 
oa  the  presence  of  an  atmosphere  of  hydro-carbon  vapour.  On 
the  contrary,  it  may  be  described  as  having  most  perfect  arc- 
quenching  properties  possible. 

The  Telefunken  discharger  could  not,  therefore,  be  placed  in 
the  circuit  of  the  antenna  as  is  the  generator  shown  in  the 
diagram  of  circuits  in  the  article  describing  the  von  Lepel 
system  in  The  Electrician  of  May  Uth,  whereas  that  later 
;.iodc  of  connection  is  quite  consistent  with  a  performance  of 
«  discharger  which  is  essentially  an  arc  method  and  not  a 
spark  method. 

Three  other  properties  of  the  Telefunken  discharger  deserve 
notice.  It  is  almost  noiseless,  anH,  being  entirely  enclosed, 
could  be  used  in  an  inflammable  atmosphere.  It  seems,  tlierc- 
fore,  likely  to  be  of  use  in  balloons  or  airships,  where  an  open 
or  naked  spark  could  not  be  employed.  Finally,  as  the  whole 
of  the  energy  transferred  to  the  secondary  circuit  expends 
Itself  in  the  production  of  radiation  of  one  single  wave-length 
It  must  be  more  econouiical  than  methods  which  generate 
waves  of  two  wave-lengths,  but  capture  at  the  receiver  radia- 
tion conveyed  by  only  one  of  these  wave-lengths. 


THE  UTILISATION  OP  THE  TOTAL  RADIATION  FROM 
AN  INDUCTIVELY  COUPLED  ANTENNA  IN  RADIO 
TELEGRAPHY. 

I!Y   J.    A.    FLEMING,    F.R..S. 

When  a  radiating  antenna  in  a  radio-telegraphic  station  is 
coupled  inductively  and  not  very  loosely  to  a  spark  con- 
denser circuit,  it  is  well  known  that  a  compound  radiation 
which  may  be  resolved  into  waves  of  two  wave-lengths  is 
radiated  from  it.  If  the  coupled  circuits  are  separately  synto- 
nised, and  each  taken  separately  has  a  natural  frequency  n 
corresponding  to  a  wave  length  A,  then  when  coupled  with  a 
coefficient  k  the  waves  radiated  have  wave  lengths  A,  and  A,> 
such  that 

A,  =  A  yi+/fc, 
A2  =  Av'r^ 

If  a  corresponding  receiving  antenna  is  set  up  it  is  generally 
syntonised  only  to  one  of  these  wave-lengths,  and  hence  a  con- 
siderable part  of  the  radiated  energy  may  not  be  absorbed  by 
the  receiver  circuit. 

It  is  cle^ir,  however,  that  if  we  render  the  radiation  from  the 
transmitting    antenna   monocymatic — that    is,    consisting     of 


A,  Antenna. 

Cj,  Ci;,  Condensers. 

I-i,  L...  Inductances. 


Di,  U.J,  Rectifying  detectors  i: 

recciviuf?  circuits. 
T,  Double-wonnd  telephone. 


waves  of  a  single  wave-length — the  energy  loss  would  be 
avoided  which  is  incurred  when  we  capture  the  waves  of  one 
wave-length  onl}-.  This  is  acliieved  at  present  in  Germany  by 
the  adoption  of  methods  of  spark  excitation  which  are  ba>;ed  on 
Prof.  M.  Wien's  method  of  rapid  damping  of  the  primary  spark. 
If  we  are  employing  an  inductively  coupled  transmitter  then,  as 
long  as  the  primary  spark  continues,  the  primary  and  secondary 
system  are  in  inductive  relation  and  re-acting  on  each  other  to 
produce  the  double  wave  or  dicymatic  radiation.  If,  how- 
ever, as  Wien  suggested  in  190G,  we  can  damp  out  with  great 
rapiditj'  the  primary  spark,  tlieu  the  primary  circuit  becomes 
open  almost  immediately  and  ceases  to  act  on  the  secondary. 
The  free  oscillations  of  the  antenna  then  continue  and  the 
system  radiates  waves  of  onlj-  one  wave-length.  This  is 
achieved  in  practice  by  taking  ad\-antage  of  the  very  large 
damping  of  very  short  sparks  by  employing  a  spark  ilischarger 
consisting  of  a  number  of  metal  surfaces  with  very  small  space 
intervals  between  tlicin.  The  primary  spark  is  then  quenched 
with  great  rapidit}'  and  the  action  upon  the  secondary  or 
antenna  circuit  is  of  the  nature  of  a  blow  or  shock,  setting  up 
the  free  oscillations  of  tl'.o  secondary.  For  this  reason  this 
method  of  excitation  is  called,  in  Germany,  "  Stosserregung." 
It  has  occurred  to  me  lately  that  the  ordinary  spark  metliod 
in  which  fairly  close  or  inductive  coupling  and  a  non-quenched 
spark  are  employed,  can  be  made  more  efficient  if  we  absorb 
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both  the  waves  radiated  simultaneously  from  the  transmitter 
at  the  receiving  end. 

This  can  be  done  by  employing  two  receiving  sets  coupled 
independently  to  one  receiving  antenna  as  in  Mr.  Marconi's 
method  for  simultaneous  reception  of  two  sets  of  signals,  one 
of  these  syntonised  to  one  of  the  wave-lengths  of  the  induc- 
tively coupled  transmitting  antenna  and  the  othei'  one  to  the 
second  wave-length.  The  oscillation  detectors  employed  must 
be  of  a  type  suitable  for  telephonic  reception,  such,  for  instance, 
as  a  rectifying  contact-detector,  a  glow  lamp  detector,  or  a 
magnetic  detector.     (,S('<? illustration.) 

Associated  with  these  two  receiving  sets  a  double-wound 
telephone  should  be  employed,  one  circuit  of  which  is  in  con- 
nection with  the  detector  of  one  receiving  set  and  the  other 
with  that  of  the  other.  In  this  manner  the  telephone  would 
be  simultaneously  affected  l>y  the  two  trains  of  waves  of 
different  wave-lengths  emitted  by  the  transmitting  antenna, 
each  train  affecting  its  own  receiving  set  attached  to  the 
receiving  antenna  in  the  manner  shown  in  the  diagram. 

The  energy  conveyed  to  the  telephone  diaphragm  would, 
therefore,  come  from  the  radiated  waves  of  both  wave  lengths 
and  not  from  only  one  of  them.  Hence  a  closer  coupling  than 
usual  could  be  employed.  It  is  usual  in  inductively  coupled 
transmitters  to  employ  a  coefKcient  of  coupling  which  is  fairly 
low,  saj-  10  per  cent.  The  two  waves  radiated  then  have 
wave  lengths  in  the  ratio  of  v'9  :  v'll.  On  the  other 
hand,  the  energy  conveyed  to  the  antenna  by  such  loose 
coupling  is  greatly  reduced,  and  if  we  desire  to  pick  up 
energy  from  both  waves  by  a  single  receiving  set,  its  circuits 
must  be  very  much  damped.  This  is  an  obstacle  to  sharp 
tuning  or  reasonal)le  isolation  of  the  receiver.  On  the  plan 
suggested  above — viz.,  by  the  use  of  two  receiving  sets  and  a 
dcuble-wound  telephone — it  would  be  possible  to  employ  a 
fairly  close  coupling  in  the  tr.ansmitter,  also  to  employ  feeble 
damping  in  the  receiver  circuits  and  utilise  the  energy  con- 
veyed b)-  both  sets  of  waves  in  reception  so  as  to  effect  a  better 
economy  in  the  total  efficiency  of  transmission. 


THE  MANOFACTURE  OF  NITRATES  FROM  THE 
ATMOSPHERE  BY  THE  ELECTRIC  ARC— BIRKE 
LAND-EYDE  PROCESS. 


BY    S.\M    EYDE. 


Reference  is  first  made  to  early  e.xjjeriments,  and  the  Birkeland- 
Ej'de  proces.s  is  then  described.  The  difference  between  previous 
metliods  and  that  of  Birkeland-Eyde  is  that  the  latter  have  applied 
large  quantities  of  electric  energy  in  the  electric  arc,  and  have  found 
out  the  best  method  of  doing  this,  while  it  was  previously  believed 
that  it  was  small  quantities  of  energy  that  gave  relatively  the  best 
results.  On  electrodes  of  IS  cm.  thick  copjier  tubing,  tluough  which 
water  passes  for  cooling  them,  one  can  take  up  over  1, 500 H. P.,  with  a 
fiame  1  -8  metres  in  diameter.  The  chamber  in  which  the  flame  burns  is 
circular,  of  only  a  few  centimetres  widtli,  and  about  2  metres  diameter. 
After  the  oxide  of  nitrogen  is  formed  in  the  furnace,  it  is  converted 
in  the  oxidation  tank  into  dioxide  of  nitrogen,  and  in  the  absor[)tion 
towers  into  nitric  acid. 

The  first  attemi>ts  were  made  at  Frognerkilens  factory  in  li)03. 
As  we  could  not  obtain  more  than  20  kw.  of  electric  energy  there. 
the  experimental  station  was  removed  in  October,  I'JO.'f.  to  a  building 
of  our  own  on  Ankerliikken.  with  power  from  the  Christiania  muni- 
cipal electric  power  station,  and,  to  obtain  still  more  power,  to 
X'asmoen,  near  Arendal,  and  later  to  Notodden.  Of  the  36  furnaces 
installed,  32  receive  their  power  from  Svajlgfos  and  four  from  Tinfos 
power  station. 

The  temperature  of  our  flames  exceeds  S.OOCC.  or  perhaps  3,.'>00°C'. 
The  temperature  of  the  escaping  gases  may  vary  between  H(X)  deg. 
and  1.000  deg.  during  ordinary  working.  The  furnaces  are  made 
of  cast  steel  and  iron,  the  middle  of  the  furnace  being  built  out  to  a 
circular  flame  chamber.  Tlie  electrodes  are  led  radially  into  this 
flame  chamber.  By  aid  of  centrifugal  fans,  the  air  is  brought  into 
each  furnace  through  tufies  from  the  basement.  When  the  air  in 
the  flame  chamber  has  l)een  treated  by  the  electric  flames,  the  nitrous 
gases  formed  p.ass  out  through  a  channel  built  along  the  casing  of 
the  furnace  and  thence  out  through  the  lower  part  of  the  furnace  to 
two  fireproof-lined  gas-collecting  pipes,  about  2  metres  in  diameter, 
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which  convey  the  gas  through  the  basement  out  to  the  steam  boiler 
liousc.  In  the  boiler  house,  the  gas  pas.ses  through  four  steam 
boilers,  in  which  the  temperature,  which  was.  as  mentioned.  1,000°C., 
is  reduced.  The  heat  given  off  by  the  gas  is  used  for  concentrating 
the  products,  and  in  the  winter  time  for  warming  the  factory  build- 
ings. The  steam  produced  in  the  boilers  is  utilised  in  the  further 
treatment  of  the  jjroducts.  In  the  boiler  house  there  are  also  two 
large  and  two  small  air  compressors,  which  supply  compressed  air 
for  pumping  acids  and  lye  in  the  factory's  various  chemical  depart- 
ments. 

The  gases  pass  on  from  the  steam  boilers  tlu-ough  an  iron  pipe  into 
the  cooling  house,  with  the  object  of  completing  the  cooling  com- 
menced in  the  steam  boilers.  This  cooling  is  necessary  in  order  to 
olitain  a  suitable  absorption.  Each  cooler  consi.sts  of  a  great  number 
of  aluminium  tubes,  over  which  cold  water  runs,  while  the  hot  gases 
pass  through  them.  The  temperature  of  the  gas  is  considerably 
reduced.  From  the  cooling  chambers  the  gases  go  on  to  the  oxidation 
tanks. 

These  oxidation  tanks  are  vertical  iron  cylinders  lined  with  acid- 
jjroof  stone.  The  object  is  to  give  the  cooled  gases  a  sufficient 
pei'iod  of  repose,  in  which  the  oxidation  of  the  oxide  of  nitrogen  may 
have  time  to  take  place.  The  necessary  amount  of  oxygen  is  present 
in  ample  quantity  in  the  air  which  accompanies  the  gases  from  the 
furnaces.  From  the  oxidation  tanks  the  gases  are  led  into  the 
absorption  towers.  All  the  towers  are  filled  with  broken  quartz, 
which  is  neither  affected  by  nitrous  gases  nor  by  nitric  acid.  To 
assist  the  passage  of  the  gases  on  their  way  from  the  furnaces  there 
are  centrifugal  fans  constructed  of  aluminium  on  each  row  of  towers. 
The  gases  enter  at  the  base  of  the  first  tower,  go  up  through  the  quartz 
))aeking.  and  thence  by  a  large  earthenware  pipe  enter  the  top  of 
another  tower,  tluough  which  they  pass  downwards  thiough  the 
quartz  to  the  bottom  of  the  third  tower,  and  so  on  until  the  air, 
relieved  of  all  nitrous  gases,  leaves  the  last  tower.  Water  trickles 
through  the  granite  towers,  and  this  is  gradually  converted  into  a 
\(eak  nitric  acid,  while  the  liquid  used  in  the  wooden  towers  is  a 
solution  of  soda.  The  absorbing  liquid  enters  the  top  of  the  tower 
and  is  distributed  in  jets  by  a  series  of  earthenware  pipes,  so  that 
the  )iermeating  gases  come  in  immediate  contact  with  the  absorbing 
liquid.  In  the  granite  towers  nitric  acid  is  thus  formed,  and  in  the 
wooden  towers  a  solution  of  nitrate  of  soda. 

The  liquid  emerges  in  a  constant  even  stream  from  the  bottom  of 
the  towers,  that  from  the  granite  towers  running  into  a  granite 
cistern.  Hence  it  flows  into  the  "  montcjus,"  which  serve  to  pump 
up  the  acid,  which  has  to  pass  repeatedly  through  the  tower  before 
it  has  become  strong  enough  for  the  purpose  for  which  it  is  intended. 
The  "  montejus  "  are  of  stoneware  strengthened  with  iron  shields, 
are  worked  by  compressed  air,  and  send  the  acid  up  into  large  stone- 
ware jars.  From  these  jars  the  acid  again  runs  through  the  tiivers 
as  described.  The  "  montejus"  work  automatically.  The  wooden 
towers  are  percolated,  as  already  mentioned,  by  a  solution  of  soda, 
otherwise  the  whole  process  is  jjiactically  similar  to  that  in  the 
granite  towers.  The  solution  of  soda,  owing  to  its  far  greater  power 
of  absorption,  ett'ects  the  separation  of  the  last  remains  of  nitro- 
genous gases  from  the  accompanying  au.  Of  the  entire  quantity 
of  nitrous  gases  passed  through  the  absorption  system  about  97  per 
cent,  is  absorbed.  The  finished  nitric  acid  coming  from  the  towers, 
which  has  a  strength  of  about  30  jier  cent,  by  volume,  is  collected  in 
granite  cisterns,  from  which  it  is  drawn  to  what  is  called  the  "  dis- 
solution works."  These  consists  of  granite  vats  filled  with  limestone, 
over  which  the  acid  is  i)oured.  This  drives  off.  with  violent  effer- 
vescence, the  carbonic  acid  contained  in  the  limestone,  while  the 
nitric  acid  takes  its  place  and  forms  a  watery  solution  of  nitrate  of  j 
lime  or  calcium  nitrate.  This  solution  of  nitrate  of  lime  is  now 
pumped  into  vacuum  evaporating  apparatus.  The  object  of  boiling 
in  vacuum  is  the  well-known  fact  that  great  saving  is  thereby  effected  ' 
in  the  heat  required.  ( 

The  steam  required  for  the  evaporation  is  obtained  from 
the  steam  boilers,  heated,  as  before  mentioned,  by  furnace  gases. 
The  concentration  of  the  nitrate  solution  in  the  cvaporising 
plant  is  continued  until  the  specific  weight  of  the  liquid  at 
a  given  temperature  shows  a  content  of  13  per  cent,  of  nitrogen. 
This  solution  is  then  sufficiently  evaporated,  and  can  be  pumped  up 
into  the  solidification  chambers.  These  are  fitted  with  shallow  iron 
pans,  under  which  cold  air  is  ])umped  to  accelerate  cooling.  After 
some  time  the  nitrate  stiffens  into  a  brittle,  crystalline  mass,  hard 
as  stone.  This  is  Vjroken  up  into  lumps,  and  is  taken  into  the  crush- 
ing machines.  These  consist  of  ball  crushing  mills,  which  reduce 
the  mass  to  a  granular  state.  The  coarse  powder  so  ))roduced  is 
rai.sed  by  elevator  to  a  vat,  from  the  bottom  of  which  it  is  tapped 
into  ciusks  holding  100  kilos,  net  weight. 

The  barrels  are  mads  at  our  own  coopers'  shop  and  arc  lined  with 
paper  to  guard  against   lamp.     The  colour  of  the  product  depends 
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on  the  limestone  used  in  the  manufacture.  The  nitrate  cif  lime  is 
used  in  various  chemical  works  as  well  as  for  manure,  the  only  dif- 
ference being  that.  ft)r  the  former  purpose,  tlie  jiroduct  is  not  ground 
fine,  but  is  run  direct  in  the  liquid  state  into  thin  iron  drums,  in 
which  it  stiffens  into  a  .solid  ma.ss. 

As  to  the  further  treatment  of  the  nitrite  formed  in  the  alkaline 
towers,  when  this  is  pumped  away  from  the  towers  it  contains,  be- 
sides nitrite  and  w.ilcr.  also  some  nitrate  of  soda  and  Ijicarbonate. 
The  further  j)rocess  is  designed  to  separate  the  ])in'e  nitrite  from  the 
other  substances.  This  is  accomplished  by  first  boiling  away  some 
of  the  water,  which  is  done,  as  in  the  case  of  the  nitrate  solution.  Ijy 
.steam  from  the  steam  boilers,  heated  by  the  furnace  gases.  The 
nitrite  solution,  concentrated  to  a  suitable  boiling  state,  is  run  into 
crystallisation  pans,  in  which  the  crystallisation  of  the  nitrite  takes 
place.  The  crystals  are  separated  by  eentrifuyal  means  and  are  con- 
veyed by  a  screw  transporter  to  a  dryiuL'  ap|iaratus,  where  they  are 
subjected  to  a  current  of  hot  air.  The  tinish(Hl  product  is  then  run 
into  casks  containing  ."500  kilos,  each.  These  are  likewise  made  in  our 
own  shops.  This  nitrite  of  soda  is  used  as  the  raw  material  in  the 
manufacture  of  certain  kinds  of  aniline  colours.  The  manufacture 
of  nitrite  is  carried  on  in  a  special  building. 

In  the  entire  process  of  manufacture,  both  of  nitrits  and  nitrate,  no 
coal  is  used  ;  all  the  machinery  is  worked  by  electric  ])ower.  and 
for  heating  and  evaporating  the  nitrate  and  nitrite  solutions  the  only 
steam  employed  is  that  obtained  by  the  hot  gases  passing  through 
a  system  of  steam  boilers.  We  are,  moreover,  in  our  industry,  not 
confined  to  the  two  products  hitherto  mentioned — nitrate  of  lime  and 
nitrite  of  soda  ;  but  have  possibilities  for  the  development  of  a 
whole  series  of  new  industries,  of  which  I  will  specially  name  the  pro- 
duction of  nitric  acid,  nitrate  of  ammonia,  nitrate  of  ])otassium  and 
others.  We  have  succeeded,  in  conjunction  with  the  Nobel  (nitro- 
jijlycerine,  &c.)  Synd.,  in  concentrating  our  weak  acids  by  means  of 
gases  from  our  furnaces,  to  acids  of  a  high  percentage  which  can  be 
Iransported. 

The  concluding  port  ion  of  the  Paper  de.scribes  trials  with  nitrate  oi 
lime  for  agricultural  purposes  in  Norway,  Sweden,  France.  Germany. 
Austria-Hungary,  Italy,  and  also  in  tlae  United  Kingdom.  These 
experiments  .show  that  nitrate  of  lime  is  equal  to  nitrate  of  .soda  as 
a  manure. 


THE    ELECTRIFICATION    OF    THE    L.B.  &  S.C. 
RAILWAY'S  SOOTH  LONDON  LINE. 

Thanks  to  the  courtesy'  of  Mr.  Philip  Daw.son,  electrical 
adviser  to  the  L.B.  &  S.C.  Railway  Co.,  who  desio;ued  all 
the  work  in  connection  with  the  electrification  of  the  South 
London  Line,  and  under  whose  supervision  the  entire  work 
ifl  being  carried  out,  we  are  in  a  position  to  give  further 
details  regarding  some  of  the  more  special  features  adopted 
in  the  overhead  construction. 

A  description  of  this  kind  is  not  out  of  place  in  view  of 
th6  fact  that  a  regular  train  service  for  educating  drivers 
has  been  in  operation  since  the  beginning  of  May,  and  that 
it  is  expected  that  the  service  will  be  extended  into  Victoria 
station  during  the  course  of  next  month.  It  is  probable 
that  the  management  may  not  wish  to  begin  the  dense 
service  it  proposes  to  run  on  the  electrified  line  till  after  the 
summer  holidays,  and  we  may  then  expect  a  very  improved 
service  to  be  in  operation  between  Victoria  and  London 
Bridge  by  the  end  of  September  or  beginning  of  Octobei'. 
This  service  should  be  much  appreciated  by  the  suburbans 
who  live  in  the  neighbourhood  of  this  line,  in  consequence 
of  the  great  increase  in  speed  and  frequency,  which,  owing 
to  the  adoption  of  electricity,  the  Brighton  Company  will 
be  able  to  give  them. 

'  It  is  understood  that  the  company  are  already  so  well 
satisfied  with  the  results  at  present  obtained  from  the  pre- 
liminary running  that  they  seriously  considei-  extending 
the  seivice  to  the  Crystal  Palace,  and  we  feel  sure  tiiat 
such  an  action  on  their  part  will  be  good  policy,  and  that 
the  expenditure  will  be  well  repaid  by  the  considerable  in- 
crease in  traffic  which  such  an  extension  would  bring. 

We  had  occasion  last  week  to  refer  to  Mr.  Aspinall's 
mportant  address  to  the  Institution  of  Mechanical  Engi- 


neers, and  would  take  this  opportimity  of  pointing  out  that 
his  experience  clearly  demonstrates  that  no  success  is  pos- 
sible unless  electrification  is  pushed  sufficiently  far  out,  and 
we  trust  that  this  view  will  be  taken  by  the  Brighton 
Company,  and  that  they  will  immediately  extend  their 
electrification. 

The  overhead  construction  designed  by  Mr.  Philip  Dawson 
and  adopted  on  the  L.B.&S.C.  Railway  is  different  to  anything 
which  has  hitherto  been  erected,  and  although  the  original 
plans  date  back  nearly  four  years — that  is  to  say,  before 
the  results  of  the  New  York,  New  Haven  &  Hartford  elec- 
trification were  available — it  is  satisfactory  to  consider  that 
the  conditions  had  so  far  been  gauged  as  apparently  to  render 
the  construction  adopted  satisfactory  from  all  points  of  view. 

In  the  first  place,  each  catenary  is  separately  erected 
and  separately  adjustable  by  means  of  two  turnbnckles 
placed  in  each  catenary  .span.  By  this  means  erection  is 
facilitated  in  the  case  of  lines  with  dense  traffic  and  re- 
newals of  individual  spans  made  easy.  Furthermore,  in 
case  of  having  to  cut  a  span  to  enable  a  wrecking  crane  to 
be  worked  in  case  of  a  bad  accident,  this  could  be  easily 
and  rapidly  done  and  the  span  made  good  in  a  very  short 
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insulators)  at  W.4Ndsworth-ro.\d  Station. 

time.  All  span.s  are  nund)ered.  and  it  is  possible  to  cal- 
culate the  sag  required  for  each  so  as  to  obtain  perfectly 
balanced  stresses  on  the  supports,  and  this  has  been  proved 
by  actual  experiment  to  be  the  case  In  this  construction 
onlv  three  types  of  in.stdators  have  been  used,  and  each 
tvpe  has  special  fittings  which  enable  it,  complete  with  the 
fittings  which  are  attached  to  it,  to  be  used  in  every  case 
where  this  particular  size  is  employed— in  other  words,  each 
insulator  is  interchangeable.  All  three  types  of  insulators 
are  of  the  spool  pattern,  and  they  are  all  used  in  such  a  way 
that  the  axis  of  the  insulator  is  in  the  horizontal  plane, 
so  as  to  provide  for  the  surfaces  of  the  corrtigations  being 
kept  fairly  clean  by  natural  means. 

Double  insulation  is  used  throughout  the  whole  con- 
struction, and  only  porcelain  is  used  as  an  insulator.  The 
double  insulation  "is  supplied  by  what  is  called  the  mam 
insulator  and  a  smaller  one  known  as  the  auxiliary  one. 
All  the  main  insulators  have  been  tested  to  05,000  volts 
for  30  minutes  and  the  auxiliary  ones  to  25,000  volts  for 
the  same  period. 

The  third  tvpe  of  insulator  is  used  in  connection  with  the 
section  insulators  and  for  suiniorting  the  trolley  or  col- 
lector bow  fixed  to  the  top  of  the  motor  coach  roof.     The 
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trolley  wire  is  cireiilar  in  section  and  I  in.  in  dianietei'. 
having  a  groove  on  either  side  into  wliich  the  nietlianieal 
clips  fit  by  means  of  which  the  conductor  is  supported  from 
the  catenaries.  The  droppers  supporting  the  trolley  wire 
are  solid  rods,  having  loops  at  one  et\d  hung  in  correspond- 
ing loops,  fixed  by  means  of  special  clip.s  to  the   trolley 
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Fi.:.  2.— L.B.  &  S.C.  Railw.w  Om.i.hhi.  i  N-iur.rioN  (\viNr> 
ties)  on  bridi;f.  over  Brixton  Statkjn,  Sm  tii  Eastern  &  Chatham 
Railway. 

wire.  When  the  length'of  a  diopper  exceeds  3  ft.  (i  in.. 
droppers  composed  of  two  sections,  one  hung  from  the 
other  bv  means  of  a  loop,  are  used,  so  as  to  give  the  greatest 
flexibility  in  the  vertical  plane  whilst  a.ssuring  the  greatest 
rigidity  in  the  horizontal  one.  The  relative  weight  of  the 
clips  to  that  of  the  trolley  wire  is  so  small  that,  with  the 
arrangement  f)f  supports  adopted,  there  is  no  jcnock  of  any 


Fig.  3. — L.B.&S.C.    Uaii.wav  Oveuiikah  (jn.vsrRn]  ion,  simu  im, 

WIRES    UNDER    I,0\V    FOOT    IJRIDOE    AT  WaNDSWOUTII    ROAD    SlATION. 

kind  when  the  collector  bow  passes  under  a  trolley  wire 
clip.  Undei-  low  bridges  the  flexible  method  of  supports 
is  also  carried  out,  although,  in  order  to  prevent  a  bow  from 
tilting,  a  second  conductor  has  had  to  be  introduced. 

Figs.  1  and  2  show  the  general  construction  described 
above.     In    the   former    illustration    a    section  insulator 


is  shown  as  well  as  the  general  con.struction  adojited  where 
girders  span  the  whole  construction.  It  should  he  pointed 
out  that,  as  far  as  the  method  of  connection  of  the  feeder 
cables  to  the  overhead  line  is  concerned,  that  shown  in  the 
illustration  is  not  the  pei'manent  one  adopted,  but  is  only 
temporarily  installed.  Fig.  2  shows  the  construction 
over  a  bridge  in  which  the  wind  ties  have  been  used  to 
support  the  catenaries  from.  The  special  construction  used 
at  low  bridges,  as  well  as  the  duplication  of  the  wires  at 
these  sjiots.  lequired  in  order  to  keep  the  bow  from  coming 
too  near  any  portion  of  the  bridge  structure,  is  .shown  in 
Fig.  .'5.  In  this  illustration  the  special  arrangement  adopted 
to  provide  flexibility  of  the  trolley  wire  in  the  vertical 
plane  is  clearly  shown.  This  is  obtained  by  using  a  .special 
form  of  span  wire  construction. 

Fig.  4  shows  the  side  bracket  arm  construction  adopted, 
and  in  this  connection  it  should  be  pointed  out  that  the 
en' ire  overhead  construction  has  been  so  designed  that  no 
tools,  except  possibly  a  hammer  and  a  chisel,  are  required 
for  removing  or  replacing  any  of  the  main  insulators,  and 
ihat  this  can  be  done  in'a  minute  or  two. 


I'"ii;.  1.— L.B.  &  S.C.  I'lAii.wAY  0\  !'riii;aii  CoNsTiarrmN  (side 
lani'KRTs),  i.ooKiNc;  from  1)i;n\i\rk  Uii.t.. 

Some  sort  of  pull  or  ]>u.sh-ofr  is  required,  iH)t  only  at 
curves,  but  also  in  order  to  provide  on  the  straight  lines 
lor  the  stagger  or  zig-zag  of  the  wire  required  to  prevent 
grooving  of  the  collectoi'  strip.  Hitherto  this  has  been 
effected  by  introducing  additional  insulatois  into  the  con- 
struction. In  the  case  of  the  Brighton  line  electrification 
this  has  been  avoided  by  the  arrangement  clearly  shown 
in  Kig.  ").  Jt  will  be  seen  that  the  i)ull-ofFs  consist  of  tubes 
fixed  by  means  of  a  clamp  to  the  turnbuckle  on  either  .side 
of  the  secondary  insulators,  and  that  for  the  apex  of  the 
angle  formed  by  them  a  hinged  tube  is  fixed  to  clip  on  the 
top  of  each  trolley  wire.  By  this  means,  whilst  laterally 
the  trolley  wire  is  rigidly  held  in  its  proper  jiosition,  its 
vertical  flexibility  is  in  no  way  interfered  with,  it  is  be- 
lieved that  this  is  the  first  time  that  a  pull-off  arrangemetit 
has  been  designed  which  does  not  require  the  use  of  addi- 
tional insulators. 

Fig.  (j  shows  the  construction  adopted  at  cross-over  roads. 
It  will  be  observed  that  the  double  catenary  construction 
is  maintained  throughout,  the  two  catenaries  being  insulated 
by  a  double  strain  insulator,  as  shown  just  over  the  section 
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insulator.  It  will  be  also  noticed  that  "  deflectors  "  have 
been  introduced  in  order  to  enable  the  bow  to  run  smoothly 
over  the  cross-over  road,  and  to  obviate  its  catching  in  the 
angle  where  the  two  trolley  wires  join  each  other. 

We  hope  at  a  later  date  to  be  in  a  position  to  give  a 
complete  description  of  this  very  interesting    installation, 


Fifi.  5.— L,B    &  S.C  R.\1L\VAY  OvEEnK.\i)    Cosstkuction,  siro\viN(! 

PCLL-OII-    AKRANllKMENT    USED    XT   BaTTERSE.I    PaRK     St.VTION,      I.OOKIKC 

TOWARiis  Vii'TDUiA  Station 

the  re-ults  of  which  are  so  eagerly  being  awaited  by  all  the 
railway  and  engineering  world. 

The  contractors  for  the  complete  electrification  of 
the  South  London  Line  were  the  Allgemeine  Electricitats 
Gesellschaft,  of  B.'rlin.  Their  sub-contractors  for  the 
whole  of  the  overhead  construction,  switch-cabins  and 
cable  work  were  Mes-rs.  Robert  W.  Blackwell  &  Co.  The 
cables  were  supplied  bv  Messrs.  Siemens  Bros.  iV  Cm.  and 


rii:.  6.— L.K,  &  S.C.   IvAn.wAV  Ovkkiikad   CoN'sTuri'TiON,   showinu 

I'ROSS  (iVKi:    UOAll    INSTALLEll    AT    BltlXTON    ST.VTION. 

Messrs.  Johnson  &  Phillips.  The  switchgear  was  manufac- 
tured by  the  British  Thomson-Houston  Co.  at  Rugby,  the 
trolley  wire  being  supplied  by  Messis.  Fred  Smith  &  Co. 

The  whole  of  the  rolling  stock  was  supplied  by  the 
Metropolitan  Amalgamated  Carriage  &  Wagon  Co.,  of 
Birmingham,  all  the  work  being  carried  out  to  the  plans 
and  specificat'.ons  and  under  the  supervision  of  the  elec- 
trical adviser  of  the  railway  company. 


DISTILLATION  OF  TURPENTINE  BY  ELECTRICITY.* 

BY    F.    T.    SNYDER. 

In  obtaining  turpentine  from  pine  wood  by  distillation  care  lia.s  to 
be  taken  tliat  the  temperature  is  kept  within  certain  narrow  limits. 
If  the  temperature  be  too  high  part  of  the  turpentine  produced  is 
destroyed,  while  if  it  be  too  low,  part  i.s  left  in  the  wood. 

It  has  been  known  for  many  years  that  the  fir  wood  of  the  North 
Pacific  Coast  contains  a  considerable  quantity  of  turpentine,  and 
efforts  had  been  made  to  utilise  it  as  a  basis  for  the  commercial  pro- 
thictiiin  of  turpentine.  The  principal  difficulties  encountered  were 
those  inherent  in  the  close  regulation  of  temperature  neces.sary. 
Some  years  ago,  the  obvious  possibility  of  close  temperature  regula- 
tion obtainable  with  heat  from  electricity  suggested  this  method  for 
the  distillation  of  turpentine  from  fir  wood.  At  Vancouver,  British 
Columbia,  a  considerable  supply  of  waste  fir  wood  was  available,  in 
the  form  of  saw-mill  refuse,  and  electricity  from  water  power  was 
obtainable  at  a  low  cost.  An  e.xperiraental  electric  turiientine  pl.int. 
with  a  capacity  of  1/16  of  a  cord,  was  erected  and  tested,  and  sub- 
sequently reported  upon  by  Dr.  T.  H.  Bray,  of  the  Massachusetts 
Institute  of  Technology.  As  a  result  of  Dr.  Bray's  report,  a  com- 
mercial plant,  with  a  capacity  of  three  cords  per  day,  was  erected, 
and  has  been  in  operation  at  Vancouver  since  July,  1907. 

The  wood  is  placed  in  a  can  which  is  enclo.scd  in  a  brick  retort, 
forming  one  of  a  group  which  are  placed  together  to  reduce  radiation. 
The  toji  of  the  can  forms  a  flange,  which  fits  into  a  groove  round  the 
top  of  the  retort.  This  groove  is  filled  with  tar  and  forms  a  gas  .seal 
when  the  can  is  in  the  retort.  Ciu-rent  at  a  pressure  of  IKJ  volts  is 
carried  through  wrought-iron  strips  tlu-eaded  through  the  brick- 
work at  the  side  of  each  retort.  The  cmrent  supply  is  controlled  by 
a  switchboard  of  ordinary  type,  on  which  is  also  fixed  the  dii'cct- 
reading  ])yrometers,  one  of  which  registers  the  temperature  at  the 
outside  of  the  can  and  one  the  temperature  at  the  centre  of  the  can, 
showing  the  maximum  and  minimum  temjierature  conditions  in  the 
can.  The  leads  of  these  iiyrometers  end  in  flexible  extensions  on 
the  top  of  the  retorts  which  can  be  changed  from  can  to  can.  The 
turpentine  vapour  is  taken  from  the  retort  through  are  removable 
cop))er  outlet  pipe.  This  outlet  pipe  leads  to  a  condenser,  which 
consists  of  an  upright  copper  pipe,  down  which  a  spray  of  water  is 
|iassed  through  the  ascending  turpentine  vapour,  and  which  ter- 
minates in  a  tank  at  the  bottom.  The  tank  serves  as  a  separator 
for  the  condensed  turjjentine  and  water,  the  turpentine  readily  float- 
ing to  the  top  of  the  water.  The  excess  water  from  the  spray  is 
withdrawn  from  the  bottom  of  the  tank,  and  the  tuipentine  taken 
off  from  the  top  of  the  tank  into  a  storage  system. 

The  brickwork  of  the  retort,  when  a  can  newly  filled  with  wood  is 
put  in  it.  is  at  a  temperature  of  about  250°C.  The  cold  can  rapidly 
alisiirbs  heat  from  this  brickwork,  the  temperature  of  the  brickwork 
bein"  kept  up  by  a  current  of  -100  amperes,  which  is  passed  through 
the  resistance  .strips  for  about  two  hours.  During  this  time,  the 
temperature  at  the  outside  of  the  can  rises  from  75  deg.  to  130X\. 
at  which  temperature  turpentine  begins  to  come  off  and  at  which 
I  ime  the  centre  of  the  can  is  at  45°C.  The  current  is  then  shut  off, 
and  the  temperature  of  the  can  slowly  rises  by  absorption  of  heat 
from  the  brickwork  for  two  hoius  longer,  when  the  temperature  has 
reached  l.'iO'C.  on  the  outside  of  the  can  anil  •_'(!.")  C.  in  the  centre  of 
tlie  can.  The  turpentine  has  then  been  substantially  all  removed. 
In  practice,  it  is  found  that  from  90  to  9o  per  cent,  of  the  turpentine 
in  the  wood,  as  determined  by  analysis,  is  removed  during  this  in- 
terval. While  the  turpentine  is  coming  oft',  the  pitch  in  the  wood 
melts  and  runs  down  to  the  bottom  of  the  can  and  out  through  per- 
forations, and  is  collected  in  the  bottom  of  the  retort,  hvm  which  it 
is  drawn  off.  at  the  enil  of  the  run. 

It  will  be  noted  tliat  the  temperature  of  the  interior  of  the  can  at 
the  end  of  the  turiientine  run  is  hotter  than  the  outside:  This  is 
due  to  the  heat  which  is  lilHiated  by  the  decomposition  of  the  hydro- 
carbons in  the  wood.  .\t  this  point  the  can  is  lifted  by  the  over- 
head crane  from  the  turpentine  retort  and  put  into  the  adjoining 
retort,  a  new  can  of  raw  wood  taking  its  place  in  the  turpentine 
retort.  In  its  new  position,  the  original  can  of  wo(xl.  from  which 
the  turpentine  has  been  extracted,  is  connected  up  by  another  copper 
outlet  pipe  to  the  ailjaeent  condenser.  This  change  of  retort  and 
piping  keeps  the  turpentine  condenser  and  piping  from  being  fouled 
by  tar  oil  or  tar  products.  Due  to  the  eontiinied  decomposition  of 
the  wood,  the  temi)crature  steadily  rises  without  further  use  of  elec- 
tricity, and  the  resulting  decom))osition  gives  a  product  known 
commercially  as  "  tar  oil"  and  which  comes  off  as  vapour  and  is 
condensed.  The  other  product  of  this  decomposition  is  woixl  tar, 
which  trickles  down  as  the  rosin  did  in  the  turpentine  retort  and  is 

*  Abstract  of  a  Paper  read  before  the  Ainericim  Electrochemical 
Society.     From  the  "  Trausactious,"  Vol.  XUI. 
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coUcctfd  in  tlio  bottom  of  the  tar  retort.  It  is  found  in  |)iactice  that 
this  tar  tends  to  break  up  at  the  final  temperature  of  the  tar  retort, 
and  it  is  consequently  drawn  off  continuously,  during  the  tar  nui. 
into  the  barrels  in  which  it  is  to  be  shipped.  At  the  end  of  three 
hours  of  the  tar  run.  the  teniiierature  in  the  centre  of  the  can  lias 
risen  to  37o"C.  and  tar  oil  and  tar  stoj)  coming  oti.  The  can  is  then 
lifted  out  and  stood  on  a  sand  floor,  which  makes  an  air  seal  with  the 
lower  edges  of  the  can  and  protects  from  combustion  the  contents  of 
the  can.  which  now  consists  of  charcoal.  When  the  can  and  its 
charcoal  contents  are  cool,  which  takes  about  three  hours,  tlie  ))er- 
forated  bottom  of  the  can  is  tripped  and  the  can  lifted,  allowing  the 
charcoal  to  fall  out.  This  charcoal  is  then  put  in  sacks,  as  required 
by  the  trade  which  consumes  it. 

Five  products  are  produced  from  the  wood.  tur])entine  and  rosin 
in  the  turpentine  retort,  tar  oil  and  tar  in  tlie  tar  retort,  and  a  residual 
product  of  charcoal.  The  amomit  and  kinds  of  product  derived 
from  any  supply  of  wood  depend  on  the  character  of  the  wood.  The 
following  will  indicate  the  results  which  are  being  secured  from  the 
British  ('oluinl)ia  Coast  fir  per  1,(KX)  lb.  of  wood  : — 

Turpentine    fi-7  gallons 

Rosin        1(58  pounds 

Tar  oil  ,51  gallons 

Tar     ()8  pounds 

Charcoal       323  pounds 

It  may  be  noted  that  this  charcoal,  being  retort  charcoal  and 
cooled  out  of  contact  with  air,  is  tough  and  suitable  for  special  ])ur- 
poses.  The  amount  of  wood  held  by  a  can  varies  with  the  quality 
of  the  wood,  but  averages  at  Vancouver  about  1,000  lb.  The  elec- 
tricity used  per  can  is  about  90  kw.  hours  and  costs,  at  Vancouver, 
9d.  per  can  of  wood. 

The  plant  is  operated  by  one  man  on  each  shift,  there  being  two 
12  hour  shifts  per  day.  When  the  wood  is  large,  an  extra  man  is 
employed  on  the  day  shift  to  .split  it. 


ELECTRICITY  AND  "THE  TIMES." 

Coincident  witli  many  other  changes  now  going  forward  at  "  The 
Times  "  offices,  in  London,  an  extensive  electric  ])ower  plant  is 
being  installed  by  "  The  Times'  "  own  staflf.  When  completed  it 
will  supersede  a  steam  plant  which,  with  its  predecessors,  has 
supplied  power  to  the  building  for  over  100  years. 

The  requirements  of  a  morning  newspaper  in  the  way  of  power 
are  heavy  and  continuous,  and  time,  even  to  the  second,  is  the  very 
essence  of  the  contract.  In  order  to  ensure  absolute  reliability  of 
supply,  current  is  obtained  from  the  two  companies  whose  supi'ly 
i.s  a\ailable  in  the  City  of  London,  two  .services  being  taken  from 
the  Charing  Cross  &  City  Co.'s  mains  and  one  from  the  mains  of 
the  City  of  London  Electric  Lighting  Co.  All  three  services  enter 
the  building  from  the  adjacent  Queen  Victoria-street  subway. 

The  two  first-mentioned  services  enter  a  sj)Ccially-constructed 
fireproof  chamber,  wherein  are  fixed  the  service  cut-outs  and  mct<?rs, 
and  from  these  the  cables  pa-ss  through  to  a. second  similar  chamber 
containing  a  triple  change-over  switchboard  of  novel  design.  The 
panels  are  of  IJ  in.  Hpecially-.selected  white  marble,  polished  l)ack 
and  front,  mounted  on  3  in.  steel  framework,  the  feet  resting  on 
stone  piers  and  the  back  stays  being  built  in  the  wall  of  the  ehamlier. 
leaving  a  clear  space  of  4  ft.  behind  the  board.  The  Moor  of  these 
chaml)ers  is  of  teak,  and  is  2  ft.  higher  than  the  basement  lloor.  and 
both  chambers  arc  protected  by  heavy  iron  doors. 

As  shown  in  Fig.  1,  this  change-over  switchboard  consists  of  12 
separate  i)anels,  insulated  by  ebonite  bushes  fnmi  the  frame.  On 
the  panels  are  mounted  two  triple-pole  change-over  switches  of 
],'i(X)  amperes  capacity.  The  City  of  London  service  is  brought 
direct  into  this  chamber,  and  after  passing  through  the  cutouts  and 
meters  is  taken  to  the  bac^k  of  the  panels. 

It  is  i)o.ssiblc  by  means  of  the  arrangement  shown  in  Fig.  1  to 
change  over  instantly  in  case  of  failure  of  either  service  to  any  other. 
and  it  is  equally  impossible  to  throw  any  two  services  in  parallel. 
This  feature  is,  of  course,  very  important.  Each  service  supplies 
continuous  current  on  the  three-wire  system  at  4IM)  and  200  volts. 

From  the  back  of  the  change-over  board  armoured  cables  (1  sq.  in.. 
0-.5  sq.  in.  and  I  sq.  in.)  arc  laid  underground,  for  a  distance  of  about 
60yds.,  in  a  wooden  trough  tilled  in  solid  with  asphalt  and  (hen 
concreted  in.  From  this  point  they  rise  up  to  the  main  switchboard 
gallery  in  (he  press  room,  and  are  built  in  tlie  brickwork  for  the  whole 
distance,  the  only  place  where  they  are  exposed  being  on  the  gallery 
itself.  The  reason  for  the  great  care  taken  in  running  the  enables  is 
so  that,  in  case  of  fire  in  any  part  of  the  building,  the  cables  would 
not  be  affected. 

The  switchboard  gallery  is  situated  20  ft.  above  the  floor  of  the 


machine  room,  and  is  about  CO  ft.  long  by  12  ft.  wide.  From  this 
gallery  a  fine  view  is  obtained  all  over  the  macliine  room,  with  its 
new  monster  Goss  Octuple  press  and  platforms  su)i|)orting  the 
Crompton-Kohler  control  panels.  The  main  switchboard  (shown  in 
Fig.  2)  is  fixed  in  a  central  jjosition,  and  is  2,5  ft.  9  in.  in  length  by 
7  ft.  in  height.  It  is  of  polished  whit<'  marble  supported  in  a  mas- 
sive st^el  framework,  and  rests  on  a  solid  teak  floor.  A  ele:ir  space 
of  3  ft.  is  provided  between  the  "bus  l)ars  at  the  back  of  tlie  board 
and  wall. 

The  arraiigenunt  of  panels  is  as  follows:  There  is  a  change-over 
switch  at  each  end.  the  left-hand  one  (Fig.  2),  of  300  amperes  capacity, 
being  for  lighting  only  and  supplying  the  adjacent  two  panels,  whilst 
the  right-hand  switch  is  for  the  power  supply,  and  is  of  1,200  amperes 
capacity.  This  "  power  supply  "  switch  feeds  five  panels,  each 
panel  containing  two  power  circuits.  There  is  also  a  recording 
panel  lor  registering  the  whole  of  the  current  usetl  and  the  pressure 
of  supply. 

The  change-over  switches  on  this  distribution  switchboard  are 
]irovided  so  that  in  the  event  of  it  lieing  necessary  at  any  time  to 
run  "  The  Times  "  own  stand-by  plant  it  could  be  done;  in  which 
ease  it  would  be  possible  to  change  ovit  the  lighting  independently 
<if  the  power,  or  vice  versa. 

£ 


CO   Chopper  Switches 


No  2. 

Fid.  1. — Arkani:emknt  oi'  M.^in  Cii.\N(!i:-over  SwiTciiiio.Min  kor 
"  TuK  TiMKs"  bnii.iiiNo. 

The  main  cables  from  the  basement  are  connected  1(j  the  top 
terminals  of  the  power  change-over  switch,  and  from  this  point 
caliles  are  taken  to  the  lighting  switch  after  pa.ssing  through  sub- 
meters  (Aron),  which  are  fixed  on  the  wall  above  the  switcOiboard 
and  behind  (he  lighting  panels.  The  various  circuits  from  the 
SH  it(^hboartl  panils  ]iass  under  a  false  Hoor.  and  arc  fixed  on  the  wall 
underneath  the  gallery,  from  whence  they  nin  to  tiic  various  dis- 
tribiiting  boards  throughout  the  building. 

It  need  scarcely  be  remarked  that  the  installation  is  of  considerable 
size,  and  it  is  interesting  to  note  that  screwed  steel  conduit  is  used 
throughout.  This  conduit  is  efficiently  earthed,  and.  with  the  ex- 
ception of  the  large  Croinpton-Kohler  ])ie.ss  e(|uipments.  the  cables 
for  which  are  taken  dir((l  from  the  swileliboard  |)anels,  the  three- 
wire  sy.stem  of  dislriliution  has  been  adopted.  It  is  worth  noting 
that  the  neutral  wires  of  the  three- wire  circuits  are  coupled  direct 
to  the  neutral  'bus  bar.  A  feature  of  the  switchboard  is  the  entire 
absence  of  circuit-breakers  and  the  ornamental  design. 

The  switchboards  were  made  liy  Messrs.  Crompton  &  Co,  to  speci- 
fications ])repared  by  Mr.  E.  C!.  Simester,  the  electrical  engineer 
of  "  The  Times  "  installatiim. 
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There  was  a  rconrd  issue  of  "  The  Times  ''  on  Empire  Day,  May  24. 
The  issue  was  the  first  to  be  printed  on  a  new  Goss  four-deck 
Octuple  machine  ea])able  of  turning  out  over  0(»,(l()0  copies  per  liour 
of  an  ordinary  number  of  the  paper. 

Our  readers  will  be  interested  to  know  that  the  whole  of  the 
Empire  edition  (which  comiirised  72  jiages),  was  iirinted  by 
machinery    driven   l)v 


i» »  ™ 


C'roni))ton  motors  pro- 
vided with  the  Kohler 
patent  .system  of  con- 
trol. Messrs.  Ciomi)- 
ton  claim  that  this 
is  the  only  system 
which  enables  jirinting 
machines  to  be  run 
automatically  tlirough 
all  gradations  of  speed 
— from  dead  slow  up  to 
full  speed  and  do^^■n 
again — without  shock 
or  jerk.  This  is  accom- 
plished by  an  ingenious 
system  of  push-button 
regulation. 

Within  the  jjast  year 
"  The  Times,"  having 
outgrown  the  capacity 
of  their  old  i)resses, 
were  compelled  to  place 
orders  for  new  ones. 
One  of  these  is  now  in- 
stalled and  running, 
and  it  was  upon  this 
machine  that  the 
Empire  edition  was 
printed.  This  [jress  is 
the  highest  speed  ma- 
chine ever  installed 
for  printing  purposes 
in  England,  and  is  known  as  an  Octui)le  machine  of  the  well-known 
Goss  manufacture. 

To  operate  such  a  press  at  a  speed  that  furnishes  over  1,000  copies 
of  an  ordinary  issue  per  minute,  it  was  necessarj-  to  have  the  highest 
class  of  electrical  equiiunent  jjossible,  and  with  this  end  in  view,  the 


motors,  and  two  auxiliary  IOh.I".  .slow  motion  motors,  the  latter  Ix-ing 
used  for  turning  the  press  at  slow  speeds  for  make-ready,  plate-cliang- 
ing,  paper  leading  and  similar  essential  operations  of  this  cla,ss  of 
machinery.  The  motors  are  placed  in  a  pit  below  the  printing 
machine,  and  are  connected  to  the  shafting  through  special  gearing 
and  couplings,  as  shown  in  the  illustration.  Fig.  5  herewith. 

The  control  meclia- 


Fic.  2. — JI.MN  SwiTcunoAKii  IX  "TiiK  TiMLs''  Mai  MINE  Room 
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ni.sm  for  the  motors 
operating  the  machine 
consists  of  the  Kohler 
standard  type  four 
motor  automatic  sole- 
noid controller  as 
shown  in  Fig.  3. 

This  system  of  con- 
trol is  remarkable  for 
its  ingenuity,  and, 
while  it  may  ap|>ear 
complex  to  the  ordi- 
nary observer,  to  those 
who  understand  the 
si)ecial  requiiement.s of 
printing  operations  it 
i^  extremely  .simple. 
Prominent  in  "  The 
Times "'  press-room  are 
the  speed  control  panels 
built  of  marble. 
Mi.untid  on  thi'se  are 
til'-  iMcr-saiy  electrical 
di\  ii-c  .^  cMiiirolling  tl  e 
Octuple  machine.  The 
controllers  are  placed 
in  convenient  posi- 
tions, neiir  to  and  fac- 
ing the  press  they  are 
to  control.  There  are 
16  push-button  "  sta- 
tions "'  (one  is  shown  in 
Fig.  6)  located  in  convenient  places  on  the  press.  Each  station  con- 
sists of  an  iron  box  about  4  in.  wide  by  6  in.  long  and  .3  in.  dee]i. 
Each  station  carries  five  buttons,  marked  respectively  "  Ox," 
"  Stop,"  "  Off,"  ''  Run,"  "  Safe,"  Any  combination  of  the  ma- 
chine can  be  operated  from  anyone  of  these  stations,  it  being  ])os.sible 
for  the  minder  to  start,  speed  up  or  speed  down  the  machine,  or 
stop  it  by  pushing  a  button  at  any  station.  The  "  Ox  "  button  is 
used  for  starting  and  regulating  the  speed  fiom  minimum  to  maxi- 
mum. The  "  Off  "  button  is  used  for  decreasing  speed.  The 
".Stop"  button  is  used  to  stop  the  machine.  The  "  Safe  "  button 
is  used  to  protect  the  machine  minder  against  any  sudden  starting 
when  he  is  working  in  or  on  the  machine.  When  he  pushes  the 
S.KFE  "  button  he  literally  locks  the  press  so  that  no  one  can  move 
aiiv  part  of  the  machine  initil  the  "  RiN  "    button  is  jnished.      .\ 


[Fig.  3.— The  Kohi.ek  Cuntrol  IIecbanis.m. 

proprietors  inshilled  wluit  is  kn.iwn  as  the  Kohler  system  of  nuiltiple 
push-button  eleclrical  speed  control,  which,  in  conjunction  with 
the  electric  motors  Imeish-d  bv  Messrs.  (Vompton,  oi)erate' this 
machine.     ""■ 


I        Flo.  4.— CuoMiTON  KcHu.Ku  Motor  EyrirMENT  kor  "The  Times" 
I'iUNTiNi:  Press. 

child  could  siait,  stop  or  regulate  t!ie  speed  of  this  huge  and  com- 
lilieated  nuieliine  with  al)solule  safety. 

There  are  about  .S't  running  sfH^cds  provided  on  the  Kohler  con- 


•  are  lour  Crompton  motors.  Iwu  (iO  ii.r.  main  driving  '  trollers,  the  lowest  aboul  10  revs,  per  mia.  of  the  main  driving  shaft 
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of  the  press  on  through  various  steps  to  any  desired  speed  up  to 
maximum,  or  from  maximum  speed  do'wn  tiirough  these  steps  to 
standstill  ;  or  the  press  will  run  at  any  one  of  the  intermediate 
speeds.  The  lower  speeds  are  obtained  through  tlie  slow-motion 
motors  and  the  higher  speeds  through  the  main  motor.  A  slow-motion 
motor  starts  the  maehine.  and  when  n  certain  .sjieed  is  reached  the 
load  is  automatically  shunted  on  to  the  main  driving  motor,  and  the 
small  motor  is  automatically  cut  into  service  as  the  large  one  is  cut 
out.  So  jierfeet  is  the  electrical  control  obtained  through  the 
Kohler  system  that  a  I  in.  mnvcnirnt  of  the  cyliiulcv;  oan  bo  made 


it  automatically  to  come  to  a  dead  sto]),  thereby  avoiding  injury  to 
cither  the  press  or  the  motors.  If  for  an)'  reason,  whetlier  by  failure 
of  current,  mechanical  accident,  or  design,  the  press  is  stopped,  the 
controller  immediately  and  automatically  returns  to  the  starling- 
l)oint.  The  push-buttons  are  so  arranged  that  it  is  impossible  to 
make  any  mistake.  Even  if  all  tlie  buttons  were  [)resscd  at  once, 
there  can  be  no  accident.  It  does  not  signify  how  the  buttons  are 
mani]iulatcd.  no  injury  can  come  to  the  press. 

In  tlie  operation  of  double  combination  machinery  like  that  at  "  The 
Time'-;  "   oflicc.  which  really  consists  of  two  presses,  it  is  sometimes 


Fic;.  5. — CKOMrTON-Kiiiii.EK  Motoi;  KvI'ipmknt  imk  New  Goss  Oituple  Pkess. 


while  putting  on  the  impression  Ijlankcts  or  the  plates.  One  of  the 
motor  equipment*.  con.sisting  of  a  small  and  large  motor,  is  shown 
in  Fig.  4,  and  in  position  under  the  floor  of  the  machine  room  in 
Fig.  .5. 

When  a  press  ha.s  been  brought  to  the  desired  six'ed  for  "  thread- 
ing "  the  pai)er,  the  "  Safe  "  button  can  be  pushcfl,  and  it  will  be 
impo.ssible  to  increase  the  s|)eed  until  tlie  "  S.vfe  "  button  is  re- 
leased ;  thus  reducing  the  liability  of  accident  to  the  minder  or  his 
assistants  when  threading  the  paper,  a  somewhat  delicate  operation. 
The  "  S.\FE  "  button  can  also  be  used  to 
prevent  any  increase  above  any  desired 
speed,  as  for  instance  in  colour  printing  on 
rotary  machines,  where  a  mo(lcrat<'  speed 
is  wanted.  .Suppose  a  ease  «  Ik  re  a  minder 
wishes  to  run  his  maeliine  at  om-lialf 
N|Ked  (or,  say.  1(K)  revs,  per  min.).  He 
presses  the  "  On  "  button  until  he 
naclics  that  speed,  and  then  presses  the 
Sake  "  button,  and  the  press  will  con- 
tinue t<j  run  at  that  speed  until  the 
"  Sake  "  button  is  released,  excepting 
where  the  minder  wishes  to  slow  down  or 
stop.  This  he  can  do  at  any  time,  even 
though  the  "  Sa.'E  "'   button  is  in. 

The  time  re(piiri d  to  lirjng  the  machine 
from  standstill  up  to  n)a\imum,  or  from 
maximum  to  standstill,  is  adjusted  to 
suit  the  minder,  but  is  usually  abnut  20 
seconds.  The  time  re'juired  to  stop  the 
press  is  only  the  few  seconds  necessary  to  prevent'stripping  of  gears. 
The  press  can  be  stojijfed  from  any  one  of  the  sixteen  stations. 

It  sometimes  happens  that  the  machine  "  chokes  '  with  the 
pajK^r,  or  the  bearings  become  overheated,  causing  heavy  over- 
loads.    With  the  Kohler  system  any  undue  load  on  the  press  causes 


'm  8*  ^ 


Fic:.  6.  — Pdsii-isutton 

Co.VTKOI.. 


necessary  that  each  half  of  the  j)ress  l)e  run  independently.  The 
Kohler  system  provides  for  this,  as  there  are  two  complete  outfits 
and  these  are  operated  individually  when  the  press  is  run  in  two 
parts  and  in  parallel  when  the  juess  is  run  as  a  whole.  The  press 
is  a  four-decker,  and  any  combinaticm  of  decks  can  be  run  on 
either  or  both  motor  outfits,  and  there  are  .separate  push-l)utton 
control  stations  on  each  deck. 

One  of  the  greatest  advantages  o))tained  by  use  of  the  Kohler 
system  lies  in  the  fact  that  the  moldi's  can  be  of  the  ordinary 
standard  type,  so  that  parts  of  motors  used  in  connection  witli  the 
system  can  always  be  obtained  without  delay.  The  Kohler  system 
is  also  adapted  for  small  rotarics  and  tlal-bed  i)re.sses.  and  indeed 
for  any  class  of  machinery  wheic  perfection  nf  control  is  required. 
It  has  been  satisfactorily  .ipplied  to  lithogiaphic  machines  on  the 
Continent.  It  is  to-day  operating  nver  (ilHt  printing  presses  of 
dillcrent  designs,  and  as  proof  of  the  small  ccist  of  maintenance  it 
may  be  mentioned  that  the  "  Morning  I'osI  "  has  had  the  Kohler 
equi]unent  in  use  for  live  years,  and  it  has  never  yet  been  found 
necessary  to  renew  the  carbon  contacts  of  the  switches  forming  the 
control  mechanism.  Also,  it  is  stated  that,  although  so  many 
Kohler  equipments  are  now  in  use,  one  has  never  been  known  to  fail. 

We  are  indebted  to  "The  Times"  engineering  department,  to 
Messrs.  Crompton  &  Co.  and  to  Messrs.  Kohler  Bros.,  for  kindly 
supplying  us  with  the  infmriial  ion  and  illustrations  contained  in 
this  article. 


Regulable  Tungsten  Lamp. — According  to  the  "  Pjiectrical 
Woild,"  a  lamp  coiitaininj;;  two  filaments  lia.s  jn.'^t  been  brought 
out,  in  which  the  working  filament  is  made  of  tungsten  and  a 
smaller  one  of  carbon.  The  former  consumes  35  watts  and 
gives  27  c.p.,  while  the  latter  consuuics  S  watts  and  gives  1  c.p. 
Current  can  be  changed  over  from  one  to  the  other  cither  by 
turning  the  bulb  or  pulling  a  string. 
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DIFFERENTIAL  BALLISTIC  METHODS  OF 
MEASURING  HYSTERESIS  LOSSES. 

BY   R.    liEATTIE,   D.SC,   AND   P.    M.    ELTON,    B.SC. 

(Concluded  fro7n pa<fe  301.) 

Summary. — Ballistic  methods  of  measuring  hysteresis  are  very  accu- 
rate, but  have  the  disadvantage  that  they  are  generally  troublesome. 
The  authors  describe  a  method  that  is  quick  in  operation  and  has  the 
advantage  that  it  refers  to  short  test  pieces.  Instead  of  obtaining  the 
B-H  curve,  the  5B-H  curve  is  found  by  a  differential  measurement,  the 
method  pr(>fcircil  licing  that  of  momentarily  short-circuiting  a  resistance 
in  the  ni:>i,'iiclisiim  circuit  so  that  H  is  brought  up  to  its  maximum  value 
and  immediately  irlurns  to  its  previous  value,  a  single  specimen  being 
used.  The  coudilinns  for  the  interval  of  short-circuit  are  examined. 
The  results  are  satLxfaclory,  but  the  authors  find  that  flic  loss  in  a  ring 
is  1-65  times  that  found  in  strips,  whether  by  the  differential  or  the 
step-by-step  method.  Finally,  some  differential  methods  involving 
two  specimens  are  described. 

Experimenlnl  Results. — Wc  have  tested  the  accuracy  of  the 
difierential  method  just  described  by  applying  it  to  ring 
samples  of  a  number  of  different  qualities  of  sheet  iron,  and  then 
comparing  the  results  with  those  obtained  by  the  ordinary 
step-by-step  ballistic  process.  As  seen  from  the  numbers  in 
the  second  and  third  columns  of  Table  I.,  the  agreement  was 
in  every  case  almost  exact. 

Table  I- — Rrsn/ts  of  BnlUMie  Test.'!  for  Hyateresis  Tms-i  on  Rinys  mid 
Bundles  of  S/ini  Iron.  The  Nnmhers  represent  Watts  per  Pound  iil 
Bnmx.  =  4,0()(l  (iiid  a  frequency  of  100. 


Hit 

K-"- 

Bundles. 

Material. 

"Step- 

"Diffe- 

"Step- by-step" 

Loss  in  ring 

by-stej) " 

.rential" 

"  Differential  " 

process. 

process. 

processes. 

Sankey's-'Stalloy" 

quality 

0-34.-) 

0-34S 

0-20."> 

l-(iS 

Sankey's  armature 

qualitv 

o-r.04 

0-4'.i:5 

0-30.-. 

l(i4 

Sankey's"  Lohys  " 

quality 

0-.51.') 

0-5 10 

0-31.-. 

l(i4 

Sankey's  pole  piece 

quality 

0-544 

0-54.'-> 

0-33 

l-()i5 

Mean  1-05 

Note. — The  values  for  bundles  were  found  to  be  the  same  whether  a 
"specific  loss"  method  of  test  was  employed  in  which  the  loss  was 
refen'ed  to  the  measured  induction  at  the  centre,  or  whether  a  "  total 
loss  "  method  was  adopted,  in  which  the  loss  was  referred  to  the  equivalent 
induction  deduced  in  the  manner  indicated  at  the  commencement  of  the 
Paper. 

But  on  a])j)lying  the  dilferential  method  to  test  the  same 
materials  in  the  form  of  stri])s  J  in.  wide  and  20  in.  long  built 
up  to  form  test  bundles  of  scjnare.  s3ction,  we  were  surpiisc>d  to 
get  lower  values  for  the  loss  than  in  the  case  of  rings  (sec  fourth 
columu  of  Table  I.).  At  first  we  were  inclined  to  suspect 
either  some  error  in  the  carrying  out  of  the  experiments  them- 
selves, or  else  sometliing  fundamentally  wroiig  in  the  principle 
of  the  method  adopted,  which  happened  to  be  a  "  specific  loss  " 
one.  In  adopting  a  method  of  this  kind  wc  really  measure 
/H,rfB-|-/H„(/B,  where  H,  is  the*  true  magnetising  force  and 
H,,  is  the  magnetising  force  arising  from  the  free  magnetism 
at  the  ends  of  the  test  piece.  But,  as  previously  shown  by 
one  of  us,*  the  second  of  these  integrals  vanishes  for  specimens 
such  as  we  were  employing,  and  the  method  should,  there- 
fore, have  led  to  correct  results.  There  was  always,  to  be  sure, 
the  possibility  of /H,//B  not  being  absolutely  zero  ;  but  in  that 
case  the  method  would  have  given  values  in  excess  of  the  true 
one.  Nothing,  therefore,  in  the  theoretical  basis  of  the  method 
in  any  way  explains  the  appearance  of  abnormally  low  values. 
Moreover,  identically  the  same  low  values  were  obtained  with 
a  "  total  lo.ss  "  difTerential  method,  in  which  no  assumptions 
of  a  similar  kind  are  involved,  and  in  which  there  is  therefore 
no  possibility  of  error. 

In  an  endeavour  to  find  a  possible  explanation  of  the  dis- 
crepancy, it  was  thought  that  perhaps  the  induction  did  not 
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have  time  to  rise  to  its  full  value  in  the  brief  interval  allowed  by 
the  short-circuiting  of  R,.  This  was  tested  by  varying  the 
duration  of  contact  of  K,  and  also  by  carrying  out  the  test — 
both  in  the  "  specific  loss  "  and  in  the  "  total  loss  "  form — by 
the  step-by-stcp  process  instead  of  difTerentially ;  but  no 
difference  in  the  results  could  be  detected,  thus  showing  that 
in  the  differential  method  the  induction  did,  in  fact,  have  time 
to  reach  its  full  value  corresponding  to  the  maximum  mag- 
netising current.  This  was  further  tested  in  a  more  direct 
manner  by  arranging  a  key  in  the  galvanometer  circuit  so  that 
when  K  was  momentaiily  closed,  as  in  making  a  differential 
test,  the  galvanometer  circuit  was  automatically  broken  just 
an  instant  before  K  was  opened,  lender  these  conditions  the 
throw  of  the  galvanometer  measured  the  actual  rise  of  induction 
during  the  operating  of  K,  and  this  was  invariably  found  to  be 
the  same  as  the  rise  of  induction  which  occurred  on  permanently 
depressing  K. 

After  a  careful  but  fruitless  investigation  of  every  conceivable 
source  of  error,  we  were  finally  led  to  the  conclusion  that  the 
observed  discrepancy  is  something  real,  and  that  the  hysteresis 
loss  when  measured  ballistically  in  a  bundle  i.s  actually  less  than 
when  measured  in  a  ring  between  the  same  limits  of  induction. 
This  conclusion  was  arrived  at  not  without  hesitation,  for, 
hysteresis  being  essentially  a  molecular  phenomenon,  it  is  diffi- 
cult to  understand  why  it  should  depend  in  any  way  upon  the 
outward  shape  of  the  test  piece.     In  all  likelihood  a  partial, 


True  Mag.Force  H  in  C.G  S. units 
FiQ.  5. — TvpiCAL  5B  H  Curves  fob  Ieon  RrNO. 

if  not  a  complete,  explanation  may  eventually  be  found  in  the 
rati  at  which  the  cycle  is  performed,  for  it  was  noticed  that  the 
loss,  as  measured  by  an  alternating  current  method  at  a  fre- 
quency of  100,  was  precisely  the  same  whether  a  bundle  or  a 
ring  was  employed.  However,  it  would  be  premature  to  enter 
upon  a  fuller  discussion  of  the  matter  here,  as  it  is  still  under 
investigation.  It  must  sullice  f<n-  the  present  to  point  out, 
as  an  undoubted  fact,  that  there  is  always  a  considerable 
difference  in  the  results  of  ballistic  tests  for  hysteresis  loss 
according  as  a  ring  or  a  bundle  of  strips  is  used  as  test  piece, 
and  that  thi-s  difference  is  always  the  same  whatever  metliod— 
"  total  loss  "  or  "  specific  loss,"'  "  differential "'  or  ■"  step-by- 
step  " — is  adopted. 

Notwithstanding  this,  ballistic  tests  on  bundles  of  strips  are 
still  available  as  a  means  of  determining  the  true  loss  m  the 
material.  For,  as  far  as  our  experiments  have  gone,  the  loss 
in  a  bundle  appears  to  he  always  a  definite  fraction— almost 
exactly  three-fifths— of  the  lo.ss  in  a  ring.  The  loss  as  mea- 
sured 111  a  bundle  When  niultii)lied  by  \-*Sb  thus  gives  the  true 
loss.  Strictly  speaking,  the  value  of  this  correcting  factor 
refers  to  standard  bundles  having  the  dimensions  already 
stated  ;  but  it  is  not  appreciably  afltected  by  altering  the 
dimensions  of  the  bundle  within  wide  limits,  so  that  no  speeuil 
nicety  of  adjustment  is  necessary  when  making  up  a  bundle  for 
test  purposes. 

A  "  Two-Throw  "  Mtlhod  Possible  with  i?WBrf;<.'*-.— Having 
discu.ssed  the  admissibility  of  bundles  as  test  pieces,  it  becomes 
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nocessaivtoompliasiso  what  ha«  not  yot  hccn  mack'  sufficiontlv 
clear,  though  alluded  to  at  the  conimencenient— namelv.  tlie 
extreme  ease  with  wliich  hysteresis  te.sts  hy  tlie  difYerential 
method  can  be  carried  out  on  buudU's. 

The  results  of  ballistic  tests  by  differential  nietliods  are.  as 
alreadv  explained,  best  exhihited  in  the  form  of  cSB-H  curves. 
With  rinsr  specimens  the  hysteresis  loops  differ  •ireatlv  in  .shape 
according  to  the  limits  of  induction  ;  so,  of  course,  do  the  cor- 
responcling  5B-H  cur\es  (Fit;.  5),  and  it  is  evident  that  to 
determine  the  true  shape  of  sueli  curves  several  ordinates — 
at  least  five  or  six — must  be  mejs".red,  necessitating  the  ob- 
servation of  an  equal  number  of  differential  ballistic  throws. 

But  with  bundles  as  test  pieces  the  shape  of  the  hvster-sis 
loop  is  more  or  less  forced  upon  it.  being  determined  rather  by 
the  dimensions  of  the  test  piece  than  by  the  nature  of  the 
material  of  which  it  is  composed.  In  consequence,  we  find 
that  the  6B-H  curves  (Fig.  6)  are  now  all  very  nearly  of  the 
same  shape,  whalever  the  quality  of  the  material,  and,  within 
certain  very  wide  limits,  whatever  the  maximum  induction 
during  ths  cycl.>.  If  the  8B-H  curves  were  all  identically  of 
the  same  shape,  the  area  und?r  any  one  would  be  obtained  by 


Applied  Mag.  Force  H  in  C.G.S.  units 
Flo.  C. — TvPKAi.  oB  H  Ci-RVES  FOR  JlnNDi.E  OF  Iron  Strip.' 
20  IN.X  .1  IN.X  i  IN. 

multiplying,  .say,  the  initial  ordinate  i5B,  by  the  Ir-iigtli  of  the 
ba.sc  H„,„,  and  by  a  .suitable  constant  ;  and,  therefore,  a  single 
differential  throw  only  would  be  reipiired  to  obtain  the  value 
of  the  hysteresis  loss. 

In  point  of  fact,  however,  tlie  similarity  of  shape  is  not 
sufficiently  exact  to  permit  a  rule  quite  as  simple  as  this  to  be 
applied  with  any  degree  of  accuracy,  liut  the  determination 
of  two  ordinate-s — an  initial  ordinate  SB,  and  a  mid  ordinate 
<5B2 — suffices  to  deterniin(!  the  area  with  as  much  accuracy  as 
is  generally  required.  If  the  curves  were  truly  parabolic  in 
shape,  Simpson's  rule  would  give  the  area  correctly  from  two 
such  ordinates  by  the  formula 

Area  =  ^"'-  {6B.  +  4<iB  ■), 
6 

and  the  actual  oB-H  curves  are  sufficiently  clo.se  approxima- 
tions to  parabolas  to  enable  this  "  two-ordiiiate  "  rule  to  be 
used  with  confidence,  and  with  the  certainty  of  the  values 
oV)tained  by  it  being  right  to  within  at  least  1  per  cent,  (see 
Table  II.). 

In  practice,  therefore,  with  bundles  of  .strips  as  test  pieces, 
two  differential  ballistic  throws  alone  have  to  be  observed  : 
one  with  tha  resistance  R^  (Fig.  1)  equal  to  infinity,  and  the 
other  with  R^  equal  to  half  the  total  resistance  of  the  mag- 
netising coil  circuit.   AVhen  once  the  apparatus  has  been  set 


Table  11.— Ill nslraling  Accuracy  of  "  Two-Ordinak  "  Side  jor  cstimat 
ill!/ Anil  inidir  5B-H  Curves  for  Bundles  of  Iron  Strips.  The  Areas 
lire  in  Arhilriiry  Units. 


Area  by 

Material. 

Bmax. 

True  area . 

"  two-ordinate  " 
rule. 

1.580 

393 

400 

2,370 

704 

700 

3.770 

1.430 

1.440 

Sankey  s 

l„.lc  ,,ie« 

(luality    ' 

4.940 

2.020 

2.040 

().3liO 

2,770 

2,750 

I 

7,340 

3,270 

3,260 

3.200 

1,030 

1,0.50 

3.1)50 

1,420 

1,420 

4,r.(i0 

1,780 

1,770 

'  Lollys 

quality  T 

5,370 

2,1.50 

2,180 

0,200 

2,690 

2,690 

8,000 

3,980 

3,980 

4,070 

1,390 

1,400 

4,830 

1,880 

1,800 

Sankey's 

'  Stall,)y 

'  <inality- 

5.070 
(i.310 

2,380 
2,800 

2,370 

2,780 

7.110 

3,430 

3,350 

7,930 

4,040 

3,920 

up  and  adjusted,  these  two  observations,  together  with  a  third 
to  determine  the  maximum  induction,  can  be  taken  in  the 
course  of  a  minute  or  less.  And,  given  the  necessary  constants, 
the  calculation  of  the  true  hysteresis  loss  can  be  made  in  an 
equally  short  .space  of  time  by  the  formula 

H„ 


.-1-65  .   "^^".(88,  + 458,)  .   (1) 


Hysteresis  loss  in  ergs  perl 
cubic  centimetre  per  cycle) 
in  which  the  only  empirical  element  is  the  factor  1-6.5  represent- 
ing the  ratio  of  the  loss  in  a  ring  to  that  in  a  bundle. 

This  last  formula  obviously  refers  to  the  "  specific  loss  " 
method,  SBj  and  SBo  denoting  induction  differences  measured 
at  the  centre  of  th?  test  piece,  and  H,„„^  being  the  ma.ximum 
magnetising  force  due  to  the  magnetising  coil  alone — i.e., 
Hmnx.  is  equal  to  1-26  times  the  maximum  ampere-turns  per 
centimetre  length  of  the  magnetising  coil. 

("onsidcrations  similar  to  the  above  likewise  ap])ly  to  the 

"  tiital  loss  "  method,  in  which  the  lo.ss  is  deduced  from  the 

area  of  a  SF-I  curve.     These  curves  do  not  differ  perceptibly 

ill  shape  from  SB-H  curves,  and  the  areas  under  them  may 

therefore  be  correctly  estimated  by  a  "  two-ordinate  "  method 

leading  to  the  formula 

Hysteresis  loss  in  ergs  perl       ,  ^.      N,I,„,,  ,,„    ,   . ,,,  ,        ,,^. 
i_-  .-1.  1       =16:)   ,        '.-"."^  Irtt',  +  461'.,)    .    (z) 

cubic  centimetre  per  c3cle  I  3V  ^i       \  ' 

Here  ihi;  fiux  differences  i)\<\  and  (5F.,  denote  respectivi^ly  the 
initial  and  mid  ordinates  of  the  8F-I  curve,  and  are  obtained 
exactly  in  the  same  wa)'  as  the  induction  differences  SB,  and 
6B2,  except  that  the  ballistic  galvanometer  is  coimected  to 
N2  instead  of  N,,  (Fig.  1).  I,„„^  is  the  maximum  magnetising 
current  in  C.G.S.  units,  V  the  volume  of  the  bundle  of  strips, 
N|  the  total  number  of  turns  on  the  magnetising  coil,  and 
1()5  the  correcting  factor  to  which  reference  has  ju.st  been 
made.* 

"  Two-Specimcti  "  Differential  Methods. — Besides  the  method 
already  described — which  may  conveniently  be  called  a 
"  single-specimen  "  method — there  are  other  possible  ways 
in    which   the   differential    ballistic   principle,   as   applied   to 


I  may  bo  written 
I„u.x.(«''i  +  45(y 


*  I'nt  in  the  shape  of  working  fonnulie,  (1)  and  (i 

Hysteresis  I0S.S  in  ergs  per  I  _..,c     KK      Ni 

cubic  centimetre  per  cycle)  "  30 fa  '  N^,  ' 

Inr  llio  "  specific  loss  "  method,  and 

Hysteresis  loss  in  erg.i  per  1  _i-f,5     K.R,i     Ni 

cubic  centimetre  per  cycle  i  '    iOV     Nj 

for  the  "  total  lo.ss  "  method.  oOi  and  SO.,  here  moan  the  differential 
ballistic  throws  obtained  with  K^  inlinity  and  K,  ;  R,  respectively,  K 
is  the  constant  of  the  ballistii^  galvanometer,  R,,  the  total  resist anee  of 
the  galvanometer  circuit,  I  the  total  length  of  the  magnetising  coil,  a 
the  sectional  area  of  the  test  piece,  N,  N^  Na  the  number  of  turns  cm  the 
respective  coils  (Fig.  1),  and  Imux.  the  maximum  magnetising  current  in 
amperes.  It  will  be  noticed  that  the  only  dimension  of  the  test  piece 
which  enters  into  the  first  of  these  formula;  is  the  sectional  area  «, whilst 
the  volume  V  enters  into  the  second,  thus  justifying  the  use  of  the  titles 
"  speciiic  loss  "  and  "  total  loss  "  to  closciibe  the  respective  methods. 
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hysteresis  measurements,  can  be  carried  out.  All  these  alterna- 
tive methods,  however,  require  the  use  of  two  exactly  similar 
specimens,  and  the  duplication  of  the  magnetising  coil.  To 
that  extent  thoy  are  more  complicated  than  the  "  single-speci- 
men "  method,  hut  in  certain  other  respects  they  are  simpler, 
and  some  of  them  may  even  be  preferred  to  it. 

The  simplest  and  most  practical  of  these  alternative  methods 
is  represented  in  Fig.  7.  Two  magnetising  coils,  which  must 
be  wound  with  exactly  the  same  number  of  turns  per  centi- 
metre length,  are  in  this  case  connected  in  parallel,  with  equal 
resistances,  R,  R,,  in  series.  A  resistance,  K.,,  can  be  thrown 
into  the  circuit  of  either  coil  hv  means  of  the  kev  K,  which  is 


Fig.    7. — "  Two  Specimen  "  Differentlu.  Ballistic  Method 

VKRANGED   FOE   "  SPECIFIC   LoSS  "    TeST. 

an  ordinary  two-way  key  constructed  so  as  not  to  break 
circuit  in  passing  from  one  contact  to  the  other.  As  shown, 
the  secondary  coils  wound  round  the  test  pieces  arc  connected  in 
series  with  the  ballistic  galvanometer  G. 

To  operate  this  method,  K  is  placed  in  its  mid  position, 
which  allows  exactly  equal  magnetising  currents  to  flow 
tlu'ough  the  two  coils.  The  commutator  C  is  then  reversed  a 
few  times  and  stopped  in  its  mid  position,  leaving  the  mag- 
netism of  both  test  pieces  at  X  (Fig.  3).  K  is  next  set  to  one 
side  and  the  commutator  thrown  over  in  the  direction  in  which 
it  was  last  moving,  which  brings  the  magnetism  of  one  test 
piece  up  to  P,  and  of  the  other  to  Y.     Lastly,  K  is  thrown 


Fig.  8.- 


TWO    Sl'KCI.MEN  "    lllKFEItENTlAl,    BaI.I.ISTIC    .MliTIIUll 

aerasoed  for  "  Specific  Loss  "  Ti:st. 


ijuickly  over  to  the  other  contact,  cutting  R^  out  of  one  circiiit 
aad  inserting  it  in  the  other,  with  the  result  that  the  magnetism 
in  one  test  piece  sudder.ly  falls  from  Y  to  Q,  and  in  the  other 
suddenly  rises  from  P  to  Y.  Provided  the  secondary  coils 
are  connected  up  so  that  the  quantities  induced  by  these  two 
flux  changes  go  in  opposite  directions  through  tJu'  galvano- 
meter, the  ballistic  throw  will  measure  PQ  or  <3B. 

The  .special  advantage  of  this  method  is  that  the  induction 
changes  take  place  simultaneously  and  not  successively,  as,  of 
necessity,  they  must  in  the  "  single  specimen  "  method.  The 
key  K  may,  therefore,  be  operated  as  quickly  as  one  pleases  ; 


the  key  itself,  moreover,  need  not  be  of  special  construction, 
since  any  ordinary  two-way  key  will  serve  so  long  as  it  fulfils 
the  required  condition  of  not  breaking  circuit  in  passing  from 
one  contact  to  the  other. 

Two  modifications  of  the  arrangement  shown  in  Fig.  7, 
though  of  a  much  less  practical  character,  arc  at  least  worth 
mentioning.  In  the  first  of  these.  Fig.  8,  the  magnetising 
coils  are  placed  in  series,  and  the  resistances  R.^  can  be  con- 
nected as  a  shunt  across  one  or  the  other  V)y  the  key  K  which 
is  constructed  to  break  circuit  in  passing  from  contact  to  con- 
tact. The  commutator  C  is  reversed  and  stopped  with  K  Ln 
its  mid  position  and  touching  neither  contact.  K  is  then  set 
to  one  side  and  V  thrown  over  in  the  proper  direction.  This 
brings  the  magnetism  of  one  test  piece  to  P  and  of  the  other 
to  Y.  Moving  K  to  the  opposite  side  causes  the  magnetism 
of  the  first  test  piece  to  fall  to  Q  and  of  the  other  to  rise  to  Y, 
giving,  with  a  properly  connected  galvanometer,  a  ballistic 
throw  proportional  to  SB.  The  disadvantage  of  this  method 
compared  with  that  of  Fig.  7  arises  from  the  difficulty  of  keep- 
ing the  main  current  exactly  constant  during  the  manipula- 
tion of  K. 

The  arrangement  of  Fig.  9  is  in  reality  identical  with  that 
of  Fig.  8,  except  that  auxiliary  magnetising  coils  are  used  in 
place  of  the  shunting  resistance  R;..  The  manipulation,  how- 
ever, remains  the  same.  With  K  in  its  mid  position  and  touch- 
ing neither  contact,  the  current  circulates  through  both  the 
main  and  auxiliary  coils,  the  latter,  say,  being  connected  up 
to  aid  the  former.     When  C  has  been  reversed,  stopped,  K  set 


Fig.  9. — "  Two  Specimen  "  Differential  B 

ARRANGED    FOR    "  SpECIFK'    LuSS  '" 


Ai.i.isTR-  -Method 
Tf.st. 


against  one  contact,  and  C  thrown  over,  the  magnetism  of  one 
test  piece  is  represented  by  P  and  of  the  other  by  Y.  Moving 
K  against  the  other  stop  changes  the  magnetism  of  the  first  to 
Y  and  of  the  second  to  Q,  and  gives  a  ballistic  throw  propor- 
tional to  88. 

The  disadvantages  of  the  method  are  the  same  as  for  the  last, 
with  the  added  disadvantage  that,  in  order  to  measure  several 
different  ordinates,  arrangements  must  be  made  for  shunting 
the  auxiliary  coils,  or  else  several  auxiliary  coils  each  wound 
with  a  differoit  numlier  of  turns  must  be  provided. 


UTILISATION  OF  ATMOSPHERIC  NITROGEN  PAR- 
TICULARLY FOR  THE  MANUFACTUBE  OF  AIR- 
SALTPETRE 

BY  DR.  A.  HEUNTUSEN. 

In  si>ite  of  the  fact  that  at  first  siglit  atmospheric  nitrogen  appears 
to  bo  a  ratlur  useless  substance,  and  was  so  considered  for  many 
years,  the  compounds  of  tliis  gas  play  sucli  an  important  part  in  the 
luitrition  of  living  organisms  that  the  ta.'^k  of  discovering  new  sources 
of  those  compciunds  has  become  one  of  tlie  most  interesting  and 
l)ressin,i;  problems  of  the  day.  The  author,  therefore,  at  the  begin- 
ning of  his  Paper,  considers  this  subject  from  an  historical  point  of 
view,  and  shows  how  important  it  is  in  agrieultmv  to  supplement 

*  Abstract  o{  a  Paper  read  at  Ihe  Seventh  Interuatioual  Congress  of 
AppUed  Chemistry.  London,  IWO. 
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the  natural  sources  of  the  nitrogen  required  by  tlio  plants  by 
artificial  means.  Liebig  first  drew  attention  to  the  ignorant 
way  in  which  the  soil  was  being  used  up,  and  protested  strongly 
against  the  waste  of  manure.  In  spite  of  the  opposition  which 
was  at  first  made  to  his  teachings,  his  ideas  have  taken  root,  and 
the  question  of  artificial  production  of  manure  has  become  of  highest 
importance. 

Besides  theii-  use  in  agriculture,  nitrogen  eomiJounds  are  being 
employed  to  a  very  large  extent  industrially,  and  in  spite  of  the 
enormous  fields  of  natural  saltpetre  which  exist  in  South  America 
the  demand  is  considerably  greater  than  the  sui)ply.  The  possibility 
of  the  exhaustion  of  the  supply  of  saltpetre  was  first  pointed  out  by 
Sir  William  CVookes  in  1S99,  who  also  showed  that  owing  to  the 
increase  in  population  the  yield  per  acre  of  the  gi'ound  would  have 
to  be  considerably  increased  in  order  to  provide  an  adequate  food 
supply. 

The  problems  which  arc  the  corollary  of  the  above  conditions  have 
been  solved  by  the  utilisation  of  atmospheric  nitrogen  for  various 
purpo.ses,  and  this  fixation  has  been  carried  out  by  very  different 
methods,  which  can  be  divided  into  three  groups.  The  first  of  these 
requires  the  direct  formation  of  ammonia  from  its  elements.  In  the 
second,  the  nitrogen,  which  is  first  isolated,  is  then  converted  into 
metallic  nitrides  and  cyanogen  compounds,  which  can  in  their  turn 
be  decomposed  into  ammonia.  In  the  third  group  direct  oxidation 
of  atmospheric  nitrogen  and  its  conversion  into  nitrates  is  attempted. 
As  regards  the  first  of  these  methods,  though  interesting,  much  has 
not  been  done  along  practical  lines.  In  the  second,  researches  were 
carried  out  nearly  70  years  ago  by  Bunsen,  and  Marguerite  and 
Sourdeval  also  worked  upon  the  subject.  The  well-known  nitrolime 
product,  the  production  of  which  is  due  to  Frank  and  C'aro,  also 
belongs  to  this  class.  These  substances  have  had  some  industrial 
application,  but  it  is  at  present  too  early  to  prophesy  what  their 
success  will  be.  It  will  also  have  to  be  discovered  whether  the 
nitrolime  is  entirely  suitable  for  application  to  the  soil,  or  whether  it 
will  be  advisable  first  to  convert  it  into  ammonium  sulphate  and 
how  much  loss  of  efficiency  there  will  be  on  this  account. 

As  to  the  third  method  of  bringing  nitrogen  into  a  state  of  com- 
bination suitable  for  use  on  a  practical  scale,  this  consists  in  convert- 
ing the  gas  by  direct  oxidation  into  oxides  of  nitrogen,  which  are 
then  transformed  into  nitric  acid  and  nitrates.  This  direct  com- 
bination requires  a  high  temperature,  but  the  degree  of  combination 
is  limited  by  the  fact  that  the  same  temperature  which  brings  about 
the  formation  also  tends  to  decompose  the  compound  again  into  its 
constituents.  At  temperatures  under  1,200°C.  nitric  oxide  is  stable 
against  the  action  of  heat,  but  at  this  temperature  the  amount 
formed  is  very  small.  At  L.'JOtrC.  only  one-tenth  per  cent,  of  the 
nitrogen  in  the  air  is  converted  into  nitric  oxide,  and  a  very  much 
higher  temperature  is  necessary  to  bring  about  a  reasonable  degree 
of  oxidation.  Muthmann  and  Hofer.  and  especially  Nernst,  have 
studied  this  subject,  and  from  their  results  it  appears  that  at  a 
temperature  of  2."2(K)°C'.  the  gases  contain  I  per  cent,  of  nitric  oxide, 
at  2.a~Vi'.  they  contain  2  per  cent.,  at  2,854°C  3  per  cent,  and  at 
.3,.'{27'C'.  o  per  cent.  The  air  must,  therefore,  be  heated  to  as  high  a 
temperature  as  possible  and  then  cooled  down  again  with  the  utmost 
rapidity,  so  that  little  op|)ortunity  may  be  given  to  the  nitric  oxide 
to  decompose  into  its  elements. 

The  author  then  deals  with  the  methods  which  have  been  pro- 
posed for  fixing  nitrogen  by  this  means  in  an  historical  manner, 
and  draws  attention  to  the  work  of  Pawlikowsky,  Hauscr,  Brunler, 
Keltt'ler  and  others  and  to  that  of  Cavendish  and  Priestly.  Numer- 
ous other  names  in  this  field  arc  also  mentioned  and  their  work 
dealt  with,  namely,  lyord  Rayleigh  Crookes.  lA-pcl,  Ouye  and 
Xavillo,  .MaeOougal  anrl  Howies,  Kowalsky  and  Moscicki,  Brode. 
I'auling,  !-/■  Blanc  and  Xurcnen,  Birkeland  and  F-yde,  and  .Scliiin- 
herr.  The  method  u.sid  by  Bradley  and  Lovejoy  at  Niagara  is 
described,  and  that  em])loved  by  Birkeland  and  Kyde  in  Norway  is 
also  dealt  with. 

.•\nothcr  interesting  process  is  that  of  the  Badi?«he  .\nilin-  luid 
Sfxla-P'nbrik  who.  after  manufacturing  indigo  on  a  comnu  reial  scale. 
have  recently  paid  special  att<ntion  to  the  new  (jroblem.  As  the 
result  of  these  labours.  Otto  Sehiinherr  succeeded  in  H)().")  in  dis- 
covering, and  with  the  assistance  of  the  enginet  r  Hessberger,  work- 
ing out,  a  process  of  producing  an  electric  are,  and  was  thus  enabled 
to  solve  the  problem  in  a  .stirprisingly  simple  manner,  presenting 
considerable  advantages  over  the  method  of  Birkeland  and  Kyde. 
It  '»  not  a  mere  modification  of  their  process,  as  has  scjnietimes  been 
falsely  assumed,  but  differs  fundamentally  from  it.  for  while  Birke- 
land and  Evdc  cause  the  electric  discharge  to  burn  in  a  strcjng 
magnetic  field,  and  thus  spread  it  out  in  the  shape  of  a  Hat.  more  or 
less  circular  disc.  .Sch'inherr  dispenses  entirely  with  magnets  and 
mapnetic  fields,  and  produces  his  arc  inside  an  iron  tube  of  com- 
paratively small  diameter,  at  the  same  time  passing  the  air  through 


the  tube,  and  thus  bringing  it  into  contact  with  the  arc.  He  has 
described  his  process  at  a  lecture  in  Berlin,  of  which  a  full  report  has 
just  appeared  in  the  "  Elektrotechnische  Zeitschrift,"'  Nos.  16 
and  17.  [1900.  The  manner  in  which  the  arc  is  developed  is  in 
itself  very  peculiar  and  interesting.  The  iron  tube,  or  arc  tube,  as 
it  is  designated,  contains  an  insulated  electrode  at  one  end.  and  can 
itself  serve  as  the  second  electrode.  The  arc,  at  its  formation,  sjirings 
from  the  insulated  electrode  to  an  adjacent  part  of  the  arc  tube, 
Mhich  is  only  a  few  millimetres  away,  but  the  air,  which  is  passing 
through  the  tube,  being  preferably  introduced  with  a  tangential  or 
rotary  motion,  immediately  carries  the  end  of  the  are  along  the  wall 
of  the  tube,  so  that  it  either  enters  the  tube  at  a  considerable  dis- 
tance from  the  electrode,  or  ends  on  a  special  electrode  j)laced  for 
the  purpose,  say,  at  the  other  end  of  the  arc  tube.  .\  slight  modifi- 
cation consists  in  using  an  are  tube  of  non-eondtieting  material,  and 
inserting  in  it  a  wire-spiral  alontr  which  the  end  of  tlie  arc  can  travel, 
or  providing  other  means  for  bringing  aliout  tlic  initial  formation  of 
the  arc.  In  each  case,  a  column  of  arc  flame  is  olitained.  burning 
quietly  in  the  axis  of  the  tube,  and  surrounded  by  the  air  which  is 
being  passed  tlirough  the  tube.  The  arc,  as  seen  through  a  mica- 
covered  opening,  emits  an  intense  light,  and  is  quite  stable,  as  op- 
po.sed  to  ares  which  are  formed  in  the  open  air,  since  these  latter  are 
easily  extinguishable.  The  air  passing  through  the  tube  comes  into 
contact  with  the  arc,  becomes  partially  converted  into  nitric  oxide, 
and  is  then  rapidly  cooled  down  by  contact  with  the  outside  layers 
of  air,  and  consequently  a  decomposition  back  again  to  nitrogen 
and  oxygen  is  avoided.  The  cooling  action  is  still  further  increased 
by  surrounding  the  upper  end  of  the  arc  tube  with  running  water, 
after  the  manner  of  the  Liebig's  condenser.  The  gases  leaving  the 
tube  contain  about  2  per  cent,  of  nitric  oxide — that  is.  they  are  from 
one  and  a  half  times  to  nearly  twice  as  concentrated  as  the  gases 
which  Birkeland  and  Eyde  produce. 

The  method  of  introducing  the  air  can  be  very  varied.  For 
instance,  instead  of  the  air  being  passed  in  its  entirety  into  the  space 
between  the  electrode  and  the  wall  of  the  tube,  it  can  be  introduced 
partly  or  wholly  into  the  tube  at  other  points  above  or  below  the 
electrode,  and  it  can  be  made  to  enter  the  tube  either  through  one 
or  more  openings  or  through  a  number  of  openings  which  are  dis- 
tributed over  a  part  or  the  whole  of  the  tube.  The  opening  may  be 
in  the  form  of  a  ring  extending  all  round  the  tube,  or  several  such 
ring-sha])ed  openings  can  be  employed,  or  instead  of  these,  long 
slits,  eillier  parallel  or  at  an  angle  to  the  axis  of  the  tube,  can  be 
provided.  The  openings  may  be  situated  so  that  the  air  enters  at 
right  angles  or  at  any  other  angle  to  the  axis  of  the  tube.  In  the 
latter  case,  the  gases  generally  pass  through  tlie  tube  with  a  rotary 
motion. 

With  the  aid  of  Schiinherr's  invention,  il  is  possible  to  send 
extraordinarily  large  quantities  of  electrical  energy  through  a  sing'» 
tube.  A  small  experimental  apparatus,  for  instance,  uses  about 
5-5  H.p.  and  works  at  a  tensicm  of  5.000  volts.  The  experimental 
furnaces  at  Christianssand  have  a  capacity  of  alK)ut  (jOOii.f.  at  4,200 
volts,  and  although  it  appears  ])ossible  to  build  fiunaccs  which  could 
constmie  2,000  ii.p.,  those  regularly  used  will  probably  be  built  for 
1,000  II. p.  These  furnaces  require  about  40,000  cubic  ft.  of  air 
every  hour,  and  the  arcs  produced  are  nearly  8  yds.  long.  3 

The  construction  of  the  furnace  on  the  large  scale  is  r.s  follows  : 
The  air  passes  into  the  arc  lube  through  a  number  of  tangenlially- 
bored  holes  in  the  part  of  the  tube  surrt.unding  the  eltctrcde.  and 
over  these  holes  is  an  iron  ring  or  cylinder,  which  can  be  moved  from 
the  outside  by  means  of  a  lever,  .so  that  any  desired  number  of  the 
holes  can  be  closed,  and  consequently,  the  strength  of  the  rtjtary 
motion  of  the  air  regulated,  and  this  in  ttirn  assists  in  regulating  the 
length  of  the  arc.  The  insulated  deetrode  can  be  cooled  by  means 
of  water  or  air,  and  it  is  also  provided  with  a  central  hollow  space 
through  which  passes  an  iron  rod.  The  are  actually  springs  fn.ni 
this  iron  rod.  and  as  it  burns  or  volatili.ses  away,  it  can  be  pushed 
forward  by  a  simple  arrangement  ;  the  rate  of  burning,  however,  is 
very  slow.  An  ignition  lever,  or  other  simple  arrangement,  is  pro- 
\  ided  so  that  the  arc  can  be  started  afresh,  should  it  from  any  cause 
becomo  extinguished  ;  this,  however,  is  very  rarely  the  case.  The 
furnace  itself  is  connected  electrically  to  earth,  so  that  any  part  of 
the  apparatus,  with  the  exception  of  the  insulated  eleetrodf .  can  be 
handled  with  impiniily.  The  gases  which  leave  the  arc  lube  lia;  s 
down  a  channel  lined  with  brick,  and  eoneentrieally  surrovnwiing  tin- 
inner  parts  of  the  furnace.  They  are  thus  made  to  give  up  a  |iortii  n 
of  their  heat  to  the  air  which  is  entering  the  finnaee.  and  which  is 
subsequently  passed  through  the  arc  tulic,  th<reby  raising  it  to  a 
fairly  high  temperature. 

The  ajiparatus  is  extremely  simple,  and  at  the  same  time  veiy 
durable  ;  ordinary  iron  tubes  are  em])loycd,  there  arc  no  movable 
parts  and  no  expensive  electromagnets,  and  the  manufacture  runs 
smoothly  without  interruptions. 


THE  ELECTRICIAN,  JUNE  11,  1909. 


345 


Tliiiiiijli  ill  this  [H'occss  there  is  very  little  hiss  of  cicctrica!  energy 
in  producing  the  arc,  yet  only  a  small  |)erccntage  of  the  energy  serves 
to  bring  about  chemical  reaction,  the  rest  is  converted  into  heat. 
This  lattor,  however,  is  not  by  any  means  wasted,  .30  per  cent,  of  it 
is  employed  jiroducing  hot  water.  40  per  cent,  heats  the  boilers,  10 
per  cent,  has  to  be  removed  by  cooling,  and  only  17  per  cent,  is  lost 
by  radiation.  Tlie  evaporation  of  the  calcium  nitrate  solutions 
obtained  is  carried  out  solely  by  the  heat  generated  in  the  arc. 

Numerous  experimenters  have  studied  the  chemical  action  of  this 
kind  in  arcs,  and  under  certain  conditions  it  ha.s  been  found  that  a 
gas  mixture  containing  10  per  cent,  of  nitric  oxide  could  be  obtained. 
The  arc  produced  is  of  comparatively  low  temperature  and  the  com- 
bination appears  to  lie  brought  about  by  some  electrical  phenomenon. 
Tlio  proce.ss  is  certainly  very  interesting  from  the  theoretical  point 
of  view,  but  it  is  too  early  to  give  an  opinion  on  its  practical  utility. 
The  yield  f)f  nitric  oxide  can  be  increased  by  mixing  oxygen  with  the 
atmospheric  air  instead  of  using  the  latter  alone,  but  the  advantages 
are  only  ajiparent,  owing  to  the  greater  expcn.se.  It  has  also  been 
suggested  by  Messrs.  Siemens  &  Halske  and  Sir  Wm.  Ramsay  to 
separate  the  air  into  its  different  constituents  and  use  the  nitrogen 
for  producing  nitrolime  and  the  oxygen  for  manufacturing  .saltpetre. 
This  arrangement  does  not  at  present  appear  likely  to  be  .suc- 
cessful. 

It  is  interesting  to  note  that  the  arcs  ])niductd  in  Srliiinlicrr'.s 
process  send  out  electrical  waves,  and  as  a  I'esult  of  this  a  method 
has  been  worked  out  by  the  Badische  Anilin-  &  Soda-Fabrik  for 
producing  electrical  oscillations  of  great  frequency  suitable  for  use 
in  wireless  telegraphy. 

Having  once  obtained  the  oxides  of  nitrogen,  it  is  necessary  to 
bring  them  into  a  marketable  state,  either  into  the  form  of  nitric 
acid,  nitrates,  or  nitrites.  Up  to  the  present  both,  nitric  acid  and 
nitrites  have  been  manufactured  from  saltpetre  by  chemical  reaction, 
and  are.  therefore.  l)oth  more  expensive  than  the  latter  substance. 
As,  however,  the  demand  for  nitric  acid  and  nitrites  is  limited,  the 
chief  aim  of  every  large  factory  is  to  convert  the  supply  of  nitrogen 
into  tiie  form  of  saltpetre,  for  which  there  is  an  unlimited  market. 
Tile  nitrogen  tetroxidc  passes  through  water,  so  that  two-thirds  oj 
the  nitrogen  present  is  converted  into  nitric  acid,  while  one-third 
reappears  as  nitric  oxide.  This  again  combines  with  the  excess  of 
oxygen  present  in  the  gases  to  form  oxygen  tetroxide.  and  the  same 
reactions  are  gone  through  again.  On  neutralising  this  acid  with 
soda  a  concentrated  solution  of  sodium  nitrate  is  obtained,  which 
can  be  evaporated  until  the  solid  salt  crystallises  out.  In  practice 
limestone  is,  however,  employed  instead  of  soda,  so  that  calcium 
nitrate  is  obtained.  This  substance  is  at  least  as  valuable  as  sodium 
nitrate  for  manuring  purposes,  and  is  consequently  isolated  as  .such 
and  put  on  the  m.Hrket  under  the  name  of  "'  Norwegian  saltpetre  " 
or  "  air  .saltpetre." 

By  other  suitable  methods  strong  nitric  acids,  nitrites  and  oxygen 
tetroxide  can  also  \>v  oljtained.  The  furnace  gases  can  also  be  passed 
over  quicklime,  which  ab.sorbs  them,  the  final  lu-oduct  containing 
dry  calcium  nitrite. 

The  absorption  at  Notoddcn  is  at  iirescnt  carried  out  according  to 
the  "  acid  "  proce.ss  ;  the  first  product  is  dilute  nitric  acid,  which  is 
subsequently  converted  into  calcium  nitrate.  The  apparatus  neces- 
sary is  very  extensive,  on  account  both  of  the  small  contents  of 
nitric  oxide  in  the  ga.ses,  and  also  of  the  very  large  volume  of  the 
gases  treated.  The  hot  gasrs.  on  leaving  the  electric  furnace,  are 
hrst  made  to  pass  through  boilers,  thereby  giving  u.p.  some  of  their 
neat,  and  creating  the  .supply  of  steam  used  for  heating  the  vacuum 
pans,  in  which  the  solutions  of  calcium  nitrite  are  evaporated. 
These  vacuum  pans  can  be  heated  directly  by  the  furnace  gas;s  if 
desired,  or  by  the  intermediate  agency  of  steam.  The  ga.ses  arc 
then  still  further  cooled  and  afterwards  passed  into  a  large  empty 
tower  or  other  receiver,  in  which  time  and  opjiortunity  are  given  for 
the  nitric  oxide  to  be  oxidised  to  nitrogen  tetroxide.  If  the  gases 
contain  2  per  cent,  of  nitric  oxide.  12  .seconds  arc  required  f(u-  the 
oxidation  of  50  per  cent,  of  it,  while  the  oxidation  of  EO  per  cent, 
requires  100  seconds.  The  gases  are  then  passed  into  very  lai'ge 
granite  towers  about  05  ft.  high  and  hlled  with  lumps  of  quartz,  and 
in  these  towers,  the  acid  absorption  is  effected  by  means  of  water,  or 
of  the  dilute  nitric  acid  which  is  collected  at  the  bott(mi  of  the  tower. 
In  order  t«  recover  the  oxides  of  nitrogen  which  remain  unabsorbed, 
the  ga.ses  arc  finally  treated  with  milk  of  lime  or  soda,  and  give  rise 
either  to  a  mixture  of  nitrite  and  nitrate  or  to  pure  nitrite. 

The  more  dilute  the  gases  are.  the  more  difficult  is  the  absorption, 
and  consequently  the  greater  concentration  of  the  gases  obtained 
by  the  process  of  the  Badi.sehe  Anilin-  &  Soda-Fabrik.  constitutes  a 
not  unimportant  advantage  over  Birkeland  and  Eyde's.  process. 

More  recent  experiments  at  the  Badische  Anilin-  &  Soda-Fabrik 
have  shown  the  po.ssibility  of  effecting  the  absorption  directly  with 


milk  of  lime,  and.  in  this  ca.se,  the  "  acid  "  absorjition  could  b<-  di.s- 
pensed  with,  and  the  absorbing  towers  and  the  initial  outlay  on 
])lant  considerably  reduced. 

The  calcium  nitrate  obtained  by  any  of  these  operations  can. 
without  further  treatment,  replace  Chili  saltpetre  for  purposes  of 
agriculture,  and  is  in  some  cases  even  better.  Even  a  mixture  of 
calcium  nitrate  with  nitrite  and  free  lime  appears  to  have  no 
harmful  effect.  Such  operations  as  these  require  abundant 
and  cheap  water  power,  which  conditions  the  Birkeland  and 
Eyde  concern  have  obtained  in  Norway.  The  Batlischc  Anilin 
&  Soda-Fabrik  have  also  obtained  a  concession  whereby  the  con- 
struction of  a  factory  with  a  cajiacity  of  oO.fHH)  ii.r.  will  Ik-  [jossiblc. 
Considerable  quantities  of  air  saltpetre  will  .shortly  be  put  on  the 
market,  and  probably,  within  a  few  years,  the  annual  output  «ill 
reach  100,000  tons.  This  quantity  is  none  too  large  when  we  remem- 
ber that  the  world's  demand  increases  by  at  least  that  much  every 
two  years.  Chili  saltpetre  is  not  likely  to  influence  unfavourably 
the  development  of  the  factories  already  started,  especially  as  air 
saltjjctre  has  decided  advantages  over  the  old  material,  being  free 
from  perclilorate  and  other  injurious  compounds.  Further,  it  eon- 
tains  lime  which  is  very  beneficial  for  the  plant,  whereas  the  soda  in 
Chili  .saltpetre  is  very  often  directly  harmful.  Experiments  made 
on  this  .subject  Iiear  out  tlusc  cnnlciitions. 

It  has  recently  been  ass(ri((l  l.y  ( "aro  that  it  is  more  rational  to 
manufacture  nitrolime  thuii  sallprtie.  because  the  former  requires 
only  one-thud  of  the  amount  of  electricity  to  fix  the  same  quantity 
of  nitrogen,  and  the  economy  of  both  processes  depends  on  the 
quantity  of  power  used.  Such  a  comparison  can  easily  lead  to  con- 
tusion. The  production  of  air  saltpetre  requires,  in  addition  to 
electrical  power,  only  the  very  cheapest  materials,  namely,  water 
and  limistone.  wluicas.  in  order  to  produce  nitrolime.  coal  has  to  be 
oni|ilipye(l.  and.  in  iiddition.  the  nitrogen  used  in  the  process  cannot 
lie  taken  in  tin-  form  of  an',  but  first  must  be  separated  from  the 
oxygen.  These  points  have  to  be  taken  into  consideration  ;  it  is 
not  sufficient  merely  to  compare  the  electrical  energy  used  in  each 
case.  Moreover,  there  are  other  points  in  favour  of  the  production 
of  air  saltpetre.  Not  only  has  the  nitrogen  contained  in  it  a  higher 
value  than  that  in  ammonium  sulphate,  or  in  nitrolime,  but,  by  the 
oxidation  of  nitrogen,  the  nitric  acid,  nitrates  and  nitrites,  which 
are  .so  indispensable  in  the  chemical  industry,  are  obtained.  These 
compounds  have  a  higher  value  than  air  saltpetre,  the  nitrogen  .n 
nitric  acid  being  worth  more  than  twice  as  much  as  that  in  ammonia. 
The  prospects  of  a  profitable  conversion  into  nitric  acid,  of  the 
ammonia  obtained  from  nitrolime.  appear  very  doubtful. 

As  a  matter  of  fact,  however,  our  previous  considerations  have 
shown  us  that  the  world's  demand  for  combined  nitrogen  is  growing 
so  enormously,  that  there  is  room  and  to  spare  for  these  two  pro- 
cesses and  others  as  well  to  develop  side  by  side. 

It  has  in  recent  times  been  suggested  that  the  large  waterfalls  in 
Germany  should  be  taken  over  by  the  State  for  the  purpose  of 
electrifying  the  railways,  and  for  supplying  power  to  small  manu- 
facturers. It  is.  however,  difficult  to  find  a  purpose  to  which  the 
water  power  coidd  be  better  applied  in  the  interests  of  the  State; 
than  in  the  production  of  combined  nitrogen,  and  further,  there  is. 
at  the  present  time,  no  other  industry  which  would  be  in  a  ])i>sition 
to  take  up  such  large  ((uantities  of  cheap  power.  We  have  a  classical 
illustration  of  this  in  the  ease  of  Norway,  where,  although  small 
quantities  of  water  ])ower  are  sought  after,  up  to  the  present,  it  has 
been  difficult  to  find  a  use  for  the  large  waterfalls.  This  is  probably 
due  to  the  fact  that  the  distribution  of  electricity  in  those  parts  of 
the  country  in  which  the  po]nilation  is  scattered,  and  the  houses  and 
small  villages  lie  far  ai)art.  wculd  require  so  high  an  outlay  for 
installation  that  a  general  adajitation  for  lighting  purposes,  and  tor 
supplying  power  en  a  small  scale,  is  out  of  the  (|uestion.  iho 
reverse,  however,  aiiplies  to  the  utilisation  of  the  large  falls  for  the 
production  of  air  saltpetre  ;  such  production  would  be  coupled  with 
remarkable  advantages,  for  it  would  open  up  large  industries,  just  m 
those  parts  of  the  country  which  from  natural  causes  have  hitherto 
been  most  neglected.  .Another  factor  which  must  not  be  under- 
estimated when  considering  the  advantages  of  the  new  air  saltpetre 
industry,  is  its  non-partieiiiation  in  the  destruction  of  the  valuable 
coal  deiiosits,  which  have  been  stored  up  for  us  d\ning  such  countless 
ages.  It  obtains  the  power  it  requires  from  water,  or.  as  it  ha.s  been 
fancifully  termed  "  white  coal,"  which  can  be  employixl  over  and 
over  again  without  being  exhausted,  since  as  soon  as  it  has  been  used, 
it  is  raised  up  again  into  the  sky  by  the  agency  of  the  sun,  and  this 
circulation  has  gone  on  through  countless  ages,  and  will  continue  as 
long  as  we  have  any  need  of  saltiictrc. 

We  have,  eon.seqiuntly.  every  reason,  from  such  ditTirent  points 
of  view  as  those  of  the  agriculturist,  the  industrial  chemist,  ar.d  the 
whole  of  mankind,  to  hojie  that  the  new  process  for  the  combustion 
of  nitrogen  will  continue  to  develop  and  flourish. 
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HYSTERESIS  TESTS. 

The  liKigiietic  testing  of  iron  \:i  sn  important,  both  in- 
tlustrialiy  and  scientifically,  that  iiiucli  thought  has  been 
given  to  tliij  devi.siiig  of  simple  met-hod.s.  Nevertheless, 
the  measuroment  of  hysteresi.s  loss  is  generally  a  somewhat 
tedious  process.  The  iron  ring,  so  ideal  from  the  magnetic 
]>oint  of  view,  is  undesirable  in  pr;i';tico,  and  the  same  must 
1 1 J  said  of  long  strips.  To  work  with  short  strips  has  been  the 
aim  of  many  investigators.  In  The  Eli'.cthician  of  Novem- 
ber 6,  11)08,  Dr.  i;.  Beattih  showed  that  a  bundle  of  short 
strips  in  a  straight  .solenoid  could  bu  used  with  certain 
liiuitations  and  gave  a  convenient  method.  IjuL  in  any 
ease  the  evaluation  of  a  hysteresis  loop  is  troubh^some,  and 
wlien  short  strips  are  used  the  difficulty  becomes  even 
greater,  because  the  strong  dcinagnetisiiig  action  causes 
tile  lo(jp  to  be  very  narrow,  and  thus  errors  may 
crcej)  ill  iiiorti  readily.  In  our  last  issue,  Dr. 
Beattie  and  Mr.  ICbTo.v  made  the  valuable  suggestion 
that  dijfcrenixi  in  the  two  B  ordinates  (.•orrcs[ionding 
to  any  given  vilue  of  H  .should  Ije  determined  directly 
by  a  ballistic  galvanometer  and  a  special  form  of  l<cy, 
instead  of  det(!nniiiing  the.se  lU'diiiates  separately  and  sub- 
scfjuently  taking  their  diflerenccvs.  If  the  form  of  the  loop 
is  immaterial,  tliis  diflerence  gives  all  tiiat  is  desired ;  it 
can  be  measured  more  accurately,  and  it  has  the  further 
advantage  that  when  ^B  is  plotted  against   H  the  curves 
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for  short  strips  are  so  nearly  paraliolic  tliat  the  deturmi na- 
tion of  two  values  of  BB  is  enough  to  ^ive  the  area  desired 
with  sufficient  accuraeyfor  most  purposes.  There  is  a  curious 
fact,  however,  to  which  the  authors  call  attention  in  this 
week's  issue.  The  accuracy  of  the  method  was  first  tested 
by  measuring  the  hysteresis  loss  of  rings  by  the  "step-by- 
step"  process  and  also  by  the  "  differential "  process.  The 
values  of  the  loss  were  the  same.  Secondly,  when  the 
samples  were  tested  as  short  bundles  both  methods  were 
a"ain  in  agreement ;  liut  in  this  case  the  loss  was  consis- 
tently less  than  in  the  rings.  The  experiments  showed 
that  tiie  loss  in  a  ring  is  about  I'Ga  times  that  in  a  short 
bundle,  and  this  result  was  verified  for  several  qualities 
of  iron.  It  is  difficult  to  understand  so  large  a  difference. 
The  interest  of  the  problem  is  increased  by  the  circum- 
stauce  that  when  an  alternating  current  with  a  frequency 
of  100  was  used  the  loss  was  found  to  be  the  same  for 
strips  as  for  rings.  The  use  of  short  strip.s,  however, 
depends  for  its  accuracy  upon  certain  assumptions,  such  as 
the  relation  of  the  demagneti.sing  force  to  the  force  due  to 
the  coil,  and  the  assuniption  that  the  equivalent  uniform 
induction  is  0"75  times  that  at  the  centre. 

There  are  some  points  on  which  our  readers  will,  no 
doubt,  desire  further  information.  In  connection  with  the 
ballistic  experiments  the  ideas  connected  with  the  equiva- 
lent uniform  induction  arc,  perhaps,  not  without  difficulty- 
In  the  case  of  the  alternating  current  there  are  difficulties 
in  the  way  of  an  accurate  knowledge  of  the  form  factor  of 
the  E.M.F.  induced  with  a  secondary  coil  wound  round  the 
specimen.  It  would  be  interesting  to  know  whether  the 
equality  of  loss  which  occurs  with  the  alternating  current 
is  brought  about  by  an  increase  in  the  loss  in  the  strips  or  by 
a  diminution  in  the  loss  in  the  ring.s,  or  whether  both  effects 
occurred.  Were  the  results  the  same  for  different  maximum 
inductions  ?  There  may  .seem  some  difficulty  in  suggesting 
any  essential  difference  between  short  strips  and  rings 
where  such  a  molecular  phenomenon  as  hysteresis  is  con- 
cerned ;  it  may  be  remarked,  however,  that  in  rings  the 
lines  of  induction  are  tangential  to  the  edges  and  do  not 
issue  from  the  iron,  whereas  in  strips  they  pass  out  into  the 
surrounding  medium.  Thus,  the  edges  of  strijjs  may  well 
serve  as  places  where  molecular  disturbances  propagate 
themselves  into  the  interior,  and  a  certain  difference  in  the 
two  cases  might  result.  The  fact  remains  that  if  the  strip 
is  made  long  enough  it  becomes  equivalent  to"  a  ring  as  far 
as  demagnetising  effect  is  concerned;  but  would  the 
hysteresis  be  increased  to  that  of  a  ring  ^  The  whole  prob- 
lem raises  many  interesting  questions,  which,  we  hope,  will 
be  cleared  up  by  Dr.  BE.VTni':  and  Mr.  Elton  in  a  further 
investigation. 


REVIEWS. 

(Ooples  of  the  undermeutioned  works  can  be  had  from  T?it  Electrician  Office,  post  free, 
on  receipt  of  publiblied  price,  addinic  3d.  for  books  published  uudor  8s.  Add  10  per 
cent,  for  abroad  or  for  foreign  books.) 


Boiler  Feed  Water.  By  Fred.  a.  ANnrRSON.  (London:  "  Tlie 
Electrician"  I'linting  and  I'uljlisliing  Co.)  Tp.  160.  6*.  net. 
The  author  in  iiis  preface  modestly  describe.^  his  treatise  as 
a  conipilation,  but  it  contains  many  original  views  and  sug- 
gestions derived  from  his  experience  of  the  subject  in  actual 
working,  and  his  inevitable  discovery  of  the  fact  that  several 
points  connected  with  the  corrosion  and  priming  of  boilers 
require  further  investigation.     In  this  regard  he  rightlv  ad- 


vocates a  closer  association  of  the  chemist  and  engineer  in  an 
immediate  e.xaniination  on  the  spot  of  the  details  of  cases  that 
may  arise.  For  this  purpose  he  emphasises  the  necessity  of 
having  simple  and  rapid  tests  always  at  hand,  with  adequate 
knowledge  on  the  part  of  those  in  attendance.  A  great  part  of 
the  book  is  devoted  to  lucid  and  full  directions  as  to  how  short 
chemical  tests  are  to  be  applied  in  continuous  supervision, 
accompanied  by  occasional  more  complete  mineral  analyses  of 
waters  and  deposits.  A  valuable  feature  is  the  citation  of  a 
number  of  these  detailed  analyses  and  of  the  conclusions  drawn 
from  the  constitution. 

In  the  introduction  it  is  shown  that  "  the  mere  insuring  of  a 
boiler  with  a  boiler  insurance  company  will  not  entirely  ab- 
solve the  engineer  in  charge  of  all  rcsponsibihty,  as  is  sometimes 
erroneously  supposed  to  be  the  case."  The  author  condemns 
the  old  practice  of  putting  "  compositions  "  into  the  bodler 
itself  for  the  purpose  of  preventing  incrustation  or  of  breaking 
up  already  formed  scale,  remarking  that  these  preparations 
arc  mostlv  compounded  of  cheap  and  common  chemicals  sold 
at  a  high  price,  and,  moreover,  would  be  far  better  applied 
outside  than  inside  the  boiler.  He  quotes  a  German  official 
report  showing  that  many  of  them,  particularly  the  organic 
infusions  that  once  had  a  considerable  vogue,  are  not  only 
useless  but  actually  injurious,  and  that  all  of  them  are  ex- 
travagantly dear.  The  water  should  always  be  rationally 
supervised  and  prepared  before  it  enters  the  boiler. 

In  Chapter  II.,  dealing,  on  the  whole  ably,  with  the  difficult 
subjects  of  scale  formation  and  corrosion,  some  of  the  state- 
ments, as  might  be  expected,  are  not  incontrovertible.  Page  18 
distinctly  understates  the  objectional  influence  in  boiler  waters 
of  high  proportions  of  the  more  soluble  calcium  and  magnesium 
salts,  such  as  magnesium  sulphate,  in  saying  that  they  have 
"  no  scale-forming  tendency,  nor,  as  far  as  is  known,  any  cor- 
rosive qualities."  The  author's  experiment  (p.  17)  on  the 
inter-action  of  magnesium  sulphate  and  sodium  chloride  is 
admittedly  inconclusive.  The  progressive  change  of  the  de- 
posit of  sulphate  of  lime,  at  higher  steam  temperatures,  from 
gypsum  to  anhydrite,  attended  by  greater  insolubility  and  by 
the  formation  of  a  denser  and  more  crystalline  crust,  should 
have  been  mentioned  at  p.  13.  In  "  the  very  extraordinary 
cases  that  are  continually  occurring  such  as,  for  instance,  the 
attack  of  one  boiler  only  out  of  a  range,  all  working  under  the 
same  conditions  and  fed  with  the  same  water"  (p.  19),  one 
would  surmise  that  the  metal  of  the  boiler  had  something  to  do 
with  the  anomaly.  It  ought  not  to  l)e  difficult  to  prove  the 
presence  of  electrical  currents  (p.  lil).  The  (luestiou  of  priming 
is  briefly  considered,  but  not  elucidated. 

Chapters  III.  and  IV.,  on  Analysis  (why  "  of  hard  waters" 
only  '!)  and  Calculation  of  Results,  are  very  clear  and  full,  but 
would  have  been  improved  by  judicious  compression,  when 
room  could  have  been  found  for  directions  for  making  the 
volumetric  solutions  (pp.  2'8,  &c.)  instead  of  referring  to  text 
books.  The  tests  for  nitric  acid  are  not  the  most  usual,  nor. 
we  think,  the  best  ones.  Something  should  have  been  said 
as  to  the  significance  of  silica,  of  iron  and  of  other  metals  in 
boiler  waters  and  incrustations. 

An  excellent  and  very  practical  cha|)ler  follows  on  Water 
Softening,  and  a  cautit)n  is  given  and  exemplitied  (p.  112) 
against  accepting  statements  that  particvdar  aj)paratus  by 
working  in  a  special  manner  will  effect  the  object  "'  with  nnicli 
less  than  the  theoretical  quantity  of  chemicals." 

The  injurious  effects  of  oil  or  grease  forms  the  subject  of 
Chapter  VI.,  and  various  explanations  of  the  action  are  dis- 
cussed, while  methods  of  determination  are  well  described 
(pp.  1-21-1-2.5).  With  regard  to  remedies,  exhaust  steam 
sepaiators  are  stated  to  afford  a  partial  .solution  of  the  problem, 
but  •'  none  of  them  have  up  to  the  present  succeeded  in  effect- 
ing the  complete  removal  of  the  oil  "  (p.  125)  :  filters  remove 
'•free  oil"  and  coarse  suspeiided  matter  Init  not  en\ulsified 
oil.  The  onlv  method  for  removing  the  whole  of  the  oil  is  to 
use  a  suitable  precipitant  and  afterwards  filter  out  the  pre- 
cipitate. The  chemicals  recommended  from  experience  are 
sulphate  of  alumina  and  carbonate  of  soda  ;  lime  water  is  also 
sometimes  successful.     •'  In  other  cases  it  has  been  fomid  that 
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when  surface  coiidonser  water  is  mixed  with  one-third  to  one- 
fourth  of  its  hulk  of  freshly-softened  hard  water,  and  the 
mixture  filtered,"  every  trace  of  emulsified  oil  has  been  removed. 
'■  and  the  method  is  successfully  at  work  on  a  large  scale." 

Chajiter  VII.  deals  with  Steam  Boilers,  their  selection, 
management,  cleaning  and  inspection,  and  contains  some 
valuable  suggestions.  It  is  said  on  p.  1  that  the  work  specially 
relates  to  land  installations,  and  marine  boilers  are  only  briefly 
referred  to  on  p.  153. 

A  good  index  concludes  this  well-printed  and  useful  treatise. 

S.    RiDE.iL. 

Natural  Sources  of  Power.  By  Robert  S.  Ball.  (London  :  A. 
Constable  .t  Co.)      Pp.  xvi — 336.     6s.  net. 

The  utili.sation  of  natural  souices  of  power  suggests  a  very 
wide  range  of  subjects,  such  as  the  production  of  ])ower  from 
natural  gas.  the  harnessing  of  the  tides  and  many  like  topics. 

The  present  work,  however,  deals  only  with  the  power  avail- 
able from  the  wind  and  from  waterfalls,  and,  in  the  compass 
of  about  3(10  pages,  the  author  gives  a  clear  account  of  the 
elementary  engineering  features  of  these  two  subjects. 

The  earlier  section,  after  a  preliminary  account  of  the 
fundamental  principles  of  hydraulics,  discusses  the  various 
problems  arising  in  connection  with  the  turbine  and  the  con- 
struction of  water-power  plants  in  a  simple  fashion,  and  with 
a  sparing  use  of  mathematics,  for  which  the  reader  will  be 
grateful. 

Hydraulic  jiower  installations  have  been  so  exhaustively 
treated  that  there  is  not  much  room  for  originality  in  this  part 
of  the  book,  and  the  chief  feature  of  interest  is  the  section 
devoted  to  wind  power  and  the  construction  of  modern  wind- 
mills with  their  applications  for  various  purposes. 

The  great  improvements  in  this  branch  of  engineering  in 
recent  years  has  resulted  in  the  building  up  of  a  very  large 
indu.stry.  and  the  reader  will  find  in  this  book  a  great  deal  of 
prfictical  up-to-date  information  aliout  these  machines  in  a 
very  readable  form.  E.  G.  C. 

Die  Chemischen  Stromquellen  der  Elektrizitat.  I3y  Dr.  Cfbt 

CuiMM.     Vol.    IV.   of   "Die   Schwaclistromteehnik  in   Einzeldor- 

,-tclliini.'(n."     Edited    liv    .J.    Bauinaijn    and     Dr.  L.     Rellstab. 
(Miiiiclieii  ;   K.  (ddeiiliMiirt:.)     Pp.  xii. -201.     M,6. 

Elemente  und  A  kkumulatoren  ikre  1  heorie  iind  Technik.  By 
Dr.  W.  Bei.n.     (Leipzig:  J.  A.  Earth.)     Pp.  vii.— 233.     M.4.40. 

A  book  upon  any  subject  already  possessing  a  fairly  com- 
prehensive literature  should  justify  itself  bv  a  presentation 
either  of  new  facts  or  of  new  views  and  theories  about  old  facts, 
or,  better  still,  by  a  blend  of  both  these  qualifications.  We 
arc  afraid  that  neither  of  these  standards  can  be  made  to  cover 
the  works  on  primary  and  secondary  batteries,  such  as  the  two 
now  l)efore  us,  which  issue  from  the  German  j)ress  at  an  average 
rate  of  one  per  ann\im. 

To  do  Dr.  Grimm  ju.stice,  he  shows  every  willingness  to 
record  new  facts,  and  it  is  not  his  fault  that  there  arc  so  few  of 
tlicm.  We  gather  from  his  pages  that  the  (Jermans  are  some- 
what more  successful  than  ourselves  in  still  devising  modifica- 
tions in  the  details  of  design  and  construction  of  well-known 
types,  especially  the  Lelande  and  the  Leclanchc  cells,  and  we 
note  that  none  of  the  so-called  "  dry  "  forms  of  the  latter  are 
complete  without  a  report,  distinctly  drier  than  thenLselves, 
from  a  Government  laboratory.  All  else  is  ancient  history,  and 
as  we  turn  the  leaves  and  encounter  the  familiar  cuts  and 
descriptions  of  gravity  Daniells,  and  b(jttli'  liicluoniali's  and 
Kauri-  grids,  a  gentle  nwlaticlioly  siezis  us.  and  we  iniditalc 
on  the  fixity  of  human  knowledge. 

We  are  to-day  no  better  able  to  convert  the  energy  of  chemi- 
cal condiiriatioii  into  electricity  on  a  large  and  practical  .scaler 

than   we  were  .50  years  ago.     Now,  as  then,  zinc  is  the  

source  from  which  any  useful  result  can  be  obtained,  and.  con 
.sef|uently,  the  batteries  of  Daniell,  Grove,  Hunsen  and  Lelandc 
still  remain  the  last  word  upon  the  subject. 

Such  a  state  of  affairs  might  be  understandable  if  we  were 
still  confined  to  views  upon  the  fundamental  principles  of 
electrochemical  action  which  had  undergone  no  change  since 
those  days,  but  Dr.  Bein's  book,  nearly  half  of  which  is  devoted 
to  theoretical  matters,  gives  us  a  further  reminder,  if  such  were 


needed,  of  the  enormous  amplifications  and  modifications  that 
have  taken  place  since  the  days  of  Faraday.  Terms  abound,  such 
as  "  electrolytic  dissociation,"  "  osmotic  pressure,"  "  migra- 
tion of  ions,"  and  so  forth,  which  would  have  been  hardly  com- 
prehensible by  the  early  investigators,  and  yet  to-day  the 
views  which  they  connote  have  been  so  often  expounded  that, 
as  we  just  now  said,  they  afford  no  excuse  for  a  further  ex- 
position. 

We  know  of  no  other  hypothesis,  besides  that  of  electrolytic 
dissociation,  which  has  within  such  a  short  time  so  fully  jus- 
tified itself  by  the  complete  way  in  which  it  has  explained  and 
co-ordinated  previously  ascertained  facts,  and  yet  has  failed 
so  utterly  in  pointing  the  way  for  any  further  advances  intn 
the  unknown.  Apparently  we  must  wait  for  some  further 
large  and  imjiortant  development  of  theory  beforc'''the  Dis. 
Grimms  and  Beins  of  the  future  will  be  able  to  find  anv  fresh 
material  for  the  building  of  books  on  ekmenlr  und  akkumu- 
(itoren.  E.  J.  Wadk. 


THE  PHCENIX  FIRE  OFFICE  RULES  FOR 
ELECTRICAL  INSTALLATIONS. 

In  (iur  last  i.ssuc  wc  referred  brioHy  U)  the  new  edition  ol  llicse 
rules,  which  have  been  brought  up  to  date  by  Mr.  S.  G.  Castle  Kussell, 
electrical  adviser  to  the  Phwni.x  Office.  The  "  Phasnix  "'  rules 
were  first  issued  in  February.  1882,  by  Mr.  Musgrave  Heapliy.  who 
was  also  responsible  for  the  sub.sequent  editions  up  to  last  year. 
Tn  the  introductory  note  to  the  ])ref;ent  (the  38th)  edition  a  warn- 
ing is  given  in  regard  to  the  necessity  of  exercising  earc  in  accepting 
a  tender  for  wiring,  inferior  work  being  liable  to  result  in  a  fire 
breaking  out  sooner  or  later.  Intending  users  are  strongly  recom- 
mended to  retain  advising  engineers  to  design  and  supervise  the 
erection  of  an  mstallation.  Safety  and  economy  are  more  likely  to 
be  assured  under  such  supervision.  We  refer  below  to  the  main 
points  of  interest  in  the  present  edition  of  the  rules. 

Conductors. — The  conductivity  of  copper  conductors  niusi  not  be 
below  98  per  cent,  (if  that  of  pure  copper,  as  defined  by  the  Engineering 
Standards  Commit  tec  (instead  of  1(10  per  cent,  according  to  Matthies- 
seivs  standard).  Current  density  is  still  to  be  taken  as  I.OOO 
amperes  per  square  inch,  up  to  currents  of  100  amperes,  and  no 
change  is  made  in  the  minimum  size  of  conductors,  except  that  in 
fittings  3/22's  S.W.G.  are  recommended  instead  of  one  No.  20 
S.W.O.  The  standard  of  insulation  for  conductors  to  be  lued  in 
damp  places  or  in  new  buildings,  and  also  for  pressures  between  2.10 
and  ."iOO  volts,  is  to  be  2.500  megohms  ]>er  mile  (formerly  2.000 
megohms). 

Iron  and  Sled  and  Metal  Pipint/. — Additi<}na!  regulation.?  arc  as 
follows  :  All  piping  should  be  erected  before  any  conductors  are 
drawn  in.  All  joints  in  pii)ing  should  be  treated  with  aluminium 
paint.  The  use  of  tee  ])ieccs  an<l  elbows  is  not  recommended  ; 
plain  junction  boxes  should  be  used  throughout.  No  single  i)ipo 
must  contain  more  than  four  wires.  Ojien  scam  piping  with  socket 
connections  is  not  recommended,  and  is  only  allowed  for  surfivco 
work  and  where  the  i)rc.ssurc  does  not  exceed  2.'i0  volts. 

Wood  or  othtr  f'a.finy. — Wood  casing  "ill  be  allowed  in  dry  Jiosi- 
lions  only.  Wiring  joint.«are  only  alloMcd  in  easing  wlieic  unavoid- 
able (in  the  old  rrgnlations  permission  was  neccs.sary). 

Lead-covered  Wiriiir/, — This  is  now  allowed,  but  it  must  be  pro- 
tected where  it  is  liable  to  mechanical  injiuy  or  chemical  action. 
The  lead  covering  must  be  earthed,  and  where  alternating  currents 
are  u.sed  both  lead  and  return  conductors  must  l)e  in  the  same  lead 
tube  or  coverint'. 

Systems  with  unguarded  return  are  now  alhiuc d  after  pcrnii.ssion 
has  been  obtained. 

Fhjcilile  Wires  and  Cords. — Thcsi'  must  ni^l  be  joined  to  hard 
wiring,  except  by  means  of  screw  connections  in  a  fireproof  junction 
box.  The  insulation  of  flexible  cords  must  consist  of  two  coats 
(minimum  thickness  of  each  10  mils)  of  juuc  I'ara  rubber  of  high 
ipiality,  or  of  one  Cf^at  of  i>ure  Para  rubber  of  high  quality  next 
the  copper  and  two  coats  of  vulcanising  rubber  (the  minimum  radial 
thickness  of  rubber  must  be  a  total  ot  40  mils).  Flexible  cords 
not  provided  with  an  efficient  flameproof  outer  covering  must  not 
be  used  in  shop  windows  containing  inflammable  goods. 

Surface  Systems  o/  Flexible  Twin  Wiring  will  only  be  allowed  in 
situations  where  the  wires  will  not  be  liable  to  mechanical  injury  or 
damp,  chemical  action,  &c.  The  .sy.stcms  must  be  carried  out  to  the 
approval  of  the  Fire  Office. 
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Earthing. — The  wire  miitit  never  be  of  less  section  than  1 4  No.  S.W.G 
It  is   recommended  tliiit  one   end  of  the  earthing  wire  should  be 
soldered   t  >   an   approved    earth    connection    and   the    other    end 
attached  to  the  case  of  the  main  switchboard  or  other  iron-cased 
apparatus  by  means  of  a  detachable  screw  lug.     Thi.s  will  facilitate 
the  takinjr  of  tests  to  ensure  clearance  of  the  system  from  gas  piping 
and  foreign  earths, 
i      Arc  L'lmps. — Cotton   mills  and  certain  other  mills  are  now  in- 
cluded with  hazardous  risks  as  situations  where,  if  arc  lamps  are 
allowed  to  be  used,  they  must  (unless  of  inverted  tyjte)  have  two 
^  (jlobes.  each  completely  and  independently  surrounding  the  arc,  and 
I  the  lamps  .should  be  of  such  design  and  make  that  the  arc  cannot 
'  be  sustained  unless  the  inner  globe  remains  intact. 

Porltiltle  Lamps. — The  inlet  holes  for  wires  must  be  bushed. 
Flexible  twin  wires  used  in  connection  must  be  substantially 
insulated. 

Switch  Liimphokhrs. — The  use  of  these  holders  is  not  recommended. 
Where  allowed  they  should  be  grouped  and  switch-controlled. 
Main  Sivitchboards. — Where  the  switchboard  is  in  connection  with 
i  s  system  of  iron  or  steel  barrel,  or  other  system  with  earth  covering, 
I  it  should  be  enclosed  in  a  cast-iron  case  and  glazed  front.     Where 
'  it  is  in  connection  with  a  wood  casing  or  unprotected  system,  en- 
I  closing  cases  made  of  hard  wood  will  be  allowed. 
;      Distriliiilion  Fu.scbodrds  must  be  of  same  general  construction  as 
:   for  main  switchboards,  and  must  be  enclosed  as  for  main  boards. 
'  (This  would  imply  a  cast-iron  case  where  tubing  systems  are  em- 
ployed.) 
Main  and  Branch  Swilches. — Lamp  switches,  two-way  switches, 
I   &c.,  must  be  of   approved  type,  and  of  not   less  than  5  amperes 
i  capacity,  and  enclosed  in  fireproof  boxes,  the  covers  of  which  must 
1  be  insulated. 

Fuses. — This  term  has  replaced  that  of  "  cut-outs."      A  50  per 

j  cent,  overload  (excejit  under  certain  cii'cumstances  when  a  larger 

amount  is  allowed)  is  still  specified  for  fuses,  but  the  minimum  break 

is  now  "2  in.  (1  in.  was  formerly  allowed  for  100  volts  pressure).  The 

■   distributing  circuits  from  fuse  boards  must  not  carry  more    than 

8  amperes  at  25  volts.  6  amperes  at  50  volts,  5  amperes  at  100 

volts,  and  3  amperes  at  200  to  250  volts. 

Magnetic  cut-outs  and  circuit-breakers  must  be  of  approved  type. 

Dynamos  and  MoVirs. — These  rules  have  been  entirely  rewritten. 

The  maximum   temperature  of   the  dynamo  at  full  load  must  not 

exceed  70°F.    above  the  surrounding  atmosphere.      The  rules  for 

motors  are : — 

Motors  m\ist  be  cnelosed  in  substantial  metal  cases,  which  may  form 
partof  the  construction  of  the  motor  ;  any  openings  in  the  case  for  venti- 
lating p>ir]iose.s  must  be  covered  with  metal  grids.     Slip  rings  of  induc- 
tion motuis  must  be  totally  enclosed  in  metal  cases,  wherever  they  arc 
cipotwd   to  the  liability  of  mechanical  injury  or  access  of  dust  or  damp, 
4c.    Motors  must  not  be  placed  in  positions  where  they  may  be  exposed 
to  mechiuiical  injury,  extreme  damp  or  dust,  unless  suitably  enclosed  to 
pt«Tent  luochanical  injury,  ingress  of  dust  or  fluff  or  ]iossibility  of  injiny 
from  access  of  damp.     In  risks  where  inflammable  dust  or  vapour  is 
I    prcdcnl  tlie  motor  must  be  enclosed  in  a  substantial  metal  case  without 
ventilating  apertures,  the  pulley  being  external  to  the  case.     The  case 
may  be  connected  by  suitable  enclosed  ducts  or  pipes  to  the  outside  air. 
■Ml  adjacent  woodwork,  both  vertical  and  horizontal,  must  be  efficiently 
protected  with  fiieproof  material.     Wood  floors  on  which  motors  are 
fixed  must  be  lined  with  a  sheet  of  metal. 
Each  motor  must  be  ]ini|i-ctpd  by  a  switch  and  a  fuse,  or  its  equivalent, 
1   ineach  cnunecting  lead.     In  speciallj'  exempted  cases,  such  as  a  travelling 
I    orane,  or  a  tool  with  one  or  two  motors,  then  one  switch  to  control  the 
whole  will  be  allowed.     E,aeh  motor  should  be  on  a  separate  circuit. 
\    Each  motor  should  be  furnished  with  an  approved  automatic  no-voltage 
i   and  overload  release.     The  frames  of  motcu's  and  all  metal  piping  and 
'    nlctal■ca;^ed  apparatus  in  connection  must  be  efficiently  .connected  to 
'  earth. 

The  lein))eraturc  ri.se  of  motors  mider  normal  working  conditions  must 
\  not  exceed  "('"F.  .ibove  the  surrounding  atmosphere  as  measured  by  a 
thomionicter,  provided  the  total  temperature  docs  not  exceed  140"K. 
;  The  terminals  of  nuiturs  should  be  so  constructed  as  to  ensure  that  they 
are  efficiently  protected  by  metal  covers  or  an  equivalent  device.  In 
j  positi.ms  wliere  motors  are  liable  to  collect  dust,  &c.,  and  a  totally 
I  enclosed  motor  is  not  ri quired,  the  motor  should  be  cleaned  ]ieriodically 
I  by  means  of  a  small  compressor  or  hand  bellows.  Kxccssive  deprecia- 
!  tion  ind  trouble  ar,'  found  to  oecur  through  neglect  in  keeping  the 
I  interior  of  the  mot(U-s  dean  and  free  from  dust. 

1  Avlo-friin.tlonn''r-f  must  be  of  sufficient  capacity  to  stand  an  over- 
'  load  ol  25  ])er  cent,  for  short  periods.  The  transformers  must  be 
'  totally  enclosed  in  strong  cast-iron  cases  with  removable  lids.  Ter- 
minals to  be  within  the  iron  cases  and  the  leading-in  holes  for  cables 
!  fitted  with  bushes,  except  when  metal  pipes  are  screwed  direct  into 
I  the  case.  The  metal  cases  and  frames  of  transformers  must  be  earthed. 
Transformers. — These  rules  have  now  been  reduced  to  onlv  a 
small  fraction  of  their  former  length. 


Siipphj  Maiiis. — The  conductors  should  be  carried  in  iron  barrel, 
and  the  apparatus  in  connection  should  be  enclosed  in  substantial 
iron  cases. 

Teleplione  Wires  and  Telegraph  Wires,  <kc. — No  telephone  wire 
should  be  of  less  section  than  No.  20  S.W.G. .  and  the  insulation  of 
the  circuit  inside  a  building  should  never  dro]>  below  1  megohm. 
A  high-voltage  fuse  also  must  be  placed  upon  each  telephone  wire. 

Tnillei/  Wires. — Each  wire  over  a  trolley  wire  must  have  at  its 
entrance  into  any  building  a  safety  device  of  such  a  nature  that,  if 
the  pressure  of  current  in  the  wire  exceeded  at  any  time  .50  per 
cent,  above  the  normal  pressure,  then  the  device  woidd  instantly 
act  and  cut  off  the  current  from  the  building.  No  motor  is  allowed 
to  receive  current  from  any  tramway  or  railway  trolley  wire  with  an 
earth  return  unless  special  permission  has  been  obtained  f'om  the 
Fire  Office. 

Electrical  Cranes. — As  it  is  impossible  to  draw  up  rules  that  .shall 
ap]ily  to  all  cases,  when  electrical  cranes  are  proposed  to  be  used 
full  particulars  of  the  work  and  the  safeguards  adopted  should  be 
sent  to  the  Fire  Office  for  approval.  It  may  be  mentioned  that  the 
conductors  must  be  at  least  6  in.  from  each  other,  as  well  as  from 
other  metal,  woodwork  or  side  of  the  gantry  or  other  structure  from 
which  they  are  supported. 

Electrical  Heating. — .\11  radiators  should  be  fixed  to.  or  stand 
upon,  approved  fireproof  insulators.  A  wire  guard  should  protect 
the  radiator  lamps.  Every  lloor  socket  should  be  so  constructed 
that  the  contacts  are  automatically  covered  when  the  plug  is  re- 
moved. Electrically  heated  flat  irons  and  similar  apparatus  should 
each  have  double  fuses  and  a  switch,  and  be  independently  earthed. 

Special  Bishs. — Theatres,  drapers'  shops,  warehouses,  stores, 
churches,  mills,  breweries,  central  stations,  motor  garages,  &c.,  are 
dealt  with  in  the  rules. 

Tests. — The  insulation  resistance  to  earth  and  between  poles  over 
the  whole  installation  must  never  get  below  40  megohms  divided  by 
the  number  of  points  installed,  and  tested  at  double  the  working 
pressure  with  all  fittings  and  apparatus  connected.  (This  insulation 
resistance  is  about  double  that  formerly  required,  and  seems  rather 
a  high  standard  for  average  conditions.)  The  insulation  resistance 
of  each  motor  must  never  fall  below  I  megohm.  Each  arc  lamp 
will  be  taken  as  equivalent  to  lO  points.  The  insulation  resistance 
to  earth  of  each  heater  must  never  fall  below  1   megohm. 

The  fall  of  potential  in  conductors  must  never  exceed  2  per  cent. 
at  the  farthest  point  in  any  circuit. 


BESEARCHES  IN  RADIOTELEGRAPHY.* 

BY    PROF.    J.    .\.    FLEMING.    D.SC.    F.K.S. 

Radiotclegraphy,  popularly  called  wireless  telegraphy,  has  out- 
lived the  tentative  achievements  of  its  precocious  infancy  and 
obtained  for  itself  a  settled  but  important  position  amongst  uur 
means  of  communication.  This  stage,  however,  has  only  been 
reached  after  a  long  struggle  with  experimental  difficulties  and  much 
labour  in  analysing  the  processes  involved.  As  many  of  these 
matters  are  of  general  scientific  interest,  it  is  proposed  briefly  to 
summarise  some  of  the  results  of  recent  research. 

You  are  doubtless  all  aware  that  every  radiotclegraphic  station 
comprises  three  elements.  There  is  first  tlie  external  organ  called 
the  air  wire  or  antenna,  by  which  the  eleelromagnctic  waves  are 
radiated  and  absorbed.  This  antenna  consists  of  one  or  more  wires 
extending  up  into  the  air,  either  vertically  or  sloping,  or  partly 
vertical  and  partly  horizontal.  These  wires  are  insulated  at  the 
U{)per  ends  and  may  be  arranged  fan  fashion,  or  may  form  one  or 
more  nearly  closed  loops.  ])lacecl  in  a  vertical  jiosition.  The  antenna 
is.  so  to  speak,  the  mouth  or  ear  of  the  static  n.  by  which  it  speaks 
through  the  a>ther.  or  by  wltich  it  hears  the  u'thcrial  whispers  cc  ming 
to  it  from  other  stations.  The  xther  waves  are  produced  by  very 
rai)id  electric  currents  moving  to  and  fro  in  the  antenna  wires,  and 
these,  like  the  vibrations  of  a  violin  string,  or  the  atrial  oscillations 
in  an  organ  pipe,  set  up  a  periodic  disturbance  in  the  surrovuiding 
medium,  which  in  the  electrical  ease  consists  of  alternating  electric 
and  magnetic  forces  taking  place  at  each  point  in  space  around  the 
antenna. 

There  are.  then,  appliances  in  the  station  collectively  called  the 
transmitter,  which  have  for  their  function  to  create  these  powerful 
electric  oscillations  in  the  antenna,  and  to  control  them  so  as  to  send 
out  short  or  long  trains  of  a'ther  w  aves  in  accordance  with  the  dot  or 
dash  signals  of^he  Morse  alphabet.     Lastly,  there  is  the  receiving 

*  Lecture  (slightly  abbreviated)  delivered  on^  Friday  evening  last 
before  the  Eoval  Institution. 
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apparatus  wliich.  when  connectcti  to  the  anlonna,  serves  to  dcteet 
the  pressnce  in  it  of  the  very  feeble  oscillations  which  are  being 
generated  in  the  antenna  by  the  powerful  oscillations  in  the  antenna 
of  some  far-distant  sending  station.  It  is  usual  to  employ  the  same 
antenna  at  any  one  station  both  for  sending  and  receiving,  and  to 
switch  it  over  from  the  transmitter  to  (he  receiver  according  as  we 
wish  to  send  or  receive  messages,  although  methods  have  been 
descrihid  and  are  being  developed  for  using  the  antenna  simultane- 
ously for  both  purposes. 

I  will  first  illustrate  by  a  few  experiments  the  manner  in  which 
these  electric  oscillations  are  set  up  in  the  air  wire,  and  the  nature 
of  the  effects  produced  by  them  in  the  surrounding  space.  We  have 
here  a  very  long  wire  which,  for  the  purpose  of  kcc|)ing  it  within  a 
small  compass,  is  coiled  upon  an  ebonite  tube.  Two  such  spirals 
are  placed  side  by  side  and  connected  at  the  bottom  through  two 
other  small  coils  of  wire  (see  Fig.  1 ).  In  contiguity  to  these  last  two 
coils  of  wire  are  two  others,  which  are  in  series  with  a  condenser  or 
battery  of  Leyden  jars  and  a  spark  gap.  It  we  charge  the  condenser 
by  an  induction  coil  and  let  it  discharge  across  the  gap,  we  produce 
rapidly  succeeding  trains  of  electric  oscillations  in  the  condenser 
circuit,  and  these  induce  other  currents  in  the  open  or  hcli.x  circuit 
of  similar  kind.  The  result  is  that  electricity  rushes  up  and  down 
the  spiral  wires,  which  we  may  consider  to  represent  two  very  long 
air  wires  or  antenn.T?.  We  have,  therefore,  alternately  free  charges 
of  electricitj'  at  the  top  ends  of  the  wires  and  electric  ciurents  passing 
to  and  fro  across  the  middle  point.  Wc  may  compare  this  move- 
ment of  electricity  in  the  helix  to  the  oscillations  of  a  liquid  in  a 
U-tube  when  it  is  disturbed.  In  the  electrical  case  we  have  at  each 
spark  discharge  20  or  30  electrical  savings  or  oscillations,  separated 
by  relatively  long  intervals  of  silence,  the  intervals  between  two 
swings  in  the  train  being  about  one  four-hundred-thousandth  part  of 
a  second,  whilst  the  interval  between  the  groups  or  trains  of  swings 
is  about  one-fiftieth  of  a  second. 
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Fiu.  1. 

Such  electrical  oscillations  in  the  wire  produce  two  effects  in 
external  space,  called  respectively  electric  and  magnetic  force.  In 
the  case  of  a  simple  vertical  air  wire  the  magnetic  force  is  distributed 
along  concentric  circular  lines  embracing  the  wire,  whilst  the  electric 
force  is  distributed  along  certain  looped  lines  in  the  plane  of  the  wire. 
If,  however,  we  employ  a  close-wound  spiral  antenna,  as  in  our 
experiment,  the  positions  of  the  electric  and  magnetic  forces  are 
interchanged  as  compared  with  those  of  the  single  vertical  wire. 

As  the  currents  in  the  air  wire  reverse  their  direction,  the  magnetic 
and  ejcctric  effects  in  the  external  space  also  reverse,  but  not  every- 
where at  the  same  moment.  The  magnetic  and  electric  forces  are 
alfections  or  states  of  the  aether,  and  in  virtue  of  the  inertia  anil 
eliisticity  of  the  medhim  they  are  ]>ro]iagated  from  point  to  ])oint 
with  a  finite  velocity  which  is  the  same  as  that  of  light.  Wc  can 
explore  the  field  near  the  antenna  and  obtain  an  approximate  idea 
of  its  nature  and  intensity  by  the  use  of  a  Neon  vacuum  lube.  At 
certain  intervals  of  distance  in  the  si)ace  the  nuignetic  and  electric 
forces  reverse  direction  in  the  same  way  at  the  same  instant,  and 
this  distance  is  called  a  wave-length. 

In  the  case  of  a  straight  air  wire  the  magnitude  of  the  forces  at 
considerable  distances  varies  inversely  as  the  distance  from  the 
antenna,  and  the  antenna  radiates  equally  in  all  directions.  If, 
however,  we  employ  a  U-shaped  antenna,  as  in  the  present  experi- 
ment, the  currents  being  in  opposite  directions  in  the  two  branches, 
then  along  a  median  line  transverse  to  their  common  plane,  their 
actions  «ill  ncutr.ilisc  each  other,  and  the  radiation  will  be  sym- 
metrical only  with  respect  to  the  plane  of  the  antenna.  In  con- 
structing an  antenna  intended  to  ra<liafc  in  all  directions  it  is  neces- 
sary to  connect  the  lower  end  to  a  large  plate  of  metal  or  network  of 
wires  either  .lunk  in  the  earth  or  placed  just  above  the  surface.  In 
the  former  ca.se  this  jjlatc  is  called  an  earth  plate,  and  in  the  latter 
a  balancing  capacity.  It  is  necessary  that  this  balancing  capacity, 
if  insulated,  should  be  of  sufficient  size  to  take  up  all  the  electricity 


which  rushes  out  of  the  nnleiina  at  each  oscillation  without  .sensible 
rise  in  potential.  If  we  are  only  employing  an  antenna  of  moderate 
capacity  for  short-distance  signallliii:.  then  an  insulated  b;i!aneing 
eipaeity  would  not  be  of  tmwieldy  dimensions,  and  may  be  con- 
structed of  a  number  of  wires  stretched  out  or  laid  on  the  ground  or 
insulated  a  little  way  above  it.  \\'hon.  however,  we  have  to  employ 
a  very  large  antenna  of  great  capacity  for  long-distance  work,  then 
the  jirovision  of  a  suitable  balancing  capacity  would  Involve  con- 
structive difficulties  which  are  best  obviated  by  making  the  earth 
itself  the  balancing  capacity — in  other  words,  by  connecting  the  base 
ot  the  antenna  to  an  extensive  network  of  wires  or  large  metal  plates 
buried  In  the  ground.  It  has  been  asserted  that  the  direct  earth 
connection  damps  out  the  free  oscillations  in  the  antenna  more 
quickly  than  would  be  the  case  if  an  insulated  balancing  capacity  is 
employed.  Although  this  may  be  true  to  a  certain  extent,  we  have 
to  set  against  it  the  fact  that  the  use  of  an  insulated  balancing  capa- 
city is  out  of  the  question  in  many  cases — as  on  board  ship,  where 
a  connection  to  the  hull  ot  the  vessel  is  always  made.  Also  for  any 
but  small  antenna^  the  Insulatetl  balancing  capacity  is  inconveniently 
extensive,  and  it  is  in  every  way  better  to  put  it  below  ground — in 
otlui-  words,  to  em])loy  an  earth-plate  and  eomjiensate  for  any  slight 
earth  damping  by  an  antenna  of  rather  larger  capacit}'. 

This  matter  is.  however,  only  part  of  a  much  larger  question,  viz., 
the  function  of  the  earth  in  radiotelegraphy.  It  is  well  known  that 
the  nature  of  the  earth's  soil  or  surface  between  the  sending  and 
receiving  stations  has  a  great  effect  upon  electric  wpves  passing  over 
it.  Various  imperfect  explanations  were  given  of  this  action  in  early 
days,  but  the  basis  for  a  better  knouUdge  has  been  laid  by  the 
ex|)erimental  researches  of  .Admu-al  Sir  Henry  .Jackson  and  the 
theoretical  discussions  of  11.  Brylinski  and  Dr.  Zenneck.  To  follow 
their  explanations  it  must  be  borne  in  mind  that  high-frequency 
electric  currents  as  used  in  radiofelegra])hy  are  confined  chiefly  to 
the  surface  of  conductors  by  means  of  which  they  are  conducted. 
Such  a  current  docs  not  distribute  it.sclf  uniformly  over  the  whole 
cross-section  of  a  wuc  carrying  It,  Ijut  is  confined  to  a  thin  skin  or 
surface  layer.  This  can  be  jiroved  by  the  following  ex|)eriment. 
Wc  lake  a  coppei'  wire  spiral  or  loop  and  make  it  jjart  of  a  circuit  in 
which  a  high-frequency  current  exists.  If  we  measiu-e  in  any  way 
the  current  in  that  cucuit  wc  find  it  has  a  certain  value.  If  we 
substitute  for  the  copper  wire  an  iron  wire  of  the  same  size  wc  find 
that  the  current  In  the  circuit  is  then  much  less.  This  can  be  dis- 
covered by  ))lacing  near  the  circuit  in  question  another  testing 
cii-cuit  comprising  an  inductance  and  a  cajiacity  and  some  means  for 
testing  the  amplitude  of  the  oscillations  set  U])  in  this  secondary 
circuit.  This  decrease  is  not  due  to  the  mere  fact  that  the  irim  has 
a  greater  resistance  than  copper,  but  to  the  fact  that  the  Iron  is 
magnetisable,  and  such  magnetisation  absorbs  energy  owing  to  so- 
called  hysteresis.  If.  however,  wc  dip  the  iron  for  a  moment  into 
molten  zinc  and  dcimsil  nu  it  a  thin  surface  layer  of  zinc,  or  galvanise 
it,  we  find  It  tlnn  l.rc.niii  s  almost  as  good  as  a  solid  copper  wire  for 
conveying  high  Irnim nc  y  currents.  On  the  other  hand,  if  we  burn 
oil  the  zinc  from  a  piece  of  galvanised  iron  wire  we  render  it  a  worse 
conductor  for  high  frequency  oscillations.  This  experiment  proves 
that  such  oscillations  are  conveyed  by  a  thin  surface  layer  of  the 
conductor.  In  the  case  of  a  co))per  wire  for  oscillations  having  a 
frequency  of  1  million  the  current  penetrates  about  J  mm.,  and  in 
the  case  of  an  iron  wire  about  ,'„  mm.  Into  the  metal. 

For  non-magnetic  svibstanccs  the  depth  to  which  a  current  of  a 
given  frequency  penetrates  into  a  conductor  is  greater  in  proportion 
as  the  conductivity  of  the  material  is  less.  Hence  high-frequency 
currents  penetrat<^  further  into  carbon  than  into  metal.  Accord- 
ingly a  much  thicker  layer  of  carbon  than  of  zinc  would  be  needed 
to  shield  the  iron  spiral  in  our  last  experiment.  The  same  thing 
happens  in  the  case  of  an  electric  wave  propagated  over  a  terrestrial 
surface.  If  the  surface  is  a  very  good  conductor  the  wave  hardly 
])enetrates  into  It,  but  glides  over  the  surface.  If  it  is  a  poor  con- 
ductor the  wave  penetrates  into  it  to  a  greater  extent,  and  the  worse 
the  conductivity  the  deeper  the  i)cnctrati<m. 

The  materials  of  which  the  earth's  crust  is  composed,  with  some 
exceptions,  owe  their  electric  conductivity  chiefly  to  the  presence  of 
water  in  them.  They  are  called  electrolytic  conductors.  Sub- 
stances like  marble  and  .slate  when  free  from  iron  oxide  arc  fairly 
good  insulator,'!.  Dry  sand  or  hard  dry  rocks  are  poor  conductors, 
but  wet  sand  and  moist  earth  arc  fairly  good  conductors.  Sea 
water,  owing  to  the  salt  in  it,  is  a  much  better  conductor  tlian  fresh 
water.  The  following  table  gives  some  figures,  which,  however,  are 
only  approximate,  for  the  specific  resistance  of  various  terrestrial 
materials  in  ohms  per  metre  cube.  It  Will  be  seen  that  dry  sand  or 
soils  are  of  very  high  specific  resistance,  and  damp  or  wet  sand  or  clay 
fairly  low-. 

If  our  earth's  surface  had  a  conductivity  equal,  say,  to  that  of 
eo))per.  then  the  electric  radiation  from  an  antenna  would  glide  over 
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Table  I. — .liJiiroiimnlc  C'ondiicl'fily  mid  Dictcclric  Ctinatnnl  of   Vur 
Terriitrinl  M<itirinl-i. 

!  Sppoific  resistance  in 
Maferi'l.  |       ohms  per  metre 

cube. 


Sim  water    

Kii'sh  water    ... 

:\t..ist  earth 

Drv  earth    

Wet  sand 

Drv  river  sand 

Wet  elay 

Pry  clay 

Sla'te     .' 

:\larble     

Jlerciirv  


I 

!0(l  to  1.000 

10  to  1,000 
lO.OOO.and  upwards 

1  to  1 ,0(K) 

very  largo 

'0  to  100 

10.000  anri  iipwan'x 

lO.OfPIl  to  100,000 

,'">,00(),0(K( 

OOOOOtJl 


t  he  surface  without  penetration.  In  the  case  of  the  actual  earth  there 
is,  however,  considerable  jienetration  of  the  wave  into  the  surface, 
and  therefore  absor))tion  of  energy  by  it, 

Brylinski  and  also  Zenneck  have  calculated  the  depth  to  which 
electric  waves  of  such  frequency  as  are  used  in  radiotelegraphy  pene- 
trate into  the  sea  or  terrestrial  strata  of  various  conductivities.  For 
mathematical  reasons,  it  is  customary  to  define  it  by  stating  the 
depth  in  metres  or  centimetres  at  which  the  wave  amplitude  is 
reduced  to  1/t  =  0-367  of  its  amplitude  at  the  surface,  I  have 
represented  in  a  diagram  some  of  Zenneck's  results  calculated  for 
waves  of  l,OtM)  ft.  in  length,  and  foe  terrestrial  surface  materials  of 
various  kinds,  conductivities  and  dielectric  constants  (see  Fig.  2), 
^'ou  will  see  that  in  the  case  of  sea  water  an  electric  wave  travelling 
o\er  it  penetrates  only  to  the  depth  of  a  metre  or  two,  whereas  in  the 
I  asc  of  very  dry  soil  it  would  penetrate  much  deeper.  Owing  to  the 
conductivity  of  the  soil,  this  movement  of  lines  of  magnetic  force 
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Fio.  2,— Depth  of  penetbation  of  Waves  i.OOOrT,  in  Lenuth, 
(Dr.   Zenneck.) 

through  it  sets  up  currents  of  electricity  which  expend  their  energy 
in  heat.  This  energy  must  come  from  the  original  store  imparted  to 
the  sending  antenna,  and  therefore  the  wave  is  robbed  of  its  energy 
as  it  travel.':  over  the  surface. 

(To  he  corilinued.) 


CORRESPONDENCE. 

DIFFERENTIAL  BALLISTIC  METHODS  OF 
MEASURINCJ  HYSTERESIS  LOSSES, 

TO  THE  EDITOR  OF  THE  ELECTRICIAN, 

Sir  :  I  wonder  if  Dr.  Beattio  and  Mr.  Elton  have  applied 
the  nietho<l  they  describe  in  the  current  issue  of  j-onr  journal 
to  test  pieces  in  which  there  is  marked  viscosity,  or  which  are 
solid,  as  in  the  ease  of  a  ring  of  magnet  steel.  About  a  year 
ago  I  tried  this  method  and  found  it  defective. — I  am,  S:c  , 

King'a  College,  London,  June  8,  Ernest  Wilson, 


MANSBRIDGE  CONDENSERS. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN, 

Sir  :  We  notice  in  your  report  of  the  Paper  by  Mr.  Mordey 
on  "  Some  Tests  and  Uses  of  Condensers,"  read  before  the 
Institution  of  Electrical  Engineers  on  May  20th,  a  communica- 
tion from  Mr,  Addenbrooke,  in  which  he  states  that  some 
time  ago  he  te&ted  a  Mansbridge  condenser  and  obtained  a 


power  factor  about  double  that  given  by  Mr.  Mordey  in  bis 
Paper, 

We  should  like  to  state  that  we  have,  as  the  results  of  our 
experiments  with  these  condensers  for  high-tension  work, 
lately  made  considerable  improvements  both  in  the  materials 
and  in  the  method  of  making  these  condensers.  Very  probably 
the  one  tested  by  Mr.  Addenbrooke  was  our  ordinary  Mans- 
bridge  telephone  condenser. 

Latfr  in  his  communication,  he  refers  to  the  pcssibility  of 
these  condensers  heating  ;  and  in  regard  to  this  we  should 
like  to  point  out  that  they  can  be  subdivided  and  ventilated 
with  the  greatest  ease. — We  are,  iVrc, 

British  Insul.\ted  &  Helsby  Catu.es  ^Ltd.^ 
Helsby,  June  5.         (J.  Brotherton,  Manager,  Helsby  Work<). 

TO  the  editor  of  the  elecirician. 

Sir  :  I  have  received  from  the  British  Insulated  &  Helsb/ 
Cables  (Ltd.)  a  copy  of  the  letter  they  have  addressed  to  yj.i 
respecting  my  remarks  on  Mr.  Mordey 's  Paper. 

Some  of  their  points  are  cleared  up  in  the  communica  ioa 
itself,  which  I  sent  to  the  Institution,  and  which  you  abstra",ted, 
I  therein  stated  that  the  tests  were  made  some  time  since — as 
a  matter  of  fact,  last  autumn — and  they  were  made  rather 
near  the  breakdown  point  of  the  condenser,  which  would  tend 
to  give  a  higher  power  factor,  and  it  is  quite  possible,  as  I 
mentioned,  that  Mr.  Mordey  may  have  had  a  more  favourable 
sample,  especially  as  I  now  understand  the  British  Insulated  & 
Helsby  Cables  (Ltd.)  arc  making  a  special  tjpe  of  condenser 
more  adapted  for  high-pressure  work. 

I  do  not  think  there  can  be  any  doubt  that  my  figure  is  a 
correct  one  for  the  condenser  I  tested,  as  I  used  the  electro- 
static system  which  I  have  now  employed  for  some  time,  and 
the  results  of  testicg  with  which  I  find  agree  closely  with  re- 
sults obtained  by  continental  observers. 

In  stating  that  I  thought,  speaking  generally,  the  power 
factor  of  this  type  of  condenser  should  not  be  taken  under 
1  per  cent,  without  further  evidence,  I  was  influenced  not  only 
by  my  own  tests  but  by  tests  made  on  paper  condensers  by 
the  United  States  Bureau  of  Standards.  In  these  tests  it  is 
shown  that  the  power  factor  of  paper  condensers  treated  with 
paraffin  may  vary  fiom  about  0-2  of  1  percent,  to  1  percent., 
and  further  to  3  per  cent,  and  even  much  higher.  Out  of  20 
condensers  tested  by  them  four  had  rather  lower  losses  than 
those  given  by  Mr,  Mordey  in  his  Paper,  and  16  had  larger 
losses  ;  in  a  number  of  cases  much  larger  losses.  As  these 
tests  of  the  Bureau  of  Standards  were  made  by  the  bridge 
method,  with  low  voltages,  it  is  probable  that  these  power 
factors  are  rather  below  what  would  be  found  under  working 
conditions. 

I  did  not  by  any  means  intend  to  imply  that  better  figures 
are  not  obtainable.  It  is  clear  that  they  are,  under  proper 
conditions ;  but  whether  such  results  can  be  secured  regidarly 
without  undue  expense,  only  an  extended  series  of  tests  could 
prove.  The  prospects  of  being  able  to  do  this  seem  hopeful,  and 
should  it  be  proved  that  they  can  be  obtained  regularly,  a  con- 
siderable step  would  be  made  in  convincing  engineers  of  the 
reliability,  of  condensers,  and  the  feasibility  of  applying  them 
in  the  heavier  branches  of  electrical  engineering. — 1  am,  A-c, 

Westminster,  June  9.  G.  L,  AnT)ENm!00KK, 


ENGLISH  TECHNICAL  EDUCATION. 

TO  THE  editor  of  thf  electrician. 

Sir  :  I  am  glad  Mi:  Broughton  has  taken  this  matter  up  and 
that  it  has  given  him  the  oi)portunity  of  ventilating  the  excel- 
lent suggestion  contained  in  the  last  paragraph  of  his  letter. 

With  regard  to  the  general  question  of  the  work  ilone  by 
evening  technical  classes,  it  is  patent  that  a  certaiu  proportion 
of  engineering  apprentices  have  no  opportunity,  owing  to  their 
location,  of  taking  the  excellent  courses  of  training  available 
at  the  technical  schools  for  evening  students. 

I  have  before  me  figures  regarding  the  attendance  last  winter 
at  a  course  of  lectures,  exercise  classes,  &c.,  iu  Electric  Tech- 
nology in  a  small  provincial  town  which  possesses  no  day 
technical  college,  and  in  which  what  work  is  done  in  this 
direction  is   almost   perforce  done  by  men  engaged  in  the 
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engineering  works  of  the  town.  There  were  some  30  meetings, 
and  the  attendance,  starting  at  32,  finished  at  24,  the  average 
attendance  being  27.  The  number  of  names  on  the  students' 
roll  was  87.  From  this  one  gathers  that  there  existed  a 
demand,  and  that  there  was  a  well  maintained  application  to 
study,  which,  I  would  suggest,  indicates  good  work  being  done. 

With  regard  to  the  objections  to  lectures  being  given  by 
men  engaged  in  actual  practice,  I  mentioned  that.so//'<  of  them 
might  be  thus  given,  having  in  mind  the  general  case  and  that 
at  any  rate  lectures  on  special  subjects  might  be  dealt  with 
successfully  by  experts.  I  appreciated  the  ditliculty  of  finding 
men  with  the  necessary  spare  time  (and  pointed  it  out),  and 
with  regard  to  their  ability  to  express  their  ideas  in  a  suitable 
form  my  experience  of  some  few  lectures  of  the  kind  has  been 
fortunate  in  this  respect. 

As  an  old  student  of  one  of  the  technical  colleges,  I  should 
be  sorry  to  depreciate  the  work  done  by  the  permanent  stafl' 
at  these  institutions.  The  solid  groundwork  of  study  is,  of 
course,  best  in  their  hands.  They  would,  however,  get  con- 
siderable help  from  the  contact  with  current  practice  suggested 
by  Mr,  Broughton  ,  and  since  this  arrangement  is  by  no  means 
yet  the  general  rule,  my  point  as  to  evening  lectures  may  have 
temporar}'  weight  at  least. — I  am,  &c., 

Chelmsfoid,  June  4.  Ch.\rles  H.  Wright. 

MOTOR  STARTERS. 

TO   THE   EDITOR   OF   THE    ELECTRICIAN. 

Sir  :  The  Ward  Leonard  Electric  Co.,  of  Bronxville,  U.S.A., 
for  whom  we  act  as  British  agents,  desire  us  to  call  the  atten- 
tion of  }'our  readers  to  some  points  concerning  the  motor 
starter  described  on  p.  101  of  your  issue  of  April  30th  last. 

1.  It  is  claimed  that  this  starter  is  fitted  with  a  "  no  voltage 
release."  This  characteristic  appears  to  us  to  be  inaccurate, 
because  the  release  coil  is  responsive  to  amperes  only.  The 
writer  of  the  article  recognises  this,  because  he  says,  "Should 
the  current  fail  or  fall  below  a  predetermined  value,  the  magnet 
will  be  de-energised,"  &c.  It  is  obvious  that  conditions  may 
arise  when  the  current  may  fall  to  zero  and  cause  the  release 
to  occur  whilst  there  is  still  full  voltage  on  the  motor.  Should 
not  the  term  "  no  voltage  release,"  which  repeatedly  occurs  in 
the  article,  therefore,  read  "no  current  release  "  1 

2.  A  motor  connected  up  in  accordance  with  the  diagram  of 
connections  shown  in  Fig.  2  would  not  start.  When  the  con- 
tact lever  is  brought  to  the  first  live  position,  the  armature 
being  at  rest  short-circuits  the  field,  which  remains  practically 
unexcited  instead  of  having,  as  is  necessary,  its  full  excitation. 

a.  As  far  back  as  1^9.5  the  Carpenter  Enamel  Rheostat  Co. 
made  a  motor  starter  with  a  series  coil  only,  which  held  the 
latch  in  such  a  position  that  the  latch  retained  the  spring- 
actuated  arm,  whilst  the  same  series  coil  would  force  the  oppo- 
site end  of  the  latch  to  a  position  which  allowed  it  to  releise 
the  arm.  This  is  practically  the  same  arrangement  as  that 
described  in  your  article  as  having  been  recently  invented, 
whilst  it  has  the  merits  of  being  simpler  and  arranged  so  that 
the  motor  will  start. 

We  have  less  hesitation  in  calling  your  attention  to  this 
matter,  because  during  our  extensive  experience  as  sui)[)lier3 
of  motor  starters  we  have  found  that  the  ab^ve  method  of  con 
necting  them  up  is  continually  bein'.'  attempted,  with  results 
usually  effecting  complete  destruction  of  the  starters  and  fre- 
quently damage  to  the  motor  itself. — We  are,  &c., 

London,  June  2.  W.M.  Geii'el  i^-  Co. 


We  have  submitted  the  letter  of  Messrs.  Geii)el  &  Co.  to 
Mr.  Deiuiy,  from  whom  we  have  received  the  following  reply  : 

TO  THE  EDITOR  OK  THE  ELE'   IIU'IAN. 

Slit :  I  have  to  thank  you  for  sending  me  a  cojiy  of  Messrs. 
Geipel  &  Co.'s  letter,  and  I  have  to  .say  in  reply  to  them  that : 

1.  "No-voltage  release"  is  the  term  generally  used  to  de- 
note a  release  which  operates  on  the  ceasatiun  of  current. 
I  agree  with  Messrs.  Geipel  that  it  is  a  misnomer,  but  it  is  a 
misnomer  so  universally  applied  that  an  attempt  to  correct  it 
(unless  made  by  some  great  authority  in  the  electrical  world) 
savours  ratlier  of  pedantry. 

2.  A  motor  connected  up  according  to  the  diagram  given  in 


your  article  of  April  30th  vouh/  start,  but  I  agree  with  Messrs. 
Geipel  that  it  would  be  unsatisfactory  for  starting  a  heavy 
motor  on  load,  and  for  these  circumstances  I  do  not  recommend 
it.  I  thought  this  was  so  obvious  that  the  accompanying 
diagram  was  unnecessary,  but  I  send  it  now  for  Messrs. 
Geipel's  information. 

3.  It  is  rather  out  of  my  province  to  criticise  the  Carpenter 
Enamel  Rheostat  Co.'s  device  of  1895,  which  is,  I  believe,  quite 
a  good  thing  in  its  way.      It  is  irA  "  practically  the  same 


Connections  for  Combined  No-volt  and  Over-load  Release. 

arrangement"  as  my  device,  however:  the  principle  of  com- 
bination is  similar-,  but  I  claim  iro  invention  for  it.  I  claim, 
and  have  protected,  a  method  of  putting  that  principle  to  work. 

I  may  add,  in  conclusion,  that  iir  experimenting  and  using 
my  device  I  have  not  damaged  any  motors  or  starters. — 
I  am,  &c., 

Waltham  Cross,  June  7.  C.  W.  Denny. 

DIESEL  ENGINES  IN  SMALL  GENERATING  STATIONS. 

TO   THE   EDITOR   OK   THE   ELECTRICI.\N. 

Sir  :  Your  re.iders  will  probably  agree  v/ith  the  editorial 
note  at  the  foot  of  Mr.  Boot's  letter  which  disposes  of  his 
quibble.  Mr.  Boot  appears  to  read  letters  as  carelessly  as  he 
writes  Papers,  for  my  letter  in  your  issue  of  the  21st  inst. 
stated  that  Messrs.  Handcock  and  Dykes  were  the  first  to 
advise  the  use  of  Diesel  engines  for  electricity  supply  work. 
The  point  is,  that  to  them  is  due  any  credit  for  berng  the  first 
to  utilise  the  advantages  of  Diesels;  my  personal  share  in  the 
matter  is  small. 

It  may  be  interesting  to  know  that  Leatherhead  has  not  haa 
steam  for  two  years,  and  the  Hindhead  Company  rely  entirely 
upon  their  Diesels.  With  regard  to  accumulators,  probably  it 
will  not  be  long  before  the  Chichester  Company  finds  it  neces- 
sary to  instal  a  battery. 

At  Tunbridge  Wells,  with  a  coal  cost  of  over  Id.  per  unit, 
Mr.  Bool  had  an  excellent  opportunity  for  pioneer  work  with 
Diesels  in  reducing  generating  costs. — 1  am,  &c., 

H.  Leslie  Dixon. 


Generating  Station,  Leatherhead, 
June  :J. 


(Engineer  and  Manager.) 


THE  TECHNICAL  ASPECT  OF  THE  "  G.B."  SYSTEM  OP 
ELECTBIG  TRACTION. 

On  Monday  cveninj;  last  a  lecture  on  this  subject  was  delivered 
at  the  East  London  Cjllcge  by  Prof.  J.  T.  Morris,  Mr.  W.  H. 
Patohcll  prcsidinfT. 

The  lecturer  first  described  briefly  the  principle  and  method  of 
oi)eration  of  the  "  (i.B."surface-contact  system,  which  he  had  already 
dealt  ^\'ith  in  a  previou.s  lecture  some  18  months  ago,  and  showed  a 
number  of  slides  illustrating  the  construction  of  the  track  at 
Lincoln.  The  ofFeotivo  f(irne  of  the  contact  piece  in  connection 
wilh  llic  stud  had  hecn  found  to  be  at  the  beginning  of  its  stroke 
about  0-8  11).,  and  al  the  end  of  its  stroke  it  was  about  0-0 lb.  or 
0-.1  lb. 

Ho  then  referred  to  recent  improvpPKnts  in  the  sy.stcni  hikI  the 
causes  of  live  ctuds.  as  mentioned  in  Mr.  Stanley  Clegg's  Paper 
read  before  the  Institution  of  Electrical  Engineers.*  There  were, 
•  The  Elecibician,  .lanuary  15,  1909,  p.  526. 
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undoubtedly,  faults  in  the  system,  yet  it  contained  the  elements  of 
success,  and  it  was.  to  the  lecturer's  mind,  a  great  pity  that  the 
system  had  not  been  persevered  with  sufficiently  to  have  broutiht  it 
to  a  successful  issue  in  the  case  of  the  lAlilc  End-road.  As  regards 
the  troubles  experienced  in  the  Mile  End-road,  these  were  due  to 
explosions  caused  by  leaky  gas  mains,  to  cross-covers  and  live  studs. 
The  actual  facts,  .-so  far  as  he  could  ascertain,  in  connection  with 
the  last  mentioned  trouble,  were  that  one  horse  had  died  from  re- 
sults of  injuries  received  through  an  electric  shock,  and  one  horse 
and  a  i)ony  received  serious  shocks. 

He  then  considered  the  methods  which  had  been  advanced,  in  con- 
nection with  Mr.  Mordey's  reports  to  the  London  County  Council, 
for  getting  rid  of  live  studs.  With  current  leaking  from  the  stud 
througli  the  mud  to  the  rail,  ares  were  set  up  between  the  conductor 
and  the  contact  piece,  so  that,  allowing  for  the  drop  in  pressure 
across  the  arc,  from  300  to  400  volts  pressure  might  exist  between 
the  top  of  the  stud  and  the  rail.  The  ares  could  be  got  rid  of  by 
two  methods,  (1)  the  resistance  method,  in  which  the  arc  was  shunted 
by  a  low  resistance  and  immediately  extinguished,  and  (2)  the  con- 
denser method.  Mr.  Mordey  had  recently  shown  that  by  putting 
a  condenser  of  suitable  capacity  across  the  arc  the  latter  would  be 
instantly  extinguished.  The  .same  effect  would  also  take  place  if 
the  condenser  were  put  aeros.s  the  resistance  in  series  with  the  arc, 
i.e.,  bet\\ecn  the  stud  and  the  rail.  The  lecturer  could  not  offer  a 
complete  explanation  of  this  action  of  the  condenser,  but  experi- 
ments that  had  been  carried  out  at  the  East  London  College  threw 
considerable  light  on  the  phenomenon. 

The  key  to  the  solution  was  probably  that  the  arc  was  an  un- 
stable phenomenon,  particularly  for  currents  of  such  small  values  as 
1  and  2  amperes,  and  oscillograph  records  showed  that  the  voltage 
was  more  rijipling  in  character  than  the  current.  Also,  short  arcs 
were  much  more  unsteady  than  long  ones.  If,  instead  of  a  con- 
denser, a  fuse  was  placed  in  parallel  with  the  arc  the  latter  was  not 
appreciably  affected.  Also,  if  the  fuse  were  placed,  like  the  con- 
denser, in  parallel  with  the  series  resistance  no  effect  took  ))I,ice. 
This  seemed  to  show  that  if  the  arc  was  to  be  extinguished  it  wtis 
nece-ssary  to  have  something  which  would  cause  oscillations  in  tlie 
circuit,  and  not  merely  to  give  the  circuit  an  electric  blow. 

A  numljcr  of  experiments  were  shown  by  the  lecturer  with  con- 
densers connected  between  the  stud  and  the  conductor,  both  before 
and  after  an  arc  had^been  started,  and  also  with  the  condensers 
across  the  resistance  in  series  with  the  arc.  He  also  showed  the 
effect  of  putting  a  resistance  in  series  with  the  condenser.  The 
effect  of  the  resistance  was  to  make  the  results  more  uncertain,  and 
in  some  experiments  carried  out  at  the  College  the  following  result.s 
were  obtained:  — 

Ofcmll  Voltage  4SO.     Arc  Voltage  120.     Capacity  1  mjd.     Current  t/-;.; 
amperes.     Arc  Length  .5  mm. 


Condenser 

icross  arc. 

Condenser  across  resistance. 

Resistance. 

Extinction. 

Resistance. 

Extinction. 

Zero 

90  "I 
jjQJohms 

Over  120  olims 

Certain 

Doubtful 

Fails 

Zero 
50  ohms 
Over  60  ohms 

Certain 

Doubtful 

Fails 

These  results  related  to  a  condenser  of  1  mfd.  rapacity.  Similar 
experiments  had  been  carried  out  ivith  condensers "  of  greater 
capacities.  Thus,  with  a  20 mfd.  conden.sera  resistance  of  2.30 ohms 
caused  a  doubtful  condition  of  the  arc.  instead  of  110  ohms,  as  in 
the  table  above  for  a  I  mfd.  condenser.  There  was,  doubtless,  some 
relation  between  the  two  eases,  and  he  hojied  to  follow  the 
matter  up. 

Investigations  had  been  carried  out  by  means  of  a  high-frequency 
Duddell  oscillograph,  and  a  number  of  visual  records  obtained  were 
shown.  Typical  ones  are  illustrated  in  the  diagram  herewith.  It 
relates  to  a  case  where  the  pressure  between  the  mains  was  480 
volts  and  the  volts  across  the  arc  120.  At  tlie  instant  the  arc  was 
extinguished  by  the  condenser  the  pressure  across  the  contacts  rose 
within  a  period  of  jjjL^  of  a  second  to  the  normal  voltage,  but  on 
some  occasions  a  slight  momentary  fall  in  pressure  was  indicated  at 
the  instant  of  connecting  the  condenser,  as  shown  in  the  diagram, 
and  also  on  certain  occasions  a  slight  fall  of  potential  immediately 
after  the  arc  had  been  extinguished.  In  regard  to  the  current,  a  slight 
kick  was  usually  observable  on  connecting  the  condenser,  ns  illus- 
trated herewith.  The  results  obtained  did  not  clenrly  indicate  the 
reason  for  the  arc  extinction,  but  possibly  that  was  diie  to  the  fact 
that  the  oscillograph  would  not  record  oscillations  of  suHioienlly  high 
frequency. 

In  conclusion,  he  thought  it  was  an  unfortunate  thing  that  the 
second  example  of  the  ••  G.B.  "  system  should  have  l)een  put  down 


in  a  road  which  carried  such  a  large  amount  of  traffic  as  did  the  Mile 
End-road,  and  any  system  put  down  there  ought  to  be  a  well-tried 
system,  but  once  it  was  started  it  should  have  been  carried  through 
to  a  successful  issue.  As  far  a-s  he  could  see,  he  was  convinced  that 
the  "G!.B."  system  had  in  it  the  elements  of  success,  and  if  it  was  in- 
stalled in  some  place  where  the  conditions  were  a  little  more 
favourable  than  in  the  case  in  question — and  he  would  also  add, 
where  the  company  had  a  free  hand  to  put  the  .system  in  as  they 
pleased — he  was  convinced  that  the  system  would  be  a  success. 

A  vote  of  thanks  to  Prof.  Morris  was  proposed  by  Mr.  W.  H. 
Patchell,  who  drew  the  lecturer's  attention  to  the  difference  in  the 
sound  when  the  condenser  was  connected  (1)  acro.ss  the  arc  and  (2) 
across  the  resistance  in  series  with  the  arc.  In  the  former  case  the 
"  break  "  was  silent,  but  the  "  makf'  "  was  noisy,  whilst  in  the  latter 
case  he  noticed  a  noisy   ''break"   iuul  :i  silent  "make-" 


"  Hoo  sec. 

Volts  between  cable  and  carbon  contacts 


Amperes 

Prof.  Morris,  in  reply,  said,  with  regard  to  working  the  con- 
densers across  the  resistance,  he  had  found  that  there  was  a  differ- 
ence if  the  condenser  was  charged  and  if  it  was  not  charged.  If 
one  u.sed  a  condenser  charged  to  exactly  the  same  voltage  as  that 
across  the  resistance  one  would  expect  no  extinction  of  the  arc. 
Experiments  showed  that  a  discharged  condenser  was  more  effec- 
tive in  extinguishing  the  arc  than  one  whicli  was  charged. 


FINANCIAL  ORGANISATION  AND  ADMINISTRATION. 


We  have  received  the  following  communication  from  Mr. 
H.  Faraday  Proctor,  city  electrical  engineer  of  Bristol : — 

Considerable  interest  will  be  felt  as  to  the  conclusions  come  to  at 
the  forthcoming  meeting  of  the  Institute  of  Municipal  Treasurers 
and  Accountants  in  relation  to  the  above  matter.  It  is  a  very  opm 
secret  that  a  set  of  regulations  has  been  drawn  up  under  the  auspices 
of  the  above-named  institute,  and  that  some  wicked  persons  have 
given  a  degree  of  publicity  to  the  same  which  was  scarcely  desirei 
by  the  originators  at  this  stage. 

To  appreciate  fully  the  effect  of  the  proposals  and  the  importance 
of  the  financial  officers  who  are  responsible  for  the  drafting  of  the 
same,  the  rules  should  not  have  been  written  in  the  third  jierson. 
If  each  treasurer  or  accountant  to  a  municipality  would  undertake 
to  circularise  these  draft  regulations  amongst  tlie  ditVerent  com- 
mittees and  his  brother  officers — after  having  them  reprinte<l  in  the 
first  person,  inserting  his  own  luime  wherever  necessary — general 
opinion  would  be  speedily  obtained,  although  it  is  feareii  that  the 
said  officer  would  scarcely  feel  giatified  at  the  results  from  a  personal 
point  of  view. 

A  few  of  the  regulation-;  would  then  read  as  follows: — 

I  .\M  THE  "  Financial  OPFicEn." 

Separate  aiuuial  estim.Tfes  of  capital  and  r^-venue  accounts  shall  ba 
submitted  to  Mv  CoMitlTTKK  by  every  i>on\mittoe  of  the  Onuioil,  in  such 
form,  and  imdor  separ.to  headings, "as  Jtv  Co.mmittee  may  prescribe. 
The  prepiiration  of  the  osliruatos  shall  bo  by  the  various  heads  of  depart- 
ments m  consultation  with  Me. 

/  shall  present  the  .haft  estimates  to  tic  various  comniitt«H<s  for 
approval,  and  furnish  Mv  ('o.\niiTn:E  with  a  copy  thcie<if. 

/  shall  bring  up  to  Mv  Co.mmittee  the  ani.ua'  estimates  nppmvod  by 
the  various  committees. 

In  consiileiins;  the  .apital  estimates.  .Mv  Committre  shall  have  regaiil 
to  themav:imuni.»iuonnt  which.  IM  THEUi  opinimi.  the  Council  should  seek 
to  borrow  in  the  venr. 

No  liability  exeeedine  £oO  .shall  be  inounvd  (by  .my  committee)  with- 
out the  express  sanction  of  the  Council,  except  in  the  ease  of  committees 
acting  in  pursuance  of  statutory  or  specially  aelec:Ued  powei-s  of  ex- 
penditure. 
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It  shall  iii't  l>e  in  order  to  submit  estimates  to  the  (.'onncil  tluouijh  any 
ciiramittee  other  thuu  My  Committee,  except  in  cases  of  iirgericy,  or 
where  the  Council  is  under  statutory  oblisiations  to  proceed. 

No  recommendation  or  proposal  involvins:  expenditure  on  ca))ital 
account  shall  be  submitted  to  the  Council  until  nn  estimate  is  submitted 
by  My  CoMMnTEE  to  the  Council. 

The  Heads  of  Dep.^rtments  shali,  Si'smit  to  Me  the  contractors' 
detailed  account  and  measure  bill  for  My  examination  and  comparison 
with  the  contract,  specitications  and  bills  of  i|uantities,  also  a  statement 
showing  the  additions  and  deductions  on  the  contract  (if  any),  and  the 
fin.il  certificate  of  the  heads  of  departments  or  architect,  as  the  case  may 
be,  is  not  to  be  i.ssued  until  this  has  been  done. 

The  Heads  of  Dep.uitment«  shall  FfRxisH  Me  with  Particulars 
OF  ALL  Estimates  .and  Tknders. 

The  whole  of  the  account  keepinp;  relating  to  stocks  and  stores,  works 
nrcounti  and  cost  accounts  shall  be  under  My  Supervision  and  Control. 
and  all  statements  of  costs  shall  be  compiled  by  and  issued  from  My 
department. 

The  acconnt-s  of  all  committees  shall  be  submitted  BY  Me  to  My  Com- 
mittee for  examination  and  recommendation  to  the  Council  for  payment. 
Mv  Committee  shall  settle  disputed  accounts  for  goods  supplied,  work 
done  or  chaiges  made. 

Xo  proposal  dealing  with  new  or  existing  sources  of  revenue  shall  be 
submitted  to  the  Council  until  a  report  on  the  financial  bearings  of  the 
proposal  is  submitt.^d  by  il\-  Comjiittee. 

/  shall  at  all  times  make  any  suggestions  which  may  occur  to  Me  as 
likely  to  effect  economy  without  impairing  efficiency. 

/  shall  attend  all  or  any  of  the  committees  of  the  Council  as  may  be 
required. 

Considered  in  this  form,  one  can  readily  appreciate  the  desire  for 
secrecy  until  such  time  as  the  treasurer  representing  finance  could 
present  himself  in  all  his  glory  to  receive  the  adoration  and  homage 
of  the  heads  of  the  minor  department)?  representing  law,  order, 
light,  learning,  &c.  It  is  difficult  to  find  the  link  connecting  the 
various  committees  and  the  heads  of  departments,  since  the  heads 
of  department.s  have  to  submit  particulars  of  their  estimates  and 
tenders.  "  contractors"  detailed  accounts  and  measure  bills."  to  the 
great  EGO.  and  the  great  EGO  in  turn  presents  the  draft  estimates 
to  the  various  committees  for  approval. 

It  is  not  in  order  for  any  committee,  other  than  the  Financial 
committee,  to  submit  to  the  Council  estimates  or  any  recommenda- 
tion or  proposal  involving  expenditure  on  capital  account.  Since 
the  chief  officers  do  not  submit  particulars  to  their  committees, 
and  the  committees  may  not  submit  a  proposal  to  the  Council, 
why  have  committees — could  not  the  great  EGO  do  it  all  ? 

It  is  really  almost  impo.ssible  to  conceive  that  any  strong  men 
would  allow  themselves  to  form  part  of  a  committee  having  such  re- 
stricted powers  as  the  financial  officers  propose.  It  is  apparent 
that  the  human  element  has  been  ignored  in  drawing  up  the  regula- 
tion.s.  Whilst  it  cannot  be  supposed  for  a  moment  that  the  heads 
of  all  the  great  trading  departments  (to  say  nothing  of  the  other 
officers)  would  allow  the  control  of  their  department  to  be  taken 
out  of  their  hands,  or  consent  to  be  under  the  obligation  to  submit 
all  their  estimates  and  proposals  to  another  officer,  it  needs  no  very 
strong  imagination  to  picture  the  lively  time  the  poor  financial 
officers  would  have  under  such  conditions  in  collecting  and  retailing 
information  regarding  the  various  technical  departments  with  the 
assistance — or  otherwi.sc— !if  their  respective  managers. 


jiATIONAL  ELECTRICAL  MANUFACTURERS' 
ASSOCIATION. 


We  have  received  from  the  Secretary  of  this  Association  (Mr. 
F.  B.  O.  Hawes),  a  pamphlet  setting  out  its  aims  and  objects,  the 
method  of  organisation,  the  work  hitherto  accomplished  by  the 
Association,  and  other  matters.  The  Executive  committee,  of  which 
Mr.  H.  H.  Berry  (Mes.srs.  Berry,  Skinner  &  Co.),  is  the  present 
chairman,  is  elected  annually,  and  is  composed  of  eleven  representa- 
tive men  of  the  manufacturing  branch  of  the  i-lectrical  industry. 

The  pamphlet  points  out  that  only  by  a  large  membership  can  the 
association  hope  to  continue  effectually  to  carry  out  the  duties  it  was 
originated  to  perform.  Its  real  raison  d'etre  is  in  the  opportunity  it 
affords  for  the  ready  settling  of  trade  disputes,  abuses,  &c.,  in  the  con- 
vening of  urgent  mceting.s.  either  for  the  manufacturing  trade  as  a  whole 
or  any  section  of  it,  and  in  the  promotion  of  schemes  that  will  be  beneficial 
to  electrical  manufacturers.  By  joining  the  association  the  individual 
policy  of  a  member  is  in  no  way  interfered  with. 

Ob-IECTs  op  the  As.sOCiation. — The  pamphlet  states  that  the  objects 
of  the  association  are  :  "  1.  To  promote  and  protect  the  interests  of  elec- 
trical manufacturers  and  others  dealing  in  or  supjilying  electrical  goods 
in  the  United  Kingdom  of  Great  Britain,  and  for  the  consideration  and 
discussion  of  all  questions  affecting  the  electrical  manufact\iring  trade. 

"2.  To  give  the  Legislature  and  public  bodies  and  others  facilities  of 
conferring  with,  and  a.scertaining  the  views  of,  persons  engaged  in  the 
electrical  manufacturing  trades,  as  regards  matters  directly  or  indirectly 
affecting  that  trade,  and  to  confer  with  Government,  munici])al  and  local 
authorities  and  public  bodies  generally. 


"  3.  To  originate  and  jiromote  improvements  in  the  law,  and  to  sup- 
])ort  or  opjiosc  alterations  therein,  and  to  effect  improvements  in  ad- 
ministration, and  for  the  purposes  aforesaid  to  petition  Parliament,  and 
take  su<h  other  steps  and  proceedings  as  may  be  deemed  expedient. 

'■  4.  To  diffuse  among  its  members  information  on  all  matters  affecting 
the  electrical  manufacturing  trade,  as  may  seem  conducive  to  any  of 
these  objects. 

"  5.  To  obtain  more  favourable  terms  and  rates  from  railway  companies, 
shipping  companies  and  other  carriers  for  the  conveyance  of  goods. 

"  (i.  To  encourage  the  settlement  of  disputes  by  arbitration,  and  to 
act  as  or  nominate  arbitrators  and  umpires  on  such  terms  and  in  such 
cases  as  may  seem  expedient. 

"  7.  To  promote  creditable  displays  of  British  electrical  machinery, 
ap])liances  and  fittings,  and  drawings  of  the  same  at  great  national  and 
international  exhibitions." 

It  is  claimed  that  the  association  has  been  .successful  in  (1)  obtaining 
from  the  Railway  Clearing  House  redress  of  certain  grievances  duo  to 
the  faulty  classificati<m  of  electrical  apparatus,  and  in  altering  terms 
under  which  electrical  goods  are  carried  by  the  various  railway  com- 
panies ;  (2)  in  rectifying  the  irregular  and  unsatisfactory  manner  in 
which  electrical  goods  were  hitherto  classified  by  the  Customs  under 
imports  and  exports,  and  in  obtaining  a  rearrangement  of  such  classifica 
tion.  giving  a  truer  analysis  of  the  Board  of  Trade  returns  ;  (3)  in  ne- 
gotiating and  rectifying  a  number  of  unfair  clauses  in  specifications 
issued  at  various  times  by  municipal  and  other  bodies  (including  the 
clauses  relating  to  the  shortening  of  the  period  for  retention  money  .and 
the  abolishing  of  the  non-returnable  fees  formerly  in  vogue  in  certain 
instances) ;  and  (4)  by  employing  an  expert  who  deals  with  the  fire 
policies  issued  by  the  tariff  companies  it  has  saved  its  members  a  con- 
siderable amount. 

It  is  also  claimed  that  it  has  put  a  stop  to  the  holding  of  ntmierous 
small  local  exhibitions,  iind  that  it  has  assisted  in  promoting  thoroughly 
representative  exhibitions.  It  has  successfully  convened  meetings  for 
the  benefit  of  a  number  of  sub-sections,  for  discussing  and  dealing  with 
questions  affecting  their  particular  interests  ;  and  it  has  been  instru- 
mental in  uniting  the  various  sections  of  the  trade  for  simultaneously 
raising  prices  when  necessary.  It  has  arbitrated  (free  of  expense)  in  ease 
of  trade  disputes,  and  settled  such  questions  without  having  to  resort 
to  legal  procedure  ;  it  has  made  advantageous  arrangements  with  the 
British  Traders'  Association,  whereby  members  can  obtain  reliable  in- 
formation concerning  the  financial  status  of  any  firm,  and  the  free  col- 
lection of  their  overdue  accounts  ;  it  circularises  its  members  directly 
it  receives  any  authentic  information  regarding  fraudulent  firms  ;  and 
it  has  been  instrumental  in  abolishing  the  objectionable  practice  of 
giving  Christmas  boxes,  &c. 

The  association  has  formed  a  benevolent  institution  for  the  benefit 
of  the  brain  workers  engaged  in  the  electrical  industry  generally,  and 
collected  funds  which  have  jnit  it  on  a  sound  financial  basis.  (Par- 
ticulars of  this  fund  were  given  in  The  Electrician  for  May  7,  p.  143.) 

A  branch  of  the  Association  is  to  be  started  in  the  North  of  England 
shortly.  

WIRELESS  TELEGRAPH  CLASSES. 


Dr.  R.  Mullineux  Walmsley.  principal  of  the  Northaini)ton  Poly- 
technic Institute.  Clerkenwell.  London,  forwards   some  ))articulars 
regarding  what  is  probably  the  first  examination  paper  ever  .set  upon 
the  subject  of  "  Wireless  Telegraphy  "  at  the  close  of  a  full  sessional 
course  by  an  expert  on  the  subject.      This  course  was  given  at  the 
Northampton  Institute  by  Dr.  J.  Erskine  Murray  during  the  i)ast 
session,  and  we  learn  that  83  per  cent,  of  the  students  attended  the 
final  examination  and  that  the  average  of  marks  obtained  was  68 
])er  cent.     The  [olliiwinti  is  tlie  examination  jiaper  : — 
WIRELESS  TELEiiRAl'HY. 
Monday,  May  17,  1909.     7:30  to  10. 
Answer  six  questions  oidy.      Give  sketch  diagrams  wherever  possible. 

1.  Explain  the  difference  in  the  cour.se  of  the  current  in  wire  and 
wireless  transmission  from  place  to  place.  Show  differences  in  slope  of 
lines  of  force  passing  over  sea,  .soil  with  ground  water,  dry  rock. 

2.  Distiiigui.sb  between  damped  and  undamped  or  uniform  alternat- 
ing currents,  and  describe  shortly  apparatus  for  producing  high- 
frequency  currents  of  each  type. 

3.  Describe  the  various  types  of  high-frequency  currents  obtainable 
by  varying  the  conditions  in  an  "arc"  generator  of  high-frequency 
current. 

4.  Describe  various  types  of  detectors  of  high-frequency  current 
and  explain  why  ordinary  telegraphic  instruments  are  not  sufficient. 

5.  If  it  be  required  to  tletermine  the  direction  from  which  signals  ,are 
coming  or  to  make  the  transmission  a  maximum  in  a  given  direction, 
what  types  of  aerial  and  station  apparatus  should  be  used  ? 

6.  Name  some  types  of  instrument  suitable  for  high-frequency 
current  measurements.  Describe  a  method  for  the  measurement  of  the 
freijuency  of  a  current.  If  a  circuit  has  capacity — 0  2  nifd.,  self-induc- 
tion =5.000  cm.  and  negligible  resistance,  find  its  natural  frequency. 

7.  Mow  can  the  resonance  curve  of  a  circuit  beobtained  1  What  can 
be  deduced  from  it '!    What  is  the  effect  of  inserting  extra  resistance? 

8.  Show  diagrammatically  different  methods  of  coupling  two  cir- 
cuits. Explain  the  type  of  current  produced  when  a  spark  circuit  is 
closely  coupled  to  a  secondary  circuit  in  tune  with  it. 

9.  State  the  conditions  necessary  for  the  transmission  of  articulate 
speech  in  wireless  t,elephony,  and  describe  shortly  the  apparauts 
required. 
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THE  TRACKLESS  TROLLEY. 


The  report  of  the  sub-eommittpe  leceiUly  appointed  by  Leeds  Cor- 
poration to  inspect  and  report  upon  the  various  systems  of  raillcss 
trolley  traction  on  the  Continent  lias  been  issued. 

The  committee  cimsider  that  by  avoiding  the  heavy  expenditure 
rei|uircd  in  the  installation  of  ordinary  tramway  traction,  the  railless 
trolley  method  of  couveyance  offers  considerable  possibilities  for  general 
feeders  in  suburban  and  inter-url)an  districts  to  tramway  systems,  and 
is  quite  capable  of  sup])lying  a  .sufficient  .service  for  thinly  popiil.ilc<l 
districts  on  a  reasonably  economic  basis.  They  recommend  that  a  sys- 
tem of  raillcss  tracticm  should  be  adopted  at  Leeds,  for  the  district  be- 
tHeen  the  city  and  Farnley,  instead  of  ccmstructing  electric  tramways, 
and  that,  if  iiciessaiy,  powers  be  obtained  to  carry  this  into  effect.  The 
luiuDiiitcc  <]<■  not  iii.ike  any  suggestion  as  to  which  of  the  three  systems 
iiisiicrli-d  (thr  M'T.  ides-StolI,  the  Filovia  and  the  Mux  Schiemanu)  is 
the  hcst  f(irni  of  traction.  They  believe  that  with  some  adaptations  and 
imiirnvements  a  selection  can  be  made  of  a  form  which  will  serve  the 
purpose  of  the  Corporation. 

Tlic  vcliirlcs  employed  in  all  these  systems  do  not  differ  greatly  in 
pi-iiiiil  .i|i|"  araucefromthe  single-deck  motor  omnibus,  except  that  they 
arc  |iio\  iil,',|  with  a  means  of  collecting  current,  such  as  a  "  hshing-rod  " 
fniin  t)ie  rc/f  to  the  source  of  supply,  much  as  the  ordinary  electric  trams 
are  worked  from  overhead  cables.  The  principal  difference  between  the 
various  systems  is  in  respect  of  the  arrangement  for  keeping  the  two 
.shoes  on  to  the  two  cables.  In  Vienna  the  vehicles  carry  12  passen- 
gers seated,  an  additional  12  are  allowed  to  stand,  even  on  the  platforms 
both  front  and  back  of  the  ear.  The  entrance  for  passengers  is  at  the 
ilriver's  end,  and  he  is  quite  able  to  attend  to  all  the  duties  of  a  conductor 
!is  well  as  driver.  The  committee  were  particularly  struck  with  the 
smoothness  and  comfort  of  riding,  the  spring  base  of  the  truck  being  well 
arranged.  The  brakes  are  ample,  and  spraggs  are  fitted  to  prevent 
running  backward  if  stopped  on  a  hill.  The  motors  are  each  20  h.p., 
and  form  the  hubs  of  the  back  wheels,  current  being  collected  from  the 
supply  cable  by  means  of  a  pair  of  wheels  running  on  the  top  of  the  wire, 
a  similar  pair  of  wheels  transferring  the  used  current  to  the  return.  A 
weighted  pendulum  slung  from  a  frame  carrying  these  two  pairs  of  wheels 
keeps  them  well  pressed  upon  the  wires,  and  the  current  is  conveyed  to 
the  motors,  not  by  a  "  fishing-rod,"  but  by  a  pair  of  cables  which  allov,' 
the  car  to  pass  to  any  part  of  the  road. 

The  cost  of  the  chassis  in  the  Mercedes-StoU  system  is  about  f.'ioO, 
without  body  ;  the  cost  of  the  overhead  construction  about  £1,690  per 
mile,  and  the  working  expenses  per  car-mile  4-.')2d.,  ,as  follow.9  :  — 

Current      0-40d. 

lyres  (total  load  -t-2  tons)  1-3.^1. 

Wages  (driver  only  employed) r20d. 

Dciiot  expenses  0-2Gd. 

Taxes,-  management,  insurance 0-80d. 

Repairs,  renewals,  painting  cars  and  equipment     0'.53d. 

Tlie  method  of  collection  of  current  works  very  smoothly,  with  an 
entire  absence  of  noise.  The  principal  apparent  disadvantage  lies  in  the 
possibility  of  the  collector  becoming  detached  from  the  overhead  wires 
by  collision  or  other  cause,  and  falling  to  the  ground,  which  might  occa- 
sion considerable  damage  and  delay,  as  its  removal  or  replacement  on 
the  wires  rccjuires  two  men  with  special  poles. 

On  th.c  J'ilovia  system,  in  operation  at  Milan,  the  cars  carry  30  pas- 
sengeis.  A  framework  carrying  two  pairs  of  wheels — one  pair  in  contact 
with  each  overhead  cable — is  employed  to  maintain  the  circuit.  It  is 
similar  to  that  used  in  the  Mercedes-Stoll  system,  except  that  it  is  pressed 
by  a  ■■  tishing-rod  "'  or  "  boom  "  against  the  undersides  of  the  cables. 
There  are  two  direct -current  motors  of  10-12  h.p.  each,  and  working 
cii>-t  per  ear- mile  works  out  to  .5-()4od.  as  follows  : — 

r.st  of  energy    0-4l.")d. 

I  icueral  expenses  (Jo!t4d. 

!!ubber  tjres  renewal  21i>0d. 

\\apes  and  salaries    l'400d. 

Maintenance  of  vehicles  and  line     0l)20d. 

Repairs  of  vehicles    0-45()d. 

The  route  in,s|)o-  ted  (owned  by  a  private  company)  was  4tV  miles  long. 
The  vehicles  \vi  re  aide  to  rever.se  and  manoeuvre  without  the  trolley  being 
rpmr)ved,  and  to  take  lieavj'  gradients  over  bad  and  muddy  roads  without 
(lifhcidty,  vibration  or  noise.  The  practicability  of  the  Filovia  type  of 
ra'llcss  traction  considerably  impressed  the  committee.  The  cost  of 
overhead  construction  was  estimated  at  only  £750  per  mile,  but  only 
Wooden  poles  were  used,  which  had  been  found  to  be  very  serviceable. 

The  Max  .Sehiemann  system  was  seen  working  at  Slulhausen,  (ier- 
many.  The  contact  with  the  pair  of  cables  was  maintained  by  means 
of  a  "  fishin::;-rod,"'  carrying  at  its  extremity  a  pair  of  sliding  shoes.  The 
overhead  construction  was  similar  to  that  of  the  systems  previously 
described.  The  vehicle  carries  about  15  passengers  seated,  and  the  front 
wheels  only  have  rubber  tyres,  so  that  there  is  considerable  vibration  and 
noisi'.  The  single  motor  drives  on  to  the  front  .ixlc.  oiaking  the  steering 
comparatively  heavy.  The  design  of  this  type  of  vcliicle  is  stated  to  be 
undergoing  radical  modification.  The  weight  of  the  present  empty  car 
is  2  tons  16icwt. 

On  neither  of  the  three  systems  have  many  hitches  been  reported, 
and  as  to  the  wear  and  tear  of  the  roads,  the  committee  undei'stand  that, 
owing  to  the  comparative. lightness  of  the  vehicle,  the  surface  of  the  road 
suffers  less  than  in  the  case  of  a  service  of  cars  carrying  their  own  petnd 
or  other  engines. 

At  the  meetingjof  the  Council  on  Wednesday  the  chairman  of  the 
Tramways  committee  (Mr.  Smithson)  moved  the  adoption  of  the  report, 


and  said  the  committee  were  agreed  that  one  of  the  three  systems  re- 
commended ought  to  be  given  a  trial  in  Leeds,  and  the  route  to 
Farnley  had  been  selected  for  the  experiment.  The  Town  Cleik 
thought  that  it  would  be  necessary  to  get  an  act  of  Parliament  passed 
before  the  experiment  could  be  tried.  That  would  prevent  anything 
being  done  this  year,  but  in  the  meantime  the  committee  coulddeter- 
mine  which  of  the  sj  stems  would  be  best. 
The  resolution  was  adopted. 


THE  EMPIRE  PRESS  CONFEPENCE. 

The  delegates  representing  the  Press  of  the  British  Empire,  who  are 
at  present  assembled  in  this  country  with  the  object  of  discussing  various 
questions  of  imperial  importance,  have  paid  especial  attention  to  the 
question  of  the  cost  of  telegraphic  communication  between  different  parts 
of  the  Empire. 

At  a  meeting  held  at  the  Foreign  Office  on  Monday,  Lord  Crewe  (who 
presided)  expressed  his  sympathy  with  the  aims  of  the  Conference  on  the 
question  of  cheapening  and  extending  telegraphic  communication,  and 
Mr.  Stanley  Reed  ("Times  oi  India,"  Bombay)  proposed  that  a  com- 
mittee of  overseas  delegates  should  be  formed  to  report  to  the  Conference 
on  the  subject  of  cheaper  cable  rates  within  the  Empire  at  a  future 
session,  to  be  held  on  June  25.  An  amendment  to  include  on  this  com- 
mittee four  representatives  of  British  newsjiapers  was  agreed  to,  and  the 
Hon.  Theodore  Fink  stated  that  it  was  evidently  the  determination  of 
the  Conference  to  come  to  an  understanding  as  to  what  was  the  full 
assistance  which  the  Home  and  Colonial  Governments  were  willing  to 
give  to  the  Press  of  the  Empire  in  connection  with  the  development  of 
intercommunication.  Mr.  Sydney  Buxton  (the  Postmaster-General) 
expressed  the  view  of  the  Department  on  the  subject,  and  pointed  out 
that  the  whole  matter  was  one  of  pounds,  shillings  and  pence.  He 
agreed  that  it  was  impossible  for  the  Press  to  take  advantage  of  the 
elaborate  system  of  coding  of  which  the  commercial  world  was  able  to 
reap  the  full  benefit,  and  he  thought,  therefore,  that  the  (piestion  of 
special  rates  for  the  Press,  in  order  to  place  them  on  an  equality  with  the 
business  man,  a  subject  worthy  of  ctmsideration.  To  a  certain  extent 
the  inequality  had  been  met,  and  he  thought  they  all  should  recognise 
that  some  of  the  cable  companies  had  endeavoured  to  meet  the  difficulty 
by  a  large  reduction  in  Press  rates.  The  British  Post  Office,  he  desired 
to  pointout,had  been  very  liberal  in  respect  toit.s  treatment  of  the  Press, 
and  its  sympathy  had  been  on  a  cash  basis  He  was  inclined  to  think 
that,  as  regarded  the  British  Press,  the  Post  Office  had  been  rather  too 
liberal.  Before  the  Conference  met  he  had  been  in  communication  with 
the  various  cable  companies  interested  in  order  to  see  how  far  they 
would  be  likely  to  meet  the  views  of  the  Conference  on  this  subject. 
Naturally  they  w<nild  not  conimit  themselves,  nor  had  he  asked  them  to 
do  so.  But  tliey  had  to  recognise  the  existence  of  the  cable  companies, 
and  also  the  fact  that  cable  companies,  like  newsjiapcrs.  were  commercial 
bodies,  and  had  done  great  service  for  the  Empire.  He  understood  the 
companies  to  say  that  if  they  were  assured  that  the  result  of  a  reduction 
of  rates,  say  to  Is.  or6d.  a  word,  or  whatever  it  might  be,  would  produce 
a  considerable  amount  of  business,  they  would  be  willuig  to  consider  the 
matter  favourably.  That  was  what  the  Conference  must  consider.  The 
cable  companies  pointed  out  that  at  the  present  moment  the  total 
amount  sjient  on  Press  telegrams  was  not  great,  and  formed  a  very  small 
proportion  of  the  total  expenditure  of  newspapers. 

The  H(Ui.  H.  L.i\\son  ("  Daily  lelegraph  "  London)  said,  in  suppoi-t- 
ing  the  motion,  that  the  questicm  of  cable  rates  did  not  concern  only  the 
Domin'ons  and  India,  but  also  loan  even  greater  extent  the  British,  and 
liarticularly  the  London  Press.  Communication  must  lx>  by  cable,  and 
Press  messages  could  not  be  sent  in  c  ipher.  It  was  impossible  to  s»nd 
them  by  code.  Only  recently  he  had  tried  to  have  Press  communica- 
tions sent  in  cipher,  and  the'attempt  was  a  dismal  failure.  Code  mes- 
sages being  useless  for  newspaper  purposes,  it  was  essential  that  news 
should  be  written  at  length,  and  it  must  come  by  cable,  because  in  the 
present  age  people  would  not  wait  for  the  mails.  The  means  by  which 
the  required  reform  must  be  accomiilished  wei-e  alternatively  by  a  reduc- 
tion in  cable  rates,  by  an  increase  of  compclitioii,  by  an  increase  of  sub- 
sidy, or  by  a  combination  of  all  three. 

Following  is  the  text  of  the  original  motion  as  carried  :  '"  That  this 
Conference" regards  it  as  of  paramount  importance  that  telegraphic 
facilities  with  the  various  parts  of  the  Emi>ire  should  be  cheaiHMied  and 
improved,  so  as  to  ensure  fuller  interconimunieatioii  than  exists  at 
nrescnt,  and  i))i)oints  a  committeo  to  report  t<i  the  Conference  at  its 
ieassenililing  (m  .lune  25  as  to  the  liest  means  of  obtaining  this  object. 

The  original  motion  was  finallvpa.ssed.and  a  st-mding  commitfwwas 
established  to  study  the  question  of  an  Imperial  Newsservice,  andjto  take 
measures  to  sccuie  a  reduction  of  the  rates  of  transmission,  the  committee 
to  consist  of  the  following  members  :  Sir  Hugh  (Jrahani  ("  ^t^"';  J;""- 
treal),  Mr.  R.  Kvftin-Thomas  C  Rcjister,"  Adelaide).  Mr.  h.  \\.  \\ard 
(■■  Telegraph."  Sydney),  Mr.  Thomas  T,.uq>crlcy  f  Richmond  River 
Times,"  BathuiNt).  Mr.  J.  O.  Fairfax  ( "  M.uning  Herald,  .^^ydney). 
Mr.  George  Fenwick  ("  Olago  Daily  Times."  Dunedm),  Mr.  A.  E.  1-awson 
("  Mail,"  Madras),  Mr.  Mark  Cohen  ("Evening  Star."  Di.uedin).  .Mr. 
J.  S.  Brierley  ("  Herald."  Montroali.  Mr.  P.  D.  Uoss("  Evening  J-iinial. 
Ottawa).  Mr.  ,Iohn  Nelson  ('  Times,"  Victoria,  B.C.),  Mr.  R.  Phihpson- 
Stow  ("  South  African  News,"  Capetown),  Mr.  G.  H.  Kingswell  (  Kand 
Daily  Mail  "),  Mr.  F.  Crosbie  Roles  ("  Times  of  Ceylon  "),  Mr.  .Stanley 
Reed  ("  Times  of  India,"  Bomba.v ),  Hon.  .Surendranath  Banerjee  ("  Ben- 
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galep."  CalcuttJtV  the  Hon.  H.  L.  W.  Lawson  ("  Daily  Telegraph  '). 
ilr.  Moberly  Bell  (  •  The  Times '"),  Mr.  J.  S.  R.  Phillips  ("  Yorkshire 
Post  ").  Mr.  Ernest  Parke  ("  S[oming  Lo.ider  ""). 

Mr  P.  T>.  Ross  (•'  Evening  Journal,"  Ottawa)  moved  "  That  for  the 
.•lehievenient  i>f  l>etier  and  cheaper  eleolrie  romnuinioation  in  the  Empire 
it  is  one  of  the  e.^sentials  that  there  should  lie  State-owned  oleetrie  oom- 
raunication  between  the  British  Isl.inds  and  Canada  across  the  Atlantic 
Ocean,  and  also  State  control  of  electric  communication  across  Can;ula 
lx>tween  the  Atlantic  and  Pacific  cable  services."  If  his  proposal  were 
carried  into  effect  it  would  i-esult  in  a  great  reduction  in  the  cable  r;itcs 
to  An.stralia.  It  had  been  estimated  that  a  State-owned  Atlantic  c:il)lc 
would  reduce  the  rate  to  Canada  from  2.")  cents  to  5  cents  a  word.  There 
would  he  a  corresponding  decrease  in  Press  rates. 

Sir  HroH  Or-MIAM  said  the  (mly  basis  fir  an  improved  service  was  a 
cheapening  of  the  rates.  If  that  could  be  got  fmm  the  cable  companies, 
well  and  good  ;  but  if  not,  they  woiiM  lay  their  cables,  and  he  had  an 
assurance  that  numey  would  Ix"  fortlicoining  for  that  ])urpose. 

Mr.  AiSTEN  CllAMBERl.UN,  M.P.,  said  :  Recent  years  had  seen  a  great 
improvement  in  the  transmission  of  netts  from  one  jiart  of  the  Empiie 
to  another.  He  thought  that  communications  had  reached  a  point  of 
development  and  even  of  cheapness  where  they  served  the  purpose  of 
rapidly  supplying  information  of  great  and  striking  events,  whether  of 
matters  of  i-ejoicing  or  for  sorrow.  But  that  was  not  enough.  It  did 
not  give  that  constant  daily  news  which  enabled  men  living  widely  apart 
to  feel  themselves  in  constant  touch  with  each  other.  The  question 
needed  the  co-operation  of  instructed  public  opinion  throughout  the 
Empire,  of  all  the  Governments  and  their  treasuries,  and  of  the  Cable 
Companies.  He  hoped  that,  whatever  was  decided,  the  Cable  Companies, 
which  had  been  the  pioneers  in  this  work  and  had  rendered  great  service 
in  the  past,  would  not  be  ungenerously  treated.  But  the  cable  companies 
must  make  up  their  minds  that  the  times  were  changing,  that  fresh  needs 
were  arising,  that  the  service  which  satisfied  in  the  past  could  not  satisfy 
in  the  future,  and,  if  they  were  wi<c.  tin  y  >\ .  hild  be  the  first  to  study  how 
they  could  meet  these  new  necessities,  iml  :iv..id  burdening  themselves 
with  a  publiely-owned  and  publi<ly-su|)|iiiitiil  ciimpctition. 

Mr.  Phiu.ips  ("  Yorkshire  Post  ")  suggested  that  matters  of  Imperial 
interest  should  be  sent  over  the  cables  from  either  side  largely  at  the  cost 
ol  the  Ciovernments  concerned,  while  messages  dealing  with  matters  of 
commercial  or  social  concern  should  be  sent  entirely  at  the  expense  of 
the  newspapers  themselves. 

Mr.  T.  Tempf.rley  ("  Times,"  Richmond  River,  Australia)  strongly 
advised  the  nationalisation  of  inter-Empire  cables. 

Consideration  of  Mr.  Ross's  motion  was  then  postponed  until  Jinie  25. 


PARLIAMENTARY  INTELLIGENCE. 

London  County  Council  (Tramways  and  Improvements)  Bill— 

The  Select  Committee  of  the  House  of  Commons  which  has  been  con- 
sidering this  bill  for  some  time  decided,  on  Wednesday,  tc  approve 
the  scheme  for  the  extension  .and  reconstruction  for  electric  traction 
of  the  horse  tramways  from  Tooley-street  tlirougli  Dockhead  to  Wool- 
wich. The  Committee  decided  that  tbeCoiiiity  Council  must  keep  the 
terminus  atToolev-street  and  carry  out  certain  widenings  at  Uockhead. 
The  scheme  for" the  reconstruction  for  electric  traction  of  the  present 
Highgate  cable  tramwav  was  next  considered.  The  proposed  expendi- 
ture on  this  line  is  £57,850,  including  wdening.  The  Committee 
passed  the  proposal  yesterday  (Thursday). 


Accumulator  Motor  Oars  for  Railways.— The  increasing  in- 
terest whicli  is  being  taken  in  accumulator  traction  will  doubt 
less  be  enhanced  by  a  report  on  tlie  subject  due  to  Ilerr  A. 
Giesler,  engineer  of  the  I'alatinate  railways.  On  these  lines  it 
appears  that  electrically-operated  motor  cars  have  been  in  use 
for  some  years,  and  a  report  on  their  performance  has  now  ap- 
peared in  the  "  HuUetin  "  of  the  International  Railway  Con- 
gress. As  early  as  1900  seven  accumulator  cars  were  in 
service,  four  on  the  standard-gauge  and  three  on  narrow- 
gauge  lines.  The  latter  have  since  been  withdrawn,  owing  to 
tramway  extensions  in  the  districts  concerned.  The  cars  now 
used  are  operated  over  seven  routes,  with  an  average  length  of 
17i  miles,  among  them  being  the  round  trip  between  Lud- 
wigshafen  and  Worms,  adi.stanceof  27^  miles,  and  the  journey 
from  Neustadt  to  Schiflferstadt,  11  miles.  The  average  con- 
sumption of  energy  is  about  32  watt-hours  per  ton-mile. 
Over  a  period  of  seven  years  the  eight-wheeled  cars  spent  on 
the  average  rather  less  than  12  per  cent,  of  their  total  working 
time  in  the  repair  shops.  This  figure  shows  a  certain  advantage 
over  the  stearn  locomotive,  the  average  perioil  during  which 
locomotives  were  under  repair  in  the  whole  of  the  German 
Empire  amounting  to  1x01  i)er  cent,  during  I'JOS.  The  entire 
working  cost  amounts  to  about  7d.  per  car-mile. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 

APPOINTMENTS  VACANT  AND  FILLED. 

The  Kdi.son  &  Swan  lliiilcd  Klc<lric  Light  Co.  (Ltd.)  rciiuirc  n 
commercial  manager  ;  must  have  had  llunough  training  and  experi- 
ence and  be  fully  qualified  to  take  charge  of  the  sales  organisation, 
.Ap|ilieations  to  the  Chairman  of  the  ('oin]iany.  3G.  Quocn-street, 
London.  E.C.     See  advertisement. 

The  Governors  of  the  Heriot-Watt  College,  Edinburgh,  invite 
ap])lications  for  the  position  of  assistant  lecturer  in  electrical  engi- 
neering as  from  Sept.  0  next.  Salary  £13t)  j>er  annum.  Further 
information  from  Prof.  fJaily  at  (lie  College.  Applicaticns  must  be 
lodged  by  June  21. 

A  demonstrator  and  assistant  in  tiic  laboratory  is  wanted  in  the 
dejiartincnt  of  electrical  engineering  of  the  Glasgow  and  West  of 
Scotland  Technical  College.  Salary  t'ltn' per  annum.  .Applications 
by  June  24  to  Prof.  Magnus  Maclean,  from  whom  further  particulars 
may  be  obtained. 

The  managers  of  the  Technical  College.  Dundee,  invite  a]ipliiations 
for  the  position  of  lecturer  in  electrical  and  mechanical  eiigiiic<iing. 
The  person  appointed  will  have  full  cliargc  of  the  electrical  depart- 
ment, and  must  be  competent  to  take  the  senior  branches  of  mechani- 
cal engineering.  Salary  £.350.  Applications  to  the  Director  of 
Studies,  Technical  Institute,  Dundee,  by  June  15. 

The  Council  of  King's  College  (University  of  London)  invite 
applications  for  the  position  of  professor  of  physics.  Applications 
by  June  14.  Particulars  from  the  secretary,  Mr.  Walter  Smith. 
King's  College,  Strand,  London,  W.C. 

The  Governing  Body  of  the  South  Western  Polytechnic  Institute 
(London)  invite  applications  for  the  )iost  of  he.ad  of  the  mechanical 
engineering  department.  Commencing  salary  £350-£400.  Applica- 
tions to  the  Secretary  by  June  22. 

Croydon  Education  committee  invite  ajiplications  for  the  post  of 
principal  of  the  polytechnics.  Salary  £3W),  rising  to  £3.50.  Forms 
from  the  Clerk,  Catherine-street.  Croydon.     Applications  by  June  2(1. 

At  the  University  of  Manitoba.  Winnipeg,  Canada,  there  arc 
required  a  lecturer  in  civil  engineering  (salary  §2,500)  and  demon- 
strators in  physics  and  chemistry  (.Si,000  each).  Applications  to 
the  Registrar  by  Julv  1. 


Mr.  J.  L.  Sutherland,  late  of  the  tramway  power  station,  has  been 
appointed  station  superintendent  of  Coventry  electricity  works. 

Mr.  R.  Smith,  mains  superintendent  at  Worcester,  has  been  pro- 
moted to  the  position  of  chief  assistant  engineer  and  mains  super- 
intendent at  £140  a  year,  and  Mr.  E.  Page  has  been  made  station 
superintendent  at  £120  per  annum. 

Mr.  Thos.  N.  Riley,  M.Sc.  (Vict.),  B.Eng..  A.M.I. E.E..  of  the  Astoa 
Manor  Technical  School,  has  been  appointed  engineering  master 
(mechanical  and  electrical)  at  Plymouth  Science,  Art  and  Technical 
Schools. 


Scholarships. — West  Riding  (of  Yorks.)  County  Council  offer  four 
technical  scholarships  (of  the  value  of  £60  ])er  annum)  to  residents 
within  the  administrative  area  of  the  West  Riding,  and  available  for 
cour.scs  of  instruction  in  connection  with  engineering  (mechanical  or 
electrical),  metallurgy,  dyeing  or  other  approved  industry.  The 
scholarships  are  intended  for  young  artisans  who  already  have  a 
suitable  amount  of  mill  or  workshop  experience,  and  the  awards  will 
be  mainly  based  on  the  rcstdts  obtained  at  examinations  of  the 
Board  of  Education  and  of  the  City  and  Guilds  of  London  Institute. 
Particulars  may  be  obtained  from  the  Education  Department  (Tech- 
nical Branch),  County  Hall,  Wakefield. 


Argentina,— The  "  Review  of  the  River  Plate  "  states  that  the 
Cia.  de  Luz  Electrica  de  la  Provincia  de  Buenos  Aires  have  acquired 
the  San  Fernando  electricity  supply  undertaking  from  Messrs. 
V'arela  &  Cuneo. 

Australasia. — In  a  report  to  Sydney  City  Council  on  the  working 
and  further  develo|)ment  of  their  electricity  undertaking,  the  con- 
sulting engineer  (Major  Cardew,  of  Messrs.  Prcece  &  Cardew)  states 
that  the  develojiment  has  been  more  rajiid  than  he  anticipated,  the 
output  now  being  over  nine  million  units  per  annum,  instead  of  four 
million.  Instead  Of  600  kw.  of  plant,  2,(K)0  kw.  is  installed.  He 
rcconunends  the  erection  of  a  fuel  conveyor  at  an  estimated  cost  of 
£6.000.     This  is  calculated  to  save  Is.  per  ton  of  coal. 

.Major  Cardew  also  approves  the  proposal  of  the  city  electrical  en- 
gineer (Mr.  H.  R.  Forbes  Mackay)  to  fint  in  4,000  kw.  horizontal  shaft 
turbines,  but  he  does  not  recommend  the  installation  of  a  400  kw.  turbine 
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set  for  running  nnxilinrii's,  iis  he  cimsiders  iine  (if  tlie  existinj;  reci|)riiciif - 
ing  sets  eould  be  made  available  for  the  purpose.  He  thinks  there  is 
now  no  doubt  that  for  4.000 kw.  units,  where  .suitable  eondensing  fivcilities 
exist,  turbine  plant  is  eheapest  in  first  cost  and  maijitenaneu.  He  does 
not  advise  further  extension  of  overhead  e.h.t.  conductors  in  Sydney, 
nnr,  unless  nnder  special  circumstances,  in  the  suburbs,  as,  in  his  view,  the 
risks  and  losses  inherent  in  that  form  of  transmission  more  than  oiit- 
weigh  the  financial  advantage. 

Sydney  Lighting  &  Power  Co.  have  come  to  agreements  with  the 
Echuca  Sliirc  Council  to  supply  electricity  for  lighting  in  Rochester,  and 
with  the  Rochester  Waterworks  Trust  for  supply  of  the  current  for  electric 
]mmpini;. 

Battersea  (London). — The  Lighting  committee  have  prepared  a 
scheme  for  providing  consumers,  at  an  estimated  cost  of  £1,500,  with 
arc  lamjis  and  motors,  and  the  wiring  of  premises  therc^for  for  cash 
or  on  the  hire  purchase  system. 

The  Electrical  Trades  Union  has  written  to  the  committee  pro- 
tfsting  against  the  proposal  that  the  wiring  work  should  be  carried 
out  by  contractors. 

Bi'ighton. — At  the  mofting  of  the;  Coimcil  last  week  the  accounts 
of  the  electricity  department  (an  abstract  of  which  appeared  in  our 
last  issue)  were  adopted. 

Councillor  Gekjian,  who  moved  that  the  accounts  be  approved,  said 
he  thought  their  polic3'  in  transferring  the  generating  station  to 
Southwick  had  been  fully  justified.  The  two  items  upon  which  the 
greatest  economy  was  to  be  effected  bj-  the  change  were  in  coal  and 
wages.  In  1905,  the  last  \'ear  they  did  all  the  work  at  North-road  coal 
cost  them  £23.205,  but  last  year  at  Southwick,  although  the  output 
was  a  gocd  deal  more,  the  total  cost  had  fallen  to  £15,520,  and  the 
price  then  was  not  so  favourable  as  at  pre.sent.  In  1905  wages  were 
£6,655,  but  last  3'ear  the  amount  was  £5,340.  Total  works  cost  in  1905 
was  l-14d.,  but  lastj'car  it  had  been  reduced  to  0'79<l.  per  unit. 

Burslem. — Sanction  to  a  furtlii  r  loan  of  £7,.5.3.">  for  extensions  nf 
till-  ilrciricity  woiks  has  been  ajiplied  for  by  the  Council. 

Chichester. — The  official  inauguration  of  the  electricity  works  of 
the  Chichester  Electric  Light  &  Power  Co.  (Ltd.)  took  jilace  on  ."ird 
inst.  The  ceremony  was  preceded  by  a  luncheon  which  was  given 
by  the  consulting  engineer  of  the  company  (Mr.  Horace  Boot, 
5I.I.E.E.).  and  among''those  present  were  the  Rev.  Chancellor  H.  M. 
Davy,  J.P.,  who  had  been  invited  to  perform  the  inaugural  cere- 
mony. Mr.  E.  Symons  (a  director  of  the  company).  Mr.  C.  Stewart 
(representing  Messrs.  Johnson  &  Philli|)s,  the  contractors),  Mr.  J.  W. 
Loader  Cooper  (town  clerk).  Mr.  F.  J.  Lobley  (city  surveyor),  Mr. 
R.  v.  ^\'eare  (resident  engineer  to  the  company),  &c. 

Darlington. — An  unopposed  inquirj'  was  held  here  last  week  into 
the  application  of  the  Council  for  permi-ssion  to  borrow  £■'5,900  for 
extonsicm  of  plant  at  the  electricity  works. 

Darwen. — The  Council  have  authorised  the  purchase  of  a  15  H.r. 
electric  motor  for  the  nuuiieipal  weaving  shed. 

Domestic  Electricity. — An  important  undertaking  in  connection 
with  the  supply  of  electricity  (or  all  domestic  purposes  is  that  which 
has  been  initiated  at  Preston  by  the  National  Electric  Sujiply  Co. 
This  company  have  recently  revised  the  scale  of  charges  for  supply, 
and  have  established  extensive  showTooms  where  a  vast  array  of 
plain,  ornamental  and  art  fittings,  a  varied  assortment  of  culinary 
and  heating  utensils,  a  wide  range  of  small  motors  for  small  users, 
and  a  multiplicity  of  accessories  are  shown  to  best  advantage.  We 
have  before  us  a  series  of  photographs  of  the  showrooms,  and  these 
indicate  that  the  company  have  laid  themselves  out  for  a  really  good 
display.  .\  venture  of  this  kind  is  worth  doing  well — in  fact,  it 
must  be  badly  done  unless  it  is  well  done,  and  the  National  Electric 
Supply  Co.  at  Preston  seem  to  have  organised  and  carried  out  a 
display  which  must  bring  the  many  advantages  of  electricity  for  a 
large  variety  of  purposes  prominently  before  the  public  of  the  exten- 
sive di;irict  which  the  company  caters  for. 

Eastbourne.—The  borough  electrical  engineer  (Mr.  .1.  K.  Brydgcs) 
has  been  authorised  to  obtain  quotations  for  wati  r-suftcning  plant 
of  1.000  gallons  per  hour  capacity. 

Eccles. — The  Electricity  committee  are  considering  a  proposal  to 
purchase  their  fuel  according  to  the  number  of  heat  units  generated 
instead  of  l)y  weight.  Tenders  are  being  invited  for  the  erection  of 
water  softening  and  (lurifying  plant. 

Electric  Lighting  Acts  (Amendment)  Bill.— Islington  (London) 
Council  have  decided  to  petition  against  this  bill  in  order  to  obtain 
(if  possible)  a  modification  of  clause  1,  so  that  electricity  supply 
undertakers  authorised  by  provisional  orders  made  under  the  clause 
should  not  be  under  further  liability  than  that  which  is  imposed  by 
the  common  law  in  the  case  of  ])er.sons  exercising  statutory  powers 
and  duties. 

'  Hackney  (London)  Council  have  decided  to  request  the  mcmlxrs 
of  Parliament  for  the  borough  to  vote  for  the  excision  of  Lord  Avc- 
bury's  amendment  to  clause  15. 


In  reply  to  an  inquny  by  Scutbwark  Council,  the  Board  of  Trade 
state  that  they  are  a<lvi,sed  that  the  bill  as  amended  in  the  House  of 
Lords  will  not  override  or  limit  any  special  provisions  in  local  acts 
empowering  local  authorities  to  supply  electrical  fittings,  &c. 

Fatality.— An  inquest  was  held  at  Bridlington  on  Friday  into  the 
death  of  Edward  Dickens,  electrical  engineer,  who  was  killed  on  the 
:ird  mst  by  falling  through  the  gla.ss  in  the  roof  of  the  Grand  Pavilion. 
Prince  s-paradc.  Bridlin2t<m. 

Mr.  A.  C.  Dickens  said  deceased  was  his  son,  and  he  had  arranged  to 
meet  hira  at  Grimsby  that  day.  They  were  there  fitting  up  a  shin  with 
an  electric  lightmg  installation.  He  had  a  business  at  Xorthaninton 
and  had  opened  a  branch  at  Bridlington.  ' 

Mr  E.  R  M.xTTHEWs  (b.uough  engineer)  said  that  from  foot  marks  on 
the  plate  glass  in  the  skylights  of  the  pavilion  it  was  .lear  that  decesaed 
had  been  walking  on  the  glass  without  a  hold  nf  the  ridge.  On  one  f.f  the 
panes  there  was  a  mark  of  a  boot  having  slipped,  and  the  deceased  had 
ajiparently  fallen  heavily  upon  the  next  pane  and  crashed  through  into 
the  hall.  He  need  not  have  gone  near  the  glass,  but  it  being  J  in.  thick 
and  rough  surfaced  it  might  have  borne  a  man  of  his  weight  had  he  not 
slipped  and  fallen.  No  one  could  have  gone  over  the  class  without  the 
gravest  risk  of  being  killed. 

A  verdict  <if  accidental  death  was  returned. 

Financial  Organisation  and  Administration  of  Municipal  Undei- 
fakings.— At  the  last  meeting  of  Poplar  (London)  Council  the  Ehe- 
tricity  committee  reported  that  they  had  received  a  communication 
from  the  Municipal  Tramways  Association,  forwarding  a  copy  of 
■'  Draft  Regulations  for  Financial  Organisation  and  Administration." 
which  were  to  be  brought  forward  at  the  meeting  next  week  of  the 
Institute  of  Municipal  Treasurers  and  Accountants.  Though  these 
regulations  had  been  di-aw^n  up  without  consultation  with  the  b.eads 
of  municipal  trading  departments,  it  was  understood  that  an  attempt 
was  being  made  to  get  them  approved  by  the  h.G.  Board. 

The  committee  recommended — 

That  the  L.O.  B.iard  be  urged  to  arrange  that  the  views  of  chainm-n 
■ind  chief  ofticei-s  of  municipal  trading  departments  lx>  a.secrtained  In-foiv 
cfTec!  is  given  to  the  projTOsals,  based  on  the  report  of  the  Departmental 
committee  of  the  Board  ou  Accomits  of  Local  Authorities,  or  otherwise. 
So  far  as  such  proposals  affect  nuinicipnl  trading  undertakings. 

Hampstead  (London). — 24  of  the  public  incandescent  gas  lamps 
are  to  be  converted  to  electric  lamps,  the  estimated  saving  being 
4s.  (id.  per  lamp  per  annum. 

Holland. — The  Noord-Zuid-Hollandsche  Tramweg  Maatschappij 
(Amsterdam)  is  increasing  its  capital  by  £270.000  for  the  conversion 
of  tlieir  tramways  to  electric  traction  and  for  other  improvements. 
The  prospectus  (in  Dutch)  relating  to  the  issue  of  capital  and  giving 
particulars  of  the  proposed  works  can  be  seen  at  73.  Basinghall- 
street,  London.  E.C. 

India. — It  has  been  decided  to  carry  out  a  scheme  prepared  1  y 
Mr.  .1.  W.  Meares  for  the  electric  lighting  of  .Shillong  by  means  of 
current  generated  by  water  power  at  an  estimated  cost  of  R.  1.75.000. 

.■\t  Shalimar  and  Kidderpore  (Calcutta)  power  houses  have  been 
laid  down  and  winding  engines,  each  with  a  2IK>  H.P.  motor,  for 
hauling  wagons  on  and  off  the  Hooghly  ferry  are  under  construc- 
tion. 

Italy. — Two  electric  elevators  are  to  be  erected  on  the  Caracciolo 
and  Assereto  bridges  in  Genoa  harbour  at  an  estimated  cost  of 
£120.(XXt. 

Leeds  Bradford  Tramway  Service. — A  through  tramway  .service 
bel\\cen  Leeds  and  Bradfortl  was  inaugurated  on  Monday. 

At  present  the  cars  are  to  run  every  quarter  of  an  hour  from  live  in 
the  morning  up  to  noon  and  every  10  minutes  afterwards,  the  running 
time  being  an  hour  for  the  complete  journey.  The  through  service 
has  been  made  possible  by  the  use  of  the  Speneerl'awson  odjustable 
axle  on  the  cars,  which  enables  a  car  to  run  directly  otl'  the  4  ft.  8.<  in. 
gauge  of  the  Leeds  lines  on  to  the  4  ft.  gauge  of  the  Hiadford  lines,  j 

Linking  up  London  Electricity  Supply  Undertakings.— In  our 
issue  for  May  14  we  announced  that  at  a  joint  ctmference  of  re- 
presentatives of  the  municipal  and  company-owned  electricity 
supply  undertakings,  the  principle  of  linking  up.  as  authorised 
by  the  London  Electric  Supply  Act.  1908,  wivs  agreed  upon.  12 
Councils  and  nine  companies  were  represented  at  that  conference 
and  a  eonsuUatives  committee  of  12  (six  company  and  six  muni- 
cipal representatives)  appointed  to  draw  up  the  rules  of  procedure. 
Tlio  municipal  representatives  are  :  Councillors  W.  J.  Stapleton 
(Hacknev).  H.  P.  Vorlev  (Islington).  H.  B.  Barge  (Poplar).  J.  E. 
Harwood  (Shorediteh),  H.  H.  Gordon  (Stepney)  and  E.  R.  D.>bi^n- 
ham  (Marylebone).  The  joint  sees,  are  Mr.  H.  B.  Renwick  (for  the 
companies),  and  Dr.  H.  .Maiisticid  Robinson  (for  the  local  authorities). 

L.G.  Board  and  Workhouse  Contracts.— A  memorandum  has  been 
issued  by  the  L.t!.  Hoard  to  Poor  Law  Guardians  pointing  out 

'I'liat  it  is  desirable  in  the  inteivts  of  good  adiiiinisiratioii  and  economy 
that  persons  wishing  to  tender  for  the  supply  .'f  goods  should  have  every 
facility  for  obtaining  iiiformation  as  to  the  kind  ami  quahty  of  goods 
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needed,  and  tliat  suoh  )Hisons  or  their  agents  should  he  allowed  tci  take 
away  patterns  or  samples  wherever  this  ean  be  arranged. 

London  Chamber  of  Commerce. — .-^t  a  special  meeting  of  ilu- 
Council  un  May  '21.  Mr.  Charles  E.  Musgrave  (assistant  secretary)  was 
appointed  secretary  of  the  Chamber  in  the  place  of  .Mr.  Kcmic  B. 
^lurray.  who  retires  after  over  27  years"  service  as  secretary. 

Loughborough. — .Mr.  John  F.  C.  Sncll  has  presented  his  rci>ort  on 
the  present  position  of  the  electricity  supi)ly  undertaking. 

In  the  report  Mr.  Snell  stated  that  the  ])lant  on  the  whole  ap])eared  to 
Ih"  working  sitisfaetorily,  nlthcmgh  it  was  not  of  a  type  he  himself  would 
have  recommended.  No  economy  could  l>e  effected  in  the  staff.  .-Xn 
unnecessary  outlay  on  mains  was  originally  made  and  the  charge  for 
public  lighting  should  be  increased.  The  iiveragc  rate  per  unit  sold  was 
too  low,  con.sequentiv  every  additiimal  lighting  consumer,  at  the  equit- 
ably higher  rate  paid  for  liahting,  was  a  step  towards  the  self-supporting 
stflge.  The  present  practice  of  the  Gas  and  Klectricity  comiMitlci- 
governing  both  the  gas  undertaking  and  the  electricity  undertikiug  w  is 
condemned  as  being  unfair  to  the  members  of  the  committee,  to  the  rate- 
payers and  to  the  departments  governed.  An  independent  Elec  triiity 
committee  was  recommenfied.  .-Mthough  the  lighting  rates  were  sound, 
a  revision  of  the  power  rates  was  necessary,  and  to  continue  the  exist- 
ing scale  must  cause  loss  of  revenue.  In  a  supplementary  report,  Mr. 
Suell  advised  the  Corporation  to  continue  for  the  time  being  the  present 
scale  of  charges  for  power.  He  was  unable  to  suggest  any  immediate 
remedy  for  the  present  position,  and  the  only  possible  future  remedy 
was  a  growth  of  output  of  higher  luiccd  units,  together  with  an  ci-ouoiuy 
of  the  severest  kind  in  the  costs  of  iiroduetion,  and  a  carefu  scrutiny  of 
every  addition  to  capital  expenfiiture. 

At  Wednesday's  meeting  of  the  Council  a  further  report  of  the  Gas 
and  Electricity  committee  im  the  supplementary  report  received  horn 
.Mr.  Snell  was  con.?idered.  It  was  jiroposed  that  the  two  reports  of  the 
committee,  with  the  recommendations  contained  therein,  be  adopted. 

It  was  moved  as  an  amendment  that  the  recommendation  of  the  com- 
mittee that  the  electricity  undertaking  should  he  placed  under  the  control 
and  management  of  a  separate  standing  committee,  as  advised  by  Mr. 
Snell,  be  not  adopted,  but  that  the  control  of  the  undertaking  by  the 
Gas  anil  Electricity  committee  as  at  present  constituted,  be  continued, 
and  the  amendment  was  carried. 

With  P'spect  to  Mr.  Siieirs  recomraendation  that  all  the  accounts  of 
the  electricity  department  should  be  keot  by  the  engineer  and  manager, 
on  which  point  the  r'ommittee  asked  for  an  expression  of  opinion,  it  was 
resolved  that  the  accounts  be  kept  by  the  borough  accountant,  as  at 
present. 

It  was  also  resolved  that  the  recommendation  of  the  committee  that 
the  Highwiy  committee,  instead  of  being  charged  a  lump  sum  to  cover 
the  total  co,st  of  lighting  and  maintenaiiie  for  street  lighting  by  electricity 
be  charged  2.ld.  per  unit  for  energy  su|i|)li'il.  plus  actual  cost  of  main- 
tenance and  repair  of  lamps  be  referred  to  the  Highway  committee  for 
consideration. 

Longton, — The  Council  have  rescinded  their  resolution  to  apply 
for  .sanction  to  a  loan  of  £2.580  for  extensions  of  the  plant  at  the 
electricity  works,  and  the  e.\penditure  is  to  be  met  out  of  reserve 
fund. 

Market  Harborough, — The  Council  have  apjilicd  for  a  further 
c.xi<  nsinii  iif  time  lor  carrying  out  their  provisional  order. 

Mexico.— The  British  Vice-Consul  at  Monterrey  (Ur.  J.  B.  Sanford) 
rcpcjrts  that  the  electricity  su|>ply  undertaking  which  started  supply 
in  1800  and  which  has  been  acquired  by  a  Canadian  firm  is,  with  the 
tramways  and  the  waterworks  and  sewerage  system,  to  be  taken  t)ver 
h:  the  Monterrey  Railway.  Light  &  I'ower  Co.  (Ltd.),  which  has  been 
registered  in  London  with  a  capital  of  £1.000.000.  Tlie  electric 
power  station  is  to  be  remodelled  and  will  in  future  su])ply  current 
for  the  tramways  as  well  as  for  lighting. 

Vice-consul  .J.  F.  Lynch  at  SaUillo  calls  attention  to  the  steps 
which  are  being  taken  in  his  district  to  produce  vegetable  wax  from 
the  candelilla  plant  which  grows  there  and  in  either  northern  states 
of  the  Republic.  The  botanical  name  of  the  jilant  is  |iedilanthus 
pavonis  euphorbiacer,  and  it  grow.s  from  'i  ft.  to  5  ft.  high  in  the 
shape  of  stalks  withjut  leaves  or  thorns.  The  wax  is  at  present 
used  for  candles,  phonograjih  and  other  records.  &c.,  and  it  is  said 
that  "  tcst«  which  have  been  made  for  its  adaptability  for  insulation 
of  electric  wires  have  been  very  sucx'cssful.  ' 

Middlesbrough,  -  The  Coun<-il  have  decided  lo  ask  for  sanction  to 
a  loan  of  t\H.U->>  (not  £10,()0<l  as  previously  intended)  to  provide  for 
extensions  of  cables  for  Ihrec  years. 

New  Submarine  Telegraph  Cable.— The  Telegrajih  Consiru<tion 

i';  .Maint-nance  Co.'s  cable  steamer  "  Colonia  "  is  about  to  leave 
the  Thames  to  prixjeed  to  Newfoundland  for  the  purpose  of  laying 
about  300  mil's  of  cable  for  a  new  line  of  communication  between 
St.  .lohn's  (Newfoundland)  and  New  York. 

Oldham. — .\n  unopposed  inquiry  was  held  here  last  week  into  the 
a|)plication  of  the  Council  for  permission  to  borrow  £8,fK")0  for  mains. 
tl.OlKP  for  liou.se  services  and  £1.200  for  meters. 

Presentations. — On  2nd  inst.  Mr.  .1.  \V.  Beauchamp,  deputy  manager 
of  Sheffield  Corporation  electric  supjily  department,  was  the  recipient 
of  .several  arlictf  s  of  .Slu  ffield  plate  subscrilied  for  by  ihc  staff  and 


employes  as  a  token  of  esteem  and  goodwill,  the  occasion  being  Mr. 
Beauchamp's  departure  from  Sheffield  to  Tunbridge  Wells  to  take 
up  the  po.sition  of  resident  electrical  engineer. 

In  making  the  presentation  the  general  manager  (Mr.  S.  E.  Feddbn) 
referred  to  the  good  work  .Mr.  Heauihaiini  had  done  during  his  Hi  yeary' 
service  with  the  department,  and  on  behalf  of  the  staff  congratulated  him 
very  heartily  upon  his  ap]ioiiitment  to  a  higher  [iDsitioii,  and  wished  him 
every  possible  success  in  his  new  undertaking. 

At  the  West  Ham  electricity  offices  on  2'Jth  u!t.  Mr.  .\.  Hugh  Sea- 
brook,  the  engineer  and  manager,  who  was  recently  a))pointed  to  a 
similar  position  at  Marylebone.  was  presented  w  ith  a  silver  tea  tray. 

Mr.  (ill.BERT  expressed  the  regret  of  the  staff  at  Mr.  Seabrook's  ap- 
proaehmg  departure,  but  at  the  same  time  congratulated  Marylebone  on 
obtaining  him  as  their  engineer  and  manager.  From  the  beginning  of 
his  career  at  West  Ham  the  whole  department  had  progressed  at  every 
]inint.  The  meter,  the  mains  and  the  stores  de|iaitnients  had  all  grown 
alinormally,  and  they  had  worked  with  the  smallest  possilile  friiticm  : 
that  result  was  mainly  due  to  Mr.  Seabrook's  adniii'abie  oveiseeriiig. 

The  sales  manager  (Mr.  Holmes)  said  that  most  of  them  had  had,  at 
different  times,  to  work  under  different  managers,  but  under  no  manager 
had  they  received  such  tactful  eonsideiation  as  they  had  under  the  chief 
who  unfortunately  was  now  going  from  them.  Mr.  Seabrook  had  had 
at  his  finger-tips  every  detail  of  the  whole  department. 

Mr.  Smith  and  Mr.  Tombs  having  spoken,  Mr.  Gilbert  formally  made 
the  presentation. 

In  acknowledging  the  gift,  Mr.  Skabrook  said  he  did  not  feel  that  he 
deserved  anything  like  the  valuable  recognition  they  had  given  him  that 
night.  The  past  3J  years  had  been  rough  and  tumble  lo  a  great  extent, 
but  those  who  had  survived  the  reorganisation  and  alterations  could  be 
considered  as  men  who  had  been  tried  in  the  fire  and  not  found  wanting. 
He  felt  perfectly  certain  that  wherever  he  went  he  should  never  again 
have  the  ojiportunity  of  being  associated  with  a  staff  more  competent 
or  more  capable  of  hard  work  than  the  staff  of  that  dejiartment.  They 
had  achieved  a  measure  of  success  ;  they  had  supplied  customera  at 
about  the  lowest  prices  in  the  country,  and  extended  the  supply  of 
material  and  apparatus  to  them.  But  the  work  eoiild  never  be  a  success 
except  by  the  hearty  co-operation  of  a  thorouL'hly  lajiable  staff,  and  he 
had  endeavoured  in  the  annual  re])orts  he  liail  priMuted  t<j  the  committee 
to  ht  them  know,  as  far  as  he  could,  in  what  liigli  regard  he  held  his  staff. 
He  had  never  allowed  any  sentiment  to  interfere  with  the  management 
of  the  undertaking,  but  he  ho|ied  he  had  not  gone  too  far  in  that  direc- 
tion.    He  thanked  them  very  heartily  indeed  for  their  very  kind  present. 

Personal.— Mr.  J.  H.  C.  Brooking.  A.M.I.E.E.,  M.LM.E..  has  been 
appointed  general  manager  of  the  St.  Helens  Cable  &  Rubber  Co.,  of 
Warrington. 

Mr.  O.  H.  Bishop,  for  many  year.3  sales  manager  of  the  Edison  & 
Swan  United  Electric  Light  Co.,  has  resigned  his  position  with  the 
company,  in  order  to  take  up  other  w.3rk,  particulars  of  which  we 
hope  to  announce  shortly. 

Roumania. — Mr.  Consul  Wardro])  states  in  his  report  for  ib08  ttxn 
there  are  3-  miles  of  electric  tramways  working  at  Bucharest.  12J  at 
.Jassy.  8i  at  Galatz  and  II J  at  Braila.  It  is  proposed  to  construct 
about  25  miles  of  new  lines  at  Bucharest,  and  the  .Municipality  are 
endeavouring  to  find  capital. 

St.  AnneS-on-the-Sea. — The  Electricity  committee  recommend  the 
Council  to  reduce  the  charges  for  supply  of  electric  current  for 
jiower.  heating  and  cooking.  It  is  proposed  to  charge  for  the  first 
UK)  units  2Jd.  per  unit,  second  100  units  2d.  and  all  current  over  200 
units  IJd.  per  unit.  A  proposal  to  reduce  the  charge  for  lighting 
by  Id.  per  unit  was  not  adopted. 

Salford, — Tlie  Electricity  committee  are  negotiating  for  the  .supply 
of  electrical  energy  to  the  Broughton  Copper  Co.  (minimum  annual 
consumption  .3,")0.()00  units),  and  to  the  Unity  Rubber  Co.  (2(llt.(l{i()). 
.A|iplication  is  to  be  made  for  sanction  lo  a  further  loan  of  Ki.odO  for 
a  booster,  switchgear,  cables,  conduits.  &c.  .Miogelher  £13.11(10  is  to 
be  spent  to  provide  for  next  winter's  anticipated  deiiiand,  half  being 
defrayed  out  of  the  depreciation  and  renewals  fund. 

South  Africa.  -  The  "  British  and  South  .\frican  Export  Gazette" 
stales  that  Capetown  .Municipality  arc  about  to  place  orders  for  450 
tubular  steel  clci^tric  light  poles,  eight  transformer  pillars,  two  10  kw. 
transformers  and  700  doulile-channel  steel  eross-arm.s.  An  electric 
hoist  will  .shortly  be  required  for  the  Cinderella  Deep,  and  electric 
street  lamps,  mechanical  stokers,  fuel  ccoiujinisers,  coal  and  ash- 
conveying  plant,  automatic  combustion  and  lenijieraturc  recorders 
will  shortly  be  wanted  by  Johannesburg  Corporation. 

A  company  has  been  formed  to  iiromolc  a  scheme  for  the  c<instruc- 
tion  of  an  electric  mono  railway  between  Johannesburg  and  Pre- 
toria. 

The  Transvaal  Govfrnmcnt  have  rcce  ntly  appointed  a 
Commission  lo  inquire  into  the  desirability  of  the  establishment  of 
large  electric  power  companies  in  the  Transvaal,  and  the  jirobable 
cffent  of  such  companies  on  the  Witwatersrand  gold  and  coal  indu.s- 
trie.s,  the  Central  South  .African  railways,  agjiculture  and  irrigation, 
the  employment  of  labour  \c.  Also  into  the  atlidide  of  the  Stale 
to  such  companies. 
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Soulhend-on-Sea. — ThefDrmal  opening  of  the  ClilT  bandstand  took 
plac(>  on  -iOtli  ult. 

The  opening  cei'cmuny  was  perfoi  ined  by  tlie  Mayoress  (Mi-s.  Ingrain) 
ill  the  presence  of  a  numerous  company,  including  the  Mayor  (Aid. 
•J.  C.  Ingram,  .I.P.),  the  chairman  of  the  Entertainments'  committee 
(Councillor  E.  J.  Taylor),  Aldermen  Brightwell,  Martin,  Berry,  kc. 

Several  novel  electrical  devices  have  been  installed  at  the  bandstand, 
including  a  .scries  of  eight  flambeaux  round  the  eaves  of  the  stand  and 
u  row  of  concealed  lights  whose  rays  shine  from  the  gutterings  on  to 
the  eaves.  The  light  from  four  arc  lamps  is  thrown  on  to  the  stand  from 
the  four  corners  of  the  enclosure  in  which  the  stand  is  situated  and  the 
colour  of  the  lights  from  these  is  changeil  every  quarter  of  an  hour. 
The  enclosure,  which  is  about  an  acre  in  extent,  is  surrounded  by  a 
scries  of  festoons  of  white  electric  bulb  lamps,  surmounted  at  the  apex 
of  each  festoon  with  a  cluster  of  coloured  tinial  lamps.  The  ribs  of 
the  roof  of  the  bandstand  are  prettily  illuminated  with  frosted  pearl 
lamps. 

Southwark  (London). — Estimates  arc  to  be  obtained  for  installing 
(iiid  maintaining  a  battery  of  1.540  ampere-hours  capacity  for  15 
years  at  an  annual  inclusive  charge  of  i'M}S.  The  cir^t  of  building  a 
batti'ry  room  is  estimated  at  £900. 

Spain. — In  an  interesting  report  on  the  trade  of  the  district  of 
.Seville,  the  British  Consul  gives  a  list  of  imports  into  that  country, 
incluidng  (1)  incandescent  electric  lamps,  (2)  arc  lamps.  (.3)  arc  lamj) 
oarbons.  (4)  wires  and  cables,  and  (5)  dynamo-cleetrin  machinery. 
Of  (1)  Germany  has  the  entire  monopoly  and  imported  (i  ewts  in 
19(IS ;  of  (2)  Germany  imported  3  cwt..  Belgium  9  cwt..  United 
Kingdom  5(i  lb.  ;  of  (3)  Germany  imported  15  cwt.  and  Belgium 
12  ewt.  ;  of  (4)  Germany  67  tons,  Belgium  4S  tons.  France  3  tons  ; 
and  of  (5)  Belgium  imported  IHi  tons.  Germany  49  tons.  France  3 
tons.  United  Kingdom  2  tons.  The  U.K.  thus  imports  2  tons  56  lb. 
=i,!i'Mi  lb.  out  of  a  total  of  67.576  lb.  or,  say,  7  per  cent. 

Mr.  Consul  A.  Keyser's  report  on  th?  trade  of  the  Seville 
district  for  1908  states  that  a  (Jerman  company  has  so  far  enjoyed  a 
practical  monopoly  of  providing  electric  power  for  Seville  and  is  now 
aplcting  large  works  on  the  I'rado  de  San  Sebastian  to  sujiply 
ee  phase  and  continuous  current.  Another  electricity  supply 
^ertaking  (the  Hidro  Electrica  del  Ciiiadiaro)  is  being  established 
apply  powt^r  in  th?  district  and  will  generate  its  current  by  means 
be  falls  in  the  Ronda  mountains.  Mr.  Keyser  thinks  that  there 
old  bo  opportunities  for  the  supply  of  British  electrical  plant  when 
I  undertaking  is  in  a  position  to  compete  with  the  existing  works. 
Dynamos  imported  in  1908  included  49  tons  from  Germany.  IKi 
(from  Belgium  (these  being  also  of  German  origin),  27  tons  from 
nee  and  2  tons  from  the  United  Kingdom. 

Cfc?  electric  tramway  is  to  b?  extended  to  Chiclana  as  soon  as  the 
fltruction  of  the  Barcas  steel  bridge  (for  which  a  Spanish  firm  has 
contract)   is  completed.     The  tramways  are  operated  by  the 
j>anish  branch  of  the  Thom:  on-Houston  Co.  and  the  ears  in  use 
were  madr  in  Zarago;.;a. 

Sunderland. — In  moving  approval  of  the  accounts  of  the  electri- 
fity  department  .for  the  past  year  (abstracted  in  our  last  issue),  the 
chairman  of  the  Electricity  committee  (Aid.  W.  W.  Bruce)  statwl  at 
jle  Council  meeting  on  Wednesday  that  this  was  the  first  year  they 
Id  had  to  report  a  decrease  in  the  output. 

Jlf,  however,  the  undertaking'.had  been  owned  by  a  private  company 
|dividend  of  5  per  cent,  would  ha\e  been  declared  and  £5,000  carried 

(reserve.  There  were  indications  that  shipbuilding  was  beginning  to 
Bvive,  and  he  hoped  they  would  in  the  near  future  show  a  balance  on 
';{ht  side.  It  was  intended  to  use  the  machinery  at  Dunning- 
Ireet  as  a  reserve  plant. 

I  Taunfon. — On  Tuesday  the  Council  decided,  on  the  recommenda- 
on  of  the   Electricity  committee,  to  adopt  the  following  scale  of 
barges  for  electric  current^for  lighting  :  Up  to  25  units  ))er  (juarter. 
per  unit  :   .500  units.  4id.  ;    1.000,  4d.  ;   over  1.000.  3d.  ;   and  for 
Ire  lamps  outside  busmcss  premises,  2d.  per  unit. 
Telegraphists"  Cramp.— Instructions  have  been  issued  by  the  Post- 
sttr-General  on  the  question  of  compensation  under  the  Work- 
ben's  Compensation  Act  to  persons  suffering  from  what  is  known  as 
elegraphists'  cramp.     The  l'..\I.G.  expresses  the  desire  that  all  such 
(Bases  shall  be  treated  with  the  utmost  consideration  consistent  with 
the  interests  of  the  service,  and  retirement  will  not  be  enforced  as 
long  as  any  reasonable  alternative  remains.     There  should  be.  the 
I'.M.G.  con.siders.  no  great  difficulty  in  giving  most  affected  <iffieers 
e.nployment  on  duties  which  do  not  involve  the  use  of  telegraph  in- 
struments.    It  is  not   intended  that  permanent   jirefercntial  treat- 
ment  should   be  arranged,   but  rather  that  the  oflicer.s  should   be 
transferred  to  situations  in  which  tlu  ir  manipulative  disabilities  will 
not  be  likely  to  stand  in  the  way  of  tin  ir  prospects  of  advancenumt. 
•  itticers  will  be  required  to  rank  at  the  foot  of  the  nc  w  class  on  trans- 
lir.  but.  subject  to  the  limits  of  the  authorised  scales,  they  will  not 
sullrr  ri(iu(  lions  of  pay,  provided  they  do  their  best  to  (.u  dify  in 
the  new  dutirs  and  make  reasonable  progress. 


The  P.M.G.  has  had  under  consideration  the  questions  whether  any 
steps  can  be  taken  to  prevent  the  appointment  of  persons  likely  to  be 
affected  with  cramp  and  as  t.i  how  i,,  prevent  cramp  among  ap- 
pointed officers. 

United  States.— The  Southern  Pacific  Railway  Co.  are  equipping 
a  large  powc  r  Ikju.sc  at  Fruitvalc.  .\lamcda  County,  to  supply  current 
tor  working  electrically  the  present  sti'am  lines  in  the  cities  on  the 
east  side  of  the  Bay  of  San  Francisco.     The  plant  will  Ix  of  10.000  h.p. 

The  Great  Western  Electric  Power  Co.  linished  in  December  last 
the  work,  on  which  they  have  been  engaged  since  1906.  of  making  a 
tunnel  3  miles  in  length  through  a  mountain,  for  conveying  the 
entire  waters  of  the  Feather  river  to  the  electric  power  plant  which 
the  company  are  erecting  at  Las  Plumas  and  which  will  be  of 
144,000  H.r.  The  project  has  already  cost  £2.on0,(,'(;0.  The  com- 
pany will  supi)ly  power  to  the  Cowell  Cement  Works,  Contra  Costa 
County,  by  an  overhead  line  150  miles  in  length. 

British  Vice-Consul  Mortimer  states  that  there  arc  nearly  7C0 
miles  of  electric  tramways  in  the  City  of  Los  .Angeles  (Cal.)  and  on 
the  suburban  lines  the  ears  run  from  40  to  60  miles  an  hour. 

Uruguay. — The  "Review  of  the  River  Plate"  states  that  the 
])ublic  electric  lighting  of  Monte  Video  is  to  be  increased  by  the  addi- 
tion of  1 .000  arc  lamps. 

The  Uruguayan  Legislature  have  apjnovtd  a  bill  intended  to  give 
an  impetus  to  the  dairy  industry  and  which  exempts  from  import 
duty  boilers,  motors  and  other  electrical  machinery  and  apparatus 
for  lighting  and  for  motive  power  for  butter  factories  and  cream- 
eries wdiicli,  with  the  machinery.  &c..  are  also  cxem])t  from  property 
and  licence  taxes  for  10  years.  A  national  exhibition  of  milk  pro- 
ducts is  to  be  held  next  year. 

Wakefield. — An  unopposed  inquiry  was  held  last  week  into  the 
Council's  application  for  sanction  to  borrow  £615  for  transformers. 

Watford. — The  Council  have  received  sanction  to  a  loan  of  £4.952 

for  extensions  of  the  electricity  works. 

Wireless  Telegraph  Notes. — It  is  announced  fn.m  Berlin  that  the 
German  airship  Gross  II..  while  in  flight,  succeeded  in  establishing 
wireless  telegraph  communication  with  the  earth. 

Elaborate  arrangements  are  being  made  by  the  British  Admiralty 
to  establish  wireless  telegraph  stations  along  the  coasts  of  the  United 
Kingdom.  In  cases  where  private  enterprise  has  been  unable,  frcm 
economical  reasons,  to  establish  stations  on  a  sufficiently  large  scale 
the  Admiralty  are  stated  to  be  acquiring  these  stations  and  organis- 
ing them  in  a  thoroughly  effective  manner.  A  regular  system  of 
naval  wireless  stations  at  sea.  extending  along  the  coast,  where 
training  in  wireless  telegraphy  in  the  Navy  can  be  given,  is  being 
organised. 

It  is  announced  that  the  P.  &  O.  Steam  Navigation'  Co.  lias 
decided  to  instal  wireless  telegraph  equi])mcnts  on  board  some  of 
their  fine  vessels  trading  with  Australasia  and  New  Zealand,  the  first 
vessel  to  be  Htted  up  being  the  "  Marmora." 

Wireless  Telephone  Notes. — It  is  announceel  that  an  interesting 
series  of  experiments  have  been  carried  out  by  the  Frencli  cruiser 
"  Conde "  with  the  wireless  telephone  system  invented  by  two 
French  naval  lieutenants  wluise  work  in  this  direction  has  prc- 
viou.sly  been  mentioneel  in  our  columns  (M.M.  Colin  and  .leanee). 
The  "Conde  ''  was  successful,  it  is  stated,  in  establishing  communi- 
cation with  the  shore  up  to  a  distance  of  over  li;0  mi!e,~.  The  land 
station  was  at  Toulon. 

Workhouse  Lighting.— The  Guaidians  of  Seaith  Dublin  Unien  las^ 
week  decided  to  aiijioint  a  eommitlee  to  discuss  with  the  clerk  o 
works  the  question  of  the  number  of  lights  requireel  and  that  tenders 
be  inviteel  for  lighting  and  heating  the  workhouse  premises. 


ELECTRICITY  SUPPLY  AND  TRAMWAY  ACCOUNTS. 

Accrington.— The  total  revenue  of  the  electricity  department  for 
h  e  year  ended  March  31  was  £16,067.  9s.  Id.,  and  the  expenses  were 
8  338,  leaving  a  gross  profit  of  .£7.729. 

After  paying  interest  and  sinking  fund  charges  (£6,187)  there  was 
a  net  profit  of  £2,542,  of  which  iSOO  has  been  appropriated  for  the  m- 
stallation  of  rented  wiring  on  consumers'  premises,  1293  for  the  pur- 
chaso  of  meters  and  motors,  and  if 84  for  superseded  plant.  Ihe 
balance  to  the  credit  of  revenue  account  (X604  14s.  lil.)  has  been 
transferred  to  depreciation  and  renewals  fund,  winch  now  staiuls  at 
£2,422.  The  capital  expenditure  is  £71.644,  against  £b8,858.  There 
arc  550  consumers,  representing  59,852  8  c.p.  lamps  connecte«l. 
2,972,612  units  were  .■<ol<l,  inehuling  1,975.280  for  lightine  and  iwwer, 
38.818  for  public  lighting  and  960.614  (or  traction.  The  working 
expenses  were  0t)73d.  per  unit,  against  0  87d. 
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Aldershot.— Tho  tDtal  revenue  of  the  eleetiii-ity  dopailiuent  lor  the 
year  ended  March  31  was  £4.178.  7s.  5d.,  including  £474.  9s.  2d. 
from  public  lighting. 

Ti.t.i!  expenses  were  £2,336.  ISs.  6d.,  including  £1.484.  Ss.  .)d.  for 
generation  and  £140.  Os.  3d.  for  management.  Gross  profit  was 
£1.841.  Ss.  11(1.,  and  after  paying  intei-eiit  and  the  instalments  of  money 
born.wed.  the  balance  is  £1,S3.  13s.  8d.  The  equivnleni  of  14,!)l)8  S  e.p. 
lamps  are  connected.  224,771  units  of  current  were  sold  (an  increase  of 
17,709  units)  of  which  I8fi,r.73  were  for  private  nnd  38,1)08  for  public 
lighting,  and  the  averiige  price  obtained  was  4!3d.  for  private  supply 
and  272  for  public  supply.  Total  works  costs  were  l-<i8d,  (against 
Itiftd.)  per  unit  and  total  costs  2-33d.  (2-33d.). 

In  moving  the  adoption  of  the  accounts,  the  chairman  of  the  Lighting 
committee  (Mr.  Cai. vert)  stated  that  he  hoped  members  would  rcuard 
with  considerable  pleasr.i'e  the  favourable  rcpcut  the  engineer  (Mr.  F. 
Garside)  had  been  able  to  present.  The  ui\dertaking  was  in  a  very 
healthy  position.  Not  only  was  it  working  at  a  profit,  but  it  was  adding 
year  by  year  to  the  Ouincil's  assets.  £22,000  had  been  c.\]jendcd  on  the 
underlaking. 

Bexhill. — The  Council  have  approved  tlie  accounts  of  the  elec- 
tricity department  for  the  year  ended  March  31. 

Total  income  was  fO,7.">l.  1.5s.  Od.,  and  exi)cnses  £5,113.  15s.  fid., 
leaving  gross  profit  £4,041.  Os.  3d.  After  paying  interest  and  sinking 
fund  and  placing  £220.  Os.  Id.  to  de])re;lation,  there  was  a  net  propt  of 
£5.30.  fis.  lOd.  The  total  capital  expended  is  £04,105.  10s.  Ud.,  an 
increase  of  £,3,127  over  1908.  558.137  units  were  .sold  (373,001  for 
private  lighting,  184.130  for  public  ligliting.  and  400  by  contract)  ; 
there  are  .53  arcs  and  304  incandescent  pillars  for  public  lighting,  and 
the  maximum  supply  demanded  was  457  kw.  During  the  year  metallic 
filament  lamps  were  adopted  for  street  lighting,  and  the  annual  cost  was 
reduced  by  about  £300.  An  additional  .500  kw.  BellissWestinghouse 
generating  set.  a  Babcock  &  Wilcox  boiler  .and  chain-grate  stokers, 
induced  draught  plant,  &c.,  were  installed.  The  works  costs  have  been 
reduced  and  the  total  costs  were  2-19d.  per  unit,  against  2-2nd. 

Blackpool. — The  revenue  of  the  electricity  department  for  the 
year  ended  .March  31  was  £35.638.  lis.  4d.,  including  £18,609.  5s.  7d. 
from  .sale  of  current  for  private  lighting  and  power.  £9.966.  6s.  for 
current  supplied  to  the  tramw'ays  department.  £1.043.  l.s.  4d.  for 
current  supplied  to  the  Blackpool,  St.  Annes  and  Lytham  Tramways 
Co.,  and  £6.019.  18s.  5d.  revenue  from  public  lighting. 

The  expenses  amounted  to  £16,377.  8s.  lOd.,  and  included  £9,732.10s.ld 
for  generation,  £1,.575.  17s.  Id.  for  distribution,  £1,408.  10s.  Id.  f(U' 
management  and  £1.417.  los.  lOd.  for  rent,  rates  and  taxes.  The  gross 
profit  was  £10,700.  12s.,  and  after  paying  interest  and  siukin:.'  fund 
(£12,.505.  14s.  Id.)  the  net  profit  was  £7,254.  17s.  8d.,  of  which  £4,000  has 
been  transferred  to  general  district  fund,  and  the  balance  (£3,254.  17i<.8d.) 
to  reserve.  3.81.5,392  units  were  generated  :  1,314,774  units  were  .sold 
by  meter  for  jinvate  lighting  and  power.  20.5.910  units  were  supplied  to 
the  public  lamps,  1.471,070  were  supplied  for  traction,  and  377,690 
were  used  on  the  works.  The  maximum  load  occurred  on  Sept.  12.  and 
amounted  to  2,584  kw. 

Bury  (Lanes.) — For  the  year  ended  .Marcli  31  the  income  of  the 
Electricity  department  was  £17,089.  3s.  8d..  including  £16,727.  2s.  9d. 
from  the  sale  of  electric  current. 

Working  expenses  were  £8,098.  10s.  Sd.,  gross  profit  £8,990.  13s.  After 
meeting  interest,  sinking  fund  contributions,  &c.,  the  net  profit  was 
£2.914.  10s.  lOd.  The  total  capital  expended  is  £93,.592.  18s.  2d.,  an 
increase  of  £2,100.  I7s.  5d.,  but  the  outstanding  loan  is  £72,042.  3,2.55,1 16 
units  were  sold  (1,.530,943  to  piivate  consumers,  1,023,003  to  the  tram- 
ways department  and  .56,814  for  the  public  lamps).  There  are  36  arc  and 
21  incandescent  lamps  for  public  lighting,  and  the  maxinuim  supply 
demanded  was  1,095  kw. 

In  the  report  of  the  engineer  and  manager  (.Mr.  S.  .1.  Wat.-iim)  it  is 
stated  that  28  additional  consumers,  representing  an  equivalent 
of  15,098  8  e.p.,  were  connected  to  the  mains  during  the  year,  including 
00  additional  motors  (of  4901  h.p.).  These  figures  represent  substantial 
increases  on  the  1908  figures,  and  the  total  number  of  motr)rs  connected 
'R  275,  of  an  aggregate  of  20,2fiJ  ii.p.  Up  to  the  present  the  electric 
drive  has  been  adopted  in  over  30  distinct  industries,  and  this  number  is 
being  const  lutly  added  to.  In  the  list  supplied  by  Mr.  Watson  there  arc 
73  local  engineering  firms,  IS  woodworkers,  14  printers  and  18  cotton 
and  w.iollen  mills  using  electric  power,  while  there  are  also  a  large  number 
of  fans,  lifts,  cranes,  pumps,  &c.,  connected  to  the  mains.  Th.-  total 
costs  were  I •03d.  ag.ainst  r02d.,  generating  costs  bemg  0-57d.  against 
0-58d.  The  average  price  obtained  was  l-2,5d.  per  unit,  against  l-.34d. 
The  combined  load  factor  for  lighting  and  power  increased  from  19-9  to 
20-9  per  cent.  A  new  generating  station  is  being  erected  at  Chamber 
Hall. 

Colchester. — The  accounts  of  the  electricity  department  for  the 
year  indf  d  .March  31  .show  net  profit  £260.  7s.  Id.,  after  deducting  u 
deficiency  of  £22  on  the  previous  year's  working. 

In  movine  the  adoption  of  the  annual  report  and  accounts  of  the 
elccficity  department,  the  chairman  of  th?  Electricity  committee  (Mr. 
BARiitTT)  said  the  result  of  the  past  year'."  working  had  been  satisfactory. 
There  was  a  small  decline  in  the  revenue  (abrait  £13)]  and  there  was  a 
reduction  in  the  number  "f  units  supplied  for  power  and  traction,  but 
the  sales  to  ordinary  lighting  consumers  had  increased  in  spite  of  the 


extended  u.sc  of  metallic  filament  lamps.     The  rcdiictioii  in  cost  of  coal.  ' 
due  largely  to  the  use  of  mechanical  stokers,  was  £1,739.     Gross  profit  i 
was  £.5.940,  increase  £1,301.       Interest    and    redemption    amounted  to  I 
£5.081,   increase  £407.   Os.   (id.     There  had  been   appiopriated  for  the  I 
reduction  of  suspense  account  £741,  increase  £455.     They  had  written 
otT  prepayment  installations  the  sum  of  £403,  and  off  mechanical  stokers 
£337,  the  money  for  both  purposes  being  found  out  of  revenue;    and 
llicy  had  expended  £50.  Us.  lid.  in  the  ]ii!ichase  of  arc  lamps  for  hire. 
The    reserve  fund  stood  at  £1,857,  and  the  department  proposcil  to 
leduce  that  amount  by  paying  therefrom  £501,  then  carrying  to  the 
<  rcdif  of  reserve  the  net  surplus  of  the  vcar.     The  reserve  would  then 
stand  at  £1,003.  13s.  lOd. 

The  accounts  of  the  traniwavs  dc|mrlrncnt  were  also  ])rescntcd  and 
disclosed  a  deficit  of  f.S,940.  The  chairman  of  the  Tramwnys  ciunmittce 
stated  that  general  maintenance  and  rc|iairs  had  cost  £113  less,  and 
maintenance  of  cars  £482  less  ;  but  ovcrlicad  ciinipmcnt,  trolley  wire, 
&c.,  cost  £319  more.  Tr.iftic  revenue  lind  l)ecn  reduced  aliout  jd.  per  ! 
car- mile. 

Leigh  (Lanes.) — The  total  inecmu-  of  tho  electricity  dejiartmcnt  dur- 
ing the  year  ended  March  31  was  £7,767.  5?.  lid.  | 

Total  expenses  were  £4,807.  lis.  Id.  Interest  absorbed  £1,273.  Os.  Id.  | 
and  sinking  fund  and  repayment  of  loans  £1,320.  8s.  9d.,  leaving  a  net  \ 
prolit  of  £300.  Os.  2d. 

The  repi>rt  of  the  borough  electrical  engineer  (Mr.  A.  T.  Smith)  states 
that,  notwithstanding  the  extended  use  of  metal  filament  lamps,  the 
consumption  of  current  increased  by  8-9  ])cr  cent.  There  are  399  con- 
sumers, representing  20,3fiO  8  e.p.  lamps  (and  including  174  motors  of  1 
1,085  H.p.)  connected  to  (he  mains.  The  maximum  load  was  440  kw. 
and  the  load  factor  20  per  cent.  The  total  generation  and  distribution 
charges  were  I-34d.  per  unit,  against  l-20d.,  and  the  total  costs  were 
2-30d.,  against  2-25d. 

Lincoln. — The  accounts  of  the  electricity  depart incnt  (of  which  an 
abstract  appeared  in  our  last  issue)  have  been  ado[)ted  by  the 
Corporation. 

The  output  for  the  vcar  ended  March  31  w,as  1.7IS.lil2  units  (460,782 
for  ])rivatc  lighting,  (.3.775  f.u-  public  lighting,  10(i,151  for  power,  01.5.1  Hi 
to  Messi's.  I'layton  &  Shnttleworth  and  172,788  for  traction),  an  incrcisc 
of  204,790.  The  increase  in  tho  demand  for  current  for  public  aiul 
private  lighting  has  been  affected  by  the  general  use  of  metallic  filament 
lamps.  The  increase  in  lamp  connections  was  4.438  equivalent  8  e.p. 
lamps  (2,133  for  lighting  and  2,305  for  power)  making  the  total  conn.r. 
tions  equivalent  to  08,772  8  e.p.  Works  costs  were  0-890d.,  agaio-l 
l'0.58d.,  and  total  costs  I-454d.,  .against  1-07 Id.  per  unit. 

The  tramways  department  has  also  had  a  successful  year,  woiUiuLj 
expenses  being  500d.  per  car-mile  run,  against  OlOd.  in  1907-8.  Tolil 
receipts  for  the  vear  were  £6.104.  .5s.  lOd.,  and  expenditure  wi 
£.3,048.  2s.  lOd.,  leaving  gross  profit  £2,45(1.  3s.  After  paying  inter.  ,t 
and  sinking  fund,  there  was  a  deficit  of  £98.  1,510,058  passengers  wciv 
carried  and  I5(),  190  car  miles  run. 

In  the  report  of  the  city  electrical  engineer  (Mr.  Stanley  C'legg)  it  is 
stated  that  there  was  a  saving  in  all  items  of  expenditure,  and  abi>nl 
£82  w.as  chargeable  to  the  direct  upkeep  of  the  G.B.  system.  'IIh 
amount  was  in  excess  of  last  year's  costs,  bnt  was  explained  by  the  fai  i 
that  the  stud  heads  thrtjughout  the  track,  which  had  got  rather  worn, 
had  been  lifted  and  packed  up  so  that  they  should  nowjnst  another  ycai 
or  IS  months  and  give  the  five  years'  life  lie  (Mr.  Clegg)  estimated  f  ii 
them.  He  had  taken  the  average  working  costs  of  75  other  municipal 
tramways  on  the  overhead  system  for  the  year  1908,  and  he  obtained  an 
average  of  0-37d.  per  car-mile  run,  as  total  cost,  and  at  Lincoln  they  wn. 
0-77d.  below  that  average,  an  improvement  of  0-50d.  upon  last  ycai. 
Mr.  Clegg  states  that  Lincoln  now  takes  20th  place  on  the  lis(  of  muni- 
cipal tramways  with  low  working  expenses  pi'r  car-mile. 

Morley. — The  rejiort  of  the  borough  electrical  engineer,  Mr.  J.  E. 
Ellis.  f(.r  the  year  ended  March  31  states  that  the  gro.ss  profit  was 
£279.  Us.  4d.  against  £1.087  for  the  previous  year,  and  after  pro- 
viding for  payment  of  £2,078.  12s.  8d.  fiir  interest  and  sinking  fund 
charges  (against  .£2.0(14.  lOs.  .5d.)  there  was  a  net  deficit  of 
£1.799.  Is.  4d.  In  view  of  the  almost  general  use  of  metal  filament 
lamps  the  Klectricity  committee  have  decided  to  increase  the  price 
of  current  from  lighting  for  4d.  to  5d.  per  unit. 

New  South  Wales  Tramwajs.  — In  the  report  of  the  Chief  Commis- 
■sioner  of  N.S.W.  (loverninent  Hailways  and  Tramways  (Mr.  T.  R. 
.Johnson)  it  is  stated  that  the  revenue  of  the  tramways  (which 
arc  mainly  electrical  and  have  a  length  of  148  miles)  for  the  past 
(juarter  was  £285.099,  increa.se  £2D,781  compared  with  correspond- 
ing period  of  1908. 

The  expenditure  was  £215,661,  increase  £19,376.  48i  million  pas- 
sengers were  carried,  an  advance  of  3^  millions.  The  percentage  of 
expenditure  to  earnings  w.as  75'63.  During  the  quarter  seven  exten- 
sions were  opened  for  triflic,  adding  14  miles  13  uhuiiis  to  tho 
system. 

Sunderland.- -Tlie  traffic  revenue  for  the  year  ended  March  was 
£00  223.  I9s.  4d.,  and  the  total  income  £60,4'25.  12s.  7d.  (9-8.3d.  per 
car-mile),  a  dccreivse  of  over  £8,,500. 

Traffic  ex|)enses  were  £17,408.  4s.  (id.,  gencr.al  expenses  £5,168.  7s.  2d., 
general  rcji.iirs  and    maintenance   £3,KI2.   .5s.   :td.  and  power  expenses 
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£12,432.  r>s.  2(1.,  totiil  £38,S.'-,1.  2k.  Id.,  loaving  a  balance  of  £21,574.  10».  Od. 
After  paying  interost  (£8,127.  4s.  lOd.)  and  income  ta.\  (£840.  12».  7d.), 
the  balance  (£12,974.  ll?.  Id.)  was  carried  to  appropriation  account. 
Sinking  fund  absorbed  £9,775.  10s.  and  £2,117.  15s.  4d.  was  placed  to 
reserve  and  renewals,  the  balance  being  absorbed  by  various  small  pay- 
ments. 14,857,779  ]iassengers  were  carried  and  1,474.900  car-miles  nm. 
The  percentage  of  working  expenses  to  receipts  were  03-35  and  the 
average  fare  per  passenger  was  0-972d. 

Swansea. — The  not  profit  on  the  past  year's  working  of  the  clee- 
tricllv  department  was  £1,748.  3s.  3d.,  and  with  £789.  "l 5s.  3d.  from 
1908  the  disposahle  l.alanee  is  £2.157.  18s.  5d. 

In  a  discussion  nii  the  a. counts  the  chairman  (Mr.  A.  SrNei.AiR)  stated 
that  the  receipts  from  the  sale  of  current  for  power  were  £7,847,  and  that 
branch  was  the  sheet  anchor  of  the  undertaking.  There  are  1,379  con- 
sumers, an  increase  of  217. 

Warrington. — The  total  ineome  of  the  Eleetricity  department  for 
the  year  ended  March  31  was  £16,057.  12s.  lid.,  and  working  expenses 
were  £9.318.  2,s.  lOd.,  leaving  a  gross  profit  of  £6,739.  10s.  Id. 

After  paying  ititerest  (£2,851.  7s.  lOd.)  and  sinkini.  fund  (£3,n0.17s.ld.) 
there  was  a  net  profit  of  £942.  12s.  8d.,  a  decrease  of  £1,271  compared 
with  1908.  The  number  of  unit?  sold  was  2.8(i6,5{l(i,  iiuludnig  1,980,302 
to  private  consumers,  78,250  for  public  lighting  and  509,1 10  for  traction. 
The  works  costs  came  out  at  0-560d.  per  unit  against  0-007d.,  and  the 
t(jtal  cost  0-774d.  against  0-809d.  The  sale  of  current  for  lighting  has 
been  affected  by  the  use  of  metallic  filament  lam])s  and  the  demand  for 
power  Ijas  been  retarded  by  depression  in  trade.  Reductions  in  the 
charges  for  current  for  ]iower  and  lighting  have  been  mode  and  are  having 
a  beneficial  effect  in  introducing  new  consumers. 

Wednesbury. — The  total  units  sold  by  tlie  electricity  department 
during  the  jiast  year  were  223,708,  .against  176,400  in  1907-8. 

The  revenue  were  £2,086  and  the  expenditure  £1,648,  leaving  a 
balance  of  £438.  The  report  states  that  the  increased  ]irolit  antici- 
pated during  the  current  year,  due  to  the  economies  effected  in  genera- 
tion by  reason  of  the  new  plant,  will  be  sufficient  to  pay  the  interest 
and  sinking  fund  charges  (£718)  in  respect  of  the  new  loans  raised  to 
carry  out  the  changes  in  the  system  of  generation.  Owing  to  the  pro- 
gress of  the  undertaking,  further  plant  will  shortly  be  required  to 
meet  increased  demands  for  power  and  lighting.  The  equiwalent  of 
23,020  8  c  p.  lamps  is  connected  to  the  mains. 

West  Bromwich. — The  annual  report  and  accounts  of  the  Elee- 
tricity department  were  adopted  at  the  last  meeting  of  the  Corpora- 

t  tion. 

The  number  of  units  sold  for  traction  were  922,516  (against  1,010,878 
units  in  1907-8),  for  lighting  287,222  (223,457),  for  power  700,543  units 
(421,900),  public  lighting  101,704  units  (again.st  108,655,  the  total  sales 
being  2,011,985  units  (1,82-1,887).  The  increase  in  the  .sales  for  power 
was  the  largest  experienced  in  any  j'ear  since  the  inception  of  the  under- 

i  taking,  due  to  the  reduced  charges  adopted.  There  was  a  net  increase 
of  20  consumers  during  the  year,  making  a  total  of  328,  representing 

I  55,284  8  e.p.  (including  142  motors  of  1,300  H.r.)  connected  to  the  mains. 
The  total  loan  debt  is  £67,421.  15s.  8d.  ;   capital  expenditure  amounting 

I  to  £2,369.  5s.  4d.  was  incurred  during  the  year,  bringing  the  total  expen- 

■  penditure  to  £73,609.  2s.  The  total  revenue  was  £13,596.  5s.  7d.  ;  and 
the  aimual  expenses  £6,740.  5s.  lid.  (against  £0,914.  16s.  3d.),  leaving  a 
gros.s  profit  of  £6,8.55.  193.  8d.  (£6,050.  12s.  4d.)  After  paying  interest, 
sinking  fund,  &c.,  the  net  profit  is  £2,442.  The  department  has  on  hire 
71  motors  (of  412  h.p.),  97  arc  lamps,  a  number  of  Nernst  and  other 
lamps,  and  lit  complete  installations. 

Worcester. — The  total  income  lor  tiic  vear  ended  March  31  was 
£1().699,  expenses  £6,863,  gross  profit  £9,835. 

After  iiaying  interest  (£4,412)  and  sinking  fund  (£5,263)  the  .;Mr|ihis 
was  £160.  The  receipts  for  current  have  been  .iffeeted  by  the  adoption 
of  metallic  filament  lamps,  but  the  year's  result  is  considered  satisfactory. 
There  has  been  a  good  increase  in  the  number  of  constimers  and  in  the 
demand  for  current  for  power.  Works  costs  were  reduced  from  0-889d. 
to  0-795d.  per  unit  sold  and  the  total  costs  from  l-12Sd.  to  lOlId. 


SPECIAL    NOTICE. 


TRADE  NOTES  AND  NOTICES. 


TENDERS  INVITED. 

Belfast  Tramways  and  Klectrieity  committee  invite  tenders  for 
Supply,  delivery  and  erection  of  feeder  panels  for  lighting  switch- 
board. Specitieation  and  forms  of  tender.  &c.,  from  the  city  elec- 
trical engineer,  Mr.  Thos.  W.  Bloxam,  Corporation  Electricity  Works, 
East  Bridge-street.  Belfast.  Tenders  with  the  Town  Clerk,  City 
Hall.  Belfast,  by  noon.  June  26.     See  also  an  advertisement. 

Bedford  Corporation  invite  tenders  from  boilermakers  for  the 
supply  and  erection  of  one  30  ft.  by  8  ft.  Lancashire  boiler,  with  steam 
pipe  work  and  superheater.  Specification  and  form  of  tender  from 
the  borough  electrical  engineer,  Mr.  R.  VV.  L.  I'hillips.  .A..M.1.  lO.K., 
Eleetricity  Works,  Cauldwell-road,  Bedford.  Tenders  by  noon.  June 
26.     See  also  an  advertisement. 


NOW    READY. Vol.    LXII.    of  "The  EiECTRiaAN"  (1.028 

pages),  hound  in  strong  cloth.  Price  ITs.  6d.;  post  free,  ISs.  6d.  Xow 
ready.  Gases  for  Binding.     Price  2s. ;  post  free,  2s.  3d. 

A  complete  set  of  "The  Electrician  "  can  he  supplied.  A  number 
of  odd  volumes  and  some  odd  old  back  numbers,  to  help  in  making 
up  complete  sets,  are  also  available. 


Tenders  are  invited  for  the  supply  of  a  15  ton  overhead  travelliDg 
hand  crane  to  the  city  of  Melbourne,  Victoria.  Tender  forms, 
conditions,  &c.,  from  the  agents  of  the  City  Council,  Messrs. 
Mcllwtaith,  McEach.arn  .t  Co.,  Proprietary  (Ltd.),  Billiter-squarc 
Buildings,  London,  E.G.  Tenders  to  the  Chairman  of  the  Electrical 
Supjjly  committee.  Town  Hall,  Melbourne,  by  2  p.m.  of  .\ugust  4. 
See  also  an  advertisement. 

Devonport  Corporation  Electricity  committee  invite  tenders  for 
the  supply  of  stores  for  the  12  months  ending  .June  30,  1910,  includ- 
ing d.c.  meters,  paper-insulated  cables,  rubber  covered  wires, 
flexibles,  cutouts  and  lubricating  oils.  Particulars  and  forms  of 
tender  from  the  borough  electrical  engineer  (Mr.  J.  W.  Spark), 
Newport-street,  East  Stonehouse,  Devon. 

The  Electricity  committee  of  Stepney  (London)  Borough  Council, 
invite  tenders  for  the  .supply  during  the  period  ending  June  30.  1911. 
of  ampere-hour  meters,  demand  indicators  and  time  switches,  and  arc 
lamps.  Tenders  to  the  borough  electrical  engineer  and  manager. 
Mr.  W.  C.  P.  Tapper,  27,  Osborn-street,  Whitechapel,  E.,  by  noon 
June  14. 

Salford  Eleetricity  committee  invite  tenders  for  the  supply, 
delivery  and  erection  at  the  Corporation  electricity  station, 
Frederick-street,  Pendleton,  of  a  battery  booster  and  switchgear. 
Specification  and  form  of  tender  from  the  borough  electrical  engi- 
neer, Mr.  Victor  A.  H.  MeCowen,  M.LE.E.  Tenders  to  the 
Chairman  of  the  Electricity  committee,  by  noon  of  Monday,  June  14. 

London  County  Couneil^want  tenders  by  11  a.m.  June  22  for 
the  roadwork  and  platelaying  of  the  authorised  tramways  in  South- 
wark-street  and  Blackfriars-road  and  on  the  Victoria-embankment 
east  of  John  Carpenter-street.  Speeification,  &c.,  from  the  Chief 
Engineer,  County  Hall,  Spring-gardens,  S.W. 

London  County  Council  require  tenders  by  11  a.m.  June  22  for 
the  supply  and  fixing  at  Greenwich  generating  station  of  steam,  ex- 
haust, feed  and  drain  piping,  valves,  &c..  and  cast-iron  condenser 
water  piping,  valves,  &c.  Forms  from  the  offices.  Spring-gardens, 
London,  S.W. 

BuRSLEM  Cor|)oration  require  tenders  by  noun  June  29  for  a  (MK)  kw. 
steam  generator,  or  (alternatively)  a  600  kw.  turbo-generator 
(450  volts),  condensing  plant,  water  tube  boiler  and  switchgear. 
Specifications  from  the  Electrical  Engineer. 

Dudley  Guardians  want  tenders  by  10  a.m..  June  18.  for  supply 
and  erection  of  10  h.p.  motor,  shafting  and  belting  in  the  workhouse 
laundry.  Specification.  &e.,  from  the  Clerk,  St.  James'-road, 
Dudley. 

Whitehaven  Harbour  Commissioners  require  lenders  by  10  a.m., 
July  20,  for  lighting  the  harbour,  quays,  &e..  electrically  or  other- 
wise.    Particulars  from  the  Harbour  Master. 

Ec(LE.s  Electricity  committee  want  tenders  by  10  a.m..  June  21. 
for  supply  and  erection  of  water  softening  and  purifying  plant. 
Specifications.  &c.,  from  the  Borough  Electrical  Engineer. 

Ipswich  Corporation  want  tenders  by  June  2."?  for  one  year's 
supply  of  rubber  insulated  wires,  and  paper  insulated  lead  sheathed 
cables.     Specifications  from  the  Chief  Engineer. 

Halifax  Tramways  and  Electricity  committee  want  tenders  by 
June  18  for  supply  of  lead-covered  pai)erinsulatod  cable.  Particu- 
lars from  the  General  Manager,  Skireoat-road.  Halifax. 

Felixstowe  and  Walton  Council  want  tenders  by  noon.  Juno  21. 
for  cooling  tower  and  tank,  water  softener  and  ventilating  shaft. 
Specifications  from  Mr.  R.  P.  Wilson,  66.  Victoria-street.  London.S.W 

Gravesend  Electricity  eommittoo  require  tenders  by  Jtdy  3  for 
the  supply  and  erection  of  an  automatic  stoker. 

Maidenhead  Corporation  invite  tenders  for  the  supply  of  a  150  kw. 
direct-driven  Diesel  generator.     Tenders  by  noon  of  23rd  inst. 

Tenders  are  invited  for  the  supply  of  150  relays  (non- polar)  to 
the  Postmaster-Generals  Department  in  the  State  of  New  Soith 
Wales.  Tender  forms  and  general  conditions  may  be  obtniiuHl  at 
the  CVimmonwealth  Ottiee.  72,  \ictoria-strect.  London,  S.W.  St-e 
also  an  advertisement. 

Tenders  are  invited  for  the  supply  of  a  branching  multiple  magneto 
switchboivrd  to  the  Postmaster-tieneral's  Department  in  New  South 
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Wales.     Tender  funns  and  specification  may  be  obtained  at  the 
Commonwealth  Office.  72,  Victoria-street,  London,  S.W. 

Chinese  Contracts. — In  our  Contracts  Open  pages  there  will  be 
found  an  invitation  from  the  Chinese  Government,  through  its  repre- 
sentative.'^,  for  sealed  proposals  for  the  erection  and  ct)mpleti()n  of  a 
group  of  buildings  to  be  used  as  a  Buroau  of  Engraving  and  Printing 
in  Peking,  China.  It  will  be  noted  that  the  plans  and  specifications 
are  on  file  at.  amongst  other  places,  the  Chinese  Consulate-General. 
8S.  Fenchurch-street.  London.  E.C.  Tenders  from  Euroi)ean  con- 
tractors must  be  tiled  with  the  Chinese  Legation  at  Wa.shington. 
D.C..  not  later  than  July  l.')lh  next.  The  conditions  of  the  contract 
are  instructive. 

TENDERS  RECEIVED  AND  ACCEPTED. 

Til?  following  tenders  have  been  accepted  by  Salford  Coiporation 
for  annual  supplies  : — 

Liverpool  Electric  Cahle  Co.,  nibber-covered  cable :  Electric  & 
Ordnance  .Acce.<s(>rics  Co.,  switches  and  fuses  ;  .7.  H.  Tucker  &  Co.,  cut- 
o\ifs  ;  H.  R.  Mansfield,  stoneware  conduits  ;  Albion  Clay  Co.,  stoneware 
conduits  and  pipes,  cable  protectors  and  c.nblc  bearers  ;  Key  Engineering 
Co.,  fibre  pipits  ;  Howard  As]ihalte  Troughing  Co.,  asphalte  bridges  ;  A. 
Grenier  &  Co.,  \V.  T.  Glover  &  Co.,  cables  ;  Verity?,  motor  starters  : 
British  Thomson-Houston  Co.,  carbon  filament  glow  lamps  :  W.  T. 
Henley's  Telegraph  Works  Co.,  Callender's  Co..  L.  Andrew  &  Co., 
Baxendale  &  Co.  and  Rcss  &  Co.,  cable  accessories. 

Hackney  (London)  Council  have  accepted  the  following  tenders  : — 
British  Iiisidated  &  Helsby  Cables,  disconnecting  network  boxes,  meter 
boards,  and  resin  ;  W.  T.  Henley's  Telegraph  Works  Co.,  linen  tapes  and 
h?ssian  tapes  ;  General  Electric  Co.,  yellow  flame  arc  lamp  carbons  ; 
Douhon  &  Co.,  troughing  ;  W.  Lucy  &  Co.,  straight-through  joint  boxes, 
buried  network  boxes,  dead-end  and  house  service  boxes,  service  fittings 
and  glands,  fuse  bo.xes,  service  tee  boxes,  frames  and  covers,  &c.  ;  Sykes 
&  Sugden,  fuss  bo.xes :  British  Electrical  Trades'  Supply  &  Bitumen 
Ca.,  bus  compound  ;  J.  Smart  &  Son,  pitch  compound  ;  and  Sloan  Elec- 
trical Co.,  arc  lamp  carbons. 

Stockport  Council  have  accepted  the,  following  tenders  : — 
Frank  Pearn  &  Co.,  boiler  feed  pumj),  £138  ;  H.  Parkes,  ironwork  for 
overhead  bunkers,  £2.5.  7s.  2d.  ;  Brecknell,  Munro  &  Rogers,  two  trolley 
standards  at  £5  each  and  12  sets  of  ball  races  £1.  7s.  <id.  per  set :  Edgar 
Allen  &  Cfl.,  loop  jioints,  £14.  ,5s.  ;  Hcjrner  &  Co.,  taking  out  two  cross- 
overs and  laying  new  one.  £137.  lOs.  ;  J.  &  W.  S.  Briscoe,  relaying  loop 
at  (iatley  terminus,  £52.  7s.  8d. :  John  Spencer,  tramway  poles  light, 
£3.  18s.  each,  medium  £5.  Os.  3d.,  heavy  £6.  lis.  3d. 

Sheffield  Traraway.s  committee  have  accepted  the  tender  of  W.  H. 
Allen.  Son  &  Co.  for  dismantling  No.  1  condenser,  and  for  supply  and 
erection  at  the  Kclham  Island  power  station  of  a  surface  condensing 
plant  for  £1,933.  The  Electric  Light  committee  have  accepted  the 
tender  of  Edgar  Allen  &  Co.  for  main  feeder  cable,  and  an  order  has 
been  placed  with  W.  T.  Glover  &  Co.  for  .50  tons  of  electrolytic 
copper  wire  and  .50  tons  of  lead  at  current  prices. 

Hackney  Electricity  committee  received  tenders  from  10  lirms 
(thre^  foreign  and  s?ven  British)  for  underground  cables. 

The  three  lowest  tenders  woidd  work  out  at  the  following  prices  for 
one  year's  supply:  Union  Cable  Co..  £.3,288.  17s.:  .Hubert,  Grenier  & 
Co.,  £3,302.  4».  lOd.  ;  British  Insulated  &  Helsby  Cables.  £3,.537.  1.5s.  4d. 
Having  considered  all  the  circumstances,  the  committee  recomniendctl 
the  acceptance  of  the  tender  of  the  British  Insulated  4:  Helsby  Cables. 

On  Jlonday  Yurk  Corporation  ap|)rovcd  the  recommendation  of 
the  Tramways  committee  to  accept  the  tender  of  Dick.  Kerr  &  Co., 
at  £78,827  for  the  construction  and  electrical  equipment  of  tramways 
in  the  city. 

Swansea  Council  have  accepted  the  tender  of  the  Electric  &  Ord- 
nance .Acces.?orips  Co.  for  motors  at  £240.  and  that  of  Brook,  Hirst 
&  Co.  for  .starting  switches  at  £70. 

Sheffield  Corporation  have  accepted  the  tender  of  .b.hn  Walsli 
(Ltd.)  for  the  installation  of  telephones,  &c.,  at  the  new  buildings  at 
Lodge  Moor  hospital. 

Rotherham  Council  have  accepted  the  tender  of  Halley's  Engincer- 
i  ng  Co.  at  £68.5  for  supply  of  a  motor  tower  wagon. 

Warrington  Council  have  accepted  the  tender  of  the  St.  Helens 
Cable  Co.  for  supply  and  laying  of  cables  at  £092. 

Bibcock  &  Wilcox  have  received  an  order  for  a  b  lilir  and  chain 
grate  .stoker  for  Johannesburg  municipal  electricity  dejiartment. 

Farnworth  Council  have  accepted  the  tenders  of  Cowans  Limited 
for  circuit-breakers  and  the  British  Westinghouse  Co.  for  cables. 

The  Postmaster-General's  Department,  Brisbane,  Queensland, 
have  accepted  the  tender  of  British  Insulated  &  Helsby  Cables  for 
L^elanchi-  zinc*. 

^  Sale    by    Auction.— Mr.    Robert    H.    Ruddock,    71,    Fir.  |. street, 
London,   E.C,  announces  for  sale   on  Thursday,  June   17,   at   one 


o'clock,  the  nearly  new  plant,  machinery  and  sti>ck  i>f  the  Automatic 
Engineering  Co.,  152,  Clarence-road,  Clapton,  London,  N.E.  The 
sale  includes  a  quantity  of  modern  automatic  machine  tt)ols  by 
Brown  &  Sharp,  A.  Herbert  (Ltd.),  ('incinnati  Machine  Tool  Co., 
Flather  Mfg.  Co.,  Owen  Machine  Tool  Co.  and  Bradbury  &  Co.  In 
an  advertisement  on  another  page  some  of  the  items  to  be  ottered  arc 
set  out,  and  all  fiutlicr  particulars  can  be  obtained  from  the  auctioneer, 
from  .Messrs.  Howartl  Howes  &  Co.,  27,  Clcmcnts-lanc,  London, 
E.C..  and  from  .Messrs.  Ranger,  Burton  &  Frost,  17.  Fenchurch- 
street,  Lontlon.  E.C. 

Plant  for  Sale.— Messrs.  G.  Elliott  &  Co.,  186-188,  Long-lane 
Bermondsey,  London,  S.E.,  have  for  sale  two  compound  Marshall 
steam  engines  coupled  to  two  Crompton  dynamos,  and  also  three 
dynamos.     Further  particulars  are  given  in  an  advertisement. 

.\n  advertisement  contains  jjarticulars  of  some  electrical  engineer- 
ing plant  (including  two  110  )i.p.  d.c.  Siemens  motors,  with  starter, 
&c.,  one  105  H.p.  single-])hase  motor,  two  4  ii.p.  electric  capstans, 
one  2-ton  electric  derrick  crane  and  one  5  ii.P.  electric  locomotive) 
which  is  for  sale. 

Businei3  for  Sate.  Mc^trs.  Josolyne,  Miles  &  Co.,  28,  King-stnet, 
Cheapside,  E.G..  advertise  for  sale,  as  a  going  concern,  the  manu- 
facturing electrical  engineering  business  of  Messrs.  Laing,  Wharton 
&,  Cunnington,  7.  Great  Newport-street,  W.C. 

Patents  Development. — The  proprietors  of  patents  No.  2.274  1904 
relating  ti>  •■  Im]ir(ivcments  in  Telegraphic  Transmitters,"  and 
No.  5,941/1902,  relating  to  '•  Improved  Telegraphic  Systems."  are 
desirous  of  entering  into  arrangements  by  way  of  licence  and  other- 
wise for  exploiting  the  same  in  this  country.  Applications  to  Messrs. 
Lloyd  Wise  &  Co.,  40,  Lincoln's  Inn  Fields,  London,  W'.C. 

The  proprietors  of  patents  No.  13,427/19iiO,  for  •'Dynamo 
Electric  Machines,"  and  No.  8.575  1905,  for  "  Incandescent  apnur 
Lamp's,"  also  desire  to  enter  into  arrangements  for  their  exploita- 
tion in  this  countrj'.  Apply  to  Messrs.  Herbt.  Haddan  &  Co..  31 
&  32.  Bd  ford -street,  London.  W.C. 

Meter  Contracts. — Edinburgh  and  Gla.sgo\v  Corporations  have 
placed  orders  with  the  British  Thomson-Houston  Co.  for  ])art  of  their 
yearly  requirements  in  mercury  meters.  The  B.T.-H.  mercury  meter 
it  will  be  remembered,  has  a  characteristic  curve  which  closely 
approximates  a  straight  line  from  the  lowest  load  to  full  load,  the 
meter  starting  easily  with  a  load  equal  to  one  half  per  cent,  of  its 
rated  capacity.  These  meters  have  also  the  highest  possible  ratio  of 
torque  to  weight,  and  there  are  no  hysteresis  errors  and  other 
troubles,  owing  to  thoir  being  no  com})ounding. 

CATALOGUES.  &c. 

Siemens  GlaSS\v.\re. — .Messrs.  Siemens  Bros.  Dynamo  Works 
have  ready  a  new  list  giving  details  of  their  latest  designs  of  glass- 
ware. Tile  opening  pages  deal  with  a  variety  of  new  and  select 
designs  of  gla.ss  shades  suitable  for  high-voltage  tantalum  or 
other  metal  filament  lamps  which  can  be  obtained  in  various  types 
of  finish  at  rcmarkal)ly  low  prices.  A  number  of  shades  are  also 
illustrated  suitable  for  low-voltage  tantalum  and  other  metal  or 
carbon  filament  lamps  of  low  voltage  in  opal,  satin  or  crystal 
etched  finish.  Special  shades,  suitable  for  all  clas,ses  of  interior 
decorations  and  electric  light  fittings  are  also  listed.  Messr.s. 
Siemens  Bro.s.  have  special  facilities  for  obtaining  highly  artistic 
glassware  in  large  quantities,  and  can  place  (jn  the  market  glass- 
ware of  exceptional  value.  The  publication  under  review  is  of 
))arlicular  interest  to  the  trade  and  also  to  electrical  consumers, 
and  those  interested  in  the  ])urchase  of  glassware  should  obtain  a 
copy,  which  will,  we  learn,  bi-  sent  free  to  any  address  on  request. 

Wit.iANs'  TuRBiNE.s. — Last  week  we  described  in  The  Ei.ec- 
TRici.is"  the  progress  which  Messrs.  Willans  &  Robinson  were  making 
in  the  turbme  field.  cs]>ccially  with  regard  to  the  vacuum  turbine. 
They  havi'  now  issued  a  pamphlet  dealing  with  the  machines  of  the 
Willans- Parsons  tyjic,  which  are  by  this  time  well  known  to  our 
ri'aders.  The  pamphlet  gives  a  general  and  fully  illustrateil  descrip- 
tion of  the  various  types  of  this  machine  now  made.  Illustrations 
are  also  given  of  the  shops  at  Rugby,  where  these  turbines  are 
made,  and  of  .some  finished  machines  in  operation  at  the  works  of 
various  firms. 

The  "  BoiJVEKiE  "  Indicatinu  Bell  Push. — The  Sun  Electrical 
Co.  have  jjlaced  on  the  market  a  new  ty])e  of  bell  push,  which  is 
described  in  a  pamphlet  we  have  recently  received.  This  push 
contains  a  bu'/.zer  which  vibrates  as  long  as  the  bell  is  ringing,  so 
that  a  reliable  indication  of  the  working  of  the  installatiim  can  easily 
be  obtained. 
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Elliott's  Instruments. — Tlie  various  types  of  instruments  made 
by  Messrs.  Elliott  Bros.,  of  Lewisham,  S.E.,  are  by  this  time  too  well 
known  to  call  for  special  reference  to  tlicm  individually,  but  it 
is.  all  the  same,  interesting  to  note  that  the  Hrm  have  just  i.s.sued 
a  l)inder  which  contains  a  number  of  pamphlets  dealing  with  all  their 
standard  goods.  These  lists  cover  a  very  wide  range,  as  they  deal 
with  such  widely  different  items  as  switchboard  and  optical  instru- 
ments of  various  kinds.  Not  long  ago  we  drew  attention  to  Messrs. 
Elliott's  enterprise  in  placing  a  micrometer  on  the  market.  It  must 
not  be  thought  that  this  launching  out  into  a  new  line  in  any  way 
means  that  they  have  abandoned  any  of  their  other  well-known 
goods,  for  these  all  appear  to  be  as  much  in  demand  as  ever. 

Teleor.vpu  and  Electric.vl  Instruments. — We  have  received 

from  Messrs.  Snell  &  Tin.slcy.  a  fully  illustrated  catalogue  dealing  with 

the  various  instruments  made  by  them.     These  include  condensers. 

plex  balancing  apjjaratus  for  telegraph  work,  potentiometers,  volt- 

xes,  standard  cells,  Wheatstone  bridges,  resistance  coils,  galvano- 

leters,  wattmeters,  transformers  and  clocks.     Each  ty])e  of  instru- 

,eut  made  by  this  firm  is  fully  illustrated,  and  described  in  the  cata- 

igue,  which  should  be  in  the  hands  of  everyone  interested  in  tele- 

aph  work. 

Key  "  Lead-covered  System  of  Wiring. — As  is  well  known, 
in  a  lead-covered  system  of  wiring  there  is  a  tendency  for  any  mois- 
ture present  to  creep  along  the  insulation  of  the  cables.  This  dis- 
vantage  is,  it  is  claimed,  avoided  by  using  the  "  Key  "  patent 
int  boxes.  These  are  fitted  with  terminal  blocks,  to  which  all 
innections  can  be  made  without  the  u.se  of  soldering  iron  being 
leoessary.  The  Key  Engineering  f'o.  in  the  pamphlet  describe  and 
illustrate  the  various  advantages  of  and  equipment  connected  with 
the  sj-stem. 

The  0.8.  Wirinc  System. — Mes.srs.  Siemens  Bros.  &  Co.  have 
isiii  il  a  neat  pamphlet  dealing  with  this  excellent  wiring  system. 
A  |p>  rusal  gives  a  good  idea  of  the  advantages  claimed  for  the  O.S. 
metliods  and  this  way  of  placing  it  before  their  clients  has  much 
to  recommend  it. 

Fittings  for  Holoph.a.ne  Glass. — In  a  list  issued  by  Messrs. 
Julius  Sax  &  Co.  particulars  are  given  of  their  fittings  for  use  with 
"  !hilo])hane  "  glassware.  In  their  design  attempts  have  been  made 
to  iililain  artistic  merit  without  sacrificing  cfiicieney  of  illumination. 
Siirli  glassware  as  this  practically  becomes  necessary  when  melidiic 
filament  lamps  are  used,  owing  to  the  glare  of  light  when  these  ne« 
lamps  arc  left  totally  uncovered.  We  commend  readers  who  are 
interested  in  this  subject  to  visit  the  showTooms  of  Messrs.  Julius 
Sax  &  C'l.,  and  personally  inspect  the  various  fittings  there  displayed. 

"  Acme  "  Time  Meters.-  -The  "  Acme  "  Meter  Co.  have  sent  us  a 
number  of  pamphlets  dealing  with  the  saving  in  current  consumption 
that  can  be  effected  by  using  their  meters  on  tramcars.  The  pamph- 
lets contain  opinions  of  a  number  of  tramway  managers  on  the  value 
of  meters  on  cars,  a  list  of  tramways  using  "  Acme  "  time  meters, 
an  article  on  bonus  systems,  specimens  of  the  cards  used,  and  price 
lists  containing  details  of  the  two  types  of  time  meter. 

"  Leuconium  "  Lamps, — The  Stearn  Electric  Lamp  Co.  have 
issued  a  pamphlet  giving  jirices  and  other  details  of  their  "  Lcuco- 
aium  "  metal  tilament  lamps  of  botli  the  ordinary  and  "  Ncvaout  " 
jypcs.  Reductions  in  jirice  have  recently  been  made  in  these  lamps. 
MoTOR-sTARTiN'(i  (Jear.  -Mr.  ( ico.  Elli.son,  of  Birmingham,  has 
rned  a  good  reputation  for  his  well-designedstarting'gear  for  motors, 
ad  in  a  recently-issued  pamphlet  he  deals  with  the  question  of 
lutomatic  release  starting  gear  for  alternating-current  motors.  Full 
Retails  of  the  way  in  which  this  ai)paratus  works  arc  given. 

Pelton    Wheel    Governors. — Mr.    Percy    Pitman,    of    Acton. 
London,  forwards  a  copy  of  a  circular  dealing  with  his  hydraulic 
governor.     The  way  in  which  this  apparatus  is  worked  is  described 
ad  illustrations  are  given. 

Steel  Wincs. — The  Steel  Wings  Wind  Turbine  Co.,  of  West- 
Qinster,  send  us  descriptive  pamphlets  of  their  new  wind  turbines 
[lor  electric  lighting  and  power  work.  The  turbines  embody  several 
Inew  features  in  the  application  of  wind  to  the  production  of  power. 
lit  is  claimed  that  high  efficiency  is  obtained,  and  the  cost  is  much 
llowcr  than  in  any  snnilar  type  of  windmill  at  present  on  the  market. 

Simplex  Metallic  Filament  Lamps. — Simplex  Conduits  have 
ready  a  sheet  showing  reductions  in  the  standard  prices  of  their 
aetallic  filament  lamps. 

Tramway  Economies. — Messrs.  Chamberlain  &  Hookham  are 
issuing  a  pamphlet  dealing  with  meter  questions,  especially  as 
regards  their  installation  on  tramcars. 

Hawkes  Electric  Baths. — From  Messrs.  O.  C.  Hawkes  has  come 
to  hand  a  circular  dealing  with  their  new  electric  baths.  The  booklet 
includes  a  description  of  a  cabinet  bath,  which  can  be  used  for  a 


variety  of  purposes.  In  design,  construction  and  general  finish  it 
embodies,  it  is  claimed,  all  the  latest  improvements  on  this  cla.ss  of 
article,  and  we  recommend  a  perusal  of  the  circular  to  all  those 
interested  in  the  subject. 

Imports.— The  following  are  official  values  of  electrical  machi- 
nery, material  and  apparatus  imported  into  this  country  (a)  during 
May,  1909,  and  (h)  during  the  current  year  from  Jan,  1  to 
May  .^I,  with  the  increases  or  decreases  compared  with  the  corres- 
ponding periods  of  1908: — 

Electrical  machinery  (a)  £37,295  (decrease  £21,400),  ('/'  £191,223 
(decrease  £93,597);  telegraph  and  telephone  cables  fni  £8  512  (de- 
crease £1,257),  (/-)  £40,870  (decrease  £16,593)  ;  telegraph  and  tele- 
phone apparatus  {a)  £14,594  (incre.ise  £892),  {h)  £75,121  (decrease 
£13,330)  ;  other  electrical  wnes  and  cables,  rubber  insulated  (a)  £3,804 
(decrease  £2,853),  ('»)  £21,826  (decrease  £11,626);  with  other  insulations 
(a)  £7,516  (decrea.se  £1,602  {b)  £45,377  (decrea,se  £6,218) ;  carbons  (a) 
£8,700  (decrease  £4,455),  {h)  £54,765  (decrease  £19,218)  ;  glow  lamps 
(a)  £23,563  (decrease  £2,045),  (/.)  £185,234  (increase  £82,799)  ;  .trc 
lamps  and  electric  searchlights  (a)  £915  iincrea.se  £553),  (/-)  £8,545  (in- 
crea.se  £6,982);  parts  of  arc  lamps  and  .searchlights  (other  than  carbons  I 
(a)  £6,124  (increase  £2,873),  (h)  £22,246  (decrease  £109) ;  primary  and 
secondary  batteries  (a)  £2,832  (decrea.se  £1,710),  (li)  £21,113  idecrease 
£198).  Total  of  electric;d  goods  and  apparatus,  other  than  machi- 
nery and  telegraph  and  telephone  wire,  (a)  £85,469  (decrease  £11,986) 
{h}  £517,969  (increa.se  £15,769). 

Exports.— The  exports  of  electrical  machiner}-,  material,  &c.  (a) 
dtiring  Jlay,  1909,  and  (6)  during  the  current  year  from  Jan.  1 
to  May  .SI,  and  the  increases  and  decreases  compared  with  the 
corresponding  periods  of  1908,  are  as  follows: — 

Electrical  miiehinery  («)  £105,649  (increa.se  £9,989\  (/))  £679,814 
(increase  £23,421);  telegraph  and  telephone  cables  (a)  £41,545  (in- 
crease £8,829),  (())  £187,279  (decrease  £36,912) ;  telegraph  and  tele- 
phone apparatus  (u)  £28,952  (increase  £11,504),  ('.)  £94,577  (increase 
£26,381)  ;  other  electrical  wires  and  cables,  rubber  insulated  m)  £21,346 
(decrease  £5,149),  (/-)  £110,160  (decrease  £9,323);  with  other  insulations 
(a)  £24,872  (decrease  £386),  {0)  £104,795  (decrease  £8,201)  ;  carbons  (a) 
£890  (decrease  £120),  {b)  £3,361  (increase  £186) :  glow  lamps  (n)  £7,068 
(increase  £2,183),  (h)  £29,599  (increase  £10,123)  ;  arc  lamps  and  setirch- 
lights  (a)  £1,381  (decrease £2,968),;('-)  £8,445  'decrease  £1,223) ;  parts 
of  arc  lamps  and  searchlights  (other  than  carbons)  (o)  £1,250  (increa.se 
£258),  (h)  £7,5M  (increa.se  £1,269);  primary  and  secondary  batteries 
{(j)  £7,800  (increase  £2,800),  (*>)  £46.201  (increase  £23,813).  Total  of 
electrical  goods  and  apparatus,  other  than  machinery  and  telegraph 
and  telephone  wire,  (a)  £162,784  (increase  £12,714),  (6j  £739,093  (in 
crease  £5,271), 

BANKRUPTCIES,  LIQUIDATIONS.  &c. 

A  meeting  of  creditors  of  the  Eh^ctrieal  Works  &  Development 
Co.  (Ltd.)  will  be  held  on  June  28  at  Messrs.  Barnes,  Dunn  &  Bough- 
ton's,  52,  Gracechurch-street,  London,  E.C. 

Ml'.  E.  H.  Hawkins,  4,  Charterhouse-square.  Londim.  E.C..  has 
been  appointed  trustee  in  the  bankiuptcy  of  CharU>tto  Rix.  "  the 
person  or  one  of  the  persons  trading  as  Bridge\vater  &  Wright," 
electrical  engineers,  78,  York-road.  London,  N. 

Conduit  &  Insulation  Co.  (Ltd.)  (in  Liq.), — Notice  is  given  that  a 
second  and  final  dividend  of  3s.  3d.  in  the  £  (making  in  all  8s.  3d.  in 
the  £)  has  been  declared  in  the  matter  of  the  liipiidation  of  the 
Conduit  &  Insulation  Co.  (Ltd.).  The  estimated  receipts  were 
£6.118.  3s.  lid.  ;  the  total  realised  was  £2,578.  4s,  lOd.  Of  this 
amount,  law  costs,  auctioneer's  charges,  hire  of  room,  postages  and 
liquidator's  remuneration  ab.sorbcd  £641.  3s.  Id.,  and  unsecured 
creditors  received  £1,9()2.  3s.  2d.  Any  further  particulars  can  be 
obtained  from  Mr.  C.  J.  March,  liquidator,  23.  t^uecn  \'ietoria-strcet, 
London.  E.C. 


COMPANIES'  MEETINGS  AND  REPORTS. 

ANGLO  PORTUGDESE   TELEPHONE    CO.  (LTD.)— The  report    for  1908 

states  that  steps  have  been  taken  to  safeguard  the  company  from  any 
serious  conseipiences  arising  from  Ibictuations  in  exchange  (Inrin-.'  the 
current  year.  The  gross  revenue  was  £42.048,  of  which  operating, 
management  and  general  expenses  absorbed  £22,517,  and  royalties  to 
the  Portuguese  Government  £1,325,  leiiving  gross  protit  £18,208. 
After  providing  for  interest  (£2,433),  sinking  fund  (£1,167)  and  income 
tax  (£632)  the"  net  protit  was  £14,075,  added  to  £3.745  brought  for- 
ward. Ttie  directors  recommend  a  tinal  dividend  of  5  per  cent,  (tax 
free),  making  8  per  cent,  for  the  year.  £5,000  is  put  to  reserve  and 
£4,820  carried  forward 

ARON  ELECTRICITY  METER  (LTD.)—  \t  the  mtetin.'on  Wednesday  the 
chairman  (Mr.  Hn d  Hirst)  s;iid  that,  roughly  sponkinsr,  all  the  figures 
refeiring  to  tnulin;^  on  the  debit  side  of  the  protit  and  loss  account  wore 
double  those  of  theprevious  financial  period,  ss  wei-e  also  the  amss  pn.lits, 
which  this  year  repivsented  t':!4,000.  against  £17.tXM>  for  the  prt-ccding 
half-year.      .After  payment  of  the  7  per  cent,  dividend  now  recommended 
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h_v  tlic  tliiicloi^,  there  winild  Ix"  now  only  'i  per  cent,  in  anrai  for  pre- 
ferenco  dividemls.  With  a  continuanio  of  biisincss  siieh  as  they  had 
enjoyed  for  the  past  three  or  four  years  the  time  was  drawing  very  near 
when  the  holders  of  ordinary  shares  would  commence  to  tjike  their  share 
in  the  yearly  results.  They  were  at  present  commencing  additional 
buildinps  at  "their  factory  in  Schweidnitz,  ind  they  had  to  build  new 
])reniiscs  in  Paris,  whei-e  their  business  was  showing  great  progress.  They 
had  extended  their  electric  clock  businc  s  in  CJermany,  which  reiiwired 
additional  capitiil,  and  they  had  pushed  on  the  ta.ximeter  business. 
which  had  absorI>ed  nearly  £10,000  additional  capital.  The  outlook  was 
very  reassurina.  and  they  hoped  to  reap  in  the  near  future  t!\e  bcnclit 
of  those  extensions.  Since  the  formation  of  the  company  tlicy  had  spent 
nearly  nO,000  in  the  improvement  of  their  land,  buildings,  machinery. 
*c.,  .and  they  had  written  off  nearly  three-quarters  of  that  added  sum. 
Allowing  for  depreciation,  half  of  that  amount,  thercfoie,  could  be 
reasonably  considered  to  have  been  used  for  the  reduction  of  goodwill 
and  pateiits,  and  if  to  that  amount  be  added  the  £10,000  reserve  wliicb 
they  had  put  a«ide,  the  item  for  goodwill  and  patents,  which  in  former 
years  was  so  much  discussed,  stood  in  their  books  at  a  perfectly  reasonable 
amount.  Taximeters  were  not  generally  sold  outright,  they  were  hired 
out.  That  meant  an  immediate  demand  on  ca])ital  for  the  purpose  of 
stock,  while  the  benefits  camo  back  over  a  number  of  years.  A  comjiany 
had  been  formed  in  BnisscU  (in  which  they  held  two-fifths  of  the  capital) 
for  hiring  out  taximeters  in  Hclgium.  The  latter  company  had  already 
received  orders  for  several  hundred  instruments,  which  liad  partly  been 
delivered  and  which  were  In  service  in  Brussels.  The  taximeter  bu.siness 
might  be  a  l.irge  factor  in  the  future,  though  he  would  like  it  to  be  under- 
stood that  that  department  had  not  yet  contributed  to  the  profits.  They 
had  to  thank  for  those  their  old  .\ron  Jleter  business.  They  had  now  a 
line  of  instruments  in  direct  and  alternatuig  clock  and  motor  meters. 
in  two-rate  meters,  in  accumulator  meters.  ])re-payment  metei-s,  and,  in 
fact,  in  every  kind  of  instrument  suitable  for  any  conditions  recpiired 
by  electricaliudustry.  Thanks  to  the  skill  of  Prof.  Aron  .and  his  staff, 
they  could  compete  favourably  with  every  type,  and  with  any  other 
make  offered  in  any  i)art  of  the  world.  Sir  J.\mks  Pender  seconded 
the  motion  for  the  adoption  of  the  re]iort  and  accounts,  which  was  carried 
unanimously. 

KALGOORLIE  ELECTRIC  TRAMWAYS  (LTD.)— At  the  meeting  last 
week  Mr.  A.  H.  P.  Stoneham  said  he  thought  the  terras  they  had  got 
from  the  power  company  for  the  supply  of  power  were  fair.  If  it  were 
not  for  the  c|uestion  of  renewals  they  would  be  able  to  recommend  a 
dividend,  but  with  the  renewal  question  looming  ahetid  they  felt  it 
was  necessary  to  retain  the  surplus  profits  for  building  up  a  fund 
against  the  time  when  the  renewals  Ijecame  due. 

LEAMINGTON  &  WARWICK  ELECTRICAL  CO.  (LTD.)— -At  the  meetmg 
last  week  the  directors'  report  stated  that  capital  expenditure  during 
the  year  was  £77'J.  The  accounts  shfiwed  a  credit  balance  of  £.5,372 
from  the  tramways  and  electricity  supply,  and  sundry  receipts  amoinitcrl 
to  £42.  Deducting  £1,354  for  expenses  and  interest,  and  £350  provision 
for  renewals,  the  balance  was  £2,2G5,  making,  with  £139  brought  for- 
ward, £2,405.  After  paying  preference  dividend,  and  2  per  cent,  divi- 
dend on  the  ordinary  shares  for  the  year  (£1,351),  £282  remained  to  carry 
forward. 

TAUNTON  ELECTRIC  TRACTION  CO.  (LTD.)— The  revenue  for  1903 
W!is  £2,301.  Os.  9d.,  compared  with  £2,438.  Is.  4d.  in  1907;  expenses 
were  £2,036.  18s.  lOd.,  against  £2,009.  7s.  Id.  Deducting  expenses 
(including  £200  to  renewals  fund)  the  surplus  is  £35.  19.s.  lid.,  added 
to  £32.  16s.  brought  forward.  These  amounts  are  carried  forward. 
Arrangements  have  been  made  with  the  British  Electric  Traction  Co. 
for  the  financing  of  the  Row-barton  extension,  and  a  coutract  has  l>eeii 
let  for  the  construction  of  the  permanent  way.  Taunton  Corporation 
has  agreed  to  make  a  substantial  reduction  in  the  price  of  electric 
energy  as  soon  a.s  the  extension  is  opened  for  trafhc. 

UNITED  ELECTRIC  TRAMWAYS  OF  MONTE  VIDEO  (LTD.) -The  reiiort 
for  the  year  ended  March  31  .states  that  the  conversion  of  the  whole  of 
the  company's  lines  from  animal  to  electric  traction  was  completed 
during  the  year.  Including  various  extensions,  there  is  now  a  total  of 
80  miles  of  single  track  in  operation.  A  further  extension  to  Colon  of 
about  3J  miles  will  be  opened  as  .soon  as  the  necessary  crossings  under 
the  Central  Uruguay;  Railway  h.ave  been  completed.  Additional 
rolling  stock  and  plant  for  the  power  house  has  been  provided  to  meet 
pressing  needs.  The  profit  and  loss  account,  after  providing  for 
administration  expenses  and  charging  £35,107  for  interest,  shows  a 
credit  balance  of  £49,469  added  to  £11,963  brought  forward.  Aftci 
writing  off  various  .imounts,  setting  asidi  £2,100  for  sinking  fund  and 
transferring  £10,000  to  a  renewals  and  contingency  accotint  and  pay- 
ing interim  preference  dividend,  the  directors  now  lecommcnd  pay- 
ment of  the  dividends  on  the  6  per  cent,  cumulative  preference  shares 
and  5  per  cent,  on  the  ordinary  shares,  carrying  forward  £11,118. 


NEW  COMPANIES,  MORTGAGES  AND  CHARGES.  &c. 


F.  A.  WILKINSON  &  PARTNERS  (LTD.  i  (105,232.  —Reg.  May  26, 
with  a  capital  ot  £500  in  £1  shares,  to  acquire  from  F.  A.  Wilkinson 
the  benefit  of  certain  existing  inventions  for  improvements  in  and  re- 
lating to  services  for  electric  heating  and  wiring  for  houses  and  the 
like,  to  develop  and  turn  to  account  the  same,  and  to  carry  on  the 
business  of  electricians,  electrical,  mechanical  and  general  engineers, 
makers  of  and  dealers  in  electrical  apparatus,  &c.  Private  (company. 
F.  A.  Wilkinson  is  the  first  director.  Reg.  otfice,  58,  Leighton-road, 
West  Ealing. 

MORTGAGES  AND  CHARGES. 

BRITISH  TUNGSTEN  LAMP  CO.  (LTD.)— Particulars  of  £4,000  deben- 
tures created  April  22  ba\e  been  filed,  the  whole  amount  being  now 
issued.  Property  charged,  company's  umlcrtaking  and  property,  pre- 
sent and  future,  excluding  uncalled  capital.     No  trustees. 

ELECTRICAL  CONTRACTS  &  MAINTENANCE  CO.  (LTD  )— Particulars 
of  £1,000  debentures  cieatcd  April  23,  1909,  liave  Ijeen  tiled,  the  amount 
of  the  present  issue  being  £600.  Property'  charged,  company's  under- 
taking and  property,  present  and  future,  including  uncalled  capital. 
No  trustees. 

ELECTRO-MECHANICAL  BRAKE  CO.  (LTD.)— Fui  ther  charge  on  free- 
hold property  at  West  Bromwich,  dated  May  19,  1909,  to  secure  all 
moiievs  due  or  to  become  due  from  the  company  to  the  Metropolitan 
Bank'of  England  and  Wales  up  to  £1,000. 

RECEIVERSHIP. 

lOWDEN  ELECTRIC  LAMP  CO.  (LTD)-F.  Geoghegan,  F.C.A.,'ceased  to 
act  as  receiver  or  manager  on  Hay  25. 

LIMITED  PARTNERSHIP. 

C.  F.  H.  NIGHTINGALE  &  CO.— Reg.  June  2,  heating,  electrical,  sani- 
tary and  general  engineers,  &c. ,  19a,  Harrington-road,  South  Ken- 
sington, S.W.  Partnership  for  seven  years  from  June  2.  General 
partner,  C.  F.  H.  Nightingale,  The  Rest,  Melfort-road,  Norbury ; 
limited  partners,  .J.  H  .Roliinson,  Oulton,  40,  Sydenham  road,  Croydon, 
contributing  £100  respectively.] 


NEW  COMPANIES. 

EATON  TELEPHONE  DISINFEOTOR  CO.  (LTD.)  (103,275.)  —  Hog. 
May  28,  capital  £500  in  £1  shares,  to  carry  on  the  business  of  manu- 
facturers and  suppliers  of  contrivances  and  appliances  for  use  in  con- 
nection with  telephones,  &c.  Private  company.  First  directors  are 
H.  Cohen  and  F.  L.  Cohen.     Reg.  office,  36,  Jewin-street,  E.G. 


CITY  NOTES. 

MEMORANDA  (.lune  lO^ — Bank  rate  2^  per  cent,  (since  April  1 
1909).  Price  of  silver,  24,,-d.  per  oz.  Consols  84 — 84'  for  money  and 
84,1, — 84^1^  for  account.  Consols  Pay  Day,  Julj'  1 ;  Stock  and  Shares 
Continuation  Days,  June  23  and  July  12  ;  Ticket  Days,  June  24  and 
Julv  13  ;  Pay  Days.  .June  11  and  25  ;  Mining  Shares  Carry  Over  Day, 
June  22. 

Prices  of  Metals  (London). — Copper,  cash,  60J  ;  three  months 
61g.  Lead,  English,  135 — 13»  !  foreign,  cash,  13|  ;  three  months,  13 iV 
—131 ;  Spelter,  cash,  22—22;  ;  three  months,  22i— 22j'.  Tin,  English, 
133*— 135J  ;  foreign,  cash,  134Ji  three  months,  134j — 135J.  /ro/J,  Cleve- 
land, cash,  48/8  and  three  months,  49/4.  Magnet  Steel  (price  sup- 
plied by  W.  F.  Dennis  &  Co.),  £55. 

CHADBURN'S  (SHIP)  TELEGRAPH  CO.  (LTD.) -The  directors  have  de- 
clared a  dividend  on  the  ordinaiy  shares  of  10  per  cent,  per  annum 
(less  tax)  for  the  half-year  ended  March  31,  making,  with  tlie  interim 
dividend  of  6  per  cent,  already  paid,  a  dividend  of  8. per  cent,  for  the 
year. 

CITY  OF  LONDON  ELECTRIC  LIGHTING  CO.  (LTD.)— The  transfer  books 
and  register  of  holders  of  the  5  I'er  cent,  fii-t  .-itid  41  per  cent,  second 
debenture  stock  will  lie  closed  from  17th  to  30th  inst.,  inclusive. 

COMPANIA  DE  ELECTRICIDAD  LUZ  Y  FDER2A  DE  JUNIN  (ARGENTINA). 
This  companyV  j.iotil-  for  1908  weie  J30,612  (m.n.)  after  writing  oft' 
.*26,387  for  anio[ti/.ation  of  machinery  and  station  accounts,  a 
dividend  of  6  [ler  cent,  was  declarcil. 

COMPANIA  INDUSTRIAL  DE  ELECTRICIDAD  DEL  RIO  DB  LA  PLATA.— 
This  company  ma<Ie  a  profit  during  1908  of  .$91,255  (gold),  and  a  divi- 
dend of  9  per  cent,  has  been  declared. 

GLOBE  TELEGRAPH  &  TRUST  CO.  (LTD.)— Final  dividends  ot  3s.  per 
share  on  the  preference  and  5s.  6d.  per  share  on  the  ordinary  shares 
are  announced. 

INDIA  RUBBER,  GUTTA  PERCHA  &  TELEGRAPH  WORKS  CO.  (LTD.)  — 
The  directors  announce  an  interim  di\  idend  of  2}  percent.  (3s.  per 
sbiirc),  tax  free,  on  the  ordinary  shaies  for  the  half-year. 

SAO  PAULO  TRAMWAY,  LIGHT  &  POWER  CO.— This  company  has 
declared  a  (piartcrly  dividend  of  21  percent.,  payable  July  1. 

STOCK  EXCHANGE  NOTICES.— The  .Sloi-U  Exchanges  commiKee  have 
appointed  June  Ida  speeial  settling  day  in  £100,000.5  percent,  prini-  lieu 
debenture  stock  of  the  lirii.-ih  FMclrical  JCmjInecrlng  Co.  {Lid.)  anil  20,0IM> 
£1(1  fully  paid  C  per  cent,  cumulative  preference  shares  of  UiirsI,  Nelson 
d-  Co.  {LI J.). 

TRACTION  &  POWER  SECURITIES  CO.  (LTD.)  -The  profit  for  1908  was 
£20,948,  added  to  £4.826  brouglit  forw.-u-<l.  Tlie  directois  have  ti-ans- 
fcrreil  .£20,000  to  investment  reserve  account,  leaving  £5,775  to  be 
carried  forward. 

WESTERN  TELEGRAPH  CO.  (LTD.)— The  directors  have  declared  the 
third  quarterly  iulerira  dividend  of  3s.  jior  share  (tax  free)  for  the  year 
ending  30th  inst.,  being  at  the  rate  of  6  per  cent,  per  annum.  The 
transfer  books  will  be  clo-sed  from  17th  to  23rd  inst.  inclusive,  and  the 
dividend  will  be  payable  on  24tli  inst. 
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ELBCTBIG  TBAHWAT  AND  BAILWAT  IBAFFIG 
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70,74* 
4  532 
ec7,798 
828 
73,600 
3,470 
4,361 
1.5,223 
63,197 
16,1139 
11,732 

23. 2  a 

8693,786 

15,1)2 

41,211 

9.131 
12,;7i) 
12,991 

2,676 

11,652 

m,092,23J 

2,723 

1,483 
121,612 
t5,6)5 
16.728 
71,686 
56,706 

8,141 
14.407 
7,686 
1,»1S 
2,703 
111,860 
1.5,593 
3,11)2 
9,823 
3,659 
30,516 
H,69I 

3,'tOU 
33,323 
127,235 
10,331 
4,313 

$180,351 

23,714 

l',313 
3,672 
11,675 


26,48/ 
27,539 
3,157 


1,763 
114,661 
43,216 

4,2« 
216,693 
119, 7H 

6,678 

1,357 

6,663 
4,631 
11,403 
20.290 


S9,172 

$3 1 1,231 

15,095 

17,035 

5','iia 

7,522 
10,938 
13,893 


3,185 
8,952 
8,925 
11,167 


8,308 
16,137 
6,184 
1,943 
36,631 
18,102 


12,603 
14,865 
1,515 
1,1111 


92j 
816 

1,37" 
62 
269 

1,508 
233 
316 

1,818 
701 
29 

1,297 


ELECTRICAL  COMPANIES'  SHARE  LIST. 


hILAST 
g  DIVl- 

Sdmd 


10  7/0 

10  4/8 

lOl  6/0 

8t.i  4J% 


St.i4i°/o 


6  2/3 

6!  2/6 

it.  I  4J% 

10  7/0 

10 !  6/0 

It.  i  6X 

it.!  4i% 


6  6% 
id!  6/0 
101  6/0 

St.  ax 

St.  4i% 
B  3/6 
b'  2/6 

ihX 

4/6 


HX 
SX 
6X 

100    4% 

100    60/ 


year.  §  Plus  3  days. 
»ys.    •(  Plus  6  days. 


ElECTRICITY  SUPPLY. 

Boarnemonth  ft  Poole  Eleo.  3ap.  Ord... 

Do.    41  per  Cent.  Cnm.  Pref.  

Do.     6  per  Cent.  Cnm.  Second  Pref.  ... 

Do.  4J  per  Cent.  Deb.  Stock  (red.)  .. 
Bromley  (Kent)  El.  Lt.  &  Power  Sharei 

Do.  Do.  1st  Debs, 

Brompton  ft  Kensington  Eleo.  Hup.  Ord, 

Dur   7  per  Cent.  Pref. 

tCant  lEIec.  .Sup.  Co.4'<  Gnar.Db.Stock 
CharinBCros8(W.EndftCity)Kl.Sap.Co, 

Do.    4J  per  Cent.  Pref.  

Do.     4  per  Cent.  Deb.  Slock  (red.l 

Do     4J  per  Cent,  Deb.  St  ick  (red.)  .. 

Do.  City  Undertaking  41%  Cm.  Prel. 
Chelsea  Electric  Supply  Ord 

Du.  41  per  Cent.  Deb.  Stock  (red.)  ... 
City  of  London  Electric  Lighting  Ord.., 

Do.    8  per  Cent.  Cum.  Pref. 

Do.    6  per  Cent.  D->b.  Stock  (red.) 

Do.  4i  per  Cent.  2od  Dib.  Stock  (red.) 
County  of  Durham  Elec.  P.D.  Ord 

Do.    6  per  Cent,  non  Cnm.  Pref. 

Connty  of  London  Elec.  Supply  Ord 

Do.    6  per  Cent.  Cam.  Prof. 

D3.    4J%  Deb.  Stock  (red.)    

Do.    Second  Dab.  Stock 

Folkestone  Electricity  Supply  Co.  Ord. 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    H  1st  Deb.  Stock  (red) 

Hove  Electric  Lighting  Ord 

Kensington  ft  Knightsbridge  Ord 

Do.     6  per  Cant.  1st  Pref 

Do.     4  per  Cent.  Dab.  Stock  (red.) 

Kensingtn.  ft  Kngtbg.  Co.  &  Notting  Hili 
Co.  (Joint  Station)  i/.  Dab.  Stock  (red.) 

Kent  Elec.  Power  Co 

London  Blectrio  Supply  Ord 

Do.    6perCent.  Prsf. 

Do.    4  per  Cent.  1st  Mart.  Dab 

Metropolitan  E'.ectric  Sup.  Ord 

Do.     41  per  Cant.  Cum.  Pref.  

Do,    41  per  Cant.  Dab.  Stockist  Mort. 

Do.  31  per  Cent.  Mrt.  Dab.  Stock(red.) 
Midland  Elec.  Corp.for  P.  D.lstMort.Db. 
Newcastle  &  Dist.  Elec.  Ltg.Ofd 

Do.    41  per  Cant.  Dab 

Newcastle  Eleo.  Supply  Ord 

Dj.    6  per  Cant,  non  Cum.  Pref. 

Do.  4  per  Cant.  Mort.  Dab.  red.  IJI)7. 
North  Metro.  Eleo.Power  Sup.  5  Morts 
Northern  Counties  Elec.  Sup 

Do.    45  par  Cant.  Dab 

Nottins  Hill  Electric  Ord 

Oxford  Electric  Ord 

Do.    4  per  Cent.  Dab.  Stock    

Bt.  James'  &  Pall  Mall  Elec.  Ori. 

Do.    7  per  Cent.  Pref.    

Do.  Si  per  Cant.  Dab.  Stock  (red.)  ... 
Smithfield  Markets  Electric  Sap.  Ord... 
Sooth  London  Electric  Supply  Ord 

Do.     6/-  1st  Mort.  Stk.  Red 

South  Metrop'n  Elec.  Lt.  &  Power  Ord. 

Do.    7  per  Cent.  Cum.  Pref. 

Da.     41  1st  Db.  Stk.  RaJ 

Urban  Electric  Supply  Ord 

Do.    BperCant.  Cum.  Pref.    

Do.     41  per  Cent.  1st  M  Jrt.  Dlb 

Westminster  Elec.  Sap.  Ord 

Do.    41  per  Cent.  Cum.  Pref.    

ELECTRIC  RAILWAYS  A.  TRAMWAYS, 

Uaker  Si  avVaierlO)  4iPerp.  Db.  St 
Bath  Elec.  Trams  Praf.  Ord 

Do.     6  per  Cant.  Cum.  Pref. 

Do.  41  Ist  Uort.  Dab.  Stock  (red.) ..., 
B'ham  ft  Midland  Trami  4)  1st  l)a.8ik. 
Bristol  Tramways  &  Cirrjage  Ord 

Do.    Cum.  Prel.  (fully  paid) 

Do.    4  perCant.  Dab! 

British  Electric  Traction  Ord 

Do.    6  per  Cant.  Cum.  Pref. 

Do.    6  per  Cent.  Perpetual  Daba i     -jo  — o. 

Do.    41  percent.  2aa  Deb.  Stock I     6S  — 72 

Central  Landon  Ordinary  Stock I     65  —67 

D:i.    4  per  Caat.  Pref.  Stock    1     85  —S7 

Do.     Deferred  Stock   ]     50  -li 

Do.    4parCant.  Dabs |  103  —104 

Charing  X.Euston&HmpstdPer.Db.Stk. 
City  of  Birmingham  Trams.  5%Cca.Pref. 

Do.    4  psrCant.  1st  Mort.  Djbs 

City  &  South  London  Ely.  Con.  Ord.  ... 

Do.     6  per  Cant.  Perp.  Pref.  (1831)    ... 

Do.    (l(i9J) 

Do.    (1901) I    - 

Oo.     (19M) 93-96 

Do.    4  per  Cent.  Perpatual  Dabj 9ll  —10. 

Dublin  United  Trami.  Ord  — 

Do.    6  per  Cent.  P.of. ","!' 

Qt.  Northern  &  City  Rly.  Pref.  Ord.  (4%  11        1 -J 
G.  Northern,  Pico,  ft  Bromptoa  4;;  G.Pf.        8t-;i 

Do.    4  per  Cant.  Dab.  Stock '     91—91 

Hasliogs  &  District  Eleo.  Tram).  6j;  C.P.i      2  — 2i 

Do.      4iDb.  St ■    iJ^  — Sr 

Imperial  Tramways  O.'d. 
JDo.  e  per  Cent.  Pref.  . 
JDo.  41  per  Cent.  Debs. 
I.ofThanet  B.  I.  ft  Lt.  6  p< 


Prtoe 
Wed. 

June  9. 


Ui-lO 
98-lfJi 

lOj-lDi 

iOl  —105 

4i-4ii 

93  —M 
8J-6 
8  -31 


991—101 
31-41 
3i-lh 
103  -106 
101  -11 
Hi  -131 
121  -123 
101  -101 
lJ-21 

81-88 

106 -11 J 

116   -109 

luo  —103 

41-5 

6  -51 

97  —  :ou 
Ti-7J 
n  -7j 

H-H 

97  -10) 


15-24 

51 -6i 
92  -96 

41-43 

H-H 

10?  —11) 

86  — 3S 
95  —93 

4i-6 
81  -86 
41-U 
45-61 
99  -101 
99  -101 

91  —33 

Hi -12* 
6-61 

94  -37 
9  -91 
7  -71 

83  —90 

8-1 

I  13    — 1.'4 


80  — S4 
91-91 


86  -91 
81  -ii 
3i-S} 
8j  -n ; 
lOJ-lul 


n-H 

97  — lol 
S2;  -33 i 
110  -112 
lOj  -109 
lOl   -1J3 


Jjuc.  Pref. 


Do. 


rCaut.  Djb.  Siook.. 


4  p. 

Lanarksui -^ 

Lanes.  Utd.  frami  6  ;  Prior  Lien  Do.  St. 
Liverpool  Overhead  Riilwiy  Ord 

Do.    6  per  Cant.  Prof. 

Do.    4  percent.  Dab ■•—;••■■■ 

London  llnited  Trams,  bi  Cum.  Prof.  ... 

Do.    4per  Cent.  Ist  Mort.  Dab.  Stock 
Mersey  Con.  Oi'd.  .Sto 
Metropolitan  Eieo.  T 

Do.    Deferred - 

Do.    6  per  Cent.  (Jum.  Prof.  

Do.    41  per  Cent.  Deb.  Stock  ...... 

Metropolitan  Railway  Oonsolidatea 

Do.    Surplus  Lauda  Slocks 

Do.    81  per  Cent.  Profereuco 

Do.    81  per  Cent.  "  A  "  Preleronoe 

Do.    84  per  Cent.  Convertible  Prof. 
81  per  Cent.  Debentui-  *'••■•'- 


awaya  Ord. 


6i-n 

87  -8) 

i-n 

57  -63 
9;;— I),-; 

91  —33 

!.;  -I 

a  —8 
8J  -1 

i  —3 
70  —71 

1  -3 

s!— 3i 

»S  —iOl) 
oil  -71 


>  Stock 


K4TIZ 

TllbD- 

ED. 

£  t   d. 

6    0    0 

«  e  0 

6  11    6 

4    5    6 

6  15    9 

4  le     0 

5  11     0 

4     2    6 

4     0    0 

5  U     u  , 

4   U    0 

3  19     0 

4     9    0 

5     8    6 

4    Q    3 

4     7    6 

5  10    0 

4  n  0 

4     1     0 

4    6    6 

3  11     5 

5  15     6 

5     8    0 

4     2    9 

4     7    6 

6  10    0 

4  11    0 

4  10     0 

5  10    0 

6    5    0 

4  li    6 

4    0    0 

3  19    0 

6     1    0 

3    6    8 

6  11    6 

4     3     6 

4     7     6 

4     2     0 

3  19    6 

4  12    0 

6     6  11 

2  13     1 

6    0    0  ' 

4    0    0; 

4  19     0 

4  17  10 

5  li    0 

6     8     0 

4     2    6 

6     6     0 

4  13     15  i 

3  18    0 

6    8    0 

4  14     0   ' 

5     7    0 

4    7    6 

10    0    0 

5    7    3 

5     6     0 

4  11     0 

4    1    0 

6  13    9 

4  19    0 

4  13    6 

6  H    4 

3  19    2 

8  U    0 

6     i5     3 

6     6     U 

5     4     9 

6  13     0 

4  1)0 

I  3  16    6 

16    0 

I  15     0 

3  19    0 

4    0    6 

19    0 

4   11     9 

4  li     0 

5    4     0 

3  19    0 

4  n   0 

4    5    9 

1 

4     3     6 

!  6    3*  « 

8    8    0 

7  13     0 

S     I  U 

8    »"  0 

6  18    6 

6    7    8 

8    «    S 

4  15     3 

12  10    0 

5    8    0 

» 

—       1 

5  IS    0 

4  10    U 

1    3    9 

4   4   e 

a  17  0 

1     H    6 

4     3     6 

8  13   ■^ 

Mar,  Bap 
Feb,  Aof 
Feb.  Ant 
Jan,  July 
April,  Oc 
May,  No 

March 

Mar,  SepI 
Jnne,  Deb 
Feb,  Ang 
Feb,  Aug 
Jan,  Joly 

Jan,  July 
March  .. 
Jnne,  Dec 
Feb,  Aug 
Jan,  Jnly 
June,  Dec 
Jan,  July 
April,  Oct 
April,  Oct 
Feb,  Aug 
Mar,  Sept 


lOOJ      iijvj 


'i       _ 


.July     l"3j    1061 
May,  Nor     lOl}    i,,ij 
April,  Oct       .. 
Mar,  Sept 
Feb,  Aug 
April,  Oct 
Feb,  Aog 
Jan,  Jaly 


April,  Oct 
•  1,  July 
r.  Sept 
Mar,  Sept 
Jan,  July 
April,  Oct 
Jan,  July 
Jnne,  Dae 
Jan,  Jnly 
Jane,  Deo 
Feb,  Aug 
Jan,  Jnly 
Feb,  Ang 
Feb,  Aug 
Jan,  Jnly 

Mar,  Ang 
Jan,  July 
March  .. 
March  .. 
Jan,  July 
Feb,  Aug 
Feb,  Aug 
Jan,  July  , 
Fob  .... 
April....  I 


Fab,  Aug 
April,  O.-t 
April,  Ojt 
April,  Oat 
April,  Oct 
Mar,  Sept  , 
Jan,  July  ' 

Jan,  July 
Aoril .... 
J.in,  July 
April,  0:t 
Jan,  July 
Feb,  Aug 

Feb.'iig 
Jane,  Dar 
Fob,  Aug 
April,  Oct 
May,  Nor 
Fob,  Aug 
Feb,  Aug 
Feb  .... 
Jan,  July 
Jan,  July 
April,  O.'t 
April,  Oat 
Feb,  Aug 
Feb,  Aug 
Feb,  Ang 
Feb,  Aug 
Feb,  Aug 
May,  Sot 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Jan,  Juty 
Mar,  Sept 
April,  Oat 
Mar,  Sapl 
Mar,  Sapt 
Jan,  July 
Mar,  Saiit 
Jan.  July 
Feb,  Aug 
Jan,  July 
Fab,  Aug 
Fab,  Aug  . 
Jan.  July 
Jan,  July 
Jan,  July  I 
Feb,  Aag. 

April..  , 
Feb,  Aog   i 
Jaa,  July 
Feb,  Aug 
Feb,  Aug  I 
Feb.  Aug  ; 
Feb,  Aug 
F<b,  Aug 
Jan.  Jaly 


*       6j. 
m      97J 


91  901 
631  .. 
68)     66 


331 
UOl 


»51 


9ia    91J 


*j'. 


i1 1 


Si^ 


fir^^TSiiSMThe  Tield  aUoWanoe  haa  bMn  made  tor  aooraed  interest  bat  not  tor  reJemptioa 
BxrendeSd.       ^  The  London  Stock  Exchitnge  Committee  have  declined  to  quote  those- 
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EL.ECTR.ICAJL.    COIMPAIVIES'     SHiVllE:    LIST Continued. 


VAXK. 


Last 
I  iOrn-| 


NAHB, 


Price        R»TK  %    i„„n>~„  1 

Wed..       YIELD-  :  "'n™!"* 

Jnne9.        ed.     i     "P*      | 


ELECTRIC  RAIlWAtS  A  TRAIKWATS-  Continued. 
S>.   Six     M€t.  Kly.  SJ  per  C»nt.  "A  "  Df b.  Slock       ii  — W 

St.]    ...       M'Toi.olit«n  District  BsilwavOrd Ifi— U'i 

St      ..         Do.    Eitension  Pref.  (5  i>er"Cent.)  c9  -41 

St. I  MX       Do.     AfSfcted  Ext.  Pref.  (Int.  Gu»r.  by 

j  Und.  Eleo.  Klvj.  Co.  of  London,  Ltd.)     68-70 

St  I  SX         Do.     S  per  Cent.' Consoltd.  Bent-charee      18 —80 
St.    *X         Do.     i  p?r  Cent.  Midland  Rent-charge    li'3  — 1«6 

St.    IJ^       Do.    Gnar.  Stock  4  percent ,     ts)  — 92 

St.1  6%         Do.     6  per  Cent.  Perp.  Deb.  Stock  ;  1*1  — H3 

St.1  4%        Do.     4  [vr  Cent,  Ditto " 

6    ..        New  Gen.  Tract.  6  per  Cent.  Cum.  Pref. 

1     ..     I    Potteries  Electric  Traction  Ord.    

1    OH   !      Do.    6  per  Cent.  Com.  Pref.  

St.    4}?   '    Do.    a  per  Cent.  Deb.  Stock 

1  0,75      "  Met.  Elec.  Trams.  4  Ltg.  tX  Cm.Pre'f.' 

8t.    4%         Do.     4  per  Cent.  Deb.  Stock 

lOO   6X       Sunderland  Dist.Elec.Trm«.65fl«tMt.Db. 
CnderedE.RTs.Lon.6\  In.bds.witli  coup.3 


1-} 


SB  -i» 

8-8 

■^2  -76 


in 


S'. 


1   1/0 
't-   4K 


on 

OKI 


0/74 

2/0 
0/7i 

m 


*iX 

2/92 

*'/. 

bio 

*X 

10/3 
2/3 


-39 

St  Prior  L,icn  Bonds '...  101  -102 

Do.    4iX  Hondswiil,  coup.  3 

Yorkshire  ( W.B.)  Elec.  Trams.  Ord i  - 

Do.    6  per  Cent.  Cnm.  Pref.    „  JJ-3 

Do.     4il.er  Cent.  1st  Debs t8  — 80 

ELECTRIC  MANUFACTURINC,  Ac. 

Aron  ElectncitT  Meter  Ord. „ 

Do.    6%  Cnm.  Pf.   _ 

Babcock  &  fViJcoi  Ord.  • 4',.'— 451 

Do.    Pref. 18— 'i 

British  Insulated  t  Helsby  Cables  Ord.  'ii—7i 

Do.     6  per  Cent.  Pref. i       fj-fl 

Do.     4i  per  Cent.  Ist  Mort.  Deb.  (red.1  i  106  —US 

BrilifbTbonisn-Uoust'n4JXlstMt.Db.i  H  —96 

British  Wesiinghonse  6  per  Cent.  Pref... I  J- J 

Do.    6  per  Cent.  Prior  Liel  Dbs  (rd.)  '  97  -  a9 

Do.    4  per  Cent.  Mort.  Deb.  Stockl I  40—41 

Biu9hE.Eng.Co.4i<'oPerp.  IstDeb.Stock:  43  -4S 

Do.     Perpetual  2nd  Deb.  Stock    29—83 

Caliender's  Cable  Con.  Ord I  SJ-Kj 

Do.    6  per  Cent.  Cum.  Pref.  H—^k 

Do.     4J  per  Cent.  1st  Mort  Debs,  (red.)  106  — li/7 

tCastner-KeUncr  Alkali  Co »i— 1';! 

Do.    4J  per  Cent.  iBt  Mort.  Deb.  (red.).  IVi  ~'i()>i 

Chadburn'8  (Ship)  Telegraph  Ord 42— li'« 

Do.    6per  Cent.  Cum.  Pref.  l^-lj 

Consoliciated  Electrical  Co ,'._ — ,•; 

Consolidated  Signal  Co ij— Is 

Do.     6  per  Cent.  Cum.  Pret  }J— 1 

'Cromptoni  Co.(Nos.  1  toSS.OOO)  1  — U     I 

Do.    SperCent.  let  Mort.  Deba.  (red.).  95  -9»     | 

Davis  4  Timmins J— IJ 

Dick,  Kerr  4  Co.  Ord It's— '1 

Do.     6  per  Cent.  Cum.  Pref. I,-'.— 1,'. 

Do.    4J  per  Cent.  Deb.  Stock   lOl'— lo4 

Edison  Si  Swan  United  ("A" 8h.) (£3 pd.)  }-i 

Do.    (£6  paid)    i  IJ— zj     ! 

Do.    4  per  Cent.  Mort.  Deb.  Stock  (rd.)  I  70  •  7d 

Do.     6  per  Cent.  2nd  Deb.  Stock |  84—87 

EdmundBons  Elec.  Corp.  Ord.    ... l  A— ts 

Do.     6  per  Cent.  Cum   Pref.  '  |— J 

Do.    4i  per  cent.  Ist  Mort.  Deb.  (red.)  60  —1:3 

Electric  Construction  Co i  a'~3- 

IV.    7  per  Cent.  Cum.  Pref.  8'- ij 

Do.     4perCent.Perp.  Ist  Mort.  Debs.  59— 13 

General  Electric  (1900)  5%  Cum.  Pret...  I  7|-73     j 

Do.     4  per  Cent.  1st  Mort.  Debs 83  —tS     ! 

Henley'BTeiegraph  Works  Ord. llJ-128 


Jan,  July  9!,'  M 

Feb,  Aug  li"'!.'i  1< 

Feb,  Aug  3i'J|  •■ 

Feb,  AuB  -  - 

Jan,  July  ■■    '  ■■ 

Jan,  July  

Mar,  Sept  ..  ■•• 

Jan,  July  

Jan,  July  •••  .i  — 

May  ....  ••  - 

April,  Oct  •  ■  - 

Feb,  Aug  ••    '  •• 
May,  Nov 
Fob,  Aug 

Jan,  July  •■    i  •• 

Jan,  July  •  ■    i 

June,  Dec  3"i  .. 


Mar^  .. 

9ui 

Ju,  Jnlj 

- 

April,  Oct 
April,  Oct 

'h 

H  ]fT  Cent.  Pref. 
iiX  t  Do.    H  per  Cent.  1st  Mort.  Deb.  Stock 
16/0     Ii  dia  Rubber,  Gut.  Per. ,  4c.,WrkB.  . . . . 

Do.     6  per  Ci-nt.Cuni.  Pref 

iX        Do.    4  per  Cent.  Debs,  (red.) 

Itational  Elec.  Construction  Co 

Bichardsons,  Westgarth  &  Co.,  Ltd.  Ord. 
Do.    6  per  Cent.  Cum.  Pref. 


4  j'per  Cent.  Perp.  Deb.  Stock 
Simplex  Conduits  Ord. 


— f  J 

104  — lud 

144-UJ 

103-11 

Oi  -101 

i-4 

«-f; 

63  —is 

li 
6  —51 


Do.    6  per  Cent.  Cum.  Pref.  

24/0     Telegraph  Construction  4  Maintenance 
iX         L  j.    4  per  Cent   Deb.  Bonds  (1909)    ... 

1/0      VuKera,  SonsAMaiim,  Ltd.Ord 

0(6    I     Do.     6  per  Cent.  non-Cum.  Preference 
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An  Electrical  Industrial  Association. 

Elsewheke  our  readers  will  find  an  importan  t  letter  hy 
Sir  William  Pkeece  on  the  desirability  of  forming  The 
Electrical  Industrial  Association,  whose  object  would  be  to 
deal  with  general  questions  affecting  the  industry,  to 
provide  a  common  platform  on  which  such  questions  could 
be  discussed,  and  to  impress  the  general  and  financial  public 
with  the  huge  commercial  interests  represented  by  the 
Industry.  We  may  mention  that  some  time  ago  this 
question  was  put  before  the  editors  and  proprietors  of 
the  principal  electrotechnical  journals,  and  Sir  William 
was  approached  in  the  hope  that  he  would  see  his 
way  to  take  the  initiative  in  such  a  movement.  As 
might  have  been  expected,  Sir  William  was  found  to 
be  entirely  .sympathetic  to  the  idea.  Subsequently  there 
was  formed  a  committee,  who  worked  along  somewhat 
similar  lines.  We  are  now  glad  to  note  that  Sir  Williaji 
has  obtained  the  consent  of  the  Lord  Mayor  to  the  holding 
of  a  meeting  at  the  Mansion  House  to  consider  what  steps 
shall  be  taken  to  give  the  movement  such  a  start  as  its  im- 
portance demands.   We  feel  that  nothing  but  good  can  come 


of  a  movement  of  this  kind,  and  that  no  man  would  be 
welcomed  more  readily  than  Sir  William  Pkeece  as  the 
head  of  such  an  association.  This  body  would  not  be 
in  conflict  with  any  other  .society ;  indeed,  we  feel  that 
other  bodies  should  welcome  it,  and  we  might  even  suggest 
that  the  Institution  of  Electrical  Engineers,  when  in  their 
new  home,  might  extend  their  hospitality  to  the  new-comer 
The  Biitish  electrical  industry,  though  strong  technically, 
is  lamentably  weak  on  the  commercial  side.  We,  hope, 
therefore,  that  the  industry,  and  all  who  are  interested 
therein,  will  give  their  unanimous  support  to  the  move- 
ment, for  unanimity  in  a  matter  of  this  kind  is  urgent,  and 
it  should  not  be  difficult  to  sink  minor  differences  or  points 
of  view  for  the  common  good. 


The  Telefunken  and  Lepel  Wireless  Systems. 

In  this  issue  we  give  a  fairly  full  abstract  of  a  recent 
lecture  by  Count  Arco,  wherein  he  announces  to  the  world 
the  wide  ambitions  and  the  working  details  of  the  new 
Telefunken  system.  The  new  system  possesses  as  its  prin- 
cipal novelty  a  spark-gap  which  is  much  sub-divided  and 
strongly  cooled.  In  such  a  spark-gap  the  electrical  oscil- 
lations have  a  very  short  life,  l)ecause  the  gap  quickly 
ceases  to  be  bridged  by  hot  conducting  gases,  and  thus  the 
primary  circuit  does  not  exercise  that  action  and  reaction 
which  gives  rise  to  the  beating  pair  of  wave-lengths  that 
usually  arise  in  coupled  circuits.  To  get  rid  of  this 
doubleness  of  wave-length  is  a  praiseworthy  feat,  and  is 
probably  of  some  considerable  importance  technically  ;  yet 
at  this  moment  we  do  not  venture  to  share  in  all  the 
exultant  hopes  of  the  lecturer  as  to  the  supersession  of  other 
methods  of  wireless  telegraphy  by  the  new  Telefunken 
system,  but  shall  await  the  expression  of  opinion  by  ordinary 
purchasers  and  users  of  the  Telefunken  apparatus.  From  the 
description  of  this  plant  given  by  the  lecturer,  it  will  be 
seen  that  the  apparatus  has  been  developed  with  great 
scientific  insight  and  technical  .skill,  so  that  the  whole 
"  practicalisation "  of  Wien's  idea  of  exciting  secondary 
oscillations  by  a  primary  impulse  forms  another  tribute  to 
(ierman  knowledge  and  thoroughness. 

Apart  from  the  question  whether  the  new-born  system 
is  a  real  workable  improvement  on  the  deceased  Tele- 
funken system,  the  whole  subject  is  of  gi;eat  interest  in 
view  of  the  contiiet  that  has  arisen  between  Baron  von 
Lei-el  and  the  Telefunken  Company.  Von  Lei'EL  emphati- 
cally declares  in  our  columns  this  week  that  the  principal 
novelty  in  the  new  Telefunken  system — that  is  to  say,  the 
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much  cooled  spark-gap  round  which  all  the  other  details  of 
the  new  system  circle — is  in  point  of  fact  an  intentional 
copy  of  a  method  invented  and  developed  by  himself.  We 
have  referred  to  this  matter  in  previous  issues.  Vox  Lkpel 
now  supports  hisassertions  categorically  by  historical  details 
thatmust  beallowed  topossessthe  force  of  evidence.  Indeed, 
readei-s  of  Ai^co's  own  lecture  will  perceive  that  the  Telefun- 
ken  engineei-s  were  admittedly  following  von  Lei'El's  lead  in 
their  development  of  tlie  Wien  idea.  Count  Aiico's  point 
is,  no  doubt,  that  the  Telefunken  Company,  starting  from 
VON  Lepei/s  ingenious  method  of  cooling  a  low  voltage 
discharge,  have  anived  at  a  method  of  cooling  and  damp- 
ing a  high  voltage  discharge,  which,  regarded  as  a  method 
of  generating  electrical  oscillations,  is  different  in  its  scien- 
tific rationale  from  the  process  of  vox  Lepel.  "Whether 
tliis  difference  is  fictitious  or  real  may  have  to  be  looked 
into  by  the  Courts,  and  can  only  be  properly  settled  by 
adequate  experimenting.  JMeanwhile  we  think  that  those 
who  are  following  the  present  quarrel  will  agree  that  von 
Lepel's  parallel  plate  discharger  was  the  germ  of  the  Tele- 
funken improvements,  and  will  sympathise  with  him  if  he 
endeavours  to  secure  the  fullest  fruits  of  his  happy  inven- 
tion. 


Hull  Telephone  Accounts. 

Theee  are  now  very  few  municipal  telephone  under- 
takings in  existence  in  this  country,  but  two  or  three 
have  withstood  the  almost  inevitable  fate  of  falling  into  the 
hands  of  either  the  Postmaster-General  or  the  National 
Telephone  Co.  One  of  these  undertakings  is  at  Hull,  or, 
to  be  quite  exact,  Kingston-upon-Hull,  and  accounts  have 
recently  been  issued  showing  a  profit  on  the  year's  working. 
The  net  profit  shown  is  £1,040.  9s.  5d.,  but  it  is  doubtful 
whether  this  sum  can  be  regarded  in  anysense  as  a  true  indi- 
cation of  the  year's  working.  Fortunately  it  has  not  been 
used  for  the  relief  of  rates,  but  although  carried  to  a  reserve 
fund,  the  latter  only  amounts  to  £2,311.  12s.  Gd.  for  a 
total  capital  expenditure  of  £57,8.54. 14s.  8d.  This  might  be 
good  enough  were  adequate  provision  made  for  depreciation, 
but  this  item,  so  serious  in  telephone  undertakings,  does  not 
appear  to  receive  any  particular  attention  ;  and,  moreover, 
in  the  capital  account  we  notice  an  item  of  £964.  8s.  8(1. 
for  preliminary  expenses,  which  can  scarcely  be  regarded 
as  an  asset.  We  fear  that  were  private  undertakings  run 
on  these  lines  the  result  would  be  di.sastrous  before  very 
long,  and  if  this  is  so  for  private  enterprise  it  should  apply 
equally  to  municipal  work,  which  sliould  Ijc  run  as  fai-  as 
possible  on  true  business  lines. 


Personal.— Prof.  II.  A.  ^\■iIson,  F.K.8.,  of  King's  College, 
London,  has  been  appointed  Professor  of  Physics  in  McGill 
University,  Montre:iI. 

Government  Grants  to  University  Colleges. — The  rejiort  of 
tlie  Advisory  Cummittee  on  University  Colleges  in  Great 
Britain  has  been  issued.  A  number  of  recommendations 
(which  will  be  given  in  our  next  issue)  are  made  as  to  grants 
and  the  standard  of  education  in  such  institutions. 

Cable  Interruptions.  Date  of  interruption. 

Dakar— Conakry    May  13,  1909 

Tangier— Cadiz May  19,1909 

Cayenne— Salinas June  7,  1909 

ParamariVx)— Cayenne June  8,  1909 


American  Institute  of  Electrical  Engineers. — The  twenty 
sixth  annual  convention  is  to  be  held  at  the  Hotel  Frontenac, 
Frontenac,  Thousand  Islands,  N.Y.,  from  June  SSthto  Jvdy  1st. 
Thirty-two  Papers  arc  to  be  read,  and  the  presidential  address 
will  be  delivered  by  Mr.  Louis  A.  Ferguson. 

Royal  Society. — Among  the  Papers  read  at  the  meeting 
ycstenla}'  afternoon  were  the  following  :  "  On  Electrostatic 
Induction  through  Solid  Insulators,"  by  Prof.  H.  A.  Wilson, 
F.K.S.  :  "  The  Passage  of  Electricity  through  Gaseous  Mix- 
tures," by  Mr.  E.  M.  Wellisch  ;  "  The  Co-efficients  of  Capacity 
and  the  Mutual  Attractions  or  llepulsions  of  two  Electrified 
Si)berical  Conductors  when  close  together,"  by  Dr.  Alexander) 
Russell ;  and  "On  the  Effect  of  Previous  Magnetic  History  on 
Magnetisation,"  by  Prof.  E.  Wilson  and  Messrs.  G.  F.  O'Dell 
and  II.  W.  K.  Jennings. 

Street  Lighting  at  Southampton. — We  understand  from  Mr. 
H.  F.  Street,  borough  eleetrieal  engineer  at  Southampton, 
that,  following  a  report  by  him,  the  Highways  and  Lighting 
Committee  recommended  the  Council  to  change  480  gas  stand- 
ards from  gas  to  electricity.  This  report  was  confirmed  by  the 
Council  last  week.  Everybody  seems  pleased  with  the  altera- 
tion, as  the  improvement  is  most  noticeable  and,  further,  will 
be  effected  at  a  small  saving  to  the  ratepayers.  Jiany  of  the 
councillors  agreed  to  the  change  as  they  were  supporting  their 
own  undertaking,  but  the  public  paid  more  attention  to  the 
better  light  given  by  electricity. 

Measuring  Small  Currents  of  High  Frequency. — In  a 
Paper  read  recently  by  Prof.  P.  Arnn  before  the  Societe  Inter- 
nationale des  Electriciens,  the  author  described  an  instrument 
for  measuring  telephone  currents  and  periodic  currents  gener- 
ally of  high  frequency  and  very  feeble  intensity.  The  instru- 
ment contains  a  magnetic  system  with  a  vertical  axis  subject  to 
the  action  of  two  rotary  fields,  equal  but  revolving  in  opposite 
directions.  A  coil  coaxial  with  the  magnetic  system  carries 
the  current  to  be  measured.  The  action  of  this  coil  changes 
the  hysteresis  lag,  in  proportion  to  the  intensity  and  the 
frequency  of  the  current,  within  certain  limits.  There  results 
a  variation  of  the  hysteresis  of  the  magnetic  system  and  a 
defiection  is  obtained.  The  rotary  fields  are  in  general  pro- 
duced by  two  sets  of  coils,  one  in  series  with  an  ohmic 
resistance  and  the  other  with  a  self  inductance  or  capacity. 
By  means  of  a  movable  coil  in  each  field  the  instrument  can  be 
brought  to  the  zero  jjoint. 

City  and  Guilds  of  London  Institute. — The  annual  report  of 
the  Coiuicil  shows  that  the  luimlier  of  students  taking  the 
diploma  and  special  electrical  engineering  courses  at  the  Central 
Technical  College  continues  to  diminish.  Thus,  in  the  session 
1007-8,  the  number  was  11.',  compared  with  12()  in  190P  7 
and  a  maximum  of  160  in  1904  •").  The  reduction  in  the  number 
of  students  attending  the  electrical  department  is  mainly 
due  to  the  transfer  of  first  year  students  to  the  Royal  College 
of  Science.  The  number  of  students  receiving  instruction  in 
electrical  engineering  was,  however,  302  in  1908,  compared 
with  .318  in  1907,  the  average  number  of  hours  attended  per 
week  per  student  being  7  and  S-3  respectively  in  the  two 
years.  Last  year  23  students  of  the  College  obtained  the 
degree  of  B.Sc.  (engineering)  of  the  University  of  London,  21 
in  honours  and  2  pass.  The  total  numlier  of  internal  students 
of  the  University  who  have  taken  their  degree  from  the 
Central  Technical  College  is  now  SI,  out  of  a  total  of  1G4  con- 
ferred by  the  University  in  engineering  since  1903,  the  first 
year  of  the  examination.  There  were  1S4  registered  internal 
students  of  the  University  attending  the  College  in  1908, 
whilst  at  present  the  number  has  increased  to  210.  At  the 
Technical  College,  Finsbury,  70  d.ay  students  took  the  elec- 
trical engineering  course  in  1907-8,  compared  with  87  in 
1900  7  and  a  maximum  of  110  in  1902-3,  33  students  obtain- 
ing certificates.  The  number  of  evening  students  in  the  elec- 
trical department  in  the  1907-8  session  was  19  for  the  com- 
plete course  and  12.5  for  special  lectures,  the  figures  for  the 
previous  session  being  15  and  131  respectively,  whilst  in  1905-6 
they  were  :)1  and  l.')7. 

Wireless  Telegraphy  at  Sea. — Once  more  has  wireless  tele- 
grai)liy  come  to  the  assistance  of  the  shipwrecked  crew  and 
p.-Lsscngers  of  a  great  liner.  Losing  her  way  in  a  dense  fog 
off  the  Western  Isles,  the  Cunarder  "  Slavonia"  ran  ashore  on 
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Largento  Point,  just  off' the  island  of  Flores,  early  on  the  morn- 
ing of  June  lOtli.  Owing  to  the  rocky  nature  of  the  coast  the 
island  has  no  direct  connection  with  the  cable  system  of  the 
Europe  &  Azores  Telegraph  Co.,  but  this  connection  is  being 
provided  by  means  of  wireless  stations.  The  "Slavonia  "  was 
furnished  with  a  complete  Marconi  equipment,  and  the  per- 
sistent working  by  Mr.  St.anley  Coles,  the  operator  in  charge 
of  the  installation  on  the  "Slavonia,"  was  successful  in  estab- 
lishing communication  with  the  North  German  Lloyd  vessel 
"Princess  Irene,"  which  was  steaming  180  miles  to  the  south 
of  Flores.  The  "  Princess  Irene  "  went  to  the  spot  indicated 
by  the  wireless  message  and  proceeded  to  take  off  the  whole  of 
the  passerigers,  the  crew  being  landed  at  Flores.  There  were 
in  all  410  souls  on  board  the  "  Slavonia."  Shortly  afterwards 
a  gale  suddenly  sprang  up,  and  the  "Slavonia  '  became  a  total 
wreck.  Mr.  Coles  worked  hard  for  13  hours  to  olitain  his  suc- 
cess, and  shares  with  his  friend,  Mr.  John  Binns,  the  hero  of 
the  "  Republic,  '  the  honour  which  belongs  to  men  who  have 
done  their  duty  well  and  successfully  in  positions  of  danger. 
Wireless  telegiaphy  has  indeed  proved  a  blessing  at  sea,  and 
the  future  has  much  honour  in  store  for  those  in  charge  of  such 
installations.  Mr.  Coles,  who  is  only  19  years  of  age,  is  a 
Devonian. 

After  leaving  Flores,  on  her  way  to  Gibraltar,  the  "  Princess 
Irene,"  on  passing  Ponta  Delgada,  where  the  Europe  & 
Azores  Telegraph  Co.  have  a  wireless  station  erected, 
communicated  details  by  wireless  of  the  mishap  to  the 
"  Slavonia,"  which  were  immediately  sent  to  all  interested  over 
the  company's  cables.  The  service  thus  rendered  included  a 
number  of  private  messages  to  friends  of  the  rescueil  passengers. 
The  Electrical  Contractors'  Association. — The  annual  dinner 
of  this  association  was  held  on  Monday  last  in  the  King's  Hall, 
Holborn  Kestaurant.  A  large  number  of  members  and  friends 
attended,  and  consequently  there  was  a  very  successful  evening. 
The  toast  of  "The  Institution  of  Electrical  Engineers"  was  pro- 
posed b}-  Mr.  G.  Harland-Bow  dex,  who  made  some  mention  of  the 
scheme  which  was  under  consideration  for  the  examination  and  certi- 
fication of  electrical  workmen. 

Mr.  W.  M.  MoRDEY,  President  of  the  Institution  of  Electrical 
Engineers,  who  replied  to  this  toast,  gave  a  resami  of  the  principles  on 
which  the  work  of  the  Institution  of  Electrical  Engineers  was  carried 
out.  Its  purpose  was  to  deal  with  scientific,  engineering  and  profes- 
sional questions,  and  not  with  the  trade  or  commercial  side.  He  men- 
tioned that,  as  the  result  of  the  labours  of  a  committee  which  had  been 
sitting  for  some  time,  a  code  of  rules  for  professional  and  business 
eti(juette  would  be  completed  during  the  next  session,  and  the  Articles 
of  Association,  next  time  they  were  altered,  would  allow  more  effective 
powers  to  the  Council  for  dealing  with  members  who  did  not  adhere  to 
a  proper  standard  in  this  respect.  The  subject  of  Wiring  Rules  was 
the  next  matter  touched  upon  by  the  speaker.  He  said  that  the  new- 
edition  would  deal  with  cheaper  methods  of  wiring,  which  he  hoped 
would  open  up  a  great  tiekl  for  enterprise.  The  question  of  examination 
of  candidates  re<iuiring  admission  to  the  Institution  of  Electrical 
Engineers  was  also  under  consideration.  Mr.  Mordey  again  referred 
to  the  controversy  regarding  the  state  of  electrical  trade  in  this 
countrj'  and  in  Germany,  and  again  reiterated  his  remarks  showing 
that  the  state  of  the  electrical  industry  in  this  country  was  not  so  bad 
as  it  might  seem  at  first  sight. 

Mr.  J.  S.  Huddlestone,  of  Messrs.  Siemens  Bros.  &  Co.,  then  pro- 
posed the  toast  of  "The  Electrical  Contractors'  Association,"  to 
which  Mr.  E.  C.  Wallis,  the  president,  responded.  The  toast  of  "  The 
Cable  Makers'  and  Kindred  Associations "  was  proposed  liy  Mr. 
Leonard  G.  Tate  and  responded  to  by  Messrs.  J.  Taylor,  C.McArthur 
Butler  and  H.  H.  Berry.  An  excellent  pro^rainme  of  music  was  also 
provided. 

A  Modern  Railway  Problem  :  Steam  v.  Electricity. — At 
the  Royal  Institution  on  Thursday,  June  10th,  Prof.  W.  E. 
Dalby  delivered  the  second  of  his  series  of  two  lectures  on  the 
above  subject.  The  locomotive,  he  said,  had  to  be  considered 
from  the  point  of  view  of  design,  and  the  problem  which 
designers  had  before  them  was  to  make  the  best  compromise 
between  two  mutuallj'  antagonistic  conditions — viz.,  those  for 
steady  running,  and  thooe  for  starting  and  acceleration  to  the 
running  speed.  An  ideal  engine  for  hauling  an  express  train 
at  a  high  uniform  speed  on  the  level  was  not  the  ideal  engine  to 
start  such  a  train,  or  to  accelerate  it  to  the  running  speed,  and 
vice  versa.  He  had  found,  by  referring  to  the  curves  of  train 
resistance,  that  suitable  dimensions  for  a  locomotive 
employed  to  haul  300  tons  on  the  level  at  50  miles  per  hour 
were  30  sq.  ft.  of  grate  area,  1,800  sq.  ft.  of  heating  surface 
and  a  single  p-air  of  driving  wheels  loaded  to  18  tons.  The 
boiler  was  large  enough  to  produce  suthcient  energy  for  the 
purpose.     Besides  the  general  relations  between  tractive  force, 


indicated  horse- power  and  speed,  starting  also  had  to  be  con- 
sidered, and  this  involved  two  points  :  Firstly,  the  amount  the 
locomotive  could  pull  when  starting,  and,  secondly,  how  long 
it  would  take  to  change  the  speed  of  the  train  from  zero  to 
full  speed.  The  lecturer  also  stated  that  the  amount  of 
energy  required  to  run  a  stopping  service  was  almost  double 
that  required  to  run  a  fa.st  service,  although  the  running 
speed  was  the  same.  This  was  the  case  both  in  steam 
and  electric  traction.  Electricity,  however,  was  at  an  advan- 
tage, owing  to  the  ease  with  which  the  energy  correspond- 
ing to  the  running  speed  could  be  imparted  to  the  train,  and 
this  could  not  be  done  in  any  practicable  manner  with  steam 
traction.  If  the  conditions  of  service  required  quick  accelera- 
tion and  frequent  stops  the  inevitable  conclusion  was  that  the 
steam  locomotive  could  not  compete  with  the  electric  motor. 
The  lecturer  then  drew  attention  to  other  advantages  which 
the  electric  motor  possessed  over  the  steam  locomotive.  One 
of  these  was  that  with  electric  traction  the  size  of  an  existing 
terminal  station  arranged  for  steam  locomotives  was  virtually 
much  increased  by  the  substitution  of  electric  traction,  owing 
to  the  time  lost  in  shunting  the  locomotive  being  saved.  It 
was  evident,  however,  that  for  fast  main  line  traffic  with  few 
stops,  where  the  time  required  for  acceleration  was  negligible 
in  comparison  with  the  total  running  time,  the  steam  locomo- 
tive was  the  best  commercial  means  that  could  be  used. 


ARRANGEMENTS  FOR  THE  WEEK. 

INCORPORATED  MUNICIPAL  ELECTRICAL  ASSOCUTION. 
MONDAY,  June  21st. 

7:Jii  p.m.     Fleception  and  conversazione  at  the  Town  Hall,  Albert- 
square,  Manchester,  by  the  Right  Hon.  the  Lord  Mavor  (Aid. 
E.  Holt). 
TUESDAY,  June  22nd. 

lu.JO  a.m.  Meeting  at  the  Municipal  School  of  Technology,  Whit- 
worth-street,  Manchester.  Presidential  Address  by  Mr.  S.  L. 
Pearce.     Paper  on  "  Cheap  Units,"  b\'  Councillor  A.  Sinclair. 

lil'i  p.m.     Luncheon  in  the  Large  Hall,  Town  H.all,  Manchester. 

i:.'f'i  p.m.      Visit  to   Stuart-street,    Dickinson-street  and   Bloom- 
street  generating  stations  of  the  Manchester  Corporation. 
WEDNESDAY,  June  23rd. 

10  a.m.  Meeting  in  the  Small  Concert  Hall  of  St.  George's  Hall, 
Liverpool.  Papers  on  "The  Influence  of  Metallic  Filament 
Lamps  on  the  Electrical  Industrj-  and  on  Street  Lighting," 
by  Mr.  E.  E.  Hoadley  ;  and  "  Moderji  Cable  Systems,"  by  Mr. 
E.  M.  Hollingsworth. 

1  p.m.     Luncheon  at  the  E.\change  Hotel,  Liverpool. 

~^■,lVy  p.m.    Visit  to  Lister-drive  Generating  Station. 

i:oiip.m.     Visit  to  R.M.S.  "  Mauretania." 
THURSDAY,  June  24th. 

10  a.m.  Meeting  in  the  Municipal  School  of  Technology,  Whit- 
worth-street,  Manchester.  Papers  on  "  Steam  Turbines  from 
the  User's  Point  of  View,"  by  Mr.  A.  S.  Blackman  ;  and 
"  Notes  on  Condensing  and  Water  Cooling  Plants,"  by  Mr. 
E.  Lunn. 

J  p.m.    Luncheon  at  the  ilidland  Hotel,  Manchester. 

J:.Jo  p.m.  ^'isit  to  the  British  Westinghouse  Co.'s  Works,  Trafford 
Park. 

/  p.m.     Annual  Dinner  of  the  Association  at  the  Midland  Hotel, 
Manchester. 
FRIDAY,  June  25th. 

JUj.jO  a.m.  Annual  General  Meeting  at  the  Municipal  School  of 
Technology,  Whitworth-strect,  Manchester. 

/  p.m.     Luncheon  at  the  Midland  Hotel,  Manchester. 

.':.10  p.m.  Visit  to  the  Salford  Electricity  Works  at  Frederick- 
road.  Pendleton. 


FRIDAY,  June  25tll. 

Physical  Society. 
o  p.m.  Meeting  at  the  Imperial  College  of  Science,  Imperial 
Institute-road,  South  Kensington.  Agenda :  (1)  "  A.  Tran- 
sition Point  in  Zinc  .\malgam,"  by  Prof.  Carhart  :  ^2)  "  A 
Method  of  producing  an  intense  Cadmium  S|iectrum,  with  a 
proposal  for  the  use  of  Meicury  and  Cadminni  as  Standards 
inRefractomotrv,'bYMr.  T.  M.  Lowry,  D.Sc,  F.C.S.:  (3)  "On 
the  Measurenieiit  of" Wave-length  for  High  Fre<iuency  Elec- 
trical Oscillations,"  by  Mr.  A.  Campbell,  B.A.  :  (4;  "An  Elec- 
tromagnetic Method  of  studving  the  Theory  of  and  solvine 
Algebraical  E(iuatioiis  of  any  Degree,  "  by  Dr.  A.  Russell  and 
Mr.  ,1.  N.  Alty  :  (5)  "  The  Sine  Condition  in  relation  to  the 
Coma  of  Optical  Systems,  "by  Mr.  S.  IX  Chalmers  :  (6)  "  Exhi- 
bition of  a  No«  Fory  Thermoelectric  Calovnneter,  by  Dr. 
C.  V.  Drysdale :  (7)  "An  Instrument  for  measuring  the 
Strength  of  an  Intense  Horizontal  Magnetic  Field,"  by  Mr. 
F.  W.  Jordan,  B.Se.  ;  (8)  "  On  a  Method  of  determining  the 
Sensibility  of  .->  Balance,"  by  Prof.  Poynting,  F.ltS.,  and 
Mr.  G.  W!  Todd,  M.Sc.  :  and  (9)  "  The  Balance  as  a  Sensitive 
Barometer,"  by  Mr.  O.  W.  Todd,  M.Sc. 
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THE  NEW  TELEFUNKEN  SYSTEM.* 

BY  lOlNT  Aliio. 

A  great  cliange  has  been  taking  place  during  the  last  lew  years  in 
the  domain  of  wireless  telegraphy,  with  the  result  that  improvements 
have  been  made  in  two  directions — namely,  an  increase  in  the  range 
and  a  considerable  improvement  in  the  certainty  of  working,  with 
which  also  is  included  a  greater  freedom  from  disturbance.  Both 
improvements  have  arisen  from  work  that  has  been  done  in  the 
United  States,  and  both  are  due  to  two  very  simple  technical  facts. 
The  first  is  the  abolition  of  the  coherer  as  a  detector  in  the  receiver 
circuit  and  its  replacement  by  an  integrating  detector.  The  other 
is  the  increase  in  the  impulses  in  the  secondary  spark  in  the  sender. 
The  beginning  of  these  changes  was  about  five  years  ago.  when  the 
Telefunken  Company,  in  the  years  1903  and  1904.  shortly  before 
the  amalgamation  of  the  Slaby-Arco  and  Braun-Siemens  systems. 
fitted  up  a  number  of  ship  stations.  Leyden  jars  were  used  for 
senders,  and  the  spark-gap  was  ])laced  in  the  oscillation  circuit, 
which  was  duectly  connected  with  the  aerial  and  fitted  with  the  well- 
known  Hraim  method  of  coupling.  The  receiver  was  a  recording 
apparatus  on  the  coherer  principle.  This  apparatus  was  tried  by 
various  American  experimenters,  including  Shoemaker  and  de 
Forest.  It  reduced  the  exciting  capacity  by  one-sixth  and  raised 
the  frequency  in  the  secondary  about  10  times.  At  the  same  time 
the  direct  current  with  which  the  Leyden  jars  were  charged  was 
increa.sed  by  about  three  or  four  times.  At  the  receiving  station 
the  coherer  was  replaced  by  an  electrolytic  detector  and  a  telephone 
receiver,  forming  the  Schloemilch  cell.  The  range  of  this  apparatus 
was  about  700  km.  to  800  km.,  as  compared  with  150and"200  km.  with 
the  old  arrangement.  This  record  was  broken  in  February.  1907. 
by  a  Telefunken  station  maintaining  communication  over  a  distance 
of  2.400  km. :  and  since  the  beginning  of  1907  the  Telefunken  Com- 
pany has.  with  few  exceptions,  used  a  high-s])ark  frequency,  and  has 
thereby  reached  very  great  ranges  with  small  mast  heights.  An 
arrangement,  due  to  Pfund.  in  which  the  standard  apparatus  was 
modified  by  the  introduction  of  a  strongly  ventilated  spark-gap,  and 
by  the  connection  of  the  choking  coil  lietween  the  machine  and 
indicator,  enable  a  close  coupling  between  the  machine  and  in- 
dicator to  be  obtained,  so  that  the  spark  frequency  rose  from  between 
20  and  30  to  about  300  per  second.  By  this  arrangement,  also, 
practically  the  whole  of  the  machine  energy  was  obtained  in  the  excit- 
ing circuit,  while  about  20  per  cent,  of  it  was  turned  into  oscillation 
energy  in  the  aerial.  The  reliability  of  this  apparatus  was  increased 
by  the  receiver,  which  contained  no  movable  parts — a  great  im- 
provement on  the  coherer. 

The  author  then  discusses  the  methods  employed  by  Elihu  Thom- 
son in  1900  and  Teslat  in  1894  for  the  generation  of  high-frequency 
oscillations.  In  these,  in  spite  of  the  slight  damping  of  the  oscilla- 
tions, it  is  quite  correct  to  speak  of  continuous  wave  trains  as  being 
obtained.  This  name,  "  continuous  trains  of  waves,"  has.  how- 
ever, become  misunderstood  at  times.  For  instance,  the  JIarconi 
station  at  Clifden.  which  works  with  his  new  method  of  generation, 
by  no  means  sends  out  undamped  oscillations,  for  it  has  two  standard 
coupled  waves,  and,  like  the  old  method  of  spark  generation,  shows 
a  large  damping  of  the  energy  transmitted. 

Turning  to  the  question  of  generating  oscillations  by  means  of  the 
arc,  the  author  deals  with  the  work  of  Poulsen  in  this  field,  and 
shows  that  the  expected  increase  in  efficiency  could  not  be  obtained, 
as  the  oscillations  generated  by  the  arc  vary  in  amplitude  and  in 
frequency,  so  that  the  receiving  operation  is  not  different  from  that 
with  damped  waves.  J 

The  author  at  the  beginning  of  1908  was  able  to  generate,  by 
means  of  the  arc  lamp,  oscillations  of  a  third  kind,  in  which  the  in- 
constancy usually  present  in  this  arrangement  was  at  last  over- 
come. To  do  this  the  capacity  of  the  arc  lamp  circuit  was  made 
very  large,  the  .self-induction  small  ind  the  circuit  was  coupled  as 
closely  as  possible  with  the  antenna.  The  o.scillations  then  trans- 
mitted had  practically  the  same  frequency  and  damiiing  as  the 
secondary  circuit.  An  accurate  tuning  between  the  exciting  and 
excited  circuit  is,  however,  not  necessary,  and  any  alteration  in  the 
frequency  is  thereby  overcome.  We  were  satisfied  with  this  arrange- 
ment for  about  a  month,  when  we  discovered  our  present  system, 
which  is  described  in  this  lecture. 


•  Abstract  of  a  lecture  before  the  Vorband  Deutscher  Elektrotech- 
niker  at  the  annual  meeting  in  Cologne.  Abstracted  from  a  full 
account  in  the  "  Elektrotechnische  Zeitschrift,"  1909,  Nos.  23  and  24. 

t  Martin.     "The  Invention  of  Nicola  Teslii,'  pp.  209  and  306. 

+  Reference  is  also  made  to  the  following  Papers  in  this  connection  : 
Dr.  C.  Schapira,  "  Uber  den  Wirkingsgrail  cler  lIochfre(|uenzlamije 
mit  unterteiltcm  Lichtbogen."  Graf  Arco.TuE  Ki,ectkii'I.\n,VoI.  L.XIII. 
Fleming,  The  Ele<,triii.4x,  Vol.  I.,IX.,  p.  270,  ei.  xeij.  Diesselhorst, 
"Analyse  Elektrischer  Schwingungen  mit  dem  Gliinmlicht  Ozillo- 
grai.hen."    Ver.  der  Deutschen  Phys.  Gee.  IX.,  14. 


A  short  explanation  of  the  phenomena  in  two  coupled  circuits  is 
necessary  before  referring  to  the  work  of  Wien.  The  exciting  circuit 
contains  a  spark-gap,  while  the  second  is  electrically  tuned,  and 
closely  coupled  with  it.  The  exciting  o.scillat  ion  has  a  largo  amplitude 
and  dies  rapidly  away,  the  energy  being  after  a  few  oscillal  ions  wholly 
transferred  to  the  secondary  circuit.  A  re-transfer  then  bi't;iiis  from 
secondary  to  primary  until  all  the  energy  is  for  the  second  time 
contained  in  the  latter.  This  occurs  several  times,  and  an  oscillo- 
graph of  the  phenomena  due  to  Dieselhorst  is  shown  in  the  upper  part 
of  Fig.  1.  1  he  lower  curves  show  the  edect  when  the  primary  circuit 
is  "  quenched  "'  after  the  energy  has  all  left  it  for  the  first  time. 

In  December.  1906,  a  disco\ery  of  the  highest  importance  to  those 
interested  in  "  wireless  "  work  was  made  by  Prof,  Max  Wien,  and 
WIS  described  by  hira  in  the  "  Physikahsche  Zeitsclirift."*  In  this 
he  made  some  observations  which  formed  the  beginning  of  our 
method  of  generating  slightly  damped  electric  waves.  He  carried  out 
some  researches  on^two  closely  coupled  oscillation  circuits,  using 
the  Bjerknes  method  and  a  resonance  circuit,  the  primary  of  which 
contained  a  i-ery  small  spark-gap.  By  means  of  tiiis  arrangement  he 
found,  not  the  usual  two  coupled  waves,  but  in  general  three 
waves,  as  shown  in  Fig,  2,     His  explanation  is  as  follows  : — 

"  The  reason  for  these  three  oscillations  may  be  considered  to  lie 
in  the  fact  that  the  resistance  of  the  very  small  spark-ga])  increases 
suddenly,  so  that  the  oscillations  in  system  1  die  away_  very  soon, 
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and  only  those  in  sy.stem  2  remain.  These  oscillate  as  a  single 
uncoupled  system  within  their  own  frequency  and  damping.  I'er- 
haps  it  might  be  possible  in  this  way  to  obtain  slightly  damped 
oscillation!?." 

.4s  soon  as  I  read  this  article  I  repeated  the  tests,  and  these  were 
so  successful  that  I  attempted  to  modifj-  the  idea  for  technical  jiur- 
))oses.  My  attempts  were  for  a  long  time  unsuccessful  as  regards 
the  reliability  of  working,  until  Rendahl  propo.sed  the  adoption  of  a 
spark-gap  immersed  in  mercury  vapour,  A  very  high  efficiency  was 
thereby  obtained,  but  in  spite  of  this  the  method  could  have  no 
practical  apjilication,  as  the  lamps  had  a  very  short  life,  over  150  of 
them  being  tried  ;  and,  in  spite  of  many  attempts,  no  success  was 
achieved. 

.About  this  time  Prof.  Wien  made  another  communication  to  the 
'■  Pliysikalische  Zeitschrift  "f  on  the  subject  of  the  "  Stosserregung," 
and  especially  as  regards  their  measurement  with  large  spark-gaps 
and  loose  coupling.  Rendahl,  however,  showed  in  a  subsequent 
issue  of  this  journal!  that  the  method  of  Wien  described  above  had 
a  very  low  efficiency  compared  with  that  of  the  old  spark  methods, 
and  still  lower  compared  with  the  mercury  vapour  lamp.  He  also 
showed  that  the  maximum  energy  obtainable  with  small  spark- 
gap  methods  was  too  small,  and  the  inconstancy  of  the  oscillations 
was  too  great  for  the  method  to  be  used  in  practice.  W^ith  this 
statement  of  Rendahl's  I  must  disagree.  In  March,  1908,  the  last 
difficulty  in  the  process  disappeared,  as  we  then  succeeded  in 
obtaining  the  "  Stosserregung  "  by  means  of  a  direct-current  arc 
lam]),  and  a  decision  had  to  be  come  to  between  the  two  methods 
of  generation, 

-Vbout  this  time,  however,  a  third  idea  came  up  for  consideration. 
For  after  two  years'  work  attempting  to  make  the  Wien  arrange- 

*  No.  23,  1906,  p.  872.    +  No,  2,  1908,  p.  51.    X  No-  6.  1908,  p,  203. 
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nient  reliable  we  obtained  in  March,  1908,  our  new  system  of  singing 
sparks.  A  great  deal  of  credit  for  this  system  is  due  to  Herr  Rendahl. 
To  him,  also,  is  due  the  new  name  of  "  quenched  "  sparks  for  the 
Wien  arrangement,  which  Wien  himself  called  "  hissing  "  sparks. 
A  harder  task  is  the  proper  naming  of  the  arrangement  known  by 
Zenncck  and  others  as  the  "  Stosserregung."  This  method  is  shown 
in  Fig.  3,  It  contains  a  closed  oscillatory  circuit  which  is  connected 
to  a  source  of  direct  current  through  an  interrupter.  The  charac- 
teristic of  this  method  is  the  presence  of  only  one  oscillating  system, 
and  it  is  at  present  much  used  for  measuring  purposes.  For  tele- 
graphic transmission  the  energy  is  much  too  small,  as  the  charging 
voltage  depends  on  the  interrupter,  which  must,  of  course,  uork 
sparklessly.  At  tirst  this  method  of  generation  had  a  coupling  of 
16  per  cent,  and  gave  about  six  half  oscillations.  It  had,  therefore, 
to  be  very  accurately  tuned  on  the  secondary  side.  When,  how- 
ever, tlie  idea  of  the  "  Stosserregung  "  is  taken  U]i.  these  six  half 


Spark  Gap  05  mm 
Smgle  Discharge 


Period  of  Oscillatisn 
Fig.  2. 

oscillations  have  to  be  combined  into  one  blow.  Zenneck  defines  a 
good  sender  for  "  Stosserregung '"  by  saying  that  the  oscillations  in  the 
primary  system  must  be  quenched  after  the  first  period  and  after  the 
primary  system  has  given  up  all  its  energy  to  the  secondary  system. 
For  this  reason  the  Wien  arraneement  belongs  naturally  to  this  class  ; 
but  in  spite  of  this  there  arises  the  question  whether  it  could  be  called 
a  "  Stosserregung  "  pure  and  sinijjle.  The  are  lamp  with  a  large 
primary  condenser  is  much  more  a  "  Stosserregung,"  as  the  quench- 
ing can  be  obtained  after  the  second  half  oscillations,  and  tuning  be- 
tween the  two  circuits  is  hardly  necessary.  Other  similar  arrange- 
ments mentioned  in  the  lecture  are  those  of  Lepel  and  the  Badische 
Anilin-  !c  Soda-Fabrik,  about  the  latter  of  which  little  is  known, 
while  the  first  has  been  lately  described  in  The  Electrician.* 

The  author  then  goes  on  to  describe  the  various  details  of  the 
"  singing  spark  '"  system,  the  theory  of  which  is  given  by  Wien  in 
the  "  Jahrbuch  fiir  Drahtlose  Telegraphic  und  Telephonic''^  The 
reason  for  the  sharp  quenching  lies  in  the  fact  that  the  heat  conduc- 
tivity of  the  short  spark-gaps  is  small.  This  phenomenon  is  used 
twice,  once  in  generating  a  single  small  damped  train  of  waves,  and 
secondly  to  obtain  a  sharp  and  regular  frequency  of  sparking.     Such 
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a  high  frequency  is  only  possible  with  an  ordinary  spark-gap  when  a 
strong  air  blast  is  used.an  arrangement  which  means  a  considerable  loss 
in  energy.  It  can  be  obtained  with  quenched  sparks  quite  as 
accurately  as  in  the  mercury  vapour  lamp,  with  which  apjjaratus  von 
Simon  first  obtained  a  high-spark  frequency.  Further,  in  this  way 
a  larger  range  can  be  obtained  by  using  a  quantitative  detector. 
If  these  impulses  are  made  to  follow  each  other  very  regularly,  this 
form  of  sending  energy  causes,  if  such  a  detector  is  used,  a  rhythmic 
movement  of  the  telephone  membrane  in  the  receiving  station,  and 
gives  a  dent  musical  tone.  vSueh  an  arrangement  should,  perhaps, 
li  ■  called  "  singing  quenched  sparks,"  but  we  have  adopted  the 
^inipliT  name  of  "  singing  sparks." 

'I'urning  to  the  arrangement  of  the  sender,  this  consists  of  an  ex- 
citer circuit  in  which  is  placed  the  quenched  spark-gap.  A  tuned 
■  I'rial  system  is  connected  with  this,  the  coupling  between  the  two 
being  close  enough  to  allow  of  the  energy  passing  over  as  quickly 

'  Vol.  LXIII.,  p.  174,  xieaUo  p.  376  of  this  issue, 
t  Vol.  v.,  p.  473,  et.  sery. 


as  possible,  but  loose  enough  to  allow  of  quenching  after  the  first 
oscillation,  so  that  none  but  the  first  oscillation  in  the  secondary  need 
be  taken  into  account.  For  this  reason  a  coupling  from  1.5  to  20  per 
cent,  is  u.sed  in  most  cases.  The  damping  of  the  transmitted  waves 
with  umbrella  or  T  antenna;  is  about  008  to  01  when  the  latter  are 
working  with  their  fundamental  oscillation,  but  only  0-0.5  to  003 
when  waves  of  from  three  to  four  times  as  long  as  the  fundamental 
are  being  sent  out.  Such  small  numbers  can.  however,  only  be  ob- 
tained when  special  care  is  taken  to  reduce  all  los.ses  to  a  minimum. 

Anyone  who  has  worked  with  oscillations  of  so  low  a  damping  will 
agree  that  it  is  very  difficult  to  obtain  from  the  behaviour  of  the 
resonance  circuit  without  the  help  of  a  resonance  curve,  an  idea  as 
to  whether  constant  amplitude  oscillations  or  very  slightly  damped 
oscillations  are  being  used.  In  practice  the  difference  in  resonance 
between  these  two  is  scarcely  noticeable.  In  quenched  spark  gene- 
ration, on  the  other  hand,  the  condition  of  the  spark-gap  ha.^  no 
influence  on  the  frequency  of  the  secondary  circuit,  and  it  need  not. 
therefore,  be  regulated.  The  frequency  is  absolutely  constant,  and 
the  resonance  can  be  fully  utilised.  On  account  of  the  very  small 
antenna>  damping,  auxiliary  circuits  have  up  to  the  present  been  used 
between  the  generator  and  the  antenna?,  as  recommended  by  Stone 
and  Wien.  These  liave  been  tried  exhaustively  in  the  laboratorj-, 
but  have  not  yet  been  introduced  into  practical  working.  The 
damping  of  the  auxiliary  circuit  must,  in  order  that  it  may  work 
advantageously,  be  not  more  than  one-tenth  of  that  of  the  antennae, 
or  a  maxinnmi  of  001  to  OOOo.  This  is,  liowever,  hard  to  obtain, 
and  we  have  not  yet  succeeded  in  doing  so. 

The  rapid  adjustment  of  the  apparatus  to  work  with  diflferent 
wave-lengths,  which  is  necessary  at  the  present  time,  gives  rise  to  a 
number  of  by  no  means  small  difficulties  as  compared  with  the  simple 
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arrangement  with  which  we  worked.  The  sender  has  not  only  to  be 
capable  of  using  a  number  of  wave-lengths  over  the  greatest  possible 
range,  but  these  have  to  be  continually  altered  between  wide  limits 
and  over  a  large  wave  scale.  For  altering  the  wave-length  two  ar- 
rangements are  used — i.e..  either  altering  the  condenser,  or  the  induc- 
tance coil,  or  both  may  be  combined.  Having  regard  to  the  inductive 
relations,  the  inductance  coil  is  the  easiest  to  alter,  and  an  apparatu.* 
known  as  the  variometer  is  now  used  in  wireless  telegraphy  for  this 
purpose.  One  of  these  apparatus,  capable  of  dealing  with  a  con- 
siderable amount  of  energy,  has  now  been  successfully  built,  and 
will  be  placed  on  the  market  for  sending  purposes.  This  variometer 
consists  of  a  fixed  and  movable  circular  plate.  On  both  of  these  are 
placed  windings  which  can  be  connected  in  either  series  or  parallel, 
as  shown  in  Fig.  4.  If  tlie  discs  are  so  arranged  that  the  fields  of 
the  four  coils  can  be  added  together  the  self-induction  is  a  maximum, 
while  in  the  opposite  position  the  self-induction  becomes  a  minimum. 
A  continual  variation  between  these  limits  gives  the  various  values. 
Such  a  variometer,  which  can  be  altered  through  an  arc  of  3ti0  deg.. 
and  by  changing  over  the  windings  from  parallel  to  series  giws  a 
self-induction  of  1  to  Ui,  is  due  to  Rendahl. 

To  obtain  any  desired  wave-length  in  both  oscillation  circuits  by 
means  of  such  a  variometer  is  an  easy  matter,  but  it  is  harder  to 
arrange  the  sender  to  work  equally  over  all  wave-lengths  and  at  the 
same  time  to  obtain  giwd  quenching.  Rendahl  has  overcome  this 
difficulty  in  the  simplest  way  by  the  arrangement  shown  in  Fig.  a. 
In  this  thee.xciting  circuit  is  made  up  of  a  condenser  C,.  the  spark-gap 
F  and  the  coupling  variometer  Lj.  The  polos  of  this  circuit  art- con- 
nected through  a  hot-wire  instrument  to  earth,  and  through  the 
counterpoise  to  an  antenna-  ;  a  variometer.  1...  is  also  connccte<l 
in  the  circuit.  If  C.  is  the  capacity  of  the  antenna-  and  L,  the  total 
self-induction  in  the  exciter  circuit,  it  can  be  both  theoretically  and 
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pr»cticallv  shown  that  for  any  desired  wave-length  whicli  can  bo 
obtained  bv  altering  the  variometer  the  coupling  remai^  constant. 

and  that  the  coupling  factor  is  given  by  the  relation'y     ^     This  re- 

•^  1 
lation  works  out  at  1  to  25  for  a  20  per  cent,  coupling.  In  reality 
it  is  best  for  the  coupling  not  to  be  kept  quite  constant,  for  with 
short  waves  and  with  the  quenching  arrangement  very  short  it 
should  be  somewhat  looser.  This  is  obtained  in  the  simplest  way  by 
connecting  in  the  exciting  circuit  a  constant,  and.  in  relation  to  Lo. 
a  very  small  self-induction.  L,'.  which  is  not  used  for  coupling  piu- 
poses.  So  long  as  L,  is  also  small.  L, '  appreciably  affects  L,.  and 
the  coupling  is  loosened.  For  larger  values  of  L,.  L/  may  be  ne- 
glected and  the  coupling  is  closer. 

For  a  constant  primary  capacity  the  wave-length  could  be  in- 
creased four  times,  sav  from  500  to  2,000  metres,  by  using  the  vario- 
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meter  described  above.  With  rather  more  complicated  construction 
it  could  be  altered  five  times,  say  from  600  to  .3,000  metres.  If  it  is 
desired  to  increase  this  range,  the  variometer  must  either  be  removed 
or  be  combined  with  a  variable  capacity.  In  the  last  case  the 
antenna,  of  course,  must  also  be  changed,  as  the  change  in  capacity 
will  also  tend  to  change  the  most  suitable  coupling.  A  change  in  the 
antenna  is  generally  necessary,  as  for  a  certain  length  of  wave,  say 
from  four  to  five  times  the  fundamental,  the  antenna  oscillations 
will  become  too  small.  This  has.  rather  extraordinarily,  been  for- 
gotten in  arc  lamp  methods,  for  the  author  has  heard  that  as  long  a 
wave  as  desired  can  be  obtained  from  any  antenna  with  a  sufficient 
amount  of  energy.  In  this  case,  why  not  connect  the  antenna? 
direct  to  the  pole  of  the  alternating-current  generator  ? 
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As  regards  the  current  for  feeding  the  exciter,  a.s  large  a  number 
of  impulses  as  po.s.sible  is  desirable  for  well-known  reasons.  Direct 
current  is.  therefore,  an  advantage.  .Against  this,  however,  there 
are  many  disadvantages,  of  which,  perhaps,  the  greatest  is  the  arcing 
tendency,  the  high  voltage,  which  in  a  sender  of  about  4  kw.  ca])acity 
is  necessary  for  the  good  operation  of  the  spark-gaj).  and  comjilica- 
tions  in  the  receiver  on  account  of  the  difficulty  of  regulating  the 
spark  frequencies.  This  la.st  condition  requires  the  use  of  alternating 
currents  of  standard  frequency,  although  even  here  a  number  of 
impulses  may  be  generated  by  partial  discharges.     Amongst  tho 


well-known  advantages  alternating  current  possesses  one  other — 
viz..  the  tendency  to  arc  in  the  spark-gap  which  is  present  with 
direct  current,  and,  in  spite  of  inductive  and  other  resiBtances.  is  not 
quite  avoided,  in  this  case  entirely  disai)pears.  With  alternating 
current  of  standard  frequency  matters  are  so  arranged  that  ti>r  each 
change  in  current  direction  a  whole  series  of  partial  discliarges  take 
place.  As  shown  in  the  upper  curve  of  Fig.  6,  a  current  curve  taken 
on  the  o.^cillograph  in  the  secondary  transformer  circuit,  there  are 
three  partial  sparks  per  oscillation.  These  periodic  impulses  may 
give  rise  to  a  very  large  .sender  energy,  but  are,  in  spite  of  this,  of  very 
little  use  in  the  ordinary  acoustic  receiver.  For  instance,  our  test 
station  at  Nouen  worked  for  a  long  time  on  li50  periods  per  second, 
and  with  about  2.000  im])ulses  in  the  same  time.  At  the  receiving 
end  the  energy  eould  not  be  collected  in  the  telephone,  except  by 
changing  it  by  means  of  a  detector  into  rectified  currents.  The 
irregular  and  quick  impulses  generated  only  small  amplitudes  in 
the  membrane.  A  special  transformation  of  energy  had.  therefore, 
to  be  effected  at  the  receiving  end  by  means  of  an  interrupter,  or 
some  ap])aratus  of  that  description.  The  more  frequent  the  im- 
pulses the  less  audible  they  are  in  the  receiving  telephone,  and  are, 
therefore,  more  suitable  for  telephonj'  and  less  suitable  for  telegraphy, 
except  by  using  the  receiving  arrangement  described  above,  which, 
however,  has  its  unpleasant  side. 

For  practical  purposes,  especially  as  regards  the  receiver,  it  is  most 
suitable  to  use  an  impulse  frequency  of  from  500  to  2,000  by  the 
employment^  of  alternating  current  with  the  same  frequency,  so  that 
one  discharge  takes  place  per  alternation.  The  regularity  is  then  so 
great  that  the  noise  of  the  spark  gives  out  a  clear  musical  tone,  as 
shown  in  the  lower  diagram  in  Fig.  6. 

With  an  alternating  current  of  frequency  between  500  and  1,000 
the  generation  of  sending  sparks  is  very  good  and  this  arrangement 
should  be  tried.  I  do  not  know,  however,  whether  it  is  possible  to 
obtain  such  a  good  sound  by  using  vapour  lamps.  The  clearness  of 
the  tone  plays  a  considerable  part  in  the  utilisation  of  the  energy  and 
freeness  from  disturbance  in  the  receiver. 


The  generator  cuirent  is  transformed  to  charge  the  exciting 
capacity,  and  is  stepped  u|)  from  4,000  to  70,000  volts,  according  to 
the  size  of  the  station.  This  operation  can  be  carried  t)Ut  by  an 
ordinary  transformer  or  by  an  induction  coil.  Both  have  their 
advantages  and  disadvantages,  and  the  efficiency  of  both  is  about 
the  same.  In  the  larger  stations  an  induction  coil  is  used,  and  in  the 
smaller  a  transformer.  It  should  be  remarked  that  the  very  low 
efficiencies  of  induction  coils  which  are  found  in  Riintgen  ray  and 
laboratory  work  do  not  occur  here.  This  is  owing  to  the  fact  that 
they  are  correctly  ])roportioned  to  the  back  E.M.F.  from  the  capa- 
city and  themoderate  voltage. 

Coming  now  to  the  high-frequency  apparatus  and  exciting  circuit, 
the  principal  problem  was  the  quenched  spark-gap  itself,  and  here 
namerous  difficulties  were  met  with,  the  prinei))al  of  which  was  the 
generation  of  a  .series  of  regular  sparks.  The  sparks  passed  generally 
between  the  middle  ])oints  of  the  electrodes,  so  that  an  are  was  set 
up  and  the  electrodes  wore  away,  thereby  throwing  out  the  oscilla- 
liims.  This  (rouble  was  overcome  by  the  adoption  of  ring-shaped 
el(<l Hides  whose  surfaces,  between  vhich  the  sparks  passed,  were 
)iijlished.  The  spark  occurred  at  one  [)lace  only,  but  never  at  tho 
middle,  and  was  then  forced,  as  in  the  horn  arrester,  to  the  edge  of 
the  ring.  On  the  way  it  was  quenched.  In  order  to  keep  the  elec- 
trodes at  quite  a  small  distance  apart  the  s])ace  bet«een  them  was 
lilled  with  an  insulating  material,  such  as  mica,  and  by  this  means, 
also,  air  was  satisfactorily  excluded.  With  this  arrangement,  how- 
ever, large  quantities  of  energy  could  not  be  used,  as  a  limit  was  soon 
reached  ;  the  spark-gap  then  got  out  of  hand,  and  had  to  be  removed 
every  half  hour  or  so  for  cleaning  purposes.  Kxamination 
showed  that  the  surface  was  pitted.  This  energy  limitation  has  now 
been  overcome,  so  that  any  desired  amount  can  be  converted  into 
oscillations,  and  it  tloes  not  apiiear  that  any  further  increase  will 
give  rise  to  difficulties.     K  modiMcation  ws  m.ndc  in   tl.c  sci'ca 
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spark-gap,  the  total  energy  being  distributed  between  several  gaps 
in  series,  so  that  none  were  unduly  stressed,  in  proportion  to  the 
amount  of  energy  Ijeing  converted. 

The  material  used  in  the  spark-gap  is  of  even  greater  importance 
as  regards  sharp  quenching,  efticiency  and  reliabiUty.  Iron,  zinc, 
brass  and  aluminium  are  all  quite  unsuitable  for  the  purpose.  The 
best  materials  are  copper  and  silver — i.e..  metals  with  specially  good 
heat  conductivity — and  only  with  these  substances  can  a  sharp 
quenching  be  obtained,  even  with  couplings  of  20  per  cent,  and 
upward.  Close  coupling  is  necessary  for  the  energy  to  be  quickly 
distributed  and  for  the  spark-sap  to  be  instantaneously  unloaded 
and  cooled  ready  for  the  next  discharge.  For  the  same  reasons,  as 
regular  discharges  as  possible  are  to  be  recommended,  for  then  the 
cooling  time  is  best  employed.  A  large  number  of  spark-gaps  give 
rise  to  no  complications,  as  they  need  not  be  inspected  more  than 
once  every  few  weeks  ;  and,  further,  a  very  simple  regulation  of  the 
sender  energy  is  obtainable  by  cutting  out  one  or  more  of  the  spark- 
gaps  or  by  inserting  a  resistance  in  series  with  them.  A  very  small 
proportion  of  the  full-load  energy,  say  one-hundredth  or  less,  may 
thus  be  used,  when  short  distances  have  to  be  traversed,  without 
altering  the  sound  of  or  damping  the  oscillations. 

Rapid  quenching  of  the  sparks  can  be  effected  more  accurately 
when  the  energy  in  each  spark-gap  is  relatively  small,  and  when  the 
spark  distance  is  kept  short.  Hydrogen*  may  be  used  instead  of 
air  for  enclosing  the  gap,  an  arrangement  which  allows  longer  gaps 
to  be  employed,  if  desired,  and  reduces  the  energy  consumed.  It 
may  be  noted  that  it  is  possible  to  obtain  a  single  oscillation  from  a 
coupled  sender  with  an  ordinary  spark-gap  by  submitting  it  to  a 
strong  enough  blast.  This  was  shown  by  I'ichon  in  1907,  who 
succeeded  in  obtaining  from  a  5  mm.  spark  and  a  20  per  cent,  coupled 
sender  a  single  wave  by  submitting  the  gap  to  a  very  strong  blast  of 
nitrogen.     This  arrangement  is,  however,  very  inefficient. 

There  is  as  little  trouble  with  the  capacity  as  there  is  superfluity 
of  it  with  the  spark-gap.  The  rapid  quenching  in  the  primary 
circuit  makes  it  unnecessary  to  consider  any  small  losses  in  the 
latter,  and  low-efficiency  paper  condensers  have  been  used  without 
any  difficulty.  No  trouble  is  exoerienced  from  edge  discharge,  as 
the  short  primary  waves  only  slightly  ionise  the  surrounding  at- 
mosphere. 

Tlie  damping  of  the  exciting  cucuit  with  ordinary  spark-gaps  is, 
in  fact,  generally  considered  from  the  ^vrong  standpoint.  Unloaded 
ga|)s  are  measured  to  find  the  energy  transmitted,  and  a  decrement 
of  0-2  is  allowed  for  the  antenna.  This  factor  should,  however,  have 
a  value  between  0-08  and  0-03,  as  shown  by  the  resonance  ciu-ve  in 
Fig.  7.  Under  these  circumstances,  the  value  of  the  reduction 
which  should  be  made  in  the  unloaded  exciter  damping  is  not 
so  large  as  is  generally  thought.  For  instance,  with  an  old  type  of 
sender,  the  rather  low  damping  on  no  load  of  0-35  was  obtained, 
yet  this  sender  was  able  to  communicate  with  ships  over  distances 
up  to  950  miles,  using  only  1-5  kw.  in  the  primary.  It  was,  therefore, 
very  efficient  in  practical  worldng,  and  the  only  points  that  need 
be  considered  are  safety  in  operation  and  the  reduction  of  the  space 
occupied  by  the  apparatus  to  a  minimum. 

Owing  to  the  sharp  quenching  of  the  exciter  a  hitherto  miknown 
economy  is  obtained  in  the  generation  of  the  high-frequency  oscilla- 
tions. The  efficiency  of  a  2  kw.  generator  with  a  frequency  of  ,500 
K  about  75  per  cent.,  that  of  the  induction  coil  about  80,  and  that  of 
the  high  frequency  exciter  85  per  cent.,  so  that  the  overall  efficiency 
is  50  per  cent.,  or,  without  the  machine,  65  to  70  percent.  In  a  larger 
equipment,  such  as  an  8  kw.  station.  iti.s  naturally  higher.  Compare 
these  results  with  those  obtained  in  the  spark  method  with  an 
efficiency  of  20  per  cent.,  and  with  those  of  the  arc  with  an  efficiency 
of  10  to  15  per  cent.  !  This  increase  in  efficiency  is  of  es])ecial  im- 
portance, in  portal)le  stations,  as  less  weight  and  volume  are  neces- 
sary for  the  same  output. 

The  arrangement  of  the  .secondary  circuit  was  much  more  difficult, 
as  the  energy  remains  in  it  for  a  long  time,  and  its  damjjing  must  be 
proportioned  to  that  of  the  transmitted  wave.  A  choice  had  to  be 
uiado  between  tlie  old  Braun  and  the  "  Zwischenlvreisschaltung "' 
arrangements.  The  latter|  possessed  great  electrical  advantages, 
but  required  a  strongly  damped  antenna,  which  oftons  means  an 
incirase  in  the  mast  height.     The  Braun  arrangement  was.  thei'e- 


adopled  in  conjunction  with  slowly-transmitting  .slightly- 
i^iped  antenna>.  especially  as  this  arrangement  was  more  suitable 
'I  receiving.!  Rut  on  the  other  hand,  a  number  of  difficulties  had 
'  li  •  considered  in  this  eonnecti(m,  for  a  slightly-damped  antenna 
il;   imposes  a  smaller  damping  on  the  discharge,  and,  in  order  not 
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to  make  the  antenna  efficiency  too  low,  all  damping  losses  must  be 
reduced  to  a  minimum,  including  those  due  to  earth  current  and  silent 
discharges.  A  special  set  of  equipment  has  been  designed  for  this 
purpose,  including  insulators  and  improved  antenna  material. 
Further,  the  resistance  los.ses  in  the  antenna  transformers  have  been 
greatly  reduced.  For  this  purpose  very  fine  copper  wires  with  a  maxi- 
mum diameter  of  007  mm.  have  been  used  in  the  windings,  a  number 
of  which  are  connected  in  parallel  and  insulated  from  each  to  other 
to  give  the  necessary  low  antenna  resistance.  Low  resistances  are  a 
necessity  for  high  antenna  currents,  and  in  the  latest  2  kw.  stations, 
with  an  antenna  capacity  of  1,000  cm.,  a  current  of  13  amperes  is 
obtained  with  a  wave-length  of  1,000cm.  and  an  antenna  resis- 
tance of  6  ohms.  The  antenna  coils  consist  of  480  single  wires 
connected  in  parallel.  In  the  8  kw.  station  the  capacity  is  2,0f)0  cm., 
the  current  35  to  40  amperes  for  the  same  wave-length,  and  the 
resistance  is  3  ohms.  Over  3,000  wires  are  used  in  winding  the  coil. 
All  the  wires  must  be  equally  loaded,  a  condition  which  is  obtained 
by  using  wires  of  equal  ohraic  and  inductive  resistance. 

To  alter  conveniently  the  antenna  wave-length,  a  part  of  these 
windings  is  used  as  a  variometer,  while  the  rest  can  be  cut  out  by 
steps,  so  that  wave-lengths  varying  over  a  verj'  wide  range  can 
easily  be  obtained.  On  the  other  hand,  in  the  older  methods,  if 
the  wave-length  was  increased  to  more  than  one  and  a  half  times  the 
normal,  the  range  decreased  rapidly.  Altering  the  length  of  the 
coils,  too,  resulted  in  an  increase  in  the  spark-gap  losses,  owing  to 
the  increase  in  the  number  of  oscillations.  In  the  quenched  spark 
system,  however,  after  the  first  oscillation,  the  primary  circuit  is 
cut  off  from  the  oscillations,  and  there  is  no  increase  in  the  lo.sses. 

Turning  to  the  receiver,  a  choice  of  defector  and  its  connection  is 
limited  by  the  energy  form  of  the  sender,  and  falls  with  singing 
sparks  into  three  main  classes. 

The  first  condition  is  a  very  rapid  impulse  frequency  with  a 
relatively  small  maximum  voltage,  allowing  long  ranges  to  be  ob- 
tained even  with  short  antenna?.  For  this  puipose  only  such  de- 
tectors as  electrolytic  cells,  and  especially  the  so-called  contact 
detector,  which  works  as  a  rectifier  and  without  a  relay,  need  be 
considered.  The  more  rapid  the  impulse  frequency  and  the  shorter 
the  pauses  the  lower  the  maximum  voltages  in  both  sender  and 
receiver,  the  more  imsuitable  is  the  coherer,  the  limit  to  this  being 
reached  with  untlamped  waves  of  small  amplitude. 

The  author  then  reviews  the  development  of  the  contact  detector, 
paying  special  attention  to  the  work  of  Braun  and  to  that  of  Wien* 
and  Austin. f     The  Poulsen  ticker  arrangement  is  also  referred  to. 
The  second  condition  is  the  singleness  of  wave  and  small  damping  of 
the  transmitted  oscillations.  In  the  earliest  coupled  senders  the  energy 
was  divided  about  equally  between  the  waves,  and  attempts  to  tune 
both  sender  circuits  failing,  the  receiver  was  tuned  on  one,  usually 
the  shorter,  wave.     This  arrangement  meant  a  certain  loss  of  energy, 
and  possessed  other  disadvantages — disadvantages  which  are  over- 
come in  the  new  sender  by  the  suppression  of  the  coupled  wave  and 
by  a  decrease  in  the  damping.     Increased  tuning  and  resonance  is 
thereby  obtained.     These  two  ad\  antages  possessed  by  the  quenched 
spark  method  mark  a  great  advance.     The  small  damping  permits 
the  use  of  a  loose  coupling  between  the  receiving  antenna  and  a 
minimum  damped  secondary  circuit,  from  which  at  each  oscillation 
a  definite  amount  of  energy  is  sent  to  the  detector.     The  coupling 
was  formerly  so  loose  that  no  wave  was  noticeable  at  the  reoeivini: 
end,  so  that  the  energy  from  the  single  wave  was  \ery  well  picked 
up.     In  spite  of  the  view  that  still  looser  coupling  should  be  em- 
ployed, it  has  been  made  close  in  the  singing  spark  system,  and  the 
arrangements  show  n  in  Figs.  8.i  and  8n  have  been  adopted  for  short 
and  long  waves  respectively.!     Dr.  Kiebitz  has  shown  in  this  con- 
nection that  neither  sensitiveness  nor  freedom  from  disturbance  are 
sacrificed  by  directly  transfcring  the  antenna  energy  to  the  receiver. 
On  the  otlier  hand,  the  loose  receiver  coupling  recommended   by 
Mandelstan  and  Brandes§  is  not  as  successful  against  atmospheric 
disturbances  as  was  hoped. 

Only  one  method  of  preventing  disturbances  is  possible— that  is 
to  give  the  sender  an  individuality,  and  to  alli>w  it  to  work  directly 
on  to  an  induction  coil.  It  is  very  disad\ antageous  to  have  any 
tran.sformation  of  the  receiver  encrgv  which  shall  reduce  or  alter  tlic 
individualltv  of  the  sender.  In  the' so-called  calling  apparatus  which 
is  now  being  placed  on  the  market,  and  which  is  designed  to  close  a 
local  circuit  by  means  of  the  detector  current  and  cause  a  Ik^II  to  rmg. 
we  use  a  certain  selectivencss  .  The  apparatus  consist.s  of  a  movmg- 
coil  instrument  having  a  sensitiveness  of  10-' ampeivs  per  .scale 
division.  Owins  to  the  pointer  moving  there  m-curs  at  nUervals 
of  10  -seconds  a  good  contact,  which  closes  the  local  circuit.     Atmos- 
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pheric  disturbances  and  short-lived  impulses  of  any  kind  do  not 
move  the  point  from  its  zero  position,  but  a  series  of  ira])ulses  lasting 
from  1(1  to  20  seconds  puts  it  in  operation. 

The  third  distinguishing  characteristic  of  the  singing  spark  system 
is  the  very  hne  individuality  of  the  sender.  The  musical  sound  of 
the  spark,  in  fact,  gives  each  sender  a  distinguishing  mark  other  than 
the  wave-length  and  the  damping.  A  great  advantage  is  that  the 
signals  are  transmitted  as  clear  musical  sounds,  and  although 
attempts  to  do  this  have  often  been  made,  they  have  never  suc- 
ceeded. This  characteristic  is  the  reason  for  the  extraordinary 
results  obtained  with  the  new  system,  as  it  allows  the  signals  to  be 
clearly  distinguished  from  atmospheric  disturbances ;  a  differentia- 
tion not  possible  with  either  the  old  spark  or  arc  arrangements.  And 
this  differentiation  is  possible  in  the  singing  spark  system,  however 
large  the  disturbances  are,  even  up  to  the  breaking-down  point  of  the 
detector.*  The  sender  can  be  easily  adjusted  to  transmit  sounds 
slightly  different  from  the  standard,  and.  thanks  to  the  adapti- 
bility  of  both  the  ear  and  telephone  in  compassing  a  large  scale, 
great  variations  in  the  frequency,  say  from  200  to  2.000,  may  be 
employed. 

Attempts  were  made  to  obtain  a  better  sound  efficiency  by  the 
employment  of  both  electrical  and  acoustic  resonance,  in  accordance 
with  the  advice  of  Wien.  but  these  were  not  successful.  On  the 
other  hand,  a  very  much  better  efficiency  vas  obtained  by  the  em- 
ployment of  the  tuned  telephone  relay.  The  long-sought-for  solution 
to  the  problem  of  a  telephone  relay  has  been  simplified  in  this  special 
case  by  the  fact  that  the  rhythmically  ])ulsating  detector  current 
passes  through  the  high  resistance  winding  of  an  electromagnet,  in 
whose  Held  is  a  light  armature  with  a  period  of  oscillation  correspond- 
ing to  that  of  the  required  sound.  Jlicrophone  contacts  are  placed 
against  this  armature,  and  these  are  connected  with  the  winding 
of  a  second  electromagnet  and  a  local  battery.  A  current  of  greater 
strength,  but  pulsating  rhythmically  with  the  first,  is  sent  through 
this  second  winding,  and  communicated  to  a  second  armature  with 
increa.sed  amplitude.  By  three  such  arrangements  it  is  possible  to 
raise  the  detector  current  from  10"^  to  I0~-  amperes,  and  by  this 
means  a  loud-sjieaking  telephone  or  Jlorse  instrument — connected, 
of  course,  through  a  suitable  relay — can  be  used.  Such  a  resonance 
relay  increases  not   only  the  .selectiveness.  but  also  the  sensitiveness. 

With  regard  to  the  other  advantages  of  this  system  the  reader  is 
referred  bj-  the  author  to  the  article  which  appeared  in  The  Elec- 
trician for  April  30,  1909. 

The  following  are  some  data  relating  to  the  outputs  of  the  present 
standard  apparatus  : — 


Primarv  out- 

Height of  mast. 

Range. 

Over  laud  or 

put.     Kw. 

Metres. 

Km. 

sea. 

1-5 

20 

200 

Land 

1-5 

30 

350 

1-5 

45 

550 

Jlountainous  land 

1-5 

35 

600 

Sea 

80 

60 

2,500  3,000 

Level  land 

200 

60 

3,500  -4,500 

or  sea 

The  above  concluded  the  literary  portion  of  the  lecture,  and  the 
author  then  turned  to  demonstration.  He  showed  by  means  of 
apparatus  on  the  lecture  table  the  operation  of  the  resonance  relay 
(Resonanzlautverstarker).  Kee[)ing  the  electric  tuning  on  both 
sender  and  receiver  constant,  he  altered  the  acoustic  resonance  over 
a  range  from  one  octave  above  to  two  octaves  below  the  fundamental, 
and  showed  how  the  sound  from  the  sender  altered.  The  relations 
between  the  intensity  and  sharpness  are  the  same  in  this  case  as  with 
electrical  tuning.  The  operation  of  the  "  Stosserregung "  was 
further  demonstrated  by  means  of  a  pendulum  similar  to  that  used 
by  Prof.  Fleming  at  his  recent  Royal  Institution  discour.se.  and 
described  on  p.  332  of  our  last  issue. 

A  2  kw.  quenched  spark  station  delivering  singing  s])arks  was 
shown,  an  artificial  antenna  being  u.sed  wliose  electrical  dimensions 
were:  Capacity  (C')  =  1,000  cm.,  self-induction^  (L)=.51,200  cm., 
fundamental  wave  (X„)  =  450  m.,  and  damping  (eo)  =  0-08,' or  such 
as  would  be  employed  on  a  shij)  station  with  a  T  antenna.  With 
such  an  antenna  a  wave  range  from  (iOO  to  2.000  metres  could  be 
continuf)Usly  obtained.  The  energy  consumed  in  this  arrangement 
was  measured  by  a  wattmeter  in  the  transformer  circuit,  and  a  hot- 
wire ammeter  in  the  antenna  circuit.  These  gave  readings  of  1-.5  kw. 
and  13  amperes  respectively.  Taking  the  dimensions  given  above, 
the  antenna  resistance  works  out  at  ii-S  ohms,  whence  the  efficiency 
of  the  arrangement  is  60  per  cent. 

The  singleness  of  the  wave  and  damping  in  the  antemia  was  then 
shown  by  means  of  a  wave  measurer.  The  antenna  was  connected 
with  a  large  detector,  and  the  tuning  and  loudness  of  the  oscillations 

•  Kicbit/.  "  Llektrotethnische  Zeitschrift,"  1909,  p.  222,  The  Elec- 
TRicus,  Vol.  LXIII.,  p.  99. 


could  be  distinctly  heard.  The  quenched  spark  (M|uipmcnt  was  then 
removed  and  one  producing  the  ordinary  coupled  waves  substituted 
and  the  differences  demonstrated.  The  easy  regulation  of  the 
spark-gap  was  also  commented  on. 

The  lecture  then  continues:  "  I  concluded  my  lecture  before  the 
Schiffsbautechnischen  Gesellschaft  in  December.  1907.  with  the 
question:  Which  is  the  method  of  the  future  ?  I  called  attentioQ 
to  the  apparently  successful  production  of  a  vapour  lam]),  and  re- 
marked that  practice  would  have  the  last  word  on  the  subject.  The 
vapour  lamp  has  not  yet  made  its  appearance  in  practice,  but  has,  in 
fact,  received  a  knock-do«ii  blow  by  the  introduction  of  Wien's 
method.  In  the  course  of  only  a  year  this  new  method  has  risen 
from  laboratory  beginnings  to  a  workmanlike  and  well-tested  equip- 
ment, which  appears  to  work  extraordinarily  well  in  practice.  At 
powers  of  about  1  kw..  measured  but  now  after  one  years  working, 
and  without  the  principle  of  the  arrangement  being  altered  in  any 
way.  a  .50  kw.  station  has  been  constructed,  by  means  of  which  as 
much  as  30  kw.  can  be  delivered  to  the  antenna  as  oscillatory  energy. 
This  station  will  shortly  be  erected  and  tested  at  our  Nauen  experi- 
mental station.  6  kw.  delivered  to  the  antenna  allows  a  range  of 
3,000  km.  to  be  covered,  so  that  30  kw.  predicates  a  range  of  many 
thousand  kilometres,  and  the  conversion  of  the  ether  into  the 
earth's  space  vector," 


THE  LEPEL  WIRELESS  TELEGR&PH  SYSTEM. 

liY    LAKON    VON    LKFKL. 

I  should,  like  to  make  the  followins;  remarks  on  the  recent 
publications  of  Count  Arco  in  The  Blectricl\n,  and  in  the 
German  technical  and  dailj-  press,  regarding  the  new  system  of 
singing  sparks,  and  especially  on  Count  Arco's  lecture  at 
Cologne  on  June  4th.* 

In  reply  to  the  letter  of  the  Lepel  Wireless  Syndicate  pub- 
lished in  The  Electrician  on  May  14,  1909,  Count  Arco  also 
published  a  letter  in  the  issue  of  May  21,  1909,  in  which  he 
stated  that  the  Manager  of  the  Syndicate,  Capt.  A.  Simpson, 
had  no  right  to  remark,  owing  to  his  ignorance  of  the  Tele- 
funken  patents,  that  the  singing  spark  system  was  a  serious 
infringement  of  the  patent  rights  of  the  Lepel  Wireless  Syndi- 
cate.    I  know  Count  Arco's  statement  to  be  quite  untrue  on 


Extracts       from        translation      of    Extracts    from    translations    of    the 


Telefunl-en    Company^s    Oerman 
Pate  Jits. 

No.  G.  27,483.  Filed  Aiiguit  20, 
1908.  Laid  open  April  13,  1909. 
Patent  claim  .  .  .  consisting  of 

two  electrodes  pressed  against  each 


E.  Von  Lepel's  German  Patent 
No.  24,757.  Filed  August  20, 
1907.     Laid  open  April  12,  1909. 

Claim  1.  Generator  for  the  pro- 
duction of  rapid  electrical  oscilla- 
tions from  direct  or  alternating  other  with  intermediate  insulating 
eunent,  consisting  of  two  electrodes  material,  characterised  by  the  fwit 
between  which  an  electrical  dis-  that  at  the  ends  of  the  insulating 
charge  takes  place,  and  with  which  material  the  distance  of  the  elcc- 
one  or  more  oscillating  circuits  are  trodes  is  greater  than  in  the  spark- 
connected  in   parallel :    charauter-     ing  space. 

ised  by  the  fact  that  the  working  2.  Spark-gap  according  to  claim 
surfaces  of  both  electrodes,  of  which  1  characterised  by  a  ring-shaped 
the  negative  must  be  metallic,  are  sparking  space, 
parallel  to  one  another  and  are  j^,,  g  27,164.  Filed  June  23, 
separated  by  a  gap  which  js  small  jggg  j^-^  „p^„  ^^^^  y^  jgog 
m  comparison  with  their  area.  qi^^^     j      Disposition    of    two 

Claim  2,  Generator  according  to  modifications  (?)  of  the  Wien  pro- 
claim 1  characterised  by  an  arrange-  oess  of  )iroihiiing  electric  oscilla- 
ment  to  prevent  the  discharge  tions  (liis.KinL'  s|i;uk)  gap  in  which 
travelling  to  the  edge  of  the  elcc-  several  spiukgaijs  are  connected 
trodes,  consisting  of  an  anuidar  in  series,  characterised  by  the  fact 
layer  of  a  suitable  insulating  mate-  that  the  electrodes  of  the  spark- 
rial,  jueferably  paper,  between  gap,  which  consist  of  not  easily 
them.  volatilised    heat-conducting   mate- 

rial,   are    in   the   shape   of    plates 
and  are  at  or  about  the  same    distance   from    each  other  for  an  area, 
which  is  considerable  in  comparison  with  the  spark-gap. 
No.  a.  28,198.  Filed  May  Ifi,  1908.  Laid  open  April  13,  1909. 

Claim  .  .  .  characterised  by  the  fact  that  tlie  spark-gap  is  enclosed  so 
as  to  be  as  far  as  possible  air-tight. 

Specification.  The  invention  relates  to  a  spark-ga])  for  the  Wien 
])rocess  and  differs  from  known  forms  by  the  fact  that  all  access  of  air  ti> 
the  spark-gaj)  is  impossible.  This  has  the  effect  of  making  the  sparks 
much  more  regular,  which  is  probably  chiefly  due  to  the  fact  that  the 
sparking  surfaces  can  be  oxidised  only  to  a  very  limited  degree.  Such 
a  spark-gap  in  which  the  elcctrndis  arc  made  of  copper  will,  after  having 
been  worked  for  hours,  hardly  show  a  suspiciim  of  oxidisation. 


'  Abstracted  on  p.  370  of  this  issue. 
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account  of  the  practically  simultaneous  puljlication  in  April, 
1909,  of  the  master  patents  of  both  the  Telefunkcn  Company 
and  the  Lepel  Wireless  Syndicate. 

CountArcoincorrectlystated  thatwehadno  knowledge  of  the 
Telefunkcn  patents,  and  he  denied  any  knowledge  of  our 
German  specifications,  so  that  I  am  compelled  to  reproduce  the 
corresponding  parts  in  both  specifications.     [See  page  374). 

The  identity  of  both  arrangements  is  clear,  and  it  only  re- 
mains to  remark  that  the  api)lication  of  the  Telefunken  Com- 
pany was  made  about  a  year  later  than  mine.  Coming  now  to 
the  development  of  the  system,  as  explained  by  Count  Arco, 
at  Cologne,  on  June  4th,  he  goe.s  back  a  long  way  and  makes 
the  statement  that  American  stations  have  employed  very 
high  spark  rates  for  many  years.  But  the  Telefunken  Com 
pany  thought  that  the  messages  had  been  picked  up  under 
specially  good  receiving  conditions,  and,  therefore,  attached 
no  importance  to  these  facts.  Count  Arco  then  gives 
an  account  of  the  work  which  was  carried  out  by  the  Telefun- 
ken Company  with  mercury  vapour  lamps  by  Eendahl,  and 
shows  that  the  company  had  for  a  long  time  experimented 
with  the  "  Stosserregung,"  when  in  1908  occurred  a  great 
change  in  direction  on  the  part  of  the  Telefunken  staff. 

In  December,  1906,  was  published  by  Prof.  Wien  the  pro- 
perties of  a  very  powerful  discharge  which  could  be  obtained 
from  very  short  spaik-gaps.  llesearchcs  were  made  on  these, 
and  their  very  great  advantages  for  wireless  telegraphy  amply 
demonstrated.  After  this  puldication,  which  as  remarked  by 
Count  Arco,  occurred  in  December,  1906,  it  was  still  a  long 
jonrney  to  the  design  of  an  arrangement  liy  which  a  simple 
and  technical  apparatus  could  be  obtained  for  transforming  a 
large  amount  of  energy  with  a  good  etfic-ieucy  ;  and  Count 
Arco  says  that  the  first  researches  of  the  Telefunken  Company 
in  this  direction  were  abandoned  ;  until  suddenly,  in  March, 
1908,  the  Telefunken  Company  were  blessed  with  enlighten- 
ment. 

The  above  is,  very  shortly, what  is  laboriously  stated  by  Count 
Arco  in  his  lecture  in  proving,  in  advance,  an  alibi  for  the 
Telefunkcn  Company  against  all  later  assaults  on  their  jjosition. 
Itisinterestingtonotehere  that  Count  Arco  remarks,  "besides 
this,  other  methods  of  generation  have  been  proposed,  which 
appear  to  employ  the  '  Stosserregung  '  liy  means  of  an  arc  lamp 
(Zenneck,  Leitfaden  dor  drahtlosen  Telegraphie) — (;/;.,  the 
methods  of  the  Badische  Anilin  &  Soda-Fabrik  and  that  due  to 
Lepel.  About  the  first  nothing  is  known,  while  about  that  of 
Lepel  some  details  have  appeared  in  different  daily  papers.  It 
appears  to  employ'  an  arc  immersed  in  hydrogen  and  playing 
between  two  very  close  metal  surfaces,  by  which  practically 
continuous  oscillations  are  ol>tained  in  the  secondary  ciicuit." 

I  feel  myself  pledged  to  quote  Count  Arco's  lecture  at  this 
place,  because  by  it  a  fierce  light  is  thrown  on  bis  outspoken 
wala  Jiiliv,  for  he  by  this  time  must  have  known  of  the  publica- 
tion of  our  German  patent  specification.  I  will  now  go  on  to 
certain  important  points  in  the  development  of  the  historj'  of 
my  system.  As  a  result  of  early  researches  on  the  conduc- 
tivity of  thin,  badly-conducting  sheets,  I  obtained  in  November 
and  December,  1906,  a  very  simple  arrangement  for  generating 
electric  oscillations,  and  broujihtit  to  a  sufficient  state  of  perfec- 
tion that  I  was  able  to  show  the  very  primitive  arrangement  to 
Count  Arco.  In  January,  1907,  he  came  at  my  invitation  to  my 
residence  in  Berlin,  after  I  had  first  bound  him  over  to  strict 
secrecy.  I  possess  correspondence  with  him  from  which  it 
appears  that  he  paid  repeated  visits  with  his  then  chief  of 
laboratorj'  staff',  Mr.  Rendahl.  Numerous  tests  were  carried 
out  by  them  to  investigate  my  arrangement,  which  I  had,  unfor- 
tunately, shown  them,  with  the  result  that  the  Telefunken  Com- 
panyentered  into  negotiations  for  the  purchase  of  the  invention. 

Both  Count  Arco  and  Mr.  Rendahl  considered,  as  I  did,  that 
the  phenomenon  was  not  suited  for  arc  but  for  spark  working. 
And  they  agreed  with  me  that  the  arrangement  would 
work  as  well  with  direct  current  as  with  alternating  current, 
iind  that  by  connecting  several  apparatus  in  parallel,  as  well  as 
by  using  high  voltages  and  series  connection,  very  large 
amounts  of  energy  could  be  safely  generated.  The  Telefunkcn 
Company  had  only  an  interest  in  my  invention  as  regards  its 
use  in  wireless  telephony,  for  which  only  small  amounts  of 
energy  have  to  be  used.    Tlu^  also  considered  that  practically 


continuous  oscillations  were  unsuitable  in  wireless  telegraphy, 
because  the  use  of  a  coherer  was  impossible  with  them,  and  a 
good  effect  could  not  even  be  obtained  with  a  telephone  receiver. 
Even  with  the  Poulsen  ticker,  under  the  most  suitable  con- 
ditions, an  integration  of  at  most  .")0  oscillations  were  obtainable. 
My  work  was,  therefore,  confined  from  that  time  to  direct 
current  at  a  pressure  of  220  volts  I  ordered  in  the  Telefunken 
shops  a  very  simple,  but,  unfortunately,  a  very  inaccurate, 
apparatus  with  a  ring  jpark-gap,  with  which  exhaustive  tests 
were  supposed  to  have  been  made  in  the  Telefunkcn  laboratory 
shortly  before  Easter,  1907,  and  always  under  Count  Arco's  vow 
of  secrecy ;  in  reality,  a  test  was  made  which  lasted  about  an  hour 
and  when  I  inquired  of  Count  Arco  as  to  his  opinion  on  the 
result  he  stated  that  this  arrangement  was  quite  sufficient  to 
convince  him  of  the  unsuitability  of  the  system  for  wireless 
telephony,  as  the  tone  was  "  coloured  "  when  receiving. 

In  this  experiment  I  used  two  very  large  ring  shaped  metal 
electrodes  which  were  planed  as  level  as  possible,  and  whose 
surfaces  were  placed  as  nearly  as  possible  parallel  at  a  distance 
apart  of  something  in  the  neighbourhood  of  j„  mm.  Tests  weie 
also  made  with  polished  electrodes,  using  between  them  a  thin 
layer  of  V^enetian  turpentine.  At  this  time  Count  Arco  asserted 
that  he  had  doubts  as  to  the  validity  of  my  patent,  as  it  dealt 
simply  with  the  subject  of  a  new  spark-gap.  I,  therefore,  continued 
working  with  my  arrangement  and  communicated  confidentially 
the  improved  apparatus  thus  obtained  to  Pou'sen  in  June  and 
September,  1907.  In  September,  1907, 1  sent,  with  thenew  system 
and  with  very  good  results,  the  first  news  over  along  distance, 
namely,  between  Lyngby  and  Esjbcrg,  using  Poulsen's  mast, 
and  with  his  ticker  as  a  receiver.  The  direct  current 
used  in  this  case  was  H  amperes,  the  terminal  voltage  being 
440  volts,  the  distance  covered  being  about  100  miles.  The 
hearing  was  good  and  the  tuning  obtained  was  equal  to  that 
with  the  Poulsen  apparatus.  A  single  wave  about  1,000 
metres  long  was  transmitted.  I  showed  Poulsen  two  things 
in  the  laboratory  ;  first,  that  the  damping  of  the  oscillations  in 
an  artificial  antenna  could  be  varied,  as  desired,  over  the  widest 
limits  by  altering  the  damping  of  the  antenna',  and,  second, 
that  the  generation  of  theo5cillations  was  possible  svith  my  appa- 
ratus both  with  anil  without  the  employment  of  a  ring  of  paper 
between  the  plates.  Equal  energy  and  sharpness  of  tuning  was 
ol)tained  in  both  cases,  and  there  was  merel}'  an  improvement 
in  the  constancy  of  the  oscillations,  by  placing  a  ring  of  in- 
sulating material  between  the  plates.  I  was  thus  able  to  dis- 
prove Poulsen's  objection  that  the  hydrogen  obtained  from  the 
p.iper  was  necessary  for  the  generation  of  the  oscillations. 

As,  however,  I  could  come  to  no  working  arrangement  with 
the  Poulsen  Company  I  determined  to  work  privately,  and 
used  a  fairly  old  statiim  at  l\einickcndorf,  near  Berlin,  and 
a  second  station  placed  at  Brunswick.  At  this  station  in 
January,  1908,  I  first  showed  my  arrangement  to  the  chief  of 
the  Wireless  Telegraph  Section  of  the  Piussian  army.  Lentil 
June,  1908,  I  carried  on  tests  over  long  distances,  for  instance, 
between  Berlin  and  Norddeich,  about  312  miles,  with  the 
Poulsen  ticker  as  receiver.  I  then  first  succeeded,  in  conjunc- 
tion with  Dr.  W.  Burstyn,  in  putting  into  practic.il  operation  the 
receiving  arrangement  designed  by  him.  From  this  moment 
our  system  took  u])  an  independent  position. 

Since  1908  the  Telefunken  Company  had  for  ni.iny  months 
an  almost  daily  opportunity  of  over-hearing  the  working  of  our 
station  at  Iv'eiiiickendorf,  both  telegraphing  ami  telephoning, 
and  to  acquaint  themselves  with  the  constancy  of  the  wave- 
length and  the  singularity  of  our  cscillations.  For  this  reason 
furtlier  negotiations  were  undertaken  with  the  Telefunken 
Company  in  March,  1908,  which  resulte.l  in  Count  Arco  refusing 
to  guarantee  the  amount  of  sccrcty  required  by  mj  partner^  and 
myself,  which  was  demanded  on  account  of  the  state  of  our 
patent  specification.  At  this  time  Count  Arco  informed  me 
that  he  had  often  heard  our  signals  at  Furstenbrunn,  a  trial 
station  of  the  Telefunken  Company. 

Last  September  I  came  to  England  with  two  stations,  and 
worked  here  for  three  months  under  the  auspices  of  the  War 
Department  with  Capt.  Evans  at  Aldershot.  Soon  afterwards 
these  stations  were  jjurchased  by  the  British  War  Office,  and 
the  Lcpcl  Wiielcss  Telegraph  Syndicate,  Limited,  with 
offices    ill    London,   was  founded  i   iho   first    step  towards   a 
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wider  publicity  being  thus  made.  Up  to  tliis  time  the  work 
had  been  carried  on  by  me  with  the  kind  and  able  help  of  Dr. 
W.  Burstyn  and  General  von  Gayl.  The  first  of  these  intro- 
duced, besides  the  receiver  mentioned  aliove,  a  number  ot 
important  details  and  improvements  into  the  new  system.  On 
account  of  the  small  number  of  the  staft'  which  has  been  working 
en  my  system  its  development  has  naturally  been  relatively 
slow.  This  development  was  undertaken  in  the  direction  of 
obtaining  not  only  a  suitable  system  for  wireless  telegrajihy 
but  also  for  telephonj-,  a  fact  which  has  led  me,  after  certain 
tests  with  alternating  current,  to  return,  as  regards  energy 
generation,  to  direct  current.  My  idea  was  to  use  as  far  as 
possible  voltages  under  .')00  volts,  thus  obtaining  a  cheap  system 
over  moderate  distances.  I  have  succeeded,  in  fact,  without  a 
series  arrangement,  in  obtaining  an  apparatus  which  is  cheap 
and  which  embodies  all  practical  requirements.  For  the  further 
development  of  alternating-current  working  the  necessary  labora- 
tory staff  has  been  obtained  and  a  method  of  generating  oscilla- 
tions by  alternating  current  is  contained  in  our  patent. 

Besides  this  I  have  made  another  very  considerable  step,  for 
I  have  succeeded  by  the  simplest  methods  in  transmitting  a 
musical  note  in  our  direct-current  stations.  This  note  is  very 
clear  and  strong,  and  possesses  many  advantages  over  that 
generated  by  alternating  current.  Two  of  these  can  be  set 
down  here.  The  tcne  can  be  altered  as  quickly  as  need  be  over 
the  whole  acoustic  scale,  and  no  complicated  and  costly  machi 
nery  is  necessary  to  do  this.  In  order  to  obtain  an  idea  of  the 
eflBciency  of  this  latest  improvement,  I  may  inform  you  that 
the  chief  of  the  Koyal  Wireless  Station  at  Scheveningeu  has 
written  me  that  the  competent  stafi"  there  heard  a  few  days 
ago  "God  Save  the  King,"  which  we  were  playing  at  our  Slough 
station  by  means  of  an  electric  piano.  This  apparatus  can,  of 
course,  be  also  used  for  alternating  current.  Tests  are  now 
being  carried  out  on  long-distance  work,  and  I  shall  be  pleased 
to  describe  these  later. 

I  therefore  think  that,  under  the  limitations  which  are 
necessary  when  publishing  an  article  in  the  technical  Press, 
I  have  made  it  clear  that  the  new  Telefunken  system  is  not  an 
accidental  but  an  intentional  copy  of  my  system,  and  I  will,  in 
conclusion,  ask  Count  Arco  the  (juestion  whether  it  is  unknown 
to  him  that  his  own  engineers  designate  the  so-called  new 
Telef\inken  system  as  "  Die  Lepelei." 


THE  LEPEL  WIRELESS  TELEGRAPH  SYSTEM. 

BY  .J.  EKSKINE-MUKIiAY,  D.SC. 

As  a  considerable  amoiint  of  misconception  appears  to  exist 
as  to  the  function  of  the  generator  in  the  Lepel  .system,  I  was 
recently  reipiested  by  the  Ijcpel  Syndicate  to  make  a  series  of 
experimental  measurements  which  should  determine  definitely 
the  character  of  the  discharge  through  the  gap  between  the 
electrodes.  This  experimental  investigation  is  not  yet  com- 
plete in  all  its  details,  but  as  decisive  results  have  been  ob- 
tained on  the  points  of  major  importance  it  is  unnecessary  to 
delay  j)ublication  of  the  latter  ;  further  details  being  reserved 
for  a  later  communication. 

1.  The  electrodes  between  which  is  the  gaseous  section  of 
the  primary  high-frequency  circuit  are  metal  plates  about 
8  cm.  in  diameter.  The  upper  plate,  which  is  usually  of  biass 
or  some  similar  alloy  when  direct  current  is  used,  is  cooled 
by  contact  with  a  metal  tank  through  which  water  circulates. 
The  lower  plate  is  usually  of  copper  and  is  itself  a  hollow  box 
through  which  water  is  passed  continuously.  As  the  air  ga]) 
between  them  is,  I  find,  under  ordinary  working  conditions 
only  about  005  mm.  the  conditions  are  favourable  to  an 
extremely  rapid  cooling  of  the  gas  heated  by  the  discharge. 
Prof.  Fleming,  in  his  article  on  "  The  Telcfunkeu  or  t^)iienched 
Spark  Discharger"  in  last  week's  issue  of  TiiK  Ei.kctiucian, 
states  that  the  gap  between  the  plates  in  the  Telefimken  ty])e 
is  025  mm.  ;  hence  the  Lepel  generator,  in  which  the  gap  is 
only  one-fifth  part  of  this,  is  probably  four  or  five  times  as 
efficient  as  a  spark  quencher — i.e.,  is  much  less  likely  to  permit 
of  the  formation  of  an  arc. 


2.  I  have  seen  a  high-frequency  current  produced  with  this 
generator  without  the  use  of  a  paper,  or  any  other  diaphragm. 
The  dithculty  then  is  that  the  discharge  is  a]>t  to  run  to  the 
edge  of  the  i)lates,  where  it  becomes  at  once  an  inactive  arc. 
Paper  is  better  than  mica  to  prevent  this  happening  on  two 
accounts.  Firstly,  mica,  if  fused  by  the  discharge,  becomes 
conductive,  and  secondly,  the  fact  that  the  paper  burns  away 
very  slowly  ensures  that  the  discharge  passes  gradually  from 
point  to  point  of  the  electrodes,  constantly  taking  place  at 
fresh  and  cool  parts  of  their  surfaces. 

Since  the  liigh-freiiuency  current  can  be  produced  without 
employing  any  diaphragm  whatever,  it  is  clear  that  the  action 
of  the  Lepel  generator  does  not  depend  on  the  presence  of  a 
hydrogenous  atmosphere  between  the  electrodes. 

3.  Experiment  shows  that  a  large  alteration  in  the  distance 
between  the  electrodes  makes  no  appreciable  difference  in  the 
frequency  of  the  current. 
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Fig  1. — Resona:nce  Curve  from  Lepei.  Primary  Circuit  when 
Secondary  is  disconnected. 

4.  The  above  results  indicate  most  clearly  that  the  discharge 
is  not  of  the  type  known  as  an  arc — i.e.,  the  conditions  of  its 
production  are  totally  difl'erent  from  those  obtaining  in  a 
Duddcll  or  Poulsen  generator.  In  addition  to  these  we  have 
the  fact  that  the  capacity  in  the  primary  circuit  is  a  very  con- 
siderable fraction  of  a  microfarad  while  the  inductance  is 
extremely  small. 

5.  The  most  conclusive  proof,  however,  of  the  nature  of  the 
discharge  is  given  by  the  resonance  curves  of  Figs.  1  and  2, 
which  show  that  the  decrement  of  the  oscillations  in  the 
primary  circuit  though  the  air  gap  is  very  large,  amounting 
to  about  OG,  even  when  no  energy  is  being  taken  by  the  secon- 
darj .  Under  working  conditions  the  value  is,  of  course,  con- 
siderably greater,  owing  to  the  inductive  and  conducive 
transfer  of  energy  from  primary  to  secondary,  which  increases 
the  damping  of  the  cuiient  in  the  primary  circuits. 

Thus  resonance  curves,  taken  from  the  primary  circuit  while 
it  is  giving  out  energy  to  the  secondary,  or  aerial,  circuit,  by 
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Fio.  2. — Resonance  Curve  from  Lepki,  Primary  Circuit  when 
Secondary  is  disconnected.     Wave-meter  more  closely  coupled 

THAN    IN    Fid.    I. 

means  of  a  sensitive  wave  meter,  show  considerably  greater 
damping  than  is  indicated  by  Figs.  1  ami  2. 

I'rof.  Fleming  misunderstands  the  conditions  of  the  circuit 
when  suggesting  that  the  gaseous  section  of  the  circuit  is  in 
scries  with  the  aerial.  This  is  not  so,  since  the  main  path 
of  the  high-frequency  current  is  from  the  aerial  through  the 
primary  circuit  to  earth  and  not  through  the  air  gaj).  This 
fact  in  part  explains  the  exceedingly  high  etiiciency  of  the 
apparatus  as  a  converter  of  direct  or  low  frequency  alternating 
current  to  high  frequency  current,  for  the  path  taken  by  the 
main  high-frequency  current  is  thus  of  negligible  resistance. 

We,  therefore,  come  to  the  conclusion  that  the  Lepel  gene- 
rator acts  on  the  principle  of  impulsive  excitation  enunciated 
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by  Prof.  Wien  ;  that  the  damping  of  the  primary  circuit  is 
sufficient  to  attain  this  result,  which  is  obtained  by  proper 
proportioning  of  the  electrical  dimensions  of  the  circuit  with- 
out the  insertion  of  the  additional  enerj,'y- wasting  resistance 
used  by  the  Telefunken  Company  for  this  purpose,  and  that 
the  use  of  a  direct-current  supply  is  in  no  way  incompatible 
with  the  ctlicient  production  of  a  high  frcc|ucncy  current  by 
this  method. 


RELATION  OF  LOAD  FACTOR  TO  POWER  COSTS. 

At  a  recent  joint  meeting  of  the  Chicago  Branch  of  the 
American  Institute  of  Electrical  Engineers  and  the  Western 
Society  of  Engineers,  three  Papers  on  this  subject  were  presented, 
and  abstracts  of  them  are  given  below.  The  first  was  hj' 
Mr.  E.  W.  Lloyd,  of  the  Commonwealth  Edison  Co. 

A  great  deal  lias  lieon  written  regarding  the  bearing  of  the  load 
factor  in  a  given  plant  on  the  cost  of  producing  and  selling  electri- 
city, and  it  now  seems  to  be  generally  acoei)ted  that  this  is  the  logical 
basis  from  which  to  consider  the  matter.  In  determining  the  load 
factor  of  a  plant  it  becomes  necess.ary  to  have  maximum  measur- 
ing instruments.  For  use  on  direct-current  circuits  such  instruments 
have  been  developed  and  are  both  efficient  and  cliea]) ;  but  for 
measuring  the  ma.ximura  on  three-phase  alternating-current  circuits 
there  is  not  availalile  to-day  a  cheap  and  efficient  instrument.  In 
order,  then,  to  carry  on  the  practical  business  of  s>jlling  energy  at  differ- 
ential rates  it  is  necessary,  on  three-phase  sj  stems,  to  establish  a 
schedule  of  percentages,  or  to  make  tests  from  time  to  time  of  the 
maximum  demand  of  any  installation.  We  have  adopted  a  schedule 
of  percentages,  compiled  from  actual  readings  taken  from  direct 
current  installations.  This  has  been  used  for  two  years,  and  we 
have  found  these  percentages  to  be  very  close  in  a  great  majority 
of  cases.     This  schedule  is  as  follows  : — 

InstallaLions  under  10  n.i".  where  only  one  motor 

is  used    85  per  cent. 

Installations  under  10  n  P.  where  more  than  one 

motor  is  used _  75 

Installations  from  10  u.e.  to  50  n.v.,  both  inclu- 
sive, irrespective  of  the  number  of  motors 65        ,, 

Installations    over    50   H.i'.,   irrespective  of  the 
number  of  motors  used    ..55        ,, 

Out  of  3,900  consumers  of  power,  having  installations  aggregating 
35,000  H.P.,  the  average  maximum  was  ,53'5  per  cent,  of  the  con- 
nected motor  load,  and  tliis  was  subdivided  as  follows : — 

1  to    5  n.v 2,900  customers    _ 75'4  per  ceut. 

6  to  10  11. 1- 466  „  64-5 

llto20u.i' 237  64-7 

Over  20  11.1' 307  , 42-9 

Maximum  load  conditions  in  factories  in  Chicago  seem  to  be  be- 
tween 4:30  and  5  o'clock  in  the  evening,  regardless  of  the  time  of 
tlie  year.  Further,  the  maximum  load  condition  in  these  plants  does 
not  always  come  at  the  time  of  the  peak  conditions  of  the  central 
station.  Of  course,  there  is  a  point  of  high  maximum  in  these 
plants  at  the  time  of  the  central  station  peak,  but  the  highest  maxi- 
mum of  the  plant  usually  comes  before  the  time  of  the  central 
station  peak. 

There  is  considerable  difference  in  the  load  factors  of  dift'erent  in- 
dustries. For  instance  the  load  factor  for  elevator  .service  does  not 
exceed  10  per  cent.,  while  that  of  refrigeration  business  is  probably 
in  the  neighbourhood  of  50  per  cent.  The  average  load  factor  of 
street  railway  systems  is  probably  35  per  cent.,  whilst  consumers  of 
electricity  having  load  factors  exceeding  50  per  cent,  are  very  rare. 
It  therefore  seems  reasonable  to  suppose  that  the  load  factors  of 
central  stations  will  not  be  much  greater  than  this  for  some  years 
to  come.  The  load  factor  of  any  central  station  cannot  exceed  this 
figure  until  nearly  all  of  the  business  of  a  community  has  been  ob- 
tained, and  where  the  diversity  factor,  due  to  the  large  number  of 
different  kinds  of  customers  served,  is  such  as  to  have  more  than 
i  hour  periods  of  maximum  use. 

The  next  Paper  was  read  by  Mr.  C.  A.  S.  Ilowlett,  of  the 
Western  Electric  Co. 

The  manufacturer's  position  in  this  question  of  load  factor  and 
rates  is  of  supreme  importance,  especially  as  it  applies  to  power 
rates.  The  cycle  of  operation  may  be  considered  as  taking  place  as 
follows:  The  central  station  develops  and  adopts  equitable  power 
rates  that  encourage  the  use  of  motors;  the  manufacturers  design 
and  construct  efficient  and  reliable  motors  and  see  that  the  lustnnier 
makes  a  proper  selection  and  installation  ;  satistietl  custorurrs  mean 
more  business  both  for  the  central  station  and  the  manufacturer. 
The  two  vita!  elements  that  the  manufacturer  must  consiiler  are  an 


efficient  installation  and,  if  alti-rnating  current,  one  with  as  high  an 
average  |)o\ver  factor  as  ])o.>sible. 

In  dctirmining  the  proper  size  of  motors  to  instal  In  an  industrial 
plant  it  seems  to  be  the  practice  to  take  a  portable  motor  a-s  large  a-s 
the  largest  that  will  be  liable  to  l)e  needed.  The  horse- power  input 
is  used  as  the  basis  and  sometimes  is  multiplied  by  two  for  safe 
measure.  In  the  case  of  a  direct-current  plant  these  large  resultant 
motors  o])erating  at  fractional  loads  tend  toward  a  dis-satisfied  power 
u.scr,  and  it  the  plant  is  using  alternating  current,  such  a  condition 
tends  towards  a  low  power  factor.  For  these  reasons  co-operation 
between  the  central  station  solicitor  and  the  manufacturer's  repre- 
sentative is  earnestly  recommended. 

The  third  Paper  was  presented  by  Mr.  J.  M.  S.  Waring,  of 
the  Electric  Storage  Battery  Co. 

The  author  deals  mainly  with  what  is  said  to  be  a  comparatively 
novel  application  of  storage  batteries.  The  total  oxpen.sesof  a  power 
company  may  be  divided  into :  (a)  Fixed  charges  on  cquii)mont, 
including  power  house  apparatus,  transformers,  transmission  lines, 
&c. — namely,  interest  depreciation,  taxes,  insurance,  &c.  (6) 
Operating  expen.ses  made  up  of  such  items  as  fuel  and  feed  water  if 
it  is  a  steam  plant  ;  oil,  waste,  incidentals,  repairs  and  labour,  in- 
cluding power  house  force,  line  men,  &c.  (c)  Organisation  expenses, 
including  salaries  of  officials,  clerks,  solicitors,  &c.,  office  rents  and 
such  expen.ses.  Power  companies  are  realising  more  and  more  the 
necessity  of  adopting  a  form  of  rate  which  will  do  justice  to  all  of 
their  customers  as  well  as  to  themselves,  and  the  tendency  today 
is  the  adoption  of  a  form  of  rate  which  will  pro-rate  the  total  ex- 
penses of  the  operating  company  as  equitably  as  possible  among  its 
customers.  In  order  to  accomplish  this  all  fixed  charges  and  fixed 
expenses  should  be  divided  among  the  customers  in  proportion  to 
their  maximum  demand  for  power ;  then  each  customer  pays  the 
fixed  charges  and  fixed  expenses  on  the  apparatus  set  aside  for  his 
u^e.  Also,  all  variable  expenses  should  be  divided  among  the  cus- 
tomers in  proportion  to  the  energy  they  consume  in  a  fixed  time. 
Of  the  various  expenses  under  the  headings  (a),  (h)  and  \c)  referred 
to  above,  the  only  variables  in  the  case  of  a  hydro-electric  plant  are 
the  repairs,  oil,  waste,  incidentals,  and  probably  only  a  small  part 
of  the  power  house  force,  all  the  other  expen.ses  being  practically 
fixed  and  independent  of  the  load  factor.  In  the  case  of  a  steam 
plant,  however,  the  variables  would  include  oil,  waste,  incidentals, 
fuel,  feed  water,  repairs  and  a  larger  percentage  of  the  power  house 
force  than  would  occur  in  the  hydro-electric  plant.  Therefore,  in 
general,  the  operating  expenses — that  is,  the  variable  charges— are 
a  greater  percentage  of  the  total  operating  cost  in  the  hydro-electric 
than  in  the  steam  plants.  Now  the  total  fi.xed  charges  of  the  plant 
divided  by  its  kilowatt  capacity  will  give  the  amount  per  kilowatt 
which  each  consumer  should  be  charged  for  each  kilowatt  of  his 
maximum  demand.  The  total  operating  expense  of  the  plant  for  a 
fixed  period  of  time,  divided  by  the  kilowatt-hours  output  for  that 
period  will  give  the  cost  per  kilowatt-hour  of  the  actual  operating 
expenses,  exclusive  of  the  fixed  charges,  and  this  amount  plus  the 
company's  legitimitte  profit  would  be  the  kilowatt  hour  rate  that  the 
customers  should  pay  for  their  energy  consumption. 

The  author  then  considers  a  few  existing  tariffs,  and  shows  that 
the  equitable  basis  of  rates  or  its  equivalent  offers  an  inducement  to 
the  purchaser  of  power  to  improve  his  load  factor.  The  battery 
application  to  which  the  author  has  been  leading  up  is  that  of  a 
storage  battery  installed  by  the  pmchaser  of  power  to  reduce  his 
ma.ximum  demand,  and  consequently  his  annual  primary  charge. 
From  the  latter's  point  of  view,  the  battery  proposition  to  be  attrac- 
tive must  insure  him  a  reduction  in  his  annual  power  bills  sufficient 
to  pay  the  annual  fixed  charges  and  expenses  incident  to  the  battery, 
plus  a  fair  retmn  on  the  battery  investment:  or,  in  other  words, 
the  yearly  fixed  charges  anil  oiieratiiig  expenses  per  kilowsitt  of  the 
battery  (meaning  the  total  annual  cost  of  the  battery  divided  by 
the  maximum  number  of  kilowatts  cut  off  the  peak),  must  be  less 
than  the  fixed  charges  and  fixed  expenses  per  kilowatt  per  year  of 
the  power  company. 

liVom  the  point  of  view  of  the  power  company,  the  improvement 
of  their  load  factor  by  the  purchaser's  insUvllation  of  storage  bat- 
teries makes  possible  a  greater  energy  output  for  a  certain  plant 
investment,  and,  therefore,  a  greater  revenue  since  a  part  of  the 
ehaigi'  for  power  is  at  a  fixed  rate  per  kilowatt  hour.  It  is  evi- 
dent that  the  value  of  the  battery  situation  will  depend:  (l)on 
the  breadth  and  shape  of  the  peak;  (-2)  on  the  power  company's 
method  of  determining  the  peak  :  and  (3)  on  the  method  of  deter- 
mining the  fixed  charges  and    fixed  expenses  per  kilowatt. 

As  illustrations  of  how  these  items  affect  the  battery  situation, 
the  cost  of  a  battery  to  eliminate  a  certain  triangular  peak  might 
be  prohibitive,  while  a  smaller  battery  to  cut  off  less  of  the 
peak  might  prove  a  paying  investment,  for,  due  to  the  shortened 
base    line,  the    cost  of    battery   per    kilowatt  of    peik   would  be 
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decreased  as  the  size  of  battery  is  decreased.  The  power  com- 
pany's method  of  determining  the  peak  has  a  distinct  bearing. 
For  instance,  if  the  peak  load  of  a  railway  is  assumed  to  bo  the 
maximum  one  hour  average  load  in  one  case,  and  the  maximum 
five  minute  average  load  in  another,  the  .same  size  of  battery 
might  meet  both  conditions,  and  therefore  cost  the  same,  but  it 
could  reduce  the  j)eak  more  in  the  latter  than  in  the  former  case, 
thereby  efifeeting  a  larger  return  on  the  investment. 

The  power  comjiany's  method  of  determining  its  fi.xed  charges 
per  kilowatt  is  also  jiertinent  to  the  battery  situation.  In  the 
case  of  a  steam  ])lant  these  charges  can  often  be  ba.sed  on  the 
overload  rating  of  the  generating  units,  while  with  a  hydroelec- 
tric  plant  they  can  figure  on  very  little,  if  any.  overload  capacity, 
as  the  generator  would  probably  Ije  installed  with  a  continuous 
rating  nearly  equal  to  the  water  wheel  capacity.  If  the  charges 
are  based  on  overload  ratings,  the  reduction  of  a  certain  amount 
in  the  peak  would  result  in  less  reduction  in  the  consumer's  bills 
than  if  based  on  continuous  ratings. 


ELECTRIC  TRACTION  ON  RAILWAYS.* 

XV.— THEORETICAL   CONSIDERATIONS   OF   CATENARY 

SUSPENSION. 

BY   PHILIP   DAWSON. 
(Continued  from  page  '^59.) 

It  is  due  to  the  introduction  of  single-phase  high-tension 
currents  for  railways  that  the  catenary  suspension  has  been 
developed.  The  suspension  generally  consists  of  one  or 
two  supporting  wires,  usually  of  stranded  steel,  suspended 
between  structures  and  supporting  the  contact  oi-  trolley 
wire  at  intervals  of  from  <i  ft.  to  12  ft.  by  means  of  dropper 
wires.  The  object  of  such  a  suspension  is  to  obtain  as  per- 
fectly horizontal  a  contact  wire  as  possible,  and  to  combine 
with  this  great  security  against  fracture  with  as  little  dis- 
placement due  to  changing  weather  conditions  as  circum- 
stances permit.  The  collection  of  electric  currents  at  high 
speeds  without  momentary  interruptions  and  consequent 
arcing  and  pitting  can  only  be  effected  by  keeping  the 
irregular  motions  of  the  collector  bow  within  certain  limits. 

In  the  Zossen  tests  a  smooth  contact  with  high-speed 
running  was  obtained  by  employing  vertical  contact  pieces 
on  the  three  bows.  The  track  over  which  these  tests  were 
made  was  ])ractically  straight,  and  it  is  very  doubtful  if  the 
collector  would  have  been  satisfactory  on  curves  witii  the 
inevitable  side  .sway  of  the  train.  Since  the  irregularities 
of  train  motion  in  the  veitical  direction  are  far  less  than  in 
the  horizontal,  the  best  results  would  be  got  with  a  pci- 
fectly  horizontal  trolley  wire. 

To  obtain  even  an  appro.ximately  horizontal  wire  by  the 
ordinary  tramway  suspension  would  necessitate  both  very 
high  mechanical  tension  in  the  wire  itself  and  very  short 
.spans.  Such  a  construction  would  be  both  expensive  and 
very  rigid,  besides  being  subject  to  great  changes  of  tension 
with  temperature.  The  catenary  suspen.sion  has  the  good 
points  desired  without  the  defects  and,  with  care  in  design, 
can  be  made  both  very  safe  and  subject  to  easv  re])lacc- 
ments  and  repairs  without  serious  derangements  of  service. 

The  calculations  involved  in  the  design  are  somewhat 
troublesome,  since  a  great  many  variables  have  to  be  taken 
into  account.  In  all  calculations  the  parabolic  apjjroxi 
mation  can  be  safely  u.sed  in  place  of  the  true  catenary 
equation.  Treating  the  catenary  as  a  parabola  is  the  same 
thing  as  saying  that  the  weight  per  horizontal  foot  is  con- 
stant instead  of  per  linear  foot.  It  will  be  seen  at  once 
that  the  error  introduced  by  making  this  assumption  with, 
say,  a  6  ft.  sag  in  a  40  yds.  span  is  quite  negligible. 


The  formulae  for  the  properties  of  a  supported  wire  aie 
as  follows,  using  the  parabolic  assumption  : — 
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where  «  =  horizoiital  span. 
/=true  length. 
/=sag  at  centre, 
W= weight  per  unit  length, 
P= tension  at  lowest  point. 

Any  luiits  for  weight  and  length  a])p!y,  if  used  throughout, 
for  all  equations.  The  weight  used  in  these  calculations 
should  be  that  of  the  whole  susjicnded  system  (per  unit 
length)  and  the  sag  that  of  the  sup])oiting  wire.  The  case 
of  the  double  catenary  suspension  will  be  met  by  using 
the  vertical  and  not  the  actual  sag  of  the  wire  in  calculating 
tension,  &c.,  the  weight  being  half  the  complete  suspension 
for  each  wire. 

Effect  of  Temperature. — By  using  a  considerable  sag  in 
the  supporting  wire  the  change  in  this  sag  for  a  given  change 
in  temperature  becomes  small.  The  equation  connecting 
the  sag  in  any  wii-e  with  the  change  in  temperature  may  be 
derived  as  follows  : — 

Let  P,  W,  /,  a  have  the  values  given  above, 
a=coefficient  of  expansion  per  degree  Fahrenheit, 

i°=any  change  in  temperature  m  Fahrenheit  degrees. 

Pi=Any  known  tension  corresponding  to  a  prescribed 
value  of  (/  and  /  and  /, 

E  =  modulus  of  elasticity,  pounds  per  .square  inch, 
.s=section  of  wii'e,  in  squai-e  inches. 

Using  the  two  formulae  given  above  for  catenaries, 


.in 


and 
we  have 


^^  8P' 


l=a+ 


24P-' 


(I.) 

(IL) 

(III.) 


Now  consider  a  certain  wire  of  known  length,  I,  and  then 
imagine  it,  first,  heated  through  /"  Fahrenheit  and,  second, 
having  its  tension  reduced  from  Pj  to  P  by  any  means 
whatever.  The  change  in  length  resulting  from  these  two 
changes  will  be  re])resented  by  tlie  equation 


but 


(IV.) 


a'W 
'24P,- 


and    '=«+24F* 


The  weight  per  unit  lengtli  W  can  be  considered  constant, 
since  a  large  change  in  P  corresponds  to  an  exceedingly 
small  change  in  W. 


Further 


Therefore 


"~  241  \P-     P,V  '      Es     ■     ■     ' 


(V.) 


As  this  equation  is  a  cubic  for  P,  it  will  be  simpler  to  assign 
values  for  P  and  .solve  for  i°.     For  sags  le.ss  than  .5  per  cent- 
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of  the  span  the  error  of  assuming  I  and  a  equal  is  less  than 
0-7  per  cent.     Making  this  assumption,  we  have 

which  is  the  equation  usually  employed  for  these  calculations. 
The  following  values  for  a  and  E  apply  for  various  metals  : 

Metai,  a  per  deg.  Fahr.     I       E  lb.  per  sq.  in. 

Copper(hara)  0-OCOG0956  '           18,000,000 

Brass 00000105  14,000,000 

Iron  0-000006830  30,000,000 

Steel 0-000006361  32,000,000 

.■Vluminium 00000128  10,000,0C0 

Now  consider  a  double  catenarv  suspension  foi-  which 
0=190  ft.,  W=l  lb.  per  foot. 

Suppose  maximum  allowable  difTerence  of  sag  is  (!  in..  let 
us  examine  the  allowable  temperature  change  for  various 
sags;  and  suppose  that  the  wire  is  put  up  on  the  coldest  day, 
sav  at  0°F.  Putting  the  wire  up  with  a  <>  ft.  sag  the  tension 
Pj  will  be 

^      a^W     190-^x1     -.,  ,. 

If  the  wire  is  e.xpanded  by  heat  till  the  sag  is  (i  ft.  <>  in.  the 
pressure  will  be 

8x6-5 

Suppose  the  supporting  wire  is  of  steel  (stranded)  with  a 
section  of  0-09.J  sq.  in.  Taking  E =32,000,000  and  „ 
=0-0OOOO(i:5(!l,  and  substituting  in  formula  (VI.) 

<°=79°  for  a  (>  in.  change  in  sag.  For  a  3  in.  change  t° 
=37°F.,  for  a  4  in.  change  t°=52°F.,  showing  that  the  sag 
increases  a  little  more  rapidly  than  the  corresponding  tem- 
perature rise.  For  a  temperature  rise  of  100°F.  the  .sag 
would  be  7i  in. 

The  analysis  which  follows,  though  complete  in  itself, 
is  based  on  the  method  used  by  S.  Nicolaus,  and  published 
in  the  "  Elektrotechnische  Zeitschrift "  in  1907,  only 
adapted  for  English  units  and  applied  to  catenary  sus- 
pension for  feeding  railwavs. 

Taking  formula  (VI.),  already  referred  to,  we  have 

,0       a-WV  1        1  \    ,  P,-P 
'"=  24iF-p?j+    Er- 

If  we  call  'w  weight  per  unit  length  and  unit  and  section, 
p  tension  per  unit  section   we  have 

W  ,  P 

M'=  and       p=    . 

s  s 

Therefore  (VI.)  can  be  written 

/o„_?^'V^_  1  \ ,  ip-y) 
24v?r'  p;'r     E    ■ 

Further,  i°  has  been  defined  as  a  rise  in  temperature,  so 
;iiat,  if  we  use  actual  temperatures  T  and  T,,  we  have 
'  =T-Tj,  and  substituting  in  the  equation  given  above  we 

..ave 

(T-T,).=«J^(A-\.)+''V'--     ^^'"-^ 
24  ^p'     /J,-'  lii 

This  formula  represents  the  difference  of  two  ecjuations 

T='g^(\)-J^.      .     .     .     (Vlll.) 
2ia^p-/      Ea 

By  the  aid  of  this  e(|uation  we  can  plot  families  of  curves 


giving  the  relation  of  temperature  .sag  and  tension  for  any 
span.     For   steel,  the  weight   of   a  section   1  ft.  long  and 
1  .sq.  in.  cross-section  is  3-4  lb. 
If  />  is  tons  per  .square  inch, 


For  aluminium 


p =0000 190 

/j=o-ooor).-)- 


For  hard-drawn  copper     j;  =0-000215 


/■ 


Steel- 


,^(VMr^/  1  \ 
24aV?/-7 


V 


If  we  make  p  the  tension  in  tons  per  square  inch,  u-  will 
be  the  weight  in  tons  of  a  section  of  1  sq.  in.  1  ft.  long. 
E  =  14,300  tons  per  scjuaie  inch, 
a  =0-000006301, 

T='*"0-0151-ull-O, 
p- 

T=degrees  Fahrenheit, 

p=tons  per  square  inch, 

a = span  in  feet. 

For  aluminium — 

T  =  ""0-000888-«x  17-3. 


For  hard  copper — 

T  =  -"x0-0129-»xl2-9. 
P- 
The  results  of  applying  the  formuk«  to  steel — namely, 


T=   ,0-0151- 7JX  11-0, 
p- 


^j=0-000190' 


are  here  given.  The.se  involve  the  modulus  and  coefficient 
given  above  for  steel,  and  the  weight,  which  has  been  taken 
as  3-4  lb.  for  a  section  of  1  sq.  in.  1  ft.  long.  Since  these 
curves  are  worked  out  for  a  single  catenary,  certain 
modifications  will  have  to  be  adopted  for  using  them  when 
this  catenary  has  to  support  an  additional  load. 

We  will  take  the  case  worked  out  previously  and  show 
how  to  get  the  residts  by  use  of  the  curve  sheets.  We  had 
the  following  : — 

a  =  190ft. 
W=l  lb.  per  foot. 

5=0-095  s(j.  in. 

/=6  ft. 
The  true  weight  of  1  ft.  of  steel  wire  with  a  section  of 
0-095  sq.  in.  is  3-4x0-095=0-323  lb.  With  I  lb.  per  foot, 
therefore,  the  factor  K  of  total  weight  to  weight  of  wire  will 
be  K  =  31.  We  can  write,  therefore.  \\ -  kir  where  ir  is 
the  weight  used  in  plotting  tiie  curves. 


Now 


or  we  mav  write 


P  = 


a-W 

^1 


P  = 


a-ick 


P  = 


'sfF' 


Observing  the  last  equation,  we  see  that,  by  using  the 
curves  alreadv  plotted  and  substituting  for  the  true  value 
of  a  an  increased  value  u,=ak  and  for  /  an  inueased  value, 
li  =  lk\  we  siiall  find  the  true  value  of  P. 

K=3-l,  «=190and /=6. 

ni=590  and /i=  18-6. 
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Following  the  590  ft.  span  ordinate  up  till  it  crosses  the  sag 
of  ISC}  ft.,  we  find  the  tension  P  to  be  3-5.5  tons  per  square 
inch,  which  is  the  same  value  as  we  got  before,  only  tlien 
it  was  in  the  form  of  75.'5  lb.  per  wire  of  00!)5 

(  '    ^.    =3-54  tons  per  square  inch  ). 

V0095X  2,240  ^       ^  J 

If  the  temperature  should  increase  by  100°  F. .  we  can 
get  <he  increase  in  fag  by  following  the  590  ft.  ordinate 
100  deg.  up  from  the  LS-G  ft.  sag.  This  gives  a  sag  of 
20-6  ft.  The  difference  of  2  ft.  must  be  divided  by  K  or 
3-1  to  get  the  true  difTerence.  This  gives  7|  in.,  which  is 
nearly  the  value  we  got  previously  (of  7|  in.). 

If  the  catenary  here  worked  out  had  been  put  up  with 
.3  ft.  instead  of  6  ft.  sags  the  change  in  heating  100°F. 
would  have  been  llj  in.,  and  if  a  2  ft.  sag  it  would  have 
been  12  in.  ;  but  the  wire  would  have  been  under  a  tension 
of  10  to  11  tons  per  square  inch.  It  will  be  seen  that  with 
the  aid  of  this  curve  sheet  (Fig.  1)  any  problem  involving 
steel  catenary  wires  can  be  solved. 

The  question  of  the  expansions  and  contractions  in  the 
trolley  wire  itself  is  a  far  simpler  one  than  that  of  the  sup- 


FiG.  2. — Mkthod  of  rKoviDiNQ  Constant  Tension  in  Cont.\ct  Wire. 

porting  catenary.  The  change  in  tension  due  to  varying 
temperature  is  independent  of  the  total  length  of  wire 
employed,  provided  each  point  of  the  wire  retains  a  fixed 
position.  If  some  device  for  keeping  the  trollev  at  a  fixed 
tension  at  all  times  were  adopted  the  change  in  length  is, 
of  course,  a  constant  fraction  of  the  total  length  eniploycd. 
For  copper  wire  with  a  temperature  range  of  100  F.  the 
change  in  lengtli  is  505  ft.  per  mile.  The  adoption  of  such 
a  principle  would  involve  certain  (though  not  insurmount- 
able) difficulties  in  the  working  of  section  insulators.  A 
method  of  preventing  the  change  in  sag  due  to  climatic 
conditions  by  keeping  the  tension  of  the  contact  wire 
constant  has  been  adopted  in  Sweden.  The  accompanying 
sketch  shows  the  arrangement  (Fig.  2)  as  adopted  by  the 
Swedish  State  Railways. 

{To  be  continued.) 
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SELECTIYE  EMISSION  OF  INCANDESCENT  LAMPS 
AS  DETERMINED  BY  NEW  PHOTOMETRIC 
METHODS.* 

BY    E.    P.    HYDE,    F.    E.    CADY    A.ND    C.    W.    MIDDLEKAUFF. 

The  recent  development  of  high-efficiency  metallic  filament  lamps 
has  aroused  new  interest  in  the  measurement  of  the  high  tempera- 
tures of  glowing  metals,  and  has  raised  the  question  as  to  whether 
the  higli  efficiencies  are  due  primarily  to  the  high  temperatures  at 
which  the  filaments  operate  or  to  selective  radiation  (i.e..  the  distribu- 
tion of  energy  in  the  spectrum  of  the  radiating  body  at  a  given  tem- 
perature is  diflferent  from  that  of  a  black  body  at  the  same  tem- 
perature). 

A  recent  photometric  study  by  the  authors  of  the  relative  pro- 
perties of  metal  and  carbon  filament  lamp.s  has  led  to  the  establish- 
ment of  two  new  photometric  methods  by  which  a  positive  quali- 
tative criterion  may  be  had  of  relative  selectivity  of  two  radiating 
filaments.  According  to  the  first  method,  if  one  filament  is  main- 
tained at  some  definite  voltage  or  current — that  is,  at  some  definite 
temperature — and  the  voltage  of  a  second  filament  is  changed  until 
the  distribution  of  energy  in  the  visible  spectra  of  the  two  as  de- 
termined by  a  spectrophotometer  is  the  same,  then  if  the  two  fila- 
ments had  identical  radiating  properties  the  energy  curves  of  the 
two  would  be  identical  throughout  the  entire  spectrum,  and  the 
temperatures  of  the  two  filaments  would  probably  be  the  same.  If 
this  were  the  case,  the  ratio  of  the  energy  in  the  visible  spectrum  to 
the  total  energy  radiated  would  be  the  same  for  the  two  filaments. 
Now,  the  energy  per  .second  radiati-il  in  the  visible  speetrimi  can  be 
measured  by  determining  the  number  of  lumens,  and  the  total 
energy  [ter  second  radiated  can  be  determined  by  measuring  the 
watts  sui)plied  to  the  lamp,  since  there  is  nu  convection  and  very 
little  conduction.  If  the  radiating  properties  of  tlie  two  filaments 
were  identical,  the  number  of  lumens  per  watt  under  tlie  above 
condition  would  be  the  same  for  the  two  filaments. 

According  to  the  second  method  the  two  filaments  are  brought 
to  the  .same  distribution  of  energy  in  the  visible  spectrum  in  the  -same 
way  as  that  employed  in  the  first  method.  If,  now.  a  determination 
is  made  foi-  each  filament  of  the  percentage  cliange  of  candle-power 
in  a  specific  direction — equivalent  numerically  to  ])crcentagc  change 
in  flux — corresponding  to  1  per  cent,  change  in  watts  supplied  to  the 
lamp,  these  two  coefficients  of  change  of  candle-power  corresponding 
to  1  per  cent,  change  in  watts  would  be  the  same  if  the  radiating  pro- 
perties of  the  filaments  were  identical.  Conversely,  if  the  two 
coefficients  are  dift'crent,  one  filament  must  be  radiating  .selectively 
with  respect  to  the  other. 

In  the  actual  use  of  these  two  methods  the  determination  of  the 
agreement  in  the  visible  spectrum  of  the  energy  curves  <  •  the  two 
filaments  had  been  made,  not  with  a  spectrophotometer  as  dcserilied 
above,  but  by  means  of  a  colour  match  in  an  ordinary  Lumner- 
Brodhun  contrast  photometer.  If  one  lam])  is  maintained  at  a 
definite  voltage  and  the  voltage  of  a  second  lamp  is  changed  until 
the  colour  of  the  light  radiated  l)y  the  two  lamps  is  the  same,  as 
observed  in  the  ]ihiitomeler,  it  has  been  found  that  the  spectro- 
photometric  curves  of  the  two  filaments  agree  excellently.  The 
colour-match  method  is  sii)i|iler  and  perhaps  e\en  more  exact  than 
the  .speetrophotometrie  method,  piovide<l  Ihei-e  i.s  no  sliong  s<  lee- 
livity  within  the  visible  spectrum. 

By  the  use  of  the  above  two  methods  it  has  been  shown  qualita- 
tively that  there  is  a  decided  difference  in  selectivity  between  various 
filaments.  It  is  not  i)ossible.  however,  to  delermine  the  exact 
amount  of  the  ditTcrenee  without  knowing  the  true  tomocratuiYs, 
for  the  deterinination  of  which  there  is  at  present  no  known  accurate 
method. 

By  making  an  assumpt  ion  which  has  been  found  to  be  true  for  plal  i- 
num,  and  wliieh,  although  |)robably  correct  for  most  metals,  ha.s  not 
been  demonstrated  to  be  true,  it  is  pt>ssible  to  form  an  idea  of  the  diix-c- 
tion  in  which  the  difieienee  in  tempeiatuie  will  occur,  and  to  place  a 
lower  limit  on  the  elVeet  of  selei'livily  in  partly  accounting  for  the 


high  efficiency  of  the  metallie  filament  lamp: 


If  we  imagine  a  ladiating  body  which  tends  to  exaggerate  in  its 
emission  the  energy  of  the  shorter  wave-lengths — that  is.  a  body 
wliieh  emits  a  larsier  proportion  of  its  total  radiant  energy  in  tie 
visible  spectrum  as  compared  with  a  black  body  at  the  same  teni- 
[lerature — it  is  probable  that  this  property  of  selective  emission 
would  obtain  in  the  visible  speetnun  also,  so  that  the  emission  in  the 
blue  would  be  relatively  larger  than  the  emission  in  the  ix-d  as  com- 
pared with  the  emi.ssion  from  the  black  body  at  the  same  toniperu- 
ture.  If  this  assumption,  which  would  seem  to  be  true  for  platinum, 
is  true  I'oi-  lantalum,  tungsten  and  osmium,  then  the  values  recortled 

*  -Vbsliiut,  from  the  '"  Electrical  World."  of  a  PajK-r  reail  before  the 
New  York  Section  of  tho  lUumiuatiug  Engineering  Society. 
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in  the  last  culumn  of  the  tables  give,  in  everj'  case,  tlie  lower  limit  of 
the  effect  of  the  .selectivity  on  the  efficiency  of  the  filaments. 

Table  I. — Aivrage  Values  obtainedal  Voltages  rorrcsponding  to  a  "  Colour 
Match  "  with  the  Standard  Lamp  at  75  volts. 


Types  of  filament. 

Red  black- 
body 
temps. 

Relative  change  in 
c.p.  for  1  per  cent, 
change  in  watts. 

Flux 
per 
watt. 

1,420C. 

1,405 

1,395 

1.400 

1.340 

l,34.-> 

1,390 

100 
1-00 
0-97 
0-98 
0-83 
0-79 
0-80 

Hclion   

Treated  carbon 

0-97 
10(i 
105 

1"'8 

Tungsten  

Osmium 

1-49 

1-85 

Table  II.- 

Untrcated  carbon.... 

Helion   

Treated  carbon 

Cem  

Tantalum 

Tungsten  

Osmium 


-Values  with  Standard  Lamp  at  100  volts. 


1,680X'. 

0-86 

3-85 

1,650 

0-85 

3-85 

1,645 

0-84 

415 

1.650 

0-84 

40 

1.570 

0-72 

435 

1,555 

0-71 

5-25 

1,610 

0-69 

5  ;i 

Table  III. —  Values  with  Slamhrd  Lamp  nt  125  volts. 


Untreated  carbon 

Helion   

Treated  carbon.. 

Gem  

Tantalum 

Tungsten  

Osmium 


1,890  ('. 

1,8.W 

1.8.'i5 

1.8,V> 

1,765 

1,740 

1,800 


0-76 
0-75 
0-74 
0-76 
0-65 
0-67 
0-65 


9-0 
9-2 
9-5 
9-4 
100 
11-5 
12-5 


The  results  of  an  investigation  on  various  filaments  using  both 
methods  arc  given  in  Tables  I.,  II.  and  III.  Tlie  standard  lani]) 
was  a  110  volt  carbon  lamj]  consuming  3  5  watts  per  candle.  The 
values  given  in  columns  3  and  4  are  in  terms  of  arbitrary  units  so 
taken  tliat  for  the  untreated  carbon  filament  at  a  colour  match  with 
the  standard  lamj)  at  75  volts,  the  value  in  each  case  is  unity. 

If  there  were  no  .selectivity,  the  lumens  per  watt  would  be  unity 
for  every  ty])c,  and  the  coefficient  of  ])ercentage  change  in  candle- 
power  for  1  ])er  cent,  cliange  in  watts  would  be  tlie  same  for  each 
ty|)e.  It  should  be  noted  that  as  some  of  the  measurements  were 
made  under  unfavourable  conditions,  the  numerical  results  arc  not 
insisted  on  to  a  high  degree  of  accuracy,  although  the  general  con- 
clusions arc  definitely  established. 

The  order  of  the  filaments  is  that  of  their  relative  selectivity,  and 
it  is  significant  that  this  order  is  the  same  by  botli  mctliods  and  fur 
the  three  arbitrary  temperatures  of  the  st.nidard  lamp  at  whicli 
measurements  were  made.  The  helion  filaments  wliicli  were  used 
were  old,  and  they  may  have  lost  the  silicon  deposit,  wliicli  fact  may 
account  for  their  position  in  the  table. 


THE  ELECTRIFICATION  OF  STEAM  DRIVEN 
NON-BEYERSING  ROLLING  MILLS. 

We  give  below  a  short  account  of  the  discussion  which  took 
place  at  the  meeting  of  the  Leeds  Local  Section  of  the  Institu- 
tion of  Electrical  Kiigineers  wlicn  Mr.  W .  ¥.  Mylau  read  his 
Paper  on  this  subject.  An  abstract  of  tills  Paper  appeared  in 
our  issue  of  May  2 1 . 

.Mr.  W.  Hautnei.!,.  in  upeniii;;  tlic  (lis<-n»sioii,  Kaid  that  the  fcoiioiiiii'.s 
shown  in  the  Paper  were  not  solely  due  to  the  electric  drive — some  liiid 
arisen  from  it.s  substitution  in  place  cjf  sicam  gear  that  was  rather  anti- 
quated. The  ropes  used  were  convenient,  but  involved  a  loss  of,  say.  7.', 
I)cr  cent,  of  power.  Cut  gear  wheels  were  now  obtainable  of  large  size" 
At  a  works  near  Kirkenhead  for  re-rolling  steel  rails  successive  sets  of 
rolls  were  driven  by  electric  motors  and  gear  wheels.  .At  the  Prcscot 
works  of  the  Kritish  Insulated  &  Helsby  Cables  (Ltd.)  the  sets  of  idlls 
used  both  for  aluminium  and  copper  were  dilvcn  through  gearing  by 
electric  motors.  A  steam  engine  must  be  capable  of  exerting  the  maxi- 
mum tonpie  re(piired  on  the  rolls,  which  involved  an  expensive  outl.iy. 
An  electric  motor  that  would  take  a  100  per  cent,  overload  for  a  shu'il 
period  was,  in  comparison,  inexpensive,  and  the  cajiital  outlay  to  supply 
the  power  was  provided  at  the  generating  station.  The  steam  enL'ine 
recpiircd  a  large  and  expensive  (lywheel  to  assist  it  to  ovcrccuiic  the  slioit 
ovcrlo.ad.  The  flywheel  of  the  motor  revolving  at  a  much  higher  s))icil. 
and  assisted  by  the  great  overload  capacity  of  the  motor,  was  muili 
smaller.  The  capital  to  be  sunk  to  drive  rolls  by  electric  motors  was. 
therefore,  not  only  much  less  than  that  required  for  a  steam  plant,  l)nt 
as  the  rolls  were  practically  idle  most  of  their  time  the  annual  charge  fi>r 
interest  and  depreciation  per  ton  of  metal  rolled  must  be  mui-li  less  when 


electric  motoi-s  were  used  to  do  the  same  work.  Steam  plant  for  direct 
tliiviiig  reversing  rolling  mills  was  especially  costly.  As  an  instance,  an 
engine  at  .Sheffield  of  8,tX)0  H.r.  with  tlucc  cylinders  made  only  a  few 


i)t  of  steel  was  rolled, 
ilrical  driving  ;  if,  how- 
is  of  coming  on  to  the 
prepared   to  deal   with. 


revolutions  backward  and  forward  cai  I 
They  were  all  agreed  as  to  the  advanii 
ever,  the  Sheffield  manufacturers  \\v\ 
Corporation  supjily,  wmiM  the  aiilli' 
say,  at  least  30,000  H. p.  '.' 

Mr.  C.  X.  Ablktt  thouglit  tliat  the  nutlior  had  rather  undcr-cstimalcd 
the  number  of  rolling  mills  which  were  driven  electrically  tm  the  Con- 
tinent of  Europe,  as  the  speaker  knew  that  one  firm  alone  had  installed 
nearly  200  motors  for  driving  non-reversing  rolling  mills,  the  aggregate 
power  being  nearly  200.000  H. p.,  .and  he  liciicvcd  that  the  total  number 
of  non-reversing  rolling  mills  on  the  Cunlincnt  of  Kurope  which  were 
electrically-driven  was  nearly  400.  Witli  regard  to  the  list  of  firms  which 
had  adopted  electrical  driving,  he  couhl  add  about  10  additional  names 
of  English  firms,  showing  how  rapidly  the  electric  driving  of  rolling  mills 
was  being  adopted.  As  the  (piestion  of  reversing  rolling  mills  had  been 
raised  in  the  discussion,  he  mentioned  tlic  criuiiimcnt  tor  a  large  reversing 
rolling  mill  which  was  being  built  for  a  plant  near  Middlesborough.  The 
mill  motor  would  give  about  10.000  n.i".  under  normal  conditions  of 
operation,  and  was  supplied  by  a  flywheel  converter  set.  and  as  this  fly- 
wheel served  to  neutralise  the  variations  in  load,  the  motor  which  drove 
the  flywheel  converter  set  had  a  capacity  of  only  1,800  H. p.,  and  under 
normal  conditions  would  be  taking  considerably  less  power  than  that 
from  the  power  house.  'Phe  (piestion  of  economy  had  also  been  raised, 
and  it  was  of  interest  to  mention  a  large  electrically  driven  reversing 
rolling  mill,  which  had  liccii  iiMcntly  set  to  work  in  (iermauy,  where  the 
motor  was  capable  of  giving  lO.OtIO  h.p.  at  .30  revs  per  mill.,  and  was,  ho 
believed,  the  largest  reversing  rolling  mill  motor  in  the  world.  The  firm 
who  owned  this  mill  stated  that  the  ado]ition  of  the  electrical  drive 
had  saved  tliem  one  shilling  in  tlie  ton  rolled  compared  with  the 
])revious  steam  engine,  and  liacl  enabled  the  output  to  be  increased  30  per 
cent.  Witli  rcfciciic/c  to  the  figures  given  in  the  Paper,  he  pointed  out 
that  when  tlie  units  ])cr  ton  rolled  for  a  given  sectiim  were  stated,  the 
elongation  should  also  be  stated,  as  when  the  section  was  rolled  from  a 
large  billet  the  power  taken  was  naturally  more  than  when  it  was  rolled 
from  a  small  one.  As  to  the  figures  for  the  channels,  he  thought  these 
should  read  l.i  in.  by  j  in.  by  2  in.,  and  not  0-02  in.  as  given.  It  would 
also  be  interesting  if  the  size  of  the  8011  li>.  billets  from  which  the  angles 
were  rolled  was  given,  and  also  the  size  of  the  billets  for  the  above 
mentioned  channels.  The  same  remark  also  applied  to  the  figures  for  the 
sheets.  In  referring  to  llie  sli|i  regulator,  it  was  nicutioned  that  this  was 
employed  with  au  alternating  cipiipment,  and  that  the  resulting  effect 
was  the  same,  and  inilcpcuclcnt  of  the  electrical  charai-tcrlstics  of  the 
installation.  He  took  it  lliis  meant  that  the  result  was  the  same  as  with 
a  compound  wound  motor,  liiit  lie  iMiintcd  out  one  very  important  differ- 
ence ;  in  both  eases  the  speed  of  the  motor  must  fall  by  some  value  up  to 
10  iier  cent,  in  order  that  the  llywhcd  elfect  miglit  lie  beneficially  utilised, 
ami  while  this  fall  in  speed  could  be  attained  with  the  coni])ouiid  wound 
motoi'  without  any  loss  of  power,  in  the  tlirce-pbasc  motor,  a  loss  of  power 
was  nciessarily  involved.  In  the  near  future,  however,  a  mcthi'd  of 
i.liviatiug  this  diflicidly  with  the  three-pliasc  motor  might  find  ajiplica- 
tion.  Ill  farther  reference  to  the  question  of  the  automatic  slip  regulator, 
both  with  the  alteruatmg-current  motor  and  with  the  direct  current  motor 
tlicre  were  two  cliaiacteristic  ways  of  obtaining  tlic  necessary  variation  in 
speed,  to  enable  the  stored  energy  of  the  flywheel  to  be  lienefieially  utilised 
in  neutralising  the  ]ieaks  of  the  load  : — (a)  Pcrm.incnt  slip  regulation 
might  be  adopted  in  the  case  of  the  direct -cunent  motor  by  piciviiling 
ioiii|ioiind  winding,  and  in  the  case  of  an  alternating-current  motor  liy 
prns  iiliug  resistance  in  tlic  rotor  cirruit.  {b)  Automatic  sli|'  ri'giilation 
rniglil  be  provided  in  the  I'asc  of  the  diicct -current  motor  liy  relays  which 
altcrcil  tlie  resistance  of  the  shunt  ticld,  and  in  the  ease  of  the  allriiiatinu- 
current  motor  by  an  arr.nigcmcnt  wliii'h  automatieally  inserted  n-  i-luin 
in  the  rotor  circuit  as  the  load  iiicreascil.  The  iharacteristic  teal  im  ■'\ 
these  two  methods  were:  with  the  permanent  slip  regulaticai  rdiiNidn 
able  variations  in  current,  about  the  mean  value,  must  take  phuc. 
because  it  was  the  variation  in  current  which  caused  the  variation  in 
speed,  and  in  this  system  the  variation  in  s]ieed  was  usually  not  very 
great.  VV'hcre  aut(unatic  slip  regulation  was  provideil,  the  luin'iit  always 
remained  at  practically  constant  value,  corresponding  to  tlic  mean  value 
of  power  required,  because  the  .iiilomatic  slip  regulator  when  not  actually 
in  operation  might  be  regarded  as  being  in  a  state  of  balance,  and  a  very 
small  variation  in  current  was  sufficient  to  uiis?t  the  balance  and  bring  it 
into  operation.  In  this  case,  however,  the  variations  in  speed  might  be 
very  great.  It  was  sometimes  stated  that  the  use  of  the  automatic  slij) 
regulator  enabled  the  losses  which  occurred  in  the  sli]i  resistance  of  a 
three-phase  motor  to  be  reduced,   but    practiial  experience  had  shown 

that  no  appreciable  reducti oukl  lie  ell'ceted.     It  was  also  mentioned 

that  the  time  taken  to  <-xtract  the  energy  from  the  flywheel  was  usually 
cousidi'iably  higlicr  than  the  time  reipiired  to  return  the  same.  It 
miglit  perhaps  hi'  said  ill  general  I  liat  the  conditions  of  rolling  mill  driving 
weie  such  that  the  tiuie  taki'U  by  the  pass  was  considerably  shorter  than 
the  interval  between  passes  in  many  cases,  so  that  more  time  was  avail- 
able for  the  flywheel  to  regain  its  stored  ciuMgy.  but  he  did  not  think  it 
was  justifiable  to  make  any  general  stateniciit  that  apart  fmni  the  con- 
ditions imposed  by  the  process  of  rolling  the  flywheel  rcipilrcil  a  longer 
time  to  regain  ijs  stored  energy  tliau  to  give  it  u)i.  When  the  ]icrmanent 
slip  resistance  was  us<'d  it  would  la-  found  that  if  the  rate  of  giving  up 
and  regaining  stored  eneigy  he  |ilottcd  against  the  time,  logarithmic 
curves  were  obtained  somewlial  siniilai  In  those  of  the  heating  and  ciailing 
of  an  electrical  machine  ;    but  in  s|iilc  i.f  Ibis  it  could  be  found  in  every 
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ca-sc  that  the  flywheel  cnuld  regain  the  stored  energy  in  the  intervals 
between  the  passes  in  order  to  reduce  as  far  as  possible  the  variations  in 
power  re(|uired  from  the  motor.  He  was  entirely  in  agreement  with  the 
author  as  to  the  desirability  of  using  liquid  controllers  for  starting  three- 
phase  motors,  but  if  a  liipiid  controller  was  used  with  a  large  direct-current 

motor,  he  feared  that  considerable  trouble  would  occur  due  to  the  elec- 
trolysis of  the  ])latcs,  and  also  due  to  the  electrolysis  of  the  liquid  con- 
siderable quantities  of  oxygen  and  hydrogen  might  be  liberated,  which 

would  prove  to  be  dangerous. 

Mr.  A.  J.  Cridge  added  some  particular,?  of  angther  mill  to  the 
list  given  by  Mr.  Jljdan.  The  motor  was  supplied  from  the  Sheffield 
Corporation's  mains,  and  was  3.50  h.p.,  2,000  volts  two  phase,  ,50  periods, 
running  at  490  revs,  per  min.  The  motor  drove  three  sets  of  rolls,  two  by 
rope  and  one  by  belt  transmission.  A  4  ft.  pulley  on  the  motor  was  belted 
to  a  10  ft.  |iullcy  on  the  8  in.  mill,  and  a  4  ft.  (i  in.  pulley  was  roped  to  a 

14  ft.  p\dlcy  on  the  two  10  in.  mills.  He  was  informed  that  rcmghly  30  to 
40  tons  of  ingots  of  various  sizes  passed  through  the  mill  daily  with  an 
average  consumption  of  1,000  or  1,100  units  per  day,  so  that  the  power 
used  worked  out  at  from  2.5  to  30  imits  per  ton.  These  figures  relating  to 
the  mill  did  not  seem  to  be  in  agreement  with  those  investigated  by  the 
author.  He  asked  the  author  to  give  some  more  informati<tn  as  to  the 
method  of  controlling  the  speed  of  rolling  mill  motors  by  cascade  connec- 
tions, and  also  abo\it  flexible  couplings. 

Mr.  E.  S.  S.\UNDKRS  also  referred  to  the  figures  for  units  consumed  per 
ton,  which  seemed  excessive.  The  author  Stated  that  the  freedom  from 
stalling  was  largely  due  to  the  smooth  running  of  the  electrical  equip- 
ment, and  that  when  a  tendency  to  stall  occuiTed,  the  motor  slowed 
down,  extra  energy  was  obtained  from  the  flywheel  and  from  the  line, 
automatically  tending  to  get  the  material  through  the  rolls.  The  freedom 
from  stalling  was  really  due  to  the  enormous  torque  which  could  be 
obtained  instantaneously  from  motors.  He  wished  to  advocate  as  far  as 
possible  the  abolition  of  gear  and  ropes  between  the  motor  and  the  mill. 
He  noticed  that  in  the  table  given  in  the  Pajier,  there  was  not  a  single 
instance  of  a  direct-coupled  mill.  There  was  no  rival  objection  to  design- 
ing a  motor  to  run  at  almost  any  speed  required,  and  direct  driving  was 
the  most  efficient  way  to  drive  a  mill,  and  need  not  necessarily  involve 
extra  capital  cost.  Each  ease  required  individual  consideration.  He 
agreed  with  Mr.  Hartnell  that  7i  per  cent,  of  the  power  was  constantly 
running  to  waste  in  eases  where  a  rope  drive  was  adopted  ;  and  if  there 
was  a  double  reduction  gear  probably  quite  10  per  cent,  was  wasted.  The 
author  stated  that  a  motor  required  little  attention,  and  with  emergency 
devices  for  stopping  it  was  not  necessary  to  have  an  attendant  standing 
by  continually.  This  evidently  referred  to  emergency  pushes.  Every- 
one woidd  be  aware  of  a  case  in  Sheffield  where  a  steani  driven  mill  was 
fitted  up  lavishly  with  these  emergency  devices.  One  day  the  engine 
eonimcnced  to  gain  speed,  eventually  running  awfiy  and  bursting  its  fly- 
wheel with  disastrous  results.  Not  one  single  man  had  the  c<Mnraon 
sense  to  use  the  emergency  stops.  Such  an  occurrence  could  easily  be 
gu.arded  against  with  electrical  drives  by  means  of  automatic  circuit 
breakers. 

Mr.T.  H.4RDING  Chitrton  considered  that  the  relative  advantage  of  direct 
drive  and  driving  through  gear  was  mainly  a  question  of  expense.  In  the 
case  of  driving  by  gear,  whether  by  ropes  or  otherwise,  a  relatively  high 
S])eed  motor  might  be  employed,  which  was  both  more  efficient  in  runn- 
ing and  less  expensive  in  capital  outlay.  Against  these  advantages 
was  to  be  set  the  power  lost  in  the  gear,  but  this  might  be  entirely  balanced 
by  the  difference  in  the  relative  efficiencies  of  the  high  speed  and  low 
speed  motor.  As  to  the  efficiency  of  rope  driving,  he  thought  that  the 
7.J  |ier  cent,  loss  mentioned  was  higher  than  it  should  be  for  a  well- 
designed  drive.  The  three-phase  induction  motors  mentioned  in  the 
Pajier  were  all  of  the  wound  rotor  type,  whereas  in  the  speaker's  opinion 
the  machine  with  the  short-circuit  rotor  w-as  pre-eminently  suitable  for 
this  kind  of  work,  wherever  its  use  was  permissible  on  the  supply  system. 

Mr.  H.  E.  Yerbury  asked  the  author  why  there  were  only  three  direct- 
current  motor  installations  and  20  two  and  three-phase  systems  mentioned 
in  the  table,  and  whether  there  was  any  special  reason  for  this  apart  fnmi 
the  supply  coimections.  In  comparing  the  relative  efficiency  of  steam 
engines  and  motors  the  author  had  compared  instances  where  inefficient 
steam  jilaiit  was  insi  ailed  before  the  change. 

Mr.  W.  F.  Myi.an,  in  reply,  said  they  did  not  claim  that  eledricity  was 
the  "  orcat  save-all  "  for  it  was  not.  There  were  certain  cases  and  certain 
couditiiins  where  electricity  would  lose  nnmey  instead  of  making  it.  and  as 
I  kitrii  al  engineers  they  ought  to  be  the  first  to  recognise  this.      He  Has 

'I  Mr.    Hartnell  called  pai'ticular  attention  to  auxiliaries,   bcca\isc  it 
-  so  icniarkablc  to  see  the  way  in  which  the  material  was  handled 

"ind  a  rolling  mill,  without  being  touched  by  human  hands.  Thcri' 
were  times  when  the  ro|)e  drive  was  the  most  suitable  arrangement  one 
could  adcq)t.  Reveising  mills  had  been  mentioned,  but  this  was  a  subject 
which  wanted  sejwrate  treatment ;  unfortunately  they  had  only  a  few 
examples  to  refer  to.  The  whole  question  of  \niits  consumed  \wv  ton 
lulled  was  undoubtedly  determined  by  the  size  and  nature  of  the  ingot 
'■  the  commencement  of  rolling,  and  the  total  elongation  re(|ulrcd.  He 
■  IS  afraid  he  had  been  a  bit  misleading  in  his  remarks  (Ui  the  subject  of 
li|i  regulator.  What  he  really  intended  to  point  out  was  what  energy 
•'  IS  obtained  from  the  flywheel  In  both  cases,  irres|icctive  of  the  method 
I'i'ipted  to  get  It.  With'  regard  to  the  ipu'stlon  of  taking  out  .lud  return 
'if  energy  from  the  flywheel,  the  time  required  to  return  the  eniTgy  lo  the 
llyv.'heel  was  determined  either  by  the  maxbuum  demand,  wliicli  could  be 
made  on  the  liiie,  or  the  maximnra  load  which  the  motor  would  stand. 
There  had  been  comparatively  small  progress  made  in  regard  to  molius 
connected  in  cascade  in  this  country.  He  knew  (me  instance  where  these 
motors  were  being  used  in  connection  with  a  small  winder.  He  expected 
to  see  a  large  number  o£  such  combinations  installed  in  the  near  future.  It 


was  possible  to  run  at  full  load  and  full  speed,  or  half  load  and  half  speed, 
with  a  high  efficiency  and  comparatively  good  power  factor.  He  agiee<l 
that  the  absence  of  stalling  was  also  due  to  the  fact  that  a  motor  had  in 
itself  a  very  large  capacity  for  overload,  and  it  was  due  to  the  eombina- 
tiim  of  this,  and  of  the  smooth  running  of  the  equipment,  that  one  got 
such  freedom  from  stalling.  On  the  question  of  direct-coupled  motors, 
as  mentioned  by  .Mr.  Saunders  and  .'Mr.  Churton,  it  was  not  entirely  a 
question  of  .capital  expenditure.  Under  certain  conditions  it  was 
luactically  impossible  for  the  manufacturer,  at  any  rate  at  the  present 
time,  to  build  a  satisfactory  slow  speed  alternating-current  motor.  That 
was  a  serious  objection  not  only  from  the  point  of  view  of  those  firms  that 
had  their  own  power  stations,  but  from  the  point  of  view  of  the  puWic 
supply  company.  In  Shcffielrl  the  supply  authorities  refused  to  allow  a 
motor  whose  power  factor  was  below  their  standard  to  be  connected  at  all. 
With  regard  to  the  use  of  short-circuited  rotor  machines.  If  J[r.  Cliurton 
would  supjily  such  a  machine  of  large  size  which  would  start  up  against 
full  load,  or  above,  and  drawing  a  reasonable  current  from  the  line,  he 
should  be  very  pleased  to  sell  them  and  watch  them  operate.  Mr.  Yer- 
bury had  raised  the  point  about  the  number  of  alternating-current  motors 
which  were  used.  That  was,  to  a  certain  extent,  due  to  the  load  conditions 
and  it  must  be  remembered  that  in  the  majority  of  cases  the  power  plant 
was  installed  before  the  application  of  the  power  to  the  rolls.  Also  the 
majority  of  the  supply  companies  selling  current  in  bulk,  now  gave  an 
alternating-current  supply. 


A  BALLISTIC  TEST  FOR  INDUCTANCE. 

BY    filSBERT   K,^PP. 

Fig.  1  shows  a  well-known  niclhod  for  the  determination  of 
the  inductaHce  of  a  coil  by  ballistic  galvauometer.  The  bat- 
tery B  supplies  current  to  the  coil  L  to  be  tested,  an  ampere- 
meter, A,  and  a  re.sistaDce,  ah,  with  slidinc;  contact,  which  is  so 
adjusted  that  the  galvanometer  G  shows  no  deflection  as  long 
as  the  switch  S  remains  closed.     R  is  a  high  resistance  put 


into  the  galvanometer  circuit  in  the  usual  way.  On  opeuing 
the  switch  the  battery  becomes  detached  and  the  coil  dis- 
charges through  the  galvanometer,  the  deflection  of  which 
is  a  measure  for  the  flux  in  L  that  has  vanished  when  the 
battery  circuit  was  opened.  This  method  is  perfect  in  theorj', 
but  very  difficult  to  carry  out  in  practice.  It  can  only  give 
accurate  residts  if  the  switch  S  breaks  lioth  its  contacts  abso- 
lutely at  the  same  moment.  A  special  type  of  switch  working 
with  almost  mathematical  precision  is  thus  required,  and  this 
must  be  tested  before  use  in  the  fullowing  way  :  L  is  replaced 
by  an  inductionless  resistance  and  the  contacts  of  the  switch 
are  so  adjusted  that  on  opening  it  (1  shows  no  deflection.  To 
overcome  the  drawback  of  having  to  employ  a  special  switch, 
wliich  has  to  1)6  adjusted  caih  time,  I  have  deviseii  tlie 
arrangement  shown  in  Kig.  '2,  and  found  it  to  work  cpiite  satis- 
factorily. It  has  the  advantage  that  no  special  ajtparatus  is 
required,  the  switch  S  being  of  the  usual  type.  Also  in  this 
case  a  sliding  contact,  /',  is  used  to  supjily  current  to  the  two 
halves  of  the  circuit,  one  half  containing  the  coil  to  be  tested 
and  an  ammeter,  A.  The  sliding  contact  is  so  set  that  the 
galvanometer  with  S  dosed  shows  no  deflection.  In  this  case 
the  points  </  and  c  have  the  same  potential  and  the  whole  system 
is  nothing  else  than  a  W'heatstono  bridge  in  balance,  the  arms 
being  <"/,  j/c,  <  /'  and  fd.  If,  now,  S  be  opened  the  coil  \.  dis- 
charges through  two  parallel  circuits — namely,  K'G  and  ol — 
and  the  galvanometer  shows  a  deflection  which  is  a  nieasnre  of 
the  flu.-c  that  has  disappeared  in  L.  At  first  sight  it  nn'ght 
seem  that  the  deflection  would  be  very  small,  since  the  resis- 
tance in  the  galvanometer  circuit  is  very  much  larger  than  that 
of  the  parallel  branch  al,  but  by  a  suitable  choice  of  the  various 
resistances  it  is  possible  to  obtain  sensibly  the  same  deflection 
as  with  the  method  of  Fig,  1.     The  branch  (</  forms  virtually 
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a  shunt  to  the  galvanometer,  and  to  explain  the  apparent  para- 
dox (hat  this  shunt  (although  of  very  small  resistance  in  com- 
parison with  K")  does  not  sensiblj-  diminish  the  (juantity  of  elec- 
tricity passing  through  the  galvanometer,  it  is  only  necessary 
to  remember  that  the  total  quantity  of  electricity  set  in  motion 
by  the  disappearance  of  the  flux  througli  L  is  not  a  constant 
(as  would  be  the  case  if  a  condenser  were  to  take  the  place  of 
L)  but  a  variable  quantity,  which  itself  depends  on  the  resis- 
tance of  the  discharge  circuit,  being  the  larger  the  smaller  r. 
There  is,  however,  a  limit  to  the  permissible  reduction  of  r — 
namely,  the  fact  that  the  time  constant  L  r  of  the  discharge 
circuit  must  remain  reasonably  small,  otherwise  the  funda- 
mental condition  under  which  the  use  of  a  ballistic  galvano- 
meter is  permissible  \%  no  longer  ful611ed.  To  test  this  point 
we  need  only  take,  with  the  same  current  in  A.  but  whilst 
gradually  reducing  r,  a  series  of  deflections.  As  long  as  r  re- 
mains sufficiently  large  these  deflections  will  all  ba  equal,  but 
as  soon  as  /  is  reduced  beyond  the  permissible  point  we  notice 
a  reduction  in  the  deflections. 

As  long  as  r  is  made  larger  than  this  value,  experimentally 
found,  the  method  gives  correct  results. 

The  theory  of  the  method  is  as  follow?.     Let 
p  =  resistance  of  the  branch  nghLS.r, 
r  =  res-stance  of  the  branch  cfila, 
R  =  :esistaiice  of  the  branch  cRG'f, 
L  =  inductance  of  coil  and  ammeter  in  henries, 
/'  =  hallastic  constant  of  the  galvanometer, 
(^=deflection  on  interrupting  the  current  I  amperes, 
1  =  momentary  value  of  current  flowing  through  L, 
j,= momentary  value  of  current  flowing  through  r, 
»2= momentary  value  of  current  flowing  through  It. 

'  =  '<—) 
lit       \       r+ll/ 

li=(,,+i:^+k)'''>, (1) 

i^ilt  is  the  total  quantity  of  electricity  that  has  been 


/: 


discharged  through  the  galvanometer,  and  that  is  given  by  the 
product  of  the  ballistic  constant  t  and  the  deflection  0. 

In  comparison  with  the  resistance  of  the  galvanometer  cir- 
cuit the  resistance  of  the  branch  ahc  is  infinitely  small,  so  that 
the  first  term  in  the  bracket  of  equation  (1)  may  be  neglected. 
It  is  also  in  roost  cases  possible  to  make  /■  fairly  large,  say, 
100  or  more  times  as  large  as  />,  so  that  the  second  term  in  the 
bracket  would  afl'ect  the  result  by  something  less  than  1  per 
cent.,  and  this  correction  can  be  estimated  from  an  approxi- 
mate knowledge  of  the  resistances  pand  r.  If  we  write  R  for 
the  resistance  of  the  galvanometer  circuit  thus  corrected,  we 
get  a  very  simple  equation  for  L,  namely, 

L  =  ^Oh (2) 

The  method  of  Fig.  2  may  be  applied  with  advantage  to  tlie 
dcteiMiinationof  the  hysteretic  loop  of  laminated  iron  samples 
made  up  in  ring  form.  I  limit  the  apjilication  to  laminated 
samples  because,  as  is  well  known,  solid  tamples  are  not  very 
suitable  for  a  ballistic  test  of  any  kind.  Owing  to  eddy  cur- 
rents in  the  solid  section,  the  flux  through  it  iloes  not  follow 
instantly  any  change  in  exciting  force,  and  the  result  is  a  dis- 
turbing creej)  of  the  galvanometer,  which  renders  the  observa- 
tion of  its  deflection  uncertain.  I  also  limit  the  application  to 
samples  in  closed  ring  form,  because  with  a  sample  having  butt 
joints  an  unknown  amount  of  exciting  force  is  required  to  over- 
come the  magnetic  reluctance  of  the  ioint.s,  and  although  the 
observation  would  give  the  total  area  of  the  hysteretic  loop  cor- 
rectly, the  loop  itself  would  appear  sheared  over,  and  thus  not 
give  the  true  relation  of  H  and  B.  If,  then,  the  sample  must  be 
prepared  in  the  shape  of  a  closed  ring,  it  becomes  necessary  to 


wind  it  by  hand,  and  for  the  old  method  of  testing  two  roils 
must  thus  be  wound — one  the  pilot  coil  for  connection  to  the 
galvanometer  circuit  and  the  other  the  exciting  coil  proper. 
The  advantage  of  the  new  method  of  testing  lies  in  this,  that 
onlj'  the  exciting  coil  need  be  wound,  thus  redu.iiig  the  labour 
of  preparation  for  the  test.  Fig.  3  shows  the  arrangement  of 
the  test,  the  lettering  corresponding  with  that  of  Fig.  2.  Since 
the  current  is  occasionally  reversed  an  ammeter  with  central 
zero  must  be  used.  I  found  it  convenient  to  employ  a  Siemens 
milliamperc  meter  and  to  use  its  own  shunt  and  a  spare  shunt, 
(jii  to  make  up  the  resistance  />.  M  is  a  main  current  regulator 
supplied  from  a  battery  and  1)  is  aiheostat  for  fine  adjustment 
of  the  luaximum  value  of  the  exciting  current  for  each  setting  of 
M.  It  is  also  useful  for  making  sure  that  the  time  constant  of  the 
circuit  is  kept  surticiently  low  for  the  particular  galvanometer 
used.  C  is  aiuither  rheostat  for  taking  intermediate  points  of  the 
loop.  The  resistances  of  M,  D  and  C  need  not  be  known.  The 
resistances  of  cd  and  of  the  circuit  atic  need  only  be  known 
approximately  to  make  the  correction  in  R  previously  ex- 
plained. For  taking  the  H-B  relation  the  switch  .s  remains 
closed,  but  for  taking  the  complete  hysteretic  loop,  C  and  s  nuist 
be  worked  in  the  well-known  manner.  The  galvanometer  is 
provided  with  a  damping  key  as  usual.  The  measurement  in- 
cludes the  inductance  of  the  amraetei',  and  to  eliminate  that  a 
]>lug  is  attached  to  the  coil,  so  that  it  may  be  short-circuited 
and  the  inductance  of  the  ammeter  be  determined  separately. 
I  have,  however,  found  this  inductance  with  a  shuutel  Siemens 
instrument  to  be  extremely  small. 


Fic.  2. 

The  theory  of  the  test  is  as  follows  :  Let,  ia  addition  to  the 
symbols  used  previously, 

?i  =  the  number  of  turns  of  the  exciting  coil, 
Z=the  mean  length  of  the  ring  in  centimetres, 
A  =  its  cross-sectional  area   filled  by  iron  in  square 

centimelris, 
B=the  induction, 

<^  =  the  total  flux  passing  througli  A  ; 
</,=  AB, 


th 


(It  \     fwR; 

■1" 


3-  B'-  ^^\hO, 


(3) 


where  R  is  the  corrcctetl  value  of  the  galvanometer  circuit  re- 
sistance as  above  explained.  The  value  of  H  is  found  in  the 
usual  way  from 

H  =  ^'^"'"' W 


{'>) 


THE  ELECTRICIAN,  JUNE  18.  1909. 


385 


If  only  the  H-B  curve,  but  not  the  complota  Icop,  is 
required,  we  close  switch  n  and  knock  ovcc  the  reversing 
switch.     This  gives 

B'=-B, 

B  =  _\°'Ki^ (6) 

The  H-B  curve  can  then  be  drawn  from  the  observations 
(4)  and  (6). 

To  tost  the  accuracy  of  this  method  I  have  made  observations 
with  sample  rings  with  pilot  coils,  one  set  of  observutions  in 
the  usual  way  by  connecting  the  pilot  coil  to  the  galvanometer, 


and  another  set  by  discarding  the  use  of  that  coil.  The  two 
sets  of  observations  agreed.  The  periodic  time  of  the  galvano- 
meter employed  was  a  little  over  six  seconds,  its  resistance 
.34  ohms,  and  the  total  resistance  in  the  galvanometer  circuit 
was  varied  between  1,000  and  20,000  ohms.  The  resistance 
)■  was  about  38  ohms,  and  that  of  the  branch  iiffc  about  0'3  ohm. 
The  correction  for  R  was  thus  about  0  8  per  cent. 


SIEMENS  COIfTINUOUS  CURBENT  MOTORS  AND 
GENERATORS. 

Siemens  motors  and  dynamos  and  their  characteristics  are  by  tills 
time  so  well  known  to  readers  of  The  ELECTRiriAN  that  the  follow- 
ing particulars  of  a  new  class  of  continuous-current  machine  recently 


Fii!.  1. — Proteite'i)  Tvi'E  Maiiiini-. 


di'signcd  and  plnrcd  on  the  market  l)y  Messrs.  Sicmcn.s  Bros.  Dynuino 
Works  (Ltd.)  will  doubtless  be  of  interest,  onibodyins  as  it  does 
improvements  on  the  older  class  of  work.  These  machines  are  made 
in  three  types,  viz..  protected,  ventilated  and  totally  enclosed.  Tig.  1 
shows  a  standard  protected  ty|>e  maeh.lne.  the  ventilated  ty|>e  being 
illustrated  in  Fig.  2.  The  latler  is  shown  vith  perforated  metal 
covers,  but  single  or  double  gauze  covers  are  fitted  when  I'eiiuired. 
The  totally-enclosed  type  is  similar  to  the  ventilated  type,  with  the 
e.xception  that  the  covers  are  of  solid  instead  of  perforated  metal. 

These  machines  are  capable  of  dealing  with  25  per  cent,  overload 
for  half  an  hour  or  40  per  cent,  overload  for  three  minutes  without 
undue  sparking  or  overheating.  For  continuous  running,  the  tem- 
perature rise,  as  measured  by  thermometer,  does  not  exceed  70"K. 


for  protected  type  machines.  80'F.  for  ventilated  type  with  per- 
forated metal  covers,  and  90°F.  in  the  case  of  ventilated  type  with 
gauze  covers,  or  totally-enclosed  machines.  All  machines  are 
designed  to  run  at  all  loads  with  fixed  position  of  brushes.  The 
magnet  frame,  which  is  circular  and  of  cast  iron,  is  fitted  witli  end 
shields,  which  can  be  turned  through  an  anglet  f  90  deg.  or  180  deg., 
thus  rendering  the  maehine  e<|Ually  suitable  f r  r  fixing  to  the  floor. 
wall  or  ceiling.  The  main  pole.",  are  laminated  and  bolted  to  the 
frame,  commutation  poles,  when  fitted,  being  of  solid  wTought  iron 
in  the  smaller  sizes  and   laminated  in  the  larger  sizes.     The  arma- 


Fig.  2. — Ve.ntilated  Type  Machine. 

ture  is  slotted  and  drum  wound  ;  the  core  plates  are  keyed  direct  to 
the  shaft,  and  held  in  position  by  two  end  flanges.  I'articular 
attention  has  been  paid  in  the  design  to  secure  thorough  ventilation. 
The  held  coils  are  former  wound  for  the  smaller  machines  and  wound 
on  bobbins  for  the  larger  sizes  ;  in  all  cases  they  are  heavily  insu- 
lated from  the  jioles  and  the  frame  as  a  safeguard  against  earthing 
by  abrasion.  The  commutator  is  built  up  of  hard-drawn  copper 
segments  insulated  from  one  another  by  mica.  Carbon  brushes  are 
employed,  and  in  order  to  ensure  efficient  commutation  and  to 
reduce  to  a  minimum  any  possibility  of  overheating  at  the  commu- 
tator, each  bnishholdcr  is  provided  with  two  brushes.     A  consider- 


Fio.  3.— SiKMFNS    F.C.   Motor    drivixo   Cincri.AR  S.^w 

.!  H.P.    AT  4()0  VOl.TS,  1,100  REVS.  PER  MIX. 

able  number  of  these  machines  have  already  been  installed  to  per- 
form widely  ditlering  duties,  for  «hich  they  have  been  found  to  Ix- 
eminently  suitable.  An  interesting  examiile  is  sliov.n  in  Fig.  3, 
which  illustrates  a  3  u.r.  motor  driving  a  circular  saw. 


College  Electric  Rajlway.— According  to  the  "Hectncal 
World"  Clemson  College,  the  State  Institution  of  South 
Carolina,  proposes  to  build  a  short  electric  line  fiom  the 
college  to  Calhoun,  for  the  i  urpose  of  making  a  close  and  direct 
connection  with  the  nearest  railroad  main  line.  The  new  road 
will  be  used  for  both  passenger  and  goods  service. 

e2 
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SYSTEMS  OF  CHARGING. 

Provideil  that  services  can  be  installed  at  a  low  cost, 
small  eousumei's  offer  many  opportunities  for  the  extension 
ol'  electricity  supply.  In  a  recent  is.sue  we  referred  to  the 
pos.sihility  of  discarding  maximum  demand  indicators  for 
.sucli  consumers ;  a  still  further  step  in  the  reduction  of 
capital  outlay  per  service  is  to  do  away  with  meters 
altogether  and  to  cliarge  a  fixed  stun  per  lamp  per  quarter 
for  all  energy  supplied-  Although  such  a  system  pos- 
.sesses  a  few  obvious  drawbacks,  encouraging,  as  it  does, 
the  wa.steful  use  of  electrical  energy  and  a  reduction  in 
the  number  of  lamp.s  installed,  it  is  attiaetive  to  a  certain 
chiss  of  small  consumer.^,  who  ap[)reciale  tlie  fact  that  the 
cust  (if  lighting  is  a  li.\ed  amount.  As  an  instance  of  tlie 
jiossibilities  of  securing  business  on  these  lines,  and  of  the 
l)0]iularity  of  tlie  scheme  in  certain  cases,  it  is  interesting 
to  learn  from  the  "  Electrical  World  "  that  the  Marsliall 
Light,  Heat  &  Power  Co.,  which  operates  in  a  town  of  0,000 
iiihal)itauts,  has  obtained  no  less  than  'J2  small  consumers 
on  the  above  basis  during  the  three  moiitlis  following  the 
introduction  of  the  fixed  rate  system.  The  charge  wliicli 
lias  been  introduced  hy  the  company  is  |1  per  month  for 
four  25 -watt  tungsten  lamps,  20  cents  additional  for 
each  lamp  up  to  seven,  and  then  15  cents  for  all  further 
lamps  required.  The  lamps  are  sold  to  the  consumers  at 
list   price,  and  as  attention  is  drawn  to  the  fact  that  a 
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wasteful  use  of  eneryy  involves  ixniiecessaiy  Limp  renewals, 
the  comparatively  high  price  of  tungsten  lamps  encourages 
the  consumers  to  make  use  of  the  current  economically.  If 
higher  candle-power  lamps  or  carljon  lamps  are  afterwards 
employed,  meters  are  installed.  It  is  stated  tliat  the 
system  was  introduced  as  an  experiment,  and  in  view  of  its 
apparent  popularity  the  results  after  a  more  extensive  trial 
will  certainly  be  watched  with  interest  by  other  engineers. 
At  the  recent  Missouri  Electric  Light  Convention  the 
question  of  fixed  rates  was  discussed  in  connection  with  a 
Taper  on  "  Equitable  Hate  JMaking,"  and  a  considerable 
divergence  of  opinion  was  shown  to  exist  as  to  the  desira- 
bility of  such  a  system.  The  heavier  electric  light  bills  in 
the  winter,  as  compared  with  the  summer,  was  stated  to  be 
a  coranion  source  of  complaint  where  meters  are  installed ; 
and  whilst  some  speakers  instanced  cases  where  consumers 
paid  a  larger  amount  on  the  fixed  rate  system  than  when 
on  the  meter  basis,  others  mentioned  instances  wliere  the 
adoption  of  meters  led  to  improved  results.  In  view  of  the 
steady  reduction  in  fuel  consumption  per  kilowatt-hour 
during  recent  years,  it  must  be  remembered  that  the  fixed 
rate  system  of  charging  can  now  be  more  easily  justified 
than  when  the  fuel  consumption  formed  a  considerable  item 
in  the  total  cost  of  production  of  electrical  energy,  and 
those  stations  with  low  fuel  costs  can  the  more  safely  ex- 
periment in  the  direction  of  a  fixed  rate  for  a  certain  class 
of  small  consumers. 

In  this  country  the  irrtroduction  of  metal  filament  lamps 
has  caused  greater  attention  to  be  paid  to  the  present  systems 
of  charging  for  electrical  energy,  and  it  would  seem  desir- 
able that  the  efforts  of  engineers  should  be  devoted  rather  to 
the  encouraging  of  consumers  to  maintain  their  previdus 
consumption  of  electrical  energy  by  a  more  liberal  use  of 
electric  light  and  electric  appliances  than  to  keeping  up 
the  revenue  obtained  fronr  lighting  consumers  by  increasing 
the  price  per  unit.     In  this  connection  we  do  not  doubt 
that  a  fixed  charge  depending  on  the  number  of  lamps 
installed,  together  with  a  low  price  per  unit  for  energy 
■  consumed — or  a  high  price  for  a  certain  minimum  number 
of  units,  with  a  low  price  thereafter — would  be  found  to 
give  satisfactory  results  in  the  majority  of  cases  ;  whilst  for 
small  private  houses,  with  lighting  only,  the  charge  for  energy 
might  be  omitted  and  a  slightly  higher  fixed  charge  made. 
We  may  mention  that  an  interesting  modification  of  the 
system  iu  which  the  charge  is  based  on  the  number  of 
lamps  installed  seems  to  be  in  vogue  in  Detroit  and  other 
American  towns.    It  applies  only  to  residential  consumers 
and  is  known  as  the  "  Dow  "  system.     The  consumer  is 
charged  a  high  late  for  a  certain  number  of  units  per  room, 
without  regard  to  the  number  of  lamps  connected,  and 
additional  units  Jirc  then  supplied  at  a  low  rate.     A  strong 
'point  of  this  system  is  that  it  does  not  discourage  con- 
sumers from  installing  lamps  in  cellars,  &c.,  wdiere  the 
lamps  are  infrequently  used,  and  it  has  been  pointed  out 
tiiat  a  maximum  demand  based  on  the  number  of  rooms  is 
!is  likely  to  be  correct  as  when  based  on  the  number  of 
lamps.  The  system  has  certainly  the  merit  of  simplyfying  the 
process  of  inspection,  which  is  always  raised  as  an  objection 
against  systems  based  on  details  of  a  consumer's  installation. 
There  is  no  doubt  that  central  station  engineers  have 
now  a  good  selection  of  alternativii  tarilfs,  and  it  only 
remains  to  put  these  seriously  to  the  test  of  actual  working. 
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Copies  of  the  undermeDtioned  works  can  ho  had  from  77i«  ElftirMan  Offlce,  port  fre«, 
on  receipt  of  publislied  price,  addini;  3d.  fur  books  published  under  38.  Add  10  per 
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Practical  Calculation  of  Transmission  Lines.  By  h  W.  Rosen- 
thal.    (Now  York  :  Mc(ii-aw  I'ublishing  Co.)     Pp.  x— 95.    $2  net. 

The  author  intends  this  book  to  he  a  practical  help  in  the 
rapid  and  accurate  calculation  of  transmission  lines,  and  ""  the 
arrangement  of  the  formul«>,  tables  and  text  has  been  directed 
solely  by  the  needs  of  the  rapid  worker."  As  power  lines  are 
not  such  common  things  that  there  is  any  necessity  for  gettinjr 
out  designs  at  the  rate  of,  say,  a  dozen  per  diem,  the  advaiitaj;e 
of  great  speed  in  this  kind  of  work  is  not  very  obvious  ;  and  if 
speed  can  only  be  bought  at  the  co.st  of  abandoning  all  original 
thought  and  argument,  and  simply  following  blindly  the  rules 
and  tables  worked  out  by  the  author,  most  engineers  will  he 
satisfied  with  less  speed  and  prefer  to  work  in  their  own  old 
way,  suiting  means  to  a  definite  end,  and  keeping  a  clear  grasp 
of  the  subject  at  each  step.  But  then  the  author  says  that  the 
old  way  is  not  so  good  as  his.  I  quote  verbatim  :  "  The  alter- 
nating current  division  presents  a  new  and  oriirinal  method 
for  the  solution  of  these  problems.  It  is  the  only  method  known 
to  the  author  which  determines  the  size  of  wire  directly  from 
the  volt  loss  in  the  line,  and  it  also  possesses  unique  features  of 
scope,  accuracy  and  simplicity."  This  is  a  large  claim,  and 
the  reader  will  naturally  be  anxious  to  know  what  these  unique 
features  of  the  author's  method  are.  As  far  as  I  am  able  to 
make  out  they  consist  in  the  suppression  of  all  mathematical 
and  generally  applicable  arguments,  and  the  substitution  of  a 
host  of  special  factors  for  which  long  tables  are  given.  Un- 
fortunately the  author  does  not  show  what  the  scientific  signi- 
ficance of  his  factors  is.  He  simply  gives  formula;  in  which 
"  heat  factor,"  "  resistance  factor,"  "  temperature  factor," 
"  wire  factor,"  "  capacity  factor,"  "  reactance  factor,"  and 
so  on  occur  and  tables  for  the  numerical  value  of  these  factors, 
without,  however,  a  single  word  of  explanation  what  the 
factor  is  or  why  it  should  be  in  his  formula.  In  most  cases  a 
reader  well  acquainted  with  the  subject  can,  by  analysing  the 
formula,  make  out  the  physical  meaning  of  any  particular 
factor,  but  it  is  like  the  solution  of  some  puzzle  question,  and 
certainly  not  the  way  to  work  rapidly.  In  one  case,  namely 
the  wire  factor,  I  have  not  been  able  to  puzzle  out  its  inner 
meaning.  I  gather  that  it  depends  on  the  frequency,  the  power 
factor,  the  diameter  of  the  conductor,  and  the  distance  between 
two  conductors,  but  how  these  various  quantities  can  be 
combined  into  one  factor  is  not  shown.  Apparently  the  author 
thinks  it  quite  superfluous  that  an  engineer  should  know  at 
each  step  of  his  calculation  what  he  is  doing.  All  that  he 
requires  is,  that  the  person  using  his  book  should  follow  blindly 
the  instructions.  Here  is  a  sample  :  '"  The  true  power  factor 
of  the  source  is  obtained  by  the  following  method.  Formula 
(61)  is  solved  for  K'o  using  the  apparent  power  factor  of  load 
for  K.  The  value  of  i'„"  corresponding  to  K'o  is  noted  from 
Table  XIV.,  page  39,  and  substituted  in  formula  (45)  for  the 
reactance  factor.  The  true  ])ower  factor  at  .source  is  then 
obtained  from  Table  XIV.,  by  finiling  K,,  corresponding  to 
tj'.  Apparently  the  author  is  under  the  impression  that  engi- 
neers hitherto  have  arrived  at  the  voltage  requiied  at  the 
generator  end  of  the  line  by  simply  adding  algebraically  the 
inq)edaiice  voltage  to  the  voltage  required  at  the  delivery  eiul, 
for  bv  two  vector  diagrams  on  page  30  (the  oidy  diagrams 
found  in  the  whole  book),  he  labours  the  point  that  the  addi- 
tion must  be  vectorial. 

Some  terms  used  by  the  author  are  a  little  vague.  Thus  be 
speaks  of  relative  resistance,  without  explaining  what  he 
means  by  this  term.  In  working  through  one  of  liis  examples 
the  reader,  after  a  little  troid)le,  finds  that  relative  resistance  is 
not  a  resistance  at  all,  but  the  ratio  of  two  resistiinees.  Also 
the  term  rail  impedance  is  used  in  a  novel  way.  or  at  any  rate 
the  fornuda  given  has  not  the  dimensions  of  an  impedance.  On 
page  86  we  find  '■  Impedance  per  mile  of  one  T  rail,  bonded  and 
installed 


/  cycles  per  second 
V    pounds  per  yard 
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The  diinonsioiis  of  this  i|uaiitity  in  the  electroma>;netic  system 
are  M~iL'T~'  whereas  tlie  dimensions  of  an  impedance  are 
LT_'.  What  the  author  calls  an  impedance  is  therefore 
not  the  quantity  which  is  commonly  understood  by  this  term. 

This  book  illustrates  a  tendency  in  modern  literature  which 
is  not  good.  I  do  not  mean  to  say  that  a  reader,  once  he  has 
mastered  tlie  author's  factors  and  worked  through  his  examples, 
could  not  by  following  his  instructions  get  accurate  results  in 
ordinary  cases,  but  this  attempt  to  teach  designing  by  receipt  in 
the  style  of  a  cookery  book,  and  the  consequent  impression  that 
an  engineer  need  not  base  his  work  on  fundamental  sciejitific 
principles,  must  sooner  or  later  lead  to  failure. 

GiSBERT  Kapp. 

La  Telegraphie  Sans  Fil.  Bj' Albert  Tcr pain.  2ik1  edition.  (Paris: 
Gauthiei  Villais.)  Tp.  xi.— 386.  Fr.l9. 
The  scope  of  this  work,  of  which  this  is  the  second  edition, 
is  rather  wider  than  the  title — ""  Wireless  Telegraphy  " — would 
imply.  The  work  deals  with  a  variety  of  applications  of  elec- 
tromagnetic waves  and  rapid  electrical  oscillations.  Of  course, 
there  are  not  many  ways  of  producing  high-frequency  oscilla- 
tions, even,  say,  for  purely  medical  purposes,  that  have  not 
been  used  in  wireless  telegraphy,  so  none  of  the  contents  of 
the  book  seem  beyond  the  ken  of  the  radio-telegraph  engineer. 

The  scheme  on  which  the  book  is  constructed  is  as  follows  : 
Successive  chapters  deal,  in  order,  with  the  history  of  electric 
waves  and  of  the  means  of  detecting  them,  the  methods  of 
producintr  electrical  oscillations,  the  early  methods  of  wireless 
telegraphy,  the  various  "  sy.stems  "  concocted  up  to  date,  the 
methods  of  making  the  chief  high-frequency  measurements, 
the  various  attempts  at  syntonic  telegraphy,  and  a  general 
account  of  odds  and  ends  of  information  about  large  power 
stations.  The  book  then  proceeds  to  chapters  on  wireless  tele- 
phony, on  telegraphy  bv  waves  along  wires,  on  telemechanism, 
and  on  high-frequency  apparatus  of  many  sorts.  This  arrange- 
ment has  grown  up  out  of  that  of  the  first  edition.  It  works 
out  rather  badly.  There  is  much  repetition,  many  matters 
being  discu.ssed  under  various  headings  in  different  chapters, 
and  there  is  much  scattering  of  discussions  that  ought  to  have 
been  massed  at  one  place. 

The  book  has  several  features  that  distinguish  it  from  others 
on  wireless  telegraphy.  One  is  the  very  complete  treatment 
of  apparatus  for  making  sparks,  which  takes  up  the  whole  of 
the  second  chapter.  The  list  of  apparatus  begins  with  the 
Holtz  machine  and  passes  to  the  transformer  and  high-tension 
alternator.  In  connection  with  the  inductorium  is  an  elaborate 
account  of  current  intcrruptors,  mechanical  and  electrolytic. 
Another  feature  worthy  of  special  mention  is  the  chapter  on 
telegraphy  by  means  of  electric  waves  along  wires.  This 
method  is,  of  course,  the  author's  own  child.  It  consists  in 
using  (for  land  stations,  at  any  rate)  overhead  wires  to  direct 
the  waves — that  is  to  say.  the  waves  are  to  be  propagated  along 
wires  instead  of  hemispherically.  The  sending  and  receiving 
apparatus  are  to  remain  much  the  same  as  in  telegraphy 
without  communicating  wires  ;  but.  says  our  author,  trans- 
mission by  this  method  would  be  much  more  economical  than 
hemisjiherical  transmission.  A  variety  of  .schemes  is  given  for 
dij)lex.  duplex  and  (piadruplex  telegraphy  by  this  method,  but 
to  the  present  writer  they  did  not  appeal  convincingly.  One 
other  noteworthy  item  of  the  volume  is  the  collection  of  pub- 
lished researches  on  electric  storms,  carried  out  by  wireless 
telegraph  recording  a])paratuH.  rnha))pily,  these  researches 
are  very  few  in  number  and  do  not  tell  us  much  of  the  laws  or 
even  of  the  causes  of  the  "  atmospherics,"  so  troublesome  in 
wireless  telegraphy. 

The  volume  contains  much  carefid  ciiticism  of  general  wire- 
less telegraph  affairs  and  prospects.  For  instance,  the  arc 
method  of  generating  oscillations  is  dissected,  and  sound 
rea.sons  are  advanced  against  its  wide  adoption.  But,  broadly 
speaking,  the  author  is  rather  harsh  on  all  systems  of  wireless 
telegraphy,  especially  as  regards  communication  over  great 
distances.  He  pours  ridicule  on  the  idea  of  spending  many 
kilowatts  at  a  sending  station  in  order  to  waggle  a  telephone 
diaphragm  feebly  at  the  other  aide  of  an  ocean,  and  he  holds 
the  opinion  that  the  daily  costs  of  a  large  wireless  telegraph 


station  will  miicli  outweigh  the  interest  charges  and  upkeep  of 
a  cable  doing  the  same  work.  In  forn\ing  this  opinion,  how- 
ever, he  has  probably  underestimated  the  repairs  bill  of  a  cable 
company,  and  has,  no  doubt,  been  influenced  by  his  leaning 
towards  his  own  proposals  of  Hertzian  telegraphy  loilh  wires 

W.   H.   Kcci.KS.' 


RESEAKCHES  IN  RADIOTELEGRAPHY.* 

BY  rEiiF.  .1.  A.  ii.i,:iiix(i,  i).s('.,  F.i;.s. 
{Coiilinued  from  page  ">51.) 
It  shiiuld  be  clearly  understood  that  when  a  wireless  telegraph 
antenna  is  in  operation,  it  sends  out  into  (he  surrounding  space  a 
nearly  hemispherical  electric  wave  wliieh  sjiroads  out  in  all  direc- 
tions. There  are  five  oa\ise8  wliieli  weaken  the  wave  as  it  travels 
outwards: — (1)  The  distribution  of  the  energy  continually  over  a 
lirger  and  larger  area.  Tlie  wave  amiihtude  diminishes  inversely 
as  the  distance,  and  tlie  wave  encruy  inveisply  as  the  square  of  the 
distance.  This  is  proved  theoretically  frcmi  tirst  principles  by  Hertz's 
equations,  and  has  been  confirnird  experimentaily  by  the  experi- 
ments of  Messrs.  DuddcU  and  Taylor,  and  of  Prof.  Tissot.  (2)  There 
is  a  certain  absorption  of  energy  due  to  the  ionisation  of  the  atmos- 
phere by  daylight  and  to  other  causes,  but  this  is  only  detectable  0V3r 
long  distances,  and  for  the  present  moment  we  shall  neglect  it.  We 
include,  however,  under  this  head  obstructions  due  to  special  atraos- 
l)liciic  conditions,  electrical  or  material.  (3)  There  is  a  diminution 
due  to  earth  curvature  which  is  operative  only  over  long  distances. 
(+)  There  is  some  reduction  of  intensity  which  results  from  obstacles 
— such  as  hills,  trees, — especially  from  cliffs  of  ironstone  or  con- 
ductive rocks,  due  to  distortion  of  the  electric  field.  (5)  Lastly, 
there  is  the  weakening  due  to  the  dissipation  of  energy  by  the  pene- 
tration of  the  waves  into  the  surface  over  which  thev  travel. 
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We  shall  consider  the  last-named  cause  alone  at  the  present 
moment.  Dr.  Zenneek  has  discussed  mathematically,  in  a  very 
interesting  I'aper,  the  effect  of  the  conductivity  and  dielectric  con- 
stant of  the  terrestrial  surface,  soil  or  sea,  on  the  propagation  of  a 
plain  electric  wave  over  it,  assuming  the  radiation  to  be  from  an 
ordinary  vertical  antenna,  and  the  electric  force  therefore  normal  to 
the  earth,  and  magnetic  force  parallel  to  it.  The  result  is  to  show 
that  there  are,  broadly  speaking,  three  cases  to  consider.  First, 
supposing  the  surface  material  to  be  a  good  conductor,  then  the  wave 
moves  over  the  surface  and  penetrates  a  very  little  way  into  it.  The 
electric  force  in  the  air  over  the  surface  is  a  purely  alternating  force 
vertical  to  the  earth's  surface,  and  the  magnetic  force  is  an  alter- 
nating force  parallel  to  it,  and  there  is  very  little  subterranean 
electric  or  magnetic  force  (sre  Fig.  3.^).  This  is  realised  approxi- 
mately or  most  nearly  in  the  case  of  radit)tc.legrapliy  over  sea  water. 
Secondly,  let  the  earth  l>e  assumed  to  have  a  very  poor  conductivity 
and  not  a  very  large  dielectric  Cf>nstant,  then  analysis  shows  that  the 
electric  force  in  the  air  has  two  components,  one  perpendicular  to  the 
earth's  surface  and  one  parallel  to  it,  and  the  resultant  is  an  alter- 
nating and  a  rotating  force,  the  direction  of  its  maximum  value 
being  inclined  to  the  surface  and  leaning  forward  (see  Fig.  3b).  The 
wave  front  therefore  slopes  forward.  Also  there  is  a  subterranean 
electric  force,  showing  that  the  wave  is  jienetrating  into  the  .soil,  and 
there  is  therefore  dissipation  of  energy  owing  to  the  conductivity  of 
the  soil  as  the  wave  travels  over  the  surface.  This  case  is  realised 
when  the  wave  travels  ovn-  land  composed  of  dry  soil  having  a  small 
dielectric  constant.  Thirdly,  let  the  earth  be  a  very  poor  conductor, 
having  a  small  dielectric  constant  from  'Z  to  3,  and  a  specific  resist- 
ance, of  about  10,000  ohms  per  metre  cube.  For  example,  very  dry 
earth  or  sand.  Then  the  investigation  shows  that  the  electric  force 
in  the  air  has  two  components,  one  parallel  to  the  earth's  surface 
and  one  perpendicular  to  it  differing  in  phase,  and  the  resultant  is 

*  Lecture  (slightly  abbreviaterl)  delivered  on  June  4th  before  the 
Royal  Institution. 
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represented  by  the  rotating  radius  of  an  ellipse,  the  maximum  value 
or  major  axis  of  which  is  inclined  forward  in  the  direction  of  the 
wave  motion  («pc  Fig.  3c).  At  the  same  time  there  is  some  pene- 
tration of  the  wave  into  the  earth  and  consequent  dissipation  of 
energy. 

Dr.  Zenneck  has  considered  the  case  of  electric  waves  1.000  ft.  in 
wave  length,  and  has  represented  the  final  result  by  some  interest- 
ing curves.  He  defines  the  efltect  of  the  absorption  of  energy  by  the 
soil  by  stating  the  distance  in  kilometres  at  which  the  wave  ampli- 
tude would  be  reduced  by  the  effect  of  this  absorption  to  0-367=  1/f 
of  its  amplitude  at  the  sending  station,  altogether  apart  from  the 
weakening  due  to  the  spreading  of  the  waves  out  in  a  hemisphere, 
which  we  may  call  the  spherical  or  space  decrease.  These  curves 
are  plotted  to  abscissa'  representing  the  specific  resistance  of  the 
soil  {ser  Fig.  4).  You  will  see  from  this  diagram  that  when  a  plane 
electric  wave  having  the  above  wave-length  is  propagated  over  sea 
water,  it  would  have  to  travel  10,000  kilometres  before  its  ampli- 
tude would  be  reduced  in  the  assigned  ratio  ;  and  over  fairly  dry 
soil,  about  100  to  l,tl0l)  kilometres  ;  but  over  very  dry  soil,  having  a 
small  dielectric  constant,  only  about  1  to  10  kilometres.  Also  you 
will  notice  that  the  curves  rise  up  again  for  still  higher  resistivities. 
This,  of  course,  is  as  it  should  be.  All  the  practical  cases  lie  between 
two  ideal  extremes  :  the  case  of  an  infinitely  perfect  conducting 
earth,  in  which  case  the  waves  would  not  penetrate  into  it  at  all ;  and 
the  other  case,  an  infinitely  perfect  non-conducting  earth,  in  which 
the  wave  would  penetrate  into  it,  but  would  suffer  no  dissipation  of 
energy.  This  theory  is  quite  in  accordance  with  practical  experi- 
ence in  radiotelegraphy.  Every  receiving  apparatus  associated  with 
an  antenna  of  a  certain  height  and  kind  must  be  subjected  to  waves 
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iiiAVELLiKG  OVER  VARIOUS  SURFACES.     (Dr.  Zenneck.) 

of  a  certain  minimum  amplitude  to  give  any  appreciable  signal. 
For  all  lower  amplitudes  that  particular  receiving  arrangement  is 
perfectly  deaf.  Now  it  is  a  matter  of  common  experience  that  with 
a  given  radiotelegraphic  apparatus  and  antenna,  it  is  possible  to 
receive  signals  for  greater  distances  over  sea  water  than  over  dry  land, 
and  that  if  the  soil  is  very  dry,  the  distance  may  be  cut  down  very 
ciinsiderably  indeed.  This  is  not  due  merely  to  the  difficulty  of 
ni.iking  what  the  telegraphists  call  a  good  earth  at  the  sending 
station,  it  is  due  to  the  ab.sorption  of  the  wave  by  the  earth  for  the 
whole  distance  which  extends  between  the  two  stations.  Hence, 
also,  it  is  a  common  experience  that  when  particularly  dry  weather 
is  succeeded  by  wet  weather,  the  radiotelegraphic  communication 
between  two  stations  on  land  is  considerably  improved. 

In  another  Paper,  Dr.  Hack  has  shown  that  even  underground 
water  is  an  advautage  in  facilitating  radiotelegraphic  communica- 
ti'in.  Since  a  shore  .station  must  always  be  established  on  shore  for 
"iiimunieation  with  ships,  it  is  in  consequence  generally  the  custom 
1(1  select  a  site  for  that  station  as  near  as  possible  to  the  coast,  and  to 
I  ike  pains  to  get  a  very  good  conducting  connection  between  the 
f'iot  of  the  antenna  and  the  soil,  and  also  if  necessary  between  the 
antenna  earthplate  and  the  sea.  Fessenden  has  suggested  for  this 
purpose  the  use  of  what  he  calls  a  wave  chute,  which  is  merely  a 
metallic  network  extending  some  distance  outwards  from  the  antenna 
in  cases  where  this  antenna  is  established  in  the  centre  of  towns  or 
dry  districts. 

Dr.  Zenneck  has  also  given  a  series  of  curves  which  show  in  a 
remarkable  manner  the  reduction  in  wave  amplitude  due  to  both 


distance  and  surface  absorption,  calculated  for  waves  of  l.fXH»ft.  in 
length,  and  for  various  coefficients  of  absor|)tion  {nee  Fig.  .5).  Thus, 
for  example,  if  we  are  propagating  plane  waves  I.IHX)  ft.  long  over  a 
surface  which  by  itself  would  reduce  the  wave  am|)litude  to  0-367  of 
its  initial  amplitude  in  1,000  kilometres,  then,  when  we  consider  the 
decrease  by  distance  as  well,  we  have  to  take  account  of  the  fact  that 
this  last  cause  reduces  the  wave  amplitude  at  1,'KX»  kilometres  to 
0-001  of  that  which  it  is  at  1  kilometre  distance.  I  have  represented 
in  Fig.  5  .some  of  Dr.  Zenneck's  curves.  The  dotted  line  shows  the 
decrease  of  amplitude  by  distance  alone,  and  the  firm  lines  that  due 
to  distance  and  terrestrial  absorption  in  various  ca.ses.  We  are  able 
to  see  from  them  the  large  effect  due  to  travel  over  large  distances 
of  very  dry  soil.  Thus,  for  instance,  if  the  absorption  is  such  as  to 
cut  down  the  amplitude  in  the  ratio  of  1 : 0-367  at  l.WW  kilometres, 
then  at  a  distance  of  3,000  kilometres  the  amplitude  of  a  wave  of 
1,000  ft.  in  length  would  be  cut  down  in  the  ratio  of  3,fX)0  to  1  by 
distance  alone,  but  in  the  ratio  of  60,000  to  1  by  distance  and  terres- 
trial absorption  combined. 


Fir,.  .5.— Curves  showing  Decrease  m  Wave  Amplitude  with  Dis- 
tance For  Waves  1,000  ft.  in  length.    (Dr.  Zenneck). 

An  important  matter  is  the  question  of  the  influence  of  wave 
length  on  this  absorption.  It  can  be  shown  from  theory  that  an 
increase  of  wave  length  reduces  the  energy  dis.sipation  by  the  earth. 
Thus,  in  certain  cases,  increasing  the  wave  length  from  l.tXKI  to 
10.000  ft.  increases  the  range  of  effective  communication  100  times. 
This  agrees  with  practical  experience.  The  absorption  is  also  deter- 
mined by  the  decrement  of  the  wave  train  being  greater  the  larger 
the  decrement. 

One  practical  deduction  to  be  made  from  this  investigation  is  that 
the  reduction  in  wave  amplitude  which  takes  place  when  the  wave 
moves  over  very  dry  soil  is  as  much  due  to  small  dielectric  constant 
of  the  material  as  to  high  resistivity.  We  see  also  that  the  wave 
front  is  very  far  from  being  vertical  when  the  waves  travel  overland, 
and  hence  it  is  an  advantage  in  that  case  for  the  receiving  antenna  to 
slope  away  from  the  direction  in  which  the  waves  are  travelling  or 


from  the  radiant  point.  Lastly,  it  points  to  the  advantagt-  of  a  long 
wave  for  overland  working.  Generally  speaking,  then,  we  find  that 
electric  wave  telegraphy  is  conducted  with  much  gi-eator  ease  over 
sea  than  over  dry  land,  the  reason  being  that  the  dielectric  constant 
is  large  and  the  conductivity  of  sea  water  is  sufficient  to  prevent 
much  penetration  of  the  electric  wave  in  the  S(-a,  and  therefore  there 
is  not  much  dissipation  i>f  its  energy  by  absorption  due  to  the  surface 
over  which  it  travels.  We  have  here  an  instance  of  economy  in 
Nature.  Over  sandy  deserts,  where  we  can,  if  need  bo,  put  up 
telegraph  posts  and  wires,  radiotelegraphy  has  had  some  natural 
difficulties  placed  in  its  way,  but  on  sea,  where  connection  betwei-n 
movin"  stations  is  the  important  matter,  and  telegraph  posts  are 
impossible,  special  facilities  seem  to  have  been  atTorded  us  for  con- 
ducting it. 
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The  next  point  to  be  notiood  in  connection  with  the  antenna  is 
the  means  adopted  of  setting  up  the  oscillations  in  it.  The  universal 
custom  at  present  is  to  excite  oscillations  in  a  reservoir  circuit  con- 
sisting; of  a  condenser  and  an  inductance  by  means  of  the  spark  or 
are.  If  the  spark  method  is  used,  then  the  condenser  is  one  of 
relatively  large  capacitj'.  and  the  inductance  is  kept  small.  If  the 
c.ipaeity  is  measured  in  electrostatic  units,  and  the  inductance  in 
electromignetic  units,  the  ratio  of  capacity  to  inductance  may  be 
something  of  the  order  of  5:1  or  even  20:  1.  In  this  case  the  con- 
denser is  charged  by  means  of  an  induction  coil  or  transformer,  and 
discharged  across  a  spark-gap,  and  this  discharge  consists  of  inter- 
mittent trains  of  electric  oscillations  with  a  periodic  time  equal  to 
the  free  natural  period  of  the  oscillatory  circuit.  These  discharges 
are  made  to  succeed  each  other  from  5t)  to  (it K)  times  a  second,  by 
using  an  induction  eoil^with  an  appropriate  int*'rru)iter.  or  else  an 
alternator  and  a  transformer.  If  the  arc  method  of  exciting  the  oscil- 
lations is  employed,  then  the  ratio  of  cajiacitv  to  inductance  must 
be  much  smaller  and  the  oscillations  arc  excited  in  this  circuit  by 


Red  Penduli'i  1 


/n 


Blue  Pendulum 
Ftc.  7. 


a  continuous  current  arc  worked  with  a  voltage  from  200  to  400  volts 
or  more,  the  arc  lieing  traversed  by  a  strong  magnetic  field  and 
generally  being  placed  in  a  chamber  kept  free  from  oxygen.  The 
oscillations  set  up  in  the  condenser  circuit  are  then  persistent  or 
unbroken.  The  o.scillations  are  excited  in  the  antenna  by  coupling 
it  inductively  or  directly  with  the  condenser  circuit  (see  Fig.  G).  If 
the  former  method  is  employed,  then  an  oscillation  transformer  is 
used  consisting  of  two  coils  of  wire,  one  Cfiil  being  inserted  in  the 
•condenser  circuit  and  (me  in  the  antenna  circuit,  and  according  as 
these  coils  are  near  or  far  apart,  they  are  said  to  be  closely  or  loosely 
cou|)lcd.  Tliese  two  circuits  have  then  each  their  own  natural 
period  of  electric  vibration,  like  tuning  forks,  and  they  have  to  be 
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'  Fig.  8. — Pieiick's  E.icpebiments  on  I.M)i:ctive  Couplino. 

adju.ited  to  .syntony.  It  is  well  known  that  under  these  conditions 
oscillations  set  up  in  one  circuit  immediately  create  o.scillations  of 
two  frequencies  in  both  circuits.  This  action  can  be  easily  illustiatod 
by  two  ])?ndulunis  which  are  of  the  same  length  and  arc  hung  side 
by  side  on  a  loose  string.  If  one  pendulum  is  set  swinging,  it  im- 
part.s  little  jerks  to  the  other  and  sets  the  latter  in  motion,  but  to 
do  this  the  first  must  part  with  its  own  energy,  and  hence  is  gradually 
brought  to  rest.  Then  the  operation  i.s  repeated  in  the  reverse  direction 
(Fig.  7).  Hence,  each  pendulum  is  alternately  swinging  faster  and 
slower  than  its  ordinary  rate,  and  may  be  said  to  possess  two  rates  of 
vibration.  The  same  thing  happens  in  the  case  of  two  closely 
coupled  .syntonic  electric  currents.     If  one  circuit  has  free  .oseillations 


set  up  in  it.  the  action  and  reaction  of  the  circuits  generates  oscilla-. 
tions  of  two  frequencies.  Accordingly,  when  an  antenna  circuit  ia 
coupled  to  a  condenser  circuit,  we  have  oscillations  of  two  fri(|ucneies 
set  up  in  it,  and  waves  of  two  wave-lengths  radiated  from  the 
antenna.  The  presence  of  these  tw  o  waves  can  be  detected  either  by 
measurements  made  with  the  cymometer  or  by  an  oscillograph 
vacuum  tube.  In  the  lirst  case  all  that  is  necessary  is  to  place  a 
cymometer  in  proximity  to  the  antenna  and  vary  its  oscillation  con- 
stant. It  will  be  foimd  that  there  are  two  settings  of  the  handle  for 
which  the  Neon  tube  glows  brightly,  and  Ihe  scale  of  the  instrument 
will  indicate  the  wave-lengths  of  th.   Iwo  wiucs  ros|irctively.     Some 


Fig.  9. — OscrLLOfiEAM  of  Damped  Oscillation  (Antenna  not 
connected)  taken  with  the  Gehrcke  OscnxonuArH  Vacuum  Tube- 

instructive  measurements  of  this  kind  have  been  made  by  Prof. 
VV.  G.  I'icrce  in  a  recent  research,  and  he  has  shown  that  the  wave- 
length given  by  the  formula;  which  can  be  deduced  from  the  theory 
of  the  operations  are  in  agreement  with  actual  measurements  (set, 
Fig.  8).  Another  striking  confirmation  can  be  obtained  by  the 
oscillograph  vacuum  tube,  invented  by  Dr.  Gehrcke  of  the  Reichsan- 
stalt,  Berlin.  This  Cf  insists  of  a  glass  tube  having  two  strip  electrodes 
in  it  nearly  touching,  which  are  made  of  nickel  or  aluminium.  The 
tube  is  lilled  with  pure  nitrogen  and  exhausted  to  a  pressure  of 
about  10  mm.  to  20  mm.  If  such  a  tube  has  a  high  voltage  applied 
to  its  terminals  a  glow  light  extends  along  the  electrodes,  the  length 
of  which  varies  with  the  K.M.F.  Hence,  if  the  tube  is  connected 
to  a  circuit   in  which  .■in  oscillalory  discharsic  is  taking  plac,  the 
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connected)  taken  with  (iKiiiirM-,  \'aciim  Tlhe. 

gh)W  light  along  the  tube  will  rapidly  extend  and  coiilrarl.  If  the 
electrodes  are  examined  in  a  revolving  mirror,  niakinu  from  .10  to 
100  turns  a  .second,  the  images  of  the  glowing  electrodes  correspond- 
ing to  each  oscillation  will  be  sei)arated  out,  and  if  the  oscilla- 
tions are  persistent  or  undamped,  we  sec  a  scries  of  short  bright 
lines  alternately  above  and  below  a  central  line.  If,  however, 
the  oscillations  are  damped,  then  we  .see  in  the  mirror  a  train  of 
images  each  decreasing  in  length  («ee  Fig.  9).  On  apjilying  such 
an  oscillograph  vacuum  I ubc  to  the  circuit  of  an  inductively  coupled 
antenna,  and  examining  in  a  revolving  mirror  the  image  of  the  elec- 
trodes, they  will  be  seen  to  present  an  appearance  as  in  Fig.  10, 
taken  from  photographs  kindly  given  me  by  Herr  Hans  Boas,  of 
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Berlin.  Tlie-^e  oscillograms  indicate  that  there  are  t"  u  o'sciUations  pre- 
sent of  ditferent  frequency,  producing  an  effect  similar  to  beats  in 
mubic.  Owing  to  the  difference  in  frequency,  the  oscillations  alter- 
nately reinforce  and  extinguish  each  other  throughout  the  period, 
and  as  this  tyi)e  of  oscillogram  is  only  obtaincf  withan  inducti\ely 
coupled  ant?nna.  it  is  a  proof  that  in  such  a  case  there  are  two  os- 
cillation^  prei?nt  of  different  frequencies.  .\  similar  result  has 
bsen  oI)t  lined  by  I'rof.  E.  Taylor  .fone'',  with  low-frequeney  oscilla- 
tions in  coupled  inductive  circuits  by  means  of  an  electrostatic 
oscillogram  of  his  own  invention.  l.iOoking  at  these  photographs,  it 
will  bo  s-^en  that  each  represents  a  sin^e  train  of  damped  o.scillations 
gradually  dying  away,  but  that  in  each  train  of  oscillations  there  is 
an  altornat:;  waxing  and  waning  of  the  amplitude,  uhirh  indicates 
that  there  a.re  two  superimposed  oscillations  of  different  frequency. 
Aciordjngly,  in  the  case  of  wireless  telegraph  antenn;i;  induetively 
coupled,  wo  have  in  genrral  two  waves  radiated  of  different  lengths, 
and  either  of  these  can  be  made  to  affect  suitaVjly  tuned  receiving 
cirpuit3.  Those  waves  have  different  damping  and  dilTerent  maxi- 
mum amplitudes. 

One  of  the  disadvantages  of  close  inductive  coupling  is,  therefore, 
i);at  we  must  divide  the  energy  given  to  the  antenna  between  two 
vi.ives  of  different  length.  As  the  receiving  antenna  is  generally 
only  tuned  to  one  of  these  wave-lengths,  we  then  capture  and  absorb 
only  the  energy  conveyed  by  the  saves  of  that  wave-length.  To 
meet  this  difficulty  it  has  been  the  custom  to  employ  a  feeble  coupling 
hl.t^^een  the  circuits  of  the  oscillation  transformer,  so  a^i  to  generate 
waives  of  only  one  wave-length.  The  objeotiim  then  arises  that  the 
energy  conveyed  to  the  antenna  is  much  reduced.  It  is,  however, 
possible,  as  1  have  shown,  to  duplicate  the  receiving  circuits  so  as  to 
cqjture  the  energy  of  both  the  waves,  even  with  clo.se  coupling  of  the 
ti.uismitter  transfornier  (Fig.  11).* 


Ho.  11. — Method  of  UTiLisrNG  Waves  of  both  Frequencies  emitted 

BV  IXDUCTIVELY-COUPLED  TRANSMITTING  ANTENNA. 

A  method  of  creating  feebly  damped  osoillations  has,  on  the  other 

and.   recently   been  developed,   generally   known   in  O.^rmany   as 

/ien's  method,  or  the  method  of  quenched  sparks,  which  is  based  on 

jie  fact  that  if  we  can  quench  or  stop  the  spark  in  the  condenser 

reuit  after  the  first  few  oscillations,  the  oscillations  of  the  antenna 

hen  take  place  freely  and  with  a  single  frequency.     The  principle 

frhich  underlies  this  method  is  the  well-known  fact,  to  which  par- 

pcular  attention  was  called  by  Prof.  JI.  VVien.  of  Danzig,  in  1900,  that 

Tie  damping  effect  of  very  short  sparks  is  extremely  large.     Hence, 

'.  we  form  a  S[)ark-gap  consisting  of  a  large  number  of  very  small 

»rk-gaps  in  series,  say  10  gaps  each  of  0-3  ram.,  and  if  we  keep  the 

mrk  surfaces  cool,  then  not  only  can  no  arc  form  between  these 

rfaces,  but  the  conden.ser  spark  is  immediately  quenched.     More- 

bver.  if  wo  supply  this  spark-gap.  either  from  a    high-frequency 

^Iternator  or  from  a  low-resistance  transformer,  we  can  iiroduee  iis 

iiany  as  2,0tX)  sparks  per  second,     A  form  of  di.schargert  for  this 

burpose  has  been  devised  by  the  experts  of  the  Wireless  Telegraph 

ITelefunken)  Company,  of  Germany,  which  consists  of  a  series  of 

popper  discs  or  copper  boxes  cooled  with  water,  the  flat  surfaces  of 

(fhich  are  placed  in  contiguity,  but  separated  by  very  thin  rings  of 

aica.      Tlie  interspaces  between  the  boxes  is  not  more  than  r.'-th 

part  of  an  inch,  and  10  or  12  of  these  boxes  are  placed  in  scries.     The 

tow  of  boxes  takes  the  place  of  the  ordinary  spark  balls,  and  is  con- 

neotod  to  the  secondary  terminals  of  a  transformer,  fed  by  a  high- 

frequoney  alternator,  and  also  connected  to  an  oscillatory  circuit. 

(When  the  transformer  is  in  action  it  produces  a  very  large  number 

1(1.000  or  more)  oscillatory  discharges  of  the  condenser  per  second, 

leach  of  which  has  a  large  initial  amplitude,  but  quickly  dies  out. 

'  Since  the  delivery  of  this  lecture  my  attention  has  been  drawn  by 
I      ri"''  H'^"'"g<""  *°  "n  article  by  himself  in  the  "  Electrical  Engine-.r  "' 
yot  October  26,  1906,  in  which  he  describe.,  an  almost  identical  arrang<-- 
ment  devised  by  him  for  capturing   both  the  waves  of  an  inductively- 
eoupled  transmitter,  and  refers  to  a  prior  invention  for  the  some  pur- 
pose by  Pr,  G.  Seibt. 
t  See  The  Electrician,  .June  11,  1909,  p.  332. 


The  inductively  or  directly  coupled  antenna  hence  receives  a  v.ry 
large  number  of  imjiulses  per  second,  each  of  which  sets  up  in  it  free 
electrical  o.scillations  of  one  delinitc  period.  .Such  a  multiple  gap 
disc  discharger  used  in  the  manner  described  appears  to  operate 
on  quite  diHerent  principles  fiom  the  single  [)air  of  discs  with  inter- 
posed [)aper  ring  which  \'on  Lepel  has  employed.  From  the  descrip- 
tion and  mode  of  connection  of  the  \  on  I^pel  di.scharger  this  last 
appears  to  act  in  virtue  of  the  production  of  an  arc  discharge  in  the 
manner  of  the  Duddell  or  I'oul.sen  arc.  During  a  recent  \isit  to 
Germanj'  I  was  permitted  to  see  a  discharger  of  the  multiple  disc 
type,  with  which  remark.able  radio-telegraphic  results  have  been 
obtained  in  economy  and  efficiency  of  work. 

In  connection  with  spark  telegraphy,  it  has  lately  been  c'early 
seen,  that  much  can  be  done  by  attention  to  details  of  (onstruction 
to  increase  the  number  of  oscillations  in  each  wave  tra'n  in  the  caso 
of  spark  apparatus — in  other  word.s.  to  lessen  the  damping  by  o';- 
viating  energy  losses  in  all  parts  of  the  apparatus.  It  is  not  a  matter 
of  indifTerence  what  kind  of  glass  we  u.se  in  leylen  jai-s  or  what 
form  of  stranded  wire  we  employ  in  cscillation  tian  fcrmers,  or  type 
of  spark  discharger.  By  appropriate  selection  tf  auparalus  we  can 
considerably  increase  the  number  of  oscillations  :n  d imped  trains  oi 
small  amplitude,  and  therefore  increase  the  possibilities  of  utilisinj 
the  principle  of  refonance. 

(To  be  continued.) 


THE  POSITION  OF  THE  ELECTRICAL  INDUSTRY. 

Our  readers  will  remember  that  some  time  ago  we  referred  to  the 
steps  that  were  being  taken  to  organise  an  influential  committee  to 
take  into  consideration  questions  affecting  the  electrical  industry, 
with  a  view  to  forming  an  association  which  would  deal  with  these 
questions  in  a  manner  to  bring  them  prominently  forward  for  dis- 
cussion. Another  object  of  the  ))roposed  a.ssociation  was  to  devise  a 
common  platform  upon  which  allthe  various  sections  of  the  industry 
could  be  called  together  to  discu.ss  questions  affecting  the  general 
interests.  Some  progress  was  made,  and  a  small  committee  took  the 
matter  up  on  the  lines  recommended  by  a  .small  provisional  committee 
of  the  Editors  and  Proijrictors  of  a  number  of  the  Electrical  .Journals, 
one  of  these  recommendations  being  that  .'^ir  William  Preece,  K.C.I?., 
should  be  asked  to  accept  the  presideney  of  such  an  association. 

The  committee  duly  approached  Sir  William  Preece.  and  we  learn 
from  Sir  William  that  negotiations  have  reached  a  stage  when  a 
letter  which  he  has  addres.sed  to  the  committee  may  be  published,  and 
will  prove  of  general  interest.     This  letter  is  as  follovs  : — 

3,  Queen  .Anne's  Gate.  Westminster.  S.W. 
May  20.  1909. 

Dear  Sirs  :  I  very  miu  h  regret  the  unavoidable  delay  in  communicating 
to  you  my  views  in  regard  to  the  question  of  establishing  some  organisa- 
tion which  is  able  to  protect  the  general,  commercial  and  financial  in- 
terests of  the  electrical  industry  of  this  empire.  I  agree  with  you  that 
while  the  technical  development  of  the  electrical  industry  is  well  pro- 
vided for  by  the  Institution  of  Electrical  Engineers  and  its  aUies,  there  is 
a  pressing  and  immediate  need  for  some  orgiinisation  whose  aim  should 
be  to  impress  the  general  and  financial  public,  and  especially  Parliament, 
with  the  vast  commercial  interests  represented  by  the  industry.  There 
are  two  important  questions  involved  : — 

Firstly. — The  broad  Imperial  industry  affecting  both  home  and 
colonial  markets  now  deejily  depressed  by  ignorance  of  its  growth  and 
its  wide  capabilities  and  extent.  It  is  virtually  dosed  to  dcvclopineut 
by  the  practical  impossibility  of  obtaining  capital  on  fair  conditions. 
JIoiu'V  that  flows  freely  to  our  colonies  and  to  foi-eign  coimtries  cannot 
be  obtained  for  our  home  demands,  except  on  exorbitant  and  almost 
prohibitive  terms. 

Srcoiidly. — The  local  home  industry  is  dependent  on  mutual  self- 
support,  mutual  confidence  between  master  and  man,  and  broad  busiiic-^s- 
likc  relations  between  the  wholesale  and  retail  elements  and  between 
buyer  and  seller. 

For  thc'/i>.',7  ptniiose,  my  view  is  that  we  shoidd  solicit  the  Lurd  Mayor 
to  invite  to  a  meeting  in  the  Mansion  House  our  leading  banking  and 
financial  authorities  to  consider  the  want  of  ctuitidence  that  exists  be- 
tween capital  and  hoiuc  industiy.  the  causes  for  this  very  evident  and 
unsatisfactory  condition,  and  the  lemedies.  Indeed,  I  have  seen  the 
Lord  Jlnyor.  and  he  has  consented  to  this  proiwsal. 

For  the  .liCoiid  iiurjiosc,  we  require  an  association  which.  supjHirted 
by  existing  societies,  will  liring  tlu>  public  voice  to  l>ear  upon  their  repre- 
sentatioiLs.  so  as  to  enable  deputations  to  Government  departments,  and 
witnesses  before  Royal  Commissions  and  Parliamentary  Committees, 
to  speak,  not  merely  with  the  authority  of  experts,  but  with  the  force 
and  weight  of  numbers  from  all  sections  of  the  industry. 

The  as.sociation  must  in  no  way  savour  of  the  nature  of  a  trade  ring  or 
of  a  trust.  Its  general  constitution  embracing  all  sections  of  the  industry 
in  all  parts  of  the  cotmtry  ensures  this. 

1  am  in  full  sympathy  with  any  movement  that  is  going  to  improve  the 
present  position  of  the  electrical  industry,  and  will  always  be  pleased  to 
give  mv  cordial  support  to  such  efforts. 


F 
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Wilh  iifjiird  to  the  suggestion  that  I  should  aooept  the  luesidonoy  of 
sucli  a  body,  1  am  <iuite  willing  to  entertain  the  idea. 

I  would  suggest  for  your  consideration  that  it  would  be  well  to  give  the 
organisation  a  name  which  is  calculated  to  express  it*  objects,  and  the 
title  I  suggest  is '"  The  Electrical  Industrial  Associat inn  of  Gi-eat  Britain." 
With  a  strong  and  active  council  representing  all  the  various  sections  of 
the  industry,  and  with  the  support  of  the  existing  institutions,  I  am  sure 
that  we  will  recover  confidence  and  secure  success.  I  am.  Yours  very  truly, 
(Signed)  W.   H.  Preece. 


CORRESPONDENCE. 


DIFFERENTIAL  METHODS  OF  MEASURING 
HYSTERESIS  LOSSES. 

TO   THE   EDITOR   OF   THE   ELECTRICIAN. 

Sir  :  In  reply  to  Prof.  Ernest  Wilson's  in(iuiry  in  your  last 
issue,  I  may  say  that  we  have  not  applied  onr  method  to  test 
materials  possessing  marked  magnetic  viscosity.  Doubtless 
the  method  would  fail  under  these  conditions,  though  it  is 
<iuite  possible  that  the  differential  use  of  a  fluxmeter  wouLl 
meet  the  case. 

What  we  aimed  at  was  the  development  of  a  method  for 
quickly  testing  the  ordinary  grades  of  sheet  iron  in  commercial 
use,  and  I  think  I  am  right  in  believing  that  magnetic  viscosity 
is  not  usually  exhibited  in  a  pronounced  degree  in  such  mate- 
rials. We  certaiid}-  have  found  no  evidence  of  it  in  the 
materials  so  far  dealt  with,  although  ^  keeping  in  mind  the 
experiments  of  Prof.  Ernest  Wilson,  A.  Hoyt  Taylor,  and  R. 
Jouaust  on  the  subject)  we  have  been  on  the  outlook  for 
■viscosity  from  the  verj'  first,  recognising  that  it  would  prove  a 
bar  to  differential  ballistic  testing.  We  have  also  satisfied 
ourselves  that  the  discrepancy  in  the  results  obtained  with 
bundles,  as  compared  with  rings,  is  not  due  to  anything  of  the 
nature  of  magnetic  viscosity. — I  am,  &c., 

Manchester  University.  June  15.  Robert  Beattie. 

TO  the  editor  of  the  electrician. 
Sir  :  I  have  been  much  interested  in  the  differences  obtained 
by  I)r.  Beattie  and  Mr.  Elton  in  testing  ring  and  straight 
specimens  of  iron  for  hysteresis  loss.  Al)0ut  a  year  ago  I 
carried  out  some  tests  in  the  laboratory  of  Messrs.  Baldwins 
(Ltd.)  at  Wilden  and  obtained  a  somewhat  similar  result.  In 
this  case,  however,  the  comparison  was  made  between  ring 
specimens  and  a  magnetic  square,  as  used  by  Searle  ('■  Pro- 
ceedings "  Inst.  Elect.  Eng.,  December,  1904;  The  Elec- 
trician, Vol.  LTV,  p.  313).  The  rings  were  11cm.  external 
and  9  cm.  iaternal  diameter,  and  the  S(|uare  was  built  up 
of  strips  14  in.  by  j;  in.,  with  overlapping  ends  to  form  a 
square  13  in.  sides.  In  the  following  table  are  given  the 
results  obtained  for  specimens  dift'ering  greatly  in  their  mag- 
netic quality,  but  it  will  be  seen  that  there  is  a  practically 
constant  proportional  difference  between  the  two  methods  of 
testing  : — 

t-        ■  Lo-s  at  B  =  4,010  100  cycles.  Loss  by  ring. 

'  '""''    ■  li'ng-  Square.  Loss  by  sciuare. 

A     0-42      0385      1-12 

B     0-52      0-45        1'15 

C     1-61       1-41 l-ll 

D     1-95       176        Ill 

Mean  112 
The  winding  of  the  scpiare  was   ,uch  that  the  value  for  H  to 
give  the  required  maximum  B  was  practically  the  fame  as  for 
the  rings,  but  the  loop  in  the  former  case  fell  entirely  insiile 
that  from  the  latter,  giving  the  above  dift'erences  of  area. 

The  two  sets  of  samples  were  in  each  case  cut  alternately 
from  the  same  sheet  before  annealing  and  then  annealed  close 
together  in  the  pot,  so  that  all  errors  due  to  differences  of  com- 
position or  mechanical  treatment  shouM  be  eliminated. — I 
am,  &c., 

Stoiirport,  June  1 1.  J.  C.  W.  ITi'MrREV. 

E.A.RTHIXG  OF  THE  NEUTRAL  POINT  OF  Tlllv'Klv 

PHASE  GENERATORS. 

to  the  editor  of  the  electrician. 

Sir  :  I  have  just  returned  from  a  tour  of  some  of  the  Hwiis 

and  Italian  generating  station?,  and  in  view  of  the  recent  dis- 


cussion in  your  columns  on  the  above  subject  I  took  the 
opportunity  of  making  some  inquiries.  I  found  that,  in 
general,  the  neutral  was  insulated  ;  in  one  case,  however,  con- 
siderable disturbances  had  been  experienced  and  the  neutral 
was  earthed  with  liencficial  results.  In  another  case  the  neu- 
tral was  insulated  but  permanently  connected  to  one  side  of  an 
ordin.ary  horn  arrester  mounted  on  the  top  of  each  machine, 
the  other  side  of  the  arrester  being  connected  directly  to 
earth  ;  the  gap  was  so  adjusted  that  a  spark  would  pass  when 
the  neutral  rose  above  G,UOO  volts  to  earth.  The  tension  of 
the  system  was  11,000  volts  between  the  lines.  Each  line 
was,  in  addition,  protected  by  lightning  .arresters  in  the  iLsual 
way.  The  engineer-in  charge  told  me  that  the  apparatus 
worked  well  and  the  generators  were  in  no  way  disturbed 
when  the  neutral  flashed  over  to  earth. — I  .am,  &c., 

Karlsruhe,  June  9.  G.  W.  W'orkall. 


THE  WORK  OF  THE  LONDON  ARMY  TROOPS  R.E. 

-At  the  Territorial  Si>orts  which  were  held  at  K.anelagli  on  Saturday, 
the  12th  inst.,  a  special  display,  illustrating  modern  methods  of 
telegraphic  communication  in  the  .•ield.  was  given  by  the  Iruops  of 
this  command,  on  two  of  the  polo  grounds  adjoining  the  arena.  The 
force  which  consisted  of  detachments  from  the  Balloon.  Wireless, 
C'alile.  and  Air-line  Companies  under  the  command  of  JIajor  J.  J.  F. 
O'Shaughnessy  of  the  London  Cable  Telegraph  Comjiany,  R.E.,  was 
siqiposed  to  be  the  Telegraph  Head  Quarters  of  a  Division  encamped 
ID  miles  from  its  Army  Corp.s  Head  Quarters  at  Elmer's  End,  with 
wliich  eon.stant  communication  was  maintained  by  wireless  tele- 
graphy ;  while  comnuinicatioii  with  the  various  I'.rigades  and  Sub- 
commands of  the  Division  was  maintained  by  the  Airline  and  Field 
Cable  sections  by  means  of  D.C.,  .S.C.  and  'V'ibrator  Telegraph  sets, 
and  telephones  controlled  from  a  portable  central  exchange. 

Frequent  ascents  were  made  by  a  captive  balloon  which  was  used 
as  an  observation  post  from  which  reports  were  transmitted  by 
telephone  to  the  Division  Head  Quarters. 

The  portable  wireless  set  which  was  kindly  lent  by  the  Lodge 
]\fMirhead  Co..  consisted  of  a  light  wagon  on  which  wa.s  mounted  a 
60  ft.  telescopic  aerial  pole  which,  despite  the  unfavourabk^  weather 
conditions,  was  quickly  erected  after  arrival  on  the  ground.  I'crf'cct 
communication  was  maintained  with  Elmer's  End  withancxpenditure 
of  from  50  to  60  watts,  obtained  from  a  light  portal>le  accumulator 
mounted  on  the  wagon.  The  display  was  inspected  by  Colonel  Sir 
Edward  Ward,  Permanent  Under  Secretary  of  State  for  War.  Lieut- 
General  Sir  Henry  Mackinnon.  Lieut.-Ceneral  I'.aden-I'owcll,  and 
other  distinguished  ofificeis,  who  all  expressed  their  approval  of  the 
eHicient  and  practical  manner  in  which  the  work  was  carried  out.  The 
smart  work  of  the  Air-line  detachment,  under  Lieut.  Gunton,  and  the 
brilliant  manner  in  which  the  cable  section  "  paid  out  "  and  "  reeled 
up  "   field  cable  at  the  "  gallop,"   were  specially  commended. 

In  the  arena  the  driving  competition  for  six  horse  teams  and 
wagons,  open  to  all  Territorial  Engineers,  was  won  by  a  team  from 
this  Corps. 

The  Londou  Army  Troops,  R.E.,  commanded  by  Lieut. -Colonel  A. 
Bain  have  an  establishment  of  approximately  600  oflicers  and  men, 
and  although  the  Corps  was  only  formed  last  July,  they  have  been 
uf)  to  full  strength  since  February  last,  and  have  now  got  a  waiting 
list  of  over  200  technical  men  who  arc  anxious  to  join. 

The  equipment  of  the  Airline  and  Cable  Companies  is  nearly 
complel'.-  ;  but  the  Uircless  and  liallocn  Conipanics  have  iiol  been  so 
lorlunatc  in  obliiining  ci|iii|)m<'nt  fi'om  the  aiilhorilics.  The  former 
have  obtained  most  of  their  piactice  instruction  at  the  li.\cd  stalions 
of  the  Jjcpcl  Co.,  and  wilh  i)ortable  sets  kindly  lent  by  the  Lodgc- 
.Muirhcad  Co..  while  the  Balloon  Company  have  only  had  a  few  stores 
issued  to  them  for  inshiictional  purposr.s. 


THE   EUREKA   CLOCK. 

Ever  since  the  days  of  King  .Mfrcd.  when  hislory  tells  us  lime  was 
rcoorded  by  notches  on  cnndles.  we  have  had  more  or  list  reliable 
methods  of  recording  the  flight  of  lime.  Until  a  few  years  ago  the 
operation  of  clocks  was  entin'ly  iiiechanical.  and  of  recent  years  very 
line  specimens  of  work  of  this  description  have  been  made,  both  for 
exhibition  purposes  and  also  for  the  wear  and  tear  of  everyday  use. 

With  the  rapid  strides  made  by  electricity,  a  number  of  applica- 
tions of  this  source  of  energy  have  been  made  with  a  view  to  actuat- 
ing clocks,  and  at  the  present  day  we  have  various  systems  by  means 
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of  wliicli  till'  lianils  nf  a  chick  dial  aic  actuated  liy  an  electric  circuit 
connected  uji  to  a  master  clock.  Wo  have  recently  .seen,  however, 
another  type  of  electric  clock,  which  is  in  itself  electrically  operated, 
and  which,  it  is  claimed,  is  absolutely  accurate  and  relialilc.  At  the 
same  time  this  clock  is  complete,  and  entirely  independent  of  out- 
side sources  for  its  actuating  power. 

The  iMireka  clock,  which  Mr.  Sigismund  Kutnow  bad  the  honour 
of  showing  the  King  the  other  day,  is  a  very  simple  and  at  the  same 
time  substantially  made  piece  of  apparatus.  Its  very  simplicity 
emphasises  the  ingenuity  shown  in  its  construction,  and  an  explana- 
tion of  the  drawings  shown  will  further  convince  those  interested  of 
the  very  few  mining  jiarts,  which  is  in  itself  a  great  feature. 

A  comiipMsated  balance  wheel,  A,  is  mounted  on  ball  bearings,  C, 
and,  with  the  exec|itiiin  of  the  electromagnet  B,  is  exactly  similar  to 
the  balance  H-lieel  tii  be  found  in  most  watches  at  the  present  day. 
The  magnet  B  consists  of  two  steel  strips  connected  across  as  the  top 
by  means  of  a  screw  with  tlie  bottom  ends  forming  the  pole-pieces. 
The  field  coil  S  lies  between  the  pole-pieces,  and  consists  of  many 
windings  of  enamel  insulated  wire.  This  in  itself  is  interesting  from 
the  fact  that  for  the  first  time  small  enamel  insulated  wire  has  been 
made  and  used  in  this  country.  The  pole-pieces  are  free  to  rotate 
(iver  a  steel  armature,  M.  A  contact  in  the  balance  «  bcel  shaft  rubs 
llic  brush  finger  K  intcrmittcntlj',  and  when  the  \iheel  intatcs  in  one 
direction  contact  is  made  \i'ith  the  battery  on  one  side  of  the  brush. 


THE   CHARGE    FOB  ELECTRIC   POWER  AT   WEST 
HAM. 


A.  B,alaiice  Wncel.     B,  Elui'troLuagiiet  Horse  Slioe.       C.Eegulator.      T,  Lever.*    E,  f  e3ou 
F,  Minute  ilaml  Wheel.    G,  Ball  Beiriiigs.    H.  Hour  HanJ  Wheel.      1, 1  soohronic  Hair  Spr 
Finger.     M,  Steel  Armature.    S,  Ooil.    T,  Coutnct.    W,  Clock  D;nl. 

On  the  return  motion  the  contact  cuts  off  the  current  by  coming  on 
the  opposite  side  of  the  brush,  which  is  insulated.  By  this  means  the 
field  is  impelled  in  the  one  direction,  the  weight  of  tlie  wheel  raising 
sufficient  inertia  to  cause  it  to  leturn.  An  isoohronic  hair  spring,  1, 
can  be  adjusted  to  regulate  the  beat  of  the  balance  wheel  by  means  of 
the  regulator  C,  The  motion  is  transmitted  to  the  hands  A  by  a 
cam,  also  on  the  balance  «bcel  shaft,  actuating  a  ratchet  lever.  1), 
pivoted  on  the  frame.  This  meshes  direct  with  the  gear  wheel  on 
the  second  hand  K,  and  through  it  actuates  the  minute  hand  wheel  1" 
and  the  hour  hand  wheel  H.  All  these  wheels  are  perfectly  free,  and 
only  carry  strain  when  the  actuating  motion  takes  place.  The  cur- 
rent for  working  this  clock  is  obtained  from  an  ordinary  standard 
dry  cell,  and  it  is  guaranteed  for  at  least  1,(H)(»  days  conliinious 
Working.  The  current  consumed  works  out  at  about  (i.]  am)K  res  ])er 
year,  both  by  calculation  ar.d  actual  test.  The  clock  need  not  be 
Stopped  even  for  changing  the  l)attery,  as  the  momentum  of  the 
balance  wheel  is  suftieicnt  to  carry  on  the  motion  while  the  old  bat- 
tery is  disconnected  and  the  new  one  put  in  circuit. 

The  factory  where  these  clocks  are  made  in  London  is  being  lun 
in  the  most  ni>-to-tlate  way.  Every  part  of  the  clock  is  made  to 
standard  size,  so  that  intcrchangeability  of  the  \-arious  parts  is 
assured,  and  at  present  all  the  (blocks  arc  being  made  the  same  size. 
Not  the  least  interesting  feature  at  the  works  is  a  museum,  in  which 
is  shown  the  various  attempts  at  making  electric  impulse  clocks 
which  now  seem  fair  to  prove  successful. 


On  Tuesday  Mr.  H.  Ro.ss  Hooper,  M.liisl.(.'.K..  resumed  his  ini|uiry 
atStratford  Town  Hall,  I,ondon,  K..  into  the  application  of  West  Ham 
Council  for  permission  to  borrow  £.Tl,6ftO  for  electricity  supply  pur- 
poses. The  inquiry  had  been  adjourned  for  furthc^r  particulars  to 
be  prepared  as  to  certain  items  of  expenditure,  and  of  ctrtain  con- 
tracts into  which  the  dejiartment  had  entered.  The  application 
included  £1.5,*512  over  expenditure  on  a  previous  sanction,  and 
£8,61-  already  expended  on  the  present  application. 

Mr.  A.  H.  Seabrook,  borough  electrical  engineer,  said  they  a.sked  for 
the  maximum  period  for  repayment  of  the  excess  expenditure  amount. 
He  thought  amounts  of  £23.  13s.  9d.  for  temporary  connections,  £727 
for  cleaning  a  disused  sewer  to  be  used  as  a  culvert  for  their  cable  to 
Silvertown,  and  £fl(i  for  making  good  Great  Eastern-road  after  the  burst- 
ing of  a  pipe,  were  proper  items  to  be  charged  to  capital  expenditure. 
In  putting  in  a  new  transformer  only  the  difference  in  the  oost  of  the  new 
transformer  against  the  old  one  w.as  charged  to  capital  account.  Prac- 
tically the  whole  of  the  additional  work,  for  which  £2."),272  was  applied 
for,  had  been  carried  out.  Their  maximum  load  last  winter  was  (i.KJO  kw. 
They  had  entered  into  a  contract  with' Bruce  Peebles  &  Co.  for  changing 
the  1,200  kw.  sets  from  single  phase  to  two  phase,  which  had  ali-eady  been 
done  with  the  two  fiOO  kw.  sets.  This  would  make  the  whole  four  sets 
better  than  when  they  were  ]mt  in.  The  total  ca]iacity  of  the  station 
«as  1 1,400  kw.  The  Council  contemplated  applying  for 
;-']  M  fiirlhpi£:!,lM)0  for  mains  and  £2,000  for  services.  They 
I     ;  wnv  .i]i|ilyiir.;  I'lr  lis,. ")1.5  for  transformers.     The  expendi- 

tnir  foi  iiMi-li.i  riMK  for  the  year  ended  March  last  was 
£2,.j'J4,  wliirh  left  £10,000  for  the  three  succeeding  years. 
That  would  be  necessary,  as  they  were  transferring  the 
transformers  from  stock  to  capital,  as  suggested  by  the  In- 
spector. 

Mr.  Elvey  Robb  (for  the  India  Rubber,  (iutta  Percha 
&  Telegraph  Works  Co.,  Silvertown)  asked  why  overdraft 
due  to  bankers  (£40,000)  had  been  altered  to  moneys  due 
to  treastirer  in  the  current  accounts,  and  the  Inspector 
said  discussion  of  that  could  be  deferred  for  the 
moment. 

Mr.  C.  H.  Patterson,  borough  treasurer,  said  with  regard 
to  sinking  fund  on  the  excess  expenditure,  sums  had  been 
set  aside,  pending  permanent  borrowing,  on  the  whole  of 
the  capital  expenditure  imtil  March,  1909.  £1,1)57  had  Ijeen 
iJKugcd  to  the  undertaking  iis  the  sum  set  aside  pending 
permanent  borrowing.  That  was  only  on  the  expenditure, 
not  on  the  full  sanction.  Asked  by  the  Insjiector  to  deal 
with  the  overdraft  on  revenue  account  (£39.1.">7.  .5s.  4d.), 
Mr.  Patterson  said  the  balance  shown  on  the  balance  sheet 
consisted  of  sundry  debtors,  reserve  fund  invest-  ments, 
stores  on  hand,  motors  on  hire,  are  lamps,  &c.,  on  hire, 
and  cash  in  the  engineer's  hands,  total  £53,42t),  against 
which  were  sundry  creditors,  consumers'  deposits,  reserve 
fund  and  balance  of  net  revenue  account,  total  £14,209, 
the  diflference  being  the  balance  of  £39,1,'57. 

Mr.  .Seabrook  said  the   supply  of  energy  at   0-37d.  per 
unit  which  had   been  given  was  justified  bv  the  fact  that 
the  bulk  of   the  increased  units  sold   last  year  (4.000,000 
units)  was  at  0-37d.,  and  there    was    a    net  improvement 
1  Hand  Wheel,      in   the  accounts   of  £8,500,  the  net  profit   being  £3.S53. 
ing.    K,  Brush      against  a  loss   in  the  previous   year  of   £4,t>70.     In  addi- 
tion   to    that,    the    whole   of     the   Silvertown    supply, 
which  was  5i  million  units  during  the  year,  was  at   the 
average  jirice  of  0-43d.     Capital  charges  were  0-457d.,  and  total  costs, 
including  capital  charges,  were  0-977d. 

In  reply  to  Mr.  Elvey  Robb,  Mr.  Seabrook  said  there  had  been  decreases 
in  private  and  public  lighting  siipjily.  a  small  increase  in  traction  su|iply. 
but  the  greater  ))riiportioii  of  Ihc  increase  was  in  ])ower  supply. 

Mr.  Morten  h.iviug  nbjcitcd  to  questions  by  Mr.  Robb  as  to  whether 
the  absence  of  nioiithly  reports  froni  the  borough  lix'asurer  could  account 
fur  f(  inner  dclicils.  thc'lNSfKi'TOR  said,  in  di.si-ussing  an  ajqilication  likelhc 
liresent,  which  iTuhided  some  £25,0(K1  for  new  works.  ,.f  which  practically 
the  whole  liad  been  carried  out.  I  hey  could  not  be  conlincd  to  the  accounts 
of  one  vear. 

Mr.  Seabrook  said  he  could  not  say  whether  the  borough  trea.surer 
suggested  that  the  power  supplv  "as  being  given  at  too  low  a  price.  He 
believed  a  member  of  the  Council  alleged  that  they  wen-  supplying  below 
cost  price.  In  certain  of  Ihc  minutes  he  was  ivported  as  havuig  said 
Ihc  principle  of  lixing  Ihc  price  for  a  consumer  was  that  be  should  pay 
his  pr.iiioiliou  of  the  ca\iital  charges  and  running  expcn.ses.  He  applied 
that  prin.  iplc  in  making  out  the  charge  of  0-37d.  He  could  quite  under- 
stand that  .Mr.  Robb  was  annovcd  that  there  was  not  a  big  loss  on  the  last 
years  workmg.  The  contracrfor  Ihe  supply  at  0-37d.  was  for  live  years. 
it  was  not  made  by  the  Commillcc  upon  a  formal  estimate  fnun  him 
specially  prepared  jfor  the  occasion  ;  the  information  he  gave  them  on 
that  occasion  was  chietlv  verbal. 

Mr.  Robb  went  into  a  calculation,  assuming  1(H>  per  cent,  load  factor 

and  maximum  load  of  (i.lOOkw.,  .uid  taking  last  year's  capital  charges 

(£29,511)  and  an  output  of  .'-),3,20O,tM1O  units,  arrived  at  a  capital  cost  of 

0133d.  per  unit.  ,  ,     „ ,-,  , 

Mr.  Seabrook  said  that  did  not  necessarily  apply  to  the  0-J7d.  supply. 
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He  had  not  the  tiiiint.s  l)ffoie  him  showing  tho  details  of  tlie  cost  per  unit. 
Coal  eost  alxiut  tl-2d. 

Mr.  Morten  objc<-tcd  to  giving  the  particulars,  as  he  said  it  would  be 
equivalent  to  giving  the  reasons  for  the  contracts,  which  should  be 
private. 

Mr.  RoBB  said  the  undertaking,  which  had  a  capital  of  nearly  half  a 
million,  was  only  rated  last  year  at  £114.  whereas  the  India  Rubber  Co. 
contributed  over  £7.000  a  year  to  the  rates.  The  Corporation's  elec- 
tricity undertaking  showed  a  siirplus  of  £3.000  last  year,  but  this  low 
rating  destroyed  the  apparent  svir]>lus. 

The  Inspector  supjwirtcd  Mr.  Robb's  demand  for  a  statement  of  the 
details  of  the  cost  per  unit.  He  said  Mr.  Robb  had  made  his  calculation 
on  100  per  cent,  load  factor,  and  the  only  justification  that  had  been 
I>ut  forward  for  the  price  of  0-37d.  was  that  the  undertaking  had  shown 
a  profit  last  year.  \Vhat  it  would  do  next  year,  or  had  done  in  previous 
years,  was  not  taken  into  consideration,  and  money  was  now  being  asked 
for  in  respect  of  plant  and  mains  to  give  that  supply. 

Mr.  Morten  said  they  were  subjected  to  an  amount  of  investigation 
which  would  ruin  any  company.  It  was  impossible  for  any  Corporation 
to  carry  on  a  successful  business  under  such  conditions. 

Mr.  Robb  said  all  he  wanted  was  that  Mr.  Seabrook  or  Mr.  Arthur 
Wright  should  show  that  the  undertaking  was  being  run  on  sound  lines 
from  an  engineering  and  financial  point  of  view.  It  was  a  sloppy  method 
to  say  "  because  there  is  a  slight  surplus  in  our  accounts  the  price  of 
0-37d.  is  a  proper  price." 

Mr.  Seabrook.  in  reply  to  Mr.  Dnicker  (who  appeared  for  six  firms  of 
electrical  contractors  in  the  borough),  said  it  was  true  the  Corporation 
carried  on  a  wiring  installation  department  and  a  sales  department  in 
competition  with  contractors  who  were  ratepayers.  Seeing  that  the 
Corporation  pos.sessed  the  powers,  he  advised  that  they  should  exercise 
them.  It  had  frequentl3-  been  the  case  that  such  departments  had  been 
worked  at  a  loss,  but  he  did  not  think  it  could  be  said  that  the  West  Ham 
Corporation  undercut  the  local  contractors.  He  would  be  one  of  the  first 
to  stop  anything  of  the  kind  if  there  were  a  loss,  as  there  would  be  no  sense 
in  carrying  it  on. 

The  Inspector  said  he  thought  it  was  a  fair  thing  to  ask  that  an  ac- 
count of  the  trading  of  the  department  should  be  produced.  It  might  be  a 
small  matter  to  the  Corporation,  but  a  large  matter  to  certain  ratepayers. 
Mr.  Morten  having  remarked  that  this  department  was  not  concerned 
in  the  present  application  for  a  loan,  and  Mr.  Robb  having  replied  that 
it  was  concerned  in  the  overdraft  of  £39,157,  Mr.  Morten  and  Mr.  Pat- 
terson said  they  did  not  admit  that  there  was  any  overdraft. 

Mr.  Patterson  said  he  would  see  what  could  be  done  by  the  next 
morning  towards  preparing  a  statement  of  the  trading  of  the  sales  de- 
partment. 

On  Wednesday  Mr.  Patter.son.  in  reply  to  Mr.  Drucker,  said  he  could 
not  at  once  give  the  income  of  the  fittings  department  with  any  degree 
of  exactness  or  state  whether  the  department  was  working  at  a  profit  or  a 
loss.  He  could  not  say  whether,  apart  from  motors,  there  was  a  loss  of 
£296.  17s.  7d.  He  did  not  admit  that  the  accounts  for  the  past  year 
showed  that  to  be  the  case.  The  accounts  showed  a  net  surplus  on  the 
hire  of  motors  of  £792.  13s.  ■Id.,  after  deducting  depreciation,  but  not 
establishment  charges.  He  had  not  heard  that  any  complaints  had 
reached  the  committee  that  the  department  had  sold  material  at  prices 
lower  than  those  of  the  manufacturers.  There  was  a  system  of  wiring 
premises  under  which  the  consumer  repaid  the  cost  in  10  years.  That 
wheme  was  worked  at  a  loss,  and  it  had  been  discontinued.  There  was 
now  a  new  scheme  of  "  free  "  wiring  which  promised  to  give  favourable 
results.  Under  the  latter  scheme  25  per  cent,  was  paid  down  by  the 
consumer  and  the  whole  cost  was  spread  over  two  years. 

Mr.  H.  H.  Holmes,  manager  of  the  sales  department,  said  the  depart- 
ment .sometimes  got  prices  from  contractors  and  sometimes  the  depart- 
ment did  the  work.  The  orders  were  obtained  before  the  quotations 
were  obtainctl.  If  a  contract-or  did  the  work  the  department  made  a 
profit  im  it.  He  cf>uld  not  say  how  many  installations  had  been  carried 
out  by  or  under  the  department  during  the  la.st  12  months.  In  each 
contract  they  worked  out  whether  a  profit  had  been  made.  They 
always  showed  a  profit  after  taking  the  prime  cost  and  a  percentage  of 
establishment  charges,  but  there  were  other  expenses,  such  as  propor- 
tions of  salaries  of  engineer  and  accountant,  of  which  he  could  not  give 
details  until  the  borough  treasurer  had  a  statement  made  out.  The 
department  did  nr>t  cut  in  at  unremunerative  prices  in  order  to  get  jobs. 
They  sold  materials  at  the  usual  retail  prices.  He  did  not  know  that  the 
prices  of  cable  on  a  list  issued  by  the  department  ill  January.  1908.  wcic 
prices  ImIow  those  which  other  contrai  tors  could  not  buy,  and  at  which 
cable  could  not  be  bought  retail  elsewhere.  If  that  were  so,  the  contrac- 
tors were  bad  buyers.  The  department  only  bought  and  sold  good  cable. 
They  did  not  work  outside  the  borough.  He  admitted  that  they  supplied 
and  fixed  a  dynamo  at  the  jirivate  house,  outside  the  borough,  of  one  of 
the  largest  consumers  in  the  borough.  The  Committee  had  asked  that 
working  outside  the  borough  should  be  stopped,  as  there  seemed  to  be 
.some  doubt  as  to  its  legality. 

Mr.  Troup,  of  Troup,  Curtis  &  Co.,  ratepayers  and  electrical  contrac- 
tors in  the  borough,  said  good  British  made  cable  could  not  be  sold  at 
remunerative  ratcf  at  anything  api>roaching  the  prices  in  the  Corpora- 
lion's  list.  When  his  firm  sent  tfi  makers  for  prices  the  figures  they 
received  were  above  those  in  the  Corporation's  list.  No  business  could 
be  done  at  those  prices  except  at  the  ratepayers'  expense.  The  depart- 
ment supphed  to  him  cable  alleged  to  be  Siemens,  but  which  turned  out 
not  to  l)e  .Siemens.  The  department,  on  being  challenged  on  this  ])oint. 
reduced  the  price  from  £1.  17s.  8d.  to  £1.  14s.  7d.  They  were  in  that 
instance  selling  Oerman  inferior  material  as  good  British  cable.  Never-  I 
theless,  the  price  at  which  it  was  supplied  was  too  low.  ' 


Mr.  P.ITTEKSON,  in  reply  to  Mr.  Hobb.  said  lie  did  not  regard  the  surplus 
in  the  net  revenue  account  for  the  year  ended  .March  last  as  a  net  profit, 
but  as  a  surplus.  The  Abbey  Mills  station  was  abandoned  about  1904, 
A  loan  of  £l.i503  was  sanctioned  in  respect  of  a  boundary  wall.  &c.,  for 
that  station  in  1899,  and  the  money  was  raised.  The  work  for  which 
the  loan  was  sanctioned  was  not  carried  out  by  the  electricity  department. 
The  station  still  belonged  to  the  department,  and  it  received  a  rent  from 
the  department  that  used  it.  The  money  was  not  replaced  until  after 
the  last  inquiry,  because  the  Council  had  not  decided  until  then  to  aban- 
don the  scheme.  The  loan'was  returned  to  the  Public  Works  Loan  Board 
He  denied  that  that  £1,503  was  used  to  I'educe  their  overdraft  or  for  any 
other  purpose. 

Jlr.  Morten  said  the  item  due  to  bankers  in  the  Corporation's  accounts 
did  not  mean  an  overdraft. 

Mr.  Robb  said,  if  that  were  correct,  the  Corporation  had  filed  accounts 
containing  statements  which  were  false  in  fact. 

Mr.  Morten  objected  to  questions  by  Mr.  Robb  as  to  where  the  borough 
treasurer  got  all  the  money  which  was  stated  to  be  due  to  him  in  the 
accounts,  as  that  was  the  main  question  in  an  action  now  pending  in  the 
Chancery  Division,  in  which  action  it  was  alleged  that  money  had  been 
borrowed  ultra  viret. 

Mr.  Patterson  said  the  electricity  undertaking  was  not  assessed  for 
rating  as  a  whole  until  the  current  year.  Previously  the  assessment  was 
only  £250  for  mains.  The  present  assessment  was  £12,900.  At  9s.  in 
the  £  they  would  have  to  pay  £5,025.  He  denied  that  the  overseei's 
(who  were  appointed  by  the  Corporation)  practically  settled  the  assess- 
ment. The  reserve  fund  of  £2,017  was  about  \  per  cent,  on  the  capital 
expenditure.  That  was  not  an  adequate  provision.  If  a  reserve  fund 
was  to  be  used  for  the  renewal  of  portions  of  the  undertaking  which  might 
be  worn  out  before  the  termination  of  the  loans,  the  general  basis  of  a 
reserve  was  usually  taken  as  the  difference  between  the  sinking  funil 
contributions  and  the  depreciation.  He  was  of  opinion  that  if  circum- 
stances permitted  it  was  desirable  to  write  10  per  cent,  per  annum  otT 
motors.  If  they  had  written  10  per  cent,  off  motors  last  year,  instead  of 
6  per  cent.,  it  would  have  made  a  difference  of  about  £470  or  £480  in  the 
surplus.  He  had  been  expecting  the  undertaking  to  be  put  into  rating 
ever  since  he  came  there  four  or  five  years  ago.  He  had  called  the  Assess. 
ment  committee's  attention  to  it  himself  on  more  than  one  occasion  with 
the  knowledge  of  theother  overseers.  The  assessment  of  £12.900  wasundcr 
appeal.  Assuming  that  they  had  to  submit  to  that  as.sessment,  it  would 
have  turned  the  surplus  of  £3,853  in  the  last  accounts  into  a  deficit  of 
some  £2,000. 

Mr.  Morten  read  the  Council's  resolution,  dated  April  30,  1908,  !.■ 
abandon  the  scheme  for  boundary  wall,  &c.,  at  Abbey  Mills  and  retuiii 
the  money,  which  Mi.  Patterson  hoped  would  dispose  of  Mr.  R<ibb's 
suggestion  that  he  had  attempted  to  deal  with  the  funds  in  an  irregulai 
manner. 

Mr.  Robb,  addressing  the  Inspector  on  behalf  of  his  clients,  the  Indi . 
Rubber  Co.,  said  that  was  a  company  holding  a  very  responsible  jiositioii 
in  that  district.  Their  opposition  was  not  actuated  by  any  want  of 
.sympathy  with  the  Corporation,  but  when  they  found  the  Corporation 
had  entered  into  certain  contracts  at  very  low  rates  they  thought  it  theii 
duty  to  offer  advice  and  criticism.  Their  engineer.  Mr.  Stuart  Ri.ssell. 
went  into  the  question  whether  current  could  be  supjilied  at  a  price  any- 
where in  the  vicinity  of  0-37d.  with  the  prosi>ect  of  the  department  payin;; 
its  way.  Mr.  Russel!  was  equally  of  opinion  that  all  consumers  should  be 
debited  with  their  proportion  of  capital  and  running  charges.  He 
arrived  at  the  conclusion  that  a  consumer's  proportion  of  the  standii^g 
charges  should  be  in  the  same  ratio  as  the  ratio  of  his  maximum  demand 
to  the  maximum  demand  of  the  station,  provided  there  was  no  diversity 
factor.  The  load  factor  of  the  consumer  who  got  his  supply  at  0'37d. 
had  not  been  disclosed.  He  was  told  the  highest  load  factor,  and  thnf 
in  the  most  favourable  conditions  (in  collieries)  was  from  90  to  95  per 
cent.,  and.  thciefore,  in  assuming  100  per  cent,  load  factor  they  wen- 
giving  a  margin  to  the  Corporation,  and  there  could  be  no  diversity 
factor.  Mr.  Russell  and  Mr.  Patchell  had  gone  into  the  division  of  the 
standing  and  running  charges,  and  when  he  called  them  they  would  show 
that  there  must  be  a  considerable  loss  on  a  supply  at  0-37d.  The  actual 
jiosition  of  the  undertaking  had  been  concealed  by  a  method  which  was 
unsound.  He  attached  great  importance  to  the  rating  cpiestion,  as  it 
had  been  shown  that  there  had  been  neglect  of  duty.  It  was  unsound 
finance  for  the  undertaking  to  benefit  at  the  ex)K>nse  of  the  general  body 
of  rate]taycrs.  In  evidence  on  a  London  power  bill  last  year  Mr.  Sea- 
brook had  staled  that  extensions  of  plant  at  West  Ham  could  be  carried 
out  at  a  trifie  over  £3.  7s.  9d.  per  kilowatt,  and  that  the  capital  charges 
on  the  additional  plant  would  not  exceed  10s.  jjcr  kilowatt  per  annum, 
and  he  seemed  to  adopt  the  line  that  only  the  co.st  of  the  additions  should 
be  considered  in  calculating  the  cajiital  charges  on  supplies  to  additional 
consumers,  and  that  the  expenditure  already  incurred  could  be  ignored, 
and  yet  in  a  discussion  on  a  Paper  at  the  Institution  of  Electrical  En- 
gineers he  said  the  limit  of  economy  seemed  to  have  been  almost  reached 
by  the  Newcastle  Co.  with  a  cajiital  expenditure  of  £33  per  kilowatt. 

Mr.  Morten  said  Mr.  Robb  was  wide  of  the  mark  in  assuming  that 
Mr.  Seabrook  meant  new  jilant  would  only  cost  them  slightly  over 
£3.  7s.  jier  kilowatt.  What  he  meant  was  that  the  capital  charges  on 
the  amount  they  would  have  to  spend  would  be  lOs.  per  kilowatt  an- 
nually. 

Mr.  Robb,  continuing,  said  if  one  set  of  consumers  paid  full  capital 
charges  and  others  did  not,  it  followed  that  the  former  were  being 
penalised.  Mr.  Seabrook  had  said  some  portion  of  the  loan  for  which 
sanction  was  now  asked  was  to  be  applied  to  the  reduction  of  the  over- 
draft, or  revenue  balance  or  whatever  it  might  be  called,  and  as  that  was 
the  important  matter  in  the  action  Mr.  Morten  h«d  referred  to.  and  in 
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which  his  rhfiits  (tin-  India  Rubber  Co.)  were  tlic  ivlators,  it  w.mlil  bi- 
improper  that  any  moneys  should  be  granted  for  that  ))urp()se  before  the 
trial  of  the  action.  It  was  doubtful  whether  a  Corporation  had  the  right 
I,]  burrow  on  revenue  account  at  all.  In  the  accounts  were  amounts  such 
as  £50,0110  odd  on  capital  account  and  £39,000  on  revenue  account  due 
til  the  treasurer.  Where  did  the  treasurer  get  the  money  ?  It  was 
perfectly  obvious  that  the  sinking  fund  had  been  tamjiered  with.  If  Mr. 
Mort«n  or  anyone  else  would  get  up  and  show  him  that  that  large  amount 
could  have  licen  obtained  from  any  other  source  than  the  sinking  fvind 
ho  would  apologise  at  once  in  sackcloth  and  ashes.  If  a  Corporation 
could  borrow  £40,000  on  revenue  account  without  any  sanction  it  stul- 
tified the  practice  of  the  L.G.  Board  in  authorising  loans.  One  depart- 
ment coidd  only  lend  to  another  department  under  the  consent  of  the 
L.O.  Board.  Borrowing  on  revenue  account  was  'a  thing  unheard  of. 
He  took  strong  exception  to  the  desire  of  municipal  electrical  departments 
to  debit  everything  possible  to  capital  and  show  a  profit  at  any  cost. 

Mr.  J.  S.  HuDOLESTON,  of  Siemens  Bros.  &  Co.,  said,  in  reply  to  Mr. 
Driicker,  the  cable  produced,  and  which  Mr.  Troup  had  referred  to,  was 
not  supplied  by  his  company,  and  it  was  of  inferior  quality.  He  was 
manager  of  theVable  department  at  Mi  Bar  .  Siemens,  and  was  absolutely 
sure  the  cable  produced  was  not  theirs.  The  strand  was  in  a  different 
lay  and  the  rubber  was  of  a  different  quality.  He  thought  the  cable 
produced  was  made  on  the  Continent.  Messrs.  Siemens  manufactured 
cable  in  Germany,  but  it  was  not  exported  to  England.  There  was  no 
possibility  of  Messrs.  Siemens  supplying  their  Cierman  made  cable  from 
their  department  over  here.  Their  cable  had  three  layers  of  rubber,  and 
that  produced  had  only  two.  It  was  neither  the  English  nor  the 
German  make  of  Siemens  cable. 

Mr.  Sidney  Coxell,  clerk  to  Messrs.  Troup,  Curtis  &  Co.,  said  his  firm 
did  not  write  to  the  various  cable  makers  for  prices.  They  took  the 
prices  in  the  list  issued  by  the  Cable  Makers'  Association,  and  rang  up 
and  ascertained  the  discounts  that  would  be  allowed. 

The  examination  of  the  witness  was  not  concluded,  and  the  impiiry 
was  adjourned  to  July  5. 


LEGAL  INTELLIGENCE. 


The  King  v.  Justices  of  Devonport  and  others. 

On  Monday  a  Divisional  Court  (the  Lord  Chief  Justice  and  Justices 
Jelf  and  A.  T.  Lawrence)  heard  arguments  on  a  rule  nisi,  obtained  by 
Devonport  Tramway  Co.,  prohibiting  the  Corporation  and  magistrates 
of  Devonport  from  proceeding  further  with  certain  information  and 
summonses  which  had  been  issued  and  were  pending  against  the  company. 
Mr.  J.  A.  Simon,K.C.,and  Mr.  Lynden  Macassey  appeared  for  the  com- 
pany, and  Mr.  Danckwerts,  K.C.,  and  Mr.  Courthorpe  Mvmro  for  the 
Corporation. 

It  appeared  that  the  tramway  company  were  authorised  by  an  act, 
passed  in  1H98,  to  construct  tramways  in  the  borough  of  Devonport,  and 
by  an  act  passed  in  1902  the  Corporation  were  authorised  to  construct 
Other  tramways  in  other  parts  of  the  borough.  By  agreement  the  Cor- 
poration consented  to  grant,  and  the  company  agreed  to  take,  a  lease  of 
the  Corporation  tramways,  and  that  agreement  was  scheduled  to  the 
art  of  1902.  The  agreement  provided  for  a  lease,  which  was  made,  and 
imder  two  of  the  covenants  of  the  lease  there  were  penalties.  The  com- 
pany covenanted  to  jn-ovidc  such  a  service  of  tramcars  as  the  Corporation 
thought  reasonable  in  the  public  interest,  but  if  the  company  did  not 
provide  such  reasonable  service  a  penalty  of  £2  a  day  was  provided  for. 
Another  covenant  was  that  the  company  should  run  workmen's  cars  to 
the  satisfaction  of  the  Corporation,  at  such  hours  as  the  Corporation 
might  require.  A  penalty  was  provided.  There  was  also  a  clause  pio- 
viding  that  if  any  differences  arose  between  the  Corporation  and  the  com- 
pany they  should  be  referred  to  a  Board  of  Trade  arbitrator.  The  Cor- 
puratiiui  sueil  the  company  imder  the  Summary  Jurisdiction  Act  for  the 
recovery  of  the  two  penalties  referred  to,  and  the  company's  case  was 
that  the  penalties  were  not  recoverable  under  the  Summary  Jurisdiction 
Act.  but,  if  recoverable,  were  recoverable  as  liquidated  damages. 

Mr.  I)an('K\vert.s,  in  showing  cause  against  the  rule,  recited  the  facts, 
and  said  that  the  company  gave  notice  to  the  Corporation  that  their 
financial  position  was  such  that  they  could  not  any  longer  run  the  Cor- 
poration tramways,  and  they  purported  to  send  to  the  Corporation  a 
notice  saying  that  after  a  certain  date  they  would  stop  the  working.  They 
also  sent  them  the  rent  for  a  period  ending  on  the  date  at  which  they  |)ro- 

'  posed  to  stop.  The  Corporation  refused  to  accept  the  rent  in  full,  but 
wi-re  willing  to  accept  it  on  account.  The  company  would  not  accept 
I  hat  and  afteiwards  stopped  running.  The  penalties  incurred  by  the 
iiinipany  for  failing  to  run  proper  services  of  ordinary  and  workmen's 
cars  were,  according  to  the  view  taken  by  the  Corporation,  recoverable 
summarily.  The  grounds  apparently  on  which  the  company  got  the 
rule  nisi  were  (I)  that  these  )ienalties  were  not  recoverable  summarily  : 

'(2)  that  under  tlic  lease  there  was  an  arbitration  clause,  and  that,  there- 
fore, the  magistrates  had  no  jurisdiction  ;  and  (3)  that  the  Corporation 
had  re-entered.  He  submitted  that  none  of  those  groimds  had  any 
foundation.  Counsel  said  that  the  first  point  which  arose  was  that  there 
was  a  dispute  which  should  have  been  settled  by  arbitration  or  by  the 
Board  of  Trade.  He  asked  where  the  difference  could  be.  The  cout- 
pany  only  objected  because  they  had  not  money  enough  to  carry  out  their 
duties  and  obligations.  The  notice  to  provide  specified  services  of  cars 
for  workmen,  the  company  had  also  been  unable  to  comply  with 
through  financial  disability. 


■  For  the  Company.  Mr.  Slmuv.  K.C,  s.iid  he  w.,id(l  address  himself  to 
two  points— that  the  Act  of  Parliament  did  not  justify  the  proceedings 
before  the  magistrates  for  recovery  of  penalties  under  the  lease,  and 
secondly  that  in  any  case  the  jurisdiction  of  the  magistrates  wa.s  ousted. 
The  summons  was,  in  terms,  for  a  failure  to  comply  with  the  provisions 
of  the  clause  in  the  lease,  to  wit,  that  the  company  did  not  on  the  17th  of 
January  provide  such  a  service  as  was  rea.sonably  required  by  the  Cor- 
poration in  the  public  interest.  The  notice  of  January  4  was  a  requisi- 
tion for  certain  services  of  cars  which  were  set  out  in  details.  There  was, 
therefore,  abundant  material  for  discussion  as  to  what  would  amount  to  a 
reasonable  service,  more  particularly  when  they  bore  in  mind  that  the 
comjiany  had  said  it  was  an  undertaking  which  was  terribly  improfitable, 
and  that,  on  the  other  hand,  the  Corpcjiation  were  attempting  to  bring 
them  to  a  position  in  which  they  would  be  compelled  to  sell  their  rights. 
He  contended  that  a  difference  was  ni.t  avni.li.il  merely  by  issuing  sum- 
monses before  the  details  ,.f  the  (lilb-rend-  u,  r.-  disclosed. 

The  Lord  Chief  Jiktice  asked  how  the  ixistenre  of  a  difference  ousted 
the  jurisdiction  of  the  magistrates. 

Mr.  Simon  said,  as  he  understood  it,  if  there  were  a  difference,  then  the 
magistrates  had  no  jurisdiction  to  enforce  the  penalty  until  that  differ- 
ence was  determined.  His  clients  said  their  finances  debarred  th'-m 
from  working  the  trams,  and  the  Corporation  had  served  them  with  an 
elaborate  notice.  To  justify  that  they  could  only  do  so  by  saying  that 
what  they  required  the  company  to  do  was  done  in  the  public  interest. 
The  company  said  they  could  not  work.  The  Corporation  said  the  com- 
pany must  work,  and  delivered  a  list  of  what  they  wanted  the  companj' 
to  do.  They  could  only  compel  the  company  to  do  what  was  reasonable. 
On  the  question  of  im|io.sing  (icnalties  you  must  have  in  view  what  it  is 
they  are  required  to  do,  and  what  they  have  failed  to  do.  That  is  exactly 
what  the  Board  of  Trade  will  be  asked  to  settle. 

The  Lord  Chief  .Justice,  in  delivering  judgment,  said  the  rule 
applied  for  raised  considerable  difficulty.  The  main  contention  upon  the 
first  point  was  that  the  penalties  which  were  sought  to  be  recovered  under 
the  sections  of  the  Act,  and  which  were  penalties  to  be  recovered  under 
the  Summary  Jurisdiction  Act,  were  only  penalties  fixed  by  agreement, 
and  not  by  lease.  The  two  ptMialties  in  respect  of  which  the  summonses 
were  issued  were  penalties  for  not  comiilying  with  a  notice  of  the  Corpora- 
tion. Dealing  first  with  the  penalty  under  sec.  8.  his  Lordship  said  that. 
in  his  judgment,  the  words  "  any  penalty  under  the  said  agreement  might 
be  recovered  in  manner  provided  by  the  Summary  Jurisdiction  -Act  " 
did  include  the  penalty  under  the  lease.  It  seemed  quite  impossible  to 
come  to  the  conclusion  that  it  wfts  intended  that  there  should  be  n 
summary  remedy  for  penalties  under  the  agreement,  and  no  summary 
remedies  for  penalties  under  the  lease.  The  penalty  did  not  cease  to  be  a 
penalty  under  the  agreement,  because  ultimately  the  relations  between 
the  parties  were  fixed  by  a  lease  as  distinct  under  the  agreement.  He 
thought,  moreover,  when  they  looked  at  the  position  of  clause  11  that 
view  would  certainly  strike  them,  because  the  summary  jurisdiction  was 
already  there  in  one  sense  in  regard  to  one  set  of  trams.  By  the  Act  of 
1898,  provision  had  been  made,  by  sec.  63,  for  running  cheap  trams,  and 
by  the  section  of  the  Act  to  which  their  attention  had  been  called,  there 
was  to  be  recovery  by  stimmary  jurisdirtitm.  Upon  the  first  point,  there- 
fore, Mr.  Simon  failed.  On  the  second  point  he  again  had  had  difficulty, 
but  it  seemed  to  him  that  on  the  whole  it  was  better  for  the  rule  to  be  dis- 
charged. One  of  his  real  difficulties  arose  because  there  were  two  sets  of 
summonses.  Dealing  with  the  provisions  under  clause  8.  which  provided 
that  the  company  should  run  such  a  service  as  was  reasonably  required  by 
the  Corporation  in  the  publi;  interest,  and  that  any  question  which  might 
arise  as  to  the  service  of  such  cars  might  be  determined  on  application  by 
the  company,  or  any  body  or  person,  to  the  Board  of  Trade,  his  Lordship 
said  Mr.  Simon  had  told  them  that  he  was  in  this  difficulty,  that  the  lin*s 
were  not  remunerative,  and  the  receipts  were  small  and  the  expenses 
heavy,  and  the  question  arose  whether  it  was  a  reasonable  service.  Up 
to  the  time  of  the  rule  being  moved  there  was  rio  suggestion  made  by  the 
company  that  there  was  any  question  to  be  determined  under  the  last 
part  of  the  section.  Although  some  point  might  arise  which  woidd  in- 
volve the  question  of  «  hat  the  real  position  of  the  company  was.  and  how- 
far  the  penalties  ought  to  be  sotight  to  be  enforced  on  their  merits,  having 
regard  to  the  nature  of  the  questions  which  had  arisen,  he  was  unable  to 
say  that  there  had  been  the  existence  of  any  preliminary  question  which 
must  be  determined  before  the  magistrates  had  any  jurisdiction.  He 
therefore  came  to  the  conclusion  that  the  rule  must  be  discharged. 

Mr.  Justice  Jelf  and  Mr.  Justice  Lvwresce  agreed,  and  the  rule 
was  accordingly  discharged.  |^ 

Child  and  Another  v.  Ward. 

On  Friday  Mr.  Justice  Swinfen  Eady  licar.l  this  acti.in  to  restrain  Mr. 
Charles  B.  Ward  frou\  carrying  on  or  being  connected  with  the  British 
School  of  Telegraphy  (at  179.  Clapham-road.  London,  S.W.).  or  elsewhere 
in  the  United  Kingdom,  and  from  being  otherwise  connected,  either 
directly  or  indirectly  as  principal  or  otherwise,  with  telegraphic  training 
in  the  United  Kingiiom  for  seven  years  from  Sept.  1.  ISHU.  It  was 
stated  that  defendant  originally  owned  the  South  London  Telegraph  and 
Commercial  Training  College  (Brixt(ui),  which  he  sold  to  plaintiff  (Mr. 
Child)  in  1904.  Plaintiff  removed  to  Penywern-road,  Earls  ^^ ">."■'■"■; 
naming  it  the  Lond.ui  Telegraph  Training  College,  and  selling  it  m  190, 
to  a  company  formed  under  that  name.  Defendant's  assignment  in  l.Hi* 
contained  a  covenant  which  he  was  alleged  to  have  broken  by  Wcoming 
the  business  manager,  and  assisting  in  telegraph  tuition,  at  the  school  m 
Clapham-road.  which  belonged  to  his  father  and  another  (lerson. 
I  After  hearin.'  evideiu-c  Mr.  Justice  Swinfen  Eady  granted  an  mjunc- 
I  lion  followin.-'tlie  laii.'nat;c  of  the  covenant,  to  restrain  defendant  from 
>  being  directly  or  iiidirerlly  connected,  as  principal  or  other-vise,  with 
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tolf<n;>l'l'  <i'i">"S  :i»  '''*■  British  School  of  Telegraphy.  179.  Claiiham- 
ro.id.  or  elsewhere  in  the  United  Kingdom,  and  from  opening  any  other 
college  for  the  teaching  of  telegraphy  for  a  period  of  seven  years  from 
Sept.  1,  1904. 

Hind  V.  Child. 

At  Bromlev  (Kent)  County  Cmni  last  week  plaintiff  sought  to  recover 
£29.  18s.  3d"  under  the  following  circumstances  :  Defendant  sold  to 
plaintiff  a  house  which  was  stated  to  be  wired  for  the  electri<-  light. 
Plaintiff  took  thixt  to  mean  that  the  wires  and  fittings  went  with  the 
house,  and  that  in  ptirchasing  the  property  he  also  became  the  owner 
of  the  fittings.  It  ttirned  outr  however,  that  that  was  not  so,  and  when 
the  tenant  of  the  house  was  giving  np  possession  plaintiff  was  informed 
that  the  wiring  was  on  the  hire-ptnchase  system  from  the  Bromley  Elec- 
tric Light  &  Power  Co.,  and  before  he  could  lay  claim  to  them  he  had  to 
pay  £29.  18s.  3d.,  and  consetpiently  he  claimed  that  amount.  Plaintiff 
snbmitted  that  he  considered  there  was  a  breach  of  contract  on  the  part 
of  defendant  in  not  disclosing  the  fact  that  the  wirhig  belonged  to  the 
company. 

Judge"  Emden  held  there  was  no  breach  of  contract.  He  did  not  su|i- 
pose  defendant  knew  of  the  wording  of  the  particulars,  which  were 
usually  drawn  up  by  the  solicitors  acting  for  the  property  and  the  auc- 
tioneers. The  abse"nce  of  more  words  in  the  particulars,  which  would 
have  shown  that  the  wires  belonged  to  the  company,  was  an  unfortunat- 
mistake. 

The  action  was  dismissed. 

Gould  V.  Lehwess. 

In  the  Court  of  Appeal  on  Saturday,  before  Lord  Justice  Fletcher 
Moulton  and  Lord  Ju.stice  Buckley,  Mr.  Gore-Browne,  K.C.,  moved 
on  behalf  of  defendant,  for  a  stay  of  "execution,  on  bringing  £1,300  into 
Court,  ponding  the  hearing  of  an  appeal.  The  case  was  reported  in 
The  Ei.KiTKK  lA.N  for  May  28. 

After  hearing  Mr.  Atkin,  K.C.,  for  the  re.spondent,  Lord  Justice 
BciKLEV  said  that  the  learned  judge  had  granted  a  stay  of  execution 
on  certain  terms,  and  the  Court  would  not  interfere  to  alter  that 
decision  except  upon  a  very  plain  case.  The  application  must  be  refused. 


PARLIAMENTART  INTELLIGENCE. 


County  of  Durham  Electric  Supply  Bill.— The  Select  Com- 
mittee of  the  House  of  Commons  on  Unopposed  Bills  on  Friday  con- 
sidered this  bill,  which  contained  a  clause  giving  the  company  power  to 
subscribe  to  the  capital  of,  or  to  lend  money  to,  undertakings  which 
were  prepared  to  take  a  supply  of  current  from  the  company. 

Mr.  Moon  (Speaker's  counsel)  asked  what  difference  there  was  in  allow- 
ing an  electric  power  company  such  a  clause  and  giving  power  to  a  railway 
company  to  subscribe  towards  the  erection  of  factories  along  its  route. 

Mr.  Webb  (parliamentary  agent  for  the  ])r(miotcrs)  pointed  out  that 
railway  companies  did  erect  hotels  and  run  motor  services. 
■     Mr.   Cai.dwei.l  (deputy-chairman  of  the  Committee)   said  what  he 
feared  was  that  the  granting  of  such  powers  might  result  in  money  being 
allocated  to  schemes  other  than  that  for  which  it  was  subscribed. 

Mr.  C.  Merz  (consulting  engineer  to  the  company)  said  that  if  they 
could  find  some  capital  it  would  often  make  all  the  difference  as  to  an 
undertaking  being  started. 

.\fter  discussion  the  Committee  rejected  the  clause,  but  allowed  the 
bill  to  proceed  with  rcsin-ct  to  the  linking  u|)  of  the  company's  generating 
Rtations  with  tho'-e  of  the  Niwcastlc-ou-Tvne  Electric  Supply  and  the 
Durham  &  ClevclMnd  Ekctric  Power  Cos. 

London  County  Council  (Tramways  and  Improvements)  Bill. 

The  .Select  Cominittcc  of  the  House  ot  C.inmous  which  has  been  con- 
sidering this  bill  for  some  time  on  Tuesday  dealt  with  the  proposal  for 
the  temjtorary  constructiim,  by  agreement  with  the  local  authority,  of  a 
line  across  Hammersmith  Broadway  giving  access  to  the  White  City. 

.After  hearing  evidence,  the  Committee  allowed  the  clause  giving  the 
Council  power  to  construct  the  tramway. 

Electric  Bailway  Bills. — The  Committee  of  the  House  of  Com- 
mons on  Uno]iposed  Bills  has  ])as.sed  the  ])rcamble  of  the  North-East 
I>mdon  Railway  (,'o.'s  bill,  which  extends  by  one  year  the  period  for  the 
construction  of  the  line  from  the  City  to  Waltham  Abbey. 

The  Committee  have  also  approved  the  Edgware  and  Ham])stead  and 
the  Watford  and  Edgware  Railways  Bills,  the  object  of  eachyicing  to 
extend  the  time  by  two  years  for  the  construction  of  works  and  the 
taking  of  lanil. 

Liverpool  Corporation  Tramways  Bill— This  bill  was  considered 
by  a  Select  Committee  of  the  Hou.sc  of  t^omraons  on  Tuesday  and 
AVedne.sday.  The  bill  authorises  the  construction  of  additional  tram- 
ways, including  an  extension  to  Huyton.  The  L.  &  N.W.  Railway  Co. 
opposed  this  extension  on  the  ground  of  opixisition,  but  after  hearing 
the  evidence  the  Committee  found  the  preandjle  proved. 


The  North-East  Coast  Institution  of  Engineers  and  Ship- 
builders and  the  Institution  of  Engineers  and  Shipbuilders 
in  Scotland. — A  joint  summer  meeting  of  the.se  two  Institu- 
tions will  be  held  at  Glasgow  on  August  4th,  5th  and  6th  ne.xt. 
Papers  will  be  read  and  excursions  and  dinners  will  also  form 
part  of  the  work. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 

APPOINTMENTS  VACANT  AND  FILLED. 

An  assistant  master  for  the  science  section  is  required  at  the 
Borough  of  Aston  Manor  Technical  School,  who  must  be  qualiHed 
to  teach  electrical  engineering  (inchuling  laboratory  instruction), 
mechanical  engineering  and  matluin.ilics.  Commencing  salary 
£1.50.  .\pplicati(ms  to  the  secretary  (Mr.  H.  Norwood).  F.ducatioii 
Offices,  .<\ston  Manor,  near  Birmingham,  by  Monday  .luly  .").  Sec 
also  an  advertisement. 

.An  instructor  in  electrical  engineering  (practical  and  theoretical) 
and  electric  wiring,  and  an  instructor  for  electricity  and  magnetism, 
arc  wanted  at  the  Borough  of  Kingston-on-Tlmmcs  Technical  In- 
.stitnte  for  the  winter  session,  for  one  evening  a  week  each.  Salary 
21s.  and  15s..  respectively  per  evening  of  three  hours.  Ajiplications 
to  Mr.  H.  T.  Roberts  by  June  2G.     See  also  advertisement. 

The  Governors  of  the  Heriot-Watt  College,  Edinburgh,  invite 
applications  for  the  position  of  assistant  lecturer  in  electrical  engi- 
neering as  from  Sept.  0  next.  Salary  £130  per  annum.  Further 
information  from  Prof.  Baily  at  the  College.  Applications  must  be 
lodged  by  June  21. 

A  demonstrator  and  assistant  in  the  laboratory  is  wanted  in  the 
department  of  electrical  engineering  of  the  Gla.sgow  and  West  of 
Scotland  Technical  College.  Salary  £100  per  annimi.  Applications 
by  .June  24  to  Prof.  Magnus  Maclean,  from  whom  further  particulars 
may  be  obtained. 

The  Governing  Body  of  the  South  Western  Polytechnic  Institute 
(London)  invite  applications  for  the  post  of  head  of  the  mechanical 
engineering  department.  Commencing  salary  £350-£400.  Applica- 
tions to  the  Secretary  by  June  22. 

Croydon  Education  committee  invite  applicaticjns  for  the  post  of 
jirincijial  of  the  polytechnics.  .Salary  £.300,  rising  to  £3:"iO.  Forms 
from  the  Clerk.  Catherine-street.  Croydon.     Applications  by  June  20. 

An  electrical  engineer,  familiar  with  the  electrical  and  mechanical 
design  of  d.c.  motors,  is  required.     See  an  advertisement. 

A  working  electrician  is  requu'ed.  used  to  motors  and  water  pumps, 
good  estimator,  &c.     See  advertisement. 

A  .science  niasUr  and  principal  is  wanted  for  the  Loughborough 
Technical  Instiiutc,  Particulars  from  Mr.  W.  A.  Brockington. 
Leicest(  isliirc  Ivlucation  Committee,  33,  Bowling  Green-street, 
Leicester.     Applications  by  July  14. 

A  cable  and  wire  drawing  comj)any  advertise  for  representatives 
in  the  Midlands,  Wales,  South  and  W^est  England. 


Mr.  C.  G.  Eley,  senior  charge  engineer,  in  the  3rd  class  of  Woolwich 
electricity  department  has  been  jiromoted  to  the  2nd  class  at  £150 
per  annum  ;  and  Mr.  Robert  Scrivener,  switchboard  attendant,  has 
been  promoted  to  3rd  class  at  £90  per  annum. 

Mr.  A.  Howie,  deputy  electrical  engineer  at  Wolverhampton,  has 
been  appointed  deputy  manager  and  chief  assistant  engineer  of  the 
Sheffield  Corporation  electric  supply  department. 


Acton. — The  Electricity  committee  have  again  considered  their 
relations  with  the  Metro|)olitan  Electric  Supply  Co.,  which  is  sujjply- 
ing  electricity  in  bulk. 

Recently  it  was  decided  to  increase  the  charge  for  electric  current  to 
private  consumers  and  thereupon  the  secretary  of  the  company  (Mr.  E. 
Cunliffe  Owen,  C.M.Ci.)  wrote  to  say  that  when  the  company  made  the 
revised  terms  to  the  Council  it  had  no  idea  that  the  selling  prices  of 
energy  were  to  be  raised.  If  the  effect  of  the  increases  was  to  check 
consumption,  the  directors  would  probably  consider  themselves  free  to 
rc-open  the  matter. 

The  committee  recommend  the  Council  to  ask  the  company  to  enter 
info  an  agreement  with  them  embracing  the  terms  of  its  letter  of  Nov.  3 
last. 

Ashfon-under-Lyne. — .An  unopiio.sed  inquiry  was  held  on  Friday 
into  the  ajiplioation  of  the  Council  Im  san<Mion  to  borrow  £2.040  for 
extensions  of  cables,  &c. 

Australasian  Cable  Service.— \'arious  slatenunts  have  been  pub- 
lished from  time  to  time  i)olli  in  Australia  and  in  this  country.  C(m- 
ecrning  an  alleged  '  airangcmcnt  "  between  some  (jf  the  principal 
journals  in  Australia  and  the  Eastern  Extension  Telegraph  Co. 
These  accounts  has  been  described  as  a  "  monoi)oly  "  (a  much 
abused  expression,  by  the  way).  The  statement  was  given  particular 
prominence  on  this  side  in  the  "  .Manchester  Guardian  "  on  June  9, 
and  has  been  answered  by  a  rejjly  from  Mr.  T.  S.  Townend.  the  well- 
known   and   respected   London    manager   of   the   .Australian   Press 
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Association,  who  gives  it  an  emphatic  denial,  and  in  doing  so  has  the 
express  permission  of  the  manager  of  the  Eastern  Extension  Co.  in 
stating  that  there  is  not  one  word  of  truth  in  tlie  assertion  that  any 
"arrangement  "  has  been  made  between  the  Association  aiul  the 
company  in  tiiis  connection  other  than  a  business  understanding 
which  it  is  in  tlie  power  of  any  person  or  group  of  persons  to  make. 
At  the  pre.sont  time,  when  any  stick  is  good  enough  with  wliich  to  heat 
the  telegra|>li  oomiianies,  wlio  o|)erat«  successfully  one  of  our  few 
British  industries,  it  is  well  that  these  indiscriminate  statements, 
sown  broadcast  as  they  are,  should  be  definitely  disposed  of. 

Barnstaple.— The  jMbert  Hall  is  to  be  wired  for  the  electric  light  at  a 
cost  of  £98. 

Barton-on-Trent. — Last  week  the  Council  decided  to  apply  for 
sanction  for  a  further  loan  of  £4,1100  for  extensions  of  the  electricity 
undertaking. 

Bath. — Tlie  Council  ))roposc  to  ajjply  for  a  jjrovisional  electric 
lighting  order  for  the  Bath  rural  district. 

The  Council  also  pro])i)se  to  ap]ily  to  the  Board  of  Trade  for  an  order 
that  the  powers  of  the  Somerset  &  District  Electric  Power  Co.  shall  cease 
as  to  the  part  of  their  area  of  sii|>]ily  within  tlie  city  of  Bath  and  any 
extended  area  in  respect  of  which  a  provisional  order  authorising  the 
supply  of  electricity  may  be  obtained. 

The  Council  have  requested  the  local  members  of  Parliament  to  use 
their  best  endeavours  to  secure  the  passing  of  the  Electric  Lighting  Acts 
(.-iaiendnient)  Bill  in  its  original  form  and  to  oppose  any  amcnilmcnts 
limiting  the  powers  to  be  given,  also  that  they  support  the  inscitlon  of  ,i 
new  clause  prohibiting  unauthorised  persons  from  supplying  I'lcctricity 
within  avitboriscd  areas  of  supply. 

Beckenham. — The  Council  have  applied  for  sanction  to  a  loan  of 
£398  for  the  erection  of  coal  bunkers  and  additions  to  econoniLser. 

'  Bexhill. — The  increase  in  salary  of  the  electrical  engineer  (Mr.  W.  T. 
Le  Feuvre)  fnmi  £3.50  to  £425  jier  annum  by  three  annual  increments 
of  £i">  each  has  been  ajiprovtd  by  the  Council. 

Brazilian  Telegraphs. — In  th»  message  presented  to  the  National 
Congress  at  llio  de  Janeiro,  on  May  'i.  Dr.  A.  A.  Moreiro  Penna. 
President  of  the  Ke])ublic.  said  : — 

The  total  length  of  telegraphs  at  the  end  of  last  year  was  09,457  km. 
(about  43,063  miles),  or  2,104  km.  (1,304  miles),  more  than  at  the  end  of 
the  previous  year.  Telegra])hic  communications  between  Belem  anil 
Manaos  by  the  cable  of  the  Amazon  Telegraph  Co.  had  continued  subject 
to  interruptions.  It  was  proposed  to  revise  the  contract  of  the  company 
in  order  to  provide  for  the  duplication  of  the  cable,  whereby  the  service 
would  be  greatly  improved.  Tlie  number  of  telegrams  sent  and  received 
on  the  national  lines  had  increased  by  13  per  cent,  and  the  number  of 
words  by  23  per  cent.,  showing  that  the  reduction  in  price  had  had  a  good 
effect. 

The  Message  continues  : — 

In  addition  to  the  three  telegraphic  companies  whose  cables  land  on 
the  shores  of  Brazil,  a  concession  was  grunted  in  1908  to  the  Felten  & 
Guilleaume  A.G.,  of  Cologne,  for  a  cable  which  is  to  commence  working 
within  3.V  years  from  the  date  of  the  concession.  In  addition,  the  depart- 
ment has  in  viev\'  the  installation  of  a  radio-telegraphic  station  of  high 
power  on  the  island  of  Fernando  de  Noronha.  Her?  also  will  t>e  located 
a  small  statiim  in  communication  with  Pcrnambuco.  Another  wireless 
station  is  being  erected  on  Babylonia  Hill,  Rio  de  Janeiro. 

Brighton. — The  electricity  supply  mains  are  to  be  extended  to  the 
w  orkliouse  in  order  to  give  supply  for  driving  the  bakery  and  laundry 
machinery. 

China. — The  Siemens-Schuckertwerke  (Shanghai)  have  installed 
electric  lighting  plant  at  Kirin.  including  two  Allen  high-speed 
engines  coupled  direct  to  Ifi.'i  k\\.  Siemens  alternators  (generating 
three-phase  current  at  .'i.OOO  volts  with  a  periodicity  of  50),  and 
litirsig-Tegel  (Berlin)  boilers.  The  same  company  have  a  contract 
for  the  equipment  of  electricity  works  at  Mukden,  with  a  S50  E.ll.P. 
II  Hiss  engine,  and  a  2.50  kw.  Siemens  dynamo. 

The  Soochow  electricity  works,  also  equipped  by  the  Sicmens- 
Sihuckertwerke,  «ere  recently  opened.  This  installation  includes 
ihree  Krujip  boilers,  and  two  open  type  Suhickau  engines  couiJed 
direct  to  175  kw.  Siemens  alternators  generating  tlu-ee-phase  current 
at  2.200  volts. 

Mr.  Consul  I'itzipios'  report  states  thai  the  British  Concession  at 
Cliinkiang  was  provided  with  electric  light  last  summer  by  the 
'-'hinkiang  Electric  Light  Co.,  a  Chinese  undertaking. 

Cleckheaton.--.^n  unopposed  inquiry  was  held  last  week  into  the 
Conncirs  application  for  sanction  to  borrow  £2,081  for  extetisions  of 
the  electricity  supply  mains.  &c. 

Cullompton. — Application  has  been  made  by  a  company  to  Devon 
County  Council  for  consent  to  a  provisional  order  for  this  district. 

Ealing. — For  outside  arc  lamps  the  charge  for  electric  current  has 
been  reduced  to  3.U1.  per  unit. 

Electricity  in  Horticulture. — It  is  announced  that  the  (Icrman 
F.mperor  hirs  adopted  an  elcf^trioal  system  for  stimulating  the  growth 
of  plants  in  the  gardens  on  his  estate  at  Dahlen.  a  few  miles  ovil  of 


Berlin.  Experiments  have  been  carried  out  under  the  supervision 
of  Dr.  Hochstermann,  to  the  satisfaction  of  the  Kaiser's  advisers, 
and  "  systematic  experiments  are  now  being  made  in  order  to  find  a 
cheap  and  simple  method  of  charging  the  atmosphere.' 

Exhibition. — It  was  decided  at  a  Congress  of  the  South  African 
National  Union,  on  May  11.  that  "should  a  Union  of  the  South 
.African  Colonies  be  accomplished,  an  international  industrial  exhi- 
bition should  be  held  at  Cape  Town  at  tlie  time  of  the  opening  of 
the  South  African  Parliament." 

Fife  Tramways.— Kirkcaldy  and  Dysart  Councils  have  approved 
the  scheme  for  the  extension  of  the  Kircaldy  tramway  system  to 
Dysart. 

German  East  Africa. — A  report  of  Mr.  D.  Young.  British  vice- 
consul,  states  that  electric  light  is  .supplied  in  the  capital  (Dar-es- 
Salaam)  by  tlie  Deutsche  Ost-.Vfrikanische  Eisenbahngesellschaft,  at 
about  lOd.  per  unit.  Mains  for  street  lighting  (underground  in  the 
Kuro|)ean  and  overhead  in  the  native  quarter)  are  being  laid,  the 
total  capital  cost  of  the  public  lighting  being  estimated  at  £6.000. 
The  town  of  Tanga.  however,  is  lighted  by  "  spirit  lamps.'  Dar-es- 
Salaam,  Tanga,  Bagamoyo  and  Pengani  have  local  telephone 
systems. 

Golborne. — The  question  of  revoking  the  Council's  electric  lighting 
order  has  been  deferred  for  a  year. 

Grays  Thurrock. — On  the  recommendation  of  the  Lighting  com- 
mittee it  has  been  decided  that  the  electrical  engineer  (Mr.  E.  D. 
Long)  is  not  to  undertake  wiring  work  himself  unless  it  should  be 
found  that  the  quality  of  the  work  done  or  of  the  prices  charged  by 
private  contractors,  militates  against  the  interests  of  the  electricity 
undertaking. 

The  salary  of  Mr.  Long  has  been  increased  to  £2.50  per  annum. 

Greece. — The  report  of  Mr.  Consul  E.  MacDonell  states  th.it  the 
cleetriiication  of  the  tramways  at  Piranis  has  been  pu.sbed  forward, 
2li  miles  being  in  use,  and  12J  miles  projected.  120  cars  (of  Belgian 
make)  are  running  and  another  40  are  to  be  added.  The  under- 
taking employs  750  person.?. 

Harrogate. — The  Electric  Light  committee  are  preparing  a  scheme' 
for  extending  and  im|)roving  the  street  electric  lighting  arrange- 
ments. 

Kernel  Hempstead. — The  ajiplication  of  the  Chesham  Electric 
Light  &  Po«er  (i'o.  for  a  provisional  order  will  be  supported  by  the 
Council. 

Hindley.--The  question  of  revoking  the  Council's  electric  lighting 
order  has  been  deferred  for  12  months. 

Horse  Show  Illumination.— One  of  the  features  of  tlie  suc*c.s.sful 
Horse  Show  at  Olympia  (London)  last  week  was  the  brilliant  manner 
in  which  the  arena  was  illuminated.  There  were  no  less  than  102 
"  Exeello  "  arc  lamps  in  use.  and  the  effect,  as  may  be  conceived, 
was  striking  to  a  degree. 

Ilford. — The  charge  for  electric  current  to  be  supplied  to  the  tram- 
ways department  has  been  fi.xed  at  IJd.  per  unit. 

India.— The  "  Indian  and  Eastern  Engineer  "  states  that  the 
Jladras  Port  Trust  Board  have  decided  to  enter  into  an  agreement 
to  take  a  supply  of  electrical  energy  from  the  Jladras  Electric  Supply 
Corpn. 

The  hydro-electric  power  undertaking  in  the  Native  State  of 
Patiala  is  exjiected  to  be  in  operation  by  the  end  of  1009.  Capita! 
expenditure  is  estimated  at  lO.i  lakhs. 

A  scheme  for  the  adoption  of  electric  pumping  at  Bangalore  City 
\\'atci'  Works  is  under  consideration. 

Inquests.— On  Friday  anadjourncd  inquest  w  as  held  at  Birmingham 
into  the  death  of  Benjamin  Cole,  a  blast  furnaccman.  of  Sedgley. 
who  died  on  a  tramcar  (w  hich  plied  between  Milltields  and  Sedgley)  on 

Deceased  was  stated  to  have  lioarded  the  ear  at  10:30  p.m.  at  Milltields. 
During  the  journey  he  was  riding  on  the  top  of  the  car  and  bei-ame  un- 
conscious, ami  when  the  tramcar  arrived  at  Sedgley  ii  duct.u:  pronounced 
life  extinct.  The  iiuiuirv  had  Ih-cu  adjourned  to  enable  the  Coroner  (Mr. 
T  A  Stokes)  to  I  iimniimicate  with  the  Board  of  Trade,  as  it  had  btn-n 
suggested  that  the  mans  death  was  due  to  electric  shock.  The  Conmer 
also  directed  that  the  car  on  which  Cole  was  found  dead  should  remain  at 
the  depot  at  Sedgley  till  after  its  inspection  by  the  BoanI  of  Trade  repre- 

^'^Tlu-'coRONER  read  a  rei-ort  he  had  received  from  Mr.  A.  P^  Trotter, 
electrical  adviser  to  the  Board  of  Trade,  who  staled  that  .■»  defect  in  an 
electrical  conductor  was  found,  causing  the  charging  of  the  standard,  but. 
in  addition,  a  defect  was  found  in  the  circuit  of  the  warning  rod  lamiw. 
Mr.  Trotter  referred  to  the  word  -electrocuted  employed  in  the 
Coroner's  letter,  pointing  out  that  ele^t locution  w«s  a  name  which  had 
been  «iveii  to  a  rev.dting  form  of  capital  punishment  for  condemned 
crimiirals  in  America,  anil  had  been  adopted  by  sensational  journals  m 
this  country  as  meaning  death  hy  electric  slUK-k. 


59S 


THE  ELECTRICIAN,  JUNE  18.  1909. 


The  Coroner  read  regulation  Xo.  1 1  of  the  Bo.ird  of  Trade  model  form 
of  regulations  for  tramways,  which  Mr.  Trotter  had  refeiied  to.  as 
follows  :  '"  The  trolley  standard  of  every  double-decked  carriage  shall  lie 
electrically  connected  to  the  wheels  of  the  carriage  in  such  manner  as 
either  to  prevent  the  poissibility  of  the  standartl  becoming  electrically 
charged  from  any  defect  in  the  conductors  contained  within  it,  or.  in  the 
event  of  the  standard  becoming  electrically  charged,  to  give  a  distinctive 
and  continuous  warning  signal  to  the  driver  or  conductor.  A  signal  m;\\ 
be  a  red  lamp,  or  preferably  an  audible  signal."  The  Coroner  added  thai 
in  this  case  the  warning  red  lani])s  did  not  act. 

Alfred  Johnson,  conductor  of  the  car,  said  his  attention  was  called 
to  the  condition  of  the  man,  who  was  then  in  a  state  of  collapse.  He  had 
one  foot  on  the  standard,  and  his  back  against  a  side  rail.  A  passenger 
named  Norton,  who  was  also  riding  on  the  to])  of  the  car,  told  witness 
he  had  just  had  a  shock,  and,  jHiinting  to  deceased,  said  :  "  It's  electricity 
that  is  in  this  man."  Directly  afterwards  witness  tried  the  standard, 
but  did  not  experience  a  shock. 

llr.  \V.  .\.  FosTKR  (for  the  Wolverhampton  &  District  Tramways  Co.) 
said  Mr.  Trotter  made  an  inspection  of  the  electrical  equipment  of  the  car 
on  May  27,  and  it  was  then  ])erfectly  clear  that  there  was  a  defect  in  an 
electrical  conducttir,  to  which  fact  the  unfortunate  man's  death  was  no 
doubt  due.  The  extraordinary  position  occupied  by  the  man  in  having 
one  foot  on  the  standard  and  his  back  or  head  against  the  ircjn  rail  niailc 
the  circuit  comjilete.  The  voltage  of  the  electric  current  was  about  .50(1. 
which  in  the  ordinary  way  would  not  impart  a  shock  sufficient  to  kill  any- 
body. The  car  had  been  thoroughly  overhauled  at  the  company's 
works,  and  was  started  running  again  on  4th  inst.  He  submitted  that 
the  accident  was  one  which  no  ordinary  human  foresight  could  have 
prevented.  It  was  the  first  fatality  of  the  kind  in  the  experience  of  the 
company,  who  did  not  deny  liability. 

The  Coroner  considered  the  warning  red  lamps  should  be  frequently 
examined. 

Mr.  Richard  \V.  Cramp,  general  manager  of  the  company,  said  the 
cable  connected  with  the  warning  red  lamps  was  concealed  in  the  wood- 
work and  insulated,  and  if,  as  in  that  case,  the  cable  parted,  the  lamps 
ciulj  not  act.  It  was  impossible  to  say  what  caused  the  defect  in  the 
cable,  but  the  mishap  was  one  which  no  human  foresight  could  prevent. 
It  was  the  position  of  the  man  at  the  time  of  the  leakage  of  electricity  that 
brought  alou'  his  death. 

Dr.  B.\LLENDEN,  who  had  made  a  post-mortem  examination,  said  there 
was  no  external  burning,  but  the  skin  was  covered  with  blisters  from 
decomposition,  which  was  very  rapid.  There  was  nothing  in  the  condi- 
tion of  any  of  the  organs  to  accountToi?  death. 

A  verdict  that  death  was  due  to  electrit  shock  was  returned. 

On  Tuesday  an  inquest  was  hold  on  the  death  of  John  R.  Pridden, 
f n  3lcctrician,  who  was  killed  at  the  Imperial  International  Exhibi- 
tion. Shepherd's  Bush. 

Akthir  Powell,  electrician  employed  by  the  Witching  Waves  (Ltd.), 
one  of  the  amusements  at  the  exhibition,  said  that  the  waves  were 
worked  by  KiO  arms  and  cranks  from  a  machine  which  was  below  the 
ground  and  was  driven  by  electric  power.  On  Saturday  morning 
deceased  was  engaged  in  fixing  and  wiring  the  motors  in  an  underground 
chamber.  He  had  connected  one  motor,  and  was  engaged  on  another. 
He  was  holding  a  wire  above  his  head  and  with  the  other  hand  was 
using  pliers,  when  his  right  foot,  which  was  resting  on  a  bank  fif  clay, 
slipped.  Deceased  groaned,  his  head  fell  forward,  and  he  died  shortly 
afterwards.  Deceased  received  a  shock  from  a  live  terminal,  with  whicii 
he  came  in  contact  when  he  slipped.  There  were  covers  for  the  terminal^, 
but  they  were  not  on  at  the  time,  and  witness  could  not  say  who  removed 
them. 

Mr.  L.  Freemax,  electrical  contractor,  who  employed  deceased,  said 
that  Pridden  removed  the  covers  of  the  terminals,  which  had  to  be  taken 
off  while  he  was  doing  the  work,  but  which  he  ought  to  have  replaced 
after  the  fuses  had  been  extracted.  Had  he  done  that  there  would  have 
been  no  accident. 

The  jury  returned  a  verdict  of  "•  Accidental  Death,"  and  expressed  the 
opinion  that  it  was  negligent  on  the  part  of  Mr.  Freeman  not  to  see  that 
de?ea«ed  was  quite  safe  before  he  commenced  his  work. 

Leeds -Brad  ford  Tramway  Service.--The  through  tramway  service 
between  lyfcds  and  Bradford  is  being  well  patronised.  As  stated  in 
our  lust  issue,  t'lc  service  was  inaugurated  on  the  8th  inst.,  and  over 
G,.000  through  jias.sengers  were  carried  in  the  first  week. 

Little  Hulton  (Lanes.)— The  Board  of  Trade  have  sanctioned  the 
t  aiisfer  of  the  Council's  el?ctric  lighting  order  to  the  Lancashire 
Klectric  I'ower  Co. 

London  County  Council. — On  Tuesday  a  loan  of  £7, 100  was  granted 
to  .Stepney  Council  for  electric  lighting. 

Anchoriiiij  of  Track  Rails. — It  was  agreed  to  expend  £7,000  in  respect 
of  the  anchoring  of  track  rails  on  the  Council's  tramways  dur  ing  1909-10 

Maghera. — \\.  a  recent  public  meeting  of  ratepayers  it  was  th-cided 
to  enter  into  an  agreement  with  .Mr.  .Miliar,  of  .Maghera,  for  the  public 
lighting  of  the  district. 

Manchester. — -Vt  the  meeting  of  the  Electricity  committee  on 
Wednesday  the  matter  of  the  recent  explosion  at  the  Victoria- 
buildings  was  under  consideration.  After  discu.saion  it  was  agreed 
that  the  work  of  doi  ig  away  with  the  old  form  of  jointing  should  be 
pmhsd  forward  with  all  powible  sijesd,  so  that  by  the  end  of  the  year 
the  most  mo(|.;rn  m^'hod'i  of  jointing  will  ha^  e  b  en  adopted  througli- 
04t  th;  city. 


SPECIAL    NOTICE. 


NOW    READY. Vol.    LXII.    of  "The  Electrictan"  (1,028 

pagesi,  bound  in  strong  cloth.  Price  17s. 6d.;  post  free,  18s.  6d.  Now 
ready.  Gases  for  Binding.     Price  2s. ;  post  free,  29.  3d. 

A  complete  set  of  "  The  Electrician  "  can  be  supplied.  A  number 
of  odd  volumes  and  some  odd  old  back  numbers,  to  help  in  makin^j 
up  complete  sets,  are  also  available. 


Metropolitan  Association   of  Electric  Tramways  Managers.— A 

meeting  of  the  members  of  this  As,soeiation  was  held  on  the  Uth  inst., 
at  the  .Metropolitan  Klectric  Tramways  Oflfiees  (.Manor  House.  Pins- 
bury  Park.  >;.).     There   wire   present:  — 

Jir.  Blain  (West  Ham).  ch;,iinian  :  .Mr.  Scliuficid  (Levt.m).  Mr.  Howard 
(Barking),  Mr.  Ullman  (Kast  Ham).  .Mr.  Mittclhansen  ( Bexley  Heath). 
-Mr.  Hammond  (.Metropolitan  Electric).  Mr.  .Mason  (South  Metropolitan) 
and  Jlr.  Goodyer  (Croydon),  hon.  secretary.  Sir  Clifton  RobinSon 
(London  United)  and  Messrs.  Bruce  (L.C.C.).  Balfour  (Dartford),  ('oveney 
(Erith),  Murray  and  Spurr  (Walthamstow)  were  unable  to  be  present. 

The  hon.  secretary  reported  he  had  received  various  commtniications 
relating  to  metropolitan  tramway  matters  since  the  last  meeting,  and  it 
was  decided  that  several  of  these  should  be  followed  up. 

The  visitors  then  insjiected  the  company's  offices,  and  a  special  car 
having  been  placed  at  their  disposal  they  were  conveyed  to  the  Wood 
Creen  and  Finchley  de])ots,  accompanied  by  Mr.  A.  H.  Pott  (the  com- 
pany's chief  engineer)  and  Mr.  A.  L.  Barber  (secretary).  At  both 
depots  Mr.  Pott  explained  many  matters  of  interest  in  connection  with 
the  working  of  the  system.  25  new  bogie  cars  (Brush  bodies.  Moimtain 
&  Gibson  bogie  trucks,  and  G.E.  Ii7  i"c)uipincnt)  were  in  course  of  erection 
at  Finchley  depot,  and  Mr.  Pott  poiutiil  nut  several  new  features  in  con- 
nection with  these.  The  party  sulisiqucntly  returned  to  Finshury  Park, 
where  they  were  hospitably  entertained  on  behalf  of  Mr.  .1.  Devonshire, 
managing  director  of  the  company,  who  was  unavoidably  prevented 
from  being  present. 

Mr.  Blaln,  in  moving  a  vote  of  thanks  to  Mr.  Devonshire,  took  the 
opportunity  of  thanking  Mr.  Pott,  Mr.  Hammond  and  Mr.  Barber  for 
the  arrangements  made  to  enable  the  members  to  visit  the  company's 
extensive  system,  and  stated  that  the  members  would  look  forward  to 
having  the  opportunity  later  on  of  inspecting  the  company's  repairing 
works  now  in  course  of  erection  at  Hendon. 

Mexico. — The  contract  authorising  the  Mexican  Tramway  Co.  to 
carry  out  extensions  and  modifications  of  tramways  in  the  City  of 
Mexico  appears  in  the  "  Diario  Otieial.  "  for  -May  15,  which  can  be 
seen  at  i.'i.  BasinghtiU-street,  London,  E.C 

North  Eastern  Railway. — The  consulting  electrical  enginetrs 
(Messrs.  Merz  &  .McLcllaa)  have  presented  a  report  to  the  directors 
of  this  company  on  the  |iropo.sal  to  convert  further  portions  of  this 
railway  to  electric  traction,  including  the  Newcastle  to  South  Shields, 
South  Shields  to  Sunderland,  and  Sunderland  to  Newcastle  sections. 
It  is  stated  that  the  company  will  continue  to  employ  the  continuous 
current  system. 

Overhead  Transmission  Lines.— The  Board  of  Trade  have  granted 
permission  to  the  Fife  Electric  Power  Co.  to  erect  overhead  cable 
from  their  works  at  Townhill.  Dunfermline,  to  Beath  Bleaehfield. 
This  cable  is  for  supplying  current  to  the  tramways,  and  it  will 
probably  be  extended  into  Cowdenbeath,  for  power  and  lighting, 
and  ultimately  to  Loehgelly.  Where  the  cable  crosses  a  thorough- 
fare it  will  bo  placed  under  ground. 

Penrith. — The  official  inauguration  of  the  electricity  works  took 
place  on  the  4th  inst.  The  generating  plant  eoni))rises  two  (i.'j  n.P. 
Crossley  gas  engines  (driven  by  producer  gas)  coupled  to  two  direct- 
current  generators.  There  is  also  a  storage  battery  of  12(1  cells  of  a 
capacity  of  200  ampere-hours.  There  are  already  over  -fd  consumers. 
The  works  have  been  erected  to  the  plans  of  Mr.  .1.  W.  Speight  and 
the  contractors  for  the  equipment  of  the  generating  station  were 
Me,ssr.s.  W.  P.  Theerman  &  Co..  while  Mes.srs.  VV.  T.  Henley's  Tele- 
graph Works  (!o.  supplied  and  laid  the  cables. 

Plymouth.  .\t  their  meeting  next  month  the  Museum  and  Art 
(Jallcry  eomniittee  will  consider  the  systtmi  of  electric  lighting  to  be 
ad(^ptc(l  at  the  new  Museum  and  Art  Gallery. 

Presentations. — The  staff  of  Messrs.  Willans  &  Robinson  have 
presented  a  fumed  oak  combination  desk  and  bookcase  to  Mr. 
Frank  Ridgers.  who  is  leaving. 

Kettering  electricity  staff  have  ])res:>nted  a  (Jladitone  bag  to 
.Mr.  B.  S.  Short,  who  is  leaving  for  St.  Albans. 

Provisional  Order  Transfer.— Barton-upon-Irw(  11  Riial  ''(.uncil 
give  notice  of  intention  to  transfer  their  powers,  liabililic  s.  &e..  under 
Hieir  1906  electric  lighting  (jrder  to  the  Lancashire  Electric  Power 
Co..  the  pecuniary  consideration  being  £4:i'2.  18s.  The  Council  are  to 
have  the  right  to  re-purcha.se  the  undertaking  at  the  expiration  of 
.seven  years  from  the  date  of  the  transfer,  or  any  subsequent  seven 
years. 
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Railway  Combinations. — The  Board  of  Trade  have  appointed  a 
Departmental  Committee  to  consider  and  report  what  changes,  if 
any,  are  expedient  in  the  law  relating  to  agreements  amtmg  railway 
companies,  and  what,  if  any,  general  provisions  ought  to  })e  embodied 
for  the  purpose  of  safeguarding  the  various  interests  affected  in  future 
Acts  of  Parliament  authorising  railway  amalgamations  or  working 
unions.  Mr.  Russell  Rea.  M.l'.,  is  chairman  of  the  committee,  the 
other  members  being  Lord  Robert  Cecil,  M.P.,  Sir  .Maurice  Levy. 
M.P..  Ml'-  ('•  H.  Roljert.s.  M.P.,  Lord  Hamilton  of  Dalzcll.  Lord  New- 
ton, Mr.  J.  S.  Heale,  Mr.  Alex.  Siemens,  Mr.  Ernest  Moon,  and  Mr.  W. 
Temple  Franks. 

St.  Pancras  (London). — The  Electricity  committee  has  been  con- 
sidering tlie  ((ucslioii  of  ol)taining  motors  for  lending  to  prospective 
consumers,  and  .Mcssn.  IJruec  IVililes  &  Co.  and  Cutting  Bros,  have 
agreed  to  I'mkI  motors  to  the  electricity  department  for  hiring  pur- 
poses. 

Salford. — An  unojiposed  inquiry  was  held  on  Tuesday  into  the 
Council  s  ai)|)lieation  for  sanction  to  borrow  £2,200  for  the  electricity 
undertaking. 

Smoke  Prevention. — A  new  smoke  preventer  is  about  to  be  placed 
on  the  market  by  the  Furnace  Appliances  Co.,  9,  Bedford-row,  VV.C., 
who  state  that  very  complete  trials  have  been  carried  out  during  the 
past  12  months,  which  have  shown  that  any  class  of  fuel  may  be 
smokelessly  and  economically  consumed  with  their  apparatus.  The 
company  have  also  acquired  the  business  of  the  British  Fuel  Econo- 
miscr  and  Smoke  Preventer,  together  with  works,  offices,  &c.,  and 
will  commence  operations  on  July  1. 

South  Crosland  (Yorks.) — The  Council  have  asked  Hudderstield 
Corporation  to  extend  the  electric  .supply  mains  to  this  district. 

South  Lancashire  Tramways. — On  Monday  the  South  Lancashire 
Tramway  Co.  inaugurated  a  through  service  of  traniways  between 
Atherton,  'fyldesley,  Mosley  Common.  Worsley,  Swinton,  Walkden. 
and  Farnworth.  Through  services  were  also  Cbtablished  between 
Low  ton  and  Bolton  and  between  Clifton  and  Bolton. 

Stretford.— .^  sub-committee  of  the  Electricity  committee  is  con- 
sidering the  ((uestion  of  the  provision  of  a  coal  conveyor  for  the 
generating  station.  Tenders  are  to  be  invited  for  a  motor  tower 
waggon. 

Telephony  over  Long  Distances. —  Several  references  have  been 
made  to  a  new  telephone  receiver  and  transmitter,  the  invention  of 
two  Swedish  engineers,  and  it  is  now  .stated  that  the  instrument  has 
given  .satisfactory  results  in  a  trial  between  Paris  and  Stockholm, 
about  1,100  miles  distance.  The  conversation  was  conducted  via 
Berlin,  the  success  of  the  experiment  being,  it  is  stated,  in  greatly 
im])roved  conversation. 

Turkey. — Th.e  report  of  Major  C.  H.  JL  Doughty-Wylie,  Acting 
British  \  ioe-Ciiiisul  for  the  Province  of  Adana,  states  that  a  wat^-r 
power  electricity  supjily  undertaking  has  been  inaugurated  at  Tarsus, 
and  a  scheme  for  supplying  electricity  in  the  towns  of  Adana,  Tarsus 
and  Mersina  is  under  consideration.  A  mill  at  Adana,  with  lO.OOt) 
spindles  and  180  looms,  and  employing  between  800  and  900  hands,  is 
lighted  electrically.  At  Tarsus  the  proprietor  of  a  mill  with  22,000 
spindles  and  400  loonio  is  asking  for  a  concession  to  enable  him  to 
adopt  driving  by  electricity  (generated  by  water  turbine  driven 
generators),  and  also  supply  current  for  lighting  the  cities  of  Adana 
and  Mersina. 

Watford.--The  Council  have  received  sanction  to  a  loan  of  £4,952 
fnr  extensions  of  the  electricity  works. 

Whitwood  (Lanes.) — The  Council's  electric  lighting  order  has  been 
ixttndcd  for  a  year. 

Wireless  Telephone  Notes. — It  is  gratifying  to  learn  that  promoticm 
has  promptly  followed  the  excellent  results  which  have  attended  the 
use  of  the  im|)rovcments  in  wireless  telephone  apparatus  invented 
by  Lieuts.  Colin  and  .Jcance  of  the  Frencli  Navy.  Lieut.  Colin  has 
been  promoted  to  the  rank  of  Captain  and  Lieut.  Jeancc  has  licen 
made  an  officer  of  the  Legion  of  Honour.  Reference  was  made  in 
our  last  issue  (p.  .'{50)  to  the  successful  experiments  which  had  been 
conducted  between  Toulon  and  the  cruiser  "  Cond6  "  over  a  distance 
of  about  100  miles. 

Wolverhampton.— The  borough  electrical  engineer  (Mr.  C.  E.  C. 
Shawtiekl)  recently  prepared  a  report  recommending  the  purcha.se 
of  coal  conveying  plant,  and  mechanical  stokers.  The  electricity 
committee  approved  the  report  and  recommended  the  Council  to 
carry  out  the  work  at  an  estimated  cost  of  £870. 

The  recommendation  was  adopted  by  th?  Council  on  Monday. 

Wood  Green. — The  Council  have  resolved  not  to  erect  electricity 
works,  but  negotiations  are  proceeding  with  the  North  Metropolitan 
Electric  Power  Supply  Co,  for  a  supply  ef  electricity  in  bulk.  .Messrs. 
May  &  Hawes  are  acting  as  consulting  engineers  to  the  Council, 


Woolwich. — The  Council  have  conditionally  consented  to  an 
extension  on  the  overhead  system  of  the  tramway  from  Beresford- 
square  to  Nile-street. 

Yardley. — On  Wednesday  the  Tramways  &:  Electric  Lighting 
committee  recommended  — 

That  in  view  of  the  serious  objections  to  the  terms  of  the  agreement 
with  the  City  of  Birmingham  Tramways  Co.  raised  by  the  reports  of  the 
consulting  electrical  engineer  (Mr.  C.  H.  Gadsby)  and  the  consequent 
iiiqiussibility  of  framing  a  scheme  for  putting  into  o)ieratii)n  the  Comicirs 
electric  lighting  order  based  on  such  agreement  which  would  be  at  all 
likely  to  meet  with  the  approval  of  the  Board  of  Trade  and  L.G.  Board 
notice  be  given  to  the  comjmny  terminating  the  agreement. 

Cricket. — On  Saturday.  .June  12,  the  annual  cricket  match  Ixtween 
the  "Robertson"  and  "  O.srara  "'  and  the  General  Electric  Co. 
(Witton)  clubs,  took  place  on  the  grounds  of  the  former  at  Mill  Hill 
Park,  and  ended  in  a  draw. 


ELECTRICITY  SUPPLY  AND  TRAMWAY  ACCOUNTS. 


Batley. — The  income  of  the  electricity  supply  department  for  the 
year  ended  March  31,  was  £5.856.  3s.  3Jd.,  including  £2,303.  12s.  3id. 
from  the  sale  of  current  by  meter.  £2,887.  13s.  9d.  from  current  sold 
by  contract,  and  £400  for  public  lighting. 

The  expenses  were  £3,540.  17s.  \()d.,  including  £2,4.54.  Us.  .5d.  cost  of 
generation  :  and  the  gross  proKt  was  £2,315.  5s.  5.W.  After  jiaving 
interest  and  sinking  ftmd  there  was  a  deficit  of  £307.  I'Ss.  8Jd.  SiHJ.yii 
units  were  generated,  against  (t3ti,578  in  1908  :  462,030  units  were  sold 
by  contract  against  499,243  ;  230,806  to  private  consumers  against 
236,239.  There  are  25  arcs  and  50  incandescents  for  street  lighting. 
The  total  maximum  supply  demanded  was  350  kw.  for  traction  and 
22,948  8  o.p.  lamps  for  lighting  and  power. 

Canterbury.-  In  moving  the  adoption  of  the  accounts  of  the 
Electricity  department  for  the  past  year,  the  chairman  of  the 
Electricity  committee  (Aid.  Mason),  stated  at  the  Council  meeting  last 
week  that  the  year's  working  had  be*n  most  satisfactory. 

The  caiiital  expended  was  £1,378,  making  the  totid  £66,379,  but  they 
had  repaid  £17,415.  The  reserve  fund  was  £3,037.  The  past  year's 
revenue  was  £8,766,  against  £8,669,  and  the  units  sold  showed  an  increase 
of  2  per  cent.  The  expenses  showed  an  increase  of  £68.  and  after  pro- 
vision for  interest,  income  tax  and  repayment,  the  profit  was  £93,  which, 
with  £500  brought  forward,  had  been  canned  forward.  The  profit  was  not 
large,  but  they  had  reduced  the  luice  of  current  to  4.W..  and  the  intro- 
duetion  of  metal  filament  lamps  hud  affected  the  revenue. 

The  total  income  was  £8,766.  Os.  lid.,  including  £8,355.  16s.  6d.  net 
from  the  sale  of  current  for  public  and  private  lighting  and  power.  The 
Dostof  generation  was  £2,616, 19s.,  distribution  £402.  153.  5d.,  manage- 
ment expenses  £792.  9s.  3d.,  and  with  rents,  rates  and  taxes,  *c.,  the 
total  working  expenses  were  £4,f89,  16s.  8d.,  leaving  a  gross  profit  of 
£4,076.  4s.  3d.  After  paying  interest  on  loans,  sinking  funds,  *c., 
there  was  a  net  profit  of  £93.  10s.  7d.  764,327  units  were  generated, 
and  291,761  units  were  supplied  to  private  consumers  for  lighting, 
159,083  for  power  and  213.407  for  public  lighting.  There  are  12  arc  and 
634  incandescent  posts  for  public  lighting,  and  the  maximum  supply 
demanded  was  447  kw. 

Hoylake.— The  net  profit  on  the  past  year's  working  of  the  elec- 
tricity supply  undertaking  was  £567. 

Manchester.— On  Wednesday  the  Electricity  committee  con- 
sidered the  annual  report  of  the  secretary  (.Mr.  F.  E.  Hughes)  and 
the  abstract  of  the  accounts  for  the  year  ended  March  31. 

The  receipts  from  the  sale  of  current  amounted  to  £361,116,  and 
with  miscellaneous  receipts  the  total  was  £367,240,  agiuiist  £384,602 
for  the  preceding  year.  The  working  expenditure  (mcluding  provision 
in  1908  of  £40,000,  and  in  1909  of  £21,495  for  future  renewals^  w.hs 
£205,534,  compared  with  £219,358,  leaving  a  gross  profit  of  £161.^06, 
against  £165,'<i44.  After  paving  interest,  sinking  fund,  &c.  (£149,  (00) 
the  net  surplus  is  £12,000  (against  £19,54i),  which  ha.s  been  handed 
over  to  thecitv  fund  in  aid  of  the  rates.  The  renewals  susjiense account 
amounted  to  £130,567  at  the  beginning  of  the  year,  and  hius  »'"%}'''^'» 
increased  by  bank  interest.  £2,C38)and  a  further  contribution  of  i21.495 
from  revenue  account,  but  certain  abnormal  expenditure,  tot.alling, 
£18,848  cbietlv  for  discarded  plant,  having  been  'lebited  .luring 
the  vear,  the  account  only  shows  a  net  increase  of  £4.685,  leavinj; 
£135,252.  The  reserve  fund  at  the  beginning  of  the  year  stoort 
at  £13,854,  During  the  vear  there  has  been  cliarged  to  this  fund 
£5,541  for  land  adjoining  Stuartstreet  station,  ±1.651  for  wag^ 
of  permanent  cmplovi^s  engageil  on  capital  account  and  £7J7 
being  balance  of  legal  charges  incidental  to  the  acquisition  ot  ware- 
house property  in  Kickmson  street.  After  crediting  £403  tor  intei-est 
the  balance  is  £6,358.  During  the  year  the  L.H.  Boar.1  granted  additional 
borrowing  powers  to  the  extent  of  £81,244,  making  the  toUl  a.nount 
sanctioned  £2,724,754.  The  capiuxl  outlay  .s  £2,521.8(1.  The  .-educ- 
tions made  in  the  prices  ot  euiient  for  lighting  at  December,  1907. 
aflected  the  income  for  the  whole  year,  and  i-epi-esented  a  concession 
to  lighting  consumers  of  £16,541.  Messrs.  Siemens  Bros.  Dynamo 
Works  have  replaced  the  750  k«  .  generators  on  the  two  I'areons  tur- 
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bines,  with  satisfactory  results,  nt  Dickinson-street  station.  Owincj  to 
a  strike  Messrs.  Rich.irdsons,  Westgavth  &  Co.  were  un.-ible  to  com- 
plete their  contract  for  the  installation  of  two  "  contraflo  "  surface  con- 
densingr  plants  in  connection  with  the  Musjrrave  engines  by  the 
autumn  of  last  ypar  ;  but  the  work  is  actively  progressing,  and  will  lie 
completed  this  summer.  A  contract  has  been  placed  with  the  Tudor 
Accumulator  Co.  for  the  installation  of  a  large  storage  battery,  boosters, 
4c  ,  as  a  result  of  which  substantial  economies  in  the  coal  hill  are  antici- 
pated. -\s  tot  lie  Stuart-street  station,  an  order  had  been  placed  with  the 
British  Westinghouse  Co.  for  two  high-tension  switchboards.  A 
storage  liattery  h.as  been  installed  by  the  Tudor  Accumulator  Co. 
for  auxiliary  and  excitation  purposes,  and  the  contract  with  the 
Blasberg  Engineering  Co.  for  the  installation  of  two  cooling  towers 
has  been  completed.  The  works  in  connection  with  the  contract  for 
a  second  6,000  kw.  turbo-altern.ator,  high-ten.'rion  switchgear  and  four 
water  tube  boilers,  &c  ,  will  be  completeil  this  summer.  A  contract 
has  been  made  with  Mr.  John  Thom  for  sinking  a  bore-hole  in  Clayton 
Vale  to  obtain  water  for  condensing  and  boiler  feed  purpo.ses.  Small 
extensions  at  certain  of  the  existing  Corporation  distributing  stations 
have  been  made  during  the  year.  Owing  to  depression  in  trade  the 
number  of  distributing  stations  put  down  on  consumers' premises  for 
power  supplies  fell  considerably  below  the  number  in  the  preceding 
year.  The  high-tension  and  distributing  mains  have  been  extended 
into  Audenshaw  and  Droylsden,  and  a  similar  extension  into  Fails- 
worth  will  be  made  this  summer.  MVhen  this  latter  work  is  completed, 
the  whole  of  the  districts  whose  provisional  orders  have  been  taken 
over  by  the  Corporation  will  be  receiving  a  supply  of  electricity.  Over 
14  miles  of  new  mains  were  laid  during  the  year  The  total  output 
from  the  three  generating  stations  during  the  past  year  amounted  to 
88,766,232  units,  compared  with  82.752,989  units  of  "the  previous  year, 
an  increase  of  7'27  per  cent.  The  quantity  accounted  for  was  73,715,884 
units.  The  total  mileage  of  main  conductors  laid  equals  352  miles 
266  yds.,  an  incre;ise  of  13  miles  932  yds. 

Norwich. — The  accounts  of  the  electricity  supply  de])artnicnt  were 
apiuoved  by  the  Council  on  Tuesday. 

The  Electricity  committee's  report  stated  that  the  infivasc  in  the 
number  of  imits  sold  was  only  11  per  cent,  compared  with  20  jjor  cent. 
for  1{>07  and  26  per  cent,  for  1906.  For  jirivate  lighting  1,8.5:J.'.I0S  units 
were  sold  (.against  1,694.223  in  1907),  public  lighting  41,867  (against 
41,867),  and  power  2,171,094  (against  1.92.5,432|,  a  total  of  4,066„S69 
<against  3,661,522).  The  total  income  shows  an  increase  of  £1,.')76.  4s., 
or  a  per  cent.,  while  expenditure  increased  by  £177.  .'is.  lOd.  The 
balance  was  £1.398.  18s.  2d.  in  excess  of  last  year!  or  £18.143.  Os.  lOd.  to 
carry  to  net  revenue.  There  was  an  increase  of  £803.  2s.  lid.  in  the 
charges  for  interest  and  sinking  fund,  so  that  the  net  profit  is  £3,700.5s.  lOd 
£2,450  has  been  placed  to  depreciation  fund  ;  which,  after  allowing 
£.500.  7s.  2d.  for  sjiecial  expenditure  in  renewal  of  mains,  and  £3.50  as  a 
further  contribution  in  resjiect  of  wiring  outlay  carried  out  ])rior  to  1902, 
now  stands  at  £17..">04.  15s.  9a.  The  total  income  was  £37.189  (against 
£3.">,013) ;  expenditure  £19.046  (against  £18,868).  There  are  4,425  con- 
sumers, representing  the  cipiivalent  of  136.729  8  c.p.  lamps  connected, 
including  485  motors  of  2.662  ii.i'.  Further  capital  expenditure  will  be 
incurred  in  order  to  keep  jiace  with  the  increasing  demand  for  electrical 
energy. 

Warrington. — For  tiie  year  ended  March  .31  the  gross  profit 
on  the  tramways  was  £8,124.  8s.  lid.,  against  £8,.346.  Os.  4d.  for  the 
jireceding  year. 

After  paying  sinking  fund  and  interest  charges  the  net  profit  was 
£2,370.  6s.  8d..  against  £2..')79.  lis.  Id.  The  profit  has  been  carried  to 
reserve,  which  now  amounts  to  £6.480.  3s.  lOd.  -Passenger  receipts  were 
£19,320.  Is.  6d.,  compared  with  £19,782.  Os.  7d. 

The  gross  profit  on  the  electricity  undertaking  was  £6.739.  10s.  Id., 
against  £7, .533.  9s.  .5d.,  and  after  paying  interest  an<l  loan  charges 
(£5,796.  17s.  5d.)  the  profit  was  £942.  i2s.  6d..  .against  £2.213.  10s.  Od. 
The  income  from  sale  of  current  decreased  by  £1.153,  and  meter  rentals 
by  £140  owing  to  abolition  of  rents,  but  the  work  done  for  customers  had 
realised  £571,  an  increase  of  £219.  Working  expenses  decreased  by 
£382,  but  loan  charges  increased  hv  £477-  The  reserve  fund  now  amounts 
to  £8,103.  9s.  Id. 


TRADE  NOTES  AND  NOTICES. 


TENDERS  INVITED. 

Tenders  are  invited  bir  -supply  ■■!  Is  (ninsfnrmers  to  the  MeL- 
Boi'BNE  (Australia)  .Municipal  Council.  Tender  forms,  conditions. 
&c..  may  be  obtained  from  the  agents  for  the  City  Council  (.Messrs. 
-Mcllwraith,  .McEacharn  &  Co..  Proprietory.  (Ltd.).  Billitor-squarc- 
buildlngs.  London,  K.C.,  to  whom  tenders  by  Wednesday.  .July  7. 
.See  also  an  advertisement. 

Belfast  Tramways  and  KIcctricity  committee  invite  tenders  for 
supply,  delivery  and  erection  of  feeder  jianels  for  lighting  .switch- 
bo.ard.  Specification  and  forms  of  tender,  &c.,  from  the  city  elec- 
trical engineer,  Vr.  Tho.s.  W.  Bloxam,  Corjioration  Klectricity  Works. 
East  Bridge-street.  Belfa.st.  Tenders  with  the  Town  Clerk,  City 
Hall,  Belfast,  by  noon  June  26. 


NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES' 
DIRECTORY  AND  HANDBOOK.— The  1909  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  nevy  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  13 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issued  in  handy  book 
form.  These  are  included  in  the  1909  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 


Bedford  Corporation  invite  tenders  from  boilermakers  for  the 
supply  and  erection  of  one  .30  ft.  by  8  ft.  Lancashire  boiler,  with  steam 
pipe  work  and  superheater.  Sprcilication  and  form  of  tender  from 
the  borough  electrical  engineer.  .Mr.  R.  W.  L.  Phillips.  A.M.I.K.K., 
Electricity  Works,  Cauldwcll-rd..  Bedford.  Tenders  by  noon  Jime2ri. 

Tenders  are  invited  for  the  supply  of  a  15  ton  overhead  travelling 
hand  crane  to  the  city  of  MELBOtXRNE,  Victoria.  Ten<ler  forms, 
conditions,  &c.,  from  the  agents  of  the  City  Council.  Messrs. 
Mcllwraith,  McEacharn  ct  Co.,  Proprietary  (Ltd.),  Billiter-.square 
Buildings.  London,  E.C.  Tenders  to  the  Chairman  of  the  Electrical 
Supply  committee.  Town  Hall,  Melbourne,  by  2  p.m.  of  August  4. 

Devonport  Corporation  Electricity  committee  invite  tenders  for 
the  supply  of  stores  tot  the  12  months  ending  .June  30.  1910,  includ- 
ing d.c.  meters,  paper-insulated  cables,  rubbercovcrerl  wires, 
fiexibles,  cutouts  and  lubricating  oils.  Particulars  and  forms^ot' 
tender  from  the  borough  electrical  engineer  (Mr.  J.  W.  Spark), 
Newport-street,  East  Stonehouse,  Devon. 

London  County  Cnuncil 'want  tenders  by  11  a.m.  .Tune  '^2  for 
the  roadwork  and  platclaying  of  the  authorised  tramways  in  South- 
wark-strcct  and  Blackfriars-road  and  on  the  Victoria-embankment 
east  of  John  Carpenter-street.  Specification,  &c.,  from  the  Chief 
Engineer,  County  Hall,  Spring-gardens,  S.W. 

London  County  Council  require  tenders  by  11  a.m.  June  22  for 
the  supply  and  fixing  at  Greenwich  generating  station  of  steam,  ex- 
haust, feed  and  drain  piping,  valves,  &c.,  and  cast-iron  condenser 
water  piping,  valves,  &c.  Forms  from  the  offices.  Spring-gardens, 
Tjondon,  S.W. 

BuRSLEM  Corporation  require  tenders  by  noon  .June  29  for  a  600  kw. 
steam  generator,  or  (alternatively)  a  COO  kw.  turbo-generator 
(450  volt,s).  condensing  ])lant,  water  tube  ^)oiler  and  switchgear. 
Specifications  from  the  Electrical  I'^ngincer. 

Birmingham  Corporation  want  tenders  by  June  .3(1  tor  12  moiilh.s' 
sujiply  of  stores  to  tlie  electric  supply  department,  including  clcclrical 
acccs.sories,  inmraongery,  drysaltery.  Sc.  Particulars  ficmi  the  City 
Electrical  Engineer. 

Bristol  Docks  committee  want  tenders  for  the  supply  and 
erection  of  cables,  fittings.  &c..  in  connection  with  electric  lighting 
at  I'ortishead  Dock.  Spccilication.  A-c.  from  the  engineer  (Mr. 
W.  W.  Squire).  Cumberland-road.  IJrislol. 

Acton  Council  want  tenders  by  3  p.m.  July  12  for  12  months' 
supply  of  lead-covered  ))apcr-insulated  cables.  Form  of  tender.  &c., 
from  Mr.  M.  J.  Martin  Blair.  1.30  Churchficld-road.  Act<m.  W. 

TiiLLINOHAM  (Kent)  Council  require  tenders  by  noon  .lune  28  for 
coal  for  the  electricity  department.  Specifications.  &c..  from  the 
Borough  Electrical  Engineer. 

Whitehaven  Harbour  Commissioners  require  tenders  by  10  a.m., 
July  20,  foi'  lighting  the  harbour,  (piays,  &c.,  electrically  or  other- 
wise.    Particulars  from  the  Harbour  .Master. 

Clacton  Council  want  tenders  by  noon  .June  .30  for  one  year's 
supply   of   electricity   meters,   service   and   distributor   cable   and 


THE  ELECTRICIAN,  JUNE  18,  1909. 


401 


troughinij.     Specitioation,  &c.,  from  Mr.  H.  W.  Everitt,  electricity 

woriis.  Clacton. 

Ipswich  Corporation  want  tenders  by  June  23  for  one  year's 
supply  of  rubber  insulatt^d  wires,  and  paper  insulated  lead  sheathed 
cables.     Specifications  from  the  Chief  Engineer. 

Speed  Indicators. — The  Council  of  the  Tramways  and  Light  Rail- 
way.s  Association  have  made  arrangements,  with  the  co-operation  of 
some  of  their  members  who  are  owners  of  tramway  undertakings,  to 
make  a  series  of  trials  of  any  speed  indicators  of  merit  that  may  be 
brought  to  their  notice,  as  a  useful  addition  to  the  ordinary  equip- 
ment of  a  tramway  car.  The  Council  invite  information  from  owners, 
inventors  oi'  manufacturers  who  may  desire  to  take  advantage  of  the 
o|>|)cirtunity.  Communications  to  the  Secretary,  35.  Parliament- 
.-■livet.  London,  S.W.      Se3  also  an  advertisement. 

Chinese  Contracts. — In  our  Contracts  Open  pages  there  will  be 
fouml  an  invitation  from  the  Chinese  Government,  through  its  repre- 
sentatives, for  sealed  proposals  for  the  erection  and  completion, of  a 
group  of  buildings  to  be  used  as  a  Bureau  of  Engraving  and  Printing 
in  Peking,  China.  It  will  be  noted  that  the  plans  and  specifications 
are  on  file  at,  amongst  other  places,  the  Chinese  Consulate-General, 
88.  Fenchurch-street.  London,  E.C.  Tenders  from  European  con- 
tractors must  be  filed  with  the  Chinese  Legation  at  Washington, 
D.C.,  not  later  than  July  15th  next.  The  conditions  of  the  contract 
are  instructive. 

TENDERS  RECEIVED  AND  ACCEPTED. 

Stepney  (liundon)  Council  have  accepted  the  lullowini.'  tenders:— 
'  J.  Every,  eight  feeder  boxes,  £89.  10s.;  W.  Cottis  &,  Sons.  II  distri- 
buting boxes,  £125.  10s.  ;  and  W.  Lucy  &  Co.,  six  disrunncrtiug  boxes, 
£20.  lis.  The  following  firms  also  tendered  :  Universal  Electrieal  Mfg. 
Cm.  (a)  feeder  boxes  £107,  (6)Mistiiliiiting  buxesl  £151.  .5s.,  and  (c)  dis- 
ciinnecting  boxes  £33;  British  Insidatcil  and  Helsby  Cables,  (a)  £115, 
(A)  £154,  (c)  £39  ;  alternative  (a)  £118,  (h)  148.  10s.,  (r)  £30  ;  W.  T. 
Henley's  Telegraph  Works  Co.,  («)  £138.  (/<)  £230,  (r)  £3!) ;  T.  Rich- 
mond («)  £144,''(4)  £247.  lO.s.,  (r)  £42. 

Glasgow  Electricity  committee  have  recommended  the  acceptance 
of  the  following  tenders: — 

Bruce  Peebles  &  Co.,  for  1,000  k\v.  motor  generator,  £2,280  ;  British 
Westinghou.se  Co.,  500  kw.  500  volt  rotary  converter  ;  British  Thomson- 
Houston  Co.,  250  kw.  500  volt  rotary  converter,  £1,568  ;  and  250  k.w. 
210  volt  rotary  converter  £1,632;  .ami  Matthew  &  i'ates,  fans  for 
cooling  towers  at  St.  Andrew's  Cross  station,  £1,049. 

Lo^vestoft  Coinicil  have  accepted  the  following  tenders  : — 
T.  H.  Yelf,  300  meter  battens  at  Is.  each  ;    Crompton  &  Co.,  capstan 

and  5h.p.  electric  motoi-,  £105  ;  Herbert  Morris  &  Bastert,  lifting  gear, 

£30.  17s. 

Worksop  Council  have  accepted  tlie  tender  of  W.  Lucy  &  Co.  for 
50  house  service  cut-outs,  that  of  the  Electric  &  Ordnance  Accessories 
Co.  for  arc  lamp  globes,  resistances,  &c.,  and  that  of  the  British 
Insidated  &  Helsby  Cables  for  disconnecting  joint  boxes. 

Plymouth  Council  have  accepted  the  tender  of  Watlinglon  &  Co. 
for  copper  wire  for  the  tramways,  bracket  fittings,  line  hangers, 
section  insulators,  bronze,  galvanised  insulated  bolts,  &e.,  and  that 
of  R.  W.  Blackvvell  &  Co.  for  trolley  ears  and  frogs. 

Siemens  Bros.  Dynamo  Works  have  secured  the  contract  for 
su|)ply  of  generating  plant,  switchboard,  wiring,  fans,  motors  and 
about  1.500  Tantalum  lamps  for  Messrs.  Whiteaway  &  Laidlaws' 
new  building  in  Calcutta. 

Woolwich  (London)  Council  have  accepted  the  tender  of  W.  T. 
Henley's  Telegraph  Works  Co.  for  supply  of  2.100  yds.  three-core 
0025  c.h.t.  cable  at  £384.  10s.  There  were  six  tenders,  varying  in 
amount  from  £383  to  £396.  10s. 

The  L.C.C.  Education  committee  received  16  tenders  for  an  electric 
lighting  and  bell  installation  at  the  Putney  secondary  schot)l,  vary- 
ing in  amoimt  from  £655  to  £876.  14s.  9d.,  and  that  of  Pinching  & 
Walton  at  £665.  3s.  was  accepted. 

For  the  electric  lighting  of  the  extension  to  the  Oliver  Goldsmith 
School  (Peckham)  14  tenders,  varying  from  £135.  8s.  to  £277.  5s.  3d.. 
were  received,  and  that  of  Grant  &  Blake  at  £142  was  accepted. 

Barrow-in-Furness  Corporation  have  accepted  the  tender  of  the 
Tudor  Accumulator  Co.  for  the  maintenance  of  the  storage  battery  at 
the  electricity  works  for  10  years  at  £138.  12s. 

Wandsworth  (London)  Council  received  seven  tenders,  ranging 
from  £85  to  £180,  for  wiring  the  Putney  library,  and  luive  accepted 
the  lowest,  that  of  H.  J.  Whitehead. 

Poplar  (London)  Guardians  have  received  34  tenders  for  the  snjiply 
of  two  electric  fans  for  the  workhouse  laundry,  and  tliat  of  Cooper, 
Penn  &  Thorp  has  been  accepted. 

Stoke-on-Trent  Guardians  have  accepted  the  tender  of  the  Wolver- 


hampton District  Electric  Co.  for  Hiring.  &e,.  at  the  eottatfc  houses  at 
C334. 

Stoke  Newington  (London)  Council  has  accepted  the  tender  of  the 
Briti.sh  Thomson-Houston  Co.,  of  Rugby,  for  supply  of  mercury 
meters  for  two  years. 

Whitehaven  Council  have  accepted  the  tender  of  the  Phoenix 
D3'namo  Mfg.  Co.  for  a  balancer. 

Stretford  Council  have  accepted  the  tender  of  the  British  Insulated 
&  Iielsby  Cables  for  cables. 

Bedford  Education  committee  have  accepted  the  tender  of  W. 
Appleby  for  electricians'  work  at  the  schools  for  six  months. 

I'lymouth  Council  have  accepted  the  tender  of  W.  (',.  Heath  &  Co. 
for  the  wiring  of  the  new  Free  Library,  Museum  and  .Vrl  (lalleries. 

Ilford  Council  have  accejjted  the  tender  of  the  Brush  Co.  for  top 
covered  double-deck  tramcars,  at  £561  each. 

Devonport  Education  committee  have  accepted  the  tender  of 
W.  J.  Corse  &  Co.  for  wiring  the  Higher  Elementary  Schools  at  1238. 

Gillingham  Council  have  accepted  the  tender  of  the  Electric  Con- 
struction Co.  for  a  135-140  kw.  Mirrlees-Diesel-E.C.C.  set  at  £2.420. 

Prahran  and  Mah'crn.  (Victoria)  Tramways  Trust  have  placed  the 
following  contracts  :  — 

Noyes  Bros.  (.Melhnurne).  IMHI  tons  strcl  rails  at  £0.  18s.  Od.  per  ton, 
fastenings,  and  liondini;  materials  (lish.liolt>.  doj;. spikes  and  tie-bars,  of 
Victorian  maniifaftiue),  total  £7,7SO,  and  .Mannesman  steel  poles, 
£!tl2.  10s.  :  Edijir  .Mien  &  Co..  for  special  work,  points  and  crossings 
(solid  manganese  steel  castings),  £1,010. 

A  report,  ]irepared  l>y  the  Mayor  of  Malvem,  states  that  these  tenders 
arc  20  and  25  i)er  cent,  vmder  estimated  cost,  representing  a  saving  of 
over  £2,000. 

The. Postmaster-General's  Department,  Melbourne,  Victoria,  have 
placed  orders  with  the  Eastern  Extension  Telegrajih  Co.  for  two  IjcU 
buoys  (£200)  ;  the  Western  Electric  Co.  for  telegraph  instruments 
(£153),  and  Zwicker,  Todd  &  Co.  for  insulators  (£138). 

Sj'dney  (N.S.W.)  Council  have  placed  orders  with  Siemens  Bros. 
Dynamo  ^^'orks  for  two  1,000  kv;.,  and  two  600  kw.  generators  at 
£8,740. 

Octavius  Steel  &  Co.  (Calcutta),  have  supplied  the  North  Western 
(India)  Stat«  Railway  administration  with  1,000  complete  Leelanche 
cells,  required  for  inter-station  telegraphs. 

The  South  Indian  Railway  Co.  have  placed  orders  with  Siemen^ 
Bros.  Dynamo  Works  for  calsles  and  wires  :  with  the  Svm  Electrica' 
Co.  for  various  electrical  stores ;  with  the  Chloride  Electrical 
Storage  Co.  for  accumulators  ;  and  with  J.  Stone  &  Co.  for  dynamos. 

Electric  Plant  Contracts. — Among  recent  contracts  secured  by 
Messrs.  Johnson  &  I'hillips,  Charlton.  Kent,  and  14,  Union-court, 
London,  E.G.,  are  the  following  : — 

Gravesend  Electricity  committee,  supply  and  erection  of  their  long 
burning  magazine  flame  arc  lamps,  posts,  &e. 

Ehlnv  \ale  Steel,  Iron  &  Coal  Co.,  supply  and  erection  of  a  0,(KX)-volt 
three -phase  overhead  transmission  line. 

Victoria  Postmaster-General,  supply  of  a  submarine  cable  gear  for  the 
Australian  Commonwealth. 

Messrs.  J.  G.  White  &  Co.,  supply  of  the  main  switchboard  for  the 
Manaos  Electric  Light  &  Power  Co. 

Linidln  Waterworks  committee,  supply  and  erection  of  telephone  line, 
instruments,  &c. 

Lyme  Regis  Electric  Light  &  Power  Co.,  supply  and  erection  of  over- 
head transmission  line  and  underground  mains. 

.\bertilliTy  t'ouniil,  sui)|ily  and  erection  of  .m  overhead  transmission 
line  and  nndcigri>\ind  mains. 

Leith  i-lcitriiily  department,  supply  of  40  arc  lamps  "  Bell"  lontaot 
gears  and  accessories. 

Midland  Coal.  Coke  &  Iron  Co.,  supplv  and  erection  of  single  and  thix-e- 
cored  vidcanised  bitunu-n  cables  for  their  Birlcy  Pit. 

Urban  Electric  Supply  Co.,  supply  of  10  long  luuning  magazine  llame 
arc  lam]ts  Un'  Berwick. 

The  Brviulu  Colliery  Co.  (Bridgend),  supply  and  erection  of  viileanuied 
liilumcn  surface  and  shaft  cables,  distribution  boards,  &e..  for  the 
Hryndn  Colliery. 

BUSINESS  NOTICES. 

The  address  of  Messrs.  Kincaid,  \\'aller.  Manville  &  Dawson  will 
be  changed  on  24th  inst.  to  St.  Stephen's  Hou.se.  Victoria  Embank- 
ment. Westminster.  S.W.,  the  lease  of  their  present  promises  having 
been  ac(piired  by  K.M.  Office  of  Works.  The  telecraphio  address 
and  the  telephone  numbers  will  remain  the  same — "  Kincaid  Lon- 
don "  and  10  and  11  Westminster. 

Owing  to  the  rapid  growth  of  their  business.  Engineering  Instru- 
Tuents  (Ltd.)  are  ren.oving  their  works  to  Darlington,  when^  they 
have  fitted  up  extensive  and  modern  .shops.  The  Companv's 
cddress  after  the  end  of .) une  will  be  Skerne  Works,  Darlington,  where 
all  communications  sho\dd  be  sent. 
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''■  Hy.  C.  P.  Jean  &  Edward  Coxliead  (trading  as  the  Hanway  Art 
Metal  Works).  4,  John-street,  Hanway-street,  London.  \V..  have 
dissolved  partnership.  Debts  by  Mr.  Co.\head.  who  continues  the 
bu  ;iness. 

Sidney  J.  Snter  and  Fredk.  C.  Wood  (trading  as  S.  J.  Suter  & 
WojH).  electrical  en2in?ers.  2.  Lower  Jam\i-slre_H.  llolden-squaro. 
L  prid.in.  W..  hiuo  dissolved  partnership.     D.-bts  by  .Mr.  Wood. 


Sale  by  Auction.-  By  order  of  llie  Lords  Commissioners  of  the 
-Vdmiralty  .Messrs.  Fuller.  Horsey.  Sons  &  C'nssell  will  include  in  their 
sile  by  auction  at  H.M.  Dockyard.  I'ort.smouth.  on  Tuesday.  Jidy  13. 
and  following  days,  quantities  of  old  brass  tubes,  and  scrap  metal, 
(lid  lead  and  zinc  ashes  and  bottoms,  zinc  .scrap  and  slabs,  old  lead, 
mild  scrap  sleel,  wrought  and  cast  iron  scrap,  old  wire  rope,  elec- 
trical gear  and  stores,  steam  engines,  dynamos,  motors,  lamps  and 
1  interns,  vices  and  tools,  &c.  May  be  viewed  three  days  prior  to  and 
on  morning  of  sale.  Catalogues  (6d.  each)  may  be  had  at  the  Dock- 
yard or  of  Messrs.  Fuller,  Horsey,  Sons  &  Cas.sell,  11,  Billiter-square, 
E.C.     S?e  also  an  advertisement. 

Plant  for  Sale.— Messrs.  G.  Elliott  &  Co.,  186-188,  Long-lane 
Bermondsey,  London,  S.E.,  have  for  sale  two  compound  Marshall 
Bteam  engines  coupled  to  two  Crompton  dynamos,  and  also  three 
dynamos.     Further  particulars  are  given  in  an  advertisement. 

Electrical  Engineering  Business.— Messrs.  Jo.solyne,  Miles  &  Co., 
2.>*,  King-street,  Cheapside,  K.C.,  advertise  for  sale  the  business  of  a 
well-known  firm  of  electrical  engineers. 

An  electrical  contractor's  business  with  large  stock  of  electroliers, 
&c..  i'i  advertised  for  sale. 

Patent  Development. — The  jiroprietor  of  Letters  Patent  No.  12,210 
of  19li1  relating  to  "  Electrostatic  separators,"  wishes  to  dispose  of 
the  patent  or  to  grant  licences  for  the  adequate  working  of  same  in 
this  country.  Applications  to  Messrs.  Cruilvshank  &  Fairweather. 
Ltd..  65  and  66.  Chancery-lane,  W.C, 

The  owners  of  British  Patent  No.  14,851/1906,  for  "  Improved 
.Apparatus  for  the  .Automatic  Distribution  of  the  Operating  Service  in 
Telephone  Exchanges,"  also  desire  to  sell  their  patent  rights  or  to 
grant  licgnces.  Particulars  from  Messrs.  Day.  Davies  &  Hunt,  .321. 
High  Holborn,  London.  W.C. 

CATALOGUES,  &c. 


HaRI     StORAOK      HATTKiaK-;.  -    The 

MirshgatJ-lanc,  Str.ilford,  Lnndon.  K 


STORAGE    BATTERS 


Hart     .Accumulator    Co..    of 
luvve'preparcd  a  useful  form 
of   advertisement    in    the 
shape  of  a  hanging  card, 
giving     illustrations    and 
particulars      of       various 
types   of   the    Company  s 
cells.     Perhaps  we  could 
not  do  better  than  present 
niir  trade  readers  with  a 
reduced  facsimile   of    the 
card,      which      measures 
21  in,    by    15  in.      Appli- 
cations for  copies  of  this 
show     card      shoidd      be 
accompanied  by  the  trade 
card  of  the  applicant. 
pKiNri.\(i  Installations. — .Messrs.  J.  H.  Holmes  &  Co.  are  is.suing 
a  booklet  describing  the  Holmes-Clatworthy  system  of  driving  news- 
piper  printing  machines. 

Siemens  Continuol's-Cuebest  .Morons. — Siemens  Bros.  Dynamo 
Works  have  just  issued  mot<jrs  of  a  new  design,  whose  various  details 
are  illustrated  and  described  in  a  catalogue  we  have  received.  This 
subject  being  of  importance,  we  have  referred  to  it  at  greater  length 
on  another  page  in  this  issue, 

CuRTL?  TuRBi.NES. — The  British  Thomson-Houston  Co.,  who.se 
activities  in  the  turbine  field  are  well  known,  have  issued,  for  the 
benefit  of  their  clients,  a  pamphlet  giving  full  details  of  the  Curtis 
exhaust  and  mixed  pressure  turbines.  These  turbines  have  been 
extremely  successful  wherever  they  have  been  installed,  and  owing 
to  their  cojipact  design  it  is  claimed  they  occupy  considerably  less 
floor  space  than  any  other  turbines  of  a  similar  type.  The  machines 
ar.'  manufactured  entirely  at  the  company's  Rugby  works,  and  the 
demand  for  them  shows  that  a  flattering  appreciation  of  their  merits 
exists. 

Measi;rin-o  I.s.stru.MEN"T.s.— In  a  catalogue  just  i.ssued  Messrs. 
Siemens  Bros.  &  Co.  describe  and  illuHtrate  the  following  new  ajjpa- 
ratus:    Moving  coil  ammeter  and  voltmeter,  which  is  used  for  very 


sensitive  current  and  pressure  measurements  ;  no  temperature  cor- 
rection is  necessary  with  these'  instruments  ;  a  portable  potentio- 
meter  which  combines  the  properties  of  the  above  in.strument  with 
the  advantage  that  it  can  be  easily  cheeked  against  a  standard  cell, 
special  precautions  being  taken  to  prevent  errors  through  outside 
disturbances.  Other  instruments  include  standards  of  mutual  and 
self-induction,  new  glow  lamp  photometers  and  outfits  for  adjusting 
and  testing  arc  lamps. 

"  Z  "  Time  Switch. — Messrs.  Marsh,  Son  &  Co,  forward  a  circular 
dealing  with  their  new  ty)>e  of  time  switch,  to  which  we  called  atten- 
tion in  connection  with  a  show  card  |)ublished  by  them  some  weeks 
ago.  We  have  also  received  a  pamphlet  of  the  same  firm's  D.D. 
time  switch. 

Wall  Pattern  Resistance. — Messrs.  E.  F,  Moy  deal  in  their 
latest  pamphlet  with  a  wall  pattern  resistance,  which  consists  of  an 
aluminium  frame  carrying  two  plain  slate  slabs.  Between  these 
slabs  the  resistance  coils  are  stretched,  and  a  five-])oint  switch  allows 
more  or  less  resistance  to  be  cut  out  as  required.  Owing  to  the  fact 
that  these  resistances  get  very  hot  during  working,  wood  work  and 
other  combustible  material  has  been  avoided  in  their  construction. 

Feed  Water  Heating. — In  a  pamjihlet  recently  i.ssued  by  the 
Hudson  Economiser  Co,  of  London,  the  sjiecialities  of  this  firm  are 
fully  dealt  with.  These  include  a  combined  feed  water  heater  and 
oil  separator.  The  advantages  of  these  apparatus  are  adequately 
put  forward. 

"  Tinol." — Messrs.  Neville,  Williams  &  Co,  have  recently  placed 
on  the  market  a  combined  solder  and  flux,  which  rejoices  in  the 
name  of  "  Tinol."  It  is  claimed  for  this  that  it  is  specially 
suitable  for  electrical  work.  Samples  of  the  paste  and  stick  which 
have  been  sent  us  seem  suitable  for  the  work. 

Arc  Lamp  Lowering  Gear.— The  London  Electric  Firm  of  Croy- 
don have  issued  a  catalogue  which  deals  very  fully,  both  as  regards 
detail  and  finished  equipment,  with  their  well-known  lowering  gear 
for  arc  lamps.  Numerous  photographs  of  actual  installations  are 
illustrated  and  their  peculiarities  described. 

Arc  Lamp  Carbons. — Messrs.  Wm.  Geijiel  &  Co.  have  ready  a 
catalogue  of  arc  lamp  carbons, 

BANKRUPTCIES,  LIQUIDATIONS.  &c. 

.A  meeting  of  creditors  of  the  Lunib  Klictrieal  Bleaching  Co.  (Ltd.) 
will  take  place  on  .June  24  at  the  Thalelud  House  Hotel.  Newmarket- 
place,  Manchester,  Claims  to  be  sent  to  Mr,  W.  B.  Winnicott, 
Prudential-buildings,  Queen-street,  Nottingham, 

At  Edmonton  Bankruptcy  Court  on  Monday  an  application  by 
the  Assistant  Oflficial  Receiver  for  the  adjournment  sine  die  of  the 
public  examination  of  Thos.  Ward,  formerly  managing  director  of 
the  Electrical  Instrument  Manufacturers  (Ltd.)  Waltham  Cross,  was 
acceded  to,  but  an  application  for  the  adjudication  of  debtor  was 
refused. 

A  dividend  is  to  be  paid  to  the  creditors  of  Arnold  Roberts  (trading 
as  Roberts  Bros.),  electrical  engineer,  21,  North-parade,  Bradford. 
Claims  by  July  .3  to  Mr.  J.  H.  Haley,  29,  Tyrrel- street,  Bradford,  or 
Mr.  R,  .A.  Vinter,  King's-arcade,  Bradford,  •, 

A  supplemental  dividend  of  Old.  is  payable  at  47,  Full-.street, 
Derby,  to  the  creditors  of  Hy.  .).  Fiuni-ix  electrician,  5a,  Queen- 
street,  Derby, 


PATENT  RECORD. 


APPLICATIONS    FOR    PATENTS. 

Note. — The  under mentiotied  Applicalions  {except  those  marked  t)  are  not  open  to  public 
inspection  until  after  acceptance  of  Complete  Specifications.  Those  marked  "  are  open  lor 
inspection  \2  months  alter  the  date  attached  to  them,  tl  they  have  not  been  published  previously 
in  the  ordinary  course.  Names  within  parentheses  are  those  ol  communicators  of  inuentions. 
When  complete  Specification  accompanies  application,  an  asterisk  is  affixed.  j._ 

March  13.   1909. 
6.065  Russo.     Regulating  electric  currents. 
6,069  Bruce  Peebles  &  Co.      10.  S.  Bragstad  &  Jens  Lassen  la  Cour,  Germany.) 

Dynamo-electric  machinery.* 
6.076  HosKiNO.    Drums  or  reels  for  coiling  and  transporting  electric  cables,  wire  ropes. 
6,088  Aktiebolaget  Ei  ektrometall.     Electric  production  of  iron  and  steel  and  other 

metals  and  in  fjrnaces  for  carrying  out  the  same.  IDate  applied  for,  l/8/08.)*t 
6.093  Jacoviello.  High-frequency  oscillatory  current  generators  and  transformers.* 
6.103  MOSER.     Alternatinselectriccurrent  machines.     (Date  applied  for,  14,'3/0B.)*t 

March  15.  1909. 
6,106  Cooper  &  Sharp.     Electrical  resistances.* 
6.151  Stri.tton  &  Clarehont.     Electric  cables. 
6.161  RuTZKY.     Electric  insulators. 

6,177  Parsons.  Stoney  ft.  Lav/.     Dynamo-electric  machinery. 
6  !86  B.T.-H.  Co.  &  Park.    Control  of  electncally-propelled  vehicles. 
6.187  VoLKERS      Rotary  field  majnet.     (Date  applied  for.  23/4/0e.)*t 

March  16.  1909. 
6,191  GoLDSTONE.  Cut-out  and  current  reeulator. 
6.248  Acc'jmulatopen-Fabrik   Akt.-Ces.     Accumulator   plates.     (Date  .IppUed    for, 

31/12/08.)*t 
6.267  Steihert  &  Stein.     Electromagnetic  separation.     (Addition  to  No.  6,323/08.)* 
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Bros.  &  Co.    (Siemens  &  Halske  Act.-Ces..  Germany.)    Telephone 


b.289  Pkice.     Ek-ctric  block-sienal  systems.* 

6  312  Alloemeine  Elektricitats-Ces.     Dynamo-electric  machines.      (Date  applie<i 

for.  17,3,08.)n 
6,313  Alloemeine    Electpicitats-Ges.     Electric    transformers.      (Addition    to    Na 

92  09.     Date  applied  for.  17/3/08.)'t 

March  17.  1909. 
6,317  Day  &  Wiesengrund.     Production  of  electric  power. 
6,326  Richmond.     Primary  batteries. 
6,328  Ltncoln.     Plot  point  and  controlling  mechanism  of  conduit  system  of  electric 

traction. 
6,351  Russell.     Bridi^e  pieces  for  electric  fuse  boxes. 

6,398  B.T.-H.  Co.     (G.E.  Co..  U.S.)     Manufacture  of  refractory  electric  conductors. 
6,405  Grote.     Electric  switches. 

6,419  Gratge.     Magnetic  clocks  and  timing  mechanism. 
6,424  Thompson.     (Ces.  fur  Drahtlose  Telegraphic  m.b.H..  Germany.)     Producing  but 

very  slightly  damped  electrical  oscillations.* 
6,429  Pauling.     Electric  arcs  in  series.* 

March  18,  1909. 
6.443  Tucker.     High-potential  primary  battery. 
6,447  Williams.     Enumeration  of  telephone  calls. 
6.477  Lancashire  Dynamo  &  Motor  O^.  &  Stelling.     Rotors  of  alternating-current 

dynamo-electric  machines. 
6.504  Wilson  &  Wilson.     Metering  and  transforming  electrical  energy. 
6.525  Clark.     Receiving  instruments  for  electric  telegraphy.* 
6.534  Ormstcn  &  Charlton.     Overhead  conductors  for  electric  railways  and  tramways. 

6.564  B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Electric  motor  control. 

6.565  B.T.-H.  Co.  &  D'Arcy.     Electricity  meters. 

6.566  Alloemeine  Elektricitats  Ges.     Control  of  electric  motors.     (Date  applied 

for.  18  3'08.)*t 
5d7  White.     Systems  of  motor  control.     (D.ite  applied  for.  18/5/08.)*t 
Marrh  19.  1909. 
:  574  Ireland.     Electrical  depth  recorder. 

^  i^>9  Davies  &  Evans.     Speed  limit  switch  for  internal  combustion  engine  'Aith  high- 
tension  magnets  for  motor  cars. 
'-:46  Plato.     (Converting  short  contacts  into  contacts  of  longer  duration.* 
:  o73  B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Speed  indicators  for  electric  motors. 
',o74  B.T.-H.  Co,     (G.E.  Co..  U.S.)     Electric  resistance  units. 

:,b75  Alloemeine  Elektricitats-Ges.     Polyphase  relays  and  the  like.     (Date  applied 
for.  I9,3  08.)*t 

March  20.  1909. 
c.b91  Taylor.     Motor- genera  tors  for  use  with  electric  accumulator  batteries. 
6.749  B.T.-H.  C'^.     (G.E.  (^..  U.S.)     Electric  heating  devices. 
6.752  Childs  &  Hill.     Electrical  generating  sets  driven  by  wind  or  like  fluctuating 

power. 
6.758  Durtnall.     Electrical  transmission  of  power  and  speed  regulation. 

March  22.  1909. 
6,764  Varley.     Making  and  breaking  electric  contacts. 
6,773  Fennell  fit  Perry.     Storage  batteries. 

6,777  Parkins'^n.     Heating  ovens,  radiators,  cooking  utensils,  hot  plates,  irons,  and  the 
like,  by  means  of  electricity. 

6.808  Cagliani.     Fuse  boxes. 

6.809  (^laremont  &  Stratton.     Steel  armouring  of  electric  cables. 
6.818  Fisher.     Electric  street-car  indicator.* 

6,820  Reid.     Electric  furnaces.     {Date  applied  for.  22/8/08.)* 

6,832  Lake.     (Cutler-Hammer  Mfg.  Co..  U.S.)     Electric  snap  switches.* 

6.836  Allom.     Electric-light  reflectors  for  concentrating  light. 

C  ?-13  AuERBACH.     Incandescent  electric  lamps.     (Date  applied  for.  23/1/09.)*!" 

~'^9  Rizzo.     Solenoid  brakes  for  electrically-driven  carriages. 

-'0  Justice.     (La  Societe  Anonyme  Electricite  Electromecanique,  Belgium.)     Fric- 
tion couplings.* 

72  B.T.-H.  Co.     (G.E.  Co..  U.S.)     Electrolytic  cells. 

77  Siemens  Bros.  &  Co..   Riber.  &  Ireland.     Hand-operated  magneto- electric 
machines.* 

73  Siemens  Bros.  &  Co.    (Siemens  &  Halske  A.-G.,  Germany.)    Telephone  instaila- 

lions,* 
■:'c3  C.^GLIArI.     Long-distance  control  apparatus. 
March  23.  1909. 

-  ^S  Simmons.     Signalling  by  electrical  apparatus. 

.'2  FcsrER.     Arrangement  and  combination  of  electric  with  steam  and  internal- 
combustion  engines  for  ship  propulsion. 
^  \  t  Walker.     Generation,  storage  and  use  of  electric  power. 

-  0  Westingkouse  Metal  Filament  Lamp  Co.     (Anton  Lederer,  Austria.)     Manu- 

facturing metal  filaments  for  incandescent  electric  lampS. 
^  -'39  Lucas.     EIrctro-magnetic  relays  and  the  like, 
r  '-lO  Lucas.     Switching-apparafs  for  the  control  of  direct-current  motor- generators 

and  the  like. 
f^.945  SzEK.      Expanded  metal  for  electric  accumulators,  electrodes  and  other  purposes. 
6.948  Siemens  Bros.  Dynamo  Works  Kloss&Schaeffer.     Induction  electric  motors. 
6-949  Siemens    Bros.    Dynamo    Works    fie    Kloss.     Dynamo-electric    machines    for 

operating  searchlights  and  the  like.* 
6956  Siemens  Bros.  Dynamo  Works  &  Kloss.    Starting  and  regulating  of  electric 

induction  alternate-current  motors, 
6.957  Kallmann.     Starting  devices  for  alternating  and  three-ohase  current  motors. 

(Date  applied  for.  283  Oe.)*t 
6.962  Sharkan.     Induction  coils.     (Date  applied  for,  4/6/08.     Comprised  in  application 

No.  1.214.  4  6/08.)* 
6.974  Webp,     Short-distance  telegraphic  apparatus. 
6.Q85  B.T.-H   Co.     (G.E.  Co..  U.S.)     Signalling  systems.* 
7,C05  Bowden,  Roei  risoN  fit  Jacks.    Electric  prepayment  meter  mechanism,  and  the  like. 


7,327 
7.565 
7.811 

8,269 

9.790 
9,917 
10.773 
11,035 
11.163 


12.841 
13.078 
13,580 
13.854 
14.161 


SPECIFICATIONS    PUBLISHED. 

1908  Specifications. 
B.T.-H.  Co.     (G.E.  Cx).,  U.S.)     Alternating-current  motors  of  the  commutator 

type 
B.T.-H.  Co.  &  Clcugh.     Dynamo-electric  machines. 
Verhl'm.     Current-conducting  wire  terminals. 
Sir  W.  G.  Armstrong,  Whitworth  Sl  Co.  &  Harlow.    Controlling  of  electric 

motors. 
Lamkin,  Crokts  &  Bea2ley.     Testing  the  circuits  ot  induction  coiis.  magneto- 
machines,  or  batteries. 
W.  T.  Henley's  Telegraph  Works  Co.  &  Pfiffner.     Electric  cables. 
Parsons  &  Ball.     Contact  malcing  and  breaking  devices. 
Rock.     Holder.^  for  electric  lamps. 
New  Ignition  Synd.  &  S/.ndy.     Electric  batteries. 
Petersen  &  Callender's  Cable  &  CoNSTRUcrrioN  0>.    Submarine  signalling 

cabl-. 
Baker  &  Cunstone.     Mercury  interrupters  for  alternating  electric  currents. 
Jack  &  Roseftson.     High-tension  distributors  for  electric  ignition  in  internal 

combustion  motors. 
New  Ignition  Synd  .  Rouse  &  Sahdy.     Electric  batteries. 
Siemens  Bros.  Dynamo  Works  &  Kloss.    Obtaining  a  smooth  E.M.F.  curve 

in  alternate-current  dynamos. 
JoHj'scN  &  Phillips,  Ltd..  &.  Paterscn.     Electric  motors. 
B.T.-H.    Cc.     (G.E.    Co.,    U.S.)     Electromagnetic    relays.     (Addition    to    No. 

16.195  06.) 
Marschall.     Thermo-electric  batteries. 
Schattner  &  Amberton.     Electric  motor-controilers 
Siemens  Bros.  Dynamo  Works  &  Riser.    Arc  lamps. 
Snook      X-ray  system.     (Date  applied  for.  20/7/07.) 
B.T.-H.  Co.     (A.E.G.).     Electrical  power  transmission  systems. 


COMPANIES'  MEETINGS  AND  REPORTS. 
India  Rubber,  Qutta  Percha  &  Telegraph  Works  Co  (Ltd.) 

The  half-yearly  general  meetiiiK  vva-  liirM  ..n  T'i.-(l..v.  Mnj..r  Le'.n.ird 
Darwin  presiding. 

The  SECRETARY  (Mr.  A.  P.  Cr..uch)  read  the  notice  calling  the 
meeting. 

The  CHAIRM.XX  then  said:  Gentlemen,  as  u.sual,  no  accounts  are 
submitted  for  your  consideration  on  this  occasion.  Since  I  addressed 
you  six  months  ago  a  considerable  change  has  taken  place  in  the  market 
for  raw  material.  In  December  last  the  price  of  tine  Para  rubber  was  ^ 
5s.  OH.  ])cr  lb.,  now  the  quotations  are  about  (is.,  and  the  medium  grades 
have  also  advanced  in  symjiathy.  To  protect  ourselves  we.  in  common 
with  the  principal  manufacturers,  have  advanced  the  selling  prices  of 
our  general  goods,  and  will  doubtless  have  to  advance  the  price  of  our 
special  goods,  as  contracts  fall  in  for  renewal.  The  Palmer  cord  tyre 
and  the  Persan  tyre  continue  to  give  satisfaction  to  motor-car  owners, 
their  well-recognised  merits  outweighing,  in  the  opinion  of  o»Tiers,  an 
initial  cost  which  is  greater  than  that  of  any  other  motor  tyre  on  the 
English  and  French  market.  Some  20  yeai-s  ago  we  introduced,  in  con- 
junction with  Messrs.  Harland  &  Wolff."  indianibber  tiling  for  the  trans- 
Atlantic  liners  which  that  firm  was  constructing,  and  this  flooring  proved 
so  successful  that  it  was  adopted  for  use  in  some  of  the  large  buildings  in 
the  city  of  New  York.  Some  of  the  large  buildings  in  London  have  also 
adopted  it  on  account  of  its  silent  tread  and  cleanliness.  We  are  now 
introducing  a  mosaic  rubber  tiling  which  has  an  excellent  appearance 
and  lends  itself  to  surroundings. 

At  a  former  meeting  I  mentioned  that  we  had  completed  the  electric 
installation  of  the  town  of  Dumfries  under  a  provisional  order  granted 
by  the  Board  of  Trade.  I  have  now  further  to  state  that  the  negotia- 
tions are  all  but  completed  for  the  transfer  of  this  undertaking  to  a  com- 
pany, but  some  time  must  necessarily  elapse  before  we  can  realise  our 
investment  in  this  work.  I  now  move"  that  the  distribution  of  a  dividend 
of  5s.  4d.  per  share,  or  at  the  rate  of  5  per  cent,  per  annum,  payable 
1st  pros.,  on  the  preference  shares  be  approved,  and  that  the  distribution 
of  an  interim  dividend  of  2^  per  cent.,'_or  5s.  per  share,  tax  free,  on  17th 
inst.,  to  ordinary  shareholders  be  approved. 

Mr.  C.  H.  MOORE  seconded  the  motion,  which  was  agreed  to  unani- 
mously. 

The  CH.^IRMAX  then  announced  that  the  board  had  apiwinted  Mr. 
JIatthew  Hamilton  Gray,  Mr.  Christian  Hamilton  Gray  and  Mr.  William 
Ernest  Gray  extraordinary  directoi-s. 

The  proceedings  then  terminated. 


AKGLO  ARGENTINE  TRAMWAYS  CO.  (LTD.)— The  directors  have  de' 
clarcd  an  intrrini  divi.lrml  to  .Tvine  .'JO  in  respect  of  the  profits  for  the 
first  half  (if  I'.HIll  al  Uic  rate  of  3s.  (ler  share  on  the  6  per  cent,  cumulative 
first  preference  shares,  being  at  the  rate  of  ti  per  cent.  ))er  annum  (less 
tax)  :  a  dividend  of  5s.  per  share  on  the  ciimulative  second  preference 
shares,  being  at  the  rate  of  10  per  cent,  per  annum  (less  tax) :  also  2s.  lid. 
per  share  on  the  cumulative  third  preference  shares,  being  at  the  rate  of 
5  per  cent,  per  annum  (less  tax),  and  at  the  rate  of  Is.  2fi.'jd.  (ler  share  on 
the  cumulative  third  preference  shares,  being  at  rate  of  5  per  cent,  per 
aniimn  fnim  A|)'il  S  to  ,I\nie  .■ill  (less  tax). 

ANGLO  PORTUGUESE  TELEPHONE  CO.  (LTD.)— On  .Monday  the  chair- 
man (Mr.  H.  .\llcn)  said  that  owing  to  the  somewhat  disturlied  political, 
commercial  and  financial  conditions  in  Portugal  and  to  the  prolonged 
droughts  the  increase  m  the  company's  business  during  1908  was  not  so 
marked  as  in  some  previous  years.  They  had  had,  however,  a  successful 
year  on  the  whole.  The  gross  income  was  £42,048.  an  increase  of  £2,353. 
The  total  expenses  (including  royalties)  were  £23,840,  an  increase  of 
£1,230.  The  net  profit  was  £18,21)8,  against  £17,085  in  1907.  The  most 
dangerous  element  in  their  business  was  the  course  of  exchange  lietween 
Lisbon  and  London,  which  at  times  was  subject  to  considerable  fluctua- 
tion. As  in  the  case  of  earth(|uake  risk.s.  so  in  the  ca.se  of  exchange, 
they  had  taken  steps — |)ractically  an  insurance — that  no  matter  how 
seveie  the  fall  in  exchange  during"  the  next  12  to  IS  months  their  ivmit- 
tances  would  be  at  a  remunerative  rate.  Their  reserve  was  £20.(XH>.  and 
in  the  future  they  |)ropo.sed  to  charge  direct  to  profit  and  loss  account 
any  sum  which  it  was  intended  to  carrv  to  reserve.  The  capital  exi>en- 
dilure  last  year  was  £13.()3().  and  more"  than  half  was  due  to  the  further 
snbstitutioii  of  underground  cables  for  overhead  wires,  and  additions  to 
the  switchboard  in  their  trntral  exchange  at  Li^l^>n.  as  the  outioir.e  of 
whiih  their  effective  working  capacity  was  nearly  di  ublcd.  Their 
relations  with  the  authorities  remained  perfectly  harmonious,  and  a 
slight  ditference  of  i>pinion  which  had  arisen  with  the  Post  and  Telegraph 
Department  as  to  the  precise  nature  of  their  concessionary  rights  pm- 
mised  to  be  settled  satisfactorily  with  the  (iovcmment. 

BIRMINGHAM  tc  MIDLAND  TRAMWAYS  (LTD.)— The  rciu.rt  for  19t»8 
states  that  the  total  revenue  was  £97,(H)4  compared  with  £S3.S37  for 
19t17  ;  exi>enses  were  f45,(i39  against  £.'?8,(i52.  After  providing  for  all 
expenses  placing  £l,50l>  to  renewals  account  and  adding  £S3  brought 
forward  there  remains  £-»9.948.  The  directors  propixse  to  apply  to 
debenture  redemption  £3,550  to  pay  a  dividend  on  the  preferred  ordmary 
shares  of  2.V  per  cent,  for  the  year."  £82  is  carried  forward.  The  capital 
expenditure  during  the  year  on  tramways  was  £1,054  and  on  lighting 
£1I.(X)2.  Plant  valued  at  £l,52(i  was  transferred  from  the  tramway 
to  the  lighting  imdertaking  and  electrical  plant,  cables,  *c..  in  Oldbury 
(valued  at  £7.180)  were  sold  to  the  Shropshire,  Worcestershirt-  &  S  tafford- 
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sliiri-  El.-.iri.  P.. wit  (_'o.  TIr-  L..ini.nMy  aciiiiir.-il  a  r..Mti-..lliii.i;  iiitiMv^t 
ill  the  Sbiupshirp  Power  Co.  at  the  litginniiip  of  last  year,  and  sul)soiilHil 
for  57.312  £o  shares  in  that  company  to  enable  il  to  roniply  w  illi  the  ]no- 
visions  of  its  acts  of  Parliament.  With  the  consent  of  the  ilehentinc 
trustees,  Smcthwick  ])ower  station  liiis  been  withdrawn  from  the  .speci- 
tically "mortgaged  ))remises,  and  2o,lo2  shares  of  i't  each  of  the  iShropshiie 
Co.  have  been  .substituted,  and  the  station  will  be  sold  to  the  Power  Co 
as  soon  a.s  the  necessary  legal  preliminaries  have  been  arranged.  The 
total  amount  of  debenture  stock  now  outstanding  is  £344..'J57.  An 
agreement  has  been  entered  into  with  the  Dudley  Corporation  which 
provides  for  the  payment  of  the  i)urcha.se  money  by  the  Corporation 
(flO.G."?!)  on  fi.xed  alternative  dates  during  the  jiresent  year  with  interest 
from  Jan.  1  last  to  the  date  of  payment  at  the  rate  of  4i  per  cent.  i)cr 
annum.  The  terms  of  the  lease  have  been  agreed,  and  a  bill  is  being 
promoted  by  the  Corporation  to  em))ower  the  Corporation  to  grant  a 
lease  to  the  company  of  the  tramways  for  30  years  from  Jan.  1  last. 

CHADBUSN'S  SHIPI  TELEGRAPH  CO.  (LTD.) — After  paying  managin<; 
director's  remuneration,  directors'  expenses,  depreciation  on  plant, 
&c.,  the  jirolit  for  the  year  ended  March  was  £8,331.  5s.  3d.,  added 
£1,686.  14s  £d.  luought  forward.  After  paying  preference  dividends 
and  an"  interim  ordinary  dividend  at  the  rate  of  6  per  cent.,  £4,618 
remains  to  be  dealt  with.  The  directors  propose  to  pay  a  final  ordi- 
nary dividend  at  the  rate  of  10  per  cent,  (less  tax)  (making  8  per  cent, 
for  the  year)  earryin<r  forward  £1,618. 

GLOBE  TELEGRAPH  &  TRUST  CO.  (LTD.)— The  net  revenue  for  the 
year  ended  May  31  after  deduction  of  expenses,  is  £20'', 347.  8s.  lOd., 
inaiinc;  with  £27,206.  S-s.  5d.  brought  forward,  £254,553. 14s.  3d.  From 
this  there  has  been  distributed  £131,769.  8s.  lid.  in  interim  dividends, 
leaWng  availalile  £102,784.  5s.  4d.  The  directors  now  recommend 
payment  of  the  following  final  dividends  :  3s.  per  share  (less  tax)  on  the 
preference  shares,  making  6  per  cent,  for  the  year  (less  tax)  and  5s.  6d. 
jjer  share  net  on  the  ordinary  shares,  making  5J  per  cent,  net  for  the 
year.  These  dividends  will  absorb  £75,479,  Cs.  4d.,  and  leave 
£27,305.  5s.  to  be  carried  forward. 

UNITED  ELECTRIC  TRAMWAYS  OF  MONTE  VIDEO  (LTD.)— Mr.  Geo.  A. 
Touche  stated  at  the  meeting'  on  Tuesday  that  the  results  of  the  past 
year's  working  were  as  satisfactory  as  could  be  reasonably  expected. 
They  had  80  miles  of  single  track  in  operation  under  electric  traction, 
and  in  due  course  that  wovild  be  increased  to  about  84  miles  by  the  ex- 
tension to  Colon,  At  the  close  of  the  year  they  had  77J  miles  open,  but 
the  average  during  the  year  was  slightly  under  60  miles.  The  traffic 
receipts  were  81,093,870  (£232,738),  an  increase  of  17  per  cent,  over  1907 
and  79  per  cent,  over  1906,  when  the  lines  were  being  operated  entirely 
by  animal  power.  The  number  of  passengers  carried  was  25,!MI1,439, 
an  increase  of  21  ])er  cent,  and  of  87  per  cent,  over  1906.  Last  year,  on  a 
mixed  service,  the  operating  expenses  were  reduced  from  ()6-24  to  1)409 
per  cent.,  but  compared  with  1906  (when  the  lines  were  operated  by 
animal  traction)  the  decrea.se  was  nearly  10  per  cent.  They  were  in- 
creasing the  power-house  plant  and  adding  to  the  feeder  system.  After 
paying  debenture  stock  interest,  &c.,  they  proposed  to  pay  the  final 
|>refcrence  dividend  (requiring  £11,047)  and  a  dividend  at  the  rate  of 
.)  per  cent,  on  the  ordinary  shares  for  the  year  to  March  31  (£15,960). 
The  question  of  ))aying  interim  dividends  on  the  ordinary  shares  was 
receiving  the  consideration  of  the  board. 

R.  VTATGOOD  &  CO,  (LTD.)— At  the  meeting  on  Wednesday  Mr.  Hy.  C. 
Walker  said  they  had  been  able  to  substantially  maintain  their  margin  of 
profit  and  to  pay  the  same  rate  of  dividend  as  a  twelvemonth  ago.  Tlic 
company  had  again  been  entrusted  with  extensive  orders  from  various 
Government  departments  and  others,  among  which  he  instanced  a  patent 
automatic  electric  lift  for  the  use  of  the  President  of  the  Brazils  and  a 
Waygood  passenger  lift  for  use  in  the  Turkish  Houses  of  Parliament  in 
Constantinople.  They  had  also  been  called  upon  to  provide  at  short 
notice  one  of  their  automatic  electric  lifts  in  Leeds  Town  Hall  for  his 
Majesty's  use  on  the  occasion  of  the  King's  visit  to  that  town  for  the  pur- 
pose of  opening  the  new  buildings  of  the  university.  They  had  ac((uire(i 
what  they  Ijclievcd  to  be  very  valuable  ]>atents  in  connection  with  heavy 
crane  work  on  specially  advantageous  terms. 


NEW  COMPANIES,  STATUTORY  RETUfiNS, 
MORTGAGES  AND  CHARGES,  &c. 


NEW  COMPANIES. 

GRAS8INGT0N  ELECTRIC  SUPPLY  CO.  LTD.)  (103,382  )— Reg.  June  9, 
capital  £1,000  iti£l  shares,  to  carry  on  at  Orassington  and  elsewhere  in 
Yorkshire  the  business  of  an  electric  supply  (-ompany,  and  to  adopt 
agreements  with  J.  S.  Fielden  and  with  C.  I'ullan.  Provisional  direc- 
tors, C.  I'ullan,  J.  Crowther,  F.  Hillinan,  J,  H.  Heyworth,  J.  S. 
Fielden,  H.  Moss  and  H.  Briley.  Reg.  ollice,  51,  King's  Arcade, 
I'radford, 

VAUGHAN  ENGINEERING  INSTALLATIONS  (LTD.)  (103,469.) -Reg. 
June  11,  c.ipital  £5,000  in  £1  shares,  to  acquire  the  business  carried 
on  as  Vaughaii  &  Cook  (Ltd.),  to  adopt  an  agreement  with  W.  Briggs, 
LL.lJ. ,  and  to  carry  on  the  business  of  electric  light,  gas,  hot  water 
and  ventilating  engineers,  electricians,  manufacturers  of  motors,  bat. 
teries,  4c,  I'rivate  company.  First  directors.  Dr.  W.  Briggs,  W.  R. 
BrigKs  and  T.  W.  Vaughan.  Reg.  office,  298  and  300,  Goswellroad, 
Ixjndon,  E.C. 


WALKER  HANNA  PATENT  BEARINGS  CO.  vLTD.)  (103,401.)  -Reg. 
June  8,  capital  £2,400  in  £1  shares,  to  acquire  tlie  patents  and  rights 
granted  to  R.  Walker  Haiina  relating  to  improvements  in  the  luanufaiv 
ture  of  brasses  or  bushes  for  the  bearings  of  shafts  and  axles  applicable 
to  railways,  tr.imways,  rolling  stock,  &c.,  and  to  develop  and  turn 
same  to  account.  Private  company.  First  directors,  H,  G.  Hills,  R. 
Walker  Hanna  and  E.  M.  Knowles.  Reg.  office,  2,  Booth-street, 
Man<'liestpr. 

STATUTORY   RETURNS. 

LAURENCE,  SCOTT  &  CO.  (LTD.l-Return  to  Ajiril  13  eives  capital  as 
£60.000  in  50  shares  of  £1  each  and  4,995  of  £10  each,  of  which  45  £1 
and  4,181  £10  shares  have  been  taken  up.  £1  per  share  has  been  called 
upon  45  and  £10  per  share  on  2,793,  resulting  in  the  receipt  of  £28,025. 
£13,830  is  considered  as  paid  on  1,383  shares.  Mortgages  and  charges, 
£22,200. 

MARSH,  SON  &  CO.  (LTD.)— Return  to  April  19  gives  capital  as 
£20,000  in  £1  shares,  of  which  18,608  have  been  taken  up.  £6,608  has 
been  paid  and  £12,000  is  considered  as  oaid.  Mortgages  and  charges, 
£9,200. 

SOUTH  LONDON  ELECTRIC  SUPPLY  CORPN.  (LTD.  I— In  return  to 
April  6  capital  is  £260,000  in  £4  shares,  all  of  which  have  been  taken 
up  and  paid  for  in  full.     Mortgages  and  cliarges,  £100.000. 

WINDERMERE  &  DISTRICT  ELECTRICITY  SUPPLY  CO.  i LTD.)— The 
capital  in  return  to  April  10  is  £50,000  in  5,000  preference  and  5,000 
ordinary  .shares  of  £5  each,  of  which  5,000  preference  and  3,000  ordi- 
nary have  been  taken  up.  £5  per  share  lias  been  called  up  on  3,040 
preference  and  1,730  ordinary,  resulting  in  the  recei[)t  of  £23,850, 
£16,150  is  considered  as  paid  on  1,960  preference  and  1,270  ordinary 
shares.     Mortgages  and  charges,  £16,800. 

MORTGAGES  AND  CHARGES. 

CALMONT,  KING  &  CO  (LTD.l  — Issue  on  June  7  of  £500  debentures, 
part  of  series  created  Aug.  7,  1908,  to  secure  £2,000,  charged  on  the 
conqiaiiv's  uiidertakin'^  and  jiroperty,  present  and  future,  including 
uncallcii  capital.     N..  tinst..-es. 

RAWORTH  S  TRACTION  PATENTS  (LTD.)— Particulars  of  £1,500  de- 
bentures created  April  7,  and  secured  by  trust  deed  dated  May  19, 
1909,  filed  pursuant  to  sec.  93  (3)  of  the  Companies  (Consolidation) 
Act,  1908,  amount  of  present  issue  being  £1,000.  Property  charged: 
Company's  undertaking  and  property,  present  and  future,  including 
uncalled  capital,  and  all  inventions  and  imi>roveraents  connected  with 
regenerative  control  on  electric  cars.  Trustees,  C.  Shirreff,  B,  Hilton 
and  ,1.  S.  Raworth. 

TYPEWRITING  TELEGRAPH  CORPN.  (LTD.). -Particulars  of  £3,000 
debentures  created  Nov.  4,  1904,  has  been  filed,  amount  of  present 
issue  being  £440.  Property  charged  :  Company's  undertaking  and 
property,  present  and  future,  including  uncalled  capital.    No  trustees 


CITY,  NOTES. 

MEMORANDA  (June  17'i. — Bank  rate  2^  per  cent,  (since  April  1 
1909).  Price  of  silver,  241d,  per  oz.  Consols  84,',, — 84  .'^  for  money  and 
841— 84^  for  account.  Consols  Pay  Day,  July  1  ;  Stock  and  Shares 
Continuation  Days,  June  23  and  July  12  ;  Ticket  Days,  June  24  and 
Jul\'13  ;  Pay  Days.  June  25  and  July  14  ;  Mining  Shares  Carry  Over 
Day,"  June  22. 

Prices  of  Metals  (London). — Copper,  cash,  581,;;  three  months 
59n',  — 63.  Lead,  English,  13? — 13,';  foreign,  cash,  15,',- — ISi  ;  three 
months,  13i|.  Spelter,  cash,  22  ;  three  months,  224— 22^.  Tin,  English, 
]32i— 134i  ;  foreign,  cash,  133J  three  months,  134i— 1,353,  /ron,  Cleve- 
land, cash,  48/7A  and  three  months,  49/3.  Ma'jiieC  Steel  (price  sup- 
plied by  W.  F.  Dennis  &  Co.  t,  £55. 

AMERICAN  TELEPHONE  &  TELEGRAPH  CO.— The  directors  ha\e  de- 
clared the  regular  dividend  of  *2  per  share. 

SHAWINIGAN  WATER  &  POWER  CO. -A  dividend  of  1  per  cent,  for 
the  c|uarter  ending  June  50  lias  been  declared. 

STOCK  EXCHANGE  NOTICES.— The  Stock  Exchange  coniiuittce  have 
appointed  .lunc  IS  a  s]ic(  ial  settling  day  in  scrip,  fully  paid,  f.pr  £3011,000 
t!  ])cr  cent,  jierpctiial  cnnsulidatcd  debenture  stock  of  the  Winniimj 
h'lvclrir  Udilwai/  Co..  and  June  21  a  special  settling  day  in  169,4015  £5 
fully-paid  cumulative  third  ))ieference  shares  of  the  Avjlu-Arytntinu 
Trummuji  Co.  {Ltd.),  and  have  granted  official  quotations  in  both  cases. 
A  further  issue  of  .^4,823,200  common  slock,  in  shares  of  .<<1(H),  of  the 
Mexico  TramwayH  Co.  is  also  ordered  to  be  quoted.  The  (oininitlce 
have  been  asked  to  grant  quotations  to  a  further  i.ssue  of  £20i),ilim  £100 
5  per  cent.  ."iO  year  mortgage  bonds  of  the  Rio  dc  Javiirn  Tniniinii/  Jjiijhl 
<t-  Power  Co.  {Lid.)  and  a  further  issue  of  1,000  £10  fnllypaid  shares  of 
the  South  .4/ricnn  Lii/hlinii  As-mciallon  (Ltd.). 

WINNIPEG  ELECTRIC  RAILWAY  CO.  — Tlic  dircctOLS  h.ivo  declared 
a  quaiterly  dividend  of  2>l.  pci  cent. 

YORKSHIRE  (WOOLLEN  DISTRICT]  ELECTRIC  TRAMWAYS  CO.jLTD.)  — 
The  directors  have  dec-lared  a  dividend  of  2  per  cent,  on  the  ordinary 
shares  for  the  past  year,  £1,500  has  been  placed  to  renewals,  £1,000  to 
capital  redemption  and  £500  to  depreciation  and  reserve  funds,  the 
balance  (£608;  being  carrieil  forward. 
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ELECTRICAL  COMPANIES'  SHARE  LIST 


Price 

Wed. 

Juao  16 


IberdMO  Oorpotillon June 

»Wrle  •• 

inglo-Argontlne 

incorporation ". i 

Baker  St.*  Waterloo  B»....;      .. 
BuDBley I      " 

B»lh  Eleotrlo  Trams,  Ltd..  j       .. 
Blmlngham  OorporaUon..  I      ,, 

Blnningham  &  Mid. •>  »y 

Bliokburn  Corporation.....     J»ue 
Blackpool  and  Flootwood.. 

Bolton  Corporation 

Bombay     •;•"* 

Bouroemonth  CorporaUon, 

Bradford  Corporation 

Brlsbton  Corporation    

Briilol  Trams  &  Carriage.. 

Bomloj  Corporation 

Burton  Corporation   

Bury  Corporation  

Oaloolta  Tramways  Co 

Camborne-Rodruth    

Oardiff  Corporation  

Oatohill ••-.■. 

Oontral  London  Railway  . 
OhtringCBuaton  i  H'stead 
OhatUamADiBt.  Lt.Bys... 
aiy  &  South  London  Rly.. 

Oity  ol  Birmingham  

Ooloheater  Corporation 

Oork  Bleotrio  Trams  Oo.  .. 

Oroydon  Corporation     

Dtmnport  &  Dist.  Trams., 

Dover  Corporation 

Dublin  &  Luoan  Railway . 

Dublin  United 

Dudley-Stourbridge   

Dundee  Corporation 

Bast  Ham  Council 

Bxeter  Corporation 

Oatcshoaa  &  Dist.  Trams... 

(Jlasgow  Corporation 

Slossop  Trama 

(Jravesend— Northfleet 

atoat  Northern  &  City  Rly.. 
atNorthern,  PiccadiUy.&o. 
Breenock  &  Port  Glasgow... 

Hartlepool  Tramways    

Bastings  Elee.  Trams  Co.... 

Bong  Kong  

Huddorsflcld  Corpn 

Hull  Corporation 

niord  District  Council 

Dkeston  District  Council... 

Ipswich  Corporation 

Isle  of  Thanot  Oo 

jarrow   

Kelghley  Corporation    

Kidderminster  i  District.. 
EUmarnock  Corporation  .. 
Lanarkshire  Trams  Oo.    .. 

Lancashire  United 

Leamington 

Leeds  Corporation 

Leicester  Corporation   .... 

Leith  Corporation 

Lincoln  Corporation  

Liverpool  Corporation  .... 
Liverpool  Overhead  Rly.  . 
Ll»nauilao&  OohvynliayRj 
•London  County  Council 

London  United  

Lowestoft 

Maidstone  Corporation.. 
Uancbester  Corporation 

Mersey  Railway  

Merthyr 

Metropolitan  Dist.  Bailwa; 
Metropolitan Slec.  Trams.. 

Mlddloton 

Kelson  Corporation   

Newcastle-OQ-Tyne  Oorp. .. 

Newport  (Mon.)  

Northampton  Corporation 
Oldham,  Ashton  &  Hyde  .. 

Oldham  Corporation  

Perth  (N.B.)Corporation  .. 
Perth  (W. A. )  liloc.  Trams.. 

Peterborough  

Portsmouth  Corporation  .. 

Potteries   

Preston  Oorporatlon 

Itotherham  Corporation    . 

Bothesay  

Salford  Corporation    


£ 

28 

n 

H 

22 

+         8U 

23 

+         23 

4 

+       810 

S3 

+         87 

82 

+         4.5 

22 

-       393 

21 

-    1.13( 

11 

+        2* 

-       413 

11 

87 

ii 

+  Rl,I25 
-       439 

19 

111 

11.486 
1,345 


Bb. 

Sheffield  Oorporatiou 

Blng&pore  Trams  

Bouth  Metropolitan   

South  BtafFs 

Bouthond  Oorporatlon  

Bouthport  TramwayB 

Btalyb-age.Hydo.&c.Jt.Bd. 
Bun  lerlaDd  Oorporatlon  ... 

Bunderland  Diutrlot  

Bwansea  Trams  

Swindou  Oorporatlon    

Taunton    

Xynemoutb  and  DistrLol  .. 

Xyneside  Trams  Oo 

Wallasey  DiBtrlot  Oounoll.. 

Walsall  Corpn 

Warrington  Oorpn 

West  Ham  Oorporatlon.... 

Weston-supor-Maro    

Wolverhampton  Oo 

Wolverhampton  Oorpn.... 
•Worcester 

Wreiham 

Yorkshire  W.B.  Trama ..., 
^Yorkshire  Woollen  Dislrlot 


5,463 

iJ0,3i:7 
1.21D 
1,171 


«23G 

23 

187 

2! 

2i8 

22 

XH 

10 

180 

22 

201 

§10 

292 

11 

23.5 

3i 

450 

82 

12 

82 

4,660 
l.i.OIO 
eO.SO.') 
16,872 
12,720 

25,681 
k732,137 

l7,o;o 

51,982 


2,SilJ 

12,119(1 

Rl, 110,0)4 

2,879 
2!,92) 

1,5J8 
137,601 
89,310 
17.526 
74,SSO 
60.1.J3 

8,93S 

16,752 

8,114 

2,106 

2, SCO 

117,268 

16,9:11 

4,26S 

10,749 

3,860 

21,66) 

31,408 

2,714 

4,212 

31,662 

133,23) 

10,921 

4,661 

13,674 


1,32  i 
4,018 
12,253 


1,381 
231,055 
31,418 

4.21J 
30i,2)9 
131,357 

l','930 
15),376 
45,463 

4,531 
226,310 
U8,277 

7,016 

1,497 
40,811 

7,301 


36,839 
7,3U 
0,274 
1,980 
60,162 
1,003 
61,636 
}3i".578 
16,31i 
18,230 
4,637 
5,606 
8,287 
12,117 
11,316 
20,072 


13,970 
14,710 
1,227 


St.    41% 


St.     iX 
St.  4i'/o 

6    2/3 


•2/6 

it.  I  4i% 
10  7/0 
10  6/0 
it-l  6% 
it.  I  4J% 

6:   .. 

61   6% 


.  Pref. 

,  Supply  Ord.. 


0) 
1,453 
2,2.'i9 

llsla 

21,120 
10,867 


4i% 
3i% 

100 1  nx 

10  4% 

100    4J% 

B    8% 

B|  6% 

too  i% 
lOD  6o; 

1  3% 
lOOl  4i% 
W  8'0 
4  6 


-       25j        2J 


4U 

3t.l  2i'<, 

10)  i/. 

at.  a 

b\  2/6 

100  4j; 

it.  lii 

it-  i/i 

it.  SC 

it.  b/, 

it.  &% 

St.  4< 

10  6/0 
lO    6/0 


St.    4U 

10  a/. 
10  U 

St.]  4K 

61  1|J 

St.  ix, 

10  6/0 

St.  6/, 

10  .. 

10 !  6% 

St.;    iX 

10    2/6 


ElECTRICITY  SUPPLY. 

Bonrnemontb  t  Poole  Else.  Sop.  Ord... 

Do.    H  per  Cent.  Cnm.  Pref.  

Do.  6  per  Cent.  Cam.  .Second  Pref.  ... 
Do  4i  per  Cent.  Deb.  Slock  (reii.)  ... 
Bromlej  (Kent)  El.  Lt.  «i  Power  Sharet 
Do  Do.  Ist  Debs, 

Brompton  ft  Kensington  Eleo.  Sup.  Ord 

0^.     7  per  Cent.  Pref ;. • 

Cent  1  Elec.  Sno.  Co.4  '<  O  iiar.Db.Stock 
Charins  Croas(W.End  4  City)Bl.Sap.Co. 

Do.    4*  per  Cent.  Pref. 

tD)     4perCent.  Deb.  Stofk(red.).... 

Do     4*  per  Cci.t,  Deb,  St  .ck  (red  ) 
Do     City  Undertaking  4i^  Cm.  Prel, 
Cheieea  Electric  Sapply  Ord.  ...   .. 

D„  4i  per  Cent.  Dab.  Stock  (rod.)  . 
City  of  London  Electric  Lightmg  Ord, 

Do.    6  per  Cent.  Cam.  Praf 

Do      6  per  Cent.  Dab.  Stock  (red,)... 
Do'     4i  per  Cant.  2od  Djb.  Stock  (red.) 
County  of  Durham  Eleo^  P.  D.J)rd 

Do.    6  per  Cent, 
County  of  Londoi 

Do.     eperCent.  k^.iui.  i.u, 

Dj.    4JX  Deb.  Stock  (red.)    

Do     Second  Dab.  Stock 

Folkestone  Electricity  Sapply  Co.  Ord, 

Do     6  per  Cent.  Cnm.  Pref. 

Do.    4i  1st  Deb.  Stock  (red) 

Hove  Electric  Lighting  Ord. 

Kensington  &  Koightsbridge  Ord 

Do     6  per  Cent.  Ist  Pref 

Do     4  per  Cent.  Dab.  Stock  (red.).„.. 

Kensingtn.  ft  Kngtbg.  Co.  &  Notting  H.ll 

I  Co.  (JointSlation)4;^  Dab.  Stock  (red.) 

Kent  Elec.  Power  Co 

1  London  Electric  Supply  Ord 

Oo.     6  per  Cent.  Pref. 

Do     4  per  Cent.  Ist  Mort.  Dab. ., 
I  Metropolitan  E'.ectrio  Sup.  Ord.    . 

I     Do.     4i  per  Cent.  Cum.  Pref.  

Do      4*  per  Cent.  Dab.  Stock  Ist  Mort. 
1     Do'    SiperCent.Mrt.  Dab,  Stocklrad.) 
Midland  Eloc.Corp.for  P.  D.UtMort.Db. 
Newcastle  &  Dist.  Eleo.  Ltg.Ord 

Do.    4Hpor  Cent.  Dab 

Newcastle  Elec.  Supply  Ord. 

Do     6  per  Cent,  noo  Cam.  Pref. .. 

Do'.  4  per  Cant.  Mort.  D)b.  red.  19J7. 
North  Metro.  Eleo.Power  Sup.  5  Morts 

Northern  Counties  Eleo.  Sup 

Do.    45  per  Cant.  Dab.  

NottinK  Hill  Electric  Ori •• 

Oxford  Electric  Or.l 

Do.     4  por  Cant.  Dab.  Stock 

Bt  James'  &  Pall  Mall  Eleo.  Ord. 

Do.    7  per  Cent.  Pref.    ..  .................. 

Do.  3i  per  Cant.  Dab.  Stock  (red.)  ... 
BmithReld  Mirketa  Electric  bap.  Ord... 

South  London  Electric  Sapply  Ord 

Do.     5  I-  1st  Mort.  SIk.  Kcd      ...... .. 

South  Metrop'n  Elec.  Lt.  &  Power  Ord, 

Do.     7per(5ent.Cam  Pref 

Do.     4i  1st  Db.  Stk.  Rail 

Urban  Electric  Supply  Ord. 

Do.     6  per  Cant.  Cum.  Pref.    

Do.     4J  per  Cant.  Ist  Mort.  Dab 

Westminster  Elec.  Sap.  Ord. 

Do.    4lperCent.  Cum.  Pref.   

ELECTRIC  RAILWAYS  4.  TflAM#Ar|, 

Baker  bt.  &  Waierloo  4  i  Perp.  Ob.  St 
Bath  Eleo.  Tramj  Pref.  Ord.   

Do.     6  per  Cant.  Cum.  Pref. 

Do.  i\  Ist  Mort.  Dab.  Stock  (red.)  ... 
B'ham  ft  Midland  Trimi  4i  1st  Oj.Stk. 
Bristol  Tramways  &,  Cirriage  Ord.  

Do.    Cum.  Pref.  (fully  paid) 

Do.    4  per  Cent.  Dabi 

British  Electric  Traction  Ofd 

Do.     6  per  Cant.  Cam.  Pref....  

Do.     6  per  Cent.  Perpetual  Dabj.  

Do.     4i  par  Cant.  2ad  Deb.  Stock 

Central  Landon  Ordinary  Stoc'" 
Ceut.Pref.  Stoak 


»1-10 

n  -loi 

lOi  -10} 

lOl   -10.') 

ti-H 

93  —SB 

bl-9 

8  —Si 
97  -luO 
31 -4g 

j6  -'j;» 


0  0  Har.Bsp 

9  D  Feb,  Aai    , 

11  6  Feb,  kn% 

5  6  Jan,  Joij 

15  9  April,  0; 

le  0  Maj,  So 

11  0  March 

2  0  Mar,  Beol   i 

u  0  Jane,  D'et  | 

II  0  Feb,  Aog 

li  0  Feb,  Aog 

I  0  Jan,  JoIt 


10)  -102      4     8    0 


31 -4k 

3(1-14 
102  -100 
lOJ  -ll 

IW  'I'h 

121  -12ii 

101  -101 

11-21 

33 -3j 


5    8    6 


14      6     8     0 


4J-) 

B  :o 

0 

6  -)J 

4  11 

0 

9S  -loi 

1      0 

0 

7i  -7J 

5  11 

6 

Oi-7S 

6     2 

0 

H-n 

4   Li 

97  -10) 

98    -101 

3  19 

0 

85  —3) 

6     1 

0 

n-'ii 

3     6 

8 

ik-ii 

i>  U 

t) 

90   -94 

4     i 

0 

49 -4J 

0  M 

0 

H-H 

4     V 

6 

107   -11) 

4     2 

0 

86   -3S 

3  19 

6 

93   -9J 

4   12 

0 

4J-5 

1     J 

1 

81  -83 

b       0 

u 

4i-li 

2  13 

1 

4S-5J 

6     0 

0 

99  -lul 

4    0 

90  -101 

4   19 

u 

91  -» 

ii;-i2j 

6-51 
91  -)7 
9  -9J 
7  -li 
8i  —90 

1  )i^-yi 


U-i| 


93   -10) 
i-« 

8-5 
87  -Jl 
S)  -ii 
7} -Si 
81 -8J 
101  -1)1 

U-ii'd 
25 -3s 


Do.     4perCent.Pref.  Stoak    ]  °         " 

Do.     Daferred  Stock ,  \',       '., 

Do.     IperCant.  Dabs ....  ..|  1'-       '0' 

CharineX.EustonftHmpstd  Per  Db.btk.i     9.  -Jl 


6  13    3 

4  I'J    0 
4  18    8 


Charing  .*.,«".. r-      ^,,„      „    ^ 

City  of  Birmingham  rrami.  6%Cai.Pr8f. 

Do.     4  per  Cant.  Ist  Mjrt   Dabs.... 

City  4  South  London  Rl.v.  Con.  Ord.  .., 

Do.    SperCant.  Perp.  Pref.  (18JI) 


4i-5i 

97  -1)1 

32   -33 

llO  —112 

,,S„.., lOl  -109 


(<i)  Those  comparisons  are  with  the  corresponding  period  last  year.  §  Plus  3  days. 


Do.     4  per  Cant.  Perpetual  Oabs 

Dablin  Unitail  Trami.  Ord  

G.  Northern,  Pioc.  ft  Broiuptoa  4  !J  Q.H 
Do.  4  per  Cant.  Dab.  Stock  ■•■•••  ""-p- 
Hssliag/&  District  Eleo.  Tram l.  6,4  l-.P. 

Da.       4i  Db.  St 

Imperial  Tramways  Ord 

tUo.    6  per  Cent.  Pref.  

IDo.     4 J  per  Cent.  Dalij ■■••■•• 

1.  of  Thauot  K.  r.ft  Lt.  6  per  Jaai.  Pref. 

Do.    4  per  Cant.  Dab.  Scaak 

Lanarkshire  Tramw.iys. ■„••.'■;;;■ 

Lines.  Utd.  rrarn,  D  ?"»";;•"  "^•'"• 
Liverpool  Oi-erlie.ll  Riilwiy  Ord 

Do.    6  per  Cant.  Praf 

Do.  4  per  Cant.  Dab.  •.•••,--•  p-- .-■• 
London  l'nite.l  Tiaon.  6  i  (..  «.  Pfal.  j.. 

Do.    4  per  Ceut.  Isl  Mart.  Dab.  Stock 

Mersey  Con.  Old.  Stock    ••-•; 

Metropolitan  Elec.  Iramways  Ord 

Do.    Deforreil    •■■■•■■ " 

Do.    6  pel-  Cant.  Cam.  Prel. 

Do     41  per  Cent.  Dob.  Stock 

Mctropohtau  RaUway  CouwliJ.twl  

Do.    Surplus  Lands  Stocks 

Do      U  per  Cent.  Preference 

Do!    84  pSf  Cent.  "  A  ■•  Pr"'?""'  

dS     8    pe.  Cent.  C!»""':",^'«  f,'„^- 
8$  pett.-'^t^alieuture^took 


93  — J6 

9J  —101 


1-j  _ii       i    5    9 


4   IS 

0 

i  li 

6 

1    6 

0 

1  1> 

■) 

3  19 

0 

t     0 

0 

<    9 

0 

1  11 

'^ 

5    4 

0 

3  19 

0 

1  4  H 

0 

S3  -if  6    3    8 

6J-3  8    S     0 

6i  -7i  I  7  13     0 

it  _8)  15     I  1! 

67'_a2  '690 
;l..-ll'      6  l-<     6 

91  — aj  '  .  S     7    6 

^,~—i  s  6'  s 

81-1  ;  4  li    3 

i;  -2}  ■•  ^ 

71.    -7i  5    8    0 

I   -« 

8-1 


tfj  —101 

IK)  —71 
89  — )1 
&1  —31 
SI  —31 
91  — )a 


Jan,  July 
March  . . 
Jane,  Dso 
Feb,  Aog 
Jan,  July  ' 
Jane,  Deo 
Jan,  July 
April,  Oct 
April,  Oat 
Feb,  Aug 
Mir,  Scot 
Jan,  July 
May,  Not 
April,  Oct 
M«r,  Sept 
Feb,  Aug 
April,  Oat 
Feb,  Aug 
Jan,  Joly 


AprU.  Oat 
Jan,  July 
Mar,  Sept 
Mar,  Sept 
Jan,  July 
April,  Oat 
Jan,  July 
Jane,  Dae 
Jan,  July 
June,  Deo 
Feb,  Aug 
Jan,  July 
Feb,  Ang 
Feb,  Aug 
Jan,  Joly 

Mar,  Aug 
Jan,  Joly 
March  .. 
March  .. 
Jan,  July 
Feb,  Aug 
Feb,  Ang 
Jan,  July 
Fab  .... 
Aprils... 


Feb,  Aog 
April,  Oat  I 
April,  Ojt 
!  April,  Oct 
April,  Oat 
Mar.Sspt  . 
Jan,  Jaly 

'  Jan,  Jaly 
I  April.... 
Jaa,  July 
April,  Oil 
Jaa,  Joly 
Feb,  Aog  I 

Fab,'Al» 
Jaue,  Oil 
Fab.Aa; 
April,  Oat 
Mty,  Nor 
Fab,  Aii 
Fab,  Aui 
Feb  .... 
Jan,  July 
Jan,  July 
April,  0:t 
April,  Oat 
i  Fob,  Au^ 
Feb,  Aug 
Fob,  An- 
Feb,  Aug 
Feb,  Aug 
May,  No' 
Feb,  Aaj 
Feb,  .\a,{ 
Feb,  Aaj 
Feb,  Aij 
Jan,  July 
Mar,  Sapi 
April,  Oai 
Mar,  Sap: 
Mar,  Sap: 
Jaa,  July 
Mar,  Sai>t 
J.a,Jaiy 
Feb,  Ai.^ 
Jaa,Jaly 
Fab,  Aug 
Fab,  Auj  I 
Jaa,  July 
Jaa.  July  I 
Jan,  July 
Fab,  Aui. 


100) 


102    lo;) 


U     lojl 


9)1 


-A 


SJ       81 


April..  . 
Feb,  Aug  I 
Jaa,  July 
Feb,  Aug 
Feb,  Aug 
Fob,  Aug 
Feb,  Aug 
Feb,  Aug 
Jan,  J  oly 


SM 


St     lly       Do.    8j  pett.>ut.  Ua06atuie^ioi)»_^..^ — . TTZ^iuhMinoi  tat  redsmpUon 


Bx  Diridend, 
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EL.ECTItICA.L.    COIMPAIVIES'    S[IA.R,E    LIST Continued. 


Dm- 1 

DBn> 


Prloe 

Wed.. 

Jnoe  Ifi. 


Last 
Din 

DERD 


ELECTRIC  RAIIWATS  A  TRAMWAYS-  Co/>(/i>i/ei/.    £ 

Met.  Rly.  Sj  pM  Cent.  "  A  '  D<h.  Stock  \  iS  —94       S  1 

M>Toi>.litiin  District  EailwavOrd 17  — 17J  . 

Do.     Eitetision  Pref.  (6  percent.)  4U  -4« 

Do.     Assented  Est.  Pref.  (Int.  Gu«r.  h? 

Und.  Elec.  BIts.  Co.  of  London,  Ltd.)!  e«  -70    |  f 

Do.     S  per  Cent.  Conaoltd.  Bent-charce 


JftD,  Jnly 
Feb,  Aug 
Feb,  Aug 

Feb,  Ang 
Jan,  July 


Do.     4  per  Cent.  Midland  Rent-charge:   M3  — l(i6  |  S  15    6     j,„,  Jniy     105j 


0« 

0  7J 
4X 
6Z 


Do.     Gn«r.  Slock  4  per  Cent.. 

Do.     e  jwr  Cent.  Pfrp.  Deb.  Stock  ....    !  l4l  — 143 

Do.     4  per  Cent  Ditto '  96—97 

New  Gen.  Tract.  6  per  Cent.  Cum.  Pr»t  J-}       i 

Potteries  Electric  Traction  Ord.  A")'. 

Co.    6  per  Cent.  Cnm.  Pref.  4-} 

Do.     H  per  Cent.  Deb.  Stock  f  6  — ^9 

S.  Met.  Elec.  Trams.  4  Ltg.  6^  Cm.Pi^'f.  !-8 

Do.     4  per  Cent.  Deb.  Stock "2  —78 

Snnderland  Dist.Elec.Tnn«.6*l"tMt.Db.  84—68     j 

UnderedE.Eys.Lon.6"  In.bdfi.withcoup.?  38-40 


l/4il 
2/4 1 
0/7J 
6/0 


!^  *kx 


6t,   ix 


f^- 


S/0   , 
6%    I 
0/7i 
2/0 
0/7i 

<4/'. 

1/6 
2/6 
«% 
6X 


4JZ 


Do.  5t  Prior  Lien  Bonds 
Do.    •)*>  Ponds  will,  coui>  3 
Yorkshire  {W3.)  Elec.  TramB.'Ord;'.~'.' 

Do.    6  per  Cent.  Cum.  Pref.   

Do.     4  i  per  Cent.  1st  Debs " 

ELECTRIC  MANUFACTURINC,  Ac. 

Aron  Electricitv  Meter  Ord. 

Do.     BJJCtim.  Pf.   _ 

Babcock&  WilcoiOrd.  ' 

Do.    Pref. 

British  Insulated  k  Helsbj  Cables  Ord. 

8/0        Do.    6  per  Cent.  Pref. 

lU        Do.    4J  percent,  let  Mort.  Deb.  (red.) 
i\X      British  Thomsn-Honsfn  HX  1st  Mt.Db. 

Britieh  Weslinghouse  6  per  Cent.  Pref... 

Do-    6  per  Ceot.  Prior  lieu  Dbs<rd.) 

Do.    4  per  Cent.  Mort.  Deb.  Stockj 

B:ashE.Eng.Co.4j%Perp.  letDeb.Stook 

Do.     Perpetual  2nd  Deb.  Stock 

lO'Ot    Callenders  Cable  Con.  Ord. 

2/6        Do.    6  per  Cent.  Cnm.  Pref.  

HX       Jo.     4jper  Cent.  Ist  Mort  Debs,  (red.) 

1,0       Castner-Kellner  Alkali  Co 

415:       Do.    4J  per  Cent.  Ist  Mort.  Deb.  (red.) 

0,7}     Chadburn's  (Ship)  Telegraph  Ord.    

0/7i       Do.    6  per  Cent.  Cnm.  Pref.  

0/8;     Consolidated  Electrical  Co 

1/0      Consolidated  Signal  Co 

0/7iS       Do.    6  per  Cent.  Cum.  Pref.  

•Crompton  4  Co.  (Nos.  1  to  86,000)  

Do.    6per  Cent,  let  Mort.  Debs.  (red.). 

Davis  A  Timmins 

Dick,  Kerr  &  (^.  Ord 

Do.     6  per  Cent.  Cum.  Pref. 

Do.    4j  per  Cent.  Deb.  Stock   

Edison  Ji  Swan  United  ("A"Sh.)(£Snd.) 

Do.    (£6  paid)    

Do.     4  per  Cent.  Mort.  Deb.  Stock  (rd. ) 

Do.    6  per  Cent.  2nd  Deb.  Stock 

Edmundeons  Elec.  Cbrp.  Ord. 

Do.    6  per  Cent.  Cnm.  Pref  

Do.    4)  per  cent.  Ist  Mort.  Deb.  (red.) 

Electric  Construction  Co 

2/9;      Dc.    V  per  Cent.  Cnm.  Pref.  

*X        Do.     4  per  Cent.  Perp.  1st  Mort.  Debs. 
6/0      General  Electric  (1900)  6%  Cum.  Pret... 

4%         Do.    4perCent.  1ft  Mort.  Debs I     Sj"— IS 

10/3     Henley's  Telegraph  Works  Ord. lli-lvS 

2/3         Do      4J  per  Cent.  Pref.   |       5  _f; 

thX       Do.    4J  per  Cent,  lit  Mort.  Deb.  Stock)  104 '—lu6 
16/0      -    -      -    '         ~        -         -      —  - 


4-1 

21-3 
£6— DO 

U-{5 

4ja-iS! 

ei-fj 

106  —108 
91  — 9« 


29  —83 

H  -10} 

6t-6i 

106  -lu7 

i5;-iii 

101!  — 10") 

1  -u 
iS-1.'. 


1-li 

94  —9/ 

1-14, 

1,^—1 

101   —104 

1-4 


«0  — »3 

ij-t3 


Bt.   41Z      I. 


India  EuElier,  Gut.  Per.,  4c.,Wrke. 

Do.     6pcrCfnt.Cum.  Prof 

Do.    4  percent.  Debs,  (red.) 

>'ational  Elec.  Construction  (jo 

Bichardsons,  Westgarth  i  Co.,  Ltd.  Ord, 
6  per  Cent.  Cum.  Pref. 


24/0 
4Z 
1/0 
0/« 
iX 

«x 

44Z 
67. 
8' 
I/u 
3/0 


6% 
16/n 
3(  0 


6/0 
44% 
4/0 

HX 

(bio 
17,6" 
*X 

tie 
*x 
*x 


144-lfi 

ICj-ll 

9<»  —101 

i-J 

ji-n 

ta  —60 

6  —51 

82i-34 

111  —103 

^4-2,1, 

li'.-l's 


Do.     6  per  Cent.  Cum.  Pref.  . 
Telegraph  Construction  4  Maintenanc 

L;..    4  per  Cent   Deb.  Bonds  (1909)    ... 
VuKcrs,  SonsAMaiim,  Ltd.Ord 

Do.     6  per  Cent.  non. Cum,  Preference 

Do.    6  per  Cent.  non-Cum.  Preferred  I 

Do.    4  per  Cent.  Ist  Mort.  Db.8k.(red)l  loi  — li3  ]  3  17 

Do.    41  per  Cent.  2nd  Mort.  Deb.  (red.)  li2J-1041|4    6 

Do.    6  percent.  3rd  Mort.  Debs  Scrip.  :  1(  41 -1(6*    4  14 

J.O.WhiteACo.fiiCm.Pref. ...  'I   - 

WUIins  &  Kobmson  Ord 

Do.    6  per  Cent.  Cum.  Pref.  „... 

Do     4  per  Cent.  1st  Mort.  Debs. 

TELEGRAPHS. 

Amazon  lelegraph 23— 3^             — 

Do.     6  per  Cent.  Debs,  (red.)  "                   -     _     - 

ADglo-Amencan  „ 

Do.    Preferred   I     69— liO 

Do.    Deferred    16  —151 

Commercial  Cable  4  per  Cent.  Deb.Stk.  goi-921 

Cuba  Submarine  Ord ^l|— ^A 

Do.     Preference  10  per  Cent 17  —1» 

Direct  Spanish  Ord 2}- 3| 
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[NOTES. 

The  Municipal  Electrical  Association. 

There  can  be  no  doubt  that  such  au  engineering  meeting 
as  that  held  in  Manchester  during  the  present  week  is 
potential  of  a  great  deal  of  good.  Those  who  listen  to  the 
Papers,  and  even  those  who  read  them,  learn  much  ; 
those  who  discuss  them  still  more,  and  those  who  ponder 
them  over  and  put  the  suggestions  into  practice  in  their 
own  stations,  perhaps  learn  most  of  all.  There  is  plenty  to 
think  about  this  year.  By  immemorial  custom  the  presi- 
dential address  is  immune  from  discussion,  but  had  it  been 
open  to  debate  then  in  all  probability  the  remainder 
of  the  week's  meeting  would  have  been  devoted  to  it, 
unless  the  closure  diad  been  applied  with  a  rigour  more 
fiimiliar  in  another  assembly. 

jNIi!.  Peakce's  address  is  given  on  another  page  of  this 
issue,  so  that  details  as  to  its  contents  are  unnecessary  liere, 
but  we  may  be  permitted  to  congratulate  him  on  the 
breadth  of  view  shown  and  range  of  subjects  dealt  with. 
It  certainly  provider  food  for  reflection,  as  well  as  discus- 
sion, though  the  experience  obtained  at  Manchester  may 
not  always  be  directly  applicable  to  a  smaller  undertaking. 
The  view  Mr.  Pearce  takes  as  regards  contributions  from 


the  profits  of  a  municipal  trading  undertaking  to  the 
relief  of  rates  is  the  same  as  tliat  so  often  expressed  by 
ourselves ;  and  in  spite  of  the  fact  that  Aid.  Holt 
advanced  very  plausible  arguments  on  the  other  side,  we 
agree  that  increased  contributions  in  relief  of  rates  "  should 
be  resisted  as  detrimental  to  the  best  interests  of  trading 
concerns."  Again,  if  municipalities  are  to  be  traders  they 
should  be  treated  as  such,  and  should  not  be  made  to  dis- 
close preferential  terms  granted  to  large  users.  If  the 
ratepayers  are  dissatisfied  with  the  state  of  things,  they 
have  their  remedy — every  year  or  every  three  years.  It 
may  be  conceded  that,  in  general,  municipal  officials  have 
the  welfare  of  the  public  at  heart,  and  any  undue  in(|uiry 
into  ways  and  means  is  to  be  discouraged. 


The  Paper  by  Councillor  Sixclaik  on  "Cheap  Units" 
had  one  attribute  of  a  good  Paper  ;  it  provoked  a  hearty, 
though  sometimes  rather  long-winded,  discussion.  Some 
speakers  agreed  with  the  Author,  some  did  not,  and  we 
leave  our  readers  to  determine  for  themselves  in  our  next 
issue  the  relative  merits  of  each  argument  advanced.  It 
was,  however,  disappointing  to  notice  that  many  engineers 
who  really  deal  in  clieap  units,  like  Mr.  Day,  of  Bolton, 
Mr.  Seabrook,  of  West  Ham,  and  even  Mr.  Pearce  himself 
did  not  take  part  in  the  discussion.  Perhaps  their  methods 
do  not  include,  or  need,  such  complications  as  "  chopping 
off  peaks  "  and  "  come-on  discounts."  The  net  result,  as  far 
as  can  be  seen,  left  everybody  where  they  were  at  the 
start,  each  being  convinced  that  his  methods  were  right 
— perhaps  they  are  for  the  particular  problem  to  be  solved. 


At  the  Liverpool  meeting  on  Wednesday,  Mv.  Ho.mh.ky's 
Paper  on  the  "  Influence  of  j\Ietallic  Filament  Lamps"  gave 
rise  to  an  interesting  discussion,  if  discussion  it  could  be 
called.  It  consisted  mainly  of  various  councillors  and  engi- 
neers bringing  forward  details  of  the  results  obtained  with 
metal  lamps  as  regards  life,  reduction  of  load,  &c.,  in  their 
districts,  or  of  the  results  that  they  hot)ed  would  be  obtained 
in  the  future.  Mr.  Feuden  was  decidedly  pessimistic,  and 
thought  tliat  the  worst  was  yet  to  come,  though  Councillor 
Dykes  considered  the  "rot"  might  be  stopped  if  dealt 
with  in  the  pioper  way.  I'rom  such  a  variety  of  facts  it  is 
difficult  to  draw  anything  like  a  general  conclusion  on 
the  whole  question.  Local  conditions  are  practically  the 
greatest  deternn'ning  factors,  and  what  applies  in  Sheffield 
need  not,  and  in  fact  will  not.  apply  in  Beckonham.  The 
same  remark  as  to  a  detailing  of  local  conditions  applies 
to  the  discussion  on  Mr.  IIoi.lingsworth's  Paper. 
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We  take  this  opportunity  of  congratulating  jNIr.  S.  L. 
Peabce  on  his  admirable  conduct  of  the  arduous  duties  of 
chairman.  His  task  has  been  no  easy  one.  owing  to  the  large 
number  of  speakers  in  waiting  and  the  short  time  available, 
but  he  has  come  through  the  ordeal  with  great  and  eveu 
enhanced  credit.  "Would  that  all  chairmen  displayed  the 
same  discrimination  as  he  has  done. 


Small   Power  Stations. 

From  time  to  time  we  have  drawn  attention  to  the 
desirability  of  small  towns  obtaining  a  supply  of  electrical 
energy,  as  far  as  possible,  from  existing  power  companies 
or  large  municipal  undertakings  in  the  neighbourhood,  and 
we  are  pleased  to  see  that  the  idea  of  co-operation  is  also 
endorsed  by  Jlr.  S.  L.  Pearce  in  his  presidential  address  to 
the  Incorporated  Municipal  Electrical  Association.  If 
desii-ed,  the  smaller  undertakings  can,  of  course,  purchase 
the  electrical  energy  "  in  bulk  "  and  act  as  distributors, 
whilst  obtaining  the  benefit  of  the  economical  generation 
of  current  by  the  larger  undertakings.  Although  there  is 
a  growing  tendency  to  proceed  on  these  lines,  and  for 
co-operation  between  neighbouring  undertakings,  there  are 
many  cases  where  small  towns  are  far  removed  from  the 
field  of  operation  of  a  power  company  or  of  a  large  electric 
supply  authority.  Chichester  may  be  cited  as  a  case  in 
point.  In  the  past  many  such  towns  similarly  situated, 
after  obtaining  provisional  orders,  have  hesitated  to  proceed 
with  an  electric  supply  scheme.  In  other  countries,  often 
well  provided  with  water  power,  and  always  permitting 
less  onerous  conditions,  the  financial  difficulties  in  giving 
a  supply  of  electricity  are  not  so  great,  with  the  result  that 
a  large  number  of  small  power  supply  stations  have  been 
constructed.  The  Diesel  oil  engine,  however,  appears  to 
prove  a  convenient  prime  mover  for  isolated  situations  in 
this  country,  and,  if  we  may  judge  by  the  results  achieved 
at  Leatherhead,  there  is  no  doubt  that  it  is  also  a  very 
economical  source  of  power.  This  point — the  diminution 
of  works  costs — is  extremely  important  in  small  under- 
takings, and  too  much  attention  cannot  be  paid  to  the  use 
of  oil  and  gas  plant  under  such  conditions.  The  most  recent 
station  to  be  equipped  witli  plant  of  this  type  is  that  at 
Chichester,  a  short  account  of  which  will  be  found  elsewhere 
in  this  issue,  and  if  the  results  expected  are  obtained  in 
actual  practice,  there  is  little  doubt  that  greater  develop- 
ments may  be  looked  for  in  the  equipment  of  small  stations 
in  this  country. 

The  "  G.B. '  System.  " 

In  \dew  of  the  great  interest  which  has  of  late  been 
taken  in  the  "  G.B."  system  of  electric  traction,  the  ac- 
counts of  the  Lincoln  Corporation  tramways  undertaking 
and  the  annual  report  of  Mr.  S.  Cle(;g,  city  electrical  and 
tramways  engineer,  for  the  year  ended  March  31st  last,  are 
of  importance  at  the  present  time.  It  appears  that  the 
working  expenses  for  the  year  amounted  to  5-60d.  per  car- 
mile,  a  considerable  reduction  on  the  figure  of  6"10d. 
recorded  a  year  ago ;  but  perhaps  the  most  interesting 
feature  is  the  reduction  in  repairs  and  maintenance  from 
l-25d.  to  l-12d.  per  car-mile.  Of  the  sum  of  £731  appear- 
ing under  this  heading,  £522  is  allocated  to  cars — i.e.,  a 
saving  of  nearly  £G0,  compared  with  the  previous  year,  not- 
withstanding an  increase  of  7  per  cent,  in  the  number  of  car- 


miles  run.  Most  interest,  however,  will  be  taken  in  the 
coet  of  repairs  to  the  electrical  equipment  of  the  line,  and 
at  first  sight  the  increase  from  £75  last  year  to  £148  in  the 
present  accounts  appears  unfavourable,  when  it  is  remem- 
bered that  the  "  G.B."  Company  guaranteed  the  annual 
cost  of  upkeep  not  to  exceed  £90.  The  engineer  explains 
in  his  report,  however,  that  the  latter  figure  has  really  not 
been  exceeded,  since  the  amount  stated  in  the  accoimts 
contains  the  cost  of  alterations  at  a  railway  crossing,  also 
a  sum  of  £15  for  improvements,  which  will  give  the  parts 
affected  longer  life,  and  of  £16  for  maintaining  feeder 
cables,  cleaning  feeder  access  boxes,  conduits,  &c.  The  net 
result  is  that  only  £82  is  chargeable  to  the  direct  upkeep 
of  the  "  G.B."  system ;  but  this  seems  to  leave  little 
margin  over  the  guaranteed  figure,  considering  that  the 
guarantee  applied  to  the  first  10  years'  operation  of  the 
system.  On  the  other  hand,  it  is  explained  that  several 
special  repairs  have  been  carried  out  which  are  not  lilcely 
to  occur  again  in  the  near  future,  whilst  the  stud  heads 
throughout  the  track  have  been  packed  up,  so  that  it  is 
expected  the  estimated  five  years'  life  will  be  realised. 
In  view  of  the  number  of  unforseen  repairs  necessitated 
in  the  past,  the  future  operation  of  the  system  will  be 
watched  with  interest,  but  it  must  be  admitted  that  the 
jiresent  repairs  and  maintenance  expenses  are  considerably 
higher  than  those  of  the  majority  of  tramway  undertakings, 
although  the  total  working  costs  are  considerably  below  the 
averay:e. 


Electrical  Signalling. — It  is  stated  that  the  two  existing  signal 
cabins  at  London-roail  station,  Manchester,  are  to  be  replaced 
by  one  large  electrical  cabin.  The  alteration  will  be  made  in 
connection  with  an  important  extension  scheme  being  carried 
out  by  the  London  &  North-Western  Railway  Co. 

Personal. — Mr.  'James  Graves,  who  has  been  for  43  years 
superintendent  of  the  Valentia  station  of  the  Anglo-American 
Telegraph  Co.,  has,  to  the  great  regret  of  his  directors,  retired 
upon  pension.  Mr.  Graves  has  been  led  to  take  this  step  owing 
to  ill  health  since  February  last,  and  on  the  urgent  advice  of 
his  son,  Dr.  Walter  J.  Graves,  of  Boston,  Mass.,  who  came  to 
Valentia  to  attend  him.  Mr.  Graves  lias  so  far  recovered  as  to 
be  able  to  take  an  occa.sional  drive.  His  manj'  friends  will  wish 
him  a  speedy  return  to  good  health  and  long  years  of  well- 
earned  rest. 

Mr.  H.  D.  Wilkinson. — Our  readers  will  sympathise  with 
Mr.  H.  D.  Wilkinson  in  the  great  bereavement  which  has 
overtaken  him  by  the  death  of  his  .sister,  Miss  Florence  Wil- 
kinson, .and  his  cousin,  Miss  Emily  Wilkinson,  in  the  boating 
disaster  which  occurred  on  the  Lake  of  Killarney  on  Wednes- 
day afternoon,  by  which  nine  lives  were  lost.  Miss  Florence 
Wilkinson  had  bioken  down  in  health,  and  was  seeking  resti- 
tution from  a  visit  to  this  charming  resort.  Mr.  Wilkinson, 
who  was  greatly  distressed  at  the  sad  news,  has  j)roceeded  to 
Killarne3^ 

Royal  Society. — Among  the  Papers  read  at  the  meeting  held 
yesterday  afternoon  were  the  following  :  "  The  Effect  of  a 
Magnetic  Field  on  the  Electrical  Conductivity  of  Flame,"  by 
Prof.  H.  A.  Wilson,  F.U.S.  ;  "  The  Electrical  lieactions  of 
certain  Bacteria,  and  an  Application  in  the  Detection  of 
Tubercle  Bacilli  in  Urine  by  moans  of  an  Electric  Current," 
by  Mr.  C.  Iluss  ;  "  Sensitive  Micro-Balances,  and  a  New 
Method  of  weighing  Minute  (.^tuantities,"  by  Messrs.  B.  D. 
Steele  and  Kerr  Grant ;  and  "  The  Polarisation  of  Secondary 
7-Eays,"  by  Dr.  It.  D.  Klccman. 

Cable  Interruptions.  Date  of  Interruption. 

Dukiir— Conakry    May  13,  1909 

TunKier— (.'iifliz May  19,  1909 

Cayenne— Siilinas June  7,  1909 

Paramaribo— Cayenne June  8,  1909 

Tourane— Araoy    Junel7,  1909 

Trinidad — Demerara    June21,  1909 
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Tramways  and  Light  Railways  Association. — -The  "  Official 
Circular  "  for  Juue  announces  the  formatiou  of  a  special  com- 
mittee to  examine  suitable  speed  indicators  and  to  report 
thereon,  and  a  translation  is  given  of  the  Paper  on  rail  cor- 
rugation read  by  the  chief  engineer  of  the  Great  Berlin  Tram- 
ways before  the  International  Tramway  Congress,  held  at 
Munich  last  September,  together  with  other  matters  bearing 
on  the  same  subject.  A  list  is  also  given  of  the  applications 
for  light  railways  made  during  Maj',  1909. 

The  Value  of  Radium. — It  is  stated  that  the  British  Metal- 
liferous Mines  (Ltd.)  have  agreed  to  supply  7i  grammes  of 
pure  radium  bromide  to  Lord  Iveagh  and  Sir  Ernest  Cassel  for 
presentation  to  the  Kadium  Institute.  The  radium  is  to  be 
obtained  from  Cornish  pitchblende,  and  the  value  is  given  as 
£4  per  milligramme — i.e.,  £114,000  per  ounce.  Additional 
interest  is  attached  to  the  gift  on  account  of  the  large  amount 
of  radium  to  be  obtained,  which  is  many  times  greater  than 
any  previous  order. 

Royal  Society  of  Arts. — The  Albert  Medal  of  the  society 
has  been  awarded  for  the  current  year  to  Sir  Andrew  Noble, 
F.R.S.,  for  his  researches  in  connection  with  explosives. 

The  Council  have  awarded  the  Society's  silver  medal  to  the 
following  readers,  among  others,  of  Papers  during  the  session, 
1908-9  ;  ^Ir.  G.  Albert  Smith,  ■'  Kinematography  in  Natural 
Colours  "  :  Mr.  Walter  Eosenhaiu,  "  The  Application  of  the 
Microscope  to  the  Stud}^  of  Metals  "  :  and  Herr  Sam  Eyde, 
"  The  JManufacture  of  Nitrates  from  the  Atmosphere  by  the 
Electric  Arc." 

Large  Canadian  Water-power  Scheme. — A  company  has 
been  formed  for  utilising  the  falls  of  the  St.  John  River,  at 
Grand  Falls,  New  Brtuiswick,  in  the  generation  of  electrical 
energy  for  power.  It  is  proposed  to  erect  a  power  station  at 
Grand  Falls  of  60,000  kw.  capacity,  whence  the  power  will  be 
transmitted  to  St.  John,  Fredericton,  and  other  points  in  New 
Brunswick  and  the  State  of  Maine.  It  is  probable  that  jiart  of 
the  power  ma_y  be  used  for  tlie  electric  operation  uf  the  Grand 
Trunk  Pacific  Railway,  now  in  course  of  construction  between 
Quebec  and  Moncton.  Mr.  H.  F.  Parshall,  who  has  been  re- 
tained to  report  on  the  project,  is  now  on  his  way  to  New 
Brunswick,  and  Mr.  E.  Parry,  who  has  been  associated  with 
Mr.  Parshall  for  many  j-ears,  is  accomi)anying  him. 

Merchant  Venturers'  College. — Under  the  terms  of  the 
charter,  the  faculty  of  engineering  of  the  University  of  Bristol 
will  be  provided  and  maintained  by  the  Society  of  Merchant 
Venturers  in  their  technical  college.  The  principal  of  that 
college  (Prof.  d.  Wertheimer,  B.Sc,  B.A.)  will  be  ex-officio 
dean  of  the  faculty  and  will  also  hold  the  post  of  professor  of 
applied  chemistry  in  the  University,  while  the  following 
professors  in  the  college  will  hold  corresponding  posts  in  the 
tfniversity  ;  viz.,  Prof.  J.  Munro,  A.R.C.S.,  professor  of 
mechanical  engineering ;  Prof.  E.  S.  Boulton,  M.A..  B.Sc., 
professor  of  applied  mathematics;  Prof.  D.  Robertson,  B.Sc, 
professor  of  electrical  engineering ;  and  Prof.  W.  Morgan, 
B.Sc,  professor  of  motor  car  engineering.  Mr.  F.  R.  B. 
Watson,  B.Sc,  will  hold  the  post  of  lecturer  in  mechanical 
engineering,  and  Mr.  H.  A.  M.  Borland,  A.R.C.S.,  that  of 
lecturer  on  applied  chemistry. 

Institution  of  Electrical  Engineers.— Full  particulars  of  the 
forthcoming  students'  tour  to  Germany  have  now  been  issued. 
The  party  will  leave  London  by  the  8:30  p.m.  service  from 
Liverpool-street  on  Friday,  July  9th,  and  travel  to  Berlin, 
arriving  on  Saturday  evening,  .July  10th.  Sunday  is  to  be 
spent  in  Berlin.  On  Mondaj',  July  l"2th,  the  various  works 
of  the  Allgemeine  Elektrieitiits  Gesellscbaft  will  be  visited,  and 
Tuesday  morning  is  also  to  be  devoted  to  the  turbine  shops  of 
that  firm,  whilst  iu  the  afternoon  a  visit  will  be  paid  to  the 
electrical  engineering  department  of  the  Koniglicbe  Tochnische 
Hoihschule,  Charlottonburg.  On  Wednesday  the  works  of 
Messrs.  Siemens-Schuckert  and  of  Messrs.  Dr.  Cassirer  &,  Co. 
will  he  inspected,  whilst  the  programme  for  Thursday  includes 
visits  to  the  Reichsanstalt  and  to  the  works  of  Messrs.  Berg- 
mann  &  Co.  The  party  will  leave  Berlin  on  Friday  morning 
for  Cologne  (the  arrangements  for  Saturday  in  that  city  are 
not  yet  completed)  and  will  start  the  return  journey  on  Satur- 
day evening,  arri\ing  in  London  about  8  a.m.  on  Sunday, 
July  18th,  but  the  tickets  will  allow  members  to  prolong  their 


visit,  if  desired.  A  circular  will  be  issued  a  few  days  before 
the  visit  giving  the  final  arrangements. 

Obituary. — With  deep  regret  we  learn  of  the  unexpected 
death  of  Mr.  Alfred  Charles  Monkhouse  Weaver,  a  member  of 
the  electrical  staff  of  the  Eastern  Extension  Telegraph  Co.  at 
Singajiore,  who  was  home  on  leave,  and  appeared  to  be  in  the 
best  of  health  only  a  few  days  ago.  Mr.  Weaver  early  last 
week  was  attacked  with  acute  appendicitis,  underwent  an 
operation  at  St.  Thomas's  Home,  Westminster,  and  was  appa- 
rently making  satisfactory  progress.  A  relapse,  however, 
occurred  on  Monday,  and  Mr.  Weaver  passed  away  on  that 
day,  to  the  great  regret  of  a  very  large  circle  of  friends  in  the 
telegraph  world  both  at  home  and  abroad.  Mr.  Weaver  re- 
ceived his  early  training  at  Messrs.  Siemens  Brothers'  works  at 
Woolwich,  and  joined  the  Eastern  Extension  Company's  ser- 
vice at  Singapore  in  1880,  on  the  electrical  staff  at  the  cable 
depot.  At  the  time  of  his  <leath  he  was  assistant  manager  of  the 
company's  cable  depot  at  Singapore.  He  was  an  able  electrician, 
and  had  carried  out  many  important  cable-laying  operations 
during  his  long  service  with  the  company.  By  his  death  submarine 
telegraphy  loses  a  keen  and  competent  electrician,  the  Eastern 
Extension  Company  a  valuable  officer,  and  the  staff  of  the  com- 
pany a  kind  and  genial  comrade.  Mr.  Weaver  was  in  his 
forty-eighth  year.  The  funeral  will  take  place  to-day  (Friday) 
at  Brompton  Cemetery,  London,  S.W.,  at  12:30  a.m. 

The  death  occurred  a  few  days  ago  of  one  of  the 
few  remaining  veterans  of  the  early  telegraph  service,  Mr. 
George  Frederick  Deacon,  of  IG,  (ireat  George-street,  West- 
minster, and  Coombe  Wood,  Addington.  Mr.  Deacon  was 
born  in  18-13  at  Bridgwater,  was  educated  at  Heversham  and 
Glasgow  University,  and  in  18G."i  accompanied  the  Atlantic 
Telegraph  Expedition  on  the  "Great  E.istern  "  as  assistant 
to  Lord  Kelvin.  In  1897  he  was  jiresident  of  the  mechanical 
science  section  of  the  British  Association  meeting  at  Toronto. 
He  held  the  Telford,  the  Watt,  and  the  George  Stephenson 
medals  of  the  Institution  of  Civil  Engineers,  and  was  a  writer 
on  man}'  scientific  and  engineering  subjects. 


ARRANGEMENTS  FOR  THE  WEEK 


PRIDAY,  June  25th  (to  day). 

In'Corvorated  MiNirip.M,  Ei.Ectrh  ai.  Association. 

10:30  a.m.     Annual  General  Meeting  at  the  Municipal   School  of 
Technology,  Whitworth-.street,  Manchester. 

X  p.m.     Luncheon  at  the  Midland  Hotel,  Manchester. 

J:oO  p.m.  Visit  to  the  Salford  Electricity  Works  at  Frederick 
road,  Pendleton. 

Physical  Society. 

■5  p.m.  Meeting  at  the  Imperial  College  of  Science,  Imperial 
Institute-road,  South  Kensington.  Agenda :  (1)  "  A  Tran- 
sition Point  in  Zinc  Amalgam,"  by  Prof.  Carhart ;  (,2)  "  A 
Method  of  producing  an  intense  Cadmium  Spectrum,  with  a 
proposal  for  the  use  of  Mercury  and  Cadmium  as  Standards 
in  Eefractometry,  "  by  Dr.  T.  M.  Lowry,  F.C.S.  ;  (3)  "On 
the  Measurement  of  Wave-length  for  High  Frequency  Elec- 
trical Oscillations,"  by  Mr.  A.  Campbell,  B.A.  :  (4;  "An  Elec- 
tromagnetic Method  "of  studying  the  Theory  of  and  solving 
Algebraical  Equations  of  any  Degree,"  by  Dr.  A.  Russell  and 
Mr.  .J.  N.  Alty  ;  (5)  "  The  Sine  Condition  in  relation  to  the 
Coma  of  Optical  Systems,"  by  Mr.  S.  D.  Chalmers  ;  (6)  •'  Exlii- 
bition  of  a  New  Fery  Thermoelectric  Calorimeter,"  by  Dr. 
C.  V.  Drysdale :  (7)  "An  Instrument  for  measuring  the 
Strength  of  an  Intense  Horizontal  Jla^netic  Field,"  by  Mr. 
F.  W.  .Jordan,  B.Sc.  ;  (8)  "On  a  Method  of  determinnig  the 
Sensibility  of  a  Balance,"  bv  Prof.  Poynting,  F.R.S.,  and 
Mr.  G.  W!  Todd,  M.Sc.  ;  and  (9)  "  The  Balance  as  a  Sensitive 
Barometer,"  by  Mr.  Q.  W.  Todd,  M.Sc. 
SATURDAY,  June  26tli. 

Instititiox  of  MiNiNo  Elkitricai,  Engineers. 

4~  p.m.  Meeting  in  the  Lecture  Theatre,  North  of  England  Insti- 
tute of  Miningand  Mechanical  Engineers,  Newcastleon-Tyne, 
to  nominate  officers  for  representotion  on  the  General  com- 
mittee. A  report  of  the  progress  of  the  institution  will  also 
be  presented. 
TUESDAY,  June  29tll. 

Faraday  Society. 

7:4.;  p.m.  Annual  General  Meeting  at  the  Institution  of  Electrical 
Engineers,  92,  \"iotoria-street.  S  W.  To  be  followed  at 
.s\l.-,p.m.  by  an  Ordinarv  Meeting,  when  the  following  Papers 
will  be  read  :  "  Researches  on  the  Kolative  Kjites  of  Migra- 
tion of  Ions  in  Aqueous  Solution,  '  by  Mr.  R.  B.  Denison, 
D.Sc,  Ph.D.  :  "  Apimratus  for  the  Rjipid  Electro-analvtical 
SejKuation  of  Metals,"  by  Jlr.  H.  J.  S.  Sand.  Ph.D.,  D.Sc.  : 
and  "  The  Conditions  wfiicli  determine  the  Composition  of 
Electro-deposited  Alloys,"  by  Mr.  S.  Field,  A.R.C.S. 
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THE  INFLUENCE  OF  METALLIC  FILAMENT  LAMPS 
ON  THE  ELECTRICAL  INDUSTRY  AND  ON  STREET 
LIGHTING." 

BY    E.    E.    HOADI.KY. 
(CUief  Electrical  EQ^acer,  Maidstone.) 

f  Hinnmart/. — The  author  regards  the  advent  of  the  metal  lamp  as  a 
bles'iing.  though  possibly  in  disguise  for  a  time,  even  to  the  average 
altemating-eurrent  station,  and  is  of  opinion  that  electrie  heating  and 
cooking,  rather  than  the  raising  of  prices,  should  be  looked  to  as  a  remedy 
for  any  drop  in  revenue.  In  order  to  benefit  by  the  new  lamps  to  the 
utmost,  however,  undertakings  sliould  have  the  power  to  raise  money 
for  wiring  and  for  letting  a])paratus  on  hire.  Interesting  figures  are 
given  showing  the  excellent  results  achieved  by  metal  lamps  in  street 
lighting. 


This  Paper  may  be  divided  into  two  main  divisions,  the  first  being 
the  effect  of  the  metal  lamp  on  the  manufacturing  and  selling 
branches  of  the  industry,  and  the  second  its  effect  on  the  supply 
station  branch  :  the  first  part  of  the  subject  being  treated  very 
briefly.  From  the  point  of  view  of  most  manufacturers  of  generat- 
ing plant  the  metal  lamp  is  anything  but  a  blessing,  since  it  will 
keep  the  peak  load  in  a  generating  station  from  rising  at  anytliing 
like  its  normal  rate  for  a  year  or  two  to  come,  and  in  many  cases 
will  actually  reduce  it ;  and  it  is  the  peak  load  which  determines 
whether  extension  plant  is  wanted  or  not.  Cable  makers,  however, 
may  not  be  so  unfortunate.  On  the  manufacturing  side,  the  reapers 
of  the  harvest  brought  about  by  metal  laJnps  will  be  first  and  fore- 
most the  lamp  makers  themselves  ;  and  next,  the  accessory  makers. 
Although  not  directly  affected  by  the  lamp  per  se.  the  author  has 
very  little  doubt  but  that  the  makers  of  motors  and  of  cooking  and 
heating  apparatus  will  be  beneficially  affected  by  its  introduction. 
The  wiring  contractor  should,  and  the  author  think  does,  reap  a 
decided  l)enefit  from  its  introduction. 

Xow  as  to  the  point  of  view  of  the  sujjply  station  engineer ;  here, 
again,  there  is  a  multiplicity  of  standpoints.  It  is  practically 
impossible  to  take  a  single  example,  ajid.  after  exhaustively  study- 
ing the  facts  presented,  to  lay  down  general  rules  or  to  make  general 
deductions.  The  result  of  the  introduction  of  the  metal  lamp  varies 
according  to  whether  the  station  supplies  alternating  or  continuous 
currept,  whether  the  output  is  solely  for  lighting,  or  is  made  up  of 
-.•p^er.  lighting  and  traction  ;  and  if  the  supply  is  practically  a 
^  lifting  supply  whether  that  supply  has  a  large  proportion  of  sho]) 
lig1i|j^g.  or  is  to  a'great  extent  residential.  Taking  the  case  of  the 
alfcrnating-current  stations  first,  these  may  be  roughly  divided 
into  two  classes — those  stations  in  manufacturing  districts  supply- 
ing two  or  three-phase  current  and  having  a  large  proportion  of 
their  output  used  for  power  ;  and  the  single-phase  stations,  most  of 
them  of  somewhat  ancient  date  and  generally  supplying  an  area  in 
which  the  demand  is  chiefly  for  the  lighting  of  residential  property. 

Considering  the  latter  ca.se  first,  as  it  is  undoubtedly  these  stations 
which  will  feel  the  pinch  first  and  will  feel  it  hardest.  Generally 
the  property  they  supply  is  of  the  better  class  ;  houses  whose  owners 
will  face  the  outlay  demanded  by  a  transformer  and  metal  lamps 
with  equanimity.  In  most  cases  the  hou.ses  supplied  are  sufficiently 
well  lighted  already,  and  the  same  amount  of  light  for  a  greatly 
reduced  amount  of  money  «ill  be  obtained.  In  most  of  the  towns 
in  question  gas  is  not  [jarticularly  cheap,  so  that  a  large  proportion 
of  the  available  houses  already  take  a  suj)|ily  ;  thus,  purely  for 
the  lighting  supply,  it  is  doubtful  if  new  consumers  will  come  along 
fast  enough  to  tak»  all  the  units  that  existing  consumers  will  save. 
Kven  if  tiiey  do.  it  means  that  the  capital  charges  per  unit  sold  will 
be  increa.sed,  as  although  the  generating  plant  will  not  need  addition, 
yet  new  mains  and  services  must  be  provided,  and  in  such  residential 
towns  these  are  generally  an  expensive  item  per  consumer,  and  with 
the  poor  load  facti^r  generally  prevalent,  capital  outlay  should  be 
kept  as  low  as  possible.  To  stations  of  this  class  it  niust  be  con- 
fessed that  the  outlook  is  not  particularly  rosy  for  the  next  few- 
years,  and  it  can  hardly  V)e  wondered  at  that  several  are  considering 
the  raising  of  prices.  In  some  special  cases  this  may  be  the  right 
policy,  but  the  author  is  of  opinion  that  what  may  be  called  the 
domestic  uses  of  electrical  energy  should  be  pushed  as  widely  and  as 
hard  as  jjossible — heating  and  cooking  in  the  better  class  houses  are 
not  exploited  nearly  as  much  as  they  should  be. 

Where  an  alternating-current  station  has  the  benefit  of  a  good 
shop  lighting  hiad  and  at  the  same  time  supplies  a  fair  amount  of 
power  the  metal  lamj)  should  be  looked  on  as  a  blessing  in  disguise, 
for  a  short  jjeriod  if  you  will,  but  still  as  a  blessing,  for  the  amount 
of  harm  done  to  the  revenue  account  now  will  be  amply  repaid  later 
on. 
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Most  engineers  of  continuous-cm-rent  stations,  particularly  o£ 
those  where  the  pressure  is  200  volts  or  over,  look  with  distinct 
favour  on  the  lamp,  but  even  they  must  look  fm'ther  tluan  some  of 
them  have  done  up  to  the  present,  namely,  to  the  time  when  a  lamp 
of  16  c.p.,  or  even  smaller,  can  be  obtained  for  all  pressures  com- 
monly in  use,  and  at  a  price  which  will  be  but  little  in  advance  of 
the  selling  price  of  the  ordinary  carbon  filament  lamp.  It  is  all  a 
question  of  supply  and  demand — a  parallel  case  can  be  cited  in  the 
case  of  the  gas  mantle. 

To  get  the  utmost  good  from  the  metal  lamps  it  is  practically 
certain  that   most  central  stations  owned  by  municipalities  must 
have  legal  rights  and  privileges  which  they  do  not  at  present  possess. 
In  the  opinion  of  the  author  the  first  and  foremost  necessity  is  that 
municipal  bodies  generally  should  have  the  power  to  rai.se  money  |i 
for  the  purposes  of  wiring  houses  and  other  premises,  and  for  letting  ,; 
out  cooking  and  heating  apparatus  as  well  as  motors  on  hire  and  ;1 
hire  purchase.     This  raises  points  of  a  controversial  nature  as  to  the  \i 
rights  of  private  traders  and  municipal  interference,  but  surely  if  J 
this  matter  is  looked  at  in  the  right  light  it  is  the  contractor  as  well  ll 
as  the  supply  authority  who  is  going  to  reaj)  the  benefit.     JMost  li 
municipal  bodies  would  be  quite  satisfied  if  the  powers  were  granted   i 
ivith  the  proviso  that  the  wiring  work  should  be  done  by  contractors  ;   | 
with  regard  to  cooking  and  heating  apparatus  how  many  contractors  ,i 
could  truthfully  say  that  an  appreciable  source  of  income  will  be   \ 
taken  from  them  if  the  supply  authority  is  allowed  to  hire  heating   i 
stoves,  ovens,  and  things  of  like  nature,  it  being  understood  that 
the  wiring  for  these  is  done  by  a  contractor.     In  this  connection,  if 
it  be  good  law  for  some  44  towns  to  possess  these  powers,  then  how 
stupid  and  how  typical  of  British  legislation  it  is  for  the  rest  to  be 
denied  them  unless  they  go  to  the  expense  of  a  s])ecial  act ;   further, 
if  it  be  fair  and  just  for  the  gas  companies  themselves  to  do  all  these 
things  and  many  others  besides,  is  it  more  unfair  to  the  electrical 
contractors  than  to  gas  fitters,  that  electricity  supply  authorities 
should  possess  equal  or  similar  powers.     In  the  author's  opinion, 
the  gas  companies  are  to  be  congratulated  for  doing  everything 
themselves,  for  who  is  more  interested  in  seeing  that  the  consumer 
is  satisfied  than  the  supi)lier  of  the  commodity — electrical  engineers 
have  too  long  been  content  to  sell  the  consumer  electricity  whereas 
it  is  light  or  heat  that  he  buys,  and  it  is  vital  to  the  interest  ot  tlie 
supply  authority  to  see  that  he  is  satisfied  with  the  amount  of  heat 
or  light  that  he  gets  for  the  monej'  he  paj'S.     But  how  can  this  lie 
done  when  the  supply  authority  is  bound  down  by  silly  restrictions 
and  is  spied  upon  at  every  step  by  the  officials  of  the  local  gas  ccmi- 
pany  to  see  that  these  restrictions  are  not  broken.     A  determined 
effort  should  be  made  to  get  these  necessary  power? — necessary  at 
least  to  all  supply  authorities  excejit  those  in  our  large  manufacturing 
towns  where  the  connecting  up  of  consumers  of  a  quarter  or  halt  a 
million  units  annually  excites  no  comment. 

Xe.xt  to  the  above  comes  the  necessity  for  cheaper  wiring.  A 
large  number  t)f  systems  of  cheap  wiring  are  now  in  course  of  evolu- 
tion and  the  success  already  obtained  with  some  of  them  has  pro- 
voked the  ire  and  the  pens  of  interested  parties.  The  author  can 
state  from  his  own  experience  that  the  Continental  system  of  flexibles 
on  special  insulators  requires  a  lot  of  beating — among  other  places, 
he  has  tried  it  in  the  dam|)  warm  atmosphere  of  a  conservatory  for 
18  months  without  the  slightest  trouble.  With  cheap  wiring,  the 
necessary  ])owers  to  hire  out  cooking  and  heating  apparatus,  wiring 
and  fittings,  and  the  im|iroveraents  in  cooking  and  heating  apparatus 
wliich  are  bound  to  come  with  extended  experience,  most  central 
stations  should  be  able  to  look  on  the  metal  lamji  as  an  ally  and  not 
as  an  enemy.  To  the  above  advantages  should  be  added  the  very 
important  fact  of  a  large  reduction  in  the  selling  price  of  the  lamp. 

Provided  it  can  be  arranged  that  centra!  stations  can  obtain  the 
advantages  set  out  above,  viz..  extended  powers,  cheaper  wiring  and 
cheaper  lam|»,  it  is  the  author's  opinion  that  a  new  era  of  prosperity 
for  the  greater  part  of  the  electrical  industry  will  begin,  and  in  the 
meantime  su[>ply  engineers  should  do  their  utmost  to  counteract 
any  disadvantage  there  may  be  in  a  falling  revenue  from  purely 
lighting  consumers,  by  pu.shing  into  prominence  the  many  other 
uses  of  electrical  energy,  some  of  which  have  up  to  the  present  been 
seriously  neglected. 

In  the  field  of  public  street  lighting  the  importance  of  the  new 
invention  cannot  be  over-estimated  ;  uji  to  the  present  its  full  effect 
has  not  been  considered,  and  the  author  feels  sure  that  when  engi- 
neers and  committees  responsible  for  the  lighting  of  streets  have 
fully  realised  the  possibilities  of  a  lamj)  with  an  efficiency  of  approxi- 
mately I  watt  per  candlc-])ower.  that  can  be  obtained  in  single  units 
giving  candle-powers  ranging  from  HO  to  1,000,  there  will  be  many 
schemes  of  street  lighting  by  arc  lamps  and  by  incandescent  gas  that 
will  be  altered  and  modernised.  Up  to  the  jjresent  most  streets 
lighted  by  incandescent  gas  at  ordinary  pressures,  in  towns  where 
electric  light  mains  are  laid,  are  so  lighted  chicHy  on  the  score  of 
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cheapness,  the  supporters  of  gas  lighting  claiming  tl\at  electric  light 
was  beaten  in  the  competition,  as  the  light  given  by  carbon  or  other 
lamps  available  up  till  recently  was  not  equal  to  the  light  of  an 
ordinary  gas  mantle  ;  while  for  many  streets  the  cost  of  arc  lighting, 
even  with  the  lam])s  spaced  as  far  apart  as  possible,  was  prohibitive. 
Whatever  truth  there  was  in  these  statements  then  has  considerably 
altered  now,  for  an  ordinary  60-watt  metal  lamji  without  any 
reflector  will,  from  the  point  of  view  of  the  ordinary  public,  produce 
the  same  results  as  a  good  gas  mantle  in  the  heyday  of  its  youth. 
while  with  reflectors  the  effect  can  be  considerably  increased.  The 
other  advantages,  from  an  electrical  point  of  view,  are  that  no  special 
mains  are  necessary,  with  the  same  fitting  different  candle-power 
lamps  graded  according  to  the  importance  of  the  streets  can  be 
employed,  lamjis  that  fail  can  be  renewed  at  any  time  without 
trouble,  tlie  candle-power  of  the  lamp  does  not  appreciably  diminish 
with  age.  and  last,  but  not  least,  the  average  life  of  the  lamjjs  is  a 
revelation.  In  the  author's  own  experience,  some  18  months  has 
given  an  average  life  of.  very  nearly  1,100  hours,  individual  lamps 
lasting  6.750,  5.450  and  5,044  hours  on  a  circuit  at  230  volts  where 
a  large  and  fluctuating  power  demand  does  not  make  for  a  particu- 
larly steady  volt  chart. 

In  conclusion,  the  author  would  urge  all  station  engineers  to  unite 
in  trj-ing  to  obtain  what  he  considers  the  necessary  powers  to  enable 
them"  to  utilise  to  the  full  the  immense  power  put  into  their  hands 
by  this  epoch-marking  invention,  and  by  themselves  getting  into 
personal  contact  with  their  consumers,  putting  before  them  the 
great  advantages  of  more  light  for  the  same  money  instead  of  the 
same  light  for  less  money. 

{.-Vn  abstract  of  the  discussion  appears  on  p.  433^ 


MODERN  CABLE  SYSTEMS.* 

BY   E,    M.    HOLLINGSWORTH. 
(Chief  Electrical  Ensineer,  St.  Helens.) 

Summnrj/.— Aluminium  cables  are  first  discussed ;  the  author  then 
proceeds  to  consider  the  properties  of  various  insulating  materials  for 
underground  cables.  He  finally  describes  the  methods  of  laying 
cables,  giving  his  experience  and  opinion  of  the  different  systems. 


Aluminium. — For  overhead  transmission  lines  aluminium  has  been 
used  for  many  years  with  satisfactory  results ;  it  is  also  being  used 
for  'bus  bars,  lightning  arresters,  fuse  strips,  &c.,  but  until  quite 
recently  it  had  not  been  tried  for  the  conductors  of  insulated  cables. 
t!ompared  with  copper  conductors  of  equal  conductivity,  aluminium 
conductors  are  50  per  cent,  lighter  in  weight,  and  "28  per  cent,  gi'eater 
in  diameter.  Bevond  a  probable  saving  in  carriage  the  reduced 
weight  does  not  aH'ect  the  question  of  insulated  cables,  that  is.  with 
oopper  and  aluminium  at  present  prices.  In  the  matter  of  increased 
diameter  the  advantage  of  a  gi'eater  cooling  surface  is  obtained,  but 
against  this  there  is  the  extra  insulating  and  sheathing  materials 
required,  and  the  necessity  of  using  troughs  or  conduits  of  larger 
size.  From  the  experience  obtained  with  overhead  conductors,  the 
behaviour  of  the  metal  is  such  that  it  should  be  quite  as  reliable  as 
copper  for  the  conductors  of  insulated  cables,  provided,  of  course, 
tiiat  the  insulating  materials  are  free  from  any  matter  that  might 
eause  deleterious  action. 

There  is  some  little  difficulty  in  the  matter  of  jointing  and  making 
Connections  to  the  conductors.  So  far  a  satisfactory  solder  has  not 
been  produced,  and.  therefore,  the  joints  have  to  be  made  by  means 
Other  than  those  usually  employed  for  copper  conductors.  For 
cables  of  large  section  liable  to  be  .subjected  to  considerable  strain 
the  mechanical  joint  is  the  most  satisfactory,  and  for  this  purpose 
clamps  of  aluminium  should  be  used  in  preference  to  those  of  brass 
or  copper  in  order  to  prevent  oxidisation.  For  cables  of  small 
section  the  joints  can  be  made  on  the  moulded  principle,  molten 
aluminium  heated  to  a  dull  red  being  poured  into  an  iron  mould,  in 
which  the  cable  ends  have  been  clamped.  In  any  case  it  is  very 
probable  that  the  joints  will  require  more  skill  and  will  take  longer 
to  make  than  in  the  case  of  copper,  and  will,  therefore,  be  somewhat 
more  expensive. 

With  copper  at  the  price  of  £60  per  ton  and  aluminium  at  £05  per 
top.  there  is  an  advantage  in  favour  of  the  latter  for  single-core 
cables  above  the  equivalent  of  005  sq.  in.  of  copper.  Taking  cables 
having  the  equivalent  of  01  sq.  in.,  0-2  sq,  in.  and  1  sq.  in.  copper 
conductors,  there  is  a  saving  of  15.  20.  and  30  per  cent,  respectively. 
With  triple  concentric  and  three-core  cables  the  ditTerence  is  less. 

Rubber  Insulation. — For  imderground  work.  rubU-r-insulated 
cables  have  almost  entirely  dropped  out  of  use.  chiefly  owing  to  the 

*  Abstract  of  a  Paper  read  before  the  Incorporated  Municipal  Elec- 
trical Association  on  Wednesday. 


fact  that  they  are  considerably  more  costly  than  \Tilcanised  bitumen 
or  paper-insulate<l  cables,  and  that  they  have  not  proved  per- 
manently satisfactory.  .\Ir.  Highfield  informs  the  author,  how- 
ever, that  the  Metropolitan  KIcctrie  Supply  Co.  has  some  rubber 
cables  working  at  3.000  volts  which  have  been  in  u.se  for  over  18 
years,  but  this  is  a  very  exceptional  case. 

Vulcanised  Bitumen  In.iulati»n.—¥oi  medium  pressure  systems 
vulcanised  bitumen  cables  are  used  instead  of  rubber  cables  for  the 
reason  that  they  are  considerably  less  costly  and  have  more  lasting 
qualities.  Compared  with  paper  insulation,  %-ulcanised  bitumen 
claims  the  advantage  of  being  absolutely  non-hygroscopic,  thereby 
obviating  the  necessity  for  lead  sheathing,  but  too  much  reliability 
must  not  be  put  on  this  material  to  exclude  moisture  permanently, 
for  although  moisture  that  is  neutral,  or  acid,  has  little  or  no  action, 
moistme  that  is  at  all  alkaline  will  attack  this  cable,  and  under 
certain  conditions  rapid  deterioration  takes  place,  the  material 
becoming  a  spongy  mass  and,  of  course,  no  longer  waterproof.  It  is 
certainly  the  best  plan  to  lay  vulcanised  bitumen  cables  under- 
ground on  the  solid  system  to  prevent  as  far  as  possible  contact  with 
deleterious  matter. 

These  cables  are  very  extensively-used  in  collieries  where  the  con- 
ditions generally  are  damp  and  where  in  the  case  of  the  pit  shaft  the 
question  of  weight  is  an  important  factor,  for  a  single-core  vulcanised 
bitumen  cable  of  01  sq.  in.  section  is  only  half  the  weight  of  the 
equivalent  paper-insulated  lead-covered  cable.  Such  cables  should 
be  handled  very  carefully,  more  especially  in  cold  weather,  other- 
wise the  insulation  is  liable  to  crack.  When  laid  on  the  solid  system 
they  should  be  supported  at  distances  short  enough  to  distribute  the 
pressure  and  prevent  possible  decentralisation.  Unfortunately. 
this  class  of  cable  has  to  be  bought  more  or  less  on  faith,  for  it  is  a 
difficult  matter  to  distinguish  between  a  good  and  inferior  caWe, 
and  the  only  test  is  that  of  constant  use  and  time.  Cables  suitable 
for  a  working  pressure  of  600  volts  should  be  tested  at  the  makers 
works  to  at  least  2.500  volts  alternating  current  for  half  an  houj. 
The  insulation  resistance  for  a  01  sq.  in.  and  1  sq.  in.  cable  should 
not  be  less  than  100.  and  50  megohms  per  mile,  respectively.  The 
use  of  a  paper  separator  will  increase  these  figures.  At  60°F.  it 
should  be  possible  to  bend  an  all-bitumen  cable  round  its  own 
diameter  several  times  without  fracturing  the  insulation,  but  if  a 
separator  is  used  the  test  will  be  limited  by  the  material  of  which  the 
separator  is  made. 

Paper  I ti^ulat ion. —For  all  systems  and  pressures  paper  insulation 
is  used,  as  it  possesses  the  advantages  of  high  dielectric  strength, 
greater  durability  and  low  electrostatic  capacity.  For  the  last 
reason  it  is  the  most  suitable  insulation  for  telephone,  telegraph  and 
high-tension  cables.  It  is  strong,  does  not  soften  under  l>''a*-^°'J 
is  not  liable  to  crack,  and  cables  so  insulated  can  be  safely  worked  at 
a  greater  current  density.  The  chief  drawback  to  this  class  of  insu- 
lation is  its  susceptibifitv  to  moisture,  which  necessitates  lead  or 
other  .sheathing  to' render  it'waterproot.  and,  of  course,  the  relial>ility 
of  the  cable  is  dependent'  upon  the  sheathing  remaining  intact. 
Precautions  must  also  be  taken  when  jointing.  The  use  of  the 
proper  quality  of  paper,  its  treatment  and  application  are  of  great 
importance,  for  upon  these  lai;^ch-  depend  the  life  of  the  cable. 

When  lead-covered  calilcs  were  first  introduced  there  were  many 
prophecies  as  to  the  troubles  that  were  likely  to  result  from  the 
action  of  electrolysis,  but  jiractical  exiicrience  has  not  sustained 
these  early  views."  In  the  matter  of  bonding,  the  leads  cannot  l>e 
connected  too  frequently,  and  the  bonds  should  err  on  the  substan- 
tial side  to  ensure  as  low"a  resistance  as  possible.  Whatever  arrange- 
ments are  to  be  made  at  the  joint  and  disconnecting  boxes,  it  is  also 
advisable  to  bond  across  them  as  an  additional  precaution.  Oooa 
sturdy  bonds  of  lead  strip  are  far  superior  to  copper  wire.  lUey 
have  "the  advantage  of  being  of  the  same  metal  as  the  sheathing, 
and.  therefore,  less  skill  is  required  to  make  a  connection  to  ensure 
permanent  contact  w  ithout  injuring  the  cable.  i      i  .   - 

Considerable  discretion  is  necessary  in  the  placing  ot  earth  pl<«e*- 
otherwise  the  dangerous  conditions  may  be  intensified  rather  t nan 
reduced.  Likely  j.laces  are  those  where  the  cables  cross  "»ft>'''  * 
tramway  track  "or  are  laid  in  the  vicinity  of  negative  feeders,  tor  m 
the  I 
posit: 
plate; 
the  conditions  remain  unchanged. 

Systems  of  Lading  Cables.-Thc  "direct"  s>-stem  finds  favour 
whe"re  the  initial  outlay  is  a  consideration  :  and  for  cable.^  placed 
where  there  is  little  daug.r  of  mechanical  injury,  and  when-  tlu  «>ii 
is  of  a  sandy  nature  and  free  from  acids  and  '^''P'"""  ""''*; ^•'^ 
system  is  very  suitable.  In  one  or  two  towns  Pl«>"  '''«^:^;;  "^^ 
cables  are  laid  in  the  ground  and  protected  with  creosoted  »ai'Hi  or 
tiles,  but  with  these  exceptions  all  the  cables  hud  ^"'eot  «re -umoured 
with  steel  tape  or  galvanised  iron  wires  "  " 


rack  or  are  laid  in  tiie  yieumv  oi  ■■<,!;...."  -y  "  ,  >_ 
the  majority  of  such  cases  the  lead  sheaths  will  ]>e  touud  to  l>e 
positive  to  the  track.  It  is  advisable  to  keep  a  record  ot  all  the  earUi 
plates,  and  they  should  be  tested  as  frequently  as  possible  to  see  that 


I 


Where  space  is  limited. 
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or  ■where  many  underground  structures  such  as  cellars,  drains.  &c., 
are  encountered,  armoured  cables  laid  direct  have  obviously  an 
advantage  over  any  otlicr  system.  Their  flexibility  can  also  be 
taken  advantage  of  in  laying  cables  in  localities  where  the  ground  is 
likely  to  settle.  Although  comparatively  httle  of  this  cable  is  in  use 
at  St.  Helens,  it  has  given  more  trouble  than  all  the  rest  of  the  net- 
work. For  one  reason  the  soil,  being  inii)regnated  with  acids, 
quickly  rotted  away  the  jute  covering,  and  in  places  the  armouring 
entirely  di-sappeared.  In  nearly  every  case  the  faults  occurred  in 
single-core  cables,  the  triple  concentric  cables  giving  little  or  no 
trouble.  It  must  be  admitted  that  10  or  11  years  ago  the  manu- 
facturer did  not  pay  that  attention  to  the  armouring  of  tlie  cable 
that  it  is  receiving  at  the  present  day.  and  probably  the  importance 
of  bonding  and  earthing  the  lead  sheatliing  and  the  armouring  was 
not  then  realised. 

The  "  solid  ""  svstcm  is  very  little  more  expensive  and  is  almost  as 
flexible  as  regards  laying  as  the  direct  system,  and  cables  laid  in  this 
wav  are  better  protected  from  external  influences  than  when  laid  in 
any  other  wav.  Stoneware  troughs  appear  to  have  superseded  to  a 
great  extent  those  of  wood  or  iron  ;  for  one  reason  they  are  as  cheap 
as  wood,  considerably  cheaix-r  than  iron,  more  diu'able,  and  if  pro- 
perly glazed  inside  and  outside,  proof  against  chemical  action. 
They  have,  however,  the  disadvantage  of  being  only  about  2  ft. 
long,  which  of  course  means  an  increase  in  the  number  of  joints  in  a 
given  length.  Butt-jointed  troughs  should  not  be  used.  For 
bitumen  cables  bitumen  filling  is  used,  but,  comparatively  speaking, 
very  little  bitumen  is  now  used  with  lead-covered  cables,  good  pitch 
reduced  by  a  suitable  oil  being  found  satisfactory  and  very  much 
cheaper.  Pitch  has  also  the  advantage  of  a  lower  melting  point 
than  bitumen  and  does  not  require  the  same  care  in  filling,  and  in 
the  case  of  a  fracture  there  is  a  better  chance  of  it  healing  again. 
To  reduce  the  cost  still  further,  some  engineers  use  a  mixture  of 
sand  and  tar.  but  as  this  requires  to  be  kept  in  a  constant  state  of 
agitation,  and  even  then  does  not  flow  as  freely  as  pitch,  there  is 
some  risk  attached  to  its  use.  The  minimum  thickness  of  filling 
should  not  be  less  than  i  in.,  and  to  ensure  an  even  thickness  the 
bridge  pieces  should  be  placed  at  suitable  intervals,  usually  IS  in. 
apart,  but  never  exceeding  2  ft.,  depending  upon  the  size  and  weight 
of  the  cable.  It  is  absolutely  necessary  that  bridge  pieces  should 
not  be  porous.  There  is  very  little  to  choose  between  the  properlj' 
compounded  wood  pieces  and  those  made  of  glazed  stoneware. 
Asphalt  pieces  are  probably  the  best,  but  are  considerablj'  more 
costly.  Another  support  which  is  being  used  very  extensively  is  the 
"  Ruthven  3iurray  "  iron  strap,  the  use  of  which  ensures  the  filling 
getting  all  round  the  cable,  but  it  is  of  importance  that  the  iron  strap 
and  lead  sheathing  should  be  in  clean  contact,  otherwise  local 
electrolytic  action  may  be  set  up. 

When  cables  are  laid  through  a  busy  thoroughfare,  or  where  a 
great  many  of  them  are  banked  together,  the  system  in  which  they 
are  drawn  into  conduits  or  pipes  is  the  only  one  suitable.  This 
system  is  the  most  costly  in  the  first  instance,  but  it  provides  for 
future  extensions,  and  it  admits  of  the  cables  being  got  at  in  case  of 
breakdown  without  disturbing  the  street  and  interfering  with  the 
traffic.  Unfortunately,  in  practice  it  is  not  possible  to  lay  conduits 
through  a  street  for  any  great  distance  and  maintain  a  straight 
course,  and.  therefore,  on  this  account  many  manholes  are  required 
which  considerably  iidds  to  the  cost.  There  is  also  the  question  of 
keeping  the  conduit  dry  and  free  from  gas,  a  very  difficult  matter, 
but  one  that  is  met  to  some  extent  by  sloping  the  conduit,  and  drain- 
ing and  ventilating  the  manholes.  Some  engineers,  where  possible, 
construct  conduits  of  greater  height  than  width,  thus  having  the 
fewer  ways,  which  will  be  the  wet  ways,  at  the  bottom. 

Of  the  various  materials  employed  in  the  construction  of  conduits, 
cast  iron,  fibre,  and  glazed  stoneware  are  in  most  common  use,  and 
many  engineers  have  decided  in  favour  of  the  latter  in  one  form  or 
another.  A  conduit  constructed  of  cast-iron  pipes  gives  good 
mechanical  protection,  and  compared  with  stoneware  has  the  advan- 
tage of  fewer  joints,  but  it  is  more  expensive  and  does  not  give  that 
secondary  insulation,  which  is  a  great  advantage  in  some  cases.  On 
several  occasions  the  author  has  found  it  impossible  to  draw  out  of  a 
cast-iron  pipe  a  length  of  cable  that  had  failed.  Ai)parently  the 
lead  of  the  cable  had  soldered  itself  to  the  pi|)e.  The  author  under- 
stands that  fibre  ducts  treated  with  bituminous  compound  are  satis- 
factory when  laid  in  concrete,  and  cheaper  than  iron  pi])es.  It  is 
claimed  that  they  are  proof  against  acids  and  alkalis,  and  that  they 
do  not  absorb  moisture  to  any  extent.  Where  a  great  many  ways 
are  required  one  good  methftd  is  to  build  up  in  concrete  w-ith  single 
duets  the  number  of  ways  required,  care  l>eing  taken  to  prevent  tlic 
cement  at  the  joints  from  entering  the  ducts.  This  type,  jirovidcd 
not  less  than  nine  ways  are  installed,  rei)re8cnts  the  cheapest  form  of 
conduit.  It  is  the  practice  of  some  engineers  to  cover  the  cables 
Irom  side  to  side  of  the  manholes  with  asbestos  braid  and  then  to 
coat  them  over  with  a  8{>ecial  paint.     The  large-sized  covered  cables 


that  are  drawn  into  conduits  shoukl  not  be  jute  covered,  as  there  is 
a  tendency  for  the  covering  to  be  torn  off  and  to  jamb  the  cable, 
but  in  the  case  of  small  service  cables  where  the  lead  is  comparatively 
very  thin  a  jute  covering  is  necessary  for  mechanical  protection. 

Subways. — Extensions  are  likely  to  be  a  very  difficult  problem  in 
connection  with  some  streets  where  the  underground  structures  arc 
already  very  much  congested.  For  this  reason  the  author  thinks 
that  subways  are  likely  to  be  more  generally  adopted  in  the  future, 
and  he  gives  a  short  description  of  the  one  in  use  in  St.  Helens. 
This  is  down  the  two  principal  thoroughfares  and  is  6  ft.  6  in.  high, 
and  5  ft.  6  in.  wide,  nearly  half  a  mile  in  length,  with  an  entrance  at 
each  end  and  one  midway,  and  with  lateral  ways  at  the  intersections 
of  the  other  streets.  With  the  exception  of  a  41  in.  ring  of  blue 
bricks  forming  the  inner  arch,  it  is  constructed  entirely  of  concrete. 
The  cost,  including  the  lateral  ways,  was  £7  per  linear  yard,  and  the 
electricity  department's  share  of  the  capital  and  maintenance 
charges  is  £90  per  annum.  The  caljles  are  supported  on  strong 
racks,  and  the  average  cost,  including  the  racks  and  the  jilacing  of 
the  cables  is  about  lid.  per  yard  of  cable.  The  feeders  and  dis- 
tributors are  connected  to  distribution  boards  placed  in  a  chamber 
at  the  centre  entrance  to  the  subway. 

Overhead  Conductors. — X  brief  descrij)tion  is  given  of  the  system 
that  has  been  in  use  in  connection  with  the  St.  Helens  Corporation 
scheme  since  1902.  By  means  i>f  overhead  conductors  a  supply  of 
energy  at  500  volts  direct  current,  with  one  side  earthed,  is  given  to 
several  glass  works  and  collieries  situated  within  a  radius  of  two 
miles  from  the  power  station,  but  separated  by  rough  ground  im- 
pregnated in  places  with  chemical  waste.  For  this  reason  it  was 
quite  out  of  the  question  to  lay  cables  underground,  and  the  Board 
of  Trade  being  convinced  of  this  consented  to  the  conductors  being 
placed  overhead.  Details  of  the  construction  are  given  in  the 
Paper.  The  cost  of  the  work,  exclusive  of  the  conductors,  was  £220 
per  mile,  and  for  each  pair  of  conductors  erected  must  be  added  £170 
per  mile.  If  copper  conductors  were  replaced  by  aluminium  at 
present  prices  the  cost  would  be  for  each  pair  of  conductors  £120 
per  mile.  For  comparison  the  cost  of  equivalent  underground 
mains,  i.e.,  two  015  sq.  in.  cables,  laid  solid  in  earthenware  troughs, 
would  be  £800  per  mile. 

In  an  appendix  to  the  Paper  the  author  gives  comparative  costs 
of  various  types  of  cables  and  methods  of  laying  them. 

(An  abstract  of  the  discussion  appears  on  p.  433). 


STEAM  TURBINES.* 

FROM  THE  USERS'  POINT  OF  VIEW. 

BY  A.  S.  BLACKMAN. 
(Borough  Electrical  Engineer  and  Manager,  Sunderland.) 
Sumtnarii. — Tlie  author  first  gives  his  experience  of  the  relative  ad- 
vantages of  the  impulse  and  reaction  types  of  steam  turbines,  and  dis- 
cusses the  most  efficient  combination  of  power  and  speed.  After  dis- 
cussing turbines  v.  reciprocating  englues,  he  passes  on  to  condeiiMflg 
f'Cjuipment  and  exhaust  steam  turbines.  Valuable  information  as  to 
the  reliability  and  cost  of  maintenance  of  turbines,  based  on  experience 
at  Sunderland,  is  also  given  in  the  Paper. 


The  present  situation  of  the  steam  tm'bine  industry  is  a  battle 
for  supremacy  between  the  impulse  and  reaction  types,  and  while 
the  partisans  of  each  type  claim  all  sorts  of  wonderful  advantages, 
yet  the  following  statements  arc  put  forward  as  representing  the 
point  of  view  of  a  user  who  has  studied  the  problem  from  all  sides. 
(1)  All  turbines  must  fulfil  a  certain  law  of  combination  of  blade 
S]ieed  and  number  of  running  rows.  (2)  Steam  expanding  between 
boiler  pressure  and  condenser  must  generate  a  certain  velocity,  and 
this  velocity  must  be  imparted  to  the  revolving  mass  in  small  incre- 
ments as  in  the  Parsons  machine,  entailing  many  rows  of  blades,  or 
in  larger  increments  as  in  the  Zoelly  or  Curtis  macliines,  or  in  one 
increment  as  in  the  Laval.  (3)  The  fewer  the  rows  of  running  blades, 
the  higher  must  be  the  speed  at  which  the  blades  run,  and  conse- 
quently the  higher  the  speed  of  the  steam  imj)inging  on  the  blades. 
(4)  The  impulse  type  turbine  runs  at  a  much  higher  speed  at  blading 
than  the  reaction  type,  and  necessitates  jjarticular  attention  being 
given  to  the  design  of  the  wheels  and  blades,  owing  to  the  greater 
stres.ses  that  prevail.  (5)  The  impulse  type  turbine  lends  itself  to  a 
more  mechanical-looking  construction  than  the  reaction  type.  (6)  The 
reaction  ty|)c.  as  illustrated  by  the  best  Parsons  type,  is  more  eco- 
nomical than  the  impulse  tyi)e.  (7)  For  speeds  of  3,000  revs,  per 
min.  and  below  1 ,000  kw.  the  imj)ulse  type  is  better  than  the  reaction. 
(8)  For  speeds  of  1,500  revs,  per  min.  and  up  to  3,000  kw.  the  re- 
action type  has,  up  to  the  present,  proved  most  satisfactory.  (9) 
For  speeds  of  1,000  and  750  revs,  per  min.,  and  up  to  the  largest 
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sizes  likely  to  be  used,  there  is  absolutely  no  evidence  that  the  im- 
pulse type  can  compete  in  reliability  or  economy  with  the  Parsons 
type. 

Output  and  Speed. — Too  little  attention  is  given  nowadays  to 
selecting  an  efficient  combination  of  power  and  speed.  Take  two 
instances:  (1)  750 kw.  on  50  cycle,  and  (2)  1,500 k\v.  on  40  cycle. 
Firstly,  the  frequency  being  50,  only  two  speeds  can  be  considered, 
viz.,  3,000  revs,  per  min.,  with  a  two-pole  machine,  or  1,500  revs, 
per  min.,  with  a  four-pole  machine.  Many  engineers  have  selected 
the  slower  speed  in  putting  down  their  installations,  but  there  is  no 
argument  in  reason  which  can  be  given  against  the  higher  speed,  as 
the  high  set  speed  will:  (1)  be  more  economical  by  about  10  per 
cent.,  (2)  take  up  less  floor  space,  (3)  be  about  15  per  cent,  cheaper 
in  first  cost.  The  same  remarks  apply  also  to  the  40  cycle  plant. 
A  very  good  rule  to  follow,  and  one  which  should  be  insisted  on, 
is:  Choose  the  size  of  your  unit  to  suit  the  highest  speed  that  the 
frequency  will  allow,  and  here  the  assistance  to  be  obtained  from 
external  fan  cooling  of  the  generator  should  not  be  overlooked,  be- 
cause the  higher  the  speed  at  which  the  set  is  run,  the  greater  the 
benefits  which  will  be  obtained  from  a  turbine  installation.  At  Sun- 
derland we  have  a  1,500  revs,  per  min.  Willans-Dick,  Kerr  combi- 
nation, installed  to  carry  a  load  of  2,000  kw.  continuously,  and 
2,500  kw.  for  two  hours,  and  the  economies  effected  by  this  plant 
have  been  most  pronounced. 

For  direct-current  turbo  sets  the  merits  of  the  tandem  machine 
must  not  be  lost  sight  of.  For  a  given  size  unit  the  advantages 
accruing  from  tandem  machines  are  many,  for  instance:  (1)  By 
putting  in  tandem  generators,  the  speed  of  the  set  can  be  increased 
by  about  75  per  cent,  with  all  the  attendant  advantages,  as  already 
pointed  out.  (2)  The  electrical  portion  being  divided  into  two, 
there  is  only  50  per  cent,  of  the  machine  out  of  commission  should 
troubles  of  any  sort  arise.  The  writer  recently  heard  the  remark  of 
a  well-known  dynamo  designer,  that  if  direct  current  was  wanted 
the  best  way  of  providing  it  was  to  put  down  tm-bo  alternators,  and 
use  motor  generators  for  conversion  to  direct  current,  but  it  is  to  be 
hoped  that  the  serious  commutation  difficulties  of  a  few  years  ago 
are  being  surmounted,  and  in  this  respect  the  radial  brush  gear  of 
the  Westinghouse  Co.  looks  promising  on  ])aper. 

Turbines  r.  Reciprocating  Engines.—  It  is  impossible  to  draw  any  de- 
finite line  of  demarcation  as  to  at  what  size  of  unit  it  becomes  advis- 
able to  adopt  turbines  in  preference  to  reciprocating  engines.  For  in- 
stance, the  temperature  and  quantity  of  circulating  water  affects  the 
situation  very  seriously.  Every  case  calls  for  a  detailed  investigation. 
Tliere  is,  however,  not  the  slightest  doubt  that  with  the  higher 
speeds  at  which  it  is  now  possible  to  run  turbo-generators,  the  pro- 
position of  turbines  versus  engines  will  soon  disappear,  and  it  will  be 
a  ease  of  turbines  only ;  in  fact,  it  is  even  now  difficult  to  prove  a 
case  for  the  reciprocating  engine  under  any  ordinary  conditions. 
The  Brush  Company,  who  have  made  a  speciality  of  small  turbo- 
generator sets,  give  tlie  following  typical  figures  for  "a  300  kw.  plant : 
With  dry  steam  at  160  lb.  per  square  inch  the  reciprocating  engine 
with  2G  in.  vacviimi  takes  241b.  of  steam  per  kilowatt-hour,  whilst 
ilii  turbine  at  28 in.  vacuum  requires  only  221b.  With  steam 
siipcrheated  100  deg.,  these  figures  become  20ilb.  and  19J  lb.  re- 
speetively.  The  capital  cost  of  the  two  plants  complete  with  con- 
den.sei's  is  practically  the  same. 

The  conditions  for  a  turbine  installation  can  be  summed  up  as 
follows:  (1)  1501b.  per  square  inch  steam  pressure  (because  at 
higher  pressm'es  the  volume  becomes  small  and  leakage  percentages 
firo 5  increased,  with  only  a  small  gain  in  B,Th.U.'s  available), 
! -i  150 deg.  superheat  (because  there  is  no  appreciable  gain  in  i^lant 
"\n-all  economy  above  150 deg,  superheat).  (3)  Highest  possible 
speed.  (4)  Best  vacuimi  possible  (because  it  is  the  strongest  feature 
in  turbine  working,  and  it  will  pay  to  maintain  iis  high  a  vacuum 
ax  possible). 

'  niidensing  Equipment — A  vacuum  should  be  selected  with  an 
ri|iiivalent  temperature  about  25  deg.  above  the  available  tempera- 
ture of  circulating  water,  and  should  be  always  maintained.  An  inch 
droji  in  vacuum  will  mean  a  5  per  cent,  rise  in  the  coal  bill.  The 
writer  has  found  a  vacuum  recorder  kept  under  lockand  key,  wortli 
eensideraljly  mora  than  its  weight  in  gold,  and  is  of  opinion  that  the 
field  for  improvement  in  condensing  plant  is  even  greater  than  in 
turbines. 

There  are  three  nuiin  types  of  condensing  plant :  Surface,  low- 
level  jet  and  barometric.  Parsons  augmcnlor  plant  is,  in  the  wTiter's 
opinion,  undoubtedly  the  best  form  of  condensing  plant-  As  a  rule, 
the  capital  cost  of  surface  uondensing  plant  will  be  rather  higher 
than  cither  jet  or  barometric  condensers.  Jet  condensers  require 
ratlier  more  power  than  surface  plants.  On  accovint  of  air 
entrained  with  the  cu'culating  water,  very  complete  air  extracting 
apparatus  is  necessary.  Barometric  condensers  are  very  satisfac- 
tory, provided  every  precaution   is  taken   to   prevent   air   leakage 


and  amjjle  passage  way  is  given  to  steam  and  water.  The  power 
taken  for  pumping  is,  however,  slightly  in  excess  of  other  tj-pes, 
but  from  the  writer's  experience  it  makes  a  very  satisfactory  instal- 
lation. A  great  point  is  the  uniformity  of  the  vacuum  which  can 
be  maintained  owing  to  the  absence  of  cooling  surfaces  which 
become  dirty  and  therefore  inefficient.  It  is  probable  that  this 
type  of  condensing  plant  has  been  kept  back  owing  to  the  fact  that 
when  u.sed  with  reciprocating  engines  the  presence  of  oil  in  the 
exhaust  steam  puts  difficulties  in  the  way  of  using  the  hotwell  water 
for  boiler  feed  purposes.  With  turbines  this  difficulty  has,  of  course, 
disappeared,  and  it  is  possible  that  barometric  condensing  plants 
will  be  more  heard  of  in  future ;  they  are  certainly  more  easy  to 
maintain  at  their  best  than  surface  condensers. 

Reliability. — Sunderland  experience  has  shown  the  Willans-Par- 
sons  turbine  to  be  absolutely  trustworthy.  For  over  16  months 
the  bulk  of  the  work  has  been  done  by  the  2,000  kw.  turbine 
plant  of  this  make,  running  at  1,500  revs,  per  min.,  and  during 
the  year  ended  March  31  last  no  less  than  87  per  cent,  of  the  whole 
output  was  generated  by  this  one  turbine  plant.  Such  dependence 
upon  a  single  unit  calls  for  the  utmost  reliability,  and  after  fairly 
lengthy  experience  of  both  high-speed,  piston  valve  and  slow-speed, 
Corliss  valve  reciprocating  engines,  the  WTiter  trusts  the  turbine  with 
equal  confidence  to  either  of  these  alternatives. 

Maintenance. — The  writer  is  of  opinion  that  maintenance  costs 
on  steam  turbine  plant  (consisting  of  turbine,  alternator  and  con- 
densing plant)  complete  should  not  exceed,  say,  £100  per  armum 
per  10,000,000  units  generated.  As  a  matter  of  fact,  the  main- 
tenance of  the  Sunderland  2,000  kw,  plant  for  the  year  ended  March 
31st  last,  including  opening  the  turbine  twice  to  measure  clearances, 
came  to  less  than  £35.  The  Sunderland  turbine  exhausts  into  a 
barometric  condenser,  and  it  is  probable  that  the  maintenance  costs 
would  be  greater  upon  a  surface  condensing  plant.  As  regards 
wear  upon  the  turbine  itself,  it  appears  to  be  negligible,  and  most 
careful  examination  has  failed  to  reveal  any  signs  of  blade  erosion. 

Exhaust  Steam  Turbines. — The  advantages  of  the  exhaust  steam 
turbine  do  not  appear  to  be  fully  appreciated,  even  at  the  present 
time.  As  compared  with  a  high-pressure  turbine,  an  exhaust  steam 
set  requires  about  double  the  steam,  and  the  gain  due  to  high  vacua 
is  more  than  twice  as  great.  The  machine  can  be  of  robust  con- 
struction owing  to  there  being  no  necessity  for  fine  clearances,  and, 
moreover,  the  temperature  distortions  are  small.  The  impulse  t\-j)e 
can  be  of  very  simple  construction  for  exhaust  steam  working,  but 
does  not,  upon  the  other  hand,  lend  itself  so  well  to  economical 
working  as  the  reaction  type.  Many  present  day  condensing  engine 
plants,  with  a  good  supply  of  cold  water  for  circulating,  could  be  in- 
creased in  output  by  25  per  cent,  without  any  appreciable  extra 
expense,  save  the  capital  cost  of  the  exhaust  tm-bine  installation ;  it 
is,  however,  the  exception  to  find  such  plants  in  electricity  works. 

Costs. — Sunderland  experience  shows  the  cost  of  working  with 
turbine  plant  to  be  much  lower  than  with  reciprocating  engines. 
The  2,000  kw.  set  was  tested  on  setting  to  work,  and  again  on  the 
expii'ation  of  one  year  and  two  months"  work,  during  which  time  the 
plant  rail  over  9,000  hours,  and  generated  over  9.000.0(XI  units.  The 
steam  consumption  on  a  27  J  in.  vacuum  was  1707  lb.  of  steam  per 
unit  on  one  test,  and  17-1  lb.  on  the  other.  As  regards  oil,  which 
was  logged  seiiarately  from  the  otlier  plant,  the  total  cost  for  the 
year  ended  Jlarch  last  was  for  the  turbine  £13.  8s.,  and  for  the  tur- 
bine auxiliaries  £18.  8s.  6d.,  a  total  of  £31,  16s.  6d.,  equivalent  to 
0000953d,  per  unit  generated, 

(An  abstract  of  the  di.scu.ssion  appears  on  p.  434). 


HEATING  OF  UNDERGROUHD  CABLES.* 

BY  J.  R.  iiii'K,  n.sr. 

In  every  cable  used  for  electrical  distribution  some  of  the 
energy  transmitted  is  converted  into  heat,  the  rate  of  con- 
version being  proportional  to  C-R,  where  C  is  the  current 
(.supposed  iiniform)  and  R  is  the  resistance.  This  transmission 
loss  is  to  some  extent  unavoidable,  but  it  must  be  kept  within 
definite  limits  for  several  reasons. 

In  the  first  phice,  the  resistance  of  the  cable  increases  with 
the  rise  in  temperature— Oi  per  cent,  for  TC,  or  10  per  cent, 
foi  a  total  rise  of  25X^,  The  drop  in  pressure  is  affected  m  the 
same  proportion,  and  in  the  case  of  a  25  deg.  rise,  with  a  cable 
closelv  calculated  for  the  current  it  had  to  carry,  the  current 
density  might  possibly  have  to  be  diminished  merely  to  ob\nate 
this  additional  drop,  apart  from  any  other  consideration. 

'Copyriijkf.  AH  rights  of  reproduotiou  are  reserved.  From  a  forth. 
coming  book  by  Messrs,  J.  R,  Uick  and  F.Fernie. 
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For  a  cable  working  at  a  liigli  load  factor  the  extra  loss  of 
energy  due  to  the  enhanced  resistance  from  heating  can  scarcely 
be  neglected.  With  ordinary  types  of  underground  mains  the 
efiect  of  heating  on  the  regulation  or  the  economy  is  of  less 
importance  than  the  physical  result*  it  may  produce  on  the 
insulating  covering.  Most  of  the  impregnating  liquids  for 
fibre  or  paper  cables  will  begin  to  vaporise  in  air  at  100^0.  At 
lower  temperatures  the  tendency  to  vaporisation  would  be 
much  smaller,  but  it  is  highly  prol)al(le  that  any  re-actions 
taking  place  at  the  higher  temperature  would  tend  to  be  pro- 
duced, although  in  a  corresponding  less  degree.  Where  vul- 
canised bitumen  is  used  as  the  dielectric  the  temperature  must 
be  limited  with  special  reference  to  the  tendency  of  the  con- 
ductor to  decentralise  when  hot.  and  for  this  reason  the  per- 
missible current-densities  for  this  class  of  cable  are  less  than 
the  usual  values. 

The  great  engineering  desideratum  with  buried  cables  is 
that  thev  should  refjuire  a  minimum  of  maintenance,  and  that 
they  should  never  be  run  under  conditions  that  would  cause 
any  shortening  of  their  useful  life  of  30  or  40  years.  The 
greatest  ctirrent  density  that  can  be  permitted  in  a  buried  cable 
depends  entirely  on  the  maximum  temperature  which  the  in- 
sidation  can  safely  stand.  The  rise  of  temperature,  in  its  turn, 
is  dependent  on  several  factors  in  addition  to  the  quantity  of 
heat  produced  per  unit  length,  chief  among  which  are  the  fol- 
lowing : — 

1.  The  character  of  the  load,  whether  of  long  or  short  dura- 
tion and  of  constant  or  variable  value. 


80       100      120      HO       160      ISO      200 
Amperes 


2.  The  depth  of  trench  in  which  the  cable  is  laid  and  the 
character  of  the  soil,  whether  wet  or  dry. 

.3.  The  size  of  the  conductors  carrying  the  current. 

4.  Tlie  method  of  laying,  whether  in  ducts  or  diiect  in  the 
ground,  singly  or  several  cables  bunched  in  the  same  trench. 

In  a  cable  carrying  a  steady  current  the  final  temperature 
is  only  attained  after  .several  hours,  the  exact  period  depend- 
ing on  the  conductivity  for  heat  of  the  soil,  its  specific  heat  and 
the  temperature  at  the  surface  of  the  ground.  The  relation 
between  the  rise  in  temperature  ai  d  the  current  is  indicated 
in  Fig.  1.  When  the  values  of  the  temperature  with  respect 
to  time  are  plotted  in  a  curve  its  form  resembles  that  of  the 
successive  readings  at  short  intervals  of  a  Wright  demand 
indicator  under  a  constant  current,  until  they  become  asymp- 
totic to  the  final  value. 

The  physical  reason  is  the  .lanie  in  both  cases.  In  Fig.  2  the 
"time  lag"  is  illustrated  graphically  (curve  A)  for  a  single 
armoured  cable  laid  direct  in  the  ground,  and  also  the  effect 
produced  by  bunching  the  cables.  Curve  B  refers  to  a  group 
of  nine  cables  of  the  same  cross-section  as  the  single  one,  and 
each  carrying  the  same  constant  current.  The  temperature 
in  the  latter  ca.se  rises  more  quickly  and  ultimately  attains 
a  higher  value.  From  the.se  curves  it  is  apparent  how  im- 
portant it  is  to  know  how  the  cable  is  laid. 


The  character  of  the  soil,  except  for  the  amoimt  of  moisture 
it  contains,  does  not  affect  materially  the  curve  of  tempera- 
tures. In  perfectly  dry  earth  the  final  temperature  of  a  cable 
is  found  to  be  about  10  per  cent,  higher  than  that  of  another 
tested  under  the  same  conditions  but  with  20  per  cent,  of  mois- 
ture in  the  soil.  As  it  is  but  rarely  that  cables  are  laid  in  ground 
devoid  of  moisture,  the  effect  produced  by  its  varying  amount 
can  be  safely  neglected. 

The  phy.sical  law  of  the  flow  of  heat  from  the  cable  into  the 
ground  is  analogous  to  th.at  of  the  potential  gradient  in  the 
insulation  of  a  cable,  and  can  be  expressed  by  a  similar  loga- 
rithmic formula.  If  the  temperature  at  the  surface  is  con- 
sidered as  zero,  the  flow  of  heat  at  any  point  upwards  from  the 
cable  will  obey  the  heat  analogue  of  Ohm's  law — C  =  V/R. 

The  corresponding  quantities  to  C,  V  and  R  are  :  C  =  quan- 
tity of  heat  flowing  at  any  point,  and,  therefore,  =C-R  for 

unit  length  of  the  cable  at  its  surface=--- ,  ■¥=  temperature, 

KS 
t  and  R  =  reciprocal  of  heat  conductivity  or  heat  resistance. 
This  quantity  diminishes  as  the  distance  from  the  cable  in- 
creases. 

If  X  is  the  depth  measured  from  the  zero  surface  the  formula 
becomes 

-5!  =  1         L 
KS    A  *  log  a;' 
where  A  is  a  constant. 

This  formula  is  of  great  use  in  co-ordinating  the  experiments 
on  which  all  the  tables  of  permissible  current-densities  are 
based,  and  also  in  the  interpolation  of  intermediate  values  not 
given  in  the  tables. 

If  it  should  for  any  reason  appear  desirable  to  work  at  a 
different  temperature  to  that  of  the  table  the  formula  readily 


enables  the  result  of  the  change  to  be  calculated.  When  the 
concentric  "  zero  "  surface  is  assumed  to  pass  through  that 
of  the  ground 


log 


,      21 
=  log^, 


where  I  is  the  depth  of  the  trench  and  d  is  the  diameter  of  the 

cable.     It  is  found,  however,  that  this  assumption  does  not 

harmonise  with  ^  the  experimental  results  so  closely  as  that 

4Z 
expressed  by  the  equation  log  x=    .     The  reason  of  this  is 

not  far  to  seek,  for  the  heat  produced  in  the  cable  cannot  re- 
main in  the  ground,  but  must  ultimately  be  radiated  into  space. 
Consequently,  the  earth'.s  surface  is  not  the  true  surface  of 
zero  potential,  and,  although  at  different  seasons  of  the  year 
the  amount  of  radiation  will  vary  greatly,  the  zero  surface  is 

indicated  accurately  enough  by  the  relation  log  x=    .     The 

a 
graphical  agreement  between  this  expression  and  the  experi- 
mental facts  is  indicated  in  Fig. :{,  which  represents  for  a  num- 
ber of  cables  of  different  sizes. 

'       .  <  =  2/=Aloga;=Alog  -. 
The  straight  line  graph  of  this  function,  allowing  for  errors  of 
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observation,  coincides  very  fairly  with  the  actual  results  of 
experiments. 

To  facilitate  the  interpolation  of  current-densities  not  given 
in  the  usual  tables  the  formula  is  conveniently  written 

C  =  Ma/    %, 

where  S  is  in  square  inches,  t  is  temperature  in  degrees  C,  and 
I  and  d  are  in  inches.  With  these  units  the  value  of  the  con- 
stant M  is  ap2)roximately  046. 

In  using  a  table  of  current-densities  the  facts  it  embodies 
should  be  carefully  borne  in  mind.  A  rise  of  temperature  of  25'^C. 
is  taken  as  the  standard,  as  it  has  been  found  to  be  quite  safe 


for  ordinary  conditions  of  working  with  a  pair  of  single  cables 
laid  direct  in  the  ground.  If  they  are  drawn  into  stoneware 
ducts  the  same  current  applied  for  the  same  period  will  cause 
the  temperature  to  rise  about  10  deg.  higher.  For  cables  laid 
in  this  manner,  therefore,  only  about  75  per  cent,  of  the  values 
given  in  the  tables  should  be  employed.  Where  several  cables 
lie  in  the  same  trench  a  corresponding  diminution  should  also 
be  made. 

In  view  of  the  time-lag  in  the  attainment  of  the  final  tem- 
perature, a  higher  current-density  can  be  permitted  where  the 
load  is  only  of  short  duration,  as  in  the  case  of  certain  feeders 
at  times  of  peak.  Some  latitude  can  also  be  given  with  cables 
supplying  rapidly  fluctuating  loads,  such  as  lifts,  cranes, 
lolling  mills,  &c.  The  extent  to  which  this  is  allowable  can  be 
Ascertained  by  taking  the  square  root  of  the  mean  of  C^  just  as 
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in  the  exact  application  of  Kelvin's  law.  The  only  other 
variable  in  the  expression  is  I.  the  depth  at  which  the  cable  is 
laid.  In  the  tables  this  is  taken  as  28  in.,  which  agrees  with 
general  practice,  leaving  special  cases  to  bo  dealt  with  by  the 
help  of  the  formula. 

In  dealing  with  three-core  cables  it  is  found  to  be  sufficiently 
accurate  to  take  the  sum  of  the  cross-sections  of  the  conductors. 
and,  after  selecting  the  maximum  current  corresponding  to  a 
Tingle  cable  of  equivalent  area  to  this  sum,  to  divide  it  among 
the  three  conductors  proportionately  to  their  respective  cross- 
fiections. 


A  similar  method  is  applicable  to  triple  concentric  cables, 
except  that  the  maximum  current  should  be  about  10  per  cent, 
less  than  given  by  the  calculation,  on  account  of  the  inferiority 
of  the  heat  conduction  of  the  insulation  between  the  conductors. 
Concentric  instead  of  single  cables  would  appear  to  be  dis- 
advantageous for  feeders  on  account  of  the  higher  temperature 
produced  in  them  with  the  same  current  density.  For  example, 
a  0-25  concentric  will  only  carry  300  amperes,  as  compared 
with  .390  amperes  if  the  conductors  were  laid  separatelv.  Thus, 
the  section  of  a  concentric  feeder,  especially  if  laid  in  a  stone- 
ware duct,  could  seldom  be  calculated  in  accordance  with 
Kelvin's  law  of  Economy,  for  the  current-density  satisfying 
the  latter  condition  might  cause  too  high  a  rise  of  temperature. 
Consequently,  concentric  cables  will  be  heavier,  and.  inclusive 
of  laying,  will  probably  prove  more  costly. 

It  has  frequently  been  stated  that  there  is  a  great  likelihood 
of  the  insulation  breaking  down  under  dielectric  stress  when  the 
cable  is  running  hot.  Careful  experiments  have  failed  to  verify 
this,  although  they  have  proved  that  the  insulation  resistance 
in  megohms  diminishes  very  considerably  at  high  temperatures, 
a  phenomenon  shown  graphically  in  Fig.  4.  An  increase  of 
20'^C.  will  cause  the  insulation  resistance  of  a  paper  cable  to 
drop  to  3  per  cent,  of  its  value  at  ordinary  temperatures,  but 
this  has  no  observable  effect  on  the  dielectric  strength  {see 
Paper  by  E.  Jona,  St.  Louis  International  Congress,  1904). 
The  crucial  factor  in  fixing  the  safe  limit  of  current-density 
would,  therefore,  appear  to  be  the  temperature  below  which 
the  chemical  stability  of  the  dielectric  remains  unaffected. 

Mention  may  be  made  of  another  consequence  of  the  heating 
of  cables. 


Inner  Conductor 


Paper  Diatrine  Insulation 


Fk;.  5. -Expansion  C.\ble.     Two-core  Concentric,  0'5  sgiARE  imu. 
(Scale:  Half  full  size.) 


This  is  the  possibility  of  the  fittings  in  joint  and  disconnect- 
ing boxes  being  so  strained  by  alternate  expansion  and  contrac- 
tion that  the  electrical  connections  are  ultimately  broken,  or 
great  difficulty  may  be  found  in  replacing  the  links  after  they 
have  been  removed  for  testing. 

With  lead-covered  cabes,  particularly  when  drawn  into  ducts 
so  that  there  is  plenty  of  freedom  for  movement,  the  plumbed 
joints  are  liable  to  be  broken. 

Mr.  H.  Gray,  of  Accrington,  who  has  given  considerable  atten- 
tion to  this  phenomenon,  has  devised  and  patented  a  special 
construction  of  cables  for  taking  up  the  expansion  at  every 
point  along  their  length.  Cables  of  this  kind  are  now  being 
made  by  Jlessrs.  Glover. 

A  sufficient  amount  of  play  is  allowed  betwcn  wire  and  wire 
on  the  same  lay,  and  all  motion  due  to  contraction  or  expan- 
sion is  taken  up  locally,  so  that  no  bodily  displacement  of  the 
ends  can  occur.  The  illustration  of  a  concentric  cable  built 
to  this  specification  (Fig.  5)  will  render  the  principle  clear. 

With  a  "  solid  "  or  ■'  armoured  direct  "  system  the  ofT«-ts 
of  temperature  changes  are  naturally  less  serious  than  with 
drawn-in  cables,  but"  even  with  them  trouble  will  be  expe- 
rienced if  thev  are  laid  too  taut  in  cold  weather. 


Society  of  Engineers. — We  would  remind  our  readers  that 
Wednesday  next,  .Imie  SOtli,  is  the  last  date  on  which  Papei-s 
will  be  received  in  connection  with  the  "  Status  Prize '  of  this 
society.  Particulars  of  the  competition  were  given  in  our 
issue  of  March  19  last,  p.  870.  ^ 
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SOME  NOTES  ON  POWER  SUPPLY  IN  BOLTON. 


To  the  man  in  the  street,  in  that  or  any  otlier  town.  Bolton 
does  not  appear  very  different  from  the  ordinary  Lancashire 
town.  There  is  the  same  air  of  dampness  over  all.  the  same 
cobbles  on  the  roads  and  the  same  clogs  on  the  feet  of  the  in- 
habitants ;  but  to  the  electrical  engineer,  just  lately,  the  town 
of  Bolton  has  become  of  greater  interest,  owing  to  the  wav 
in  which  its  Electricity  Department,  and  especially  its  Borough 
Electrical  Engineer,  have  taken  up  the  question  of  electric 
power  supply,  and  have  almost  obtained  the  ideal  of  beinsr 
able  to  make  the  power,  rather  than  the  lighting,  their  staple 
load.  For  this  reason  it  will  probably  be  of  interest  to  give 
.some  details  of  the  plant  by  which  these  excellent  results  are 
obtained,  and.  as  far  as  possible,  to  describe  some  of  the  in- 
stallations which  are  supplied  from  the  mains  of  the  Bolton 
Corporation.  This  latter  desideratum,  however,  will  be  prac- 
tically impossible,  owing  to  the  fact  that  the  various  manu- 
factureres  are  averse  to  giving  away  details  and  to  having 
photographs  of  their  plant  taken — a  state  of  mind  which  is 
inexplicable  to  the  ordinary  journalist. 

To  deal  first  with  the  matter  historically,  the  Bolton  elec- 
tricity works  were  started  14  years  ago  on  the  site  which  thev 
at  present  occupy,  but,  of  course,  on  a  much  smaller  scale. 
Single-phase  alternating  current  at  a  pressure  of  2,000  volts 
and  a  frequency  of  83  was  generated,  and  this  supply  was  trans- 
formed in  sub-stations  in  the  centre  of  the  town  to  a  secondary 
pressure  of  200  volts.  This  arrangement  was,  naturally,  not 
at  all  suitable  for  power  supply,  and,  as  an  interesting  sidelight 
on  the  way  electricity  supply  was  looked  upon  in  those  days, 
it  may  be  mentioned  that  the  undertaking  was  under  the  con- 
trol of  the  Gas  committee. 

This  (in  these  enlightened  days)  antiquated  method  of  dis- 
tributing electrical  energy  was  continued  until  1900,  when 
tramways  were  laid  down  and  contiimous-current  plant  had  to 
be  installed  for  supplying  them.  The  central  area  of  supply 
was  then  provided  with  current  for  lighting  and  power  by  means 
of  low-tension  feeders,  the  sub-stations  mentioned  above,  one 
of  which  is  shown  in  Fig.  1,  being  used  as  distributing  centres. 
The  single-phase  alternating-current  network  was,  and  still  is, 
used  for  the  supply  of  outlying  districts  for  lighting,  but  the 
central  area  is  now  all  suppUed  by  means  of  continuous  current. 

The  next  development  came  in  1906,  when  a  three-phase 
system  of  supply  was  also  installed.  The  plant  for  this  con- 
sists of  two  large  three-phase  slow-speed  sets  generating  cur- 
rent at  6,500  volts  and  a  frequency  of  50.  These  sets  are  fitted 
with  barometric  condensers,  w^hich  are  placed  outside  the 
engine  room,  and  with  Edwards  air  pumps  in  the  engine  room. 

As  is  by  this  time  well  known  to  our  readers,  a  very  pushing 
policy  in  regard  to  power  supply  has  recently  been  adopted 
by  the  Bolton  Corporation  :  while  for  these  purposes  three- 
phase  current  has  been  mainly  used.  The  bid  which  has  been 
made  for  a  large  day  load,  by  lowering  the  price  for  current 
supplied  during  daylight  hours  and  for  power  purposes,  has 
been  very  successful,  as  wall  be  seen  when  it  is  stated  that  the 
horse-power  of  motors  installed  at  the  present  time  is  con- 
siderably over  9,000,  and  is  still  increasing  at  a  rapid  rate,  a 
result  which  it  will  be  agreed  is  highly  satisfactory  when  com- 
parison is  made  with  other  towns  of  population  eciiial  to  that  of 
Bolton,  and  when  the  well-known  inertia  of  the  British  manu- 
facturer is  taken  into  accoimt. 

The  three-phase  supply  is,  however,  not  entirely  used  for 
power  purposes,  a  certain  portion  of  the  energy  thus  generated 
being  converted  by  means  of  rotary  converters  into  continuous 
current,  the  network  then  being  fed  at  its  most  distant  points, 
or  where  an  exceptionally  heavy  demand  occurs,  by  these 
machines.  In  <  fact  the  future  policy  will  be  to  transform 
the  high-pressure  three-phase  current  in  sub-stations  and 
then  either  convert  it  to  continuous  current  if  required,  or  to 
supply  it  direct  to  the  consumers  as  three-phase  current. 
Figs.  2  and  3  illustrate  the  Duncan-street  sub-station  of  the 
Bolton  Corporation.  This  station  now  contains  three  600  kw. 
rotary  converters,   which   are  equipped   with   the   necessary 


static  transformers,  while  low-pressure  and  high-pressm'e 
switchboards  are  also  installed.  In  connection  with  the  opera- 
tion of  this  sub-station  it  is  interesting  to  note,  having  regard 
to  the  fact  that  heated  discussions  on  the  subject  have  recently 
taken  place,  that  the  rotaries  there  installed  work  on  a  fre- 
quency of  50.  Considerable  difference  of  opinion  as  to  the 
desirability  of  using  such  high  frequencies  was  expressed  at 
the  time  the  sub-station  was  laid  down,  and,  in  fact,  this  dif- 
ference of  opinion  still  exists  amongst  many  electrical  en- 
gineers. Supporters  of  rotary  converters  will,  therefore,  be 
pleased  to  hear  that  there  has  been  no  trouble  in  connection 
with  these  machines,  and  that  the  borough  electrical  engineer 
is  of  opinion  that  they  are  a  pronounced  success. 

The  central  station  at  Spa-road  is  also  a  sub-station,  and  in 
it  rotary  converters  and  motor-generators  of  about  900  kw. 
capacity  are  installed,  as  shown  in  Fig.  i.  These  machines 
are  used  not  only  for  taking  the  light  load  on  the  three-phase 
network  at  night,  but  also  as  a  means  of  converting  a  certain 
amount  of  energy  from  one  system  to  the  other,  say  from  con- 
tinuous current  to  three-phase  current  or  ^-ice  versa.      This 


Fig.  1. — DC.  Low-tension  Distribction  Bciakd  (Bal.moh.vl 
Sub-station). 

enables  the  machinos  of  either  class  to  be  fully  loaded,  or,  in 
the  event  of  a  breakdown  of  one  type  of  steam  generator,  to 
enable  a  steam  generator  of  another  type  to  act  as  a  stand-by. 
It  will  thus  be  seen  that  advantage  has  been  taken  to  the  fullest 
extent  of  the  a.ssorted  plant  laid  down  at  Bolton,  and  that 
the  continuity  of  supply  which  is  so  necessary  to  the  success 
of  a  public  supply  station  is  quite  ensured. 

The  present  station  at  Spa-road,  however,  suffers  from  many 
considerable  disadvantages,  among  them  being  the  lack  of 
adequate  water  for  condensing  purposes,  and  the  limited  space 
for  cooling  towers  and  reservoirs,  points  which  made  it  prac- 
tically impossible  to  adopt  turbines  when  the  last  extensions 
were  made.  Further,  the  facilities  for  taking  in  coal  are  very 
defective,  the  whole  of  the  fuel  having  to  be  carted  from  the 
railway  siding,  which  is  a  considerable  distance  away.  Under 
these  circumstances  it  would  not,  perhaps,  be  surprising  to 
find  that  the  generating  costs  at  Bolton  compared  unfavourably 
with  those  of  undertakings  possessing  better  situated  stations. 
This  is  not  the  case,  however,  and  the  way  in  which  economies 
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are  obtained  under  such  unfavourable  circumstances  is  a  credit 
to  all  concerned. 

The  present  generating  station  cannot,  however,  be  further 
extended,  and  when  the  time  arrives  that  extensions  become 
necessary,  which  at  the  rate  motors  are  being  added  to  the 
mains  should  not  be  far  distant,  they  A'ill  have  to  lie  carried  out 


Fig.  2. — Rotaries  in  IK- 


r  Sen  &TAT!o>',  SHOWING  D.C.  Board 


on  another  site,  for  which  negotiations  are  in  progress,  and 
where  much  better  facilities  exist.  We  may  then  hope  to  see 
something  rather  startling  in  the  way  of  generating  costs. 

The  main  part  of  the  three-phase  current,  other  than  that 
which  is  coiLverted  as  stated,  is  used  direct  for  cotton-spinning 
work,  there  being  at  the, present  time  something  like  300,000 
spindles  driven  off  the  Corporation's  mains,  but  in  no  case  is 
a  complete  mill  driven  electrically,  a  state  of  things  which  we 
hope  will  soon  be  altered.  In  nearly  all  cases,  in  fact,  the  supply 
to  these  mills  is  "for  onej  two  or  three  floors  only,  as  the  case  may 
be,  and  the  electric  drive  is  generally  em- 
ployed for  the  purpose  of  working  the  mules, 
which  are,  of  course,  the  most  awkward  part 
of  the  cotton-spinning  equipment  to  drive, 
as  the  power  is  very  great  for  a  short  time 
and  then  drops  to  nothing  for  an  interval , 
thus  imposing  a  very  arduous  task  on  the 
motor..  The  transformers  and  necessary 
switchboard  for  transforming  the  sup]ily  for 
mule-driving  purposes  have,  up  to  the  pic- 
sent,  always  been  installed  in  a  special  sub- 
station on  the  mill  premises.  This  station 
is,  however,  kept  under  the  entire  control 
of  the  Corporation  electricity  department. 
The  voltage  is  in  all  cases  stepped-dow  n 
from  6,500  to  400  volts  for  use  on  the  mill 
motors.  In  some  cases,  however,  the  mill 
lighting  is  also  carried  out  by  means  of  a 
fourth  wire  at  2.30  volts.  The  experience 
obtained  in  Bolton  in  connection  with  this 
type  of  motor  drive  shows  that  the  results 
are  satisfactory  in  every  way,  although  it 
is  very  difficult  to  get  absolute  evidence  of 
this.  The  one  point  about  which  any 
trouble  occurs  is  generally  the  matter  (  f 
price,  as  would,  perhaps,  be  expected  in 
such  a  business  neighbourhood  as  that  around  Bolton  ;  but 
there  is  no  doubt,  in  the  opinion  of  the  electrical  engineer,  that 
current  can  be  supplied  from  a  public  station  for  mill  driving 
purposes  at  such  a  price  that  its  adoption  will  pay  both  Cor- 
poration and  mill  owners.  The  usual  course  adopted  by  the 
Bolton  Corporation  in  installing  the  electric  drive  in  mills  has 
been  to  fix  a  three-phase  motor  with  slip-rings  direct  to  t  ho  line 


shafting  driving  the  mule  operating  room.  The  speed  of  the 
■shafting  has  generally  been  increased  over  that  which  wa.s 
used  under  the  old  steam-driving  machines.  The  speed  of  the 
machine  has  also  been  somewhat  increased,  and,  no  doubt,  a 
further  increase  could  be  very  well  managed  ;  but  this  is  a 
question  wh:ch  depends  on  the  size  of  the  yarn  being  spun  on 
the  machine  at  the  time,  rather  than  on 
the  actual  methods  which  are  used  for 
driving  the  shafting. 

In  Bolton  fine  counts  arc  usually  spun,  an 
operation  which  requires  that  the  mill  should 
run  fairly  slowly,  the  finer  the  count  the 
slower  the  speed  being  the  rule.  Although 
the  speed  has  been  increased  somewhat,  a 
further  step  forward  in  this  direction  might 
well  be  made,  and  on  this  question  for  a 
definite  quality  and  size  of  yarn  depends 
the  price  at  which  electric  driving  will  com- 
pete with  steam  driving,  any  small  advan- 
tage in  the  output  being  of  the  utmost 
importance.  From  time  to  time  it  is  found 
that  statements  are  made  in  respect  to  the 
electric  driving  of  eotton-spining  machinery 
wliicli  show  rather  a  pcs.simistic  tendency. 
There  appears  to  be  no  need  for  these  out- 
l)ourings.  For  although  to  compete  with  a 
i)rand  new  mill  equipped  with  the  latest 
inrprovements  in  every  department  only  a 
very  small  margin  of  saving  would  be  shown 
by  changing  over  to  the  electric  drive,  there 
are  a  very  large  number  of  mills  which  do 
not  belong  to  this  class,  and  which  are  quite  capable  of 
giving  the  local  supply  department  all  the  load  they 
require  for  some  little  time  to  come,  given  trade  pros- 
perity and  an  up-to-date  policy  on  the  part  of  the  supply 
authorities. 

Although  cotton  spinning  is,  perhaps,  the  industry  on  which 
the  town  of  Bolton  most  relies,  it  must  not  be  thought  that 
this  is  the  only  iron  the  electricity  supply  department  have  in 
the  fire  for  developing  their  power  load.  There  arc  several 
engineering   works,   including   one   very   well-known  firm  of 


engine  builders  and  at  least  one  steel  works,  which  have 
but  recentlv  laid  down  motors  amounting  in  all  to  over 
1,200  II. p.  for  driving  cran<-s.  roHs  and  conveyors,  generally 
in  connection  with  some  new  extensions  which  they  have  just 
madi>. 

TuMiiiiu  to  the  statistical  side  of  the  question,  it  is  interesting 
to  uolc  lluit   thri'e  of  the  continuons-current   consumers  take 
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an  aggregate  amount  of  energy  from  the  Corporation's  mains 
of  over  3.000,000  units  per  annum,  and  have  installed  3,000  h.p. 
of  motors.  In  addition,  these  consumers  are.  or  will  be  shortly, 
entirely  lighted  from  the  Corporation's  mains.  Two  of  these 
concerns  are  engineering  workshops,  and  have  a  load  factor  of 
over  30  per  cent. 

The  recently-issued  accounts  for  the  year  show  that  the  total 
outinit  from  the  Bolton  station  was  10,(577.7(54  units,  of  which 


Fig.  4.— Sinolephase  to  U.C.  Motor  Genkratob.s,  and  Thbee-phase  to  D.C.  Motor  Generators 
(Spa-road  Genebatinq  Station). 


no  less  than  46  per  cent,  was  for  power  purposes  pure  and 
simple,  while  15  per  cent,  only  was  for  lighting.  It  is,  of 
course,  essential  in  a  place  like  Bolton  that  the  energy  supplied 
for  power  purposes  should  be  at  a  low  rate,  for  the  load  which 
is  obtained  is  of  such  a  .steady  character  and  in  such  large- 
sized  units  that  consumers  will  use  their  own  plant  unless  the 
price  offered  is  very  low.  It  appears  from  the  accounts  that 
the  average  price  obtained  per  unit  from  all  classes  of  supply 
is  l-23d.,  and  for  power  purposes  is  only  0-84d.  per  unit.  It 
may  bo  noted  as  a  matter  of  interest  that  when  the  electricity 
works  first  started  5-4d.  per  unit  was  charged,  and  that  the 
price  remained  well  above  3d.  until  the  present  forward  policy 
was  instituted  in  19(X).  Since  that  date  it  has  steadily  fallen. 
Although  this  price  may  be  considered  fairly  low  for  a  municipal 
station  of  the  size  of  that  at  Bolton,  a  hand.some  gross  profit 
of  9  per  cent,  on  the  capital  has  been  obtained,  and  this 
result  could  be  very  well  improved  if  the  position  of  the 
station  as  regards  the  supply  of  water  and  cooling  facilities 
were  better.  The  whole  of  the  water  used  for  condensing 
purposes  has  to  Vje  cooled  by  means  of  cooling  towers,  and  it  is 
considered  that  this  places  Bolton  at  a  disadvantage  over  a 
station  where  such  plant  nee<l  not  be  employed,  a  dis- 
advantage which  may  be  placed  at  at  least  10  per  cent,  of  the 
coal  costs,  or,  say,  £1,000  a  year.  Further,  until  quite  re- 
cently, the  undertaking  suffered  from  the  fact  that  town  water 
at  6d.  per  thousand  gallons  had  to  be  used  for  evaporating 
purposes.  This,  however,  has  now  been  remedied,  as  a  well  has 
been  sunk  specially  for  the  purpose  and  electrically-driven 
pumping  plant  installed,  with  the  result  that  a  consider- 
able saving  has  been  ol)tained,  though  the  new  cf|uipinont 
has  not  been  under  way  long  enough  to  show  any  substantial 
results. 

We  mentioned  above  that,  in  spite  of  the  low  price  charged 
per  unit,  a  gross  profit  of  9  per  cent,  was  obtained  on  the  capital. 
Such  a  result,  of  course,  predicates  very  low  costs,  and  it  is 
very  interesting  to  know  that  the  works  costs  come  out  at 
0-472d.  per  unit  and  the  total  costs  at  0-583d.  per  unit.  The 
inclusive  cost,  including  capital  charges,  is  practically  l-2d., 
while  in  189-5,  the  first  year  of  complete  working  of  the  station, 
the  corresponding  figure  was  1  l-84d.,  so  that  a  very  substantial 
reduction   has   been    made.     Those    interested   in  statistics 


will  note  that  on  March  31,  1901,  the  number  of  motors  on  the 
mains  was  27,  with  an  aggregate  horse-power  of  148.  On  the 
same  date  in  1909 — or  eight  years  afterwards — the  number  of 
motors  was  816,  with  an  aggregate  horse-power  of  9,219,  an 
average  yearly  increase  of  100  per  cent.  This  increase  has, 
however,  been  extraordinarily  rapid  during  the  latter  part  of 
this  period. 

Such  a  result,  as  regards  price,  is,  no  doubt,  very  satisfactory, 
but  the  borough  electrical  engineer  con- 
siders that,  although  these  prices  are  low, 
they  are  not  yet  low  enough  for  a  town 
such  as  Bolton.  He  considers,  in  fact, 
that  unless  the  prices  are  brought  down  the 
present  increase  in  the  number  of  motors 
connected  to  the  power  mains  cannot  be 
maintained.  The  effect  of  this  will  be  bad 
for  the  undertaking,  as  the  costs  have 
dropped  considerably  during  the  last  few 
years,  and  comparison  of  these  costs  with 
the  motors  installed  shows  how  important 
a  power  load  is  if  low  costs  are  to  be 
maintained. 

We  have  to  thank  Mr.  A.  A.  Day, 
the  borough  electrical  engineer  and 
tramways  manager  of  Bolton,  for  allow- 
ing us  to  inspect  many  of  the  interesting 
installations  which  arc  supplied  w'ith  power 
from  his  mains,  and  to  Mr.  B.  S.  Hornby, 
his  chief  assistant,  for  taking  a  good 
deal  of  trouble  in  explaining  the  main 
points  to  our  representative.  We  are  not 
able  to  describe  these  installations  in  this 
article,  as  explained  above,  owing  to  the 
reticence  of  the  owners  on  the  subject.  We  have  also  to  thank 
Mr.  Day  for  supplying  us  with  much  of  the  information 
here  given  with  regard  to  the  development  of  power  supply 
in  Bolton. 


TWO  L&RGE  BOOSTERS. 


The  recent  more  extended  employment  of  large  powers  at  com- 
paratively low  voltages,  for  instance,  in  railway  \vork  or  for  power 
supply,  requires  for  its  success  machinery  which  shall  be  capable  of 
dealing  with  large  currents  under  a  number  of  varying  conditions. 
Such  work  further  i-equires  that  special  attention  be  ))aid  to  the 
design  of  these  machines,  in  order  that  the  equipment  may  operate 
sparklcssly  and  without  heating,  even  when  the  load  is  about  as 
troublesome  as  it  can  be. 

In  this  connection  we  may  draw  attention  to  the  large  boosters, 
illustrated  herewitli  (Figs.  1  and  2),  five  of  which  liave  been  sup- 
plied by  the  Lancashire  dynamo  &  Motor  Co.  to  the  LanoasluTe  & 
Yorkshire  Railway  Co..  for  use  on  that  company's  "  electrified  " 
main  line,  and  also  three  to  the  Manchester  Corporation.  We  can 
perhai)s  best  desoribc  the  essential  points  of  these  machines  by  out- 
lining the  general  features  of  the  "  Lancashire  "  automatic  reversi- 
ble booster. 

This  machine  consists  of  two  essential  parts,  the  motor  and 
booster  ;  the  former  of  w  hich  is  supplied  from  the  'bus  bars,  its 
starter  being  arranged  on  the  "  live  "  side,  an  arrangement  which 
both  simplifies  the  wiring  and  ensures  the  motor  being  "  dead  " 
when  the  starter  is  "  otT."  The  motor  breaker,  as  will  lie  seen  from 
the  diagram  (Fig.  3)  is  coiuiccted  in  a  special  manner  with  the 
battery  breaker.  The  eHect  of  this  arrangement  is  that  the  leotor 
can  never  be  cut  off  when  current  is  passing  through  the  booster, 
an  accident  which  would  cause  the  booster  to  run  up  to  a  dangerously 
high  S[)ced.  As  will  be  seen,  wlien  the  battery  breaker  comes  out  it 
leaves  the  motor  running  on  the  battery,  although  cut  oil'  from  the 
'bus  bars  ;  while,  if  the  motor  bleaker  comes  out,  the  motor  is  left 
running  on  the  'bus  bars.  This  method  is  tlie  only  one  that  has 
b?en  found  satisfactory  in  practice.  The  booster  has  four  coils, 
A,  B,  C  and  D,  their  functions  being  as  follows  : — The  A  coil  is 
peculiar  to  the  Lancashire  booster.  It  is  connected  across  the 
booster  brushes,  and  is  therefore  energised  by  the  difference  of 
voltage  between  the  battery  and  the  'bus  bars.  iSujjposing  the 
battery  to  have  a  pressun;  10  volts  higher  than  the  'bus  bars, 
the  A  coil  will  then  cause   the  booster  to  oppose  the  battery  voltage 
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by  this  amount.  On  the  other  hand,  if  the  battery  volts  are  lower  than 
the  'bus  bar  volts,  the  A  coil  will  cause  the  booster  to  act  in  favour 
of  the  batt«ry  to  the  same  required  amount.  Hence,  in  every  case, 
the  result  will  be  that  the  algebraic  sum  of  the  battery  and  booster 
pro33ures  will  be  equal  to  the  'bus  bar  pressure.  The  D  coil  consists 
of  a  few  turns  on  the  booster  lields  in  series  with  the  booster  arma- 
ture. These  turns  balance  the  armature  reaction,  and  cause  the 
booster  to  act  as  if  there  were  no  voltage  drop  in  it. 
p  The  action  of  the  \  and  D  coils  then  causes  the  booster  to  balance 
all  variations  of  the  battery  volts.     If  these  coils  were  onlj'  in  action. 


load,  however,  comes  on  to  the  fetdors,  the  generator  will  give  out 
a  little  more  current,  which,  passing  through  C  coil,  will  strengthen 
the  latter's  action.  This  will  cause  the  0  coil  to  overpower  the  B 
coil's  action,  and  so  draw  the  excess  current  needed  on  the  feeders 
from  the  battery.  Supposing  that  the  feeder  current  is  reduced 
below  100  amperes,  the  result  will  be  that  a  little  less  current  will 
be  supplied  by  the  generator,  and  so  there  will  be  a  little  less  through 
the  C  coil,  and  its  action  will  become  weaker  than  that  of  the  B  coil. 
The  superior  strength  fif  the  B  coil  will  cause  the  excess  current  to 
charge  the  battery,  so  that  the  load  on  the  generator  will  still  remain 
at  the  standard  100  amperes.  The  load  on  the  generator  can 
always  be  adjusted  by  varying  the  strength  of  the  B  coil  regulator, 
and  also  by  adjusting  the  diverter. 

It  is  advisable  to  adjust  the  coils  at  varying  periods  of  the  load  to 
get  the  best  possilik'  results  from  both  booster  and  battery.  For 
instance,  when  the  load  on  the  feeders  is  such  that  the  generators  are 
always  at  their  full  cniiacil}-  the  action  of  C  coil  must  be  increa-sed  by 


Fio.  1.— Enii  View  oi- "  Lakcashiue  "  Patent  Automatic  ItEVEKSiuLE 
Booster  for  the  Ijancashire  &  Yobkshire  Railway  Electrified  Section. 


the  effect  would  be  to  make  the  booster  unstable.  It  would,  in  fact, 
rush  off  with  a  charge  or  discharge  at  its  own  sweet  will.  A  con- 
trolling force,  therefore,  is  required,  and  this  is  supplied  by  the  action 
of  the  B  and  C  coils.  The  B  coil  is  constant  in  its  action,  being 
energised  by  the  'bus  bar  volts.  It  is  controlled  by  a  "  potentii5- 
meter  "  resistance  instead  of  by  an  ordinary  resistance,  as  will  be 
explained  later.  When  tlie  booster  is  working  in  the  ordinary  way 
with  the  generators  running,  the  excitation  of  this  coil  is  in  such  a 
direction  as  to  cause  the  current  from  it  to  charge  the  battery.  It 
is  conveniently  connected  across  the   motor  brushes,   as  it   then 


llOWING  MoTOIl   AND   BOOSTER. 


'ceomes  quite  dead  when  tho  motor  is  cut  oIL  The  C  coil  i.s  arranged 
1^0  take  tho  main  dynamo  current  or  a  certain  proportion  of  it,  and 
its  adjustment  can  be  arranged  by  the  diverter  sliown  in  the  diagram. 
The  current  passing  through  C  coil  energises  the  boost'-r  in  such  a 
manner  as  to  take  current  out  of  the  battery.  Hence  it  i.s  opjxised 
to  the  B  coil.  The  action  of  B  and  C  coils  is  as  follows  : — Supposing 
that  the  booster  be  in  operation  and  running  with  the  generator. 
If  the  B  and  C  coils  be  adjusted  for,  say,  H)0  amperes  generator 
current,  then  at  this  load  they  will  neutralise  each  other,  and  the 
booster  will  neither  charge  nor  discharge  the  battery.     If  an  excess 
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reducing  the  current  diverted  through  the  resistance,  thus  increas- 
ing the  amount  passing  through  the  C  coil.  The  strength  of  the  B 
coil  must  also  be  increased.  The  A  coil  should  also  be  run  with  the 
resistance  largely  cut  out. 

The  diagram  (Fig.  Z)  shows  the  arrangement  adopted  for  starting 
the  set  with  the  main  generator  running.  The  switches  Fi  and  !• ,  are 
closed  on  their  right  and  left  hand  sides  respectively, ■\\hile  the  series 
diverter  is  right  over  on  the  left.  The  battery  breaker  is  closed, 
thus  putting  the  motor  on  the  'bus  bars,  and  the  latter  is  then  started 
in  the  usual  way  by  means  of  the  motor  starter.  The  A  rheostat  is 
put  in  its  open  position  and  the  B  rheostat  adjusted  until  the  parallel- 
in.i  voltmeter  shows  that  the  battery  volts  are  equal  to  those  on 
the  'bus  bars.  The  motor  breaker  is  then  closed  and  load  on  the 
generator  and  battery  adjusted  w  ith  the  B  rheostat.  The  .\  rheostat 
is  placed  at  its  most  sensitive  position,  a  position  which  can  be 
adjusted  by  the  series  diverter.  \\  hen  this  latter 
arrangement  is  in  the  extreme  loft  position  the 
booster  will  act  strongly  and  will  keep  the  load  on 
the  Jiiain  generator  steady.  On  the  other  hand, 
^^hen  it  is  on  the  right  hand  side,  the  battery  will  do 
les.s  work  and  the  generator  load  will  \ary  with  the 
feeder  load.  1  he  battery  and  booster  can  be  run  on 
the  bars  without  the  main  generator  or  the  battery 
without  tlie  boost<-r,  if  desired,  by  a  suitable  modi- 
fication of  the  above  arningement.s. 

Coming  now  from  tiie  general  to  the  particular, 
the  boosters  supplied  by  the  Lancashire  Dynamo 
&  Motor  Co.  to  the  Lancashire  &  Yorkshire  K«il- 
way  are  of  the  above  type  and  have  a  capacity 
of  2,000  ami)eres.  They  are,  as  will  be  seen  (Fig.  •-), 
exceedingly  stuidv  machines,  and  should  be 
capable  of  doing  the  work  for  which  they  have  been 

Three  machine '  similar  to  that  shown  in  Fig.  2  have  recently  been 
ordered  from  the  Lancashire  Dynamo  .S:  Motor  Co.  for  the  Manchester 
Corporation.  The  output  of  each  booster  is  2.000  amperes  at  80 
volts  for  fom-  hours  ;  -i.SlX)  ami>eres  at  (iO  volts  for  one  hour:  2  800 
at  100  volts  for  l.-i  minutes;  XIW  amperes  at  80  volts  for  half  an 
hour;  and  5,6t)0  amperes  for  three  to  live  minutes,  hach  booster 
will  be  fitted  with  a  shunt  winding,  the  regulation  of  which  will  bo 
effected  by  an  auxiliary  motor-ilriven  exciter.  This  exciter  auto- 
matically varies  the  booster  fields  according  to  the  load,  the  exciter 
being  wwind  in  an  exactly  similar  manner  to  the  standard  machines 
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described  above.  The  motors  for  the  iDain  sots  are  also  of  a  standard 
type,  and  the  booster  field  systems  will  be  laminated  throughout 
thus  allowing  quick  field  variations  to  be  obtained.  The  booster 
will  be  fitted  with  copper  brushes,  each  brush  having  a  special  inter- 
pole  coil  connected  in  series  with  it. 

This  machine  should,  therefore,  be  capable  of  doing  all  the  woik 
likely  to  be  imposed  upon  it.  for  its  range  is  certainly  very  wide.  In 
this  and  in  other  directions  it  marks  a  distinct  step  forward  in 
booster  practiee. 


CHICHESTER  ELECTRICITY  WORKS. 


A  feature  of  tlie  electric  supply  iiulnstry,  liotli  on  the  Cou- 
tinent  and  in  .\mericii.  is  the  largo  number  of  small  power 
stations.  In  fact,  mo.st  towns,  whatovor  their  size,  are  pro- 
vided witli  a  supply  of  olectrica!  onor'jy.      In  this  cjuntry.  on 
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Flo.  1. — Diesel  On.  Knujnes  in  the  Ki.KorKRiTV  V\'ohks  .\r  t'liiciii' 


the  other  hand,  we  are  far  from  realising  thi.s  .state  of  affairs,  and 
at  tlie  present  time  additions  to  the  number  of  electric  supply 
stations  are  few  and  far  between.  It  follows,  therefore,  that 
new  installations  are  of  more  than  passing  interest,  and  in  the 
case  of  the  undertaking  which  was  inaugurated  at  Chiehester 
on  the  3rd  inst..  the  interest  is  increased  by 
the  fact  that  the  in.stallation  is  of  unusual 
character,  all  current  being  obtained  from  a 
couple  of  generators  driven  by  Diesel  oil 
engines. 

Excellent  results  are  already  being  ol)taiiii'>l 
at  Leatherhead,  Hindhead.  and  other  j)la(os 
with  this  type  of  plant,  which  operates  to 
the  best  advantage  in  small  sizes,  and  it  is 
to  be  hoped  that  other  towns  without  a 
supply  of  electricity  will  consider  carefully  an 
installation  on  the  lines  of  that  at  Chiches- 
ter. As  is  .so  frequently  the  case  in  other 
towns,  the  question  of  a  supply  of  electricity 
was  in  the  air  for  many  years  ;  in  fact  it 
was  first  mooted  at  Chichester  some  15  years 
ago,  but  a  Provisional  Order  was  not  ob- 
tained until  1898.  The  Corporation,  how- 
ever, never  exercised  the  powers  they  then 
obtained,  and  the  Order  was  eventually 
transferred  to  the  (Ihichestcr  Electric  Light 
and  Power  Co.,  wlio  are  respon.sibIe  for  the  ,.^^, 

present  installation. 

Owing  to  tlie  adoption  of  Diesel  oil  engines,  the  buildings  are 
of  a  very  simple  nature,  comprising  merely  an  engine  house. 
This  is  of  red  brick,  lined  inside  with  white  glazed  bricks.  The 
floor  is  black  and  white  terrazzo  with  a  black  border,  whilst  the 


building   is  spanned   by   a   5  ton   crane,   supplied   by   Messrs. 
Morris  &  Bastert. 

The  plant,  wliich  is  illustrated  in  Fig.  1,  consists  of  two 
Diesel  oil  engines  designed  and  constiuctod  by  Messrs.  Mirrlees, 
Hickortoii  &.  Day,  direct  coujilod  to  two  100  kw.  500  volt  con- 
tinuous-current generators  of  thi'  (ionoral  Electric  Co.'s  manu- 
facture. Provision  has  been  nuule  on  the  generators  for  the 
fitting  of  compound  winding,  .should  this  be  required  for 
traction  purposes.  It  is  intoiesting  to  note  that  the  engines, 
which  iini  at  250  revs,  per  min..  were  some  of  the  first  to  be 
manufactured  by  Messrs.  Mirrloos.  Hickorton  &  Day  at  their 
new  works  at  Stockport,  since  the  tiansference  of  the  works 
from  Glasgow. 

Starting  up  is  ef!ected  by  compressed  air  stored  in  suitable 
receivers,  and  it  is  stated  that  an  engine  can  be  run  up  and  fully 
loaded  in  the  space  of  two  to  three  minutes.  This  is  an 
important  feature  of  oil  engine  plants,  from 
the  central  station  point  of  view,  particu- 
larly where,  as  in  the  present  instance, 
batteries  are  not  installed,  for  it  is  well 
known  that  intei'nal  combustion  engines  are 
not  particularly  adapted  for  taking  over- 
loads. 

Water  tor  keeping  the  cylinder  jackets 
cool  is  obtained  from  a  canal  adjacent  to  the 
works,  a  circulating  pump  being  driven  by 
spur  gear  from  the  engine  shaft.  About 
(iOO  gallons  of  water  per  hour  are  passed 
through  the  cylinder  jackets  when  the  en- 
uines  are  developing  full  load,  and  a  visible 
outlet  is  provided,  so  as  to  cause  any  in- 
terruption of  the  water  supolv  to  be  quickly 
observed. 

In  v<>gard   to   fuel  supply,  a  circular  tank 
lift.   9  ill.  by    12  ft.  -1  in.,"  situated  near  the 
engine  house,  provides  .sufficient  oil  storage 
to  allow  both    engines   to  be   run    continu- 
ously for  a  week.      It  is  worth  noting  that 
when   the   oil    has    been    delivered    to    the 
storage  tank   no  further  handling   is  neces- 
sary, so  that  the  labour  required  is  reduced 
to  a  minimum. 
.\s  a  three-wire  system  of  distribution  is  being  employed, 
with  440  volts  across  the  outers,  a  balancer  has  been  installed, 
consisting  of  two  25  kw.  slnint-wouiul  machines  coupled  to- 
gether on  the  same  bcdpl.ile. 

The  switchbo;iid.  whieli  is    illiistiateil    in    Fiu:.  2,  has    lieen 


Mmn  .'>w  mil  hoard,  ('iiuiiESTKr,   I'^.KrriiiriTV   W'ohivs. 

su])plied  by  Messrs.  Johnson  &  Phillips,  and  is  of  sUiiidard 
design  for  a  three-wire  .system.  It  will  be  noticed  from  Fig.  2 
that  the  board  is  arranged  to  control  three  generators  (one 
panel  being  provided  for  e.\tension.s),  the  ])anels  reading  from 
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left  to  right  being  feeders,  middle  wire,  balancer,  battery, 
motor,  dynamo  (extension),  and  two  dynamo  panels.  It  will 
be  noticed  that  provision  is  made  for  the  installation  of  a 
batter}',  although  one  has  not  yet  been  installed  :  in  fact,  one 
of  the  features  claimed  for  the  instalhition  is  tliat  the  oil  engines 
■ire  entirely  relied  upon  for  maintaining  the  supj)ly  of  electrical 
energy. 

The  cables  have  all  lieeii  supplied  bv  Messrs.  .Juhusun  & 
Phillips,  and  in  the  case  of  feeders  are  triple  concentric,  lead 
covered,  drawn  into  Sykes  conduits,  whilst  three-core  cables 
are  used  for  the  distributing  network.  These  latter  are  armoured 
with  steel  tape  and  laid  direct  in  the  ground,  a  board  being 
placed  over  them  to  indicate  their  position  when  future 
excavations  are  made.  At  present  a  0-2  sq  in.  feeder  cable  has 
been  installed  and  runs  to  a  feeder  pillar  near  the  cross,  the 
distributors  being  fed  through  switch  fuses.  For  house 
services  concentric  armoured  cables  are  used,  the  service  bo.xes 
and  fuse  boxes  being  of  Messrs.  Johnson  &  Phillips'  standard 
type. 

The  prospects  of  success  of  the  undertaking  are  distinctly 
bright,  since  when  the  supply  was  commenced  over  1:200  lamps 
had  been  connected.  In  addition  to  private  lighting,  it  is 
hoped  that  before  long  a  considerable  motor  load  will  have 
developed,  as  several  consumers  are  preparing  to  instal  motors. 

In  conclusion  we  may  mention  that  we  are  indebted  to  Mr. 
H.  Boot,  who  has  been  responsible  for  the  whole  scheme,  to 
Mr.  R.  V.  Weare,  who  has  been  appointed  resident  engineer 
by  the  Company,  and  who  represented  Mr.  Boot  at  Chichester 
during  the  construction  of  the  works,  and  to  Messrs.  Johnson  & 
Phillips,  the  contractors  for  the  whole  of  the  work,  for  sup- 
plying us  with  thephotogvajihsand  p.uticular  of  this  interestinu 
installation. 


THE  NEW  BATTERY  CHARGING  STATION  AT  THE 
MONTAGUE-STREET  GARAGE  OF  THE  BRIGHTON, 
HOVE  &  PRESTON  UNITED  OMNIBUS  GO. 


The  problem  of  electric  omnibus  traction  by  means  of  secondary 
batteries  has  from  time  to  time  exercised  the  minds,  not  only  of  the 
traveUing  public,  but  of  the  directors  and  operating  engineers  of  the 
omnibus  companies.  Syst?nis,  varying  in  detail,  have  been  advo- 
cated, and  in  many  cases  jiut  to  the  test.  The  long-promised 
Edison  battery  has  been  the  subject  of  many  discussions,  technical 
and  otherwise,  but  still  the  number  of  purely  electric  onmiljusi  s  is 


required.  The  batteries  can  be  charged  in  the  niglit  or  at  times  of 
light  load,  tlius  improving  the  load  factor  of  the  station.  The 
transmission,  being  electrical,  will  be  thoroughly  understood  by  the 
tramways  operating  staff. 

To  omnibus  eomijanies,  however,  these  advantages  do  not  apiieal 
so  strongly,  but  signs  are  not  wanting  that  the  purely  electric  vehicle 
is  receiving  their  careful  consideration.  This  attention  will  natu- 
rally increase  as  the  price  of  |)ctrol  rises.  The  wliole  problem  of  the 
financial  success  of  the  electric  omnibus  hinges  on  battery  first  cost 
and  maintenance,  and  the  cost  of  the  electrical  energy  required  for 
charging  the  batteries.  It  has  been  amjily  demonstrated  that  the 
upkeep  of  an  electric  chassis,  including  the  electrical  equipment  is 
verv  small  as  compared  with  that  of  a  'jear-drivcn  petrol  omnibus. 


One   uf   ths   Bia^.m^-,    1:lf.cti!IC    OmnikusiiS. 


Within  tlie  last  two  years  the  first  cost  and  cost  of  maintenance  of 
traction  batteries  has  been  greatly  reduced  and  manufacturers  are 
seriously  attacking  the  weight  question  with  gratifying  results.  The 
battery  usually  sujiplied  to  electric  omnibuses  has  a  capacity  of 
.500  ampere  hours  at  the  100  ampere  discharge  rate,  the  numljer  of 
cells  being  47.  This  number  being  very  suitable  to  pack  in  the 
main  battery  bo.xes,  with  five  lines  of  eight  and  one  line  of  seven 
cells,  a  vacant  space  being  left  at  the  end  of  the  last  row.  for  con- 
venience of  rcmovinir  the  cells  from  the  box.  The  charging  voltage 
of  the  batteries  varies  from  I<U>  at  the  beginning  of  the  charge  to  130 
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very  limited.  It  is  an  admitted  fact,  that  for  public  service  vehicles 
he  electric  omnibus  is  ideal,  and  that  if  the  cost  of  battery  charging 
and  battery  maintenance  can  be  brought  to  a  reasonable  figure,  the 
inexorable  law  of  the  survival  of  the  fittest  will  leave  the  electric 
vehicle  in  possession  of  the  field  in  all  cases  where  the  streets  have  no 
excessive  gi'adients  and  a  sufficient  number  of  vrUiele.-;  ean  be 
employed. 

For  municipalities  with  their  own  eleetrie  supply  the  electric 
omnibus  otti  rs  many  attractions,  some  of  which  are  obvious — the 
vehicles  cjo  d  b.-  used  as  feeders  to  tramways  and  will  run  in  streets 
too  narrow   for   tiamcars.     Ko   overhead  equipment   or   rails   are 


wh?n  fully  charged.  Where  a  main  generator  is  employed  and 
several  )).xtteries  are  charged  in  parallel  without  the  use  of  bixistejrs 
the  voltage  of  the  seneralor  must  be  kept  at  130.  and  yaruible 
resistances  us^d  in  circuit  with  each  battery.  U  is  obvious  that  tlus 
arranaement  is  very  wasteful,  the  average  voltage  absorbed  by  the 
resistance  l,eing  15.  the  loss  of  energy  through  resistances  alone 
being  12  per  cent,  of  the  total  output  of  the  dynamo. 

A  more  economical  method  is  to  run  the  main  generator  at  llo 
volts,  inserting  in  circuit  with  each  battery  the  armature  of  a  motor- 
driven  booster  of  the  interpolar  regenerative  type.  By  means  of  a 
potentiometer  rheostat  in  the  booster  fields,  the  booster  can  be  made 
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to  absorb  electrical  energy  in  the  earlier  stages  of  the  charge,  run- 
ning as  a  motor  and  causing  the  erstwhile  motor  to  which  it  is  direct- 
coupled  to  act  as  a  generator  to  return  current  to  tlie  line.  As  the 
voltage  required  by  the  battery  ri.ses.  the  resistance  of  the  booster 
fields  is  progressively  short-circuited  by  means  of  the  potentiometer 
rheostat,  until  the  average  voltage  of  115  is  reached.  At  this  point 
the  shunt-field  windings  of  the  booster  are  short-circuited  and  the 
armiture  of  the  booster  is  inert,  only  serving  as  a  conductor  in  series 
with  the  b.ittery.  By  a  further  movement  of  the  potentiometer 
resistance  switch,  the  current  in  the  slumt  Kelds  of  the  booster  is 
reversed,  and  th?  voltage  is  gradually  raised  until  the  maximum  of 
130  is  reached,  when  the  battery  is  fully  charged — during  the  latter 
stage  the  booster  armature  is  generating  electrical  energy  and  is 
driven  by  the  machine  to  which  it  is  direct -coupled. 

With  the  supply  from  the  public  mains  the  voltage  is  generally 
either  220  or  230  on  cither  side  of  the  middle  wire.  In  this  case, 
two  batteries  are  charged  in  series,  with  a  motor-driven  booster  in 
series  with  each  pair  of  batteries.  This,  until  quite  lately,  lias  been 
the  practice  of  the  Brighton,  Hove  &  I'reston  United  Omnibus'Co.. 
who  are  ad<)i)ting  electric  traction  for  their  new  omnibuses.  With 
an  increase  in  the  number  of  electric  vehicles,  however,  it  became 
necessary  to  build  new  premises  at  Montague-street  for  their  exclu- 
sive accommodation,  and  the  directors  of  the  omnibus  company. 


way  double-jiole  voltmeter  switeh  on  each  panel  enables  indica- 
tions of  (a)  line  volts,  (b]  battery  volt,s,  (r)  booster  volts  and  (d) 
by  connecting  across  the  circuit -breaker  when  the  circuit  can  be 
closed  J.P.,  when  the  potential  difference  is  shown  on  the  voltmeter 
(which  is  graduated  to  40  volts  on  one  side  of  zero  and  ."((K)  on  the 
other)  to  be  zero.  Under  service  conditions  the  batteries  to  be 
charged  arrive  at  the  garage  at  regular  intervals.  l)eing  brought  in 
by  the  omnibuses  and  replaced  by  fully-charged  batteries,  the 
operation  of  changing  the  batteries  taking  about  10  minutes.  It 
follows  that  the  plant  is  dealing  with  batteries  at  all  stages  of  charge. 
In  the  earlier  conditions  the  boosters  are  running  as  motors,  but 
^(  hen  the  charging  of  the  batteries  is  more  fully  advanced  they  rim 
as  dynamos — the  motoring  boosters  pulling  round  the  generating 
boosters  so  that  the  actual  energy  required  to  control  the  system  is 
extremely  small — in  some  cases  the  resultant  effort  is  to  drive  the 
balancers  as  generators,  in  others  the  balancers  act  as  motors.  The 
plant  when  completed  will  have  a  charging  cajiacity  of  16  batteries 
at  one  time,  and  the  total  losses  in  conversion  from_460  volts  to  the 
voltage  required  for  individual  batteries  will  not  exceed  .'5  per  cent. 

The  whole  of  the  electrical  plant,  including  balancers,  boosters 
and  switchboard  was  manufactured  and  put  down  by  Messrs.  W.  A. 
Stevens,  of  Maidstone,  and  Fig.  1  shows  it  as  at  present  run- 
ning.    A   "  Hallford-iStevens "  electric    omnibus,    one  of    three  in 
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Fio.  3. — DiAciKAM  01  Connections  at  Electric  Cmnibis  Charging  Station. 


after  consulting  Mr.  Christie,  borough  electrical  engineer  at  Brighton, 
decided  to  adopt  the  Stevens  regenerative  battery  charging  system 
for  the  new  garage,  the  electrical  energy  being  su])plied  from  the 
Brighton  Corporation  mains.  As  a  middle  wire  of  sufficient  capacity 
to  deal  with  an  out  of  balance  current  of  KJO  amperes  was  not  avail- 
able in  the  neighbourhood  of  Montague-street,  the  outers  only,  at  a 
pressure  of  400  volts,  were  brought  to  the  building,  the  section  being 
0-3  sq.  in.,  with  provision  for  bringing  in  additional  mains  of  0-2 
sq.  in.  .section  for  future  requirements.  An  a  voltage  of  230  for 
charging  twc)  batteries  in  series  was  required  it  was  necessary  to 
include  a  pair  of  balancers  to  bring  in  the  middle  wire.  A  diagram 
of  connections  in  the  "  Stevens  system  "  is  shown  in  Fig.  3,  and  it 
will  V)e  .seen  that  the  main  supply  is  connected  across  the  outer 
terminals  of  the  balancers,  which  are  direct-coupled  by  means  of 
flexible  couplings  U>  a  line  of  reversible  boosU^r  armatures,  four  on 
each  side  so  that  the  system  will  consist  of  ten  machines  running  on 
the  same  axis.  At  tlu;  present  time  only  two  l)oost<^rs  are  connected 
on  each  side  of  the  balancers,  but  provision  in  the  foundations  is 
made  to  add  additional  boosters  a-s  required.  It  will  be  seen  that 
the  circuit  from  each  booster  is  through  a  fuse,  reverse  current 
circuit-breaker  and  ammeter  to  the  terminals  of  a  battery,  the 
circuit  being  comi>leted  through  the  middle  wire  as  shown.     A  four- 


public  .service  in  Brighton,  jointly  manufactured  by  Messrs,  .1.  &  E. 
Hall  and  the  above  company,  is  shown  in  Fig.  2. 

A  somewhat  similar  arrangement  to  that  described  above  is  the 
Stevens  system  of  regenerative  boosters  for  automatically  maintain- 
ing a  constant  voltage  at  the  ends  of  three-wire  feeders  of  varying 
lengths.  The  main  feature  of  the  .system  is  the  ai)plication  of  two 
or  more  boosters,  with  their  armatures  din-ctly  coupled  on  the  same 
shaft  or  series  of  shafts  flexibly  connected  togetlier  by  means  of 
couplings  so  that  they  must  all  rotate  at  the  same  speed.  A  line  of 
boosters  can  be  conveniently  coupled  to  each  of  the  outer  ends  of  the 
balancer  shafts  as  shown  in  Fig.  4,  so  that  each  feeder,  or  set  of 
feeders,  has  a  booster  armature  in  series  with  its  [xjsitive  and  nega- 
tive terminals.  Feeders  of  avciage  length,  taking  the  main  load  of 
the  station,  arc  not  included  in  the  system,  as  the  drop  in  voltage  at 
peak  can  be  dealt  with  by  raising  the  main  'bus-bar  voltage,  balance 
being  obtained  by  interconnecting  the  neutral  wire  and  outers  of 
the  distributors  respectively,  and  by  the  aid  of  the  balancer  already 
mentioned. 

The  boosters  are  connected  up  as  shown,  those  controlling  long 
feeders  having  their  fields  series  wound,  so  that  the  current  through 
the  fields  raises  the  voltage  across  the  booster  armatures  propor- 
tionately to  the  current  passing  through  them  ;  and  the  volts  across 
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the  booster  armature  can  be  made  equal  to  the  drop  in  volts  in  the 
feeder  by  adjusting  the  shunt  which  is  provided  with  each  machine. 
With  this  object  the  fields  of  the  boosters  work  at  a  low  magnetic 
density.  The  voltage  across  the  armature  of  the  booster  at  no  load 
is  zero,  and  the  machine  will  work  automatically  throughout  all  its 
range,  after  the  shunt  is  adjusted  to  the  load.  As  the  voltage  of  the 
booster  is  proportional  to  the  current  passing  through  it,  it  is  obvious 
that  the  boosters  will  also  act  as  balancers,  as  any  increase  of  current 
demanded  on  one  side  of  a  feeder  will  be  accompanied  by  an  increase 
of  voltage  on  that  side,  making  up  for  the  increased  drop  of  voltage 
on  the  main,  and  in  addition  providing  for  the  drop  in  the  middle 
wire  for  the  return  current.  Long  feeders  may,  it  is  claimed,  be  left 
to  take  care  of  themselves  with  a  certainty  of  the  voltage  and 
balance  being  satisfactory  at  all  loads. 

Boosters  which  control  very  short  feeders,  such  as  supply  the 
station  and  immediate  surroundings,  are  provided  with  a  shunt  Held 
winding  controlled  by  a  shunt  regulator.  The  direction  of  this  liekl 
is  such  that  the  machine  runs  as  a  motor  and  opjioses  the  line  pres- 
sure, keeping  the  voltage  of  supply  normal  when  the  station  voltage 
is  raised  to  deal  with  the  drop  in  the  feeders  of  medium  length  at 
peak  load.  A  few  turns  of  series  winding  acting  differentially  to  the 
shunt  winding  will  reduce  the  volts  of  the  negative  boost  when  the 
load  on  the  short  feeders  increases  and  the  series  coils  will  also  tend 
to  balance  the  load  on  the  short  feeders.  As  an  illustration  of  the 
action  of  the  system  in  ])ractice,  feeders  of  varying  length  are  shown 
in  Fig.  4.  Feeder  1  is  taken  as  3,000  yards,  2  as  2,000  yards,  4  at 
1,000  yards,  3  as  200  yards,  and  the  current  density  at  peak  is  taker 


+  BUS  BARS 


Fig.  H. — Diagram  oi'  Connections  fob  Arrangement  of  Selective 
Feeder  Boosting. 

for  all  feeders  at  SOO  amperes  per  square  inch  ;  with  this  density 
the  fall  of  potential  will  be  apjiroximately  two  volts  for  each  100 
yards  (single)  of  feeder.  On  feeder  4,  length  1,000  yards,  repre- 
senting the  average  length  of  main  feeders  for  main  supply,  the 
voltage  of  main  "bus  barn,  I'aised  at  peak  load  20  volts  on  each  side 
of  middle  wire,  will  bring  the  voltage  at  feeding  point  to  230.  Feeder 
3,  length  200  yards,  will  then  be  boosted  down  to  16  volts  so  that  the 
voltage  at  feeding  point  will  be  230.  Feeder  2,  length  2,000  yards, 
will  require  a  boost  of  20  volts  on  each  side  in  addition  to  the  'bus 
bar  voltage  of  2.50  to  supply  at  230  volta  at  feeding  point.  Feeder  1, 
length  3,000  yards,  will  require  a  boost  of  40  volts  on  each  side  in 
addition  to  'bus  bar  voltage  of  250  to  supply  at  230  volts  at  feeding 
!)oint.  All  boosting  with  exception  of  that  on  feeder  3  is  done 
automatically. 

The  advantages  claimed  for  the  .system  arc  : — Great  economy  in 
.  iiuning  owing  to  the  load  on  the  series  of  boosters  being  only  the 
a\erage  of  the  total  boosts  some  of  which  are  negative  or  motoring. 
('  iiivcnicnce,  owing  to  the  majority  of  the  operation  including 
balancing,  being  automatic.  Economy  in  first  cost.  The  size  of  the 
feeders  can  be  calculated  from  Kelvin's  law  without  the  necessity  of 
keeping  a  large  cross  sectional  area  to  avoid  excessive  drop  as  in  the 
present  system.  The  figures  given  are  only  intended  as  an  illustra- 
tion, as  probably  the  total  length  and  drop  on  feeders  will  be  less 
than  in  the  example  cited.  The  same  principles  will,  however, 
apply. 


NEW   WESTON   INSTRUMENTS. 

Since  the  very  earliest  days  of  the  electrical  industry  th;  qiijstion 
of  the  proper  measurement  of  currents  and  pressures  ha.s  been  a  pro- 
blem that  has  exercised  the  minds  of  both  theoretical  and  practical 
engineers.  And  it  is  certainly  a  matter  in  which  theoretical  and 
practical  knowledge  can  be  very  well  combined.  On  the  one  hand 
it  is  necessary  to  design  instruments  that  shall  measure,  accurately 
and  within  required  limits.  |)ressures  or  currents  over  a  certain  scale, 
but,  on  the  other  hand,  such  an  instrument  must  not  be  of  so  flimsy 
a  nature  that  it  will  deteriorate  rapidly  in  the  atmosphere,  or  under 
the  working  conditions  present  in  generating  stations  or  machine 
shops. 


Fiu.  1.— Wkston  A.C.  Volt.meteb. 

A  combination  fulfilling  these  conditions  has,  as  is  well  known,  been 
long  effected  by  many  electrical  firms,  so  that  it  is  at  the  present  time 
possible  to  obtain  an  instrument  that  will  work  satisfactorily  under 
very  arduous  circumstances.  A  firm  which  has  by  no  means  slightly 
contributed  to  this  state  of  affairs  is  the  Weston  Electrical  Instru- 
ment Co.,  of  Newark,  U.S.A.,  and  of  London.  They  have  long  been 
noted  for  their  "  Weston  "  moving-coil  instruments,  and  they  have 
now  launched  out  in  a  new  direction  by  placing  on  the  market  a  set 
of  instruments  suitable  for  working  on  alternating-current  circuits. 
These  instruments,  it  is  claimed,  contain  so  many  revolutionary 
characteristics — a  statement  which,  we  think,  will  not  be  disputed 
when  the  results  obtainable  with  them  are  considered — that  they 
cannot  be  adequately  described  at  the  present  time.  As.  however, 
they  are  now  being  placed  on  the  market,  we  take  this  opportunity 
of  enumerating  some  of  their  features,  reserving  a  more  technical 
th'seription  for  a  more  convenient  season. 


Fu!.  2. — Wi:sTO-v  A.C.  A^imetkh. 

The  work  of  designing  the  "  Weston  "  alternating-current  instru- 
nu-nt  has  been  extended  over  a  period  of  many  years,  and  though 
the  company  claim  that  at  any  time  during  that  jierKKl  they  could 
have  produced  better  results  than  those  then  obtainable,  their  policy 
has  been  to  ivfrain  from  so  doing  ""til  the  problems  had  been  com- 
pletely solved,  and  result.s  obtained  that  would  not  detract  from, 
but  rather  enhiiiiee.  their  reputation. 

Examples  of  the  new  Weston  alternating-current  switchboard 
voltmeters  and  ammeters  are  slunvn  in  Figs.  I  and  2.  It  is  claimed 
for  them  that  thev  have  no  inductance  error,  and  can.  therefore.  Ix^ 
used  on  all  eomiiu-rcial  frequencies,  while  the  working  erior  may  be 
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practically  neglected.  Temperature  affectsjhcm  very  sliiilitly.  as 
will  he  gathered  from  the  statement  that  a  change  of  KKI-F.  will 
cause  an  error  of  less  than  one-half  of  1  per'eent.  un  a  voltmeter  witli 
a  range  of  150  volts.  Pcrhap.s  the  most  interesting  feature  of  these 
instruments  is  their  remarkable  "  dcadbcatness."  Even  when 
watching  the  scale  closely  it  is  almost  im])ossible  to  detect  any  swing 
at  all.  and  in  this  respect,  it  is  claimed,  they  are  at  least  equal  to  the 
Weston  moving-coil  instruments.  Another  feature  of  interest  is  the 
uniform  scale  ;  in  fact,  on  the  upper  or  working  jiortion,  the  divi- 
sions seem  exactly  equal  when  inspected,  and  that  they  are  not  can 
only  be  proved  by  means  of  dividers.  Two  sizes  of  this  class  of  in- 
strument, both  voltmeters  and  ammeters,  are  made.  The  larger 
size  (Fig.  1)  is  91  in.  in  diameter,  with  a  scale  arc  6i  in.  Icng,  while  in 


the  smaller  size  (Fig.  2)  the  corresponding  dimensions  are  7J  in.  and 
5J  in.  respectively.  Seven  sets  of  ranges  are  provided  in  both  classes 
of  voltmeter  and  16  in  both  classes  of  ammeter,  the  maximum  being 
750  volts  and  500  amperes  respectively.  In  the  latter  case  larger 
currents  can  also  be  dealt  with  b\'  employing  current  transformers. 
A  secondary  current  of  5  amperes  is  recommended,  and  the  instru- 
ments are  directly  calibrated.  Voltmeters  with  ranges  above  300 
volts  and  150  volts  are  provided  with  an  external  resistance  in  the 
case  of  the  larger  and  smaller  sizes  of  instrument  respectively.  The 
fact  that  these  new  instruments  are  made  by  the  Weston  Electrical 
Instrument  Co.  should  secure  their  ready  adoption,  and  there  is  no 
doubt  that  many  points  in  t'leir  manufacture  mark  a  distinct  step 
along  the  road  of  progress. 

The  activities  of  the  company  as  regards  alternating-current  work 
are  not  confined  to  switchboard  instruments,  for  in  Figs.  3  and  4  we 
illustrate  types  of  portable  voltmeter  and  ammeter  which  have  re- 
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cently  been  |)ut  on  the  market.  These  instruments  are,  it  is  elaiinc<l, 
the  result  of  much  arduous  scientific  work.  They  compri.se  10  dif- 
ferent ranges  of  alternating-current  ammeters,  five  different  ranges  of 
alternating-current  mil-ammeters,  and  seven  different  ranges  of 
alternating-current  voltmcltrrs  ;  in  all  a  goodly  show.  In  designing 
these  "  portables  "  care  has  been  taken  to  produce  instruments  of  the 
highest  accuracy  and  ])erfcctly  suited  for  the  work  they  will  be  called 
upon  to  do.  They  are  jiractieally  "  dead-beat."  and  may  be  u.sed  on 
circuits  of  any  frequency  Iwtween  15  and  140  without  sensible  error 
in  their  indicaticjns.  As  regards  the  other  ordinary  errors  to  which 
alternating-current  instruments  arc  liable,  they  arc  as  free  from  them 
as  18  the  switchboard  ty|)e  described  above. 

In  these  "  portables"  the  moving  system  is  light,  though  strong. 
the  pivot«  bcmg  of  hardened  steel,  which  is  accurately  ground  and 


liighly  polished.  The  bearings  are  sapphires,  and  the  whole  move- 
ment is  contained  in  neat  dust-proof  wood  eases.  The  voltmeters 
of  this  class  are  self-contained,  and  include  instruments  for  those 
with  a  maximvmi  scale  reading  of  75  volts  to  those  with  a  scale  read- 
mg  of  10  times  that  amount.  The  ammeters  have  maximum  scale 
readings  from  1  to  500  amperes,  and  can  be  used  on  all  circuits  whose 
voltage  does  not  exceed  2.300  volts.  Higher  voltages  or  currents 
can  be  dealt  with  by  using  suitable  transformers.  The  standard 
sizes  of  the  portable  instrument  case,  as  shown,  are  7J  in.  x  7J  in. 
X  31  in.  for  voltages  u])  to  300.  and  7|  in.  x  8J  in.  x  3  j  in.  for  voltages 
between  300  and  750  volts.  The  dimensions  of  the  ammeters  are 
7  in.  x7i  in.  x34  in.  The  lightness  of  these  instruments  is  quite  ex- 
traordinary, in  comparison  with  the  moving-coil  continuous-current 
type,  and  this  ])roj)crty  at  least  should  benefit  those  who  have  to  use 
them. 


Flo.  5. — "  Kci.iPSK 


Iro.V    CoNTrNrouS-Cl'RItEXT  VOLTMETEn. 


Of  the  past  achievements  of  tlie  Weston  Electrical  Instrument  Co. 
in  solving  the  problem  of  continuous-current  meas\ncment  it  is  need- 
less to  speak,  but  attention  must  certainly  be  drawn  to  a  new  type  of 
instrument  intended  for  use  on  eontinuous-eiurcnt  switchboards. 
.\  voltmeter  and  an  ammeter  of  this  type  we  illustrate  in  Figs.  5  and 
6.  They  are  known  as  the  Weston  "  Eclipse,"  and  are  of  the  electro- 
magnetic type.  They  are,  it  is  claimed,  far  in  advance  of  all  pre- 
ceding forms  of  soft-iron  instruments,  and  are,  in  fact,  more  accurate 
than  many  imitations  of  the  Weston  |!ermanent  magnet  tyjie  of 
instrument.  The  "  Eclipse  "  instruments  have  neither  working  or 
chamber  error  ;  and,  more  remarkable  still  for  soft-iron  instruments, 
are  practically  free  from  magnetic  lag  or  troubles  due  to  hysteresis. 
These  points,  as  regards  the  voltmeter  especially,  mark  a  distinct 


Vic.  G. — "  Eci.irsi' 


IS.Cl'RRENT    AmMETEK. 


step  forward.  In  external  dimensicjus  and  Irngtli  of  scale  are  these 
iiistiiiMiiiits  are  pi'actieally  the  same  as  tlmse  deseril)ed  above,  wliile 
llir  scali  hscif  is  very  evenly  divided  for  the  electromagnetic  type. 
'i'lir  ranurs  are  also  practically  the  same  as  those  given  above  for  the 
Weston  alternating-current  instruments,  and  tliey  are,  in  fact,  very 
similar  to  these  instruments  in  every  respect. 

Enough  has  been  said  to  show  that  the  Weston  Electrical  Instru- 
ment Co.  have  succeeded  in  solving  two  further  |noblems  connected 
with  measuring  instruments.  They  have  obtained  an  alternating- 
current  instrument  from  which  many  of  the  faults  ofti  n  present  in 
this  class  of  a])|)aratus  have  been  eliminated,  wliile  tluy  have  aisc 
made  possible  an  accurate  continuous-ciMienl  instrument  of  the 
moving-iron  type.  We  shall  await  ^^itll  interest  the  details  of  how 
these  results  are  achieved 
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ELECTRIC  POWER  SUPPLY  AND  TARIFFS. 


The  dfinaiid  tor  (.■Ircli icily  fnr  |iin\r  i  piiii" 
niicli  as  factories,  mines.  ennineeriiiL'  .-li"|i-.  i  i 
has  increased  very  rajiitlly  durini:  !!»■  |'msI  tiw 
i)f  the  price  to  be  charged  is  undnubtcdly 


ill  (lescn|)ti<ins. 

Irannvays.  &e., 

nd  t  he  que.stion 

t  important  one. 


One  of  the  fairest  meth<ids,  and  one  -whieh  is  often  advantageous, 
is  that  which  is  based  on  a  fixed  charge  i^er  annum 
per  kilowatt  demanded,  combined  with  a  flat  rate  per 
unit  registered  on  tlie  meter.  This  gives  the  consumer 
a  benefit  from  longer  hour  use,  and  at  tlie  same  time 
insures  that  the  supply  authority  obtains  a  sufficient 
return  to  cover  standing  charges.  The  curves  illus- 
trated in  Fig.  1  show  how  the  equivalent  price  per 
unit  varies  in  this  system  at  ditYerent  load  factors. 
It  is  essential,  if  this  system  of  charging  is  to 
correctly  carried  out  in  practice,  that  an  inslnimcnt 


variations  of  pressure  and  frequency.  The  instruments,  of  wlucli  one  is 
shown  in  Figs.  2  and  :?,  can  be  made  for  single  and  multi-phase  and 
also  continuous-current  circuits,  and  it  will  lie  seen  from  the  above 
illustrations,  which  arc  of  a  single-pha.se  instrument,  that  it  consists 
of  a  disc  rotating  between  magnet.s  against  a  spring,  the  amount  of 
torque  measuring  the  kilowatts.  The  si)indle  with  its  disc  is  fixed 
on  a  float  which  moves  in  a  vessel  containing  oil.  which  not  only 
provides  the  retarding  medium  but  also  reduces  the  friction  to  a 
minimum  by  allowing  the  spindle  to  be  pivoted  on  a  top  jewelled 
bearing. 

The  time  lag  can  be  varied,  according  to  the  density  of  the  oil 
which  is  supplied  by  the  makers,  from  one  min\ite  to  one  hour  or 
more.  It  may  be  mentioned  that  the  float  very  nearly  lills  up  the 
containing  vessel,  so  that  a  very  small  quantity  of  oil  is  required. 

The  registering  is  effected  by  a  ratchet  Hxed  to  the  spindle  wheel, 
which  also  serves  to  carry  the  scale.  A  very  light  pawl  prevents  the 
ratchet  wheel  from  moving  backwards,  and  at  the  same  time  allows 
the  scale  to  revolve  to  its  correct  reading.  The  resetting  is 
accomplished  without  removing  the  cover  or  seals,  by 
lowering  the  oil  vessel  by  means  of  a  bottom  thumbscrew 
until  the  ])awl  is  released  and  just  allows  the  disc  to  return 
to  zero.  On  further  screwing  down  the  oil  vessel  the  same 
is  sealed  for  transit. 

It  will  be  .seen  that,  compared  with  existing  indicators, 
the  instrument  has  several  advantages,  including  sim- 
plicity, long  uniform  scale  and  direct  kilowatt  readings, 
so  that  the  apparatus  should  be  welcomed  by  those  de- 
sirous of  charging  for  electric  energy  on  the  maximum  de- 
mand svstem. 


ENERGY  DIRECTION  INDICATOR. 


be  used  which  measures  the  maximum  number  of  kilowatts  taken 
under  ordinary  circumstances,  while  taking  no  account  of  momen- 
tary excess  or  short-circuits.  Moreover,  it  is  absolutely  essential 
to  use  an  accurate  instrument,  for  an  error  of  a  few  per  cent,  on  a 
large  power  installation  may  mean  a  considerable  loss  of  revenue. 


Hitherto  the  instruments  used  for  this  (purpose  have  only  registered 
the  maximum  current  taken,  which  in  the  ea.se  of  alternating- 
current  circuits  in  particular  gives  no  indication  of  the  actual  power 
demanded. 

I  An  instrument  which  Messrs.  Elliott  Bros,  ai'e  now  placing  on  the 
market  indicates  the  maximum  power  in  kilowatts,  and  is  claimed 
to  be  accurate  at  all  loads  and  at  any  power  factor  within  large 


In  the  di.seussion  following  Mr.  .J.  H.  Rider's  recent  Pa{>er,  read 
before  the  Institution  of  Electrical  Engineers,  reference  was  made 
to  the  uncertainty  of  the  working  of  reverse  current  relays  on  alter- 
nating-current circuits.  In  some  cases,  perhaps,  failure  in  working 
is  due  to  want  of  adjustment  of  the  apparatus  to  meet  the  conditions, 
since  most  modern  instruments  provide  for  adjustment  for  i>hasc 
displacement,  surging,  drop  of  pressure.  &c.  Although  the  condi- 
tions may  not  always  admit  of  the  use  of  relays,  yet  to  couple  gene- 
rators direct  to  the  'bus  bars  must  be  regarded  as  a  practice  involv- 
ing a  serious  risk — a  vital  part  of  a  system,  which  otherwise  is  pro- 
tected tliroughout.  being  left  without  any  protection  of  any  kind. 

Even  if  the  inductance  of  the  machine  pre-  

vents  a  disastrous  rise  of  current  this  partial 
protection  does  not  apply  to  the  cables 
between  the  machine  and  the  'bus  bars. 

Though  a  prompt  indication  at  the  be- 
ginning of  the  trouble  is  not  soeti'ective  as 
automatic  action,  it  is  clearly  better  than 
nothing,  and  an  instrument  for  indicating 
when  an  alternator  is  sujiplying  energy  to, 
i>r  receiving  energy  from,  the  "bus  bars 
has  been  in  use  for  some  time  in  America. 
It  depends  for  its  operation  on  a  relay, 
which  closes  a  switch  and  thereby  cau.ses 
a  red  lamp  to  light  up  when  the  generator 
is  receiving  motoring  current.  This  appa- 
ratus, however,  has  the  disadvantage  of  de- 
pending upon  a  switch,  so  that  the  energy 
direction  indicatiir  (.\ndrews"  patent)  re- 
cently placed  on  the  market  by  Messrs. 
Cowans  (Ltd.)  will  doubtless  be  welcomed 
by  many  engineers. 

"  Its  action  is  purely  inductive,  as  will  be  .seen  from  the  diagram 
herewith.  It  is  arranged  to  indicate  by  nu-aus  of  a  grtvn  lamp 
when  a  generaliir  is  generating  and  by  means  of  a  ret!  lamp  when  a 
uenerator  is  motcuing.  There  is  nothing  to  gel  out  of  ortler.  and.  as 
its  only  function  is  to  indicate,  no  switches  are  trippinl  when  it  would 
be  desirable  that  they  should  remain  closetl.  The  indication  of  an 
ammeter  is  misleading  and  not  sufficiently  noticeable,  but  the  light- 
ing up  of  a.red  lamp  is  seen  at  a  glance  and  its  indication  is  unmis- 
takable. A  and  B  (.««f  diagram)  respectively  are  nnl  and  green 
lamps  connected  across  indeiHMident  secondary  windings.  The 
combincd  cft'eet  of  the  series  and  shunt  windings  is  to  light  the  green 
lamp  B  when  the  series  is  in  phase  with  the  shunt— i.e..  when  the 
generator  is  feeding  energy  into  the  "bus  bare — and  to  extinguish  the 
green  lamp  and  liglit  the' red  lamp  on  a  reversal  of  the  series  current 
relatively  to  the  E.M.F. 
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Among  the  uses  of  this  energy  direction  indicator  may  be  men- 
tioned :  ( 1 )  To  indicate  a  faulty  generator  when  several  machines  are 
connected  in  parallel  ;  {2)  to  indicate  when  the  load  on  a  machine 
has  fallen  to  zero  in  switching  out  a  n-a-hine  :  (."i)  to  indicate  the 
direction  of  energy  in  a  distributing  network,  an  ammeter  merely 
giving  the  amount.  These  indicators  are  designed  for  use  on 
circuits  up  to  lO.lMHI  volts,  and  made  for  either  high-tension  or  low- 
tension  current.  The  high-tension  a))paratu.s  is  designed  for  con- 
necting directly  in  series  with  the  high-tension  circuit,  while  the 
low-tension  apparatvis  is  arranged  for  connecting  in  series  with  the 
secondary  circuit  of  current  transformers.  In  cither  case  the 
jHitential  windings  must  W  .supjilicd  with  low-pressure  current,  and 
not  directly  fnmi  the  high-tension  'bus  bars,  as  shown  on  the  diagram 
berewitli.  in  (.irdcr  to  simj)lify  the  connections. 


UNIVERSITY  COLLEGES  OF  GREAT  BRITAIN. 

A  report  of  the  Advisory  Committee  on  University  Colleges 
and  a  Treasury  minute  relating  tliereto  were  issued  last 
week.  It  will  be  remembered  that  tiic  Committee  consists  of 
Dr.  H.  G.  Woods,  Sir  Francis  Mowatt,  Sir  W.  J.  Collins,  M.P., 
Mr.  F.  G.  Ogilvie,  Prof.  H.  Jackson  ami  Mr.  W.  S.  McCormick. 
In  a  previous  report,  dated  June  (•,  1907,  the  Committee 
recommended  a  distribution  of  the  Treasury  grants  to  univer- 
sity colleges  for  a  period  of  only  two  years,  instead  of  the 
usual  five,  so  as  to  aft'ord  an  opportunity  for  early  reconsidera- 
tion when  the  principles  governing  future  allocations  should 
have  been  placed  on  a  more  permanent  footing.  The  present 
report  (which  is  dated  July  24,  1908)  gives  the  conclusions  at 
which  they  have  arrived.  Those  of  chief  interest  are  as  follows  : 

If  State  aid  to  universities  and  univer.sily  .  .iIIcl'i-^  is  to  be  fiillv  effective 
a  degree  of  freedom  must  be  allowed  in  I  1m  umkiim  (.f  these  institutions 
which  is  not  possible,  and.  indeed,  is  not  ili  siialilc.  in  the  case  of  schools. 
A\'hile  it  is  necessary  that  there  should  be  siitbiient  guarantee  of  educa- 
tional results  to  justify  the  expenditure  of  public  money,  the  methods 
usually  adopted  in  this  country  in  the  administratiim  of  Parliamentary 
grants  for  educational  ])urposes  are  not  wholly  applicable  to  the  institu- 
tions with  which  we  have  to  deal. 

We  attach  much  importance  to  the  standard  of  ])reliminary  education 
to  be  demanded  of  a  student  as  a  condition  of  admission  to  a  dcuree 
course.  No  education  should  be  regarded  as  of  imiversity  standard  which 
is  antecedent  to  matriculation.  One  condition  of  any  college  receiving 
a  grant  from  the  Treasury  should  be  an  adecpiatc  standard  for  such 
matricidation  or  other  pn-liniinary  examination  ;  it  is  not  intended  that 
this  should  imply  uniformity  of  test.  In  our  judgnunt,  the  (piestion  is  of 
suflicient  natiimal  importance  to  demand  the  imuu'diate  attention  of  ail 
concerned,  and  to  warrant  such  financial  iuljiistment.s  as  may  be  required 
to  facilitate  a  .settlement. 

We  attach  great  importance  to  the  fact  that  an  increasing  number  of 
students  in  each  year  arc  reading  for  degrees.  But  we  recognise  that  the 
student  who  cannot  enter  for  a  degree  course  may  be  a  true  rc])rcsenta- 
tive  of  the  class  for  which  the  Treasury  grants  were  originally  designed, 
a  class  which  the  nation  docs  well  to  enccjurage. 

We  have  considered  the  questiim  whether  it  is  desirable  to  amalgamate 
the  grants  to  universities  as  examining  bodies  with  those  to  the  same 
universities  as  teaching  bodies  ;  but  while  we  think  that  it  would  be  icm- 
vcnient  if  expenditure  under  the  two  classes  of  grants  were  brought  under 
the  cogni.tance  of  the  same  advisory  committee,  we  arc  not  at  present  in  a 
position  to  formulate  definite  recommendations. 

We  have  considered  the  (piestion  to  what  extent  the  Treasury  grants  to 
colleges  should  be  made  to  dejpcnd  on  a  minimum  sum  of  money  being 
obtained  from  fees  anil  oilier  local  contributions.  A  rigid  ijuidifying 
condition  of  mininnuu  local  income  anil  fees  undeniably  has  certain 
disadvantages.  It  is  apt  to  induce  colkgcs  which  fall  near  the  border 
line  in  this  matter  to  adjust  their  financial  policy  with  a  view  to  this  test, 
irrespectively  of  other  considerations.  It  also  encourages  the  view  that 
if  the  financial  conditions  are  satisfied  (provided  there  is  no  actual  in- 
efficiency) a  college  not  at  present  on  the  list  has  a  positive  claim  to 
recognition.  Finally,  this  rule,  though  reasonable  enough  when  judi- 
eiou.sly  interpreted  as  a  condition  of  admittance  to  the  privileges  of  the 
grant,  might  create  grave  hardship  if  rigidly  enforced  as  a  condition  of 
retaining  a  share  in  it. 

On  the  other  hand,  in  testing  the  claims  of  a  new  college  to  be  admitted, 
or  of  an  existing  college  to  remain  on  the  list,  it  is  necessary  to  insist  on 
some  minimum  standard  of  develojiment.  While  we  would  recommend 
assistance,  so  far  as  the  amount  of  the  grant  allows,  to  struggling  institu- 
tions which  show  promise  of  dcviloiiment.  no  money  o\ight.  in  our 
opinion,  to  be  allocated  to  any  institution  unless  it  is  clearly  capable  of 
effectively  carrying  on  anumber  of  departments  of  study,  and  has  a  local 
income  which  justifies  it  in  occupying  the  ground.  We  recommend  that 
the  mechanical  minimum  qualititations  hitherto  required  should  be  re- 
placed by  the  following  conditions  in  the  case  of  any  institution  seeking 
to  obtain  or  retain  a  grant : — 

(1)  The  institution,  or  the  Incal  teaching  organisation  of  which  it  forms 


part,  must  be  ))rcpared  to  afford  satisfactory  instruction  of  university 
standard,  which  shoidd  normally  include  the  following  branches  of  arts 
and  science  :  English,  classics,  French,  German,  history,  philosophy, 
mathematics,  physics,  chemistry  and  biology.  (2)  The  courses  of  iii- 
struction  so  established  must  be  attended  by  a  reasonable  number  of 
students  capable  of  profiting  by  the  education  which  these  courses  afi'ord. 
(3)  Since  the  main  object  of  the  Treasury  grants  is  mainlcnan.c  rather 
than  initial  or  capital  expenditure,  the  buildings  and  initial  eiinipmcnt  of 
the  college  must  be  adequate  for  the  courses  established.  (4)  Its  local 
income,  when  su])]ilemcnted  by  Ciovernment  grants,  including  such  a 
grant  as  the  Commitlee  could  reciunmend  the  Treasury  to  give,  must  be 
sufficient  to  maintain  all  its  departments  of  university  teaching  in  a  state 
of  efficiency,  and  to  establish  a  sujierannuation  scheme. 

While  we  recommend  your  Lordships  to  jirescribe  these  conditions,  we 
think  it  should  be  made  quite  dear  that  while  they  are  lucc.'i'iary,  they  are 
not  in  themselves  siiffickiil  to  justify  ncnguition,  and  that  there  may  be 
colleges  which  conform  to  them  but  which  cannot  be  recommended  for 
Linnls.  The  };r,ints  have,  from  the  beginning,  been  limitei  to  colleges 
siiii.ilcil  in  i/rciit  c  lutres  of  population,  and  in  our  opinion  this  condition 
shoulil  |)c  maintained.  We  are  also  of  opinion  that  no  new  institution 
shoidd  be  admitted  uidcss  it  serves  a  district  not  already  adequately 
served  by  a  college  sivint;  instruction  of  a  university  character.  Due 
accotmt  must  be  taken,  not  only  of  the  efliciency  and  university  standard 
of  the  teaching  in  each  cle|iartment,  but  also  of  the  spirit  animating  the 
institution  and  of  its  intlucnces  as  an  intellectual  centre.  Finally,  we  may 
observe  that  while  the  Treasury  grant  in  aid  continues  at  the  same  fixed 
sum,  it  will  be  difficult  to  admit  new  institutions  to  participation  in  the 
Urant.  since  the  money  can  only  be  found  liy  rcihieing  the  sums  allocated 
lo  institutions  which  are  already  on  the  list  and  have  duly  maintained 
their  standard. 

In  accordance  with  a  Treasury  Minute  of  July  18,  1905,  special  grants 
have  been  devoted  to  (1)  books  and  a|)|)aratus,  (2)  post-graduate  work, 
(3)  the  establishment  of  superannuation  schemes.  We  lecognise  the 
importance  of  each  of  these  objects,  but  we  have  come  to  the  conclusion 
that  it  is  vmnecessary  to  continue  the  system  of  separate  special  grants, 
as  the  quini{uennial  re  assessment  of  the  grants  for  geneial  purposes  will 
alToid  the  CoiuMiittcc  ample  opportunity  for  securing  the  development 
of  the  colleges  in  these  directions. 

Universities  and  imiversity  colleges  are  at  present  doing  much  work 
referable  to  catcjjories  (tecluiical  or  other — e.g.,  technological,  agricul- 
tural, ]irofcssional)  for  which  grants  are  authorised  by  Parliament 
otherwise  than  from  the  university  colleges  grant  in  aid.  It  is,  there- 
fore, possible  («)  that  both  such  other  grants  and  the  university  colleges 
grant  in  aid  might  be  i)aid  to  these  institutions  in  respect  of  the  same 
work,  and  (h)  that  there  might  be  undue  competition  between  these 
institutions  and  others  su))))orted  by  State  aid  in  the  same  area.  We 
have  examined  carefully  in  these  respects  the  actual  (losition,  and  we  are 
satisfied  that  there  has  not  yet  arisen  any  serious  overlap])ing  of  grants  or 
wasteful  conipctilion.  .\t  tlie  same  time  we  believe  that  the  sound  and 
harmonious  dcvclo|inieiil  of  the  universities  and  university  colleges,  and 
of  their  m  |i,ir,il.  clc|iartments,  will  be  |)romoted  by  the  consolidatit n  of 
the  assi>i  IIP  I  111.  \  nceive  from  the  State,  and  by  bringing  the  record  of 
their  vai  inl  .,.  in  ii  us  under  review  by  a  single  authority. 

The  linivcr<ny  ( 'nlleges  Advi^iory  Comnutt"e,  in  considering  the  grants 
which  ought  to  be  made  to  the  eolle<;cs,  should  have  before  them  a 
reasoned  statement  of  all  work  done  )iy  each  college,  which  represents 
grant-value  under  Parliamentary  sanction  otter  than  the  university 
colleges  grant.  Such  a  statement  iiuKht  be  ])repared  by  the  Board  of 
Education,  who  ailiiiinister  most  of  tliese  grants,  and  to  whom  the  univer- 
sities and  university  colleges  in  reccijit  of  the  grant  in  aid  are  required  to  ' 
furnish  particulars  of  their  work,  organisatiiMi  and  finance. 

Subject  to  limitations  and  conditions  of  aid  set  out,  wo  recommend 
that,  in  the  distribution  of  the  amount  of  £100,000  (excluding  for  the 
IMcsent  £1.000  for  University  College,  Dundee),  the  methods  hitherto 
in  force  should  be  replaced  by  an  allocation  turning  U|ion  the  recognition 
of  the  essential  college  establishment  charges  on  the  one  hand,  and  of  the 
number  and  nature  of  the  effective  dejiartments  on  the  other.  The  total 
award  of  grant  to  each  college  should  be  a  single  aggregate  sum,  however 
the  amount  was  calculated  ;  arul  this  aggregate  grant  foi'  each  college 
should  hidil  good  for  a  qiiiiiqiicnniiim,  subject  to  any  readjust  nient 
necessary  in  respect  of  possible  transference  of  sections  of  work  between 
the  colleges  and  other  institutions. 

We  trust  that  it  may  be  found  possible  to  regard  such  a  scheme  as 
being  merely  transitional,  and  to  replace  it  in  the  near  future  by  one  on 
more  simple  lines — a  scheme  that  would  comiirise  in  a  single  vote  the 
whole  aid  granted  by  Parliament  to  universities  and  university  colleges 
for  education  of  university  character  and  standard.  We  recognise  that 
the  present  is  a  jieriod  of  adjustment  in  many  matters  that  have  an 
effective  bearing  on  university  education,  and  we  would  urge  thnt  the 
methods  adopted  with  a  view  to  meeting  the  needs  of  the  moment  should 
have  a  relation  ;is  direct  as  possible  to  a  broad  coneejition  of  the  jilace  ' 
of  university  wink  in  the  national  scheme  of  education. 

The  Treasury  concur  with  the  Committee  in  the  recommen- 
dations made  as  to  the  conditions  to  be  required,  and  agree 
that  State  aid  to  general  education  of  a  university  standard 
should,  as  far  as  possible,  be  distinguished  from  State  aid  to 
professional  and  technical  education  ;  and  they  recognise  the 
great  ditliculty  of  allocating  the  grants  in  iuch  a  manner  as  to 
secure  this  end.  They  are  satisfied,  however,  that  it  would 
not  be  practicable  under  present  circumstances  to  consolidate 
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the  grants  or  to  place  their  distribution  in  the  hands  of  any 
one  Department  of  the  State.  The  Treasury  propose  to  invite 
the  Board  of  Education  and  the  Board  of  Agriculture  to  furnish 
the  Committee  from  time  to  time,  as  far  as  practicable,  with 
a  statement  showing,  in  the  case  of  each  college,  the  extent 
and  character  of  the  work  in  respect  of  which  grants  are  made 
by  those  Departments,  so  that  the  Committee  will  be  able  so  to 
frame  their  recommendations  as  to  ensure  that  the  same  work  is 
not  paid  for  twice  over.  They  are  further  of  opinion  that  the 
Committee  should  aim  at  excluding  from  the  purview  of  the 
university  colleges  grant  all  work  for  which  the  colleges  could 
obtain  grants  either  from  the  Board  of  Education  or  the  Board 
of  Agriculture.  As,  however,  this  change  may  at  first  aflFect 
the  arrangements  and  practice  of  some  of  the  colleges  it  should 
bo  introduced  gradually  and  with  due  consideration  for  existing 
conditions. 

As  to  the  annual  grants  of  £i!,000  now  made  to  universities 
as  distinct  from  colleges  in  respect  of  their  examining  or 
degree  granting,  rather  than  of  their  teaching,  functions,  the 
Treasury  doubt  whether  assistance  from  public  funds 
should  continue  to  be  given  for  these  purposes,  and  think  that 
the  grants  might,  with  advantage,  be  merged  in  the  aggregate 
8um  to  be  allocated  by  the  Committee  ;  but  before  finally 
deciding  the  question  they  will  await  a  further  expression  of 
the  views  of  the  Committee. 


THE  INTERNATIONAL  CANDLE. 


Ill  our  issue  of  May  21st  last  we  published  a  communication 
on  the  International  Candle  from  the  National  Physical 
Laboratory.  We  have  received  from  the  Bureau  of  Standards 
a  somewhat  similar  communication,  published  in  the  United 
States  at  the  same  time  as  the  one  in  this  country.  After  giv- 
ing the  report  in  rjtniso,  some  interesting  comments  on  it  are 
made  to  show  how  the  new  standard  will  affect  the  present 
state  of  affairs  in  the  United  States.  These  comments  are  as 
follows  : — 

The  above  announcement*  marks  an  important  step  for-\iard  in  the 
history  of  photometric  measurements.  For  many  years  the  British 
parliamentary  candle  was  the  unit  rccngnisid  in  this  country. 
but  the  lack  of  precision  in  practical  photometry  did  not  permit 
its  vahie  to  be  very  accurately  expressed  or  reproduced.  In 
recent  years  the  gas  industry  has  employed  the  1  c.p.  sperm  candle, 
the  lOo.p.  Harcourt  pentane  lamp,  the  Hefner  lamp,  and  \arious 
Beoondary  standards,  while  the  electrical  industry  has  employed  in- 
candescent electric  lamps,  either  certified  by  the  Bureau  of  Standards 
or  rated  in  terras  of  standards  that  are  consistent  with  those  of  the 
Bureau.  The  unit  of  the  Hureau  has  been  maintained  very  constant, 
as  shown  by  frequent  comparisons  with  the  standards  of  France, 
Germany,  and  Great  Britain,  but  differed  appreciably  from  the 
British  unit  and  hence  from  the  unit  employed  by  most  of  the  gas 
companies  in  .America. 

Ihe  Bureau  of  Standards  took  the  initiative  several  years  ago  in 
bringing  about  international  uniformity  in  the  unit  of  light,  by 
Bending  its  representatives  abroad  with  copies  of  its  standards  to 
determine  more  accurately  the  relative  values  of  the  units  of  tlic 
several  European  countries,  and  to  urge  the  adoption  of  an  inter- 
national unit.  In  this  country  the  American  Institute  of  Kleclricid 
Engineers,  the  .\merican  Gas  Institute,  and  the  Illuminating  Engin- 
eering Society  have  acted  together  in  .support  of  the  movement,  and 
have  voted  in  advance  to  recognise  the  new  unit  of  candle-power. 

In  lingland  the  National  Physical  Laboratory  has  secured  the  en- 
dorsement of  the  London  Gas  Referees  and  the  Institution  of  (.'as 
Engineers. 

The  union  of  the  three  national  standardising  institutions  of 
America,  France,  and  Great  Britain  in  maintaining  a  common  unit 
of  candle-power,  and  the  co-operation  of  the  German  Reichsanstiilt 
in  redetermining,  from  time  to  time,  the  ratio  of  the  Hefner  \mit 
to  the  common  inl(rnali(m»I  ciuidle,  assures  the  highest  attainable 
constancy  for  the  new  unit  of  light. 

Unfortunately  there  is  no  primary  photometric  standard  that  is 
sufficiently  constant  and  r.-producible  to  be  generally  accepted  as  an 
international  standard.  I'Vance,  Germany,  and  Great  Britain  each 
has  its  own  primary  flame  standard,  and  a  great  deal  of  effort  has 
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been  expended  in  attempting  to  determine  accurately  the  relations 
between  them.  Until  the  fl;irne  standards  theniRelves  arc  Ix-tter 
imderstood,  however,  and  the  atmospheric  and  other  conditions  more 
perfectly  controlled,  the  unit  of  light  can  not  l)e  [.reserved  as  accur- 
ately by  primary  flame  standards  as  by  ineande.^eenf  electric  secon- 
dary standards.  'J'he  latter,  when  well  made,  properly  seasoned,  and 
carefully  measured,  permit  eonipari.sons  to  he  made  (using  the  means 
of  many  settings  on  several  lamps)  with  excellent  precision,  the  lam|)S 
themselves  heing  ronstanl  enipiigh,  and  the  i>recision  of  nuasurcnunt 
high  enough  to  fix  the  final  values  to  about  one  <ir  two  tenths  of  ]  per 
cent.  There  is  good  rea.^on  to  believe  that  in  this  way  the  inter- 
natiimal  unit  of  light  can  be  preserved  so  nearly  constant  that  any 
inevitable  drift  occurring  one  way  or  the  other  would  be  too  small  to 
detect  with  certainty  by  any  of  our  present  flame  sfandards'in  many 
years.  The  Bureau  of  Standards  will  continue  to  f  tandardL-ie  Hame 
standards  by  the  electric  standards,  and  will  abo  carefully  inv  sti- 
gate  the  more  important  flame  standards.  S  nii'ar  tests  and  invest'- 
gations  will  also  be  made  in  pAirope,  and  if  .'  ny  appreciable  drift 
does  occur  it  will  sooner  or  later  be  detected. 

Careful  distinction  should  be  made  in  this  connection  Ijetween  a 
unit  and  a  standard.  .\n  international  unit  n  ai  itained  by  th^  .  o- 
operative  effort  of  several  national  standardising  institutions,  and 
checked  from  time  to  time  by  means  of  all  the  best  primary  st:  n  lards 
in  use,  is  more  likely  to  be  maintained  constant  than  if  it  were  defined 
to  be  represented  by  any  single  primary  standard,  unless  such  a 
primary  standard  were  re]iroducible  to  a  very  high  degree  of  jjrecision. 
Such  a  unit  can  be  continued  permanent  even  though  all  present 
primary  standards  are  ultimately  superseded  by  better  ones.  The 
Hefner  lamp  as  a  convenient  Hame  standard  will  not  be  displaced  in 
America  or  any  other  country  which  adopts  the  international  candle 
as  its  unit  of  light.  Uniformity  among  diti'erent  countries  and 
continuity  of  value  are  prime  necessities  with  respect  to  the  unit. 
I?ut  the  particular  standard  by  which  the  unit  is  realised  in  practice  is 
largely  a  matter  of  convenience  and  circumstance.  In  the  photc- 
metry  of  electric  lamps,  electric  standards  are  most  suitable.  In  ga^ 
photometry  one  form  of  flame  standard  or  another  will  be  employed 
according  to  cirrumstances.  It  is  not  expected  that  all  countries  of 
the  world  will  at  once  adopt  the  proposed  international  candle  as 
their  unit  of  light.  Those  countries  which  already  have  the  Hefner 
unit  in  general  u.se  may  prefer  to  continue  it.  But  if  all  countries 
which  have  a  unit  difl'ering  appreciably  from  the  Hefner  shall  adopt 
the  international  candle  as  their  unit,  there  will  then  be  only  two 
units  in  use  throughout  the  world,  and  they  will  have  the  simple 
ratio  9  :  10.  This  would  result  in  a  distinct  gain  both  in  the  practice 
of  photometry  and  in  definitions  and  nomenclature. 

The  effect  of  this  change  cf  1-6  per  cent,  in  the  luiit  of  the  Bureau, 
which  is  in  general  use  for  electric  lighting  throughout  the  country,  is 
to  raise  the  candle-power  rating  and  decrease  slightly  the  watts-per- 
candle  of  electric  lamps.  A  16  c.p.  lamp  will  give  16"2t)  candles  in 
the  new  unit,  or  a  16  c.p.  carbon-filament  lamp  burning  at  11(1  volts 
will  give  16  candles  on  the  new  basis  at  10909  Aolts.  The  charge, 
though  small,  is  important  in  the  photometry  and  rating  of 
lamps. 

The  new  unit  of  candle-power  being  in  agreement  with  the  prestnt 
English  unit,  as  represented  by  a  10  c,p.  standard  pentane  lani|). 
there  will  be  no  change  in  the  unit  of  light  now  employed  by  those  gas 
companies  which  use  pentane  lamps,  provided  they  are  in  agrcenu  nt 
with  the  English  standard.  But  as  pentane  lamps  may  ditTer  slightly 
from  one  another,  even  when  burned  under  Ihe  same  conditions,  it  is 
desirable  for  the  sake  of  greater  uniformity  to  ha\e  them  standardi^ed 
in  terms  of  the  standard  candle  of  the  Bureau.  These  variatiiiis. 
amounting  to  from  I  to  .'")  per  cent,  are  generally  in  the  same  direc- 
tion ;  that  is,  the  lamps  if  not  correct  usually  give  less  than  10  intii- 
national  candles  under  standard  conditions  when  burning  in  a  |  ure 
atmosphere,  at  a  normal  barometric  pressure  of  H>  cm.  of  niercur> . 
and  an  atnuspheric  humidity  of  S  litres  of  water  vaptur  \x^r  cubic 
metre.  In  anticipation  of  this  change  some  of  (he  largest  gas  com- 
panies in  the  Ihiited  States  have  alrt\idy  had  their  pentane  and 
Hefner  standard  lamps  standardised  by  the  Bureau  in  terms  of  the 
new  unit. 

(ias  standards  will  lunvafler  be  certified  in  terms  of  the  intir- 
national  candle.  Electric  standards  will  he  certified  in  terms  of  the 
old  unit  until  .fulv  I.  19(.9,  unless  otherwise  requested.  On.Iuly  1  the 
new  unit  will  he  adopted  hy  the  Bureau  of  Standards  in  the  certitica- 
tion  of  electric  st.uulards,"  and  it  is  hoped  that  manufacturers  of 
electric  lan.ps  ,\  111  adopt  Ihe  new  unit  as  .^oon  tben-after  as  possible. 

The  Bureau  reconmunds  that  all  gas  and  electric  companies,  all 
photometric  lalionilorii  s.  and  all  the  manufaeturt^rs  of  electric  lamps 
in  the  I'nited  States  adopt  the  new  unit  of  candlepowtr,  if  [wssible, 
not  later  than  .lanuary  1.  1910. 

Further  information  with  regard  to  change  of  pliotometric  unit  i  r 
to  the  testing  of  gas  and  electric  standards  will  be  given  rn  request. 
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This  Valuable  Set  of  Tables  and  Englneeping  Data  re- 
lating to  Electricity  Supply  and  to  Electric  Traction  on 
Railways  and  Tramways  in  the  United  Kingdom,  the 
Colonies,  and  some  important  places  abroad,  are  now 
ready,  and  can  be  obtained  complete  in  handy  book  form, 
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THE  METAL  LAMP  PROBLEM. 

Wo  are  glad  to  see  that  !\Jr.  E.  E.  IIoadley,  in  a  Paper  read 
before  the  Incorporated  Municipal  Electrical  Association  this 
week,  takes  a  broad  and  comnion-sen.se  view  of  the  influence 
of  the  metal  lamp  on  the  electrical  industry.  As  will  be 
seen  elsewhere,  the  author  .suggests  tliat  even  in  t!ie  case  ot 
an  alternating-current  station,  provided  it  has  the  benefit  of 
a  sjood  sliop  ligliting  load  and  a  fair  power  load,  the  iiewhigh- 
e'liciency  lamps  shoukl  be  looked  upon  as  a  blessing,  very 
pos.sibly  in  disguise  for  a  time,  but  nevertheless  a  blessing, 
fur  the  amount  of  h.arni  done  to  the  lovenue  account  at  the 
present  time  will  be  amply  repaid  later  on  ;  in  fact,  a  new  era 
of  prosperity  is  likely  to  be  opened  up,  not  merely  in  the 
lighter  branches  of  electrical  engineering,  but  also  in  the 
inanufaetiire  of  heavy  ])lant  when  the  present  temporary 
cheek  has  been  overcome.  In  many  cases,  of  course,  there 
will  be  a  fall  of  revenue  more  rapid  than  can  be  compensated 
bv  any  increased  demand  for  the  moment,  and  in  some  few 
cases  the  raising  of  prices  may  seem  to  be  the  only  work- 
able hypothesis.  The  latter  applies  to  the  alternating 
current  station  dependent  on  house  lighting  and  verj'  little 
else.  Generally,  however,  the  remedy  lies  in  pushing,  as  far 
as  possible,  the  other  domestic  uses  of  electrical  energy, 
such  as  heating  and  cooking,  which  have  not  been  ex- 
ploited neaily  as  much  as  they  should  have  been. 
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As  the  author  points  out,  it  is  well  to  remember  that  we 
are  only  at  the  beginning  of  the  metal  lamp  era.  At  present 
the  smallest  high-voltage  lamp  has  a  somewhat  high 
candle-power  and  costs,  say,  '3s.  M.,  but  this  state  of  things 
is  not  likely  to  continue  indefinitely.  A  parallel  case  is  that 
of  the  gas  mantle.  This  is  fragile  and  nuist  have  been 
regarded  as  intricate  b^-  the  ]iublic  when  first  adopted,  yet  it 
sells  for  a  few  pence  now,  whereas  the  price  originally  was 
several  shillings.  The  carbon  lamp,  also,  at  one  time  was 
sold  at  5s.,  whereas  now  the  price  is  only  about  9d.  At 
present  consumers  sometimes  hesitate  at  the  price  of  metal 
lamps  unless  the}'  are  certain  that  a  considerable  advantage 
will  result.  As  prices  fall  the  consumer  will  be  more  and 
more  influenced  by  the  high-efficiency  point  of  view,  and  a 
great  impetvis  to  electric  lighting  will  be  the  result. 

In  order,  however,  to  meet  the  present  situation  success- 
fully it  is  necessary,  as  the  author  points  out,  that  supply 
authorities  should  have  powers  which  iu  many  cases  are 
still  wanting.  It  is  essential  that  they  should  be  able  to  hire 
out  apparatus,  or  to  let  apparatus  out  on  hire-purchase 
terms.  This  question  raises  some  points  of  a  controversial 
nature,  as  it  is  undesirable  to  trench  upon  the  s))here  of 
private  traders.  The  author  suggests  that  no  appreciable 
inconic  would  be  taken  from  the  wiring  contractor  if  it  were 
understood  that  the  wiring  of  hired  apparatus  would  be  done 
by  a  contractor.  We  think  iu  the  long  run  the  contiactor 
would  benefit  considerably,  though  it  would  probably  be 
difficult  for  the  supply  authority  to  avoid  wiring  altogether. 
Although  a  gas  company  does  not  undertake  to  put  in  gas 
piping  throughout  a  house,  gas  connections  to  stoves  and 
cooking  apparatus  arc  fitted  as  a  matter  of  course,  and  the 
gas  consumer  would  probably  think  it  rather  a  hardship  if 
he  had  to  get  a  plumber  into  the  house  after  having  arranged 
matters  with  the  gas  company.  Simplicity  in  negotiation  is 
essential,  llnfortunately,  electrical  connections  are  not 
made  quite  so  easily  as  those  for  gas,  and,  perhaps,  there- 
fore, the  simplest  soluvion  of  the  difficulty  would  be  for  the 
electrical  undertaking  to  arrange  with  two  or  three  respon- 
sible wiring  contractors  to  cany  out  the  necessary  altera- 
tions whenever  apparatus  is  let  out  on  hire.  Ai  all 
events,  the  pi-esent  position  is  somewhat  absurd.  Gas 
companies  are  free  from  such  restrictions,  and  even  the 
electrical  undertakings  in  siimc  14  towns  have  these  privil- 
ages.  There  is,  therefore,  nuthnig  to  be  said  in  favour  of 
such  wai;t  of  uniformity. 

With  regar'l  to  the  vexed  question  of  interior  wiring,  it  is 
interesting  to  note  that  Mr.  Hoadley  is  iu  favour  of  the 
Continental  system  of  wiring  with  flexible,  which  he  has 
tried  in  the  damp  warm  atmosphere  of  a  conservatory  for 
IS  months  without  the  slightest  trouble.  It  appears  to  us 
that  the  critics  of  this  system  are  generally  those  who  have 
liad  no  experience  of  it,  and  that  consequently  the  ciiticisms 
are  rather  tiieoretical  than  practical. 

It  is  not,  however,  to  private  lighting  alone  that  the  in- 
fluence of  the  metal  lamp  is  restricted.  Tn  street  lighting  it 
opens  up  a  \-ery  large  field.  Whatever  difficulties  there  may 
be  iu  obtaining  lamp  units  suflicientlv  small  for  popular  use 
in  house  illumination,  these  do  not  apply  to  street  lighting, 
in  which  lamps  of,  say,  50  to  100  c.p.  are  extremely  suitable. 


Such  lamps  produce  as  good  a  light  as  any  gas  manUe  on  the 
market,  and  they  have  t!ic  great  advantage  that  the  light 
does  not  fall  oi^  with  the  life  of  the  lamp  to  any  great  extent; 
no  special  mains  are  necessary,  the  gas  .street  lamps  can  be 
easily  converted,  and  the  glow  lamps  can  be  renewed  with 
the  greatest  ease.  Moreover,  the  life  obtained  is  extremclv 
good.  According  to  Mr.  Ho.\dley's  experience  the  average 
life  has  been  sometliing  like  1,100  hours,  individual  lamps 
lasting  0,750  hours,  5,450  hours,  and  5,041  houis  on  a  circuit 
of  230  volts.  Considering  that  the  conditions  in  tliis  case 
were  not  altogether  ideal,  these  results  must  be  considered 
most  satisfactory,  and  they  should  encourage  other  engineers 
to  look  into  the  matter  and  to  bring  the  .subject  before  their 
couunittees,  with  a  view  to  the  extension  of  electric  street 
lighting  to  side  streets,  where  gas  has  hitlierto  been  at  a  very 
great  advantage. 


REVIEWS. 

Copies  of  the  undermentioned  works  can  be  had  from  Thi  Electrician  Office,  post  free, 
on  receipt  of  publibhed  price,  adding  3d.  for  books  published  under  38.  Add  10  per 
cent,  for  abroad  or  for  foreign  books.) 


Heavy  Electrical  EngLneering.     By  H.  M.  Hobart.    (London :  A. 

Constable  &  Co.)     Pp.  xNiv.-338.     16.s.  net. 

This  book  contaiii.s  a  great  deal  of  u.seful  information  con- 
veniently tabulated  and  arranged  for  use,  but  is,  unfortunately, 
somewhat  marred  by  three  irrelevant  chapters,  in  one  of  which 
the  author  vents  his  spleen  against  contractors  as  a  body 
because  they  do  not  always  adhere  to  his  specifications,  and 
in  the  others  attacks  the  Thury  continuous-ciu'rent  system  and 
the  sinnle-phase  railway  system.  These  chapters  arc  written 
ill  the  style  of  controversial  letters  to  the  technical  Press,  and 
tend  to  depreciate  the  value  of  the  book  as  a  whole. 

The  useful  part,  contained  in  Chapters  I.,  11.,  III.,  IV..  \'., 
VII.  and  VIII.,  is  arranged  on  the  plan  of  explaining  in  detail 
how  to  calculate  the  sizes  and  costs  of  all  the  parts  of  power 
stations  and  transmission  lines.  Each  chapter  contains  ex- 
tensive data  relating  to  existing  installations,  classified  and 
tabulated  so  as  to  be  easily  available  for  use  in  calciUations. 
Some  of  the  curves,  of  which  there  arc  an  enormous  number, 
appear  to  be  based  on  rather  insufficient  data,  and  it  would  add 
to  their  usefulness  if  more  information  were  given  as  to  their 
reliability.  The  author  himself  has  some  doubts  about  the 
accuracy  of  the  34  sets  of  curves  relating  to  steam  turbines,  and 
they  should  not  be  accepted  as  more  than  an  indication  of  the 
sort  of  results  to  be  expected.  Mr.  Hobart  is  a  great  believer 
in  working  out  formul^ie  or  curves  for  everything.  The  prin- 
ciple is  good,  but  it  is  important  to  rcineiuUor  how  entirely 
the  results  de])eiul  on  the  assumptions  made  to  begin  with. 
This  fact,  we  tliiiik,  he  rather  overlooks. 

In  actual  practice  the  coiulitions  are,  as  a  rule,  not  all  fixed. 
Alternative  schemes  cannot,  therefore,  be  compared  bv  simply 
comparing  the  costs  for  a  given  set  of  conditions.  We  must 
rather  trv  to  make  tlie  best  of  each  scheme  and  conqiare  costs 
and  results  conjointly,  tliouiiii  there  may  be  no  inatheinatieal 
way  in  which  this  coni])arison  can  be  made.  Ivuh  .scheme 
will  have  its  good  and  its  bad  points,  and  it  is  a  matter  of  judg- 
nuMit  or  experience  to  balance  these,  Mr,  Hobart's  cut-aiid- 
dried  methods  are  very  useful  up  to  a  certain  point— beyond 
that  they  become  misleading. 

One  interesting  feature  in  the  book  is  that  all  the  ipiantities 
are  sriven  in  metric  measure  and  all  energy  is  measured  in 
kilowatt-hours  and  all  power  in  kilowatts.  Weights  are  all  given 
iu  terms  of  tlie  "  ton  "  of  l,tHX)  kg.  It  is  a  little  bewildering 
at  first  to  find  the  heating  value  of  coal  and  the  heat  requured 
to  evaporate  the  water  in  the  boilers  both  given  m  kilowatt- 
hours  per  ton.  but  the  advantages  are  obvious.  All  steam 
data  have  been  worked  out  in  these  units.  There  seems,  how- 
ever, to  be  no  gain  in  giving  boiler  pressures  in  kilogrammes  per 
square  centimetre  and  grate  areas  in  square  decimetres.     The 
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ordinary  mixed  system  of  units  has  many  advantages.  Even 
Mr.  Hobart  has  not  altered  the  scales  (feet)  on  the  drawings 
of  his  power  stations,  and  in  a  few  cases  has  even  given  quan- 
tities of  water  in  gallons  as  a  concession  to  his  weaker  brethren. 

We  shall  only  hrieHy  refer  to  Chapters  VI..  IX.  and  XI.  In 
Chapter  VI.  Mr.  Hobart  slangs  contractors.  "  The  technical 
policy  of  large  electrical  manufacturers  is  notoriously  short- 
sighted." ■■  The  indifference  to  insulation  is  deplorable." 
■"  To  trust  to  Providence  that  a  docile  inspector  shall  be  allotted 
to  them  is  to  harbour  the  dishonest  intention  not  to  live  up  to 
the  specification,"  and  .so  on. 

Chapter  IX.  deals  with  the  Thurv  direct-current  system. 
It  is  niainlv  a  lengthvand  controviTsial  rejilv  to  Mr.  Highfield's 
Paper  (•■  Journal  "  I.E.E.,  Vol.  XXXVIII..'  p.  471). 

Chapter  X.  is  a  short  discussion  of  electric  traction  calcula- 
tions. The  reader  is  referred  to  '"  Electric  Railway  Engineer- 
ing." by  Hobart  and  Parshall,  for  full  particulars. 

Chapter  XI.  is  a  violent  attack  on  what  Mr.  Hobart  calls 
"  this  single-phase  monstrosity."  The  following  is  an  ex- 
ample of  the  arguments  used  :  "  The  advocates  of  the  single- 
phase  system  .  .  .  generally  draw  attention  to  such  weak- 
nesses of  the  continuous-current  system  as  the  rotary  con- 
verter, but  they  omit  to  point  out  the  disadvantages  that  must 
be  suffered  in  order  to  avoid  this  undesirable  adjunct.  Each 
system  must  be  considered  as  a  whole,  and  it  is  not  an  advan- 
tage to  transfer  a  weakness  from  terra  firma  to  what  is  always 
the  weakest  portion  of  the  system — the  train  equipment."  But 
Mr.  Hobart  does  not  describe  any  single-phase  equipment  in 
which  a  rotary  converter  has  been  transferred  to  the  car. 

Whether  single-phase  or  direct-current  or  three-phase  will 
ultinuitely  supersede  all  other  systems,  or  whether  each  will 


have  its  sphere  of  usefulness  can  only  l)e  determined  bv  ex- 
perience. Prejudiced  attacks  will  not  forward  "  tlie  progress 
of  electrical  engineering  along  sound  lines,"  which  Mr.  Hobart 
desires.  In  the  meantime  all  engineers  will  welcome  the 
Paper  which  we  believe  is  shortly  to  be  read  descriliing  the 
first  single-phase  line  in  England — the  Lancaster-Morecambc- 
Hcysham  line  on  the  Midland  Railway. 

Apart  from  these  few  chapters,  the  book  is  excellent  and 
likely  to  be  of  great  use  to  engineers.  C.  F.  Jenkin. 

La  Telegraphie  Sans  Fil  et  la  T^lemecanique.    By  E.  Monieb. 

ath  edition.    (Pari,s  :  H.  Duiiod  &  E.  I'iuat.)    Tp.  vii.— 174     Fr.2. 

A  popular,  bookstall  sort  of  book,  such  as  this,  possesses, 
naturally,  no  interest  for  the  technical  person  conversant  with, 
or  anxious  to  become  conversant  with,  the  details  of  wireless 
telegraph  methods.  But  sometimes  a  book  of  this  kind  is 
just  the  thing  to  give  to  a  busy  engineer  mit  interested  in  wire- 
less telegraphy  a  notion  of  what  is  going  on  in  the  wireless 
world.  We  feel  that  this  particular  book  is  rather  too  popular, 
and  assumes  rather  too  complete  an  ignorance  of  the  rudiments 
of  electrical  fact  and  theory,  to  be  recommended  to  even  the 
heaviest  electrical  engineer.  It  might,  however,  be  suitable 
for,  say,  gas  engineers  or  other  anti-electricians. 

The  journalistic  touch  abounds  throughout  the  book.  For 
instance,  the  chapter  on  telemechanism  is  headed  "  What  can 
be  done  in  an  abandoned  fortress."  Throughout,  M.  Branly 
is  held  up  as  the  one  individual  without  whom  wireless  tele- 
graphy could  not  have  existed.  This  view  is  surely  not  quite 
correct  ;  it  was  somewhat  of  a  chance  that  the  coherer  was 
used  rather  than,  say,  the  magnetic  detector,  in  the  infancy  of 
practical  wireless  telegraphy. 


FOURTEENTH  ANNUAL  CONVENTION  OF  THE  INCORPORATED  MUNICIPAL 

ELECTRICAL  ASSOCIATION. 


It  is.  pcihaps.  a  statement  boidcring  on  the  trite  to  say  that 
no  better  plate  than  Manchester  could  be  found  for  the  1-tth 
annual  convention  of  the  Incorporated  Municipal  Electrical 
As.sociafion.  Not  only  have  the  members  been  able  to  see — 
in  fact,  scarcely  able  to  avoid  seeing — an  excellent  system  of 
electric  tramways,  which  seem  to  go  to  and  come  from  every- 
where, i)ut  they  have  had  an  opportunity  of  inspecting  the 
arrangements  made  for  supplying  the  liiggest  power  load  in  the 
kingdom,  and  of  visiting  works  where  this  power  is  utilised. 
Apart  from  this,  a  number  of  electrical  manufacturers  in  the 
district  have  thrown  open  their  works  to  members,  so  that  they 
jiave  been  able  to  refresh  their  memories  by  inspecting  the 
hundred-and-one  operations  which  are  necessarv  for  the  pro- 
duction of  a  piece  of  electrical  machinery. 

Among  the  numerous  engineers,  munici]ial  and  otherwise, 
who  are  attending  the  convention  may  be  nu-ntioned  :  Messrs. 
R.  L.  Adand.  L.  Andrews,  F.  Avton.  t.  W.  Bloxham.  H.  Boot, 
J.  Christie,  W.  A.  Chamcn,  S.  (""leg.',  A.  Clough.  E.  W.  Cowan. 
A.  C.  Cramb.  F.  W.  Crawter.  A.  A.  Dav.  S.  E.  Fcdden.  S.  Z.  de 
Ferranti.  M.  H.  Field.  E.  J.  Fox.  E.  E.Hoadley,  E.  M.  Hollings- 
worth.  .1.  Miiddlestone,  W.  W.  Lackie,  V.  A.  H,  McCowen, 
J.  M.  McElrov,  F.  A.  Newington,  (I.  H.  Nisbett,  S.  L.  Pearce, 
J.  S.  Peck,  P.  J.  Prinu'le,  II.  Faradav  Proctor,  .J.  H.  Rider, 
W.  M.  Hoger.son,  T.  Roles,  C.  K.  C.  Shawfield,  .1.  K.  C.  Snell, 
H.  F.  .Strict.  ('.  I).  Taitr.  11.  TaH)ot,  S.  .1.  Watson,  (!.  Wilkinson, 
T.  P.  Wihiishurst,  A.  P.  Wood  uimI  \V.  B.  WimmIIious.'. 

Mondaij,  June  2\sl. 

The  proceedings  of  the  convention  opened  this  evening  with  a 
reception  at  the  Town  Hall  by  the  Lord  Mayor  and  Lady 
Mayoress  of  Manchester  (Aid.  and  Mrs.  Edward  Holt).  About  a 
thousand  guests  were  piesent  in  all,  but  this  numVjcr  included, 
besides  members  o'  the  association,  many  Manchester  citizens 
representative  of  municipal  work,  as  well  as  of  art,  science,  litera- 


ture and  diplomacy.  The  hall  was  beautifully  decorated,  and  en- 
tertainment was  provided  by  Messrs.  Forsyth's  band  and  by 
Mr.  Henry  Houston,  who  exhibited  a  number  of  magical 
problems, 

Tursdaij,  June  '22n'l. 

To-day  members  were  greeted  by  the  Clerk  of  the  Weather, 
a  regular  Manchester  variety  of  atmospheric  conditions  being 
provided  for  their  entertainment ;  in  fact,  matters  were  so 
bad  that  the  arc  lamps  in  the  beautifully  decorated  hall  of  the 
Municipal  School  of  Technology  in  Whitworth-street,  where 
the  meetings  were  held,  had  to  be  lighted.  Here  it  may  be 
remarked  that  the  hall  is  acoustically  bad,  and  that  the  ad- 
justment of  the  above-mentioned  arc  lamps  is,  as  remarked  by 
the  Lord  Mayor,  a  matter  which  requires  further  ilevelopment. 

The  meeting  was  called  to  order  very  punctually  l)y  the 
president  (Mr.  S.  L.  Pearce.  city  electrical  engineer.  Man- 
chester), who  biiefly  introduced  the  Lord  Mayor  of  Manchester. 
His  lordship  then  addressed  the  meeting  as  follows  :  — 

He  said  that  lie  hdicvcd  in  rcasnnahle  i)r(ifit  for  a  municipal 
trading  scheme,  and  flid  not  ((insider  Hint  ratepayers  should  find  the 
capital  witlidiit  any  renuinriati(jn.  His  own  electricity  committee 
di(i  not.  liowcver,  agree  with  him.  Anothii  serious  (lucstion  was 
that  of  competition,  wliioli  was  lujwadays  lakinf;  the  form  of  com- 
petition with  other  departments  of  the  same  Corporation.  There  were 
departments  in  connection  with  gas,  hydraulics,  steam  and  electricity, 
and  it  was  foolish  for  these  to  cut  each  ollicrs'  throats  by  competing 
for  business.  They  must  not  f(jrf;ct  tliat  all  municipal  undertakings 
were  subject  to  the  same  depressions  as  other  businesses,  and  they 
should  be  extremely  careful  to  allow  sufficient  depreciation  and 
reserve  fund  in  times  of  prosperity,  so  as  to  be  ready  for  times  of 
depression.  These  were  matters  they  wuuld  have  to  consider. 
Whether  there  was  more  to  be  got  cut  of  electricity  for  the  benefit  of 
the  general  public,  or  out  of  gas,  or  out  of  steam,  was  another 
question  the  members  present  would  probably  help  to  solve.  They 
were  all  aware  that  there  was  n(jt  so  much  being  obtained  from  these 
items  as  there  might  be.     He  was  gratified  that  Mr.  I'earce  had  been 
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selected  for  the  office  of  President  for  the  year.  In  liim  Manchester 
was  represented  by  a  roost  able  man  ;  a  man  who  was  greatly 
improviiifj  the  department,  and  he  (the  Lord  Mayor)  was  glad  to  say 
Mr.  I'earce  was  supported  by  the  committee  in  every  improvement 
he  had  found  to  be  in  the  interests  of  the  consumers.  He  hoped  their 
stay  in  Manchester  would  be  beneficial  not  only  to  themselves  but 
also  to  the  public  generally  throughout  the  country. 

Mr.  S.  L.  Pearce  proposed  a  vote  of  thanks  to  his  lordship 
for  attcMidinj;.  This  was  carried  with  acclamation,  and  the 
Lord  Mayor  then  withdrew. 

The  president,  Mr.  S.  L.  Pearce,  then  delivered  his  address, 
of  which  the  following  is  an  abstract  : — 

For  the  second  time  in  its  history  the  A.ssociation  is  meeting  in 
Manchester,  and  it  is  interesting  to  look  back  over  the  past  records 
and  mark  the  i)rogress  which  has  been  made  in  the  development  of 
the  Association  since  its  second  convention  in  this  city  in  1897. 
To-day  its  representations  on  any  matters  att'eeting  the  industry. 
and  particularly  the  municipal  aspect,  are  listened  to  with  respect 
and  attention.  Judged  also  in  the  light  of  pa.st  achievements,  the 
Association  has  gained  considerably  in  prestige  and  status. 

The  growth  of  the  Association  has  been  coincident  wnth  the  de- 
velopment of  municipal  undertakings.  In  1897  the  total  capital 
sunk  in  electric  supply  works,  including  traction,  by  local  autho- 
rities was  £3.509,000.  To-day  this  figure  stands  at  no  less  a  sum 
than  £83,860,000.  The  success  which  has  attended  our  branch  of 
municipal  ent<'rprise.  judged  not  merely  from  the  points  of  view  oi 
sales  and  costs  of  production,  but  also  from  the  sounder  financial 
position  of  the  majority  of  undertakings,  has  done  much  to  silence 
the  criticisms  of  those  who  would  contend  that  municipal  under- 
takings are  neither  progressive  nor  business-like. 

The  name  of  Manchester  is  always  associated  with  that  of  its  first 
consulting  electrical  engineer,  the  late  Dr.  .John  Hopkinson,  to  whose 
genius  the  electrical  world  generally  owes  so  much.  It  is  interesting 
to  mention,  as  a  striking  commentary  on  the  advance  of  electrical 
science,  that  practically  none  of  the  electrical  plant  installed  by  Dr. 
Hopkinson  in  the  early  days  of  the  undertaking,  from  1893  to  1897, 
now  remains. 

Too  much  stress  cannot  be  laid  on  the  point  that  the  financial 
stability  is,  or  should  be,  the  most  important  aspect  of  a  committees 
policy.  The  provision  of  adequate  reserves  for  renewals  of  plant, 
in  so  far  as  these  cannot  be  met  by  fiu:ther  borrowings,  should  be  the 
first  necessary  step  in  this  direction.  It  is  now  generally  accejHed 
that  in  so  far  as  the  statutorv  sinking  fund  instalments  unaided  will 
not  proviile  for  the  redemption  of  the  loans  tor  short-lived  assets  by 
the  end  of  the  term  fixed  by  the  sanctioning  authority,  some  addi- 
tional charge  against  revenue  is  necessary.  It  is  desirable  that  this 
supplementary  charge  on  revenue  .should  be  annually  apportioned. 
The  fund  thus  accumulated  then  also  serves  to  equalise  the  charge 
against  the  yearly  revenue  account^s,  and  relieves  the  latter  from 
the  Huctuations  that  would  otherwise  normally  occur.  Too  often, 
it  is  feared,  moneys  are  taken  in  relief  of  the  rates  which  shovild  have 
been  applied  in  provision  for  renewals  or  depreciation.  The  ques- 
tion of  a  reserve  to  meet  any  general  contingencies  that  may  arise, 
or  to  provide  for  an  "  antiquation  "  fund,  is  more  difficult  to  deter- 
mine, but  should,  if  at  all  possible,  be  provided  for. 

Having  given  due  consideration  to  this  aspect  of  financial  policy, 
it  is  at  least  arguable  as  to  whether  the  object  of  all  municipal  under- 
takings should  not  be  to  supply  current  at.  or  near,  cost  price,  and 
not  to  relieve  the  rates  out  of  profits  to  benefit  non-consumers.  Un- 
fortunately, the  tendency  at  the  present  time,  in  view  of  ever- 
increasing  rates,  is  to  look  to  the  trading  departments  for  more  and 
yet  more  relief  in  the  shape  of  increased  contributions.  ,So  far  as 
lies  in  our  power,  this  tendency  should  be  resisted,  as  being  detri- 
mental to  the  best  interests  of  trading  concerns.  The  recent  ilecision 
of  the  House  of  Lords  Committee  on  the  gas  clauses  in  the  Salford 
Corporation  bill  is  noteworthy  by  reason  of  its  bearing  on  this  (pies- 
tion  of  rate  aid  from  trading  departments.  The  Corporation  were 
in  future  to  be  allowed  to  u.se  in  relief  of  rates  1  per  cent,  upon  their 
capital,  equivalent  to  some  £6,00<J  per  annum,  instead  of  about 
f2S.(H.)0,  the  amount  ])reviously  contributed. 

Next  as  to  matters  that  have  come  more  particularly  beneath  our 
notice  during  the  past  year,  I  venture  to  put  first  and  foremost  the 
rapid  adoption  of  the  new  metallic  filament  lamp,  and  the  many 
questions  which  arise  as  practical  issues  from  its  adoption.  There 
are  probably  few  undertakings  during  the  past  year  wliieh  ha\e  not 
exjierienced  serious  reductions  in  output  and  diminished  revenue 
in  consequence  of  the  adoption  of  the  new  lami)s.  But  we  all  admit 
that  it  is  only  a  temporary  check  to  the  progress  of  supply  under- 
takings, and  eventually,  as  the  advantages  become  more  widely 
known  and  appreciated,  and  as  consumers  recognise  that  a  sub- 
stantial increase  in  candle-power  can  be  obtained  with  a  corres- 
ponding decrea.se  in  energy  consumption,  there  will  be  an  inevitable 


reaction  to  the  present  "  slump "  in  output.  Those  authorities 
who  have  a  lighting  supply  business  only,  particularly  with  alter- 
nating current,  have  been  most  badly  hit,"and  it  is  only  natural  that 
various  proposals  should  have  Ijeen  made  to  devise  a  tariff  which 
shall  meet  the  altered  conditions  of  supply.  A  raising  of  prices  is 
to  be  deprecated  at  all  times,  but  at  the  present  time,  now  that  the 
industry  has  something  with  which  to  compete  with  the  gas  mantle 
on  more  level  terms,  it  would  appear  to  be  a  very  questionable 
policy. 

We  are  undoubtedly  passing  through  a  transitional  period,  the 
growth  of  the  lighting  portion  of  our  undertakings  having  been  tem- 
porarily checked.  I  incline  to  the  view  that  the  worst  of  the  check 
has  been  experienced.  Still  higher  efficiency  lamps  for  low  voltages 
may  be  put  on  the  market,  but,  against  this,  the  high-voltage  lamp  of 
moderate  candle-pow-er  is  likely  to  be  more  widely  used,  which  must 
have  a  tendency  to  keep  the  consumption  steady  whilst  giving  in- 
creased illumination.  Further.  I  think  there  will  be  a  demand  for  a 
lamp  in  which  some  of  the  efficiency  is  sacrificed  for  stability.  On 
the  wliole.  therefore,  it  would  be  well  for  the  present  to  mark  time  in 
the  matter  of  reduction  of  price,  even  though  revenues  should  suffer 
for  the  time,  in  the  belief  that  the  prospects  of  the  electric  lighting 
business  have  been  altogether  im])roved  by  the  advent  of  the  metal 
filament  lamp,  and  that  nothing  should  be  done  to  arrest  an  increase 
in  new  connections  just  when  they  are  most  urgently  wanted.  In 
the  case  of  those  authorities  supplj-ing  a  mi.\ed  load,  it  may  be 
pointed  out  that  the  small  percentage  of  the  plant  liberated  is  avail- 
able for  power  demands,  so  that  the  resultant  effect  on  the  station 
must  be  some  increase  in  the  load  factor,  and  on  the  system  as  a  whole 
a  probable  increase  in  the  diversity  factor. 

The  advent  of  the  metal  filament  lamp  emphasises  one  thing,  and 
that  is  the  utmost  importance  of  having  the  public  educated  u]>  to 
the  advantages  offered  by  the  high  efficiency  lamps.  Particularly 
does  this  apply  to  tho.se  householders  on  the  line  of  route  of  existing 
distributing  mains,  so  that  at  a  trifling  capital  expenditure  a  sub- 
stantial addition  to  the  revenues  may  be  obtained. 

As  to  the  amendment  of  the  existing  wiring  rules  of  "  The  Institu- 
tion "  in  connection  with  cheai)ened  methods  of  wiring,  probably 
the  "  Continental  ""  system,  involving  the  use  of  flexibles.  has  been 
most  discussed.  It  is  to  be  hoped  that  the  cable  manufacturers  will 
give  their  serious  attention  towards  producing  a  class  of  flexible  that 
will  meet  the  conditions  of  service  required  in  this  country.  On  one 
point  all  are  agreed — that  cheapened  methods  of  wiring  must  not 
involve  in  any  shape  or  form  a  lowering  of  the  standard  of  safety.  In 
my  o|)inion,  a  system  involving  the  use  of  "  flexibles  "  above  a  given 
height  from  the  ground,  excepting  where  wires  pass  through  walls, 
floors  or  ceilings,  is  not  inconsistent  with  the  above  axiom. 

Some  economies  can  be  further  made  in  the  following  directions: 
(1)  Increasing  the  limit  for  the  number  of  lamps  to  be  wired  on  a 
two-wire  service.  (2)  The  use  of  two-wire  circuits  wherever  pos- 
sible in  houses  instead  of  three-wire  circuits.  (3)  Increasing  the 
allowable  number  of  lami)s  per  circuit. 

The  WTiter  thinks  that  it  is  to  large  power  supplies  that  supply 
undertakings  will  have  chiefly  to  look  in  the  future  for  increased  sales 
and  substantial  growth.  Most  engineers  are  agreed  that  the  power 
supply  business  must,  on  account  of  the  improved  load  factor,  and 
the  increase  in  the  diversity  factor,  bring  about  a  general  reduction 
in  the  costs  of  |)roduction.  and  for  these  reasons  is  a  load  to  be 
steadily  cultivated.  It  is  estimated  that  in  the  area  of  supply  of 
this  city  .something  approaching  l.lKKI.OIHl  ii.r.  is  utilised,  and  the 
growth  in  the  development  of  the  dei)artment"s  power  sales  has  U-en 
very  striking,  so  that  it  is  a  matter  of  supreme  importance  to  con- 
sider the  question  carefully  in  all  its  Ijeaiings.  and  Ih>  certain  that  the 
financial  aspect  is  sound,  and  not  likely  to  lead  the  undertaking  into 
a  critical  condition. 

The  argument  of  the  critics  is  that  many  of  the  power  tariffs  are 
unremuncrative.  the  present  deficit  on  power  sales  Ix-ing  masked  by 
a  big  surplus  on  lighting  sales  on  account  of  the  greatly  prepon- 
derating output  for  the  latter.  The  writer  Itelieves  that  the  ma- 
jority of  power  tariiVs  framed  are  remunerative,  although  in  certain 
cases  they  may  have  involved  some  remission  in  the  fixed  charges  to 
large  power  u.sers.  Take  the  case  of  a  system  in  which  plant  is  now- 
being  put  down  to  deal  chiefly  with  power  supplies,  the  installation 
of  this  more  modern  plant,  and  utilising  larger  units,  will,  on  pre.sent- 
day  prices,  only  cost  one-half  to  one-third  of  the  prii-e  \vr  kilowatt 
of  the  plant  forming  the  existing  installation,  erected,  say.  seven 
vears  ago.  I  think  in  this  hviJOthetical  ease  it  would  most  certainly 
"be  equitable  to  remit  a  projiortion  of  the  tixtni  charges  on  capital 
in  the  case  of  those  consumers,  whilst  debiting  them  with  their  full 
share  of  the  remaining  standing  ctvsts. 

I  believe  the  above  basis  is  fundamentally  sound,  and  that  it  must 
lead  to  three  results:  (<i)  That  power  business  will  l>e  secured  at 
profitable  rate.s.     (h)  As  the  power  load  grows  there  will  l>e  a  broad- 
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cnini;  of  the  basis  over  which  all  fixed  costs  are  spread.  (<)  There 
will  be  a  "encral  deci-casc  in  the  costs  of  production.  From  the  latter 
two  results  lighting  consumers  must  inevitably  benefit  in  a  lowering 
of  the  lighting  tariff,  and  this  is  an  answer  to  tlic  criticisms  that  the 
lighting  consumer  is  subsidised  for  the  benefit  of  the  doubtfully 
valuable  power  consumer.  It  has  l)een  stated  that  the  correct  basis 
of  all  tariffs  is  "  the  equal  allocation  of  all  charges  on  a  load  factor 
basis."'  Everything  turns  on  the  interpretation  of  the  word  "  equal." 
"  Equitable  "'  would  be  a  better  word,  and  then  we  get  rid  of  the  idea 
of  "■  averaging."  which  means  little  or  nothing,  but  is  so  dear  to  the 
hearts  of  our  gas  friends. 

.\s  to  the  criticism  by  authorities  controlling  tramway  under- 
takings, that  the  electricity  departments  are  obtaining  big  prices 
from  traction  supplies,  whilst  very  much  lower  prices  are  being  given 
to  large  power  consumers,  it  w  ill  be  found  that  in  each  case  the  load 
factor  on  the  power  supi)ly  is  substantially  greater  than  it  is  for 
traction  supplies.  Thus,  on  the  Manchester  system,  the  traction 
load  factor  is  32  per  cent.,  and  the  average  power  load  factor  51  per 
cent.  As  regards  diversity  factor,  in  the  ordinarily  accepted  mean- 
ing of  the  term,  it  does  not  apply  in  the  same  degree  to  the  tramway 
supplies  as  to  power  supplies.  It  will  be  found  in  the  majority  of 
ca,scs,  especially  in  large  systems,  that  if  all  costs  are  equitably 
allocated  to  the  traction  supplies,  current  is  being  provided  with 
little  margin  of  profit,  and,  in  not  a  few  caises,  at  bare  cost. 

There  has  lately  been  a  disposition  in  certain  quarters,  to  force 
local  authorities  to  disclose  the  nature  and  terms  of  special  supplies 
on  the  ground  of  preferential  treatment.  Whilst  believing  that  pub- 
licity is  good,  and  that  .supply  authorities  cannot  be  too  ready  to  give 
information  in  regard  to  their  undertaking.",  which  will  lead  to 
mutual  confidence  between  the  ratepayers  and  them.selves,  it  is 
greatly  to  be  regretted  that  such  an  imbusinesslike  method  of  proceed- 
ing as  the  above  should  be  forced  vijion  them.  Municipal  trading  or 
non-municipal  trading  may  be  arguable,  but  once  the  principle  has 
been  decided  upon,  the  same  business  prin<ij)les  as  apply  to  private 
company  imdertakings  should  apply  to  nuinici])alities,  and  they 
should  be  left  free  to  develop  their  undertaking  on  strictly  business 
lines. 

Reference  is  next  made  to  the  Electric  Lighting  Acts  Amendment 
Bill,  the  North  British  Electric  Power  Synd.  (which  is  working  under 
no  Act),  to  the  work  of  the  I.M.E.A.hon.  secretary  on  behalf  of  the 
Association  during  the  past  j'car,  cs])ccially  in  connection  with  Par- 
liamentary matters,  and  also  to  the  success  of  the  Manchester  Elec- 
trical  Exhibition. 

Attention  is  also  drawm  to  the  necessity  for  co-operation  in  the 
electrical  sujiply  business.  It  is  well  known  that  arrangements  have 
been  made  in  certain  parts  of  the  country  whereby  the  supply  com- 
pany purchases  energy  in  the  form  of  waste  heat,  or  waste  steam, 
from  manufacturers  ;  but  it  is  not  to  this  aspect  of  co-operation  that 
the  writer  wishes  to  draw  atttntion  so  much  as  to  the  question  of 
mutual  a.ssistance  bctwten  existing  supply  autlioritics,  as  in  the  bills 
that  were  before  Parliament  last  session  in  connection  with  London's 
electricity  supply.  The  |>roblem  of  sujjply  from  the  stations  of  small 
local  authorities  has  been  materially  altered  during  the  past  few 
years,  and  if  economical  and  sound  progress  is  to  be  made  it  will 
in  many  cases  prove  to  be  along  the  lines  of  purchasing  bulk  supplies 
at  low  rates  from  neighbouring  municipalities,  or,  failing  them,  from 
power  companies.  The  Legislature  sliouUI.  tliereforc.  speedily  pro- 
vide for  combination  amongst  nninicipiil  iuithoritics  alont;  the  lines 
suggested  in  the  Amendment  Hill  to  tli<:  Electric  Lighting  Acts  now 
bsfore  Parliament.  The  time  will  come  when  the  question  of  closer 
co-operation  between  the  larger  municijialities  will  l)e  carefully  con- 
sidered, and  no  one  can  doubt  that  there  are  elements  of  substantial 
advantages  and  economies  to  be  realised  for  mutual  benefit. 

As  to  the  status  of  the  municii)al  electrical  engineer,  there  are  not 
wanting  signs  to-daj'  that  there  was-  never  a  time  when  it  was  more 
neee.ssary  for  him  to  uphold  his  position.  There  seems  to  be  a  dis- 
]iosition  abroad  to  dej)o.se  him  from  the  i)o.siti(m  of  the  controlling 
force,  that  whilst  his  t<ehnical  abilities  are  not  called  into  question, 
he  is  supposed  to  Ix;  lacking  in  sufficient  commercial  knowledge,  or 
busine.s.s  acumen,  to  enable  him  successfully  to  pilot  the  concern  for 
which  he  is  responsible.  Pushfulness  he  may  lack,  but  it  cannot  be 
.said  that  an  engineer  worthy  of  the  name  lacks  commercial  know- 
ledge and  aptitude  ;  and  as  in  the  administration  of  electricity  de- 
partments science  and  t<ehnical  knowledge  enter  in  at  every  point 
and  largely  determine  all  questions  of  high  i>oliey,  the  engineer  must 
be  referred  to  in  the  end  as  the  controlling  officer  acting  under,  and 
subject  to,  the  municipal  committee. 

The  status  of  the  engineering  profession  is  difficult  to  define.  Our 
institutions  do  not  take  any  responsibility  in  regard  to  the  acts  of 
their  individual  members,  whether  of  recognised  etiquette,  or  other 
unwritten  laws,  that  should  be  observed  between  members  of  the 
same  profession.     It  is  warmly  discusued  even  whether  engineers 


do  belong  to  a  i)rofession  in  the  sense  that  barristers  and  medical 
men  belong  tt)  tlicir  respective  jirofessions.  At  any  rate,  it  is  the 
duty  of  this,  as  well  as  other  scientific  associations,  to  do  whatever  may 
be  possible  to  raise  the  status  of  the  profession  to  which  we  all  belong. 
In  conclusion,  reference  is  made  to  the  visits  in  connection  with 
the  Convention  and  to  the  assistance  of  Jlr.  Bromley  Holmes  in 
arranging  the  visit  to  Liverpool. 

A  vote  of  thanks  to  the  president  for  his  address  was  pro- 
posed by  Bailie  Willock  (Glasgow),  to  which  Mr,  Pearce  briefly 
responded. 

Councillor  Ah'x.  Sinclair  (Swansea)  then  read  his  Paper  on 
""  Cheap  Units"  in  abstract.  This  will  be  ftiven  in  our  next 
issue.  During  the  reading  of  this  Paper  the  mediocre  acoustic 
properties  of  the  hall  were  very  evident,  and  the,  attention  of 
those  present,  which  had  been  very  close  during  the  president's 
address,  showed  a  tendency  to  wander.  An  interesting  dis- 
cussion took  place,  to  which  we  shall  refer  at  a  later  date. 

This  conchided  the  morning's  business,  and  the  members 
and  guests  then  adjourned  to  the  Town  Hall  for  luncheon  at 
the  invitation  of  men\bers  of  the  Manchester  Electricity  Com- 
mittee. The  hall  in  which  the  hiiicheon  was  held  is  all  that  can 
be  desired  from  an  architectural  point  of  view,  but  it  is  cer- 
tainly not  a  place  where  speeches  can  be  made,  or  heard,  with 
any  degree  of  comfort.  The  pressman  is  on  such  occasions  in 
the  position  of  a  guest,  and  may  not,  therefore,  look  a  gift 
horse  in  the  mouth  ;  but  when  no  special  accommodation  is 
provided  for  him,  and  all  that  he  can  hear  of  the  speeches  is  a 
confused  murmur,  there  is  some  just  cause  for  complaint. 

The  Lord  Mayor  of  Manchester  presided  at  this  luncheon, 
Ining  .supported  by  the  Dean  (Dr,  Welldon),  by  numerous 
members  of  the  City  Council  and  by  the  officers  and  council  of 
the  Association,  After  the  usual  loyal  toasts,  the  health  of  the 
"  Incorporated  Municipal  Electrical  Association "  was  pro- 
posed by  Councillor  S,  W.  Royse  and  responded  to  by  Mr. 
S.  Ij.  Pearce.  The  toast  of  "  The  Manchester  Corporation 
Electricity  Department  "  was  proposed  by  .\td,  G,  Pearson,  of 
Bristol,  and  responded  to  by  Councillor  Howarth,  chairman 
of  the  Manchester  Electricity  Committee, 

At  the  conclusion  of  luncheon  members  were  conveyed 
by  special  cars  to  the  Stuart-street  station  of  the  Manchester 
Corporation.  The  details  of  this  station  arc  so  well  known  to 
readers  of  The  Electkician  that  there  is  no  need  to  deai  with 
them  at  any  great  length.  It  may,  however,  be  mentioned  that 
the  total  capacity  is  29,000  kw,,'^  17.000  kw.  of  which  is  pro- 
vided by  reciprocating  engines  and  the  remainder  by  two 
6,000  kw.  turbines.  From  this  station  high-tension  current 
is  delivered  to  various  sub-stations,  both  public  and  private, 
■where  it  is  stepped  down  to  500,  410  and  205  volts  for  tramway, 
power  and  lighting  purposes  respectively.  The  station  was 
originally  designed  for  the  installation  of  reciprocating  engines 
only,  but  Mr.  S.  L.  Pearce  has  erected  turbines,  and  it  will  now 
be  possible  to  instal  some  further  20,000  kw.  of  plant,  instead 
of  some  5,000  kw.  which  would  have  been  the  limit  had  recip- 
rocating engines  been  used. 

At  the  Bloom-street  and  Dickinson-street  stations,  which  the 
members  of  the  Association  visited  later  in  the  afternoon,  low- 
tension  continuous  current  is  generated  for  supplying  the  light-  |i 
ing  and  tramways  within  the  city  area.  Both  turbines  and 
reciprocating  engines  are  at  work  in  these  stations,  Dickinson- 
street  also  contains  7,400  kw,  of  sub-station  plant,  seven 
Peebles-La  Cour  converters  of  vaiying  capacity  being  installed. 
A  :3.il()()k\v. battery  has  also  reccntlybeen  erected;  in  comieetion 
with  which  there  is  an  interesting  booster  plant,  described  on 
p.  418  of  thisi.ssue.  The  high-tension  current  from  Stuart-street 
is  converted  and  stepped  down  in  20  public  sub-stations,  while 
no  less  than  15  private  consumers  have  similar  stations  on  their 
own  premises.  Power  supply  is,  of  course,  a  loading  feature  of 
electrical  work  in  Maiichestei-,  and  as  regards  the  main  details  of 
this,  though  there  has  since,  of  course,  been  a  numerical  increase, 
we  must  refer  ourrcaders  to  The  Elec'tri(I.\x,Vo1.  LIX,,  p.  746. 

The  visits  to  these  stations  concluded  the  business  for  Mon- 
day, and  the  members  then  separated,  no  doubt  to  take  part 
in  those  informal  discussions  which  are  often  of  more  benefit 
to  the  individual  than  those  laid  down  in  the  progrinune. 
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WfilncMlntj,  June  2ord. 
■  To-day  Ihe  monjhi'r.s  of  the  Association  were  astir  oarly  and 
assembled  at  Uie  Central  Station,  Manehestcr,  for  the  journey 
to  Liverpool.  The  Cheshire  Lines  Committee  provided  a 
special  train,  and  a  comfortable  and  speedy  journey  was  made 
to  the  Central  Station,  Liverpool,  which  was  reached  at  9:40. 
The  members  then  proceeded  to  the  small  Concert  Hall  of 
St.  Georfie's  Hall,  where  they  were  welcomed,  in  the  name  of 
the  Corporation  of  Liverpool,  by  Aid.  Sir  Clias.  Petrie,  chair- 
man of  the  Tramways  and  Electric  Power  and  Lishtins.'  Com- 
mittee. A  vote  of  thanks  to  Sir  Chas.  Petrie  for  his  hearty 
wclconu^  of  the  Association  to  Liverpool  was  moved  by  Jlr. 
S.  L.  Pearce,  and  carried  with  acclamation. 

A  Paper  on  "  The  Influence  of  Metallic  Filament  Lam[)s  on 
the  I'^lcctrical  Industry  and  on  Street  Li^htiny'"'  which  will 
be  found  in  abstract  elsewhere  in  this  issue,  was  then  read  by 
Mr.  E.  E.  Hoadley,  chief  electrical  engineer,  Maidstone.  An 
interesting  discussion  on  this  Paper  followed,  and  this  we  iiive 
ill  abstract  below. 

Air.  S.  E.  Fedden  (Sheffield)  s;iiil  ho  a|iprpciate<l  the  fait  lh.it  the 
niaiiiifactuier.s  (if  (lyiiAmos  and  other  jjlant  had  had  a  eoiisirlcrable  set 
bark  tliiciugh  the  advent  of  the  metal  lamp,  as  plant  for  extensions  would 
not  be  wanted  for  a  year  or  two.  Cable  maker.^  would  be  affected  to  some 
■  tent,  and  the  price  of  copper  would  be  lower,  owing  to  less  heirijj 
iiiired.  A  maker  had  told  him  that  the  total  eost  of  the  metal  lani]) 
<  about  7(1.  Makers  pre.sent  might  explain  why  he  could  not  obtain 
I  ii>  Ml  under  Is.  8d.  The  lighting  load  revenue  at  .Sheffield  had  diminished 
I'v  tl.odO  sinoe  the  adveut  of 'the  lamp,  althimgh  onlv  5,000  200-volt, 
1(1.0(1(1  l(H)-volt,  420  50  volt  and  144  25-volt  were  installed,  a  veiy  small 
peieeut.ige  of  the  total.  To  make  up  for  one  consumer  changing  his 
lani|is,  three  new  eonsiimers  of  a  similar  demand  were  necessary,  'wo  to 
make  up  the  revenue  and  a  third  to  cover  the  charges.  In  regard  to 
heating  and  cooking,  in  Sheffield  they  had  the  problem  of  cheap  gas.  and 
■although  a  canvasser  went  round  with  all  kinds  of  accessories,  it  was 
very  uiihill  work.  He  admitted,  however,  that  the  lamp  might  be  a 
Mr<sinL'  in  disguise.  It  had  sa\ed  a  nlimber  of  liis  consumers  from  going 
liM  k  (ii  u.is  tln-niie!i  (lie  blackening  of  carbon  lamps.  In  the  course 
mI  1,1  1, marks  Jlr.  I'Vddcii  said  that  of  the  8,000  orders  dealt  with  by  the 
v. 'jiii;4  and  lit ting<  department.  4,000  were  small  orders  occiu'ring  after 
iMirking  hours,  mo.stly  during  the  night.  They  had  one  or  two  men 
lo  look  after  these,  but,  of  course,  contractors  could  not  keep  a  stall  for 
(hi-;  iiu reuse. 

( 'ouii-illor  Dykes  (Beckenham)  said  in  regard  to  a  station  like  Beckeh- 
liiin,  supplying  almost  entirely  a  lighting  load  and  generating  alternating 
I  uirent,  they  should  try  to  get  a  fixed  price,  dependent  upon  the  number 
"f  1  itnps  used  at  one  time,  with  a  small  charge  per  unit.     Otherwise  sma'l 

■  onsumers  did  not  pay  for  the  cost  of  putting  in  and  reading  the  meter. 
I'.ifore  the  advent  of  the  metal  lamp,  the  average  consumption  per  lamp 
installed,  mostly  S  c  p.,  was  15"6  units  per  annum,  and  they  got  a  total 
re\  cnue  of  Ss.  per  lamp.  Last  year  they  allowed  such  consumers  to  have 
transformer.-,  taking  the  precautioxi  of  making  them  use  1(5  c. p.  lamps. 
Reeei)i*s  from  the  sale  of  ctnTent  dropped  from  (is.  (id.  *.o  4.'.,  and  the 
tinits  from  15-(i  to  9-8.  The  rental  was  rai.sed,  and  brought  the  figure  up 
(o  (is.  4d.,  iigainst  8s.  previously  obtained.  A  consumer  using,  .SO  witt. 
-  I  r.p.  lamps,  with  current  at  .5d.  per  nnit,  and  using  4.'"i  units  per  annum, 
H  i(h  w  iring  and  meter  rental,  paid  21.s.  6d.  Were  they  justified  in  ehaig- 
111 ;  21s.  (id.  to  a  consumer  burning  for  1,.')00  hours,  when  they  weiv  juv- 
|i.iied  to  supply  a  consumer  burning  500  hours  for  (is.  4d.  '.'     The  extra 

I  000  hours  cost  only  about  another  Is.  3d.  bringing  the  figure  to 
7s.  7d..  and,  allowing  for  the  consmier  turning  on  all  his  lamps  at  once, 
tluy  could  suppiv  profitably  at  10s.  per  lamp  per  annum. 

-Mr.  Haydn  HARRi?ONdrewattention  to  the  high  cost  of  services,  both 
l.ir  street  and  private  lighting,  and  suggested  that  means  shnidd  be 
-oi'ght  for  reducing  this.  He  thought  that  large  unit  metallic  filament 
l.iiups  were  an  advantage]  for  small  consumers,  as  an  improved  load 
f.ator  could  thereby  bo  obtained  and  .subdivisiim  was  impo.ssible. 
I'or  str.-et  li';hting  there  was  no  doubt  that  tbt\  new  lamps  were  of  the 
rcatest  use,  especially  where  the  electricity  wtnks  were  owned  by  Ihe 
I'lcal  auth'irity  and  the  price  of  pas  was  high. 

.Mr.  H.C.BisHoi'  (Newport),  gave  some  results  of  street  lighting  with 
metallic  filament  lamps.  Their  average  life  was  2,800  hour?,  and  the 
life  was  longer  with  alternating  current ;  also  the  high  voltage  lamp  had 
an  advantage  in  this  respect  over  the  low  voltage.  There  had  been  a 
large  reduction  in  old  consumers'  bills,  and  the  new  consumers  had  not 
brought  any  increase  in  revenue,  so  that  the  net  result  was  a  decrease. 

■  Counc'llor  1).  Sti'aht  (Wimbledon^  gave  some  liuures  relating  to  the 
life  of  the  lain[is,  showing  the  improvcmeiU  in  this  respect  over  the  older 
1,1  nips. 

Mr.  F.  Sells  said  that  the  manufacturers. were  not  dealing  entirely  in 
protits.  The  lamp  could  not  bo  produced  as  chwiply  a.s  stated  by  Mr. 
Fedden,  as  the  expenses  were  very  great.  Engineers  did  not  always 
know  (luite  what  they  want"d. 

.Mr.  A.  J.  Ciui.ciE  (Sheffield)  said  gas  was  Is.  4d.  per  1,000  at  Sheffield. 

I I  hiul  been  susrgested  that  prices  should  be  rai.sed  to  users  of  metal  lamps. 
lait  he  thought  this  would  be  a  disastrous  policy. 

.\ld.  Smith  (Liverpool)  and  Councillor  Ciiowther  (Sheffield!  also 
brieflv  contributed  to  the  discussion.     Several  others  present  had  inti- 


mated a  desire  to  speak  on  the  Paper,  but  owing  to  Luk  of  time  they  were 
rciprested  to  p.istpone  thi'ir  remarks  f..r  |)ublication  in  the  "  Proceedings." 
.Mr-.  HoAi.i.EV  (in  reply)  said,  in  leguid  to  Mr.  BVdden's  rrmarks,  he 
thought  (he  initial  wiring  -should  be  done  by  contiMct<ii>,  but. everything 
else  should  be  done  by  the  dep.irtrncnt.  He  wyiild  postpone  iMrthet 
reply  for  the  '  Proceedings." 

A  Paper  on  "  Modern  Cable  Systems  "  was  then  read  by  Mr." 
E.  M.  HoUingsworth,  chief  electrical  engineer,  St.  Helens.  An 
abstract  of  this  Paper  is  given  on  page  411,  and  below  we 
give  an  account  of  the  discussion. 

•Mr.  W.  \V.  La(  KiK  (fllasgow)  said  they  were  not  all  agreed  on  the  sub- 
ject of  earthing.  He  was  rather  in  favour  of  earthing  at  a  limited  ninn- 
ber  of  ])oints,  so  that  the  earth  plates  could  be  disconnected  for  testing 
or  other  puiposes.     He  preferred  lead  to  armoured  cable. 

^Ir.  S.  J.  Watson  (Bury)  regretted  there  was  no  standard  practice  i 
iciiard  to  mains.  With  reference  to  laying  solid  versus  drawinc  in.  it 
was  always  difficult  for-  him  to  se^  why  cables  should  be  laid  solid  under- 
ground where  it  was  difficult  to  get  at  them.  He  endorsed  Jlr.  Laekie's 
opinion  that  V.B.  cable  was  better  than  any  system  of  lead-covered  cable. 
Overhead  mains  had  not,  in  his  opinion,  had  the  attentiiju  they  deserve  1 
and  should  have,  as  they  were  very  eh«|ip. 

Mr.  F.  A.  Newivoton  (Kdinhurgh)  said  he  had  found  lead-covered 
paper  cables  to  suit  his  system  best.  He  favoured  the  drawijig  in  of 
cables,  the  paving  in  Edinburgh  consisting  almost  entirely  of  cement. 
They  laid  some  of  the  ways  a  year  or  so  before  laying  the  raaiut.  Bitu- 
men they  found  trnieliable. 

Mr.  .James  Callender  (Callender's  Cable  Co.),  being  asked  by  the 
President  if  he  would  like  to  contribute  to  the  discussion,  said  that,  while 
thanking  the  President  for  the  opnortunity,  he  was  there  to  learn  the 
views  of  the  members  of  the  association. 

Mr.  W.  A.  ViGNOLES  (Grimsby)  said  he  had  found  that  nearly  all  the 
trouble  was  due  to  the  boxes.  He  had  designed  a  east-iron  box,  with 
the  lead  cable  wiped  on,  which  answered  very  well. 

Mr.  F.  Ay'Ton  (Ipswich)  said  he  had  consulted  several  makers  as  to  the 
best  kind  of  cable  for  small  services  in  Ipswich,  and  the  consensus  of 
opinion  was  in  favour  of  rubber  insulation.  They  must  expect  more 
trouble  with  small  street  services  than  with  ordinary  services.  In  regard 
to  overhead  mains,  he  had  never  had  any  trouble  with  these.  He  had 
one  over  the  river  Orwell,  with  a  350  ft.  span,  which  had  been  up  for  three 
years  without  giving  any  trouble.  In  this  case  the  alternative  was  to 
go  a  long  way  round  and  take  the  cable  over  a  bridge. 

Mr.  .J.  E.  Edgcome  (Kiirgston-upon-Tliames)  siHikc  very  h'ghly  of  his 
experience  in  laying  cables  direct  m  the  grtiund.  In  regard  to  danger 
from  picks,  he  had  only  had  about  half  a  dozen  cases  in  i  (i  years.  He 
believed  in  laying  direct  in  the  ground  on  the  score  of  cheapness  and 
flexibility.  The  Local  Government  Board  had  evidently  some  idea  that 
these  cables  had  not  so  long  a  life,  as  only  15  j-ears  were  allowed  in  loans, 
compared  with  20  year's  on  cables  laid  on  the  solid  system.  He  pointed 
oirt  his  experience,  however,  and  was  able  to  get  a  loan  at  20  years. 

Jlr.  C.  ('.  Atchison  (Rochdale)  said  in  most  cases  the  faults  they  had 
on  the  cables  were  in  the  boxes.  In  regard  to  overhead  mains,  it  was 
difficult  to  eaiiy  these  in  some  of  the  larger  districts.  The  author  had 
spoken  of  using  aluminium  instead  of  cojipcr  for  overhead  cables.  They 
would  have  to  take  notice  of  extra  size  of  conductor  in  connection  with 
wind  pressure.  For  outlying  districts  he  used  the  overhead  tramway 
feeders  for'  small  consumers. 

.Mr.  S.  E.  Fedden  (Sheffield)  said  bitumen  cables  were  absolutely  re- 
liable if  laid  pio])erly  on  the  solid  system.  His  cables  had  been  laid  for 
l(i  years  without  any  fault  or  the  expenditure  (if  a  penny  on  them. 
Draw-in  systems  should  not  be  laid  with  cab'e  that  caused  gas  to  form 
when  a  fault  occurred.  It  should  be  an  iron  system,  with  lead-covered 
]iapcr  insulation,  so  that  any  fault  occirrring  would  blow  out  the  cutouts 
without  causing  a  lot  of  gas  to  form.  If  they  bought  cable  with  pure 
Manila  paper',  made  by  a  good  English  firm,  he  thought  they  would  have 
no  cable  faults.  He  had  2:j0  miles  of  lead-covered  cable  without  a  fault 
in  eight  year's.  In  regard  to  the  author's  ivfei'enec  to  getting  the  con- 
duit dry,  why  troirble  about  this  ?  The  best  (huiir  to  do  was  to  get  a 
decent  "eovei'ing  on  the  cable  He  had  known  jute  to  get  stuck  m  the 
pipes,  but  he  had  an  easy  method  for  dealing  with  that.  He  disagreed 
with  the  table  at  the  end  of  the  Paper,  as  lie  thought  (he  figun-s  were 
misleading. 

Owing  to  the  time  having  expired,  Mr.  HoUingsworth  was 
asked  to  hold  over  his  reply  for  the  "  Proceedings." 

After  the  meeting  the  tnembers  of  the  Association  were  en- 
tertained to  luncheon  at  the  Exchange  Hotel  by  the  chairman 
and  members  of  the  Electricity  Committee. 

At  luncheon  the  members  were  split  up  into  a  number  of 
small  i)arties.  The  room  in  which  our  representative  found 
himself  was  presid(>d  over  by  Aid.  Lloyd,  vice-chairman  of  the 
Livet'iiool  Ti'amwavs  Comiiiittee,  and  if  the  other  chairmen 
carried  out  their  duties  as  he  ditl  his,  the  members  must  have 
thoroughly  enjoyed  (hemselves. 

At  the  conclusion  of  luncheon  the  members  proceeded^  to 
the  Lister  Drive  station  of  the  Liverpool  Corporatioit.  This 
station  reallv  consists  of  two  distinct  parts,  in  one  of  which 
are  installed  12  Willans-Siemens  reciprocating  sets  geneiatiiig 
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current  at  550  volts  (the  Puinpfields  station  of  tlic  Corporation 
is  similarly  equipped).  In  the  second  part  of  the  station  will 
be  erected  eventually  four  2,000  k\v.  horizontal  Curtis  turbine 
sets  to  supply  three-phase  current  at  6,000  volts  to  sub-sta- 
tions equipped  with  motor -generators,  whence  continuous 
current  is  delivered  at  -160  to  500  volts.  Electricity  is  also 
generated  at  Liverpool  by  means  of  heat  from  dust  destructors. 
High-speed  continuous-current  generators  are  employed,  and 
the  stations  where  these  sets  are  in  operation  are  also  used  as 
sub-stations  in  connection  with  Lister  Drive. 

After  the  various  features  at  the  Lister  Drive  station  had 
been  inspected,  the  members  were  conveyed  by  special  cars  to 
the  Huskisson  Dock,  where,  by  kind  permission  of  the  Cunard 
•Steamship  Co. ,  they  were  allowed  to  inspect  the  "  Mauretania." 
Tea  was  served  in  the  first-class  saloon,  and  the  living  por- 
tions of  the  ship  were  then  visited.  The  time  allowed  was 
very  short,  as  the  vessel  was  just  about  to  move  into  graving 
dock,  so  that  a  detailed  survey  of  the  electrical  and  engineer- 
ing features  was  not  possible.  This  ship,  of  course,  teems 
with  electrical  appliances,  and  for  a  full  description  of  these 
we  refer  our  readers  to  The  Electrici.an,  Vol.  LIX.,  p.  939, 
and  to  the  Ixdi'strial  Supplement  published  with  this  issue. 
This  visit  concluded  Wednesday's  official  business. 
Thursday,  June  24th. 
The  meeting  this  morning  was  again  in  the  Municipal  School 
of  Technology.  Manchester,  and  Papers  were  read  by  Mr.  A.  S. 
Blackman,  on  "  Steam  Turbines  from'  the  Users'  Point  of 
View,''  and  by  Mr.  E.  Lunn  on  "  Notes  on  Condensing  and 
Water-cooling  Plants."  An  abstract  of  the  former  of  these 
Papers  appears  elsewhere  in  this  issue,  whilst  an  account  of 
the  discussion,  received  by  telegraph, is  given  below.  These 
papers  were  jointly  discussed.  After  the  meeting  the  mem- 
bers adjourned  to  the  Midland  Hotel,  where  luncheon  was 
served.  This  afternoon  the  works  of  the  British  Westinghouse 
Co.,  at  Trafford  Park,  of  the  Lancashire  Dynamo  &  Motor  Co. 
(see  the  Ixdu.stri.\l  Supplement  with  this  issue),  and  of 
Messrs.  Connolly  Bros.,  were  visited,  and  in  the  evening  the 
annual  dinner  of  the  Association  was  held  at  the  Midland 
Hotel. 

DISCUSSION. 
Mr.  J.  H.  BoLAM  (Wevmoiithl,  »h<,  oi)fned  fhe  discussion,  gave  some 
dpt.iils  of  1  400  kw.  diixct-current  turbo-generator  set  recently  laid  down 
at  Wej'mouth,  and  showed  that  recijirocating  engines  r;f  the  same  size 
could  equal  or  better  the  results  obtained.  Good  economy  as  regards 
maintenance  and  reiiairs  had,  however,  been  obtained,  and  there  was 
great  economj-  in  steam  consumption.  When  capital  cost  was  con- 
sidered, a  very  strong  case  for  the  small  direct-current  turbo-generator 
could  be  made  out. 

Mr.  D.  B.  MoBisOK  (Richardsons,  Westgarth  &  Co.)  said  that  Mr. 
Blackman  had  given  veiy  fair  criticism  of  the  general  position  of  the 
turbine.  Reliability  might  be  accepted  without  question,  notwith- 
standing the  unfortunate  occurrence  at  Sunderland  referred  to  by  Mr. 
Blackman.  They  had  under  construction  at  the  present  time  a  7,.500  kw. 
machine  for  Xcwcastle,  which  would  have  as  its  companion  a  machine  of 
the  same  power  by  the  .Mlgemeine  Co.,  so  that  an  interesting  comparison 
with  regard  to  consumption  and  ruun-ng  expenses  would  be  possililc,  and 
next  ye.ir  he  hoped  to  be  able  to  give  some  particulars.  He  mentioned  that 
Messrs.  Brown,  Boveri  contemplated  the  construction  of  a  Ij.OOO  kw. 
machine,  which,  he  supposed,  would  be  the  largest  in  the  world.  The 
popular  size  on  the  Continent  was  10,000  kw.,  a  very  respectable  power. 
In  regard  to  air,  it  was  not  until  Prof.  Wcighton's  invention  that  thev 
could  tell  definitely  how  much  air  actually  went  into  the  system.  The 
behaviour  of  air  in  a  condenser  was  only  just  being  understood.  If  there 
was  much  difference  of  tcmp<-raturc  between  the  top  and  bottom  of  any 
condenser,  there  was  a  superabundance  of  air,  and  efficient  service  was 
ceriously  prejudiced.  Reference  had  been  made  to  Mr.  Parsons'  in- 
vention of  the  augmentoi.  This  was  a  very  good  air  withdrawer.  It  had 
no  connct'tion  with  the  condenser,  but  was  an  au,\iliary  to  an  air  piimp — 
in  fad,  it  was  an  air  jmmp.  Mr.  Parsons  hjid  combined  the  steam  jet 
with  the  air  pump,  which  enabled  it  to  withdraw  a  greater  weight  of  air 
than  was  possible  with  the  same  pump  without  the  augmentor.  Ho 
thought  that  the  best  pump  for  withdrawing  hot  water  from  a  condenser 
would  be  a  steam-driven  single-cylinder  reciprocating  pump.  The  value 
of  exhaust  steam  turbines  was  just  dawning  on  enginccis.  They  had  an 
installation  in  which  thiee  condensing  blowing  machines  indicated  be- 
tween them  3,300  H.p.,  and  they  could  absolutely  guarantee  ant.llier 
1,200  11. 1',  by  means  of  exhaust  turbines,  «itho>.it  any  exjiense  or  altera- 
tion to  the  jn-csent  installation  Two  new  White  Star  steamers  of 
50,00fl  H.1-.  were  to  he  fitted  with  exhaust  steam  turbines  and  thitwould 
be  the  larg.^st  installation  tlierc  wa.s  of  that  particular  type. 

Mr.  T.  P.  WiLMSHUR.<T  (Derby)  had  heard  that  the  st«am  consumption 
of  impulse  turbines  increased  in  time  owing  to  the  attrition  of  the  blades. 
He  would  like  to  know  whether  this  was  so.     Was  it  poeaible  to  build  a 


I'.OOO  kw.  ,linrt.r-Hncn)  s-tj?  H.h.ul  hn.l  no  cmnuilalioM  ti..„blcsdue 
to  ilaohing  round  with  his  direct  current  sct-s  and  it  u\ighl  be  .said  that 
thciv  were  no  commutation  troubles  in  sets  up  to  the"  1,000  kw.  size. 
E.xcessive  suiierheat  might  cause  stripping.  He  thought  that  the  figures 
for  maintenance  given  in  the  Paper  could  not  be  taken  as  an  average"!!  If 
there  was  an  accident  the  maintenance  might  be  very  serious. 

Mr.  Greoorv(B.T.-H.  Co.),  disagreed  withsomeof  the  author's  conclu- 
sions. He  thought  that  the  impulse  type  could  be  made  mechanically 
sound.  In  his  experience  he  had  never  heard  of  a  blade  stripping.  Ho 
also  considered  that  the  impulse  type  had  made  great  headway,  and  he 
gave  (isrures  for  Curtis  turbines  made  at  Rugby,  illustrating  this  point  and 
showing  the  economies  obtained  with  this  class  of  engine.  One  of  these 
had  a  steam  consumption  of  1 19  lb.  of  steam  per  kilowatt-hour. 

Mr.  E.  E.  Ho.\Di.Ey  (Maidstone)  asked  some  questions  on  exhaust 
steam  turbines.  How  was  the  steam  jucssure  on  these  arranged  when  the 
niaui  sets  were  running  on  varying  loail  ?  Were  the  last  few  inches  of 
vacuum  of  so  much  importance  ?  Would  not  lower  speeds  be  best,  and 
what  speeds  should  be  used  ? 

Mr.  Seaton  (Willans  &  Robinson)  thought  that  this  was  the  first  time 
any  credit  for  turbine  performance  had  been  given  to  the  makei-s  or  con- 
tractors. He  made  some  caustic  comments  on  various  )>oints  raised  in 
the  discussion,  and  thought  Mr.  Hoadley  could  get  all  the  information  he 
wanted  by  dropping  a  postcard  to  the  turbine  makers. 

.Air.  W.  B.  MooPHorsE  (Yorkshire  Power  Co.)  said  he  used  both  the 
types  of  machines  referred  to  in  the  Paper.  The  oil  bill  for  each  machine 
was  less  than  £5  a  year,  ."is  to  the  rows  of  blades,  he  had  opened  hig 
Curtis  machine  after  five  years'  running,  and  the  whole  niachiiie  was 
found  to  be  as  good  as  when  put  in.  He  thought  exhaust  steam  turbines 
«ould  soon  disappear. 

Mr.  F.  A.  Newinoton  (Eduibursrh)  had  had  slight  commutation 
tKiuble.s,  but  he  thought  this  was  due  to  flexible  couplings.  He  thought  a 
1.")  per  cent,  better  coal  consumption  could  he  obtained  with  turbines. 
There  was  apt  to  be  a  vibration  of  the  atmospheric  valve,  and  some  im- 
provement in  this  direction  was  needed. 

By  Teleorapu  from  our  own  Correspondents. 

Manchester,  Ihursday  Eveniiuj, 
Jlr.  Crav.ford  (Bellis  &  Moreom)  thought  that  a  combined  system 
should  be  adopted,  the  turbines  being  adjuncts  to   the   reciprocating 
plant. 

Mr.  A.  G.  CooiER  (Colne)  remarked  that  two  objections  to  evaporative 
coudensei-s  had  been  missed.  Humidity  as  high  as  95  per  cent,  resulted, 
and  there  was  a  l.irge  number  of  pipe  joints.  He  also  questioned  the 
figures  for  vacuum  in  testing  condensers.  Corrections  for  .sea  level  and 
barometer  caused  trouble.  The  speaker  described  a  method  for  over- 
coming the  latter  difficulty  by  installing  multi-jet  injector  condensers, 
each  consisting  of  eight  jet<-.  He  thereby  obtained  2  in.  better  vacuum 
for  the  same  amount  of  water.  Much  depended  upon  the  iiunip.  Water 
packed  glaucb  were  best.  The  vacuum  w.is  measured  by  taking  the 
temperatMre  of  mercury  in  a  pocket  in  the  exhaust  pijie. 

Mr.  H.  Faraday  Proctor  (Bristol)  did  not  think  the  conditions  at 
Sunderland  exactbip,  but  most  favourable,  ar  there  was  a  greater  lisk 
when  starting  turbines  than  during  running.  The  eight  turbines  at 
Bristol  provided  a  good  example  of  reliability.  Blades  became  loose 
owing  to  unequal  expansion  and  through  caulking  strips  being  of  different 
material.  Nevertheless,  the  turbines  ran  continuously  for  two  months. 
He  asked  «hether  a  turbine  shaft  could  be  u.sed  safely  when  bent  and 
straightened  several  times,  or  was  annealing  necessary.  Mr.  Blaekmati 
might  have  trouble  due  to  the  stripping  of  blades  if  the  shaft 
whipped.  Whipping  had  been  overcome  in  the  latest  form  of  Parsons 
turbine  by  strengthening  the  rotor  spindle. 

Mr.  F.  W.  Pl'RSE  (Watford)  did  not  agree  with  the  statements  made: 
the  reaction  type  of  turbine  was  not  reliable,  and  banked  boilers  were 
necessary.  Small  stations  should  not  follow  big  ones  like  lambs,  and 
shoi'ld  not  iustal  turbines  for  economy.  It  wis  necessary  to  have  more 
than  one  fet  of  at  least  1,000  kw.  capacity  ;  T.iO  kw.  was  too  small.  He 
gave  the  coal  and  works  costs  for  several  stations,  the  average  being 
0'23d.  for  coal  costs  and  O^.'id.  for  works  costs  in  the  case  of  stations 
where  leciprocatmg  engines  were  used,  whereas  the  coal  costs  were  0"5d. 
and  the  works  costs  1  Id.  for  turbines.  The  latter  had  a  high  efficiency 
at  full  load,  but  a  bad  efficiency  at  low  loads. 

Mr.  I.  \.  RomN?ON  (Richardsons,  Westgarth  &  Co.)  was  of  the  opinion 
that  impulse  turbines  wen-  not  so  good  as  reaction  turbines  at  8])eed8  of 
1,.500  revs.  ])cr  min.,  although  possibly  thej  might  be  at  3,000  revs,  per 
min.  The  higher  speed  machine  was  cheaper  and  more  economical, 
besides  taking  uj)  less  floor  space.  He  was  working  with  a  steam  tcm- 
pcraturo  of  from  HIQ  deg.  to  (iOO  deg.  The  thermal  efficiency  was  in- 
creased by  working  at  the  maximum  steam  temperature  possible.  Mr. 
Blackman's  figures  for  maintenance  worked  out  at  about  l.S.-..  i)er  week, 
assuming  10,000,(100  units  per  annum.  This  was  double  the  figure  given 
by  Mr.  Pox.  Mr.  Bla?kman's  coal  costs  also  were  0  42d.  per  unit.  The 
figures  for  the  turbines  at  tilasgow  were  14-3  lb.  of  steam  per  kilowatt- 
hr)ur  on  n  2.")  jier  cent,  overload,  14'Rf)  lb.  at  full  load  and  l.'itT  lb.  at 
three-<|uait'-r  load,  the  temperature  of  the  steam  being  r>Ti  deg.  .iiul  the 
vacuum  il3-3  per  cent. 

-Mr.  H.  Rich  vrdso.n  (Dundee)  thought  it  would  be  interesting  to  have 
definite  information  from  users  in  regard  to  steam  pressure  and  superheat. 
Mr.  S.  J.  Waison  (Bury)  thought  the  questivu  of  steam  v.  electric 
motors  for  auxiliary  plant  had  not  been  carefully  enough  considered. 
The  latter  type  were  the  cheaper  in  first  cost,  but  the  former  more 
economical,  if  properly  coupled  and  with  units  of  fair  size.  The  20,000  lb. 
condeDPcrs  at  Bury  were  steam  driven  combined  sets,  and  required 
3501b.  of  steam  per  hour,  the  hoise-power  being  20— I'.c,  about  17  1b, 
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per  h(irse-i)ower-hoiir.  This  result  wiis  better  than  with  the  generator, 
but  as  the  power  fnim  tin-  iieiicrator  could  be  used  for  auxiliary  motors 
this  ought  to  be  tak.n  iiil'i  jrcount.  The  result  was  that  it  was  more 
flconomioal  to  use  steam  for  sl.-am  pumps  than  to  use  motors. 

Mr.  S.  E.  Veuuf.n  (SheHield)  had  not  heard  of  any  ease  of  blade  dis- 
tortion through  excessive  superheat,  nor  had  they  had  any  stripping  of 
blades  at  Sheffield,  although  they  us>'d  steam  at  200  lb.  pre.ssure.  The 
maintenaiieo  costs  were  £100  per  annum  for  9J  million  units.  Tliis 
worked  out  very  near  the  figure  given  by  Mr.  Blackman.  Ho  also  gave 
fi(fiii-cs  showing  that  the  pffieieney  of  the  impulse  type  was  not  nearly  so 
good  as  the  reaction  ty|ie. 

Mr.  T.  W.  Bloxam  (Belfast)  said  the  qunstion  of  whether  leeiproeating 
engines  or  turbines  sliould  be  installed  had  been  considered  at  Belfast. 
Turbines  were  decided  upon  of  the  same  capacity  as  the  existing  1 ,000  kw. 
reciprocating  sets.  After'  running  the  turbines  for  12  months  he  found 
there  was  nothing  to  choose  between  the  two  types  of  machines  as 
regards  steam  consumption.  The  repairs  for  the  reciprocating  engines, 
however,  were  heavy,  but  as  yet  no  repairs  had  been  found  necessary  on 
the  turbines.  This  cost,  however,  would  probably  rise  very  suddenly 
with  the  latter  type  of  plant.  He  compared  the  reliability  of  the  two 
machines  by  describing  the  effect  of  water  in  both.  With  a  reciprocating 
set  the  low  pressure  cylhider  had  boon  destroyed,  but  the  turbine  was  un- 
affected. 

Mr.  .S.  L.  PearC'e  (Manchester)  was  astonished  that  nobody  had  com- 
pared the  prices  of  the  two  types  of  steam  turbines.  This  was  very  im- 
pdrt.int.  The  lower  first  cost  of  the  reaction  type  might  be  the  deciding 
factor,  but  the  Parsons -W'illans  type  woidd  prevail  if  there  were  no  dilYer- 
ence  in  steam  consumption.  The  impulse  type  would  have  been  erected 
at  Stuart-street  station  if  the  British  makers  could  have  supplied  a 
5,000  kw.  size,  -is  a  result  of  visits  to  the  Continent,  he  found  the 
Parsons  type  there  losing  ground.  The  Manchester  station  offered  a 
good  opportunity  for  making  comparisons,  and  the  results  to  be  pub- 
lished later  would  show  which  of  the  two  ty))es  g.ave  the  best  results. 
The  figure^:  for  Curtis  turbines  given  by  Mr.  Gregory  were  not  guaranlecd 
by  the  ma!;ers.  and  the  guaranteed  figures  were  not  so  hlq;h  for  the  con- 
tlitioiis  at  Manchester,  as  the  Parsons,  Willans  and  Zoelley  types. 

Mr.  Bi.AcKMAN,  in  reply,  said,  in  regard  to  blade  erosion,  the  manu- 
facturers of  the  impulse  type  turbines  covild  give  no  information.  This 
question  was  raised  by  him  some  years  ago,  and  he  was  assured  by  the 
makers  that  erosion  did  not  occur.  They  were  not  so  snre  now.  The 
Curtis  turbine  tests  were  redly  made  at  the  works.  Full  particulars  of 
the  conditions  were  not  a\ail;ili!r,  and  were  different  here  to  tho.se  in 
America.  He  asked  did  Mi.  Cnuory's  figures  include  auxiliary  plant. 
The  figures  given  by  Mr.  VVoodhouse  for  oil  consumption  were  interesting, 
R9  showing  the  improvement  that  could  be  made.  In  answer  to  Mr. 
Purse,  the  banking  of  fires  was  necessary  owing  to  the  inefficiency  of 
reciprocating  sets  compared  with  turbines.  The  boilers  had  to  be  banked 
in  case  the  turbine  sets  broke  down  and  the  reciprocating  sets  had  to  be 
used.  Mr.  Pur.--e  had  picked  out  stations  with  low  speed  variable  expan- 
sion engines  in  making  his  comi)ariscm.  These  engines  were  economical, 
but  high  in  first  cost.  The  tiirbine  figures  included  several  small  sta- 
tions, which  increased  the  average  figures.  Nine-tenths  ot  the  trouldcs 
experienced  with  turbines  were  due  to  using  steam  exceeding  l.'iO  lb. 
pressure,  and  150  deg.  puperhcat.  This  pressure  and  superheat  were  ;iuitc 
.sufficient. 
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THE  PROPOSED  ELECTRICAL  ASSOCIATION. 

In  the  last  issue  of  The  Electrician  (p.  S91)  wc  gave  sonu-  par- 
ticulars as  to  the  i)rescnt  stage  of  the  negotiations  which  have  liccn 
proceeding  for  some  time  in  regard  to  the  formation  of  an  association 
comprehending  the  strictly  commercial  and  financial  sides  of  the 
electrical  industry.  The  letter  of  Sir  William  Preecc  was  given  in 
full.  This  letter  has  now  been  circulated  among  the  subscribers  to 
the  fund  which  a  i>iovisional  committee  have  in  hand  for  the  jnu- 
poses  of  the  proposed  association.  Sir  William  Preece's  letter  was 
aooomjianied  by  the  following  letter  from  the  provisional  committee: — 

At  the  beginning  of  the  year  a  pam|)hlct  was  issued  by  a  provisicuial 
committi-e  sviggesting  the  formation  of  an  Elcrtri'  al  I>eague  to  ])romote 
and  protect  the  commercial  and  general  interests  of  tho. electrical  in- 
dustries, and,  as  you  were  good  enough  to  give  the  movement  your  suji- 
pOrt,  we  desire  to  inform  you  as  to  the  present  position. 

Sir  William  Preecc,  K.O.B.,  F.R.S.,  while  not  endorsing  all  the  state- 
ments made  in  the  ])amphlet,  expressed  his  willingness  to  inteiest  himself 
in  any  movement  that  was  calculated  to  improve  the  present  position 
of  the  electrical  industry.  The  undersigned  members  of  the  provisional 
committee  were  thereupon  appointed  tiT  confer  with  Sir  William  Preece, 
as  it  was  felt  by  securing  his  adhosiou  very  material  strength  would  be 


given  to  the  movement.  .As  a  result  of  the  conferences  which  have  'akcn 
place.  Sir  William  I'rceie  has  written  the  letter  to  the  undersigned,  which 
is  printed  herewith,     (.s;,  Thk  KLEcrRitiAN,  June  18,  p.  391.) 

The  undersigned  recommend  that  the  suggestions  marie  by  Sir  William 
Picecc  in  regard  to  the  title  of  the  a.,.Mi,ii  ,1  .rid  otherwise  should  Iw 
cordially  accepted,  and  that  an  unit.. I  -  ll.i!  i|.add  be  made  to  secure 
for  the  association  general  and  inllia  niial  -ui.piat,  with  a  view  to  .Sir 
William  Preece  being  invited  to  accept  tlic  prcsnlcncy  of  the  association.— 
B.  .M.  Drake,  E.  Gakcke,  H.  Hiust,  Mark  Robinson,  A.  A.  Campbell 

SwlNTON. 


CORRESPONDENCE. 


DIFFERENTIAL  METHODS  OF  MEASURING 
HYSTERESIS  LOSSES. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir  :  I  have  studied  with  very  great  interest  the  two  novel 
methods  of  carrying  out  hysteresis  tests  exjjounded  ,by  Dr. 
Beattie  and  Prof.  Kapp  respectively. 

With  reference  to  Dr.  Beattie's  tests,  I  am  rather  disturbed 
at  the  difference  in  tlie  losses  fotinJ  on  straight  bundles  and 
rings.  I  find  it  hard  to  believe  that  there  shouM  be  this 
difference,  and  I  cannot  help  thinking  that  there  must  be  some 
error  made  in  estimating  H  in  the  specific  loss  method.  I  am 
not  at  all  clear  how  H  is  measured.  It  seems  to  me,  in  any 
case,  it  should  not  be  taken  as  proportional  to  the  current. 
Perhaps  Dr.  Beattie  would  kindly  clear  this  nutter  up,  as 
probably  I  am  not  the  oiilj'  one  to  misunderstand  this  point. 
The  same  difficulty  crops  u[)  in  the  magnetic  square.  How  is 
one  to  allow  for  the  magnetic  reluctance  of  the  joints  and  the 
increased  section  of  the  corners  ? 

The  differential  method  of  making  a  ballistic  test  is  un- 
doubtedly a  great  advance  upon  the  step-by  step  method,  if 
viscosity  is  small  and  due  precaution  is  taken  to  limit  the  time 
constant.  I  venture  to  think,  however,  that  this  method, 
improved  as  it  is,  can  never  be  so  quick  as  a  wattmeter  method 
and  must  require  greater  care  in  the  carrying  out.  My  own 
practice  is  to  employ  a  magnetic  sc^uare  with  butt  joints 
interleaved  as  commonly  employed  in  transformers.  This  is 
wound  evenly  with  a  magnetising  coil  right  up  to  the  corners, 
a  second  coil  for  the  wattmeter  shunt,  and  finally  a  set  of  fine 
wire  coils  for  an  electrostatic  voltmeter.  The  tests  are  made 
on  a  sine  wave  (mean  ordinate  factor  O-900,  amplitude  factor 
1-413)  and  the  drop  in  magnetising  coil,  wattmeter  and  trans- 
former is  only  about  1  per  cent,  normally,  thus  securing  that 
the  transformer  voltage  has  also  a  sine  wave  and  likewise  the 
induction.  If  tests  are  made  at  100  and  25  periods  the  eddies 
can  be  separated  from  the  hysteresis  with  great  accuracy.  By 
taking  a  large  number  of  tests  at  ii.termediate  periodicities  I 
have  established  tho  accuracy  of  the  law  that  hysteresis  varies 
as  periodicity  and  eddies  as  tho  square  of  periodicity,  even  for 
alloyed  iron. 

The  assumption  that  hysteresis  varies  as  B"^  is  not  safe.  I 
find  that  the  exponent  increases  considerably  for  both  very 
high  and  very  low  inductions  and  varies  also  with  every  brand 
of  iron.  The  wattmeter  method  gets  over  the  difficulty  of  the 
reluctance  of  the  joints,  but  still.  1  am  sorry  to  say,  leaves  the 
elVect  of  the  increased  section  at  corners  uncertain. 

With  regard  to  Prof.  Kapp's  most  ingenious  method  of  com- 
paring inductances,  I  hardly  think  that  tho  saving  to  be 
effected  by  leaving  out  a  second  coil  is  of  great  moment  whore 
a  second  coil  can  bo  put  on.  It  occurs  to  me,  however,  that 
the  method  would  be  extremely  useful  for  measuring  the  induc- 
tance of  a  wattmeter  pressure  coil,  without  its  attendant  non- 
inductive  resistance.  This  would,  perhaps,  lead  to  greater 
accuracy  than  the  method  of  doubling  the  non-inductive 
resistance  and  noting  the  alteration  of  the  reading.— I  am,  &c., 

L.vNcELor  W.  Will. 

Westminster  Electrical  Testing  Laboratory,  Jimo  19. 


MEASURING  SMALL  HIGH  FREQUENCY  CURRENTS. 

TO  THE   EDITOR   OF   THE   ELECTRICIAN. 

Sir:  As  it  might  otherwise  be  thought  that  the  galvano- 
meter for  high-frequency  currents,  referred  to  this  week  in 
your  abstract  of  Prof.  Arno's  commuuication  to  the  Soeicto  In- 
ternationale des  Electriciens,  is  a  new  form  of  instrument,  I 
should  like  to  point  out  that,  so  far  from  this  being  tho  case 
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it  is  simply  an  apparatus  according  to  and  fully  described  in  a 
British  Patent  of  1902,  granted  to  myself  and  Prof.  Ewiiig, 
though  Prof.  Arnii  carefully  refrains  from  any  rcfercnco  to  my 
work. 

At  the  same  time  it  is  interesting  to  note  that  Prof.  Arno's 
persistent  efforts  have  enabled  him  to  succeed  in  measuring 
telephonic  currents  a.';  small  as  20  microamperes. 

Although  thp.  method  first  proposed  by  me  is  thus  useful  for 
currents  of  both  medium  and  very  high  fre()uency,  it  is  a  rc- 
niirkalile  thing  that,  whereas  in  France  the  advaIltage^i  of  such 
an  appirutus  were  readily  recognised  and  the  manufacture 
taken  up,  no  British  firm  has  as  yet  been  enterprising  enough 
to  do  this. —  I  am,  vVc., 

Westminster,  June  21.  L.  H-  Walteu. 

THE  GROUPING  OF  CELLS. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir:  From  the  new  edition  of  his  "Telephony,"  it  seems 
that  Jfr.  T.  E.  Herbert  ,  engineer.  Post  Office  Telegraphs)  has 
independently  and  empirically  discovered  that  the  usual  rule 
for  the  regular  grouping  of  cells  for  ma-ximura  current  is 
inaccurate,  but  that  it  becomes  accurate  if  we  insert  the  words 
"logarithm  of  the"  immediately  before  the  word  "resis- 
tance," thus  making  the  rule  read  as  follows  :  "  The  greatest 
current  is  obtained  when  the  logarithm  of  the  resistance  of 
the  group  is  as  nearly  as  possible  equal  to  the  logarithm  of  the 
resistance  of  the  external  circuit."  I  think  he  must  have 
arrived  at  this  independently  and  empirically  because,  in  the 
first  place,  he  does  not  tell  his  readers  that  a  mathematical 
proof  of  the  rule  (or,  rather,  of  the  law  from  which  the  rule  is 
easily  deducible)  is  to  be  found  in  my  pamphlet  on  the  Group- 
ing of  Electric  Cells,  which  was  published  in  1906,  and  dis- 
cussed in  your  columns  in  Xove  mber  of  that  year  ;  and,  in  the 
second  place,  he  immediately  afterwards  gives  another  rule, 
which  he  apparnitly  considers  an  iraprovemout  on  the  first, 
but  which  i.s,  as  a  matter  of  fact,  inaccurate  and  directly  con- 
tradicted by  the  law  just  referred  to.  This  second  rule  states 
that  the  current  will  be  greatest  when  the  number  of  cells  in 
series  is  as  near  as  possible  to  v/NUr,  where  N  is  the  number 
of  cells  to  be  grouped,  R  is  the  external  resistance,  and  ;' 
the  resistance  of  each  cell.  Applying  this  rule  to  the  case  of 
12  1-volt  and  1-ohm  cells  and  an  external  resistance  of 
6  7  ohms,  we  find  that  the  number  of  cells  in  seiies  should  be, 
as  near  as  possible,  to  \^12  x  67,  or  ^,''80■^ — that  is  to  say,  it 
should  be  6,  since  this  scjuare  root  is  smaller  than  9,  and, 
therefore,  nearer  to  6  than  to  12.  But  with  six  cells  in  series 
the  current  is  only  6  (3 -i- 6-7)  =  0  618  ampere;  whereas  by 
putting  the  12  cells  all  in  series,  in  accordance  with  my  rule, 
or  Mr.  Herbert's  first  rule,  or  any  other  rule  that  is  deducible 
from  the  Uw  that  was  first  stated  in  my  pamphlet,  we  couM 
get  a  cm  rent  of  1  2i'(12 -(- 0-7)  =  0642  ampere. — I  am,  &c., 

London,  June  17.  W.  F.  Dunton. 


LEGAL  INTELLIGENCE. 


PABLIAMENTARY  INTELLIGENCE. 


Greenock  Corporation  Bill- — I"  the  coui'se  of  the  adjustment  of 
Ihi-  rla\ise^  of  this  bill  cm  lln-  Sth  inst.  by  the  section  of  the  Loeal  Legis- 
lative Committee  ol  the  House  of  Commons  (presiflod  over  by  Mr.  V. 
Ni'^holson),  Mr.  Kennedy.  Parliamentary  agent  for  tile  inomoters,  stated 
that  it  was  propoAml  to  delete  from  the  bill  the  ])roviKo  that  the  (Ireenoek 
&  Port  (Ilast'ow  Tramways  Co.  should  bi  supplied  by  the  C-orporation 
with  all  the  elcrtrieal  eneri/y  they  require  for  use  both  inside  and  outside 
the  buigh.  .Mr.  .Sydney  .Morse,  for  the  company,  opp(]sed  the  deletion 
of  the  juovision,  which  deletion  had  been  proposetl  to  meet  the  wishes 
of  Courock  and  Port  Glasgow  Corporations.  .Mr.  Morse  stated  that  the 
Corporation  had  always  HUp)ilie.d  the  electiieily  for  the  company,  and 
when  the  company  obtained  their  powers  in  1002  they  had  a  lease  in 
the  .•■chedule  to  tho  act  providing  that  their  whole  sup]>ly  should  be  given 
by  Greenock  Coi-poration,  the  minimum  being  fi.xed  at  .500,(KJO  units  per 
annum.  The  Corporation  had  given  an  undertaking  to  insert  a  clause 
jiroviding  that  the  connent  of  Gourouk  and  Port  Cilasgow  should  not  be 
required. 

At  a  previous  Bitting  the  clause  authorising  the  erection  of  a  destructor 
in  connection  with  the  electricity  imdertaking  had  lK.en  authorised,  the 
period  for  the  repayment  of  the  capital  being  2.5  years. 

The  bill  was  ordered  to  be  r<'ported  to  the  House.the  Chairman  remark- 
ing tliat  if  tho  parties  were  dissatisfied  in  regard  to  the  tramway  co.'s 
supply  of  current,  they  must  fiyht  it  out  in  the  other  House. 


The  King  (Dublin  United  Tramways  Co.j  v.  Divisional  Justices  and 
Dublin  Corporation  v.  Dublin  United  Tramways  Co. 

Last  week  in  the  King's  Bench  Division,  Dublin  (before  the  Lord 
Chief  Justice,  Mr.  Justice  Johnson  and  Mr.  Justice  Wright)  argu- 
ments were  concluded  in  this  application  of  the  company  for  an  order 
of  prohibition  making  ab.solute  a  conditional  order  of  prohibition  of 
March  1  last,  directed  to  Mr  Swilte,  one  of  the  Metropolitan  Magis- 
trates, to  restrain  him  from  hearing  18  summonses  brought  by  the 
Corporation  against  the  company  for  non-rei«iir  of  track,  do. 

Mr.  Justice  JonxsoN,  in  delivering  judgment,  said  thjit  sec.  33  of  the 
Tramways  Act,  1870,  relied  on  as  to  arbitration,  in  no  wise  interfered 
with  the  summary  jurisdiction  conferred  by  other  parts  of  the  act. 
His  lordship  referred  to  the  cases  cited,  and  considered  that  the  com- 
pany ought  to  keep  the  tiamways  so  as  not  to  be  an  annoyance  or 
danger  to  the  ordinary  trattic.  See.  37  gave  a  concurrent  remedy. 
Therefore,  he  considered  that  the  point  had  been  already  settled  by 
the  judgment  heretofore  pronounced  by  the  Court,  and  therefore  the . 
application  of  the  tramways  company  must  be  refused,  the  conditional 
order  to  be  discharged. 

The  otlier  judges  concurred,  and  the  order  was  discharged,  « ith  costs 


British  Westinghouse  Electric  &  Mfg.  Co.  (Ltd.)  v.  Braulik. 

On  Tuesday  Jlr.  .lustice  .loyic  rominrnii-d  llic  hc.nring  of  this  acti<m. 

In  opening  the  case  for  plaintiffs,  Mr.  Walter,  K.C,  said  that  the 
action  was  brought  to  restrain  an  alleged  infringement  of  letters  patent 
(No.  18,786  of  1902)  which  related  to  an  invention  for  improvements  in 
arc  lamps.  Counsel  ])rocceded  to  explain  the  principles  upon  which  arc 
lamjis  are  ccmstructed,  and  pointed  out  that  in  all  arc  lighting  an  im-  . 
portant  feature  was  the  regulation  of  the  length  of  the  arc,  and  this  was 
an  invention  relating  to  the  regulation  of  the  arc. 

Mr.  Justice  Jcivc  K  :   .\nd  it  is  mechanical  regulation  ? 

Mr.  W.4LTKK  said  it  was  purely  mechanical.  It  was  governed  by  the 
electric  current  itself.  Carbons  burnt  out.  and  therefore  it  was  necessary 
to  provide  a  "feed"  .so  as  to  bring  the  carbons  together  and  so  that  the 
length  of  the  arc  might  not  get  too  great  for  the  pressure  of  the  current.- 
If  the  carbons  were  got  at  a  fi.xed  distance  after  they  had  touched  they 
would  go  on  burning.  The  time  would,  however,  arrive  when  they 
wore  away,  and  when  the  resistance  of  the  arc  to  the  resistance  of  the 
current  became  so  great  that  the  current  would  not  go  across  and  the 
light  would  go  out.  That  was  one  thing  that  had  to  be  considered.  If 
the  carbons  were  kept  in  a  fixed  jiiece  the  arc  would  go  out  when  once 
they  were  burnt  away  sufficiently  to  pircvcnt  the  current  from  crossing. 
With  ordinary  carbons  this  was  bad  enough,  because  they  were  not  of  an 
even  consistency  all  through,  but  recently  there  had  been  a  greater 
variation  in  the  carbons  owing  to  the  flame  arc  lamps  that  were  now 
very  largely  used.  For  those  lamps  which  gave  a  very  intense  yellow 
light  metallic  salts  were  introduced  into  the  carbon,  and  the  introduction 
of  those  salts  caused  a  still  further  variation  in  the  character  of  the 
carbon  points,  and  consequently  still  further  fluctuations  in  the  rcliitivc 
distance  of  the  carbtms.  That,  of  course,  caused  still  further  diffirulty 
in  the  regulation  of  an  arc  lamp.  In  .some  of  the  old  lamps  the  carbons 
were  ]iut  vertically  one  above  the  other,  but  this  caused  a  difficulty 
because  the  mechanism  under  the  bottom  part  interfered  with  the  light, 
and  therefore  q\iite  early  in  the  day  carbons  were  introduced  that  both 
]iointcd  downwards  but  were  inclined  to  one  another.  He  was  not 
going  into  that  and  a  great  deal  which  had  been  raked  up  in  the  course  of 
this  case  because  he  thought  it  bclimgcd  to  the  rubiirsh  heap  of  tho 
past,  though  he  did  not  like  using  the  words  "  rubbish  heap." 

Mr.  UouSFlEi.D  :  They  were  not  rubbish  before  the  last  invention. 
First  of  all  there  was  an  arrangement  by  which  the  carbim  slid  down 
against  a  fixed  stoj),  being  held  in  tubes  so  as  to  allow  it  to  be  fed  down 
against  the  fixed  stop.  Then  devices  were  made  by  which  the  carbons 
were  fed  down  equally,  a  matter  of  great  im])ortauce  in  a  limj).  The 
invention  in  questiim  related  to  an  arc  lamp  having  downwardly  ))ointed 
inclined  cNibons,  and  it  further  related  to  downwardly  pointed  inilined 
carbons  whiih  did  not  slip,  but  which  were  dipjicd  at  I  he  top  firmly. 
It  also  had  this  further  limitatiim — that  it  related  to  that  class  of  lamp 
in  which  the  carbons  were  simultaneously  lowered.  Practically  thrce- 
(piarters  of  the  flame  arc  lamps  that  were  in  use  at  the  present  day  used 
this  invention.  Oxford-street.  London,  one  of  the  most  brilliantly 
lighted  streets  in  the  country,  was  lighted  with  these  lamps.  Tln'  <lilli- 
culty  had  been  to  lower  the  carbons  as  they  were  consumed  ami  yet 
keep  the  points  at  the  proper  relative  distance. 

Mr.  Justice  Joyce  :  Is  that  your  invention  ? 

Counsel  :  Ye^.  With  this  invention,  as  the  carbons  were  allowed  to 
come  down  they  simultaneously  came  together. 

Jlr.  .Justice  Joyce  :  The  mere  lowering  would  not  bring  them  together? 

CorssEL  ;  Yes,  it  would,  bccaii>-e  they  were  inclined  towards  each 
other.  They  were  allowed  to  come  downwards  in  the  same  direction, 
but  having  brought  them  together  they  had  to  strike  the  arc.  For  that 
|)urpo.>ie  thi^y  had  a  bar  or  lever  acting  (m  an  electric  magnet.  That 
brought  the  carbons  apart  fnmi  one  another.  You  could  move  both,  but 
it  was  more  convenient  to  move  one,  and  that  was  generally  done.  .Now, 
if  that  only  related  to  the  downward  movement — namely,  the  feed — they 
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couW  not  11-i.Milate  tlu-  luiiii  iir.)|ifrly.  Tin-  invention  in  i|ucyticin  ri-latL-il 
to  thai, — on  to  those  downwardly  iiU'lined  cai-l>i)iis  that  were  simul- 
tanpously  fed  they  introduced  a  regulating;  movement  that  moved  the 
carhons  forward  and  backward.  The  ar.;  was  consistently  varied  in 
accordance  with  the  electrical  conditions  with  which  the  carbons  were 
held  at  the  two  top  points.  So  as  to  move  properly  the  carbons  were 
governed  by  (he  clecliicity — they  were  governed  by  the  actual  physical 
conditions  that  existed  at  the  time.  It  allowed  one  of  the  carbons  to 
move  on  one  side,  and  so  make  the  arc  that  fitted  the  conditions  that 
existed  at  the  time.  It. was  important  in  order  to  get  the  jirojicr  hnining 
of  the  lam])  that  the  downward  movement  .should  not  continue  while 
the  distance  between  the  ends  of  the  carbons  was  being  regulated.  With 
this  invention  they  hail  got  nicchani.ini  for  giving  the  downward  or  feed- 
ing movement  coniu!cted  with  mechanism  for  giving  the  internal  direction 
nf  the  arc,  so  that  it  prevented  the  carbons  coming  down  while  the  side- 
ways movement  wa.s  in  operation. 

Mr.  Justice  JnvfE  :  WTien  the  movement  to  regulate  the  arc  is  in  opeia- 
tion  the  downward  mcjvement  is  ])revented,  but  when  the  sideways 
movement  is  not  felt  the  descending  mechanism  again  comes  into 
operation  ? 

Mr.  Walter  said  that  was  so.  The  .swinging  movement  took  the 
plii-'e  of  the  downward  movement,  and  vice  versa.  That  was  the  inven- 
tiin.  and  it  turned  out  to  be  a  very  important  one  as  applied  in  the 
modern  system  of  flame  arc  lamps.  Counsel  proceeded  to  deal  in  detail 
with  the  specilication,  and  went  on  to  the  bench  to  exphtin  the  working 
of  the  invention  to  the  judge  with  the  aid  of  a  model  The  whole  thing, 
he  said,  was  worked  by  the  same  current  which  supplied  the  flame.  The 
ciHTent  passed  through  the  electromagnet,  the  force  of  which  was  in- 
creased or  diminished  as  required  by  the  difference  in  the  size  of  the  arc. 
It  was,  therefore,  automatic,  and  the  balance  was  kept  adjtistcd  by  the 
working  of  the  magnet  on  the  lever.  That  was  the  whole  thing  in  prin- 
ciple. The  essence  of  it  was  that  it  gave  a  sideway  movement  that  gave 
a  complete  adjustment  of  the  arc  without  setting  in+o  operation  the 
downward  movement ;  they  thus  had  a  little  sideways  movement  before 
the  feed  took  place,  and  had  the  movement  of  the  magnet  always  at  a 
fixed  point  by  the  current  governing  the  whole. 

Mr.  Justice  .Joyce  :  But  i.=i  your  invention  an  invention  of  principle  or 
what  V 

Mr.  Walter  said  their  claim  was  not  for  principle,  but  for  a  combina- 
tion of  parts.  The  defendant  had  adopted  a  new  departure,  he  supposed, 
because  he  did  not  like  to  face  this  action.  He  had  taken  proceedings 
under  the  Patent  Act  of  1007,  asking  to  have  the  letters  patent  revoked, 
because  the  invention  was  not  worked  sufficiently  in  this  countiy,  but 
in  that,  coun.scl  was  happy  to  say,  he  had  failed.  His  claim  was  for 
R  combination,  but  it  was  confined  to  lamps  with  downwardly  pointed 
electrodes  inclined  to  each  other.  It  was  confined  al'-.o  to  lamjis  that  had 
a  power  feed  mechanism,  by  which  the  electrodes  were  lowered  simul- 
taneo\isly  through  the  same  distance  and  where  the  carbons  had  a  swing 
movement  in  accordance  with  the  resistance  of  the  current.  That  was 
brought  about  by  the  lever.  It  was  still  further  confined  to  lamps  where 
the  horizontal  movement  took  place  before  the  downward  feed  mechanism 
was  allowed  to  operate.  Until  the  horizontal  movement  had  entirely 
stopped  the  downward  mechanism  was  retarded,  and  it  was  only  when 
the  swing  of  the  horizontal  movement  had  ceased  that  the  downward 
took  place.  The  defendant  had  taken  every  part  of  the  invention — every 
single  part.  . 

Mr.  Boi'SPiELD  said  that  the  question  of  infringement  did  come  into 
the  ease,  but  the  more  serious  questions  would  be  anticipation  and  sub- 
ject matter. 

Mr.  Walter  said  at  that  stage  he  was  not  going  into  vilidity. 

Mr.  Jas.  SwiNiiURNE  aaid  he  had  read  plaintiffs'  specification.  No. 
18,78f)  of  1002.  It  was  a  question  of  importance  in  the  regulation  of 
electric  lamps  that  the  governing  of  the  internal  conditions  of  the  are 
should  be  independent  of  the  downward  feed  mechanism.  He  had 
trusted  Fig.  1  as  regarded  its  capacity  for  work;  and  found  that  it  worked. 
He  thought  there  was  no  difficulty  in  making  a  lamp  from  the  descrip- 
tion. Witness  said  that  the  invention  was  obviously  useful  and  was 
cammereially  of  sreat  value.  He  did  not  find  that  there  was  any  mis- 
ronfiumity  between  the  provisional  and  complete  specifications.  He 
had  read  the  list  of  documents  that  were  set  out  by  the  defendants, 
alleging  thai  the  invention  was  not  novel,  hut  he  did  not  find  (he  inven- 
tion therein  described.  He  did  find,  however,  the  invention  wliich  had 
been  tiescribed  in  the  plaintiffs"  specifii^ation  in  defendants.  Tin  re  was 
nothing  to  mark  the  distance  apart  of  the  lower  carbons  until  you  got 
ilirin  to  a  certain  |»iint,  and  it  then  released  the  downward  feed.  The 
ihanism  did  nothing  but  move  the  lower  carbons  ai)art  and  together. 

Do  you  find  all  tin'  parts  in  that  that  y.ou  find  in  plaintiffs"  ? 

WiT.NESS  :  Yes.  It  was  essentially  the  same  mechanism,  though,  of 
1  .uisc.  the  details  were  different.  For  instance,  instead  of  working  with 
a  wheel  with  teeth,  so  that  the  pin  coidd  work  in  and  out  of  the  teeth, 
the  alleged  infringement  had  a  (lart  which  was  not  moved  until  the 
mechanism  got  a  certain  distance,  but  there  was  no  vital  distinction  in 
that.  TheyWcre  known  as  alternative  fiu-ms  of  esca]ieiuent.  in  which 
the  carbons  were  connected  by  chains. 

Mr.  Justice  .Joyce  :  It  is  the  same  thing  that  ads  when  the  clock 
strikes  ! 

Yes.  The  carbons  in  both  cases  descended  by  gravity.  In  both  ca.-^os 
the  escapement  was  regulated  by  a  shunt  magnet,  which  only  alloweil 
esca])ement  after  a  certain  amount  of  movement  of  the  carbons  had 
taken  place  horizontally.  The  defendants  had  both  shunt  and  serie.-\ 
That  was  in  form  shown  in  Figs.  1  and  2  of  plaiTitilVs.  It  deiiended  on 
what  circuit  you  were  running  your  lanip';  on. 

The  hearing  had  not  conchidcd  w  hen  wo  went  to  pr^'ss. 


John  Musgrave  &  Sons  v.  Bradford  Corporation. 

'I'his  action  was  heard  by  .Mr.  Justice  Darlins;  last  week,  and  waH 
brought  by  plaintiffs  to  recover  from  tkadford  Corporation  £I,2'I0.  Os.Kld.. 
being  the  balance  due  on  ,an  engine  supplie<l  by  plaintiffs  for  the  Corpora- 
tion elec(ricity  works.  The  defence  was  that  tlu;  engine  did  not  fulfil  the 
terms  of  the  contract,  anrl  that  payment  was  only  to  be  made  on  the 
certificate  of  the  engineer  of  the  Corporation,  which  had  not  bf*n  given. 
There  was  also  a  counterclaim  for  the  cost  of  making  ceriain  altsrations 
(o  the  engine. 

.Mr.  Walter,  K.C,  for  plaintiffs,  said  the  engine  was  a  large  slow-speed 
m.H-hine,  a  type  largely  used  for  driving  electric  generating  plant. 
I'l.iinliffs,  who  had  snpiilied  many  of  tho.se  engines,  had  lieen  asked  to 
tender  for  the  engine,  in  consequence  of  their  having  supi)!ied  a  .similar 
engine  to  dcfcndanls  previously.  There  was  a  condition  in  the  contract 
that  the  .ii'.;!!!!-.  ilirr  erection,  should  be  run  titr  four  weeks  by  the  eon- 
tr.ictois.  (lininL'  \\  liirh  time  they  were  to  m:ike  good  at  their  own  ex|>cnse 
any  fault  due  to  iiilirior  material  or  workmanship,  or  any  defect  (hat  might 
aiise  from  heated  be.uings.  &c.,  within  12  months  That  trial  run  took  place 
satisfactorily,  but  lat(Mi>n  the  Corporation  sought  to  extend  the  12  months' 
liability  of  plaintiffs  beyond  what  was  originally  eontiuni>latcd. 

Sir  Alfred  Cripps,  K.C.  (for  the  Corporation)  said  that  when  the 
engine  was  discovered  to  be  unsatisfactory  his  clients  asked  )>lainti(Ts  to 
remove  it,  but  as  they  did  not  do  so^  the  Corporation  had  the  defects 
remedied  at  their  own  expense,  and  for  that  they  now  counterclaimed. 
As  regarded  the  trial  run,  he  said,  there  would  be  no  complaint  made, 
but  it  was  found  that  the  shaft  of  the  engine  was  defecti%-e  in  nature  and 
quality  of  material,  and  was  of  iasufficient  strength  to  withstand  without 
failure  the  strain  and  stress  caused  by  the  working  of  the  engine. 

Mr.  Walter  contended  that  the  engine  had  been  submitted  to  undue 
strain,  and  that  plaintiffs  should  not  be  held  liable  for  the  cost  of  a  nesv 
shaft,  more  particularly  as  the  shaft  supplied  by  plaintiffs  was  found  to 
be  in  perfect  condition  when  taken  down. 

Mr.  Frank  Musorave,  director  of  the  plaintiff  company,  stated  that 
the  shaft  of  the  engine,  which  defendants  declared  to  be  inadeqtiate  to 
the  stress  brought  to  bear  upon  it  by  the  working  of  the  engine,  was  like 
the  shaft  of  the  other  engine  supplied  by  the  firm,  which  was  still  working, 
and  that  the  parts  of  the  two  engines  supplied  by  his  firm  to  defendants 
were  alike. 

In  cross-examination  he  said  that  the  chairman  of  the  Br^ulforJ 
Electricity  committee  told  him  if  ho  would  not  put  in  a  shaft  of  larger 
diameter  and  extend  the  time  of  the  g\iarantec  he  would  not  get  paid.  He 
admitted  that  Mr.  Blackman,  the  engineer,  had  not  given  his  certificate 
of  tlie  efficiency  of  the  engine,  but  Mr.  Blackman  had  made  no  personal 
complaint  to  him  on  the  subject  at  their  inter,'icw.  Mr.  Blackman  had. 
however,  made  complaints  in  letter.'. 

Aid.  G.  H.  Robinson,  chairman  of  Bradford  Electricity  committee, 
denied  that  he  had  ever  at  any  time  made  any  stigaestion  to  Mr.  Blae  knian 
as  to  giving  or  withholding  his  certificate  for  the  engine,  and  so  far  as  he 
knew,  none  of  his  committee  had  made  any  such  suggestion.  In  cross- 
cxaminiition  witness  said  he  remembered  the  shaft  of  one  of  their  Morley 
engines  breaking  in  100+  and  the  Corporation  having  to  pay  for  the  new 
one,  but  it  was  not  that  that  induced  them  to  make  a  demand  upon  jilaiu- 
tiffs  for  a  larger  shaft.  That  was  only  bionght  forwarrl  when  the  engineer 
in  100(;  declined  to  give  theeertificate  beeau.se  of  the  breaking  of  the  bolts 
on  the  engine,  which  he  ascribed  to  the  weakness  of  the  shaft. 

-Ml-.  H.  F.  Parshall  said  that  he  had  examined  the  history  of  this 
engine  and  he  had  come  to  the  conclusion  that  the  breaking  of  the  bolts 
was  due  to  improper  assembling  of  the  m.tchine. 

Mr.  Walter  :  What  would  be  the  effect  of  a  short-circuit  u)ion  (he 
shaft  to  which  the  armature  was  fixed  '! 

Sir  Alfred  Cruts  objected  to  this  question. 

HisLoRDSHippointediMit  that  if  hedid  not  have  any  evidence  upon  that 
))ohit  he  should  come  to  the  conclusion  that  a  short-circuit  did  throw  a 
heavy  strain  on  the  shaft  and  different  parts  of  the  engine,  and  he  shmild 
apply  that  theory  when  cimting  to  his  conclusion  on  the  case. 

WlTNES?  replied  that  a  heavy  short-circuit  would  have  the  effect  of 
stojiping  the  rotation  of  the  engine.  Short-circuits  in  the  ease  of  some 
machines  had  been  known  to  twist  the  shaft  free.  Machimv  of  the  class  in 
(piestion,  however,  if  they  were  correctly  assembled,  would  not  be  greatly 
affected  by  shoit-circuit,  but,  if  not  lecurafely  rut  together,  one  of  tJie 
effects  of  sh(n-t-circuiting  would  be  to  bi-eak  the  bolts. 

His  Lordship  :   Whose  business  was  it  to  put  the  m.:i  hiue  top'ther  ? 

Mr.  Wai  TFR  :   '!"he  bu.siness  of  the  British  Westiiighouse  C(>. 

Sir  Ai.FRtCD  CRii'i-s  :   No,  no.  it  is  absolutely  Messis.  .Musgrave's  duty. 

His  Lordship  :   Who  forced  the  armature  on  (o  the  shaft  1 

Sir  A.  Cripps  :   Me-srs   Musgrave  l>olteil  it  (i>  the  llywhwl. 

His  Lordship  :  I  should  have  thought  th-K  they  were  responsible  for 
its  r\inning  upon  trial. 

WiiNKSs,  continuing,  stated  that  had  the  Iwlls  liecn  fitted  quite  true 
nothing  woulil  have  happeiu'd  to  themif  a'-short  "oceunvd.  Then-had 
been  no  breakage  with  the 'other  engine,  and  (he  two  mai-hine.s  were 
identical.  S(.  then'  nnist  have  been  a  ditTcreiue  in  assembly.  It  was 
not  an  unusvial  thing  f(U-  the  bolts  to  break,  and  the  be-^t  n-medy  xra-s 
to  leave  them  olf  altogether.  It  was  always  dime  in  modern  practice 
because  it  \\as  admitted  that  they  conhl  not  bring  the  surface  of  the 
tianges  together  with  s>uh  accuracy  as  to  obtain  any  Ix-nefit  from  that 
form  of  constructioiL  T!u-sc  parts  of  the  ma<him>  were  lilted  together  under 
enormous  hydraulic  piessnre,  and  could  be  run  perfectly  safely  without 
bolts.  As  an  instance,  six  similar  machines  wen-  lai.l  down  in  the  Publin 
tramway  station,  aiul  as  far  as  was  humanly  possible  they  were  identical. 
Five  of  them  a.ssembled  aeeur.itely,  but  the  six  did  not,  and  (he  bolts 
smashed.  They  simply  took  the  bolts  out  and  the  machine  was  still 
running  (luite  safely. 
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His  LoRDSHir  :   Why  not  make  the  shaft  square  ? 

Witness  adniittod  they  might  do  so  ;  it  would  be  a  matter  of  expense. ' 

Fill-  the  defence  Mr.  A.  Blackm\n.  formerly  borough  electrical  engineer 
(and  now  at  Sunderland),  was  called.  He  had  heard  «luit  had  l)een  said 
about  a  "  short  "  but  there  was  a  cii-cuit-brcaker  on  the  machine  in 
question,  which  acted  at  approximately  a  load  and  a  half,  or  1,500  k\y. 
That  circuit-bi-eaker  was  for  protecting  the  engine  when  a  short-circuit 
occurred.  Short-circuiting  was  unavoidable.  It  was  one  of  the  condi- 
tions of  work,  and  that  wns  the  reason  why  circuit-breakers  were  put  on 
these  engines.  He  always  acted  on  his  own  initiative  and  absolutely 
denied  that  he  was  in  any  way  influenced  by  the  Corporation  or  the 
Electricity  committee  in  using  his  own  disci-etion  over  that  contract. 

His  Ix)Rnsnrp  gave  judgment  on  the  point  raised  as  to  the  refusal  of  the 
certificate  and  the  alleged  collusion  between  the  engiueer  and  the  Corpora- 
tion.  He  said  he  came  to  the  conclusion  that  the  engineer  was  not  well 
satisfied  with  the  engine.  Kc  might  have  been  right  or  wrong  in  t  iking 
that  view:  personally  his  I.onlship  tliought  he  ought  to  have  been 
satisfied.  The  fact  that  the  bolts  broke  ought  not  to  have  been  sufficient 
to  convince  him  that  the  engine  required  a  new  shaft.  Therefore, 
although  he  came  to  the  conclusion  that  Mr.  Blackman  was  not  satisfied. 
and  thought  the  engine  ought  to  have  another  shaft,  he  held  that  that 
gentleman  was  unreasonable  in  forming  such  an  opinion,  because  they  had 
had  it  pioved  that  it  was  not  unusual  for  the  bolls  to  break  in  those 
machines,  and  that  even  if  they  did  the  engines  were  quite  as  safe  and 
efficient  without  them.  There  was  a  further  statement  by  the  jilaintiffs 
"  that  at  the  instigatiim  of.  and  in  collusion  with  the  defendants  and  for 
obtaining  the  plaintiffs'  consent  and  undertaking  to  certain  obligations, 
the  engineer  wrongfully  failed  to  certify  in  writing  that  he  was  satisfied 
with  tile  engine."  He  was  of  opinion  that  Mr.  Blackman  did  refuse  the 
certificate  to  obtain  an  obligation  from  ]ilaintiffs  to  which  he  was  not 
entitled  under  the  agreement  ;  but  he  thought  he  tried  to  do  so  because  he 
was  not  satisfied  with  the  engine — although  he  ought  to  have  been. 
Therefore,  with  regard  to  the  allegation  of  collusion  he  found  that  the 
engineer  did  not  act  at  the  instigation  of  defendants,  and  that  there  was 
no  collusion.  Although  it  was  a  wrong  one,  the  engineer  formed  his  owii 
honest  conclusion  on  the  matter.  He  did  not,  as  alleged  by  plaintiffs. 
wrongfully  fail  to  certify  upon  those  findings,  and  therefore  plaintiffs 
were  dispossessed  of  their  claims,  and  he  would  give  judgment  for 
defendants. 

The  case  for  defendants  on  the  counter-claim  was  then  heard,  and  after 
taking  evidence,  judgment  was  given  for  defendants  for  £10.  with  the 
general  costs  of  the  case. 


County  of  Durham  Electrical  Power  Distribution  Co.  (Ltd.)  v. 
Commissioners  of  Inland  Revenue. 

The  Court  of  Ajipfal  .the  .\fastci  of  tlic  lioils  and  Lords  Justices  Far- 
well  and  Kennedy)  on  Tuesday  heard  this  appeal  of  the  company  from 
a  decision  of  Mr.  .Tustice  Chaimell  upon  a  ca.se  stated  by  the  Commis- 
sioners  of  Inland  Revenue.  It  appeared  that  on  Aug.  ,3,  1907,  an  in- 
strument dated  Aug.  1,  1907,  was  presented  on  behalf  of  the  company 
by  their  solicitor  to  the  Commissioners  for  their  opinion  as  to  the  duty 
with  which  the  instrument  was  chargeable.  The  instrument  set  out  that 
Snowball,  Son  &  Co.  were  to  take  for  seven  years  from  the  date  of  the 
instrument  all  electric  current  used  for  motive  power,  heating  and  light- 
ing on  the  consumer-i"  premises,  for  which  the  consumers  were  to  ])ay  a 
fixed  charge  of  £."57-  10s.  per  quarter,  and  in  addition  Id.  per  Board  of  Trade 
unit  for  all  current  supplied  and  consumed,  as  indicated  by  the  com- 
pany's meters,  and  10s.  per  quarter  as  a  rental  for  the  meters.  By 
clause  r)  of  th?  agreement  the  consumers  were  to  be  entitled  to  a  supply 
of  electric  current  up  to  the  capacity  of  the  existing  installation,  which 
was  to  be  deemed  e(|ual  to  46  kw.,  and  clauses  fi  and  7  proWded  for  the 
increase  of  the  quarterly  payments  on  decrease  of  capacity  of  existing 
installation,  with  a  jiroviso  that  in  no  case  should  the  said  fixed  charge 
of  £57.  10s.  Ik?  reduced  below  .CW  per  quarter.  The  Commissioners  held 
that  the  instrument  was  an  agreement  or  memorandum  relatmg  fo  the 
sale  of  goods,  wares  or  merchandise  within  exemption  3  of  the  words  in 
the  head  in  the  schedule  to  the  Stamp  .-^ct — "  agreement  or  any  memoran- 
dum of  agreement  "  ;  but.  in  the  circumstances,  they  held  that  duty  was 
payable  at  the  rate  of  2s.  fid.  per  £100  of  the  aggregate  amount  of  flic 
minimum  annual  payments  for  seven  yeais.  The  company's  contention 
wa.s  that  no  ad  valorem  or  other  duty  was  ])ayable,  and  the  qiu-stion  for 
the  court  was  whether  the  assessment  was  correct.  Mr.  Justice  Cliamii  II 
held  that  the  assessment  of  the  Commis.sioners  was  correct,  am!  gave 
judgment  for  the  Crown.     Hence  the  i)resc  nt  appeal  of  the  com]>any. 

Mr.  Danckwerts.  K.C.,  and  Mr.  Tomlin  a])peared  for  appellants,  and 
the  Solicitor-General  and  Mr.  Finlay  for  the  Crown. 

At  the  conclusion  of  the  argument*,  their  lordships  afhrmed  the  de- 
cision of  Mr.  Justice  Channel!  and  dismissed  the  appeal,  with  costs. 


Blair  v.  Maidstone  Palace  of  Varieties  (Ltd.) 
La.st  week  in  the  High  Court,  London,  Mr.  Justice  Neville  heard  a 
summons  in  this  matter.  Mr  A.  P.  Van  Neck  said  the  receiver  was  de- 
sirous of  passing  his  final  account  and  of  distributing  the  money 
realised.  There  was  a  claim  by  the  Electric  Light,  Power  &  Hiring 
Co.,  and  the  sumtnons  was  issued  to  obtain  an  order  that  this  Electric 
Company  (the  third  party)  shouhl  bring  in  its  claim  in  the  debenture 
holders'  action,  or  otherwise  be  barred.  The  property  had  now  been 
sold,  and  they  were  in  a  position  to  deal  with  that  claim,  but  the  Elec- 
tric Comi)aiiy  contended  that  it  had  six  years  in  which  to  bring  its  claim, 
and  that  it  could  bring  it  as  and  when  it  liked. 


Mr.  David,  for  the  Electiic  Conii»ny  said  the  fittings  remained  the 
projierty  of  the  company  by  the  terms  of  the  agreement. 

His  LoKDsiiii';  If  you  recovered  judgment  for  the  whole  of  the  re- 
maining terra  of  five  years  you  cannot  claim  delivery  up  ;vs  well 

Mr.  David  said  that  was  in  accordance  with  the  terms  of  the  agree- 
ment. 

Mr.  V.\N  Nkck  said  he  wanted  an  order  that  the  Electric  Company 
hould  bring  before  the  Court  within  seven  days  any  claim  it  might 
have,  so  thatthe  assets  might  be  distributed,  and  th.at,  should  such  claim 
not  be  made  within  that  time,  the  distribution  .should  take  place  with- 
out regard  to  such  claim.  Counsel  also  asked  for  an  injunction  re- 
straining the  Electric  Company  from  taking  proceedings  against  the 
receiver  in  the  event  of  his  proceeding  with  the  distribution. 

His  LoKDSHii-  directed  that  the  claim  shouhl  be  brought  in  within 
14  days.  Costs  of  the  applicant  would  l)e  costs  in  the  proceedings  and 
costs  of  defendants  would  be  reserved. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 


APPOINTMENTS  VACANT  AND  FILLED. 

An  electrical  engineer,  familiar  with  tiic  electrical  and  mechanical 
design  of  d.c.  motors,  is  rcquiied.     Sec  an  advertisement. 

An  assistant  master  for  the  science  section  is  required  at  the 
Borough  of  Aston  Manor  Technical  School,  who  must  be  qualified 
to  teach  electrical  engineering  (including  laboratory  instruction), 
mechanical  engineering  and  mathematics.  Commencing  salary 
£150.  Applications  to  the  secretary  (Mr.  H.  Norwood),  Education 
Offices,  Aston  Manor,  near  Birmingham,  by  Monday  July  5. 

An  instructor  in  electrical  engineering  (practical  and  theoretical) 
and  electric  wiring,  and  an  instructor  for  electricity  and  magnetism, 
are  wanted  at  the  Borough  of  Kingston-on-Thames  Technical  In- 
stitute for  tiie  winter  session,  for  one  evening  a  week  each.  Salary 
21s.  and  15s.,  respectively  per  evening  of  three  hours.  Applications 
to  Mr.  H.  T.  Roberts  by  June  20. 

A  science  master  and  principal  is  wanted  for  the  Loughborough 
Technical  Institute.  Particulars  from  Mr.  W.  A.  Brockington, 
Leicestershire  Education  Committee,  33,  Bowling  Cireen-street, 
Leicester.     Applications  by  July  14. 

West  Hartlepool  Electricity  committee  require  a  consumers' 
engineer.  Salary  £90  per  annum.  Applications  to  Town  Clerk  by 
June  26. 

Rochdale  Guardians  require  an  engineer  (with  electrical  know- 
ledge) for  the  workhouse.  Salary  £2.  10s.  ytev  week.  Particulars 
from  the  Clerk. 


EDUCATIONAL  NOTICES. 

University  of  Liverpool. — We  have  received  a  copy  of  the  syllabus 
of  the  faculty  of  engineering  for  the  session  which  starts  on  Oct.  5. 
The  main  alterations  that  have  been  made  are  : — 

( I )  Tlio  iu'l'ision  of  Naval  Architecture  as  a  recognised  course  of  study, 
a?ul  adv.intage  has  been  taken  of  the  necessary  change  in  the  ordinance 
to  slightly  rearrange  the  course  leading  to  the  final  examination  for  the 
degree  of  B.Eng.  Strength  of  .M.itcrials  and  Theory  of  Machines  has 
been  taken  from  the  more  i>rofessic,nal  scctitms  and  placed  with  Engineer- 
ing Design  and  Drawing  as  com|iuIsi>ry  subjects.  (2)  Himours  .schools  for 
mechanical,  civil  and  electrical  engineering  and  naval  architecture  have 
been  established,  in  ])lace  of  the  more  general  course  leading  to  the 
degree  of  B.Eng.  with  honours.  This  means  that  the  first  three  veal's 
](iiilin_'  to  the  final  degree  of  B.Eng.  is  general  in  character,  while  in  the 
louilli  (or  honours  year)  the  men  are  allowed  to  specialise  to  a  considcr- 
.il'l.  extent,  but  not  too  closely.  It  is  rightly  provided  that  an  honours 
student  should  have  a  good  knowledge  of  mathematics,  but  frequently 
there  are  men  who  promise  to  make  excellent  engineers  and  yet  am  not 
very  good  at  mathematics,  and  for  these  there  is  an  avenue  to  stop  a 
fourth  year  and  t.'ike  what  is  tei.-med  a  "  cpialifying  examination  for  the 
degree  of  Master  of  Engineering." 

The  Dean  of  the  Faculty  of  Engineering  of  the  University  will  be 
pleased  to  sec  intending  students  any  time  up  to  July  .'iO. 

Acton. — Subject  to  the  Clerk  receiving  an  intimation  from  the 
Jletropolitan  Electric  Supply  Co.   that  it  will  regard  its  offer  of 


On  Tuesday  West  Ham  Town  Council  ap])ointed  Mr.  H.  H.  Couzens 
A.M.I.E.E.,  borough  electrical  engineer.  Mr.  Couzens  is  at  present 
deputy  electrical  engineer  at  Bristol.  The  salary  attached  to  his 
new  appointment  is  £.500  per  annum,  rising  to  £700  by  annual  in- 
crements of  £50.  There  were  36  applicants  out  of  whom  the  follow- 
ing .short  list  was  selected: — Messrs.  H.  H.  Couzens,  W.  J.  Bache 
(Cheltenham)  and  G.  L.  Jones  (resident  engineer.  West  Ham). 

Islington  (London)  Council  have  appointed  Mr.  A.  E.  Faver  con 
structional  and  repairs  engineer  to  the  lighting   department  at  £3-  j 

per  week,   vice   Mr.   M.   H.   Adams  resigned.     Mr.   Alfred  Jarratt  i 

(testing  a.ssistant),  and  who  has  been  in  the  service  of  the  Council 
for  three  years,  has  been  jiromoted  to  till  the  vacancy  caused  by  the 
resignation  of  Mr.  .J.  .J.  Hargreaves.  mains  engineer. 
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Novonib?r  3  last,  and  the  Council's  accpptancc  of  it  as  a  binding  aaroo- 
ment,  the  electrical  engineer  (Mr.  .1.  M.  Blair)  has  been  instructed  to 
prepare  the  arc  lamps  in  certain  thoroviorh fares  and  again  liglit  such 
roads  with  electric  liglit  on  and  from  July  1. 

Aldershot. — The  Council  have  obtained  sanction  to  a  loan  of 
£1.00U  for  extensions  of  mains,  &c. 

Australasian  Cable  Rates. — We  have  previously  called  attention  to 
a  aeries  of  articles  wUicli  have  apjieared  in  the  "  Manchester  Guar- 
dian "  and  have  dealt  with  the  question  of  submarine  cable  rates  to 
Australia,  In  one  of  these  series  Mr.  T,  Temperley.  editor  of  the 
"  Richmond  River  Times,"  Ballina,  N.S.W,,  made  certain  state- 
meats  and  expressed  certain  views  on  the  subject  of  the  service 
rendered  by  the  Eastern  Extension  Telegraph  Co.  which  called  for 
and  received  a  reply  from  Mr.  T.  E.  Townend,  London  manager  of 
the  Australian  Press  Association  in  another  issue  of  the  "  Manchester 
Guardian."  Mr.  Temperley  again  referred  to  this  matter  in  the 
columns  of  our  contemporary  on  June  16,  and  in  the  course  of  what 
he  described  as  "  Five  Grievances  "  he  made  the  following  state- 
ment : — 

I  know  also  that  when  Sir  J.  Ward,  Premier  of  Now  Zealand,  was  in 
England  at  the  Prime  Ministers'  Conference  (which  naturally  dealt  with 
matters  of  great  moment  relating  to  New  Zealand)  he  went  to  the  cable 
oflico  with  a  lengthy  account  of  some  such  matter,  requesting  its  trans- 
misiiou  to  Australia  and  New  Zealand.  There  he  was  told,  "  We  can't 
send  this  ;  it's  too  lona.  We'll  send  a  portion  of  it  if  you  will  cut  it 
down."  He  replied,  "  I  want  the  lot  sent,  and  I'll  pay  for  it  at  full  rates, 
throe  shillings  a  word."  The  cable  compan)''s  representative  replied, 
"  Well,  we  can't  send  it,  and  they  wouldn't  publish  it  if  we  diil.  The 
papers  which  receive  the  cablegrams  from  the  Eastern  Extension  Com- 
pany are  under  a  penalty  bond  included  in  their  contracts  (which  the 
Ikletropolitan  combine  make  with  those  who  participate  in  the  service) 
not  to  publish  anything  except  what  goes  through  the  London  office  of 
the  '  Argus.'  "  "  This,"  added  Mr.  Temperley,  '  may  account  for  Sir 
Joseph  Ward's  special  efforts  hi  New  Zealand  to  bre.ik  away  from  this 
monopoly." 

To  this  there  was  a  complete  reply,  so  far  as  the  Eastern  Exten- 
sion C'o.  was  concerned,  and  Sir  J.  Denison-Pender  forwarded  on 
June  18  the  following  letter  to  the  "  Manchester  Guardian  "  : — 

Sir  :  The  attention  of  this  company  has  been  called  to  a  statement 
in  your  issue  of  the  lOth  instant  (hat  a  long  message  teuderei)  by  Sir 
Joseph  Ward  to  one  of  the  offices  of  this  company  was  refused  as  being 
too  long. 

I  beg  to  inform  you  that  under  the  liceuee  of  the  British  Government, 
under  which  this  company  accepts  messages  in  Great  Britain,  it  has  no 
power  to  refuse  any  fully-paid  message  handed  in  for  transmission  by 
its  system  to  any  part  of  the  world. 

Ah  regar,1s  press  messages,  it  is  necessary  that  the  sender  should  be 
authorised  by  the  newspaper  to  which  the  telegram  is  addressed,  and  if 
anyone  should  hand  in  a  message  to  be  sent  at  press  rates  it  would  be 
refused  unless  the  sender  was  a  duly  authorised  correspondent. 

You  will,  therefore,  see  that  the  statement  made  in  your  paper  that  a 
message  tendeied  to  nij'  company,  to  be  charged  at  full  rates,  was  refused 
cannot  be  accurate. 

Mr.  Temperley  has  since  written  at  great  length  to  the  "  Manchester 
Guardian,"  but  has  v(juchsafed  no  answer  to  Sir  J.  Denison  Pender's 
letter. 

Bath. — An  inquiry  was  held  on  Wednesday  into  the  application 
of  the  Council  for  permission  to  borrow  £11,700  for  the  electricity 
undertaking.     There  was  no  opposition. 

The  Town  Clerk  explained  that  the  application  was  somewhat 
belated,  the  reason  being  that  (or  the  last  2^  years  they  had  been 
Ciigaged  in  negotiating  for  the  sale  of  the  undertaking,  to  Mr.  Ernest 
Schenk,  acting  for  a  syndicate.  Those  negotiations  had  now  fallen 
through.  The  loan  was  required  for  excess  expenditure  on  loans  sanc- 
tioned between  February,  1905,  and  January,  1903,  £1,957.  Us,  2d.  ; 
expenditure  on  caiiital  account  on  works  in  respect  of  which  no  sanc- 
tion has  lieen  applied  for,  £3,242.  Os.  6d.  ;  extensions  of  mains  and 
services  during  the  next  three  year.^  .£6,000  and  for  the  provision  of  a 
now  automatic  stoker,  £500.     The  inquiry  was  adjourned  until  July  2. 

Experiments  were  recently  made  by  the  Corporation  electricity 
il'partment  to  ascertain  the  relative  efficiency  for  street  light- 
ing of  the  present  (iO  c.p.  incandescent  gas  lamps,  and  100  c.]). 
L  iicimium  metallic  filament  lamps,  made  by  the  Steam  Electric, 
l.uu]!  Co.  It  was  found  that  the  electric  light  was  incomparably 
mnv  brilliant  and  that  the  area  of  dift'usion  was  much  wider.  It  is 
prcdjable  that  before  the  end  of  next  winter  metallic  filament  lamps 
\^  ill  be  used  for  lighting  many  side  streets  where  mains  are  alreacly 
l:ad. 

Bexhill. — Mr.  R.  H.  Bicknell  held  an  inquiry  on  Tuesday  into  (he 
application  of  the  Council  for  sanction  to  a  loan  of  £2.1'20  for  the 
electricity  department. 

The  town  clerk  (Mr.  T.  E.  Rodgers)  said  £1,900  was  required  for  a 
I        ecindcnser  and  cooling  tower  and  £220  lov  a  chain  grate  stoker. 

Mr.  W.  T.  LE  Feuvre,  borough  electrical  engineer,  said  the  use  of 
chain  grate  stokers  had  saved  £470  in  the  coal  bill.  The  present  cooling 
tower  would  have  to  be  scrapped. 


Darlington. — .\t  a  recent  mce(ing  of  the  Corporation  the  accounts 
of  (he  Electricity  department  for  the  past  year  were  ai)proved. 

The  borough  electrical  engineer  (Mr.  J.  R.  P.  Lunn)  piotested  against 
so  large  a  sum  as  £2,000  being  handed  over  from  the  profits  in  aid  of  the 
rates,  and  suggested  that  (he  Elcc(ricity  commi((ce  should  make  a  rule 
(o  hand  over  each  year  10  per  cen(.  of  their  profit-earning  revenue  and 
place  the  remainder,  if  any,  to  reserve. 

A  discussion  took  place,  but  ultimately  the  commit(ec  decided  not  to 
bind  i(self  by  any  rule,  but  each  year  when  profits  were  reported  t«  con- 
sider the  proportion  that  shuuld  be  handed  over  in  aid  of  the  rates. 

Electricity  in  Mining.— .\t  the  meeting  of  the  Village  Main  Reef 
Gold  Mining  Co.,  the  chairman,  Mr.  L.  Phillips,  stated  that  a  large 
company  had  been  formed  for  supplying  electrical  power  to  the 
mines  on  the  Rand,  in  which  they  were  interested  a-s  consumers.  The 
estimated  reduction  in  working  costs  was  particularly  marked  In 
their  case,  as  the  consolidation  of  scattered  sources  of  power  was 
calculated  to  save  them  about  £14.0(X)  per  annum.  The  outlay  for 
the  use  of  electricity  was  estimated  at  £16.270. 

Epsom. — The  new  fire  brigade  station  is  to  be  wired  for  the  electric 
light  at  a  cost  of  about  £600. 

Fire  Insurance. — The  Northern  Assurance  Co.  issue  the  following 
notice,  dated  June,  1909,  concerning  shop  lighting,  which  is  of  in- 
terest : — 
Furniture  Dealers,  H.iberdashehs,  Drapers  (other  than  Woollen 

only),  Makers  of  and  /  or  Dealers  ix  Mantles,  and  Upholsterers. 

A  discount  of  5  per  cent,  is  now  allowed  off  the  premium  on  shops  used 
for  the  purpose  of  any  of  the  above  trades  which  are  rated  at  over  5s.  per 
cent,  and  which  are  lighted,  with  the  exception  of  living  rooms,  wholly 
by  the  electric  light. 

The  use  of  gas  is  temporarily  allowed  during  the  breakdown  of  the 
electric  light  without  prejudice  to  this  allowance,  but  only  during  the  con- 
tinuance of  such  breakdown. 

A  discount  is  also  allowed  off  the  premium  for  any  of  the  aforesaid 
shops  rated  at  over  5s.  per  cent,  in  which  fire-extinguishing  appliances 
of  an  adequate  nature  are  provided,  particulars  of  which  will  be  given  on 
ap]ilication. 

Hackney  (London). — Mains  arc  to  be  laid  in  additional  thorough- 
fares at  a  cost  of  £1,1,56. 

Hospital  Lighting,— Aberdeen  Public  Health  Committee  will 
receive  a  report  on  the  proposal  to  adopt  electric  lighting  at  the  City 
Hospital. 

Italy. — The  "  TioUetino  Finanze  "  (Rome)  st,a(es  that  the  com- 
pany operating  (he  Spczia  electric  tramways  have  applied  to  (he 
Ministry  of  Public  Works  for  authority  to  duplicate  portions  of  their 
track. 

The  Terni  Electric  Tramways  Co.  have  applied  for  powors  to  con- 
struct and  work  an  electric  tramway  from  the  TerniCollestatte  line 
to  the  Penna  Rossa  shipbuilding  yards. 

The  "  Bulletin  Mensuel  "  de  la  Chambrc  de  Commerce  Francaise. 
Milan,  states  that  plans  are  being  prepared  for  an  electric  tramway, 
17  miles  in  lengtli,  from  Masnago  to  .Angera.  and  that  the  Soc.  .Anon. 
Elettro  Industriale  ilclla  N'alle  del  Rosario  is  to  be  formed  in  Six"zia 
with  a  capital  of  £92.0(l()  for  constructing  and  working  an  electric 
tramway  from  Spczia  to  Fivizzano. 

Leeds. — The  Horsforth-Guisely  section  of  the  tramways  was 
completed  on  Thursday  last. 

Littleborough. — Rochdale  Council  will  sup])ly  current  in  bulk  to 
Littleborough  at  10  per  cent,  above  the  eost  of  generation. 

LlandafT. — Mr.  H.  Ross  Hooper,  M.Inst.C.E..  held  an  inquiry  on 
Tuesday  into  the  ajiplication  of  the  Council  for  permission  to  borrow 
£2.900  for  electric  lighting  in  Whitchurch. 

The  clerk  (Mr.  .M.  Wari!i:n)  explained  that  it  was  proposed  to  take 
current  in  bulk  luiilcr  an  agreement  with  the  South  Wales  Electrical 
Power  Distrilnition  (\).  and  (he  Treforesf  Electrical  Consuniei-s  Co.,  (he 
maximum  juice  being  IJd.  and  the  minimum  Jd.  per  unit, subject  to  a 
mininuim  payment  of  £150  per  annum. 

Llandudno. — Sanction  has  been  obtained  to  a  loan  i>f  £2.450  for 
additional  plant  at  the  generating  station. 

London  County  Council.— On  Tuesday  it  was  agreed  to  increase 
the  rate  of  jiay  for  nuilor  demonstrators  from  £2.  U>s.  to  £3  (xn-  week. 

Tt.ilhig  of  kitilnr  .l/Vrrv,— The  Highways  committee  reported  that 
the  Loudon  Electric  Supply  Corporation  priip.ised  to  submit  for  testing 
and  pealing  a  large  prop. irl inn,  and  later  (he  whole  of  the  nie(crs  used  on 
its  circuits.  The  Company  will  in  (he  first  place  submit  1,2.")0  to  1.500 
meters  a  year  in  batches  of  not  less  than  100.  and  these  meters  will  be 
luactieally  of  ime  make,  and  of  two  capacities— viz.,  5  and  10  ami>eres. 
The  Conimittce  are  of  opinion  that  the  step  ju-oposed  by  the 
Conqiany  is  a  commondablc  one,  in  that  it  offers  giva(er  securi(\  (o  the 
cousnmer.  and  suggest  (hat  for  periods  of  12  months  the  oi-dinary  fee  for 
tistiug  meters  he  rchu  id  from  .V.  :id.  to  2s.  fid.,  providing  the  mcter.^  arc 
.scut  iu  bat-he*. .f  not  less  than  100. 

Market  Harborough.  The  Council's  Electric  Lighting  C)rdcr  has 
been  extended  for  a  further  12  months. 
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Marylebone  (London).— Mr.  A.  Hugh  Seabrook  has  now  taken  uj) 
l:is  duties  as  eriirinecr  and  manager  of  the  electricity  undertaking 
and  the  Electric  Supply  committee  has  approved  a  scheme  sub- 
mitted by  him  for  the  futinv  management  of  the  undertaking. 

Nelson. — The  tramway  manager  has  been  instructed  to  arrange 
with  the  Colnc  &  Trawden  Light  Railway  Co.  for  a  through  service 
of  cars  over  both  systems. 

Newfon-in-Makerfield.— The  Board  of  Trade  refuse  tc,  furl  her 
extend  tlie  rciun<'irs  electric  lighting  order. 

Norway.— .\  report  of  H.M.  L<-gation  at  f'hristiania.  states  that 
till-  Storthing  last  year  decided  that  during  the  next  12  yearst^To.lUMl 
a  year  will  be  sjjent  on  the  construction  of  State  railways,  the  total 
1  -ngth  to  be  laid  during  that  periodbeing  (iOO  km.  (372  miles).  The 
report  further  states  that  the  enormous  amount  of  water  power  that  is 
available  in  most  parts  of  the  country  would  appear  to  make  the 
electritication  of  the  railways  a  comparatively  easy  and  cheap  matter, 
and  H..M.  .Alinistor  understands  that  foreign  firms  have  submitted 
tenders  for  works  of  tliis  description,  and  the  Government  have- 
8?cured  waterfalls  with  a  view  to  their  utilisation  for  the  production  of 
electric  power  for  railwaj's. 

Plymouth. — Recent-street  .Schools  arc  to  bi-  wired  for  the  electric 
light. 

Poland.— The  report  of  the  British  Consul  (Mr.  Clive  Bailey)  states 
that  the  telephone  sub.seribers  in  Warsaw  increased  from  2.S72  in 
1901  to  14.817  in  1908.  The  annual  charge,  for  unhmited  service. 
day  and  night,  is  £7.  5s.  4d.  for  business,  and  £6.  6.s.  Sd.  for  private 
premises.  There  is  a  trunk  line  to  i\alisz.  on  the  German  frontier, 
via  Lodz.  Lask  and  other  towns.  The  line  from  Warsaw  to  Lodz  is 
Government  pro|)erty.  but  the  I^odz  to  Kalisz  line  (6S  miles)  was 
constructed  by  private  enterprise  and  cost  £45,000.  A  line  from 
Warsaw  to  Lublin  is  iiractically  completed.  The  Director  of  I'osts 
and  Telegraphs  at  Lemburg  has  |)ropo.sed  the  construction  of  a  line 
from  W'arsaw  to  Cracow,  which  would  place  Warsaw  in  direct  com- 
municatiori  with  \'ienna.  The  charge  would  probably  be  2s.  lOd.  for 
three  nunut<.\s"  conver.sation. 

Warsaw  electric  tramways  were  opened  last  year.  The  over- 
head .system  is  used,  and  the  rolling  stock  consists  of  200  corridor 
cars,  each  seating  2-1  jjcrsons,  and  having  standing  space  for  10 
nsrsons  on  the  platforms.  It  is  stated  that  the  receipts  are  £2  per 
car  per  day  above  the  estimate. 

The  ■■  first  and  second  class  "  streets  of  Warsaw  arc  now  lighted 
electrically,  and  the  suburb  of  .Alokotow  has  its  own  station,  and  is 
about  to  put  in  additional  plant  in  conser|uence  of  the  growing 
demand  for  current.  Lodz,  /Cgierz.  and  Ozorkow  are  also  establisli- 
i  ig  electricity  works. 

Railway  Amalgamation  and  Railway  Rates.— At  the  annual  general 
meeting  ..f  the  M  ui-^iim  Hnusc  .\ssofiali(.n  on  Railway  and  Canal 
Tratfie  on  l.'jih  Inst.,  dissatisfaction  was  expressed  at  the  constitu- 
tion of  the  I)c|)artmental  Committee  on  Railway  Amalgamation 
appointed  by  the  I'residcnt  of  the  Board  of  Trade," as  giving  wholly 
inadequate  representation  to  tlie  trailing  community,  and  it  was 
d'-cidcd  to  urge  .Mr.  Cliurchill  tci  add  further  representatives. 

Royal  Agricultural  Show  at  Gloucester.— The  70th  annual  exhibi- 
tion of  the  Royal  Agricultural  Society  is  being  held  at  Gloucester 
this  week,  and  clo.ses  to-morrow  (Saturday),  .\raong  the  exhibitors 
are  Messrs.  Ransomcs,  Sims  &  JefTeries,  Ipswich  ;  Mcrrywcather  & 
Sons.  London  :  W.  H.  Willcox  &  Co..  London  (who  have  a  large- 
variety  of  exhibits  on  show  at  stand  No.  230)  ;  Ruston,  Proctor  & 
Co.,  Lincoln  (besides  a  varied  assortment  of  engines,  chiefly  for 
agricultural  purposes,  this  firm  show  dynamos  suitable  for  farm  and 
farming  operations);  Davey.  Paxman  &  Co..  Colchester  (engines, 
suctirm  gas  plant,  &c,)  ;  Robey  &  ('o..  Lincoln  (exhibit  includes 
several  steam  engines  specially  suit/^d  for  ek't-tric  lighting  installa- 
tions) ;  Crosslcy  Bros,,  Open.shaw  (gas.  oil  and  petrol  engines  com- 
bined with  dynamos  for  various  cla.s.ses  of  work)  ;  Tangycs  (Ltd.). 
Birmingham  (gas  and  oil  engines,  suction  gas  producier  plant,  &c.)  : 
Sisson  &  Co.,  Barnwood  (engine  and  dynamo  for  agricultural  uses)  : 
National  (!as  Kngine  Co.,  .\shton-nnder-Lyne  (gas,  oil  and  petrol 
engines  with  direct-coupled  dynamos  designed  for  small  country 
housD  lighting,  suction  gas  plant,  &c.) 

At  Stand  No,  395,  Messrs.  .1.  G.  Childs  &  Co.,  of  Hawthorn-road, 
Willesden  Green,  London,  have  the  most  important  electrical 
exhibit  at  the  show.  This  includes  their  wind  turbine  electrical 
plant  which  has  been  described  recently  in  TiiK  IOi.ectrician,  and 
which  has,  during  the  week,  attracted  considerable  attention  at 
Gloucester.  There  is,  in  addition,  a  collection  of  electrical  domestic 
and  cooking  apparatus,  operated  by  wind-turbini-  plant,  which  has 
made  the  stand  a  popular  rendezvous.  Churns,  cream  scparalcjrs. 
circular  saw,  &c..  all  in  operation,  gives  added  interest  to  the  stand. 
An  item  of  considerable  interest  was  the  manipulation  of  the  storage 
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battery  on  this  company's  stand.  A  portion  of  the  battery  was 
employed  for  working  the  cooking  apparatus  and  dairy  machinery 
and  the  remaining  portion  for  lighting  the  stand  by  mean.s  of  metallic 
tilament  lam))s.  .\n  economical  electric  oven  was  also  shown.  The 
plant  exhibited  by  Messrs.  Childs  is  likely  to  have  consid^rab'e 
interest  for  agriculturists. 

The  Royal  Agricultural  Society's  annual  show  is  r.'Cogni3rcl  as  the 
most  important  event  of  the  year  agriculturally,  and  a  very  large 
attendance  is  always  certain,  in  connection  with  the  popular  side 
of  electricity  su|)ply  this  would  .seem  to  be  a  favourable  opportunity 
for  the  dis])lay  of  electrically-operated  appliances.  So  far  as  our 
representatives  were  able  to  discover  Messrs,  Childs  &  Co.  had  the 
only  working  electrical  plant  and  appliances  on  the  show  grounds, 
and  were  responsible  for  the  lighting  of  the  show  cottage  of  the 
Country  Gentlemen's  Association,  where  an  electric  grill  was  also  in 
u.se. 

Southwark  (London). — The  total  anKjunt  expended  on  wiring  con- 
sumers premises  up  to  March  31  last  was  £1.371,  being  a  small  sum 
of  £21  in  excess  of  the  amount  sanctioned  by  the  Council. 

Tinsley. — Sheffield  Corporation  have  decided  to  apply  for  a  Pro- 
visional Electric  Lighting  Order  for  this  district. 

Middlesex  Tramways. — The  Metropolitan  Electric  Tramways  (Ltd.) 
Iiave  aiipli'il  til  the  Hoard  of  Trade  for  an  extension  of  two  years  for 
eompli'ting  llie  works  authorised  by  the  Tottenham,  and  Waltham- 
stow  Light  Railways  (Jrder,  190(). 

West  Ham. — .Mr.  A.  H.  Sealu-ook.  the  retiring  engineer  and 
manager.  ])oints  out  that  since  he  took  ovit  the  electricity  under- 
taking in  1905  the  output  has  (juadruplcd.  the  load  at  the  generating 
station  nearly  treblcil,  while  the  number  of  motors  has  been  increased 
six  times,  and  their  horse-power  12  times. 

ft  Is  also  stated  th'it  by  seeking  the  class  uf  l.i.id  «!ii(h  rosts  the  le-a?t  to 
snpiily  the  load  f:ictor  has  been  brought  up  fnun  17-7  per  cent,  to  29  p,?r 
cent.,  and  the  percentage  of  capital  repaid  to  the  capital  ex|)eiided  has 
buen  increased  from  8  per  cent,  to  21  per  cent.  In  view  of  this  hii;!)  pcr- 
( rnl.nge  considering  the  undertaking  is  only  ten  years  okl,  otdy  a  miniinal 
r' s-ivr  fund  is  in  his  opinion  nccc«i.sary.  There  was  a  loss  of  £7t7  in 
I  lil)."i  against  a  surplus  of  £3,S53  in  1909,  while  at  the  same  time  the  avcr- 
.ig,'  charge  to  consumers  is  considerably  less  than  half,  being  Id.  against 
ue.irly  2{(1.  The  charge  for  power  is  now  only  one-third  of  what  it  was 
in  1905.  The  total  cost  of  production  has  been  reduced  fioni  nearly 
I  }d.  to  Jd..  the  cost  of  management  by  two-thirds,  the  co.st  of  wages  and 
repairs  bv  half,  and  the  cost  of  ccal  by  half.  lAir  (he  year  cndinp  .March 
31  last,  t'he  w.irking  n.\|i|.nscs  li.iil  diTrcasi-il  by  £202,'while  the  total  in- 
come had  lisrn  tn  £72,1 14  fnmi  £li:',()()!t,  and  the  oin.ss  )iroHt  had  increased 
from  £23,7 l.'I  tc.  £32,990.  Tlicri'  was  .i  suiplus  -iftcr  p-iynient  of  interest 
ami  sinking  fund  of  £.3.,S.-.;i,  Hbicli  is  (o  hv  trins.rfrred  lo'reserve, 

'I'hf  baf'uKC  of  the  tiamwav  iiiulcrtakinu  (£3,7'>7)  is  to  be  transferred 
to  r._^servc. 

Mr.  H.  E.  Klain,  Irannvays  manager,  has  been  voted  an  increase 
of  salaiy  of  £100,  to  be  followed  by  two  subsequent  annual  incre- 
ments of  £."iO  each. 

Willesden,— The  .Metropolitan  Electiic  Tramways  (Ltd.)  have 
Ix^en  informed  by  the  Council  that  in  their  plans  in  connection  w  ith 
the  ])roiJo.sed  joining  up  of  the  Middlesex  light  railwajs  with  the 
L.C.C.  liamways  systt-ni  in  Scrubbs-lane,  arrangements  must  be 
made  with  the  L,  &  N,-W.  Hly.  Co.  for  widening  the  roadway  (.n 
eacli  side  of  the  permanent  way  to  at  least  9  ft.  0  in.,  and  a  pathway 
of  a  miniiuuni  width  of  9  ft. 

Heiirescntaliv<'s  have  been  appointed  In  allend  a  confcrcnco  of 
the  London  County  Couiu'il  with  reference  lo  Ihe  |irc, posed  construc- 
ti(m  of  an  electric  Irannvay  Imiu  the  .Marble  .\rch  In  ( 'rickkwood. 

Wireless  Telegraph  Notes.  It  is  stated  iliat  ila  Pacific  Islands 
Radio-Telegraphy  Co.,  recently  incorporated  in  London  with  a 
capital  of  £00.000.  will  soon  commence  o|ierations  in  Ihe  Pacilic, 
and  that  a  French  company  has  been  fornu'd  for  the  cstablisbinent 
of  a  station  at  Tahiti, 

A  commission  is  sitting  at  the  Meteorological  Office  in  Vietoria- 
strect,  Westminster,  London,  to  consider  the  steps  necessary  to  lie 
taken  to  develop  the  existing  system  of  conveying  weather  infoi ma- 
lion  by  wireless  telegraphy.  The  members  of  this  commission  in- 
clude i)r.  W.  N.  Shaw,  dire'ctor  of  the  .Meteorological  Offiei',  Prof.  W. 
.Moore,  chief  of  the  U.S.  Wcathi  r  Ihircau  at  Washington,  and  Prof. 
Grossman    of    the    Deutsche    Seewartc,    of    Hambiug.     The    main 
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BuggesUon  before  the  commission  is  that  all  ships  i.f  every  nationality 
above  a  given  tonnage  shall  compulsorily  be  e(nii])|)rrl  with  wireless 
telegraph  apparatus  in  order  that  a  systematic  international  service 
of  weather  re])nrtK  may  bo  organised.  One  of  the  |)rincipal  pro- 
posals before  the  c-omraission  has  originated,  with  Father  Froc,  of 
the  Zi-K.i  Wii  Oli-rrvatory,  China,  who  recommends  the  general 
adoption  of  tlie  eoilc  of  maritime  weather  signals  now  in  use  in  the 
China  Sea,  while  I'rof.  Moore  favours  an  international  system  of 
weather  signals,  and  the  adoption  of  a  \iniform  storm  signal.  The 
provisions  of  the  Int<^rnational  Radio-Telegraph  Convention  relating 
to  ship  and  shore  station  intercommunication  .are  likely  lo  prove  of 
service  in  the  discussion  now  proceeding. 

.\  svl  fatili'.v  occurred  this  week  at  the  Humb  r-;ton"  wireless 
tfleurapli  ^tai  ion.  bi-loni;ing  to  the  Admiralty.  Th-  chjif  electrician 
(Mr.  Miehi'  1  <'i")ney)  in  entering  the  operating  room  at  the  station 
received  a  severe  shock,  and  all  attempts  at  resuscitation  were  un- 
availing. The  accident  was  attributed  to  Mr.  Cooncy"s  being  over- 
worked and  his  extreme  anxiety  that  the  station  should  be  cim- 
pleted  in  time  for  the  manoeuvres  now  taking  place.  "  Death  from 
misadventure  "  was  the  verdict  returned  at  the  inquest. 

Workhouse  Lighting. — Barnsta|)lc  Guardians  have  decided  to 
h:u\-  t!ie  workh-.use  wired  and  fitted  up  for  electric  lighting. 


ELECTRICITY  SUPPLY  AND  TRAMWAY  ACCOUNTS. 

Bradford.— Th?  fcounta  of  the  tramways  department  for  the 
.  ir  ended  March  show  a  net  profit  of  about  £15,(H)l».  a  decrease  of 
j.dOO  compared  with  th?  preceding  ycp.r. 

Coventry.— On  Monday  the  Electric  Light  comiuittoe  considered 
the  aeeoiuits  of  the  electricity  undertaking  for  the  ]iast  year.  The 
net  priitit  is  £3,70.').  of  which  iEl.OOl)  is  to  be  paid  to  the  district  fund 
in  aid  of  rates.  fSi.'iO.S  is  placed  tii  reserve  .and  the  balance  (£US7) 
I'lrricd  forward. 

Croydo.l. — The  accounts  of  the  electricity  department  for  the 
ye.ii'  rail'  d  March  have  b?cn  approved  by  the  Corporation,  and  .show 
t  )l.i!  capital  expenditure  £345,186  (increase  £3.775). 

Ciin.nt  supplied  by  meter  pr.idnced  £32,1.51.  for  traction  £24,030. 
pulilir  liL'htinf;  £7,.')13,  meter,  &=.,  r,-;ilals,  £l.n<)7.  total  receipts  £64.ti50 
(!i2,ii?i>-t  £(iii,<)3S'  in  the  previous  yeaO.  Ex|>cnditure  on  revenue  account 
W.^.s  £3t,!l75  (£31,133),  grn_^s  pr-fit  was  £2n,(i,50,  added  to  £25  brought 
forward.  .After  meeting  capital  charges  and  income  tax  on  profits  and 
transferring  £141!  to  capital  accoiuit  in  r.'s])ect  of  woiks  suiicr-scded,  the 
n.'l  profit  v.as  £(i.!)53.  There  was  a  halince  in  hand  at  March,  190S,  of 
'.l-l.-jnn,  and  £12,000  h.as  bct-n  tr.insferred  to  reserve  fund,  leaving  the 
l.alanee  in  hand  £9,443.  7,2!)l.(i43  (7.(W.'>,I41)  units  were  generated,  and 
the  luiits  sii|iplied  were,  for  public  limps  (i34.32'i  (().'i5,7H21,.  ttartiiai 
S.l.'iO.ltiO  (3,(144.302),  private  consumers  2.2r),i,2!)li  (2,174,879).  The 
total  ma.^inuim  demand  was  3,295  kw.  (3,2.55  kw.). 

The  report  of  the  borough  electrical  eni;i)icei  (Mr.  A.  0.  Cvamb)  states 
that  the  reductions  that  have  been  made  in  the  I'harges  for  current  have 
affected  the  revenue  to  *hc  extent  of  £3,584.  and  the  use  of  metal  filament 
lamps  Ls  estimated  to  have  caused  a  l.iss  of  about  £2,000  on  revenue. 
Ther,'  was  a  dr.ip  in  etfii  icney  of  distribution  from  8403  to  82  59  per  cent.. 
due  to  (he  adopticm  of  metal  filament  lamp':  with  auto-transformers  and 
a  laiL'e  uumlicr  of  older  type  meters  failing  1 1  record  when  small  amounts 
are  j^asscd  (hroui^h  them.  223  motor*  (943i!.i>.)  are  connected  to  tlu' 
mains.  Mr.  Cramb  says  that  certain  exii.^nditnre  is  being  incurred  to 
comply  with  '.he  new  Home  Office  re<;ulations.  and  next  year  the  h.t. 
switchboard  ought  to  be  replaced.  The  coal  conveyors  and  bunkers 
have  been  completed  and  are  in  o]ieration,  and  two  mcchaiucal  stokei-s 
were  completed  during  the  autumn.  The  Council  have  agreed  to  the 
reduction  of  the  |u-ivate  lighting  flat  rate  fr.>ni  4.bl.  to  4d.  and  the  .-uv 
lightim:  rate  from  £10  to  £15  as  from  midsummer. 

Glasgow. — ^An  abstract  of  the  accounts  of  the  Tramways  Dejiart- 
mcnt  for  the  year  ended  May  31  has  been  submittt^d  to  the  Tram- 
w.ays  committee  and  shows  total  revenue  £892,751. 

The  trallir  expenses  were  £258,219;  gcnoral  expenses,  £106,886  ;  re- 
pairs, £102,646  ;  power,  £37,867,  making  a  total  of  £505,618,  and 
leaving  a  balance  of  £.'W7,133,  which,  with  interest,  &e.  £29,791)  mt.de 
£416,y21  Dcductin<;  (iovan  tramway  rental  (£5,075),  I'aislev  tiaui 
way  rental  (£4,659),  'interest  (£63,349),  sinking  fund  (£71,523), 'income 
tax  (£10,445),  Common  Good  (£.50,000),  depreciation  (£195,798),  the 
net  balance  was  £16,275,  against  £38,930.  Last  year  only  £35,000 
wns  set  apart  for  the  Common  (iood,  but  this  was  subseipiently  in- 
creased out  of  the  reserve  fund  to  £50,000. 

Great  Y.^rmouth.  -The  accounts  of  the  cUelrieity  supply  depart - 
m?nt  for  the  year  ended  March  show  capital  expenditure  £104.S4'2 
(increase  £7.579). 

Income  was  £20..38tl  (against  £19.523).  Total  costs  were  £12.788 
(£12,443).  Gr(),ss  profit  was'£7,597  (£7,080),  net  pr,>lit  £194  (£11  less  than 
previous  year^.  Maxinunu  demand  was  ;!9,7(<7  kw  (37.100).  I.92S.420 
units  were  generated  and  1,574,453  .sold.  The  public  lamps  iuchido  181 
arcs  and  28.3  O^rams. 


Islington  (London). —  For  the  year  ended  .March  31  the  surplus  on 
the  electricity  department  was  £4.263. 

Receipts  amounted  to  £52,244,  of  which  £15,734  was  for  public  lighting. 
The  cost  of  generation  was  £l(i,'!93,  and  distribution  cost  £2,034  ;  general 
expenses  absorbed  £fi,084,  while  rents,  rates  and  taxes  accounted  for 
£1,8.30.  The  gro.ss  profit  was  £2.5,7.52  The  reserve  fund  on  March  31 
was  £18,7.58,  while  the  outstanding  loans  were  £11.5,.5.54. 

Stalybridge. — The  accounts  of  the  Stalybridgc.  Hyde.  Mos-siey 
and  Dukinbcid  Tramways  .and  Electricity  Hoard,  for  the  year  ended 
.March,  show  capital  expenditure  £278.801;  (inerea.se  £1.898)  on  the 
tramway  department. 

The  revenue  of  the  department  was  £37,017  (against  £39.070  in  pre- 
vious year),  working  expenses  £31.070  (£.33,742).  and  the  net  result. 
after  nieeting  capital  charges,  is  a  deficit  of  £9,518  (£10.381 ).  10,2U.544 
(10,285,973)  pasicnger.^  were  carried  and  1.248.8.35  M. 404.434)  car-miles 
run.  The  total  units  used  p?r  car-mile  were  1  074  (1009)  and  the 
average  fare  per  j)asscnger  was  0-889d.  (0-928d.). 

The  accounts  of  the  electricity  department  show  capital  expendi- 
ture £227,.557  (increase  £18,863)" 

Revenue  was  £27,29:5  (against  £20,074),  working  expen.ses  £14,909 
(£14,494),  gross  profit  £12.38(>  (£12,181)  and  deficit,  after  providing  for 
capital  charges,  £538  (£403).  Works  eosts  per  unit  were  0-293d.  (0-304d.) 
and  total  costs,  exclusive  of  capita!  charges,  0-.372d.  (0-453d.>.  Interest 
and  sinking  fund  charges  were  this  year  b-322d  1 1,718.180  (8,8<t7.709) 
units  were  generated,  7,532.090  (5,390,802)  supplied  to  private  con- 
sumers and  2,100,022  (2,341,120)  for  tramways. 


TRADE  NOTES  AND  NOTICE >\ 


TE.MDERS  INVITED. 

Tenders  are  invited  for  su|>ply  of  18  transformers  to  the  Mel- 
bourne (Australia)  Municipal  Council.  Tender  forms,  conditions, 
&c..  may  be  obtained  from  the  .agents  for  the  City  Council  (Messrs. 
McIlwTaith,  McEacharn  &  Co.,  Proprietory,  (Ltd.).  Billiter-squarc- 
buildings,  London,  E.C..  to  whom  tenders  by  Wednesday,  .July  7. 
See  also  an  advertisement. 

The  City  of  Mei.boirke  Municipal  Council  invito  lenders  for  the 
supply  of  .80  alternating-current  flame  arc  lamps.  Specifications, 
tender  form,  conditions  of  tender.  &c..  from  the  agents  of  the  City 
Council,  Messrs.  Mcllwiaith,  McEacharn  &  Co.  Proprietary  (Ltd.). 
Billiter  -  square  -  buildings,  London,  I'^C.  lo  whom  tcndtrs  by 
Wednesday.  July  7.     See  also  an  advertisement. 

Tenders  are  invited  for  the  supply  of  a  15  ton  overhead  travelling 
hand  crane  to  the  city  of  MEi.BOunNE,  Victoria.  Tender  forms, 
conditions.  &c..  from  the  agents  cf  the  City  Cs.uncil.  Messrs. 
Mcllwraith.  McEacharn  &  Co.,  Proprietary  (Ltd.).  Killiter-squ.are 
Buildings,  London,  E.G.  Tenders  to  the  Chairman  of  the  Electrical 
Supply  committee,  Town  Hall,  Melbourne,   by  2  ii.m.  of  August  4. 

London  County  Council  want  tenders  by  1 1  a.m.  .Inly  6.  for  suiiply 
of  2,350  steel  tyres  for  driving  wheels  and  1,500  for  pony  wheels 
of  tramcars.  Particulars  from  the  chief  oflieer,  1>.C.C.  Tramways, 
02,  Finsbury-pavement,  E.C. 

BuRSLEM  Corporation  require  tenders  by  noon  .lune  29  for  a  Ot!0  kw. 
steam  generator,  or  (alternatively)  a  (iotl  kw.  turbo-generator 
(450  volts),  condensing  plant,  water  tube  boiler  and  switchgear. 
Specifications  from  the  Electrical  Engineer. 

H.vsiJNODEN  Corporation  want  tenders  by  noon  July  .3  (or  the 
sidi-station  equi|)ment.  with  battery  and  revei-sible  booster,  in  con- 
nection with  their  electric  tramways.  Specification.  &c..  from  the 
Town  Clerk. 

Lewish.vm  (London)  Guardians  want  tenders  by  2  p.m.  June  29 
for  the  supply  and  lifting  up  of  telephone  instruments  and  tittinga 
at  the  workhouse  and  infirmary.  Particulars  from  tl'-c  Union 
Offices.  394.  High-street.  Lewislmm.  S.E. 

(iuEENWiiH  (London)  Guardians  want  tenders  Vn"  noon  July  S  for 
the  erection.  &c..  of  two  electric  lifts  at  the  Infirmary.  Specifica- 
tion. &c..  from  the  Clerk.  Woolwieh-road.  S.E. 

WoiiKSOf  CouiumI  want  tenders  by  June  29  for  underground 
cables.  Specification  from  Mr.  ,1.  I'.  (Yowther.  electricity  works, 
Worksop. 

AfTON  Council  want  tenders  by  3  p.m.  July  12  for  12  months 
.supplv  of  lead-covered  paper-insulated  cables.  Form  of  lender.  &c., 
from  Mr.  M.  J.  Martin  Blair.  1.30  Churchfield-road.  Acton.  W. 

RoTiiERii.iM  CoriHiratiim  want  tenders  by  July  13  for  12  months' 
.supply  of  electricity  meters.  Particulars  from  the  B<.rough  Elec- 
trical Encineer. 

RoTiiERiiAM  C^)rv)oration  abso  want  tenders  (by  noon.  June  28) 
for  12  month.s'  supply  of  single  vulcanised  bitumen  (covered)  cable.    • 
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Salford  Electricity  committee  want  tenders  by  noon  July  5  for 
alterations  of  and  additions  to  their  electricity  works  buildings. 
Spscilication,  &c.,  frum  the  Borough  Electrical  Engineer. 

The  XoRWEOlAX  State  Railways  Department  ri<|uirc  tender.s  by 
3  p.m.  .July  2  for  supply  of  '288.000  pairs  uf  carbon  (voints.  S|)i-eiti- 
cations  may  be  seen  at  73,  Basinghallstreet,  London,  E.G.  A 
preference  of  from  10  to  1.5  )ier  rent,  (apart  from  customs  duties) 
is  given  to  Norwegian  manufacturers,  and  lt)cal  representation  is 
necessary. 

Chinese  Contracts. — In  our  Contracts  Open  pages  there  will  bo 
founil  an  invitation  from  the  Chinese,  (iovcrnment  through  it«  repre- 
sentatives, fur  scaled  proposals  for  the  erection  and  completion  of  a 
grou|)  of  buildings  to  be  used  as  a  Bureau  of  Engraving  and  Printing 
in  Peking.  China.  It  will  be  noted  that  the  plans  and  specifications 
are  on  tile  at.  amongst  other  places,  the  Chinese  Consulate-General. 
88,  Fenchurch-strect.  London.  E.C.  Tenders  from  European  eon- 
tractors  must  be  filed  with  the  Chinese  Legation  at  Washington. 
D.C..  not  later  than  July  15  next.  The  conditions  of  the  contract 
are  instructive. 

TENDERS  RECEIVED  AND  ACCEPTED. 

London  County  Council  have  received  the  following  tenders  for 
ear  bodies,  trucks,  &c.,  for  the  tramways  department : — 
200  Car  Bodies 

Hurst,  \elson  &  Co    {accepted)    £78,000.  £77.350 

United  Electric  Car  Co     80,000i     80,000 

B>"sh  Co   82,400,     82!500 

Metropolitan  Amalg.  Rly.  Carriage  &  Wagon  Co      82,400.     82,700 

Gloucester  Railwiiy  Carnage  &  Wagou  Co   *20.9,50,  *21,280 

The  fir.-!t  figure  represents  tenders  for  car  bodies  fitted  with  side 
life  guards  and  lifting  steps,  as  at  present  fitted  on  tlie  L  C.C  cars,  and 
both  teuders  include  a  provisional  sum  of  £15  per  oar  for  extra  work.  The 
second  figcre  is  for  car  bodies  fitted  with  lifeguards  and  lifting  steps  of  the 
Simplex  type. 

*  For  supply  of  50  car  bodies. 
200  Car  TritivS. 

Hurst.  NeLson  &  Co.  {nccrpted)     '£23,900 

Mountain  &  Gibson     L'ii'..",.")() 

Heenan  &  Froude    -'li 'r,(i 

W.  R.  Renshaw  &  Co ."!!.'!!!.     27!-,0l) 

United  Electrie  Car  Co iS.llliO 

■Metropolitan  Amalgamated  Rly.  Caniage  &  Wagon  Co.     30,(100 

Inrush  Co 31,000 

Peekham  Development  Co 33,000 

Electrical  Equipment  akd  Assembiy  ok  200  TRAMfAns. 

Briti-sh  We-stinghouse  Elec.  &  Mfg.  Co.  {accepted) £63  630 

Dick.  Kerr*  Co (ir,.()iio 

British  Thomson-Houston  Co (i(),750 

The  Highways  committee,  reporting  on  the  above  tenders  states  that 
as  regards  the  supply  of  the  magjietic-  brakes  for  the  200  cars  they  had 
been  in  negotiation  with  the  Biitisl,  W  ,.-,tiiiL'lioiisc  Co.,  and  that  company 
had  olfered  to  supply  the  hrak,  ^  r^  c|iiiir,|  ,t  i,-.-,7  a  set.  The  committee 
were  advised  that  that  offer  was  n  ,,so„,,l,|,.  -.nrl  they  thought  that  it 
should  be  accepted.     The  co.st  of  thn  hi akes  would  be  £1 1,400. 

Hur.-t.  Nelson  &  Co.,  had  also  offered  to  supply  the  trucks  with  stec 
eastings  of  foreign  manufacture  instead  of  British  made  castinss.  If 
that  offer  were  accepted  the  total  cost  of  the  200  cars  would  amount  to 
£175,950,  against  £17(1.950.  Having  regard,  however,  to  the  small 
difference  between  the  two  amounts  and  to  the  additional  cost  which 
would  be  involved  in  the  supervision  of  the  manufacture  of  the  eastings 
abroad,  they  had  thought  it  right  to  recommend  the  acceptance  of  the 
tender  as  submitted,  which  jirnvidcs  for  eastings  of  British  make.  The 
cost  of  each  ear  under  the  contracts  proposed  to  be  entered  into  would  be 
£884.  158.,  compared  with  £897,  the  cost  of  each  car  under  the  contracts 
obtained  in  1908. 

A.S  regards  the  50  special  cars,  the  ((jmmittee  propose,  in  the  first  in- 
stance, to  ascertain  the  exact  type  of  car  which  the  Board  of  Trade  would 
be  prepaied  to  approve.  With  that  object  thev  thought  that  a  specimen 
car  should  he  built  before  any  steps  were  takeii  to  obtain  the  further  49 
ears  rcquiretl.  We  are  advisc-d  that  the  best  course  to  adojit  for  the  cou- 
.struetion  of  that  car  would  be  to  build  the  body  of  the  car  by  direct  labour 
at  the  I^ytonstone  car  works,  and  to  obtain' the  car-truck,  steel  under- 
frame,  electrical  equipment  and  other  necessary  fittinjrs  under  c.visting 
contra'-ts  or  by  inviting  tenders  from  sdi^cted  firms.  The  total  cost  of 
the  2(KI  car.-  of  standard  pattern  and  of  the  .50  special  cars  is  estimated  at 
£237,.5(K).  and  the  successful  tenderers  ha \e  been  allowed  to  sub-let  certain 
portions  of  their  eontnu-ts. 

The  following  tenders  have  also  been  accepted  by  the  London 
County  Council  : — 

R.  \V.  Bl.ickwell  &  Co.,  bent  poles  for  Streatham-Norbury  trainw.iys. 
£300 ;  Appleby  (Ltd.).  conversion  of  overhead  craU'!  into  three  motor  ty  |ic 
crane,  £374:  B.  &  S.  Massey,  electricallv-driven  power  hammer  for 
eentrni  car  repair  depot,  £273  (with  power  to  sublet  part  of  work  to  The 
Electric  Construction  Co.);  .J.  Holroyd  (Ltd.).  milling"  cutters  for 
central  car  repair  depot,  flO"*;  Hadfields  .Steel  Foundry  Co..  manganese 
pomts  for  permanent  way  work,  £960. 


The  Asylums  committee  of  Essex  County  Council  received  the 
following  tenders  for  electrical  work  for  the  new  second  county 
asylum.  Colchester.  The  figures  for  contracts  3  and  5  refer  to  both 
main  and  detached  buildings,  the  detached  building  being  at  the 
ci>inmittce"s  option.  The  figures  for  contracts  1  and  4  include  a 
number  of  alternatives.  The  amounts  in  heavy  type  and  preceded 
by  an  asterisk  are  those  of  the  tenders  recommended  for  acceptance. 
The  consulting  engineers  for  the  work  are  Messrs.  Hawtfl-yne  & 
Zeden.  9.  yueen-street-place,  London.  E.C.  : — 

Contract  Nc.  1. — Two  Steam  Dynamos  (100 ^«'.},  Steam  Balancers  (ki>o  50 kw),  Motor 
Balancer  ilA  kw.).  Sivitchboard  a^id  Travelling  Crane 

British       Thomson-  £3,068    3.000    2.990 .  Chas.  PuUan   £3,335 

H,  J,Cash&Co, 
Union  Electric  Co. 


Houston   Co, 


2,«0  '2,920  2,911 
2,901  2,871  2,861 
2,a31 


2,841 

NewtonsiLtJ,)  4,218 

Tilley  Bros 3,960    3  25J 

T,  Scott  Anderson.,,.  3,S63 

Kigrins  &  Griffith.^..  3.727 

InHia  Rubber.  Gutt,i  3,675     3,639     3,470 

Percha     &     Tele-  3.360    3,330 


Bruc?  Peebles  &  Co., 

3,139    General  Electric  Co.. 

Cox- Walkers       


3,629     3,549     3,4,59 


Mann,  Ejerton  &  Co, 
Morley  Elec.  Eng.  Co, 
Lanc5,     Dynamo    & 
Motor  Co. 


3,314 

3,287,   3,090  2,995 

2.9*>6 

3,206    3,092    3,009 

3,176    3,114    3.046 

3,170    3,157    3,050 

3,037 

3,167    3,043 

3,129 

3,128    3,044    2,930 


3,565    3.495    3,437    Crompton  &  Co 3.105    3,087   3,034 


3.368     3,251     3,181 
3,554  I 

3,491     3,461 
3,489    3,402    3,372 1 
3,413  I 

3,456 


Phoenix  Dyn.  Mfg.C«. 
Mawdsleys  (Ltd.)   . . 


J.  P,  Hall  &  Co. 


ih  Works  Co, 
J.  H.  Holmes  &  Co... 
Jas.HowJen&Co.,. 

Dar?ue,Griffiths&Co. 

Tredegai  &  Co 

Brit.  Elec.  Plant  Co, 

Morris-Hawkins. , . . 

W,  J.  Fryer  &  Co.  , . 

Elec.  Construction  Cx5.  3,396    3,239    3.173 

Johnson  fePhiliiT,,.     3,381     3,151 

W.  H.  Allen,  Son  a  Co.  3,378    3,197 

A.  W,  Penros"  &  Co,     3, .368 

Blackburn,    Starling    3,360    3,330 

kCc. 
British  Westing-    3,346    3,256    3,029. 

house  Co,  2,939     2.909  i  Brush  Co. 

(Contract  No.  2 — Steam,  Exhaust  and  Drain  Pipes  and  Values 

Alton  &  Co '£348 

W.  J.  Fryer  «£  Co £489     J.E,  &  S,  Spencer    £397 

T.  Scott  Anderson   476    Dargue,  GriSiths  &  Co 395 

Tilley  Bros 451     John  V/ilson  t  Co 393 

H.  J,  Cash  &  Co 449  I  Johnson  &  Phillips 388 

Trede.ijar  &  Ck) 436  I  Cromoton  &  Co 383 

Higgins  &  Griffiths 435    Blackburn,  Starling  &  Co 379 

Brightside  Foundry  Co 431     Cox- Walkers  (Ltd,) 369 

Brush  Co 409  '  Bsbcock  &  Wilcox   36?,    356 

Mann,  Egerton&Co 400  ' 

Contract  No.  3. — Main  Cables.  Dis'ribuiion  Boards.  Wirins  and  Lamps.      For   Main 

Buildings  and  Detached  Blocks. 

H,  J,  Cash  &  Co 'iT.Sia.    18  1 


3.066  3.064  3,062 

3,044  2,975  2.966 

2.954  2,947  2,945 

2,932  2,926  2,923 

2,887  2,874  2,866 

2,8U  2,825  2,804 
2,752 

3,081  3,061  2,884 

2,864  2,810  2.760 

3,010  3,036  2.952 

2.922  2,790  2,780 

3,030  2,993  2,903 
2,871 

2,907  2  877 


Mann,  Egerton  &  Co £8,258 

A,  V,  Cifkin5&  Co 8,160 

Dargue,  Griffiths  &  Co 8,130 

G.  E.  Tavloi  &  Co 8,051 

Cox-Walkers  (Ltd,) 7,958 

Brush  Co 7.918 

Lund  Bros,  &  Co 7,817 

Pinching  &  Walton 7,801 

W.  J.  Furse  &  Co 7,653 

Tilley  Bros 7,606 

Johnso",  &  Phillips 7,338 

I,  T.  Mayfield  &  Co 6,707 


Wells,  Rayner  &  Co £12,696 

Felgate  &  Storev  10,915 

Western  Electric  Co 9,521 

Tredegar  &  Co 9,490 

Tamplin  &  Makovski   8,894 

Foote  &  Milne   8,624 

John  Hunter  &  Co 8,615 

T,  Scott  Anderson    8,588 

Higgins  li  Gnfliths 8,524 

Charles  Pullan 8,51 1 

W.  J.  Fryer  &  Co 8,440 

Blackburn.  St.-'riinp  &  Co 8,321 

Contract  No,  4. — Motors  and  Switchgear. 

Mawdsleys  Limited      £293,  •£308.    10    0 

Newmans  £1,024 1  India  Rubber,  Gutta  Percha  &  Tele- 

T,  Scott  Anderson    785        graph  Works  Co £399 

J.  B.  Saunders  &  Co 675 ,  Cox- Walkers  (Ltd.)   398,  368 

Siemens  Bros,  Dynamo  Works 600  '   Brush  Co 397,  389 

Electric   Construction    Co 504,    448    C.  C.  Pudney    394 

Pinching  &  Walicn 498 ,  Electromotors  (Ltd.)   33B 

W,  J.  Furse  &  Co 480    Newtons  Limited    381 

Blackbur-v.  Starling  &  Co 471     H.  J.  Cash  &  Co 380 

Higgins  &  Griffiths 455    W,  J,  Fryer  &  Co 369 

Morris  Hawkins  (Ltd.)    439  '  J.  H,  Holmes  &  Co 357,  327 

Bntish  Electric  Plant  Co 438  I  Charles  Pullan 356 

Electric  &  Ordnance  Accessories  Co. , .     437  j  Tredegar  it  Co 342 

Dargue,  Griffiths  &  Co 436,  373  I  C,   E,  Taylor  &  Co 342,  327 

VeritvslLtd.)  435     Phoenix   Dynamo  Mfg.  Co 321,  293 

Lund  Bros,  &  Co 426  i  Morley  Electrical  Engineering  Co.  307,  292 

British  Westinghouse  Co 421  I  Mann,  Egerton  &  Co '. 298 

Johnson  &  Phillips 407  '  Union  Electric  Co 281,  265 

General  Electric  Co 403.381,346    Wells,  Rayner  &  Co 277 

Contract  No.  5, — TeleDhones.  Btlls.  Time  Recorders.  Fire  Alarms  and  E'ectrical  Clocks. 

For  Main  Buildings  and  Detached  Blocks. 

H.  J.  Cash&  Co •£1,8S0,  14    6 

W,  J,  Fryer  &  Co,  i main  bid?'  only)  £1,936    Johnson  &  Phiilios   £2,451 


Wells,  Rayner  &  Co,  (main  buildings 

only)   1,590 

S.  Hammond  &  Co 4,238 

Blackburn,  Starling  &  Co 3,005 

LupdEros.&Co 2.996 

Char:e3  Pullan 2.859 

Brush  Co 2,632 

Mann,  Egerton  &  Co 2,550 


Cox- Walkers  (I  td.) 2.357 

Higgins  &  Griffiths  2.311 

Pr  ivate  Telephone  Co 2.115 

Bell  Telephone  Co 2.089 

W.  J.  Furse  &  Co 1 .864 

I,  T,  MavP.eld  *;  Co 1  840 

C,  C,  Pudney  &  Co 1 ,828 

Marples,  Leach  &  Co 1 ,51 1 


Hammersmith  (London)  Council  has  accepted  the  tender  of  W. 
Geipel  &  Co.  for  carbons  at  £284.  12s.  5d.  ;  that  of  Alton  &  Co.,  for 
exhau.st  steam  and  water  ])ipes  at  £95  ;  and  that  of  Gwynne's  Ltd. 
for  "  Invincible  "  centrifugal  pressure  pump  with  motor  (2.50,000 
gallons  per  hour)  at  £470. 

Merthyr  Tydfil  Council  have  accepted  the  tender  of  the  local 
electric  traction  and  light  company  for  lighting  the  lower  end  of 
the  borough  at  £240  per  annum,  or  £4.  4s.  less  than  the  gas  company's 
tender. 

Partick  Council  have  placed  an  order  with  the  Lancashire  Dynamo 
&  Motor  Co.,  Trafford  I'ark,  Manchester,  for  one  1.000  kw.  Belliss- 
•L.D.M.  set.  complete  with  condcn.ser,  cooling  tower  and  the  neces- 
sary pipe  work. 
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Southend  Council  liave  accepted  the  tender  of  T.  Bolton  &  Sons 
for  740  yds,  of  copper  wire  for  tramway  overhead  equipment  at 
£35.  4s.  2d. 

Great  Grimsbj'  t'orporaliun  have  accepted  the  tender  uf  .Mul'liuil 
&  Simpson  for  the  supply  and  erection  of  two  superheaters,  and  that 
of  Hebb  &  Co.  for  the  renewal  of  dripping  bars  in  the  cooling  tower. 

Westminster  City  Council  have  accepted  the  tender  of  Belshaw  & 
Co.  for  the  supply  and  erection  of  two  arc  lamps  at  Buckingham 
Palace-road  swimming  bath  at  £42.  l.'is. 

J.  Higgins  &  Co.  have  obtained  the  contract  for  wiring  the  Rawten- 
Btall  tramcar  shed. 

Swinton  and  I'endlebury  Council  have  accepted  the  lender  of 
Callender's  Co.  for  cables,  service  boxes,  &c.,  at  £122. 

Dorking  Council  have  placed  an  order  with  Heenan  &  Froude  at 
£3.225  for  a  refuse  destructor. 

Hornsey  Council  have  accepted  the  tender  of  the  British  Thomson- 
Houston  Co..  Rugby,  for  supply  of  mercury  meters  for  12  months. 

Rushworth  &  Dreaper  have  secured  the  contract  for  installing 
( Icctrical  organ  blowing  apparatus  at  Huyton  Parish  Church. 

Rawtenstall  Council  have  accepted  the  tender  of  Higgin  &  Co. 
fur  wiring  the  tramcar  depot. 

Bedford  Town  Council  have  placed  an  order  with  W.  II.  Allen, 
Son  &  Co.  for  an  exciter  at  £9S.  10s. 

Kensington  (London)  Council  have  accepted  the  tender  of  Cromp- 
Um  &  Co.  at  £256  for  lowering  contact  gear  for  50  arc  lamps. 

BUSINESS  NOTICES. 

The  International  Electric  Co.  announce  that  with  the  view  of 
facilitating  the  general  management  they  are  removing  from  their 
city  offices,  and  are  transferring  their  stock  to  newly  built  premises 
adjoining  their  factory  at  Kilburn.  and  after  24th  inst  their  only 
address  will  be  Telephone  Works.  111-115,  Salusbury-road,  Kilburn, 
N.W.  The  telegraphic  addi-ess  remains  "  Genest,  London,"  the 
new  telephone  numbers  being  477  P.O.  Willesden,  and  488  Padd- 
ington. 

Owing  to  the  operatives'  annual  holiday,  the  works  of  Messrs.  Ed. 
Bennis  &  Co.  (Ltd.),  Little  Hulton,  Bolton,  will  be  closed  to-day 
(Friday)  and  will  re-open  on  Monday,  July  5, 

Ship  Carbons  (Ltd.)  announce  that  their  secretary  (Mr.  Paul 
Weiss)  and  their  manager  (Mr.  Franz  Taus.sig)  have  ceased  to  be 
members  of  their  staff.  Mr.  A.  Pavlovits  has  been  provisionally 
aj)pointed  as  secretary  and  manager,  and  is  at  present  sole  recognised 
representative. 

Messrs.  H.  G.  Mayer  &  Co..  G7.  Aldersgate-street.  London,  E.C., 
have  obtained  the  agency  of  the  Maerkische  Drahtwerke  for  the  finer 
sizes  of  copper,  bronze  and  brass  wire  from  Nos.  17  to  50  S.W.G.  The 
company  are  also  agents  for  Plania  arc  lamp  carbons. 

Plant  for  Sale.— aiessrs.  G.  Elliott  &  Co.,  186-188,  Long-lane 
Bermondsey,  London,  S.E.,  have  for  sale  two  compound  Marshall 
Bteam  engines  coupled  to  two  Crompton  dynamos,  and  also  three 
dynamos.     Farther  particulars  are  given  in  an  advertisement. 

Electrical  Engineering  Business. — Messrs.  .Josolyne,  Miles  &  Co., 
2h.  KiiiL'-stiect.  ('Ii(a|isi(lc,  V..C..  advertise  for  sale  the  business  of  a 
WrII-kiicpuii  linn  uf  tlectrical  engineers. 

Patents  Development. — The  [n-oprietors  of  the  following  patents 
an-  desirous  of  entering  into  arrangements  by  way  of  licence  or 
lillurwise  for  exploiting  same  and  ensui'ing  their  full  development 
in  this  country  : — 

Xo.  10,495/1!)04,  for  "  Tmiiroved  Method  of  finding  the  Direction  of 
^'il'ud":    No.  10,477/1904,  for  "  Improvemenls  iu  .Api>aratiid  for  Re- 

iving  Submarine  Signals";  No.  l(l,4(!3/1904.  fur  '•  Jmprovefl  .Means 
I'll'  producing  Sound  Vibrations  in  Water  apiiUcalili-  to  Maruie  Sig- 
n.illing";  No.  .■!,2(i(i/1903,  for  ''  Iniprnvements  in  .Xiipivatiei  fi>r  jiro- 
■  Iniing  So\uid  Vibrations  in  Water"  :  No.  r},2><S/l<102  for  "  Impi-ove- 
iiiiiits  relating  to  the  Transmission  of  Sound  for  .SiilMnarine  purposes  and 
In  Apiiaiatiis  therefor"  ;  No.  13,287/1902,  for  "  Jmiirovenu'Uts  relating 
1.'  Aii]i;iiatiis  for  the  Transmission  of  Sound  for  Submai'ine  piu'posrs  "  ; 
\  1.  i.s,..7(l/190fi,  for  '  Improvement^,  in  Devices  for  producing  Sound 
><i.inals  in  Water";  and  No.  18,909/1905,  for  "Improved  Methoil  of 
KU'ctrio  Welding  Sheet  Metal."  Applications  to  Messis.  Hascitine,  Lake 
\'  ''o.,  7  and  8,  Southampton-buildings,  Chancoiy-lane.  London,  W.t'. 

No.  12,210/l!t01,  relating  to  "  EJectrostatic  Separators."  Applua- 
tions  to  Messrs.  Cruikshank  &  Fairweather,  Ltd.,  lio  and  fifi.  Chnnccrv- 
Inu;  W.C. 

No.  11,<:51/190('),  for  "  Improved  Apparatus  for  the  Automatic  Dis- 
tiilaitlon  of  thr  Opcratma  Service  in  Teleplion«-  Exchanges."  Par- 
ticulars from  Messrs.  Dav,  Davios  &  Hunt,  321,  High  Holbotn.  Lo?idon. 
W.C. 

W.  T.  Glover's  Specialities.— Messrs.  W.  T.  Glover  &  Co.,  Trafford 
Park,  Manchester,  have  more  than  one  reputation  to  sustain.     Their 


cables  are  known  all  over  the  world,  and  we  think  as  much  can  be 
said  for  their  advertising  novelties.  One  is  never  surprised  at 
receiving  something  quite  out  of  the  common  from  this  firm,  espe- 
cially in  the  way  of  hanging  calendars,  and  now  we  have  to  acknow- 
ledge receipt  of  the  eighth  almanac  issued  by  the  firm.  This  covers  the 
period  from  July  1,  1909,  to  June  30,  1910.  A  good  deal  of  interest- 
ing and  useful  matter  is  contained  in  this  large  aggregation  of  lift-off 
sheets,  and  in  addition  Messrs.  W.  T.  Glover  &  Co.  have  the  advan- 
tage of  a  wellcarntd  a<lvertisement. 

Wind-Driven  Generators.- Among  the  exhibits  at  the  Royal 
.'Vgricultural  Show  at  Gloucester  this  week  is  that  of  Messrs.  J.  G. 
Childs  &  Co..  of  Willesden  Green,  X.W.,  who  show  a  wind-driven 
variable  speed  generator,  coupled  to  a  battery  of  4.50  amijcre  hours 
capacity.  This  plant  follows  Messrs.  Childs"  usual  practice  in  most 
particulars.  The  storage  battery  is  divided  into  two  parts  and  by 
means  of  a  special  arrangement  a  pressure  of  50  volts  is  obtained  for 
working  the  cooking  apparatus  shown  in  the  exhibit  and  25  volts  for 
lighting  the  "  Show  Cottage."  The  generator  of  this  plant  can  also 
be  used  as  a  variable  speed  motor  by  means  of  a  special  switch  for 
driving  the  machinery  when  there  is  no  wind,  the  current  being  taken 
from  the  battery. 

CATALOGUES.  &c. 

PoRT.\BLE  Electric  Tools. — The  Consolidated  Pneumatic  Ttol 
Co.,  (Ltd.), of  9,  Bridge-street, S.W... send  us  their  new  list  of  portable 
electric  tools  of  various  kinds.  The  different  types  are  amply  illus- 
trated, and  a  speciality  is  made  of  electric  drills  for  special  purposes. 
Those  interested  will  be  certain  to  find  what  they  require. 

Motor  Car  Accessories. — X  new  catalogue  of  motor  car  acces- 
sories has  just  come  to  hand  from  Mes.srs.  Siemens  Bros.  &  Co.  In 
this  list  special  features  are  made  of  the  Siemens  Obach  dry  cells  for 
use  on  a  car,  and  also  of  measuring  instruments  and  charging  and 
testing  apparatus.  An  electric  speed  indicator  is  shown  that  can 
easily  be  adapted  to  any  car,  as  the  indicator  is  connected  to  an 
alternator  by  electric  conductors.  Details  of  a  variety  of  handlamps, 
plugs  and  ignition  coils  make  this  list  a  very  handy  one  for  reference 
for  car  users. 

"  DiKEKTON  "  Starters. — Engineering  Instruments  (Ltd.),  are 
sending  out  a  list  of  "  Direkton  "  motor  starters,  with  illustrations 
of  the  various  types  of  apparatus  made  by  the  company,  who  are 
prepared  to  cater  for  any  class  of  work  and  will  be  pleased  to  attend 
to  enquiries  at  their  new  address,  Skerne  Works,  Darlington. 

Maschinenfaerik  Oerlikon  Specl\lities.— ilr.  G.  Wiithrich 
sends  us  an  interesting  pamphlet  on  a  new  electro-hydraulic  portable 
rivetter.  In  this  the  advantages  of  electrical  transmission  together 
with  hydraulic  power  are  obtained.  The  rivetter  is  compactly  built, 
and  is  made  in  several  sizes,  both  portable  and  fixed.  In  the  portable 
type  the  method  of  suspension  seems  to  make  them  very  adaptable 
for  all  kinds  of  rivetting  work. 

OsR.\M  Lamps,  &c.— The  General  Electric  Co.,  71.  Queen  Victoria- 
street,  London.  E.C..  have  ready  a  reduced  price  list  of  Osram  Ljimps. 
In  this  list  a))preciable  reductions  are  shown  in  the  various  types  of 
lam|)  made. 

We  have  also  received  from  this  firm  several  handy  cards  giving 
particulars  and  prices  of  switches,  distribution  boxes  and  electric 
cooking  aiiparatus.  which  will  lie  found  handy  for  reference  for  those 
interested  in  these  particular  specialities. 

A  pamphlet  on  the  application  of  electric  (lower  in  shipyards  shows 
the  adaptation  of  the  electric  drive,  in  the  form  of  G.E.C.  motors,  to 
the  various  types  of  machinery  used  in  ship  building  work.  .Motor 
car  accessories  are  also  listed  in  booklet  form. 

Oak  Panei.uso.— Messrs.  Holler  (Ltd.).2(i,Soho-square,  Ixnidon. 
W.,  send  a  handsome  brochure  illustrating  some  elaborate  carving 
work  in  oak  carried  out  by  them.  They  will  be  plca.sed  to  furnish 
particulars  on  receipt  of  enquiries. 

Indestructible  Carles.— The  Indestructible  Cable  Co.  have 
ready  a  booklet  dealing  with  the  merits  of  indestructible  insulated 
wires  and  cables.  A  variety  of  clas-ses  of  this  cable  are  made  and 
they  are  suitable  for  all  kinds  of  work. 

Electro-Ther.ipei'tics.— We  have  received  from  the  Sanitas  Co. 
a  descriptive  list  of  their  various  electro-medical  apparatus  entitled 
"  The  Book  of  the  Multostat."  It  is  claimed  that  by  using  the  earth- 
fri-e  Multostat  all  currents  used  in  eloctro-therapcuticscan  l>e  applied 
without  the  sliglitost  jiossibility  of  earth  shocks,  which  up  to  the 
present  have  always  been  a  source  of  danger.  The  Sanitns  Cii.  will 
ho  pleased  to  send  copies  of  any  of  their  lists  to  those  interestiHi. 

Storaoe  Batteries.— The  Hart  Accumulator  Co..  of  Stratford, 
send  us  a  neat  pocket  edition  of  their  eataUigue.  In  it  are  to  bo 
found  full  jiaiticulars  of  the  various  types  of  cells  made  by  the  com- 
pany, together  with  detailed  instructions  as  to  how  to  use  the  same. 
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B.T.H.  TrsosTEN  Lamps. ^The  British  Thomson-Houston  Co.. 
Rugby,  call  particular  attention  to  the  fact  that  their  tungsten  lamps 
are  rated  according  to  the  British  standard  in  their  new  list  just 
issued.  Details  of  the  sizes,  shapes,  and  eandle-i)owers  of  the  lamps 
ara  given,  together  with  the  current  consumption  in  each  case,  and 
users  of  incandescent  lamps  are  further  reminded  that  these  lamps 
ar:;  British  made  at  Rugby. 

Kr.ECTRir.\L  ACCF..SSORIES. — The  Sun  Electrical  Co..  118-l-2t', 
CharLrig  Cross-road,  W.C'..  have  sent  us  a  pamphlet  giving  particu- 
lars and  prices  of  their  ornamental  cigar  lighters  suitable  for  use  in 
the  smoking  room.  Particulars  of  a  self-adjustable  nijiple  made  by 
this  company  for  use  with  metallic  filament  lamps  are  also  given. 

"  London  ELECTRir  "  Wires. — The  London  Electric  Wire  Co. 
&  S.nitlu  (Ltd.),  l'layhoa-!.--yard.  Gold'-n-lanc.  E.C..  have  just 
i^nied  a  revised  catalogue  of  in.sulated  high  conductivity  copper  and 
aluminium  wires.  This  list  not  only  gives  the  actual  thickness  of 
covering  for  every  size  of  wire,  but  also  contains  wire  tables  for  both 
copix-r  and  aluminium  which  should  be  very  useful  for  comparing  the 
utility  of  these  metals  for  any  purpose. 

Carbon  RRisnES. — Messrs.  Wm.  Geipel  &  Co..  send  us  a  pam- 
phlet which  gives  details  of  the  various  sizes  and  shapes  together 
with  prices  of  the  Henrion  Graphitic  carbon  brushes. 

Condensing  Plants.— The  "  Zylba  "  patent  condensing  and  cool- 
ing plants  are  illustrated  and  described  in  a  list  just  issued  by  the 
Midland  Engineering  Co.,  Birminghan\.  It  is  claimed  that  by  im- 
provements made  in  cooling  towers  this  firm  is  able  to  cool  on  a  given 
ground  space  50  per  cent,  more  water  than  most  natural  draft  towers. 
That  these  plants  have  pas.sed  the  experimental  stage  is  shown  by  the 
illustrations  of  several  of  the  installations  at  present  working  satis- 
factorily in  Great  Britain. 

BANKRUPTCIES.  LIQUIDATIONS.  &c. 

Claims  against  Wm.  Terrell  Garnett  (trading  as  W.  T.  Garnett's 
Cable  Co.).  Barkerend  Mills.  Bradford,  by  July  16  to  Mr.  E.  Mus- 
grave.  L  Bank-street.  Bradford.  Debtor's  discharge  is  suspended 
until  .May  18.  1911. 

Claims  against  Generators  Limited  are  to  be  sent  by  Aug.  ij  to 
Mr.  G.  B.  Murgatroyd,  Duchy -chambers,  Clarence-street,  Manchester. 

The  trustee  (Mr.  A.  S.  Cully.  191,  Corporation-street.  Birmingham) 
in  the  bankruptcy  of  W.  S..  G.  E.  and  H.  T.  Wright  (trading  as 
Wright's  Patent  Heater  Condenser  Co.)  lias  been  released. 

The  Electric  Taxicab  Co.  (Ltd.)  is  being  wound  up  voluntarily, 
and  Mr.  Wm.  -Milne,  9,  New  Broad-street,  London,  E.G.,  has  been 
appointed  liquidator.  A  meeting  of  creditois  will  be  held  at  9,  Xew 
Broad-street,  E.C.,  on  July  5. 

The  United  Kingdom  Tramway.  Light  Railway  &  Electrical  Synd. 
(Ltd.)  is  being  wound  up  voluntarily. 

An  order  to  wind  up  Auto-Controllers  (Ltd.)  was  made  at  Poole 
County  Court  on  June  14.  Meetings  of  creditors  and  contributories 
will  be  held  at  Arcade-chambers,  Bournemouth,  on  July  1. 

Winding-up  Petition. — A  petition  for  the  winding-ui)  of  the  Ux- 
briclgi-  A:  District  ICIictric  Sujjply  Co.  (Ltd.).  presented  by  Callender's 
Cable  &  Construction  Co..  will  be  heard  on  June  '29  by  Mr.  Justice 
Njville  in  the  High  Court.  London. 


PATENT  RECORD. 


APPLICATIONS  FOR  PATENTS. 
Note. — The  undermentioned  Applications  (except  those  marked  t)  are  not  open  to  public 
inspection  until  after  acceptance  o1  Complete  Specifications.  Those  marked  ^  are  open  for 
inspection  12  months  after  the  date  attached  to  them,  if  they  haue  not  been  published  previously 
in  the  ordinary  course.  Names  within  parentheses  are  those  of  communicators  of  inventions. 
Whin  complete  Specification  accompanies  application,  an  asterisk  is  affixed. 

March  29.1909. 
7,450  Taylor.     Electric  accumulator  substations. 
7.471  Jaburg.  jun.    Arc  lamps.    (Date  applied  for,  28/3/08.)*t 
7.508  WiTTGEHSTElHER.     Regulating  the  feed  of  carbons  in  arc  lamps.* 
7,531  Owen.     Covering  wire  or  other  electric  conductors  with  insulating  material.  • 

March  30,  1909. 
7,593  and  7.703  Hamdcock,  D/kes  &  Rawmhcs.    Connecting  or  jointing  of  elec- 
trical conductors  and  to  means  therefor. 
7,595  MuLLBR.     Producing  electric  current  by  means  of  combustion  engines,     (Date 

applied  for,  6,*/08.l't 
7,60D  Denny.      Electric  motor  starters,  electromagnetic  circuit-breakers  and  auto- 
matic switches. 
7.610  Go'JLD.     Electric  wire  supports.* 

7.616  B.T.-H.Co.    (G.E.  Co.,  U,.S.)     Protective  devicH  for  electric  distributing  systems. 
7,630  Cdhrad.    Transformers  for  operating  vapour  electric  apparatus.    (Date  applied 

for,  10, '4/08) 't 
7,635  Leder.     Electrical  rail  bond.    (Dat!  applied  for,  6/j,'08.)*t 

March  31,  1909, 
7,706  ScHMAHL  &  A.  Mfg.  Co.     Armoured  conductors  for  portable  electric  appliance. 
7.741  Ytterberg.     Operating  devices  lor  electric  switches. 

7,751  Kallmann.     Equalising    current    by    means    of    automatically-regulated    load 
resistances.     (Date  applied  for,  18/7/08.)'t 


7,791 
7,795 
7,805 
7,843 


7.993 

7,995 

8,014 
8,024 
8,025 


April  1,  1909, 
Gray.     Electric  conductors. 

Venning.    Trolley  frogs  and  crossings.     (Date  applied  for,  15,4/03.)*t 
Burton.    Combined  electric  switch  and  plug. 
Sefton-Jones.     (Julius  Pintsch  A.-G.,  Germany.)     Electric  lamps.' 

April  2.  1909. 
BuRSTYN.    Diaphragm  condensers.     (Data  applied  for,  3/4/03.)'t 
Parser.     Electric  glow  lamps.* 

April  3,  1909i 
A.  P.  UuNDBERG,  G.  0.  Lundberg  &  P.  A.  LuNDBERG.     Electrical  switches. 

(Addition  to  No.  6.899/07.)* 
Simplex  Conduits  &  Waterhouse.    Wiring  buildings  and   the  like  for  the 

distribution  of  electricity. 
Halfpenny.     Electric  incandescsnt  lamp. 
Baker.    Switch  for  opening  or  closing  electric  circuits. 

Baker.     Mechanical    movement    and    special    application    thereof    to    electric 
.    switches.*  - 

April  5.  1909. 
Sedgwick.     Electric  lamp-holders. 
Hansen.     Circuit-breaker. 

Siemens  Bros.  &  Co.    (Siemens  U  Halske  A.-G.,  Germany.)     Healing  coil  pro- 
tecting devices  for  weak  current  electrical  circuits.* 
Sharman.     Discharge  gaps  for  the  production  of  electric  oscillations. 
Buckley.     Electrically  igniting  miners'  safety  lamps  in  mines. 
Schneider.     Electric  clock  and  movement.* 
Hopfelt.     Electric  incandescent  lamps.* 
and  8,151  Senftnek.     Electrodes  for  arc  lamps.    (Date  applied  for,  14/4  and 

I7,12,,08)*t 
Societe  Ch.   Legrand  et  Cie.    Locking  levers  operating  railway  and  other 

switches,  signals,  and  the  Hke  from  a  distance.     (Date  applied  for.  9/t/08.)*t 
Felten  &  GuiLLEAUME  Lahmeyerwerke  Act.-Ces.     Indicators  operated  by 

alternating  current.     (Date  applied  for.  1  l/7/08.)*t 
Grondal  Kjellin  Co..  &  Harden.     Electric  induction  furnaces.* 
Nya  Ackumulator-Aktiebolaget   Jungner  &  Estelle.      Positive  electrodes 

for  primary  or  secondary  electrical  elements  with  alkalinejelectrolyte.* 


4,799 
6,972 
7,593 
7,621 


7,941 
7.943 
8,277 

8,298 
9,033 
9.360 
12.689 
13,502 
13,766 
14,328 
14,518 


20.969 
21.576 
27,906 


SPECIFICATIONS    PUBLISHED. 

1908  Specifications. 
HitiDLE.     Cxintrolling  electric  motors. 

Grompton  &  Ckj.  &  Crompton.    Controllers  for  electric  motors. 
Fennell  &  Perry.     Electric  wiring. 

Byng  &  Gunner.     Watertight  holders  for  incandescent  electric  lamps. 
Ateliers     Thomson-Houston     (Anciens     Etablissements     Postel-Vinay); 

Alternatins-current  electric  motors  of  the  compensated  repulsion  type.     (Date 

applied  for,  6/4/07.) 
Fennell  &  Perry.     Electric  meters. 

Brush  Electrical  Engineering  Co.,  Chilton  &  Newton.    Turbines. 
Carver.     Electric  reciprocating  tools. 

Nalder  Bros.  &  Thompson.     Handcock  &  Dykes.     Electric  meter  systems. 
Turner.     Electric  braking. 

B.T.-H.  Co.    (G.E.  Co.,  U.S.)     Dynamo-electric  machines.  : 

ScHELLER.     Production  of  high-frequency  electrical  oscillations.     (Date  applied 

for,  13  8/07.1 
Langworthy.    Choking-coils  for  use  with  arc  lamps. 
FvNN.     Cxjmmutating  dynamo-electric  machines. 
Millard.     Trolley  head  for  electric  tramcars. 
Charles.     Construction  of  tumbler  switch. 
Knowles.     Electric  furnaces. 

Harrison.     Combination  electric  switches  and  fuses. 
Angle.     Electric  railways  on  the  conduit  system. 
Rhodes  Motors.  Ltd.  &  Fielden.    Control  of  i 

No.   18.956/07.) 

B.T.-H.  Ci.     (G.E.  Co.,  U.S.)     Signal  systems  lor  railways  and  the  like. 
Railless  Electric  Traction  Co.     (Schiemann.l     Current  collectors  or  contact 

arms  for  electric  traction. 
Siemens  &  Halske  Akt.-Ges.     Process  for  increasing  the  ductility  of  tungsten. 

(Date  applied  for.  I4/9,'07.I 
Lang.     Control  of  electric  motors. 
Aron.     Electricity  meters. 
Justice.     (American  Automatic  Switch  Co.)     Operating  electric  railway  track 

points  and  switches. 


I  motors.    (Addition  to 


COMPANIES'  MEETINGS  AND  REPORTS. 

Marconi's  Wireless  Telegraph  Co.  (Ltd.) 

The  directors'  ivp.iit  In  H.-,-.  :{1.  IIKIS,  states  tliMt  ..f  the  incre.ised 
i-M|iit!il  (i.'iO.IIIIO  7  iKT.eiit.  prc'iniici'  sliarc^  ipf  .tl  caih)  <-rpated  at  the 
list  niietiii!.',  125,U,S0  prcfeiencc  shares  hav(^  been  subscribed  for.  Al- 
tli<iiii.'li  tills  amount  was  short  o(  the  sum  necessary  to  carry  out  the  entire 
linigiiiniinr  outlined  in  the  jirospectus,  it  was  sufficient  to  meet  the  eom- 
])Hiiv'«  current  eugjigements,  and  to  (jiovide  for  the  expenditure  ret|uiiv<l 
to  comjilete  the  trans-Atlantic  stations  at  Clifden  and  Glace  Bay,  and  in 
addition  allowed  the  carrying  out  of  a  .scheme  of  re-organisation  of  the 
works,  which  have  now  been  pfaeed  on  a  thorougidy  profitable  working 
basis.  The  close  attention  of  the  directors  has  been  given  to  the  com- 
]iletion  of  the  transAtlantie  stations  at  Clifden  (Ireland)  and  tJlwe  Bay 
(Canada),  which  has  occupied  a  large  portion  of  Mi.  Marconi's  time, 
and  although  there  have  been  sciious  delays  in  the  delivery  of  im))ortant 
sections  of  the  electrical  [ilant,  the  directors  are  able  to  state  that  tho 
Clifden  station  is  actually  i-omplete  and  fully  able  to  carry  out  the  trans- 
mission and  reception  of  tiaiis-.Alliiitic  messages  to  the  extent  stated  in 
the  (irospectUH  issued  on  .May  2!l.  I!M)K.  'I'hc  niarhinciv  rei|uiied  for  the 
completion  and  dujilitation  of  the  station  at  (ilace  Hay  is  also  ready,  and 
nearly  all  delivered  and  erected,  hut  it  will  lie  niccssaiy  for  .Mr.  .MHiconi 
to  visit  (dace  Hay  before  the  company  can  unilertakc  the  extension  of  the 
trans- Atlantic  service,  which  may  he  anticipated  so  soon  as  the  Post  Office 
gives  effect  to  the  agreement  relative  to  the  acceptance  and  delivery  of 
Marconi  trans-.^tlantic  messages  at  all  the  Government  telegraph  oiSces 
throughout  the  United  Kingdom,  which  will  be  probably  about  the  end 
of  August. 

The  accounts  now  issued  cover  a  period  of  1.5  months,  as  the  directors 
thought  it  advisable  to  make  the  annual  leport  and  accounts  synehroui.se 
with  the  ctdendar  year.  'J'hc  directors  regiet  that  at  present  they  are  not 
able  to  det'lare  a  dividend.     They  feel,  however,  that  the  prospects  and 
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position  of  the  pompany  arc  now  highly  satisfactory  and  promising,  and 
they  confidently  anticipate  that  the  dividend-paying  period  will  speedily 
I  be  entered  ii|)on.  Remunerative  busines«  is  extending  in  every  direction. 
i  Economics  have  been  effected  wherever  such  have  been  found  possible. 
Expenses  have  been  cut  down  in  all  directions  and  the  field  of  prolilable 
operation  is  steadily  and  persistently  ext*;nding  throughout  tlie  world. 
The  directors  feel  that  the  difficulties  always  attending  the  development 
(if  so  great  and  novel  an  enterprise  as  this  are  at  last  yielding  to  the 
lesnlts  of  knowledge  and  experience,  and  piofitable  returns  are  now  well 
ivithui  -ight. 

Thi'  following  particulars  are  given  of  the  various  ramifications  of  the 
paivril  r.iiii|un.v  :  — 

////,  I  iHifi,ni,il  <  ''inipimy. — The  fears  which  they  at  one  time  entertamed 
thill  llir  I'll  ilir.il  iciu  of  tile  Berlin  Convention  would  be  detrimental  to  the 
niaiitinic  Imsincss  of  the  as.sociadd  M;irr(.iii  riim]iauies  have  so  far  not 
been  realised,  and  indeed  a  consid.  i;i blr  ;id.liiiuu  li.is  been  made  to  the 

nuiiiber  of  ships  lifted  and  workihL'  iIh-  M li  system  (a  list  of  which  is 

given  in  an  A]ipendix  to  the  ;c]ioit  now  is>ni-d).  The  maritime  business 
of  the  Iuternation.il  Company  contiinies  to  expand  in  a  most  satisfactory 
nlanner.  Maivoni  apparatus  is  already  installed  on  IS.")  mercantile  ships 
for  the  ]iurpose  of  a  ])ublic  telegrajih  service,  and  38  ships  are  being 
equip|icd  on  many  of  the  principal  lines. 

VaiKidfi. — Relations  with  the  Canadian  Government  continue  to  be 
most  satisfactory,  and  orders  for  the  ei|inpment  of  new  Marconi  stations  at 
Montreal  and  Three  Rivers  are  in  course  of  execution  by  the  Canadian 
Company.  The  du|ilieation  and  enlargement  of  the  trans-Atlantic  station 
at'Glace  Bay  will,  it  is  exjiected,  enable  a  speedy  and  thoroughly  efficient 
direct  wireless  service  between  Europe  and  America  to  bo  provided  in 
Augu.st. 

Ihiitid    Sliilrx. — The  long-distance  station  at  Cape  Cod,  which  is  at 

S resent  employed  in  supplying  a  daily  news  service  to  ships  fitted  with 
[nieoni  long-distanee  receiving  apparatus  will,  as  soon  as  possible,  be 
brought  up  to  the  same  degree  of  efficiency  as  at  the  station  at  Clifden. 
With  the  completion  of  this  station  and  the  trans- Atlantic  station  at 
Poldhu.  Cornwall,  there  will  be  two  pairs  of  high-power  stations  available 
for  trans-Atlantic  service.  Negotiations  are  jiroceeding  for  the  establish- 
ment in  New  York  City  of  a  station  to  receive  and  distribute  messages 
from  Glace  Bay  and  Cipe  Cod. 

A>y<  iiHiiii  ami  rnn/Kiii/. — Mr.  Marconi  will  visit  Buenos  Ayres  in  the 
Biitiiinii  to  iii.oiL'e  loi  I  he  erection  of  a  high-power  station  in  the  Argentine 
Repnble  .  |ii  ihkm  ilv  to  e.mimunicate  with  the  high-power  station  in  course 
of  erection  at  Coltano  in  Italy.  The  operations  of  the  Art'cntine  Marconi 
Comjiany  are  being  steadily  extended.  Apparatus  has  been  purchased 
by  the  Argentine  Government  for  navy  purposes  and  Jlareoni  stations 
have  been  opened  at  Bcrnal  and  San  Martin  and  at  Punta  del  Este  in  the 
Republic  of  Uruguay. 

Frnncc. — The  Cie'  Francjaise  Maritime  et  Coloniale  de  Telegraphic  sans 
Fil  is  making  satisfaeloiy  progress,  and  an  arrangement  is  m  prospect 
with  the  Ficie  h  ( ;o\  ( miiient  for  the  erection  of  long-distance  stations 
and  for  othei  .li  \elo|Miieiit.s  of  the  greatest  importance  to  Franco  and  her 
colonies  and  to  this  company. 

Bra-.il. — The  lompany  has  secured  the  contract,  on  satisfactory  terms, 
for  the  equipment  with  t"hc  Marconi  system  of  10  torpedo  boat  destroyers 
two  battleships  and  two  seouts  which  are  being  built  in  this  country  to 
the  order  of  the  Brazilian  Government .  The  work  is  now  proceeding,  four 
0/  the  destroyers  having  already  been  completed  and  payment  received  in 
resjiect  of  them.  The  company  has  also  secured  the  contract  from  the 
Hydrographical  Deiia-tment  of  Brazil  for  the  equipment  of  the  light- 
houses at  Ilha  Raz.a,  Ponta  Negra  and  Gnaratiba,  and  for  the  erection 
of  a  station  at  Rio  de  .laneiro  to  communicate  with  them.  The  apparatus 
for  these  stations  has  been  delivered  in  Brazil,  and  the  work  of  erection  is 
proceeding,  and  is  expected  to  be  completed  very  shortly.  Part  payment 
Ii:is  already  been  reeeived  under  this  contract.  The  Brazilian  Madeira- 
M  I  more  Railway  is  intended  to  connect  Porto  Velho  at  the  head  of  the 
I  n  igabb  waters  of  the  Madeira  River  with  (iuajara-Mirim,  above  which 
I!  I-  ir.  I;oned  that  there  arc  some  4,000  miles  of  navigable  rivers  flowing 
lilt  iiiLli  ...untrics  rich  in  the  best  quality  of  india  rubber.  Neither  of 
I'll  -'  |il.[.  es  being  in  telegraphic  eommunieation  with  the  1  utside  world. 
ilir  Madeira-Mamore -Railway  obtained  a  concession  for  the  erection  and 
"lirratiou  of  wirele.^s  stations  at  Porto  \'clho  and  Manaos,  the  latter  place 
I  ring  a  cable  station  im  the  Amazon  Telegraph  Co.'s  system.  The  con- 
ii.Ht  for  these  stations  has  been  awarded  to  the  company,  the  price  for 
iIh   work,  which  it  is  expected  will  be  completed  in  December  next,  being 

i;r..soo. 

/;,7;/,»)„. — The  Cie.  de  Telegraphic  sans  Fil  of  Brussels  has  considerably 
iiii  leased  the  number  of  ships  carrying  the  Marconi  system,  and  continues 
to  roiidnct  a  remuuerailve  business. 

Ihiliinriii. — The  P>ulL'^rian  Government. has  awarded  to  the  company 
the  rontraet  for  su|iply  and  erection  of  a  station  at  Varna  with  a  .'500  mile 
iioikiiu;  range  for  ship-lo-shore  communication. 

Il'dij. — The  whole  of  the  Itahan  Navy  has  been  fitted  with  the  Marconi 
:i|'o:iratus  and  the  system  is  also  in  daily  use  on  37  ships  of  the  Italian 
.Ml  leantile  Marine  ;  18  land  stations  are  likewise  available  for  eomuiuni- 
ealion  with  ships  lifted  with  Marconi  apparatus.  The  compli  tioii  of  the 
long-distanee  station  at  Coltano  was  for  some  time  delayed,  as  it  was  felt 
desirable  to  take  advantage  of  the  experience  gahied  in  the  completion 
of  the  Irish-Canadian  stations,  but  the  work  has  now  been  resumed,  and 
I  In  station  should  this  year  be  available  for  eommunieation  with  England 
I  lid  .America.  A  long-distance  Marconi  station  is  in  course  of  erection  in 
li  ilian  .Somaliland,  which  will  presently  form  an  important  link  between 
I'll. lope  ;,nd  the  Far  East. 

I'iih  His.  Ac. — Over  600  patents  are  now  owned  by  the  Marconi  Oim- 
jiiinies.     Several  of  the  patents  recently  taken  out  cover  important  im- 


jirovements,  thus  furthej-  improving  the  patent  position  of  the  company. 
The  directors  determined  that  it  was  dcsirabli.-  to  close  their  Dalston 
f  r.,ondon)  factory  and  return  to  their  former  factory  at  Chelmsford.  The 
neecssaiy  machinery  and  stores  were  transferred  to  Chelmsford  in  August 
last,  and  since  the  removal  the  works  have  been  fully  occupied  with  the 
execution  of  orders  from  the  British  .\dniiialty,  foreign  Governments  and 
the  associated  companies  for  wiiele^^  irl,  jiiph  apparatus  and  accessories. 
The  value  of  the  orders  in  hand  ainoiini-  lo  over  iSV.TOO. 

The  direetoi-  ijiin  call  attention  to  the  utility  of  wireless  telegraphy 
in  the  (1^.  of  li!|,-  in  distress,  which  was  strikingly  demonstrated" in  the 
accidents  win.  I,  1,  lilted  in  the  loss  of  the  White  .Star  liner  '"  Republio  " 
on  January  T.i  and  of  the  "  Slavonia  "  on  .lune  10.  both  this  year.  The 
directors  state  that  these  accidents  illustrate  the  excellent  working  of  the 
Marconi  ship-to-shi]>  and  ship-to-shore  telegraiih  organisation.  The  list 
(forming  the  Appendix)  of  laiye  mss.Is  of  the  ]irincipal  lines  of  steamships 
which  are  titted  with  .Nbovom  .1  |.i,,o  ,1  us  number  over  2(J0  of  all 
nationalities,  and  include  t»o  .  ;iMi  1,  |,  liiing  steamers,  the  "' .Maekay- 
Bennett  "  ((Jommereial  Cable  Co.)  and  the"  Colonia  '"  (Telcgr.iph  Con- 
struction &  Maintenance  Co.). 


BIRMINGHAM  &  MIDLAND  TRAMWAYS  (LTD.)— At  the  meeting  on  Tues- 
day .Mr.  •!.  A.  l.ycell.  managing  director,  said  that  in  their  lighting 
section  there  was  a  net  increase  to  transfer  to  jirofit  and  loss  account  of 
£2,000 — a  result  upon  which  they  might  fairly  congratulate  themselves.- 
In  the  traction  section  the  account  showed  that  traffics  had  increased 
£900,  but  expenses,  owiui;  to  the  additional  .service  and  increases  in  rates, 
&c.,  had  increased  l.\  fJ.TK).  The  net  result  was  that  about  £400  less 
was  transferred  lo  pn-iii  ami  loss.  Investments  had  increased  by  nearly 
£7,000,  due  to  tlie  dividends  received  for  the  first  time  from  the  Shrop-' 
shire  Power  Go.  Cajiital  account  during  the  past  year  showed  £1,054 
increase  on  the  tramway  side  and  £11,002  for  lighting,  and  the  account.s 
showed  that  the  expenditure  had  been  more  than  justified.  During  the 
current  year  developments  in  the  lighting  business  would  demand  further 
capital  expenditure. 

BOMBAY  ELECTRIC    SUPPLY   &  TRAMWAYS    CO.   (LTD.)— The    total 

revi'iine  foi  lllllS  from  all  souna's  was  CI  TT.s:..").  U.S.  Od.,  an  increase  of 
£4ll.!):!,'>.  ItVs.  eonipaied  with  I  !107.  'i  lie  total  expenditure  was 
£110.788.  l.^s.  (id.,  an  increa.sc  of  £23.74;).  3s.  lod.  The  net  receipts  were 
£()7.0G(>.  Kis.  3d.,  compared  with£40,880.  10s.  Id.  Deducting  proportion 
of  interest  (£24,092.  1.3s.  7d.)  chargeable  to  revenue,  there  remained 
£42.474.  2s.  8d..  to  which  is  added  £2,889.  Os.  lid.  brought  forward, 
making  £4.'i.3(i3.  .3.).  7d.  After  deducting  preference  dividend 
(£35,977.  14?.  Hd.),  the  balance  is  £9,385.  9s.  Id.,  which  the  directors 
recommend  be  carried  forward.  The  entire  system  is  now  working  bj' 
electric  traction,  and  repiesents  20'38  miles  of  route,  compared  with 
18'27  mile.s  the  previous  jcar.  Traffic  receipts  from  working  the  horse 
and  electric  traction  systems  amounted  to  £126,098.  .'is.  2d.,  compared 
with  £105,503.  3s.  7d.  Working  expen-ses  in  Bombay  were  £67.9ti0.14s.4d. 
compared  with  £()4.530.  13s.  5d.  The  balance  of  receipts  over  expenses 
was  £,59,919.  14s.  lid.,  compared  with  £41,421.  (!s.  9d. 

From  the  electric  supply  department  the  gross  receipt"!  were 
£47,714.  2s.  lOd.  compared  with  £21.5(ili.  .3s.  Id.  for  the  previous  year, 
including  £25,083.  3s.  7d.  for  current  to  the  tramways,  compared  with 
£17. 700.  17s.  lid.  Working  expenses  were  £39.737.  .3s.  9d.,  against 
fl9..544  Ifis.  9d..' and  the  balance  was  £7,970.  19s.  Id.,  against 
£2,021.  (is.  4d.  There  are  803  consumers  (against  58«),  and  the  total 
equivalent  8  c.p.  lamps  connected  is  124,85(),  against  84.048.  The  re- 
movil  of  the  generating  station  will  result  in  an  imjiortant  reduction  in 
gener  iting  costs,  and  future  developments  of  the  jiower  hon.se,  for  which 
there  is  abundant  space,  can  be  provided  far  more  economically  than 
would  have  been  possible  at  Wari  Bunder. 

The  company  have  entered  into  a  contract  with  the  Brush  Co.  for  the 
erection  of  a  new  generating  station  and  have  placed  an  older  with  that 
firm  for  the  supply  of  4,(300  kw.  of  additional  steam  plant.  Capital 
ex|ieiiditure  duiinir  the  year  in  eonne;  tion  with  'he  *ramways.  lighting, 
power  and  othri  expenses  amounted  to  £232.182.  (is.  Ud."  The  total 
caiiital  expenditure  to  Dec.  31  last  stands  I'.t  £1.719.979.  14s. 

INDIAN  ELECTRIC  SUPPLY  &  TRACTION  CO.  (LTD.)  — The  rejiort  for 
19C8  states  that  the  ye.-u's  working  in  Cawiipore  resulted  in  a  lo.ss  of 
£9,  and  after  adding'  in  terest  on  construction  debentures  (  £7,5C0). 
London  expendituro  (£2  ,127)  and  interest  on  loans  (1912)  the  total 
deficioncv  was  £10,5<19.  With  £6,681  brought  forward,  the  lotnl 
deficit  i.s''£17,25].  Mr.  Scott  Moncrietl,  who  was  for  some  vfixi-s  chief 
engineer  of  the  Calcutta  Electric  Supply  Corpii.,  and  also  has  a  per- 
sonal knowdedge  of  Uawnpore,  has  consented  to  join  the  board. 

SOUTH  METROPOLITAN  ELECTRIC  TRAMWAYS  &  LIGHTINO  CO.  (LTD. 
The  capital  ex]ieiided  duriti<rl908  amounted  to  £5.104.  7s.  4d..  bringing 
the  total  to  £400,407.  12s.  9(1.  The  year's  revenue  was  £.")2.2IO.  3s.  2d.. 
and  after  dcduetiiiL'  expenses,  amounting  to  £44.402.  17s  2d.,  the 
siiriihis  is  £7.777.  (is.,  added  to  £4.30.  10s.  brought  forwaixl.  total 
£8.207.  Kis.  Preference  dividend  for  the  half-year  ended  .lune  .30  last 
absorbed  £4.903.  19s.  5d..  and  the  directors  now  recommend  that  £3.(K>0 
be  placed  to  depreciation  and  reserve  fund,  lea  vim;  £303.  Itis.  7d.  to  be 
earrieil  forward.  The  directors  regret  the  protils  do  not  admit  of  the  pay- 
ment of  the  full  preference  dividend.  The  tiaffic  receipts  derived  from 
the  workine  of  the  tramwavs  and  light  railways  amounted  to 
£4I,S84.  4s.  Id.,  an  increase  of  £470.  I.'is.  Id.  over  the  amount  for  1907. 
The  Board  of  Trade  have  approved  the  transfi-r  to  the  compiuiy  of  the 
undertakings  authorised  under  the  Croydon  and  District  Electric  Tram- 
ways Acts,  1902  and  1903.  and  the  lliteham  Light  Railway  Grdei',  1901. 

the  gross  receipts  tiom  the  electric  sui«)ily  section  of  the  undertaking 


446 


THE  ELECTRICIAN,  JUNE  25,  1909. 


(inrliiding  energy  suiipliod  to  the  tramways)  was  £!t.271.  7s.  Id.,  com- 
pared with  £7.371.  17s.  7d.  The  iulroduction  of  nietalHc  filament  lamps 
has  affpetetl  the  .sale  of  current,  but  even  so  the  receipts  show  an  increase 
of  £960.  12s.  (Id.  The  installations  connected  to  the  mains  at  the  end  of 
the  year  represent  the  equivalent  of  48,397  30  watt  lamps,  an  increase  of 
10  per  cent.,  and  the  number  of  consumers  connected  was  SO!),  compared 
with  H03.  Since  the  close  of  tho  year  the  Southern  Hospital  (Carshaltc.n), 
with  an  installation  equivnlent  to  4.r)03  30  watt  lamps,  has  been  con- 
nected, makini:  tlic  total  to  date  r)3,9!l(i  30  watt  equivalent  lamp.s. 

SYLVERL'STE  ELECTRIC  LAMP  CO.  (LTD.)— At  an  extraordinary 
meeting  on  Monday  it  was  resolved  to  sell  the  undcrUiking  to  a  new 
comp;iny  to  be  ciilled  Sylverlyte  (1909).  Ltd.,  with  a  nominal  capital 
of  f  iiO.OOO  in  £1  shares.  It  was  stated  that  the  company  started  in 
April.  1908.  with  only  £1,500  working  capital,  and  additional  capital 
was  wanted  for  extensions. 

WESTERN  UNION  TELEGRAPH  CO.— The  report  for  the  June  quarter 
stiUes  that  the  surplus,  .Jan.  1, 1909.  was  516,077,905  CO,  the  net  revenues 
in  March  (juarter  were  SI, 681, 893  50,  and  after  appropriatiutr  for  divi- 
dend of  I  per  cent. (paid  April  15  §747,198  75,  and  for  interest  on  bonded 
debt  .?433,062  50,  there  was  a  surplus  at  iMarch  31  of  116,582,537  25 
The  net  revenues  of  the  (piartcr  ending  June  30,  based  upon  nearly 
completed  returns  for  April,  partial  returns  for  May,  and  estimating 
the  business  for  June  will  be  about  SI, 700,000  00,  and  deducting  interest 
on  bonded  debt  S433.062  50,  leaves  estimated  net  earnings  for  the 
quarter  SI. 266,937  50.  It  requires  for  a  dividend  of  |  per  cent,  about 
.?747,400  00,  deducting  w  hich,  leaves  a  surplus  of  .5:17,102,074  75.  The 
committee  recommend  the  board  to  declare  a  dividend  of  J  per  cent., 
jHiyable  on  and  after  July  15, 

J.  G.  WHITE  Ss  CO.  aTD.)— The  directors'  report  for  tho  year  to 
Feb.  28  states  that  the  results  of  the  business  have  again  been  satis- 
factory, with  a  net  profit  on  the  year's  trading  of  £39,977.  8s.  lOd.,  an 
increase  on  the  preceding  period.  As  usual,  profit  has  only  been  taken 
on  work  actually  completed  at  date  of  balance-.sheet.  The  depression 
of  trade  in  the  last  two  years  has  reduced  the  amount  of  construction 
business  obtainable,  but  the  company  is  carrying  out  important  works 
in  Brazil,  Argentina  and  other  points  abroad.  Negotiations  now  in 
progress  should  lead  to  additional  business  within  the  ne.xt  few  months. 
The  directors  feel  that,  in  view  of  the  generally  adverse  business  con- 
ditions, the  results  shown  are  satisfactory,  and  they  believe  that  the 
prospects  for  the  current  and  future  years  "are  encouraging.  The  return 
of  interest  and  dividends  on  investments  during  the  year  was  equal  to 
5-9  per  cent,  on  the  amount  of  valuation.  The  balance  to  credit  of  profit 
and  loss,  after  bringing  in  £16,249.  2s.  lOd.  from  previous  account,  de- 
ducting interim  preference  dividend  and  making  provision  for  percentages 
due  to  directors  and  staff,  is  £46,960.  6s.  It  is  recommended  that  there 
be  paid  the  balance  preference  dividend  (tax  free)  (£4..500) ;  a  dividend 
(tax  free)  of  6  per  cent,  on  the  ordinary  shares  for  the  year  to  Feb.  28 
(£3,000)  :  an  additional  2  per  cent.  r,n  the  i>refcrrcrl  andoidinary  shares 
(making  8  per  cent,  for  the  year  on  all  shares)  (£4.000),  placing  £20,000 
to  reserve  (makmg  the  total  £100,000),  leaving  £1.5,460.  6s.  to  be  carried 
forward. 


NEW  COMPANIES,  STATUTORY  RETURNS, 
MORTGAGES  AND  CHARGES,  &c. 


NEW  COMPANIES. 
BEAM  CO.  (BRITISH  ELECTRICAL  &  MECHANICAL  CO.)  (LTD.)  (103,386.) 
Beg.  June  8,  capital  £1,000  in  £1  shares,  to  take  over  the  business  of 
an  electrical,  telegraph  and  general  engineer  and  contractor,  carried 
on  by  Mr.  A.  Lawes  as  the  Beam  Co.  Private  com[)any.  First  direc- 
tors are  A.  Lawes  and  W.  J.  G.  FitzGibbon.  Reg.  office,  35,  Devon- 
shire-chambers, London,  E.C. 

BRITISH  VITRITE  WORKS  (SWANS  PATENTS)  (LTD.)  (103,549.)— Reg. 
June  17,  capital  of  £30.000  in  £1  shares,  to  adopt  an  agreement  with 
Swan's  Patent  (Ltd.)  and  to  carry  on  the  Im.sines8  of  manufacturers  of 
and  dealers  in  nitrite  and  other  caps  or  bases  for  incandescent  electric 
lainp^,  electric  latnpsand  fittings,  apparatus  and  accessories,  Ac.  First 
directors,  B.  M.  Drake  and  \V.  A.  Turquand.  Swan's  Patents  (Ltd.) 
have  the  right  to  nominate  two  directors.  Keg.  office,  Broad-street 
House,  New  Broad-street,  London,  E.G. 

CHARLE8T0WN  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.)  (3,440.)— Keg. 
in  Dublin, .hirie  16,  capital  £1,500  in  £1  .-.Ij.ircs,  with  objects  as  inilicated 
by  the  title.  Private  company.  Tlie  Hcv.  .\I.  Keveney  is  sole  director 
until  the  election  liy  .-haroholdcrs.  I'lCg.  ollice,  Charlestown,  Co.  Mayo. 

FAIRBANKS,  MORSE  &  CO.  (LTD.)  (103,493.)-Reg.  June  14,  cai.ital 
£5,0C0  in  £1  shares,  to  carry  on  the  business  of  selling  agents  and 
salesmen  of  oil  engines,  motors,  steam  pumps,  pumping,  electrical  and 
other  plant  and  machinery,  &c.     Private  company. 

MAXWELLS  (DUNDEE)  (LTD.)  (7,161.)— Ueg.  in  Edinburgh  Juno  14, 
capital  £25,000  in  £1  shares,  to  purchase  the  property,  electrical 
pl.irit  and  goodwill  of  the  business  of  Maxwell,  Son  &  Co.,  electrical 
and  mechanicid  engineers,  &c.,  of  Dundee.  Private  company.  First 
directors,  I).  Maxwell,  J.  Lockhart  and  J.  Forrester.  Heg.  office,  26, 
St.  Andrew-street,  Dundee. 

POWER  TRANSMISSION  SYND.  (LTD.)  (103,581).— Reg.  June  18,  capital 
£40.COO  in  39,500  cumulative  preferred  participating  ordinary  shares 
of  £1  each  and  10,000  deferred  shares  of  Is.  each,  to  adopt  an  agree- 
ment with  E.  Hess-Remanda,  and  to  carry  on  the  business  of  elec- 


tricians, generators,  accumulators,  distributors  and  suppliers  of  elec- 
tricity, engineers,  proprietors  of  tramways  and  railways,  omnibuses, 
&c.     First  directors,  W.  Scott-Scutt  and  E.  Hess-Remanila. 

STATUTORY  RETURNS. 
BOURNEMOUTH    &   POOIE    EIECTRICITY    SUPPLY    CO.    (LTD.)— The 

capital  in  return  to  April  1  is  £5C0,C00  in  25,000  ordinary,  7, SCO  4.J  per 
cent,  cumulative  i)refercnce  and  17,500  6  per  cent,  second  preference 
shares  of  £10  each,  of  which  15,000  ordinary,  7,500  4A  per  cent,  pre- 
ference and  15,000  6  per  cent,  second  iirefercnce  have  been  taken  up. 
£575,000  has  been  received.     Mortgages  and  charges,  £187,500. 

MATHER  &  PLATT  (LTD.)  Return  to  March  10  (filed  March  30)  gives 
ca|iital  as  £1,000.000  ill  50,000  preference  and  50,000  ordinary  shares 
of  £10  each,  of  wliicli  40,000  preference  and  40,000  ordinary  shares 
have  been  taken  up.  £10  per  share  has  been  called  up  on  29,200 
preference  and  2,500  ordinary,  and  £317,000  has  been  received. 
£483,000  is  considered  as  paid  on  10,800  preference  an  1  37,500  ordinary. 
Mortgages  and  charges,  nil. 

SOUTHERN  ELECTRIC  FREE  WIRING  CO.  (LTD.)- Return  to  May  3, 
1909,  gives  capital  as  £6,000  in  £1  shares,  of  which  1,510  have  been 
taken  up.     X'1,510  has  been  received.      Mortgages  and  charges,  nil, 

WOKING  ELECTRIC  SUPPLY  CO.  (LTD.)— In  return  to  Aiiril  17  capital 
is  £100,000  in  50,000  preference  and  50,000  ordinary  shares  of  £1  each, 
of  which  34,098  preference  and  20,552  ordinary  have  been  taken  up. 
£54,650  has  been  received.     Mortgages  and  charges,  £46,175. 

MORTGAGES  AND  CHARGES. 

NEW  IGNITION  SYND.  (LTD.)— Issue  on  -lune  3  of  £500  debentures, 
part  of  series  created  Nov.  12,  1908,  to  secure  £5,000,  charged  on  com- 
pany's undertaking  and  property,  present  and  future,  including 
uncalled  capital.  No  trustees.  Previously  issued  of  same  series,  £3,5C0. 

ELECTRIC  LANDAULETCO.  (LTD.)— First  mortgage  debenture,  dated 
June  2,  1909,  to  secure  £5,000,  charged  on  company's  undertaking  .and 
property,  present  and  future,  including  uncalled  capit.il.  Holders, 
London  Joint  Stock  Bank. 

JOHNSON  &  PHILLIPS  (LTD.)— Particuliirs  of  £50,000  debentures 
created  .Tune  10,  1909,  filed  pursuant  to  sec.  95  (3)  of  tho  Companies 
(Consolidation)  Act,  1908,  amount  of  the  present  issue  being  £37,000. 
Property  charged,  Company's  undertaking  and  property,  present  and 
future,  including  uncalled  capital.     No  trustees. 

LIMITED  PARTNERSHIP. 

F.  BURKS  &  CO.  (199). — Reg.  .June  10  :  manufacturers  of  electrical 
machines,  apjiaratus  and  devices  (37,  Port-street,  Manchester);  part- 
nership commencing  June  6,  1909,  terminable  at  six  months'  notice 
after  May  31,  1914,  or  earlier  under  certain  conditions.  General 
partners :  F.  Burks,  37,  Portland-street,  Manchester,  and  F.  C. 
Poulton,  78,  Belgrave  road.  New  Moston,  Manchester.  Limited  part- 
ner :  V.  Bramall,  Shade  House,  Pendleimry,  near  Manchester,  con- 
tributing £125  in  cash. 


CITY  NOTES. 


MEMORANDA  (June  211. — Bank  rate  2^  per  cent,  (since  April  1, 
1909).  Price  of  silver,  24Jd.  per  oz.  Consols  84 , ';;  — 84 ,'j  for  money  and 
84^-845  for  account.  Consols  Pay  Day,  July  1  ;  Stock  and  Shares 
Continuation  Day,  July  12  ;  Ticket  Day,  July  13  ;  Pay  Days,  June  25 
and  July  14  ;  Mining  Shares  Carry  Over  Day,  June  22. 

Prices  op  Metals  (London). — Copper,  cash,  58;  ;  three  months 
59A.  Lead,  English,  13 J  ;  foreign,  cash,  13yL  ;  three  months,  13, >. 
Spelter,  Ciish,  21'^— 21;  ;  three  months,  22i.  TtJi,  English,  132—134  ; 
foreign,  cash,  133  ;  three  months,  133J — 134i.  Iron,  Cleveland,  cash, 
48/3  and  three  months,  48/11.  Magnet  Sttd  (priCQ  supplied  by  W.  F. 
Dennis  &  Co.),  £55. 

CALCUTTA  ELECTRIC  SUPPLY  CORPN.  (LTD. )— The  number  of  units 
delivered  tociiiisuiiu;r>  dmiii-  tin- four  weeks  ended  May  28,  1909,  were 
695,479,  compared  with  552,698  units  in  the  corresponding  four  weeks 
of  1908. 

EASTERN  TELEGRAPH  CO.  (LTD.)— This  company  announce  the  pay- 
ment on  .luly  15  of  a  dividend  at  the  rate  of  Sj  per  cent,  per  annum 
(loss  lax)  on  tho  preference  stock  for  the  (}uarter  ending  June  30,  and 
a  first  (puirterl}'  interim  dividend  of  Ij  per  cent,  on  the  ordinal)-  stock 
(tax  free)  in  respect  of  profits  for  the  year  ending  Dec.  31,  1909.  The 
transfer  books  of  (ho  ordinary  stock  will  be  closed  from  .luly  7  to  14 
inclusive. 

EASTERN  EXTENSION  AUSTRALASIA  &  CHINA  TELEGRAPH  CO.  (LTD) 
The  directors  have  declared  an  interim  dividend  for  the  quarter  ended 
March  31  last  of  2s  6d.  jier  share  (tax  free),  payable  15th  prox.  The 
.share  register  will  be  clo.sed  from  July  7  to  14  inclusive. 

GREAT  NORTHERN  TELEGRAPH  CO.  (LTD.)— The  directors  have  de- 
clared a  dividend  of  5  per  cent  (lej^s  tax)  fur  the  past  half  year. 

NATIONAL  ELECTRIC  SUPPLY  CO  (LTD.)-An  interim  dividend  of  3s. 
per  share  (less  tax)  has  been  declared  on  the  ordinary  shares  for  the 
past  half  year. 

PROVINCIAL  TRAMWAYS  CO.— The  directors  have  resolved  to  pay  an 
interim  di\i(lciid  of  3s.  pi-r  sli.are  (less  lax)  for  the  .year  ending  Sept.  30. 

VICKERS,  SONS  &  MAXIM  (LTD.) -Col.  T.  E.  ^'ickers,  C.B.,  has    re 
signed  the  chairmanship  and  man.aging  directorship  of  the  company, 
and   the   board   have  elected   Mr.  Albert  Viekers  (who   has  been  a 
managing  director)  as  jhairman,  and  Lieut.  A.  Trevor  Dawson  as 
managing  director. 
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ELBOTBIG  TB&HVAT  AND  B&ILVAT  IBAFFIG 
RECEIPTS. 


iborfoon  Ootpor»tlon 

iWrle  .., 

Uglo- Argentine 

ATT  Corporation 

iiker  St.  4  Waterloo  Bj.... 

BkrDHley.. 

BKTOW ■■••■••' 

Bilh  Electric  Trams,  Ltd.. 
Birmingham  Oorporatlon... 

Birmingliam  &  Mid 

Blackburn  Corporation 

Blackpool  and  Fleetwood... 
Bolloo  Corporation 


Bouroemouth  Oorporatlon. 

Bradford  Corporation 

Brighton  Oorporatlon    

Btlltol  Irams  &  Carriage.. 

Bomle;  Corporation 

Barton  Oorporatlon   

Borj  Corporation  

Oiloutta  Tramwaye  Co 

Cuoborne-Bedruttl    

Cardiff  Corporation  

Onehlil 

Oentral  London  Ballvaj  .. 

ObaringC.,Bugton  &  H'atead 

Obllliam  &  Diet.  Lt.  Bys. ... 

Olty  i  South  London  Rly... 

Olty  o(  Birmingham  

OololieBter  Corporation 

Ooik  Kleotrio  Trams  Co.  ... 

Oroydon  Corporation     

DcTonport  &  Cist.Tramg... 

DvTer  Corporation 

MIId  &  Luoan  Bailwaj... 

Dablln  United 

Dadloy-Stourbridge   

Boodee  Corporation 

bat  Ham  OounoU 

Bieter  Corporation 

Oateslioaa  &  Diet.  Trams... 

Qlugow  Corporation 

QIOBSOp  Trams 

Onvesend — Nortiilleet 

Sreat  Northern  \  City  Bly.. 

OtNortbern,  Piooadiliy,&o 
Steenock  &  Fort  Olasgov... 

Eartlepool  Tramways    

Butings  Eleo.  Trams  Co.... 
Bong  Kong  

Uuddersfield  Oorpn 

Hail  Corporation 

niord  Distriot  Oounoil 

Ilkeston  Distriot  Ooanoll,... 
Ipswich  Corporation 

Ids  of  Thanel  Co 

Jiriow  

Selghley  Corporation    

Kidderminster  &  Distriot... 
Kllmamook  Corporation  .. 
Lanarkshire  Trams  Co.    ... 

Unoashire  United 

Leamington 

Leeds  Corporation 

Leicester  Corporation   

Leitb  Corporation 

Lincoln  Corporation 

LlTerpool  Corporation  

Lirerpool  Overhead  Rly.  ... 
Llandudno  &  Oul  wyn  BayRy 
*LoDdon  County  CounoU  ... 

LoDdon  United  

Lowestoft 

Maidstone  Corporation 

Hanohester  Corporation  ... 

Uersey  Railway  

ICeithyr 

Uetropolitau  Dist.  Bailwa} 
HetropolitanEleo.  Trams... 

Blddioton , 

Nelson  Corporation    

Newoastle-on-Tyne  Corp.  ... 

Newport  (Mon.)  

Northampton  Corporation . 
Oldham,  Ashton  &  Hyde  ... 

Oldham  Corporation 

Perth  (N.B.)Oorporation  ... 
hnh(W.A.|  Uleo.  Trams... 

Peterborough   

Portsmouth  Corporation  ... 

Pollories   

Preston  Corporation 

Botherham  Corporation  ... 

Bolhesay  

Stlford  Corporation  

Bbeerness  

Bbeffleld  Corporation 

Singapore  Trams  

South  Metropolitan  

South  Btafls 

I  Southend  Corporation  

Southport  Tramways 

8talyb'dgo,Hyao,&o.,Jt.Bd. 
Sunderland  Corporation  ... 

Sonde 'laild  District  

Swansea  Trams  

Swindon  Corporation    

Taunton    

Tynemouth  and  District  ... 

Tyneside  Trams  Oo_ 

Wallasey  District  Council... 

Walsall  Corpn 

Warrington  Oorpn 

West  Ham  Corporation 

Weston-super-Mare    

Wolverhampton  Co „ 

Wolverhampton  Oorpn 

Worcester 

Wrexham  

Xorksloire  W.B.  Trama 

tortahire  Woollen  Dlslrlet 


6  2IJU 

i,'n3 

l,N(.l 

631 

2,282 

R37,7t3 

1,1?(! 


$8,450 
1,610 
2,30j 


+  1 

+   1,'Ml 


£ 

3,365 

4.97D 
9lt,6iU 

1,459 
80,216 

3.838 

1,912 
l-i.lii 
7.),4U.') 


37,913 

«;69,9U.J 
H,619 

)ll,fc49 
23,423 
16,138 


18,335 

78,0.0 
62.719 


3,Uil 
122,862 
17,741 

6,4.^9 
11,765 

4,186 
22.G26 
4J,398 

2,714 

4,111 
36,993 
139,0.10 
11,631 

l.i'Oi 
£0,661 


2,620 
1,493 
214,193 
32  863 
4,856 
311,963 
133.217 

2,"il8 

174,332 

47,361 

4,8,0 

237,214 

131.073 

7,493 

1,1132 

41,6  4 

7,944 

6,551 

12  t62 


40,1.S7 
8,0Jl 
6,133 
2,2.5 
51,561 
1,067 
70,lj6 
}3i9,78i 
17,055 
18,977 
6,101 
.6,0. '2 
9,012 
13,213 
11,747 
20,'J6J 

"t21 
3  8J5 
9,tOl 
10,761 
12,109 
4,139 
21,315 
1,681 
9,400 
17,587 
0,871 
3,165 
38,940 
20,135 


f  B50,463 
)-  231 

f      "  718 


ELECTRICAL  COMPANIES'  SHARE  LI8T- 


(  1   Theio  comparisons  am  with  the  correspouding  period 
U  Plus  3  days,    •  Partly  electrical,    t  Miuua  3  day 


last  ye.ir.     §  Plus  adays, 
s,     {  Minus  3  days. 


Last 
Divi. 


HZ 


2/6 
100    4^ 

st.l  HX 

6X 

6% 
f>Z 

8/0 
6/0 


U 


ELECTRICITY  SUPPLY. 

Bournemouth  &  Poole  El)^o.  Bnp.  Ord 

Do.     4i  per  Cent.  Com.  Pref.  

Do.     6  per  Cent.  Cum.  .Second  Pref. 

Do.     4J  per  Cent.  Deb.  Slock  (red.) 
Bromley  (Kent)  El.  Lt.  Si  Power  Shares 

Do.  Do.  1st  Debs. 

Bromptoii  &  Kensington  Eleo.  Sup.  Ord. 

Dk.     7perCent,  Pref 

Cent     1  Elec.  Sap.  Co.4 '/,  Ooar.Db.Stook 
CharinKCro88(W.End4City)EI.Sup.Co. 

Do.     4J  per  Cent,  Pref.   

tDo.     4  per  Cent.  Deb.  Stock  (red.) 

Do,    4i  per  Cent.  Dob.  Stock  (red.)  „ 

Do.    City  Undertaking  44^  Cm.  Prel. 
Chelsea  Electric  Supply  O 


Du.     4*  per  Cent.  Deb.  Stock  (rod.)  ... 
City  of  London  Electric  Lighting  Ord... 


6  per  Cent.  Cum.  Pref. 

Do.     6  per  Cent.  Deb.  Stock  (red,). 

Do.  4i  percent.  2nd  Deb.  Stock  (red.) 
ConntyofDurhamEteo.  P.D.  Ord 

Do.     6  per  Cent,  non  Cam.  Pref. 

County  of  London  Elec.  Supply  Ord 

Do.     6  per  Cent.  Cum.  Prof. 

Do.    4J%  Deb.  Stock  (red.)    

Do.     Second  Deb.  Stock 

Kolkestone  Electricity  .Supply  Co.  Ord. 

Do.    6  per  Cent.  Gum.  Pref. 

Do.    4J  let  Deb.  Stock  (red) 

Hove  Electric  Lighting  Ord 

Kensington  &  Knightebridge  Ord 

Do.    6  per  Cent.  1st  Pref 

Do.     4  per  Cent.  Deb.  Stock  (red.) 

Eensingtn.  t  Kngtbg.  Co.  &  Notting  Hill 
Co.  (Joint  Station)  i'/.  Deb.  Stock  (red.) 

Kent  Elec.  Power  Co 

London  Electric  Supply  Ord 

Do.     6  per  Cent.  Pref. 

t  Do.     4  per  Cent.  1st  Mort.  Deb 

Metropolitan  Electric  Sup.  Ord 

Do.     4J  per  C^nt.  Com.  Pref.  

Do,     4J  per  Cent.  Deb.  Stockist  Mort. 

Do.  8i percent.  Mrt.  Dab.  Stock(rad.| 
Midland  Elec.  Corp.for  P.D. IstMort.Db. 
Newcastle  &  Dist.  Eleo.  Ltg.  Ord 

Do.    4i  per  Cent.  Deb 

Newcastle  Elec.  Supply  Ord 

Dd.     6  per  Cent,  non  Cum.  Pref.  

Do.  4  per  Csnt.  Mort.  Dab.  red.  1907. 
Norlli  Metro.  Eleo.Power  Sup.  5  Morts 
Northern  Counties  Elec.  Sup 

Do.     4i  per  Cent.  Dab 

Notting  Hill  Electric  Ord 

Oxford  Electric  Ord 

Do.    4  per  Cent.  Deb.  Stock    

Bt.  James'  &  Pall  Mall  Elec.  Ord. 

Do.     7  per  Cent.  Pref,    

Do.  3J  per  Cent.  Dab.  Stock  (red.)  ... 
Smithfield  Markets  Electric  Sup.  Ord... 
South  London  Electric  Supply  Ord 

Do.     6;'- 1st  Mort.  Stk.  Bed 

South  Metropn  Eleo.  Lt.  &  Power  Ord. 

Do.     7  per  Cent.  Cum.  Pref 

Do.     4il»'Db.  Stk.  Red 

Urban  Electric  Supply  Ord 

Do.     6  per  Cent.  Cum.  Pref.    

Do.     44  per  Cent.  1st  Mort.  Deb 

Westminster  Elec.  Sup.  Ord 

Do.    4J  per  Cent.  Cum.  Pref.   

ELECTRIC  RAILWAYS  H  TRAMWAYS 

Baker  St.  «  Wslcrloo  i'i  Perp.  Db.  Si 
Bath  Elec.  Trams  Pref.  Ord 

Do.     6  per  Crat.  Cum.  Pref. 

Do.  4)  Ist  Mort.  Deb.  Stock  (red.) ... 
B'ham  S  Midland  Trams  4)  1st  Di.Stk. 
Bristol  Tramwiiys  &  Carriage  Ord 

Do.    Cum.  Pref.  (fully  paid) 

Do.    4  per  Cent.  Dabs 

British  Electric  Traction  Ord 

Do.     6  per  Cent.  Cum.  Pref. 

Do.     6  per  Cent.  Perpetual  Dabs 

Do.     H  per  Cent,  2ud  Deb.  Stock 

Central  London  Ordinary  Stock 

Do.     4  per  Cent.  Pref.  Stock    

Do.     Deferred  Stock    

Do.     4  per  Cent.  Debs 

Charing  X.Euston&Hmpstd  Per.Db.Stk. 
City  of  Birmingham  Trams.  6%Cul.Pref. 


PrlM 

Wed. 

June  23 


Dl-lO  6    0  0 

9B  -10)  4     9  0 

lOj-10}  6  11  6 

lOl  —105  4     S  6 

»l-4ii  6  15  9 

03  —to  4  le  0 

8i-9  .5  11  0 

8  — 8i  4     2  6 

97  -luO  10  0 

33-44  0  11  0 

4|-45  1   U  0 

i6  -;ia  4    10 

103  —102  4     8  0 

3} -4  J  5     S  6 

n-n  4     9  3 

102  -105  4     7  6 

lOJ-11  6  10  0 

llj  -l:i  4  H  0 

121  —124  40  J 

101  —101  4    6  6 
U-2J 

3S-3J  :i  11  5 

84  -61  6  15  8 

lOj-llJ  6     8  0 

116  -lUD  429 

lO'l  — U3  4     7  6 

4i-5  6  10  0 

6  — •ij  4  11  0 

9S  -'.01  4     9  0 

7i  -7J  6  116 

01 -7S  6    2  0 

61  -9i     I  4  li  6 

97  —10)  4    0  0 


85  —39 
U-2J 
54-54 

80  -91 
4S-4» 

ti-H 

107  — IW 


3  19 

4  12 

4     -2 


99  -101      4  19     0 


91  — )3 

11;  -12.5 


8J  -fi 

7  -n 

83  -90 

il  -34 
1)2  — 1^4 

A-l'r. 
lill-l's 

100-103 
8-1 
U-2i 

60  — S4 
Si -91 
64-5! 

93  — lOJ 

i-i 


71 -Si 
84 -8J 


84  -63 

85  — S7 
4t  — jl 

102  -104 
92  —91 
4J-M 


6  IS    3 

4  19     0 
4  18    6 


4  18  0 

5  12  0 
4  18  0 
3  16  6 


Do.    4  per  Cent.  1st  Mort.  Dabs 97-lol      3  19    0 

City  4  South  London  Elr.  Con.  Ord.  ...'     °'       ""        ''•    » 

Do.    6  per  Cent.  Perp.  Pref.  (1891)    ... 

Do.     (1890) 

Do.    (190!) 

Oo.    (1903) 

Do.     4  per  Ceut,  Perpetual  Dabs 

Dublin  United  Trams.  Ord  

Do.     6  per  Cent.  Pief. 

Gt.  Nortbern  &  City  Rly.  I'ref.  Ord.(4Ji) 
G.  Northern,  Pico.  S  Bromiitou  Ij^  G.Pf 

Do.    4  per  Cent.  Dab.  Stock 

Hastings  &  District  Eloc.  Trams.  6.i  C.P, 

Do.       4i  Db.  Bt 

Imperial  Tramways  Ord, 

!Do.    0  per  Cent.  I'ref.  

(Do.     44  per  Ceut.  Dobs 

1.  of  Thauet  B.  T.  &  Lt.  5  per  Cant.  Pref, 

Do.    4  per  Ceut.  Dob.  Siook 

Lanarksuire  Tramways  

Lanes.  Utd.  Trams  6  ;  Prior  Lien  Db.  St. 
Liverpool  Overhead  Railway  Ord 

Do.    6  per  Ceut.  Pref, 


31  -32 

llO  — U2 

1   101  —109 

10 1  -l)j 


i  -1 

81-  i 

91  -9J 
2-2i 

SJ  -3l 
4)  -6 
<lJ-74 

8/  -SI 
i-H 

67  —82 

9;s— 1)/; 
91  — 9J 

i-U 


Do.    4  per  Ceut.  1st  Alort.  Deb.  Stock 

Mersey  Con.  Ord.  Stock    

Metropolitan  Eleo.  Tramways  Ord. . 

Do.    Deferred   -• 

Do.    6  per  Ceut.  Cum.  Pref.  

Do.    4)  per  Cent.  Dob.  Stock  

Metropolitan  Railway  Ctinsolidatwl  . 

Do.    Surplus  Lauds  Stocks 

Do.     Si  per  Cent.  Preference 

Do.    siporCeut.  "A"Prolorouoe  . 

Do,    84  per  Ceut.  IXiuveruble  Pr»f, |     Si  —St 

Do      84  per  Cent.  Uebouture  Stock  9i  — 9j 

^i^^^SiiiHTthi^^WiilowanM  ha.  b«>n  made  for  »o«usd  iotareai  bat  iiot  tor  radempuou 
B    ly    d^         *  """  '-"■'-"  S'^-"  KKch^uiM  Committee  have  declined  to  nuot^  the« 


SI  —1 

IJ  -2  J 
69  -7.1 
1  -S 

a-1. 


$3—31 
Uj  —101 
834 -S9 
83  —70 
89  —91 
8J  —81 


digh- 

bow. 

cat. 

Mt. 

l(ar,8ep 

^ 

Feb,  Aa| 

a« 

Feb,  Aok 

,• 

Jan.  Jaly 

,, 

April,  Oo 
ifay.  No 

„ 

,. 

Mareh.... 

Mar,  BepI 

» 

June,  Dm 

_ 

Feb,  Aug 

Feb,  Aug 

•  a 

^ 

lOlJ 

I0J4 

Jan,  July 

M 

.« 

March    .. 

Jane,  Dec 

^ 

Feb,  Aug 

iOJ 

.. 

Jan,  July 

12* 

June,  Deo 

Jan,  July 

1W4 

\mi 

April,  Oct 

_ 

April,  Oct 

Feb,  Aag 

Mar,  Sept 
Jau.Ju^ 

101! 

Vi\ 

1074 

May,  Not 

i"i, 

a^ 

April,  Oct 

., 

Mar,  Sept 

Feb,  Aug 

« 

.. 

AprU,  Oct 

_ 

«a 

Feb,  Aag 

_ 

Jan,  July 

z 

- 

AprU,  Oat 

Jan,  July 

Mar,  Sept 

Mar,  Sept 

•« 

Jan,  July 

« 

,, 

April.  Oct 

Jan,  July 

•  • 

June,  Dae 

mm 

_ 

Jan,  July 

June,  Dae 

_ 

Feb,  Aug 

_ 

Jan,  July 

•  a 

Feb,  Aug 

Feb,  Attg 

«■ 

•■ 

Jan,  July 

— 

^ 

\))i 

»J4 

Mar,  Aag 

Jan,  Jaly 

u 

,, 

Maroh  .. 

— 

„ 

March   .. 

^ 

Jan,  July 

_ 

Feb,  Aug 

% 

Feb,  Au^ 

'\ 

n 

Jan,  July 

Feb    .... 

AprU.... 

~ 

•• 

Fab,  Aag 

~ 

•• 

April,  Oct 

M 

AprU,  Oat 

.• 

AprU,  Oat 

■• 

AprU,  Oct 
Mar,  Sept 

6| 

81| 

Jan,  July 

•• 

Jan,  July 

9?J 

April.... 

^ 

Jan,  July 

_ 

AprU,  Oat 

,a 

Jan,  July 

Feb,  Aa» 

- 

Feb,*Aag 

■■ 

_ 

Jane,  Dae 

I 

Feb,  Aug 

«!; 

n 

AprU,  Oat 

May,  Nov 

•  a 

Feb,  Aug 

*^A 

Feb,  Aug 

« 

Feb    .... 

.a 

Jan,  July 

lOJJ 

Jan,  July 

^^4 

April,  Oat 

April,  Oat 

Feb,  Aug 

3i* 

Feb,  Aug 

.. 

Feb,  Aug 

- 

Feb,  Aug 

M 

Feb,  Aug 

May,  Nov 

■^ 

Feb,  Aug 

Feb,  Aug 

Feb,  Aug 

xt 

Fab,  Aug 

« 

Jau,  July 

I'i, 

tt^ 

.Mar,  Sept 

M 

April,  Oat 

M 

Mar,  Sept 

Mar,  Sapt 

•  * 

Jan,  July 

M 

.Mar,  S3,it 

tm 

Jau,  July 

* 

Feb,  Aug 

Jan,  J  uly 

9Jt 

Feb,  Attg 

« 

Feb,  Aug 

— 

mm 

Jan,  July 

M 

Jan,  July 

Jan,  July 

TO 

04 

Feb,  Aag. 

- 

AprU..  . 

Feb,  Aag 

; 

J.a,JuU 

lOuJ 

Feb,  Aug 

a»,', 

ss'd 

Feb,  Aug 

I'd 

Feb,  Aug 

UI 

9J* 

Feb,  Aug 

Feb,  Aug 

^i 

— 

Jan,  July 

tfij 

93 

'( 


^  The  London  Stock  ExchiUige  Committee  have  declined  to  nuate  i 
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LtBt, 

Din- 


Price 

Wed.. 

June  23. 


riKLD-      "'?,??'"'       WEEK  TO 
•n  DDE.  i,„^,-)T 


List, 

OIVI- 

dbndI 


EIFCTRIC  RAILWAYS  A  f^hHUkn-Contlnueil. 
Met.  Ely.  3J  p«r  Cent.  "  A  "  D«b.  Stock       H  — W 

If  vrt.p.litan  District  R»Uw«T  brd ill— i'.j 

l>c.    Exletnion  Pref.  (6  ix-r  Cent.)  4l— 13 

Do.     A?>eEteil  Fxl.  Pref.  (Int.  Ou»r.  hr 
■  Cnd.  Eleo.  Blvs.  Co;  of  Ix>m1on,  Ltdj      ««  -70 
Do.     SperCent.CoTiwItd.  Itenl-cbareel     iS  — SO 
21     4X    I     Do.     4  r»r  Cent.  Midlnnd  Rent-durgel  )U1  — IfB 

DI-,  ,,»  !     j)p      Go«r.  Stock  4  per  Cent t9  — !fJ 

-       -      ■  m  -1.3 


fit. 

m' 

BU 

St 
St. 

m 

'"  i 

Bt. 
St. 

St 

*x 

6Z 

St. 

4% 

6 

1 

n/6 

««% 

07S 

Rt 

4% 

100 

bX 

r 

U 

44% 

b 

6 
31. 

1 

4* 

..     1 

;  i/4;t 

i  2rtt 

i  6/0 

5  3/0, 

St.  *« 


ft.  i?. 


Do.    6  per  Cent.  P^rp.  Deb.  Slock 

Do.     4  i>erCeiit.  Ditto 

JJew  Gen.  Trtct.  6  per  Cent.  Cam.  Pref. 
Potteries  Electric  Traction  Ord. 

Po.    6  per  Cent.  Cnm.  Pref.  ... 

Do.    a  per  Cent.  Deb.  Stock 
S.  Met.  Elec.  Trams.  *  I.te.  65;  Cm.  Piref. 

Do.     4  per  Cent.  Deb.  Stock 

BnnderUnd  Diit.  Elec.Tnn«.6*l"IMt.Db. 
rnderi:dE.RT».t..n.6'  In.bds.witlicoup.: 

Do.  5*  Prior  Lien  Bonds 

Do.    4*t  lionds  Willi  coup.  3 „.. 

Yorkshire  (W.B.)  Elec.  Trams.  Ord 

Do.    6  per  Cent.  Cnm.  Pref.   

Do.     4J  rerCeot.  l«l  I)»b8 

ELECTRIC  MANUFACTURING,  &C. 

Aron  Ele^tncUT  Meter  dr.l.  ...I *.... 

Do.    6%Cum.  Pf.  _ 

Babcock  &  Wilcox  Ord 

Do.    Pref. 

British  Insniated  A  He'.sbj  Cables  Ord. 

Do.    6  per  Cent.  Pref. 

Do.  H  per  Cent.  1st  Mort.  Deb.  (red.) 
British  Thoms'n-Ilonsfn  iiX  1st  Mt.Db 
British  Weslinghonse  6  per  Cent.  Pref... 
Do-    6  i-er  Cent.  Prior  l.iea  Ubs  (rd.) 

Do.    4  per  Cent.  Mori.  Deb.  Stock  

SL    *i*     B;ushE.Eng.Co.4j»,jPerp.  IstDeb.Stocl 

Kt     4{r        Do.     Perpelnsl  2nd  Deb.  Stock     

1 10  Ot    Callender's  Cable  Con.Ord  xi  and  boLu> 

5    2/6         Do.    6  per  Cent.  Com.  Pref.  

St.    **X       Do.     4J  per  Cent.  Ist  Mort  Debs.  (red. 

i   1/0       Castner-KeUuer  Alkali  Co 

6t.    *^'^       l*"-    4i  percent.  Ist  Mort.  Deb.  (red.) 

0  71     Chadburn's  (Ship)  Telegraph  Ord 

0/7i       Do.    6  per  Cent.  Cum.  Pref.  

1  O/tsS     Consolidated  Electrical  Co 

1    I/O      Consolidated  Signal  Co 

Do.    6  per  Cent.  Cum.  Pref.  

'Crompton  ft  Co.(No3. 1  to  86,000)  

Do.    6  per  Cent,  let  Mort.  Debs,  (red.) 

Daris  ft  Tiuiniins 

Dick,  Kerr  &  Co.  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    4J  per  Cent.  Deb.  Stock   

Edison  Si  Swan  United  ("A"Sh.)(£3pd.) 

Do.    (£6  paid)    

Do.    4  per  Cent.  Sfort.  Deb.  Stock  (rd.) 

Do.    6  per  Cent.  2nd  Deb.  Stock 

Edmundson's  Elec.  Corp.  Ord.    

Do.    6  per  Cent.  Cnm.  Pref.  

Do.    4  J  per  cent.  1st  Mort.  Deb.  (red.) 

Electric  Constmction  Co 

Dc.    7  per  Cent.  Cum.  Pref. 

Do.  4  per  Cent.  Perp.  1st  Mort.  Debs. 
Feiiatti  ltd. ''rerCciit.UtMt.Db.St. 
Ueneral  Electric  (1900)  5%  Cum.  PreL... 
To.    4  percent.  I«t  Mort.  Debs 

5  10/8     Henley's  Telepraph  Works  Ord 

6  2/3         Do      4i  Jier  Cent.  Pref.   

St     *iX       I  o.    4i  per  Cent.  Ist  Mort.  Deb.  Stock 

10  IW     IrdiaBnWicr.Gut.  Pcr.,4c.,Wrk«/.... 

10      .•  Do.     6  iir  Cml.Cum.  Pril 

Do.    4  per  Cent.  Debs,  (red.) 

Kational  Elec.  Construction  Co 

Bicbardsons,  Westearth  &  Co.,  Ltd.  Ord. 

Do.    6  per  Cent.  Cum.  Pref. 

To.    4J  per  Cent.  Perp.  Deb.  Stock    ... 

Simplex  Conduits  Ord 

Do.    6  |er  Cent.  Cum.  Pref.  

lelegrapb  Constructuiu  A  Maintenance 
L;-.     4  per  Cent   Deb.  Bonds  (1909)    ... 

ViiKers,  Eons  A  Maxim.  Ltd.,  Ord 

Do.  b  per  Cent.  non-Cum.  Preference 
Do.  6  per  Cent.  non-Cum.  Preferred 
Do.  4  per  Cent.  Ist  Mort.  Db.Sk.(red) 
Do.  H  I'er  Cent.  2nd  Mort.  Deb.lred.) 
Do.    6  per  Cent.  3rd  Mort.  Debs  Scrip. 

J.G.While  A  Co.6t  Cm.  Pref. 

WillaoB  A  Kobinson  Ord 

Do.    6  per  Cent.  Cum.  Pref.  

Do      4  percent.  Ist  Mort.  Debs. 

TELEGRAPHS. 

Amazon  lelegrapb 

'     Do.     6  per  Cent.  Debs,  (red.)   

Bt.   15;«     Anglo.Amencan  _ 

Bt.  30/0       Do.    Preferred   

Do.    Deferred    

Commercial  Cable  4  per  C«st.  Deb.  Btk. 
Cuba  Submarine  Orel 

Do.    Preference  10  per  Cent „ 

Dliect  Spanish  Ord 

Do.    10  per  Cent.  Cum.  Pref.    

Do.    4)  per  Cent.  Deb IO(H%10V4<i 

Direct  I  niled  Stales  Cable '     l'.'|— Uj 

DirectnistlndiaCable4i%B«.Db.(rd.)    ui  —Uii 
Eastern  Ordinary 

Do.     aj  per  Cent.  Pref.  Stock  

Do.  4  per  Cent.  Mort.  Deb.  Btk.  (red.) 
Eastern  Extension   

Do.    4  per  Cent.  Deb.  Mock  

Eastern  A  S.Af.  4%  Mauritius  Sub.Deba. 
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4  16 


Indo-Europei 
tMackaT  Companies  t^ommon 

tDo.      i'releteuce    

Marconi's  Wireless  leleg.  Co. 

pacilic  A  Europe'n  Tel.4;^UaarJ>b8.(re<L) 

Vest  Coast ol  America 

Do.    4  per  Cent.  Uebs 

Ao    ..        Wevt  India  A  Panama 

10   e/0        Do.    B  per  Cent.  1st  Prof  

10    lo/O   Do.  l)%  2nd  Pre! 

00    bX    I      D),     5  per  Cent.  Deb 

10    8/0       Western  telegraph _       las— 14  '6     0     0     Mr,Jn,0.'D     13il:    134 

6t    iX         Do.     4  per  Cent.  Deb   btook  (red.) "         '  -       --    ■ 

—   ;  4%     ;    WefUra  Union  lelegh.  «1  000  4^  Bonds 

*  In  calculating  the  yields  allow.iDce  hu  been  made  (or  accrued  Inttreft  but  not  for  Kdemptlon 
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Feb,  Aug 
May,  Not 
Jan,  July 
June,  Dec 
May,  Not 
Ja,Ap,Jy,0 
Ja,Ap,Jy,0 
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June,  Deo 
May  .... 
Jan,  July 
May,  Nor 
May,  Not 
May,  Not 
Jan  July 
Mr,Jn,O.D 
102'— 114  I  3  It)  o;i  June,  Dec 
93  —96       4    It    b  I          .• 
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-  ■  TELEPHONES. 

Amer.  Telephn.  &  Telegh.  Cap.  St. 

Do.    Coll.  Trnst  $1,000  4  per  Cent.  Bds 
AnploPortog'se  TeL  6%  1st  Mt.Db.  Stk. 

Chili  THeiihoue 

Monte  Vioeo  I'elephone  Ord. 

Do.    6  per  Cent.  Pref. 

National  Co.  Pref.  Stock  

Do.     Def.  Stock 

Do.    6  per  Cent.  Cum.  let  Pref.   ... 

Do.     6  jier  Ceat.  Cum.  2ud  Prof. ... 

Do.     6  per  Cent.  non-Cum.  3rd  Pref. ... ' 

Do.    Deb.  Stock  3*  per  Cent,  (red.)    ... 

Do     4  per  CcLt.  l)ub.  Stock  (red.) ...... 

Oriental 

Do.    6  per  Cent.  Cum.  Pref.  

Do.     4  per  Cent.  Red.  Deb.  Stock 

Telephone  Co.  of  Egypt  44:!;Db.Stk.(red.) 
United  Kiver  Plate 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    44  Deb.  St.  l;ed 


FINANCIAL  INVESTMENT,  He. 

I  Eleo.  A  Gen.  InTestment  6%  Com.  Prel. 

Globe  Telegraph  Si  Trnst 

Do.    6  per  Cent.  Pret 

Snbmarine  Cables  Trust  (Cert.) 


61  1/3 

St.'  iX 

..  bZ 

100  6^ 


lot  .*li 
lOo!   SJ4 

100  i  b/i 
600 1  6% 


COLONIAL  AND  FOREIGN  ELECTRIC 
RAILWAYS,  TRAMWAYS.  Ac. 

Anglo-Argentine  6%  Cum.  let  Pref,  ...  . 

Do.     10/i  Noucum.  2nd  Pref. 

Do.     4%  Deb.  Slock 

Auckland  Elec.  Trams.  6%  Deb.  (red.).., 
Brisbane  Electric  Trams.  luTest.  Ord.... 

Do.     6  per  Cent,  Cum.  Pref. 

Do.    44  per  Cent.  Db.  PrOT.  Certs 

British  Columbia  El.Ry.Df.  Ord 

Do,     Pref.  Ord.  Stock 

Do.     6%  Cum.  Perp.  Pref.  Stock 

Do.    44  percent.  1st  Mort.  Debs 

Do.     V  ancouver  Power  Debs.    

Do.     41%  Perp   Con.  Deb.  .St 

Buenos  Ayres  Lscroze  Trams  Isl  Ml.  Db. 
buenos  Ayres  Port  A  City  Tram.  Ist  Mt. 

Deb.  Stock .' 

Calcuua  Tramways  (1  to  137,610)  

Do.     6  per  Cent.  Cum.  Prof.     

Do.     4j%l8    Deb.  Stock  (rod.)     

Cape  ElcctricTram  Shares 

Ci  ty  ol  Bucuos  Ayres  Trams  Co.  ( 190  l,Sh. 

Do      4  per  Cent.  Deb.  Stock 

Colombo  Tr,  A  Ltg.  6%  1st  Mt.  Db. 
Electric  Traction  Co.  of  Hong  Koug  6 

per  Cent.  Ist  Mort.  Debs 

HaTana  Elec.  Ry.  Con.  Mt.  6%  $1,000  60 

year  Coup.  Bds 

Kalgoorlie  lillec.  Trams  Sh 

tUc.     5  per  Cent.  "  A"  Deb.  Stock 

lDo.     0  per  Cent.  "B"  Ditto 

Liisbon  Llec,  Trams.  Ord 

Do.     0  per  Cent.  Cum.  Pref...._. 

Do.    E  per  Cent.  Keg.  Mort.  Debs  ...... 

Madras  tlec.  Trams.  6%  Deb.  Slk 

MsLila  Elec.  Ey.  «l,00o  Gold  Houda 

M e  two  1  rams  OC  Com.  St 

Do.    Gen.  Con.  1st  Mort.  b'X  Gold  Bds.... 
Montreal  St.  By.  Sterling  41  par  Cent. 

Debs.  (1822)  (Nos.  601  to  2,000)     

Do.         do.     (Nos.  1  to  4,600) 

TPeiltElec.  Trams  Ord; 

Do.    1st  Mt.  Db.  Btook 

Bangoou  Elec.  Trams  A  Supply  Co,  6% 


.  pr.. 
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Do.    44%  1st  Uorl.  Deb.  Stk.   

Eio  Janeiiu  Tram,  Lt.  A  P.  C. 

Do.    3j  yr.  Uold  Bnda 

Do.     to  yr.  Ml.  IJnds    

Bao  Paulo  Tramway,  Light  A  Power  Co. 
tlOO  Stock 

Do.    6  per  Cent.  1st  Mt.  $600  Db 

Toronto  Ity  Co.  Ist  Mt.  44;^  Sler.  Bonds 


COLONIAL  AND  FOREIGN  ELECTRICITY 
SUPPLY  &I1. 

Adelaide  Elec.  B'ply  Co.  6%  Cu.  Pr.  

Bombay  E. 6.  AT.  6%  Cm.  Pf.   

Do.     44  per  Cent.  Deb.  Stk.  (red.)  

tCalcutta  tlec.  Supply  Ord 

Canadian  Gen.  Blec.  Go.  Com.  St 

Ho.    7%  Cm.  PI.  Stocks 

Castner  Elect  roly  t  ic  Alkali  Co.  (of  tJ.B.  A.) 

1st  Mort.  Sll.  Debs 

Elect.  Develupmout  Co  of  Ont: 

Elec,   LIg.  A  Urac.  Co.  of  Aust.  6  per 

Cent.  Cum.  Pref. 

Do.    6  per  Cent.  Deb  Stock  

Elec.  Supply  Co.  of  Victoria  6  per  Cent 

1st  Mort.  Deb.  bt 

Indian  tlec.  Sup.  A  Xrao.  Oo 

Kalgoorlie  Elec.  Power  A  Ltp.  Ord.  

Do.     6  per  Cent.  Cum.  Prel 

Madras  t.  S.  Corp.  6  per  Cent.  Constn. 

Deb.  bt    

Mexican  Elec.  Light  Co.  b'/,  lat  Mort. 

Gold  Bonds    

Mexican  Lt.  A  Power  Co. Com. St.    .., 

Do.  6;j  lit  Mort.  Gold  Bnds 

Montreal  Lt.  lit.  A  Power  Co.  Cap.  St 
liiver  Plate  Electricity  Co.  Ord 

Do.    6  per  Cent.uon-Cum.Pref 

Do.     6  percent.  Deb.  Stock... 

Bosano  Elec.  Co.  6%  Pret  (1-20,000).., 
bhawmigan  Water  A  Power  Co,  Ca  .. 

Do.    6perCent.Bds 

l;o.    4il'cr.  ton.Mt.  Db,  SI 

Victoria  J* alls  Power  Co.  Pref 
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STATIONARY   OR    PORTABLE. 


Full  1,11, 1  i 
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LONDON : 
Head  Office:  CAXTON  HOUSE,  WESTMINSTER,  S.W. 

Telephone :—QKBiLATiJ>  860-  Telegrauis :—*' SiK'S]BR\LO?i  Lonhon." 

BRANCH    OFFICES: 

Central  House,  New  Street. 


Birmingham. 
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Cardiff. 

GlasEfow. 

Manchester, 

Newcastle-on< 

Sheffield. 


32,  Bridge  Street. 
b9.  St.  Mart  Street. 
163,  Hope  Street. 
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Cl)e  Works  of  m  CancasDIre 
Dpnamo  Ss  rRotor  Co.   >   .    . 

THE  Lancashire  Dynamo  .t  Motor  Co.  is  now  so  well 
known,  and  justly  known  throughout  the  elec- 
trical engineering  world  for  the  excellence  of  its 
products,  that  some  description  of  the  works  where  its 
various  manufacturing  operations  are  carried  on  will 
doubtless  be  of  interest  to  our  readers.  The  value  of  a 
visit  to  an  engineering  w  orks  is  much  increased  if  the  visitor 
has  some  idea  beforehand  of  what  he  is  going  to  see.  For 
this  reason  we  hope  that  the  following  description  will 
prove  useful  to  those  members  of  the  Municipal  I'.lectrical 
Association  who  visit  the  works  of  the  Lancashire  Dvnamo 
&  Motor  Co.  at  Trafford  Park  during  the  course  of  the 
Annual  Convention  at  Manchester. 

The  works  were  erected  in  WM),  but  have  since  been  con- 
.siderably  extended,  until  they  now  employ  upwards  of 
1,000  men.  The  railway  accommodation  is  very  good,  in- 
asmuch as  the  railway  trucks  from  seven  railwavs  can  be 
taken  directly  into  the  shops,  electric  capstans  being  used 
for  this  purpose.  Electric  power  is,  of  course,  u.sed  through- 
out the  works  for  both  power  and  lighting,  being  purchased 
from  the  TrafTord  Power  Supply  (  o.  The  energy  consump- 
tion last  year  was  about  70(1000  units. 

The  works  are  divided  into  four  main  .section.s — viz., 
machine,  winding,  assenibling  and  testing  departments. 
All  these  departments  are  provided  with  overhead  electric 
travelling  cranes,  varying  in  capacity  from  o  to  50  tons. 
There  are  13  cranes  of  this  type  in  all,  in  addition  to  several 
*raall  jib  cranes.     The  machine  shop  comprises  two  bays, 


in  which  are  erected  a  number  of  excellent  examples  of 
machine  tools,  the  larger  portion  of  which  aie  driven  bv 
variable  speed  motors.  The  largest  tool  is  a  boring  mill  of 
IS  ft.  diameter,  which  is  driven,  of  course,  by  a  variable- 
speed  motor.     The  .same  ola.'^.s  of  tooN  are.  as  far  as  possible. 


Fig.  1—500  kw.  Multipolar  Generator. 

grouped  together,  so  as  to  facilitate  production.  An  in- 
teresting instar.ce  of  separate  motor  drive  is  a  side  planer. 
The  motor  driving  this  is  coupled  direct  to  the  screw  .shaft 
operating  the  head,  and  is  reversed  by  means  of  tappet  gear, 
controlling  a  reversing  switch,  at  each  end  of  the  stroke. 
This  planer  cuts  in  both  directions  and  operates  at  80  ft.  a 
minute.  This  machine  was  previouslv  driven  by  an  open 
and  cross  belt,  and  the  speed  under  these  conditions  was 
2-5  ft.  a  minute.     Even  at  this  speed  the  clutch  gave  trouble. 


Fig.  2.— Squirrel  Rotor  Type  Induction  Motor,  Pipe  Ventilated. 

so  it  will  be  seen  what  an  innnense  advantage  is  separate 
driving  bv  means  of  a  motor  on  a  tool  of  this  description. 
There  are  also  three  large  high-speed  planers  in  this  shop, 
in  addition  to  a  number  of  small  ones.  A  planer-miller 
fitted  with  two  motors,  one  for  the  cutting  and  one  for  the 
feeding  drives,  will  be  of  interest,  as  this  ari-angemeiit  gives 
a  very  great  increase  of  production,  owing  to  the  fact  that 
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the  feed  can  be  changed  instantaneously  when  tlie  machine 
is  in  operation.  A  series  of  three  multiple  spindle  drilling 
machines,  each  driven  with  a  separate  variable-speed 
motor,  are  found  both  useful  and  economical. 

All  armature  shafts  produced  by  the  company  are  rough 
turned  and  afterwards  ground,  so  as  to  ensure  absolute 
accuracy.  These  shafts  are  afterwards  pressed  into  the 
armature  .sleeves  in  a  lai'ge  hydraulic  pre.ss.  An  interesting 
feature  of  the  'J'rai^ord  Park  works  is  the  large  number  of 
jigs  and  special  tools  which  have  been  jirovided  in  order 
to  ensure  accurate  and  economical  work. 

At  right  angles  to  the  machine  .shop  there  are  three  bays, 
known  as  the  armature  department.  This  department  is 
confined  to  the  carrying  out  of  such  operations  as  armature 
and  field  winding,  insulating,  taping,  commutator  build- 
ing, &c.  It  is  fitted  with  a  complete  set  of  hydraulic 
presses  for  the  manufacture  of  micanite  rings,  troughs, 
&c.  Three  vacuum  impregnating  and  drying  tanks 
are  also  in.stalled. 

In  the  next  three  bays,  known  as  the  assembling 
department,  all  the  parts  are  put  together  to  form 
complete  machines.  This  department  is  regulated 
by  a  stoi'es,  to  which  all  items  are  sent  as  com- 
pleted, and,  after  being  checked  and  stamped  with 
the  inspector's  initials,  are  ()assed  out  to  be  as- 
■sembled. 

A  separate  building  has  been  erected  close  to  the 
main   machine    shop    in    which   are    conducted    the 
operations    of    armature     plate     stamping,    testing 
and    packing,   one     bay    being    devoted    to    each    opera- 
tion. 

The  Hopkinson  method  is  used  for  testing  wherever  pos- 
sible, while  a  motor-generator  is  provided  for  testing  of 


Q 


Fig.  3.-300  H.P.  D.C.  Vertical  Pump  Motor. 

alternating-current  motors.  This  motor-generator  con- 
sists of  a  variable-speed  motor  coupled  to  a  generator  of 
the  revolving-field  type  The  stator  is  divided  into  sections, 
so  that  practically  any  voltage  can  be  obtained  without  the 
use  of  a  transformer.  Transformers,  however,  are  pro- 
vided for  testing  high-voltage  nmltiphase  motors.  This 
department  is  also  equipped  with  high-tension  apparatus, 
which  gives  any  pressure  up  to  :jO,000  volts.  All  insulating 
material  is  also  thoroughly  tested  in  this  department  before 
being  assembled  in  the  woiks  into  the  various  machines. 


The  bay  adjoining  the  te.sting  department  is  fitted  up 
for  the  manufacture  of  armature  plates,  and  all  armature 
plates  up  to  50  h.p.  are  here  .stamped  at  one  blow,  thus 


Fig.  4.— Standard  Three-Phase  Induction  Motor. 

ensuring  ab.solute  accuracv.  Under  these  conditions  no 
filing  at  all  is  required  after  assembling.  Varnishing  of 
the  armature  plates  is  done  in  a  separate  building  on  account 
of  fire  risks. 
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A  few  of  the  special  points  in  tiie  design  of  the  Lancashire 
Dynamo  &  Motor  t'o.'s  productions  may  be  of  interest. 
Direct-current  generators  and  motors  of  all  sizes  are  in- 
variably built  up  on  a  cast-iron  sleeve,  so  that  thev  are 
quite  independent  of  the  .shaft.     It  is,  therefore,  a  simple 


We  are  able  to  illustrate  and  describe  herewith  a  mean'; 
whereby  such  economies  as  those  described  are  possible. 
That  well-known  firm,  the  Electrical  Power  Storage  Co., 
have  devoted  themselves  for  many  years  entirelv  to  the 
manufacture  of  accumulators,  and  as  a  result  of  their  Ion" 
experience  are  able  to  turn  out  cells  which  will  be  found 
.satisfactory  in  every  way.  The  O.L.  type  of  cell  contains  the 
largest  type  of  plate  at  present  manufactured  by  the  company. 
The  weight  of  each  positive  plate  is  4S  lb.,  and  the  cellis 
capable  of  giving  165  amperes  for  half  an  lioiu'  m-  1|.") 
amperes  for  one  hour  per  positive  plate  per  cell.  It  will 
therefore  be  seen  that  such  an  equipment  is  verv  well 
suited  for  heavy  work  of  all  kinds. 


Fig.  5.— Stindard  Four-pole  D  C.  Motor. 

and  inexpensive  matter  for  the  armature  shaft  to  be  changed 
at  any  time  in  case  of  damage.  All  machines  are  fitted  with 
the  firm's  patent  box  type  brush  gear,  unless  finger  type  is 
specially  preferred.  As  regards  induction  motors,  a  new 
type  of  squirrel-cage  rotor  has  recently  been  patented,  in 
which  the  end  rings  consist  of  a  number  of  copper  or  brass 
stampings  in  the  form  of  armature  plates,  with  a  quarter 
twist  on  each  tooth,  each  tooth  being  fastened  into  the  corre- 
sponding rotor  bar.  Usually  about  six  plates  are  used  for  the 
end  connections  spaced  about  \  in.  apart.  This  ensures  very 
good  ventilation  and  cooling,  and  more  resistance  to  be  put 
into  the  end  connections,  thus  giving  a  better  starting 
effort.  No  bolts  whatever  are  used  in  the  building  of  either 
the  rotor  or  stator  cores.  A  patent  short-circuiting  and 
brush-lifting  device  is  also  fitted  on  slip-ring  motors  when 
required.  This  short-circuiting  device  has  one  movement 
only  and  is  extremely  simple. 

The  '■  Lancashire  "  automatic  reversible  booster  (Turn- 
bull  k  McLeod  patents)  is  one  of  the  specialities  of  this  firm. 
There  are  over  50  of  these  at  work  on  various  tramway 
undertakings  at  the  present  time,  and  it  is  interesting  to 
note  that  this  firm  has  just  secured  the  order  for  the  booster 
required  for  the  new  battery  installation  for  the  Manchester 
Corporation.  This  battery  is  the  largest  which  has  yet 
been  installed  in  this  country,  and  will,  no  doubt,  be  the 
forerunner  of  many  others. 


C*P*$»  Bamrics. 


IN   the   last  issue  of  the  Indu.strial  Supplement  we 
referred  to  the  advances  which  accumulator  traction 
was  making,  and  showed  that  under  certain  conditions 
this  method  had  great  advantages  in  spite  of  the  fact  that 
it  is  very  generally  looked  upon  as  rather  out-of-date  and 
much  too  expensive. 


Fig.  1. 

In  Fig.  1  we  illustrate  a  somewhat  similar  cell,  the  weight 
of  the  positive  plate  in  this  case  being  40  lb.,  while  each 
positive  plate  is  capable  of  giving  140  amperes  for  half  an 

hour,  or  100 
amperes  for  one 
hour. 

Fig.  2  shows 
the  P  type  of 
cell,  which  is  the 
smallest  of  ^the 
three  sizes  sup- 
plied for  heavy 
work,  such  as 
would  be  found 
in  large  central 
stations  or  power 
circuits  Each 
positive  ]ilate 
weighs 22  lb.,  and 
is  capable  of  dis- 
charging at  T).") 
am])eres  for  one 
hour.  Any  ^  of 
these  types  can 
be  supplied  with 
either  plante  or 
pasted  positives 
as  desired. 

A  lighter  tyj)e 
of  coll  is  shown 
ill  Fig.  .'5.  It  is 
designed  for  pri- 
vate installations 
and  house  light- 
ing. Other  cells 
which  are  made  by  this  com])any  and  possess  many  advan- 
tages are  those  intended  more  especially  for  traction  pur- 
poses and  ignition  work  on  motor  cars. 


F^g.  3. 
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All  communications  should  be  addressed  to  the  Editor,  "The 
Electrician '  Industrial  Supplement,  1,  2  and  3,  Salisbury 
Court,  Fleet  Street,  London.  E.G. 

Co/y  fo'  Text  or  Advertisement  pa^es  Jor  next  issue,  piiiiiishin^  on 
July  23rd,  should  reach  the  above  address  by  Tuesday,  July  13th. 

Manujaclurers,  Contractors,  Central  Station  Engineers,  and  those 
interested  in  Electrical  Industrial  Developments  are  cordially  invited  to 
contribute  original  matter  to  the  SUPPLEMENT,  and  when  suitable 
this  will  be  inserted  as  space  permits. 


Filing  Case  for  "The  Electrician  '  Industrial  Supplement. 

The  Industrial  SUPPLEilEXT  is  holed  for  filing,  and  we  are 
distributing  cases  which  will  hold  twelve  issues.  On  request  a  case 
will  bo  sent  to  Consulting,  Manufacturing,  or  Contracting  firms  ;  to 
Chief  or  Resident  Engineers  of  Electricity  Supply,  Traction  or  Power 
Stations  ;  to  any  firm  of  Merchants  or  Agents  ;  to  Railway,  Tramway, 
Dock,  Harbour,  or  other  companies  interested  in  the  applications  of 
Electric  Power,  Ac,  to  their  undertakings;  and  to  other  large  con- 
sumers of  electrical  energy,  either  at  home,  in  the  Colonies,  or  abroad. 

A  portion  of  each  issue  of  the  SUPPLEMENT  is  reserved  for  special 
circulation  oversea. 


tuirorlal. 


„,    „  .    .  At   the    pre.seiit    time   the   question   of 

The  Relation     .      .„    .  ,  ■  ,    •  „•  j 

of  Load         tanns  is  one  which  is  exciting  and  worrying 

P  ^-"^'cT  'm  ^^^  minds  of  supply  engineers.  They  have 
had  put  before  them  lately  methods  by 
whose  use  it  is  contended  energy  can  be  sold  at  a  low  cost 
per  unit  to  the  consumer,  while  at  the  same  time  the  supply 
engineer  will  be  able  to  recoup  himself  for  the  inconveniences 
of  the  "  peak."  These  methods  have  applied  more  par- 
ticularly to  the  energy-  supplied  for  domestic  purposes, 
but  the  question  of  what  charge  should  be  properly  allocated 
to  a  large  power  consumer  is  not  without  interest.  It  is 
probably  pretty  generally  agreed  that  any  rate  to  be 
equitable  should  be  made  up  of  a  primary  fixed  charge 
and  a  variaVjle  operating  charge,  the  first  of  these  depending 
on  the  maximum  demand  and  the  second  on  the  amount 
of  energy  consumed.  It  is,  therefore,  to  the  consumer's 
advantage  to  reduce  his  maximum  demand  to  the  lowest 
possible.  If  he  be  a  manufacturer  this  should  sometimes 
be  feasible,  for  by  arranging  the  various  operations  so  that 
"  peaks  "  of  one  fit  into  the  valley.s  of  the  other  a  levelling 
up  of  the  whole  load  would  be  obtainable.  When  a  railway  is 
the  consumer  this  does  not  hold,  for  the  time  of  the  "peaks" 
is  practically  dependent  on  the  wants  of  the  public,  and  the 
case  seems  irremediable.  American  ingenuity  has  come  to 
the  rescue,  at  any  rate  in  practice,  and  the  Chicago  City 
Railway,  who  purchase  their  energy  from  the  Common- 
wealth Edison  Co.,  have  got  over  this  difficulty  by  installing 
a  large  storage  battery.  This  arrangement  is  delightful 
in  theory,  and  has,  in  fact,  been  suggested  for  "  chopping 
the  peak  "  even  in  this  effete  country  ;   and  in  practice  also 


it  appears  to  have  worked  well  in  this  case,  for  the  annual 
saving  amounted  to  the  very  respectable  sum  of  £7,500. 
Even  taking  into  account  the  rapid  depreciation  of  the 
battery  and  other  disadvantages  attendant  on  the  use  of 
this  equipment,  the  result  justifies  the  means.  The  in- 
dustry as  a  whole  seems  to  be  finding  a  more  extended  use 
for  the  erstwhile  neglected  storage  battery,  and  if  by  its 
means  the  hills  and  dales  of  the  load  curve  can  be  smoothed 
out  its  introduction  will  be  welcomed  both  by  engineer  and 
consumer.  Such  a  result  would  practically  do  away  with 
the  fixed  charge  part  of  the  rating,  and  thus  bring  about  a 
much-to-be-desired  simplification  in  power  tariffs  without 
any  sacrifice  of  equity,  a  sacrifice  which  is  necessarily  made 
at  the  present  time  when  a  flat  rate  is  used. 

The    hmdator  tcinporis    ac/i    school    of 

"^^''°Kw'f-'"''"'  fi'itics  are  fond   of  drawing  altention  to 
Visabilittes-  ^ 

the  disabilities  under  which  the  electrical 
industrj'  suHers  in  this  country  throiigli  the  non-existence 
of  water  powers  whicii  are  suitable  for  generating  pur- 
poses. As  a  matter  of  fact,  this  is  scarcely  the  right  way 
of  looking  at  the  question.  Experts  inform  us  that  there 
is  really  an  abundance  of  water-power  available  in  these 
islands,  but  that  its  development  for  general  purposes 
would  not  pay  owing  to  tlie  distance  of  most  of  the  falls 
from  industrial  centres.  Large  clectro-cheniical  works, 
which  can  be  transplanted  into  the  neighbourhood  of  the 
falls,  are  therefore  practically  the  only  concerns  whicli  can 
take  advantage  of  the  power  thus  naturally  made  avail- 
able. But  in  spite  of  this  we  are  not  really  so  badly  off ;  in 
fact,  astonishing  though  it  may  seem,  the  conditions  exist- 
ing in  this  country  for  the  generation  of  power  are 
the  envy  of  less  happier  lands.  This  view  was  expressed 
by  Mr.  Sam  Eyde  in  his  recent  lecture  before  the  Eoyal 
Society  of  Arts  on  the  manufacture  of  nitrates  from  the 
atmosphere.  Although  for  such  processes  cheap  power, 
such  as  is  made  possible  by  water  falls,  is  absolutely 
necessary  he  was  willing  to  give  up  these  advan- 
tages in  exchange  for  such  facilities  as  arc  present 
in  such  industrial  areas  in  this  country  as  the  New- 
castle district.  Apart  from  the  fact  mentioned  above, 
that  the  inacces-sibility  of  the  sources  of  hydraulic 
power  often  make  a  general  service  from  such  sources  im- 
po.ssible,  the  question  of  reliability  has  also  to  be  con- 
sidered. In  America,  where  water  power  is  in  some  cases 
used  for  operating  raihvays,  it  is  found  that  what  with  low 
water  in  the  summer  and  frozen  penstocks  in  the  winter, 
the  provision  of  some  sort  of  steam  stand-by  plant  is  abso- 
lutely necessary  to  ensure  that  continuity  of  service  whicli 
is  so  essential  for  a  railway.  It,  therefore,  conies  to  this 
in  such  a  case ;  either  steam  locomotives  have  to  be  used 
when  the  electricity  supply  is  iusutticient  through  want  of 
water  or  steam-driven  generators  must  be  installed  to  take 
the  load  in  case  of  need.  Both  arrangements  are  uneco- 
nomical, and  until  we  can  tie  down  Dame  Nature  to  the 
terms  of  a  penal  contract  tiie  employment  of  water  powers 
for  railway  working  will  have  distinct  disadvantages  in 
countries  sulfering  extremes  of  heat  and  cold.  In  this 
country  we  have  practically  no  choice,  and  we  must  there- 
fore obtain  a  reliable  service  by  installing  steam-driven 
plant  without  having  to  withstand  the  teiiiptation  of  em- 
ploying water  power. 
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Some  Rous  on  the 
Wolf  Cocomobile. 


Ax  interesting  piece  of  apparatus,  at  the  present  time 
when  economy  is  all  the  vogue,  is  the  locomobile 
made  by  Messrs.  R.  Wolf.  Laurence  Pountney  Hill, 
London,  E.C.  It  consists  essentially  of  a  boiler  and  engine 
combined  into  one,  so  tliat  not  only  is  floor  space  saved, 
but  the  losses  in  the  piping  are  quite  avoided.  It  is, 
therefore,  perhaps  scarcely  surprising  to  learn  that  a  coal 
consumption  of  just  over  1  lb.  per  horse-power  hour  is 
guaranteed,  though  we  understand  that  independent  data 
have  sho\vii  that  even  this  figure  has  been  reduced  on  test. 


and  intermediate  superheater;  and  is  capable  of  giving 
out  up  to  L30  B.H.P.  continuously  and  up  to  150  b.h.p. 
for  short  periods.  With  this  class  of  locomobile  Messrs. 
Wolf  guarantee  a  coal  consumption  of  117 — 1-3  lb. 
per  brake  horse-power  per  hour,  and  a  steam  consump- 
tion of  i'-i") — l()()lb.  per  brake  horse-power  per  hour.  The 
locomobile  is  a  complete  and  compact  steam  plant  having 
engine  set  on  top  of  boiler,  and  is  entirely  self  contained. 

The  boiler  is  constructed  of  best  Siemens-Martin  steel, 
of  extra  heavy  dimensions,  fitted  with  corrugated  furnace 
and  flat  fire  grate.  The  tubes  are  screwed  and  expanded 
into  the  front  tube  plate,  a  number  of  heavier  section  than 
the  others  forming  stay  tubes  with  nuts  on  both  sides  of 
plates.  The  furnace  and  tubes  are,  on  undoing  a  few  nuts, 
easily  removed  from  the  boiler  for  cleaning  and  scaling  when 
necessary,  leaving  the  boiler  shell  open  for  inspection  and 
cleaning. 


Fig.  I.— 130  H.P.  Woll  Tandem  Compound  Condensing  Locomobile  in  Works  Central  Station  at  Acton  Green. 


Numerous  types  of  this  engine  are  made,  but  one  which 
we  recently  had  the  pleasure  of  inspecting  at  Acton,  and 
which  we  illu.strate  herewith,  may  be  taken  as  quite  repre- 
sentative of  this  firm's  products.  This  locomobile  is  used 
for  driving  the  dynamos  supjilying  power  to  the  f^hops  and 
current  for  lighting,  and  in  this  connection  a  rather  inter- 
esting arrangement  has  been  put  down.  The  firm  had  on 
its  hands  a  number  of  dynamos  of  various  outputs  of 
which  it  determined  to  make  use.  The  engine,  therefore. 
drives  a  countershaft  by  a  main  belt,  and  from  this  belts 
are  "  tapped  off  '"  to  each  of  the  machines,  who.se  aggre- 
gate output  is  .sufHcient  foi-  the  film's  requirements.  This 
equipment  is  shown  in  Fig.  1. 

The  locomobile  used  is  of  the  patent  superheated  steam 
tandem  compound  condensing  type.  It  is  fitted  with  a 
feedwater  heater,  jet  condenser,  removable  furnace  tubes 


]5()tli  su|)('iiH'atci-s,  which  are  made  of  coils  of  best  solid 
drawn  steel  tubes,  are  placed  in  the  smokebox  immediately 
behind  the  tubes  where  the  heat  is  utilised  to  utmost  advan- 
tage and  whei'e  they  are  easily  accessible  when  necessary. 
The  main  superheater  supplies  the  steam  to  the  high- 
pressure  cylinder,  while  the  intermediate  superheater  is 
placed  directly  behind  it  and  heats  the  high-pressure 
exhaust  steam  before  it  enters  the  low-pressure  cylinder. 
A  special  steam  jet  appaiatus  is  fitted  for  cleaning  the  soot 
and  dust  from  the  superheater  coils  and  also  from  the  fire 
tubes,  thereby  maintaining  the  efficient  working.  Cleaning 
can  be  effected  while  the  engine  is  running,  thus  obviating 
any  necessity  for  stopping  or  putting  out  the  fires.  The 
chimney  is  set  on  a  branch  of  the  smokebox,  and  is  of 
wrought  iron  and  provided  with  rain  shield,  wire  rope  stays 
and  other  fitments. 


61 


SUTPLEMENT  to  "The   Electrician."  June  25.  1909. 


GENERATING  COSTS 


ARE     OBTAINED     BY 


WOLFS   ECONOMICAL 

Combined  Superheated  Steam  Plants. 


ELECTRIC  POWER  STATION.  1,220  B.H.P. 

DIRECT  COUPLED  or  BELT-DRIVEN,      ALL  SIZES  UP  TO  600    BmHmPm 


CO  A  I- 

1  -04  lbs. 


3-66  lbs. 


PER       B.H.P.    PER    HOUR. 


R.  WOLF, 

7,   LAURENCE    POUNTNEY  HILL, 
CANNON  STREET, 

LONDON,  E.C. 


Telegrams:  LOCOMOBILE  LONDON. 
Telephone:  7747  LONDON  WALL. 


SUPPLEMENT  to  "The  Electrician."  June  25,  1909. 


62 


The  rylinders  are  arranged  in  tandem  and  are  placed  in 
the  smokebox  where  they  are  heated  by  the  hot  gases  on 
their  way  to  the  chinniey.  These  gases  pass  through 
special  jackets  to  effect  this.  The  high-pressure  cylinder 
is  placed  in  front  of  the  low-pressure  cylinder  and  is  fixed 
to  a  forked  frame,  which  acts  as  guides  to  the  crosshead  and 
connects  with  the  crankshaft  hearing,  taking  up  the  load 
from  cylinders  ti)  crankshaft   dircitU',   thus  jiermitting  no 


Fig.  2.— Municipal  Central  Station,  Eisenach,  Germany.     Four  Wolf 
Locomobiles.     Tolal  H.P.  765. 


stresses  to  pass  through  boiler  shell.  The  pistons  are 
easily  removable,  and  the  high-pressure  piston  can  be 
taken  out  either  through  the  guides  or  through  the  low- 
pressure  cylinder,  while  the  other  is  easily  removed  on 
undoing  the  cylinder  cover.  All  stuffing  boxes  are  fitted 
with  best  metallic  packing,  and  this  substance  has  proved 
to  be  exceedingly  dmable. 

Piston  valves  are  fitted,  one  to  each  cylinder,  the  high- 
pressure  valve  being  directly  controlled  by  the  governor. 
The  valve  gear  is  of  the  simplest  possible  construction,  as  it 
has  the  fewest  possible  moving  parts,  and  is  consecjuentlv 
very  durable  and  reliable.  The  crosshead  is  a  steel  casting 
fitted  with  shoes  of  hard  cast  iron  which  run  in  cylindri- 
cal guides.  The  connecting  rod  is  fitted  with  hard  bronze 
adjustable  bearings  for  crosshead  pin  and  for  crankpin 
wilJi  bushes  lined  with  best  antifriction  metal  having 
large  wearing  surface.  The  crankpin,  eccentrics  and 
governor  are  efficiently  lubiicated  by  means  of  centrifugal 
lubricators,  oil  being  .supplied  from  oil  cups  of  large  capacity. 
The  governor  is  of  the  axial  type,  set  on  the  crankshaft, 
and  is  very  sensitive  yet  powerful.  It  is,  further,  easily 
capable  of  keeping  the  speed  of  the  engine  well  under  con- 
trol, and  limiting  the  vaiiation  in  speed  to  less  than  OH 
of  one  per  cent. 

The  crankshaft,  forged  of  best  mild  steel,  is  carried  in 
bearings  provided  with  continuous  chain  lubrication  and 
attached  to  a  heavy  cast-iron  bedplate  which  spans  the 
boiler  shell  and  is  firmly  riveted  to  same.  This  forms  a 
substantial  and  very  steady  arrangement  for  supporting 
the  crankshaft  and  transmitting  power. 

The  flywheel,  which  is  of  an  exceedingly  substantial  pattern, 
is  of  cast  iron  ;  its  weight  is  ample,  and  it  is  tuincd  outside 
and  inside  to  ensure  steady  running,  and  is  crowned  to 
receive  the  belt.  IJarring  gear  is  fitted  for  conveniently 
turning  the  engine  by  hand. 

The  exhau.st  steam  from  the  low-pressure  cylinder  passes 
through  a  tubular  fcedwater  heater  on  its  way  to  the 
condenser.  A  diverting  valve  is  fitted  to  condenser  to  allow 
the  engine  to  run  non-condensing  when  required. 


The  jet  condenser  is  of  ample  capacity  and  fitted  with  a 
regulating  valve  for  controlling  the  amount  of  condensing 
water  admitted.  The  condenser  is  provided  with  drain 
cock,  sniffing  valve  and  vacuum  gauge.  Air  and  feed 
pumps  are  provided  and  set  on  the  boiler  foot,  being  driven 
from  an  eccentric  on  the  crankshaft.  The  feed  pump 
draws  water  from  the  feed  tank  and  delivers  it  through  the 
feed  heater,  where  it  is  heated  before  entering  the  boiler. 
As  an  auxiliary  feed,  a  patent  self -starting  injector  is  fitted 
and  provided  with  its  own  feedwater  tank. 

Platforms  of  ample  dimensions  and  provided  with  ladders 
for  easy  access  are  fitted  for  convenience  iir  operating  the 
locomobile. 

The  boiler  is  fitted  with  two  lever  safety  valves  of  ample 
area.  A  safety  valve  is  also  placed  between  the  super- 
heater and  cylinder  and  the  usual  water  gauge  glasses, 
test  cocks,  steam  pressure  gauges  and  blow-off  valve  are 
fitted.  Stop  valves  are  placed  between  the  boiler  and 
superheater  and  between  the  superheater  and  engine,  and 
the  cylinders  are  fitted  with  drain  cocks.  A  special  jilunger 
pump  for  continuously  supplying  the  cylinders  with  lubri- 
cating oil  is  fitted.  The  necessary  screws,  keys,  oil  cans, 
firing  and  boiler  scaling  tools  are  also  provided. 


Fig.  3.— 500-650  H.P.  Patent  Superheated  Steam  Compound 
Condensing  Locomobile. 

All  parts  are  easily  accessible  and  can  be  kepc  under  the 
constant  supervision  of  the  attendant. 

From  the  above  short  desciiption  of  the  Wolf  loco- 
mobile, it  will  be  seen  that  it  forms  a  complete  self-con- 
tained and  compact  power  plant,  easily  accessible,  of 
highest  class  workmanship,  durable,  absolutely  reliable, 
and  is  guaranteed  to  be  unecpialled  for  economy. 
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tWetaiik"^  £amp$* 


THE  well-known  "Mctalik"  lamp  has  just  recently 
received  a  new  recruit  to  its  ranks,  in  the  shape  of 
a  new  type,  which  enal>les,  it  is  claimed,  low  candle- 
power  at  high  voltages  to  be  obtained.  These 
lamps  are  made  in  the  IG  c.p.  size  for  voltages  between  100 
and  K50  volts  and  in  the  ^2  c.p.  size  for  voltages  between 
200  and  2G0  volts.  This  "  Metalik,"  it  is  claimed,  will  save 
70  per  cent,  of  the  consumer's  present  eleclrlc  light  bill 
and  give  him  a  beautiful  white  light.  It  is  mamiiactured 
by  Messrs.  G.  M.  J  ioddy  &  Co.,  of  London  and  Liverpool. . 
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8X«°I>>  Oil  Siotlch  Pands. 

A  NOT  uninteresting  study  for  the  historically-minded 
electrical  engineer  would  be  the  evolution  of  the 
present-day  switch  from  its  earliest  days.  At 
first  these  insti-unients  were,  to  put  it  mildly,  rather  crude, 
but  at  the  present  time  there  is  probably  no  electrical 
apparatus  on  which  more  care  and  thought  is  expended. 
These  remarlcs  apply  very  accurately  to  the  .switcligear 
designed  and  manufactured  by  the  British  Thomson- 
Houston  Co.  Among  their  specialities  are  oil  switches,  and 
a  very  useful  typo  of  these  is  that  illustrated  in  the  accom- 
panying Fig.  1,  which  shows  a  200  ampere  oil  switch,  with 
its  oilcan  removed.  These  switches  are  being  used  on 
B.T.-H.  oil  switch  panels,  one  of  which  we  show  in  Fig.  2,  a 
piece  of  apparatus  which  has  been  developed  for  use  on 
individual  motor  installations  or  for  controlling  feeders. 
Switch  panels  can,  of  course,  also  be  furnished,  mounted 
together  to  form  a  continuous  switchboard  by  adding  'bus- 
bars, and  providing  access  to  the  back.     These  panels  are 


made  up  in  two  forms,  one  in  which  the  apparatus  is 
mounted  on  a  slate  panel,  while  in  the  other  the  whole 
equipment  is  constructed  of  iron  throughout. 

When  slate  panels  are  used,  they  are  mounted  on  angle 
iron  supports  ;  and  these  supports  also  cari'y  a  perforated 
metal  sub-base,  while  the  uprights  themselves  are  sup- 
ported from  the  wall  by  means  of  tie-iods.  In  a  case  such 
as  this  it  is,  of  course,  necessary  that  accidental  or  other 
contact  with  the  live  parts  should  be  avoided,  and  this  is 
realised  by  side  screens  of  expanded  metal.  The  iron  plate 
panels  above  mentioned  are  made  all  complete  with  side  and 
top  screens,  with  arrangements  for  being  suitably  mounted 
against  the  wall.  As  the  new  Home  OtKce  Regulations  come 
mto  operation  on  the  first  of  next  month,  it  is  of  interest  to 
iiote  that  these  B.T.-H.  oil  switch  panels  comply  with  them 
n  all  particulars. 

Each  pole  of  the  switches  used  on  these  panels  has  a 
iouble  break  under  oil,  the  break  taking  place  between  the 
iopper  cross  bar  and  contacts  of  a  controller  type.  The 
immeters  and  voltmeters  used  are  of  the  dead  beat  pattern, 
vith  which  current  transformers  are  supplied  when  the 
oltage  exceed  GOO  volts. 

The  switches  provided  with  these  panels  can  either  be 
perated  by  hand,  or  electrically,  as  desired.     In  the  latter 


ca.se  series  or  transformer  coils  are  used  for  working  the 
switches.  These  switch  panels  are  made  in  three  standard 
sizes,  suitable  for  a'maximuniof  voltages  o£  GOO,  2,.500  and 
.'3,.500  volts.  Low  voltage  arrangements  can,  if  desired,  be 
supplied  with  any  electrically  tripped  switch,  and  in  cases 


Fig.  2. 

Tlireephase  Oil 

Switch  Panel, 

Iron  Plate  Type. 


where  these  panels  are  used  in  conjunction  with  motor 
starters  or  controllers,  interlocking  arrangements  can  be 
provided,  which  prevent  the  switch  being  closed,  except 
when  the  starter  is  in  the  "  off  "  position.  The  illustrations 
herewith  indicate  that  this  equipment  is  safe  in  working,  and 
can,  without  danger,  be  left  to  the  care  of  the  ordinary 
British  workman.  Any  live  parts  are  safely  out  of  the  way, 
and  are  not  in  a  position  to  be  interfered  with. 


TBIIB,  FIEBZ  k  CO., 


Hombrechtikon,  Zurich, 

ESTABLISHED    1893. 
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ITUMEN 


CABLES 


W.  T.  HENLEY'S  TELEGRAPH  WORKS  Co.,  Ld., 
13  &  14,  BLOMFIELD  STREET,  E.G. 

Telephones ; 
G.P.O.,  359€  Central.     N.T.O.,  4940  Loudon  Wall  (3  lines). 


Benlep^s  Cables  at 
Babta  Bianca.  .  . 


THE  cable  (jiiestioii  is  one  which  is  of  great  interest 
to  electrical  engineers  at  the  present  time,  prin- 
cipally from  the  economical  point  of  view.  The 
problem  has,  however,  its  engineering  side,  and  this  side  is 
all  important,  especially  in  countries  where  the  climate 
is  not  so  benevolent  as  ours.  Special  factors  have  to  be 
taken  into  consideration,  and  on  the  way  in  which  these 
al-e  overcome  depends  the  success  of  the  work.  Probably 
no  firm  have  had  more  experience  in  cable  work  abroad 
than  Messrs.  Henley's  Telegraph  Works  Co.,  of  Blomfield- 
street,  London,  E.C.  It  is  therefore  interesting  to  note 
how  they  do  their  work,  and  for  this  reason  we  give  some 
account  of  a  cable  system  they  have  recently  laid  down  at 
Bahia  Blanca,  Argentina. 

The  whole  of  the  cables,  troughing.  &c.,  required  for  the 
new  lighting  and  tramway  systems  in  this  city  will  be 
supplied  by  Henley's,  who  will  also  carry  out  the  laying 
and  fixing,  and  make  all  the  necessary  joints.  They 
will,  further,  supervi.se  the  whole  of  the  work  during  the 
installation  of  the  complete  network.  The  cables  employed 
on  this  work  have  a  total  length  of  1:30  km.,  made  up  as  to 
><'i  km.  of  high  and  low-tension  paper- insulated  feeder  and 
distributor  cables,  '.iS  km.  low-tension  vulcanised  bitumen 
in.sulated  tramway  and  telephone  cables,  and  8,000  metres 
of  vulcanised  rubber  insulated  service  cables. 

The  high-tension  feeder  cables  have  a  total  length  of 
about  50  km.,  and  are  of  the  three-core  three-phase  type, 
designed  for  transmitting  current  at  a  working  pressure  of 
6,600  volts,  the  sizes  employed  being  0-2,  01  and  00.5  scp  in. 
sectional  area.  The  conductors  are  of  plain  copper 
(Henley's  patent  "  Lamina;  "  conductor)  and  are  insulated 
with  paper  impregnated  with  .special  insulating  compound. 
The  cores  are  then  laid  up,  further  layer.s  of  impregnated 
paper,  covered  with  an  earth  sheath  composed  of  copper 
strip.s  being  laid  on  spirally,  and  the  whole  being  finally 
sheathed  with  a  continuous  tube  of  lead. 

The  arc  lighting  cables,  of  which  there  are  some  20  km. 
in  all,  are  of  the  high-tension  single  core  type  of  0025 
Bq.  in.  sectional  area.  They  are  insulated  with  impregnated 
paper  for  a  working  pre.ssure  of  2.250  volts  and  are  lead 
covered  overall. 

The  distributor  cables  are  of  the  four-core  low-tension 
type,  of  similar  construction  to  those  already  described, 


with  the  exception  that  the  conductor.^  are  composed  of 
ordinary  circular  wires  made  up  into  circular  or  triangular 
shaped  conductors  according  to  the  size  of  the  cable.  The 
sizes  employed  vary  from  as  large  as  0-5  sq.  in.  area  down 
to  0-05  sq.  in.,  the  neutral  conductor  in  all  cases  being  half 
the  section  of  any  one  of  the  other  cores.  The  telephone 
cable,  about  31  km.  of  which  is  used,  is  of  twin  construction 
and  is  insulated  with  vulcanised  bitumen.  It  is  then  taped, 
laid  up,  taped  again,  braided  and  waterproof  compounded 
overall.  The  ti'amway  feeders  are  of  the  0-5  sq.  in.  single 
type  and  are  insulated  with  vulcanised  bitumen.  They 
are  protected  with  four  coats  of  heavy  taping,  prepared 
with  waterproof  compounds.  The  service  cables  are  of 
low-tension  twin  construction,  insulated  with  pure  and 
vulcanised  indiarubber,  then  covered  with  a  continuous 
tube  of  lead,  armovu'ed  with  a  close  spiral  of  galvanised- 
iron  wires  and  double  taped  and  compounded  overall. 
Among  these  services  we  should  like  to  make  special  men- 
tion of  8,000  metres  of  cable,  which  will  be  so  prepared 
that  it  will  withstand  the  intense  heat  of  the  sun,  which 
often  reaches  the  very  high  temperature  of  140°F.  in  these 
parts. 

With  regard  to  the  laying  of  these  cables,  for  the  most 
part  it  is  proposed  that  they  should  be  laid  in  earthenware 
troughing  on  bitumenised  wood  bridge  pieces,  filled  in  solid 
with  refined  Trinidad  bitumen,  and  covered  with  earthen- 
ware tiles.  The  tiles  over  the  troughing  holding  the  high- 
tension  cables  being  so  marked  that  they  are  easily  dts- 
guishable  from  those  covering  the  low-tension  cables,  a 
rather  important  point  from  the  testman's  point  of  view; 
the  total  length  of  troughing  that  will  be  required  being 
about  100  km. 

The  joining  up  of  the  manufacturing  lengths  and  the 
making  of  all  the  tee  joints  will  be  effected  by  means  of 
lead  sleeve  joints  on  the  paper-in.sulatcd  cables,  and  taped 
joints  on  the  vulcanised  bitumen  and  indiarubber  cables. 
The  house  services  will  be  tapped  off  the  distributors  by 
means  of  specially  designed  porcelain  boxes,  which  boxes 
are  equal  in  length  to  a  section  of  troughing  and  being  pro- 
vided with  spigot  and  socket  ends  fitted  into  the  troughing 
adjoining,  thereby  making  a  continuous  run  of  earthenware 
covering  leaving  no  part  of  the  cable  exposed.  Extra 
precautions  are  rendered  necessary  when  fixing  all  under- 
ground apparatus  owing  to  the  streets  of  Bahia  Blanca 
being  liable  at  all  times  of  the  year  to  be  flooded  to  a  depth 
of  3  ft.  for  periods  of  48  hours  and  more.  About  750  service 
boxes  will  be  supplied  as  well  as  an  equal  number  of  house 
disconnecting  fuse  boxes  which  will  also  be  of  special  design. 

The  total  value  of  the  cables  is  estimated  at  between 
£40,000  to  £45,000. 
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yprliter  D^C  Starting 
SiDitches 

THE  problem  of  iiiotor  control,  especially  when  the 
motors  are  of  the  continuous-current  type,  is  one 
which  is  liecomini;-  well-in -hand  at  the  present 
time.     It  is  always  interesting  to  see  how  things  are  done, 
and  for  this  reason  we  illustrate  herewith  some  direct- 


Fig.  I. — Starter  with  Oil-cooled  Resistance. 

current  starters  which  the  Union   Electric  Co.  are  now 
placing  on  the  market. 

Fig.  1  shows  a  starting  switch  fitted  with  an  oil-cooled 
resistance.   These  starting  switches  are  fitted  with  a  no-volt 


immediately  flies  back  to  the  "  off"  position.  In  the  starter 
illustrated  the  resistance  coils  are  immersed  in  oil,  while 
the  whole  apparatus  is  covered  inwitli  jirotective  .?heet  iron. 
Fig.  2  .shows  anothertypeof  motorcoiitrol  panel  for  direct- 
current  motors.  This  comprises  a  starting  swilcli,  a  double 
pole  knife  switch,  and  two  single  pole  porcelain  iiaudle 
fuses.  A  dead  beat  electro-magnetic  ammeter  is  fitted  or 
not  as  required.  All  current  carrying  parts  are  protected 
liy  means  of  sheet-iron  covers.  Fig.  '■'>  shows  an  interest- 
ing piece  of  equipment.  It  is  a  remote  control  starter  for 
a  700 II  P.  compound  liaulage  motor.  The  controlling 
switch  is  mounted  upon  a  cast-iron  panel,  shown  in  the 
fnreground,  while  the  main  circuit-breaker  and  the  solenoid 
switclies  are  nKnintcd  u[ion   marble  slabs  arranged  within 


Fig.  2.— Motor  Control  Panel. 

release  and  are  provided  with  a  small  hold-on  magnet, 
excited  by  the  shunt  current  of  the  motor.  Should  this 
magnet   lose  its  magnetism  through  any  cause  the  lever 


Fig.  3.— Remote  Control  Slaner  tcr  700  H,P.  Motor. 

tlie  front  of  the  rolled  steel  frame.  The  circuit-breakers 
on  the  right  and  left  of  the  1)oard  are  used  for  making  and 
breaking  circuit  respectively.  The  solenoid  coils  remain 
under  current  only  during  the  starting  period. 

Another  interesting  direct-current  starter  is  one  specially 
suitable  for  mounting  behind  switchboards.  The  contacts, 
which  are  placed  on  the  opposite  side  of  the  starter  to  that 
which  touches  the  switchboard,  are  arranged  in  exactly  the 
reverse  order  to  tliose  on  the  standani  type  of  starter  with 
the  contacts  on  the  front.  The  starter  is  operateil  from  the 
front  of  the  panel  by  means  of  a  nickel-plated  hand-wheel 
fixed  to  the  spindle  passing  througli  the  panel,  whicli,  of 
course,  is  moved  in  a  clock-wise  direction  for  starting-up 
purposes.  These  can  be  fitted  with  no-volt  and  over-load 
release  exactly  the  same  as  tlie  standard  type  starter. 

Yet  another  type  of  starter  is  fitteil  with  a  water-tight 
case,  which  makes  it  specially  suitable  for  use  in  collieries 
or  under  other  severe  working  conditions.  Tlie  starter  is 
completely  enclosed  in  a  east-iron  case,  which  is  fitted  with 
a  water-tight  and  dust-proof  cover  in  such  a  way  that  it  can 
be  quickly  detached  from  its  case  by  simply  renioving  four 
screws,  Tlie  contact  arm  on  this  type  of  starter  is  operated 
by  an  external  lever  tiirough  a  claw  coupling  so  that  the 
dilliculties  often  met  in  disconnecting  the  actuating  lever 
are  entirely  avoidid. 

We  are  only  able  in  this  article  to  notice  very  briefly 
some  of  the  starters  made  by  the  Union  Electric  Co.  A 
very  wide  range  of  this  apparatus  is,  however,  made,  and 
we  recommend  those  interested  in  the  subject  to  commu- 
nicate with  tlie  company  and  take  the  benefit  of  their 
advice. 
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THE    ELECTRICIAN"    TABLES    OF 


Supply  Authoiit}-. 


1      Aberdeen  Corporation 


Engineer  ixmX 
ilnnager. 


l'iiiicip;il  Local  Trade? 


Acton  Council    

Aston  Manor  Corporation 

Ayr  Burgh  Council      

Barnes  Urban    District  Council 

Barnsley  Corporation  

Barrow-in-Furness  Corporation 
Bath  Corporation    ... 

Battersea  Borough  Council 

Belfast  Corporation    

Birmingham  Corporation  

Blackburn  Corporation  

Blackpool  Corporation  

Bolton  Corporation      

Bootle  Corporation 

Bradford  Corporation 


Brighton  Corporation 
Bristol  Corporation 


J.  Alex.  Bell  .. 
J.  Martin  Blair 


i.'i'iiiiilc  qu.-iiiies  eng.  works,  sbipynTJs, 
ioe'iiotori.s,  riiU-oiirhigaiirt  prcsijmi  g 
wks.,  pnper  wks..  wcolUn  !iud  iulc  wks. 


Laundiies,  motor  works,  dyeing 
I       and  cleaning,  printing 
R.  Foster (ieneral    , 


Roland  Marshall 
C.  S.  Davidson   ... 

E.  A.  Barker  

H.R.  Burnett 

Francis  Teague  ... 

F.  A.  Bond 

T.  W.  lUox.un  ... 
R.  A.  Chattock  ... 
P.  P.  Wheelwright 

C.  Furness  

Arthur  A.  Day  ... 
T.  Dawson  Clothipi 
Thomas  Roles    ... 


rrincipallyresideutal.bnildiofi  trades, 
lauiulries,  small  eng.-works,  shipyard 
carpet  works,  boot  factory 
Cus    mniitk-    works,     Siuvmills.     brewfij 

golf-dull  making,  lauutiries,  printers 
Foundrios.laundTies.builders  and  join- 
ers, liuen  uiauufters,  paper  mill,  Ac. 

Shipbuilding,     iron,     steel     and 

engineering  works 
Engineering,      cabinet  -  making, 

clothing  and  corset  factories 
Soap  un.l  c-  iiullc  works,  engiiii-iTiuK  wo]  k? 
millers,  niilwaj  goods  yjuds,  ston-.'  yaril- 
aud    weavi:g, 
dlvei chief  ni  'liinj?. 


31.ipbi.iMiu; 
roptwcrk 


Power  Voltages. 


400 


W0  3-phse 

50  ~ 

100,  200 

Single  pliasi 


220,  440 

lie  single- 
phase 


pmumg 
.aclke:cl 

Metal,  cycle  and  jewellery  trade? 


5,000 
220 
200 


Burnley  Corporation 

Burton-on-Trcnt  Corporation 

Bury  Corporation 

Carn  Brea,  R.S  0.  tUrban  Elec- 
tric Supply  Co., . 
Canterbury  Corporation  

Cardiff  Corporation    

Carlisle  U  D.C 

Charing    Cross,    West    End    & 

City  Electricity  Co. 
Chester  Corporation    


.J.  Christie  

H.Faraday  Proctoi 

.Jas.E.  Starkie 

P.  .J.  I'ringic  


Chesterfield  Corporation    

Clyde  Valley  Electrical   Power 
Co. 


Colne  Corporation    ■• 

Cork     Electric     Tramways     & 
Lighting  Co. 

32  County  of  Northampton  Electric 

Power  &  Traction  Co. 

33  Coventry  Corporation     

34  Darlington  Corporation  

35  Derby  Corporation T.  P.  Wilmsharct 

36  Derbyshire  &   Nottinghamshire  j  A.  E.  Loos  

Elcuuic  Power  Co,  I 


S.  .T.  Watson  .... 
L.  A.  Hards  ... 
C.  A.  Blaschcck 

Arthur  Ellis 

S.  T.  Allen 


H.  \V.  Kingston 
.I.M.  (;atti(j)/n. />) 
S.  E.  Biitton    ... 


Cotton  manufacture  and  general 
industries 

.Joinery  works,  bakeries  and 
})Ottling  stores  and  laundries 

Cotton  spinning  and  engineering  '  100,    200' 
■«  orks  400t 

Timber,  engineering,  dyeing, 
pumping  and  general 

Textile  worKs,  dye  works,  mechauical 
ami  electrical  engineering,  miscel- 
laneous 


Engineering    works,    breweries, 

sawmills,  laundries,  foundry,  &o. 

Tol  lacco,  cocoa,  printing,  leather, 

confectionery  and  clothing 

Cotton  weaving,  foundries,  &c.... 


Breweries,    timber     mills,    engi- 
neering works 

Textile,  engineering,  paper,  &c. 

Mining  and  foundries  

None    


230,   400 
50^ 


10S&210  93 
210-60.^,  360 
'-I'hase  .50 


200,    100 


250,   460 
tliree-niro 

460 
three- wilt 

250 

500 
210,  420 
three-wire 

230 

460 

970 

50/9,08 

220,  440 

three- wiiei 

230*,46Ct  ' 

220,   440 
three  wire 
220,   440  I 
three-wire 

220       I 

440 

500 

230,   460 

220,   440 
threo-wire 

230 

460 


230,   460 


250 

500 


It.  L.  Aeland  . 
D.  A.  Starr... 


A.  (!.  Cooper 
H.  ir.  Nalder 


W.  J.  S.  .Jones 
George  Tough.. 
.J  R.  P.  Lunn... 


1 1 ,000 

iisformed  I 
to  III"  for    I 
1  owtr 


.'^liip-ropairing  yards,  tngineerirg  works,  200 

'oundriep,  lauudrier,  printers,  breweia,  ^qq 

niilUre,  cold  storage,  &c. 

(button  factories,  linplate  printers,  en- 
gineering works  and  railway  shops 
(7  companies) 

Printing  '      10.000 

Engineering,      Hour      mills     ami 

printing 
Printing,     lirevvery,       furniture- 

making,  foundries 
Steel  works,  rolling  mills,  collieries, 
paper   mills,    briikworks,  foundries,  li' 
shipjards.  Sic. 

Wi-aving.spinning,  loom  making, foiilldrjos, 
fvll-inuiigcring  aud  electric  crane  making 

Drewcries,  liuttur  factories,  laundrici,  I 
bacon  curing,  feather  purincrs,  prilitlug,  \ 
taiincrirs,  milling,  &c. 

Boot  factories,  engineering  works 

and  joineries 
Cycle  and  motorcars,  toolmaking,         200 

weaving,  watchmaking  !  two-phis 

Engineering,  yarn  spinning  aiul  ; 

school  furniture 
General   engineering,   foundries,  200 

motor  cars,  silk  mills 
Iron  works,  collieries,  lace  and  hosiery  440 

works,    engineering    works,    brick* 

works,  itc. 


606 

31/5X9 

4,3653 

1  6;0y 

345 

30/4/09 

659 

31,'3/09 

685 

150 

476 
31/3/09 
2,138 
18/5/09 
4,695 
3l;5,'(9 
14,365 
31/3  09 
2,324 
25/3/09 
1,078 

9,219i 
31/3/Oy 

1,989 
31/3/09 
•7,275 
26  5/C9 


1,641 
22/5/09 
10,179 


591 
20/3,09 


500  (tram-!  816 

vvaysonly)!      22/5/09 


220,   44C 

240,  480 
three-wiie 
220,   440 

2C0,  400 
three-wire 
L.  &  P,  230 
■1  iO,  ;j  wire, 
trsction  5iO 


2,l29i 

26/5/09 

1,719 

Dec.,  '08 

297 
31/3/09 
2,825 
30/4/09 

543 
51/5,09 


100,  200,      Ks  bulk  sup. 
400,1,0011      I3,22?,3i;J/0(l 

503 


210,  420  1 
three-wire 
240,  480 
three-wire 


37       Dewsbury  Corporation  i  R.  H.  Campion  ... 


Woolli'n  manufacturers,  rag  grinding, 

f)rinting,  laundries,  clothing  niann. 
acturers,  wool  shaJfiug. iron  cutting 
38       Dublin  Corporation       I  M.  Ruddle  I  Saw  mills,  factories,  elevators  in      200  S.P. 

'  ,      storcfs,  iVc^ 3-phsc.  346 


240,    480 
lliree-wii'C 
160 


230,   460 
thiee-wire 


230,   460 

460,   230 
three-win 

500 

550 

220 

440 


27/5/09 

716 

31/12;  08 

19,700 
30/4/09 

366 
15/2/09 
2,066 
3/6/09 

120 

5,029 
25/5/09 

1,287 
31/5/09 

1,805 

2,323 
1/4/09 

'526 

■1/2/09 
1,620 

1/4/09 


61 
210 
101 

60 
114 

50 
141 

550 
1,958 
580 
156 
816 

•1,528 

388 
1,118 


280 
121 

74 

445 

72 


on       I 

Circuit.!™'"'' 
Kw. 


119 
ISO 

138 

294 

26 
646 
166 
260 

1C6 
364 


170 

500 

30 

60 

30 

72 
40 
70 

350 
50 
80 

300 
40 

110 

40 

120 

30 

45 

80 
30 

50 


250 
25 
30 

500 

20 
40 

15 
120 
125 

75 
200 

30 
20 


174 
1,603 


500 
lay  loa< 


8,645 
I.  8c  p 

i.OiO  tr 


4,925 
1,252 
2,174 


2,130 

!     440 
j    505* 

i     ■■■ 
j    758 

I    390 

L,  &P 
!     43B 
traction 


2,101 
790 
780 
6C0 

100 
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ELECTRIC    POWER  SUPPLY. 


llothodof  Drivingj 


Group. 
H.P. 


Bulk 
!  supply. 


ZOO 


lOO 
550 


10 


Under 
consid'n 

On  ap- 
plication I 


On  ap- 
plicaton 


2.U1.  and  Id. 
iM.l). 

IJd.   flat 
2id.&ld.M.D. 

'2d  to5.1.accol-il 
tUg  toIoadfncLoi 


I  lid.  with  dis. 

I  to  33J  p.c. 

IJd.   motors 

Ija.Hut,  lightinf 

7d  &  lid.  D.I. 
3d.&ld.M.D. 
id.-lhd.  F.R. 

IJd.  to  Id. 


Flatrateld.J,  Terms  by 

IJd.  &lil.  M.n.,    On  ap- 
.ccoritocons  p[igati„„ 

l-35d.  to     '  Id.   to 
1-lOd.  0-7d. 

Sliding  scale  Sliding 

scale 
3d.  and  Id. 
M.D. 

l3t  l.OUO. 

ld.aftcrlesslu°/ 
3d.  to  500  per 
itr.,  Id.  allowcti 

2d  to  Id. 
2d.  to  |d. 


Approx, 
H.P.  of  other 
power  dis 
placed  b}' 
electric 
motors. 


Isolated 

Plants  at 

present 

Operating. 

!7=Ga3. 

'?^= Suction  Gns.: 

«=Steam,       : 


1,990 

195-5 


About 
L800 


Id.  restricted 
liours,  l^d. 
unrestricted 
l.Vd.  &dis.,  )Jd 
aod  id.  'iLi). 
with  discount 

iLiglitiugSJd.flal 
Put.  l|d.  1st  30 
[lir.^.perj.ld.  afti 

620  5     :id  &ild.  alsc.M 
iljil.    Id.  tojd 
estricted  liour 


About 

329i 

126 


Ifd.,  Id. 

and  Jd. 

4d.&  Id.  M.D, 

or  2id.  flat 

I5.I.  Hat  .-.  |...-. 
dii.  ca-1,  2S  days 

lid.  flat,  ad. 
&  Id.  M.D. 

Id.  and  3id. 
Also  £7  kn 


Id. 


.  o£  M.D. 


62 
1,266 


3Q0 
11  bout 


3d.  to  i'd. 

339        IM.  ist  200 
units  per  qtr.. 
Id.  after 
••■  IJd.-ld. 

On  applica- 
tion 

76      '4d.  flat,  3d. 

and  Id  M.D. 

80O     ].d,ljd.,ljd,.l'l. 
sliding  scale 


246 
about 


Buih 
Both 


IJd.  flat  and 
spl.agreem'ts 

13d.  2,500  units 
per  quarter  and 

Id.  after 
■*d.to3J.;£4kw 
.\r.D.audJd.uuit 
Id.  for  all 
day    use 
Igd.  toO-4d. 


2Ad.(i)— Id.  .rJ,;[;,„ 

Cunipaiiiu: 
lid.  1        ... 


£3  per 
kw.t 


On  ap- 
plication 


On  ap- 
plication 


•Spi.  rates 
1x>  large 
consumer- 
Special 
terms 

On  ap- 
plication 


On  ap- 
plication 
None 


I5O3,  220sg, 
200s 


150g,  bOsg, 

200s 
55g.  500st 


10,500 


1,000 


1,502./,  B's'/. 
4,510.< 


80Cs3 


850 


30sf/ 


About 

40,000 

50g, lOsg 


195 


500  steam    500(/,  200sj/, 
450  gas  2,000s 


100 
4,000 


(Note.— Inst.  E.B.  Wiring  Eules  for  Motors 
generally  apply  in  all  districts.) 


Long  hour  consumers,  J  hour  M.D. 
Short  hour  consumers,  1  hour  M.D. 

Include'  new  sclieme  of  elejtrlc  pumping  atCounoil'a 
sewage  woiks.auto.  plant  ;  in  operation  one  month 

*  Sliding  scale. 

Shipyard  agreed  to  take  supply  for  400  h.v. 
of  motors.     Supply  not  commenced  yet. 

*  Most  of  our  consumers  are  new  to  the  dis- 
t  Ircludes  plant  at  sewage  works  [triot. 
Discount  {lighting  only)  5  par  cent. 
Sliding  scale  for  motive  power. 


•Up  to  3  H.P.      f  Above 3 H.P.      tOr£4p(.i 

kw.  per  annum  and  Jd.  per  unit. 
*  Lighting  and  power  3,443,  traction  3,300. 


Total  B.H.p.  does  not  include  traction. 


*  Single-phase.     +  Three-phase. 


*  Tliese  figures  do  not  include  tlie  following  :— 3  500  kw. 
motor-generator  sets,  property  of  Bradford  Dyci-s' 
Assn.,  used  for  converting  current  supplied  to  Corpn. 
at  6,6U0  volts,  3-pUase,  .JO  periods,  to  direct  current  at 
230  and  460  volts,  t  Plus  id.  per  unit,  less  discounts 

Special  terms  to  large  users. 

*  To  avoid  a^  fsras  possible  the  use  of  max.  demand 
indicators  a  6M  rate  la  usually  agreed  upon. 


G7-0  per  cent,  of  total  power  is  on  restricted  hour  system. 
80per  cent,  of  total  power  units  sold  on  restricted  hour 
I  system.    •  luclndes  lighting. 


Power  supply  includes  driving  stamps, i)unips 

and  other  mining  machinery. 
Mox.  demand  during  jear  ended  March  31, 190'.i,  3!iu  kw. 

ou  feeders.  Includes  light  and  power. 
.Most  of  tlie  engineering  works  on  private  property,  from 
1      which  Corporation  are  at  present  d  ^barred  from  entry. 

Power  supplied  to  tramway  company,  also  to 
Council  for  sewage  pumping. 


Several   of  i  iiT.  and    less  not   inclmled  m 

return.     Motors  let  out  on  liire. 
Competing  n-ith  gas  at  2s.  8d.  per  1,000  e.f. 

with  25   per  cent,   discount  when  annual 

bill  exceeds  .£50. 


Two  large  electric  pumps  hiing  installed  lu  pi  ice  of 

an  existing  steam  pump.    Steam  engine  at  pi  esout 

,      diiving    veDttlamti    f»u    beug    d'splaced    by  an 

o'ectr.c  motor.    Total  B.i'.  about  260.  , 

Maximum  deman.i  system  or  Id.  resuictca 

hour. 
Large  additions  in  hand. 


REDUCED  Prices 

and  tbe  latest  development  in 

Tung-sten  Lamps. 


16c.p.    60  to  laOYolts,  2  9 
32  c.p.  200  to  260      .,      4  - 

MANYiMPROVED 
FEATURES. 

onwarortice  List.  Cheapest  in 

Price. 
Lowest  Candle- 
Power. 
Smallest  Bulb. 
Longest  Life. 
Highest 

Efficiency. 
Strongest 

Filament. 


SAVE  70    :,  IN 
CURRENT. 


Efflcieucy  1-2  watt  Alf    f'oftajfr 


Life  over  l.ttfjohrs. 


G.  M.  BODDY&Co. 

15,  GRAY  S  INN  RD..  LONDON. W.C. 
Works-NEWINCTON.  LIVERPOOL. 

Tork>hirelV,>..:     .    ■::      IL  SilKfUKLP 
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"THE     ELECTRICIAN"     TABLES     OF 


Supply  Authority. 


Engineer  and 
Manager. 


Principal  Local  Trades. 


39  i  Dundee  Town  Council    H.  Richardson   ...    Jute  mills,  shipbuilding,  foundry 

40  East  Ham  Corporation     \V.  C.  Ullmann 

41  '  Edinburgh  Corporation 

42  Fulham  Borough  Council l  Arthur  J.  Fuller 

43  Frome  U.D.  Council  F.  H.  Merritt.... 


44 


Glasgow   Corporation W.  W.  Lackie 

Govan  Council  T.  C.  Parsons    .. 


Printers    for    motors,    otherwise 
district  is  purely  residential 
F.  A.  Xewington  .    Printing,   joiners,  masons,   engi- 
neers, brewers 

Enslneering  works,  woodworking  ma- 
chinery, laundries,  paper  mill 

Cl'itli,  silk  ami  india-rubber  mills,  iron 
foundries,  engineering  and  motor  works, 
breweries,  mill  furnishing,  dairies,  bacon 
curing,  printing 

Engineering,  clothing,  printers, 
butchers  and  bakers 


I  Shipbuilding  and  engineering 


Power  Voltages. 


D.C. 


400 


Total 
B.n.r..con-       Total 
nected  at  [number of 

date       !     Motors 
indicated  connected. 

below. 


1,950 


404 


240,   480    Pte..269.'Stn,!Private,97! 

43J,  1/6/03    :stotion,5 

250,   460  9,400 

15/5/09 

1,211 


6,500 


Grantham   Urban    Electric  Sup-     .J.  E.  Edmundson      Brickwork,  foundries,  timber  meroliauts. 
J     Qg  I    eug.necriug  work?,  blouse  factory.maltmg 

Greenock  Corporation    .J.A.Robertson..     Shipbuilding,  engineering,  sugar 

refining 
Grimsby  Corporation  W.  A.  Vignoles  ...     Docks,  timber  yards,    foundries 

and  engineering  works 
Guernsey      Electric      Light     &    C.  Lakin-Smith  ...    Laundries,  stoneworks  and  quar- 
Power  Co.  ,      ries,  joinery  works,  foundry 

50  Hammersmith  Borough  Council    G.G.Bell    Engineering  works,  electric  lamp   y.''^20."0 

works,  small  laundries,  &c  ^,300  H.T. 

51  Hanley  Corporation    ;  C.  H.  Yeaman 


:  240,   480 
three-wire! 

250/500  I 
three-wiiei 

500,  250 

240,  480  I 
three- wire 
1        500 

230,  460 

three-wirt 

210,  420 


52      Heckmondwike  Council 


I  G.  H.  Carter 


Brickworks.    *potteries.    iron    works.  Sinfple-pbase          35* 

collieries,  *eartbenware  and  china  lou  /■,  KiO- 

manufactories  '200,  JOO 

Woollen  m inuf acturera,  rag  grinders,  ...             230,    460 

fijundry.   hoot    and    shoe,    factory,  three  \vir( 
coachbnilders,  iJic. 


53  Hereford  Corporation i  W.  T.  Kerr Cider  making,  breweries,   mills 

(flour),  farm  work,  joinery  i  j 

54  High    Wycombe   Electric  Light  i  W.  E.  Brandreth      Chair  and  cabinet  making,  paper  ...         j 

&  Power  Co.  '  mills,  engineering 

55  Hove  Electric  Lighting  Co '  C.  B.  Smith Purely  a  residential  district  ex-  I 

cepting  shops 

qfi       Huddersfield A.  B.  Mountain  ...    Cloth  manufacturers    Three-phase 

00        ■»""">-  ■=  One  phase 


420 
210 
220 


Hull      Corporation      Electricity    H.Bell Engineering,    sbiplniililiiig    and 

Department  oil  mills 

llford  Urban  District  Council  A.H.Shaw    ;  Photographic  apparatus,  chenii 

cal  works,  paper  mills 

Bakers,  brewers,  builderj,  clothiers, 
coath  and  van  builders,  engin^eling 
works,  confectioners,  printers 

Boot  and  shoe  and  clothing  fac- 
tories 
Carpet  manufacture 


Islington  Borough  Council     Albert  Gay 

Kettering  Council  ,  W.  A.  Walker. 

Kidderminster  &  District  Elec-  [A.Charlton 

trie  Lighting  &  Traction  Co.        i 
Kirkcaldy  Corporation    O.  F.  IVancis 


220,  440 
three-wire 

230,  460 
three-wire 


Single-phafo 

dO  ^  100  2110 
and  4oO 


Linoleum,  engineering,  furniture, 
malting  works,  linen,  &c. 


Timber   yards,   builders'    yards, 

foundry,  linoleum  works 
Numerous 


Lancaster  Corporation :  VV.  A.  Tester 

Leeds  City  Council H.Dickinson 

Leith  Council '  A.  Peden  R.ither     Engineering  and  general 

ford 
Liverpool Alfred  Clough    ...  

Lincoln  Corporation |  Stanley  Cleg 


Engineering  works 


63 

64 

65 

66 

67 

68      Loughborough  Corporation i  W.  H.  Allen  Hosiery  and  engineering 

59      Luton  Corporation VV.  H.  Cooke.. 

70      Maidstone  Corporation   ]  E.  E.  Hoadley 

Manefiplri  Cnrnoration    E.  Holo 

Hewlett 


200 
400 


230,    460 
tln-ee-wiri- 
460 

230 
460 

230,   460 


715 

30/3/09 

29,351 

30/4/09 

4,761 

16/5/09 

346 

31/12/09 

5,085 

31/5/09 

1,032 

13/5/09 

2,200 

2,614 

19/12/08 

876 

31/3/09 

953 

30/4/09 

535 

5/6,09 

592 

321 

1,577 
1,571 
6,135 

31/3/09 
645 

22/1/09 

2,178J 
51/5/09 

690ij 
50/4/09 


786 

15/5/OC 


straw  bat  making,  motor  card  and  lorries, 
hydraulic  and  gcnemi  engineers,  foun- 
dries, printing  \\orks 

Building,  brewing    


425 
1/12/08 

10,174 
51/5/09 
3,267 
50/4/09 
10,025 
51/3/09 

230,   460    i.n:'l  i 

and  500 


230,    460 
250, 460 


Boota,  boiiery,  cotton  doubling,  fonnl- 
ing,  tin  box,  motor  bodies,  sand  and 
stone  i|U>trie8,  coal  mining 


72  Metropolitan  Electric  Supply  Co     .T.S.Highfield,  £,'«.  Ordinary  shops 

•J.  Conacher,  (jn.AI. 

73  Middlesbrough  Corporation  If.  M.  Taylor Iron  and  steel  works,  shipyards, 

joiners  shop 

74  Motherwell S.  Williami Engineering  and  steelworks 

75  Newcastle  and  District  Electric    W.  I).  Hunter    ...  '  Engineering  and    shipbuilding, 

Lighting  Co,  "I*®'  "''"  '^"  works,  &o. 

76  Nelson  Corporation  \  D.  Helme ]  Cotton  manufacturing  

77  Newport  Corporation 


H.  Collings  Bibhopl  Coal,  iron,  clothing,  nails,  brick- 
'       works,  millers,  ship  repairs, &c. 


Not 


220,   4^0 

thrcc-wiri 

500 


240,    480 
500-600 


220,  440 

three- wire 

230,  460 

240,  480 
three-wire 
230,   460 
three-wire 
230,   460 


permitted  ;  three- wire 


\Clil. 

370 

30/10/08 

1,612 

10/12/C8 

1.216 

30  5  09 

260 
15,6/09 

3,443 
25/5/09 
1,694 

About 

3,000 

8,643 

25/9/08 

280 

1/4/08 

1,757-75 

51/5/09 


2,250 
195 
191 


4,270 


150 


800 


1,102 


355 


50      5,600 


425 

12",  for 
pr.  ouly 

759 


100     ICannotl  ■>• 
i  give 
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ELECTRIC     POWER    SUPPLY,— Continued. 


Method  of  Driving. 


Group 
11. 1'. 


500 
approx. 


43 
approx. 


1,450 
approx. 


672 
approx. 


660  j; 

iipprox. 


Per    unit. 


Bulk 
supply. 


Approx. 
II. p.  of  other 
power  dis- 
placed by 
electric 
motors. 


2^d.  down- 
wards 

■2>].  AlhiDitsovei 
GilO  per  J  at  lid. 


Oil  ap-  : 
plication 


Id.  flat 

j    2Ad.  flat ; 
!  4d".  and  Id. 
M.D. 

I  HI.  &!i.l.  M.D. 
,  111.  flat  rate  for 
1 1-estricte.l  hours 

Sliding  scale 
I      2d.— jd. 

4d,  anil  Id.  M.D.I 
2Jd.   Hat. 

2id.  to  Id. 


On  ap-      151),  also  3G3 

nlifjtion    P"™teelec- 
piiodlion      j|.j^  pj^^j 

id 


Special 
rates 
Id. 


Isolated 

Plants  at 

present 

Operating. 

9  =  Gas. 

.SI/ -.Suction  Gas. 

SssSteaui. 

H.P. 


503,    20s.f/, 

)00s,  10  mUa 

(approx 


290s,  200s, 

4,000s 
No  record. 


(Note.— Inst.  E.E.  Wirinif  Rules  for  Motors 
generally  apply  in  all  districts,  j 


•Motors  used  in  gen.  stn.  for  cooling  towers, 
artesian  well,  driving  machinery,  &c. 


Power  and  lighting  on  same  main 
day-load  motors  only. 


500  ku'. 


dth  dis.  li 
.of  33Jii.c 


To  sub- 
stations 


3d.,  Id.,  fd.     On  ap- 
and  Jd.        plication 

i    '2d.  to  Id.     ■  Special 
Sliding  scale    terms 

•3d.  to  Id. 


4il.— Id.  M.usyS' 
tcm,2^d.  flat  rate 
or  on  2  rate  meter 
3d.  two  hrs 
I'id.  after 
2d",  and  Id. 
less  discount 
2d.— Id.  per 
sliding  scale' 

Id.  flat, 

2d.&  Id.  M.D. 

2d.  to  Id.  sliding 

scale 

Id.  flat 


1,00 


On  ap 
plication 


219    I 

About 
1,312    i 
Bo 


30     ;     2d.  to  Id. 

24d.  to  |d. 
sliding  scale 

24d.  sliding 
scale  to  Id. 
O.Sd.  to  1-7.M, 
less  y  per  ceiit. 

IJd.  to  IJd, 

•2d.,  lJd.,ld. 

i 

|2Jd.,2d.&2d. 
!  &  Id.  M.D 
!      Id.    flat 

2d.,  lid.,ld. 

Various 


About 
300 
th 


Number  and  horse-power  of  motors  does  not 
include  the  docks  or  Admiralty  supply. 

•  Lighting  :  7d.-3d.  M.D..  6d.  flat5|.   Power 
4d  and  IJd.  M.D.,  2d  -2Jd.  flat. 


Power  load  rapidly  growiiii?  and  especially  favoured 
with  the  many  small  and  diverse  trades  subsidiary  to 
staple  industries  of  district.     *Local  for  inagnetting. 


20£r,  160s(/, 

300s 
Itg,  200sg 


I  On  ap 
'  plication 


By  con 
tract 


On  ap- 
plication 


3303 


*  With  discount  on  hours  of  running. 

All  motors  are  hired  out  by  this  company, 

and  are  maintained  and  inspected. 
Radiators  are  at  power  rates  but  are  not 
included  in  this  return. 


Hired  motor  system  in  operation.  About  405  n.  p. connected 
*  Subject  to  2i  per  cent,  dis.,  for  payment  within  U  days. 


•This  is  a  combined  figure  for  lighting  and 

power. 
1  large  engineering  works,   1  large  colliery,  1  large 
malting  works  received  entire  power  supply  from  Cor- 
poration. 


4d.&ld.M.D. 
Id.  daylight 

3d.  and  Jd. 

M.D. 
2d.&.l(l.M.D. 
Sp.  on  app'n. 

Id.  and  J.'. 

Max.  Ud. 


Bo  th 


According 

to  load 
factor,  &c 


About 
bLO 


1,172 


2d.  and  Id   |  On  ap 
ace,  to  quan.lplicatioD 


158         49;/,    25s;/, 
492s 
About  400    About  200(/ 
lOOsfif,  250s 


500 
214 


1,500 


450.S' 


2d.  up  to  3,000  per  qr.,  IJd.  from  3,001)  to  10,000  i>er  qr. 
Id.  all  units  in  excess  of  10,000  perqr. 


Two  private  plants,  total  1,200  kw,  runniii;^. 

'2d.  first  1,000  per  ([v.,  l.ld.  .secoiul  1,000  per 
qr.,  Id.  remainder. 


Town  gas  sold  at  1,'6  1,000  for  puwci-      '1' ram- 
way  supply  1,200  II. 1'.  nut  iiK'liuloil. 
*  Not  iiiL-luOiiig  colleries. 


Largest  installation,  shipyard,  max.  dcinand 
400  kw. 


Largest  consumer,   Sir  W.  G.  Armstrong, 

Whitworth&Co.,  Ltd.,  ElswicU  Works. 
*  Motive   jiower— 2j(d.  for  1st  hour  per  dav, 

Ud.  every  subsequent  hour,  less  5\. 
In  negotiation  for  several  largo  consumers. 


SIEMENS 
WIRES 

and 

CABLES. 


STANDAR 
INSULA7 


IncVARNISHES 


THE    BEST 

For  Maintenance  and  Repair  of 
Electrical  Machinery. 


For  Pact's  and  Particii/nrs  n/tpty- 
Insulatins  Varnish  Dcpt.. 


26,  BEVIS  MARKS,  LONDON, 
E.G. 

rhoue — London  W  aU  ibil. 
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"THE    ELECTRIC'AN"    TABLES    OF 


Supply  Authority 


Knsrineei'  and 
Manager. 


Principal  Local  Trades. 


78      North  Wales  Power  and  Trac-    G.  K.  Paton  (Chief 
tion  Co..  Ltd.  Elec.  Eng.) 


Norwich  Corporation  ..  1  F.  M.  Long 

Nottingham  Corporation  H.  Talbot   

Nuneaton  Corporation   S.  l".  tiibson   

Partick  Council    \V.  Sillery  

Peterborough  Corporation   J-  C.  Gill 

Reading  Electric  Supply  Co E.  Rowley  Hill  ... 

Redditch  Urban  District  Council    ''^''"'  J-  Ferguson 

Rochdale  Corporation    CO.  Atchison   ... 

Rotherham  Council !■'  Cross  

88  Salford  Corporation    _     V.  A.  H.  M'Cowen 

89  Sheffield  Corporation |  S.  E.  Fedden 


Slate  quarries 


90 
91 
92 
93 
94 
95 

93 
97 
9S 
99 
100 
101 
102 
103 
1C4 
105 

106 

107 

108 
109 


Shoreditch    orough  Council C.  N.  Russell 

Shrewsbury  Corporation  |  •'•  M-  Johnston  ... 

Sniithfield      Markets     Electric  iMgar  Dowlin.^^  .. 

Supply   Co  ,   n   n      n. 

South  Shields  Corporation    .1.  H.  Lawtnra   ... 

Stalybridge,  Hyde,  Mossley  and  Hubert  Blackmorc 

Dunkinfield  Electricity  Board 
Stamford  (Urban  Electric  Sup- 
ply Co. 


Boot  and  shoe,  mustard,  print- 
ing, breweries 

Lace,  hosiery,  tobacco,  engineer- 
ing, leather 

Hat  making,  hosiery  wr.ol,  cotton,  elastii 
web,  foundry,  quarries  rtu<l  collieries 

Shipbuililing  and  engineering 
works 

Engineering,  brickworks,  rail- 
way 

Printers,  engineers  and  iron 
founders,  saw-mills 

Needle  trade,  fishing  tackle, 
cycle  factories 

Textile  and  engineering 


Iron,  steel  and  brass  works  . . 
Textile  and  engineering    


Power  Voltages. 


A.C. 


500 
5- phase 


Steel  and  iron  works,  cntlcry  works,  fonn- 
dries,  general  engineering  works 

Printing,    shoemaking,   cabinet 
and  furniture  manufacture 


.1.  E.  Edmundson 


St  Helens  Corporation 


..     i:.     M.    HoUings- 
worth 
St.  Marylebone  Borough  Council    F.  A.  Wilkinson 

Stockton-on-Tees  Council  .J.  .J.Smith 

Stoke-upon-Trcnt  Corporation     |  1".  J.  S.  Tiddeman 

Sunderland  Corporation A   S.  lUackman  .. 

Swansea  Corporation C.  A.  L.  Prusmanii 

Oxbridge    and  District  Electric    A.  Randall  Bell... 

Supply  Co.                                                     . 
Wakefield  Corporation  II.  A.  AeviU   

Walsall  Corporation  A.  .S.  Barnard    ... 

Warrington  Corporal 'rn 


Cold  storage 

Shipyard.s,    docks     and    marine 

engineering  works 
Texlile,    paper     mill     boiler    works 

bltach   works,    engineering     works, 

iron  works 
Brickworks,     laundry,     foundry, 

engineering  works,  flour  mills, 
printing  works,  timber  yard 
Chemical,  glass  and  bottle  works 

Printing,  building,  small  work- 
shops I  various  trades) 

Shipbuilding,  engineering  and 
ironW'Orks 

Potteries,  engineering  works 


200 
200 


3,000 
220 


2,000 
200 


110,   220 


4C0 
230 


D.C. 


220,   140 

200,  400 
three-wire 
220,  440 
three-wire 
240,   480 

200,   400 

200,   400 


220,440, 

500 

230 

460 
220,   440 
three -wire 


Total 
B.il  1".  con- 
nected at 

date 

indicated 

below. 


Total 
number  of 

Motors 
connected. 


Largest 
Motor 


Max.    H, 
de-    mqw 

mand. 
Kw. 


West  Bromwich  Corporation 


K.  V.  L.  Mathiai., 
\V    A.  .Jackson  .. 


Shipbuilding,  marine  engine  and 
boiler  makers,  coal  mining 

Metallurgical,  coal  exporting 
&c. 

Flour  mills,  printing,  engineer- 
ing, brickmaking 

Engineering,  woollens,  coal, 
printing,  laundries 

Saddlery,  harness,  leatlicr,  clotliing,  iron 
fouo<li'n^',  tubes,  brusliesand  rolling  uiills 

Wire  mills,  printers,  law  mills,  tanneries, 
engincei-s,  eorn  mills,  gas  stove  raauu- 
faeturers,  builders,  mineral  water  mauu- 
1    facturerw  &c. 

Sprlnj;  works,  steel  rolls,  liollow  ware 
foundries,  edge  tjols,  tubes,  school 
furniture,  corn  mills,  wire  nails 


None 

5,000 

220 

220,  440 

three-wire 

200 

200 


380  3-phse. 
50  period 


240,  480 

three-wire 

210 

420 

100      ' 

200 

550 

460 

230 

1  240,   480  1 

three-wire 

230,   460  : 
three- wire 

240      j 

480      ! 

230,   460 

three-wire 

J  240,   480 

I  three-wire 

220       1 

220,  440  I 
three-wire 


■3,050 
6,09 

2,662 

31 '3/09 
3,820 
31/3/09  I 

229 
2/6/09 
2,569 
15/1/09 
259 
31/12/08 
1,711 
4/6/09 
775 
17/11/08 
1,267 
31/3/09 

583 
20/5/C9 
9,766 
31/3/09 
11,545 
25/3/09 
3,900 
31/12,08 

158 

31/12/08 

515 

8/12/08 

1,420 

6,500 

532 


West  Ham \.      Hugh      Sea- '  Chemical,      engineering,      flour  jlOO,200,40C 

brook  mills,  ink  mills 

West  Hartlepool  County  Boro..     H.  F.  Friedcrichs     ^:^:^;^^^^i^^;X}         - 


105 
210 
460 


230,  460 


1,630 

30/4/09 

2,534 

6/5/C9 

986 

51/3/09 

825 

30/4/09 

10,887 

9/6/09 

1,796 

31/5/09 

426 

4/12/08 

l,264.i 

634 

31/5/09 
5,000 


l,2l2 
30/4/09 


Whitby   Yorksi  District     ouncil    I,.  H.  King Fishing 


no       Whitehaven  corporation  B.  Sankey    '"^^^JZ.y'^'^"^ 

l\\       Wigan  Corporation     


Jas.  Slevin  Coal  mining,  cotton  mills,  engi- 
neering works 


112 
113 


115 
116 


220 
6,000,  400( 


Windsor  Electrical  Installation     A.  E.  Farrow Brewing 

Wolverhampton  Corporation         C.  E.  C.  Shawfield    Ironwork,  edge  tool  works,  corn 
<Toiyciiiaiiii><'»"         V  mill.'!,  paint  works,  cycle  and 

motor  works,  saw-milfe,  &c. 
,.     \i    oi,.,,..  I'or.eluin,  nlove,  leather,  flour,  cnuinccr- 

Worcestcr  Corporation '-    .".  oiia«     .^^^^    TOrious,    buttons,    eoufectlonery, 

printing,  horse-hair  clotti,  &<:.,  works 

York  Corporation     J-  W.  Hamo   Confectionery,  printing,  railw.iy 

works.  Hour  muls 
Yorkshire   Electric   Power  Co.      W.  B.  Woodhouse  Textile  mills,   iron   works,    col-        2,000, 
I  '     1  erics,  calcium  carbide  factory  luu 


500,200,100  6,512  kw. 

31/3/09 

230,   460  I       1,756 

three-wire      31/3/09 

460  175 

420,   210  136 

three-wirci    31/12/C8 

230,   460  !       1,614 
three-wire'    31/11/08 


220 


4<10,   220 
three-wire 


100,   200     230,   400 
500 

230,  460 

three-wire 

500 


3,388 
31/3/09 

825 
31/3/09 

1,117 
30/4/09 
13,000 

25/5/09 


60 


200 


485 
954 

56 
249 

65 
258 

97 
217 

81 
955 


1,000 


750  at 
-station 


50 

60 

60 

60 

15 

65 

40 

50 

33 

300    I     ... 
I 
1,219      350  II. !■.  1  6,667 

800     ,       ...       I     - 


120 

1,915 

468 

1,377 


436 


70 
33 
73 
250 

2f|l 
629 
123 

75 
725 

49 
163 
141 


833 

211 

32 

31 


76 
330 


217 
350 


383 
736 


20 
150 

50 
375      4,250 

35     ,     .-. 


60 


300 


110    17,406 

I  whole 
supply 


50 
60 

110 
60 
60 

110 
35 

216 


115 

120 

18 

20 


12-5 
100 


35 
140 


387 
4,032 
1,067 

320 


500 
40O 
234 

921 

55 


S60 
3,400 
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LECTRIC     POWER     SUPPLY —Co^itinued. 


Method  of 
j       Driving. 

I  Group.     Indiv. 
ii.p.         H.r. 


Rates. 


Per  unit. 


I    Bulk 
supply. 


575       2,475        IJd.-Jd.    I      ... 
and   under 
hiding  scale 
2d.  to  3d. 

Ud. 

1S6      2;,(l  to  Id.  on    On  ap- 
idiiigscale  plication 
Id.  Hat  rate 

V.d.  flat. 


Approx. 
H.P.of  other 
power  dis- 
placed by 
electric 
motors 


3,050 


Ahout 
1,400 


Pr«oticon.\ 
»n  group 
driven. 


99 

100 

101 

i 

102  j     300 

103  i     ... 

104  e&7 

105  :     ... 


Isolated 

Plants  at 

present 

Operating. 


Remarks. 

(Note.— Inst.  E.E.  Wiiine  Uules  tor  .Mt 
genei-dUy  apply  in  all  districts.) 


Elate  q«ftn"y  load  mostly  winding,  piimpinj 
pressor  and  mills.  Tra"n?mission  at  lO.UUO  t 
phase,  all  overlieiid,  bare  wire.  10  OUO  and 
trdnsniission 

A  ISOb.h.p.   motor-driving    sewage 
will  shortly  be  installed. 


:,  ai.-  com- 
■olts  thres- 
20,000  volt 


Ud.  flat 

2d.  to  Id.  ...       ! 

iliding  scale.  1 

•2d.  to  Id        On  ap- 
iliding scale*!  plication 
1;U1.  and  Id.     On  ap- 
j  plication 


'M.fid.  &  2d. 

orflatSd. 
lid.  and  Id. 


St'm  705 

Gas  122 

458 


'5,0C0 


50sg,  100s, 
20  oil 


50g,   125sg 


5iZg.  2Csg, 
190s 


Quarterly  accounts 


About 
600 

Part]\ 

ICO 

115 


Alioul 
642 


2Jd.— •45d. 

2kl.  flat,  4d 
and  Id.  M.D. 

rd. and  Id. 
with  disc'ntf 
2d.  and  Id. 

M.D. 
SlWliig  scale 
!.l.  down  to  IJd 

IJd.  to  0-8d. 

:jd.  (dis.  to  ;d.) 
}d.  *  Ija.  M.D. 

2d.(lsthr.)& 

lid.  M.D.* 

2^rto  n  flat 

Dr-S&i'M.D.' 

2d.  to  Id. 

{See  remarks^ 

i'6il.  to  2d.  ac- 
cording to  con- 
ditions 

lid.  to  Jd. 


Id.  max. 


On  ap- 

[ilication 
On  ap- 
plication 


Ou  ap- 
plication 


On  ap- 
plication 


On  ap- 

plcation 


2,000 


1,000 


220  since 
j  Aug.,  1905 


j  On  ap- 
nlication 
2<l.-lid.flatjld.— Jd. 
with  di.sc. 


Ud  an!  IJd.  or, 
•2  ra'e,  *2d.  for 
small  motors 

Aliout  ,l-'ptol,uou„int. 
1  Ci^fi     I  per  Bnnnra2d., 
■•■'^^^     I   over  1,000  Id. 
j  ti  per  n.r.  in- 
stalled per  aan. 
and  Id.  per  unit 

Id. 


4,.520  kw. 
1,650 


2Jd.  &  Id.  M.D 
3d. sewerage  P. 
Id.  &  IJii.  re- 
I  stricted  hour 
I  li  down- 
j  wards 
Sliding  scalt 


None 
Various 


On  ap-  ' 

plicition 


Isolated  plants  on  present  rente  of  mains  (approxi- 
mate only).    "Special  terms  tor  spsi  ial  conditions. 


•Flat  rate.-Ud.  first  1,C00  units  per  qr..  Id.  a'l  in 
excess.  Fixed  charge  system  £1  per  qr.  p.>r  E  ii  p. 
demanded  md  gd.  per  unit  consumed 

Great  expansion  of  use  of  power  supply  in 
rolling  mills  and  cutlery  works. 

*  Plus  ±;3per  E.ii  r.  demanded. 

*  Power— 3d  ,  2d.  and  lid.,  5  and  10  per 
cent,  discount. 


Also  traction  supplj-. 


300.9,  1,700s. 


IQOsg 


703,7,  lOsj/, 
1,109s  160  o!7 


503,  l,200s(/, 
500s 


One  works  take  about  2o0-,000  units  per  annum,  and  tlic 

total  amount  sold  per  nunum  for  power  purposes 

amounted  to  371.738  units. 
The  potteries  all  rfquire  steam  for  heating,  and  this  is 

generally  the  drawback  to  electric  driving. 
A  large  flour  mill  owned  bv  E.  0.  Robsou  &  Sons,  Ltd., 

at  present  being  converted  to  electric  driving. 

i  Motor  hiring  scheme  in  operation. 
*  200,000  per  annum  and  over  special  rates. 


2d.  up  to  100.  I|.l.  up  to  20J,  Ud.  up  to  .500,  l}d.  over 
.WO:  10  per  cent,  discount  for  over  10,000  per  annum, 
12i  per  cent,  discount  for  over  l.'),000  per  annum. 


76  motors  on  hire  =  492  ii.r. 
hand  for  65  ii.i'. 


Application  in 


510(/,  250s.'/, 
5,375s 


200flr,  450s(/  :  Power  load  arisen  during  last  three  yeai.< 
l,88?s 


CECIL  HODGES 


&  CO. 


MOTOR  STARTERS. 
NO  UOLT  RELEASE. 
fl.C.  MOTOR  SWITCH. 
SWlTCHGEflR. 


BALFOUR  HOUSE. 

Finsbury   Pavement,    LONDON,   E.G. 


GILBERT 

ARC    LAMPS. 

BEST 

All     Kinds    o-F 

INDUSreiAL  INSTALLATIONS. 


ty  rite  for  Price  Lists. 


THE  : 

niLBERT  ARC  L.\MP  CO..  Lid. 

Works;  CHINGFORD,  ESSEX. 

Tel«phone— 59.         Telegr.ims— Gilbest; 
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6encral  €lcctric^'  Progrcss^ 


SI.Xt'K  la.'?l  we  had  oix-asioii  to  ivl't-r  to  ihcpioductidiis 
of  the  (ionenil  Electric  Co.,  it  would  seem  that 
they  have  been  steadily  making  improvements, 
which  make  still  more  for  reliability  and  excellence  of 
quality  in  their  particular  types  of  apparatus. 


Sumpner  Portable  Combined  Wattmeter  and  Voltmeter. 

The  recent  twelfth  editiim  of  the  instrument  catalogue 
has  found  much  favour,  and  of  the  various  types  of  instru- 
ments shown  therein  the  Sumpner  wattmeter  seems  worthy 
of  special  mention.  It  is  made  in  two  types,  switch- 
board and  portable,  the  latter  being  a  combined  standard 
wattmeter  and  voltmeter.  It  is  interesting  to  note  that 
these  instruments  are  doing  good  service  in  the  test  rooms 
of  many  central  stations. 


Record  "  Circu  t-brcakcr. 


wise  "  type  was  only  suitable  for  direct  current.  The 
smaller  types  of  circuit-breaker,  namely  "  Dwarf,"  carrying 
2  to  2-)  amperes,  and  the  "Junior,"  carrying  30  to  400, 
are  still  in  favour,  and  seem  to  be  very  much  in  demand. 

While  dealing  biielly  with  the  cireuit-breakers  made  by 
the  (Jeneral  Electric  Co.,  passing  refeience  to  their  various 
jiutterns  of  quick  make-and-break  switches  might  be  made. 
The  name  "reel"  has  now  become  well-known,  and  the 
I'eel  switches  form  a  series  which  for  ample  and  practical 
construction,  combined  with  excellent  finish,  are  all  that 
can  be  desired  in  a  "knife"  switch.  Here,  again,  every 
likely  demand  is  catered  for,  as  "  Peel"  switches  are  made 
either  "single-pole"  or  "double-pole,"  and  both  in  the 
change-over  type. 

Turning  to  the  varied  .series  of  cut-outs  made  by  this 
company,  as  the  majority  are  already  well  known,  i-efer- 
ence  to  the  Latest  type  need  only  be  made.  In  their  new 
cut-out  which  has  lately  been  designed,  very  careful  atten- 
tion is  ])aid  to  the  matter  of  insulation,  a  feature  wliich. 


Amongst  the  circuit-breakers  made  by  this  company  a 
new  type,  the  "Itecord,"  has  been  designed  to  take  the 
place  of  the  well-known  "  Edgewise "  pattern  of  current 
capacity  of  200  to  2,500  amperes.  The  principal  improve- 
ment in  this  circuit-breaker  is  that  it  can  be  used  with 
either  direct  or  alternating  current,  whereas  the  "Edge- 


D.P.  Single  Box  Cut-ou(. 

unfortunately,  does  not  always  receive  the  amount  of  care 
necessary  in  a  first-class  article.  This  cut-out  is  designed 
for  "  House  .Service"  work,  the  two  poles  being  contained  in 
a  single  bo.v,  which  is  made  suitable  for  cither  twin  or  con- 
centric service.  The  interior  is  fitted  with  single-pole 
porcelain  cut-outs  mounted  side  liy  side  with  detachable 
fuse  holders,  as  shown  in  the  illustration.  These  few  short 
descriptions  give  an  idea  of  the  ''  progressiveness  "  of  this 
company,  which  keeps  them  well  to  the  forefront  as  makers 
ot  electrical  ajijiaratus  of  every  description. 


€oer$l)ed*$  Instruments. 


AN  important  part  of  every  electrical  installation  for 
power  pur])Oses  worthy  the  name  is  its  various  record- 
ing and  indicating  instruments.  Not  only  do  these 
allow  the  actual  energy  consumed  over  a  period  of  time  to 
bo  ascertained,  but  it  is  also  possible  therein'  to  check  the 
proper  working  of  the  ajjparatus.  To  do  this  with  accu- 
racy is  of  course  essential  ;  and  strength  and  attention  to 
detail  in  manufacture  are  very  necessary  features  of  the 
recording  instruments.  These  desiderata  are  certainly  to 
be  found  in  the  in.struments  turned  out  by  Messrs.  Evershed 
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WELLMAN,  SEAVER  &  HEAD,  Ltd 


THE   LATEST  GRID 


Electrical  Department: 

47,  VICTORIA   STREET, 
LONDON,  S.W = 

Manufacturers  of 


WELLMAN  BRAKES 
CONTROLLERS  Z  PURPOSES 

NODON  PATENT  AG.  RECTIFIERS 
SWITCHBOARDS 


LIGHT 

UNBREAKABLE 
STAMPED    STEEL    GRID 


W>•^<K«;~t~t~t~5^!~!K~MK♦♦♦<<*•tK~>♦I«^<K•^tK^ 


DIPLOMA   of    HONOUR,   Franco-British   Exhibition,  1908. 


THE" 


STEARN 


n 


ENGLISH    MADE 

lilelalllG  Fllanieiit  Lais 

"LEUCONIUIW" 

All  Voltages  to  250. 

REDUCED  PRICES.    LIBERAL  TERMS. 

WRITE  run  riuc'H  i.ist  and  pautkl'lars  :m 

The  STEARN  ELECTRIC  LAMP  Co., 

47,  Victoria  St.,  Westminster,  London,  S.W. 

Works  I  SANOVCOMBK   ROAD,  KKW  OARDKNa,  S.W. 
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FANS-A.G.  &  D.G. 

SILENT— EFFICIENT— RELIABLE. 
Prompt    Delivery  and   Low    Prices. 


The  Klectric  &.  Ordnance 
Accessories  Co.,  Ltd., 
Aston,     Birming^lia.m. 


k  Vignoles,  of  London,  wliose  wide  experience  in  this  class 
of  work  gives  them  a  right  to  consideration  in  regard  to 
any  order  intended  to  be  given  out  for  electricity 
measurement  instruments. 

In  certain  classes  of  work,  especially  in  installations 
where  a  large  number  of  motors  are  installed,  the  portable 
instrument  is  a  very  useful  piece  of  apparatus.     Portable 


Fig.  I  — Moving  Iron  Ammeter.        Fig.  2.— Moving  Coil  Ammeter. 

instruments  made  by  Messrs.  Evershed  &  Vignoles  include 
cell  testers  and  moving  coil  ammeters  and  voltmeters  for 
general  continuous-cunent  measurements  on  circuits  whose 
voltage  does  not  exceed  1,000  volts  and  where  the  current 
is  not  more  than  l,fXX)  amperes.  Moving  iion  instruments 
designed  for  the  mea.surement  oi  either  continuous  or 
alternating  currents  are  also  made.  Three  types  of  the 
moving  coil  voltmeteis  manufactured  by  Messrs.  Evershed  & 
Vignoles  are  turned  out,  each  suitable  for  use  over  .six  ranges 
of  voltage.  Jn  one  of  these  the  maximum  voltage  readable 
is  130  volts  and  in  another  1,0 10  volts  ;    tlie  third  type  is 


arranged  for  six  ranges  in  accordance  with  individual 
requirements.  These  instruments  are  by  now  so  well 
known  that  further  description  is  needless,  but  attention 
may  be  drawn  to  the  neat  self-contained  switch  which 
alters  the  sensibility.  The  moving  coil  ammeters  are  very 
similar  to  the  voltmeters,  but  are  of  course  used  in  com- 
bination \\ith  suitable  shunts  and  are  not  fitted  with  a 
sliding  switch  for  adjusting  the  ranges  ;  an  alteration  in 
the  shunt  employed  being  alone  necessary  in  this  case.  A 
very  useful  instrument  of  this  class  is  the  well-known 
Evershed  portable  combined  ammeter  and  voltmeter  re- 
cently redesigned  and  improved. 


Fig.  3.— Sector  Type  Voltmeter. 

A  typical  portable  moving  iron  instiument  is  shown  in 
Fig.  1.  It  is  a  three-range  ammeter,  and.  like  all  of  its  class, 
can  be  used  on  either  alternating  or  continuous-current 
ciicuits.  It  is  compact,  its  overall  dimensions  being  only 
1 1  in.  by  8|  in.  by  3|  in.  and  the  weight  is  the  not  excessive 
one  of  7  lb.  The  instrument  as  shown  is  provided  with 
two  scales,  and  can  be  arranged  to  indicate,  according  to 
the  type,  from  0  to  6,  5  to  20  and  10  to  60  amperes  ;  or 
0  to  10,  5  to  30  and  10  to  100  amperes,  A  long  range  is 
thus  secured  without  the  additional  weight  and  cost  of 
transformers  and  the  instrument  can  be  used  for  continuous 
or  alternating  current. 


Fig.  4.— Synchronising  Voltmeter.     Double  Scale. 

Switchboaid  instruments  of  vaiious  shapes  and  .sizes 
and  of  both  the  moving  coil  and  moving  iron  types  are 
another  Evershed  speciality.  We  illustrate  a  moving  coil 
round  type  ammeter  of  this  class  in  Fig.  2,  and  a  sector 
type  voltmeter  in  Fig.  .'5.  It  is  claimed  for  the  moving  coil 
type  of  instrument  that  it  is  made  with  such  a  strong 
magnetic  field  that  it  is  practically  free  from  external  dis- 
turbance, a  disadvantage  often  present  in  this  class  of 
instrument,  and  that  it  is  extremely  dead  beat.  The 
moving  iron  instiuments  are  fitted  with  cast-iron  cases  to 
prevent  exteina!  interference.     The  round  pattern  instru- 
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LOW  COSTS   IN   WIRING 


ARE  ASSURED  BY  THE  USE  OF 
THE 


O-S 


WIRING    SYSTEM. 


STANN     OS     ""^'ETACASE" 
AND      -^^        WIRES   AND 
KUHL     OS        FITTINGS 


ENSURE    PERFECT    ELECTRICAL   CONTINUITY, 
PERFECT    MECHANICAL    PROTECTION, 
LOW    COSTS, 
NEATNESS. 


CHEAP ^EXCEPT     IN    QUALITY. 

FOR    ALL-ROUND    EXCELLENCE 

THE    KALK^JS     TINNED    TUBE    SYSTEM 
CANNOT    BE    SURPASSED. 

NO     C01N1DETVSA.TI0JV.       CA.TV     BE     USED    ^S    ^V     COINCEJNTJRIC     SYSTEM. 

'  "  THE  SUN  Electrical  Co.,  ltd., 

118-120,  CHARING  CROSS  ROAD, 

LONDON,  W.C.  cer™™ 


ASK   FOR 

CATALOGUES 

OS3  4    K3 


Telegrams : 
"SKCABIIJS   LONDON." 


J 


ments  are  made  in  two  sizes  with  scale  lengths  of  5  in.  and 
7  in.  respectively  ;  the  scale  radius  is  either  3 J  in.  or  -5  in., 
and  the  overall  diameter  7|  in.  or  9|  in.  The  sector  pattern 
instruments  are  made  in  three  sizes,  their  diameters  being 
9  in.,  \2\  in.  and  20  in.  respectively  ;  edgewise  in.struments 
similar  in  all  but  external  characteristics  to  the  otlier  types 
of  instrument  described  are  also  made. 


ARRANGEMtLMT     OF      C  MART 

Fig.  5.— Chart  on  Evershed  Recording  Instruments. 

An  interesting  instrument  is  that  shown  in  Fig.  4.  It  is 
an  edgewise  duplex  paralleling  voltmeter  which  is  made  in 
either  the  moving  iron  and  moving  coil  type.  It  possesses 
all  the  essential  features  of  the  Ever.shed  instrunrents  and 
the  bold  way  in  which  the  figures  are  placed  on  the  .scale 
should  prove  a  great  boon  to  those  who  have  to  use  it. 

For  recording  purposes,  Messrs.   Ever.shed  &  Vignoles 


.supply  an  instrument  which  is  certainly  of  novel  design. 
Its  mechanism  is  of  the  simplest  and  .strongest  con.struc- 
tion  and  there  are  no  delicate  parts.  The  system  of 
moving  the  chart,  which  is  of  the  continuous  roll  tvpe, 
lasting  over  a  month,  will  be  understood  from  Fig.  5.  The 
paper  driving  axle  carries  at  its  centre  a  wheel  having  a 
milled  edge,  again.st  which  the  paper  is  pressed  bv  a  spring 
friction  wheel  seen  near  the  pen.  The  paper  is  consequently 
driven  forward  with  perfect  uniformity,  and  no  irregulari- 
ties can  occur  e\en  at  high  speeds.  The  normal  speed  is 
I  in.  per  hour.  Other  speeds,  such  as  2  in.  and  (5  in.  per 
hour,  can  also  be  arranged.  The  pen  is  quite  novel.  It 
resembles  somewhat  a  drawing  pen  held  nearly  horizontally, 
and  it  is  carried  on  knife  edges  in  a  stirrup  at  the  extremity 
of  the  hand  The  motion  of  the  latter  being  at  right  angles 
to  that  of  the  paper,  the  pen  has  to  mark  equally  well  in 
either  direction,  which  it  does  peifectly.  A  study  of  a 
recoid  will  show  that  it  results  from  this  arrangement  that 
the  co-ordinates  of  the  chart  are  rcctnmjuhr  instead  of 
curved  as  usual,  which  makes  the  record  easy  to  read. 

It  is  claimed  for  this  form  of  pen  that  it  is  very  strong  and 
will  work  for  months  without  any  attention  other  than  that 
necessary  for  cleaning,  an  operation  performed  in  a  moment 
with  great  facility.  The  clock  is  of  the  eight-day  type, 
and  a  spring  escapement  is  used.  Tiiis  instrument  can  be 
of  either  the  moving  coil  or  moving  iron  type,  according  as 
continuous  or  alternating  current  i-*  employed. 

The  new  series  of  catalogues,  published  within  the  last 
few  weeks,  contains  nuitter  of  interest  to  all  electrical 
engineers.  Readers  should  send  for  the  new  lists,  which 
arc  very  well  got  up,  and  we  notice  that  the  prices  are 
fixed  at  a  comparative  level. 
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ycrranti  SiDltchflcar 
on  $Mpboard^   .    . 

IX  recent  years  cousiderable  activity  has  lieeu  shown 
in  the  development  of  switcligear  for  marine  and 
Admiralty  pnrposes.  and  the  well  known  firm  of 
Ferranti  Limited  is  to  the  fore  in  this  as  in  other  branches, 
with  their  standard  lines  of  apparatns  as  well  as  with 
specialities. 

The  new  features  introduced  by  the  ab(ive-mentioned 
firm  in  the  switchgear  supplied  for  the  Cunard  turbo- 
steamship  "  Mauretania  "  are  well  worthy  of  special  note, 
and  will  be  of  interest  to  members  of  the  ]\Iunicipal  Elec- 
trical Association,  owing  to  the  visit  which  they  paid  to 


have  a  great  liearing  on  the  question  o-f  continuity  of 
supply — a  matter  of  paramount  importance  in  marine  work. 
A  novel  feature  introduced  by  the  makers  is  to  be  found 
in  the  main  generator  circuit-breakers,  which  are  designed 
to  carry  5,000  amperes,  and  which  are  placed  as  high  up  iu 
the  panel  as  possible  while  the  operating  lever  is  at  the 
most  convenient  level  for  manipulation.  The  relays  con- 
nected to  these  breakers  are  of  the  combined  time  limit 
overload  and  reverse  type,  adjustable  both  as  regards  time 
limit  and  operating  current.  The  feeder  circuit-breakers 
(Fig.  2)  are  equipped  with  double  trip  coils — viz.,  a  series 
and  a  shunt  solenoid.  The  series  is  set  high,  so  as  to  come 
into  operation  only  when  the  overload  is  practically  a  short 
circuit.  In  such  cases  the  action  of  the  circuit-breaker  is 
instantaneous,  and  the  tripping  is  independent  of  the  'bus 
bar  voltage.  The  shunt  solenoid  is  arranged  in  combina- 
tion with  a  time  limit  overload  relay,  and  is  intended  to 
provide  an  "inverse"  time  element  for  all  ordinary  over- 


Fig.  I.— Ferranti  Switchboard  on  the  "Mauretania." 


this  mammotli  on  AVednesday  last.  The  switchboard  (Fig.  1) 
is  in  duplicate,  the  two  halves  being  coupled  by  cables 
which  pass  through  a  dividing  bulkhead  in  watertight 
glands.  Each  half  consists  of  tw(j  generators  and  12  feeder 
panels,  all  circuits  being  controlled  at  the  main  switch- 
board by  automatic  circuit-breakers.  The  circuit-lneaking 
devices  are  of  a  jjarticularly  simple  and  mechanical 
design,  and  are  characterised  by  an  entire  akscaice  of  com- 
plication. In  spile  of  tliis  they  embody  a  time  element 
overload  reverse  and  other  features  which  are,  it  is  claimed, 
only  obtained  in  other  makes  of  circuit-lireakers  at  the 
e.xpense  of  very  great  complexity  of  the  various  parts.  The 
time  limit  overload  or  reverse  action  is  here  oljtained  by 
entirely  independent  relays  of  tlie  well-known  Ferranti 
type,  but  modified  to  suit  the  cnnditions  met  with  at  sea. 
In  case  of  emergency  tlie  relays  can  at  a  few  moments' 
notice  be  put  out  of  action,  and  the  circuit-breakers  can  be 
used  as  ordinary  non-automatic  carbon  lireak  switches. 
Again,  should  a  relay  become  damaged  it  can  readily  be 
removed  and  replaced  without  casting  adrift  heavy  cables 
or  disturbing  the  circuit  iiiteriupting  devices.     Such  points 


loads.  This  combinition  is  a  speciality  introduced  by 
Messrs.  Ferranti,  and  there  is  miich  to  be  said  in  its 
favour. 

We  understand  that  the  circuit-breakers  for  this  board 
were  tested  by  tlie  makers  by  being  mounted  on  a  vertical 
panel  secured  to  a  light  springless  trolley  which  was 
wheeled  rapidly  over  the  very  uneven  cobblestones  in  the 
makers'  yard.  It  was  fouml  that  there  was  no  tendency 
for  the  breakers  to  be  released  under  the  heavy  vibration 
thus  transmitted  to  it,  Imt  that  they  instantly  responded  to 
the  normal  energisation  of  tlie  trip  coils.  It  was,  therefore, 
safe  to  assume  that  tlie  breakers  would  satisfactorily  with- 
stand any  vibration  to  which  they  might  be  subjected  at 
sea  without  operating  incorrectly. 

In  contrast  to  the  gear  supplied  for  the  Cunarder,  the 
switchboard  (Fig.  ."!)  liuilt  by  the  same  makers  for  the 
ss.  "  Orsova  "  is  devoid  of  circuit-breakers.  This  switch- 
board is  designed  for  four  generators  and  32  feeders.  There 
are  four  sets  of  'bus  bars,  and  any  generator  or  feeder  can 
be  connected  to  any  'bus  bar  by  means  of  an  ingenious  and 
simple  change  over  device  interlocked  witli  the  main  quick 
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Fig.  3. — Ferranti  Swi'chboard  on  the  "  Orsova." 


break  switcli.  The  interlocking  is  arranged  so  that  tlie 
change  over  switch  cannot  1)6  moved  so  long  as  the  main 
switcli  is  closed.  The  circuit  prulection  is  aftbrded  by 
switch  fuses  (Fig.  4)  of  the  Ferranti  pattern  as  will  be  seen 
from  the  illustration. 


Fig.  2. 

Ferranti  Circu't- 

Breaker  in  Double 

Trip  Coils 


^^'e  regret  that  we  are  unable  to  reproduce  a  view  of  the 
back  of  this  board  to  illustrate  the  clever  design  by  which 
all  connections  are  immediately  accessible,  all  crossings  or 
confusion  avoided  and  the  four  separate  'bus  bars  in  the 
form  of  copper  tubes  arc  carried  from  the  contacts  on  the 
face  of  the  board  to  which  they  are  connected.  The  l)ack 
of  the  board  appears  a.^  it  .should  do,  like  a  diagram  of  con- 
nections drawn  out  in  the  most  straigiitforward  form. 

Another  speciality  of  Messrs.  Ferranti  is  the  colliery 
svvitcliboard  designed   for  placing   in  a  fiery  mine.     The 


switches  are  three-phase  500  volt  automatic  breakers  of  the 
oil  type,  being  designed  for  currents  of  from  1,500  to  .jOO 
amperes  per  phase.  The  ammeters  and  trip  coils  are  sup- 
plieil  with  low-tension  current  from  transformers  so  as  to 
avoid  all  possiltility  of  any  sparking  however  small  unless 
under  oil.  The  lamj)  and  other  fittings  are  in  gastight  en- 
closures, and  the  whole  is  ironclad  from  top  to  bottom  and 
supplied  with  a  strong  sloping  roof  designed  to  protect  the 
gear  from  dripping  water  and  falling  masses.  All  sweat- 
ing sockets  have  been  avoided,  suital)le  clamps  of  ample 
contact  area  being  employed.  Access  is  obtained  to  the 
back  of  the  board  Ijy  means  of  the  iron  doors  at  each  end, 
so  tliat  everything  is  very  get-at-able. 

A  demand  has  arisen  of  late  for  ironclad  high-tension 
switchgear  occupying  a  small  amount  of  space.  The  room 
taken  by  an  automatic  switch,  trip  coils,  current  trans- 
formers, ammeter  and   cuniiertions   of   the   ordinary  type 


Fig.  4.  -Fcrran'.i  Switch  Fuse. 

must  necessarily  be  somewhat  large.  If  crowiled  up,  a 
very  grave  danger  is  at  once  introduced.  Some  makers 
are  putting  forward  high-tension  trip  coils  to  render  the 
gear  more  compact  and  incidentally  cheaper.  There  are 
obvious  and  grave  objections  to  high-tension  trip  coils 
which  need  iVot  be  enlarged  upon.  It  will  be  at  once 
admitted  that  the  ideal  arrangement  is  to  bring  the  insu- 
lated leads  direct  to  the  sockets  on  the  top  of  the  switch 
main  insulators,  and  to  have  all  other  live  switch  portions 
as  simple  and  mechanical  as  possible  and  under  oil. 
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EDISWAN 


THE    NEW 

METALLIC     FILAMENT 

ELECTRIC    LAMP. 


Vou   can    reduce  your  electric  liglitiiij;    Dill  TO'Vo 
liv    u'.iu^   the    new    metallic    filament    lamp,    the 

"ROYAL    EDISWAN    METFIL" 

The  BEST  and  CHEAPEST  in  the  END. 


€iectricallp=(lriDen 
Vacuum  Cleaners. 


UNDOUBTEDLY  the  best   method    of    removing    all 
dust   oi'.d  dirt  is  bv  means  of  a  vacuum   cleaner,  as 
the  dust,  instead  of   being  merely  stirred  up  into 
the  surrounding  atmosphere  is  entirely  removed,  the  result 


or   upholstery,   as  is  unavoidable  in  the  long  run  where 
ordinary  dusters  or  brushes  are  used. 

Sipinens  electricallv-driven  vacuum  cleaners  are  of  sub- 
stantial design,  requiring  very  little  attention,  and  are  being 
installed  in  ever-increasing  numbers  in  private  houses, 
theatres,  hotels,  hospitals,  churches,  lecture  halls,  public 
libraries,  &c.,  for  cleaning  furniture,  ui)holstery,  carpets, 
hangings,  book  shelves  and  stage  scenery.  They  are  also 
largely  used  for  removing  dust  from  motor  cars,  carriages, 


Fig.  1.— Removing  Liquid  by  Means  of  Siemens  Vacuum  Cleaner. 

being  not  only  clean  furniture,  carpets,  hangings  and  so  on, 
but  a  pure  and  healthy  atmosphere.  This  method  has  the 
further  advantage  that  it  does  not  damage  the  furniture 


Fig.  2.— Cleaning   Carpet   in   Private   House  with   Siemens  I  H.P. 
Portable  Vacuum  Cleaner. 

tramcars,  railway  carriages,  ships"  cabins  and  so  on,  and 
are  invaluable  in  warehouses  and  industrial  works  where 
large  quantities  of  dust  are  produced,  such  as  in  saw  mills, 
printing  works,  dye  works,  weaving  sheds,  cloth,  paper 
and  tobacco  factories. 

I  A  special  advantage  possessed  by  the  Siemens  vacuum 
cleaners  is  that  they  can  be  employed  to  remove  small  quan- 
tities of  liquid,  provided  it  is  fairly  clean  [sec  Fig.  1)  ;  thus 
floors  may  be  quickly  dried  after  wa.shing.  This  property 
is  also  va'uable  in  the  case  of  sliips  and  yachts  for  removing 


Fig.  3. —Stationary  Vacuum. 

any  sea  water  whicli  may  liave  found  its  way  into  the 
cabins.  The  vacuum  cleaners  are  made  in  three  sizes, 
driven  by  a  1,  2  or  5  h.p.  motor  respectively.     The  1  H.r. 
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and  5  H.P.  sizes  can  be  supplied  either  as  stationary  or 
i  portable  vacuum  cleat\ers,  but  the  2  h.p.  size  is  at  present 
;  only  made  in  the  stationary  type.  A  portal)le  vacuum 
I    cleaner  is  shown  in  Fig.  2. 

A  complete  vacuum  cleaner,  as  illustrated  in  Fig.  ."5,  con- 
'    sists  essentially   of  an   electrically-driven   vacuum   pump, 
which  is  connected  by  a  .suitable  pipe  or  a  hose  to  the  nozzle- 
hulder  with  a  nozzle,  which  is  held  by  the  operator  and 
slowly  moved  over  the  furniture,  &c.,  to  be  cleaned.     The 
I    nozzles  are  made  in  varioiis  shapes  and  sizes  suitable  for 
different  purpo.ses  and  kinds  of  material.     They  are  also 
supplied  with  cloth  edging  for  cleaning  delicate  goods,  or 
combined  with  brushes  for  loosening  the  dust  or  dirt.     The 
I    dust,  which  is  drawn  in  through  the  nozzle,  passes  through 
the  hose  to  the  vacuum  pump.     The  latter  is  of  the  rotary 
type  and  of  a  very  simple  and  substantial  design.     It  con- 
sists of  a  spindle  carrying  vanes  which  rotate  inside  a  casing 
containing  water.     Before  the  pump  is  set  to  work  it  is 
filled  with  water.     When  the  pump  is  working,  the  centri- 
fugal force  acting  on  the  water  causes  it  to  form  a  layer  on, 
the  inner  surface  of  the  pump  chamber,  thus  ensuring  a 
very  efficient  airtight  seal.     The  dust-laden   air  entering 
the  pump  comes  into  intimate  contact  with  the  water,  whicli 
is  constantly  renewed  during  working.     No  filter  of  any 
kind  is  necessary.     Any   large  particles   sucked   into   the 
nozzle  are  carried  into  an  intercepting  box,  which  is  periodi- 
cally cleaned  out.     The  outgoing  dirty  water  is  emptied 
into  the  drains,  if  this  is  possible,  otherwise  into  a  portable 
tank.     In  the  case  of  stationary  pumps,  the  water  for  re- 
plenishing may  be  taken  from  the  water  mains  ;  in  the  case 
of  portable  vacuum  cleaners  the  make-up  water  is  obtained 
from  a  small  tank  which  is  sup])lied  with  the  set.     The  clean 
water  required   for   replenishing   purposes   is   from   22   to 
26  gallons  per  hour  for  the  1  h.p.  size,  44  gallons  for  the 
2  H.p.  size  and  05  to  1^0  gallons  for  the  o  h.p.  size.     Where 
a  stationary   plant   is   employed   a  permanent  system   of 
piping  may  be   in.stalled   having  branches  at  convenient 
places  for  attaching  the  flexible  hose  with  nozzle.     The 
nozzle-holder,    nozzle   and   hose   are   provided   with   well- 
fitting  conical  plug  and  socket  connection  pieces,  an  air- 
tight joint  being  obtained  by  simply  pushing  corresponding 
parts  together.     By  using  a  two-way  socket  piece,   two 
lengths  of  hose  may  be  connected  to  the  5  h.p.  size  pump, 
and  two  nozzles  employed  at  the  same  time  for  cleaning. 
A  settling  box  is  fixed  at  the  bottom  of  the  permanent 
vertical  piping  to  prevent  the  passage  of  any  substance 
(such  as  string  or  rag)  liable  to  damage  the  pump.     An 
inspection  glass  may  be  placed  at  some  convenient  point 
in  the  hose,  through  which  the  dust-laden  current  of  air 
may  be  observed,  to  indicate  whether  the  installation  is 
working  satisfactorily. 


Cfte  ''Ordnance'  Cimc  Cimit 
Deoicc  for  Circuit=8reaker$>  . 

ON  many  cii'cuits  liable  to  frequent  momentary  over- 
loads  it  is  desirable  to  introduce  a  time  element 
before  the  circuit-breaker  strip,  thus  obtaining  the 
necessary  contiiuiity  of  service,  without  endangering  the 
safety  of  the  plant. 
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Fig.  I.— Characteristic  Curve  of  "Ordnance  "  Time  Limit  Device. 

The  "  Ordnance ''  time  limit  device,  which  is  manu- 
factured by  the  Electric  &  Ordnance  Accessories  Co.,  of 
Birmingham,  consists  essentially  of  a  partially  toothed 
quadrant  gearing  with  an  escapement,  which  allows  the 
quadrant  to  move  only  at  a  certain  speed,  until  it  becomes 


Fig.  2.  -Exterior  of  "  Ordnance"  Time  Limit  Device. 
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disengaged,  so  releasing  the  breaker,  or  until  the  load 
becomes  noimal  again.  The  time  element  is  practically 
constant  for  any  pull,  as  can  be  seen  by  reference  to  the 


Fig.  3— Partial 
Interior  view  of 
"Ordnance"  Time 
Limit  Device. 


characteristic  curve  (Fig.  1).  Should  it  be  dcsirabip,  how- 
ever, to  relea.se  the  breaker  instantaneously  by  a  dead  short- 
ciicuit,  the  device  can  be  fitted  with  an  attachment  to  effect 
this.     This  latter  arrangement  does  not,  of  course,  operalc 


on  ordinai'v  overloads,  the  required  time  lag  being  intro- 
diued  before  the  circuit-breaker  is  released. 

The  general  exterior  appearance  of  the  instrument  is 
shown  in  Fig.  2,  while  Fig.  3  partially  shows  the  interior. 
Fig.  4  is  a  "  Cee  Bee  "  circuit-breaker  (2,!3O0  ampere)  fitted 
with  one  of  these  time  limits.  It  will  be  seen  by  reference 
to  Fig.  1  that  the  device  is  calibrated  for  four  time  lags, 
this  being  a  feature  tmoiitainable  in  any  other  time  limit 
device  at  so  low  a  ]irii-<'  a-;  tiie  "  Ordnance."'     This  is  an 


Fig.  4. — "Cee  Bee  '  Circuit-Breaker. 

important  feature,  as  it  enables  the  user  to  choose  any  time 
limit  the  conditions  of  service  may  require  at  the  time,  and 
to  alter  it  when  he  deems  it  advisable,  without  reference  to 
the  manufacturers.  The  instrument,  of  course,  can  be 
calibrated  for  any  other  periods  than  those  shown  in  the 
illustration.  It  is  claimed  for  the  instrument  that  it  is 
extremely  simple,  compact  and  reliable,  and  that  it  s^ill 
always  operate  after  the  same  interval  of  time  to  within  a 
small  percentage. 


€xce$$  Speed  Ularms  of 
fHotor  Vehicles.   ♦   .    * 

THK  motorist  being  a  per.son  who  is  rather  apt  to 
underrate  than  overrate  the  speed  of  his  car,  it 
has  been  decieed  that  all  public  service  vehicles 
in  t!ie  metroi)()litan  area  shall  be  fitted  with  a  device  giving 
an  audible  indication  whenever  the  legal  limit  of  speed  is 
exceeded.  In  order  to  enable  proprietors  of  public  service 
vehicles  to  comply  with  this  regulation,  an  instrument  has 
been  designed  by  Mr.  Leslie  H.  Hounsfield.  and  the  manu- 
facture of  it  has  been  entrusted  to  Messrs.  C'rompton  &  Co. 

The  device  consists  of  a  gong  or  bell  mounted  on  some 
part  of  the  car  where  the  noi.se  which  it  makes  can  be  heard 
both  by  the  driver  and  by  persons  passing.     Inside  the  bell 
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is  a  spindle  running  in  ball  bearings  and  driven  in  such  a 
way  that  the  speed  of  this  spindle  always  bears  a  definite 
I  elation  to  the  speed  of  the  car.  Mounted  on  the  spindle 
is  a  lever,  pivoted  so  as  to  fly  outwards  when  the  ear  ac- 


Mo'.or   Cab   showing  Alarm    fitted. 

celerates,  but  restrained  by  a  spiral  spring  the  tension  of 
which  can  be  adjusted.  This  pivoted  lever  is  jjrovided  with 
a  hammer  which  strikes  projections  on  the  bell  and  causes 


it  to  give  an  audible  and  continuous  indication  when  the 
car  attains  a  speed  above  the  limit  laid  down  in  the  regula- 
tions. Special  arrangements  have  been  introduced  to 
prevent  intermittent  action  or  hunting  when  near  the  speed 
limit,  and  to  ensure  a  definite  setting,  so  that 
the  alarm  can  be  relied  upon  to  give  warning 
immediately  the  car  attains  the  speed  limit 
provided  for  in  the  regulations  and  cease 
to  do  so  when  the  speed  falls  below  the  limit. 

The  instrument  is  capable  of  adjustment 
so  that  it  can  be  set  to  suit  any  speed  of 
engine  and  size  of  wheel,  and  any  speed 
limit  which  may  be  necessary,  and  when 
once  adjusted  it  can  be  sealed  by  the  autho- 
rities, after  which  its  adjustments  cannot 
possibly  be  interfered  with  without  breaking 
the  seal. 

The     instrument    reijuiros    a    simple    trans- 
mission   gear   to   communicate    driving  power 
from  the  cardan   shaft    or    other    part    of  the 
car.       This   will    generally    take    the    form    of 
a   pair  of  bevelled    wheels,  a  siiort  shaft    and 
a    universal    joint,    but   a    Hexible    shaft    may 
in  some  cases  be  more  suitable.      One  of  these 
alarms  has  been  fitted  to  a   motor-driven  cab, 
as    shown    in  our  illustration,    and    submitted 
for   approval    to  the   police    authorities,    who 
have    e.xpressed  themselve.'*  as   being    satisfied 
that  it  fulfils  the  required  conditions.       A  reliable  device  of 
this  description    will   doubtless     fill   a    long-felt    want    in 
materially  checking  reckless  driving. 
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Babcock's  Cranes, 


MKSSRS.  Halxcck  \-  Wilcox  (Ltd.).  of  Oriel  House, 
Farringdon-stieet,  London,  E.C.,  the  well-known 
firm  of  water-tuhe  boiler  makers,  some  three  or  four 
yeais  ago  acquired  the  old-e.stablished  firm  of  Wimshurst, 
Hollick  &  Co.  (Ltd.).  manufacturers  of  all  types  of  elec- 


out  is  the  supply  of  a  large  overhead  travelling  crane  for  the 
Dunston  power  station  of  the  Newcastle-upon-Tyne  Electric 
Supply  Co.  (Ltd.)  This  crane  has  a  span  of  approximatelv 
<i2  ft.,  and  a  lifting  capacity  of  40  tons  at  5  ft.  per  minute,  and 
is  fitted  with  an  auxiliary  hoist  capable  of  handling  .5  tons  at  a 
.speed  of  40  ft.  per  minute.  They  have  also  supplied  to  the 
same  station  two  electrically  operated  ash  hoists,  which  ele- 
vate and  tip  the  trucks  containing  the  ashes  automatically 


One  30  Ion  Electric  Overhead  Tiavelling  Crane,  span  36  {t.     Supplied  to  the  British  Admiralty  for  H.M.  Docliyard,  Devonport. 


trically-operated  cranes,  and  in  order  to  obtain  the  best 
results  have  built  and  equipped  at  their  Renfrew  work,s, 
in  Scotland,  large  modern  .shops  for  the  exclusive  manu- 
facture of  cranes  of  all  types  and  descriptions  operated  by 
electricity. 

Amon"  the  recent  installations  which  tlicv  have  carried 


Mes.srs.  Babcock  &  Wilcox  (Ltd.)  have  al.so  supplied  to  the 
British  Admiralty  for  Devonport  Dockyard  at  various 
periods  17  overhead  travelling  cranes,  ranging  from  2  tons 
to  40  tons  capacity,  and  in  addition  have  converted  a  large 
number  of  hand-operated  jib  cranes  into  electrically 
operated  cranes.     The  overhead  travellers  were  tested  to 
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a  50  per  cent,  overload.  The  type  of  crane  is  illustrated  in 
the  accompanying  figure.  Amongst  recent  orders,  Messrs. 
Babcock  &  Wilcox  (Ltd. )  have  also  received  one  from  the  Groat 
Western  Railway  Co.  for  the  supply  of  three  special  cranes 
for  use  in  the  goods  sheds  which  have  just  been  erected  at 
Newtown,  Cardiff.  These  cranes  are  a  combination  of  a  jib 
crane  and  an  overhead  traveller,  and  are  designed  so  that 
they  are  capable  of  .slewing  in  a  complete  circle,  to  enable 
goods  being  handled  on  any  part  of  the  goods  shed  flooi' 
with  ease  and  facility.  They  are  each  capable  of  lifting 
1  ton  at  a  jib  radius  of  13  ft.  and  18  ft.  respectively,  the 
spans  of  the  overhead  travelling  girders  being  S'.lft.  4  in. 
and  47  ft.  respectively. 

The  Auckland  Harbour  Board  recently  called  for  tenders 
for  12  large  jib  cranes  on  high  under-carriages,  and  Messrs. 
Babcock&  Wilcox  (Ltd.)  were  successful  in  obtaining  the  order 
for  the  conij)lete  equipment.  This  consists  of  12  cranes, 
10  of  which  are  capable  of  handling  5  tons  at  a  radius  of 
approximately  44  ft.,  one  crane  capable  of  handling  loads 
of  5  tons  at  a  radius  of  34  ft.,  and  one  capable  of  handling 
3  tons  at  a  radius  of  34  ft.  They  are  a  very  special  design, 
owing  to  the  fact  that  the  under-carriage  is  of  an  excep- 
tional height,  the  di.stance  from  the  level  of  the  quay  to  the 
top  of  the  under-carriage — on  10  of  the  cranes  being  3(5  ft. 
and  on  two  of  the  cranes  24  ft. 

As  Messrs.  Babcock  &  Wilcox  (Ltd.)  are  not  themselves 
manufacturers  of  the  electrical  portion  of  the  cranes,  they  are 
in  a  position  to  offer  clients  electrical  equipment  manufactured 
by  any  firm  that  may  be  called  for.  The  following  are  a 
few  of  the  more  recent  orders  which  have  been  placed  witli 
Messrs.  Babcock  &  Wilcox  (Ltd.)  :  The  Metropolitan  Water 
Board,  General  Post  Office,  Agents-General  for  the  Cape  of 
Good  Hope  and  New  South  Wales,  the  Inter-Colonial  Rail- 
way of  Canada,  Great  Cobar  (Ltd.),  Electrolytic  Refining 
&  Smelting  Co.  of  Australia  (Ltd.),  and  many  other  clients. 
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HK  technical  journalist  at  the  present  time  gets 
rather  tired  of  saying  that  this  is  an  age  of  econo- 
my ;  liut  feels  obliged  to  make  this  remark  before 
calling  attention  to  any  method  whereby  a  saving  in  cost, 
energy  or  labour^the  first,  of  cost,  being  the  greatest—  can 
be  effected.  We  will,  therefore,  make  an  exception  in  this 
case,  and,  "  cutting  the  cackle,"  at  once  c.nJl  the  atterition  of 
our  readers  to  an  arrangement  whereby,  it  is  claimed,  great 
economy  in  steam  consumption  can  be  effected.  This  is 
Wolf's  locomobile.  Though  our  policy  would  not  be  to 
recommend  its  use  in  those  parts  of  the  country  where  a 
public  electricity  supply  is  available,  it  should,  and  is, 
finding  a  wide  application  in  out-of-the-way  places  for 
driving  dynamos,  and  thus  supplying  workshop  plant. 
This  machine,  as  will  be  seen  from  a  description,  is  essen- 
tially engine  and  boiler  combined.  Steam  piping — a  great 
cause  of  loss — is,  therefore,  at  once  done  away  with,  and 
saving  in  floor  space  is  also  effected.  The  steam  is  further 
superheated,  a  feature  in  this  plant  which  in  no  small  way 
adds  to  the  economy  of  steam  consumption.  Apart  from 
the  fact  that  with  the  Wolf  plant  we  have  nmch  power  in 
little  space,  the  "  one  man  one  plant  "'  principle  can  be 
practised  to  the  full,  as  when  the  "  washing  out  "  process 
is  necessary,  the  ample  clearances  allowed  in  fire  tubes,  &c. 
make  this  a  simple  matter.  Such  a  plant  is  very  nearly 
ideal  for  a  small  station,  as  each  unit  is  self-contained,  and 
the  whole  equipment  can  be  kept  under  the  tliiunli  of  one 
niaii. 
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Small  Candle  power  200  volt  Metal  Lamps. 

We  are  lemiiided  of  the  wai-uing  uttered  by  one  speaker 
at  the  I.M.E.A.  Convention  last  week,  that  many  central 
stations  have  not  yet  felt  the  full  effect  of  the  introduction 
of  metal  lamps,  by  the  arrival  of  a  16  c.p.  210  volt  25  watt 
"  Leuconium  "  lamp.  The  credit  for  this  new  departure 
belongs  to  the  Stearn  Electric  Lamp  Co.,  and  at  the  present 
time  we  have  on  trial,  in  the  ottices  of  The  Elei'TKIciax, 
a  Steam  lamp  of  the  above-mentioned  candle-power,  whilst 
we  understand  tliat  Mr.  Steakn  himself  is  testing  200  volt 
lamps  of  a  candle-power  so  low  as  12  and  of  similar  effi- 
ciency. There  is  little  doubt  that  the  advent  of  the.se  lamps 
will  provide  considerable  food  for  reflection  on  the  part  of 
the  engineers  of  continuous-current  supply  undertakings, 
the  consumers  sujiplied  from  continuous-current  circuits 
having  hitherto  maintained,  to  a  considerable  extent,  their 
consumption  of  energy  whilst  obtaining  a  much  increased 
amount  of  light,  because  a  low  candle-power  metal  lamp 
for    high    pressures    was    not   obtainalile.     To    maintain 


the  output  is  certainly  a  desirable  policy,  but  the  fact 
must  not  be  overlooked  that  there  are  many  places,  such 
as  halls,  passages,  cellars,  &c.,  where  a  16  c.p.,  or  even  an 
8  c.p.,  lamp  provides  sufficient  illumination,  and  when 
lamps  in  such  positions  burn  for  many  hours  daily,  con- 
siderable economy  is  possible  by  the  use  of  metal  filaments. 
Nevertheless,  we  think  that  the  majority  of  lamps  installed 
by  consumers,  except  by  the  truly  economical,  will,  in 
future,  be  of  greater  candle-power  than  16,  since  the 
present  tendency  is  for  increased  illumination.  ■ 


The  small  candle-power  of  the  new  Stearn  lamp,  which 
is,  of  course,  of  English  manufacture,  is  rendered  pos- 
sible by  an  improved,  and  at  present  secret,  method  of 
treating  the  filament  after  drawing.  •  The  filament,  which 
consists  largely  of  tungsten,  is  arranged  in  the  16  c.p. 
lamp  in  nine  loops,  its  total  length  being  about  40  in., 
whilst  the  efficiency  of  the  lamp  is  from  1".5  to  1'6  watts 
per  English  candle.  We  are  pleased  to  see  that  the  English 
standard  has  been  adopted,  in  spite  of  the  fact  that  the 
efficiency  appears  less  satisfactory  than  if  the  lamp  had 
been  marked  in  Hefner  units ;  but  what  we  consider  a 
more  important  feature  of  the  lamp  is  that  a  bulb  of 
similar  shape  and  approximately  the  same  size  as  the  cus- 
tomary carbon  filament  lamp  has  been  adopted.  This 
results  in  the  filaments  being  to  some  extent  screened 
from  view  when  the  lamps  replace  those  with  carbon  fila- 
ments, for  which  latter  type  the  majority  of  shades  now 
in  use  have  been  designed.  Where  attention  is  not  paid 
to  this  point  the  effect  on  the  eye  may  be  harmful.  Since 
the  manufacture  of  the  new  lamps  has  only  just  begun,  suffi- 
cient time  has  not  yet  elapsed  to  ol)tain  any  particulars  as  to 
life  tests,  but  the  filaments  are  said  to  be  meciiauically 
strong  and  to  stand  a  large  amount  of  vibration,  so  that 
the  enterprise  of  the  Stearn  Electric  Lump  Co.  will  doubt- 
less gain  its  reward. 


Cable  Rates. 

The  (piestiou  of  reduced  rates  for  Empire  newspaper 
telegrams  was  discussed  at  the  meeting  of  the  IVess  Con- 
ference on  Friday  last,  and  a  full  report  of  the  proceedings 
will  be  found  on  another  page  of  this  issue.  Although  we 
can  sympathise  with  this  desire  for  lower  charges,  if  they 
can  be  brought  about  justly,  it  was  not  inspiriting  to  watch 
our  Empire  Editors  grappling  with  a  subject  bu  which 
their  knowledge  was  obviously  inadequate.  One  of  the 
impressions  conveyed  by  the  discussion  was  that  the 
Editors  would  not  greatly  relish  Government  control  in 
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iaternalional  telegraphy,  and  primaiily  would  rather  that 
a  way  were  found  which  would  enable  reductions  in 
cable  rates  to  be  made  without  destroying  existing 
rights  and  property.  By  way  of  bringing  pressure  to 
bear  upon  existing  organisations,  the  cue  seems  to  be 
to  represent  cables  as  on  the  eve  of  supersession  by 
wireless  telegraphy.  But,  notwithstanding  that  Mr. 
Makcoxi  is  to  be  congratulated  upon  the  steady  and 
marked  progress  he  is  making  scientifically  and  in  ship-to- 
ship  and  ship-to-shore  working  (leaving  the  question  of 
shore-to-shore  out  of  consideration),  much  remains  to  be 
done  before  the  many  and  complicated  scientific,  telegraphic 
and  commercial  problems  involved  in  long-distance  radio- 
telegraphy  are  sohed.  We  see  no  reason  to  change  our 
view  that  wireless  aud  cable  communication  will  each 
fulfil  its  own  function  in  the  development  of  our  means 
of  communication.  Everything  is  relative,  however,  and 
events  move  with  extraordinary  rapidity.  There  never 
was  a  time  when  the  effects  of  coming  events  were  dis- 
counted so  long  in  advance.  The  Empire  press  may  be 
strong  enough  to  bring  about  State  competition  in  sub- 
marine telegraphy,  but  we  cannot  approve  the  methods 
adopted.  The  newspaper  press  is  run  commercially,  and  it 
seems  peculiar  that  one  of  the  most  successful  branches  of 
industry  should  agitate  for  reduced  cable  rates  on  the 
.somewhat  specious  plea  that  such  reductions  will  "  con- 
solidate the  Empire."  The  deputation  which  waited  upon 
the  Prime  ^Minister  on  Wednesday  appeared  pleased  with 
the  result  of  their  interview,  but  to  us  Mr.  Asquith's 
attitude  represented  but  cold  comfort.  He  apparently 
realised  the  magnitude  of  the  question. 


Electric  Furnaces. 

(;knei;.\li,v  i>peaking,  there  are  four  main  methods  of 
heating  electric  furnace.s — viz.,  by  resistance  heating,  by 
arc  and  resistance,  by  arc  simply,  and  by  induction.  Id  the 
case  of  electric  .steel  furnaces  the  resistance  method  of  heat- 
ing is  somewhat  difficult,  owing  to  the  fact  that  molten 
metal  has  a  comparatively  high  conductivity,  and  therefore 
this  method  can  be  easily  applied  only  to  the  case  of  the 
induction  furnace,  where  the  metal  takes  the  form  of  a 
somewhat  elongated  ring,  so  that  the  resistance  becomes 
very  nmch  greater  than  if  the  metal  were  coutained  in  the 
smallest  possible  volume,  and  no  (j^uestion  arises  as  to  the 
transmission  of  heavy  currents.  Tims,  ifthe  induction  furnace 
method  is  not  applicable,  resort  is  generally  had  to  the  arc 
method,  or  to  the  arc  and  resistance  method.  The  advan- 
tages and  disadvantages  of  these  methods  are  well  known. 
In  the  arc  method  the  heat  efficiency  is  lower,  but  there  is 
less  trouble  from  contamination.  In  the  arc  and  resistance 
method  the  arcs  strike  into  the  molten  metal  through  the 
.slag,  and  the  latter  plays  a  not  unimportant  part  in  the 
heating  process,  the  heating  due  to  resistance  proper  being 
comparatively  small. 

Elsewhere  in  the  present  issue  will  be  found  an  abstract 
of  a  Paper  by  Mr.  C.  A.  Kelleu,  who  is  well  known  for 
the  active  part  he  has  taken  in  the  application  of  the 
electric  furnace  to  iron  and  steel  making.  He  now  pro- 
poses to  use  a  conducting  hearth  made  up  of  iron  bars 
embedded  in  clay,  the  iron  bars  forming  one  electrode  of 
the  furnace,  and  the  hearth  so  formed  being  cooled  Ijeneath 


by  a  current  of  water.  We  doubt  very  much  whether  such 
an  idea  will  appeal  favourably  to  the  average  steel  maker. 
If  such  a  hearth  were  to  crack  for  any  reason  and  the  metal 
were  to  find  its  way  down  into  the  water  the  result  would 
be  very  disastrous.  A  conducting  hearth  of  any  kind  re- 
duces the  resistance  of  the  metal  to  a  minimum,  so  that, 
even  neglecting  other  difficulties,  production  of  the  neces- 
sary heat  would  require  heavier  currents.  No  doubt  the 
heat  is  more  distributed  throughout  the  metal  by  such 
means,  liut  two  arcs  in  series  separated  by  a  constriction 
in  the  furnace,  as  used  liy  Mr.  Keller,  would  seem  a 
better  solution  of  the  problem.  Apart  from  obvious 
difficulties  and  objections,  Mr.  Keller's  Paper  is  disap- 
pointing because,  although  it  is  written  by  a  metallurgist 
of  great  experience  and  one  who  has  every  means  of  putting 
his  ideas  to  a  practical  test,  the  Paper  appears  to  be  in- 
conclusi\-e  and  to  have  been  written  without  any  very 
definite  practical  results  having  been  previously  obtained. 
In  electro-metallurgical  questions,  where  success  depends 
even  more  upon  practical  working  than  on  theoretical  con- 
siderations, this  is  somewhat  unfortunate. 


Personal. — We  understand  that  Sir  Alexander  B.  W. 
Kenned}'  has  lieen  appointed  consulting  engineer  to  the  Ord- 
nance Board,  in  the  place  of  the  late  Sir  Benjamin  Baker. 

Prof.  Ernest  Wilson  has  been  elected  a  Fellow  of  King's 
College,  London. 

University  of  Sheffield. — A  comnuttee  has  been  constituted 
by  the  Koyal  Society,  in  conjunction  with  the  University  of 
Sheffield,  for  the  establishment  aud  administration  of  a  Sorby 
Fellowship  for  scientific  research.  The  funds  were  bequeathed 
to  the  Royal  Society  by  the  will  of  the  late  Dr.  H.  C.  Sorby, 
F.R.S.,  and  the  value  of  the  fellowship,  which  will  be  for 
periods  of  five  years,  will  be  about  £500  per  annum. 

Submarine  Signalling. — It  is  announced  that  the  London  it 
North-Western  Railway  Co.  propose  to  instal  submarine  sig- 
nalling apparatus  on  its  steamers  from  Holyhead  to  Ireland. 
The  Citj'  of  Dublin  Steam  Packet  Co.  has  already  equipped 
its  steamers  running  between  Kingstown  and  Holyhead  with 
such  apparatus,  whilst  various  lightships  round  our  coasts  are 
now  fitted  with  submarine  bells. 

Electric  Headlights — According  to  the  "  Electrical  World  " 
an  interesting  situation  has  arisen  in  the  State  of  North  Caro- 
lina over  the  recent  enactment  of  the  Legislature  reijuiring 
that  all  locomotives  be  equipped  with  electric  headlights  of  at 
least  1,500  c.p.  The  Atlantic  Coast  Line  has  asked  for  total 
exemption,  and  the  Seaboard  for  e.xemption  for<lay  trains  and 
branch  lines,  while  the  engineers  are  making  a  strenuous  effort 
to  have  the  law  carried  out  to  the  letter. 

German  Cable  Makers'  "  Kartell." — According  to  the  "Elec- 
trical World"  the  combination  which  existed  among  German 
cable  makers  was  dissolved  some  months  ago  in  consequence 
of  inability  to  arrive  at  an  agreement  with  an  outside  com- 
petitor, the  Bcrgmaim  Electricity  Works  Co.,  which  had 
recently  started  the  production  of  cables  for  lighting  and  power 
purposes.  The  rivalry  which  immediately  ensued  became  so 
keen  that  the  price  of  cables  for  heavy  work  declined,  it  is 
stated,  even  to  30  jier  cent,  loss  than  cost  of  j)roduction.  The 
result  has  been  the  announcement  of  the  reconstitution  of  the 
trust  with  the  addition  of  the  former  outstanding  firm  as  a 
member — presumably  on  terms  satisfactory  to  the  latter.  The 
agreement  as  to  prices  will  only  apply  to  German  consumers. 

Cable  Interruptions  and  Repairs. 

Dale  of  Inlei-niptioii.  Date  of  Repair. 

Dukar-ConiiUi-y    M;iy  13,  1909  ... 

Tangier— Ciuiiz May  19,  1909  ...  — 

Cayenne— Salinas .June  7,  1909  ...  .Tunt- 28, 1909 

Paramaribo— Cayenne .June  8,  1909  ...  .hino27, 1909 

Tourane— Araoy    JunelT,  1909  ...  — 

Trinidad — Dcraerara    Junc21,  1909  ...  — 

I'ort  de  France— Paramaribo    June  28, 1909  ...  — 
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Extraction  of  Radium. — The  Acting  British  Consul  at 
Stockholm  re]iorts  that  a  company  has  been  formed  for  the 
extraction  of  radium  from  the  ore  known  as  "  Kolni."  It  is 
reported  that  :i  contract  has  alread)'  been  entered  into  with  a 
Paris  firm  with  regard  to  the  sale  of  such  radium  as  shall  be 
extracted. 

Improved  Microphone. — The  Acting  British  Consul  at 
Stockholm  also  reports  that  the  local  press  have  published  ac- 
counts of  a  discovery  in  telephone  apparatus  recently  made  by 
two  Swedes,  Messrs.  C.  E.  Egner  and  J.  G.  Holmstrom,  the 
former  being  chief  engineer  in  the  Stockholm  telephone  admin- 
istration, and  the  latter  the  president  of  the  telegraph  com- 
pany's training  establishment.  By  this  invention,  to  which  we 
referred  briefly  in  a  recent  issue,  they  claim  that  telephonic 
communication  can  be  obtained  over  a  distance  of  2,-500  miles 
with  perfect  clearness. 

The  Electron. — The  May  issue  of  this  journal,  which  has 
come  to  hand  rather  late  in  the  day,  contains  information 
regarding  important  developments.  If  the  negotiations  in 
progress  eventuate  there  will  be  in  future  on  the  literary  side 
three  editors,  who  will  in  turn  take  charge  of  one  number  of 
the  magazine,  whilst  on  the  financial  side  two  members  are 
appointed.  Also  one  month's  issue  will  be  dropped  between 
the  volumes,  so  that  the  next  issue  will  be  for  July,  and  will 
be  published  in  the  last  week  of  that  month.  The  articles  in 
the  present  issue  include  :  "  The  Bristol  Corporation  Electrical 
Supply  Undertaking,"  by  Mr.  C.  R.  Palairet ;  "  Large  Gas 
Engmes,"  by  Mr.  E.  A.  Watson,  B.Sc.  ;  and  "  Rolling  Mills," 
a  Paper  read  by  Mr.  C.  A.  Ablett,  B.Sc,  before  the  Siemens 
Stafford  Engineering  Society  ;  whilst  the  doings  of  the  various 
Siemens  clubs,  &c.,  are  fully  reported. 

Boyal  Society's  Conversazione. — At  the  conversazione  held 
on  Thursday  evening  last  week,  the  exhibits  were,  to  some 
e.xtent,  a  repetition  of  those  shown  at  the  conversazione  a  short 
time  ago,  and  were  not  so  interesting  from  the  electrical  jioint 
of  view.  Among  those  which  were  new,  attention  may  be 
called  to  the  model  compounded  alternator  shown  by  the  Hon. 
C.  A.  Parsons,  a  description  of  which  appears  in  another 
column.  Mr.  W.  M.  Mordey  showed  the  effect  of  condensers 
in  preventing  or  extinguishing  electric  arcs,  as  described 
re:ently  before  the  Institution  of  Electrical  Engineers.  Elec- 
tric splashes  on  photographic  plates  were  shown  by  Mr.  A.  W. 
Porter,  and  a  permanently  luminous  watch  dial  and  military 
night  compass  by  Mr.  C.  E.  S.  Phillips  ;  the  watch  dial  is 
transparent  and  the  figures  are  painted  upon  it,  the  dial,  being 
backed  with  a  compound  containing  a  minute  quantity  of 
radium  bromide,  becomes  luminous,  so  that  indications  can  be 
seen  in  the  dark. 

Birthday  Honours. — The  following  are  among  those  upon 
whom  honours  were  conferred  last  week  in  connection  with 
the  celebration  of  the  King's  birthday  : — 

New  Baronet :  Hubert  Harry  Longman,  partner  in  Longmans,  Green 
4  Co.,  scientUic  publishers. 

Hew  Knights  :  Francis  Galton,  F.R.S.,  D.C.L.,  the  author  of  many 
books  on  science  and  exploration. 

Joseph  Larmor,  D.Sc,  F.R.S.,  well  known  as  the  secretary  of  the  Royal 
Society  and  Lucasian  professor  of  mathematics  at  Cambridge. 

Thomas  Matthews,  M.Inst.C.E.,  chief  engineer  of  Trinity  House. 

Thomas  Edvvarti  Tliorjie,  C.B.,  F.R.S.,  an  eminent  chemist  and  a 
director  of  Govcrnnient  laboratories. 

Edwin  Grant  Burls,  C.S.I.,  who  is  well  known  as  du-ector-general  of 
rtores  at  the  India  Office. 
'  New  C.I.E.'s.  :  Sir  Robert  Hunter,  solicitor  to  the  General  Post  OfHce. 

Hy.  Alexander  Kirk,  director-in-chief  of  the  Indo-European  Telegraph 
Department. 

John  Newlands,  deputy-controller  of  British  Post  Office  Telegraphs 
jnd  officer  on  special  duty  in  connection  with  the  reorganisation  of  the 
Indian  Government  Telegraph  Department. 

A  »'  C.l  lS.O.  (Companion  of  the  Imperial  Service  Order)  :  Jas.  Ken- 
nedy Logan,  superintendent  of  electric  lines  in  the  New  Zealand  Post  and 
Telegraph  Department. 

"The  Absolute  Value  of  the  Mechanical  Equivalent  of 
Heat  in  Terms  of  the  International  Electrical  Units." — A 
Paper  with  the  above  title  was  recently  read  before  the  Royal 
Society  by  Prof.  H.  T.  Barnes.  It  is  pointed  out  that  the 
Clark  cells  used  by  the  author  in  his  determinations  of  the 


mechanical  equivalent  of  heat  in  terms  of  the  electrical  units 
were  prepared  according  to  the  old  specifications.  The  absolute 
measiH'ements  of  the  Clark  cell  now  being  carried  on  with  such 
precision  in  the  various  Standardising  Laboratories  were  ex- 
pressed in  terms  of  the  new  form  of  cell  with  specially  pre- 
pared mercurous  sulphate.  There  was  an  important  difference 
between  the  cells,  which  Wolff  and  Waters  had  shown  amounted 
to  0-30  millivolts.  The  author  compared  a  number  of  modern 
cells  set  up  according  to  the  old  specifications  and  found 
the  same  constant  difference.  Taking  11330  Int.  volts  as 
representing  the  modern  cells  at  1.5  C.,  then  the  cells  made 
by  the  old  specifications  must  be  taken  as  1-43.33  Int.  volts  at 
15  C.  The  author's  measurements  of  the  mechanical  equiva- 
lent at  different  temperatures  were  calculateil  on  the  basis  of 
a  value  for  the  Clark  cell  equal  to  1-43I2  Int.  volts  at  15  C. 
liecalcidating  on  the  new  basis,  the  value  of  the  mean  calorie 
was  found  to  be  4-1849  joules.  This  agreed  with  Reynolds 
and  Moorby's  directly  determined  mean  value  which,  ex- 
pressed accurately  for  temperattires  between  0  C.  and  lOOC, 
came  to  4-183G  joules.  Rowland's  mean  value  between  5  C. 
and  35  C.  was  4-185  joules,  while  the  author's  value  between 
the  same  limits  of  temperature  was  4- 1826  joules.  Thus, 
assuming  the  variation  of  the  specific  heat  of  water  to  be  cor- 
rectly determined,  the  value  of  the  Clark  cell,  equal  to  1-4330 
Int.  volts,  brought  the  electrically  determined  mechanical 
equivalent  into  excellent  agreement  with  the  same  constant 
measured  by  mechanical  means. 

Electricity  Supply  in  Berlin. — According  to  the  "  Elektro- 
technische  Zeitschrift,"  the  various  central  stations  in  Berlin 
sold  in  January  last  655,929  units  less  than  during  the  same 
month  of  1908.  The  company  which  supplies  energy  to  the 
suburbs  of  Berlin,  however,  increased  its  output  during  the 
month  by  372,182  units.  The  Berlin  central  stations,  which 
have  usually  an  average  increase  in  output  of  2-6  per  cent., 
thus  suffered  a  reduction  in  January  of  4-1  per  cent.,  and 
while  the  company  supplying  the  suburbs  has,  it  is  true,  in- 
creased its  output,  it  has  done  so  in  a  much  smaller  proportion 
than  is  usual.  The  present  depression  is  clearly  shown  in  the 
results  obtained  by  the  two  companies,  though  less  in  the  case 
of  that  supplying  the  town,  than  in  that  supplying  the 
suburbs.  'The  building  craze  has  affected  the  suburbs  more 
than  the  town,  while  the  regulation  forcing  the  town  shops  to 
close  at  eight  o'clock,  which  does  not  apply  to  the  suburbs, 
has  also  had  its  effect.  The  employment  of  metal  filament 
lamps  is  more  extensive  in  the  centre  of  the  town,  though 
this  latter  cause  of  reduction  is  only  consirlered  temporary.  A 
reduction  in  the  energj'  supplied  to  the  railways  is  put  down 
to  the  fact  that  the  drivers  are  becoming  more  skilful  and  are 
taking  more  account  of  the  economical  side,  for  the  traffic  on 
these  lines  is  steadily  increasing. 

The  Employment  of  a  Battery  in  an  Alternating-current 
Generating  Station. — In  a  recent  number  of  the  "  Elektro- 
technische  Zeitschrift."  A.  Lowit  describes  the  advantages 
which  can  be  obtained  by  employing  a  bitter}'  of  accumulators 
in  a  central  station  generating  alternating  current.  Such  a 
course  eainiot  be  recommended  except  when  the  load  is  very 
variable,  as  would  be  the  case  on  a  traction  system.  In  certain 
cases  economy  can  be  effected  in  spite  of  the  losses  in  the 
transformers,  owing  to  the  fact  that  the  costs  for  wages,  fuel 
and  oil  are  reduced,  while  the  efficiency  of  the  motors  is 
increased.  The  author  studied  the  savings  which  am  be  obtained 
in  an  installation  consisting  of  1,500  lamps,  1,000  of  which  ai-e 
alight  at  the  same  time,  "as  well  as  "5  lamps  which  burn 
throughout  the  night,  another  75  liurning  half  the  night,  and 
four  arc  lamps,  which  also  burn  half  the  night.  The  totiU 
energy  consumption  is  48,920  units.  The  annual  expenses  in 
the  case  of  an  ordinary  generating  station  would  be  £800,  of 
which  £418  would  be  for  wages.  In  the  case  where  a  battery 
is  employed  the  cost  would  be  reduced  to  £660,  of  which  £254 
would  be  for  wages.  This  incliules  charges  for  upkeep  of 
the  battery,  charging  apparatus  and  depreciation.  The  saving 
olitained  in  this  case  is £136,  though  each  case  must  naturally 
be  considered  on  its  merits,  for  it  is  only  by  judiciously  pro- 
portioning the  capacity  of  the  battery  and  the  charging 
machinery  that  large  economies  can  be  obtained. 


452 


THE  ELECTRICIAN,  JULY  2,   1909. 


BLECTRIC  FDRNACES  AS  APPLIED  TO  THE  MANU 
FACTURB  OF  IRON  AND  STEEL.* 


Siiiiimari/. — If  the  eleitrii-al  pruduction  uf  steel  is  carried  out  in  elec- 
trode fiiruiices  fitted  with  conclueting  hearths,  the  material  >ised  must 
not  carbonise  the  metal  iirodiieed.  The  various  classes  of  conducting 
hearths  described  are  :  (fi)  Those  made  entirely  of  metal,  water-cooled  ; 
(6)  those  consisting  of  one  or  more  metallic  poles  embedded  in  a  non- 
carbonisins  masoniT  :  (c)  those  consisting  of  a  hearth  of  refractory 
material  rendered  conducting  by  a  carboniferous  substance  ;  (rf)  furnaces 
with  a  hearth  made  up  of  a  mixed  conducting  material :  this  is  the  type 
devised  by  the  author.  The  construction  and  performance  of  various 
furnaces  erected  by  the  author  are  also  described. 


The  application  of  the  so-called  "  electrode  ""  electric  furnaces  to 
the  production  of  those  metals  which  must  be  obtained  in  a  molten 
condition,  or  free  from  carbon,  and  even  more  especially  the  search  for 
a  .solution  to  the  problem  of  the  electrical  production  of  steel, 
neces-sitates  that  the  furnaces,  if  fitted  with  hearths  of  conducting 
material,  should  not  thereby  carbonise  the  molten  metal  produced. 
The  hearths  of  conducting  material  used  in  those  electric  fmnaces 
employed  at  the  present  day  for  electrometallurgical  operations,  such 
as  the  mantifacture  of  calcium  carbide,  ferro-silicon,  ordinarj'  ferro- 
chroniium.  &c..  have  been,  from  the  very  beginning,  composed  of  a 
layer  of  agglomerate  carbon  or  of  a  bundle  of  electrodes.  This  layer 
of  carbon  is  connected  on  its  upper  side,  and  in  various  ways,  to  one 
of  the  poles  of  the  source  of  energy,  the  other  pole  being  connected 
with  one  or  more  vertical  electrodes.  Although  until  the  last  few 
years  conducting  hearth  furnaces  had  not  been  used  industrially 
unless  the  hearth  was  of  carbon,  it  must  be  remembered  that  con- 
ducting hearths  made  without  carbon  and  of  several  varieties  have 
been  invented  for  some  time,  and  that  if  no  industrial  furnace  has 
followed  this  invention,  it  is  simply  because  the  construction  of  a 
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metal  hearth,  or  ot  a  hearth  fitted  with  a  metallic  pole,  gives  rise  to 
very  great  difficulties  from  the  industrial  i)oint  of  view,  while  the  con- 
st ructicm  of  a  carbon  hearth  is  an  exceedingly  simple  matter.  Further, 
the  necessitj'  of  preparing  a  hearth  of  carbon  is  not  present  in  electro- 
metallurgy except  in  some  cases  of  small  importance,  where  the 
systems  employed  include  certain  tricks  which  arc  not  divulged  by 
those  using  them. 

At  the  present  time  conducting  and  non-carbonising  hearths  can  be 
divided  into  the  following  cla8.ses — (1)  Slmjile  Cnnihtcting  Hearths: 
(ii)  obtained  by  an  entirely  metallic  furnace  bottom,  {h)  obtained  by 
one  or  more  metallic  poles  embedded  in  masonry  of  a  non-carbonising 
nature,  (c)  obtained  by  means  of  a  conducting  clay.  (2)  Hearths  of 
Vari/ing  Comlnrlinti/. 

The  author  first  describes  briefly  the  features  of  the  simple  hearths. 

1.  (a)  Several  ty|)es  of  furnaces  with  soft  steel  hearths,  which  are 
cooled  by  circulating  water,  have  been  proposed,  but  have  received  no 
industrial  application.  The  liigh  temperature  of  the  liquid  metal 
(Ioc~  not  allow  the  metal  hearth  to  be  maintained,  even  when  it  is 
todled,  without  an  excessive  loss  of  heat,  and  disaster  is  ever  ])resent. 

('()  This  type  of  conducting  hearth  is  characterised  \>y  the  fact  that 
the  pole,  or  poles,  only  are  conducting,  while  in  the  later  case  they  are 
separated  by  masonry  which  only  serves  to  ])revent  them  from  being 
destroyed  by  the  liquid  metal.     The  first  furnace  of  this  type  was 


that  due  to  Siemens.  A  second,  and  very  characteristic,  furnace  ■ 
belonging  to  this  class  is  that  due  to  Borchers.  In  1905  Girod  took 
out  a  patent  for  a  furnace  with  [loles  embedded  in  the  hearth,  and 
which  he  claimed  could  be  C(.nstructed  in  three  different  ways.  The 
poles  can  be  either  of  graphite  or  of  metal.  If  of  the  former  they  are. 
before  being  put  into  .service,  covered  with  a  coating  of  metal  which 
preserves  the  substance  treated  in  the  furnace  from  the  carbonising 
effects  of  the  graphite.  The  .second  arrangement  contains  one  or 
more  wholly  metallic  poles,  whose  lower  parts  are  kejit  cool,  and 
whose  upper  parts  are  fixed  in  channels  cut  in  the  masonry  of  the 
hearth.  These  channels  are  ])reviously  filled  with  the  metal  it  is 
desired  to  obtain  in  the  furnace.  The  third  arrangement  suggested 
liy  Girod  consisted  in  i)lacing  the  metallic  pole  in  the  masonry 
laterally  across  the  lower  part  of  the  furnace.  Under  these  circum- 
stances the  hearth  of  the  furnace,  properly  speaking,  is  not  fitted 
with  any  conductor  (Fig.  1). 

(c)  In  this  system  the  hearth  contains  no  metallic  conductor,  but 
is  formed  of  a  refractory  material  (magnesia,  silica,  &c.),  which^is 


•  Abstract  of  a  Paper  read  before  the  Faraday  Society. 


rendei'cd  conducting  by  the  introduction  of  carbon  or  a  carboniferous 
substance,  such  as  tar.  The  percentage  of  carbon  present  can  be 
varied  progressively  through  the  thickness  of  the  hearth  in  order  to 
be  able  to  utilise  at  the  beginning  of  the  operations  the  variations  in 
electrical  conductivity  of  the  material.  The  Firminy  steel  works  who 
designed  this  furnace  have  only  constructed  up  to  the  present  time 
one  of  small  capacity. 

(2)  Furnace  irith  a  Hearth  inaile  uj,  oj  a  Mixed  Condiicling  Material 
(Keller  Furnace). — Two  years  ago  1  designed  and  put  into  industrial 
operation  an  electrical  furnace  whose  conducting  hearth  is  made  upi 
of  "  reinforced  clay  ""  arranged  as  follows :  Iron  bars  25  mm.  to 
30  mm.  in  diameter  are  ])laced  vertically  at  regular  intervals  of  about 
2.1  mm.  to  ."SO  mm.  apart,  and  fixed  solidly  in  the  bottom  of  thft 
furnace,  thus  constituting  a  bundle  which  fills  the  whole  of  that 
part  of  the  furnace  containing  the  molten  steel.  A  clay  of  som© 
agglomerated  material,  magnesia  for  preference,  is  closely  rammed 
when  hot  between  each  grouj)  of  four  rods.  These  latter  form  quite 
a  mould  which  allows,  on  account  of  its  mechanical  strength,  the 
mixture  introduced  to  be  considerably  compressed.  The  clay 
thus  formed  should  be  driven  liome  by  blows  from  a  ram  (Fig.  2). 
An  extremely  comjiact  mass  is  thus  t)btained  comiiosed  of  iron  and 
refractory  material  in  regularly  alternating  layers.  It  is  a  con- 
ductor when  cold  as  far  as  its  metal  parts  are  concerned,  while  both 
these  parts  and  those  made  up  of  the  refractory  material  are  con- 
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ductois  at  liigli  ti-miicraturfs.  Tlic  whole  is  cimtaiiH'd  in  a  metal 
case  which  is  used  as  a  covering,  and  can  Ije  cooled  Ijy  a  current  of 
water.  The  lower  conducting  base  and  all  the  iron  bars  are  con- 
nected by  convenient  means  to  one  of  the  poles  of  the  source  of 
energy. 

The  conducting  hearth  thus  obtained  allows  the  furnace  to  be 
started  very  easily.  For  it  is  a  conductor  over  the  whole  of  its  trans- 
verse section  on  account  of  the  iron  bars,  which  are  close  together 
and  which  rise  to  the  level  of  its  upper  surface.  The  small  distance 
between  the  bars,  and  the  conductivity  of  the  clay,  puts  them  in 
parallel  tliroughout  their  length  when  the  furnace  is  starting  up. 
The  current  is,  therefore,  distributed  equally  over  the  whole  surface 
of  the  liearth.  The  bunches  of  current  which  are  produced  in  a 
furnace  fitted  with  isolated  metallic  poles  are  absolutely  non-existent 
in  this  arrangement ;  for  the  cuiTent  on  leaving  the  upper  electrode 
crosses  llie  whole  section  of  the  molten  metal  and  leaves  in  the  same 
regular  way  over  the  whole  surface  of  the  hearth.  The  electrical 
resistance  of  a  conducting  hearth  like  that  described  is  practically 
negligiljle.  as  the  surface  of  the  furnace-bottom  allows  a  large  number 
of  bars  to  be  used,  whose  cross-section  is,  therefore,  considerable, 
while  tlie  conductivity  of  the  clay  must  also  be  taken  into  account. 
As  a  result  the  loss  is  very  small.  On  the  other  hand,  the  employ- 
ment of  metal  conductors  of  small  section  gives  rise  to  a  more  rational 
distribution  of  the  alternating  current  than  does  that  of  larger 
sections. 

This  type  of  heartli  has  no  masonry  on  its  bottom.  The  whole  of 
the  bottom  of  the  furnace  is  made  up  of  a  block,  which  is  partly 
metal  and  partly  refractory  material.  It  is  a  conductor,  and 
is  practically  infusible  at  all  working  temperatures  of  the  fur- 
nace. The  liquid  metal  does  not  then  rest  on  a  masonry  bottom, 
lnjton  a  combination  which  is  to  the  arrangement  of  masonry 
fitted  with  metallic  poles  as  reinforced  concrete  is  to  the 
ordinary  substance.  The  mechanical  resistance  of  the  heartli 
to  the  subsidence  of  the  metallic  bath  is  thus  very  considerable, 
and  no  deterioration  by  swelling,  or  the  occurrence  of  any 
flaw  or  fissures  need  be  feared.  Lastly,  the  mechanical  con- 
nection of  the  lower  part  of  the  bars  and  their  close  welding 
together  by  the  clay  render  the  bottom  of  the  furnace  abso- 
lutely indeforraable.  a  condition  which  does  not  exist  when 
metal  blocks  free  in  the  middle  of  masonry  are  used.  When 
the  furnace  is  empty  the  w  hole  of  the  furnace  bottom  allows 
restarting  to  be  effected,  and  this  can  be  done  with  certainty  and 

ilhout  loss  of  time. 

The  conducting  hearth  constitutes  the  original  part  of  the 
lurnaee.  whose  working  section  is  made  up,  as  is  u.sual. 
by  a  metal  vessel  double-lined  with  refractory  basic  material 
and  securely  braced.  The  shape  of  this  vessel  is  conical,  and 
in  order  to  give  the  necessary  solid  foundation  a  basin  of  mag- 
nesia clay  is  placed  at  the  bottom  of  the  furnace.  This  clay 
is  easily  repaired  after  the  melt  when  necessary.  The 
furnace  casing  is  cooled  up  to  a  level  of  the  upjier  part  of 
the  hearth  in  order  to  protect  the  junction  of  the  melting 
chamber  with  the  hearth.  The  furnace  is  closed  by  an  arch 
through  which  the  electrode  passes.  The  regulation  of  this 
electrode  is  ejected  by  hand  or  by  an  automatic  regulator, 
though  the  latter  ari'angement  is  the  simpler.  In  order  to  obviate 
the  stoppage  necessary  when  changing  the  electrodes,  the  latter  are 
fixed  at  the  end  of  a  turning  arm,  and  can  be  displaced  by  rotation. 
Another  electrode  ready  for  use  is  iixed  at  the  end  of  a  similar  arm, 
and  thus  an  electrode  can  be  changed  in  two  or  tlu'ee  minutes. 

The  electric  furnace  described  can,  of  course,  be  fitted  with  one  or 
more  vertical  electrodes  connected  in  parallel  to  the  same  pole  or  to 
different  phases  of  a  ]iolyphaso  circuit.  A  three-jihase  electric  furnace 
would  contain  three  electrodes,  and  if  star  distribution  were  used  the 
neutral  jioint  would  be  connected  to  the  conducting  hearth.  1  have 
noticed  that  the  hearth  of  a  L.'iOO  kg.  furnace,  which  was  specially 
taken  to  pieces  for  inspection  after  many  months"  service,  was  in 
absolutely  the  same  condition  as  when  it  started.  The  clay  con- 
necting the  bars  had  become  extraordinarily  hard,  like  rock,  and 
turued  thc>  eil^v  of  a  graving  tool.  1  am  persuaded  that  this  method 
of  oonstruetion  realises  in  as  simjile  anil  sure  a  way  as  possible  a 
conducting  and  non-carbonising  hearth,  thus  allowing  a  certain  and 
very  simple  metallurgical  operation  to  be  effected,  and  suppressing 
all  the  ordinary  annoyances  of  furnaces  and  their  upkeep  and  rejiair. 
At  the  same  time  an  electrical  conductivity  is  obtained  without  any 
appreciable  loss. 

The  relative  advaiilaues  of  a  furnace  with  a  conducting  hearth,  and 
one  with  vertical  cKcii  t.dcs  in  series,  are  next  consiilered  l>y  the 
author.  He  believes  that  the  electric  furnace  with  a  eondiuling 
hearth  has  metallurgical  advantages  over  the  furnace  with  series 
electrodes,  when  the  power  used  is  small  or  moderately  large.  In 
fact,  the  method  of  heating  the  conducting  hearth  furnace,  wliereby 


the  current  must  traverse  the  whole  depth  of  the  ma.ss,  is  more 
favourable  to  the  production  dI  a  homogeneous  metal.  To  sum  up. 
the  electric  furnace  with  a  conducting  hearth  will  necessitate  that 
greater  precautions  are  taken  in  its  practical  u.se  and  construction 
than  the  furnace  with  series  electrodes.  But  the  engineer  well 
skilled  in  alternating-current  work  will  l)e  able  to  circumvent  and 
avoid  the  difficulties  present,  and  will  be  able  in  large-sized  furnaces 
to  obtain  a  satisfactory  jiower  factor.  Further,  if  this  engineer  is 
able  to  design  a  complete  method  of  working  for  the  electrometal- 
lurgical  installation,  he  will  not  forget  to  employ  a  low  freciuency, 
say  20  per  second,  thus  leading  to  a  great  simplification  in  the  circuit, 
owing  to  the  fact  that  the  self-induction  is  thereby  much  reduced. 
For  example,  with  a  frequency  of  20,  it  is  pos.sible  to  obtain  with  a 
l.OtM)  kw.  furnace  a  jiower  factor  equal  to  0-9.  Such  a  f menace 
ap))lied  to  the  purification  and  manufacture  of  molten  steel  would 
have  a  capacity  of  from  10  tons  to  12  tons.  A  furnace  of  greater 
capacity  could  be  obtained  by  connecting  several  similar  furnaces 
together,  the  electrodes  being  in  parallel ;  and  there  is  then  no 
reason  why  the  power  factor  should  drop. 

Series  Electrode  Furnaces  and  their  Improvements. — After  a  series  of 
different  industrial  tests  I  patented  in  1900  in  France,  and  in  certain 
other  countries,  a  furnace  with  vertical  electrodes  for  the  entry  and 
exit  of  the  current,  in  order  to  obtain  the  products  by  means  of  a 
di'aw-oft'  cock.  The  characteristic  of  this  furnace  was  the  .separate 
regulation  of  the  two  fires  created  by  each  electrode.  In  1902  I 
erected  at  the  Livet  works  a  two  electrode  furnace  with  a  capacity  of 
2..500  kg.,  and  in  lOO.").  as  a  consequence  of  the  results  obtained  at 


Fio.  ,"!. — Kei'.kr  FrRNAcE  of  Mkssks.  .1.  Holtzer  at  U.s'rers. 

Livet,  it  was  decided  to  erect  an  8-10  ton  furnace  at  the  Unieux  steel 
works.  This  was  the  first  electric  furnace  adopted  in  France  by  a 
steel  works,  and  it  was,  and  probably  is  still,  the  most  important 
which  had  ever  been  put  in  operation. 

This  electric  furnace  at  the  Holtzer  steel  works  at  Unieux  (Loire) 
has  four  movable  electrodes  which  serve  to  bring  up  the  current  and 
carry  it  away.  A  furnace  in  which  the  quantity  of  heat  can  be 
regulated  corresponds  to  each  of  the  four  electrodes.  Fach  pole 
consists  of  two  electrodes.  This  furnace  is  divided  into  four  groups, 
as  shown  in  Figs.  3  and  4.  These  consist  of  (n)  the  movable  crucible, 
which  is  a  simple  metallurgical  receptacle  carrying  \w  electrical 
connection  and  fitted  with  its  supimrt  and  hydraulieally  worked 
movement  :  (h)  the  revolving  supports  of  the  electriKles  with  their 
suspending  arrangement  and  their  connection  to  the  main  switoh- 
l)oar<l.  These  suiiports  are  completely  independent  of  the  crucible. 
whose  cover  can  easily  be  lifted  when  they  are  turned  outward  :  (f) 
the  upiier  set  of  distributing  cables  with  their  fixed  branching  circuit 
from  which  connection  is  made  to  the  tinning  brackets  ;  (rf)  the 
regulating  position  for  the  electrodes,  carrying  valve-control  appa- 
ratus, so  that  they  can  be  distance-controlled,  and  the  mea.suring 
instruments.  The  nuivements  which  the  electrodes  can  make  are 
the  following:  simultaneous  raising  of  the  two  eloctrixles  on  the 
same  pole,  or  of  the  four  electrodes  together  :  simultaneous  raising 
of  the  two  electrodes  on  the  same  pole  and  the  simultaneous  descent 
of  the  two  electrodes  on  the  other  pole  :  raising  of  one  electnxle  and 
the  simultaneous  descent  of  the  other  electrode  on  the  same  pole  .'and 
the  separate  movement  of  each  electrode. 
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Ihe  regulation  of  the  electrical  circuits  is  effected  very  simply  in 
the  following  manner  : — In  order  to  regulate  the  voltage  the  two 
electrodes  on  the  same  pole  are  manoe«\Ted  simultaneously.  If  there 
is  any  inequality  in  the  voltage  between  the  two  j)oles.  the  two  elec- 
trodes on  each  pole  are  displaced  one  up  and  one  down.  The  current 
is  equally  distributed  over  each  of  the  four  electrodes  by  means  of 
their  separate  adjustments.  If  there  is  any  ililTennce  in  the  current 
in  the  two  elcctnxies  of  the  same  pole,  a  simultaneous  and  opposite 
movement'of  them  is  made  so  that  the  current  in  each  is  changed. 
This  method  of  regulation  by  altering  the  voltage  or  ciurent  respec- 
tively of  a  group  of  four  electrodes,  between  the  electrodes  in  the  same 
group,  allows'the  use  of  a  very  simple  and  rational  regulating  system. 

To  distribute  the  current  to  the  furnace  I  have  used  an  arrange- 
ment called  "  radiating  electrical  distribution  "  by  which  the  self- 
induction  of  the  apparatus  is  reduced  to  the  lowest  possible  limit. 
The  two  electrodes  on  the  same  pole  are  in  i)arallel.  and  the  whole  of 
the  current  is  brought  to  the  centre  of  the  furnace  by  a  number  of 
laminated  cojjper  bars  connected  to  a  central  block  strongly  clamped 
by  metallic  supports  which  are  fixed  to  the  framework  of  the  furnace. 
R'om  this  block  four  electric  circuits  radiate,  carrying  the  current  in 
duplicate  to  each  electrode.  One  of  these  sets  of  connections  is  used 
as  a  stand-by  (Fig.  5).  These  connections  are  made  up  of  bars  of 
copper,  each  set  consisting  of  II  bars  250  mm.  x  5  mm.     The  elec- 


through  a  spherical  arch  which  covers  them.*  The  crucible  contain- 
ing the  steel  is  circular,  and  is  treated  inside  with  magnesia-mortar. 
It  is  supported  by  strong  steel  trunnions  on  which  it  can  roll  owing 
to  the  presence  of  rollers  running  on  turn-tables. 

At  Unieux  the  steel  is  worked  up  in  a  Martin  furnace,  then  melted 
in  a  crucible  which  is  immediately  emptied  into  an  electric  furnace. 
The  molten  steel  is  then  put  in  circuit,  and  the  reducing,  piu-ifying, 
and  adding  operations  are  carried  out.  As  an  example  of  a  standard 
operation  the  following  results,  taken  officially  and  indejiendcntly, 
may  be  cited  : — Weight  of  charge  7,500  kg.,  average  load  during  the 
operation  750  kw.,  length  of  the  operation  2  hours  45  minutes.  Com- 
position of  the  molten  charge— C=0-15,  S=006,  P=0007.  Purity 
desired  C=0-45  to  0-50.  Analysis  of  the  cast  steel— C=  0-443, 
S=0009,  P=0008.  Energy  used  per  ton  275  kw.-hour.  Wear  of 
the  electrodes  =  18  mm.  i)er  hour  for  four  electrodes  400  mm.  x 
400  mm.  in  section,  which  corres])onds  for  a  continuous  operation, 
taking  the  electrodes  as  costing  .35  fr.  per  working,  and  also  costs  of 
preparation,  to  an  expenditvue  of  about  4  fr.  per  ton  of  steel.  The 
staff  for  the  furnace,  including  the  provision  of  the  necessary 
materials,  is  made  up  of  three  labourers  and  one  founder.  The 
regulation  is  effected  by  hand  by  one  of  the  three  labourers,  who  also 
looks  after  the  upkeep  of  the  furnaces  and  the  electrical  conne(^tion8. 

This  regulation  could  be  equally  well  effected  automatically,  but 
the  regular  nature  of  the  operations,  thanks  to  the  presence  of  two 
furnaces  in  parallel  per  pole,  does  not  make  automatic  regulation  in- 
dispensable. 

Another  result  of  the  metallurgical  operation  obtained  by  the 
Unieux  furnace  is  given  in  the  I'aper.  This  shows  that  the  qualities 
of  the  steel  from  the  purity  point  of  view,  and  taking  into  considera- 
tion the  various  mechanical  tests  made  on  it,  are  a  proof  that  the 
electric  furnace  is  a  piece  of  metallurgical  apparatus  in  every  sense 


Fig.  4.— Pr..\x  of  Keu.er  Furnace  at  Unieux. 


Fio.  5. — Set  of  Connections  for  Furnace  at  Unibu*. 


trodes  are  suspended  from  the  ends  of  articulated  arms  which  carry 
arrangements  for  connecting  them  to  the  conductors  from  the  central 
block.  The  method  of  distribution  employed  allows  the  electrodes 
to  be  replaced  while  working.  It  also  results  in  a  very  small  .self- 
induction.  In  fact,  tests  made  at  the  Holl/.er  steel  works  have  shown 
that  the  i)Ower  factor  is  about  0-97  when  12,000  amjiercs  are  passing. 
With  this  arrangement,  therefore,  very  large  currents  can  be  utilised 
under  favourable  conditions  without  any  fear  of  the  power  factor 
being  lowered. 

To  avoid  any  short-circuit  betwetn  the  two  ))oles  in  the  movement 
of  the  electrodes,  and  on  account  of,  in  this  case,  close  jjroximity  of 
the  electrodes,  several  flexible  and  very  thin  bars,  .say  J  mm.  thick, 
are  connected  at  one  end  with  the  fixed  conductors  from  the  central 
distributing  position,  and  with  the  electrode  supjxjrt.  These  flexible 
bars  are  divided  into  two  sets  which  are  interconnected  at  various 
points  along  their  length  by  an  appropriate  connection.  'J'hese  points 
determine  the  formation  of  the  separate  flexion  bends  which  contract 
or  spread  out  according  to  the  position  of  the  electrode.  The  whole 
is  guided  by  means  of  cylindrical  spindles  on  which  slide  rings  fixed 
to  the  flexion  bend.s.  This  arrangement  makes  a  flexible  connection 
between  the  distributors  and  the  electrodes  without  taking  up  more 
room  than  does  the  electrode  itself,  so  that  the  space  between  the 
electrodes  is  kept  quite  free.     The  four  electrodes  enter  the  furnace 


of  the  word,  and  a  flexible  e(|ui|iincnt  which  allows  accurate  metal- 
lurgy to  be  undertaken. 

The  author  draws  attention  to  how  simjile  and  all-embracing  are 
the  metallurgical  properties  possessed  by  the  electrodes  and  of  how 
small  importance  is  the  consumiition  of  tlie  electrodes  i)cr  ton  of 
steel  produced.  The  electrical  furnace  with  clcclrdcks  sliould  prin- 
cipally find  its  place  in  metallurgy  in  the  direct  ap|ilication  of  lliree- 
))hase  currents,  as  many  steel  works  already  luive  central  stations 
generating  this  current,  and  electric  power  transmission  is  not  (Hin- 
sidered  at  the  present  time,  except  in  this  form. 

These  consideration  have  led  the  author  to  study  a  tliree-i)ha»e 
furnace  for  lli<-  manufacture  of  steel.  This  furnace  can  operate  with 
the  electrodes  either  connected  in  mesh  or  in  star.  In  the  first  case 
one  of  the  three  electrodes  is  connected  respectively  to  each  phase.  In 


♦  I  have  experimented  with  and  put  in  operation  on  a  large  scale  at 
the  Livet  works  an  improvement  in  the  electric  series-electrode  furnace 
(Fig.  C).  'riiis  improvement  consists  in  placing  each  electrode,  or  each 
series  of  electrodes,  of  different  jinlaiity  in  a  separate  compartment,  the 
two  compartments  thus  formed  being  connected  underneath]  by  (a 
channel  filled  with  the  metal  under  treatment,  and  which  may  be  accord- 
mg  to  circumstances  in  the  solid,  ))asty,  or  liquid  state.  When  the  metal 
contained  in  the  lower  canal  is  solid,  the  furnace  has  a  lateral  metallic 
pole  very  like  those  described  above  and  notably  that  shown  in  Fig.  1. 
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the  second  case  the  armoured  clay  hearth  of  the  furnace  is  connected 
to  the  middle  point  of  the  three-phase  system.     Tlie  three-phase 
electric  furnace  contains  a  great  number  of  the  quaUtics  possessed  by 
series  electrode  furnaces  and  furnaces  with  conducting  hearths,  if  the 
star  connection  is  used,  because  the  molten  .steel  is  then  only  traversed 
i  by  part  of  the  current.     It  is  possible  without  exaggeration  at  the 
I  present  time  to  realise  the  construction  of  a  three-phase  furnace  with 
1  a  capacity  of  20  tons.     This  furnace  would  necessitate  the  employ- 
j  ment  of  a  power  of  about  1 ,800  kw.     Such  a  furnace  would  be  cap- 
I  able  of  purifying  from  250  to  300  tons  of  ordinary  steel  per  day 
i  obtained  from  a  Thomas  converter  by  means  of  operations  which 
.  take  about  an  hour  and  a  half  each,  and  would  lower  tlie  percentage 
I  of  sulphur  in  the  molten  steel  as  it  leaves  the  converter  to  about  0-OS 
to  0-02,  at  the  same  time  reducing  and  carbonising  it  as  required. 
I  The  expense  of  an  operation  of  this  kind  varies  from  15  fr.  to  20  fr. 
per  ton  of  steel  transformed,  taking  electrical  energy  at  015d.  per  kw.- 
;   hour,  a  price  which  could  be  obtained  by  using  gas  engines  working  on 
I   blast-furnace  gas  and  taking  info  account  the  other  financial  factors 
and  their  ciu-rent   values.     The  passage  of  the  steel  through  the 
electrical  furnace,  where,  under  the  influence  of  the  high  temperature, 
it  is  submitted  immediately  and   by  rapid  operations  to  intense 
desulphuration,   allows  cast-iron  containing  a  high  percentage   of 
sulphiu'  to  be  employed  in  the  manufacture  of  steel.     This  advantage 
may  lead  to  the  establishment  of  methods  taking  advantage  of  this 
circumstance  and  the  use  of  minerals  which  have  hitherto  been  re- 
I   jected.    The  introduction  of  an  electric  furnace  into  such  an  estab- 
lishment should  be  a  double  and  considerable  economical  advantage. 
The  possibility  of  economically  introducing  the  electric  furnace 
[    into  the  general  cycle  of  the  great  metallurgical  operations  should 
!    open  up  a  new  era  ;    and  by  introducing  into  the  present-day  steel 


Fig.  0. — Kki.leb  Furnace 
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Fir,.  7. — Chaplet 
Electric  Furnace. 


employed  in  construction  work  and  for  rails  the  complementary 
qualities  of  safety,  the  electric  furnace  should  have  contributed  to 
the  realisation  of  a  better  civilisation  by  the  reduction  to  a  gi'eat 
extent  of  the  chances  of  accidents  due  to  insufficiencies  in  the  quality 

of  the  material.  — 

DISCUSSION. 

Mr.  J.  Harden  considered  a  water-cooled  electrode  beneath  a  furnace 
hearth  far  too  dangerous  an  arrangement  to  be  generally  adopted.  He 
thought  electrode  furnaces  would  be  of  limited  application  on  accoimt  of 
the  diBiciilty  of  procuring  electrodes.  The  variations  of  power,  30  to  35 
per  cent.,  ui  these  furnaces  were  very  great. 

Mr.  E.  RisTORi,  Mr.  Cobb  and  Mr.  W.  Murray  Morrison  all  agreed 
with  the  la.st  speaker  in  his  criticism  of  the  water-cooled  bottom  elec- 
trode. Tlie  last-raentioned  speaker,  however,  did  not  consider  there 
was  any  difficulty  with  regard  to  procuring  electrodes,  the  consumption 
of  which  was  comparatively  very  small. 


CHEAP  UNITS.* 

BY    COUNCILLOR   ALEX.    SINCLAIR. 
(Chairman  of  the  Electric  Lighting  aDd  Tramways  Committee,  Swansea.) 

Summnri/. — The  author  splits  up  the  costs  of  a  generating  station  so 
as  to  arrive  at  a  fair  cost  per  unit  for  energy  supplied  to  varioiis  classes 
of  consumers.  He  believes  that  the  consumer's  load  factor  should  be 
the  basis  of  determiiiing  the  share  of  the  capital  charges,  and  finally  gives 
what  he  considers  to  be  the  fair  selling  price  per  unit  for  the  different 
eo!<umers. 


The  author's  attention  was  recently  drawn  to  the  effect  produced 
on  a  supply  undertaking  by  several  large  consumers  temporarily 
ceasing  to  take  their  ordinary  supply.  On  investigating  the  actual 
works  costs  per  unit  genejated.  it  was  found  that  the  increase  was 
out  of  all  pro])ortion  to  the  decreased  output,  which  led  the  vTiter 

*  Abstract  n{  a  Paper  read  before  the  Incorporated  Municipal  Electrical 
Association  on  Tuesday  last  week. 


to  conclude  at  once  that  the  units  supplied  to  those  n-sers  were  gene- 
rated very  cheaply,  hence  the  selection  of  the  title  for  this  Paper. 
"  Cheap  units  "  is  a  comprehensive  term,  covering,  as  it  does,  all 
classes  of  supply ;  under  certain  circumstances  6d.  per  unit  may  be 
cheap,  whilst  in  others  even  Id.  per  unit  may  be  dear.  It  is  the 
intention  of  the  author  to  try  to  analyse  the  various  classes  of  supply, 
so  as  to  arrive  at  something  like  a  basis  from  wliich  to  calculate  on  ita 
merits  the  selling  price  of  each  class  of  unit.  On  a  previous  oeca-sion 
the  author  read  a  Paper*  at  Edinburgh  on  the  subject  of  "  Load 
Factor."  He  considers  that  the  figures  then  given  for  high  load 
factors  were  not  sufficiently  favourable  and  under-stated  the  case. 
This  Paper  may,  therefore,  be  regarded  as  a  sequel. 

The  diagram  herewith  shows  graphically  a  typical  .lune  day  load, 
including  two  comparatively  large  power  users  taking  energy  during 
the  2-t  hours  with  the  ordinary  day's  output  for  lighting,  power  and 
heating.  The  lower  curve  denotes  the  latter  alone,  whilst  the  upper 
portion  shows  the  large  power  supply  when  in  use.  The  reason  for 
selecting  a  June  day  was  because  the  large  consumers  were  shut 
do\\Ti  for  their  annual  overhaul,  thus  affording  an  opportunity  for 
differentiating  between  the  two  classes  of  supply.  Close  investiga- 
tion of  the  load  curves  for  the  year  has  shown  that  the  present  one, 
between  midnight  and  4:5  p.m.  (the  varying  peaks  of  the  remainder 
interfering  with  any  time  division)  is  characteristic  of  the  whole 
period,  excepting  from  I  p.m.  on  Saturdays  to  6  a.m.  on  Sundays, 
when  only  small  amounts  of  power  are  required  ;  this  also  holding 
good  for  holidays  and  stoppage  of  the  works  as  above  noted. 

The  advantage  to  the  station  of  a  power  supply  is  apparent  by 
the  number  of  units  generated  in  both  instances — viz.,  5,705  and 
3.524  respectively — leaving  2.181,  which,  without  the  large  power 
user,  would  be  lost  to  the  undertaking.     Although  perhaps  of  little 
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value  in  forming  any  conclusions,  the  day  load  factors  were  55-9  and 
44-5  per  cent,  respectively.  .\  further  advantage  is  clearly  set  out 
by  dividing  the  units  into  four  equal  parts  of  the  day,  thus:  12  to 
6a.m.  (witii)  937.  (without)  40tl :  6  a.m.  to  12  noon  (with)  1,475,  (with- 
out) 825:  12  to  6  p.m.  (with)  1,625.  (without)  981 :  6  to  12  midnight 
(with)  1.668,  (without)  1.312.  So  that,  with  the  exception  of  meal 
times,  the  machinery  in  use  is  for  tliree-fourths  of  the  24  hours  run- 
ning at  a  comparatively  high  state  of  efficiency.  The  benefit  of  the 
additional  load  is  clearly  seen  between  the  hours  of  10  a.m.  and 
5  p.m..  when,  except  at  meal  times,  the  machinery  is  well  employed,. 
whilst  the  output  during  the  night  is  practically  doubled. 

In  considering  the  manifest  advantages  of  such  a  load  as  that  under 
consideration,  the  drawback  Kii  a  demand  being  made  on  peak  load 
must  not  \k  forgotten,  but  as  this  occurs  on  only  a  few  evenings  in 
the  year,  and  then  only  for  half  an  horn-  or  so,  it  is  not  of  so  great 
importance  as  it  appears  at  first  sight.  Taking  the  case  in  point,  it 
is  found  that  the  maximum  peak  for  the  year  (1.076  kw.)  included 
only  130  kw.  for  the  large  power  users.  The  importance  of  ha\-ing 
(ilant  to  meet  this  demand  cannot  be  denied,  and  it  is  only  fair  that 
it  should  not  be  lost  sight  of.  Opinions  difi'or  on  this  question,  some 
holding  that  the  25  per  cent,  overload  on  engines  and  dynamos  may 
be  depended  upon  in  such  circumstances,  but  the  writer  thuiks  that 
this  overload  should  not  \w  counted  on  as  an  asset,  but  treated  en- 
tirely as  being  there  for  emergency  purpo.ses  only.  He  is.  therefore, 
fully  convinced  that  the  plant  capacity  required  to  me<.n  the  demand 
on  peak  load  should  be  the  measure  t«ken  for  allocating  the  capital 

charges  to  a  power  user  of  largo  amount. 

*  The  Electbicloj,  June  30, 1905,  p.  411. 
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Some  question  may  arise  as  to  the  iiuiltiplication  of  larirc  users 
overstepping  the  advantages  herein  stated,  but  in  the  author's 
opinion  such  a  contingency  is  almoi-t  !m])ossiblo,  for  no  matter  how 
the  large  user's  demands  increased  it  is  obvious  that  «hat  may  be 
called  tlie  useless  portion  of  a  load  curve- — the  unused  part  between 
the  body  of  the  curve  and  top  |>eak — would  be  tilling  up  whilst  the 
peak  itself  would  be  but  slowly  increasing,  and  out  of  all  j)roportion 
to  the  volume  of  output  created  by  the  added  demand.  In  dealing 
somewhat  exhaustively  with  the  advantages  of  having  customers 
who  are  large  users  of  energy  the  WTiter  does  not  lose  sight  of  the 
equal  advantages  of  filling  up  the  curve  by  smaller  users — viz..  heat- 
ing, public  lighting.  &c. — which  may  also  be  regarded  as  coming 
within  the  designation  of  cheap  units. 

A  careful  scrutiny  of  the  costs  of  the  station  during  the  periods 
dealt  with  shows  that  units  for  large  power  were  generated  for  less 
than  J<1.  per  unit — of  course,  exclusive  of  capital  charges.  Although 
this  low  cost  is  literally  true,  it  is  hardly  a  fair  conclusion  that  it  is 
the  actual  cost,  as  it  is  based  on  an  assumption  that  the  ordinary 
units  for  lighting.  &c..  remained  the  same  wlietlier  large  power  users 
were  on  or  off.  The  author  is  of  opinion  that  such  units  as  these 
under  consideration  should  in  no  way  be  looked  upon  as  by-products, 
but  that  they  should  each  bear  a  fair  proportion  of  the  costs  incidental 
to  the  generation  of  the  whole  :  for  this  purpose  he  has  taken  as  an 
illustration  a  typical  station  having  an  annual  turnover  of  2,000,000 
units,  and  by  splitting  up  the  costs  for  the  various  supplies  he  arrives 
at  the  fair  cost  per  unit  for  each.  The  divisions  taken  are:  (o) 
Early  closing  shops  and  offices.  (6)  late  closing  shops  and  office'^, 
private  houses,  theatres,  hotels,  &c.,  (c)  small  users  of  power,  (d) 
public  lighting,  and  {e)  large  users  of  jjower. 

In  the  early  nineties  Col.  Qompton  showed  a  somewhat  novel  way 
of  depicting  the  ideal  cost  per  unit  by  taking  the  best  result  for  each 
division  of  cost  from  the  then  published  electricity  supply  accounts. 
Following  this  example,  the  ideal  figures  wouid  now  be :  Coal, 
0-20d.  ;  oil  waste,  &c.,  OOld.  ;  wages.  006d.  ;  repairs,  004d.  ; 
Avorks  cost,  0-31d.  ;  rent,  rates,  &c..  002d.  ;  and  management. 
0(l.3d.  ;  making  the  total  costs  0-36d.  per  unit.  This  may  seem 
Utopian,  but  the  figures  of  the  Stalybridge  undertaking  have  shown 
that  it  can  be  done  for  045d.  It  cannot,  therefore,  be  considered 
as  being  beyond  the  possibilities  of  the  near  futiu-e.  It  is  not,  how- 
ever, the  intention  of  the  writer  to  deal  with  such  very  low  costs, 
but  to  take,  as  a  fan-  present-day  practice,  an  average  of  l-Ud.  per 
unit  as  total  costs  on  a  20  per  cent,  load  factor  for  a  station  having 
an  output  of,  say,  2.000,000  units  per  annum. 

It  is  now  generally  conceded  that  the  station  costs  per  unit  sold, 
on  a  load  factor  of  the  whole  supply,  cannot  be  taken  as  a  fair  basis 
for  fixing  the  selling  price,  but  that  "the  load  factor  of  each  individual 
supply  should  be  the  determining  feature  ;  unfortunately,  this  cannot 
be  carried  to  a  logical  conclusion,  as  the  load  factor  of  each  customer 
is  not  readily  obtainable.  Perhaps  it  is  as  well  that  this  is  so,  as 
any  attempt  to  add  further  difficulty  to  the  consumer  understanding 
his  account  woidd  make  "  confusion  worse  confounded."  The 
author  fully  realises  the  great  difficulties  in  the  way  of  classifying 
the  various  consumers'  requirements,  but  will  endeavour  to  do  so 
a^  far  as  those  already  mentioned  are  concerned.  Although  the 
figures  quoted  are  only  approximately  correct,  still  they  are  based 
on  actual  practice. 

In  class  (a) — early  shops,  &c.— it  is  found  that  the  vear's  con- 
sumption is  330,000  units,  with  a  maximum  demand  of  358  kw„ 
load  factor  lOo  per  cent.  In  class  (6)_late  closing  shops.  &c. — 
there  are  464.(K)0  units  on  a  maximum  demand  of"396kw.,  load 
factor  13-38  per  cent.  In  class  (c)— small  users  of  power,  &c.— 
400,000  units  for  160  kw.  maximum,  load  factor  28-.')0  per  cent.  In 
c\asa  ((i)— public  lighting— 226,000  units  for  a  maximum  demand 
of  .56  kw.,  load  factor  46  per  cent.  ;  and  in  class  (e)— large  users — 
.580,000  unit.s  for  130  kw.  maximum,  load  factor  50-90  per  cent. 
These  total  2,(XKJ.OO0  units,  with  a  load  factor  of  20-7.5  i)er  cent. 

From  a  table*  given  in  the  Paper,  differing  slightly  from  the 
table  given  by  the  author  in  his  l'.)0o  Paper,  the  costs  aie  allocated 
to  these  demands  as  follows,  the  total  cost  being  given  in  brackets : 
(a)  2-02d.  (£2,778).  (b)  l-(i4d.  (£3.171).  (r)  0-8.5d.  (£1.416).  (d)  0-54d. 
(£.5(J8),  and  (e)  0-49d.  (£1,184).  Total,  l-08d..  or  £9,0,57— say  £9,000, 

In  regard  to  the  allocation  of  capital  charges:  First,  where  a 
large  power  consumer  is  cut  off  during  peak  load,  thus  preventing 
him  from  overlapping  with  the  bulk  of  the  other  consumers.  In 
this  case  the  ca|»ital  charges  on  the  maximum  demand  of  the  station 
do  not  come  into  the  problem  of  his  supply,  unless  he  is  on  cables 
already  laid,  when  he  should  bear  their  share,  or  that  new  cables  had 
to  be  laid  some  distance  to  meet  his  rcfjuirements.     In  either  of 


The  cost  per  unit  for  any  load  factor  at  any  particular  station  can  be 
obtamed  from  the  table  by  simplv  dividing  the  figure  contained  iji  the 
table  f.jr  its  particular  factor  and  multiplying  the  dividend  by  the  table's 
figure  for  the  factor  requixed. 


these  cases  the  value  of  such  cables  should  be  the  detcrmiiiinL'  factor 
in  allocating  his  share  of  the  capital  charges,  and  bearing  in  mind 
that  he  may  at  some  date  ccn.se  to  take  supply,  a  sufficiently  high 
rate  of  interest  should  be  charged  to  this  amount  to  meet  such  risk. 

Secondly,  where  the  supply  authority  looks  upon  the  demand  for 
large  2)ower  users  on  peak  load  as  beuig  covered  by  the  2.5  jier  cent, 
overload  of  engines  and  dynamos,  and  is.  therefore,  of  little  conse- 
(luence.  In  this  case  the  same  arguments  as  in  the  first  instance 
are  applicable,  with  the  added  advantage  to  the  consumer  that  he 
could  have  his  energy  at  all  times.  The  writer  is  of  opinion  tliat 
such  a  position  is  untenable,  for  it  would  appear  that  the  ordinary 
consumers  would  be  penalised  by  having  to  pay  the  \\hole  of  the 
capital  charges  of  the  undertaking. 

In  the  third  case,  where  a  time  switch  is  used  and  a  comparatively 
high  tariff  is  charged  for  period  of  peak,  and  a  low  one  for  the  rest 
of  the  day.  Of  this  system  the  author  has  no  experience,  and  only 
mentions  it  with  the  object  of  obtaining  the  opinions  of  those  who 
use  it. 

Lastly,  he  takes  the  view  that  all  units  should  bear  their  fair  share 
of  the  whole  of  the  capital  charges.  Opinions  differ  as  to  what  this 
fair  share  should  be.  The  wTiter  adheres  to  his  previously  expressed 
opinion  that  the  consumer's  load  factor  should  be  the  determining 
feature.  With  this  end  in  view,  a  table  has  been  drawn  up.  and  is 
given  in  the  Paper,  showing  the  capital  cost  per  unit  for  different 
load  factors  ;  it  is  based  on  a  charge  of  7  per  cent,  to  cover  interest, 
sinking  fund.  &c.,  on  a  capital  outlay  of  £120  per  kilowatt  of  maxi- 
mum demand.  From  this  table,  considering  our  above  classes  of 
consumers,  the  capital  charge  per  unit  works  out  at  (a)  2-19d.,  (b) 
l-72d..  (c)  0-81d.,  (d)  0-5d.,  and  (f)  0-45d.  The  total  is,  therefore, 
l-108d.,  or  £9,233. 

By  adding  the  two  sets  of  charges  together  we  arrive  at  the  total 
cost,  including  capital  charges,  of  each  unit,  thus  :  (a)  4-21d.,  (6) 
3-36d.,  (c)  l-66d.,  {d}  I-04d';  (public  lighting  is  for  current  only), 
and  (e)  0-94d.  The  2.000.000  vniits  collectively  at  an  average  price 
of  2-188d.  give  the  total  (if  t;is.2:;:j.  Objection  may  be  taken  to  the 
fact  that  in  this  instance  the  risk  of  large  users  ceasing  to  take  supply 
is  the  same  as  in  the  other  cases  quoted.  This  is  so,  but  the  author 
considers  that  by  their  bearing  their  share  of  the  whole  capital 
charges  it  is  more  than  compensated  for. 

In  the  circumstances  under  discussion  it  would  appear  that  a  fair 
selling  price  per  unit  for  such  supplies,  whilst  leaving  a  margin  of 
profit,  would  be  :  (o)  4Jd.,  (6)  3^.,  (c)  l-^d..  (rf)  l^d.  to  IJd.,  (e)  Id. 
to  \^d.  The  author's  investigations  of  the  maximum  demands  of 
all  these  phases  of  supply  brought  to  light  a  peculiar  coincidence — 
viz.,  the  sum  of  all  the  maximum  demands  was  almost  exactly  twice 
the  actual  maximum  demand  of  the  station,  which  would  seem  to 
prove  two  things  :  First,  that  the  top  peak  is  not  the  only  deter- 
mining feature  in  fixing  a  price,  and,  secondly,  that  the  diversity 
factor  of  a  power  and  heat  load  is  good. 

jNIanufacturers,  both  large  and  small,  can  only  be  induced  to  take 
energy  from  a  public  supply  undertaking  wiien  the  jirice  is  sufficiently 
low  to  be  attractive,  and  the  object  of  this  Paper  is  to  show  that  such 
figures  can  be  quoted,  and  still  leave  a  fair  margin  of  profit  ;  a  further 
object  is  to  bring  to  the  notice  of  chairmen  and  members  of  com- 
mittees that  good  business  is  often  lost  by  trying  to  obtain  too  high 

prices.  

DISCUSSION. 

5Ir.  A.  M.  T.WLOR  (Birmingham),  in  opening  the  discussion,  mentioned 
that  of  the  three  classes  of  power  load  considered  by  the  author,  he  (the 
speaker)  only  proposed  to  consider  those  consumers  who  kept,  off  the 
peak  altogether.  It  could  not  be  too  often  cmpliasisoil  that  the  annual 
costs  on  accoimtof  fixed  charges  consisted  alnm^t  cf|u:illy  "f  c  liari:i-K  tn 
pay  interest  and  sinking  fund  on  extra  plant  ami  rli;nL''s  "  liii  li  (li|Hnilcd 
on  the  employment  of  the  said  e.xtia  i^laiit  at  ilir  ^jcnnaliiiL'  ^taliun. 
Such  latter  charges  were:  Wages,  in  ina-inniit.  ri-|iaiis.  rates,  taxes, 
standby-coal  and  depreciation,  and  they  lrii|iiiiiily  it|iics(IiIi/iI  in  large 
stations  £4  per  kilowatt  of  maximum  demand  jier  aniiuin.  Some  or  all 
of  these  costs  were  included  in  the  author's  table,  and  therefore  in  his 
O'od.  per  unit.  The  speaker's  proposal  was  that  a  consumer  who  kept 
entirely  off  the  peak  should  be  charged  his  actual  cost  to  the  station 
(plus,  say,  25  to  50  per  cent,  for  profit),  but  no  fixed  charges  of  any  sort 
in  addition.  He  next  considered  how  far  they  could  carry  the  night 
load  consumers  into  the  day  without  extra  plant  or  mains  being  involved 
in  order  to  cope  with  this  load.  In  the  diagram  shown  herewith  it  would 
be  seen  that  it  would  be  safe  to  allr>w  the  load  to  continue  to,  say,  3:30 
p.m.,  and  to  come  <m  aL'ain  at  (li.'id  p.m.,  if  only  they  could  be  sure  that 
spurious  peaks  would  nnt  li.-  cm  itiai  at  other  portions  of  the  day.  The 
way  in  which  he  woulil  mi-jji-i  that  the  station  engineer  .shoidd  protect 
himself  agamst  these  s|Miriou>^  )ieal;s  was  to  offer  a  "  keep-off  "  cfiscount 
of,  say,  100  per  cent,  (off  fixed  charges)  to  consumers  who  were  willing 
to  have  the  "  keep-off  "  period  revised  [i.e.,  to  have  their  time  switches 
re-set)  every  year,  and  to  offer,  say,  80  per  cent.,  or  even  (it)  per  cent.,  to 
those  who  jirefcrred  a  five-yearly  revision.  'J'he  consumer  would,  of 
course,  jiaj'  all  true  running  costs  as  an  extra,  plus  the  £300  alluded  to 
above,  plus  60  per  cent,  for  profit.  As  tn  hmv  he  would  g<>t  over  the 
three  hours'  braak  in  liis  supply,  tlie  speaker  had  already  indicated  a 
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means  in  a  Paper  read  before  the  lastitution  of  Electrif  ul  Euginueis  two 
years  ago.  There  was  no  injustice  whatever  to  existing  consumers  in 
the  scheme  indicated,  because  they  would  reap  the  beneiit  of  the  25  to 
60  per  cent.  "  net  profit  "  whicli  the  new  consumers  would  bring  in  ; 
and  because  if  the  restricted  hour  consumers  did  not  come  on  (which 
thev  would  not  do  without  suHiiicnt  hiducement)  the  existing  consumers 
would  have  to  go  along  on  existing  rates,  without  this  beneiit,  and  again, 
beciiuse  additicmal  "  interest-paying  "  consumers,  on  the  ordinary  terms, 
would  be  attracted  by  the  general  increase  of  business  done  in  the  town 
and  the  better  terms  that  could  be  offered  to  ordinary  consumers  eon- 
scfiuent  on  prolit  made  off  the  "  restricted-hour "  consumers  (0-Old. 
pel  unit  would  Ining  in  £6,000  per  annum  of  net  profit).  It  was  grossly 
unjust  that  a  potential  consumer  who  would  only  cost  the  station  some 
f300  per  annum  on  fixed  charges  should  be  forced  to  ]iay  £30,000  per 

Sparious  Peak 

if  QDchecked  by 

"Keep-off"  Discoont 


annum,  just  because  existing  consumers,  who  were  unwilling  to  suffer 
the  inconvenience  of  being  cut  off  during  the  peak,  were  obliged  to  pay 
this  figure.  The  scheme  indicated  would,  if  intelligently  applied,  amply 
protect  the  station  from  spurious  peaks  and  the  consumer  would  himself 
take  the  risk  of  these  spurious  peaks  on  to  his  own  shoulders. 

Mr.  H.  Ricn.\BDSox  (Dundee)  said  there  seemed  to  him  an  unreason- 
able desire  for  "  chea])  units."  He  would  advise  them  to  use  caution. 
Each  large  consumer  should  be  considered  on  his  merits,  and  dealt  with 
ill  the  same  way  as  in  any  other  business,  and  as  high  a  price  as  possible 
should  be  obtained.  Were  they  not  being  bluffed  in  many  cases  into 
supplying  current  too  cheaply  ?  He  suggested  that  simplicity  should 
be  sought  for  both  in  plant  and  charges. 

Aid.  Hlou.\Ji  (Accrington)  said,  speaking  from  the  manufacturers' 
point  of  view,  and  as  a  fairh-  large  power  consumer,  that  they  were  in  a 
lalse  paradise  if  they  tbouidit  Lancashire  manufacturers  were  going  to 
take  supply  at  anything  like  the  prices  hitherto  asked.  In  Accrington 
during  the  past  four  years  they  had  given  a  large  power  supply  at  0-fi8d. 
per  unit.  Before  that  time  there  was  a  deficit,  but  they  had  now  a 
surplus,  entirely  owing  to  this  low  price.  But  this  price  was  of  no  use  to 
the  cotton  trade  of  Lancashire,  as  private  steam  jjlant  could  produce 
power  as  cheaply.  \\"ith  a  load  factor  of  20  per  cent,  and  coal  at  10s.  a 
ton,  no  station  engineer  should  be  satisfied  if  his  coal  costs  exceeded 
0-25d.  per  unit. 

Mr.  K.  E.  IIoADT.EY  (Maidstone)  said  he  had  made  a  careful  investi- 
gation into  the  costs  of  various  classes  of  supply  and,  although  he  agreed 
generally  mth  the  figures  in  the  Paper,  there  were  one  or  two  conclusions 
from  which  he  differed.  The  author's  prices  were  in  some  cases  too 
high.  It  was  hopeless  to  go  to  a  large  and  regiilar  user  of  power  with  a 
price  anything  like  Id.  per  unit.  If  any  example  were  wanted  as  to 
the  bearing  on  the  financial  aspect  of  a  municipal  generating  station,  he 
thought  the  example  referred  to  in  the  presidential  address  might  be 
cited  with  great  advantage.  He  refenvd  to  West  Hain.  Some  of  the 
prices  given  to  manufacturers  would  delight  the  heart  of  the  chairman 
of  the  Accrmgton  committee.  The  author  would,  he  thought,  be  niori' 
accurate  in  his  investigations  if  he  took  out  the  actual  kilowatts  on  the 
peak  load  of  each  class.  This  could  be  done  fairly  .-iccurately.  The 
supply  at  Maidstone  included  ordinary  lighting,  street  lighting,  traction 
and  general  power  supply.  By  taking  the  load  on  t'hristmas  Eve  he 
•eliminated  the  power  su])ply.  and  by  comparing  six  Saturday  nigjits 
with  six  Thursday  ni;;hts,  between  'i  and  10  p.m.,  it  was  a  simple  matter 
to  arrive  at  the  cost  of  producing  the  extra  units  on  Saturday  nights 
over  those  produced  on  Thursdaj-  nights.  They  should  \\ork  out  these 
charges  before  going  to  the  large  power  consumer.  The  only  eouit.ible 
HVstem  of  chargina,  from  the  point  of  view  of  the  consumer  as  well  as 
the  supplier,  should  be  a  fixed  charge  per  annum  per  kilowatt  demanded 
•of  actual  peak  load,  and  a  very  low  price  per  unit. 

Mr.  ASHTOS  Bresineb  (Burslem)  said  the  author  had  indicated  hc;w 


cheap  units  could  be  supplied  by  a  large  station.  Hev.ould  endeavour  to 
show  how  cheap  units  could  be  ]iroduced  and  sold  to  the  advantage  of  a 
small  station,  such  as  at  Burslem.  At  Hurslem  the  charge  for  gas  was 
Is.  per  1,000  cubic  ft.,  and  electricity  could  hold  its  own  even  against 
that.  Last  year  at  Burdem  the  total  output  sold  was  .585,000  unit^, 
with  a  load  factor  of  15  per  cent.,  and  non-condensing,  yet  the  total 
costs  were  0-88d.  They  had  since  taken  on  a  large  consumer  at  Id.  per 
unit,  and  their  costs  had  gone  down  to  0--14d.,  and  the  total  costs,  in- 
ciuding  the  whole  of  the  capital  charges,  for  the  six  months  represented 
0S7d.  per  unit.  As  showing  what  a  large  consumer  did  for  the  station, 
he  said  that  on  ,'^unday,  .June  7,  last  year,  tl'.ey  generated  652  unit.s  com- 
pared with  1,520  units  on  Sunriay,  Juno  0,  this  year.  These  r.dditional 
8bS  units  could  be  produced  at  the  price  of  a  by-product,  there  being  no 
additional  standing  charges  or  wages  to  pay,  only  coal,  oil  and  water, 
which  at  Hurslem  were  0-272d.  with  a  15  per  cent,  load  factor  and  costs 
of  0-87(1.  He  worked  out  the  relative  costs  for  10,  20,  ,30  and  50  per 
cent,  load  factors  at  Burslem  as  l-2.5d.,  0-656d.,  0-486d.  oiid  0-297d. 
Referring  to  the  author's  tables,  he  thought  £120  per  kilowatt  of  maxi- 
mum ('.emand  too  high.  The  cost  at  Burslem  was  £50.  Going  back  to 
the  50  per  cent,  load  factor,  this  brought  the  cost  for  capital  charges  to 
0187d.,  or  a  total  of  0-484d.     They  charged  0-58d. 

Mr.  W.  W.  L.tCKiE  (Glasgow)  referred  to  the  author's  statement  that 
the  consumer's  load  factor  should  bo  the  determining  feature  in  fixing 
the  price,  but  he  should  not  Ukc  this  to  go  out  as  an  expression  of  the 
Association's  opinion  on  the  subject.  He  was  of  opinion  that  all  cou- 
sum.eis  should  bear  a  fair  share  of  the  whole  of  the  capital  charges. 

Jlr.  G.  Seaton  (Messrs.  Willans  &  Robinson)  said  the  author  had 
called  "  cheap  units"  anything  from  3;!.  to  (id.,  and  had  referred  to 
Col.  Crompton's  Utopian  figures.  He  was  at  Stalybridgc  last  week,  and 
Mr.  Blackmore  gave  him  the  fijUoning  remarkable  figures  :  Coal  0-18d., 
oil  waste  OOld.,  wages  006d.,  repairs  004d.,  rent,'  rates,  &e.,  004<i., 
management  0-04d.,  total  0-37d.,  or  practically  the  Utopian  figures 
referred  *:o. 

Mr.  R.  B.  Leach  (Farnworth)  said  the  question  of  time  rate  meters 
had  been  mentioned.  He  had  h.-.d  some  httle  experience  of  the  time 
rate  system,  and  a  very  sad  one.  It  wa.-:  to  the  effect  that  they  obtained 
a  false  peak  at  0:10  instead  of  between  5  and  7  p.m.  It  was  dangerous, 
in  his  opinion,  to  differentiate  between  various  classes  of  consumer,  as 
they  had  no  right  to  penalise  any  consumer.  They  must  meet  their 
competitors,  the  gas  people,  with  the  same  weapons  and  arguments  as 
far  as  possible.  For  the  largest  consumer  they  must  give  the  best  terms, 
alw  ays,  of  course,  keeping  the  load  factor  well  in  mind. 

Mr.  F.  W.  PuKSE  (Watford),  like  ^.Ir.  Richardson,  protested  against 
the  craze  for  cheap  units.  He  knew  of  a  case  where  a  manufacturer  had 
induced  an  engineer  to  give  supply  at  Id.  per  unit,  and  that  particular 
station  was  losing  money  on  the  guaranteed  quantity  taken.  What 
would  the  Burslem  engineer  do  if  a  manufacturer  a.sked  for  a  1,000  kw. 
load  ?  It  was  not  a  business  proposal  to  charge  a  man  with  a  load 
factor  of  100  per  cent,  for  1  kw.  the  same  as  the  man  with  100  per  cent, 
and  100  kw.  They  must  have  a  business  price  for  the  man  who  wanted 
5,000,000  units  and  who  did  not  want  to  he  bothered  with  load  factoi-s, 
maximum  demands,  "  keep  off "  discounts,  &c.  Every  unit  .should 
bear  its  ratio  of  standing  charges.  He  advised  them  to  get  the  best 
price  from  the  large  con.nimer  and  a  fair  proportion  of  capital  ehar<res, 
and  not  to  be  drawn  on  by  the  figure  of  0-38d. 

Mr.  S.  E.  Feddex  (Sheffield)  disagreed  with  a  good  deal  of  the  author's 
Paper.  Demand  meters,  regulating  switches.  Ac.  should  be  done  away 
^rith.  He  did  not  believe  in  "  get  on  "  and  "  keep  off  "  discounts.  If 
they  had  a  special  consumer  with  a  special  lo.ad,  they  should  go  carefully 
into  the  matter  and  mak-.  a  special  discount.  Before  very  long  he 
believed  they  would  get  their  costs  do«ii  so  that  they  would  be  able  to 
sell  at  about  id.  for  any  power  with  a  big  load  factor,  but  generally  there 
was  a  miserable  load  factor  of  5,  7  or  13  per  cent.,  and  rarely  over  20. 
These  bad  load  factors  levelled  up  at  the  station. 

Jlr.  H.  Fakaday  Proctok  (Bristol),  referring  to  the  author's  state- 
ment that  all  units  should  bear  a  fair  shai-e  of  the  capital  charges,  asked 
"  What  was  the  fair  share  ?  "  The  president,  in  his  address,  had  drawn 
attention  to  the  fact  that  the  power  load  was  a  newer  load  in  mrtny 
toxvns  than  the  lighting  load,  the  lighting  load  being  supplied  by  plants 
of  small  units,  whereastho  power  load  vas  sf.pplied  by  up-to-date  plant. 
He  therefore  thought  it  right,  in  order  to  get  the  power  consumer,  to 
charge  a  small  nriee  per  unit.  It  was  not  necessary  to  allocate  the  whole 
of  the  capital  charges  evenly  per  kilowatt.  The  power  load  was  nioie 
recent,  and  therefore  the  power  load  capital  charges  were  on  a  much 
lower  basis  than  lighting  capital  charges  in  the  generating  station.  This 
was  worthy  of  their  attention. 

Aid.  Bri-ck  (Sunderland)  said  he  was  not  prepared  to  see  business 
that  would  be  done  bv  a  company  pass  out  of  the  hands  of  a  munieipahtv. 
Councillor  Sinclair's  prices  were  not  at  all  tempting  to  power  users.  He 
thought  the  true  basus  of  arriving  at  the  l.'gitimate  price  was  upon  kilo- 
watt  demand  and  load  fa.'tor.  They  now  supplied  at  Sunderland  at  14 
per  kilowatt  and  a  low  charge  jier  unit,  but  the  £4  per  kilowatt  had 
to  be  paid  whether  the  consumer  took  anything  or  not. 

CouncUlor  Sinclair,  in  replviug  briefly,  said  the  object  of  his  Pai^er 
was  to  invite  discussion.  Mr.  Taylor,  to  get  people  on  in  the  middle  of 
the  night,  was  prepared  practically  to  give  away  his  current,  but  his 
Paper  was  diametricallv  opposed  to  that.  The  consumer  should  pay  a 
proportion  of  the  capital  charges  whenever  he  came  on.  In  reganl  to 
the  figure  of  £120  per  kilowatt  of  maximum  demand  being  loo  high, 
thev  would  find  this  a  fair  averasre  figure,  taking  the  figures  generally 
throughout  the  country.  He  deferred  any  furthor  reply  for  pubUcatioii 
in  the  ■   .l.airual." 
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NOTES  ON  CONDENSING  AND  WATER  COOLING 
PLANTS. 

BY   E.    LrXX. 

(AssisUnt  Electrical  Engineer,  Corperation  Electrical  Supply  Station,  Hudiloi-saelJ.) 

Summary.— The  author  describes  the  various  types  of  condensers 
and  the  advantages  and  disadvantages  of  each.  After  considering 
the  question  of  pumps  he  finally  discusses  water  cooling  plants. 


Tlie  condensing  plant  has  always  been  an  important  part  of  a 
steam  power  installation,  and  since  the  introduction  of  the  steam 
tm'bine  the  importance  of  this  portion  of  the  equipment  has  been 
greatly  increased.  The  chief  points  to  be  taken  into  account  when 
considering  whether  it  would  be  advisable  to  instal  a  condensing  plant 
are  the  load  factor,  and  the  cost  of  obtaining  condensing  water. 
As  a  general  rule,  it  is  not  worth  while  installing  condensing  plant 
unless"  the  sa\-ing  to  be  eSected  thereby  will  amount  to  more  than 
10  per  cent,  on  the  cost  of  such  plant,  as  about  that  amount  would  be 
required  to  cover  the  cost  of  interest,  depreciation,  repairs  and  atten- 
tion. In  some  cases  the  increase  in  the  maximum  output  of  the 
engines  might  be  a  valuable  consideration. 

The  following  types  of  condensers  are  in  more  or  less  general 
use : — Surface,  evaporative,  parallel  flow  jet,  cotmter-current  jet 
low-level,  counter-current  jet  barometric,  and  ejector.  These  tj^ies 
are  then  described  by  the  author.  The  ideal  condenser,  of  course,  is 
the  one  in  wliich  the  condensing  water  attains  the  same  temperature 
as  the  steam  in  the  condenser,  for  the  amount  of  condensing  water 
is  then  reduced  to  a  minimum,  and  the  temperature  of  the  water  in 
the  hotwell  is  the  highest  obtainable.  The  efficiency  of  a  surface 
condenser  is  governed  by  the  amount  of  heat  transmitted  per  unit 
area  of  surface  in  a  given  time,  from  the  exhaust  steam  to  the  water. 
The  result  of  the  heat  having  to  be  transmitted  through  metal  sur- 
faces is  that  the  temperature  of  the  condensing  water  in  an  ordinary 
type  surface  condenser  seldom  approaches  nearer  than  15°F.  to  that 
of  the  exhaust  steam,  approximately  tliree  times  the  difference  ob- 
tained in  a  counter-current  jet  condenser,  in  which  no  metal  inter- 
venes l)etween  the  steam  and  water.  The  theoretical  gain  possible 
by  the  absence  of  metal  casing  has  been  stated  as  -^^th  of  1  per  cent. 
Where  water  is  plentiful  and  sj-^ihonic  action  can  be  obtained,  the 
difference  in  the  power  required  by  a  larger  or  smaller  amount  of 
water  is  practically  negligible,  but  where  the  expense  of  obtaining 
condensing  water  necessitates  the  erection  of  a  cooling  tower,  to  the 
top  of  which  the  water  will  require  to  be  lifted,  the  difference  is 
appreciable.  The  author  considers  a  practical  case  which  showed  that 
the  amount  of  water  in  the  case  of  a  15  deg.  difference  in  temperature 
between  the  exhaust  steam  and  the  condensing  water  was  54  per  cent. 
more  than  the  amount  required  in  the  ease  of  a  5  deg.  difference,  and 
this  is  the  ratio  of  the  powers  required  by  the  circulating  pumps  in 
the  two  cases.  The  higher  the  vacuum  and  the  inlet  temperature  of 
condensing  water,  and  the  more  marked  does  this  difference  become. 
In  addition  to  the  extra  power  required  in  the  first  case,  the  increased 
capacity  of  the  cooling  tower,  pump,  and  pipes,  means  a  correspond- 
ing increase  in  the  capital  expenditure. 

The  evaporative  ty])e  of  condenser  is  unsuitable  for  high  vacua,  as 
the  position  of  the  condenser  outside  the  engine  room  necessitates  a 
long  line  of  exhaust  pipe,  and  the  number  of  joints  where  a  leakage 
may  occur  is  considerable.  A  parallel  flow  jet  condenser  witli  wet  air 
pump  is  a  most  inefficient  type  of  condenser,  as  the  steam  comes  at 
once  into  contact  with  the  coldest  water,  and  the  bulk  of  the  con- 
densing takes  place  immediately.  For  small  powers,  and  vacua  not 
exceeding  26  in.,  the  first  cost  is  less  than  in  any  other  type  of  jet 
condenser.  The  disadvantage  of  the  low  level  counter-current  jet 
condenser  is  the  remote  possibility  of  flooding  the  condenser  and 
exhaust  pipe,  due  to  the  simultaneous  failure  of  the  float  actuated 
throttle  valve  on  the  injection  l)il)e,  and  of  the  emergency  vacuum 
breaking  valve.  The  author  has,  however,  been  in  constant  touch 
with  a  condenser  working  on  these  lines  for  the  last  two  years,  and 
has  never  known  the  slightest  trouljle  from  this  cause.  The  amount 
of  condensing  water  is  less  than  in  the  surface  type.  The  first  cost 
of  a  plant  of  this  size  is  from  7"  to  80  per  cent,  of  the  cost  of  a  baro- 
metric or  surface  type,  the  lower  percentage  where  a  cooling  tower  is 
required,  and  the  higher  percentage  where  water  is  obtained  from  a 
river  or  canal  at  a  constant  level. 

A  barometric  counter-current  jet  condenser  requires  an  expensive 
steel  structure,  and  strong  foundations  for  its  sup])ort  ;  the  exhaust 
pipe  is  long  ;  and  the  expense  of  erecting  the  plant  is  large.   Against 


*  Abstract  of  a  Paper  read  before  the  Incorporated  Municipal  Elec- 
trical .4l3sociation.  This  Paper  was  submitted  in  competition  for  the 
travelling  gtodentship,  190!),  value  £10,  which  has  been  awarded  to  the 
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these  disadvantages,  however,  must  be  set  the  advantage  of  the 
liarometric  action,  derived  from  the  elevated  position  of  the  con- 
denser. If  the  area  of  the  discharge  pipe,  and  the  height  at  which 
the  exhaust  pipe  enters  the  condenser,  are  correct,  the  possibility  of 
flooding  the  exliaust  range  is  very  remote.  The  plant  is  rather  simpler 
in  operation  tlian  the  low  level  type,  and  the  power  required  to  drive 
the  pumps  is  practically  the  same  in  each  case.  The  first  cost  of  a 
plant  of  this  type  is  jjractically  the  same  as  a  surface  tyjie  in  the 
smaller  sizes,  but  in  the  larger  sizes  the  cost  is  considerably  less. 

An  ejector  conden.ser  gives  the  best  results  when  provided  with  an 
ample  supjily  of  cold  water  with  a  natural  head,  as  it  then  becomes  an 
exceedingly  simple  plant,  requiring  no  moving  parts  in  the  form  of 
air  or  circulating  pumps.  These  conditions  are  seldom  available,  and 
in  practically  all  cases  a  centrifugal  pump  must  be  provided,  in  ordei 
to  obtain  the  necessary  head  of  water.  The  author's  experience  ot 
ejector  condensers  is  that  the  injection  water  must  be  as  free  from  air 
as  possible,  and  that  the  best  results  are  obtained  where  the  water  is 
pumped  into  a  tank,  providing  15  to  20  ft.  head  at  the  injection  inlet. 
This  arrangement  ensures  a  steady  flow  of  water,  and  also  allows  any 
air  to  escape  that  may  be  carried  forward  by  the  water  from  leaky 
joints,  or  the  bearings  of  the  pump.  As  this  type  of  plant  works 
without  an  air  pump  it  is  not  as  suitable  for  high  vacua  as  the  smface 
and  counter-current  jet  type,  but  it  may  be  used  with  advantage  in 
stations  with  a  low  load  factor,  as  the  cost  is  considerably  less  than 
any  other  tvpe. 

Where  a  more  complete  vacuum  than  about  93  per  cent,  is  desired, 
the  balanced  slide  valve  t\-pe  of  air  pump  will  give  the  best  results, 
but  for  lower  vacua  the  Edwards  type  is  the  cheaper,  both  in  first 
cost  and  power  required.  The  maximum  speed  in  air  pump  working 
is  usually  fixed  at  400  ft.  per  minute,  but  the  author  considers  this 
too  high  in  the  majority  of  cases.  In  an  18  by  18  air  ptimp  designed 
to  run  at  3.50  ft.  per  minute,  it  was  found  that  better  results  were 
obtained  when  this  was  reduced  to  300  ft.,  and  still  further  improve- 
ment at  250  ft.  per  minute. 

Circulating  Pumps. — Both  the  reciprocating  and  centrifugal 
tj'pes  are  used,  but  the  field  of  the  latter  has  become  more  extended 
of  recent  years,  due  to  the  constant  steady  flow  obtained,  and  to  the 
liigher  efficiencies  now  obtainable,  together  with  the  lower  cost  and 
simpler  construction. 

Steam  and  Electrically  Driven  Pumps. — Tlie  author  contends  that 
the  possibilities  of  a  failure  occurring  in  the  vacuum  are  less  with 
steam  than  with  electric  driving.  With  the  latter  method  the  num- 
ber of  stages  of  transition,  from  the  steam  to  the  applied  power  at 
the  pumps,  in  each  of  w  hich  an  interruption  is  possible,  is  greater  than 
with  the  former  method.  Steam  dri\en  pumps  require  from  50  to 
100  per  cent,  more  steam  than  electrically  driven  pumps,  but  this 
may  be  counterbalanced  to  a  great  extent  by  the  large  percentage 
of  the  total  heat  of  the  steam  it  is  possible  to  return  to  the  boiler, 
by  employing  a  feed  water  heater,  even  after  allowing  for  the  reduced 
efficiency  of  the  economiser.  Steam  driven  pumps  ought  not  to 
exhaust  into  the  main  condenser,  for  while  a  possible  10  per  cent, 
reduction  in  the  steam  consumption  of  the  pumps  is  effected,  the 
reduction  of  the  available  capacity  of  the  condenser,  caused  by  this 
arrangement  is  a  more  serious  item.  A  preferable  arrangement  is  to 
pass  the  exhaust  steam  through  a  feed  water  heater. 

A  careful  consideration  of  existing  conditions  and  requirement's  is 
necessary  before  the  most  advantageous  type  of  condensing  i)lant  can 
be  decided  upon.  It  is  necessary  for  instance  to  know  whether  the 
initial  cost  of  plant,  or  low  running  costs  is  the  iu<ist  important. 
Where  the  load  factor  is  low  it  is  advisable  to  keep  down  the  capital 
cost  of  the  plant,  even  if  the  ])Ower  taken  by  the  plant  is  increased 
somewhat  ;  and  where  the  load  factor  is  high  the  running  costs  .".re 
of  the  first  imi)ortance,  and  more  can  l)e  expended  on  the  plant  in 
order  to  reduce  the  rimning  costs.  The  advent  of  the  low  pressure 
exhaust  steam  turbine  has  increased  the  importance  of  the  condens- 
ing ])lant.  for  with  its  aid  it  is  possible  in  many  cases  to  effect  con- 
siderable economy,  Ijesides  increasing  the  cay)acity  of  practically 
any  steam  plant  already  in  operation.  The  increased  output  obtain- 
able by  the  installation  of  a  plant  of  this  ty])e,  together  with  con- 
densing plant  where  not  already  installed,  is  from  25  to  100  per  cent, 
of  the  present  output.  A  500  kw.  exhaust  steam  turbine  with  steam 
pressure  of  15  lb.  per  square  inch  absolute,  and  28  in.  vacuun^  at 
turbine,  will  require  33  lb.  of  steam  per  kilowatt-hour  at  full  load. 
and  40  lb.  at  half  load. 

Water  cooling  plants  of  the  natural  draught  open  type,  the  natural 
draught  chimney  type,  and  the  fan  draught  chimney  type  are  finally  | 
considered  by  the  author.  For  central  station  work  the  second  tyjier' 
is  the  most  common  owing  to  the  necessity  of  cconimiy  in  ground 
space,  and  in  order  that  the  vapour,  issuing  from  the  ])lant,  may  be 
carried  away  at  a  height  at  which  it  will  not  become  a  nuisance  to| 
any  inhabited  buildings  in  the  vicinity  of  the  tower.  The  area 
ground  required  is  approximately  1  sq.  ft.  for  20  lb.  of  steam  con!| 
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densed  (allowino;  301b.  of  water  per  lb.  of  steam),  and  the  height 
varies  from  40  to  80  ft.  Where  these  objections  do  not  exist  the  open 
type  may  be  installed  at  a  less  cost,  the  maintenance  will  be  less,  and 
as  the  height  of  the  plant  is  usually  about  20  ft.,  the  operating  costs 
will  be  the  lowest.  An  apiiroximatc  figure  for  area  of  ground  and 
steam  condensed  is  1  sq.  ft.  ])er  12  lb.  of  steam.  The  fan  draught 
tower  is  only  used  in  s])iM'iiil  cases  as  the  upkeep,  attendance,  and 
power  required  by  the  fan  make  the  operating  costs  very  high.  .\ 
tower  of  smaller  proportions  is  required  with  this  arrangement 
than  with  the  natural  draught  chimney  type,  the  height  varying 
from  40  ft.  to  .'iO  ft.,  and  1  sq.  ft.  of  ground  is  sufficient  for  40  lb.  to 
.50  lb.  of  steam.  De|)reciation  will  vary  according  to  the  method  of 
construction,  and  the  care  taken  in  erection.  It  is  now  possible  to 
obtain  water  cooling  plants  in  whicli  tlie  wcmdon  laths  simply  lock 
each  other  in  position,  and  the  rate  of  depreciation  will  be  much  less 
with  this  arrangement  that  where  nails  are  used.  The  amount  of 
water  lost  is  usually  found  to  be  75  per  cent,  of  the  water  required  for 
boiler  feed,  but  owing  to  varying  climatic  conditions,  this  quantity  is 
not  constant. 

Where  it  is  necessary  to  instal  plant  of  this  nature,  it  is  essential 
that  the  temperature  of  the  water  discharge  from  the  condenser  be  as 
high  as  j)ossil)le.  conducive  with  economy  in  the  condensing  plant,  as 
the  conditions  are  tlicn  more  favourable  for  the  dispersion  of  the  heat 
contained  in  the  water.  From  this  it  will  be  plainly  evident  that 
surface  condensers  should  only  be  used  for  high  vacua  when  other 
considerations,  such  as  boiler  feed  water,  outweigh  the  factors  of 
hoat  dispersion. 


A  STANDARD  OF  WAVE  LENGTH  FOR  THE 
CALIBRATION  OF  CYMOMETERS. 

1;Y  .1.  A.  FLEMING,  P.SC,  F.R.S. 

At  the  present  time  three  methods  arc  employed  at  the  Berlin 
Reichsanstalt  for  the  calibration  of  wave  meters  which  have 
bden  described  by  Dr.  Diesselhorst,  si'e  "  Jahrtwch  der  draht- 
losen  Telegraphic  uud  Telephonic,"  Vol.  I.,  Part  2,  p.  262.  "  Ab^ 
solute  Messung  der  Wellerdange  Elcktrischer  Schwingungen." 
One  of  these  depends  upon  the  determination  of  the  internodal 
distances  in  a  pair  of  Lecher  wires,  the  second  npon  the  use 
of  a  rotating  mirror  to  photograph  the  oscillatory  sp.uk, 
aud  the  third  upon  the  determinati'^n  of  the  frequency  by 
measurement  of  the  capacity  and  inductance  of  a  reference 
circuit.  For  ordinary  laboratory  work  I  have  found  that  tlie 
simplest  method  of  obtaining  a  circuit  in  which  oscillations  of 
known  frequency  can  bo  set  up  is  to  combine  together  a  con- 
denser consisting  of  metallic  plates  in  desiccated  paratWa  oil, 
the  oil  being  the  drelectnc,  with  a  rectangular  wire  circuit,  of 
which  the  inductance  can  be  predetermined.  If  paratKn  oil  is 
diied  completely  by  shaking  up  in  it  fragments  of  metallic 
sodium  we  can  obtain  a  dielectric  with  no  sen.sible  leakage, 
which  also  has  the  same  dielectric  constant  at  high  frequency 
as  at  low.  This  may  be  safely  assumed  to  be  the  case,  since 
the  optical  index  of  refraction  is  so  nearly  efpial  to  the  square 
root  of  the  dielectric  constant  determined  for  low  frequency. 

If  metallic  plates  are  inserted  in  this  oil  we  can  construct  a 
condenser,  the  capacity  of  which  can  be  determined  for  a 
low  frequency  of  100  or  200  by  means  of  a  revolving  commu- 
tator and  taken  to  have  that  value  for  high  frequency. 

A  circuit  can  then  be  constructed  by  laying  one  single  turn 
of  insulated  wire  laid  in  a  groove  round  a  rectangular  wooden 
frame  and  bringing  the  ends  of  the  wire  close  together  in  the 
centre  of  one  side  and  terminating  them  in  spark  balls.  The 
dimensions  of  the  rectangle  formed  by  the  axis  of  this  wire 
can  then  be  determined  by  measurements  of  the  length  and 
breadth  at  variotn  places,  and  the  inductance  can  be  calculated 
with  very  approximate  accuracy  by  a  formula 

L=9-2104{A+Blog,„'^-Alog,„A  +  D-Blogi„B  +  D 
_A4JB-^D| 
11513    )■ 
Where  A  and  B  are  the  sides  of  the  rectangle  and  D  is  its 
diagonal  in  centimetres,  whilst  //  is  the  diameter  of  the  wire 
composing  it.     This  formula  is  deduced  on  the  assum])tion 
that  the  ctirrent  is  distributed  equally  around  the  surface  of 
the  wire  which  is  very  nearly  true  when  the  rectangle  is  not 
very  small. 


For  instance,  a  rectangle  so  constructed  of  No.  14  S.W.G. 
wire  0-2  cm.  in  diameter  and  12  ft.  long  by  .3  ft.  wide  has  an 
inductance  of  nearly  12,000cm.  In  the  case  of  such  a  rect- 
angle there  is  no  correction  for  capacity.  It  was  necessar}', 
however,  to  be  sure  that  the  proximity  of  the  wooden  frame 
did  not  create  an  error.  To  test  this  the  inductance  of  a  bare 
No.  14  copper  wire  held  on  a  skeleton  frame  and  bent  into  the 
form  of  a  rectangle  was  compared  with  that  of  an  I.li.  insulated 
No.  14  wire  laid  in  a  groove  around  a  rectangular  frame, 
the  rectangle  formeii  by  the  wire  being  the  same  in  both 
cases.  No  sensible  diflerence  was  found  to  exist  between  the 
two  case?.  The  oil  condenser  associated  with  this  rectangle 
consisted  of  2.3  plates  of  sheet  tin,  each  21  cm.  by  10  cm.,  kept 
5  mm.  apart,  by  being  set  in  saw  cuts  in  slips  of  ebonite. 
Twelve  of  these  plates  were  bound  together  to  one  leading-in 
wire  and  11  to  another,  those  leading-in  wires  being  kept  near 
together  and  enclosed  in  glass  tubes.  These  plates  were  placed 
in  a  glass  box  filled  with  desiccated  paraffin  oil.  The  con- 
denser so  formed  had  its  capacity  taken  with  a  commutator, 
and  was  found  to  be  0'002(j  mfd. 

The  inductance  used  for  one  standard  consisted  as  described 
(if  insulated  No.  14  S.W.G.  copper  wire  0-202  cm.  in  diameter 
laid  round  a  rectangular  frame,  so  that  the  mean  lengths  of 
the  sides  of  the  rectangle  formed  by  the  axis  of  the  wire 
were  9108  cm.  and  36.5-l.Scm.  respectively.  Hence  the  length 
of  the  diagonal  was  367'35  cm.,  and  the  inductance  calculated 
liy  the  above  formula  was  11,930  cm.  The  proof  of  this 
foimiila  is  given  in  my  ''Principles  of  Electric  Wave  Tele- 
graphj',"  p.  98. 

Hence  when  this  condenser  and  inductance  were  joined  in 
series  by  inserting  the  condenser  in  the  centre  of  one  of  the 
short  sides  of  the  rectangle,  the  spark  balls  being  in  the  centre  of 
opposite  side  we  have  a  circuit  having  an  oscillation  constant 
equal  to  v/ 1 1,930  X  00026  =  5o7,  and  this  corresponds  to  a 
wave  322  metres  or  1,106  ft.  in  wave  length. 

By  placing  any  cymometer  or  wave  meter  alongsi  le,  and 
loosely  coupfed  to  this  circuit  of  known  oscillation  constant, 
the  correctness  of  its  scale  reading  can  be  checked. 

Similar  rectangular  inductances  can  be  made,  which,  when 
assoc'ated  with  condensers,  made  as  described  will  give  various 
oscillation  constants  suitable  for  calibrating  wave  meters  as 
used  in  radio-telegraphy. 

Ixectangular  circuits  of  the  above  kind  are  preferable  to 
spiral  wire  or  closely  wound  circuits  as  standards  of  high- 
freqtiency  inductance,  in  that  there  is  no  sensible  correction 
for  the  capacity  and  the  various  elements  of  the  circuit  being 
so  far  apart  the  disttu-banee  of  equi-current  distribution  round 
the  |)eriphery  of  the  wire  is  insensible. 

These  rectangular  circuits  are  also  preferable  to  long  circuits 
comi)Osed  of  parallel  wires  near  together,  since  in  this  last  case 
the  exact  calculation  of  the  inductance  for  high-frequency  can 
only  be  achieved  by  the  use  of  somewhat  complicated  formul.T, 
wliich  take  into  account  the  disturbance  of  equi-peripheral  dis- 
tribution of  current  in  the  two  wires  caused  by  their  proximity. 
It  is  quite  easy,  however,  to  construct  associated  rectangular 
circuits  and  oil  condensers  which  shall  give  circuits  equivalent 
to  wave-lengths  from  r)00  ft.  to  10,000  ft 


MAIN  LINE  ELECTRIFICATION  IN  BADEN. 

Whtre  railways  are  converted  to  electrical  operation, 
whether  clectiic  locomotives  or  motor  coaches  will  prove  the 
more  satisfactory  depends  on  the  jarticulars  of  esich  individiwl 
care,  but  there  is  no  doubt  that  electric  locomotives  are  being 
extensively  employed.  The  prol>lem  of  designing  powerful 
electric  locomoiivo^s  is  therefore  one  of  considerable  niterest, 
and  the  following  brief  descrii>tion  of  the  single-phase  instal- 
lation on  the  Baden  State  Kailways  will  no  doubt  be  welcome 
to  all  students  of  electric  traction. 

The  State  of  Baden  intends  this  year  to  begin  the  electri- 
fication of  the  railway  in  the  Wiesenthal,  hitherto  worked  by 
steam.  This  railway  runs  from  the  Badischer  Bahnhof,  in 
Basel,  tlirough  Schopfheim  to  Zel),  and  a  branch  line  runs 
from  Schopfheim  to  Suckingen  {sec  Fig.  2).     On  this  railway 
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there  will  lie  a  daily  service  of  12  express  trains,  51  slow 
passenger  ami  local  trains,  and  15  to  21  heav)'  goods  trains.  It 
is  necessay  that  the  rolling  stock  lieloii.uing  to  the  State 
should  be  used  for  working  this  tratlic.  and  in  conseauence  the 
line  will  be  opera'ed  in  future  by  electric  locomotives. 

The  electrical  equijiment  of  the  railway  is  being  carried  out 
mainly  by  Messrs.  Sicniens-Schuckert,  of  Berlin,  and  the 
arrangement  of  the  plant  for  supplying  the  electrical  energy  is 
particularly  interesting.  Current  is  taken  from  one  of  "the 
power  stations  on  the  Khine  near  Angst- Wyhlen,  which  gives 
a  three-phase  supply  at  6,800  volts,  15  frequency.     In  order 


The  10  locomotives,  which  have  been  ordered  from  ^lessrs, 
Siemens-Scliuckert,  of  Berlin,  will  be  designed  so  as  to  be 
suitable  for  working  both  passenger  and  goods  tratlic.  The 
weight  of  a  passenger  train  to  be  hauled  b}-  one  of  these  loco- 
motives may  amount  to  230  tons,  exclusive  of  the  locomotive 
itself,  whilst  the  weight  of  a  goods  train  may  be  as  much  as 
500  tons.  The  average  gradient  between  Basel  and  Zell  is 
1  in  175,  and  the  maximum  1  in  100.  The  locomotive,  as 
shown  in  Fig.  1,  contains  three  central  driving  axles  coupled 
together,  and  one  pon}^  axle  at  each  end.  The  driving  axles 
are  connected  by  means  of  coupling  rods,  as  shown,  to  two 


Fig.  1. — Siemens  Single-piuse  Locomoth^  for  Baden  Railways. 


to  convert  this  energy  to  single-phase  current  at  10,000  volts 
15  frequency,  for  supplying  the  line,  a  converter  sub-station 
has  been  erected  at  Basel.  In  this  substation  there  will  be 
installed  two  converters,  each  of  which  comprises  a  single- 
phase  generator  for  a  continuous  output  of  2, 100  k. v. a.  Each 
generator  is  coupled  on  one  side  to  a  three-phase  asynchronous 
motor,  which  takes  current  from  the  power  station  supply,  and 
is  coupled  on  the  other  side  to  a  direct  current  machine  con- 
nected to  a  buffer  battery.     When  the  output  to  the  railway 
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is  greater  than  the  average,  the  direct-current  machine  works 
as  a  motor  and  supplies  the  extra  motive  power  for  the  single- 
phase  generator.  When  the  output  is  less  than  the  average  the 
direct-current  machine  acts  as  a  generator  and  charges  the 
buffer  battery.  The  battery  is  able  to  discharge  momentarily 
at  the  rate  of  2,H00  kw.  In  this  case,  therefore,  the  supply  of 
energy  to  the  raihva}',  which  varies  rapidly  between  wide 
limits,  a  disadvantage  common  to  both  alternating  and  direct- 
current  systems,  is  equalised  by  means  of  the  battery,  so  that 
the  load  on  the  power  station  is  more  or  less  uniform. 


single-phase  motors  mounted  on  the  locomotive  frame  above 
the  centres  of  the  wheels.  These  motors  are  of  the  multipolar 
series-wound  type,  each  motor  be-ng  capable  of  giving  a  con- 
tinuous output  of  390  H.r.,  an  output  of  525  n.r.  for  one  hour, 
or  a  maximum  of  800  H.I',  for  short  periods,  at  a  pressure  of 
300  volts. 

The  operation  of  this  equipment  will  be  watched  with  great 
interest  by  engineers,  in  view  of  the  extensive  experience  of 
Messrs.  Siemens  in  single-phase  railway  electrification,  as  can 
be  judged  from  the  fact  that  up  to  December,  1908,  they  had 
equipped  no  less  than  591 '4  miles  of  track  on  the  single-phase 
system,  besides  supplying  the  equipment  for  32  electric  loco- 
motives and  85  motor  coaches.  It  will  be  remembered  that 
we  gave,  in  our  issue  of  Febiuary  19th  last,  details  of  the 
various  single-phase  railways  equipped  with  Siemens  apparatus. 


COMMUTATION  IN  DC  GENERATORS. 

liV    W.    K.    HKJUKlF.Ln    A.\l>    R.    1,1  VI NOSTONK. 

Rcaetaiiec  voltage  is  u.sually  ivgarded  as  an  excellent 
criterion  of  the  comnuitating  properties  of  a  machine.  Many 
examples  will  be  found,  however,  iii^ which  the  reactance 
voltage  is  low  and  the  commutation  bad,  and  examples  can 
also  be  found  where  the  reactance  voltage  is  coni|)aratively 
high  and  the  connnutation  good,  this  in  machines  of  compara- 
tively the  same  out])ut.  Again,  taking  a  line  of  machines 
varying  from  100  kw.  at  000  revs,  per  niin.  to  1.500  kw.  at 
160  revs,  per  min.,  the  limit  of  reactance  is  found  to  vary  from 
3  volts  in  the  small  machines  to  7^  volts  in  the  largest  size.  It 
is  evident  that  some  reasons  exist  for  this  variation  of  per- 
missible value.  The  principnl  reason  is  the  reduction,  or 
increase,  of  the  reactance  voltage  due  to  the  variation  of  the 
number  of  lines  of  the  main  field  enclosed  by  the  short-circuited 
coil.  In  most  cases  the  cutting  of  the  main  field  will  reduce 
the  reactance  voltage,  and  this  cormird  reactance,  can  be  re- 
garded as  a  safer  criterion  of  the  comnuitating  properties  of 
the  machine  than  reactance  voltage  alone. 
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■  The  reducod  reactanoc  will  be  influenced  by  tlic  following  : — 

1.  Field  distribution  in  the  inteipoliir  pap — {»)  at  no  load, 
(b)  at  full  load. 

2.  Speed  of  tlie  nnnatnre. 

3.  Ratio  of  aru^atuiv  to  iield  ampere-turns. 

4.  Dci^ree  of  saturation  of  magnetic  circuit. 

The  cinet  calculation  of  the  influence  of  each  of  the  above 
factors  is  extremely  diflicult,  but  the  following  appro.\imate 
method  has  been  found  to  give  results  which  are  sulllciently 
close  for  practical  purposes. 

The  no-load  distribution  curve  can  be  found  iis  follows  :  — 
Let  ,'/  =  air-gap  in  inches, 

f/j  =  equivalent  gap,  assuming  that  all  the  lidd  ampere- 
turns  are  spent  in  the  gap, 
B  =  maximum  gap  density  in  lines  per  square  inch, 
L=half  the  distance  between  pole  tips  in  inches. 
Field  ampere-turns  at  no  load 


Then 

and  in  Fig.  1, 


Oap  ampere-turns 


(1) 


ti  .  ;/,                 Tr.r 
—  X  cos  „, 

Vx'+g^^  2L 

This  formula  gives  the  effective  distribution  of  the  field,  as- 
suming straight  paths  for  the  lines,  and  also  assuming  that  the 
an"le  between  the  lines  entering  the  armature  and  a  radial  line 


'2L 


radians.     The  dotted  line  is  the  curve  given  by 


and  will  be  referred  to  later. 
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From  the  curve  shown  in  Fig.  1  the  position  of  the  short- 
circuited  coil  at  no  load  can  be  found. 
Let  Bj;=density  at  the  position  occupied  by  the  coil  during 
commutation, 
i= active  length  of  the  coil  in  inches, 
t)= velocity  of  armature  in  feet  per  minute, 
c  =  E.M.F.  generated  in  the  coil. 
B> 

Now,  the  value  of  r  for  carbon  brushes  should  not  exceed 
4-5  volts,  or  sparking  will  result,  so  that 
22-5  X  10^ 


and 
The 


B. 


For  modern  requirements  it  is  necessary  to- assume  a  fixed 
position  of  the  brushes  from  no  load  to  full  load.  The  effect 
of  the  armature  ampere-turns  is  to  distoi't  the  main  field,  and 
the  amount  of  this  distortion  can  be  approximately  calculated 
as  follows.  In  Fig.  2  the  heavy  line  shows  the  value  of  the 
flux  density  due  to  the  armature,  assuming  a  uniform  air-gap 
around  the  armature,  the  maximum  value  beins  equal  to 
A.T.„  ,, 

Yrp    X  B,  when  A.T.„^armature   anq)ere-turns,   A.T.y=field 

ampere-turns. 

Due  to  the  existence  of  the  larger  gap  between  (he  poles,  this 
flux  is  reduced  in  a  similar  way  to  the  main  flux.  In  this  case, 
however,  the  armature  is  the  seat  of  the  M.M.F.,  so  that  a  dis- 


(ribution  similar  to  the  dotted  curve  in  Fig.l  must  be  assumed. 
We  mu.st  then  correct  this  straight  line  curve  in  Fig.  2  by  mul- 
tiplying by  the  corresponding  value  of  2/B  from  Fig.  1.  This 
will  give  the  dotted  curve  in  Fig.  2. 

Th(^  algebraic  addition  of  the  ordinates  of  this  dotted  curve 
and  the  full  line  curve  in  Fig.  1  will  give  the  resultant  field  at 


full  load,  as  shown  in  Fig.  3.  The  density  of  Held  cut  by  the 
short-circuited  coil  can  now  be  read  off  Fig.  3.  and  the  E.M.F. 
due  to  this  flux  calculated  from  equation  (2).  If  the  density  has 
the  same  sign  as  the  main  field,  this  E.M.F.  must  be  subtracted 
from  the  reactance  voltage,  but  if  of  opposite  sign  it  must  be 
added. 


Fii;.  3. 

This  corrected  reactance  ought  not  to  exceed  4-5  volts  for 
any  size  of  machine  if  the  reactance  voltage  is  calculated  by  a 
method  similar  to  that  described  in  Thf.  Ei,ectrici.\x  of 
January  15,  1909. 

The  foregoing  methods  can  also  be  applied  to  machines  with 
compensated  windings  by  treating  the  compensating  winding 
in  the  same  way  as  the  armature  winding  and  adding  the  three 
curves. 


THE  NEW  TELEFUNKEN  APPARATUS. 

In  our  issue  of  June  ISth  we  described  the  theoretical  and 
technical  feat\ues  of  the  new  system  recently  designed  by  the 
(lesellschaft  fiir  Drahtlose  Telegraphic,  as  dealt  with  by  Count 
Arco  in  liis  lecture  before  the  Vcrliand  Deutscher  E'ektrotech- 
niker.  The  interest  which  this  new  sending  spark  s)stem  has 
aroused  in  the  wireless  world  is  very  great,  and  we  ure,  tiiere- 
fore,  pleased,  through  the  courtesy  of  Count  Arco,  to  be  able 
to  publish  some  photographs  illustrating  this  apparatus. 

Fig.  1  shows  the  variometer  used  in  this  system.  One  of 
these   apparatus   is   capable   of   dealing  with  a   considerable 
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amount  of  energy.  As  will  be  reniembereil,  it  consists  of  a 
fixed  and  a  movable  circular  plate.  On  both  these  plates  are 
placed  winding?,  which  can  be  connected  either  in  series  or  in 
parallel.  If  the  discs  are  so  arranged  that  the  fields  of  the 
four  coils  can  be  added  tojcether  the  self-induction  is  a  maxi- 


Fii:.  I. — 8eni>kk  \'.\ia<i.MrTi:ii. 


mum,  while  in  the  opposite  position  it  becomes  a  minimum. 
A  continual  variation  between  these  limits  allows  any  desired 
value  to  be  easily  obtained.  This  variometer,  which  was 
designed  by  Herr  IJendahl,  of  the  Telefunken  Company,  can 
be  altered  through  an  are  of  ."iGO  deg.  and  by  changing  over 


iSlN<:IX(i     Sl'ARk(  iM'. 


the  windings  from  parallel  to  series  gives  a  variation  of  self 
induction  of  1  lo  16. 

It  will  be  remembered  that  Count  Arco  dealt  very  fully  in 
his  lecture  with  the  spark-gap  used  in  the  singing  spai'k 
system.     This  part  of  the  apparatus  is  of  great  importance, 


l"')u.  3. — PniMArtv  Condk.nskk. 

and  it  has  been  found  that  metals  with  .specially  good  heat 
conductivity  must  be  used  to  give  a  sharp  quenching.  In 
Fig.  2  we  show  a  multiple  singing  spirk-gap.  It  consists,  as 
will  be  seen,  of  a  number  of  spark-gaps  which  can  be  regu- 


lated as  required.  This  large  number  of  gaps  gives  lise  to 
no  complications,  as  they  rc([uire  a  very  infrequent  inspection, 
and  a  regulation  of  the  sending  energy  is  obtainable  by  cuttin" 
out  one  or  more  of  the  gaps,  or  by  inserting  resistances  in 
series  with  them.  A  very  small  portion  of  the  full  loud  energy 
may  thus  be  used  when  short  distance  working  is  being  under- 
taken without  altering  the  sound  or  damping  of  the  oscillation. 
^\'ilile  the  question  of  the  spark-gap  gave  rise  to  a  good 
deal  of  troulile,  the  condenser,  on  the  other  hand,  was  very 
quickly  designed.  The  one  in  general  use  in  the  primary  of 
the  new  system  is  shown  in  Fig.  3.     Low  eflSciency  paper  con- 


densers have  been  used  without  any  difficulty,  and  no  trouble 
is  experienced  from  eilge  discharge,  as  the  short  primary  waves 
only  slightly  ionise  the  surrounding  atmosphere. 

The  apparatus  just  described  makes  uji  the  greater  part  of 
the  .singing  spark  sending  station.  A  sending  station  of  2kw. 
size  is  shown  in  Fig.  4.  The  efficiency  of  tlie  generator  used 
with  a  frequency  of  500  is  about  T.*)  per  cent.,  that  of  the 
in<Iuction  coil  about  80  per  cent.,  and  that  of  the  high  fre- 
i|uency  exciter  8."")  per  cent.,  so  that  the  overall  efficiency  of  the 
sending  station  is  TjO  per  cent.  With  a  larger  station  the 
efficiency  would,  of  course,  be  greater.  Wireless  telegraphy  is 
now  being  used  to  such  a  large  extent  for  military  purposes 


Vn:.  .5. — (_Vi.Mi'i.ETK  Wave  Measuher. 

that  any  reduction  in  weight  without  at  the  same  time  reducing 
the  capacity  is  a  very  desirable  state  of  afl'airs.  This  desidera- 
tum has,  it  is  claimed,  been  reached  in  the  new  system,  and  it 
should,  therefore,  be  specially  suitable  for  militaiy  work.  An 
equipment  which  has  been  designed  for  such  working  is  shown 
in  Fig.  7. 

At  the  conclusion  of  his  lecture  in  Cologne,  Count  Arco 
made  several  experiments  to  show  the  capabilities  of  the  new 
system.  The  apparatus  used  by  him  is  shown  in  Figs.  5  and  o. 
The  sender  (Fig.  5)  consisteil  of  a  closed  oscillation  circuit 
in  the  form  of  a  wave  measurer.     It  was  made  up  essentially 
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of  ;i  number  of  adjustable  coils  ami  a  staiulanlised  plate  con- 
denser, which  could  bo  so  altered  that  a  continuous  wave  scale 
between  250  and  2,500  meti'os  could  be  obtained.  The  wave 
measurer  was  supplied  with  "  imjiact  energy  ''  from  a  sparkloss 
»nd  very  rapidly  working  interrujilcr.     The  rcc.ivcr  used  was 


PARSONS'  PATENT  COMPOUNDED  ALTERNATOR. 

Tlic  (htiicultii's  in  kccpiii):  a  ((iiislant  voltaj:c-  on  an  alumating- 
ounviit  supply  system  when  t!ie  load  is  subject  to  sudden  and  large 
tluclualions.  as  in  the  case  of  a  supply  of  power  to  collieries  and 
otlier  large  works,  are  well  known  ;  and  such  dro])S  in  pressure,  in 
addition  to  causing  annoying  fluctuations  in  the  brilliancy  of  any 
lamps  connected  to  the  system,  also  mean  that  the  motors  supplied 
have  to  take  a  heavier  current  in  order  to  do  their  load  at  the  lower 
voltage,  this  resulting  in  a  still  further  lowering  of  the  voltage.  In 
many  colliery  power  stations  it  is  found  necessary  to  ket])  an  atten- 
dant for  the  sole  purpose  of  adjusting  the  voltage  by  hand,  liut  this 
nii'lhod  is  both  expensive  and  far  from  efficient,  since  in  such  cases 
the  "human  regulator"  cannot   hope  to  follow    the  variations  of 


rAAMA^- 


Fiii.  li.— AcorsTic  KucRivKu  I'ou  .u.i.  Wavk  Lkncths. 

that  shown  in  Fig.  C  with  a  contact  detector  and  a  continuous 
wave  scale  between  250  and  2,500  metres.  The  coupling 
between  the  sender  and  receiver  was  very  loose  and  the 
sender  energy  was  only  2  watts.  The  detector,  therefore, 
received  a  very  small  amount  of  energy,  and  a  current  of  only 


■  -Mii.n  Aiiv  Sk.mii 


ab)ut  10  '  amperes  was  received  in  the  detector.  By  means  of 
the  three  resonance  relays,  which  were  described  in  the  Taper, 
the  telephone  current  was  stepped  up  to  10~-  amperes  and 
audible  working  obtained.  The  resonance  of  the  apparatus 
was  also  demonstrated  by  these  means. 


Exciter  Field  Windings 


Eiclter  Mapiets 


loMil  niiickly  cMniigh  to  prevent  heavy  tluctualions  of  voltage.  It 
has  for  a  long  time  been  the  aim  of  electrical  enirineers  to  produce  an 
alttn-nating-cinrent  generator  embodying  an  arrangement  similar  to 
the  comiioimd  or  series  winding  in  a  direct-current  dynamo,  and 
many  arningements  have  from  time  to  time  been  proposed  to  enable 
an  alternating  emrent  .so  to  act  on"_the  magnetic  tield  a.s  to  cause  it 
to  increase  with  the  load. 

(^ne  of  the  simi)lesl  and  most  satisfactory  methods  of  com])ound- 
ina  an  alternator  is  that  referred  to  by  Mes.srs.  Stoney  and  Law  in  a 
l'ai)er  reail  a  little  more  than  a  year  ago  before  the  Institution  of 
Electrical  Engineers  on  "  High-Speed  Electrical  Machinery."  It 
will  Ik-  seen  from  the  abstract  of  the  I'aper  in  o\n-  issue  of  .■\pril  .3, 
liKlS,  that  the  atithors  refer  briefly  to  a  method  of  com- 
pounding which  obviates  the  difficulties  experienced  in 
sNstems  where  the  alternating  current  ha.s  to  be  commu- 
liiliil.  One  of  the  most  interesting  exhibit-sat  the  Royal 
Sdciely's  conversazione  la.st  week  was  a  working  model  of 
11  three-phase  alternating-current  generator  and  exciter 
lilted  with  this  compounding  device,  the  st>t  being  driven 
for  demonstration  |nnposes  by  a  direct -current  motor. 

The  principle  made  use  of  is  that  while  an  alternating 
current  cannot  directly  produce  a  vmidirectional  magnetic 
M  -Id.  it  can  be  made  to  diminish  such  a  field.  If  an  iron 
core  or  "  leakage  path  "  of  suitable  cross-section  be  laid 
across  the  pole  pieces  of  a  dynamo  and  the  magnets  be 
powerfull)-  excited,  lines  of  force  will  be  tlivcrted  from  i)as.s- 
iug  through  the  armature,  and  the  iron  of  the  leakage  path 
will  be  .saturated.  Now.  if  the  core  carries  a  winding 
lUnniiih  which  alternating  emrent  is  i)a.s.sing.  it  will  be  set-n 
I  hat  when  the  current  is  passing  in  one  direction,  it  eaimot 
appreciably  increase  the  "  leakage  flux  "  through  the  core, 
owing  to  "this  being  already  saturated  :  but  when  it  re- 
verses and  Hows  in  the  other  direction  it  will  reiluce  the 
leakage  flux.  Fig.  1  shows  the  arrangement  for  a  lliree- 
phase  alternator.  The  "  leakage  paths."  which  are  of 
l.iininated  iron,  are  seen  bridging  the  magnets  of  the  ex- 
citer ■  when  load  comes  on  the  alternator  the  leakage  flux 
is  choked  back  and  the  flux  through  the  exciter  armature 
incrca.sed.  thercbv  raising  the  voltage  of  the  exciter  and 
iticre;,sing  the  excitation  of  the  alternator.  The  action  is 
nracticallv  instantaneous,  since  the  loa.l  eurix-nt  of  the 
alternator  is  used  directly  to  efYect  the  regulation,  without 
the  intervention  of  any  mechanical  apparatus,  the  action 
being  whollv  magnetic. 
The  leaka.'c  path  windings  are  plaeiKl  lH>twwn.the  wind- 
ings of  the  alternator"  and  its  neutral  point,  which  is  usually  either 
"  earthed"  or  at  a  potential  dilTermg  but  little  from  earth,  but  m  spite  of 
this  thev  are  insulated  for  the  full  »  orking  voltage  of  the  alternator.  In 
a  few  siiecial  cases  current  transformers  are  used  instead  of  passing 
the  main  current  round  the  leakage  paths,     lig.  -2  shows  the  ch.ir. 
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actcristic  curves  of  a  1,000  kw.  alternator  witli  and  without  tlic 
leakajjc  path  conipounclins.  Tlie  eur\e  marked  A  shows  the  eflfecl 
on  tlie  voltage  when  a  very  inchictive  load  is  thrown  on  :  by  the 
time  the  full-load  current  of  220  amperes  is  reached  the  volts  have 
fallen  to  2.300.  so  tliat  the  load  on  the  plant  is  really  only  70(t  kw. 
The  curve  marked  B  shows  that  when  the  coni^ioundinj;  is  in  use  the 
voltajre  remains  practically  constant,  or.  if  recpiired.  a  slight  increase 
in  voltage  can  be  arranged  to  compensate  for  jn'c.ssii'rc  diop  in 
feeders.  The  curve  marked  C  shows  the  elTect  when  full  load  (in- 
ductive) is  removed,  without  the  corresponding  arrangement. 

A  further  advantage  of  this  system  of  voltage  regulation  is  that 
the  alternator  may  be  designed  for  a  much  smaller  short -circuit 
current.  It  is  well  known  that  where  <lose  inherent  regulation  is 
requiretl  of  an  alternator — that  i.s.  when  it  is  required  that  its  voltage 
shall  remain  as  steady  as  possible  with  varying  loads — the  current 
which  passes  when  the  alternator  is  accidentally  short-circuited  is 
very  much  greater  than  in  the  case  of  a  machine  designed  for  poorer 
regulation.  These  heavy  short-circuit  currents  not  only  cause  con- 
siderably more  damage  at  the  point  of  breakdown,  but  also  are 
liable  to  damage  the  windings  of  the  alternator,  and  eases  have  even 
been  known  where  the  main  cables  conveying  the  emrcnt  have  been 
wrenched  from  their  supports.  By  using  the  above  method  of  com- 
pounding an  alternator  the  short-circuit  current  which  pas.ses  when 
the  machine  is  short-circuited  can  easily  be  reduced  by  one-third. 

In  conclusion,  it  may  be  pointed  out  that  all  extra  apparatus 
required  on  a  com])ounded  alternator  of  this  type  is  entirely  electro- 
magnetic— there  are  no  moving  jurts  wliatever  nor  any  electrical 
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Fig.  2. — Voltage  HEaoLiTios  Cubvks  op  TDRBO-ALTEnsATo:!  with  and 

WITHODT    I'AltSONS    I'.\TKNT  AlTEBNATOR    CoMI'OUNDINO. 

1,000  kw.  machine.    3,300  volts.     3-pha6e. 

contacts  to  be  made  and  broken,  nor  are  there  any  complications 
such  as  solenoids  and  electrical  conden.scrs.  There  is  no  commutator 
to  change  the  alternating  current  into  dh-ecl  current,  and  all  the  parts 
required  for  the  compounding  are  (ixed  on  the  exciter.  Thus,  if,  in 
spite  of  the  great  simplicity  of  these  parts  and  the  care  taken  to 
prevent  breakdown,  trouble  should  occur  in  this  part  of  the  machine, 
it  is  only  a  matter  of  a  very  few  minutes  to  remove  the  compounding 
apparatus,  when  the  machine  can  be  run  as  an  ordinary  im-com- 
pounded  plant. 

As  to  fixing  this  arrangement  to  existing  i)lants.  in  most  cases  it  is 
neces.sary  to  lit  a  new  exciter  in  order  to  do  this,  but  in  stations 
where  the  voltage  regulation  is  bad,  a  niolor-gcnerator  exciting  set 
can  be  installed  with  the  cimtpounding  fitted.  One  such  plant  in  an 
existing  station  would  make  considerable  imjjrovement  in  the  voltage 
regulation,  and  could  in  most  ca.ses  be  arranged  to  work  on  any  one 
of  the  generators.  In  this  form  it  would  also  act  as  a  spare  exciter 
in  the  case  of  breakdown  of  the  ordiiiarv  exciting  svstcm. 


Lead  covered  Overhead  Mains. — ",Tlie  Times  "  Engineering 
.Sujjplcineiit  states  that  tlie  newly  formed  Niagara-Oswego 
Power  Co.  proposes  to  use  for  distribution  purposes  in  Fulton, 
N.Y.,  a  system  of  overhead  lead-covered  cables,  working  at  a 
potential  of  G,000  volts.  Three  No.  0  stranded  copper  con- 
ductors will  form  a  cable,  and  tlie  cables  will  be  suspended 
by  steel  messenger  wires.  Existing  telephone  poles  will  be 
utilised  to  carry  the  cables  so  that  the  line  can  be  constructed 
with  the  least  delay  and  expense,  and  with  the  maximum  of 
security. 


RESEAECHES  IN  RADIOTELEGRAPHY. 


{Continued  from  page  391.) 

Bi'lore  leaving  the  subject  of  the  antenna  we  may  notice  some 
recent  improvements  in  directive  antenna^ — that  is.  in  devices  for 
more  or  less  confining  the  radiation  to  one  direction,  and  for  locating 
the  position  of  the  sending  station.  In  a  previous  discourse  explana- 
tions weic  given  of  the  property  of  a  closed  or  partly  closed  antenna 
of  radiating  more  in  some  directions  than  others,  and  the  action  of 
.Marconi's  bent  antenna  was  described.  Two  other  inventors,  Messrs, 
Bellini  and  Tosi,  have  taken  advantage  of  this  fact  to  construct 
antenna'  of  a  very  interesting  character.  They  erect  an  antenna 
consisting  of  two  wires,  each  bent  into  a  triangular  form,  the  to])  ends 
nearly  meeting,  the  planes  of  the.se  triangles  being  at  right  angles 
to  one  another,  and  both  of  them  vertical.  The  nearly  closed 
antenna  circuits  are  then  inductively  cou[)led  with  a  condenser 
circuit,  which  is  capable  of  being  swivelled  round  in  various  direc- 
tions. If  the  said  condenser  circuit  is  placed  in  such  a  position  as 
to  be  cou|)led  with  one  of  the  triangular  antcnnse.  it  will  cause  the 
maximum  radiation  to  take  place  in  the  jilane  of  that  antenna, 
but  none  at  all  at  right  angles  to  il.  If  it  is  coupled  with  the  other 
antenna,  it  will  cause  radiation  to  lake  ))lace  to  a  maximum  degree 
in  the  plane  of  that  second  antenna.  It.  however,  the  oscillatory 
circuit  is  placed  in  an  intermediate  position,  so  as  to  act  inductively 
upon  both  the  nearly  closed  triangular  antcniuie,  then  it  can  be 
shown  both  mathematically  and  experimentallj'  that  the  radiation  of 
the  combined  system  is  a  maximum  in  the  direction  of  the  plane  of 
the  oscillatory  circuit  which  is  coupled  with  the  antenna.  Hence, 
with  such  a  combined  antenna,  we  have  it  in  our  power  to  create 
radiation  most  strongly  in  one  direction,  although  not  entirely  sup- 
pressed in  all  other  directions.     By  combining  together,  however,  a 
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single  vertical  antenna  with  two  nearly  closed  circuit  antennse  at  right 
angles  to  one  another,  Messrs.  Bellini  and  Tosi  have  constructed  a 
complex  antenna  which  has  the  jiroiicrty  of  producing  radiation 
almost  entirely  limited  to  one-half  of  the  eiiciimjacent  space  (see 
Fig.  12).  It  therefore  corresjionds  to  a  certain  extent  in  effect  to 
the  optical  apparatus  of  a  lighthou.se.  with  catoptric  or  dioptric  appa- 
ratus, which  projects  the  light  from  the  lamp  largely  in  one  diiection. 
It  is  not  yet  possible  to  make  with  electric  radiation  of  long  wave- 
length that  which  corresiionds  precisely  with  a  beam  of  light  wholly 
concentrated  along  a  certain  cone  or  cylinder,  but  it  is  ])ossible,  by 
the  use  of  a  complex  antenna,  as  described,  to  limit  greatly  the  diffu- 
sion of  the  radiation.  Since  radiating  and  ab.sorbing  power  go  hand 
in  hand,  it  is  obvious  that  such  a  directive  antenna  also  enables  the 
position  of  a  sending  station  to  be  located,  Messrs.  Bellini  and  Tosi 
have  accordingly  applied  their  methods  in  the  construction  of  a 
radiogoniometer  and  receiving  antenna,  by  means  of  which  they  can 
locate  the  direction  of  the  sending  station  without  moving  the  antenna, 
but  merely  by  turning  round  a  secondary  circuit  into  a  position  in 
which  the  maximum  sound  is  heard  in  a  tel))hone  ctmnccted  with 
the  receiver  (see  Fig.  13), 

The  space  occu])icd  liy  such  closed  antenna'  has  hitherto  ])re- 
vented  tlieir  employment  on  ships.  There  is  still,  therefore.an  open- 
ing for  the  invention  of  ajiparatus  capable  of  being  u.sed  on  board 
ship,  which  will  enable  one  ship  to  locate,  within  narrow  limits,  the 
direction  of  another  ship  sending  signals  to  it,  and  therefore  of 
a.scertaining  immediately  the  direction  from  which  some  call  for  help 
is  proceeding. 

*  Lecture  (slightly  abbreviated)  delivered  on  June  4th  before  the 
Royal  Institution 
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Closely  connected  with  this  part  f)f  the  subject  is  the  question  so 
frequently  discussed  as  to  the  isolation  or  secrecy  of  radio-tclegrai)hic 
communication.  Up  to  the  present  moment  the  only  really  practical 
method  of  isolating  any  particular  receiver  so  as  to  make  it  sensitive 
only  to  signals  coming  from  a  certain  direction,  is  to  avail  ourselves 
to  the  utmost  of  the  jirinciple  of  resonance  and  to  tune  the  sending 
and  receiving  circuits  to  exact  corres|iondence.  The  question  then 
arises  what  is  it  whicli  determines  the  effectiveness  of  this  tuning. 
If  waves  of  one  particular  wave-length  are  impinging  on  a  receiving 
antenna  and  creating  signals,  by  how  much  can  the  wave-length  !)(■ 
varied  or  the  tuning  of  the  receiver  upset  or  changed  without  pre- 
venting these  signals  being  received  ':  It  is  clear  that  the  narrower 
this  range  the  more  perfect  the  isolation  of  the  receiver.  It  can  be 
shown  that  it  depends  upon  the  form  of  the  resonance  curve  of  the 
sending  and  receiving  circuits.  If  the  sending  station  is  emitting 
waves  of  a  certain  constant  wave-length  and  damping  or  decrement, 
then  in  the  receiving  circuit  of  all  other  stations  \vithin  range  there 
will  be  produced  oscillations  having  a  certain  mean-square  value 
measuralile  by  appropriate  instruments.  If  any  receiving  circuit  is 
gradually  brought  by  adjustment  of  its  capacity  and  inductance  into 
e.\aet  syntony  or  tune  with  the  sending  station,  then  this  receiver  cur- 
rent reaches  its  maximum  value  and  there  is  a  definite  lesser  value  of 
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the  receiver  current  for  every  jiartitular  degi'cc  of  want  of  tuning  or 
dissonance  between  the  two.  The  curve  which  by  its  ordinatcs  ex- 
])resscs  this  receiver  current  corres|)nnding  to  each  particular  tuning 
or  natural  frequency  of  the  receiving  circuit,  is  called  a  resonance 
curve  (see  Fig.  U).  If  this  curve  has  a  very  sharp  peak,  then  it 
clearly  indicates  that  a  slight  want  of  tuning  or  syntony  between  the 
stations  will  greatly  reduce  the  receiver  current.  The  peakiness  of 
the  curve  depends  upon  the  sum  of  the  deerement.s  of  the  sending 
and  receiving  circuits.  By  the  terra  decrement  of  a  circuit  is  meant 
the  logarithm  of  the  ratio  of  the  amplitudes  of  two  successive  oscil- 
lations in  the  train. 

To  obtain  very  sharp  tuning  we  have,  therefore,  to  employ  either 
undam]5ed  oscillations  or  very  feebly  damped  oscillations  in  the 
transmitter,  and  also  a  receiving  circuit  in  which  there  is  as  little 
dissipation  of  energy  by  resistance  and  other  causes  as  |)ossiblc.  It 
is  then  possible  to  cause  a  change  of  even  less  than  one-half  of  1  per 
cent.,  or  live  parts  in  1,(M)(>  in  the  wave-length  of  the  received  waves 
to  cease  to  actuate  the  n  ceiver.  This  means  that  wc  can  distinguish 
between  two  waves  I.IMIO  ft.  and  I.tMl.")  ft.  or  l.dIO  ft.  in  length  respec- 
tively, and  that  our  receiver  may  be  tuned  to  res|iond  to  one  and  not 
to  the  other.  The  persistent  or  undamped  oscillations  created  by 
the  arc  transmit t(-rs  have,  therefore,  an  advantage  in  this  res])ect 
over  spark  transmitters,  in  that  the  damping  or  decrement  of  the 
transmitter  is  less  ;  but  it  should  be  borne  in  mind  that  the  damping 
of  the  receiver  circuit  has  also  a  large  influence  on  the  form  of  the 


resonance  curve,  and  that  gorxl  isolation  cannot  Ite  obtained  unless 
I  lie  receiving  circuit  also  ha.s  a  small  decrement.  Under  favour- 
able conditions  we  can  employ  a  sending  key,  which  does  not  interrupt 
the  production  of  the  electric  waves  at  the  sending  station,  but  simply 
alters  the  wave-lcngth.s  slightly  by  about  \  jjer  wnt.  If,  then,  the 
corresponding  receiving  station  has  a  feebly  dam|>ed  rtcfiver.  this 
change  will  be  .sufficient  to  cut  up  the  continuous  record  or  telephone 
sound  at  that  station  into  .Mor.sc  dots  and  dashes  and  »<j  transmit 
signals.  But  another  station  not  so  tuned  will  either  receive  nothing 
at  all  (jr  else  a  continuous  unbroken  line  or  sound  not  having  any 
meaning.  There  are  other  methods  by  which  signals  not  intended 
for  a  particular  receiver  can  be  rejected  by  it.  Fcs-senden  has 
described  for  this  purpose  an  interference  detector,  in  which  the 
impulses  it  is  not  desired  to  receive  are  made  to  divide  Ijetwccn  two 
paths,  the  oscillations  in  which  are  then  caused  to  neutrali.se  each 
others  effect  on  the  oscillation  detector.  On  the  other  hand,  the 
waves  of  the  wave-length  it  is  desired  to  receive  do  not  so  neutralise 
themselves,  but  produce  a  signal  by  their  operation  on  the  detector. 

We  must  pass  on  to  notice  in  the  next  place  some  improvements 
in  o.scillation  detectors  and  means  of  testing  them.  .\s  already  ex- 
plained, the  aether  waves  sent  out  by  the  transmitting  antenna  fall  on 
the  receiving  antenna  and  create  in  it  or  some  other  circuit  connected 
to  it  very  feeble  oscillations.  These  oscillations  lieing  very  feeble, 
alternating  currents  of  high  frequency  cannot  directly  affect  either 
an  ordinary  telegraphic  instrument  or  a  telephone,  but  we  have  to 
interpose  a  device  of  .?ome  kind,  called  an  oscillation  dt  tcctor,  which 
is  affected  by  oscillatitms  in  such  a  manner  that  it  undergoes  some 
change  which  in  turn  enables  it  to  create,  increase  or  diminish  a  local 
current  produced  by  a  kical  battery,  and  so  affect  a  telephone  or  tele- 
graphic relay.  One  kind  of  change  th"  oscillations  can  produce  in 
certain  devices  is  a  change  in  their  electric  resistance,  which  in  turn 
is  caused  to  increase  or  diminish  a  current  through  a  telephone  or 
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telegraphic  relay  generated  by  a  local  battery.  To  this  type  belong 
the  well-known  coherers  of  Branly,  Lodge  and  Marconi,  which  require 
ta])ping  or  rotating  to  bring  them  back  continually  to  a  condition  of 
sensitiveness.  Coherers,  however,  have  been  devised  which  require 
no  tapijing.  Thus  it  has  been  found  by  Mr.  L.  11.  Walter  that,  if  a 
sliort  length  of  very  line  tantalum  wire  is  di|  ih  tl  into  mercury  there  is 
a  very  imjierfect  contact  between  the  n.erevu-v  and  tantalum  for  low 
E.M.i-'.s.  This  may  perhajis  arise  from  the  fact  that  tantaliuii, 
like  iron,  is  not  wetted  by  njcrcury.  If.  however,  feeble  electric 
o.scillations  act  between  the  merenrv  and  tantalum,  the  contact  is  mi- 
proved  while  they  last.  If.  then,  the  termiiuds  of  a  circuit  containing 
a  tcleiihone  in  series  with  a  sluuited  voltaic  cell  are  eonnccleil  to  the 
mercurv  and  tantalum  respectively,  and  if  damped  or  intermittent 
trains  of  electric  waves  fall  on  aii  antenna  and  excite  o.scillatioiis 
which  are  allowed  to  act  on  the  mercury  tantahnu  junction  (.va  Fig.  15) 
tb.en  at  each  train  the  resistance  of  the  contact  falls,  the  local  ctll 
sends  current  through  the  tcleiihone  and  pnduccs  a  sliert  sound, 
and  if  the  trains  come  frequently  enougli  tliis  sound  is  ri-i)eated 
and  will  be  heard  a.*  a  continuous  ni>isi-  in  the  telephone.  This 
sound  can  be  cut  up  into  dot  and  dash  signals  by  a  key  in  the  sending 
instrument.  If  the  transmitter  is  sending  persistont  oscillations, 
then  some  form  of  intcrru])ter  has  to  be  inserted  in  the  receiving  cir- 
cuit to  enable  us  In  receive  a  continuous  sound  in  the  telephone  which 
can  be  resolved  into  Mi>rse  dot  and  dash  sisinals  by  the  key  in  the  trans- 
mitter.    The  operator  usu.<dly  weai-s  on  his  head  a  double  telephone, 
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and  listens  to  these  lung  and  short  sounds  in  the  telephone  and  writes 
down  eaeh  letter  or  word  as  he  hears  it.  The  reception  of  signals  in 
modern  radio-telegraphy  is  most  usually  effected  by  ear.  by  means 
of  .some  ty]X'  of  oscillation  detector  capable  of  actuating  a  telephone. 
It  is  important  then  to  notice  that,  to  obtain  the  highest  sensitive- 
ness when  using  the  tdephonic  method  of  reception,  the  spark  fre- 
quency or  number  of  oscillation  trains  or  the  number  of  interruptions 
of  the  i>ersistent  train  per  second  must  lake  place  at  such  a  rate  that 
it  agrees  with  the  natural  time  period  of  the  diaphragm  of  the  tele- 
phone used.  .An  ordinary  tekphone  recrivir  is  most  sensitive,  ac- 
cording to  the  researches  of  Lord  Raxlcigh  and  M.  \\  ien,  for  some 
tVequenev  Ivina  between  .?IKt  and  l.tlOO.  Thus  Lord  Ravleigh  (see 
"  I'hil.  .Mag.."  Vol.  XXXVIII..  ISO-l.  p.  285)  measured"  the  alter- 
nating current  in  microamperes  required  to  produce  the  least  audible 
sound  in  a  telephone  receiver  of  70  ohms  resistance  at  \arious  fre- 
quencies, and  found  values  as  follows  : — 

Table  H- 


Frequency   .... 

128 

192 

256 

307 

320 

384 

512 

640 

768 

Least     audible 

current  in  mi- 

cro-amperes... 

28 

2-3 

0-83 

0-4U 

0-32 

015 

007 

004 

01 

M.  Wien  found  for  a  Siemens  telephone  somewhat  ditlerent  re- 
sults, vi/.  : — 


Frequency       j     64        128       256 

Least  audible  current 
in  micro-amperes .. .  I     12         1-5       0-13 


512 
0027 


720     1,927    1,500 
0008    0013  10024 


Both,  however,  agree  in  showing  a  maximum  sensitiveness  for 
ciu'rents  of  a  frequency  between  600  and  700.  This  is  due  to  the 
fact  that  the  frequency  of  tlie  actuating  current  then  agrees  with  the 
natural  frequency  of  the  ordinary  telci)hone  diapluagm.  Hence, 
alternators  for  large  power  radio-telegraphic  stations  are  now  de- 
signed to  give  currents  with  a  frequency  of  about  ,S00  or  600  alter- 
nations per  second,  so  that,  when  producing  discharges  of  a  con- 
denser, the  number  of  sparks  i>er  second  may  be  at  least  60tl,  and 
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fulfil  the  conditions  for  giving  ma.\imum  sound  in  the  telephone  of 
the  receiver  per  microam])ere.  Another  cla.ss  of  oscillaticjn  detector 
recently  discovered  comprises  the  ery.stal  detectors,  whif-h  dejiend  on 
the  possession  by  certain  crystals  ol  the  curious  jiroperty  of  acting 
as  an  electrical  valve,  or  having  greater  conductivity  in  one  direction 
than  the  other,  and  also  on  not  obeying  Ohm's  law  as  conductors.  It 
was  discovered  by  (Jen.  l>un«o«ly  of  the  United  States  Armj',  in 
1906,  that  a  mass  of  carborundum,  wh'ch  is  a  crystalline  carbide  of 
silicon  formed  in  electric  furnaces,  can  act  as  a  detcctf)r  of  electric 
o.scillations  if  inserted  in  the  circuit  of  an  antenna,  th.e  cryst.al  mass 
being  held  strongly  pressed  between  two  spring  eliijs.  «  hicli  arc  ,dso 
connected  by  a  sliuntcd  voltaic  cell  in  scries  with  a  telephone.  Wh.en 
feeble  o.scillations  arc  set  up  iti  the  antenna  a  sound  is  heard  in  the 
telephone.  Tliis  property  of  carborunduni  has  been  carefully  investi- 
gated by  I'rof.  (i.  W.  I'icrce.  of  Harvard,  and  he  showed  that  a  single 
ery.stal  of  carborundum  has  remarkuble  unilateral  conductivity 
for  certain  voltage.^  when  held  with  a  certain  contact  pressure  be- 
tween metallic  ciip.s.  Thus,  for  a  crystal  held  with  a  pressure  of 
1  kg.,  and  subjected  to  an  K.M.K.  of  ;J0  volts,  the  conductivity  in 
one  direction  through  the  crystal  was  4,000  greater  than  in  the 
oppo?ite  direction  [see  Fig.  16).  The  result  of  these  experiments 
was  als(j  to  show  that  the  current  voltage  curve  or  characteristic 
curve  of  a  carborundum  crystal  is  not  linear — that  is  to  say,  the 
crystal  as  a  conductor  does  not  comply  with  Ohm's  law,  for  the 
rcsi.stance  of  the  crystal  decreases  as  the  current  is  inerea.vcd.  Hence 
the  conductivity  of  the  crystal  is  a  function  of  the  voltage  acting 
on  it  {see  Fig.  17).  Accordingly,  if  we  j)ass  a  current  from  a  local 
cell  through  a  crystal  under  a  voltage,  say,  of  2  volts,  a  telephone 
biing  inserted  in  series  with  th-J  cell,  and  if  we  apjily  an  oscillatory 


voltrge  al.so  to  the  crystal,  which  varies,  say,  between  -t-O-S  and 
—  0-5  volt,  then  the  crystal  is  alternalelv  subjected  to  a  voltage  of 
2-5  and  lo  volts;  but  the  corresponding  currents  would  be,  .s.ay, 
8-4  and  1-8  microamperes,  as  shown  by  an  experiment  with  one 
particular  crystal  employed  by  Prof.  Pierce.  The  mean  current 
would  then  be  51  microamperes,  ^^■hereas  the  steady  voltage  of 
2  volts  would  only  pass  a  current  of  4  microamperes.  Hence,  apart 
from  the  unilateral  conductivity,  and  merely  in  virtue  of  the  fact 
that  tlio  characteristic  curve  is  not  a  straight  lini^,  we  find  that  such 
a  crystal,  or  c-ven  a  confused  mass  of  crystals,  can  act  as  a  radio- 
telegraphic  detector.  There  are,  therefore,  two  ways  in  which  a 
crystalline  mass  of  carborundum  can  be  used  as  a  radio-telegraphic 
detector.  It  consists  of  a  congloaicration  of  crystals  arranged  in  a 
disorderly  manner,  or  not  so  symjuetrically  as  to  neutralise'  one 
another's  unilateral  conductivity.  Hence  the  mass  of  crystals,'  like 
tha   single   crystal,   possesses   unilateral   conductivity,   and   also  a 
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conductivity  which  is  a  function  of  the  voltage  applied  to  it.  We 
may  then  use  it  without  a  local  cell,  and  avail  ourselves  of  its  valve 
property  to  rectify  the  trains  of  oscillations  in  the  antenna  and  con- 
vert them  into  short  unidirectional  trains  \\liieh  can  affect  a  galvano- 
meter or  telephone  ;  or,  secondly,  we  may  j)lace  the  crystal  between 
the  ends  of  a  circuit  containing  a  telephone  and  a  shunted  voltaic 
cell,  and  then  on  passing  oscillations  through  the  crystal  we  hear 
soiuuls  in  the  telephone  due  to  the  fact  that  the  conductivity  is  a 
function  t>f  tlie  voltage,  and  is,  therefore,  increased  more  by  the 
addition  that  it  is  diminished  by  the  subtraction  of  the  E.M.F.  of 
the  oscillations  to  or  from  the  .steady  voltage  of  the  local  cell.  The 
telephone,  therefore,  detects  this  change  in  the  average  value  of 
the  current  by  a  sound  emitted  bj'  it.  Prof.  Pierce  has  discovered 
that  several  other  crystals  possess  similar  pronerties  to  carborun- 
dum— for  examiilc,  hessite,  which  is  a  native  crystalline  tclluride 
of  silver  or  gold  :   an  anastase.  which  is  an  oxide  of  titanium  ;   and 
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Applied  Voltage. 
Fio.  17.     Chahactehistic  Curvk  of  Cakhohundi'm  Crystal 
(Prof.  Pierce). 

molybdenite,  which  is  a  sul)ihide  of  nuilybdcnuuL  As  regards  the 
origin  of  this  curious  unilateral  conductivity,  it  seems  clear  that  it  is 
not  thermoelectric,  but  at  jjresent  no  entirely  satisfactory  theory 
of  the  action  has  been  suggest<?d. 

A  number  of  forms  of  oscillation  ikleelor  have  recently  been 
invented  whicli  depend  on  the  curious  fact  that  a  slight  contact 
between  certain  classes  of  conductors  po.sse8ses  a  unilateral  conduc- 
tivity, and  can  therefore  rectify  oscillations.  One  such  detector  new 
much  used  in  (lermany  consists  of  a  plumbago  or  graphite  point, 
l)reascd  lightly  against  a  surface  of  galena.  It  has  been  found  by 
Otto  von  Bronk  that  a  galena-tellurium  contact  is  even  more  eflec- 
tivc.  To  the  same  class  belonus  (lie  silieon-stccl  detector  of  Pickard. 
If  such  a  contact  is  inserted  across  the  terminals  of  a  condenser  placed 
in  the  receiving  circuit,  and  if  it  is^also  in  scries  with  a  teki>hone,  the 
trains  of  oscillations  are  rectified  or  converted  into  more  or  less  pro- 
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longed  gushes  of  electricity  in  one  direction  lliroiij^li  llu  telcplicjiie. 
These,  coming  at  a  freqiicni'v  of  several  Inindrcd  per  .seeoiid.  corres- 
ponding to  the  spark  frequency,  create  a  sound  in  Ilie  telephone  «  hich 
can  be  cut  up  by  the  sending  key  into  Morse  signals.  According  to  the 
researches  of  I'rof.  I'ierce  and  Mr.  Austin  it  seems  clear  in  many 
cases  that  Ibis  rectifying  action  is  not  thcrnioelcctrie,  .since  the 
rectified  current  is  in  the  opposite  direction  to  the  current  obtained 
by  heating  the  junction. 

(To  be  concluded.) 


THE  PBESS  CONFERENCE  AND  THE  TELEGRAPH 
SERVICES. 


The  adjo\u'iied  sitting  of  the  Imperial  Press  Conference  was  resumed 
on  Friday  last  week,  in  the  hall  of  the  Institution  of  Civil  Engineers, 
at  \\'csl minster.  The  first  l)usiness  of  the  Conference  was  to  receive 
the  report  of  the  Committee,  aiijiointed  by  the  Conference  at  its  last 
meeting,  to  rejrort  on  Sidjmarine  Cable  Rates.  Particulars  of  this 
appoinltucnt  and  the  names  of  the  committee  were  given  in  The 
Electrici.an  for  June  11,  p.  355. 

After  the  preliminary  business,  the  following  resolutions  of  the 
Committee  were  sulimittcd  for  approval  by  the  Conference  : — 

1.  That  ill  the  opinion  of  the  committee  it  is  urgently  necessary  that 
the  (ioverements  of  the  British  Empire  take  .stejis  to  increase  the 
iiiuiiiis  and  to  reduce  the  cost  of  the  electric  communication  between 
the  dillerent  parts  of  the  Empire,  and  the  committee  recommends 
till'  t'lpiifcrence  to  ask  the  Prime  Minister  to  receive  a  deputation  upon 
till'  c|iip.ition.  . 

2.  The  committee  tt,Ues  the  opportunity  to  draw  attention  (1)  to 
the  hi^h  charges  made  by  the  Indian  authorities  on  all  cable  messages 
to  and  from  the  United  Kingdom  placed  on  the  Indian  wires,  and  (2) 
to  the  present  scale  between  the  ordinary  and  Press  cable  rates,  and 
invites  the  Conference  to  pass  a  resolution  calling'  the  attention  of  the 
India  Ofliee  and  the  Colonial  Office,  and  also  the  Eastern  Telegraph 
Company,  to  these  matters,  with  a  view  to  securing  some  immediate 
relief  in  h'lth  respects,  and  recommends  that  the  attention  of  the 
t'nloiiial  Office  and  the  companies  be  called  to  the  prohibitive  rates  at 
j'lcsent  obtaining  in  the  West  Indies. 

;).  That  this  ccimniittee  urges  upon  the  Governments  concerned  the 
desirability  of  cstaltli.shing  a  chain  of  wireless  telegraph  stations  be- 
tween all  British  co'intries,  because  these  are  necessary  both  for  the 
elieapening  of  electrical  intercommunications  and  for  the  safety  of 
the  mercantile  marine. 

After  Mr.  .1.  C.  Inglis,  president  of  the  Institution  of  Civil  Engineers, 
had  welcomed  the  delegates,  the  ehairmau  (Hon.  H.  L.  W.  I...\wson) 
read  the  above  resohitions  and  the  following  furtlicr  resolution  : — 

4.  That  the  secretary  be  instructed  to  write  to  the  Pacilic  Cable 
Board  to  ask  whether  they  are  prepared  to  give  a  reduced  Press  rate 
and  at  what  rate  per  word,  and  that  a  similar  letter  he  addressed  to 
the  Eastciii  Telegraph  Company- 

The  Chairman  then  said  they  had  had  at  the  committee's  meeting 
that  day  Sir  H.  Babington  Sniith,  of  the  Post  Office  :  Mr.  Johnson, 
representhig  the  Colonial  Office  ;  Mr.  Kirk,  representing  the  India  Office  : 
Mr.  A.  S.  Baxendrtle,  of  the  Pacific  Cable  Boai'd  ;  and  Mr.  C.  Ifarconi. 
Mr.  Baxendale  had  stated  at  once  that  the  Pacific  Cable  Board  would 
reduce  their  cliarges  for  Press  ^messages  to  one-half,  and  he  tJIr. 
Baxendale)  understood  the  New  Zealand  Government  would  do  the 
same  in  regard  to  their  terminal  or  land  charges.  He  had  also  reason  to 
believe  the  (fovernment  of  the  Commonwealth  would  do  the  same.  When 
a  proposal  from  the  Eastern  Telegraph  Co.  was  submitted  to  the  com- 
mittee it  seemed  the  unanimous  opinion  that  nothing  short  of  a  general 
reduction  of  cable  rates  for  Press  purpo.ses  would  meet  the  nciessities 
of  the  ease. 

Mr.  KYFFlN-TfiOMAS  (.Australia)  pro]>o:-cd  that  the  (•(uiimittee  be 
requested  to  continue  their  negotiations. — Adoiitcd. 

Hcsolution  No.  1  was  then  ailopted,  and  the  Cable  Kate;  ennimitlee 
were  appointed  as  a  nucleus  of  the  deputation,  with  the  fnllnwini.'  : 
Lor.l  Nor'helilfe  and  Messrs.  J.  W.  Dafoe,  C.  Woodhead,  H.  A.  (Iwvnne, 
n.  Donald.  ClilTord,  and  Harold  Spender. 

Pesoluti..!!  \o.  2,  after  a  few  remarks  from  Mr.  Holes  (Ceylon)  and  Mr. 
Cunniiigbani  (,\i:t  lali.i)  w.is  carried  unanimously. 

Jlr.  St.\m.kv  Hkkii  (India)  |iroposcd  resolution  N<>.  3.  and  s.iid  that, 
although  V.  ireless  telegraphy  might  not  supersede  the  cables,  it  would  he 
a  most  potent  factor  in  the  reduction  of  cable  charges. 

Mr.  Doi'tu.AS  (New  Zealand)  seconded,  and  the  resolution  was  carried 
uiianimou--ly. 

Mr.  .MoBERi.Y  Bem.  moved  the  adoption  of  resolution  No.  \.  He 
s.aid  the  Is.  Press  rate  from  Enerland  to  Australia  consisted  of  ."id.  from 
Kngland  to  Canada,  Id.  across  Canada  to  Vancouver,  Tid.  from  \an- 
'uver  to  .Vustraha,  and  Id.  the  terminal  rate  in  .■\ustralia.  The  portion 
li-  Pacific  Cable  Board  had  to  deal  with  was  that  between  \aiieouver 
:  ud  -Australia,  and  for  that  portion  they  were  willing  to  acceiit  2hl.  The 
reduetion  was,  therefore,  from  Is.  to  9i'd.,  and  they  were  trying  to  induce 
the  Canadian  and  Australian  Governments  to  make  some  concessiim. 

Mr.  Tejiperlev  ( \ustralia)  seconded,  and  said  he  was  surprised  the 
Pacific  Cable  Board  carried  the  messages  so  far  for  such  a  small  sum. 
Although  15  words  of  ordinary  intelligence  were  carried  round  the  Com- 


monwealth for  Is.,  there  was  a  Press  mwisi-gc  charge  of  2d.  jx-r  word  on 
cable  messages  landed  at  Queensland  and  carried  through  AuKtralia. 

The  motion  was  then  carried. 

Mr.  Ross  (Canada)  then  re-inlrodiiced  the  resolution  |>ro|>otied  at  the 
first  meeting  of  the  Conference  in  f.u-our  of  state-owned  communication 
across  the  Atlantic.  He  said  he  had  not  used  the  words  "  Atl.intic 
cable,"'  as  they  had  now  aiTivcd  at  a  practical  stage  of  wirfless  tcle- 
grajihy,  and  the  words  of  his  resolution  were,  therefore,  "  State-owned 
electric  connection."  His  resolution  affected  Great  Britain  and  the 
Dominion  of  Canada,  and  they  a.sked  tho.se  two  Governments  to  consider 
the  question  at  once.  There  ought  to  hr  at  least  one  line  of  •Stato- 
owneil  electric  connection  around  the  world  and  around  the  British 
Empire.  He  desired  to  start  with  the  Atlantic  connection  and  the  con- 
ncetion  across  Canada. 

Mr.  iMARCONi  (who  was  invited  to  speak  on  the  motion)  said,  after 
refciring  to  the  completeness  of  the  wireless  tclegraiih  equipments  hi  many 
parts  of  the  world,  a  certain  amount  of  message  work  was  carried  on 
between  England  and  Canada,  and  a  complete  service  woiikl  be  com- 
pleted about  the  end  of  August.  He  should  consider  it  injudicious  for 
th<"  Governments  to  enter  into  a  scheme  of  State-owned  cables  without 
first  having  investigated  the  capabilities  of  a  wireless  connection  lietween 
Canada  and  England.  At  present  they  had  certain  difficulties,  which 
mainly  concerned  the  transmission  and  distribiiticm  of  the  mc,ss.ages  over 
the  land  lines  cm  the  North  American  Continent,  but  he  thought  that 
trouble  could  be  entiicly  obviated  if  the  delegates  would  eon.sider  what 
was  being  done  by  'Airjlcss  telegraphy  itself.  The  cost  of  two  stations 
capable  of  communicating  over  distances  which  had  already  been  proved 
practicable  (about  3,000  miles)  would  fce  about  £50,000  for  each  staticm. 
That  was,  of  eour.se,  subject  to  variation — improvements  might  decrease 
it  or  local  conditions,  such  as  transport,  might  increase  it.  It  might  be 
possible  m  the  near  future  to  communicate  over  much  greater  distances — 
say  0,000  miles  or  perhaps  even  more  ;  but  that  had  to  be  proved.  There 
v.as  an  interesting  point  in  connection  with  distances  over  fi.OOO  miles, 
and  that  was  when  the  equator  had  been  passed  these  wireless  waves 
might  begin  to  converge  again,  and  it  might  occur  that  at  th''  Antipodes 
messages  might  be  received  more  easily  than  half-way  to  the  Antipodes  ; 
but  that,  agam,  remained  to  be  proved.  At  i)resent  they  were  prepared 
to  take  a  limited  anKuint  of "  Press  "  acro.ss  the  Atlantic  at  2id.  per  word, 
and  when  their  stations  v.  ere  complete  they  would  be  able  to  take  1.5,(MXI 
or  20,000  words  per  day,  and  if  the  amount  of  "'  Press  "  by  that  system 
were  considerable  his  company  would  be  prepared  to  give  a  service  at 
2d.  j)er  word  frijm  Canada  to  England.  'J'he  present  sjicfd  of  wireless 
across  the  Atlantic  was  25  words  a  minute.  They  hoped  to  introduce 
duplex,  which  would  bring  that  to  50  words  a  minute,  and  perhaps  further 
imjuovements  would  greatly  increase  that.  He  was  not  a  cable  exjiert, 
but  there  was  a  general  belief  that  about  .50  words  a  minute  would  be  the 
limit  across  the  Atlantic  over  a  cable  of  2,000  to  3,000  miles  in  length. 
It  was  obvious  that  five  v.ireless  stations  would  do  five  times  the  speed 
of  one  station,  and,  with  the  latest  improvements  he  thought  there 
should  be  no  fear  of  any  interference  between  5,  10  or  20  stations  installed 
on  the  coast  of  Ireland  or  Great  Britain. 

Mr.  KywiN-TnoiUAS  (Australia)  said  if  it  were  a  question  of  takmg  over 
the  existing  cables  he  would  ask  the  Conference  to  consider  what  that 
meant.  The  value  of  the  cables  might  come  to  something  like  50  mil- 
lions. They  could  not  ask  the  com]ianies  to  part  with  such  ]>ortions  of 
the  lines  as  it  might  suit  the  Imperial  and  Colonial  Governments  ti>  take. 
so  if  they  considered  the  purchase  of  the  cables  they  must  consider  the 
purchase  of  the  whole,  and  that  was  a  proceeding  whieh  he  did  net  think 
the  Imperial  or  Colonial  Governments  were  hkely  to  face.  If  the  Govem- 
nrents  agreed  to  assume  the  control  of  wireless  telegraphy,  would  that  be 
likel"  to  promote  the  further  improvement  of  that  system.  Jhist  of  them 
winild  agre  that  it  was  not  under  Government  control  that  the  greatest 
progress  was  made  in  inventions  ar.d  improvements,  and  he  thought  if 
this  matter  were  left  in  the  hands  of  the  great  inventor  who  was  v.orking 
at  it  so  strenuously  and  those  who  assisted  him  they  were  much  more 
likely  to  get  the  best  results.     He  should,  therefore.  oj)po.se  the  motion. 

.Mr.  Fink  (Australia)  said  he  did  not  understand  that  the  motion 
suggested  the  purchase  of  the  cable  companies.  He  thought  the  timo 
had  gone  by  f<n'  that.  There  was  a  Pacific  cable  owned  by  the  State,  and 
its  management  was  not  inferior  nor  its  benefits  less  to  the  community 
than  those  of  any  eompauy-owncd  eabli>.  His  iccollection  was  that  in 
the  House  of  Commims  s.ime  official  information  stated  that  the  amount 
involved  in  the  juirchasc  of  the  cable  companies  was  about  three  times 
the  aniiuint  mcntioncil  by  -Mr.  Kyflin-Thomas.  The  day  was  quite 
gone  by  when  they  nee<!  talk  tenderiy  about  tlie  expropriation  of  private 
interests.  British  tiovernmcnts  did  not  expropriate  private  interests 
without  giving  full  value. 

Mr.  Ili'DsoN  P.EUivEi.KV  (Australia)  supported  the  ix-sohition.  The 
land  telegraphs  in  England,  Australia,  New  Zealand  and,  he  thought, 
S.  Africa!  wciv  State  owned,  and  if  tiie  tclesraphs  were  State  owned  !o 
that  extent,  why  should  they  not  have  the  cables  and  complete  the  whole 
service.  II  ^  believed  the  (Jovernmeni  of  Great  Britain  and  the  Naval 
authorities  iieic  the  largest  ciistiuucrs  of  the  cables,  and  surely  if  they  had 
their  own  service  it  wmild  be  of  great  advantage  to  them.  He  did  not 
think  the  Government  shcmld  buy  out  the  cable  companies.  They  had 
to  thank  t'nc  Eastern  Extension  Telegraph  Co.  for  the  giiod  service  they 
bad  given  to  Australia,  but,  at  the  same  time,  new  einnimstanees  had 
arisen  in  v.  hich  it  sluuild  he  altered. 

Mr.  Cr>NiNOiiAM  (Australia)  asked  if  the  resolution  cont"mpl>ted 
the  purcla.se  of  exi.stine  rights.  ('  No.  no.")  Then  it  contemplated  the 
coiifiGeat...n  of  existing  rights.  He  thousht  they  should  say  they  meant 
that  resolution  to  refer  to  cable  communicDtion,  because  they  had  not 
yet  Jea-  bed  the  point  at  which  they  could  ivgartl  the  wireless  system  as 
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bring  yimoticalilo.  ami  unless  they  were  to  ]>i>se  .is  ilroanu-rs  nnil  idb 
s]H-iiilatiirs  thry  should  limit  thcinselves  to  ])iae'ioal  lonsiderHtions,  ;'n(l 
they  should  say  there  should  be  Rtate-««ned  cable-  iM.mmunication  be- 
tween tie  British  Isles  and  Canada.  They  either  meant  to  set  up  rom- 
jH-tition  with  or  to  buj  out  existing  private  intere.«ts. 

Mr.  CoHFX  (X.Z.)  said  there  was  no  suggestion  in  the  re.solution  that 
they  shotdd  lay  down  a  cable  on  the  Atlantic  ."ide  uow  or  he  wt.uld  not 
have  supported  that. 

itr.  Ward  (Australia)  said  he  thought  they  should  have  unanimity  if 
iwssible,  and  he  suggested  that  Mr.  Ross  should  restrict  his  resolution  to 
wireless  telegraphy.  They  had  i>ne  State-omied  ealile,  and,  in  its  finan- 
cial aspect  at  least,  it  had  been  rather  a  disapjiointment.  He  could  not 
vote  for  the  resolution  under  the  circumstances. 

Mr.  Uafxjk  (Canada)  said  the  shortest  route  to  get  a  H  cent,  rate  across 
the  -Atlantic  was  to  hnve  a  State-owned  cable.  The  (juestion  was  by  no 
means  a  Cauadian  one.  It  «as  Imperial  in  its  widest  aspect  and  con- 
sequences. The  pi-ojMisal  was  to  have  a  Hue  from  England  to  the  ex- 
tremest  western  ]M>int  of  .\iistralia.  He  did  not  believe  in  .State-owned 
concerns  doing  business  at  cost  to  cut  the  throats  of  private  companies. 
He  thought  the  mei-e  fact  that  the  Pacific  Cable  Board  were  operating 
a  line  three  times  as  long  as  the  cables  across  the  Atlantic  and  were  to-day 
prc^iRising  to  carry  Press  messages,  though  they  had  comparatively  few 
as  against  the  Atlantic  companies,  for  half  the  rate  the  privately-owned 
cables  were  charcing  for  messages  acro.ss  the  .Atlantic  was  in  itself  a 
conclusive  argument  for  a  State-owned  cable  across  the  Atlantic,  or  its 
equivalent  in  the  way  of  a  wireless  system. 

Mr.  Ci-NNiSf;HAM  said  he  would  like  to  feel  that  they  were  not  passing 
a  resolution  which  committed  him  personally  to  a  policy  of  confiscation, 
because  if  they  were  going  to  establish,  with  the  long  purse  of  the  Govern- 
ment, a  rival  service  to  some  private  enterprise  which  was  now  in  the 
field,  without  corapen?ation,  they  were  confiscating  it.  (Cries  of  "  No.'") 
He  a.sked  \A'hat  would  happen  to  a  newspaper  already  in  the  field  if 
another  newspaper  published  with  the  long  purse  of  the  Government 
came  in,  without  any  desire  to  make  a  profit.  He  liked  to  feel  that  he 
was  acting  with  some  regard  to  principle.  He  and  some  of  his  friends 
were  anxious  not  to  be  committed  to  anything  that  looked  like  the  con- 
fiscation of  existing  rights.  They  would  have  had  lower  rates  but  for  the 
Pacific  cable. 

Jlr.  J.  A.  M.\cDOSALD  (Canada)  said  he  was  prepared  to  vote  for  the 
resolution,  knowing  that  Mr.  Marconi  would  be  ready  for  the  Press  ser- 
\ice  long  before  the  Government. 

Mr.  CKARLrs  Bright  said  he  had  risen  to  correct  two  figures.  The 
effective  workir.g  speed  of  an  Atlantic  cable  was  97  words  per  minute, 
and  the  cost  of  an  Atlantic  cable  was  half  a  million,  not  a  million. 

In  reply  to  a  Question.  Mr.  Marconi  said,  as  an  engineer,  he  really  did 
not  care  whether  his  invention  was  cx]iloited  by  the  State  or  by  a  com- 
pany ;  but,  as  a  director  of  a  comp.iny,  of  course  he  would  have  to  con- 
sult his  colleagues  on  the  board,  but  he  expected  any  Go^e!^lnlent  of  the 
present  day  would  comi'.erisate  private  interests  if  it  stepped  into  their 
place.  With  regard  to  speed  of  cable  work,  Mr.  S.  G.  Brown  had  put 
it  rither  low  in  a  Paper  written  by  him  and  other  experts  put  it  higher. 
The  Chairman-  then  read  Mr.  Ross's  resolutitm  : — 

"  That  for  the  achievement  of  better  and  cheaper  electric  communica- 
tion in  the  Empire  it  is  one  of  the  essentials  that  there  should  be  State- 
owned  electric  communic:ition  between  the  British  Isles  and  Canada 
across  the  .Atlantic,  and  also  State  control  of  electric  communication 
across  Canada  between  the  Atlantic  and  the  Pacific  cable  services." 
The  motion  was  carried. 

Mr.  5Iaitland  Park  (S.  Africa)  moved  a  resolution  that  "  a  State- 
owned  system  of  electric  communication  was  desirable  between  Great 
Britain  and  P.ritish  .South  Africa."  He  said  in  the  case  of  South  Africa 
they  had  bad  no  reduction,  and,  as  fir  is  he  could  make  out,  there  was 
not  even  the  promise  of  a  reduction.  'J'hc  Press  rate  was  Is.  a  word,  and 
he  thought  that  was  ridiculous  after  half  a  century  of  submarine  tele- 
graphy. The  resolution  did  not  commit  them  to  either  a  cable  or  the 
Marconi  By.=tem.  The  physical  difficulties  for  wireless  telegraphy  over 
fi,000  miles  were,  }ierhaps,  less  there  than  anywheie  else,  because  they 
had  Tenerife,  St.  Helena,  .Ascension  and  T.ible  Mountain,  which  would, 
he  thought,  .is  sites  for  stations  lend  themselves  very  c.nsily  to  the  !\Iiir-- 
coni  .lystem.  South  .Africa  wa.'j  im|)oilant  from  a  .strategical  iioint  of 
view,  and  the  way  to  prevent  its  being  cut  off  In  time  of  war  was  to  have 
a  State-owned  system  of  electrical  communictioii. 

-Mr.  SIarcom  said  they  hoped  wireless  telegraphy  would  l.e  applic- 
able to  greater  distances  than  they  had  alreiwly  covered,  and  that  I  hey 
might  some  d.ay  cover  the  distance  from  Grciit  Britiin  to  South  .Africii. 
A  i)cculiaradvantage  of  wireless  would  be  that  by  alteration  of  wave-length 
one  could  not  only  communicate  from  South  .Africa  to  England,  but  also 
with  Canada  direct,  the  distance  being  practically  the  same. 

Mr.  Maitland  Park's  proposal,  to  which  the  words  "  and  th.nt  represen- 
tations to  this  ePcct  lie  m.idc  by  (he  deputation  appointed  by  the 
Conference  to  wait  ujion  the  Prime  .Slinister  "  were  addeil,  was  carried. 

Mr.  Nelson  (Canada)  proposed  that.  "  In  view  of  the  annoniicemcnt 
by  the  management  of  the  Pacific  Cable'Board  that  they  will  greatly 
reduce  the  charges  for  Press  messages  passing  over  its  lines  between 
Can.ada  and  Auslr.alia  and  New  Zealand,  provided  the  (iovemmcnts  of 
the  latter  Dominions  make  a  corresponding  reduction  in  their  terminal 
rates,  the  Governments  of  Australia  and  New  Zealand  be  at  r)nce  com- 
muMi:.ated  with  acquainting  them  with  the  terms  of  the  concession  made 
by  the  Pacific  Ceblc  lizard,  and  a>^king  for  their  co-operation  in  rcdn.iiig 
the  cost  of  these  messages." 

This  Was  carried,  and  joneludcd  the  disf'tisaion  on  the  subject. 
(A  report  of  the  interview  between  the  Prime  Minister  and  the  depu- 
tation appointed  by  the  Conference  will  be  found  on  a  subsequent  page.) 
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11th   at    Ihr    Imperial   College  of 
isidcnt.  in  the  cliair.  a  Paper  by 


.At  the  mcetini;  held  on  .lup.c 
Science,  Dr.  ('.  Chrek.  F.H.S.,  pi 
Dr.  Russell  and  Mr.  .\rthur  Wrigh 
"  The  Arthur  Wright  Electrical  Device  for  evaluating  Formulae  and 

solving  Equations. " 
was  read  by  Dr.  Russeli..  In  tliis  device  special  slide  rcsi.staiiccs  are 
used.  If  R  be  the  resistance  of  one  of  these  and  a  metallic  finger 
make  contact  with  it  at  a  point  where  the  scale  reading  is  x.  the  re- 
sistance between  this  finger  and  the  terminal  of  the  slide  is  R/.c.  The 
scales  (if  the  slides  are  graduated  logarithmically  as  in  the  ordinary 
slide  rule.  Hence  the  processes  of  multiplicatiim  and  division  can  be 
done  mechanically  by  sliding  them  against  exactly  similar  fixed  scales. 
If  we  connect  a  number  of  these  slide  resistances  in  parallel,  since 
the  current  is  inversely  jjroportional  to  the  resistance,  the  sum  of  the 
currents  through  them  will  be  proportional  to  the  sum  of  the  readings 
of  the  contact  fingers.  We  can  easily  balance  by  a  null  method  this 
current  against  the  current  going  tlinuigh  a  single  slide  resistance  X 
by  means  of  a  Wheatstone's  bridge  arrangement.  In  this  case  the 
reading  on  X  when  there  is  a  balance  gives  the  sum  of  the  readings  on 
all  the  other  slides.  Similarly,  we  can  subtract  numbers  by  putting 
slides  representing  these  numbers  in  parallel  with  X  and  then  obtain 
a  balance  by  altering  the  reading  on  X.  It  is  also  shown  how  the 
variable  arms  of  the  bridge  can  be  usefully  employed  in  making  the 
calculations.  By  clamping  the  contact  lingers  inclined  at  certain 
angles  to  a  rod  which  can  be  moved  at  right  angles  to  the  slides,  it 
is  easy  to  obtain  the  values  on  X  of  /( j)  when 

f{x)  =  ax"'  +  b.v"  +CX''  +   .  .  .  , 
where  the  indices  m,  n,  p,  .  .  .  may  be  positive,  negative  or  frac- 
tional, and  the  coefficients  may  be  jiositive  or  negative  numbers.    In 
particular,  if  the  reading  on  X  be  zero  when  x  is  .r,,  then  .r,  is  a  root 
of  the  equation  /(x)  =  0. 

A  model  of  this  device  for  solving  an  equation  of  any  degree  con- 
sisting of  not  more  than  four  terms  was  shown.  In  this  model  the 
slide  resistances  are  fi.xcd  on  a  rigid  framework  and  the  contact  fingers 
are  wires  which  can  bs  fixed  at  any  dc.iired  angles  cot~'  m.  cot~'  n, 
and  cot~^  p  with  the  slides,  where  m,  n  and  /)  are  the  indices  of  the 
powers  of  x  in  the  equation.  A  few  dry  cells  and  a  Iccture-tablo 
galvanometer  were  employed.  Moving  the  framework  until  there 
is  no  deflection  of  the  galvanometer,  the  jiointer  attached  to  it  in- 
dicates at  once  a  root  of  the  equation.  The  inaccuracy  of  the  results 
found  by  means  of  this  mode!  is  of  the  order  of  1  ])er  cent.  It  is  ex- 
plained how  approximate  values  of  the  imaginary  roots  of  numerical 
equations  can  be  found  by  the  device.  It  is  also  explained  how  it  can 
be  employed  to  solve  very  complicated  equations.  It  is  shown,  for 
instance,  that  a  device  with  four  slide  resistances  like  the  model  ex- 
hibited can  be  used  to  find  approximate  values  of  the  roots  of  nu- 
merical equations  of  the  form 

ajx'"  +  h/l{x)  =  ex"  +  (/F(.r). 
when  the  values  of  /(.r)  and  r(x)  have  been  computed  or  found  ex- 
perimentally for  various  values  of  x.     The  same  device  also  can  bo 
used  to  find  approximate  values  of  x  which  satisfy  the  equation 

n  i^/'i  >■  +  ajfi:^  +  aj^'-j ''  +  H4?/'4.r= 0, 
when  the  numerical  values  of  the  constants  are  known. 

Prof.  C.  H.  LiTES  expiessed  his  iiiterest  in  the  device  and  referred  to 
the  laigi'  number  of  calculations  that  could  be  performed  with  it. 

Dr.  W.  H.  EccLFS  congratulated  the  authors,  and,  referring  to  the  fact 
that  the  machine  could  be  used  to  solve  a  bi-quadratic,  asked  if  it  was 
possible  to  determine  the  tv.o  (piarliatic  fai'tors  by  means  of  it. 

A  Paper  on 
"  The  Echelon  Spectroscope,  its  Secondary  Action  and  the  SIri'cfure 

of  the  Green  Mercury  Line  ' 
was  read  by  .Mr.  H.  S'VANsriEi.i).  'I'lic  I'apcr  th'scribcs  an  investiga- 
tion of  the  action  of  an  echelon  spectro.scopc  and  the  results  obtained 
as  to  the  .structure  of  the  green  mercury  line  given  by  an  Arons  lamp. 
The  echelon  spcctrosco|)e  employed  was  arranged  so  that  the  auxiliary 
prism  could  be  mounted  next  to  the  echelon.  The  dispersion  of  the 
prism  may  be  added  to  or  subtracted  from  the  dispersion  of  the 
echelon,  and  the  change  of  4  |ier  cent,  in  the  disjiersion  thereby  ob- 
tained gives  a  method  of  determining  whether  two  lines  in  the  spec- 
trum belong  to  the  same  order.  The  theory  of  the  primary  action  of 
the  echelon  in  the  reversed  position,  when  the  light  leaves  by  the  largest 
plate,  is  comjiared  with  the  theory  of  the  echelon  in  the  usual  position. 
A  Paper  entitled 

"  The  Proposed  International  Unit  of  Candlc-Fower  ' 

was  read  by  .Mr.  ( '.  < '.  I'aiekshn.  The  I'aper  discusses  the  units  of 
candle-power  at  piertiit  officially  acccjitcd  in  Gnat  Britain.  Kranee, 
the  United  8tatcs  of  .America  and  Germany.  The  numerous  inter- 
comparisons  which  have  taken  place  during  the  past  five  years  be- 
tween these  units  show  that  llie  candle,  as  interpreted  in  France, 
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Great  Urilain  ami  Ihe  Unili,-cl  Stales  respectively  lias  praetically  I  he 
same  value  in  the  three  eciuntries.  The  authorities  in  the  gas  and 
electric  interests  in  the  United  States  are  prepared  to  adjust  their 
units  of  cmdle-power  to  bring  them  to  a  single  value  which  is  to  be  the 
same  as  the  British  and  French  units.  The  Hai)er  gives  the  results 
(if  i(mi|i;iiisiins  sluiwinfi  that  within  the  limits  of  experimental  error 
til'  Urili^h  and  French  units  arc  identical.  The  change  involved 
ill  Ihe  unil  at  |ir(sint  maintained  at  the  Bureau  of  Standards,  Wash- 
ington, is  shown  to  be  l-d  |)er  cent.  The  agreement  tlius  estaMislied 
forms  the  subject  of  an  official  memorandum  from  the  National 
Physical  Laboratory  (with  the  concurrence  of  Ihe  Metropolitan 
Gas  Referees),  the  Bureau  of  Standards,  Washington,  and  the 
Laboratoire  Ccntrale,  Paris.  The  proposal  to  call  the  common  unit 
of  light  to  b?  maintained  jointly  by  the  National  Standardising 
Laboratories  of  America,  France  and  Great  Britain  the-  "  Inter- 
national Candle  "  has  been  .submitted  to  the  International  Electro- 
technical  Commission,  and  through  it  to  all  the  countries  of  the  world 
which  are  rcjiresented  on  that  Commis.sion.  The  Hefner  unit  is 
shown  to  be  almost  exactly  nine-t<?nths  of  the  new  unit.  The  com- 
parisons between  the  units  have  been  made  by  two  methods:  (1) 
The  direct  comparisons  of  the  flame  standards  in  France.  Germany 
and  Great  Britain.  (2)  Through  the  medium  of  electric  sub-standards 
which  have  had  values  assigned  to  them  in  the  National  Laboratories 
of  the  four  countries.  The  agreement  between  the  ratio  values  by 
the  two  methods  is  very  close,  and  is  shown  by  a  table  giving  the 
results  of  the  various  com|)arisons  which  have  been  made. 

Pi'.  Fleming  said  that  it  was  interesting  to  hear  that  the  chief  Powers 
had  come  to  an  und'nstanding  with  ea'jh  other  as  to  the  unit  o!  light. 
It  must  be  remembered,  however,  that  this  pru))osed  Internatiiinal 
unit  had  no  ribjpptivp  existence,  and  no  greater  value  as  a  unit  of  fom- 
piirison  than  the  H(-fiier  or  pentane  units,  to  which  it  war  related  by  an 
."irb.trary  deiin.tion.  He  greatly  regretted  that  the  National  Physical 
Laboratory  authorities  had  acquiesced  in  the  adoption  of  a  'lame  stan- 
dard of  light,  wi'.h  all  its  difhculties  and  variabilities.  Iiifliieiiced 
as  they  were  by  atmospheric  pressure,  moisture,  CO.,  height  of  llame. 
cnmposition  of  fuel,  and  number  of  persons  in  the  photometric  romn. 
these  (lame  standards  could  not  possibly  be  considered  as  a  final  solution 
of  the  priihlem  of  obtaining  a  priniary  standard  of  light.  V\'hat  was  really 
rer|iiiied  was  the  concrete  realisation  of  a  permanent  primary  standard, 
which  would  be  the  standard  of  reference  for  secondary  standards  like 
the  Fleming  Ediswan  large-bulb  glow-lamp  standards,  which  he  (Dr. 
Fleming)  had  introduced  seven  years  ago.  Mr.  Paterson  had  made 
only  a  very  brief  refeieiue  to  M.  VioUe's  work  on  the  platinum  standard, 
and  ignored  altogether  the  careful  work  of  Prof.  Petavel,  carried  out  in 
1899  in  the  Davy-Faraday  laboratory.  Prof.  Petavel's  conclusions  were 
that  with  suitable  precautions  the  unit  of  illumination  could  he  repro- 
duced within  1  |)cr  cent,  by  means  of  the  molten  platinum  standard.  He 
.asked  Air.  Paterson  if  any  attemjit  had  been  made  at  the  National 
Physical  Laboratory  to  repeat  or  extend  Prof.  Petavel's  work,  and  if  not 
why  not  t  Investigations  of  this  kind,  which  were  difficult  to  carry 
beyond  a  certain  ])oint  in  private  laboratories,  were  peculiarly  the  |)ro- 
vince  of  a  State-aided  institution  hke  the  National  Physical  Laboialoiy. 
He  was  pleased  to  see  that  Mr.  Paterson  endorsed  the  conclusions  wliich 
ho  (Dr.  Fleming)  had  stated  seven  years  previously  in  a  Paper  read 
before  the  Institution  of  Electrical  Engineers — viz.,  that  pro])erly  pre- 
pared (large  bull))  glow  lamps  constituted  the  best  secondary  stan- 
dards. He  (Dr.  Fleming)  had  now  employed  for  14  years  sccoiulary 
standards  of  this  type,  and  had  not  found  anything  to  surpass  them  in 
convenience  and  accuracy.  The  flame  standards  were  unequally  afi'ected 
by  changes  in  atmospheric  pressure  and  moisture.  Hence,  any  figures 
for  ratios  such  as  were  given  in  Mr.  Paterson's  Paper  were  true  only 
under  certain  accurately  defined  conditions  of  surrounding  atmosphere 
which  were  very  difficidt  to  reproduce.  Accordingly  elaborate  experi- 
ments to  ascertain  how  many  Hefners  wei'e  equal  to  1  pentane  were  not  a 
matter  of  nearly  such  importance  as  the  construction  of  some  final  con- 
stant ]iri!narv  standar  1  of  light,  and  in  his  (Dr.  Fleming's)  opinion  the 
most  satisfai'tory  form  for  this  jirimary  standard  of  light  was  to  derive  it 
from  the  light  emitted  normally  by  a  defined  area  of  some  substance  in  a 
state  of  iiirandesecnce  at  a  known  fixed  temperature.  Ho  was  sure  that 
many  pr  i.  tiral  photometrists,  especially  those  connected  with  the  electric 
liizlitinu  industry,  were  not  at  all  convinced  that  the  best  in'imarv  stau- 
tlarJ  V, .1-  a  llame  standard,  or  that  the  jientane  or  Hefner  units  were  a 
completely  satisfactory  solution  of  the  problem  of  obtaining  a  primary 
standard  of  light. 

Dr.  RussEr.T.  complimented  the  author  .m  his  experimental  r.snils. 
The  hongie  decimale  was  the  unit  adopted  by  the  International  C'raigrcss 
of  Electricians  in  1880,  and  was  defined  to  be  the  20th  part  of  the  Viollc 
standard.  He  was  not  prepared  to  accept  that  it  was  equal  to  1-11  Hef- 
ner unit.  Lummer's  and  Petavel's  results  rather  discounted  the  im- 
portance to  bo  attached  to  Violle's  number.  In  connection  with  Dr. 
Fleming's  remarks,  ho  stated  that  the  unit  suggested  by  Waidncr  and 
Burgess  had  many  advantages.  They  proposed  to  adiqit  as  the  unit  of 
intensity  the  radiation  from  a  square  centimetre  of  a  black  body  main- 
tained at  the  temperature  of  the  fu.sion  of  platinum.  He  rcfcrrcil  also  to 
the  unit  suggested  by  Steinmetz,  and  as  Mr.  Dyott  was  present  he  asked 
if  he  could  give  any  information  about  this  unit. 

Jlr.  DvoTT  said  that  his  experiments  had  been  made  exclusively  in 
connection  with  Prof.  Steinmotz's  magnetic  arc.  He  hi  1  made  im  ex- 
periments on  his  photometric  unit. 


,\Ir.  Dow  said  the  peulane  lamp  as  a  standard  wa«  not  very  inlcrior 
to  the  Violle  standard.  H(!  iM  not  think  we  could  as  yet  .accept  as  a 
standard  an  area  of  a  black  body  at  a  high  temiK-rature. 

Dr.  Drvsoai-k  thought  the  international  agreement  arrived  at  wan  most 
welcome.  As  he  under.stood  the  Paper,  however,  it  was  simply  an  at- 
tempt to  obtain  agreement  between  present  existing  unitu  rather  than 
standards,  and  left  the  matter  of  Ihe  best  form  of  standard  perfectly 
open.  He  thought  that  everyone  having  experience  with  flame  stan- 
dards would  thoroughly  agree  with  Prof.  Fleming's  condemmition  of  them, 
and  there  could  be  no  doubt  that  the  primary  standard  should  be  an 
incandescence  one.  He,  however,  did  not  agree  with  Dr.  Fleming's 
sufigestioii  of  n-viviiig  the  Violle  standard.  What  was  wanted  in  an 
in(  indcxriii.  I-  ^l.oidard  was  a  definite  area  of  a  definite  surface  at  a 
dcliiiiii  ic  Mill'  111  ure.  When  the  N'iolle  standard  was  suggested  they  had 
liltl-  kiiiiv.  IiiIl'i  of  the  radiating  properties  of  surfaces,  or  high  tem- 
perature measurement,  and  therefore  the  only  suitable  thing  was  to  take 
a  very  pure  substance,  using  its  melting  point  as  a  l)ench  mark  of  definite, 
though  unknown,  temperature.  But  everyone  v.ho  had  studied  the 
history  of  the  Violle  standard  was  aware  of  the  great  difficulties  of 
setting  it  up,  and  it  had  the  disadvantage,  according  to  Petavel,  that 
the  surface  was  dependent  on  the  gas  mixture  use:!,  besides  an  cxtivmely 
short  period  of  constancy  and  high  expen.se.  In  the  meantime  they  had 
realised  that  a  iierfectly  black  body  was  easily  obtainable,  and  that  it  had 
perfectly  definite  railiating  properties  ;  they  had  the  laws  of  Stefan  and 
Wien,  and  optical  pyi  ^  uikI  ly  had  advanced  to  a  high  degree  of  accuracy, 
and  it  therefore  sccmi  J  di  i.l.illy  preferable  to  suggest  a  unit  area  of  a 
black  body  at  a  dcliniti  ir  ni|iciature.  Mr.  .Jollcy  and  he  had  come  to 
the  conclusion  that  a  scpiaie  centimetre  of  a  black  body  at  a  temperature 
of  2.000  deg.  absolute  would  perhaps  be  a  good  unit,  and  would  be  prob- 
ably of  the  order  of  100  c.p.  This  temperature  was  probably  pretty 
close  to  that  of  the  ordinary  carbon  filament  glow  lamp,  so  that  there 
should  be  no  colour  difficulty,  and  it  should  not  be  exceptionally  difficult 
to  maintain  constant.  If  the  temperature  were  measured  by  an  optical 
pyrometer  of,  say,  the  Fery  form,  based  on  the  Stefan  law,  the  deflection 
would  be  proportional  to  the  4th  power  of  the  absolute  temperature, 
while  the  light,  according  to  Lummer  and  to  integration  from  Wieu's 
law,  was  proportional  to  T'-.  Hence  the  light  would  be  proportional  to 
the  cube  of  the  deflection  only,  and  the  probable  error  would  not  be 
large.  Finallj',  a  point  in  favour  of  the  black  body  was  the  perfectly 
definite  character  of  its  s|)ectrum,  which  made  it  a  standard  of  colour  as 
well  as  of  intensity,  and  suitable  foi  s])cctro-photometrie  comparison. 
.\s  the  surface  would  be  that  of  a  solid,  it  winild  be  unnecessary  to  main- 
lain  it  in  a  horizontal  position,  as  with  the  Violle  standard,  and  the  amount 
of  light  cinild  be  easily  varied  by  a  diaphragm.  Dr.  Drysdale  said 
that  he  thought  Mr. "  Dow  h.ad  "slightly  misunderstood  the  na'urc 
of  Prof.  Fery's  results,  and  it  would  be  unfortunate  if  this  should 
militate  against  the  idea  of  the  black  body  as  a  sti-.ndard.  There 
was  no  difficulty  in  obtaining  a  perfectly  black  body  either  by  an  en- 
closure or  reflector.  What  Prof.  Fery's  "recent  experiments  had  shomi 
was  not  that  Kurlbaum's  black  radiator*  v.ere  at  fault,  but  that  he  had 
been  in  error  in  assuming  the  perfect  absorption  of  platinum-black  with 
which  his  receiving  bolometer  was  coated.  This  had  necessitated  an 
increase  of  the  constant  in  the  Stefan  formula  fr.un  Kurlbaum's  value  of 
5-32  to  ()-32,  but  this  was  a  point  which  could  easily  be  settled,  and  did 
not  indicate  any  ical  difficulty  in  the  use  of  the  black  body  or  the  deter- 
mination nf  iis'  tiiii|iiiatiire,"  which  could  be  simply  extrapolated  from 
known  teni|ici.ilinis  liy  the  aid  of  the  Stefan  law. 

Prof.  C.  H.  Li: us  said  that  Prof.  Petavel's  recent  work  on  the  radia- 
tions from  heated  platinum  strips  suggested  that  he  was  not  altogether 
satisfied  with  the  Violle  standard. 

Mr.  Paterson  cxiucssed  his  interest  in  Dr.  Fleming's  remarks,  and 
said  he  had  i>robably  misunderstood  the  object  of  the  Paper,  which  dealt 
with  the  relations  existing  between  the  various  units  now  in  use.  He 
agreed  with  his  observations  on  the  flame  standard.  He  had  not  referred 
in  his  Paper  to  the  work  of  Dr.  Fleming  and  Prof.  Petavel  on  the  \'iolle 
standard,  as  it  hardly  came  within  the  .scop;  of  the  Paper.  They  had  not 
tried  to  reproduce  the  Violle  standard  at  the  National  Physical  Labora- 
tory. With  regard  to  Dr.  Drysdales  remarks  about  the  u.«e  of  a  black 
body,  he  did  not  think  it  would  be  possible  to  keep  the  temperature 
snffi'ciently  consliMit  t  i  cnal'lc  it  to  be  u.scd  as  a  standard. 
.■\  Paper  on 

"  Inductance  and  Resistance  in  Telephone  and  other  Circuits 
was  read  by  Dr.  J.  W.  Nicholson.  A  general  formula  for  the  cfifcc- 
tive  inductance  of  a  circuit  consisting  of  two  long  parallel  wires  has 
been  aiven  bv  the  author,  and  is  suitable  for  cases  in  which  the  cur- 
rent (iistribuiion  in  cither  wire  is  greatly  atlccted  by  the  frequency  of 
alternation.  In  the  present  Paper  certain  imjiortant  eases  are  ex- 
amined in  detail,  .and  formula^  arc  obtained  capable  of  imnuHliato  use. 
Attention  has  been  mainlv  directed  to  that  of  the  simide  teleidione 
circuit,  in  which  the  leads  are  not  twisted  round  each  other  m  order 
to  annul  the  inductive  ctTccts  of  the  earth  and  of  neighbouring  cir- 
cuits. Throughout  the  investigation  only  iron  and  coi>per  wires  as 
the  two  extreme  cases  are  considered.  The  large  permeability  of 
iron  completely  changes  the  character  of  the  effect  of  frequency  on 
its  .self-induction  as  ■compared  with  other  metals.  To  all  metals 
greatly  used  in  practice,  except  iron,  the  buinnhe  developed  fc.r 
copper  wires  may  be  api.licd  with  a  nearly  identical  order  of  accuracy. 

A  "  Note  on  Tr.RnK.sTRiAi.  Magnetism.  "  by  Mr.  G.  W.  Walki  r, 
and  a  Paper  bv  Mr.  A.  Kagl:-,  "  t)N  the  Form  or  the  Pclse.s  con- 
stituting FV1.L  Radiation  or  White  Light,"  wete  taken  as  read. 

e2 


470 


THE  ELECTRICIAN,  JULY  2,  1909. 


"THE  ELECTRICIAN"  SERIES  OF 
STANDARD      ELECTRICAL     BOOKS 

can  be  ohlained  of  all  BooladUri  at  Homt,  in  the  Colonus,  and  abroad. 

Tbe  "Electrician'  Electrical   Trades'  Directory   and  Handbook 

rabllshed  annually  in  February,  corrected  to  mid-February.  Established  1882. 
A  very  Talnable  adTertiaini;  medium,  covering  the  entire  Industry.  Snbscrlp- 
tlon  Price  Sa.  6d.  nett,  postaf;e  9d.  extra  (pavablg  in  advo.ncf) ;  published  price 
15s.  nett,  postage  9d.  extra.  PostaRe  to  British  Colonies,  2«.  ;  Europe,  23. ;  n.8,A., 
Ss.  6d. :  other  countries,  29.  6d.  Di'ie^t  of  Contmt6»tnt  irft  on  appUcatiim 

The   "G.T."  Geographical  Directory  of  the  TJ.K.  (Electrical  Sectlonjk 
Subscription  63.,  post  free. 
The  Electrician"  Primers  (81  Primers  In  all,  and  a  OLOsaAUT).    Single 
Prlmtrs  Sil.  each  p  si  fne.    Arto  and  Enlarged  Sdituvn  in  One  CompUte  Vol.  or 
Tkrif  leparalr  Volt,  now  rfaiy.     KtJlL  PROs'pK0TC8  FRKa 

Eohmarliie  Cable  Laying  and  Repairing,     By  U.  D.  Wilkinson,  UXE  E. 


■  K.lr 


Price  l.'s. 


(tt. 


Electric  Blasting  Apparatus  and  Explosives :  With  Special  Befetenoe 

to  Ciller)-  Practice.     I'.y  W.  Maurice.     Price  8s.  6d.  nett. 
Tbe  Electric  Fnrnace  In  Iron  and  Steel  Prodaotlon.     By  John  B,  C. 


Ke 


,  K.I.C.     Prlc 


.  6d. 


ett. 


Brakes  Jor  Tramway  Cars.    By  H.  M.  Sayers.   Prico  8a.  6d.  nett. 

The  Mechanical  Design  and  Construction  of  Commutators.    By  B. 

Livingatone.    ITIce  6s.  nett. 
The  Alternate  Current  Transformer  In  Theory  and  Practice.    By 

ProJ.  J.  A.  Fleming,  M.A..  D.Sc,  P.R.S.  [abroad  18s. 

VOL.  I.— Price  12a.  ed.  post  free,  abroad  138.      VOL.  II.— Price  12s.  6d.  post  free. 

Handbook  of  tbe  Electrical  Laboratory  and  Testing  Room.    Very 

tally  IllustrateJ.  1;>  Hr.  J.  .\.  nomine.  Vol.  I.,  12s.  6d.  nett,  Vol.  II.,  14s. nett. 
Electric  Lamps  and  Electric  LIgbtlng.  ByProl.  J.  A.  Fleming.  6a.  nett. 
Electrical  Laboratory  Notes  and  Forms.    Arranged  by  Dr.  i.  A.  Fleming, 

M.A.,  F.R.S.    Single  copies  4d.  nett,  or  In  dozens  at  3s.  ed.  nett.    Complete  Sets 

of  SO.Notea  and  Forms,  12s.  6d.  nett,  or  In  strong  portfolio,  14s.  nett ;  or  bound 

in  strong  cloth,  15s.  Bett.    Spare  Copies  of  Tabular  Sheeta,  la.  per  dozen.    Port- 

folloa.  Is.  6d.  each.    Sectional  paper,  Is.  per  dozen  sheets,    Comflete  PnspectMi 

pott  free  on  req\ifit. 
A  smaller  Set  of  onlvMForms.boundstrongcloth.  Price  7e.  8d.  nett. 
Centenary  of  the  Electric  Current— 1799-1899,    By  Prof.  J.  A.  Fleming, 

F.R.S.     Price  Is.  ;  atrong  cloth  2b.  fld. 
Electricity  Meters:  Their  Construction  and  Management.    By  G.  B.W, 

Gcrh.sr.li.     Pmfusely  illustrated.    Price  9s.  nett. 
Electricity  In  Horticulture.    By  Prof.  S.  Lemstrom.  lUnstrated.  8«.  8d.  nett. 
Badlo-Actlvlty:  An  Elementary  Treatise,  from  tbe  Standpoint  of 

the  Disintegration  Theory.    By  Fredlt.  Soddy,  M.A.    Fully  lUnitiated. 

Price  6s.  6d.  nett. 
Electromagnetic   Theory.      By  Ollvei  Heavlalde.     VoL  I.      Price  12s.  Od. 

Vol.  II.     Price  12s.  6d.     Vol  III.  in  the  piest. 
Motive  Power  and  Gearing  for  Electrical  Machinery.  By  E.  Tremlett 

Carter,  C.E.,  M.I.E.B.    Eeylaed  by  G.  Thomas-Daviea,  A.U.I.E.B.,  F.C.S.   Prioe 

12s.  6d.  nett. 
Magnetic  Induction  in  Iron  and  other  Metals,    By  Prof.  J.  A.  Ewlng, 

B.Sc,  F.R.S. ,  F.K.S.E.     Price  10a.  ed. 
Practical  Notes  for  Electrical  Students.     By  A.  E.  Kennelly  and  H.  D. 

Wilkinson,  M.I. E.E.     Price  68  6d. 
Electric  Motive  Power.    By  Albion  T.  SneU.    Price  10s.  6d.  nett. 
A  Pocket  Book  of  Electrical  Engineering  Formoln.     By  W.  Oelpel 

ard  11.  M.  Kllgf.ur.     Price  78.  Cd.  nett.  [lOs.Bd. 

Electrical  Testing  for  Telegraph  Engineers-    By  J.  Elton  Young.    Price 
Students'  Guide  to  bnbmarlne  Cable  Testing,     By  B.  K.  0.  Fisher  and 

J.  C.  H.  Darby.     Niw  EdMon.    Price  7a.  ed.  nett. 
Signalling  Across  Space  Wlthont  Wires :  The  Work  of  Herts  and 

His  Successors.    With  new  Chapter  on  Tuning.    By  Dr.  Sir  Oliver  J.  Lodge. 

Pr.ce  6a.  nett.  (F.R.S.     Price  lOs.  6d. 

Tbe  Art  of  Electrolytic  Separation  of  Metals.     By  Dr.  O.  Gore,  LL.D., 
ISlectro-Cbemistry.     l;y  Dr.  iicnrgc  iinre.     Price  is.  17s.  6d 

Tbe  lacandescent  Lamp  and  Its  Manufacture.      By  Gilbert  S.  Ram. 
Beginner's  Manual  of  Submarine  Cable  Testing  and  Working.     By 

ti.  M.  Haines.     Price  Ts.  6d.  nett. 
Carb  *>^  Making  for  all  Electrical  Purposes.  By  Francis  Jehl.  Price  lOs.  ed. 
"  The  Electrician"  Wlreman's  Pocket  Book.    Edit«d  by  F.  C.  Raphael. 

Price  68.  nett. 
"  The  Electrician  "  Handy  Wire  Tables  for  the  Pocket.    By  P.  B.  Down 

Wh.Ei  .  A.M.I.Mech.E.     Price  'la.  M.  nett. 
The  Rating  of  Electric  Lighting,  Electric  Tramway,  and  Similar 

Undertakings,    hy  w.  f;.  ij,,t].I,  MI. E.E.    Price  2s.  6d.  nett.  [78.  6d. 

Drum  Armature  Winding  and  Commutators.      By  F.  M.  Weymouth. 
Primary  Batteries:  tbelr  Construction  and  Manufacture,    By  W.  B. 

Ci-per.     Price  lOs.  td.  nett. 
Secondary   Batteries  :    tbelr  Construction   and  Mannfaotnre.      By 


E.  .1.  Wade 


Prlc 


The  Manufacture  of  Electric  Light  Carbons.    Price  Is.  ed.  (78.  ed. 

Tbe  Localisation  of  Faults  In  Electric  Light  Cables.  By  F.  0.  Raphael. 

The  Steam-Engine  Indicator  and  Indicator  Diagrams.  Edited  by 
W.  W.  BeaJniont,  .M.I.CE.,  .V.I.  .M.E.,  Ac.     Price  68.  nett. 

The  Electric  Arc.    B>  Mrs.  Ayrt<in,  M.I.E.E.    Price  IJs.  6d. 

Tramway  Tractive  Effort  and  Power  Diagram.  By  Arnold  Q.  Hansard 
B..'..  , A.M. I. E.E.     Price  4fl.  6d.  net;  InT^be.Oa. 

The  British  Post  Office  Telephone  S  «  rvloe.  EnUr,j,i  Edition.  Fully  Illus- 
trated.    Pri.e  3s.  6d.  nett 

International  Telegraph  Convention  and  Service  Regulations 
iLondon  Revision.  19031.     i'rice  6s.  nett.     (Lisbon  Revision,  1908). 

Boiler  Feed  Water.     Hj-  I'.  \\  .  An.ur.on.     .V...<  Heaaij.     Plr  e  6,.  nett. 

Frelimlnaryi  Wireless  Telegraph  Conlerenoe  (Berlin,  1903),  Pro- 
ceedings at.    Price  8s.  6cl.  nett. 

International  Wireless  Telegraph  Convention  and  Service  Regu- 
lations (Berlin,  1900.    Witliconiiik-te  report  of  Proceedings.  Price  3l8.  uott. 

The  Classification  of  Alternate  Current  Motors.  By  V.  A.  A.  Fynn, 
»i.I.p;.E.     Price  3h.  nett. 

Electric  Railways :  Tbelr  Construction  and  MEUiagement.    By  Philip 

Dawson.     .V  .,;«  Waihi. 
Electric  Cmnes  and  Hoists.    By  H.  H.  Broiighton.    In  Pr-paraHon. 
Practical  Ti^iephony.    By  W.  Aitlcen,  .M.I  E.B.     in  Preparation. 
Alternating  Current  Motors.     By  Dr.  Kudolf  JoldHcijmidt.    N<arly  R>:ad;i. 
Electric  Mains  and  Distributing  Systems.    By  J.  U.  Dick,  U.!jc,,  iini  V. 

l-Vinie,  A..M-I1J-I.  C.E.     In  J'rr,^nrali(in. 
The  Sbot-Flrcr'B  Guide:  A  practical  Manual  on  BlaHting  and  the  Prevention 

of  Blaiiing  AccidcuUf  in  Mine.-i,  t^uarrie.s,  ilc.    by  W.  Maurice.   A'tarly  Heady, 


The  Rates  for  SubscriptioDi  to  "Thb  Elkctkician"  are  as  tinder  :— 

YBAE.  HALF-YHAa.       QOARTER.  ]    p^j,  j^^ 


payable 
In  advance. 


nmtwl  Kingdom  26a.  Od.    _     lis.  M.       _    7b.  Od. 

Canada 288.  3d.     ...     lis.  6d.       ...     7b.  6d. 

PoiUl  Union    ...  SOe.  Od.     _     Ma.  Od.       _     8s.  Od. 

(This  charge  IncladM  all  Sipplemeat*.) 

Hew  Potum<s  of'Tm  ElmCTHCIAH"  commtnce  in  April  and  Ocltitr, 

Voli  I.  to  LI II.  can  now  bs  iopplltd.    Frio*  on  applloatlon, 


'©^e  gfccfrtctan. 

The  Oldest  Electrieal  Journal  (estnbli^^hed  iis  a  toceklij  Jnunial,  1867—1878). 
Published  every  Friday,  Price  Sixpence  ;   Post  Free,  Sixpence-Halfpenny. 

Editorial,  Publishing  and  Printing  Offices, 
1  y  2  &3y  SALISBURY  COURT,  FLEET  ST.,  LONDON 

(Osi.v  Aiiimicss.) 
Telephone:  Holborn  949.   Telegrams  :  Electrician  Newspaper  Londok. 

All  Letters  relating  to  Sub/ieriplions,  Advertisements  and  other  business 
matters  to  be  addre.'tsed  rublisher,  "  TuE  Electrician."  Salisbury- 
roiirt.  Flect-st.,  London.  Cheques  and  P.O.s  to  be  crossed  "  Coxitis  <£■  Co." 

AH  Editorial  communications  to  be  addressed  to  Thk  Editor.  Letters 
for  insertion  in  "  The  Electrician,"  or  containing  questions,  to  be 
aeeitmimnied  by  name  and  address  0/  the  trriler  as  evidence  oj  good  faith. 
Xo  notice  is  taken  of  nnonytnoiis  enniimniieations. 

"  The  Electrician  "  offers  exci  plionnl  adrantaijes  to  Advertisers.  It  has 
by  far  the  largest  circulation  of  any  English  Electrical  paper  and 
circulates  all  over  the  World.     This  statement  is  guaranteed. 

Adi\rli.<<cmenl  Hales.  <ie..  jnnearded  on  applieation  to  the  PublisUr. 

Tr.^pe  Advertisements  inlmded  fur  the  current  issue,  mv.st  reach  the 
Office  at  latest  by  Wednesday  evening's  post.  Jteneivals  of  expiring 
Advertisements  and  alterations  to  standing  Advertisements  l>y  first  post 
Wednesday.     Wrapper  Advertisements  by  first  post  Wednesday. 

Contracts  and  other  Offici.al  Announcements,  Auctions.  Appoint- 
ments Vacant  and  Wanted,  and  all  hinds  of  Sm.\ll  Advertise- 
ments accepted  up  to  3:30  P.M.  Thursday. 

"THE   ELECTRICIAN"   INDUSTRIAL   SUPPLEMENT. 

With  "  The  Electrician  "  for  Sept.  14,  190G,  was  i.s.sued  the  first  of  a 
.scries  of  "  Industrial  Supplements,"  to  be  published  from  time  to  time 
with  "The  Electrician."  The  thirty-seventh  issue  of  the  Supplement  Has 
published  (Grati.s)  with  the  1 1st  number  of  "  The  Electrician." 

The"  IndustrialSuiti.ement"  is  a  comprehensive  record  of  dovelop- 
ments  in  Electrical  Plant,  Machinery,  Apparatus,  Accessories,  iSundries 
and  Materials,  and  of  their  proved  suitability  for  various  Industrial 
purposes. 

The  "  Industrial  StJprLEMENT  "  is  holed  for  Cling  or  hanging,  and 
filmg  covers  can  be  supplied  for  holding  0  or  12  issues. 


BLBOTRICITY  SUPPLY  TABLBS  AND  DATA. 

This  Valuable  Set  of  Tables  and  Engineering  Data  re- 
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constant  use,  price  8s.  6d.  post  free.  A  complete  Index 
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CHEAP  UNITS. 

The  supply  of  electrical  energy  at  a  cheap  rate,  ami  the 
question  as  to  what  is  a  fail'  b.isi.s  on  which  to  cliarge  the 
various  consumers,  is  a  matter  that  lias  exercised  the  mind 
of  every  supply  engineer.  Last  week  this  problem  received 
the  attention  of  tiie  Incorporated  Jlunicipal  Electrical 
A.ssociation,  the  exponent  in  this  ca^e  being  Councillor  A. 
Sinclair,  whose  attention  was  drawn  to  the  subject  by  the 
effect  produced  on  the  station  costs  at  Swansea,  when  several 
huge  power  consumers  temporarily  stopped  their  demand. 
The  result  of  this  cessation  was  that  the  daily  load  factor 
drojjpeil  from  559  per  cent,  to  4-lo  per  cent.,  and  Mr.  Sin- 
cL.Mii  was  much  surprised  at  the  small  cost  of  producing  the 
lost  units — namely,  less  than  jd.  per  unit,  excluding  capital 
eh  urges. 

Tliis  etl'cct  is,  of  course,  well  known  to  engineers.  No  one, 
however,  would  suggest  that  these  power  consumers  should 
have  their  supply  at  Jd.  per  unit,  and  Mr.  SiNCi-Aiu  him- 
self advances  the  sound  view  that  all  consumers  should 
bear  a  fair  proportion  of  tiie  costs  incidental  to  the  genera- 
tion of  the  whole  output.  Tiie  difficulty  is  to  decide  what 
is  fair.  In  order  to  solve  this  question  tiie  author  divides 
consumers  into  various  classes,  but  whether  this  is  a 
desirable  method  is  doubtful.  .Some  very  clear  definitions 
become  necessary,  and  it  is  often  difficult  to  say  where  one 
class  ends  and  another  begins.  Wliat,  for  example,  is  a 
small  power  consumer,  and  what  is  a  large  power  con- 
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sumer  ?  Where  does  the  one  merge  into  the  other  '.     Also, 
is  there  any  reason   why  the   smaller   power   consumer 
should  not  be  as  valuable  as  the  larger  one,  or,  possibly, 
f  more  valuable  under  certain  conditions  ? 

From  the  Paper,  of  which  we  give  an  abstract  elsewhere, 
it  is  not  clear  on  what  basis  the  prices  are  determined. 
Presumably  they  are  based  on  certain  load  factors,  on 
certain  maximum  deuiands  and  running  costs.  Diversity 
factor,  however,  seems  to  have  received  no  attention, 
although  this  has  an  important  bearing  on  some  of  the 
'  charges  entering  into  the  question.  Except  in  so  far  as 
I  classification  enables  tlie  smaller  consumer  to  be  dealt 
with  easily,  there  is  nothing  to  be  said  in  favour  of  this 
'  course  in  preference  to  the  more  exact  method  of  a  fixed 
charge  per  annum  per  kilowatt  of  maximum  demand  and  a 
low  price  per  unit.  This  meets  all  ordinary  cases  of  power 
user  without  classification,  but  again  diversity  factor  should 
be  taken  into  account  if  tlie  lowest  possible  prices  nre  to  be 
quoted.  The  only  objection  is  the  tacit  assumption  that  all 
maximum  demands  occur  at  an  equally  inconvenient  time, 
and  thus  have  the  same  value  from  the  cost  point  of  view. 
Tlieoretically  this  is  not  so,  but,  generally  speaking,  except 
ill  special  cases,  it  may,  perhaps,  be  admitted  that  there  is  not 
much  to  choose  between  the  times  of  maximum  demand  in 
any  one  class. 

In  many  stations  the  lighting  peak  load  occupies  an  im- 
portant position,  but  it  is  not  so  important  in  stations  with 
a  considerable  power  development,  and  is  likely  to  become 
less  and  less  so  in  a  few  years.  Tiie  time  of  the  power 
consumers'  maximum  load  is  therefore  not  necessarily 
very  iuiportant.  Xevertheless,  special  cases  will  always 
arise  and  must  be  taken  on  their  merits.  Obviously  a  con- 
sumer with  a  maximum  demand  occurring  between  mid- 
night and  6  a.m.  should  receive  preferential  treatment,  but 
should,  nevertheless,  contribute  something  towards  capital 
charges.  Again,  it  may  happen  that  a  large  consumer,  as 
mentioned  by  Mr.  Sinclair,  may  render  necessary  the 
laying  down  of  special  cables  at  a  heavy  cost.  In  such  a 
case  it  would,  no  doubt,  be  prudent  to  include  something 
in  the  price  per  unit  to  cover  the  cost  of  tliese  cables  and 
the  risk  of  the  consumer  giving  up  his  demand. 

It  sometimes  happens  that  new  plant  is  required  in  order 
to  deal  with  the  demand  of  new  large  power  consumers,  and 
in  such  cases  this  plant  may  be  a  good  deal  more  efficient 
than  that  hitherto  available.     Besides  higher  efficiency  the 
capital  cost  per  kilowatt,  if  in  large  units,  may  be  less,  and 
the  question  arises  whether  only  new  consumers  should 
benefit  by  these  improved  conditions,  or  whether  all  con- 
sumers  should   benefit  alike.     It  seems  somewhat   hard 
that  the  old  consumer  who  has  supported  the  undertaking 
in  the  past  should  not  benefit  by  any  improved  conditions 
as  the  undertaking  grows  larger.     On  the  other  hand,  it 
may  be  that  large  new  consumers  will  not  be  obtained 
unless  the  prices  quoted  are  as  fovourable  as  possible.    We 
do  not  think,  however,  that  any  hard  and  fast  line  can  be 
adopted,  for  it  is  really  a  question  of  expediency,  and  many 
of  these  questions  must  be  viewed  in  that  light.      It  is 
geuerally  a  matter  of  practical  politics,  and  the  Jupply 
engineer  must  steer  such  a  course  as   to  give  the  best 
general  results  rather  than  to  aim  at  au  ideal  which  may 
be  impracticable. 


REVIEWS. 


Copies  of  the  andermentioned  works  can  be  had  from  Tht  EltarUian  OOIm,  poit  free, 
on  receipt  of  publiihed  price,  adding  SJ.  (or  booica  pabliBhed  nnder  3b.  Add  10  per 
cent,  for  abroad  or  for  foreign  books.) 


A   Handbook   of  Wireless  Telegraphy,     By  .James   Erskixe- 

Mi-RRAY.     2nd   edition.      (London:    (Jrosby,    Lockwood   &   Son.) 
Pp.  xvi.— 370.     10s.  6d.  net. 

Tlic  first  edition  of  this  work  appeared  in  1907,  and  was 
reviewed  in  tliese  cohmiiis  on  Oct.  4,  1907.  The  call  for  a 
second  edition  iu  le.ss  than  two  years  after  the  puhHcation 
of  the  first  shows  that  there  is  a  considerable  demand  for  a 
book  of  this  type,  and  no  doubt  this  demand  wifi  urow  rapidly 
in  the  near  future,  when  i-eguiar  courses  in  wirele.s,s  telegraphy 
have  been  established  at  the  principal  technical  schools  and 
colleges  throughout  the  country. 

This  new  edition  is  practically  the  first  edition  together  with 
.50  or  60  pages  of  new  matter  dealing  chiefly  with  recent  de- 
velopments, such  as  methods  for  generating  continuous  oscilla- 
tions by  means  of  the  arc  and  Marconi's  disc  discharges  ; 
Bellini  and  Tosi's  system  of  directive  telegraphy  :  and  the 
contributions  of  Zeneck  and  Hack  to  the  theory  of  transmbsion 
of  electromagnetic  waves  over  the  surface  of  the  earth. 

One  feature  of  the  book,  which  was  referred  to  in  the  first 
review,  is  the  large  number  of  long  extracts  from  original 
Papers.  We  notice  that  one  of  the  longest  has  been  very  con- 
siderably cut  down  in  the  present  edition,  and  we  think  that 
many  of  the  others  might,  without  disadvantage,  be  treated 
in  a  similar  manner,  their  length  being  quite  out  of  proportion 
to  their  importance.  On  the  whole,  the  book  is  well  up  to  date, 
and  may  be  recommended  to  those  who  desire  to  take  a  general 
survey  of  the  subject  in  a  minimum  of  time. 

Vectors  and  Vector  Diagrams,  Applied  to  the  Alternating- 
Current  Circuit.  By  W.  CKAMi^and  ( '.  F.  Smith.  (London: 
Longmans.  Green  &  Co. )     Pp.  xvi.— 247.     7s.6d.net. 

Students  of  alternating-current  phenomena  who  use  the 
Steinmetz  symbolic  notation  will  have  realised  its  short- 
comings when  questions  concerning  power  in  a  circuit  have  to 
l)e  considered  :  the  power  pulsates  with  double  the  frequency 
of  the  E.M.F.s  and  currents.  This  implies  that  although  an 
E.M.F.  and  its  corresponding  current  may  be  represented  by 
Cj-l-yc.,  and  c^  +  jc^  respectively,  where  /=\/— 1,  the  real  part 
of  the  product  of  these  is  to  be  taken  for  power  calculation  as 
Cjfj  +  c.,e,j,  not  c,c^  — CjCj,  as  it  would  naturally  be.  since  /-=  —  1  : 
this  is  necessary  since  the  lagging  components  of  E.M.F.  and 
current  together  give  a  real  positive  power. 

This  book  has  been  designed  to  obviate  this  difficulty  by  a 
slight  modification  of  the  notation  :  the  symbol  ;  is  restricted 
to  represent  the  operation  of  turning  a  complete  vector  through 
90  deg.,  whilst  the  two  components  of  any  vector  parallel  to 
and  at  right  angles  to  the  datum  line  are  distinguished  by 
suffixes  ;  for  example,  the  vector  which  in  the  Steinmetz 
notation  is  Ci  +  je.j,  becomes  e^'+e,".  Thus,  '  signifies  "units 
of  length  parallel  to  the  datum  line  "  and  "  ""  units  of  length 
perpendicular  to  the  datum  line."  By  this  means  a  positive 
product  will  be  obtained  from  two  vectors,  such  as  r"  and  c", 
each  at  right  angles  to  datum,  and  thus  this  modified  method 
seems  to  have  distinct  advantages.  But  it  is  not  in  this 
respect  alone  that  the  book  will  appeal  to  readers  of  Stein- 
metz's  work.  Since  the  publication  of  the  latter,  great  im- 
provements have  been  made  in  single-phase  commutator 
motors,  and  the  different  types  of  these  are  carefully  con- 
sidered in  a  ■'  readable  "  way,  which  is  clear  and  not  (juite  so 
terse  as  some  of  the  theories  published  elsewhere. 

But  the  gems  of  the  book  are  to  be  found  in  the  last  two 
chapters,  which  occupy  one-third  of  the  whole  volume  ;  these 
deal  with  locus  diagrams  and  their  applications.  The  best 
known  of  these  is  the  Heyland  circle  diagram  for  induction 
motors,  and  it  will  come  as  a  surprise  to  many  to  find  how 
many  and  varied  are  the  applications  of  this  type  of  diagram 
— in  fact,  exception  might  possibly  be  taken  to  the  fact  that 
some  of  the  problems  on  complicated  circuits  containing 
resistances  and  reactances  have  little  more  than  academic 
interest.     But  such  criticism  cannot  be  levelled  at  the  prac- 
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tiial  illustrations  •liven  of  such  circuits,  iniluilini;  such  pro- 
blems as  the  production  of  a  true  (|uadrature  ffux  in  induction 
type  meters,  whilst  the  Heyland  dia<rrani  has  been  elaborated 
to  show  the  effect  of  change  of  mairnetisin^  current  with  load. 
Besides  this,  an  interestinj;  Heyland  diaiirani  has  been  evolved 
for  tlie  siiijjle-phase  induction  motor,  so  often  despised  by 
writers  of  electrical  books.  Tlir  diaiirani  uiveu  is  a  modified 
form  of  one  due  to  Heubaili. 

With  rei.'ard  to  criticism  of  tlu'  book  itself,  it  is  to  be  noticed 
that  ancles  of  laj;  are  reckoned  couMter-clockwise,  following 
some  foreign  writei's,  instead  of  in  the  more  usual  clockwise 
direction.  One  could  wish  that  some  arrangement  could  be 
made  for  uniformity  in  this  respect  ;  one  also  regrets  that  the 
luiiform  .system  of  notation  proposed  by  the  International 
Congress  has  not  been  adopted.  Another,  and  possibly  a  move 
serious  defect,  is  that  no  distinction  is  made  between  E.M.F. 
and  r.I)..  and  teachers  know  to  their  cost  how  important  it  is 
that  this  distinction  shall  be  impressed  on  students  of  elec- 
tricity if  dear  ideas  are  to  be  formed.  A  further  but  small 
defect  is  the  use  of  the  term  '"  induction  "  in  the  loose  sense 
of  the  total  flu.x,  instead  of  restricting  it  to  the  more  usual  sense 
of  ■■  flu.x  per  sipiare  centinu'tre."  Hut  on  the  whole  the  book 
shows  that  it  has  been  well  thought  out,  and,  above  all,  written 
bv  practical  men  ;  such  books  are  onlv  too  rare. 

F.  J.  Dykes. 
Whittaker's  Arithmetic  of  Electrical  Eagineering.    (London  : 

Wliiitafier  &  Col  I'p.  Vf. -159.  Is.  net. 
This  little  book  should  prove  useful  to  those  who  are  con- 
stantly wishing  to  set  arithmetical  examples  for  their  students. 
It  deals  with  the  usual  subjects  in  which  such  examples  occur, 
and  is  divided  into  fourteen  short  chapters,  starting  with  units 
of  length  and  masi.  and  ending  with  generators  and  motors. 
Each  chapter  deals  with  its  subject  simply  with  certain 
example'?,  and  is  then  followed  by  a  scries  of  questions  taken 
fre(]uently  from  examination  papers,  such  as  those  of  the  Citv 
and  Guilds,  to  which  the  answers  are  given  at  the  end  of  the 
book.  In  certain  parts  wc  think  the  author  is  inclined  to  rely 
too  much  on  formuliC.  It  is  better  for  the  student  as  a  rule  not 
to  leirn  a  formula,  but  to  know  how  to  get  at  his  results.  We 
notic-.'  that  the  definition  of  the  ohm  is  somewhat  old,  that  the 
watt  is  defined  as  a  volt-ampere,  and  that  a  certain  quantity  of 
gas  gives  so  many  candles  ])er  hour.  There  are  also  one  or  two 
minor  misprints,  but,  generally  speaking,  the  book  is  correct, 
and  will,  no  doubt,  serve  a  useful  purpose. 


INCORPORATED  MUNICIPAL  ELECTRICAL 
ASSOCIATION. 

FOURTEENTH   ANNUAL   CONVENTION. 

[Concluded  from  page  4'l.'>.) 

In  our  last  issue  we  gave  an  account  of  the  proceeJings  at 
tbc  Convention  up  to  Thursday  evening,  June  24th,  including 
a  l)rief  n'stim^  of  the  discussion  on  the  two  Pajiers  then  read. 
It  was  unfortunate  that  owing  to  the  shortness  of  the  time 
available,  the  Paper  by  Mr.  E.  Lunn,  on  "  Notes  on  Condensing 
and  Water-Cooling  Plant.=,"  an  abstract  of  which  is  given  on 
]).  l.")S  of  this  issue,  did  not  receive  the  attention  it  ilcserved 
and  wouhl  otherwise  have  received  at  the  hands  of  the  members. 
In  this  connection,  however,  wc  moy  add  to  the  remarks  of 
i\Ir.  I.  V.  Morison,  given  on  p.  434  of  our  last  issue,  some 
remarks  made  by  him  in  reference  to  Mr.  Lunn's  Paper. 

.Mr.  MoKlsoN  Siiid,  in  rci^ard  to  tlic  Kt;itoincnt  liy  tlic  author  that  in  thf 
ordinary  condenser  there  was  a  difTerencc  in  tcjniKTatiiro  of  1.5  dig.,  that 
this  wa«  not  re)>rcKontativc  of  the  latest  type  of  siirfaee  ronden.ser.s.  If  a 
condenser  were  desi^rncd  so  that  th<Te  was  a  jiradual  increase  in  the  rich- 
ness of  the  air  mixture  and  an  efficient  air  |>um|>,  and  the  surface  con- 
denser ade(|iintc,  there  was  no  reason  whal<'vcr  why  tlic  ditlerencc  in 
lem]>erature  should  exceed  from  5  dep;.  to  8  det;.  In  some  expenments  by 
Prof.  Weiphton  this  had  been  minimised  and  brought  down  to  I  deg.  In 
regard  to  cooling  towers,  he  had  lately  been  strucU  with  the  clumsiness  of 
admission  and  distribution  of  water  in  cooling  t<iwer.-..  His  firm  had  made 
h:indreds  of  sprayers  during  the  last  twelve  month:,  with  the  object  of 
getting  at  the  secret  of  the  divisiou  or  atoroisation  of  water,  and  he 
showed  a  i.holograph  illustrating  the  sitccess  they  had  obtained  in  this 
direction. 

Mr.  Lunn's  reply  was  held  over  for  publication  iii  the  "  Proceedings." 


On  Friday  morning  the  delegates  and  members  assembled  in 
the  large  lecture  hall  of  the  Municipal  School  of  Technology, 
Manchester,  for  the  annual  general  meeting.  The  first 
business  on  the  agenda  was  the  election  of  ofiicers  and  cotnicil 
for  1009-10.  ^Ir.  W.  W.  Lackie,  of  Glasgow,  was  unanimously 
elected  president,  and  it  was  decided  tha^.  the  next 
year's  Convention  should  be  held  in  Glasgow.  Mr.  J.  Christie 
(Brighton)  was  elected  senior  vice-president  and  Mr.  G. 
W'ilkin.'on  (Harrogate)  junior  vice  president.  Tnc  hon.  solicitor 
(Aid.  (i.  Pearson),  the  lion,  treasurer  (.Mr.  J.  Iv  Edgcomc) 
and  the  hon.  sccrctaiy  (.Mr.  II.  Faraday  Proctor)  were  re- 
elected, appreciative  references  l)ciug  made  to  their  valuable 
seivices  to  the  x\ssociation  in  the  past. 

Of  the  seven  retiring  members  of  the  cotincil  (four  engi- 
neers and  three  chairmen  of  committees)  the  following  wore 
re-elected  :  ]\Ir.  F.  M.  Long  (Norwich),  Mr.  C.  E.  C.  Shawfield 
(Wolverhampton),  Mr.  T.  I*.  Wilmshiirst  (Derby),  Councillor 
Sinclair  (Swansea)  and  Aid.  J.  P.  Smith  IJarrow-iQ-Furness). 
Mr.  Clias.  Furness  (Blackpool)  and  Bailie  Willock  (Glasgow) 
were  elected  to  fill  the  other  two  vacancies  on  the  council. 
The  remaining  members  of  the  ccuneil,  whose  term  of  oflico 
has  not  yet  expired,  are:  Messrs.  A.  A.  Cramb  (Croydon), 
A.A.Day  (Bolton),  Councillor  Howar;h  (Manchester),  V.A.H. 
McCowen  (Salford),  II  Kichardson  (Dundecl,  Aid.  C.  West 
(Coventry)  and  Aid.  Wilkinson  (Luton). 

The  annual  report  was  then  taken  us  road,  and  wa?  followed 
by  a  long  and  interesting  discussion.  An  abstract  of  this 
report  is  as  follows  :  — 

In  their-  report  the  Council  mtnlion  that  the  nicnibership  of  the 
Association  now  stands  at  390.  made  up  as  follows :  Committees 
1()7,  chief  electrical  engineers  17(>,  honorary  members  '^.  chief  assis- 
tants 8,  assistants  3(3.  tlie  total  showing  an  ini'iea.so  of  three  on  last 
year's  total.  RIi-.  J.  V.  C.  Sncll,  a  past  president,  has,  at  the  unani- 
mous request  of  the  Council,  accepted  honorary  membership  of  the 
Association. 

Ri^ference  is  next  made  to  the  Electrical  Exhibitions  last  year,  to 
the  forthcoming  revision  of  the  Institution  wiring  rules,  and  to  the 
Electric  Lighting  Acts  (Amendment)  Bill. 

F/nriiiri<d  Orrjanimlion  and  Admini.-ilnitiiin. — The  Coiujeil  l-.as 
b;'in  cnaHircd  in  conjiinctinn  w  itli  tlie  Municipal  Tramways  Assecia- 
tiun  in  considering  the  action  which  is  being  taken  by  the  Institute 
of  Municipal  Treasurers  and  Accountants  (Ineorjioralcd),  and  a 
Dcpartmrnta!  Committee  in  relation  to  the  accounts  of  local  autho- 
rities. Serious  attention  is  directed  to  the  proiKisals  *  which  are 
being  made.  The  Itcgulaliuns  have  ajiparently  been  drawn  up 
without  consultalion  with  the  heads  of  any  municipal  trading 
d' -partments.  It  is  evident  that  some  accountants  at  any  rate  are 
ctulcavouring  to  get  supreme  control  of  all  work  carried  out  by  local 
authorities.  Needless  to  say,  this  would  he  most  disastrous,  more 
esi)ecially  to  all  the  groat  trading  departments  carried  on  by  muni- 
cipalities, such  as  docks,  water,  tramways,  electricity  supply,  gaa 
undertakers,  &e..  &e.,  where  it  is  essential  that  fyr  the  proper  and 
ecotininical  working  of  the  department,  the  same  slu'uld  be  self- 
e<intained  and  each  under  one  head. 

The  Departnienta!  committee  issued  its  report  after  receiving 
evi<irnee  from  2f>  witnesses,  including  a  few  (iovcmmcnt  officers, 
the  remainder  being  almost  entirely  afe'ccuntants  and  auditors ; 
the  witnesses  did  not  include  a  single  engineer  manager  of  any  trading 
de|)arlraent.  It  is,  therefore,  imperative  that  pressure  sliould  be 
broiiijht  to  bear,  so  that  this  matter  may  not  be  settled  until  such 
repnsi  iitativcs  of  the  munieii)al  trading  dcpartnunts  have  h."d  an 
opportunity  of  expressing  their  opinions,  and  the  same  have  been 
fully  considered. 

Inrome  Tax  and  I)rprrciuli<jn.—'Y\\i:  Cc.imcil  has  had  its  atlentii.n 
drawn  to  the  fact  lliat  the  Initilute  cf  Municipal  Treasun  rs  and 
.\riijunlants  has  ajjproached  the  Chief  Inspector  of  Ta.xes  and  ll'e 
Board  of  Inland  Revenue  with  a  view  to  getting  .standard  rates  of 
allowances  for  wear  and  tear.  The  Council  feel  that  in  (lucslions  of 
wear  and  tear  of  machinery  and  otlier  works,  tlu  technical  manage  is 
should  be  eonsulUd.  and  it  has.  therefore,  taken  u))  the  matter  with 
the  above  named  institution,  which,  however,  in  this  matter  also  l;a:i 
api>arenlly  cndeav<iurcd  t.>  evade  eo-opcration,  although  the  mattds 
dealt  witii  arc  essentially  questions  involving  engineering  exptri- 
enee.  At  an  interview  which  the  hon.  secretary  had  witli  the 
Superintending  Inr.peetor  of  T;ixes.  the  latter  stated  that  the  matltr 
had  gone  too  far  to  be  reopened,  but  with  this  the  Council  eanuot 
agree,  and  it  is  incumbent  on  every  municipality  to  apjieal  against 
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the  i)ro|)()salH  a.s  at  present  (Iraftfd.  and  where  puspihle  to  withhold 
the  payment  of  income  tax  until  the  matter  is  arranged  upon  a 
satisfactory  basis.  The  following  are  some  extracts  from  tlie  agreed 
terms  to  which  exception  are  taken  : — 

CabliS. — In  addition  to  re|)airs,  allowance  for  depreciation  shall  be 
granted  at  the  rate  of  3  per  cent,  per  annum  on  the  vritten  down  value. 

Plant  and  Marhivir;/. — On  all  other  plant  exclusive  of  loose  tools, 
meters  and  oPiee  fiirnitiirc  depreciation  sha'.l  be  allowed  at  the  rate  of 
5  per  cent,  per  annum  on  llw  writt-in  down  ralue  in  addition  to  the  cost  of 
repairs. 

Conduits.  Meters.  Loose  Tools  and  Office  Furniture. — No  allowance 
shall  be  made  for  depreciation,  but  annual  expenditure  on  repairs  and 
rencwaU  shall  be  charged  as  working  expenses  as  and  when  incurred. 

It  was  explained  to  the  hon.  secretary  that  when  renewals  take 
place,  worn  out  or  obsolete  plant  being  displaced  by  new  material, 
the  outstanding  {i.e.,  WTitten  down)  value  of  the  old  plant  would  be 
allowed  as  a  deduction  for  the  purpose  of  income  tax  assessment ; 
this,  however,  is  not  made  clear  in  the  proof  handed  to  the  hon. 
secretary  by  the  Inspector  and  the  wording  of  the  above  extracts 
would,  in  the  ab.sencc  of  other  matter,  imply  otherwise.  Even  if 
the  text  be  altered  so  that  this  deduction  is  allowed,  it  results  in  the 
postponement  of  the  allowances  until  plant  is  worn  out,  and  this  is 
perpetuated  as  regards  all  expenditure  except  that  on  "  Tramway 
Track '"  relative  to  which  the  Tramways  Association  have  had  some 
say. 

A  table  in  the  Report  of  the  Council  shows  that  the  two  Govern- 
ment departments  go  to  extremes,  the  one  department  allowing  for 
the  life  of  a  cable  being  five  times  as  great  as  that  allowed  by  the 
other  department.  The  extremes  in  each  case  operating  to  the  dis- 
advantage of  the  municipalities. 

Reference  is  next  made  in  the  Report  to  the  Home  Office  Regu- 
lations for  the  generation,  transmission  and  use  of  electrical  energy 
in  factories  and  workshops. 

Honorary  Treasurer's  Report. — A  surplus  of  £42.  4s.  9d.  is  shown 
for  the  year,  and  a  total  surplus  of  £391.  8s.  lOd.,  of  w  Inch  £269. 6s.  Id. 
is  on  deposit,  as  compared  with  last  year's  amounts  of  £39.  4s.  lOd., 
£340.  4s.  Id.  and  £266.  4s.  3d.  respectively. 

Travelling  Studentship. — The  Council  has  again  to  express  its 
regret  at  the  lack  of  interest  shown  by  the  Associates  in  regard  to 
the  scholarship  of  £10  offered  annually  for  the  best  Paper  on  some 
approved  subject.  This  jrear  two  entries  were  received,  one  of 
which  was  not  completed,  and  only  one  Paper  was  received,  viz.. 
that  of  Mr.  E.  Lunn,  on  "  Condensing  and  Water  Cooling  Plants.  " 
This  Paper  received  the  prize  and  was  read  at  the  Convention.* 

DISCUSSION. 

Mr.  H.  Faradav  PROcroR  (Bristol),  the  hon.  secretary,  said  there  were 
two  or  three  points  in  connection  with  the  Klectric  Lighting  Acts  (Amend- 
ment) Bill  to  which  he  would  like  to  call  attention.  There  were  many 
clausos  in  the  bill  which  would  be  of  great  benefit  to  suppliers  of  elec- 
tricity, both  companies  and  local  authorities  ;  but  at  any  rate  to  local 
authorities.  They  had  taken  steps  to  protect  the  various  undertakings 
from  encroachments  by  companies  who  might  come  and  threaten  the 
areas  and  make  thing.s  uncomfortable  in  regard  to  arranging  t.irlfls,  and 
they  had  adopted  the  wording  of  the  clause  d''awn  u))  by  Edinburgh  in 
connection  with  the  non-statutory  power  company  that  was  goin^  to 
encroach  upon  the  area  of  Edinburgh  and  other  luidertakings.  They 
were  taking  active  steps  to  get  the  Select  Committee  to  insert  this  clau.se. 
The  cowncil  would  like  to  have  a  general  expression  of  opinion  from  the 
meeting  in  regard  to  the  hiring  clause.  There  v.'as  one  thing  which  would 
have  attention.  Thelatter  part  of  the  clause  pro\ided  that  '  .iny  fittings, 
Ac,  let  out  on  hire  by  local  authorities  shall  not  be  subject  to  distress 
or  landlords  remedy  for  rent,  &c.,"  but  did  not  giv?  protection  ai;ainst 
a  mortgagee.  Representations  had  been  made  to  the  Local  Covernnunt 
Board  and  the  Board  of  Trade.  The  Local  fioverninent  Board  anpioveil, 
ami  had  themselves  approached  the  Board  of  Trade,  who  had  siL'u.licd 
their  approval.  They,  therefore,  might  feel  happy  on  this  point.  Another 
matter  was  the  amendment  proposed  by  Lord  Avebuiy  to  clause  ;,">.  The 
clause  as  originally  drafted  and  put  forward  by  the  Bond  of  Trade  w;\s 
to  allow  local  authorities  to  provide  and  let  apparatus,  &e.,  for  hire  uul 
to  do  free  wiring;  but  Lord  Avebury  hid  got  an  amendment  thnnigli 
the  House  of  Lords  to  the  effect  that  local  authorities  might  clo  th.it  work 
thivuigh  a  contractor,  but  uot  otherwise.  They  should  endeavour  to  get 
this  amendment  thrown  out.  A  great  many  of  them  would  not  larrv 
out  the  woik  themselves,  but  would  fmploy  a  coutiaetor.  If  they  were 
tied  to  the  contractors,  however,  th"y  would  have  to  pay  the  confriu- 
tors'  terms,  and  might  not  get  the  work  done  in  their  own  way.  He 
thought  the  Association  shouhl  endeavour  to  get  this  clause  passed  in  its 
original  form,  and  without  the  restriction  proposed  by  l,(U'd  Ave'iiiiy. 
If  they  failed  in  that,  the  iiiiestion  for  the  meeting  to  decide  was  whether 
the  hiring  clause  should  be  struck  out  altogether,  or  be  accepted  in  its 
Amended  form,  or  the  whole  bill  be  saorifieed. 

Mr.  A.  C.  Ckamii  (Croydon)  stated  that  he  did  not  believe  in  supply 
authorities  running  hiring  departments.  The  interests  of  the  public 
(should  not  be  sacrificed  to  two  or  three  contractors  in  every  town. 


'  An  abstract  appears  on  p.  4o><  of  this  issue. 


.Mr.  O.  VVil.Kl.NsoN  (Hanogalr')said  half  a  loaf  was  letter  tlian  no  bread, 
and  there  was  a  fair  chance  of  getting  a  modification.  f.)ther  ciauso!  in 
the  bill  were  well  worth^having.  One  was  the  stand-by  clause,  which  would 
be  of  great  benefit  to  s<jmc  of  the  smaller  undeitakmgs,  which  were  suffer- 
ing great  injustice  at  the  present  time. 

Aid.  Bruce  (Sunderland)  hoped  they  would  stand  by  the  origimi  clause 
15.  Sunderland  were  rcfusetl  the  original  clause  and  were  offered  a 
clause  similar  to  liord  Avebury's  amendmeut,  which  was  of  uo  use  to  them. 

Mr.  C.  E.  C.  Shawfiei.d  (Wolveihampton)  saiil  it  seemed  to  him  that 
Lord  Avebury's  amendment  would  prevent  undertaking*  fixing  their  own 
meters  or  cutouts  on  consumers  premises  without  calling  in  the  aid  of 
contractors.  He  would  rather  see  the  clause  cut  out  entirely  than 
accept  the  amendment. 

Mr.  E.  E.  HoADI.rv  (Maidstone)  said  Ihey  should  try  to  get  the  ei.TUse 
in  its  original  form,  but,  failing  that.  Lord  Avebury's  amendment  should 
be  accepted.  Many  of  them,  even  if  they  had  jjowers  to  do  the  wiring, 
proposed  to  do  the  work  through  contractors. 

Several  other  members  sup|iorted  .Mr.  Hoadley's  view. 

Mr.  J.  E.  EdccomI'.  (Kingston  oii-Thames)  said  contraetoi's  did  work 
to  his  speci-Heation.  The  Association  wanted  to  promote  a  kind  of 
wiring  which  would  be  as  che»p  as  po'sible  consistent  with  good  work. 
An  opportunity  should  not  be  given  to  the  wiring  contractors  to  form  a 
ring  and  dictate  prices. 

Aid.  Pearson  remarked  that  in  Bristol  there  were  a  good  number 
of  contractors,  and  the  Corporation  were  content  to  leave  the  busi- 
ness with  them.  The  clause  was  not  in  the  oriaiual  bUI,  and  formed 
no  part  of  the  discussion  when  talking  the  matter  over  with  the  Bourd 
of  Trade,  and  inasmuch  as  it  had  beeu  put  in  by  the  Board  of  Trade,  he 
did  not  think  it  likely  that  the  Board  wouhl  sit  down  under  the  amend- 
ment, but  would  themselves  make  an  effort  to  get  the  elause  put  right. 
They  should  not  saciifice  the  bill  if  thej'  could  not  get  this  clause,  as  there 
were  many  %aluable  things  in  it.  They  should  endeavour  to  get  ihc  bill 
before  a  committee,  when  they  would  ha\e  an  opportunity  of  being  heard 
on  the  el.uise.  Clause  5  (now  clause  0)  was  extremely  useful  to  many 
undertakings,  as  it  gave  persons  having  power  to  supply  in  a  municipal 
area  the  risht,  with  a  letter  of  consent  from  the  Board  of  Trade,  to  go 
outside  their  area,  with,  of  course,  the  consent  of  the  adjoining  area  into 
which  they  went.  In  the  application  to  the  Board  of  Trade,  the  precise 
area  they  wished  to  get  into  had  to  be  stated,  the  streets,  &c.,  being  set 
out.  Persons  having  the  right  to  supply,  but  not  giving  supply,  would 
be  heard,  and  if  supply  was  not  given  within  a  reasonable  time  the  letter 
of  consent  would  be  given  to  the  applicant  by  the  Board  of  Trade. 

After  some  further  discussioD,  a  resolution,  proposed  by  Mr. 
H.  Faraday  Proctor,  that,  "  In  the  event  of  its  being  impos- 
sible to  get  clause  1.5  (now  clause  IG)  passed  in  its  original 
form,  this  clause  only  be,  if  possible,  struck  out  of  the  bill ; 
but,  failing  that,  the  bill  be  accepted  in  its  present  form 
with  Lord  Avebury's  amendment,"  was  eventually  passed.  In 
answer  to  quc-tions,  Aid.  Pearson  said  that  this  general  bill 
would  not  override  private  bills  owned  by  municipalities. 

The  proposals  of  the  Institute  of  Municipal  Treasurers  and 
Accountants  were  also  discussed,  and  Mr.  Faraday  Proctor 
read  abstracts  from  reports  of  the  Institute,  sliowing  that  the 
sub-committee  were  acting  under  the  instructions  of  the  general 
body  of  members,  and  that  the  matter  was  not  dead,  but  would 
be  further  considered  by  the  Institute  in  October.  Several 
other  members  took  part  in  the  discussion,  the  feeling  of  the 
meeting  being  that  the  undertakings  should  be  subject  to 
chartered  accountants  engaged  by  the  Corporations. 

After  the  report  and  balance  sheet  of  the  Association  had 
been  adopted,  Mr.  F.  Ayton  (Ipswich)  mentioned  that  it  would 
be  an  advantage  if,  instead  of  long  Papers  being  read  on  the 
occasions  of  the  Conventions,  a  list  of  subjects  for  discussion 
could  be  got  together  by  the  council,  and  the  members  be 
invited  to  speak  tliereon.  The  President  replied  that  if  Mr. 
Ayton  would  elaborate  his  proposal  and  communicate  it  to  the 
council  it  would  have  their  fullest  attention.  The  meeting 
concluded  with  votes  of  thanks  to  the  retiring  president,  the 
honorary  officials,  the  Manchester  Kducation  Committee  (for 
allowing  the  Association  the  use  of  the  lecture  hall  in  the 
School  of  Technology),  the  Corporations  of  Manchester  and 
Salford,  and  to  the  various  manufacturers  who  had  given 
facilities  to  the  members  to  inspect  their  works.  The  members 
then  adjourned  to  the  Midland  Hotel  for  luncheon. 

In  the  afternoon  special  cars  were  provided  to  enable  mem- 
bers of  the  Association  to  visit  the  Salford  electricity  works  at 
Frederick-road,  Pendleton.  A  number,  however,  took  the 
opportunity  of  inspecting  the  generating  station  of  the  Lanca- 
Bhire  Electric  Power  Co.,  at  RadclifTe,  this  visit  being  an  alter- 
native to  that  to  the  Salford  works.  These  visits  brought  the 
otticial  programme  to  a  conclusion,  but  doubtless  many  mem- 
bers remained  in  the  neighboiuhood  over  the  week-end,  in 
view  of  the  many  places  of  interest  within  ea.sy  reach  of 
Manchester. 


474 


THE  ELECTRICIAN,  JULY  2,  1909. 


THE  FARADAY  SOCIETY. 


At  the  mcoting  held  on  Tuesday.  .June  l.ith.  at  the  In.stitiition  of 
Elcctrieal  Engineers,  Dr.  \.  T.  M.  Wilsmore  in  the  ehair,  an  address 
was  delivered  by  -Mr.  I-^.  R.  Taylor,  ehairman  of  the  Conservation 
committcf  of  the  Amerieiin  Electrochcmieal  Society,  on 
"The  National  and  International  Conservation  of  Water  for  Power." 
Tne  aiiiliui-  li:  L'an  h\  iHiintini;  out  tlial  tin-  watit-puwir  capacity  of 
the  United  States  with  proper  conservation  i^  nof  less  tlian 
150,fH)(».(VHt  II. p..  without  considering!  the  storage  capacity  of  brotiks. 
The  annua!  stream  flow  iu  the  same  country  is7<>  million  million  cubic 
ft.,  of  which  less  than  1  percent,  is  restrained  and  utilisLtl  for  municipal 
supply  and  such  purposes,  less  than  H  i)er  cent,  is  used  for  irrigation. 
5  per  cent,  for  navigation,  and  less  than  .')  jjcr  cent,  for  the  production 
of  ])ower.  From  85  to  95  per  cent,  is  wasted  in  floods.  This  illus- 
trates the  kind  of  waste  that  is  going  on  all  over  the  world,  and  typical 
examples  of  such  wasted  resources  were  described  and  illustrated 
by  the  author,  who  strongly  advocates  the  impounding  of  tiond 
waters  in  tlie  uplands,  with  its  aeeom])anying  afforestation  of  the 
hills,  and  the  simultaneous  conservation  of  soiuces  of  power,  which 
are  vast  in  the  aggregate  and  which  at  jiresent  are  almost  entirely 
uncontrolled  and  untapped.  Many  instances  were  given  of  the 
advantages  that  have  accrued  from  the  jjrojjcr  utilisation  of  this 
waste  water,  both  on  small  farms  from  the  impounding  of  a  mere 
brook  to  the  damming  of  great  rivers,  and  the  consequent  enrichment 
of  vast  tracks  of  country.  The  electrochemical  industries  in  par- 
ticular would  benefit  by  the  creation  of  cheap  and  abundant  sources 
of  power,  on  which  their  very  existence  depends.  The  lecturer 
strongly  urged  tlie  necessity  for  this  problem  ijcing  considered  in- 
ternationally by  all  the  civilised  peoi)!es  of  the  wt)rld.  .V  beginning 
will  be  made  in  1910,  when  an  international  conference  will  be  lifkl 
at  the  Hague, 

Ifr.  Walter  Rkid  pointed  out  that  the  conservation  of  water-power 
over  large  areas  might  be  very  difficult  of  accomplishment  in  England 
where  the  value  of  land  was  so  high,  and  where  there  was  a  large  number 
of  cities  very  close  together.  Moreover,  the  question  of  scenery,  which 
was  a  national  i)ossession,  had  fre(iuently  to  be  taken  into  consideration. 
'the  Government  had,  however,  recently  promised,  through  the  President 
of  the  Local  (Jovernment  Board,  to  take  action  with  regard  to  the  con- 
servation of  .ill  Uritish  rivers,  ea"h  of  which  was  to  be  placed  under  the 
control  of  one  central  authority. 

5Ir.  W.  M.  ^loRKisox  showed  how  nothing  but  good  had  follov.'ed 
the  development  of  the  power  schemes  at  Foyers  and  Loch  fjcvcn,  now 
the  centres  of  a  flourishing  industry  and  ))opulation.  There  v/ere  many 
such  j)ossible  centres  of  power,  especially  in  Scotland.  Water-power 
was  one  of  the  most  formidable  weapons  with  whiclv  a  nation  had  to  tight 
the  modern  war  of  industry. 

Dr.  H.  BoRNS  emphasised  the  importance  of  bringing  home  to  the 
nation  the  value  of  the  small  water-power. 

The  CHA1R5IAN  remarked  on  the  way  in  which  the  land  was  entirely 
utilised  in  Germany,  where  20  per  cent,  of  the  land  was  forest,  and  no 
)>art,  so  far  as  he  knew,  was  given  over  to  waste. 

The  following  Papers  were  then  communicated  :  "  The  Formation 
of  Silicon  Sulphide  in  the  Dcsulphurisation  of  Iron,"  by  Mr.  W. 
Fielding  ;  "  A  Contribution  to  the  Study  of  Electric  Furnaces  as 
applied  to  the  Manufacture  of  Iron  and  Steel."  by  M.  Chas.  A.  Keller  ; 
and  "  Automatically  Circulating  Furnaces  of  the  Gin  type  for  the 
Electrical  Production  of  Steel,"  by  51.  Gustavc  Gin.  Elsewhere 
in  the  present  issue  will  be  found  an  abstract  of  the  Paper  by  M. 
Keller,  and  we  propose  to  give  an  abstract  of  the  Paper  by  M.  Gin 
in  a  future  issue. 


CORRESPONDENCE. 

♦ 

M.WIMUM  POWER  INDICATOltS. 

TO  THE  EDITOR  01'"  THE  ELISCTIUCIAN. 

Silt :  Wc  beg  to  draw  your  attention  to  a  sentence  occufiing 
in  TiiK  EbKcnnci.VN  for  .June  2.")th  on  p.  125,  in  the  descrip- 
tion of  Messrs.  Elliott  Bros,  maximum  power  indicator  in  the 
article  entitled  "  Electric  Power  Supply  and  TarilTs." 

Itisasscited  that  "hitlierto  tlie  iiistriimciitj  used  for  this 
purpose  (/.'.,  measuring  the  maximum  number  of  kilowatts 
taken)  have  only  registered  the  maximum  current  taken, 
which  in  the  case  of  alternatitig-current  circuits  in  particular 
gives  no  indication  of  the  actual  power  demanded."  "We  con- 
sider tliat  this  sentence  is  calculated  to  give  the  reader  an 
entirely  wrong  impression  of  the  true  state  of  progress  as  re- 
gards the  accurate  measurement  of  the  maximum  demand  of 
power  circuits  at  the  present  time.  For  some  years  past,  we 
have  been  manufacturing  the  demand  indicator  attachment 


invcutod  by  Mr.  j\Ierz  which  exactly  fulfils  the  conditions 
mentioned  in  the  article  referred  to. 

No  doubt  the  new  instninient  >.'hich  ^Messrs.  Elliott  Bros, 
are  })laeing  on  the  market  will  do  the  same  thing  as  the  Merz 
demand  indicator  has  been  doing  for  sonic  time,  but  to  say 
that  ('//  instnuneuts  iiitherto  used  for  this  purpose  have  only 
registered  the  maximum  ciirrcut  taken  is  entirely  incorrect, 
since  the  Merz  demand  indicator  does  actually  give  the  best 
possible  indication  of  the  actual  yw/rn-  demanded. 

AVe  thin'.,,  therefore,  that  your  readers,  if  unaccjuaiiited  with 
the  Merz  demand  indicator,  would  naturally  conclude  from 
the  article  referred  to,  that  Messrs.  Elliott  Bros,'  new  instru- 
ment is  the  only  instrument  on  the  market  suitable  for  this 
purj)Ose,  and  we  consider  that  in  cotumon  fairness  the  facts  we 
have  pointed  out  above  should  be  brought  to  their  notice, — 
We  are,  &c., 

Brighton,  June  2G,  Tiiio  Kkasun  Mi'ci.  Co.  (Ltd.) 

DIFFERENTIAL  BALLISTIC  METHODS  OF 
MEASURING  HYSTERESIS  LOSSES. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir  :  It  is  easy  to  undcr.stand  Mr.  Wild's  feeling  that  t'ne 
large  diflferences  in  the  results  obtained  with  straight  as  against 
ring  test-pieces  are  attributable  to  a  mistake  of  some  kind 
having  been  made.  I  do  not,  however,  think  that,  as  he  sug- 
gests, an  error  ha.s  been  committed  in  the  "specific  loss" 
method  by  taking  H  proportional  to  tho  magnetising  current. 
In  this  method,  when  applied  to  straight  test-pieces,  the  true 
magnetising  force,  say,  at  the  centre  of  the  specimen,  is  eqtial 
to  the  difference  bstween  the  applied  magnetising  force  H„  due 
to  the  coil  alone  and  the  demagoetising  force  H,,  due  to  the 
ends.  From  this  it  follows  that  the  are.\  of  a  true  or  undis- 
torted  hysteresis  loop  is  equal  to  the  dilTercnee  between  the 
area  of  a  distorted  or  H„-B  looj)  and  the  area  of  a  H,,-B 
loop.  Now  the  area  of  a  H,rB  loop  is  zero,  since  for 
short  bundles,  such  as  those  used  in  the  experiments,  H,; 
is  proportional  to  B.  Hence  the  area  of  a  H„-B  loop  is 
equal  to  that  of  a  true  hjsteiesis  loop,  and  it  is,  there- 
fore, <(uitc  justifiable  to  plot  B  agaiu.st  the  magnetising 
force  due  to  the  coil  alone.  Of  the  proportionality  between 
H,,  and  B,  upon  which  the  possibility  of  the  "  specific  loss" 
method  rests,  I  have  assured  myself  l)y  direct  measurement  of 
H„  and  B  (The  Electrician,  November  6,  1908,  p.  138),  but 
it  also  follows  from  the  experiments  of  Mr.  J.  L.  W.  Gill 
("Phil.  Mag.,"  Vol.  XLVI.,  p.  488,  November,  1898),  who 
showed  that  for  bundles  with  a  dimension  ratio  (length/ V'^section) 
not  exceeding  30  and  not  saturated  at  the  centre  the  la,v  of 
distribution  of  induction  remains  the  same  at  all  stages  of 
magnetisation. 

I  should  have  been  more  inclined  to  distrust  the  "specific 
loss  "  method  had  it  not  given  identical  results  with  the  "tot.il 
loss  "  method.  In  this  latter  there  can  be  no  question  as  to 
the  accuracy  of  the  loss  measurements,  and  the  only  possibility 
of  error  lies  in  the  determination  of  the  equivalent  uniform 
induction  to  whicli  the  loss  is  referred.  As  a  rule,  in  our 
cxi)erinients  the  equivalent  uniform  induction  was  determined 
by  mea-uring  the  actual  induction  at  the  centre  of  the  bundle 
and  then  multipl}ing  this  by  0-7.'i  ;  but  in  several  experiments 
the  mean  actual  induction  was  measured  (by  means  of  a  coil 
distributed  over  the  whole  length  of  the  bundle)  and  midtiplicd 
by  1-03.  The  agreement  was  satisfactory.  The  reduction 
factors  075  and  1-03  were,  it  is  true,  arrived  at  b3'  an  applica- 
tion of  Steinmetz's  1  -G  law ;  but,  as  I  have  already  pointed  out 
(The  ICi.ECTRiciAN,  January  1.5,  190'.»,  p.  550),  these  factors 
are  only  slightly  afl'ected  by  variations  in  Steinmetz's  exponent. 
An  increase  in  the  exponent  from  1-G  to  2,  for  instance,  only 
increases  these  factors  by  24  jier  cent.  From  a  fairly  wide 
ex[)ericncc  of  these  methods  of  deducing  the  equivalent  induc- 
tion I  have  every  rea?on  for  placing  entire  confidence  in  them. 

One  point  in  the  original  Paper  1  may  take  this  opportunity 
of  explaining.  On  p.  341  it  is  stated  that  an  alternating-cur- 
lent  (vvattmeter)  method  .uave  the  same  results  with  bundles 
as  with  rings.  It  should  have  been  added  that  the  wattmeter 
results  were  the  same  a?  the  ring  ballistic. — I  am,  &c., 

Manchester  University,  June  28.  Koueut  Bea'itie. 


THE  ELECTRICIAN,  JULY  2,   1909. 


475 


THE  INSTITUTION  AND  OTHER  SOCIETIES. 

The  Institution  of  Electrical  Engineers. — The  animal  con 
versazione  of  this  institution  was  held  at  tlie  Natural  History 
Museum,  Soutli  Kensington,  en  Weilnesday  evening  hut.  The 
President,  Mr.  W.  M.  Mordey,  and  his  daughter.  Mis.  E. 
Heiirici,  welcomed  a  largo  and  reprcfontative  gathering. 
Amongst  those  present  were  Sir  W.  Preece,  K  (I.E.,  Sir  John 
Gavey,  C.B.,  Sir  Charles  Owen,  Col.  Sir  T.  ETolditch,  Prof. 
Silvanus  Thompson,  Dr.  W.  C.  Unwin,  Dr.  G.  Kapp,  Mr. 
R.  K.  Gray,  Mr.  F.  Hill,  INFajor  W.  A.  J.  O'Meara,  Col.  R.  E. 
Crorapton,  C.B.,  and  most  of  the  officers  of  the  I'ilectrical  Engi- 
neers (London  Division).  The  occasion  was  somewhat  unique, 
owing  to  the  fact  that  the  latter  appeared  in  uniform  and  were 
presented  to  the  President. 

University  College  (University  of  London). — An  assembly 
of  the  College  Faculties  was  held  on  Wednesday  afternoon  last 
at  University  College,  Gowcr  street,  under  the  presidency  of 
Lord  Avebuiy,  at  which  the  names  of  the  successful  students 
in  the  various  departments  were  announced. 

In  an  exhaustive  report  on  the  work  of  the  Session  1908  'J 
the  Dean  of  the  Faculty  of  Science  (Prof.  F.  T.  Trouton) 
referred  to  the  progress  made  in  the  various  departments  and 
touched  on  some  of  the  changes  contemplated  for  the  next 
Session.  He  also  stated  that  the  development  of  the  College 
laboratories,  projected  seven  years  ago,  was  proceeding  apace, 
with  the  exception  of  the  new  chemical  laboratories  which  had 
not  yet  been  begun.  In  the  electrical  engineering  depart- 
ment extensive  changes  and  additions  had  been  made  during 
the  past  year  ;  new  experimental  plant  had  been  put  down, 
including  an  ecpiipment  fur  research,  and  instruction  in  wire 
less  telegraph)'.  Prof.  Trouton  further  mentioned  several 
schemes,  by  which  coordination  between  University  Col- 
lege and  King's  College  for  the  teaching  of  higher  and 
specialised  branches  of  engineeiing  had  been  inaugurated.  At 
the  conclusion  of  the  reading  of  the  Report  the  Provost 
announced  the  cames  of  the  winners  of  diplomas  and  medal 
lists,  many  of  whom  vrcrc  prctcnted  to  the  Chairman. 

In  addressing  the  student-.  Lord  Avcbury  said  that  he 
trusted  for  many  years  to  come  they  would  look  back  with 
pleasure  to  that  day.  Ho  would  remind  the  unsuccessful  ones 
that  many  of  our  greatfst  men  had  not  been  those  who  dis- 
tinguished themselves  at  school  or  college.  In  this  connection 
he  might  mention  Sir  Isaac  Newton,  Swift,  Scott,  Cli\'e  and, 
lastly,  his  old  master  and  friend,  Charles  Darwin.  Referiing 
to  the  education  system  of  the  LTniversity  of  London,  he  said 
that  it  was  better  than  the  system  of  many  similar  institutions, 
in  that  the  curriculum  was  a  very  wide  one  and  that  it  was  im- 
possible for  a  student  to  take  a  degree  without  a  knowledge  of 
science  as  could  be  done  elsewhere.  The  true  system  of  educa- 
tion was  first  to  build  a  broad  platform  of  general  knowledge 
and  then. construct  a  gradually  narrowing  pyramid  of  speciali- 
sation upon  it. 

Royal  Society  of  Arts. — A  conversazione  was  held  in  the 
Natural  History  Museum,  South  Kensington,  on  Tuesday 
evening  last,  the  guests  being  received  by  Sir  William  White, 
K.C.B.,  F.R.S.  Many  portions  of  the  museum  were  open  for 
inspection,  and  excellent  entertainment  was  also  provided  by 
the  string  band  of  H.M.  Royal  Engineers,  the  "Red  Band," 
under  the  direction  of  Mr.  Thomas  Batty,  and  an  auxetc- 
gramophone  concert,  under  the  direction  of  the  Gramophone 
Company. 

Institution  of  Mining  Electrical  Engineers. — The  formation 
of  a  branch  of  this  new  Institution  is  projected  in  Scotland, 
and  a  meeting  for  this  purpose  will  take  place  on  Saturday, 
July  3rd,  at  7  p.m.,  at  the  ofliccs  of  the  Institution  of  Engi- 
neers and  Shipbuilders  in  Scotland,  Elmbank-street,  CJlasgow, 
when  local  ofticers  will  be  proposed  and  elected  for  the  Scottish 
districts. 

At  the  meeting  held  on  Saturday  last  at  Newcastle-on-Tyne, 
for  the  purpose  of  forming  a  local  centre  of  this  newly  estab- 
lished Institution,  Mr.  A.  M.  C.  Field,  of  Consett,  presided, 
the  gathering  numbering  about  30.  Mr.  J.  Williams,  the  secre- 
tary of  the  Institution,  gave  an  address  in  which  he  described 
the  inception  and  progress  of  the  Institution,  which  now  has  a 
membership  of  152  (including  28  from  the  Newcastle  district) 


at  12  centres.  It  was  then  agreed  to  form  a  local  centre  ;t 
Newcastle  on  Tyne,  Mr.  H.  J.  Fisher  con.senting  to  act  a-s  hoL. 
secretary  of  the  branch  until  the  general  meeting  of  the  Insti- 
tution in  September  next.  A  committee  was  appointed  to 
carry  out  the  work  of  organising  the  centre,  and  to  approach 
those  interested  in  mining  with  a  view  to  filling  the  positions 
of  president  and  vice-president.  It  was  also  resolved  that  the 
hou.  secretary  notify  the  local  section  of  the  Institution  of 
Electrical  Engineers  that  a  branch  of  the  Institution  of  Mining 
Electrical  Engineers  had  been  formed,  and  that  the  new  soc'ety 
wished  to  work  in  harmony  with  them. 

Iron  and  Steel  Institute— In  accordance  with  previous  an- 
nouncements, the  autumn  meeting  will  be  held  in  London  on 
Monday,  Tuesday,  Wednesday  and  Thursday,  September  27th, 
28th,  29th,  30th,  and  October  1st.  An  influential  reception 
committee  is  in  process  of  formation,  and  armngcments  are  be- 
ing made  for  the  entertainment  of  the  members  taking  part  in 
the  meeting.  The  council  of  the  Institution  of  Civil  Engineeri 
have  placed  their  hall  at  the  disposal  of  the  Institute  for  the 
reading  and  discussion  of  Papers,  and  visits  will  also  be  paid 
to  works  and  places  of  interest  in  and  around  the  metropolis. 
These  visits  will  inchvle  the  Royal  Arsenal,  the  works  of 
Messrs.  Siemens  Bros.,  the  generating  station  of  the  London 
County  Council,  the  works  of  Messrs.  Frascr  &  Chalmers,  the 
Lambeth  potteries  of  Messrs.  Doulton  A  Co.,  the  motor  carriage 
works  of  Messrs.  Napier  &  Son,  the  Royal  Small  Arms  factory 
and  the  National  Physical  Laboratory.  There  will  also  bo 
visits  to  the  Mint,  to  the  halls  of  several  of  the  City  companies, 
and  to  places  of  interest  in  the  city,  and  it  is  hoped  to  arrange 
an  excursion  to  Portsmouth.  On  Thursday  afternoon,  Sep- 
tember 30tb,  the  Lord  Mayor  and  the  Ladv  Mayoress  have 
invited  the  members  and  their  ladies  to  a  reception  at  the 
Mansion  House.  The  evening  entertainments  are  to  consist  of 
a  theatrical  performance  on  one  night  and  a  banquet  and 
musical  entertainment  on  another  night. 

Electrical  Association  of  Victoria. — At  the  annual  meeting 
of  this  association  at  Melbourne  on  May  7th  the  report  stated 
that  the  Council  note  with  satisfact'oa  that  the  Fire  Under- 
w'-iters'  Associations  of  the  various  States  of  the  Common- 
wfalih  are  continuing  to  adopt  the  wiring  rules  of  the  Institu- 
tion of  Electrical  Engineers  (London),  as  that  brought  about 
uniformity  in  practice.  Votes  of  thanks  were  acenrdeel  to 
the  retiring  president  (Mr.  Noel  Murray',  the  Council  and 
ofticers.  Mr.  II.  R.  Harper  was  elected  president,  and  Messrs. 
A.  II.  Jackson  and  J.  H.  D.  Brcarley  vice-presidents.  Mr. 
Noel  Murray  is  hon.  sec.  (pro  tem.). 


TESTS  ON  CURTIS  TURBINES. 


In  (lur  last  issue  we  gave  a  brie.'  account  of  the  discussion  at  ttie 
l..M.l''..\.  Convention  at  Manchester  in  connection  with  Mr.  Black- 
man's  I^aper  on  "  Steam  Turbines."  it  will  have  been  noticed  that 
^Tr.  J.  I',  (iicgory.  of  the  British  Thomson-Houston  Co..  referred  to 
a  number  of  independent  tes»s  on  Curtis  turbines,  nf  wliieli  we  arc 
now  able  to  give  nartiealars.  In  the  case  of  a  9.0(^0  kw.  turbine. 
manufactureci  by  the  Ceneral  Electric  Co.,  U.S.A.,  and  supplied  to 
the  Chicago  Commonwealth  Edison  Co.,  the  test  fis'iu-cs  were  as 
follows :— 


Load. 

Steam. 

Steam 
^  1"",'"'  ,           con- 

Pressure.          Superheat. 

(30  m.  bar.)      ^^^^^^^^ 

kw. 
5.374 
8.070 
10.1i56 
12,108 
l.%ftOO 

lbs. 
162 
197 
17(i 
182 
198 

deg.  F. 
1,33 
11(> 
147 
148 
140 

lb.  jierkw.-lu- 
29-43                 13  15 
29-.V,                 130 
29-47                 12-9 
29  34                 1305 
29  31                 13(i 

.V  3,(i0()  kw.  turbine,  also  of  the  same  nmnufaotuiT.  required 
1.3-.52  lb.  per  kilowatt-hour  at  a  load  of  5,19.">  kw..  and  13-73  lb.  at 
"II  \\vr  cent.  DverUwd  ;  wliilst  a  -t.OlUtkw.  macliiue  manufaet\ired 
bv  the  A.E.ti..  of  Berlin,  re(|uired  oniv  11-9  lb.  of  steam  pel  kilowatt- 
hi-nr  n(  .i  load  of  1.230  kw..  and  U-7  lb.  at  2.'23f.  kw..  the  sujiorheat 
lieina  275  dec.  the  steam  inessure  l.sOlb.  and  the  vacuum  29-3  in. 
(ban;;Oin,).'  .     ,       . 

The  British  Thomson-Houston  Co.,  who  at  present  have  m  lianel 
25    turbines— all    of    the   impulse    type— aggregating   31.9"X>Uw 
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l>ave  refentlj-  supplied  a  l.'KHi  kw.  machine  whieh  was  tested  by 
I'rof.  Wilson.  i)f  Kind's  Oillo^'e.  London,  and  sliowed  a  steam  con- 
sumption of  15-S  lb.  per  kiUniatt-hoiu-  at  a  load  of  1,(X)4  kw.,  with 
steam  at  10()  lb.  pressure  and  l<Ht'F.  .superheat,  the  vacuum  being 
28-88  in.  (bar.  30  in.),  whilst  a  2..)0()  kw.  machine  of  the  same  manu- 
facture required  IGOOlb.  and  1  SOT  lb.  of  steam  i)er  kilowatt-hour 
at  full  and  half  load  respectively,  with  stcaiu  nt  loO  lb.  and  67' F. 
superheat,  vacuum  i"*'.3  in.  (bar.  oO  m.). 


ELECTROLYTIC  BLEACHING  AND   DISINFECTING 
IN   L&UNDRIBS. 

The  New  Royal  Infirmary  at  .Manehcsler.  to  be  opened  this  montli 
by  His  Majesty  the  King,  will  doubtless  contain  many  examples  of 
the  application  of  electricity  for  industrial  and  medical  purposes. 
Probably  one  of  the  most  interesting  of  such  applications  is  in  the 
laundry,"  where  electrolytic  apparatus  has  been  installed  for  bleach- 
ing and  disinfecting  the  linen,  and  also  for  sterilising  purposes  in  con- 
nection with  bacteriological  experiments. 

The  electrolytic  treatment  of  soiled  linen  is  becoming  almost  uni- 
versal in  German  hospitals,  prisons,  barracks  and  public  institutions, 
but  the  Manchester  Infirmary  is,  we  believe,  the  first  pviblic  institu- 
tion in  this  country  to  adopt  the  electrolytic  treatment,  although 
several  laundries  have  such  apparatus  in  use,  with  apparently  very 
satisfactory  results.  It  is  stated  that  one  of  the  advantages  of  the 
electrolytic  treatment  of  clothes  which  had  great  weight  with  these 
laundries  was  the  possibility  of  reducing  the  mechanical  treatment  of 
delicate  goods,  thus  preventing  many  claims  for  damage. 

The  electrolysers  chosen  by  the  Board  of  Management  of  the  Man- 
chester Infirmary  for  the  laundry  in  that  institution  are  supplied  by 
Messrs.  Ernest  Grcther  &  Co..  of  Manchester,  and  one  of  the  same 
type  is  illustrated  herewith.     This  tyiic.   which  was  patented   by 
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Haa.s  and  Octtel,  has  been  extensively  employed  in  many  countries 
for  the  pa.st  10  years  in  connection  with  bleach  works,  dye  works, 
cleaning  establishments  and  papei-  mills,  as  well  as  in  steam  laundries. 
The  principle  of  the  electroly.ser  for  bleach  is  as  follows  : — 

A  box-shaped  clectrolyser,  sub-divided  by  carbons  into  numerous 
cells,  is  placed  in  a  tank  containing  the  brine  to  be  electrolysed.  The 
cells  have  no  communicatiim  with  each  other,  but  have  openings  at 
the  bottom  and  sides  eomnuuiicaliiig  with  the  tank.  Close  to  the 
top  of  each  cell  is  an  ovoilhuv  |ii|ic  making  ccmimunication  with  the 
liquor  in  the  tank.  The  latter  is  lillcd  with  brine  until  it  is  level  with 
the  overflow  pipe.  On  sending  electric  current  through  the  clectro- 
lyser. the  lif|uid  in  the  cloctroly.ser  elTervcsces  in  a  lively  manner. 
which  causes  it  to  rise  to  a  higher  level  llian  the  l)rinc  outside  :  it 
consc(|Ucntly  flows  over  through  the  overllow  pipes,  and  as  it  flows 
out  at  the  top  there  is  a  corres|ion<ling  inflow,  through  the  holes  at 
the  bottom,  of  cool  brinr'.  which  in  its  turn  rises  and  Hows  over,  thus 
creating  a  circulation.  The  earliest  patd  rii  had  a  lead  plate  for  llii- 
negative  electriKle  ;  all  the  rest  were  made  of  a  preparation  of  earlion. 
The  positive  electrode  consisted  of  two  thick  plates  standing  verti- 
cally ;  all  the  rest  of  the  electrodes  consisted  of  plates  jjin.  thick,  fit- 
ting across  the  apparatus  in  slides.  These  intermediate  electrodes 
did  not  fill  the  entire  distance  from  top  to  bottom  ;  they  rested  upon 


a  non-conducting  sup|>ort.  and  supported  a  similar  non-condueting 
plate  Vvhieh  projected  above  the  .surface  of  the  li(|uid.  This  arrange- 
ment serves  a  double  purpo.se.  The  floor  of  each  chamber  thus  con- 
stituted forms  a  "  dead  "  or  non-conducting  S|)ace.  into  which  dirt  and 
impurities  carried  in  the  li(|Uor  are  deposited  without  causing  short- 
circuiting,  until  the  a))paratus  is  periodically  washed.  Again,  the 
electrodes  are  suspended  in  thi>  liquid  covered  with  a  head  of  liquor. 
Tlie  bublilcs  of  ehlorine  gas  given  off  by  the  electrodes  pass  through 
this  head  of  liquor  and  are  alisorbed  by  it,  witli  the  result  that  there  is 
no  smell  of  chlorine  in  the  room  where  the  apparatus  works,  and  also 
no  loss  of  chlorine. 

In  the  case  of  the  laundry  a|iparatus  the  brine  is  mixed  in  a  tank, 
a  given  weight  of  salt  being  used.  The  solution  is  run  through  the 
clectrolyser  with  the  current  flow  ing.  and  is  ready  foi'  immediate  use. 

The  eleetroly-scr  specially  designed  for  laundries  can  be  connected 
to  electric  supply  mains  and  works  with  a  current  of  12  amiicrcs  at 
110  volt.s.  It  can  supply  in  10  hours  from  110  to  l.'?2  gallons  of 
washing  liquor  having  a  strength  of  210  grains  per  gallon.     For  use, 

70  grains  per  gallon  is  the  ordinary  strength,  so  the  liquor  coming 
from  the  eleetrolyser  must  be  diluted  with  three  times  it.s  bulk  of 
water.  Thus,  a  washing  machine  capable  of  holding  1 12  lb,  clothes 
(dry  weight)  will  take  3J  to  4J  gallons  of  liquor  70  grains  strength, 
('.e..  3  tons  of  clothes  will  require,  say,  220  gallons  of  liquor  70  grains 
strength.  The  smallest  size  of  eleetrolyser  made  for  this  ])urj)o.se  pro- 
duces in  10  hours  COO  litres,  or  1.32  gallons,  of  electrolytic  liquor  of 
3  grammes  per  litre  strength  (210  grains  per  gallon);  this  diluted  to  ono- 
third  its  strength  would  give,  say,  400  gallons  of  electrolytic  liquor  in 
10  hours,  or  220  gallons  in  5J  hours.  The  cost  of  production  would 
be  :  66  lb.  common  salt,  including  carriage  and  sacks.  6d.  ;  current, 

71  B.T.U.  at  Id.  per  unit,  "^d.;  depreciation  of  the  clectrolyser, 
10  per  cent,  (allowing  300  working  days  per  year),  6d,  ;  total  Is.  7.}d. 
for  3  tons  of  clothes.     This  is  equivalent  to  less  than  Jd.  ])cr  cwt. 

As  the  clectrolyser  is  only  constructed  to  take  110  volts,  two 
electrolysers  have  to  be  coupled  in  series  on  220  or  230  volt  circuits. 

For  bleaching  cotton,  linen  and  pajier  the  a])j)aratus  is  .somewhat 
more  extensive  than  in  laundry  work.  Pumjjs  arc  avoided  by  the 
action  of  the  hydrogen,  causing  eflferveseenee  as  mentioned  above. 
For  the  electrolytic  liquor  several  advantages  are  claimed — viz., 
great  effectiveness,  great  and  unvarying  strength,  economy  and 
cleanliness. 


ELECTRICAL  COMMUNICATION  WITHIN  THE 
EMPIRE. 

DEPUTATION  TO  THE  PRIME  MINISTER. 

.\s  iirranged  by  the  Conference,  a  deputation,  consisting  chiefly  of  the 
Standing  committee  of  the  Imperial  Press  Conference,  waited  upon  Mr, 
As(|nitli,  the  Prime  Minister,  on  Wednesday  afternoon,  to  urge  ujion  the 
Impirial  Government  the  subject  of  increased  means  of  electric  com- 
mimication  between  the  different  parts  of  the  Empire  at  reduced  rates, 
and  also  the  subject  of  a  State-owned  system  of  electric  communication. 

The  Hon.  H.  Lawson  (chairman  of  the  Standing  committee)  intro- 
duced the  deputation,  and  submitted  that  it  was  a  Government  question 
to  secure  good  facilities  and  cheap  rates  for  electrical  communication 
between  all  parts  of  the  Emi)ire.  The  complaint  of  the  Imjicrial  Press 
was  that,  owing  to  the  cost  of  cabling,  the  Imperial  news  .service  was 
inadequate  and  lifeless,  and  required  improvement  all  round.  The  feel 
ing  at  the  (lonference  was  that  the  only  effective  method  of  bringing 
about  wliiit  was  desired  by  the  editors  of  tlic  Press  of  the  Empire  was  tlii^ 
establishment,  under  Gcjvcrnmcnt  contripl,  of  cheap  elt-clrical  coiiimnnica- 
tion.  They  had  recently  reccivcil  notification  of  tlic  reiliictinn  of  the 
rate  over  the  I'acific  cable,  bill  tliis  rather  acccntiiateil  llie  anomalies 
and  inecpialitici  of  the  ))resciit  system,  inasmuch  as  only  New  Zealand 
and  Austra.lia  would  benefit,  wlicreiis  for  India,  South  Africa  and  other 
parts  of  Ihc  Empire  the  rate  for  Press  messages  would  remain  as  before. 
The  deputation  were  anxious  nut  to  i)rejudge  the  iss\ie  as  between  wire- 
less and  cable  comnumication.  Mr.  Marconi  had  stated  before  the 
Conference  and  Ijcfoi'c  the  Standing  committee  that  he  could  now  trans- 
mit messages  across  the  .Vtlantic  al  'J\d.  per  word,  and  he  hoped  by  the 
end  of  August  to  bi-  able  to  send  at  2(1.  per  word  as  nuuiy  as  20,000  words 
))er  day.  With  reference  to  the  claim  of  the  ncwspajier  Press  for  re- 
duced rates  as  comiiared  with  onlinary  commeiiial  rates,  it  should  be 
pointed  out  that  the  Press  weie  unable  to  send  their  messages  in  cypher^ 
or  to  take  advaiita^e  of  the  elaborate  coding  facilities  which  were  avail- 
able to  the  commercial  and  social  worlds. 

Mr.  F.  D.  Ross  (Canada)  said  one  reason  why  there  should  be  State 
intervention  was  tli.it  llicrc  existed  a  combination  amongst  the  cable 
companies  for  wlial  they  (liic  I'lvss)  liclicved  to  lie  nnjustly  maintaining 
the  rates.  The  ap.'iirnc'nl  used  at  tlu-  ( 'oiif<T(iii(^  lliat  State  i-oninumica- 
tion  across  the-  .\tlantic  would  mifairly  reduce  the  rati-s  of  the  companies 
niiglit  be  met  liy  the  expression  of  the  view  (hat  the  Press  representa- 
tives did  nut  wisli  the  (lovernment  to  run  the  State  line  at  a  loss,  but  on 
a  eommereial  basis  and  to  pay. 

Mr.  .1.  O.  Faiki-ax  (Aiistra'lla)  said  llial  in  tlic  Commonweallh  Parlia- 
mentary news,  ministerial  statements  and  so  forth  were  carried  over  the 
telegraph  lines  at  reduced  rates,  and  he  suggested  a  similar  reduced  rate 
for  similar  English  news  when  sent  to  oversea  dominions.  , 
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Mr.  Fenwhk  (New  Zcalaml)  said  liis  coimtry  favoured  an  Imi)eiiiil 
,,ll.rnmul-lhc-«iiilil  i  ililr  Sliitc-owncd.  In  New  Zealand,  he  said,  the 
iiKire  iin|)"itai](  I'.ii  li.iiiHiil;iry  news  waa  telegraphed  free  of  charge  to 
llie  variniis  ncws|Ki|.ii ,  in  llu'  country. 

Other  speiikers  liaviiiir  lu'cii  lieard. 

The  Pkime  MiNisTKit  cnihissciI  general  sympathy  with  the  objects 
of  the  deputation.  He  said  llie  olfcr  which  ha<l  been  made  by  the  Pacific 
Calile  Board  had  been  made  with  the  full  concurrence  of  the  Imperial 
(liiMinment.  Assuming  that  the  Governments  of  New  Zealand  and 
Australia  aciiuiesce  in  the  proposals.  Press  traffic  would  pass  between 
this  cuimtry  and  Australasia  for  9d.  and  9Jd.  a  word  instead  of  Is.,  a 
substantial  reduction.  But  they  must  all  sympathise  with  the  other 
iiarts  i]f  the  Empire  which  could  not  participate  in  the  reduction.  With 
regard  to  the  arrangcnionts  with  Canada,  they  had  been,  at  the  request  of 
Mr.  Lemieux.  postponed  for  the  present.  Mr.  Asquith  continued  : 
As  regards  the  cable  companies — I  am  speaking  now  of  those  existing — 
the  means  of  action  at  the  disposal  of  the  Imperial  (iovemment  are  very 
limited.  But  this  inlluencc  will  be  used  as  far  as  may  be  in  the  reduction 
of  rates.  One  r>f  the  speakers  referred  to  combinations  between  the 
companies,  which,  like  other  combinations  in  other  departments  of  life, 
do  not  have  the  etfect.  as  a  rule,  of  cheapening  the  cost  of  the  jiarticular 
commodity  in  which  they  happen  to  he  interested.  One  must  recognise, 
however,  in  fairness  to  the  <-aliIe  icniiianics,  that  they  have  provided  a 
world-wide  system  of  enormous  vain.-  lo  l)ic  world  at  large,  and  that  of 
recent  years  they  have  very  sulistaut  Lilly  reduced  their  rates.  But  they 
are  commercial  bodies,  acting  on  commercial  principles,  and  possibly — 
I  throw  it  out  for  your  consideration — the  most  powerful  argument  repre- 
sentatives of  the  Press  can  use  in  favour  of  lower  rates  for  their  messages 
along  these  cables  would  be  the  assurance  of  a  largely  increased  traffic, 
which  I  am  assuming  it  would  possibly  be  in  yoiu'  power  to  give.  I  was 
glad  to  hear  from  gentlemen  who  addressed  us — what,  indeed,  we  had 
already  gathered  from  the  resolutions  passed  at  the  Conference — two 
things  :  First,  that  you  think  an  Imperial  line — I  use  the  word  line  in  a 
perfectly  neutral  sense — if  it  is  to  be  brought  into  operation,  should  be 
self-supporting  (hear,  hear).  I  take  note  of  that,  because  I  think  it  is  a 
very  important  declaration  on  the  part  of  rejiresentatives  of  the  Press, 
and  it  is  one  to  which,  I  need  not  assure  you,  his  Majesty's  Government 
are  prepared  to  subscribe.  The  other  is  that  you  have  carefully  for- 
borne, in  the  language  of  your  resolutions,  and  in  the  speeches  that  have 
been  addressed  to  us  here  to-day,  any  expression  of  any  preference  for 
any  of  the  different  modes  of  communication.  I  refer  in  particidar  to 
the  two  possible  competing  modes — cal)les  on  the  one  hand  and  wireless 
on  the  other.  You  leave  us  a  perfectly  free  hand  in  the  matter  (cheers). 
I  am  glad  that  tliat  is  so,  l)ccause  the  development  of  wireless  telegraphy 
is  a  matter  that  our  ranuot  leave  out  of  .sight ;  but  it  may  be  premature 
at  this  moment  to  plan'  our  reliance  upon  it  as  the  only  means  of  com- 
inimication  between  tlie  ditFcrent  parts  of  the  Empire.  Mr.  Marconi,  I 
am  told  by  the  Postmaster-General,  has  not  yet  applied  for  the  facilities 
which  the  Post  Office  is  bound  to  give  when  he  can  show  that  he  can  carry 
1)11  a  service  across  the  Atlantic  with  reasonable  facility  and  speed.  He 
has  said  that  he.  hopes  to  do  this  in  August.  When  he  has  done  so  we 
shall  be  perfectly  ready  to  consider  further  developments.  In  the  mean- 
time, I  can  assure  ymi  that  in  our  view  wireless  telegraphy  ought  to  be 
taken  into  account  in  considering  the  question  of  communication,  ns  a 
very  important  factor,  and  especially  in  connection  with  the  discussion 
of  the  question  of  laying  fresh  State-owned  cables,  and  it  has  also  to  be 
borne  in  mind  that  the  progress  of  invention  in  other  ways  may  con- 
siderably alter  the  carrying  capacity  of  cables,  and  so  somewhat  change 
the  |)ositi(m.  Your  Conference,  if  I  may  venture  to  say  so,  has  very 
wisely  appointed  a  [Standing  committee  to  deal  with  the  matter.  The 
Post  Office  and  other  Government  departments  concerned  vnW  be  anxious 
to  is^ist  and  keep  themselves  in  touch  «ith  this  committee  by  informa- 
tion and  intercommunication,  and  m  ;'ll  other  wavs  that  may  be  prac- 
ticable. 
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British  Westinghoiise  Electric  &  Mfg.  Co.  v.  Braulik. 

On  the  resumption  of  this  case  before  Mr.  .lusticc  .loyce  last  week  Mr. 
James  Swmburne  was  cross-examined  by  Mr.  BoustieUl. 

.Mr.  BousFiELD  :   Now.  as  regards  the  general  principle  of  the  plaint  itfs' 
up.     Of  course  it  was  well  known  that  what  lie  calls  two  feeds. 


lui 


which  is  irreversible  and  feeds  the  carbon  always  forward,  and  the  other 
reversible — that  is  to  say,  it  can  move  backwards  and  forwards  a  little 
to  give  liner  adjustment.  That,  of  course,  was  quit*  old  before  the  date 
of  the  plaintiffs'  patent,  was  it  not  ? — Witness  :  I  am  not  sure.  I  do 
not  remember  it. 

I  mean  it  was  a  well-known  requisite  in  lanijis,  was  it  not.  that  you 
should  have  not  merely  a  nnighfced  carbon  which  was  irrevei-sible.  but 
that  you  should  also  have  the  arc  struck  in  such  a  way  that  there  should 
be  a  certain  variation  of  the  jioints  to  or  from  one  another  to  accommo- 
date itself  '! — Yes,  that  was  quite  well  known. 

Now  I  will  come  to  what  was  old  long  ago.  There  were  many  lamps 
in  which  there  was  the  additicm  of  a  rough  feed  which  gradually  lirouglit 
the  carbons  together  as  they  burnt — a  retractihle  motion  after  the  arc 
struck,  or  which  struck  the  are,  which  was  capable  of  a  backward  and 
forward  variation  so  as  to  increase  or  diminish  the  length  of  the  arc 
quite  apart  from  the  irreversible  feed  t — Yes,  that  was  almost  universal. 

The  learned  counsel  then  referred  witness  to  a  Paper  by  Prof.  S.  P. 


'Hionipson,  published  in  .March,  1HH9,*  and  also  an  illustration  of  tlio 
Broekie-Pell  lamp.  This,  said  counsel,  is  not  an  anticipation.  It  is 
simply  the  prmci])le  of  the  thing.  The  feed  is  a  gravity  feed,  is  it  not  t 
— Yes. 

There  is  a  series  magnet  in  this,  so  that  as  that  feeds  down  the  current 
gets  stronger  and  the  magnet  is  more  energised  and  therefore  pulls  with 
a  greater  pull  ? — Yes. 

The  backward  movement  must  lift  them  aiiart ': — Yes. 

.Su]iposing  they  burnt  to  a  greater  length  before  you  got  the  irrever- 
sible feed  of  the  carbon  this  gripping  movement  allows  the  jicncil  slowly 
to  approach  '/ — Yes. 

And  also  if  from  any  reason  it  should  want  to  adjust  itself  then  this 
gives  ])owcr  of  adjustment  ? — Yes. 

That  is  precisely  what  the  patentee  had  tried  t<i  introduce  in  this 
s])ecification  to  these  inclined  carbon  lamps  '! — No. 

Why  not  ? — Because  in  the  mechanism  you  have  shown  the  adjust- 
ment of  the  arc  is  down  by  the  movement  of  the  carbon  in  the  same 
direction  as  the  ))laintiffs',  and  therefore  the  mechanism  wliieh  is  to 
adjust  the  arc  has  practically  to  work  a  feed  mechanism.  According  to 
the  i)atent  the  adjustment  is  done  by  movement  at  right  angles  to  the 
direction  of  the  feed,  and  it  involves  therefore  only  moving  a  very  small 
body. 

If  you  take  plaintiffs'  apparatus  and  tirinL'  these  carbons  into  line  you- 
might  have  the  irrcvrisililc  f.  .d  ni.l  tin  ailjn-ting  feed  in  the  same  line  ? 
— I  do  not  think  you  i  ould  uiihunt  il<  |miIiii^'  from  his  invention. 

Counsel  then  took  witness  to  Graliam  s  sjiccilication.  but  the  witness 
said  the  method  of  attachment  was  different  from  plaintiffs'  but  was  like 
defendant's,  there  being  a  separate  coil  for  each  carbon.  In  defendant's 
there  were  two  chains,  one  chain  going  into  each  carbon  holder.  There 
were  two  independent  chains  which  went  round  the  drum  and  jammed 
down  the  counterbalance  weight.  There  was  a  separate  chain  to  each 
electrode.     In  Graham  there  was  a  separate  chain  to  each  carbon. 

Were  there  not  scores  of  lamps  in  which  the  governing  armature  of  the 
magnet  for  the  striking  gear  was  in  equihbrium  between  the  force  of  the 
magnet  coil  and  the  force  of  the  spring  ? — Yes. 

What  would  a  skilled  lamp  maker  in  KMX)  have  undei-stood  from 
Bremer's  specification  of  1902  ? — He  would  have  found  a  lamji  which 
stnick  the  arc  by  means  of  a  magnet,  fed  when  the  current  fell  below  a 
certain  definite  value,  and  nothing  more.  Graham's  device  could  not 
have  been  made  to  act  in  the  same  way  as  Bremer's.  The  whole  differ- 
ence really  between  (Iraham  and  Bremer  was  as  to  whether  the  armature 
or  coil  of  the  solenoid  «as  in  equilibrium  or  whether  it  moved. 

If,  in  fact,  in  (oahani  the  lever  was  floating  in  the.se  positions  you  do 
not  see  any  substantial  difference  between  that  and  Bremer? — Yes, 
whether  amended  or  unamended. 

Witness  was  referred  to  the  specifications  of  Serrm,  Brush,  Ci-ompton, 
thanime,  Siemens,  Joel,  Thomson-Houston,  Abdanck,  Maxim  and 
Brockie  all  before  1882.  He  admitted  that  in  all  of  these  there  was  an 
armature  acted  (m  by  an  electromagnet  in  such  a  way  that  the  arma- 
ture floated  and  did  not  stick. 

If  it  did  float  it  would  far  more  satisfactorily  fulfil  the  jnirposes 
described  on  page  1  about  obviating  the  inconvenience  arising  from 
irregularity  ? — Yes.  it  would  be  a  better  lamp  in  every  Wiiy. 

Referred  to  Sheridan's  United  States  patent,  witness  said  that  there 
the  carbons  were  allowed  to  feed  by  means  of  cords  through  drums.  The 
drums  there  were  of  different  sizes  in  order  to  compensate  for  the  different 
rates  of  feed  of  the  carbons,  and  there  was  also  an  arrangement  of  series 
coil  and  shunt  coil  arranged  differentially  so  that  they  were  opposite 
one  another.  When  that  was  done  the  core  was  necessarily  a  floating  core. 

The  purpose  of  it  was  to  have  this  floating  iu  position  ? — Yes.  It 
was  not  only  to  arrange  the  feed  but  also  to  allow  a  pull  back.  As  to 
Crosby,  witness  said  that  limg  before  the  date  of  plaintiffs'  patent  there 
were  plenty  of  arrangements  of  the  Broekie-Pell  type  in  which  the 
striking  of  the  are  was  affected  by  mechanism  which  contnJled  the  main 
feed — practically  all  commercial  lamps  had  been  made  that  way  since 
1880  or  thereabouts  until  lately. 

What  I  want  to  put  to  you  is  whether  it  required  any  invention  to 
apply  that  to  the  known  "type  of  lamps  with  inclined  carbons  and  a, 
striking  mechanism  which  ojierated  horizontally  (m  these  carbons  ? — 
I  think  it  did.  I  tliink  there  is  invention  in  it.  The  arc  striking  was 
known  but  not  the  regulating. 

Surely  if  you  told  any  workman  to  control  the  feed  mechanism  by  the 
striking  mechanism  wiiieh  would  allow  the  swinging  bcfoiv  the  feed 
came  on  he  would  have  been  able  to  cU.  it  V— If  yi>u  had  told  him  that 
you  would  have  made  the  invention.  If  you  told  the  man  that  he  was 
to  make  his  horizontal  movement  not  only  to  strike  the  air  but  to  regu- 
late the  are.  keeping  the  vertical  movement  for  feed  only,  then  you 
would  have  made  Bremer's  invention.  He  considered  plaintiffs"  inven- 
tion was  having  axial  feeding  of  the  carbons  and  horizontal  striking  plus 
horizontal  .adjustment  all  worked  by  one  electromagnet  or  one  me<lianism. 
■\11  that  vou  find  in  Graham's  specification,  if  it  be  allowinl  that  the 
armature  or  core  ,.f  the  solenoid  is  floating  ?— That  is  really  law  :  all  I 
say.  as  an  engineer,  is  that  if  vou  work  that  model  and  it  floats,  it  floats. 
Whether  or  not  yon  lind  the"  idea  in  the  specilicatum  1  am  n.it  lawyer 
enotudi  to  sav.  "if  the  true  reading  of  (iraha.n's  specilieation  In-  that 
the  armature" or  the  core  of  the  solenoid  does  float  then  it  is  an  antici- 
pation of  the  unamended  claim.  ,,,.,.,         ,  , 

In  re-eNaminati..n  Mr.  Swinburne  was  taken  by  Mr.  Waller  through 
the  various  s|«vilications  relied  upon  by  defendant.*  as  anticipations, 
Hesaul  th,.i  1  "  ■■■  '■     -  '-"' 

*    ■  An    lau 
April  o,  1889. 
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bringing  to  a  stop  two  oaibons  that  wore  intimuHl  to  oacli  other,  and, 
when  they  were  wanted,  letting  tlieni  go  again.  There  wa.s  nothing  in 
the  prior  sjiecitications  which  would  have  enablc<l  him  as  an  engineer  to 
have  made  i>laintiffs'  invention. 

Mr.  DrctLD  Clerk  said  that  he  had  examined  plaintiffs"  specifica- 
tion. The  first  and  main  feature  was  the  combination  of  a  striking 
mechanism  with  a  horizontal  adjustment,  and  the  relation  between  the 
horizontal  adjustment  and  what  might  be  called  the  permanent  or  com- 
plete feed.  That  was,  in  his  opinion,  the  invention,  but  there  were  other 
features  which  were  important.  It  was  important  that  the  electrode 
holders  that  held  the  carbons  should  be  firmly  clipped  at  tlje  middle,  a.s 
shown  in  the  first  figure  of  Bremer"s  specification.  It  would  be  seen 
from  that  that  the  electric  curn-nt  eiileiwl  the  carbons  by  mean.s  of  a  metal 
connection  firmly  clipiM>d  on  to  the  carbons.  That  was  important, 
because  where  they  had  a  sliding  carbon  it  was  very  difficult  to  get  con- 
tact. There  were  many  devices  for  getting  contact  with  sliding  carbons, 
but  the  real  .sati.sfactoty  connection  was  something  clipping  the  carbon 
firmly.  Then  it  was  important  with  regard  to  the  downward  feed 
mechanism  that  it  should  be  so  connected  that  the  two  carbons  fed 
downwardly  simultaneously  in  separate  clutch  slides.  A  carbon  sliding 
separately  "was  not  satisfactory.  To  get  the  carbons  to  feed  simul- 
taneously it  was  necessary  to  connect  them  in  some  way.  That  was 
found  in  plaintiffs"  specification  in  the  cross  piece  and  chain  in  the  centre. 
If  one  carbon  went  the  other  must  go  where  plaintiffs"  device  was  adopted. 
The  third  point  was  that  the  horizontal  feed  mechanism,  as  operated  on 
by  the  electromagnet  by  which  the  arc  was  sprung  and  the  resistance 
of  the  arc  reduced,  should  be  by  some  device  operating  not  far  from  the 
lower  ends  of  the  carbons.  It  was  important  that  the  feed  mechanism 
should  be  relieved  of  everj'  work  other  than  that.  You  wanted  to  relieve 
the  operating  electric  magneto  or  operating  solenoid  of  every  possible 
work.  It  was  necessary,  however,  that  there  should  be  connection  be- 
tween the  two  mechanisms.  In  the  specifications  of  Brockie  Pell  and 
Serrin  the  mechanism  had  a  great  deal  of  work  to  do.  Neither  would 
have  acted  the  same  as  plaintiffs'  arrangement.  In  witness's  opinion 
there  was  room  for  invention  between  the  lamps  described  in  the  prior 
specifications  and  plaintiffs"  arrangement.  In  tiame  arc  lamps  the  diffi- 
culty of  adjustment  was  very  important.  The  defendant's  lamp  had 
every  feature  of  plaiiitiffs'  that  he  had  referred  to. 

Mr.  Justice  Joyce  :  They  are  the  same  thing,  hut  different.  I  want  to 
understand.     The  two  mechanisms  are  different  ? 

Mr.  Walter  (to  Witness) :  Is  the  plaintiffs'  mechanism  per  se  new  ? — 
New.  but  perhaps  not  new  per  .se.  In  Graham's  specification  they  did 
not  find  the  floating  adjustment.  There  was  no  question  of  floating 
adjustment. 

Mr.  Justice  Joyce  said  he  did  not  understand  "  floating  adjustment." 
Mr.  Walter  :   It  is  the  adjustability  at  the  bottom  of  the  carbon.     It 
moves  easil}-,  and  is  therefore  called  a  float  or  "  swinging  adjustment.  " 

Continuing.  Witness  said  that  reading  Graham's  would  not  teach 
anyone  plaintiffs'  invention.  In  his  opinion,  Graham  never  intended 
to  have  the  sliding  adjustment.  He  clearly  intended  to  have  what  he 
said  in  his  specification — the  instantaneous  feed.  He  saw  nothing  in 
the  prior  s|>ecifications  that  would  suggest  the  plaintiffs'  invention. 

CYoss-examined  by  Mr.  Boisfield.  Witness  said  there  was  nothing 
omitted  from  plaintiffs'  specification  that  would  prevent  a  competent 
workman  from  making  the  inventi<m. 

>Ir.  Herbert  Edmod  Mould,  technical  engineer  of  the  Union  Elec- 
tiic  Co.  (agents  for  Korting  &  Mathiesen),  said  that  of  the  flame  arc  lamps 
made  in  this  eountrj'  nearly  all  had  plaintiffs'  invention.  In  the  course 
of  his  business  he  saw  the  lainjis  of  other  makers,  and  he  should  say  that 
almut  11  or  12  out  of  16  were  constructed  on  the  principle  of  plaintiffs' 
invention.  His  firm  sold  lamps  manufactured  under  a  licence  from 
plaintiffs,  and  under  that  licence  they  had  solii  some  12,000  or  14,000 
lamps  in  this  country.  They  paid  a  large  royalty  to  the  Westinghouse 
Co.  Plaintiffs'  invention  was  a  feature  of  the  flame  arc  lamp.  In  his 
opinion  the  plaintiffs'  invention  was  the  commercial  solution  of  the  flame 
arc  lamp.     This  concluded  the  case  for  the  plaintiffs. 

In  opening  the  ca.se  for  the  defence,  Mr.  (!ray  said  his  submission  was 
that  the  points  raised  on  behalf  of  plaintiffs  were  destructive  of  each 
other.  First  they  alleged  that  the  question  was  one  of  principle,  and 
then  it  was  said  that  the  real  change  was  certain  mechanical  details 
which  did  not  ap))ear  in  the  specification.  His  contention  was  that  there 
was  no  subject  matter  whatever  in  plaintiffs'  patent.  The  ex])rcssions 
that  ap|)earcd  in  the  s[)eeification  must  be  taken  as  the  real  subject  matter 
•if  the  ]iatent.  Broadly  speaking,  there  were  two.  They  were  defined 
as  a  horizontal  feed  and  a  downward  feed.  These  expressions  were 
illusion.-*  and  had  no  real  meaning  as  applied  to  the  lamps.  There  was 
neither  a  horizontal  feed  nor  a  downward  feed  in  these  lamps. 

Mr.  Justice  Joyce  said  he  did  not  think  that  the  expressions  were  very 
apt. 

Mr.  Obay  said  he  should  call  the  horivontal  feed  "  the  adjustment  " 
and  the  downward  feed  merely  "  the  feed."  The  former  merely  in- 
volved the  swinging  about  of  the  carlvm.  In  1SH2,  which  was  one  of  the 
dates  more  or  less  in  dis)>ute,  there  were  :i  large  number  of  lamps  that 
had  an  adjustment  of  feed.  His  witnesses  woidd  |irove  that  such  lamps 
were  practically  universal.  In  jilaintiffs'  ]iatent  the  steps  taken  were 
in  the  same  order.  Fir...t  there  was  an  .adjustment  of  the  mechanism  and 
then  there  was  the  adjustment  of  the  feed.  Unless  plaintiffs  could  ))rove 
the  contrary,  he  should  maintain  that  that  was  the  invariable  practice 
in  all  arc  lamps  in  1882.  It  was  a  cardinal  i)rinciple  in  arc  lamps  of  that 
date  to  have  both  operations.  It  was  quite  clear  that  the  carbons  had 
to  be  fed  forw.ird  to  bring  the  points  together  as  they  burned  away.  .Ml 
that  plaintiffs'  patentee  had  done  was  toapply  these  well-known  ])rinci|)le.s 
to  inclined  carbons.     The  patentee  had  taken  the  prin<iple  of  the  other 


arc  lamps  and  used  it  in  the  same  way  and  for  the  same  purpose,  and  in 
his  specification  did  not  describe  any  mechanism  which  enabled  it  to  be 
done.  All  the  operations  were  the  same.  The  .system  of  adjustment  and 
feed  were  well  known  before  1882.  There  were  diltercnt  methods  of 
finding  different  results.  The  method  shown  by  plaintiffs'  specification 
was  absolutely  and  entirely  useless,  and  the  defendant  was  not  using  it. 
Apart  altogether,  however,  from  non-infringement,  the  method  was 
useless.  He  submitted  that  the  patent  was  hopelessly  bad,  not  only 
because  of  lack  of  subject  matter,  but  also  because  of  want  of  novelty. 

Prof.  SiLVAjJi's  P.  Thompson  said  that  in  1882  there  was  a  great  deal 
of  activity  on  arc  lamp  questions  and  at  that  time  a  number  of  are 
lamps  were  in  existence,  some  suitable  for  working  singly  (as,  for  exam- 
ple, for  lighting  a  lighthouse  or  for  use  in  magic  lanterns)  and  others 
adopted  for  house  lighting,  &e.,  and  a  great  deal  of  ingenuity  had  then 
been  exercised  in  devising  an  appropriate  mechanism  to  do  what  was 
necessary  to  keep  a  lamj)  burning  steadily.  It  was  known  that  in  all 
arc  lamps  there  were  certain  requirements  that  must  be  fulfilled  auto- 
matically by  the  mechanism  of  the  lamp  itself.  After  stating  what 
these  requirements  were  witness  said  that  he  searched  the  ditTcicut 
patents  taken  out  in  1880  and  1881.  He  was  personally  familiar 
with  what  was  being  done  in  1882  in  the  construction  of  arc  lamp  regu- 
lation and  had  made  a  special  study  of  it.  It  was  then  perfectly  well 
known  that  they  might  have  the  mechanism  in  an  arc  lamp  so  that  the 
striking  mechanism  might  be  brought  before  the  feed  back  applied  or 
that  it  might  be  arranged  to  be  fixed  without  any  return  or  adjustment 
and  in  the  majority  of  cases  they  were  so  designed  that  approach  of  the 
carbon  points  must  occur  before  the  feed  back  a))plicd.  In  lilOd  (lie 
state  of  knowledge  was  the  same,  except  that  it  hacl  been  more  mctli'nli 
call}'  stated  in  various  cases.  In  1900  practically  all  the  lamps  possessed 
that  feature — that  was  to  say  they  had  the  power  of  return  before  feed. 
They  wcie  not  hard  fixed.  Floating  armature  was  practically  the  same 
thing  as  the  jjowcr  of  return.  As  he  understood  it  the  device  described 
in  Bremer's  specification  of  1902  was  that  in  arc  lamps  he  was  projjosing 
to  make  there  would  be  two  movements,  a  feed  movement  and  a  striking 
movement  capable  of  adjustment,  and  he  specially  drew  attention  to  the 
requirement  that  the  approach  during  adjustment  should  occur  before 
feeding  began.  There  was  nothing  new  in  that.  The  only  thing  that 
witness  found  that  was  new  in  the  specification  was  his  providing  a  very 
special  and  unusual  form  of  electromagnet.  Looking  at  that  specifica- 
tion he  did  not  obtain  any  useful  information  for  the  construction  of  an 
arc  lamp.  He  considered  that  Graham's  American  specification  prac- 
tically described  what  was  described  in  Bremer's  specification. 

Cross-examined  by  Mr.  Walter  :  He  did  not  know  of  a  single  down- 
wardly pointing  inclined  carbon  lamp  before  the  date  of  Bremer's 
specification  in  commercial  use  in  this  country.  That  was  a  feature  in 
the  plaintiffs'  specification. 

Prof.  J.  (!.  C'oR.MACK  gave  evidence  corroborating  that  of  Prof.  S.  P. 
Thompson.  He  said  he  foimd  in  Graham  what  was  described  in  Bremer's 
specification.  He  failed  to  find  any  feature  of  information  in  Bremer's 
specification  which  was  new  at  the  date  of  the  spec'licalion. 

Cross-examined  by  Mr.  Walter  :  May  I  take  it  that  until  the  Bremer 
patent  such  a  lamp  had  never  been  made  or  sold  ? — I  have  not  seen  any. 
He  did  not  agree  with  the  evidence  of  Mr.  Dugald  Clerk. 

Mr.  BoiTSFiELD,  in  summing  up  defendant's  case,  submitted  that  there 
was  a  complete  anticipation  of  the  alleged  )nventii>n  of  plaintiffs  in  the 
specifications  of  Graham  and  C^rosby.  Graham's  Wiis  nuich  nearer  to 
the  present  case,  and  he  would  give  most  of  his  attention  to  that  .specifica- 
tion because  that  was  a  short  and  simple  way  out  of  the  case  and  was 
the  chief  thing  he  was  going  to  rely  upon.  He  did  not  intend  to  ^ive 
away  his  other  points  because  one  never  knew  what  twists  might  be 
given  to  the  case  by  the  other  side,  and  the  litigation  might  go  further. 
He  contended  that  there  was  nothing  in  the  point  put  forward  by  tho 
other  side  as  to  making  flame  arc  lamps  successfully.  He  contended 
that  all  Bremer  had  done  was  to  apply  an  old  idea  to  an  old  form  of 
lamp  and  that  there  was  no  subject  matter  in  applying  that  form  of 
mechanism  to  a  known  form  of  lamp. 

Mr.  Walter  submitted  that  from  the  evidence  it  was  abundantly 
clear  that  until  the  date  of  plaintiffs'  patent,  in  1902.  there  was  never  an 
effective  arc  lamp  on  the  market  with  downwardly  inclined  carbons. 
Neither  Prof.  Thomjison  nor  Prof.  Cormack  had  ever  seen  (me.  This 
inventicm  was  inuloubtedly  one  of  great  commercial  importance,  and  he 
asked  his  lord-'^liij)  to  hold  that  the  patent  was  a  good  one  and  that 
defendant  had  infringed  i(. 

His  lordshiji  reserved  ju<lgmciit. 

Morrison  v.  British  Aluminium  Co.  (Ltd.) 

On  Tuesday,  before  .Mr.  .lusticc  Wariington.  Mr.  Cave,  K.C.  applied 
on  behalf  of  ))laintiff  for  the  appointment  of  Mr.  .\.  W.  Tait,  C.A.,  asre- 
ceiver  and  manager  of  the  comjiany  (the  managership  not  to  extend 
beyond  Oct.  31 ),  on  behalf  of  the  debenture  stock  holders.  The  company 
was  incorporated  in  1804,  and  had  a  cajiital  of  over  fl.OOO.OlM).  Of  its 
debenture  stock,  amoiuiting  to  a  million,  £300,0(M)  was  reserved  to  pay 
off  a  Loch  Leven  security.  Plaintiffs  were  the  executors  of  the  late 
Charles  Morrison,  and  held  £17.').0IK>.  A  great  jiart  of  the  company's 
pro])erty  was  the  entire  share  issue  of  the  Loch  Leven  Electric  Power  Co. 
The  company  had  made  large  sales  of  ahiminiiim.  but  the  position  at 
present  was  one  fif  <'finsiderable  jeojiardy  for  the  lioldcrs  of  the  large  issue 
of  stock.  The  company  had  endorsed  bills  amoimting  to  £100,000  which 
were  due  that  day.  and  they  had  also  borrowed  from  their  bankers,  who 
were  pressing  for  the  reduction  of  (Iw  loan. 

Mr.  H.  i;.  VVriomt  (for  the  coinjiany)  said  they  did  not  o])pose  the 
ajiplication.      He  said  (he  loinpany  bad  bci-n  very  successful,  and  it  was 
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hopcfl  tli.it  with  fiiitlicr  wniking  rapital  it  woiikl  be  even  more  successful 
in  the  future.     The  :i|ipointinent  was  asked  fur  in  order  to  facilitate  the 
reconstruction  of  th(^  cijmpany. 
The  order  asked  for  was  made. 

Handsworth  Tramway  Arbitration. 

f  Mr.  H.  Graham  Harris,  llic  arliilrati.r  :i|i|i(iiiitc.l  tip  ascertain  the  price 
to  be  i)aid  by  Haiulsworlli  Council  to  the  City  of  15irniin<;;ham  Tramways 
Co.  for  a  portion  of  their  calile  tiamway,  has  made  his  award.  The  <'om- 
pany  claimed  about  £80,000,  and  it  was  contended  on  their  behalf  that 
the  C'ouncil  should  lake  over  the  whole  of  the  Hockley  depot,  although 
il  sup|ilic<l  |iower  fcu'  the  Birmingham  as  well  as  the  Handsworth  .sections 
and  was  not  in  the  Council's  district.  The  details  of  the  award  are  not 
yet  piiljlisli-d.  but  it  is  understood  that  the  Council  will  have  to  i)ay 
£72.000  and  .-ibout  t.-|,000  costs. 

Assessment   Appeal-— At  Preston    Quarter   Sessions   last   week, 
I  before  Mr.  H.  Worsley -Taylor,  K.C.,  and  a  full  bench,   the  Blackpool 

I  &  Fleetwood  Tramroad  Co.  appealed  against  the  assessment  by  Fleet- 

I  wood  C'ouncil  and  Fleetwood  Improvement  Commissioner.s. 

For  the  Council,  counsel  raised  the  preliminary  objection  that  the 
appeal  was  out  of  time,  and  this  objection  being  upheld,  the  appeal 
was  dismissed,  cacli  side  paying  its  own  costs. 
Re  Uxbridge  &  District  Electric  Sunplv  Co.  (Ltd.)— Mr.  .Justice 

Neville  on  Tuesday  licard  a  lu-titiun  by  Callcndrr's  Cable  &  Construction 
Co.  for  the  conipulsiiry  winding  uji  of  tliis  i-onipany.  Mr.  Peterson,  K.C. 
in  support,  said  he  represented  a  creditor  for  £2,210.  7s.  .Sd.  due  on  a  dis- 
liniii.inc'il  liill.  The  comii.iny  was  called  upon  ti>  pay,  and  said  they  had 
11. 1  assets  Willi  which  fo  meet  "the  debt.  The  Metropolitan  Electric  Supply 
Co.  were  also  creditors  and  sup]iorted  the  petition. 

Mr.  Saroe.int  alsu  s.iid  he  appealed  for  creditors  for  between  £40,000 
and  f.50,000,  and  su|)]iiirtcd  a  compulsory  winding  up. 

!His  lordship  made  the  usual  compulsory  order. 
Millbank  Station  Award.— In  connection  with  the  arbitration 
proceedings  between  London  County  Council  and  the  Westminster 
Electric  Supply  Corpn.,  the  umpire  (Mr.  J.  A.  Simon,  K.C,  M.P.) 
appointed  to  determine  outstanding  matters,  such  as  the  cost  of  erect- 
ing and  fitting  up  a  new  generating  station,  &o.,  for  the  Millbank 
station,  has  issued  his  award. 

The  company  originally  sent  in  a  claim  amounting  to  £235,105  for  a 
part  of  the  compensation  to  which  they  stated  they  were  entitled,  but 
tlio  total  claim  put  forward  before  the  umpire  was  reduced  to  £226,622. 
The  figures  submitted  on  behalf  of  the  Council  amounted  to  £147,481. 
The  award  amounts  to  £184,471.  It  was  claimed  on  behalf  of  the 
County  Council  that  the  company  should  pay  £3,400  towards  the 
cost  of  providing  certain  facilities  for  condensing  water.  The  umpire 
has  allowed  this,  bringing  the  total  net  amount  payalile  bv  the  Council 
to  £181,071. 


PARLIAMENTARY  INTELLIGENCE. 

Wireless  Telegraphy  on  Passenger  Steamers.— In  the  House  of 
Commons  on  June  24  Mr.  Rees  asked  the  Prime  Minster  whether,  in 
order  to  assure  the  saving  of  life  at  sea,  he  would  consider  the  pro- 
jiriety  of  providing  by  law  that  all  passenger  steamers  shall  be  pro- 
vided with  Marconi  apparatus. 

Mr.  W.  C!iiURciiii.L  said  the  matter  was  being  carefully  watched,  but 
it  was  not  considered  advisable  to  propose  legislation  at  present. 
A  large  number  of  p.assenger  steamers  were  already  provided  with 
radio-telegra|)hic  apparatus. 

Greenock  Corporation  Bill.— In  the  House  of  Commons  on  Tues. 
day  Dr.  Rainy  mo\cd  to  leave  out  the  part  of  clause  354  of  this  bill, 
which  empowers  Greenock  Corporation  to  supply  electrical  energy  to 
the  (Jreenock  &  Port  (ilasgow  Trsimways  Co.  without  the  consent  of 
the  other  local  authorities  through  whose  areas  the  tramways  pass. 
Sir  T.  (ilen-Coats  .seconded  on  behalf  of  the  Gourock  Council.  Mr.  C 
Nicholson  (who  was  chairman  of  the  Committee  which  recently  con. 
sidered  the  bill)  said  if  it  were  necessary  to  press  the  matter  further  a 
petition  could  be  presented  when  the  bill  came  before  the  House  of 
Lords.     The  amendment  was  rejected  and  the  bill  read  a  third  time. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 


APPOINTMENTS  VACANT  AND  FILLED. 

London  County  C'ouncil  i-eqnire  an  assistant  visiting  teacher  of 
electrical  instrununt  making  for  one  evening  a  week  during  tlie  session 
1909-10  (commencing  September  next),  at  the  L.C.C.  iShoreditch 
Technical  Institute.  I'itfield -street,  N.  Salary  7s.  6d.  for  an  attend- 
ance of  about  3  hours.  Applications,  on  official  forms  to  be  obtained 
from  the  I>.C.C.  Kducation  Ofiicpr,  Victoria  Embankment.  W.C.  to 
whom  they  must  bo  returned  by  11  a.m..  July  10.  See  also  an 
advertisement. 

A  science  master  and  principal  is  wanted  for  the  Loughborough 
Technical  Institute.  Particulars  from  Mr.  VV.  A.  Brockington, 
Leicestershire  Education  Committee,  33,  Bowling  Green-street. 
Leicester.     Applications  by  July  14. 

Dudley  Education  committee  require  a  jirineipal  of  the  Teelinioal 
.School,  and  organi.ser  of  evening  school  work.     Salary  €'20tt  (o  ii.W 


I.er  annum.     A|. plications  on  f.jrnis  of  tender  to  be  obtained  from  the 
Director  of  IWueation  (.■\Ir.  J.  M.  Wynne),  to  be  sent  in  by  July  12. 

There  i.<i  a  vacancy  for  an  improver  at  Watford  Coilncirs  eW- 
tricity  works.     Applications  lo  the  chief  engineer,  Mr.  F.  W.  Cnrser. 

Mr.  H.  H.  Holmes,  sales  manager  at  West  Ham,  has  been  an- 
pointed  to  a  similar  position  at  .Marylebone,  at  a  galary  of  £400  per 
annum. 

Mr  Tlios.  C.  Joyce,  HSc,  of  Bristol,  has  been  appointed  lecturer 
and  demoiLitrator  in  the  physics  and  electrical  enginetrin"  depart- 
ments of  tlie  Technical  College,  Sunderland.  ° 

Mr.  J.  M.  Jolly  has  taken  up  the  'jjosition  of  engineer  and 
manager  in  Melbourne  for  Messrs.  Staerker  &  Fisher,  agents  in 
.Australia  for  the  A.  E.G..  Berlin. 


EDUCATIONAL  NOTICES. 

City  and  Guilds  of  London  Institute.-  The  cour.se  of  instruction  at 
the  lnstitut"'s  Central  Teclminal  College,  Exhibition-road,  are  for 
students  not  under  l(j  years  of  age,  and  tho.se  at  the  In-slitute's 
Technical  College,  Leonard-street,  Finsbury.  arc  for  students  not 
under  14  years  of  age.  The  entrance  examinations  to  both  colleges 
are  held  in  September,  and  the  entrances  commence  in  October. 
Particulars  of  the  entrance  examinations,  scholarships,  fees.  &c.. 
may  hz  obtained  from  the  resi)eeti\e  colleges  or  the  head  offices  of 
the  Institute,  Gresham  College.  Bjisinghall-street.  London,  K.C. 

We  have  received  a  copy  of  a  12  page  pam))hlet  which  sets  out 
the  character  of  the  instructi(m  given  in  the  departments  of  the 
Central  Technical  College.  The  pamphlet  has  been  issued  in  order 
to  give  manufacturers  and  others  an  idea  of  the  work  which  the  col- 
lege is  doing  in  training  young  men  in  the  profession  of  civil,  mechan- 
ical and  electrical  engineering  and  chemistry.  An  account  of  tlie 
work  of  the  Old  Students  .Association  is  appended. 

Argentina.— The  "  Review  of  the  River  Plate  "  says  an  expert 
from  the  United  States  lias  been  retained  to  report  on  the  electrifica- 
tion of  the  suburban  service  of  the  Central  .Argentine  Railway. 

An  application  has  been  made  to  the  BuenosAyres  Provincial  Legis- 
lature for  a  concession  for  the  construction  of  an  ebctric  tramwsy  in 
Florencio  Varcla. 

Owing  to  the  great  increase  in  the  demand  for  trunk-line  telephone 
facilities,  the  United  River  Plate  Telephone  Co.  are  laying  four  additional 
lines  from  Buenos  Ayres  to  La  Plata. 

The  chairman  of  the  River  Plate  Electricity  Co.  (Mr.  M.  W.  Matterson, 
K.C.)  recently  visited  Argentina  to  discuss  a  project  by  the  manager 
(Mr.  V.  Lindop)  for  placing  all  the  company's  h.t.  feeders  underground. 

Messrs.  A.  Clerget  &  Co.  have  asked  Congress  for  a  concession  for  an 
electric  or  steam  railway  from  Resisteneia  to  Arau,  with  the  option  of 
extending  to  La  Quiaca  The  gauge  is  to  be  1-435  metres  (about  4  ft. 
8i  in.)  and  the  length  800  km.  to  1.000  km.  (4%  to  (i20  miles). 

Loberia  municipality  have  obtained  tenders  for  the  erection  and  equip- 
ment of  electricity  works. 

Santa  Ft'  Council  has  not  accepted  either  of  the  tenders  received  by 
them  for  the  conversion  of  the  tramways  to  electric  traction.  New 
tenders  are  to  be  invited. 

Asylum  Lighting.— A  L.G.  Board  inquiry  wa.s  held  .it  Richmond 
Asykim.  Dublin,  on  Tuesday,  into  the  application  of  the  joint  com- 
miltee  for  sanction  to  a  loan  of  £3.800  for  an  electric  lighting  installa- 
tion. After  taking  some  e\  idence  as  to  the  advantages  and  economy 
of  electric  lighting,  the  inquiry  was  adjourned  until  the  21st  iiisl. 

Australasia. — The  "Australian  Mining  Standard"  says  the 
Minister  of  Public  Works  has  recommended  the  Go\ernor-in-Counci! 
to  issue  an  Order  authorising  Eaglehawk  (\'ictoria)  Council  to  estab- 
lish electricity  works.  The  pro))osal  has  been  strongly  oppt>sed  by 
the  Electric  Supply  Co..  of  ^'ictoria,  w  ho  have  already  been  authorised 
by  an  Order  in  (^"ouncil  to  supply  in  part  of  the  borough.  It  is 
state^d  that  the  Council  will  invite  tenders  without  delay. 

The  general  manager  (Mr.  R.  Stieht)  in  his  last  half-yearly  report 
to  the  Mount  Lvell  Mining  Co.  .stated  that  the  llgner  electric  winding 
plant,  which  has  a  winding  speed  of  l.otX)  ft.  per  minute,  and  enables 
the  daily  output  to  be  lifted  in  a  single  shift,  has  not  only  (piiekened 
but  cheapened  tlte  cost  of  handling  ore.  The  four  electric  pumps 
whicli  were  put  in  during  the  period  covered  by  the  report  are  also 
working  in  a  most  stai..-'factorv  manner.  .An  electrically -driven  air 
compressor  has  also  been  installed. 

Freemantle  Council  are  borrowing  £30.0tX)  for  extensions  of  their 
electric  tramways. 

The  Government  Railways  Department  state  that  the  cost  to  them  of 
re-grading  the  railway  at  Moorabool-street,  Geelong  (Victoria),  so  as  to 
allow  the  projected  tramway  to  pass  under  it.  will  be  fl.i.tXK).  and  they 
decline  to  undertake  the  work  unless  the  municipality  or  the  Tramways 
Trust  contribute  £4,(HI0  towards  the  cost.  The  Minister  for  Public 
Works  (to  whom  an  appeal  has  been  made)  considei-s  it  a  liln-ral  offer, 
as  the  cost  of  maintenance  of  a  level  crossing  if  capitalised  would  amount 
to  £3,775,  and  he  desiivs  to  avoid  the  construction  of  level  cnissings. 
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Launceston  (Tasmania)  Council  lias  been  informed  by  Mr.  R.  Hain 
(acting  on  behalf  of  the  "  London  Tramways  Group  ")  that  the  lowest 
price  at  which  they  could  undertake  the  constniction  of  the  proposed 
electric  tramways  in  the  to«-n  was  £(;.").87.>,  hut  the  City  Council,  after 
receiving  u  report  by  llicir  own  cniiiuccrs  (Mr.  David  and  JIi'.  Strike) 
cxpi-essinj;  the  opinion  that  the  work  could  be  done  for  i:4,S,2S'.l,  have 
decided  not  to  accept  the  oiler. 

On  May  13  the  Windsor  (N'.S.W.)  Liind  Board  considered  an  applica- 
tion by  Mr.  C.  O.  Schulze  (on  behalf  of  a  syndicate)  for  the  right  to  con- 
struct a  dam  on  the  Colo  river  and  to  utilise  the  water  for  the  generation 
of  electric  ]>ower  for  Richmond.  Windsor  and  other  towns.  The  scheme 
was  estimated  to  cost  £2,000.000.  The  Public  Works  lV]iartment  op- 
|xised.  on  the  ground  that  the  Water  Rights  Act,  under  which  the  in- 
<iuiry  was  held,  was  intended  to  apply  only  to  works  of  cimservation. 
water  supply,  irrigation  and  drainage,  and  the  Board  decided  that  the 
scheme  was  not  a  work  within  the  meaning  of  the  act. 

The  X.S.W.  Railway  Commissionei-s  recently  decided  to  substitute 
electric  tramways  for  the  present  steam  system  in  Newcastle  (N.S.W.). 

Belfast. — At  a  meeting  of  the  Corporation  on  Tuesday  the  question 
of  the  s'lpply  of  electricity  to  the  Abbey  Sanatorium,  which  is  out- 
side the  city  boundary-,  was  iindcr  consideration,  but  ultimately  a 
resolution  in  favour  of  applying  for  a  provisional  order  to  enable 
the  Corporation  to  give  a  supplv  was  rejected. 

Birmingham. — The  Corporation  electricity  department  are  about 
to  conduct  experiments  with  arc  lamp.s,  in  lieu  of  the  present  incan- 
descents,  in  Corporation-street. 

An  inquiry  was  held  on  Wednesday  into  the  a]ipl;cation  of  tlu^ 
Corfwration  for  sanction  to  borrow.  an;ong  otlier  sums.  £lli)..350  for 
extensions  of  the  electricity  undertaking. 

It  was  stated  that  £100,000  was  required  for  extensions  of  the  maias, 
rendered  necessary  by  the  ra])id  increase  in  the  demand  for  electric 
current.  Mr.  Pbideaix,  who  a])peared  m  support  of  the  ap])lication, 
said  that  the  demand  was  evidenced  by  the  fact  that  there  was  an 
increase  in  the  sales  during  the  year  ended  March  31.  compaied  witli  tlie 
previous  year,  of  about  4.400.000  units,  and  for  the  first  time  tlic  Electric 
Supply  committee  were  able  to  pav  £10.000  in  relief  of  rates.  Of  the 
£100,000  about  £20,000  had  already  been  expended  owing  to  the  rapid 
extension  and  urgent  necessity  to  lay  down  mains  ;  £15,000  was  needed 
for  high-tension  switchgear,  which  was  necessitated  in  connection  with 
supplies  of  current  to  consumers'  premises  at  a  high  voltage  ;  £2,000  was 
required  to  supply  transformers  to  consumers'  premises  in  cases  where 
consumers  desired  low-tension  current  in  districts  where  there  were  only 
at  present  high-tension  mains  available ;  and  the  balance  of  the  loan 
was  wanted  for  the  installation  of  new  plant  at  Dale  End  and  Summer- 
lane  stations. 

Brighton. — Tlie  over.seer.s  have  reduced  the  as,sessmciit  of  the 
electricity  works  from  illl.KiO  gross  and  £7,(XW  ratable  value  to 
£10.480  and  £6,000  res|K-ctively. 

Cheshunt. — The  Council  have  retained  Mr.  H.  W.  Wilkinson  (at  a 
fee  of  l'^  guinea-s)  to  prepare  a  rejiort  on  the  desirability  of  applying 
for  a  provisional  electric  lighting  order. 

Dartford. — T.he-Council  h.ive  sealed  the  transfer  for  the  trum«avs 
from  Messrs.  J.  G.  White  &  Co.  to  .Me.ssrs.  Balfour.  Beatty  Co. 

Droylsden. — The  Co-operative  Store,  the  Parish  Chuicli.  and  a 
number  of  business  premi-ses  are  to  be  wired. 

Dublin.-  A  lengthy  L.Ci'.  Board  inquiry  has  been  held  into  the 
application  of  the  Coriioratioa  for  sanction  to  borrow  (among  other 
sum.s)  £10*1.705  for  extensions  of  the  electric  generating  plant  and 
main.s.  and  £1..320  for  the  electric  lighting  of  Drumcondra  and  the 
North  Circular  road. 

The  ins|)ector  (Mr.  P.  C.  Cowan)  mentioned  that  in  addition  to  the 
£100.705  for  electric  lighting  there  was  a  small  additional  sum  required 
under  that  heading  amounting  to  £S.103. 

In  support  (}{  the  electric  lighting  loan.  Mr.  F.  J.  Allak,  secretary  of 
the  Lightlns  committee,  stated  that  at  the  last  inquiry  they  asked  for  a 
loan  of  £127.f)00,  but  £100,000  was  sanctioned,  and  of  that  they  only 
raised  £!«),000.  In  the  present  application  the  remaining  £4,000  and  the 
£27,000  not  sanctioned  ffirmerly  wf-rc  included.  The  capacity  of  the 
existing  jjant  was  O.OOO  kw.  and.  allowlng'forthc  "  stand-by  "  required. 
'miy  4..500  kw.  would  be  available.  The  original  scheme  only  provided 
for  3,000  kw.  with  a  capacity  of  2,000  kw.  Some  portions  of  the  scheme 
had  not  been  profitable.  Of  the  sum  applied  for,  £14,028  re))re- 
sented  expenditure  in  excess  of  Mr.  H.immond's  estimate.  £5,370  had 
been  expended  in  extensions,  and  the  total  income  from  tho.se  extensions 
in  the  past  12  months  amounted  to  £l.(jfi!».  The  ela.ss  of  property  in 
Cork-street,  where  they  proposed  to  extend  the  cable,  was  factory  ))ro- 
perty,  and  they  had  had  many  demands  in  that  district  for  electric  light. 
The  accounts  of  the  department  from  l!K>5  to  date  were  submitted  and 
showed  that  there  had  been  a  deficit  on  the  working  after  interest  atid 
sinking  fund  had  been  jirovidcd  for.  The  witness  also  gave  evidence  as 
to  the  effect  upon  the  undertaking  of  the  introduction  of  metallic  fila- 
ment lamps,  the  system  of  charging.  &c. 

The  city  electrical  engineer  (Mr.  Mabk  Rijddi.k)  supplied  technical 
evidence  of  the  proposed  extension,  &c.  He  stated  that  there  were 
demands  for  electric  current  in  several  districts  where  mains  were  laid, 
pie  expenditure  incurred  to  date  since  the  inquiry  of  1005  on  the  work 
for  mcrcasing  the  capacity  i,f  the  plant  and  other  extensions  w.as  £7l,0fX), 
and  the  estimated  amount  required  to  complete  the  work  now  in  pro- 
gress was  £57,(X)0,  including  boiler  plant  (£7,100),  Dame-atrcet  area 


(£3,600),  Fleet-street  switchgear,  &c.  (£l,8tX)),  house  services  and  meters 
(£2,500).  and  North  and  South  Circular-roads  (£42,000).  The  loans 
already  applied  for  amounted  to  £127.000,  and  the  estimated  cost  of 
further  extensions  for  whi<h  application  was  being  in;idp  was  £69,705, 
He  expected  the  undcrlakiiig  wmdd  Itioiiu'  .self-sup] anting  within  the 
ciMi-ent  yc.ir.  They  were  just  hcginiiing  to  uct  the  licuclit  of  the  new 
mclallic  filament  lamp,  which  up  to  the  incscnt  Mnforlmiatcly  told 
against  thcui.  Up  to  the  present  the  profits  out  of  that  inipi'oved  lamp 
had  lieen  divided  between  the  consumer  and  the  lami>  makers,  and  the 
unfortunate  gcneratuig  station  had  reaped  nothing.  That  was  a  matter 
which  time  would  rectify.  It  had  been  the  experience  of  every  place 
that  at  first  there  was  a  los.s.  but  it  could  be  only  temporary,  .and  when 
they  were  able  to  take  advantage  of  the  full  capital  cxpdiditun'  on  the 
di.strlhuting  system  he  w.as  absolutely  certain  that  the  station  would 
more  than  pay  its  way.  Witness  was  cross-examined  at  some  length  on 
the  accounts  of  the  department,  and  after  evidence  in  opposition  had 
been  given  on  behalf  of  the  Citizen's  A.ssociation,  the  iiupiiry  concluded. 

Ecuador. — Scfior  E.  Kslrada  has  secured  a  ccnccssion  to  utilise 
the  water  |)ower  of  the  river  Chimbo  fin-  the  generation  of  electric 
power,  which  is  to  be  transmitted  to  CUiayaciuil.  The  terms  of  the 
concession  can  be  seen  in  the  "  Registro  "  for  March  19.  at  73,  Bas- 
inghall-street.  London,  E.C. 

Electricity  In  Horticulture. — "The  Fruit-Grower"  recently  con- 
tained .some  further  interesting  particulars  concerning  results 
obtained  by  the  investigators  in  the  electrified  glasshouses  owned 
by  Mr.  Raymond  Bomford  at  Bitlon. 

The  pickings  of  strawberries  at  Bitton  to  May  10  was  (neglecting 
fractions  of  a  lb.) : — 

House  No  I No.  U No.  III. 

Not  electrified.         Electrified Kloctrified. 

341b.  421b 321b. 

House  No.  1  >vas  started  a  week  before  No.  II.  and  a  fortnight  before 
No.  III.  The  plants  «cre  brought  in  and  those  most  forward  got 
selected  for  No.  I.  The  difference  between  No.  1.  and  No.  III.  in 
this  respect  was  marked.  House  No.  I.  is  nearest  to  the  fires.  There 
is  a  fair  amount  of  fruit  left,  particularly  in  Nos.  II.  and  III.,  and 
picking  is  still  going  on.  The  berries  from  Nos.  II.  and  III.  were 
heavier— fe%ver  to  the  lb. 

It  must  be  remembered  that  only  half  the  plants  in  the  electrified 
houses  get  any  electricity,  as  the  houses  are  narrow,  and  are,  therefore, 
nob  suitable  for  electrification. 

In  the  two  houses  down  to  lettuce,  carrots  and  radishes,  carrots 
and  radishes  have  been  pulled  only  within  the  radius  of  influence, 
and  very  few  lettuce  have  been  got  outside.  The  crop  inside  was 
(juite  good. 

Generally  speaking,  for  wide  (40  ft.)  houses  electrification  will  pay 
handsomely,  but  in  15  ft.  houses  it  will  not,  except  in  special  cases, 
be  a  financial  success,  for  the  reason  that  it  is  impossible  to  electrify 
the  crop  in  the  houses— the  current  goes  to  the  roof,  or,  in  the  case  of 
cucumbers,  straight  to  the  ground,  without  passing  through  the  [ilauts. 

At  Bitton  there  have  been  tried  experiments  with  seed  gathered 
from  the  electrified  and  non-electrified  wheat  fields  of  1907  and  1908, 
and  the  results  obtained  are  striking  and  surprising,  A  number  of 
small  plots  ha\e  been  sown  with  electrified  and  non-electrified  seed, 
somewhat  like  this  : — 

Rows    *«*«0G00«»** 
Rows  0O00**      «*0O00 

In  each  case  the  plants  from  the  seed  of  the  electrified  plants  are 
better,  bigger,  broader,  and  darker  In  the  leaf.  Why  ?  This  is  a 
question  for  a  Ijiological  botanist  to  settle. 

Exhibition. — Particulars  relating  to  the  International  Kleotrioal 
Exhibition  to  be  held  at  Brescia  (Italy)  from  .\ugust  to  October  next 
can  be  obtained  from  the  Italian  C'h.Tinbcr  of  Commerce.  4.  St.  Mary- 
axe,  London,  E.C. 

Fair  Wages  Clauses  of  Government  Contracts.— The  Treasury  have 
ajipointed  a  committee  to  advise  the  dcjiartments  of  Government, 
with  a  view  to  iiromoting  uniformity  of  administration  and  co-opera- 
tion betwoii  de|iartments  in  dealing  with  the  fair  wages  clauses  of 
Government  contracts.     The  committee  will  consist  of  : — 

Messrs,  G.  R.  .Askwith.  K.C.  (Comptroller-General  of  the  Commercial, 
Labour  and  Statistical  Departments  of  the  Board  of  Trade),  chairman  ; 
B.  Bailey.  .M,\'.0,  (Controller  of  the  Stationery  Ofiicc),  F,  W.  Black, 
C.B.  (Director  of  Xavy  Contracts),  W.  G.  Bu'.ler  (Director-fJencral  of 
Stoics.  India  Ofti.c).  H.  D.  De  la  Bere.  C.B.  (Director  (.f  Army  Con- 
tracts), P.  H.  l''zcchicl  (Secretary  to  the  Crown  Agents  for  the  Colonies), 
.J.  H.  Hilllcr  (Contioller  of  Supplies,  Office  of  Works),  G.  Morgan 
(Controller  of  the  St(ues  Department.  General  Post  Office.  Sir  G.  C.  V. 
H.ilnics.  K.C.V.O..  C.B.  (Chairman  of  the  Board  of  Work.s,  Ireland).  Mr. 
J.  .1.  \\'ills.  of  the  Board  of  Trade,  will  act  as  secretary  to  the  Committee. 

Farnham.' — The  local  Gas  Company  have  given  notice  of  tlieir 
jHtention  to  apply  for  a  jirovisional  electric  lighting  order. 

Fatality. — .An  accident  occurred  at  the  Clifton  pits,  Nottingham,  on 
Monday,  resulting  in  the  death  of  two  men.  named  Higgs  and  Eyre. 

It  a))pcared  that  at  about  7  a.m.  the  two  and  other  men  were  about  to 
start  work  at  the  soft  coal  face  in  No.  12  district  with  an  electric  coal- 
cutting  machine.  Eyre,  who  was  in  charge,  ])ulled  the  lever  to  switch 
on  the  current,  and  in  some  way  both  men  came  in  contact  with  live  parts, 

«  Represents  electrified  and  0  non-electrified  seed.) 
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resulting  in  their  death.  Artificial  respiration  [iruveil  unaviillin).',  ami  an 
inquest  was  held  on  Wednesday. 

The  incpiest  was  opened  on  Wedne.sd.iy.  The  coroner  (Mr.  ('.  1-. 
Bother.^)  e.x))Iaincd  that  it  had  been  imjwssible  to  obtain  full  and 
accurate  details,  and,  after  evidence  of  idcntifieation  was  given,  the 
inquiry  was  adj.piMMcil  iiiilil  the  ISth  insl. 

Great  Britain  and  International  Exhibitions. — Unusual  impoilanoe 

attaches  to  the  British  Scctimi  (jf  the  Inlrrnational  E.xhibition  to  be 
held  in  Brussels  from  May  to  October,  1910.  Tlie  reasonable  dis- 
content of  British  manufacturers  with  the  character  of  international 
exhibitions  in  general,  with  the  management  of  former  British 
sections,  and  with  the  results  of  exhibiting,  resulted  in  the  creation  of 
a  new  situation,  and  for  the  first  time  what  may  properly  be  called  a 
representative  national  exhibit  is  to  be  attempt:ed  ;  and  this  is  being 
organised  on  novel  lines. 

I5xhibitors  arc  nii  longer  to  be  dependent  upon  a  voluntary  committee, 
or  left  to  instal  their  giiods  as  best  they  can,  or  exposed  to  the  risk  of 
being  oliscnrely  plaii-il,  or  required  to  defray  the  cost  of  a  general  scheme 
of  dccdiation.  or  ciigaL'cd  in  a  speculation  the  cost  of  which  they  cannot 
nscertaiii  beforehand.  'Phe  section  is  in  charge  of  a  new  department 
of  the  Hoard  of  Trade,  acting  in  perscmal  touch  with  them  and  taking 
responsibility  for  these  matters.  The  new  organisation  undertakes  to 
(Id  more  than  is  done  for  the  exhibitors  of  any  other  country.  In 
these  circumstances,  Mr.  U.  F.  Wintour,  the  British  Commissioner- 
General,  is  approaching  all  the  staple  trades  of  the  country  with  a  view 
to  secure  at  once  that  arrangements  shall  be  made  for  an  exhibit  at 
Brussels  showmg  the  scope  and  real  importance  of  British  manufactures. 
In  the  machinery  hall  the  portion  allotted  to  Great  Britain  occupies  the 
centre,  and  the  total  space  (203,410  sq.  ft.)  compares  favourably  with 
what  has  been  granted  to  our  trade  rivals. 

The  Royal  t'ommission,  which  is  presided  over  by  the  Prince  of  Wales, 
has  its  offices  in  Qucimi  Anne's-cliandiers,  Westminster,  S.W.  It  is  con- 
stituted wliolly  of  w<'ll-knowii  li\isincss  men.  and  the  occasion  being 
unique  His  Royal  Higliness  is  giving  active  hel]i  to  the  Commissioners. 
A  departmental  inquiry,  concluded  two  years  ago,  was  the  means  of 
opening  this  fresh  chapter  in  the  history  of  international  exhibit i'lns. 
It  was  presided  over  by  Sir  Alfred  Bateman.  Taking  the  opinion  of  a 
large  nionlicr  of  inipor'.ant  iiian\ifarturcrs,  the  committee  found  a  strong 
and  growing  iircjiuiii  ■■  again-l  c\liil>iti(ms  on  the  old  lines,  and  came  to 
the  conclusion  that  it  was  largely  justified.  But,  as  it  would  evidently 
be  ruinous  for  Great  Britain  to  abstain  alone  from  a  form  of  advertise- 
ment which  is  now  established,  they  recommend  eflfective  means  of 
meeting  the  grievances  of  British  exhibitors.  The  Exhibitions  Depart- 
ment of  the  Board  of  Trade,  which  has  been  placed  under  the  direction 
of  Mr.  Wintour,  is  the  chief  outcome.  Except  in  the  case  of  machinery, 
the  only  charge  made  within  the  exhibition  itself  is  a  low  charge  for 
space:  and  tenders  will  be  obtained  from  Belgian  contractors  for  the 
installation  of  machinery.  Tliis  cliarge  for  space  covers  the  provision 
of  showcases,  the  cost  of  the  general  clecorative  scheme,  the  handling  of 
exhibitors'  goods,  the  publication  of  a  catalogue  (in  French  and  English), 
&e.  "  Handlin'r "  means  that  officials  of  the  Commission  will  take 
delivery  of  packages  at  the  exhibition  entrance  ;  unload  and  place  them 
on  the  space  allotted  ;  take  away,  store  and  return  the  packing  eases  ; 
re-load  at  the  close  of  the  exhibition.  Further,  the  Commissioners  will 
provide  (free  of  cost),  as  far  as  possible,  an  adequate  supply  of  luiskillcd 
labour  to  assist  exhibitors  with  the  installation  of  their  goods.  Machinery 
will  involve,  of  course,  the  additional  cost  of  foundations  and  shafting  ; 
that  of  main  switches,  safety  fuses  and  meters  for  electrical  machmeiy. 
stop  valves  for  steam,  and  valves  and  meters  for  water  ;  and  that  of  the 
power  used  for  driving.  Crane  power  is  free  of  charge.  The  provision 
of  show  cases  in  a  imiform  style  is  part  of  the  conception.  This  will  mit 
dejjrive  exhibits  of  individual  character,  as  exhibitors  are  not  even 
required  to  use  the.se  cases,  or  any  cases.  Samples  may  be  seen  at  the 
offices  of  the  Royal  Commission,  30,  Broadway,  Westminster,  S.W., 
where  the  tarilf  of  chai'ges  for  space,  &c.,  may  be  obtained.  For  motive 
power,  the  Royal  Commission  will  defray  half  the  charges  made  by 
the  Belgian  Administration  on  all  machinery  driven  to  illustrate  pro- 
cesses of  manid'acturc.  Exhibitors  will  pay:  For  steam  (133  1b.  pres- 
sure) },  centime  per  kilogramme,  for  gas  Is.  3d.  per  1,000  cubic  ft.,  and 
for  electriiity  (2  x  220  volts  d.c.)  Ikl.  per  kilowatt-hour.  Water  will 
be  su])plicd  frre  tor  pomps  or  comlcnscrs. 

Not  only  will  there  lie  free  crani'  power,  but  the  laying  of  foundations 
by  Belgian  conlrailias  will  be  superintended  by  a  competent  cnauu'cr 
employed  by  the  Royal  Conimi.ssion.  With  the  above  parti<'ulars,  the 
railway  and  shi|iping  freights,  and  the  contractors'  tender,  an  exhibitor 
of  macluiiery  can  make  his  calculations  with  a  degree  of  eontiilcnc<'  not 
hitherto  |io-^sihle.  The  special  catalogue  for  the  British  sectiiui  will 
give  a  ivvv  iiiseition  of  12  lines  ;  the  general  catalogue  a  free  insertion  of 
four  shorter  liiu's.  All  necessary  steps  will  be  taken  by  the  Bclgiai\ 
Government  for  the  protection  m  Belgium  of  inventions,  industrial 
designs  and  trade  marks. 

Another  provision  made  by  the  Royal  Commission  is  that  of  a  suite  of 
rooms  for  exhibitors'  agents.  There  will  be  a  I'cference  library  and  a 
staff  of  inter|ireters  attached  to  the  establishment.  The  Belgian  Slate 
Railways,  charging  full  rates  on  the  mitward  journey,  will  return  cshibits 
to  their  termini  free  of  cliarge.  The  British  railw'ay  eorapanics  will 
make  a  rcd\utiiui  of  50  per  cent,  on  returned  exhibits  not  sold,  and 
travelling  by  the  same  route  to  the  station  from  which  they  were  sent 
out.  Twelve  shipping  companies  have  also  agreed  to  give  a  50  per  cent. 
reduction.  A  prompt  response  to  the  campaign  now  being  carried  on 
throughout  the  count ly  is  advisable  in  the  interests  of  exhibitors,  as  well 
as  of  the  general  scheme. 


The  chah'man  of  the  Koyal  Commission  is  Lord  Lvtton  and  the  vice- 
Chairm.an  Sir  Swire  Smith.  The  interests  of  machinery  and  elcetricitv 
are  well  represented  among  the  Coinnussioners,  who  include :  For 
Miirhhury  :  .Mr.  W.  .1.  Cr..sslcy,  .\I.P.,  .Mr.  .J„lm  .McLaren,  Sir  William 
Mather  and  Mr.  T.  Hurry  Riches.  For  EUclririly.  Dr.  R.  T.  Glaze- 
brook,  F.R.S.,  and  :\rr.  (!.  Marcorn.  The  Machinery  and  Electricity 
committee  has  the  follow  lug  co-opted  members  of  the  Commission: 
Messrs.  E.  B.  Ellington,  W.  H.  Allen,  Mark  Robinson,  H.  F.  Donald.son, 
.1.  H.  Wickstead,  R.  H.  Fowler.  W.  Duddell,  F.R.S.,  H.  .1.  Brackenburv 
.1.  E.  Kingsbury,  W.  H.  I'atch.ll,  W.  .M.  Mordey,  .Sir  .John  Gavey,  C.B.. 
Col.  W.  Shanks,  V.D.,  W.  D.  FordSmith,  .J.  .Allen  Raker,  M.P.,  Frank 
E.  .Mnsgrave,  Arthur  Greenwood,  .J.  (;.  Barford,  .lohn  Fielding  and  W. 
H.arri.son. 

Halifax. — The  Board  of  Trade  have  refu.'wd  toi)erinit  the  doubling 
of  certain  tramway  lines. 

Col.  Druitt,  who  conducted  the  recent  inquiry,  considers  that  if 
proper  signalling  arrangements  arj  erected  at  either  end  of  the  singl? 
portion  of  the  line  in  Northgate.  and  the  cars  are  run  to  a  schedule  time- 
table, there  should  be  no  difficulty  in  getting  the  desired  service.  The 
Board  have  also  declined  to  sanction  the  construction  of  a  tramway  in 
George-street  and  a  loop  line  in  Orange-street. 

Hornsey. — The  Council  have  consented  to  the  jiurcliase  by  the 
Middlesex  County  (,'ouncil  fr(>ra  the  London  County  Council  of  that 
portion  of  the  Highgalc-hill  trauiways  within  the  borough  of  Hornsiey. 

Lanarkshire  Tramways.— The  new  line  from  Wishaw  East  Cross 
to  New  Mains  has  been  officially  inspected,  and  is  now  open  for 
traflio. 

Leeds. — The  extension  of  the  Corporation  tramways  from  Yeadon 
to  Oui.seley  (OJ  miles  from  Lt:cds)  was  opened  for  traffic  on  Wednes- 
day. The  line  is  a  double  one  thnuighout  and  has  co.st  £.50,000. 
The  Rawdon,  Yeadon  and  (iuiscley  Councils  have  each  agreed  to  pay 
£4f)0  a  year  for  1 1  years. 

London  County  Council.— On  Tuesday  a  loan  of  £3,299  for  electric 

lighting  to  St.  I'ancras,  was  .sanctioned. 

E}ujliih  iC-  Furciijii  Hue'.-. — The  Highways  committee  brought  up 
their  adjourned  report  reeomn\ending  the  acceptance  of  various  tenders 
for  electric  cars  amounting  to  £237,o()0.  The  tendei-s  were  published  in 
the  last  issue  of  The  Electrician.  One  tender  recommended  was  that 
of  Messrs.  Hurst,  Nelson  &  Co.  of  £23,!)00  for  200  .sets  of  maximum  trac- 
tion swing  bolster  car  trucks,  and  the  tenderers  stated  that  they  could 
supply  steel  castings  of  foreign  manufacture  at  £1,000  less. 

Mr  H.  Ward  moved  an  amendment  to  the  effect  that  foreign  castings 
be  employed.  He  said  that  if  the  Council  accepted  a  foreign  tender  they 
would  affect  a  saving  in  the  actual  price  of  the  castings  of  20  per  cent. 
He  protested  agamst  the  handicapping  of  the  tramways  by  the  purchase 
of  those  high-priced  articles. 

Mr.  Johnson  seconded  the  amendment. 

Mr.  Shirley  Benn  (chairman  of  the  committee)  mentioned  that  the 
Council  had  spent  £200,000  on  rails,  and  although  they  had  been  of 
English  manufacture  the  ])rice  paid  had  not  been  more  than  4J  per  cent. 
over  the  price  which  they  would  have  paid  for  foreign  materials. 

Ultimately  the  recommendation  was  carried. 

London  County  Council  Tramways.- The  Bridge  House  'Estates 
committee  of  the  City  of  Londiui  ( 'orijuration  have  prepared  three 
schemes  for  the  reconstruction  of  So.ithwark  Bridge  over  the  river 
Thames,  and  an  alternative  .scheme  for  the  building  of  a  new  bridge 
with  an  approach  on  the  south  side  of  the  river  commencing  at  the 
jiHietion  of  Southwark-street  and  Southwark  Bridge-road,  the  bridge 
being  continued  on  the  north  of  the  river  by  a  viaduct  over  Upper 
Thames-street  and  Queen  Victoria-strett  to  Cannon -street.  This 
bridge,  80  ft.  wide,  would  aecommodate  a  double  line  of  tramways, 
which  on  reaching  Cannon-street  would  descend  intt)  a  subwaj-, 
emerging  in  Aldeisgatc-.street  and  joining  the  present  North  London 
system.  The  new  bridge  scheme  would  cost  £1,048.983,  and  the 
schemes  for  reconstructing  Southwark  Bridge  vary  from  .£876.194  to 
£1,086,22.'). 

L.C.C.  Tramway  Employes  and  Conciliation.— The  I  ondou  County 
(Council  having  asked  the  Hoard  of  Trade  to  form  conciliation  boards 
covering  all  its  tramway  employes,  the  Board  ha\e  issued  posters 
.setting  forth  the  principal  points  of  the  scheme,  and  have  taken  a 
ballot  of  the  men  to  ascertain  whether  they  approve  the  principle  of 
conciliation  boards. 

Market  Harborough.—  The  CouiuM  have  decided  to  apply  to  the 
Board  of  Trade  for  an  extension  of  the  |ieriod  of  their  electric  lighting 
order. 

Marylebone  (London).— The  general  manager  of  the  electricity 
undertaking  (Mr.  Seabrook)  has  "reported  that  the  sale  of  current  for 
lighting  will  seriously  decrease  when  the  metallic  filament  lamp 
becomes  better  known,  and  from  other  directions  the  department  is 
likely  to  experience  a  decreased  revenue. 

Mr.  Seabrook  states  that  his  position  was  that  he  had  two  different 
and  equally  important  classes  of  work  to  do  :  (1)  overhaul  organisation 
and  (2)  deVeloii  supply.  It  was  necessary  for  the  two  to  go  on  simul- 
taneously, but  he  (lid  not  feel  it  would  be  wise  to  tackle  th>  two  together 
single-h.inded,  and  he  askeil  permission  to  engage  Mr.   11.  H.  Holmes, 
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sales  manager  at  West  Ham,  wlm  liad  great  experience  in  the  direction 
of  development,  at  a  salary  of  £41K>  a  year. 

The  Electricity  committee  decided  in  favour  of  Mr.  Holmes  being 
apiHiintod,  subject  to  a  month's  notice  on  either  side.  Jlr.  Seabrook 
iminted  out  that,  although  the  present  cost  (about  £l,2tX)  per  annum) 
of  busines,s-getting  will  be  temporarily  exceeded,  it  will  in  the  course  of 
12  months  or  thereabouts  be  cancelled,  and  from  that  time  gradually 
grow  into  a  substantial  credit  balance.  The  committee  has  also  agreed 
to  a  suggestion  of  the  general  manager  that  an  alternative  basement  rate 
Ik>  laid  down  of  3d.  per  unit,  ajiplicablc  to  ba.scment.s  whose  ceilings  are 
2  ft.  above  ground  level. 

Middlesex  Tramways.— Tho  Middlesex  County  Council  have 
aureed  to  join  the  London  C'uun' v  Council  in  promoting  a  bill  for  a 
tramway  from  fYicklcwoixl  to  Marlile  Arch. 

Middlesex  Council  will  construct  the  tramway  (on  the  overhead  sys- 
tern)  and  widen  the  road  from  t'ricklewood  to  Netherwood-street  at  an 
estimated  cost  of  £SO,tH)0.  The  portion  of  the  line  from  Netherwood- 
street  to  Bridge-terrace  is  to  be  construct<>d  by  the  L.C.C.  at  an  csti- 
mateil  cost  of  £70,000.  From  Bridge-terrace  to  Marble  Arch  the  tram 
way  is  to  be  on  the  conduit  system,  and  from  Netherwood-street  to 
Bridge-terrace  on  the  dual  s\-stem  of  overhead  trolley  and  conduit. 

The  Winchmore  Hill-Kniicld  Town  tramway  route  was  opened  for 
traffic  yesterday. 

National    Electrical    Manufacturers'  Association. — .\    committee 

nu'cting  of  this  As.sociatiuii  will  be  held  at  tlic  Oflices  ( Halfour  Huu.se. 
Kinsbury  Pavement,  B.C.).  on  Tuesday,  l.'ith  inst..  at  -2:30  p.m. 

Personal.— '.»n  the  ^Oth  inst,,  at  the  Victoria  Hotel,  Manchester,  a 
meeting  was  held  of  the  district  managers  of  the  Edison  &  Swan 
United  Electric  Light  Co,  for  ])resenting  a  testimonial  to  Mr.  O.  H. 
Bishop,  A,M.LE.E.,  sales  manager  to  the  companj-,  who  has  resigned 
after  18  years"  service.  The  presentation  took  the  form  of  an  illumi- 
nated address  and  a  service  of  silver  subscribed  for  by  the  whole  of 
the  district  managers,  and  the  heads  of  departments  of  the  northern 
works  of  the  company.  During  tlie  same  week  Mr.  Bishop  was 
present  with  a  gold  cigarette  case  and  an  address  by  the  sales  depart- 
ment staff,  and  with  a  gold-fitted  dispatch  case  and  a  gold-mounted 
letter  ease  by  the  heads  of  departments  at  Pender's  End  Works, 

Poplar  (London). — Arrangements  have  been  made  witli  .Stepney 
Council  for  a  supjily  of  electricity  in  bulk  to  Stepney  during  removal 
of  plant  to  the  new  generating  station. 

The  contem))lated  dem.and  is  for  a  minimum  of  250  kw.  running  con- 
tinuously for  24  hours  per  day,  except  for  a  short  interval  on  Sundays, 
with  liberty  to  raise  the  demand  to  500  kw.  The  contract  is  for  thiee 
months  (from  .July  1  to  Sept.  30,  1909),  and  the  price  0-3d.  per  unit 
untransformed  at  Limehouse  sub-station,  subject  to  a  clause  relating 
to  coal  strikes.  This  supply  is  not  to  affect  the  operation  of  the  existing 
agreement  for  a  stand-by  supply  to  Stepney  in  case  of  emergency. 

Radclifle  (lanes.  1— Sanction  has  been  received  to  a  loan  of  £A,32C, 
for  extensions  of  the  electricity  supply  undertaking.  T!ie  Council 
oHier  to  su])ply  electrical  energy  to  .J.  C.  Hamer  (Ltd.),  for  their  new 
mill  at  ;d.  per  unit. 

St.  Anne's-on-the-Sea. — .A  revised  scale  of  charges  for  electrical 
energy  Uir  ];(>ucr.  cooking  and  heating  has  been  adopted  by  the 
Council. 

Shrewsbury.  -The  Council  have  ajiplied  for  sanction  lo  a  hjan  of 
*.'lii.{iiHi  for  extensions  of  the  plant  at  the  electricity  works,  laying 
additional  feeders,  distributors.  &c. 

Southampton.— The  C<juncil  have  decided  to  supply  electrical 
energy  to  the  L.  &  .S.W.  Railway  Co.  for  dock  premises  at  Ijd.  per 
unit,  the  minimum  consumption  being  400.000  and  the  maximum 
COO.OfM)  units  I  er  annum, 

Switzerland, --The  "  Federalc  Suisse  "  of  .Tune  Ifi  (which  can  be 
Seen  at  73,  Hasinghall-stroet,  London,  E,C,)  contains  particulars  of  a 
derrec'granfing  to  a  committee  re])resent«d  by  M,  Antonio  Soldini  (of 
Bissone)  an  80-years  concession  for  the  construction  and  working  of 
an  electric  tramway  from  Capolago  to  Bissone.  The  line  is  to  be 
single  ira'k  and  metre  gauge. 

Uruguay.— The  "  Review  of  the  River  Plato  "  stales  that  the 
Government  has  forwarded  a  bill  to  the  Chambers,  authorising  them 
to  enter  into  a  contract  for  the  establishment  of  a  modern  telephone 
system  in  the  Department  of  .Montevideo,  and  to  raise  cajjital  by 
issuing  bonds  for  gl,.')(M),(K»().  at  .")  percent,  interest. 

WalthamstOW. — Tl>e  ('<iuncil  have  adopted  a  rec(miniendation  of 
the  electrical  engineer  (.Mr.  f:.  R.  Spurr)  as  to  the  lighting  of  shops 
by  O.^ram  lamps  on  the  following  terms  : — 

200  c.p.  lamps  at  a  minimum  inclusive  jirice  for  current  and  main- 
tenance of  £2.  lOs.  per  lamp  per  annum  and  UK)  c.]i.  lamps  at  £1.  lOs. 
fier  lamp  jwr  annum,  the  charges  to  be  based  on  a  consumption  of  bW) 
and  80  units  per  lamp  per  annum  respectively.  Where  consumers 
desire  to  pureha.se  lanterns  and  wiring  on  the  hire-))urchase  system  the 
arrangement  is  to  be  carried  out  on  lines  similar  to  those  in  force  for  arc 
lighting. 

Wireless  Tele?:raph  Notes.— The  .scheme  for  complete  installation  of 
wirelcsii  telcgrapliy  which  will  edect  communication  between  the 


Canary  Islands  and  Europe.  Cape  Colony  and  South  .America  is, 
aecording  to  Mr.  Consul  Croker.  making  jjrogress.  Comnmnication  is 
lirst  to  be  established  amongst  the  adjacent  islands  of  the  Canaries, 
and  then  w  ith  Cadiz  and  Paris,  to  be  followed  with  Casablanca  and 
Paris,  the  Canaries  and  Pernambuco  on  to  Buenos  .Ayrcs,  then 
between  the  Canaries.  Senagambia,  Dakar  and  Cape  Town,  ."Accord- 
ing to  the  Consul,  the  work  is  being  undertaken  by  two  companies 
registered  in  Paris  and  Madrid  res])ectively.  with  eajiitals  of 
1,250.000  francs  and  l,000,0()(t  i)csetas.  The  main  installation  is  to 
be  at  Santa  Cruz,  Tenerife,  As  it  is  considered  possible  that  the 
distance  between  Tenerife  and  Pernnnibuco  may  be  too  great  for 
practical  working,  it  is  stated  that  an  installation  will  be  erected  at 
St,  Vincent. 

Workhouse  Lighting.— Act ii^g  on  the  recommendation  of  their 
medical  oiticcr.  Dr.  Lock.  I'xbiidL'e  Guardians  are  lo  obtain  estimates 
for  the  subslituti.iu  of  electric  fur  gas  lighting  throughout  the  work- 
house ])remises. 

The  Electrical  Engineers  (London  Division).— Amongst  the  athletes 
representing  the  various  Territorial  Cur|)s  in  the  London  District, 
assembled  at  the  Stadium.  Shepherds  liush.  on  Saturday  last,  the 
members  of  the  Electrical  Engineers  Corps  competing  acquitted 
themselves  very  creditably.  That  they  failed  to  bring  home  a 
challenge  cup  seems  to  show  that  the  preliminary  training  was  some- 
what neglected,  but  the  fact  remains  that  this  corps  very  closely 
contested  the  aggregate  challenge  cup,  being  only  one  point  behind 
the  I^ost  Office  Rifles,  the  winners. 

Of  the  various  events  in  which  the  members  competed,  second  place 
was  obtained  by  Mr.  G.  C.  Stewart  in  the  high  jump,  and  third  places  by 
Mr.  W.  Cox  in  the  J  mile  and  5  mile  cycle  races.  Jlr.  A.  J.  Monk  in  the 
1 10  yards  swimming  race  and  Mr.  A.  J.  Williams  in  the  440  yards  swim- 
ming race.  Several  other  places  were  obtained,  and  the  total  number 
of  prizes  gained  by  representatives  of  the  corps  during  the  day  was  nine. 
These  ])cifur'mances  should  be  satisfactory  to  all  concerned,  a.s  this  is  the 
first  time  in  the  history  of  the  Electrical  Engineers  that  any  of  its  members 
have  c-umpcted  in  the  open. 

Annual  Outing, — On  Saturday.  June  19,  the  staff  of  the  Sun 
Electrical  Cu.  held  their  lOth  annual  outing,  which  took  the  form  of  a 
trip  by  the  Immisch  electric  launch  "  Rosalind,"  from  Reading  to 
Maidenhead,  calling  at  Henley  for  lunch  and  at  Marlow  for  tea. 

In  the  course  of  his  remarks  after  lunch,  Mr.  A.  0.  Beaver,  the  manager 
of  the  company,  said  that  the  progress  of  the  firm  continued  on  the 
upward  grade,  notwithstanding  the  present  general  low  state  of  trade  : 
and  he  anticipated  that  this  year's  turnover  would  eclipse  all  ])revious 
years. 

Sports. — The  sixth  annual  athletic  festival  of  Manchester  Corpora- 
tion Tramway  Emplo3'es'  Social  and  Athletic  Society  was  opened 
on  Wednesday  in  the  presence  of  over  2,000  spectators,  700  entries 
were  received  for  the  various  events, 

Birmingham  Corporation  Tramways  Social,  Athletic  and  Thrift 
Society  held  their  sicund  annual  .sports  at  King's  Heath  on  Wednes- 
day. ."\liout  1.500  persons  were  present,  and  the  events  were  well 
filled. 


ELECTRICITY  SUPPLY  AND  TRAMWAY  ACCODNTS. 

Burnley. — The  tiatlic  revenue  (pf  the  tramways  department  during 
tlie  past  \'car  was  £lil.91 1.  against  £03.58(1  in  1!MI7-S. 

Cross  jinjlit  was  £2I,71S  (£24.1120)  and  £10,ti2."i  (£I(I..")7II)  was  required 
for  interest  and  sinking  fund.  12,17t),7S2  (12,3.5.'i.'.t.">S)  passengers  were 
carried  and  1,229.224  (1,202,330)  car-miles  run.  Kcieipts  jier  car-mile 
were  12-22d.  (12  83d.)  and  working  expenses  7-99(1.  (7-92d.).  Traffic 
reeei])ts  ]ier  street  mile  (£.5,817)  are  stated  to  be  exceeded  bv  Manchester 
(£7.480)  and  Sheffield  (£7.903),  but  in  nine  other  cases  "(Birkenhead, 
Blackburn,  Bolton,  Bradford,  Bury,  Halifax,  Leeds,  Salford  and  Old- 
ham) the  route-mile  trallirs  an-  less.  The  report  of  the  general  manager 
(.Mr.  Hy.  .Alozley)  stati-.  i  li.ii  t  li.'  .  o^t  of  alteration  of  overhead  equipment 
to  suit  top-covered  cais  (tJT.'i)  and  the  provision  of  time  meters  for 
double-deck  cars  (£109),  which  are  items  of  the  nature  of  capital  expen- 
<liture,  have  been  charged  to  reserve  f\uid.  With  the  object  of  obtaining 
a  moi'e  economical  car  than  the  four-motor  equipment,  a  trial  was  made 
with  the  Simpson  &  Park  radial  trucks,  which  proved  unsatisfactory, 
and  the  trucks  were  then  converted  to  simple  pony-wheel  trucks,  but 
with  a  new  arrancement  of  the  tallying  body  spring."  and  king  pins,  the 
whole  of  the  weiL'ht  of  the  body  being  carried  on  the  driving  axle,  thus 
increasing  the  adhesion  compared  with  the  Brill  iiiaximuiii  trucks  under 
the  double-deck  cars,  and  the  king  pill,  by  being  placed  in  the  centre  of 
the  axle,  greatly  reduces  the  work  of  the  pony  wheels,  which  act  as  guides 
to  the  truck.  So  far  the  result  is  very  satisfactory,  as  the  tyre  sections, 
after  nine  months'  service,  are  jiractically  perfect,  and  the  car  runs  more 
smoothly  and  noiselessly  than  with  the  four-motor  eipiipments ;  and,  more- 
over, there  is  a  reduction  of  about  3  tons  in  dead  weight  and  an  improve- 
ment of  about  9  ])er  cent,  in  speed,  the  new  tyiie  uving  20  ])er  cent,  less 
energy.  The  current  consumption  per  ear-mile  during  the  past  year, 
during  which  the  time  meters  were  in  u.se.  was  10-89  per  cent,  less  than 
in  the  year  ended  JIarch,  1907,  when  no  time  meters  were  used.     For  the 
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iif  money  (l'2.3Sl)  ha?  been  voted  from  net  reeeipts  to  the 
liur.mj;li  fund,  after  iihieing  £(),000  to  reserve.  Illii.slrations  of  rail 
,,iriii>ris  Mri'om)).iny  the  report,  and  show  that  the  wear  of  the  rails  is 
.■,|ii,il  ulier'  till'  lirakiriy  is  done  through  the  wheels  only,  but  on  the 
isler-viHul  (1  in  i)-8  gradient)  the  wear  is  greater  on  the  up  or 
;  ;ide  lli.ui  on  the  down  .side  where  the  braking  is  chiefly  done 
i.  Irark-lirake  shoes. 
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Coventry. — The  accounts  of  the  olectricity  department  were 
adopted  by  the  Ciirpoiiition  last  week. 

Capital  expenditure  is  £237.  S72  (an  increase  of  £18,964  during  the 
year).  There  are  l.K!.'!  consumer.^  (increase  113).  representing  the 
equivalent  of  204.037  H  e.p.  lamps  connected.  4,.5.'>().  105  units  were 
sold  (against  4,822.114).  Revenue  was  £31,994,  working  expenses 
£13.107.  2s.  !ld.  (against  £1.5,388.  os.  fid.),  gross  profit  £17,499.  14s.  4d. 
(agiiin^t  £l(i.8!l.-).  18s.  3d.).  Caiiital  charges  were  £13,770.  iis.  (against 
£11,19').  8s.  !)d.)  and  net  profit  £3,70.'').  .')s.  (again.st  £.5,fi47.  4s.  6d.). 
£1,000  lias  been  paid  in  aid  of  rates,  £2,.598  has  been  ])laced  to  reserve 
and  transferred  from  that  fund  to  capital  account  and  applied  in  pay- 
ment of  the  following  amouunts,  in  lie  of  a  loan  :  £2,098  representing 
o\|):'nditin'e  in  exccs.^  of  sanctions  on  extensions  carried  out  in  1907 
a!i'l  t'.")OI)  incter.i.     The  balance  (£167.  .5s.)  has  been  carried  forward. 

Devonport  (Tasmania). — Tlic  annual  report  of  Mr.  0.  H.  Lofts, 
cit/  electrical  engineer,  stales  that  tlie  supply  of  current  from  the 
municipal  electricity  department  has  been  maintained  for  five  years 
without  a  failure,  although  the  machinery  i.s  frequently  overloaded, 
and  the  battery  is  not  of  suflicient  size  to  take  the  lighting  load. 

78,580  units  were  sold  diu-ing  the  past  year  (against  57,571  in  the  pre- 
vious year)  and  the  maximum  load  was  95  kw.  (89  kw.).  Although  the 
street  lighting  was  subsidised  to  the  extent  of  £100  out  of  the  receipts 
of  the  private  supply  department,  the  undertaking  shows  a  net  profit 
of  £207. 

Dover. — The  accounts  of  the  electricity  supply  department  for  the 
;,(  ar  ended  March  31,  have  been  approved  by  the  Council. 

The  total  revenue  was  £19.247.  2s.  2d.  Expen.ses  were  £9,199.  18s  . 
and  the  gross  profit  £10,047. 4s  2d.  After  paying  interest  on  loans  (£7,102. 
49..5d.)and  sinking  fund  (£4,407)  there  was  a  deficit  of  £1,980.  13s.  3d., 
against  £2,147.  12s.  4d.  With  £1.190  9s.  3d.  disallowed  by  the  L.(}. 
Board  as  capital  expenditure,  the  net  deficit  at  date  is  £5,318.  14s.  lOd. 
It  is  anticipated  that,  in  view  of  the  commencement  of  the  contracts  for 
large  supplies  of  current  to  the  Admiralty  Harbour,  the  Duke  of  York's 
school,  i'c,  the  current  year's  aceoimts  will  show  a  substantial  reduction 
of  the  dcfictit.  The  total  expenditure  per  unit  sold  was  200d.,  against 
2-08d.,  and  the  total  revenue  4-19d.,  against  3-96d.  1.101,070  units 
were.^old  (427.21)2  for  Iractinn.  528,270  for  private  and  135,538  for  public 
lighting)  ;  theiv  are  04  ares  and  444  8  c.p.  equivalent  incandescent  lamps 
for  public  lighting.  The  total  maximum  sup])ly  demanded  was  420  kw. 
alternating  and  250  kw.  direct  current.  The  capital  expended  is 
£186,.588.  18s.  4d.,  an  increase  of  £2,973.  3s.  lOd. 

Flnchley. — During  the  year  ended  Marcli,  the  electricity  depart- 
ment sold,  for  private  lighting.  ."JSO.T.^O  units  (against  4S5, 000  in 
1907-,':)  and  for  public  lighting  233.:25  (■244.700). 

The  income  from  private  lighting  was  £9,433  (against  £8,000),  the 
ifieipts  for  power  increased  from  £642  to  £797,  while  p;  '  'ic  lighting 
rrvenue  was  £1,678  (£1,685).  Gross  ])rofit  was  £6,809  (£5„550)  and, 
iftiT  paying  interest,  sinking  fund,  cfcc,  the  net  profit  was  £86,  against  a 
ilifiiit  of  £292.     The  capital  expended  dm-ing  the  year  was  £13,405. 

Manchester. — The  accounts  of  the  tramways  department  (which 
were  appi'ovcd  by  the  Tramways  oommitt.ee  on  Tuesday)  state  that 
(he  capital  expenditure  is  £1,837,090  (increase  £60,461). 

During  the  year  ended  March  last  traffic  revenue  was  £774,035  (against 
f7'iO,994  in  previous  ve.ir),  parcels  revenue  £1,716  (£1,220)  and  total 
revenue  £784,556  (£769,073).  Working  expenses  were  £508,072 
(t500.023).  gross  profit  £276,484  (£269,050)  or  with  bank  interest  £279,108 
(£271,153).  Interest,  instalment  for  redemption  of  debt,  rent,  &c.,  of 
traiiuv.iys,  proportion  of  outlay  for  lea.seholds,  income-tax  and  Parlia- 
mentary expenses  amounted  to  £128,267  (£124,255),  leaving  a  balance 
of  £15(l.,84l  (£146.898).  1.55,011.884  (151,477.138)  passengers  were 
carried.  17,316.753  (16.974,955)  ear-miles  run  and  30,276,365  (29,9.55,070) 
miils  of  electrical  energy  nsed==  1-748  (l-7<))  per  car-mile.  Traffic 
revenue  per  car-mile  was  10-728d.  (10-76d.)  and  total  revenue  10-874d. 
(10-87d.).  working  expenses  5-216d.  (5-05d.)  or  7-043d.  (7-07d.)  including 
]«iwer.  The  average  fare  per  passenger  was  l-19d.  (l-21d.)  and  the 
average  journeys  per  head  of  population  182  (178).  There  are  104 
miles  of  traek  open  and  567  cars  in  stock.  The  total  amount  devoted  to 
relief  of  rates  since  1901  is  £377,000  (against  £307.000  at  March,  1908). 
Ilie  total  amount  of  the  sinking  fund  is  £232,814  (£191,!')43)  and  (he 
amount  of  siidiing  fund  applied  in  reduct'on  of  debt  is  £227, .587 
(£188.913).  £400,779  (£382.327)  has  been  provided  for  renewals  and 
depreiia(ion. 

Northampton, — The  lramT\ay  deiiartment  accounts  for  the  year 
ended  March  show  capital  ex])enditure  £131 ,452.  the  .same  as  in  1008. 

Income  v.'as  £24,186  (including  £882  from  onniibuses),  working  ex- 
liensi-s  £13,601,  gross  profit  £10,584.  After  jiroviding  for  interest  on 
'  i|iital,  instalments  of  loans  and  tax  on  profit,  £1,2.50  has  been  con- 
i'll'utcd  to  relief  of  rates,  £1,200  placed  to  reserve  and  £,'{45  carried  for- 
^^  nil.  612,628  ear-miles  were  run  and  5,()37.l)60  passengers  curried, 
1-1)4  units  per  ear-mile  were  used  and  the  cost  ])er  unit  was  0-65d.,  or 
0-94d.  including  ca|)ital  charges.  Total  revenue  was  9-64d.  per  ear-mile 
on  the  electric  and  6-49d.  on  (he  horse  service,  aiid  total  working  expenses 
(including  power)  were  9-07d.  per  ear-mile. 


Nottingham.-  The  accounts  of  the  electricity  department  for  the 
year  ended  .March  last,  show  capital  expenditure  £458,502  (incieaw 
£7,5.57.) 

Reven\ie  was  £93,836  ^against  £92,794),  working  and  general  expenses 
£47,322  (£47,088\,  gross  |)rofit  £4(),5I4  (£4,5.70«).  After  paying  interest, 
providing  for  instalments  for  sinking  fund  and  for  re|iayment  of  loans, 
and  placing  £670  to  reserve,  the  surplus  is  £17.2.50  !£ll..500).  which  has 
I  o  II  eoniributed  to  relief  of  rates.  The  reserve  fund  stands  at  £46,000. 
12.370.790  (12,00.5,704)  imits  were  generated,  1 14,(J59  (16.5.481)  supplied 
(<i  public  lamps  and  11,338,747  (10.951,354)  to  jjrivate  consumers.  There 
ar,-  92  |niblir  lamps  (against  1.52).  and  the  total  maximum  supfily  de- 
manded was  (j,385  kw.,  against  0,156  kw. 

Oldham. — .-^t  the  meeting  of  the  Kleetricity  committee  last  week 
the  chairman  (A'd.  Bolton,  J,P.)  report<'a  that  the  net  profit  for  the 
year  ended  .March  25  last  was  £3,451. 

West  Ham. — The  capital  expenditure  of  the  tramways  department 
at  .March  last,  w.as  £544.032,  compared  with  £.5(W.7.S5  at  .March.  1908. 

Traffic  revenue  during  the  past  year  was  £113.293  (against  £117.!M9 
in  previous  year)  and  to(al  revenue  £115  814  (£123.040).  working  ex- 
penses £77,.583  (£76.718),  interest  £18,243  !tl4.5(l2).  sinking  fund  instal- 
ment £10,429  (£8,549),  bank  interest,  &,-..  £3.636  (£6,717),  and  net 
balance  £5,923  (£lti,0(lO).  33,773,713  (34.712.220)  pa.ssengcrs  were 
can-ied,  2,797,817  (2.716.723)  car-miles  run  and  4,594,621  (4,195,930) 
units  used,  or  1  -64  ( 1  -54)  per  car-mile.  Traffic  revenue  ])er  mile  of  traek 
was  £4,183  (£4,461)  and  per  car-mile  9-71d.  (10-41d.).  Working  ex- 
penses (includuig  current)  were  6-656d.  (6-775d).  .-iverage  fare  |kt 
passenger  was  0-805d.  (0-815d.),  and  average  fare  charged  per  mile  0-57d. 
There  are  27  miles  6-88  chains  of  (equivalent)  single  track  worked  elec- 
trically and  100  ears  are  in  use. 

The  report  of  Mr.  H.  E.  Blain  (general  manager)  states  that  20  addi- 
tional cars  have  been  fitted  with  toj)  covers  during  the  year,  12  more  cars 
are  having  roof  covers  fitted,  bringing  the  total  to  59.  The  diminution 
of  traffic  receipts  is  attributed  to  motor  'bus  competition  and  the  failure 
of  the  L.C.C.  to  connect  up  their  routes  with  the  eastern  district.  Under 
(he  bonus  scheme  the  employes  received  £593.  3s.  4d.  for  the  year,  and 
the  holiday  pay  for  the  outside  staff  (under  the  s(-heme  which  gives  all 
employt-s  nine  days  holiday  with  i)av)  was  £1.199.  17s.  7d.  (against 
£1,167.  19s.  lOd.). 

Weymouth.— The  accounts  of  the  electricity  department  lor  the 
year  endeil  March  31.  were  approved  by  the  eouricil  last  week. 

The  total  income  for  the  year  was  £6,210.  .3s.  4d.,  including  £4,276. 7s. fid. 
from  the  sale  of  current  by  meter  and  £1.869.  10s.  from  public  lighting. 
The  expenses  amounted  to  £2,838.  18s.,  and  the  gross  profit  was 
£3,371.  5s.  4d.  After  paving  interest,  sinking  fund,  &c..  there  was  a  net 
profit  of  £101.  14s.  5d. 

The  report  of  the  borough  electrical  engineer  (Mr.  .Jos.  H.  Bolam)  stated 
that  various  extensions  of  the  generating  plant  and  distributing  network 
were  made  during  the  year.  48  new  consumers,  with  an  aggregate  of 
3,952  33-watt  lamps,  were  added,  against  59  consumers  with  3,t)58  lam))s 
in  1907-8.  388.051  units  were  sold,  against  353,415,  and  this  seemingly 
small  increase  is  stated  to  be  due  to  the  almost  universal  ado])tion  of 
metallic  filament  lamps.  The  total  cost  of  production  has  been  reduced 
from  l-63d.  to  l-51d.  per  unit.  The  power  load  increased  from  27  243 
to  38,543  units. 


TRADE  NOTES  AND  NOTICES. 


TENDERS  INVITED 

Tenders  .are  invited  for  the  supply  of  13  j  miles  of  bare  hard-drawn 
copper  cable,  and  also  for  the  supply  of  ().41(i  yd.s,  of  single  conductor 
lead-covered  cable.s  and  lAOO  yds.  of  concentric  lead-covered  cables 
to  the  City  Council  of  Mklboukne.  Specifications,  tender  forms  and 
conditions  from  the  Agents  for  the  City  Council.  Mcs.srs.  Mcllwraith. 
McEacharn  &  Co.  Proprietary  (I-td.),  BiUiter-^quare-buildings. 
London,  E,C..  with,  whom  tenders  must  be  lodged  by  Friday.  .July  23. 
See  also  advertisements. 

Tenders  are  invited  for  supply  of  18  transformers  to  the  Mel- 
bourne (Australia)  Municipal  Council.  Tender  forms,  condition.'', 
&c..  may  be  obtained  from  the  agents  for  the  Cily  Council  (.Messrs. 
Mcllwraith,  McEacharn  &  Co.,  I'roprietory,  (Ltd.).  Hillitcr-square- 
buildings,  London,  E.C.,  to  «hoin  tenders  by  Weilnesday.  July  7. 

The  City  of  MET.BorKNK  Municipal  Council  invite  tenders  for  the 
supply  of  80  calternating-eurrent  tiame  are  lamps.  Specifications, 
tender  form,  conditions  of  tender,  &e.,  from  the  agents  of  the  City 
Council,  .Messrs.  Mcllwraith.  .McEacharn  &  Co.  Proprietary  (Ltd.). 
Billiter  -  square  •  buildings,  London.  E.C.,  to  whom  tindtrs  by 
Wednesday,  July  7. 

Swansea  Corporation  reciuire  tenders  by  nn.n  .luly  7  forsupplyof 
enclosed  are  lami)s.  resistances.  ,>L-i'..  and  plain  Icad-shi-athed  two-core 
conductor.  fibre-insuli.te<l  IKIO  volt  cable.  ^ui(.-ible  for  drawing  in,  and 
rubber-insulated  ant!  braided  single  conductor  are  lamp  cable  for 
550  volts  ;  also  teiuters,  by  noon -luly  14  for  are  lamp  lowering  cear, 
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NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES- 
DIRECTORY  AND  HANDBOOK.— The  1909  Editioq 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  13s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  13 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engine  eting  Tables,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issued  in  handy  book 
form.  These  are  included  in  the  1909  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 


pillars,  brackets,  &c.,  and  arc  kmn  feeder  pUIars,  with  switch  and 
fuse. gear,  time  switches,  &c.  Specifications  from  the  Borough 
Electrical  Knjrineer. 

Tenders  are  a'so  in%  ited  for  suijply  of  a  15  ton  overhead  travelling 
hand  crane  to  the  city  of  Melbourne,  Victoria.  Tender  forms, 
conditions.  &c..  from  the  agents  of  the  City  Council,  Mes.srs. 
Mcll«raith,  McEacharn  .*t  Co.,  Proprietary  (Ltd.).  Billitersquare 
Buildings,  London,  E.G.  Tenders  to  the  Chairman  of  tlie  Electrical 
Supply  committee.  Town  Hall,  Melbourne,   by  2  p.m.  of  .\ugust  4. 

London  County  Council  want  tenders  by  11  a.m.  July  6,  for  supply 
of  2,3.50  steel  tyres  for  driving  wheels  and  l,,">ltO  for  pony  wheels 
of  tramcars.  Particulars  from  the  chief  oflQcer,  L.C.C.  Tramways, 
62,  Finsbury-pavement,  E.C. 

PoxTYi'RiDD  (Council  want  tenders  by  July  12  for  tlie  supply  of 
independent  .surface-condensing  plant,  with  circulating  pum)),  air 
pumps,  pipe  work.  &c.  Speciiication,  &c..  from  the  E!ectrical  Engi- 
neer and  Manager. 

Till-  Port  ok  Londo.n"  Authority  require  ten.iers  by  10  a.m.. 
July  12.  for  supplies  of  materials  and  stores,  including  arc  lamp 
carbons,  incandescent  lamps,  glassware,  ironmongery,  castings,  oils, 
&c.     Specifications  from  the  Stores  Dept.  If'i,  Fenchurch-street.E.C. 

Edinbi  Roii  School  Hoard  want  tenders  by  July  12  for  electric 
lighting  at  Oorgie  School.  Specifications  from  Mr.  G.  Thomson.  11, 
Rintlclpli-place,  Edinburgh.  i-ei 

Wall.^sey  Council  want  tenders  by  July  12  (or  su])ply  and  fixing 
of  a  battery  of  aceumula*ors.  reversible  booster  and  switchboard. 
Specification  from  Mr.  J.  A.  f rowther.  Sea  Aiew-rocid,  I.iscard. 

Tenders  will  be  received  by  tlie  CiE.NEii.vf.PosT  Office  until  noon, 
August  0.  for  supply  of  telegraph  poles  of  (a)  home-grown  larch  or  fir  ; 
(6)  Swedish,  Norwegian,  Finland  or  Russian  red  fir.  to  be  delivered  at 
one  f)r  more  of  the  ports  .set  out  in  an  adverti.scnient.  the  pf>les  to  be 
felled  durins  the  winter  of  19'^»9-10.  and  to  be  delivered  during  the 
following  su.'umer.  Forms  of  tender.  &e..  on  application  to  Mr.  G. 
.Morgan.  Controller  of  Stores.  Stores  Department.  (J. P.O..  17-19.  P.ed- 
ford -street.  London,  W.C. 

Chinese  Contracts. — In  our  Contracts  (J|)cn  i)ages  there  will  be 
found  an  invitation  from  the  Chinese,  Government  through  its  repre- 
sentatives, for  sealed  proposals  for  the  erection  and  comjiletion  of  a 
group  of  buildings  to  be  used  as  a  Bureau  of  Engraving  and  Printing 
in  Peking.  China.  It  will  be  noted  that  the  plans  and  specifications 
are  on  file  at.  amongst  other  ]}laces.  the  Chinese  Consulate-General. 
88,  Fenchurch-street.  London,  E.C.  Tenders  from  European  con- 
tractors must  be  filed  with  the  Chinese  I.,egation  at  Washington. 
D.C.,  not  later  than  July  1.5  next.  The  conditions  of  the  contract 
are  instructive. 

TENDERS  RECEIVED  AND  ACCEPTED. 

Southampton  Corporation  recently  received  the  following  tenders 
for  the  supply  of  cable  : — 

W.  T.  Clover  &  Co.  Uirnpkd).  (n)  3,000  yds.  1  sq.  in.  single-condiutor 
(1)  lead  fcvrred  £1,826.  88.-  5d.,  (2)  ntin-h-ad  covered  £1,794-  Os.  9d.: 
(6)  l,50fj  yds.  O-.j  !-<[.  in.  single-conductor  cable,  (3)  lead  covered  cable, 


£484-  6s.  Id-  (-1)  non-lead  coverod  £470.  ISs-  51-  ;  L  Fr,inkenbui«  & 
Son<.  (.,)(!)— ,(2)  £1.770,  (t)  (:i)— .|4)  Iti;.". :  St.  Helens  Cable  &  Rubber 
C...  (.,)(!)  fl.8li2.  (2)  £1.S17.  ('.)  (:!)  i.Vi:!.  (4)  £477  :  Johnson  &  Pliillips 
(a)  (1)  £1,850.  (2)  £1,820.  {b)  (3)  £490.  (4)  £470:  W.  T.  Henley's  Tele- 
graph \V.>rks  Co.,  (a)  (1)  £1.8,-)0.  (2)  £1.S25.  (/-)  (3)  £403.  (4)  £477  :  Wps- 
tern  Electric  Co..  («)  (1)  £1,S47.  (2)  £1.828.  (i)  (3)  £4'.ll.  (4)  £478  :  Hiiiish 
Insulated  &  Helsbv  Cahles.  {ii)  (1)  £1.8.i3.  (2)  £1.830.  (/>)  (3)  £4'.I2  (4) 
£480  :  Siemens  Bros.  &  Co.  (o)  (1)  £1.873.  10s.,  (2)  £1.840.  Ih)  (3)  £405 
(4)  £484  ;  Callender's  Cable  &  Construction  Co.,  (o)  (1)  £1.950,  (2)  il.ilOO 
(i)  (3)  £540,  (4)  £530;  Craigpark  Klectric  Cable  Co.,  (n)  (2)  £2,200* 
('))  (4)  £480  ;   New  Gutta  Peicha  Co.,  (n)  (2)  £3,180,  (b)  (4)  £S43. 

For  the  construction  of  authorised  tramways  along  the  Victoria 
Embankment  east  of  .John  Carpenter-street.  Blackfriars-road,  and 
Southwark-strect.  London  County  Council  received  the  following 
tendi  rs  : — 

R.  C.  Brebner&  Co.  (rf(-omwcW«/)   ...  £11.420     (1    0 

John  .Mowlera  &  Co 14.707     0     0 

W.  .M.anders   13.598   13  10 

A.  N.  Coles 12,945     5     5 

Dick,  Kerr  &  Co 12.055     4     5 

The  chief  engineer's  estimate,  comparable  with  ih"  tenders,  was 
£11.053.  8s.  4(1.  "The  successful  tenderers  are  to  lie  alloweil  to  .sublet  to 
Doulton  &  Co.,  jioiTclain  insulators;  to  the  Anderston  Foundry  Co., 
cast-iron  work  :  to  Bayliss,  Jones  &  Bayliss,  steel  and  wroughl-iron 
work  :  to  the  Improved  Wood  Pavement  Co.,  wood  block  ])aving  ;  and 
to  John  Fyfe  &  Co.,  paving  .setts. 

The  contract  for  supplying  and  laying  the  l.t.  cables  for  the  Cam- 
bridge-road tramway  route  has  been  let  to  W.  T.  Henley's  Telegraph 
Works  Co.  at  a  reduction  of  1^  per  cent,  ofl  the  company's  existing 
contract  for  cables. 

Stepney  (London)  Council  received  the  following  tenders  for  two 
years'  supply  of  demand  indicators  — 

Rea.son  Mfg.  Co.  (nccepbd).  £563.  5s.  :  Chamberlain  &  Hookham,  1311; 
Enuineerins  Instruments  (Ltd.),  £400.  its.  4d.  :  British  Insulated  & 
Helsby  Cables.  £405.  10s.  ;  Electrical  Co..  £1,009.  10s.  ;  (k-ncral  Elec 
trie  (^1..  £2,397.  9s.  With  one  exception  the  tenders  were  informal,  and 
of  informal  tenders  three  did  not  comply  with  the  si>ecilication.  In  the 
two  other  cases  (Engineering  Instruments  and  Electrical  Co.)  no  samples 
were  submitted.  For  two  years'  supply  of  time  switches  the  tender  of 
Vciincr  &  Co.  at  £813  was  accepted.  The  Reason  MPs.  Co.'s  tender  was 
£.559.  lOs. 

Barking  Council  have  accepted  the  tyndsr  of  Crompton  it  Co.  for  a 
three-phase  alternator  at  £340,  and  that  of  Siemens  Bros.  Dynamo 
Works  for  a  switchboard  at  £102.  and  motor  at  £80.  5.s. 

Ten  firms  tendered  for  the  whole  of  the  work  and  one  for  the  swileli- 
board  only.  The  highest  tender  for  the  alternator  was  £5311  :iiid  the 
lowest  £340  ;  the  highest  switchboard  tender  was  £175  and  the  lowest 
£102  ;   the  highest  motor  tender  was  £1 13  and  the  lowest  £80.  5s. 

The  WcstinghciUse  Electric  &  Mfg.  Co.  liavc  received  an  ordt'^ 
lor  the  .supply  of  "24  clertric  Iceomot'ves  for  the  New  York  tunnels  of 
the  I'cnnsylvania  Railroad.  Each  locomotive  will  consist  of  two 
units  pernianently  coupled  together,  and  the  complete  machine  will 
have  10  v. heels- -i.e. .  there  will  be  a  truck  of  four  wheels  <m  each  end 
of  eac!i  unit.     Each  engine  will  have  a  capacity  of  4.000  11. p. 

Middlesex  County  Council  have  placed  an  order  with  Dick.  Kerr  \- 
Co.  for  the  construction  at  an  estimated  cost  of  £45,5IX)  of  the  Soutl\- 
bury-road  (Knfield)  tramway.  The  work  is  to  be  done  on  the  eon- 
tract  i)rice  on  w  liieh  the  firm  are  constructing  the  Regent's  Park-roatl. 
Ballard'.s-lane.  and  the  Cricklcwood-lanc  tramways. 

Burnley  Education  committee  have  accepted  the  tender  of  Simp- 
son Bros,  for  an  electric  lighting  and  power  installation  at  the  new 
technical  schools  at  £1,4"25. 

Southampton  Corporation  have  placed  an  order  with  P.  Ruther- 
ford for  an  idr  compressor  at  £t)0  for  the  tramways  department. 

Elham  Guardians  have  accepted  the  tender  of  C.  W.  D  ixc  n  for 
supply  of  electrical  fittings. 

.Margate  Council  have  accepted  the  tender  of  Stuart  &  Moore  for 
electric  fire  alarms  at  £08. 

Hounslow  Council  have  ])laced  an  ordi  r  with  Babeock  &  Wilcox 
for  a  mechanical  chain-grate  stoker  at  £310. 

Walsall  Electricity  committee  have  accented  tlie  ten'Icr  of  Doidlon 
&  Co.  lor  stoiK  ware  liriuL!liinL'. 

Electricity  Meter  Contracts. — Greenock  and  Hornsey  Corporations 
have  phui'd  orders  with  the  Hast  inn  Meter  Co.  for  supji'y  of  meters. 

BUSINESS  NOTICES. 

Fras.  T.  and  .John  E.  Edmunds,  electricians,  engineers.  &c..  200a 
and  ■240b,  Christchurch-road.  Boscombe.  Bournemouth,  and  Christ- 
church,  have  dissolved  partnership.  .Mr.  V.  T.  Kdmunds  continues 
the  Boscombe  and  ,Mr.  J.  E.  ICdniunds  the  Christchurch  business. 

The  addres.-,  of  the  Buenos  .-Xyres  branch  of  the  India  Kubbcr. 
Gutta  I'ercha  &  Telegraph  Works  Co.  has  been  ch.anged  to  409, 
Calle  Florida. 
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We  are  asked  to  state  that,  in  view  of  the  increase  of  business  in 
lieir large  gas  engine  department  and  of  their  intention  to  take  up  the 
I  irectsale  of  their  Diesel  oil  engines  in  England,  the  Masehinenfabrik 
jmgsburg-Niirnlicrg  .\.(i.,  hitlKito  kiKJWii  in  ll'e  lOnglish  gas  engine 
iradc  as  Tlie  Niircmberg  Co.,  have,  as  a  result  of  a  friendly  arrangc- 
frient,  terminated  their  agency  agreement  with  Mr.  Jann  s  Halcrow, 
[8,  Colcnian-strcet,  London,  KX'.,  and  have  opened  an  office  at  219, 
t^axton  House,  Westminster.  S.W.,  where  all  future  communications 
Ihould  he  addressed.  Telegraphic  address:  Kkttillo  London, 
telephone.  .'5775  Victoria. 

i  Electrical  Engineering  Business  for  Sale. — Messrs.  .Josolyne. 
illiies  &  Co..  2S.  King-street,  ('hea])side.  K.C,  advertise  for  sale  the 
inisincss  of  a  well-known  lirm  of  electrical  engineers. 
I  Patents  Development. — The  proprietors  of  the  following  patents 
ire  desirous  of  entering  into  arrahgement.s  by  way  of  licence  or 
otherwise  f(jr  exploiting  same  and  ensuring  their  full  development 
'n  this  country  : — 

'    No.  Kl,40.'i/1004.  for  "  Improved  Method  of  finding  the  Direction  of 
l^oimd";    No.   10,477/1004,  for  "  Improvements  in  Apparatus  for  Re- 
Ijeivine;  Submarine  Signals  '"  ;    No.  10.403/1904.  for  "  Improved  Means 
fur  priidiioing  Sound   Vibrations   in   Water  applicable  to   Marine  Sig- 
nallini "  ;    No.  .'1.200/1  <J0,'!,  for    'Improvements  in  Apparatus  for  pro- 
i during  Soimd  Vibrations  in  Wafer  "  :    No.  r3.2'<S/l!102    for  "  Imjirove- 
ments  relating  to  the  Transmission  of  Sound  for  Submarine  purposes  and 
to  Apparatus  tlicrefor  "  ;   No.  13,287/1902,  for  "  Improvements  relating 
1  to  Apparatus  tnr  the  Transmission  of  Sound  for  Submarine  purposes  "  ; 
No.  18,570/1900,  I'cir  "  Improvements  in  Devices  for  producing  Sound 
tSignals    in   M'l'.n";  and   No.  18,909/1905,  for  "Improved  Method  of 
:  Electric-  WcMiug  Sliest  Metal."    Applications  to  Messrs.  Haseitine,  Lake 
;  4Ci).,  7  and  '^,  Sniithampton-buildings,  Chaneeiy-lane,  London,  W.C. 
I    No.  1().729/190(),  relating  to  "  Dynamo  Electric  Generitors."     Appli- 
cations to  Messrs.  Herbert  Haddan  &  Co.,  31  and  32,  Bedford-street, 
1  Strand,  London,  W.C. 

'  Storage  Batteries  in  Hot  Climates.-  -E.xoeption  is  sometimes  taken 
[  to  the  use  of  storage  batteries  in  hot  climates,  but  there  is  proof  that 
I  the  D.P.  Battery  Co..  of  Bakewell,  Derbyshire,  have  succeeded  in 
[producing  jilates  th.at  will  work  satisfactorily  under  these  conditions. 
i  ftlls  supplied  to  the  Indian  Oovernment  some  six  years  ago  hy  the 
I  company  are  (we  are  informed)  still  working  ^ell  and  giving  no 
;  trouble.  No  renewals  of  either  positive  or  negative  plates  have  been 
I  required,  nor  are  there  signs,  it  is  stated,  of  deterioration,  according 
to  the  latest  accoinits  received  by  the  company. 

j  CATALOGUES,  &c. 

Electeo-Therapeutics. — Correction — In  a  note  under  this  head  in 
\  ourlastissue  we  referred  to  the  receipt  from  "theSanitisCo."  of  "The 
Book  of  the  j\lultostat;"  The  makers  of  the  electro-medical  appara- 
tus referred  to  should  ha\e  been  given  as  "  Tile  Sanitas  Electrical 
Co.,"  01,  New  Cavendish-street,  London,  W.,  as  there  is  otherwise 
possibility  of  confusion  with  the  Sanitas  Co.,  the  well-kno\\-n  disin- 
fectant specialists,  of  Bethnal  Green,  E. 
['•Electrical  Bleachino  AcpAKATtrs. — We  have  received  from 
Messrs.  Siemens  Bros.  &  Co.,  of  Caxton  House,  Westminster,  S.W.,  a 
pampb.let  on  ehxtrical  bleaching  apparatus,  which  gives  details  of 
the  Siemens  process,  and  the  ad\antages  of  electrical  bleaching 
compared  with  other  bleaching  ijrocesses  are  full}-  set  out.  Some  of 
the  bleaching  installations  carried  out  on  the  Siemens  system  are 
illustrated,  and  a  dcscrii)tion  given. 

Street  Liohting  FiTTiNfis.— The  Reason  Mfg.  Co.,  I.ev.'es-road, 
Brighton,  have  ready  a  comprehensive  brochure  dealing  with  various 
types  of  fittings  for  street  lighting.  Several  novelties,  both  in  design 
and  switcliing  arrangements,  are  shown  and  full  advantage  of  the 
latest  de\eli  ijiments  in  incandescent  lamps  is  taken  in  the  introduction 
of  n-'w  feat  lu-es. 

Insulated  Lamp  Holders. — In  order  to  comply  with  the  new 
Home  Olfice  Regulations  regarding  switch  lamp  holders,  the  British 
Central  Electrical  Co.  are  placing  on  the  market  a  contrivance  liy 
means  of  which  existing  holders  can  be  made  to  come  within  the 
mgulations.  A  well-made  hard  wood  case,  shaped  to  receive  a 
switch  lamp  holder,  can  be  ])Iaced  in  ])osition  by  simplj'  passing  the 
flex  through  the  hole  at  the  to])  and  a  cap,  which  is  screwed  on  when 
the  holder  is  in  place,  insulates  the  whole  thing. 

Poi'ENTiOMKTERs.- — Tlie  Reason  I\Ifg.  Co.  have  also  i.ssued  an 
interesting  booklet  on  the  Clark  Fisher  potentiometer,  which  des- 
cribes very  fully  the  various  types  of  these  instruments,  with  diagrams 
showing  tlie  different  uses  of  the  potentiometer.  Complete  instructions 
as  to  its  use  are  also  given. 

Electric  Cookikg. — The  new  catalogue  of  the  British  Prometheus 
Co.  deals  with  the  various  uses  of  Silundum  in  cooking  utensils. 
It  is  claimed  that  the  particular  process  of  manufacture  u.sed  permits 
the  production  of  Silundum  rods,  which  are  specially  applicable  fin- 
slectiic  cooking  a]>p;)ratus.  This  apparatus  may  be  vvorkcfl  at 
incandescent  temperatures  without  o\idi?ation,  and  can  be  run  at 


high  temperatures  without  undergoing  .any  m.nlcrial  chemical  or 
physical  change.  The  various  cookers  made  are  illustrated  and  full 
particulars  of  their  respective  advantages  are  given. 

I'liEscoT  SiutvK'E  Boxes.— Tin;  British  Insulated  &  Helsby 
(Jal-lcs  (Ltd.),  (jf  Prcscot,  Lanes.,  are  issuing  a  catalogue  of  the  house 
.svrvice  bo.xes  matle  by  them.  Each  type  is  amply  illu.strated,  and 
full  details  of  I  he  si-ze  and  jirice  are  given.  The  same  lirm  are  aUo 
.sending  out  a  list  of  their  .Monnot  copper-clad  steel  wire  for  electrinal 
purposes.  In  the  manufacture  of  this  wire  the  high  tensile  strength 
of  steel  is  obtained  in  conjunction  with  the  high  electrical  conduc- 
tivity of  copper.  Tables  showing  the  .si^es,  weights  and  resistance  of 
the  various  classes  of  this  wire  arc  also  given. 

"  SucLEEN  "  Vacct'M  Cleaner.— With  a  title  that  will  attract 
the  curious.  Messrs.  Krupka  &  Jaeoby  have  issued  a  booklet  dealing 
with  the  "  Suelccn  "'  vacuum  cleaner.  This  apparatus  consists  of  a 
double  acting  positive  suction  pump  driven  by  an  electric  motor,  and 
it  is  also  made  for  hand  power. 

The  Bruso  Budget. — Contained  in  a  tasty  cover  the  latest  Brush 
Budget  has  a  well  illustrated  series  of  articles  on  "  Bru.sh  "  progress. 
Amongst  the  illustrations  a  l.tWlO  kw.  alternator,  suitable  for  coupling 
to  an  existing  slow  speed  mill  engine,  driving  a  textile  factory,  is 
.shown.  The  adaptation  of  the  electric  drive  to  other  textile  ma- 
chinery by  the  use  of  individual  motors  is  also  illustrated.      , 

Electricity  Meters. — We  have  received  from  Simplex  C'onduit.s 
(Ltd.)  several  leaflets  dealing  with  the  various  types  of  electricity 
meters  which  they  supply.  Each  ty|^e  is  fullv  described,  and  turves 
and  diagrams  of  connections  are  given. 

"  Eclipse  "  FiTTixG.=i. — Mr.  0.  Braulik,  .S,  Lambeth-hill,  E.C.,  ha.9 
sent  UK  a  pamphlet  describing  a  series  of  new  "  Eclip.se  "  fittings  for 
indirect  lighting  by  means  of  metallic  filament  lamps.  It  is  claimed 
that  by  the  use  of  these  fittings  metallic  lamps  can  be  u.std  in  the 
most  efficient  way  possible,  while  at  the  same  time  the  light  from 
them  is  neither  injurious  nor  painfid  to  the  eyes. 

BANKRUPTCIES.  LIQUIDATIONS.  &c. 

A  meeting  to  receive  an  account  of  the  winding  up  of  the  Inter- 
national Telescriptor  Synd.  (Ltd.),  will  be  held  on  July  28  at  Norfolk 
House,  Norfolk-street,  London.  W.C. 

The  Santoni  Arc  Lamp  &  Engineering  Co.  (Ltd.)  is  being  wound 
up  voluntarily.  Mr.  W.  M.  Whyte,  II.  Queen  Victoria-street,  Londtin, 
E.C..  is  liquidator. 

Winding-up  Petition. — A  jietition  for  the  winding  up  of  the  North 
Western  Electricity  &  Power  Gas  Co.  has  been  iiresented  by 
Messrs.  Harper  Bros.  &  Co.,  and  will  be  heard  in  the  High  Court, 
London,  by  Mr.  Justice  Neville,  on  July  6. 


PATENT  RECORD. 


"APPLICATIONS    FOR    PATENTS. 

Note. — The  undermenlioned  Applications  (except  those  marked  t)  are  not  open  to  public 
nspection  until  after  acceptance  of  Complete  Specifications.  Those  marked  '  are  open  for 
inspection  12  months  after  the  date  attached  to  them,  if  they  have  not  been  published  previously 
in  Ihe  ordinary  course.  Names  within  parentheses  are  those  of  communicators  of  inventions. 
When  complete  Specification  accompanies  application,  an  asterisk  is  affixed. 

April  6.  1909. 
8.202  Brown.     Electric  signals. 
8.205  Taylor.     Electric  accumulator  sub-stations. 
8.212  Ford  &  Bonshor.     Electrical  cartridge  fuse-holders. 
8.231  DoRMAN.  Smith  &  Baoos.     Electrical  switches  and  cut-outs. 
8,263  Siemens   Bros.   Dynamo  Works.    (Siemens  &   Halske  Akt.-Ces..   Germany.) 

Electric  fuse  fittings.* 
8.281   Freeman.     Cut-outs. 
8,283  Kkuoek.     Regenerating  blackened  carbon  filament  lamps.     (Date  applied  (or. 

6/4/08.)n 
8.293  LoEBL.     Electrically-wound  clocks. 
8,303  Holmes  &  McPherson.     Electric  indicators. 
8,315  Waterman.     Electrically-operated  valves.* 
8,345  MosER.    Self-regulating    alternating    current    additional    machine   or    booster. 

(Date  applied  for,  1  l,'7,'1908.)*t 
8,351  B,T.-H.  Co.     (G.E.  Co,,  U.S.)     Electric  lamp-making  machines. 

April  7,  1909, 
8,356  Howe  &  Irwin.    Safety  device  for  electrical  apparatus^ 
8,383  JoPLiNG,     Improvements  in  electric  arc  lamps, 
8,405  PoLEscHowsKY,     Anti-vibrator  for  electric  incandescent  lamps. 
8.419  Gray,     Electric  conductors, 
8,422  Trier,     Electric  ignition  devices. 

8  429  A,  P.  LuNDBERG.  G.  C,  Lundberg  &  P.  A,  LONDBERC.     Electrical  switches.* 
8,456  Allgemeine   Elektricitats-Ges,     Electrically-operated  cranes    lifts,   and   the 

like,     (Addition  to  No.  17.622,08,     Date  applied  for.  8,'4''08,)*t 
April  8,  1909. 
8.489  Burks.    Ivtagneto-electric  machines.    (Date  applied  for.  S,.'3,09,    Comprised  in 

application  No,  5,360,  dated  5;3.'09,) 
8,521  Mahoney  &  McCuRDY.    Magnetic  brakes.     (Date  applied  for.  20/4/08.)*t 
8,535  Schmahl  &  Henderson.     Fuse  and  switch  boards.* 
8  570  Timar  &  Ziegler,    Time  relav  for  electric  currents.     (Date  applied  for.  12/12;t)a 

Comprised  in  application  No,  26,967.  dated  12/12/08.)* 

8.581  Marconi  &  Marconi's  Wireless  Telegraph  Co,     Wireless  telegraphy.     Addi- 

tion to  No.  17.505/08.) 

8.582  Marconi  &  Marconi's  Wireless  Telegraph  Co.    Transmitters  for  wireless 

telegiaphy.     (Addition  to  No.  20,119/07,) 
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8,601 
8.619 
8.649 

8.692 
8.694 
8697 
8.721 


8.912 
8,972 
8.979 
8.981 


9.035 
9.042 
9.048 


9094 
9.133 
9.154 


9.194 
9.201 
9.231 
9.265 


9.304 
9,318 
9.322 
9.333 


9.550 
9.559 
9.5W 


9,663 
9.6Sb 
9,693 
9,706 


9,SD7 
9,838 
9.310 

9,812 
9.829 
9,331 

9.98D 
9.987 
9.999 
10,003 


10.025 
10,047 

10.052 
10.067 


10,175 
10,198 
10.203 


10.225 
10,255 
10,288 
10,312 


April  10,  1909. 
Brampton  &  Osborm.    Conduit  fittings  for  electrical  and  other  purposes.* 
Cox.     Enc!os«i  electrical  switches. 
Thompson.    Trolley  heads  of  electric  tramcars  and  the  like. 

April  13.  1909. 
Rose.    Mechanism  in  quick  make  and  quick  break  electrical  switches- 
Thomson.     Electric  C3al-cutting  machines. 
Jen.sincs.  jun.     Electrical  dynamometer. 
Smith.  Smith  &  Green.    Cut-out  for  use  with  transformers  and  metal  filament 

lamps. 
B.T.-H.  Co.    (G.E.  Co.,  U.S.)     Rods  or  filaments  of  refractory  meUl. 

April  14.  1909. 

Walton.    Matter  intended  particularly  for  electric  insulating  purposes. 

Okill.     Electric  accumulators  or  storage  batteries, 
April  15.  1909. 

LiDDLE.     Low-voltag3  electric  plug  adaptors. 

Webb.    Short-distanc»  telegraphic  apparatus. 

&  8.980  B.T.-H.  Co..  Wedmore  &  Whitcher.     Electric  distribution  systems. 

B.T.-H.  C3.     (G.E.  Co.,  U.S.)    Stems  for  incandescent  electric  lamps. 
April  16.  1909. 

LE30E&  Scott.     Arc  lamps.    (Addinon  to  No.  24.635,  J7.) 

Siemens  Bros.  Dynamo  Works  &  Kloss.    Starting  and  regulating  of  electric 
induction  alternate-current  motors. 

HiGiiNS  &  Sheridan.     Electric  signalling  systjmj  for  railway^.* 

Myers.    Thermally-controlled  arc  lamps. 

Siemens     Schuckertwerke     G.m.b.H.    Altsmatinj-current     dynamo-eleclric 
machines.     (Date  applied  for,  25  6  08.)'t 

Siemens  Bros.  &  Co.     (Siemens  &  Halsk;  A.-G.,  Germany,)    Semi-automatic 
telephone  exchanges.  • 

Garde  &  Adams.     Electrodes  of  secondary  batterios, 

Le",vis-     Arc  lamp  electrodes. 

April  17,  1939. 

McGreoor.     Electric  circuit  clo>ers. 

Mavor  &  Mayor  &  Coulson.     Enclosed  electricil  ma:'..ines. 

Shepherd  &  LAjEsen.     Heating  by  electricity. 
April  19,  1909. 

Tetley  &  SrRACHAN.    Securing  a  quick  make  and  quic!:  break  in  conjuncHon 
with  electric  switches. 

Cottier.     Locking  electric  incandescent  lamps  to  their  holders. 

KiRWAN  &  OuANEY.     Switches  for  breaking  electric  circuits. 

Sunderland  L.  Pillinger.     Electromagnets  and  solenoids 

Bergmann-Elektricitats-Werke  Akt.-Ges.    Glow  lamps  with  metallic  fila- 
ments.    (Date  applied  for.  18  2  09.)"t 

Electric  Pulley  Block  Co.     (Gese.  Germany.)    Starting  and  reversing  devices.* 
April  2D,  1939, 

Goddard.    Limit  switch  for  electric  lifts. 

Horvath.     Electric  incandescent  metal  or  other  filament  lamps. 

Holland.     Electric  glow  lamps. 

Felten  &  Guille.aume-Lahmeyes-.vesxe  Act.-Ces.     Electric  reversing  gear. 
(Date  applied  for   30ll08.l't 

Sill.     Electric  controllers.* 

Tetlov/.     Trolley  harps.* 

April  21.  1909. 

Simpson.     Electricilly  propelled  vehicle  brakes. 

MoNASCH.     Producing  phase-displaced  electromagnetic  oscillations.      (Dote  ap- 
plied for.  21  4 '08.)*t 

Hawker.     Electric  switches. 

Drault.     Periodical  interruption  of  alternating  electric  carrent.     (Dite  applied 
for.  23'4,03.l*t 

Bleckly.     Arc  lamps.* 

April  22.  1939. 

Drake.  Waddell  &  D.P.  Battery  Co.     Retaininj  charge  in  accumulator  plates. 

Burleigh  &  Wardle.     Dynamo-electric  machines.* 

Si-mens  Bros.  &  (^.     (Siemens  &  Halske  A.-G.,  Germany )    Switch  plugs  for 
telephone  exchanges.* 

Robinson.    Train  controlling  means  on  electric  railway  system;.     (Date  applied 
for.  20,10  '39.    Comprised  in  Nos.  22.227,  dated  20, 10,  J3.)* 
April  23,  1909. 

Taylor.    Charging  and  discharging  batteries. 

Sharman.     Outgoing  telegraph  signal  recorders. 

Joel.     Portable  electric  lamps.     (Addition  to  No.  11,106,'08.)* 

Hirst  &  Krause.     Electric  fan  motors. 

April  24.  1909. 

MuiR  &  Chamen.     Electric  lamps  or  lanterns. 

Bradley  &  Williams.     Electrolytic  cells. 

April  26.   1909. 

Lurring,  Dycher  &  Moran.     Expansion  plug  for  electrical  switchboard  'bus  bars 

JERVI5-S.MITH.     Long-pull  elcctromagnetic  apparatus. 

Veritys  Limited  &  Rogers.    Swinging  joints  for  electric  light  and  similar  tubular 
fittings. 

Mackay.     Incandescent  electric  lamp-holders  and  shade  carriers.* 

Jackson  &  Hurst.     Electric  controller  contact  finders. 

Aihsley,  Johnson,  PARKES&  PoRRiTr.    Circuit-breaker. 
April  27.  1909. 

SacHOSTAWER.     Electric  traction  on  the  induction  system. 

Krause.     Lightning  arrester  for  overhead  lines.     (Date  applied  for,  29,7/08.)*t 

Bilton.    Sheet-metal  telephone  cases.* 

Horn.    Connections  for  electric  tension  measurement  apparatus  of  dynamo- 
metric  construction.     (Date  applied  for,  27,'4/'03.)*t 
April  28.  1909. 

Campbell.    Trolley  heads  or  collectors  for  electric  tramcars  and  the  like. 

Alexander  &  Applebys,  Limited.    Trolley  hoists.* 

Dyson.     Joining  the  ends  of  submarine  or  telegraphic  cables. 

Siemens  Bros.  Dynamo  Works  &0'Hacan.    (Siemens  Schuckertwerke  G.m.b.H. 
Germany.)    Arrangements  for  cooling  commutators  of  dynamo- electric  machines. 

B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Production  of  high  vacua. 

SIMMS  &  SIMMS  Mfg.  Co.     Magneto-electric  machines. 
April  29,  1909. 

Ugrimoff.    Cooling  device  for  electrical  sliding  contacts.* 

Newstettes.     Electric  generating  systems.  * 

Siemens  Bros.  ^  Co.     (Siemens  &  Halske  Akt.-Ges..  Germany.)     Service  re- 
gisters in  telephone  installations.* 

Wehtworth.    Switch  for  use  with  transformers. 
April  30,  1909. 

MacDonald.     Electric  current  generators  and  electric  motors. 

Conner.    Telephonic  party-line  systems. 

Rawlinos.     Fittings  for  electric  candle  lamps. 

Wolters.     Electric  safety  lamps.     (Date  applied  for,  2, 5'08.)*t 


SPECIFICATIONS    PUBLISHED. 

1908  Specifications. 

4.137  B03CH.  Starting  Internal  combustion  engines  by  electrical  ienitlon.  (Date  ap- 
plied tor.  28/10/07.) 

4.339  V/ardell.     Magnetos  for  ignition  purposes  in  explosion  engines. 

4.S97  Hope.    Switches  and  fuses  for  starting  three-phase  electric  motors  and  the  like. 

4,922  Stearn.  Topham.  Handcock  &  Dykes.  Electric  incandescent  lamps.  (Post- 
dated 3/^08.) 

4,950  Pfott.     Regulating  electric  motors. 


5.719  Scott.    Swing-out  electric  lamp  carriers. 

6959  B.T.-H.  Co.    (G.E.  Co.,  U.S.)    Alternating-current  motors  of  the  commutator 

type. 
6.973  Fennell  &  Perry.     Electric  accumulators. 
7.028  Schie-jSLER.     Alternative  wireless  telegraphy  and   telephony.     (Request  under 

Section  19  not  granted.) 
7.335  Jackson.     Electric-motor  control  systems. 

7.398  Evershed  &  Vignoles  &  Evershed.     Electric  meters  of  the  movin'  coil  type 
7,409  Rorke  &  RoRKE.     Switches  for  electrical  purposes. 
7.507  Oertly  &  Dudley.     Electrically-heated  tools.     (Date  applied  for,  6/4/07.) 

7.644  Fennell  &  Perry.     Restricting  the  maximum  current  passing  in  electric  circuits. 

7.645  Fennell  &  Perry.     Electric  meters. 
8,093  Marks.     (Roberts.)     Electrical  heating. 

8.253  Applebee.    Arc  lamp  lens  and  screen  tor  theatrical  stage  effects. 

8.308  Davy.     Arc  lamps.     (Cognate  application,  9,862,08.1  | 

8.543  Bergtheil.     Mounting  electrically-driven  punkahs. 

e.748  McNally.     Controlling  electric  circuits. 

8,752  LiLLicRAP.     Electric  Switches. 

8,794  Electrical  storage  batteries. 

8.863  Gunning.     Rotary  interrupters  or  switches  for  electric  circuits. 

8.930  Knight.     Electrically-driven    percussive    tools,  specially    applicable    for   rock- 
drilling  or  stoping. 

8,972  Balsillie.     Generators  for  high-frequency  electric  currents. 

9.0>9  We:!m.\n.-i.     Starlike  trolley  tor  eleetric  railways  an  i  tramways 

9.146  Akt.-Ges.  Brown,  Boveri  et  Cie.     Electric  transformers.    (Date  applied  for, 
26  4, 07.) 

9.156  Wynne.     Opening  and  closing  an  electric  circuit. 

9.195  Major,  Stevens  &  Stevens.     Electric  lifts. 

9.222  Carpenter  &  Banks.     Arc  lamps. 

9,229  Giles.     Electrically-controlled  clocks. 

9.241   Jones.     Arc  lamps.     (Request  under  sec.  19  not  granted.) 

9.251  Korv  R.v     Electromagnets. 

9.537  Vauohan  &  Birch.     Metallic  fittings  lor  electric  continuity  system. 

9,654  Justice.     (Deutsche  Gasgluhlicht  AkL-Ces.  Auergesselschaft)      Miners'  lamps. 

9.7,%  Milliard  &  Parsons.     Switches  for  electrical  circuits. 

9,844  Felten    &    Guilleaume-Lahmeyerwerke    Akt,-Ce3.    Cut-out   apparatus  for 

electrical  circuits.     (Date  applied  for,  6  5,07.) 
10,037  Boult.    (Schlesische  Akkumulatoren-Werke  Akt.-Ges.)    Accumulators  or  secon- 
dary batteries. 
10,378  Cornelius.     Electric  furnaces. 

10,577  DoNATi.     Alternating-current  regulators.     (Date  applied  for,  15/5/J7,) 
10.712  CoLLls,  Exley  &  Leitner,     Electric  light  fittings. 
10,838  Best.     Electrically  igniting  miners'  safety  lamps  in  mines. 
11,344  B.T.-H.  Co.  &  Dawson.     Power  transmission  systems. 

1 1 .347  Merz  &  Redman.     Conductor  rails  for  electric  railways  and  the  like. 
11,536  Heinrichdorff.     Carriage  lamps  by  means  of  current. 

11,634  B.T.-H.  Co.  &  Wedmore.     Electri:  dist.-ibating  systems. 

11,986  Wood.     Electric  circuit  controllers. 

12,250  Isaria-Zahler-Werke  Ges.     Electricity  meters.     (Date  applied  for,  ll,'5/03.) 

12.258  Hugot.     Electric  furnaces  for  the  manufacture  of  steel.  , 

12.515  B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Compressors  of  the  centrifugal  type. 

12.923  Tierney  &  Malone.     Point-shifting  arrangements  for  electric  tramways  and  the 

like. 
13.230  Fennell  &  Perry.     Electric  lamp-holders. 

13.518  Fleming.     Detectine  electric  oscillations.     (Cognate  application,  26.832/08.) 
13,654  W.  T.   Henley's  Ieleoraph  Works  Co.  &  Bishop.    Suspension  devices  for 

ehctric  cables. 
14.312  ViDAL  &  ViDAL.     Electrically  transmitting  and  controlling  motive  power. 
14,431   Lohav.     Electrically  controlling  mechanism  at  a  distance. 
14,65b  Evans.     Earthing  or  metallic  continuity  of  slip  socket  conduits  for  electric  wires. 
14.657  SiE.nENS  Bros.  Dynamo  Works  &  Grimston.    Searchlights  or  projectors. 
14,8&7  B.T.-H.  C:>.     (G.E.  Co..  U.S)     Lamp  filaments. 
14,942  Westinghouse  Metal  Filament  Lamp  Co.     (Westinghouse  Metallfaien  Gluh- 

lampen  Fabrik  Ges.)   Production  of  tungsten  filaments  for  electric  incandescent 

lamps. 
14,967  B.T.-H.  Co.     (G.E.  Co..  U.S.)     Electro-mag-ietically  controlled  switches. 
15.013  Fricker.     Electric  motor  starters. 
15.039  Cody.     Vapour  lamps. 
15,118  Siemens  &  Halske  Akt.-Ges.     Electrical  signalling  installations.    (Date  applied 

for.  16,7,07.) 
15,346  Mount  &  Beck  Flame  Lamp,     Mounting  and  feeding  carbons  in  electric  are 

lamps. 
15,571  Sir  W.  G.  Armstrong,  Whitworth  Si,  Co.  Si  Wright.     Electric  capstans, 
15,660  Marks.     (Soc.  Anon.  Italiana  &  Ansaldo,  Armstrong  &  Co.)     Electric  control  for 

elevating  and  training  operations  in  ordnance  mountings. 
15,816  Held.     Electrical  heating  apparatus. 
15.979  Van  Raden  &  Co.  &  Metz.     Electric  battery  lamps. 
16.151   Jandus  Arc  Lamp  &  Electric  Co.  Si  Jones.     Arc  lamps. 
16,446  Siemens  Sl  Halske  Akt.-Ges.     Electric  telegraphs  particularly  applicable  to  fire- 
alarms.    (Date  applied  for,  5,'8  07.) 
17,137  DuPONT  &  Harle  &  Cie.      Regulating  the  speed  of  continuous-current  electric 

motors. 
17,142  Snowdon.     Electric  switches. 

17.308  Watson  &  .Ashworth.    Supplying  and  meisuring  electric  current. 
17.311   Ferguson.     Dynamo-electric  machines. 

17.348  Siemens  Bros.  &  Co.  (Siemens  Si  Halske  Akt.-Ges.)  Electric  relay  apparatus. 
17,533  Trin.     Electrical  accumulators.     (Date  applied  for,  29,8/07,) 

17,750  Boult.     (AUgemeine  Akkumulatoren-Fabrik.)     Cylindrical  positive  electrodes.    1 

17.797  Nolan.     Water  current  motors.     (Date  appHed  for.  24/7/08.) 

17,835  Goldschmidt.     High-frequency  currents  and  apparatus. 

18.106  CuENET.     Magneto-electric  machines. 

1 8.278  Kremenezky.  Sealing  the  filament  carrier  into  bulb  of  electric  incandescent  lamps 

18,330  Cooper.     Equalising  device  for  alternating-current  circuits.    (Date  applied  for. 

3,'9/07.) 
18.359  Roos.     Electric  circuit  tester. 

18,619  B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Electric  protective  devices. 
18.721   Doe.     Dry  battery  cells. 
18,822  Tierney  &  Malone.     Point-shifting  arrangements  for  electric  tramways  and  the 

like.     (Addition  to  No.  12,923/08,) 
18,832  LisKE  &  ZoLLER.     Arc  lamps. 
18.855  Alcock  &  Simpson.     Magnetic  separators. 

19.043  Bishop.  Testing  fluids  by  measurements  of  electric  conductivity. 
19.109  KiETH  &  Tuson.  Electrically-operated  valve-controlling  devices. 
19.286  Reinhardt.  Reinhardt  &  Weil.    T-pieces  for  conduits.  , 

19.309  Siemens  Bros.  Sc  Co.    (Siemens  &  Halske  Akt.-Ges.)     Selectors  for  automatic 

teleplione  exchanges. 
19.574  Felten  &  Cuilleaume  Lahmeyerv;erke  Akt,-Ges,     Electric  insulating  tubes 

(Date  applied  for,  18/9,07.) 
19.906  Dickson.     Thermally-actuated  electric  S'Altches. 
20,206  De  Forest.     Wireless  communication. 

20,715  Sefton-Jones.  (Kurel.)  Repairing  electric  metal  filament  incandescence  lamps. 
21,263  Fessenden.  High-frequency  electric  oscillations.  (Date  applied  for,  31 /10/07.) 
21.385  Siemens  i  Halske  Akt.-Gss.     Vacuous  electric  incandescen;e  lamps  having 

metallic  filaments.     (Date  applied  for,  2  11/07.) 
21,396  Marks.     (Dr  Cassirer  &  Co.   Kabel-und-Cummi-Werke.)     Drying  chamber  for 

electric  cables. 
21 .482  Miller.      Electrically-governed  automatically-operable  train-controlling  systems. 

iDateappHed  for,  10/10,07.) 
21,602  Pierce.  Electric  light  stand. 
21,659  Jacobsen's    Elektriske    Vaerksted,      Electrical    signalling   system.     (Date 

applied  for,  14/10./07,) 
21,913  Siemens   Bros,    Dynamo   Works,    (Siemens-Sohuckertwerke   Ces.l     Electrical 

potential  regulators  or  speed-controlling  devices.     Addition  to  No.  14,725/07.) 
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I   COMPANIES'  MEETINGS  AND  REPORTS. 

Globe  Telegraph  &  Trust  Co.  (Ltd.) 

Thi-'  tliiilysixtli  iinliiiarv  ^'cniial  iiieetinj;  was  held  nil  'riiiir.-rlay  las' 
wcckiindfi'llio  ]iivsi(li-n<v  nf  111.-  M.innipss  of  TwEEDi).\i,K,  K.T. 

The  SKCRETAHY  (Mr.  Sidney  Collctt)  read  the  notice  convening  the 
inceting  and  tlic  auditors'  report. 

The  CHAIR.MAN  then  said:    Oiir  accounts  show  a  sliftht  falling  off 
(•(jmpiirpd  M'itli  last  year,  when  they  were  exceedingly  good — the  best, 
in  fii"  t.  "''  ''"'  ivt  r  prosentcd.     The  receipts  for  the  year  under  review, 
.,ft,.r  tl«lu.  till'.;  rxpenses,  were  £207,347  against  £210,295  last  year.     We 
liaiT  !\lrc  idy  paid  the  usual  three  quarterly  interim  dividends  at  the 
lixed  rate  of  (i  per  cent.,  less  tax,  on  the  preference  shares,  absorbing  'n 
all  £131,769,  and  we  now  recommend  a  final  dividend  (m  the  ordinary 
.■shares  of  5s.  fid.  ))er  share  net,  makine  S'J  per  rent,  for  the  year  against 
I   5J  per  cent,  last  year.     This,  together  with  the  final  3s.  ])cr  share  on  the 
i   preference,  absorbs  £75,.J79,  nnd  leaves  £27,305  to  be  carried  forward. 
.    In  view  of  the  commercial  dcjiression  which  has  prevailed,  the  share- 
holders will,   I  think,  consider  the  results  satisfactory.     There  is  one 
item  in  the  accounts  that  I  may  say  a  few  words  upon — the  grant  of 
£260  to  the  widow  of  our  late  registrar  who  died  in  April  last  after  a 
long  and  painful  illness  and  after  .serving  first  in  one  of  the  Associated 
Companies  and  afterwards  in  the  (ilobe  Company  for  nearly  40  years. 
0\vin?  to  his  long  illness  it  was  found  at  his  death  that  his  widow  would 
bo  penniless,  and  having  regard  to  this  and  looking  to  her  late  husband's 
long  and  faithful  service,  and  to  the  fact  that  the  Globe,  being  a  Trust 
Company,  is  precluded  from  creating  a  pension  fund  for  the  benefit  of  its 
employes,  your  Directors  granted  a  compasionate  allowance  of  £250,  a 
!    grant  which  I  believe  will  meet  with  the  approval  of  the  shareholders  (hear, 
near).     I  may  conclude  by  saying  that  the  |>resent  value  of  our  invest- 
,    ments  shows  an  increase  over  their  original  cost  of  £230,000.     I  now 
i    move  the  adojition  of  the  report  and  accounts  and  the  declaration  of 
the  dividends  set  out  therein. 

Sir.T.AMES  PENDER,  Bart.,  seconded  the  motion,  which  was  carried 
unanimously. 
The  retiring  director  (Sir  John  Denison-Pender,  K.C.M.G.)  and  tlie 
•    retiring  auditors  (IMessrs.  Deloitte,  Plender,  Griffiths  &  Co.,  and  Mr. 
John  Newton)  were  then  re-elected. 

A  cordial  vote  of  thanks  to  the   chairman  and  dir?ctor.^  brought  the 
proceedings  to  a  close. 

Marconi's  Wireless  Telegraph  Co.  (Ltd.) 

At  the  meeting  on  Monday,  the  C'HAIKMAN  and  MANAGING 
DIRECTOR  (Mr.  G.  Marconi)  said  that  he  was  occupying  the  )iosition 
of  chairman  in  consequence  of  the  resignation  of  Sir  Charles  Euan  Smith 
owing  to  ill-health.  He  had  not  very  much  to  add  to  what  had  already 
been  put  before  the  shareholders  in  the  directors'  report,  except  that 
liiiee  the  report  was  issued  the  position  of  the  company  had  continued 
to  rapidly  imiiro\e.  Important  new  orders  for  stations  and  plant  had 
been  received  from  the  Portuguese  and  Greek  Goveniments,  and  he  was 
glad  to  say  that  the  value  of  orders  in  hand  amounted  to  over  £100,000, 
with  every  prospect  of  a  very  substantial  increase  in  the  immediate, 
future.  The  trans- Atlantic  station  at  Clifden  had  been  completed.  The 
directors  regretted  that  the  completion  of  that  station  was  seriously 
delayed  by  the  failure  of  certain  manufacturers  to  deliver  the  necessary 
plant  at  the  dates  promised,  the  delivery  of  certain  essential  machines 
having  been  retarded  for  nearly  six  months.  The  ))lant  had  in  every  way 
come  up  to  his  expectation.s  in  regard  to  efKciency.  In  regard  to  the 
corresponding  station  at  Glace  Bay,  the  machinery  had  already  been 
completed  and  was  now  nearly  all  delivered.  He  did  not  expect  that 
more  than  a  month  would  be  required  for  its  efficient  erection.  If  his 
colleagues  had  not  con.sidered  it  necessary  for  him  to  remain  m  England 
so  as  to  be  present  at  that  meeting  he  would  have  been  in  Canada  attend- 
ing to  the  final  comjiletion  of  the  station  on  that  side.  The  limited  ser- 
vice acro.ss  the  Atlantic,  which  had  licen  established  for  over  IS  months, 
h'ul  continued  to  give  satisfaction  to  its  principal  users,  but  that  service, 
although  I  xceedingly  useful  to  the  company,  had  been  very  difficult 
to  efficiently  maintain  whilst  additions  and  alterations  were  being  con- 
stantly carried  out  at  the  terminal  stations.  He  had  no  doubt  that  a 
VI  ly  great  extension  of  the  trans-Atlantic  service  might  be  anticipated 
as  soon  as  the  complete  duplicatiim  of  the  station  in  Canada  had  taken 
pi  i(  c,  which  would  enable  the  company  to  accept  from  15,000  to  20,000 
v.iii  Is  per  day  for  transmission  across  the  Atlantic  between  the  stations 
H  (  lifden  and  Glace  Bay.  The  board  expected  about  the  end  of  August 
Im  lie  in  a  position  to  invite  the  Post  Office  to  give  effect  to  their  agree- 
ment relative  to  the  acceptance  and  delivery  of  the  com]iany's  trans- 
Atlantic  messages  at  Government  telegraph  offices  throughoul  the 
United  Kingdom.  A  thorough  reorganisation  of  the  administration  of 
the  company  and  of  some  of  the  associated  companies  was  not  only 
ilisiralilc  liiit  imperative.  That,  in  his  opinion,  had  been  as  far  as  pos- 
t'i\<\<-  carried  out.  The  fear  once  enti'rtained  by  the  Board  of  the  ratifica- 
tion of  the  Berlin  Convention  by  the  British  Government  being  dctri- 
lueiiial  to  the  maritime  business  controlled  by  the  company  had  not  been 
realised,  and  a  considerable  addition  had  been  made  to  the  number  of 
ships  carrying  the  Marconi  system.  That  was  an  eloquent  proof  that 
even  under  what  certain  foreign  tiovernments  called  conditions  of  open 
competition,  the  system  controlled  by  the  company  had  proved  able  to 
more  than  hold  its  own  against  all  other  systems,  even  although  these 
were  ])owcrfully  assisted  by  Governments  which  considered  their  de- 
veloimient  a  question  of  natiimal  and  political  imi)ortance.  The  assis- 
tance rendered   liy   the  conipany's  organisation  of  wireless  tclctrraphy 


to  the  steamships  "  Slavonia  "  and  the  "  Republic  '"  wac  still  fresh  in 
their  memory.  The  stations  of  his  system  erccled  by  the  Italian  Govern- 
ment on  the  Somaliland  coast  of  Africa  had  been  eompletcd  and  were 
woikin-.'  satisfactorily.  The  location  of  those  stations,  being  within  a 
lew  degrees  of  the  crpiator,  was  proof  that  no  serious  difficulty  existed, 
as  had  sometimes  been  suggested,  in  regar<l  to  the  efficient  wf)rking  of 
wireless  telegraphy  in  the  trojiics.  Arrangements  had  been  made  on 
satisfactory  terms  «ith  the  Meteorological  Office  in  I>indon  and  Ham- 
burg for  supply  of  weather  reports  from  vessels  crossing  the  Atlantic. 
The  Meteorological  Office  had  written  to  the  company  stating  that  they 
were  agreeably  surprised  at  the  accuracy  of  the  reports  which  they  re- 
ceived by  means  of  wireless  lelcLfraphy. 

Their  relations  with  H.M  l^i\'rnment  were  on  a  most  satisfactory 
basis,  and  the  directors  e\pe.  ii  d  every  support  would  be  given  by  the 
Government  to  the  development  of  the  company's  affairs.  The  com- 
plete financial  success  of  the  company  was  dependent  on  the  full  and 
efficient  working  of  the  trans- Atlantic  stations,  yet  it  was  also  undoub- 
tedly true  that  a  large  measure  of  success  could  now  be  obtained  by  the 
execution  of  orders  in  hand,  which  were  coming  in  from  all  parts  of  the 
world.  When  it  was  realised  that  many  foreign  countries  and  eolrmial 
possessions  were  now  inclined,  for  economical  rea.sons,  to  utilise  wireless 
telegraphy  in  place  of  the  ordinary  wire  communication  it  was  ea.sy  to 
understand  what  an  enormous  field  existed  for  the  manufacturing  branch 
of  the  company.  The  Italian  Government  had  already  tried  the  experi- 
ment of  installing  wirele.ss  telegraphic  stations  in  Africa,  and  was  well 
satisfied  with  the  re.sult.  That  example  might  be  followed  in  British 
colimies.  where  the  scope  was  still  greater.  Since  the  issue  of  the  report 
three  influential  gentlemen  had  consented  to  join  the  board — Messrs. 
Hammersley  Hcenan  (Heenan  &  Froude).  F.  Whowell  and  Capt.  H.  R. 
Sankey,  late  R.E.  The  board  wished  to  put  on  record  their  appreciation 
of  the  work  carried  out  by  all  the  eoniiiany's  staff,  both  here  and  abroad, 
and  he  himself  wished  to  acknowledge  the  assistance  he  had  received 
in  endeavouring  to  carry  out  his  duties  as  managing  director  from  Mr. 
H.  .Jameson  Davis  and  Major  S.  Flood-Page,  and  from  Mr.  H.  W.  .Mien 
and  Mr.  W.  W.  Bradfield.  He  then  moved  the  adoption  of  the  report 
and  accounts,  which  was  carried. 


J.  G.  White  &  Co.  (Ltd.) 

At  the  meeting  on  Monday  Lord  ARTHl'R  BXTTLER  expressed  re- 
gret that  the  chairman  (Mr.  J.  G.  White)  had  l>ecn  detained  in  New  York 
and  could  not  arrive  until  next  month.  The  generally  adverse  business 
conditions  and  the  very  severe  competition  existing  in  the  construction 
Imsiness  had  made  the  company's  work  difficult,  but  the  figures  in  the 
balance-sheet  indicated  that  those  difficulties  had  been  satisfactorily 
met,  the  profits  for  the  year  showing  an  increase  over  those  at  Feb.  2X, 
190H.  The  directors  felt,  therefore,  that  the  shareholders  were  to  be  con- 
gratulated upon  the  results  of  the  year's  trading.  The  chairman  dealt 
with  the  various  items  in  the  balance-sheet.  The  cash  assets  were  prac- 
tically equivalent  to  the  whole  preference  capital.  That  was  well,  in  so 
far  as  it  proved  that  the  assets  were  liquid,  but  unsatisfactory  in  so  far 
as  it  indicated  a  reduced  turnover.  The  company's  resources  and  credit 
were  being  employed  in  a  manner  which  earned  satisfactory  returns, 
though  not  quite  what  they  should  do  with  better  general  business  con- 
ditions. The  actual  cash  and  call  loans  were  equal  to  twice  the  whole 
indebtedness.  The  investments  now  standing  at  £109.429.  13s.  5d. 
were  considerably  lower  than  the  corresponding  amount  la.st  year.  The 
securities  sold  realised  moi'e  than  the  amount  at  which  they  were  taken 
in  last  year's  accounts,  and  the  directors  believe  that  the  present  valua- 
tion of  securities  is  equally  conservative.  The  valuation  of  })lant, 
material  in  hand,  &c.,  was  nominal,  havuig  been  taken  at  practically 
a  scrap  value  basis,  and  not  at  its  value  to  the  com)iany  in  carrying  on 
its  ordinary  business.  Regarding  future  prospects,  the  business  in  hand 
ensured  satisfactory  profits  for  the  current  year,  and  negotiations  were 
progressing  favourably  for  securing  a  considerable  amount  of  new  work. 
After  deducting  the  dividends  recommended,  amounting  to  8  per  cent, 
on  all  classes  of  shares  for  the  year,  the  company's  reserve  fund  woulil 
stand  at  £100.000,  and  the  profits  carried  forward  amount  to  £15.4<i0.  (is., 
making  a  total  accumulated  profit  now  in  the  business  of  £115.460. 

The  report  was  then  adopted  and  the  dividends  therein  declared  were 
approved, 

BRITISH  ELECTRIC  TRACTION  CO.  (LTD.)— The  report  for  the  year 
ended  March  31  states  that  the  siilis<  ribed  share  and  debenture  capital 
is  £4,949,91)9,  and  the  amount  standing  at  credit  of  reserve  is 
£602.420.  7s.  Ud.  In  addition,  reserves  amounting  to  £.59.162.  2s.  5d. 
have  been  made  out  of  ))rofits  against  hiss  or  deiu-eciatiim  of  siiecific 
assets.  The  various  associated  ciuuiianies  have  created  de|ireciation  and 
reserve  funds  of  their  own  which  amounted  at  Dec.  31.  1908  (including 
balances  carried  forward)  to  £1.015.340.  Creditors  represent 
£ti5,227.  lis.  (id.,  of  which  £46.(523  was  in  respect  of  debenture  interest. 
Investments  and  undertakings  stand  at  £5.037.095.  3s.  Id.,  and  consist 
of  shares  and  debentures  in  associated  tramway,  electricity  supply, 
manufacturing  and  other  companies.  Consols  and  sundry  securities. 
Investments  standing  in  the  books  at  £2,883,086  were  revenue  earning 
during  the  past  year,  and  produced  an  average  return  of  418  ix>r  cent. 
Investments  standing  in  the  books  at  £2.ltl2.441  did  not  earn  any 
revenue  during  the  year.  The  amount  of  sundry  debtors  and  debit 
balances  stands  at  £473,680.  .5s.  1  Id. 

The  expenditure  in  connection  with  the  new  office  building  which  has 
been  erected  for  the  British  Electrical  Federation  was  £36.188.  8s.,  and 
there  is  a  further  sum  of  £3.274.  Is.  Id.  in  resiiect  of  other  buildings  and 
land.    Expenditure  on  acts  of  Parliament.  &c..  stands  at  £19.m0.  Ms.  6d. 
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The  amtiiint  is  being  written  down  annually  by  20  iier  eent.  Stuek 
stands  at  ftl.STI!.  '.Is.  2<1.,  and  ie))iesents  the  stock  of  ears  on  hire  to 
assoeiated  eompanies.  clcetrieal  ciiiiipments,  jiaving  setts  and  general 
stores.  PVivision  has  l)een  r.iade  for  depreeialion.  (Joodwill  stands 
at  £1,000,  and  is  the  balance  of  a  larger  amount. 

The  net  i>mfit  for  the  year,  after  reserving  1:12,.">00  against  depreciation 
of  undertakings  worked  by  the  company,  buildings  and  freehold  land, 
stock,  doubtful  debts  and  expenditure  on  undertakings  not  proceeded 
with,  is  £130,72,5.  15s.  tid..  to  which  is  added  £3."..,S!t3.  12s.  Sd.  brought 
forward,  making  £l(i(),ll!).  8s.  2d.  .\fter  deducting  debenture  interest 
for  the  year  (£!t7,484.  15s.  4d.)  there  remains  £(iS.<i:U.  12s.  lOd.,  out  of 
which  a  dividend  has  been  paid  on  the  preference  shaiQs  of  3  per  cent. 
for  the  year,  amounting  to  £4«,431.  2s.,  leaving  £20,203.  lOs.  lOd.  to  be 
carried  "forward.  The  fidl  dividend  on  the  (i  per  cent,  cumulative  pre- 
ference shares  has  been  paid  t<i  March  31,  1008. 

The  directors  regret  that  the  dividends  and  interest  received  from 
the  associated  companies  during  the  past  year  show  a  diminution 
of  £33,331.  15s.  4d.  The  decline  in  profits  has  been  general  through- 
out the  country,  and  is  attributed  by  many  of  the  companies  to  the 
severe  depression  in  trade  which  has  prevailed.  A  few  of  the  under- 
takings in  England  and  those  at  Bombay  and  .\uckland,however,  show  in- 
creased takings  |>er  route-mile  which  are  sufticient  to  increase  the  average 
over  the  whole  of  the  systems.  The  total  number  of  passengers  carried 
shows  a  small  incra.se,  the  route  mileage  of  lines  worked  having  slightly 
increased  during  the  year,  but  the  number  of  passengers  carried  per  route- 
mile  .if  line  has  fallen"  from  062,720  to  ()54.770.  The  effect  of  this  decliuo 
in  the  number  of  passengers  per  routc-milc  has  been  somewhat  counter- 
acted by  a  small  increase  in  the  average  fare  per  passenger,  which  was 
l-23d.  against  l-21d. 

The  general  charges  and  expenses  of  administration  again  .show  a 
material  reduction,  being  £lti.8t>8.  compared  with  £24.186,  the  reduction 
on  this  occasion  being  mainly  the  outcome  of  the  formation  of  the  British 
Electrical  Federation.  In  the  last  rcjiort  it  was  stated  that  the  directors 
were  giving  consideration  to  jiroposals  for  electiical  enterprise  submitted 
to  them  from  countries  where  the  conditions  for  the  investment  of  capital 
are  more  favourable  th.in  in  this  country,  and  they  are  glad  to  say  that 
the  prospects  of  securing  such  business  are  encouraging.  The  company 
has  secured  a  substantial  jiarticipation  in  a  ])owciftd  syndicate,  which 
has  been  formed  in  as,sociation  with  Oerman  and  other  Continental 
banks,  for  negotiating  with  the  St.  Petersburg  Municipality  for  a  tram- 
v,iy  cc>ncessiou  in  that  city.  Other  negotiations  are  pending  in  regard 
to  various  cnt'M-priscs  abroad 

ELECTRIC  &  GENERAL  INVESTMENT  CO.(LTD.)— The  gross  profit  on  the 
transaelions  of  tlic  year  ended  May  31  was  £11.565.  17s.  Ud.  .\fter 
deducting  ccncral  charges  and  interim  ]ucfcrcnce  dividend,  and  ]iroviding 
)iroportion  of  final  preference  dividend  to  .May  31,  there  ivmaincd  a  balance 
of  £4,()!)5.  8s.  7d.  .\s  a  further  reserve  to  liiect  depreciation  in  l\u-  com- 
pany's investment  and  loan  .securities,  the  directors  have  carried  this 
amount  to  the  contingencies  fund,  raising  this  to  £71.t)5l.  17s.  Sd.  The 
trustee  for  the  ordinary  shares  reserve  fund  projioses  to  distribute  6d. 
per  share  out  of  the  dividends  received  on  the  trust  iiwestments,  and  the 
trustee  for  the  founders'  shares  reserve  fund  proposes  to  distribute  £8 
per  share  out  of  the  dividends  received  on  the  trust  investments. 

GREENWOOD  &  IBATLEY  (LTD.)— The  directors"  report  f(U-  the  12 
months  cudiif  M:in  h  31  states  that,  after  providnig  for  debenture  in- 
terest and  expenses  of  managcnicnt,  and  making  due  provisirm  for  doubt- 
ful debts,  the  profit  was  £7,'>42.  1.5s.  7d.,  which,  with  £.5,451.  10s.  Id. 
brought  fiirward,  gave  an  available  balance  of  £13,094.  5s.  8d.  Of  this 
sum  £4,0l>0  has  been  written  off  for  depreciation.  The  preference  divi- 
dend f<jr  the  year  absorbs  £7,027.  17s.  3d.,  leaving  £2,066.  8s.  5d.  to  be 
carried  forwaid.  The  directors  have  transferred  £15,000  from  reserve 
in  reduction  of  the  book  value  of  investments  in  sub.sidiary  and  con- 
nected companies. 

VICTORIA  FALLS  &  TRANSVAAL  POWER  CO.  (LTD.).— The  directors' 
report  states  a  provisional  contract  for  the  supply  of  current  tojohannes- 
burg  municipality  was  completed  in  .June,  1008,  and  the  jilatit  thus 
released  Wiu«  at  once  employed  for  the  power  reipiiremcnts  of  various 
mines.  Kapid  progress  in  the  i-ouslruclion  of  the  Ki.OOO  n.p.  station  at 
Simmer  Pan  has  been  maintained,  and  half  the  plant  has  .drciily  been 
put  into  commercial  use.  Ai>plications  for  the  supply  of  |>owcr  continue 
to  be  recei\ed  in  a  satisfactory  manner  and  ^\ill  jirovide  work  for  the 
whole  of  the  .Simmer  Pan  station,  and  also  necessitate  an  imuudiate 
extension  of  the  plant.  The  statenu-iit  of  revenue  and  c.xpciiditurc 
shows  a  surplus  for  the  yc.ir  of  !;-)H.117  ■onipareil  with  £3li.685  in  1!I07. 

"Z"  ELECTRIC  LAMP  MFG.  CO.  (LTD.)— At  the  meeting  on  Monday 
the  chairman  (,\h.  .1.  li.  H.  Stone)  sMJd  the  capital  assets  included  certain 
works  and  their  eijuipmcnt,  but  consisted  mainly  of  a  number  of  patents 
in  this  cimntry  and  a  number  of  others  which  tliiy  ha<l  ac(|uired  as  to  the 
manufacture  of  "  Z  "  Lamps  in  17  British  cohmies  and  de])en<lencies.  He 
said  that  nodoulit  many  of  them  were  disappointed  that  substantial  results 
had  not  already  accrued  from  the  manufaetine  and  sal<>  of  their  lam]is. 
They  had  had  many  difficult  ies  to  overciune.  Exjiei  icnce  had  shown  that 
there  were  difficulties  which  arose  when  they  manufuclured  in  (|uaMtities. 
The  directors  had  always  felt  that  that  business  should  lie  developed  on  a 
large  scale,  and  they  had  always  aimetl  at  a  consiilcMablc  out]iut.  He 
thought  that  there  w.is  no  firm  in  this  country  manufacturing  so  many 
metallic  filament  lamps  or  working  with  so  small  a  percentage  of  breakage. 
When  they  started  manufacturing  the  100  volt  lam])  the  lowest  candle- 
power  they  could  make  for  that  voltage  was  30  to  40  ;  now  they  had  on 
the  market  lamps  of  10  c. p.  for  100  volts,  and  of  30  c. p.  for  2()(t  volts. 
Throughout  the  year  the  candle-power  had  been  steadily  brought  down. 
First,  30  e.]i.  lamjis  were  standardised,  then  25  c.ji..  then  20  ( .]i.,  nnd  now 


16  c.p.  Each  of  tho,se  steps  had  ent.-.ilcd  an  iniincnsc  aniouut  „f  w,,ik  in 
training  the  hands  to  manufacture  and  handle  the  finer  filaincuts.  The 
size  of  the  liuUi  had  also  been  reduced,  and  the  form  of  support  modified 
to  suit  the  finer  filaments.  That  took  time,  as  the  results  had  to  be  tested 
at  each  stage,  aiut  wlu^n  they  renuMnbered  that  a  life  test  of  a  lamp  took 
I.IKIO  hours,  which  meant  six  weeks'  continuous  burning,  they  would 
uiulcrstand  why  (irogress  had  not  been  more  rajiid.  They  had  reached 
the  stage  when  they  could  put  a  thoroughly  satisfactory  metal  filament 
lamp  on  the  market  at  reasoualilc  prices,  they  had  mastered  the  difficul- 
ties connected  with  the  matnifactun-.  and  they  must  now  iiu-reaso  their 
<iutput  to  meet  an  increasing  demand.  Last  month  they  sold  the  whole 
of  their  stock  to  the  trade  for  forv\ai\l  dates  at  satisfactory  ]irices.  The 
efficiency  of  the  factories  was  steadily  improvhig,  the  output  of  lamps 
increasing,  and  the  cost  of  mai\ufacture  steadily  decreasing.  They  had 
made  important  im])rovcments  in  the  filaments,  ,iiul  ui  the  finished  lamps. 
It  was  a  matter  of  in\|iortancc  and  congratidation  that  both  filament  and 
lani])  were  made  entirely  in  this  country.  On  the  basis  of  what  they  were 
<loing  they  were  earning  a  good  profit  and  the  board  would  be  very  dis- 
appointed if  the  results  of  the  current  year  did  not  jnoduce  a  return  satis- 
factory to  the  shareholders. 


NEW  COMPANIES,  STATUTORY  RETURNS, 
MORTGAGES,  CHARGES,  &c. 

NEW  COMPANIES. 

DREWS,  HARRIS  &  SHELDON  (LTD  )  (103,  713.)— Reg.  Juno  26,  cantal 
£5,000  ill  £1  sliuies,  to  carry  on  in  Soutli  Africa,  the  United  Kingdom 
or  elsewhere  the  business  of  brassfouiiders,  niet«l  workers,  manufac- 
turers of  electrical  apparatus,  &.c.  Private  company.  First  diroctorB, 
.J.  E.  Sheldon  and  R.  t^.  Richards, 

ELECTRIC  ORDNANCE  CO.  (LTD.)  (105,690.)— Reg. -June  24,  capita 
£10,000  in  8,000  cumulative  participating  10  per  cent,  preference 
shares  of  £1  each  and  40,000  ordinary  shares  of  Is.  each,  with  objects 
as  indicated  by  the  title.  First  directors,  H.  F.  Spencer,  A.  Blackman 
and  Dr.  Woltereck.  Reg.  office,  Ingram-court,  Fenchurchstreet, 
London,  E.G. 

STATUTORY  RETURN. 

KESWICK  ELECTRIC  LIGHT  CO.  (LTD.)  -In  return  to  April  10  capital 
is  £20,000  in  £1  shares  1 15,000  preference  and  5,000  ordinary),  of 
which  3,420  ordinary  have  been  taken  uj).  £3,420  has  been  received. 
Mortgages  and  charges,  £10,10?. 

MORTGAGES  AND  CHARGES. 

RHYMNEY  VALLEY  &  GENERAL  ELECTRIC  SUPPLY  CO.  (LTD.)— Par- 
ticulars of  £1,250  debentures,  created  .Tan.  1,  1909,  have  been  filed, 
the  amount  of  present  issue  being  £1,100.  Property  charged,  com- 
pany's undertiikine  and  property,  present  and  future,  including 
uncalled  capital.     No  trustees. 

RECEIVERS, 

KINETIC  SWANTON  CO.  (LTD.)  Two  notices  of  the  appointment  of 
.J.  H.  Moritz,  C'.A.,  8,  Queen  street,  E.G.,  as  receiver  and  numager  on 
June  5,  1909,  under  powers  contained  in  debenture  dated  March  13, 
1908,  and  on  .June  10  under  powers  contained  in  debenture  dated 
Dec.  31,  1908,  h.ave  been  tiled. 


CITY  NOTES. 

MEMORANDA  (July  11. — Bank  rate  2i  per  cent,  (since  April  1, 
1S09).  Price  of  silver,  24d,  per  oz.  Consols  84i — 84j  for  money  and 
C4.J— 84;  for  account.  Consols  Pay  Day,  -Vug.  5 ;  Stock  and  Shares 
Continuation  Days,  .luly  12  and  27;  Ticket  Days,  July  13  and  Co; 
Pay  Days,  .July  14  and  'i,9  ;  Mining  Shares  Carry  Over  Days,  .July  9 
and  26. 

Prices  op  Mbtam  (London). — Copper,  cash,  59yV  ;  three  months 
59;.  Lead,  English,  13i— 13A  ;  foreign,  cash,  12^— 121^.  ;  three 
months,  13,-',--13.|.  Spelter,  cash,  22— 22^.  Tin,  English,  13:^-134  : 
foreign,  cash,  131;  ;  three  months,  132.J — 1531;.  Iron,  Cleveland,  cash, 
48/3  and  three  months,  48/11.  Maijiict  Sled  (price  supplied  by  W,  F, 
Dennis  &  Co.  1,  £55. 

GREAT  NORTHERN  TELEGRAPH  CO.  (LTD.)— The  dividend  payable 
by  this  company  on  account,  on  .July  1,  is  at  the  rate  of  2,^  per  cent, 
(being  interim  dividend  for  six  months  at  the  rate  of  5  per  cent,  per 
annum). 

HOBART  ELECTRIC  TRAMWAY  CO.  (LTD.) -A  dividend  of  Is.  per 
share,  tax  free,  has  lieen  decl.arud. 

SOCIETE  ANONVME  WESTINGHOUSE— The  report  for  1908  states  that 
the  gross  trading  profit  was  l,ti86,000f,,  making  with  revenue  from 
investments  in  subsidiary  companies,  &c.,  l,780,000f.  Deducting 
working  expenses  and  fixed  charges  the  balance  is  806,9001.  A  ilivi- 
dend  of  5  percent,  on  the  privileged  .shares  is  proposed,  86,000f.  being 
carried  forwaid, 

STOCK  EXCHANGE  NOTICES  -An  official  ijuotalion  has  been  granted 
to  a  further  Issue  of  !Mlll,(HHI  £1  ],artlv-paid  6  jier  cent,  cumulative  pre- 
ference shares  of  the  lii/'^rm  Falls'  mi  J  Tnnumiiil  I\nnr  Co.  (IM.). 
The  committee  have  been  asked  to  appoint  special  settling  days  in  and 
grant  i|Uotations  to  £15U.0IM(  5  per  cent,  second  mortgage  debentures  of 
the  Bombni/  EUrlric  Siiiijjly  ,(■  Triimwai/s  Co.  {Lid.)  and  £1(MJ.I>00  5  per 
cent,  first  mortgage  debentures  of  the  Southern  Ekctric  Tramways  of 
Hiienos  Ainu  (CJa  de  Tramways  Electricos  del  Sud). 
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ILBOIBIO  TB&HV&T  AND  B&ILW&T  TR&FFIG 
RECEIPTS. 


Ina 
or  Deo. 

(o)        No.  of  I 


„rieon  OorportUon 

rdri«  ; 

MloAip"""" 

i.,8U  Waterloo  B».... 

ciwlej" 

ffBlectfio  Trams,  Ltd.. 
inninghsm  Corporation... 

inninglwm  4  Mid. 

iKibam  OorporaHon ...... 

iBkpool  ana  Fleetwood... 

ollon  Corporation 

ombaj    " 

oomemonth  (Jorporatton. 

milord  Corporation 

jrialilon  Corporation    

irtjiol  Trams  &  Oarriago... 

lumlej  Corporation 

ijrton  OorporaHon  

lujf  Corporation 

Iiloulla  Tramways  Oo 

imbome-Bedruth    

'jriiB  Corporation  

'iiehill .•■••■. 

•Mtril  London  Railway  ... 
'hiring  C.Baeton&H'stead 
ihilham  4  Dist.  Lt.  Bys.  .. 
;ilj  &  South  London  Kly.. 

'ttj  o(  Birmingham  

'olthMler  Corporation 

>)rk  Lleotrio  Trams  Oo.  .. 

.•lojiion  Corporation     

>ti)nporl&  Dist.  Trams.. 

>)Ter  Corporation 

Oablin  Sc  Laoan  Railway .. 

Ooblifl  United 

(hdley-Slourbridge   

Oandeo  Corporation 

hit  Ham  Council 

baier  Corporation 

GttMlicad  &  Diet.  Trams.. 

Q;wgow  Corporation 

Qloenp  Trams 

QnTeeeod— Northfleet 

ami  Northern  &  City  RIy.. 
OlNorthern,  Piccadilly, &0 
Qnenock  &  Port  Qlasgow... 

brtlepool  Tramways    

Hutiiigs  £lec.  Trams  Co... 

Bang  Kong  

UudderslicU  Oorpn 

Bull  Corporation. 

Olord  District  Oooncil 

Dkwton  District  Coonoll,.. 

l[«Tich  Corporation 

lile  ot  Thanct  Oo 


Eeigbloy  Corporation  .... 
Eidderminster  &  Dlatriot 
Kilmarnock  Corporation 
Lanarkshire  Trams  Oo.    . 

Uocashiro  United 

LMmington 

Leeds  Corporation 

Leicester  Corporation   ... 

Leitb  Corporation 

Lincoln  Corporation 

lirerpool  Corporation  ... 
Linrpool  Overhead  Rly. 
Uududno  &  Oohvyn  BayRy 
f  jQDdon  County  Oounoii 

Laodoo  United  

Lowestoft 

Uiilitone  Corporation.. 
Hanchester  Corporation 

Horsey  liailway  

Merlhjr 

Uetropolitan  Dist.  Railway 
Helropalitan  Elec.  Trams.. 

Klddleton 

Nelson  Corporation   

Newra8lle.0Q-Xyne  Corp  .. 

Newport  (Mod.); 

Northampton  CorporaLiou. 
Oidham,  Asbton  &  Hyde  ... 

Oldham  Corporation 

Perth  (N.U. {Corporation ... 
Feilh(W.A.)  Kleo.  Trams... 

Pelerltorough   

Portemouth  Corporation  ... 

Potteries    

Pitston  Corporation 

Botherham  Corporation   ... 

Botheaay  

Salford  Corporation   

Bheeraess  

fiheflleld  Corporation 

Singapore  Trams  

Soath  Metropolitan   

Sooth  StaSs 

Southend  Corporation  

SOQthport  Tramways 

Stalyb-Jge,H)-de,&o.,Jt.Bd. 
BoDderlaud  Corporation  ... 
Bonderlaud  District  


June  23        1,4!3 


BwiudoD  Corporation    

Taunton    

lyner.iouth  and  District  ... 

fineaide  Trams  Oo_ 

Wallasey  District  Oounoii... 

Walbsll  Corpu 

Wari   igion  Corpn 

West  Ham  Corporation 

Weston-super-Mare   

WoWftrhampton  Co 

Wolvorhamploa  Oorpn 

Worcester 

Wreiham 

Yorkshire  W.R.  Trams 

lorkehire  Woollen  Dlatriot 


83.'),655 

4  Rl.m 

i,e»3 

+           4 

5,02U 

90  i 

fu 

6,3(8 

^■    Hi 

1,223 

41 

117 

+ 

S,86l 

3.980 

+ 

7Si 

3.335 

+ 

2.713 

2sr 

+ 

$8,0;3 
l,.76.j 
S,i3l 


47        21 


-       »3S        11 


+  ■ 

1 

■t- 

4! 

+ 

76 

+ 

37 

•iS 

-t- 

131 

+ 

SO 

■t- 

1 

+ 

!l 

+ 

6 

+ 

131 

137 

£ 

4,787 
6.203 
98'2,E02 
1.783 
83,630 
3.993 
6,161 


ELECTRIG&L  COMPANIES'  SHA.RB  LIST' 


81, It.-. 
11,812 
14,910 


5;,(H]i 
ll.t-'ij 
28,771 
16.6G7 

3,366 

15,-;o5 

Rl,2i9,420 

3,121 
27,193 

1,81-) 
139,113 
97,2.0 
19,113 
81,346 
6o,<32 


18,.-i29 
6,644 

12,758 
4.601 

21,578 

66.783 

3,o;s 

4,617 
37,36) 
Uo,115 

lS,l.fO 


1,.J91 
4,8)1 
13,6.3) 


30,3  0 
31,677 
3,769 


2,8S9 

188,9J1 
49,2'jO 


2,26 1 

30,036 
21,085 


2,351 
1,573 

13,392 
13.025 


4!,ie8 

- 

1,211 

8,737 

_ 

2S 

7,(69 

- 

170 

2,.)S5 

f 

82 

58,919 

2,213 

1,110 

- 

152 

73,8)8 

-. 

1,2.0 

S33<,771 

r 

$3,291 

17,879 

71 

19,7?0 

- 

1,1S3 

6,621 

■(• 

8S8 

6,239 

.. 

n.i 

9,713 

_ 

3)7 

14,371 

_ 

6)6 

li,177 

« 

837 

31,831 

■(■ 

•516 

"863 

. 

7.^ 

4,171 

¥ 

3-1 

11.0.2 

1- 

643 

11,661 

1- 

373 

12.603 

- 

999 

26,693 

+ 

l,76li 

1,883 

+ 

9.803 

1,063 

18,372 

- 

1,762 

6,157 

- 

JJ  ''AST 

n  Divi- 

OOJDBHD 


Ml  7/0 
lOi  4/6 
10    6/0 


XAxa. 


I'UfJi   Diy.D,«  ""i; 


EUOTmCITY  SUPPir. 

Bonniemonth  ft  Poole  Elec.  Sap.  Ord... 

Do.    4J  per  Cent.  Cam.  Pref.  

Do.    6  per  Cent.  Ci        "         J"--' 


St  i  il'/     1  Do.    4J  per  Cent.  Deb.  Stock  (red. 
6    3*6      Bfomlej  (Kent)  El.  Lt.  St  Power  8h 
St.'  4J% 


1st  Debs. 
Sup.  Ord. 


n 


S'-    ii'lo 


10    6/0 

't-,  6% 

"•;  44% 


Brompton  t  Kenjington  El 

Du.     7  per  Cent.  Pref. 

Cent    lEIec.  Sap.  Co.4VGnar.Db.Slook 
CharingCro30(W.End4City)Kl.Sup.Co. 

Do.    4i  per  Cent.  Piet  

Do.    4  per  Cent.  Deb.  Stock  (red.) 

Do     4iper  Cei.t.  Deb.  St..ck(red  )  -. 
tDo!     City  Undertaking  4i^  Cm.  Prel. 

Chelsea  Electric  Supply  Ord 

+Du.     4J  per  Cent.  Deb.  Stock  (red.)  ... 
City  of  London  Electric  Lighting  Ord... 

Do.     8  percent.  Cam.  Prof 

I  Jo.     6  per  Cent.  Deb.  Stock  (red.) 

fOo      4 J  per  Cent.  2nd  Deb.  Stock  (red.) 
ConnlyofDurhamElec.  P.D.  Ord 

Do.    6  per  Cent,  non  Cum.  Pref. 

County  of  London  Elec.  Supply  Ord 

Do.     6  per  Cent.  Cam.  Pref. 

tDo.    4i%  Deb.  Stock  (red.)    

Do.    Second  Deb.  Stock 

Kolkestone  Electricity  Supply  Co.  Ord, 

Do.     B  per  Cent.  Cum.  Pref. 

Do.     4i  1st  Deb,  Stock  (red) 

Hove  Electric  Lighting  Ord 

Kensington*  Kui^htsbridge  Ord 

Do.    6  per  Cent,  Ist  Pref 

Do.     4  per  Cent.  Deb.  Stock  (red.) 

Kensingtn.  4  Kngtbg.  Co.  &  Netting  Hill 
Co.  (Joint  Station)  4  ■<  Deb.  Stock  (red.) 

,  ,  ...      Kent  Elec.  Power  Co 

81   1  oa    London  Electric  Supply  Ord. 

.       y^'*  r,„         « n^nt     Praf 


6  6% 

1(1  6  0 

10  6/0 

St-  4J% 

St. ,  4i% 


m 


st.i  nx 


6    3/0 
St.j  4% 


Do.    6  per  Cent.  Pr. 

Do.  4  percent.  Ist  Mort.  Deb. ... 
Metropolitan  E'ectric  Sap.  Ord.    ... 

too.     4i  per  Cent.  Cam.  Pref.  

tDo.     4JperCent.  Deb.  Slo 


St'  tl'/  tDo.'  aJperCent.Mrt.  Dab,  Stook(red.) 
lob  it'/  tUidlandElec.Corp.forP.D.lstMort.Do, 
lol  4'        Newcastle  &  Dist.  EJeo.  Ltg.Ord.  

100   4i% 

6  6% 

100  4% 

100  60/ 

1  3% 

10(1  4J% 

10  8/0 

6  46 


Hi -10 
9l  -101 
lOj  -101 
99  —103 

»l-4i 
93  — 6« 


5  15    9 

4  le   0 

J  11    0 


100  —102      4     8    0 


10)-10J  4     7  0 

lOJ  -II  5  10  0 

llj-l:||  4  15  0 

1-20  —12)  4     1  6 

il'j  — 10>  4    8  0 
lj-2i 

3S-3J  :t  U  5 

8i  -8i  5  16  6 

101-114  6    8  0 

1)1  -107  4    8  6 

loo  -133  4    7  6 

4 J -5  6  :o  0 

6  ->i  4  11  0 

98   -lol  1     9  0 

71  -71  5  116 

6i-7j  6     2  0 

6l  -6i  4   U  6 

07   — lOJ  4     0  0 

OS    -101  3  19  0 

86  —i)  5     1  0 

15 -H  3     8  8 

54-54  5  11  6 


->i 


48- 

a- 

105  -108 
63i  -86i 
02  -93 
43-5 

SI  -ss 

41-lJ 

41 -5  J 
99  -lol 


99  -101      4  19    0 


»1  —33 

Hi  -12  J 
a  -Si 

94  -37 

8»  -fi 
7  -H 
Bi   — 8j 


(a)  These  oomparisoas  are  with  the  corresponding  period  last  year.     §  Plus  3  days. 
11  Plus  2day8.    •  Partly  electrical.    1  Minus  3  dojs,     t  Minus  2  days. 


St. 

ihX 

6 

b;0 

6 

2/8 

St. 

4% 

1 

0/6 

St. 

ikZ 

St. 

44% 

Ill 

n 

10 

i'i 

St. 

n 

Ill 

111 

s/o 

St. 

n 

St. 

iU 

St. 

H-<, 

Do.    4J  per  Cent.  Deb, 
Newcastle  Elec.  Supply  Ord 

Do.    6  percent,  non  Cum.  Pref. 

Do.  4  per  Cent.  Mort.  Deb.  red.  1907 
North  Metro.  Eleo.Power  Sup.  5  Morts 
Northern  Counties  Elec.  Sup 

Do.    4i  per  Cent.  Dab 

Nottinj;  Hill  Electric  Ord 

Oxford  Electric  Ord 

Do.    4per  Cent.  Dab.  Stock    

St.  James'  &  Pall  Mall  Elec.  Ord. 

Do.    7  per  Cent.  Pref,    

t  Do.    3J  per  Cent.  Deb.  Stock  (red.)  , 
tjmithtield  Markets  Electric  Sap.  Ord... 

South  London  Electric  Supply  Ord 1^1  "fi 

tDo.     5'.  1st  Mort.  Stk.  Red 1)95-L'21 

South  Metrop'n  Elec.  Lt.  &,  Power  Ord.       r«— (« 

Do.     7  per  Cent.  Cum.  Pref ln-fli 

Do.    4i  1st  Db.  Stk.  R?l1 , 

Urban  Electric  Supply  Ord 

Do.     6  percent.  Cum.  Pref 

Do.     4J  per  Cent.  1st  Mort.  Deb 
Westminster  Elec.  Sup.  Ord 

Do.     44  per  Cent.  Cum.  Pref.    ... 

ELECTRIC  RAILWAYS  A,  T«AM*AfS, 

Baker  St.  &  Waterloo  4  i  Perp.  Db.  8t 
Bath  Elec.  Trams  Pref.  Ord 

Do.    6  per  Cant.  Cum.  Pref. 

Do.  44  Ist  Mort.  Dab.  Stock  (red.) .... 
tB'h.im  S  Midland  Tram!  4)  1st  Di.Stk. 

Bristol  Tramw,ly3  &  Carriage  Ord 

tOo.    Cam.  Pref.  (fully  paid, 

TOO.    4  per  Cent.  Debs 

British  Electric  Traction  Ord 

Do.    6  per  Cent.  Cum.  Pref 

Do.    6  per  Cent.  Perpetual  Dabs 

Do.     4J  per  Cent,  and  Deb.  Stock 

Central  London  Ordinary  Stock 6d 


9!   -lo) 

i-i 


7J-Si 
8  — 5» 
98  -93 
8-1 
2* -3        10    0    0 


Uu.Bcp 

Feb,  Aai    ' 
Feb,  A  an  ' 
Jan,  Jaly 
April,  Oa 
May,  No 
Uarch....  I 
Mar,  Beol  1 
Jane,  Deo 
Feb,  Aae 
Feb,  Aug 
Jan.  July 

Jaa,  July 
March  .. 
June,  Dec 
Feb,  Aug 
Jan,  Jaly 
Jane,  Dec 
Jan,  July 
April,  Cat 
April,  Oct 
Feb,  Aug 
Mar,  Sept 
Jao,  July 
May,  Nor 
April,  Oct 
Mar,  Sapt 
Feb,  Aog 
April,  Oct 
Feb,  Aug 
Jaa,  Jaly 


April,  Oct 
Jan,  July 
Mar,  Sept 
Mar,  Bept 
Jaa,  July 
April,  Oct 
Jan,  Jaly  j 
June,  Deo  i 
Jan,  July 
Jane,  Dao 
Feb,  Aug 
Jao,  Jaly 
Feb,  Aug 
Feb,  Aug 
Jao,  July 

Mar,  Aug  1 
Jan,  J  oly 
March  .. 
March  ,. 
Jao,  July  ' 
Feb,  Aog 
Feb,  Aug 
Jaa,  July 
Feb  .... 
AprU 


Week  to 

JixK  31). 

High-  Lonr- 

ou  i  est, 

'Ail     T. 


H  I   8| 


1"! 
loi) 


5    7  0     Fob,  Aug 

4  7  6     April,  Oct  , 

April,  Ojt 

11  16  0  !  April,  Oct 

5  7  3  I  April,  Oot  1 

5  7  0  I  Mar,  Sapt  1 
4  11  0  ;  .faa,  July 

40c'  Jan,  Jaly  1 
April .... 

6  IS    9     Jan.Joly  t 

4  19    0     April,  Oct  \ 

5  0    0     Jao,  July  . 
79s     Feb,  Aaj  1 


8« 


I'l^      lOlJ 


S34 


Da.     4  per  Ceat.  Pref.  Stock    

Do.     Deferred  Stock   

Do.    4  per  Ceat.  Dabs 

Charing  X.Euston&Hmpstd  Per.Db.Stk. 
City  of  Birmingham  Trams.  5%Cm. Pref. 

Do.     4  per  Cent.  Ist  Mort.  Dabs 

City  4  South  London  El.v.  Con.  Ord.  ... 

Do.     6  per  Cant.  Perp.  Pref.  (1891)    .., 

Do.    (1S9C) 

Do.    (1901) 

Jo.    (1903) 

Do.     4  per  Cent,  Perpetual  Uibs 

Dublin  United  Trams.  Ord  

Do.     6  percent.  Pref. 

Gt.  Norttern  &  City  Rly.  Pref.  Ord.  (4%) 


O.  Northern,  Pico.  4  B 

+  Do.    4  per  Cent.  Deb.  Stock 

Hasliogs  &  District  Elec.  Trau 

Do.      4iDb.  St 

,„  Imperial  Tramways  Ord.  ... .. 

lu    6/     tlDo.    6  per  Cent.  I'ref.  , 

41/   !  I  Do.     44  per  Cent.  Debs. 


Ai  G.PlJ 
."6;;i"c.'p., 


6  1|3 

St.  i/, 

I0I  6/0 

St.  6/. 

10  .. 

10,  6% 

St.|  i^ 

10 1  2/6 

St.  iZ 

St.  _ 

1  10« 

1  _ 

1  0/8 

St.  HX 
St.  i7, 
St.'  U 

Si.,  84% 

St  I  Si% 

St.  sh 


1.  of  Thauet  E.  T.  4  Lt.  5  per  Cent.  Pref. 
tDo.    4  par  Caat.  Dal).  Stock.., 

Lanarkshire  Tramways  

Lanes.  Utd.  Irams  6  i,  Prior  Lieu  Do.  St. 
Liverpool  Overhead  Railway  Ord 

Do.    6  per  Cent.  Pref 

Do.    4  per  Oaat.  Dab 

London  United  Trams.  6,;^  Cum.  Pref.  ... 
t  Do.    4  per  Ceat.  Ist  Mort.  Deb.  Stock 

Mersey  Con.  Ord.  Stock    

Metropolitan  Eleo.  Tramways  OrJ 

Do.    Deferred    - 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    44  per  Cent.  Del).  Stock  

Mctropolitau  Railway  Cousolidatad  

Do.    Surplus  Lauds  Stocks 

Do.    Si  per  Cent.  Prefereuce 

Do.    84  per  Cent.  "  A  "  Prolereuce  

Do,    84  per  Cent.  Convertible  Prof. 

84  per  Cent.  UeOeiitu--  "• '  •'• 


84  -S6 
47  —1) 
10 1  —103  I 
91  — a:i  ! 
4i-bi 
97  -IJI 
31  -3i 
110  —112 
10  J  —109  , 
lOl  -1)5 
93  —96 
99  — lUl 

13    -11 

^-\ 
8  --•! 

93  -9) 

U--i 

SJ  -S) 
44-6 
Bi-71 

85  -87 
i-H 

53  — 6J 


'7i  13    0 

4  IS    0 

I   4  17     6 


SSI— 904 


83  —I 

IJ-Zi 
61  — Ka 
I  -2 

i-3 


961  -0)4 
SS  -S'J 
67  —69 
89  —31 
Si  —81 
Si  —31 
91  -3> 


1)3.)  6  l.s 


Feb,  Aag  ' 
June,  Dae 
Feb,  Ai» 
April,  Oat 
Msy,  Not 
Feo,  Aug 
Feb,  Aug 
Feb  .... 
Jan,  July 
Jan,  J  uly 
April,  Oat 
April,  Oct 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
May,  Nor 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Jan,  July 
.Mar,  Sapt 
April,  Oct 
Mar,  Sept 
Mar,  Sept 
Jaa,  July 
Mar.  Sapt 
Jaa,  July 
Feb,  Aug 
Jan,  July 
Feb,  Aug 
Feb,  Aug 
Jan,  July 
Jaa,  July 
Jao,  July 
Feb.  Aug. 

Aprii.'.  . 
Feb,  Aog  I 
Jan,  July 
Feb,  Aug 
Fel>,  Aug 
Feb,  Aug  , 
Feb,  Aug 
Feb,  Aug 
Jaa,  July 


31j     31 


lOll 


llaj      9U 


2i      liS 


H    M 


«»1 


:i^^s5?^^T?^?^ 
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ELiECTFtlCA^L.    <JOM:JPACVIfc2S'    SHiVRE:    LIST Continued. 


K  Last 
«  Divi-I 


I    Price 

Wed.. 

'  Jnne  30. 


vt^i5     DIVIBIHD 
^^1       DUE. 


BrsiRRSS 

Week  to 

Jl-NE  30 


Last  I 
I  Dm. 

IderdI 


Price  I  Ratk  X 
Wed..  YIELD- 
June  30       ed. 


DIVIDEUD    SS""  r 
Doe,        ''»E"i 


1  EUCTRIC  RAIlWAtSA  THAMWAYS-/'''"'''""''-  ^,'; 
81%  Mpt.  r.lT.  SJperCent.  "A"  Deb.  stock  A  -^  3U 
..      JI  "ror":i<»n  District  BailwsT  Ord loj— 171  - 


Extension  Pref.  (5  p*r  Csnt.)  13  — 4S 

Ho.    Asf»r.te<1  E.'ct.  Pref.  (Int.  Gu«r.  bv 
Und.  Elee.  Klvs.  Co.  of  London,  Ltd.'li     '7  -6) 
•  Do.     »  per  Cent!  Consoltd.  Kent-ch»ree|     78 —i8 
tPo.    «  per  Cent.  Midland  Kent-charge    '"l  —10* 

Do.    Onar.  Slock  4  per  Cent \     t9  — 82 

(Do.    6  per  Cent.  Pirp.  Deb.  Slock  '89      '■ 


4  per  Cent.  Ditto 
Sew  Gen.  Tract.  R  per  Cent.  Com.  Pref. 
Potteries  Electric  Traction  Ord.    

Do.     6  per  Cent.  Cum.  Pref.  

Do.     4*  per  Cent.  Deb.  Slock    

R  Met.  F.lec.  Trams.  *  Lie.  6%  Cm.  Pref. 

'Do.     4  per  Cent    Deb.  Stock 

Sunderland  Diet.  F.lec.Trm«.69ri«tMt.Db. 
rnderEdE.RTS.Lon.ti°  In.bd8.withcoup.9 


93  -95 
i-} 

i6  —,-9 

8-8 

'0  -',  i 
84  -t8 
37       3) 


6  14 
4  V 


Do.  bX  Prior  Lien  BoDds i  lu)i-lt2i,  J  }' 

Do.    4*1' Bond6»illi  coup.  3 69-91       '" 

Yorkshire  (W3.)  Elec.  Trama.  Ord i— 1  ~ 

Do.    6  per  Cent.  Cum.  Pref.   ?i-2i 

♦  Dr.     4irerCent.  Ut  Dehi t4  — 16 

ELECTRIC  MANUFKCTURINC,  Ah 


rOrd. 


)/Ji 

;i/4) 

mt, 

«/u 

s/u 

Ft 

4i;« 

St. 

HX 

6 

8t,    ** 

sl   *ij 

St  *i^ 

5IU0 

6    2/6 

8* 

nx 

1/n 

£t 

<« 

0/7! 

o/i>i 

1/0 

o/V# 

1 

S/u 

|(M> 

bX 

1 

o/Vt 

2/0 

0/7i 

l/« 

Fi 

2/1) 

St 

*X 

Bt. 

6% 

Fi 

H. 

4i.'4 

? 

» 

i(/9: 

St 

•X 

St. 

s% 

10 

e/u 

St 

4X 

10/3 

2/8 

Ft 

44>. 

IC 

ib/l 

I  Ord. 


4A-'«i^ 
1«-1J 
!g-7< 

ea-(3 

1C3  —lob 
01  — 9« 


Aron  El 

Do.    6%  Cum. 
Babcock  &  Wil( 

Do.    Pref. 

British  Insulated  ft  Belsbj  Cables  Ord. 

Do.    6  per  Cent.  Pref. 

too.    4t  percent.  Isl  Mort.  Deb.  (red.) 
British  Thomsn-Uousfn  4JX  1st  Mt.Db 

BritiBh  Westinghonse  6perCenl.  Pref...|  .i— .«      !          — 

Do-    6  i>er  Cent.  Trior  Lien  Dbslrd.)  !  67  -9i)     16    10 

tDo.    4  per  Cent.  Mort.  Deb.  Stock I  3i  — 12        nlO     0 
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The  C.M.B.  Auto-Converter. 

It  is  au  interesting  coincidence  that  whereas  last  week 
we  had  to  chronicle  the  arrival  of  a  200  volt  16  c.p.  metal 
filament  lamp,  we  are  able  this  week  to  describe  a  simple 
machine  which  promises  to  do  for  the  consumers  connected 
to  continuous-current  supply  mains  what  the  auto-trans- 
former has  already  done  jor  the  alternating-current  con- 
sumer. An  important  difference,  however,  between  the 
two  cases  is  that  the  new  auto-converter  for  continuous 
currents,  which  is  being  placed  on  the  market  by  Messrs. 
Cronipton  &  Co.,  is  only  intended  for  use  by  large  con- 
sumers, say,  those  whose  load  is  1  kw.  or  above.  Never- 
theless, the  C.M.B.  auto-converter,  as  it  is  called,  is  almost 
certain  to  arouse  much  interest  in  the  electricity  supply 
world,  where  it  will  probably  be  regarded  as  a  strong  com- 
l)etitor  of  the  motor-generator  ;  and  as  its  efficiency  is 
appreciably  higher  tlian  that  of  the  latter  machine  for  a 
similar  output,  the  additional  advantages  of  reduced  ffoor 
ppace  required,  smaller  weight  and  cheaper  cost  are  likely 
to  appeal  largely  to  central  station  engineers.  It  would 
appear,  moreover,  tliat  the  capabilities  of  the  machine  are 


likely  to  lead  to  extensive  ai^plications,  for  it  has  already 
been  adapted  e.xperimentaliy  to  the  control  of  electrical 
vehicles,  and  other  possibilities  are  indicated  in  the  de- 
scriptive articles  elsewhere  in  this  issue. 


Electricity  in  Coal  Mines. 

(Jn  another  page  we  publish  an  abstract  of  an  interesting 
Paper  on  "  Electricity  in  Coal  Mines,"  read  by  Mr.  Robert 
Xelsox  at  the  last  general  meeting  of  the  Institution  of 
Mining  Engineers.  Some  of  the  remarks  contained 
therein  are  exceedingly  pertinent  in  view  of  the  regrettable 
calamity  wliich  occurred  at  a  Xottingham  colliery  only  a 
few  days  ago.  The  difficulty  of  securing  an  efficient  earth 
at  the  coal  face  is  no  new  one,  but  is,  none  the  less,  of 
extreme  gravity.  It  is  obvious  that  a  coal  cutter  cannot 
well  be  connected  directly  to  earth  at  the  point  where  it  is 
working,  simply  because  it  is  always  on  the  move.  There 
are  two  possible  solutions,  both  of  which  are  discussed  by  ill-. 
Nel80N  ;  one  is  to  employ  a  continuous  uninsulated  return 
securely  fastened  to  the  frame  of  the  cutter,  and  the  other 
is  to  make  use  of  an  insulated  conductor  connected  to  the 
cutter  frame  and  carried  back  to  the  gate-end  switch,  where 
it  is  made  fast  to  a  substantial  earth.  The  author  describes  a 
special  type  of  gate-end  switcli  designed  to  deal  with  this 
jiroblem,  in  which  the  earthing  conductor  consists  of  two 
wires  connected  to  separate  parts  of  the  cutter  frame. 
These  wires  constitute  two  cores  of  the  trailing  cable,  and  are 
carried  to  the  gate-end  switch  through  a  five-way  plug,  in 
the  case  of  a  three-phase  system.  An  excellent  feature  of 
the  device  is  that  the  switch  cannot  be  closed  unless  there 
is  a  complete  circuit  through  these  earthing  conductors, 
while  the  connecting  plug  cannot  be  withdrawn  so  long  as 
the  switch  is  closed.  It  thus  appears  to  be  impossible  for 
any  person  to  get  a  shook  from  tlie  cutter  frame. 


In  dealing  with  problems  of  tliis  nature  it  must  be  re- 
membered that  the  conditions  of  working  at  the  coal  face 
are  exceptional.  The  temperature  is  unusually  high, 
there  is  often  a  considerable  amount  of  moisture  on  the 
ground  and  tlie  coal  dust  is  extremely  dense.  Add  to 
these  facts  the  further  one  tliat  the  work  and  workers 
are  generally  very  rough,  and  the  wonder  is  that  many 
more  accidents  do  not  occur.  Nevertheless,  no  pains 
should  be  spared  to  render  miners  free  from  the  risks  of 
electric  shock,  and  the  matter  is  one  that  should,  and 
undoubtedly  does,  receive  d»ie  attention  from  mauufivc- 
turers  of  electric  coal-cutting  maciuuery. 
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Portable  Lamps. 

Ix  our  Correspondence  columns  this  week  Mr.  F.  .TOHX- 
STOX  raises  an  interesting  point  in  connection  with  the 
new  Home  Office  Eegulations  for  the  use  of  Electricity  in 
Factories  and  Workshops.  In  Kegulation  lo  it  is  stated 
that  a  lamp-liolder  shall  not  be  in  metallic  connection  with 
the  guard  or  other  metal  work  of  a  portable  lamp.  Our 
correspondent  considers  that  if  the  metal  .work  of  the 
fitting  is  earthed  it  would  also  be  advisable  to  earth  the 
holder,  and  he  thinks  the  word  "  not "  has  accidentally 
crept  into  the  Fvegulation  ;  his  supposition  is,  however, 
erroneous.  It  will  be  seen,  by  regarding  the  I'egulation 
as  a  whole,  tiiat  the  requirement  of  earthing  the  metal 
work  of  a  portable  lamp  depends  upon  whether  the 
person  handling  the  lamp  is  liable  to  get  a  shock  if  the 
metal  becomes  charged.  If  the  circumstances  necessi- 
tate the  earthing  of  the  frame,  it  is  evident  that  the  lamp- 
holder  must  then  be  efficiently  insulated,  since  it  cannot 
be  earthed  by  the  same  wire  or  to  the  same  earth-plate 
without  being  placed  in  metallic  connection  with  the  guard. 
By  insulating  the  lampholder,  however,  there  is  less  chance 
of  the  guard  becoming  alive,  and  therefore  less  reliance  is 
placed  on  the  efficiency  of  the  earth  connection. 


That  the  regulation  is  very  generally  understood  and 
applied  is  proved  by  the  numerous  portable  lamps  of 
recent  manufacture  we  have  seen,  in  which  the  lamp- 
holder  is  well  protected  l:)y  an  ebonite  or  wooden  sleeve 
so  that  it  is  practically  impossiljle  for  an  accident  to  occur 
owing  to  a  lampholder  becoming  alive.  Switch  lamp- 
holders  are  especially  inadvisable  on  portable  fittings,  and 
as  regards  replacing  a  lamp,  this  can  be  easily  carried  out 
without  the  slightest  danger  in  the  new  hand  lamps  to 
which  we  have  referred.  As  doubts  are  almost  certain  to 
arise  in  connection  with  the  interjjretation  of  some  of  the 
Regulations,  further  information  may  in  some  cases  be 
neces.sary,  and  we  believe  a  Memorandum  is  in  prepara- 
tion, and  will  shortly  be  published,  dealing  with  a  number 
of  points  which  have  arisen. 

Exhaust  Turbine  Operation. — The  "  Zeitsciirift  des  Vereins 
Deut.sclicr  In;j;enieure  "  recently  contained  un  article  on  this 
subject  in  which  the  operation  of  a  .■'),1'00  kw.  exhaust  turbine 
installed  at  the  Gutehoffe  mines  was  described.  This  turbine 
is  supplied  with  exhaust  steam  from  the  winding  machines, 
compressors,  steam-driven  ventilators  and  coal-washing  appa- 
ratus. The  steam  is  collected  in  three  pipes,  at  a  pressure  of 
0'2  atmosphere,  and  is  thence  supplied  to  Kateau  exhaust  tur- 
bines, each  1,600  kw.  in  capacity  and  driving  Brown-Boveri 
generators  supplying  current  at  .'5,000  volts  with  a  fruiiueney 
of  50.  These  inaciiinea  exhaust  into  a  surface  condenser  in 
connection  with  which  cooling  towers  are  also  provided. 
Tests  showed  that  with  a  load  of  2,400  kw.  the  costs  of  opera- 
tion were  as  follows:  Wages  and  lubiication  OOHd.,  iiiteiest 
and  depreciation  0-0C7d.,  steam  '•OMd.,  total  011«d.  Taking 
the  cost  of  generating  a  kilowatt-hour  by  means  of  a  live  steam 
turbine  at  0:5.5d.,  the  saving  with  the  exhaust  steam  arrange- 
ment, supposing  the  yearly  output  to  be  17,2.s0,000  units, 
wouM  be  £20,000. 

Cable  Interruptions  and  Repairs. 

iJute  of  Interruption.  Date  of  Repair. 

Diikar— Conakry    May  13,  1909  ...  — 

Tangier— Cadiz May  19,  1909  ...  — 

Toiirane— Araoy    ._ Junol7,  1909  ...  — 

Trinidad— iJcmerara    Junc21, 1909  ...  — 

Fort  de  France— Paramaribo    June  28, 1909  ...  .July  2,   1909 


New  Cable  to  Argentina. — The  important  project  submitted 
by  the  Western  Telegraph  Co.  to  the  Argentine  Government,  in 
the  terms  of  which  the  company  would  lay  a  cable  to  Buenos 
Ayres,  via  Ascension,  giving  Argentina  direct  telegraphic 
connection  with  Kurojie.  has  jiassed  the  Argentine  Senate. 

Royal  Society  of  Arts. — On  Wednesday  last  the  council  of 
this  Soeiety  attended  at  Marlborough  House,  when  H.R.H, 
the  Trince  of  Wales,  president  of  the  Society,  presented  the 
Albert  Medal  to  Sir  Andrew  Js'nble,  F.  U.S. ."in  recognition 
of  his  long  continued  and  valuable  researches  into  the  nature 
and  action  of  explosives,  which  have  resulted  in  the  great 
development  and  iinpro\om('nt  of  modern  ordnance." 

Electric  Purification  of  Steel. — A  patent  recently  issued  to 
the  liisuKiickhntte  describes  a  method  of  improving  steel  pro- 
duced in  electric  furnaces.  The  steel,  previously  refined  in  a 
basic  electric  furnace,  is  passed  into  a  crucible  with  an  acid 
lining  and  allowed  to  settle.  A  mechanical  leadjtistment  takes 
place,  the  steel  taking  up  silicon,  which,  it  is  ckaimed,  has  a 
favourable  influence  on  tlie  internal  structure  of  the  steel.  In 
addition,  the  production  of  iron  alloys  or  the  addition  of  modi- 
fying agents  can  be  easil}'  controlled.  The  latter  is  accom- 
plished by  passing  the  unalloyed  steel  into  the  crucible  before 
adding  the  modifying  constituents. 

Marseilles  International  Congress  of  Applied  Electricity, 
1908. — The  results  of  the  deliberations  of  this  Congress,  which, 
it  will  be  remembered,  was  held  at  ^larseilles  in  September  of 
last  year,  have  just  been  issued.  They  make  up  three  large 
volumes,  the  first  two  of  which  are  taken  up  with  "  Rapports 
Preliminaires,"  consisting  practically  of  Papers  by  various 
authorities  on  which  the  discussions  at  the  sectional  meetings 
were  based.  The  range  covered  is  extremely  large,  as  the 
Congress  was  divided  into  a  number  of  sections  covering  prac- 
tically every  branch  of  electrical  engineering.  From  the  first 
the  organising  committee  recognised  the  necessity  of  providing 
a  basis  of  discussion  at  the  various  meetings,  and  for  this 
reason  a  number  of  preliminary  reports  were  prepared  on  I'cr- 
tain  questions.  These  reports,  which,  as  mentioned  above,  are 
contained  in  the  first  two  volumes  of  the  "Proceedings,"  i-epresent 
the  individual  work  of  a  number  of  authors,  while  the  third 
volume  contains  the  discussions  which  took  place  at  the  various 
meetings  of  the  Congress.  There  are  also  a  certain  immber  of 
written  communications  on  the  Papers,  and  these,  in  fact,  form 
by  far  the  larger  part  of  the  third  volume.  As  regards  official 
representation  from  the  various  Governments,  a  number  of 
countries,  including  Great  Britain  and  Germany,  were  not 
represented,  though  a  total  of  about  1,400  members  attended 
in  all.  It  is  impossible  to  give  any  adecpiate  idea  of  the  infor- 
rrration  contained  in  these  volumes,  but  they  should  form  an 
excellent  work  of  reference  in  future,  showing,  as  they  d  ),  the 
state  of  the  electrical  industry  in  190S. 

New  Locomotives  for  the  New  York,  New  Haven  &  Hart- 
ford Railroad. — According  to  the  "  Electric  Railway  Review," 
the  New  ^'ork,  New  Haven  &  Hartford  Railroad  has  recertly 
placed  an  order  for  two  freight  locomotives  to  be  employed  on 
its  main  line.  One  of  these  locomotives  is  to  be  equipped  with 
side  rods  and  the  other  is  to  be  of  the  geared  type.  It  is 
understood  that  tests  will  be  made  with  these  locomotives  to 
determine  (1)  the  relative  performance  of  electric  and  steam 
locomotives  for  freight  service  and  (2)  the  relative  advantages 
of  the  two  types  of  locomotives  which  are  to  be  employed.  So 
many  conflicting  reports  have  appeared  in  the  technical  and 
public  press  in  regard  to  the  proposed  extension  of  the  New 
Haven  electrification  that  it  may  be  well  to  give  the  facts. 
The  performance  of  the  present  electrical  system  is  very  satis- 
factory, and  the  number  of  engine-miles  per  failure  is  far 
larger  than  with  steam  operation.  During  the  month  of  May 
it  amouuteil  to  7,345.  The  engineers  of  the  company  have 
nrade  a  very  careful  investigation  as  to  the  cost  of  electrifying 
the  company's  six-track  Harlem  River  branch  and  the  four 
tracks  of  the  main  line  from  Stamford  to  New  Haven,  inclu- 
sive of  the  necessai-y  jjower  houses,  looking  to  the  handling  of 
passenger  and  freight  trains.  The  investigation  also  covers  the 
trackage  incident  to  the  electrification  of  freight  and  passen- 
ger yards.  These  estimates  nave  been  filed  with  the  directors 
of  the  company,  tint  no  definite  action  has  been  taken  by  them 
looking  to  immediate  cxtensicm  of  the  system.  It  is  proposed, 
however,  during  the  next  few  nronths,  to  extend  the  present 
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electrification  from  Stamford  for  the  distance  of  1  mile  for 
experimental  purposes.  The  overhead  construction  will  differ 
somewhat  in  regard  to  the  form  of  steel  bents  and  arrangement 
of  overhead  wires  from  those  previously  used,  but  these  changes 
are  incident  only  to  the  improvements  in  forms  of  construction 
and  reductions  in  cost.  The  main  features  of  the  present  form 
of  construction,  including  a  steel  contact  wire  suspended  every 
10  ft.  by  clips  of  the  present  design  from  an  overhead  copper 
conductor,  will  be  retained. 

Aluminium  Lightning  Arresters. — A  recent  issue  of  "  Engi- 
neering News "  contains  a  description  of  a  modern  instal- 
lation of  aluminium  lightning  arresters  to  protect  the  trans- 
mission system  of  the  Schenectady  Power  Co.'s  40  cycle  three- 
phase  generating  station  on  the  Hoosick  Iliver,  X.Y.  From  this 
station,  electrical  energ}'  to  the  amount  of  12,000  liw.  is  trans- 
mitted at  .32,000  volts  to  the  works  of  the  General  Electric  Co. 
at  Schenectady,  a  distance  of  21  miles.  The  main  overhead 
lines  enter  the  sub-station  through  six  roof-entrance  bushings, 
and  horn  gaps  are  placed  between  the  lines  and  the  arresters 
inside  the  station.  Besides  serving  as  spark  gaps  to  pre- 
vent full  voltage  from  being  continuously  impressed  on  the 
arresters,  the  horn  gaps  can  be  used  as  short-circuiting  switches, 
by  virtue  of  their  adjustability,  and  are  used  in  this  way  to 
connect  the  arrester  momentarily  with  the  line  for  the  purpose 
of  renewing  the  electrodes  of  the  aluminium  cells.  The  gaps 
are  arranged  so  that  one  horn  of  each  pair  may  be  revolved 
about  its  support  through  90  deg.,  to  serve  as  disconnecting 
switches  for  isolating  the  arrester  from  the  line  when  desired. 
At  the  power  station  end  of  the  line  the  arresters  are  installed 
in  fireproof  compartments  in  the  rear  of  the  switchboard,  while 
the  horn  gaps  are  placed  on  the  roof.  Each  arrester  unit  con- 
sists of  a  series  of  aluminium  plates  dished  to  a  conical  shape 
and  placed  in  a  stack,  points  down,  one  above  another,  with  a 
vertical  spacing  of  about  0-3  in.  between  surfaces,  the  spaces 
between  cones  being  partially  filled  with  an  electrolyte.  The 
supporting  rods  are  of  wood  and  the  cones  are  separated  by 
washers  of  non-conducting  material,  so  that  the  only  electrical 
connection  between  any  two  cones  is  through  the  electrolj'te. 
The  stack  of  cones  with  the  electrolj'te  in  place  is  immersed  in 
oil  in  a  cylindrical  steel  tank  with  welded  seams.  The  elec- 
trolyte has  a  greater  specific  gravity  than  the  oil  and  therefore 
is  not  displaced  on  immersion.  The  oil  not  only  improves 
the  insulation  between  the  conical  plates,  but  prevents  evapo- 
ration of  the  solution,  and,  due  to  its  heat  absorbing  capa- 
city, enables  the  arrester  to  discharge  continuously  for  long 
periods  without  overheating.  On  both  surfaces  of  each  conical 
plate  a  thin  film  of  aluminium  hydroxide  is  deposited  by  an 
«lectro-chemical  process.  This  film  has  the  property  of  offer- 
ing a  very  high  resistance  to  the  tiow  of  current  up  to  a  definite 
critical  voltage.  The  renewing  of  the  films  on  the  plates  is 
^fleeted  by  allowing  daily  a  small  current  to  pass  through  the 
stacks  for  an  instant  b}'  closing  the  horn  gaps.  The  presence 
of  the  gaps  normally  prevents  the  flow  of  current  through  the 
arrester  from  the  line  unless  the  operating  voltage  is  exceeded. 
The  Iffland  System  of  Electric  Winding. — A  recent  number 
of  "  Gluckauf  "  describes  an  installation  which  has  been  put 
down  at  the  Kaliwerke  Friedrichwerke.  The  generating 
station  at  this  place  contains  two  tandem  steam  engines,  one 
of  which  has  an  output  of  900  h.p.  to  1,200  H.P.,  and  the  other 
from  4.50  h.p.  to  GOO  h.p.,  when  running  at  107  revs,  per  min. 
Both  these  are  coupled  to  three-phase  irenerators,  which  supply 
current  at  2,200  volts  for  lighting  and  other  purposes.  Another 
small  steam  engine  having  an  output  of  150  h.p.  is  also  coupled 
to  a  three-phase  generator.  For  excitation  purposes  three  three- 
phase-continuous-current  motor-generators  are  used,  and  are 
•connected  to  an  exciter  battery.  When  the  station  is  shut 
down  the  batterj'  can  supply  power  to  the  network  through 
these  machines.  The  depth  of  the  shaft  at  these  mines 
is  900  ft.,  and  75  tons  have  to  be  drawn  up  per  hour. 
The  winding  motor  is  coupled  to  a  Koepe  pulley,  20  ft.  in 
diameter,  and  i?  supplied  with  current  from  a  controlling 
■dynamo,  whose  pressure  varies  between  -fTiOO  and  —500  volts. 
This  dynamo  is  permanentl}'  connected  to  a  booster  which 
can  supply  1,030  amperes  at  500  voits  in  connection  with  a 
battery  of  236  cells.  The  whole  of  these  sets,  consisting  of 
"the  controlling  dynamo  and  the  booster,  can  be  connected  with 


either  of  the  steam  engines.  When  the  load  comes  on  suddenly 
the  booster  begins  operating,  being  driven  by  the  battery  as  a 
motor,  and  assists  the  steam  engine  in  driving  the  controlling 
dynamo.  When  the  brakes  are  put  on,  the  booster  works  as  a 
generator,  and  supplies  current  to  the  battery,  so  that  the  steam 
engine  works  at  a  constant  load.  A  special  transforming 
arrangement,  as  used  in  the  Ilgner  syst3m,  is,  therefore,  un- 
necessary. In  order  that  the  booster  may  work  in  the  way 
stated  above,  its  voltage  must  be  dependent  on  the  load  on  the 
winding  motor.  This  is  effected  by  using  a  second  dynamo, 
which  is  connected  to  the  field  of  the  booster,  and  supplies 
current  against  the  excitation  of  the  battery.  This  dynamo  is 
excited  in  proportion  to  the  load  on  the  winding  motor,  and 
runs  at  the  same  speed  as  the  latter.  For  bringing  the  \vind- 
ing  motor  to  rest  a  compressed  air  brake  with  two  cylinders  is 
used.  The  necessary  compressed  air  is  supplied  b}-  a  small  com- 
pressor worked  by  a  500  volt  direct-current  motor. 

Electric  Refrigerating  Plant  at  Philadelphia. — The  follow- 
ing information  on  this  subject  is  taken  from  the  report  by 
H.M.  Consul  at  Philadelphia  (Mr.  W.  Powell)  on  the  trade  of 
that  district  in  1908.  A  refrigerating  plant,  worked  by  elec- 
tricity, has  recently  been  established  in  Philadelphia,  and 
although  it  can  hardly  claim  to  be  a  pioneer  establishment, 
it  is  an  installation  representing  the  most  recent  progress 
in  the  direction  of  cooling  without  ice.  The  apparatus 
occupies  two  stories  in  the  building  where  it  is  installed. 
On  the  ground  floor  there  is  situated  one  large  cooling  room, 
on  the  second  floor  there  are  three  separate  rooms  used  as 
freezers.  The  pickling  room  is  situated  in  the  rear  of  the 
second  floor ;  a  portion  of  this  room  is  partitioned  off  for  the 
brine  tank,  which  is  situated  here  as  being  the  best  available 
space.  The  machiner}-  installed  includes  two  2.3-ton  refrigerating 
machines,  each  driven  by  a  50  h.p.  electric  motor  through  chain 
gearing,  one  triplex  plunger  brine  pump  driven  by  a  5  h.p. 
electric  motor,  and  one  pump  for  condensing  water  worked  by  a 
3^  H.P.  motor.  The  system  employs  a  brine  circulation  exclu- 
sively, all  the  expansion  coils  being  placed  in  the  brine  tank. 
This  contains  over  5,000  gallons  of  brine,  which  is  cooled  to  a 
temperature  of  5-F.  to  8"F.  ;  there  is  also  a  6  H.P.  electric  motor 
fur  the  lift.  The  object  in  putting  in  two  refrigerating  machines 
was  to  permit  one  machine  to  rest  during  heavy  duty  in  summer, 
and  also  to  allow  for  the  growth  of  the  business.  The  two 
machines  have  neveryet  been  needed  at  the  same  time,  six  hours' 
operation  in  24  hours  for  one  machine  in  ordinary  warm  weather 
having  been  found  ample.  In  winter  weather,  one  hour's  operation 
of  one  machine  and  aliout  H  hours'  operation  of  the  brine  pump 
are  all  that  is  required  to  produce  the  desired  temperature.  The 
cooler  usually  holds  about  20,0001b.  of  meat,  and  is  main- 
tained at  a  temperature  of  35  F.  This  room  is  well  insulated 
with  three  layers  of  cork  laid  in  asphalt  pitch.  There  are 
three  doorways,  and  the  interior  is  lighted  with  incandescent 
electric  lamps.  In  the  shop  the  wall  cases  and  the  counter  cases 
are  also  cooled  b3'  the  brine  pipe,  which  is  placed  above  in  the 
wall  cases  and  at  the  bottom  of  the  counter  cases.  These  cases 
are  made  of  glass,  and  being  thus  cooled  permit  the  display  of 
choice  cuts  of  meat  without  fear  of  deterioration.  The  freezer 
room  is  divided  into  three  sections,  which  can  be  used  inde- 
pendently of  one  another,  in  order  to  get  better  results 
and  to  allow  of  considerable  differences  in  temperature,  as  at 
certain  seasons  it  is  necessary  to  take  care  of  various  descrip- 
tions of  food,  some  of  which  require  a  very  low  temperature. 
A  temperature  can  be  maintained  as  low  as  zero  Fahrenheit  in 
any  one  of  the  rooms  if  necessary,  but  a  temperature  of  15  deg. 
is  found,  as  a  rule,  to  be  sufficient.  The  pickling  room  is  found 
to  be  cold  enough  at  35  F.,  but  on  account  of  the  presence  of 
the  brine  tank  in  it  the  temperature  is  usually  30"  F.,  with 
scarcely  any  circulation  in  the  coils.  It  is  dithcult  to  com- 
pare the  cost  of  working  this  equipment  and  the  cost  of  ice 
as  used  in  the  older  plants.  With  ice,  the  freezing  rooms 
would  not  lie  possible,  and  the  low  temperature  of  the  other 
parts  of  the  plant  could  not  be  maintained  with  the  s;nue 
regularity.  Outside  storage  charges  would  be  incurred.  Cal- 
culations indicate  that  not  less  than  150  tons  of  ice  per  month 
would  have  been  necess.ary,  and  at  the  prevailing  prices  this 
would  have  cost  S375  (about  .£7s).  Tiie  average  bill  for 
electric  power  has  proved  to  be  about  $190  (about  X39.  10s.). 
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ELECTRICITY  IN  COAL  MINES.* 


BY   ROBERT   XELSOX. 


Summary. — The  author  describes  the  difficulties  experienced  iii  era- 
ploying  electrical  apparatus  in  coal  mines  and  makes  sujigestions  for 
meeting  them.  For  this  purpose  he  considci's  separately  (1)  cables  and 
transmission  system.  (2)  switch  gear,  (3)  motoi«  and  transformei's,  and 
(4)  lighting. 


Xo  system  of  power  transmission  is  altogether  free  from  danger  ; 
care  in  design,  maintenance,  and  operation  is  tlierefore  essential, 
whatever  system  may  be  adopted.  Even  under  the  severe  condi- 
tions which  obtain  undcrgroimd.  ho«e\er.  mine-owners  may  con- 
fidently avail  themselves  over  a  very  wide  field  of  the  advantages 
which  electricit}' offers  as  a  power  agent,  given  due  care,  firstly  in  the 
choice  and  secondly  in  the  installation  of  the  apparatus.  The 
dangers  of  electricity  in  its  ai)]ilication  to  coal-mining  work  under- 
ground (and  all  subsequent  remarks  have  application  only  to  plant 
luiderground.  not  to  plant  on  the  surface)  are  two  in  numVjer. 
namely  : — (<j)  Danger  of  shock  to  persons,  owing  to  contact  with 
"  live  "  metal.  (6)  Danger  to  persons  and  property,  through  the 
ignition  of  explosive  gas  or  coal-dust  by  an  electric  spark. 

As  technical  considerations  ])ractioally  necessitate  that  all  colliery 
motors  of  any  size  must  work  at  a  higher  voltage  than  l.'>0,  the 
limit  of  dangerous  pressure  from  a  shock  point  of  view,  the  possi- 
bility of  a  fatal  accident  from  shock  is  present  in  all  colliery  power 
installations,  and  must  therefore  be  guarded  against.  Again,  the  cur- 
rent of  modern  opinion  seems  to  be  .setting  in  in  favour  of  the  view 
that  danger  from  sparking  is  largely  independent  of  voltage  ;  that  is 
to  say,  it  is  not  obviated  even  if  the  pressure  be  kept  below  the  1,50 
volts  referred  to.  To  avoid  this  sparking  danger,  it  is  necessary  to 
isolate  or  limit  the  volume  of  explosive  mixture  which  might  be 
ignited  under  normal  conditions  of  working,  preferably  by  arranging 
for  circuits  to  be  made  and  broken  under  oil  ;  or  if  this  be  imprac- 
ticable, as  it  is  if  the  current  be  continuous,  in  properly  designed 
explosion-proof  chambers. 

The  practical  requirements  for  safety  in  operation  may  accordingly 
be  stated  to  be  : — ( 1 )  Strong  metallic  coverings  wherever  accidental 
contact  with  current-carrying  parts  would  otherwise  be  possible. 
(2)  A  good  earth  connection  for  metallic  coverings  of  apparatus.  (.3) 
Provision  for  cutting  off  current  automatically  as  soon  as  leakage 
liegins  to  occur. 

Tlie  author  proceeds  to  consider  the  difficulties  experienced  in 
meeting  these  requirements  underground,  and  .suggests  means  of 
meeting  them. 

The  Cable  System. — The  opinion  was  frequently  expressed  during 
the  Departmental  Committee  proceedings  on  the  u.se  of  electricity 
in  mines  that  the  chief  danger  to  be  apprehended  in  working  woidd 
arise  from  the  cables  in  a  mine  rather  than  from  the  motors  and 
ap])aratus,  that  is  to  .say.  from  the  transmission  of  electricity  rather 
than  from  its  application  :  and  there  is  much  to  be  said  in  .support  of 
this  view.  The  question  of  the  relative  merits  of  the  three-phase 
system  of  distribution  as  against  the  continuous-current  system 
occurs  at  the  outset,  and  the  writer  is  tempted  to  reply  at  once  and 
without  qualification  in  favour  of  the  first-named  .system.  The  .sole 
merit  of  the  continuous-current  system  appears  to  him  to  rest  U))on 
the  po.ssibility  of  using  the  concentric  system  of  working  with  a 
continuous  uninsulated  return  in  pits  where  .safety-lamps  are  not 
required,  and  where  the  limit  of  medium  pressure  is  sufficient  for 
economical  distribution.  The  concentric  system  has  special  advan- 
tages also  where  coal-cutters  are  extensively  used,  for  no  doubt  can 
then  exist  as  to  the  frame  of  each  machine  being  effectively  earthed. 
The  system  is,  however,  inherently  one  of  limited  range,  and  three- 
pha.se  systems  are  here  only  considered. 

Wherever  chemical  investigation  shows  that  the  w-ater  in  the  pit 
will  not  attack  lead,  a  lead-sheathed  and  armoured  cable  is  recom- 
mended. The  alternative  is  fibre  insulation  with  a  sheathing  of 
vulcanised  bitumen-  Cables  of  this  kind  have  .some  advantage 
from  the  j)oint  of  view  of  keeping  supji' y  going  in  the  event  of  damage 
from  a  fall,  but  the  inherent  disadvantages  of  an  unarmoured  cable 
system  appear  overwhelming,  namely: — (1)  Increased  possibility  of 
an  arc  appearing  external  to  the  cable  ;  (2)  difficulty  in  securing  a 
gofxl  "earth"  for  in-bye  apparatus;  and  (.3)  danger  of  shock  from 
bare  parts  of  damaged  cable.  One  of  the  chief  uses  of  tlu'  lead 
sheathing  is  to  provide  a  continuous  metallic  covering  (in  addition  to 
the  armouring)  which  may  be  earthed,  and  thus  |)rovide  a  "  dead  ' 
earth  inside  the  cable  itself  in  ca.se  the  insulation  should  be  destroyed 
and  one  of  the  copper  cores  become  displaced  by  mechanical  damage. 
For  this  reason  if  an  armoured  cable  with  vulcanised  bitumen  in- 
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sulation  is  decided  upon,  a  continuous  cojiiier  .sheath  may  be  used 
instead  of  a  lead  sheath.  A  cable  of  this  kind  has  one  advantage 
in  being  more  fiexilile  than  a  lead-sheathed  cable.  But  whatever 
type  of  cable  be  installed,  both  metallic  sheathings.  the  armouring 
and  the  lead  (or  copjjer).  should  be  connected  to  two  earth-plates — 
one  at  the  bank  and  the  other  underground — both  placed  in  carefully 
chosen  surroundings.  The  obtaining  of  a  good  earth  is  considered 
in  an  a])pendix.  Where  disconnecting  boxes  and  joint-boxes  are 
inserted  tlie  cable  armouring  should  be  .securely  fastened  in  metal 
outlet  boxes  .so  as  tn  seeuic  good  nieclianiciil  and  electrical  connec- 
tion, and  tlie  lead  sheathing  sliould  lie  bonded  inside  the  box.  The 
point  to  lie  observed  is  that  metallic  sheathings  should  be  continuous 
from  dividing  box  to  dividing  box — that  is  to  say,  from  the  point 
where  the  three  cores  are  separated  for  convenience  in  joining  to  the 
control  switch  at  the  generating  station,  to  the  point  where  they  are 
again  separated  for  connection  to  the  transformer  or  motor  switch. 

Next,  as  to  the  risk  of  a  spark  ajipearing  external  to  an  electric 
transmission  cable  underground.  Electiieal  circuits  are  ordinarily 
protected  in  two  ways  : — (I)  by  fuses,  and  (2)  by  maximum  cut-outs. 
The  first  method  is  the  cheapest,  but  it  is  uncertain  in  action,  and  in 
any  event  is  not  always  atlmissible.  The  second  method  is  that 
generally  adopted  in  the  case  of  main  transmission  lines  in  collieries. 
The  provision  of  merelj'  a  fuse  or  a  maximum  cut-out  does  not.  in  the 
WTiter's  opinion,  afford  complete  protection  for  a  transmission  line  in 
any  place  where  General  Rule  Xo.  S  of  the  Coal-mines  Regulation 
Act  may  be  said  to  apply — that  is  to  say,  anywhere  where  safety- 
lamps  are  compulsory.  There  is,  however,  already  on  the  market  a 
method  of  protection  which  it  is  suggested  may  offer  a  solution  of  the 
difficulty.  The  action  of  this  new  protective  system  depends  upon 
the  physical  fact  that  the  current  leaving  a  length  of  cable  is  exactly 
equal  in  amount  to  the  current  entering  that  length  of  cable,  if  the 
conditions  be  normal.  But  in  the  event  of  leakage  there  is  no  wait- 
ing for  the  leakage  current  to  reach  a  certain  value  and  thereafter  to 
establish  its  bona  fides  by  maintaining  this  or  a  higher  value ;  the  cut- 
out is  put  into  action  immediately  and  the  circuit  itself  is  broken  as 
soon  as  the  switch  has  had  time  to  open.  This  is  the  outstanding 
feature  of  the  new  protective  system,*  and  it  cannot  be  claimed  for 
any  other  system  of  cable  protection. 

The  above  method  of  ap]ilying  the  system  requires  a  pilot  wii'e  to 
be  run  the  whole  lengtli  of  the  transmission  main  to  be  protected.  It 
is  possible,  however,  in  the  case  of  colliery  cables  (where,  in  general 
the  various  circuits  to  be  protected  radialt'  trcira  a  eoniinon  point, 
and  are  not  inter-connected)  to  apply  tlie  balanced  principle  without 
pilot-wires,  and  indeed  to  existing  cables  at  comparatively  little 
expense,  in  cases  where  the  neutral  point  of  the  transmission  system 
is  permanently  connected  to  earth — an  arrangement  recommended 
on  other  grounds.  Instead  of  making  use  of  the  fact  that  the  elec- 
trical conditions  are  similar  in  norma!  circumstances  at  the  points  of 
entry  and  exit,  it  is  possible  to  base  the  action  of  the  cut-out  on  the 
physical  fact  that  the  amount  of  current  entering  and  leaving  the 
main  at  the  supply  end  thereof  (through  the  several  cores  of  the 
main)  must  at  every  instant  be  equal  unless  there  is  a  Icakige. 
Apparatus  working  on  this  jirinciple  would  not  operate  when  ordinary 
working  overloads  occur.  It  is,  however,  extremely  easy  to  adapt 
such  apjiaratus  so  that  it  combines  all  the  features  of  an  ordinary 
maximum  cut-out  with  its  own  particular  characteristic  as  regards 
leakage.  If  a  cut-out  of  this  type  were  placed  above-ground,  and 
through  it  power  were  fed  to  a  distribution  point  in  the  pit  below,  a 
leakage  on  any  one  of  the  individu.-il  motor  circuits  fed  from  .such 
distribution  point,  or  a  leakage  on  the  main  cable  down  the  shaft. 
would  ojierate  the  cut-out  gear  instantaneously,  whilst  ordinary  over- 
loads— unless  greater  than  a  pre-determined  value  and  maintained 
for  an  ajipreciable  period — would  not  operate  it.  A  better  (ilan  jter- 
haps  would  be  to  instal  cut-out  gear  on  each  individual  motor 
circuit  at  the  main  distribution  centre  below  ground,  and  to  provide 
pilot  wires  in  the  main  shaft  cable  feeding  such  centre.  If  balanced 
protective  gear  of  the  type  first  described  were  then  installed  on  the 
shaft-cable,  the  cut-out  above  ground  would  not  operate  unless  a 
leakage  actually  occurred  in  that  cable.  Thus,  although  a  leakage 
on  a  motor  circuit  imdcrground  would  at  once  opeiale  the  cut-out 
controlling  that  circuit,  the  main  cut-out  above  ground  would  remain 
closed,  and  all  the  motors  excejit  that  on  the  faulty  circuit  would 
continue  to  run.  The  makers  of  the  new  ])rotective  gear  might 
consider  the  advisability  of  demonstrating  by  experiment  its  effec- 
tiveness under  varying  conditions,  as  if  it  will  in  all  circumstances 
prevent  a  spark  from  penetrating  the  armoured  covering  of  a  cable 
to  the  outer  air,  the  problem  of  the  safe  transmission  of  electricity  in 
collieries  would  seem  to  be  very  near  solution. 

Although  hard  and  fast  rules  cannot  be  laid  down,  it  should  be 
accepted  that  the  use  of  unarmoured  cable  should  be  limited  to  cable 
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for  iiorlMhli'  ii|)])aiatu.s  and  to  end-connections  where  there  exists  no 
danger  from  falls  or  of  firing  timber  work  ;  that  junction  and  other 
boxes  should  not  be  o])ened  with  current  on  ;  and  that  inflammable 
or  explosive  material  should  not  be  stored  in  the  neighbourhood  of 
electric  mains.  One  other  point  on  which  there  may  be  unanimity  is 
the  use  of  well-protected  but  unarmoured  trailing  cables  for  coal- 
cutters. Such  cables  should,  however,  be  provided  with  an  extra 
wire,  or  pair  of  wires,  for  the  purpose  of  ensuring  a  good  earth  con- 
nection for  the  machine  frame.  A  gate-end  switch  of  special  design, 
hereafter  described,  seems  to  secure  this  result  in  practice  most 
effectively.  Additional  protection  over  and  above  heavy  braiding  is 
required  by  trailing  cables,  and  the  most  successful  forms  of  pro- 
tection seem  to  be  plaited  leather  and  a  hard  light  rope  covering, 
the  latter  wound  round  the  cable  spirally.  Rope  protection  has  some 
advantage  in  cheapness  and  in  the  ease  with  which  it  can  be  repaired. 
Well-designed  plug  connections  for  both  ends  of  a  trailing  cable  are 
essential,  and  the  leads,  from  starting  or  controlling  switch  on 
machine  frame  to  motor,  should  be  completely  protected  from  end 
to  end,  and  not  left  exposed  as  is  so  frequently  the  case. 

In  connection  with  the  use  of  unarmoured  cable,  it  must  be  re- 
membered that  ordinary  rubber  insulations  ignite  easily  and  burn 
freely.  Certain  precautions  are  therefore  necessary ;  the  wires 
should  be  carried  on  porcelain  insulators,  giving  at  least  1  in.  separa- 
tion from  the  surface  wired  over  ;  they  should  be  supjiorted  at 
fairly  short  intervals,  and  separated  from  each  other  and  from 
contact  with  side  walls,  roof,  floor,  and  roof  supports,  by  a  few  inches 
of  air  space.  It  would  be  well  to  specify  for  underground  work 
insulation  the  interstices  of  which  have  been  filled  with  fire-proof 
compound,  and  it  is  particularly  recommended  that  slow-burning 
cable  of  this  kind  be  used  where  wires  are  brought  together  at  the 
back  of  switchboards  or  large  distribution  boxes. 

Swilchgear. — The  general  principles  of  design  may  be  briefly 
summarised  as  follows  : — (1)  Accidental  contact  with  any  live  metal 
should  be  rendered  impossible  by  an  earthed  metal  outer  covering. 
(2)  The  make  and  break  in  the  case  of  three-phase  circuits  should  be 
under  oil.  (3)  The  design  should  be  such  as  to  preclude  the  possi- 
bility of  coal-dust,  dirt,  or  moistme  diminishing  the  insulation. 
(4)  There  should  be  a  minimum  amount  of  cleaning  necessary  to 
maintain  the  gear  in  good  condition.  (5)  Ready  means  should  be 
provided  for  making  the  whole  or  part  of  the  apparatus  dead,  so  that 
inspection  and  cleaning  may  be  done  in  safety.  (6)  The  construction 
should  be  mechanically  strong,  so  as  to  resist  rough  usage.  (7)  The 
switch  must  be  of  ample  capacity.  (8)  There  should  be  automatic 
protection  for  each  circuit. 

Switchgear  to  fulfil  the  above  conditions  can  be  obtained  from 
well-known  makers  ;  one  or  two  special  pieces  of  apparatus  are, 
however,  considered  in  detail.  A  great  deal  of  the  switchgear  in 
present  use  errs,  in  the  wTiter's  opinion,  on  the  side  of  too  little 
clearance.  Greater  generosity  in  this  respect,  combined  w'ith  closer 
attention  than  is  frequently  given  to  the  construction  of  gas-tight 
joints,  would  be  of  advantage.  The  usual  method  of  making  a  gas- 
tight  joint  is  to  use  a  rubber-joint  ring.  It  is  commonly  said,  how- 
ever, that  although  this-may  be  perfectly  satisfactory  above-ground, 
conditions  are  dififerent  underground,  and  sooner  or  later  a  poor  joint 
will  be  made,  or  a  cover  will  be  left  off  altogether.  In  the  case  of 
boxes  often  opened,  a  plain  "  metal  to  metal  "  joint  is  probably  the 
best  solution,  either  a  flange  joint,  or  a  turned  and  fitted  V  and 
groove.  No  difficulty  should  be  experienced  in  securing  a  gas-tight 
joint  of  this  kind  ;  failure  can  only  arise  through  carelessness  or  in- 
competence. The  modern  tendency  is,  however,  to  construct 
"  explosion  proof  "  rather  than  gas-tight  joints.  The  writer  has 
recommended  a  metal  to  metal  joint,  and  the  flanges  should  not  be 
less  than  IJ  in.  wide.  The  principle  underlying  this  construction  is 
that  of  the  Davy  safety  lamp. 

One  feature  common  to  many  switch  and  fuse  boxes  in  present  use 
appears  to  the  writer  to  merit  emphatic  condemnation,  namely,  the 
combination  of  a  narrow  rubber  joint  ring  with  a  hinged  box  cover. 
A  safety  joint  should  be  made  by  dropping  the  cover  flat  in  its  final 
position,  and  it  should  be  secured  by  a  number  of  bolts  in  the  same 
way  as  is  a  steam  joint.  But  despite  the  comparative  simplicity  of 
the  problem,  there  will  hardly  be  two  opinions  on  one  point — namely, 
the  fewer  the  boxes  that  require  bolted  joints  in  an  installation  the 
better. 

At  the  present  moment  there  is  difficulty  in  obtaining  oil-break 
■switches  with  overload  trip  coils  which  will  operate  on  circuits  carry- 
ing less  than  100  amperes.  It  seems  to  the  WTiter  that  a  reliable 
oil-break  switch  with  an  overload  attachment  for  use  on  motor 
circuits  of  10  h.p.  and  upwards  would,  practically  speaking,  do  away 
with  the  necessity  for  fuse  boxes  on  motive-))ower  circuits,  besides 
other  advantages  in  greater  rapidity  and  ceitiiinty  of  action  in  open- 
ing circuit.  Where  fuses  are  unavoidable,  it  should  not  be  forgotten 
that  totally  enclosed  fuses  of  the  "  cartridge  "  type  can  now  be 
readily  obtained  in  all  sizes.     The  protection  afforded  can,  however, 


be  l)ut  partial,  as  in  the  behaviour  of  a  fuse  a  great  deal  depends 
upon  the  capacity  of  the  su)>ply  system.  The  writer  has  also  heard  a 
suggestion  which  may  be  of  j)ractical  value — namely,  that  fuse  boxes 
might  be  jjacked  tightly  with  slag  wool  where  it  is  thought  that 
danger  exists  of  igniting  ga.s. 

There  is  one  special  use  of  electricity  underground  which  really 
deserves  much  more  than  jiassing  consideration,  and  that  is  its  use 
in  driving  coal-cutting  maeliinery.  which  the  writer  believes  experi- 
ences the  worst  treatment.  Attention  is  called  to  a  gate-end  switch 
for  coal-cutters,  designed  by  .Mr.  H.  S.  Fisher  of  the  Lambton 
collieries.  County  Durham,  which  has,  it  is  claimed,  the  following  im- 
portant features  : — (a)  The  switch  is  totally  enclosed  in  a  cast-iron 
bo.x,  so  that  no  live  parts  are  accessible  to  an  unauthorised  person. 
(6)  Attached  to'  the  switch  box  at  one  end  is  a  dividing  box  with 
glands  and  clamp  to  secure  the  armour  of  the  incoming  cable,  and  to 
earth  the  box  efficiently.  At  the  opposite  end  is  a  socket  for  the  plug 
attachment  of  trailing  cable.  The  latter  plug  when  in  jilace  is  inter- 
locked with  the  switch,  so  that  it  cannot  be  withdrawn  when  the 
switch  is  closed  ;  that  is  to  say,  it  cannot  be  withdrawn  when  carry- 
ing cm-rent,  (c)  An  adjustable  overload  release  with  "  time  '  lag 
operates  on  each  pole,  removing  the  necessity  for  fuses.  There  is  also 
a  "  no  voltage  "  release,  (d)  The  switch  must  have  a  .special  trailing 
cable  with  an  additional  pair  of  small  cores,  making  a  five-core  plug 
and  cable  for  a  three-phase  machine.  This  additional  pair  of  cores 
(which  does  not  appreciably  increase  the  cost  of  a  trailing  cable,  as 
the  cores  are  small)  is  connected  to  two  points  on  the  coal-cutter 
frame  ;  and  the  arrangements  are  such  that  unless  this  pilot  circuit 
from  s\vitch  to  frame  and  back  again  to  switch  is  complete,  the  gate- 
end  switch  cannot  be  closed.  The  effect  is  that  unless  the  frame  of 
the  coal-cutter  be  properly  earthed  the  gate-end  switch  will  not 
operate  ;  and  if  at  any  time  duj'mg  the  working  of  the  coal-cutter  the 
pilot  circuit  in  the  trailing  cable  is  broken  by  mechanical  damage, 
the  gate-end  switch  at  once  opens  circuit,  (e)  A  small  switch  on  the 
plug  at  the  coal-cutter,  connected  so  as  to  break  the  above-mentioned 
l^ilot  circuit,  enables  the  man  operating  the  machine  to  cut  off  supply 
instantly  at  a  critical  moment.  If  then  this  switch  be  left  open,  it 
prevents  anyone  switching  on  supply  at  the  gate-end  switch  while  in- 
spection or  repair  is  under  way.  Anyone  who  has  had  experience  of 
coal-cutters  in  practical  operation  will  appreciate  that  from  the  point 
of  view  of  safety  this  switch  represents  a  very  considerable  advance  on 
older  methods.  The  above  method  of  protection  is  applicable  either 
to  a  three-phase  or  to  a  direct-current  system. 

It  has  been  said  that  the  three-phase  system  is  in  general  favoured 
for  colliery  work.  In  connection  with  switchgear  this  system  enables 
oil-immersed  switches,  controllers,  and  even  resistances,  to  be  used 
when  otherwise  the  circuit  would  require  to  be  broken  in  air — an 
advantage  almost  sufficient,  if  none  other  existed,  to  justify  the 
preference.  The  use  of  wire  with  "  slow-bmning  "  insulation  and 
asbestos  covered  is  recommended  for  resistance  and  controller  con- 
nections. 

Motors  ami  Transfon)ui:i. — In  the  recent  interesting  Paper  by 
Mr.  Simon,*  read  before  the  Glasgow  Local  Section  of  the  Institu- 
tion of  Electrical  Engineers,  dealing  almost  exclusively  with  the 
protection  of  electric  motors,  the  conclusion  reached  is  that  "  plate  " 
protection  affords  sound  mechanical  protection  together  with  what  is 
lacking  in  the  ease  of  totally  enclosed  motors,  namely,  ventilation. 
But  Mr,  Simon  rightly  recommends  the  grouping  of  the  motors  when- 
ever possible  in  the  neighbourhood  of  main  air-ways,  in  separate 
rooms,  separately  ventilated  with  intake  air,  so  as  to  avoid  altogether 
the  necessity  for  any  special  protective  device.  The  Home  Office 
rules  require  all  motors  located  in  places  where  General  Rule  8 
applies,  and  which  are  not  separately  ventilated  with  intake  air.  to  be 
totally  enclosed.  The  plate  protection  referred  to  cannot  therefore 
be  adopted  at  jjresent  in  this  country  in  Heu  of  total  enclosure,  but 
there  can  be  no  doubt  as  to  the  value  of  the  idea  from  the  ventilation 
standpoint,  if  it  is  demonstrably  as  safe  as,  or  safer  than,  the  latter. 
Apart  from  any  special  conditions  under  which  it  may  be  set  to 
operate,  there  is  no  safer  apparatus  for  its  purpose  than  an  electric 
motor.  Squirrel-cage  motors  can  be  used  for  almost  every  service, 
and  should  undoubtedly  be  utilised  wherever  possible.  The  terminals, 
if  any,  should  be  niounted  on  incombustible  insulating  material, 
covered  and  hermeticallv  sealed  :  or.  in  the  alternative,  short 
lengths  of  cable  should  be  brought  out  through  suitably  bushed 
openings  in  the  motor-case,  for  the  purpose  of  jointing  to  the  in- 
coming service  leads,  the  joints  to  be  nuide  by  connectors  or  otherwise « 
Motor  rooms  should,  wherever  possil)le.  be  separately  ventilated  by  in- 
take air.  They  are,  however,  often  made  loo  small,  and  they  some- 
times have  an  even  worse  featiu-e  in  being  constructed  largely  of  in- 
flammable material. 

Transformers   for   use   underground   are   almost   universally   oil- 
cooled.     A  difference  of  opinion,  however,  exists  as  to  the  earthing 
*  "  Notes  on  Safety  of  Working  Electrical  Plants  in  Coal  Mines,.' 
The  Eleutbiclvn,  .\pril  9,  1909,  p.  1,014. 
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of  the  neutral  point  of  each  transformer  seeondarv.  In  tlie  ^Titer's 
view  it  is  better  to  eaitli  these  neutral  points,  as  immediate  warning 
is  then  given  at  the  transformer  station  of  an  earth  on  any  one  of  the 
outers  by  the  automatic  opening  of  the  faulty  circuit.  1  lie  strongest 
argument  against  the  earthed  neutral  is  a  "  safety-from-shock  " 
argument  ;  but  it  is  surely  better  to  ])rovidc  fully  again.st  accidental 
contact  as  far  as  it  is  possible  to  do  so.  rather  than  depend  upon  an 
arrangement  which  has  some  fairly  obvious  disadvantages  against  a 
single  advantage,  and  one  w  hich  may  in  practice  prove  illusory.  In 
America  the  insulated  neutral  is  common  practice,  but  on  tlie  other 
hand  Continental  engineers  incline  to  earthed  luutrar points.  In 
England  either  arrangement  seems  to  have  been  adopted  indifferently. 

It  is  unnecessary  to  emphasise  the  importance  of  ])ermanently  and 
effectively  earthing  both  motor  frames  and  transformer  cases  by 
stout  wires.  In  connecting  such  an  eartli  wire  to  the  (already 
earthed)  armouring  or  lead  or  copper  sheathing  of  a  cable,  the  earth 
wire  should  be  sweated  into  a  lug  attached  to  a  clamp,  and  the  latter 
firmly  bolted  to  the  armouring  or  sheathing  after  all  rust  and  scale 
has  been  removed. 

Lighting. — Reference  is  made  to  the  set  of  rules  of  the  Institution  of 
Electrical  Engineers.  Electric  lighting  underground  is  practically 
confined  to  places  near  the  shaft-bottom  and  to  motor  rooms  separ- 
ately ventilated  by  intake  air.  and  there  can  be  no  doubt  that  it 
should  be  so  confined.  A  lighting  circuit  is  as  likely,  or  even  more 
likely,  to  be  the  cause  of  a  spark  than  is  a  motor  circuit,  and  the 
greater  difficulty  of  effectively  controlling  the  current  in  lighting 
circuits  is  obvious.  Wherever  electric  lighting  is  installed,  only 
such  switches  and  fuses  as  have  been  specially  designed  to  meet  the 
severe  conditions  underground  should  be  used. 

The  widest  latitude  is  given  by  the  Home  Office  Rules  on  the 
subject  of  wiring  for  lighting  circuits,  but  in  the  ^v^iter"s  opinion 
twojsystems  only  are  possible  : — (a)  Open-tj'pe  wiring,  the  wires 
being  supported  on  porcelain  insulators,  and  (6)  a  stout  steel  smooth- 
bored  pipe  (which  may  be  protected  from  corrosion  externally  and 
have  an  insulating  internal  casing)  to  contain  the  wires.  In  dry 
places  where  there  is  no  likelihood  of  a  fall  of  roof  there  is  a  great  deal 
to  be  said  in  favour  of  open  wiring.  On  the  other  hand,  in  damp 
places  or  where  mechanical  damage  is  likely  to  occur,  as  in  crossing 
haulage  roadways  or  where  the  roof  is  low,  protected  wiring  is  neces- 
•sary. 

Reference  is  made  to  the  new  Home  Office  rule  for  safeguarding  the 
use  of  portable  hand-lamps,  and  the  writer  believes  that  this  rule 
should  also  be  observed  in  mines.  When  the  system  of  distribu- 
tion is  tliree-pha.se.  the  use  of  small  lighting  transformers  giving  a 
secondary  pressure  below  the  danger  ])oint  for  shock,  say  of  10(1  volts 
or  less,  is  recommended.  With  a  voltage  of  this  kind,  portaljle 
apparatus  in  particular  can  be  handled  with  much  greater  freedom 
and  safety. 

In  conclusion  emphasis  is  laid  on  the  importance  of  using  well- 
designed  apparatus,  of  efficiently  earthing  all  protective  coverings 
and  casings,  and  of  drawing  the  attention  of  workmen  to  the  danger 
of  touching  current -carrying  apparatus,  such  as  cables  and  motors. 
In  one  appendix  to  the  I'aper  are  given  the  rules  relating  to  high- 
tension  apparatus  at  the  Lambton  Collieries,  and  in  a  .second  the 
author  describes  the  arrangement  for  efficient  earthing.  Unless  the 
conditions  are  altogether  abnormal,  a  copper  plate  of  16  S.W.G.. 
about  3  ft.  by  6  ft.  in  area,  buried  in  a  damp  place  or  below  per- 
manent moisture  level,  with  2  ft.  of  crushed  coke  both  under  and 
over  it,  should  make  a  sufficient  earth  for  an  ordinary  colliery  in- 
stallation. Two  such  earth-plates  are  recommended  to  make  sure 
that  one  at  least  is  fulfilling  its  duty.  .Should  the  ground  be  every- 
where dry,  the  neighbourhood  of  an  earth-plate  should  be  frequently 
and  freely  watered.  JIain  earth  connections  should  he  of  copper  and 
have  a  section  of  not  less  than  O^.l  sq.  in. 


THE  COMPOSITION  AND  DURABILITY  OF  CABLE 
PAPERS. 

BY   C.    KKAVF.R. 
(Of  M.-ssrp.  W.  T.  -MoviT  i  Co.) 

Introdudion. — This  subject  was  recently  dealt  with  in  these 
columns  from  the  chemist's  point  of  view  in  a  series  of  articles 
by  Messrs.  Clayton  Beadle  and  Henry  P.  Stevens  {see  The 
Ei.KCTRlCl.W  dated  April  10,  2:'.  and  30,  1909).  The  authors 
prefaced  these  articles  bj-  the  statement  that  they  were  not 
electricians  ;  but  as  the  electrical  engineer's  point  of  view  on 
this  subject  is  too  closely  allied  to  that  of  the  chemist's  to  be 
ignored,  it  appeared  to  the  writer  desirable  to  supplement 
■what  has  already  been  written  by  a  short  statement  of  facts 
from  the  cable  manufacturer's  standpoint. 


Ufaker  and  User. — In  the  following  remarks  the  sequence  of 
Messrs.  Beadle  and  Stevens'  statements  will  be  followed  as 
closelj-  as  possible  for  the  sake  of  easy  comparison  of  the  two 
points  of  view. 

The  opinions  the  authors  gave  on  the  mutual  ignorance  of 
the  paper  maker  and  the  cable  niaiutfacturcr,  as  to  the  arts  of 
the  one  and  the  requirements  of  the  other,  may  be  passed  over 
with  the  remark  that  the  matter  is  of  such  importance  to  boi^h 
that  the  present  degree  of  electrical  excellence  and  physical 
duraliility  of  the  best  makes  of  paper  insulated  cables  could 
never  have  been  arrived  at  without  close  co-operation  between 
them. 

The  requirements  of  the  cable  manitfacturer,  after  long  ex- 
perience and  research,  may  be  regarded  as  having  been  reduced  to 
(rt)  Composition  or  constituents  of  the  paper,  and 
(b)  Mechanical  constants  (i.e.,  tensile  strength,  elongation, 
and  other  points  affecting  the  structure  of  the  paper). 

When  these  are  fixed,  and  the  paper  is  subjected  to  uniform 
treatment  in  the  cable  works,  the  electrical  aud  physical  pro- 
perties follow.  The  relation  between  the  composition  and 
structure — the  latter  determining  the  mechanical  constants — 
and  the  electrical  and  physical  properties,  is  an  extremely 
delicate  one.  So  delicate  indeed  as  to  be  almost  incredible  to 
any  but  those  in  close  touch  with  all  features  of  the  production 
of  paper  insulated  cables.  This  will  be  referred  to  later  on, 
but  it  may  be  said,  in  passing,  that  an  immense  amount  of 
experimental  work  has  been  carried  out  during  the  past  12  or 
13  years  by  the  writer,  for  the  purpose  of  clearing  up  the 
large  number  of  electrical  and  physical  problems  which  have 
attended  the  development  of  such  cables  into  their  present 
state  of  excellence.  The  requisite  accuracy  for  this  experi- 
mental work  could  onl}'  be  .attained  by  careful  adjustment  of 
all  conditions,  from  the  selection  of  the  raw  materials  for  the 
paper  to  the  final  tests  on  finished  lengths  of  cable. 

CcmipositioH,  dr. — To  return  to  the  parallel  statement  of  the 
matter  from  the  electrical  and  chemical  points  of  view,  the 
writer  is  in  substantial  agreement  with  Messrs.  Beadle  & 
Stevens  as  to  the  difficulty  attending  the  identification  of  hemp 
fibres  in  a  well-beaten  fully-bleached  paper  in  which  both 
hemp  and  mauila  are  present ;  but  insulating  paper  pulp  does 
not  require  bleaching,  nor  is  it  desirable  to  beat  it  more  than 
is  necessary  to  make  a  uniform  sheet  of  paper.  Further, 
with  the  keen  co  operation  of  the  paper  maker,  and  the  usual 
routine  chemical  and  microscopic  examination  of  the  paper  by 
the  cable  manufacturer,  it  is  found  quite  possible  to  ensure 
that  undesirable  fibres  do  not  enter  into  its  composition  to  any 
great  extent.  Certain  fibres,  such  as  sisal,  for  instance,  would 
be  avoided  T)y  the  paper  maker  for  his  own  sake,  because  thej^ 
do  not  felt  well  with  manila  and  break  up  the  structure,  caus- 
ing irregular  mechanical  tests  to  be  obtained.  With  regard  to 
the  distinction  between  accidental  admixture  of  other  fibres 
with  manila  and  deliberate  adulteration,  there  certainly  is  no 
difficulty,  because  the  fact  that  a  small  weight  of  paper  makes 
a  large  area  of  sheet  renders  it  very  unlikely  that  an  appre- 
ciable proportion  of  foreign  fibre  would  be  found  in  several 
places  if  its  presence  were  accidental.  In  other  words,  average 
sampling  of  paper  is  easier  than  the  average  sampling  of  most 
other  materials. 

The  difticulty  of  distinguishing  foreign  fibres  in  a  manila 
paper  fortunately  relates  chiefly  to  those  of  the  harmless  hemp 
or  flax  class.  Those  of  ligneous  character  which  )nay  be 
regarded  as  detrimental  to  the  durability  and  other  desirable 
properties  have  characteristics  by  which  they  arc  easily  dis- 
tinguished.* 

The  authors'  statements  generally  with  regard  to  the  com- 
position of  cable  papers,  aie  liable  to  give  one  the  impression 
that  a  pure  manila  [)aper  is  a  rarity.  If  their  results  are  based 
on  papers  "offered,"  or  "stated  to  be  supplied"  to  cable 
manufacturers,  the  writer  can  understand  them,  because  the 
paper  maker  who  has  not  been  educated  by  the  cable  manu- 
facturer as  to  his  particular  rci|uiremeuts  imagines  that  any 
grade  of  what  his  trade  calls  manila  paper  is  suitable  for 
insulating  purposes.     The  result  is  that  the  cable  manufac- 

*  "Some  I'oints  on  the  Selection  of  Electric  Cables,"  Aikiuson  and 
Beaver,  The  Elkctkicun,  Vol.  LIN'.,  p.  784. 
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turer  is  flooded  week  after  week  with  samples  of  alleged  insu- 
lating paper  which  have  not  the  remotest  chance  of  ever  being 
used  for  that  purpose. 

These  come  largelj'  from  America  and  Germany,  and  it  is  a 
curious  fact  that,  while  few  samples  from  America  contain 
anything  but  ligneous  fibres  of  one  kind  or  another,  the  best 
and  most  lar;j;ely-used  American  paper  cables  are  insulated  with 
pure  manila  paper.  On  the  other  hand,  German  cables  are 
mostly  insulated  with  paper  either  containing  wood  pulp  in 
large  proportions  or  made  exclusively  from  it.  In  fact,  some 
German  firms  state  openlj'  that  wood  pulp  papers  are  better 
than  manila  papers,  though  justification  for  such  statement 
from  electrical  or  physical  (durability)  points  of  view  has 
neither  been  offered  in  support  of  the  statement  nor  demon- 
strated in  practice. 

So  far  as  the  best  cable  makers'  practice  in  this  country  is 
concerned,  it  is  hardly  the  fact  that  "  there  appears  to  be  a 
general  recognition  that  paper  need  not  consist  entirely  of 
manila,"  as  stated  by  the  authors.  The  writer's  opinion  is 
that  paper  made  of  pure  manila,  hemp  or  flax,  or  even  mix- 
tures of  them,  will  always  be  superior  as  regards  durability 
and  electrical  and  plij'sical  properties  to  those  made  from 
ligneous  fibres. 

With  reference  to  the  mineral  matter  in  cable  paper,  this  is 
a  point  where  the  electrician's  point  of  view  is  certainly  the 
predominating  one.  The  writer  has  proved  that  in  papers 
containing  only  the  natural  amount  of  mineral  matter,  which 
for  manila  paper  is  tisuallj'  between  1-3  per  cent,  and  3'2  per 
cent.,  a  considerable  variation  in  insulation  resistance  and  capa- 
city occur  for  i  per  cent,  variation  in  mineral  matter.  Again, 
insulation  and  capacity  are  affected  when  the  character  of  the 
mineral  matter  varies,  but  the  writer  has  not  definitely  deter- 
mined whether  this  is  directly  due  to  the  difference  in  the 
mineral  matter  itself,  or^whether  some  change  in  the  character 
or  development  of  the  fibre — due  to  the  same  cause  which 
brings  about  the  change  in  the  normal  mineral  matter — accom- 
panies the  variation  in  the  mineral  matter  and  is  chiefly 
responsible. 

The  type  of  variation  in  the  mineral  matter  which  may  fre- 
quently be  found  in  manila  fibre,  is  from  one  which  consists 
chiefly  of  silica,  alumina  and  oxide  of  iron  with  traces  of  lime 
and  magnesia,  to  one  consisting  chiefly  of  carbonate  of  lime 
with  traces  only  of  oxide  of  iron,  alumina  and  magnesia. 

It  will,  therefore,  be  seen  that  it  is  far  more  important,  from 
the  electrical  point  of  view,  to  prohibit  the  addition  of  mineral 
matter,  than  from  the  standpoint  of  strength  or  durability,  and 
the  cable  manufacturer  would  be  aghast  at  the  10  to  20  per 
cent,  of  added  mineral  matter  referred  to  by  the  authors. 

Meehnnical  Constants. — We  now  come  to  the  matter  of 
mechanical  constants,  under  which  heading  Messrs.  Beadle  and 
Stevens'  remarks  on  tensile  strength,  elongation  and  propor- 
tion of  air  space  fall.  From  the  cable  manufacturer's  point  of 
view  the  acquisition  of  an  exceedingly  high  tensile  strength  is 
unneeessarj'  so  long  as  there  is  a  substantial  factor  of  safety  to 
enable  the  paper  when  used  on  the  cable  to  withstand  all  the 
mechanical  strains  that  are  likely  to  come  upon  it.  It  is  cer- 
tain that  a  manila  paper  which  will  compl}'  with  all  other 
re(|uirements  has  an  ample  margin  in  this  respect,  so  that  an}' 
plea  for  the  use  of  chemical  wood  paper  on  this  ground  is 
superfluous. 

The  relation  between  longitudinal  and  traverse  strength  is 
important,  because  it  has  a  direct  bearing  on  the  structure  of 
the  paper— /.('.,  the  felting  of  the  fibres.  The  average  ratio 
over  several  hundred  tons  of  satisfactory  insulating  paper  re- 
corded liy  the  writer  has  been  2-02. 

As  a  further  check  on  the  structure  of  the  paper  the  writer 
has  found  that  the  percentage  elongation  in  both  directions 
gives  a  useful  indicatioTi.  The  average  figures  are  22  per  cent, 
for  the  longitudinal  direction  and  i'-t  per  cent,  for  the  trans- 
verse direction,  giving  a  ratio  of  0-5.  The  writer  was  surprised 
to  notice  that  elongation  figures  were  not  recorded  by  Messrs. 
Beadle  and  Stevens. 

The  air-space  volume  measurement  described  by  the  authors 
is  an  admirable  analytical  method  of  determining  a  feature 
which  is  of  great  importance  from  an  electrical  point  of  view, 


and  supplements  the  mechanical  tests  in  their  bearing  on  the 
structure  of  the  paper. 

The  whole  matter  of  constant  average  structure  has  an  im- 
portant bearing  on  the  uniformit}'  of  electrical  properties,  and 
affects  dielectric  strength,  insulation  resistance  and  capacity, 
especiall}"  the  two  latter  properties,  which  vary  very  consider- 
ably with  structure.  In  this  connection  the  writer  certainly 
cannot  agree  with  the  authors  that  the  paper  in  a  cable  should 
be  regarded  as  the  medium  which  holds  the  insulator. 

Manufddiire. — With  regard  to  the  process  of  manufacturing 
paper  outlined  by  the  authors,  no  mention  was  made  of  the 
magnetic  arrangements  which  are  used  to  extract  iron  and 
magnetic  oxide  particles  from  the  pulp  of  which  insulating,^ 
photographic  and  other  important  papers  are  made. 

Another  important  point  in  the  purification  of  the  "half 
stuff'"  is  the  elimination  of  oily  particles  where  the  pulp  is 
prepared  from  manila  and  hemp  ropes.  These  particles  turn 
up  in  the  finished  paper  as  carbon  spots,  which  may  easily  be 
detached,  leaving  holes  right  through  the  thickness  of  the 
paper.  In  the  early  days  of  paper-insulated  cables,  it  was 
difficult  to  find  a  square  foot  of  the  raw  paper — certainly  not 
a  square  yard — free  from  carbon  spots,  so  that  this  source  of 
weakness  in  a  cable  dielectric  was  not  an  imaginary  one.  Now- 
a-days  they  have  to  be  hunted  for. 

As  to  the  matter  of  resin  sizin?,  while  this  is  permissible  to 
the  extent  the  paper  maker  requires  to  assist  liim,  if  used  in 
excess  it  has  a  detrimental  effect  on  the  capacity  of  dry  core 
paper  insulation,  which  the  writer  presumes  is  what  the 
authors  referred  to  as  Post  Office  insulation. 

Imprerinatiwi  Paper. — The  writer  is  in  cordial  agreement 
with  the  authors'  views  as  to  the  uselessness  of  bestowing  great 
care  on  the  composition  and  structure  of  insulating  paper 
without  due  regard  to  the  chemical  stability  of  the  impreg- 
nating medium  under  all  working  conditions  to  which  the 
cable  may  be  svibmitted.  In  the  early  days  of  paper  cable 
manufacture,  some  trouble  in  this  direction  was  experienced  in 
this  country,  but  during  the  past  13  years  the  writer  has  not 
encountered  an  instance  of  conductor  corrosion  in  British 
cables  traceable  to  this  cause. 

On  the  other  hand,  in  German  cables  it  is  comparatively 
common  to  find  traces  of  it  at  the  present  time.  This  state- 
ment is  made  by  the  writer  with  reluctance  and  absolutely 
without  prejudice,  and  would  in  all  probability  be  supported 
by  the  experience  of  Messrs.  Beadle  and  Stevens,  and  m.any 
other  impartial  authorities.  The  whole  matter  of  the  chemical 
stability  of  all  constituents  of  a  complete  dielectric  is  one  of 
the  elementary  features  of  the  cable  maker's  art,  and  has  duly 
received  attention  as  such  on  the  part  of  the  best  firms. 

The  development  of  rancidity  referred  to  by  the  authors 
does  not  occur  with  pure  mineral  or  resin  oil,  but  is  chiefly 
due  to  the  use  of  fatty  oils  of  vegetable  origin.  The  best 
British  practice  avoids  the  risk  of  this,  as  fatty  oils  are  hardly 
used  at  all  in  most  impregnating  compounds  used  in  this 
cotintry.  Further,  there  is  not  the  slightest  difficiUty  in  pro- 
curing the  oils  which  are  used  in  British  practice  perfectly  free 
from  either  organic  or  inorganic  acids. 

With  regard  to  this  point,  the  authors  make  reference  to 
two  analyses  of  impregnating  material  in  which  they  found 
44  per  cent,  and  47  percent,  respectively  of  resinous  acids,  and 
state  that  with  resin  oil  they  would  expect  to  find  about  40 
per  cent. 

Some  mistake  evidently  exists  in  this  statement,  because 
commercial  bright  resin  oil  (not  prepared  specially  for  cable 
work)  is  easily  obtainable  which  contains  no  resinous  acid  what- 
ever, or,  at  most,  not  exceeding  0-02  per  cent. 

The  reference  to  resinous  acids  may  give  rise  to  some  false 
impression  in  the  mind  of  the  reader  who  is  not  au  fait  with 
the  chemistry  of  organic  substances  which  are  used  in  cable 
dielectrics,  and  it  may  be  advisable  to  mention  that  these  acids 
—chiefly  abietic  acid — have  no  iletrimental  or  corrosive  effect 
on  the  conductor  or  other  component  parts  of  a  paper  cable. 

Deierwration  un<hr  y/<a/.— Finally,  the  author  referred  to 
the  matter  of  the  deterioration  of  paper  dielectrics  under  the 
influence  of  heat,  and  their  remarks  give  the  impression  that 
the  liability  for  such  deterioration  to  occur  under  conditions  of 
use  to  which  cables  may  be  subjected  has  received  no  atten- 
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tion  either  from  cable  manufacturers,  or  from  indej)endent 
investigators.  They  also  state  that  they  can  find  no  pub- 
lication ^vhatever  on  the  subject.  The  writer  several  years 
ago  made  a  large  number  of  c;ireful  experiments  on  this  sub- 
ject, which  not  onl}-  covered  the  ground  as  regards  deteriora- 
tion of  the  paper  then  in  use  on  the  cables  produced  by  his 
firm,  in  air  and  insulating  oil  under  various  elevated  tempera- 
tures, but  also  compared  the  relative  deterioration  of  jiapers  of 
diflerent  fibrous  composition.  This  research  was  briefly  referred 
to,  and  a  typical  diagram  showing  the  general  order  of  the 
results  obtained  was  given  in  a  Paper  on  ''  Some  Points  on  the 
Selection  of  Electric  Cables,"  by  LI.  B.  Atkinson  and  C.  J. 
Beaver,  reproduced  in  The  Electkk'IAN  dated  March  3, 190.5, 
Vol.  LIV.,  p.  "St. 

The  results  therein  touched  upon  were  obtained  b}'  taking 
tensile  tests  on  strips  cut  from  the  main  samples  after  various 
periods  of  exposure  to  various  temperatures.  Briefly,  it  may 
be  said,  that  it  was  shown  that  deterioration  was  geuerally 
more  marked  in  samples  heated  in  contact  with  air  than  in 
those  heated  in  insulating  media  out  of  contact  with  air,  and, 
further,  that  the  rate  of  deterioration  under  both  sets  of  con- 
ditions was  verv  much  greater  in  papers  containing  woody 
fibres  than  in  pure  nianila  paper. 


"  C.M.B."  PATENT  AUTO  CONVERTER. 

BV  J.  C.  JIACFARLANE,  WH.SCn.,  M.I.E.E.,  AND  II.  BirRGE,  A.M.INST.C.E. 

In  the  following  Paper  the  construction  is  described,  and  .several 
applications  discus.sed,  of  a  new  type  of  rotary  electric  transforming 
machine  developed  by  the  authors,  for  reducing  supply  voltages  for 
the  economical  working  of  metal  filament  and  arc  lamps,  for  battery 
charging,  gun-fire,  and  navy-phone  circuits,  and  also  for  balancing 
tliree-wire  circuits. 


sub-divide  the  poles  into  two  parts,  to  correspond  with  the  position 
of  the  short-circuited  brushes.  This  step  is  shown  in  Fig.  2,  where 
the  poles  are  shown  divided  unequally,  a.s  would  be  required  for  an 
uuequal  division  of  the  voltage.  It  will  be  noted  that  when  the 
E.M.F.  applied  to  brushes  a  a  is  to  be  split  unequally,  the  field  slioukl 
he  divided  unequally,  and  the  short-circuited  brushes  shcuild  divide 
the  armature  in  a  ei>rresi)onding  manner,  as  this  y\\\\  leatl  to  gieater 
efficiency  and  economy  in  material.  In  reducing  from  a  constant 
potential  of  220  to  a  constant  potential  of  50,  say,  the  part  pole 
ratios  should  be  approximately  2  :  1  for  maximum  economy. 

If  the  supply  voltage  is  constant,  and  the  speed  of  rotation  is  to 
remain  unchanged,  any  increase  of  flux  on  one  side  of  the  short- 
circuited  brushes  must  necessarily  take  ))lace  at  the  expense  of  the 
flux  on  the  other  side.  In  order  to  regulate  the  secondary  voltage, 
tlierefore.  or  compensate  for  voltage  drop  in  the  converter,  the  authors 
])r()vide  the  machine  with  a  ring  wound  armature,  and  entirely  isolate 
the  two  magnetic  circuits  from  one  another.  It  should  be  noted  that 
it  is  quite  impossible  to  get  any  regulation  of  the  secondary  voltage 
without  absolutely  isolating  the  one  magnetic  circuit  from  the  other, 
and  also  impossible  to  prevent  wasteful  circulating  currents  in  the 
short-circuited  brushes.  It  is  obvious  that  the  machine  in  Fig.  2 
^^•ould  be  unsatisfactory  for  two  reasons ;  firstly,  because  any 
reduction  in  the  M.M.F.  on  poles  «,  and  «,.  say.  and  a  corresponding 
increase  in  n^.s,,  would  have  no  effect  on  the  relative  amounts  of  flux 
through  the  two  parts  of  the  armature,  thus  preventing  any  altera- 
tion to  the  division  of  voltage  ;  secondly,  the  armatiu'e  reaction  flux 
has  still  a  low  resistance  path  as  indicated  by  the  dotted  lines  in 
Fig.  2.  As  mentioned  above,  a  variation  of  the  voltage  on  either 
side  of  the  short-circuited  brushes  cannot  take  place  unless  a  ring 
armature  is  used,  due  to  the  fact  that  the  armature  conductor  of  a 
drum  armature  spans  across  the  pole  pitch. 

The  construction  adopted  for  completely  isolating  the  magnetic  cir- 
cuits, shown  diagrammatically  in  Fig,  3,  consists  primarily  in  placing 
the  pole  parts  ?i,,  «,,  n,,  s.,.  in  a  vertical  position  with  relation  to  the 
plane  passing  tlu'ough  the  short-circuited  brushes.  It  will  be  seen 
from  the  diagram  that  the  length  of  the  mean  resistance  path  for  the 
flux,  due  to  the  armature  jM,M.F.,  is  considerably  increased,  and  that 
as  the  yoke  length  is  shortened  the  weight  and  cost  must  be  consider- 
ably reduced.     Although  all  the  above  precautions  were  taken  in  the 
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The  lines  along  which  this  machine  has  been  developed  are  easily 
followed  by  reference  to  the  accompanying  diagrams.  Fig.  1  shows 
an  ordinary  two-pole  dynamo-electric  machine  in  which  n  and  s 
represent  the  field  poles,  and  a  a  the  main  brushes.  If  cross  brushes 
h  b  are  placed  on  the  commutator  and  short-circuited,  and  if  the 
primary  supply  voltage  is  represented  by  P,  then  this  may  be 
reduced  to  any  desired  secondary  value  represented  by  S,  depending 
chiefly  on  the  position  of  the  short-circuited  brushes  6  6  on  the 
commutator  in  relation  to  the  main  l)ru.shes  a  a. 

The  machine  a.s  shown  in  Fig.  1  would  have  several  serious  defects, 
viz  : — ( 1 )  The  presence  of  poles  n  s  immediately  over  the  short 
circuited  brushes  6  6  would  not  jjerm^t  of  sparkless  commutation  at 
these  brushes.  (2)  It  would  not  be  pos-sible  to  regulate  the  secondary 
voltage  8.  either  automatically  or  by  hand,  (3)  The  M..\I.F.  of 
armature  reaction  would  cause  a  large  cross  flux  to  pass  through  the 
armature  between  the  short-circuited  brushes  across  the  pole  faces, 
ai  shown  by  dotted  lines  in  Fig.  1.  The  armature  revolving  in  this 
flux  would  create  a  large  circulating  current  in  the  short-circuited 
brushes — either  causing  the  machine  Ut  race  dangerously  or  lose 
.spi'ed.  Such  a  circulating  current  would  also  be  very  wasteful,  and 
would  tend  to  make  one  of  the  short-circuited  brushes  spark  more  that 
the  other.  (4)  The  weight  of  the  field  magnets  and  space  occui>ied 
would  be  excessive. 

The  method  adopted  to  get  over  the  sparking  difficulty  has  been  to 


earlier  designs,  these  machines  still  gave  considerable  trouble,  due  to 
the  short-circuit  current  flowing  through  the  armature  across  the 
short-circuited  brushes.  As  already  stated,  this  short-circuit  current, 
if  not  ])ro])erly  controlled,  makes  the  operation  of  such  a  machine 
practically  impossible,  and  it  was  found  in  the  earlier  machines 
referred  to  above  that  there  was  a  very  great  liability  for  the  ma- 
chines to  race  dangerously,  especially  when  the  secondary  voltage 
was  varied  between  wide  limits.  This  is,  of  course,  due  to  the  fact 
that  the  armature  reaction,  caused  by  circulating  current  in  this  case, 
may  be  in  direct  opposition  to  the  M.M,F.  on  the  main  field  poles, 
resulting  in  a  de-magnet i.sat ion  of  these  poles,  and  raising  the  speed. 
To  get  over  this  difficulty  in  the  most  effective  and  simple  manner 
possible,  the  i)oIes  are  provided  with  series  windings  in  addition  to  the 
ordinary  shunt  coils,  and  connected  as  shown  in  Fig,  3,  where  Aj  and 
Aj  represent  the  series  coils.  These  coils  are  each  connected  to  one 
of  the  short-circuited  brushes,  and  their  other  ends  connected  to- 
gether at  one  of  the  secondary  terminals  of  the  machine.  Under 
normal  circumstances  when  there  is  no  circulating  current  flowing 
through  the  armature  acro.ss  the  short-circuited  brushes,  each  brush 
and  each  main  coil  will  be  carrying  half  the  secondary  load  current ; 
if,  however,  a  circulating  current  arises,  it  will  flow  in  o])position  to 
the  load  current  in  one  coii  A,,  say,  and  in  conjunction  with  the  load 
current  in  the  other  coil  A;  :  in  effect,  therefore,  the  current  in  coil  A, 
will  be  less  than  in  Aj,  and  if  these  coils  are  suitably  coupled  up  will 
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have  the  effect  of  correrting  or  preventing  tlie  sliort-circuit  current 
from  rising  to  any  considerable  vahie.  In  other  words,  as  the  current 
in  the  coil  A,  is  less  than  the  current  in  the  coil  A^,  the  M.M.F.  on 
the  pole  n.,  is  less  than  the  M.M.F.  on  the  pole  »,_„  and  this  tends  to 
cause  a  greater  voltage  to  be  generated  under  the  pole  s,  than  under 
the  pole  »,.  thus  opposing  the  voltage  which  is  creating  the  circulat- 
ing current. 

A  little  consideration  will  show  that  these  balancing  series  eoils  can 
be  placed  on  all  the  poles,  and  can  be  wound,  not  only  to  eft'ect  the 
governing  of  the  circulating  current,  but  also  at  the  same  time  to 
create  either  a  compounding  or  differential  effect  on  the  secondary 
circuit.  When  these  series  coils  are  used,  there  is  no  tendency  for  the 
machine  to  race,  and  the  currents  coming  from  each  of  the  short- 
circuited  brushes  are  always  within  10  per  cent,  of  each  other,  even 
when  the  magnet  poles  are  entirely  unsaturated,  which  would  be  im- 
possible without  these  windings. 

These  converters  may  be  divided  into  three  classes,  depending  on 
the  use  to  which  they  are  to  be  put — (a)  For  giving  a  constant 
secondary  voltage  for  any  value  of  the  secondary  current.  (6)  For 
giving  a  secondary  current  which  is  to  remain  approximately  con- 
stant for  a  given  range  of  secondary  voltage,  (c)  Machines  which  are 
to  be  used  for  converting  from  alternating  to  direct  current,  the 
_  direct-cui-rent  voltage  being  capable  of  variation  without  affecting 
the  power  factor  of  the  alternating  side. 

As  a  general  rule  the  coupling  diagram  shown  in  Fig.  3  is  suitable 
for  machines  giving  constant  voltage.  Such  machines  would  be  the 
direct  current  equivalent  of  an  alternating-current  auto-transformer, 
but  would  have  the  advantage  that  the  secondary  voltage  could  be 
easily  altered  at  will,  independently  of  the  primary  voltage,  or 
compounded  for  voltage  di'op.  As  machines  of  this  class,  having  a 
capacity  of  between  2  kw.  and  3  kw.,  will  have  an  efficiency  of  from 
75  to  80  per  cent.,  it  is  obvious  that  their  application  to  transforming 


The  advantages  of  using  such  machines  as  balancers  are  the  small 
weight  and  space  taken  up,  absolute  reliability,  small  wear  and  tear 
on  the  brushes,  and  high  efficiency.  When  used  as  a  balancer  the 
armature  is  divided  into  two  equal  parts  by  the  short-circuited 
brushes  ;  also  the  polar  limbs  are  all  equal  in  dimensions,  the  series 
compounding  coils  are  arranged  on  all  the  poles,  not  only  for  the 
purpose  of  voltage  regulation,  but  also  to  balance  the  circulating 
current  across  the  short-circuited  brushes. 

From  the  foregoing  it  will  be  seen  that  there  is  an  unlimited  field 
for  the  use  of  this  converter,  owing  to  the  high  efficiency  and  small 
space  required.  Passing  on  now  to  the  construction  of  the  machine 
used  for  the  purposes  set  forth  under  heading  (6),  i.e..  a  constant 
.secondary  current  over  a  given  range  of  secondary  voltage.  The 
characteristic  of  the  secondary  is  shown  by  the  curve  in  Fig.  5,  and  is 
suitable  for  supplying  a  single  arc  lamp,  or  two  or  more  arc  lamps  in 
series,  without  the  u.se  of  steadying  resistances. 

Fig.  4  shows  the  winding  diagram  of  the  machine  arranged  to  give 
automatically  a  practically  constant  secondary  current.  On 
examining  this  diagram  it  will  be  noticed  that  the  shunt  w  inding  on 
the  poles  n^,  «,,  is  connected  between  the  positive  supply  main 
and  the  short-circuited  brushes,  whereas  the  shunt  coil  marked  B  is 
connected  right  across  the  supply  mains.  The  shunt  coil  C  is  con- 
nected between  the  short-circuited  brushes,  and  the  negative  supply 
main.  The  series  coils  Aj,  A,,  on  the  poles  ?t,,  «,,  are  each  connected 
to  a  short-circuited  brush,  in  the  same  way  as  described  with  refer- 
ence to  Fig.  3,  but  in  this  case  the  series  coils  Aj,  A,,  are  so  connected 
that  their  M.M.F.'s  oppose  the  M.M.F.'s  of  the  shunt  coils  B  and  C. 
The  action  of  the  machine  is  as  follows  : — If  the  secondary  current 
tends  to  increase,  the  opposition  M.M.F.'s  of  the  series  windings  A,. 


10   20   3U   40   JO   60 
Ampfri-f^s, 

Via.  5. 


■20   10   BO   SO   lOU   120 

Fig.  6. 


the  voltage  for  metallic  filament  lamps  has  led  to  very  good  results 
in  many  cases.  For  instance — in  large  shops,  hotels  and  theatres, 
when  the  full  load  can  be  switched  on  at  once,  and  kept  on  for  a  con- 
siderable time,  the  saving  will  be  something  like  70  per  cent,  in  power, 
as  compared  with  the  most  efficient  carbon  lamps.  The  secondary 
voltage  can  be  made  to  vary  up  or  down,  either  automatically  or  by 
liand  regulation,  to  suit  the  various  conditions  to  which  the  machines 
may  be  apj^lied. 

In  all  the  above  cases  it  is  desirable  to  arrange  the  values  of  the 
ampere-turns  on  the  poles  on  both  sides  of  the  short-circuited  brushes, 
so  that  both  poles  and  yokes  are  unsaturated  magnetically.  This 
permits  of  good  regulation  and  perfect  governing  for  short-circuit 
current.  With  the  poles  on  the  primary  side  of  the  short-circuited 
brushes — viz.  rap  s^ — absolutely  unsatin-ated  magnetically,  and  the 
poles  on  the  secondary  side  highly  saturated,  it  is  possible  to  use  this 
machine  by  applying  a  flywheel  to  its  shaft,  for  rc^ducing  the  voltage 
from  a  tramway  circuit  to,  say,  220  or  110  volts,  and  at  the  same  time 
to  smooth  out  the  variations  in  voltage  on  the  secondary  side,  so  that 
the  machine  can  be  used  for  supplying  incandescent  lighting  success- 
fully from  its  secondary  terminals.  With  the  usual  variation  of 
pressure  of  a  tramway  circuit,  a  practically  constant  voltage  can  be 
obtained  at  the  secondary  terminals  of  the  machine. 

The  macliines  have  also  been  applied  to  balancing  three-wire 
circuits  with  great  success,  the  largest  as  yet  made  being  two  ma- 
chines for  the  Calcutta  Electric  Supply  Corporation,  dealing  with  an 
out-of-balance  load  of  60  kw.  on  either  side  of  the  middle  wire,  the 
voltage  of  the  outers  varying  from  460  to  580  volts.  These  machines 
were  required  to  balance  the  voltage  within  1  per  cent,  of  the  mean 
value  on  either  side  of  the  middle  wire  at  all  voltages  between  460 
and  580.  Their  efficiency  was  94  per  cent,  on  test,  which  is  4  per 
•cent,  or  5  per  cent,  higher  than  that  obtained  with  double  machines. 


Ao,  are  increased,  which  reduces  the  secondary  voltage  S,  the  per- 
sence  of  the  separately  excited  coil  B  preventing  the  flux  in  the  poles 
Hi,  «■>>  being  wiped  out  altogether.  The  secondary  voltage  having 
dropped,  the  voltage  between  the  short-circuited  brushes  and  the 
positive  main  brushes  must  rise,  causing  the  shunt  coils  D  to  in- 
crease the  flux  through  the  part  poles  re,,  «,,  thereby  replacing  the 
flux  withdrawn  from  the  part  poles  n.,,  «o,  and  so  keeping  the  sjwed 
constant. 

Wlien  under  load  the  armatm'e  is  divided  into  a  motor  portion 
and  a  generator  jiortion  by  the  short-oircuited  brushes,  and  the 
M.M.F.  of  the  motor  part  will  be  in  opposition  to  that  of  the  generator 
part.  With  a  certain  transformation  ratio  these  M.M.F.'s  are  equal 
and  opposite,  but  in  the  case  of  the  arc  lamp  converter  just  described, 
on  approaching  the  short-circuit  condition  the  M.M.F.  of  the  gener- 
ator portion  is  much  greater  than  the  motor  part,  and  a  cross  flux 
already  referred  to  passes  between  the  short-circuited  brushes, 
following  the  path  shown  by  the  dotted  lines  in  Fig.  1.  causing  a  large 
parasitic  current  to  flow  between  the  short-circuited  brushes.  This 
cross  flux  can  be  neutralised  by  strengthening  the  M.M.F.  in  the  pole 
Mo  and  weakening  s.,.  and  the  parasitic  current  traversing  the  coils  .-V,. 
Ao,  performs  this  function  to  a  great  extent  :  but  to  neutralise 
the  cross  flux  entirely  the  authors  jilace  the  shunt  coil  B.  which  main- 
tains its  strength  throughout,  on  iiole  «,.  and  the  coil  C^which  Ix^- 
comes  gradually  weaker  towards  short-circuit — on  the  pole  ,<_. 

These  machines  are  absolutely  automatic  in  their  action,  and  will 
run  for  any  length  of  time  on  open  circuit,  full  load.  <ir  with  the 
secondary  terminals  of  the  machine  short-circuited.  They  can  Ih> 
WHirked  with  perfect  safety  to  the  operator,  and  no  damage  can  be 
done  to  the  lamp,  as  the  current  can  never  exceed  the  full  load  work- 
ing current.  In  cases  where  the  lamp  has  to  strike  automatically, 
this  is  insured  bv  the  fact  that  when  the  cai'bons  are  brought  toaether 
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there  is  an  instantaneous  rush  of  current  equal  to  about  twice  tlie 
full  load  value,  wliich  makes  the  lamp  strike.  This  current  settles 
down  to  the  full  load  ^  alue  in  less  than  a  second,  and  if  the  lamp  does 
not  strike,  the  machine  merely  allows  normal  current  to  pass  throujili 
the  short-circuited  carbons.  A  variation  in  the  secondary  charac- 
teristic can  be  produced  by  inserting  a  shunt  rci;ulator.  .Similarly. 
a  constant  current  of  practically  any  value  can  lie  obtained  (or  a 
given  range  of  voltage  by  merely  fixing  the  position  of  the  shunt 
regulator  handle. 

Fig.  5  shows  some  actual  curves  taken  from  a  test  on  a  machine. 
Curve  1  is  vertical,  and  one  might  suppose  there  would  be  instability 
when  working  on  the  vertical  part  of  the  curve.  This  is  not  the  case, 
as  it  is  quite  possible  to  arrange  these  machines  to  work  two  arc  lamps 
in  series.  When  one  lamp  only  is  working,  the  other  being  short- 
circuited,  the  machine  is  quite  stable,  and  supiilies  the  remaining  lamp 
satisfactorily  with  the  same  current,  but  at  a  lower  voltage.  As  far 
as  the  authors  are  aware,  this  is  the  first  time  such  a  result  has  been 
obtained. 

The  various  characteristic  curves  as  shown  in  Fig.  5  are  produced 
by  altering  the  resistance  in  circuit  with  the  shunt  coil  B,  and  this 
being  an  extremely  simple  thing  to  do,  such  a  machine  is  specially 
adapted  for  working  a  cinematograph,  and  in  fact  any  kind  of  pro- 
jector lamp,  because  of  the  ease  with  which  the  light  intensity  can  be 
altered,  by  adjusting  the  amount  of  current  passing  through  the  arc, 
.50  per  cent,  above  or  below  the  normal.  It  is  possible  with  such  a 
machine  to  place  it  at  a  long  distance  from  the  operator  and  merely 
bring  two  small  wires  to  the  shunt  regulator  at  the  operator's 
hand  ;  any  alteration  to  the  intensity  of  the  light  can  be  obtained  by 
adjusting  the  shunt  regulator  handle.  .A  cinematograph  machine 
capable  of  giving  a  supply  of  50  amperes  to  a  .50  volt  arc  is  "22  in.  high 
by  21  in.  wide  by  14  in.  long,  and  weighs  ,5  cw  t.  The  efficiency  of 
such  a  machine  works  out  at  from  7.5  to  !S0  per  cent,  on  full  load,  and 
it  will  therefore  save,  when  replacing  a  steadying  resistance  worked 
off  a  4-10  volt  circuit,  about  £13  per  week  ;  when  replacing  a  steady- 
ing resistance  worked  off  a  220  volt  supply  some  £5  per  week  ;  and 
when  replacing  a  steadying  resistance  worked  off  a  110  volt  supply, 
the  saving  will  be  about  £1.  10s.  per  week.  These  figures  are  based 
on  the  assumption  that  the  price  of  current  is  3d.  per  unit,  and  that 
the  lamps  are  used  for  50  hours  per  week.  The  price  paid  for  such 
an  installation,  working  on  these  assumptions,  will  be  saved — in  the 
first  case  in  four  weeks,  in  the  second  case  in  about  10  weeks,  and  in 
the  third  case  in  about  35  weeks. 

In  electric  welding  any  of  the  characteristics  in  Fig.  6  will  be  suit- 
able. The  jirimary  supply  voltage  should  be  low,  for  the  machine  can 
be  made  rather  lighter,  more  efficient,  and  of  better  proportions,  the 
lower  the  primary  supply  voltage,  A  very  good  portable  welding  set 
could  be  made  by  supplying  in  conjunction  with  such  a  machine  an 
80  or  90  volt  battery  capable  of  giving  high  discharges  for  short 
periods. 

Fig.  6  shows  the  relationship  between  the  secondary  amperes  and 
voltage  of  a  220  volt  machine  made  for  the  purpose  of  supplying  two 
r20-ampere  60-volt  arc  lamps  in  series.  The  efficiency  of  this  ma- 
chine, when  sup2)ljing  the  two  lamps  in  series,  was  over  92  per  cent. 
The  dimensions  of  the  machine  are  24  in.  high  by  22  in.  by  24  in. 
long,  and  it  weighs  8  cwt.  The  weight  of  the  set.  and  the  space  taken 
up,  have  probably  never  been  reached  before  within  50  per  cent.,  and 
are  remarkably  small,  when  it  is  considered  that  each  part  of  the 
armature,  and  each  part  of  the  field  system  has  to  be  capable  of 
dealing  with  the  full  primary  voltage  and  the  full  secondary  current 
at  the  same  time. 

Under"  heading  (3)  are  machines  which  are  used  for  converting 
alternating  currents  to  direct  currents  ;  these  are  really  the  machines 
which  come  under  headings  (1)  and  (2),  supi)lied  with  a  suitable 
number  of  collector  rings  to  suit  the  number  of  the  phases  of  the 
supply.  The  advantages  to  be  obtained  by  using  such  machines  for 
this  purpose  are  as  follows  : — The  direct-current  voltage  taken  from 
the  secondary  is  more  or  less  independent  of  the  alternating  sujiply 
voltage,  and  can  be  varied  either  automatically  or  Ijy  hand  without 
altering  the  power  factor  of  the  alternating-current  sujiply  to  any 
appreciable  extent.  It  is  evident,  therefore,  that  machines  of  this 
kind  can  be  used  for  all  the  |)urposes  set  forth  under  headings  (1)  and 
(2)  by  applying  similar  windings  to  the  part  jmles  n,,  «,.  and  n,,  s,, 
and  when  supplied  with  collector  rings  and  a  belt  pulley  this  machine 
is  extremely  valuable  for  teaching  purposes  in  technical  colleges. 

With  the  cross  brushes  up,  such  a  machine  can  be  used  as  a  direct- 
current  dynamo,  a  direct-current  motor,  an  alternating-current 
dynamo,  an  alternating-current  motor,  a  combined  direct-  and 
alternating-current  dynamo,  a  si)lit  pole  rotary  converter.  With  the 
cross  brushes  down,  it  can  be  used  as  a  direct-current  auto-trans- 
former, converting  if  desired  from  constant  potential  to  constant 
carrent,  and  again  as  a  rotary  converter,  converting  from  alternating 
to  direct  current  of  practically  any  voltage  between  given  limits. 


THE  ABRAHAM  DOUBLE  PROJECTION  RHEOGRAPH. 


At  the  exhibition  ot  scientific  instruments  held  by  tlie 
Physical  Society  of  London,  in  December  last,  a  now  form  of 
rlieograph  or  oscillograph,  hitely  brought  out  by  Prof.  Abra- 
ham, of  Paris,  was  exhibited  by  the  Cambridge  Scientific  In- 
.strument  Co.,  Ltd..  and  its  simplicity  of  working  caused  very 
general  interest. 

The  apparatus,  which  we  described  briefly  in  our  issue  of 
Jan,  1,  1909  (p,  469),  consists  of  two  parts  {sec  Fig.  1),  a 
double  galvanometer,  Gj  and  G,,  and  a  syncliroiious  motor,  S. 
In  the  standard  instrument  the  two  galvanometers  are  iden- 
tical and  entirely  independent  of  each  other.  The  moving  part 
of  tlie  galvanometer  consists  of  a  small  rectangular  frame  of 
aluminium  (A  in  Fig.  2),  closed  upon  itself,  about  .38  mm.  long, 
0  mm.  wide  and  0-9  mm.  thick,  carrying  upon  it  the  compara- 
tively large  mirror  B  of  area  48 sq.  mm.  The  aluminium  frame 
is  suspended  by  means  of  a  very  thin  silver  wire,  W,  in  the  field 
of  a  permanent  magnet,  C,  the  wire  being  so  thin  as  to  exert 
practically  no  torsional  control.  The  frame  forms  the  secon- 
dary of  a  small  transformer,  the  primary  D  consisting  of 
several  turns  of  wire,  whilst  a  laminated  core  of  soft  iron,  E, 
carries  the  flux  through  the  secondary.  The  two  ends  of  the 
fixed  or  primary  winding  are  brought  out  to  tlic  terminals  on 
the  front  of  the  instrument. 

To  study  the  wave-form  of  a  given  cnirent  or  P.D.  it  is- 
necessary  to  arrange  that  a  current  in  quadrature  with  it 
should  be  passing  through  the  primary  winding  of  the  oscillo- 
graph. If  the  wave-form  of  a  P.D.  is  being  studied,  then  a 
condenser  is  placed  in  series  with  the  oscillograph,  or  if  a  cur- 
rent curve,  then  a  small  series  current  transformer  is  used, 
the  current  under  investigation  being  passed  through  the 
primary,  the  secondary  being  closed  through  the  oscillograph. 
The  resistance  of  the  secondary  of  this  current  transformer  is 
purposely  made  high  so  that  the  induced  current  will  be  in 
quadrature  with  the  main  current,  and  not  in  opposite  phase, 
as  is  usually  the  case  with  such  transformers,  owing  to  the 
secondary  resistance  being  kept  very  low. 

As  already  explained,  the  current  in  the  suspended  aluminium 
frame  is  produced  entirely  by  induction  from  what  is  prac- 
tically a  small  transformer  in  the  oscillograph  itself.  This  has 
been  so  designed  that  the  flux  is  proportional  to  the  ampere- 
turns  without  the  hysteresis  of  the  iron  exerting  any  material 
influence.  As  the  frame  consists  only  of  a  single  turn,  the 
induced  E.M.F.  depends  almost  absolutely  on  the  rate  of  change 
of  the  primary  current.  The  time  constant  L/R  of  the  secon- 
dary being  extremely  small  (some  hundred  thousandths  of  a 
second)  the  current  is  at  any  moment  proportional  to  the 
induced  E.M.F.  It  may  be  stated,  therefore,  that  the  cuiTP:it 
produced  in  the  moving  system  is  proportional  to  the  rate  of 
change  of  the  current  in  the  primary  of  the  rlieograph. 

Now  the  current  in  the  primary  produced  by  the  condenser, 
if  a  P.D.,  or  a  transformer  if  a  current  curve  is  being  studied, 
is  of  the  form  (/('/(//  or  dC/dt.  The  current  induced  in  the  frame 
is,  thcrefcu-c,  of  llie  form  d^e/dt^  or  d-C/dt-,  and  therefore  the 

force   acting    on    the  frame  is  equal  to  G -p,,  where  G  is  a 
constant. 

The  equation  of  movement  of  the  frame  in  the  case  of  a  cur- 
rent observation  is 

.  d'-6     „dd     _,  .     ^,rf"C 

A  .„  +B,  -fCe=G-T-,: 

dt-        dt  dt^ 

where  6  is  the  deflection  and  A,  B,  C,  G  are  constants.     In  the 

,      .  .  d-0  , 

nistrument  the  inertia  term  A_,„    has  been  given  a   prepon- 

derating  value,  the   damping   forces  f  B-^  Y  and  controlling 

forces  G6,  being  rendered  negligible  by  the  employment  of  a 
weak  permanent  magnet  and  a  slender  suspension  respectively. 
The  equation  may  thus  be  reduced  to 

A^^=G— 
dfi  ~    dt^ ' 
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from  which  it  will  lie  seen  tliat  the  dclli'ction  varies  dii-octly  as 
the  curronf . 

It  may,  ppihaps,  bo  liolpdil  to  ic'i>avd  the  moving  system  of 
the  rheograpli  as  siniiUir  to  the  movinj);  coil  of  a  ballistic  ^al- 
vanometor.  Oonsidciing,  for  example,  the  investigation  of  a 
P.D.  wave  by  the  rheograph  :  the  moving  system  is  deflectefl 
by  a  charge  of  electricity  proportional  to  the  initial  varia- 
tion E  of  the  voltage,  a  charge,  CE,  passing  from  the  condenser 
to  the  rheograph.  The  charge  is  not  instantaneous  (owing  to 
the  circnit  resistance),  so  that  during  the  small  interval  over 
which  the  elinrge  lasts  the  current,  at  first  zero,  rises  rapid'y 
and  then  falls  to  zero  again.  The  magnetic  flux,  increasing 
and  then  diminishing,  develops  successively  two  induced  cur- 
rents in  opposite  directions  in  the  moving  system.  These  in- 
duced currents,  under  the  influence  of  the  magnetic  field,  both 
move  and  stop  the  movements  of  the  moving  system. 

The  synchronoscope  is  an  extremely  simple  and  eflicient 
form  of  synchronous  motor  used  to  project  vertically  upon  the 
screen,  and  proportionately  to  the  time,  the  horizontal  move- 
ments of  the  beam  of  light  from  the  mirrors  of  the  two  gal- 
vanometers.    It    consists   of   an    equilateral    total    reflecting 


prism 


Fig.  3)  mounted  on  a  horizontal  axis,  a  simpli 
toothed  iron  wlieel,  I  (Fig.  1).  forming  the  rotor  of  a  synchro- 
nous motor  being  mounted  on  the  same  axle.  The  motor  will 
be  found  to  operate  on  circuits  of  from    10  to  OO  frecpiencv 


without  diHiciilty,  making  one  rotation  per  second  when  the 
frequcucy  is  36.  If  the  prism  alone  were  used  only  three 
reflections  per  second  would  be  given,  and  these  would  not  be 
sufficient  to  give  an  a])pearance  of  continuity  on  the  screen. 
Prof.  Abraham  has,  therefore,  introduced  four  mirrors  in  a 
most  ingenious  manner  to  increase  the  number  of  reflections  to 
12,  this  number  being  sufTicient  to  give  an  appearance  of  almost 
perfect  continuity.  Two  of  the  mirror.^  are  clearlv  shown  in 
Fig.  1— M,  and  M,. 

The  beam  of  light  from  the  arc  lamp  A  (Fig.  3)  is  thrown  by 
the  small  mirror  B  on  to  the  galvanometer  mirror  ('.  is  re- 
flected from  that  on  to  the  prism  G,  is  again  reflected  on  to  one 
of  the  fixed  mirrors  M,  and  from  that  on  to  the  screen  at  a 
point  P.  If  the  prism  is  rotating  in  the  direction  of  the  hands 
of  a  watch,  then  the  beam  of  light  will  be  reflected  fimii  the 
mirrors  Mj,  IVI.,  M;,,  M.,  respectively.  The  diagram  shows  the 
beam  reflected  from  the  mirror  M3. 

It  will  have  been  seen  that  the  rheograph  can  be  used  for  the 
study  of  either  a  P.D.  or  current  curve,  or  even  for  the  changes 
of  tlux  in  a  magnetic  circuit. 

(o)  The  Study  of  a  Curve  oj  E.M.F.—QowiKQt  one  of  the  tt>r- 
minals  of  one  of  the  vibrators  to  a  condenser,  one  terminal  of 
which  is  connected  to  the  circuit  to  be  studied.  Then  the  cur- 
rent passing  through  the  rheograph  is  the  charging  current  of 


the  condenser,  and  it  is  proportional  to  the  rate  of  change  of 
the  P.D.  under  examination.  The  amplitude  of  th";  curve 
obtained  can  be  varied  by  altering  the  capacity  of  the  con- 
denser. The  normal  sensibility  at  a  distance  of  3  metres  is 
1  metre  for  a  root  mean  sfpiare  voltage  of  100,  the  condenser 
employed  having  a  capacity  of  about  1  mfd.,  the  current  taken 
being  about  25  inilliam])eres. 

(h)  The  Sludi/  of  a  Currcnl  Cwn'r.— There  is  no  difficulty  in 
studying  the  current  through  a  resistance,  inductive  or  other- 
wise, the  current  through  an  arc  or  rectifier,  the  harmonics 
due  to  resonance.  &c.     To  obtain  a  current  curve  the  terminals 


DD 


OD 


Fii!.2. 

of  the  rheograph  are  connected  to  the  secondary  of  a  small 
transformer,  the  primary  being  connected  to  the  circuit  under 
observation.  This  transformer  is  divided  into  two  identical 
|iarts  mounted  with  their  opposite  poles  opposite  one  another 
ill  order  to  neutralise  the  effect  of  varying  stray  fields.  The 
two  parts  of  this  transformer  can  be  placed  either  in  series  or 
in  parallel  as  desired.  Two  standard  types  of  transformers 
are  supplied,  one  suitable  for  currents  of  the  order  of  1  ampere, 
the  other  for  currents  of  about  10  amperes.  The  secondaries 
are  constructed  so  as  to  satisfy  the  conditions  of  maximum 
sensibility,  the  self-induction  being  equal  to  the  fixed  or  jiriraary 


eiivuit  of  the  rheograph.  In  the  case  of  the  10-ampere  trans- 
lormer,  in  which  tlu-  full  current  is  passing,  and  in  which  the 
jnimary  circuit  has  a  resistance  of  several  hundredths  of  an 
ohm,  the  self-induction  being  about  00001  henrv,  the  deflectioh 
on  the  screen  at  a  distance  of  about  3  metres  will  be  0-5  hietre. 
If  the  deflections  on  the  screen  are  too  large  for  a  given  cur- 
rent they  can  easily  be  reduced  bv  the  insertion  of  a  resistance 
between"  the  rheograph  and  the  transformer. 

(c)  Th'  Studij  of  Vurintum  in  the  Flux  in  a  Mmjmiic  Field.— 
The  rheograph  is  connected  to  a  coil  placed  in  the  magnetic 
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field,  this  coil  having  approxiniiitely  the  saiiic  self-iiuliictioii  as 
the  rhoograph  in  order  to  give  luaxinunn  sonsihility.  A  roil  of 
100  turns  with  a  mean  area  of  10  sq.  cms.,  cntting  a  field  of 
100  gauss,  gives  a  deflection  of  0-5  metre  at  a  distance  of 
3  metres. 

{(/)  Einphi/mntl  as  a  Ballislw  (Inlvanomclcr. — The  sensibility 
a>  a  ballistic  galvanometer  is  not  great.  With  an  instrument 
of  about  15  ohms  resistance  the  .scale  detleetion  at  3  metres  is 
3  mm.  per  micro-coulomb.  Hallistic  measurements  can.  of 
coui-se,  be  nuide.  following  one  another  at  very  short  intervals. 

Accuiaci/. — It  is  obvious  that  the  results  given  by  the  rheo- 
graph  are  only  correct  so  far  as  the  various  assumptions  made 
are  permissible.  The  self-induction  of  tlie  instrument  itself 
is  neglected.  In  the  majority  of  experiments  in  wliich  the 
apparatus  will  be  used  the  self-induction  does  not  introduce  an 
error  of  any  imjiortance.  For  instance,  wiien  deteiniining  a 
current  curve,  the  self-induction  of  the  rheograph  and  trans- 
former of  the  secondary  may  each  amount  to  0004  henry. 
Assuming  that  a  resistance  of  about  100  ohms  is  also  in  circuit, 
then  the  effect  of  self-induction  does  not  make  itself  felt  until 
a  frequency  of  :i,(K)0  has  been  obtained  ;  this  limit  can  be  still 
further  extended  by  increasing  the  resistance,  which  would  onlv 
have  the  effect  of  diminishing  the  seusibiiitv. 

In  the  case  of  a  voltage  curve  the  self-induction  causes  no 
error,  except  with  frequencies  of  the  same  order.  The  pre- 
cision could  also  be  increased  by  diminishing  the  capacity  of 
the  condenser  in  series  if  a  decrease  in  sensibility  can  be 
accepted.  Even  if  the  frequency  is  .such  that  the  self-induction 
becomes  of  importance  the  shape  of  the  curves  remains  un- 
altered, although  a  retardation  may  have  been  introduced. 

From  an  investigation  of  the  records  obtained  with  a  riieo- 
graph  and  the  Duddell  and  Blondel  oscillographs,  it  has  been 
shown  that  the  records  obtained  from  the  rheograph  are  re- 
markably accurate,  provided  the  phenomenon  under  observa- 
tion is  perpetually  varying.  It  can  readily  be  seen  that  the 
whole  action  being  that  of  a  transformer,  it  cannot  reproduce 
satisfactorily  a  voltage  or  current  remaining  stationary  for  a 
comparatively  long  period. 


ELECTRIC  TRACTION  ON  RAILWAYS.* 
XVL -COLLECTORS  FOR  OVERHEAD  CONDUCTORS. 

BY   PHILIP   DAWSON. 

(CcntinuccJ  from  page  ■181.) 

Summary. — Two  forms  of  collector  li.Tve  been  develojied — the  trolley 
wheel  and  the  sliding  bow.  ]''or  rail«ay  work  the  clioirc  and  design 
of  the  collector  de])end  on  the  line  voltage  (which,  in  a  given  case 
determines  the  current  to  be  collected)  and  the  s\KfA.  The  author 
considers  that  for  main-line  railway  working  with  high-pressure  currents 
some  form  of  bow  collector,  preferably  operated  by  com])re.«scd  air, 
is  indispensable.  He  then  describes  the  typi^s  so  far  employed,  viz.! 
(1)  the  pantograph  or  scissors  type,  (2)  the  ordinary  bow  fvp;',  and 
(3)  the  rod  collector  of  the  Oerlikon  type. 

In  thi.s  section  we  .shall  deal  briefly  witli  the  apparatus 
generally  used  for  collecting  the  current  from  overhead  con- 
ductors and  bringing  it  to  the  motors  on  the  car  or  loco- 
motive. The  shuttle  arrangement  used  in  collecting  the 
'jOO  volt  continuous  current  from  the  overhead  conductors 
originally  erected  in  the  ca.se  of  the  Baltimore  &  Ohio 
Railway  has  already  been  mentioned  in  a  i)revious  section. 
,  Reference  has  also  already  been  made  to  the  fact  that  the 
majority  of  tramways  and  light  railways  to-day  utilise  the 
overhead  conductor,  and  there  are  in  this  connection  two 
forms  of  collectors  which  have  .so  far  found  practically 
universal  adoption. 

Besides  the  trolley  and  trolley  wheel  tli'  otli"r  fnnn  ^^^ 
collector,  which  has  been  very  largely  developed  and  used 
on  the  Continent  of  Europe,  is  generally  known  under  the 
name  of  the  .sliding  bow  collector.  It  is  claimed  by  some 
•  Copyright.     All  rights  of  reproduction  reserved. 


that  for  tramway  work  advantages  have  been  derived  from 
it.  but  these  are  not  of  very  great  importance,  as  long  as 
they  arc  only  applied  to  tramways,  but  when  the  question 
of  lailway  electrification  crops  up  the  case  is  entirely  diffe- 
rent and  has  given  an  iin]K)rtanee  to  the  bow  collector 
which  it  never  pos.sessed  before. 

It  has  been  claimed  that  the  use  of  the  sliding  contact 
bow  must  of  necessity  i)niiluc<>  a  much  greater  wear  of  the 


Fici.  1. — Current  Collector  for   Cars  bunnino    in   Kast  R[vbb 
TiTNNELs,  LotJo  Island  Rah.road,  New  York.      (For  Continiioits 

CuRltENT.) 

trolley  or  contact  wire  than  the  u.se  of  the  trolley  wheel,  but 
experience  on  the  Continent  seems  to  show  that  this  is  not 
the  case;  indeed,  some  German  authorities  go  as  far  as  to 
say  that  the  wear  on  the  overhead  wire  is  less  with  the 
bow  than  with  the  trolley  wheel. 

In  railway  work,  as  distinct  from  tramways,  two  sets  of 
conditions  have  to  be  specially  considered,  one  being  the 

m 


-WEIGHT  OF   RAIL:  20LBS  PER   YARD 

Adjustable  Bracket  for  Overhead  Contact  Rail  in  c'ast-iron  section. 


Construction  in  t 


Distance 


I  concrete  section  under  East  River, 
lictween  supports  9  ft. 
[•'la.  2. — Arrangement  of  Overhead  Contact  Rati,  ['or  CoNTiNnors 
Current  in  Tunnels  of  L')Nn  Lsland  Rauroad,  New  York. 

line  voltage,  on  which  for  a  given  motor  equipment  the 
current  to  be  collected  depends,  and  the  second  point  being 
the  speed  at  which  it  is  intended  to  operate.  On  these  two 
couditions  the  choice  and  design  of  the  collector  depend, 
and  each  case  nutst  be  carefully  considered  on  its  own 
merits. 
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Thus,  for  railways  using  the  low  pressures  such  as  are  at 
present  met  with  in  continuous  current  traction,  very 
large  overhead  conductors  are  required  in  order  to  secure 
a  large  contact  surface  in  the  current  collector.  Such  an 
arrangement,  as  ado])ted  by  the  Long  Island  Railway  Co. 
ill  its  tunnels  under  the  river  between  New  York  and  J^ong 
I.sland,  i-i  shown  in  Fig.  l,and  Fig.  2  shows  the  type  of  over- 
head collector  and  conductor  u.sed  for  this  construction. 
The  overhead  conductor  in  this  case  consists  of  a  steel  Trail 
weighing  20  lb.  per  yard  and  supported  every  9  ft.  A  similar 
shoe  has  been  adopted  in  the  case  of  the  New  York  Central 
Railway  for  tho.se  portions  where,  owing  to  the  intricacy  of 
the  tracks,  the  protected  third  rail  was  found  impos.sible,and 
where  overhead  construction  had  to  be  adopted  as  men- 
tioned in  a  previous  section. 

When  dealing  with  ca.ses,  such  as  those  mentioned 
above,  great  difficulties  are  encountered  where  heavy  cur- 
rents ranging  from  1,500  to  3,500  amperes,  may  have  to  be 
dealt  with  per  locomotive,  and  hence  the  general  use  for 
continuous  current  railways  of  the  third  rail  and  contact 
shoes  already  referred  to.  When  we  come  to  deal  with 
high-pref5sure  work,  in  consequence  of  the  possibility  of 
very  considerably  reducing  the  current  required  to  be 
dealt  with  for  each  tiain  or  locomotive,  we  aie  at  once  led 


2.  In  view  of  the  high  pressure  used,  it  mu.st  be  possible 
to  raise  the  collector  up  again.st  the  wire  and  to  pull  it  down 
mechanically  from  the  driver's  compartment  without  any 
possible  risk  to  himself  and  with  ab.solute  certainty  that  the 
collector  will  move  either  up  or  down  as  the  case  may  be,  and 
will  also  immediately  c(jme  into  proper  contact  with  the 
collector  wires,  no  matter  where  the  train  may  be  located, 
either  on  the  straight  or  a  curve  under  points  and  crossings. 

These  conditions,  so  far  as  the  writer  is  aware,  can  only  be 
met  by  the  use  of  some  form  of  bow  collector,  preferably 
operated  by  compressed  air.  This  conclusion  is  justified 
by  all  existing  experience  on  high-tension  electric  railway 
work.  Having  come  to  this  conclusion,  we  may  examine 
the  types  so  far  employed.  Collectors  may  be  classified  as 
follows  : — 

(1)  Collector    bows    operating    equally    well    in    either 

direction. 

(2)  Collector  bows  operating  oidy  in  one  direction. 

Or  they  can,  alternatively,  be  classified  by  their  external 
appearance  as  well  as  by  the  methods  used  to  accommodate 
them  to  run  at  varying  heights,  and  in  that  case  we  can 
distinguish  three  classes — 

(a)  The  pantograph  or  scissors  type  of  collector,  which 
would  come  under  category  (1)  as  mentioned  above. 


iK  (!.iNz  Thbee-phask  LofOMOi'ivi:  showini 

OvERHEAn  Col.LErT(lR.S. 


Piston  worked  by 
compreiised  air 


Fia.  4. — Diagram  of  modified  form  of  Pasto- 

C.RAPH,  AS  ADOPTED  BY  THE  A  E.G.,  OF  BeRLCJ. 


to  consider  mininmni  working  pressures  of  (i.Oltl)  volts 
and  upwards,  in  many  cases  pressures  of  1 1 ,000  and 
even  15,000  and  22,000  volts  being  dealt  with.  In 
other  words,  the  minimum  pressures  worth  considering 
with  overhead  conductors  are  10  times  greater  than  the 
pressures  at  present  used  with  continuous  current  motors 
and  six  times  greater  than  the  maximum  pressure  which  it 
would  seem  (with  our  present  knowledge)  ever  advisable 
to  use  with  continuous  current  traction  ])lant. 

The  maximum  current  to  be  dealt  with,  therefore,  varies 
from  100  to  ."5.50  amperes  per  train,  according  to  the  pres- 
sure on  the  overhead  conductor  and  the  type  of  train  to  be 
dealt  with.  By  this  means  the  current  to  be  collected  is  at 
once  reduced  to  the  magnitude  ap]5roaching  that  with 
which  one  has  had  to  deal  in  tramwav  and  light  or  ordiiiarv 
interurban  light  railway  working. 

It  is  at  once  evident  that  for  main-line  railway  working 
with  high-pressure  currents  two  features  are  indispensable 
for  a  satisfactory  trolley  or  current  collector  :  — 

1.  The  collector  must  be  such  that  there  is  no  possiliilit  v 
of  it  coming  ofT  the  conductor  wire  or  getting  entangled 
at  points  and  crossings,  and-it  must  always  and  under  all 
circumstances,  remain  in  contact  with  the  trolley  wire  as 
long  as  it  is  in  thi^  running  position. 


(b)  The  ordinary  bow  ty|H',  either  plain  or  composite, 
which  can  or  cannot,  according  as  it  is  plain  or  composit". 
operate  equally  \vell  in  both  directions. 

(c)  The  rod  collector  of  the  Oerlikon  type. 
Considering  fir.st  the  collectors  used  in  connection  with 

three-phase  main-line  electrification,  there  are  two  principal 
examples  to  be  con.sidered,  the  first  being  the  Bjiigdorf- 
Thun  line  equipped  by  Brown- Boveri.  and  which  has  now 
been  running  for  a  considerable  luunber  of  years.  In 
this  case  the  separated  sliding  bows  located  side  by  side  are 
u.sed,  and  at  such  a  height  that  by  slightly  lifting  the  wire 
when  the  train  movement  is  reversed  they  can  operate  m 
cither  direction. 

In  the  next  three-i)liase  line  considered  (the  Gauz  instal- 
lation on  the  Valtellina  line.  Fig.  3),  the  collector  is  of  an 
entirely  different  construction  and  is  not  reversible.  In  this 
case  tiie  collecting  device  or  the  trolley  consists  of  two 
cylindrical  rollers  terminating  in  two  small  conical  surfaces, 
designed  to  work  without  ditbcidty  at  the  switching  points. 
The  rollers  are  of  phosphor  bronze,  3  mm.  (hick,  and  are 
fitted  on  a  shaft  U])on  wliicli  thev  turn,  being  supported  by 
ball  bearings. 

For  this  type  of  apparatus  one  collector  is  requiin;d  for 
operating  in  each  direction,  it  being,  of  cour.se,  possible  to 
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run  against  the  normal  direction  at  vcrv  slow  speeds  if 
this  is  foimd  necessary  in  case  of  emergencv. 

We  will  next  consider  the  scissors  ty]io  of  bow  now  very 
commonly  used  both  in  America  and  in  Europe.  In 
America  this  type,  has  been  speciallv  developed  by  the 
Westinghouse  Company.    Contrary  to  the  general  practice 


State  Railways.  The  modification  consists  of  fitting  a 
small  reversible  bow  collector  operated  by  separate  springs 
to  the  top  of  the  pantograph,  as  shown  diagrammatically 
in  Fig.  4. 

Having  tliu-;  considered  this  type  of  pantograpli  wc  will 
proceed  to  consider  another  reversible  t3'pe  such  as  has  been 


Fig.  o. — Standard  Siemens  inverted  rANTOCRAPH  Collector,  as  used  on  several  Continental  Railways. 


in  Europe  of  using  a  soft  metal,  such  as  aluminium,  to 
make  contact  with  the  wire,  and  which  normally  should 
take  most  if  not  all  the  wear,  the  Westinghouse  Company 
use  a  galvanised  iron  bar  for  their  contact  piece,  fitted  with 
one  or  more  semicirculai   longitudinal  grooves,  which  are 


extensively  used  by  Messrs.  Siemens-Schuckertwerke.  This 
is  generally  known  as  the  inverted  pantograph  type,  and 
it  is  fitted  with  a  separate  collector  member  worked 
by  separate  springs.  This  type  gives  satisfaction  wherever 
the  total  difference  in  height  to  be  negotiated  is  not  too 
great,  and  the  general  idea  of  the  form  of  construc- 
tion is  illustrated  in  Figs.  5  and  6,  and  shows  this 
form  fitted  on  the  roof  of  an  electric  locomotive. 
(To  be  continued.) 


Via.    ti. — .Sikmkns-S(iil'ckekt\vi;i!Ki;   Hhw  (  nr.i.ix  icir  kik  ,SiN(a.E-riiA>^ 
Hiuii-TK.NsioN  Railways,  rnorosEU  kok  iuuh  speuds  l  i-  to  SO  miles  ax  ii 
L=: Lightning  Arrester. 

filled  with  grease.  The  width  of  this  contact  strip  in  the 
case  of  the  Midland  Railway  is  (i  in.  The  contact  piece 
itself  is  f^  in.  thick  and  weighs  H  lb.  The  bow  frame  is 
built  out  of  light  steel  tubing,  which  also  serves  to  conduct 
the  current. 

A  modification  of  this  bow  has  been  suggested  by  the 
Allgemeine  Elektricitats  Gesellschaft,  of  Berlin,  and  has 
been  adopted  for  the  large  and  jiowcrful  single-phase  loco- 
motive constructed   by  that  company    for  the    Prussian 


RESEARCHES  IN  RADIOTELEGRAPHY.* 

BY    PROF.    J.    A.    FLEMING,    D.SC,    F.K.S. 

[Concluded  jrom  page  4^7.) 

1  may,  then,  bring  to  your  notice  some  recent  work  on 
another    form  of    radio-telegraphic   detector,  which   I  first 
(li'scribcd  to  the  Royal  .Soeiety  about  five  year.s  ago  imder 
(lie  name  of  oscillation  valve.     It  consists  of  an  electric  glow 
lamp,  in  the  bulb  of  which  is  placed  a  cylinder  of  metal  whicll 
^u^r(lunds  the  filament  but  does  not  touch  it.     Thi.s  cylinder 
i<  <u)nnccted  to  a  wire  sealed  through  the  glass.     Instead  of 
a  cylinder,  one  or  more  metal  plates  are  sometimes  used.     TliR 
lilamcnt  may  be  oaibou  or  a  metallic  filament,  and  I  found 
some  year  oi'  more  ago  that  tungsten  in  various  forms  has 
.special  advantages.    The  bulb  is  exhausted  to  a  high  vacuum, 
but.  (if  course,  this  means   it  includes   In'ghly  larelicd  gas  of 
some  kind.     When  the  filament  is  rendered  incandescent  it 
etnits  electrons,  and  these  electrons   or    negative   ions  give 
t(i  I  lie  residual  gas  a  unilateral  conductivity,  as  .shown  by 
tuc    in    a    Friday  evening  lecture  given  here  19  years  ago. 
.Moreover,  the  ionised  gas  not  only  possesses  unilateral  conduc- 
tivity, but  its  conductivity,  like  that  of  the  crystals  just  men- 
tioned, is  a  function  of  the  voltage  a|)plied  to  it.  Hence,  if  we  apply  an 
M.M.F.  between  the  hot  filament  and  the  cool  metal  |)late.  we  find 
that  negative  electricity  can  pass  from  the  filament  to  the  platu 
through  the  ionised  gas,  and  that  the  relation  between  the  current 
and  voltage  is  not  linear,  but  is  represented  by  a  characteristic  curve 
bending  upwards  which  has  changes  of  curvature  in  it  (see  Fig.  18). 
The  sharp  bend  upwards  at  one  place  implies  a  large  increase  in  the 
current  corresponding  to  a  certain  voltage,  which  means  that,  cor- 
responding to  a  certain  potential  gradient,  and  therefore  velocity, 

•  Lecture  (slightly  abbreviated)  delivered  on  June  4th  before  the 
Royal  Institution 
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of  tlie  electrons,  considerable  ionisation  of  tlic  residual  gas  is  be- 
ginning to  take  place.  The  current,  however,  would  not  increase 
indefinitely  with  the  voltage,  but  would  before;  if.ng  become  constant 
or  saturated.  It  will  be  seen,  therefore,  that  at  points  on  the  curve 
where  there  is  a  bend  or  change  of  cuivatiire  the  second  differential 
coefliciciit  of  the  curve  may  have  a  large  value.  Hence,  if  we  con- 
sider the  current  and  voltage  correspondiiiti  to  this  point,  it  will  be 
seen  that  any  small  increase  in  the  \  ultagc  iucn-.iscs  I  lie  curicnt  more 
than  an  equal  small  decrease  in  voltage  diminishes  it.  If.  then,  we 
superimpose  on  a  steady  voltage  corresponding  to  a  point  of  iullection 
of  the  curve  an  alternating  voltage,  the  average  value  of  the  current 
will  be  increased.  'I'his.  then,  points  out  two  ways  in  which  this 
oscillation  valve  or  glow  lamp  can  be  used  as  a  radio-telegraphic 
detector.  First,  we  may  make  use  of  the  unilateral  conductivity  of 
the  ionised  gas  in  the  bulb  and  employ  the  glow  lamp  with  cylinder 
around  the  incandescent  filament  as  a  rectifier  of  trains  of  oscillations 
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Fig.  18. — Ciwhai  teristio  Curve  of  Rarefied  Gas  ionised  by  Hot 
Negative  Electrode. 

to  make  them  alleet  a  galvanometer  or  telephone.  This  method  ttas 
described  by  me  in  Papers  and  specifications  in  1904  and  l',t()5.  in 
that  case  the  valve  is  arranged  in  connection  with  a  receiving  antenna, 
as  shown  in  Fig.  19,  and  used  with  a  galvanometer  or  telejihone. 
Mr.  Marconi  subsequently  added  an  induction  coil  and  condenser, 
and  employed  in  1907  the  arrangements  shown  in  Fig.  20.  In  this 
case  the  trains  of  oscillations  set  up  in  the  antenna  could  not  by  them- 
selves affect  a  galvanometer  or  a  telephone,  but  when  rectified  by  the 
valve  they  become  equivalent  to  an  intermittent  unidirectional  cur- 
rent, and  can  tlien  aft'ect  the  telephone  or  a  galvanometer,  or  any 
instrument  for  detecting  a  direct  current. 

On  the  other  hand,  we  may  take  advantage,  as  I  have  more  re- 
cently shown,  of  the  non-linear  form  of  the  characteristic  curve  ;  in 
other  words,  of  the  fact  that  the  conductivit\'  of  the  ionised  gas  is  a 
function  of  the  voltage  applied  to  it,  and  in  this  second  method  the 
valve  and  receiving  circuits  are  arranged  as  shown  in  Fig.  21.     In 


Fig.  19. — Connections  fob   Oscillation  Valvf,  used  .\s 
Radio-teleoraphic  Detector. 

this  case  we  have  to  ajiply  to  the  iouiscd  gas  a  unidirectional  10. M.I'. 
which  corresponds  to  a  point  of  inHection  on  tlie  characteristic 
ciu've,  and  then  to  add  to  this  voltage  the  alternating  voltage  of  the 
oscillations  set  up  by  the  incident  electric  waves  in  the  receiving 
circuit.  'I'he  result  is  to  cause  a  change  in  the  average  value  of  the 
current  through  thct.'lephonc,  and  therefore  to  produce  a  sound  in  it, 
long  or  short  according  to  the  number  of  trains  of  waves  falling  on 
the  antenna,  'this  last  method,  then,  requires  the  application  in 
the  telephone  circuit  of  an  accurately  adjust<^d  st<?ady  K.M.I'".,  not 
any  K.iVI.F.,  but  just  that  value  which  corresponds  to  a  point  on  the 
characteristic  curve'  at  which  there  is  a  sudden  change  of  curvaliire. 
i*t  this  point  we  may  notice  a  broad  generalisation  which  has 
already  been  made  by  H.  Brandes — -viz.,  that  any  materials,  such  as 
the  crystals  mentioned,  or  ionised  gases,  which  Jo  not  obey  OIni's 
law  as  legards  the  inde|)endence  of  conductivity  on  imprcs.sed  volt- 
age, can  be  used  as  radio-telegraphic  receivers.     It  is  necessary  to  be 


able  to  test  the  relative  sensibility  of  detectors  to  know  whether  any 
new  form  is  an  improvement.  It  is  not  always  pcj.ssible  for  an  inven- 
tor to  get  these  tests  made  at  real  wireless  telegraph  stations.  More- 
over, it  is  no  u.se  to  test  over  short  distances,  because  then  all  de- 
tectors appear  t<j  be  equally  good.  I  have  found,  however,  that  we 
can  make  these  comparative  tests  very  easily  within  quite  moderate 
distances  by  employing  closed  sending  and  receiving  circuits  which 
are  poor  radiators.  All  the  dc^viccs  called  wave  detectors  are  really 
only  o.scillation  detectors,  and  we  can,  therefore,  test  their  value 
simply  by  ascertaining  how  fcble  an  all'Tnating  current  or  alternat- 
ing voltage  they  will  detect.  If  we  then  set  up  in  one  place  a  si|uare 
circuit  of  wire  a  few  feet  inside,  and  complete  the  circuit  bj'  a  con- 
denser and  a  s})ark-ga]).  we  can  set  up  oscillations  in  it  by  means  of  an 
induction  coil.   1  find  that  it  is  necessary  to  enclose  the  spark-gap  in  a 


Fii.  20. — Connections  for  Osciij-ation  Valve  used  as 
Radioti'legraphic  Detector. 

cast-iron  box,  and  to  blow  u|ion  the  spark  with  a  jet  of  air  to  secure 
silence,  absence  of  emission  of  ekctroraagnetic  waves  direct  from  the 
sjiark  balls,  and  constancy  in  the  oscillatory  circuit.  I  then  set  up, 
a  few  score  or  few  hundrt'd  feet  away,  a  similar  tuned  closed  oscillatory 
circuit,  and  I  connect  the  oscillation  detector  to  be  tested  either  in 
this  circuit  or  as  a  shunt  across  the  condenser.  The  closed 
jeceiving  circuit  is  so  constructed  that  it  may  be  rotated  round 
either  of  three  axes.  It  is  then  generally  possible  to  find  some  posi- 
tion of  the  receiving  circuit  such  that  no  sounds  are  heard  in  a  tele- 
phone connected  to  a  highly  sensitive  detector  associated  with  the 
circuit.  This  position  is  called  the  zero  position.  If  the  receiving 
circuit  is  rotated  round  some  axis  it  begins  at  a  certain  displacement 
to  receive  signals,  and  the  angle  tliroiigh  which  it  has  to  he  turned  is 
a  mea.sure  of  the  insensibility  of  the  particular  oscillation  detector 
being  used.  I  find,  for  instance,  that  it  is  quite  easy  to  take  one  of 
luv  o.scillation  vahts.  a  iiuignctic  ditcctor.  an  clcctrolvtic  detector 


Fig.  21. — Connections  for   Oscillation  Valve  used  as 
Radio-telegraphic   Detixtou. 

a  crystal  detector,  or  aii>  other  type,  and  arrange  these  in  order  of 
their  sensibility  liy  means  of  the  ileviec  described.  Sensibility  is  not. 
Iiowever,  the  only  virtue  which  a  wave  detector  should  possess.  It 
is  important  that  it  should  Ik-  simple,  easily  adjusted  and  not  injured 
by  the  chance  [lassage  through  it  of  any  unusually  large  o.seillatory 
currents.  Another  qiudity  which  is  desirable  is  that  it  should  be 
(piantitative  in  its  action,  and  that  any  eh:\iige  in  the  amplitude  of 
ihe  wave  received  should  be  accompanied  by  an  equal  change  in  the 
current  which  the  detector  allows  to  jiass  through  the  telephone.  A 
(|Uantitative  cseillafion  ilclcetor  llien  enables  not  merely  signals,  but 
audible  s|)eecli,  lo  be  transuiitted.  In  other  words,  it  can  el\eet 
wireless  telephony.  The  difViculties,  however,  in  eoimection  with 
the  achievement  (if  wireles.s  telephony  are  not  so  much  in  the  receiver 
as  in  the  transiuitter.  We  have  to  obtain,  first,  the  uniform  produc- 
tion of  persistent  elcctromagmtie  waves  radiated  from  an  antenna  ; 
and.  next,  we  have  to  vary  the  ampli'.udi-  of  these  electric  waves  pro- 


506 


THE  ELECTRICIAN,  JULY  9.  1909. 


portjonately  to.  and  bv  moans  of.  the  aerial  vilirations  created  by  tlie 
voice  speaking  to  some  form  of  microphone.  We  cannot  employ  an 
intermittent  spark  generator,  because  each  spark  would  give  rise  to  a 
sound  in  the  telephone,  and  these  sounds,  if  occurring  at  regular 
intervals,  would  produce  a  musical  note  in  the  telei)honc.  If,  how- 
ever, we  make  the  sparks  run  together  into  vhal  is  practically  a  high 
voltage  arc  taking  a  small  current,  then,  in  an  oscillatory  circuit 
shunted  across  this  arc.  we  have  set  up  persistent  high  frequency 
oscillations,  as  first   achieved   b\    Mr.    Duddcll.     Wo  can  greatly 


Fig.  22, — Ernst  Ruhmer's  Hicipthnsion  Ammimim  Arc  for  rno- 

DUCmc    PEnSISTENT  OSC'!I>L.\TIONS   FOR  R.VUIO-TELEGKAPHY. 

increase  the  energy  of  the  oscillations  by  immersing  the  arc  in  a 
strong  transverse  magnetic  field  and  also  in  a  hydro-carbon  gas,  as 
shown  by  I'oulscn,  or  wc  may  n?n])loy  a  number  of  arcs  in  series. 
E.  Ruhmer  has  lately  also  employed  a  hiuh-tcnsion  arc  between 
aluminium  electrodes  {see  Fig.  22),  sh\mtcd  by  a  condenser  and  in- 
ductance as  a  means  of  generating  ])Oi'sistent  oscillations.  As  an 
alternative,  it  i.s  po.ssible  to  create  them  liy  a  mechanical  method — 
viz.,  by  a  high-frequency  alternator — subject,  however,  to  certain 
limitations  as  to  frequency.     Both   these  types  of  generator  have 


.f,UHg 


Fio.  23. — Results  outainiii  I!v  Pkuf.  E.  T.wi.ou  Jonks 
(referred  to  on  p.  391  of  <iur  i<-juc  of  .Tune  18th). 

their  advantages  and  practical  objections.  'Phcre  is  good  cvidi  rice 
that  radio-telephony  has  been  accomplished  over  distances  of  KM) 
mile.s  or  more  by  each  of  the.sc  methods  in  the  hands  of  csperts,  IjiiI 
what  is  now  required  is  the  re<luclion  of  the  a|)paralU8  to  such  siniplc 
manageable  and  practical  form  that  it  can  be  applied  in  regular  woi  k. 
The  wave-generating  apparatus  must  be  ea])Mlilc  nf  jiiniUi<ing  uiiiliniri 


persistent  oscillations  of  high  voltage  and  frequency,  not  less  than 
.■i().(MM)  or  40.000  jier -second,  or  at  lea.st  above  the  limits  of  audition, 
:in(l  the  amplitude  of  these  oscillations  must  be  cajiable  of  being 
varied  by  some  form  of  speaking  micniphone  placed  in  the  oscillation 
circuit  or  in  the  radiating  antenna,  or  in  a  secondary  circuit  eou)ilcd 
to  it.  No  ordinary  simple  carbon  microphone  ^^•ill  safely  pass  sufli- 
cient  current  for  this  purpose.  A  type  of  multiple  mii  roiilKine  has 
been  used  succes.sfully  and  also  a  duplex  microphone,  the  invention 
of  Krnst  Ruhmer. 

It  is  not.  however,  possible  to  speak  of  radio-telephony  at  the 
present  time  as  having  reached  the  same  level  of  practical  ])erfection 
as  radio-telegraphy.  But  the  possibilities  of  it  are  of  such  a  nature 
that  it  will  continue  to  attract  the  serious  attention  of  inventors. 
This  is  not  the  ]>lace  to  enter  into  a  full  discussion  of  the  causes 
whieli  limit  submarine  tele))hony  through  cables,  but  there  are  well- 
known  reasons  in  the  naturcof  submarine  cables  as  at  ])resent  made 
which  im|)osc  very  definite  limits  upon  it,  owing  to  what  is  called 
distortion  of  the  wave  form.  Electric  wave  tele|)liony  is  free  at  least 
from  this  disadvantage,  and  if  (as  has  been  asserted)  arc  generators 
can  be  made  self-regulating  and  capable  of  being  worked  for  hours 
automatically,  or  even  for  10  minutes  without  being  touched,  then 
the  remaining  difficulties  with  the  microphone  are  not  insujicrahle. 

Time  does  not  ]5crmit  of  the  discussion  of  the  many  other  points 
in  connection  with  radio-telegraphy  and  telephony  which  have  been 
the  subject  of  recent  work.  Much  attention  has  liceu  paid  lately  to 
methods  of  cutting  out  atmospheric  signals  due  to  natural  clcetrcial 
discJKirges  in  the  atmosi)here,  wliich  arc  troublesome  dislurhers  of 
tlie  a'lhcrial  calm  necessary  for  radio-telegraphy.  Considerable 
thought  and  expenditure  have  been  necessary  to  discover  means  for 
overcoming  the  difficulties  of  long-distance  transmia^ion  by  daylight, 
and  also  those  arising  from  the  cnj.ss  talk  of  other  sliitions.  Much 
also  has  been  done  in  training  skilled  wireless  operators  l)i>tli  in  the 
Navy  and  for  the  mercantile  marine  work.  Radio-l(  Icgraphy,  like 
aviation,  is  an  art  as  well  as  a  science,  hence  jicrsonal  skill  is  a  factor 
of  importance  in  turning  the  flank  of  the  difficulties  of  the  moment. 
Nevertheless,  the  art  and  the  science  of  radio-telegraphy  arc  both 
progressing,  and  the  splendid  services  already  rendered  by  it  in 
saving  life  at  sea  are  at  once  a  proof  of  present  perfection  and  an 
evidence  that  the  arduous  labom-s  of  investigators  and  inventors  have 
borne  fruit  in  yet  larger  power  to  command  the  forces  of  Natmc  for 
the  use  and  benefit  of  mankind. 


THE  CM  B.  AUTO  CONVERTER  AND  ITS 
APPLICATIONS. 

On  Friday  last  we  paid  a  visit  to  the  works  of  Messrs. 
Ciompton  \:  Co.,  at  Chelmsford,  to  inspect  what  is  un- 
(loiibteiily  one  of  the  most  interesting  electrical  machines  of 
recent  years,  namely,  an  aiito-con verier  for  eoiitinnoiis  cur- 
rents. 

Although  the  machine  contains  only  one  aimattire,  one  com- 
mutator and  one  set  of  brush-gear,  it  performs  the  funclions 
of  a  motor-generator,  and  can  even  be  adopted  as  a  balancer 
for  thiee-wire  circuits.  Being  provided  with  ball  bearings,  it 
runs  for  lengthy  periods  vpithout  any  special  attention, 
whilst  a  considerable  saving  of  space  is  obtained,  as  compared 
with  a  motor-generator.  Also  the  raat'Iiinc  is  free  from  vibi.i- 
tion  and  runs  practically  silently  and  sparklessly,  so  that  it 
can  easily  be  installed  on  consumers'  pieiniscs.  The  field 
magnet  system  consists  of  a  mild  steel  casting  having  four 
poles,  on  which  are  mounted  the  exciting  coils,  and  it  will  bo 
seen  from  Fig  1  that  the  yoke  is  in  two  parts,  seiiarated  by 
dividing  pieces,  whilst  the  arrangement  of  the  winding 
will  bo  seen  fiom  Fig.  2.  From  this  it  will  bo  noticed  that  the 
maihine  really  contains  two  independent  magnetic  circuits, 
the  voltage  reduction  being  controlleti  liy  the  arrangement  of 
these  circuits  and  also  by  the  position  of  the  secondary  pair  of 
brtishes  relatively  to  the  armature  winding.  The  latter  it  may 
be  remarked  is  of  the  ring  type.  The  single  commutator  is  of 
large  diameter  and  the  positions  of  the  carbon  jiriishes  are 
iixed  by  the  pressure  trjtisformation  rc'|uired,  no  further 
adjtistment  then  being  necessary. 

Perhiips  the  feature  of  the  machine  which  will  ap[)oal  most 
to  central  station  engineers,  in  addition  to  tlie  advantages  of 
low  cost,  simplicity  of  con.structioii,  small  weight  and  small 
floor  space  rdiuircd,  is  the  high  efficiency  obtainable.  V/ith 
a  -'50  kw.  machine  an  efTiciency  of  92  per  cent,  is  guaranteed 
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at  full  lo;i(l  and  88  per  cent,  at  half  load,  whilst  with  a  50  k\v. 
machine  ;iii  cHiciencj'  of  no  less  than  94  per  cent,  has  been 
i  obtained.    A  10  kw.  machine  gives  an  cflicicncy  of  86  percent, 
at  full   load   and   HO  jier  cent,  at  half  load,  whilst  a  1  kw.  set, 
which  is  intended  mainly  for  use  with  metal  filament  lampi, 
shows  an  etliciency  of  7.5  per  cent,  at  full  load  and  05  per 
j  cent,  at  lialf  load.     These  etliciencies,  of  course,  compare  very 
:  favoiMMlily  with  those  of  motor  generator  sets.     The  cuive  in 
1  Fi".  i,  which  relates  to  a  special  machine,  will  give  some  idea 
i  of  the  etliciency  obtained  at  the  various  loads. 
;      The    C.M.L).    auto  converter    possesses    a    wide    range    of 
'  applications,    amongst  which   may   be  mentioned   the    possi- 
i  bilitv  of  usi)ig  low  voltage  metal  filament  lamps,  no  necessity 
I  for  resistances  in  connection   with  cinematograph  arc  lamps, 
I  searchlights,  &c ,  the  control  of  electrical  vehicles  (referred  to 
I  below),  winding  machinery  in  collieries,  rolling  mills,  electiic 
'  welding,  the  driving  of  printing  machinery  and  the  balancing 
!  of  three-wire  circuits  (sec  Fig.  3).     It  will  be  seen,  therefore, 
how  extensive  is  the  field  likelj  to  be  afTected  by  the  introduc- 
tion of  this  new  conveitcr. 
j       We  do  not  propose  to  enter  into  any  technical  details  of  the 
(  construction  or  theory  of  the  machine,  as  these  are  dealt  with 
I  elsewhere  in  this  issue  (p.  498)  by  the  inventors  of  the  C.iM.B. 
i  auto-converter,  Messrs.  J.  C.  Macfarlane  and   H.  Burgo.     Wu 


would  like  to  m:nLio:i,  however,  that  although  at  tirst  sight 
the  machine  would  appear  to  be  somewhat  opposed  to  existing 
theories  of  design,  there  is  no  doubt  as  to  the  re.-ults  which  are 
obtained,  both  as  reganls  sparkless  and  quiet  running  and 
efficiency.  We  should  a'so  point  out,  however,  that  the  auto 
converter  is  not  intended  for  use  by  small  consumers  with 
metal  filament  lamps,  but  rather  for  shops  where  a  large  num- 
ber of  lamps  are  required  and  these  practically  for  the  same 
length  of  time.  In  such  cases  the  auto-converter  would  be  run 
only  at  times  of  considerable  load,  and  any  lamps  required  to 
be  used  throughout  the  day  would  be  cannected  direct  to  the 
supply  mains. 

Whilst  visiting  Messrs.  Crompton's  works  last  week  our 
attention  was  drawn  to  an  auto-converter  which  had  been 
designed  for  electric  welding.  The  feature  of  this  machine 
was  that  it  withstood  repeated  short  circuits  lasting  several 
seconds,  the  ammeter  merely  showing  an  increase  of  10  per 
cent,  in  the  current,  and  the  voltmeter  reading  falling  to  zero. 

We  have  mentioned  above  the  extensive  field  of  operations 
open  to  the  C.M.B.  auto-converter,  and  among  these  the  one 
■likely  to  lead  to  the  most  important  developments  is,  peihaps, 
the  application  of  the  auto-converter  to  the  control  of  elec- 


tiical  vehicles,  particularly  omnibuses  and  tramcars.  An 
omnibus  in  which  electric  accumulators  are  employed  has  been 
<lesigned  and  constructed  l>y  Messrs.  Crompton  &  Co.,  and 
from  trial  runs  with  this  vehicle  wliich  we  witnessed  last  week 
it  may  be  inferred  that  the  supersession  of  the  petrol  omnibus 
lias  received  a  distinct  impetus. 

The  system  of  control  for  electric  vehicles  patented  by 
Messrs.  Crompton  &  Co.  in  connection  with  Messrs.  Macfarlane 
an<l  Burge  is  similar  to  the  Ward-Leonard  system,  but  possessej 
some  important  additional  features.  A  motor-generator,  or 
auto  converter,  adds  to  or  reduces  the  supply  pressure,  thus 
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giving  a  range  of  voltage  on  the  motor  terminals  varying  from 
double  the  supply  voltage  down  to  zero.  This  variation  is 
obtained  entirely  without  the  use  of  starting  resistances  or 
main  circuit  controllers,  and  it  naturally  gives  enormous  varia- 
tion in  the  torque  of  the  motors,  especially  as  it  is  accompanied 
by  suitable  variations  in  the  field  strength. 

Fig.  5  shows  the  connections  employed,  a  motor-generator 
beint  indicated  to  simplify  the  diagram.  The  whole  of  the 
control  of  the  train,  tramcar  or  omnibus  is  managed  by  the 
reversing  field  regulator  attached  to  the  high-resistance  coil 
on  the  generator  field  (see  Fig.  5).  This  exciting  coil  is  by 
itself  capable  of  completely  controlling  the  pressure  of  the 
generator  within  the  limits  ab'f  ady  given.       Its  efFect  is,  how- 


Fk;.  3. — Di.m:uam  of  CoN.NKcnoNs  of   Arro-CoNVERTER   iskd  .\s  a 
Bai.anokr. 

ever,  modified  by  a  limiting  winding  in  soi-ies  with  the  motors, 
the  effect  of  this  winding  being  to  prevent  the  current  under 
liny  circumstances  rising  above  a  certain  predetermined  figure, 
suilicient  to  accelerate  tlie  vehicle  under  all  conditions,  or  to 
produce  the  requisite  amount  of  braking. 

Owing  to  the  presence  of  this  limiting  coil,  the  amount  of 
skill  required  by  the  driver  is  enormously  reduced.  The 
driver  may  throw  his  regulator  full  over  into  the  starting 
position  :  the  current  then  rises  to  the  proper  starting  current 
and  no  higher,  and  remains  at  this  amount  as  the  car  accele- 
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rate?,  falling  t()  the  normal  running  current  when  full  speed 
is  attained.  This  method  would  always  he  used  when  the 
maximum  rate  of  atceleralion  is  re(iuired.  If,  however, 
througli  any  reason  the  driver  shoulil  wish  to  accelerate  more 
slowl_v,  he  will  then  move  his  regulator  slowly,  and  we  noticed 
last  week  th^t  by  means  of  this  regulator  it  was  possible  to 
control  the  rate  of  acceleration  so  that  the  vehicle  merely 
crawled  from  rest.  It  will  be  obvious  that  the  limiting  coil 
results  in  a  reduction  of  speed  on  upgradients,  since  an  exces- 
sive current  cannot  flow.  Objection  may  be  raised  to  such 
reduced  speed  on  hills',  hut  this  is  not  by  any  means  a  dis- 
advantage from  the  ethciency  point  of  view. 

It  will  also  be  noticed  that  the  system  is  regenerative. 
When  it  is  required  to  stop  the  car  the  motor  generator  field 
regulator  is  thrown  to  the  slo[)  position  ;  this  at  once  reduces 
the  pressure  supplied  to  the  motors';  the  latter,  then  liecoming 
dynamos,  return  power  to  the  supply  circuit.  Again,  the 
braking  current  is  limited  in  exactly  the  same  wa}'  as  the  ac- 
celerating current,  and  provides  for  the  greatest  advisable 
retanlation  of  the  vehicle  ;  a  slower  movement  may,  however, 
be  used  if  a  slower  rate  of  retardation  is  reiiuired. 

The  circuit  between  the  source  of  supply,  the  motor-genera- 
tor and  the  two  car  motors  is  never  broken,  but  a  reversing 
switch  is  provided  for  reversing  the  direction  of  rotation  of 
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the  motors.  The  motor  field  excitation  consists  of  two  coils 
for  each  motor,  one  coll  being  se|)arately  excited  from  the 
main  supply  and  exciting  the  fields  to  a  suflicient  extent  to 
enable  the  train  to  run  at  its  full  speed  on  the  level.  Under 
these  conditions  the  fields  are,  comjiaratively  speaking,  weak, 
and  the  extra  field  strength  required  during  accelerating  and 
retardation  is  provided  by  the  second  winding,  which  is  con- 
nected from  a  point  between  the  two  motors  to  a  point 
between  the  motor-generator  and  the  source  of  supply  (sec 
Fig.  5).  An  examination  of  the  diagram  of  connections, 
Fig.  .'),  will  show  that  when  the  two  motors  have  full  pressure 
on  tlieir  armatures  the  dill'crcncc  of  potential  across  the  second 
winding  is  zero,  but  at startingup,  when  the  voltage  across  the 
motors  is  practically  zero,  there  is  then  a  difference  of  poten- 
tial across  the  coil  equal  to  the  supply  voltage,  and  Ihe  motor 
fields,  therefore,  are  at  their  full  strength. 

We  have  already  mentione<l  the  simplicity  of  the  system  of 
control ;  in  fact,  a  foot  pedal  (which  varies  and  reverses  the 
field  of  the  motor-generator  or  auto  converter;  suffices,  and  as 
this  is  fitted  with  a  spring  return  to  the  top  position,  the  car 
is  immediately  brought  to  a  stiindstill  if  the  driver  leaves  his 


position.  When  one  considers  the  strain  imposed  upon  the 
drivers  of  existing  motor  omnibuses,  due  to  changing  the  gear, 
braking,  \c.,  the  advantages  proviiled  by  this  new  system  of 
control  are  fully  appreciated. 

As  to  its  advantages,  it  is  claimed  that  much  greater 
ctticiency  is  obtained,  due  to  the  absence  of  resistances,  series- 
parallel  control,  and  braking  by  mechanical  means;  it  is 
said  that  abotit  50  per  cent,  greater  mileage  can  be  obtained 
with  .such  regenerative  control  when  electric  accumulators  are 
employed  for  traction  purposes.  Also,  repairs  are  considerably 
reduced,  as  compared  with  existing  motor  vehicles,  owing  to 
the  non-use  of  mechanical  brakes  ami  the  graduated  variations 
in  torque. 

The  system  lends  itself  readily  to  multiple  unit  control.  In 
a  train  consisting  of  a  number  of  motor-driven  cars  it  is  merely 
necessary  to  provide  self-starting  switches  for  the  motor- 
generators,  solenoid  control  switches  for  the  field  regulators, 
and  solenoid  control  reversing  switches  for  the  motors.  Each 
of  these  will  require  only  one  or  two  wires  run  throughout  the 
length  of  the  train,  thereby  greatly  simplifying  the  flexible 
connections  between  cars.  As  the  motor-generator  field  regu- 
lators icturn  to  the  stop  position  of  their  own  accord,  all 
parts  of  the  train  will  naturally  be  brought  to  rest  if  through 
any  cause  the  train  is  broken  and  the  circuit  operating  these 
regulators  is  oj)ened. 

We  may  mention  that  the  omnibus  which  we  inspected  at 
Messrs.  Crompton's  works  last  week  has  been  under  trial  for 
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some  time  past,  and  its  control,  both  for  forward  and  back- 
ward running,  uphill  and  downhill,  should  certainly  prove 
interesting  to  most  engineers  who  are  acquained  with  existing 
vehicles.  We  hope  on  a  future  occasion  to  give  a  more  de- 
tailed descrijition  of  this  omnibus  and  also  of  tiie  ai)plieationof 
the  C.M.B.  auto-converter  to  electric  welding  and  electrical 
winding,  since  in  the  limits  of  this  article  we  have  only  been 
able  to  touch  upon  some  of  the  possibilities  latent  in  this  most 
interesting,'  converter. 


Electric  Traction  in  British  Columbia.-  A  hydroelectric 
railway,  lOO  miles  in  length,  is  to  be  put  in  hand  forthwith 
through  the  (Jkanagan  liake  ilistrict  in  British  Columbia. 
Starting  from  Vernon,  the  main  line  will  follow  the  west  side 
of  the  lake  to  Summerland,  and  there  will  be  a  branch,  40 
miles  long,  on  the  east  side  of  the  lake  to  Kelowna.  Electrical 
energy  will  be  generated  from  waterfalls  in  the  neighbour- 
hood. This  scheme  has  the  financial  support  of  the  Earl  of 
Aberdeen,  who  is  a  large  property  owner  in  the  localitj'  of  the 
line,  and  it  is  stated  that  the  construction  will  be  completed 
by  the  end  of  next  year. 
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THE  CHARGE  FOR  POWER  AT  WEST  HAM. 


Mr.  H.  Rdss  Hi)i>|kt  ccmtimiwl,  on  Monday  last,  tlio  iiitiuiiy  into  the 
iili|ilii-ilioii  iiiiulc  last  year  by  West  Ham  Corporation  f(n-  periraKsion  to 
liiiri"u  iTildiMl  for  tlieir  electricity  department  and  also  their  recent 
api.liratinn  for  sanction  to  a  further  loan  of  £23.000. 

Mr.  HiMJii  SHABROOK.  in  reply  to  Mr.  Elvy  Rolili  said  he  had  not  with 
him  the  details  of  the  0-.'J7d.,  the  price  charged  for  a  large  supply  of 
current  at  .Silvertown.  He  had  not  hail  sufHi'ient  time.  The  normal 
cvajMirative  capacity  of  their  boiler.s  w.aa  l.'j.OOO  Ih.  each,  the  total  was 
17  times  that.  They  could  p\it  in  half  as  much  cai>aeity  again  without 
increasing  the  size  of  the  boiler  house.  They  could  also  )iut  in  engines 
for  another  l.'),000  kw.  without  increasing  the  si/.e  of  the  engine  room. 
That  would  be  on  the  turbine  .system.  The  0-37d.  include<l  net  profit 
and  reserve.  He  was  anxious  to  get  more  consumers  with  the  same  load 
fact  u-  on  the  same  terms.  He  regarded  that  class  as  almost  the  ideal 
consumer.  He  did  not  say  that  profits  would  be  largely  inc n  asid  if  all 
their  customers  were  of  that  class.  With  regard  to  public  lighting.  th<^ 
charge  was  l-53d.  per  unit,  which  included  capital  expenditure  (£7.3.5.'>), 
but  not  maintenance.  The  £7,355  was  the  capital  expenditure  at  IflOO. 
Additional  lamps  had  since  been  provided  out  of  revenue.  The  public 
lighting  load  factor  was  30  per  cent.  He  did  not  agree  that,  on  the 
'Ctorporation'.s  scale,  the  price  earned  on  public  lighting  was  0-98d. 

Mr.  BoBB  calculated  on  a  hypothetical  total  output  of  53  million 
units  that  deducting  from  last  year's  total  expenditure  of  £33,837,  the 
amount  of  £10,140  for  coal  would  leave  £17,733  for  wages,  repairs, 
stores,  &c.,  which,  he  said,  gave  a  cost  for  the  latter  item  of  00797d. 
Capital  charges  calculated  hi  the  same  way  was  0'1325d.  and  coal  was 
0-2d.  This  was  on  a  100  per  cent,  load  factor.  This,  Mr.  Robb  said, 
would  mean  a  loss  of  £9.395,  if  the  consumers  were  all  0-37d.  consumers. 
Mr.  SEAP.udiiK  said  if  the  whole  of  their  cnstomers  were  24-hour 
.  ii-iMiii,  r-  111!  y  would  not  have  had  .such  a  large  capital  expenditure,  as 
.iMii[|lri  [ilini  would  give  a  larger  supply  spread  over  24  hours.  There- 
forcjMr.  Koljb's  calculation  as  to  cost  did  not  apply.  The  new  long- 
hour  consumers  could  not  reduce  the  present  eai)ital  cost  but  they 
reduced  the  additional  capital.  He  did  not  think  they  supplied  anyone 
at  less  than  0-37d.  Deductmg  the  other  classes  of  consumption  the 
quantity  of  current  supplied  by  contract  (according  to  the  published 
accoimts  for  1905)  would  be  1,301,471  units.  The  price  for  contracts 
was  therefore  O-330d.  per  unit.  That  was  not  the  price  charged,  but  it 
wa-s  the  price  obtained  as  special  circumstances  arose,  into  which  he  did 
not  think  it  necessary  to  enter.  The  price  charged  was  0'4d.  A  con- 
sumer to  whom  they  supplied  transformed  current  would  have  to  pay 
an  amoiHit  for  transformation,  &c.,  varying  with  the  size  of  the  trans- 
forming plant.  0-25d.  would  be  a  ridiculously  high  figure.  He  said  in 
evidence  on  the  L.C.C.  power  bill  of  190(3  that  if  they  took  a  bulk  supply 
it  would  cost  025d.  to  transform  it,  but  that  was  on  a  different  load 
factor  to  that  of  the  large  power  consumers  they  were  now  supplying. 
The  cpiestion  whether  he  was  to  give  the  details  of  the  costs  included  in 
the  0-37d.  was  one  about  which  he  woidd  have  to  take  further  instruc- 
tions. 

In  reply  to  Mr.  Morte.m,  Mr.  Seabrook  said  the  L.C.C.  in  their  offer 
under  their  190(i  Bill  wanted  to  leave  to  West  Ham  customers  whdm 
they  did  not  want  themselves.  The  offer  was  £3.  17s.  per  year  per 
kilowatt,  plus  a  flat  rate  per  unit.  The  new  contracts  were  sujiplied 
without  loss  to  the  other  consumers.  They  would  have  had  to  increase 
lighting  charges  if  these  power  contracts  had  not  been  obtained.  A 
railway  company  woidd  not  be  expected  to  charge  fares  on  a  new  branch 
which  would  cover  the  proportion  of  capital  charges  on  the  whole  of  their 
undirtaking.  The  cheap  supply  had  led  manfacturers  to  come  into 
the  borough.  (A  list  of  such  manufacturers  was  handed  to  the  inspec- 
tor.) That  increased  the  ratable  value  and  employment  in  the  borough. 
In  his  view  the  capital  charge  to  be  debited  to  a  particular  supply  was 
the  capital  expenditure  on  that  particular  sujiply. 

]5y  the  Inspector  :  The  capital  expenditure  \vas  f  43.S.000  and  £93,fi00 
had  been  repaid.  In  live  years'  time  he  thought  a  mere  nominal  reserve 
would  be  necessary  in  view  of  the  fact  that  the  undertaking  was  now 
only  10  years  old  and  21  ])cr  cent,  of  the  caj)ital  had  been  repaid.  The 
same  as  to  the  anioimt  of  reserve  would  ajiply  in  15  yeais'  time.  They 
had  much  shorter  jieriods  for  reiiaymcnt  than  other  local  authm-ities. 
He  meant  shorter  than  Ihc  (icriods  alli>wcd  by  the  L.C.C.  £2.000  or 
£3,000  a  year  would  be  suflicicnt  to  place  to  reserve  at  West  Hani.  The 
present  reserve  fund  was  £5,cS71.  If  that  were  ])ut  against  the  loss 
incurred  on  the  undertaking  in  the  first  10  years  it  would  leave  a  delicit 
of  £19,000,  which  might  be  called  a  debit  against  the  depreciation, 
reserve  or  obsolescence  account. 

Mr.  Er.vy  Robb  said  his  clients  (the  India  Rubber,  CJutta  IVrclia  & 
Telegraph  Works  Co.)  considered  that  there  was  a  serious  error  in  the 
Corporation's  calculation  as  to  (he  power  sup]ilies  at  Silvertown.  They 
would  not  jiress  for  an  un"onditiimal  refusal  of  the  loan,  but  they  asked 
for  an  undertaking  that  no  further  contr.acts  should  be  entered  into  at 
similar  priecf,  that  the  present  contracts  shouUl  not  be  renewed  at  the 
present  piiccs  and  that  there  should  be  a  sliding  scale  as  to  price  of 
coal,  iSfc.  In  some  eases  they  were  hoinid  (according  to  Mr.  Seabrook) 
for  14  year.-.  He  asked  that  in  future  contrac(s  at  'ow  prices  (here 
should  be  a  liini(ation  of  the  Cor]ior:itiori's  liability  for  failure  of  supply. 
This  un<lertaking.  with  nearly  £500.001)  lapital,  tiad  been  at  the  mcn'y 
of  two  young  men.  both  very  able  aiul  very  sang\iin<" — Aid.  Littler  and 
Mr.  Seabrook.  It  was  not  right  that  the  ratepayers  should  be  bled  to 
provide  a  hobby  for  Mr.  Littler  or  a  reputation  for  Mr.  Seabrook.  Mr. 
Seabrook  had  told  the  Inspector  there  was  an  estimate  of  tlu'  cost  of 
the  0'37d.  supply  which  was  prepared  at  the  time  the  contyact  was 


entered  into  but  he  (Mr.  Robb)  was  afraid  they  were  obliged  to  conclude 
that  there  wa«  no  estimate,  and  that  the  price  wa.s  arrived  at  in  a  liap- 
hazard  maimer.  He  thought  there  was  no  doubt  Mr.  Seabrook  had 
.said,  in  effect,  to  his  committc-  that  they  could  supply  at  0-37d.,  only 
(aking  in(o  acc.>Mnt  the  cost  of  the  additional  plant  and  mains  required. 
He  (Mr.  Hobb)  said  there  was  an  overcharge  for  public  lighting,  and  Mr. 
Seabrook  had  stated  that  for  depreciation  of  arc  lamps  and  motors  only 
()•(>  per  cent,  had  been  jirovidcd.  whereas  the  Ins])cctor  was  of  opinion 
that  12  per  cent,  shoidd  be  put  by  if  10  years  was  the  |>eri<jd  of  repay- 
ment. They  would  also  have  to  pay  at  least  from  £4,000  t<j  £5,000  a 
year  rates  on  the  undertaking.  All  these  items  would  do  away  with  the 
surplus  shown  in  last  year's  accounts  and  lejive  a  considerable  loss.  It 
was  also  admitted  that  there  should  be  a  reserve  fund.  The  rates  had 
cnntributcd  £25.000  directly  to  the  support  of  the  undertaking  and  had 
paid  indirectly  at  least  £1,000  a  year  overcharge  for  ])ublic  lighting,  and 
the  addition  to  (he  rates  which  the  department  should  have  paid  made 
.i(  liast  £.")O,000  in  all  that  the  undertaking  had  cost  the  ratepayers. 
Tlic  sus|iirious  and  discreditable  way  in  which  the  undertaking  had  been 
in  inagc  il  brought  municipal  trading  into  contemi)t.  His  clients  did  not 
o]ipo.se  municipal  trading  generally,  but  they  complained  of  this  concrete 
example.  In  reports  of  committees  subniitti-d  to  the  Council  in  October, 
1908,  a  deficit  was  shown  on  the  electricity  department  of  £52,340. lOs.Sd. 
but  it  was  stated  to  have  been  reduced  to  a  much  smaller  sum.  If  Jlr. 
Morten  objected  to  that  subject  being  brought  in,  on  the  ground  that  it 
was  a  matter  in  dispute  in  the  lawsuit  which  was  pending,  the  only  course 
fcpr  the  Inspjector  would  be  to  postpone  the  inquiry  until  after  th»  action. 
Mr.  Stuart  Russell,  engineer  to  the  India  Rubber  Company,  said 
his  company  asked  him  to  look  into  the  matter  of  the  power  contracts 
of  the  Corporation  to  ascertain  whether  they  were  remunerative,  and 
the  result  of  his  investigations  was  that  the  comjiany  opposed  the 
application,  not  because  they  wished  to  hinder  the  development  of  the 
undertaking  but  to  get  some  assurance  that  contracts  would  not  be 
made  at  unremuncrative  rates  in  future.  He  was  of  opinion  that  each 
consumer  should  jiay  his  proportion  of  standing  and  running  charges. 
If  a  consumer's  demand  on  the  peak  were  a  twentieth  part  of  the  maxi- 
mum deniand  of  the  station  he  should  pay  a  twentieth  of  the  capital  and 
nimiing  charges.  He  did  not  agree  that  a  new  consumer  should  only 
have  to  pay  the  capital  charges  on  the  extension  and  not  on  the  original 
capital  cost  of  the  undertakmg.  That  would  be  unfair  to  the  old  con- 
sumers. His  estimate  of  the  average  cost  per  unit  was  0-980d.,  of  which 
coal  was  0-249d.  )ier  unit.  He  had  assumed  for  lOO  per  cent,  load 
factor  no  increase  in  wages,  oil,  waste,  repairs,  rents,  rates,  &c.,  working 
and  general  costs  would  be  0-412d.  on  the  53  million  units  and  the  loss, 
at  0-37d.,  would  be  over  £9,000  per  annum.  He  had  incrca.sed  the 
wages  in  his  estimate  for  8,000  kw.  maximum  demand  by  15  per  cent., 
repairs  was  also  slightly  increased,  coal,  oil  and  stores  might  be  covered 
by  0-2d.  He  would  fix  the  charge  to  a  new  consumer  so  as  to  jirovide 
for  profit  and  for  contuigcncies  and  for  alteration  in  price  of  coal.  Ho 
did  not  think  a  price  of  0'37d.  coidd  be  remunerative  from  a  consumer 
with  less  than  100  per  cent,  hiad  factor.  2  to  2J  per  cent,  would  be  a 
very  moderate  figure  for  depreciation.  He  did  not  admit  the  accuracy 
of  the  surjilus  in  the  accounts,  because  there  should  be  £5,800  paid  for 
rates  on  the  present  assessment,  £1.300  had  been  overpaid  for  public 

lighting,  and  £S.0( r  £9,0(Xt  should  be  jilaccd  to  reserve.     These  items 

would  change  the  surplus  of  £3.S0U  to  a  deficiency  of  about  £12,000.  He 
would  look  for  a  laivjc  reduction  in  the  cost  of  loal  per  unit  for  an  increased 
demand  of  4  million  units  but  not  »  reduction  in  the  total  amount  siient 
on  coal.  Mr.  Seabrook  said  there  would  be  a  profit  of  £8,500  on  the  4 
million  units,  but  at  0-37d.  those  4  million  units  would  imly  produce 
£0,000.  He  considered  that  the  old  consumers  suilered  an  injury  if  the 
new  consumers  only  bore  the  capital  cost  of  the  extensions.  He  would 
accept  Mr.  Moi(en's  definition  ''  a  loss  of  |U(is]iective  benefit  "  instead 
of  an  "  injury,"  but  the  old  consumers  would  \wve  a  grievance  even  if 
the  benefit  could  only  be  obtained  by  quoting  the  low  charge  for  current. 
The  old  consumer  should  benefit  by  reduced  capital  charges  as  well  as 
reduced  working  charges.  There  might  be  a  profit  on  the  0-37d.  if  the 
charges  of  the  whole  undertaking  were  not  spread  over  the  whole  undcr- 
t.iking.  including  the  new  consumers.  His  estimate  of  the  cost  of 
adilitional  plant  was  £21  or  £22  per  kilowatt.  That  covered  the  whole 
undertaking.  His  figure  of  0-412d.  was  for  generation  and  distribution 
only,  and  there  were  other  items  included  in  the  0-37d.  charged  to 
certain  consumers,  aii.irt  from  (he  question  of  capital  charges.  His 
figure  of  £21  per  kilowat(  for  addidonal  plant  was  ba.sed  on  the  addi(iims 
(hat  had  been  made  in  (he  last  few  years. 

Mr.  W.  H.  Pati'iiei.i,  said  ho  wa,s  in  general  agreement  with  Mr. 
Sluart  Russell.  He  had  tried  very  hard  to  substantiate  the  charge  of 
0-37d.  and  he  had  failed  to  do  so.  Even  assuming  100  )ier  cent,  load 
factor,  that  |irice  could  not  be  profitable  at  West  Ham  because  of  their 
jiresent  commitments.  There  was  a  danger  in  filling  u|)  the  spare  plant 
a(  very  low  rales,  because  one  might  have  to  go  later  and  get  additiimal 
jilant  to  suiqily  other  consumers,  thendiy  increasing  capital  charges. 
He  did  no(  see  any  other  way  of  wiu-king  out  the  capKal  charge  than  that 
adopted  by  .Mr.  Robb,  which  resulted  in  a  capital  iharge  of  0-133d.  on 
100  per  cent,  hiad  factor.  It  seemed  to  him  absurd  to  claim  that  the 
0-37d.  supply  )uoclueiHl  a  profit.  No  consumerought  to  pay  less  than  0-40  td. 
per  unit,  even  wilh  a  8.000  kw.  maximum  demand.  The  costs  would,  he 
estinuKcd,  be  for  capital  0133d..  cs(ablislimen(  0028d..  wages  OOUd. 
coal  0-2d..  oil  and  stores  OlH.'id.  to(al  O-3'.Hld.  Kvon  0-404d.  wa,s  not 
likely  to  he  profitable  in  practice.  The  Charing  (^ws  Co.  would  be 
(laying  some£4.000  a  year  (o  (he  Wcs(  Ham  rales  under  their  new  assess- 
ment. He  thought  2  per  icnt.  was  little  enough  for  depreciation,  and 
there  should  be  some  provision  for  contingencies.  He  bIm)  agreed  (hit 
there  was  an  overcharge  for  public  lighting. 
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By  Mr.  Morten  :  He  did  not  know  that  the  Cliaring  Cross  Co.  were 
supplying  at  0-33d.  per  unit,  or  0--7.^d.  without  tlie  standing  charges. 

jir.  J[ORTE>"  said  that  was  so  in  the  case  of  a  consumer  willi  an  80  per 
cent,  load  factor  and  three  miles  fmm  the  station.  At  Bristol  the  Cor- 
(■oration  gave  a  consumer  a  supply  at  0-3(i.5d. 

Mr.  PATrHELl.  further  said  it  would  not'be  fair  to  charge  a  new  con- 
sumer only  with  the  capital  exijcnditure  on  his  own  sup|)ly. 

Mr.  RoBB  asked  that  any  loan  which  might  l>c  sanctioned  before  the 
hearing  of  the  action  between  the  India  Rubber  Company,  and  the  Cor- 
)>oration  should  be  so  ear-marked  that  it  could  nut  get  out  of  its  jirojier 
channel.  The  Corporation  were  acting  in  detiance  of  the  regulations  of 
the.L.G.  Board  and  he  asked  the  Board  to  visit  it  with  the  gravest  conse- 
(|uence~'. 

On  Tuesday  Mr.  J.  S.  Hiddi.estox.  manager  i>f  the  cable  department 
of  Siemens  Bros.  &  Co..  put  in  the  order  received  by  his  firm  in  Oc'olicr. 
1!M)7.  fmm  West  Ham  for  cable.  In  reply  to  Mr.  Diucker  (who  a|ipcared 
for  local  electrical  contractors).  Mr.  Huddleston  said  his  firm  cut  off 
samples  from  the  cable  thej-  suijjilied.  The  cable  which  the  Corjioration 
sujiplied  to  Trou]),  Curtis  &  Co.  was  not  Siemens'.  There  was  nothing 
on  the  West  Ham  Corporations  list  of  prices  to  show  whether  these 
were  .-Association  ornon-.Assooiation  cables. 

Mr.  DRrcKER  said  it  was  obvious  that  the  sales  and  wiring  department 
of  the  Corporation  had  been  working  at  a  loss. 

Jlr.  P.iiTEKSON.  Ixirough  accountant,  handed  in  an  account  showing 
a  net  surplus  of  i'22S.  19s.  2d.  on  the  sales  department  for  the  year  to 
March  last.  The  present  amount  of  expenditure  outstanding  on  pur- 
chase of  motors  was  f  14,067. 

The  Inspector  said  a  reasonable  amount  of  capital  charges  on  the 
motor  account  for  the  year  1909  would  be  £l,7o8,  and  asked  where  the 
equivalent  of  that  amount  was  shown  in  the  accounts  ?  There  was  a 
statutory  recpiirement  that  money  for  such  purposes  should  be  bor- 
rowed, but  apparently  £10,715  of  it  was  not  to  be  borrowed  at  all.  and 
he  did  not  think  the  L.G.  Board  would  accept  that.  If  the  amoiuit  spent 
on  motors  for  hire  were  charged  with  capital  charges  the  result  of  the 
trading  would  be  different. 

Mr.  P.\TTERSO-N  said  £700  had  been  allowed  for  depreciation  on  that 
department,  and  he  had  charged  it  with  what  he  tho-ight  a  reasonable 
interest. 

The  Inspector  said  if  the  money  for  motors  for  hiring  were  borrowed 
and  provided  for  by  a  sinking  fund  at  12J  per  cent,  per  annum  there 
would  be  a  further  charge  of  £760  a  year.  Deducting  £480  left  £280  loss 
on  hiring  of  motors,  and  thit  added  to  the  wiring  loss  made  a  total  loss 
of  £543.  That  would  be  the  position  if  the  money  had  been  borrowed 
and  repaid  in  respect  of  motors. 

Mr.  DRrtKER  said  the  electrical  contractors  whom  he  reinesented 
were  being  ruined  by  the  policy  the  Corporation  pursued.  The  intention 
seemed  to  be  to  show  a  (irofit,  and  that  a  profit  on  one  branch  should  be 
used  to  set  off  a  loss  on  another.  In  moijt  cases  that  class  of  dcpartnicnt 
had  been  worked  at  a  loss  The  as.sociation  for  wliiili  he  appeared  had 
su<ce.s,sfully  apjx'aled  against  a  clause  allowing  similar  trading  being 
included  in  any  fresh  bills  before  Parliament.  Sir  Alexander  Kennedy 
advised  Woolwich  to  give  up  their  wiring  and  sales  dejjartment.  £20  as 
rent,  rates  and  taxes  was  not  a  sufficient  amount  to  charge  to  the  sales 
department.  No  provision  for  bad  debts  had  been  made  in  the  present 
account.  The  only  part  of  the  scheme  which  paid  was  the  hirc-]nirchase 
wiring,  in  which  there  was  no  competition,  because  a  condition  of  the  con- 
sumers coming  into  the  scheme  was  that  the  Corporation  got  the  work. 
But  there  was  a  considerable  loss  on  the  competitive  part  of  the  work, 
which  w.as  the  part  that  was  ruining  his  clients. 

Mr.  H.  H.  Holmes  (until  recently  manager  of  the  sales  department) 
said  the  quotation  they  gave  Messrs.  Troup,  Curtis  &  Co.  was  only  for 
indiarubher  covered  wires.  They  got  an  order  from  the  firm  for  black 
v.i.r.  There  was  no  stipulation  or  promise  that  the  cable  should  be  made 
by  members  of  the  Cable  Maker.^'  .Association.  The  cable  produced  by 
yh.  Troup  was  not  Siemens'.  The  profit  on  the  cable  supplied  was  at  lea,st 
1.5  per  cent.  The  prices  in  the  West  Ham  list  were  for  tierman  make  of 
<ablc.  The  statement  that  Siemens  cable  had  been  supplied  to  Troup, 
Curtis  &  Co.  was  due  to  a  mistake. 

>Ir.  Se.\brook  said  they  had  a  sample  (jf  the  cable  sent  to  Troup, 
CurtLs  &  C<i.  tested.  The  indiarubber  was  analysed  and  found  satis- 
factory, and  the  cable  was  submitted  to  several  insurance  eom|>anies  and 
they  accepted  it. 

Mr.  Finer  complained  that  the  ratepayers  had  not  had  a  pro))er 
account  of  the  electricity  department,  and  he  .and  Mr.  Hi^iiHKs  (rate- 
payer) ."Lsked  that  a  L.(J  Hoar'l  auditor  should  go  through  the  accounts 
before  loans  were  granted.  Mr.  Bishop  (another  ratc|):iycr)  said  he  was 
one  of  the  a,s.sessment  over.seers.  and  he  luid  appealed  some  three  years 
aso  to  have  the  undertaking  properly  assessed.  He  wished  to  clear  the 
overseers  from  the  suggestion  that  Ihcy  h.id  been  rcspnnsible  for  the  fact 
that  the  undertaking  had  not  hitherto  been  rated. 

f.Mr.  .Stuart  Rus.sell  here  handed  in  a  telegram  from  Mr.  Patchcll 
relating  to  the  low  price  for  current  stated  by  .Mr.  .Morten  to  be  chaiged 
by  the  t'haring  Cross  Co.  to  any  of  its  power  consumers,  but  the  Inspector 
ruled  that  it  could  not  be  taken  as  evidence.  We  gathered,  however, 
that  Mr.  Patchcll  had  foimd,  u|)on  inrpiiry.  that  the  price  mentioned 
was  plus  a  standing  charge.] 

Mr.  Morten,  in  his  address  on  behalf  of  the  Corporation,  said  Mr.  Robb 
h.ad  asked  that  the  moneys  to  !«•  borrowed  should  not  be  allowed  to  lie 
applied  to  revenue  account,  but  it  seemed  rather  an  idle  suggestion  that 
the  Hoard  should  put  uprm  them  that  condition,  because  they  always  lent 
the  amounts  for  specific  capital  puii)oscs.  Mr.  Robb  had  also  asked  that 
the  lounit  should  not  be  sanctioned  prior  to  the  hearing  of  thejiction  that 
wa«  pending  by  the  India  Rubber  Co.  ;    but  the  Court  had  to  deal  with 


the  merits  of  cases  as  they  stood  when  the  writs  were  issued,  and  not 
accoi-ding  to  conditions  that  arose  afterwai-ds.  Mr.  Robb's  object  was 
to  delay  the  sanction  of  the  Board  and  to  prevent  the  Corporation  getting 
the  money  they  urgently  recpiircd.  Mr.  Robb  also  asked  for  conditions 
that  no  renewals  of  contracts  or  new  contracts  should  be  entered  into  at 
unremunerative  ])ri<es,  and  that  a  sliding  scale  to  provide  for  variations 
in  price  of  coal  should  be  inserted  in  contracts.  The  former  begged  the 
whole  question  by  assuming  that  the  prices  of  contracts  already  entered 
into  were  unremunerative.  Mr.  Russell  and  Mr.  I'atihell  had  brought 
out  the  costs  at  0-412d.  and  0-401d.,  and  they  suggested  that  there  must 
be  a  l.iss  in  selling  at  0-37d.  Mr.  Patchcll  took  0-2d.  f(U'  coal  and  stores, 
but  Mr.  Scaliniok  did  not  give  that  figure  for  100  per  cent,  load  factor. 
The  capital  charges  estimated  by  Mr.  Patohell  and  .Mr.  R\issell  were 
0- 1 23d.  and  01  lid.,  and  Mr.  Robb  spread  the  whole  of  the  capital  charges 
over  the  whole  undertaking,  and  that  was  where  they  came  to  their 
main  cimtest.  Distribution  costs  in  the  case  of  the  largo  consumers  were 
infinitely  smaller  than  those  of  the  average  consumer,  and  although  that 
su])ply  h.ad  been  given  there  was  no  increase  in  total  distribution  ex- 
penses. His  clients  were  satisfied  that  their  contracts  did  show  a  profit. 
The  suggestion  that  the  price  of  current  should  vary  with  the  price  of 
coal  would  not  be  practicable.  The  electricity  supply  was  an  induce- 
ment to  manufacturers  to  settle  in  the  borough,  and,  even  if  the  under- 
taking were  making  a  loss,  the  benefit  of  bringing  in  those  manufac- 
turers would  exceed  any  loss  that  might  occur.  The  progress  of  the 
borough  depended  to  some  extent  u])on  the  low  prices  at  which  they  could 
now  supply  electricity  for  power  purposes.  None  of  the  opponents  hiul 
asked  that  a  loan  should  not  be  granted,  but  only  that  conditions  should 
be  imposed.  The  case  for  a  load  had  been  fully  made  out,  and  there  wus 
no  ground  for  any  condition. 

The  Inspector  then  announced  that  the  inquiry  was  at  an  end. 


THE  FARADAY  SOCIETY. 


At  the  meeting  held  on  Tuesday.  June  29th.  at  the  Institution  of 
Electrical  Engineers.  Dr.  N.  T.  il.  Wilsmoke  in  the  chair.  Dr. 
H.  .J.  S.  S.\ND  read  a  Paper  entitled 

"  Apparatus  for  the  Rapid  Electro-analytical  Separation  of  Metals." 

The  Paper  contains  a  description  of  some  developments  made  in  the 
apparatus,  first  described  by  the  author  about  two  years  ago,  for 
the  rapid  electro-analvfical  deposition  and  .separation  of  metals 
(Chem.  Soc.  "Trans.""  91,  373,  1907;  also  "Trans."  93,  1„372, 
1908).  This  apparatus  for  the  first  time  combined  in  a  j:ractical 
manner  the  use  of  an  auxiliary  electrode  and  very  rapid  stirring  of 
the  electrolyte,  and  made  it  possible,  as  has  been  shown  so  far.  to 
deposit  and  separate  from  each  other  for  purposes  of  chemical 
analysis  the  metals  silver,  mercury,  copper,  bismuth,  lead,  cadmium, 
zinc,  antimony  and  tin.  The  time  required  for  the.se  depositions 
varied  in  the  majority  of  cases  bct\iecn  five  and  fifteen  minutes. 
Apart  from  the  very  high  stirring  efficiency  of  the  electrodes  the 
apparatus  is  believed  to  ho  superior  to  others  of  similar  type  in  the 
exceedingly  great  simplicity  of  the  method  of  making  and  undoing 
the  electrical  connections  on  a  single  stand,  in  the  fact  that  the 
electrodes  may  be  used  with  ordinary  beakers,  and  in  the  simple 
manner  in  which  the  electrodes  may  be  washed  and  dried.  No 
alterations  in  principle  have  therefore  been  made  to  the  appa- 
ratus, but  the  following  additions  and  simplifications  arc  described. 
As  hitherto,  a  mercury  contact  has  been  employed  in  the  electro- 
lytic stand  to  make  the  connection  between  the  stationary  and  the 
moving  parts ;  a  special  screw  cap  has,  however,  now  been  provided, 
which  may  be  screwed  down  when  (he  apparatus  is  not  in  use, 
making  it  possible  to  transport  it  witliout  taking  out  the  mercury. 
A  clutch  arrangement  has  been  added  \\liicli  enables  the  operator  to 
start  or  stop  the  rotation  of  the  anode  without  stopping  the  motor. 
Such  an  arrangement  will  be  found  of  advantage  if  it  is  desired  to 
actuate  several  sets  of  apparatus  from  one  shaft  driven  by  a  single 
motor  :  or  if  tlie  current  is  obtained  from  a  small  motor-generator 
uhicli  is  also  em))loyed  for  rotating  the  electrode,  the  clutcli  making 
it  possible  to  stop  or  start  the  stirrer  witliout  stopping  the  current ; 
or  lastly,  if  a  hot  air  or  water  motor  is  employed  whicli  cannot  be 
stopped  instantly  during  the  washing  of  the  (krtn.chs.  A  \cry 
considerable  simpliliealion  has  been  obtained  by  fitting  all  the 
apparatus  recpiired  for  the  measurenifnt  of  the  potential  of  the 
electrode  in  a  single  box.  The  arrangement  has  been  designed  ;o 
that  by  depressing  a  key  it  will  al.so  allow  the  P.D.  brlwccn  the 
anode  and  the  cathode  to  be  read  directly.  It  was  thought  \ery 
desirable  to  retain  the  capillary  electrometer  as  a  zero  instrument, 
but  it  became  necessary  to  design  a  new  portable  form  suitable  f(  r 
the  pur|>ose  in  view.  It  may  be  described  as  a  closed  evacuated 
form  developed  from  the  Ostwald  horizontal  capillary  electrometer. 
It  is  provichd  with  an  (lulo.sed  scale,  and  if  ob.served  by  a  lens  if 
small  magnification  it  will  readily  indicate  1  millivolt. 

A  Paper  entitled  "  Rese.\rches  ON  the  Relative  R.ates  of  Mi- 
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GBATION  OF  loNS  IN  Aqueoits  SOLUTION'  wascomiruinicaU-d  by  Dr.  B. 
B'ickcttD.^nison,  and  Mr.  S.  Field  then  read  in  abstract  a  I'ayxr  on 
•  "  The  Conditions  which  Determine  the  Composition  ot  Electro- 
deposited  Alloys.  Pari  I :  Copper-Zinc  Alfoys." 
As  the  result  nf  a  largo  iiiimber  uf  cxpcrinK'nts  cm  the  (.•lfctn)l>  tic 
deposition  of  bras.s,  the  author  has,  by  the  analysis  of  the  dcpu.«its. 
shown  the  regular  manner  in  which  the  composition  changes  with 
such  varying  conditions  as  (1)  proportion  of  copper  and  zinc  com- 
pounds in  the  solution  ;  ('2)  strength  of  the  solution  ;  (3)  tempera- 
ture :  (4)  current  density  ;  and  (.5)  the  presence  of  free  cyanide.  It 
is  thus  shown  that  the  proportion  of  zinc  is  increased  (a)  at  lower 
tomperaturos  ;  (6)  with  more  dilute  solutions  ;  (c)  with  increased 
current  density  ;  and  (d)  by  the  absence  of  free  cyanide.  \\'ith  a 
largo  |)roportion  of  zinc  eomj)ound  copper  is  still  freely  deposited. 
The  author  incidentally  draws  attention  to  a  number  of  im|5ortant 
conditions  which  primarily  affect  the  compositiim  of  the  solution 
and  ultimately  the  character  and  composition  of  the  de])osit.  The 
worU  is  being  continued  on  other  binary  alloys. 


NOTE  ON  WIRELESS  TELEPHONY.* 

BY    -M.    COUN    AND    R.    .JE.\NCE. 

Various  transmitting  apparatus  were  considered  by  the  authors 
i  n  order  that  undamped  simple  oscillations  of  constant  energy 
might  bo  obtained  when  the  microphonic  apparatus  was  not  in 
operation.  Several  arcs  in  series  were  supplied  with  current  at  a 
voltage  of  600,  which  could  be  varied  at  the  will  of  the  operator,  and 
burnt  cither  in  air.  coal  gas.  methane,  acetylene,  petrol,  alcohol  or 
heavy  oils.  A  rheostat  and  several  choking  coils  were  connected  in 
series  with  the  arc.  the  former  of  which  allowed  the  potential  droj)  t(i 
be  regulated  and  a  certain  degree  of  stability  to  be  obtained.  The 
latter  were  for  the  purpose  of  opposing  the  passage  of  the  oscillations. 
The  first  oscillating  circuit  contained  the  arcs  in  series,  a  capacity 
that  could  be  regulated,  a  choking  coil  which  could  also  be  regulated 
and  which  formed  the  primary  of  a  Tesla  coil,  and  an  interrupter. 
A  voltmeter  was  connected  across  the  terminals  of  the  arc.  It  the 
phenomena  which  occurred  in  this  circuit  were  studied  by  means  of 
a  wave  measurer,  it  was  found  that  it  was  the  seat  of  a  large  number 
of  undamped  oscillations  w  hich  did  not  follow  a  harmonic  law  ;  and 
that  each  variation,  however  slight,  in  the  length  of  the  ares,  gave  rise 
to  a  corresponding  variation  in  the  length  and  intensity  of  the 
oscillations  generated. 

.  It  results  from  this  that  an  antenna  connected  to  a  choking  coil, 
forming  the  secondary  of  a  Tesla  coil  whose  primary  is  the  coil  in 
the  arc  circuit,  will  vibrate  under  the  action  of  numerous  oscillations 
created  in  this  circuit,  and  will  not  transmit  in  consequence  cither  a 
simple  oscillation  or  one  of  constant  energy.  The  needle  of  the 
milliampere  meter  on  the  wave  measurer  indicated  these  conditions 
aa  being  present  by  its  rapid  variations  from  a  mean  position. 

The  authors,  therefore,  endeavoured  to  obtain  arcs  as  stable  as 
possible,  and  to  produce  a  simple  and  invariable  oscillation  in  the 
antonnc-e.  To  satisfy  the  first  condition  they  used  several  arcs  in 
series  whose  positive  electrodes  were  made  up  of  large  copjier 
cylinders  with  flat  ends.  These  were  cooled  by  the  circulation 
through  their  interiors  of  cold  insulating  liquid.  The  negative 
electrodes  were  made  up  of  a  very  thin  pencil  of  carbon  carried  in  a 
support  with  a  large  radiating  surface.  Under  these  conditions, 
when  the  circuits  had  been  regulated,  the  arc  was  constant ;  the 
positive  electrodes  were  not  worn  awaj',  and  the  negative  electrodes 
inercasi  fl  slowly  and  very  regularly  in  length  (iuiles.s  the  ares  were 
burning  in  an  atmos|)here  containing  oxygen)  on  account  of  the 
deposited  carbon  which  forms  at  either  end  and  arises  from  the 
decomposition  of  the  methane  under  the  action  of  the  arcs. 

When  the  arcs  burn  in  air,  or  in  an  atmosphere  containing  oxygen, 
the  number  in  scries  must  be  considerably  increased  and  the  active 
part  of  the  negative  electrode  must  have  a  large  surface  of  purified 
carbon.  To  satisfy  the  .second  condition,  the  authors  employed  a 
second  o.scillating  circuit,  whose  electrical  characteristics  were 
invariable  and  which  was  unide  up  of  an  adjustable  choking  cciil 
forming  the  secondary  of  a  Tesla  transfnrintr  whose  i)rimary  was 
the  choking  coil  in  the  arc  circuit,  one  or  more  condensers  which 
could  be  regulated,  and  a  choking  coil  ft>rming  the  primary  of  the 
second  Tesla  coil.  This  intermediate  cii'cuit  was  tuned  to  the 
oscillations  produced  by  the  arc  current.  Lastly,  a  foiirth  choking 
coil,  which  could  be  regulated,  was  connected  by  a  convenient  point 
to  the  anti-nnu"  and  to  earth. 

Under  these  conditions,  tuning  being  realised,  the  o.seillations 
transmitted  were  simple  and  constant  both  in  length  and  energy. 
This  could  be  verified  by  means  of  a  wave  measurer.     The  micro- 

*  Translated  from  the  "  Comptes  Rendus."     Slightly  abbreviated. 


phone  arrangement  wa.s  |)lac(d  in  a  circuit,  which  contained  a  rcgu' 
lating  resistance  conncct<>d  at  one  end  to  earth  and  at  the  other  to  a 
point  on  the  secondary  of  the  second  Tesla  coil.  In  this  way,  varia- 
tions in  the  weak  current  Mowing  through  the  microphone  could  be 
made  to  give  any  desired  alteration  in  the  fairly  large  current  which 
l)asspd  through  the  anlenn;e.  To  suppress  the  troubles  due  to 
variation  in  the  resistance'  of  the  microphone  when  not  working  to 
diminish  the  sparks  and  to  increase  the  sensibility  and  purity  of  the 
transmission,  the  authors  used  a  large  number  of  microphones  con- 
nected in  series.  These  microplumes.  which  were  S|K;cially  designed, 
contained  no  combustible  material,  the  carbon  grains  being  placed 
in  circular  holes  sunk  in  a  plate  of  marble  or  slate.  The  diaphragm 
was  maintained  at  a  convenient  distance  from  the  grains  by  a  metal 
ring. 

To  sum  up.  the  points  to  which  ])articular  attention  is  called 
in  this  apparatus  are  the  arrangement  of  the  negative  electnxles  so 
that  their  stability  is  assured;  the  utilisation  cf  an  intermediate 
current,  which  allows  a  simple  oscillation  to  be  obtained  ;  and  the 
arrangement  and  general  make  up  of  the  microphonic  api)aratus. 


THE  FIBE  ON  THE  METROPOLITAN  DISTRICT 
RAILWAY. 


The  report  of  Mr,  A.  P.  Trotter  to  the  Board  of  Trade,  in  con- 
nection with  the  fire  which  took  place  at  Charing  Cross  station 
of  the  Metropolitan  District  Kailway,  London,  on  May  24th 
has  been  issued.     We  give  an  abstract  of  the  report  below  : — 

It  appears  that  the  fire  was  not  of  an  electrical  character,  but  was 
due  to  a  spark  from  a  brake  block,  or  from  a  lighted  match  or  cigarette 
end,  which  ignited  dust  and  dirt  in  a  concrete  chamber  flush  with  the 
ballast  immediately  under  the  edge  of  the  north  platform.  The  low- 
pressure  mains  from  tbesub-statiou  come  out  from  below  the  platform 
into  this  chamber.  The  cover  of  this  concrete  chamber  was  made  of 
ordinary  plank.  It  was  intended  that  Jarrah  wood  should  be  used, 
and  if  that  material  had  been  employed,  it  is  probable  that  the  fire 
would  soon  have  burned  itself  out,  as  Jarrah  wood  is  nearlj'  non- 
inflammable.  An  iron  cover,  or  indeed  a  heavj'  cover,  would  not  be 
suitable,  as  it  is  close  to  the  positive  conductor  rail,  and  the  space 
between  that  and  the  platform  is  very  limiteil.  These  concrete 
chambers  are  periodically  examined  and  cleaned. 

The  passage  between  the  concrete  chamber  and  the  substation 
through  which  the  cables  are  laid,  forms  one  of  the  intakes  of  air  into 
the  sub-station,  which  is  powerfully  ventilated.  The  first  notice  of 
trouble  was  given  by  smoke  entering  the  sub  station  through  the  low- 
pressure  cable  duet.s.  The  strong  draught  appears  to  have  fanned  the 
fire  and  accounts  for  the  fierceness  of  it.  It  was  seen  that  the  fire 
would  soon  reach  and  damage  the  low-pressure  cables,  and  orders  were 
given  to  cut  off  the  electrical  supply.  The  proper  course  would  have 
been  then  to  have  disconnected  the  low-pressure  cables  from  the  junc- 
tion pillars  at  the  ends  of  the  east  and  west  sections,  and  to  disconnect 
the  station  section  altogether,  and  to  "  jump  '  the  station  section,  or 
to  work  the  traffic  on  the  south  line  by  the  cross-overs. 

Unfortunately  a  train  running  eastward  entered  the  station  and 
stopped  with  a  motor  ear  immediately  over  the  feeder  supplying  the 
station  section,  so  that  the  feeder  cable  was  sawed  through  only  under 
great  difficulties.  If  the  train  had  not  been  allowed  to  come  up  to 
this  point,  it  is  probable  that  traflSc  might  have  been  resumed  after  a 
few  minutes.  At  the  time  when  the  current  was  cut  off  no  electric 
damage  had  been  done,  but  the  fire  was  fierce  enough  to  melt  the  lead 
sheathing  of  the  low-pressure  cables,  and  when  the  oil-impregnated 
paper  insulation  caught  fire  there  was  considerable  smoke.  An  in- 
spection of  a  similar  chamber  at  Victoria  showed  that  there  was  no  ap- 
preciable accumulation  of  dust  or  dirt.  A  further  precaution  is  to  be 
taken  by  bricling  in  the  entrance  of  the  passageway  leading  to  the 
sub  station,  except  so  far  as  is  necessary  to  allow  the  cables  themselves 
to  pass.  
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THE  COMPOSITION  AND  DURABILITY  OF  CABLE 
PAPERS. 

Ill  Till-,  ELWTiiiciAX  for  April  KJtli,  2:j1(1  and  .■'.OI.Ii  wc 
publislieil  ail  article  by  Messrs.  C'L/VYTON  I'.kahle  and 
H.  P.  Stevkns  on  thu  "  Couipositiou  and  Durability  of 
Cable  Papers,"  and  in  the  present  issuQ  there  appears  an 
artiele  by  Mr.  liBAViiB  on  the  same  subject.  The  first 
article  is  written  from  the  point  of  view  of  tlie  elieinist 
and  the  second  from  that  of  the  cable  maker  ;  and,  as  lliese 
points  of  view  iire  by  no  means  identical,  wc  tluiik  we  may 
be  able  to  assist  our  re.iders  by  briefly  reviewing  ami  com- 
menting on  the  articles  in  c^uestion. 

One  of  the  first  statements  made  by  Messrs.  I'.eadle 
and  STEVEX.S  was  to  the  effect  that  there  is  a  want  of 
eo-operatiou  between  the  paper  manufacturer  and  the 
c'lble  maker.  This  view,  we  think,  is  somewhat  incor- 
rect. Undoubtedly  there  arc  to-day  many  manuraeturera 
wIkjsc  "  calile  papers"  are  never,  or  scarcely  ever,  used  by 
lecogni.sed  liritish  cable  makers,  chiefly  because  there  is 
available  more  suitable  material ;  these  uufortunates  may, 
lit'  course,  lay  claim  to  a  want  of  co-operation.  I5ut  when 
it  io  remembered  that  practically  all  the  leading  cable 
makers  in  tliis  country  employ  a  factory  chemist,  who, 
while  he  may  not  po.ssess  a  detailed  knowledge  of  paper 
manufacture,  is  sutiiciently  informed  in  the  different  pro- 
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cesses  involved  to  ifuide  him  in  liLs  chemical,  pliytiical  and 
general  exaiuinaLion  oF  cable  paper,  it  is  almost  ridiculous 
to  expect  that  tlie  cable  maker  will  witldi(jld  any  data 
likely  to  .issist  his  paper  nianufactLtrer  in  improving  an 
already  good  material. 

Although  there  is  not  much  ])ubli.siied  data  regarding 
this  subject,  as  mentioned  in  the  summary  of  Messrs. 
Beadle  and  Stevens'  article,  it  seems  to  us  more  than 
likely  that  cable  manufacturers  po.ssess  much  information 
on  the  point,  especially  wlieu  we  reflect  that  not  only  are 
they  in  a  position  to  obtain  full  details  as  to  composition, 
quality  and  mechanical  properties  of  the  paper  liy  labora- 
tory tests,  but  are  also  able  to  follow  up  its  behaviour 
during  the  various  cabling  operations,  and  olitain  the  elec- 
trical values  of  papar  as  an  insulating  material  in  finished 
cables — surely  a  comparative  study  of  these  accumulative 
records  will  permit  a  suitable  selection  of  material. 

As  regards  fibre  composition,  we  arc  inclined  to  agree 
with  Messrs.  Beadle  and  Stevens  that  admi.xtures  of 
manila  and  liemp,  and,  perhaps,  even  a  little  flax,  frequently 
constitute  the  composition  of  cable  paper  supplied  as 
"  manila,"  or  even  as  "  pure  manila."  There  is  undoubtedly 
much  scope  in  using  the  term  manila  in  a  generic  sense, 
and  while  cable  manufacturers  might  knowingly  use  a 
mixed  paper  as  "  manila,"  perhaps  because  of  its  greater 
suitability  for  the  particular  work  required  of  the  cable,  yet 
we  agree  with  Mr.  Beaveh  that  pure  manila  paper  can  be 
obtained  if  desired.  Eegarding  the  presence  of  the  fibres 
of  grass,  straw,  chemical  and  mechanical  wood  in  cable 
paper,  we  take  it  that  these  have  sufificient  individuality 
to  render  their  identification  easy ;  consequently  no  cable 
maker  need  unknowingly  use  a  paper  composed  of  them 
wholly  or  in  part. 

'  Coming  now  to  mineral  matter  in  cable  paper,  we  agree 
.with  Messrs.  Beadle  and  Stevens  that  (as  loading)  it 
should  be  avoided ;  not,  however,  so  much  from  the  point 
of  view  taken  by  them  that  it  may  reduce  the  strength  of 
the  paper  as  well  as  its  lasting  qualities,  but  rather  do  we 
share  Mr.  Beaver's  opinion  that  it  should  be  avoided  be- 
cause of  the  degrading  influence  it  would  e.xert  on  the  elec- 
trical insulation  and  capacity  properties  of  tlie  paper.  We 
would  further  add  that  it  is  highly  improbalile  that  tlie 
regular  makers  and  suppliers  of  cable  paper  ever  load  their 
material.  The  mineral  matter,  as  obtained  after  complete 
incineration  of  the  paper,  should  consist  entirely  of  the 
natural  ash  of  the  paper's  component  fibres,  and  we  agree 
that  the  maximum  should  be  between  2  and  3  per  cent. 

Eegarding  the  mechanical  constants  of  paper,  Messrs. 
Beadle  and  Steven.s  mention  that  "  one  has  to  take 
into  consideration  the  stresses  and  strains  to  which  the 
strips  of  paper  are  subjected  at  the  moment  they  are 
lapped  round  conductors."  We  would  emphasise  the  im- 
portance of  tliis  from  the  cable  maker's  standpoint,  and 
would  supplement  Mr.  15eavei!'s  statement  by  remarking 
that,  generally  speaking,  if  the  paper  is  mechanically  strong 
enough  to  withstand  satisfactorily  all  the  different  strains 
aud  stresses,  twistings  and  turnings  to  which  it  is  subjected 
during  cable  operations,  it  is  highly  probable  that  it  is 
mechanically  strong  enough  to  withstand  any  subsequent 
average  degree  of  rough  treatment  it  may  meet  after  lead 
sheathing. 


There  is  no  doubt  that  the  structure  of  cattle  pajwr,  as 
indicated  by  figures  representing  specific  gravity  or  density 
and  air  space,  &c.,  mentioned  by  the  authors  of  both 
articles,  is  a  matter  of  great  importance  to  cable  makers, 
and  while  we  agree  with  ilessrs.  Beadle  aud  Stevens 
that  the  air  space  value  may  be  used  to  indicate  to  what 
extent  the  paper  possesses  the  desirable  absorptive  proper- 
ties necessary  for  power  cable  paper,  we  also  support  Mr. 
Bewei;  in  his  view  that  it  provides  other  valuable  indi- 
cations, notably  those  as  to  its  electrical  insulation  and 
capacity,  especially  for  air  space  cable  work  (telephone 
cables),  where  absorptive  properties  in  respect  of  compound 
are  not  necessary,  and  where  the  paper  is  certainly^  some- 
thing more  than  a  medium  for  holding  the  insulator. 

Jlr.  Beaver  mentions  that  cable  paper  manufacturers 
employ  magnetic  arrangements  for  extracting  particles  of 
iron  and  magnetic  oxide.  While  this  i.s  a  fact,  and  accounts 
for  the  general  absence  of  these  bodies  in  good  paper,  it  is 
equally  a  fact  that  particles  of  metallic  copper,  and,  less 
frequently,  co])per  alloys,  are  sometimes  found  in  the  paper 
as  delivered  from  the  mills.  The  presence  of  these  particles 
of  copper  is  usually  attributed  by  the  paper  manufacturer 
to  small  pieces  of  copper  wire  returned  from  the  cjible 
makers  in  waste  cable  paper,  of  which  a  certain  amount 
has  been  re-pulped  and  incorporated  in  a  fresh  batch.  We 
understand,  however,  that  the  paper  manufacturers  are 
now  discontinuing  the  practice  of  using  cable  makers' 
paper  scrap  for  this  purpose. 

Regarding  insulating  compounds  used  for  impregnating, 
obviously  it  would  be  useless  to  employ  a  satisfactory 
paper  should  it  be  subsequently  impregnated  with  suit- 
stances  which  possess,  or  could  develop,  properties  causing 
corrosive  action  on  the  copper  conductor.  In  this  connec- 
tion we  agree  with  Mr.  Beaver  that  mineral  and  resin  oils 
have  no  corrosive  action  on  copper,  Vnit  that  oils  such  as 
castor  oil  and  other  fatty  seed  oils  sometimes  have  pro- 
nounced corrosive  action.  Messrs.  Beadle  and  Stevens 
give  the  results  of  analysis  of  two  impregnating  materials  : 
"  The  so-called  acidity  in  terms  of  resinous  acid  we  found 
to  be  in  the  case  of  No.  1  4Jrper  cent,  and  in  Xo.  2  47  per 
cent ;  with  resin  oil  we  should  expect  to  find  about  40  per 
cent."  While  we  agree  widi  Mr.  Beaver  that  there  is  no 
difficulty  in  procuring  the  oils  which  are  used  iu  British 
practice  perfectly  free  from  either  organic  or  inorganic 
acids,  we  would  say  that,  so  far  as  obtaining  resin 
oil  practically  free  from  organic  acids — such  as  may 
lio  understood  by  the  expression  of  resinous  acid  men- 
tioned by  Messrs.  Beadle  and  Stevens — ib  is  unneces- 
sary to  provide  for  its  absence,  at  least,  so  far  as  copper 
corrosion  or  deleterious  eflect  on  any  of  the  components  of 
the  insulation  is  concerned.  At  the  same  time  we  would 
say  tliat  40  per  cent,  resinous  acids  (indicated  by  titration 
with  caustic  potash)  is  very  much  higher  than  is  usually 
found  in  good  commercial  resin  oil. 

Further,  Messrs.  Beadle  and  Stevens  state :  "  We  have 
noticed  traces  of  both  copper  and  lead  in  such  papers  when 
impregnated  with  resin  oil."  Here,  again,  they  seem  to 
imply  that  the  presence  of  these  traces  is  a  function' of  the 
resin  oil;  but,  in  our  opinion,  it  is  more  likely  to  be  due  to 
friction,  and  would  probably  be  found  restricted  to  the  two 
surfaces  of  the  particular  layers  of  paper  immediately  next 
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till.'  (.ouductor  iiiul  lead  slioatliinjt  n>spoctivoly.  Lead  heing  a 
sole  metal  could  easily  impart  faint  local  spots,  streaks  or 
films  of  metal  to  the  compounded  pai)cr  when  the  cable  is 
lieiit,  and,  as  is  well  knowu  by  those  who  have  handled  coi)- 
per  wire,  its  surface  frequently  contains  traces  of  very  finely 
divided  copper  dust :  ivssuminjj;  the  absence  of  particles  of 
metallic  copper  in  the  paper,  as  referred  to  above,  this  may 
easily  account  for  the  traces  found  by  Messrs."  Bkadi.u  and 
Stevens.  However  this  may  be,  provided  the  traces  are 
i-estricted  to  the  layers  of  paper  mentioned,  and  that  tliey 
are  in  the  metallic  state,  and  not  salts,  which  would  be 
more  likely  to  penetrate,  we  endorse  their  opinion  that  the 
amount  is  too  small  to  all'ect  the  dielectric  properties.  Wo 
cannot,  however,  agree  to  pa.ss  over  lightly  the  statement 
made  by  Messrs.  liEAnLK  and  Stevens  regarding  traces  of 
metallic  salts  in  paper;  we  are  of  opinion  that  all  traces  of 
metallic  salts,  other  than  those  found  in  the  fibre's  natural 
ash,  should  be  most  rigidly  excluded  from  the  paper,  especi- 
ally those  readily  soluble  ia  water  and  which  may  impart 
an  acid  reaction  to  the  pajier,  such  as  alum,  &c.  Elec- 
trical cable  manufacturing  engineers,  of  any  exptn'ience  at 
all,  know  that  the  presence  even  of  a  faint  trace  of  mineral 
acid  salts  in  the  insulator  will  seriously  degrade  the 
dielectric  strength  and  insulation  resistance,  itc,  of  the 
mateiial,  and,  generally  speaking,  there  is  nothing  in  the 
composition  ot  impregnating  compounds  used  in  British 
practice  which  would  tend  tf)  arrest  the  weakening  ellect 
of  such  traces  of  mineral  acid  salts  on  tlie  insulating 
projicrties  of  the  compounded  paper. 

Ifegarding  the  deterioration  of  paper  under  beat  tests 
we  are  inclined  to  support  Mr.  Beaveh's  views  that,  in 
most  cases,  poper  containing  woody  fibres — i.r.,  in  larger 
quantities  than  accidental  traces — deteriorate  at  mucii 
greater  rate  than  pure  manila  or  manila  and  hemp  iiapers. 
Certain  it  is  that  papers  containing  or  consisting  wholly  of 
chemical  wood  pulp,  possessing  even  perhaps  only  a  i'aint 
acid  reaction  due  to  insullicient  washing  or  ni^utralisation, 
will  deteriorate  in  strength  under  the  iullueucc  of  heat,  at 
a  very  ]ironoinirpd  rate. 


REVIEWS. 


(Copies  of  tlio  undermontlonod  works  can  bo  had  from  Tfii  RIfe/Hctan  OfBco,  poHt  free, 
on  receipt  of  ptibliblicil  price,  adding  3d.  for  booka  published  under  28.  Add  10  per 
cent,  for  abroad  or  for  forei({n  books.) 


Elementary  Dynamo  Design.    By  W.  Bicmjon  Uikk.    (Londuii : 

L'assell  &  Co.)      I'p.  i.x.  -Ii76.     7.s.  (d.  net. 

As  the  inillior  i'.\|)l!iins  in  liis  picfMci-,  "llic  ;iiiii  ol  ihis 
volume  is  to  I'.xplain  l>v  humus  of  iimiicricMl  i'.\;iiii|j|i'>  I  hi' 
methods  and  calciilalion.s  mi'ci's.shiv  lor  the  dcsijiii  ol  (Ivnniiio 
electric  iiiacliinei y.  Controversial  points  as  to  nicctv  of  de- 
sign ar<'  avoided,  as  belonging  to  a  more  advanced  study  than 
is  here  intended."  With  this  oi)ji'ct  in  view,  the  author  gives 
the  ealeulations  ncce.s,sary  for  the  design  of  a  continuous- 
current  i;encrator  and  motor,  ah<l  of  n  tlirrc-|ihiisc  ;il(rrniitiii 
and  a  three-phase  induetiun  motor. 

In  the  introduetorv  rhapters  a  short  ;v'.m»/((  is  ylvcn  of  the 
i-|i'(trieal  and  mannetir  properties  of  the  materials  iised  in 
ell  (trie  niaehinerv,  as  well  as  a  deseriptiou  of  the  Viirioiis  types 
of  eontinuous-eurrent  machines  :  the  deseri])tion  of  arinatiui' 
and  field  windings  is  very  siiu])le  and  clear.  The  design  of 
eontiniious-einrent  machinery  is  di'alt  with  in  the  usual  wav, 
but  v.c  think  it  would  have  been  better  if,  instead  of  merely 
statiny  the  fact,  the  author  had  proved  how  the  oiitpnt  in  wafts 
per  revolution  per  minute  depended  on  llie  il  I  ibtnensidiis  of 


Held  coils  is  Ireali'd  in  the 
chihes,  such  as  ^<'npnitor8 


the  armatme,  and  how  the  various  constants,  which  affect  the 
result,  may  be  taken  into  account.  This  is  tin'  chief  fault  of 
the  book  :  Kornuda-  and  statements  are  given  which  the  author 
seems  to  have  assumed  the  reader  could  elucidate  for  himself. 
Whatever  merits  such  an  assumption  may  possess,  it  is  eer- 
taiidy  too  much  to  ex|)eet  of  one  just  eoinniencing  the  study 
of  dynamo  design.  Thi>  prol)leni  of  coniniutation  is  dealt  with 
in  Mr.  Hobart's  enqiirieal  method,  and  is  yery  eh'arly  ex- 
])re.s.sed  :  The  atithor  nuMitions  Mr.  Mumm's  fiirniula  fnr  reac- 
tance voltage,  but  leaves  it  for  the  reader  to  woik  iml  for  his 
satisfaction. 

The  heatiliu  of  the  arniat  lire  ni 
orthodox  method. 

Reference  is  inaile  to  spi'cial  I 
for  ('0111)1111;.;  lo  sleaiii  tiirliines.  \arialile  speed  motors  and  the 
use  of  commutating  poles  and  eomi)eiisatiiig  windings  by 
means  of  which  arc  overcome  the  commutation  troubles, 
which  conu'  into  great  prominence  with  such  machinery. 

After  dealing  with  the  ])rincipli's  of  alternating  ciinents,  the 
author  goes  through  the  ealculatious  for  a  three-phase  alter- 
nator, but  we  cannot  commend  the  manner  in  which  he  starts 
his  design.  He  objects  to  taking  the  leading  dimensions  of  the 
stator  from  the  curve  showing  watts  (in  this  case  kilovolt- 
am|)eres)  i)er  revolutions  per  minute  jn'o|)orlional  to  il'l, 
since  these,  he  maintains,  must  largely  depend  on  the  regula- 
tion required  of  the  machine.  We  cannot  agree  with  this,  for 
ill  all.  except  small  diameter  machines,  the  output  is  deter- 
mine<l  by  the  stator  dimensions,  whilst  the  rotor  ami  gaj)  can 
be  left  to  look  after  the  regulation,  liy  the  suitable  choice  of 
constants  which  make  up  the  "  kiloyolt-amperes  per  revolutions 
per  minute"  ex])ression,  the  linear  dimensions  can  easily  ho 
])redelermiiied.  We  note  no  attempt  is  made  to  calculate  the 
magnetic  leakage  of  the  alternator,  which  is  surely  a  serious 
omission,  even  for  an  elementary  book. 

The  three-])hase  induction  motor  is  very  cleanly  worked  out 
and  sjiecial  prominence  is  j^iyeii  to  lleyhind"s  circle  dia^jram. 

The  last  chapter  deals  with  special  alternating-current 
machinery,  such  as  synchronous  motors  and  single-phase 
induction  and  conmiutator  motors  ;  but  we  are  surprised  to 
see  no  mention  of  the  rotary  converter  or  the  cascade  motor 
converter.  We  hardly  need  say  the  subject  has  been  treated 
in  a  very  brief  manner,  considering  that  there  are  only  "JTfi 
])ages  ;  but,  with  the  exception  of  the  jioints  already  noted,  tlie 
author  has  treated  his  subject  very  well,  and  has  clearly  in- 
dicated the  lines  by  which  machines  arc  designed.  To  the 
conscientious  reader  it  should  be  of  great  assistance.  It  is  a 
])leasiire  to  find  a  book  so  well  arranged  and  ])rovided  with 
such  excellent  diagrams. 

Die  "  Elektrische  "  Taschenbuch    By  Tai-i,  SoiiAii!,oTr.   (Leipzig : 

(!ail.S(^lioU/,o.)  I'll.  2C6.  M.1.75. 
In  this  small  pocket-lxxdi  the  feature.?  of  electric  tramways 
are  dealt  with  in  an  elementary  maimer.  The  object  of  the  book, 
namely,  to  give  the  ordinary  tramway  |)ersonnel  a  rudimentary 
knowledfie  of  the  electrical  |)lienomena  and  mechanical  actions 
which  are  met  with  m  electric  traiuway  work,  lias  been 
salisfact(n'ily  attained.  liy  carefully  sliiilyin;;  thi'  snliject- 
niattei  ciinlained  in  (he  yoliniie  I  lie  reader  will  be  able 
111  obtain  a  very  jjood  yiasp  of  the  apparadis  and  machinery 
he  is  to  handle  ;  and  his  task  is  rendered  all  the  easier 
by  the  huge  number  of  excellent  dravyiiies  and  illustra- 
tions of  the  details  of  tramway  material  with  which  the  book 
is  furnished.     The  descrij)tions,   if  .somewhat   brief,  in  conse- 

(pienc<>  of  11 xteiisiveness  of  the  silbjecl   and  (he  necessarily 

eiiriliiHd  spaei'  ayailalile.  are,  lioweyer,  <'lear  and  In  llie  p.iinl. 

Theicaic  I  I  cli.iiili'is.  TlielirsI  ;_'iyesll lemrnlarv  principles 

of  inagliedsm,  electricity,  elect  roiiia'^iiel  ism,  eiirreni,  vollat;e, 
resistance,  the  production  of  heat.  li^;lit  and  electrical  energy 
and  electric  li^jhliiit;.     Chapter  II.  (•xplaiiis  I  lie  applications  of 

electrical  ])lieiioiiieiia.     Chapter  III.  is  a  slioil  on  ele'-tne 

tramway  systems.  Cliaplcr  l\'.  is  descripli\-e  of  the  power- 
house, boileis,  dynamos,  switchlioards,  acce.s.sories,  batti'iies. 
pumps,  condensers.  &c.  Chapter  V.  briefly  explains  the  more 
mportant  points  of  the  ciilile  network.  Cha[)ter  VI.  i^  on  the 
iverhead   line  eipiipment,   incliidin;.'  jjoles.  and   is  one  of  the 
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I  best  ill  till'  book.  ('li;ii)tor  ^'1I.  contains  iiiloiinatiou  on  tlii' 
I  track  with  its  iittonclaiit  coiistiuctional  work.  Chapter  VIII. 
I  noes  raiofully  into  th(>  details  of  tlie  jjarts  and  the  nianipu- 
i  fation  of  tramway  roilinj;  stoek.  It  contains  good  ilhistra- 
tioiis  of  the  parts  of  car  bodies,  trucks,  trolley  standards. 
!  roiitrollers,  motors,  and  so  on.  Chapter  IX.  deals  with 
I  the  various  car  types — sinjiie  and  double-deck  cars,  trailers, 
'  two  and  four-axle  bogies.  Tramway  brakes  are  then  e.\i)lained 
!  in  Chapter  X.— hand,  electric  and  pneumatic  brakes,  with  their 
I  mode.s  of  action,  manipulation  and  arrangement.  Chapter  XI. 
I  isa  verv  short  oin^  on  the  departures  necessary  for  inter-urban 
'  and  long-distance  lines.  Cha|)ters  \II.  and  XIII.  give  operat- 
I  ing  rules  and  disturbances  which  occur  in  wtn-king,  faults  on 
i  the  overhead  line,  mains,  &c.  And  the  final  chapter  is  an 
appendi-x  containing  extracts  of  German  rules  with  some  hints 
on  first  aid.       __^_^ 

AUTOMATICALLY  CIRCDLATING  FURNACES  OF  THE 
GIN  TYPE  FOR  THE  ELECTRICAL  PRODUCTION  OP 
j     STEEL.- 

BY    Cil'STAVE    (UN. 

I  Summnri/. — A  ili'MTiption  is  nivcii  cif  iniUictidn  fiiniiu-os  in  which  tho 
molten  miiteiiiil  is  in  cimtiniial  ciniilatinn  An  clec-triKlc  furnaci^  is  also 
'described  in  which  tlic  same  iiiinci]ilc  is  a|iiilic(l.  and  liually  a  combined 
I  induction  and  clcclnxlc  furnace. 

I  Gin  Inihicliiin  Furnnrc. — In  induct  ion  furnaces  with  an  open 
connecting  channel  it  i.s  difticult,  on  account  of  the  small  heat  con- 
ductivity and  of  the  slowness  with  which  the  molten  bodies  dili'n.se. 
to  obtain  a  niiifonn  distriliution  of  cither  tlie  heat  or  tlie  purifying 


FURNACK. 


reactions.  A  iiiiuh  better  result  is  obtained  from  tlic  technical  point 
nf  view  by  keeping  the  molten  material  in  continual  circulation,  as 
this  causes  a  mixture  of  all  the  parts  ami  brings  fresh  surfaces  of  the 
reacting  bodies  into  contact.  Such  a  circulation  has  been  obtained 
by  Seluieider,  and  also  by  tho  author,  the  latter  furnaces  being 
■liaracieriscd  by  a  converter  which  is  composed  of  two  crucibles, 
Imll'  partly  tilled  witli  (lie  inollen  material,  and  of  communicating 
inclined  channels,  w  liolly  filled  with  this  material.  The  whole  arrange- 
ment forms  a  closed  circuit,  through  which  the  heat  generated  eau.ses 
I  general  circulation.  This  continues  owing  to  an  ascending  move- 
aient  which  occurs  in  the  connecting  channels,  and  is  transmitted 
hrnugh  the  wliole  molten  mass. 

Fig.  1  shows  .■!  incMJel  turnaec  whicli  the  author  designed  willi  llic 
issistanec  (rf  M.M,  Schneider  el  Cie.  lor  construction  at  the  Krupii 
■vorks  in  hissen.  Tliis  furnace  consists  of  two  crucibles,  a  and  /'. 
wnnecled  by  (he  heating  channel,  r.  The  larger  of  these  crucibles. 
I.  is  known  as  the  working  crucible,  and  is  titted  with  a  draw-otT  door 
jir  the  .slag,  and  a  pouring  funnel  for  the  steel.  The  inducing  circuits 
urround  the  two  heating  channels  and  arc  cooled  by  forced  vcnlila- 
lion.  To  f.acilitale  pouring  and  the  withdrawal  of  the  slag,  the  whole 
jurnaee  can  In-  turned  aliout  an  axis  by  means  of  an  eleclvically 
fdven  worm.  It  is  easy  to  understand  w  liy  such  a  furnace  sluiuld  be 
I'Hter  from  a  lecbnieal  point  of  view  than  one  with  an  open  eonnect- 
|ig  channel.  The  heating  is  uniform  throughout  the  furnace,  and  a 
ery  high  temperature  can  lie  obtained  without  any  fear  of  inlroduc- 
|ig  the  "  )iincli  ]ibcnomenon  "  in  the  heating  channels.  Kvery 
|i>rtion  of  the  molten  mass  comes  successively,  and  at  a  rajiid  rale, 
ito  Contact  with  tlw  oxidising  slag,  thus  ])crmitting  a  much  more 
ipid  and  complete  puritication  than  (an  be  obtained  in  ordinary 
imaces.     The  speed  reaohed  in  the  channels  varies  according  to 

Abstract  of  a  Paper  read  before  the  Faraday  Society. 


their  gradiint  and  diameter,  but  IIxj  arrangements  are  s<i  dcHigni-d 
that  a  minimum  velocity  of  Old  metres  jht  second  ih  obtained. 

In  induction  furnaces  with  an  annular  channel  the  coeftieicnta  of 
self,  and  mutual  induction  increase  with  the  dimensionH  of  the 
secondary  circuit  and.  tlipreforc.  with  the  capacity  of  the,,  furnace. 
This  makes  a  reduction  in  Ihe  fropicncy  of  the"  primary  current 
necessary,  and  leads  lo  the  iinpl(.\  nient  of  generators  and  trans- 
forming apparatus,  abnormal  in  dinunsions,  wciiiht,  and  size.  With 
the  autonuitically  circulating  furnace  the  ohmic  resistance  of  the 
circuit  can  be  increased  without  correspondingly  altering  its  .stlf-  or 
mutual  induction,  thus  allowing  furnaces  witli  a  satisfactory  power 
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Fio.  2. — Electrode  Furnace. 

factor  to  be  obtained,  and  generators  and  transformers  of  normal 
frequency,  weight,  and  price  to  be  employed.  The  furnace  illus- 
trated is"construct<Hl  fiu'  a  iiower  of  420  kw.  The  ])rimary  current  is 
supplied  at  an  a\'erage  pressure  of  t.SOtl  volts,  and  its  frcqiu-ncy  is 
reduced  to  5  per  second.     Its  capacity  is  .")  tons. 

din  Klectrodf  inul  Aiili>iiinlicnlh/  Cirnilalin'j  Funiare.— In  some 
electrio  furnaces  which  arc  applied  to  the  iiroduetion  of  steel,  the 
arc  plays  l)etween  one  or  nioie  electrodes  and  the  l)ath  it  is  d<  s'.red  to 
heat.  If  the  emrent  pass  from  one  electrode  to  the  bath  and  thence 
to  a  second  electrode  which  is  movable  like  the  lirst,  a  imrely  supcr- 
ticial  heating  is  obtained  by  means  of  two  arcs  in  scries.  This  is 
favourable  to  a  high  temperature  of  the  slag,  but  produces  an  in- 
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complete  and  non-homogcnciuis  heating  of  the  molten  metal  in  the 
batli.  If  Ihe  eurreni  from  a  single  electrode  pass  through  l!u^  bath 
to  leave  by  a  condueliiu;  hearth,  an  amount  of  heat  is  .sot  fre<-  in  the 
mass  travt-rsed.  whicli  i<  proportional  to  Ihe  electrical  resistance  of 
this  mass.  Hut  if  a  melal  like  iron,  whose  resistance  is  comparatively 
low.  is  being  worked  with,  this  c|uanlity  of  heat  is  practically  negli- 
gible, and  The  useful  ellect  is  reduced  lo  the  superlieial  healingpro- 
dueed  by  the  arc  between  the  electrode  and  the  surface  of  the  bath. 
In  both  cases  tho  thermal  efticiency  is  hiw.  for  the  heat  conductivity 
of  li<piids  is  small,  and  the  ascending  and  descending  currents  which 
are  produced  when  the  source  of  energy  acts  on  the  lower  pari  of  the 
bath  cannot  be  used  for  the  transmission  of  heat.     This  disadvantage 
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is  rfiiiodied  by  causing  the  molten  ma!.s  to  bi-  artilicially  circulated. 
To  obtain  this  circulation  the  author  has  designed  an  induction 
furnace  made  up  of  a  scries  of  crucibles,  jtarlly  tilled  «ith  the  molten 
material,  and  connected  by  communicating  inclined  channels  which 
arc  completely  filled  with  the  molten  mass.  The  same  princii)le 
cin  b?  employed  in  electrode  furnaces.  The  simplest  ajiplication  is 
shown  in  Fig.  -2.  which  illustrates  a  furnace  made  up  of  two  crucibles, 
a.  connected  by  inclined  elianncls,  h,  sloping  in  opposite  directions. 
In  the  t«o  crucibles  are  placed  the  electrodes,  c.  which  are  connected 
to  an  electricity  .supply.  The  current  |)asses  from,  the  electrode 
into  the  b:ith  in  the  first  crucible,  and  from  there  into  the  other  bath 
through  the  channels,  h.  which  .serve  as  conductors  bitli  ef  electricity 
and  heat.  Lastly,  the  current  pas.ses  from  the  bath  in  the  second 
crucible  to  the  corresponding  electrode.  On  account  of  the  heating 
which  is  produced  in  the  eomnuinieating  tubes  and  the  difTerenee  of 
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level  which  exists  between  their  two  ends,  the  molten  mass  rises  m 
them  and  passes  from  the  first  furnace  to  the  second  by  one  of  the 
tubes  and  in  the  opposite  direction  by  the  other,  so  that  a  con- 
tinuous circulation  and  even  heatins  is  obtained. 

A  three-phase  furnace  can  l)c  similarly  arranged  by  connecting 
three  crucibles  by  inclined  tubes,  which  serve  as  both  electrical 
conductors  and  transmitters  of  heat.  The  author  has  designed 
furnaces  on  this  system  for  powers  of  750  kw..  1..500kw.,  and 
2,500  kw.,  from  which  8  tons,  14  tons,  and  20  tons  of  metal  can  be 
respectively  obtained. 

Comhincd  Induction  and  Eleclrode  Furnace  uilli  Autmnatic  Circula- 
tion.— By  combining  the  methods  of  heating  by  electrodes  and  induc- 
tion, when  materials  containing  large  quantities  of  impurities  are 
being  used  in  stceJ  production,  refining  jiruduccs  a  large  quantity 
of  slag  who33  electrical  resistance  is  very  great  compared  with  that 
of  the  metal  it  covers.  If  the  heating  is  effected  simply  by  induction 
the  transformation  of  the  electrical  into  thermal  energy  takes  plaoe 
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almost  wholly  in  the  met.al.  The  slag  being  insufficiently  heated  by 
its  contact  with  the  metal  bath,  it  is  difficult  to  nu-vintain  it  in  a 
conveniently  fiuld  state  or  at  a  temperature  suitable  for  the  purify- 
ing reactions.  To  remedy  this  disadvantage  the  employment  of 
a  second  source  of  heat,  electrical  or  otherwise,  which  allows  the  slag 
to  be  specially  heated  has  been  proposed  by  Schneiflf  r  el  tie.,  and 
the  Rochlingsehc  Eisen  und  Sl.ahlwerke  and  Rodenhauscr. 

A  mixed  furnace  which  gives  better  technical  results  is  obtained  by 
employing  the  arrangements  shown  in  Figs.  3,  4  and  .5,  which  repre- 
sent diagrammat  ically  t wo  crucibles,  I  and  2,  connected  by  channels,  a. 


which  slope  in  opposite  directions.  Round  one  of  these  channels  is 
an  inductive  system,  c.  fitted  with  a  primary  winding.  </,  and  a 
secondary  winding,  e.  The  ends  of  the  latter  are  connected  to  two 
electrodes,  b,  by  which  current  is  lirought  to  the  surface  of  the  bath 
in  one  of  the  crucibles.  As  in  the  ordinary  induction  furnace,  how- 
ever, the  bath  made  u\>  of  erueibU-s  1  and  2.  and  the  channels,  n, 
forms  a  secondary  winding  in  which  is  induced  a  secondary  current 
that  is  transformed  into  heat.  An  internal  heating  in  the  channels 
and  a  auiierficial  heating  in  crucible  2  is  thus  simultaneously  obtained. 
The  electrodes  being  movable,  the  resistance  of  the  circuit  in  which 
they  are  connected  can  be  varied  at  will,  and  thus  the  total  power 
distributed  in  the  most  convenient  manner  according  to  the  workin" 
conditions. 

The  furnace  shown  in  Fig.  ti  has  been  designed  for  a  power  of 
(i.DOO  kw..  and  can  furnish  50  tons  of  metal  at  a  pouring. 

In  a  note  submitted  in  1907  to  the  American  Electrochemical 
Society,  the  author  stated  some  theoretical  data  for  the  design  of 
induction  furnaces  ;  the  remainder  of  the  present  Paper  is  devoted  to 
practical  applications  of  such  data.  In  order  to  emphasise  the 
})Ossibility  of  obtaining  a  powerful  furnace  with  this  arrangement, 
«  hile  still  utilising  generators  of  standard  frequencies  two  furnaces  of 
42(1  kw.  and  790  kw.  are  compared,  the  supply  current  to  the  first 
furnace  being  at  a  frequency  of  5  and  that  to  the  second  at  a  frequency 
of  25.  The  first  of  these  furnaces  was  erected  at  the  Krupp  works  in 
Essen,  while  the  second  is  to  be  used  in  the  factory  now  luidcr  con- 
struction at  Ste.  Marie  de  Cunies  (Savoie).  The  details  of  the  first 
furnace  are  : — power  420  kw.,  supply  voltage  3,500-4.000,  frequency 
5.  area  of  iron  in  transformer  8,950  sq.  cm.,  estimated  flux  9.000  gauss, 
diameter  of  channels  17  ems.  And  o£  the  second  furnace  :  power  at 
the  primary  terminals  790  kw.,  su])ply  voltage  .5(10  to  5.50,  frequency 
25,  area  of  iron  in  the  transformer  4,2(10  sq.  em.,  estimated  flux 
9,000  gauss.,  diameter  of  channels  12  cm.  The  resistance  of  the 
molten  metal  may  vary  between  140  x  I0-'  and  2(HI  x  UP  electro- 
magnetic units. 

The  author  calculates  the  dimensions  and  constants  of  the  two 
transformers,  the  efficiencies  being  shown  to  be  955  and  95-2  per 
cent.,  respectively. 


CORRESPONDENCE. 


DIFFERENTIAL  BALLISTIC  METHODS  OF  MEASUR- 
ING HYSTERESIS  LOSSES. 

TO    THE    EDITOR   OF   THE    ELECTRICIAN. 

Sir  :  I  must  thank  Dr.  Beattie  for  his  reply  to  my  letter 
ex|)laiiiing  more  fully  than  in  his  article  the  nieasureniciit  of 
H  in  his  spceific-los.s  method  of  testing  straight  Ininilles  of  i'on 
for  hysteresis.  Granting  that  H,;  is  proportional  to  B,  1  can 
find  no  fault  in  Dr.  Beattie's  reasoning.  Ncverthek'ss.  I  am 
still  doubtful  whether  the  hysteresis  loss  in  the  centre  of  a 
straight  bundle  can  be  materially  different  from  the  hysteresis 
loss  in  a  closed  ring. 

Dr.  Beattie  claims  that  identical  results  being  obtained  by 
his  total  loss  and  specific  loss  methods  is  in  a  measure  a  proof 
of  their  correctness.  It  appears  to  me  just  the  opposite.  I 
should  expect  to  find  a  normal  hysteresis  loss  in  the  centre 
of  the  bundle,  but  a  greatly  reduced  hysteresis  loss  over  the 
bulk  of  the  iron,  especially  near  the  ends.  I  f(el,  however, 
rather  out  of  my  depth  when  discussing  non-uiiiforni  magnetic 
circuits,  so  may  be  quite  wrong. 

I  note  that  Dr.  Beattie  found  the  same  loss  at  the  centre  of  a 
straight  bundle  as  in  a  ring  when  a  wattmeter  was  substituted 
for  a  ballistic  galvanometer,  the  loss  being  then  1-6  times  the 
loss  found  ballistically.  This  appears  to  jn-ove  my  contention 
that  tli(5  hysteresis  loss  in  the  centre  of  a  straight  bundle  is 
i|uite  normal,  and  that,  therefore,  there  is  something  wrong 
about  the  ballistic  test.     What  this  is  I  cannot  at  present  say. 

That  an  air-gap  in  a  magnetic  circuit  doc.s_^dccrease  the  total 
hysteresis  loss  can  be  proved  by  making  a  wattmeter  test  on  a 
closed  ring  and  then  sawing  through  the  ring,  but  I  have  ahv.avs 
felt  that  the  decrease  in  hysteresis  must  necessarily  be  confined 
to  that  \r.ivt  of  the  wim  in  the  immediate  neighbourhood  of  the 
air-gaj). 

I  am  obliged  to  Dr.  Beattie  for  his  explanations  and  for  his 
references.  I  have  not  yet  been  alile  to  look  up  the  latter, 
being  away  from  home,  but  will  have  great  pleasure  in  doing 
so  on  my  return.— I  am,  &c.,  Lancelot  W.  Wild. 

Westminster  Electrical  Testing  Laboratory,  July  3. 
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THE  NEW  HOME  OFFICE  REOULA-TIONS. 

TO    THK    EDITOR    OF   THE    ELECTRICIAN. 

Sii;  :  III  connection  with  the  new  Home  Office  lej^uhitions 
for  the  generation,  transformation,  distribution  and  use  of 
electrical  eneif;y  in  premises  under  the  Factory  and  Worksliop 
Acts  of  19(n  and  1907,  which  come  into  force  to-day  and  on 
January  1,  1910,  there  is  a  sentence  in  regulation  No.  13  which 
seems  to  require  a  little  explanation.  This  regulation  reads 
as  follows  : — 

"  l.'i.  Every  flexible  wire  for  portable  apparatus,  for  alter- 
nating current  or  for  pressure  above  150  volts  direct  current, 
shall  be  connected  to  the  system  either  by  efficient  permanent 
joints  or  connections,  or  by  a  properly  constructed  connector. 
In  all  cases  where  the  person  handling  portable  apparatus  or 
pendant  lamps  with  switches,  for  alternating  current  or  pres- 
sures above  150  volts  direct  current,  would  be  liable  to  get  a 
shock  through  a  conducting  floor  or  conducting  work  or  other- 
wise, if  the  metal  work  of  the  portable  apparatus  became 
charged,  the  metal  work  must  be  efficiently  earthed ;  and  any 
flexible  metallic  covering  of  the  conductors  shall  be  itsslf 
efficiently  earthed,  and  shall  not  itself  be  the  only  earth  con- 
nection for  the  metal  of  the  apparatus.  And  a  lamp-holder 
shnll  not  he  in  metallic  connection  with  the  guard  or  other 
metal  work  of  a  portable  lamp.  In  such  places,  and  in  any 
place  where  the  pressure  exceeds  low  pressure,  the  portable 
apparatus  and  its  flexible  wire  shall  be  controlled  by  efficient 
means  suitably  located,  and  capable  of  cutting  oft'  the  piessure, 
and  the  metal  work  shall  be  efficiently  earthed  independently  of 
any  flexible  metallic  cover  of  the  conductors,  and  any  such 
flexible  covering  shall  itself  be  independently  earthed." 

It  is  the  sentence,  the  words  of  which  I  have  put  in  italics, 
that  seems  to  me  to  call  for  comment.  If  the  remainder  of 
the  metal  work  of  the  fitting  is  earthed,  it  would  also  seem  to 
be  advisable  to  earth  the  holder.  If  the  holder  is  insulated, 
it  is  liable  to  become  charged,  and  anyone  turning  the  switch  on 
or  off,  if  the  holder  is  of  the  switch  type,  or  putting  in  a  new 
lamp  or  tightening  up  the  barrel  while  holding  the  metal  stem 
of  the  fitting,  or  while  making  contact  in  some  other  way  with 
earth,  would  be  liable  to  get  a  shock.  I  can  only  conclude  that 
a  printer's  error  must  have  occurred  here,  and  that  the  word 
"  not  "  should  be  deleted.  It  seems  a  Httle  late  in  the  day  to 
be  writing  in  reference  to  this  matter,  seeing  that  we  have  all 
had  so  much  time  in  which  to  give  these  excellent  regulations 
our  consideration,  and  it  is  possible  that  I  have  not  interpreted 
the  sentence  correctly  in  its  relation  to  the  rest  of  regulation. 
It  so,  I  should  like  to  be  put  right. — I  am,  &c., 

Strathleven,  Holywood,  Co.  Down.  .luly  1.       F.  Johnston. 

[We  refer  to  this  letter  in  our  "  Notes"  columns. — Ed.  E.] 

CHEAP  UNITS. 

TO    THE    EDITOR     OF    THE    ELECTRICIAN. 

Sir  :  There  are  one  or  two  points  in  connection  with  your 
leading  article  on  the  above  subject  to  which  I  should  like  to 
refer.  You  state  your  preference  for  the  more  exact  method 
of  a  fixed  charge  per  annum  per  kilowatt  of  maximum  demand 
coupled  with  a  low  price  per  unit,  and  you  add  that  the  diver- 
sity factor  should  be  taken  into  account  in  making  the  fixed 
charge.  In  the  above  I  am  quite  with  you,  and  the  only 
point  I  want  to  sec  cleared  up  is  the  question  of  the  applica- 
tion of  the  diversity  factor  in  the  reduction  of  the  fixed 
charge.  The  effect  of  the  diversity  factor  may  be  taken 
account  of  in  two  ways;  (1)  it  may  be  expressed  as  the 
ratio  of  the  .sum  of  the  maximum  demands  of  the  various 
(■(insumer3  (including  the  new  consumer  under  considera- 
tion) to  the  new  maximum  demand  at  the  station  ;  or 
('2)  it  may  be  expressed  as  the  ratio  of  the  iiicnm.i  nl  of  the  sum 
of  the  maximum  demands  of  the  various  consumers  to  the 
■incmnoit  of  the  maximum  demand  at  the  station.  The  cor- 
ii'sponding  analogy  in  the  matter  of  load  factor  would  be  that 
( I )  a  consumer  would  only  get  the  benefit  due  to  the  jier- 
centag?  improvement  that  he  conferred  upon  the  load  factor 
of  the  whole  station,  or  (2)  he  would  get  the,  whole  benefit 
due  to  his  own  load  factor.     I  contend  that  in  the  matter  of 


diversity  factor  the  consumer  ought  to  be  treated  under  the 
second  method. 

If  this  principl :>  be  granted,  and  I  cannot  help  feeling  that 
it  is  the  right  one,  then  the  allocation  of  the   fixed  charges 
becomes  an  easy  matter,  and  it  is  only  necessary  to  add  a 
percentage  of  profit  on  to  the  true  running  cost  to  cover  all  cases. 
My  point  is.  that  a  consumer  coming  on  in  the  dead  of  night 
is  just  as  profitable,  or  even  more  so,  to  the  station  if  he  is 
charged  in  the  above  manner  as  the  ordinary  consumer  would 
be  who  comes  on  at  peak  load.     In  the  latter  case  the  station 
incurs  a  very  big  expenditure  for  the  sake  of  getting  the  con- 
sumer, and    the  real    issue    comes  in    the  question  of  what 
/.<  the  nd  profit,  after  all   the  other  expenses  have  been  met. 
I  do  not,  therefore,  agree  with  your  statement  that  a  consumer 
with  a  maximum  demand    occurring  betwem  midnight  and 
fi  a.m.  should  contribute  something  towards  capital  charges  ; 
but  that  he  should  contribute  merely  to  "  net  profit "  charges. 
It  also  appears  to  me  that  in  the  desire  to  be  scnipulously 
fair  towards  the  old  consumers,  .some  of  our  friends  are  ov.'i- 
shooting  the  mark  and  are  grossly  unjust  towards  the  (would 
be)  new  consumers.    I  am  not  at  all  sure  that  if  the  restricted- 
hour  system  could  be  applied  in  the  way  I  suggest  and  carried 
until  reasonably  late  in  the  afternoon,  much  bu.siness  might 
not  be  done  in  heating  and  cooking,  as  well  as  in  power.  Surely 
there  can  be  no  harm  in  offering  the  terms,  if  the  station  is 
properly  protected  against  spurious  peaks.     There  is  at  least 
the  chance  of  capturing  some   new  consumers — and    that   ig 
worth  something. — I  am,  &c  , 
King's  Heath,  July  6.  A.  M.  Taylor. 


THE  PURIFIC&TION  OF  WATEB  BY  OZOSE. 

BY    S.    RIDEAI.,    D.SC,    F.I.C. 

Particulars  are  first  given  of  the  early  experiments  with  ozone  for 
purifying  water.  In  September  and  October,  1008,  the  author 
examined  in  detail  the  working  of  De  Frise's  installation  for  the 
sterilisation  of  water  by  ozone  at  the  St.  Maur  municipal  waterworks 
of  tlie  city  of  I'aris.  These  municipal  waterworks  draw  water  from 
the  river  Marne.  a  stream  which  receives  a  considerable  amount  of 
.sewage  pollution  above  the  intake.  The  water  is  pumped  into 
sedimentation  reservoirs,  tlien  drawn  oft'  and  filtered  through  gravel 
and  sand.  The  filtrate  had  no  odour,  was  clear,  and  in  small  quan- 
tities was  practically  colourless  ;  in  bulk  it  had  a  varying  tint  of 
greenish-brown.  On  the  surface  of  the  \^ater  in  the  reservoirs,  and 
in  the  channels,  gelatinous  green  masses  containing  water  algie  were 
frequent.  The  straining  beds  of  gravel  and  sand  did  not  com]>lctely 
remove  these  organisms,  and  the  water  which  passed  through  them, 
although  generally  clear,  was  by  no  means  pure  or  safe.  Sterilisa- 
tion, as  far  as  it  can  be  i)ractically  effected,  is  evidently  an  urgent 
need,  i'or  this  purpose  ozone  has  always  seemed  a  most  suitable 
and  natural  agent  for  two  chief  reasons  : — (1)  It  is  only  a  more  active 
form  of  ordinary  oxygen,  already  existing  normally  in  small  quanti- 
ties in  the  atmosphere,  and  continually  assisting  in  natural  o.\ida- 
tions.  (2)  It  adds  no  residue  of  any  chemical  to  the  water,  and  in 
doins.'  its  ^^o^•k  of  puriiication  it  is  simjily  resolved  into  ordinary 
oxygen,  which  dissolves  in  the  water  and  adds  slightly  to  its  aeration. 

Experience  and  researches  have  proved  that  it  is  more  economical 
and  practical  to  supply  the  ozone  in  a  state  of  large  dilution  with  air, 
avoiding  contamination  with  nitrous  compounds  or  other  impuri- 
ties, and  a  scries  of  careful  tests  showed  that  the  Siemcns-De  I'rise 
ozonisers  now  in  use  at  these  works  yield  the  gaseous  mixture  in  a 
very  pure  state. 

The  plant  consists  of  an  eftieient  arrangement  for  the  production 
of  ozonised  air  and  for  its  intimate  admixture  witii  the  water.  The 
current  was  generated  by  means  of  a  4."i  n.p.  steam  engine  and  a 
Jlordey  alternator  of  110  volts,  and  changed  by  a  transformer  to 
4.000  volts.  The  ozonisers  were  of  the  Siemens-Halske  type,  placed 
in  a  dark  cool  room.  In  my  experiments  there  were  six  of  these 
ozimisers  running.  The  electrical  energy  required  for  the  pnxluction 
of  the  ozone  averaged  I-3I  kw.-homs  per  UU  cvXnc  metres  <if  water 
sterilised,  equal  to  57  units  per  million  gallons.  In  addition,  the 
energy  required  for  compression.  l-t>75  unit.s  per  ItX)  cubic  metres, 
must  be  added  to  the  cost,  giving  a  total  of  I3:J  units  per  million 
gallons.  M.  Oolmct  Daage.  the  chief  engineer  to  the  I'aris  munici- 
pality, taking  Oil  fr.  as  the  price  per  unit  (being  that  charged  by 
the  Sociit/'.de  TEst  I'arisien).  estimates  the  average  cost  of  treat- 

*  Abstract  of  a  Paper  read  before  the  Royal  Sanit.iry  Institute. 
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mcnt  at  OOJSl  fr.  per  cubic  metre.  lie  further  estimates  that  for 
treatment  of  3lX)  cubic  metres  at  an  electrical  cost  of  0-055  fr.  per 
unit,  the  expense  would  only  be  0-0(»72  fr.  per  cubic  metre,  say,  one- 
third  of  a  penny  jicr  l.fXXt  gallons,  excluding  interest,  amortisation, 
and  rejjair;. 

The  ozonised  air  was  intri>diiccd  laterally  inio  the  stream  of 
filtered  water  in  a  projxirtinn  which  was  kept  constant  thioiighout 
the  run,  the  volume  of  filtered  water  being  104  cubic  metres  per 
hoiu-.  equal  to  22,880  gallons,  and  that  of  the  ozonised  air  42  cubic 
metres  per  hour  (1,4,S.S  cubic  feet),  so  that  the  volume  of  ozonised 
air  supplied  averaged  40-1  per  cent,  of  the  volume  of  filtered  water 
treated.  The  water  and  air  are  drawn  together,  by  means  of  an 
injector,  into  the  bottom  of  a  sterilising  tower.  This  is  a  vertical 
cylinder  of  enamelled  cast  iron  constructed  in  sections,  and  divided 
at  regular  intervals  by  horizontal  diaphragms  consisting  of  carefully 
levelled  and  finely  perforated  trays  made  of  celluloid,  with  holes 
0-7  mm.  (0O20in.)  diameter,  whereby  the  ascending  current  of  gas 
and  water  is  intimately  mixed.  In  addition,  the  height  of  the  column 
is  suflicient  to  make  the  air  and  «atcr  meet  under  an  extra  ))rcssure 
of  from  10  lb.  to  15  lb.  per  s'luare  inch,  wliieh  facilitates  the  absorp- 
tion of  the  ozone.  The  columns  are  provided  at  intervals  with  small 
glass  windows  for  inspection,  and  with  cocks  for  collecting  .samples. 
I  noticed  that  the  process:  of  solution  of  the  air  was  indicated  by  the 
bubbles  becoming  smaller  and  less  numerous  as  the  tt^wer  was 
ascended,  and  my  chemical  results  show  that  the  oxygen  dissolved 
in  the  filtered  water  entering  is  usually  about  .">  to  4  cubic  cm.  per 
litre,  whereas  the  escaping  treated  water  is  practically  saturated 
with  oxygen  at  the  temperature,  containing  constantly  about  6j 
cubic  cm.  per  litre. 

The  aerated  and  ozonised  water  flows  from  the  top  of  the  cylinders 
into  an  open  collecting  tank  of  white  enamelled  cast  iron.  During 
its  passage  through  the  columns  it  parts  witK  a  considerable  jiortion 
of  its  ozone  in  oxidising  the  organic  matter  of  the  water,  but  it  still 
retains  a  small  excess  of  ozone  dissolved,  and  in  order  to  utilise  this 
as  much  as  possible  in  the  purification  the  tank  is  divided  into  three 
chambers,  so  that  the  water  flows  tlirough  submerged  orifices  from 
the  first  compartment  to  the  second,  and  then  ovei  the  top  of  another 
partition  into  the  third.  In  the  discharge  pipe  just  before  entering 
into  this  reservoir  a  small  exit,  always  running,  and  carefully  pro- 
tected by  a  glass  bell  jar,  is  placed  for  the  periodical  colltction  of 
samples.  .A  feature  of  the  method  is  that  in  order  to  economise  the 
fraction  of  ozone  that  passes  away  «ith  the  residual  air  from  the  top 
of  the  cylinders  the  process  is  worked  in  a  cj'cle,  and  the  escaping 
gases  arc  strained,  dried,  cooled,  re-ozonised,  and  used  over  again. 
To  replace  the  gas  absorbed,  an  automatic  valve  just  above  the  top 
of  the  cylinder  opens  at  very  frequent  intervals  to  admit  fresh  air. 

Theresidts  show  that :  (1)  The  water  under  treatment  is  cooled  to  a 
.slight  extent  and  issues  at  a  constant  temperature  independent  of 
that  of  the  filtered  water,  or  of  atmospheric  conditions  during  the 
time,  (2)  As  to  corrosion  of  the  apparatus  by  ozone  with  metallic 
contamination  of  the  water,  my  tests  were  entirely  negative.  (.3) 
Oxides  of  nitrogen,  chlorine  compounds,  or  peroxide  of  hydrogen 
are  not  foimed  in  the  process.  (4)  The  physical  characters  are 
greatly  imj)roved.  and  the  organic  matter,  as  shown  by  the  oxygen- 
con.^umcd  figure,  is  considerably  reduced.  The  average  of  14 
determinations  showed  a  reduction  from  0125  parts  per  100,000  to 
0072  parts,  corresponding  to  a  removal  of  4,'j  per  cent,  of  the  organic 
matter  as  judged  by  the  o.xygen-consumed  .standard.  (5)  When 
the  ozonised  air  is  kept  regularly  at  40-4  per  cent,  of  the  volume  of 
filtered  water  treated,  the  ozone  divides  itself  into  three  portions: 
(a)  oxidising  the  organic  matter  in  the  water,  7.'>  per  cent.;  (6)  dissulv- 
ing  in  the  water  and  passing  out  with  it  into  tlic  collecting  tank.  7 
per  cent.;  (c)  escaping  with  the  air  currei;'.  at  the  top  of  the  tower  to 
be  used  again  in  the  cycle,  20  per  cent.  Tiiis  proves  that  the  I)e 
Fri.se  cycle,  in  which  the  residual  ozone  is  u.sed  again,  is  essential  for 
economy.  (6)  A  further  quantity  of  organic  matter  w'as  oxidi.sed 
in  the  first  hour  or  two  ;  also  the  small  quantity  of  ozone  dissolved 
in  the  treated  water  does  not  remain  as  a  permanent  const  it  udit. 
eon.scquently  as  ozone  is  absent  from  the  water  when  it  reaches  the 
consumer  no  physiological  eflccts  can  be  attributed  to  it. 

The  results  of  a  bacteriological  examination  prove,  as  a  general 
conclusion,  that  the  ozone  treatment  destroys  all  but  the  more 
resistant  spore  forms  of  bacteria  present  in  the  filtered  water:  coli 
and  allied  intestinal  organisms  are  entirely  eliminated,  and  subse- 
quent contamination  being  excluded,  there  is  no  recrudescence  of 
this  class  of  organism.  The  ozonised  water  during  the  period  of  the 
tests  showed  a  uniformly  cf)nstant  degree  of  sterility  as  against  a  very 
variable  bacterial  content  of  the  unozonised  filtered  water. 

The  author  finally  compares  the  relative  circunistanccs  existing 
in  Paris  and  in  London.  If  the  conclusions  of  Dr.  Houston  are 
correct  as  t<j  storage  and  filtration,  existing  stoiage  reservoiis  for 
London  will  not  only  require  rearrangement,  but  additional  works 
will  be  necessary.     An  inquiry  would  seem  to  be  necessary  as  to 


whether  the  outlay  (m  the  additional  works  will  secure  the  same 
quality  as  an  ozone  treatment  of  the  existing  water  as  it  leaves  the 
filters." 

The  I'aris  municipality  have  decided  to  ozonise  the  whole  of  their 
JIarne  supply  at  St.  Maur.  equal  to  90,000  cubic  metres  per  dav. 
The  water  to  be  treated  will  pass  through  the  existing  filters  at  twice 
the  ])resent  rate.  Hi  ft.  instead  of  S  ft.  jier  24  hours.  An  ozone  in- 
stallation capable  of  treating  10  million  gallons  a  day  (half  the  above 
quantity)  by  the  system  described  in  this  I'aper  will  be  erected  at 
St.  Maur.  involving  no  further  outlay  for  storage  or  filters.  The 
whole  of  the  water  passing  through  the  fillers,  whatever  its  coli 
content,  will  be  ozonised  at  an  expenditure  of  315  units  |ier  million 
gallons.  .Ml  towns  with  a  river-water  supply  have  at  i)rcscnt  con- 
ditifins  similar  to  those  of  Paris  and  London,  and  the  reasons  for  an 
ozone  treatment  therefore  seem  a])i)licable.  Many  other  places 
whose  conditions  of  supply  involve  drawing  on  wells  which  may  be 
subject  to  occasional  or  periodic  pollution  could  by  this  treatment 
en.siue  a  guaranteed  purity. 

The  author's  general  conclusions  are  that  (1)  the  ozone  treatment 
of  filtered  river  water  as  carried  out  at  St.  Jlam-.  Paris,  by  the 
De  Frisc  process  is  a  satisfactory  method  of  ensming  a  standard  of 
purification  for  a  municipal  water  sup]>ly  equal  to  m<  dirn  require- 
ments. (2)  The  De  Frise  process  diflcrs  from  all  jnevious  attempts 
at  water  sterilisation  by  means  of  ozone  in  combining  the  De  Frise 
steriliser  and  ozone  recuperation  .system  with  the  Siemens-De  Frise 
ozoniser.  which  combination  avoids  the  difliculties  attending  the 
use  of  the  emulsifiers  and  sprayers  which  have  been  hitherto  used 
for  this  purpose,  and  is  attended  with  a  low  cost  for  renewals  ow  ing 
to  breakages  in  the  dielectric. 


BRITISH  MADE   METAL  FILAMENT  LAMPS. 


The  Edison  &  Swan  LTnitcd  Electric  Light  Co.  have  recently 
jilaccd  on  the  market  a  very  complete  and  extensive  range  of  new 
British-made  metal  filament  lamps,  under  the  name  of  the  "  Royal 


UoYAL   EOISWAN    "MkTKIL"    Ul.IVK    LaM]'. 

Ediswan  Metfil."  Lamps  of  this  make  were  exhibittd  by  the  coni- 
])any  at  the  Franeo-Kritish  Kxliibilion  last  suniuier.  wliere  they 
obtained  the  highest  award  jio.ssible  for  lamps,  while  at  the 
Manchester  Exhibition  "  .Metlil  "  lamps  were  also  on  view,  and 
earneel  a  high  opinion.  Since  then  the  Ediswan  Company  have 
been  steadily  making  and  selling  lamps  of  this  type,  whilst  at  the 
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same  time  they  have  been  constantly  exjjcrimenting  with  the 
rare  metals  in  order  to  ensure  that  tlie  Royal  Ediswan  Metfil 
lamps  shall  he  turned  out  witli  the  same  care  and  accuracy  that 
has  always  characterised  the  Kdiswan  carbon  iilaracnt  lamps;  the 
int<inlJon  of  (lie  eomi)an,\  briw^  to  make  certain  that  the  new  metal 
filament  lamps  turned  out  from  the  Ediswan  works  at  Ponder's  End 
should  occupy  the  same  i)re-eniinent  position  in  the  lamp  world  as 
is  occupied  by  their  older  t  yiic. 

As  original  inventors  and  patentees  of  the  incandescent  lam))  the 
firm  were  in  an  enviable  position  as  rrsrards  working  with  the  rare 
metals  in  lilament  manufacture,  as  tliey  had  the  lamp-making 
experience  of  over  a  ((iiarter  of  a  centiny  behind  thrni.  As  a 
matter  of  fact,  the  firm  have  been  cntleavouring  for  many  years  to 
produce  a  high-eflfieicncy,  long-life  lamp,  and  whilst  the  eflTiciency 
of  the  Royal  Eiliswan  Metfd  may  bo  taken  as  being  as  high  as 
that  of  any  other  metallic  filament  lamp  im  the  market,  the  useful 
life  is  not  l(-ss  than  I.IMHI  hours. 

.'\  noticeable  feature  is  that  the  lamps  do  not  Ijlaeken  with  use; 
many  lamps  having  burned  for  three  or  four  times  tin-  normal  life 
without  showing  any  traces  of  discolouration.  In  addition,  it  is 
claimed,  the  lilanients  are  not  fragile,  and  will  withstand  ordinary 
usage,  a  point  which  is  of  considerable  importance.  The  lilanients 
arc  so  arranged  that  they  are  supported  throughout  their  entire 
length,  thus  enabling  the  lami)  to  be  used  in  any  position  without 
fear  fif  the  lilament  sagging  or  fracturing. 

The  firm  have  been  successful  in  producing  what  was  considered 
to  be  an  impussibility  a  few  months  ago.  namely,  a  metal  tilanient 
lamp  siuitabk  fur  use  in  single  parallel  on  circuits  of  from  i!(Hi  to  •i.'iO 
volts.  A  further  jioint  in  connection  with  the  ordinary  Royal 
Ediswan  Metfil  lamps  is  that  they  can  be  used  in  the  same  sized 
shades  as  are  generally  used  in  connection  with  the  carbon  filament 
lamps  of  the  same  size  and  candle-power,  thus  rendering  it  unneces- 
sary to  provide  shades  of  special  shape  or  size.  This  is  an  im- 
portant feature. 

A  number  of  varieties  of  flame  and  candle  lamps  are  also  listed  in 
the  new  catalogue  issued  by  the  company,  and  which  contains  a 
most  comprehensive  range  of  lamps.  The  lamp  is  made  for  practi- 
cally every  required  eandle-jiower  and  voltage,  ranging  from  small 
miniature  lamps  for  use  with  batteries  to  the  somewhat  larger 
lamps  used  in  connection  with  the  Ediswan  auto-transforraers,  and 
so  uii  through  the  100  and  200-volt  ranges. 


LEGAL  INTELLIGENCE. 


Williams  v.  Beckenham  Local  Council. 

In  the  City  of  Loudon  Court  on  Weduesday,  before  Judge  Luiuley 
Smith,  K.C.,  and  .1  jury.  Messr.s.  J.  T.  Williams  &  Sous,  of  Bermondsej', 
London,  sought  to  reeo\'er  from  defendants  £74.  15s.  2d.  for  work  done 
in  repairing  a  burnt-out  armature  and  supplying  a,  new  governor  valve 
and  spindle  in  respect  of  certain  electrical  machinery. 

Mr.  Warren,  for  plaintifls,  said  a  contract  was  made  between  the 
parties  for  the  Council  to  hire  a  Siemens  generating  set  on  Oct.  16, 
19C6,  at  £60  a  month  for  six  months  certain,  and  if  defendants  wanted 
to  purchase  the  price  was  fixed  at  £1,430.  If  defendants  decided  not 
to  purcha.se,  the  hire  was  to  be  increased  to  £125  a  month.  At  the 
expiration  of  the  hire,  defendants  were  to  return  the  machinery  in  the 
same  good  condition  as  they  received  it,  fair  wear  and  tear  exce|)ted. 
Defendants,  it  was  alleged,  did  not  return  the  machineiy  as  they 
received  it  ;  an  armature  became  burnt  out  in  the  course  of  running 
it.  As  to  the  governor  valve,  when  the  machinery  left  defendants' 
hands  it  was  discovered  that  there  was  a  flange  that  had  been  cracked 
or  broken.     All  the  repairs  were  due  to  the  machineiy  firing. 

Mr.  Richards  for  defendants,  said  the  Coiiucil  only  ran  the  generat- 
ing set  for  109  hours  during  the  six  months.  They  refused  to  pay 
because  they  did  not  get  what  was  bargained  for.  Legal  proceedings 
were  brought  by  plaintiffs,  and  any  possiijle  claim  that  could  now  be 
made  was,  he  urged,  settled  in  a  previous  action,  when  plaintitfs 
received  V5C0.  The  case  would  never  have  been  settled  if  it  had  not 
included  everything  in  dispute  between  the  parties. 

Mr.  Wauukn  contiended  that  there  was  no  settlement  of  the  present 
cause  of  action.  The  defects  wore  only  discovered  after  the  £600  was 
paid. 

Judge  LuMLEV  Smith,  K.C,  held  that  plaintiffs  could  not  recover 
after  the  previous  action,  and  he  found  for  defendants,  with  costs. 


Johnson  &  Phillips  v.  Palmer. 

The  Loi<l  Chief  Justice,  on  Tuesday,  had  ivu  action  to  i-ecover  from 
defendant  £300  paid  to  defendant  by  plaintitt's  on  conditions  which,  it 
was  alleged,  had  not  been  fultilled. 

Mr.  NoKMAN  Craio,  K.C. ,  for  plaintifTs,  .said  the  defence  raised  was 
that  the  payment  of  the  £300  was  an  out  and  out  payment ;  secondly, 
that  even  if  the  money  was  repayable  by  the  contract  defendant  was 


entitled  to  detain  it  in  conscijuence  of  the  acts  of  plaintiffs;  and 
thirdly,  because  jjlaintiffs  were  indebted  lo  defendant  in  re8|X;cl  of 
another  matter.  The  transaction  arose  out  of  the  promotion  of  the 
Woking  and  Bagshot  Light  Railway  Order  by  the  West  Surrey  Light 
Railway  Co.,  to  whom  defendant  was  solicitor.  Pluintiffg  were  ap- 
proached with  the  view  to  their  being  the  contractors  for  the  light 
•railways,  and  also  to  help  in  linancing  the  undertaking.  I'laintiffs 
were  prepared  to  apply  27i  per  cent,  of  the  contract  price  of  the 
(Juildford  and  the  Woking  ami  I'.agshot  contracts  in  subscribing  for 
ordinary  shares  of  the  company  formed  by  the  West  Surrey  Co.  Plain- 
titfs  were  also  to  pay  the  neces.sary  deposits  to  the  Board  of  Trade 
(£1,000  and  £4,000)  and  also  £4,000,  the  expenses  of  the  promoters  in 
fr.aniiiiK  the  Woking  and  Bag-hut  orders,  and  finally  iilaintiirs  were  to 
pay  .f500  to  defendant  towards  hi.s  expenses  of  ncj.'oliatioii,  and  that 
was  the  basis  of  the  claim  in  the  present  case.  That  £500  wa-  divided 
into  £200  for  the  expenses  of  the  Cuildfonl  order  and  f  3C0  for  the 
Woking  and  Bagshot  order.  The  £500  was  to  be  paid  on  plaintiffs' 
obtaining  the  contract.  But  defendant  made  application  for  the  money 
before  it  was  payable,  and  plaintiffs  paid  it  on  the  express  condition 
that  if  the  plaintiffs  did  not  get  the  contract  defendant  would  repay  it. 
That  was  in  writing,  and  the  real  issue  was  whether  plaintiffs  were 
entitled  to  get  the  £300  back  having  regard  to  the  terms  of  the  letters. 

After  hearing  the  evidence  his  Lordship  rcserveil  judgment. 

On  Wednesday  the  LoRO  Ciiikf  Jcsthe,  in  delivering  judgment, 
.said  that  though  the  f.acts  were  peculiar  the  case  did  not  raise  any 
([uestion  of  real  flitficulty.  It  was  clear  that  a  great  deal  of  money 
had  been  spent  in  obtaining  the  orders  and  that  plaintiffs  were  ap- 
proached for  financial  assistance  in  carrying  out  the  scheme.  Plaintiffs' 
only  interest  in  the  matter  was  in  obtainini;  the  contract,  and  they 
were  not  liable  frr  preliminary  expen.ses.  Plaintiffs  sent  the  cheque 
on  the  clear  understanding  that  if  the  contract  was  not  given  to 
them  the  money  would  be  returned.  As  the  contract  w.is  not  given 
to  them  through  no  fault  of  their  own,  the  money  was  repayable.  The 
result  was  that  the  £300  must  be  paid  to  plaintiffs,  and  there  must  bo 
judgment  for  them  for  that  amount,  with  costs. 

Stay  of  execution  was  granted  on  the  money  being  paid  into  Court 
within  a  fortniKht. 


Postmaster-General  v.  Great  Southern  &  Western  Railway  Co. 

At  Dublin,  Mr.  .Justice  Dodd  delivered  judgment  in  this  c.ise,  which 
raised  a  point  as  to  the  scope  of  certain  covenants  which  the  company 
had  made  with  the  Post  Office  Department  to  carry  certain  telegraph 
materials  and  men  and  stores  free  of  charge  for  the  Postm;v*ter- 
General. 

On  behalf  of  the  Po«t  Office  it  was  contended  that  the  covenants 
were  applicable  to  all  forms  of  telegraphic  communication,  including 
telephonic  communication  ;  but  for  the  company  it  was  argued  that 
the  covenants  did  not  extend  to  telephonic  apparatus. 

Mr.  Justice  Dodd  now  held  that  telephone  instruments  or  appli- 
ances intended  to  be  used  for  the  carrying  on  of  telephonic  business 
Ijy  the  Post  Office  were  not  within  the  purview  of  the  cosenants.  He 
also  held  that  men  other  than  telegraphists  could  not  be  carried  free. 
He  could  not  give  the  declaration  sought  by  the  Postmaster-General, 
and,  therefore,  dismissed  the  action. 


W.  F.  Jackson  v.  F.  Bailey  and  F.  H.  Jackson. 

Last  week  the  Lord  Chief  Justice  heard  an  action  brought  liy  Mr. 
Win.  F.  Jackson,  of  Weybridge.  against  Mcssr.-!.  Frank  Bailey  and  F.  11. 
Jackson,  electrical  engineers,  for  breach  of  contract. 

Mr.  RuFus  Isaacs,  K.C,  fen-  plaintiff,  said  an  agreement  was  entered 
into  between  the  parties  in  Scjitcmbcr,  1901),  by  which  defendants 
agreed  to  grant  to  plaintiff  the  full  and  exclusive  licence  and  authority 
to  construct  and  vend  a  clutch  which,  it  was  contended,  would  be  of 
considerable  value  for  use  in  mncliiu'ry  for  the  transmission  of  jiowcr. 
Defendants  agreed  to  let  iilaiutiff  have  this  privilege  for  ■£  1.000,  and 
supjily  a  specimen  clutch  fiu-  use  in  a  25  u.r.  motor.  The  trial  was  not 
a  success,  and  plaintiff  daimed^the  return  of  his  il.tXKt,  and  asked  for 
other  damages.     Defendants  denied  any  breach  of  warranty. 

Mr.  Haviland.  .an  expert,  exhibited  a  model  of  the  clutch  and  cx- 
)ilaincd  that  the  priinip.-il  portion  of  the  inventiiai  was  an  oil  cushion 
constructed  inside  the  llywhcel.  Owing  to  a  leakage  of  oil  the  chitch 
would  not  work,  hut  he  thought  upon  reconstruction  it  could  be  improved 
and  made  useful. 

Mr.  Simon,  K.C.  (for  defendants)  contended  that  he  had  no  ease  to 
answer.  There  was  no  breach  of  warranty  becau.se  the  clutch  was  cim- 
structod  according  to  a  workable  invention. 

Mr.  Isaacs  said  it  was  not  a  defect  in  nn  invention  which  plaintiff 
complained  nbcuit ;  it.  was  because  the  particular  sample  which  >yas 
])rovided  was  of  no  use  and  was  niuvorkable  because  of  a  defect  which 
the  defendants  woulil  not  or  could  not  ivmcdy. 

Mr.  RiMON  said  he  woukl  call  no  witnesses,  and  his  lordship  rcsorvcd 
judgment. 

( in  Monday,  his  LoBnsHiP  said  the  action  must  fail.  The  proeooilings 
were  based  on  the  m'oiind  that  defendants  did  not  supply  «  workable 
sanii.le  of  their  patent,  for.  after  the  chitch  had  been  fixed  to  the  motor, 
it  br,,kc  down.  Plaintiff  paid  the  fl.lUU)  before  the  invention  was  tried, 
to  c.litaiu  certain  riuhts.  The  |nileut  wns  an  ingenious  device  which 
failed  thn)in;h  one  defect  which  the  inventor  could  not  foresee  but  which, 
it  was  said,  cdiilii  he  remedied. 

His  lordship  entered  judgment  for  defendants,  with  costs. 

F     2 
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The  Johannesburg  Contracts. 

On  Tuesday  the  Hmisc  of  L..ixls  (tho  l-.u!  Chancellor  and  X.unU 
James,  Atkinson,  (jorell  and  Shaw)  allowed  an  intcrloentory  appeal  by 
the  Munieii>al  Council  of  Johannesburg  against  a  decision  of  the  First 
Division  of  the  Court  of  Session.  The  respondents  were  D.  Stewart  &  Co. 
(1902).  Ltd.,  Gla.sgow:  William  Beardmore  and  Mrs.  Joseph  Beard- 
more,  (sued  as  the  executrix  of  her  late  husband). 

The  action  arose  out  of  certain  contracts  under  which  respondent 
Company  contracted  to  supply  appellants  with  <;as  producer  and  electric 
generating  plant.  (The  matter  has  l)een  reported  in  Thk  Klectrkian 
for  Feb.  ■).  and  March  2<i,  1909.)  The  TownCmncil  of  Johannesburg  in 
Sept..  1903.  resolvetl  to  instal  j)lant  for  the  production  and  sujiply  of 
electrical  energy  for  municipal  purposes.  an<l  issued  tenders.  The  speci- 
fications were  divided  into  sections  and  the  tenders  made  by  Messrs.  D. 
Stewart  &  Co.  (1902),  Ltd.,  Cilasgow,  for  sections  B,  C,  D  and  E  (the  last 
three  being  electrical  generating  machinery)  were  accepted.  The 
plaintiffs  in  the  action  claimed  that  asdefendantshad committed  a  breach 
of  theu:  contracts  they  were  liable  to  repay  to  the  Council  the  payments 
already  made  on  .account  of  the  contract  price,  and  to  pay  them  damages 
for  breach  of  contract 

The  present  appeal,  so  far  as  this  part  of  the  action  was  concerned, 
related  entirely  to  the  determination  of  the  tribunal  and  procedure,  by 
which  this  question  between  the  parties  w'as  to  be  settled,  the  appellants 
contending  that  the  question  fell  to  he  decided  by  the  Courts,  being  out- 
side the  scope  of  the  arbitration  clauses  contained  in  the  contracts.  The 
Court  of  .Session  were  of  opinion  th;it  defendants'  contention  was  sound. 
Further  they  dismissed  the  claim  against  the  sureties  as  being  premature 
and  they  dire -ted  that  the  action  .should  go  to  arbitratiim  in  England. 

The  JIunicipal  Council  appealed,  and  in  the  course  of  the  arguments  it 
was  stated  that  the  sums  claimed  against  the  Scotch  Company  were  in 
all  .^418.(>!)4.  and  against  the  sureties  (Mr.  William  Beardmore  and  the 
executrix  of  Mr.  Joseph  Beardmore)  £115. KM. 

.\t  the  close  of  the  arguments,  the  Lord  Chancellor  expressed  the 
opinion  that  the  arbitration  clauses  were  to  be  construed  according  to 
English  law,  and  that  so  construed  the  Court  had  power  to  enforce  the 
contnict.  He  was  further  of  opinion  that  the  suit  against  the  sureties 
had  been  wTongly  dismissed. 

The  other  noble  and  learned  Lords  concurred,  and  the  appeal  was 
allowed  with  costs,  and  the  action  directed  to  be  tried  in  the  Scotch  courts 


Re  Amalgamated  Radio-Telegrapb  Co-  (Ltd).— On  Tuesday  Mr. 

Justice  Neville  heard  a  summons  in  the  matter  of  the  liquidation  of 
this  company,  by  which  Mr.  Ashby  claimed  remuneration  and  costs 
in  respect  of  the  sale  of  the  comp.ans's  assets.  Mr.  Ashby  was  a 
shareholder  in  and  creditor  of  the  company,  and  was  its  managing 
director  before  it  went  into  licjuidation.  At  his  suggestion  the  liqui- 
dator suspended  the  sale  of  the  company's  assets,  as  he  thought  he 
would  be  able  to  obtain  a  better  price  than  that  at  which  they  were 
first  offered.  A  better  i)rice  was  ultimately  obtained,  and  in  respect 
of  the  sale  Mr.  Ashby  claimed  remuneration  and  also  his  costs  of 
attending  the  proceedings  in  Court  for  carrying  the  sale  through. 

His  LoRDsHir,  after  consulting  with  the  Master,  s.aid  he  was  told 
that  Mr.  Ashby  was  not  authorised  to  acton  behalf  of  the  Court,  and, 
therefore,  he  could  not  give  him  anj-  remuneration.  Mr.  A.shby's 
attendance,  however,  no  doubt  facilitated  the  carrying  through  of  the 
sale,  and  he  would,  therefore,  allow  him  the  costs  of  such  attendance. 

North  Western  Electricity  &  Power  Gas  Co-  (Ltd.)— On  Tues- 
day petitions  for  the  fomi)ulsory  winding  up  of  this  company  were 
before  Mr-.  Justice  Neville,  but  they  were  directed  to  stand  over  until 
Tuesday  next. 

Re  Platinum  Corpn.  (Ltd.)— On  Tuesday  Mr.  Justice  Neville,  on 
the  petition  of  11.  B.  Gill  and  others,  made  an  order  for  the  compulsory 
winaingup  of  this  company. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 


PABLIAMENTART  INTELLIGENCE. 

Miscellaneous  Bills. — In  the  House  of  Commons  on  Monday  the 
Bristol  University  Bill,  the  Liverpool  Corporation  Bill  (authorising  con- 
struction of  additional  tramways),  the  Wakefield  Corporation  Bill  (for 
further  ])owcrs  relating  to  electricity  supply),  and  the  Soiithjiort  and 
Lytham  Tramroad  (Abandonment)  Bill  were  read  a  third  lime. 

In  the  House  of  Commons  on  Tuesday  the  Ciateshead  and  District 
Tramway.s  Bill  was  read  a  second  time. 

In  the  House  of  I.<)rds  on  Wednesday  the  Edgware  and  Hampstead 
Hailway  Bill  was  read  a  second  time. 


Telegraph   f Arbitration)    Bill.— On  Friday  this  bill  was  read  a 
second  time  in  the  House  of  Commons. 

Iljctric  Liiiihting  Acts  (Amendment)  Bill —In  the  House  of 

C'  mmons  on  Friday  this  Ijill  was  read  a  second  time. 


Mexico. — The  "  Mexican  Herald  "  states  that  arrangements  are 
lifing  made  for  the  transfer  to  the  .Mexican  Northern  Light  &  I'owcr 
C-),,  of  .Montreal,  of  a  large  tract  of  land  on  the  Rio  Conchas,  .SO  miles 
from  Santa  Rosalia  (Chihuahua  State),  on  which  the  company  will 
eraat  water-driven  electric  power  plant. 


APPOINTMENTS  VACANT  AND  FILLED. 

York  Corjjoration  require  two  clerks  of  works  for  permanent  way 
construction  of  light  railways.  Wages  £'^  per  week.  Forms  of 
application  from  the  City  Engineer.     Applications  by  July  l."). 

A  pupil  is  wanted  for  a  low -tension  three  wire  statiiui  in  the  South 
London  area.     S'P  advertisement. 

A  science  master  and  principal  is  wanted  for  the  Loughborough 
Technical  In.stitute.  Particulars  from  Mr.  W.  A.  Brockington, 
Leicestershire  Education  Committee,  .'53,  Bowling  Green-street, 
Leicester.     Aiiplications  by  July  14. 

Dudley  Education  committee  require  a  iirin(ii>al  of  the  Technical 
School,  and  organiser  of  evening  school  work.  Salary  £200  to  £2,'>0 
per  annum.  .Applications  on  forms  of  tender  to  be  obtained  from  the 
Director  of  Education  (Jlr.  .J.  M.  VA'ynne).  to  be  .sent  in  by  July  12. 

There  is  a  vacancy  for  an  improver  at  Watford  Council's  elec- 
tricity works.     Applications  to  the  chief  engineer,  !Mr.  F.  W.  Viirser, 

The  Shanghai  Electric  Construction  Co.,  Basildon  House,  London, 
l-'.C.  require  a  superintendent  for  track  and  equipment  (to  look  after 
permanent  overhead  equipment  and  cables). 


.Mr.  G.  D.  Laing  has  been  appointed  resident  engineer  of  the 
Hexham  &  District  Electric  Supply  Co. 

Mr.  J.  Southall  has  been  appointed  chief  tramway  inspector  at 
Ilkeston. 

Croydon  Education  committee  have  appointed  Mr.  A.  Blok  chief 
lecturer  in  electrical  engineering  at  the  Central  Polytechnic  at  £110 
per  session. 

EDUCATIONAL  NOTICES. 

Borough  Polytechnic. — The  Education  coininittee  of  London 
County  (iouncil  propose  lu  appoint  a  head  of  the  chemistry  depart- 
ment, in  succession  to  Dr.  F.  Mollwo  Perkin,  at  a  salary  of  £300, 
rising  to  £400  a  year  by  increments  of  £15  a  year  for  four  years  and 
of  £20  a  year  for  the  two  following  years ;  and  the  proposal  of  the 
governors  to  increase  the  salary  of  the  head  of  the  electrotechnics 
department  (Dr.  J.  Henderson)  to  £340  a  year,  rising  to  £400  a  year, 
has  also  been  approved,  provided  that  the  increases  be  at  the  rate 
of  £1.5  a  year  for  two  years,  £20  in  the  following  year  and  £10  in 
the  succeeding  year. 

University  of  Liverpool. — The  ses.sion  1909-1910  commences  on 
Tuesday,  October  9.  The  courses  of  study  in  the  faculty  of  engineer- 
ing, leading  to  the  ordinary  degree  of  B.Eng..  extend  over  at  least 
three  years,  and  arc  so  arranged  as  to  afford  a  general  scientific 
training  for  those  who  intend  to  become  engineers  or  naval  architects, 
or  to  enter  any  allied  profession.  The  honours  course  enables 
students  to  specialise  in  some  branch  of  the  profession,  and  oppor- 
tunities are  afforded  for  post-graduate  work  and  research.  Pro- 
spectuses may  be  obtained  from  the  registrar.  Mr.  P.  Hebblcthwaile, 
M..\. 

Heriot-Watt  College.  Edinburgh. — The  training  for  engineers  given 
at  this  College  consists  of  three  years  in  the  College,  and  a  three 
years'  apprenticeship  on  the  '  sandwich  "  system  in  a  local  engineer- 
ing works.  The  course  in  mining  extends  over  two  years,  and  is 
recognised  by  the  Home  Office  as  equivalent  to  two  of  the  five  years 
undergrouncl  training  required  for  the  colliery  manager's  certificate. 
Tliere  arc  also  comjilete  courses  of  instruction  (extending  over  four 
years)  for  students  [jrcparing  for  the  fellowship  of  the  Institute  of 
C'hemistry,  and  ])ractical  training  for  technical  chemists  in  the 
laboratories  of  the  Corporations'  gas  works.  The  classes  are  recog- 
nised by  th,c  University  of  JCdinburgh  as  qualifying  for  .srience 
degrees.  Particulars  of  fees,  bursary,  &e..  from  the  i)riiieii)al.  Mr. 
A.  P.  Laurie.  M.A.,  D.Sc. 

City  and  Guilds  of  London  Instittite.-  The  course  of  instruction  at 
l\u-  Institute's  Contr.il  Teeliniral  College.  Exhibition-road,  are  for 
students  not  under  Hi  year.s  of  afje,  and  those  at  the  Institute's 
Technical  Coll-L'e,  Leonard -street,  Finsbury.  fire  for  students  not 
under  1 1  years  (jf  asie.  The  entrance  examinations  to  both  colleges 
are  held  in  Sei)tember.  i\nd  the  entrances  commence  in  October. 
I\arlieidars  of  the  entrance  examinations.  .scholarshi|>s.  fees.  &e.. 
may  be  ol)tained  from  the  respective  colleges  or  the  head  offices  of 
the  Inslilute.  Gnsh.Ttn  College,  Basinghall-street,  T.ondon.  K.C. 


American  Street  and  Interurban  Railway  Association.- We  have 

received  s.jnic  |iartiiulars  of  (he  objects,  constitutidu,  &c.,  of  this 
Association,  whieli  was  started  in  lss2.  and  lias  .'idii  active  members 
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(electric  railway  cum))anics,  with  a  capital  of  82,148.272.441  and 
19,586  miles  of  single  track),  and  over  700  associate  members  (con- 
sisting of  electric  railway  officials,  representatives  of  manufacturing 
interests.  &.c.).  The  organisation  seems  to  he  very  eom[)lcte.  Tlicre 
ait',  over  20  rcpres;'nta(ivc  coMiinillees  or  sub-committees  which  deal 
with  tlic  various  subjects  allicting  street  railway  working  and  organi- 
sation. There  are  committe3s  for  dealing  with  standards,  equip- 
ment, way  matters,  power  generation,  power  distribution,  insurance, 
welfare  of  employes,  municipal  ownership  and  public  relations, 
shop  accounting,  international  standard  form  of  report,  standard 
classification  of  construction,  and  equii>ment  accounts  and  form  of 
repiul.  (•ni))loyment,  ways  and  means,  interurlian  rules,  city  rules, 
|ia"  ng.r  traffic,  express  and  freight  traffic,  transfers  and  transfer 
infciraiation.  training  of  transportation  employes.  &c. 

Ashford. — Mr.  M.  Parker  will  apply  for  a  provisional  electric  light - 
ini;  onlcr  for  this  district. 

Asleep  on  Duty.— At  Longton  on  Monday.  Herbert  Williams,  clec- 
liiriaii  in  tli-  employ  of  the  l-'l..ii  iici  I'nal  &  Iron  Co..  was  charged 
with  an  otti-nce  under  the  Miai^  l-!igiilation  Act  by  sleeping  while  on 
duty  at  the  colliery. 

Mr.  G.  C.  Kent,  who  prosecuted,  said  defendant  was  in  charge  of  a 
large  electrical  installation  in  the  mine,  and  had  examinations  to  make 
and  records  to  take,  but  on  the  23rd  ult.  he  was  discovered  asleej)  while 
the  machinery  was  working. 
Defendant  was  fined  40s.  and  costs. 

Assessment  Appeal. — On  appeal  the  assessment  of  the  Rhondda 
Trannvay  t'o.'s  urulataking  has  been  reduced  from  £24,806  gross  and 
iVIiSil  net  to  i:i;i;oi)ll  and  £5,500  respectively. 

Bath. — The  adjourned  inquiry  into  the  Council's  ap])lication  for 
sanction  to  borrow  £9,470  for  the  electricity  undertaking  was  held 
on  Friday. 

The  town  clerk  (Mr.  F.  D.  Wardle)  said  the  original  application 
had  been  amended  and  they  now  asked  for  a  loan  of  £9,500  instead  of 
£11,700. 

The  Inspector  (Mr.  H.  Ross  Hooper)  then  examined  the  details  of 
various  amounts  included  in  the  aggregate,  and  said  ho  could  always 
rely  upon  receiving  anything  he  asked  for  in  Bath  in  great  detail. 

In  regard  to  an  item  of  £350  for  water-softening  plant,  Mr.  Te.\oi  F. 
(the  city  electrical  engineer)  said  tliat  was  a  sum  which,  in  view  of 
the  inspector's  remarks  in  reference  to  water-softening  treatment,  they 
might  not  spend. 

Air.  Hoot'ER  said  if,  later,  they  found  it  neces-^ary  to  proceed  with 
this  work,  the  £350  could  be  subsequently  applied  for,  and  there 
wouli  be  no  need  for  a  separate  int|uiry. 

A  new  item  (£350)  in  respectof  machine  tools,  Mr. Teague explained, 
was  included  with  an  eye  to  economy.  At  present  repairs  were  done 
by  local  firms  and  delay  resulted.  No  part  of  the  £500  asked  for  in 
respect  of  an  automatic  stoker  had  been  spent,  and  the  amounts  of 
£4,000  for  mains,  £1,500  for  house  services  and  £503  for  transformers, 
were  almost  entirely  for  future  requirements. 

The  Inspki'tor  .said  he  did  not  know  if  they  had  ever  worked  the 
matter  out,  but  lie  thought  it  would  be  well  worth  doing.  They  had 
a  capital  of  something  like  £164,000,  and  now  that  they  knew  the 
undertaking  was  going  to  remain  in  their  own  hands,  he  thought 
it  was  desirable  th.it  they  should  go  carefully  through  the  whole  of 
the  assets  of  the  undertaking,  with  their  value,  and  see  how  far  the 
present  value  balanced  with  the  capital  expentliture  and  with  the 
sinking  fund  which  they  had  in  hand,  so  that  when  they  came  to  the 
end  of  a  financial  year  they  might  see  the  real  propoition  of  revenue- 
earning  capital  as  against  what  might  be  called  "dead"  capital.  In 
that  way  they  would  be  able  to  compare  their  undertaking  with  under- 
takings that  started  later  and  under  more  favourable  circumstances, 
and  they  would,  he  thought,  have  a  better  knowledge  all  round  of  the 
true  position  of  the  undertaking. 
Mr.  Tkai.'UE  said  he  quite  agreed  that  that  would  be  well  worth  doing. 
Blackburn. — The  Council  have  decided  to  take  up  a  further  loan  o 
£18.000  for  extensions  to  the  electricity  undertaking. 

Cardiff. — Mr.  W.  Howard-Smith,  who  was  recently  called  in  to 
report  upon  the  condition  of  the  tramway  track,  &c..  has  jiresonted 
his  report. 

Mr.  How.ARD  .'iMiTH  pronounces  against  the  use  of  hard  wood  for 
]ia\  ing,  and  lonilndcs  his  report  with  a  number  of  recommendations  as  to 
Ihr  i-lnnnMti,.ii  of  rail  ciuiaigation,  &c. 

Cowdenbsath  (N.B.I — .Mr.  Geo.  Balfour  has  intimated  that  he  will 
ajiply  for  a  pnivisional  electric  lighting  order  for  this  district. 

Customs  Duties  in  South  Africa.^A  Rarliamentary  Taper  has  been 
issuetl  containing  I  he  draft  .South  Africa  Constitution  Bill,  one  section 
of  which  provides  that  there  shall  be  Free  Trade  thro\igbout  the 
Union,  but  until  Parliament  otherwise  |)rovides  the  duties  oi  Customs 
and  Excise  leviabh-  mider  the  la«s  existing  in  any  of  the  Colonies  at 
the  estaljlishment  of  the  Union  shall  remain  in  force. 

Darlington. — The  Klectricity  committee  have  apiilicd  for  sanction 
to  a  loan  of  £700  for  new  meters,  and  have  asked  the  L.O.  Board  to 
grant  a  longer  period  than  five  years  for  repayment,  as  the  average 
life  of  m?ters  Ujcd  by  the  department  ajjpears  to  be  more  than  (en 
ev.'i. 


Derby. — On  Wednesday  the  Council  adopted  a  recommendation 
of  the  Electricity  committee  to  apply  for  a  provisional  order  to  ex- 
tend the  electricity  supply  area  lo  the  parishi  s  of  Littleover.  .Mark- 
eaton.  Darlcy  .\bbiy.  Breadsall.  Chaddesden,  Alva.ston  and  Br.ulton, 
.Nornianlnii  and  Siniin  .Moor. 

Devonporf.--.\  loan  of  £(i,."S2'J  for  mains  extensions  has  been  ap- 
plied for. 

Dover.— The  charge  for  electric  current  for  public  and  private 
lighting  has  been  increased  id.  per  unit.  The  L.G.  Board  have 
declined  to  sanction  a  loan  for  laying  mains  to  St.  Margaret's-at- 
Cliff.  on  the  ground  that  the  propo.sed  expenditure  would  not  be 
suthciently  remunerative. 

Dudley. — Oenerator  field  coils  are  to  be  rewound  at  a  cost  of  £(i() 
and  a  mechanical  stoker  is  to  be  fittod  to  a  boiler  at  a  cost  of  £100. 
Eccles. — The-  .Municijial  houses  in  Corporation-road  are  to  be  wired. 
Electricity  in  Mining.— At  the  meeting  of  the  Rand  Collieries  (Ltd.) 
last  week  the  chairman  (Mr.  Albu)  said  that  the  proposed  mechanical 
improvements  would  make  it  quite  within  the  limits  of  practical 
working  to  reduce  milling  costs  to  l.s.  per  ton.  and  cyaniding  to 
Is.  6d.  per  ton.  The  company  was  making  arrangement.s  with  the 
Victoria  Falls  Transvaal  Power  Co.  for  electrical  power. 

Electricity  in  Printing  Works. — In  the  extensive  machine  room  of 
the  Sydney  (N.S.W.)  "  Evening  News"  there  have  recently  been 
installed  three  fine  double-deck  Hoe  presses  capable  of  producing 
150.000  copies  of  the  "  Evening  Nc«s"  per  hour.  In  the  issue  of 
that  journal  for  May  15  an  account  of  the  installation  is  given. 
accompanied  by  an  illustration  showing  the  range  of  Hoe  and  other 
)nes.ses,  which,  in  addition  to  the  "  Evening  News."  produce  the 
'■  Town  and  Country  .lournal  "  and  the  '"  Woman's  Budget.  "  All 
three  publications  have  large  circulations.  The  Hoe  presses,  each  of 
which  weighs  about  CO  tons,  and  a  new  type  of  Phoenix  press,  are 
operated  and  controlled  electrically,  each  Hoe  machine  being  driven 
by  a  50  h.p.  motor.  The  Phccnix  two-revolution  press  was  built  at 
L<^ipzic,  and  is  a  fine-art  machine  of  the  latest  type.  "  a  combination 
of  mechanics,  pneumatics  and  electric  power  machinery."  The 
electromechanical  outfit  of  the  Sydney  journals  is  causing  great 
interest  locally,  as,  besides  the  electrically-driven  ])rinting  machines, 
the  Linotype  composing  machines,  hoist  for  handling  pai>er.  and. 
in  fact,  everything  that  can  be  operated  and  controlled  electrically, 
is  "  connected  to  the  mains."  Current  is  generated  on  the  establish- 
ment, gas-engine  plant  being  installed  for  the  purpo.se. 

Epsom. — The  electrical  engineer  (.Mr.  H.  F.  Foster)  recently  ten- 
dered his  resignation,  but  the  Council  have  decided  to  retain  his 
s?rvices  tor  12  months  as  consulting  engineer  at  a  salary  of  £100. 

Greystones  (co.  Wicklow). — Rathdown  \o.  2  Rural  Council  passed  a 
resolution  on  Friday  last  to  grant  permission  to  Greystones  Electric 
Lighting  Co.  to  lay  their  cables  in  Gre\  stones  for  the  electric  lighting 
of  the  district. 

Handsworth. — Mr.  H.  Ross  Hooper  held  an  inquiry  last  week  into 
the  application  of  the  Council  for  permission  to  boiTOW  £4.400  for 
their  electricity  department. 

The  clerk  (Mr.  E.  Ward)  stated  that  the  total  capital  of  the  under- 
taking would  be  £74.750.  with  the  amount  they  now  proposed  to  borrow. 
This  ajiiilication  was  one  of  the  subjects  that  came  before  an  inquiry  in 
Niivember.  but  it  was  held  over  on  the  question  of  "  free  "  wiring. 

The  Inspector  said  they  could  not  regard  free  wiring  as  an  a^^set.  as 
landlords  might  reipiirc  it  to  be  removed,  and  to  take  it  out  would  cost 
more  than  to  put  it  in,  and  they  would  have  to  repair  the  walls  and  any 
damage  done.  A  successful  system  was  to  rc(iuire  25  |ier  cent,  of  the 
cost  before  the  work  commenced  and  the  remaining  75  per  cent,  in  two 
or  three  years.     Such  a  scheme  had  been  found  to  work  successfully. 

The  electrical  engineer  (Mr.  NixoN)  said  that  consumers  would  1k> 
required  to  pay  25  per  cent,  before  the  work  commenced  and  the  bulance 
in  three  or  live  years  in  quart<?rly  instalments. 

Hanley. — Electric  current  is  to  be  supplied  to  places  of  amusement 
at  .'!d.  per  unit  for  the  (irst  4(M)  units  per  week,  and  Ud.  after. 

Hastings.— The  Council  last  week  adoi)ted  the  recommendation  of 
the  Electricity  committee  that  a  new  37/11  electric  supply  main,  to 
transmit  current  at  1.000  ainiiercs  per  square  inch  st-ction,  Ix-  laid 
in  connection  with  the  extension  of  the  supply  in  the  St.  Leonards 
tlistrict. 

Hospital  Lighting.— At  the  last  weekly  meeting  of  the  Metropolitan 
Asylums  Hoard  the  Works  committee  reported  that  the  Engineer-in- 
Chief  had  reported  (he  results  of  three  months'  tests  of  low  voltage 
metal  filament  lamps  at  the  South  Western  Hospital,  and  he  suggested 
that  at  certain  of  their  institutions  these  lamps  should  be  installed 
in  i)laee  of  carbon  filament  lamps. 

The  estimated  r.>st  of  the  change  over  would  Ix^  :  North- Western, 
Hospital,  i;2.50;  Western.  £:!l>0  :  Sout  h- West  era.  £280  :  South-E.istem, 
£2H((  (f2()l)  only  at  luescnl) :  Children's  Infirmary.  £480  :  Downs  School, 
£180;  Western  Ambulance  station,  £30  ;  South- Western,  £26  ;  Mead, 
£15;  South-Eastern,  £40  ;  Central  Stores,  £60.  ;_ 


522 


THE  ELECTRICIAN,  JULY  9,  1909. 


Italy.— Mf.  S.  J.  A.  Cbiircliill.  British  Consul  ;U  Xai)les,  states 
tliat  further  eonsidcration  has  induced  the  civic  authorities  of  Naples 
to  entertain  a  scheme  for  two  electricity  jieiieratinf;  stations  on  the 
Volturno  river  (instead  of  one  as  originally  |>roi>osc(l).  one  at  the 
meetin<;  of  the  Rix-hetta  and  Vandra  and  tin-  second  HA  km.  further 
down  stream.  The  works  are  expected  to  produce  'Jt'LlHid  n.r.  at 
high  and  21,500  H.P.  at  low  water. 

The  Ministry  of  Public  Works  and  the  communal  authorities  of 
C'ivitanova  Marche  have  entered  into  a  contract  for  the  construction 
of  an  electric  tramway  from  C'ivitanova  Marche  to  the  docks.  The 
contract  carries  a  Government  subsidy  of  I.4ir>  lire  (£57)  l>er  kilo- 
metre per  annum  for  50  years. 

Keighley  (Yorks.)— The  L.G.  Board  have  sanctioned  a  loan  of 
f-2.!l.")0  for  prospective  expenditure  on  mains,  services  and  motors  ; 
and  have  assented  to  the  allocation  of  the  une\i>cndcd  balance  (about 
£1.'200)  of  loans  jireviously  sanctioned. 

With  regard  to  the  loan  for  the  installation  of  high-tension  alteniaf  ing- 
1  iirrent  jzenerating  plant,  the  board  intimate  that  they  would  be  prepared 
to  entertain  an  application  for  a  loan  provided  evidence  lie  furnished  of  a 
sufficient  demand  from  prospective  consumers  to  justify  the  expendi- 
tAire. 

Lame  (Ireland). — The  Council  on  Monday  sealed  an  agreement 
with  the  Larne  Electric  Light  \\'orks  (Ltd.)  for  the  electric  lighting 
of  the  streets  by  the  company,  for  three  years,  from  August  1  next, 
at  £180  per  annum. 

Leek. — The  salary  of  the  liorougli  electrical  engineer  (Mr.  R.  M. 
Carr)  has  been  increased  by  £25  per  annum. 

Leith. — An  additional  line  of  tramway  was  opened  for  traffic  on 
Saturday.  The  maximum  speed  allowed  is  15  miles,  and  the  speed 
on  the  other  i)ortions  of  the  tramways  has  been  increased. 

Leyton. — The  electrical  engineer  (Mr.  F.  Harman  Lewis)  recently 
obtained  particulars  from  13  makers  of  arc  lamps  as  to  the  annual 
cost  per  lamp  for  carbons  and  capital  charges  (assuming  10  years 
life  and  interest  at  4  per  cent.),  and  it  has  been  decided  to  obtain 
lamps  for  a  three  months"  trial  from  the  first  four  of  the  follow  ing 
firms  : — 

.Johnson  &  PhUlips,  («)  hours  of  burning  for  one  trimming.  80  to  90  ; 
(h)  annual  cost  )>er  lamp,  £1.  17s.  Id.  Jandus  Arc  Lamp  &  Electric  Co., 
(o)  60  to  80;  (b)  £2  Os.  8d.  Crompton  &  Co.,  (a)  37  :  (6)  £2.  lis.  Gd. 
Oliver  Are  Lamp  (Ltd.),  («)  37  :  lb)  £2.  13s.  4d.  Gilbert  Are  Lamp  Co., 
(a)  55  to  (iO  ;  {b)  £3.  4s.  Ud.  Arc  Lamjis  (Ltd.).  («)  35  to  37  ;  lb)  £3.4s.9d. 
General  Electric  Co.,  (a)  45  to  50  ;  {h)  £3.  5s.  lid.  British  VVestinghouse 
Co.,  (n)  50  to  60  ;  (6)  £3.  lis.  Id.  G.  Braulik,  (o)  34  to  36  ;  (t)  £3.15s.4d. 
Maxim  Electrical  Co.,  (a)  37  to  40  ;  (6)  £4.  5s.  2d.  Abbey  Electrical  Co., 
(n)  20  ;  (5)  £4.  8s.  2d.  Electrical  Co.,  (o)  30  to  32  ;  {b)  £4.  8?.  2d.  Union 
Electric  Co.,  (a)  34  ;  (6)  £4.  17s.  lOd.  Beck  Flame  Lamp  (Ltd.),  (a)  32 
to  36;  (6)  £4.  18s.  2d.  Westminster  Engineermg  Co.,  (a)  22;  (6) 
£5.  19s.  Id. 

London  County  Council. — On  Tuesday  a  loan  of  £7.<l<llt  for  electric 
lighting  for  .Stepney  was  approved. 

Jiinnlion  by  iin  Official. — The  General  Purjioses  committee  recom- 
mended that  .Mr.  T.  R.  Ireland  be  permitted  to  take  out  a  patent  for  an 
improvement  invented  by  him  in  the  ordinary  tramway  controller, 
subject  to  the  condition  that  the  Council  use  the  patent  should  it  so 
desire  without  payment.  The  invention  has  for  its  object  the  preven- 
tion of  accidents  such  as  have  occurred  recently  on  the  tramways  of  other 
municipalities  and  consists  of  an  electrically  connected  device  for  inter- 
locking one  controller  with  another,  or  alternatively  aiianged  to  mdieate 
to  the  raotorraan  any  incorrect  ))ositiou  and  relationship  of  the  reverse 
cylinders  of  the  controllers,  whereby  the  proper  operation  of  the  electric 
brakes  would  be  affected. — Agreed  U>. 

C'  nlralCrir  Repairing  Depot. — The  Highways  committee  recommended 
that  £47, .500  be  expended  in  the  erection  of  the  second  section  of  the 
eentral.car  repair  depot,  and  £11, .500  in  respect  of  the  provision  of  tools, 
machinerj',  cables,  &c. — Postponed. 

L.C.C.  Tramways. — St.  Pancras  Council  are  recommended  by  their 
Works  committee  to  approve  the  plans  of  London  County  Council  for 
continuing  the  Caledonian-road  tramways  at  Pentonville-road  to 
Gray's  Inn-road,  by  means  of  a  bridge  to  be  erected  over  the  Metro- 
politan Railway  at  King's-cross  station. 

L.C.C.  Tramways  Employes  and  Concdiation.— The  ballot  of  the 
tramway  employes  of  London  County  Council  has  resulted  in  a  large 
majority  (4,7.'i4  voles  against  759)  in  favour  of  the  princi])le  of  C<m- 
ciliation  Boards,  and  st^pg  will  be  taken  bj-  the  Board  of  Trade  to  con- 
duct the  elections  of  the  eniployivs'  representatives  for  the  four 
gcctional  boards. 

Lytham. — The  directors  of  the  Lytham  Electric  Light  &  Power  Co. 
havi-  decided  to  prrx-eed  with  the  work  of  establishing  electricity 
supply  in  tlie  district. 

Manchester. — At  the  Council  meeting  on  Wednesday,  the  Chair- 
man of  the  Electricity  committee  (Mr.  Howarth)  said  the  tender  of 
Siemens  Bro.s.  &  Co.,  at  £1,998.  lO.s.  lOd.  for  supply  of  service  cables 


during  12  months,  had  been  accepted,  because  it  was  the  lowest 
received,  being  £34.  7s.  6d.  less  than  that  of  Connolly  Bros. 

Mr.  Howarth  said  it  was  not  fair  to  lirnis  who  tendered  in  answer  to  an 
advertisement  if  the  committee  after«ards  started  negotiations  to  get 
one  lirni  or  ai\othcr  to  reduce  its  tender. 

.Mr.  l''ox  moved  that  the  matter  lie  rcfcired  back,  as  he  was  in  favour 
of  work  Ix'ing  given  to  local  firms. 

Jlr.  White  and  Mr.  Cook  supported  this  view.  Other  membei-s  sup 
ported  the  committee's  recommendation,  which  was  ultimately  carried. 

The  Council  approved  the  rejiort  of  the  special  committee  ap- 
jiointed  to  consider  the  question  at  issue  between  the  Mutual  Tcle- 
))hone  S\nd.  and  the  Corporation,  which  read  as  follows  : — "  Having 
heard  the  statements  of  Mr.  Thomson,  Mr.  Bradley,  and  -Mr.  Scott, 
this  committee  do  not  consider  that  any  cquitalilc  liability  attaches 
to  the  Cor|»)ration  to  reimburse  out  of  the  City  I'mid  the  exijcnses 
which  were  incurred  by  the  gentlemen  who  eonstitutcil  tlie  New 
Mutual  Telephone  Syndl  (Ltd.)" 

Manufacturers  and  Contractors. — It  is  announced  that  at  a  largely- 
attended  meeting  ol  clictriral  manufaeturors  of  the  United  Kingdom, 
held  on  1st  insl.,  at  the  Hotel  Cecil,  London,  it  was  tuianinuiusly 
resolved  that  the  action  of  the  National  Electrical  Manufacturers' 
Association  in  their  negotiations  with  the  Electrical  Contractors' 
Association,  regarding  the  proposed  agreement  to  give  S]iecial  terms 
to  members  of  that  association,  be  endorsed,  and  tliat  the  terms  set 
out  in  the  official  journal  of  the  Electrical  Contractors'  Association  of 
April,  1909,  could  not  be  entertained.  The  meeting  was  not  confined 
to  members  of  the  Manufacturers"  Association,  all  manufacturers 
being  invited  whether  members  or  not. 

Municipal  OfTicials'  Expenses. — At  a  meeting  of  Belfast  Tramways 
and  Electricity  committee  cm  Monday  a  letter  from  Sir  Hy.  A. 
Robins<m.  President  of  the  Local  Ciovernment  Board  (Ireland),  in 
reply  to  a  letter  from  Mr.  Xance  (manager  of  the  tramways  dejiart- 
ment),  was  read.  The  letter  reads  ;  ''  The  auditor  is  bound  to  sur- 
charge all  payments  for  which  no  statutory  authority  can  be  shown, 
and  unless  you  can  refer  him  to  statutory  authority  warranting  the 
payment  of  expenses  of  the  Belfast  tramway  officials  in  attending 
a  conference,  the  only  way  in  which  the  expense  can  be  legalised  is  by 
a  clause  in'the  next  local  act  empowering  such  expenses  to  lie  charged," 
It  was  decided  to  request  the  Law  committee  to  carry  this  suggestion 
into  effect. 

Museum  Lighting. — The  contract  for  the  wii-ing  and  fitting  u))  of 
the  new  Victoria  and  .\lbcit  .Museum,  which  was  recently  opened  by 
the  King,  was  carried  out  by  .Messrs.  T.  Clarke  &  Co. 

Newfoundland  Cables. — A  statement  has  appeared  in  a  number  of 
journals  to  tlie  elicct  that  the  Commercial  Cable  Co.  was  seeking  an 
undue  advantage  in  an  agreement  regarding  landing  rights  for  a  cable 
to  Newfoundland.  This  statement  has  been  answered  by  the  com- 
jiany  as  follows  : — 

Referring  to  an  item  dated  St.  Jolin's.  Ncwfcnnullaud.  .Tune  27,  wlierein 
the  impression  is  conveyed  that  the  Morris  Ministry  decline  to  ratify  the 
agreement  l)etween  the  Commercial  Cable  Co.  and  the  Bond  Ministry, 
on  the  ground  that  the  Commercial  Co.  received  under  that  agreement  a 
special  concession  equivalent  to  the  free  landing  of  a  new  cable,  whereas 
other  cable  companies  were  called  upon  to  pay  a  cable  tax  of  £800  per 
annum,  I  am  directed  by  my  board  of  directors  to  state  that  tliis  allega- 
tion is  incorrect.  The  agreement  in  <[uestion  requires  the  Commercial 
Company  to  pay  an'  annjial  cable  tax  of  £800,  and  the  company  cxpecta 
to  pay  that  amount  acconlingly. 

Frkd.  W.^rd,  Manager  in    England. 

Nottingham. — On  Mnmlay  the  City  Council  adopted  a  report  of  the 
General  I'luposcs  ami  Tramways  Committees,  recommending  (hat 
powers  lie  olilained  lor  constructing  tramways  to  Sneinton. 

Obituary. — On  July  4  Mr.  Edwin  Trenam,  I.S.O.,  late  Chief  Con- 
troller of  Telegraphs.  ])assed  away  after  a  .short  illness  at  U])per 
Norwof)d,  London.  Mr.  Trenam  was  born  on  April  17,  1843,  and 
was  connected  with  the  old  Electric  &  International  Telegraph  Co. 
in  1857,  and  with  the  Magnetic  Telegraph  Co.  in  18(i2.  On  the 
taking  over  of  the  telegraphs  by  the  State  in  1870  he  became  .superin- 
tendent of  telegraphs  at  Leeds,  and  20  years  later  occupied  a  simil.-ir 
position  at  Manchester.  In  1900  he  was  appointed  traffic  manager 
of  telegraphs  at  St.  Martins  le  Grand,  and  later  became  deputy 
controller  and  controller  at  the  Central  Telegraph  Office.  He 
retired  in  190(i. 


Sir  CHARLES  TILSTON  BRIGHT. 

It  will  interest  our  readers  to  know  that  we  have  some  rejirodtie- 
ti(jns  on  sale  at  Is.  each,  of  the  portrait  of  the  late  Sir  Charles  Bright 
(when  kniglited  at  the  ag<'  of  20).  This  forms  the  frontispiece  to  the 
reecMllyissucd  aliridiji  d  biography  of  the  distinguished  engineer. 
We  would  add  that  the  portrait  is  mcmnted  so  as  to  be  conformable  as 
to  size  with  "  The  Electrician  "  series  of  steel  plate  jiortraits,  and  is 
.suited  for  framing  with  the  series. 
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Palestine. — It  is  reported  tliat  a  schfiiic  is  lieiiifj;  |iic|iiucd  for  (lie 
erection  of  cleotrioity  works  in  Jerusalem,  and  for  llic  construction  of 
an  elccti'io  tramway  between  that  city  and  .laiVa. 

Presentation. — A  pleasing  ceremony,  evidencing  the  esteem 
in  wliieii  Air.  Scabrook  was  held  by  his  stall  at  West  Ham,  was 
performed  on  2nd  inst,  wlien  the  resident  engineer  (Mr.  ]>loyd-Joncs) 
nresentcd  to  Mr.  Seabrook,  on  behalf  of  tlie  stalT  of  the  generating 
tlcpartmcnt,  a  gold  watchchain  on  tlic  occasion  of  liis  leaving  to  take 
up  tlie  |)osition  of  general  manager  to  the  Maryleljone  undertaking. 

In  making  the  pi-esentation,  Mr.  Ll.oyD-JoNES  referred  to  the  rapid 
progress  of  the  West  Ham  electricity  department  under  Mr.  Seabrook's 
zealous  administration,  and  the  vigorous  advertising  campaign  which 
kept  West  Ham  clcetfli-ity  supply  constantly  before  manufailiircrs  and 
others.  He  r.^ferrcd  to  tlie  low  works  costs  for  the  year  ended  Miirch, 
which,  he  saiil,  cunstiluted  a  record  for  any  munici))al  undertaking  in  (jr 
aroimd  l/nulnii,  and  tliat  result  had  been  largely  due  to  the  able  direction 
of  the  eugiiu'cring  p:.licy  by  Mr.  Scabrook. 

Mr.  A.  Hifou  Seahuook.  in  reply,  expressed  his  appreciation  of  the 
valuable  present.  He  I'cgrcKed  having  to  part  comi)any  with  the  staff, 
who  had  served  him  so  loyally  whilst  at  West  Ham,  and  he  hoped  that 
their  good  services  would  be  continued  imdcr  his  successor,  Mr.  Cou/ens. 

Rugby. — Application  has  been  made  for  sanction  to  a  loan  of 
£5,500  tor  a  150  kw.  steam  alternator,  switchboard,  mains,  meters, 

School  Ligliting. — At  a  meeting  of  ]?righton  Education  committee 
last  week  Air.  Letbbridge  op])osed  a  recommendation  that  tenders 
be  obtained  for  the  installation  of  the  electric  light  (at  an  estimated 
cost  of  £225)  at  Dit.clding-road  school  and  cookery  centre,  on  the 
ground  that  the  C;i])ilal  expenditure  would  be  eipuil  to  the  cost  of 
10  years'  consumption  of  gas.  Mr.  .1.  Carden  explained  that  tliey  had 
always  had  complaints  about  the  lighting  of  this  scluiol.  and  the  hall 
could  not  be  let  for  public  meetings  in  consequenf^e.  In  llic  schools 
that  had  been  wirerl  for  electric  light  they  saved  in  the  last  (piarlcr 
of  lOltS  t5;?  compared  with  the  charge  for  gas  ;  and  when  metal 
filament  lamps  came  to  be  used  they  would  save  t2(J(l  a  year.  IClec- 
tric  light  was.healtlucr,  and  they  ought  to  support  the  Corporation's 
undertaking.  It  was  ultimately  decided  to  adopt  the  recommenda- 
tion in  favour  of  electric  lighting. 

Southwark. — Newington  Town  Hall  is  to  be  re-wircd  at  a  cost  of  £41 
and  superlioatsrs  arc  to  be  obtained  for  four  boilers  at  £570. 

Street  Lighting  in  the  City  of  London. — The  Streets  committee  will 
issue  in  a  few  days  the  report  of  the  sub-committcc  who  recently 
visited  the  Continent  for  inspecting  the  lighting  arrangements  of  the 
principal  cities  of  France  and  Germany. 

The  "  City  Press  "  states  that  the  sub-committee  will  report  that  the 
lighting  of  the  City  is  capable  of  great  improvement,  and  that  in  many 
resjicets  the  arrangements  adopted  abroad  are  far  supi'rior  to  those  in 
the  City  of  London.  '  In  ])articular,  it  is  urged  that  there  is  no  uniformity 
of  lighting  in  the  City,  and  that  the  advantages  of  some  of  the  schemes 
in  o])eration  are  very  considerably  minimised  through  faulty  jilacement. 

Switzerland. — .An  80  years'  concession  for  the  construction  and 
working  of  a  single  track  metre  gauge  electric  tramway  from 
Massagno  to  Ostarietta,  via  Cadempino,  has  been  granted  to  M. 
Medardo  Polar  (of  Massagno)  and  M.  Elvezio  Crivelli  (of  Lugano), 
representing  a  preliminary  syndicate. 

Tewkesbury.— The  local  Electric  Light  Co.  comim  need  supply  of 
electricity  for  public  and  |irivate  lighting  on  .June  2S. 

Torquay. — The  Council  have  vot«d  an  honorarium  of  100  guineas 
to  the  bor(jugh  electrical  engineer  (Mr.  P.  Storey)  in  recognition  of 
the  valuable  services  rendered  by  him  in  connection  with  the  exten- 
sions of  plant  for  the  tramway  supply  at  the  electricity  station. 

Transvaal  Mining  Industry. — The  Board  of  Trade  Couimissioner 
(Mr.  R.  S.  Holland),  wli..  lias  been  investigating  the  mndii  i.ai,  ..(  the 
Witwatrrsraiul  mining  industry,  is  reported  to  havi-  said  that  he 
considered  the  Rand  ofTeicd  the  greatest  scope  for  the  development  of 
British  trade  if  the  opportunity  were  fully  seized,  partieidarly  in 
respect  of  electrical  machinery,  which  was  rajiidly  displacing  steam 
plant. 

German  manufacturers  were  represented  by  very  kecTt  men  of  Inisiness 
and  were  greatly  assisted  by  the  financial  sup])iirt  of  their  commercial 
banks.  Mr.  Holland  consider.^  it  advi.sable  for  the  iiriueiiials  of  British 
manufacturing  firms  to  visit  .Johannesburg  in  person.  The  contracts 
which  are  liiiug  olaiiil  as  a  icsult  nf  tlio  extensive  develoiimeut  of  mining 
operations  tiivr  an  .i|i|«a  l  iniily  foi  InisiTirss  in  all  classes  of  mining  ma- 
chinery. Maiuifarlnicis  should  'j.\\v  their  local  reiireseutatives  liottom 
prices  and  a  fiver  han-l.  .Mr.  Hollan  I  will  i)resent  his  report  to  the  Hoard 
of  Trade  in  due  cairsc. 

Travel.  Sports  and  Pastimes  Exhibition.— The  latest  exhibition  at 
Olymina  has  been  given  the  above  title,  and  was  ojicned  on  Tuesday 
last  by  Lieut.  E.  H.  Shaekleton,  the  hero  of  the  South  Pole.  It  will 
remain  open  until  Aug.  4.  Its  purpose  is  to  supply  visitors  with 
information  they  may  require  before  undertaking  a  journey  to  any 


SPECIAL   NOTICE. 


NOW    READY Vol.    L.XII.    of  "The  Elkctriciaji "  (1.028 

pages),  liound  in  strong  cloth.  Price  17s. 6d.;  jiost  free,  18s.  6d.  Now 
ready.  Cases  for  Binding.     Price  2s.;  post  free,  23.  3d. 

A  complete  set  of  "  The  Elki  tkkia.v  "  can  lie  supplied.  A  number 
of  odd  volumes  and  some  odd  old  back  numljera,  to  help  in  making 
up  complete  sets,  are  also  available. 


part  of  the  world.     The  needs  of  those  who  travel  in  style  and  those 
who  rough  it  are  equally  considered. 

A  glance  round  the  exhibition  shows  that  purely  electrical  features  arc 
practically  absent.  The  hall  is,  of  course,  lighted  electrically,  and  this 
work  has  been  carried  out  by  Messrs.  Brjoke.s,  of  Hammersmith.  An 
exhibit  which  is  attracting  much  interest  is  that  of  Marconi's  Wirelests 
Telegraph  Co.  This  consists  of  two  stations,  one  at  each  end  of  the  hall, 
between  which  communication  is  estalllshcd  fur  the  benefit  of  visitors. 
These  stations  are  fitted  up  with  standard  ajiijaratus,  having  a  range  of 
about  500  miles,  energy  being  supplied  from  the  alternating-current 
system  of  Hammcixmith  Corporation.  One  of  these  .stations  is  titled  up 
in  a  model  .ship's  cabin,  and  illustrates  the  way  wireless  apparatus  Ls 
arranged  on  a  Cunard  liner.  For  the  benefit  of  visitors  messages  will  be 
sent  from  these  stations  to  any  ships  at  sea  on  the  ]>ayment  of  the  usual 
rates.  This  company  is  the  only  electrical  one  exhibiting.  We  must 
call  attention  to  the  excellent  exhibit  of  our  contemporary  the  "  Sporting 
Jjife,"   which  contains  interesting  rehcs  pertaining  to  all  kinds  of  sport. 

Walsall. — The  General  Purposes  committee  recommend  extensions 
o',  and  alterations  to,  the  electricity  works,  at  an  estimated  cost  of 
£;^5.000.  The  Council  will  discuss  the  proposal  at  their  meeting  on 
Monday  next. 

Walton-on-the-Naze. — The  Board  of  Trade  have  issued  a  s|)ccial 
report  on  the  application  of  the  Coast  Development  Corpn.  for  a 
pr.)visional  order  for  this  district. 

The  company  has  established  electricity  works  with  the  concurrence 
of  the  Urban  Council.  .Vn  agreement  between  the  Council  and  the  com- 
pany iirovidcd  that  the  Council  should  support  the  company's  application 
for  a  i)rnvisinnal  nnler.  This  agreement  contained  a  provision  that  the 
company  should  supply  "  at  a  price  not  exceeding  (id.  per  unit  to  jirivnte 
consumers  by  means  of  overhead  or  underground  wii-es,  or  both,  as  the 
company  may  think  fit."  The  Council  refused  their  consent  and  op|M)sed 
the  grant  of  the  older  on  the  grounds  :  (1)  That  the  maximum  price  pro- 
posed to  be  charged  by  the  company  should  he  (id.  per  unit  instead  of 
8d.,  as  sjiecitied  in  the  draft  order ;  (2)  that  imdergroimd  mains  should 
be  substituted  for  the  existing  oveihead  wires  within  five  years  ;  and  (3) 
that  the  order  should  cimtain  a  provision  giving  the  Council  a  special 
power  to  purchase  the  mulcrtaking.  The  company  agreed  to  these 
conditions  except  that  relating  to  price.  They  represented  that  their 
agreement  with  the  Coimcil  under  which  the  price  was  fixed  at  (id.  pro- 
vided for  the  use  of  underground  or  overhead  wires,  or  both,  as  the  eom- 
jiany  might  think  fit.  and  that  if  they  were  required  to  substitute  under- 
gro\md  mains  for  overhead  wiles  the  expense  involved  might  render  tlie 
supply  at  a  maximum  price  of  (id.  imrcmimerative.  They  had,  however, 
given  to  the  Council  an  undertaking  that  they  will  not  charge  a  higher 
price  than  Cd.  per  unit  so  long  as  they  are  not  i-cfpiired  to  place  any  of 
their  electric  lines  underground.  The  Council,  however,  still  refused 
their  consent,  and  the  Board  of  Trade,  after  hearing  the  parties  and  con- 
sidering all  the  circumstances  of  the  case,  decided  to  dispense  with  the 
consent  of  the  Council  and  to  grant  the  order,  allowing  a  maximum  price 
of  8d.  per  unit  and  inserting  provisions  {n)  requiring  the  removal  of  over- 
head wires  within  five  years,  and  (h)  giving  the  Council  a  special  jxiwer 
to  piu'cbase  the  undertaking. 

Wednesbury. — The  salary  of  the  borough  electrical  engineer  (Mr. 
W'mi.  FenncU)  has  been  increased  by  £25  per  annum. 

"West  Bromwich.- The  Council  have  decided  to  allow  a  discount 
of  '2i  per  cent,  on  accounts  for  electric  current  for  lighting  and  power, 
excepting  traction. 

Willesden. — The  Council  have  renewed  for  seven  years  their 
aijrecmcnt  with  the  North  Metropolitan  Electric  Power  .'^upidy  Co. 
for  the  supply  of  electricity  in  bulk  for  lighting  and  power,  and 
there  is  ludvision  for  a  further  reduction  in  price. 

Wood  Green.— At  a  meeting  of  the  Council  last  wtek  it  was 
decided  to  adopt  a  .scheme  for  electricity  supply  jueparcd  by  the 
consulting  engineers  (Messrs.  May  &  Hawes).  subject  to  the  terms  of 
an  agreement  with  the  North  Metropolitan  Electric  Power  .Supply 
Co.  being  arranged  to  the  satisfaction  of  the  Council. 

In  their  report  Messrs.  May  and  Hawes  start  by  dealing  with  tlu- 
position  of  Wood  Green  in  regard  to  electricity  supply,  and.  after  ixuntmg 
out  the  advantages  of  being  able  to  obtain  electricity  in  bulk  from  a 
power  companv  at  favourable  rates,  they  recommend  the  adoption  of  the 
three-phase  artcrnating-cunent  sy-stem  of  distribution,  the  e.h.t.  bulk 
supply  being  transformed  at  the  distributing  station  fiMin  10.(HH>  to 
n.OOO  volts  and  thence  transmitted  at  high  pressure  to  sub-stations  or 
transformer  pillars.  Friuu  sub-stations  distributing  mains  woul.l  bf 
laid  for  a  three-phase  a.c.  supply  at  a  pressuiv  not  exceeding  240  volts 
for  lighting  and  415  volts  for  power,  the  frequency  being  ."iO  periods  i«?r 
second.  A  site  adjacent  to  the  free  library  (between  station  and  River 
Park  roads)  is  recommended  for  a  distributing  station,  and  :it  the  outset 
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this  WduUl  be  equipped  with  transfcirming  \ilant  of  :v  oniiacity  of  iSOO  k\v., 
and  the  necessary  switohgear.  &o.  There  would  be  thn-c  transformer 
sub-stjitions,  anda  list  of  sti-eets  is  given  in  whieh  mains  should  \h-  laid. 
In  the  estimates  provision  is  made  for  connecting  up  430  lonsumers. 
including  meters,  and  it  is  also  prop<ised  to  supply  small  house  trans- 
formers for  use  with  metal  filament  lamps.  It  is  also  suggested  that  the 
Council  should  adopt  a  scheme  for  wiring  consumers'  premises.  In  re- 
gard to  public  lighting,  it  is  recommended  that  51  arc  lamps  sh.otild  be 
erected  in  five  thoroughfares.  The  estimates  prepaied  by  Messrs.  May 
and  Hawes  are  based  on  the  current  price  of  copper  wire  bars  at  £l>5  per 
ton  and  lead  at  £15  iier  ton. 

Eilimnte  of  Capital  Kjixiiditiire. 

BuUdinijS.  including  distributing  stjition.  with  transformer  and  switch 
rooms,  test  and  store  room,  engineer's  office,  &c.,  £1,500  ;  three  trans- 
former sub-stations,  £4.")0  ;   total  £1,950. 

Equipment  of  distributing  station,  including  .500  kw.  of  transformers, 
e.h.t.  and  high  and  low-pressure  switchboard.s.  prc~-nn'  rrL'iilators.  )mblif 
lighting  switchboard,  cable  connections,  meter  ami  ^.  nnil  Ir^ling  appa- 
ratus and  instruments,  wattmeters  to  measure  bulk  -ii|>|i'\  uul  nia.ximum 
demand,  telephones.  &c.,  £3,100:  equipment  of  three  transformer  sub- 
stations, including  two  .50  kw.  three-phase  transformers  for  each  sub- 
station, high  and  low-i>ressure  switchboards.  Ac,  £1,300. 

Mains. — High-tension  feeders,  comprising  0,300  yds.  005  three-core 
armoured  cable  laid  direct  in  tlie  ground,  together  with  four-core  7/20 
armoured  cable  for  ])ilot  and  telejihone  wires,  £2,030  ;  low-tension  dis- 
tributors, comprising  21.310  yds.  of  four-core  armoured  cable  of  various 
sizes  laid  direct  in  the  ground,  £7.040  :  ])ublie  lighting  cable,  comprising 
8,050  yds.  of  7/18  armoured  twin  cable  laid  direct  in  the  ground  in  six 
separate  circuits,  £1,030;  disconnecting  boxes,  bricks,  brick  pits,  sec- 
tioning jiillars  and  terminal  end  boxes,  £370 :  trenchmg  ajid  remstate- 
ment.  £3.850  ;  house  services,  comprising  cable,  house  service  boxes, 
house  fuse  boxes,  trenching  and  reinstatement,  jointers'  kit,  &c.,  for  450 
services,  £2,5.30. 

Metrrs.- — 440  single-phase  and  10  three-phase  meters  of  various  sizes, 
£1,800:  300  small  house  transformers  for  metallic  filament  and  other 
high-efficiency  low-voltage  glow  lamps,  £,500. 

Provision  for  general  expenses  and  contingencies  comes  to  £1,500.  For 
plain  wiring  of  residential  houses  (exclusive  of  moveable  fittings,  lamps 
and  consumins  apparatus)  provision  is  mad"  for  an  expenditure  of 
£2,500,  and  for  51  public  arc  lamps  £1.7.50.  making  a  total  of  £31.250. 

The  estimated  revenue  is  put  at  £0.092  (including  £5,180  fnmt  private 
lighting  and  power,  £612  from  ]niblic  lighting,  and  £300  from  rental  of 
meters,  Ac),  and  working  expenses  at  £3,722,  leaving  £2,370  to  meet 
interest  and  sinking  fimd,  whieh,  it  is  calculated,  would  come  to  £1,870 
p?r  annum,  or  a  net  pruHt  of  about  £500  a  year. 

Workhouse  Lighting. —  Haslingden  Guardians  have  accepted  the 
off-.?r  of  Rawtenstall  Corporation  to  sapply  electricity  for  lighting  at 
3d.  per  unit,  and  for  power  at  Id.  per  unit,  on  a  five  years'  contract. 

York. — The  Corporation  have  decided  to  weld  the  whole  of  the 
rills  used  in  connection  with  the  electrification  of  the  municipal 
traniwa5s  by  the  "  Thermit  ""   jjrocess. 

Application  has  b,^3a  maie  for  sxnction  to  a  loan  of  £2.510  for 
mains  extensions. 

Annual  Outing.— On  Saturday  last  the  employes  of  the  Briti-sh 
Ki'Ttrie  Calilirated  Fuse  Co.  (Harpenden)  went  for  their  fourth 
annual  ouling  to  Brighton.  After  dinner  the  general  manager  (Mr. 
Wcekes)  stated  that  the  jirogress  of  the  firm  during  the  last  year  had 
been  entirely  satisfactory.  Althougli  trade  was  supposed  to  be  bad 
in  the  electrical  profession,  the  firm  had  kept  up  their  record  of 
belting  by  a  big  margin  the  turnover  of  the  year  before.  That  had 
bjon  the  case  every  year  since  the  start  of  the  firm. 

On  26th  ult.  the  mains  and  public  lighting  staff  of  St.  Panoras 
elestricity  undertaking  had  their  15th  annual  staff  outing  and 
dinner  at  Bournemouth.     About  60  sat  down  to  dinner. 

.\mong  those  jire.senl  were  the  Mayor  of  S*.  P.aneras,  Councillor  E.  T. 
Heron.  .I.P.  (who  jjresided).  Aid.  D.  MeCregor,  .Mr.  C.  H.  F.  Barrett,  the 
town  clerk.  .Mr.  S.  \V.  Baynes,  chief  electrical  engineer,  and  Messrs.  Boot, 
Hrown.  .\sht(m,  .Jennings.  &c. 

.Mr.  W.  A.  Brown  ])roposed  the  toast  of  '  The  Visitors,"  and  in  reply 
the  .Mayor  said  he  was  pleased  to  note  the  good  fellowship  and  co-opera- 
tion.    Mr.  Barrett  also  responded. 

.Mr.  Boot  proposed  "  The  Chief  Engineer,"  and  said  that  although 
that  was  the  first  time  for  14  years  he  had  been  present  they  hoped  he 
would  endeavour  to  come  every  succeeding  j'ear. 

Mr.  Bav.nes  suitably  resp.jnded.  ^ 


ELECTRICITY  SUPPLY  AND  TRAMWAY  ACCOUNTS. 

Barnsley.  -'i'lu  accounts  of  llie  electiicity  (l())aitniciil  ior  llie  year 
ended  .March  31  show  total  revenue  £12.34:5.  1  Is.  8d. 

The  total  expenditure  was  £.5,075.  Ifis.  Id.,  leaving  £l),0()9.  15s.  7(1.  to 
meet  interest  (m  loans,  &c.  (£2,.5;)8.  .5s.  Id.),  instalment  of  principal  on 
money  bor^wed  (£()()2.  3s.  lOd.)  and  sinking  fund  (£l,litO),  giving  a  net 
profit  of  £1,429.  6».  8d.,  <f  which  £1,000  has  been  allocated  in  relief  of 
rates  and  the  balance  placed  to  rescr\-c.     l,702,tiS2  units  were  gene- 


rated. 835,442  units  were  sujiplied  to  pi;ivate  consumers,  322.3(iO  to 
the  tramways,  and  274,.502  to  public  lamps.  The  total  maximum  supjily 
demanded  was  849  kw.  Capital  expenditure  is  £75,370.  Us.  i;,l.,  „;, 
increase  of  £708.  18s.  5d.   on  the  year. 

Croydon. — The  accounts  of  tlie  tramways  department  for  the  year 
ended  March  31  were  recently  apinoved  by  the  Corporation. 

Traffic  revenue  from  Corporation  lines  was  £(i9.49l).  llis.  lid.,  receipts 
luider  the  agreement  with  the  South  Jletropolitan  Tramways  Co.  for 
running  powers  amounted  to  £2.505.  18s.  7d..  and  sundry  reveuue 
realised  £1,7.53.  13s.  Id.— total  £73.810.  8s.  7d.  Winking  expenses  were 
f54.72(i;  7s.  3d.  (()-75d.  per  car-mile)  and  gross  profit  £19.090.  Is.  4d. 
(2-.354d.  per  car-mile).  After  paying  interest  (£8..355)  and  iueiune  tax 
(£(i4(i.  4s.)  there  was  a  balance  of  £10,092.  5s.  lid.,  and  after  providing 
for  contribtitions  to  sinking  fund  and  repayment  of  loans  the  net  balance 
was  £3,294.  lOs.  2d.,  which  has  been  transferred  to  reserve  and  renewal 
fund.  Capital  expenditure  amoimts  to  £280,003.  2s.  (id.  IG,26(),475 
l^assengers  were  carried  and  1.945.045  car-miles  run:  average  traffic 
revenue  per  car-mile  was  8-889d.  :  2,429.291  units  of  current  were  used 
for  traetion,  lighting  and  rail  grinding  (an  average  of  1'25  units  per  car- 
mile)  :  the  average  cost  of  energy  per  car-mile  was  2'2I8d.  ;  ami  the  per- 
centage of  working  expenses  to  total  revenue  was  73-54, 

Hove, — The  accounts  of  the  Aldrington  electricity  su|)ply  depart- 
ment show  a  deficiency  of  £4.52  for  the  year  ended  March  31,  after 
paying  all  ex|ienses.  including  interest  and  sinking  fund. 

Loughborough. — M  the  meeting  of  the  Council  on  Monday  the 
accounts  of  the  electricity  department  fur  the  year  ended  .March 
were  approved. 

The  total  income  was  £3,284.  18s.  lOd.,  including  £2,328.  10s.  4d.  fr.mi 
sale  of  current  by  meter,  £100.  I5s.  4d.  from  public  lighting,  and 
£600.  12s.  7d.  from  sale  and  repair  of  lamps,  motors,  &e.  Total  expen- 
diture was  £2,738.  5s.  Oid.,  leaving  a  balance  of  £.540.  13s.  9Jd.  to  meet 
interest  (£1.477.  16s.  9d.)  and  sinking  fund  (£606.  17s.  8d.).  A  grant  of 
£1,500  was  made  from  the  general  district  fund,  and  £44.  14s.  Ud.  has 
been  provided  as  a  reserve  against  free  wiring  account.  266,372  units 
were  sold  (against  258,646  in  previous  year),  including  101,.526  (105.316) 
for  private  lighting,  7,726  (12,164)  for  public  lighting,  and  li>7,120 
(141.166)  for  power.  The  equivalent  of  21.804  8  c.p.  lamps  is  connected 
(against  18.310),  and  there  are  68  motors,  representing  382  b.h.p.  Works 
costs  were  l-852d.  (2-2,54d.).  The  capital  expcndcd'^is  £31,904.  7s.  (in- 
crease £1,071.  13s.  3d.). 

The  chairman  (Aid.  BuMPUs).  in  moving  the  adoption  of  the  accounts, 
referred  to  the  recent  re])ort  of  Mr.  Snell  on  the  wcu'king  of  the  electricity 
undertaking.  Broadly,  they  had  adopted  the  recommendations  of 
Mr.  Snell,  and  with  respect  to  the  consumption  of  coal  they  had  aeceiited 
his  advice,  and  he  was  informed  the  consumption  was  now  much  lower. 
For  the  success  of  the  undertaking  the  output  would  have  to  be  diuililed, 
and  lie  was  pleased  to  say  it  was  increasing,  especially  tor  powei. 


TRADE  NOTES  AND  NOTICES. 


TENDERS  INVITED. 

Tlie  T'llectric  Lighting  committee  of  Hi'i.i.  C(>r]iorati(in  invite 
tenders  for  the  sujiply  and  laying  of  electric  mains.  &c..  during  the 
period  ending  March.  1910.  Forms  of  tender  and  spctu'lication  may 
be  obtained  on  depositing  one  guinea  with  the  city  treasurer  (.Mr. 
T.  Ci.  Milner).  Tenders  to  the  chairman  of  the  Electric  Lighling 
committee.  Town  Hall,  Hull,  by  noon  July  29.  See  also  an  ai'- 
vertisement. 

Salford  Electricity  committee  invite  tenders  by  noon  July  12 
for  re-wiring  at  the  Royal  Technical  Institute.  Specifications,  &e., 
from  the  Borough  Electrical  Engineer. 

HoRNSEY  Council  want  tenders  by  4  p.m..  July  12.  for  wiring  and 
other  work  at  the  Frobisher-road  school.  Harringay.  Forms  of 
tender  from  the  Borough  Electrical  Engineer. 

Luton  Corporation  recptire  tenders  by  10  a.m.  Jidv  I!)  for  sii|)ply. 
fixing,  &o..  of  .500  kw.  steam-driven  gencratcu'  and  of  condensing 
])lant.     Specifications  from  the  Borough  Electrical  Engineer. 

Long  Eaton  Council  want  tenders  and  schemes  by  mid-day 
.July  20  for  the  installation  of  water-softening  plant  at  the  electricity 
works.     Particulars  from  the  I<-ngineer  and  Manager. 

The  Board  of  Control,  Win-MPEO,  Canada,  require  ttiidds  for 
the  following  contracts  in  connection  with  the  Point  du  Bois  hydro- 
electric development  scheme.  For  contract  .\  tenders  arc  to  be  in 
by  .August  2.  and  Un-  the  remaining  contracts  by  August  16.  The 
numbers  preceding  the  items  are  those  of  the  specifications  : — 

X  (5)  live  5.200  ii.p.  turbines,  and  (6)  two  4.50  H.r.  ttirbines  (deposit, 
S2.50) ;  B  (7)  live  3.000  kw.  generators,  (8)  two  250  kw.  generators,  (11) 
switching  and  aeeessoiy  apparatus,  (deposit,  S2.50)  :  C'  (10)  six  step-up 
transformers  (deposit,  SlOO);  1)  (12)  light,  heat  and  power  systems 
(de)iosit,  $.50) :  E  (23)  protective  apparatus  (deposit,  S50) :  "F  (25) 
three  electric  travelling  cranes  (deposit,  S.50) ;  and  Ci  (27)  Auxihary 
a])paratus   (deposit,  SlOO).     Specifications  and  plans  may  be  seen  at  tho 
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NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES' 
DIRECTORY  AND  HANDBOOK.— The  1909  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engine  eiing  Tables,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issued  in  handy  book 
form.  These  are  included  in  the  1909  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 


mIHi  I'  iif  ■'  Engineering,"  where  also  copies  of  the  instriiction.s  to  com- 
|.  titnr-!.  and  of  the  plans  and  specifications  and  forms  of  tender  may  be 
ulitained. 

Tenders  are  invited  for  the  supply  of  KHj  miles  of  li.ire  hard-diawn 
oopper  cable,  and  also  for  the  supply  of  6,410  yds.  of  single  conductor 
lead-c(j\cn.tl  cahles  and  1,400  yds.  of  concentric  lead-covered  cables 
to  till'  City  CciiuK'il  of  i\lKLBOiiRKE.  .Specificiitions.  tender  forms  and 
conditions  Irimi  the  Agents  for  the  City  Council,  Messrs.  Mcllwraitli. 
McEacliarn  &  Co.  Proprietary  (I,td.).  BiUitor-square-lniildiniis, 
London,  E.C.,  '.vitli  whom  tenders  must  be  lodged  by  I'Viday,  July  23. 
The  Tran.sv.v.\l  Department  of  Posts  and  Telcfjraiihs  require 
tDnders  fur  supply  of  2,500  tapered  iron  telegraph  poles  and  20  tons 
of  g.i.  wire.  Tcnder.5  to  tlic  Agent-General.  72.  Victoria-street. 
London,  S.W.,  by  noon  July  23. 

Tenders  arc  invited  by  the  Public  Works  Department.  iM.\DRiD, 
for  a  GO  years'  concession  for  the  construction  and  working  of  an 
electric  tramway  between  JMonachil  and  the  suburbs  of  Gabia 
Orande  (Granada).  Tenders  (with  deposit  of  S.-'iSS  pesetas=£1.30) 
to  tlic  Direceion  General  de  Ubras  Publieas.  Madrid,  before  noon. 
j  August  26.  The  '"  Madrid  Gazette  "'  for  June  21  containing  further 
particulars,  may  be  seen  at  73.  Basinghall-street.  London,  E.C. 

Tciulers  are  invited  by  the  CorENH.\GEN  Lighting  Corporation  for 
i-'  months'  supply  of  d.c.  cable,  and  for  800  a.c.  electricity  meters. 
Tinders  to  Directoren  for  Belysningsvaesenet,  Raadhuset.  Cojien- 
liagen.  before  noon  of  .July  19  and  July  17.  respectively.  C(i|iies  of 
I spDcitications,  &c..  at  the  Board  of  Trade,  73,  Ba>int,'liall-street, 
|E.C. 

i     The  Itali.in  Slate  Railways  department,  Romk.  require  tenilors  by 
j  August  10  for  .s\i|)iily  of  lOli.dl  0  iin.-ar  nvMres  ((il'  miles)  of  telcgra]iii 
cable. 
'  TENDERS  RECEIVED  AND  ACCEPTED. 

Lundon  County  Council  have  sccepted  the  following  tenders: — 
U.    Kridgor  &  Co.,    for   wiring   the    "  Oliver   Goldsmith "   School 
(I'cekhami,  at  £138.  t.s. 

I  For  wiring  the  Great  Marlborough  street  fire  station,  five  tenders 
[(from  £169  to  £210)  were  received,  and  the  lowest,  that  of  G.  E. 
Taylor  &  Co.,  has  been  accepted. 

For  constructing  the  authorised  tramways  along  the  Victoria  Era- 
rbankment,  Blackfriarsroad  and  Southwark-street,  five  tenders  (vary- 
liiig  from  £11,420.  6s.  to  £14,707)  were  submitted,  and  the  second 
llowest  (that  of  Dick,  KeiT&  Co.  at  £12,055.  4s.  5d.)  has  been  accepted 
|(w(  TuE  Ei.ErTKiii.vN,  July  2,  p.  484,  for  fidl  list  of  tenders).  The 
ifollowing  i)ortions  of  the  contract  may  lie  sub-let;  (1)  Anderston 
,Foiui(lry  Co.  or  Wilsons,  Tease  &  Co.,  yokes  ;  Doulton  &  Co.  or  Bullers 
'(Ltd.),  insulators :  Bayliss,  Jones  &  Bayliss  or  Guest,  Keen  &  Nettle- 
I  fold,  tie  bars,  bolts,  &c  ;  Associated  Portland  Cement  Manufacturcr.s, 
jcemeMl  ;  to  Harrison  &  Co.  or  Hadfield's  Steel  Foundry  Co.,  plough 
jlioxes  I'.iul  drain  lioxos  ;  and  the  Forest  City  Electric  Co.,  bond.s. 
I  For  steam  piping,  valves,  water  tanks,  &c.,  for  Greenwich  statioji 
thefollowiiii)-  tirms  tendercil  :  - 


Staveley  Coal  k  lioii  Co. 

(«c  )...£7,56672&  £7,066  7  2 

Edward  Le  Has  &  Co.    8,495  2  ft 

liabcock*  Wilcox...    8,400  0  0 

John  Spencer 8,291  7  11 

Stewarts  A  Lloyds...    0,252  9  8 


Foster  Bros £8,168  12  0 

.LOakes&Co ..    8,002  19  0 

S.  Ru.*.sell  .t  Sons    ..    7,951     9  6 

Shelby  Mfg.  Co 7,733  13  3 

Railway  &  Gen.  Eng. 

Co „ 7,342  13  1 


For  condenser  watei    piping,   valve.'',  4c.,  at  Greenwich  ^-tation  the 
following  submitted  tenders  : — 


Railway  &  Gen.  Eng. 

Co.  (accepted)  .....£2,986  14  6 
S.  Rus.sell  &  Sons  ...  3,236  18  0 
.1.  Wilson  &  Co 3,183  18     2 

The  contract  for  the  canstructi^ 


J.  Cakes*;  Co £3,092  18    0 

John  Spencer 3,054     5     8 

.SiavelyCoal&IronCo.  3,0ii4  IS    4 

Koster  Bros 2,617    0    0 

of  junction  line  from  J  unction- road 


to  Holloway  car  shed  Las  been  let  to  J.  Mowlcm  &  Co.  as  an  extra  on 
their  existing  contract. 

For  the  sup|)Iy  of  362  moulded  plough  bases  for  electric  cars  and 
stores  vehicles  the  tender  of  J.  O.  Ingram  &  Co.  at  £814.  10s.  has  been 
accepted  ;  and  for  the  supply  of  150  outside  stringers  and  159  inside 
stringers  and  1,200  galvanised  n.^ers  the  tender  of  G.  A.  Harvey  (Ltd  ) 
at  £81.  Is.  has  been  accepted. 

Wigan  Corporation  have  received  the  following  tenders  for  ex- 
tensions of  the  electricity  works  : — 
C'<i4/cv. 

W.  T.  Glover  &  Co.  (prov.  iieccpkd)     £9,267    7    2 

Siemens  Bro.s.  &  Co.  (brick  pits  not  included) S.04(i  11     S 

Electrical  Co.  (brick  pits  not  included) il.lOr,   13     <1 

Lahmeyer  Electrical  Co.  (brick  ])its  not  included)     9,193  Hi     7 

British  Insulated  &  Helsby  Cables   9.415  13     S 

Callender's  Cable  &  Construction  Co 9,420     2     7 

.Johnson  &  Phillips    9,-102     0     2 

Western  Electric  Co 9,493  13     0 

W.  T.  Henley's  Telegraph  Works  Co 9..-)9.5  11     7 

.\ubert,  Grenier&  Co.  (not  to  specification) 3, Ills   13     4 

Two  Boilers. 

Babcock  «fe  Wilcox  (proi,-.  ncfcp/trf)    £3,036     0     0 

Water  Tube  Boiler  Co 2..")2.>     0     11 

Hawksley,  Wild  &  Co.  (Suckling  boiler)  2.719  10     (I 

Stirling  Boiler  Co.  (not  to  specification)  3,034  1(1     0 

J.  Thompson  (Diirr) 3.100     0 

British  Thomson- Houston  C>).  (Babcock)    3.219     0 

Musgrave  &  Sons  (Woodeson)  3,307     0 

Clark,  Chapman  &  Co.  (Woodeson)  3,472     0 

George  Sinclair    3,008  14 

Pipework  and  Condensers. 

Tickle  Bros.  (pmv.  accepted)    £1,689     0 

Browett,  Lindley  &  Co 1.002     0 

Worthington  Pump  Co 1-045     0     0 

British  Thomson-Houston  Co 1.047     8     ti 

Crompton&Co 1.711     0     0 

Korting  Bros 1.725     0     0 

Johnson  Bros 1.S23     2     2 

Willans  &  Robinson    1-S25     0     0 

Musgrave  &  Sons    l.V>'.)3     0     0 

C.  A.  Parsons  &  Co ^^.OUI     <>     •» 

F.  J.  Mitchell  (not  to  specification)  1.290     0     0 

Tiiipleyft  Sons  (not  t«  specification) 1.402   10     0 

For  the  extension  of  the  station  buildings  eight  tenders  (varying  from 
£2.475  to  £5.400)  were  received,  and  the  lowest  (that  of  D.  A.  Ablett  & 
.Sons)  has  been  accepte.l.  For  the  constructional  steel  works  12  tenders 
(from  £004.  125.  lid.  to  £1.010.  8s.  6d.)  were  received,  and  the  contract 
has  been  let  to  Wm.  Park  &  Co.  at  £720.  8s.  7d.  Consideration  of  the 
tepders  for  pipework,  economisers,  coal  conveying  plant,  engine, 
electric  generator,  and  switchboaixl  has  been  deferred  until  a  sub- 
committee have  visited  works  where  turbo  engines  and  modern  coal 
conveying  plants  are  in  operation. 

The  Metropolitan  Asylums  l?oard  have  jilaccd  an  order  with 
W.  J.  Fryer  &  Co.  for  altering  the  electrical  installations  at  certain 
of  the  hospitals  and  institutions  of  the  Board  for  metal  filament 
lamps.     The  lowest  estimate  was  accepted  for  the  work. 

Woolwich  (London)  Council  have  accepted  the  tender  of  Babcock  & 
Wilcox  (at  £70)  for  repairs  to  a  boiler,  and  that  of  the  British  Insu- 
lated and  Helsby  Cables  for  2  tons  of  compound,  at  £25.  l.?s.  -Id.  per 
ton.  delivered  in  7  lb.  tins. 

Dudley  Council  lias  acceptcil  the  tender  of  Dudley  Electrical  Co. 
for  repairs  to  the  telephone  communications  between  Dudley. 
Netherton  and  Woodside.  and  to  lujiintain  same  for  three  years  for 
£30.  15s. 

Lcyton  Council  have  (ilaccd  an  order  with  Venncr  &  Co.  for 
annual  supply  of  meters,  with  the  Reason  -Mfg.  Co.  for  electrolytic 
type  ordinary  meters,  and  with  Mordey,  Fricker  &  Co.  for  electrolytic 
type  slot  meters. 

Grimsbv  Corporation  have  placed  contracts  with  J.  Wilson  &  Co. 
for  exhaust  pipework  at  £145.  with  Hebb  &  Co.  for  renewal  of  the 
cooling  stack  at  £140.  and  \\llli  McPhai!  &  Simpson  for  two  Mipcr- 
heaters  at  £255. 

The  D.P.  Batterv  Co..  Hakewell,  have  received  an  i  idcr  fn  m  the 
Midland  Electric  Light  &  Power  Co.  (Leamington)  to  instal  and 
maintain  for  10  years  a  storage  battery  of  their  LS  17  type  <n  re- 
placement of  two  batteries  of  another  make. 

Bury  (Lanes.)  Council  have  accepted  the  tender  if  Fi  iraiUi  (Lid.) 
for  the  supply  and  erection  i.f  a  main  high-tension  swildduard. 
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L?nisham  (London)  Guardians  have  accepted  the  tender  of  T.  L. 
HoUyar  &  Son  for  a  tele|)hone  installation  at  the  workhouse  and 
inHrmary.  &c..  at  £49.  6s. 

L»yton  Council  have  accepted  the  tender  of  Siemens  Bros.  &  Co. 
for  an  electric  motor  for  the  baths,  and  that  of  H.  Cirinishaw  &  Son  for 
wiring  work. 

WinchcJter  Council  have  placed  an  order  with  Stuart  &  iMoore 
for  electric  tire  alarms  at  £33  per  annum  for  12  years,  and  £17  per 
year  for  miintrnance. 

Spennj-moor  Council  have  accepted  the  tender  of  the  Northern 
Counties  Electricity  Supi>ly  Co.  for  jiublic  lighting  at  otls.  per  lamp 
p3r  annum. 

Dcnby  Council  have  acccptixl  the  tender  of  the  Chloride  Ekclriea' 
Storajjc  Co.  for  the  renewal  of  the  traction  battery,  and  10  years" 
m.iintenancc  at  £1(KI  and  £1.:{(I0  to  be  paid  in  yearly  installments. 

Wore?.ster  Electricity  eonimittee  h.avo  accepted  the  tender  of 
Hecn:i!i  &  Froudo  for  a  .steel  storage  bunker  and  coal  cli  vator  and 
conveyor  at  fti.iO. 

Durham  Education  committee  have  accepted  the  tender  of  Cox- 
Walkers  (Ltd.)  for  wiring  the  Henry  Smith  schools,  Hartlepool,  at 
£102.  10s. 

Salford  Council  have  accepted  the  tender  of  the  Tudor  Accumir 
lator  Co.  for  supi>ly  and  erection  of  a  battery  booster  and  switch- 
gear,  with  fittings,  cables,  connections  and  acccssoriis  for  £8.809.  l.'js. 

The  tender  of  Plymouth  Corporation  electricity  department  has 
been  accepted  for  wiring  the  new  education  oHices. 

Chester  Council  have  accei)ted  the  t<'nder  of  Cromiilcin  \-  (\i.  lor  a 
.switchboard  for  the  electricity  works  at  CTS.?. 

Hornsey  Council  have  accepted  the  tender  of  the  Reason  Mfg.  Co- 
for  the  supply  of  electrolytic  mctt-rs. 

Burnley  Guardians  have  accepted  the  tender  of  B.  C.  Smith  l(.i' 
converting  the  infirmary  lift  into  an  electric  one. 

Rugby  Council  have  accepted  the  tender  of  W.  T.  Henley's  Tele- 
graph Works  Co.  for  cable. 

Hackney  (London)  Council  have  accepted  the  tender  of  Sykes  & 
Sugden  for  three-core  service  boxes  at  9s.  per  box. 

Longlon  Council  have  accr^jitcd  the  tender  of  T<.ni|ikinsi]n  * 
B"ttelley  for  thi'  extension  of  the  electricity  station  at  £4.'"r2. 

Warrington  Guardian.s  have  .accepted  the  tender  (,f  II.  Ribhy  lor 
electrical  goiKl.s. 

Darlington  Council  have  accepted  the  tender  of  W.  K.  Dove  &  Co. 
for  a  motor  generator  set,  switchboard,  &e. 

The  ^letropolitan  Water  Board  have  accepted  the  tender  of  the 
Key  Engineering  Co.  for  electrical  fittings  for  the  Hamjjton  Works. 

jAIanchester  Corporation  have  accepted  the  tender  of  Siemens 
Bros.  &  Co.  for  12  months"  supply  of  .service  cable  at  £1.998.  10s.  lOd. 

The  Rochdale  Rleelric  Co.  have  secured  a  contract  for  the  electric 
li-.'hting  of  SI.  Mnry's  fluiret..  Rochdale. 

BUSINESS  NOTICES. 
The  Witton-Kramcr  Electric  Tool  &  Hoist  Co..  Witton.  Birming- 
ham, announce  that  they  have  ac(|uired  the  goodwill  of  the  business 
of  Kramo.4  (Ltd.),  including  patterns,  designs,  patents,  &c..  The 
company  arc  carrying  on  tin'  manufacture  of  similar  specialities  to 
thos?  of  Kramos  Limited,  adding  imiJortant  improvements  in  the 
construction  of  mono-rail  electric  hoisting  machinery,  electrolifl- 
ing  magnets,  brake  magnct.s  and  portable  electric  tools. 

It  is  announced  that  the  book  departments  of  the  McGraw  I'ul)- 
lishing  Co.  and  thf  Hill  I'ulilisliing  Co.,  both  of  New  Vork,  have  been 
consolidated  under  tlie  corporate  name  of  the  Met Jraw- Hill  Book 
Co..  with  r.ffices  at  239,  West  39th  Street.  New  York,  where  the 
"  Electrical  World."  "  Electric  Railway  .Journal."  the  "  Engineer- 
ing Record."  the  "  American  Machinist."  the  "  Engineering  and 
-Mining  .Journal  '"  and  "  i'ower  and  The  Engineer  ""  are  published. 

The  Cutler-Hammer  .Mfg.  Co.,  of  .Mihvaukee.  L'.S..\.,  announce 
that  they  have  purchased  the  plant  and  Ijusiness  of  the  .1.  L.  Schurc- 
man  Co.,  of  Chicago. 


Electrical  Engineering  Business  for  Sale.— Messrs.  .Josolyne, 
Miles  &  Co.,  2x.  King-street,  Cheapsidc,  ICC.  advertise  for  sale  the 
business  of  a  well-known  firm  of  electrical  engineers. 


The  Journal.-  Part  10">  of  '  The  .Journal  of  the  Institution  o 
lOlictrieal  Engineers"  is  now  ready.  ])riee  5s.  For  particulars  o 
contents  see  advertiscmi  lit. 

CATALOGUES.  &c. 

G.E.C.  Fans.— The  Gi mral  Kli ctric  Co.  have  i.ssucd  a  pamphlcl 
entitled  "  A  Good  Breeze.'  «hirh  deals  exhaustively  with  theii 
latest  patterns  of  "  Freezor  ""  fan.s.  These  include  desk,  bracket  an< 
ceiling  fans,  as  well  as  tho.se  for  more  .serious  purposes  which  enn  hti 
fitted  in  tnuiks  or  near  jjortholcs  on  board  ship.  The  desk  typil 
combines  in  one  unit  the  three  styles  known  as  desk,  trunnion  an(( 
bracket  fans,  and  may  be  adjusted  to  jiropcl  the  air  in  any  directionJ 
The  same  catalogue  contains  detail>'  of  speed  regulators  for  use  with 
these  fans,  electric  buffing  machines  and  .small  motors  for  all  kind:- 
of  work. 

.\  subject  somewhat  similar  to  the  above  is  dealt  witli  in  anothei 
]>am])hlct.  in  which  is  described  the  well-known  "  Bandy"  electric 
l)unkah.  By  means  of  this  apparatus  it  is  claimed  a  periodically 
varying  movement  is  given  to  the  air,  thus  allowing  much  more 
efhcient  ventilation  to  l)e  obtained  than  >\  ith  the  ordinary  fan.  By 
means  of  an  ingenious  arrangement  the  necessary  "  flick  "  is  given 
to  the  punkah,  and  this  "  flick  "  is  equal  in  .strength  in  both  direc 
tions.  unlike  the  hand-pulled  punkah,  which  only  gives  the  "  Hick  ' 
in  one  direction. 

Tudor  Accumulators. — Owing  to  the  introduction  of  metal 
filament  lamps,  the  number  of  small  installations  using  pressures  of 
25  to  50  volts  is  rapidly  increasing,  and,  as  these  installations  in 
almost  every  ease  include  a  battery,  the  Tudor  Aeeunuilator  Co. 
have  i.ssucd  a  list  giving  prices  and  )iarticulars  of  complel<"  25  and 
50  volt  batteries.  This  list  deals  with  batteries  whose  working  rates 
on  a  10  hoiu'  basis  vary  from  3-5  to  65  ampere-hours.  The  cells, 
though  of  smell  size,  are  of  the  Tudor  standard  type,  and  of  exactly 
the  same  design  as  are  supiilied  for  large  central  stations.  A  useful 
leaflet  enclosed  w  ith  this  catologue  shows  the  approximate  rates  for 
the  carriage  of  acid  to  a  number  of  important  to^vns. 

P.\RAFFIN  Engines. — As  a  jjrinif  iiiov(  r  for  use  in  covmtry  houses 
and  other  small  places  the  paraffin  aod  pdrol  engine  is  now  in  great 
vogue.  In  a  recently-issued  pamplilri  .Messrs.  Fyfe,  Wilson  &  Co.. 
of  Glasgow,  give  details  of  a  set  they  are  turning  out  for  this  pur 
pose.  The  features  of  the  electrical  apjiaratus  for  use  with  this 
engine  are  also  described. 

.\JAX  Ibon-clad  Switchoear. — The  present  time — as  regards 
switch  arrangements,  at  any  rate — may  be  considered  as  the  age  of 
the  switch  fuse.  A  useful  piece  of  e(piipment  of  this  kind  is  that 
made  by  Messrs.  Parmitcr.  Hoi)e  &  Sugden.  and  is  known  as  the  Hope 
"  Spring-on  "  switch  fu.sc.  Details  of  this  switch  of  the  two  and 
three-pole  type,  and  for  pressures  up  to  600  volts,  are  given  in  a 
pamphlet  recently  i-ssued  by  this  firm.  "Ajax"  time  switches  and 
fuse  apparatus  are  also  depcribed. 

"  Facile  "  Multii'LE  Switch. — An  interesting  switch  with  this 
title  has  recently  been  jilaccd  on  the  market  by  Messrs.  D.  fl.  Bon- 
nella  &  Son.  It  consists  essentially  of  two  in.sulaling  discs  on  the 
upper  of  which  are  mounted  four  spring  contacts  and  on  the  'owcr 
one  a  brass  plate.  One  of  the  main  wires  is  connected  to  one  of 
these  contacts,  the  other  three  being  connected  to  the  lamps.  By  a 
movement  of  the  switch  through  a  greater  or  lesser  arc  any  number 
of  lights  can  be  switched  on  as  required.  This  arrangement  is 
adaptable  to  jicndants,  electroliers,  floor  standards  and  radiators. 

Small  Electrk;  Liohtino  Sets. — From  Messrs.  Nursey  &  Marr 
we  have  received  a  ])amphlct  dealing  with  their  a])paratus  for  the 
electric  lighting  of  jjrivate  residences  and  other  places  re(piiring 
small  supplies  of  current.  This  pamphlet  is  fully  illustrated,  and 
full  details  of  all  the  eqm'pment  are  given. 

.-\rtistic  Calendar. — Mr.  George  Ellison,  of  Birmingliani.  has 
issued  a  calendar  for  .Jidy  in  which  art  and  switchgcar  aic  well 
combined. 

Safe  Load  and  Radius  Indicators  for  Cranes. — The  Auto- 
Rccorder  Co.,  of  Leicester,  describe  in  a  pamphlet  recently  sent  out 
an  arrangement  whereby  all  cranes  «ith  movable  jibs  can  be  made 
([uite  safe. 

"  Pope  "  Metal  Filament  Lamps.— Turning  to  fresh  fields. 
Pope's  Electric  Lamp  Co.  (Ltd.).  of  Willesden,  N,W,,  have  entered 
the  metal  filament  lamp  market,  Th(  ir  first  catalogue  on  the  subject, 
just  issued,  gives  details  of  the  various  lamps  made  by  them.  The 
consuMii)tion  of  these  lamps  is  1-25  watts  per  British  candle-power, 
and  the  life  appears  to  be  well  over  1,000  hours. 

Barwick  Specialities.— Messrs.  Donovan  &  Co.,  of  Birmingham, 
forward   a  number  of  pamphlets  dealing  with   their  specialities. 
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Tlipse  inolutlc  mntor-st inter  panels  aiul  liekl  reniil"l'>i's  nt  \aiirins 
kinds,  "  Danco  "  single-enclosure  arc  lamps,  and  metal  and  earlxm 
tilamenl  lamps. 

B.C.E.  Electric  Fans  and  Motors. — The  British  Central  Electric 
Co.  denl  >n  their  latest  catalogue  A\ith  electric  fans  of  all  kinds,  and 
details  are  fiiveii  of  small  motors.  Leaflets  included  with  the  eata- 
)o<'iie  (liMiiiii-  the  "Guardian"  hand  lamp  and  the  "  Efesca " 
metal  tilaiiieiit  lamp. 

Trolley  Hoist.s. — The  Witton-Kramer  Electric  Tool  &  Hoist 
Co.,  of  Birmingham,  are  in  a  position  to  supply  a  number  of  portable 
electric  lools  and  other  similar  ajiparatus.  These  include  an  arrange- 
ment consisting  of  a  motor  and  starter  fixed  on  a  truck.  The  motor 
drives  a  llexible  shaft  to  which  a  grinding  or  drilling  attachment  can 
be  fixed.  Other  specialities  are  electric  brake  magnets  and  VVitton- 
Kranier  magnetic  drill  posts.  By  means  of  the  latter  arrangement 
the  drill  can  be  brought  up  to  the  face  of  the  work  by  sim))ly  fixing 
the  post  magnetically  to.  say.  a  boiler  without  any  clamping  being 
necessary. 

The  '■  Ready  "'  Fire  Extinction  Sy-stem. — A  pamphlet  recently 
issued  by  Messrs.  Lund  Bros.  &  Co.  deals  with  the  "  Ready  "  lire 
extinction  system,  for  which  simplicity,  efficiency  and  reliability 
Die  claimed. 

Sffll'LEX  Electrical  Home. — Sinnilex  Conduits  (Ltd.)  have 
recently  prepared  a  descri])tion  of  their  Electrical  Home  at  the 
"  White  City,"  in  which  their  well-known  ajiparatus  is  used  through- 
ont  for  furnishing  purposes.  We  shall  describe  the  equiimicnt  of 
this  house  in  detail  later. 

'  Cowans"  Specialities. — We  have  received  from  Jlessrs.  Cowans 
(Ltd.),  of  Manchester,  a  binder  containing  leaflets  in  which  are 
illustrated  and  described  a  number  of  their  specialities.  These  in- 
clude regulating  transformers  on  the  Cowan-Still  patent  system, 
which  arc  designed  for  obtaining  variable  pressures  from  a  constant 
pressure  supply  for  use  in  testing  work.  Extra  high-pressure  trans- 
formers, resistances  and  rheostats  are  also  dealt  « ith.  Other  sections 
iithe  catalogue  describe  various  types  of  switches,  including  those 
(or  house  service  work  and  for  use  on  circuits  containing  high  in- 
dactances.  These  latter  switches  are  .supplied  with  a  self-contained 
non-inductive  resistance,  which  is  inserted  as  the  switch  is  opened. 
Relays,  switch  fuses  and  circuit-breakers  of  the  type  recently  de- 
scribed by  us  in  our  Industrial  Supplement  are  also  included. 

loRANie  Control  .Apparatits. — The  Adams  Mfg.  Co.,  of  Bedford, 
hsve  recently  issued  a  catalogue  dealing  with  their  well-known 
Igranic  starters  and  rheostats.  A  number  of  old  friends  are  to  be 
seen  in  these  pages,  and  the  firm  is  still  keeping  to  its  reputation  for 
good  engineering  work. 


BANKRUPTCIES,  LIQUIDATIONS.  &c. 

Wni.  Thos.  Harris  (trading  as  T.  Harris  &  Sons,  electrical  engineers, 
WO  and  464,  Commercial-road,  and  47,  Emanuel-street,  Ports- 
mouth) has  been  adjudicated  bankrupt. 

Claims  against  Jas.  Hy,  Mockridge  and  Arthur  Pearce  (trading  as 
Jukes,  Coulson,  Stokes  &  Co.  and  as  Moreton  «fc  Foster),  engineers 
and  telegraph  buoy  makers,  London  and  Sheffield,  are  to  be  sent  to 
Mr.  H.  Allen.  147,  Leadenhall-street,  London,  E.C.,  by  July  17. 

Cliristian  &  Phillips,  1907  (Ltd.)  is  being  wound  up  voluntarily,  and 
Mr,  W,  A.  Pearce,  IG,  Finsbury-eireus,  London,  E.C.,  has  been  ap- 
pointed li(piidator.  A  meeting  of  creditors  will  be  heard  at  16, 
Finsbury-eireus  on  July  19. 

Rex  Electric  &  General  Supplies  (Ltd.)  is  being  wound  u))  volun- 
larily.  .Air.  W.  Mel.  White.  11.  i^ieen  Victoria-street.  Loudon.  K.C,. 
is  liquidator.     Claims  by  July  S]. 

■\  meeting  to  receive  an  aeeouni  of  the  winding  up  of  the  Conduit 
4  Insulation  Co,  (Ltd,)  will  be  held  on  .\ug.  4  at  23,  yueen  Victoria- 
street,  Lond(m,  E.C. 

Winding-up  Petition. — A  petition  for  the  winding-uj)  of  the  Briti.sh 
AlumiiiiiMu  Co.  (Ltd.).  presented  by  Messrs.  Dick,  Kerr  &  Co,  will 
be  heard  in  the  High  Court  on  July  13.  (As  reported  in  our  last 
issue.  Mr.  Justice  Warrington,  on  June  .'50  appointed  Mr.  A.  \X. 
Tiiit  as  receiver  and  manager  of  this  company  for  a  jieriod  not  to 
extend  beyond  Oel.  31.) 

Mountain  &  Gibson  (Ltd.)— At  a  meeting  on  June  ;!(•  it  was 
KMolved  (hat  Mountain  &  Gibson  (Ltd.)  be  wound  up  voluntarily. 
and  that  Mr.  H.  H.  Bowden,  77,  King-street,  Manchester,  iie 
appointed  li((ui(lator.  Notice  is  given  that  a  meeting  of  the 
creditors  of  this  company  v  ill  l)e  held  at  (!<t,  Spring-eardens,  .Man- 
chester, on  July  19  at  11:30  a.m. 


PATENT  RECORD. 


APPLICATIONS    FOR    PATENTS. 

NoTR.-  Tlie  under menlioned  Applicalions  (excepi  Ihosf  marked  1)  are  nol  open  to  public 
nspeclioti  unlil  after  acceptance  oi  Complete  Specifications.  Tho^  marked  -are  otrn  lor 
inspection  1 2  months  alter  the  date  attached  to  them,  il  they  have  not  been  published  previously 
in  the  ordinary  course.  Names  within  parentheses  are  those  ol  communicatcrs  ol  inventions. 
Wiien  complete  Specification  accompanies  application,  an  asterisk  is  agixed. 

May  1,  1909. 

10.348  Bramptom  &  OsBORH,  Conduit  fittings  for  electrical  and  other  purposes.  (Ad- 
dition to  No.  8.601/09.) 

,'S''25  B.T.-H.  Co.    (G.E.  Co.,  U.S.)    Supportsforincandescent  electric  lamp  filaments. 

10,409  Brush  Electrical  Engineering  Co.  &  Bastian.  Vapour  electric  apparatus  and 
methods  of  operati.ng  the  sa.-ne. 

May  3.  1909. 

10.446  Favero.  Terminal  or  context  piecss  and  body  of  electric  incandescjnt  lamp- 
holders. 

10.450  PicTET.     Telegraphic  receivers.* 

10.497  B.T-H.  Co.  (A.E.G..  Germany.)  Alternating-current  dynamo-electric  acpa- 
ratus.     (Addition  to  No.  786. 09.1' 

May  4,  1909. 
10.539  Beaver.  Stratton.  Shav/ &  Claremont.     Electric  terminals.* 
10.544  NussBAUM.     Telephonic  transmitters  or  microphones. 
10.550  Siemens  Bros.  &  Co..  Lauckert  &  Nebel.     (Siemens  &  Halske  Akt.-Ces., 

Germany.)     Varying  the  connections  of  electrical  apparatus.* 
10.555  Handcock,  Dyke<;  &  !?awlihos.     Bending  electrical  conductors,  rods,  tubes  and 

the  like. 
10.564  86 10.565  Mathieu.     Electric  batteries. 

10.585  Newbery.     Electric  signalling  apparatus. 

10.586  Rymer-Jones.     Wireless  telegraphy  and  telephony.* 

10.588  Parsons,  Law  &  Stockbridge.    Commutators  on  dynamo-electric  machines. 
10.594  B.T.-H.  Co.     (G.E.  Co.,  U.S.I     Protective  devices  for  electric  distribution  systems. 
10.600  Martin.     Construction  of  electrical  resistance  devices. 

10.607  Key  Engineering  Co.  &  Andrews.     Electric  cables. 

10.608  Hill.     Boxes  for  use  in  electric  wiring  systems. 

May  5.  1909. 
10.655  CowPER-CoLES.     Electro-deposition  of  iron. 

10.663  Brazil  &  Cooch.     Protective  devices  for  alternating-current  systems. 
10,665  Allgemeine    Elektricitat,--Ges.    Alternating    electric    current    commutator 

machines  having  two  working  and  two  exciter  virindings.     (Date  applied  for. 

6/5/08.)«t 
10.680  Kilroy  &  Evershed  &  Vignoles.    Starting  of  electric  motors. 
10.694  RiTTMAN.    (Charles  L.  Chisholm,  Canada.)    Telephone  transmitters  or  the  like. 
10,698  BuRGE,     Operation  of  electric  switches,  circuit-breakers,  cut-outs  and  the  like. 
10,709  Stone.     Electric  distribution  systems. 

May  6.  1909. 
10.729  Cochrane.    Through-control  magnetic  switches  for  electric  lighting  installations 

on  trains. 
10.739  PuGH  &  Bull.     Junction  fittings  of  metallic  conduits  for  electric  conductors. 

(Date  applied  for,  4/12,08.    Comprised  in  application  No.  26,232,  dated  4  12/08.) 
10.757  Elieson.     Switches. 

10.791  ScHAULi.     Electrolyte  for  primary  or  secondary  galvanic  batteries.* 
10,793  ScHWERlN.     Production  of  electric  currents.     (Date  applied  for.  7  5  08.)*t 
10.796  Sheehy.     Fuse-boxes.* 
10.799  Smith.     Dynamo-electric  machines  or  electromagnetic  power  devices. 

May  7.  1909. 
10,834  Fahn.     Depolarisators  of  galvanic  batteries. 
10.860  Martyn.     Junction  boxes  for  electric  wires  and  cables. 
10.869  Blenheim  &  Vaughan-Williams.     Electric-current  regulator. 
10,876  Valoris.    Utilisation  of  hertzian  electric  waves.     (Date  applied  for  28/10/08.)*t 

May  8,  1909. 
10.911  Niblett.     Electrolytic  apparatus. 
10,913  Taylor,    Charging  and  discharging  electric  accumulators  on  traction  or  lighting 

and  like  circuits. 
10.934  Hansford  &  Wright.     Prepayment  apparatus. 
10,955  B,T.-H.  Co.    (G.E,  Co.,  U.S.)     Electric  resistance  conductors. 

Msy  10.   1909. 
10.974  Barber.     Eitxtric  switches  and  combined  switches  and  fuses, 
10,995  CowpER-C,5LES,     Extraction  of  iron  from  its  ores, 
10,993  Braid,  ORMEEOD&  Phillips.    Terminals  for  electric  wiring. 

11.060  Johnson.    (Chemische  Fabrik  Griesheim-Elektron,  Ge.-many.)     Production  and 

maintenance  of  iorg  electric  :»rcs. 

11.061  He.\d.     Rotary  electric  contact  devices  or  current  collectors. 

M.ay  11,  1909. 
11.107  Dyiir.     P'^rt.'ble  current  generators. 
11.116  Traun.     Protective  coverines  for  ships' nropeller  shafts.* 
11,1,15.  Bri-ish  Insul/.ted  &  Helsby  CaflesI  Cjle  Ik  Shaw.     Insulatin?  cables. 

11,149   SjC.   pRANCAIfE  DMNCANnESCENCE   PAR  LS  C.'.Z  (SvSTEME  AuER).      Slipport"!  for 

electric  hmr  filaments.    (Date  aorlied  for,  13,7/07.    Comprise'!  in  Ne.  12,720. 

.-lated  13,'6/03.)' 
11.15!  Patterson.     Batteries  .and  battery  holi-lers.    (Dat?  .ipplied  f.->r.  ?6,'5'08.)*t 
11.155  Patterson  &  HopprR.     Batteries.    (Date  applied  lor,  16/IOA^.;*t 
11.169  Isaacson.     Magnetic  igni*ion  arnaratns. 
1 1,172  B.T.-H.  Co.    (G.E.  Co..  U,S.)     Electric  heati-^g  devices. 

May  12,  1909. 
11.209  RussFLL  &  Lord.     Splicing  ea'- (nr  conductors.    (Date  applied  for,  31;I0/08.)*t 
11  210  RussFLL  &  Lord.     Section  insulator  for  electric  tramwavj.    (Date  applied  for. 

2/ll,''03.)*t 
11.223  Hail.     Electric  ignition  aprantus  for  interrai-combustion  engi.ies.* 
1 1 .242  .Sharman.     Master  switches  for  radio-tel"sraph  and  rr.dio-telephcne  staliors. 
11.26?  Brand.  C.onnec1ing  termin.-'.ls  for  switchboards.* 
11.282  Grote.     Arc  lamps. 

11.285  B.T.-H.  Co.  &WEDMORF.     Electric  distribution  fj-'tems. 
1I.302&  11„103  ZwEicBE-CK,     Electric  controllers  for  railway  service  and  the  like,* 


M-iv  13,  1909. 
1 1 ,31 7  RooPER  &  Belchep.     Electric  fur'i.ices. 
1 1 ,326  Eccles  Si  HADRELr,    Trolley  retriever  tor  electric  cars. 
11.339  Allgemeine  Ei.EKTRlciTATS  Ces.  Power  transmission  systems.  (D.ite  aoplied  for, 

13;5,1908.)'t 
1I.40C  Allgemeine  Elektricitats-Ces.     Power  fansmission  system?.    (Date  applied 

for,  13/5, 08.    Addi  tlon  to  No.  1 1 ,339/09,  )• 

May  14.  1909. 
1 1 .402  GoDDARD.  Prepayment  eleclncity  meters- 
11.417  FiFiELC  &  Morris.    Secondary  or  storage  battery  or  accumu'ntor  for  electric 

current. 
11.445  Dawson  &  Pyne.    Control  of  electric  motors. 

1 1 .160  Blac  kall  &  Jacobs.     Electric  staff  or  tablet  system  of  controlling  railway  traffic. 
11.450  HiosTH  it  Soderberg.     Electric  induction  furnaces.     (Date  applied  for,  16/5/06,1 
11,462  Davy.     Arc  lamps. 
1 1 ,497  Petickv,  Suchahek  &  Ci^ek,     Automatically  connecting  up  the  subscribers  ofja 

telephone  exchange.    (Addition  to  No.  28,036/04.)* 
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Ma-  15    1959. 
11.539  B.T.-H.  Co.     (C  E.  Co  ,  U.S.)     Rectitvinj  apparatus 
Il.SW  Laurie-Walker  &  NifLCTT.    Ploughs  for  electric  tramcirs. 
11.54*  Marcdni's  Wireless  TEL?GR.fPH  Co.  &  Round.    Wireless  ;el»jraphy. 
11.559  PosTAKS.     Electrical  contacts. 

Msy  17.  1909 
1 1 .576  CREE:^  ^  )^'atson.    Carbon  contac*  colle  -ting  ^ear  for  electric  cranes  ^nd  the  like 

11.578  Diisc.HNiTz.    Arc  lamp  with  conducting  suDportinc  member.    (Date  applied  for, 

22^a8.i't 

1 1 .579  DuscHNiTZ.    Arc  lamp  in  which  the  feed  of  the  electrodes  i;  effected  by  the  act  on 

of  the  current  at  the  point  of  support.    (Date  applied  for  30  6/08.rt 
11.605  A.  P.  LuNDBER^.  G.  C.  LUNDBBRG&  P.  A.  LuNDBBRG.     Electrical  switches.* 
11.634  SiEMEMs-ScHUCKERT  Werke.   C.m.b.H      Electnc   meters.    "(Date  applied   for. 

19  5  0a»*t 
11.643  KouLEN  &  Walser.     Portable  electric  batterier^ 

May  18.  1909. 
1 1 .679  Shank.     Electric  traction. 
1 1 .720  Price.    Control  of  electric  circuits. 
11.741  Regsart   &    HuKTALiTE.    Holders   for   electric  candle   lamps.    (Addition   to 

No.  20.01004.1* 
11.760  New  Ignition  Synd.  &  Sandy.    Electrolyte  for  use  in  electric  batteries.    (Addi- 
tion to  No.  10.520  03.) 

May  19.  1909. 
11.767  Donaldson.    (Jams  Donaldson,  U.S.)     Electrical  switches. 

11.773  Johnston.    Ceiling  roses  junction  boxes,  conduit  boxes  and  like  electric  fittings. 
11.799  McLaren.     Recording  mechanism  for  ships' telegr.aphs. 

11,822  Parsons  &  Law     Dynamoelectric  machinery.    (Date  aoplied  for,  8/3/08.  Com- 
prised in  application  No.  16,704.  dated  8 '8 '08.) 

11.842  Cowper-Coles.     Regenerators  for  use  in  the  electro-zincing  pr3C3S3, 

11,813  (!:owper-Cdi-E3.    Cj-npour.d  anode  and  cathode  bars. 
May  20.  1909, 

1 1 ,866  Pape.     Preventing  leakpge  of  electrolyte  from  electric  storage  batterie?. 

11,853  Vep.itys  LivtiTE"  &  Hirsch.     Electric  motors  and  dynamos. 

11,904  SiEMSHs-S~HucKERT  Wr-^kf.  G.m.p.H.    Commutators  for  dynamoelectric  ma- 
chinjs.     Addition  to  No.  4.240/08).    (Date  applied  for,  31 '7/08.)*t 

11.906  SzEX.     Boxes  or 'ars  for  electric  batteries. 

11,926  Newlands  &  Pajkinson.     Electrolyte  for  primary  batteri?3. 

11.938  Simpson.     Generation  of  electric  energy  and  apparatus  therefor. 

11.945  Willing,     Jumper  stay  Morse  signalling  apparatus.^ 

11.947  Munro  &  Railless  Electric  Traction  Co.    Current  collectors  for  electric 
traction  systems. 

11.955  Walker.     Dynamo^I^tric  machines. 

May  21.  1909. 
11,958  Taylor,    Chargin?  and  discharging  secondary  batteries  or  electric  accumua  ors. 
1 1 ,981  Pease.    Flexible  protection  for  electric  cables  and  the  like  purposes, 

12.035  NicHOLSDN  &  Higham.     Forming  and  transforming  cipher  messages  for  tele- 

graphic and  other  purposes. 
12,016  Polkey.    Chareing  electric  accumulators. 

12.047  B.T.-H.  C3.  &  KiNGWELL.    Control  of  electric  motors. 

12.048  B.T.-H.  Co.  &  Wedmore.     Electric  distribution  systems. 
12.060  TupMER.     Controllers  for  electric  motors. 

May  22.  1909. 

12.036  .SwAiNSON  &  SwAiNSON.     Electrical  wiring. 

12.135  Irslano.    CDntrollin?  and  indicating  the  condition  of  control  of  electrically 

propelled  tramcars  and  other  vehicles. 
12.146  Vernier.     Electrical  conductors. 

May  24,   1909. 
12.1S5  Garnett.    Arc  lamp. 
12.254  Bluhm.    Third  rails* 

12.253  Zuckerfabrik  Frankenthal.    Startint  and  cutting  out  electric  motors.     (Date 
applied  for.  l.'6'08.)*t 

May  25.  1909. 
12.23i  Hall.  Magneto-electric  ignition  apparatus  for  use  in  connection  with  the  ignition 

systems  of  internal-combustion  engines. 
12.296  DuNKLEY      Fixing  terminals  or  connections  in  carbon  rods  or  blocks. 
12.308  CuRWEN.     Metal  sheathin:;  of  electric  conductors. 
12.335  MacDiarjid  &  Bates.     Eloctric  switches.' 
12,347  &  12,343  ZiuHER  &  Nsedham.     lncindosc;nt  electric  lamp. 
May  26.  1909. 

12.395  Electsic  Control.  Macmillah  &  Dryer.     Electric  switch  operating  mechanism. 

12.396  Electrk- Control.  Macmillah  &  Dryer.    Carbon  brush-holders  for  switches. 
12.442  Hamilton.    Combined  section  insulator  and  double-action  quick-break  switch.* 
12.4.':2  Fisher.     Electric  plu;s. 

12.473  Web3.     Multiplex  transmitter  and  circuit  for  samo.' 

12.474  Grote.     Manufacture  of  filaments  for  incandescmco  electric  lamps. 
12.477  BuLLBRS  Limited  &  Dagnall.     Electric  insulators. 

12,481  Dewhurst  &  R^scDj.     Automatic  cjt-in  and  cut-out  device  for  electric  circuits. 

May  27,  190  J. 
12.501  Wejtwood  &  Dawson.     Electromasnets  for  littinj  purp333s  and  the  like. 
12..507  RurHENBURG.     Electrodes  for  electric  furnace.s. 
12.562  Cooper,  Sharp  &  Stevens.     Electrical  heatin-  d'vic;.* 
12,559  Stearm  &  Topham,    Metallic  filaments  for  inc'andescjnce  electric  I  \rr\-^ 

May  28.  1909. 
12,«)7  Smi-th  &  Watson,  ii.'n.    Trolley  heads  for  electrical  tramcars 
12,677  Benko.    Carbon  electrodes  for  galvanic  elements,* 
12,685  Field  &   Ferranti    Limited.    Generation,    transmission   and   distribution   of 

electricity. 
12,696  BouRDOs.     Filaments  for  electric  lamps. 

May  29,  1909, 
12.689  B.T.-H.  Co..  Cray  &  Holden.     Electric  meters. 
12.709  Electrdlytic  Alkali  Co..  Connor  &  Stubbs.    Electrodes. 
12.744  W.  T.  Henley's  Telegraph  Works  Co.  &  Nichols.     Electrical  fuse  carriers, 

12.774  McLean.     Brush-holders  for  dynamoelectric  machines. 
12.776  Graetz.     Metallic  filament  lamps.' 

12.782  Allmahna  Svenska  Elektriska  Aktiebolaget.     Electric  polyphase  commi- 
tator  machines.     (Addition  to  No.  24.531. 03, 1 ' 

SPECIFICATIONS    PUBLISH K I). 

1908  S.-ECIFlCATlCNr. 

2.9SS  Fessehden.     Detirmining  the  bearings  or  positions  of  ships  and  the  like  by  means 
of  electromagnetic  radiations.     (Date  applied  for,  11/2/07) 

10.520  New  Ignition  Sykd.  &  Sandy.     Electrolyte  for  use  in  electric"batteries. 

10.521  BouLT.    (O.  A.  Miller  Treeing  Machine  (yo.)     Eiectrically-heated  tooLs, 
10,535  Cohen.  Cramer  &  Geifel.     Electric  cables  and  the  like. 

10.53^  Cl^.th^er  &  A  Rey.ji^.lle  &  Co.     Electrical  switehgear. 

10.539  Berry.     Electric  power  hammers. 

10.760  British  P.^omethe-js  Co..  Coopsr  &  Sharp.     Luminous  electric  radiators. 

10.891  Wolfram  Lampen  Akt.-Ghs.     Filaments  for  electric  incandescent  lamps.     (Dat; 

applied  for.  7/10/07.) 
11.105  Joel.     Portabl- el-':!rc  limo-,. 
11.135  B.aowN.    Telephony  and  telegraphy. 
11.170  Brooks  &  Alston,     Induction  coih. 
11.183  Thomas  &  Thomas.     Electrical  circuit-breakerj. 

il'2^5  Electric  CoNsrsijrnoN  Co.  &  Bjchanah.     D/nano  electrical  machinery. 
''•f«  B.T.-H.Co.    (G.E.  Co.,  U.S.)    Control  of  electric  circuits  and  apparatus. 
11,603  LiRONi.    Trolley  wheels  for  electric  tram'ways,  railways  and  the  like. 


11.871 
11.979 
12.191 
12.447 
12.508 
13,215 
14,019 
1  t.646 
14,701 
14,814 
15.116 
15,487 
15.424 
15.664 

15,791 
16.060 
16.772 
17.170 
17,330 

17,412 


Parsons  &  Law.    Commutators  for  dynamoelectric  machines 

B.T.-H.  C^.  &  Wedmore.     Electrical  distributing  systems. 

Abbott.     Electric  cooking  and  heating  apparatus. 

Massone.     Electric  motors  for  vehicles. 

Barlov;,     Motor-controlled  switches,     (Post-dated  7/12/03,) 

H0.-1KHAM.     Electrical  contacts     (Cognate  application,  2'6.973/08,) 

Siemens  Bros,  Dynamo  Works  &  Klo35,     D/namoelectric  machines, 

Hazleton.     Casings  for  electric  ir^tjrruptjrs. 

B.T.-H.  Co.    (G.E.  Co.,  U,Sl     Electric  rejulating  djvicos. 

Vogel.    Accumulator  electrodes. 

Shaw.     Arc  lamps. 

Burleigh.     Dynamoelectric  machines. 

Page.     ( Universal  Electric  W-IJin.;  Co.)     Electrical  welding. 

Allgemeine  Elektr:c!tats-Ge;.     Electromagnetic  relay  apparatus  for  polypha: 

circuits.     (Date  applied  for.  24  7  07.) 
B.T.-H.  Cri..  Bacon  ficTuppEN.     Motor-controlling  switches  and  the  like. 
Rayner  &  Chillington  Tool  Co.    Connection  between  electrical  conductors. 
Pjrthner.  Zimmerl  &  BocK.     Electrotherapeutic  .apparatus. 


U.S.)    Current-collecting    rings    for    dynamoelectric 
Insulating  the  live  parts  of  electric 
(Dat;  applied  for. 


White.     Electric  fuses. 
B.T.-H.    Co.     (G.E 

machines 
Siemens  Bros.  Dynamo  Works  &  Nicholls. 

switches  and  the  like. 
17.621  CooLiDGE.     Manufacture  of  refractory  electric  conductors. 

21,/3/07.) 

18.233  Weissmann.     Fitting  incandescent  electric  lamps.     (Date  aoplied  for.  lO/l/Oai 
18.715  SiEk'ENS  Bros.  Dynamo  Wo.tKS.     (Slemens-Schuckert  Weike  Ges.)    Regulation 

of  alternatin=-cjrrent  electric  generators  working  in  parallel. 
19.365  Bayllss.     Holders,  sockets  or  like  attachment  fittings  for  electric  lamps. 
19.621  Scott.    Suspension  of  trolley  wires  for  electric  tramways  and  railways. 
19.679  LiGHTFOor.    Safety  device  for  portable  electric  hand  lamps. 
22.168  KoMPE.    Trolley  heads  or  collectors  for  electric  traction.    (Date  applied  for, 

22/10/07,) 
22.210  Tiffany.     Electrical  circuit  closir. 
22,426  Peyrusson.     I  nsulation  of  switches,  current  breakers,  automatic  switches  and  the 

like.     (Date  applied  for.  23  10  07.) 
22,450  Sghanschieff.    Cc.nstruction  of  field  magnets  for  electric  generators  or  motors. 

(Post-dated.  24,12,08.) 
22.562  Voigt  &  Haeffner  Akt.-Ges.     Electric  distributing  stations.    (Date  applied 

for.  1,11  07.1 
22.915  L*.RS30N  &  Svalling      Radiometers. 
23.002  CuRRAN  &  Kelly.     Locking  hook  for  trolleys  or  collectors  of  electric  tramcars. 

(Addition  to  No.  13.299  08.) 
23.069  B.T.-H.  Co.     (G.E.  Co..  U.S.)     Supoorts  for  filaments  of  incandescent  electric 

lamps.     (Addition  to  No.  16,531  07.1 
23.426  Popow.    Signalling  by  electricity. 
23.590  Baumer.     Telephonic  installations. 
24.008  Heil.     Primary  electric  ce'ls  or  batteries. 
24.058  Lundberg.  LuNDBERG&  Lundberg.     Electric  switches. 
24.192  Cxonrad.     Electric  relays.     (Date  applied  for,  15/11/07.) 
24.224  Fiedler.     Plates  for  secondary  batteries. 
24.702  Murray.     Electric  fusible  cut-outs. 
24,737  Soc.    Anon.   Montbarbon.     Magneto  ignition   apparatus.    (Date  applied  for. 

19  12  07.1 
25.851  Siemens  &  Halske  Akt.-Ges.     Electric  incandescence  filaments  from  tungsten 

or  other  difficultly  fusible  metal.     (Dateappliedfor.il  1207.1 
26.120  Jackson.     Electrical  distribution.     IDate  appUed  for.  6  12  07.1 
26.170  Pontois.     Inductor  magneto  alternators.     (Date  applied  for.  11,7.08.) 
26,367  Nev/  Ignition  Synp.  &  Foster.      Closing  electric  battery  cells  and  securing 

electrodes  in  the  same. 
26.507  JoHNSEN  &  Walleen.    Conducting  current  to  or  from  continuous-current  elec- 
trical machines. 
26.555  CoNR^D.    Transformers  for  operating  vapour  electric  devices.    (Date  applied 

(or.  10  L08.) 
26,583  Marconi's  Wireless  Telegraph  Co.  &  Round.      Measuring  electromagnetic 

wave-lengths. 
26.808  Meirowsky.     Electrical  condensers.     (Date  applied  for.  18/5/03.) 
27.C*77  Siemens-Schuckfrt  Werke  Ges.    Securing  thin  electric  insulating  covering 

to  fine  single  wires.     (Date  applied  for.  14,12/07.) 
27.075  ScHROTER.    Attaching  electric  wire  conductors  to  insulators.    (Date  applied  for, 

12,12,07.) 
27.138  Bonbright.     Electric  speedometers  and  odometers. 

27.140  Drysdale.     Potentiometer  for  measurements  on  alternate-current  and  direct- 
current  circuits. 

27.143  TiMAR  &  VON  Drsger.    Arc  lamp  with  pairs  of  carbon  arranged  tangentially 

to  the  axis  of  the  lamp. 

27.144  Kroll  &  Saklatwalla.     Production  of  pure  and  thin  filaments  for  illuminating 

purposes.     (Date  appHed  for.  13,12/07.) 
27.477  Justice.     (Essex  Co.)    Third-rail  insulators. 
27.535  Holman.      Arc  lamps. 
27.8W  Hartmann  &  Braun  Akt.-Ge3.     Electric  resonance  apparatus.    (Date  applied 

for.  12  6  08.) 
27.991   Higifield.     Lamp  supports  and  casings. 

27.999  Thompson.     JErnst  Eisemann  &  Co.  Ges)     Ma-neto-electric  sparking  appar-.tus. 
28.017  So'iLE.     Electric  motor  control.     IDate  applied  for,  10  1/08.) 
28.102  Westcott  &  Gartside.    Cxoupling  for  electric  cables,  wires,  and  rods. 
28,192  Allgemeine  Elektricitats-Ges.    Starting  devices  for  electric  motors.    (Dale 

applied  for,  28  12,07.) 
28.276  VoELKER.     Electric  furnaces. 
28.442  Bosch.     Insulat'on  of  the  layers  of  windings  of  electromagnetic  apparatus.  (Date 

applied  for.  12  /I2/08) 
28,525  Anspach.     Electric  transmission  of  visual  images. 

1909  Specifications. 
331  Siemens  Bros.  Dynamo  Works  &  Schupp.     Starting  switches  for  alternating- 
current  electric  motors. 
355  Rawdon.    Telegraphic  repeaters. 

404  KuNKEL.     Dynamo-electric  machines     (Date  applied  for,  10/1 /C8.) 
635  ZippLiES.     Electric  motor  meters.    (Date  applied  for.  18/1/08.) 
747  Bryan.    Trolleys  or  collectors  for  electrically-driven  vehicles. 
1.070  Delon.    Converting    alternating    potential    differences    into    high    continuous 

potential  differences.     (Date  appUed  for.  l7'l/08.) 
1,316  Gebr.  Siemens  &  Co.     Electrode  for  searchlights.     (Date  applied  for,  9/4/08. 

AlJition  to  No.  13.07i  071 
1.332  KuZEL.     Metal  filamer.'s  for  electric  lamps      (Date  applied  for.  22/208.) 
1.651  B.T.-H.  Co.     (G.E.  Co..  U.S.)     Balancing  end  thrusts  in  dynamo-eleemc  raa- 

-  chines.     (Date  applied  (or.  18  8, 08.) 
2.004  Chaudoir.     Electric  fuse  boxer,  cutouts,  switch  fuses  or  the  like. 
2.076  Beaver  &  Claremont.     Apparatus  for  use  in  connection  with  electric  cables* 

(Date  applied  for.  23,3,'03.) 
2.106  Green.     Holders  for  electric  lamps.  . 

2.216  Centralstelle   fur   Wissenschaftlich-Technische   Untersuchunobn   Ge9.  I 
Producing  long  voltaic  arcs.     (Date  applied  for.  l/2,/08.) 
Hatry.     Electric  fuses  fitted  v/ith  indicating  devices. 
Siemens  Bros.  &  Co.     (Siemens  &  Halske  A.-C.)    Telephone  exchanges. 
Siemens  &  Halske  Akt.-Ges.     Electric  incandescence  filaments  from  tungsten! 
or  other  difficultly  ductile  met.als.     (Date  appHed  for.  11 '2/08.     Addition  ta| 
No.  4.814/07.) 
Thompson.     (Mea  Fabrik  Magnet-Elektrischer  Apparate  Ges.)     Magneto-ignitiott | 

apparatus  for  multi-cylinder  internal  combustion  engines. 
Brohee.     Electrical  printing  telegraph.     (Date  applied  for.  11/2/08.) 
Peaucellier.     Electric  contact  making  and  br.eaking  device.    (Date  applied  for. 
4/5/08.1 


2.353 
2.851 
2,853 
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COMPANIES'  MEETINGS  AND  REPORTS. 

I  British  Eleotric  Traction  Co.  (Ltd.) 

!       The  thiftociidi  oidiiiary  frcniTal  iiiccliii;;  was  [ii-l.l  yi-stcrilay  ('I'luirs- 
I  (lay)  at  tlic  cilli.fs  of  the  company.  Kingsway,  London,  W'.V. 

Till-  SECKHT.M'iy  (Mr.  C.  H.  Dade)  read  the  notice  convening  the 
'   meeting  and  I  lie  auditors'  report. 

;       The  CHAIR.M.XN  (Sir  Charles  Rivers  Wilson,  G.C.M.G.,  C.B.)  said 
,   that  particulars  given  in  the  report  and  ac'connts  would  convey  a  general 
!  idea  of  the  magnitude  c^f  the  work  done  hy  the  eompanie.s,  and  a  close 
■   study  of  the  (Iclails  would,  hr  fell   sine,  show  that  this  work  was  done 
;   efficiently  and  cc  .inonnriilly.      Id  Im  inn  to  the  depression  which  prevails 
[   in  all  electrical   l.iau.  Ih-^.  .So    I  li.iilr^  ^aid  that  in  such  circumstances 
'    itwastmavoidablc  thai  llu:  trallir  receipts  of  tramway  com]ianies  should 
'   suffer,  and  that  people  should  make  special  effort  to  keep  down  their 
i   lighting  bills.     The  year  had  not  only  been  one  of  many  disa|i]Kiintnu-nts, 
!    but  they  h.ad  also  suffered  a  great  loss  by  the  death  of  Mr.  Ainold  Forster. 
They  had  looked  forward  to  his  being  present  this  year,  and  keenly  fell 
!   his  ioss.     He  was  glad  to  say  there  appeared  to  be  a  general  awakening 
apparent.     Referring   to   th",   decreased   revenue   from    the   associated 
(•umpanies,  he  was  sorry  to  say  that,  while  these  undertakings  were  able 
to  hold  their  own,  on  most  of  them  there  had  been  no  marked  improve- 
ment, and  unless  trade  revived  before  the  end  of  the  year  he  was  afraid 
the  dividends  for  the  current  year  would  not  show  any  material  in- 
crease.    In  regard  to  the  company  being  able  to  pay  in  the  immediate 
future  the  .3  per  cent,  on  the  preference  shares,  their  hope  was  to  ]iay  this 
as  the  mininiunt  dividend.     The  profits  of  the  past  year  were  £15,000 
short  of  the  amount  required  ;   they  had  brought  forward  from  the  pre- 
ceding year  £:!r>,:!!l3,  and  carried  forward  only  £20,203,  after  paying  the 
dividend.     Unless  the  net  ]irotits  increased,  it  would  be  obviously  un- 
wi;<e  to  |iay  the  same  dividend  for  the  current  year,  and  it  became  a. 
matter  for  serious  consideration  whether  the  inteiim  dividend  of  l.l  per 
cent.,  napiiriiig  £24,000,  shouhl  be  paid  in  August  with  the  risk  of  not 
being  able  to  pay  the  sairie  dividend  in  February,  or  whether  the  question 
should  be  left  over  until  the  accoimts  of  the  year  were  made  up.     The 
directors  were  of  opinion  that  unless  the  prospects  materially  improved  it 
would  be  wiser  to  svispend  the  further  payment  of  dividend  on  the 
preference  shares  until  the  aeeounts  for  the  current  year  were  made  up. 
The  still  further  reduction  in  management  and  general  expenses  from 
£24,100  to  £10,800  was  mainly  the  outcome  of  the  formation  of  the 
British  Electrical  Federation.     In  regard  to  the  all-important  question  of 
tramway  fares,  when  he  informed  them  that  the  infinitesimal  increase  in 
the  average  of  only  j'^th  of  a  penny  represented  no  less  than  £24,000 
addition  to  the  revenue,  or  a  half- year's  interest  on  the  preference  shares 
they  would  see  how  important  lliis  question  was.     In  1901  the  average 
fare  was  l-38d.     If  this  had  been  the  (ircsent  average,  they  would  have  an 
increased  reventie  of  no  less  than  £200.000. 

In  regard  to  the  Brush  Comjiany  the  falling  off  was  in  common  with  most 
other  electrical  companies.  He  felt  that  a  very  small  measure  of  Tariff 
Reform  would  make  an  enormmis  difference  to  the  electrical  industry 
generally.  They  had  taken  steps  to  secure  concessions  for  tramways  in 
St.  Petersburg.  The  conditions  for  doing  business  abroad  were  much 
more  favourable  than  at  home,  and  although  exposed  to  powerful  com- 
petition they  had  been  able  to  join  forces  with  German  and  Russian 
comjietitors,  and  a  syndicate  had  been  formed  by  means  of  which  the 
chief  competition  was  eliminated.  There  was  one  enterprise  not  siiecili- 
rally  rcfiTicd  to  in  the  report  :  the  North-West  London  extension  of  the 
Baker-strcct  and  Waterloo  Railway.  The  Brush  Company  obtained  an  Act 
for  a  tube  railway  from  Cricklewood  to  Victoria,  which  at  the  time  looked 
very  promising.  The  results  from  tube  railways  in  liOndon  was,  however, 
80  disappointing  that  the  matter  had  to  be  reconsidered,  and  they  came 
to  the  conclusion  that  with  the  prevailing  low  fares  and  other  considera- 
tions the  original  scheme  could  not  be  proceeded  with.  They,  therefore, 
felt  that  the  best  |iorlion  of  the  siheme  would  be  utilised  as  an  extension 
to  the  Bakcr-st  rict  l!:i  ihvay.  After  considerable  trouble  an  arrangement 
was  conic  to.  lint  till  IJiiiiM'  of  Commons  rejected  the  scheme,  although 
the  genera!  cohsoM I ^  m|  ii|iiiiion  was  that  it  was  better  than  the  original. 
He  felt  that  a  t'oiuuul  Ice  of  the  House  was  a  most  un.satisfactory  tribunal 
to  deal  with  electrical  matters,  and  liojicd  the  time  would  come  when 
»omc  other  tribunal  would  be  established  which  would  give  the  com- 
panies fair  consideration.  He  then  moved  the  adoption  of  the  report 
and  accnnnts. 

Wr.  E.MILE  GARCKE  seconded  the  resolution,  and  said  he  woidd  like 
to  submit  a  word  in  regard  to  legislation  affecting  the  electrical  industry. 
Matters  were  becnniing  worse,  and  instead  of  legislation  to  ameliorate 
the  |iieseut  condition,  the  I'-oard  of  Trade  in  the  jnescnt  .session  had  in- 
troduced a  bill  entitled  the  Electiie  Lighting  Acts  (Amendment)  Bill, 
whiih,  while  not  doing  anything  to  carry  out  the  promises  of  the  Board 
of  'I'lade,  contained  clauses  which  were  excessively  harassing  to  the 
industry,  without,  he  ventured  to  say,  being  of  any  benefit  to  the  public. 
The  bill  had  been  refcricd  to  n  st.andinp  committee,  instead  of  to  a  select 
Committee,  as  they  h.id  hoped,  so  that  there  was  no  opportunity  for  them 
to  protest  and  give  evidence.  Clause  (i  empowered  a  local  authority 
to  go  outside  its  area  and  eomjiele  with  a  cimipany,  but  a  comiiany 
could  only  go  outside  its  area  and  compete  with  a  local  atithority  if  it 
obt  lined  the  consent  of  that  local  aulhiu'ity.  There  were  also  other 
ohiiovious  clauses  in  the  bill.  If  the  bill  had  only  apiilicd  to  fill  lire 
undertakings  it  would  have  been  bad  enough,  but  it  also  applied  to  exist- 
ing undertakings.  He  regretted  there  was  no  organisation  by  which  they 
could  make  their  views  felt. 

Jlr.  H.  B.  BRAITHWAITE  endorsed  Mr.  Garcke's  remarks  regarding 
the  bill,  w-hich  he  hoped  would  not  go  through  in  its  present  form. 


Mr.  G.  PARK^:R  asked  whether,  seeing  the  loss  that  had  occurred, 
some  form  of  capital  reoiganisation  w.is  not  necessary  to  put  the  com- 
pany on  a  sound  footing  V 
).    Several  other  shareholders  having  spoken. 

The  CHAIR.MAN,  in  reply,  said  that  there  wais  no  neecssity  to  raise 
fresh  capit.il  for  the  enterprise  at  .St,  Petersburg.  This  was  only  a  matter 
of  finance.  It  would  be  unwise,  in  view  of  the  present  depression  and 
reasonable  expectations,  to  reconstruct  their  capital. 

The  lejiort  and  accounts  were  adopted,  the  resolution  authori)«ing  the 
dividend  on  the  ]>reference  shares  was  |ia,ssed,  the  retiring  directors  (Mr, 
J.  S.  Raworth  and  Mr.  P.  I).  Tuekett)  were  re  elected,  as  were  the 
auditors,  .and  a  cordial  vote  of  thanks  to  the  chairman  and  directors 
brought  the  proceedings  to  a  c  lose. 


Electric  &  General  Investment  Co.  (Ltd.) 

The  twentieth  ordinary  gei.eral  meeting  ..f  this  company  was  held  on 
Wednesdav.      Mr.  J.  B.  Bli.^iTilWAITK  presided. 

The  SECRETARY  (Mr.  S.  R.  Shaw)  read  the  notice  convening  the 
meeting  and  the  report  of  the  auditors. 

The  CHAIRMAN  said:  The  past  year  has  been  one  of  compara- 
tive stagnation  in  the  electrical  business,  and  therefore  we  have  not 
had  the  opportunities  for  profitably  employing  all  of  your  capital 
that  we  have  had  in  the  years  which  are  past.  The  year  is  certainly 
considerably  better  than  the  result  which  we  showed  last  year.  The 
most  noticeable  feature  in  the  balance-sheet  is  the  reduction  of  the  amount 
of  the  liabilities,  which,  of  course,  is  due  to  the  stagnation  which  has  been 
going  on,  and  also  to  the  gradual  realisation  of  the  various  investments. 
The  investments  in  the  accounts  stand  at  very  much  the  same  figure?  as 
they  did  last  year — there  is  a  difference  of  about  £2,000 — a  decrease  of 
that  amount  for,  in  these  aeeounts,  by  investments  in  debentures  and 
shares  of  other  companies,  &c.,  at  cost  we  show  £249,013,  8s.  2d.,  as 
compared  with  £2.'il,'793  last  year.  The  loans  against  securities  have  been 
materially  reduced.  They  stand  in  these  accounts  at  £10.890,  19s.  2d., 
as  compared  with  £28,992  last  year.  The  cash  balance  this  year  is  very 
much  the  same  as  it  was  last  year — namely,  £2,41.5  as  compared  with 
£2,487 — and  the  item  of  sundry  debtors  also  stands  at  very  much  the 
same  sum  as  before,  namely,  £,5,029.  12s,  3d,  On  the  other  hand,  you 
will  see  that,  on  the  debtor  side  of  the  balance-sheet  the  capital  remains 
the  same,  and  the  provision  for  contingencies  has  been  increased  by  the 
sum  which  was  added  to  it  last  year,  and  it  then  stood  at  £07,556.  9s.  Id., 
and  if  you  approve  of  the  recommendation  in  this  report,  then  the  total 
will  be  increased  by  the  sur)ilus  revenue  of  this  year,  which  is  tran.sferred 
from  profit  .and  loss  account,  of  £4,095,  raising  the  total  of  the  provision 
for  contingencies  to  the  satisfactory  figure  of  £71.051.  17s.  8d,  The 
loans  from  bankers  and  others  now  stand  at  £07.800,  as  compared  with 
£73,500  for  the  eorrespondmg  year,  so  that  there  is  a  considerable 
decrease  there,  foundry  creditors  on  open  aeeounts  also  show  a  decrease, 
the  item  having  been  reduced  from  £22,199  last  year  to  £14,474  this  year. 
Turning  to  profit  and  loss  account,  the  total  profits  lor  the  year  have 
amounted  to  the  sum  of  £11,.5()5.  17s.  lid.,  as  against  only  £7,889  last 
year,  or  nearly  £4,000  more,  and  that  is  an  increase  of  som-thing  like 
40  per  cent.  That  is  due  to  the  fact  that  although  there  has  been  during 
the  past  year,  as  I  have  already  said,  a  period  of  continued  stagnation, 
speaking  generally,  still  there  have  been  one  or  two  little  opportunities 
for  doing  good  business  of  which  we  have  been  able  to  avail  ourselves. 
with  the  result  that  we  can  show  you  this  extra  £4,000  of  profit  for  the 
past  year.  The  general  charges  you  will  see  are  much  about  the  same  as 
last  year,  and  the  preference  dividend  which  we  propose  to  pay  to  you  is, 
of  course,  the  same,  with  the  final  result  that  we  have  a  balance  of  profit 
remaining  after  the  payment  of  that  preference  dividend  of  £4,095,  as 
against  only  £."iti8  Last  year,  so  that  there  is  a  net  improvement  of  about 
£3,500.  That  sum  you  will  see  represents  about  a  return  of  15  per  cent, 
upon  the  amount  of  capital  which  is  paid  up  upon  the  ordinary  shares  ; 
but,  gentlemen,  in  view  of  the  continued  deptession  in  many  of  the 
electrical  securities  which  this  Company  holds,  the  Directors  feel  confident 
that  they  will  have  your  support  in  their  proposal  to  transfer  this  amount 
to  the  contingencies  fund.  As  you  know,  that  fund  is  a  reserve  against 
depreciation,  and,  of  course,  if  the  market  improves  later  on  then  the 
contingency  fund  might  be  drawn  upon,  if  it  were  necessary  for  dividend 
]iur))oses,  provided  of  course  that  the  value  of  the  investments,  which  wo 
liolci,  stood  in  the  market  at  a  sum  which  was  ecpial  to  the  cost  at  when 
they  stand  in  the  books  of  the  Company  at  that  moment,  or  wei-e  beyond 
it.  At  the  jirescnt  moment,  however.  I  repeat  that  we  do  not  think  it 
would  be  desirable  to  divide  this  .surplus,  and  we  therefoix-  ask  you  to 
apiirove  of  the  pro|iosal  to  place  the  sum  to  the  contingency  fund.  1 
now  move  the  adoption  of  the  report  and  accounts. 

Mr.  EMILEtJARCKE  seconded  the  motion. 

After  a  short  diseus.^ion. 

The  CHAIRMAN,  in  reply,  said  that  he  was  glad  the  balance  of 
o])iiiion  was  in  favour  of  the  conservative  cour.se  which  the  Diivetor.s 
were  adiqiting  in  placing  the  money  to  the  reserve  and  contingency  fund. 
and  he  would  like  to  take  that  ojiportunitv  of  ix-minding  the  oulinary 
sbarehohlers  of  one  fact,  and  that  was  that  the  ordinary  shareholdei-s  had 
always  recognised  that  that  Company  was  a  finance  Company,  and  there- 
fore everything  must  be  dependent  upon  the  prosiierity  of  the  Company 
from  time  to  time.  He  further  desired  to  remind  the  shaivholdei-s  that 
thi-yhail  very  large  dividends  paid  llicm  in  the  past,  and  that  altogether 
for' each  £l' which  had  been  paid  up  upon  the  ordinary  shares  they 
had  up  to  the  present  time  received  a  return  of  £4.  lOs.  It  was 
true  that  they  had  the  power  to  distribute  a  dividend  upon  the 
present  occasion  out  of  the  profits  which  they  had  made  for  the  past  year, 
and  which  surplus  profits  they  weiv  placing  to  the  contingency  fund. 
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Tlif  resulution  was  then  carrifd  uiiatiimously. 

Ri-'iohitioiis  upproving  tho  payment  nf  tlio  preference,  dividend,  and 
re  rieeting  the  retiring  director  (Mr.  d'arckc)  and  the  retiring  auditor 
(Mr.  C!.  T  Rait)  were  then  earricd,  and  a  vote  of  thanks  to  the  Cliairnian, 
dii'cctors  and  staff  terminated  the  j)niicedings. 


CHILI  TELEPHONE  CO.  (LTD.)— Tlie  directors'  report  for  the  year 
iiulcd  Manli  .{I  -talcs  that  the  aggregate  nnmber  of  subscribers  at  all 
centres  at  the  end  of  tlie  year  was  8,011,  compared  with  7,(J()6  in  IDO.s. 
Cross  revenue  in  Chili  from  all  sources  was  Sl,72l>,7  Hi  against  Sl,4()9,lill. 
Expenditure  in  Chili  was  8824,082  against  $744,121.  Net  income  in 
Chili  from  all  sources  was  $89(5,033  against  8725,48!!,  an  increase  of 
§171,144.  The  average  rate  of  exchange  for  the  year  was  10-09d  , 
compared  with  ll-21d.,  a  decrease  of  112d.  Converted  into  sterling  at 
these  rates,  the  figures  given  are  f 37,(>!>S,  against  £33.883,  an  increase  of 
£3,81.).  The  balance  to  credit  of  revenue  ;iccount  (including  £2.777 
brought  forward)  is  £38.104.  of  whi<h  £17,(i83  has  been  carried  to  reserve. 
An  interim  dividend  of  3s.  per  shaix-  (tax  free)  was  paid  on  Jan.  15.,  and 
the  diix'ctoi-s  now  recommend  a  final  dividend  of  5s.  per  share  (tax  free). 
leaving  £2,820  to  be  carried  forward.  The  total  mileage  was  14.121 
miles  ,^84  yds.,  against  13.4!lli  miles  275  vds.,  an  increase  of  625  miles 
309  yds.  on  the  year. 

DELHI  ELECTRIC  TRAMWAYS  &  LIGHTING  CO.  (LTD.)— The  report 
for  the  year  to  Oct.  31,  1908,  states  that,  after  providing  £619  for 
debenture  interest  and  debiting  the  balance  of  £446  to  penalty  sus- 
pense account,  there  is  a  debit  balance  of  £347  to  be  carried  forward. 

EDMUNDSONS'  ELECTRICITY  CORPN.  (LTD.  —The  net  profit  for  the 
year  euclcil  Maivh  .-.l.  after  payment  "f  interest  ,,n  delientiire  aiid  prior 
lien  debenture  storks,  was  £597." 5s.  8d.  .Adding  balance  of  £20.417.  5s.  9d. 
brouijht  forward,  less  expenses  of  issue  of  jirior  lien  debenture  stock. 
£14.809.  7s.  lid.  remains,  and  the  directors  recommend  that  this  sum 
should  be  carried  forward.  The  dividends  and  interest  received  liave 
increased  by  £2,871.  7s.  (5d.,  the  loss  on  working  the  local  authorities" 
undertakings  is  reduced  by  £997.  Is.  6d.,  and  the  Urban  C«.  guarantee 
is  less  by  £381).  His.  In  view  of  the  conditions  which  have  adversely 
affected  almost  all  electric  supply  undertakings  during  the  year,  the 
directons  consider  that  these  retults  are  not  unsatisfactory.  The  reduced 
net  i)rofit  is  attributable  to  the  diminution  in  the  trading  profits  conse- 
quent upon  a  reduced  capital  outlay  by  the  subsidiary  companies,  but 
it  is  the  avowed  policy  of  the  board  to  restrict  capital  expenditure  as  far  as 
is  reasonably  possible. 

ELECTRIC  CONSTRUCTION  CO.  (LTD.)— The  net  profit  for  the  year 
ended  M.iv  :!l.  after  p  lyment  of  £10,250  for  debenture  interest  "and 
crediting  £";.(I00  as  formerly  to  depreciation  account,  is  £10.730.  12s.  7d., 
which  with  £1,741).  8s.  Id  brought  forward,  makes  £12,477.  Os.  Sd. 
From  this  has  to  be  deducted  the  dividend  on  the  7  per  cent,  cumulative 
preference  shares  for  the  year  1908  (£4,394.  12s.),  leaving  £8,082.  8s.  8d. 
The  directors  recommend  payment  of  the  7  per  cent,  cinnulative  pre- 
ference dividend  for  1909  (p.ayable  .July  31),  absorbing  £4,394.  12s, 
leaving  £3,087.  His.  8d.  to  be  carried  forward.  The  inc  reise  in  the  volume 
of  business  referred  to  in  last  report  is  reflected  in  the  |\  i,  j  lo^  irsnlts, 
which  show  a  considerable  improvement  on  those  of  U\i  p  i  i  (i  \',  \e;ns. 
The  reduced  demand  for  electrical  plant  caused  by  (he  iulioduelion  of 
metal  filament  lamps  and  the  general  depression  in  trade  affected  the 
volume  of  home  orders  received  during  the  year,  but  this  was  counter- 
acted to  some  extent  by  an  increase  in  export  business.  The  directors 
arc  very  hopeful  that  the  enhanced  profits  now  re|iortcd  will  be  fully 
m  tintaincd,  notwithstanding  that  the  industry  is  still  in  an  unsatisfactory 
condition. 

LONDON  UNITED  TRAMWAYS  (1901)  (LTD.)— .\  circular  has  been 
iwued  stitiug  th.it  although  the  earnings  for  the  first  six  months  of  the 
year  show  a  sinplus  sulHeient  to  pay  the  dividend  on  the  5  per  cent. 
cumulative  preference  shares  at  the  reduced  rate  of  2.i  per  cent.  ])er 
annum,  the  directors  consider  that  until  they  can  see  their  v.ay  to  the 
resumpti'm  f>f  the  full  dividend  at  the  rate  of "5  per  cent,  it  will  be  better 
to  postpcme  any  distribution  until  the  accounts  for  the  whole  year  are 
before  the  board  The  registered  olllces  have  been  removed  to  High- 
road, Chiswick,  I.,ondon,  \V. 

ROYCE  'LTD.  -The  report  for  the  year  ended  March  31  states  thai 
I'lere  is  a  lo.'s  of  £1,514.  After  meeting  debenluro  charges  there  re 
in  lins  to  bs  carrioil  forward  a  net  debit  balance  of  £925. 


NEW  COMPANIES,  STATUTORY  RETURNS, 
MORTGAGES,  CHARGES,  &c. 


NEW  COMPANIES. 

ADNIL  ELECTRIC  CO.  (LTD.)  ( 103.763.)  Reg.  June  23,  cajjital  £10,000 
in  £1  shares,  to  carry  on  the  busijicss  of  electricians,  electrical  and 
general  engineers,  iroinnongcrs,  makers  of  and  ilealer.s  in  electric 
tramcars,  motor  cars  and  other  vehicles,  manufacturers  of  and  ilealers 
in  dynamos,  motors,  telephones,  electroliers,  arc  and  other  lamps, 
electric  light  fittings,  tec  Private  company.  Keg.  office,  Adnil- 
Iniildirig,  Aililleiy-larie,  London,  E.C. 

MILLS  BROS.  &  CO.  (LTD.^  103,776.)— Reg.  Juno  29,  capital  £1,000  in 
£1  sharea,  to  carry  ou  the  business  of  general  dealers  and  manufac- 
turers, engineers,  meUd  workers,  machinist.i,  electricians,  &c.  Private 
company.  Reg.  office,  305-6,  Moorgate  Station-Qhambers,  London,  E.C. 


STATUTORY  RETURNS. 

EASTERN  &  SOOTH  AFRICAN  TELEORAPH  CO.  (LTD  ) -In  return  to 
May  26  capital  is  £600,000  in  £10  shares,  all  of  which  has  been  taken 
up  and  paid  for  in  full.     Moitg.igesand  charges,  £199,500. 

WEST  COAST  OF  AMERICA  TELEGRAPH  CO.  (LTD.)— Return  to  May  25 
gives  capital  as  £132.520  in  63,008  .shares  of  £2.  10s.  each,  of  which 
45,008  have  been  taken  up.  £20  has  been  paid  on  8  and  £112,500  is 
considered  as  paid  on  45,000.     Mortg.igos  and  charges,  £170,000. 

WESTERN  TELEGRAPH  CO.  (LTD.)— Aocoriling  to  return  to  M.ay  26 
capital  is  f2.500.000  in  £10  shares,  of  which  207,930  have  been  taken 
up.  £1,300,000  has  been  received,  and  £779,300  is  considered  as  paid. 
Mortgages  and  charges,  £800,COD. 

MORTGAGES  AND  CHARGES. 

ELECTRIC  BATTERIES  &  CARBONS  (LTD.)     Debenture  dated  Juno  2, 

1909,  to  secure  £1,500,  charged  on  company's  undertaking  and  pro- 
perty present  and  future,  including  uncalled  capital.  Holder. 
R,  (i.  Oir. 

F.  HUTCHINS  Sc  CO.  (LTD.)— Particulars  of  £5,000  debentures  created 
June  21  has  been  filed,  the  whole  amount  being  now  issued.  Propertj' 
charged,  company's  undertaking  ;md  property,  present  and  hiture, 
including  uncalled  capital.     No  trustees. 

RECEIVERSHIP. 

BOGOTA  TELEPHONE  CO.  (LTD.)— A  notice  of  the  appointment  of  I). 
Gibson,  C.A.,4.Kingsmead.road,  South  Oxton,  Birkenhead,  as  receiver, 
on  ,Iunc  29,  1909,  under  powers  containe<l  in  first  mortgage  debenture 
trust  deed  dated  May  30,  1905,  has  been  filed  jiursuant  to  sec.  94  of  the 
Companies  (Consolidation)  Act,  1908. 


CITY  NOTES. 

MEMORANDA  (July  81.— Bank  rate  2i  per  cent,  (sinoo  April  1, 
1909).  Price  of  silver,  23 Jd.  per  oz.  Consols  84,';; — 84],'.  for  money  and 
84;; — 84:J  for  account.  Consols  Pay  Day,  Aug.  5 ;  Stock  and  Shares 
Continuation  Days,  July  12  and  27  ;  Ticket)  bays,  July  13  and  28  ; 
Pay  Days,  July  14  and  k9  ;  Mining  Shares  Carry  Over  Days,  July  9 
and  26. 

Prices  0?  Metai.s  (London). — Copper,  cash,  58^  ;  three  months 
59Y'i,.  Lead,  English,  13—135;  foreign,  cash,  12:f — 125^;  three 
months,  13.  Spelter,  cash,  214—22.  Tin,  English,  130—132  ; 
foreign,  cash,  131',  :  three  months,  132 — 132;.  Iron,  Cleveland,  ciish, 
48/-  and  three  months,  48/84.  Mayml  SItel  (price  supplied  by  W.  F. 
Dennis  &  Co.),  £55. 

CLOHTARF  &  HILL  OF  HOWTH  TR4MR0AD  CO.— The  directors  b.ave 
declared  a  divideml  of  3  [ler  cent. 

DUBLIN  UNITED  TRAMWAYS  CO.  (1896)  (LTD).- The  directors  recom- 
mend  dividends  for  the  half-year  ended  June,  at  the  rate  of  (i  ])er  cent, 
per  annum  on  the  preference,  and  at  the  rate  of  (i  per  cent,  per  auuum 
(tax  free)  on  the  ordinary  shares,  and  £7,502  is  to  be  carried  forward. 

EASTERN  EXTENSION  AUSTRALASIA  &  CHINA  TELEGRAPH  CO. 
(LTD. )— The  interest  on  the  4  per  cent,  mortgage  debenture  stock  for 
tlie  half-year  ending  31st  inst.  will  be  paid  liy  warrant  on  Aug.  3  next. 
The 4  jier  cent,  mortgage  debenture  stock  register  will  be  closed  from 
the  27th  to  31st  insl.  inclusive. 

HEW  GENERAL  TRACTION  CO.  (LTD.)— The  revenue  for  the  year 
ended  March  31  was  £18,703,  and  after  paying  interest  and  charges, 
the  net  profit,  was  £427,  which  reduces  the  debit  balance  to  £25,80/. 

NORTH  METROPOLITAN  ELECTRIC  POWER  CO.— At  an  extraordinary 
meeting  on  Friday  a  resolution  increasing  the  cajjital  of  the  com- 
pany by  £200,000,  liy  the  issue  of  preference  stock  at  a  rate  not  ex- 
ceeding 6  |)ui'  cent,  per  annum,  was  agreed  to. 

NOTTING  HILL  ELECTRIC  LIGHTING  CO  (LTD.)— Tho  directors  have 
l>aid  interim  ilnidends  of  5  percent,  and  a  bonus  of  1  [ler  cent,  (to- 
gether 8j.  per  share),  less  tax,  on  tho  ordinary  preference  shares  and 
3  per  cent.  (6s.  per  share),  less  tax,  on  the  ordinary  shares  for  the  past 
half-year. 

STOCK  EXCHANGE  NOTICES.— The  Stock  Exchange  committee  have 
granli/d  (pi. il  at  ions  to  60,000  £1  fully-paid  6  per  cent,  cumulative 
prcfcrcneu  sliaics  ana  .€70,000  4i  per  cent,  mortgage  debenture  stock 
of  the  il/«H«/oW<t-  JHsh-ici  Ti-nminiys(I.id.).  a  further  issue  of  £200,000 
5  per  cent  50-year  mortgage  bonds  of  the  Hindi  Jamiro  Tniiiin-ay, 
IJi/ht  .1-  J'oirir  Cij.,  a  furlliei'  issue  of  1,000  £10  fully-paid  shares  of 
the  SoKtIi  Ajnr<in  JAyhlin;/  Axmrinlion  (A^/.)  ami  £63,200  additional 
first  mortgage  6  per  cent.  35year  sinking  fund  gold  bonds  of  tho  MVs/ 
Kootenai/  I'otrtr  <(•  Li(jht  Co.  (LI it.)  The  (committee  have  been  a.sked  to 
allow  a'fuither  issue  of  12,800  £5  fully-paid  ordinary  and  2,777  £5 
fully  pai<t  6  per  cent,  cumul.itive  preference  shares  of  the  I  'iiiteil  E/ec- 
trie  'J'r'imii'iii/«  of  Mmitf  \'i<li<i  (l.til)  to  be  quoteil. 

TELEGRAPH    CONSTRUCTION    &    MAINTENANCE    CO.    (LTD.)  —  The 

directors  have  declaieil  .-in  interim  dnidend  of  12s.  per  share. 

UNITED  RIVER  PLATE  TELEPHONE  CO.  (LTD.)— The  diiectors  recom- 
mend a  final  dividend  of  5  per  cent,  on  the  ordinary  shares,  making 
8  per  cent,  for  the  >ear  (tax  tree) ;  £5,138  has  been  carried  forward. 
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ELEGTBIC  TBAHffAT  JLND  B&ILW&Y  TB&FFIG 
RECEIPTS. 


Aberfoen  OorpOMllon  . 

Alrdrlo  ■■ 

Aoglo-Argentlne 

iff  Oorporation  . 


Baker  St.*  Waterloo  By... 
Burnslej" 

Barrow  ••••;•■ 

Bitb  Blectrla  Trama,  Ltd.. 

Blmtingbam  Corporation.. 

Btrmingham  &  Mid 

Blackburn  Corporation 

Elickpool  and  Fleetwood.. 

Bolton  Oorporation 

Bombay     ■— • 

Boumemoath  Corporation 

Bradford  Corporation 

Brighton  Corporation   

Bristol  Trama  &  Carriage.. 

Bnmiey  Oorporation 

Barton  Corporation   

Bury  Corporation  

Oaloutta  Tramwaya  Co 

Camborne-Redruth    

Cardiff  Corporation  

Oaveblll 

Oentral  London  Railway  .. 

OharingC.Euston&H'atead 

Obatham&  Dlst.  Lt.Bya.... 

OUy  tSc  South  London  Rly... 

Olty  of  Birmingham  

Oolohester  Corporation 

Cork  Kleotria  Trams  Co,  ... 

DroydoD  Oorporation     

Devonport  &  Dist.  Trama... 

DoTer  Corporation 

Dablin  &  Luoan  Railway ... 

Ooblln  United 

Dudley- Stourbridge   

Dondee  Corporation 

Bant  Ham  Council 

Bxeter  Corporation 

QHtesliiail  &  Dist.  Trama... 

QIasgow  Oorporation 

Qlossop  Trams 

flravesend— Northfleet 

Oreat  Norlhern  *  City  Rly.. 

Gt.Northorn,  Piccadiily,&c 

Greenock  &  Port  Glasgow... 

Hartlepool  Tramways    

Hasliuga  Eloo.  Trama  Oo.... 

Hong  Kong  

Huddersfiuld  Oorpn 

Bull  Corporation 

Dford  Diatrlot  Council 

Ilkeston  District  OonnoU.... 

bawiuh  Oorporation 

Isle  of  Thanet  Co 

Jarrow   

fielghley  Oorporation   

Kidderminster  &  District.. 
Kilmarnock  Oorporation  .. 
Lanarkshire  Trams  Co.    .. 

Lancashire  United 

LBamington 

Leeds  Corporation 

Leicester  Corporation    

Leith  Corporation 

Lincoln  Corporation 

Liverpool  Oorporation  

Liverpool  Overhead  Rly.  .. 
UaniUulno&CulwynBayRj 
*London  County  CounoU  .. 

London  United  

Lowestoft 

UaidHtoue  Oorporation 

Uanchester  Oorporation  .. 

Mersey  Railway  

Merthyr 

Metropolitan  Dist.  Railway 
Metropolitan  Bleu.  Trams.. 

Hlddluton... 

Nelson  Corporation   

Newoastle-ou-Tyue  Corp. .. 

Newport  (Mon.)  ( 

Northampton  Corporation 
Oldham,  Ashton  &  Hyde  .. 

Oldham  Corporation  

Perth  (N.B.)Oorporation  .. 
Perth  ( W.A.)  Eleo.  Trams- 
Peterborough  , 

Portsmouth  Corporation  .. 

Potteries   

Preston  Oorporallon 

Botherham  Oorporation   ... 

Bothesay  

Balford  Corporation   

BtaeeTQesa  

Sheffield  Corporation 

filngapore  Trams 

South  Metropolitan   

Bonth  Staffs 

Southend  Corporation  

Bouthport  Tramwaya 

Btalyb'dge.Hyde.&c.Jt.Bd. 
Bunfiorland  Corporation  .. 

Sunderland  District  

Swansea  Trams  , 

Swindon  Oorporation    

Taunton    

Tynemouth  and  Distrlot  ... 

lyuoMide  Trama  Oo 

Wallasey  District  Oounoll... 

VValsall  Corpn 

Warrington  Curpn 

West  Ham  Corporation 

Weston-super-Mare    

Wolverhampton  Co 

Wolverhampton  Oorpn... 

^Worcester 

Wrexham 

TorkBhlre  W.B.  Trams!'.'."! 
gorkahlre  Woollen  Distriot. 


Ina 

or  Dea. 

(a) 


Juno   3U        1,338 

„      2J  1         211 

July      1    I    37.633 


.lulV 

3 

2U( 

■ill 

11) 

July 

■2 

0.831 

'M 

781 

311 

1.2J2 

July 

3 

2 

9:8 
312 

Junn 

i!.i 

1,111 

July 

3 
3 

l7,lJ(i 

12; 

J  one 

as 

2;7 

July 

3 
3 

1,351 
6,650 

Juae 

?'- 

6U 
240 

Julf 

1 

S92 

3 

«3,822 

,, 

3 

l,Gii 

July 

1 

I '2 

2.) 

lOo 

July 

3 

1 

117 

l.lOi 

June 

30 

I.IGJ 

July 


Jone  25 
July      3 


Juae  25 
July     e 


July  1 
Jam  35 
July     5 


July 


B37,60j 

+    r 

i,f.u; 

— 

4,713 

— 

1,023 

+ 

5,676 

+ 

1,345 

- 

Xi 

- 

1,2  37 

- 

B46,450 

+  b5 

m 

+ 

.(«)  These  oomparisoos  are  with  the  corresponding  period 
II  Plus  2  days,    •  Partly  eleotfic^l.    t  Minus  3  day 


86,8iiO 

4  154 
6,391 


32,755 
8813,160 
21,63) 
61,745 
12.()78 
31,617 
18,012 

3,633 

16,473 

R  1, 285,870 

3,279 

1,BUJ 


10.501 

20,036 
8,161 
2,710 
3,2SO 
132,751 

19,310 
7,847 

13,746 
4,847 

21,723 

83,910 
3,205 
4,834 

38,716 
150,765 

12,794 


2,276 
2,313 
I.OIO 
31,782 
31,156 
3,1'a 
92,65j 

3,705 

1,737 

266,141 

1,639 


2,173 

201,603 

■  51,219 

5,219 

258,678 

116,995 

8,H2 

1,833 

51,113 

9,239 

6,482 

H,766 

^27,69J 

1,02  i 


43,0;13 
9,437 
f,030 
2,901 
61,000 
1,162 
81,556 
J3 18,137 
18,697 
20,673 
6,12S 
6,5iO 
10,618 
15,578 
15,610 
33,833 

"902 
4,621 
11,670 
12,670 
13,130 

29,053 
5,021 
10,212 
19,143 
6,428 
3,365 
31,253 
21,997 


20) 
18,551 
16,160 
1,137 
1,614 
1,0)7 


ELEGTRIC&L  COUPANIES'  SH&RB  LIST- 


1,569 
20.355 
14,667 


laat  y&ir.     §  Plus  3  days, 
B,    (  Minus  3  days. 


2  I-ABT 
to  DIVI- 
i?  DIBD 


ii% 
3B 
HZ 
6,6 
3/6 


ELECTRICITY  SUPPLY. 

Boumemoath  ft  Poole  Eleo,  Sap.  Ord... 

Do.     4i  per  Cent.  Cum.  Pref.  

Do.  6  per  Cent.  Cum.  .Second  Pref.  ... 
■tDo.  4i  percent.  Deb.  Stock  (red.)  .. 
Bromles  (Kent)  El.  Lt.  &  Power  Shares 

Do.  Do.  Ist  Debs. 

Brompton  4  KensinRton  Eleo.  Sap.  Ord. 

Do      "  -         -     - 


Cent     lEIeo.  Sop.  Co.4^0n»r.Db.Stock 
Charine  CroBB(  W.End  &  City)KI.8ap.Co. 

Do.    4i  per  Cent.  Pref.  

Do.    4  per  Cent.  Deb.  Stock  (red.) 

Do     4i  per  Cent.  Deb.  Stock  (red.) 
t  Do.     City  Undertaking  H%  Cm.  Prel. 

Ohelaea  Electric  Supply  Ord 

tDo.     4J  per  Cent.  Ueb.  Stock  (red.)  . 
City  of  London  Electric  Lighting  Ord... 

Do.     6  per  Cent.  Cum.  Pref.  

I  Oo.     6  per  Cent.  Dab.  Stock  (red,), 
tDo.    4 J  per  Cent.  2nd  Dab.  Stock  (red.) 
Connty  of  Durham  Elec.  P.D.  Ord.... 

Do.    6  per  Cent,  non  Cum.  Pref.  ... 
County  of  London  Eleo.  Supply  Ord 

6/0    '     Do.     6  per  Cent.  Cum.  Prof. 

4J%  I  tDo.    4J%  Dab.  Stock  (red.) 

id    ""    --"-■"■'-  =— ■• 


4% 


3/6 


Second  Dab.  Stock 
Folkestone  Electricity  Supply  Co,  Ord. 

Do.    6  per  Cent.  Cum.  Pref. 

Dj.    4J  l3t  Dab.  Stock  (red) 

Hove  Electric  Lighting  Ord 

Eensington  ft  Enightsbridge  Ord... 

Do.     6  per  Cent.  Ist  Pref 

Do.    4  per  Cent.  Dab.  Stock  (rod.) 
Kensingtn.  ft  Kagtbg.  Co.  &  Nottine  Hill 
Co.  (Joint  Station)  4;$  Dab.  Stock  (red.) 

Kent  Elec.  Power  Co 

Loudon  Electric  Supply  Ori. ... 

Do.    6  per  Cent.  Pref. 

Do.  4per  Cent.  l3t  M)rt.  Dal 
Metropolitan  E'ectric  Sap.  Ord. 
tDo,  H  per  Cant.  Cum.  Pref. 
t  Do,  44  per  Cant.  Dab.  Stock  l3t  Mort. 
tDo.  84  per  Cent.  Mrt.  Dab.  Stock(red.) 
tUidlandElec.  Corp.forP.D.latUort.Do. 
Newcastle  &  Dist.  Eleo.  Ltg.  Ord.  

Do.    4*perCaot.  Dab 

Newcastle  Elec.  Supply  Ord 

Do.    6  per  Cant,  non  Cum.  Pref.  

Do.  4  par  Cant.  Mart.  Dab.  red.  1907. 
North  Metro.  Eleo.Powor  Sup.  5  Morts 
Northern  Counties  Elec.  Sap 

Do.     4J  per  Cant.  Dab 

Nottin;;  Hill  Electric  Ord 

Oxford  Electric  Ord 

Do.     4  per  Cent.  Dab.  Stock    

St.  James'  &  Pall  Mall  Elec.  Ord. 

Do.    7  per  Cant.  Pref.    

t  Do.  3i  per  Cant.  Dab.  Stock  (red.)  ... 
Smithlield  Markets  Electric  Sip.  Ord... 

South  London  Electric  Suoply  Ord 

(Do.     5,'.  1st  Mort.  Slk.  Red 

South  Metrop'a  Elec.  Lt.  &  Power  Ord, 

Do.    7  per  Cent.  Cum.  Praf 

Do.    4i  1st  Db.  Sik.  Rji 

Urban  Electric  Supply  Ord 

Do.     6  per  Cant.  Cum.  Pref.    

Do.     4J  per  Cent.  Ist  Mort.  Dab 

Westmiaster  Elec.  Sup.  Ord 

Do.    44  per  Cent.  Cum.  Pref.   

ELECTRIC  RAILWAYS  i.  TRAMWAYS. 

Baker  St.  «  Waterloo  4  {  Perp.  l)b.  8t 

Bath  Elec.  Trams  Pref.  Ord 

(Do.     6  per  Cant.  Cum.  Pref. 

I  Do.  4)  1st  Mort.  Dab.  Stock  (red.) ... 
tU'bam  3t  Midland  Traiui  4)  bt  J).Stk. 

Bristol  Tramways  &  Cirnage  Ord 

!0o.    Cum.  Pref.  (fully  paid, 

TDo,    4  per  Cant.  Dab) 

British  Electric  Traction  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    6  per  (beat.  Perpetual  Dabs 

Do.  ■  44  per  Coot,  Snd  Dab.  Stook 

Central  London  Ordinary  Stj)k 

Do.    4  perCant.Pref.  Stoak 

Do.     Deferred  Stock   

Do.     4  per  Cant.  Dabs 

fCharing  i.EuatoniEmpstd  Per.  Db.Stk 
City  of  Birmingham  Trams.  5/iCai.Pr6f 

Do.    4  per  Cant.  Ist  Mort.  Dabs 

City  ft  South  L)ndon  Rl.v.  Coo.  Ord.  ... 

Do.     6  per  Cant.  Perp.  Pref.  (18i)l)    ... 

Do.    (1S9S) 

Do.    (1901) 

Jo.     (1903) 

Do.     4  per  Caut.  Perpetual  Oabj 

Dablin  United  Prami.  6  par  Cant.  Pref. 
Ot.  Northern  ii  City  Rly.  Pref.  Ord.  (4 JJ I 
G.  Northern,  Pico.  &  Brompton  4  J  Q.Pf 

+  Do.    4  per  Cant.  Dab.  Stock 

Uasliogs  Si  District  Elec.  Tram).  6^  U.P, 

Do.      44  Db.  St 

Imperial  Tramways  Ord.  

tlDo.    (i  per  Cent.  Pref.  

tl>o.     44  per  Cent.  Dabs 

I.  of  Thanet  E.  T.  ft  Lt.  6  per  Uaac.  Pref. 

fOj.    i  per  Cant.  Djo.  Stock 

Lanarkshire  Tramways  

Lanes.  Utd.  Trami  5  ',  Prior  Liea  Do.  St 
Liverpool  Overhead  Rtilway  Ord 

Do.    5  per  Cant.  Pref 

Do.    4  per  Cant.  Dab 

London  United  Trains.  5  i  Cum.  Pref.  ... 
I  Do.    4  per  Cant.  Ist  Mort.  Dab.  Stock 

Mersey  Con.  Ord.  Stock    

Metropolitan  msc.  Tramwaya  Ord 

Do.    Deferred   » 

Do.    6  per  Cent.  Cum.  Pref.  

Do.    44  per  Cent.  Ueb.  Stock  

M"tropolitau  Kailway  CousolidaleU  

D-i.    Surplus  Lauds  Stocks 

Do.    84  per  Cent.  Preference... 
S4  per  Ceut, ' 


Price 
Wed. 
July  7 


114-10 
OS  -lOJ 
lOj-lO} 


93  — 6B  4  le  0 

8  -Si  5  17  0 

8  —84  4     2  6 

67  — luO  10  0 

3i-4g  5  11  0 

ii-tl  4   li  0 

J6  -99  4     10 

10)  —102  4     8  0 

3g-4i  5     ,)  8 

H-lk  19  3 

10) -10  J  4     7  0 


120  — 12J  4     1 

99  —102  4     3 
l.i-2i 

3j-3i  3  11 

8i-SS  5  13 

log -11 J  S     8 

101  —107  4     8 

100  —103  4     7 

44-3  6  10 

6  —14  4  II 

98  —'.01  4     9 
rj-7i     I  5  U 


85  —39  6     10 

15 -2i  3    8    8 

5S-5i  6  11     6 

'            J  4     8    6 

i  5  13     0 
1  10    0 

03  4    2     6 

S3l  -S64  4     1     0 

92  —93  4  13    6 
1-5  4    3    1 

—86  6    6  II 

18-1}  2  13     1 

1-54  ,500 

99  —lot  ,400 

99  -101  I  4  19     0 

91  — J3     '  4  if  10 

11.;  -124  I  5  u  0 

«-34     !  6     8     0 
94   -37 

81 -9i 

7  -74 
81  —S3 

1)D5-Ij2i 
f»—t% 
i-it-'-'i 
IoiJ-103 
.'.-I 
I'i-ii 
80  —34 
8} -9} 
6  —58 

93  -103 
,i  J_ 

Sf'-ai 

87    -90 

71 -3i 

It  --i 

98   -^J 

4-1 

2J-M 
83  -a: 
63  -li 
61  -63 
83    -36 


M*r,  Bap 
Feb,  Aai 
Keb.  A  ait 
Jan,  July 
April,  Oc 
SUy,  No 

March 

Mar,  Seol 
Jone,  Det 
Keb,  Aug 
Feb,  Aag 
Jan.  July 

Jan,  July 
March  .. 
June,  Dec 
Keb,  Aug 
Jan,  July 
June,  Dec 
Jan,  July 
April,  Oct 
April,  Oct 
Feb,  Aug 
Mar,  Sept 
Jan,  July 
May,  Nov 
April,  Oct 
Mar,  Sept 
Feb,  Aug 
April,  Oct 
Feb,  Aug 
Jan,  July 


JBigb-  Low- 
cat.  ;  eat. 


104'  10.^ 


12J 


loJI 


*^    *;t 


434 


4i-6i 
97  -lol 
30.1  -31* 

lio  _iu 

103  —109 
lOi  -llj 
93  — J6 
9 J  -lUI 
13  -11 
3  -1 

93  -9. 
«-2j 

7 1  -79 
4J-4 
61  -01 

83  -85 

i-a 

53  -6J 

'JiS— lif! 

S3J-901 

6  — J 
81  -1 

lJ-2} 
63  —8/ 

I  -S 

BtiJ  -;Hi 

3'';  -4Ji 

65  —70 

by  —91 

SJ  —81 


April,  Oat 
Jan,  July 
Mar,  Sept 
Mar,  Bept 
Jan,  July 
April,  Oat  1 
Jan,  Jnly  I 
June,  Dae 
Jan,  July 
Jane,  Dae 
Feb,  Aag 
Jan,  July 
Feb,  Aug 
Feb,  Aug 
Jan,  July 

Mar,  Aag 
Jaa,  July 
March  .. 
March  .. 
Jan,  Jaly 
Feb,  Aug 
Feb,  Aug 
Jaa,  July 
Feb  .... 
April.... 


Fab,Atti  , 
April,  Oat 
April,  0.!t 
April,  Oat 
April,  Oct  I 
Mar.Sapt 
Jan,  July  I 


40c     Jaa,  Jalj  ! 
April 

6  13    9  I  Jaa,  July 

4  Is)    0  ;  April,  Ojt 

5  0    0  1  Jaa,  July 

7  9    S  )  Feb,  Aa» 


4  0  10  Feb,  Aig 
Jane,  Dis 
10  IJ  0  Feb,  Aig 
6  8  6  April,  Oat 
(5  6  11  Miy,  Nov 
6  il  0  Fab,  Aug 
1  14    0     Feb,  Au« 

0  S    6  I  Feb    

4  17  6  I  Jan,  July 
4  6  0  I  Jan,  July 
i  li,     0      April,  Om 

3  19    0     April,  Oct 

4  1")  3  Feb,  Aug 
4    9    u      Feb,  Aug 

1  11     ;i      Feb,  Aug  ,     .. 

4  15    3      Fab,  Aug 

5  4     0      Feb,  Aug 

3  19  0  May,  Nof 
459      Feb,  Aug 

Feb,  Au^        \' 
Feb,Aiij       ..        _ 

4  4    3     Jaa.Ju^y  ,    S)l^|    »Ji 

Mar,  Sept       ..        _ 

6  110     April,  Oji       ..   ,     „ 
(^    U    U     Mar,  Sapt       .,   ,     ,, 

4  Ij    U     Mar,  Sapt       ..  ]     ,. 

5  0    0     Jaa,  July       ..       _ 

Mar,  Sai>t       „ 
a    7    0     Jaa,  July       ..       _ 

6  18  6  Feb,  Aug 
6  10    6     Jan.July 

Fab,  Aug        „        _ 
S    o'  8     Feb,  Aag        ..   I     „ 

4  15    3     Jan.  July        _  1     .. 

Jan,  July  |    !{,'l     .. 

5  19    3     Jau,July  1    tijj!     64J 

_         Fob,  Aug.       _ 


Sjl 


3'1      501 
1-1.,   lloj 


-^  ^  --  Preference 

Do,    84  per  Cent.  Coovortible  Pref, Si  — Si 

H4  pen'ent.  Oabeuture  Stock    ....      91—3.' 
In  eiiraiitiiiK  tlu  yield  alio 
Hi  DiTi4«ol. 


April..   . 

•,• 

Feu,  A«g 

:^ 

Jaa,  J  uly 

»3» 

Feb,  Aug 

40} 

Feb,  Aug 

BJ 

Fob,  Aug 

vui 

Feb,  Aug 

8;i 

Feb,  Aoj 

1^ 

Jan.  July 

'Hi 

9oi 


.^._  ,. has  bean  mtls  for  kooraei  iateresc  bac  not  for  reddiuptioa 

i  Tbe  LodtWa  '*t'>oi£  KxcbAuge  Committee  hivj  ddclmed  to  quote  theiO' 
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li'LtST 

ginm- 

S  DBTO 


ELECTRICAL.    COIMF-A  IVIES     SHARE    L.IST.-ConWwerf. 


Due. 


SI 

1?*. 

St 

67. 

St. 

*Z 

r  { 

016 

Rt. 

tn 

1)7', 

Rt 

4X 

100 

f>X 

^   1.,.     ElECTRIC  BAILWAtS  A  TRAMWAYS- Cont/™e</. 

St.|  8J%     Met.  r.Iv.  3j  per  Cent.  "  A  ■'  Deli.  Stock  ,  ii  —94 

SU|      ..       M 'T.  I     litan  Dialrirt  R»ilw«v  Ord |  ITJ— 173 

St,      ..         i)o.     Eitension  Pref.  (.1  per  Cent.)   !  43  —lb 

St.,  HX       Do.     Af.'ected  ExI.  Pref.  (Int.  Gu«r.  hyl 

I         Und.  Elec.  RIts.  Co.  of  London,  LtdO  85  -C7 

St     S%        fDo.     3  perCent.'Cormltil.  Kenl-chareel  78  —(8 

St.    tX    I   IPo.    t  per  Cent.  Midland  Rent -charge'  101  — 104 

—     '"■'',     Do.    Guar.  Stock  4  per  Cent 9J  — f3 

»Do.     6  per  Cent.  Perp.  Deb.  Stock  139—1.1 

tOo.     4  per  Cent,  Ditto 93—95 

'   New  Gen.  Tract.  6  per  Cent.  Cam.  Pref.  i— J 

Potteries  Electric  Traction  Ord is-j's 

Do.     5  percent.  Cnm.  Pref.  4-} 

Do.     4i  per  Cent.  Deb.  Stock  f6  — *9 

R.  Met.  Elec.  Trams.  4  Ltg.  6%  Cm.'Pref.  |— 6 

tDo.     4  per  Cent.  Deb.  Stock '0  — 1J 

tSonderland]DiBt.  Elee.Tnne.6ristMt.Db.  82  —£0 

rnderBdE.RTS.Lon.6°/In.b(ls.witllcoup.3  •17  -  31 

Do.  SX  Prior  Lien  Bonds lui  -loS 

Do.     4«  HoDds Willi  coup.  8 _...  67  —tO 

I    Yorkshire  (W.R.)  Elec.  Trama.  Ord i— J 

I      Do.    6  per  Cent.  Cum.  Pref. H-A 

tDc.     4JrerCent.  Ist  Debt "  84—48 
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Do.     6%  Cum.  Perp.  Pref.  Stock 

Do.     44  per  Cent.  Ist  Mort.  Debs 

Do.     \  ancouver  Power  Debs 

Do.    4}%  Perp  Con.  Deb.  St 
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The  King  and  Technical  Training. 

In  laying  the  foundation  stone  of  the  Imperial  College 
of  Science  His  Majesty  the  King  sounded  a  note  of  warn- 
ing to  ^vhich  it  were  well  that  aa  attentive  ear  should  be 
turned.  He  even  went  so  far  as  to  say  that  "  the  very 
safety  and  existence  of  our  country  will  depend  on  the 
equipment  of  the  scientific  and  technical  training  of  those 
who  guide  and  control  our  industries."  Technical  educa- 
tion is  a  theme  on  which  a  great  deal  has  heen  written  and 
spoken,  but,  nevertheless,  the  majority  of  the  people  who 
live  in  this  country  do  not  know  what  it  really  means.  We 
may,  for  in.^tauce,  point  to  the  hundreds  of  small  "  technical " 
classes  throughout  England  which  do  little  more  than  waste 
the  time  of  both  teachers  and  students.  If  the  teacliing 
of  science  and  technical  smatterings  in  these  classes 
was  discontinued  and  attention  focussed  on  giving  sound 
trade  instruction  there  would  be  fewer  complaints  of  in- 


sufficient pay  in  the  correspondence  columns  of  technical 
journals.  Hitherto,  a  large  number  of  persons  have  re- 
ceived technical  instruction  who  were  totally  unfitted  for 
it,  and,  on  the  other  hand,  many  have  been  unsuccessful 
for  want  of  it.  The  object  of  the  Imperial  College  is  to 
assist  those  who  are  really  fitted  to  receive  advanced  tech- 
nical instruction,  and  the  King  has  been  quick  to  recog- 
nise the  importance  of  this. 


Street  Lighting  in  London. 

Few,  if  any,  large  towns  present  such  a  heterogeneous 
display  of  public  lighting  as  has  been  evident  for  some  time 
past  in  the  City  of  London.  The  reasons  for  this  disjointed 
collection  of  many  e.xisting  examples  of  street  illumination 
are,  of  course,  well  known  to  electrical  engineers,  however 
much  they  may  regret  the  results,  which  unfortunately  are 
only  too  apparent.  When  the  experimental  fiame  arc 
lamps  were  installed  in  the  City  some  18  months  ago,  elec- 
trical engineers  hoped  that  the  era  of  progress  had  com- 
menced. Following  the  flame  arc  lighting  experiments, 
however,  came  the  "  Keith "  high-pressure  gas  lamps  in 
Fleet-street,  which  were  regarded  by  the  electrical  industry 
as  a  retrogression  ;  but  when  it  was  known  that  a  deputa- 
tion appointed  by  the  Streets  Committee  was  to  inspect 
the  public  lighting  in  Continental  cities  and  to  report  there- 
on, the  interest  of  electrical  engineers  was  agaui  aroused. 
The  report  of  the  deputation  has  now  been  issued,  and  it 
will  be  seen  that  the  members  have  evidently  been  greatly 
impressed  by  high-pressure  gas  lighting.  Tlie  conclusions 
stated  in  the  report  are  briefly:  (1)  That  centrally  hung 
lamps  with  lowering  gear  should  be  employed  wherever 
possible ;  (2)  that  open  spaces  should  be  lighted  by  means 
of  lamps  upon  standards,  fitted  with  lowering  gear ;  and  (3) 
that  high-pressure  incandescent  gaslamps  should  be  adopted, 
electric  arc  lamps  only  being  employed  where  it  is  imprac- 
ticable to  use  gas.  The  last  conclusion  is  the  more  remark- 
able, since  of  the  eight  Continental  cities  visited,  the  report 
states  that  five  had  no  high-pressure  gas  lamps,  whilst  two 
others  had  between  themonlya  total  of  19  such  lamps,  which 
had  not  been  installed  long  enough  to  allow  of  any  results 
being  stated.  The  deputation  appears  therefore  to  have 
based  its  conclusion  on  only  one  city — viz.,  Berlin,  and 
undue  prominence  seems  to  have  been  given  to  one 
sentence  in  the  report — viz.,  "  la  future  incandescent  gas 
lighting  only  will  bo  used  in  Berlin."  It  is  worth  observ- 
ing, however,  that  a  note  in  the  tables  attached  to  tlie  report 
states  that  iu  Berlin  gas  is  sold  at  net  manufacturing  cost 
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for  public  ligliting — viz.,  Is.  4id.,  agaiust  Ss.  6d.  per  1,000 
cubic  ft.  charged  to  ordinary  consumers ;  and  also  that  gas 
is  manufactured  by  the  municipality,  but  electricity  is  pur- 
chased in  bulk  from  a  priA ate  company.  This  probably 
accounts  for  the  favour  in  which  gas  is  held.  In  this  con- 
nection it  is  interesting  to  refer  to  a  Paper  by  Dr.  Block, 
published  in  The  Eleitkician  for  January  1,  1909.  It 
was  there  shown  that  the  illumination  obtained  by  the 
Hame  arc  lamps  used  in  Berlin  was  much  better  than  that 
obtained  with  the  most  modern  gas  lamps. 


We  think,  however,  that  the  third  conclusion  stated 
above,  to  which  most  attention  is  likely  to  be  paid  in  the 
Press,  is  lai'gely  discounted  by  the  iirst,  since  most  engi- 
neers would,  at  present,  hesitate  to  adopt  centrally  hung 
high-pressure  gas  lamps  capable  of  being  lowered  to  the 
level  of  the  street.  Apart  from  the  difficulty  of  making 
the  necessary  connection  with  the  gas  service,  the  delicate 
mantles  would  undoubtedly  suffer  verj-  much  from  such 
treatment.  An  important  point  in  this  connection  is  that 
no  mention  is  made  of  a  technically-trained  official  having 
accompanied  the  deputation,  which  compi-ised  two  archi- 
tects, one  auctioneer,  a  door  spring  manufacturer  and  an 
iron  founder.  The  special  qualifications  of  these  members 
for  dealing  with  the  difficult  question  of  street  lighting  are 
not  apparent.  It  will  be  seen  from  our  abstract  of  the  re- 
port elsewhere  in  this  issue  that  arc  lamps  are  largely  used 
in  the  cities  visited,  and  it  is  interesting  to  notice  that 
accidents  from  arc  lamps  suspended  over  the  centre  of  the 
road  are  practically  unknown.  This  method  of  suspension 
possesses  many  advantages,  and  we  Ijelieve  that  the  experi- 
mental lamps  erected  in  this  manner  in  Cannon-street, 
London,  have  given  satisfaction.  On  the  other  hand,  it 
must  be  admitted  that  in  most  cities  gas  lamps  are  em- 
ployed for  the  illumination  of  side  streets,  but  in  this  direc- 
tion metal  filament  lamps  have  had,  as  yet,  little  time  to 
be  put  to  any  extensive  test:  there  is  no  doubt  that  they 
will  in  future  play  an  important  part  in  street  lighting. 
In  view  of  the  imijortance  which  will  be  attached  to  any 
action  of  the  City  authorities,  we  hope  that  due  considera- 
tion will  be  given  to  the  mattei-  Isefore  any  decisive  step  is 
taken  ;  and  if  further  experiments  are  carried  out,  as  sug- 
gested in  the  report,  electrical  engineers  should  spare  no 
efforts  in  demonstrating  the  undoubted  efficiency  and 
adaptaliility  of  modern  flame  arc  and  metal  filament  lamjDS. 


Electricity  in  Coal  Mines. 

Ix  the  course  of  our  Notes  last  week  we  dealt  with  the 
difficulty  of  earthing  the  frame  of  a  coal  cutter  and  referred 
to  the  fatal  accident  at  the  Clifton  ( 'ollieries.  On  another 
page  we  publish  a  complete  report  of  the  inquest  on 
the  unfortunate  victims,  together  with  an  excellent  memo- 
randum by  Mr.  IJobekt  Nelson,  Electrical  Inspector  of 
IMines.  There  is  now  no  room  for  doubt  that,  if  the  type  of 
gate-end  switch  to  which  we  referred  last  week  had  Ijcen 
made  use  of,  this  accident  would  not  have  occurred.  The 
connection  to  earth  through  a  core  of  the  trailing  cable 
was  not  comjjlete,  there  was  nothing  to  yn-event  the  closing 
of  the  gate-end  switch,  and  consequently  the  cutter  frame 
became  alive  through  contact  with  a  conductor  fram  which 
the  insulation  had  been  accidentally  rubbed  off.  While  the 
electrician-in-charge  should,  of  course,  be  held  responsible 


that  earth  connections  are  maintained  in  good  order  and 
machines  not  in  faulty  condition,  it  will  be  agreed  that  the 
circumstances  of  this  case  were  exceptional.  Neverthe- 
less, exceptional,  as  well  as  ordinary  circumstances  must 
be  provided  for,  and  it  is  evidently  not  sufficient  to  rely 
upon  the  human  element.  That  is  to  say,  the  safeguards 
should  lie  automatic,  so  that  accidents  would  become  im- 
possible, except  as  a  result  of  wilful  tampering  with 
mechanism.  We  believe  that  this  end  can  be  achieved  if  only 
the  users  and  manufacturers  of  coal  cutters  will  co-operate. 

The  "  Flicker"  Photometer  and  Metal  Lamps. 

To  those  who  are  accustomed  to  regard  the  "  I'licker  " 
photometer  with  confidence,  the  article  by  Mr.  Lancelot 
Wild,  which  we  publish  in  this  issue,  will  come  as  some- 
thing in  the  nature  of  a  shoclc.  Mr.  Wild  states  that  this 
instrument  gives  for  metal  filament  lamps  results  about 
6  per  cent,  lower  than  the  true  values.  He  offers  no  ex- 
planation, but  merely  states  the  result  of  experiments.' 
The  investigation  was  carried  on  by  means  of  three  dif- 
ferent types  of  flicker  photometer,  and  the  effect  cannot, 
therefore,  be  due  to  the  idiosyncrasies  of  one  particular 
type.  To  say  the  least,  Mr.  Wild's  conclusions  are  start- 
ling, and  it  is  evident  that  the  matter  cannot  be  permitted 
to  rest  at  this  point.  There  must  be  some  reason  for  this 
curious  behaviour,  and  as  a  starting  point  for  further  in- 
vestigation it  might  be  instructive  to  compare  the  spectra 
of  the  lamps  which  he  employed. 


i 


Press  Telegraph  Bates. — The  following  announcement  has 
been  issued  to  tliH  Press  : — At  a  committee  meeting  of  the  repre 
sentatives  of  Telegraph  Administrations  transmitting  telegi'aph 
traffic  "  via  Eastern  "  and  "via  Teheran,"  between  Great  Britain 
and  India,  Australasia  and  South  Africa,  the  following  resolu- 
tion was  approved — viz.,  "  That,  provided  the  British,  Indian 
and  Colonial  Governments  are  prepared  )to  take  their  ratable 
share  of  the  reduction,  the  Press  rate  between  Great  Britain 
and  India,  Australasia  and  South  Africa  be  reduced  to  9d.  per 
word  from  August  1st  next. " 

Co  operative  Buying  of  Electrical  Apparatus. — West  Ham 
Electricity  committee  have  arranged  to  include  in  their  orders 
on  their  present  contractors  a  supply  of  Osram  lamps  for 
Marylebone  Council.  This  is,  we  learn,  one  of  many  similar 
co-operative  orders  which  are  likely  to  be  given  by  electricity 
supply  undertakers  in  London.  There  is  a  movement  on  foot, 
initiated  by  the  Metropolitan  Company,  to  promote  co-opera- 
tive buying  amongst  the  whole  of  the  electricity  supply  com- 
panies and  municipal  electricity  departments  in  London.  Wc 
are  informed  that  the  transaction,  referred  to  above,  between 
West  I  lam  and  Marylebone  saves  £200. 

A  Large  Telephone  Cable. — -The  first  sections  of  a  sub- 
marine telephone  cable,  <lesigned  for  connecting  San  Francisco 
with  Oakland,  via  Goat  Island,  were  recently  shipped  from  New 
York.  The  cable  is  2;,  in.  in  diameter  and  contains  G3  pairs 
of  telephone  wires — 20  pairs  of  No.  13  and  1.3  pairs  of  No.  19 
conductors.  On  the  big  reel  the  first  section,  4,2.50  ft.  in 
length,  weighed  20^  tons.  The  first  two  sections  of  this  cable, 
having  a  total  length  of  8,.50O  ft.,  will  extend  from  San  Fran- 
cisco to  Goat  Island.  When  the  other  two  sections  of  7,800  ft. 
arrive,  they  will  be  laid  from  the  island  to  Oakland  Mole.  On 
Goat  Island  connection  with  the  land  cable  is  to  be  made.  The 
entire  16,300  ft.  of  cable  is  one  of  the  largest  orders  for  paper- 
insulated  submarine  tele|ihonc  cable  ever  placed. 

Cable  Interruptions  and  Repairs. 

lliitu  of  Interruption.  Date  of  Repair. 

Dakar— Conakry    May  13,  1909  ...  — 

Tangier— Cadiz May  19,  1909  ...  — 

Tourane-Amoy    ._ Junel7,  1909  ...  — 

Trinidad— Deraerara    June21,  1909  ...  .July  12,  1909 

Assam — Perim   July    8,1909  ...  — 
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London,  Brighton  &  South  Coast  Railway. — On  Wednesday- 
last  the  Board  of  Trade   inspected  the  first  section  of   the 
I   electriKed  route  lietween  Victoria  and  London  Bridge. 

Electric    "Explosions. '--Some   of  our   provincial   contem- 
'    poraries  reported  on  Tuesday  alarming  occurrences  in  Man- 
I   cliester,  stating  that  explosions  had  taken  place  in  Excliange- 
f  street  and  St.  Ann's-square.     In  one  report  it  was  stated  that 
'■   the  "l)lowing  of  police  whistles   and  the  procession   of  fire 
engines  caused  a  great  crowd  to  gather,"  but  the  trouble  does  not 
;ippear  to  have  been  so  serious  as  the  local  pressmen  iniiigined. 
Mr.  S.  L.  Pearce,  the  city  electrical  engineer,  writes  us  that — 
The  reports  relatinfr  to  electric  explosions  in  Exchange-street  and 
St.  Ann's-s(iuare  have  been  \-er}'  seriously  exagcrerated.      A  service 
joint  gave  out  in  St.  Ann's -st|uare,  but  no  material  damage  was  done 
either  to  the  mains  or  to  the  surrounding  premises.     The  "fault" 
was  quickly  located  and  the  main  thrown  otf.     The  fumes  from  the 
burning  service  joint,  however,  made  their  way  along  a  6  in.  telephone 
pipe  into  Exchange-street,  and  gave  rise  to  further  alarm  that  some- 
thing was  wrong  with  the  mains  In  this  latter  street  also.     The  whole 
matter  was  trifling,  and  too  much  has  been  made  of  it. 

The  Electrical  Engineers  (London  Division). — During  the 
fortnight  ended  July  10th,  a  detachment  of  this  corps  have 
been  training  at  Weymouth,  about  50  X.C.O.s  and  men  being 
present  under  the  command  of  Lieut.  G.  W.  C.  Kaye.  The 
Electrical  Engineers,  it  will  be  remembered,  do  not  ti'ain  to- 
gether as  a  whole,  owing  to  the  fact  that  their  work  consists 
in  running  the  search  lights  at  the  various  defended  ports,  for 
which  work  onlj-  a  relatively  small  number  of  men  are  required. 
The  training  at  this  particular  camp  was  more  than  usually 
interesting,  owing  to  the  fact  that  a  fair  amount  of  repair  work 
had  to  be  done,  thus  giving  an  opportunity  for  the  members 
to  learn  something  of  the  intei'nal  economy  of  the  plant  which 
had  to  be  run  :  it  is  to  be  hoped  that  they  have  benefited  by 
this  instruction.  The  members  of  the  detachment  were  in- 
spected on  Thursday  evening,  July  1st,  in  the  technical  work 
by  Lieut.  J.  Wood,  R.E.,  and  came  through  the  ordeal  fairly 
satisfactorily.  A  drill  inspection  was  held  on  Friday  morning, 
July  2nd,  liv  Lieut.-Col.F.E.  Skey,  R.E.,who  expressed  himself 
well  satisfied  with  the  bearing  of  the  men  and  with  the  way  in 
which  they  drilled.  This  camp  was  one  of  the  early  ones  of 
the  season,  and  members  of  the  corps  are  at  present  under- 
going training  at  Dover  and  Plymouth  as  well  as  Weymouth, 
at  which  stations  similar  work  will  be  carried  out.  Some  of 
the  men  returned  to  town  at  the  end  of  the  first  week,  but  the 
majority  remained  for  the  whole  period  of  15  days. 

The    Institution    of   Mining   Electrical  Engineers. — At  a 

meeting  held  on  Tluirsday,  the  7th  inst.,  at  the  Belgrave 
Hotel,  Ilfracombe,  under  the  chairmanship  of  Mr.  H.  F.  J. 
Stewart,  it  was  unanimously  resolved  to  form  a  branch  of  the 
above  Institution,  many  prospective  members  being  present, 
among  them  several  mining  engineers  and  managers  from  the 
Gloucester  and  Soni'.rset  coal  fields,  and  the  Cornish  tin 
mines.  The  chairman,  in  opening  the  proceedings,  said  that 
the  meeting  had  been  called  in  accordance  with  the  resolutions 
carried  at  the  inaugural  meeting  of  the  Institution  at  Man- 
chester on  April  24th.  He  then  gave  a  detailed  explanation 
of  the  origin,  aims,  and  progress  of  the  Institution,  and  referred 
to  the  various  organising  and  administrative  points  which 
would  be  settled  at  the  next  general  meeting.  In  conclusion 
he  remarked  that  the  southern  section  would  cover  a  very- 
large  district,  but  as  a  matter  of  fact  its  mineral  area  was 
almost  entirely  confined  to  the  western  counties,  and  London, 
therefore,  as  its  centre  was  quite  out  of  the  question.  On  the 
other  hand,  the  Ilfracombe  district  of  Devon  was  about  mid- 
w.ay  between  the  Gloucester  mines  and  the  wealds  of  the 
Duchy,  and  seeing  the  unique  nature  of  its  mining  operations 
in  these  islands,  he  hoped  the  Stannaries  would  send  strong 
■support  to  the  Institution.  Altogether  the  number  of  applica- 
tions already  received  was  entirely  satisfactory,  the  members 
and  associates  showing  a  total  to  date  of  230.  It  was  then 
resolved  to  form  a  local  branch  of  the  Institution,  and  several 
nam-^s  were  accordingly  added  to  the  list  of  members.  It  was 
further  agreed  that  the  hon.  secretary  should  be  asked  to 
approach  Mr.  E.  Hood  Haggle  with  a  view  to  his  election  as 
president  of  the  section. 

Electric  Traction  in  Baden. — According  to  "  Le  Genie 
Civil "  the  Baden  railway  authorities  are  this  year  going  to 
undertake  the  electrification  of  the  Wiesentalbahn  line,  which 
connects  Basel  with  Schopfheira.    The  daily  service  at  present 


consists  of  12  expresses,  51  local  trains  and  15  to  20  very 
heavy  goods  trains.  The  line  will  be  operated  by  electric 
locomotives,  as  the  standard  rolling  stock  of  the  Baden  rail- 
ways will  continue  to  be  used  on  the  line.  Singlc-jihase  trac- 
tion at  a  pressure  of  10,000  volts  will  be  employed,  and  the 
work  is  being  carried  out  by  Messrs.  Siemens-Schuckertwerke, 
who  have  already  erected  several  installations  of  the  same 
type.  Three-phase  current  will  be  generated  at  a  pressure  of 
6,800  volts  and  a  frequency  of  50  in  a  central  station  on  the 
banks  of  the  Rhine.  It  will  be  transformed  into  single-phase 
current  at  a  pressure  of  10,000  volts  and  a  frequency  of  15  in 
a  substation  at  Basel.  Each  of  the  two  converters  there 
installed  will  consist  of  a  single-phase  alternator  with  a  capacity 
of  2,100  kw.  coupled  on  one  side  with  a  three-phase  synchronous 
motor,  and  on  the  otlier  with  a  continuous-current  dynamo 
connected  to  a  bufter  battery.  When  the  demand  for  electrical 
energy  is  greater  than  a  certain  limit  the  dynamo  will  work 
as  a  motor  and  will  furnish  the  excess  energy  necessary  to  the 
single  phase  alternator.  When,  on  the  other  hand,  the  con- 
sumption is  lower  than  this  limit  the  dynamo  will  charge  the 
battery,  which  will  be  capable  of  taking  up  sudden  loads  to  a 
maximum  of  2,800  kw.  The  same  jirinciple  which  has  been 
adopted  in  using  buffer  batteries  on  continuous-current  rail- 
ways will,  therefore,  also  be  utilised  in  this  instance.  Ten 
locomotives,  which  are  being  supplied  by  Messrs.  Siemens- 
Schuckertwerke  will  suffice  for  drawing  both  the  local  and 
goods  trains.  The  weight  of  a  local  train  without  the  locomo- 
tive is  230  tons,  and  that  of  a  goods  train  500  tons.  The 
mean  gradient  between  Basel  and  Zell  is  about  0-57  per  cent., 
with  a  maximum  of  1  per  cent.  The  locomotives  will  have 
three  driving  axles  coupled  together  and  a  trailing  axle  at  each 
end.  The  driving  axles  are  connected  by  cranks  and  con- 
necting rods  to  two  single-phase  motors  placed  above  them. 
Multiple  motors  of  the  series  compensated  type,  and  having  a 
continuous  output  of  390  h.p.  will  be  employed. 

H.M.  the  King  and  Science  Teaching. — On  Thursday, 
July  8th,  H.M.  the  King  visited  South  Kensington  to  lay  the 
foundation  stone  of  the  new  buildings  for  the  Imperial  College 
of  Science  and  Technology.  An  address  was  handed  to  His 
Majesty  l)y  the  chairman  of  the  governing  body,  the  Earl  of 
Crewe,  which  stated  that  the  Imperial  College  was  founded  by 
Royal  Charter  granted  in  July,  l'.>07.  It  represented  the  most 
up  to-date  development  of  scientific  and  technical  education. 
At  a  time  when  small  regard  was  paid  to  scientific  and  artistic 
instruction,  the  wise  forethought  of  the  Prince  Consort  antici- 
pated what  was  now  universally  recognised  as  one  of  the  prime 
needs  of  national  life  The  earnest  hope  of  the  governing  body 
was  that  the  Imperial  College  thus  honoured  by  His  Majesty's 
approval  that  day  might  justify  its  title  as  being  the  centre  of 
the  most  advanced  teaching  and  research  in  science,  not  only 
for  the  United  Kingdom,  but  for  the  whole  of  His  Majesty's 
dominions,  and  that  it  might  stand  second  in  dignity  and  char- 
acter to  no  other  kindred  institution  in  the  world.  In  reply 
the  King,  having  thanked  the  chairman  for  his  address,  said  : 

The  concentration  of  various  associated  colleges  in  one  institution, 
whirh  was  effected  'oy  our  Order  in  Onuicil  of  July,  J 907,  has  always 
seemed  to  me  to  be  an  admirable  scheme  for  the  furtherance  of  scientific 
instruction  which  my  dear  father  had  so  much  at  heart,  and  the  names 
which  apjicared  in  the  first  list  of  the  governing  body  wore  sufficient  iu 
thomselves  to  give  the  college  a  very  high  status  ii\  the  educational  world. 
The  purposes  of  the  college,  as  stated  in  the  charter,  are  tj  give  the 
hit'hcst  sjiccialised  instruction,  and  to  provide  the  fullest  equipment  for 
advaiued  teaching  and  research  iu  various  branches  of  seience.  esj>ecially 
in  its  a]iplication  to  industry.  In  recent  years  the  supreme  importance 
of  higher  scientific  education  has,  I  am  happy  to  say,  been  fully 
i-ecognised  in  England,  and  as  time  goes  on  I  feel  more  and  more 
convinced  that  the  jnosperity,  even  "the  very  safety  and  existence, 
of  our  coimtry,  will  depend  on  the  equipment  of  the  scientific  and 
technical  training  of  those  who  guide  and  control  our  indiistries. 
It  is  impossible,  however,  for  the  most  accomijlished  specialist  to  take 
full  advantage  of  his  knowledge  without  that  complete  provision  of 
apparatus  for  research  and  instruction  which  this  college  will  supply. 
The  college  has  already  given  admirable  results,  and  we  may  look  for 
a  steady  increase  in  the  number  of  students  and  the  efficiency  of  the 
insi ruction  provided.  The  thanks  of  the  country  are  due  to  those 
public-  .spirited  donors  thro\igh  whose  genero.sity  a  large  portion  of  the 
funds  has  been  provided  for  this  great  work,  and  I  join  in  appreciation 
of  their  good  offices.  I  think  it  is  especially  fitting  that  the  givat  dis- 
coveries of  the  late  Sir  Henry  Bessemer,  to  wllic-h  the  remarkable  develop- 
ment of  engineering  industries  in  the  last  half-century  is  largely  due, 
slicndd  be  commemorated  by  the  equipment  of  the  new  laboratories  in 
this  institution.  I  pray  that  the  blessing  of  God  may  attend  the  future 
of  the  college  and  the  high  destinies  that  1  anticipate  for  its  work. 
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LIVERPOOL  CORPORATION  TRAMWAYS. 


The  tramways  uiKlertaking  ami  also  the  electric  light  under- 
taking of  the  Liverpool  Corporation  are  among  the  few  muni- 
cipal undertakings  in  this  country  whose  financial  year  termi- 
nates on  December  31.  It  is  only  fitting,  therefore,  that  in 
making  our  annual  analyses  of  the  accounts  "of  the  various 
electric  power  and  tramways  undertakings  we  should  give  the 
first  place  to  the  Liverpool  Corporation  tramways. 

In  view  of  the  prevailing  commercial  depression  throughout 
the  country  during  last  year,  it  is  perhaps  not  surprising  to 
learn  that  the  number  of  passengers  carried  on  these  tramways 
during  1908  shows  a  decrease  of  1-7  per  cent.,  compared  with 
that  of  the  previous  year,  a  similar  decrease  being  recorded  in 
the  receipts.  The  figures  for  1908  are  121.927,883  passengers 
and  £563.144  receipts,  whilst  the  number  of  car  miles  rmi  was 
12.244,353.  the  revenue  per  car-mile  working  out  at  ll-Old., 
compared  with  ll-24d.  in  1907.  Mr.  C.  W.  MaUins,  the  general 
manager,  points  out  in  his  report  that  in  addition  to  the  trade 
depression,  which  is  bound  to  aSect  the  prosperity  of  under- 
takings in  a  seaport  like  Liverpool,  the  falling  ofi  in  the  revenue, 
compared  with  that  last  year,  can  also  be  accounted  for  by  the 
visit  of  the  fleet  to  the  city  in  1907  causing  an  abnormal 
amount  of  traffic.  It  is  noticeable,  however,  that  the  figures 
for  1908  compare  mifavourably  with  those  for  the  year  1906. 

The  question  of  Sunday  traffic  was  carefully  considered  dur- 
ing the  past  year,  and  as  the  committee  found  that  a  steady 
decrease  of  traffic  was  taking  place  both  on  Sundays  and  week- 
days they  decided  that  all  mileage  which  did  not  bring  in  6d. 
per  car-mUe  should  be  eliminated.  This  resulted  in  the  car- 
mUe  earnings  on  week  days  being  increased  by  0-08d.  and  on 
Sundays  by  0-lOd.  towards  the  latter  part  of  the  year. 

The  Liverpool  tramways  undertaking  is  one  on  which  the 
introduction  of  half -penny  fares  has  always  been  strongly 
opposed,  and  there  is  little  doubt  that  the  results  have  justified 
this  policy,  whilst  the  greatest  attention  has  always  been  paid  to 
extending  the  distance  covered  by  the  Id.  fare.  Under  these 
circumstances  the  Id,  passenger  has  become  the  backbone  of 
the  undertaking  ;  in  fact,  practically  90  per  cent,  of  the  total 
number  of  passengers  come  under  this  fare,  whilst  9-75  per  cent, 
of  the  passengers  pay  a  2d.  fare.  The  average  fare  per  passenger 
amounted  to  l-108d.  and  the  length  of  the  penny  stage  to 
2  miles  737  yds.  It  will  be  remembered  that  owing  to  through- 
running  facilities,  passengers  are  able  to  travel  from  Liverpool 
to  Prescot  and  St,  Helens.  This  traffic  will  take  some  time  to 
develop,  but  it  is  interesting  to  notice  that  107,548  sixpenny 
tickets  were  i.ssued  for  this  route.  Keference  is  also  made  in 
the  Annual  Report  to  the  service  for  first-class  passengers, 
inaugurated  last  October,  We  have,  from  time  to  time,  com- 
mented on  the  progress  made  by  this  service,  and  our  readers 
will  remember  that  the  Corporation  decided  recently  to  main- 
tain the  lower  deck  of  the  first-class  cars  for  first-class  passen- 
gers, whilst  admitting  passengers  at  the  ordinary  fares  to  the 
top  deck. 

The  number  of  cars  in  use  on  December  31,  1908  was  534, 
15  being  single  deck  German  cars  with  trailers,  12  single  deck 
American  cars  with  side  entrance,  and  the  remainder  double 
deck  cars,  whilst  the  number  of  miles  of  track  operated  was  104, 
the  same  as  in  the  two  previous  years.  During  the  year  22 
people,  who  had  been  knocked  down,  or  fallen  in  front  of  cars, 
were  pushed  clear  of  the  metals  by  the  plough  life-guard  with- 
out any  serious  injuries.  Eight  fatal  accidents  have,  however, 
to  be  reported  ;  the  number  of  fatal  accidents  caused  by 
vehicles  other  than  tramcars  during  1908  amounted  to  24,  In 
regard  to  the  tramway  fatalities,  these  numbered  1  in  15,240,985 
in  1908,  as  against  1  'in  12,404,324  in  1907,  and  1  in  30,523,632 
in  1906, 

During  the  year  28,246  articles  were  left  on  the  cars,  com- 
pared with  24,0.52  in  1907,  12,635  of  the  articles  remaining  un- 
claimed. Particulars  of  the  lost  property,  which  included  three 
sets  of  false  teeth,  one  gas  meter  and  1,195  purses,  are  given  in 
the  report. 

From  the  analysis  of  the  cost  of  working  which  we  give  below, 
it  will  be  seen  that  the  figures  for  1908  differ  very  little  from 


those  for  the  previous  year,  but  owing  to  diminished  revenu(| 
the  net  profit  after  providing  capital  charges,  amounted  tc 
£74,574.  compared  with  £83,379  in  1907.  The  general  ratt 
benefits  to  the  extent  of  £24,858,  whilst  £49,716  is  allocated  tc 
reserve,  renewal  and  depreciation.  The  following  tables  giv( 
the  most  interesting  figures  in  connection  with  the^imdertak- 
ing  : — 

Traffic  Expenses. 

Su]K-rintt>n<U'nce 

Wau'es  of  miitdrmcii  aud  concliictor.'i 
Wages  (if  other  traffic  emlpnyts 

Cleaning  and  oiling  cars    

Cleaning,  salting  and  sanding  track. 

Fuel,  light  aud  water 

Ticket  checking      

Uniforms,  badges,  &c 

Lighting  routes  and  miscellaneous. 

Total     £152,454 


Cost  per  car-mile. 

1<K)8. 

1907. 

£4,89s     , 

.     OlOd.     , 

,     OlOd 

01,450     , 

.     200d,     , 

,     l-97d 

14,834     , 

,     0-29d,     . 

,     0-32cl 

13,771     . 

,     0-27d,     , 

,     0-27(1 

2.151     . 

,     004d.     ., 

.     003<i 

2,089     , 

,     004d.     ,. 

,     004<1 

6,730     , 

.     013d,     .. 

,     0-14{l 

4,084     , 

,     008d,     ,. 

.     006d 

2,441     . 

,     004d.     ,. 

.     005d 

2-99d 


2-98d 


General  Repairs  aud  Maintenance, 

Permanent  way      

Electrical  equipment  of  line 

Buildings  and  fixtures        

Workshop  tools  and  sundry  plant. 

Cars  

Miscellaneous  

Total  


£30,200 

7,122 

2,053 

475 

44,770 


£84,708 


Power  Expenses. 

Cost  of  Cmrent £100,575 

General  Expenses,  including  rates 
and  taxes,  management  charges, 
compensation  and  law  charges, &c.      £57,444 


Total  Working  Expenses £401,181 


Rent  of  le.tsed  lines      

Interest  and  sinking  fund. 


£5,891 
109,547 


Total  Expenses   (including-  Capital 

Charges)    £516,620 


REVENUE    £591,194 


SURPLUS    £74,574 

The  capital  expenditure  during  the  vear  amounted  to  £17,41; 
making  a  total  at  December  31,  1908,  of  £1,930,602.  Thi 
figure  is  made  up  as  follows  : — 

Cappial  AccotrsT. 
Net  purchase  money  paid  to  Liverpool  United  Per  cen 

Tramways  and  Omnibus  Co £484,001 

Tramway  lines  257,822 

Reconstruction  of  tramway   lines  and  extensions       505,025 
Electrical  equipment  of  lines     111,449 


Land,  buildings,  &c. 

Tools,  &c 

Cars 

Other  rolling  stock 

Miscellaneous 

Parliamentary  and  legal  expenses,  &c 

Capital  issue  of  stock      

Engineers'  fees 

W^idening  streets   

Purchase  of  (jarston  &  District  Tramways  Co.'s 
undertaking  


138,988 

8,904 

312,041 

4,()80 

1,947 

23,197 

49,467 

2,967 

9,857 

20,257 

£1,930,602 
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CONDENSER  TYPE  OF  INSULATION  FOR  HIGH- 
TENSION  TERMINALS.* 

BY   .\.    B,    REYXDEKS. 
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llOffl 

Wentii 


Sumiiinry. — The  principle  and  method  of  construction  of  hig 
tension  terminals,  with  the  insulation  arranged  in  the  form  of  cond« 
sera,  are  here  described. 


The  manufacture  of  apparatus  for  pressures  of  88,000  volts, 
above,  resolves  itself  into  the  proper  .selection  and  arrangement 
insulating  materials.  Of  all  the  problems  involved  in  this  seleoti 
and  arrangement,  that  of  insulating  the  terminal  wires  where  th 
pass  through  the  case  i)rcsents  the  greatest  difficulty.  When 
terminal  wires  are  caiTied  through  a  metal   cover  the  danger  frc 


*  Abstract  of  a  Paper  read  before  the  Americam  Institute  of  El< 
trical  Engineers. 
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breakdown  is  increased,  yet  the  tendency  of  thel  latest  designs  is 
toward  the  use  of  metal  tanks  and  covers.  Even  with  present  volt- 
ages the  greatest  difficulty  lies  in  bringing  out  the  terminal  wires 
through  the  case.  -^  i:fcj-». 

A  method  that  takes  care  of  both  puncture  and  creepage  has  been 
proposed  by  Ryan,  Smith,  Nagel,  and  others.  This  method  con- 
sists in  dividing  the  dielectric  by  means  of  metal  plates  into  a  series 
III  condensers  of  fixed  capacities;  each  will  then  take  its  share  of 
the  stress  in  inverse  proportion  to  its  capacity.  This  principle  has 
liicn  utilised  in  constructing  a  terminal  consisting  of  a  small  centre 
1  d  or  tube  just  large  enough  to  carry  the  current,  the  rod  being 
surrounded  by  alternative  concentric  cylmders  of  insulation  and 
metal  having  the  ends  tapered  in  steps  as  shown  in  Fig,  1.  The 
distribution  of  stress  or  potential  gradient  through  the  dielectric 
j  owing  to  the  metal  layers  is  in  this  way  clianL'ed  from  a  curve  to  a 
straight  line.  Furthermore,  the  ends  of  the  metal  layers  fix  the 
distribution  of  voltage  over  the  siu'face,  which  thus  can  be  kept 
within  safe  limits.  This  design  may  be  designated  as  a  condenser 
type  of  terminal. 

Before  considering  the  mechanical  design  of  this  type  of  insu- 
lated terminal,  the  author  discusses  a  few  fundamental  facts  that 


Metal  Cylinder'  Earth 


iducting  Rod-line 


Fic.  1, — Condenser  type  of  Terminal. 


will  limit  the  design.  In  order  to  obtain  the  maximum  efficiency 
from  the  insulating  material  every  part  of  it  should  be  subjected  to 
a  stress  proportional  to  its  strength.  Further,  if  the  dielectric  mate- 
rial is  homogeneous  throughout,  every  particle  should  be  strained  the 
same  as  every  other  particle.  This  means  that  in  a  series  of  con- 
densers employing  a  homogeneous  dielectric  throughout,  each  one 
should  have  the  same  capacity  as  every  other  one.  In  order  to 
obtain  this  desirable  result  various  difficulties  must  be  overcome. 

The  capacity  of  a  condenser  may  be  varied  by  changing  either 
the  thickness  between  the  conducting  cylinders,  the  length  of  the 
conducting  cylinders,  or  the  specific  inductive  capacity  of  the 
dielectric.  The  dielectric  strength  of  ordinary  solid  insulating 
material  does  not  increase  proportionally  as  the  thickness  is 
increased.  Thus  it  is  evident  that  to  vary  the  distance  between  the 
cylinders  in  order  to  secure  equal  capacities  will  cause  some  layers 
to  be  thicker  than  others,  and  hence  there  is  a  waste  of  material. 

The  second  method  of  varying  the  capacity — by  changing  the 
length  of  the  conducting  cylinder — is  determined  approximately, 
when  equal  capacities  in  all  condensers  are  desired,  by  making  the 
surface  area,  or  the  product  of  the  length  by  the  diameter,  equal 
for  all  conducting  cylinders.  When  the  diameters  of  adjacent 
layers  are  nearly  equal — -a  condition  approached  as  the  diameters 


Fig.  2. — Condenser  type  ok  Termin.\l. 

Layers  of  Insulation  of  equal  thickuess.  Shaded  portions  show  equal  capaci  ties  tlirou(;h- 
out.  Full  lines  show  equal  capacities  on  inside  and  outside  layers,  and  capacities  diminish- 
inir  towards  centre  of  insulation  thickness. 

increase — and  the  thickness  of  insulation  remains  constant,  the 
ends  of  the  layers  come  very  close  together,  and  failure  is  liable  to 
occur  by  creepage.  In  other  words,  the  most  economical  design 
for  creepage  is  to  make  equal  steps  with  an  equal  dii^erence  of 
piitential  between  the  ends  of  each  step.  This  cannot  be  accom- 
plished by  varying  the  areas  alone,  as  shown  by  Fig.  2.  The  shaded 
portion  shows  the  shape  which  the  ends  must  have  for  equal  areas, 
while  the  full  straight  lines  show  the  shape  the  ends  must  have  if 
equal  steps  between  layers  are  obtained.  The  best  compromise 
ill  it  can  be  obtained  is  to  make  the  inside  area  and  outside  area 
I  ipial  and  to  allow  all  others  to  vary.  The  result  is  that  the  stresses 
II  greatest  at  the  centre  and  on  the  outside,  and  decrease  towards 
Mir  middle. 

The  third  means  for  obtaining  equal  capacity  is  limited  by  the 
viu  iation  in  the  specific  inductive  capacity  of  the  available  insulating 
materials.  Unfortunatelv  the  available  materials  suitable  for  the 
manufacture  of  these  terminals  have  very  little  variation  in  specific 
inductive  capacity.  It  is,  however,  by  the  combination  of  this  third 
method  with  the  best  arrangement  secured  by  the  second  method. 


that  makes  it  possible  to  produce  a  terminal  having  equal  distances 
and  equal  voltages  between  stejjs,  and  thus  obtain  the  maximum 
economy  from  the  minimum  amount  of  material. 

We  have,  so  far,  only  considered  the  capacity  of  the  various  metal 
plates  with  reference  to  each  other,  and  neglected  the  capacity  which 
each  metal  layer  has  to  earth. 

Fig.  3  shows  in  dotted  lines  what  is  possibly  the  static  fiela  sur- 
rounding a  condenser  type  of  terminal  under  service  conditions. 
Fig.  4  shows  an  equivalent  arrangement  of  condensers  in  which 
condensers  A-X,  B-X,  &c.,  in  parallel  with  portions  of  the  main 
series,  replace  the  leakages  shown  by  dotted  lines  in  Fig.  3.  The  net 
result  of  the  leakage  cajjacity  is  to  decrease  the  apparent  capacity 
of  the  condensers  A-B.  B-C.  &c.,  at  the  line  end  and  to  increase  the 
capacities  at  the  earth  end.  To  correct  for  this  the  calculated 
stres.ses  at  the  earth  end  should  be  made  greater  than  at  the  line 
end  by  a  percentage  determined  by  experience. 

Terminals  designed  on  these  principles  are  constructed  by  loning 
upon  a  metal  tube,  paper  and  mica,  or  paper  alone,  using  as  a  bond 
some  material  like  shellac.  At  regular  intervals,  say,  ^\^  in.,  a  layer 
of  tinfoil,  making  one  complete  turn,  is  inserted  during  the  rolling 
process.  Great  care  must  be  exercised  to  obtain  accurate  diameters, 
especially  when  the  thickness  of  insulation  is  small.  Xo  air  spaces 
or  wrinkling  of  the  paper  is  allowable,  or  poor  results  will  inevitably 
follow.  After  being  completely  wound,  the  tube  is  placed  in  an 
ordinary  engine  lathe  and  the  ends  tapered  in  steps,  the  amount  of 
taper  depending  on  whether  the  end  is  immersed  in  oil  or  surrounded 
by  air.  During  this  turning  process  careful  work  is  necessary  to 
prevent  the  turning  tool  from  "digging"  into  the  insulation  below 
the  tinfoil,  owing  to  concentric  layers  of  insulation  being  irregular  in 
.shape  instead  of  true  circles.  After  the  turning  process  is  completed, 
the  entire  terminal  should  be  treated  with  some  insulating  varnish 


Layer  B  Layer  ; 


I-ayer  A 
line 


^■S^Layer  X  Earth 


Fig.  3.— St.\tic  ITield  about  Cox- 
denser  TYPE  OF  Terminal. 


Fic.  4. — Diagrammatic  arrange- 
ment of  Terminal  in  Fig.  5. 


in  order  to  prevent  the  absorption  of  oil  into  that  portion  projecting 
into  the  oil,  and  the  absorption  of  moisture  in  that  portion  which 
is  in  air. 

With  a  terminal  constructed  by  the  above  method,  there  yet 
remains  one  point  of  weakness ;  namely,  the  edges  of  the  tinfoil  are 
sharp,  and  the  potential  which  exists  between  these  edges  and  earth 
may  be  high  enough  to  cause  corona  effects  in  the  surrounding 
medium.  If  this  medium  is  air  the  result  of  corona  will  be  the 
formation  of  nitrous  acid  or  ozone,  which  may  cause  a  deterioration 
of  the  insulating  material  and  an  ultimate  breakdown.  Up  to  the 
present  time  no  harmful  effects  are  known  on  insulation  from  corona 
in  oil. 

It  is  virtually  impossible  to  roll  up  a  tube  of  insulating  paper  and 
tinfoil  and  obtain  all  layers  concentric  and  true  circles.  This  will 
be  strikingly  shown  if  tiie  ends  are  tapered  in  a  straight  line.  More- 
over, with  such  ends,  the  tinfoil,  which  is  usually  of  a  maximum 
thickness  of  0-0045  in.,  is  drawn  out  to  a  sharp  edge  and  hence  the 
formation  of  corona  by  the  breaking  down  of  the  air  in  contact 
with  these  edges  is  vastly  increased.  Again,  it  will  be  found  that 
there  is  no  fixed  surface  distance  between  the  ends  of  the  tinfoil 
layers,  due  to  variations  in  the  insulation  between  them.  For  these 
reasons  those  ends  are  always  stopped  instead  of  being  in  one  straight 
lino.  Kvon  with  stoi)iio<l  oiuls.  it  has  born  foiintl  that  with  extremely 
high  voltages,  L'.'iO.IKKl  and  moio.  tho  tinfoil  oilgos  are  sharp  enough 
to  cause  the  formation  of  a  corona.  As  shown  by  Jona,  Ryan, 
Berg  and  others,  corona  ocem-s  when  tho  stress  on  the  small  layer 
of  air  at  the  surface  (edge  of  tinfoil)  exceeds  the  maximum  stress 
which  the  air  will  stand.  The  remedy  for  such  a  condition  is  to 
make  the  radius  of  the  end  of  the  tinfoil  layer  large  enough  to 
reduce  the  surface  stress  to  safe  limits.  This  is  accomplished  by 
adding  a  metal  ring  of  suitable  diameter  at  the  corners  where  tho 
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tinfoil  ends  (Fiir.  5).  This  ring  is  electrically  conneoted  ui  the  tin- 
foil. Furthermore,  the  addition  of  a  metal  bell  of  larue  tliaiiuter 
on  the  central  rod  at  the  top  not  only  reduces  corona  from  this  rod. 
but  acts  as  a  shield  or  guard  ring  for  the  first  few  layers,  with  a 
resulting  appreciable  gain  in  the  creepage  strength  of  these  layers. 
Illustrations  in  the  I'ajier  show  the  -saving  in  size  elTected  in  using 
the  condenser  type  of  insulation. 

The  question  naturally  arises:  If  this  t}'{)e  of  insulation  is  effec- 
tive for  terminals,  why  could  it  not  be  used  for  the  insulation  through- 
out the  transformer  7  Its  effectiveness,  however,  is  less  and  less  as 
the  diameters  of  the  layers  become  greater,  and  the  difference  Ije- 
tween  diameters  becomes  less.  In  other  words,  as  the  layers 
approach  nearer  and  nearer  to  a  flat  surface  the  potential  gradient 
approaches  nearer  and  nearer  to  a  straight  line.  If  the  condenser 
type  of  insulation  in  the  form  of  a  tube  is  used  between  primary 
and  secondary  or  primary  and  earth  in  a  core-type  transformer  and 
the  metal  layers  in  the  tube  are  connected  electrically  to  points  of 
equal  potential  in  the  windings,  then  not  only  is  the  distribution  of 
stress  in  the  dielectric  fixed  and  hence  the  total  dielectric  strength 
increased,  but  the  action  of  the  condensers  assists  in  the  suppression 
of  siurges  due  to  outside  disturbances.  It  is  probable  that  by  the 
use  of  the  above  method  of  connecting  the  winding  and  the  metal 
layers  together,  and  the   use  of  condenser  type  of  terminals,  trans- 


Metal  Bsl!  electrically 
connected  to  centre  rod 


a* — Metal  Rings  electrically  connected 
to  ends  of  tinfoil  layers 


-ARRAXGE.MEST   FOE  PBEVBSTINO   ("ORONA  AT  EDGES  OF 
TIXFOrL  LAYERS. 


formers  for  300,000,  400,000,  or  oOO.OOd  volts  may  be   made  uu  a 
commercial  basis. 

There  is  yet  another  possibilit3'  of  the  condenser  type  of  terminal 
which  may  be  mentioned;  namely,  its  use  for  outdoor  service. 
Such  a  terminal  is  constructed  as  mentioned  above  except  that  at 
the  end  of  each  metal  layer  is  |)lacod  a  bell-shaped  metal  cap  in 
electrical  contact  witii  the  metal  layer.  The  space  on  the  surface 
of  the  terminal  between  the  caps  is  covered  by  a  cvlinder  of  porce- 
lain or  similar  material.  In  one  of  71  in.  overall  length  shown  in 
the  Pa[icr  the  metal  caps  had  a  ma.\iniuin  diameter  of  9'2.5  in.  and 
a  depth  of  3  in.  Upon  test  in  rain,  falling  at  a  rate  of  between  'l'2 
and  0*3  of  an  inch  per  minute,  and  driving  horizontally  at  times, 
this  terminal  showed  a  faint  spark  at  12.^,000  volts,  stood  150,000 
volts  for  one  minute  with  an  occa.sional  flash  between  caps,  and 
broke  down  at  200.000  volts  at  the  end  of  a  few  seconds.  Such  a 
terminal  will  stand  rough  handling,  and  will  solve  to  a  great  extent 
the  difficult  problem  of  broken  insulators.  If  the  metal  discs  are 
replaced  by  porcelain,  again  will  be  made  in  the  insulation  strength, 
although  first  cost  and  maintenance  will  be  greatly  increased. 


m 

Government  and  the  Telephones.— Mr.  Sidney  Huxton  (the  I'l.si- 

raasterti'iicral  I  aiiniMinfcd  mi  'I'lic-silay  that  he  is  endeavouiing  to 
complcti-  till'  ])urcliasc  of  the  .National  Telephone  C'o.'s  undcitaking 
earlier  than  Dec.  31,  1911.     The  negotiations  are  still  pending. 


THE  DIVERSITY  FACTOR  AMONGST  LIGHTING 
CONSUMERS. 

i;y  f.  fernik. 

On  a  particular  alternating-current  network  groups  of  con- 
sumers are  supplied  from  transformers,  the  network  supplied 
by  each  transformer  being  independent  of  the  remainder.  The 
total  kilowatts  connected  ,      , 

ratio  — =1 — ^. c '■ — 1^1 rr^  ha.s  been  worked  out 

capacity  of  transformer  in  kilowatts 

for  CO  such  transformers.  This  ratio  is  plotted  against  the 
number  of  consumers  supplied  by  each  transformer  in  Fig.  1 
giving  the  irregular  curve. 

In  the  case  of  several  transformers  supplying  the  same 
number  of  consumers,  the  point  on  the  curve  corresponding  to 
this  number  is  the  average  of  tlie  ratios  for  these  transformers. 
The  smooth  cur\"e  drawn  through  the  irregular  one  is  intended 
to  be  the  mean  of  the  points  on  the  irregular  curve.  The 
equation  of  this  smooth  curve  is  //  =  2-61og.r,  where  a;  =  num- 
ber of  consumers.  For  values  of  .r  below  5,  the  curve  repre- 
sented by  this  equation  does  not  represent  the  mean  value  of 
the  irregular  curve. 

The  capacity  of  each  transformer  (or,  actually,  the  safe  cur- 
rent-carrying capacity  of  the  fuse  on  the  high-tension  side)  has 
been  adjusted  just  to  equal  the  maximum  load  on  the  trans- 
former, so  that  the  capacity  may  be  taken  to  represent  the 
maximum  load  ;  so  that 


total  kilowatts  connected 
maximum  load 


:  2-6  log  X. 


If  every  individual  consumer's  maximum  load  was  equal 
to  his  total  possible  or  connected  load,  then  ?/  would  represent 
the  diversity  factor.  Since,  howev'er,  each  consumer's  maxi- 
mum load  is  nearly  always  (for  private  houses)  less  than  his 
possible  load,  y  must  equal  the  diversity  factor  multiplied  by 
some  number. 

Multiply  the  numerator  and  denominator  of  //  by  the  sum 
of  the  consumer's  maximum  demands, 


_  2  consumer's  max.  demands 


total  kw.  connected 


actual  max.  load  on  transf.  "  2  consumer's  max.  demands' 
2  kw.  connected 


)/  =  diversity  factor  x  ^ -, -^ r-i 

i  consumer  s  max.  demands 

1/  =  diversity  factor  x  A. 

.'.    Diversity  factor  = 


2  ■•6 
A 


A  is  the   average   value    of   the  ratios 


kilowatts  connected 


maximum  demand 

of  all  the  consumers,  and  is  thus  approximately  a  constant. 

One  value  of  A  is  obtained  from  the  figure,  when  x=\,  and 

diversity  factor  =  1.     This  value  1"4  is  the  mean  of  the  ratios 

kilowatts  connected    ,„  ,  i-    i  i 

—  of  nve  consumers,  each  supplied  by  a  sepa- 

maximum  load 

rate  transformer.     It  seems  to  be  a  pi-obable  value  for  the 

class  of  house  (villas)   here  considered.     The  mean  of  some 

figures,  obtained  from   maximum  demand  indicator  readings, 

supplied  to  the  writer  comes  to  1-G.     A  consumer's  maximum 

demand  probably  occurs  when  he  is  entertaining  people,  and 

when  guests  are  arriving  or  leaving  quite  two-thirds  of  the 

lights  in  a  villa  are  likely  to  be  in  use.     Taking  A  to  be  1'5, 

the  diversity  factor=l-7  log  ./• ;  this  curve  is  plotted  in  Fig.  1. 

The  consumers  connected  to  the  transformers  mentioned 
above  have  anything  up  to  2  kw.  installed,  but  the  average  is 
about  1  kw.  They  are  practically  all  private  houses.  Some 
of  them  have  radiators  installed,  in  addition  to  lighting,  but  to 
no  great  extent.  The  transformers  are  not  overloaded ; 
the  maxinuini  loads  on  them  have  been  verified  in  a  few  cases 
by  actual  measurement.  The  copper  fuses  oxidise  and  even- 
tually melt  if  at  all  overloaded. 

Mr.  K.  S.  Hale  (of  the  Edison  Electric  Illuminating  Co., 
Boston)  in  a  letter  to  TiiE  Eleutkician,  of  February  28, 1908, 
gives  the  "  coincidence  factor  "  of  the  average  residence  business 
as  lieing  between  21.  and  .5. 

The  diversity  factor  as  estimated  above  is  greater  than  it 
would  be  if  calculated  from  maximum  demand  indicator  read- 
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ings,  because  of  the  sluggishness  of  these  instruments,  and 
because  thej'  are  short-circuited  by  the  supply  authority  on 
request.  In  a  previous  article  *  the  writer  estimated  the  diver- 
sity factor  for  private  house  lighting  at  from  1-8  to  1-5.  This 
figure  was  partly  estimated  from  some  maximum  demand  in- 
dicator readings,  but  after  making  allowance  for  that  it  is  prob- 
ably still  too  low.  Offices  and  banks,  &c.,  have  a  diversity 
factor  among  themselves  hardly  greater  than  unity,  Ijut  the 
peak  of  this  load  is  always  well  separated  (in  point  of  time) 
from  the  private  house  lighting  peak  all  the  year  rouml,  hence 
the  addition  of  such  a  load  to  a  private  house  lighting  load 
probably  raises  the  value  of  the  diversity  factor  (general).  On 
the  other  hand,  the  peak  of  a  shop-lighting  load  (the  diversity 
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factor  among  which  is  about  unity  also)  almost  always  coin- 
cides with  the  private  house  peak  at  some  time  during  the 
year.  In  small  tovpns  all  the  shops  frequently  keep  open  late 
on  one  night  during  the  week,  often  on  market  day  or  on 
Saturday  nights.  Nearly  everywhere  in  Great  Britain  the 
shops  are  kept  open,  with  all  their  lights  on,  during  Christmas 
or  New  Year  (in  Scotland)  week. 

Of  course,  as  regards  the  plant  in  the  station,  the  overlapping 
of  the  respective  peaks  on  one  night  iu  the  year  is  as  bad  or, 
as  regards  load  factor,  worse  than  more  frequent  overlapping. 

Fig.  2  shows  the  reduction  in  the  (general)  diversity  factor 
by  adding  a  shop  lighting  load  to  a  private  house  lighting  load. 
The  private  house  diversity  factor  is  assumed  as  3  and  the 
shop  diversity  factor  as  1.    It  will  be  seen  from  the  figure  that 
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if  the  shop  and  private  house  maximum  loads  are  equal,  the 
diversity  factor  is  half  what  its  value  would  be  if  the  load  con- 
sisted of  private  houses  only. 

It  would  appear  that  the  price  per  unit  charged  by  any 
supply  authority  for  lighting  must  depend  on  what  proportion 
the  shop  lighting  bears  to  ihe  total  lightin,'.  Both  on  account 
of  diversity  factor  and  load  factor,  shop  lighting  must  be  more 
expensive  to  supply  than  private  house  lighting."  The  ditierence 
in  load  factor  is,  of  course,  allowed  for,  if  the  maximum  de- 
mand system  of  charging  is  employed. 

*  The  Electrician  Vol.  LXI.,  p.  556. 


ON  TESTING  THE  INSULATION  RESISTANCE  OF 
LIVE  CABLES  ON  DIRECT-CURRENT  SYSTEMS 
BY  THE  KELYIN  TESTING  SET.' 


The  chief  advantages  of  working  with  the  live  cable  rather  than  the 
(lead  cable  when  testing  its  insulation  with  a  Kelvin  or  similar  testing 
set  are  as  follows  :  (1)  The  battery  is  dLspcmsed  witli ;  (2)  the  insula- 
tion resistance  of  the  cable  is  determined  at  working  pre.ssure  ;  (3) 
the  insulation  resistance  of  each  cable  in  a  circuit  can  be  determined 
as  described  below. 

The  circuit  shown  in  Fig.  1  is  supposed  to  be  one  of  the  sections 
fed  from  the  main  cables  M,  and  M,.  A  and  B  are  the  ends  of  the 
connections  from  the  cables  to  the  two  terminals  of  the  testing  set 
ordinarily  used  for  the  battery.  The  terminal  D  is  earthed.  The 
insulation  resistances  X  and  Y  of  the  cables  are  ie|)iesented  by  the 
dotted  lines.  The  test  is  conducted  thus:  (1)  With  G  suitably 
shunted,  place  S  on  C  and  read  the  deflection,  ilultiply  the  latter 
by  the  shunt  value  used  and  call  this  number  D,.  (2)  Eepeat  a  like 
operation  with  S  on  D,  and  so  obtain  D.,.  (3)  Leaving  S  on  D,  inter- 
change the  positions  of  the  ends  A  and  B  and  find  D3  in  the  same 
way  as  the  other  two  values.  Then  the  insulation  resistances  are 
given  by 


X'= 


Di— (Do-hDj 


.  G   and  y'  = 


D,-(D,-|-D,) 


.  G, 


where       X'= 


v~r     and    Y  =xr  ,    • 

JL  +  x  Y  -f  2/ 

X  being  the  insulation  resistance  of  cable  il,  and  all  the  right  hand 
cables  of  the  other  live  sections  attachecl  to  it ;   y  being  the  similar 


Fig.  1. 

value  for  if.,;  x  and  if  ^vill  be  found  by  the  method  just  described, 
after  hrst  cutting  out  the  section  shown  in  Fig.  1,  and  joining  A  and  B 
to  two  connections  one  on  each  of  the  cables  ilj  and  ^l.. 

The  proof  of  the  above  values  is  given  in  the  Paper.  The  appli- 
cation of  this  method  enables  the  insulation  resistance  of  each  of  the 
main  cables  and  also  of  each  cable  in  different  sections  fed  by  the 
main  cables  to  be  ascertained. 

In  the  exceptional  case  of  cables  of  higher  P.D.  than  400  or  500 
volts  (which  can  be  used  with  a  Kelvin  set),  the  only  alteration  re- 
quired in  the  method  is  to  place  a  suitable  high  I'esistance  between 
the  cables,  and  use  a  fraction  of  the  whole  P.D.  to  give  the  deflection 
in  the  first  operation  of  the  test.  " 

To  determine  the  insiUation  resistance  between  the  cables :  First 
switch  otf  all  the  lamps  in  the  section,  and  connect  as  shown  in  Fig.  i. 
The  galvanometer  G  will  now  act  as  a  sensitive  ammeter — reading. 
if  necessary,  to  a  value  as  low  as  ,./,„  milliamjH-re.  X  and  Y  are 
supiiosed  determined  by  the  previous  method.  Let  S  represent 
X-fY,  and  Z  be  the  insulation  resistance  between  the  cables  to  Ix- 
determined.     Then,  if  Vi  is  the  deflection  of  G  suitably  shunted. 


G-h 


z>s 


*  Abstract  (revised  by  the  author)  of  a  Paper  read  before  the  Dublii» 
Local  Section  of  the  Institution  of  Electrical  Engineers. 
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E  being  the  P.D.  between  the  mains  measiu-ed  by  a  voltmeter.  Now 
remove  the  ends  o  and  b  and  connect  them  to  a  few  storage  cells 
of  voltage  E(,.     Then,  leaving  the  same  shunt  on  G  as  before,  read  the 

deflection  D^    and    _  =fcD(,.      From  these  two  equations  and  the 

values  found  for  X  and  Y  the  value  of  Z  can  be  easily  found.  It  is 
a.^-sumed  in  this  test  tliat  the  two  insulation  resistances  of  the  mains 
JI,  and  Mj  with  the  attached  cables  of  the  other  sections  are  relatively 
high,  compared  with  X  and  Y.  This  assumption  does  not  enter  into 
the  case  given  below  of  testing  the  mains  in  this  manner.' 

In  tlie  case  of  two-core  cables,  the  tost  for  the  main  cables  is  made 
by  cutting  out  all  the  attached  sections  and  applying  the  method 
explained  in  connection  with  Fig.  1.  which  will  give  X  and  Y,  and 
inlFig.  2  to  give  Z.  The  test  of  each  attached  section  can  then  be 
made  independently. 


Fig.  2. 

In  the  ca.se  of  concentric  cables,  Z  will  be  determined  by  the  method 
used  in  connection  with  Fig.  2,  with  all  the  attached  sections  cut 
out.  X,  the  insulation  resistance  between  the  outer  conductor  and 
the  earth,  can  be  found  by  disconnecting  the  inner  conductor  from  its 
terminal  at  the  draamo  and  joining  this  terminal  to  the  testing  set- 
to  be  used  as  an  ammeter — and  connecting  the  other  end  of  the  set 
to  earth.  Then,  if  E  is  the  terminal  P.D.  of  the  dynamo. 
E 

vF^,  =  'tD. 

X  +  G 

Xow  join  the  galvanometer  to  a  few  storage  cells  of  voltage  Eq  and 

j; 
obtain  the  deflection  Dq,  thus  ^  =fcDo,  and  from  these  two  equations 
X  is  readily  found. 

In  the  three-wire  system  of  Fig.  3,  Y,  the  insulation  resistance  be- 


Fio.  3. 


tween  conductors  2  and  3,  may  be  obtained  by  the  method  used  in 
connection  with  Fig.  2.  In  this  determination  all  the  attached  .sections 
between  conductors  1  and  2  and  2  and  3,  as  well  as  the  dynamo  B, 
are  cut  out,  and  connection  made  to  the  galvanometer  as  shown.  The 
galvanometer  of  the  testing  set,  used  as  an  ammeter  as  already  ex- 
plained, gives  the  current  going  througli  the  resistance  G-t-Y,  and 

E 
this  current  equals ^rpy,  E  being  the  terminal  P.D.  of  dynamo  A. 


From  this  relation,  as  explained  before,  Y  can  be  found.  X,  the  in- 
sulation resistance  between  conductors  3  and  1,  can  be  determined 
by  the  same  method.  In  this  case  conductor  2  must  be  disconnected 
from  O  and  all  the  attached  sections  cut  out  as  before.  The  connec- 
tions to  the  galvanometer  will  be  tlie  same  as  in  the  preceding  de- 
termination. In  this  test  the  P.D.  will  be  the  terminal  value  for  the 
dynamos  in  series.  Z.  the  insulation  resistance  of  the  outer  cable 
from  earth,  can  be  found  in  the  same  way  as  X  was  in  the  case  of  the 
two  concentric  conductors  mentioned  at  the  end  of  the  last  para- 
graph. In  this  test  the  dynamo  B  and  all  the  sections  of  the  system 
must  be  cut  out,  conductor  3  must  be  disconnected  from  a.  and  a 
joined  to  earth.  Conductor  2  is  supposed  to  be  in  position — that  is, 
joined  to  O.  The  readings  of  G  are  then  taken  and  the  value  of  Z 
found.  It  is  hardly  necessary  to  add  tliat  the  test  of  the  cables  is 
quite  independent  of  the  state  of  the  insulation  of  the  machines. 

Tiie  method  described  in  this  Paper  lends  itself  readily  to  the 
case  where  an  accurate  registration  of  the  insulation  resistances  of 
the  main  cables  of  a  direct-current  system  is  desired  immediately 
after  laving  down. 


THE  PHOTOMETRY  OF  DIFFERENTLY  COLOURED 
LIGHTS. 

BY    LANCELOT   W.    WILD. 

The  difficulty  of  comparing  lights  of  different  colour  with 
photometer  screens  of  the  equality  of  brightness  type  has  long 
been  realised.  To  overcome  the  difficulty  photometers  of  the 
flicker  type  have  been  introduced,  and  have  obtained  a  con- 
siderable usage.  The  great  merit  of  the  flicker  type  is  that  the 
same  reading  within  about  1  per  cent,  can  be  obtained  again 
and  again,  even  though  the  lights  differ  in  colour  to  a  con- 
siderable extent,  whereas  with  photometers  of  the  equality  of 
brightness  type  under  the  same  conditions  of  colour  difference 
the  readings  may  lie  10  per  cent,  or  more  on  either  side  of  the 
mean,  and,  consequently,  a  very  large  number  of  readings 
must  be  taken  in  order  to  secure  a  true  average. 

It  has  often  been  questioned  whether  the  flicker  photometer 
really  measures  equality  of  illumination  at  all,  and,  as  far  as 
the  writer  knows,  this  point  has  never  been  settled  either  by 
theoretical  considerations  or  experimentally.  In  view  of  the 
importance  of  this  question,  the  writer  has  undertaken  a 
series  of  tests  with  the  hope  that  the  character  of  the  flicker 
photometer  might  thus  be  vindicated.  Unfortunately,  how- 
ever, the  tests  only  go  to  prove  the  exact  opposite  to  what 
was  hoped  for,  the  general  result  being  that  a  flicker  photo- 
meter credits  a  tungsten  filament  lamp  with  about  6  per  cent, 
too  little  candle-power  when  compared  with  a  carbon  lamp. 

In  order  that  the  results  should  not  be  vitiated  by  tome 
peculiarity  unsuspected  in  the  photometers  experimented 
with,  the  w'riter  made  comparisons  with  three  types  of  flicker 
head,  a  Bunsen  disc  and  two  entirely  reflecting  screens.  The 
flicker  heads  were  the  WUd,  the  Whitman  and  the  Simman'^., 
and  are  probably  so  well  known  as  to  need  no  description. 

The  Bunsen  disc  was  made  of  the  usual  materials — namely, 
blotting  paper  and  wax  ;  but  was  made  by  the  writer's  own 
jirocess,  which  secures  gi-eatcr  sensitiveness  for  mono-chromatic 
lights  than  is  usually  obtained. 

Of  the  remaining  two  photometers,  one  was  a  Lummcr  and 
the  other  somewhat  similar.  A  white  reflecting 
screen  is  fixed  normal  to  the  rays,  as  in  the 
Lummer,  and  it  is  viewed  by  the  agency  of  an 
e(juilateral  prism  and  a  couple  of  mirrors,  so  that  the  two 
reflecting  Surfaces  arc  seen  side  by  side  with  only  the  edge 
of  the  prism,  whicli  should  be  ground  to  a  knife  edge,  between 
them.  If  very  well  made  this  photometer  is  as  sensitive  as  a 
Lummer  for  mono-chromatic  lights,  and  has  the  advantage 
that  the  eye-piece  stands  out  straight  from  the  bench. 

The  tests  were  made  by  comparing  a  Sunbeam  tungsten 
filament  lamp,  taking  1-5  watts  per  candle-power,  against  a 
carbon  filament  hunp  taking  about  4-5  watts  per  candle-power. 
In  orderto  neutralise  any  want  of  symmetry  in  the  arrangements, 
the  method  of  double  balance  was  employed,  the  carbon  lamp 
being  first  photometred  against  another  carbon  lamp  with 
each  photometer  head,  the  standard  then  being  replaced  by 
the  tungsten  lamp.  In  order  to  guard  against  any  change 
taking  place  in  the  lamps  during  test  fi'oni  vitiating  the  results, 
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resdings  were  taken  with  the  photometer  heads  first  in  one 
order  and  then  on  the  following  day  in  the  reverse  order. 
Ten  readings  were  taken  on  each  flicker  head,  20  with  the 
Biiiisen  disc,  and  50  with  the  Lummer  and  Prism  heads.  All 
readings  were  taken  by  one  observer,  so  as  not  to  l)ring  in 
another  variable.  It  is  most  desirable,  however,  that  the  tests 
be  repeated  by  another  observer,  and  preferably  in  another 
environment. 

Tabulated  below  will  be  found  the  maximum,  minimum 
and  mean  scale  readings  obtained  with  all  six  photometer 

heads  : —       / Flickers — ^  Contrast,  r'  Equality.  ->| 

Wild.  Whitman.  Simmance.    Biinsen.  Prism.  Lummer. 
Mavread    ...     1-73         1-735  1-735  1-86        2-05  2-(X) 

Mill.  read.    ...     1-72         1-715  1-71  1-79         1-72  1-70 

Mean    1-725       1-725  1-72  1-825      1-85  1-83 

It  will  be  noticed  that  all  three  flickers  give  almost  the  same 
mean  reading,  although  they  differ  as  to  sensitiveness.  The 
Bunsen,  Prism  and  Lummer  heads  again  agree  together  ex- 
ceedingly closely  on  their  mean  readings,  but  the  reading  is 
no  less  than  6  per  cent,  greater  than  that  obtained  with  the 
flickers.  It  would  appear  from  these  tests  that,  in  spite  of  the 
greater  sensitiveness  of  the  flicker  pliotometer,  it  will  have  to  be 
discarded  in  favour  of  the  Bunsen  disc. 

The  Bunsen  disc  is  not  reaUy  an  equality  of  brightness  photo- 
meter, but  may  better  be  described  as  a  contrast  photometer. 
The  so-called  contrast  Lummer  is  not  a  contrast  photometer, 
but  is  in  reality  an  equality  of  brightness  photometer.  When 
tried  ou  red  and  green  lights  the  so-called  contrast  Lummer 
shows  a  green  centre  on  a  red  ground  on  one  side,  and  a  red 
centre  on  a  green  ground  ou  the  other  side,  and  in  whatever 
position  the  head  is  ])laced  on  the  bar  the  two  colour  contrasts 
are  still  the  same.  The  Bunsen  disc,  ou  the  other  hand,  owing 
to  the  fact  that  the  waxed  portion  reflects  almost  as  much  light 
as  it  transmits,  shows  a  red  area  against  a  white  area  on  one 
side  and  a  green  area  against  a  white  area  on  the  other  side. 
The  adjustment  is  made  till  the  red- white  contrast  appears 
equal  to  the  green-white  contrast.  Each  colour  being  com- 
pared with  white,  the  difficulty  of  forming  a  judgment  appears 
to  be  much  less,  and  a  much  greater  sensitiveness  is  obtained. 

The  conclusion  from  these  tests  is  that,  for  testing  tungsten 
lamps  against  carbon  lamps,  a  flicker  head  must  not  be  used. 
Equality  of  brightness  photometers,  on  the  other  hand,  fail  on 
the  score  of  insensitiveness.  and  contrast  photometers  of  the 
Bimseu  type  alone  fulfil  the  required  conditions,  though  it  is 
a  pity  that  the  sensitiveness  of  the  flicker  type  can  not  be 
:secured. 


ALTERNATOR  FOR  ONE  HUNDRED  THOUS&ND 
CYCLES.* 

BY   E.    F.    W.    ALBXAMDEESON. 

Summari/. — A'description  is  given  of  the  construction  of  an  alternator 
giving  an  output  of  2  kw.  at  100,000  cycles.  The  mechanical  features 
of  the  design,  which  present,  of  course,  the  main  difficulties,  are  con- 
sidered in  detail. 


The  author  tir.st  gives  a  brief  review  of  tlie  history  of  the  hiijh- 
Irequency  alternator,  and  then  describes  a  2  kw.  lOO.dOO  cycle  alter- 
nator developed  for  Prof.  Fessenden.  From  experience  with  earlier- 
machines  of  this  type  it  was  apparent  that  a  successful  machine  must 
have  a  stationary  lield  winding  as  well  as  a  stationary  armature,  and 
that  the  armature  should  not  contain  any  iron.  A  type  of  machine  was. 
therefore,  developed  in  which  the  armature  was  made  of  wood,  and 
the  two  rotating  discs  formed  a  complete  magnetic  cucuit  energised 
by  a  stationary  field  coil  suspended  inside  the  armatiue  between  the 
discs.  This  machine,  however,  could  not  be  considered  as  the  final 
development,  since  the  rotating  discs  could  not  be  made  symmetrical 
and  the  centrifugal  force  at  high  speed  changed  the  shape  of  the 
discs  in  sucii  a  way  that  the  au-gap  between  the  field  and  the  arma- 
ture was  inereas;ed.  The  result  ^vas  that  the  voltage  of  the  gene- 
rator did  not  increase  in  proportion  to  the  speed,  but  reached  a 
maximum  at  about  60.000  cycles  and  decreased  at  higher  speed. 


*  Abstract  of  a  Paper  read  before  the  American  Institute  of  Electrical 
iEngineers. 


Fig.  1  shows  the  construction  arrived  at  in  a  machine  recent  v 
completed,  which  was  built  with  two  kinds  of  armatures  for  trial, 
one  of  iron  and  one  with  the  winding  placed  in  wood.  The  iron 
proved  to  be  preferable,  giving  a  higher  output  and  a  better  mecha- 
nical structure.  The  success  of  the  iron  armature  is  largely  due  to 
the  fact  that  the  volume  of  iron  subject  to  alternating  flux  is  ex- 
tremely small.  The  main  part  of  the  laminated  armature  carries 
a  constant  flux,  while  the  pulsating  flux  occurs  only  in  the  teeth 
that  separate  the  armature  conductors.  The  alternator  shows  in 
every  way  the  same  characteristics  as  a  generator  of  mixierate  fre- 
quency. The  following  are  the  constructional  data  of  the  machine  : 
The  armature  has  600  slots  with  one  conductor  fjer  slot  of  0-013 
copper  wire,  triple-silk  covered  and  varnished.  The  wire  is  wound 
in  a  continuous  wave  up  and  down  in  the  successive  slots.  The 
rotating  field  has  300  projections,  wliich,  as  the  machine  is  of  the 
inductor  type,  correspond  to  600  poles  for  a  machine  of  the  ordinary 
alternate-pole  type.  It  appears  from  the  electrical  characteristics 
that  the  output  of  the  generator  depends  largely  upon  the  air-gap 
clearance,  because  the  voltage  of  the  machine  is  nearly  inversely 
proportional  to  the  air-gap.  The  characteristic  curves  have  been 
given  at  an  air-gap  of  0-015  in.,  but  the  output  of  the  generator 
can  be  doubled  if  a  smaller  air-gap  be  used  ;  in  fact,  the  machine 
has  been  operated  with  an  air-gap  as  small  as  0-004  in.,  though  such 
a  clearance  would  not  be  practicable  for  continuous  operation.  In 
view  of  this  condition,  it  is  desirable  to  regulate  the  air-gap  so  as  to 
offset  any  wear  in  the  bearings,  and  to  select  the  gap  which  is  suitable 
for  the  work  to  be  done.  If  the  machine  is  to  be  operated  continu- 
ously without  attention,  a  com- 
paratively large  clearance  is  neces- 
sary, while  for  a  special  experi- 
ment in  which  higher  power  is 
required  a  small  gap  may  be 
used. 

The  sensitiveness  of  the  air-gap 
regulation  is  one  of  the  reasons 
why,  instead  of  using  the  usual 
drum  winding  construction  of  the 
armature,  the  wincUng  was  ap- 
plied on  a  radial  face,  as  shown 
in  Fig.  1.  The  armattire  is 
mounted  on  a  frame  that  is 
tlireaded  into  the  stationary  field 
frame,  and  the  air-gap  can  be 
set  exactly  by  screwing  the  ar- 
mature tight  against  the  disc 
and  then  moving  it  back  a 
distance  corresponding  to  the 
desired  clearance.  For  this  pur- 
pose the  stationary  frame  is 
provided  with  a  scale,  so  that 
rotating  the  armature  on  its 
thread  one  division  corresponds 
to  one  thousandth  of  an  inch 
change  of  the  air-gap. 

At  a  speed  of  20.000  revs,  per 
min.  it  would  not  be  practicable  to 
use  a  rigid  shaft.  It  was.  there- 
fore, necessary  to  adopt  the  prin- 
ci))le  employed  in  a  well-known  steam  turbine — that  of  a  flexible 
shaft  which  allows  the  disc  to  revolve  romid  its  exact  mass  centre. 
thus  avoiding  any  strain  on  the  bearings  due  to  centrifugal  force. 
The  shaft  has  been  designed  like  a  stift'  spring  with  uniform  strength. 
It  has  a  diameter  of  1-25  in.  in  the  middle  and  0-625  in.  at  the  ends, 
the  length  between  the  centre  of  bearings  being  28  in.  When  the 
machine  is  brought  up  to  speed,  severe  vibration  occurs  at  two 
distinct  critical  speeds,  one  at  1.700  revs,  per  min.  and  the  other  at 
9.(KI0  revs,  per  min.  The  vibration  increases  gradually  when  the 
machine  approaches  the  critical  speeds.  When  the  vibration  has 
reached  its  maximum  it  ceases  suddenly,  and  the  machine  runs 
smoothly  and  with  surprisingly  little  noise.  The  first  point  of 
resonance  is  the  one  at  which  the  shaft  vibrates  like  a  string,  and  the 
second  harmonic  is  the  one  at  which  the  disc  vibrates  around  an 
axis  perpendicular  to  the  shaft,  and  the  shaft  assumes  an  S  shai>e. 
The  two  critical  speeds  are  calculated  out  in  the  Pajwr  at  1,050  and 
8,200  revs,  per  min. 

The  first  machine  built  was  belt  driven,  --^fter  a  good  deal  of 
ex])erimenting  with  ditferent  kinds  of  belts  and  pulleys  it  was  found 
feasible  to  nm  the  machine  at  lo.tXH)  revs,  jht  min..  corresponding 
to  75.000  cycles.  However,  it  also  became  apparent  that  this  method 
of  driving  could  not  be  accepted  for  practical  use.  so  that  the  later 
machines  have  been  equipped  with  gears.  The  gear  ratio  is  10  to  1. 
The  revolving  disc  is  designed  so  as  to  have  uniform  stresses  in 
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all  parts,  and  consequently  the  greatest  possible  margin  of  safety. 
It  is  made  of  chrome-nickel  steel,  with  an  elastic  limit  of  about 
2(X»,(XI0  lb.  jK?r  square  incli.  As  the  disc  has  3t)0  teetli  on  each  side, 
whicli  i)ass  the  face  of  the  stationary  armature  at  a  rate  of  l.CKX)  ft. 
per  second,  with  a  clearance  of  0015  in.,  it  can  be  readily  under- 
stood that  the  air  friction  in  the  gap  must  be  considerable.  It  was 
found  that  the  machine  heated  up  excessively  due  to  air  friction, 
but  this  has  been  overcome  by  filling  the  slots  with  non-magnetic 
metal,  so  that  the  disc  offers  a  perfectly  smooth  surface.  Another 
difficulty  was  encountered  o^ving  to  centrifugal  force  acting  on  the 
tillers,  each  of  which  is  subject  to  a  centrifugal  pull  of  8U  lb.  During 
.some  of  the  first  attempts,  when  the  slots  were  simply  filled  with 
hard  solder,  it  happened  that  some  of  the  tillers  broke  loose.  In  the 
final  construction,  in  which  the  tillers  are  anchored  so  as  to  stand 
the  strain,  they  consist  of  U-shaped  phosphor-bronze  wires  sup- 
]>orted  directly  by  the  steel  teeth,  so  that  the  solder  is  needed  only 
to  fill  the  joints. 

The  generator  has  four  bearings.  The  outside  ones  support  the 
weight  of  the  revolving  parts  and  are  fed  witli  a  continuous  stream 
of  oil  supplied  by  a  pump.  One  of  the  functions  of  the  middle 
bearings  is  to  prevent  excessive  vibrations  when  the  shaft  passes 
the  speeds  of  mechanical  resonance.  During  normal  operation  the 
shaft  does  not  touch  the  middle  bearings,  which  are  bored  out  to  give 
jf^  in.  clearance  ;  at  the  critical  speed,  however,  the  shaft  touches 
the  bearings.  The  end  tlirust  of  the  shaft  is  taken  up  partly  on  the 
middle  bearings  and  partly,  on  the  end  bearings. 
•  A  generator  of  this  kind  is  always  u.sed  in  connection  with  a  capa- 
city, which  is  located  in  the  aerial  in  the  case  of  wireless  telegraphy. 
The  best  method  of  showing  the  characteristics  of  the  generator. 
without  reference  to  any  certain  application,  is  to  assume  the  load 
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to  Ije  non-inductive  and  to  use  a  condenser  of  fixed  capacity.  The 
most  typical  performance  of  the  generator  operating  in  conjunction 
with  a  condenser  is  the  one  in  which  the  condenser  lias  an  impedance 
equal  to  the  inductive  impedance  in  the  generator  winding,  and  is 
connected  in  .series  with  the  generator.  This  combination  gives  the 
generator  a  maximum  output  for  any  load.  A  condenser  arranged 
in  this  way  considerably  increases  the  useful  performance  of  the 
generator,  and  should  be  regarded  as  a  part  of  the  generating  outfit. 
The  tests  of  the  alternator  described  liere  show  that  the  reactance 
of  the  armature  winding  is  5-4  ohms  at  100,000  cycles.  The  con- 
denser which  ought  to  be  used  in  connection  Avith  the  machine  is, 
therefore,  0-3  mfd. 

Fig.  2  shows  that  the  combination  of  alternator  and  condenser 
gives  the  same  terminal  voltage  at  any  load  as  would  a  generator 
which  had  the  same  E.M.F.  and  the  same  ohmic  resistance  but  no 
inductive  drop.  In  other  words,  the  condenser  completely  offsets 
the  reactance  of  the  winding,  and  the  regulation  is  determined  en- 
tirely by  the  ohmic  resistance. 

The  characteristics  of  the  machine  as  given  by  test  are  the  follow- 
ing :  No-load  voltage,  110;  ohmic  resistance,  1-2;  short-circuit 
current,  20  amperes  ;  continuous  capacity  at  4.5  deg.  rise,  30  am- 
peres. With  the  condenser  the  maximum  continuous  load  of  the 
alternator  is  70  volts  and  30  amperes,  or  2-1  kw,  The  commercial 
rating  has,  therefore,  been  made  2  kw. 

It  would  undoubtedly  be  of  theoretical  interest  to  be  able  to  de- 


termine the  properties  of  the  iron  core  at  tlie  high  frequencies  dealt 
with  in  this  generator.  A  test  made  at  60,000  cycles  may  be  re- 
ferred to  for  this  purpose.  The  power  required  to  run  tlie  whole 
set  without  excitation  at  the  corresponding  speed  was  1.340  watts, 
and  the  additional  jiower  required  to  drive  it  at  the  same  speed  with 
full  field  was  330  watts.  The  only  conclusion  that  can  be  drawn 
from  this  test  is  that  the  core  loss  is  not  higher  than  330  watts.  The 
main  part  of  this  loss  is  probably  due  to  increased  bearing  friction 
by  magnetic  end  thrust. 

Regarding  the  possibilities  of  building  high-frequency  alternators 
of  higher  output,  it  may  be  mentioned  that  a  machine  for  ,50,000 
cycles  is  being  constructed  of  such  dimensions  that  an  output  of 
35  kw.  can  be  exjiected.  Also  it  ajipears  ])robable  that  still  higher 
frequencies  than  100,000  can  be  reached  by  direct  generation  with 
revolvinc  machinerv. 


ELECTRIC  TRACTION  ON  RAILWAYS.^ 
XVI.    COLLECTORS  FOR  OVERHEAD  CONDUCTORS. 

BY   PHILIP   DAWSON. 
{Continued  from  ■page  -JfM.) 

Siimmiiri/. — Two  forms  of  collector  have  been  develoiied — the  Irulley 
wheel  and  the  sliding  bow.  For  railway  work  the  choice  and  design 
of  the  collector  depend  on  the  line  voltage  (which,  in  a  given  case^ 
dotormines  the  current  to  be  collected)  and  the  speed.  The  author 
considers  that  for  main-hnc  railway  working  with  high-pressure  currents 
some  form  of  bow  collector,  preferably  operated  by  compressed  ail, 
is  indispensable.  He  then  describes  the  types  so  far  employed,  viz., 
(I)  the  pantograph  or  scissors  type,  (2)  tlie  ordinary  how  type,  and 
(3)  the  rod  collector  of  the  Oerlikon  type. 


Where  the  space  available  when  the  buw  is  lowered  iS' 
very  limited,  or  when  very  large  variations  in  the  height  of 
the  contact  wke  have  to  be  dealt  with,  another  form  has 
been  adopted  by  Messrs.  Siemens-Schuckertwerke.  This  bow 
is  illnstrated  In  Figs.  7  and  8.  as  fitted  to  a  Midland  Kail- 
wav  motor  coach.  In  this  case,  in  order  to  obtain  cou- 
tinuous  contact,  the  makers  have  fitted  two  bows  per 
coach.  These  bows  are  fitted  at  the  top  with  a  separate 
collector  bow,  controlled,  as  shown,  by  separate  springs. 
This  form  can  work  m  either  direction,  although  obviously 
its  operation  must  necessarily  be  more  satisfactory  when 
the  principal  part  is  trailing  than  when  it  is,  so  to  say, 
charging  the  line.  It  has  been  found  necessary  to  fit  this 
type  of  bow.  owing  to  its  length,  with  wind  vanes,  in  order 
to  prevent  the  wind  at  high  speeds  forcing  the  bow  off  the 
wire.  The  bow  is  kept  against  the  wire  by  springs,  and  tlie 
springs  are  put  into  action  by  means  of  a  piston  operated 
by  means  of  the  vacuum  pump  which  operates  the  brakes. 

Fig.  9  is  a  view  of  the  bow  collector  designed  by  the 
writer  for  the  L.B.  &  S.C.  Railway.  Ver}'  special  difficulties 
had  to  be  contended  with,  due  to  the  great  variation  in 
height  of  the  overhead  conductor — 13  ft.  10  in.  to  21ft. — 
and  to  the  very  little  space,  only  about  12  in.,  available 
for  storing  away  the  bow  on  the  top  of  the  motor  coach, 
even  with  the  special  flat-ended  roof  adopted  in  the  guard's 
compartment,  as  wasillu.strated  in  the  section  dealing  with 
Rolling  Stock. 

In  order  to  keep  this  flat  roof  as  short  as  possible,  it  was 
found  necessary  to  use  only  one  collector  on  each  motor 
coach  for  running  in  each  direction  in.stead  of  two,  which, 
with  this  tvpe  of  collector,  has  been  the  usual  practice.  In 
order  to  prevent  anv  interruption  of  current  caused  by  a 
bow  jumping  the  wire,  the  top  portion  of  the  bow,  as  is 
seen  in  the  illu.stratioii,  is  made  in  two  parts,  the  trailing 
half  being  held  from  the  principal  bow  by  means  of 
auxiliary  springs  shown  in  Fig.  i).  This  arrangement  has 
proved  itself  to  be  very  satisfactory ;  as  this  figure  also 
shows,  the  bows  are  so  constructed  that  when  down 
they  fold  one  within  the  other.     The  bows  are  held  up  by 

•  Copyright.     All  rights  of  reproduction  reserveJ. 
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spriii"s,  wliicli  are  brought  into  action  by  means  of  a  [liston 
worivcd  by  compressed  air.  It  will  also  be  .seen  that  the  bow 
frame  is  doubly  insulated  by  means  of  the  porcelain  insu- 
lators. The  insula- 
tors are  the  .same  as 
those  used  in  the 
section  insulators  on 
the  overhead  line 
work.  The  current 
is  conducted  from 
the  bow  frame  by 
means  of  a  solid 
copper  conductoi 
through  a  porcelain 
insulator  to  the 
high-tension  con- 
ductor, as  shown  in 
Fig.  9,  which  also 
shows  the  alu- 
minium collector 
strips  and  the 
grooves,  which  are 
filled  with  a  hard 
grease  foi'  running. 
The  original  bows 
were    operated    by 

springs  in  compression,  but  it  is  proposed  to  replace 
these  by  springs  in  tension,  the  writer  having  devised 
a  simple  means  by  which  this  can  be  done.     A  metal  shield 

Lowest  Position  of  Trolley  Wire 


tion  of  the  collector  bow  or  frame  from  a  station  platform 
either  with  a  stick  or  umbrella. 

We  now  come  to  consider  the  most  recent  form  of  collector 

devised  by  Mr. 
Ifuber  of  the  Oerli- 
kon  Company,  and 
wh  ich  p  o  s  s  e  s  s  e  s 
iriany  novel  and 
most  interesting 
features.  This  col- 
lector is  of  thebow 
type,  and  consists 
I'ssentially  of  a  light 
lurved  metallic  rod, 
1  he  convex  side  of 
which  makes  sliding 
eontact  with  the 
conductor.  One 
I'lid  of  the  rod  is 
unattached  and  the 
other  is  free  to  ro- 
tate about  an  axis 
[•arallel  to  the  di- 
rection of  the  mo- 
tion of  the  car 
The  point  of  con- 
nection of  the  rod  is  also  capable  of  being  moved  a 
certain  amount,  more  or  less  horizontally,  in  the  direction 
at  right  angles  to  the  length  of  the  car.     The  necessary 


sHowrNo  Siemens  Bow  Collector  down. 


FiQ.  8. — Details  of  Siemens  Bow,  fitted  to  Midl.\nd  Railway  RIotok  Coach.    Scale,  1 :  25. 


connected  to  earth  has  been  constructed  round  the  bow, 
(but  is  not  shown  in  the  illustration),  so  as  to  prevent  the 
possibility  of  any  passenger  boing  able  to  touch  a  live  por- 


pres.sure  between  the  collector  and  the  wire  is  obtained  by 
means  of  a  clock  spring,  which  tends  to  rotate  the  metallic 
rod  about  its  pivot.     When  the  weight  of  the  rod  acts  in 
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conjunction  with  the  force  of  the  spring  the  latter  is  exerting 
its  minimum  effect,  being  in  the  most  uncoiled  position. 
But  when  the  weight  of  the  rod  tends  to  counteract  the 
effect  of  the  spring,  the  spring  is  most  tightly  coiled  up. 


cases,  and  can  also  be  automatic  if  desired.  The  motor- 
man  can  at  any  time  lift  the  collector  out  of  contact  with 
the  wire.  According  to  the  position  of  the  overhead  wire, 
the  rod  rubs  on  the  top  side  or  bottom  of  the  wire.      Ih^ 


Fl«.  9.  — Ge.vEK.VL  view  III-  CiiLLECTOK  B(l\V  I)ESIc:N-ED  by  TIIE  Al'TlIOK  FMi  THE  LoXDON,  BliliiHTON  &  SdITII    CoAST   RAILWAY. 


and  thus  exerts  its  most  powerful  torque.  By  this  means 
a  verj'  uniform  pressure  is  obtained  througliout  the  whole 
range  of  positions. 

The  collector,  by  its  rotation,  automatically  adapts  itself 


normal  state  of  affairs  is  to  have  the  wire  running  to  one 
side  of  the  track  with  the  metallic  rod  making  rubbing 
contact  on  the  top  of  the  wire. 

There  is'a  wide  range  of  positions  which  the  collector  can 


Position  of  conductor  at  curves. 

Fig.  10. — Oeblikon  Citkrent  Coelectok.     (All  ilimensiuns  iu  iiiillimulros.) 

to  any  change  in  position  of  the  conductor.  The  lateral  i  a.ssume,  even  without  making  use  of  the  lateral  motion 
movement,  which  is  indicated  by  the  two  positions  drawn  which  would  still  further  extend  its  range.  In  tunnels  and 
in  the  left-hand  part  of  Fig.  10,  is  only  rcriuircd  in  special  '  similar  situations  the  wire  can  be  situated  directly  over  the 
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track,  in  wliich  tlie  collector  acts  just  like  one  of  tlie  oidinaiv 
bow  type.  Be.sides  its  great  flexibility,  the  design  embodies 
several  other  valuable  features.  The  contact  I'od  is  very 
light,  weighing  less  than  :'>l  lb.,  and  it  is  easily  replaceable. 
The  last  feature  makes  it  possible  to  cover  it  with  some 
■composition  softer  than  copper,  and  thus  to  minimise  the 
wear  on  the  aerial  line  ;  should  the  collector  rod  catch  in 
the  overhead  work,  it  is  so  slight  that  it  would  be  the  rod 
which  would  be  damaged  and  not  the  overhead  construc- 
tion. 

This  collector  has  been  adopted  by  the  Oeilikon  Company 
on  the  single-phase  line  which  they  have  eejuipped  between 
Locarno  and  Bignasco.  Whilst  for  .small  units,  utilising 
but  small  currents,  the  Oerlikon  form  of  collector  bow 
would  appear  to  have  given  satisfaction,  where  high 
speeds  and  heavv  currents  have  to  be  dealt  with,  as  on  the 
Swedish  8tate  Railways,  the  wear  of  this  form  of  collector 
does  not  seem  to  have  been  as  satisfactory  as  might  be 
desired. 

What  has  been  said  will  suffice  to  give  a  good  idea  of 
what  has  been  done  as  regards  the  design  and  con.struction 
of  bow  collectors  for  high-tension  railway  work.  Every 
case  must  be  dealt  vdth  on  its  merits,  but  the  following  are 
some  of  the  principal  points  which  must  be  borne  in  mind 
when  deciding  on  a  type  or  designing  a  type  of  collector 
bow  to  comply  with  given  conditions  :  Double  insulation 
is  essential  to  satisfactory  working ;  care  should  be  taken 
that  the  design  is  .such  that  neither  ordinary  conditions  of 
dirt  nor  snow  can  bring  about  a  short-circuit;  porcelain  is, 
for  the  present  at  least,  the  only  insulator  worth  consider- 
ing, and  it  should  never  be  used  except  in  compression; 
the  number  of  articulations  should  be  as  few  as  possible 
consistent  with  the  general  requirements  ;  the  pressure  at  all 
heights  should  be  as  even  as  possible ;  the  collector  .strips 
should  be  easily  renewable  and  of  such  a  material  and 
design  as  will  ensure  as  far  as  possible  all  the  wear  being 
taken  up  by  the  collector  strips  and  not  by  the  contact 
wire ;  the  moving  parts  of  the  bow  should  be  as  light  as 
pos.sible,  consistent  with  the  general  requirements;  and  thei'e 
should  be  great  transversal  strength  to  prevent  the  collector 
tilting  laterally. 

Generally,  that  collector  will  be  the  best  which  will  work 
without  undue  sparking  and  with  the  smallest  pressure 
against  the  contact  wire 

In  normal  working  conditions  this  pressure  for  a  pro- 
perly constructed  collector  should  be  found  somewhere 
between  8  lb.  and  I'l  lb.  As  far  as  possible  all  springs  should 
work  in  tension,  although  it  has  sometimes  been  found  neces- 
sary to  operate  springs  either  in  rotation  or  in  compression. 

Care  should  be  taken  to  surround  the  collector  with  an 
earthed  shield  so  as  to  prevent  the  possibility  of  any  pas- 
sengers touching  it  with  a  stick  when  at  a  station  ]ilatform 
or  near  a  low  bridge.  Great  care  should  be  taken  to  get  all 
the  articulations  working  as  easily  as  possible,  and  either 
ball  bearings  or  roller  bearings  may  certainly  be  found  very 
useful  in  this  connection.  The  actual  contact  breaking 
piece  should  be  so  arranged  that  any  tendency  to  a  hori- 
zontal as  well  as  vertical  knock  should  be  easily  taken  up 
by  the  springs,  and  experience  has  shown  that  for  main- 
line railway  working  trailing  contacts  are  preferable  to  the 
stiff  contact  bars  of  the  simple  pantograph. 

This  latter  arrangement  is  by  far  the  hardest  on  the  over- 
head constiuction,  and  the  principal  aim  in  designing  a 
current  collectoi-  sliould  be  to  make  it  as  easv  for  the  line 
as  possible  and  to  absorb  all  shock,  and  all  wear  should 
take  place  in  the  collector  bow  and  not  in  the  contact  wire. 
( To  be  coMiiuted.) 


THE  TELEGRAPH  SHIP  -TELCONIA." 


The  Telegraph  Construction  &  Maintenance  Co.  has  just 
added  a  new  cablo-repairinc  steamer,  the  "  Tciconia."  to  its 
fleet.  This  vessel  constitutes  the  most  improved  form  of 
telegraph  ship.  Distinctly  yacht-like  in  general  appearance. 
she  is  a  twin-screw  steamer  223  ft.  long,  her  beam  nieasurinsj 
30  ft.  9  in.,  whilst  her  depth  is  21ft.  (Jiii.  Her  i;ross  regis- 
tered tonnage  is  1.000.  She  has  triple-expansion  enfiines. 
two  single-ended  boilers  with  forced  thvuight.  and  when  indi- 
cating 1,050  H.P.  her  speed  is  12  knots.  .\  general  view  of  the 
vessel  afloat  is  shown  in  Fig.  1. 

Anvone  versed  in  the  general  arrangements  of  other  vessels 
belonging  to  the  telegraph  fleet — now  nuTni)erin5.'  over  50 
ships — will  recognise  that  in  the  "  Telconia  "  we  have  a  c|uite 
distinct  departure  from  previous  designs.  The  main  novelty 
consists  in  the  fact  that  the  whole  of  the  ship  forward  of  the 
bridge  is  solely  set  aside  to  cable  work.  Tiie  importance  of 
this  feature  will  especially  appeal  to  telejrraph  engineers,  who 
know  that  the  work  is  often  prejudicially  affected  on  many 
cable  ships  by  havint;  to  he  conducted  in  the  midst  of  the 
crew's  quarters  and  where  the  sailors  iind  firemen  congregate 
when  off  duty.  In  the  forward  half  of  this  shij)  there  are  no 
quarters  for  the  crew — no  such  place,  indeed,  as  a  forecastle. 
The  officers'  cabins  and  the  saloon  an-  located  amidships.  The 
sailors  and  firemen  are  furnished  with  roomy  (|uarters  in  the 
after  'tween  decks,  while  the  petty  otticers— including  boats- 
wain, carpenter,  foremen  cable  hands  and  quartermasters — 
are  given  comfortable  cabins  in  an  after  deck  house. 

By  this  plan  the  forward  'tween  decks  is  left  (|uite  clear  'for 
cable  operations,  and,  with  its  rows  of  ports  on  each  side,  this 
part  of  the  vessel  presents  the  appearance  of  a  light  and  roomy 
workshop.  The  middle  of  this  space  is  occupied  by  the 
duplex  pickino-up  machinery.  This  is  necessarily  as  powerful 
as  any  of  those  fitted  to  larger  vessels,  in  view  of  the  great 
weight  of  the  shore  end  types  which  frequently  have  to  be 
dealt  with.  Noticeable  features  in  the  apparatus  are  the 
double-hehcal  gearing  in  the  picking-up  machine,  and  the 
substitution  of  the  tank  in  the  ordinary  Appold  brake  on  the 
paving-out  drum  by  a  water-jacketed  brake  serving  the  sanse 
purpose  without  the  splashing  entailed  by  the  brake  drum 
running  in  an  open  tank.  The  gear  is  controlled  from  the 
upper  deck,  where  the  man  in  charge  can  see  all  that  is  gomir 
on  in  cable  operations.  The  bov,-  sheaves  (made  of  cast  steel) 
are  especially  light.  They  are  wide  and  flat  in  the  tread. 
t'.iereby  permitting  an  i  rdinary  centipede  grapne'.  boiiig  hove 
right  inboard.  At  the  sides  of  the  'tween  decks  (or  main 
deck,  as  it  actually  is)  grapnels,  coils  of  rope  and  the  vario\is 
tools  involved  in  cable  work  are  conveniently  placed  ready  to 
hand  when  required.  Fig.  2  shows  the  pickiug-up  machinery 
and  gear.  Fig.  3  shows  the  forward  decks  and  gear,  as 
well  as  the  bow  sheaves,  dynamometer.  &-. 

The  fore  part  of  the  upper  deck  is  particularly  free  from 
obstruction  of  any  kind,  thereby  allowing  ample  room  for 
cable  operations  such  as  splicing,  buoying.  &c.  .\11  buoys 
are  stored  in  the  forehold  to  avoid  the  risk  of  havnig  them 
carried  awav  in  bad  weather,  whilst  also  serving  to  keep  tin- 
decks  clear.  Thev  are  located  inunedintely  under  the  derricks 
which  lift  them  s'traiuht  into  the  fore  rigging  in  the  required 
positions  for  lettiui;  go.  The  groimel  ropes,  buoy  moorings 
and  chains  are  so  placed  as  to  be  readily  led  on  to  the  uear  for 
pavins  out.  . 

there  are  two  calile  tanks,  giving  e,  total  ei>iling  space  ot 
about  8.000  cubic  ft.  . 

The  upper  deck  is  constructed  ol  steel  sheathed  with  Oregon 
])ine.  and  has  the  usual  camber  of  about  (i  in.  The  mam  deck 
is  ([uite  flat,  renderiiiir  it  verv  convenient  for  bolting -down  the 
piekiim-up  machinerv  to.  besides  jiroviding  greater  cnbin 
comfort.  In  addition,  the  'tween  decks  are  thereby  reudere.l 
loftier.  This  deck  is  of  steel,  covered  throughout  with  "  Lm- 
silo."  that  composition  providin,:;  a  warm  and  iion-slippmg 
surface.     The    boats   are  carried  in   Wellins"    patent   daMts, 
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Fir.  1.— The  New  c.s-  "  Telconia,"  cf  the  Telegraph  Construction  and  Maintenance  Company. 


Fig.  4.— Test  Room  on  tli:  cs.  "Telccnia,"  opening  on  to  Main  Deck. 
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Fig,  3.— The  Upper  Forward  Deck  of  the  New  c.s.  "Telconii,"  showing  Gear,  Bdw  Sheaves,  Dynamometer,  &c. 


Fig.  2. -The  New  c.s.  "  Telconia,"  showing  the  Pickin|;-up  Michiiie  anH  Gear. 
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\\li:r!i  j;ivo  ;iroiU  facility  for  swiiminj;  in  and  out  and  lo\vi'rin<! 
anil  lioistin<!  witli  case  and  promptitude. 

For  the  size  of  the  ship,  the  eh-ctrical  testing  room  (Kit;.  4) 
is  a  spacious  compartment,  besides  bein;:  e-XceUently  located 
under  tlie  hridne  amidships:  l)ut  the  special  feature  al)out 
this  festint;  room  is  that  a  direct  view  is  olitainal)le  from 
its  three  square  windows  <iii  tl'c  foie  sid.'  of  all  tliar 
j!oes  on  forward, 
thus  enablinj;  tlu- 
electrician  to  be 
in  close  touch 
with  the  prjfircss 
of  the  cable  opera- 
tions— to  see  for 
himself,  indeed, 
when  the  cabK- 
end  is  readv  for 
testinji,  &c. 

The  captain's 
c.'bin  (Fiji.  5)  is 
on  the  bridge 
deck,  and  is  ex- 
<'eptionally  conve- 
nient and  roomy 
for  a  vessel  of 
this  clasts,  and 
the  same  descriji 
tion  applies  to 
the  officers"  cabins 
(which  are  very 
comfortably  fur- 
nished) as  well  as 
to  the  'tween  deck 
passages  and  stair- 
cases, which  show 
no  signs  of  cramp- 


for  carrying  away  all  the  smells 
staircase  provides  direct  couiii 
saloon  and  mess-rooms  without  j 
What  strikes  the  visitor  most 
is  the  altogether  exceptional 
f.ii-  the  p\ir|M)S('s  of  cable  W( 
.iliout     from    (MIC   pr.rt    of    llie    \ 


Fig.  5.— Captain's  Saloon  on  c.5.  "Telconia." 


No  (h'tail  seems  to  have  lie 
tion  in  the  design  of  the  "  Teli 
<'xcellently  placed  on  the  iii)pi 


■n  tliouyht  unworthv  of  atten- 
iiiia."  lor  not  only  is  the  galley 
1   deck,  with  special   provisions 


arrangement  of    tlu 
with     the     designs 
director. 


ol  cooliinu.  but  a  '"service" 
innicatioii  with  the  pantry, 
roing  on  to  the  open  deck, 
with  ri'gard  to  this  new  shij) 
clear  open  space  provided 
>rl<  as  well  as  lor  ;;etting 
•I'^sel  to  aiiotlier.  and  that 
cNerylliinu  is  in 
Its  proper  place, 
instead  of.  ,:s  is 
so  <iften  the  case, 
exactly  where  it 
sluuiM  not  he. 
'I'Ur  lalt.'r  -oint 
lias  a  i-oiiinii'icial 
\aliie.  when  it  is 
ivnieinlicri'd  that 
the  wrong  placing 
i<\  materials  eiii- 
ployr'il  i]i  the  work 
in\dl\'es  liilioiir 
and  time  in 
shiltinu. 

The  -Telconia" 
was  linilt  on  the 
TviM'  bv  Messrs. 
Swan,  ihniter  A- 
Wighaiii  Kichard- 
^on,  the  whole  of 
I  \\r  cable  niachin- 
ei\-  and  appliances 
beine  designed 

and  manufactured 
by  the  Telegraph 
Construction  & 
.Maintenance  Co., 
whilst  the  general 
its  details  is  in  accordance 
\{.     I.ncas.     the     manauing 


THE  ELECTRIC  POWER  SUPPLY  OF  CHICAGO. 


.Althougli  in  tin's  edinitry  «e  possess  many  (  jeetrie  ^'(ntiating 
fitntion.s  of  large  capacity,  and  in  icimoniical  power  production  we 
are  second  to  none,  it  is  i<i  ilic  United  States  of  .\ineriea  that  we  must 
turn  for  examples  of  electric  power  supply  on  the  largest  scale,  for 
generators  of  the  hu>;e<t  capacity,  and  for  the  most  rapid  develop- 
ments of  electric  supply  undertakings.  In  this  coimection  Chicago, 
t  )  which  so  many  icc;.r.ls  have  fallen,  offers,  perhaps,  one  of  the  best 
<'xamples  of  modern  c-ntral  station  design. 

I'ractically  all  tlicdcetrie  lighting  an'l  industrial  service  in  Chicago, 
except  street  liglilin^;,  is  furnished  by  the  Cdininonwi  all  h  Kdison 
Company.  'I'In's  company,  which  is  tlw  result  of  various  eonsolida- 
lions,  has  a  franchise  covering  the  whole  city.  I^csidrs  furnishing 
fleclricity  for  lighting  and  power,  the  com|>any  also  sells  a  large 
amount  of  energy  in  hulk  to  street  and  elevated  railway  companies 
and  to  inter-urban  railways.  In  fact,  all  rec^cnt  rcciuiremcnts  for 
electric  power  supply  due  to  developments  of  (he  railways  and  to  the 
conversion  (^f  the  cable  tramways  to  electric  traction  have  been  met 
by  the  purchase  of  enrrny  from  Ihi'  Commonwealth  Kdison  Company. 

.-Vs  indicating  the  extent  of  its  laeiness,  we  imiy  mention  that  its 
annual  report  for  the  year  ended  Scptcmbet  :i(Mh  last  showed  gross 
receipts  of  nearly  £2.<k'ki.(HK).  and  a  gross  profit  of  hclween  £()(10.(I(K) 
and  £7<HMHKI.  The  connections  to  the  nuiins  on  the  same  dale  were 
<()uivalenl  lo  about  •i.'iO.Oflf)  kw..  excluding'  a  supply  of  nearly 
ri'».()fM»  kw.  to  street  railways  and  other  undertakings. 

The  supply  is  nivrn  from  four  generating  stations,  allhouuli  two 
<if  these  will  eventually  control  most  of  the  load.  These  stations 
■  ipply  current  to  .'$.'}  Nub-slations  of  tlu  company  and  1 1  sub-stations 
li  longing  lo  varitaiM  railway  companies. 

We  give  in  Fig.  1  tin  load  curve  for  December  1.  liMIK.  a  clear  day, 
and  il  v, ill  be  sien  that  the  maximum  load  recorded  was  1 17.. "HI)  kw.. 


the  ave  age  load  beine  ecpiivalent  to  .-)S.r)7l>  Uw..  the  cross-hatched 
portion  of  the  ciu-ve  re|)rc.senting  the  battery  output,  fiji.  2  is  also 
interesting  as  showing  the  proportion  of  the  total  load  on  the  same 
day  which  was  accounted  tor  by  the  supply  for  traction  junjio.ses.  "ud 
also  the  growth  of  the  load  in  the  last  five  years. 

The  outputs  of  the  three  main  stations — viz.,  FIsk-strect,  Quarry- 
street  and  Harri.son-street — are  indicated  in  Fig.  1.  Of  these  stations 
Quarry-street  has  only  recently  been  opened,  and  with  its  )irescnt 
rating  of  42,IM)0  kw..  in  three  units  only,  is  practically  devoted  to 
generating  energy  for  railway  load. 

The  Kisk-street  station,  the  jiiiaieer  steam  tin  bine  power-house  in 
.\ineriea.  was  opened  in  llHI.'i.  ioul  has  now  1(1  turiai-jienerators, 
with  a  ratiim  of  aboiU  KHI.IMKI  kw.  .Although  this  is  only  about 
three-fourths  of  its  ultimate  rating,  it  was  thoufxht  well  to  put  in 
hand  the  Quarry-street  station  last  year,  and.  in  \  ii  w  of  the  mag- 
nitude of  the  operations  of  the  company,  this  step  u.is  certainly 
justified  from  the  point  of  view  of  reliability  of  opeiations.  In  con- 
junction with  other  companies,  energy  is  transmitted  a  total  distance 
of  1(10  mill's  to  the  .south  and  .■)()  miles  to  the  north,  so  that  the  total 
range  of  the  pcjwer  supply  is  no  less  than   l.'iO  miles. 

The  Fisk-strect  station  lies  on  the  south  branch  of  the  Chicago 
river,  about  .'i  miles  southwest  from  the  centre  of  the  business  area, 
whilst  the  new  Quarry-street  station  has  been  erected  in  the  other 
side  of  the  rivi  r  and  adjacent  to  the  Fisk-street  station.  'I'l'  two 
stations  arc  entirely  disliiu't.  and  a  breakdown  in  one  would  not 
affect  the  other.  On  the  otiur  hand,  tlaie  is  one  chief  engiiifcr  foi' 
the  two.  and  the  station  stall's  of  ,'i.")(l  hands  can  be  transferred  Irom 
one  statiiai  to  the  utlur  as  necessaiy.  The  two  stations  ihus.  I  (sides 
operating  in  uni.scin.  mutually  mpport  each  otjifr.  i 

A  direct -current  supjily  of  elietrieal  energy  is  triven   e.t    11.")  ami 
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230  volts  in  the  cenlriil  jiart  of  tlie  rity,  and  also  GO  oyclo  11")  and  230 
volt  single-jiliase  alternating  current  for  lamps  and  for  motors  rated  u]) 
to  5  H.P.  ;  whilst  thrce-plia.'-c  current  is  supplied  for  motors  rated 
above  5  h.p. 

The  greater  part  of  the  output  is  generated  at  9,000  volts  25  cycles 
three  phase  and  transmitted  to  sub-stations.  Sub-stations  for  direct- 
current  energy   distribution   contain   step-down    transformers   and 

140,000 


a.  m.  p.m. 

*Fio.  1. — Lo.\i>  Diagram,  Showing  Propciition  of  Lo.\i>  C.miuikd  hv 
DiFrEiiENT  Stations. 

rotary  converters.  The  sub-stations  for  alternating-current  energy 
distribution  contain  motor-generator  frequency  changers,  whieli 
receive  three-phase  25  cycle  9.000  volt  current  and  deliver  (iO  eyele 
current  for  four -wire  threc-jihase  energy  distribution  with  2,2(i()  volts 
between  each  phase  wire  and  neutral,  and  .'i.SdO  between  phase  w  ires. 
The  district  in  which  a  direct -current  supiily  is  given  extends 
approximately  6-5  miles  north  and  south  along  Lake  Michigan  and 
2  miles  back  from  the  lake.     The  direct -current  network,  which  was 


Fio.  2.— Load  Dia<;ium,  Showing  Total  Loai>,  1908  :  ISailway 
Load,  1S08,  and  Load  in  1903. 

started  many  years  ago,  was  originally  supplied  with  energy  from  a 
.■imall  direct -current  station  in  the  heart  of  the  business  district. 
Ill  1892  a  large  generating  plant  was  built  on  the  t'hicago  river  at 
Hiirrison-street,  about  0'5  mile  from  the  company's  direct  eurrent 
load  centre.  In  the  meantime  small  direct -eurrent  geueiating  plants 
had  also  been  installed.  Later,  various  alternating-current  plants 
which  had  been  established  in  the  residential  districts  were  acquired. 
The  Harrison-street  station,  originally  started  as  a  direct-current 
•All  rightsof  reproduction  of  illustrations  in  this  article  are  rc.-*erved. 


jilant.  became  a  combination  «(  direct  and  alternating  current. 
It  now  has  half  its  iH.OdO  kw.  rating  in  alternating  current  gene- 
rators and  the  other  half  in  generators  for  feeding  energy  directly 
into  the  direct-current  network.  Some  of  the  latter  generators, 
however,  are  provided  with  alternating-current  collector  rings,  so 
as  to  give  either  alternating  or  direct  current. 

The  transmission  of  energy  to  sub-stations  was  first  accomplished 
by  double-current  generators.  The  K.M.F.  was  afterwards  increased 
to  4.5(H)  volts  three  pha.se.  the  energy  being  transmitted  into  sub- 
stations. Later  the  E.M.K.  was  doubled,  making  it  9.(KK)  volts 
three  phase,  which  is  to-day  the  standard  transmission  K.M.F.  of 
the  system.  As  to  fre(|uency,  the  selection  of  25  cycles  made  it 
possible  for  the  su])ply  company  to  offer  electrical  energy  to  the 
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Via.  3. — Typical  Load  Curves  for  various  coNDmoNs  of  tiik 
Chicaqo  Edison  Co.'s  Fisk-.street  Electric  Light  and  Power 
Station. 

electric  railway  companies  at  such  a  voltage  and  frequency  that  it 
could  be  u.sed  in  standard  rotary-converter  sub-stations  erected  by 
the  railway  companies.  If  at  any  time  the  railway  companies 
wished  to  generate  their  own  energy,  no  sub-station  investment 
uoukl  be  lost,  and  the  generating  apparatus  used  to  supply  energy 
to  them  could  be  applied  to  increasing  the  electric  lamp  and  motor 
load.     In  this  way  neither  company  would  take  any  risks. 

A  feature  of  the  direct -eurrent  network  is  the  15  storage  batteries, 
which  are  kept  Hoating  on  the  line  inuely  for  emergeneies.     They 
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.iiv  looatrd  in  converter  siilistntions  and  oecasionally  in  sipaialc 
hnikling!;. 

FlSKSTREET   STATION. 

Tills  station,  of  which  a  view  Is  given  in  Fij;.  5.  afl'ords  an  excellent 
example' of  the  jirogress  made  of  recent  year.s  in  generatini;  ]ilant  for 
I'ower  su|iply.  and  also  of  the  rapid  growth  in  demand  for  energy. 
Some  five  years  at;o,  when  this  st.ition  was  under  construction,  it 
was  arrans-'ed   to   inslal    It   ."i.HiMl  Uw.    tufhine   unit>: — i.i\.   a  total 


l?li>.     '>. — EXTERIOIt    VIKW    OF    I''lSK-sTRl;ET    I'oWEK    STATION    (JF    THE 

CnicAuo  Edison  Co. 

capacity  of  70,(MM»  kw. — which  was  considered  a.s  arajjle  for  the 
requirements  of  many  years.  \ow.  however,  the  station  can  carry 
a  peak  load  of  1(JI),(I(I0  kw.,  although  it  has  not  yet  covered  the  whole 
of  the  site  intended,  whilst  across  the  river  the  company  has  found  it 
necessary  to  erect  another  huge  station — the  Quarry-street  station  — 
to  meet  the  increasing  demand. 

The  first  three  units  installed  in  the  Fisk-street  station  were  ( aeli 
rated  at   .5.111)0  kw..  willi  an  overload  capacity  of  fi,2.')ll  kw.     Tlu 


PowiiB  Stauon  of  th 


C'hraoo  Kdison  Co. 


fourth  unit  was  also  of  5,000  kw.  capacity,  but  its  overload  rating 
was  7,500  kw.  The  last  six  units  are  each  rated  at  8,000  kw., 
and  can  carry  12,000  kw.,  whilst  the  earlier  units  are  nov,  being 
replaced  by  units  of  8,000  kw.  capacity. 

It  is  interesting  to  learn  that  over  l,b(M),(J00  kw.  hours  arc  genera- 
ted in  this  station  each  day,  and  this  is  the  more  striking  when  it  is 


THE  ELECTRICIAN.  JULY  1(3,  1909. 


551 


552 


THE  ELECTRICIAN,  JULY  16,  1909. 


learnt  that  the  first  plant  was  only  started  up  in  October.  lil(>3, 
whilst  the  first  of  the  last  six  large  units  only  came  into  use  in  Sei>- 
tember.  lOlHi.  One  of  the  reasons  for  the  rapid  growth  in  the 
demand  has  been  the  ability  of  the  company  to  otTer  current  to 
various  railway  companies  and  other  consumers  at  ligures  which  are 
beyond  the  possibilities  of  independent  generating  plants.  This  is. 
of  course,  largely  due  to  the  economical  steam  consumpl^ion.  13(1"  lb. 
per  kilowatt-hour,  and  the  low  capital  cost  per  kilowatt  of  the  large 
plant  units  installed.  In  Kig.  3  are  .shown  typical  load  curves  of 
the  Fisk-strect  station  under  dilT.rcnt  conditions. 

Coal  is  brought  in  by  rail,  but  as  a  canal  exists  on  each  side  of  the 
Fisk-street  property,  which  is  situated  on  the  Chicago  river,  coal 
can  in  case  of  emergency  be  brought  by  water. 

The  general  arrangement  of  the  Fisk-strect  station  is  shown  in 
Fig.  7  herewith,  whilst  longitudinal  and  cross-sectional  elevations 
are  shown  in  Figs.  4  and  8.  0]>posite  each  turbine  unit,  at  right 
angles  to  it.  is  a  battery  of  boilers  of  sufficient  size  to  supj)Iy  steam 
to  that  unit.  The  '"  comb  ""  arrangement  of  apparatus  is  a  very 
desirable  one  in  many  respects  and  makes  a  simple  arrangement. 


surf  a 


S(|uare  inch.     The  boilers  have  superheaters  of  i)(IO  scj.  ft. 
and  the  amount  of  superheat  is  15(1  deg. 

Turbine  performance  having  been  brought  to  a  high  state  of 
efficiency,  boiler-room  economics  are  being  strictly  looked  alter. 
Boilers  hive  been  tested  under  very  high  rates  of  e<rmbustion  i  p  to 
loO  to  2(X)  per  cent,  of  their  rated  output.  The  best  economies 
.seem  to  be  obtained  under  these  conditions,  the  flue  gas  tempt  rature 
being  only  a  little  higher  than  at  lower  rates  of  working.  The  coal 
used  averages  ll).4.'!(l  B.TIi.U.  per  pound. 

In  the  regular  operation  of  the  Fisk-strect  station  I  lie  :ii!n  is  to 
vary  the  number  of  turbine  units  in  operation  from  I  lu^  to  time, 
so  as  to  have  each  machine  run  as  nearly  as  possible  at  its  rated  load. 
Boilers  not  in  use.  but  to  be  called  for  at  some  hour  of  the  day,  are 
kept  under  pressure  with  fires  banked.  The  latest  and  most  efficient 
imits  are,  of  course,  operated  as  much  of  the  time  as  |)ossible,  tho 
first  units  installed  being  used  only  for  peak  load.  Tlie  coal  con- 
sumption during  24  hours  averages  about  ."Mi,"?  lb.  per  kilowatt-hour. 

The  steam  pi|)e  line  from  each  row  of  boilers  connects  to  one 
turbine.     Cross-connections  are  2)rovided  so  that  these  boiler  unit 
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oil  the  boilers  .lujiplying  steam  to  a  .single  turbine  unit  on  one  floor 
in  Iwo  straight  lines.  This  plan  simplifies  the  conveying  and  storage 
arrangements,  and  the  piping  is  al.so  not  comjilicated.  I'art  of  the 
boiler  house  is  .seen  in  Fig.  0. 

Coal  is  received  in  the  train  shed  at  one  side  of  the  boiler  room. 
If  it  is  in  dump  cars  it  is  simply  delivered  into  ho|ipers.  from  which 
it  is  taken  by  c<mveyors  to  coal  bunkers  over  the  boilers,  as  shown 
in  Fig.  8.  When  dump  cars  are  not  obtainable  (which  is  true  with 
most  of  the  coal  delivered  to  the  station)  electrically-oi)eraled  grab 
buckets  are  used  to  do  most  of  the  unloading.  In  this  case  it  is.  of 
course,  nece.s.sary  for  labourers  to  clean  out  the  corners  of  the  ears. 
Each  row  of  boilers  has  its  conveyors,  the  .same  set  of  convevors 
serving  for  both  coal  and  ashes.  Each  conveyor  can  handle  ~'>  tons 
per  hour,  the  conveyor,  serving  only  one  turbine  unit.  The  station 
uses  about  1  ..^OO  tons  per  day.  and  the  bunkers  can  hold  Ki.SdO  tons. 

For  each  turbine  unit  there  are  eight  Habcoek  &  \Vi!leo.\  water- 
tube  boilers,  with  B.  &  W.  chain-grate  stokers,  each  boiler  having  a 
heating  surface  of  ."i.OS"  .sq.  ft.  The  usual  rating  of  such  boilers 
gives  a  nominal  rating  of  about  4.1(Xt  h.p.  for  each  bank  of  Ixiilers. 
This  rating,  however,  is  largely  of  academic  interest  in  connection 
with  this  station,  where  the  rates  of  working  the  boilers  and  the 
economy  of  the  turbines  make  it  possible  for  a  bank  of  these  boilers 
to  supply  steam  to  turbines  of  8,(KHI  kw.  rated  output,  working 
sometimes  at  12.fK"»fl  kw.  The  grate  areas  of  boilers  supplying 
steam  to  the  first  three  units  is  7G-.J  sq.  ft.  for  a  heating  surface  of 
."S.OS"  .sq.  ft.  On  unit  Xo.  4  the  boilers  have  a  grate  area  of  8., ■{2.5sq.  ft. 
On  units  5  to  KJ.  which  have  a  rated  output  of  8,(XK)  kw.,  the  boilers 
have  90  sq.  ft.  of  grate  surface.  The.se  boilers  are,  therefore,  worked 
at  a  very  high  rate  of  steaming.     The  steam  pressure  is  2(K)  lb.  |)er 


I'ows  can  be  connected  in  ))airs,  but  jjairs  cannot  he  connccicd 
together.  In  this  way  the  station  is  completely  sectionaliscd,  so 
that  trouble  on  the  pijK-  lines  of  one  unit  cannot  spread  to  others. 

There  is  one  stack  for  each  two  boiler  and  turbine  units.  Three 
of  the  stacks  are  2.')(i  ft.  high  and  18  ft.  I(t  in.  inside  diameter.  The 
other  two  stacks  arc  20(t  ft.  high. 

(To  he  ronlinued.) 


B04RD  OF  TRADE  REVISED  REGULATIONS. 

Owing  to  the  issue  of  the  Home  Ollicc  Regulations  for  tho 
generation,  traiisformation,  distiibutiou  and  use  of  electrical 
energy  in  premises  under  the  Factory  anil  Workshop  Acts, 
1901  and  1!)07,  the  Hoard  of  'riade  have  found  it  necessary,  so 
as  to  jireveiit  overlapping  between  the  regulations  of  the  two 
deiiarlmsnts,  to  amend  the  regulations,  made  under  the  KIcctric 
Lighting  Acts,  1882  ami  18iS8,  for  fecuring  the  safety  of  the 
public  and  for  ensuring  a  proi)cr  and  sufficient  su|)ply  of  elec- 
trical energy.  A  new  series  of  regulations  has  accordingly  just 
been  issued  by  the  IJoard  of  Tiadc,  and  from  July  1,  10O9, 
these  take  the  place  of  the  regulations  previously  made  by  the 
Board,  except  as  to  so  much  of  any  electiical  station  as  was 
constructed  before  .luly  1,  1908.  After  .January  1,  1910, 
however,  the  now  regulation.s  will  entirely  suj)ersede  the 
older  ones. 

Special  foinis  are,  as  before,  pro\ided  to  meet  thr  following 
cases  :  (1)  A  local  authority  in  the  Provinces,  (2)  a  company 
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in  the  Provimcs  or  in  the  City  of  London,  (3)  a  comjiany  in 
Loiiilon  except  as  to  the  City,  and  (4)  a  local  authority  in 
London.  Oidy  small  variations  exist,  however,  between  the 
(lift't'rent  forms,  and  we  shall  merely  mention  the  principal 
alterations  in  the  form  relating  to  local  authorities  in  the 
Provinces.* 

Tlie  expressions  "workshop'  r^nd  "  quarry  "  arc  now 
adileii,  ami  are  stated  to  have  the  same  meaning  as  in  the 
Factory  and  Workshop  Act,  1901.  The  regulations  as  to 
ijfcssure  of  supply  to  consumers  and  the  introduction  of  a 
three-wire  system  into  a  consumer's  premises  do  not  now 
apply  to  factories,  workshops,  mines  or  quarries.  Also,  an 
extra  high  pressure  sliall  not  be  given  to  any  consumer's 
piciiiises  other  than  a  factory,  a  workshop,  a  mine,  a  quarry, 
or  electric  traction  works,  waterworks,  sewerage  or  drainage 
works,  the  consent  of  the  Board  of  Trade  being  necessary  in 
Iho  four  last-mentioned  cases. 

Bc'^a'ations  '.I  and  10,  relating  to  the  earthing  of  trans- 
formers and  the  provision  of  an  automatic  device  for  protect- 
iiif  a  consumer's  wires  from  contact  with  or  leakage  from  the 
high  pressure  circuit  of  transforming  apparatus,  will  not  in 
fiilure  ap|ily  within  the  pi'emises  of  a  factory,  workshop,  mine 
or  quarry,  where  the  high  pressure  tr-ansformer  is  under  the 
juiisdicticm  of  the  Home  Otiice. 

"  Due  provision  is  to  be  made  for  ventilation  and  drainage  in 
sub-stations.'  This  sentence  replaces  in  the  regulations  that 
in  wliich  itVa;  stated  the  plans  of  sub  stations  were  to  be  ap- 
proved by  the  Board  of  Trade. 

No  fus3  or  automatic  circuit  breaker  is  to  be  inserted  in  the 
intermediate  conductor  of  a  three-wire  system;  the  exception 
formerly  made  in  the  cisc  of  systems  where  the  pressure 
betwoi?n  adjacent  conductor's  did  not  exceed  125  volts  is  no 
looser  allowed. 

'I'he  approval  of  the  Postmaster-General  will  in  firture  be  no 
longer  necessary  for  the  earthing  of  the  intcmcdia'c  conductor 
of  a  tliiee-wirc  system. 


SOLID  RECTIFIERS.  1 

ny  (i.  w.  rrcKARD. 

Reference  is  first  made  to  the  early  work  of  Braini  on  unilateral 
f'limliK'tivity.  The  application  of  this  to  rectifying  alternating  or 
iiioiltilintc  currents  docs  not  appear  to  have  been  considered  until 
winltss  telegraphy  had  been  in  use  for  some  years,  and  the  influence 
of  Braun's  incorrect  crystalline-structure  theory  of  the  action  has 
persisted  to  the  present  time. 

Early  in  the  present  investigation  the  writer  discovered  the  neces- 
.sity  of  establishing  for  the  second  circuit  terminal  of  the  unilateral 
conductor  a  contact  not  only  substantially  perfect,  but  of  large  ai'ea. 
In  tile  lack  of  such  a  contact  of  large  area,  the  rectification  obtained 
was  not  only  variable  as  to  direction,  but  was  frequently  entirely 
(ibsont,  owing  to  an  ojipooing  action  at  the  second  contact,  which,  if 
of  small  area,  itsi-lf  acted  as  an  opposing  rectifier,  thereby  reducing 
or  even  eliininating  tlio  observable  rectifying  action.  Also  the 
direction  of  rectiticatifin  i.s  always  the  same  for  the  same  conductor 
regardless  of  the  position  of  the  contact  of  small  area  with  respect  to 
the  crystal  faces  or  structure.  This  is  clearly  shown  by  the  following 
fxpiriment,  which  can  be  made  with  any  asymmetric  conductor. 
Til?  (1  inductor  is  first  shaped  into  a  rough  cube,  and  one  of  its  faces 
prcssril  into  molten  firsible  metal,  which  is  allowed  to  cool  and 
*iliilify,  thereby  securing  a  perfect  contact  of  large  area.  The 
rtmaiiiing  five  edges  of  the  cube  can  then  l)c  explored  with  an 
liectnule  of  small  area,  with  the  invariable  result  that  the  reetitiea- 
tion  observed  is  always  in  one  direction. 

The  writer  has  discovered  a  nimibcr  of  amorphous  rectifying  con- 
ductors. Among  these  arc  varieties  of  silicon,  and  solid  solutions 
»f  certain  metallic  oxiiirs  (imtaldy  zinc  oxide),  in  readily  fusible 
silicates.  Optieal  and  oilu  r  tests  have  shown  the  entire  absence  of 
11  jiii.ir  crystalline  .structure  in  those  conductors,  yet  they  possess 
'iiiik'd  rectifying  ))roperties.  the  rectification  being  always  in  the 
'=11111'  direction  for  the  sami^  conductor.  A  hydraulic  analogy  of  tlie 
SLind  rectifier  is  then  given  by  the  author. 

Among  the  many  solid  rectifiers  discovered  by  the  WTiter.  there 
are  three  which  have  proved  of  commercial  value  in  wireless  coni- 
iiiuiiication.     These    are    the    silicon,    perikon    and    molybdenite 

"  The  previous  regulations  will  be  found  in  "Tire  ELKfrr.icnN  " 
Electrical  Trades'  Directory  and  Handbook,  1909,  p.  217. 
t  Abstract  from  the  "  Electrical  Review  and  Western  Electrician." 


detectors,  constructed  respectively  from  the  unilateral  conductors, 
.silicon,  zinc  oxide  and  molybdenum  .sul])liide.  Although  these  all 
act  as  rectifiers,  they  are  not  e(|ually  efficient  as  wireles.s  detectors, 
the  best  being  the  zinc  oxide  or  perikon  detector.  The  charaet«T- 
istic  voltage  conductance  curves  of  these  three  detoctors.  when  in 
their  most  sensitive  stat  •  as  wireless  detectors,  are  «hf)wn 
in  the  accompanying  curves.  The  rectifying  conductors  wer,"  in  all 
cases  set  in  fusiljle  metal,  to  insure  a  perfect  contact  of  large  area  for 
the  non-rectifying  terminal,  while  the  contact  of  small  area,  or  recti- 
fying terminal,  consisted  of  a  rounded  brass  point  on  both  silicon 
and  molybdenite,  and  a  fragment  of  chaleojiyrite.  or  copper-iron 
sulphide,  for  the  perikon  or  zinc  oxide  detector.  Hy  varying  the 
adjustment,  it  was  found  possilile  to  ]iroduce  much  higher  ratios 
between  the  "  in"'  and  "  out ""  conductances  than  those  shown  in 
the  curves,  but  with  such  adjustments  the  elficietcy  as  a  wireless 
detector  was  found  to  be  materially  n^duced.  ^ 

It  has  also  been  discovered  by  the  WTiter  that  'n  all  solid  rectifier 
detectors  investigated,  the  action  is  materially  improved  by  the  use 
of  a  small  E.M.F.  in  the  detector  circuit,  this  being  arranged  so  as  to 
send  current  through  the  rectifier  in  the  directien  of  the  rectifi  yj 
current,  its  magnitude  being  such  as  to  bring  the  conductance  of  tie 
detector  to  the  steepest  part  of  the  curve. 

The  author  has  no  satisfactory  explanation  of  the  phenomena  of 
rectification  in  solid  conductors.  In  his  early  work  he  adopted  the 
thermoelectric  hypothesis  for  public  explanation,  not  that  it  was 
satisfactory,  but  because  it  was  at  least  understandable  and  fulfilled 
many  of  the  conditions.  Curiously  enough,  all  of  the  rectifying 
conductors  possess  high  thermoelectric  power  as  well  as  high  specific 
resistance  (at  least  in  comparison  with  any  of  the  metallic  conductors) 
and  high  thermal  conductivity.  There  is  undoubtedly  a  connection 
between  high  specific  resistance  and  thermoelectric  power. 

In  the  early  rectifying  conductors  examined  by  the  WTiter  the 
thermoelectric  currents  were  in  the  same  direction  as  the  rectified 
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current.  This  seemed  to  supjiort  the  thermoelectric  theory  of  the 
action,  but  later  a  number  of  rectifying  conductors,  such  as.  for 
example,  impure  silicon,  were  found  to  have  the  thermoelectric 
current  in  the  opposite  direction  to  the  rectified  current,  and  when 
tested  as  detectors  the  resultant  current  was  found  to  be  in  the 
reverse  direction  from  that  |)rodueed  by  heating  the  junction,  thereby 
proving  that  the  action  could  not  be  thermoelectric. 

Although  the  author  has  no  entirely  sati.sfaetory  theory,  he 
advances  the  following  :  As  an  extremely  perfect  contact  of  small 
area  is  one  of  the  requisite  conditions  for  the  manifestation  of  the 
rectifying  property,  it  is  evident  that  the  current  flow  in  the  rectify- 
ing conductor  must  be  extremely  constricted  in  the  immediate 
neighbourhood  of  this  small  contact.  Such  extreme  constriction  of 
current  path  in  material  where  the  conduction  is  not  metallic  may 
lead  to  electronic  impoverishment  of  either  the  positive  or  negative 
electrons,  according  as  the  conductor  is  an  "  in"  or  "out  rectifier, 
thereby  making  the  passage  of  either  "  in"  or  "  out"  currents  difti- 
eult,  the  conductor  and  contact  of  small  area  tlien  acting  as  a  recti- 
fier. The  improvement  noted  when  a  small  E.M.F.  of  the  pro|ier 
amount  and  direction  is  employed  in  the  det<'ctor  circuit  may  per- 
haps be  due  to  the  further  electronic  impoverishment  created  by  such 
a  current. 
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ments accepted  up  to  3:30  P.M.  Thursday. 


"THE   ELECTRICIAN"  INDUSTRIAL   SUPPLEMENT, 

With  "  The  Electrician  "  for  Sept.  14,  1906,  was  is.sued  tbe  first  of  a 
scries  of  "  Industrial  Supplements,"  to  be  published  from  time  to  time 
with  "The  Electrician."  The  thirty-seventh  issue  of  the  Sujjplemeiit  was 
published  (Gratis)  with  the  number  of  "  The  Elkctbician  "  fur  ■June  25. 

The"  Industrial  Supplement"  is  a  comprehensive  record  of  develop- 
ments in  Electrical  Plant,  Machinery,  Apparatus,  Accessories,  Sundries 
and  Materials,  and  of  their  proved  suitability  for  various  Industrial 
purposes. 

The  "  Industrial  Supplement  "  is  holed  for  filing  or  hanging,  and 
filing  covers  can  be  supplied  for  holding  6  or  12  issues. 


BLBGTRIOITT  SUPPLY  TABLES  AND  DATA. 

This  Valuable  Set  of  Tables  and  Engrineering  Data  re- 
lating to  Electricity  Supply  and  to  Electrie  Traction  on 
Railways  and  Tramways  in  the  United  Kingdom,  the 
Colonies,  and  some  important  places  abroad,  are  now 
ready,  and  can  be  obtained  complete  in  handy  book  form, 
price  6s.  6d.  post  free,  or  on  very  hard  paper  for  rough  or 
constant  use,  price  8s.  6d.  post  free.  A  complete  Index 
is  included. 


LARGE  POWER  STATION  UNITS. 

Some  years  ago,  when  the  reciprocating  steam  engine  still 
occupied  the  first  place  in  all  schemes  for  the  production 
of  electrical  energy  on  an  extensive  scale,  it  was  sometimes 
stated  that  no  advantage  would  result  from  increasing  the 
capacity  of  individual  units  beyond  about  7,500  lew.  Tiie 
advent  of  the  steam  turbine  and  its  rapid  developnicnl 
iiave,  however,  considerably  altered  tlie  conditions,  and  there 
would,  at  present,  seem  to  be  jiractically  no  limit  to  the 
economical  size  of  this  type  of  plant ;  in  fact,  the  economy, 
particularly  as  regards  capital  cost,  rosul  ling  from  the  use 
of  units  of  what,  even  two  years  ago,  would  have  been  con- 
sidered a  ])h(nionienal  size  has  scarcely  yet  been  fully 
realised,  whilst  the  cffeel  on  tlie  cost  of  [irodiiction  of  elec- 
trical energy  has  not,  \\\i  to  tlio  present,  hnd  linio  to  become 
a|j])arent. 

Althougii  ill  this  country  wo  have  a  few  examples,  on  a 
smaller  scale,  of  recent  developments  in  turbo-generators,  it 
is  to  America  that  we  must  turn  to  observe  the  rapidity 
with  which  the  construction  of  this  type  of  plant  has  ad- 
vanced concurrently  with  the  demands  for  electric  power, 
i'robably  tlie  most  interesting  example  of  such  progress 
is  jnovided  in  the  case  of  the  ('(miiiionwcaltli  Kdison  (!o., 
of  Chicago.  The  engineers  of  that  company  have  always 
been  to  the  fore  in  appreciating  the  po.ssibilities  of  steam 
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turbiiie.s  When  the  liivge  Fisk-street  station  in  Chicago 
was  constructed  some  five  years  ago,  it  was  designed  for  the 
installation  of  fourteen  5,000  kw.  turbo-generators,  which 
were,  of  course,  at  that  time  mammotli  units  ;  but  after  the 
installation  of  four  units  of  that  size  it  was  decided  to  go  in 
for  still  larger  machines,  and  the  next  six  machines  were 
each  of  8,000  kw.  capacity,  with  an  overload  rating  of 
12,000  kw.  It  will  therefore  be  seen  that  a  station  of  about 
100,000  kw.  capacity  was  equipped  in  only  a  few  years. 

It  might  lie  tliought  that,  with  the  already  existing  power 
stations,  the  demands  of  Chicago  for  electrical  energy  would 
be  met  for  some  time  to  come,  but  this  has  proved  far 
from  being  the  case,  and  last  year  it  was  actually  fouiul 
necessary  to  erect  a  new  power  station, known  as  the  Quarry- 
street  station.  The  most  interesting  feature  of  the  new 
plant  is,  perhaps,  that,  although  two  years  ago  8,000  kw. 
units  were  considered  large,  units  each  of  14,000  kw.  capa- 
city have  been  installed  in  the  new  station,  two  of  them 
coming  into  operation  for  supply  purposes  towards  the  end 
of  last  year,  whilst  a  third  was  installed  last  month.  Even 
this  does  not  appear,  however,  to  meet  the  demands  for 
electrical  energy,  since  the  5,000  kw.  sets  installed  a  few 
years  ago  in  the  Fisk-street  station  are  rapidly  being  re- 
moved to  make  room  for  sets  of  8,000  kw.  ca,pacity.  This 
shows  how  great  an  allowance  for  antiquatiou  should  Ije 
made  under  certain  conditions.  At  present  it  has  been 
decided  to  make  the  14,000  kw.  size  of  unit  a  standard,  but 
in  view  of  the  developments  just  referred  to,  it  is  scarcely 
probable  that  a  limiting  size  has  lieen  reached,  and  engineers 
in  this  country,  where  the  two  6,000  kw.  sets  of  the  Man- 
chester Corporation  and  the  5,500  kw.  sets  of  the  Newcastle 
Power  Company  are  the  largest  examples  of  turbine  con- 
struction, can  only  look  on  in  amazement. 

Such  rapid  growth  in  electrical  power  supply  seems 
almost  phenomenal,  but  it  is  due,  to  a  considerable  extent, 
to  developments  in  electi'ic  traction,  lioth  tramways  and 
railwaj's  ;  in  fact,  the  new  Quarry-street  station,  with  its 
14,000  kw.  units,  is  to  deal  entirely  with  the  traction  load, 
although  it  can  be  coupled  in  parallel  with  the  Fisk-street 
station  when  necessary.  "With  plant  of  this  magnitude  it  is 
obvious  that  capital  charges  are  reduced  very  considerably, 
and  it  is  interesting  to  learn  that  some  of  the  large  contracts 
made  for  power  supply  to  railway  companies  ai-e  based  on 
.a  figure  of  £3  per  annum  per  kw.  of  maximum  demand 
together  with  OliOd. per  unit,  the  maximum  demand  being- 
based  on  the  maximum  consumption  of  energy  in  any  one 
hour.  The  development  of  the  industrial  motor  load  also 
accounts  very  largely  for  the  rapidly  increasing  demand 
for  electrical  energy,  and  with  developments  of  the  magni- 
tude outlined  aliove,  the  metal  lilament  lamp  prolilem — as 
it  is  known  in  this  country — sinks  into  insignificance,  even 
if  it  is  experienced  at  all.  Consideration  of  this  fact  should 
prove  interesting  to  electric  supply  engineers  in  this  country. 

It  will  be  understood  that  the  ra}iid  growth  of  tiie 
Chicago  system  and  the  ecpiipmcnt  of  the  two  large  power 
stations  have  brought  with  them  numerous  problems,  so 
that  considerable  interest  will  doubtless  be  taken  by  onr 
readers  in  the  description  of  the  system  which  we  are  able 
to  supply,  an  instalment  being  given  elsewhere  in  this  issue. 

The  question  of  reliability  is  one  \yhich,  where  the  whole 
power  and  lighting  supply  of  a  city  is  being  concentrated 


in  one  station,  must  be  kept  to  tlie  front,  and  one  is  forcibly 
reminded  of  the  discussions  wliich  took  place  in  connection 
with  the  London  Power  P.ills.  A  compari-son  with  r>f.ndon, 
however,  cannot  be  made,  for  the  conditions  in  the  two 
cities  are  entirely  different.  In  tlic  case  of  Cliicago  the 
electricity  supply  undertaking  has  practically  grown  up 
within  the  last  few  years,  whilst  in  London  a  large  number 
of  independent  medium-sized  power  stations  have  existed 
for  a  long  time,  and  the  possibilities  of  extensive  develop- 
ments in  electric  power  supply  in  London  are,  at  present, 
comparatively  limited.  Although,  perhaps,  considerable 
economies  could  be  effected  by  concentrating  the  power 
supply  for  London  in  one  or  two  generating  stations,  any 
such  saving  would  be  more  than  offset  by  the  loss  due  to 
"  scrapping "  existing  plants  capable  of  performing  useful 
work.  In  a  rapidly  developing  country  such  "  scrapping  " 
might  be  justified,  but  it  is  very  doubtful  whether  it  would 
pay  under  the  conditions  peculiar  to  this  country.  Much 
can  bo  done,  however,  by  co-operation  between  existing 
undertakings,  to  which  point  attention  was  drawn  by 
Mr.  S.  L.  Peaike  in  his  recent  presidential  address  to  the 
Incorporated  IMunicipal  Electrical  Association.  At  the 
present  time,  although  considerable  developments  in 
power  supply  for  industrial  and  domestic  purposes  are 
likely,  we  shall  probably  have  to  wait  for  the  wholesale 
electrification  of  suburban  railways  before  power  stations 
of  a  size  now  becoming  common  in  the  United  States  aie 
laid  down.  In  the  meantime  the  installation  of  large 
units  abroad  will  be  watched  with  interest,  and  additional 
emphasis  will  be  given  to  the  mistakes  so  often  made  in 
installing  units  of  a  size  sutHcieiit  only  to  meet  temporary 
requirements. 

REVIEWS. 

Copies  of  the  undermentioned  works  can  be  had  from  The  Elfcirician  Office,  poet  free, 
on  receipt  of  publislted  price,  adding  3d.  for  books  published  under  2s.  Add  10  per 
cent,  for  abroad  or  for  foreign  books.) 


Simmlung  Elektroteclinische Lehrheite.  E.htcd  liy  Fritz  Hoite. 

(Leipziit :  Johann  Amljrosius  B;irth.)     Vol.  1.  "  Griindgesetze  der 

Allgemeinen    Elektiizitatslehre.'     Pp.   vi.— 1C9.     M.4.     Vol.   II. 

"  Prinzip  und  Wirkings-weise  der  Teclinischen  Messinstrumento 

fiir  Gleichstrom."    I'p.  iv.— 61.    M.2.70.    Vol.  111.  "  Widerstands- 

bestimmungen."     Pp.  viii. — 98.     M.  4. 

These  books  are  apparently  intei\ded  as  the  German  equiva- 

ient  of  ■'  The  Electrician  "  Primers,  and  a  series  of  10  volumes 

is  proposed,  of  which  the  three  above  mentioned  are  the  first 

to  appear.     The  first  two  volumes  of  the  series  are  concerned 

with   the   fundamental   principles    of    direct-current   and   of 

alternate-current  engineering  respectively  ;    Vols.   IIL  to  V. 

will  deal  with  direct-current  and  alternate-current  uuwsurinj; 

instruments  and  supply   meters;    Vols.   VI.   and   \  II.   with 

testing  ;    Vols.  VIII.  and  IX.  with  generators  and  motors  ; 

and  Vol.  X.  will  form  a  summary  of  the  preceding. 

Ill  Vol.  I..  •■  Fundamental  Principles  of  General  Electro- 
technics,"  a  very  clear  and  practical  digest  of  the  essential 
electrical  principles  is  given,  together  with  a  good  deal  of 
valuable  practical  information.  .Starting  from  the  hydraulic 
analogy,  which  is  very  well  put.  the  author  goes  on  to  the 
fundamental  principles  of  electrostatics  and  magnetism,  and 
to  a  remarkal>ly  thorough  discussion  of  units  and  dinu-nsions. 
lie  then  deals  with  electromagnetic  induction,  leading  up  to 
the  essential  theory  of  the  dynamo  machine :  with  primary 
and  secondary  batteries,  and  with  general  electrical  calcula- 
tions. There  are  a  few  blemisiies,  notalily  in  the  treatment 
of  lines  of  force  and  of  the  resultant  magnetic  field  due  to 
several  magnets ;  but  as  a  whole  the  book  may  be  warmly 
recommended  for  those  who  have  had  some  elementary  pre- 
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l)aratioii   in   cli-i-trii-iil   stioiii-o.   and   ro(|uiio   tlic   ossviitials   of 
eloctrotcchiiics  sumniarised  in  a  short  spaco. 

Vol.  III.,  on  the  principles  and  action  of  direct-current 
measuring  instruments,  calls  for  little  comment.  It  is  elemen- 
tary in  character,  and  contains  a  fairly  good  description  of  the 
principal  forms  of  galvanometers,  electrometers,  ammeters 
and  voltmeters,  with  some  iiseful  information  concernino  their 
properties.  Soft  iron  and  hot-wire  instruments  receive  the 
greatest  amount  of  attention,  and  electrostatic  voltmeters, 
including  those  for  extra  high-voltage  measurement,  are 
clearly  explained.  The  latter  part  of  the  work  contains  a 
number  of  diagrams  showing  the  connection  of  ammeters  and 
voltmeters  with  selector  switches  for  various  testing  and  switch- 
hoard  purposes. 

\'ol.  VI..  on  resistance  measurement,  is  a  curious  hook. 
Containing  as  it  does  94  pages  and  V20  illustrations  devoted 
entirely  to  resi.stance  measurement,  it  is  certainly  somewhat 
astonishing  to  find  absolutely  no  mention  of  standards  of 
high  or  low  resistance,  or  of  accurate  methods  of  comparison, 
and  very  little  information  as  to  resistance  alloys,  &c.  It 
devotes  the  first  10  pages  to  the  methods  of  direct  comparison, 
the  ordinary  slide  wire  bridge  and  the  Siemens  universal 
galvanometer,  all  of  which  one  would  have  thought  as  extinct 
as  the  dodo.  As  a  redeeming  feature,  the  Carey-Foster  method 
is  mentioned,  although  it  is  almost  unknown  in  Germany  (but 
the  connections  given  are  very  unsuitable  for  accurate  work)  ; 
and  the  German  form  of  Kelvin  double  bridge,  which  is  cer- 
tainlv  superior  to  those  employed  here.  The  various  methods 
of  measuring  the  resistances  of  coils,  insulation,  batteries, 
galvanometers  and  armatures  are  very  fully  dealt  with,  but 
many  of  the  methods  seem  redundant  and  obvious  to  any 
intelligent  experimenter.  The  final  portions,  on  insulation 
testing  on  su])ply  systems  and  secondary  batteries,  and  on 
fault  testing  on  mains,  seem  sound,  practical,  and  original. 

C.  V.   I). 

Electric  Bells.  Bv  S.  R.  Buttonk.  7th  edition.  (Loiuloii  :  Whit- 
taker  dr  Co.)     ]'p.  vii.— 154.     2s.  net. 

The  author  devotes  the  first  chapter  to  elementary  facts 
relating  to  magnetism,  and  the  second  to  "  the  choice  of  bat- 
teries for  electric  bell  work."  The  latter  is  largely  descriptive 
of  the  actions  which  take  place  withiti  a  primary  cell.  Mr. 
Bottone's  literary  style  is  highly  diverting  at  times,  as  the  fol- 
lowing indicates  :  ""  When  the  entire  surface  of  the  zinc  be- 
comes resplendent  like  a  looking  glass,  the  rubbing  may  cease, 
and  the  zinc  plate  be  rested  up  on  edge  to  allow  the  super- 
fluous mercury  to  drain  off."  He  represents  various  elements 
and  compounds  by  their  chemical  symbols  "■  for  brevity's 
.sake"!  Electromotive  force  is  defined  in  a  footnote  as 
'■  ])ower  to  set  up  a  current  of  electricity." 

Mr.  Bottone  gives  a  very  large  number  of  quotations,  in- 
cluding one  of  ajjparently  several  pages  from  a  Mr.  Edwinson  on 
the  making  of  electric  bells.  Later  on,  in  writing  of  signalling 
bv  bells,  he  ipiotes  two  more  pages  from  Mr.  Edwin.son.  '"  who 
has  given  much  time  to  the  elucidation  of  this  system  of  bell 
signalling."  the  .system  being  one  in  which  long  and  short 
rings  are  employed  to  represent  dashes  and  dots  in  the  Morse 
code  !  We  strongly  recommend  our  readers  to  purchase  this 
one  of  Mr.  Bottone's  many  books  when  in  need  of  light  litera- 
ture with  which  to  while  awav  the  tinu'  if  it  sliould  drag  heavily. 


STREET  LIGHTING  IN  LARGE  CITIES. 

It  will  bo  remembered  that  last  October  the  Streets  Com- 
mittee of  the  Corporation  of  London  was  authorised  to  appoint 
a  deputation  to  visit  certain  Continental  cities  for  the  purpose 
of  inspecting  the  various  systems  of  public  lighting  and  to 
report  thereon.  The  members  subsequent! }•  appointed  to  form 
the  deputation  were  Messrs.  C.  A.  Teuteii  (i-IkiJiiiihii),  B. 
Turner,  J.  Stipher,  J.  Gunion  and  G.  G.  Stanham,  who,  be- 
tween March  isth  and  April  1st,  visited  Bnisscls,  Cologne, 
Diifseldorf,  Berlin,  Dresden,  Vienna,  Munich  and  Paris. 

In  the  report  of  the  deputation,  which  has  just  beea  issued, 
partiailars  of  the  various  systems  of  lighting  inspected  are 


given,  and  also  particulars  of  the  lighting  in  the  City  of  Lon- 
don. This  latter  the  deputation  consider  can  be  materially 
improved,  and  their  conclusions  are  as  follows : — 

1.  That,  wherever  ])ossible,  streets  should  be  lighted  by 
means  of  centrally  hung  lamps  with  lowering  gear.  This  is 
considered  particularly  im()orlant  in  the  City  of  London  where 
the  number  of  obstructions  upon  the  footways  in  the  form  of 
lamp  posts,  bins,  letter-boxes,  &c.,  is  so  large. 

2.  That  open  spaces  should  be  lighted  by  means  of  lamps 
upon  standards,  fitted  with  lowering  gear. 

3.  That  high  pressure  incandescent  gas  lamps  with  inverlcl 
burners  should  be  adopted  as  the  ilhituinaut,  i)ut  where  gis  is 
impracticable,  electricity  with  open  arc  and  tlanic  arc  lamps 
should  be  installed. 

The  deputation  think,  however,  that  before  suggesting  any 
drastic  alterations  in  the  general  lighting  of  the  City  the  Streets 
committee  should  be  authorised  to  arrange  for  some  further 
experimental  lighting  of  the  citj'  thoroughfares. 

We  give  below  a  full  abstract  of  the  particulars  of  the  various 
systems  of  street  lighting  as  contained  in  the  report  of  the 
deputation. 

/iVKwf/s-. — Tlie  main  thoronghCares,  squares  and  markets  are  liglitcd 
liv  means  of  electric  .ire  lamps,  with  an  ordinary  incandescent  ga.s  burner 
on  either  .side.  The  arc  lam])s  are  tin"ned  off  at  midnight,  after  which 
time  the  Hghting  is  supplied  by  gas.  The  side  streets  arc  illuminated  by 
incandescent  gas  burners.  The  total  number  of  ar^-  himps  is  238.  sup- 
l)licd  by  direct  current.  Tlic  di-^iinrc  (not  diagonal)  l)ctHccM  the  lamps 
is  98  ft.  to  115  ft.,  the  avci.rji-  h.i-jlil  nf  ilic  lamjw  boinir  abo\it  20  ft.  The 
width  of  the  streets  in  wlii.  Ii  ■■].!  n  lamps  are  used  varies  from  82  ft.  to 
fl8  ft.  The  cost  per  lamp  per  amium  (half  night  only),  including  interest, 
de])reeiation  and  all  other  charges,  is  £1  1.  its.  7d.  There  are  only  two 
centrally-suspended  electric  arc  lamps  in  the  Market  Place  (width  about 
200  ft.),  taking  1,100  watts  each,  at  an  altitude  of  about  70  ft.  No 
accidents  have  been  reported  to  have  occurred  fnun  this  method  of  attach- 
ment. Electric  glow  lamps  are  not  used  in  the  ]iublic  streets  of  Brussels, 
lucandescetit  gas  lighting  is  largely  used.  The  type  of  lamp  most  pre- 
valent is  a  conic  lamp  with  two  upright  burners,  also  inverted  burners 
in  groups  of  three  or  live.  These  lamps  consume  from  3.1  to  8i  cubic  ft. 
of  gas  per  hour,  according  to  the  burner,  the  illuminating  ])owcr  obtained 
by  the  uiiright  burners  bemg  equal  to  55  candles  and  of  the  inverted 
burners  133  candles.  There  are  no  pu'ilic  liigh- pressure  incandescent 
gas  lamps  in  Bru.ssels.  The  lighting  of  the  city,  both  by  gas  and  elec- 
tricity, is  carried  out  by  the  munici])al  authorities  without  the  interven- 
tion of  a  contractor. 

('olo'jvc. — The  imjiortant  streets  of  the  city  are  lighted  by  centrally- 
hung  electric  lamps,  the  open  spaces  by  a  combination  of  electricity  and 
gas,  as  in  Brussels,  the  minor  streets  mainly  by  incandescent  gas  lamps 
upon  standards.  The  total  number  of  arc  lamps  is  42t>,  supplied  by 
alternating  current,  both  ojieu  and  tlame  lamps  being  used.  One-half 
of  the  lamps  are  ceiitrally  hung,  the  others  being  ti.xed  ujion  standards. 
The  distance  between  the  open  lamps  is  88  ft.  to  115  ft.,  and  between 
the  ilamc  lam])s  121  ft.  to  148  ft.  The  lamps  are  fi.\ed  at  a  height  of 
from  26  ft.  to  33  ft.  in  streets  fnun  23  ft.  to  148  ft.  wide.  The  cost  per 
ainuini  per  lam|>.  including  interest,  depreciation.  &e..  is  for  open  lamps 
£11.  .js.  (id.  ea-h.  for  llame  lamps  £0.  (is.  3d.  each.  The  cenlrally-sns- 
pcnded  arc  lamps  arc  fixed  about  .'(0  ft.  above  the  roadway.  110  ft.  apart, 
and  give  a  light  ecpial  to  about  1 .300  candles  each.  By  a  simple  arrange- 
ment the  lamps  are  drawn  aside  over  the  pavement  and  lowered  for 
trimmii\g.  &c.  Only  one  ucci<lont  lias  been  reported  since  the  lamiis 
were  fixed. 

1 17  electric  glow  lamp.s  are  used  in  the  street,';,  of  which- 30  are  carbon 
lilameni  14  e.p.  lamp.s,  and  87  metal  filament  28  c.p.  lamps.  The  lamps 
are  fixed  in  groups  ujion  columns  abnut  100  ft.  apart,  at  an  average  height 
of  11  ft.  ()  in.  The  cost  per  annum  ])cr  lamp,  including  interest,  depre- 
ciation, &c.,  is.  for  carbon  filament  lamps.  £2.  14s..  metal  filament  lamps 
£2.  4s.  2d  There  are  only  10  high-pressure  ga.s  lamps,  giving  a  light 
of  from  400  c.p.  to  1,080  e.p.,  and  are  purely  ex|)erimental.  Incan- 
descent gas  lighting  (low  pressure)  is  largely  used,  there  being  192  miles 
of  side  streets.  The  gas  per  burner  is  about  4|  cubic  ft.  per  liour, 
giving  a  light  of  (13  c.p.  to  72  c.]).  The  cost  per  annum,  including  in- 
terest, de|ueciation,  &c.,  is,  f(U-  lighting  up  to  midnight,  £2.  lis.  8d..  all 
ni^ht  £3.  us.  3d.  (ias  and  electric  lighting  arc  jnovided  by  the  munici 
pahty. 

Diisxr/dnr/. — The  city  is  lighted  in  a  somewhat  similar  manner  to 
Cologne — arc  lam]>s  cm  standards  and  i-cntrally  hiuig.  siipplcmcnteil  by 
inc.iudescent  gas.  The  total  number  of  arc  lamps  is  334.  of  which  24  are 
supplied  by  alternating  current  and  310  by  direct  cnrrent.  Open  and 
flame  lamps  are  used,  each  l.imp  taking  about  (i50  watts.  149  of  these 
lamps  are  fixed  upon  standards  and  brackets,  centrally-suspended  lamps 
to  the  number  of  185  being  used  in  narrow  streets,  the  lowering  gear 
being  fixed  to  (he  sides  of  tile  houses,  as  in  Cologne.  The  average  dis- 
tance between  open  lamps  is  about  104  ft.,  and  between  (lame  lam]is 
197  ft.  to  394  ft.  The  lamps  give  a  light  of  about  2.000  c.p..  and  are  fixed 
at  a  height  of  about  .'iO  ft.  in  streets  from  33  ft.  to  9S  ft.  in  width.  One- 
half  of  the  lamps  are  extinguished  at  midnight.  The  total  cost  per 
annum  per  lamp,  including  interest,  depreciation,  &c.,  is  £17.  13s.  Klee- 
trii-  glow  lamps  are  used  also;  there  are  120  carbon  filament  lamps  of 
1 4  c.p.  and  22  c.p.,  and  1 1 1  metal  filament  lamps  of  22  e.p.  and  tK)  cj). 
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Iiicaiul<wcfnl  t,'as  lit'liliiif^  is  used  gi'iifiiilly  in  llii'  sirrcts  mmiI  Ini'  oiiia- 

,  mental  liglitiiifi.  ami   tlic  lights  are  of  the  uiirigtil  iiiiaiiilfocx'iit  type, 

1  consuming  alioiit  4-4  luliic  ft.  per  hour,  with  an  ilhiminatiiig  power  of 

I  72J  eatullcs.     'I'lio  eosl  pii-  annum,  inehuling  interest,  depreeiation,  &e., 

is,  lip  to  midnight,  ill.   14s.,  all  night  £,"!.  8s.  .'td.     There  are  no  publie 

high-|iiessiiic  gas  lamps,     (ias  and  cleetrieity  are  made  and  supplied  by 

the  munii-ipalily. 

j      Berlin. — (las  is  manufactured  by  the  municipality,  but  cleetrieity  is 

j  purchased  in  bulk  from  a  private  company.     The  total  number  of  are 

i  lam])s  (open  and  Hanie)  is  Hti4,  supjilied  by  direct  current.     <i(i4  of  these 

laniiis  arc  fixed  U]>on  standanis  and  200  are  .suspended  acro.ss  the  strcet.s 

centrally  hung.     The  dislaucc  between  the  open  lamps  is  from  100ft. 

to  l.'iO  ft.  and  08  ft.  between  the  lianU'  lamp.5.     The  open  and  flame  lamps 

are  fi.xed  at  heights  of  26  ft.  to  31  ft.,  a  few  flame  lamps  being  .52  ft.  high  ; 

'   oue-half  of  the  lamp.s  are  extinguished  at  midnight.  212electricglowlamp.s 

are  used,  177  licing  (jf  the  Nernst  type,  14  carbon  filament  14  c.p.  lamps, 

and  21  metal  lilannTit  440  c.p.  lamps. 

High-jiressuic  g.is  lighting  is  very  largely  and  effectively  used  in  Bei'lin. 
25  miles  of  streets  being  lit  by  1,531  lamps  fitted  with  upright  and  in- 
verted burners,  two  and  three  burners  in  each  lantern  ;  they  are  supplied 
direct  from  four  separate  compressing  plants  at  a  pressure  of  about 
53  in.  to  78  in.  (water  gauge).  The  newest  type  of  lamps — viz.,  the 
•'  Graetzin  "  high-pressure  inverted  lamp,  being  fitted  with  three  in- 
verted burners  jier  lantern — give  an  illuminating  value  of  over  4,000  c.p. 
for  a  consumption  <if  84-8  cubic  ft.  of  gas  per  hour,  two  burners  being 
extinguished  at  miduighl.  The  di.stance  apart  of  these  high-pressure 
lamps  is  from  !tll  ft.  to  100  ft.,  and  the  average  height  of  the  lamps  above 
the  roadway  about  1!)  ft.  The  price  of  gas  was  stated  to  be  Is.  4Jd.  per 
1,000  cubic  ft.  for  publie  lighting  purposes.  The  calorific  value  being 
540  B.Tli.U.  Thi.s  compares  favourably  with  the  porposed  calorific 
standard  fm-  London  gas — viz.,  14  candles,  500  B.Th.U. — as  insert<?d  in 
the  (las  Light  &  ( 'i  il;e  ( 'o.'s  bill  before  Parliament  this  session. 

The  Berlin  authorities  have  decided  to  spend  £350,000  in  installing  the 
latest  patterns  of  high-pressure  gas  lamps  with  inverted  burners,  in  lieu 
of  the  existing  gas  and  electric  lamps.  Expenditure  in  this  direction  has 
been  going  on  for  two  years  at  the  rate  of  f  ."iOjOOO  a  year,  and  will  be  con- 
tinued at  the  same  rate  for  the  next  five  years.  The  lamps  used  arc 
graded  according  to  the  imjiortance  of  the  thoroughfares — at  junctions  of 
main  streets,  lamps  of  4,000  c.p.  ;  in  main  thoroughfares,  lamps  of 
2,000  c.p.  ;  and  in  other  streets,  lamps  of  1,000.  600,  400  and  200  c.p., 
the  400  c.p.  and  200  I'.p.  lamps  being  on  low  pressure.  So  far  as  gas  is 
concerned,  four-fifths  of  the  city  is  lighted  by  the  municipal  authority. 
Incandescent  gas  lighting  (low  pressure)  is  used  for  the  side  streets,  there 
being  about  466  miles  of  streets  lighted  by  3,000  upright  burners  and 
2,600  inverted  burner  lamps.  The  upright  burners  consume  about 
44  cubic  ft.,  atui  give  f)3  c.p.  to  70  c.p.,  and  the  inverted  burners  consume 
about  3\  cubic  ft.  and  give  about  100  c.p.  The  lamps  are  Kxed  from 
82  ft.  to  !)2  ft.  apart  on  the  diagonal,  at  a  height  of  1 1  ft.  6  in.  to  14  ft.  6  in. 
In  future  incandescent  gas  lighting  only  will  be  used  in  Berlin. 

For  the  "  fJraetzin  "  high-]iressurc  g:is  lamji,  a  three-burner  inverted 
lamp,  made  to  connect  on  to  a  compressiug  jilant  at  about  54  in.  to  67  in. 
pres.sure  (water  gauge),  an  efliciency  of  from  45  to  55  caudles  per  foot  of 
gas  is  claimed.  Its  dimensions  over  all  are  3  ft.  9  in.  hy  2  ft.  2  in.  Its 
weight  is  861b.  The  mantles  at  the  present  time  are  in  use  for  about 
nine  days  ;  it  is,  however,  probable  that  the  life  of  the  mantle  will  be 
lengthened.  One  attendant  serves  about  50  lamps — that  is,  he  has  to 
clean  them,  re]ilace  the  mantles,  Ac.  The  extinguishing  and  lighting 
are  eai'ried  out  automatically  by  change  of  jucssure  ;  after  midnight, 
however,  it  is  done  by  hand.  The  streets  will  be  divided  into  six  classes, 
the  lir.-l  three  classes  having  inverted  high-pressiirc  gas  lamps  of  4,000, 
2,000  and  1,000  c.p.  respectively,  and  the  three  remaining  classes  low- 
pressure  inverted  lamps  of  600,  400  and  200  c.p.  respectively. 

Drexdeii. — The  total  number  of  electric  arc  lamps  is  425,  supplied  by 
alternating  current,  the  ty])c  of  lamjis  used  being  open  (124),  flame  (301). 
238  lamjis  are  fixed  iijion  side  |iosts.  187  being  suspended  across  the  centre 
nf  the  streets,  with  side  lowering  gear.  The  average  distance  between 
open  lamps  is  abcnit  148  ft.,  aiul  llamc  lamps  180  ft.  The  lamps  are  fixed 
at  a  height  of  about  26  ft.  in  streets  having  an  average  width  of  65  ft. 
The  average  cost  per  annum  per  lamp,  including  interest,  deiireciation. 
&c..,  is  about  £26.  Electric  glow  lamps  arc  largely  used  in  tlu'  streets, 
and  are  fixed  upon  standards  and  brackets,  and  also  centrally  hung. 
72 carbon  filament  lamps  are  of  14  c.p.  and  22  c.p.,  and  437  metal  tilauieut 
lamps  are  of  22,  44  and  260  c.p.  The  lamps  are  fixed  about  100  ft.  apart 
at  a  height  of  Ki  ft.,  and  cost  £2. 14s.  per  lamp  per  annum. 

The  side  streets  are  lit  by  means  of  low-pressure  incRndescent  gas  in 
lanterns  fixed  u|)on  brackets.  The  electric  arc  lami)s  are  switched  off  at 
midnight,  leaving  incandescent  gas  lighting  only.  There  are  11,715 
low-piissure  incandescent  gas  lamp.s.  giving  82  c.]).  to  109  c.p.  for  about 
5  cubic  ft.  of  gas  per  hour.  'J'he  lamps  are  fixed  about  10  ft.  (i  in.  abi>vc 
the  roadway  at  distances  of  50  ft.  to  100  ft.  apart,  the  cost  per  annum 
per  lamp  being  £3.  There  are  only  15  inverted  btirner  lamps,  and  high- 
pressure  incandescent  gas  lamps  are  not  at  present  installed,  tlas  nnd 
electricity  arc  made  and  supplied  by  the  municipal  authority. 

Vienna. — The  general  arrangement  for  lighting  is  by  means  of  electric 
lamps  upon  columns,  with  incandescent  cas  lamps  fixed  upon  brackets 
below,  the  electricity  being  switched  off  at  midnight.  The  total  number 
of  electric  are  lamps  is  1,155,  of  which  1,139  are  .supplied  by  direct  cur- 
rent, 16  only  being  by  alternating  current.  There  are  no  tlame  arc  lamps 
used  f(M'  street  lighting.  Th'ue  arc  five  centrally-hung  electric  lamps, 
and  in  three  cases  are  lamps  have  fallen,  but  without  causing  injury  to 
passers  by.  The  open  lamps  are  fixed  upon  standards  at  a  distance  of 
about  115  ft.,  at  a  height  of  25  ft.  to  40  ft.     The  average  width  of  streets 


in  Vieuu.i  is  nearly  100  ft.  The  co.st  i>cr  annum  per  lamp,  including 
interest.  dei)reciation,  &c.,  varies  from  £16  to  £35,  according  to  the  hours 
of  lighting.  There  arc  686  electric  glow  lamjis  in  use  for  street  lighting 
and  148  for  the  three  bridges  over  the  Danube.  The  electric  glow  Limps 
are  fixed  at  a  height  of  about  10  ft.  At  points  where  the  traffic  is  1  e  ivy 
two  lateral  arms  (each  with  one  carbon  filament  lamp  of  25  c.p.)  are  fix;d 
to  the  arc  lamp  columns.  These  glow  lamps  are  not  switched  on  until 
12  o'clock  at  night,  when  the  arc  lamps  are  extinguished.  The  annual 
cost  of  those  burning  all  night  is  £6.  12s.  (id.  per  lamp,  including  interest 
and  renewal  of  lanijis,  £3.  lis.  9d.  per  lamp  being  the  estimated  cost  of 
running  (ho  half-night  lamps. 

Only  nine  high-pressure  inverted  gas  lamps  have  been  fixed  for  experi- 
mental purposes  ;  these  are  of  the  "  Graetzin  "  type.  At  present  the 
lamps  are  only  kept  alight  until  10  p.m.  They  are  fixed  upon  standards 
at  distances  of  about  90  ft.  to  105  ft.  apart,  at  an  average  height  of  23  ft. 
The  annual  cost  of  these  lamp<  cannot  at  present  be  given,  but  the  cost 
of  gas  in  Vienna  is  about  4s.  jier  1,000  cubic  ft.  l.<jw-pressiire  incan- 
descent gas  lighting  is  largely  used  both  with  the  upright  and  inverted 
mantles.  The  .shadowless  so-called  "  Ritter  "  lanterns  are  generally 
used,  consuming  about  4  to  4}  cubic  ft.  of  gas  per  hour,  and  giving  about 
63  c.p.  The  cost  per  annum,  including  interest,  &c.,  is  for  a  single 
burner,  evening  £2.  3s.  7d.,  all  night  £2.  12s.  3d.  The  side  streets  are 
lighted  generally  with  incandescent  gas.  Gas  and  electricity  are  made 
and  supplied  by  the  municipal  authorities.  There  also  exist  two  pri- 
vately-owned gas  companies  and  one  private  electric  light  company. 

Munich. — The  number  of  arc  lamps  is  about  900,  su])i)lied  by  direct 
current.  Open  lamps  of  the  "  Alba-Carbon  "'  tyjic  arc  generally  used. 
There  are  also  78  flame  lam)is.  About  imc-half  of  the  lam))s  are  fixed 
upon  standards  al  ilisiioic  rs  ..f  :il>i.ut  200  ft.  apart,  the  lamps  being  about 
33  ft.  above  the  pivmuni  l,\.-l  in  streets  about  80  ft.  wide.  The  flame 
lamps  are  plac  eil  at  .ni-iaL'<'  ili-lanees  of  lliO  ft.,  at  a  height  of  33  ft.,  in 
streets  about  70  ft.  wide.  Centrally-hung  lamps  are  fitted  with  lowering 
gear,  and  in  some  of  the  widest  streets  as  many  as  three  arc  lamps  are 
suspended  across  the  road  on  a  single  line.  The  cost  per  annum  per  lamp 
for  arc  lamps.  imlnilinL'  interest,  &c.,  is,  for  open  lamp.s,  about  £29.  flame 
lamps  £27.  <H  i  1. ,  1 1  n  i;low  lamps  there  are  96  in  use,  metal  filament 
lamps  being  gcnrrally  ailojited.  They  are  fi.xed  on  central  posts  (three 
in  each  lantern),  and  also  on  brackets,  the  distances  between  the  lamps 
being  about  162  ft.,  at  a  height  of  13  ft.  in  streets  about  33  ft.  wide.  The 
cost  per  annum  per  ,55  watt  lamp,  including  interest,  &c.,  is  £3.  8s.  8d. 

High-piessure  incandescent  gas  lamps  are  not  at  present  installed.  The 
cost  of  low-pressure  72  c.p.  incandescent  gas  lam|)s,  including  interest, 
&c..  is  £4.  4s.  4d.  per  annum.  C!as  and  electricity  arc  made  and  sup])lied 
by  the  municipal  authorities. 

Paris. — The  general  arrangement  for  lighting  the  streets  is  much  the 
same  as  in  London,  electric  lamps  ujion  columns  being  generally  uscil. 
The  total  number  of  arc  lamps  is  1,899.  of  which  559  are  supplied  by 
alternating  current  and  1,340  by  direct  current.  The  lamps  are  fixed 
about  100  ft.  apart  at  about  14  ft.  to  18  ft.  high,  the  main  streets  being 
70  ft.  to  100  ft.  wide.  A  large  number  of  these  lani|)s  are  extinguished 
at  1  a.m.     Electric  glow  lamps  are  not  used  in  the  public  streets. 

The  types  of  incandescent  gas  lamjis  (low  pressure)  principally  used 
are  Bandsept.  Penezrouze,  La  Couronne,  K?rn,  Honderele  and  Tirci|net, 
Ac,  the  3  ft.  per  hour  lamp  giving  .xboiit  661  c.p.,  and  the  Lamps  arc  fixed 
about  80  ft.  apart  on  columns  on  the  sides  of  the  streets.  T'here  is  not 
any  high-pressure  gas  lighting  in  P.nris.  Klei  trieity  ■■md  g.is  ,\re  ^upiilied 
by  companies  under  arrangements  with  tlie  uuiiiici|ial  luthonlies. 

Ill  an  sppeiidi.x  to  the  report  are  given  ]);irticulars  of  tlie 
street  lighting  in  the  City  of  London  ;  our  rcader.s,  however, 
have  been  fully  informed  of  all  developments  in  this  connec- 
tion. We  may  mention,  lio\ve\er,  that  (ho  total  number  of 
electric  arc  lamps  is  450,  and  that  119  high-pressure  Keith 
gas  lamps  are  installed  ;  whilst  the  number  of  low-pressure  gas 
lamps,  principally  single  burners  of  the  upright  type,  at  the 
end  of  the  year  lOO."^  was  2,(U0. 


CORRESPONDENCE. 

DIFFERENTIAL    RA1>LISTI('   MKTHODS   OF  ME.VSl'R- 

ING  HYSTERESIS  LOSSES. 

TO  THE  EDrroR  op  thk  electrician. 

Sir  :  1  can  merely  repeat  that  I  understand  and  sliaro  'Sir. 
Wild's  strong  feeling  of  scepticism  about  our  results  with 
bundles  ;  but  the  matter  is  one  rather  for  experimental  inves- 
tigation than  for  open  discussion,  and  had  better  be  left  in 
abeyance  till  I  can  resume  the  experiments  which  are  tem- 
porarily suspended.  I  am  only  too  happy  to  have  suggestions 
from  Mr.  Wild  as  to  likely  soiirces  of  error,  and  if  any  mistake 
has  been  made  I  shall  be  the  first  to  acknowledge  it. 

I  should  like,  however,  to  satisfy  Uv.  Wild  that,  in  the  total 
loss  method,  due  allowance  has  been  made  for  the  want  of 
uniformity  in  the  induction  along  the  test-piece.  There  is,  of 
course,  a  decrease  in  the  hysteresis  loss  per  cubic  centimetre 
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towards  the  ends  of  a  bundle  of  stiaiulit  strips  owiiij;  to  the 
falling  away  of  the  induction.  Tliis  may  he  taken  into  account 
in  two  ways,  either  (!)  hy  applying  a  correction  to  the  induc- 
tion as  measured,  say,  at  the  centre,  or  (2)  by  applyini:  ;i 
correction  to  the  measured  loss. 

1.  In  the  first  place  we  may  take  the  measured  total  loss 
in  the  whole  specimen  and  ask :  What  uniform  induction 
throuj;hout  the  length  of  the  test-piece  would  give  rise  to  this 
loss?  Obviously  an  induction  less  than  that  at  the  centre. 
Calling  B,  this  equivalent  uniform  induction  and  B,  the  induc- 
tion at  the  centre  we  may  write 

B,=  B,x  induction  correcting  factor. 
The  induction  correcting  factor  is  less  than  unity,  and  its  value 
can  be  anived  at  by  the  following  ])rocess  :  In  a  sjiecimcn  of 
length  I  and  cross-section  A,  let  B^  be  the  induction  at  a  dis- 
tance X  from  one  end.  Then  the  loss  in  an  element  dx  is 
i/ABx^'v/j,    and    the   total    loss    in  the    whole   specimen    is 

/•*='  .  ... 

i/A  I  Bx^''tlJ',    where    ?/   is    the   hysteretic   co-efficient  of    the 

material.  But  if  the  induction  were  uniform  throughout  the 
length  of  the  specimen  and  equal  to  the  equivalent  induction, 
the  total  loss  would  be  );/AB/ ''.  Hence,  equating  these  two 
expressions  for  the  total  loss,  we  have 


B, 


-\/]IB''''^^^(\/ii^^lBH- 


The  quantity  in  brackets  is  evidently  the  induction  corr-cting 
factor,  and  its  value  can  be  found  once  the  relation  of  Bx  to 
B,  is  known,  .\ssuniing  the  relation  between  Bx  and  B,. 
given  by  Mr.  Gill  (-'Phil.  Mag.,"  Vol.  XLVI.,  p.  4;-(8, 
November,  1898),  it  follows  that  for  short  bundles  the  induc- 
tion correcting  factor  is  constant  and  equal  to  about  0-71. 


,   ^     ,  ,  ( loss  corroctnis; 

Actual  lossx  c    ^  ^ 

I        factor. 

'"il.v  and  the  loss  with  a  uni- 


=  1  •().■! 


2.  The  other  method  of  allowing  for  the  variation  of  induc- 
tion in  the  specimen  is  to  take  the  measured  loss  and  ask : 
What  would  this  loss  be  if  the  induction  were  uniform 
throughout  the  length  of  th«  bundle  and  the  same  as  that  at 
the  centre  ?  Cleaily  the  loss  would  be  greater.  If  we  are  to 
refer  the  measured  lo.ss  to  the  induction  at  the  centre  we  must, 
therefore,  introduce  a  correcting  factor  and  write 
Loss  with  induction  uni- 1  _ 
form  and  e(jual  to  B,    )  " 

Since  the  actual  loss  is  //A  [  B 

form  induction  B,.  is  //A/B^' "  we  have  :— 
Loss  correcting  factor 

=      IB^' ^ 1_  1 

lp°'i-«.       (induction  correcting  factor)"* ^(0-74)'" 
J-—') 
The  loss  correcting  factor,  like  the  induction  correcting  factor, 
i,s  thus  constant  for  short  bundles. 

It  is  purely  a  question  of  individual  preference  which  of  the 
two  methods  of  correctiiig  for  ihe  want  of  uniformity  in  the 
induction  is  employed.  In  the  first  the  actual  loss  is  icfcrred 
to  an  ideal  uniform  distribution  of  induction  which  would  give 
rise  to  the  same  loss,  whereas  in  the  second  the  actual  loss  is 
increased  so  as  to  represent  what  the  loss  would  be  if  the  in- 
duction w^re  uniform  and  equal  to  that  at  the  centre.  The 
first  i.s  the  point  of  view  from  which  we  have  regarded  the 
matter  in  making  our  experiments,  the  second  is  the  point  of 
view  which  Mr.  Wild  appears  to  prefer;  but  in  the  final  result 
there  can  be  no  difference  whichever  method  is  adopted.  It 
is  certainly  most  remarkable  that  in  the  second  method  the 
loss  correcting  factor,  as  deduced  from  Steinmetz's  law  of 
hysteresis  and  Gill's  law  of  distribution  of  induction,  should 
be  almost  exactly  the   same  as  the  experimentally  obtained 


discrei)ancy  factor  of  J-(),5  observed  by  us.  But  I  do  not  see 
that  there  is  any  necessary  connection  between  them,  and  I 
do  not  regard  the  coincidence  in  value  as  other  than  accidental. 
In  any  case  I  think  it  wise  to  await  the  completion  of  the 
experiments   before  any  further  discussion  is  entered  up. 

To  correct  for  the  non-uniformity  of  the  induction  in  cut  rings 
or  jointed  squares  when  arranged  for  total  loss  hysteresis  tests 
Mr.  Wild  has  only  to  determine  the  distribution  of  induction 
round  the  ring  or  square,  and  calculate  the  required  correcting 
factor  by  means  of  the  expressions  above  given.  Or,  what 
amounts  to  the  same  thing,  he  has  but  to  refer  his  measured 
loss  to  an  equivalent  uniform  induction  which  is  arrived  at  by 

"■/iwn 

evaluating  A/   ^  I  Ba"''(/j.  .    In    other   words,   the   equivalent 

uniform  induction  in  all  such  cases  is  equal  to  the  rfithroot 
of  the  mean  value  of  B.,'"  round  the  ring  or  square. — I 
am,  &c., 

Manchester  University,  Jidy  10.  Robert  Be.\ttie. 

RAILWAY  ELECTRIFICATION. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir  :  I  read  your  esteemed  periodical  regularly  with  a 
great  deal  of  interest,  as  it  is  about  the  broadest  paper  in  the 
electrical  field.  In  your  issue  of  June  4th  I  noted  your 
editorial  on  railway  electrification,  in  which  you  refer  to  thr 
New  Haven  electrification  and  incidentally  to  a  comparison 
between  New  Haven  and  New  York  Central  service.  Evidentl\ 
the  information  furnished  you  has  been  somewhat  misleading;. 
I  therefore  call  your  attention  to  the  following  facts. 

The  New  Haven  and  the  New  York  Central  engines  arc  of 
very  closely  the  same  size  and  weight.  They  both  weigh  l"<t 
tons  in  round  figures.  It  takes  two  New  Haven  locomotives 
to  haul  the  trains  which  are  readily  handled  by  one  Now 
York  Central  locomotive.  It  is  true  that  the  manufacturers 
of  single-phase  apparatus  point  out  to  the  public  that  the  New 
York  Central  locomotives  are  now  used  to  Wakefield  only,  or 
for  a  run  of  about  13  miles,  while  the  New  Haven  locomotivi' 
operate  over  a  distance  of  33  miles.  They  insinuate  that  tin- 
diflere.nce  in  length  of  haul  explains  the  difference  in  perform- 
ance of  the  two  types  of  locomotives.  But  they  know  full 
well  that  the  New  York  Central  locomotives  were  bought  on 
s])ccifications  w-hich  call  for  regular  runs  to  Croton,  a  distance 
of  35  miles,  as  compared  with  the  New  Haven  33  miles  to 
Stamford.  They  also  know  that  the  New  York  (entrul 
engines  are  fully  up  to  their  guarantees. 

The  New  Haven  installation,  being  the  first  and  only  Ameri- 
can single-phase  installation  on  trunk  line  scale,  has  naturRlly 
been  used  for  advertising  purposes  a  great  deal.     This  mean" 
that  some  of  its  good  points  have  been  praised  beyond  tm  i 
sure,  and  some  of  its  weak  points  passed  over,  even  in  M 
Murray's  recent   Paper,  which  on  the  face  professed  to  be 
description  of  the  weaknesses  of  the  New  Haven  system. 

The  following  arc  some  facts  admitted  by  the  single-phusi 
enthusiasts,  but  not  generally  mentioned. 

The  problem  of  electrification  of  the  New  York,  New  Havni 
and  Hartford  Railroad  to  Stamford,  Conn.,  was  put  befiM 
the  manufacturers  in  a  call  for  locomotives  capable  of  haulin 
a  20()-ton  trailing  load  at  a  schedule  speed  of  26  miles  jur 
hour,  with  stops  of  45  seconds  duration  each,  spaced  an 
average  of  2  miles  apart.  The  single-phase  system  is  said  to 
have  been  adopted  for  the  New  Haven  railway  because  it  was 
believed  to  be  cheaper  in  first  cost  and  in  cost  of  operati^m 
than  any  other  system. 

The  original  estimate  shows  a  figure  of  .$12,435  per  mile  lor 
single-phase  line  equipment  for  four  tracks  and  a  figure  of 
S30,()()()  a  piece  for  single-phase  locomotives  estimated  to  weigh 
not  over  7G  tons.  The  actual  cost  of  the  single-phase  line 
equipment  was  over  850,(HJ()  per  mile,  and  the  single-phase 
locomotives  actually  weigh  1025  tons  each  and  cost  .?15,lMHi 
apiece. 

Justice  demands  in  this  connection  to  state  that  the  New 
Haven  single-phase  line  etiuipmcnt  was  probably  put  in  tcm 
heavy  in  a  laudable  attempt  to  secure  the  greatest  possibli' 
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security  airaiiist  Ijicakdovvns.  But  even  so,  these  figures  plainly 
show  that  tiie  first  cost  of  the  New  Haven  sinnic-jjhase  e(|uip- 
ment  was  undoubtedly  higher  than  it  would  havi^  liei^n  for 
either  continuous-current  or  three-phase  alternating-rurrent 
equipment. 

As  regards  operating  costs, these  are  very  much  higher  for  the 
single-phase  system  than  for  any  other  system,  the  New  Haven 
operating  costs  showing  an  excess  of  something  like  .50  per 
cent,  over  those  of  similar  roads  operated  on  other  systems. 

The  opinion  seems  to  he  abroad  that  American  engineers 
are  all  gone  crazy  over  the  single-phase  system.  This  is  not 
at  all  so.  We  all  realise  the  advantages  offered  by  any  alter- 
nating-current system  for  easily  transforming  electric  pressures 
and  thus  covering  long  distances  without  much  difficulty.  But, 
except  for  those  interested  in  the  manufacture  of  single-phase 
apparatus,'we  all  also  realise  the  inherent  defects  in  the  single- 
phase  alternating-current  motor,  and,  while  we  admire  the 
designers  who  have  brought  this  machine  up  to  its  present 
state,  we  do  not  believe  that  it  is  justifiable  to-day  to  recom- 
mend a  repetition  of  the  New  Haven  experiment,  or,  in  other 
words,  to  use  the  single-phase  system  for  real  heavy  traffic. 

Trusting  that  this  may  serve  to  elucidate  the  situation  and 
that  vou  may,  therefore,  see  your  way  cl'iar  to  print  this  con- 
tribution in  your  valuable  columns. — I  am,  &c., 
114,  Liberty-street,  New  York,  June  26.      C.  L.  de  Mur.\lt. 

[The  information  before  us  when  writing  the  note  to  which 
Mr.  dc  Muralt  refers  was  that  given  in  the  discussion  on  Mr. 
Murrav's  Paper,  and  in  which  much  of  the  criticism  against 
the  single-phase  system  on  the  New  Haven  line  appeared  to  be 
fairly  met.  It  is  unfortunate  that  so  much  partisanship 
should  be  displayed  over  this  question  of  the  two  systems, 
and  it  would  be  far  better  it  all  the  facts  were  looked  squarely 
in  the  face.  We  think  it  must  not  be  forgotten  that  the  New 
Haven  line  is  not  the  last  word  on  the  subject  of  single  phase, 
and  we  would  repeat  our  opinion,  which  has  been  expressed 
more  than  once,  that  both  continuous  current  and  single 
phase  have  their  spheres  of  usefulness  in  railway  electrifica- 
tion.—Ed.  E.] 


station  by  means  of  their  radiogoniometer.  That  is  quite  a 
different  matter  from  the  mere  use  of  antennic  of  triangular 
form.  If  the  first  use  of  nearly  closed  antennie  were  in  ques- 
tion, then  a  great  many  other  names  besides  that  of  Prof. 
Artom  would  have  to  mentioned,  and  reference  tx>  these  prior 
researches  was  made  by  me  in  a  Royal  Institution  Friday 
evening  discour.se  two  years  ago ;  but  on  this  last  occa.sion  time 
did  not  permit  of  a  recapitulation  of  the  names  of  all  those 
who  had  made  contributions  to  the  subject.  Nevertheless, 
nothing  was  further  from  my  intention  than  to  deprive  Prof. 
Artom  of  the  credit  due  to  him  for  his  numerous  and  instruc- 
tive researches  in  connection  with  r;uiiotelei.'rapliic  antennaj. — 
I  am,  &c., 

London.  Ju'v  ] 2.  .J.  A.  Fleming. 


RESEARCHES  IN  RADIOTELEGRAPHY. 

TO   THK   EDITOR   OF  THE   ELECTRiriAX. 

Sir  :  In  the  lecture  of  Prof.  J.  A.  Fleming,  pid)lished  in 
The  ELEf'TRK-i.^N,  .Julv  2,  the  invention  of  the  r.idicjtele- 
graphic  antennie  of  triangular  form  is  attributed  to  Messrs. 
Bellini  and  Tosi.  That  is.  however,  quite  incorrect.  This 
particular  type  of  antenna,  and  those  of  V  and  X  form  were  in- 
vented by  myself. 

Oflicial  documents  of  the  Royal  Italian  Navy  ]irove  that 
these  antenn.T  of  triangular  form  have  been  employed  by  me  in 
connection  with  the  Italian  Royal  Navy  for  wireless  trans- 
mission between  stations  at  Monte  Mario  (Rome)  and  Becco  di 
Vela  (Sardinia)  in  1903  i. 

It  was  found  by  the  Italian  Navy  in  lOO:;  1901  that  when  the 
currents  were  in  opposition  of  phase  and  tiie  aerials  Wfre  not 
pn)vided  with  seeondary  eund\Ktors,  the  maxiinum  traTismitting 
effect  was  coincident  with  the  plane  of  the  aerials. 

I  employed  these  triangular  antennnn  in  the  wireless  station  at 
Anzio  for  receiving  the  radiotelegraphic  messages  transmitted 
from  the  wireless  station  at  Monte  Mario  (Rome),  in  the  autunm 
of  1905,  the  disposition  of  the  triangular  antenna'  beim;  approxi- 
mately in  the  direction  of  the  transmission. — T  am,  &c., 

Turin.  .Lily  5.  Alessandro  Ari'dm. 

We  have  submitted  the  letter  of  Prof.  A.  Artom  to  Prof 
J.  \.  F'leming,  from  whom  we  have  received  the  following 
reply  :— 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir:  If  Prof.  A.  .A.rtom  will  read  again  the  report  of  my 
lecture  in  The  Electrician  he  will  see  that  I  have  not 
attributed  to  Messrs.  Bellini  and  Tosi  the  invention  of  antenna> 
of  triangular  form,  but  the  employment  of  two  nearly  closed 
circuit  antenna>  with  planes  at  right  angles,  with  or  without 
the  association  of  a  single  o])en  aiitennn,  for  the  )uirpose  of 
achieving  directive  radiation   oi'  the  locntioii  of  the  sending 


Sir 


THE  ■■  r'.M.B."  AUTO-CONVERTER. 

TO    THE    EDITOR    OF    THE    ELECTRICIAN. 

In  connection  with  the  article  by  M(  ssrs.  Macfarlane 


and  Burge  in  your  issue  of  .luly  9th,  I  would  like,  while  co.i- 
gratulating  them  on  the  successful  development  of  a  newjty.je 
of  machine,  to  draw  attention  to  certain  disadvantages  in  the 
arrangement. 

While  possibly  more  economical  and  efficient  than  a  two- 
commutator  direct-current  machine  in  the  case  where  the 
supply  voltage  is  to  be  divided  exactly  by  two,  the  "  C.M.B." 
auto-converter  will  certainly  fall  much  short  of  this  arrange- 
ment where  a  considerable  reduction  is  required,  as  in  the  case 
of  metal  filament  lamps,  single  arcs  (or  arcs  in  parallel)  and 
the  charging  of  low  voltage  batteries.  Essentially  the  wind- 
ing of  the  armature  is  a  compromise  between  the  high  and 
low  voltage  requirements,  and  will  therefore  be  wasteful  of 
copper,  due  to  its  unsuitability  to  high  voltage,  and  inefficient, 
on  account  of  its  unsuitability  to  low  voltage. 

Again,  the  field  winding  must  be  very  wasteful  of  copper 
and  energy  in  order  that  the  ratio  of  field  to  armature  ampere- 
turns  may  bs  sufficient  on  the  low  voltage  side  and  the  re- 
actance voltage  kept  down.  This  latter  will  be  particularly 
troublesome,  because  the  brushes  have  to  commutate  the  low- 
tension  current  in  a  winding  of  a  large  number  of  turns.  In 
addition  to  this  a  ring  winding  must  be  used  which  still 
further  considerably  aggravates  the  difficulty. 

When  it  is  further  remembered  that  some  parasitic  currents 
are  also  imposed  on  the  armature,  one  can  only  pay  an  honest 
tribute  of  great  admiration  to  the  skill  and  enterprise  of  the 
designers  and  the  manufacturers  who  have  overcome  these 
combined  difficulties. 

Against  this  the  double  commutator  machine  has  the  follow- 
ing advantages : — 

1.  The  commutation  is  largely  self- corrected. 

2.  The  efficiency  will  be  higher  for  all  transformation  ratios 
other  than  1 : 1  on  each  section.  (In  this  connection  the  authors 
mention  an  efficiency  of  75  to  80  per  cent,  for  a  2  to  3  kw. 
machine  for  metal  filament  lamp  work.  A  double  commuta- 
tor machine  for  an  output  of  less  than  1  kw.  may  have  an 
efliciency  of  well  over  80  |)er  cent.) 

3.  All  the  various  regulation  characteristics  obtained  on  (he 
"  C.M.B."  machine  may  bo  obtained  by  the  use  of  an  extra 
pair  of  series-wound  poles. 

4.  The  commutation,  being  divided  between  two  commuta- 
tors of  probably  less  peripheral  speed,  will  result  in  much  less 
attendance  being  required. 

Whilst,  therefore  this  new  machine  may  have  sonie  scope 
ill  replacing  double-machine  balancers,  I  fear  that  its  inherent 
drawbacks  will  prevent  it  doing  much  work  where  volWgo 
reduction  is  re(piired, — I  am,  etc.. 

East  London  College,  Julv  13.  Leonard  Mviumiv. 


ELECTRIC  LIGHTING  ACTS  (AMENDMENT)  BILL. 

TO   THE    EDITOR   OF   THE   ELECTRICIAN. 

Sir:  Mav  I  direct  the  serious  attention  of  electrical  com- 
]ianies  to  the  sirave  danger  of  allowing  this  bill  to  pivss  in  its 
present  form  ?  The  bill  does  not  give  effect,  as  might  bo 
inferred  frnn  the  memorandum  accompanying  it,  to  the  re_ 


F 
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roimneudatioiis  of  tlie  Joint  Cuininittoe  of  1898,  nor  does  it 
carry  out  the  promises  made  hv  a  former  President  of  the 
Board  of  Trade.  On  the  other  hand,  it  imposes  fresh  condi- 
tions of  a  very  onerons  kind  on  electrical  companies. 

The  efleet  of  clause  6  is  to  empower  the  Boaul  of  Trade  to 
authorise  a  local  authority  to  supply  outside  its  area  and  to 
compete  with  a  company  without  the  consent  of  such  com- 
pany;  while  aj  company  can  only  be  authorised  to  supply 
outside  its  area  and  compete  with  a  local  authority  with  the 
consent  of  such  local  authority. 

Clause  13  relates  to  the  audit  of  companies'  accounts.  Under 
this  clause  a  company  may  be  compelled  to  comply  with  the 
recommendations  and  requirements  of  the  Board  of  Trade 
auditor  in  regard  to  matters  affecting  tlic  interests  of  the 
authority  empowered  to  purchase  the  undertaking.  In  view 
of  the  fact  that  many  electrical  lighting  companies  have 
agreed  with  the  local  authorities  on  special  terms  of  purcha.se, 
tins  clause  is  exceedingly  dangerous  to  the  interests  of  such 
companies. 

No  one  doubts  the  impartiality  of  the  Board  of  Trade 
officials.  l)ut  they  cannot  be  expected  to  do  more  than  fairly 
interpret  the  law.  and  if  this  bill  becomes  law  many  electric 
lighting  companies  are  certain  to  suffer  grievous  injustice.  It 
is  safe  to  sav  that  there  is  no  precedent  for  this  kind  of  legis- 
lation in  the  law  affecting  any  other  industry  in  this  country. 

Does  any  one  still  doubt  the  urgent  necessity  of  the  electrical 
industry  possessing  some  organisation  which  will  protect  its 
interests  in  these  matters? — 1  am,  &c., 

Electrical  Federation  Offices,  E.  Garcke. 

Kingswav,  W.C,  July  12. 


Wc  have  received  an  anonymous  letter  from  "  A  Student'' 
in  connection  with  the  "  C.M.B."  auto-converter.  If  the 
Writer  will  communicate  his  name  and  address  wo  shall  be 
pleased  to  publish  the  letter. — Ed.  E. 


THE  FATAL  ACCIDENT  AT  CLIFTON  COLLIERY, 
NOTTINGHAM. 

The  fatal  accident  at  Clifton  Colliery,  Nottingham,  inciden- 
tally referred  to  in  our  editorial  columns  last  week,  was  the 
subject  of  inquiry  before  the  Nottingham  city  coroner  (Mr. 
Uothera)  on  Tuesday  last.  The  verdict  of  the  jury  was  to  the 
ellect  that  the  two  deceased  men  lost  their  lives  by  accident, 
caused,  firstly,  by  an  oversight  on  the  part  of  the  official  whose 
duty  it  was  to  inspect  the  interior  of  the  coal-cutter  motor 
anil,  second!)',  by  the  failure  of  the  apparatus  designed  to  carry 
oil"  to  earth  any  leakage  of  current  to  the  machine  frame. 

Mr.  W.  Walmer  (ll.M.  Insjieclor  of  Mines,  Midland  district), 
assisted  by  Mr.  K.  Nelson  (Electrical  Inspector  of  Mines),  had 
investigated  the  accident,  and  as  a  result  Mr.  Nelson  handed 
in  as  evidcDce  a  memorandum  which  we  reproduce. 
ME.MORANDIIM. 

At  Clifton  Colliery,  Nottingham,  eleilricity  io  ustd  fm  iliivinj!  roal- 
cuttt^rs  in  the  f <  rm  of  three-pha.se  alternating-riirrcnt  at  ^.TO  volts 
pressure.  Though  the  Home  Office  Special  Rules  for  Safety  in  working 
electricity  in  coal  mines  do  not  provide  tor  the  "  eaithing  "  of  coal- 
cutter frames  (that  is  to  say,  the  connection  to  earth  of  the  frames  of  the 
machines,  so  a.s  to  pnjvidc  against  their  becoming  charged  with  elec- 
tricity), nevertheless  at  Clifton  Colliery  the  m.icliinc  frames  were,  very 
rightly,  connected  to  earth  by  a  special  wire  as  a  precautionary  measure. 

(^•nnection  from  the  ''upply  main  to  a  three-phase  coal-cu'.tcr  is  made 
by  what  is  known  as  a  trailing  cable — a  ilcxible  cable  with  three  or  more 
I'ip-s — usually  kept  in  a  coil  and  unwound  as  the  coal-cutter  recedes 
from  the  supply  control  switch,  called  the  gatc-ond  switch,  fixed  at  the 
end  of  the  supply  main.  .\t  Clifton  Colliery  this  trailing  cable  h.id  in 
fact  four  cores,  the  extra  or  foui  th  core  being  for  the  purpose  of  providing 
tlio  earth  connection  above  referred  (o  for  the  machine  frame.  The 
cause  of  the  accident  on  June  28  was  to  all  appearance  the  abrasion  of  the 
insulation  from  one  of  the  wires  forming  pari  of  the  motor  winding, 
coupled  with  the  simultaneous  failure  of  this  earth  connection.  The 
insulation  last  referred  to  became  worn  through,  probably  by  rul)bint; 
cau'icd  by  vibration  of  the  machine  in  working,  and  in  this  way  live  metal 
touched  the  inside  of  the  machine  casing,  thus  causing  the  whole  machine 
to  become  "  live."  Had  the  earth  connection  been  perfect,  the  machine 
frame  could  never  have  become  charged  to  a  dangerous  pressure,  and 


tliiicfore.  so  far  as  lau  be  ascertained,  llio  scijucnee  causing  iheaecidcnt 
may  be  expressed  in  Ihis  way  : — 

First — Failure  of  the  insidatiiui  on  a  wire  forming  part  of  the  winding 
of  motor,  causing  leakage  of  current  to  frame  of  conl  cutter. 

Secondly — Failure  of  an  earth  connection  which,  had  it  been  iicrfect, 
would  have  prevented  the  machine  frame  becoming  charged  to  a  danger- 
ous pressure. 

I'lach  event,  and  the  steps  necessary  to  pTevent  or  to  minimise  the 
cbam-e  of  a  recurrence,  will  need  separate  discussion. 

'I'aking  the  failure  of  the  motor  winding  first  :  As  to  the  character  of 
this  failure  it  may  be  said  that  the  failure  of  a  motor  winding  through 
abrasion  is  uncommon,  and  there  is  therefore  some  excuse  for  the  elec- 
trician-in-charge  not  realising  that  a  dangert>us  condition  was  gradually 
arising.  Nevertheless,  attention  must  be  directed  to  the  fact  that  hud 
Electricity  Special  Rule  :!t)  been  elcisely  olisc  rved  the  accident  might  have 
been  avoided.     The  wording  of  this  rule  is  ms  follows  : — 

■  The  casings  or  inspection  doors  of  all  portable  motors  used  under- 
ground, and  the  casings  of  their  switches  and  other  appliances,  shall  at 
least  once  a  week  be  opened  by  a  coni])elcnt  person  appointed  by  the 
manager,  and  the  parts  so  disclosed  shall  be  cleaned  and  examined  before 
the  coverings  are  repltced." 

Its  object  is  to  provide  for  periodical  inspection  of  the  windings  of  the 
motor  where  any  danger  exists  of  abrasion,  and  to  provide  that  the 
interior  shall  Im-  kept  clean  and  free  from  oil.  An  ins))ection  of  this  kind 
should  have  disclosed  the  fault  before  it  became  actually  dangerous,  but 
it  must  also  be  said  that  the  design  of  the  motor  casing  in  question  is  such 
a.s  to  make  an  inspection  of  the  kind  indicated  diflScult ;  and  more  than 
this,  there  is  a  not  inconsiderate  risk  of  actually  causing,  in  the  .act  of 
rei>lacing  the  casing,  such  damage  to  the  motor  winding  as  it  is  sought  to 
avoid.  The  remedy  lies  in  the  direction  of  u.sing  only  such  machines  a-s 
can  conveniently  be  inspected  without  the  danger  last  referred  to.  and  no 
great  practical  difficulty  exists  in  designing  machines  of  this  kind.  The 
fault  occuiTed  in  that  part  of  the  winding  where  three  wires  are  led  to  the 
motor  control  switch.  Special  attention  should,  therefore,  be  given  lo 
the  substantial  support  and  fixing  of  these  wires,  so  .as  to  remove  the 
possibility  of  abrasion  at  this  part  through  vibi-atiou. 

With  regard  to  the  .second  fnilnre.  that  of  the  eartii  connection,  this 
was  due  to  an  oversight  in  using  a  faulty  piece  of  apparatus.  The  trailing 
cable  above  referred  to  was  fitted  with  a  wooden  ]>lug  or  "  pommel  "  con- 
taining three  sockets,  which  sockets  were  designed  to  fit  over  three  prongs 
in  the  coal-cutter  motor  terminal  box.  The  earth  wire,  forming  the  fourth 
wire  in  the  trailing  cable,  was  fastened  to  a  small  brass  plate  on  the  side 
of  the  timber  pommel,  and  connection  between  this  brass  ])late  and  tlie 
machine  frame  (upon  which  the  earthing  of  the  latter  depended)  was 
made  by  a  gin.  diameter,  bolt,  provided  with  a  lever  handle  for  screwing 
into  the  machine  frame.  In  ordinary  circumstances  these  arrange- 
ments should  provide  a  sufficient  earth,  but  in  the  present  case  an  over- 
sight up.set  them.  The  brass  i)late  to  which  the  trailing  cable  earth  wire 
is  attached  was  fixed  on  one  side  only  of  the  pommel,  and  unfortunately, 
as  regards  the  particular  coal-cutter  with  which  it  was  being  used,  on  the 
wrong  side.  The  result  was  that  the  bolt  was  bearing  on  dry  wood  only, 
so  that  the  earth  wire  was  at  least  p.artially  insulated  from  the  machine 
frame.  This  fact  would  not  noccs-sarily  have  been  fatal  had  the  brass 
jilatc  on  the  other  side  of  the  oommel  been  pressing  against  tlie  en;il- 
cutter,  but  this,  again,  was  not  so.  The  brass  plate  stood  very  little,  it 
anything,  above  the  Hat  side  of  the  pommel,  but  in  any  event  the  roumleil 
end  of  the  pommel,  where  the  trailing  cable  entered  it,  served  to  keep  I  he 
plate  from  contact  with  the  uuicliine  frame.  This  point  will  be  made 
clear  by  reference  to  the  sketch  Ik  low. 


Hole  fur  boll  (  O 


Sncknls  for  plug 
connection  with  machine 


Brass  plate 
other  side 


Bolt  for  earthing 
frame  of  machine 


Brass  plate 
NB:- This  plate  is 
prevented  from 
touching  macbina 

frame 


El.KVlTION    ANO    Tl.AN    OF    PoMMKI,. 

It  is  understood  that  the  coal  cutters  in  the  pit  dilfcr  .■iomiwhal  in 
design  at  their  terminal  boxes  ;  and  that  the  iiommcl  ui  use  al  the  lime 
of  the  accident,  tluaigh  unsuitable  for  the  coal-.uttcr  with  which  it  was 
being  used,  was  suitable  lor  other  coal-cutters.  Pommels  had  always  been 
ic-gardcdasintcrchaMgcal)lcl)ul  they  were  not  actually  so,  emislituliML' nu 
oversight  on  the  part  of  the  del  rici.in-in-charge. 

Where  men  without  knowledge  of  electricity,  and  of  wli.it  miiy  lie 
termed  its  jiropcrtics,  arc  placed  in  charge  of  the  running  of  a  mot.T, 
a  special  responsibility  devolves  upon  tho.sc  whose  duty  it  is  to  provide 
for  safety  by  maintaining  the  elcelrieal  apparatus  in  safe  coiulilion.  In 
the  present  case  the  precaution  of  earthing  the  coal-cutter  fram..  hicl  been 
very  rightly  inlr.idueed,  ,.nd  it  was  Ihis  saf.giuud  that  faded.  Had  it 
l.,.c'n  possible  with  the  arrangeiucuts  in  use  to  make  the  earthing  effective 
and  had  the  accident  been  due  to  some  subse.|ucnt  neglect  on  the  part  ot 
the  deceased  men,  it  might  have  been  possible  to  say  that  the  accident 
was  such  as  could  hardly  have  been  foreseen.  But  in  the  circumstances 
it  was  not  possible  to  make  the  earthing  cflcctivc,and  therefore,  however 
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reluc'taiitly,  sciiiip  ilcjjroe  of  responsibility  miisl  In-  awaidrd  tlic  pcivun 
responsible  for  tlio  safV  coiulitlon  of  tlin  (■oaiciiKiT  on  tlir  ilay  of  the 
accident.  'J'hoiiijh  I  bat  dcgrrc  of  rosponsibilily  cannot,  in  my  opinion, 
ho  a  very  heavy  one.  In  view  of  llic  fait  that  (lie  failure  to  seeiire  a  good 
e'lrth  eonneelion  was  rhie  to  the  nse  of  aiiparatns  which,  tbongh  it  appa- 
rently fiiUilled  its  object,  was  defective,  the  <lefeet  beinf;  one  which  only 
appeared  ii])on  i-losc  iiivesli>;atioM. 

To  Slim  np  the  iccoinmendations  nientioneil  above  sr)  as  to  )irovide 
aiainst  snch  an  aci  iiicnt  in  (he  future,  they  are  fonr  in  number,  namely  : — 

1.  Coal-cutter  motiirs  should  be  of  such  dcsifrn  as  to  admit  readily  of 
the  weekly  insjicctioii  called  for  by  Electricity  Special  Rule  39,  withont 
introducing  the  ])ossibility  of  damage  as  in  tlie  case  under  notice. 

2.  The  wires  inside  the  motor  case  forming  the  windings,  and 
c-on  iaily  the  end  cotinections,  should  be  substantially  fixed  and  sup- 
|,niiiil,  so  .as  to  remove  the  ])ossibility  of  the  insulatuig  material  wearing 
.lu.iy  through  abrasion  caused  by  vibration. 

3.  Madiinc  jiommels  should  be  provided  with  a  brass  plate  all  over  both 
sides,  to  remove  the  possibility  of  bad  connection  between  earth  wire 
and  machine  frame. 

4.  Some  easy  means  (say,  a  few  cells  and  an  electric  bell)  should  be 
readily  available  for  occasiimally  testing  the  eOiciency  of  such  earth 
connections  as  that  between  the  cable  ponnnel  and  a  i>ortnble  machine 
frame,  so  that  af I cr  ovcrhaid  the  latter  may  It  [.■fl  beyond  dinibtinsafe 
working  order. 


J.  G.  CHILDS  &  CO.'S  SPECIALITIES. 

KLECTRIC  COOKING. 
Among  the  exhibits  at  the  Royal  Agricultural  Show  at  Gloucester 
at  the  stand  of  Jfc.ssrs.  ,1.  G.  t'hilds  &  Co..  of  Willesden  Green.  N.W.. 


J.  G.  Ciiii.nK  &  Co.'s  Elfptkii'  Ovi?n 
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Wind  Tur(jine' for  ("'H.Mioiivt;  .\i 


Em-cihk*  Caks. 


was  a  new  type  of  electric  oven.     This  is  shown  in  the  accompanying 
illustration. 

Messrs.  Cliilds  claint  for  this  oven  that   in  its  design  [jarticular 


attention  has  laen  given  to  insulation,  and  they  point  out  tliat  the 
oven  differs  from  all  other  ovens  in  that  it  ha.s  a  polished  marble  top 
and  oak  sides,  and,  conscfpiently.  looks  like  a  piece  of  dining-rtKim 
furniture  rather  than  the  conventional  oven.  It  is  clainuul  also  that 
there  is  no  external  heat,  and  that  the  oven  works  on  half  the  current 
consum])tion  of  other  types  of  electrics  ovens. 

This  electric  oven  will  run  at  a  cooking  temiicrature  on  a  consump- 
tion of  only  200  watts.  Tlie  oven  shown  at  Gloucester  roasted  joints, 
baked  cakes,  &c.,  the  latter  being  distributed  to  the  spectators. 
The  whole  of  the  current  for  this  oven  was  produced  by  one  of  Messrs. 
Childs  &  Co.'s  pat-ent 

WIND  TL'RHI.NES. 

24  ft.  in  diamet<-r  (of  wliich  an  exam|>le  i.s  .shown  herewith)  erected 
over  their  stand.  This  |)lant  consisted  of  a  24  ft.  wind  turbine  \ip«jn 
a  steel  tower  GO  ft.  in  height,  driving  b}-  means  of  a  vertical  shaft  a 
special  variable  speed  Morris  Hawkins  generator  placed  vertically, 
which  charged  a  2S-cell  Pritchctts  k  Gold  battery,  having  a  discharge 
capacity  of  460  ampere-hours.  The  generator  is  provided  with  a 
special  switch  which  enatvles  it  to  be  used  as  a  motor  when  there  is 
no  wind,  taking  evirrent  from  the  battery.  In  addition  to  the  cook- 
ing apparatus,  the  plant  provided  current  for  lighting  the  stand,  and 
by  special  arrangeiuent  with  the  Country  Gentlemen's  Association 
lit  their  show  cottage  some  200  yards  away.  Besides  this  it  ran  an 
electric  lift,  cream  separator,  circular  saw.  butter  churn,  deep  well 
pump,  electric  irons,  fans  and  other  apparatus.  This  plant  produced 
in  six  days  during  the  show,  with  the  wind  averaging  8  miles  an  houj, 
.50  B  O.T.  units,  and  it  was  sold  for  an  estate  in  Worcestershue. 
where  it  will  be  used  for  lighting  the  house  and  driving  farm  ma- 
chiner}".  &c. 


LEGAL  INTELLIGENCE. 


Seebold  v.  Page  &  Miles. 

On  Wednesday  Mr.  Justice  Bucknill  delivered  a  considered  judg- 
ment iu  this  case,  which  related  to  the  provision  of  an  inde|)endent 
electric  lightio  g  installation  supplied  by  defendants  to  plaintiff,  the 
lessee  of  the  Worthing  Theatre  Royal.  The  arguments  and  evidence 
in  the  case  appeared  in  The  Ei.ectkhian  for  May  7  and  14. 

His  Lordship  said  it  was  not,  and  could  not  be,  suggested  that 
there  was  anything  the  matter  with  the  engine  and  gas  producer,  or 
with  the  generator  and.«crubbcr,but  plaintiff's  c.ise  was  that  these  things 
were  not  carefully  fixed  up,  and  that  through  their  lieing  improperly 
and  negligently  fixed  up  plaintiff  w-as  injured,  in  that  the  work  had 
to  be  sto'pj>ed  and  he  had  to  go  to  the  Worthing  Corporation  and 
take  current  for  lighting  at  a  greater  expense.  He  also  claimed  for 
expenses  to  which  he  had  been  put  in  making  the  plant  do  its  work 
properly.  To  m.ake  the  plant  work  proi>erly  it  was  requisite  that 
it  should  be  kept  clean  aud  treated  with  care.  Plaintiff  undertook  to 
make  the  foundations  of  the  engine,  and  these  foundations  requirefl 
very  careful  building.  It  was  alleged  that  the  foundations  were  pro- 
perly put  in  and  that  defendants  had  been  guilty  of  negligence  in  not 
providing  iron  silencers  instead  of  the  brick  chambers  or  pits.  Defcn- 
<lants,  however,  were  not  bound  to  put  before  the  plaintiff  the  alter- 
native whether  the  brick  chambers  or  the  iron  box  should  be  used  for 
silencing.  He  found,  .as  a  fact,  tliat,  but  for  accident,  the  sileneors  put 
in  were  efficient.  Referring  to  the  explosions,  his  Lordship  said  the  man 
who  was  in  charge  of  the  engine  seemed  to  l>e  a  man  of  limited  intelli- 
gence. Before  he  took  charge  of  the  engine  there  had  been  no  explosion, 
and  the  engine  had  been  run  for  six  months  under  the  superintendence 
of  defendants' foreman.  The  yonng  man  took  charge  in  .Taiuiarv,  and 
the  explo.Mon  took  place  in  the  following  month,  as. letVndants alleged, 
from  negligence  of  the  driver.  He  found  tha',  the  explosion  had  not 
occurred  in  consequence  of  any  of  tbe  things  alleged  .agauist  defen- 
dants, and  that  the  installation  was  properly  init  together,  lie  tound 
that  the  objectionable  smell  had  not  been  caused  by  any  detect  m 
defendants'  work,  and  he  found  that,  on  the  whole,  the  work  b.id  been 
properly  carried  out.  Plaintiff's  case  failed  on  every  pouit.  An  agree- 
ment had  been  arrived  at  on  the  eonnterclaim,  and  there  must  Iw 
judgment  for  defendants  on  the  claim  and  for  the  counterclaim  of  tdb, 
with  costs  on  both. 


Uxbridge  &  District  Electric  Supply  Co-  (Ltd-l— \raotion  for 

the  appointment  of  a  receiver  of  tins  c-ompaoy  was  bclore  .Mr.  Justice 
Neville  in  the  Chancery  Divisiia.  on  Tuesday,  Inil.  wilh  ihe consent  of 
all  parlies,  stood  over  for  a  week. 

North  'Western  Electricity  &  Power  Gas  Co  -The  petition  by 

Harper  Bros.  Ji  Co  ,  and  others,  for  tbe  compulsory  winding  up  ot  this 
companv  was  again  before  Mr.  Justice  Neville  on  Tuesday,  and  as  the 
petitioners'  debt  had  been  satisfied  his  lordship  dismis.sed  the  petition 
with  costs. 
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ARC  L&MP  LOWERING  GEAR  AND  ACCESSORIES. 

It  is  nil  lu-ws  to  uur  roailcrs  that  the  London  Electric  firm,  of 
George-street,  C"r(iydon.  liave  for  some  years  passed  specialised  in 
Arc  Lam;)  Li)\verinf:  Gear  and  SelfSustaiiiing  Winches,  but  the 
extent  t  /which  this  business  has  <jro\vn  and  tlie  numerous  items  of 
manvifa-ture  whicli  this  speciaHsation  covers  may  probably  surprise 
many  b.>sides  ourselves.  The  new  oataloirue  which  the  firm  has  just 
issued  ( List  Xo.  12."))  gives  particulars  of  these,  and  the  fact  that  there 
are  180  illustrations,  the  bulk  of  wliieh  relate  to  these  manufacturing 
details,  is  complete  justification  for  the  company  applying  them- 
selves exclusively  to  this  branch. 
We  have  selected  a  few  items  for 
special  mention,  but  it  may  be  said 
that  any  particular  selection  from 
the  catalogue  is  invidious.  Fie.  1 
shows  the  "  G  "  type  of  Contact 
suspension  gear  with  short-circuit 
device  on  lamps  for  long  series 
systems  suitable  for  voltages  up 
to  4.000.  The  wire  rope  shown  in 
the  illustration  can  be  equally  well 
lirovight  out  from  the  top  as  from 
tlie  side,  l^arge  numbers  of  this 
stamlard  type  have  been  supplied 
for  street  lighting  and  other  purposes 
throughout  the  world. 

Fig.  2  is  a  watershed  double 
Icading-in  pulley,  of  which  the 
manufacturers  supply  large  num- 
bers, and  Fig.  3  shows  a  winch  ( r 
counterweight  hoist  gear,  with 
collapsible  interwove  cable.  This 
consists  of  a  self-sustaining  winch, 
flexible  wire  rope,  guide  pulley, 
ceiling  rose  with  pulley,  and  the 
cable  or  alternatively  a  counter- 
weight may  be  used  in  place  of  a 
winch.  It  is  claimed  for  this  piece  of 
gear  that  it  does  away  w itli  unsightly  and  dangerous  festoon  cables, 
and  enables  lamps  to  be  burned  in  any  jrosition  within  its  range,  and 
to  be  lowered  to  the  ground  fcr  trimming.  The  gear  contains  no 
iipring. 


J^ 
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Fio.  3. 


As  we  liavn  said,  from  a  list  which  contains  .so  many  items  it  is 
invidious  lo  select,  and  we  must  therefore  refer  our  readers  to  the 
neat,  well  arranged,  and  well  printed  catalogue  of  over  100  pages 
which  the  company  have  now  ready. 


PARLIAMENTARY  INTELLIGENCE, 


Telegraph  (^Arbitration)  Bill.  -On  Tuesday  thelStandingcomiiiitteo 
[•f  tlie  House  of  Coiiiinons  (Mr.  E.  Wason  chairman)  considered  this  hill 
which  was  iutroducod  by  the  Postmaster-General  to  facilitate  the  carry- 
ing out  of  the  agreement  to  purchase  the  National  Telephone  Co.'s  undiT- 
taking.  Clause  I  provides  for  the  reference  to  the  Uailway  and  Canal 
Commi'i.sion  of  any  diflerenee  between  the  Pcistmnster-tlenend  and  anv 
ipcrsiins  luider  the  rdeiiraph  .-Vets  or  under  a  lieenre  mi  aLMe(  mint. 

Mr.  Mt.\KTm  K  |ii(i]H)seil  that  the  Commissi. iner.-^  shmilil  have  power  to 
allow  costs.  Under  the  existing  law  it  was  doubtful  whether  thoy  had 
such  power. 

Jlr.  IJrxTON  opposed  the  amendment  and  said  it  was  clear  that  the 
Commissioners  were  not  intended  to  have  tlie  power  of  awardin»  cost* 
except  in  the  e;vse  of  frivolous  or  vexatious  proceedings.  In  the  agr«c- 
ment  between  the  Post  Office  and  the  National  Tclephoiu-  Co.  it  was 
provided,  subject  tu  the  approval  of  Parliament,  that  the  ipiestion  of 
arbitration  shoidd  lie  referred  to  the  Commissioners,  and  that  was  the 
foundation  of  this  bill.  I'he  company  knew  that  the  CcMnniis,sioners 
were  not  entitled  to  award  costs.  He  was  glad  to  say.  however,  that 
both  the  Government  and  the  company  were  anxious  that,  when  thf 
question  of  arbitration  arose,  it  should  be  decided  with  the  least  possible 
delay. 

The  amendment  was  defeated  and  the  Committee  ordered  the  bill  to  be 
reportet!  to  the  House. 

Trunk  Telephone  Sjstem  in  Ireland —In  iheHouse  of  Commons 

on  :\l..iul.i\  lliv  ."oslm.istci-Ciiu-ial  iiifumied  Mr.  O'Dowd  that  he  wus  in 
eiirii->iiun(li-n(c  willi  Ihe  Tn-asiny  on  the  subject  of  the  extension  of  the 
telcphonr  trunk  syslcm  to  SliL;o,  and  he  hoped  shortly  to  obtain  authority 
for  the  assistance  of  the  !.'iiaiantce  vhich  was  completed  in  December  last. 

Webt  Kent  Electric  Power  Bill- — In  the  Honse  of  Commons  on 

Monday  tliis  bill  was  read  a  tb.inl  time. 

North  East  London  Railway  Bill.— On  Tuesday  the  Select  com- 
mittee of  the  House  of  Lords  on  iinopposcMl  bills.  Lord  Onslow  presiding. 
had  before  them  this  bill  to  extend  the  time  for  raising  half  the  necessary 
capital  to  rommence  the  construction  of  the  line,  which  in  to  extend  from 
the  City  of  Londim  to  Waltham  .\bbey.  Under  the  1!H1,")  bill  live  years 
were  allowed.  The  preamble  was  proved,  and  the  liill  onUicil  for  third 
reading. 

Cleethorpes  Provisional  Electric  Lighting  Order  Confirmation 

Bill. — This  bill  >ame  before  the  same  committee  on  Tuesday,  and  was 
sent  for  tliird  reading. 

Torquay  acd  Paignton  Trainways  Bill.— This  bill  came  before  the 

sane  cornrnilli'i-  on  'rucsday.  It  is  promoted  by  the  Toripiay  Tramways 
Co..  .niil  proposes  to  authorise  tlii'  const  ruction  of  an  additional  line  of 
tranmav;  in  Tiininay.  The  bill  passed  tlie  committee,  and  was  ordered 
to  be  reported  with  .nnendnieiils  to  the  Hou-e. 

Morecombe  Tramway  Provisional  Order  Confirmation  Bill.  — 

Lord  Onslow's  eonimiftcc  on  Tuesday  passed  and  ordered  for  third 
r.-adinn  this  bill,  ivhieh  cnlirms  Ihe  ordei  granted  to  .Mcireeanibe  i'orpori. 
ticin.  authorising  the  eonstruetion  ami  wmking  of  eleetiie  tramways,  &e. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 


APPOINTMENTS  VACANT  AND  FILLED. 

An  Italian  engineering  firm  advertise  for  an  engineer  or  person 
practically  acquainted  with  ventilating  apparatus,  installation  ct 
fans  for  removal  of  dust,  &c,  (Italian  preferred). 


Mr.  Edward  Taylor,  of  West  Ham,  has  been  appointed  fourth 
assistant  engineer  at  Hammersmith. 

Mr.  S.  W.  Carty  has  been  apjiointcd  an  assistant  enginci  r  to  take 
charge  of  the  erection  iind  maintenance  of  overhead  eipiiimient 
on  the  Liverpool  ('or|i(iration  tramways. 

Bristol  City  Council  have  appointid  Mr.  A.  .1.  Hro<iks  station 
superintendent  at  Avonbank  at  £175,  rising  to  i'idd  after  six  months' 
service,  and  then  to  £2.')0  ))v  two  annual  increments. 

EDUCATIONAL  NOTICES. 

Borough  Polytechnic. — The  luhKalien  (cmniittcc  of  Lendcn 
County  Council  propose  to  appoint  a  head  of  the  chemistry  depart- 
ment, in  succession  to  Dr.  F.  Molhvo  I'crkin,  at  a  salary  of  £'S(tO^ 
rising  to  £400  a  year  by  increments  of  £15  a  year  for  four  years  and 
of  £20  a  year  for  Ihe  two  following  years;  and  the  projiosal  of  the 
governfirs  to  increase  the  salary  of  the  head  of  the  eleetrotechnics 
department  (Dr.  J.  Henderson)  to  £340  a  year,  rising  to  £400  a  year, 
has  also  been  approved,  provided  that  the  incrtiases  bo  at  the  rate 
of  £15  a  year  for  two  years,  £20  in  the  following  year  and  £10  in 
the  succeeding  year. 

Heriot-Watt  College.  Edinburgh, — The  training  for  engineers  given 
at  this  College  (wjtisists  of  three  years  in  the  College,  and  a  three 
years'  apprenticeship  on  the  "  sandwich  "  system  in  a  local  engineer- 
ing works.  The  course  in  mining  extends  over  two  years,  and  is 
recognised  by  the  Home  Oflice  as  ecpiivahnt  to  two  of  the  five  jears 
underground  training  required  for  the  colliery  manager's  certificate. 
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There  are  also  ni)m|)lete  eourses  of  instruction  (<'.\ten(lint;  over  four 
years)  for  students  preparing  for  the  fellowsliip  of  tlie  Institute  of 
C'hoiiiistry,  and  practical  training  for  technical  chemists  in  tlie 
laboratories  of  the  Corporations'  gas  works.  Tlie  classes  arc  recog- 
nised by  the  University  of  JOdinburgh  as  qualifying  for  .science 
degrees.  Particulars  of  fees,  bursar}',  &c.,  from  (he  principal,  Mr. 
A.  I'.  Laurie,  M.A.,  D.Se. 
City  and  Guilds  of  London  Institute.-  The  course  of  iostrueiion  at 

the  I'nslilulr's  (VMilr.i!  'I'c<'hnir.il  College.  Kxhibi' ion-road,  are  for 
•students  not  under  Hi  year.s  of  age.  and  tho.se  at  the  Institute's 
Technical  (^olljge,  l>sonard-street,  Fin.sbury,  arc  for  students  not 
under  It  years  of  age.  The  entrance  examinations  to  both  colleges 
,are  held  in  Sej)tember,  and  the  entrances  (•oninicnee  in  October, 
i'articulars  of  the  entrance  examinatioi.s,  seliolarships,  fees,  Ike. 
may  bs  obtained  froai  the  respective  eolleires  or  the  head  offices  of 
the  Institute.  GreshaTn  (_V)llege,  Basinghall-street,  Jyondon,  K.C. 

University  of  Manchester. — Prospectuses,  containing  full  par- 
ticulars of  the  lecture,  laboratory  and  drawing  courses  in  engincerinc » 
and  the  courses  in  physics  (including  electrical  engineering,  mathe- 
matics and  chemistry,  &c.).  can  be  oljtained  from  the  Registrar. 
There  arc  new  and  enlarged  engineering  laboratories  which  will  be 
open  to  students  in  the  new  session  commencing  Oct.  .">. 


Acton. — The  now  public  offices  are  to  be  wired. 

BarrOW-in-Furness.^ — At  the  Council  meeting  last  week  C(puneillor 
AiNswoRTH  called  attention  to  the  minute  of  the  Electricity  com- 
mittee referring  to  applications  for  increases  in  salaries. 

He  sniil  (lie  rommittee  recommended  that  certain  salaries  be  increased, 
lull  thin-  \v:is  something  like  £-100  to  be  made  up  by  the  ratepayers  for 
till'  ilr.-liiiil y  department,  which  was  not  a  paying  concern,  and  he  con- 
siili-ivil  it  inop|)ortune  for  men  to  ask  for  a  rise  in  salaiy.  \\'ith  regard  to 
two  salaries  which  it  was  |)riiposed  to  increase  to  £lfl.5  and  i.1^0  respec- 
tively, he  had  nothing  to  say  against  these  two  men,  but  it  was  time  these 
increases  were  stojiped  until  the  concern  paid.  He  moved  that  the  matter 
be  referred  back. 

C'linneillor  Lkdgkrwood  was  of  opinion  that  the  men  were  entitled 
to  the  increases.  If  the  works  were  not  paying  that  was  no  reason  why 
the  men  shmild  not  got  the  salary  to  which  they  were  entitled. 

Aid.  8.MITU  considered  the  salaries  were  reasonable  in  proportion  to  the 
tr.iiniiig  and  the  requisite  skill  necessary.  With  regard  to  Mr.  Heslop 
(the  mains  superintendent),  M'hose  snlary  was  being  increased  to  £1.50  and 
was  to  rise  in  foui'  vears  to  fl7.'j.  his  predecessor  who  left  three  or  fo\u' 
years  ago  had  £175,  and  nt  that  time  the  mains  were  not  so  extensive 
as  they  were  at  present. 

The  motion  t  j  refer  U.wk  was  defeated  by  20  vnte^  In  1,  and  the  report 
adopted. 

_  Bath.^ — Notice  of  the  intention  of  the  Corporation  to  apply  for  a 
provisional  electric  lighting  order  for  Bath  rural  district  was  sub- 
mittred  to  the  Rural  Council  last  week.  The  Rural  Council's  own 
order  has  not  yet  been  cancelled,  and  the  matter  was  therefore 
referred  to  the  Electric  Lighting  committee. 

Notice  was  also  received  of  the  intention  of  Bath  Electric  Tratu- 
ways  (Ltd.)  to  apply  for  an  extension  of  time  for  works  in  the 
Keynsham  district. 

Battersea  (London.)— On  ,Tunc  0,  the  Council  applied  to  Loudon 
County  Council  for  a  loan  of  fL.WO  for  providing  consumers  with  arc 
lamps  and  motors  and  wiring  premises  on  the  cash  and  hire  purchase 
systems.  The  Lighting  committee  consider  that  to  await  sanction  to 
this  loan  will  cau,se  dclay.and  £500  is  to  ht>  taken  out  of  current  revenue 
to  inaugurate  the  scheme. 

Bodmin. — .\  proposal  by  Messrs.  H.  &  ^^  .  Meagi-r  to  provide  a 
supply  of  electricity  for  lighting  the  streets,  municipal  buildings, 
the  market  house.  &c..  at  £200  i)er  annum,  has  been  referred  to  the 
Council  in  committee. 

Bradford-on-Avon. — The  Council  have  decided  to  oppose  an 
application  by  the  Western  Electric  Distributing  Corpn.  for  a  pro- 
visional electric  lighting  order. 

Brazil.— The  report  for  1908  of  Mr.  Arclur.  British  Ci.nsul  at 
Porto  Alegre,states  that  the  electrification  of  the  tramways  (formerly 
worked  by  mules)  was  completed  during  the  year  by  a  British  lirni. 
Tlie  two  ocrapanies  formerly  owning  t  he  tramways  have  amalgainalcd 
and  obtained  what  is  practically  a  new  concession  for  4t)  years,  and 
an  offer  for  the  purchase  of  tlie  concession  and  undertaking  by  a 
Lindon  com|)any  call-jd  the  Anglo-South  American  Public  Works 
Co.  (Ltd.)  has  been  accepted.  During  the  year  the  municipality 
have  eomi)leted  the  installation  of  an  electricity  supply  undertaking, 
chicHy  for  public  lighting  in  the  suburbs  and  in  a  part  oi  the  city 
not  supplied  with  gas.  A  concession  for  supplying  electric  light  to 
private  consumers  within  a  limited  area  (which  is  held  by  a  native 
company  called  the  Fiat  Lux)  expired  in  April  so  that  tlie  whole  of 
the  town,  so  far  as  private  lighting  is  concerned,  is  open  to  all  conieis. 
as  the  Municipality  does  not  reserve  any  monopoly  to  itsdi. 


Bristol.— In  presenting  the  statement  of  the  El.ctrieal  commitKt- 
for  the  |)ast  year.  Aid.  Pearson  said,  at  the  Council  meeting  on 
Tuesday,  he  would  lirst  move  the  iidoption  of  the  small  report  of  the 
committee,  which  stated  that  they  had  received  the  resignation  of 
.Mr.  H.  H.  Couzcns.  the  deputy  city  electrical  engineer,"  who  had 
been  appointed  tnginefr  and  manager  at  West  H.ini.  and  that  tic 
committee  reeonimenderl  the  appointment  of  Mr.  A.  .1.  Brooks  ••  s 
staticm  .sujuTinlendent  at  Avonbank  at  £17.")  |.(r  annum  rising  to 
£2.10.  Ahl.  Pearson  cxpersscd  his  regret  at  thr-  loss  of  Mr.  Couzens. 
The  report  was  adopted.  (The  accounts  of  the  electricity  supply 
department  aic  abstracted  in  .another  column.) 

British  Inventive  Genius.— The  "  Iron  and  Steel  Times "  for 
.July  8  contains  the  following  correspondence  of  considerable  trade 
and  general  interest  : — 

Sir  :  The  attention  of  my  directors  has  been  drawn  t:>  a  statement 
contained  in  your  issue  of  .Tune  24  la-t  to  the  effect  that  in  the  installation 
of  the  electric  lUy-drivcn  rolling  mills  by  Sir  Alfred  Hickman  (Ltd.), 
at  their  works  at  Bilston.  Sir  Alfred  Hickman  had  "  sacrificed  business  to' 
|)atriotic  interests,  iind  that  he  would  have  l,;'cn  better  served,  both  nrac- 
tically  and  financially,  it  he  had  entrusted  the  important  alterations  in 
his  company's  plant  to  German  contractois."  The  electrical  work  ii 
question  was  (as  appears  from  another  article  in  the  same  issue  of  you: 
journal)  supplied  and  erected  by  this  company.  .My  directors  are  not 
aware  that  any  such  public  statement  as  alleged  by  you  h.as  been  made. 
If  it  has  been  made  it  is  untrue,  and  its  repetition  by  ycni  is  calculated 
to  damage  this  conqiany's  business  interests,  and  is,  "therefore,  libellous. 
This  being  so,  you  will  nu  doubt  wish  to  withdraw  the  injurious  state- 
ment referred  to,  and  to  apologise  for  having  circulated  it.  My  director.^ 
will  accordingly  expect  to  find  in  your  next  issue  a  suitable  withdrawal 
and  apology. 

The  Eleciric  Construction  Co^ipaxy.  Ldiited. 
David  Willock.  Secretary. 

Uashwood  House,  9,  New  Broad-street,  London,  E.G.,  .July  S,  1909. 

Sir  :  In  your  interesting  article  on  this  subject  you  (|uotc  a  statemcn' 
to  the  effect  that  in  the  installation  of  electrieally-drivcn  rolling  milh  at 
the.se  works  I  "  sacrificed  business  to  patriotic  interests  "  (bv  giving  the 
work  to  British  engineers)  and  that  I  should  have  been  "  better  served, 
both  practically  and  financially,  if  I  had  entrusted  it  to  German  eon- 
tractor.?."  I  am  happy  to  be  able  to  give  an  cmohatii'  contradittinn  to 
this  statement.  It  is  true  that  some  difficulties  not  unusual  in  a  new 
departure  have  been  experienced,  but,  if  I  am  correctly  informed,  they 
are  far  less  than  have  attended  a  somewhat  similar  installation  bya 
German  firm  at  works  in  the  North,  the  engineering  staff  of  v.hich  have 
honoured  me  by  repeated  visits  in  order  to  obtain  information  and  as- 
sistance. 

The  arrangements  here  arc  not  yet  perfected,  but  there  has  been  no 
shirking  of  responsibility  on  the  part  of  the  contractors,  and  I  have  every 
confidence  that  in  the  end  the  work  will  be  fully  equal,  if  not  superior, 
to  anything  the  Germans  have  done,  and  the  cost  will  certainly  not  ba 
greater  than  they  would  have  charged. 

Staffordshire  Steel  Works,  Bilston.  Alfred   Hickmav. 

Editorial  comment   on    the  ab.iv^^  lett"r.=i  is  a])i  ended  in  a  not"  to 
Sir  Alfred  Hickman's  letter  as  follows  ■ — 

The  statement  referred  to  by  Sir  Alfred  Hickman  was  not  made  by  us. 
The  passage  in  our  article  to  which  Sir  Alfred  Hickman  refers  is  as  fol- 
lows :  ■'  It  has  been  publicly  stated,  and  the  statement  has  remained 
uncontradicted,  that  Sir  .Alfred  Hickman  sacrificed  business  to  patriotic 
interests,"  &c.  We  are  glad  to  be  the  means  of  contradicting  the  state- 
ment, fbi-  which  we  have  not  been  in  any  way  responsible,  and  to  offer 
our  congratulations  to  Sir  .Alfred  Hickman,  the  K.C.  Co.  (Lt<i.).  .Messrs. 
Lamberton  &  Co.  (Ltd.)  and  the  Premier  Gas  Engine  Co.  (Ltd.)  in  show- 
ing that  it  is  not  necessary  to  follow  the  example  of  other  luulertakines 
and  to  go  to  (ieriiuiny  for  new  plant — Editor,  '"  Iron  and  Steel  Times." 

Brussels  Exhibition.  1910.— The  trades  conecrned  with  engineer- 
ing, mining  and  metallurgy  were  a|iproached  Inst  week  at  Newca.stle 
by  Lord  Lytton  and  Mr.  Wintour,  on  behalf  of  the  Royal  Com- 
missioners for  the  Brussels  Kxliibition,  and  the  Newcastle  and 
(iatcshead  Chamber  of  Commerce  pas.scd  a  resolution  coi-dially 
approving  the  steps  taken  by  the  Board  of  Trade  for  the  organisation 
of  the  British  exhibits.  It  was  announced  that  Messrs.  Armstrong, 
Whitworth  i^  Co.  will  make  an  important  exhibit. 

It  is  the  intention  of  the  Boyal  Commissiimers  and  the  Board  of  Trade 
to  make  the  British  exhibit  of  luachinery  uurivalleil.  More  than  a  third 
of  the  whole  Machinery  Hall,  which  covers  222.ii70  sq.  ft.,  has  l)ecn  se- 
cured in  two  central  bays  for  this  eomitry.  The  opp.irlunity  is  thought 
to  be  one  for  redeeming  the  discredit  of  former  occasions  and  pushing 
trade.  The  cost  of  exhibiting  at  Brussels  can  lie  eslimatc<l  with  cer- 
tainty. All  necessary  services  are  to  be  rendeix'd  to  exhibitors  free  of 
any  ehnrge  but  the  2s.  (id.  per  square  foot  for  space.  In  view  of  the  great 
efforts  to  be  made  by  France.  Germany.  Italy,  the  United  StJ»!ps  and 
Belgium  itself  to  display  iip-todate  machinery  in  a  sirikinc  way.  tho 
Royal  Commissioners  have  further  resolved  to  defray  half  the  cost  of 
motive  power  charged  by  the  Helgiau  administration,  though  the  charge.'^ 
in  the  lirst  instance  are  to  lie  normal. 

iMeelings  in  other  trade  centres  are  to  be  held  sliortlv.     Full  particulars 
may   be   had   from   Mr.    I',   F.   Wintour.    Hoard  of  Trade  (Exhibitioiis   • 
Branch),  Queen  Anne's  chambers,  Westminster. 
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Castle  Lighting. — Kurd  Castle.  Northumberland,  the  residence  ot 
Lord  .Toierv.  i^  being  wired  for  electric  lighting. 

Cheap  Power  Units. — .\  recent  report  by  the  electrical  onginee'' 
(ifr.  \V.  .1.  Leeming)  to  the  Electricity  conimittce  of  Buxton  Council 
gives  an  explanation  of  the  small  cost  of  generation  incurred,  in  some 
instances,  for  a  limited  day  load.  Following  is  an  abstract  of  the 
report  : — 

With  regard  to  the  charges  for  electricity  for  power  and  heating,  I  am 
uf  iipinion  that  more  current  would  be  used  for  these  purposes  if  the  price 
were  reduced.  The  additiimal  cost  of  supplying  any  extra  day  !ci;ul 
would  lie  very  small,  the  only  extra  costs  heine  fuel,  about  0-7d.  per  uuit. 
oil,  wiiste.  &c..  about  004d.  per  unit,  and  a  slight  amount  for  wear  and 
tear  of  machinery,  or.  say,  a  tot.il  of  from  (t"od.  to  0-8d.  per  unit  gene- 
rated. The  cost  of  labmir,  interest  on  cn])ilal.  repayment,  management 
and  property  eharees.  ic,  would  not  be  increased  at  all.  These  figures 
are  on  the  supposition  that  special  plant  has  to  be  run  for  any  increase 
in  the  power  load  ;  but  all  day  the  destructor  jilant  is  running,  wasting 
steam  and  power.  This  plant  is  capable  cif  generating  48  kw.,  and  the 
average  day  load  is  from  15  kw.  tn  20  kw.,  so  that,  with  hardly  any  extra 
costs,  a  day  load  of  another  2S  kw.  to  33  kw.  could  be  supplied.  The 
de.strHctor  is  working  all  day  to  dispose  of  refuse,  and  that  amount  of 
power  and  steam  Is  being  wasted  day  after  day.  In  fact,  I  think  the 
destructor  is  capable  of  generating  much  more  steam  than  the  present 
electrical  plant  can  use.  Therefurc,  I  recommend  a  rearrangement  of 
power  charges,  which  at  pre?eiit  are  :  3d.  ])er  unit  for  one  hour  per  day 
of  the  ma.ximum  demand,  and  IJd.  per  unit  after,  or  400  units  per  quarter 
at  the  flat  rate  of  I  Jd.  To  encourage  the  long-hour  consumer,  1  suggest 
the  following  charges  ;  2id.  per  unit  for  the  first  hour  and  lid.  after,  or 
2id.  ])cr  unit  up  to  300  units  per  cpiarter,  IJd.  per  unit  from  300  to  4.'50, 
and  above  450  IJd.  ])er  unit.  A  good  day  load  woidd  not  interfere  with 
the  heavy  lighting  loads,  as  these  occur  in  the  summer  and  in  the  evening 
when  workshops,  &c.,  would  in  all  prol)ability  be  closed,  whereas  in  the 
winter  time,  when  power  and  lighting  might  come  on  together,  the  maxi- 
mum loads  are  very  low.  The  only  time  there  might  be  any  serious  clash- 
ing of  these  two  loads  would  be  in  the  winter  from  about  7  a.m.  to 
8:30  a.m..  when  the  ga.s  engine  would  probably  have  to  be  run  as  well  as 
the  destruc  tor.  and  the  extra  ciist  woidd  be  about  0-8d.  per  unit. 

The  Council  have  ado])ted  the  committee's  recommendation  tliat  the 
charges  proposed  by  Mr.  Leeming  ))c  adopted. 

At  the  last  meeting  of  Slockton-iM-Tees  Town  Council  a.  dis- 
cussion took  place  with  regard  to  a  proposal  to  continue  the  supply 
of  electric  power  to  the  Stockton  Forge  Works  of  Messrs.  Head. 
Wrightson  &  Co.  for  a  further  live  years  at  ^d.  per  unit.  Several 
members  contended  that  this  would  not  be  ecjuitable  to  other  con- 
sumers. 

Aid.  To.MKl.ss,  chairman  of  the  Electricity  committee,  said  the  con- 
tract obtained  five  years  ago  assisted  them  in  tiu'ning  their  loss  into  a 
profit.  The  firm  kept  their  works  running  during  the  daytime,  and  if 
the  department  lost  the  contract  it  would  reduce  their  output  one-third, 
and  costs  would  go  up,  increasing  the  price  of  supply  to  other  consumers. 
Aid.  RiDD  moved  that  the  recommendation  be  referred  back,  as  he 
said  the  price  w.as  less  than  that  at  which  the  Corporation  coidd  jiroduce 
energy. 

.Mfl.  ToMKl.ss  replied  that  Mr.  .Anderson  (manager  for  Messrs.  Head. 
\^  rightson  &  Co.)  had  informed  him  they  w.  re  buying  electricity  at  a 
cheaper  riite,  and  that  he  coidd  sup|)ly  it  liimself  chcaj)cr  than  tlie  price 
a.sked  b\'  the  Corporation. 

Councillor  Xattr.vs.s  said  he  failed  to  see  how  they  couM  make  a  profit 
upon  an  article  thi^y  sold  below  cost  price. 

The  motion  to  refer  back  the  recommendation  was  defeated,  but  an 
amenclment,  moved  by  Aid.  Hind,  that  the  price  charged  to  Messi's. 
Head,  W'rii^htson  &  Co.  be  .Jd.  per  unit,  was  carried. 

China.— The  report  for  1908  of  British  Consul  H.  Gaffe  states  that 
a  Chinese  company  formed  two  years  ago  to  generate  and  supply 
electricity  at  Wuslui  (Anhui.  on  the  Yangtze  river)  expected  to  com- 
mcnci-  sujiply  in  .\|iril  this  yc;ar. 

College  Lighting. — Glasgow  L'niversity  Court  decided  on  Thur.sday 
last  tc)  adopt  electric  lighting  in  St.  Margaret's  College  at  the  earliest 
opportunity,  and  to  obtain  a  scheme  and  estimates  of  cost. 

Cowdenbeath  (N.B.)— The  Council  will  not  assent  t«  an  appli- 
cation by  ilic'  I'ifc  Electric  Power  Co.  for  a  provisional  electric  light- 
ing order. 

Customs  Duties. — A  supi)lement  to  the  Australian  Commonwealth 
Customs  TarilT  Guide  states  that  the  impijrt  duty  on  resistance  coils 
with  arc  lamps  (cla.s.si(ied  as  electric  appliances),  both  under  general 
tarill  and  fur  I'nited  Kingdom  goods,  is  20  per  cent.  ad.  val. 

Darlington. — The  electric  mains  are  to  be  extended  to  .Albert-hill 
for  power  supply,  at  a  cost  of  £1,100. 

Doncaster. — The  Rural  Council  have  approved  a  scheme  of  nuiin 
sewerage  for  Bentlcy  colliery  village. 

From  the  underground  slora^"'  tank,  which  will  be  of  reinforced  ccm- 
crctc  .and  sunk  to  a  consiclcral)lc-  depth,  the  sewage  will  be  pumpc-d  by 
electric  motcjrs  and  centrifugal  ]>um)>s  to  the  existing  sewage  disposal 
worlis.  Klectric;  cunent  will  be  Kupplicd  by  the  Bentlc-y  Coal  Co.  The 
engineers  for  the  scheme  arc  .Messrs.  D.  Balfour  &  Son. 

Dunfermline. — fJn  Tuesday,  the  Town  Council  had  before  them 
an  intimation  that  the  Fife  Tramway,  Liyht  &  I'owcr  Co.  intend  to 


commence   tlie  construction   of   tramways  under  the   Dvudcrmline 
District  Tramways  Order  within  30  days  from  July  U). 

Dundee. — The  Electricity  committee  decided,  on  Tuesday,  to  re- 
commend tlie  acceptance  of  the  tender  of  the  Union  Cable  Co.  for 
supply  of  various  sizes  of  cable. 

It  is  stated  that  the  Union  Co.'s  prices  were  from  10  to  70  per  cent, 
lower  than  those  quoted  by  other  firms  for  cables  of  English  manu- 
facture. 

Mr.  H.  Ur'ii.4Rdson,  the  city  electrical  engineer,  stated  that  a  cable 
supplied  li_v  a  foieign  company  had  been  working  satisfactorily  for  the 
jiast  two  years.  English  manufacturers  alleged  that  the  foreign 
makers  were  subsidised  by  their  Govermnent  and  the  foreigners 
declared  that  English  manufacturers  were  banded  in  a  ring  to  keep 
up  prices.  The  acceptance  of  the  Union  Co.'s  offer  would  save  about 
i'400  during  the  next  18  months. 

.A  fire,  ivhich  resulted  in  an  interruption  of  the  tramway  traffic 
and  the  su|)ply  of  current  for  lighting,  occurred  at  liie  electricity 
works  on  Wednesday. 

East  Ham. — The  Lighting  committee  have  decided  to  reduce  their 
charges  for  electric  power,  and  the  rales  will  be  for  l.")0  units  or  less 
per  {juartcr  2d.  per  unit,  up  to  1,000  units  IJd..  (i.OOO  l{d.,  and 
.special  terms  for  demands  in  excess  of  ("i.OOO  unils,  less  .'»  per  cent, 
for  prompt  |)ayment. 

Electricity  to  the  Rescue. — -A  Renter's  telegram  states  that  in 
order  to  compel  the  ilinclors  of  Ihc  Uominion  Coal  Co.  to  attrnd  a 
conference  called  by  the  United  Mine  Workers  of  America  the 
workers  threatened  a  strike  of  the  company's  operators.  As  the 
company  have  for  some  time  past  anticipatcdjtrouble  they  have  been 
making  pre])arations  to  meet  same,  and  amongst  the  prej)arations  is 
(according  to  the  telegram)  the  surrounding  of  the  works  with 
fences  surmounted  by  an  electric  cable  of  5.000  \c)lts  capacity. 
This  is  stated  to  have  alarmed  the  workers,  who  have  called  upon  the 
Government  to  prohibit  the  use  of  this  cable  in  the  numner  indicated. 
Exhibitions.— H.M.  Trade  Commissioner  for  South  .Africa  (Mr.  R.  S. 
Holland)  states  that  instead  of  an  international  exhibit icm  at  Cape 
Town  on  the  occasion  of  the  ojiening  of  the  South  .\frican  Federal 
Parliament,  it  has  now  been  decided  lo  hold  a  South  African  exhibi- 
tion ;  but  an  international  show  ol  <  l.driral  appliances,  machinery, 
agricultural  instrunienls,  &c..  is  lo  be  aeldc'd. 

It  is  pro]K>sed  to  hold  an  international  exhibition  at  Roubaix 
(France)  in  the  summer  of  1911. 

Acting  upon  suggestions  contained  in  comnniiiications  received 
from  Europe,  the  Executive  committee  of  the  International  Exhibi- 
tion of  Railways  and  Land  Transfort  (which  is  to  be  held  in  Buenos 
Ayres  from  May  to  November,  1910)  have  decided  that  ap])lication8 
for  space  may  be  made  in  Buenos  Ayres  until  Sept.  1(»  next,  and  to  the 
delegates  abroad  until  Aug.  10.  Applications  tor  the  erecticm  of 
special  kiosks  must  be  in  by  July  25. 

We  have  received  information  as  to  the  constitution  and  objects  of  a 
railway  congress  in  connection  with  the  exhibition,  and  which  it  is  pro- 
posed shall  be  opened  at  Buenos  Ayres  from  April  1,  1010,  and  closed 
not  later  than  May  24.  It  is  proposed  to  discuss,  amongst  other  cpics- 
tions,  .systems  of  signalling,  tlie  relative  advantages  of  various  types 
of  rolling  stock,  brakes,  train  lighting,  heating  and  ventilation,  motor- 
car services,  electrification  of  suburban  lines,  elevators,  etc. 

We  have  also  received  the  jirogiamme  and  rules  of  the  Inlcrnaticm'  ! 
Agricultural  Exhibition  which  is  fci  be  held  at  Palermo  (Buenos  Ayres) 
by  the  Argentine  Rural  Society  from  .Iiine  3  to  July  31,  1010.  The 
offices  of  the  society  arc  at  31(i.  ( jillc  Florida,  Buenos  .Ayres,  and  the  hon. 
sec.  is  Dr.  L.  P.  Iraola.  There  wire  to  be  groups  for  apparatus  for  plough- 
ing by  means  of  cables  and  for  jilougliiMg  by  direct  traction  (steam, 
naphtha,  electricity,  &c.),  machines  and  ajiparatus  for  felling  trees,  for 
the  preservation  of  wood,  e&c.,  carts  worked  by  mechanical  traction 
(steam,  electric,  &c.),  electric  engines,  apparatus  for  heating,  lightiiiL'. 
ventilation,  &c.,  and  feu'  electrical  appliances  in  the  cam]). 

Fire. — A  fire  resulting  in  damage  estimated  at  £10.000  occurred 
on  the  premises  of  the  Russian  Westinghouse  Co.  at  Moscow  on 
Satmday. 

Fixed  Charges  for  Lighting.— EccUs  Couiuil  decided  last  week  to 
charge  Od.  per  house  per  week  for  elect  ric  light  ing  in  the  12  new  houses 
being  erected  for  the  Ccjrjioration  in  Cor|)oration-road. 

Mr.  FoRCiES  moved  that  the  proposal  be  referred  back,  as  he  had  found 
that  the  gas  bill  in  a  cottage  with  four  lights  had  worked  out  at  30s.  per 
annum,  and  there  were  to  be  eight  electric  lights  in  the  Corporations 
houses.  Mr.  HliliUKI.I.  also  knc'W  of  a  live-light  house'  where  tlic  gas  bill 
amounted  to  about  the  same  figure^.  .Mr.  Forbes'  jiroposal  was  elcfcalcd. 
Mr.  Evans  said  the  current  u.scd  in  the  row  of  hcaiscs  would  be  regis- 
tered, and  if  the  experiment  did  not  ))ay  it  woidd  be  disc-ontin\ucl.  Air. 
flAKDNER  s.aid  they  would  save'  the  cost  of  sei)aratc  meters,  which  was 
£4.  10s.  each.  The  c^ngincer  had  made  an  experiment  el.sewhere,  and 
was  cemvinced  that  the  further  experiment  at  (Jorporationroad  was 
worth  making.      .Metallic  lllnmcnt  lamps  were  to  be  ic^cel. 

Fulham  (London.)  Addilionid  coneli using  plant  is  t(j  be  obtained 
at  a  CI  .si  of  £100. 

Gillingham. — The  Council  having  ai)))lied  for  a  loan  of  £5,000  for 
the  electricity  department  and  the  L.G.  Board  having  only  sane- 
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tioned  ti-StU  and  advised  the  Council  to  cniiagf  a  liighly  qualilicd 
engineer  to  investigate  the  working  of  the  undertaking  and  report 
on  the  best  means  of  reducing  the  annual  loss,  it  has  been  decided, 
on  the  casting  vote  of  the  mayor,  to  ask  the  |)rcsident  of  the  Institu- 
tion of  Elcetrieal  ICnginecrs  "  to  give  six  names  for  the  Council  to 
choose  an  e.\l):rl  from.' 

Hackney  (London). — Tiie  Council  last  week  adojjted  a  recommen- 
dation by  the  W'oiks  and  General  Purposes  committee  that  H)  ampere 
WC  lamps  be  sul)stituted  for  the  present  7  ampere  arc  lamps  in 
•oert-ain  streets  in  the  borougli,  at  an  additional  cost  of  t:2'i.")  per 
Annum,  and  a  recommendation  by  the  Electric  Lighting  committee 
that  it  be  referred  to  them  to  carry  out  the  proposed  improvements 
»t  a  cost  of  £414. 

Hammersmith  (London). —A  loan  of  SKI.OdO  for  the  electricity 
de|iaitment  is  to  Ik-  applied  for.  The  Finance  committee  jiropose 
that  the  surplus  jirnlils  uf  to.OlO  shall  be  a])plicd  in  ])art  i)a}'ment  for 
the  turbo-generator,  the  ccmtract  price  of  wliich  is  £7.400.  that 
the  £510  received  for  the  old  generating  sets  be  devoted  to  the  same 
purpose,  and  that  the  remainder  of  the  cost  be  taken  from  the  profits 
of  tlie  current  year. 

Hereford. — The  Council  have  received  sanction  to  a  loan  of  £7.o:i,S 
for  the  electricity  und'-rtaking.  including  £1.838  for  excess  expendi- 
ture. 

Heywood. — The  Council  decided  last  week  to  seal  the  agreement 
between  Heywood.  Roelidale  and  Bury  Corporations,  with  regard 
to  tramway  intercommunication  bstween  the  three  towns. 

Inquest, — An  inquest  was  held  this  week  by  the  citj'  coroner,  Mr. 
('.  L.  Rothera,  at  Nottingham,  into  the  circumstances  attending  the 
deaths  of  Daniel  E\Te  and  Samuel  Higgs,  at  Clifton  Colliery  on 
June  -28. 

Ihe  Coroner  said  the  men  were  using  an  electric  coal  cutter  at  the 
time  when  they  met  their  deaths. 

RiiHD.  CoTTERli.r,.  a  cle.iner  in  the  pit,  said  when  Eyre  started  the 
coal  cutter  by  turning;  a  snnll  wheel,  Higgs  called  to  him  to  stop  it,  and 
witness  then  saw  Higg:5  lying  on  the  floor  face  downwar.ls.  Eyre  had 
ilriven  an  electric  niaehine  about  two  years.  Eyre  generally  examined 
tlic  trailing  cable,  the  switch  and  the  maohiue  before  he  started  work. 
Eyre  had  generall}'  used  the  rubber  gloves  which  were  supplied,  and  after 
the  .aceidetit  he  found  one  of  Eyre's  gloves  on  the  ground  near  him.  Elec- 
tricians had  i)enodically  examined  the  m.achine  (horoughly.  Witness 
did  not  know  whether  Eyre  had  examined  the  machine  that  mornitig. 

Jas.  Davknport.  the  arm  cleaner  of  the  cutter,  said  Eyre  went  to  the 
transformer  switchboard  and  switched  on.  Eyre  then  sent  witness  for 
some  oil.  and  when  he  returned  in  about  !.■>  minutes  he  «'as  told  there  had 
been  an  accident,  and  he  switched  off  at  the  transformer,  which  was  tlie 
neare-t  point  to  him.  He  did  not  know  whether  Eyre  examined  the 
niailiine  that  morning. 

W'm.  Mould,  a  workman,  said  artificial  respiration  jiroved  unsuccess- 
ful ;uul  was  ceased  at  his  discretion. 

Mr.  R.  Nicisos.  H.M.  Electrical  lusix^ctor  of  Mines,  said  artificial 
respiration  ouL'lit  t  i  have  been  continued  until  a  doctor  certified  life  to 
be  extinct. 

.^Ii'.  W.  Lek,  electrical  engineer,  spoke  to  examining  the  m.achine  sub- 
se^inent  to  the  accident.  He  found  a  defect  in  the  electrical  connections 
iif  the  machine.  It  was  on  one  of  the  stator  coils  of  the  controller,  the 
defect  causing  the  rupture  of  the  insulation.  That  resulted  in  the  live 
wire  touching  the  frame  of  the  machine,  and  so  making  the  whole  machine 
"  live."  The  defect  was  discovered  inside  the  body  of  the  machine,  and 
no  one  coidd  discover  it  without  opening  the  machine.  The  machine 
was  fitted  with  an  earth  circuit,  but  tcstins  had  disclosed  that  this  pro- 
vision had  been  rendered  abortive  by  the  fact  that  the  connection  was 
put  through  a  hole  that  had  not  a  brass  collar,  instead  of  through  tlu> 
"ne  that  had,  and  a  break  was  thereby  occasioned.  With  a  oOO  vuIiil'c 
test  the  break  was  bridged,  but  a  verj'  low  test  failed,  as  the  strength  was 
not  suthiient.  The  machine  had  been  in  the  state  discovered,  as  re- 
garded the  iMimmcl,  since  Jlay  21,  when  the  pummel  was  changed  upon 
the  breakdown  of  another  machine.  What  was  all  right  in  tlie  other 
machine  was  wrong  in  this  respect  in  this,  owing  to  slight  dilTerence  in 
constnution,  and  the  defect  was  not  discovered  until  afterwards.  Since 
the  occurrence  extra  precaution  h.ad  been  taken  to  make  the  insulation 
thicker.  In  his  opinion,  the  cause  of  the  rupture  was  prcssiuc  on  the 
insulation,  aided  by  the  vibration.  This  part  of  the  machine  had  not 
been  exaudncd  since  .\pril.  The  pummels  were  interchangeable  in  every 
other  respect  save  the  one  since  discovered,  whiih  accounted  for  the  over- 
looking of  that  fact.  It  was  an  oversight,  but  one  which  would  easily 
occur  in  the  circmstances.  The  current  it  tlic  uiiuueut  of  the  accident 
was  3.")0  volts,  a  portion  of  which,  he  believed,  would  j\imp  the  break. 
The  rule  as  to  weekly  examination  w<mld,  if  applied  to  the  interior  of  the 
casing,  have  been  dang^-rous,  but  he  agreed  that  it  was  desirable  the 
int'-rior  should  l)e  examined  weekly,  and  that  machiMes  shinild  be  built 
to  enable  this  to  lie  easily  done.  The  earth  system  was  more  than  the 
ndes  re(|uired.  but  having  been  .vdopted  it  had  to  be  kept  in  (  ider. 

Dr.  H.  O.  Taylor  said  there  were  burns  on  the  body  and  right  arm  of 
one  man,  and  on  the  p:dm  of  the  right  hsnd  of  the  other.  In  both  cases 
death  was  Jue  to  the  cITeets  of  electricity.  Further  cITerts  at  respiration 
would  have  no  useful  elTect  in  this  case,  but  thrreijuaitcrs  of  an  hour 
Wa-s  not  too  long  under  ordiu.ary  circumstance^. 


Mr.  Xelson  presented  .-  report  of  the  result  of  bis  examination  of  the 
coal  c\itter  after  the  accident,  corroborating  .Mr.  Lees  view. 

The  jury  found  "  That  the  two  men  met  with  their  deaths  by  an  ac- 
cident caused  by  an  oversight  in  the  insjicction  of  the  working  machines 
and  the  pummel  not  being  in  perfect  order  to  carry  the  ewaped  current 
away." 

We  deal  with  this  matter  more  fully  in  ani>thcr  [)art  of  thiu  issue. 

Keynsham. — Kcynsham  Electric  Light  and  I'ower  Co.  have 
secured  the  contract  for  public  electric  lighting  for  one  year  at 
£260.  l.-)s. 

London  County  Council— On  Tuesday  the  Council  had  several 
electrical  matters  under  discussion. 

Wooden  Fittinrjn  lor  Ekclric  Ciiri. — The  Highways  committee  Bub- 
mittod  tenders  receiveil  for  supply  of  wooden  fittings  for  electric  cars 
which  ranged  from  £771.  19s.  SO.  (less  2.1  \>ei-  cent,  discount)  up  to 
£1.117.  lis.  (Id.  They  stated,  however,  that  the  fittings  could  t>c  sup- 
pUed  from  the  Council  car  works  at  I.eytonstone  at  £o38,  it  Iwing  possible 
to  nuikc  them  at  this  low  amount  owing  to  the  fact  that  a  quantity  of 
timber  had  been  taken  over  from  the  varioii'i  tramway  companies  at  a 
\erv  low  inice,  and,  further,  that  a  number  of  similar  fittings  are  now- 
being  made  at  the  car  works. — It  was  agreed  to  carry  out  the  work  by 
direct  labour. 

SirccI  Widiniiii/. — A  report  of  the  Finance,  Highways  and  Improve- 
ments conmiittees  recommended  that  a  former  resolution  of  the  C'ouncil 
as  to  the  allocation  of  the  cost  of  <iti-eelt  im]ifovcments  in  connection  with 
tramways  be  rescinded,  and  that,  when  the  widening  of  a  thoroughfare 
is  entirely  necessitated  by  the  construction  of  a  new  tramway,  or  the 
doubling  of  an  existing  single  line  of  tramway,  and  would  not  other\vise 
have  been  undertaken  within  five  years  from  the  time  of  such  construc- 
tion or  doubling,  the  whole  cost  of  the  improvement  shall  be  charged  to 
the  tramways  account  ;  that  when  the  widening  of  a  thoroughfare  is 
]>artly  necessitated  by  the  construction  of  a  new  tramway  or  the  doubling 
of  an  existing  single  luie  of  tramway,  the  cost  of  such  widening,  or  such 
balance  as  is  not  contributed  by  a  metroiiolitan  borough  council,  shall  b> 
allocated  to  the  tramwiiys  account  and  the  account  of  the  improvement 
respectively  ;  that,  in  cases  not  covered  by  the  above,  the  metropolitan 
borough  councils  be  asked  to  make  some  eontributifin. 

A  long  discussion  took  place  and,  after  various  amendments,  these 
recommendations  were  approved. 

The  Council's  estimates  of  expenditure  for  the  year  ended  March 
next  include  £2.089.955  for  tramways. 

Lowestoft. — It  has  been  decided  by  the  C'ouncil  to  slightly  incrcr.se 
the  tramway  fares. 

Maidens  and  Coombe. — Wimbledon  C<  uncil  propose  to  apply  for  a 
provisional  order  for  this  district. 

Manchester. — In  reference  to  the  rep<irt  of  a  special  committee 
disowning  any  equitable  liability  of  the  Corporation  to  reimburse 
expenses  incurred  by  the  syndicate  called  the  New  Mutual  Telephone 
Synd.  (referred  to  on  p.  .522  of  our  last  i.ssue),  Mr.  Thomson  has  wTittcn 
to  the  Corporation  asking  that  the  matter  should  not  be  regardetl  as 
settled,  and  stating  that  the  Syndicate's  scheme  was  not  rendered 
abortive  in  1905  by  the  action  of  the  Government,  as  stated  by  the 
Committee,  but  in  1899  by  the  Council's  change  of  policy  in  deter- 
mining to  create  a  municiiJal  service  :  and  further  that  the  Council 
stood  possessed  of  the  results  of  the  Syndicate's  expenditure'of  time 
and  money  from  1899  until  1905. 

Mexico.— The  "  Mexican  Herald  "  states  that  the  Jlexico  Steel  & 
Chemical  Co.  has  been  formed  with  a  capital  of  a  million  dollars 
(about  £102.000)  to  manufacture  .steel  and  chemical  products  by 
electric  power. 

Nailsworth. — Gloucestershire  Electric  I'ower  Co.  are  ajiplyiug  for 
a  |iriivisional  electric  lighting  Lirder. 

Newport  (Mon.l— Osram  lamps  are  to  be  substituted  for  230  pas 
pimps  for  street  lighting.  The  estimated  annual  cost  of  the  new 
1  imps  is  £2  per  lamp. 

North  Berwick.— Cromiitou  &  Co.  have  notified  their  intention  of 
apjilving  for  a  provisional  electric  lighting  order. 

Northallerton.  -The  Northallerton  Klectrie  Ligh^  &  I'ower  Co- 
have  secur<<(l  thi'  [udilic  lighting  contract  for  the  ensuing  two  years. 

Norway.— Hritish  Vice-Consul  Kjeldsberg.  in  his  report  on  the 
tratle  of  Trondlijem  for  1908  states  that  the  new  electric  power 
station  at  Lerfos  was  not  finished  as  had  been  anticipated,  but  it  is 
hoped  it  will  be  working  before  the  emi  of  1909. 

Provisional  Electric  Lighting  Orders.  19C9.— The  Report  by  the 
Hoard  of  Trade  resp.eliiig  tlie  applieati.ms  and  proceedings  under 
the  Electric  Lighting  Acts.  1S82  to  1902,  during  the  past- year  has 
just  been  issued.  Of  the  Ei  applications  received  in  Dec..  ItWS 
(compared  with  27  in  Dec..  1907)  six  were  made  by  local  authorities 
and  seven  by  companu-s.  The  oixlers  asked  for  by  Dumfermline 
and  Southampton  Ciup(uations,  Cleelhorpes.  H< me  Hay.  Stourbridge 
and  Tiuton  District  Councils.  Messrs.  Christy  Hros.  &  Co.  (for  Hols- 
worthy),  the  Coast  IVvelopmenI  Synd,  (for  Walton-on-the-Naze). 
and  the  Egham  Electric  Lighting  Synd.  wen?  granted  in  the  form 


56G 


THE  ELECTRICIAN,  JULY  16.  1909. 


proposed,  and  the  remaining  four  applications  were  dealt  witli  a< 
follows : — 

rhesimm  Eleetric  Lijihtiiii;  (Extension)  Order,  applied  for  liy  C'hesUam 
3=:ieotrie  l.ijiht  &  Power  C).  :  Order  granted  in  respect  linlh  of  (Jreat 
Berkhamp.itead  I'rlmii  and  Rural  districts,  Northehurcli,  Aiueisham. 
Ashley  Oreen,  rhesham  Bois  and  Latimer  parishes,  the  hor.niyh  of 
Hemel  Hempstead  and  parishes  of  Bovingdon  and  King's  Langley  being 
excluded. 

Chipping  Korton  (Borongh)  Electric  Lighting  Order,  applied  for  by 
Chipping  Norton  &  District  Electric  Light''&  Power  Co.  :  The  Board  of 
Trade  were  not  satisfied  with  the  financial  arrangements  offered,  and 
refused  to  grant  order. 

lliii-ihead  and  Dislriel  Electric  Lighting  (Extension)  Order,  applied 
for  by  Hindhead  &  District  Electric  Light  Co.  :  Order  granted  for  area 
applied  for,  exce])t  Thiirsley  and  Witley  parishes. 

Shlmnrlic  and  IlVmy**  Bay  KlectriV  Supply  Order,  applied  for  by 
.Skelmorlic  &  Wemyss  Bay  Gas  &  Electric  Supply  Co  :  Application 
opposed  by  one  local  authority  in  area  and  by  certain  ratepayers,  &c. 
Lo;-al  intpiiry  wjis  held  and  Board  decided  not  to  grant  order. 

In  the  case  of  the  ]yalton-on-lke-Xnz^  Order,  the  local  authority 
refu.sed  consent,  but  the  Board  decided  to  disjiensc  with  consent  and 
granted  order. 

Since  the  date  of  the  last  report  the  Board  of  Trade  have  appioved 
deecb  trartsferring  the  powers,  duties  and  liabilities  under  12  orders 
(compared  with  19  in  previous  year),  the  transfer  being  to  companies  in 
all  cases  except  one  (the  Ince-in-Makerfield  Order,  transferred  to  Wigau 
Corporatirm). 

Provisional  Order  Transfer. — The  Board  of  Trade  have  consented 
to  th"  transfer  of  tin-  Wliitefield  Electric  Lighting  Order,  19t>0,  to 
th^  Lanae.ihire  Electric  Power  Co, 

Runcorn. — Notice  of  intention  of  Me.s.srs.  G.  H.  Cox  and  H.  .J. 
Falk  to  apply  for  a  provisional  electric  lighting  order  was  submitted 
to  the  Council  la.st  week. 

St.  Helens.— Tlie  Clouncil  have  applied  fur  a  loan  of  £8.0tHI  for 
plant  and  mains  in  connection  with  the  supply  of  electrical  energy 
t  .Sutton. 

Sandwich. — Mr.  Mark  Parker  is  applying  for  a  provisional  electric 
ligliting  order  for  this  district. 

South  Africa. — The  "  British  and  South  African  Export  Gazette  '" 
«avs  the  w.ight  of  evidence  before  the  Government  Commission  which 
is  sitting,  under  the  pre.Hidcncy  of  Sir  Tho.s.  Price,  general  manager  of 
the  Central  Siuth  African  Railways,  on  the  subject  of  Transvaal 
power  sehem?.^,  has  b?cn  overwhelmingly  in  favour  of  electricity 
as  a  motive  power  for  mining  plant,  on  the  grounds  of  decreased 
capital  and  working  costs,  economy  of  water  and  coal  consumption, 
and  greater  efficiency  and  flexibility. 

The  joint  imderlaking  of  the  Victoria  Falls  and  Transvaal  Power 
Co.  and  the  Rand  .Mines  Power  .Supply  Co.  is  b^ing  |iushed  forward, 
the  latest  developm  -nt  being  the  placing  of  orders  in  Germany  for 
turbine-type  electrically-driven  air  compressors,  which  are  to  be 
cap.able  of  delivering  1.20l),t)(K)  cubic  ft.  of  compressed  air  per  hour, 
and  will  be  .3J  times  as  large  as  any  previously  constructed  in 
G -rmany. 

Last  year  there  were  installed  in  Transvaal  mines  218  electric 
pumps  with,  a  maximum  capacity  of  1.770.139  gallons  |)er  hour. 
ronipan  d  with  374  air  driven  j)um|)s  with  a  capacity  of  I. (170.467 
gallons  per  hour.  The  electrical  horse  power  required  was  .S..32!l. 
against  7.397  in  the  previous  year,  while  the  power  consumed  by 
steam  and  air  driven  pumps  each  showed  a  decrea.se. 
•  An  electric  lighting  .scheme  for  Quecnstown  (Cape  Colony),  to  cost 
£1  l.tioit.  is  under  consideration. 

Orders  liiive  been  |)laced  by  Boksburj,  Municipality  fur  electrical 
appliancs.  including  transformers,  oil  switchci.  &c..  by  Banljcs 
(■<..i  ilidat'-d  .Mine)  for  2.5  electric  niolor.^  from  l.J  to  KKI  il.l'.  ;  by 
.Johannesburg  .Municipality  for  5(M)  III  amp.T,^  and  ol)  2.")  ampere  a.c. 
meters  ;  by  the  Goch  Gold  Mining  C.j.  for  switchgear  and  trans- 
former.1 ;  by  the  R(d>inson  (Jold  .Mining  Co.  for  19  electric  motors 
fro.n  L5  to  00  ii.p.  ;  and  by  the  Cloverfield  .Mines  for  two  KM!  h.i'. 
three-phase  stanflard  type  motors. 

It  Is  understood  that  orders  for  three  2.000  kw.  and  two  0,000  k.w. 
Parsons  turbo-generator  sets  will  shortly  be  placed  by  the  Rand- 
f  jntein  Estali's  Gold  .Mining  Co. 

South  Shields. — The  Electrical  committee  claims  iHMr>1  from  the 
Tramways  committee  for  current  for  traction  during  the  year  ended 
-March  last,  but,  as  the  tramways  manager,  Mr.  L.  E.  Harvey,  con- 
sidered the  current  represented  by  this  sum  was  in  excess  of  actual 
consumption,  the  meters  were  tested  and  found  to  be  defective. 

At  a  meeting  on  Friday  last  representatives  of  the  two  eonmiltlees 
ajrecil  to  rcdii.c  the  amount  to  £7,lfl7,  representing  l-.'>2d.  ikt  car-mih — 
the  ipiaiilily  indicated  by  the  meters  after  re-calibration.  This  adjust- 
ment, if  ratified  by  the  Council,  will  enable  the  lramw.iy  department 
to  show  a  profit  instead  of  a  Irws  on  the  past  year,  but  i(  is  also  expected 
that  it  will  prevent  the  electricity  supply  department  from  showing  a 
net  profit. 


Stepney  (London). — The  Eleclrieily  eoMimittee  propose  to  extend 
llir  sysli  ni  nl  advertising  the  eleetrieily  departnitnt  by  means  of 
ilhiiniiKiti'd  signs  attached  to  are  lamp  standards. 

Stroud. — .Vt  the  Council  meeting  last  week  a  proposal  by  a  syndi- 
cate to  apply  for  a  provisional  electric  lighting  order  for  Stroud  and 
N'.iilsworth  was  discussed.  It  was  decided  to  take  no  action,  pending 
tli.>  neeipl  of  a  further  notice  from  the  syndicate. 

Swansea. — -\t  the  mecling  of  the  Electric  Lighting  committee  last 
week  a  letter  was  read  from  Mr.  E.  Harris,  of  Swansea,  containing  a 
proposal,  on  behalf  of  clients  experieneeil  in  the  development  of 
electric  power  undertakings,  for  taking  a  transfer  and  reorganisation 
of  the  C(nincirs  electricity  undertaking. 

The  pr.>moters  of  the  scheme  offered  to  become  respiinsil)le  for  the  jipy- 
nient  of  the  instalments  of  loan  charges  in  respect  of  all  debts  contracted 
by  the  Corporation  in  connection  with  the  undertaking,  to  extend  tho 
system  of  distribution  and  reduce  the  price  of  current. 

The  committee  decided  not  to  entertain  the  offer. 

Switzerland. — The  "  Feuille  FeJerale  Suisse  "'  states  that  M.  F, 
Leder.  of  lierne.  on  behalf  of  a  promoting  syndicate,  has  secured  an 
SU  years'  concession  for  the  construction  and  working  of  a  single 
track  metre  gauge  electric  railway  from  Ikrne  to  ZoUikofen,  with  a 
branch  from  Trefenau  Bridge  to  W'orblaufen.  The  expenditure  is 
estimated  at  £20,000. 

Messrs.  A.  Ribordy,  H.  Hallenharter  and  J.  Roth  have  obtained  a 
concession  for  a  similar  line  from  Gopiienstein  to  Blattcn.  Exjiendi- 
ture  £.)0.0t)0. 

Tiverton.— Messrs.  Foote  &  Milne  have  given  notice  of  iatenlion  to 
apply  for  a  pro\isional  electric  lighting  order  for  this  borough. 

United  States. — .According  to  the  reiiort  of  British  Consul  John 
Leav  fur  I90.S  the  exports  of  electrical  machinerv  from  Boston  to 
the  U.K.  were  of  the  value  of  £21.793  (against  £11(1.407  in  1907). 

Walsall. — Al  the  Council  meeting  on  Tuesday  the  ilayor  moved 
the  adoption  of  a  recommendation  of  llie  General  Purposes  com- 
mittee to  ap])ly  to  the  L.G.  Board  for  a  loan  of  £35,000  tor  exten- 
sions of  the  electricity  undertaking. 

He  pointed  out  that  a  special  consullalivc  iiMuniillcc  had  cn<lorsed 
(his  proposal  .as  the  only  step  which  couM  l.r  (mUcm.  !)otli  in  tlie  interests 
ot  (he  courciii  and  of  (lie  )iubUc.      The  rfcimimcndati.in  was  approved,    n 

Wireless  Telegraph  Notes. — Mr.  Stanley  Coles,  the  Marconi  wireles^ 
operator  who  inatle  himself  famous  by  his  prompt  .and  vigorous 
action  on  the  ill-f.ated  "  Slavonia,"  which  was  wrecked  off  Flores.  in 
the  Azores,  on  June  10,  has  received  the  appointment  of  .Marconi 
operator  on  the  "  Atalanta."  a  magnitlcent.  new  steam  yacht  built 
for  Mr.  J.  G.  (Jould.  the  American  millionaire. 

Two  large  steam  trawlers  owned  by  the  Cuxhaven  Steam  l''ish(  lies 
Co.,  and  ui)erating  in  the  North  Sea.  have  recently  been  ei|ui|i|ied 
with  wireless  telegraph  api)aratus. 

The  question  of  a  reduced  rate  of  insurance  for  vessels  carrying 
a  wireless  telegra|)h  equipment  is  under  discussion  in  marine  quarters. 
The  subject  lias  been  mooted  before,  but  is  now  coming  nearer  to 
the  position  of  "  practical  politics."  There  is  to  be  an  Internatiimnl 
Conference  of  Underwriters  at  Baden-Baden  on  .Sept.  12  at  which 
the  matter  will  form  a  prominent  feature. 

A  wireless  .station,  the  first  in  Corsica,  has  been  established  on  the 
coast  at  ,\spretto.  on  the  ea.stern  side  of  the  Bay  of  .\jaceio.  The 
station  has  been  erected  by  the  French  naval  authorities  for  the  use 
of  the  navy. 

.■Veeording  to  the  I,undun  "  D.iily  News"'  there  has  ))een  ''a 
my.sterious  failure  of  wireless"  at  Dover  in  (iinncetion  with  Mr. 
Latham's  proposed  Higlit  across  the  Chaiinc  1.  Tliis  is  liow  the  story 
goes  :— 

There  have  been  some  very  |ioculi;ir  expcrieure;  with  the  special  wire- 
less telegraph  installation  set  up  in  connection  w'i(h  th<'  (light.  For 
some  reason  these  stations  cannot  get  into  communic.ition  with  each 
other,  althiaigh  the  Sangatte  station  and  (lie  .North  For.land  aiv  taking 
each  other's  messages,  and  the  Lord  Warden  Hotel  station  .md  .N'ieuport, 
Helgium,  are  in  communication.  The  stations  on  "itlur  side  arc  also 
continually  ri'ceiving  messages  from  shi|ipiii<_'  iu  (lie  Charuicl. 

It  is  stated  that  the  Pacific  Islands  Kadiu-Telegraphy  Co..  recently 
incorporated  in  Lond(m  with  a  capital  of  £110,(1(11).  will  soon  commence 
o|)erations  in  the  Pacific,  and  that  a  French  company  has  been 
iiieoiporat<>d  for  the  establishment  of  a  wireless  tclegraiih  station  at 
Tahiti.  Up  to  this  lime  the  sanction  of  the  Governor  and  the  local 
(lover  rnnciil  lias  mo(  been  given  for  (he  erection  of  a  station. 

Wireless  and  Air  Vessels. — The  "  BeltastNews  Letter"  publishes 
the  following  from  its  New  York  correspondent : — 

A  good  de.al  of  mystery  surrounds  experiments  which  are  being 
carried  out  here  by  Mr.  Mark  O.Anthony,  a  railroad  electrical  engi- 
neer H  ho  has  invented  a  system  by  means  of  which  dirigible  balloons 
can  be  operated  from  the  ground  through  the  medium  of  wMi'eless  im- 
pulses. The  experiments  are  .said  to  be  going  on  at  the  instance  and 
in  the  presence  of  representatives  of  a  European  Power,  whose  identity 
is  kept  secret.  Said  Power  is  credited  with  the  de.sire  to  make  use  of 
Mr.  Anthony's  important  invention  for  lifcs.aviiig  i)urpo.sep. 
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Outing. — Colchestrr  electricity  department  staff,  to  the  number  of 
;!(),  IukI  tli?ir  annual  oulinf;  on  .Inly  li.  at  RlaeUpool.  al  which  town 
iU:  A.  R.  Sillar  was  cngaired  in  thi'  elretricily  (l(  iiaitniint  prior  lo  Ins 
appointment  at  Colchester. 

Annual  Holiday. —  Messrs.  Willans  &  Robinson  notify  that  their 
w.irlii  and  oDics  will  ha  closed  for  the  fortnight  from  July  30  to 
Aug.  Ui.  A  small  stafl'  will  remain  tu  deal  with  urgent  correspon- 
dence and  the  supply  of  replace  parts,  &c. 

Sports. — The  second  annual  athletic  meeting  of  the  start's  of  the 
Viirious  works  of  Messrs.  Vickers,  Sons  &  Maxim  took  place  at  Car- 
brook,  Sheffield,  on  Saturday.  Competitors  were  supplied  by 
Vickers,  Sons  &  Maxim's  Sheffield,  Barrow  and  Eritli  works  and 
L:>ndon  offices  and  by  the  Wolscley  Tool  and  Motor  Car  Co.  (Bir- 
mingham) and  the  Electric  &  Ordnance  Accessories  Co.  (Birming- 
ham). A  30  guinea  silver  challenge  cup.  to  be  held  for  one  year,  by 
the  works  securing  the  highest  number  of  points,  was  won  by  Barrow 
with  three  firsts,  throe  seconds  and  two  thirds  (17  points  out  of  a 
|Hnsible  36).  and  other  prizes  to  the  value  of  £60  w'ere  also  com- 
|i^  ted  for.  There  were  several  open  events,  including  two  for  local 
school  children.  The  Master  Cutler  (Mr.  Bouglas  Vickers)  pre- 
s  iit-d  the  prizes.  At  the  conclusion  Major  J.  H.  Leslie,  president 
( li  t  he  Vickers  Sports  Club,  propo.sed  a  vote  of  thanks  to  Mr.  Douglas 
\  iekers  which  was  seconded  by  Mr.  M.  Bennet.  N.C.A.A.  (the  handi- 
ci]iper)  and  carried  by  acclamation. 

[.iverpool  tramway  emijloy^s'  sixth  annual  sports  and  children's 
II nival  took  place  on  Wednesday.  The  various  events  were  well 
<■  mti'sted  and  the  children  (numbering  about  500)  were  well  enter- 
tained. The  manager  of  the  tramways  (Mr.  C.  W.  Mallins)  designed 
the  rose  queen's  throne,  pavilion,  kc.  and  superintended  the  ])ro- 
!•  rdings  generally.  The  Lady  Mayoress  officiated  at  the  coronation 
i.iil  .-\ld.  Sir  Charles  Petrie  (chairman  of  the  Tramways  and  Elec- 
!rh  ity  committee)  and  other  corporators  and  visitors  were  present. 

Associated  Telegraph   Companies'   Staff  Flower  Show.— At   the 

L  union  headquarters  of  the  Associated  Tckgraph  Companies. 
I'^ltctra  H<iuse,  ]'"insbin'y  I'avemcnt,  on  Wednesday,  was  held,  the 
iiist  of  what  may  be  nomc  an  interesting  series  of  flower  shows  by 
III"  members  of  the  head  office  staff.  The  .show,  which  was  confined 
In  ros^s  and  sweet  peas  as  a  first  effort,  proved  a  great  success. 

I'liere  wore  tluvL"  classes  in  ro5cs  and  four  in  f5v,'e"t  poas  ;  one  class  in 
llir  litter  did  not  fdl.  In  the  sweet  iJeas  Mr.  IL  F.  Porter,  of  the  Eastern 
Iv. umiim  Company,  cleared  the  board  of  lirst  prizes;    2nd  prizes  were 

I  ik<-n  by  Dr.  C.  W.  Curtis,  S.  G.  Farmer,  W.  A.  de  Merall  respectively. 
iiilirr  prize  winners  were  E.  A.  Roberts  and  S.  G.  P'armej'.  with  \V. 
ilil.lu-rdineh.o. 

/.'...Ts.— Clas.-i  1  :    1st  R,  A.  Roheris,  ind  W.  .J.  Hall,  ;!iJ  II.  F.  P.. iter. 

II  >  A.  R.  Hiinlie.  Class  2:  1st  H.  F.  I\.rt,M-.  2w\  K.  W.  l.iult.w. 
I  I  iss  :i  :  1st  H.  C.  Woiideofk,  211(1  K.  A.  Ki.licrls,  :!id  \\.  A.  de  Merall. 
I  ii  H   F.  Porter,  h.c.  A.  R.  Hardie. 


ELECTRICITY  SUPPLY  AND  TRAMWAY  ACCOUNTS. 

Bootle,  -The  accounl-s  of  the  I'lectricity  depaitment  for  the  year 
ended  .Maiah  show  total  capital  expenditure  £112,981  (against 
£ill..V!l  at  .\lairh,  1908). 

InriiiiR.  was  LiS..'">Oli  (compared  with  £18,223).  working  costs  £9.892 
(l.'!l,ri:{!)),  gross  profit  £8.614  (£8.ti84),  interest  and  sinking'  fund  eliiuges 
itl.siW  (£6,722).  and  .siu-plus  £1,806  (£1,962).  £887  hlls  been  iip]iUed  to 
griieral  district  rate,  and  the  balance  placed  to  reserve  and  renewals 
finul-:.  U'orks  costs  were  Oli7il.  (Ollfid.)  |ii'r  unit  sold,  fuel  accounting 
f.ir  0-3r>d.  (0-37d.),  total  costs  0-S9.I.  (0-87(1.)  or  including  capital  charges 
li'iil.  (l-4Sd.).  xVverage  revenue  per  unit  for  all  classes  of  supply  was  l-66d. 
(.IS  ill  previous  year).  3,006,(KK1  (2,872.006)  units  were"  gcncialcd, 
4.S!I.(I0()  (4S0,000)'supplied  for  private  liglitintr,  1187,000  (.-.97,000)  for 
miner,  297,000  (323,000)  for  street  lighting,  and  1,202,0011  (1.229,110(1) 
I"!  tianiways.  There  are  1196  (672)  consumers  cnniiected,  and  the  total 
"iiuicctions  (exclusive  of  tramways)  are  cipial  to  2,.S91  kw.  (2,719  kw.). 
'  li    iiiaxiiniim  siip|il\'  demanded  was  1,2.">2  kw.  (1,196  kw.). 

The  report  of  Mr.'T.  I).  Clothier  (borough  electrical  engineer)  states 
dial  the  use  of  metal  filament  lamps  has  not  increased  C(msumers.  The 
II  iiuiiittcc  ho|)e  to  manage  without  resorting  to  an  increase  in  the  selling 
liii' c.  lint  they  arc  forced  to  recognize  that  the  new  conditions  materially 
ntlVct   the  |>rospect3  and  policy  to  be  adopted.     The  committee  have 

Sir  CHARLES  TILSTON  BRIGHT. 

It  will  interest  our  reailers  to  know  thai  we  have  .some  reprtiduc- 
lions  on  sale  at  Is.  each,  of  the  portrait  of  the  late  Sir  Charles  Bright 
(uh.ii  knighted  at  the  age  of  20).  This  forms  the  frontispiece  to  the 
rciiiii  ly-i.ssued  abridged  biography  of  the  distinguished  engineer. 
We  would  add  that  the  portrait  is  mounted  so  as  to  be  conformable  as 
to  size  with  "  The  Electrician  "  series  of  steel  plate  portraits,  and  is 
Well  suited  for  framing  with  the  series. 


not  yet  thought  it  advisable  to  establish  *  showroom,  but  Mr.  Clothier 
thinks  if  it  were  established  with  a  suitable  stall  progress  might  be 
ai  I  ciliated.  The  maintenance  period  of  10  year.-*  during  which  the 
i'.rilisli  Insulated  &  Helsby  Cables  maintained  the  original  mains  system 
at  lliiir  own  undivided  expense  ended  in  .M;ir<h  last.  The  renewals  fund 
is  now  approaching  the  statutory  limit.  The  total  turnover  was  only 
\(>-r>  per  cent,  on  the  capital  expenditure,  which  indicates  that  careful 
management  must  have  been  (observed  to  secure  the  results  shown. 

Bristol. — The  accounts  of  the  electricity  supply  dipr>rtmfnt  for 
the  year  ended  March  .show  capital  expenditure  i'81tl,747  (increase 
£41„307). 

Revenue  was  £81,390  (compared  with  £79,887  in  previous  year),  work- 
ing and  general  expenses  £38,226  (£36.761),  gross  profit  £43,l"lU  (£43,126) 
and  net  fleficit.  after  meeting  ea|jital  charges  and  placing  £2,825  {£2.<i.55) 
to  reserve,  fSO.'i  (compared  v/ith  £474  net  profit.)  The  reserve  fund  re- 
mains at  £18,307  (against  £17,059),  and  unappropriated  funds  of  £(;,230 
are  carried  forward.  The  increase  in  equivalent  30  v.iitt  lamps  was 
92,785  (43  872),  the  total  connectiims  being  3,218  consumers  and  193.093 
equivalent  30  watt  lamps.  Units  sold  were  8.110,957  (7,6.i0.074).  for 
jirivate  lighting  and  power  7,288,.595  (6,806,,301).  and  for  public  lighting 
N22,362  (S4:;.773),  There  are  1,119  (917)  motors  inslalled  im  consumers" 
]ireiiii.ses,  the  aggiegate  horsi  -power  ot  niotor-i  and  heating  apjiaratus 
being  10  179  (7,103). 

The  rejiort  of  the  city  electrical  engineer,  Mr.  H.  Faraday  Proctor, 
slates  that  the  installation  of  the  two  3,000  turbo-generators,  referred  to 
in  the  last  three  annual  reports,  h.as  not  been  satisfactorily  accomplished, 
although  one  of  these  machines  has  been  in  regular  use  for  some  time. 
The  manufacturers  have  not  complied  with  the  guarantees,  and  the  ])lant 
has  not  been  taken  over.  The  power  switchboard  at  Temple  Pack  has 
been  extended  and  another  ."iOO  kw.  (e.h.t.  to  d.c.)  converter  added  to  the 
sub-station  equipment.  The  total  mileage  of  cables  laid  is  331  miles 
(increase  20  miles).  The  year  has  been  an  exceptionally  bad  one  from 
a  revenue-earning  point  of  view,  owing  to  trade  depression  anfl  the  ex- 
tended use  of  metal  filament  lamps.  Revenue  was  2-409d.  (against 
2-43Id.)  per  unit,  and  total  cost  l-0.')4d.  (I-077d.),  works  co.st  accounting 
for  0-737d.  (0-738d.).  Instalments  for  redemptiim  of  capital  were 
0-601d.  (0-566d.)  and  inteiest  on  capital  0-666d.  (0-073d.). 

Oldham. — The  accounts  of  the  electricity  department  for  the  year 
ended  March  last  show  capital  expenditure  £289.271  (increase 
£4,839). 

Revenue  was  £44;5S8  (compared  with  £40,465  in  previous  year). 
After  meeting  working  and  general  expenses,  of  which  coal  amounted  to 
£10,195    (£8,792),    the    gross    piofit    was    £21.007    (£19..590).     Interest 

quired  £8.061  (£8,(149)  and  sinking  fund  £9.493  (£9.217).  leaving  -sur- 


..nnected     (ag _..      ..., ,. 

(2,849  kw.)  and  the  load-factor  21-73  (21-06). 

The  income  of  the  tramways  department  during  the  past  year  was 
£100.651  (compared  with  £101.481  in  the  previous  year). 

Working  expen.ses  were  £69,208  (£(11,(126),  including  £27,100  (£24.303) 
for  power,  at  1 5d.  per  unit.     (Jross  profit  was  £31 .443  (£39  855).  and  after 

lu'Dviding  for  interest,  sinkinu  fund,  incoiiie  tax.  i.V;c..  there  was  a  deiieiencv 
of  £1.193  (compared  with  a  suiphis  of  £9.011).  19.9211,073  (20.0S2.3(i7) 
passengers  \vere  carried,  2.05.-..4.-)0  ( 1 .978.  l.-iO)  (-ar-niilcs  inn.  and  1.:;3.->.S(71 
(3,888.402)  units  used  2109  ^l■9(l)  pi-r  caiiiiil.-,  l!c\,-iui.-  per  car- 
mile  was  ll-752d.  (13-312d.l.  worUinu  ex|ienses  (in-  liuliiui  |.o\mt)  S-OSld. 
(7-477d.). 


TRADE  NOTES  AND  NOTICES. 


TENDERS  INVITED. 

Edmonton  Guardians  invite  tenders  for  supjily  and  insinuation 
of  a  private  telephime  equipment  at  the  infirmary,  consisting  of  it 
100-line  switchboard  with  direct  lines  to  dilTcrcnt  iwrts  of  the  build- 
ings and  op(^ratcd  by  magnet<i-gcnirator  calling  and  clearing. 
SiH'citication  from  .Mr.  Stuart  Hill.  106,  Caiuion-strcct.  London,  E,C.. 
on  and  after  July  19.  Tench  rs  by  9  a.n-..  .luly  28.  Sec  also  an 
advertisement. 

Tenders  are  invited  for  supply  ol  Uii  liiO  number  switchboards  to 
the  Postmaster  Generals  Department.  .\'E\v  Sot  TH  W.vi-ES.  Tender 
forms.  &c..  at  the  C(uninonwealth  Office.  72.  Victoria-street.  London, 
S.W.     See  an  advertisement, 

Dublin  Coriioration  inviu-  tenders  for  (appro.xiuiately)  12  months' 
supply  of  machinery  oils  for  the  electricity  works.  Pigeon  House 
Fort,' Dublin.  SiHcilication,  conditions.  &c.,  from  the  town  clerk, 
:\lr.  Henry  Campbell,  to  whom  tenders  by  .hdy  26.  See  also  an 
advertiscmeut. 
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NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES' 
DIRECTORY  AND  HANDBOOK.— The  1909  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  9d.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issued  in  handy  book 
form.  These  are  included  in  the  igog  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 


The  Electric  Lisjliting  committee  of  Hull  Corporation  invite 
tender.'?  for  the  sn]>ply  and  laying  of  electric  mains,  &c..  during  the 
perif)cl  ending  March,  1910.  Forms  of  tender  and  speciticatinn  may 
1).^  iilitained  «n  depositing  one  guinea  with  tlic  city  treasurer  (.Mr. 
T.  (i.  .Milner).  Tenders  to  the  chairman  of  tlie  Electric  Ligliling 
crmimittee,  Town  Hall.  Hull,  by  noon  July  •2'.). 

London  County  Council  want  tenders  by  11  a.m.  .luly  21  Inr  an 
installation  of  electric  lighting  and  fans  in  the  extension  of  Padding- 
ton  Technical  Instidile.  Saltram-crcsccnt,  W.  Forms  from  the 
Chief  Engineer,  Spring  Gardens,  S.W. 

Sheffield  Education  committee  want  tenders  by  Aug.  10  for 
heating  and  electric  lighting  of  the  Training  College  Hall  of  Residence 
for  Men.  Specifications.  &c..  from  Messr.s.  Giblis  &  Flockton.  1.5. 
St.  .lames-row,  Sheffield. 

HcLL  Corixiration  want  tenders  l)y  1(1  a.m.  .July  2S  f(,r  .supjily  of 
electric  and  gas  fittings  reipiired  for  mw  public  hall.  Speciflcal  ions. 
&e..  from  Mr.  J.  R.  Hirst,  Town  Hall.  Hull. 

Mile  End  (London)  Guardians  want  tenders  for  supply  fif  six 
Arontype  wattmeters.  I'articulars  from  the  Ma.ster  of  the  work- 
house. 

Leytos  Cnuneil  want  lenders  by  7  p.m.  .July  27  for  eleetrie  wiring 
and  fittings  for  Sybourn-.slreet  school.  Spccilicatit)ns,  &c.,  from 
Mr.  W.  Jacipies,  2,  l''cn-court.  London,  E.C. 

Bradford  Tramways  Dejiartment  want  tenders  by  noon  July  30 
for  supply  of  eight  automatic  point  controllers.  Specifications,  &c., 
from  .\Ir.  C.  J.  Spencer,  !i  and  7.  Hall  Ings,  Bradford. 

LfTON  Corporation  require  tenders  by  10  a.m.  July  19  for  supply, 
fixing,  &c.,  of  500  kw.  steam-driven  generator  and  of  condensing 
plant.     S[)ecifications  from  the  Bt>rougli  Electrical  Kngiiieer. 

Loxo  E.vTON  Council  want  tenders  and  schemes  by  mid-day 
.July  20  for  the  installation  of  water-softening  jilant  at  the  electricity 
work.s.     I'articulars  from  the  Engijieer  and  Manager. 

Tenders  arc  wanted  by  noon,  Aug.  !).  for  crcosoting  lelcgraph  poles 
for  the  fJr.XERAL  1'ost  Office.  Forms  from  the  Controller  of 
Stores,  17-10,  Bcdfr>rd-strcct,  London,  VV.C. 

Eocles  Health  committee  wani  tenders  by  10  a.m.  .July  1!)  for 
electric  wiring  and  fittings  for  12  house's  in  Corpora limi -road.  Eeele.s. 
Specification.  &c..  from  the  Town  Clerk. 

Tenders  arc  required  by  first  post  July  20  for  sup))!y,  &c.,  of  a 
storage  battery  at  the  County  Asylum.  Hei.i.inoly.  Sussex.  Par- 
ticulars from  the  Resident  Engineer. 

Tenders  are  inviUid  for  the  supply  of  l.'![  miles  of  bare  lurd-drawu 
copper  cable,  and  also  for  the  supply  of  (>,410  yds.  of  single  condurlor 
lead-covered  cables  and  l,40f)ydfl.  of  concentric  lead-covered  cable  s 
to  the  City  flonncil  of  Melbourne.  Specifications,  tend'r  forni.s  and 
Conditions  from  the  Agents  for  the  City  C^ouncil,  Messrs.  ^lelhvrailli. 
.McK.-uiharn  &  Co.  1'roprict.ary  (F.Ul.).  Billi(er-"(pian-bnilelinL"<. 
London.  ICC.  wit!',  whom  tenders  must  bt  lodged  by  l'"iid.iy.  .July  L'.'i 


The  Tr.vnsv.vai.  Dejiartment  of  Posts  and  Telegraphs  reuuir 
tenders  for  sui)ply  of  2..'>00  tapered  iron  telegraph  poles  and  20  ton 
of  g.i.  wire.  Tenders  to  the  .Vgenl -General,  72,  Victoria-street 
London,  S.W..  by  noon  July  23. 

Tenders  are  invited  by  the  Public  Works  Department.  Mjvdrid 
for  a  tiO  years"  concession  for  the  construction  and  working  of  a 
electric  tramway  between  Monaebil  and  the  suburbs  of  Gain 
(irande  ((iranada).  Tenders  (with  di|)osit  of  ."i.oSS  pesetas-. i I:, 1 
III  the  Direceion  General  de  Obras  I'ublicas.  Madrid,  before  nii  1 
.\ugusl  2().  The  "  Madrid  (iazelte  ""  for  June  21  coiilaining  furllii 
jiarticulars.  may  be  seen  at  73.  Basingball-slreet.  London.  K.C. 

The  S))anish  Department  of  Pulilie  Works,  Madrid,  wanI  tend.  1 
by  noon,  Aug.  27,  for  a  concession  for  the  construction  and  workiiu' 
el(  etric  tramways  in  Barcelona.     Tenders  to  be  accompanitd  li\ 
deposit   of   40..'')96   pesetas   (about    i'1.4.50).     The   Cia   General  di 
Tranvias  have  certain  preferential  rights  in  the  competition. 

CocENHACEN  (Denmark)  Lighting  Corporation  want  tenders 
by  noon.  .July  17,  for  supply  of  800  a.c.  meters,  and  by  noon.  .Jiily  ip. 
for  supply  of  c.c.  cable.  Specifications  &c.,  at  73,  Basinghall-strecl. 
L:)n(li)n,  E.C. 

TENDERS  RECEIVED  AND  ACCEPTED. 

Stepney  (London)  Council  received  the  following  lenders  (or 
sujiply  of  carbons  for  two  years  : — 

Sloan  Electrical  Co.  {iicr.(ptr:d)  £1.091.  13s.  lOil.,  Union  Eleelric  Co. 
£1,221.  Kis.  8d,  Ciompton  &  Co.  £1.144.  (is.  ttd..  General  Electric  Co. 
£1,183.  lis..  {}.  Braulik  £1,190.  Is.  5d.,  Siemens  Bros.  Dynamo  WoAs 
£1.434.  Os.  3d.  Four  otlicr  tenders  were  not  in  accordance  with  specifi- 
cation. 

The  following  tenders  were  received  fur  two  years'  supply  of 
meters : — 

Reason  Mfg.  Co.  {accc jiteil).  £G71.  10s.,  *Bastiau  Meter  Co.  £281.  6s., 
*Electiical  Ap|)aratus  Co.  ,£402.  10s.,  *(;illespie  &  Bealcs  £422.  XOs., 
"British  Westiiighouse  Co.  £i)22.  lOs..  *C,.  Braulik  f.'>4ri,  *Electrical  Co. 
£577.  10s..  and  £(150.  Kis.,  *Sim]ilnx  Conebiits  £590.  17s.  (iil.,  ♦Inter- 
national Eleolric  Co.  f(>!)4,  Siemens  Bros.  Dynamo  Wnrks  £712.  15s., 
British  Thomson-Houston  Co.  £7(il.  10s.  4d.,  Bat  Meter  Co.  £7(1.">.  Ss., 
Chamberlain  &  Hookham  £878.  10s.,  (Jcncral  Electric  Co.  £933.  9b.. 
Ferr.anti  (Ltd.)  £878.  10s.     Those  marked  *  were  informal. 

Stepney  (London)  Council  have  accejjted  the  tender  of  the  Reason 
Mfg.  Co.  for  elemand  indicators  at  £.563.  5s. 

Warrington  Council  have  accc])ted  the  following  tenders  for  anmiril  ' 
supplies : — 

British  Electrical  Engineering  Co..  transformers;    Mawdsleys  (1,1. i.i 
(I.e.  motors  (]  h.p.  to  5  ii.e.) ;    British  Westinghouse  Co..  d.c.   motcirs  I 
n\  H.p.  to  20  II. e) ;    British  Thomson-Hovislon  Co.,  a.c.  motors. 

Bradforel    Cor|)oratioii   have    acceptetl    the    tender   of    Manlove   I 
AUeott  &  Co.  for  the  reconstruction  of  destructor  cells  at  £2.472.  ami 
that  of  Gent  &  CV).   for   100  e'lectric  imj)ulsc  clocks,  with  mast'  1 
clock  and  wiring,  for  the  Town  Hall  at  £194. 

Wolverhampton  Council  have  accepted  the  ti  luh  1  ul'  tin  W'oIm  i 
hampton  and  District  Electric  Tramways  for  supply  of  II  magiii  1 
eipiijimcnts  at  £.500. 

The  Adelaide  (S.  Australia)  .Municipal  Tramways  Trust  lun' 
accepted  the  tender  of  the  J.  G.  Brill  Co.  for  supply  of  50  cnr  lindi. 
at  £36,673.     The  highest  tender  ( by  a  local  firm)  was  £4.5,30 1 . 

Wolverhampton  Council  have  accepted  the  tender  of  •hi!' 
Ht)dgkinson  (Salford).  Ltd.  (at  £750)  feir  coal  conveying  plant  ;i  ■ 
coking  stokers. 

Stepney  Council  have  accepted  the  fender  of  Rickell  Smith  A 
Co.  for  250  tons  of  Babbington  nutt}-  small  coal  at  lis.  i)d.  |k  i  tin 
and  Is.  ])er  ton  for  storage  at  the  company's  Mile  End  depot. 

Rotherham  Council  have  accci)tcd  the  tender  of  Felgate  &  Ston  y. 
for  wiring  the  High  School  at  £225. 

Canterbury  Cnuneil  have  acceplid  the  liiuler  of  J.  E.  DashwiKil 
for  electrical  work  for  six  months. 

Bristol  Docks  committee  have  accc  jilid  the  ti  ndc  r  nf  .luhnson  & 
Phillips  for  cables. 

Swansea  Education  committee  ha\e  accepted  the  tendi  r  of  .\ 
Arnold  &  Sons  for  wiring  the  technical  schools  at  £289.  12s.  M. 

Dundee  Electricity  committee  recommend  the  acceptane^e  of  tin 
tender  of  the  Union  Cable  Co.  for  various  sizes  of  cable.  See  al  o 
under  Dundee,  p.  .564. 

T!ie  A. E.G.  Electrical  Co.,  of  South  .Africa,  have  orelers  in  hand 
a  (10  H.P.,  anel  two  7.J  11. r.  motors,  anel  a  tran.sformer  for  Glynn 
Lydenberg  (Ltd.)  ;   10  IransformerH  .anel  four  panels  for  the  Itobin:    11 
Gold  .Mining  Co.  ;    a  250  kw.  transformer  for  the  GeldfiilMiis  l)((  |i  ; 
and  2.50  10  amreie  anel  100  25  ampere  il.c.  meters  for  .Jobannesbui  _■ 
.Miuiieipidily. 
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SPECIAL   NOTICE. 


NOW    READY Vol.    LXII.    of  "The  Elfxtkician"  (1.028 

pages i,  liound  in  stronj;  cloth.  Price  17s.  6d.;  post  free,  18s.  6d.  Now 
i-eady.  Cases  fur  BiiuliTig.     Price  2s.;  post  free,  2.s.  3d. 

A  complete  set  of  "  The  Electkuia.v  "  can  be  supplied.  A  number 
of  odd  volumes  and  some  odd  old  back  numbers,  to  help  in  making 
up  complete  sets,  are  also  available. 


Curtis  Steam  Turbines. — The  British  Thomson-Houston  Co.,  have 
recently  received  a  number  of  orders  for  Curtis  steam  turbines  of  the 
horizontal  lyjic  f(jr  r.xliaust  and  mi.xrd  pressure.  Repeat  orders  for 
vertical  Cxntis  steam  turbines  have  been  received  from  Livi  rpciol 
Corporation  for  Lister  Drive  station  (where  three  vertical  Curti.s 
-team  turbines  are  already  installed),  and  for  five  vertical  Curtis 

tram  turbines  for  the  County  of  London  Electric  Supply  Co.'s 

latinns. 

ittlici-  orders  for  Imrizontal  type  Curtis   turbines    inilude   Cleveland 
Diiili.im  Eleetric   Power  Co.  (Teesbridce).  one   l.-'jOOkw.   two-stage 

iiin    pxhau.st    three-iiha.se   alternating ;   "Fife   Coal   Co.,   two   750  kw. 

1 1  uo  phase  mixed  pro.ssure  ;     Earl  Fitzwilliam  Collieries,  one  .SSO  kw. 
nixed  iircsr^nie  a.c.  ;    Wath  Main  Colliery,  one  500  kw.   )>lain  exhaust 

r.  ;    Hraidwater  Spinning  Co,  (Ireland),  one  750  kw.   mixed  pressure 

I , :    Bolsover  Colliery  Co.,  one  500  kw.  a.c.  plain  exhaust  ;    Lothian 

111  Co..  one  .500  kv.'.   mixed  pressure  d.c.  ;    Shirebrook  Colliery  Co., 

Ml'  .">(!()  kw.  mixed  pressure  a.c. ;   Bolekow,  Vaughan  &  Co.,  one  750  kw. 

ixed  inessure  a.c.  ;   Carrongrove  Paper  Co..  one  1.000  kw.  high  pressure 
.;    Oriental  Timber  Co.,  one  750  kw.  mixed  pressure  a.e.  ;    Watford 

imeil.  one'  501)  kw.  high  pressure  a.c;  Hakota  Electric  Light  Co., 
IK-  1.(100  kw.  high  pressure  a.c. 

"  Harvest  Your  Health." — This  phrase  is  a  tol)ical  one,  ina.smuch  as 

Liyone  contemplates  the  harvesting  of  their  health  by  spending 

ilic  holiday  period  at  one  of  the  many  seaside  resorts  which  abound  in 

I  our  beautiful  country.     The  bracing  breezes  of  the  north-east  and 
Qorth-west    coasts    i_.f    England    all    possess    great    attraction    for 
Londonris,  and  the  traveller  frfim  the  metrojiolts  will  find  what  he 
requires  in  the  way  of  information  concerning  these  beauty  spots  in 
the  Excursion  Programme  published  by  the  Great  Central  Railway. 
ll  contains  a  varied  choice  of  seaside  and  country  health  resorts, 
iiid  also  shows  many  of  the  remarkably  low  fares  covering  the 
holiday  period,  whether  for  short  or  long  holidaj's.     Each  Saturday 
I  during  July.  August  and  September  these  cheap  tickets  are  avail- 
I  able  by  rcstam'ant  car  expresses  to  the  various  resorts.  The  provision 
I  of  meals  on  the  train  at  very  reasonable  tariff  represents  a  special 
feature.     Tlie    trains    leave    Marylebone    (London)    at    convenient 
j  times,  and  travellers'  luggage  can  be  .sent  in  advance  and  delivered 
I  at  destination  at  the  nominal  fee  of  Is.  per  package.   A  copy  of  the 
programme  can  be  obtained  free  of  charge  at  Marylebone  station,  or 
by  post    from   the    Publicity   Departnu^nt.   210,   Marylebone-road, 
I  London.  N.W. 

BUSINESS  NOTICES. 

W.  T.  filover  &  Co.  have  ajipointed  Haslani  &  Schontlieil.  Cardilf. 
I  lo represent  them  in  .South  \\alcs. 

i  Fredk.  G.  CJunbie  and  Frank  H.  Rees  (trading  as  (iunbie.  Rees  ,t 
I  Ca),  electrical  and  gas  engineers.  7,  Finsbm'y-.sciuare.  London.  E.C.. 
;  have  dissolved  partnership.     Debts  by  llr.  Rees. 

The  Xeweastle  address  of  the  Union  Eleetric  Co.  is  now  T'olling- 
wood  Buihliuiis.  Xeweistle-on-Tyne. 

Patent  Development.— The  proprietor  of  Letters  Patent  No. 
18,842/1  !H)7,  relating  to  "  Means  for  receiving  intelligence  commu- 
nicated by  electric  waves."  desires  to  dis])ose  of  the  patent  or  to 
grant  licences  with  a  view  to  the  adequate  ^Mlrking  of  the  patent  in 
this  country.  Apply  to  Messr-s.  Cruikshank  &  Fairv.eather  (Ltd.). 
65-66.  Chancery-lane.  London,  W.  C. 

CATALOGUES.  &c. 

Electric  Locomotives. — One  of  the  most  interesting  pamphlets 
We  have  read  for  some  time  has  just  been  ssued  by  Messrs.  Siemens 
Bros.  Dynamo  Works.  It  contains  details  of  the  electric  locomotives 
delivered  and  erected  by  the  company  up  to  the  end  of  lOtKS.  w  hence 
it  appears  that  there  are  48()  of  such  locomotives  with  an  aggregate 
horse-power  of  47.'2<K>.  The  locomotives  suiiplied  cover  a  wide  range, 
varying  from  tlie  ordinary  continuous-current  type,  driven  from 
an  overhead  line  or  aceumulators.  to  those  designed  for  use  on  three- 
phase  and  single-|)hase  circuits.  The  sizes  of  the  various  machines 
are  also  very  variou.s.  S|)ecial  attention  may  be  called  to  mine  loci  - 
motives  dealt  with  in  the  lirst  part.  It  is  interesting  to  learn  that 
these  have  lately  superseded  horse  traction  and  locimiotives  driven 
hy  petrol  or  compres.spd  air.  Illustrations  and  data  of  two  shiuiting 
locomotives,  which  have  been  supplied  to  collieries  in  this  country. 


are  given.  With  regard  to  single-j.hase  traction,  it  is  instrurlive 
to  note  that  .39  locomotives  of  this  type  have  been  .supplied  with  an 
aggregate  horsepower  of  24.k:J(I.  This  pamphlet  will  be  found  of 
great  service  to  all  interested  in  traction  work,  marking  as  it  docs 
the  great  progress  which  has  been  made  in  this  direction  by  Mcssra 
Siemens  in  late  years. 

"  FORTITEE  "   DlRECT-CcnRREST  MoTOR  STARTIKG    SWIT<  IIES.— In 

the  last  Issue  of  the  Inoi-.strial  Si'I'i-i.emk.nt  we  gave  s<.me  details 
of  the  latest  Fortiter  direct-current  motor-starting  switches  manu- 
factured by  the  Union  Electric  Co.  This  subject  is  dealt  with  in 
more  detail  in  a  catalogue  recently  issued  by  the  company.  Each  type 
is  illustrated,  and  enough  information  is  given  for  the  |)rospective 
buyer  to  realise  which  piecx;  of  apparatus  is  most  suitable  for  his 
need.s.  Diagrams,  connections  and  swetional  drawings  of  the  variors 
apii.aratus  form  a  s])ccial  feature.  We  may.  in  this  connection 
call  spi(inl  aldnlion  to  the  motorstartcrs  fitted  with  oil-cooled. 
rcsistain  I  -^.  >t;ii  I.  rs  with  field  reversing  switches,  and  also  lh(;.--:e  with 
a  stei)-liy-slip  >h.w  motion,  .^n  interesting  starter  with  a  multij.lc 
.solenoid  e(iuipment  dealt  with  in  this  cat.aloguc  has  already  been 
described  by  us. 

SlNoi.E-rii.\SE  Motors.— Messrs.  T.  W.  Broadlxnt  have  recently 
Issued  a  [lamphlet  dealing  with  single-phase  mott  rs  in  which  a 
reduction  of  the  starting  current  required  is  effected  by  means  of  a 
more  effective  "  phase  splitting  "  thaa  is  usual.  We  are  pleased  to 
learn  that  business  appears  to  be  flourishing  with  this  firm. 

A.E.G.  Specialities. — The  wide  range  covered  by  the  Allgc- 
meine  Elektricitiits-Gesellschaft  in  the  electrical  field  "is  well  illus- 
trated by  a  number  of  pamplilets  we  have  received  from  the  Foreign 
Department  of  this  firm.  The  pamphlets  deal  with  such  varied 
subjects  as  the  "  Exjiress  "  eleetric  water  heater,  already  described 
by  us,  induction  motors  of  various  types,  ironclad  switches  for 
l)ressures  up  to  7.500  volts,  electric  annealing  and  tempering  plants, 
and  lift-controlling  gear.  Full  information  concerning  these  specia- 
lities is  contained  in  the  pamphlets. 

M.A.N.— In  our  last  issue  we  dicw  attention  to  the  fact  that  the 
Maschinenfabrik  Augsbnrg-Nurnberg  had  recently  opened  a  Le.ndon 
office  at  Caxton  House,  Westminster.  We  have  now  received  from 
the  firm,  whose  cognomen  is  M.A.N.,  a  copy  in  English  of  their 
general  catalogue.  A  glance  through  this  will  show  how  wide  are 
the  activities  of  the  firm.  First  an  interesting  historical  sketch  <.f 
the  development  of  the  works  is  given,  and  then  the  chief  m  anu- 
factures  are  dealt  with.  These  include  boilers,  automatic  stokers, 
reciprocating  engines  and  turbines,  gas  engines  (these  latter  Ix-ing 
of  the  well-known  double-acting  Nurnberg  tyjie).  anel  Diesel  engines. 
Other  machinery  turned  out  includes  water  turbines  and,  on  the 
purely  electrical  side,  cranes  and  tramcar  equipment,  while  brielgcs 
and  railway  rolling  stock  are  amongst  other  engineering  we.rk  in 
which  the  firm  takes  an  interest.  We  shall  hope  to  elcal  in  detail 
«itli  .some  of  these  interesting  specialities  at  a  later  date. 

"  Falcon  "  Equipment.— From  Messr.s.  Tetley  &  Co..  of  Salford. 
we  have  received  a  catalogue  and  a  number  of  leaflets  dealing  with 
their  specialities.  These  include  switches  of  various  types  as  well 
as  fuses,  wattmeters  and  fans.  A  speciality  is  also  made  of  ship 
and  mill  fittings,  and  liquid  motor-starter.s.  The  firm,  however,  .are 
juineipally  known  for  their  work  in  the  switchgear  connection,  and 
much  information  as  regards  this  u.seful  ajiparatus  is  given  in  the 
pamphlets. 

The  ■'  Flip-Flap." — A  postcard  just  received  from  the  Electric 
&  Ordnance  Accessories  Co.  informs  us  that  the  "  Flip-Flap  "  at  the 
Imi)erial  International  Exhibition  at  Shepherd's  Bush,  is  driven  by 
a  100  H.p.  mote)r  supplied  by  them  and  is  apparently  nine  the 
worse  for  its  winters'  rest.  The  intrusion  of  the  e^lectric  motor  into 
l)lcasure  details  is  well  exemplified  by  this  applicatiem. 

I'REseoT  Wires  and  Caiu.es.— The  latest  pamphlet  of  the 
British  Insulated  &  Hclsby  Cables  deals  with  the  l'ri>scot  braided 
aerial  cables  and  wires.  These  are  thoroughly  impregnated  with 
what  is  claimed  to  be  the  finest  weather-proof  ecuiqiound  yet  dis- 
covered. The  sizes  of  the  single  eemductors  vary  from  0  S.W.G.  to 
It)  S.W.(;.  stranded  wires.  Stranded  cable  with  sectional  areas  up 
to  1  sq.  in.  is  also  made. 

Large  Chain  Drives. — Some  details  of  large  chain  drives  recently 
supplied  by  the  Westinghouse  Brake  Co.  are  given  in  a  pamphlet 
recently  issued  by  them. 

Siemens  Instruments. — We  have  reeei\ed  from  .Messrs.  Siemens 
Bros.  &  Co.  two  reprints  dealing  respe^etively  with  evirrcnt  trans- 
fornu-rs  for  mea.suring  instruments  and  switchboard  instruments, 
the  latter  e)f  these  being  a  rcjirint  from  The  Ei.eitrician  of  .May  7 
and  14  last.  These  reprints,  in  our  opinion,  form  an  excellent 
method  of  bringing  a  maker's  specialities  before  the  public.  The 
interest  once  aroused  by  them  can  easily  1m>  fanned  into  flame  by 
the  financial  details  given  in  a  catalogue  of  the  ordinary  type. 
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Tachometers. — We  have  roocivi-d  from  Air.  Jons  Orten-Biiving 
a  copy  of  a  calalotiuo  tlpaliiig  with  Dr.  Horn's  taohometers.  Wo 
iinder.st,in(l  that  the.se  instruments  arc  more  widely  used  on  tho 
Continent  tluin  any  other  typo  and  arc  also  findinsr  favour  in  this 
country.  For  o.xaniple.  live  spcial  turbine  taclionutors  are  now 
b^in'i  installed  on  turhino.s  for  thi'  Westniiustrr  Kl'otric  Supply 
Corpn.  In  all  prohaliility  the  manufaeture  of  those  tachouielors  will 
b' taken  up  under  lioeneo  in  Kngland  with  tho  result  that  a  eon- 
sid^rahle  reduction  in  prices  will  be  effected. 

Heslev"s  Jointing  Materials. — The  latest  list  of  W.  T.  Henley's 
Tele}:raj>h  WorUs  tleals  with  jointiuf;  materials.  It  should  be  of 
considerable  interest  to  all  oleotrieal  engineers  and  contractors,  as 
it  s?ts  out  in  convenient  form  partioular.s  of  a  large  variety  of  insu- 
lating and  other  tajjos.  It  describes  the  various  properties  of  the 
tap  s  and  the  purposes  for  which  they  are  best  suited,  together  with 
particulars  as  to  prices,  widths  and  weights.  It  is  claimed  that  the 
tapes  described  in  this  list  cover  the  whole  range  and  that  tapes 
suitable  for  any  jiurpasr  can  be  found  therein. 

B.'^NKRUPTCIES    LIQUIDATIONS,  &C. 

The  lirsl  mv.ling  ..(  creditors  ol  \Vm.  Thus.  Harris  (trading  as  T. 
Harris  &  Sons),  electrical  engineer.  4()0  and  4fi4.  Commercial-road. 
and  47.  Kmanuel-strcet,  Portsmouth,  will  take  place  on  July  19  at 
the  O.R.s.  Cambridge  Junction,  and  the  jmblie  examination  on 
July  -it)  at  the  Court  House.  Portsmouth. 

A  meeting  will  be  held  at  7.  Hertford  street.  Mayfair.  London, 
W.C.,  on  Aug.  19  to  receive  an  account  of  the  winding  up  of  the 
Electric  Taxicab  Co.  (Ltd.). 

A  meeting  to  receive  an  account  of  the  winding  u]i  of  the  Chipping 
Norton  Electric  Light  &  Power  Co.  (Ltd.),  will  be  held  on  Aug.  II, 
at  I,  West-street.  London.  E.C. 


Imports. — The  following  are  official  values  of  electrical  machi- 
nery, material  and  apparatus  imported  into  this  country  (a)  during 
June,  1909,  and  {^•)  during  the  current  year  from  Jan.  1  to 
June  3  ),  with  tho  increases  or  decreases  compared  with  the  corres- 
ponding periods  of  1908: — 

Electrical  machinerv  («)  £41,514  (decrease  £645),  (.'A  £232,767 
(decrease  £94,242)  :  tefegraph  and  telephone  cables  (a)  £21,605  (iu- 
crejLse  £14,557),  ('<)  £62,475  (decrease  £2,036)  ;  telegraph  and  tele- 
phone apparatus  (a)  £17,734  (increase  £6,558),  ('<)  £92,8.55  (decrease 
£6,772)  ;  other  electrical  wires  and  cables,  rubber  insulated  (a)  £7,210 
(increase  £1,411),  ,b)  £29,036  (decrease  £10,215);  with  other  insulations 
(fi)  £8,431  (increase  £2,933),  {h)  £5?,808  (decrease  £3,225)  ;  carbons  (f/) 
£10,812  (decrease  £1,976),  (/.)  165,577  (decrease  £21,194)  ;  glow  lamps 
(a)  £52,004  (increase  £10,217),  (h)  £217,238  (increase  £93,016)  ;  arc 
lamps  and  electria  searchlights  (a)  £281  (increase  £1),  (//)  £8,826  (in- 
crease £6,983);  parts  of  arc  lamps  and  searchlights  (other  than  carbons) 
(«)  £5,481  (increase  £1,922),  (h)  £27,727  (inerea.se  £1,813)  :  primary  and 
secondary  batteries  (o)  £3,420  (increase  £83),  (/')  £21,535  (decrease 
£115).  Total  of  electrical  goods  and  apparatus,  other  than  machi- 
nerv and  telegraph  and  telephone  wire,  (a)  £116,569  (increase  £35 ,093), 
Co  £634,538  (increase  £51,862). 

Exports.— The  exports  of  electrical  machinery,  material,  &c.,  («) 
during  June,  1909,  and  (6)  during  the  current  year  from  Jan.  1 
to  June  .30,  and  the  incieases  and  decreases  compared  with  the 
corresponding  periods  of  1908,  are  as  follows  : — 

Elcctricjil  maohinery  (a)  i;i27,817  (increiise  £42,298',  {!>]  £707,661 
(increase  £65,729);  telegrai)h  aud  telephone  cables  (a)  £11,149  (de- 
cre,a.se  £1,919),  (h)  £193,428  (decrease  £38,831);  telegraph  and  tele- 
phone apparatus  (u)  £28,917  (increase  £17,121),  {!')  £123,494  (increase 
£43,502)  ;  other  electrical  wires  and  cables,  rubber  insulated  («)  £16,617 
(decre.'ise  £1,530),  ('/)  £125,777  (increase  £89,147);  with  other  insulations 
(a)  £42,814  (increase  £21,259),  (h)  £147,639  (increase  £13,058)  ;  carl)ons 
(<i)  £839 (inerea.se  £161 1,  (/^)  £4,200  (increase  £347),  glow  lamps  (n)  £5,621 
(increase  £316),  (h)  £35,220  (Increase  tl0,439)  :  arc  lam|>s  and  search- 
lights («)  £1,100  (increase  £115),  ('-)  £9,515  (decrease  £1,108) ;  parts 
of  arc  lamps  and  searchlights  (other  th.an  carbons)  (a)  £906  (decrease 
£1,020),  ('<)  £8,450  (increase  £249);  primary  and  secondary  b.atteries 
(o)  £10,297  (incrcjuse  £776),  (/-)  £56.493  (increase  £21,589).  Total  of 
electrical  goods  and  apparatus,  other  than  machinery  and  telegraph 
and  telephone  wire,  (aj  £146,545  (increase  £38,330),  {bj  £885,636  (in 
crea.se  £43,651). 


PATENT  RECORD. 


APPLICATION'S    FOR    PATENTS. 

Nore.—Th!  und!rm:nlion!d  AppUcalhns  {ex:epl  Ihist  markil  t)  are  ml  op:»  to  public 
inspection  until  alter  acceptance  ol  Complete  SpMficalions.  This:  marked  '•  are  open  tor 
inspection  12  months  alter  th;  date  attached  to  thtm,  il  th;y  have  not  b:;n  published  previously 
in  the  ordinary  course.  Names  within  parentheses  are  those  ol  communicators  ol  inventions. 
When  complete  Specification  a::omDanies  application,  an  asterisk  is  affixed. 
jam  1.  1909. 

Exhaustion  of  incandescent  electric  lamps. 

Metal  filaments  of  incandescent  electric  lamps. 

x:Hving  and  transmitting  apparatus.* 

c?s  for  telephone,  telegraph  or  other  elxtric  conducting 


12,824  &  12,825  Harriso;i. 
12,826  to  12,831  Harrison. 
12857  Oliver.  Telephonic 
12,8W  Hall.     Safety  applia 

wires.     (Date  applied  (or.  29/5/08.)'t 

12.878  AkT.-GES.     KoRTINCS     ELEKnuCITAT-J-^ERKE, 

applied  for,  9/ll/08.)*t 


Eljctric    motor    metirs^     (Date 


12,931 
12,937 
12,970 
12.935 


13.008 
13,010 
13,014 
13,035 
13.010 

13.041 

13.05) 
13.030 
13,0» 


13,135 
13,142 


Frost.    Current-generating  and  motive-power  machine. 

Mavor  &  Mavor  &  CouLSON.    Controlling  the  speed  of  bodies  driven  by  alter- 
nating-current electric  motors. 

Egner  &  HoLMSTKOM.     Telephone  transmitters.* 
June  2,  1909. 

Kelvin  &  James  White  &  Mills.     Magnetic  compasses. 

Houghton,  Allman  &  Okay,     Electric  power  traction  systems. 

Le  Blanc.     Electrically  CDntrolling  searchlights.* 

LoWDEN.     Electrically-heated  choking  apparatus.     (Date  applied  for,  12/6/0* 
Comprised  in  application  No.  I2,669,/03,  dated  12/6/08,)* 
June  3.  1909. 

Pape.     Box  for  preventing  escape  of  electrolyte  from  electric  storage  batteries. 

J.^HNSON.     Electrical  torsiom3t3r. 

Pave.     Sparking  plug. 

&  13.037  Cowpek-Cjles.  Electroieposition  of  mjtals. 

Siemens   Bros.    Dvnamj  Works.     (Si:m;n3  Schuckertwerke  C.m.b.H.,  Ger- 
many.!    Electric  frequenc/  transformers.* 

Siemens  BrOj.  D/nam3  Wor'O  &  Kloss.     Suppressing  electric  currents  due  to 
harmonics  in  th;  wavj  form;  of  altjrnatinj-cjrreat  d/nimj-electric  machins. 

G.^AFTOM  &  JOHMSDM  &  Philupj.     Altemitin ;.c jrrent  generators. 

E/ER3HED  &  Vigndle;  &  EvE.^3H2D.     Eljctoc  energy  meters. 

Adams.    Telephone  receivers. 

June  4,  1909. 

Hunter  &  Pape.    Casting  circular  lead  grids  for  electric  storage  batteries. 

MoNNiER.     Distributing  bo.<  for  cables  with  maltiple  electrical  cjnjuctors.  (Date 
applied  for,  6,^6/03.  )*t 

Siemens  Bros.  &  Co.    (Sie.-nen:  &  Halsk;  Akt-Oes.,  German/.)    Manufacture 
of  electrical  condensers.* 

Cjrtis.  Mould  &  Ad.ms  Mfg.  Co.     Electric  rheostats,  motor  starters  and  the  like 


11.633 

11.870 

12.140 
12,142 
12,267 

12,326 
12,398 
12,498 
12,656 
12,720 

13.191 
13,743 
13,752 
14,306 

14,695 
16,029 
16,597 
18.653 

19.457 
20.638 
20  827 


23.800 
2,'^,044 
28,130 


SPECIFICATIONS    PUBLISHEU 

1908  Specifications, 
DoiNiivOFr.     Alternating-current  commutator  dynamo-electric  machines. 
Partridge  &  Dawson.    Supporting  and  insulating  means  for  aerial  and  other 

electrical  conductors. 
B.T.-H   Co.     (G.E.  Co.,  U.S.)    Control  of  alternating  electric  current  motors  of 

the  commutator  type. 
Allgemeine  Elektricitats-Ges.  Alternating-current  dynamo-electric  machines. 

(Date  applied  for,  29/5;'07.) 
Hartmann-Kempf,     Apparatus  for  use  in  indicating  or  measuring  the  frequency 

of  electrical  or  magnetic  alternations,     (Date  applied  for,  31/5/07.) 
Sharman.     Wireless  telephony  and  telegraphy. 
Boui.t.     (Electrical  Mfg.  Co.)     Electric  cutouts. 
B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Asymmetric  electric  conductor  of  the  electrolytic 

type. 
Stern.    Speed  regulation  of  induction  motors.     (Date  applied  for,  12/c/J7.) 
Dierman.     Electric  lamps  having  metal  filaments. 
Mavor  &  Mavor  &  Coulson.    Control  of  electric  motors. 
Timar  &  Von  Dreger.     Arc  lamps.     (Date  applied  for,  8/7/07.) 
Soc.  Francaise  d'Incandescence  par  le  G\z  (Systems  Auer).    Incandescent 

electric  lamp  filaments  and  apparatus.     (Date  applied  for,  13/7/07.) 
Dearlove.     Electric  telegraphy. 
PiFER  &  Ahlm.     Dynamo-electric  machines. 
KiTSON.     Incandescence  vapour  lamps. 

Albert  Thode  &  Co.    Sectional  interrupters  for  the  line  wires  of  electric  rail- 
ways.    (Date  applied  for.  9/7,/07.) 
West.    Current  collector  for  use  in  electric  traction  systems. 
Cobb.     Telephone  apparatus. 
Trier.     Portable  electromagnets. 
Cote  &  Pierron.     Electric  furnace  for  the  continuous  extraction  of  zinc  from  its 

ores.     (Date  applied  for,  12,'2/03,     Addition  to  No.  5,100/07.) 
Aitken,     Telephone  instruments. 

De  Forest.    Secrecy  systems  for  wireless  communication. 
Akt.-Ges.    Bbown,    Bove!\IE    &   CiE.     Starting  of   polyphase  motors.    (Date 

applied  for.  3/10/07.) 
Akt.-Ges.  Brown,  Boverie  &  Cie.      Speed  regulation  of  electically-driven  ring 

spinning  frames.     (Date  applied  for,  27/5/03.) 
Zumsteg  &  Zumsteg.     Coupling  dynamos  and  electric  motors. 
Ku^el.     Metal  filament  electric  glow  lamp.     (Date  applied  for,  14/5/08.) 
Steckel.     Electrical  induction  clutches. 


COMPANIES'  MEETINGS  AND  REPORTS. 

Electric  Construot'on  Co.  (Ltd.) 

The  si.\tceiitli  annual  j^eneial  meetin;^  was  held  yesterday  under  the 
presidenry  III  .Mr.  \\'.\(,ti:r  8.  H.  .M(.1-.4RKN. 

■J  he  .'^EC'RICTARV  (Mr.  D.ivid  Willock)  having  read  the  notice  eim- 
vpiiina  the  meeting  and  the  auditors'  certifieate. 

The  CHAIRM.VN  said:  Gjntlemen,  your  directors  present  accmuits 
which  ihiiws  a  in  irkcd  improvement  upon  those  of  last  year.  Indeed,  we 
have  to  go  hai'k  to  190-1  (when  the  last  dividend  was  paid  on  the  ordinary 
shares)  to  fuid  net  profits  eomiiarable  with  those  of  the  past  financial 
year,  and,  having  regard  to  the  iienecal  depression  in  tr.ide  and  to  tli.i  con- 
tinued strenuous  eompi-titinn  in  tho  electricid  maniifarturinf;  industry,  I 
think  that  we  have  every  reason  to  r-imi»r,i(iiliite  ourselves.  .-Xs  an 
ilhistiation  of  what  this  competition  means.  1  may  mention  the  case 
of  teiuliMs  which  were  submitted  recently  tor  the  extension  of  a  pro- 
viniial  eleeti'ic  lighting  statiim.  No  fewer  than  3:5  firms  tendered, 
and  in  the  aggregate  1 18  tenders  were  submitted.  These  ranged  from 
a  miiiiinuni  of  f2.7,")l  to  a  maximum  of  £4,218,  and  while  I  do  not  sug- 
gest that  Ihr  wlmli-  of  tin-  ilillercnee  was  represented  by  the  cleeti'ical 
portion  of  the  ]ilaiit,  still,  the  figures  will  give  you  some  idea  of  the 
eomiietition  that  prevails.  I  must  repeat  what  I  told  you  last  year, 
that  the  electrical  manufacturing  industry  is  hiillering  severely  from 
over-production.  During  the  present  dcc.adc  about  £7,000, 00()  have 
been  invested  in  this  branch  of  the  business,  the  greater  part  whereof 
is  earning  no  dividend,  and  you  can  realise  what  this  has  meant  to  older 
concerns  like  our  own,  for.  although  there  has  been  a  steady  and  in- 
creasing outlet  for  electrical  i)lant,  the  ]iower  to  sujaply  has  been  grossly 
in  excess  of  demand,  in  conseiiuencc  of  the  huge  increase  in  capital  I 
have  mentioned.  .\  glance  at  ,the  accounts  will  sati.sfy  you  tl.at,  if  we 
had  not  been  obliged  to  pay  two  years'  ilividend  on  the  preference 
.shares,  the  (udinary  shares  might    have  received  2i  |)er  cent. 

The  accounts  do" not  call  for  any  speci.d  comments,  but  1  may  refer  to 
the  more  important  variations  upon  the  previous  year.      On  the  credit 
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side  of  the  profit  <and  loss  account  you  will  have  noticed  an  increase  of 
£5,711.  10s.  8d.  on  maniifacturinf;  and  contracting,  and  sundry  receipts. 

This  is  due  to  causes  I  have  already  described,  and  is  the  most 
gratifying  feature  in  Ihe  accounts,  as  it  indicates  that,  notwitlistanding 
the  low  prices  which  have  prevailed,  we  can  earn  a  moderate  profit  upon 
our  products.  As  I  told  you  last  year,  if  a  sufficient  volume  of  bu.siness 
could  lie  obtained,  1  should  have  no  doubt  whatever  about  our  being 
able  to  distribul<'  a  reasonable  dividend  on  our  ordinary  shares,  and  an 
increase  in  output  is  the  crux  of  the  situation.  Whether  that  increase 
will  be  obtained  this  year  I  cannot  say,  and.  of  course,  I  may  remark 
that  our  hopes  for  the  c\irrcnt  year  .are  based  u]ion  kce])ing  up  a  reasim- 
able  amount  of  manufacfure.  If  manufacture  falls  off  this  progress 
cannot  be  maintained,  but  we  shall  do  our  very  utmost  to  keep  our 
order  book  as  full  as  possiljle.  Dividends  on  shares  in  other  companies 
show  a  reduction  of  £2,338.  l/is.  ild.  The  Electrical  Power  Storage 
("o.  (Ltd.),  in  which,  as  you  know,  we  arc  largely  interested,  has  suf- 
fered from  the  general  depression  in  trade,  and  for  the  first  time  for  a 
period  of  17  years  finds  itself  unable  to  declare  a  dividend.  The  dircc  tors 
of  that  company  report,  however,  that  there  are  indications  of  a  revival 
in  business,  and  it  is  hoped  that  this  improvement  will  contiiuic  anil 
enable  the  Company  to  resume  payment  of  dividends  in  the  near  future. 
Our  holding  in  the  lladras  Tramways  has  yielded  a  somewhat  better 
return.  The  directors  of  that  company  contemplate  a  further  exten- 
sion of  the  tramway,  and  if  that  is  carried  out,  the  return  upon  our 
deferred  shares  will  be  materially  improved.  The  debit  side  of  the 
profit  and  loss  account  calls  for  no  particular  remark.  The  net 
profit  for  the  year,  aflir  )iaying  £10,250  for  debenture  interest  and 
crcditini.;  £."i,(Ml(i  :is  foinnily  to  depreciation  account,  is  £10,730.12s.  7d., 
and,  after  iiayiny  a  dividend  for  two  years  on  the  preference  shares,  we 
shall  carry  forward  £3,1)87.  His.  8d.  to  next  year,  an  increase  of 
£1,941.  8s."  7d.  on  the  sum  brought  in.  The  profit  of  £10,730.  12s.  7d. 
for  the  past  year  compares  with  £5,932.  6s.  9d.  for  1907-8,  and  with  a 
lews  of  £1,442.  2s.  lOd.  for  1906-7.  I  now  move  the  adoption  of  the 
report  and  accounts. 

.Mr.  P.  K.  BEACHCROFT:  Although  the  figures  do  not  show  an 
extravagant  residt,  it  is  an  evidence,  I  hope  and  believe,  of  better  times 
to  come,  and  I  think  that  the  reason  why  we  have  been  able  to  hold  our 
own — and  undoubte<lly  in  the  future  shall  be  able  to  do  so  still  more — 
is  the  fact  that — say  what  you  like — the  Electric  Construction  Co.  has 
ihe  reputation  for  turning  out  quite  the  very  best  work  in  this  ])artii  ular 
trade.  That  is  the  reason  why  on  this  side  of  the  table  we  feel  justified 
ill  :.iiti'  i|i;itin!j  and  looking  for  results  in  the  future  which  will  place  us 
"iiliiiiiiy  -.li:iieholders  in  a  better  position  than  we  have  been  in  flic  |mst. 
li  i-.  ,1  ^  iii-l,i.tnry  note  in  the  accounts  and  report  s\ibmitted  to  \ou  that 
the  tin.ineiai  jiosition  of  the  Company  has  become  so  very  much  nuue 
satisfactory  than  it  has  been  in  the  past.  1  have  been  for  Ki  years 
associated  with  this  t'ompany,  and  during  that  time  we  have  seen  ups 
and  downs,  but  I  do  not  think  that  in  any  previous  year  have  I  (ler- 
sonally,  from  the  financial  aspect,  looked  with  such  confidence  to  the 
future  as  I  do  to-day.     I  beg  to  second  the  motion. 

After  a  brief  discussion  the  resolution  was  carried  unanimously. 

The  retiring  directors,  Mr.  VV.  S.  B.  McLaren  and  Sir  H.  C.  Mance 
were  fh<^n  re-elected,  as  were  the  retiring  audirors.  A  cordial  vote  of 
thanks  to  the  chaiin'an,  direitors  and  officials  brought  the  proceed- 
ings to  a  doic. 

Chili  Telephone  Co.  (Ltd.) 

The  twentieth  oidinary  general  meetins:  was  held  yestcniay  under  the 
presidency  of  Mr.  Oeoroe  Keith. 

The  Sli:('RET.-\RY  (.Mr.  Edmund  Pctley)  having  read  the  notice  calling 
the  miiiiii<j  and  the  auditors"  certifii  ate. 

The  ''H .AIRMAN  said:  The  accounts  show  a  very  satisfactory  im- 
provement in  the  Company's  business,  very  similar  to  what  took  place  in 
the  preceding  year.  The  currency  revenue  in  Chili  has  increased  during 
the  year  17  per  cent.,  which  was  due  partly  to  the  expansion  of  business 
and  paifly  to  the  higher  rates  charged  in  eomjicnsation  for  the  lower 
value  of  the  ( 'hilian  dollar.  Currency'expenditure  for  the  year  comes  out  at 
»bout  48  per  cent,  of  the  revenue,  or  nearly  2  per  cent,  less  than  it  did  in 
the  preceding  year.  The  income  in  Chili  when  converted  into  sterling 
shows  an  ini  lease  for  the  year  of  £3,815.  Interest  on  investments  and 
transfer  fees  has  increased  £59,  while  the  London  expenses  and  income  tax 
are  practically  the  same  as  they  were  last  year.  There  is  no  charge  for  de- 
benture interest,  as  was  the  ease  in  the  last  year's  account,  and  the  net 
profit  uf  t  he  year  (-omcs  out  at  f  35,327,wh!ch.  added  to  £2,777  brought  f<ir. 
ward  from  last  year's  ai  count,  m.ikes  a  total  of  £38,104.  An  interim  divi- 
dend of  £ti,li(M)  was  paid  in  .lanuary,  and  £17.li84  has  been  t  ransfcircil  l.i 
the  rescr\e.  The  Directors  now  recommend  Ihe  payment  of  a  final  dividen<l 
of  £U,0(X),  which,  with  Ihe  interim  payment,  makes  a  total  distribution 
for  the  year  on  the  share  capital  of  8  per  cent.,  free  of  income  tax.  and 
there  remains  £2.820  |o  hci  carried  forward  to  the  next  year's  account. 
£4,298  expended  during  the  year  on  new  extensions  has  been  carried  to 
the  capital  cxpendituie  account,  and  £5.068  on  replacements  of  plant 
has  been  taken  from  the  leserve  account,  which  shows  an  increase  for  the 
year  of  £13,000,  while  inve-tments  at  cost  are  £10,339  more.  The 
Company's  plant  and  property  at  the  various  centres  throughout  the 
Country  have  been  considerably  extended  during  the  year.  .\mongst 
other  wiu'ks  several  new  oflic  os  have  been  ojicned  and  connected  up  in  the 
southern  districts,  and  special  attention  has  been  given  to  improve  and 
increase  the  trunk  line  comnumication  in  the  Iqui(iue  district  in  order  to 
meet  the  requirements  of  the  nitrate  industry.  Steady  progress  has  been 
made  with  the  canalisalion  of  the  overhead  lines  in  the  City  of  Santiago 
in  accfirdanee  with  the  elci-lriral  law  which  was  passed  some  years  ago  for 
that  purpose.     This  work  is  beine  carried  out  ahead  of  the  repairing  of 


the  strcct-s  after  the  completion  of  the  new  drainage  works.  A  new 
multiple  switchboard  ha.s  been  installed  in  the  central  office  at  Valparaiso, 
replacing  the  temporary  exchange  with  which  the  service  had  been 
worked  since  the  earthquake  disaster.  This  new  installation  has  greatly 
improved  the  service,  with  the  result  that  the  business  in  Valparaiso  is 
increasing  very  satisfactorily,  and  the  outlook  generally  is  satisfactory. 
I  now  move  the  adoption  of  the  report  and  accounts. 

The  Hon.  HERBERT  T.  ALI>.SOPP  seconded  the  motion  which  wa.s 
carried  unanimously. 

Resolutions  approving  the  dividends,  and  re-electing  the  retiring 
director  and  auditors,  were  then  passed,  and  a  vote  of  thanks  to  the 
Chairman,  Directors  and  si  all  of  the  Company,  terminated  the  meeting. 


BOMBAY  ELECTRIC  SUPPLY  AND  TRAMWAYS  CO  (LTD.)— .Sir  E. 
Sassoon,  M.I'.,  at  the  meeting  this  week  s.ijd  the  company's  totjil 
revenue  was  £177,855.  lis.  9d.,  an  increase  of  £49,935.  10s.  over  the 
[irevious year,  and  the  expenses  bad  increased  !iy  £23,749.  Ss.lOd.  They 
were  this  j'ear  adding  further  10  cars,  making  172.  On  the  face  of  it, 
the  increase  in  working  expenses  of  the  electric  sujiply  department 
appeared  somewhat  out  of  proportion  to  the  incre.ise  in  the  receipts. 
This  was  accounted  for  by  the  fact  that  over  66  per  cent,  of  the  total 
units  sold  was  sold  to  the  tramways  at  about  the  cost  of  production. 
The  benefit  the  electric  supply  section  received  from  the  sale  of  those 
units  was  reflected  in  the  lower  costs  of  generation  in  respect  of  the 
total  number  of  units  generated.  Excluding  the  amount  represented 
by  the  current  supplied  to  the  tramways,  the  gioss  recei[)ts  from  the 
electricity  supply  branch  of  the  business  were  £25,683,  .an  increase  of 
nearly  £8,000.  During  the  past  year  215  consumers  were  added, 
representing  40,208  equivalent  8  c.  p.  lamps,  and  up  to  the  end  of  May 
135  new  consumers  with  20,629  8  c.p.  lamps  had  haen  connected. 
Arrangements  for  erecting  a  new  generating  station  at  Kussara  Basin 
had  been  completed,  antl  negotiations  were  in  (irogress  for  supply  of 
electric  power  to  the  Bombay,  Baroda  and  Central  India  Railw.ay 
workshops  at  Parel,  which  would  take  a  supply  of  about  500  kw. 
Other  important  contr.acts  were  also  being  negotiated,  so  that  the 
supply  thereunder  might  commence  about  the  date  when  the  new 
power  station  would  be  completed  and  working,  which  they  anticipated 
would  be  early  in  1911. 

CITif  &  SOUTH  LONDON  RAIL^VAY  CO.  (LTD.!- -The  accounts  for  the 
half-year  to  June  30,  after  providing  for  debenture  stock  interest,  pay- 
ment of  dividend  on  the  5  per  cent,  preference  stocks,  1891.  1896, 
1901  and  1903,  and  transfer  to  renewal  fund  of  £1,500,  show  a  balance 
sufficient  to  allow  the  payment  of  a  dividend  on  the  consolidated 
ordinary  stock  at  the  rate  of  Ij*  per  cent,  per  annum,  and  to  carry 
forward  £1,411.  The  dividend  for  the  corresponding  period  last 
year  was  at  the  rateof  1)  per  cent,  per  annum,  and  the  amount  carried 
forward  £1,868.  The  directors'  report  states  that  the  total  receipts 
were  £89,563.  3s.  5d..  and  working  expenses  £39,975.  7s.  9d  ,  leaving  a 
]u-ofit  of  £49,587.  15s.  8d.  Passensers  carried  (exclusive  of  season 
ticket  holders)  were  11,227,179  (compared  with  10,891,535  in  the  cor- 
responding half  of  1908)  and  the  traffic  receipts  (Including  season 
ticket  holders)  £84,245.  lls.-lOd.  (compared  with  £83.474.  lis.  3d.).  The 
increase  of  receipts  from  all  sources  is  the  more  satisfactory-  in  view  of 
the  constantly  progressing  electrification  of  tramways  which  connect 
with  and  feed  those  already  competing  with  the  company's  line.  It  has 
also  to  be  remembered  that  as  1908  was  leap  year ;  the  half  year  under 
review  was  shorter  by  one  day  than  the  corresponding  |)eriod.  An 
agreement  has  been  entered  into  with  the  Central  London  Railway 
Co.  in  regard  to  the  construction  of  a  subwaj'  between  th.at  company's 
and  this  company's  Bank  .stations.  The  St.  Swithin's-lane  portion  of 
the  proposed  subwiiy  has  been  withilrawn  from  the  C  entral  London 
Railw.ay  Co.'s  bill  of  this  session. 

DELHI  ELEiTKIC  TRAMWAYS  &  LIGHTING  CO.  (LTD.)— The  third  or- 
dinary general  meeting  was  lu-ld  on  Thursday  last.  The  chairman.  Col. 
Sir  H!  Scott,  said  the  delay  oi-.'asioncd  by  the  failure  of  the  contraotoi-s 
In  ccuiipletc  Ihcir  conlraci  "had  h.indic  appcd  Ihe  dircelors.  The  receipts, 
|i;iili(  ularly  of  Ihe  Iramway  system,  were  sciiously  alTeetcd  by  an  out- 
break of  malaria!  fever,  by  which  from  60  In  70  jier  cent,  of  the  population 
of  Dellii  were  prostrated.  The  gross  receipts  for  the  five  months  were 
Rs.67.500  and  total  expenses  Rs.  5.5.600,  leaving  net  receipts  Rs.ll.iHH) 
(£793).  Negotiations  were  in  progress  for  the  sale  of  the  original  power 
station  and  plant.  805,670  passengers  weix-  carried  and  142.755  car- 
miles  run. 

GENERAL  ELECTRIC  CO.  (LTD.)— For  the  year  ended  Maivh  31  the 
net  li.iiling  innliis  and  income  ficm  investments.  &c..  was  £78,2IKt.l2s.4d., 
and  alter  decliulinE  clc|iiecialic.n  aiul  interest  (£2fi.!>87.  2s.  Od.).  there 
remains  £51.213.  its.  lOd.,  out  of  which  preference  dividend  has  absorlx-d 
£12..50t>.  leaving  £38.713.  9s.  lOd..  which.  Ihe  dir-.'ctors  ivcommend  should 
be  a)iprcipriatcd  to  providing  managing  directors'  and  cmi>loycs"  bonus, 
£3.871.  7s..  dividend  on  ordinary  shares  of  5  per  cent..  £18.697.  10s..  to 
reserve  £16.144.  12s.  lOd..  making  the  total  reserve  £1.'«.488.  Os.  lOd. 
The  report  states  that  the  result  of  last  year's  working  can  be  considered 
satisfactory  in  view  of  the  prevailing  depn-ssion  in  the  engineering  trades. 
The  works  at  Witton.  Salford,  Birmingham  and  London  have  been  pro- 
fitably employed  thi-oughout  the  year,  although  they  have  not  been 
working  up  Ic'i  ihcir  full  c-apacity.  The  osraiic  metal  filament  lam))  htus 
established  during  last  year  a  great  re|iutation.  .\  considerable  pmixir- 
ticm  of  lamps  recently  supplied  have  been  produced  at  the  new-  works 
at  Hammersmith,  anc'l  the  c|ualily  has  proved  in  e\ery  resjHvt  equal  to 
those  siippliccl  by  lb'  Conlincnial  faetcuy.  The  company's  telephone 
works  at  Salford  have  licen  considerably  extended.  1.342  further 
ordinary  shares  have  been  allotted  to  the  directors  and  staff  at  par. 
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GREENWOOD  &  BATLEY  (LTD.)— Tlu-  annual  infilini;  wis  luld  nn 
Satuiil.iv.  wluii  .Ml.  Aniiiii  (uiTiiwund,  who  prosiiU-il,  .-iuid  the  ycir  jii>l 
p:>ssfj  WiK  iiiu'  ol  tlie  wuist  on  record,  not  only  as  to  orders  received.  Init 
also  a";  to  nniemiin^rative  work.  Tlie  board  regretted  to  have  to  iia-.s 
the  dividend  on  th"  ordinary  .share.^,  after  having  ])aid  dividends  wliii  h 
worked  out  )>ractically  at  the  average  rate  of  4  per  cent,  for  the  past  1 1 
years,  includinsr  the  present  year.  The  great  falling  oft'  in  work  \s.is 
largely  in  Orduan-e  Department,  i)artie«larly  in  tor|)edoes.  That  de- 
partment was  practically  devoid  of  work,  and  they  could. not  afford  to 
keep  it  at  the  disposal  of  the  Government  unless  the  company  were  given 
a  share  of  such  work.  The  directors  would  lie  compelled  to  find  other 
work  for  it,  and  the  Government  would  find  that  wlicn  their  iteeds  were 
prc.s.sing  they  would  not  have  it  at  their  call.  Their  electrical  depart- 
ment had  been,  and  wa.s,  fairly  busy,  but  comjictition  was  so  keen  that 
profits  were  small.  They  had  considerable  interests  in  the  English  l)e 
Laval  Steam  Turbine  Co.,  in  foreign  and  colonial  works,  and  in  clcclric 
traetiim  and  carriage  undertakings,  and  in  the  judgment  of  the  board 
the  best  plan  was  to  transfer  n  considerable  amount  from  reserve,  so  as  to 
place  the  investments  on  a  sounder  economic  basis.  They  had  more 
orders  im  the  books  and  more  promising  inquiries  than  last  year,  and 
doubtless  more  prosperous  times  would  return,  as  they  had  done  bcfiue, 
but  the  outlook  was  not  brilliant. 

HiBCONI'S  WIRELESS  TELEGRAPH  CO.  (LTD.)— .\t  a  meeting  of  this 
Comp.iny  on  Wednesday  the  resolution  (pas.sed  at  the  ordinary  general 
meeting)  to  modify  the  Articles  of  Association  so  as  to  enable  the  directors 
to  pay  a  commission  on  shares,  in  accordance  with  the  new  Act,  was 
eonfirmed. 

NATIONAL  TELEPHONE  CO.  (LTD)— The  report  of  the  directors  for 
the  half-year  ended  .Jmie  30  states  that  the  income  accrued  in  respect  of 
the  business  of  the  half-year  amounts  to  £1.546,837.  los.  Id.,  compared 
with  £1.4.">2..5li9.  Os.  7d.  for  the  corresponding  period  of  1908.  an  increase 
of  £94.2l>S.  14s.  (id.  Working  expi-nses  amount  to  £893.707.  lO.s.  m\.. 
compared  with  £828,909.  Is.  7d.  for  the  correspoudinEr  period  of  1008.  an 
inerea.se  of  £04,798.  8s.  lOd.  The  net  result  (after  deducting  Post  Office 
royalties  amounting  to  £148,0.51.  Os.  3d.)  is  a  profit  balance  of 
£.501.118.  18s.  5d.,  compared  with  £484,008.  12s.  3d.  for  the  cone-ipoiid- 
ing  period  of  1908,  an  increase  of  £20,050,  Os.  2d.  The  rentals  caniiil 
forward  for  ^une-\pired  terms  of  running  eimtracts  amount  to 
£1,300,283.  9s..  as  com|)ared  with  £1,314,591.  8s.  lid.  at  the  correspond 
ing  period  of  190S,  an  increase  of  £,''.1.092.  Os.  Id. 

Out  of  the,  available  balance  of  f379,8.')0.  5s.  8d.  the  directors  recom- 
mend the  payment  for  the  half-year  of  a  dividend  at  the  rate  of  6  per 
cent,  per  annum  on  the  first  and  .second  preference  shares.  5  per  cent. 
per  annum  on  the  third  ])refcreiice  .shares,  0  per  cent,  per  annum  on  the 
preferred  stock,  and  0  per  ceiit.  per  annum  on  the  deferred  stock,  less 
tax  in  all  eases.  It  is  also  pioposed  to  transfer  £1.50,000  to  reserve,  and 
to  carry  forward  the  balance  of  £11,100.  5s.  8d.  £313,393.  1.5s.  Od.  has 
been  expended  on  capital  account  during  the  half-year  in  th'-  erection  of 
13.848  additional  exchange  and  private  stations  and  in  the  constru'tion 
of  undcru'riiind  works. 

NEW  GENERAL  TRACTION  CO.  (LTD.)— The  general  meeting  of  this 
company  wa.s  held  on  Tucsd.ay.  Barou  E.  B.  d'Erlanger  presided,  and 
said  the  accounts  differed  little  from  those  of  the  previous  year.  Re- 
ceipts from  the  Coventry  [jroperty  were  the  .same  as  for  1907,  those 
from  Norwich  were  £913  less  and  from  Douglas  £58  less.  On  the 
other  hand,  the  Philadelphia  property  paid  them  £482  more.  The 
Norwich  tramways  had  carried  7,190,351  irassengers,  a  deciease  of 
377,815,  the  car-miles  run  being  1,049,175,  against  1,081,221.  Mr. 
I.  E.  Winslow  (the  company's  engineer)  said  the  costs  per  car-mile  in 
Coventry  and  Norw  ich  were  about  5.Jd.  in  each  case.  The  receipts  per 
car  mile  were  low  in  both  cases,  comjKircd  with  a  good  many  other 
cities. 

UNirED  RI?ER  PLITE  TELEPHONE  CO.  (LTD.)— The  rejiort  of  the 
directors  for  the  year  ended  iMarch  31  states  that  the  gross  receipts 
for  the  year  in  the  Kiver  Plato  were  £287,0b4,  against  £250,750  last 
year.  Deducting  expenses  in  Argentina  and  London,  debenture  in- 
terest, dividend  on  preference  .shares  and  interim  dividend  on  ordinary 
shares,  and  adding  interest  on  investments,  transfer  fees,  tkc.,  there 
remains  a  profit  of  £89,253,  and,  adding  £4,904  brought  forward  from 
previous  year,  an  available  balance  of  £94,138.  After  applying 
£32,000  to  reduction  of  special  replacement  account  and  £25,000  to 
reserve,  the  directors  recommend  a  final  dividend  of  5  per  cent  on  the 
ordinary  share  cajiital,  making  a  return  of  8  percent,  for  the  year,  tax- 
free,  that  a  sum  of  .£2,003  be  voted  towards  a  stall'  providcjit  fund, 
which  is  being  formed  among  the  company's  employes  in  Argentina, 
and  that  £5,138  be  carried  forward.  The  board  regret  to  have  to 
record  the  death  of  Mr,  Alfred  Lo  K"ssignol,  wlio  had  lieeti  for  muiv 
yciirs  a  director  of  the  company. 


NEW  COMPANIES,  STATUTORY  RETURNS, 
MORTGAGES,  CHARGES,  &c. 


NEW  COMPANIES. 
OAVAN  INRIG  (LTD.)  {IC3,894.)- Keg,  .July  6,  eajiital  £2,000  in  £20 
shares,  to  ac(iuire  business  and  assets  of  (>.  Inrig,  of  Great  Kastern 
House,  liishopsgate  street  Without,  K.C,  to  develop  and  work  foieign 
patents  for  France,  Belgium,  Spain,  Italy,  Germany,  Switzerland, 
Portugal,  Canada  and  U.S.A.,  and  to  carry  on  the  business  of  elec- 
trical and  general  engineers,  &c.  Private  company,  (i.  Inrig,  first 
managing  director. 


PREMIER  ELECTRIC  INSTITUTE  (LTD.  i  (103,969.)  A  private  com 
IHiiiy  with  this  title  has  been  rcgislerod,  with  .-aiiital  ClOO  in  £1  shares, 
"  to  inaugurate  an  institute  for  selling  curalivo  electrical  appliances 
and  advising  on  electrical  treatment,  to  can  \  on  tlir  laisiuess  of  tnaim- 
facturers  of  and  dealers  in  electrical  specialities,"  &c.  Ho".  otlice 
133  5.  Hcgeiit  street,  London,  W.  "  ' 

E.  M.  REDFERN  (LTD.)  (103,873.)  -  Reg.  July  5,  with  capital  £2,OC0in 
£1  shares,  to  adopt  agreement  with  E.  M.  Redfern,  and  to  carry  on 
the  business  of  electricians,  electrical  engineers,  .Src.  Private  com- 
pany. E.  M.  Redfern  chairman  and  managing  director  for  life.  Reg. 
oliice,  9,  Ethel-street,  Birmingham. 

WALTER  SCOTT  &  CO.  lEDINBURGH)  (LTD.)  (7,193. )-Rog.  in  Edia- 
buigh  July  8,  capital  £500  in  I'l  shares,  to  acquire  business  of  elec- 
tric;il,  mechanical  and  general  engineers  carried  on  at  148,  Rose-street, 
Edinburgh,  as  Walter  Scott  &  Co.  Private  company.  First  director, 
D.  M.  Eraser.  Reg.  office,  148,  Rose-street,  Edinburgh. 
MORTGAGES  AND  CHARGES. 

COWANS  LIMITED. — X  memorandum  of  satisfaction  to  the  extent  of 
£3,000,  on  Mav  4,  1S09,  of  debenture  stock  covered  by  trust  deed, 
dated  Eeli.  2t>,  1902,  securing  £5,C00,  notified  July  5. 

SOLIUM  ELECTRICAL  CO.  (LTD.)-l)ebenture  dated  July  5,  to  secure 
£2,000,  charged  on  the  company's  uiiilertaUing  and  property,  present 
and  future,  'ncluding  uncalled  capit.al.  JIold(<r,  Nottingham  and 
Nottinghamshire  Banking  to. 

RECEIVERSHIP. 

BRITISH  ALUMINIUM  CO.  (LTD.)— Two  notices  of  the  appointment  of 
Mr.  A.  W.  Tait,  Basildon  House,  Moorgatestreet,  London,  E.C,  as 
receiver  and  manager,  have  been  filed. 

W.  FORREST  &  CO.  (SHEFFIELD)  (LTD  ) -Notice  of  the  appointment 
of  A.  D.  Barlier,  C.A.,  Alliance-chambers,  George-street,  Slietlield,  and 
F.  Crawshaw,  28,  Bank  street,  Sheffield,  as  receivers,  on  .July  2,  under 
powers  containeil  in  first'  mortgage  debentures,  ilated  .July  16,  1908, 
has  been  filed. 

H.  HOOPER  &  CO.— Notice  of  appointment  of  J.  W.  Vincent,  C.A., 
6.  Holborn  Viaduct,  London,  E.C  ,  as  receiver  and  manager,  has  been 
filed. 

LIMITED  PARTNERSHIP. 

PILOT  ARC  LAMP  MFS.  CO.  21 1.)— Reg.  Juno  30,  manufacturers  "^ 
and  dealers  in  arc  lamijs,  298,  Slreatham  High-road,  S.W.  Partne'' 
ship  for  two  j-ears  fioin  June  22.  1909.  Determinable  at  end  of  fire'' 
year  by  six  months'  notice,  (ieneral  partners,  J.  Olto  \'oelk,  67,  Lam' 
beth  I'alace-road,  S.E.,  and  E.  Weiss,  159,  L.imbethroad,  S.E. 
Limited  partner,  C.  J.  Robinson,  10,  Streathamcommon,  S.  W. ,  cou- 
tributing  £159  in  cash. 


CITY  NOTES. 

MEMORANDA  (July  15^.— Bank  rate  2i  per  cent,  (since  April  1, 
1909).  Price  of  silver,  23|',.d.  per  oz.  Consols  84i~84|  for  money  and 
84,',; — 84,;,  for  account.  Consols  Pay  Day,  Aug.  5  ;  Stock  and  Shaies 
Continuation  Days,  July  27  and  Aug.  10 ;  Ticket  Days,  July  28  and 
Aug.  11  ;  Pay  Days,  .July  29  and  Aug.  12  ;  Mining  Shares  Carry  Over 
Day,  July  26. 

Prices  op  Metals  (London). — Copper,  cash,  58 ;  throe  months 
£8;,'..  Lead,  English,  12;— 13.^;  foreign,  cash,  12,',— 12j,i;  three 
months,  121?— 12J.  ^/)ei!<er,  casli,  22— 22i.  ym,  English,  129i— 131i  ; 
foreign,  cash,  131.J  ;  three  months,  132J — 132J.  Iron,  Cleveland,  cash,. 
48/-  and  three  months,  48/8^.  Matjiiet  Steel  (price  supplied  by  W.  F. 
Dennis  &  Co.  I,  £55. 

BRITISH  INSULATED  &  HELSBY  CABLES  (LTD.)— The  intere.sts  in 
Canada  of  tliis  com[iaiiy  have  been  sold  to  tlie  Canadian  British  Insu-' 
lated  Co.  (Ltd.),  jNloatroal,  whose  offices  are  at  Power  Building  in 
that  city. 

CITY  OF  LONDON  ELECTRIC  LIGHTING  CO.  (LTD.)— The  transfer  booki  i 
and  register  of  moinlicrs  will  lie  closed  from  July  20  to  Aug.  3  inclusive. 

DIRECT  UNITED  STATES  CABLE  CO.  (LTD.)— The  directors  recom- 
mend  a  fiii.il  illvidciul  of  4s.  per  sli.ii-e,  togctlier  with  a  bonus  of  Is.  per 
share,  Ijoth  tax  free,  payable 31st  insc.,  making,  with  the  three  interim 
dividends,  a  total  distribution  of  4,1  per  c.nt.  for  the  year  to  .Juno  33 
last.  After  [ilacing  £5,000  to  reserve,  the  carrying  forward  is  about 
£3,596.  The  transfer  books  will  ho  closed  from  .Inly  13  to  27  inclusive. 

HASTINGS  &  DISTRICT  ELECTRIC  TRAMWAYS  CO.  (LTD.)  The 
directors  are  not  in  a  position  to  rccainiiiund  any  intcrini  dividend  on 
the  (irefeiciicc  shares. 

LONDON  ELECTRIC  WIRE  CO.  &  SMITHS  (LTD.)— An  interim  dividend 
till  the  half  year  at  the  rate  of  5  per  cent,  per  annum  is  announced. 

NORTH  MELB30RNE  ELECTRIC  TRAMWAYS  &  LIGHTING  CO.  (LTD.)  — 
Tlic  acc.iimls  for  llic  year  lo  .S.:p(,  30  List  shjw  a  lo-^  of  £7  387,  in- 
creasing tbi-  del. II   bilaiice  to  £f(),2.°,5. 

STOCK  EXCHANGE  NOTICES. —The  Stork  Exch.inge  committee  have 
._MMnlcd..ni.i;il,|ii,.|,,ii,,ii.s  lo  I3..5()0  £10  fully  paid  ordinary  shares  of  the 
CilKlfH'l  aii'l  lii^iii'-t  Tniiiiiruiis  Co..  and  a  further  issue  of  12.800  £5 
fully  paid  ordinary  and  2,777  £5  fully  paid  0  per  cent,  cumulative  prcfs. 
of  the  Vniled  JSlccCric  Tmmwmjx  of  ilnnle  V ideo  {Ltd.)  The  committee 
have  been  asked  to  app:iint  a  special  sell  ling  day  in  a  further  is^iic  of 
39,070  £5  fully  paid  ordinary  and  39,070  £5  fully  paid  7  per  cent,  cumu- 
lative preference  shares  of  the  liritinh  Aliimiiiium  Cu.  {Ltd.),  and  to  grant 
a  quotation  to  20,000  £10  fully  |iaid  I)  jicr  cent,  cumulative  preference 
shares  of  Hiirnl  Xi'wn  .1:  Cn.  (Ltd.) 
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Lanarkshire  Traiiiwayd  

Lanes.  Utd.  I'rami  5  ;  Pnor  Lien  Dj.  fit. 
Liverpool  Overhead  Biilwjy  Ord 

Dj.    6  per  G--at.  l'ii>r 

Do.    4  perUfUt.  DjI) 

Loudon  Uuitod  I'laus.  5  i  Uuoi.  Prol'.  ... 

Do.    4  per  Oeut.  Ist  Uort.  Ueb.  Utook 
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ELECTRICITT  SUPPLY. 

Bonmemonth  t  Ponle  Elec.  Sup.  Ord. 

Do.     44  per  Cent.  Cum.  Pref.   

Do.     6  per  Cent.  Cum.  .Second  Pref.  . 

Do.     44  percent.  Deb.  Stock  (red.)  . 

Bromle)  (Kent)  El.  Lt.  Si  Cower  Shart 

!     Do.  Do.  let  Delj 

Rromptou  ft  Kensington  Eleo.  Sup.  Ore 
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Charini;Crosa(W.EndtCity)EI..'5up.Co. 

Do.     44  per  Cent.  Pref.  

D).     4  per  Cent.  Deb.  Stock  (red.) 

I  Oo      4J  per  Cei.t.  13eb,  St..ck  (red  ) 

Do.  City  Underlaking44^  Cm.  Prel. 
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City  of  London  Electric  Lighting  Ord... 

Oo.     8  per  Cent.  Cum.  Pref. 

Do.     6  per  Cent.  Deb.  Stock  (red.) 

Do.  44  per  Cent.  2nd  Deb.  Stock  (red. 
Conntyof  Durham  Elec.  P.O.  Ord 

Do.     6  per  Cent,  non  Com.  Pret 

Connty  of  London  Eleo.  Supply  Ord 

Do.    6p6r  Cent,  Cam.  Pref. 

Do.    44X  Deb.  Stock  (red.)    

Do.     Second  Dab.  StDCk 

Folkestone  Electricity  Supply  Co.  Ord. 

Do.    5  per  Cent.  Cum.  Pref. 

Do.    44  1st  Deb.  Stock  (red) 

Hove  Electric  Lighting  Ori 

Kensington  ft  Knightsbridge  Ord 

Do.    6  per  Cent.  1st  Pref. 

Do.     4  per  Cent.  D.-b.  Stock  (red.) 

Kensingtn.  ft  Kngtbg.  Co.  &  Sotting  H'l 
Co.  (Joint  Station)  4  i  Deb.  Stock  (red.) 

tKent  Elec.  Power  Co 

London  Electric  Supply  Ori . 

Do.     6  per  Cent.  Pref. 

Do.     4  per  Cent.  1st  iljrt.  D)0. 

Metropolitan  Electric  Sop.  Ord 

Do.     44  per  Cint.  Cum.  P.ef.  

Do.     44  percent.  Deb.  St JCk  IstMort.l  I'S 

Do.     34perCent.Mrt.  Djb.  3tock(red.)      ""■ 
Midland  Elec.  Corp.forP.D.UtMirt.DO. 
Newcastle  &  D.Bt.  Eleo.  Ltg.  Ord.  

Do.    4H  per  Cent.  Dab 

Newcastle  Elec.  Supply  Ord 

Do.     6  per  Cant,  non  Cum.  Pref. 

Oo.  4  per  C'nt.  Mort.  D>'i.  red.  1937. 
Nonh  Metro.  Eleo.Power  Sup.  SMorts 
Nortoern  Counties  Etej.  Sap 

Do.     4i  p3rC3at.  Djb 

t.Vottin^  Hill  Electric  Ord 

Oxford  Electric  Ord 

t3o.     4per  Cent.  Dab.  Stock 

St.  James'  &  Pall  Mall  Elec.  Ori. 

Do.    7  per  Cent.  Pref.    

Do.  34  per  Cant.  D.>b.  Stock  (red.)  ... 
Smithfleld  Mirkets  Electric  Sip.  Ord... 
South  London  Electric  Supply  Ord 

Do.    5;t  1st  Mort.  Stk.  Rcl 

Sonth  Melrop  n  Eleo.  Lt.  &  Power  Ord. 

Do.     7  per  Cent.  Cum.  Pref. 

Do.    44  Ist  Db.  Slk.  Rj,I 

Urban  Electric  Supply  Ord 

Do.     6  per  Cant,  Cum.  Pref,    

Do.     4J  per  Cant.  Ist  lljrt.  Dab 

Westminster  Elec.  Sup.  Ord 

fDo.     44  per  Cent.  Cum.  Pref.    

ELECTRIC  RAILWAYS  &  TRAMWAYS. 

t  Baker  St.  «  Waterloo  4  <  Perp.  Db.  8l 
Bath  Elec,  Trams  Pref.  Ori 

Do.     6  per  Cant.  Cum.  Pref. 

Do.  44  Ist  Mort.  Dab.  Stock  (red.)... 
B'ham  X  Midland  Trami  4)  Ist  D  i.Stk. 

Bristol  Tramways  &  Carriage  Ord 

!  Oo.    Cum.  Prof,  (fully  paid, 

;  Jo,    4  per  Cent.  Debi 

British  Electric  Traction  Ord 

Do.     6  per  Ceut.  Cum.  Pref. 

Do.     6  percent.  Perpetual  Dobs , 

Do.     44  per  Cent.  2oJ  Dab.  Stock 

Central  Loudon  Ordinary  Stock , 

Do.     4  per  Ceut.  Prof.  Stock    

Do.     Deferred  Stock   

ID0.     4  percent.  D«b3 

Charing  X.EustoniHuipstd  Par  Ub.Stk. 
City  oriiiruiiu;;li.«:u  Pr-ims.  S^JCiU.Pref 

Do.     4  per  Cant.  I3L  Mjrt.  D^hi 

City  ft  South  Loudon  Bl.v.  Coo.  Ord.  ... 

Do.     6  per  Cant.  Perp.  Pref.  (ISJIJ    ... 

Do.    (189U) 

Do.     (190!)  

Do.     (1903) 

Do.     4  per  Cant,  Perpetual  Dabs 

Dublin  United  Trsuii.  ti  per  Cent.  Pret. 
Qt.  Northern  &  Oily  Kly.  Pref.  Ord.(4<J 
O.  Northern,  Picc.  S  Bromptou  1  <  G.Pf 
4  per  Cant.  Dab.  Stock 


loo  —103 
44-5 

6  -a 


63  —37 

a -21 

54-54 
93  -9? 

»S  -6 

5  -108 
831  -36J 
Dl   -97 


June,  Dae     12.-4    1321 
Jan,  July        , .        ^ 


10= » 
llW| 


^i      7,». 


*i!  a 


81  — U       6     0    0  I 


loU-103      17    6 


93  -9S 


1J3  -"lOi 

91  -33 
4i-bi 

97  -Ijl 

31  -3: 

110  -112 

101  -109 

10  J  -Ijj 

as  —36 

9J  --101 

1«  -I  I 

i  -1 

8-31 
"    -9i 


130  I     974 


6  11  0  April,  Oei 

g    S  u  I  May,  Hov 

5  1 1  0  Peb,  Aug 

4  l4  0  l^eb,  Au,. 

5  11  0  '  f'b    

4  IS  0  ]  Jan,  July 


»i| 


91  —117 

S'.'i  -43 

68  -73 

—31 


April..  . 

Keb,  Aox 

Jan,  July 

Feb,  Au;; 

Keb,  Auji 

Feb,  Aug 

Feb,  Aug 

Feb,  Aug       M)      : 

Jan,  July        9li      I 

Id  oiiVal»tin(i  the  yield  allowaooe  has  basn  mala  lor  aearaal  iateresi  bat  1101  'or  peJouiptoou 
Bi  nihdeoJ.         t  The  Loudon  ■♦tui.k  BscUvugo  Committeo  hire  decl  ue  Ho  lujte  tUOM 
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EL.ECTRICA.L.    COMF^iLlXIES      SIl.VWli:     I^IST.— Continued. 


elDin- 


Price 

Wed..      riELD' 
Jnly  14.      P). 


DCS. 


Bl  SIHBSS  I 

Wkf.k  to 
.liLV  14  I 


Last 
Divi- 
ders 


Price 
Wed. 
Jnly  14. 


EIFCTHIC  RAIIWAKS  i.  TRAMWAYS-  ^o"}'""^^- 

Sr.    3J%   (Met.  Ely.  3)  p<T  Cent.  "A"  Dfb.  Stock  ^l  — JS 

St-i     •■       M-'Topolitan  District  RsilwHT  Ord I't— I'S 

St  I      ••         Do-     Exleosion  Prcf.  (.">  p<-r  Cent.)   ■14—40 

St.    *1%       Do-    Aefcnted  Kxl.  Pref.  (Int.  Guar,  hy'  , 

I  Und.  Elec.  Blv.Oo.  of  London,  Ltd.l  86-67 

c»  I  SZ    I     Do.     S  per  r<-nt!  Consoltd.  Kent-oliarBf  78 —!8 


81. 


iX 


=t. 

in\ 

.>!t.. 

bX 

St. 

b 

on 

Rt 

4»* 

07J 

8t 

4% 

100 

6X 

1"  '  44% 
3t'|  ii 


<   per  Cent.  Midland  Kent-charce    'fl  —10* 

Do.    Onar.  Slock  4  per  Cent 

Do.     6  jier  Cent.  Pcrp.  Deb.  Stoek  

Do.     4  per  Cent,  Ditto 

New  Gen.  Trae;.  6  per  Cent.  Cnm.  Pref. 
PotteHee  Electric  Traction  Ord.    ... 

Do.     6  per  Cent.  Cum.  Pref.  

Do.    4J  per  Cent.  Deb.  Stock    

K  Met.  Elec.  Trams.  *  Lie.  6%  Cm.  Pref. 

Do.     4  per  Cent.  Deh.  Stock 

BnnderUnd  Din.  Elec.Trmi>.6*l"tMt.Db. 
rnderedF.Kv8.Lon.t'."  Tn.bdR.witll  coup.S 

Do.  5*  Prior  l.icn  Bonds 

Do.    4JT  Honds  \wlli  coup.  8. 


Yorkshire  (W.B.)  Elec.  Trama.  Ord. ... 

Do.    6  per  Cent.  Cam.  Pref.   

Do.     4»  rerCent.  Isl  Deba 

ELECTRIC  MANUFACTURING,  kt. 


.  Ele 


■icitT  Me 


r  Ord. 


Do.     6%  Ci 
Babcock  &  Wilcoi  Ord 

Do.    Pref. i... 

Britisb  Insulated  &  Helaby  CableaOrd. 

Do.     6  per  Cent.  Pref. 

Do.  4J  per  Cent.  Ist  Mort.  Deb.  (red.l 
Erilifb  Thoman-llousfn  4J2  1st  Mt.Db. 
Briti6h  Weslinghcnse  6  perCent.  Pref. 

Do     6  i>er  Cent.  Prior  I  ien  Dbe  ird. 

Do.  4  per  Cent.  Mort.  Deb.  Stock  .... 
BlushE.Enc  Co.44',,Perp.  IstDeb.Stock 

Do.     Perpetual  Jnd  Deb.  Slock 
CaUender's  Cable  Con.Ord 

Do.    6  per  Cent.  Cum.  Pref.  .... 

Do'.  4*  per  Cent.  Ist  Jlort  Debe.  (red.) 
Castner-Kellner  Alkali  Co 

Do.  4  J  per  Cent.  1  St  Mort.  Deb.  (red.). 
Chad'jurn's  (Ship)  Telegraph  Ord 

Do.     6  per  Cent.  Cam.  Pref.  

Consolidated  Electrical  Co 

Consolidated  Signal  Co 

Do.    6  per  Cent.  Cum.  Prof.  

•Cromplon*  Co.  (Nos.  1  to86.000)  

1^0-     6  per  Cent.  1st  Mort.  Debe.  (red.). 

Davis*  TiliJMiins 

Dick,  Kerr  &  Co.  Ord 

Do.     6  per  Cent.  Cum.  Pref. 

Do.     4J  percent.  Deb.  Stock    

Edison  !i  Swan  United  ("A"Sh.)(£Spd.) 

Do.    (£6  paid)    

Do.     4  per  Cent.  Mort.  Deb.  Stock  (rd.) 

Do.     6  per  Cent.  2nd  Deb.  Stock 

Edmnndson's  Elec.  Corp.  Ord.    

Do.    6perCent.  Cum.  Pref.  

t  Do.  4i  per  cent.  1st  Mort.  Deb.  (red.) 
Electric  Constmction  Co 

!>?.    7  per  Cent.  Ctun.  Pref.  

Do-  4  per  Cent.  Perp.  1st  Mnrt.  Oeba. 
Feiranti  I  td.  ."■  per  Oent.lst  Mt.Db.St. 
Genera)  Electric  (1900)  5%  Cam.  PreL... 

Do.    4  per  Cent,  l.-it  Mort.  Deba 

Henley's  Telegraph  Works  Ord. 

Do     44  x*""  t-'ent.  Pref.   

Do.    44  per  Cent.  1st  Mort.  Deb.  Stock 

Iidiailubber,Gut.  I'cr.,4c.,WrkB 

Do.     SpcrCcnt.  Cum.  Pref 

Do.    4  percent.  Debs,  (rod.) 

National  Elec.  Construction  Co 

Bichardsons.Weslgartb  J:Co.,Ltd,Ord. 

Do.    6  per  Cent.  Cum.  Pref. 

I  o.  4)  per  Cent.  Perp.  Deb.  Stock  ... 
Simplex  Conduits  Ord 

Do.    6  per  Cent.  Cam.  Pref.  

12  24/0  I  Telegraph  Constructiun  &  Maintenance 
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1  1/0 
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0/7J 

1  0/s;' 

I   1/0 
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1  vin 

b    2/0 

6  0/7i 

Bt-    44?. 

5    1/6 

6    2/6 
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6% 
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4% 
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b/O 
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iX 

s 

lb/3 
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Rl 

4U 

"UP 

b/O 

10 

6/4 
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*x 

139  — 1<I 

98  -96 
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U' 

f6  ->9 
'0  —H 


£  a. 

i. 

S  16 

3 

5    4 

0 

3  17 

0 

3  16 
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4     4 

0 

4     5 

0 

4     4 

0 
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El.    4U 


1 

0/6 

Bt. 

t>X. 
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4« 
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1/0 
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Bl. 

30/0 

hi. 
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Bt. 
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10/0 
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a/0 

6 

b/0 

b« 
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20 

4/U 

100 

445; 

bl. 

2i/U 

Ut. 

17,6 

bt 

*% 

St. 

V/6 

IIV 

*X. 

26 

45 

lU 

t/0 

lUU 

i-iV 

2b 

iUib 

ito 

»1 

100 

«1 

IV'j 

l/T 

'■4 

1/3 

4X 

f4  — 18 

a-J 

41-41 

18-iJ 


91  -96  I  4  13  3 

9r-95  6     r  D 

3i  —42  9  10  0 

43-48  <  9     8  0 

27  —31  14   10  0 

H-lOi  17     3  0 

ftj— fi  4  U  0 

1C4  -I08  4     6  0 


i).i-l?4 

5  -fs' 

115  -107 
14J-lfJ 
101— 111 
9ll  —101 
i-i 

,;  -  i 

U-i 

n  — 14 

li 

6  —51 
83  —341 
99  -101 


lOOl  *X    I     Dj.    4  per  Cent    Deb.  Bonds  (1909> 
1    1/0   ;  Vukera,  Sons  4  Maiim,  Ltd  ,  Ord.  . 

Do.     b  per  Cent.  uon-Cum.  Preference 

Do.    6  per  Cent.  non-Cum.  Preferred       IIU  — lU'      4     9     3 

Do.    4  per  Cent.  1st  Mort.  Db.Sk.  (red  I    UlJ-li-Sl    3  17    b 

Do.    44  per  Cent.  2nd  Mort.  Deb.  (red.)  I   10 

Do.    6  percent.  3nl  Mort.  Debs  Bcrip,     " 

t  J.  O. While  4  Co.  6X  Cm.  Pref. 

Vt  iJ^ans  &  Kobinson  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do     4  per  Cent,  lat  Mort.  Ueba 

TELEGRAPHS. 

Amazon  lelegrapb 

Do      b  per  Cent.  Debs.  (red.  * 

ArgloAmencan 

Do,    Preferred   1     -   - 

Do.     Deferred     16«— If 

Commercial  Cable  4  per  Cent.  Deb.  Btk.      B9  -61 
Cuba  Submarine  Ord 

Do.     Preference  10  per  Cent.. 

Direct  Siianisb  Ord 

10  per  Cent.  Cum.  Pref. 


1(6  -107 


92  — tS 
67  -69 


10  4-IUI4    6  18     6 


17  -10 
2i-38 
tj-t» 


)  6  )1  0 
6  IS  0 
b  1^    9 


Do.     44  per  Cent.  Deb !   19/.— 10l< 

Direct  I  nitel  Stales  Gable 1     lij-lij      6    8 

Direct  West  India  Cable  445;  Kg.  Db.(rd.)[     Bb  -lOl      4     9 

26/0    I  Eaatern  Ordinary     „ ,   125  — 12S      b     9 

■"  "    tDo.     SJperCeut.  Pref.  Stock  '     blj- tt*      4     1 

Do.    4ierCent.  Mort.  Deb.  Btk.  (red.)|  1U44-10O6    8)5 

t Eastern  Exleusi.in    I     I'J-I'i      b  IX 

Do.     4  per  Cent.  Del).  Stock  IQjj— Kij    3  16 

Eastern  i  S.AI.  4%  MaoritiuB  Sub.Deba.  " ' 

O.N.   el  Copenbagin),  «ith  Coupon76 
Balilai  4  Bermuda 4i'<  lat  Mt.  Db.(  red.) 

Indo-European  ex.  uU  

Mackar  Compaoiea  Common  


Itelcit 


iloleg.Co.    ... 
lacilic  4  Europon  Tel.4%0u»rJ)b«.(red.) 

\^  eat  Coabl  ol  America 

Do.    4  per  Cent.  Debs 

10    ..      I    ^c't  India  4  Panama 

10    t/0         Do.    b  iir  Cent,  lat  Pref  

10    18/0    Do.  6%  2nd  Pre' 

10    b^  IX..     5  per  Cent.  Debs.        

In    i/0    '    VVeatetu  Jelit^rapb 

^t    4;^    I     Do.     4  per  Cent.  Deb   block  (red.) 

—      t?.        Tteslem  Iniou'lelegfa.  «1  000  4{  Bonda 

•  In  ctilcolating  the  ylcMa  all)wince  hit  bion  made  (or  accrued  Interei'  but  n  «  for  rtdemptlOD 
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6  10 
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Bo  -IS 

4  11 
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Jan,  Jnlj 
Feb,  Aug 
Feb,  Aug 

Feb,  Aug 
Jan,  Jnly 
Jan,  July 
Mar,  Sept 
Jan,  July  , 
Jan,  July  1 
Hay  ....  I 
April,  Oct  I 
*^b,  Ang 
May,  Nov 
F06,  Aup 
Jan,  July 
Jan,  Jnly 
June,  Deo 


April,  Oct 
April,  Oct 

Julyi  Feb 
Jan,  July 
Jan,  Jnly 
Mar,  Sept 
Feb,  Ang 

Jan,  July 
Mar,  Sept 
Jan,  Jnly 
Jan,  July 
Jan,  July 
Nov,  May 
May,  Not 
Feb.  Aug 
March  . . 
April,  Got 
August ... 
April,  Oct 
April,  Oct 
Jan,  JiUy 
Jan,  July 
Mar,  Sept 

Sept 

Sept 

Jan,  J11I7 
Feb,  Ang 
Feb,  Ang 
June,  Dec 
Mar,  Sept 
Jan,  July 
May,  Nov 
Jan,  Jnly 
Jan,  July 
July  .... 
Jan,  July 

Jniie,  Deo 
Mar,  Sept 
Feb,  Aug 
Feb,  Ang 
Mar,  Sept 
Feb,  Ang 
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Jan,  July 
Ja,Ap,Jy,0 

June,  Dec 
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May,  Not  !      -• 
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Jan,  July 

Mr,Jn,0,D 

June,  Deo 


'8?! 
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06   I 
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lOOl  2t 

..  4% 

St.;  6% 

6 1  S/0 
10/7* 

1  0/6 

St.!  ix 

8t.[  6% 

lot  6/0 

lOj  «/0 

6  2/6 

St.  3J% 

St.'  4% 

1  1/0 

1  0,71 

St.  4% 


*iX 


TELEPHONES. 

Amer.  Telephn.  &  Telegh.  Cap.  St.  ... 

Do.  CoU.  Tmal  » 1,000  4  per  Cent.  Bds 
Anglo  Portug'se  TeL  6%  Ist  Mt.Db.  Stk. 

Chili  Telephone  

MoDte  Video  Telephone  Ord. 

Do.    b  per  Cent.  Pref. 

National  Co.  Pref.  Stock  

Do.     Def.  Stock 

Do.     6  per  Cent.  Cum,  iBt  Pref.   

Do.    6  tier  Cent.  Cum.  2nd  Pref. 

Do.     6  per  Cent.  non-Cnm.  3rd  Pref. ... 

Do.     Del).  Stock  34  per  Cent,  (red.)    ... 

Do.     4  per  Celt.  Deb.  Stock  (red.) 

Oriental 

Do.    6  per  Cent.  Cum.  Pref.  

Do.     4  per  Cent.  Red.  Deb.  Stock 

Telephone  Co.  of  Egypt  4i%Db.Stk.(red.) 
United  River  Plate 

Do.    b  per  Cent.  Com.  Pref. 

Do     H  Deb.  St.  Red 


FINANCIAL  INVESTMENT,  Ac. 

Eleo.  4  Gen.  InTestment  6X  Com,  Prel. 

Globe  Telegraph  4  Trust 

Do.     6  per  Cent.  Prel 

Sabnuuine  Cables  Trust  (Cert.) 


St.,  iiZ 

St.  I  HZ 
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Things  Electrical  at  Bolton 

To  set  the  business  of  electricity  supply  on  a  firm  basis 
it  is  necessary,  while  energy  is  sold  at  a  price  low  enough 
to  be  attractive  to  a  wide  circle  of  consumers,  to  make 
adequate  provision  for  depreciation  and  to  establish 
a  substantial  reserve  fund.  But  the  question  is  also 
complicated  by  other  considerations ;  and  as  local  con- 
ditions vary  so  enormously,  only  a  very  genei'al  judgment 
can  be  pa.ssed,  and  then  solely  on  the  results  obtained  over 
a  year's  working.  If,  however,  we  see  an  undertaking 
selling  energy  for  both  power  and  lighting  at  low  figures, 
paying  adequate  rates,  contributing  a  sutticieut  amount  for 
depreciation  and  yet  making  a  profit,  we  may  say  that  the 
undertaking  is  doing  well.  Such  is  the  result  which  has 
been  obtained  in  Bolton  during  recent  years.  The  analysis 
of  the  accounts,  given  on  another  page  of  this  issue,  shows 
in  detail  the  results  of  last  year's  working,  and  though 
perhaps  not  in  every  way  so  good  as  those  of  1907-08 
these  results  are  highly  satisfactory.     Since  1901,  in  fact 


since  the  very  beginning  of  the  undertaking,  the  works 
costs  have  been  steadily  reduced,  and  have  now  reached 
the  low  figure  of  0'45d.  per  unit — a  result  which  compares 
favourably  with  those  obtained  at  any  other  station,  what- 
ever its  size,  in  the  country.--  Further,  the  average  price 
charged  per  unit  for  all  purposes  is  only  l-23d.,  while  for 
lighting  it  is  2-87d.  and  for  power  0-849d.  The  former 
price  is  not  obtained  at  the  cost  of  the  street  lighting,  for, 
unfortunately,  gas  is  still  used  for  this  purpose.  A  sum  of 
£3,200  was  paid  in  rates,  practically  £6,000  allocated  for 
depreciation  and  a  net  profit  of  £5,800  was  obtained. 
Cheap  power  supply,  in  Bolton  at  any  rate,  evidently 
yields  a  profitable  return ;  and  the  tendency  is  to  cheapen 
the  supply  more  and  more.  At  the  same  time  care  is  taken 
not  to  rush  forward  too  quickly.  Mr.  A.  A.  Day  is  at 
present  handicapped  by  his  generating  plant,  but,  seeing 
the  results  he  has  been  able  to  obtain  notwithstanding 
these  disadvantages,  it  is  (]uite  possible  that  when  he  gets 
his  new  turbine  station  to  work  all  previous  records  may  be 
broken  and  certain  "  irreducible  minima  "  which  are  now 
talked  of  may  become  irreducible  no  longer. 


Tramway  Fares. 

The  trade  depression  experienced  last  year  has  residted 
in  the  annual  accovmts  of  many  tramway  undertakings 
showing  reduced  traffic  returns  and  revenue,  with,  in  some 
cases,  smaller  contributions  towards  the  rates.  The  Lon- 
don County  Council  tramways  undertaking  has,  however, 
to  report  a  successful  year's  working,  as  is  partly  evident 
from  the  fact  that  the  number  of  passengers  carried 
exceeded  that  of  the  previous  year  by  over  40  millions. 
Against  the  loss  of  £30,203  on  the  horse  liue.s,  a  gi-oss 
profit  of  £675,965  is  shown  by  the  electrified  sections  of 
the  undertaking,  the  greater  part  of  this  being  absorbed, 
however,  by  capital  charges,  whilst  it  is  proposed  to  place 
the  remainder,  £107,570,  to  the  renewals  reserve  fund. 
What  seems  to  us  an  important  feature  of  the  summarised 
figures  which  have  just  been  published  is  the  growth  in 
the  number  of  passengers  paying  halfpenny  fares,  these 
amounting  now  to  24-22  per  cent,  of  the  total  number  of 
passengers,  compared  with  2344  per  cent,  in  1907-8  and 
2012  per  cent,  in  1906-7.  Where  halfpenny  fares  are  in 
force  it  is  usually  found  that  this  class  of  passenger  tends 
to  increase  to  the  detriment  of  those  paying  Idv  and  higher 
fares,  and  it  is  probable  that  this  tendency  will  prove  of 
great  importance  when  the  car  accommodation,  which  is 
already  taxed  very  severely  at  "rush-hours,"  becomes 
totally  inadequate. 
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"Whilst  the  penny-fare  passenger  is  becoming  of  de- 
creasing importance  on  the  London  County  Council  tram- 
ways— only  48  per  cent,  of  the  passengers  now  come  under 
this  heading,  compared  with  nearly  58  per  cent,  in  1907-8 
and  over  62  per  cent,  in  1906-7 — it  is  interesting  to  notice 
that  at  the  recent  annual  general  meeting  of  the  British 
Electric  Traction  Co.  a  suggestion  was  put  forward  that  as 
a  small  addition  to  the  customary  penny  tramway  fares 
would  make  all  tlie  difference  between  success  and  failure, 
an  agitation  should  be  commenced  for  the  provision  of  a 
new  coin  equivalent  to  1+d.  Although  we  agree  that  in 
many  cases  tramway  fares  are  too  low,  we  are  surprised 
that  the  above  suggestion  should  have  been  seriously  con- 
sidered ;  the  more  rational  method  of  meeting  the  situation 
would  certainly  appear  to  be  to  reduce  slightly  the  dis- 
tances passengers  can  travel  for  the  existing  Id.  fares,  and 
to  introduce  in  special  cases,  if  necessary,  a  lid.  fare  where 
the  Id.  fare*  do  not  overlap. 


The  Future  of  the  Electrobus. 

It  is  unfortunate  that  the  London  Electrobus  Co. 
should  be  again  in  financial  trouble.  Especially  on  account 
of  the  electrical  industry  it  is  to  be  regretted  that  a  ven- 
ture which  pi'omised  so  well,  and  still  possesses  an  element 
of  ultimate  success,  should  be  handicapped  Ijy  conditions 
which  apparently  do  not  belong  to  the  industrial  side  of 
the  venture.  It  was  the  financial  side  of  "  Father  Brush  " 
which  proved  so  disastrous  in  the  early  days  of  electric 
lighting.  We  can  only  hope  that  the  Electrobus  will 
emerge  from  its  difficulties  without  dragging  down  with 
it  the  future  of  the  electrical  passenger  vehicle.  It  is  tlie 
most  popular  public  conveyance  on  the  streets  of  London 
at  the  present  time,  and  there  appears  to  be  a  possibility 
that  its  position  might  be  maintained  at  least  without  loss. 
This  is  more  than  can  be  said  for  the  majority  of  motor 
omnibuses. 


University  of  London — King's  College. — Dr.  C.  G.  Barkla, 
of  Liverpool,  ha.s  been  elected  professor  of  physics  in  this 
college  in  succession  to  Prof.  H.  A.  "Wilson,  F.R.S.,  who  has 
been  appointed  professor  of  physics  in  the  McG-ill  University, 
Montreal. 

The  Wear  of  Bails  on  Electric  Railways. — At  the  annual 
summer  meeting  of  the  Permanent  AVay  Institution,  held  at 
ShetfielJ  on  Saturday  last,  the  above  subject  was  discussed. 
Prof.  Mc"\Villiam,  of  .Slieffield  University,  in  the  course  of  a 
lecture  on  steel,  spoke  of  the  toughening  powers  of  manganese 
and  silicon.  The  corrugation  of  the  rails  seemed  to  him  to  be 
a  mechanical  question— the  lesult  of  the  nature  of  the  mecha- 
nism running  on  the  rail,  and  all  the  metallurgist  could  do 
was  to  try  to  find  something  that  would  wear  longer  under 
the  new  conditions.  Mr.  Willox,  chief  engineer  of  the  Metro- 
politan Railway,  in  seconding  a  vote  of  thanks  to  Prof. 
McWilliam,  said  that  on  steam  railways,  with  the  use  of  large 
wheels  and  springs,  the  life  of  rails  was  2.5  years  or  more. 
But  when  the  cars  had  a  low  centre  of  gravity  and  small 
wheels,  the  dead  weights  of  the  motors  and  a.\les,  and  the 
extraordinary  acceleration  and  retardation  reduced  the  life  to 
about  25  months.  His  experience  of  the  addition  of  silicon  to 
rails,  after  about  three  years'  trial,  was  tliat  it  increased  the 
life  by  about  110  per  cent. 

Cable  Interruptions  and  Repairs. 

Date  of  Interruption.  Date  of  Repair. 

Dakar— Conakry    May  13,  1909     ...  .July  18,   1909. 

Tangier— Cadiz May  19,  1909     ...  — 

Tourane— Amoy    ._ Iunel7,  1909     ...  — 

Assam — Perim    .July    8,1909     ...  — 


University  of  Manchester. — On  Thursday,  July  15th,  the 
new  engineering  buildings  were  opened  by  Sir  Alex.  Kennedy, 
F.E.S.  The  general  scheme  of  the  extension  comprises  four 
buildings,  containing  lecture  rooms  and  drawing  offices, 
hydi-aulic  and  testing  laboratories,  thermodynamic  laboratories 
and  a  workshoji. 

New  Submarine  Cable. — The  c.s.  "Colonia,"  belonging  to 
the  Telegraj)b  Construction  &  Maintenance  Co.,  has  left 
St.  John's  (Xewfoundland)  to  lay  tlie  new  cable  for  the  Com- 
mercial Cable  Co.  from  Newfoundland  to  New  York.  This 
cable,  a  good  proportion  of  which  is  of  heavy  type,  is  1,321 
nauts  long.  The  "  Colonia ''  has  already  laid  the  northern 
diversion  of  the  cable,  270  nauts  in  length. 

Institution  of  Electrical  Engineers. — New  Building. — We 

are  informed  that  a  special  general  meeting  of  memViers,  asso- 
ciate members  and  associates  will  be  held  at  the  offices  of  the 
Institution  on  Thursday,  July  29th,  at  5  p.m.,  for' the  purpose 
of  considering,  and,  if  approved,  of  passing  the  following  reso- 
lutions, namely : — 

1,  That  the  action  ot  the  Council  in  borrowing  the  sum  of  £26,000 
from  tlie  Economic  Life  Assurance  Society  on  the  security  of  the 
lea-sehokl  froperty  of  the  Institution  on  the  Thames  Embankment  on 
the  terms  of  the  indenture  of  mortgage  dated  June  1st,  1909,  a  copy 
of  which  is  now  produced  to  the  meeting,  \ie  and  is  hereljy  authorised 
and  confirmed. 

2,  That  an  expenditure  of  a  sum  not  exceeding  £20,000  on  struc- 
tural alterations,  furniture  and  fittings  in  connectioli  with  the  institu- 
tion building  be  sanctioned  and  approved,  and  that  the  Council  be 
authorised  to  make  such  financial  arrangements  (including  the  borrow- 
ing of  money  on  the  security  nf  the  Institution  building  and  of  the 
Institution  property  in  Tothill-street)  as  the  Council  may  consider 
necessary  for  the  above  purpose. 

Institute  of  Metals. — The  autumn  meeting  of  this  Institute 
will  take  place  at  Manchester  on  Thursday  and  Friday, 
October  14th  and  l.'ith,  and  the  arrangements,  which  are  in 
the  hands  of  a  strong  local  committee,  are  already  well 
advanced.  A  series  of  about  half-a-dozen  Papers  of  great 
interest,  quite  equal  indeed  to  those  presented  at  the  Birming- 
ham meeting  of  the  Institute  in  November  last,  will  be  reail 
and  discussed  at  the  two  morning  sessions  of  the  institute. 
The  afternoon  of  the  first  day  will  be  devoted  to  a  visit  to  the 
University  of  Manchester,  where  members  will  be  officially 
received  on  behalf  of  the  University  by  V^ice  Chancellor 
Hopkinson.  The  new  engineering  laboratories  will  be  open 
for  inspection,  and  facilities  will  also  be  given  for  inspect  - 
ing  the  Municipal  School  of  Technology.  In  the  evening  a 
reception  will  be  held  by  the  Lord  Mayor  at  the  Town  Hall. 
During  the  afternoon  of  Friday,  October  15th,  members  will 
have  the  opportunity  of  visiting  works  of  metallurgical 
interest  in  the  neighbourhood  of  Manchester.  Sir  William 
White,  K.C.B.,  F.R.S. ,  retires  from  the  presidency  of  the 
Institute  of  Metals  at  the  end  of  the  present  year,  and  it  is 
almost  certain  that  Sir  Gerard  Muntz,  Bart,  will  be  nominated 
to  the  vacant  otiice.  The  vacancy  in  the  Vice-Presidency, 
caused  by  the  recent  death  of  Mr.  Norman  Cookson,  of  New- 
castle-on-Tyne,  has  been  filled  by  the  election  of  Dr.  H.  C.  H. 
Carpenter,  of  Manchester. 

The  Electrical  Engineers  (London  Division). — On  Saturday, 
July  1 7th  last,  a  detachment  of  about  75  X.C.O.s  and  men  of  this 
corps,  under  the  command  of  Capt,  Levin,  C(mi])leted  their 
annual  15  days'  training  at  Plymouth.  Favoured  with  excel- 
lent weather  conditions  a  most  interesting  and  instructive 
course  of  work  was  carried  out  on  the  defences  at  this  station, 
while  at  the  same  time  ample  opportunity  was  given  for  the 
men  to  take  advantage  of  the  charming  surroundings  for  which 
Plymouth  is  noted.  As  usual  the  detachment  was  attached  to 
the  local  company  of  the  Royal  Engineers,  with  whom  good 
feeling  and  comradeship  was  the  order  of  the  day.  Three  of 
the  stations  weie  taken  over  completely,  and  the  engine- 
rooms,  searchlights,  iScc,  were  run  for  the  instruction  of  the 
detachment  in  the  daytime  and  practice  under  service  condi- 
tions at  night.  The  members  of  the  detachment  were  in- 
s])ected  in  technical  work  on  Wednesday  evening,  July  7th, 
by  Major  Caulfcild,  R.E.,  who  expressed  himself  highly 
pleased  with  the  general  running  and  also  the  individual  mem- 
bers he  examined.     The  drill  inspection  was  made  by  Col 
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Hodder,  K.E.,  on  July  9th,  who  complimented  the  men  on 
their  bearing  and  appearance  and  the  X.C.O.s  on  the  smart 
way  in  which  the  various  movements  were  carried  out. 

Fire  at  the  Dundee  Electricity  Works. — A  fire  of  somewhat 
mysterious  origin  occurred  at  the  Dundee  Corporation  Elec- 
tricity AVorks  on  Wedue.sday  in  last  week.  The  first  indication 
of  anything  wrong  was  the  running  away  of  a  balancer  owing 
to  a  heavy  short-circuit  on  one  side  of  the  three-wire  system. 
It  was  then  found  that  the  feeder  cables  in  the  Ijasement  of  the 
station  were  on  fire,  and  within  a  few  minutes  of  the  outbreak 
a  serious  conflagration  was  in  progress.  With  the  help  of  the 
rity  fire  brigade,  the  staff  were,  however,  able  to  get  the  fire 
under  within  half  an  hour  from  the  outbreak,  and  it  was  then 
found  that  great  damage  had  been  done  to  the  cables,  and  to 
some  machinery  which  was  lying  in  the  basement.  The  other 
machinery,  both  in  the  generating  and  sub-stations,  was 
practically  undamaged.  The  staff  at  once  set  to  work  to  get 
things  running  again,  and  in  an  extraordinarily  short  space 
of  time,  considering  the  damage  that  had  been  done,  the 
supply  was  re-established.  The  m-aterial  destroyed,  the  cost 
of  which  is  fully  covered  by  insurance,  is  valued  at  about 
£1,500,  while  the  tramway  department  lost  about  £50  in 
revenue  owing  to  the  stoppage  of  the  service.  A  certain 
amount  of  trouble  was  experienced  on  some  consumers'  pre- 
mises, owing  to  the  sudden  rise  of  voltage,  from  burst  lamps 
and  blown  fuses,  but  no  damage  to  motors  is  reported.  The 
origin  of  the  fire  is  at  present  "  wropt  in  mystery,"  and  various 
theories  which  have  been  advanced  to  account  for  it  are  not 
yet  substantiated.  Great  credit  is  due  to  Mr.  Eichardson 
and  his  assistants  for  the  rapid  waj"  in  which  the  supply  was 
re-established. 

The  British  Association. — As  already  announced  in  The 
Elec'TRIcian,  the  meeting  of  this  Association  will  be  held  this 
year  at  Winnipeg,  during  the  last  week  in  August,  under  the 
presidency  of  Sir  J.  J.  Thomson,  F.R.S.  The  Drill  Hall  at 
Winnipeg  is  to  be  used  as  a  reception  room,  and  the  meetings 
of  the  various  sections  will  be  held  in  the  buildings  of  the 
University  of  Manitoba,  the  Legislative  Chamlier  of  the  Pro- 
vincial Government,  and  of  various  schools  in  the  town.  We 
understand  that  Sir  .1.  J.  Thomson,  in  his  Presidential  Address 
to  the  Association,  will  touch  on  the  following  subjects  :  The 
importance  of  original  research  as  a  means  of  education  ;  the 
advantages  and  disadvantages  as  a  training  for  work  in  science 
of  the  systems  of  education  now  in  force  in  our  schools  and 
universities ;  the  light  thrown  hy  recent  investigation  on  the 
nature  of  electricity  ;  on  the  relation  between  matter  and 
«ther,  and  the  part  played  by  the  lether  in  modern  physics ; 
and  a  discussion  of  some  problems  raised  by  the  discovery  of 
radium.  As  regards  the  various  sectional  programmes  pro- 
visional arrangements  have  been  made,  but  these  are  subject 
to  alteration  and  also  to  consideralile  amplification.  We  give 
details  below  of  the  programmes  in  section  A  (Physics)  and  in 
section  G  (Engineering)  which  are  likely  to  be  of  interest  to 
our  readers.  Section  A  will  meet  under  the  presidency  of 
Prof.  E.  Rutherford,  F.R.S,,  and  Papers  on  "  Sun  Spots  and 
Magnetic  Effects  "  will  be  read  by  Dr.  L.  A.  Bauer,  and  on 
"The  Eflfect  of  Temperature  Variations  on  the  Luminous  Dis- 
charge in  Gases  for  Low  Pressures  "  by  Mr.  R.  h\  Earhart. 
Section  G  will  be  umler  the  presidency  of  Sir  Wm.  White, 
K.C.B.,  F.R.S.,  and  in  addition  to  the  presidential  address  a 
report  will  be  presented  b\'  the  committee  on  Gas  Explosions, 
and  a  Paper  on  the  same  subject  will  be  contributed  by  Mr. 
Dugald  Clerk.  Other  Papers  are  as  follows:  "Skimming 
Boats,"  by  Sir  John  Thornycroft  ;  "The  Isthmian  Canal,"  by 
Col.  Goethals;  "The  Work  of  the  International  Electrotech- 
nical  Commission,''  by  Mr.  Ormond  Higman  ;  "Torsion  Tests 
on  Materials,"  by  Mr.  C.  E.  Larrard ;  "  Dielectric  Stress  in 
Three-phase  Cables,"  by  Prof.  W.  M.  Thornton.  Papers  on 
"Grain  Handling  and  Transportation  in  Western  Canada,"  on 
"The  Navigation  of  the  St.  Lawrence,"  and  on  "High-tension 
Overhead  Lines  "  are  in  preparation. 

Telegraphists  under  Fire. — It  is  natural  that  those  who 
operate  land  line  telegraphs  should  bear  more  risks  than  those 
whose  business  lies  with  the  submarine  side  of  telegraphy. 
In  some  parts  of  the  world,  at  any  rate,  this  has  been  proved, 


and  members  of  the  operating  staff  of  the  Indo-European 
Telegraph  Co.  have  come  in  for  their  full  share  of  such  dangers. 
On  several  occasions  during  disturbances  in  the  East,  and 
e.specially  in  Persia,  members  of  the  Indo  Company's  service 
have  shown  that  they  know  their  duty  and  how  to  do  it.  The 
latest  occasion  for  this  exhibition  of  devotion  to  the  company's 
and  the  public  service  occurred  a  few  days  ago  at  the  stations 
at  Teheran  and  Tauris,  where  for  four  whole  days  the  work  of 
transmission  was  carried  on  under  real  siege  conditions.  It 
stands  to  the  credit  of  the  operating  staff  that  no  interruption 
in  the  service,  not  even  in  the  despatch  of  press  messages, 
occurred.     The  story  can  be  briefly  told  thus  :— 

The  national  forces  entered  Teheran  on  Tuesday  morning  about 
daybreak  and  captured  nearly  all  parts  of  the  city.  Only  one  of  the 
members  of  the  Indo  Company's  staff  succeeded  iii  reaching  the  office 
before  tlie  gates  of  the  City  vvere  closed.  The  remainder  of  the  morning 
staff  and  Mr.  T.  Casey,  the  manager  at  Teheran,  made  several  at- 
tempts under  tire  to  reach  the  office  by  circuitous  routes.  Mr.  Casey 
succeeded  on  the  third  attempt  and  Hve  of  the  staff  reached  the  office 
at  6  o'clock  in  the  evening.  Tl\e  quarter  of  the  town  where  the 
manager  iind  the  staff  reside  was  swept  continuously  by  heavy  firing. 
The  staff  at  once  volunteered  to  remain  at  the  office  as  lon^aa  neces- 
sary. One  of  the  linesmen  maiuiged  to  repair  .some  faults.  This  state 
of  affairs  continued  till  Friday,  when  the  old  Shah  took  refuge  in  the 
Russian  Legation  and  hostilities  ceased.  The  Indo  stations  were 
practically  surrounded  by  the  Royalist  troops,  who,  in  their  turn,  were 
surrounded  by  the  Nationalists,  with  the  result  that  incessant  firing 
continued  close  at  hand  and  sleep  at  the  stations  was  out  of  the  ques- 
tion. Notwithstanding  the'siege,  little  damage  was  done  to  the  com- 
pany's property  and  none  to  the  staff  personally,  whose  property  at 
their  quarters  also  escaped  damage.  This  was  not,  however,  the  case 
with  Mr.  Casey's  house,  «  hich  was  looted  and  loss  and  damage  to  the 
extent  of  over  £1,500  was  occasionetl.  Everything  was  carried  off 
except  the  piano,  «hich  was  damaged. 

Mr.  Casey  refers  with  admiration  to  the  services  rendered  by 
two  newspaper  representatives,  M.  Yanchevetsky  (of  the 
"  Novoie  Vremya,"  of  St.  Petersburg)  and  M.  Haase  (of  the 
"Lokalanzeiger,"  of  Berlin),  who  protected  the  ladies  at  the 
English  Hotel  and  brought  provisions  through  the  firing  lines 
for  the  staff  on  duty  at  the  station.  It  was  M.  Haase's  energy 
that  saved  the  English  Hotel  from  looting  and  protected  the 
lives  of  its  inmates.     These  latter  included  Mr.  Casey's  sister. 

The  directors  of  the  Indo-European  Company  met  on  Mon- 
day, and  after  eulogising  the  action  of  the  staff  at  Teheran  and 
Tauris,  resolved  to  increase  the  bonus  which  was  granted  some 
short  time  ago.  The  directors  will  take  the  occasion  of  Mr. 
Casey's  early  return  to  London  to  show  their  appreciation  of 
his  good  work  and  excellent  example.  A  handsome  gold 
watch,  suitably  inscribed,  has  been  presented  to  the  clerk-in- 
charge  at  Tauris. 

It  will  be  remembered  that  the  Indo  Company's  staff  at 
Odessa  were  placed  in  a  similar  position  of  danger  during  the 
riots  which  took  place  in  that  city  some  time  ago. 

Forthcoming  Books. — The  following  announcements  will 
interest  our  readers  :  — 

Electric  Tr.\ction  on  Rau^ways. — This  important  subject,  which 
is  probal)ly  the  most  topical  of  all  mattei's  of  an  electrical  engineering 
character,  is  very  exhaustively  dealt  with  in  a  new  work  by  .Mr.  Philip 
Dawson  (whose  earlier  books  on  general  electric  traction  ai-e  standard 
works  in  that  branch).  The  new  work  « ill  comprise  over  1.000  pages  and 
about  000  almo.'it  entirely  original  illustrations,  and  will  be  ready  for  the 
autumn  market.  The  book,  which  will  lio  hnnd-ioiiu'ly  bound,  will  be 
published  by  "The  Electriciiui '  Printing  &  Pul>lishing  Co.,  London,  at 
2os.  net. 

The  Alternate-Cureent  Comjiutator  Motor. — The  subject  of  the 
design  and  construction  of  alteniate-cun-ent  commutator  motors  is  at  the 
present  time  porliaps  one  of  the  most  important  in  comieotion  with  elec- 
trical engineering  drvilii|iTnonts,  and  Dr.-Ing.  Ri'holf  (ioLnscHMiDT  has 
made  this  subject  his  special  study.  The  results  are  emlvnlied  in  a  new 
work  by  this  author  which  will  be  published  in  time  for  the  autumn 
market  by  "  The  Electrician  "  Printing  &  Publishing  Co.,  price  8s.  net. 


ARRANGEMENTS  FOR  THE  WEEK. 

InsTITITION    ok    Mi:i  HANICAL    ESlMNKEUS. 

TtJESDAY  July  27tll,  and  WEDNESDAY,  July  2Stli. 

10  a.m.  Summer  meeting  in  ihe  Munici|>;»l  Central  Technical 
School.  Liverpool.  Papers  on  "  Indicating  of  Gas  Engines," 
by  Prof.F.  W.  Burstall,  and  on  "  The  Elcctriciil  Operation  of 
Textile  Factories,"  by  Mr.  H.  W.  Wilson. 
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ELECTRIC  TRACTION  ON  RAILWAYS.* 

XVII.  -FEEDERS   AND  FEEDING  SYSTEMS. 

BY   PHILIP   DAWSON. 

Summary. — In  this  section  the  author  discusses  tlie  arrangement  and 
design  of  the  transmission  and  distribution  system.  Th'e  most  econo- 
mical cross-.sectioii  of  cables,  the  heating  of  conductors,  and  voltage 
drop  are  considered,  as  well  as  the  employment  of  aluminium  both 
for  overhead  and  underground  lines.  In  conclusion,  the  use  and  action 
of  booster  transformers  are  described. 


The  question  of  designing  a  scientifically  more  or  less  cor- 
rect and  economical  feeding  and  distributing  system,  as 
well,  from  the  point  of  view  of  reducing  as  much  as  possible 
the  first  cost,  as  mmimising  the  losses  in  transmission  and 
distribution,  is  one  which  presents  many  difficulties. 

The  problem  of  plamiiug  out  the  best  feedmg  system — 
and  in  this  it  is  intended  to  include  the  whole  transmission 
and  distribution  system,  fi-om  the  power  station  to  the 
train — is  one  which  varies  with  the  conditions  of  each  par- 
ticular case. 

There  are  certaui  Umits  of  ciurent-density  in  the  cables, 
which  we  shall  presently  discuss,  that  are  necessary  to 
prevent  deterioration  and  eventual  breakdown  of  insula- 
tion. This  featm'e,  however,  as  well  as  many  others, 
idtimately  comes  down  to  a  Cjuestion  of  cost,  which  renders 
a  general  solution  for  all  types  of  cases  an  impossibility. 
The  object  kept  in  view  should  be  to  secure,  for  a  given 
expenditure,  the  feeding  system  which  shall  be  ( 1 )  the  most 
economical  in  capital  expenditure,  (2)  most  economical  in 
power  consumption,  (3)  the  best  adapted  for  mamtenance 
pirrposes,  (4)  rendering  itself  most  subject  to  further  ex- 
tensions on  the  same  lines. 

The  first  thmg  to  determine,  after  the  type  of  cable  has 
been  definitely  decided  upon,  is  the  section  of  cable  to  be 
adopted.  There  are  several  bases  on  which  the  copper 
cross-section  can  be  determined.  TJieij  depend  broadly 
upon  (1)  economic  considerations,  (2)  temperature  con- 
siderations, (3)  admissible  voltage  drop. 

Most  Economical  Cross-section. 

T«.)  show  by  an  example  how  to  find  the  most  economical 
cross-section  of  copper  for  any  current  value  let  us  take 
certain  values  for  interest  on  capital  and  depreciation,  price 
per  unit,  and  cost  of  copper. 

The  question  of  interest  and  depreciation  comes  in  the  fol- 
lowing way  : — Suppose  there  is  an  alternative  of  spending 
£700  or  £800  on  a  certam  distribution  by  copper  conduc- 
tors, and  that  with  the  expenditure  of  £800  the  cost  to  the 
producer  of  the  power  lost  in  distribution  per  annum  is 
£35,  whereas  with  an  expenditure  of  £700  it  is  £40.  By 
expending  the  larger  amount  the  undertaking  has,  there- 
fore, the  opportunity  of  investing  £100  at  a  certain  .5  per 
cent.  ;  but  in  the  event  of  its  .system  ceasing  to  operate 
the  £100  represented  in  copper  and  insulation  will  have 
considerably  depreciated  as  regards  its  realisable  value. 
If,  however,  the  investment  of  a  still  further  £100  above 
£800  in  copper  is  contemplated,  it  will  be  found  that  -5  per 
cent,  can  no  longer  be   ibtained. 

There  comes  a  time,  therefore,  when  the  investment  of 
further  capital  ceases  to  be  a  sound  proposition,  and  it  is 
this  value  which  it  is  proposed  to  calculate.  It  must  be 
borne  in  mind,  however,  that  the  extra  capital  so  spent 
cannot  be  recovered  at  a  moment's  notice  (or  perhaps  at 
all)  as  if  invested,  say,  in  Consols,  and  for  this  inconveni- 
ence the  percentage  should  be  higher. 


Taking  the  following  figures  for  constants  : — 

Copper,  £70  per  ton. 

Total  cost  of  power  0-5d.  per  unit  to  producer. 

Interest  and  depreciation,  .5  per  cent. 
Now,  1  sq.  in.  section  of  copper  a  mile  in  length  has  the 
following  properties  : — 

Weight,  9-1  tons. 

Cost,  £636  at  £70  per  ton. 

Resistance  (60°F.)  =0-043  ohms. 

Any  other  cross-section,  x,  will  have  : — 

Weight=9-1 .  X  tons. 

Cost=£636.x. 

T.    .               0043    , 
Kesistance= ohms. 

X 

Suppose  a  current  of  100  amperes  is  to  be  carried  con- 
tinuously. The  equivalent  capital  of  the  energy  loss  in 
transmission  for  a  current,  I,  will  be 

£Pr  X  24  X  365  x  20  x  Q-q  _  15-7^ 
240  X 1000  X      ' 

and  the  fii-st  cost  of  copper  is  £636  .  x. 

Plotting  these  values  with  section  x  as  abscissae  and 
capital  as  ordinates  we  get  Fig.  1.  It  is  a  mathematical 
fact  that  the  minimum  total  is  the  same  as  the  point  of 
inter-section  of  the  two  curves. 


•  Copyright.     All  rights  of  reproduction  reserved. 
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Sqwtrfi  Inclt. 
Copper  £70  per  ton.    Energy  U'.'id.  per  Board  of  Trade  unit.    Interest .',  per  cent. 

Fig.  1. — Most  Economical  Copper  Sbction. 

If  we  plot  the  sum  of  the  two  curves  we  shall  get  a  mea- 1 
sure  of  the  allowable  percentage  error  which  will  produce  | 
no  appreciable  change  in  economy.  From  this  it  will  be  ' 
seen  that  the  minimum  capital  comes  out  for  a  cable  having  | 
a  sectional  area  of  0-496  sq.  in.,  and  is  £631.  The  limits  of 
section  for  a  -3  per  cent,  rise  on  this  capital,  or  a  capital  of 
£663,  are,  from  the  curve,  0-36  and  0-69,  or  a  total  variation  j 
of  about  48  per  cent.  We  thus  see  that  the  section  can  be  i 
varied  within  fairly  wide  limits,  say  20  per  cent,  either  way, 
without  mateiially  affecting  the  economy. 

To  establish  the  general  formulte  for  any  other  constants 
and  any  metal. 

Let  ?/;=weight  in  tons  of  1  mile  havmg  section  1  sq.  iii  , 
r= resistance,  .,  ,,  ,, 

/j=  price  in  pounds  per  ton  (£  per  ton), 
/t=per  cent,  interest  required, 

rf=total  cost  of  generated  energy  in  pence  per  unit, 
x=  section  required  in  .square  inches, 
I=K.M.S.  value  or  equivalent  continuous  current  ii 
amperes. 
Then  the  capital  expended  in  metal  will  be 
/:=«' .  x  .  p  in  pounds  sterling. 
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The  capital  equivalent  of  power  consumed  in  transmission 
wiUb- 

^I^x24x365xdxlOO 

"■^    xx  240x^x1,000 
in  pounds  sterling  for  copper 

/•=0-043,     w=9-l. 


=  101312 


a/£ 


hp 


Heating  of  Conductors. 

Quite  apart  from  the  question  of  economy  above  dis- 
cussed, one  has  to  consider  the  question  of  heat  generated 
within  the  conductor.  Most  costly  damage  may  be  done 
by  overheating,  so  that  the  question  is  one  deserving  care- 
ful attention. 

Most  cable  makers  protect  themselves  in  respect  to  their 
guarantees  by  specifying  a  current-density  above  which 
their  cables  must  not  be  used.  A  common  figure  for  this  pur- 
pose is  1,000  amperes  per  square  inch,  although  limits  of  1 ,5(X) 
amperes  for  small  sizes  are  frequently  given.  It  should  be 
remembered,  however,  that  the  heating  effect  rises  more 
rapidly  than  the  radiating  surface,  as  the  size  of  sectional 
area  increases  if  the  current-density  is  kept  constant,  so 


«  600 

I 

£  500 


1 

1 

] 

1 

1 

1 

1 

_,'■ 

<' 

1 

1 

U-5 

»-'■ 

''l 

1 

,^^^^ 

^ 

I 

1 

^ 

pr 

[^ 

1 

u 

^ 

,^. 

W%^ 

^ 

1 

■'  y^ 

\^ 

pi 

1 

y. 

^^ 

r-^ 

>f 

1 

1  '/, 

\y 

>^ 

k; 

1 

1 

/j^ 

^ 

1 

1 

1 

O-l  0-2  0-3    O'l         0-5  0-6  0-7  O'S  0-9  |  Diam. 

0-357  0-.505        0-618        0-714  0-797        0-874        0-044 )  in  In. 

0-1  0-2  0-3  0-4  0-5  0-6  0-7     &/.  Incites 

Fir:.  2.— Curves  showing  Current  for  different  Areas  of  Wires. 

that  any  fixed  ratio  as  the  above  will  be  either  needlessly 
low  for  small  sizes  or  may  becopie  dangerously  high  for 
large  ones. 

Since  the  work  of  Dulong  and  Petit  (180-5),  who  ex- 
amined the  phenomena  of  radiation  and  convection,  some 
of  the  most  important  experiments  have  been  those  of 
Mr.  A.  E.  Kennelly,  in  America. 

For  the  purpose  of  this  discussion,  two  curves  have  been 
taken,  as  given  in  Fig.  2.  They  have  been  derived  from 
Abbot  s  work  on  transmission  of  energy,  the  curves  there 
given  having  been  transformed  for  our  purposes  to  a  square 
inch  cross-section  basis.  These  two  curves  show  the  current 
for  a  72°F.  rise  for  bare  copper  (full  line)  and  for  blackened 
ropper  (divided  line).  For  insulated  cables  each  ca.se  will 
have  to  be  worked  out  for  itself,  as  the  safe  current  is  a 
function  of  the  material  and  thickness  of  the  insulation  and 
the  manner  of  its  laying.  The  safe  limit  for  insulated 
cables  is  represented  by  a  temperatui-e  of  150°F.,  not  a  rise 
of  this  amount. 

Allowable  Voltage  Drop. 

Smce  the  motors,  controller  resistance,  &c.,  of  a  train 
are  designed  to  work  with  a  certain  voltage,  it  is  a  serious 
disadvantage  in  continuous-current  work  to  have  heavy 
voltage  drops  in  the  feeding  system.  The  speed  and  start- 
ing torque  of  the  motors  are  both  reduced  if  the  voltage 
drops  off,  so  that  it  is  necessary  to  fix  an  allowable  maximum 


drop  ill  desiuiiing  tlio  feeder  .system,  and  10  ])er  cent.  i» 
usually  regarded  as  a  good  figure,  although  this  is  often 
exceeded  in  practice,  especially  in  America.  For  con- 
tinuous-curi'ent  work  the  introduction  of  boo.sters,  both 
positive  and  negative,  has  provided  a  more  practical  solu- 
tion of  the  problem  than  that  of  adding  an  inproportionate 
amount  of  copper  to  the  feeding  system. 

The  heating  effect  in  a  cable  over  any  period  is  given  by 
the  root  mean  square  of  current  during  that  period,  but  the 
laws  of  applying  the  root  mean  square  value  must  be  used 
with  caution,  since  a  cable  may  be  permanently  damaged 
with  an  excessively  heavj'  current  lasting  but  a  short  time. 
In  any  case,  the  root  mean  square  criterion  shows  at  once 
that  the  better  the  load  factor  the  gi-eater  power  can  be  de- 
livered by  a  given  cable.  It  is  impossible  to  give  a  measure 
of  the  increased  capacity  of  a  cable  with  increased  load  fac- 
tor, since  load  factor  is  a  purely  arbitrary  quantity,  depend- 
ing on  the  method  of  measuring  the  maximum  load.  For 
any  given  case,  of  course,  the  ratio  of  actual  capacity  to 
unity  load  factor  capacity  can  be  obtained  by  calculation. 
On  constant  potential  loads  the  ratio  would  be  the  reciprocal 
of  the  form  factor  of  the  current  cm-ve,  the  form  factor 
being  the  ratio  of  the  root  mean  square  value  to  average 
value.  Suppose  the  illustration  Fig.  3  to  be  a  load  curve 
for  a  station.     The  energy  delivered  in  24  hours  is  the  pro- 

24 
duct  of  the  average  current,  station  voltage  and  y  ......  B.O.T. 

units,  but  the  cables  would  have  been  heated  to  just  the 
same  extent  and  would  have  lost  the  same  energy  en  route 
if  they  could  have  delivered  the  root  mean  square  current 
continuously  for  the  24  hours.  Hence  the  desirability  of  a 
good  load  factor. 


Midnight  Noon  Midnight 

Fig.  3.— Showing  difference  retwekn  AvER.ii:E  and  Root  JIeax 
Square  Current. 

Although  the  form  factor  will  be  different  in  each  case, 
yet  a  rough  idea  can  be  got  by  remembering  the  form  factor 
for  a  sine  cm-ve  and  a  sharp  angle.  For  a  sine  curve  the 
form  factor  is  1-11,  the  reciprocal  of  which  is  exactly  0-90. 
If  the  station  load  was  nearly  a  sine  curve  the  saving  in 
transmission  to  be  obtained  by  unity  load  factor  would  be 
10  per  cent.  The  load  factor  of  the  sine  curve  is  li4  per 
cent.,  so  that  generally  a  greater  saving  might  be  effected. 

For  a  straight  line  load  from  zero  to  a  mininuim  the  load 
factor  is  .50  per  cent.  The  form  factor  is,  however  s^i 
=  l-lo5,  of  which  the  reciprocal  is  8()-()  per  cent. 

Calling  this  ratio   _.  (/ being  the  form  factor),  we  have 

Load  fiiotoi-.  ^ 

J 

Flat  load   100  per  cent.   ...    lOQ-O  per  cent. 

Sine  curve    64         „         ...     OO'O 

Straight  line  hnul     50         „         ...     80-0 

To  return  once  more  to  the  question  of  voltage  drop,  the 
cables  should  be  calculated  to  give  a  10  per  cent,  drop  at 
maxinuim  load,  and  the  resulting  size  u.sed  as  a  minimum, 
remembering  always  that  the  current  capacity  size  muM  be 
complied  with,  the  voltage  shoidii  he.  and  the  most  econo- 
mical section  depends  entirely  upon  the  two  values  adopted 
for  these  two  factors. 
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The  calculation  of  the  drop  in  a  simple  feeder  is,  of 
course,  quite  a  simple  matter,  but  where  a  network  is  cou- 
cemed  it  becomes  more  difficult.  By  sy.stematically  apply- 
ing Kirchoff"s  laws  any  network  may  be  calculated,  but 
care  must  be  used  in  keeping  the  signs  right  and  in  bearing 
the  commercial  side  as  well  as  the  engineering  point  of  view 
uppermost,  for  the  sizes  suggested  on  jiurcly  -mathematical 
grounds  may  not  always  prove  in  practice  either  the  most 
or  permanently  economical,  and  although  theoretical  con- 
siderations are  essential,  the  same  equally  applies  to  practical 
considerations,  and  both  modes  should  be  carefully  con- 
sidered before  any  definite  decision  is  arrived  at. 

Alimixium  as  .\  Conductor. 
The  recent  reductions  in  the  market  price  of  aluminium 
have  attracted  a  good  deal  of  attention  to  the  suitability 
of  this  metal  for  electrical  purposes,  both  directly  as  a  con- 
ductor and  also  in  the  construction  of  electrical  machmery. 
In  the  former  capacity,  for  overhead  lines  aluminium  of 
the  same  price  per  ton  as  copper  shows  on  paper  a  marked 
advantage,  and  is  being  installed  for  this  piu-pose  in  America. 
The  following  figures  show  the  relative  properties  of  hard- 
drawn  aluminium  and  copper  wire. 


Property. 

Copper.             j 

Aluminium. 

S-<K)  to  8-93       i 
1-00 
1-00                ' 

1  -00 
1-00 

£12  per  ton 
£12  per  ton         i 
£12  per  ton         : 

21  to  22  (large  sizes) 
40  to  50  per  cent,    i 

X                     ' 
7  jier  cent 

•'■fi3  to  '^•71 

Condiictiritv  

Section  of  equal  conduct ivitj- 

Diameter  for  equal   conduc- 
tivity    

Weight  of  equal  conductivity 

Market  price  for 

Drawing  Xo.  13 

..    15 

Mi4 

1-28 
(1-4911 

£22  per  ton 
£27  per  ton 
£30  per  ton 

12  (large  sizes) 
40  to  50  per  cent- 

1-25  -r 
."io  per  cent 

..    17 

Tensile    strength,    tons    per 
square  inch  diameter    

Elastic  limit    

Wind  pressure  for  equal  con- 
ductivity      

Current  for  same  rise  in  tem- 

])erature    with    .section    of 
equal  conductivity     

100  amperes 

113  amperes 

The  best  broad  rules  to  remember  about  this  comparison 
are  :  (1 )  for  equal  volumes  aluminium  is  one-third  the  weight 
of  copper  :  (2)  for  equal  conductivity  aluminium  is  half  the 
weight  of  copper. 

With  regard  to  insulated  cables  the  following  informa- 
tion has  lieen  furnished  bv  the  courtes\-  of  Messrs.  Johnson 
&  Phillips:— 

-tor  any  cable  having  to  stand  a  given  potential,  V.  the 
necessary  thickness  of  insulation  between  core  and  the  sheath 
becomes  .smaller  as  the  size  of  the  core  increases,  owing  to 
the  decreased  curvature  of  the  core.  This  is  due  to  a 
statical  phenomena  of  surface  density,  which  is  also  mani- 
fested by  the  greater  discharge  distance  of  points  to  flat 
plates  for  the  same  potential. 

The  total  quantity  of  insulation  is  ])roportional  to  the 
product  of  thickness  and  mean  circumference  of  the  insulat- 
ing belt.  The  former,  then,  decreases,  but  the  latter  in- 
creases as  the  core  is  made  larger.  There  are,  therefore. 
two  critical  diameters  of  core,  one  being  for  a  minimum 
overall  diameter,  the  other  for  minimum  (juantitv  of  insula- 
tion.    The   minimum   overall  diameter   is   obtained    if   the 

V 
radius  of  the  core  is  equal  to  .^Yino  ™"^''  ^^  ''^i"g  the  working 

pressure  (alternating  current).  The  minimum  quantity  of 
insulation  is  obtained  with  a  core  radius  of  5/4  times  this 
quantity,  or 

1  -25 


From  this  we  can  construct  a  table  of  best  sizes  for  various 
pressmes. 

It  must  be  noted  that  the  above  formulae  are  based  on  _ 
factor  of  safety  of  6-6,  using  a  breakdown  dielectric  stress 
of  20,000  volts  per  millimetre  thickness  for  paper  insulation. 


;iouo 


V. 


The  above  figures  show  that  for  high-pressure  cables  it 
may  be  desirable  to  use  a  jute  packing  inside  the  core,  or  to 
use  a  conductor  of  lower  conductivity  such  as  aluminium. 
The  Author  has  seen  test  leads  with  a  lead  conductor  to  obtain 
the  requisite  diameter  for  50,000  volts. 

The  question  of  the  amount  of  current  to  be  delivered 
has  an  important  bearing  on  the  above.  For  instance,  if 
100  amperes  are  to  be  delivered  at  20,000  volts,  it  would  only 
be  necessary  to  have  0-1  sq.  in.  copper,  or  0-16.3  sq.  in. 
aluminium  to  carry  the  current,  and  yet  for  minimum 
overall  diameter  0-216  sq.  m.  would  be  necessary.  In  this 
case,  with  drawn  copper  and  aluminium  at  the  same  price 
per  ton,  the  cost  of  the  aluminium  for  any  given  cable  would 
be  one-third  that  of  the  equivalent  cost  of  copper.  For  a 
cable  of  this  class  the  ratio  of  total  cost  to  cost  of  copper 
would  be  from  4  to  5,  so  that  the'saving  by  using  aluminium 
for  this  cable  would  be  about  15  per  cent.,  but  the  trans- 
mission losses  would  be  about  60  per  cent,  more  for  alu- 
minium than  copper. 

With  regard  to  bare  wire  overhead  transmission,  the 
greater  radiating  siu'face  of  an  aluminium  wire  of  equal 
condirctivity  with  a  copper  one  gives  an  increased  carrying 
capacity  in  the  ratio  of  the  square  root  of  the  surface  ratio. 
The  siu'faces  for  equal  conductivity  are  :  Aluminium  128, 
copper  100,  so  that  the  carrying  capacity  for  same  tempera- 
ture rise  will  be,  aluminium  113,  copper  100.  If  the  a'u- 
minium  is  reduced  to  give  the  same  temperature  rise  the 
transmission  loss  will  be  increased,  and,  as  it  is  usually  the 
latter  which  determuies  the  sizes  in  transmission  schemes 
the  advantage  will  not  be  available,  except  as  affording 
greater  security  if  the  line  should  be  overloaded  in  emer- 
gencies. 

The  lighter  weight  of  the  conductor  with  aluminium  is 
partly  offset  by  the  increased  area  exposed  to  wind,  snow, 
t^c.  ;  the  weight  ratio  being  1  to  2,  the  ecpiivalent  area  for 
equal  conductivity  1-25  to  1. 

The  foregoing  considerations  are  sufficient,  at  all  events,  to 
indicate  the  nature  of  the  problems  involved  in  the  design 
of  feeding  systems  with  respect  to  the  size  and  nature  of  the 
conducting  cables  themselves. 

Booster  Transformers. 

With  single-phase  traction  the  variations  in  pressure  of 
the  contact  wire  do  not  involve  the  troubles  incident  to 
such  variations  in  direct-current  practice,  since  it  is  a  per- 
fectly easy  matter  to  provide  an  extra  running  position 
on  the  controller  corresponding  to  a  higher  transformer 
ratio  (giving  higher  secondary  pressure)  than  that  normally 
used   as   the   top-running   s])eed.      In   continuous-current 
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•actice  the  full  parallel  running  position  employs  the 
ighest  available  voltage  on  the  motors,  so  that  the  speed 
1  the  trains  at  the  end  of  a  long  system  will  be  reduced 
(ring  to  the  drop,  unless  a  positive  booster  is  installed,  in- 
)lving  considerable  expense.  This  constitutes  an  im- 
iirtant  advantage  for  single-phase  working,  since,  in  addi- 
1111  to  the  above,  it  enables  one  to  transfer  the  return  drop 
I  the  rails  to  the  overhead  wire  by  means  of  booster  trans- 
iruiers. 

The  use  and  action  of  booster  transformers  are  as  follows  : 
t  various  points  in  the  track  of  a  single-phase  system  a 
(lb-station  is  provided  into  which  all  the  high-tension 
Outgoing)  conductors  are  led.  thus  the  whole  current  taken 
iv  the  system  beyond  this  point  is  brought  into  the  sub- 
ation.  This  current  is  then  passed  through  the  primary 
f  a  transformer,  the  secondary  of  which  is  connected  on 
ne  side  to  the  track  and  on  the  other  to  an  insulated  re- 
lun  cable.     The  connections  are  shown  in  Fig.  4. 


f^ 


■^«— f 


Feeders  and 
Contact  Lines 


Switches  or  Feeders  and 

^^ircmt  Breakers  ^pntact  Lines 


Insulated  Return  Cables 


mm 


Rail  or  Earth  Return 


If  the  transformer  is  of  one  to  one  ratio,  the  only  dif- 
erence  between  primary  and  secondary  cm-rents  will  be 
he  small  current  supplied  fi-om  the  primary  side  for  mag- 
letising  the  booster  transformer.  Neglecting  this,  the 
■ntire  current  fed  to  points  beyond  the  sub-station  will  be 
ucked  back  and  returned  to  the  power  station  through  the 
usulated  return  cable. 

In  a  real  case,  of  course,  the  placing  of  the  sub-stations 
fould  be  governed  by  the  proximity  to  signal  boxes  and 
.tatioiis,  as  well  as  the  varying  conditions  of  traffic.  A 
eries  of  trials  would  have  to  be  made  by  placing  the  train 
n  accordance  with  the  required  service  and  the  drop  cal- 
ulated  therefrom. 

Several  methods  of  connectmg  have  been  proposed  for 
looster  transformers,  but  they  all  depend  on  the  principle 
xplained  above. 


P^  High  Tension      ^^ 


N^/\A^ 


Rail  or  Earth  Return 


An  arrangement  of  this  kind  is  that  due  to  Mr.  W.  M. 
Mordey, which  consists  in  feeding  each  section  separately  from 
I  single  point,  as  shown  in  Fig.  5.  In  this  arrangement, 
■}y  making  the  sections  equal,  each  transformer  has  the 

ame  loading.     Against  this  advantage,  however,  is  the 
!act  that  the  trolley  is  not  used  as  auxiliary  to  the  feeding 

able,  and  the  capital  cost  of  the  installation  may  be  thus 
greatly  increased. 

i  The  arrangement  shown  in  Fig.  4  is  that  advocated  by 
jthe  Aligemeine  Elektricitiits  Gesellschaft,  of  BerUn,  and  it 
ishould  be  noticed  that  each  transformer  deals  with  the 
who!>»  current  passing  beyond  it.  However,  as  the  trans- 
formers are  of  quite  small  dimensions  (usually  10  kw.  or 
less),  this  is  not  a  serious  objection,  and  this  arrangement 
has  the  considerable  advantage  of  using  the  trolley  wiies 


to  assist  the  feeding  system  to  sections  beyond,  which 
ensures  continuance  of  .service  in  the  event  ot  a  breakdown 
in  the  booster  or  other  feeding  cables.  Further,  a  break- 
down of  one  boo.ster  transformer  does  not  cripple  the  ser- 
vice, as  it  can  be  cut  out  of  action  and  its  functions  taken 
over  automatically  by  its  neighbours  on  each  side,  the  onlv 
result  being  a  section  of  double  the  usual  length. 


THE  MOST  ECONOMICAL  COMBINATION  OF  CAPACITY 
AND  INDUCTANCE  IN  UNDERGROUND  TELEPHONE 
CABLES. 

BY    P..    S.    C'OHK.V. 

Ill  a  recent  note  to  the  "■  .\cademie  des  Sciences "  (Feb- 
ruary 22,  1909.  pp.  478-481)  entitled  "  On  the  Composition  of 
rndergrouud  Lines  which  form  the  Telephone  Circuits  in 
Large  Cities."  il.  Dovaux-Charbonnel  comes  to  certain  con- 
clusions which  are  opposed  to  general  telephone  practice,  and 
the  writer  thinks  that  in  the  following  criticism  he  ■will  have 
the  support  of  many  who  have  stud^  this  subject  in  the  view 
that  these  conclusions  are  based  to  a  great  extent  on  mis- 
conceptions. 

M.  Charbounel  first  obtains  the  foUo\ving  formula  for  the 
ratio  P  between  the  received  currents  over  open  aerial  and 
underground  cable  conductors  respectively,  and  he  includes 
the  efiects  due  to  the  terminal  apparatus : — 


Z,.-A  +  B      ,  A- 
Z  V     2  '      2 

z.  ._z..z 


B 


-), 


where  A=l-r7^'.  ^  =  7+7  , ffl  =  atteiiuation constant, /=length 

of  cable  line,  Z= cable  line  impedance,  Zj= open- wire  impe- 
dance, Z,= terminal  instrument  impedance. 

No  explanation  is  given  as  to  how  this  formula  is  derived, 
and  it  has  not  been  found  possible  to  obtain  it  from  Dr.  Ken- 
nellv's  formula-,  which  give  the  follo\™ig  ratio  : — 

p_    Z{e'"-e-'")  +  Z,{e"' -€-'•■) 


Zi(e"'i-c-'"»)+Z,(e'">-fe-'"i)' 

In  this  formula  a  is  the  attenuation  constant  for  the  open 
wire.  The  other  symbols  are  the  same  as  in  the  previous 
formula. 

JL  Charbounel  gives  a  number  of  comparative  figiu'es  which 
do  not  appear  to  have  been  obtained  by  the  aid  of  his  formula. 
These  are  given  in  tabular  form.  The  first  table  iiives  the 
lengths  of  5  mm.  (roughly  600  lb.  weight  per  mile)  aerial  con- 
ductor which  will  produce  the  same  attenuation  as  the  under- 
ground line  considered.  These  figures  are  termed  equivalent 
aerial  lengths. 

These  fijiures  are  not  confirmed  either  by  calculation  or  by 
the  experimental  investigations  carried  out  by  the  National 
Telephone  Co.  It  is  of  little  value  to  apply  any  analysis  ti> 
the  figures  in  the  last  colunm  obtained  for  5  mm.  (6001b.) 
conductor  cable,  as  it  has  been  very  conclusively  shown  that 
telephone  cables  with  conductors  above  2(.M)  lb.  weight  per 
mile  are  practically  uncommercial. 

Table  I. 


Underground 


Equivalent  5  mm.  (liOl)  lb.)  aerial  conductor  length  in 
km.  for  cables  with  conductoi-s  of  the  following  sizes: — 


came  lengtn. 

1  mm. 

2-5  mm. 

0  ram. 

(2o  lb.) 

!          (l.iOlb.) 

(IRK)  lb.) 

,")  km. 

lo7 

"l> 

110 

10    ,. 

3(i:? 

litl 

240 

I.-.     .. 

.5li;-> 

320 

370 

20     ,. 

82(t 

440 

oOO 

A  few  figures  in  connection  with  the  1  mm.  cable,  which  it 
will  be  found  agree  with  those  that  would  be  obtained  by  using 
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"the  ordinary  transmission  formuloe  of  Kennelly,  G.  A.  Camp- 
bell, &c.,  may  be  of  interest. 

A  25  lb.  (1  mm.)  conductor  having  the  following  values  is 
considered  : — 

Resistance.  43-5  ohms  per  kilometre  loop. 

Capacity,  0-0335  mfd.  per  kilometre  loop. 

Inductance,  0-62  millihenry  per  kilometre  loop. 
This  cable  line  is  compared  with  a  (5  mm.l  CiW)  11).  aerial  line 
Tiaving  a 

Resistance  of  1-84  ohms  per  kilometre  loop. 

Capacity,  0-0059  mfd.  per  kilometre  loop. 

Inductance,  2-05  millihenrys  per  kilometre  loop. 
The  terminating  instrument  has  an  impedance  of  500  i-tO  deg. 

From  these  data  it  is  possible  to  plot  curves  showing  the 
variation  of  current  or  of  potential  with  length  of  line.  The 
curves  illustrated  in  the  diagram  herewith  are  plotted  from 
calculations  made  by  Mr.  A.  J.  Aldridge,  of  the  National  Tele- 
phone Co.,  u.sing  the  above  data. 

It  will  be  observed  that  the  potential  along  the  6001b. 
aerial  line  for  at  least  800  km.  back  from  the  receiving  end 
passes  throuszh  a  series  of  maxima  and  minima  values,  and  it 
is  possible  to  tind  a  number  of  different  lengths  of  this  type  of 
line  for  which  the  received  current  is  the  same.  This  wavy 
current  distribution  ii.  a  familiar  phenomenon,  and  can  be 
readily  demonstrated  experimentally.  On  the  other  hand, 
the  cable  line,  owing  to  its  relatively  greater  resistance  and 
capacity  and  smaller  inductance,  does  not  show  this  variation. 
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Km.     Cable. 

hixtance from  Receivintj  Er<d. 

(1)  1  mm.  251b.  cahle,  normal  capacity.    (2)  1  mm.  251b.  cable,  half  capacity. 

(3 )  600  lb.  copper  opeu  wire.    (4)  Mean  curve  for  open  wire. 

From  this  curve  the  following  table  can  be  obtained,  which 
may  be  compared  with  the  figures  in  Table  I.  given  by  M. 
■Charbonnel  : — 

Table  II. 


Underground 
length. 

Equivalent  aerial  length  in  km.  for  ] 
cable  conductor. 

mm-  (25  lb.) 

A.                    1            B. 

C. 

5  km. 
10    ., 
15    „ 
20    „ 

28,     83,  177 

200,  255,  347 

375,  455,  500 

550 

162 
310 
435 
575 

188 
376 
564 
752 

The  figures  in  column  A  are  obtained  by  finding  lent;ths  of 
6001b.  aerial  conductor  which  give  the  same  current  as  the 
corresponding  lengths  of  cable  in  the  first  column,  and  it  will 
be  seen  that  in  the  first  three  cases  there  arc  no  less  than  three 
equivalent  lengths  of  aerial  conductor.  Column  B  is  obtained 
by  using  mean  values  drawn  through  the  wavy  600  lb.  aerial 
conductor  curve.  Column  C  gives  the  result  obtained  by  taking 
the  ratio  between  the  attenuation  constants  for  the  cable  and 
aerial  conductors  respectively  and  neglecting  the  terminal  effect. 

M.  Charbonnel  goes  on  to  consider  the  inipiovenients  effected 
by  adding  inductance  to  the  cable  by  means  of  Pupin  coils, 
and  he  here  makes  the  assumption  that  no  reflection-reducing 
device  is  introduced  into  the  loaded  line  to  compensate  for  the 
considerable  increase  in  the  line  impedance  over  the  instrument 


impedance.  The  neglect  of  this  important  factor  in  improviui; 
the  efficiency  of  loaded  lines  seems  universal  amongst  Conti- 
nental telephone  engineers,  and  it  can  only  be  assumed  that 
the  impro\n>ment  thus  rendered  possible  has  not  been  ap- 
preciated. In  this  country,  as  far  as  the  National  Telephone 
Co.  is  concerned,  and  in  America,  it  may  be  stated  that  all 
those  lines  which  are  loaded  so  that  the  line  impedance  greatly 
exceeds  the  terminal  instrument  impedance  are  equipped  with 
reflection-reducing  devices. 

Another  assumption  made  by  M.  Charbonnel — viz.,  that  a 
loading  coil  with  an  inductance  of  0-1  henry  will  have  an  effec- 
tive resistance  of  20  ohms — docs  not  hold  for  the  best  type  of 
coils  as  used  in  this  country  and  in  America,  which  have  a 
time  constant  of  about  five  times  as  much  as  those  referred  to 
above.  The  following  table  of  loaded  line  values  for  1  mm. 
(25  lb.)  cable  as  calculated  by  M.  Charbonnel,  together  with  a 
column  of  values  for  the  same  size  cable  derived  from  the 
actual  values  obtained  here  and  in  America  for  practically  the 
same  size  conductor — viz.,  0-9  mm.,  20  lb. — wUl  show  how  much 
M.  Charboimel's  estimate  of  the  improvement  is  below  the 
actual  result. 

Table  III. 


Length  of 

1  mm.   (25  lb.) 

underground  cable. 

Equivalent  600  lb.  aerial  conductor 
length  for  1  mm.  (25  lb.)  cables. 

M.  Charbonnel's 
calculated  value. 

Actual  value 
obtained  in  practice. 

5  km. 
10    „ 
15    „ 
20    „ 

82  km. 
180    „ 
240    „ 
310    „ 

530  km. 

920  „ 
1300  „ 
168-5    „ 

It  is  now  that  M.  Charbonnel  comes  to  a  conclusion  that 
will  be  most  seriously  criticised.  He  investigates  the  improv'e- 
ment  likely  to  result  from  doubling  the  thickness  of  the  dielec- 
tric in  an  underground  paper  cable,  and  thus  decreasing  the 
capacity,  and  concludes  that  this  can  be  easily  and  economically 
effected,  and  that  the  results  will  be  superior  to  those  obtained 
by  increasing  the  inductance  by  means  of  Pupin  coUs.  To 
begin  with,  a  statement  is  made  that  by  doubling  the  thick- 
ness of  the  dielectric  the  capacity  is  halved  and  the  inductance 
is  doubled.  The  latter  part  of  this  statement  is,  of  course, 
incorrect,  and  the  former  not  necessarily  true. 

As  a  matter  of  fact,  taking  a  20  lb.  conductor  (0-914  mm.) 
cable,  with  conductors  at  the  average  distance  apart  of  about 
1-93  mm.,  the  inductance  is  found  to  be  0-00065  henry  per 
kilometre,  and  when  the  conductors  are  removed  to  twice  the 
distance  apart  the  inductance  becomes  increased  to  0-00072 
henry,  or  only  about  17  per  cent,  improvement. 

M.  Charbonnel  arrives  at  the  following  table  for  a  2511). 
cable  with  the  capacity  halved  :  — 


Table  IV. 

Underground  length. 

Equivalent  600  lb.  iierial  conductor 
length  for  1  mm.  (25  lb.  cable). 

5  km. 
10    „ 
15    „ 
20    „ 

50  km. 
100    „ 
140    „ 
170    „ 

Calculations  have  been  made  over  here  on  a  1  mm.  conductor 
cable,  which  is  assumed  to  have  its  capacity  reduced  from 
0-<).'?35  mfd.  to  0-0167  mfd.  per  kilometre  loop,  by  doublini; 
the  dielectric  thickness,  and  the  inductance  is,  consequently, 
increased  to  0-75  millihenry  per  kilometre.  Curve  No.  2  in 
the  above  diagram  gives  the  relationship  between  potential  and 
length  for  this  type  of  line.  From  tliis  curve  the  following  table 
is  obtained  : — 

Table  V. 


Underground  length. 


Equivalent  aerial  length  for  1  mm. 
(25  lb.)  cable  conductor. 


5  km. 

162  km. 

10     „ 

310  ., 

15     „ 

435  „ 

20     „ 

545  „ 
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It  will  be  seen  that  tlie  low  capacity  cable  gives  results  three 
times  as  bad  as  estimated  by  M.  Charbomiel.  Furthermore, 
a  comparison  with  Table  II.,  column  H,  shows  that  the  reduced 
jcapacity  effects  no  improvement  until  20  km.  of  cable  are  con- 
sidered, whilst  Table  III.  demonstrates  that  the  loaded  line 
I  gives  much  the  best  transmission  under  all  conditions.  It 
should  be  mentioned  that  leakance  has  been  neglected  in  all 
I  cases,  as  it  would  appear  that  this  also  has  been  neglected  by 
M.  Charbonuel.  The  effect  due  to  leakance  would  be  most 
pronounced  on  the  600  lb.  aerial  line,  but  would  not  in  all  pro- 
bability introduce  any  considerable  discrepancy. 

Ill  practice,  a  considerable  length  of  aerial  line  would  be 
terminated  by  a  short  length  of  underground  cable,  and  this 
combination  would  tend  to  modify  the  wavy  current  distri- 
bution along  the  open  wire  by  altering  the  reflection  effects. 

The  following  figures  have  been  obtained  for  the  equivalent 
length  of  1  mm.  cable  in  terms  of  5  mm.  open  wire  in  the  case 
of  a  non-homogeneous  line,  such  as  is  met  with  in  practice  :  — 
Table  VI. 


Underground  length. 


half  capacity  cable 


Equivalent  600  lb.  aerial  conductor 
length  for  1  mm.  (25  lb.)  cable. 


108  km. 
387  „ 
322  „ 


The  loaded  line  will  have  the  same  value  in  this  case  as  in  the 
case  of  homogeneous  lines  given  in  Table  III.  last  column.  It 
will  be  noted  that  in  the  three  cases  given  the  cable  line  has 
a  decidedly  less  allowance  at  the  end  of  an  open  wire  conductor 
than  without  such  an  intermediate  conductor  between  it  and 
thesendiuL'  end. 

In  conclusion,  it  may  be  stated  that  M.  Charbonnel's  as- 
sumptions as  to  the  increased  transmission  value  of  low  capacity 
cable  caimot  be  upheld.  The  reduction  of  cable  capacity  is 
also  an  extremely  costly  matter,  by  reason  of  the  increase  in 
diameter  of  cable  per  unit  number  of  wires,  which  not  only 
increases  the  cost  of  the  cable  itself,  but  also  of  the  duct  into 
which  the  cable  is  drawn. 


DIFFERENTIAL  TESTING  FOR  HYSTERESIS  LOSS. 

BY   PROF.    ERNEST    WILSON. 

When  making  tests  with  the  ballistic  galvanometer  for  the 
purpose  of  obtaining  a  cyclical  curve  of  magnetic  hysteresis 
it  is  usual  to  vary  the  magnetic  force  from  one  maximum 


Ffl 


Paper.*  In  each  case  the  force  was  varied  from  one  maximum 
through  zero  to  about  the  then  value  of  the  coercive  force  ; 
it  was  then  changed  to  the  other  maximum  and  back  again  to 
its  initial  value  by  short-circuiting  a  resistance  in  the  circuit. 
In  addition,  the  ordinatcs  b  and  c  were  obtained  in  the  ordinarj' 
way,  and  their  difference  compared  with  the  directly  obtained 
difference  d.  In  the  case  of  the  solid  snecimens  the  difference 
d  was  very  much  smaller  than  the  difference  c — b,  but  in  the  case 
of  the  laminated  specimen  the  agreement  was  close.  The 
disagreement  is  attributed  to  the  effects  of  eddy  currents  and 
magnetic  viscosity. 

As  it  was  desired  to  obtain  by  an  independent  method  the 
hysteresis  loss  for  low  values  of  the  magnetic  induction  (B) 


1000 
J/.uimum   B. 

Fig.  4. 


200  Slaltoi, 


to  compare  with  the  loss  obtained  by  the  ordinary  ballistic 
galvanometer  method,  the  differential  method  of  test  was 
applied,  as  shown  in  Fig.  2.  The  ring  to  be  tested  (RT),  which 
was  laminated,  had  its  primary  coil  placed  in  series  with  the 
primary  coil  of  an  air  transformer,  AT,  and  an  alternating 
current  was  supplied  by  a  direct-current  motor  fitted  with  two 
slip-rings.  The  wave-form  of  P.D.  is  very  closely  a  sine  curve. 
Two  copper  sectors  (S,,  S.,)  bedded  in  a  disc  of  ebonite  and  sup- 
plied with  brushes  (6,,  b.,)  are  connected  to  a  slip-ring  and 
driven  by  the  shaft  of  the  motor-generator.  One  of  these 
brushes  (6,)  was  permanently  in  circuit  with  a  moving-coil 
galvanometer  (G),  and  the  circuit  could  be  connected  in  series 
with  the  secondary  coil  either  of  the  ring  RT  or  of  the  air  trans- 


.ll/S 


Fii;.  2. 


Fio.  3. 


through  zero  to  some  prearranged  value  and  observe  an  ordinate 
such  as  o  in  Fig.  1.  The  force  is  then  raised  to  the  other  maxi- 
mum. It  is  then  reduced  without  passing  through  zero,  and 
the  ordinate  b  is  obtained.  A  series  of  such  observations 
enables  the  curve  to  be  determined.  It  was  thought  that  if, 
instead  of  performing  the  above  operations,  the  force  were 
changed  so  as  to  obtain  the  difference  rf  as  a  direct  quantity 
a  greater  accuracy  might  be  obtained,  especially  when  d  is 
small.  Three  experiments  were  made  with  rings  of  pure  iron* 
(solid),  magnet  steel  (solid),  and  transformer  iron  (laminated). 
The  method  of  test  was  tlie  same  as  is  described  in  a  previous 


■  Roy.  Soc.  Proc,"  Vol.  LXII.,  p.  369. 


former  AT  by  aid  of  a  two-way  switch.  A-.,,  h.  The  brush  6, 
could  be  put  in  parallel  with  b.^  if  desired  by  the  key  k\.  An 
end  view  of  the  sectors  S,,  83  is  shown  in  Fig.  2,  and  they  were 
so  arranged  that  by  adjusting  either  of  the  brushes  />,  or  b., 
in  a  radial  direction  various  angles  of  contact  could  be  de- 
scribed. Thus,  in  Fig.  1,  the  brush  61  could  be  made  to  close 
the  circuit  from  tiie  time  of  maximum  current  until  the  change 
b  had  been  observed.  The  difference  d  was  obtained  by  closing 
the  key  Jt,,  as  the  brush  ?).,  then  closed  the  circuit  during  the 
♦  "  Koy.  Soc.  Proc,"  Vol.  1.111.,  p.  353,  Fijr.  2.  A  very  interesting 
article  on  "  Diffeiciitiul  U;>llistic  .Methods  "  has  been  published  by 
R.  Beattie,  D.Sc,  and  1'.  M.  Elton  B.Sc.  Sec  TuK  Electricia.n,  Vol. 
L.XIII.,  p.  299. 
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time  that  the  change  c  was  being  made,  the  galvanometer 
giving  a  deflection  proportional  to  the  difference  d.  One  had 
the  choice  either  of  making  the  forces  causing  the  changes  b 
and  c  respectively  equal,  bv  adjustment  of  the  brushes  6,,  b.,, 
or  fi'om  known  setting  of  the  brushes  of  observing  the  difference 
of  the  forces  as  a  direct  quantity.  This  latter  method  was 
chosen,  and  Fig.  3  illustrates  the  quantities  measured  in  this 
ca.se. 

The  use  of  the  galvanometer  to  give  the  required  quantities 
rests  on  the  following  reasoning  :  Let  A  =  the  cross-sectional 
area  of  the  ring  RT,  let  H  =  the  number  of  secondary  tunis.  let 
B=the  magnetic  induction. 

Then  the  E.M.F.  of  the  secondarv  coil=  --_   x  A  x  w  x  10~*  volts. 

at 

If  the  current    (x)    in  the   galvanometer   is   proportional  to 

dB 
the  E.M.F..  then  x=-j  xAxwxlO-*/R,  where  R  is  the  re- 
at 


sistance  of  the  secondary  circuit 
interrupted  after  time  t  is 
AnlO-H'dB 
TR     Jodl 
■where  T  is  the  periodic  time. 


The  average  value  of  x  when 


.dt-- 


Ak10-s 
TR 


|B-B„ 


If  D  be  the  deflection  of  the 

galvanometer  and  k  its  constant,   such  that   DA:=amperes, 

TR  R 

B -Bo=D^-x  =mx-^-^^. 

An  .10^  Aw/10-* 

where  /  is  the  frequency.  The  self-induction  (L)  of  the  galvano- 
meter is  about  0-002  henry  and  the  frequency  in  the  experiments 
to  be  described  was  10.  The  resistance  of  the  galvanometer 
w-as  456  ohm,  so  that  the  value  of  Stt/L  is  less  than  one  part 
in  4,000  compared  with  the  resistance,  and  has  been  neglected. 
Referring  to  the  air  transformer  AT,  the  average  value  of  the 
current  x  is       M»r  f'dx       '  Mm, 

TR.U-*^™^'^-^' 


--Bk. 


By  tliis  method  it  was  possible  to  observe  as  a  direct  deflec- 
tion of  a  moving-coil  galvanometer  (1)  the  ordinate  B  and  the 
difference  SB.  {2)  the  force  H  corresponding  to  B  and  the  dif- 
ference 6H.     Thus  the  curve  was  determined  and  plotted. 

Table  I. 


Permea- 
bility. 

Ergs  per  cubic 

— 

Material. 

B  (max.) 

H  (max.) 

centimetre 
per  cycle. 

Methoil 

35-6 

00596 

597 

0-0820 

70-H 

0-101 

701 

0-291 

97-2 

0-1235 

788 

0-620 

Kal- 

Stallov 

1093 

0139 

787 

0-660 

li^ti.- 

(thielcness 

1.^)7  0 

0-178 

882 

1-405 

of 

264-0 

0-246 

1.073 

4-5 

stampings 

1-135 

000422 

269 

n-(HMin278 

\ 

00485  cm.. 

5-67 

0-0183 

310 

(l'IHI(l."i."> 

.speiitic   re 

7-95 

0-0250 

307 

(iiiii:!s-2 

sistance    at 

8-15 

00326 

2.50 

(i(ui:ii4 

15  C.  49(i 

26-1 

00541 

545 

1 1-02!  Mi 

X    10-« 

38-y 

0-0715 

554 

1>  (Kills 

Disc 

ohms). 

47-2 

0-0776 

609 

0-0974 

62-75 

00984 

639 

0-214 

Lohys 

95-0 

01348 

705 

0-496 

165-0 

0181 

912 

1-43 

J 

of 

97-4 

0-200 

487 

stampings 
0-037  cm.. 

264-0 
746-0 

0-385 
0-638 

686 
1,170 

7-45 
50-9 

.  Bal- 
listic 

specific   re-. 

1,511-0 
3,6600 

0-821 
1-193 

1.840 
3.070 

1700 
657  0 

IS^C.  14-3 

16-2 

0-060 

270 

00102 

] 

X  lO-ii 

708-0 

0-635 

1,114 

50-4 

[   Disc 

ohms). 

1.4300 

0-815 

1,755 

157-0 

1 

where  M  is  the  mutual  induction  as  between  the  primary  and 
secondary  coils,  and  m  is  the  number  of  secondary  turns.  The 
maximum  value  of  x  could  thus  be  obtained  by  setting  one 
brush  (6j)  and  moving  the  other  (6.,)  until  the  deflection  is  a 
maximum,  then  keeping  60  fixed  and  moving  6j  until  the  deflec- 
>  tion  is  again  a  maximum.  This  gives  the  maximum  value  of 
the  current  x  and  thus  the  maximum  of  the  magnetic  force. 
An  alternative  to  this  method  was  used — namely,  observing 
the  maximum  current  by  aid  of  an  electrometer,  revolving 
contact-maker  and  non-inductive  resistance. 


In  Table  I.  are  given  the  results  obtained  by  the  two  methods, 

and  the  curves  in  Fig.  4  show  that  at  frequency  10  the  loss  due 

to  hysteresis  in  laminated  Stalloy  is  slightly  les?  than  that 

given   by  the   ballistic   test  for  a  given  change  of  B.      The 

Stalloy  has  a  high  specific  resistance,  and  the  eddy-curreut 

I  loss  is  very  small  at  the  frequency  adopted.     With  the  Lohys 

I  ring  the  loss  due  to  eddy  currents  is  more  important,  and  the 

•  ballistic  test  gives  slightly  lower  values  of  hysteresis  loss  than 

the   differential   disc   method.     This   method,   if   carried   far 

enough,  would  enable  very  small  values  of  B  to  be  used,  and 

this  is  a  matter  which  is  being  further  investigated. 

The  above  experiments  were  carried  ont  in  the  Siemens 
Electrical  Engineering  Laboratory,  King's  College,  London. 
I  have  pleasure  in  acknowledging  the  help  I  have  received  from 
Mr.  W.  H.  Wilson,  Mr.  G.  F.  O'Dell,  Mr.  C.  E.  Olive  and  Mr. 
H.  W.  K.  .Jennings. 


THE  ELECTRIC  POWER  SUPPLY  OF  CHICAGO. 


{Continic;d  fr 

The  last  five  turbines  in.stalled,  of  8,000  kw.  rated  output,  with 
ability  to  work  at  12,000  kw.  during  peak  load,  which  are  seen  in 
the  view  of  the  engine  room  given  in  Fig.  9,  are  Curtis  five-stage 
machines  running  at  750  revs,  per  min.  One  is  shown  in  Fig.  10, 
together  with  its  auxiliaries.  These  turbines  stand  34  ft.  8  in.  above 
the  floor.  The  governors  are  of  the  hydraulic  type.  The  Worthing- 
ton  surface  conden.sers.  which  are  located  in  the  base  of  each  unit, 
have  •25,(X)0  sq.  ft.  of  tube  surface  and  can  handle  2H>,()(X)  lb.  of  water 
per  hour.  Each  unit  has  its  own  condensing  ap|)aratus,  feed-water 
iieater.  hot  wells  and  feed  pumi)s.  A  centrifugal  hot-well  pum]) 
takes  the  condensed  .steam  from  the  condenser  and  delivers  it  to 
the  feed-water  heater.  This  centrifugal  pump  is  a  4  in.  vertical- 
shaft  two-stage  machine  driven  by  a  20  h.p.  direct-current  motor, 
seen  in  Fig.  10.  The  dry-vacuum  pump  and  the  centrifugal  pump 
for  circulating  the  condensing  water  are  driven  by  a  Corliss  engine 
running  at  15  revs,  per  min.  The  circulating  pump  is  of  Worthing- 
Ifin  make  for  handling  22..")00  gallons  |)cr  minute.  Kacli  unit  has 
two  vertical  uniple.x  feed  pumps  20  in.  by  14  in.  by  24  in.,  with  a 
rating  of  .581  gallons  per  minute.  The  closed  feed-water  heater  has 
3.0fK)  sq.  ft.  of  surface,  with  ability  to  raise  the  temperature  of 
KiO.tKK)  lb.  of  water  per  hour  by  35  deg. 

As  regards  the  oil  pumjiing  for  step  bearings,  each  pair  of  units 
has  a  pair  of  duplicate  j)umi)8.  an  accumulator  and  a  storage  tank. 
When  the  accumulator  falls  below  a  certain  point  a  motor-driven 
step-bearing  oil  pump  is  automatically  started. 
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The  floor  area  per  turbine  in  this  turbine  room,  including  ail  the 
auxiliaries,  is  273  sq.  ft.  The  turbine  room  has  two  travelling  cranes 
of  70  ft.  span,  one  being  a  50  ton  and  the  other  a  60  ton. 

The  general  scheme  of  high-tension  connections  is  shown  in  Fig.  12, 
as  designed  for  the  completed  station  with  14  units.  Only  10  units 
have,  however,  so  far  been  installed,  as  mentioned  above.  The 
.sectionalising  "bus  bars  and  the  possible  isolation  of  different  parts 
of  the  station  electrically  to  prevent  spread  of  trouble  is  always  a 
matter  of  considerable  interest  and  concern  in  Cdnnection  with  a 
large  plant  of  this  kind.  It  will  be  seen  from  Fig.  12  that  thefir.st  four 
units  installed,  whieli  are  of  smaller  rating  than  the  last  six,  have  a 
different  scheme  of  connections.  The  first  are  connected  through 
an  oil  switch  to  a  short  'bus  bar  called  a  "  generator  "bus  bar."  To 
this  "  generator  'bus  bar"  three  oil  switches  are  connected,  one  joining 
it  with  a  section  'bus  bar  :  the  second  with  a  "  transfer  'bus  bar." 
which  extends  through  the  whole  station  :  and  the  third  to  a"  line  'bus 
bar,"  which  is  really  a  kind  of  st  ctidnalised  feeder  'bus  bar  to  which 
the  oil  switches  of  the  outgoing  feeders  are  connected.  Each  of  these 
line  "bus  bars  supplies  energy  to  four  feeders.  It  is  evident  that  these 
feeders  can  receive  energy  either  directly  from  a  generator  or  from  a 
section 'bu-s  bar,  or  from  some  other  section  through  the  transfer 'bu- 
bar. 

For  generators  5  to  10  there  is  a  different  arrangement.  Eacii 
generator  is  provided  with  two  oil  switclies,  one  of  which  may  con- 
nect it  directlyto  the  transfei-  'bus  bar.     The  other  connects  it  to  its 
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generator  'bus  li.ir.  To  the  generator  'bus  bar  four  outgcjing  oil  switches 
are  joined.  From  the  generator  "bus  b.ir  two  of  these  oil  switches 
unite  it  to  two  sectional  line  'bus  bars,  a  third  connects  it  to  the  sec- 
tijn  'bus  bar,  and  a  fourth  to  the  transfer  'bus  bar. 

The  motor-driven  oil-generator  switches  are  operatt-d  from  a 
remote-control  board  on  a  gallery  of  the  turbine  room,  feeder  switch- 
ing. &c..  being  done  in  the  switch  house  adjoining  the  station.  All 
the  'bus  bars,  oil  switches  and  meters,  as  well  as  the  principal  opera- 
ting switchboard,  are  placed  in  this  switch  house.  On  the  first  floor 
are  'bus  bar  compartments  and  instrument  transformers.  On  the 
second  floor  are  the  oil  switches  and  the  overload  relays,  instruments 
and  switchboard.  To  aid  in  avoiding  mistakes  the  mosaic  floor  of 
the  switch  room  has  in  white  lines  a  diagram  indicating  the  'bus  bar 
relations  of  the  circuit  leading  to  each  oil  switch.  It  is.  therefore, 
unnecessary  for  employes  to  enter  the  'bus  l>ar  com])artment  rooms 
in  order  to  trace  the  circuits.  On  the  top  floor  of  the  switch  house 
is  the  exciter  battery  and  employes'  rooms. 

The  relays  which  ojjen  the  oil  switches  under  an  overload  are  of 
the  bellows  type,  in  which  the  rate  of  oj)ening  is  dependent  on  the 
e.xpulsion  of  air  from  a  little  bellows  due  to  the  magnetic  pull  of  the 
relay,  and  hence  is  more  rapid  the  heavier  the  short-circuit  current. 


punching  occurred  could  be  instantly  determined.  A  further  re- 
finement has  ))een  evolved  from  this,  however,  and  now  the  hourly 
readings  of  the  watt-hour  meter  are  recorded  in  numerals  on  a  sheet 
of  paper. 

Transmission  lines  of  9.0fX)  volt  three-pha.se  cable  leave  the  station 
by  six  different  routes  north  and  two  south,  the  two  south  going 
under  the  river  in  a  tunnel.  The  separation  of  these  conduit  lines 
is  a  matter  of  great  importance  when  dealing  with  such  enormous 
outputs.  A  heavy  short-circuit  current  on  any  one  line  of  ducts 
has  been  demonstrated  to  be  capable  of  fusing  ducts,  cable,  sheaths 
and  conductors  into  one  conglomerate  mass  for  KM)  ft.  or  more  of 
duct  without  causing  enough  disturbance  to  be  noticed  or  to  trip 
the  overload  relays. 

Staff. — The  amount  of  labour  required  in  the  oi^eration  of  a 
generating  station  of  this  size  is  a  matter  of  interest.  The  number 
of  men  actually  in  attendance  on  the  machinery  in  operation  is  sur- 
prisingly small.  The  number  of  men  employed  on  general  work, 
however,  increases  the  total  number  to  over  300,  including  all  work- 
ing "  shifts."  The  work  is  divided  in  eight-hour  .shifts.  A  better 
conception  can  be  obtained  by  considering  the  number  of  men  re- 
quired per  unit,  a  unit  representing  from  8.000  kw.  to  12,000  kw. 


Fio.  9. — Inteeior  of  Exoixe  Room  of  the  Fisk-street  Power  Station,  Chicago  Edison  Co. 


The  switchboards  are  arranged  with  'bus  bar  diagrams  on  their 
facss,  and  handles  are  so  placed  as  to  indicate  juit  what  the  connec- 
tions are  when  the  switches  are  thrown. 

About  half  the  output  of  the  Fisk-street  station  is  sold  wholesale 
by  watt-hour  meter  measurement  at  the  generating  station  'bus  bars 
to  various  street  and  elevated  railway  companies.  The  rate  consists 
in  at  least  on"  case  of  0-20d.  per  unit,  plus  £3  jicr  year  per  kilowatt 
of  maximum  demand.  The  maximum  demand  in  kilowatts  is  taken 
as  equal  to  the  largest  number  of  kilowatt-hours. during  anyone- 
hour  period  of  the  year. 

As  the  measuring  of  this  wholesale  energy  involves  such  large 
amounts  of  money,  considerable  study  has  been  given  to  the  methods 
of  measuring  and  the  accuracy  of  instruments.  At  first  it  was  the 
practice  to  have  the  switcliboard  attendant  read  each  railway  ^^■att- 
hour  meter  on  the  switchboard  once  each  hour.  This  method  was 
objectionable,  because  of  the  iinsiible  errors  involved  by  not  reading 
the  meter  exactly  at  the  specified  time.  If  such  an  error  occurred 
during  one  of  the  heaviest  load  jieriods  of  the  year  a  great  difference 
would  be  made  in  the  fixed  or  readiness-to-serve  charge  paid  by  the 
railway  company.  An  instrument  was  then  applied  to  the  watt- 
hour  meter  whereby  the  position  of  the  dial  pointers  was  punched 
in  a  sheet  of  paper  once  each  hour.  Then,  by  putting  this  sheet  of 
paper  over  a  dummy  dial  the  position  of  the  pointers  at  the  time  the 


The  operating  men  per  unit  are  equivalent  to  :  In  turbine  room.  2  ; 
in  oil  room.  1  ;  attending  water,  0  o  ;  fireman.  1  :  fireman's  helper. 
1  ;  conveyor  men,  2  :  turbine  switchboard  gallery.  0-3  ;  exciter 
tenders,  0-2;    switch-house  attendants,  017. 

Moreover,  there  is  a  general  force  for  the  station  consisting  of  the 
following  men  :  Chief  engineer,  first  assistant  engineer.' second  assis- 
tant engineer,  chief  electrician,  assistant  electrician,  second  assistant 
electrician,  boiler-room  foreman,  fuel  engineer.  Btsides  these  there 
are  steam  titters,  machinists,  machinists'  helpers,  watchmen  and 
janitors,  all  under  their  respective  foremen,  their  number  being 
varied  from  time  to  time. 

The  provisions  for  the  comfort  and  welfare  of  employes  around 
the  Fisk-street  station  are  as  notable  as  the  engineering  featm-es  of 
the  station.  In  providing  these  comforts  the  station  employes  are 
divided  according  to  occupation.  Beginning  at  the  bottom,  the  coal 
heavers  employed  in  unloading  cars  have  washing  and  toilet  facilities 
in  the  basement  of  the  boiler  room  which  are  far  superior  to  those 
usually  i)rovided  for  this  class  of  labour.  The  boiler-roiun  men  are 
provided  with  toilet  and  bath  facilities  in  the  north  end  of  the  boiler 
room.  Here  both  shower  and  tub  baths  are  installed.  The  turbine 
room  and  electrical  men  have  quarters  on  the  toj)  floor  of  the  switch 
house.  This  floor  contains  offices  for  the  chief  engineer  and  clerks, 
the  kitchen  and  several  dining  rooms,  where  meals  are  served  some- 
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what  below  cost.  All  working  '"  shifts  '"  are  served  here.  .Sleeping 
rooms  are  provided  for  use  in  case  of  emergency  work.  .Across  one 
end  of  this  floor  is  a  large  assembly  room  and  library.  The  station, 
therefore,  offers  almost  the  facilities  of  a  club  for  its  occupants,  and 
in  emergencies  men  can  live  there  in  comfort  for  days  at  a  time. 

The  e.xiierience  at  Fisk-strcct  ha.s  demonstrated  tliat  the  rise  in 
temperature  in  a  turbo-alternator  under  load  takes  place  much 
more  rapidly  than  in  large  slow-speed  engine-driven  units.  Con- 
sequently, there  is  not  so  much  difference  between  the  temporary 
overload  that  a  turbo-alternator  can  safely  carry  and  the  load  which 
it  can  carrj-  continuously,  as  there  is  in  the  temporary  overload  and 
continuous  permissible  load  of  large  slow-speed  units.  The  rea.son 
for  this,  of  course,  is  that  the  body  of  copper  and  iron  is  larger  in 
proportion  to  the  heat  losses  to  be  dissipated  in  the  slow-speed  unit 
than  in  the  high-speed  turbine.  The  temporary  overload  rating  of 
the  turbo-alternator  is,  therefore,  not  far  from  its  rating  for  steady 
load. 

DlSTRIBl'TIOX    SYSTE.M. 

The  standard  high-tension  9,000  volt  tliree-phase  underground 
feeder  cable  used  for  transmitting  energy  from  generating  plants  to 
sub-stations  is  one  having  tliree  No.  4-0  conductors,  each  with 
:f.T  in.  paper  insulation  and  .jV.  in.  paper  insulation  over  all  three.    The 


When  the  ducts  approach  a  m.'inhole  they  are  gradually  spread  out 
so  as  not  to  enter  the  manluile  in  a  buneli.  The  manholes  are  made 
octagonal  in  shape.  The  object  in  keeping  ducts  as  far  apart  as 
possible  wliere  they  enter  the  manhole  is  to  facilitate  the  work  of 
running  cables  neatly  through  the  manhole.  .\t  manholes  the  cables 
are  not  left  exposed  as  in  the  old  practice,  but  they  are  carefully  and 
completely  covered  with  split-tile  duct,  so  as  to  isolate  each  "cable 
as  much  as  po.ssible.  The  idea  of  this  is.  of  course,  to  prevent  the 
spread  of  a  short-circuit  in  the  manholes.  Joint  failures  arc 
almost  unknown.  Minerallac  compound  and  tape  are  used  in  these 
joints,  these  products  having  originated  with  engineers  of  this 
company. 

The  sub-station  buildings  are  of  the  highest  class  of  construction. 
In  districts  where  land  is  valuable  the  comjjany  employs  as  a  sub- 
station the  basement  and  first  Hoor  of  a  building,  the  upper  floors 
of  which  can  be  used  for  office  or  other  inirpo.ses.  In  the  most  con- 
gested districts  the  practice  has  been  to  obtain  a  long  lease  of  base- 
ment space  in  high-class  fireproof  office  buildings. 

In  a  typical  sub-station  the  9.000  volt  transmission  lines  from 
the  generating  plants  enter   through  eitlier  motor-operated  or  sole- 
noid-operated oil  switches,  which  connect  them  to  the  sub-station 
bus  bars.     From  the  'bus  bars  the  various  rotary  converter  or  motor- 
generator  units  are  operated.      In  case  of  a  direct -current  sub- 
station,  a  rotary-converter  unit   and    its   equipment,    there  is 
a  motor-operated  or  solenoid-operated   oil    switch   with   over- 
load  relays,   which  controls    the  supplv  of    high-tension    alter- 
nating-current   energy    to    the     unit.      From    this    oil    switcli 
the    9.000   volt   energy   is    taken    to    a    three-pha.se  step-dowu 
transformer,  which  reduces   the   E.M.F.    to   186   volts.     Tlirce- 


Frc.  10. — View  of  an  8.0W  kw.  Ti  iuio-Oenkrator  a.nd  Aixiii.arif.s. 
~~  F]SK-sTni5ET  Powiit  Station, 
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lead  covering  is  ^  in.  An  extensive  20.00(1  volt  undergmund  trans- 
mission system  has,  however,  been  developed  duiing  the  last  two 
years,  and  now  aggregates  about  .).5  miles  in  the  fc^rm  of  two  rings. 
A  three-conductor  cable  having  three  No.  2-0  conductors  is  used, 
the  insulation  over  eacli  being  .;'„  in.  pajjcr,  with  .J;,  in.  jjajier  over  all. 

For  the  60-cycle  feeders,  which  operate  at  4.000  volts,  three  phase 
four  wire,  a  four-conductor  Xo.  0  cable  is  u.sed.  .Single  conductor 
No.  0  cables  are  also  used  on  the  60  cycle  distributing  system.  The 
insulation  of  these  cables  is  ;]'l.in.  paper  over  each  conductor  and  :;;,in. 
over  all  conductors.  For  the  single-conductor  cable  the  jiaper  is 
?,!;in.  thick.  A  60-cycle  12.000  volt  three-phase  system  is  also 
being  developed  for  the  remote  sub-stations,  and  a  vertical  fre- 
quency changer  of  5.000  kw.  capacity  is  to  be  installed,  comprising 
a  9.000  volt  2,5-cycle  synchronous  motor  coupled  by  a  vortical 
shaft  to  a  12,000  volt  60-cycle  generator.  It  is  al.so  po.ssible  that 
some  of  the  future  14.00fJ  kw.  sets  of  the  Quarry-street  station  will 
be  12,0f)0  volt  60-cycle  machines,  so  as  to  generate  6')-cyclc  current 
direct. 

In  the  standard  construction  for  high-tension  cable  ducts  a  single- 
duct  tile  is  used  with  a  3J  in.  hole  and  with  I  in.  wall.  The  joints 
are  staggered,  both  for  mechanical  strength  and  to  j)revent  the 
spreading  from  one  duct  to  another  of  trouble  due  to  the  escajie  of 
not  gases  created  by  an  arc  through  joints  from  one  duel  to  another. 


phase  transformers  rather  than  three  single-phase  transformer.; 
have  been  regularly  used  since  1902.  Each  unit  occupies  less 
floor  area  than  three  .sej)arate  transformers.  The  transformer 
.secondaries  are  connected  six  phase,  and  pa.ss  dirtctly  to  the  collector 
rings  of  the  rotary  converter  through  a  lunlnr-operated  induction 
regulator.  This  regulator  can  be  moved  to  raise  cir  lower  the  direct- 
current  voltage  by  a  motor-controlled  circuit  terminating  at  the 
switchboard.  The  direct-current  leads  from  the  rotary  converter, 
according  to  the  lateist  practice  with  large  machines,  are  not  joined 
to  the  generator  switchboard,  but  are  connected  and  disconnected 
by  a  .solenoid-o])erated  switch,  .and  only  the  control  circuits  are  taken 
to  the  board.  The  neutral  point  of  the  converter  is  connected  to  the 
neutral  of  the  direct -cunrnt  three-wire  system,  so  that  balancer  sets 
are  not  ordinarily  required. 

In  each  sub-station  where  there  is  a  storage  battery  the  latest 
I)ractice  is  to  provide  the  transformers  for  one  rotary  converter  with 
extra-high-voltage  taps,  so  that  an  R.JI.F.  high  enough  to  charge 
storage  batteries  can  be  obtained  from  that  converter,  so  that  a 
booster  set  for  battery  charging  is  not  needed.  The  generator  leads 
pass  directly  by  the  shortest  [lossible  route  to  'bus  bars,  from  which 
feeder  switches  connect  to  the  various  feeders.  In  sub-stations 
feeding  energy  over  long  distances  three  separate  feeder  'bus  bars  are 
installed  to  make  it  po.ssible  to  deliver  three  different  voltages.     In- 
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certain  of  the  sub-stations  feeding  energy  over  short  distances  only 
two  sets  of  'bus  bars,  however,  are  provided. 

The  special  feature  of  the  construction  is  that  'bus  bars  are  placed 
horizontal,  which  makes  work  about  the  switchboard  easier.  Feeder 
fuses  are  located  on  the  wall  back  of  the  switchboard,  beyond  which 
feeders  immediately  pa.ss  into  tile  ducts.  These  feeders  are  con- 
fined in  ducts,  not  being  again  exposed  until  they  reach  the  consu- 
mer's premises.  Rotary  converters  are  started  from  the  direct- 
current  end,  sufficient  storage  battery  reserve  being  maintained  to 
keep  the  direct-current  network  alive  in  emergencies. 

The  latest  rotary  converters  purchased  are  of  the  vertical-shaft 
type.  One  of  these  2,000  kw.  machines  was  described  and  illustrated 
in  The  Electrician,  Feb.  7.  1908,  p.  634.  The  weight  of  the  arma- 
ture is  carried  by  a  roller  bearing.  An  oil  step  bearing  can  be  sub- 
stituted quickly  for  this  should  the  roller  bearing  fail.  The  advan- 
tage of  the  vertical-shaft  converter  is  a  reduction  in  head  room  and 
floor  area,  more  accessible  commutator  and  brushes  and  less  journal 
friction.  There  is  also  a  saving  of  about  17  ])er  cent,  in  the  weight 
of  the  vertical -shaft  machines  as  compared  with  the  horizontal-shaft 
machines  in  service. 

The  alternating-current  district  is  supplied  with  energy  from 
motor-generator  sub-stations  which  receive  25  cycle  9.000  volt  three- 
phase  current,  and  deliver  60  cycle  three-phase  current  for  distribu- 
tion over  a  three-phase  four-wire  system,  the  neutral  of  which  is 
earthed.  The  E.M.F.  between  neutral  and  any  one  of  the  outer 
L'gs  at  full  load  is  about  2,200  volts,  while  that  between  the  outer 
legs  is  3,800.  Single-phase  lighting  feeders  are  connected  between 
the  neutral  and  the  outer  leg  of  the  circuit.  Three-phase  motor 
circuits  are  operated  Y  connected  between  the  neutral  and  the  tliree 
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Fig.  12. — Gener.^l  Scheme  of  Hioh-Tensiox  Connections  at  Fisk-street  Station. 

outer  legs,  thus  obtaining  the  benefit  of  3,800  volt  three-phase  trans- 
mission. This  system  combines  the  advantage  of  a  standard  2,200 
volt  single-phase  independently  regulated  lighting  distribution  with 
S.800  volt  transmission  for  heavy  loads. 

In  the  motor-generator  sub-stations,  to  maintain  the  60  cycle 
'.;enerators  at  constant  voltage,  Tirrill  regulators  are  employed  in  the 
held  circuits  of  the  exciters.  The  necessary  raising  and  lowering  of 
the  E.M.F.  on  the  feeders  is  accom])lished  by  motor-operated  in- 
duction regulators.  One  of  these  is  connected  in  each  lead  of  every 
outgoing  feeder,  so  that  the  phases  can  be  regulated  separately. 

Vertical-shaft  motor  generators  were  employed  in  these  sub- 
stations before  vertical-shaft  rotary  converters  were  perfected.  A 
2,000  kw.  motor-generator  with  vertical  shaft  is  illustrated  in  Fig.  11. 
This  machine  has  a  step  bearing,  the  weight  of  the  revolving  shaft 
being  carried  by  a  film  of  oil  under  pressure,  as  in  a  Curtis  turbine. 
The  motor-generators  are  started  through  auto-transformers  with 
alternating  current.  One  advantage  of  the  vertical-shaft  machine 
with  oil  step  bearing  is  a  reduction  of  the  initial  starting  current, 
because  the  standing  friction  of  the  step  bearing  is  less  than  that  of 
common  horizontal  bearings. 

The  three-wire  direct-current  distributing  system  from  sub-sta- 
tions forms  a  complete  interconnected  network  in  normal  operation, 
but  each  block  of  mains  can  be  separated  from  the  network  by  the 
blowing  of  fuses  in  junction  boxes,  through  which  each  section  of  the 
main  is  connected  to  the  network.  Many  of  the  mains  are  con- 
structed of  the  old  Edison  tubing.  The  newer  circuits  are  of  lead- 
covered  cable  in  vitritied  clay  conduits.  In  the  conduit  construction, 
Tailleur  junction  boxes  are  used  for  the  fuses  which  interconnect  the 
mains.  Short  strip  copper  fuses  are  employed,  the  copi)er  being 
much  narrower  at  the  middle  of  the  fuse  than  at  the  terminals. 
These  fuses  are  made  so  large  that  thev  will  not  blow  at  less  than 
a  heavy  short-circuit  current.  In  a  l.OOO.tXKl  cir.  mil  cable  a  2,000 
ampere  fuse  is  used.  In  addition  to  the  service  mains  there  are  also 
some  tie  mains,  so  that  feeders  supplying  energy  to  mains  in  one 
vicinity  can  assist  the  feeders  supplying  neighbouring  mains  in  case 
of  an  extra  heavy  load  at  one  point. 

Neutral  feeders  and  mains,  when  installed  in  conduit  ducts,  are  of 
bare  copper  cable.  Positive  and  negative  feeders  in  the  latest  stan- 
dard practice  of  the  company  consist  of  1,000.000  circ,  mil  concentric 
cables.  The  concentric  feeder  cable  has  strnndod  inner  antl  outer 
conductors.     Woven  in  with  the  stranded  outer  conductors  is  a 


Xo.  14  insulated  wire,  the  diameter  of  which  over  insulation  is  the 
same  as  the  diameter  of  the  bare  wires  forming  the  outer  conductor 
of  the  cable.  These  are  used  as  pressure  wires,  to  which  the  sub- 
station voltmeters  are  connected  for  indicating  the  E.JI.F.  at  feeder 
ends. 

In  most  of  the  sub-stations  three  sets  of  'bus  bars  are  used  to  pro- 
vide for  three  voltages— a  high  E.M.F.  for  the  very  long  feeders. 
a  low  E.M.F.  for  the  very  short  feeders,  and  a  medium  E..M.F.  for 
the  medium  length  feeders.  In  some  sub-stations  only  two  sets  of 
bars  are  used.  .As  sub-stations  are  being  established  at  short  dis- 
tances apart,  the  tendency  is  to  reduce  the  E.JI.F.  drop  in  feeders, 
so  as  to  require  a  smaller  number  of  'bus  bar  voltages.  The  lamp 
E.M.F.  is  Ho  volts.  During  the'peak  load  on  some  of  the  short 
feeders  the  E..M.F.  is  from  118  to  122  volts  at  the  sub-stations.  On 
the  longest  feeders  connected  to  the  highest  voltage  "bus  bars  the 
E.M.F.  sometimes  reaches  13.5  volts  during  peak. 

Some  portions  of  Chicago  probably  show  the  highest  central- 
station  load  density  to  be  found  anywhere  in  the  world.  A  half  mile 
on  State-street,  which  is  the  principal  retail  shopping  street,  has  a 
load  of  5,000  kw.  Some  portions  of  this  distance  show  much  greater 
density  than  this.  In  this  half  mile  are  many  deiJartment  stores. 
Not  all  of  them,  however,  are  purchasing  energy  from  the  company. 
Some  of  (he  large  customers  have  feeders  from  two  or  tliree  neigh- 
bouring sub-stations,  as  well  as  connection  directly  with  the  street 
service  mains. 

A  number  of  storage  batteries  are  located  at  various  points  in  the 
direct-current  distribution  system.  These  batteries,  however,  are 
kept  almost  entirely  as  emergency  reserve,  and  are  not  ordinarily 
discharged  even  durmg  jjcak  load.  They  are  discharged  about  once 
a  month  to  keep  them  in  good  working 
commission. 

T:i  ■    concentric     feeder     cables     are 
woiked  at  about   l.KXt  amperes  for  an 
hour    during    peak   loads   if    necessity 
requires.     This  is  not  likely  to  be  con- 
tinued   long,    however,     because    when 
the  maximum  load  reaches   that  point 
additional   feeders   are   put    in   service. 
The  concentric  feeder  cables  have  paper 
insulation  vv'^  in.  between  conductors  and 
the  same  outside. 
In  a  typical  example  of  service  main  construction  in  some  recent 
work  manholes  are  placed  at  street   intersections  and  at  the   alley 
intersections.      At  street  intersections  service  wires  can  be  run  off 
diagonally  to  any  one  of  the  four  corners  and  at  the  alley,  and 
branches  are  run  each  way,  so  that  the  chances  are  good  for  reaching 
most   of   the   customers   without   requiring  any  extra   hand-holes. 
Should  there  be  a  customer  between  the  alley  and  the  corner  inac- 
cessible from  the.se  manholes,  the  street  is  opened,  a  service  main 
exposed,  a  hand-hole  made  and  a  branch  line  tapped  into  the  main  at 
the  point  where  needed. 

(To  he  continw^d.) 


ANTENNA. 


BY   G.    W.    PICKARD. 


Svmmary. — The  characteristics  of  the  various  antenn:i'  in  present  use 
are  discussed,  and  future  developments  are  then  outliivtl. 

The  antenna,  as  a  radiating  and  receiving  element  of  a  wireless 
system  employing  electrical  waves  does  not  appear  to  have  come  into 
existence  before  1880,  when  Prof.  .A.  E.  Dolbear.  of  Tufts  College. 
Mass.,  commenced  his  experiments  with  wireless  communication. 
While  it  has  been  frequently  stated  that  Dolbear's  system  did  not 
radiate  true  electrical  waves,  but  was  simjily  an  electrostatic  in- 
duction system,  the  writer  has  definite  proof  to  the  contrary.  In  the 
present  Paper,  however,  he  does  not  intend  to  deal  with  the  historic 
side,  but  with  the  antenna^  of  to-day.  \\'e  now  tind  in  almost 
universal  use  some  form  of  the  vertical  wire  antenna  of  Dolbear. 
Disguised  as  this  may  be  by  conductor  multiplication,  and  departures 
from  the  vertical  in  the  sliape  of  spreading  and  conversing  fans  of 
wire  strands,  it  yet  remains  essentially  a  simple  electrical  conductor, 
reaching  away  from  the  earth's  surface  into  free  .space. 

The  conductor,  or  conductors,  composing  the  antenna  is  merely  a 
means  for  guiding  an  electrical  current,  or  moving  eUctrical  charge. 
Electrical  waves  are  not  radiated  directly  from  the  conductors  of  the 
antenna.  If  an  electrical  charge  is  moved,  or  varied  in  any  way,  a 
corresponding  change  in  its  electrostatic  field  takes  place.  If  the  in- 
tensity of  the  charge  falls  to  zero,  we  say  that  the  field  collapses,  or 
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tlraws  in  i>n  the  conductor  carivine  the  charge.  This,  however. 
is  true  only  of  the  space  in  the  more  or  less  immediate  vicinity  of 
the  varying  charge.  At  a  certain  distance,  depending  upon  the 
suddenness  with  which  the  charge  varies,  the  lines  of  force  are  no 
longer  able  to  collapse  on  the  conductor,  but  are  broken  or  nipiJed 
off,  as  closed  lines  of  force.  It  is  these  detached  loops  of  ether  stress 
that  form  the  electrical  waves. 

As  these  waves  can  only  start  at  the  boundary  of  that  portion 
of  the  field  capable  of  entirely  collapsing  on  the  conductor  carry- 
ing a  varying  charge,  it  is  apparent  that  the  waves  are  not  radiated 
directly  from  the  antenna,  but  rather  from  points  considerably  out- 
side. Radiation  really  takes  place  from  an  imaginary  shell,  surround- 
ing the  antenna,  and  distant  from  it  perhaps  a  matter  of  miles.  If 
electrical  waves  of  the  length  employed  in  wireless  communication 
■were  as  visible  to  our  eyes  as  those  of  light,  a  radiating  antenna  would 
look  like  a  vast  elipsoidal  shaft  of  light,  from  hundreds  of  feet  to  even 
miles  in  diameter,  and  considerably  higher  than  the  antenna  itself. 
Within  this  shaft  exist  simply  collapsing  and  expanding  lines  of 
force,  that  is  to  say,  merely  a  varying  electrostatic  field.  Without 
this  space,  we  have  also  a  varying  field,  but  this  is  in  the  form  of 
electrical  waves,  spreading  outwards  as  a  series  of  ever  widening 
ripples. 

To  radiate  a  large  amoimt  of  energy  as  electrical  waves,  a  large 
radiating  s\irface  is  recpiired.  Considering  the  earths  surface  im- 
mediately surrounding  the  wireless  station  as  flat,  the  further  away 
from  the  earth  we  ])lace  a  charge,  the  wider  will  be  its  electro- 
static field,  and  the  larger  the  radiating  surface.  The  new  station 
shortly  to  be  erected  at  Washington  is  a  good  example  of  the  im- 
portance of  vertical  dimension.  This  station  will  probably  be  the 
most  powerful  station  in  the  United  States,  perhaps  in  the  world. 
The  antenna  will  be  upheld  by  a  cement  shaft,  .ioO  ft.  high  :  the 
highest  wireless  structure  in  the  world,  with  the  exception  of  the 
Eiffel  Tower  antenna.  And.  owing  to  the  fact  that  the  Eiffel  Tower 
itself  is  not  insulated  from  earth,  this  antenna  is  not  as  efficient  as  its 
length  would  indicate. 

The  next  best  thing  we  can  do  is  to  spread  out  horizontally, 
after  we  have  attained  our  limit  in  vertical  dimension.  .While  this  is 
by  no  means  as  good  as  increase  in  height,  it  does  give  a  materially 
larger  field,  and  consequently  a  larger  radiating  smface.  For  what 
may  be  well  termed  an  "  all  around  "  antenna,  that  is  to  say.  one 
capable  of  sending  and  receiving  equally  in  all  directions,  the  so- 
called  ■'  umbrella "  or  pyramidal  tyjie  is  undoubtedly  the  best. 
This  the  writer  has  verified  by  actual  radiation  measurement  of 
antenna'  of  the  same  height,  but  of  different  shapes.  This  form 
lends  its?lf  well  to  erection  on  a  single  tall  support,  or  mast.  The 
ribs  of  the  umbrella  are  simply  wires  converging  to  a  point  at  the 
top,  and  stayed  out  in  a  wide  ring  around  the  mast,  these  lower  ends 
coming  near  the  earth,  and  being  drawn  in  by  nearly  horizontal  wires 
to  the  station  at  the  base  of  the  mast. 

It  not  infrequently  happens  that  we  are  limited  not  only  in  the 
matt:r  of  vortical  dimension,  but  in  certain  horizontal  dimensions 
as  well.  And.  in  addition,  we  often  have  available  two  neighbour- 
ing elevated  points  of  support.  Under  these  conditions,  the  best 
form  is  the  "  T  "'  antenna,  stretching  from  mast  to  mast,  with  its 
vertical  portion  depending  from  the  middle  of  the  horizontal  part. 
The  writer,  although  considering  the  "  T  "'  antsnna  the  second  best 
form,  wishes  to  point  out  that  it  is  not  perfect.  It  is  slightly  direc- 
tional, that  is  to  say,  radiates  and  receives  best  in  its  own  plane,  so 
that  on  shipboard  better  .sending  and  receiving  can  be  done  fore  and 
aft  than  abeam.  Unless  the  antenna  has  much  greater  horizontal 
than  vertical  length,  this  directional  effect  is  not  serious,  and  often 
escapes  observation. 

A  third  form  of  antenna  is  the  "  L."  or,  more  accurately  speaking, 
the  invert?d  '"  L ''  type,  differing  only  from  the  "T"  antenna 
in  that  the  vertical  portion  depends  from  one  end  "*  the  horizon- 
tal, rather  than  from  the  middle.  Unfortunately,  this  type  is  in  too 
common  use  on  shipboard,  and  at  other  stations  where  its  directional 
radiation  and  receiving  properties  are  disadvantageous.  With  this 
ty|)e,  radiation  is  strongest  in  the  direction  opposite  to  that  to 
which  the  free  end  points,  and  receiving  is  best  from  a  station  lying 
in  the  direction  of  maximum  radiation.  For  example,  if  an  "  L "' 
antenna  is  erected  on  a  vessel,  with  the  vertical  portion  and  wireless 
station  aft,  both  s?nding  and  receiving  will  be  at  their  best  for 
stations  lying  astern. 

It  may  be  safely  said  that  any  departure  from  horizontal  sym- 
metry in  a  radiating  or  receiving  antenna  will  cause  it  to  become 
directional.  The  large  Marconi  stations  at  Glace  Bay,  Nova  Scotia, 
and  Clifden.  Ireland,  are  perhaps  the  best  examples  of  the  properly 
used  "  L  "  antenna.  These  stations  were  built  only  to  communicate 
with  each  other,  and  have  antennje  of  approximately  200  ft.  in  height, 
and  1,01 10  ft.  horizontal.  This  directional  effect  is  most  apparent 
when  receiving.     In  sending,  after  the  wave  has  spread  radially   for 


a  hundred  wave-lengths  or  so.  inequalities  in  the  distribution  of 
wave  energy  begin  to  disappear,  and  at  very  great  distances,  as 
Fleming  has  ixiinted  out  from  theoretical  considerations,  and  as  the 
waiter  has  to  some  extent  proved  by  measurement,  the  intensity  of 
the  wave  is  sensibly  the  same  in  all  directions. 

Another  very  commonly  used  antenna  is  the  loop  form,  with  two 
legs,  or  sides,  earthed  through  different  values  of  inductance.  This 
may  be  constructed  in  outwaixl  similarity  to  any  of  the  preceding 
1  types,  and  its  efficiency,  directional  and  other  properties  depend  upon 
the  same  considerations.  In  fact,  the  loop  antenna  operates  in 
precisely  the  same  way  as  does  an  ordinary  "  open  ""  antenna,  so  far 
as  the  receipt  of  energy  from  a  passing  wave  is  concerned  ;  but  after 
the  receipt  of  the  energy  the  loop  behaves  in  a  very  different  manner 
from  the  ordinary  antenna. 

A  form  of  antenna,  depending  upon  a  distinctly  different  principle 
than  the  open  antenna  with  earth  connection,  is  the  ^Titer's  un- 
earthed loo)) — a  simple  closed  circuit  erected  in  a  vertical  plane.  Ita 
operation  de|)ends  upon  the  magnetic  lines  of  force  in  the  passing 
waves,  rather  than  on  the  electrostatic  comj)onent  utilised  by  all 
other  types.  Both  as  a  radiating  and  receiving  antenna,  this  type  is 
extremely  directional,  requiring  that  the  sending  or  receiving  station 
.shall  be  in  its  own  plane  for  best  results,  and  not  receiving  from,  or 
sending  to,  stations  at  right-angles  to  its  own  plane. 

The  writer  considers  the  earth  connection,  when  used,  as  a  part 
of  the  antenna,  and,  imfortunately.  a  much  neglected  part.  The 
time-honoured  practice  of  digging  down  deep,  thereby  reaching  a 
more  or  less  permanently  moist  stratum,  and  then  interring  a  few 
square  3'ards  of  sheet  metal,  is  probably  one  of  the  worst  ways  of 
making  an  earth  connection  for  a  wireless  station.  It  is  not  sufficient 
that  the  earth  connection  should  merely  show  a  low  steady  current 
resistance,  but  it  must  be  of  small  high-frequency  resistance,  or  im- 
jiedance.  as  well,  and  this  is  best  secured  by  area,  without  regard  to 
reaching  moist  soil,  or  using  deep  holes  and  trenches. 

For  a  land  station,  probably  the  best  earth  connection  that  can  be 
made  consists  of  an  acre  or  so  of  wire  netting,  or  a  radiating,  cobweb- 
like  network  of  wire,  simply  laid  on  the  surface  of  the  ground.  This 
will  not  show  good  results  when  measured  by  the  Wheatstone  bridge, 
but  its  high-frequency  resistance  is  but  a  small  fraction  of  an  ohm, 
owing  to  its  large  electrostatic  capacity  to  earth.  Perhaps  the  next 
best  thing  for  an  earth  connection  is  the  steel  framework  of  a  modern 
office  building.  This  is  well  illustrated  by  the  efficiency  of  stations 
erected  on  top  of  such  buildings,  despite  the  otherwise  unfavourable 
conditions  around  such  stations.  On  shipboard,  a  good  earth  con- 
nection is  the  rule,  rather  than  the  exception. 

In  the  practical  construction  of  antenna;,  we  should  be  governed 
more  by  mechanical  than  electrical  considerations,  at  least  in  the 
matter  of  the  wire  itself.  Contrary  to  the  bulk  of  the  publicatioi:.-*. 
and  the  opinions  of  many  engineers,  it  is  almost  immaterial  from  the 
electrical  standpoint  whether  the  wire  is  stranded  or  solid,  or  copjicr 
or  aluminium,  or  insulated  or  bare.  Compared  with  the  other  losses 
in  the  transmitting  and  receiving  circuits,  almost  any  metal  antenna 
structure  other  than  iron,  that  is  mechanically  strong  and  properly 
disposed,  will  have  relatively  small  losses  from  ohmic  resistance. 
The  writer  draws  attention,  however,  to  the  importance  of  care  in 
making  joints. 

.\mong  the  uses  of  antenna  may  be  mentioned  that  of  direction 
finding,  or  the  location  of  a  distant  station.  This,  as  discovered  in 
1S99  by  the  writer,  may  be  accomplished  by  a  long  horizontal,  or 
"  L."  antenna,  either  by  having  several  of  these,  pointing  to  the 
principal  points  of  the  compass,  or  a  single  one  that  can  be  s\vun>; 
around,  and  noting  the  point  where  the  signals  come  in  loudest. 
This,  however,  will  not  determine,  even  under  favourable  conditions, 
the  bearing  to  much  less  than  20  deg.  of  arc.  Stone  proposed  the  use 
of  two  vertical  antenna,  separated  in  space  by  a  half  wave-length  of 
the  radiation  from  a  distant  station.  Apart  from  the  commercial 
impracticability,  because  of  limitation  to  definite  wave-lengths,  and 
the  impo.ssibility  of  using  very  long  waves,  this  method  will  give  the 
bearing  of  a  distant  station  to  within  some  .5  deg.  or  10  deg.  of  arc.  and 
is  therefore  of  some  utility.  The  writer's  unearthed  loop,  mounted 
so  that  it  can  be  rotated  about  a  vertical  axis,  is  capable  of  locating  a 
distant  station  to  within  less  than  1  deg.  of  arc,  as  determined  by  a 
series  of  careful  tests  at  Dorchester,  Mass. 

In  the  future,  we  will  jjrobably  have  as  the  equivalent  of  the 
present  antenna'  a  device  which  will  mould,  so  to  speak,  the  elec- 
trical waves.  It  will  perhaps  be  .some  (combination  of  circuits  that 
will  form  the  electrostatic  and  magnetic  lines  of  force  in  their  proper 
relation,  intensity  and  dimension  without  the  necessity  for  extremely 
large  vertical  or  horizontal  dimensions.  In  addition,  it  will  be  direc- 
tive, and  under  exact  control  as  regards  direction,  without  the 
necessity  of  actually  moving  or  rotating  any  large  or  extended  con- 
ductor. It  will  be  energised  from  some  of  the  several  sources  of 
continuous  or  un(lam])cd  waves,  and  will  ])rojcct  a  gliding  beam  of 
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electrical  waves  along  tlio  earth's  surfaoe,  in  as  |iarallel  and  ec>in|jael  a 
bundle  as  in  consistent  with  the  wave-length  employed. 

Owing  to  the  relatively  great  length  of  even  the  shortest  elec- 
trical waves  that  can  be  used  for  practical  wireless  communication, 
it  is  out  of  the  ()uestion  to  expect  anything  resembling  the  beam  of 
lii^lit  from  a  siarohlight.  But  it  is  possible,  and  should  be  practic- 
able to  eiineenlrati-  a  relatively  large  amount  of  the  electrical  wave 
r  nuL'v  in  i,iiiiaii..ii  .ilong  a  fairly  definite  path.  To  what  extent  this 
ran  I''  il"ni  n\,  i  Lii-,at  distances  is  at  present  unknown.  As  the 
lUrlriial  »:im  ;  n  \l  in  wireless  communication  difl'cr  from  those  of 
light  in  that  they  glide  along  the  conducting  .surface  of  the  earth,  it 
is  likely  that  however  parallel  they  may  be  at  the  start,  there  will  be  a 
certain  amount  of  spreading  out  with  increasing  distance,  as  is  the 
case  with  the  radiation  from  the  directional  antenna'  of  to-day.  The 
writer  is  at  )irescnt  engaged  in  some  investigations  along  novel  lines 
of  antenna  structure,  that  promise  improved  results. 

Allhough  wireless  eommunieation  is  now  a  simple  engineering 
proposition  for  installations  of  small  power  and  range,  there  are  still 
many  unsolved  problems  in  long  distance  working.  In  addition  to 
llic  losses  caused  by  imperfect  conductivity  of  the  earth's  surface, 
there  is  a  still  more  serious  factor,  atmospheric  ab.sorption.  The 
exact  cause  of  this  is  still  unknown,  and  the  laws  governing  its  varia- 
tion are  at  present  uncertain  ;  but  it  can  be  minimised  b)'  a  suitable 
srlection  of  wave-length,  it  having  been  found  that  waves  of  the  order 
of  :i,(toO  metres,  or  longer,  sutler  relatively  little  absorption.  Also, 
uutlamped  waves  suiter  less  absorption  than  damped  \\ave^  of  the 
same  wave-length,  for  no  very  clearly  imderstood  reason. 

In  conclusion  attention  is  drawn  to  the  present  want  of  standardisa- 
tion of  a))paratus. 


BECENT  DEVELOPMENTS  ON  INTERUBBAN 
ELECTEIC  RAILWAYS.* 

BY   C.    T).    EVELETII. 

Among  recent  develo))ments  in  interurban  lines  the  performance 
of  (lie  1.200  volt  system  stands  out  prominently.  In  many  w.ays  it 
has  [iroved  to  be  a  remarkable  advance  in  economy,  both  in  first  cost 
and  cost  of  maintenance,  while  the  perfection  of  the  system,  as 
shown  by  oi)eration,  is  the  most  ijhcnomenal  of  any  radical  change 
in  methods  as  yet  applied  to  electric  railways.  Withoiit  exception, 
the  results  with  1.200  volts  have  been  successful,  and  the  ajiparatus 
after  leaving  the  factory  has  given  no  more  trouble  than  the  stan- 
dard 600  volt  equipments.  There  are  several  fundamental  reasons 
for  (he  success  with  l,200volts.  It  differs  in  few  details  from  the 
standard  000  volt  system,  so  that  the  experience  with  the  latter  has 
been  directly  applicable.  With  the  exception  of  circuit-breakers 
and  control  switches,  the  problem  is  jiurely  one  of  insulation,  a 
simple  condition  to  meet. 

Tlie  1,200  volt  interurban  railway  system  has  been  installed  on 
41  miles  of  road  of  the  Indianapolis  &.  Louisville  Company  (the  cars 
(>f  tho  Indianapolis,  Columbus  &  Southern  Companyalso  run  ovi  rthis 
track),  73  miles  of  single  track  of  the  I'ittsburg,  Harmony,  I'.utUr 
&  Newcastle  Railway,  and  also  on  16  miles  of  track  of  the  Central 
California  Traction  Company. 

Maximum  economy  is  obtained  when  the  entire  road  can  be 
op  rated  from  a  single  direct-current  station  located  at  the  centre 
of  distribution,  doing  away  with  all  high-tension  wires  and  sub- 
stations ;  such  is  the  cas:^  on  the  Indianapolis  &  LouLsville  line. 
In  the  above  station  each  generating  unit  consists  of  two  .300  kw. 
•11)0  volt  machines  connected  in  series.  There  has  been  absolutely 
no  trouble  with  this  generating  outfit  or  with  the  switchboard 
apparatus. 

On  the  Crntral  California  Traction  Co.'s  line  power  is  pureha.sed  at 
00  cycles  and  changed  to  !, 200  volts  direct  current  through  a  niotor- 
gcurrator  s-t,  the  direct-current  generator  being  wound  directly  for 
1,200  volti.  At  first  some  trouble  was  ex|)erienced  with  the  arc 
boing  maintained  in  c.i;e  of  a  bad  short-circuit,  but  this  has  been 
entirely  overcuni"  by  better  jirotcction  of  brush-holders.  On  the 
Pittsburg,  Harmony,  Butler  and  Newcastle  line  jiower  is  generated 
three  phase,  13,200  volts,  60  cycles,  and  transmitted  directly  to 
motor-generator  sub-stations  without  stcp-u]!  or  step-down  trans- 
formers. 

The  existing  sub-stations  are  operated  either  wi(h  1.200  volt 
motor-generator  sets, the  direct-current  machine  being  wound  directly 
lor  1,200  volts,  or  motor-generator  sets  with  two  000  volt  machines 
eonneeteil  in  series.  The  preference  and  tendency  at  the  im-sent 
time  is  for  two  000  volt  commutators  in  series,  since  the  same  set 
is  frequently  called  upon  to  supply  not  only  1,200  volts  for  the 

*  Abstract,  lioiu  the  "  Klcetrie  Railway  .lonrnal,"  of  a  Paper  read 
before  the  street  Railway  Association  of  tlie  State  of  New  York, 


interurban  running,  but  600  volts  for  use  in  city  scrvict.  While 
there  are  not  as  yet  any  1,200  volt  roads  operating  with  rotary  con- 
verters, this  will  probably  be  the  most  common  form  of  sub-station, 
on  account  of  the  higher  efficiency.  Tests  under  all  condition.s  cor- 
responding to  operation,  including  short-circuits  with  various  com- 
binations of  conditions,  have  shown  that  there  is  no  rea.son  to  antici- 
pate any  more  trouble  with  two  600  volt  converters  operating  in 
series  as  a  unit  than  there  is  with  c<,nverters  operating  in  parallel. 
It  may  be  of  interest  to  know  that  six  sets,  each  consisting  of  two 
750  kw.  rotary  converters  in  series,  have  been  sold  to  the  .Southern 
Pacific  Railway  Co.  for  its  Oakland-Alameda  division  ;  that  15 
300  kw.  converters  for  series  operation  will  be  used  on  the  Washing- 
ton, Baltimore  and  Annapolis  road,  and  that  similar  arrangements  are 
contemplated  for  several  other  roads  under  construction. 

In  regard  to  overhead  construction,  at  I'ittsburg  an  interesting 
overhead  construction  has  been  developed.  On  other  roads  600  volt 
material  has  been  used,  generally  by  the  addition  of  strain  insulators 
in  series  with  standard  hangers  to  give  double  insulation.  Such 
construction  has  given  no  trouble  and  may  be  relied  upon.  On  none 
of  the  roads  has  a  case  been  known  where  service  has  been  interrupted 
due  to  a  trolley  earthing,  showing  that  the  1 ,200  volt  overhead  system 
is  as  reliable  as  the  600  volts.  It  ha.s  been  found  in  case  of  the  failure 
of  an  in.sulator  or  a  trolley  becoming  earthed  to  a  bracket  arm  that 
the  insulation  of  the  pole  itself  is  sufficient  to  j)revcnt  leakage  which 
would  interfere  with  the  service. 

The  Central  California  Traction  Co.  uses  an  under-running  third 
rail  very  similar  to  that  used  in  the  New  York  Central  terminal 
electrification.  The  rail  is  standard  section,  401b.  per  yard,  and  is 
supported  on  ties  12  ft.  apart.  The  operation  has  been  successful 
from  the  start,  and  the  maintenance  has  been  practically  nothing  up 
to  the  present  time.  No  difficulty  has  developed  in  working  on 
either  1,200  volt  trolley  or  third  rail,  and  it  has  been  found  unneces- 
sary to  take  off  power  when  making  repairs.  A  typical  weight  dis- 
tribution for  a.  1,200  volt  interurban  car  equipment  is  as  follows: 
Car  body,  30.000  lb.  ;  trucks,  17,0001b.;  electrical  equipment, 
20,000  lb.  ;  heaters,  brakes,  itc,  3,000  lb.  ;  total,  3.5  tons.  Seating 
capacity,  50  passengers  plus  baggage  compartment,  or  60  passen- 
gers without  baggage  compartment.  600  V(jlt  jiower  f(jr  operation 
of  control  and  lighting  circuits  is  obtained  by  a  small  direct-current 
compensator  or  motor-generator,  which  operates  automatically  from 
the  1,200  volt  trolley. 

By  the  adojition  of  1,200  volts  and  winding  the  motors  for  COO  volts 
on  each  commutator  the  problem  of  operating  on  both  1,200  volt 
and  000  volt  lines  has  been  much  simplified.  Cars  using  1.200  volt 
connections  may  be  run  on  the  0(10  volt  sections  at  half  speed  with 
good  economy  for  city  service,  cr  at  full  speed  with  all  motors  in 
parallel  where  there  are  600  volt  interurban  sections.  The  ccntrol 
is  giving  entire  satisfaction  and  the  troubles  from  the  start  have  been 
of  a  trivial  nature.  The  trolley-wheel  life  is  somewhat  longer  than 
with  similar  600  volt  service,  averaging  5,000  i  r  0,000  miles. 

U[)  to  the  present  time  (here  has  not  been  a  failure  of  insulation  re- 
quiring replacement  of  a  single  armature  coil  or  field  coil  in  any 
motor.  The  actual  life  of  brushes  on  000/1 .200  motors  has  not  yet 
been  determined  as  on  no  road  have  any  brushes  yet  w(.rn  out, 
though  a  few  have  been  replaced  on  account  (jf  breakage.  Some 
sample  brushes  taken  from  a  motor  on  the  I'ittsburg.  Harmony, 
Butler  and  Newcastle  line,  which  oixrates  undir  the  most  severe 
interurban  conditions,  have  run  a])proximately  70.000  miles  and  show 
J  in.  wear  ;  j  in.  may  be  worn  off  before  the  brush  nerd  be  (brown 
away.  It  is,  therefore,  safe  to  assume  that  the  life  in  some  caecs 
may  be  over  200,0t)0  miles.  No  commutators  have  been  rc-slottcd. 
and  none  has  been  reduced  in  diameter  more  than  sWin.  by  wear. 

Th  features  of  operation  on  1.200  volt  lines  may  be  summarised 
as  follows  :  (1)  First  cost.^ — (iencrally  decidedly  lower  than  for  600 
volts,  as  less  copper  is  required  and  fewer  sub-station.s,  (2)  Re- 
liabili(y. — In  operation  the  equipments  have  in  all  cases  proved  as 
reliable  as  the  best  GOO  volt  equipments.  (3)  Main(cnance. — Has 
proved  as  low-,  or  lower,  than  for  000  volts,  due  to  fewer  sub-stations, 
greater  disfribution  efficiency  and  low  motor  armature  speeds.  (4) 
Safety. — There  have  been  no  fatalities  from  employes  lu-  the  public 
coming  in  contact  with  (roUey,  (bird  rail  or  station  appara(us.  (5) 
Flexibility. — There  are  many  places  where  (he  1.200  volt  trolley  can 
be  ai)iilied  to  existing  600  volt  .systems  :  an  extension  of  10  to  15 
miles  on  present  lines  can  be  made  by  the  simitle  addition  of  a  COO 
volt  converter  insulated  for  1,200  volt  operation  and  connected  in 
scries  with  the  machines  in  existing  600  volt  stations,  which  will 
then  feed  the  trolleys  from  both  600  volt  and  1.200  volt  "bus  bar.s. 
This  makes  a  simjilc  and  economical  arrancenu^nl  without  additional 
sub-station  attendants.  The  .success  of  the  1.200  volt  .system  is 
a.ssured.  It  will  judbably  be  as  common  as  000  volts  for  interurban 
roads  in  a  viry  few  years.  There  are  now  either  in  operation  or 
under  contract  1 1  1.200  volt  railway  systems  equipped  with  50  ll.P., 
75  n.r.  and  l.">0  u.r.  motors. 
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ON  THB  ADVANTAGES  OF  A  HIGH  SPARK  FRE- 
QUENCY IN  RADIO  TELEGRAPHY.* 

BY    L.    \V.    AUSTIN. 

Since  practically  all  of  the  long-distance  receivers  used  for  radii- 
telegraphy  make  use  of  the  telephone  for  the  reception  of  sijinals.  any 
circumstance  which  increases  tlie  sensitiveness  of  the  telephone  in- 
creases the  sensitiveness  of  the  receiving  ajjparatus  in  the  same 
measure.  That  the  telephone  is  more  sensitive  for  high  frequencies 
has  been  noted  by  a  great  number  of  observers.  Koth  Wiens 
results  and  Lord  Rayleigh"s  show  a  remarkably  rapid  increase  in 
sensitiveness  u|)  to  a  frequency  of  about  500,  above  which  the- change 
is  slight,  showing  small  maxima  depending  on  the  natural  periods  of 
the  dia])hragms.  This  high  degree  of  sensitiveness  continues, 
according  to  Wien.  uj)  to  a  frequency  of  about  2,500.  It  is  remark- 
able in  the  light  of  these  results  that,  in  the  attempts  to  increase 
the  working  range  of  radio-telegraphy,  sii  little  attention  has  been 
paid  to  the  advantage  of  a  high  spark  fretjuency.  One  cause  of  the 
neglect  of  this  question  is  ajtparently  the  widespread  though  un- 
founded belief  among  commercial  workers  in  wireless  telegraphy  that 
the  newer  types  of  high-resistance  tele])hone.  such  as  they  ordinarily 
use,  do  not  show  any  great  change  of  sensitiveness  with  frequency.  It 
was  therefore  thought  desirable  t<i  carry  out  a  similar  investigation  on 
telephones  of  the  type  used  in  radio-telegraphy.  ¥or  this  purpose  a 
pair  of  Schmidt-Wilckes  head  telephones  of  aboiit  800  ohms  resist- 
ance was  chosen  for  investigation. 

The  results  of  the  experiment  given  in  the  pai)er  show  that  the 
change  in  volt  sensitiveness  is  approximately  one  thousand  times 
between  60  cycles  and  SKM)  cycles,  and  of  the  sime  general  type  as  that 
noted  by  Lord  Rayleigh  and  Wien.  Considering  the  results  in  their 
bearing  on  radio-telegraphy,  it  ajjpears  that  we  can,  by  increasing  the 
.spark  frequency  at  the  sending  .station,  increase  the  effective  sensi- 
tiveness ot  the  receiving  station  many  hundred  times.  This  can  be 
done,  too,  without  entailing  the  difficulties  connected  with  an  in- 
crease in  the  sensitiveness  of  the  wireless  receiver  itself.  An  addi- 
tional advantage  in  using  a  high-pitched  museial  spark  is  that  the  ear 
picks  out  such  signals  with  ease  in  the  midst  of  ordinary  interference 
and  atmospheric  disturbance. 

The  difficulties  of  installing  apparatus  with  high  spark  frequency 
do  not  seem  to  be  serious,  as  the  author  believes  that  effieient  allci  - 
nators  giving  a  frequency  of  4(Xt,  i.e.,  8(K)  sparks  per  second,  can  be 
produced  without  difficulty,  and  the  question  of  cooling  the  spark 
gap  settled  by  means  of  some  type  of  rotary  gap  (a  form  being 
suggested  by  the  author). 

In  increasing  the  spark  frequency  the  energy  per  spark  is  of  course 
reduced,  which  is  disadvantageous  in  ca.ses  where  a  receiver  of  the 
recording  coherer  type  is  used,  but  experiment  shows  this  reduction 
in  energy  |>er  spark  to  be  far  more  than  counterbalanced  by  the  in- 
creased sensitiveness  of  the  receiving  apparatus,  where  the  tele])hone 
is  employed.  There  is  another  quite  distinct  advantage  in  spreading 
a  given  amount  of  energy  over  several  sparks  instead  of  concentrating 
it  in  one,  in  that  the  potential  differences  are  reduced,  resulting  in  a 
reduction  in  the  condenser  kisses,  which  in  the  average  station  amount 
to  a  considerable  share  nf  tin-  IoImI  ]ic.\vi  r. 


PHYSICAL  SOCIETY. 

At  the  meeting  held  on  June  25,  at  the  Impc  rial  College  of  .Science. 
Dr.  C.  CiiBEE,  F.R,S.,  ])rcsidtnt,  in  the  chair,  a  Paper  entitled — 

■  A  Transition  Point  m  Zinc  Amalgam" 

was  read  by  I'rof.  H.  S.  Cauii  \kt.  The  I'aper  gave  the  jirejiminary 
results  of  an  investigation  which  has  for  its  primary  object  Ihc 
determination  of  the  heat  of  dilution  of  zinc  amalgams.  This  heat  of 
dilution  is  negative,  that  i-<,  the  dilution  of  zinc  amalgam  by  the 
addition  of  mercury  absorbs  heat.  In  the  course  of  the  i  xperimenlal 
work,  which  was  conducted  by  iJr.  W.  \).  Henderson,  phenomena  so 
extraordinary  were  encountered  that  the  speaker  ventured  to  call  the 
concentration  at  which  they  occur  a  transition  point  in  zinc  amalgam. 
The  method  employed  was  electrical,  by  means  of  a  eoncenlralion 
cell,  the  only  ditTercnce  between  the  two  legs  of  the  cell  of  H-form 
being  in  the  concentration  of  the  amalgam  composing  the  electrodes. 
The  ratio  of  the  zinc  to  the  mercury,  expressed  as  a  percentage,  was  in 
every  case  twice  as  great  in  one  leg  of  the  cell  as  in  the  other.  This 
relation  wa.s  secured  by  weighing  out  pure  mercury  in  two  portions  .as 
one  to  two,  and  depositing  in  them  the  same  quantity  of  zinc  eleelro- 
lytically  by  connecting  the. two  in  scries  with  anodes  of  pure  zinc, 

*  Abstract  frgm  the  "  Bulletin  of  the  Bureau  of  Standards," 


and  both  in  .series  witha  silver  eoulonibnioter.  The  o|ierat  ion  was  eon- 
ducted  in  an  almosiihere  of  hydrogen,  and  the  concentration  cell  was 
exhausted  of  air  and  (ill<d  with  hydrogen  to  avoid  oxidation. 

Such  a  ennccntration  cell  is  ri  versible  and  the  Gibbs-Helmholtz 

H      TrfF 
cciuatioM  apiiiic,  to  it.     This  ecpialion  i;  E=        +_^.      In   this 

nv  (11 
case  the  H  stands  for  the  heat  of  dilution  only,  all  (jther  forms  of 
heat  absorption  or  evolution  being  equal  and  of  opposite  sign  on  the 
two  sides  of  the  cell.  The  second  term  is  the  equivalent  of  the  Nernst 
equation  for  the  E.M.F.  of  a  concentration  cell,  both  being  dii'cctly 
proportional  to  the  absolute  temperature  T.  It  is  then  obvious  that 
the  Xernst  equation  applies  only  to  solutions  or  amalgams  so  dilute 
that  the  heat  of  dilution  is  negligible.  By  measuring  E  at  a  known 
temperature  and  determining  dK/ilT.  the  equatiim  gives  the  heat  of 
dilution  H  in  |)assing  from  any  concentration  to  one  half  as  great. 
From  a  concentration  of  0-5  i>er  cent,  to  about  2-2  per  cent,  the 
E.M.F.s  fall  only  slightly  and  all  lie  on  a  straight  line.  Tho 
same  is  true  of  ilE/ilT  and  H.  But  at  a  concentration  of  about 
2-.'}  per  cent,  the  line  denoting  E..M.F.  abruptly  changes  direction 
downward,  while  the  value  of  (/E/(/T  increases  live-fold.  Also  the  heat 
of  dilution  changes  from  negative  450  joules  per  gm.-mol.  of  zinc  to 
negative  8,700  joules.  The  three  cin-vcs  then  again  become  nearly 
straight  lines.  When  zinc  amalgam  of  3  per  cent,  concentration  is 
diluted  to  one-half,  the  absorption  of  heat  is  very  nearly  lO.OfK!  joules 
|>er  gm^.-mol.  of  zinc.  These  abrupt  changes  indicate  a  transition 
))oint  in  the  zinc  amalgam. 

.Mr.  F.  E.  Smith  congratulated  the  aiithnr  and  asked  if  it  v.mdd  he 
])(issihle  to  obtain  a  ziin-  .ini.ili.'iiin  which  could  be  used  in  a  Clark  cell  so 
as  to  give  a  small  tem|pri  itui.'  .  .nHiricnt. 

Prof.  C.  H.  l^EES  ex|pii  -I  il  In-  interest  in  the  experiments  and  hoped 
that  they  would  provide  deliuilc  iiifoimation  as  to  the  state  nf  the  zinc 
at  the  particular  point  described. 

The  AfTHOR,  replying  to  Jfr.  Smith,  said  he  had  not  given  attention  to 
the  ])oint  raised,  but  it  appeared  to  him  that  a  Clark  cell  set  up  with 
zinc  amalgam  of  a  eniucntration  below  this  transition  point  would  liave 
a  temperature  coefficient  larger  than  that  of  the  normal  Clark  cell. 

A  Paper  on 
"  A  Method  of  producing  an  intense  Cadmium  Spectrum,  wilh  a 
proposal  for  the  use  of  Mercury  and  Cadmium  as  Standards  in 
Refractometry, ' 

was  read  by  Dr.  T.  .M.  Luwky.  Of  the  2G  wave-lengths  that  have 
been  used  in  the  .study  of  rotatory  dispersion  (Proc,  Roy.  Soc.  LXXXI.. 
p.  472.  November  10.  1908)  the  following  seven  have  been  found  to 
be  the  most  suitable  for  general  use  : — 

Li  Cd  .Va  Hir  Cd  r,\  Hg 

l'..7>8         (>,43S         .'■>,S!)3         5,+(U         5,0813         4.S(ii)         4.358 

In  refractometry  it  has  been  customary  to  use  the  scries  :• — 
Hx  Xa  H(3  Hy 

(i.5()0  5,8<j;{  4.8'il  4,.'541 

This  series  has  the  disadvantages  (I)  that  the  chief  standard 
Na  5893,  is  a  doublet,  and  (2)  that  the  other  three  lines  are  of  such 
weak  intensity  that  they  are  useless  for  the  majority  of  optical 
measurements.  It  is  therefore  urged  that — in  view  of  the  readincs'^ 
with  which  the  mercury  and  cadmium  spectra  can  no«  he  produce! — 
the  mercury  green  line  should  be  gfnerally  adopted  in  |)lace  of 
sodium  as  chief  standard  in  ojitieal  work  of  all  kinds,  and  that  the 
hydrogen  lines  should  lie  abandoned  even  as  secondary  stiindards  in 
favour  of  the  series  of  wave-lengths  set  out  above.  In  sujiport  ol 
this  proposal  it  is  pointed  out  that  the  green  mercury  line  occupies  a 
convenient  position  in  the  spectrum,  is  exceedingly  brilliant  and  of 
such  a  high  degree  of  purity  that  a  sharp  extinction  can  be  obtained 
in  reading  a  rotatory  power  of  5,000  deg.  ;  that  the  cadmium  lines 
are  equally  brilliant  and  of  an  even  higher  order  of  purity  ;  and  that 
the  wonderful  intensity  of  the  violet  mireury  line  is  more  than 
sufficient  to  compensate  for  the  drawback  arising  from  the  presence  of 
two  weak  .satellites.  In  the  measurement  of  optical  and  magnetic 
rotatory  dispersion,  the  ratio  Hg  4,3,58  to  Hg  5.401  is  sufficient  to 
characterise  the  substance  undtr  examination,  and  similar  con- 
siderations will  probably  be  found  to  apply  in  the  measurement  of 
refractive  disjjersion. 

In  order  to  produce  a  cadmium  spectrum  of  sufficient  intensity  for 
polarimetric  work,  advantage  is  taken  of  the  favourable  properties 
of  the  silver-cadmium  alloys.  On  account  of  llu  ir  isomoriihism  the 
two  metals  form  an  excellent  series  of  alloys  which  are  characterised 
by  good  mechanical  properties  and  very  high  melting-points  (an 
alloy  with  60  per  cent.  Cd  melts  as  high  as  700°C.).  In  striking 
contrast  to  the  behaviour  of  the  pure  metal,  the  alloy  gives  a  steady 
an^  which  can  be  kept  true  to  centre  by  rotating  the  electrodes  in 
o])po:;itc  directions.  The  spectrum  shows  the  silver  as  well  as  the 
cadmium  lines,  but  these  are  so  far  separated  that  even  wilh  a  low 
re.solving-pow(  r  the  slit  of  a  spectroscope-  can  be    o]ie-ned  to  its  fidl 
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rt-idth  witliDut  any  (ivcilapiiint;  <if  tlu^  brilliant 
which  take  the  phioc  of  the  usual  "  lines." 

Mr.  TwvMAN  remarkpri  that  ilurine  the  la.st  few  weeks  he  had  seen  a 
cadmium  liibe,  similar  tn  a  mereury  lamj),  working  with  satisfactory 
results.  Siuh  tubes  had  been  used  for  some  time  l>y  Pasehen  and 
Ronlgen.  He  agreed  with  the  author  with  regard  to  the  greater  use  of 
mercury  light  for  spertroseopie  and  simdar  pnr))nses. 

Dr.  A.  K.  H.  Ti'TTON  said  that  he  had  been  working  lately  with 
cadmium  l<d)es  and  found  that  they  worked  well  for  a  considerable  time. 
With  regard  to  the  measurement  of  lefraetive  indices  he  was  astonished 
that  more  use  was  not  made  in  this  country  of  tlic  monochromatic 
illuminator,  which  lie  described  some  years  ago.  The  instrument  was 
used  in  Germany  and  ga%e  satisfactory  results. 

The  Author  said  that  in  some  eases  it  was  necessary  to  work  with 
manv  wavedongths,  and  under  such  eireumstaucos  Dr.  Tutton's  niono- 
chromalic  illuminatcu'  woidd  be  useful.  It  w.is  also  usefid.  however,  to 
have  seven  wave-lengths  as  standard  lights. 

Mr.  A.  CvMPBELL  read  a  Paper 
"  On  the  Measurement  of  Wave-Length  for  High-frequency  Electrical 
Oscillations." 

The  c.\l)eriments  had  fur  their  object  the  calibration  of  wavcmeter.s 
for  the  measurement  of  the  high  frequencies  (200.IXH)  uj)  to  1.000.000 
r^  per  second)  used  in  wave -telegraphy.  Two  wavcmeters  {\  and  B) 
were  tested,  both  being  of  the  type  consisting  of  a  series  of  sclf- 
iiiductanee  coils  used  singly  (L)  in  scries  with  a  variable  air-c.onden.scr 
(K)  and  a  tliermo-ammeter,  the  reading  of  K  being  obtained  by 
altering  the  capacity  until  the  circuit  shows  resonance  with  the  work- 
ing circuit.  The  coils  of  wavemeter  (A)  were  wound  with  solid  wire, 
those  of  (B)  with  stranded  wire  (7/36),  each  strand  being  separately 
insulated.  The  al)Solute  value  of  the  frequency  was  determined  by 
photographing  spark-trains  in  the  primary  circuit  by  means  of  a 
rotating  mirror  running  at  a  constant  and  accurately  measured  speed. 
,'\s  the  following  table  shows,  tlu-  values  of  the  fre(|ueney  n,  deduced 
from  the  measured  values  of  K  and  L  with  wavemeter  (B)  were  in 
clo.se  agreement  with  the  actual  ii  deduced  from  the  spark-photo- 
graphs. 

«.  (i  1  ■ 

^  per  sec.  r-^  per  sec. 

2H0,.30n         2P0,.5(X> 

.'ilfi.SOO         .'.Mi.SOO 

818,000         821.200 

1.042,000         1  ,(J:!1I,0oO 

With  wavemeter  (A)  the  agreement  was  naturally  not  nearly  so 
close,  but  was  much  imjjroved  when  the  values  of  the  self-inductances 
of  the  solid  wire  coils  were  corrected  to  the  high  frequency  values  by 
the  formul.ie  of  Heaviside  and  L.  Cohen.  The  results  in  the  above 
table  show  that  the  inductances  of  the  stranded  wire  coils  are  jiracti- 
cally  unaltered  for  frequencies  from  0  up  to  1.000,000  ^'  per  second. 

Mr.  W.  DiiDDELL  s.iid  the  Paper  was  a  valuable  one  because  accurate 
experiments  lui  self-induction  and  capacity  at  high  frequeneies  were 
required.  With  reference  to  the  photographs  he  asked  it  the  author 
had  used  his  method  to  photograph  ares  and,  if  so,  with  what  results. 
It  would  be  interesting  to  know  how  low  itwasjiossible  to  get  the  apparent 
re.<!istn n<'e  of  a  coil  with  hiL'li-fiei|ueui  y  currents  by  stranding  the  wire. 

Dr.  EasKiNE-MrnRAV,  releniiiL'  to  .Mr.  Duddell's  remarks,  saul  that 
in  actual  practice  the  resist  irire  muld  not  be  reduced  more  than  about 
10  per  cent,  by  straiicling. 

Mr.  Tavlor  coognitulati-d  the  author,  and  pointed  out  that  the 
wavenicters  described  eould  <uily  be  u.sed  at  ihc  transmitting  station. 
Wavemctcrs  were  lequircd  which  coidd  be  used  at  receiving  stations. 
Referring  to  the  i.|uestion  of  str.inding  he  pointed  out  that  it  was  possible 
to  overdo  the  stranding  aiul  obtain  less  K,itisfactory  results  than  could  be 
obtained  by  stran<liug  with  a  fewer  number  of  wires. 

-Mr.  a.  15.  Dyke  called  attention  to  experiments  .similar  to  those 
described  which  were  being  carric!  out  by  Dr.  Flcnung  at  llniversity 
College.  With  reference  to  the  siinrk-photograph-j  he  was  s\irpri.sed 
that  an  accuracy  of  1  in  1,000  could  be  obtained. 

The  Author,  in  reply,  stated  that  as  the  whole  distriliutcd  eiiii:ieity  of 
the  inductance  coils  bad  verv  little  cITcct  lui  the  frecpiciiev  of  resonance, 
the  dielectric  liysleicsis  of '(he  ebonite  would  be  ncgligihlc  except  as 
regards  damping.  Sparks  ajipcarcd  to  give  shar[)cr  and  more  accurately 
measurable  photographs  than  vacuum  tidjc  di.schargcs  .n-  ares,  exrepi 
mercury  arcs,  which  gave  the  clearest  and  best  pictures. 

A  Paper  on 

"  An  Electromagnetic  Method  of  studying  the  Theory  of  and  solving 

Algebraical  Equations  of  any  Degree," 

by  Dr.  Russei.i.  and  Mr.  Ai.ty,  was  read  by  the  Autliors.  They  jioint 
out  that  the  ]ir(d)l(-m  of  finding  the  roots  of  an  algebraical  equation 
of  the  Hlh  degree  is  identically  the  same  as  that  of  finding  the  iiosi- 
tions  of  the  "  neutral  points,"  that  is,  the  jaiints  where  the  resultant 
force  due  to  the  earth  and  definite  currents  in  n  long  vertical  wires  is 
zero.  The  n  wires  are  arranged  at  any  convenient  distances  jipart  in 
a  plane  which  is  at  right  angles  to  the  magnetic  meridian.  The 
currents  in  the  wires  are  then  adjusted  to  certain  values  which  are 


readily  foinid  by  the  methods  of  partial  fractions.  If  j-,  and  y,  Ije 
the  coordinates  of  one  of  these  neutral  points  measurid  with  reference 
to  certain  definite  axes,  r,  ±  ij,  ^.'—  1  is  a  pair  of  roots  of  the  original 
equation.  .Ml  the  real  roots  lie  on  the  a.xis  of  X  which  cuts  the  wire 
at  right  angles.  The  positions  of  the  neutral  points  thus  determine 
all  the  roots  real  and  imaginary  of  the  given  equation.  The  peculiar 
advantage  of  the  method  is  that  we  can  see,  in  many  cases  almost  at 
once,  what  effect  varying  the  value  of  the  coefficient  of  any  power  of 
X  will  have  on  the  roots  of  the  equation.  A  simple  apparatus  which 
the  Authors  have  devised  for  .students'  use  is  described.  The 
positions  of  the  neutral  ])oints  arc  determined  by  means  of  a  small 
charm  compass.  In  this  way  all  the  roots  can  be  determined  with  a 
maximum  inaccuracy  of  I  per  cent. 

Dr.  C.  V.  Drysdale  e.xhibited 

A  new  Fe'ry  Thermoelectric  Calorimeter. 

This  form  of  calorimeter  can  be  used  eontiiiui.us'v  .uid  pirmits  the 
value  of  the  gas  produced  in  a  gas-works  or  prrdu(rr-|)lant  to  be 
watched  from  time  to  time.  The  principle  of  the  nstrument  is  that 
of  burning  the  gas  to  be  tested  at  a  constant  rate  n  a  special  burn ;  • 
consuming  from  .5  to  10  litres  per  hour.  This  burner  heats  a  recu  )er- 
ative  thermopile,  of  which  the  cold  junction  is  traversed  by  the  air 
employed  for  the  combustion,  while  the  hot  junction  is  heated  by  the 
products  of  combustion.  The  thermopile  contains  1 ,5  junctions  which 
enables  a  P.D.  of  0-2  volt  to  be  obtained.  The  energy  produced  is 
sufficient  to  obtain  a  trace  with  a  recording  instrument  similar  to  that 
obtained  with  the  Richard  recording  thermometers  and  barometers. 

Mr.  R.  S.  Whippi.e  expressed  his  interest  in  the  calorimeter  and  said 
he  was  surprised  at  the  accuracy  which  could  be  obtained  over  large 
variations  of  the  rates  of  consumption  of  the  gas.  There  was  a  great 
need  for  a  satisfactory  calorimeter  of  the  kind  exhibited. 

A  Paper  by  Mr.  K.  W.  .TcrnnAN  on 
'"  An  Instrument  for  Measuring  the  Strength  of  an  Intense  Hortizonal 
Magnetic  Field  " 

was  read  by  the  .\uthor.  The  method  consists  in  measuring  direi  tl y 
the  transverse  force  on  a  conductor  traversed  by  a  current  in  a 
direction  at  right  angles  to  the  field.  Two  copper  strips  of  uniform 
^\idth.  each  cut  to  form  three  sides  of  a  rectangle,  are  fastened  to- 
gether and  connected  by  short  tinsel  leads  to  terminals,  so  that  the 
current  can  be  sent  in  the  same  direction  through  each  of  the  insulated 
conductors.  The  framework  is  suspended  in  the  field  to  be  measured 
from  a  helical  sjiring  of  pho.sphor-bronze.  The  tension  in  the  spring 
can  be  adjusted  to  bring  the  framework  into  a  sighted  jiosition.  To 
make  a  measurement  the  horizontal  conductors  are  arranged  at  right 
angles  to  the  field  and  a  known  cojiper  \m  ight  is  suspended  from  the 
centre.  .'\  current  is  |)assed  through  the  wires  and  its  strength 
adjusted  until  the  framework  is  again  in  its  sighted  position.  The 
strength  of  the  field  is  then  easily  calculated.  The  results  obtained 
with  the  apparatus  using  fields  from  1.000  to  IS.tlOO  gausses  agreed 
with  those  got  by  the  ballistic  method  to  1  part  in  4011. 

A  Paper  entitled  "  The  Sine  Condition  in  relation  to  the  Coma 
OF  Optical  Systems  "  was  also  read  by  Mr.  S.  1).  CI  aimers,  and 
Papers  by  Prof.  Pt>ynting  and  Mr.  Todd  "  On  a  Mkthop  of  Deter- 
mining THE  Sensibility  of  a  Balance"  and  by  .Mr.  Todd  on 
"The  Balance  as  a  Sensitive  Barometer,"  worj  taken  as  read. 
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Dhwsop.    .\.„,:„  R,mi:i. 
Electric  Cranes  and  Hoists.    By  II.  11.  Bioughton.    In  Preparation, 
Practical  Telephony.    By  \v.  Altken,  M.I  E.K.    In  Preparatum. 
Altercating  Current  Motors,     liy  Dr.  Rudolf  Ooldscbmiilt,    yearly  Ready. 
Electric  Mains  and  Distributing  Systems.    By  J.  U.  Dick,  B.Sc,  aud  F. 

Penile,  A..M-iii-i.  C.K.     In  J',e).iiratt<m. 
The  Shot-FIrer's  Guide:  A  Pmcticjil  Manual  on  Blasting  and  the  Prevention 

of  Blasting  AcciUenta  in  Mines,  l^uarries,  Ac.    By  W.  Maurice.   Siarly  Ready, 
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"THE   ELECTRICIAN"  INDUSTRIAL   SUPPLEMENT. 

With  "  The  Electrician  "  for  Sept.  14,  190fi,  w,as  issued  the  first  of  a 
scries  of  "  Industrial  Supplements,"  to  be  published  from  time  to  time 
with  "  The  Electrician."  The  thirtyeiohth  is.sue  of  the  Supplement  is 
published  (Gratis)  with   the   omrcnt   number  of  "  The  Electeiciajj." 

The  "  Industrial  Supplement  "  is  a  compichensive  record  of  doTolop- 
mcnts  in  Electrical  Plant,  Machinery,  Apparatus,  Accessories,  Sundries 
and  Materials,  and  of  their  proved  suitability  for  various  Industrial 
purposes. 

The  "  Indust.':ial  Supplement  "  is  holed  for  filing  or  hanging,  and 
Cling  covers  can  be  supplied  for  holding  6  or  12  issues. 

BLBCTRICITY  SUFPLrT  TABL.BS  AND  DATA. 

This  Valuable  Set  of  Tables  and  Engineering  Data  re- 
lating to  Eleetpicity  Supply  and  to  EleetPie  Traction  on 
Railways  and  Tramways  in  the  United  Kingdom,  the 
Colonies,  and  some  important  places  abroad,  can  be  obtained 
complete  in  handy  book  form,  price  6s.  6d.  post  free,  or  on 
very  hard  paper  for  rough  or  constant  use,  price  8s,  6d. 
post  free.     A  complete  Index  is  included. 


PATENT  SYSTEMS  AND  INDUSTRIAL  PROGRESS. 

There  can  be  no  cjuestion  that  the  granting  of  patents  is  a 
very  powerful  inducement  to  the  inventor  to  go  forward  in 
the  hope  of  reaping  .some  monetary  return.  If  this  induce- 
ment were  wanting,  progress  in  invention  would  be  re- 
stricted to  those  who  can  appreciate  a  certain  sport  in  devis- 
ing new  ways  of  doing  things,  or  who  are  prepared  to  work 
for  the  common  good  without  seeking  per.sonal  reward. 
Such  persons,  liowever,  form  but  a  small  minority. 

The  earliest  patent  system  appears  to  have  originated  in 
this  country.  Other  countries  followed,  and  the  granting  of 
patents,  although  by  no  means  a  uniform  procedure  in  all 
countries,  is  at  least  well  recognised,  and  is  worked  to  .some 
extent  by  international  agreement. 

In  a  Paper  read  recently  by  Mr.  F.  P.  Fish,  before  the 
American  Institute  of  Electrical  Engineers,  stress  is  laid 
upon  the  importance  of  the  patent  system  in  the  United 
.States  in  promoting  industrial  progress.  It  is  not  disputed 
that  the  .system  often  involves  difficulties  and  annoyances  to 
the  inventor,  but,  nevertheless,  in  the  author's  opinion,  it 
•stimulates  and  encourages  invention  to  a  marked  degree. 
The  cost  of  obtaining  a  patent  is  not  great,  and  once  the  fee 
is  paid  there  are  no  more  payments  during  the  life  of  the 
patent,  which  period  is  comparatively  long,  running  to  17 
\cars.  .Vs  there  are  no  restrictions  the  patentee  is  free  to 
do  what  he  likes  during  that  term.     Most  of  the  important 
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inventions  patented  elsewhere  are  also  patented  in  the 
United  States.  Thus,  what  is  going  on  in  othei'  countries 
is  more  readily  at  the  disposal  of  the  American  inventor, 
the  specifications  being  issued  at  the  cheap  rate  of  2.\d.  each. 
This  diffusion  of  patent  literature  is  not  without  its  im- 
portance, as  one  invention  leads  to  another,  and  the  trend 
of  inventions  in  other  countries  can  be  kept  easily  in  view. 
It  has  at  times  been  .suggested  that  there  should  be  a  certain 
discrimination  against  foreigners.  No  such  course  has  so  far 
been  taken,  so  that  all  are  on  an  equal  footing. 

Although  it  is  only  natural  that  the  American  system 
should  be  regarded  as  the  best  in  that  country,  it  is,  perhaps, 
a  question  whether  our  own  .system,  with  its  many  modi- 
fications, is  as  good  as  it  might  be.  The  recent  resolve  on 
the  part  of  the  Government  to  make  the  working  of  patents 
in  this  country  compulsory  is  a  matter  on  which  opinions 
are  not  altogether  unanimous.  In  regard  to  foreign  patents 
taken  out  in  Groat  Britain,  an  immediate  advantage  has 
been  reaped  by  our  home  labour  and  certain  of  our  trades. 
This  benefit,  however,  may  be  .somewhat  transient,  and  it 
remains  to  be  seen  what  the  ultimate  result  will  be.  There 
are  also  indications  that  measures  of  retaliation  will  be 
taken  against  English  patentees  in  other  countries  if  the 
revocation  of  foreign  patents  is  cariied  out  in  this  country 
to  any  serious  extent.  It  appears  that  less  advantage 
will  be  taken  of  our  patent  system  by  foreign  inventors  than 
hitherto,  gi-eater  reliance  being  placed  upon  secret  pro- 
cesses, and,  if  that  is  so,  less  information  will  be  disclosed 
to  the  inventors  of  this  country.  It  should  be  borne  in 
mind,  however,  that  information  is  not  the  only  key  to 
success.  The  inventor  who  has  a  large  organisation  or 
factory  at  his  back  has  an  immense  advantage  over  any 
rival  concern  which  has  to  go  through  the  process  of  getting 
together  a  business,  even  if  the  same  process  is  placed  at  its 
disposal.  A  recent  well-known  case  under  the  Patent  Act 
has  given  good  evidence  of  this  fact.  Apart  from  the 
foreigner,  however,  the  Act  also  affects  the  home  inventor. 
Patents  are  sometimes  taken  out  before  the  industry  is 
ready  for  them,  and  the  patentee  may  have  to  wait  some 
years  before  any  use  can  be  made  of  his  invention.  In  such 
cases  a  revocation  might  take  place,  simply  because  the  in- 
vention, although  valuable,  is  before  its  time. 

It  is  a  great  question,  however,  whether  the  reiuarkalile 
progress  made  in  the  United  States  is  due  so  nuich  to  the 
patent  system  as  is  claimed  by  Mi  Fish.  The  patentee  is 
only  one  side  of  the  combination  leading  to  success  in  a 
matter  of  this  kind.  The  best  patent  in  the  world  is  useless 
without  the  necessary  capital  and  business  ability  where- 
with to  work  it,  and  these  are  seldom  supplied  by  the  in- 
ventor. We  are  inclined  to  think  that  the  very  marked 
progress  in  the  United  States  is  not  merely  because  the 
inventor  is  eager,  but  rather  because  capital  is  willing  to 
respond.  In  that  country  greater  risks  are  taken  than 
here,  but  there  are  correspondingly  greater  rewards,  in 
this  country  capital  too  often  wishes  to  see  its  reward 
guaranteed  from  the  start,  but  under  these  conditions  pro- 
gress must  be  less  marked  than  in  such  countries  as  the 
United  States,  where  the  spirit  of  '.speculation"  is 
decidedlv  keener  than  here. 


REVIEWS. 


Copies  of  the  undermentioned  works  can  be  had  from  Tfn  EUctrician  Office,  poet  free, 
on  receipt  of  published  price,  adding  3d.  for  boolu  pubtisbed  under  2a.    Add  lU  per 

cent,  for  abroad  or  for  foreign  boolu.) 


The  Electrical  Laboratory  Cours».    By   H.  D.  Ariiiii!ai.i)  and 

R.  Rankin-.     (London  :  bUiokie  &  Son.)     P|>.  95.     Is.  6d.  net. 

This  book  is  written  with  the  object  of  repiaciiii  MS.  in- 
struction sheets  in  the  laboratory,  and  the  authors  can  fairly 
claim  to  have  succeeded  in  arranging  a  very  complete  and 
comprehensive  course  for  the  type  of  student  for  wiiom  it  is 
intended. 

In  all,  57  experiments  are  described,  and  the  procedure  in 
each  is  clearly  and  concisely  stated.  Wlienover  necessary, 
care  has  been  taken  to  prevent  the  student  from  arrivinfi  at 
erroneous  conclusions,  so  that  little  difficulty  should  arise, 
even  with  junior  students. 

A  characteristic  of  the  book  is  tlie  number  of  simple  experi- 
ments in  which  the  value  of  tlie  current  is  at  once  read  off 
from  an  ammeter.  The  principle  of  the  potentiometer  is 
emphasised  by  the  frecpieiit  use  of  the  potentiometer  wire, 
not  only  for  actually  comparing  P.U.  but  also  for  such  purposes 
as  altering  the  sensibility  of  the  galvanometer,  &c. 

In  experiment  1-4  a  modification  of  Ampere's  swimming  lule 
is  worthv  of  special  mention,  and  in  experiment  15  the 
mnemonic  for  the  rule  for  winding  an  electromagnet  ought  to 
be  better  known  by  students  than  is  usually  the  case. 

On  p.  19  the  statements  made,  with  regard  to  the  intensity 
due  to  a  magnet  alone,  are  incomplete  and  require  amplifica- 
tion ;  also  in  experiments  21  and  22  we  should  prefer  the  ex- 
pression "'  a  battery  of  constant  E.M.F."  for  ""  a  battery  giving 
a  constant  current  "  ;  but,  nevertheless,  the  book  bears  the 
stamp  of  the  practical  teacher,  who  well  knows  students' 
difficidties. 

The  price  is  extremely  low  for  the  excellence  of  the  contents, 
and  the  work  can  be  heartily  recommended  for  the  class  of 
student  for  whom  it  has  been  produced. 

Elektrotechnische    Mes&ungen    und    Messinstrumente.     By 

Gi'sTAV  Wkbnicke.  Tart  13  of  "  Elektroteclinik  in  Einzel- 
Darstellunuen.''  Edited  by  Dr.  ti.  Beniselike.  i  Brunswick:  F. 
Vieweg  &  Sohn.)  Pp.  viii.— 133.  M.  5. 
This  book  is  a  meritorious,  if  somewhat  unsuccessful,  at- 
tempt to  cover,  in  the  space  of  130  pages,  the  whole  field  of 
electrical  and  magnetic  measurements.  The  impossibility 
of  such  a  task  is  almost  self-evident,  but  it  can  hardly  be  said 
that  the  author  has  always  made  the  best  use  of  the  space 
allotted  to  him.  For  exanqile,  on  p.  1,  we  are  told  that 
"  the  ohm  is  the  unit  of  electrical  resistance,"  and  this  remark 
is  followed  by  a  long  extract  from  the  German  .\ct  of  Parlia- 
ment covering  the  legal  definitions  of  the  various  electrical 
units.  In  other  places,  on  the  other  hand,  the  ii\formation 
given  is  meagre  in  the  extreme.  For  example,  less  than  a  i)aiie 
is  allotted  to  a  discussion  of  the  various  methods  of  fault 
localisation  on  networks.  However,  it  is  easy  to  criticise,  anil 
opinions  are  bound  to  dilTer  on  the  (|uestion  of  what  should, 
and  what  should  not.  be  included  in  a  book  of  tiiis  description. 

Some  sections  are  excellent.  Kor  example,  that  devoted  to 
the  measurement  of  power  on  three-phase  systems  and  those 
dealing  with  magnetic  measurements,  the  latter  being  of  par- 
ticular interest,  since  it  is  a  subject  on  which  it  is  dilhcuit  to 
obtain  information  in  a  concise  form. 

On  p.  41  we  are  told  that  the  (K'llertinn  of  an  electro- 
magnetic ammetei-.  and.  in  fact,  of  ail  other  alternating-current 
instruments,  depends  on 


JW'^d,. 


Not  every  engineei'  will,  perhaps,  feel  inclined  to  challenge 
this  statement  as  it  stands  :  but.  uiifortmiately.  its  accuracy 
is  by  no  means  equal  to  its  coinitlexity,  for.  were  it  true,  it 
would  follow  that  all  alternating-current  instruments  were 
absolutely  independent  of  wave  form,  whereas,  in  point  of  fact. 
the  majority  are  well  known  to  be  very  susceptible  to  such  errors. 
In    dealing    with    the    shunted    pattern    of     dynainmneter 
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ammeter,  the  author  says  ""  the  temperature  eoellieieiit 
and  also  the  ratio  of  ohmic  to  inductive  resistance,  must  he  the 
same  in  both  branches"  (that  is,  in  the  instrument  and  in  its 
shunt).  Quite  so;  but.  unfortunately,  this  cannot  be  attained 
in  practice.  Again,  on  p.  62,  an  illustration  appears  of  a 
wattmeter  and  an  ammeter  worked  («  parnUd  on  the  secon- 
dary of  a  current  transformer.  Similar  instances  o{  slovenly 
treatment  could  be  multiplied,  and  they  seem  particularly 
unfortunate  in  a  book  which  appeare  to  be  intended  chiefly  for 
students'  use. 

In  view  of  the  limited  space  at  the  author's  disposal,  it  is, 
perhaps,  hardly  to  be  wondered  at  that  the  instruments  des- 
cribed are  exclusively  those  of  German  origin,  but  it  is  soiiie- 
wliat  surprising  that  when  dealing  with  oscillographs  the  name 
of  Duddell  should  not  even  be  mentioned,  nor  that  of  Jona  in 
connection  with  e.xtra  high-tension  electrostatic  voltmeters. 

The  majority  of  tl  e  illustrations  are  somewhat  of  the  cata- 
logue order,  and,  unfortunately,  in  several  instances  are  so 
uulifferentlv  printed  as  to  be  almost  undecipherable. 

K.  E. 
Ubsr  die  Oxydation  des  ttickstoflfes  im  gekuhlten  Hochspan- 
sunsbogen  bei  Minderdruck-    By  D.  Amii.K  Koknu..    (Halle, 
.-\.S.:  U)lbelm  Knapp.)     Pp.76.     M3. 

This  little  work  opens  with  the  usual  discussion  as  to  the 
importance  of  nitrogen  for  agriculture,  and  the  manner  in 
which  it  can  be  given  to  the  soil  so  that  vegetation  may  be  able 
to  assimilate  it  and  ultimately  animals  and  mankind.  So 
much  has  been  written  of  late  years  about  this  subject  that  one 
is  rather  inclined  to  skip  these  introductions.  Thus  we  are 
told  what  is  the  annual  world's  production  of  sulphate  of 
ammonia,  and  how  much  of  this  is  taken  by  England  and  her 
Colonies,  and  how  much  by  Germany,  and  so  on.  The  author 
then  informs  us  that  in  the  near  future  Chili  saltpetre  will  be 
exhausted,  and  finally  that  if  the  world  is  to  go  on  and  the 
inhabitants  be  fed.  the  atmosphere  is  the  only  source  of  nitrogen. 
Ill'  then  describes  briefly  the  various  processes  which  have  been 
developed  for  fixing  atmosjiheric  nitrogen. 

Part  II.  is  theoretical,  and  is  headed  "  Is  the  Nitrogen  Oxida- 
tion in  the  Electric  Are  a  Thermic  Reaction  ?  "  This  part 
commences  historically  by  mentioning  the  work  of  Priestley 
and  Cavendish.  The  theoretical  chapter  is  rather  long,  rather 
mathematical  and  not  particularly  new. 

Part  III.  is  the  experimental  part,  and  commences  with  the 
description  of  experiments  carried  out  under  reduced  pressure 
with  two  electrodes,  which  could  be  cooled.  The  second 
experimental  portion  deals  with  reactions  at  low  pressures  with 
non-cooled  electrodes.  The  gases  after  ])assage  jiast  the 
electrodes  were  shaken  up  with  water.  aTid  the  acidity  tested 
for  by  titration  with  barium  hydroxide.  On  p.  .'57  the  main 
experimental  work  is  mentioned,  and  then  follows  a  consider- 
able amount  of  metheniaticai  and  theoretical  detail.  The 
actual  arrangement  of  the  experiment  ami  the  appiiiafus  is  not 
described  until  p.  -IH  is  leached. 

There  isagood  deal  that  is  interesting  in  the  little luonograph, 
but  it  is  not  exactly  of  technical  value.  It  will,  however,  be 
useful  to  all  who  are  carefully  studying  the  (pu'stion  of  the 
utilisation  and  fixation  of  atmospheric  nitrogen. 


New  Electric  Hoist. — A  new  type  of  electric  hoist,  which 
has  recently  been  jiatented  by  Mr.W.  P.  Robertson,  is  described 
in  the  "  Mining  \ViirUl."  Compactness  is  secured  b}- placing 
the  electric  driving  motor  inside  the  revolving  drum,  the  motor 
and  drum  being  independently  supported.  Kunning  through 
the  inside  of  the  drum,  and  supported  by  the  jiroper  bearings 
on  the  upright  castings,  arc  foui-  axles  ujjon  which  are  attached 
eight  steel  wheels,  four  on  each  eml  of  the  drum.  These 
wheels  support  the  <lnim  and  allow  it  to  revolve  freely.  The 
motor  rests  upon,  and  is  firmly  secured  to,  steel  supports,  which 
in  turn  are  firmly  securc<l  at  each  end  to  the  upright  castings. 
The  motor  drives  the  internal  gear  ou  the  drum  through  a 
train  of  gear  wheels.  The  controller  and  brake  lever  are  con- 
veniently placed  directly  behind  the  drum.  A  number  of 
improvements  have  been  made  in  this  type  of  hoist  in  the 
design  of  the  supporting  guide  wheels  by  which  w^ear  can  be 
readily  taken  care  of,  and  in  the  construction  and  support  of 
the  motor,  by  wliich  all  parts  are  made  readily  accessible. 


THE  THERMO-E.M.F.  OF  A  TANTALUM-COPFER 
COUPLE. 

nv    R.    r..    I'E.MISON. 

In  view  of  the  fact  that  it  is  possible  to  obtain  tantalum  in 
the  form  of  a  fine  wire,  its  tin  iiiv)-eleetric  properties  are  not 
without  interest.  The  particular  specimen  used  in  the  inves- 
tigations described  below  was  procured  from  a  broken-down 
tantalum  lamp  and  was  .some  -10  cm.  in  lentrth.  Considerable 
care  had  to  be  exercised  in  handling  the  filament,  althouL'h, 
considering  the  extremely  small  diameter  of  the  filament 
(0-055  mm.),  little  difliculty  was  experienced  in  avoiding 
breakage.  A  piece  of  white  paper  behind  it  made  it  clearly 
visible  in  the  somewhat  subdued  light  of  the  laboratory.  At 
the  outset  it  was  found  to  be  impossible  to  solder  it  to  copper 
when  using  ordinary  fluxes,  and  the  electro-plating  process  was 
therefore  adopted.  Two  pieces  of  No.  .'50  S.W.G.  double  silk- 
covered  copper  wire  were  prepared,  and  each  end  of  the  tan- 
talum was  twisted  round  one  end  of  each  piece  of  copj)er.  The 
two  junctions  were  then  conuecteil  u])  to  form  the  kathode  iji 
a  solution  of  copper  sulpluite.  while  the  anode  consisted  of  a 
small  strip  of  copper  ;  curri'iit  was  su])plied  by  a  single  D.-iniell 
cell.  In  the  course  of  about  halt  an  hour  excellent  junctions 
were  effected — at  all  events,  from  an  electrical  point  of  view. 
It  was  noticed,  however,  that  whereas  the  tantalum  alone  was 
not  brittle,  it  became  so  to  a  considerable  extent  when  covered 
with  cojiper.  The  result  was  that  fractures  occurred  more  than 
once   at   the  junctions   themselves.     This   was   subsequently 
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using  .m  extremely  low- current  density 
ell.  when  the  ])lated  tantaluMi  becanv 
much  more  pliable.  Suitable  junctions  having  been  efficted. 
one  was  immersed  in  parallin  oil  contained  in  a  silveiei!  Dewar 
vacuum  vessel,  while  the  other  was  immersed  in  tlie  same 
li(|uid  contained  in  a  test  tube  surrounded  by  meltini.'  ice,  and 
thus  maintained  at  0"C.  In  order  that  the  junctions  and  the 
tantalum  filament  might  be  held  (irmly  in  position,  they  were 
fastened  to  thermometers  by  small  rubber  bands,  the  junctions 
themselves  lying  Hat  against  the  thermometer  l)ulbs.  Thus 
vigorous  stirring  could  be  eft'ected  in  the  vessel  containing  the 
hot  junction  without  any  fear  of  injury  to  the  junction  or  leads. 
The  galvanometer  used  was  of  the  Ayrton-Mather  moving-coil 
tvj)e,  having  a  resistance  of  17.'5  ohms,  and  giving  a  deflection 
of  5-1  mm.  on  a  .scale  81  cm.  aw.iy  for  1  micro-ampere.  It  was 
ascertained  that  tlie  thermo-electric  current  ilowed  from  tan- 
talum to  copper  at  the  hot  junction. 

■  From  the  accompanying  curve  it  will  be  seen  that  the 
tliermo-E.M.F.  of  this  particular  specimen,  when  employed 
with  copper,  is  not  large,  and  that  the  curve  is  practically  a 
straight  one  between  the  limits  of  temperature  taken. 

The  foregoing  work  was  performed  in  the  physical  laboratory 
of  University  College,  Reading,  and  the  author  desires  to 
acknowledge' his  indebtedness  to  Prof.  fi.  J.  Rnieh.  F.R.S.. 
for  some  exceedingly  useful  sii'jL'estions. 
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DETERMINATION  OP  TBE  LEAKAGE  OF  ALTER 
NATING  CURRENT  WINDINGS. 

BY    M.    SCIIENKIX. 

Summarii. — The  present  artirlo  shows  how  the  well-known  niethcul  of 
measuring  the  stator  leakacje  of  an  alternating-current  machine  when  the 
rotor  is  removed  (or  vice  versa),  can  he  made  to  give  accurate  results  by 
correcting  for  the  altered  conditions  when  the  leakage  is  measured  in  this 
way.  The  correction  consists  in  the  calculation  of  the  flux  in  the  stator 
bore  by  menus  of  a  simple  formula,  and  can  be  applied  directly  to  ma- 
chines with  large  gajis,  e.rj..  alternators. 

When  the  rotor  i.s  removed  from  the  .stator  and  an  altirnating- 
current  is  sent  thnmgli  tlic  winding  of  the  latter,  the  llu.\  inter- 
linked with  the  stator  winding  can  be  divided  into  fi.ur  |)arts  : — 

A.  Tlie  flux  inside  the  slots. 

H.  The  fiu.x  from  the  top  of  one  tuotli  to  the  top  of  the  two  neigh- 
bouring teelli. 

C.  The  flux  passing  out  of  the  teeth  of  one  jiole.  through  the  bore, 
into  the  two  adjacent  poles  (i.e..  along  same  path  a.s  main  fiux  \\lu'n 
rotor  is  present). 

D.  The  flux  associated  with  the  overhang  (or  coil  ends)  of  the 
winding. 

In  the  case  of  a  machine  with  a  large  air-gap.  e.g..  an  altcrnatur. 
the  parts  A.  T!  and  D  will  not  be  materially  dilTcrent  when  the  rotor 


Fig.  1. 

is  present  from  that  when  it  i;i  removed,  but  the  part  C  only  exists 
as  leakage  flux  when  the  rotor  is  absent.  Now.  all  the  four  com- 
ponents, A-D,  arc  included  in  the  measured  value  of  the  leakage 
when  the  latter  is  taken  with  the  rotor  removed,  so  that  if  such  a 
measurement  is  to  be  used  for  ascertaining  the  leakage  flux  under 
actuaPeonditions,  it  is  necessary  to  be  able  to  find  the  part  C — which 
pas-ses  through  the  stator  bore  and  may  reach  40  per  cent,  of  the 
total  leakage  flux — and  deduct  it  from  thi.s  measured  value.  The 
remainder  can  then  be  taken,  with  very  fair  approximation,  as 
equal  to  the  actual  leakage  flux  when  the  rotor  is  present. 

In  the  original  article  the  jiath  and  the  magnitude  of  the  flux  «!> 
passing  tludugh  the  stator  bore  was  investigated  both  experimentally 
and  mathematically.  It  was  found  that  in  a  two-pole  stator  [e.g.. 
turbo),  the  tlux  in  the  bore  existed  in  the  form  of  .straight  lines,  and 
had  the  same  density  at  all   jjoints.     In   the  ease  of  a  four-pole 


machine,  the  lines  of  force  in  the  bore  were  hyperbolae,  the  density 
l>eing  proportional  to  the  distance  from  the  centre  of  tile  bore,  where 
it  is  zero.  For  the  magnitiido  of  the  flux,  4>,  per  pole  passing 
throngh  the  bore,  tlie  follow  ing  simple  formula  «  as  developed  : 

Tluis  <I>  is  indeijondent  of  the  number  of  jioles  and  also  of  the 
radius  of  the  stator  bore.     In  the  above  formula 

L=axial  length  of  stator  .stampings, 

ii>„|=.sum  of  all  the  anii)ere-bars  inside  a  half-pole  i)iteh. 

This  simple  formula  also  hold.s  when  we  suppose  the  stator  ttirned 
inside  out  like  a  glove,  in  which  case  the  flux  from  one  pole  to  its 
neighbours  jiasscs  through  the  surrounding  space.  Consequently  the 
same  formula  applies  to  a  mtor  when  removed  from  its  stator.  in 
the  same  way  as  to  the  stator  when  removed  from  its  rotor. 

*  Abstracted  from  "  Elektrotechnik  und  JIaschinenbau," 


In  the  development  of  the  above  formula  it  has  been  u.s.sumed 
that  the  ampere-bars  are  sinusoidally  distributed  over  the  circum- 
ference, so  that  the  diagram  of  the  M..M.K.  is  a  sine  curve  with  its 
amplitude  equal  to  |(|^„|.  In  practice,  however,  .such  windings  are 
not  u.sed,  but  it  is  quite  sufficient  if  we  take  the  actual  .M..M.F. 
diagram  and  replace  it  by  a  sine  curve  of  equal  area. 

The  following  shows  how  this  is  done  for  a  normal  three-phase 
winding.     Let 

7  =  number  of  slots  per  pole  and  phase, 

:-=  number  of  conductors  per  .slot. 

Iu  =  amplitude  of  the  current  in  a  conductor. 

Consider  the  two  cases  when  the  current  in  one  phase  is  zero  and 
when  the  current  in  one  phase  is  a  maximum  I^. 

The  diagrams  of  the  M.M.F.s  of  these  two  cases  arc  shown  to 
.scale  in  Figs.  1  and  2  respectively,  along  with  the  corresponding  sine 
waves  of  equal  area.  In  these  diagrams  "  a  "  denotes  the  di.slribu- 
tion  of  the  ampere-bars,  "fc"  the  distribution  of  the  M.M.F.,  atd 
"  b'  "  the  equivalent  sine  curve.  In  the  following  table  the  several 
magnitudes  arc  given  : — 

Fig.   1.  Fig.  2. 

Current   in   one   )ihasc 0  L, 

Current   in   the  other  tv.o   phases         J  V  alu  \\.i 

Height   A    g";.U   3I„        ,;.\I„ 

Height*, l()4fi/i  1-.S3.U 

-  (1-90SI^7=  --0-tll(lI„,j 

Hence  {j'^Zo}  will  have  the  mean  value  ()-^V2qzlu. 

From  this  the  flux  in  the  bore  due  to  a  three-phase  winding  will 
be: 


*  = 


10 


.  0-912  .  <izl„U 


=  3-24(?2lL, 
where  I=eflectivc  current  in  amperes.     This  flux,  in  the  case  of  a 
three-phase  winding,  rotates  with  a  frequency  c  and  induces  in  the 
stator  winding  an  E.M.F.  Eg  whose  magnitude  is  : 

Fij  =  4-24  c  .  p  .  g:*IO-  *  volts  per  phase, 
where  ip  poles  are  connected  in  series  ;    hence  for  a  star-connected 
winding  we  have,  substituting  for  $, 

E„=  ^/3  .  13-75  ,  c  .  /; ,  L  .  (7-)q  .  10-8  volts. 

This  is  the  E.M.F.  which  must  be  deducted  from  the  pressure  (as 
measured)  required  to  send  the  current  I  through  the  stator  (with 
rotor  removed).  The  remainder  then  represents  with  very  fair 
approximation  the  leakage  pressure  corresponding  to  the  current  I. 


BOLTON  CORPORATION  ELECTRICITY  DEPART- 
MENT ACCOUNTS. 

The  first  of  the  annual  accoun  s  of  electricity  supply  under- 
takings for  the  year  ended  March  31  last,  which  we  propose 
to  analyse,  are  those  of  the  Bolton  Cor[)3ration  Electricity 
Department.  The  past  year  has  provided  unusual  conditions 
in  most  industries,  due  to  trade  depression  and  strikes,  and  iu 
this  particular  instance  there  has  been  depression  iu  tlie  cotton 
trade,  '.vhich  was  severely  felt  iu  ISollon,  and  a  strike  la-ting 
seven  weeks,  during  w-hich  all  the  mills  were  shut  down.  Con- 
ditions, therefore,  have  been  unfavourable.  Metal  filament 
lamps  also  have  had  considerable  eB'ect  in  reducing  the 
output. 

I'he  result  is  that  the  total  output  of  uniis  has  decreased 
from  10,791,105  to  10,077,761— /.e ,  113,341  units,  private 
lighting  accounting  for  over  24,000  cf  this  decreiso,  whilst  the 
sales  of  current  for  power  pur|)oses  —  viz.,  4,923,519  units, 
show  a  diminution  of  157,120  uuits.  Fortunately',  however, 
the  tramway  department  required  ai  increased  amount  of 
energy,  the  total  being  4,183,853  units,  thus  preventing  the 
decrease  in  the  output  of  the  electric  supply  station  becoming 
so  marked.  In  fact,  due  to  a  largo  incrc.ise  in  the  number  of 
units  ii^ed  on  the  works  and  in  those  unaccounted  for,  the 
total  number  of  units  generated  showed  an  increase  of  over 
70,000,  compared  with  the  previous  year,  I'luler  these  con- 
ditions very  l.ttle  change  is  to  be  recorded  in  the  costs  of  gener- 
ation and  distribution,  but  owing  to  a  very  considerable  increase 
valiout  £1,000)  in  the  rates  the  total  costs  show  a  small  in- 
crease, and  are  0  59d.  per  unit  sold,  which,  nevcrtlieless,  is  a 
very  creditable  figure,  particularly  as  the  load  factor  for  the 
year  works  out  at  only  24  7.5  per  cent.,  compared  with  27  "35 
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per  cent,  in  the  j-e:ir  l'J07-8,  the  maximum  demand  having 
iiicrciiscd  from  4.501  kw.  to  1.9-'')  kw. 

In  addition  to  diminished  sales,  the  average  price  per  unit 
received  for  private  lighting  was  only  2-6 Id.,  compired  witli 
2-95d.  in  the  previous  j  ear,  and  for  power  0-849d.,  compared 
with  0-8G8d  ,  r,o  that  considerable  reductions  arc  shown  in  the 
revenue  from  these  items;  but  notwithstanding  that  the 
average  price  received  per  unit  only  amounted  to  l-23d.,a  net 
profit  of  £5,804  is  shown,  the  rates  benefiting  to  the  extent  of 
£6,500,  ou  account  of  a  balance  brought  from  last  year,  whilst 
a  generous  allowance  is  made  fur  de|>recialion.  This  result, 
cousiilering  the  unusual  ditliculties  experienced  by  the  depart- 
ment during  the  past  year,  and  the  low  charges  for  current, 
reflects  great  credit  on  the  management  of  the  undertaking. 

In  spite  of  the  great  economies  possible  with  the  new  types 
of  lamps,  the  rate  at  which  consumers  were  connected  shows 
but  little  change,  steady  progress,  however,  being  recorded. 
Thus,  192  new  consumers  were  connected  during  the  past 
year,  compared  with  177  in  the  previous  year  and  163  in 
1906  7.  The  total  connections  to  the  mains  now  total 
1 1,670  kw.,  an  increase  of  over  1,400  kw.,  compared  with  the 
previous  year,  an  ei|ual  increase  being  recorded  a  year  ago. 
No  additions  were  made  to  the  generaliug  plant  during  the 
year,  its  capacity  remaining,  therefore  at  7,t00  kw.,  but  about 
7i  miles  of  new  mains  have  been  laid. 

"As  will  be  seen  from  the  figures  given  above,  the  motor  load 
and  the  units  sold  for  the  electric  tramways  are  the  mainstay 
of  the  department;  consideiing  that  126  motors,  equivalent 
l,52Hn.i>.,  were  connected  to  the  mains  during  the  past  year, 
a  great  development  should  be  shown  in  the  total  output  of 
energ)-,  as  soon  as  the  conditions  become  normal,  whilst  the 
ri;duciion  in  the  price  of  coal,  which  only  came  into  force 
during  the  latter  months  of  the  period  in  queition,  should 
assist  in  bringing  about  a  substantial  reduction  in  the  works 
costs.  It  is  interesting  to  notice  that  the  total  horse-power  of 
motors  connected  to  the  mains  was  in  March  last  9,219  ;  whilst 
averaging  the  connections  during  the  12  months,  583  units 
were  sold  per  horse-power  connected,  the  equivalent  revenue 
obtained  being  just  over  £2. 

Wo  give  below  an  analysis  of  the  expenditure  during  the 
past  financial  year,  together  with  the  cost  per  unit  sold,  tlie 
costs  of  the  previous  year  being  also  included  for  the  sake  of 
comparison. 


Generating  Costs. 

foal,  &c £11,696 

Oil,  wa-stc,  water,  &c 991 

Salaries  and  wages  at  station . . .        3,498 
Repairs  ami  niainteiiaiice 3,840 

£20,025 


Cost  per  unit  sold. 
1908-9.  1907-8. 

0-26cl.  ...  0  28cl. 
0  02d.  ...  003d. 
008d.  ...  007d. 
009d.     ...      OlOd. 


0-45d. 


0-47d. 


Distribution  Costs. 


l!t.|iairs   and    maintenance    of 

mains,  fnses,  &c    

Meters  purchascdoutof  revenue 


£511'\ 


£1,352 


Uanagemen^  Expenses. 

Salaries    .i;i,272 

Printing,  stationery,  <tc 92 

Miscellaneous    397 

£1,761 


C03d. 
OOOd. 
OOOd. 


0  07d. 
0  59d. 

019d. 
0-29d. 
013d. 


004(1. 
057d. 

017d. 
0-25d. 
013d. 


r20d.    . 

.      112d. 

l-33d. 

rsid 

013d.    . 

019d 

£1,000  is  written  off  the  Duncan-street  substation,  and  the 
balance  of  .£2,680  carried  forward  to  next  year's  accounts. 

During  the  past  year  the  capital  expenditure  has  been 
augmented  by  £25,842,  mains  accounting  for  £12,S7;-5  of  this 
sum,  and  machinery  £1 1,449,  both  sums  being  less  than  in  'he 
previous  year's  working.  The  total  capital  expenditure  on 
March  31,  1909,  amounted  to  £345,122.  We  give  in  the 
following  table  the  ;i mounts  which  have  been  expended  on  the 
various  sections  of  the  plant,  together  with  the  cost  per  kilo- 
watt installed. 
Capital  Account  Total. 

Land   £4,709 

Buildings  46,623 

Machinery 147,313 

Mains 110,540 

Motors 12,546 

Transformers    9,305 

Meters    12,006 

Instruments  443 

Well  sinking 1,603 


£345,122 


Per  kw. 

inst.iUed. 

£0'62 

6  14 

19-35 

14-48 

1-65 

122 

1-68 

0-06 

021 

£45-31 


Rents,  rates  and  taxes £5,204 

TOTAL  COSTS  («  (  apital  (  liargcs)  £26.322 
Capital  Charges. 

Inttic^t £8,2i;0 

Sinking  fund  12,829 

Depreciation  5,918 

£27,027 

TOTAL  COSTS  (including  Capital 

Charges)  _ £53.349 

TOTAL  RECEIPTS  (fromaU  sources)  £59,153 
NET  PROFIT   £5,80i 

To  this  net  profit  of  £.5,801  is  added  a  balance  of  £4,:^76 
from  the  previous  year,  making  a  total  of  £10,lH0,  of  which 
£0,500  ii  handed  over  to  the  District  fund  in  aid  of  rates. 


DEPBECIATiON  OF  ELECTRICITY  AND  TRAMWAY 
UNDERTAKINGS. 

In  the  case  of  income  tax  assessment  of  electric  lighting  and 
tramway  undertakings,  much  uncertainty  has  existed  in  the 
past  in  regard  to  allowances  for  depreciation.  As  the  result 
of  prolonged  negotiations  between  the  authorities  at  Somerset 
House  and  the  Associations  representing  the  respective  muni- 
cipal and  company-owned  tmdertakings,  the  following  arrange- 
ment has  now  been  agreed  upon  : — 

Tramways. 
Pirmamiil  ICni/. — The  life  is  to  bo  taken  as  12,  14  oi  Ki  ycar.x,  ac-uord- 
ins  to  the  a^-i-ragc  car-mileage  jier  mile  of  track  per  annum  iif  the  fniancial 
year  preceding  the  year  of  asses.sment — vi-/. :    (1)  Not  exeecding  50.000 
car-miles  per  mile  of  track — 14  year.-s.     (2)  Over  50.000  and  not  exceeding 
75,000  ear-miles  i)er  mile  of  track — Ifi  year.--.     (3)  Over  75,000  and  not 
exoeedmg   125.000   car-miles   \kv   mile   of   traek — 12   ycar.s.     (4)   Over 
125,000  car-miles  i)er  mile  of  track — special  consideration.     Where  then 
are  .special  circumstances,  such  as  exceptional  gradients,  and  the  corn 
pnlsory  use  of  wood  ])aving,  &c.,  tending  to  show  that  the  ear-mile. i-' 
does  not  fairly  represent  the  wear  and  tear  of  the  track,  each  such  ca«' 
is  entitled  to  special  consideration.     The  cost  of   renewals,   including  1 
setts  or  other  paving,  but  exohuling  concrete  foundations,  should  Ix?  taken  I 
at  £4,400  per  mile  of  single  track  until  the  general  renewal  of  the  track 
takes  place. 

No  allowance  should  bo  made  in  ctimputing  the  assessable  profits  in 
respect  of  any  exiH'nditnro  on  repairs  or  maintenance  of  the  ])ermancnt  i 
way,  but  the  allowance  for  ilo|.recintion  should  bo  i-ompiKcd  a)  such  a 
sum  per  annum  as  will  in  the  aggregate  over  the  determined  life  of  the 
]iermanent  way  be  equal  to  the  cost  of  renewal  as  above  fixed,  pKiS  the 
estimated  re])airs  for  that  period.  The  amoimt  to  be  added  in  respect 
of  ordinary  repairs  shoidd  be  determined  by  taking  the  actual  average 
expcnditin-e  as  .shown  in  the  accounts  of  the  undertaking  for  the  la.st  three 
years,  or  such  period  less  than  tlii-ee  years  as  the  undertaking  has  been  in 
existence.  Repairs  under  this  head  should  be  understood  to  include 
renewals  of  sjicciid  track  work  at  .junctions  and  cross-overs,  which  occur 
at  frequent  intervals. 

As  the  ex])enditure  on  repairs  is  expected  to  increase  as  the  track 
begins  to  wear,  the  amount  of  such  estimate  shoidd  come  up  for  revision 
at  the  end  of  every  five  years,  and  an  adjustment  should  be  made  by 
increasing  or  dindnisliing  the  allowance  as  the  circumstances  rc(|Uire, 
having  regard  to  the  basis  of  calcnl.-it ion  outlined  above.  A  strict  accomii 
should  be  ke])t  by  the  Corporation  .md  tlie  surveyor  of  the  annual  .ilt. 
ances,  and  of  the  actual  expenditure  on  repairs  and  i-enewals  :  ami  at  1 1 
end  of  10  or  15  years  (/./..  the  second  or  third  revision),  or  at  such  tuih 
as  the  general  renewal  of  the  track  shall  have  taken  place,  the  amount  i" 
be  annually  allowed  should  be  reconsidered  and  increased  or  diniinislicd 
for  succeeding  j'ears  as  the  ascertained  facts  shall  show  to  be  neces,-,  i  v 
provided  that  under  no  circumstances  shall  the  allowances  for  previous 
years  be  re-opened. 

All  expenditure  on  extensions  and  improvements  should  be  e.Kcluit  d 
from  the  working  expenses  for  income-tax  purposes  ;  and  the  necessary 
additional  allowance  for  dc])reeiatii)n  on  the  lines  suggested  above  (i.i  . 
mileage)  should  be  at  once  allowed  on  such  exiienditiire.  and  added  to  iIh 
sum  already  allowable.  The  allowance  of  1'4.400  for  renewal  ..f  |«  ' 
manent  way  mentioned  above  is  intended  to  apply  to  the  o\crhc;ni 
trolley  sy.stem.  Special  arrangements  should  be  made  in  the  ea.sc  of  tin 
eondiiit,  surface  contact  or  other  system. 

Cnhlex.—Xn  addition  to  repairs,  deprecialinii  should  be  allowed  at  th.' 
r/itc  of  .1  per  cent.  ]icr  ;'nnum  on  the  writteii-dnwii  v. due. 
I       Onrhwl  E<ini,iit„  nl.-S'<  ilcprc.  iation  sh..iil<l  be  allowed  :    all  cxpcn- 
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diture  on  maiiUenaiu-c  and  rcncnals  .-should  be  chaiged  as  working  ux- 
pcnscs  as  and  when  inclined. 

Car:)  and  other  Mnl/iiN/  Stnck. — Subject  to  the  ensuing  ehiu.sc,  ctpen- 
diture  on  maintenance  and  renewals  should  be  treated  as  working  ex- 
penses, and  allowed  in  lieu  of  de])rceiation.  Depreeiation,  however, 
should  bo  allowed  in  lieu  of  renewals  where  the  eircumstanees  justify  such 
an  allowance,  provided  that  a  strict  account  is  kept  of  all  rencw.ils,  and 
that  if  such  renewals  are  charged  to  revenue  account  they  shall  be  sliown 
separately  in  such  account  and  added  back  in  computing  the  asscssalile 
proHts.  The  allov/ancc  in  such  case  should  be  7  jier  cent.  i)er  annum  on 
the  writtcn-down  value.  Tn  any  case,  the  annual  cxiienditure  on  repairs 
is  to  be  allowed  as  a  deduction  in  computing  the  assessable  jirofits. 
"  General  Plant  and  Machinery. — All  other  plant  and  machinery,  in- 
cluding standards,  brackets  and  workshop  tools,  but  excluding  loose 
implements,  office  furniture  and  small  articles  which  require  frequent 
renewal,  should  be  bulked  together  and  depreciation  allowed  thereon 
at  the  rate  of  5  per  cent,  per  annum  on  the  written-down  value,  in  addition 
to  the  cost  of  repairs. 

Er.EfTiuc  Lkmiting   Undertakinos. 

('allies. — In  addition  to  repairs,  allowance  for  depreciation  may  be 
granted  at  the  rate  of  3  ])er  cent,  per  annum  on  the  written-down  value. 

Plant  and  Macliinrri/. — t)n  all  other  plant,  exclusive  of  loose  tools. 
meters  and  office  furniture,  depreciation  may  be  allowed  at  the  rate  of 
5  per  cent,  per  annum  on  the  written-do^Ti  value,  in  addition  to  the  cost 
of  repair.^. 

Conduits. — No  allowance  should  be  made  for  depreciation  ;  but  annual 
expenditure  on  repairs  and  renewals  may  be  allowed  as  working  expenses 
as  and  when  incurred. 

,    Meters.  Loone  TooU  and  Ojjicr    Fiiniiliir^'- — \o   allowance  should   be 
made  for  depreciation  ;    but  annual  expcndituie  on  repairs  and  renewals 
may  be  allowed  as  working  expenses  as  and  when  incurred. 
Genekal. 

In  all  cases  where  depreciation  allowances  are  granted,  a  strict  account 
should  be  kept  of  the  annual  expenditure  on  renewals  (and  repairs  in 
the  case  of  tramway  tracks),  inihiding  re]ilaccmcnts  due  to  nbsulescence. 
and  of  the  amounts  allowed  for  de]n'ociation  and  obsolescence,  whether 
under  this  arrangcmejit  or  under  any  arrangement  made  pricn-  hcretii, 
and  a  readjustment  shituld  be  made  for  the  future,  if  necessary,  at  {\\v. 
end  of  every  live  years,  as  detailed  under  'I'ramways  (Pertnanent  Way), 
subject,  however,  to  the  special  provisions  applicable  to  Tramways 
(■Permanent  Way).  Where  ilepreciation  allowances  other  than  those  fiu- 
the  permanent  way  of  tramways  are  granted,  renewals  should  be  care- 
fully distinguished,  and, if  charged  against  revenue,  they  should  be  notified 
to  the  surveyor,  in  order  that  they  may  be  added  back  in  arriving  at 
the  income-tax  liability.  "  Written-down  value  "  means  original  prime 
cost,  plus  subsequent  additions,  less  all  allowances  actually  granted  by 
the  revenue  in  respect  of  wear  and  tear.  These  yiroposals  are  to  take 
effect  for  the  year  1908-0,  and  for  years  preceding  in  cases  where  claims 
of  depreciation  are  at  the  present  time  aw.iiting  Mttlement.  The  com- 
putations necessary  for  any  future  adjustmrut  slKJuld  be  duly  made, 
agreed  and  recorded  each  year,  whether  the  aciomits  for  the  particular 
year  under  review  show  .any  asses.sable  income-tax  liability  or  not.  Where 
in. any- cases  allowances  for  depreciation  have  been  made  which  are  now 
to  be  discontinued,  and  they  have  not  been  exhausted  by  renewals 
already  effected,  the  amount  of  such  unexhausted  allowances  should  be 
determined  by  agreement  between  the  surveyor  and  the  Corporation  or 
company,  and  deducted  from  the  expenditure  on  future  renewals  as  and 
when  they  are  effected.  All  cases  of  dispute  should  be  referred  to  the 
Board  through  the  Chief  Inspector  of  Taxes. 


CORRESPONDENCE. 


THE  "C.M.B."  AUTO-CON VEKTER. 

TO    THE    EDITOR    OP    THE    ELECTRICIAN. 

Sir  :  With  reference  to  the  letter  in  your  issue  of  July  IGth 
by  Mr.  L.  Murphy,  in  which  he  criticises  the  "C.M.B."  auto- 
converter,  and  compares  the  same  with  a  double  commutator 
machine,  wo  must  state  that  his  conclusions  arc  entirely  in- 
correct. 

In  the  first  place  Mr.  Murphy  alleges  that  our  machine  is  at 
a  disadvantage  as  regaiils  efficiency  and  commutation  when 
used  for  transformation  ratios  other  than  2  :  1.  In  oiu-  article, 
published  in  your  paper  on  .Tidy  9tl),  it  is  cicaily  shown  that 
the  shortr-circuited  brushes  are  ])laced  on  the  commutator  in  a 
position  corresponding  to  the  iei|uired  division  of  the  voltage, 
and  also  that  the  copper  and  iron  of  the  two  magnetic  ciicidts 
are  proportioned  in  a  similar  maimer,  so  that  all  material  is 
used  to  the  best  advantage  ;  but  the  chief  reason  why  the 
"C.M.B."  machine  can  show  such  a  high  efticiency  is  that  the 
whole  of  the  conductors  are  common  to  either  ihe  motor  or 
generator  fields,  whereas  in  the  double-wound  machine  with 
Hn  auxiliary  or  generator  magnet  the  motor  conductors  only 
are  common  to  both  Gelds,  whilst  the  generator  conductors  are 


only  induenced  liy  the  generator  field,  thus  requiiing  many 
more  conductors.  The  commutation  is  rendered  perfect  by 
employing  a  sutliciently  narrow  armature  core  without  resort- 
ing to  an  abnormal  number  of  commutator  parts,  and  the  ring 
armature  is  not  inferior  to  the  drum  type  in  this  respect. 

As  an  example,  in  transforming  from,  .say,  200  volts  to  .50 
volts — i.e.,  4:1,  with  voltage  regulation  from  0  to  oO  volts,  as 
is  required  for  working  an  arc  lamp  without  steadying  resis- 
tance, or  for  charging  accumulators,  the  two-pole  <louble  wound 
machine,  operating  on  the  autotransformer  principle,  must  be 
provided  with  primary  and  secondary  commutators  ami  arma- 
ture windings,  and  auxiliary  magnet  poles  and  field  coils  for 
the  purposes  of  regulation  (mentioned  by  Mr.  Murphy),  which 
embrace  the  whole  of  the  secondary  armature  winding  but 
only  part  of  the  primary  armature  winding,  the  former  being 
influenced  by  the  auxiliary  magnet  poles  only.  The  armature 
C-R  loss  in  such  a  machine  will  be  actually  ;H' times  greater 
than  in  the  corresponding  "C.M.B."  type,  having  the  same 
weight  of  armature  copper  and  same  amouii  of  material  and 
losses  in  the  field  magnets,  which  in  a  3  kw.  set  gives  an  a  U  n- 
tage  of  17  per  cent,  in  the  etticiency  in  favour  of  the  "  C.M.B." 
type. 

Similarly,  for  any  other  practical  voltage  ratio,  the  single 
wound  armature  has  less  copper  loss  than  the  ilouble-wound 
armature.  Even  in  a  double-wound  machine  made  without  an 
auxiliary  magnet  (in  which  ease  it  is  not  even  possible  to  com- 
pensate for  pressure  drop  in  the  machine)  the  armature  C'-R 
loss  is  not  less  than  in  the  "C.M.B.'  type,  owing  to  the  larger 
core  size  reipiired  in  the  former  to  accommodate  the  two  sepa- 
rately insulated  armature  windings. 

There  is  no  (|uestion,  therefore,  that  the  double  commutator 
machine  has  the  following  disadvantages  :  (1)  Lower  etticiency 
than  the  "C.M.B."  type  for  the  same  amount  of  active  material. 
(2)  The  cost  of  labour  in  the  manufacture  of  two  armature 
windings  and  two  commutators  is  twice  as  great.  (3)  Risk  of 
breakdown  of  the  insulation  between  the  two  armature 
windings. 

In  conclusion,  the  "C.M.B."  machine  is  without  doubt  a 
considerable  improvement  on  all  other  split  voltage  machines, 
as  verified  by  actual  tests  on  the  numerous  machines  already 
manufactured. — We  are,  etc.,  J.AS.  C.  Macfaulane. 

Chelmsford,  July  21.  H.  Burge. 

RESEARCHES  IN  RADIOTELEGRAPHY. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir:  With  reference  to  Prof.  Artom's  letter  in  your  issue  of 
this  week  I  should  feel  obliged  if  you  would  allow  me  to  make 
a  few  explanatory  remarks.  Prof.  Artom  claims  priority  as 
regards  the  invention  of  the  triangidar  aerial.  Now  there  are 
two  types  of  such  aerial  :  (1)  The  aerial  radiating  and  receiv- 
ing circularly  or  elliptically  polarised  electromagnetic  waves 
in  the  direction  perpendicular  to  its  plane ;  (2)  the  aerial 
radiating  and  receiving  plane  polarised  electromagnetic  waves 
in  the  direction  of  its  plane. 

The  first  type  of  aerial,  which,  as  a  matter  of  fact,  has 
yielded  no  results,  is  certainly  due  to  Prof.  Artom.  The  second 
type  of  aerial  was  patented  in  180'J  |)y  S.  G.  Brown.  Latterly, 
M.  Blondel  has  laid  claim  to  priority,  but  in  any  case  it  is  not 
due  to  Prof.  Artom,  who  only  orapfoyed  this  aerial  compara- 
tively recently  ;  and,  on  the  other  hand,  this  arrangement  is 
not  described  in  any  of  the  hitter's  numerous  patents. 

Unfortunately  it  is  not  possible  to  ascertain  the  contents  of 
the  records  of  the  Italian  Navy  cited  by  Prof.  Artom,  since  these 
are  otticial  and  secret  documents. — I  am,  &c., 

London,  S.W.,  July  I'.t.  L.  Bellini. 

ELJ'XJTRIC  LICxHTINC  LEGISL.ITION. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

•Sill:  Referring  to  my  letter,  which  you  wore  good  enough 
to  insert  in  your  last  issue,  I  am  now  glad  to  be  able  to  leport 
thiit,  as  a  result  of  the  etlbrts  which  b;i\e  been  made,  substan- 
tial amendments  have  l)oen  olilaiii.vl  in  the  bill  now  passing 
through  Parliament. 

Clause  G  has  been  altered  so  as  to  make  it  (piitc  reciprocal 
between  local  authorities  and  companies. 
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Clause  1'?,  relating  to  audit  of  aceouuts,  has  been  struck  out 
•irnl  the  following  clause  has  been  substituted  : — 

The  Boai-d  of  Trade  shall  from  time  to  time  make  ii  return  to  Par 
liameiit  giving  such  particulars  as  they  may  think  proper  with  regard 
to  the  reports  made  by  anj-  auditors  apiioiutod  by  tliem  to  audit  the 
accounts  of  any  undertakers  and  any  action  taken  on  such  repoits  by 
the  Board  and  by  the  undertakers. 

Clause  2  has  also  been  amended  with  regard  to  sub-stations. 

The  bill  i)assed  the  Standing  Committee  yesterdaj',  and  until 
we  see  a  revised  print  we  cannot  be  sure  that  all  points  have 
been  satisfactorilj'  met,  but  it  is  believed  that  there  will  be  no 
further  neccssit)'  to  oppose  the  passing  of  the  bill.  The  bill 
is  not  entirely  satisfactory,  because  many  imporbmt  matters 
refeired  to  by  the  Select  Committee  of  "l«9S  have  not  been 
dealt  with,  but  the  bill  contains  some  good  points,  and  the 
Ijarticularly  dangerous  clauses  have,  it  is  hoped,  been  satis- 
factorily amended. — I  am,  >\rc  , 
Electrical  Federation  Offices,  W.C,  July  21.     E.  Garcke. 


PARLIAMENTARY  INTELLIGENCE. 


ASSOCIATION  OF  TEiCHEES  IN  TECHNICAL 
INSTITUTIONS. 

As  the  outcome  of  Papers,  discussions  and  inquiries,  extend- 
ing over  a  long  period,  among  members  of  the  London  arts 
and  crafts  section,  the  following  resolutions  have  been  agreed 
upon  and  are  considered  to  be  urgently  needed  in  the  interests 
of  English  craftsmanship. 

1.  f.'oiiriil. — If  the  standard  of  Eniilisli  craftsmanship  is  to  be  main- 
tained it  is  imperative  that  boys  should  be  trained  in  the  principles  and 
|)raotice  of  the  crafts.  At  present  this  type  of  training  is  non-existent. 
The  lyondon  artistic  trade  and  craft  teachers  therefore  strongly  urge  : 
(n)  That  national  and  local  education  authorities  should  provide  this 
training;  (6)  that  the  establishment  of  day  trade  schools  is  the  only 
satisfactory  method  of  accomplishing  this  work.  They  further  urge  that 
boys  trained  to  some  craft  have  better  opportunities  of  becoming  good 
citizens  than  boys  who  arc  not  trained.  The  interests  of  the  employers, 
the  craftsmen  and  the  crafts  would  be  promoted  by  a  constant  supply  of 
well-trained  youths  :  the  highly-skilleci  craftsman  meets  with  no  oppo- 
sition on  account  of  his  skill  from  either  employer  or  fellow  craftsman. 

2.  Concerning  Apprcniiceship  and  the  Need  for  TracU:  Scliools. — (o) 
-Apprenticeship  in  London  in  the  artistic  trades  and  crafts  has  almost 
ceased  to  exist,  and  where  it  does  e.'iist  there  is  no  guarantee  that  hoys, 
will  Ix^  properly  taught  the  trade  at  which  they  are  working.  (6)  For 
reasons  of  economy,  masters  generally  train  a  ''  one. process  "  boy.  and 
such  training  is  held  to  satisfy  their  legal  obligations,  (c)  The  section  is  of 
opinion  that  parents,  guardians,  apprenticeship  societies,  &c.,  fail  to 
appreciate  these  facts,  and  it  is  therefore  most  desirable  that  definite  in- 
formation from  the  trades  concerned  shoidd  be  available  for  their  use. 
(■?)  The  training  i>f  boys  imdcr  the  present  industrial  conditions  would  be 
better  carried  on  in  day  trade  schools  than  in  shops,  (c)  The  trade 
schools  would  discover  the  Ixiy's  natural  bent,  and  by  directing  it  and 
giving  the  boy  a  definite  purpose  in  life  would  prevent  wastage.  (/) 
The  section  is  of  opinion  that  time  si)ent  in  the  schools  should  coimt  as 
])iirt  of  apprenficcshiji,  or  be  accepted  in  pla<'e  of  apprenticeship,  the  boy 

.going  into  the  craft  as  an  '"  improver." 

3.  Concerninij  OpporlunilieK. — Every  paient  should  have  the  oppor- 
tunity of  providing  a  training  at  a  day  I  rade  school  for  his  chihhcn  slioidd 
he  de.sire  it.  To  accomplish  this  it  is  necessary  ('()  that  (here  should  be 
establi.shed  an  increased  number  of  day  trade  schools,  and  (6)  that  there 
should  be  a  generous  provision  of  scholarships  and  free  places  in  day 
trade  schools. 

4.  Concerning  the  Curriculum  in  the  Schools. — .\11  the  theoretical  and 
practical  principles  of  the  craft  should  be  taught  in  the  .schools,  as  far  as 
the  age  of  the  boy  will  allow  ;  public  money  should  not  be  spent  in  train- 
ing a  "  one  process  "  b.'iy. 

5.  Cnnrerning  the  Teacliem. — It  is  strongly  urged  :  (n)  That  .dl  teachers 
in  trade  schools  should  have  had  workshop  experience,  (h)  That  the  want 
of  academic  or  technical  ecrlifiiates  should  not  In  a  bar  to  the  appoint- 
ment of  a  goofl  teacher,  (r)  Th  it  to  maintain  the  supply  of  i  laftsmcn 
teachers,  to  give  o])porl unities  for  training  in  leaching,  and  to  ensure 
cRicient  teaching  a.ssistants  should  be  a|)pointed  where  classes  are  large. 
Id)  That  heads  of  trade  schools  and  heads  of  departments  slii>uld  be  men 
of  reputatiim  in  some  trade  or  profession  other  than  the  teaching  jiro- 
fessuin. 

*i.  Concerning  CommilteeH  of  Mtinagement. — The  section  strongly  urges 
the  desirability  of  appointing  advisory  committees  (where  such  arc  not 
in  existence)  to  each  trade  school,  such  committees  to  include  represen- 
tative.H  of  employers  and  craftsmen. 

7.  Cnnrrrnine/  Evening  Trade  Claxupj,-. — Evening  trade  c-lasses  have 
done,  and  are  doing,  valuable  work,  though  often  at  the  sacrifice  of  neces- 
sary recrea'ion  and  sometimes  of  health.  The  section  therefore  urcies 
the  establishment  of  earlier  evening  classes  for  the  younger  boys,  pending 
the  establishment  on  a  large  scale  of  day  courses  of  instruction.  At  these 
pvening  elnHses  there  should  l)C  adequate  jmivision  in  the  way  of  scliotu- 
"hijw  and  free  [iluees. 


ELECTRIC  LIGHTING  ACTS  (AMENDMENT)  BILL. 

On  Tuesday  this  liill  came  hrfoiv  St.oidiivu  Coiniuillcc  t'  of  the  House 
of  t'ommons.  Sir  F.  A.  ChaiiTiiiiL'  piv-idcil.  and  the  liill  was  in  charge 
of  Mr.  H.  J.  Tennant,  Parliiinieiii.iv  S,  rr,iai\  to  tlio  Board  of  Trade. 

On  clauses  Mr.  \.  H.  .Scott  rji.iM  iI  to  m-cit  in  line  nine,  after  the  word 
■  direct,"  the  words  "  to  the  local  aulliority  of  the  district  in  which  the 
land  is  situate  and  "  ;  to  omit  "'  land  "  and  insert  "  dwelling  hou.ses  "  ; 
in  line  12  to  leave  out  "  those  "  and  insert  "  such  local  authority  "  ;  and 
at  the  end  of  line  13  to  add  "  This  secticm  shall  not  apply  to  any  station 
for  transforming,  converting  or  distributing  electrical  energy." 
This  amendment  was  agreed  to. 

Mr.  SfOTT  also  moved  to  insert  at  the  end  of  clause  4  (page  3,  line  S) 
the  following  words  :  "  Provided  that  a  provisional  order  authorising 
the  breaking  up  of  roads  outside  the  area  of  supply  of  the  local  authority 
or  company  by  whom  the  sujjply  is  to  be  given  shall  not  Ix'  granted  by 
the  Board  of  Trade  except  witli  the  consent  of  the  local  authority  in 
whose  district  the  road  is  situate,  unless  the  Hoard  of  Tride  in  any  e.ise 
in  whicli  the  consent  of  any  such  local  authority  is  refused  are  of  opinion 
that,  having  regard  to  all  the  circumstances  of  the  case,  such  consent 
ou;iht  to  be  dispensed  with,  and  in  that  case  they  shall  make  a  special 
re]iorl  lo  Parliament  stating  the  ground  on  which  they  have  dis))en.sed 
with  the  consent." 

This  amendment  was  accepted  by  Mr.  Tennant  and  agreed  to. 
On  clause  5,  which  deals  with  the  supply  of  electricity  to  railways, 
tramways  and  canals  jiartly  outside  the  area  of  sulkily  of  the  authorised 
distributor  for  the  purpose  of  haulage  or  traction,  Jlr.  Holt  moved  to 
add  words  giving  the  same  jirivilegcs  to  a  dock  comi)any. 

-Mr.  Tennant  said  that  the  clause  had  been  the  s\ihjeet  of  much  negotia- 
tion between  the  Board  of  Trade  and  various  panics  interested,  and  he 
a)i])ealed  to  the  Committee  not  to  reopen  the  question. 
The  amendment  was  negatived. 

Mr.  Scott  moved  to  omit  a  sub-section  of  the  same  clause,  under  which 
power  is  given  to  the  Board  of  Trade  by  provisional  order  to  authorise 
any  local  authority,  company  f)r  person  to  supply  electricity  to  be  used 
for  purposes  incidental  to  the  working  or  lighting  of  the  railway,  tram- 
way or  canal. 

Mr.  Tesnant  opposed  the  proposal,  and  said  it  would  obviously  be  to 
the  convenience  of  a  railway  or  canal  company  to  be  able  to  take  ita 
supply  of  electricity  from  the  one  source. 
The  amendment  was  negatived. 

On  the  motion  of  Jlr.  Hoi.t,  it  was  agreed  to  add  to  clause  5  (pag?  4, 
line  14).  after  "  laboratories,"  the  v/ords  "  or  observatories  lu-  laboratories 
now  or  hereafter  erected,  owned  or  man.iged  in  pursuance  of  any  present 
or  future  statutory  enactment." 

On  clause  6  certain  amendments  were  agreed  to. 

On  the  motion  of  Mr.  TtNNANT,  clause  13  was  omitted  and  a  new  audit 
clause  was  inserted. 

Mr.  .1.  Parker  moved  lo  strike  out  the  wt)rds  inserted  in  ciausc  Hi  m 
the  House  of  Lords,  which  prohibited  local  authorities  who  own  electrical 
imdcrtakings  from  supplying  lamps,  meters  and  other  iittings  except 
through  a  contractor. 

Mr.  Tennant  said  the  clause,  as  it  was  originally  introduced,  was 
intended  to  embody  in  the  bill  a  model  or  standard  clause.  He  was 
informed  that  7.")  local  authorities,  including  all  the  Ijondon  boroughs, 
possessed  the  power  to  sujiply  littinss,  and  the  Government  proposed  in 
the  bill  lo  give  all  local  authorities  in  future  similar  powers.  They  con- 
sidered that  the  amendment  introduced  liy  the  House  of  Lords  was  a  very 
unfortunate  (me.  It  prejudiced  the  supply  of  electrical  fittings  by  local 
authorities  for  all  time;  even  if  <a  Select  Committee  were  disposed  to 
grant  those  powers,  they  would  not  he  able  to  do  so.  He,  Ibcrefore, 
accepted  the  ainendmcnt,  but  the  Committee  must  realise  that  the 
(lovcrnment  might  have  some  dilhcully,  and  it  would  be  their  duty  to  try 
and  negotiate  the  matter. 

The  amendment  was  adopted,  as  also  was  one  removing  mctcis  from 
the  list  of  appliances  to  which  the  clause  related. 

On  clause  22,  which  is  designed  to  protect  County  Councils, 
Jlr.  Tennant  moved  an  amendment  to  meet  an  amendment  made  in 
the  Lords.  The  original  idea  of  the  clause,  he  said,  was  to  protect  town 
councils  from  having  to  pay  for  damage  done  by  laying  of  lines  over 
county  bridges.  In  the  Lords,  however,  the  clause  was  altered  so  as  to 
extend  the  protection  to  roads  and  railway  bridges.  He  did  not  agree 
with  the  extension,  and  he  therefore  moved  its  omission. 
The  amendment  was  agreed  to. 

The  following  new  clauses  were,  on  tlic  pnoii.m  of  .Mr.  Tennant.  adilcd 
fo  the  bill;— 

(1)  "  .Money  biirrowed  under  the  Klcctric';Lighting  Acts  shall  not  (le 
reckoned  as  part  of  the  total  debt  of  a  local  authority  for  the  purpo.se  of 
any  limitation  on  borrowing  under  the  enactments  relating  to  borrowing 
by'the  local  authority." 

(2)  "  The  Hoard  of  Trade  shall  from  time  to  time  nuike  a  leturn  to 
Parliament  giving  hu(  h  particulars  as  they  may  think  proper  with  regard 
to  the  reports  made  by  any  auditors  appointed  by  them  to  audit  the 
accounts  til  any  undertakers  and  any  action  taken  on  such  reports  by 
the  Board  and  by  the  undertakers." 

Mr.  Kaeconer  moved  a  new  clause  providing  that  electric  apparatus 
let  on  hire,  though  fixed  to  the  premises,  should  remain  the  property  of    ' 
the  undertaker. 

This  was  agreed  to.  and  the  hill  as  annnded  was  then  onlered  to  be  re 
ported  to  the  House, 
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LONDON  COUNTY  COUNCIL  TRAMWAYS  AND  IMPROVEMENTS 
BILL. 

A  Select  Committoe  uf  tlic  Hmise  .,f  l-.inls,  |iTesirle,l  ever-  liy  Lnnl 
Clillurd  111'  ChiKllei<;li.  eoiisideied  tliis  Hill  from  llitli  to  IDlli  iiisl.  inelii- 
sive. 

Mr.  Erskink  Poi.i.iuk.  K.C,  (for  llie  (j.G.C.),  first  dealt  with  thp  clause 
authorising  a  proposed  extension  of  the  CouneiVs  tramways  in  Farring- 
don-road  from  the  [jresent  terminus  to  Charterhouse-street  (the  City 
boundary)  and  a  short  connecting  line  to  enable  ears  to  run  directly  off 
the  proposed  new  tramway  on  to  the  lines  along  Clerkenwell-road  which 
run  westward  to  Bloomsbury  and  to  the  Holborn  to  Embankment 
subway  and  eastward  to  Blackwall,  Hackney,  Stamford  Hill,  &e. 

The  clause  was  ojijiosed  by  the  Cheat  Northern  Railw."iy  ('o.,  on  the 
groimd  that  the  new  lines  woidd  intei'ferc  with  the  use  of  their  depot  in 
Farringdon-road  and  that  works  in  connection  with  the  tramways 
would  obstruct  the  light  of  projierty  of  the  comj)any  beneath  street  level. 
It  was  also  ojjposed  by  the  prosperous  liawkers  who  stand  in  Farringdon- 
road. 

Tradesmen  in  Farringdon-road  and  the  Smithfield  Markets  favoured 
the  Couneirs  lu'oposals. 

The  Committee  sanctioned  a  short  continuing  line  to  Charles-streel 
liut  refused  the  larger  extension,  thereby  pleasing  the  costermongers. 

The  proposed  reeonstruetion  of  the  Highgate  Hill  tramway  and  road 
widening  in  connection  therewith  was  then  discussed.  The  Council 
proposed  to  demolish  Fairseat  House,  on  the  top  of  Highgato  Hill,  of 
which  they  hold  the  lease  with  IR  years  unexpired,  and  to  carry  the 
tramway  over  this  site. 

This  was  opposed  by  the  owner  of  the  freehold  (^[r.  T.  Bloxam)  and 
Sir  A.  Binnie  submitted  a  scheme  for  carrying  out  the  widening  on  the 
other  side  of  the  road. 

The  Committee,  while  pashing  the  preamble  of  this  part  of  the  Bill, 
decided  that  not  mcne  of  Fairseat  Park  should  be  included  within  the 
limits  of  the  deviation  than  was  required  for  road  widening. 

The  remaining  clauses  having  been  adjusted,  the  Committee  ordered 
the  Bill  to  he  reported  for  third  reading. 


Central  London  Bailway  Bill-^On  Tuesday  this  bill  was  con- 
sidered by  Lord  Onslow,  chairman  of  Committees  of  the  House  of 
Lords.  The  principal  proposal  is  the  extension  of  the  Central  London 
Railway  from  the  Kaidi  to  the  station  of  the  Great  Eastern  Railway  at 
Liverpool-street.  The  extension  was  opposed  by  the  Metropolitan 
Railway  Co.  on  the  ground  of  competition,  but  the  [iromoters  have 
agreed  to  the  insertion  of  a  clause  protecting  the  interests  of  the 
Metropolitan  Co.,  and  their  opposition  has  been  withdrawn.  The  bill 
was  ordered  to  be  rei)orted  for  third  readintr, 

Giteshead  ft  District  Tramways  Bill.— On  16th  inst  this  bill 

came  before  the  chairman  of  Ways  and  Means  at  the  House  of  Com- 
mons. The  bill  authorises  the  Gatosliead  &  District  Tramways  Co.  to 
construct  additional  tramways  and  to  raise  additional  capital.  The 
objection  was  that  if  the  bill  passed  as  it  stood  it  would  take  away  the 
|)ower  from  the  local  authority  to  purchase  the  overhead  equipment  of 
the  tramways.  The  chairman  said  the  consideration  of  the  bill  must 
be  postponed. 

LEGAL  INTELLIGENCE. 


Consolidated  Nickel,  Tin  &  Copper  Mines  (Ltd.)  v.  Crompton  &  Co. 

.Ml'.  .Muir  .Mackenzie,  K.C..  OIHrial  Referee,  on  Friday  last  delivered 
his  considered  judgment  in  this  ease  (reported  in  The  Ei.ECTRKr.iN  for 
.May  7,  14,  21  and  28  and  June  4).  Ho  said  a  licence  was  granted  in 
.lunc,  1901),  to  three  gentlemen  (said  to  be  trustees  for  the  company), 
.111(1  the  licensees  v/ore  to  erect  a  ])ump  capable  of  pumping  1,000  gallons 
'I  V.  it  I  ii;'r  minute  at  a  depth  of  120  ft.,  and  the  licence  was  liable  to  be 
«  iiliilr  i\,n  if  this  provision  was  not  complied  with.  Plaintiffs"  ease  was 
tlial  delendants  agreed  to  supply  such  a  pum]),  hut  had  failed  to  do  so 
within  the  time  agreed  or  at  all.  The  first  thing  he  had  to  do  was  to 
inquire  as  to  what  w,is  the  cimtraet.  In  his  opinion  it  was  clear,  from 
the  letters  which  passed  from  defendants  to  Messrs.  Worlhinglon  in  1007, 
that  plaintilVi'  rei|uireruents  were  fully  known  ti>  defendants.  Tlie 
spacification  was  for  iilant  ea]iable  of  delivering  1.000  gallons  a  minute 
against  a  total  head  of  120  ft.,  including  friction.  Plainiill's  had  the  right 
to  exp?:'t  and  to  believe  thit  their  contractors  were  otfering  to  them  a 
jtlant  capable  of  performing  that  work,  and  he  had  (inally  decided  that 
that  w.is  the  coatraet.  D^'fendants  inulertook  to  supply  and  were  re- 
spunsihli'  to  sup)ily  a  |)lant  eortsisling  |iartieularly  of  a  gas  cni}ine, 
alternator,  pi\>ducer  and  pum|i,  and  undei  t!ie  terms  of  the  contract  was 
to  be  delivered  and  creeled  not  later  than  .Alay  24,  1907,  and  there  was  to 
be  a  forfeit  by  defendants  of  what  he  would  call  a  penalt)',  for  the  sake 
of  description,  of  1  per  cent,  of  the  e(mtract  price  per  week  for  the  lirst 
three  weeks  after  the  date  for  completion,  and  10  per  cent,  of  the  contract 
iirice  ]ier  week  afterwards  for  e.ach  week  after  the  date  for  completion 
stated  in  the  contract  had  passed,  and  it  was  also  stated  in  the  contract 
that  this  f<irfoit  was  not  to  be  enforced  if  the  delay  was  due  to  causes 
outside  defendants'  control.  There  was  delay,  and  the  jioint  he  had  to 
then  consider  was  whether  the  forfeit  was  a  penalty  or  li(p\idated  damages. 
lu  his  opinion  it  was  clearly  liqiudated  damages.  The  result  of  delay  hi 
delivery  as  regarded  loss  and  damage  being  tinccrtain.  plaintiffs  had  lu-e- 
cstiinated  what  the  amount  of  the  damage  was  to  be.  There  were  ex- 
pressions in  letters  in  .April.  1907,  which  showed  that  defendants  were 
aware  that  the  penalty  of  delay  would  be  veiy  heavy.      Defendants  pur- 


chased  the  pump  from  the  Worthington  Co.,  but  they  would  not  bind 
themselves  to  any  particular  date  of  delivery.  The  Worthington  Co. 
dill  not  make  the  jmrnp  themselves  in  England,  but  employed  a  German 
firm  of  manufacturers  to  make  it,  and,  according  to  the  practice  in  (Jcr- 
many,  part  of  the  work  was  sub-contracted  by  the  German  manufac- 
turers to  another  firm.  Defendants  said  the  delay  which  had  occurred 
was  due  to  causes  beyfind  their  control.  In  his  (the  Referee's)  opinion 
that  was  clearly  not  so,  and  he,  therefore,  foimd  that  the  delay  was  not 
due  to  causes  beyond  the  control  of  defendants.  Having  referred  to  the 
evidence  on  the  question  of  delay,  he  said  he  had,  upon  his  findings  of 
fact,  to  consider  what  the  damages  recoverable  by  plaintiffs  were.  He 
considered  that  with  regard  to  delay  up  to  Oct.  19  plaintiffs  were  entitled 
to  damages  in  respect  of  the  diminution  in  value  between  the  installation 
which  they  contracted  for  and  the  installation  which  they  got.  That 
diminution  in  value  must  be,  from  the  eviilenc  e  lie  had  received,  more  or 
less  a  matter  of  conjecture. but  lie  assesserl  it  at  £100.  (Totalling  the  figures 
up,  li(piidated  damages  £2,29l>  and  adding  the  £.)00  made  £2,791.,  and  the 
ilOO  for  diminution  in  value  made  £2,89(1.  On  the  counterclaim  he 
found  tliere  was  £1,040  due,  together  with  some  items  that  were  admitted, 
making  £118.  Is.  .\11  those  items  in  the  counterclaim  which  were  not 
admitted  he  could  not  award.  Therefore,  these  came  to  1,1.58.  Is., 
H  hieh.  deducted  from  the  £2,896,  left  a  balance  in  favour  of  plaintiffs  of 
£1,737.  19s.,  for  which  sum  judgment  wo\ild  be  entered,  «nth  costs. 

Cuthbert  Hall  v.  Marconi's  Wireless  Telegraph  Co.  (Ltd.) 

In  the  King's  Bench  on  Thursday  last  week,  .Mr.  Justice  Ridley  heard 
an  action  for  f  2,.583.  (is.  8d.  damages  for  alleged  breach  of  contract. 

Mr.  Castle,  K.C,  for  plaintiff,  said  that,  by  an  agreement  dated 
April  8,  1908,  when  plamtiff  (Mr.  Henry  Cuthbert  Hall)  was  retiring  from 
the  position  of  managing  director  of  the  defendant  company,  defendants 
agreed,  for  certain  considerations,  to  allot  and  issue  to  him,  before  May  7, 
1908,  10,000  fully-paid  shares  of  £1  each  in  the  company,  and  to  "  use 
their  best  endeavours  "  to  procure  a  quotation  for  them  on  the  l,ondon 
Stock  Exchange.  The  shares  were  allotted,  but  plaintiff  alleged  that 
defendants,  in  order  to  prevent  the  shares  from  being  .sold  |)euding  an 
issue  of  2.')0,000  preference  shares  which  they  were  bringing  out.  took  no 
sti-]is  to  get  tlie  special  settlement  till  about  May  30,  the  result  being  that 
there  was  no  (piotation  of  the  coniiiany's  shares  till  the  mid-July  account. 
and  jilaintiff's  shares  were  eventually  sold  at  an  average  price  considcr- 
al)ly  lower  than  he  would  have  otherwise  obtained,  the  total  alleged  loss 
being  £2,,')83.  (is.  8d.,  the  amount  claimed.  He  contended  that  plaintiff 
lost  the  difference  between  12s.  3d.  and  7s.  Id.  per  share. 

Mr.  Justice  Ridley  held  that  the  contract  did  not  bind  the  directors 
to  obtain  the  quotation  at  such  a  time  as  to  enable  plaintiff,  by  throwing 
£10,000  shares  on  the  market,  to  injure  the  prospects  of  a  successful  issue 
of  preference  shares.  It  did  not  bind  them  to  disregard  the  interests  of 
the  company  of  which  they  were  directors.  Without  calling  upon 
defendants,  he  held,  on  the  construction  of  the  agreement,  that  there 
was  no  case,  and  therefore  gave  judgment  for  defendants,  with  costs. 
He  also  expressed  the  view  that  there  was  no  damage,  as  the  shares 
apjieaied  to  stand  at  a  higher  price  at  the  present  time  than  in  May  and 
June,   1908. 

W.  R.  Sykes'  Interlocking  Signal  Co.  (Ltd.)  v.  McKenzie  & 
Holland  (Ltd.) 

By  this  action,  heard  bv  Mr.  .fusticc  Parker  in  the  Chancery  Division  on 
Thursday  last  week,  jdaintiffs  claimed  an  injunction  in  respect  of  an 
alleged  wrongful  representation  by  defendants  that  they  were  licensees 
of  Sykes' patents  for  block  and  electric  interlocking  .signals. 

Mr.  Gore  Browne,  K.C,  said  plaintiffs  owned  a  system  of  block  and 
electric  signalling,  certain  patents  in  respect  of  which  had  ceased  to 
exist.  At  one  time  defendants  were  licensees  of  the  Sykes  patents,  and 
were  the  principal  agents  feu-  the  Sykes  system  of  block  and  electric 
interlockinc  signals.  Their  rights  as  to  England,  however,  expired  in 
1903,  and  in  the  Colonies  in  190.-).  In  Sciitemb  r.  1907,  plaintitTs 
noticed  an  advertisement  to  the  effect  that  dcfenilants  were  the  sole 
liccnsecs  of  the  system,  and  they  wrote  to  .lefcudants  who  promised  that 
the  advertisement  sh.ml.l  be  withdrawn.  Couse.piently  n.)  fuithcr 
action  was  taken  in  the  matter.  In  190,-1  fr.uu  .■.immunuations  the 
plaintiffs  had  from  the  Agent  GciuM-al  of  New  Zealand  they  were  led  to 
believe  that  the  .lefendants  were  still  representmg  themselves  a,s  the 
a.'cnts  of  the  Sykes  system,  and  in  August  ,)f  that  year  they  again  com- 
luunicated  with  defendants,  who  replied  that  through  inadvertence  the 
statement  had  not  l)een  removed  from  the  latter  paper  in  New  /enland, 
but  thev  were  cabling  out  instructions  to  get  the  matter  right.  .-Vs, 
however,  tlu^v  said  the"Sykes  system  was  no  long-r  '''/■'''^'>;"' ''  '  '7 
denied  anv  liabilitv.  The  matter  again  dropped  but  in  Nove.nlier,  1 .108, 
i.laintiffs  'found  that  the  advertisement  originally  eomplameil  ..t  was 
'i,,pcarmg.     Plaintiffs  issued  the  writ  in  the  present  action  m  DtH'embor, 

'  Mr.  RoMER  said  he  admitted  that  defendants  were  not  entitled  to 
represent  themselves  as  the  licensees  of  the  Sykes  patent 


though  he 
did  not  admit  that  plaintiffs  were  entitled  to  restraiti  them  fiym  using  tlio 
w,.rd  Sykes.  Under  these  civeumstauecs  he  was  willuig  t.)  submit  to 
an  order  in  a  limited  form  and  pay  the  costs  of  the  action. 

Mr.  Gore  Brownr  said  plaintiffs  were  billing  to  take  an  order  m  the 
terms  offered.  Mr.  Romer  desired  to  say  that  the  reason  d<^^f>;«>t>''"l^ 
offered  to  pay  the  costs  was  that  they  felt  it  was  through  their  carelessness 
that  the  advertisement  was  not  withdrawn,  and  under  the  circumstances, 
plaintiffs  were  justified  in  bringing  tin-  action. 

His  Lordship  made  an  order  in  the  terms  agreed. 

f2 


GOO 
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Sale  or  Return  Conditions. 

In  the  City  of  London  Couit  <in  Friday,  before  Judge  Liiniley  Smith. 
K.C..  the  Armorduet  Mfg.  Co.  .^ued  .Mr.  A.  Fearnhead.  3.54,  Caledonian- 
road.  London,  for  £8.  ."j.*.  lid.  for  electrieal  goods  and  fittings  supplied. 
The  elaiin  was  admitted,  hut  defendant  eounterelainied  £(>.  i;!s.  (id.  for 
the  priee  of  eleetrieal  radiatoi-s  sup|>lied  to  plaintiffs.  Dkfknd.ant  .said 
that  in  Felirnary.  1!H)8.  he  saw  plaintiffs"  sales  manager  about  some 
radiators,  and  he  agreed  to  take  them.  They  were  sent  as  samples  on 
■  sale  or  return,"  but  plaintiffs,  he  urged,  must  pay  for  them  now.  as 
they  had  kept  them  for  10  months  and  then  sent  them  baek  damaged. 

The  .IroGE  said  he  supposed  if  the  ])laintiffs  had  returned  the  radiators 
in  a  fortnight  defendant  would  have  taken  them  baek  ? — Defendant 
thought  he  might. 

y\r.  DwvER,  plaintiffs'  traveller,  said  they  were  waiting  for  months  for 
an  invoiee  in  respeet  of  the  radiator.-i.  That  was  why  they  kept  them  so 
long,  as  they  did  not  know  whether  they  were  to  be  eharged.  They  liad 
never  given  a  speeifie  order  for  the  radiators.  It  was  a  well-known 
praetiee  in  the  eleetrieal  trade  for  goods  to  remain  as  long  as  12  months 
in  shops  on  approval. 

Defesd.vnt  said  that  was  not  so  as  applied  to  radiators.  Had  the 
goods  been  electroliers  he  would  have  been  willing  for  plaintiffs  to  have 
kept  them  for  nine  months,  and  would  then  have  taken  them  back. 
Radiators  were  a  season  trade. 

The  JrooE  said  when  goods  were  taken  on  sale  or  return  the  property 
pas.sed  to  the  holders,  if  they  did  not  send  them  baek  within  a  reasonable 
time,  or  give  notice  that  they  would  not  retain  them.  There  was  a  dif- 
ference where  goods  were  sent  in  to  be  shown.  He  was  satisfied  that 
these  radiators  were  sent  in  to  be  looked  at  to  get  orders  from,  and  were 
not  bought.  The  coimterclaim  therefore  failed.  Judgment  would  be 
f-)r  plaintiffs  on  both  claim  and  counterclaim,  with  costs. 


Sfcrctiiry.  -Mr.  Robt.  Donovan.  r;i.\al  rnivirsiu-buikliiies.  Dublin, 
by  Aug.  31. 

.Applications  are  invited  for  the  |iositioii  of  chief  lecturer  in 
chemistry  in  the  Man<'hcstcT  .Municipal  Si'liool  of  Tcchnoloey.  Salary 
i"!.")()  per  anmnii.  Applications  to  lli.  Dran  of  the  Faculty  of 
'IVoliMDlogy.  .Mr.  J.  II.  Kcynolds,  by  Sept.  1 1. 

A  lirm  near  London  advertise  for  a  designer  with  expciicnce  in 
a.c.  and  d.c.  motors  and  generators,  and  also  transformers. 

A  first-class  turner  is  required,  accustomed  to  electrical  work  and 
capable  of  winding  and  repairing  small  armatures.  See  advertise 
mcnt. 


Ejisom  Covincil  have  appoiuletl  Mr.  .\.  C.  (iilling  (first  assistant  in 
the  ilcrii  i.ii  V  ill  parlnient)  to  be  resident  electrical  engineer  at  a 
salar\  nl  t-.'i"i,  iHiug  to  £2.">0  per  annum.  Mr.  Foster  his  predecessor, 
is  to  111'  rctainnl  as  consulting  engineer. 

Mr.  T.  C.  Baillie,  M.A.,  D.Sc,  head  of  the  physics  and  electrieal 
engineering  department  at  Sunderland  Technical  College,  has  been 
appointed  principal  of  the  Croydon  Polytechnic,  in  succession  to 
Dr.  ^^'.  Beckit  Burnie,  who  was  recently  a)ipointed  to  a  similar 
position  at  the  Brighton  .Municipal  Technical  School.  1'hc  salary  is 
£:!()(.(  per  annum,  rising  in  two  years  to  .V.'ioO. 


Re  Uxbridge  &  District  Electric  Supply  Co-  (Ltd. )  —  On  Tuesday 

Mr.  -tustiee  Neville  heard  a  motion  by  the  Metropolitan  Electric  Supply 
Co.  for  the  ap|)ointment  of  a  receiver  of  this  company. 

Mr.  Br.amw  ELL  Davis,  K.C,  in  support  of  the  motion,  said  that  some 
time  ago  a  [letition  was  presented  for  winding-up  the  company  a^id 
a  liipiidator  w.is  appointee!  who  was  carrying  on  the  business,  bub  it 
was  felt  that  the  company  could  only  be  successfully  carried  on  it  fresh 
capital  was  forthcoming.  Fresh  capital  could  only  be  raised  by  a  re- 
ceiver in  the  debenture  holders'  action.  The  debenture  holders'  secu- 
rity bad  crystalised,  and  a  receiver  had  been  appointed,  but  owing  to 
the  liquidation  it  was  neces.sary  before  he  could  do  anything  that  be 
should  be  appointed  a  receiver  of  the  Court.  Counsel  understood  that 
the  point  would  be  taken  that  this  being  a  statutory  undertaking  no 
receiver  could  be  appointed.  There  was  authority  against  that  propo- 
sition, though  no  doubt,  with  regard  to  a  company  having  statutory 
obligations,  creditors  could  not  obtain  a  manager. 

Mr.  Petkilsux,  K.C,  for  the  liquidator,  said  he  did  not  propose  to 
take  that  point.     His  case  was  that  a  locciver  was  unnecessary 

His  Lordship  .accordingly  appointed  the  official  receiver  to  be  re- 
ceiver in  the  debenture  holders'  action  until  further  order. 

British  AlumiDium  Co-  (Ltd.)— On  Tuesday  Mr.  Justice  Neville 
liid  before  him  petitions  presented  by  Dick,  Kerr  &  Co.  and  A.  Schon- 
lield  .^  Co.  for  the  winding  up  of  this  company. 

Mr.  Maiitklli,  K.C,  for  the  lirst  petitioners,  stated  that  they  were 
creditors  for  over  £1,000,  and  in  June  Inst  the  debenture  holders  com- 
menced an  action,  and  bad  obtained  the  appointment  of  a  receiver. 
There  was  evidence  that  the  company  was  now  doing  a  profitable  busi- 
ness, and  that  the  assets  largely  exceeded  the  amount  of  the  deben- 
tures. A  .scheme  of  reconstruction,  which  he  supposed  would  include 
|«yment  of  un.seeured  creditors,  was  in  preparation,  and  the  petition 
was  opposed  by  a  number  of  shareholders,  creditors  and  debenture 
holders.  He  suggested  that  boih  [jctitions should  stand  over  until  the 
second  f>etition  day  in  ne.\t  term. 

.Mr.  Yoi'.NijKU,  K.C,  said  the  company  had  iissets  to  the  amount  of 
£2,241,000  o<I(l,  but  owing  to  the  worls  taking  longer  to  perfect  than 
was  anticipated,  they  were  in  a  temporarily  embarrassed  position. 
The  comfiany  has  now  large  works  at  Loch  Leven.  It  was  anticipated 
that  the  company  would  be  a  very  great  success. 

All  piirties  assenting,  his  lord.-<hipdireeteil  the  petition  to  stand  over 
until  the  second  motion  dav  in  nexl  sittings. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 


APPOINTMENTS  VACANT  AND  FILLED. 

Applications  arc  invited  for  the  pi  silion  of  head  of  the  eleetrieal 
engineering  departmtnt  at  the  Tfchnical  College.  Sunderland. 
Salary  £250.  rising  to  £3fK)  per  annum  by  two  equal  annual  incre- 
ments. .Applications  to  the  sccn-tary.  .Mr.  T.  \V.  Bryers.  Kducation 
O.Tices,  l'),  John-street.  Sunderland,  by  Aug.  2.'{.     See  advertisement. 

Applications  are  invited  for  the  Professorship  of  Physics  in  the 
Royal  College  of  Science.  Dublin.  .Applications  by  Aug.  Ki  to  the 
.Secretary.  Department  of  .Agriculture  and  Technical  Instruction  for 
Ireland.  Upper  Mcrrion-strcet.  Dublin,  from  whom  further  in- 
formation. 

The  lectureship  in  electrical  engineering  at  University  College. 
Gj.lway,  is  vacant.     Salary  £120.     Applications  must  \x  sent  to  the 


EDUCATIONAL  NOTICES. 

University  of  Manchester.- .\  ((mikte  theoretical  and  pracliral 
training  is  given  at  this  University  to  students  preparing  for  the 
higher  j)ositions  in  the  electrical  engineering  profession.  This 
subject  may  bo  taken  as  part  of  the  courses  preparing  for  the  B.Se. 
degree  in  both  the  honours  classes  of  engineering  and  physics.  .\ 
special  course  has  also  been  arranged  extending  over  three  years  and 
preparing  for  the  certificate  in  electrical  engineering.  The  John 
Hopkinson  laboratories  and  dynamo  house  are  lifted  with  modern 
electrical  machinery  and  offer  excellent  facilities  for  educational  and 
re3?arch  work.  The  session  commences  on  Oct.  .'5.  Prospectuses 
from  the  Registrar. 

University  of  Birmingham, — The  full  course  in  engineering  rx 
tcnd-j  over  four  years  anil  students  who  inter  after  matriculation, 
and  who  jjass  the  examinations  at  the  end  if  each  year  will  be 
entitled  to  the  degree  of  B.Sc.  in  the  branch  of  engineering  to  which 
they  devote  themselves.  Some  particulars  i.f  the  instruction  given 
in  the  technical  engineering  classes,  engineering  laboratory,  &c., 
are  given  in  an  advertisement.  The  session.  19ti9-1910.  commences 
on  Oct.  4,  and  detailed  syllabus  with  full  particulars  of  University 
Regulatiims.  lecture  and  lahoratury  cc.urscs.  fees,  &c..  may  be 
obtaineil  from  I  he  Sicritary. 

City  and  Gtiilds  of  London  Institute.-  The  course  of  instruction  at 
the  Institute's  Central  Technical  College,  Exhibition-road,  are  for 
students  not  under  Hi  years  of  age,  and  those  at  the  Institute's 
Technical  College,  Leonard-street.  Finsbury,  are  for  students  not 
under  11  years  of  age.  The  entrance  examinations  to  both  colleges 
are  held  in  September,  and  the  entrances  commence  in  October. 
Particulars  of  the  entrance  cxaminatior,s,  .scholarships,  fees,  Ac. 
may  be  obtained  from  the  respective  colleges  or  the  head  offices  of 
the  Institute.  Grcshatn  College.  Basinghall-street,  Jjondon,  K.C. 

City  and  Guilds  of  London  Institute. — At  a  meeting  of  the  C(  mul 
on  Tuesday  it  was  resolved  to  award  the  diploma  of"  .Associate  (■!  the 
City  and  Guilds  of  London  Inslilute  "  lo  2S  malrieulatid  third  year 
students  of  the  Central  Technical  College  who  had  comiileted  a  full 
course  of  instruction  in  eleetrieal  engineering,  to  (io  stiulenls  in  civil 
and  mechanical  engineeriiiH  and  five  students  in  chemistry.  The 
Bramwell  medal  in  civil  engineering  was  awarded  to  Jlr.  T.  I''. 
P.caeliam.  and  Mr.  F.  H.  Pramwrll  ebtainid  the  Sii  mens  niiniorial 
medal  and  pri  miuni.  The  following  an  tin  i!:'.iu(  s  of  Ihr  studc  nis  in 
eli-etrica!  enginei  ring  :-  - 

F.  II.  Uriunwill,  A.  Hut(,  C.  Higgins,  H.  (Jrinsled.  M.  A.  Mack,  A. 
Schmidt.  C.  C.  Hawes.  S.  L.  Smilh,  S.  N.  C.  Whilehead.  1).  H.  Ibuii- 
niond.s,  E.  L.  Reiuert.  F.  P.  Swann,  W.  C.  MiCallnm.  T.  A.  F.  Dixi.n, 
.(.  Uollingworth.  H.  C.  Hannam-Clark.  L.  (i.  S.  Dodwell,  C.  II.  Slunc 
ham.  R.  \V.  Canning.  H.  C.  Higgs.  A.  J.  Anido.  A.  Weiss,  B.  A.  Turkhml, 
\V.  B.  Hurford.  ,1.  O.  Archer^  J.  R.  A.  Willey,  K.  H.  Bakombe  and 
J.  H.  P.  Bunhett. 

In  addition  to  the  above,  certificates  have  been  awarded  to  20  matri- 
culated third  year  students  who  have  completed  a  full  course  of  instruc- 
titin  at  the  Central  Technical  College  and  to  .'.fl  students  who  have  eom- 
pli'tod  a.  full  eoiMsi'  of  instniction  at  the  Technical  Ciillege,  Finsbury. 

University  College,  Nottingham. — The  instruction  in  the  engineer- 
ing department  of  this  college  includes  courses  in  mechanical  and 
electrieal  enginei  ring  for  the  B.Se.  degiee  and  mining  diphmia.  and 
ordinary  courses.  The  session  hi  gins  Oct.  4.  Prospectuses  may  be 
obtained  from  the  Registrar. 
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Heriot-Watt  College,  Edinburgh. — The  training  for  engineers  given 
at  tliis  C'ollej^e  riinsists  of  throe  years  in  the  Cdllege,  and  a  three 
years'  apprenticeshii)  on  the  "  sandwich  "  sj'stem  in  a  local  engineer- 
ing works.  The  eourse  in  mining  extends  over  two  years,  and  is 
reci)gnisf[l  by  the  Home  Office  as  equivalent  to  two  of  the  five  years 
undergrouiul  training  required  for  the  colliery  manager's  oertilieate. 
TliiTi^  are  also  complete  courses  of  in.struotion  (extending  over  four 
years)  for  students  preparing  for  the  fellowsliip  of  the  Institute  of 
t'lieniistry,  and  praelical  training  for  technical  chemists  in  the 
lal)orat()ries  of  the  CorjKirat ions'  gas  works.  'J'he  classes  arc  recog- 
nised by  the  University  of  ICdinburgh  as  qualifying  for  science 
degrees.  Particulars  of  fees.  Ijursary,  &c.,  from  the  prineijial.  Mr. 
.\.  I'.  Laurie,  .\1..V..  D.Se. 

Armstrong  College,  Newcastle-on-Tyne.— The  cession  1909-1910 
will  conmunee  on  Sept.  27.  Kuh  courses  of  in.struetion  arc  given  in 
the  department  of  mechanical,  marine,  civil  and  electrical  engineer- 
ing, naval  architecture,  mining,  metallurgy,  agriculture,  pure  science 
and  letters.  Particulars  may  be  obtained  from  the  secretary  (Mr. 
F.  H.  Pnicn.  M.A.).  Armstrong  ('(.llcgr,  Xcwcastle-on-Tyne. 

Northampton  Polytechnic  Institute.  London. — Fidl  day  courses  in 
the  theory  and  practice  of  mechanical  and  electrical  engineering  and 
electro-chemistry  will  commence  on  Oct.  4,  Entrance  examination 
Sept.  29  and  IH).  These  courses,  which  include  periods  spent  in 
commercial  workshops  and  extend  over  four  years,  also  ])repare  for 
the  degree  of  B.Sc.  in  engineering  at  the  Universit)'  of  London.  Fees 
£15  or  £11  per  annum.  Three  cnli^uicc  sih(ilar.ships  each  of  £.")2  will 
b?  olfered  for  competition  at  tlic  (  iiiiiinc    rxamination  in  tScptcniber. 

Full  and  part  time  day  cours  s  m  all  liranches  of  technical  optics 
are  given  in  specially  equipped  laboratories  and  lecture  rooms. 
Particulars  at  the  Institute.  Clerkenwcll.  London,  E.C.,  or  of  the 
Principal,  Dr,  R.  Mullineux  Walmsley. 


Acton. — The  Council  have  increased  the  charge  for  current  for 
lighting  from  4d.  to  6d.  per  unit. 

Alleged  Embezzlement. — At  Airdrie  on  Tuesday  Arthur  Delves,  late 
manager  of  the  Airdii-  &•  Coatbridge  Tramways,  was  charged  with 
embezzling  about  £201)  of  the  Companv's  money,  and  after  evidence 
had  bfen  taken,  w.as  committed  for  trial. 

Argentina. — The  "  Review  of  the  River  Plato  "  says  the  jirojcet 
of  Messrs.  Lacrozo  for  sup])lying  current  for  lighting  and  [lower  in 
Buenos  Ayres  has  been  favoural>ly  reported  upon  by  the  technical 
advisers  of  the  Muniei]iality. 

The  electric  lighting  contractors  at  Casilda  have  informed  the 
Municipality  that  unless  their  account  for  public  lighting  is  paid  the 
supjily  will  be  suspended.  The  Municipality  state  that  they  have 
no  fund". 

Australasia. — The  ''  Australian  Jlining  Standard  "'  states  that 
Mr.  Harold  C.  Lord,  hydraulic  engineer,  of  Latrobe,  has  reported  to 
the  Railton  (Tasmania)  Improvement  Association  on  the  contem- 
plated construction  of  an  electric  railway  to  connect  Railton  with 
Shetficld,  a  distance  of  8  mile". 

'Sir.  Lord  reports  that  it  would  be  ini]i;>ssible  to  get  the  necessiuy 
water  jiower  from  the  Minnow  river,  as  suggested,  but  that  it  could  be 
got  from  the  D.isher  Falls,  v.here  there  is  sufficient  power  to  supply 
!t5  n.i'.,  which  could  be  increased  by  building  a  dam,  for  which  materials 
can  be  found  on  the  spot.  He  recommends  the  \ise  of  a  single-)ihasc 
Ii'comotive  to  draw  50  tons  on  a  3  ft.  (i  in.  line  at  an  average  of  15  miles 
an  hour.  Assuming  that  30,000  tons  were  hauled  at  2s.  a  ton,  the  annual 
income  wrjuld  be  £3.001)  and  the  annual  expenses  £2,!IS0,  including  5  per 
cent,  on  the  ca|iital  expeniliture  of  £1.5,000.  At  the  request  of  the 
Agent-Oeneral  for  Tasmani.i  the  Brush  Co.  have  prepared  three  schemes 
for  ii  line  on  the  same  route  (1)  to  run  three  cars  each  way— four  ears 
per  hour,  and  to  use  two  100  kw,  steam  sets  with  Babcock  boilers  and 
one  stand-by  Imiler  and  steam  set  (total  cost  £11.000)  :  (2)  for  four  cars 
each  way-  eight  ears  per  hour,  and  with  two  150  kw,  sets  and  watertube 
boilers  (cost  £12„i00)  ;  and  (3)  for  six  cars  each  way— 12  per  hour,  with 
two  steam  sets  of  200  kw,  and  watertube  boilers  (cost  £14,000). 

The  .V.S.W.  Government  passed  an  Act  last  sc^si.ui  providing  for  the 
examination  of  and  granting  of  certificates  to  iiiiionL:  il'-  'ricians.  At 
the  tiist  examination,  which  took  jjlace  at  Neweasilr  (X.S.W.)  on  May  4 
and  5  and  at  v/hich  the  examinej-s  were  Mr.  W'm.  Coriu  (consulting  elec- 
trical engineer  to  the  Department  of  Mines  and  electrical  inspector  under 
the  Coal  .Mines  Act)  and  Messrs.  E,  (),  Sellars  and  A,  E.  Warhurton 
(mine  managers),  43  candidates  sat  and  IH  passed.  .-V  similar  examina- 
tiiai  was  held  at  Sydney  on  May  11  and  12.  I)ut  tlie  results  have  not  yet 
transpired. 

A  public  inspecti(m  recently  took  place  at  the  n\unicipal  elcitriiitv 
works  at  Newcastle  (N.S.W.), 'of  the  plant  which  has  been  conv.Ticd  by 
Messrs.  Noyes  Bros,  from  single  phase  to  three  phase  since  the  appoint- 
ment of  Mr.  Bry<lou  as  chief  enaineer  some  12  months  ago.  There  are 
now  400  H.p.  ofmotors  connected  (compared  with  .SO  h.p.  at  .lime,  1908) 
and  a  new  Babcock  boiler  of  320  h.p.  has  been  put  in  and  also  a  chain 


grate  stoker  and  superheater,  the  use  of  which  lias  resulted  in  h  saving 
of  27  per  cent,  in  the  ((msumption  of  fuel. 

The  receipts  of  tht^  St.  Kilda- Brighton  electrit  tramway  for  the  nine 
months  ended  March  last  were  £X,(>20  (against  £8,140  in  the  corre«pond- 
ing  period  of  1907-8). 

The  .Mayor  officially  started  the  plant  of  the  Denili(|uin  (X.S.W.) 
Electric  Lighting  &  Power  Co.  on  .May  1. 

A  conference  of  mining  inspectors,  presideil  over  by  the  Minister  of 
Mines  (the  Hon.  R.  .McKcn/.ie)  was  recently  helil  at  Wailii  (N'.Z.).  and. 
amongst  other  matters.  Ibc  conference  decided  that  the  Mining  Act 
should  ijc  brought  into  line  with  the  Coal  Mines  .\ct  in  regard  to  practical 
dec  tri(  ity  being  included  among  the  subject.s  set  for  the  examiiiatiiai  "if 
mine  managers  :  that  a  uruform  code  of  shaft  signals  in  mines  throu(;b- 
cMit  the  i)<iminion  be  arranged  ;  that  where  necessary  faiis  !«  pnivideil 
for  the  better  distribution  of  ventilating  currents  to  the  workinir  places 
in  mines;  that  shot-firing  in  gold  mines  by  electricity  be  compulsory; 
that  HI  gaseous  mines  the  use  of  permitted  cxjrlo.sivcs  only  shall  f)C 
enforced  and  that  they  shall  be  filed  by  electrical  apparatus  or  by  Bick- 
ford's  safely  fuses. 

The  Electrical  Traders'  &  Contractor.^'  Association  of  Victoria  was 
inaugurated,  at  a  meeting  of  20  of  the  leading  Victorian  electrical  fimifi 
nt  .\Iclbournc,  on  May  18.  Membership  is  limited  to  master  electrical 
trailers  and  electrical  contractors  and  man.aging  resident  representatives 
of  electrical  trading  or  cimtracting  firms  having  their  head  offices  outside 
Victoria.  The  entrance  fee  is  £1.  Is.  and  the  annual  subscription  £2.2-. 
Mr.  P.  Rosling  was  elected  president,  Mr.  C.  Newton  and  Mr.  .\.  C. 
Alirxk  vice-presidents,  Mr.  L.  G.  Hinwood  secretary,  and  Mr.  A.  T. 
Vickory  treasurer,  while  the  coinmittcc  arc  Messrs.  \V.  Cumming,  W. 
.Ashman.  H.  Rowe  and  G.  L.  Just. 

In  1908  the  quantity  of  coal  obtained  by  electric  coal  cutters  in  N,.S.\V. 
was  1,428,1110  tons,  compared  with  484.127  tons  by  compressed  air 
maihines.  The  annual  report  of  the  Mines  Department  states  that  of 
the  se^en  accidents  that  have  occurred  with  electric  coal  cutters  none 
were  primarily  due  to  electricitj',  and  that  they  might  all  have  oeeurred 
with  any  other  motive  power. 

The  Electric  Supply  Co.  of  Victoria  have  submitted  to  Bendigo  Council 
a  proposal  to  extend  their  tramways  to  White  Hills  within  12  months  or. 
if  this  is  found  to  be  too  expensive,  to  adopt  the  trackless  tr.>llcy  system 
f..r  this  (  Nteusion.  Bendigo  Council  favour  the  former  but  do  not 
approve  Ibc  latter  )iroposal. 

The  Political  Labour  League  at  Bendigo  recently  pas.sed  a  resolution 
that  in  their  opinion  the  City  Council  should  not  make  longer  contracts 
than  12  montlis  for  the  supply  of  electric  light  and  that  a  refer.-ndum  be 
taken  at  the  next  electiims  on  the  ipiestion  of  municipal  ownership. 

Eiiglehiiwk  (Victoria)  Council  recently  decided  to  invite  tenders  for 
lighting  the  liorough  elect lically. 

Zechan  (Tasniania)  ratcpayer.s,  at  a  meeting  held  recently,  decided  to 
borrow  £7,(»t)0,  of  which  £(i,000  is  required  for  extensions  of  plant  at  the 
municipal  electricity  works  and  £1,000  for  wiring  on  the  easy  payment 
system. 

The  \'ictorian  Premier  (Mr.  Murray)  on  May  20  fcu-mally  switched  on 
municipal  electricity  supiilv  at  Sunbury.  'I'bc  initial  cnpit^d  cost  of  the 
undertaking  was  £.")ltllM)  and  the  (oivcriiment  have  had  1.4(111  lamps  fitted 
in  the  local  asylum  for  which  current  is  taken  from  the  miu'icipal  su)«ply. 

Arrangements  are  in  hand  for  taking  another  niebiscile  of  the  rate- 
payers on  the  subject  of  the  construction  of  electric  tiamways  in  Laim- 
ceston  (Tasmania). 

Mr.  W.  N.  Kernot.  consultmg  engineer,  has  reported  to  the  Poowong 
and  .Jeetho  (Victoria)  Shire  Coimcilon  the  nine  tenders  received  for  the 
cipiipment  of  electricity  works  at  Korumburra,  but  his  recommendations 
have  not  yet  been  i.iblished.  The  lowest  tender  is  £1,8!10.  the  highest 
£3.17."),  and  the  total  cost  if  the  outlay  for  purchase  of  lands,  erection  of 
buildings,  poles.  &c..  be  added  to  the  amcauit  of  the  lowest  tender,  is 
cstim.ited  at  £2,  «X). 

Bacup.— The  Bacup  electric  tramway  2-;  miles  in  length  (of  which 
Hawtenslall  have  a  30  years'  lease)  is  opened  to-day  (Friday). 

Barnstaple. — The  workhouse  and  cottage  homes  are  to  be  wu-cd. 

Bath.— The  Rural  Council  have  decided  to  ask  the  Corporation  to 
take  a  transfer  of  the  Electric  Lighting  Order  for  the  Rural  District. 

Bedford.— The  L.G.  Board  have  called  the  attention  of  the  Elec- 
tricity committee  to  the  fact  that  the  last  loan  sanctioned  was  repay- 
able in  23  years,  but  the  usual  perit)d  for  loans  for  public  lighting  by 
electricity  "is  10  years,  and  therefore  the  Board  could  not  accept  the 
committee's  proposal  as  to  street  lighting,  submitted  to  the  Council 
on  May  19,  The  Council  decided  last  week  to  undertake  to  repay  in 
10  years  such  portion  of  the  loan  as  is  used  for  substituting  electric  for 
gas  lamps. 

Bray  (Ireland).— The  L.G.  Board  have  intimated  to  the  Council,  in 
regard  to  their  recent  application  for  sanction  to  a  loan  of  £2.l>0t»  for 
extensions  of  the  electricity  works,  that — 

.\s  regards  the  item  of  £1 .  102.  7s.  9<l.  for  recoupment  to  revenue  account 
of  cost  "of  extensions  defrayed  therefrom,  these  extensions  appeaivd  to 
have  been  carried  out  in  1004,  1!K)5  and  UHM!.  and  the  Board  could  itot 
now  with  propriety  saiution  a  loan  in  ivspcct  of  these  work.s.  W'lth 
regard  to  the  item  for  a  new  switcliboard.  the  Board  were  of  opmion  that 
the  cost  of  )iroviding  this  must  be  regarded  as  a  mauitenanee  charge, 
and  as  such  must  be  defrayed  out  of  revenue.     The  Board  were  prepared 
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til  sanction  a  loan  of  £1,00(1  for  gas  plant,  disconnecting  boxes  and  oon- 
tingeiicies. 

On  the  recommendation  of  the  Electricity  committee  it  has  been 
decided  to  communicate  with  the  Hoard  in  regard  to  the  rejected  items. 

British  Medical  Association  Exhibition.  Belfast.—This  annual 
oxiiibilion  is  being  held  at  Belfast,  ami  aiiiungst  a  number  of  novelties 
is  a  striking  exhibit  of  XIes.srs.  Siemens  Bros.  &  Co.  In  the  X-Ray 
de])artment  this  firm  is  siiecialising.  and  have  a  large  variety  of 
instruments  and  apparatus  on  show.  The  exhibit  inehldes  a  new 
Siemens  X-ray  outfit  with  rotary  high  tension  rectifier,  comprising 
n  sjK-cial  transformer  with  sub-divided  primary,  which  is  connected 
direct  to  an  alternating-current  sup|)ly. 

The  alteniating  current  is  stepjx-d  up  to  the  pressure  necessary  for  the 
tube,  and  is  then  commuted  by  means  of  a  rectifier,  which  is  rotated 
by  a  self-starting  synchronous  alternating-current  motor,  also  connected 
direct  to  the  mains.  Where  only  a  continuous-current  supply  is  avail- 
able, a  rotarj'  converter  is  connected  to  the  mains  ;  this  generates 
alternating  current  and  also  rotates  the  rectifier.  Tlie  chief  advantages 
of  this  system  are  that  invei-se  radiation  is  entirely  elimuiated  and  the 
]ilant  provides  n  large  reserve  of  energy,  suitable  for  instantaneous 
radiography. 

Messrs.  Siemens  are  also  showing  one  of  their  new  "  G.P."  X-ray  outfits, 
which  has  been  designed  to  bring  the  price  of  such  apparatus  within  the 
means  of  the  general  practiticmer  whilst  the  workmanship  and  material 
are  very  high  class.  The  (uitfit  consists  of  a  Hi  in.  spark  induction  coil, 
spark  gauge,  switch  table  and  Wehnelt  intemiptcr.  All  the  apparatus 
is  moimted  on  a  protective  screen  lined  with  lead  and  provided  with  a 
lead  glass  window. 

There  is  also  shown  the  so-called  universal  and  safety  protective  tube 
stand,  a  general  utility  apparatus  for  holding  the  patient  securely  in  the 
standing  or  sifting  position,  and  protecting  him  and  the  radiogra])hcr 
from  the  harmful  effects  of  X-rays,  and  permitting  free  movement  of  the 
fluorescent  screen  or  dark  slide  in  any  direction  in  relation  to  the  patient. 

Another  electrical  novelty  is  the  clinical  temperature  recorder  outfit, 
com])rising  a  platin\im  spiral  in  a  quartz  glass  tube,  knowTi  as  the  *'  re- 
sistance thermometer."  which  is  inserted  into  a  suitable  part  of  the  human 
body,  a  4  volt  accumulator  battery,  a  regulating  apparatus,  and  a  re- 
cording milli-voltmeter  of  the  well-known  Siemens  type,  as  used  for 
thermo-electrical  measurements,  &e.  This  instrument  is  supplied  either 
with  suspended  or  pivoted  moving  coil,  and  both  patterns  can  be  pro- 
vided with  slow  or  quick  recording  device.  The  charts  are  graduated 
longitudinally  into  units  of  time  and  transversely  into  degrees  of  tem- 
])erature  from  about  5°F.  to  115°F.  With  this  apparatus  investigations 
can  be  made  over  periods  of  several  days,  and  continuous  cuives  obtained 
in  order  tfi  demonstrate  the  progress  of  pathological  cases  and  the  effects 
of  the  administration  of  drugs,  &e. 

Chili. — A  special  committee  appointed  by  the  Government  have 
recently  prepared  a  report  on  the  question  of  the  electrification  of 
the  railway  from  Santiago  to  Valparaiso. 

Derby. — An  unoppo.sed  L.G.  Board  inquiry  was  held  on  Tuesday 
into  the  application  of  the  Corporation  for  permission  to  borrow 
£7,3(tO  for  extensions  of  the  electricity  supply  undertaking.  The 
Town  Clerk  said  the  proposed  extension  was  chiefly  for  power,  and 
they  had  orders  for  current  for  600  h,p. 

The  borough  electrical  engineer  (Mr.  T.  P.  Wii.mshurst)  also  gave 
technical  evidence  and  said  the  current  sold  last  year  was  637,000  units 
in  excess  of  the  previous  year.     There  was  no  opposition. 

Edinburgh, — At  the  meeting  of  the  Electric  Lighting  committee 
on  Tuesday  it  was  report<  d  that  this  year's  surplus  on  the  electricity 
imdertaking  was  £2.071.  16s.  4d.  .Mr.  A.  A.  Murray  moved  that  the 
surplus  be  applied  towards  the  redemption  of  the  capital  delit  on  the 
undertaking,  while  .Mr.  Lyon,  secimded  by  ,\lr.  Rawson,  moved  that 
it  be  applied  towards  the  relief  of  the  rates.  By  seven  votes  to  six. 
Mr.  Lyon's  motion  was  carried.  It  was  agreed  to  recommend  that 
the  rat<-  of  charge  for  lighting  be  allowed  to  remain  unaltered. 

Electrically  Operated  Bridge.— The  new  brirlge  across  the  Esk  at 
Whitby,  which  lias  been  built  by  .Messrs.  Heenan  &  Froude,  and  the 
70  ft.  opening  span  of  which  is  operated  by  electric  motors,  will  be 
formally  opened  to-morrow  by  the  Hon.  Ocrvase  Beckett,  M.P. 
for  Whitby. 

Electrolytic  Disinfectant.— The  annual  report  of  Dr.  F.  W.  Alex- 
ander, medical  officer  of  licalth  of  Poplar,  London,  states  that  the 
cost  of  repairs,  renewals  and  improvements  of  the  plant  established 
by  him  for  the  producti(m  of  electrolytic  disinfectant  has  been  under 
£4">  during  the  year  1908. 

The  quantity  of  the  disinfectant  manufactured  during  the  year  was 
28.280  gallons,  the  total  cost  of  materials  being  £.56.  2s.  M.,  including 

Sir  CHARLES  TILSTON  BRIGHT. 

It  will  interest  our  nadirs  to  know  that  we  have  some  reproduc- 
tions on  sale  at  Is.  each,  of  the  portrait  of  the  lat^  Sir  Charles  Bright 
(when  knighteel  at  the  age  of  20).  This  forms  th<-  frontispieee  to  the 
recently-issued  abridged  biography  of  the  distinguished  engineer. 
We  would  add  that  the  portrait  is  mounted  .so  as  to  be  conformable  as 
to  size  with  "  The  Electrician  "  series  of  .steel  plate  jjortraits.  and  is 
well  suited  for  framing  with  the  series. 


£10.  9s.  3d.  for  chloride  of  mairnesium.  £9.  18s.  for  salt.  £.">.  !7s.  4d.  for 
caustic  soda.  £1.  10s.  for  water  and  £28.  7s.  10s.  for  4,.")43  units  of  dec. 
tricity  (at  Ud.  iicr  unit).  Wages  were  about  the  same  as  in  1907, 
although  an  additional  depot  was  open,  and  imhide  one  man  manufac- 
turing (at  3.'is.  per  week),  one  man  at  32s..  ami  two  nu'U  at  30s.  each, 
distributing  the  lluid.  The  public  licallh  ilcpartmciil  has  purchased  no 
disinfectants  for  the  last  three  years,  but  in  lHliri  (previous  to  the  installa- 
tion of  the  electrolytic  disinfectant  plant)  it  paid  £S5(i.  Is.  9d.  for  disin- 
fectants, bottles,  labels,  &c.,  and  wages. 

Dr.  Klein,  the  eminent  bacteriologist,  hivs  tested  the  preparation,  anil 
states  that  1  oz.  of  the  tluid  to  1.50  oz.  of  water  (nearly  one  gallon)  will 
kill  the  cholera  or  ty|>hoid  fever  germs  in  2.1  minutes.  The  germ  ol 
plague  woidil  In-  killed  by  a  more  largely  diluted  solution. 

Epsom. — .\n  electrical  exhibition  is  to  be  held  during  the  auluuui. 

Greenock. — Tiie  Law  and  Fin-mce  committee  have  agreed  lo 
dispcn.se  with  a  condition  ])roposed  on  behalf  of  the  Corporation 
for  insertion  in  the  agreement  for  the  supply  of  current  to  the 
.\dmiralty's  new  lorjiedo  factory  that  a  niiniiuum  payment  of  £20 
per  month  be  made  from  a  specified  date,  jirovidcd  the  Admiralty 
give  four  months'  notice  of  the  date  on  which  they  will  commence  to 
take  the  su))ply. 

Hampstead  (London). — .^n  electrical  exhiliition  is  to  be  held  in  the 
autumn. 

94  incandescent  gas  lamps  are  lo  be  converted  into  ineandcicint 
electric  lanijis.     The  estimated  saving  is  put  at  4s.  6d.  per  lamp. 

Handsworth. — The  tramways  committee  on  Wednesday  reeom- 
mendcil  the  Council  to  coui]ilcte  the  pur<'hasc  of  the  jiortion  of  the 
City  of  Birmingham  Tramway  Co.'s  imdertaking  in  Handsworth 
for  £72.174,  in  accordance  with  the  award  of  tlie  arbitrator.  Mr.  H. 
CJraham  Harris. 

Heckmondwike, — St,  Saviour's  Church  is  to  be  wired. 

India. — The  "  Indian  and  l'2astcrn  Engineer  ''  says  Mussoorie  was 
lighted  electrically  for  the  first  time  on  May  31. 

Mr.  ¥.  B.  Rylands,  the  Ceylon  Government  electrical  engineer, 
has  prepared  a  scheme  for  the  electric  lighting  of  Ntiwara  Eliya. 

Till-  <  J(i\  1  I  iiMunt  of  Travancorc  continiplate  the  construction  of  a 
trann\:i\  U.  iwem  Kottayani  aiul  .Munilakayara  ;  the  latter  is  likely 
to  liiii.inc  line  of  tlie  eliief  ]ilaiitinL'  cciitics  in  Travancorc. 

Experiments  are  being  made  on  the  Kalka-Simla  road  with  Mr. 
Louis  Brennan's  mono-rail  system  of  electric  traction. 

The  Bombay,  Baroda  &  Central  India  Railway  Co.  have  engaged 
an  assistant  electrical  engineer  who  will  be  stationed  at  Uulsar  and 
the  company's  chief  electrical  engineer,  Mr.  R.  K.  I'igott,  will  con- 
tinue to  reside  at  Bombay. 

Institute  of  Chemistry. — The  pass  list  of  the  .Jun(--July  cxaniina- 
tions  has  been  issued. 

Of  29  candidates  who  presented  themselves  for  the  intermediate  ex- 
amination, the  following  17  passed  :  W.  Caw,  A.  P.  Clark,  R.  L.  Collctl, 
B.A.,  W.  Dickson,  S.  Elliott,  R.  H.  Ellis,  N.  Ever.s,  J.  E.  Hackford,  A.  D. 
Hey  wood,  F.  E.  Laughton,  J.  R.  Nicholls,  W.  M.  Paullev,  B.A.,  d.  C. 
Petrie,  E.  F.  Pollock,  S.  Robertson,  T.  Schwarz  and  J.  A.  L.  Sutcliffe. 
One  candidate  presented  himself  for  a  general  examination  for  the 
associateshi|i  and  passed  :    L.  Knight,  A.R.S.M. 

Six  candidates  presented  themselves  fm'  the  final  associateship  ex- 
amination in  the  Inaiieli  of  mineral  chemistry  and  four  passed:  H.  '-. 
Allen.  B.Se..  R.  H.  Fiudlater,  R.  Gawler.  B.Sc.  and  G.  A.  Smiley,  B.Sc. 
In  the  liraiuli  of  inctalliirgical  chemistry,  of  five  examined,  three  passed  : 
A.  JIarcan,  A.  :«arks,  A.R.C.Sc.  and  A.  W.  Schultz,  A.C.G.L  Of  .seven 
candidates  who  ])re.scnted  themselves  in  the  branch  of  organic  chemistry 
the  following  three  jiassed :  R.  Boyd,  B.Sc,  C.  S.  Garland,  B.Scl, 
A.R.C.Sc.  and  J.  Voung.  In  the  examin.it ion  in  the  chemistry  of  food 
and  drugs  and  of  water,  of  nine  who  ])rcseiited  themselves  five  passed  : 
F.  S.  Aumonier,  W.  G.  Carey.  R.  D.  (larty.  .\.i;.C.Se.l.,  T.  R.  Greenough, 
K.A.  and  C.  E.  Sa<;c.  One  of  the  candidales.  C.  E.  Sage,  w.as  examined 
for  the  fcllowsllip. 

Ironmongery  and  Hardware  Trades'  Exhibition.— The  eighth 
annual  Ironmongery  and  Hardware  Trades'  Exhibition  is  now  being 
held  at  the  Agricultural  Hall,  Islington.  London,  Among  the 
exhibits  there  is  very  little  of  electrical  interest,  though  one  or  two 
items  will  jiossibly  a])peal  to  our  readers. 

For  instance,  we  may  mention  the  exhibit  of  Messrs.  John  Russiii.i. 
&  Co.,  who  are  showing  numerous  wrought  iron  and  steel  tube  fittings, 
some  of  which  have  been  galvanised  by  a  special  process  which  we  hope 
to  describe  in  more  detail  at  a  later  date.  A  number  of  very  artistic 
electric  light  fittings  .irc  also  on  view  carrying  "JIaxim"  metal  filament 
lam|is.  Another  interesting  piece  of  apparatus  on  this  stand  is  the 
Talbot  |iatcnt  tappiiu;  machine  for  tapping  water  and  gas  mains  under 
pressure,  which  should  appeal  to  all  who  have  anything  to  do  with  this 
kind  of  work. 

The  Harquin  Pknd.\nt  Co.  arc  showing  a  patent  electric  pciid.int 
and  ab.sorber  which  contains  no  sliding  contacts  and  no  weights.  The 
fiexible  is  taken  up  by  means  of  a  spring  drum.  It  is  claimed  for  this 
fitting  that  it  can  be  easily  adjusted  for  anj'  reasonable  weight  and  will 
stay  in  the  jiosition  in  which  it  is  lirst  jilaced.     There  arc  no  rubbing 
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cnnnpotioni.  "o  thai  all  chiincc  of  leakni^p.  it  is  claimed,  are  done  away 
with.     Tn  our  opinion,  more  should  be  heard  of  this  device. 

The  Ai.riANY  Encinreuim!  Co.  an^  showing  examples  of  then-  iiatcnt 
'•  Blizzard"  piop,.ll.T.  whi.h  is  s|„.rially  adapted  f..r  el.Ttrir-ally-driven 
fans.  .\  niiniliiT  i.l  siii.ill  din-il  iiinvn'l  nioli.rs  aic  als.,  sliowri  on  lliis 
stand. 

Italy. — Tho  "  Bolletiiio  Finanzo,  Forrovie  cd  Industrie"  (Rome), 
gtit«3  that  the  Italian  (lovornment  have  granted  a  concession  to  the 
C  immniv-  of  Clusone,  and  to  Sijjnor  I'.  Fogaccia  for  the  oonslruetion 
of  an  el"ftrio  railway  from  I'ontc  Nossa  to  Clusone. 

Launceston. — Messrs.  Foote  &  Milne  have  notified  their  intention 
of  apijlying  for  a  provisional  electric  lighting  order.  The  Electric 
Supply  C'ori)n.  obtained  an  order  for  the  district  some  years  ago. 

Light  Railways.— The  Board  of  Trade  have  confirmed  the  Lam- 

peler.  Aliraynin  and  New  (^lay  Lisilit  Railw.ay  (Anienclnient) 
Order  and  llu-  Ciainty  of  Middlesex  Light  Railways  (E.xtension  of 
TiiUL-)()rd.  r. 

London   County   Council. — At   the   meeting  of   the   Council   on 

Tuesday  the  fnllo«in'_'  Inisiness  was  transacted  : — 

Xiw  Triiiinrai/.-i  —All  islimatr  of  tiillO  was  approved  for  the  construc- 
tion of  a  junction  line  at  .Stivatliani  High-road  and  an  additional  estimate 
of  £1,,520  for  the  construction  of  the  Dulwich  Library  to  Forest  Hill 
tramways. 

HitiJtgak  Hill  Trnmwnys. — The  [Ilisrhways  committee  recommended 
that,  subject  to  Parliament  conlirminfr  the  provisiunal  agieemcnt  with 
Hornscy  Corporation  and  the  Higligate  Hill  'I'ramv.ays  (Ltd.)  in  ies|iect 
of  the  purchase  of  the  undcrtakin!»  of  the  company  expenditure  on  capital 
account  to  the  extent  of  £lS,l»2(t  he  authorised  for  the  reconstruction  of 
the  Hifilioate  Hill  cable  tramways.— /^..v//wH((/. 

Wonlwieh  Trannray-^. — .-V  recommendation  to  extend  the  Beresford- 
square  and  High-street,  Woolwich,  tramways  at  an  estimated  cost  of 
£o,3i50  was  adjourned. 

Prirliaminlfiry  I'rojmsids  for  New  Trumwayn. — The  Highways  com- 
mittee submitted  proposals  for  obtaining  Parliamentary  sanction  for 
2;i  miles  odd  of  tr.iniways  in  various  parts  of  l.caidon  at  an  estimated 
cost  of  fUT.ttSO.  The  longest  tramway  proposed  is  from  Chalk  Farm  to 
Childs  Hill,  abiait  '■>}.  miles.      The  propusal  will  be  discussed  next  week. 

London  County  Council  Tramways. — At  Tuesday's  meeting  the 
Highways  committee  siihmitted  the  accounts  of  the  tramways  de- 
p.irtment  for  the  yoar  ended  March  3L 

On  Utarch  ,31  the  tramways  system  extended  over  a  total  length  of 
127|  street  miles,  being  S,")i;  miles  of  electric  lines  and  42  miles  of  horse 
lines.  The  whole  of  tlic  system  is  worked  by  the  Council,  with  the 
exception  of  J  mile  (double  line)  in  Archw.ay-road  (worked  by  the  Metro- 
politan Electric  Tramways)  and  about  |  mile  (double  and  single  lines) 
in  Lea  Bridge-road  (worked  by  Leyton  Urban  Co\uicil).  The  capital 
expenditure  up  to  JIarch  ."51  amounted  to  £9,483,56L  18s.  Id.,  of  which 
£L0(i8,971.  2s.  2d.  represents  expenditure  during  1908-9.  The  total 
debt  [repaid  amounted  to  £1,074.34.'5.  4s.  lid.  out  of  revenue,  and 
£282,519.  12s.  8d.  from  the  proceeds  of  sales  of  horses  and  old  materials. 
&c.  The  debt  outstanding  was  £8,126,697,  or,  deducting  £83,.558  for 
value  of  surplus  land,  £8,043,139.  The  Council  decided  on  June  23, 
1903,  to  repay  the  debt  (estimated  at  about  £960,000)  on  the  capital 
which  will  be  ohsolcte  at  March  31,  1914,  owing  to  the  electrification  of 
horse  tramways,  within  lij  years  from  that  date.  The  amount  of  obsolete 
capital  (less  proceeds  of  sales)  on  March  31,  1909,  was  £1.344,093.  17s.  3d. 
Deducting  the  debt  in  respect  of  such  ca]iital  re)iaid  out  of  revenue 
(£302,1)37.  13s.  5d.),  the  outstanding  debt  is  £1,041,456.  3s.  lOd.  The 
total  receipts  during  the  yeir  and  the  workina  expenses  were  as  follows  : — 
Electric  traction.   Horse  traction.  Total. 

Total  receipts  £1.572.251     8     7  £275,199     1     7  £1,847,450  10     2 

Working  expenses...      896.286     4     7     30,5,402     0     2     1,201,688     4     9 

Surplus  £675.965     4     0     £;)0,202   IS     7      £64.5.702     5     5 

The  debt  charges  aiv  : —  (deliciency) 

Interest   (gross)...  £268,132  11     4 
R  e ))  a  y  m  e  n  t  of 

capital 254,968     6     0  £.523.10tl   17     4 

Ineome-tax 7,593     7     5 

Annual  payment  to  London  Street 

Tramways  Co 7,078    17     6 

Parliamentary  expenses     1.463   19   10 

Deficiency     on      Drake  -  buildings 

(rehousing) 160     (I      1 

£.539,397     2     2 
■tfs,'— Net  interest  on  cash  balance,  &c.      1,205     3   11      £.5.38,191    18     3 


Leaving  balance    £107..57O     7     2 

The  Council  decided  in  .June,  1908.  that  i)r.)vision  should  be  made  for 
renewals  at  the  rate  of  ;d.  jicr  car-mile  on  the  total  car-mileage  run  on 
the  electric  tramways  each  year  ;  and  that  the  (pieslion  of  the  adcipiaey 
or  otherwise  of  this  provision  should  be  again  considered  at  the  ex|iira- 
tion  of  five  years.  Provisinn  for  1908-9  at  this  rate,  aniounting  to 
£88,785,  has  been  made,  and  the  balance  (£18,785)  has  been  transferred 
to  the  renewals  fund  towards  ticHcieneies  for  past  years.  Had  ]>rovision 
on  the  present  approved  basis  been  made  in  each  of  the  years  of  electrical 
working  the  fund  would,  with  interest  accumulations,  have  amounted  at 


March  31.  )!(09.  to  £285.632  (after  taking  expenditure  into  account), 
compared  with  £264,837  on  the  fund  at  that  dale.  The  general  reserve 
fund  now  amounts  to  £35,270. 

The  total  operating  ex|)enKes  for  electric  traction  were  £H9ii,286.  4s.  7d. 
(including  £4,999.  2s.  2d.  for  special  charges),  or  .JTJ.I.  a  car-mile  run, 
coniimred  with  b-79d.  a  car-mile  in  I9I)7-S.  Thr-  t.ilal  working  ex|M>nses 
in  connection  with  horse  traction  amounted  to  £30.5.402.  (»«.  2d..  <ir 
10-24d.  a  car-mile  run.  CVmsiderable  loss  was  suHtained  durin"  the 
reconstruction  of  horse  lines  to  electric  traction.  The  system  in  opera- 
tion on  April  I,  1908,  included  about  fi8  miles  of  plcelric" tramways  and 
during  the  year  a  further  length  of  about  17  miles  was  (,pcned,  making  a 
total  of  about  85  miles.  The  total  nninber  of  passengers  carried  and  the 
car-miles  run  during  the  year  v.erc  : — 

Klectric  traction.  Horse  traction.         Total. 

Number  of  passengers 344,705,937 68,207,904 ♦12,913,841 

Number  of  car  miles  run...       31,962,784 7,15fi,(i.S8 39!ll9!472 

Of  the  total  )iassengers  24-22  per  cent,  were  caiTied  at  .Jd.  fares,  48-04 
per  cent,  at  Id.,  9-29  per  cent,  at  lid.,  9-89  per  cent,  at  2d..  1-49  |)er 
cent,  at  2id.,  215  per  cent,  at  3d..  017  per  cent,  at  3{d.  and  0-04  ]kt 
cent,  at  4d.  The  number  of  exchange  tickets  issued  amounted  to  4-71 
per  rent.  The  average  fare  per  passenger  on  electric  traction  was  l-07d.. 
against  I-OSd.  in  1907-8,  and  on  horse  traction  0-93d.  against  0-9(id..  in 
1907-8.  The  average  fare  per  passenger  on  the  whole  sy.stem  was  l-t.5d., 
the  same  as  in  1907-8. 

Long-distance  Telephony,— It  is  announced  that  the  Postmastcrs- 
Ccneral  of  Sjiaiii  and  l-'ranec  have  signed  an  agreement  providing 
direct  tek phonic  communication  between  the  two  countries.  Four 
new  circuits  are  to  be  laid,  Bordcaux-.Madrid,  Cettc-Barcclona. 
Bayonne-San  Sebastian,  and  I'erpignan-fierona,  F,ach  of  tlie=e 
four  systems  will  be  in  direct  connection  with  the  whole  fif  the  tele- 
phone .systems  of  both  France  and  Spain, 

Marriage. — Mr.  Geo.  Gregory,  late  of  the  tienc ral  Electri  •  Co.,  and 
now  of  the  Electric  Battery  Co.,  was  married  at  St.  .Andrew's  Chiirch, 
Stoke  Newington,  London,  on  Saturday  to  .Miss  Olive  Hawcs. 

Morecambe. — The  Council  (which  takes  over  the  Irjcal  company'-s 
tramways  on  .Monday  next)  decided  on  Monday  to  apply  for  a  loan 
of  £9,000  fur  tramway  purposes.  A  recommendation  of  the  Tr.ini- 
ways committee  to  apjioint  ex-.Alderman  Carleton  as  manager  was 
rejected. 

Obituary. — We  regret  to  announce  the  death  of  Jlr.  John  Brails- 
ford  Bright,  eldest  son  of  the  late  Sir  Charles  Tilston  Bright.  Deceased. 
who  was  55  years  of  age,  was  a  Barrister-at-Law. 

Sheffield. — Mr.  H.  Ro.ss  Hooper  held  a  Local  Government  Br.ard 
inquiry  on  Wednesday  into  the  application  of  the  Cjrporation  for 
permission  to  borrow  money  for  various  jnirposes. 

Amongst  other  sums  £56,000  was  rccjuired  for  the  electricity  dep.art- 
ment  ( £45,000  for  mains,  distributors,  &c.,  £7,030  for  substations,  and 
f6,00()  for  services)  for  use  as  a  suspense  .-xccount  to  meet  work  needed 
from  time  to  time,  and  also  £1,3(30  for  the  provision  of  electricity 
supply  for  Tinsley.  On  a  portion  of  the  inciuir3'  which  related  to 
another  sum  (for  street  works)  it  was  stated  that  the  work  was  being 
done  by  the  ordinary  Corporation  workmen,  and  the  ins|)ector 
having  stated  that  it  w-as  a  rule  of  the  L.G.  Board  not  to  grant 
loans  for  work  done  in  that  way,  the  town  clerk  (Mr.  R.  M. 
Prescott)  said  he  thought  the  time  had  arrived  when  the  ques- 
tion might  be  raised  whether  it  was  fair  to  ask  the  Corpora- 
tion to  deal  with  expenditure  in  that  way.  With  regard  to  the 
£56,0C0  required  for  the  purposes  of  the  electricitj-  undertaking,  Mr. 
Prescott  said  the  demand  for  electricity  was  increasing,  and,  to 
compete  with  the  gas  conipan}-,  whose  charges  -n-ere  the  lowest 
in  the  country  (from  Is.  to  Is.  4d,  per  1,000  ft.),  the  department 
must  be  able  to  deal  promptly  with  the  demands  made  upon  them. 
With  regaril  to  the  supply  to  Tinslej",  the  Corporation  would  apply 
for  a  provisional  order,  and  they  wanted  the  L.ti.  Board  to  say  they 
could  negoti-ite  the  loan  when  they  got  the  ortler.  Messrs.  Edgar 
.\lleii  &  Co,  were  prepared  to  take  a  supply  from  the  Corporation  if 
it  could  be  provided  at  once,  but  if  not  they  would  lay  down  their 
own  plant. 

The  iNSPECTon  said  the  Board  could  not  entertain  the  application 
until  the  Corporation  got  their  parliamentary  powers,  but  they  might, 
under  these  special  circumstances,  do  the  work  out  of  revenue  and 
then  apply  for  the  loan, 

Mr.  I'uEscoTT  thanked  the  Inspector  for  the  hint. 

Southampton. — .\  sub-committoe  is  to  report  on  a  communication 
from  the  electrical  engineer  (Mr.  H,  F,  Street)  on  the  question  of 
obtaining  powers  to  carry  on  free  or  assisted  wiring. 

The  Parliamentary  connnittee  is  considering  the  advisj»bility  of 
reconstructing  certain  portions  of  the  existing  train  lines  at  an  esti- 
mated cost  of£"2.(i80.  ami  the  committee  is  also  to  consider  a  pro- 
posal to  extend  the  Shirley  line  to  .-Vnglesey-road  at  a  cost  of  .€.520, 

Southend.  -Sanction  to  a  loan  of  £13,715  for  extensions  of  the 
electricity  works  has  been  applied  for  by  the  Council. 

Stretford. — Mr.  T.  L.  Miller  has  been  re-appoint  h1  consulting  engi- 
neer to  the  electricity  umlirlaking  for  one  year  froni  Nov.  1  la.st,  at  a 
fee  of  2.5  guineas,  .\n  adilitional  CO;  recoider  is  to  Ik-  purchased  at 
a  ccst  of  £43, 
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Tiie  Thwaite  Fund. — We  arc  pleased  to  learn  that  tlie  committee  of 
tin  V:  H.  'I  liwaiic  tiiiul  his  now  received  front  Mr.  Carnciric  a  chc<iue 
fur  his  ir<n<  rolls  coiitrihiition  of  1T)0(). 

The  eonditiims  attached  to  Jlr.  Cariiefrie's  otier — namely,  that  a 
further  £.">tM)  shmdd  Ik-  forthenniinsr  from  subscriptions  from  those  who 
recognised  the  value  tif  the  services  reiulered  to  certain  depart  incuts  of 
siionec  and  industry  hy  the  late  Mr.  Thwaite — have  not  been  complied 
with  up  to  the  hilt,  as  the  subscriiitions  did  not  reach  a  quite  ct|uai  sum. 
but  Mr.  Carnegie  was  doubtless  inHuenced  in  liis  decision  by  the  success- 
fid  elTort.s  of  tlie  Committee  in  reffard  to  Mr.  Thwaite's  son.  who  has  been 
elected  to  the  Yorkshire  Society  School,  and  we  imderstMnd  that  arrange- 
ments are  in  progress  for  placing  Mr.  Thwaite"s  daughter  in  a  suitable 
school.  The  eonimiltee  desire  to  express  their  gratitude  to  Mr.  Carnegie 
for  his  generosity  and  kind  consideration,  to  all  who  by  their  subscrip- 
tions have  helped  to  make  np  the  reiiuircd  sum.  and  to  those  who  have 
so  substantially  assisted  by  placUig  the  deceased  genllcman's  son  in 
the  above  school. 

Watford. — -\n  eslimale  !ia.s  been  pjvssed  for  £;{7.!)90  for  the  con- 
struction of  a  tramway  at  Watford  from  the  terminus  at  Callowland 
via  St.  All)an".s-road.  Station-road.  Woodford-road,  and  High-street, 
to  London-road  near  the  scheduled  site  for  a  generating  station.  The 
Aletropolitan  Electric  Tramways  is  to  take  a  lease  for  i2  years  of  the 
line  on  similar  terms  to  those  on  which  the  Barnct  tramway  is  leased 
(a  fixed  rent  of  o  |)er  cent,  per  annum  upon  the  capital  outlay). 

West  Ham. — The  Education  committee  are  to  obtain  tenders  fur 
■wiring  the  .Xbbcy  School,  at  a  cost  of  i'STiJ. 

Widaes. — -V  committee  will  consider  the  question  of  carrying  out 
the  Councils  provisional  order,  1901,  as  Messrs.  G.  H.  Cox  and  H.  J. 
Falk  notify  that  they  will  aiijjly  for  an  order. 

Wireless  Telegraph  Note. — It  is  announced  that  the  wii-eless  land 
.station;  on  the  .Australian  coast  recently  tendered  for  are  not  likel}^ 
to  bs-  established  for  at  least  another  year.  It  is  iirobabic  that  the 
localities  clios'  n  for  the  stations  w  ill  be  Ercmantlc,  Kangaroo  Island, 
and  points  b.;'tween  .Adelaide  and  .Melbourne,  .Melbourne  and  Sydney. 
and  Sydney  and  lirisbane.  with.  i)ossibly.  a  further  station  at  Thurs- 
day Island. 

Wireless  Teleg.-aphy  in  France. — The  "  Elektroteehnisclicr  ZMt- 
sciirift"  states  that  (he  French  military  authorities  have  recently 
o  innected  E.iinal  and  Grenoble,  tli:-  headquarters  of  the  South  and 
Diup'iine  distri:;;?  of  th''  Fr.^nch  army,  with  Lyons  by  me.ins  of 
wireles?  telegraphy.  Tuc  stations  at  L\'ons  and  Grenoble  are  oiit- 
.side  the  town,  but  arc  eonncctod  with  the  military  offices  in  the 
town  by  means  of  telephones  and  both  electrical  and  optical  tele- 
graph?. These  stations  can  also  communicate  with  the  Eiffel 
Tower  station  in  Paris,  while  Lyons  can  "ring  up"  the  stations  at 
Marseilles,  Toulon  and  Bordeaux. 

Wolverhampton. — The  Council  have  decided  to  ap])ly  for  sanction 
to  a  Inn  of  l'|().(mi)  for  extensions  of  mains. 

Worcester. — Tw.  Ive  additional  arc  lamps  and  o7  Osram  lamps,  to 
r.?|ilice  73  g.is  lanij)?.  arc  to  b  -  provided  at  a  cost  of  £4S0.  The  cindlc- 
pnw  r  will  b-  increased  from  U..500  to  13..'i(l(),  and  tlic  annual  chari;e 
will  b    £2V»  ag.iinsi  £229  for  gas. 

Zeehan  (Tasmania). — The  capital  expenditure  of  the  miniicipal 
electricity  supply  department  includes  £."{..">(t()  paid  to  the  Zeehan 
Electric  Light  &  I'owxr  C.i.  in  19(Mi  for  their  plant  and  f-l.tlOO  .spent 
in  th'-  following  (wo  year.s.  The  consumers  now  number  KiC  com- 
pared with  77  in  I9()(>.  In  .April  last  there  were  .1.200  (equivalent) 
8e.p.  lamps  connected  (compared  with  2.33.")  in  1900).  the  units 
supplied  in  tin  last  completed  year  were  03.()(K)  (against  3.S0O  in 
10!»(i).  Tlie  price  of  current  for  lighting  has  bem  reduced  in  (he 
ium-  pcri'Kl  from  Is.  per  unit  (less  10  per  icnt.)  to  7d.  (less  10  per 
cent.)  and.  notwithstanding  this  reduction,  the  receipts  have  in- 
creased from  £I..50()  to  £2.723. 

Outings. — The  Bryant  Trading  Synd.  lain])  works  staff  had  their 
annual  ou(ing  on  .Inly  !*•.  .About  2<K(  female  employes  travi  lli  d  to 
Brighton.  .\lr.  .Jos'ph  .Metcalfe  (managing  director),  and  .Mrs. 
Metcalfe  (who  distributed  the  prizes)  were  present. 

Tiic  Dublin  Unittd  Tramways  Inchicorc  works  staff  had  their  out- 
ing on  Saturday.  After  procer-ding  to  Hathdrum  by  train,  wagon- 
ett , ■;  look  the  party  to  Glcndalough  through  the  Vale  of  Clara. 

Sports. — The  annual  sports  of  the  Croydon  Tramways  .Athletic 
Old)  to  ik  plac?  on  Wednesday  last  week. 

The  club  has  made  great  progress,  largely  owing  to  the  exertions  of 
th"  executive  committee  and  |)artieularly  of  .Mr.  ('.  0.  Fosli-r.  The 
must  popular  events  were  a  17  mile  .Marathon  r.icc  and  a  tug  of  war  which 
was  Won  by  a  West  Ham  tramways  team.  The  Tramway  Rand  played 
.selections,  an<l  amfingst  the  spectators  were  I  he  mayor.  >Sir  Frederick 
and  L.idy  Edridge,  several  other  memlx-rs  of  the  Corporation,  and  the 
general  manager  of  the  (r.imways,  Mr.  T.  B.  tJoodyer. 


ELECTRICITY  SUPPLY  AND  TRAMWAY  ACCOUNTS. 


KalgOOrlie  (W.  Australia).  -The  acci.unls  of  the  luunicipal  elec- 
tricity depMrtnicnt  for  the  first  half  of  the  current  year  show  receipts 
t:s.,S(i4  (against  £,S.3()0  in  the  corresixinding  half  of  last  yi'ar)  and 
expenses  £.'),0.-)9.  leaving  gross  jirofit  £3.7.">il  (t:3.:!.")9).  t)f  (iiis  tl.l.'iS 
has  been  spent  on  plant,  mains,  meters,  \c..  t2.0t.')  paid  to  general 
account  and  £802  carried  forward.  4S.").(i.jO  units  wire  gint  rated 
(against  440..5I.-))  and  395.318  (SoO.tU."-!)  sold. 

Poplar  (London).— The  accounts  of  (he  electricity  <1(  pnrtment  lor 
the  year  ended  March,  show  capital  cx|>eiKli(urc  £290,.")2ri  (increase 
£23,540), 

Income  was  £38,487  (conqiarcd  with  £.'!(i,271  in  ])rcvious  year)  or 
£37,810  (£35,310)  after  deducting  discounts,  bad  debts,  &c.  Total  run- 
ning and  standing  costs  were  £lH.4(i8  (£18,390),  gross  profit  £18,343 
(£18,390),  capital  charges  £15.125  (£14.218).  aimual  surplus  £3.218 
(£2,702).  total  surplus  to  date  £9,294  {t:ii.ii77)  or  a  net  surplus  of  £1.704, 
after  writing  down  £7,591  out  of  ajiprnpriation  account.  Units  gene- 
rated were  7,164,208  ((),4ti4,497)  and  units  sold  5,845,()92  (5,29(1,040), 
including  private  lighting  ].08;i.523  (1.014.720),  imwer  3,972,09!l 
(3.433,512),  public  lighting  78ll.(i!lO  (S47.S(IS)  .uid  bulk  supply  .380  (nil). 
The  maximum  demand  was  2,800  kw.  (2,(100  kw.).  the  annual  cost  per- 
kilowatt  of  maximum  demand  was  £8.  2s.  lOd.  (£8.  5s.  4d.).  iind  the  load 
factor  was  23-83  per  cent.  (23-25).  Coal  cost  0-354d.  (0-404d.)  per  unit, 
and  total  cost  of  ])roduction  was  0-799d.  (0-833d.).  Public  lamps 
include  343  (344)  ares  and  557  (.555)  incandcsccnts. 

The  borough  electrical  engineer  and  manager  (Mr.  .J.  H.  Bowden)  says. 
in  his  report,  tliiit  it  is  now  possible  to  compare  the  actual  result  of  the 
change  over  from  carbon  to  metal  filament  lamps  for  public  lighting.  In 
the  year  prior  to  changing  over,  the  cost  for  current  was  £5.344,  and  last 
year  £4,930,  a  saving  of  £408.  In  the  latter  year  lamj)  renewals  cost 
£497.  compared  with  £1(J2,  so  that  the  net  saving  was  £74,  without 
taking  into  consideration  the  lamps  converted  to  gas  in  the  intei\al. 
There  has  alst)  been  a  gain  in  edicieney  of  street  lighting  from  an  initial 
24  (-.]>.  per  post  (and  a  steady  diminution  during  use)  to  .50  c. p.  per  post 
without  any  material  ledueticm  (hiring  life  of  lamps. 

Sheffield. — The  accounts  ,<!  (lie  1 1.  c(ricity  department  for  the  .year 
ended  .March  sliow  capiial  .  \|m  )i,lit  iiiv  t:94.5.545  (increase  £.52.008). 

P>cvciuic  was  i'77.7:-'s  (  il: mi-i  l7s, .•.■{.">  in  the  ]>rcvious  year),  working 
exp-:-nKcs  £25.02(1  (»:2.-|.:i4  1),  lt —s  pr..lit  £52.702  (£53.191)  interest  and 
loans,  &c.,  £27,44(1  (£27.[:!!l).  and  sinking  fund  £22.831  (£21.2.55),  surplus 
£2,423  (£4.79(1).  0,0211. 741  (S.:!llll.748)  iiiiKs  were  sold.  Coal  cost  0-2ld. 
(0-27d.)  per  unit.  an<l  other  generating  expense's  wer.^  0-20<1.  (0-2ld.). 
distril)Ution.  rents,  rates,  taxes.  &e..  0-2.5(1.  (0-24d.)  ;   total  O-ddcl.  (0-72d.). 

The  repjrt  of  .Mr.  S.  E.  Fedden.  tli?  general  managi-r  and  engineer, 
states  that  there  was  a  slight  drop  in  the  lighting  and  heating  units,  the 
sales  for  lighting  having  decreased  l'.lli,175  units  £4,251  of  revenue. 
That  decrease  was  caused  to  the  extent  of  li:!,175  uni(s  by  the  increase 
in  the  use  of  metal  filament  lamps.  The  net  decrease  ill  (otal  income  is 
£S1!I.  14s.  3d.,  and  total  costs  have  decreased  £319,  altlimigli  72S,!l!»;i 
more  units  have  been  sold.  Mr.  Fedden  advises  that  (he  surplus  of 
£8,752  should  remain  available  for  any  requirements  of  the  luidcr- 
(aking  as.  unless  there  is  an  improvement  in  trade  and  a  further  imiease 
in  sales  of  electrical  energy,  he  anticipates  having  to  make  a  call  on  this 
s\n  plus  next  year  to  meet  standing  charges. 

In  moving  the  adoption  of  the  accounts  last  week.  Councillor  Bennett 
said  if  it  had  not  been  for  the  interest  and  sinking  fund  on  unproductive 
ca|iital  the  jirofit  would  have  been  £12. .327  instead  of  £2.423.  As  an 
instauicof  the  saving  cllectcd  by  the  use  of  metal  filament  lamps,  h." 
sta(e(l  that  thi'  saving  of  cost  by  (heir  use  a(  the  town  ball  during  the 
half. year  to  .lune  last  was  33}  per  cent.,  while  the  new  l.iuips  gave  at 
least  100  per  cent,  more  light.  Mr.  Bennett  referred  in  appreciative 
terms  of  the  work  done  by  (he  general  manager  and  staff,  and  the  accounts 
wcie  adopteil. 

Wellington  (N.Z.)-The  rovdiuc  of  tlu'  municipal  elidrieity 
dc|iai(Mi(n(  lasl  year  was  £44.321  and  llie  prolil  £4.272. 

West  Ham. — The  electricity  deiiartmcnt  accounts  for  the  year 
ended  .March  show  capital  exjienditiire  £4.38.5,58  (increase  £I9.2S1). 
and  the  cajiital  repaid,  and  in  sinking  fund  is  £93.599  (increase 
£l.5..501). 

Bcveniie  was  £07.202  (compared  with  £.")8.(i24  in  the  previous  vear). 
gross  pn.fit  £3.3.305  (£24,713).  interest  and  special  charges  £l"4,904 
(£1(1,405),  sinking  fund  contribution  £14,007  (£12, 018),  surplus  £3,853 
(c(uniiared  with  deficit  £4,0()9),  Total  works  eosls  were  0-457d.  (0-03d.) 
per  uni(.  of  which  coal  cost  0-2.5d.  (0-32d.),  oil,  stores.  &i  ..  Odld.  (0-02d.), 
wages  and  repaii-s  0-17d.  (0-23d.),  rents,  rates,  taxes  and  management 
0()9d.  (0-15d.).  Capital  charges  were  (>-457d.  (0-(i;id.).  Total  chiiiges 
0-977d.  (l-35d.).  The  reserve  fund  stands  a(  £5,880  (£1,548).  '1  he 
(-ajiacity  of  the  generating  plant  is  11,400  kw.  (8.400  kw.),  the  maximum 
demanii  was  O.KXtkw.  (5..500  kw.).  and  the  load  factor  29-1  (23-5)  jier 
cent.  18.8.54,202  (13.340.948)  units  were  generated  and  15,522,005 
(11.299.783)  sold,  including  suiiplies  for  private  lighting  1,928,528 
(2,123.330),  power  and  beating  8.1!I0,453  (4,101,156),  laiblie  lighting 
78.5,157  (790,180).  and  traction  4.(117,927  (4,225.111).  There  are  2.245 
(1,978)  consumers  connei  ted  (o  the  mains.  Current  is  supplied  to  833 
(445)  motors  of  an  aggregate  horsepower  of  8.083  (0.224). 

The  report  of  .Mr.  .A.  H.  Seabrook  {who  was  engineer  and  manager  of 
the  undertaking  at  the  time  the  accounts  were  made  up,  and  is  now  con- 
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suiting elpctrical  eiigim-er  to  the  (Viipur.itiiin)  Htate.i  that  tin-  impriiveim-nt 
in  the  afcounls  is  tS.rii!2,  mainly  (iiii"  tii  the  inrroase  iif  the  ))i)wcr  business 
from  4.()0(),0()0  to  H. (11(0,0(10  iin'its,  anil  to  the  fact  tliat  tlie  sales  tlepart- 
ment  has  had  a  coniiilelc  y<'at  iiMiler  |in>|ipr  origan isatiim,  with  successful 
results.  r).r)0(>,00(i  more  units  have  heen  generated  at  an  additional 
cost  of  £701).  .An  innuirtant  factor  in  the  dilference  in  the  year's  results 
is  that  in  the  two  previous  years  the  charges  had  to  be  borne  on  ca|)ital 
that  had  not  then  become  )U'oductivc.  Total  ex|ienditure  had  decreased 
slightly,  although  over  4.CM)0,000  more  units  had  been  sold.  The  red\ic- 
tion  in  cost  pel'  unit  was  nearly  S.S!  per  cent,  (about  the  second  lowest 
figure  in  the  country,  but  not  the  lowest  that  Mr.  Seabrook  thinks  will 
be  reached  in  West  Ham  within  the  ne.xt  two  years).  It  is  expected  that 
the  surplus  for  the  current  year  will  not  be  much,  if  any,  less  than  that 
of  t!ic  past  year,  allowing  fen'  the  increased  assessment.  Private  lighting 
jcceipls  have  decreased  .£1,212.  while  receipts  for  power  have  increased 
nearly  £8,200.  In  view  of  the  impossibility,  owing  to  metal  filament 
lamps,  of  rapidly  increasing  the  liglitiirg  liusincss.  .Mr.  Scabrook  reports 
that  he  is  certain  the  position  of  tlie  umlcitaUiiig  would  be  most  serious 
if  It  had  not  the  benefit  of  a  much  incrcai.etl  power  business.  The  oppo- 
silion  to  the  Coi-poration's  doing  consumers'  wiring  and  sup|)lying 
motors,  lamps,  &c.,  is  due  to  the  fact  that  the  electricity  undertakers 
arc  younger  than  the  gas  people,  and  have  not  yet  overcome  prejudice, 
but  there  are  signs  that  the  policy  of  doing  such  work  wdl  become  as 
general  as  in  the  gas  business.  The  sales  department  (continues  Mr. 
Scabrook)  has  made  a  jirofit  of  £500,  although  it  has  borne  expenses  sutli 
as  canvassers'  commission,  which  should  be  borne  partly,  and  in  S(jme 
cases  wholly,  by  the  general  undertaking.  The  situation  i.s  finally  sum- 
med up  by  statmenls  that  between  1005  and  1009  the  output  has  been 
quadrupled,  the  load  has  been  nearly  trebled,  the  number  of  motors 
increased  sixfold,  the  hoise-power  of  same  12-fold  ;  capital  expenditure 
has  only  increased  by  about  one-third,  the  Silvertown  mains  are  not 
more  than  half  loaded  and  a  great  deal  more  business  can  be  taken  there 
and  also  at  the  generating.station  without  increasing  capita!  charges  appre- 
ciably. The  average  charge  to  consumers  has  been  reduced  to  less  than 
half  (Id.  against  nearly  2Jd.).  the  charge  for  power  to  one-third,  total 
cost  of  ))roduction  from  nearly  Hd.  to  ^d.,  cost  of  management,  &c., 
by  two-thirds,  wage=  and  repairs  by  half,  and  co.'d  by  half. 

Wolverhampton. — The  electricity  department  accounts  for  the 
year  ended  March  show  capital  expenditure  £232,763  (increase 
£10,300). 

Income  was  £3(>,477  (compared  with  £30,02(i  in  previous  year).  Expen- 
ses were  £10,533  (£1.5,831),  gross  profit  £1(),694  (£14,845).  capital  charges 
£13.401  (£11.707),  net  profit  £3,401  (£3,325).  7,700.041  (5.452.731) 
units  were  generated,  179,211  (173.8.58)  sujiplied  to  ].ublic  lamps. 
4.854,545  (2.707.083)  to  private  consumers  by  meter,  15,000  (18.840)  by 
coutiact  and  l,50(i.3ii0  (I,5fi3,77fi)  for  traction.  The  maximum  load 
was  3,t)(Hkw.  (2.450  ki-.).  There  are  165.143  (120,559)  equivalent 
32  watt  lamps  connected.  The  report  of  the  committee  states  that 
although  there  is  an  increa.se  in  both  gross  and  net  profit  there  is  a  slight 
decrease  in  percentage  of  profit  to  average  capital.  There  has  been  a 
marked  reduction  in  consumption  am(uig  power  consumers  owing 
to  trade  depression.  Cost  of  coal  was  20  per  cent,  higher  than  in  the 
previous  year,  and  there  was  an  increase  of  £250  for  rents.  Notwith- 
standing the  increased  cost  of  coal,  cost  of  generation  and  distribution 
per  unit  has  been  furthei  reduced. 

Tiio  accounts  of  the  tramways  department  show  capital  expendi- 
ture £2.58.772. 

Revenue  was  £42,614  (compared  with  £44,432  in  previous  year). 
Working  expenses  £2,5,566  (£26,461),  capital  charges  and  income-tax  on 
pr.ifits  £11,141,  net  profit  £5,908  (£(i,762).  9.0.50,4.59  (9,440,369)  pas- 
sengers were  larried,  962,681  (975,714)  car-miles  run,  and  1,502.068 
(1.5()3,072)  units  used  =  l-56  (1-602)  per  car-mile.  Total  revenue  was 
10K24d.  (10020d.)  per  car-mile,  average  fare  charged  0-896d.  per 
mile,  and  average  fare  per  passenger  l-108d.  (both  as  in  jirevious  year). 
£26.591  now  stands  to  the  credit  of  renewals  fund.  There  was  a  sub- 
stantial decrease  in  working  costs  per  mile  of  the  Lorain  surface-contact 
fystem,  these  being  6-374d.,  against  ()-.509d.,  and  it  is  claimed  that  this  is 
below  the  average  of  other  numicipal  tramway  undertakings  of  this 
countrv. 


TRADE  NOTES  AND  NOTICES. 


TENDERS  INVITED. 

Tenders  are  invited  for  s\ipply  of  ten  lOd-numlier  switchboards  to 
the  Postmaster  (ieneral's  Department,  New  South  W.\les.  Tender 
forms,  &c.,  at  the  Commonwealth  Office,  72,  Victoria-street,  London, 
O.W.     See  an  advertisement. 

Tenders  are  invited  for  the  supply  of  teleiihone  material  to  the 
Po3tmaster-(5eneral's  Department  in  New  Soitth  Wales?.  Tender 
terms  and  specifications  may  he  obtained  at  the  Commonwealth 
Offices,  72,  S'ictoria-strcet.  Liuidoii.  S.W,  See  also  an  advertise- 
ment. 

Edmonton  Gu.ardians  invite  tenders  for  supply  and  installation 
of  a  private  telephone  equipment  at  the  infirmary,  consisting  of  a 
100-line  switdiboard  with  direct  lines  to  dift'erent  parts  of  the  build- 
ings  and    operated    by    magneto-generator     calling    and    clearing. 


NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES' 
DIRECTORY  AND  HANDBOOK.— The  1909  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  153.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issued  in  handy  book 
form.  These  are  included  in  the  1909  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 


Specification  from  Mr.  Stuart  Hill,  106,  Cannon-street,  London,  E.C.> 
Tenders  by  9  a.m.  July  28. 

Dublin  Corporation  invite  tenders  for  (approximately)  12  months' 
supply  of  machinery  oils  for  the  electricity  works.  I'igeon  House 
Fort,  Dublin.  Specification,  conditions,  &c.,  from  the  town  clerk, 
Mr.  Henry  Campbell,  to  whom  tenders  by  July  26. 

The  Electric  Lighting  committee  of  Hull  Corporation  invite 
tenders  for  the  supply  and  laying  of  electric  mains,  ttc.  during  the 
period  ending  March,  1910.  Forms  of  tender  and  specification  may 
l)e  obtained  on  depositing  one  guinea  with  the  city  treasurer  (Mr. 
T.  0.  .Milner).     Tenders  by  noon  July  20. 

Hull  Corporation  want  tenders  by  10  a.m.  July  28  for  supply  of 
electric  and  gas  fittings  required  for  new  public  hall.  Specifications, 
&c.,  from  Mr.  J.  R.  Hirst,  Town  Hall.  Hull. 

Shefbield  Education  committee  want  tenders  by  Aug.  10  fir 
heating  and  electric  lighting  of  the  Training  College  Hall  of  Hesidrnee 
for  Men.  Specifications,  &c.,  from  Jlessrs.  Gibbs  &  Floekton.  15. 
St.  James-row,  Sheffield. 

Tlford  Council  require  tenders  by  4  p.m.,  .luly  27.  for  the  con- 
struction of  permanent  way  to  the  entrance  and  inside  of  the  car 
shed  extensions  in  Ley-street,  llford.  Specification,  from  Mr.  H. 
Shaw.  Town  Hall,  Ilfot'd. 

M.4NCIIESTER  Traiuways  committf-e  want  tenders  by  10  :>.m., 
July  27.  for  the  supply  of  lighting  cable.  Specifications,  from  .Mr.  .1. 
M.  McElroy,  .55.  Piccadilly.  Manchester. 

Leyton  Council  want  tenders  by  7  p.m.  .Inly  27  for  electric  wiring 
and  liftings  for  Sybourn-street  school.  Specifications.  &e..  from 
Mr.  W.  Jacques,  2,  Fen-court,  London.  ICC. 

Br.\dford  Tramways  Department  want  tenders  by  noon  .Inly  30 
for  supply  of  eight  automatic  point  controller.s.  Specifications.  ..tc. 
from  Mr.  C.  J.  Spencer.  5  and  7.  Hall  Ings,  Bradford. 

Keiohi.ey  Corporation  require  tenders  by  .-Vug.  7  for  supply  of 
two  l.tKX)  kw.  turbo  alternators  w  ith  eonden.sers.  and  two  water  tube 
boilers.     Specifications  from  the  Uorough  Electrical  Engineer. 

Pontypridd  Council  want  tenders  by  noon,  ,Iuly  27.  for  .supply  of 
one  .5(M)  kw.  steam  dynamo.     Specifications.  &c..  from  the  Clerk. 

The  Deputy  Postma.ster-General.  Bri,«uank.  requires  tenders  by 
noon.  Sept.  I.  for  battery  glassware,  battery  material  and  elu  mieals. 
Specifications.  Ac.,  from  the  Controllers  of  Stores  of  the  Postmaster- 
General's  Department  in  Ihc  several  Slates  of  the  ( '.innionwealth. 

TENDERS  RECEIVED  AND  ACCEPTED. 

Southwark  (London)  Council  have  received  the  following  tenders  : 
Knrtioii  iiiitl  iiiiiintniniicf  of  hntliry.  per  annum,  for  15  years. 

Kleclrlcal  Pi>w.r  Storage  Co.  (um pkd)  ". £247 

Hart  .Accumulator  Co 395 

Chliuide  Klectrical  Storage  Co 300 

Tudor  .\ci  iimulator  Co 351 

D.P.  Kattery  Co 280 

Premier  .\eciimulator  Co 2t>3 

For  supplying  and  fixing  four  sujwrheaters  Southwark  Covnieil  received 
throe  tendei-s,  and  the  lowest  (Heenan  &  Fi\mde.  at  £420)  was  accepted. 
Babcock  &  Wilcox  tendered  at  £498  and  Davey.  Paxman  &  Co.  at  £til5. 
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For  supply  of  1 10  yds.  of  0-3  by  0-3  by  OliJo  jiappr-insulateii  and  lead 
<i>vrivd  cable  Soiitlnvaik  Council  received  the  follow  ins;  tpndfis  : — 

WVsi.in  Eleitric- Co.  (rtertp^frf) .'..£56     0     0 

Brit i.<b  Insulated  I*  Helsbv Cables r.tl     (i     (i 

.lobii.s.m  &  Pbillips  ."...., ."Hi   l.')     0 

Siemens  Bros.  &  Co r>i\   12     li 

Soiitbwark  (1..<>ndoM)  Connc-il  have  ai-cepU>d  the  tender  of  .1.  .Mar.^land 
&  Sons  for  ereetion  of  a  buttery  room  at  £1 .1 20.  There  were  four  tenders, 
varying  from  £1.120  to  fl.ino. 

For  .supply  of  130.(KK)  tons  of  coal  ("  washed  singles "')  for  Green- 
wich Kciu  rating  station.  London  County  Council  received  tlic  follow- 
ing tenders  : —  s.  d. 

\Vm.  Coiv  &Son(«<repfrrf)     130,000  tons  at  II  0  per  ton 

.lohn  Huclson  &  Co I.IO.OOO  ,.  II  2 

Riikett.  Cockcrell  &  Co 40,IHX)  or  20,01K)  ,.  11  ">       ,. 

70.000  ,.  12  7 

Mver~,  Rose  &  Co I.")  to  20.000  ..  II  1 

20to2."),000  „  12  0 

Pinham.  Fawens  &  Co 2.">.(XK)  ,.  II  ."> 

Harrison,  Hardnian  ct  Co 20.000  .,  II  r,       „ 

30.000  „  12  0       „ 

Philip  Si»-aknian  &  Sons  20,000  .,  12  3       „ 

10,000  ..  11  10       .. 

Phillips  «:  Co 20to30.00n  „  12  3       „ 

.Alfred  Hlackmore  A- Co 30,000  „  12  0       .. 

20.000  ..  11  !l 

Cleeves&Co 130,000  ..  12  10       .. 

Harrison,  Tidswell  &■  Co 20,000  ..  13  0       .. 

Charrington.  Sells.  Kale*  Co 20  to  2.'5,0O0  „  U  3       „ 

Dunedin  (X.Z.)  Council  have  accepted  the  tender  of  Tlios.  Cole 
for  supply  of  3.3(K)  volt,  three-core  cable  at  £87*1.  that  of  the  National 
Electrical  and  Kngineering  Co.  for  two  25  h.p.  motors  at  £7'2  each, 
and  that  of  the  Unitc^d  Electric  Construction  Co,  for  a  .')  ii.r.  motor 
at  £28. 

Bedford  Coriwration  have  accepted  the  tenders  of  Siemens  Bros,  & 
Co,  for  cable?  for  the  ensuing  year  at  the  company's  schciliile  prices, 
Edwin  Danks  &  Co,  for  a  30  ft.  by  8  ft.  Lanea.shire  boiler  with  super- 
heater and  pijKwork  at  £fw9.  10s..  and  W,  H.  Allen,  Son  &  Co,  f t  r 
condensing  plant  and  pipework  at  £1,169,  .5s, 

Stretford  Council  has  accepted  the  tender  of  E,  Green  &  Sons  U  iv 
the  rejilacement  of  the  first  cold  end  group  of  tlic  economiser,  con- 
sisting of  80  tubes  and  bo.xes.  for  £144,  lt)s,,  and  for  the  replacement 
of  any  other  sections  that  may  be  re([uired  at  £12.  lOs.  each. 

For  supply  of  200  canopy  Ijends  for  tramcars  London  County 
Council  aeeepled  the  tender  of  Hopton  &  Sons  (at  Is.  4d.  each,  less 
2J  per  cent,)  in  place  of  that  of  F.  &•  G.  Smith,  which  has  been 
withdrawn. 

For  wiring  the  New  Cross  Fire  Station,  London  County  Council 
received  four  tenders  (varying  from  £191  to  £282).  and  the  lowest 
(Tillcy  Bros.)  has  Ijcen  accepted, 

Bermondsey  (London)  Council  has  accepted  the  tender  of  David- 
son &  Co.  for  exhaust  fan  at  £72.  and  that  of  Browning  &  Co.  for 
forced  draught  fan  at  £19,  .'is. 

Stoke  Newington  ( Ijondon)  Council  have  accept<^d  the  tender  of  the 
Rca-son  .Mfg.  Co,,  for  demand  indicators  and  of  Messrs,  Crompton  & 
Co..  at  f  l.W,  for  a  balancing  machine  at  Edwards-lane  station. 

Ilford  Council  have  accepted  the  tender  of  W,  Ciriffilhs  &  Co,  for 
construction  of  Ilford-lane  tramway  at  £1.46.'i,  3s,,  and  that  of 
Hammond  &  Miles  for  tramcar  shed  extensions  at  £1 ,892,  .5s,  3d, 

The  \'ictoria  (Australia)  Railway  l)c])artnient  have  accepted  the 
tender  of  the  British  Insulated  &  Helsby  Cables  for  880  yds.  of 
electric  light  cable  at  £021  per  mile, 

Chelsea  (London)  Council  have  placed  an  order  with  Wright  Bros, 
&  Co,,  for  alterations  to  the  electric  light  installation  in  the  new 
portion  of  the  Town  Hall, 

Messrs,  Balmer.  Lawrie  &  Co,,  of  Calcutta,  recently  sup|)lied  111 
of  their  licngal  ceiling  electric  fans  to  the  East  Indian  Railway  Co, 

The  .Metropolitan  Water  Board  ha,s  accepted  the  tender  of  Glcn- 
iield  &  Kennedy  (at  £4.50)  for  electrical  water  level  instruments, 

Worksop  Council  have  accepted  the  tender  of  W,  T,  Glover  &  Co. 
for  cables  at  £3.54, 

Swinton  and  I'endlebury  Council  have  accepted  the  tender  of 
Callender's  Co,  for  cable  extensions  at  £181,  "s,  6d. 

BUSINESS  NOTICES. 

Messrs.  F.  G.  Edey  &  Co..  eleetrical  contraelors.  are  removing 
from  the  jjremises  on  Ludgat«!-hill,  London,  which  tbe\  Inivc  occupied 
for  the  l;\st  Hi  years,  to  25,  Warwick-lane,  E,C,  Tel(j)lionc  number 
still  2.547  Central, 

Messrs,  .lames  E,  Saycrs  &  Caldwell  inform  us  (hey  have  removed 
to  new  r.flfices  at  190,  VVest  George-street,  Glasgow, 


SPECIAL   NOTICE. 


NOW    READY Vol.    LXII.    of  "The  Electrician"  (1,028 

pages),  tiound  in  strong  cloth.  Price  17.s. 6d. ;  post  free,  I83.  6d.  Now 
ready.  Cases  for  Binding.     Price  2s.:  post  free,  2s.  3d. 

A  complete  set  of  "The  Elkitiucian  "  can  bo  supi)lied.  A  number 
of  odd  volumes  and  some  odd  old  back  numbers,  to  help  in  making 
up  complete  sets,  are  also  available. 

It  is  announced  that  the  sole  control  of  sales  in  the  Eastern 
H(-niisphere  of  tlie  '"  Sohurenian  "  switchgear  has  passed  into 
the  hands  of  the  Adams  Mfg,  Co.,  of  Bedford  and  London.  The 
"  Schureman  "  switchgear  is  entirely  of  the  self-acting  tyjie,  and 
includes  antcmiatic  starting  switches  and  controllers  for  iiuinps, 
lifts,  air  compressors,  &c..  and  for  remote  control  of  motors  perfoi'm- 
ing  any  duty  whatevci-, 

Messrs.  A.  &  T.  Burt  (Ltd.).  clcclrieal  engineers  aiul  contractors 
of  New  Zealand,  have  opened  an  ofHce  at  Eldon-street  House, 
Lcndon,  E,C.,  to  execute  the  buying  for  their  N.Z.  hou.ses.  The 
new  office  is  und(-r  the  charge  of  the  resident  dinetor.  Mr.  .las.  A. 
Burl. 


Sale  by  Tender.— M-xrs.  Full-r.  Hors-y,  Sons  &  Cas^cU  have  b:-on 
instructed  lo  oM'i  r  for  sale  l\v  lender  in  lots,  the  modern  electric  power 
])lant  at  the  works  of  the  late  .Mcirris  Aiming  Tube  and  Ammunition 
Co,  (Ltd,),  Dagcnliam,  Essex,  Some  particulars  are  given  in  an 
advertisement,  and  further  information,  with  forms  of  tender,  ma  v  be 
obtained  from  Messrs.  Fuller.  Horsey,  Sons  &  Cassell.  II.  Billiler- 
square,  London,  E.C.,  and  tenders  must  be  delivered  at  their  oflicTS 
by  noon  of  Friday.  .Aug.  6. 

Patents  Development. — The  proprietors  of  the  following  patents  are 
desinnis  of  granting  licencc-s  or  entering  into  other  arrangements  to 
ensure  their  full  dc  vclo|)ment  in  this  country. 

■  No.  1,803/1900  for  "  Improvements  in  Coils  or  Helices  for  Eleetrical 
Purpo.ses,"  No.  1,804/1900  for  "  lmi)rovements  in  and  relating  to  a 
Method  of  Winding  Coils  or  Helices  for  Electrical  Purposes."'  No 
.5.2.57  1000  for  'Improvements  in  Apparatus  for  Winding  or  Producin;; 
("oils.  Bobbins.  Helices  or  the  like  for  Electrical  and  Other  Purposes." 
Nos.  (1,873/1904  and  9,397/1904,  both  for"  Improvements  in  and  relating 
to  '  Clusters  '  for  Ineandeseenco  Electric  Lamps."'  Applii'ations  to 
Messrs.  W.  E.  Keys  &  Sou,  .51,  Deansgate-areadi'.  Man<'hestcr.     p 

No.  18.842/1907,  relating  to  "  Means  for  receiving  inteljijience  com- 
municated by  electric  waves."  -Apply  to  Messrs.  Cniikshanl;  A  Kali 
weather  (Ltd.),  (i.5-()(),  Chanecry-lanc .  London,  W.C. 

Holiday  Jaunts. — There  are  few  Englishmen  who  would  not  wish 
til  make  a  (lilgrimagc  to  the  birthplace  of  Shakespeare,  and  realising 
this  tact  the  (heat  Central  Railway  Co.  has  made  the  visit  an  easy 
one  ;  either  from  London  or  the  north  there  is  no  better  means  1  ■! 
reaching  Shakespeare's  land.  The  railway  company  issues  ticki  1 
which  include  rail  joiu-ney,  drives  and  luncheon.  A  postcard  lo 
Publicity  Department,  21C,  Maryk bone-road,  N.W,,  will  secure  a 
copy  of  the  illustrated  Shakespearean  souvenir  which  has  been 
specially  |)reparcd  to  inform  and  interest  visitors  (o  Slratf(iiil-<  i- 
Avon, 

CATALOGUES.  &c. 

The  "  FlTP-Plap  " — Correction. — Our  note  under  this  heading 
last  week  contained  an  error.  It  was  stated  that  a  100  11. r.  niotoi . 
driving  the  "  Flij>-Flap  "  at  the  Imperial  International  Exhibition. 
Was  supplied  by  the  Electric  &  Ordnance  Accessories  Co.  As  ,1 
matter  of  fact  the  controller  for  this  motor  was  supplied  by  the  lattc  1 
company,  the  motor  itsMf  having  been  supplied  by  the  Lancasl  ii' 
Dynamo  &  Motor  Co, 

D,P,  B.vnEBiE.s, — The  latest  contribution  to  storage  l)attii\ 
literature  is  a  brochure  issued  by  the  D,P.  Battery  Co,. of  Bakcwc  li 
Derbyshire,  which  deals  with  storage  battery  economy  from  botli  ih' 
technical  and  financial  points  of  view  and  contains  several  intercstii. 
photograiihs  and  curves,  showing  plant  in  use  with  D,P,  batteries. 
Tliis  pamphlet  .should  be  useful. 

EniTii  Stokers. — From  the  Erith  Engineering  Co.  we  have  ri 
ceived  a  pamphlet  dealing  with  their  patent  grateless  stokers.  Tin 
apparatus  is  fully  described  and  illustrated,  and  various  subsidiar\ 
plant  designed  for  use  in  connection  with  them  is  also  dealt  with. 
It  is  interesting  to  note  that  this  company  have  supplied  the  stokers 
and  fan  used  in  cnnni  etion  w  itli  steam  raising  jilant  at  the  Port  Huron 
tunnel,  where  the  load  varies  very  greatly, 

X-RaY  Ec^uii'MENT, — Messrs,  Siemens  Bros.  &  Co.'s  well-known 
catalogue  on  X-Ray  equipment  gemjrally  has  received  two  addilioiis 
in  the  shape  of  pami)hlcts  dealing  with  "  X-Ray  outfits  with  rotating 
high-tension  rectifiers."  and  "  Nc^w  protective  cleviccs  and  acces.sories 
for  X-Ray  work."  In  both  cases  the  apparatus  is  fully  illustrated 
and  described.     The  technical   information  takes  up  most   of  the 
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nagos.  the  iiocrasary  l>iit  move  sui'did  linancial  data  Ixing  l«'|)t 
separate. 

Curtis  Steam  Turbines. — Tlic  steam  (iiiliiiu;  is  at  tlio  present 
lime  an  important  part  of  eleelrii'al  eiifjiiieeiinn  eennnmy.  and  it  is 
interesting  to  reeeive  from  the  Hrilisli  'rhonisdnHousldn  ('o..  .i  list 
of  the  Curtis  steam  turbines  which  are  already  installed  or  in  ccjurse 
of  construction.  From  this  it  appears  that  the  first  vertical  turliinc 
iastallcd  in  this  country  was  a  1,.')I)0  kw.  two-phase  machine,  erected 
at  the  County  of  London  Electric  Supply  Co.'.s  City-road  station  in 
November,  190.5.  Other  similar  sets  have  been  erected  at  this 
company's  stations  in  the  City-road  and  at  Wandsworth,  the  last 
beinj;  a  2..")iMi  kw.  two-phase  machine.  Those  interested  in  turbine 
development  should  secure  a  copy  of  this  pamphlet. 

"  Sun  "  Glass  Wake. — Wc  have  received  from  the  Sun  Electrical 
Co.,  a  catalogue  illustrating  and  describing  their  glass  shades  for 
electrical  fittings.  In  addition  to  the  usual  stock  ])attern8,  it  in- 
cludes a  wide  range  of  novel  and  artistic  designs.  The  company  have 
in  fact  done  their  utmost  to  cater  for  all  classes  and  types  of  fittings 
used  at  the  ])rescnt  time,  or  likely  to  be  cmploj'ed  in  the  future,  and 
we  hope  that  they  w  ill  obtain  the  due  re^^•ard  of  their  enterprise. 

Electric^  Lifts. — Mr.  C.  Herrm.  Findeisen,  of  Chemnitz-Gablenz. 
sends  us  a  catalogue  dealing  «ilh  the  interesting  subject  of  elect lic 
Iift.s  for  all  purposes.  All  the  necessary  details  are  given  in  Eng- 
lish. French,  German  and  Spanish,  so  that  the  same  pamphlet  is 
available  for  a  numerous  clientele. 


Mountain  &  Gibson  (Ltd.) — We  are  informed  that  at  the  creditors' 
meeting  on  Monday  a  resolution  was  passed  authorising  Mrs.  Lemon, 
a  creditor  for  £2,001),  to  apply  to  the  Court  for  the  appointment  of  Mr. 
A.  Whittaker,  C.A,,  3,  York-street,  Manchester,  to  act  with  Mr, 
Rowden  as  joint  liquidator  together  with  a  committee  of  inspection. 
The  application  will  be  made  on  Monday  next  at  the  same  time  as  the 
iidjourned  hearing  of  the  petition. 


PATENT  RECORD. 


I  APPLICATIONS    FOR    PATENTS. 

I       NoTG.— 7"fe  undermentioned  Applications  (except  those  marked^)  are  not  open  to  public 
\    inspection  until  after  acceptance  of  Complete  Specifications,     Those  marked  '  are  open  for 

inspection  12  months  after  the  date  attached  to  them,  if  they  haue  not  been  published  previously 
I    in  the  ordinary  course.    Names  within  parentheses  are  those  of  communicators  of  inventions. 
'    When  complete  Specification  accompanies  application,  an  asterisk  is  affixed. 
\  June  5.  1909. 

13,177  Pare.    Sparking  plugs. 

13,220  Siemens  Bros.  &  Co..  Handcock,  Dykes  &  Rawlings.    Sheathing  of  insulated 
electrical  conductors. 

13,228  Bastian.     Incandescence  electric  lamps. 
'    13,231  Allgemeine  Elektricitats-Ges.     Brush-holders  for  dynamo-electric  machines. 
1  (Date  applied  for,  6/6/08.)»t 

\    13,234  Claire.    Clutches  for  electric  automobiles.     (Date  applied  for,  27/6/08.)*  f 

13,238  Laurie-Walker  &  Niblett.     Ploughs  for  electric  tramcars. 
June  7.  1909. 

13,250  Taylor.     Charging  and  discharging  secondary  batteries  or  electric  accumulators. 

13,253  Cattell  &  Hookham.     Electrolytic  meter. 

13,295  Nathusius   &  Westdeutsche  Thomasphosphat  G.m.b.H.     Electric   furnaces. 
(Addition  to  No.  71,88/08.)* 

June  8.  1909. 

13,391  Clarke.     Incandescent  electric  lamps  of  the  "  Nernst  "  type. 

13.433  Engel.     Electric  fuses.* 

13.442  Berry.     Electric  switches  and  switch  fuses. 

13.443  Berry  &  Markham.     Protected  or  armour-qlad  electric  switch  fuses. 

13,450  Delon.     Converting  alternating  P.D.s  into  high  continuous  P.D.s.      (Addition 
to  No.  1,070/09.     Date  applied  for.  13/6/08.)*t 
June  9,  1909. 
13,473  Kent.     Mercury  or  metallic  vapour  lamps. 

13,506  BouLT.     (Electrizitats  Akt.-Ges.  vorm.   Kolben  &  Co.,   Germany.)     Firing  or 
charging  indicators  for  furnaces.* 
!    13,509  Wilson  &  Wilson.    Spark  coils. 
13,523  Schroder.     Electric  alarm  clocks.    (Date  applied  for,  3/2/09.    Comprised  in  No. 
2.596  09.  dated  3/2,'09.) 

13.526  Muirhead  &  Smith.     Magnetos  for  the  purposes  of  ignition  in  internal-combustion 

engines. 

13.527  Stoneham.     Electric  incandescent  lamps. 

13.528  Gorham,  Drake  &  D.P.  Battery  Co.     Resuscitating  electric  accumulator  plates. 
13,532  Stoker.     Electrical  accumulators. 

13,560  MiDGLEY  &  Vandervell.     Dynamo-electric  machines. 

13,573  Marks.     (John  Lewis  Milton,  U.S.)     Generation  of  currents.* 

13,576  Harvey  &  Bass.    Covering  for  electric  cables  and  other  like  articles.* 
June  10,  1909. 

13,590  Donovan.     Electric  starting  and  regulating  switches. 

13.612  Kemblp.     Joining  of  metal  to  porcelain  or  other  non-conducting  mat-'-viaN. 

13.655  B.T.-H.  Co.  &  Richardson.    Smtchhoards. 

13.661  Schweiger.     Electric  contacts.*  „  . 

June  11.  1909. 

13.701  Taylor.    Charging  and  discharging  secondary  batteries  or  electric  accumulators. 

13,728  ScHuER.     Arc  lamps. 

13.734  Lake.     (F.  Bissel  Co.,  U.S.)    Controlling  mechanism  for  electric  motors.    (Date 
applied  for,  12/1/09.     Comprised  in  No.  758'09.)* 

13,749  &  13.750  Siemens  Bros.  &  Co.     (Siemens  &  Halske  Akt.-Ges.,  Germany.)    Tele- 
phone exchanges.* 

13,762  &  13.763  Peck.    Alternating  electric  current  distribution  systems.     (Date  applied 
for,  15/7/08.     Comprised  in  No.  15,047.  dated  15/7/08.) 

13,771  Adams-Randall.    T'*lephones. 

13,786  LlNKE.     Fixing  electric  conductor  wires  on  insulators.* 

13.798  Allgemeine  Elektricitats  Ges.     Power  transmission  systems,     (Date  applied 
for,  12/6/08.    Addition  to  No.  11,339/09.)*1 


COMPANIES'  MEETINGS  AND  REPORTS. 


National  Telephone  Company  (Ltd, 


The  fiiily-fiHirth  ordinary  (.'eneral  iiiiuliiig  i.f  tliu  ci>iii|Miiy  w.i8  lielJ 
lit  Hamilton  House.  Victoria  Embiinkment,  yesterday,  .Mr.  Ckorce 
Franklin  in  the  chair. 

The  .'^KCIiET.VRY  (Mr.  Albert  Anns)  having  re.id  the  n'ltiec  convening 
the  meet  in;;  anri  I  lie  auditors'  report, 

The  PP.K.SIDK.NT  said  :  Turning  to  the  lueounts  you  will  see  that  for 
the  .June  half  of  |!H)!l  the  income  in  respect  of  the  business  in  £l,r)4(i..sa7, 
as  compared  with  i:i.4.")L'..'i'i:l  in  the  corresponding  half  of  last  year.  That 
gives  us  an  ineicaso  of  iniomc  of  £!)4,2'i8.  'J'his  increase  is  iVss  than  in 
several  preceding  half-years,  and  indicates  a  cheek  in  the  rate  <  f  progress, 
largely  due  to  depression  in  trade,  and  to  some  c.-ctent  to  the  necessity 
whicli  the  company  is  now  under  of  making  its  capital  expenditure  coin- 
cide with  tlic  needs  of  the  remainder  of  its  lice!is<;d  jieriod.  The  Post 
Office  Royaltiesjiave  increased  from  £1.'{!),.')3)  to  fUS,!).")!,  an  increase 
of  £0,419,  with  regard  to  which  thcie  is  hardly  a  word  to  be  said  excepting 
the  chronic  complaint  always  iii.icli-  ,il  ihr.sc  meetings  since  I  can  reniem- 
her  them,  of  an  unjust  chaiL'i'  iin|ii'-r,l  upon  the  eomp.any,  and  imposed 
upon  the  telephcme  industry—  lu-c. mix-  ihat  is  what  it  is,  an  unjust  charge 
ini]io.-;ed  on  the  telephone  industry — without  sufficient  juslhication. 
(Hc:ii-,  hear.)  The  net  income  is  therefore,  you  will  we,  £l.,"}i(7,ft8t>.  a.s 
loiiipared  with  £1,313,037 — an  increase  of  £84,848,  after  deducting  the 
fioyalties. 

'I  he  working  expenses  amount  to  £8!)3,7G7.  as  compared  with  £828.!tB9. 
an  increase  of  £(14,798.  Apart  from  the  ordinary  expenditure  which  is 
due  to  the  growth  of  the  business,  and  which  must  keep  st«p  with  it,  wc 
have  special  items  of  expenditure,  as,  for  example,  the  increase  in  rates, 
to  which  I  referred  at  the  last  half-yearly  meeting,  and  the  increase 
again  at  this  half-yearly  meeting  is  £5,843.  That  increase  is  due  on  the 
one  hand  to  the  cupidity  of  local  authorities  in  regard  to  their  a.s.sc.-w. 
ment,  and  on  the  other  hand,  with  regard  to  their  expenditure,  which 
some  of  us  consider  is  extravagant,  esiiccially  when  it  is  borne  in  mind 
that  a  company  like  this,  paying  scores  of  thousands  a  year  in  rates,  has 
absolutely  no  voice  or  representation  in  the  exiw^nditure  to  which  they 
arc  ciuiijiclled  to  contribute.  Then  we  have  this  half-year's  extra  outlay 
ill  iiiaiiitcnance  and  renewal  of  lines  and  instruments,  including  replace- 
ments, £10.148.  One  item  which  goes  to  swell  our  expenses  is  th"!  item 
of  rent  and  maintenance  of  Post  Office  wires.  This  amounts  to  £42.1179. 
and  may  be  compared  with£27,fil9ayearago.  ■  This  is  a  substantial  in- 
crease,and  it  is  due  to  the  fact  that  we  have  to  pay  rent  and  some  contribu- 
tion for  capital  which  the  Post  Office  have  laid  out,  which  cajiita!  is  prac- 
liially  lines,  wiies,  and  so  forth  leased  to  the  company.  Tlie  bearing  of 
it  will  be  seen  when  we  turn  to  the  percentage  of  working  expen.ses, 
because  you  will  notice  that  it  is  really  in  the  nature,  to  a  large  extent, 
of  a  capital  charge,  for  if  the  money  had  been  provided  by  the  share- 
holders, it  would  have  been  taken  away  in  the  form  of  interest,  and  it 
would  not  have  come  in  the  form  of  a  woiking  expense.  The  only  point 
in  it  for  the  moment  is  that  we  may  say  our  woiking  expen.ses  have 
inci'eased  from  03-13  to  63-93  per  cent.  You  will  bear  in  mind  that  both 
these  sums,  the  amounts  paid  to  the  Post  Office,  are  included  in  these 
working  expenses,  whereas,  strictly  speaking,  they  are  not  working 
expenses,  at  least,  not  the  whole  of  them,  but  only  rather  a  capital 
charge.  If  now  we  look  at  the  net  result  for  the  half-year,  you  will  see 
that  the  amount  is  £.504,118,  as  compared  with  f484,0f>8,  giving  us  a  net 
increase  of  £20,0,50,  of  which  £12,954  is  absorbed  by  the  debenture  and 
other  interests,  which  have  increased  from  £121,fi.52  to  £134.1)07.  The 
preference  and  other  dividends  remain  as  before,  and  the  contribution 
to  your  reserve  fund  has  increased  from  £140.000  to  £1.50.000.  The 
lialaiue  carried  forward  of  £11,100  compares  really  with  £10.070,  which 
\\.i<  the  estimated  balance  we  were  carrying  forward  at  this  time  last 
yi'ur,  hut  which  you  will  notice  has  been  corrected  hy  the  losiilts  in  the 
December  half-year,  and  when  it  was  absolutely  ascertained,  which  was 
some  time  after  our  meeting,  instead  of  being  £10.070.  that  balance 
amounted  to  £14,104.  The  rentals  for  unexpired  terms  imrsiie  their 
ujiward  course,  as  one  would  expect,  and  now  amount  to  £1,300.283, 
as  compared  with  £1,314..591,  an  increase  of  f51,(i92.  That,  at  all  events, 
is  an  indication  that  the  business,  although  nearhig  the  termination  of 
the  licence,  still  continues  its  upward  growth,  because  this  £l,3ti(>,283 
represents  revenue  which  has  been  collected  or  debited  fronj  subscribers, 
and  will  come  into  the  current  half-year  or  into  the  half-year  fcdlowing  it. 
If  now  we  turn  to  the  capital  account  you  will  see  we  1  e;in  with  the 
anKumts  expended  during  the  last  six  mon'lhs,  £313,393.  That  compares 
with  £490,584  in  the  corresponding  half-year,  a  reducti'in  of  £183,191. 
This  pomts  to  the  restriction  in  capital  cxpenditiiiv  now  going  on.  and 
which  may,  perhaps,  be  best  illustrated  liy  lo.)king  at  the  tieures  for 
four  half  years.  In  Deccmhcr,  1907,  the  amount  on  lines  and  instru- 
iiuuls  was  £545,7.52;  in  .lirnc,  1998,  £l<m..5S3  ;  in  Decemher.  1SK>S, 
t:.!(11.079.  and  in  .June.  1909,  £313.393.  This  i.-diu-tion  may  from  the 
shnrcholdei-.s"  point  of  view  be  considered  satisfa(t(u-y,  and  is  due  to  the 
necessity  of  spending  laily  such  cajiital  as  will  be  i>-prodiictive  within  the 
lieriod  of  our  licence.  .At  the  last  half-yearly  nicctiug,  I  refcrn-d  at  con- 
siderable length  to  this  subject,  and  1  staled  that  the  company  had 
offered  to  the  Postmastertlcneral  to  favouiably  ionsi,lcr  any  proposjils 
for  the  provision  of  plant  for  1912  and  subseipient  yeai-s  which  might 
ensure  the  company  against  loss  in  providing  for  Post  Oftii-e  reipiire- 
ments,  I  thmk  I  may  say  that  this  offer,  in  part  and  only  in  a  small 
part,  meets  with  the  approval  of  the  Postmaster-Oeneral,  1  can  only  say 
that  the  position  which  the  Board  took  when  they  made  their  oiler  to  the 
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Postniister-Genpr.il  still  obtsias.  Of  course,  this  is  always  piovidi'il 
that  such  capital,  and  the  full  cost  of  such  capital,  is  to  be  bnnie  by  the 
Postmister-Oeneral.  and  that  no  further  burden  is  cast  upon  the  share- 
holders of  the  compiny.  (Hear,  hear.)  If  we  follow  on  the  capital 
aecount.  »v  se;  that  land  and  buildings  have  absorb?r|  £S0S.747,  as  com- 
pared with  £t>S.i,3IO  a  year  aeo,  and  that  we  now  have  a  total  expendi- 
ture of  £l.->,r,2(i.l7:). 

The  total  expenditure  ujion  construction  plant  am. units  to  £14,717,4.'ii. 
Th"  number  of  stations  to-day — that  is  the  real  test  of  tjie  size  of  \\\v 
conceru — is  489,747,  eompareil  with  4li3.S(it  a  year  a;»o,  so  that  we  liave 
an  increase  on  the  year  of  2o,878  stations ;  and  if  we  divide  our  capital 
expenditure  upon  lines  and  instruments  by  the  number  of  stations,  we 
lind  that  every  station  stands  in  our  ho  iks  at  the  modest  cost  of  £30.  Is. 
per  station. 

Now,  you  m.iy  s.iy,  ■'  How  h  n  that  capital  been  provided  Y  "  If  you 
turn  to  the  credit  side  of  the  account,  you  will  notice  £7.o(K)  001)  has  been 
raised  in  stocks,  preferred  and  deferred,  and  preference  shares,  and  that 
£3,9S3.593  has  been  raised  in  debenture  stock.  That  amount  has  in- 
creased during  the  past  year  by  ab  «ut  £2()2,00J,  and  the  balance  wliich 
represents  over-expended  capital — that  is,  money  of  a  capital  nature 
which  the  Company  have  expended  in  e.xces.-i  of  the  monies  the  Company 
have  raised  in  the  form  of  capital — amounts  to  £4,042,58().  .As  to  stcjik 
of  materials  last  half-year.  I  had  to  report  a  satisfactory  decrease,  and 
this  half-year  we  have  another  decrease.  The  amount  is  now  i:32.o.22'.l. 
as  compared  with  £365.929.  The  remaining  assets  are  pretty  well 
normal,  with  the  exception  of  loans  on  securities  and  cash  in  hand,  which 
are  some  £(>0,00;)  more  than  they  were  at  this  period  of  last  year,  am!  also 
the  creditor  and  debtor  balances.  On  looking  to  the  balance-sheet,  what 
strikes  us  on  the  debit  side  is  reserve  fund  account,  £3.07(>.381,  and  if  v.e 
add  to  that  the  £150,000  which  is  to  be  to-day  transferred  to  it,  we  shall 
have  a  reserve  fund  of  £3,22ti,381.  The  balance-sheet  will  show  you  that 
this  large  sum  of  money  is  invested  in  the  business.  This  telephone 
business  is  always  requiring  the  expenditure  of  new  capital. 

The  chairman  proceeded  to  refer  to  the  litigation  between  the  Com- 
pany and  the  Post  Office  regarding  the  position  of  (A)  and  (B)  lines  in 
relation  to  the  question  of  royalties.  The  |)roceedings  showed  in  the 
Court  of  Appeal  that  theCampany  were  right  in  their  view,  because  the 
Court  of  .\ppeal  upheld  theCompany's  contention,  but  the  appeal  to  the 
House  of  Lords  by  the  Postmaster-General  reversed  that  decision,  and 
decided  entirely  in  favour  of  the  Postmaster-General.  We  went  into 
this  litigation  with  our  eyes  open  and  half-year  by  half-year  provided 
in  our  accounts,  out  of  profits,  for  the  royalty  which  might  be  claimed 
ultimately.  In  this  way,  therefore,  the  accounts  for  this  current  half- 
year  are  not  in  any  way  adversely  affected,  nor  will  they  be  in  future 
half-year.;  by  this  adverse  decision. 

The  shareholders  may  have  noticed  an  important  statement  made  by 
the  Postmaster-t^nerai  in  the  discussion  of  the  Post  Oiiice  Estimates  to 
the  effect  that  an  earlier  purchase  of  the  Company's  i)roporty  and  plant 
than  that  provided  for  by  the  purchase  agreement  of  1905  was  from  the 
public  point  of  view  advisable.  I  can  only  say  that  following  upon  that 
statement  in  the  House  of  Commons,  there  have  been  certain  pourparlers 
between  the  Post  Office  and  the  Cimpany,  but  the  Company  await 
definitive  proposals,  which  proposals  will  be  carefully  considererl  by  the 
directors  in  the  light  of  their  obligations  under  the  agreement  of  1905 
and  in  the  light  of  their  duty  to  the  shareholders.  'J'he  chairman  pro- 
ceeded to  describe  as  pure  fiction  certain  rellections  upon  the  efficiency 
and  iiptodateness  of  the  Company's  plant  and  service.  The  Company's 
plant  will  be  found  to  be  in  accordance  with  the  specification  required 
by  the  fioveriiment  in  1905,  when  we  entered  into  our  agreement,  and 
it  seems  to  me  that,  as  far  as  we  can  judge,  the  C.>in[)aiiy's  plant  was 
never  in  more  efficient  conditi<m  than  it  is  to-day,  and  certainly  there 
never  was  a  time  when  we  were  spending  more  u])cm  our  plant  in  main- 
tenance than  the  Company  are  doing  to  day.  The  elTecl  of  such  obviously 
nn'air  and  inaccuiate  statements  was  shown  by  a  rise  of  l.J  in  the  price 
of  the  company's  deferred  shares  on  the  stock  exchange.  W'c  have 
during  the  year  installed  14  new  central  battery  exchanges  in  entirely 
new  premises,  providing  for  the  needs  of  such  places  as  Hillhead  (Glas- 
gow), Greenock,  Manchester  City,  .Manchester,  Uusholme,  Cambridge, 
DaLslon.  Bradford,  Birmingham  and  Gerrard  (Loudon),  and  at  the  pre- 
sent moment  there  are  buildings  and  switchboard  apparatus  in  hand  for 
some  It)  other  places,  and  provision  is  being  made  for  the  e(piipment  of 
25.000  direct  exchange  lines.  This  is  our  reply  to  the  statements  made 
in  Parliament.  With  regard  to  any  proposals  which  may  be  made,  we 
maintain  an  open  mind.  If  they  are  found  to  be  in  the  interests  of  the 
Company  we  shall  not  fail  to  come  to  you  and  recommend  them  to  your 
notice, 

I  now  move  the  adoption  of  the  report  and  accounts  and  the  declara- 
tion of  the  dividends  set  out  therein. 

The  VICEPRKSIDK.N'T  (Mr.  S  H.  Sand.s)  seconded  the  motion, 
which  was  carried  unanimously  ;  and  resolutions  were  afterwards  passed 
re-electing  the  retiring  directors  and  auditors,  and  according  a  hearty 
l-ote  of  thank.s  to  the  chairman,  the  directors,  and  the  stall. 


United  River  Plate  Telephone  Co.  (Ltd.) 

The  23rd  ..r.linary  g.-nir d  im-ctiiig  wa-  hild  uri  ■rMi-iday,  Sir  li'.visd 
CoL'RTENAy  [jrcsiding. 

The  SKCRETARY  (.Mr.  David  Smith)  read  lb,-  noti.,-  .allini;  the 
meeting  and  the  auditor.)'  report. 

The  CHAIR.MAN  said:  Gentlemen,  the  steady  grov.lh  and  dcvc|.i|,. 
ment  of  the  -Argentine  Republic  which  has  been  a  feature  of  recent  years 
continues,  and  is  reflected  in  every  department  of  our  business,  resulting 
in  on  increase  both  in  gross  income  and  net  profit.  During  the  past  year 
wo  have  added  considerably  to  the  number  of  our  »ubscritx;r.s,  both  in 


Buenos  .\yros  and  the  provinces.  We  have  opened  new  exchanges  in 
Dolores,  (Jeneral  Pa/..  General  Belgrano.  Xueva  Roma.  Lobos,  Balcarcu 
and  Canuelas,  all  important  centres.  We  have  also  started  work  on  the 
extension  of  tmr  main  southern  line  from  (Jeneral  Beliirano  to  .-Vzul,  a  line 
which  is.  we  hope,  destined  eventually  to  be  carried  to  Bahia  Blaiica,  and 
to  become  one  of  our  most  impnrlant  trunk  routes.  Further,  we  have,  in 
r.'sponsc  to  strong  and  inlluential  demands,  authorised  the  extension  of 
another  section  of  our  southern  line  from  Dolores  to  .Mar  (h'l  Plata,  (he 
BriL'htiui  of  .Vrgentina.  There  is.  besides,  a  scheme  on  foot  to  make  this 
one  of  the  centres  of  the  export  trade.  Oar  trunk  lines,  giving  our  suh- 
srribers  faialitics  f(U'  communicating  with  the  capital  and  with  other 
towns,  have  been  an  important  feature  in  our  progress,  and  \i>\\  lii[> 
receipts  from  this  inter-city  traffic  are  growing  most  stitisfactorily. 

During  the  year  we  have  continued  our  work  of  extending  our  sulnviu 
in  Buenos  .\yres  and  reccmstructing  our  overhead  circuits  for  coinmnii 
battery  working.  The  three  new  exchanges  in  that  city  on  the  comiiMii 
battery  system  give  great  satisfaction  to  luir  engineers  and  to  the  gencr  1 1 
iniblic,  and  we  are  now  busily  engaged  in  altering  our  .\venida  buildiiiL 
our  ]irinoipal  exchange  in  IJuenos  .Vvres,  to  receive  a  new  ciunniMi 
battery  board  which  we  h op-.'  to  have  working  within  the  next  fc\'. 
months.  In  the  beginning  of  the  present  year  Sir  John  (iavey  visited 
Buenos  .Ayres,  and  he  reports  that  the  new  boards  already  installed  have 
rcsidted  in  an  appreciable  iniprovement  in  the  service.  Besides  our 
subway  wiu'k  in  Buenos  Ayrcs  we  have  also  done  a  considerable  aiununl 
of  similar  work  in  Rosario,  Cordoba  and  Bahia  Blanca. 

.As  to  the  accounts.  Our  capital  is  increased  by  £100,000.  the  aniouiu 
of  the  issue  made  in  A]U'il.  1908.  Sundry  credit  balances  are  considerably 
larger,  |)artly  owing  to  the  large  amount  of  work  in  hand,  and  to  tlu' 
general  expansion  of  the  business.  Subscriptions  paid  in  advance  havi 
increased  by  about  £3.000.  a  satisfactory  feature.  The  reserves  remain  j 
the  same  Hgiu"es.  We  pro]iosc.  however,  this  year,  to  increas^e  the  reservi 
by  £25,000.  The  Directors  feel  very  strongly,  and  have  no  doubt  the 
shareholders  will  agree,  that,  in  view  of  the  continual  expansion  of  the 
Company,  it  is  necessary  to  build  up  the  reserve.  Turningto  the  assets, 
we  have  expeiulcd  £119.590  on  cajiital  account.  Last  year  we  wrote 
£25,000  off  the  special  replacement  account,  but  this  year  it  has  again  in- 
creased to  £35,138,  and  as  the  work  of  conversion  is  still  proceeding  we 
propose  this  year  to  write  off  £32,000  from  this  account,  which  will  give 
us  a  fairly  clean  slate.  We  have  increased  lair  real  estate  by  £4,500, 
representing  land  for  the  new  exchanges  with  the  buildings  erected  there- 
on, as  well  as  .some  additions  to  our  existing  buildings.  Oui  securities 
are  considerably  increased,  part  of  the  last  issue  li  iving  found  a  temjiorary 
resting  place  in  this  account.  With  the  calls  for  construction  work  to 
which  a  Company  like  inirs  is  liable,  the  ilirectors  feel  that  a  reasonably 
large  sum  should  always  be  kept  in  this  account,  available  for  immediate 
use.  Our  investments  have  been  carefully  chosen  and  well  spread,  and 
they  reiJi'esent  a  market  jiricc  in  excess  of  the  figure  at  which  they  stand 
in  the  balance-sheet.  Our  stock  of  materials  is  some  £000  \inder  last 
year's  figure,  and  cash  in  bank  and  bills  receivable  arc  about  £5.000  less. 
Profit  and  loss  shows  an  increase  in  receipts  and  expenditure  in  the 
Argentine  of  £3(>,300  and  £23.000  respectively.  The  c\imulativc  result  is 
that  there  is  an  increase  in  net  (uollt  for  the  year  of  aiiout  £12.700.  and  I 
venture  lo  think  you  will  lind  these  results  satisfactory.  Wc  owe  them 
largely  to  the  skill  and  energy  put  into  the  iiusincss  by  our  stall,  and  as  our 
staff  are  forming  a  ])rovident  fund  in  -Aigentina.  towards  which  they  will 
themselves  subscribe  for  the  ])urpose  of  mutual  help  in  sickness  or  mis- 
fortune, the  directors  believe  the  shareholders  will  be  glad  to  follow  the 
excellent  example  set  by  other  public  companies,  and  make  a  donation  of 
£2.000  out  of  the  profits  towards  such  a  laudable  object.  We  have  to 
de])lore  the  loss  of  our  valued  colleague.  Mr.  Le  Rossignol.  and  also  of  Dr. 
Ramon  Santamarina,  a  member  of  the  consultative  committee  in  Argen- 
tina. \\v  have  been  fortunate  eiKuigh  to  secure  in  his  ])lace  his  brother, 
ScMor  .\utonio  Santamarina.  To  provide  for  the  increasing  wants  of  our 
businc:-s  it  will  be  necessary  to  make  a  new  issue  of  capital  in  the  autumn 
(]f  £1.50.000.  It  is  too  early  to  enter  fully  into  parti(  ulars,  but  1  have  no 
doubt  the  terms  will  be  acceptable  to  the  shareholders.  The  director.s 
recommend  a  final  dividend  of  5  per  cent,  on  the  ordinary  shares  (making 
8  per  cent,  fur  the  year,  tax  free),  and  I  now  move  the  adoption  of  the 
report  and  accounts. 

Mr.  KRKDERICK  GREEN  seconded  the  m  itinn,  which,  after  a  few 
remarks,  was  carried  unanimously. 

The  retiring  director,  Mr.  George  Keith,  and  'he  retiring  auditor.?, 
Messrs.  Welton,  .lones  &  Co.,  were  then  re-elected. 

The  CHAIRM.AN  then  said:  I  wish  to  propose  a  resolution  which  I 
feel  sure  will  meet  with  your  most  cordial  acceptance.  It  is  that  a  hearty 
vote  of  thanks  be  accorded  to  our  consultative  committee  in  the  Argen- 
tine as  well  as  to  the  manager  and  staff  there,  and  also  to  Mr.  David 
Smith,  our  excellent  secretary,  and  the  staff  in  London.  I  have  already 
expressed  our  full  apiuecialion  of  the  services  of  all  those  who  are  con- 
nected with  the  I'oinpany  in  the  .Argentine  in  the  anxious  times  they  have 
gone  thr.iiigh  during  the  past  year,  and  1  ilo  not  think  1  need  say  more. 

Sir.lOHN  C.W'ICV  seconded  the  motirai  and  said  :  I  had  the  pleasure 
of  inspecting  oui-  works  in  the  .Ar!/cntinc  Republic  in  the  course  of  last 
winter,  and  1  was  strongly  im)ircssed  with  the  <levotion  lo  the  company's 
interests  and  with  the  energy  in  administering  its  affairs  which  1  observed 
both  on  the  part  of  the  ccinsultative  ciunmittce  and  of  the  very  energetic 
officers  who  carry  out  ourwork  in  the  Republic.  We  owe  them  a  very  great 
debt  of  gratitude.  With  regard  to  the  services  of  our  energetic  secretary 
ami  his  staff  in  London,  1  am  sure  we  fully  appreciate  them. 

The  resolution  was  carried  unanimously,  and  a  very  hearty  vote  of 
thanks  to  the  chairman  and  directors  was  proposed  by  Mr.  Gamble  and 
seconded  by  .Mr.  Kingsbury.  After  acknowletlgraent  by  the  chairm-.n 
the  proceedings  terminated,  ^, 
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CENTRAL  LONDON  RAILWAY  CO.— Subject  to  audit,  the  dirtctipis  hav(^ 
dcelared  the  folluwing  divicleiiils  for  the  half-year  to  June  30  :  On  tlie 
undividetl  ordinary  stoek.  3  jjer  cent,  per  annum;  on  the  prcferrvd 
ordinary  stock,  4  per  cent,  per  annum  ;  on  the  deferred  ordinary,  2  jicr- 
cent.  ])er  annum  is  provided  and  carried  forward,  together  with  f  39,(M)(». 
The  distribution  on  liotli  stocks  was  at  the  same  rates  last  year,  when 
£29,12')  was  carried  forward. 

CHATHAM  &  DISTRICT  LIGHT  RAILWAYS  CO. — Tlie  directors'  report 
and  accnunls  f.ir  tlu'  liall-yc  ar  en. led  .lune  3(1.  show  receipts£20,303.  ls.5d. 
expenses  .t;i2,S20.  12s.  .")d.  After  deducting  rent  of  Rochester  Corpora- 
tion lines  £1,S71.  Uis.  and  debenture  interest  £1,234,  and  adding  balance 
brought  forward,  lilOH,  (£233.  .'5s.  3d.)  there  is  a  balance  of  £4,l>(i!t.  ISs.  3d. 
The  directors  recommend  that  £2,940  be  applied  to  payment  of  the  pre- 
ference dividend  and  that  £1,729.  18s.  3d.  be  carried  to  revenue  new 
account. 

CROMPTON  &  CO.  (LTD.) — The  directors'  report  for  the  year  ended 
.Mar.h  .'il  states  that  the  depression  in  trade  and  the  resulting  keen 
ciiiiipctition.  has  rendered  the  obtaining  of  remunerative  orders  very 
(lifticult,  and  a  certain  amount  of  work  has  had  to  be  undertaken  at  a 
very  small  margin  over  cost.  Net  profit  is  £10,051.  10s.  4d.  (compared 
with  £31,320.  10s.  for  the  previous  year).  After  providing  for  debenture 
interest  and  other  charges.there  remained,  with  the  sura  brought  forward, 
an  available  balance  of  £7,827.  l.'is.  The  directors  propose  to  set  aside 
£1.500  tor  doubtful  debts  and  contingencies  and  to  carry  the  balance 
forward.  The  lamps  connected  to  the  mains  of  the  Electric  Supply 
C'drpn.  undcrlaUings  during  the  year  ended  December  last  increased 
ap]ini.\iniatcly  20  jier  cent.  The  guarantee  as  to  the  earnings  of  the 
Electric  Sin>|ilv  I'orpn..  which  expires  in  December  ne.xt,  will  not,  so  far 
as  tin'  liiiv.tnrs  can  foresee,  necessitate  any  further  increase  in  the 
com|iaiiyV  interest  in  the  guaranteeing  company. 

The  dulness  of  trade  continues,  although  there  are  some  indications 
of  improvement.  The  directors  have  in  view  some  important  orders 
which,  it  is  hoped,  will  be  secured  at  satisfactory  prices.  During  the 
year  a  |>atent  has  been  obtained  for  a  new  auto-converter,  invented  at 
the  company's  works.  Orders  for  these  machines  are  now  being  exe- 
cuted, and  it  is  anticipated  that  the  invention,  for  which  there  is  a  large 
field,  will  prove  of  considerable  importance  to  the  company's  business. 
With  a  view  to  obtaining  fresh  capital  until  such  time  as  the  company 
can  protitably  rcdtuc  its  holilings  in  other  concerns,  an  offer  of  short 
term  notes  was  made  to  the  shareholders  in  February  last,  and  the 
dircctor.-i  arc  now  offering  elsewhere  the  balance  unapplied  for.  It  is 
proposed,  in  future,  to  close  the  accounts  of  the  company's  foreign 
branches  at  Dec.  31  in  cai'h  year,  instead  of  March  31  and  this  course  has 
the  approval  of  the  auditors. 

DIRECT  UNITED  STATES  CABLE  CO.  (LTD.)— The  revenue  for  the  half- 
year  ended  June  30  (after  deducting  out-payments)  amounted  to 
£aU,444.  18s.  Id.,  compared  with  £ol,3()7.  lis.  5d.  for  the  corresjionding 
period  of  1908,  an  increase  of  £5,077.  6s.  8d.  Working  and  other  ex- 
liciises  for  the  same  period  (including  income-tax)  amounted  to 
t2.'>,035.  17s.  3d.,  leaving  a  balance  of  £31,409.  Os.  lOd.  as  net  profit, 
making,  with  £4,506.  4r.  2d.  brought  forward,  £35,915.  .'is.  For  the 
mrrcs| Binding  period  of  1908,  the  working  cxpen.ses  and  other  ])ayments 
Hmoiintcd  to  £24,932.  Three  quarterly  interim  dividends  of  4s.  each  per 
share,  amounting  to  £36,426,  have  been  declared  and  paid  during  the 
financial  year,  and  a  final  dividend  of  4s.  per  share  is  now  proposed, 
together  with  a  bonus  of  Is.  per  share  (both  tax  free),  making,  with  the 
three  interim  dividends,  4|  per  cent,  for  the  year,  a  total  distribution  of 
£51.(i03.  10s.  After  transferring  £5,000  to  reserve,  the  balance  of 
£3,5115.  15s.  is  proposed  to  be  carried  forward.  The  reserve  fund  account 
has  been  debited  with  £13,857.  (is.  for  cost  of  cable  maintenance,  and 
after  being  credited  with  interest  on  the  investments,  profit  on  sale  of 
securities,  and  amount  transferred  from  revenue,  the  balance  now 
amounts  t<i  £510,2(i7.  Os.  lid. 

EDMUNDSONS'  ELECTRICITY  CORPN.  (LTD.)— At  the  annual  meeting  on 
Thuisday  last  Mr.  V.  I).  Tuckett  said  the  gross  profit  was  down  by 
£5,234,  tlie  main  cause  being  the  reduced  capital  expenditure  of  the 
subconi  panics.  The  net  profit  was  only  a  bare  margin  over  the  amount 
of  debenture  interest.  The  conditions  of  the  past  year  had  been  |iecu- 
liarly  adverse  to  all  similar  businesses  and  their  progress  in  the  future 
was  not  likely  to  be  other  than  .slow.  He  doubted  whether  the  very 
moderate  cost  of  electric  light  under  existing  conditions  was  as  fully 
realised  as  it  deserved  to  lie. 

GENERAL  ELECTRIC  CO.  (LTD.)— At  the  lucctuig  on  Monday  the 
chainuan  (Mr.  G.  Byiig)  said  they  had  made  a  larger  profit  this  year 
than  last.  They  had  written  off  more  lor  depreciation  a1  their  works 
ami  had  (ilaced  to  the  credit  of  reserve  a  larger  sum  (over  £16.000).  The 
niiU'gin  of  .si'ciirity  of  the  ))reference  shareholders  bail  thereby  liecn 
materially  strengthened  and  had  more  than  doubled  since  the  company 
was  incorporated  nine  years  ago.  In  spite  of  such  undoubted  security 
he  was  scury  to  see  tlvir  ])referenec  shares  quoted  at  a  discount.  The 
income  from  their  mvestments  did  not  vary  much  ;  it  had  resulted  in  a 
teturn  of  about  10  per  cent.  The  pressure  of  competition  at  home 
forced  thcni  to  seek  orders  more  and  more  abroad.  Unfortunately. 
Customs  duties  were  against  them.  .After  having  spent  money  in  push- 
inc  their  luaniifacturcs,  the  duties  were  suddenly  raised  against  tlicm. 
From  a  purely  technical  point  of  view  all  their  works  had  done  well. 
Their  engineering  staff  at  Wittim  had  especially  distinguished  itself. 
They  had  installed  a  larger  number  of  big  plants.  They  had  junvcd 
very  successful  and  had  greatly  enhanced  the  reputation  of  their  \\'ittou 
works,  strengthening  their  position  in  the  foremost  rank  of  electrical 


engineering  firms.  Tlicir  carbon  works  were  largely  occupied  with 
making  flame  arc  carlxms.  Theirs  was  the  only  factory  in  England 
where  such  carbons  were  made.  They  had  succeeded  in  comiieting  with 
continental  firms.  For  that  great  credit  was  due  to  the  energy  and  skill 
of  the  manager  and  staff  of  that  factory.  All  their  batteries,  porous 
pots  and  dry  cells  were  now  made  at  Witton.  They  had  added  a  large 
welding  plant  to  their  tube  works,  and  their  art  metal  works  at  .Sherlock- 
street,  Birmingham. were  making  heating  stoves  and  radiators,  in  addition 
to  electric  light  fittings.  They  had  considerably  extended  their  telephone 
factory  at  Peel  Works,  and  he  was  plea.sed  to  record  that  the  telephone 
equipments  produced  at  those  works  had  been  adopted  by  the  Home 
and  Colonial  Governments,  and  were  considered  an  advance  upon  those 
made  by  the  most  ])romiiient  manufacturers  in  America  and  on  the 
Continent.  The  sale  of  Osram  lamps  had  been  large,  and  experience 
hail  proved  that  the  marvellous  economy  and  durability  claimed  for  that 
invention  were  entirely  justified.  No  invention  since  the  advent  of 
electric  lighting  had  produced  an  equal  effect.  Generally  speaking, 
they  could  not  be  dissatisfied  with  the  year's  working.  The  foundations 
of  their  company  were  good,  and  also,  he  believed,  its  management,  but 
they  suffered,  as  almost  everybody  did,  from  a  general  trade  depression. 
They  had  seven  large  factories  and  every  one  of  them  could  give  an 
increased  output  without  any  material  increase  of  capital  or  of  general 
expenses  beyond  the  payment  of  more  wages. 

MADRAS  ELECTRIC  SUPPLY  CORPN.  (LTD.) — The  directors'  report  fo  r 
the  year  ended  Dec.  31  states  that  the  contractors  have  not  yet  com- 
pleted their  work,  but  the  buildings  and  equipment  of  the  main  gene- 
rating .station,  the  sub-station  at  Mylapore  and  the  tramway  sub-station 
are  practically  finished.  The  construction  of  the  main  generating  station 
had  been  so  far  completed  on  April  3  that  the  supply  of  electricity  to  the 
public  was  commenced  from  the  permanent  plant,  and  it  is  hoped  shortly 
to  supply  current  to  the  tramways  company,  who  are  to  take  a  minimum 
of  1,000,000  units  per  annum.  Agreements  for  the  supply  to  the  Port 
Trust  and  to  the  Government  buildings  have  been  drafted  and  are  now 
being  considered.  The  grant  of  new  licences  for  the  supply  of  current  to 
Fort  St.  George  and  the  Port  Trust  is  expected  shortly.  In  anticipation 
that  there  will  be  a  large  demand  for  electric  fans,  to  take  the  place  of 
punkahs,  which  are  used  for  the  whole  year  in  JIadras,  the  directors  sent 
out  a  considerable  number  to  sell  or  hire  out.  The  temporary  oil  engine 
plant  is  being  dismantled.  The  supply  to  the  public  commenced  with 
5,200  equivalent  8  c.p.  lamp.s  connected  to  the  mains,  and  many  appli- 
cations from  other  consumers  have  since  been  received.  The  company 
has  recently  received  a  dividend  at  the  rate  of  5  per  cent,  per  annum 
(including  i  per  cent,  out  of  surplus  profits)  on  its  investment  in  the 
4,J  ]icr  cent"  preferred  ordinary  shares  of  the  Madras  Electric  Tramways 
(f904).  Ltd. 

METROPOLITAN  RAILWAY  CO.— The  directors'  report  for  the  half-year 
to  June  30  states  that  the  total  receipts  were  £379.487  and  the  exi)enses 
£193,243.  leavnig  a  profit  of  £186,243.  Compared  with  the  correspond- 
ing half-year  of  1908,  the  receipts  show  an  increase  of  £22.700  and  the 
expenses  a  decrease  of  £6,536.  The  expenditure  is  at  the  rate  of  5lv25 
per  cent,  of  the  total  traffic  receiiits,  compared  with  60-36  per  cent,  .\fter 
providing  for  the  interest  upon  the  debenture  stocks  and  other  fixed 
charges  and  for  electrical  depreciation,  the  balance  is  £137,075,  which  will 
permit  of  the  payment  of  the  dividends  upon  the  preference  stocks  and 
leave  £32,564.  'The  directors  recommend  a  dividend  upon  the  ordinary 
stock  for  the  past  half-year  at  the  rate  of  £1  per  cent,  per  annum  and  to 
caiTy  forward  £3,904.  The  development  of  the  passenger  traffic  resulting 
from  the  improved  train  services  and  through  bookings  with  the  tube 
railways  has  been  well  maintained,  while  the  new  express  parcels  service 
which  was  brought  into  operation  at  the  beginning  of  the  year  has  also 
been  very  successful,  and  lias  attracted  a  large  amount  of  new  business. 
The  electrical  plant  and  machinery  have  worked  very  satisfactorily 
throughout  the  half-year,  and  the  cun-ent  is  still  produced  at  a  low  rate 
per  unit.  The  installation  of  automatic  signalling  on  the  Inner  Cinle 
is  now  practically  comyilcted,  and  has  resulted  in  greatly  imiuovcd 
imnctuality  in  the  running  of  the  trains. 

MEXICAN  LIGHT  &  POWER  CO.  (LTD.)— The  report  for  I'.IOS  states  that 
the  actual  and  prospective  demands  for  jiowcr  in  the  centres  of  cimsump- 
tiiui  sup])licd  had  iucre.iscd  beyond  expectations,  and  to  meet  those  de- 
mands it  had  been  decided  to  double  the  capacity  of  the  present  hydro- 
electric plant  at  Necaxa  during  the  next  three  years,  and  to  bring  into 
the  Necaxa  Basin,  by  a  scries  of  diverting  and  storage  dams,  canals  and 
tunnels,  the  waters  of  the  Lower  Tenango,  Nexapa  and  Catepuxtla  rivers. 
The  advent  of  cheap  chilric  power  to  Mexico  City  and  its  suburbs  and  to 
El  Oro  and  vicinity  had  so  reduced  the  oiierating  costs  of  all  industrial 
ciitcriiriscs  localcd'in  those  places  that  existing  uidustries  had  extended 
their  operations,  and  iiianv  new  uiidcrlakiiu;s  had  been  and  were  about 
t..  be  established.  In  scuni'  cases  dining  the  past  year  it  has  been  deemed 
advisable  to  supply  electric  energy  to  customci-s  by  the  operation  of  the 
steam  plants  during  the  drv  season  at  a  considerable  loss,  pending  the 
completion  of  the  hydraulic  works  of  the  company.  The  dii-ectors  have 
authorised  the  construction  of  such  new  and  additional  works  as  are 
necessary  to  meet  future  requin-ments.  The  gross  earnings  for  1908 
were  82,938,474  gold,  and  the  operating  and  maintenance  exiienscs 
81,080.570  gold.  Out  of  the  earnings  of  the  past  year  3J  per  cent,  has 
been  paid  in  dividends  on  the  ordinary  shares,  and  on  Dec.  31  last  a 
balance  of  8910,823  gold  was  carried  forward. 

MEXICO  TRAMWAYS  CO.— The  net  revenue  for  1908,  after  paying  ex- 
penses and  fixed  charges,  was  §459,649,  which,  added  to  $151,701 
brought  forward,  made  §611,350.  Four  quarterly  dividends,  each  at 
the  rate  of  4  jier  cent,  per  annum,  were  paid,  leaving  .*371.350  to  be 
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carried  forward.     *1, 027, 294  has  been  8i>ci)t  on  capital  accomit,  exten- 
sions, iniprovnients  and  the  <rcneral  eiiuipmeut  of  the  tramways. 

HATIONAL  TELBWRITER  CO.  (LTD.)— The  statutory  nieetin;;  wa-s  held 
on  Thiir.*da}'  last  week,  when  Sir  W.  P.  Treloar,  who  pifsided.  said  tlie 
number  of  shai-eholders  was  5M.  and  the  list  showed  that  a  widespri-ad 
interest  was  taken  in  the  telewriter.  Undoubtedly,  the  instrument  was 
destined  to  effect  a  revolution  in  our  methods  of  eunimuniration.  Its 
use,  either  alone  or  in  conjunction  with  the  teiephone,  was  permitted  l>v 
the  Postmaster-General  throughout  the  kingdom.  Their  licence  ])rovided 
that  the  companj'  might  erect  exchanges.  The  telewriter  was  not  in- 
tended to  supersede  or  to  supplant  the  telephone,  but  to  act  as  a  comple- 
ment to  it.  The  licence  also  provided  for  the  transmission  in  writing  or 
drawing  of  parliamentary,  sporting.  Stock  Exchange,  and  general  news, 
and  it  allowed  a  telewriter  being  su|)piied  on  all  private  lines  icnted  from 
the  Post  Office.  An  important  i)rovision  was  tliat  which  permitted  the 
company  to  carry  on  its  business  with  a  comparatively  small  outlay  of 
capital — that  was,  that  the  Postmasler-tieneral  would  ])rt)vidc  all  wires 
and  wayleaves  required  for  the  exchanges  throughout  the  kingdom. 
Complete  arrangements  had  been  made  with  the  National  Tclciihonc 
Co.  The  licence  was  for  21  years,  and  the  Post  Office  had  the  right  to 
purchase  their  undertakings  on  the  same  terms  as  the  National  Telephone 
Co."s  business.  The  instniment  was  earning  rentals  at  many  establish- 
ments in  London,  and  a  large  number  of  inquiries  had  been  received  from 
all  parts  of  the  United  Kingdom.  The  company  had  ordered  a  large 
supply  of  instruments,  and  hoped  soon  to  have  an  exchange  in  the  City. 
They  wotdd  soon  be  at  work,  but  they  hoped  the  shareholders  would  not 
be  impatient. 

NEWCASTLE  UPON -TYNE  ELECTRIC  SUPPLY  CO.  { LTD. )— The  profits  for 
the  first  ^ix  nioMtli>  ..f  the  ninciit  yc-.u  ,imii\iiit  to  £47.750.  After  in- 
cluding balance  from  last  year  and  deducting  iulcrest  on  loans,  deben- 
tures, &c..  there  remains  £41,704.  The  directors  have  decided  to  pay 
an  interim  dividend  on  the  preference  shares  of  2J  per  cent.,  absorbing 
£17,187.  10s.  The  balance  (£24,516.  lO.s.).  though  "subject  to  deductions 
for  depreciation  and  a  sum  to  be  caiTied  forward,  would  jicrmit  the  dc- 
claratiim  of  a  small  interim  dividend  on  the  ordinary  shares,  but  in  view 
of  the  critical  position  of  the  coal  trade,  and  the  possible  stoppage  of  and 
damage  to  other  trades  which  may  follow  therefrom,  the  directors  do  not 
think  it  prudent  to  deal  with  the  balance  before  the  end  of  the  year. 

VICTORIA  FALLS  &  TR.4HSVAAL  POWER  CO.  (LTD.)— At  the  annual 
general  meeting  on  Friday.  .Mr.  H.  BirrlKiioiigh.  Ol.G.,  who  presided, 
said  that  owing  to  tlic  fad  tliat  they  liad.  during  the  past  year,  been 
mainly  occupied  in  construction  work,  and  only  supplied  current  from 
the  old  stations,  a  profit  and  loss  account  was  not  submitted.  Aftci 
paying  interest  on  delwnturcs  allotted  in  ]iart  pinchase  of  the  Rainl 
central  station,  and  providing  for  general  expenses  and  depreciation  of 
stores,  furniture,  &c.,  the  accoimt  showed  a  surplus  of  £4S,177,  com- 
pared with  £31!, 085  last  year.  Their  temporary  contract  for  the  bulk 
supply  of  electricity  to  the  City  of  Johannesburg  expired  ii\  the  middle  of 
the  year.  T'he  board  had  thought  it  wiser  not  to  ])ay  any  interim 
dividend  upon  the  preference  shares  for  the  first  six  months  of  this  year. 
In  the  long  run  the  preference  shareholders  would  not  suffer,  as  their 
dividenrls  were  cumulative.  Their  business  had  devclo]ied  from  one  of 
medium  size  and  imjiortance  into  one  of  the  largest  electrical  power 
businesses  in  the  v.orld,  with  an  asinired  and  permanent  connection. 
The  company  acquired  from  Mr.  Harper  a  conditional  agreement  made 
by  him  with  the  Rand  .Mines,  under  which  15  mining  comi>anies  would 
lontract  to  take  the  whole  of  their  power  requirements.  This  agreement 
was  originally  for  12  years,  but  they  were  successful  in  negotiating  an 
extension  of  the  contract  from  12  to  20  years.  The  aiuuial  ))o\ver 
requirements  of  those  mines  were  estimated  at  270,000,000  units.  Nego- 
tiations had  also  been  succe.ssfidly  carried  out  for  the  prohmgation  of  the 
contract  with  the  Consolidated  (!old  Fields  of  South  Africa  from  10  years 
to  12  years,  and  important  contracts  hntl  been  entered  into  with  other 
mining  groups,  including  the  Johannesburg  Consolidaterl  Investmciit 
(,'o.  An  agreement  was  negotiated  and  entered  into  with  the  Geiinan 
banks  feir  the  subscription  of  £000.000  5  ]k-t  cent,  debentures,  and 
£0OO,(j')0  preference  shares  issued  in  London.  The  capital  now  consisteil 
of  tl,<)OI»,')t)U  ordinary  shares,  £1.7(Kt,0<M)  preference  shares,  and 
£I.7<JO,000  debentures.  The  Rand  .Mines  Power  Supply  Co.  had  been 
formed  to  operate  the  Eckstein  contract,  and  supply  power  in  bulk  to 
the  Vir-toria  Falls  &  Transvaal  Power  Co.  It  had  a  capital  of  £1 .5(H).00O, 
including  borrowed  capital  of  £1.0f)0.000.  The  whole  (,f  Ih,.  500.001)  £1 
shares  of  that  company  were  being  subsiriliorl  by  lliiir  conipany,  which 
would  also  advance  the  borrowed  capital. 

They  had  before  them,  however,  tl ;  pro><pcct  of  immediate  and  dan- 
gerous competition.  If  a  powerful  competing  company  had  been  estab- 
lished, it  woidd  iMidoubtedly  hive  led  to  a  severe  rate  war.  Thanks  to 
the  success  of  the  ncgoliatioiis  he  had  inferred  to,  cut-throat  eom])etition 
had  been  avoided,  and  the  result  would  be  that  their  undertaking,  which 
a  year  ago  had  a  revenue  of  £160,(M)I),  with  scope  for  increase  up  to 
£.'{00,000,  wcmld  have  a  revenue  of  £,SOO,000  a  year  as  soon  as  the  neces- 
sary machinery  was  ready  for  eommcTcial  use.  Subject  to  approval  the 
board  had  fi.xed  the  reniuneraticm  of  Lord  Winchester,  as  chairman  and 
member  of  the  executive  committee,  at  £3,000  a  year. 

Sir  Charles  Metcalfe  said  he  had  just  returned  from  visiting  the  works 
in  .South  -Africa,  and  everything  was  working  well  and  smoothly.  They 
had  now  something  like  12,000  kw.  in  active  work,  and  by  that  date  ne,\t 
year  they  woidd  leave  more  than  double-.  The  questiim  of  the  tiaus- 
mission  of  power  from  the  Victoria  Falls,  which  was  what  they  originally 
thought  of.  was  rendered  enormously  difficult,  owing  to  the  hostile 
attitude  of  the  jieople  in  the  Transvaal,  who  were  having  their  coal  used 


by   the   various  ccmipanics.   and   also   of  the   railway   comp.inies;   who 
derived  a  great   deal  of  their  income  from  the  carriage  of  coal.     This 
company  had  to  meet  that  hostility  by  deferring  the  hmg  transmission, 
though  it  woidd  give  him  the  greatest  gratific  ation  to  carry  it  out. 
The  report  ,uid  aceouiits  were  adopted. 


NEW  COMPANIES,  MORTGAGES  AND  CHARGES. 


NEW  COMPANIES. 

BRITISH  RADIOTELEGRAPH  tc  TELEPHONE  CO.  (LTD.)  (104,024.1— 
Reg.  July  13,  capital  £15,000  in  £1  shares,  to  adopt  an  agreement 
witn  J.  (;.  Balsillie,  and  to  carry  on  the  liusine.ss  of  inanufacturers  of 
and  dealers  in  r.adiotclcgraphic  and  tele|ihonic  instruments  and  in- 
stallations, electric  and  general  engineers,  &c.     Private  company. 

FIFE  TRAMWAY  LIGHT  &  POWER  CO.  (LTD.;  (7,188.)— Reg.  in  Edin- 
burgh on  July  3,  capital  .£200,000  in  £1  shares,  to  acquire  all  or  pjvrt 
of  the  share  capital  of  the  Dunfermline  &  District  Tramways  Co.  and 
the  Fife  Electric  Power  Co.,  to  construct  or  acquire  light  or  other 
railways,  electric  or  other  tramways  and  electric  lightinj;  and  power 
supply  works,  &c. 

MORTGAGES  AND  CHARGES. 

ELECTRO-MECHANICAL  BRAKE  CO.  (LTD. )-  -Mortgage  or  charge  on 
certain  patents  for  inventions  relating  to  an  electro-mechanical  brake 
dated  June  7,  1909,  to  secure  not  tnore  than  £1,50C.  Holder,  G.  Law, 
Jun.  Also  mortgage  on  certain  book  debts  dated  June  9,  1909,  to 
secure  £140.     Holders,  Metropolitan  Bank  of  England  and  Wales. 


CITY  NOTES. 

MEMORANDA  (July  22V— Bank  rate  2.^  per  cent,  (since  April  1, 
1809).  Price  of  silver,  23.\d.  per  oz.  Consols  84  J — 84s  for  money  and 
for  account.  Consols  Pay  Day,  Aug.  5  ;  Stock  e.nd  Shares 
Continuation  Days,  July  27  and  Aug.  10  ;  Ticket  Days,  July  28  and 
Aug.  11  ;  Pay  Days,  July  i9  and  Aug.  12  ;  Mining  Shares  Carry  Over 
Day,  July  26. 

Prices  of  Metals  (London). — Copper,  cash,  58J  ;  three  months 
59.',.  Lead,  English,  12J— 13J;  foreign,  cash,  12,',— 12j,(;  three 
mouths,  12J-13.  l^pelter,  cash,  22— 22^.  Tin,  Engiisb,  130-132: 
foreign,  cash,  1321  :  three  months,  132J— 1,33^'.  Ir07i,  Cleveland,  cash, 
48/6,  and  three  months,  49/2J.  Maijntt  Steel  (price  supplied  by  VV,  F. 
Dennis  &  Co.',  £55.  

AMERICAN  TELEPHONE  &  TELEGRAPH  CO.— The  net  eiirnings  for  the 
past  six  months,  after  payment  of  interest  and  dividends,  were.?>2,462,000 
compared  with  $2,513,000  for  the  corresponding  period  of  1908. 

ANGLO-AMEEICAN  TELEGRAPH CO.fLTD.)— The  directors  have  decided, 
after  placing  .£5,000  to  renewal  fund,  to  declare  an  interim  dividend  for 
the  quarter  ended  June  30  of  15s.  per  cent,  on  the  ordinary  stock  and 
£1  10s.  per  cent  on  the  prefcrreci  stock  (less  tax)  payable  July  31, 
£24,414  is  carried  forward. 

CHELSEA  ELECTRICITY  SUPPLY  CO.  (LTD.)— The  directors  have  de- 
clared an  interim  dividend  of  2s.  per  share  on  the  ordinary  shares  for 
the  past  half-year. 

MATHER  &  PLATT  (LTD  )— The  directors  have  declared  an  intp;im 
dividend  on  the  ordinary  shares  of  5  per  cent,  (tax  free)  for  the  half- 
year  ended  June  30,  being  at  the  rate  of  10  per  cent,  per  annum,  the 
same  as  in  1908. 

MONTREAL  LIGHT,  HEAT  &  POWER  CO.— The  directors  have  declared 
a  divirlend  of  1^  |ier  cent,  on  the  paid-up  capital  stock,  being  at  tho 
rate  of  7  per  cent,  per  ainium.  for  the  quarter  ending  July  31. 

ST.  JAMES'  &  PALL  MALL  ELECTRIC  LIGHT  CO.  (LTD.)  -The  diroctore 
have  declared  an  interim  divideinl  on  I  lie:  preference  sliares  at  the  rat 
of  7  [ler  cent  ,  and  on  the  ordin.iiy  sliai' .s  at  the  rate  of  10  per  cent,  fo"" 
the  half-year  eiuled  Juno  30.  Tlie  share  transfer  books  will  be  closed 
rom  July  24  to  Aug.  6  inclusive. 

The  amount  of  elcMtricity  sold  by  the  Company,  during  the  half-year 
ended  June  30,  is  n>turi\ed  at  I..S2li.i'i(i3  unit'',  estimated  to  produce 
£(iO,(i97,  against  I.S02..">(iO  miits.  which  jiroduced  £lil,()3,"i,  for  the  corre- 
sponding period  of  last  ye.Ll-. 

STOCK  EXCHANGE  NOTICES.  -The  Stoek  Exchange  ecunmittec  have 
apiii.inted  ,\uv.  5  a  s|.r,  iai  M-ttliug  day  in  a  further  issue  of  30,070  £5 
fidly-paid  ordinary  and  :!ll.ti70  £5  fully-paid  7  per  cent,  cumulative  pre- 
ference shares  of  the  liriiixh  Aluminium  Ct>.  {Lid.),  and  have  granted 
quotaticms  to  1)40,000  £5  fidly-paid  5  per  cent,  cumulative  first  pre- 
ference shares,  ,500,000  £5  fidly-paid  5  per  cent,  cumulative  second  pre- 
ference shares  and  £1,733,380  4J  per  cent,  delx-nture  stock  (in  lieu  of 
first,  second  and  third  preference  shares  now  quoted)  of  the  Anz/lo- 
Arginlinr  Traiiiwni/s  Co.  (Ltd.). 

TELEGRAPH  CONSTRUCTION  &  MAINTENANCE  CO.  (LTD. )  -The  transfer 

books  will   lie  i'lo>ecl  from  .Inly  19  to  27,  incliisive.  preparatory  to  the 
payment  of  an  interim  diviilcnd  of  12s.  per  .share. 

VICKERS,  SONS  &  MAXIM  (LTD.) -The  directors  have  declared  an  in- 
terim dividend  of  -11  pel  eenl.  (less  lax)  cm  the  profen'ed  5  percent,  stock 
and  5  per  cent,  prefeience  shares,  and  Is.  ])er  share  (tax  free)  on  the  or- 
dinary shares  for  the  half-year  ended  June  30. 
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il»tdeen  OorporHlon 

Urdrle  ;• 

inglo- Argentine 

Ayr  Corporation 

Baker  St.  iWsterlooBj.... 

Bamsley ' 

Bwrow  ■•• "■■••• 

Bath  Electric  Trams,  Ltd.. 
BlrmlngUam  Corporation.. 

Birmingham  &  Mid 

Blackburn  Corporation 

Hiokpool  and  Fleetwood.. 

Bollon  Corporation 

Bombay     ■••*•• 

Boamemooth  Corporation. 

Bradford  Corporation 

Brlgblon  Corporation    

Bristol  Trams  &  Carriage., 

Bumle;  Corporation 

Barton  Corporation   

Bury  Corporation   

Oalcotla  Tramwaya  Oo 

Camborne-Redruth    

Cardiff  Corporation  

Oavehill 

Central  London  Railway  . 
Charing  0.,Ku8ton<iH'8tead 
Chatham  &  Dist.  Lt.  Rys.... 
City  &  South  London  Rly... 

City  ol  Birmingham  

Colchester  Corporation 

Ojrk  Bloctrio  Trams  Oo.  ... 

Croydon  Corporation    

DeTonport  &  DUt.  Trams... 

Doyer  Corporation 

Dublin  &  Luoan  Railway.. 

Pablln  United 

Dudley-Stourbridge   

Dondee  Corporation 

gut  Ham  OounoU 

Bieter  Corporation 

Oatesheaa  &  Dist.  Trams... 

Glasgow  Corporation 

Qlossop  Trams 

Oravesend — Northfleet 

Oreat  Northern  X  City  Ely.. 
BtNorthem,  Piccadilly.&c 
Brotnock  &  Port  Glasgow... 

Hartlepool  Tramways    

Bastings  Eleo.  Trams  Co.... 

Hong  Kong  

Huddorsttbld  Oorpn 

Hall  Corporation 

Dlord  Distriot  Oouncil 

Dkeaton  District  CooucU... 

Ipswich  Corporation 

Isle  ol  Thanet  Co 

Jarrow  

Kolghley  Corporation    

Kidderminster  .b  District.. 
Kilmarntick  Corporation  .. 
Lanarkshire  Trams  Oo.    .. 

Uncashlre  United 

Leamington 

Leeds  Corporation 

Leicester  Corporation    

Leith  Corporation 

Lincoln  Corporation 

Liverpool  Corporation  

Uierpool  Overhead  Rly.  .. 
LlsDiluauo  &  Colwyn  BayRj 
*LoDdon  County  Counoil 

London  United  < 

Lowestoft 

Uaidstooe  Corporation.. 
Uaachester  Corporation 

Mersey  Railway  

Merthyr 

Uetropolitan  Dist.  Railway 
UetropulitauElec.  Trams... 

BlddlBt.)n 

Neltton  Corporation   

Newcastle-on-Tyne  Oorp. .. 

Newpert  (Men.) ; 

Nortn&mptun  Corporation 
Oldham,  Ashton  &  Hyde .. 

Oldham  Corporation 

Perth  (N.b.)Oorporation  .. 
Perth  ( W.  A. )  Elec.  Trams... 

Peterborough   

Portsmouth  Corporation  ... 

Potteries    

Preston  Corporation 

Botherham  Corporation   .. 

Bothcsay  

Salfurd  Corporation    

Bbeernoss  

BhoQlold  Corporation 

Singapore  Trams  

Bouth  Metropolitan    

South  Btafla 

Boutbend  Corporation  

Boathport  Tramways 

6tal;b'dgc,Hydu,&o.,Jt.Bd. 
Sunderland  Corporation  ... 

Bonderland  Distriot  

Swansea  Trams  

Swindon  Corporation    

."aunton    

tynemouth  and  Distriot  ... 

lyneside  Trams  Oo 

Wallasiy  District  Oounoll... 

VV'alsall  Corpu 

Warrington  Corpn 

West  Ham  Corporation 

Weston-super-Maro    

Wolverhampton  Co 

WoUerhampton  Oorpn 

•Worcestar 

Wmham 

lotkshiro  W.B.  Trams 

.loikshlro  Woollen  District 
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2,271 
(15,817 
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"■  4J% 

10  7/0 

10  8/0 

";'  4i% 


117,691      -        2,710 


ELECTRICITY  SUPPLY. 

Bournemooth  ft  Poole  Eleo.  Snp.  Ord 

Do.    4J  per  Cent.  Cam.  Pref.  

Do.     6  per  Cent.  Cum.  Second  Pref. 
Do.    4i  per  Cent.  Deb.  Stock  (red.) 
Bromley  (Kent)  El.  Lt.  &  Power  Shares 
Do.  Do.  let  Debs, 

Brompton  ft  Kensington  Elec.  Sup.  Ord 

Oo.     7  per  Cent.  Pref. , 

Central  Eleo.  Sup.  Co.4'/  Onar.Db.Stock 
Charing  Cro85(  W. End  ft  City)BI.Sup.Co. 

Do.    4J  per  Cent.  Pref.  

Dj      4  per  Cent.  Dsb.  Stock  (rod.l 

t  Oo     44  per  Cent.  Deb.  Stuck  (red.)  „ 

Do.     City  Undertaking  4iX  Cm.  Pre!. 
Chelsea  Electric  Supply  Ord .., 

Do  41  per  Cent.  Dab.  Stock  (red.)  .. 
City  of  London  Electric  Lighting  Ord.. 

Do.     8  per  Cent.  Cum.  Pref.  

Do     6  per  Cent.  Dab.  Stock  (red.) 

Do  4J  per  Cent.  2nd  Deb.  Stock  (red.) 
Connty  of  Durham  Elec.  P.  D.  Ord 

Do.    6  per  Cent,  non  Cam.  Pref. 

County  of  London  Elec.  Supply  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    4J%  Deb.  Slock  (red.)    

Do.    Second  Deb.  Stock 

Folkestone. Electricity  Supply  Co.  Ord, 

Do.    6  per  Cent.  Gum.  Pref. 

Do.    4i  Ist  Deb.  Stock  (red) 

Hove  Electric  Li«hting  Ord.   

Kensington*  Knightsbridge  Ord 

Do.     8  per  Cent.  l»t  Pref 

Do      4  per  Cent.  Dab.  Stock  (rod.) 

Kensingtn.  ft  Kngtbg.  Co.  &  Notting  HvU 
Co.  (Joint  Station)  4  <;  Dab.  Stock  (red.) 

tKent  Elec.  Power  Co 

London  Electric  Supply  Ord. ... 

Oo.    8  per  Cent.  Pref. 

Do.    4  per  Cent.  Ist  Mort.  Dji 
Metropolitan  Electric  Sap,  Ord, 

Do,     41  per  Cant.  Cam.  Pref. 

Do,     4*  per  Cant.  Dab.  Stockist  Mort. 

Do  3*perCent.Mrt.  Dab.  3tock(rad.) 
Midland  Elec.  Corp.for  P.  D.lstMoft.DO. 
Newcastle  &  Dist.  Elec.  Ltg.  Ord.  ... 

Do.    4Jper  Cant.  Dab 

Newcastle  Eleo.  Supply  Ord. 

D3.    6  per  Cant. 


Jnly  21       BD.  ""•         JCLV21. 

Higb-  Low  ' 
£  (    d.  est.  I  est. 

US-ion  0  16  9  lUr.Sep  ■•  |  - 
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lOj-lOJ  6  11  6  Feb,  Aod  '  _  I  .. 
O'l  —103  4  7  8  Jan,  July  ..  .. 
•  i-4j  6  15  9  April,  Oo 
91  —Vi  4  le  0  May,  No 
8  _ti  3  17  li  March....  8i  .  8 
Mar,  Seal         ..        — 
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113    -loo  4     5 
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4.416 
6.418 
4!^5,!i34 
161,721 


2;7,1I0 
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2, HI 
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27  47,733       - 


9i,773 
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93 
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81 

-83 
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-5 

97 

-90 

90 
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(a)  These  comparisoua  are  witU  the  corresponding  period  last  year.     §  Plus  3  days. 
UPlusSdajB.    •  Partly  electrical.    <  Minus  3  days    {  Minus  3  days. 


1    lOJ 


Pref. 

.  Mort.  Oab.  red.  191)7. 
Norih  lifetro.  Eleo. Power  Snp.  5  Morts 
Northern  Counties  Eleo.  Sup 

Do.     4i  per  Cant.  Dab 

trotting  Hill  Electric  Ord 

Oxford  Bleotrio  Ord 

t  3o.    i  per  Cent.  Dab.  Stock    

tit.  James'  &  Pall  Mall  Eleo.  Ord. 

Da.    7  per  Cent.  Pref.    

Do.  3*  per  Cant.  Dab.  Stock  (red.)  ... 
Bmithlield  Markets  Electric  Sap.  Ord... 
Siuth  London  Electric  Supply  Ord 

Do.     5'.  1st  Mort.  Slk.  Kei 

South  Metrop'n  Eleo.  Lt.  &  Power  Ord, 

Do.     7  per  Cent.  Cam.  Pref 

Do,    4i  1st  Db.  Stk.  Bad 

Urban  Electric  Supply  Ord , 

Do.    6  per  Cant.  Cum.  Pref 

Do.     4J  per  Cent,  let  Mort.  Deb 

Westminster  Elec.  Sup.  Ord 

too.    4i  per  Cent.  Cum.  Pref.  

ELECTRIC  RAILWAYS  A.  T«AM#AY8. 

t Baker  St.  ft  Waterloo  i*,  Perp.  Db.  St 

Bath  Elec.  Trams  Pref.  Ord 

Do.     6  per  Cent.  Cum.  Pref. 

Do.  41  1st  Mort.  Dab.  Stock  (red.)  .., 
B'ham  S  Midland  Trams  41  Ist  OJ.Stk. 
Bristol  Tramways  &  Carriage  Ord 

Do.    Cam.  Pref.  (fully  paid) 

Do,    4  per  (3ent.  Dabs 

British  Electric  Traction  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    6  percent.  Perpetual  Dabi 

Do.     H  per  Cent,  2nil  Dab.  Stock 

Central  London  Ordinary  Stock |     0'    -« 

Dj.    4  per  Cent.  Pref.  Stock    6d   -85 

Do.    Deferred  Stock   

I  Do.     4  per  Cant.  Dabs 

Charine  X.Eustooillmpstd  PerDb.Stk. 
City  of  Birmingham  Trams.  57.Cm.Pref. 

Do.     4  per  Cant.  Ist  Mort.  Dabs 

City  ft  South  London  Bl.r.  Con.  Ord.  ... 

Do.    6  per  Cant.  Perp.  PreC  (1391)    ... 

Do.    (1S0,J) 

Do.    (1901) 

Jo.    (1903) 

Do.     4  per  Cant.  Perpetual  Dabs 

Dablin  United  frarai.  6  per  Cant.  Prel. 
Gt.  Northern  &  City  Kly.  Pref.  Ord.(4il 
G.  Northern,  Pico,  ft  Hromptoulii  G.PI 

Do.    4  per  Cant.  Dab.  Stock  ... 
Histiogs  jl  District  Elua.  I'r 

Do.      4J  Db.  St 

Imperial  Tramways  O.'d,  . 
iDo.  0  per  Cent.  IVet".  ...., 
tUo.  4i  per  Caut.  Dabs.  ., 
1.  of  Thauet  K.  I'.ft  Lt.  6  p 

Do.    4  perCmt.  Dab.  Soo 

Lanarkshire  Tramways  

Lanes.  Utd.  Tram)  5  i  Prior  Liaii  Do.  bt. 
Liverpool  Overhead  Kiilway  Or  J 

Do.    6  per  Cant.  Prat 

Do.    4  per  Cant.  Dab .......... 

London  United  Trams.  5  (J  Cuoi.  Prel.  ... 

Do.    4  per  Cant.  Ist  Mort.  Dab.  Stock 
Mersey  Con.  Ord.  St  >ok 
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8i-n 

7  -74 
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1  -1 
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1^-5 

75  -SI 
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I -IS 

58  -83 
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Feb,  Aaj7 
Feb,  Aog 
Jan,  Jotr 

Jan.'Jaly 
Mirch  . . 
Jaae,  Dao 
Feb,  Aug 
Jaa,  Jaly 
Jaae,  Dm 
Jan,  Jaly 
April,  Oct 
April,  Oct 
Feb,  Aag 
Mar,  Sept 
Jan,  July 
May,  Nov 
April,  Oct 
Mar,  Sept 
Feb,  Aug 
April,  Oct 
Feb,  Aog 
Jfta,  Jaly 


Apiil,  03t 
Jaa,  July 
Mar,  Sept 
Mar,  Sapt 
Jan,  July 
AprU,  Oct 
Jaa,  Jaly 
June,  Dae 
Jan,  July 
June,  Dao 
Feb,  Aag 
Jan,  July 
Feb,  Aug 
Feb,  Ao^ 
Jaa,  Jaly 

Mar,  Aag 
Jan,  July 
March  .. 


l"]:    10J\ 
»ni    12.t 


101 J    10  .1 


sn  s'n 


July 
Fab,  Aug 
Feb,  Aug 
Jaa,  July 
Feb  .... 
April..., 


Fdb,  Aag 
April,  Oat 
April,  Ojt  , 
April,  Oat 
April,  Oct  I 
Mar,  Sapt ' 
Jan,  July 
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0 
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0 
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0 

4  U 

0 
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0 
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0 
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4   11 

0 
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u 

4  IS 

u 
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0 

1   I'l 

0 

i   19 

u 

4  11 

0 

Metropolitan  Eleo.  Tramways  Ord 

Do.    Ueferrei   

Do.    6  per  Cent.  Cum.  Pret. 

Do.    4J  per  Cent.  Deb.  Stock 

Metropobtall  Kailway  OonsolidaleU  

Do.    Surplus  Lauds  Stocks 

Do.     84  per  Cent.  Preference...  

Do.    S4  lier  Cent.  "  A  '  Pretereuoe  

Oo,    84  per  Cent.  0  avertible  I  ref. 
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April.'.  .  ] 
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Price 
Wed.. 
Jnly  21. 
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Dm- 

IdsudI 


Price 

Wed. 

July  21, 


ElECTUIC  RAIlWAtS  A  TBAMWArS-  ''<'""""%''• 

31%  tMet  RIy.  SJ  per  C»nt.  "  A     D»b.  Stock  ?l,~j5 

..      M'Topolilan  Disirict  Ksilw.TOni U*~i- 

l)o.     F.ltPnsion  Pref.  (6  percent.)   45  —li 

Six        Do-     Aeserteil  Fst.  Pref.  (Int.  Gn.r.  hr 

Cnd.  Elec.  BIvs.  Co.  of  londcD.  Ltd.l  W  -67 
3  per  Cent^  CoTiPoltd.  Rent-charpei 


8t.    if 

St.  13%' 


1  0/6 

St.  *\X 

1  0  7S 

St.  4% 

100  6X 
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6  10  0 
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1    1/0 
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4  per  Cent.  Midland  Eent-charRei  lol  —1"^ 

Do.    Goir  Stork  4  per  Cent i  93  -»8 

Po.     6  per  Cent.  Pfrp.  Deb.  Stock  1S9  —1;' 

Do.     4  per  Cent,  Ditto oo  _o, 

•Jew  Gen.  Tract.  6  per  Cent.  Cnm.  Pref. 

Potteriee  Electric  Traction  Ord 

Co.    6  per  Cent.  Cnm.  Pref.  

Do.    4J  per  Cent.  Deb  Stock    

K.  Met.  Eler.  Trams.  *  Lte.  6%  Cm.Pref.         .     - 

Do.     4  per  Cent  Deb.  Stock I  19  ~'1 

Sunderland  Dirt.  F.lec.Tnn«.6*l«tMt.Db.  82  -So 

rnderEdF.KTs.Lon.6' In.bdB.withcoup.3  ,'i~  "  ?'.. 

no,  sr  Prior  l.ien  Bonds i  'S-i~?r' 

Do.     4*?  Hnrdsvilli  cmip.  8 _ 

Vorkebire  (W.B.)  F.lec.  Trams.  Ord. ... 

Do.    6  per  Cent,  Cum.  Pref.   

Do.     4JrerCent.  lit  Debt 

UECTRIC  MANUFACTURING,  At. 

Arcn  ElectricitT  Meter  Ord 

Do.    e%Com.  Pf.   „ 

Babcock  &  WUcoi  Ord.  ' 

Do.    Pref 

British  Insnlated  A  Helsbj  Cables  Ord. 

Do.    6per  Cent.  Pref. 

Do.  H  per  Cent.  Ist  Mort.  Deb.  (red.1 
PritiBb  Thoms'n-Honrt'n  4}5:  let  Mt.Db. 


1-J 


1-6 


87  — 19 

is  —67 

i-i 
41-41 

ia-14 


British  Wesiinghonse  6  per  Cent.  Pref.. 
Do.  6  i«r  Cent.  Prior  lien  Db8<rd.) 
Do.     4  per  Cent.  Mort.  Deb.  Stock  . 

5E.Eng.Co.4j^', 


97  -9j 
3j  -43 


104  — lu* 
li-2 

103  —101) 
i!-1i'h 

U-U 
J-1 

91  — 14 

I*': -la! 

a*  -10^ 
i   1 
i.-'i 


£.. 

d. 

8  16 

8 

- 

5    4 

1, 

3  17 

0 

8  10 

() 

4     3 

6 

4     5 

0 

4     4 

0 

- 

6     0 

0 

5     1 

0 

9  12 

II 

3     U 

0 

5  16 

0 

1  16* 

6 

b    1 

0 

■> 

5    8 

6 

fi  t" 

0 

4  11 

9 

4     C 

" 

8    9 

4  10 

t>  1 

4  13 

3 

6     1 

0 

9  10 

0 

9     8 

0 

14   10 

0 

7     3 

u 

4   IL 

u 

4     6 

0  ■ 

«    6 

0 

1  4     4 

u 

li  a 

9 

1  S  14 

0 

i    4 

0 

8     0 

0 

H     0 

0 

15     0 

u 

S     6 

b 

8     0 

0 

4  16 

» 

4    S 

U 

,  s   " 

0 

6     9 
B  .5 

tl 
II 

{High-.  Low 
cat  I  est. 
SU     9IJ 


Jan.JnJy  91| 

Feb.  AoR  '  17J 

Feb,  Ang  46 

Feb,  Aug   !  «3 


JnlT 
Jan,  JulV 
Mar.  Sept 
Jan,  Julv 
Jan,  July 
Mar  .... 
Apnl,  Oct 
Feb,  Ang 
May,  Nov 
Fob,  Aug 
Jan,  Joly 
Jan,  July 
June,  D«o 


Ju,  July 


96i 

91  li 


5    10/3 
Bl     *ii 


l; 

U/0 

111' 

*7L 

1 

I/O 

I 

UlU 

Pi. 

kX 

Perp.  IstDeb.Stock 

Do.     Perpetual  Snd  Deb.  Stock    

Callendcr's  Cable  Con.Ord 

Do.    6  per  Cent.  Cum.  Pref.  

Do      4)  per  Cent.  1st  Mort  Debs. (red.) 

Castner-Kellner  Alkali  Co 

Do.     ti  per  Cent.  1st  Mort.  Deb.  (red.). 

Chadburns  (Ship)  Telegraph  Ord 

Do.    6  per  Cent.  Cnm.  Pref.  

Consolidated  Electrical  Co 

Consolidated  Signal  Co 

Do.    6  per  Cent.  Cum.  Pret  

•Croropton  4  Co.lNos.  1  to  86,000)  

Do     6  per  Cent.  1st  Mort.  Debs.  (red.). 

Davis  4  Timmins 

Dick,  Kerr  &  Co.  Ord 

Do.     6  percent.  Cum.  Pref. 

Do.     4J  per  Cent.  Deb.  Stock    

Edison  U  Swan  United  {"A"Sh.)(£3pd.) 

Do.    (f  6  paid)    

Do.    4  per  Cent.  Mort.  Deb.  Stock  (rd.)      ^     ~, 

Do.    6  per  Cent.  2nd  Deb.  Stock H       J 

Edronndson's  Elec.  Corp.  Ord.    'S"]" 

Do.    6  per  Cent.  Cum.  Pref  '         l— »_ 

(Do.  4i  per  cent.  1st  Mort.  Deb.  (red. ) 
Electric  Constmction  Co 

D'?.    7  per  Cent.  Cum.  Pref  

♦  Dc .  4  per  Cent.  Perp.  1st  Mort.  Oeba. 
Feliatli  1  t.l.  ■  per  Gent. Ut  Mt.Db.St. 
(ier.eral  Electric  1 19IKI)  .=.%  Cum.  Pret... 

Do.    4  per  Cent.  1st  Mort.  Debs 

Henley's  Telegraph  Works  Ord 

Do     4i  per  Cent.  Pref.  

To.    4i  per  Cent.  Ist  Mort.  Deb.  Stock 
Itdia  P.uM.cr,  Cut.  Per.,  4c.,WrkB 

Do.     f  i.rCiiit.Cuni.Prit 

Do.    4  jer  Cent.  Debs,  (red.) 

liationsl  Elec.  Construction  Co 

BichardBODS,WeBlKarth&Co.,Ltd.Ord. 

Do.    6  per  Cent.  Cum.  Pref 

Xo.    4JperCenl.Perp.  Deb.  Stock    ... 
f  implel  Conduits  Ord 

Do.    6  r'er  Cent.  Cum.  Pref 

lelegiaph  Construction  ft  Maintenance 

D..     4  per  Cent    Deb.  Bonds  (1909)    ... 
VKKers,  Sons  4  Msxim.  Ltd., Ord 

Do.    b  per  Cent.  nonCum.  Preference 

Do.    6  per  Cent.  non-Cum.  Preferred 

Do.    4  per  Cent.  Ist  Mori.  Db.Sk.(red) 

1  o.    4J  per  Cent.  2nd  Mort.  Deb.(red.) 

Do.    6  percent.  3r.l  Mori.  Debs  Scrip.     U5 
tJ.G.Wbile  4  Co.  6;t  Cm.  Pref. 9 

W  Ulans  i  HobiDson  Ord l        k^e 

Do.    6  per  Cent.  Cum.  Pref. /*~^* 

I     Do      4  prr  Cent.  1st  Mort.  Deb tJ  -BO 

TUECRAPHS.  „,    ., 

AmazcnXeletiiaph ,     .'*—"*       .     r 

6  per  Cent.  Debs.  (r«l.  : !?*-?,       it 

.An.»nc«n DO   -10  0      O 

lOJ.-li'-i    6  17 


■■k-'i    I 
6d  — ts 
i;3-iii 

6  -ts"     I 
1C5  —107 

144— 11  J 

lOJ— lU 

9tl  — lOi 

i-J 

,=•.,-  i 

tl  —14 
li 

6  — 5J 
824-15 
9J  —101 
Za"]- 2>'7 
Jj-l.l 
UU  —111' 
lOlJ-lil* 


6  19 
6  lU 
6  13 
4  11 


6  10 
3  19° 


,  -107      4   IS     0 


4  18     0 


April,  Cot 
April,  Oct 

July,  Feb 
Jan,  July 
Jan,  July 
Mar,  Sept 
Feb,  Aug 

Jan,  July 
Mar,  Sept 
Jan,  July 
Jan,  July 
Jan,  July 
Nov,  May 
May,  Not 
Feb.  Aug 
March  . . 
April,  Oct 
August ... 
April,  Oct 
AprU,  Oct 
Jan,  July 
Jan,  Jtlly 
Mar,  Sept 

Sept 

Sept 

Jan,  July 
Feb,  Aug 
Feb,  Aug 
June,  Dec 
Mar,  Sept 
Jan,  July 
May,  Not 
Jan,  July 
Jan,  July 
July  .... 
Jan,  July 

June',  Dec 
Mar,  Sept 
Feb,  Aug 
Feb,  Aug 
Mar,  Sept 
Feb,  Aug 

April."  Oct 

April 

Not  .... 
May,  Not 
Jan,  July 


Mar,  July 
Jan,  Jnly 


June,  Deo 
June,  Dec 


Apr,  Oct 
Apr,  Oct 
May,  Not 


lO.i    1  7a 


10  10/0 

b  S/0 

b  6/0 

tl  44X 


Anglo. American  ». 

Do.    Preferred   

Do.    Deferred    

Con.  D.ercial  Cable  4  per  Cent.  Deb.  Stk 
Cula  Submarine  Orel. , 

Do.    Preference  10  per  Cent i     l/,"!^ 

Direct  Spaninh  Ord.... 

Do.    10  per  Cent.  Cu: 

1*0.    41  V      


IB4-11J 


zi-38 


Pref.    

nt.  Deb 

_ inited  Btates  Cable 

Direct  W  est  India  Cable  4  JX  Bg.  Db.  (rd. ) 


6  II 

6  la 
b  1: 


26/0    ttaetcm  iJrdinsry 


12'j  — )2b 


34  p. 


6  la    6 
loai- loi-j   3  14 


I'C 

*a 

li. 

52.0 

llO 

•  1 

ILt 

«1 

l-.o 

*•/. 

H 

1/8 

tX 

....  ^ jf.Stock  »44-ti4 

Do.    4  pirCent.  Mort.  Deb.  Slk.  (red.)    1044-ln>t    8 

tEaatemtxteDsiun    Hi-lU 

Do.     4  per  Cent.  Deb.  Stock  

Eastern  &.  S.Af.  4%  Mauritius  Bub.Debs. 
G.N.   Kl  Copenhagen),  "ilh  Coupon 76 
llalifai  L  Bermuda  44%  1st  Mt.  Db.(  red.) 

Indo-European  ex.  all  

ipuDies  Common  


;51-2eJ 

bu  — It'i 
bli-6t4 


3  19  0 
•  12  0 
3  19    0 


Do.     Irele.eiice    -....  U  -W 

WirelessXeleg.  Co.    „ i.',— 1.. 

PaciBt  4  turopen  Tel.4X0n«i-I>l»-(red.)i  9J  — lul 

West  Cc.t  01  America* 1*  -H 

Do.    4  per  tent.  DebB fell  — lUl 

10    ,.         %eit  India  <^  Panama  _ i-i               ■ 

10    tn         Do.     6  per  Cent.  1st  Pref  H-'i     I*" 

lb    ll-iO    Do.  ij%2nd  Pret ■  6  — K       i  6  1» 

.10    bj;         Do.     5  per  Cent.  Debs IOJ4-IO24,  4  W 

10    8/0       Western  ielfcrapb _i  lij- M        6     0 

fct    «Z       I  Do.     4  per  tint.  Deb   Block  (red.) ;  lOli-U'iJ    3  10 

>.      ty.         nestetn  luiunleleijb.  <10OO4^  Bonds  Iti  —9t        i     0 


June,  Dec 
June,  Dec  ,   , 
F,My,Ag,N  'li^i 
F,My,Ag,N  l'--'5 
K,My,Ag,N;  1'8 
Jn,Ap,Jy,Oi  "'l 
Feb,  Aug      ,b,'. 
Feb,  Aug      1'9 
April, Oct       •.    ' 
April, Oct  I     - 
Jan,  July  j     •■ 
Ja,Ap,Jy,0,     .. 
June,  Dec!     -., 
Ja.My.JjU    '■'.!<  6 
Ja,Jly,J)0'     =5« 
May,  Nov  '   'Oo 
Ja,Ap,Jy,0    "i". 
Feb,  Aug      ■>41 
i  May,  Not  ;  10'< 
6    H    6  I  Jan,  July 
4    9    0  I  June, Dec 
ft  Iti     u  ;  May,  Not 
i  lb     D  jJa,Ap,Jy,0 
b     I     U    Ja,Ap,J>,<l 
I  April.... 
June,  Dec 
May   .... 
Jan,  July 
May,  Nov 
May,  Not 
May,  Not 
Jan,  July 
Mr,Jn,0,D 
June,  Dec 


TELEPHONES.  | 

Amer.  Teleptm.  &  Telegh.  Cap.  St 

Do.    CoU.  Trust  11,0004  percent.  Bds 
Anglo  Portug'se  Tel  b%  1st  Mt.Db.  Stk. 


S.'O    ,  ChUi  Telephone  I       H"?* 


1)21-1044    4  16     e 


1    0/74 
1     "" 
St 


)0rd.. 


*-l 


6% 

10    6/0 

10  e/0 

6    2/6 
5t.    34% 

St.  45; 

1    1/0 

1  0;7i 

3t.    4% 

3t.  44% 
3/0 
2/6 


Monte  Video  Teleph 
Do.    6  per  Cent.  Pref. ^       ■■ 

NationalCo.  Pref  Stock  }„?     1',-, 

Do.     Def.  Stock '   1-f*-^  * 

Do.    6  per  Cent.  Cum.  1st  Pref.    ,l~;: 

Do.    6  per  Cent.  Cum.  2nd  Pref '     ''■'i~\\ 

Do.  6  per  Cent.  non-Cum.  3rd  Pref  ...  ;8-5j 
Do.  Deb.  Stock  34  per  Cent,  (red.)  ...I  97-99 
Dr.    4  per  Celt.  Dub.  Stock  (red.) ,  ,  ~i  7 

Oriental ,V     ,V 

Do.    6  per  Cent.  Cum.  Pref.  ?',"'•; 

Do.     4  per  Cent.  Red.  Deb.  Stock 

Telephone  Co.  of  Egypt  44j;Db.Stk.(red.) 

I'nited  River  Plate 

Do.     6  per  Cent.  Cum.  Pref. 

44  Deb.  St.  Ked 


FINANCIAL  INVESTMENT,  Ac. 

Eleo.  4  Oen.  luTestment  6%  Com,  Pre). 

Globe  Telegraph  &  Trust 

Do.     6  per  Cent.  Pief 

Submarine  Cables  Trust  (Cert.) 


-is        6    7    0 


99  — lOi  4    9    0 

6i-71  5  1 

5  -6^  4  1 

102  —10  .'4 1  4 


St.  6/, 
St.  6% 
40    44% 

100,  44% 

m 

6% 

6% 

2/0 
2/6 
44% 

iTs 
4% 

bX 
bA 


6% 

0% 
1/0 

0,7i 
6% 
bX 
6°. 
100  SH 
bX    . 

at.  44% 


8/0 
6/0 
44% 
4,9 
100  $ij 

lot:  434 
looj  b% 

600    6% 


COLONIAL  AND  F0REI6N  ELECTRIC 
RAILWAYS,  TRAMWAYS.  Ac. 

Anglo-Argontine  6%  Cam.  Ist  Prof 

Do.     10%  Nou-cum.  2nd  Pref.   

Do.      i%  Deb.  Block 

Auckland  Elec.  Trams.  6%  Deb.  (red.)... 
Brisbane  Electric  Trams.  Invest.  Ord.... 

Do.     6  per  Cent.  Cum.  Pref. 

Do.     II  per  Cent.  Db.  Prov.  Certs 

British  Columbia  El.Ky.Df.  Ord 

Do.     Pref,  Ord.  Stock 

tDo,     6%  Cum.  Perp.  Pref  Stock 

Do.    44  per  Cent.  Ist  Mort.  Debs 

t[>o.    \  ancouver  Power  Debs 

Do.     4}%  Perp   Con.  Deb.  St 

Buenos  Ayrea  Lacroze  Trams  1st  Mt.  Db. 
Bueuos  Ayies  Port  &  City  Tram.  Ist  Mt. 

Deb.  Slock 

Cakullalraniwaysd  to  137,610)  

Dt.     6  per  Cent.  Cum.  Pref.    

Do.     4J/i  IB    Deb.  Stock(rod.)     

Cape  ElectncTram  Shares 

City  ol  Buenos  Ayres  Trams  Co.  a904)Sh. 

Dt.     4  per  Ceut.  Deb.  Stock 

Col,.mbo  Ir.  &  Ltg.  !>Z  Is'  It.  Db. 
Elecliic  Traction  Co.  of  Hong  Kong  6 

per  Cent.  1st  Mort.  Debs. 
fBavana  Elec.  By.  Con.  Mt.  6%  Jl.OOO  bO 

year  Coup.  Bds. 
Kalgoorlie  Elec.  T 

Dc.     6  per  Cent. 

Do,     b  per  Cent 


S  —31 

lui-iol 

13i— 13i 
130  — ISiS 


9,',— 9,'« 
90j-91;i 
101  —103 

tS-e| 

5  -51 
1004-104* 
l<3  —117 
12i  — 12i) 
107  -110 
ll2  — 1U4 
111  —101 
1014  -1034 


it—b 


6;;— o'.,- 


4  17 
4  11 
1  13 


Jan,  July 
Mar,  Sept 
August . . 
Not  .... 
May,  Nov 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
June,  Deo 
Jan,  July 
April,  Oct 
April,  Oct 
Jan,  July 
Jan,  Julv 
July  .... 
June,  Dec 
Jan,  July 


Jan,  July 
SpDoMrJu 
SpDoMrJu! 

April,  Oct 


April,  Got 
Jan,  Jnly 
June,  Deo 
Jan,  July 
May  .... 
May,  Not 
Jan,  July 
Mar.  Bept 
May,  Not 
Jan,  Jul; 
April, Oct 
Jan,  Jnly 


A  "  Deb.  Block 

B"  Ditto 

lilcc.  Trams.  Ord 

Do.     0  per  Ceut.  Cum.  Pref. 

Do.  t  per  Cent.  Keg.  Mort.  Debs 
Madras  Elec.  Trams.  6%  Deb.  Stk. 
Mania  Elee.  Ky.  «1,000  Gold  Bonds 

UexKOlraUis  Uo  Com.  St 

Do.    Gen.  Con.  Ist  Mort.  6%  Gold  Bds.... 
Montreal  Bt.  Ky.  Bterling  44  per  Cent. 

Debs.  Il92y  (N03.  tiOl  to  2,000)     

Do.         do.     (Nos.  1  to  4,600) 

Pent  Elec.  Trams  Ord  

Do.    lat  Mt.  Db.  Block  

BangooD  Elec.  Trams  4  Supply  Co.  6% 

Cum.  Pf. 

Do.    44%  1st  Mort.  Ueb.  Stk 

Eio  Jaueiio  Tram,  Lt.  &  P.  C  ■ 

Lo.     3  )  J  r.  Gold  Biida 

Do.     tOyr.Ml.Bnda    

Bao  Paulo  Tramway,  Light  4  Power  Oo. 
$100  block 

Do.     6  per  Cent.  Ist  Ut.  $600  Ub 

Toronto  Ky  Co.  1st  Ml.  tin,  bier.  Bunds 


COLONIAL  AND  FOREIGN  ELECTRICITY 
SUPPLY  &o. 

Adelaide  Elec.  B'ply  Co.  6%  Cn.  Pr.  

Bombay  E.  B.  4  T.  6/.  Cm.  Pf.  

D.,      44  percent.  Deb.  Stk.  (red.)  

Cakulla  Elec.  Supply  Ord 

Caiiadiau  Oen.  Elec.  Go.  Ci 


8  Is 


IBj 


131. 


.  I'l.  stoik  .... 


90 

—1)3 

04 

-68 

lii 

-1i"b 

H 

-Ho 

iX 

-9. 

94 

-»d 

lU!;* 

-131) 

Uij 

-9.4 

103 

—105 

U2 

—1.4 

i 

-« 

looj 

-1034 

ts 

-t3 

i-S) 

-lot 

8,» 

-il 

Vi 

-  14 

n 

—  i5 

151  -161 

97-l-i.t4 
100  —Mi 


64-61 

94-10 

Bjj— 961 

64 -tl 

122  -1.4 

117  — :iu 


6  11  0 
6  0  0 
4  18    6 


io-2i 
I'.'a, 
Mar,  Sept     '"  i 

Feb,  Aug  I  ■• 
Mar,  Sept  4t; 
Jan,  July 
Jan,  July 


F.My.A^ 

J  une,  Deo 
May,  Not 

Jtme,  Deo 

Feb,  Aug 

Jan,  July 
Jan,  July 
July  .... 
Jan,  July 
Jan,  July 
Jan,  July 
Feb,  Aug 


Bt.    b% 


St.    tl 
60«    5% 

100   114 

ij  m 


'  In  calculating  the  j.e.  is  all  jTf*nce  has  been  made.tor  accrued  tnUieit  but  not  lor  redemptloii. 


Caslner  Electrolytic  AlkaU  Co.  (of  U.S.A.) 

Isl  Mort.  Sll.  Debs 

Elect.  Developmeut  Co  of  Ontario     __. 
Elec.   LlR.  &  Trao.  Co.  of  Ausl.  6  per 

Cenl.  Cum.  Pref. 

Do.    b  per  Ceut.  Deb  Stock  

Elec,  Supply  Co.  of  Victoria  6  per  Cent. 

lei  Mort.  Deb.  St 

Indian  Elec.  Bup.  &  Trao.  Co 

Kalgoorlie  Elec.  Power  4  Ltg.  Ord.  

Do.     6  per  Cent.  Cum.  Pref. 

Madras  E.  B.  Corp.  6  per  Ceut.  CouBtu 

Deb.  St   

Mexican  Eleo.  Light  Co.  6%  Ist  Mort, 

Gold  Bouda    

t  Mexican  Lt  &  Power  tX).  Com.  Sc 

Do.  b^  lit  Mort.  Gold  Bnds 

Montreal  LI.  UuSi  Power  Co.  Cap.  St.. 

Biver  Plate  Eleclnoity  Co.  Ord 

Do,    B  per  Ceut.uon.Oum.Pref 

Do     b  per  Cent.  Deb.  Block 

8/0    '   Rosano  Elec.  Co.  0%  Pret  (1-20,000)... 
tl    tohawimean. Water  tt  lower  Co.  Ca  ... 

t'/    i     Do,    bperCeut.Bds 

4/5.        Do.     4jl'er.Lon.Ml.Db.bt. 

Bu.  !  Victoria  laUs  lower  Oo.Prel ,      ..  „, 

i  Ki  divldra  .    J  The  London  Stock  K  tohange  Oommittce  have  deoUned  to  quoc 


99  —108 


8)  -90 
li-!i 

i-8 

J-ii, 
V6  —80 


70  — J4 

8/1 -SJJ 

lao  —134 

Ix'a-l'o 
';— Isi 

lia  —116 
6.;— 6,', 

92  —91 
101  —106 

904— VI84 


8  11    0 


6  18 


6  1)  0 
6  2  0 
b  12    0 


6  U 


Feb,  Aug 

May   .... 
Jan,  July 


June,  Deo 
deb,  Aug 


Jan,  July 
Apnl,  Oct 


914 

81 

9Jl 

1 

1194 

1 

9cl 

U 

[Hi 


b    1 

6 

4  111 

0 

6    7 

6 

4     7 

3 

4  14 

3 

4  11 

b 

6  14 

0 

Ju,  Jolj 

„  8.1 

Feb,  Aug 
Jan,  July 

Jan,  July 

April,' Oot 
AprU,  Got 


F,My,A,N       . 

April 

May   1  .'. 

Jan,  July  '  103« 
April,  Oct       . 

Jan,  Jnly 

I  Jan,'joly 


ne  r^iecirtctan.      July  dj,    /yc/y. 
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Dc  Omnibus  I»otorum. 


T  tlic  present  time  it  is  ceitaiiily  hard  for  anyone  connected  with  the  electrical  industry  to 
feel  very  optimistic  about  the  future  ;  concern  for  the  present  is  too  dominating  a  thought. 
But  looking  at  things  closely,  as  perforce  we  must,  does  not  allow  us  to  see  them  in  their 
true  perspective  ;  and  it  is  only  by  the  consideration  of  certain  questions  as  a  whole  and 
over  a  long  period  that  the  truth  can  be  discovered. 

To  many  it  would  seem  that  the  electrical  industry  is  practically  stagnant  at  the  present  time : 
but  this  is,  in  truth,  far  from  being  the  case.  Not  only  are  great  advances  being  made  in  the  discoverv 
of  more  economical  methods  of  production  and  arrangement  of  apparatus  ;  but  the  slackness  in 
many  works  allows  a  review  of  equipment  and  the  means  employed  in  the  production  to  be  carried 
out  with  good  results  ;  and  the  employment  of  electricity  in  driving  factories  is  becoming  more  and 
more  extended,  an  advance  which  is  certainly  a  good  sign. 

And  much  more  remains  to  be  done  in  this  direction.  It  is  estimated  that  the  total  horse- 
power of  the  driving  machinery  employed  in  factories  in  this  country  amounts  to  about  4,000,000  h.p., 
but  of  this  only  500,000  h.p.,  or  12-5  per  cent.,  is  electrical.  It  will  thus  be  seen  that,  far  from  being 
in  the  position  of  Alexander  the  Great,  the  electrical  industry  has  still  a  large  field  for  its  operations 
in  this  direction  alone,  and  that  the  time  is  yet  far  off  when  we  shall  be  able  to  fold  our  hands  and 
contemplate  with  satisfaction  a  totally  electrified  country.  But  is  this  time  so  far  off  ?  It  all  depends. 
Many  opposing  factors  have  to  be  overcome.  Not  the  least  among  these  is  the  inertia  displayed  bv 
many  manufacturers  to  the  new  dispensation.  Except  it  be  taken  as  an  example  of  British  conservatism, 
it  is  hard  to  see  why  this  should  be  the  case. 

If  a  factory  is  on  a  public  supply  mains,  the  capital  cost  re(|uired  for  the  transformation  from  an 
inefficient  steam  engine  to  an  efficient  electric  motor,  to  do  away  with  flapping  belts  and  clanging 
shafting,  to  substitute  individual  drive  and  ease  of  control  for  a  central  drive  and  exceedingly  hard 
control,  is  by  no  means  heavy.  And  when,  as  in  many  cases,  the  supply  authoritv  hires  out  the 
necessary  motors  and  attendant  apparatus,  it  is  very  small. 

There  is,  besides,  very  little  difference  in  the  factors  to  be  considered  when  the  necessary 
electrical  energy  has  perforce  to  be  generated  on  the  manufacturer's  own  premises  ;  a  state  of  things 
which  we  hope  will  not  exist  much  longer,  confidently  expecting,  as  we  do,  the  advent  of  that  day  when 
not  only  London  streets,  but  country  lanes  also  will  be  "  flushed  with  electricity." 

The  British  manufacturer  is,  however,  pi'imaiily  a  business  man  who  does  not  see  his  way  to 
spending  capital,  however  little,  unless  some  adequate  return  may  be  expected  therefrom.  .\ud  who 
can  blame  him !  But  he  also  takes  advantage  of  another  state  of  things.  The  electric  drive  at  the 
present  time  suffers  from  a  superfluity  of  systems,  and  the  manufacturer,  while  desiring  to  use  the 
best,  cannot  get  sufficient,  or,  what  is  worse,  gets  contradictory  advice  from  those  he  consults  on  the 
subject.  Not  having  expert  knowledge,  he  naturally  becomes  confused  ;  puts  down  a  system  which  is 
unsuited  for  his  works,  continues  to  use  his  old  plant,  or.  worst  alternative  of  the  three,  employs 
suction  gas.      Now,  agaii\st  suction  gas,  as  suction  gas,  we  have  not  a  word  to  say  ;    as  a  cheap  and 
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easy  means,  in  certain  cases,  for  driving  a  dynamo  it  has 
much  to  recommend  it ;  but  what  we  think  about  its 
employment  for  the  direct  driving  of  machinery — the  less 
said  the  better. 

It,  therefore,  appears  that  what  supply  engineers  have 
to  do  at  the  present  time  is  to  persuade  manufacturers  that 
the  electric  drive  will  be  cheaper  than  the  methods  they  are 
already  employing  and  also  to  advise  on  the  best  means  of 
utilising  this  .system  of  driving  in  each  particular  case,  in 
order  that  the  most  satisfactory  results  may  be  obtained. 
This  latter  duty  may  call  for  some  self-denial  on  the  part  of 
the  engineer.  For  instance,  if  his  method  of  supplying 
energy  be  on  the  single-phase  system  it  might  become 
nece,s.sary  to  advise  the  manufacturer  to  put  down  his  own 
plant,  or  better,  to  instal  a  motor-generator,  in  order  to 
obtain  the  kind  of  current  mo.st  .suited  to  his  needs.  The 
supply  engineer  should  also,  in  many  cases  he  already  docs, 
sec  that  the  manufacturers'  in.staiiation  is  carried  f)Ut  in  a 
proper  way  in  order  that  there  may  not  be  tiouble  under 
the  new  Home  Office  Ilegulations ;  a  little  cnntrctcnips 
that,  if  it  occurs,  is  scarcely  likely  to  prejudice  the  user  in 
favour  of  the  electric  drive. 

Once  the  manufacturer  has  installed  tlii'  electric  drive, 
and  has  had  .some  experience  of  its  great  advantages,  he 
will  prove  the  best  of  canvassers — the  satisfied  consumer  ! 
The  adoption  of  the  electric  drive  .should,  therefore,  advance 
in  geometrical  {)rogre.ssion,  and  that  it  is  advancing  at  by 
no  means  a  snail's  pace  can  be  gathered  from  The  Elec- 
trician annual  tables,  which  show  that  the  horse-power  of 
motors  connected  increa.sed  from  .'5.37,OfKJ  h.p.  in  Janu- 
ary, 1008,  to  443,000  H.p.  in  the  corresponding  month  of 
1909.     With  the  last  issue  of  the  Industrial  Supple.ment 


we  published  a  set  of  tables  dealing  more  particularly  \iith 
the  question  of  electric  power.  A  comparison  of  the 
figures  published  last  month  with  those  publi.sjied  in  the 
same  tables  in  January  last  show  that  the  horse-power  of 
motors  connected  has  increased  to  a  satisfactory 
extent.  These  figm'es  are  unfortunately  by  no  means 
complete,  as  certain  undertakings,  notably  Manches- 
ter, are  unable  for  various  reasons  to  supply  us  with 
data  ;  but  they  serve  to  show  which  way  the  wind  is  blow- 
ing and  that  the  trend  is  ever  upward.  Small  amounts  of 
horsepower,  if  the  expression  may  be  allowed,  are  being 
added  every  day,  and  as  examples  of  higliei-  things,  we  may 
instance  the  lecent  connection  of  over  1,000  h.p.  to  the 
Brighton  Coiporation  mains  for  driving  the  London, 
Brighton  &  South  Coast  Kailway's  locomotive  sho])s,  and  a 
very  similar  sized  plant  installed  in  a  steel  works  in  Bolton 
wliich  has  also  just  been  connected  to  the  supply  mains  in 
that  town. 

There  is  certainly  no  lack  of  m.issionaiv  work  for  us  to 
do.  And  with  us  lays  the  onus  of  realising  within  as  .short 
a  time  as  possible  that  "  electric  city,"  and  that  electric 
country,  too,  in  which  smoke  stacks  will  be  few  and  far 
between,  perhaps  non-existent  altogether ;  where  the 
electric  drive  will  be  universally  employed  in  factories ; 
electricity  for  lighting  and  heating  purposes  in  all  houses ; 
and  the  present  much  too  serious  pollution  of  the  atmos- 
phere will  be  mitigated. 


Oerllkon  €lectric . 
Bparaullc  Rioetcr. 


SUCH   work  as  riveting,  where  a  very  heavy  load  is 
thrown  on  for  a  short  time,  imposes  n.  great  strain 
upon  a  motor  if  direct  driving  l>e  employed,  and,  in 
fact,  requires  that  the  motor  used  .should  l)e  very  generously 
designed.     For  this  work,  on  this  account,  hydraulic  power 


Fig.  I.— Oerlikon  Electric  Hydraulic  Riveter. 

has  l)een  found  suitiiljle,  Ijut,  on  the  otlier  iiand,  the  trans- 
mission diliicultics  in  this  case  arc  great.  The  ease  with 
which  electric  power  can  be  transmitted  is,  of  course,  well 
known,  and  it  is  interesting  to  note  that  this  property  has 
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been  combined  witli  the  advantages  of  hydraulic  working 
in  the  Oerlikon  hydraulic  riveter  which  is  described  below, 
lu  this  machine  an  attempt  has  been  made  to  utilise  the 
good  points  of  both  systems.  The  general  appearance  of 
the  new  riveter  is  shown  in  Fig.  1.  As  may  be  seen,  it  is 
possible  to  sling  it  from  two  points,  and  it  can,  therefore, 
work  at  any  angle  either  horizontally  or  vertically.  The 
frame  is  a  .steel  casting  with  a  gap  having  a  depth  of  30  in. 
and  a  width  of  16  in.  The  lower  snap  is  fi.xcd,  the  other 
being  operated  by  a  piston  working  in  a  cylinder  mounted 
on  the  frame.  The  necessary  power  for  working  this 
riveter  is  supplied  by  a  6h.p.  motor  running  at  1,420  revs. 
per  min.  and  driving  a  reciprocating  pump  through  worm 
reducing  gear  and  connecting  rods.  A  starting  resistance 
for  the  motor  is  also  fixed  to  the  frame.  The  pump  used 
on  this  machine  is  of  the  differential  piston  type  fitted 
with  a  bronze  bushed  cylinder,  and  makes  170  strokes 
per  minute,  the  length  of  the  stroke  being  1|  in.  The 
pump  acts  upon  a  mixture  consisting  of  water  containing 
about  40  to  45  per  cent,  of  glycerine.  .Such  a  mixture 
would  not  freeze  daring  any  ordinary  cold  winter,  so  that 
any  danger  of  the  equipment  bursting  in  a  frost  is  thereby 
avoided.  The  capacity  of  the  pump  is  equal  to  a  circula- 
tion of  about  2  gallons  per  minute.  The  cylinder  of  this 
equipment  is  built  for  a  maximum  riveting  pressure  of 
90,0001b.,  and  the  machine  is  designed  to  deal  with  rivets 
up  to  §  in.  in  diameter.  The  piston,  which  is  6o  in.  in 
diameter  and  which  has  a  stroke  of  2:j  in.,  is  packed  by 
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Fig.  2. 

rings,  and  is  prevented  from  turning  by  vertical  guides. 
The  snap  is  set  forward  and  eccentrically  of  the  centre  line 
by  2 3  in.,  so  that  rivets  may  be  closed  when  close  to  the 
flanges.  The  ram  has  a  downward  spaed  of  IGTiin.  per 
miuute,  which  is  increased  to  70  in.  on  the  return  stroke. 

The  pump  on  its  upward  stroke  draws  liquid  from  the 
reservoir  above  the  riveting  chamber.  Tliis  liquid  is  on 
the  downward  stroke  forced  into  the  valve  chest  and,  if  the 
hand  lever  be  in  its  central  position,  simply  passes  round 
the  steins  of  the  two  valves  back  to  the  reservoir.  The  ram 
therefore  remains  at  rest.  With  the  lever  in  the  lower 
position  the  liquid  jiasscs  round  the  first  valve  stem  and 
enters  the  upper  part  of  the  cylinder,  so  that  the  r.im 
descends.  The  ram  is  raised  for  admitting  the  mixture  to 
the  lower  side  of  the  piston. 

The  operation  of  the  machine  is  shown  in  Fig.  2,  in  which 
curve  1.  is  the  percentage  of  the  theoretical  piston  speed 
obtained  at  various  working  pressures,  the  falling  olf  being 
due  to  the  sliglit  slip  ]iast  the  valves;  curve  II.  gives  the 
relationship  between  the  speed  of  the  motor  and  pressures; 
curve  III.  shows  the  current  taken  by  the  three-phase 
motor  when  running  on  a  24()-volt  circuit  and  a  frequency 
of  50 ;  curve  IV.  indicates  the  efficiency  of  the  motor  at 


various  loads,  curve  V.  the  power  factor  of  the  motor  at 
various  loads  and  curve  VI.  the  output  of  the  motor  in 
brake-hor.se-power  for  various  closing  pressures';  curve  VII. 
shows  the  elfective  work  in  horse-power  done  by  the 
machine,  curve  VIII.  tlie  efficiency  ol  the  worm-gear  and 
curve  IX.  the  lo.sses  due  to  the  friction  of  the  water.  The 
vertical  scale  marked  J  represents  amperes  and  that 
marked  X  horse-power. 

This  macliine  is  very  compact,  and  though  its  weight 
i^  2,750  lb.  it  possesses,  it  is  claimed,  many  advantages 
which  more  than  act  as  a  set-olf.  During  u  10  hour.s'  run 
1,000  I  in.  rivets  have  been  placed  and  finished  by  three 
men  under  ordinary  working  conditions.  It  is  further 
claimed  tiiat  this  machine  is  poi-table  and  easily  handled, 
requires  no  jiipiiig,  can  be  easily  adjusted  to  suit  any 
special  work  and  is  ready  for  immediate  use. 

The  Oerlikon  electro-liydraulic  riveter,  stationary  type, 
possesses  similar  advantages  to  those  mentioned  in  connec- 
tion with  the  portable  type  of  riveter  and  in  principle  it 
is  built  exactly  on  the  .same  lines.  It  is  specially  adapted 
for  use  in  boiler  and  tube  works  and  in  heavy  railway  and 
bridge  work  and  shipbuilding  work.  In  this  case  also  the 
idea  of  centralising  of  the  riveting  installation  (adopted 
witii  pure  hydraulic  and  pneumatic  riveters),  so  excellent 
on  paper,  very  often  works  out  at  a  disadvantage  insofar  as 
leakages  or  breaking  in  the  main  pipework  or  the  pumping 
installation  throws  the  whole  series  of  riveters  out  of 
comniii5sion,  and  these  accidents  frequently  occur  -when 
shops  are  most  crowded  and  work  most  pressing.  The 
independent  action  of  the  Oerlikon  electro-hydraulic 
stationary  riveter  obviates  all  these  inconveniences. 

We  have  to  thank  Mr.  O.  Wuthrich,  manager  and 
engineer  of  the  Oerlikon  Company's  British  and  Colonial 
department,  of  Norfolk-street,  Strand,  for  the  information 
contained  in  this  article. 


^^ 


Mi 


Uleston  electrical 
Instrument  Co. 

NEW  WESTON  INSTRUMENTS 


A.C.    CIRCUITS. 


o 
11. 

Mlodsl    1S5. 

Dead-Beat,  Extremely  Sensitive,  Accurate,  Reliable,  Inexpensive. 

Condon  Office  and  Catonitory: 

AUDREY  HOUSE,  ELY  PLACE,  HOLBORN, 


TelephoneNo.:  iOiil Uolboni.    Telegrams:  Pivoted  London. 


E.G. 


m; 


SUPPLEytENT  to  "The  Electrician."  July  23.  1909. 


88 


fl  Rcu)  Controller 


THE  control  of  electrical  circuits  and  machinery  being 
a  matter  of  the  highest  importance,  it  is  interesting 
to  watch  the  progress  made  in  this  direction  towards 
the  ideal,  and  we  are.  therefore,  pleased  to  be  aVile  to  give 
some  details  of  a  controller  recently  introduced  by  Messrs. 
Well  man-Sea  ver  l*c  Head  which  possesses  several  points  of 
interest.  This  controller  is  illustrated  in  Fig.  2.  Its  frame 
is  of  cast  iron  and  of  strong  mechanical  design,  while  lugs 
are  cast  at  the  base  and  at  the  back  for  bolting  the  controller 
in  position  for  vertical  or  horizontal  operation.  The  lower 
bearing  for  the  drum  spindle  is  ca^t  in  tlic  base  of  the  frame. 


Fig.  1. — Stamped  Steel  Resistance  Grid 

a  steel  ball  bearing  taking  the  weight  of  the  drum,  the 
upper  bearing  being  in  the  top  cover.  A  sheet  steel  case, 
covering  tlic  front  and  sides  of  the  controller,  is  clamped  to 
th(!  frame  by  means  of  hinges  and  hinge  b'olts,  the  slight 
loosening  of  which  allows  the  case  to  be  swung  back,  disclos- 
ing the  interior  of  the  controller,  and  enabling  adjustment 
or  inspection  of  the  working  parts. 

The  drum  body  is  cast  in  sections,  three  or  four  of  which 
make  up  the  complete  drum.  The  sections  themselves  are 
cast  ill  two  pieces  having  lugs  which  are  clamped  on  to  the 
spin<lle  by  V,.X.  screws  with  spring  washers,  which  make  it 
impossible  to  slack  back.  The  drum  segments  are  made 
up  of  hard  drawn  copper,  of  ample  thickness  to  allow  for 
wear,  and  are  firmly  screwed  to  the  drutn  casting.  The 
entire  drum  is  insulated  from  the  spindle  liy  means  of  a 
heavy  tube  of  insulating  material. 

A  series  coil,  the  core  of  which  forms  part  of  the  base  of 
the  frame  casting,  is  used  to  satmate  a  heavy  east-iron  arm 
ritiining  from  top  to  bottom  of  tin;  drum,  and  closely  cover- 
ing all  points  of  contact,  tints  allowing  an  elhcent  blow-out 
to  be  obtained.  This  arm  is  pivoted  at  each  end  to  the 
frame  casting,  and  locks  against  the  frame.  Attaclied  to 
the  arm  are  suitable  arc  shields  of  lireproof  insulating 
material.  Easy  access  to  fingers  and  drum  is  obtained  by 
unlocking  the  blow-out  arm  and  .swinging  it  liack  on  its 
hinges. 

A  steel  bar,  well  insulated  with  a  tube  of  insulating 
material,  is  bolted  to  lugs  cast  at  the  top  and  base  of  the 
frame.  Upon  the  support,  finger  blocks  with  terminals  are 
clamped  opposite  their  respective  drum  segments.  The 
fingers  consisting  of  a  phosphor  bronze  spring,  a  brass  litiger, 
and  a  hard  drawn  copper  tip  which  is  easily  renewable  ;  a 
flexible  copper  sliiint  being  fi.xed  between  finger  and  finger- 
block  in  Older  to  prevent  heating  of  the  spring.  Adjustment 
is  effected  by  means  of  a  nut  which  can  be  turned  by  hand, 
and  which  so  locks  itself  that  it  is  impo-isible  for  the  setting 


of  the  fingers  to  become  altered,  after  once  having  been  ad- 
justed. The  finger  tips  are  very  easily  renewed,  without  the 
necessity  of  taking  off  the  fingers. 

The  entire  interior  of  the  controller  is  treated  with  several 
coats  of  non-iufiainmalile  insulatitig  paint.  Spindle  and 
linger  post  are  encased  in  thick  insulating  tubes,  so  that  any 
leakage  to  earth  from  fingers  or  drum  \i  inipnssible,  eveti 
under  the  most  abnormal  working  conditions,  ('allies  ar(> 
brought  into  the  controller  through  a  hole  iti  the  bottom  of 
the  frame  casting,  and  ample  aii-gap  is  provided  between 
all  live  stationary  and  working  parts  to  prevent  arcing. 

.\U  insulatioti,  arc  deflectors,  &c.,  are  of  non-hygroscopic 
tnaterial,  the  entire  controller  being  fire  and  damj)-proof. 
When  the  handle  is  in  the  "  off"  position,  both  poles  ate 
bfokeii.  and  the  motor  is  entirely  isolated  from  the  mains. 
Another  interesting  piece  ot 
apparatus  for  controller  work 
of    which   some    details    have 
already  appeared  in  Tiiiv  Elec- 
Ti;ici.\N,  is  the   stani])ed   steel 
resistance  grid  shown  in  Fig.  1. 
It   is    a   mild    steel    stanipitig 
with   a  deep  corrugation  run- 
ning   along   its   whole    letigtli. 
Stamped  grids  have  been  put 
on  the  market  before  but  they 
were  not  corrugated  and  sagged 
badly,     and    owmg     to     their 
having  had  lo    be    supported 
in  a  special  manner,  they  were 
not    suital)le    for    fi.xing    into 
frames   as  were  the   ordinary 
cast  grid  type.    These  stamped 
grids    it    is    claimed    entirely 
take  the  place  of  the  old  ctist 
grid  type  as  they  are  not  liable 
to  sag  and  are  mounted  in  e.xactly  the  same  manner.    Tjie 
following  are  the  important  advantages  of  this  resistance 
grid  : — Trouble  has  Ijeen  caused  by  the  old  cast-iron  grids 
through  breakage.    These  grids  are  absolutely  unlireakable 
and  therefore  are  suitable  for  positions  where  they  are  sub- 
ject to  jars  of  any  description. 
The  weight  of  a  stamped  grid 
having  a  resistance  of  003  of 
an  ohm  with  50  amperes  carry- 
ing capacity  is  5  oz.,  while  that 
of  a  similar  cast-iron    grid  is 
l^jMb.       This    shows    a    large 
saving   in   freight   for    e.xport 
purposes,  and  generally  makes 
the     resistance     banks     much 
lighter  and    ea.«ier    to    handle. 
Tiie  grids  owing  to  their  large 
radiating    surface    can  also  be 
packed  much   closer   together 
and  thus  occupy  less  space.  The 
ends  are  perfectly  smooth,  thus 
ensuring  that  there  is  no  trouble 
with     unsatisfactcny     contact. 
Tlie  structureis  perfectly  homo- 
gcneoits  throughout,  and  then' 
is  no  likelihood  of  breakdowns 
through   blow   holes,   or  other 
defects,    which    are    found    in 
castings.       For   export,  where 
there  is  a  pos.sibility  of  rough 
usage,    and    wherever   reliabi- 
lity and  lightness  is  an  advantage,  the  makers  are  confident 
that  these  grids  are  the  best  on  the  market.     They  can  be 
sttpplied  in  miM  steel  or  in  any  resistance  material,  tints, 
if  necessary,  giving  very  high  resistance.     They   can    be 
supplied  in  plain  steel,  copper  plated  or  sherardised  fitiish. 


Fig.  2.     Controller 
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Stage,  Flame  Arcs,  &c.,  and  for 
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FERRANTI 

HOLLINWOOD,   Lancashire. 


LTD. 


POLYPHASE   METERS 

FOR  INDUCTIVE  UNBALANCED 
LOADS. 


?erranli  SwitcDgear 
Tor  JfRlnes  ♦   >   >   ♦ 

IX  our  last  issue  vvi?  ret'err(.'(l  to  Messrs. 
year  for  fuse  on  boanl  ship,  poiutini; 
(litViculties  present  in  this  chiss  of  w 
in  which   thev  had   been  overcome.     An 


Ferranti  switch- 
;  out  the  various 
iirk  ami  the  way 
other   branch   of 


industrial  work  which  requires  that  special  switchfjear 
shall  be  designed  for  it  is  mining.  Care  must  be  taken 
tliat  any  flashing  of  the  switch  parts  does  not  explode  the 
"lire-damp,"  while  hardiness  is  another  essential  feature 
in  order  that  equipment  may  stand  the  continued  racket 
(if  mining  work  without  damage. 

Messrs.   ferranti    have   designed   swithgear,  which  we 


Fig.  2. — Front  View  of  Two-phase  H.T.  Swilcli. 


illustrate  herewith,  sjiecially  to  work  under  these  con- 
ditions. Tiie  switches  in  tiiis  case  are  of  the  automatic 
oil  type  capable  of  dealing  with  three-phase  currents  up 
to  3,000  amperes  per  phase.  The  ammeters  and  trip 
coils  are  worked  liy  low-tension  current  supplied  from 
current  transformers  so  that  all  sparking  except  under 
the  surface  of  oil  is  prc'vented.  All  the  fittings  are  fixed 
in  gas-tight  enclosures,  while 
the  gear  is  protected  from 
water  dripping  liy  a  slojjing 
roiif.  Easy  access  to  the  gear 
is  providetl.  All  sweating 
sockets  have  been  avoided,  suit- 
able clamps  of  ample  area  being 
employed.  The  whole  forms  an 
eminently  suitable  piece  of  ap- 
]iaratus. 

A  <lcniand  having  lately 
aiisen  fur  cnniiiact  liigTi-tension 
switchgear  a  problem  which 
ctimcs  up  for  solution  is  to 
obtain  this  compactness  without 
loss  of  cheapness.  High-tension 
trip  coils,  which  have  been 
|iroposed,  possess  grave  objec- 
tiiins  and  il-  will  be  admitted 
that  the  ideal  arrangement  is 
til  connect  tiie  leads  direct  to 
siickcts  on  the  top  of  the  main 
switch  insulators  to  simiilit'y 
all  live  jiarts  and  tn  ]irotcct 
theni  by  nil. 


Fig.  I.— Ferranti  .Switcligear  for  Mining  Work. 
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Figs.  2  and  4  show  liow  Messrs.  Ferranti  have  solved 
these  problems.  Tlicy  illiisLrate  a  two-phase  .'100  ampeies 
6,000  volt  switch  with  low-teusioii  tripping  urraiigeinoiit 
ill  each  i)]iase  and  low-t(^nsion  ainnieter.  The  trip  coils 
and  amnicter  arc  fed  liy  special  transformers  forming  in- 
tegral portions  of  the  switch,  having  no  priniaiy  winding 
at  all.  Thus  while  the  advantages  of  low-tension  ti'ijjping 
are  secured,  no  extra  link  such  as  th(!  ]iiiniary  if  a  Irans- 
former  is  introduced  into  the  higli-lension  circuit.  This 
arrangement  is  only  possibl(>  liy  the  use  of  the  patent 
power  reduction  free-handle  tripping  mechanism  reccnth' 


introduced  by  Messrs.  Ferranti.  We  show  in  Figs.  1  and 
side  and  front  views  of  the  complete  compact  panel  suit- 
able for  wall  mounting.  The  bottom  and  sides  ol'the  panel 
can  be  removed  in  one  piece,  and  this  provides  ready  access 
to  the  switch  tanks  or  otherwise.  Tbe  wlinjc  switch,  tliough 


Ulorks  of  the  BritisD  €uctric 
Calibrated  ?u$e  Co 

I  N  c.s.sential  [)art— it  might,  in  fact,  be  called  the  most 
JtV.  essential  part— of  an  electric  circuit  is  the  switch, 
while  the  fuse  is  almo.st  as  imijortant.  Many  attempts 
have  been  made  of  late  to  combine  these  two  fittings  into 
one  apparatus,  an  arrangement  which 
possesses  certain  di.stinct  advantages. 
Nor  is  it  hard  to  see  how  these 
advantages  arise.  With  a  switch- 
fuse,  as  the  combined  equipment  is 
called,  it  is  impo.ssible  to  replace  the 
fu.se  while  the  switch  is  on^an 
operation  which  is  often  attempted 
with  more  av  less  undesirable  results 
to  the  experimenter,  when  the  two 
parts  are  separate — while  the  utility 
'-f  neither  the  switch  nor  the  fuse  is 
decreased  by  making  them  one. 

It   is.  tln'iefore,  not  surprising  that 

M'\cral    firms    should    have    designed 

switch-fuses  as  protecting  devices  for 

clectiical  circuits.     Among  these  firms 

may  i)e   named    the   British   Electric 

Calibrated  Fuse  Co.,  whose  works  at 

llarpenden  we    had    the   pleasure  of 

the    other    day.      This    firm   have   long    been 

Fuse  Specialists,"  and,  having  inspected  their 

seen  the  care  which  is  taken    to   turn  out   a 

clc.  wc  aic  of  the  ojiinion  that  they  justify  the 
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pendcn   is  at   the  present  time  one  of   those  places 
tlic  heni'tits  of  the  electric  drive  are  not  recognised 


TRUB,  FIEBZ  S  GO., 


Hombrechtikon,  Zurich, 

ESTABLISHED    1893. 

Manufacturers  of  Electrical  Instruments  of  all  kinds. 


Precision  Type  Movin.;  Ceil  Ammeter  for  C.C 

Type  P  A  a. 


Fig.  4.— Side  View  of  Ferranti  H.T    Switch. 

confined  to  a  small  space,  is  liberally  and  amply  designed, 
and  special  attentiou  has  been  given  to  the  tanks  and  their 
supports  with  a  view  to  their  resisting  e.x'cessivc  internal 
pressure  when  the  switch  opens  on  short-circuit. 


Voltmeters,  Ammeters  and 

Wattmeters  for 

Switchboards,  Controllers 

and  Laboratories. 


Recording  Instruments. 

Electricity   Supply    Meters 

for  all  current  strengths 

and  pressures. 


RELIABLE   AGENTS   REQUIRED. 
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as  they  sboukl  be,  and  in  that  part  of  the  town  where  the 
fuse  works  are  situated  no  pubhc  supply  is  available.  A 
suction  gas  plant  of  the  National  type  lias,  therefore,  been 
laid  down,  and  this  .supjilies  power  to  an  80  h.p.  Fielding  & 
Piatt  gas  enigne.  by  which  the  shops  are  driven  and  the 
works  are  lighted.  One  of  the  shops  is  driven  direct  from 
the  engine  shafting,  while  another,  wliich  is  situate  some 


Fig.  I. 

distance  away  from  the  main  works,  is  motor-driven, 
current  being  supplied  from  a  General  Electric  generator. 
This  engine  also  drives  a  compressing  plant  used  in  connec- 
tion with  tlie  press  for  making  fuse  wire. 

Fuse  wire  drawing  and  manufacture  is  one  of  the  speciali- 
ties of  the  firm,  and  we  give  in  Fig.  1  an  illustration  of  the 
shop  in  which  these  operations  are  carried  out.  The  metal 
of  which  tlie  wii-e  is  to  ])e  made  is  fed  in  a  molten  condition 
into  the  container  of  the  hydraulic  press,  shown  on  the  left 
of  the  illustration.  The  metal,  when  in  a  pasty  condition, 
is  forced  through  dies  of  &\\y  desired  size  and  is  wound 
directly  on  to  reels.  The  firm  purchase  their  metal  in  tlic 
rough  and  mix  it  together  in  the  proportions  required  fm 
the  particular  type  of  fuse  wire  ordeied. 

The  British  Electric  Calibrated  Fuse  Co.  are  the  makers 
of  the  well-known  "  Weekes  "  fuse,  whose  useful  features 
require  no  explanation.  In  the  machine  shop  shown  in 
Fig.  2  the  various  metal  caps  and  fittings  for  these  fuses 
are  stamped  out  and  prepared  for  assembly.  Every 
operation  is  the  result  of  much  hard  thinking,  and  various 


Fig.  2. 

methods  used  .seem  to  be  all  tiiat  can  be  dc^irrd  fidni  tlic 
economical  point  of  view.  It  is  quite  a  trite  remark  to  say 
that  "  many  a  mickle  makes  a  muckle,"  and  practically 
everybody  believes  it.  But  if  there  are  still  some  un- 
believers, they  should  visit  the  Harpeiiden  works  and  study 
the  mamier  in  which  the  smallest  detail  of  the  fuses  is  taken 


into  account  and  fitted  into  its  proper  place  in  the  various 
processes,  with  beneficial  results  to  the  article  in  process  of 
manufacture — and,  incidentally,  to  the  balance-sheet  at 
the  end  of  the  year. 

The  "Weekes"  fuse  is,  it  will  be  remembered,  a  very 
simple  piece  of  work'.  It  consists  essentially  of  a 
fibre  tube  through  which  the  fuse  wire  is  threaded. 
This  tube  is  then  filled  with  a  .special  compound  and 
rammed  tight  with  asbestos  wool.  Two  brass  caps  are 
spun  on,  to  which  the  fuse  wires  are  soldered.  To  assemble 
a  fuse  complete  requires  32  different  operations,  so  that 
the  work  is  more  apparently  than  really  simple.  The 
woi'k  people  are,  however,  kept  to  one  particular  operation. 
ill  which  they  are  able  to  attain  great  skill,  so  that  the  total 
(uitput  per  day  is  very  large.  A  view  of  the  assembling 
shop  is  shown  in  Fig.  3. 

No  modern  works  can  be  complete  without  its  stores, 
and  the  Harpenden  undertaking  is  certainly  not  lacking  in 
this  respect.  Here  the  stores  consist,  as  is  usual,  of  two 
distinct  parts.  Into  one  of  these  is  fed  the  raw  material, 
wliich  is  then  taken  and  worked  up  in  the  wire-drawing  or 
machine  shop.  These  finished  parts  are  again  returned  to 
store  and  are  drawn  upon  as  required  for  use  in  the  assem- 
bling shop. 

We  understand  that  the  demand  for  the  "  Weekes " 
fuses  is  verv"  large.     The  reliabilitv  of   the  fu.se  is  evident 


Fig.  3. 

from  the  way  in  which  it  stands  the  Admiralty  test,  from 
whom  they  receive  large  orders.  This  latter  is  more  than 
usually  severe,  as  the  fuse  is  required  to  stand  10  per  coat, 
overload  continuously  and  to  blow  at  25  per  cent,  over- 
load, the  limits  being  thus  very  circumscribed. 

This  company  have  recently  taken  up  the  manufactuie 
of  a  switch-fuse,  the  principal  details  of  which  were  given 
ill  The  Electrici.\n  for  May  7,  1909.  As  will  be  remem- 
bered, its  features  are  that  the  fuse  can  only  be  replaced 
wiien  tiie  switch  is  off  ;  wire  cannot  be  used  instead  of  the 
standard  fuse  ;  the  switch  blades  are  the  fuse  blades  ;  and  it 
is  only  necessary  to  slack  back  one  screw  to  replace  the 
fuse. 

We  have  already  mentioned  the  care  that  is  taken  at  the 
works  of  the  Briti.sh  Electric  Calibrated  Fuse  Co.  to  deter- 
mine and  keep  down  the  cost  of  each  ojieration.  This 
laudaldc  endeavour  is  carried  out  by  means  of  a  very  com- 
])lete  system  of  cost  keeping  and  work  cards.  An  incom- 
ing job  is  booked  up  and  cards  are  then  issued,  containing 
full  details  of  the  work,  to  the  assembling  and  machine 
shop.  Each  man  is  provided  with  a  card,  which  is,  however, 
kept  in  charge  of  and  filled  up  by  the  foreman's  clerk,  on 
which  the  time  taken  by  him  on  a  job  and  the  wages  due 
on  that  account  are  ent<.ed.  A  premium  system  is  em- 
l^loyed  whereby  any  sav  jig  in  time  over  the  standard  time 
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set  down  f"i-  a  piece  of  work  is  credited  to  tlie  woricinan. 
The  details  from  tliese  cards  are  carried  to  a  cost  card,  one  of 
which  is  issued  for  each  order,  the  material  being  entered 
on  one  side  and  the  wages  on  the  other.  Stores  are  dealt 
with  in  a  similar  way,  with  the  consequence  that  an  eye  can 
easily  be  kept  on  the  cost  of  any  particular  piece  of  work. 


BepiDOOd  $  Crane$> 


and  llie  bottom  blocks  arc  fitted  with  ball  bearings.  Over- 
winding and  overlowering  gears,  a.s  well  as  solenoid  brakes, 
are  fitted  in  all  cases,  so  that  accidents  are  practically 
avoided.  One.  two  or  three  motors  are  fitted,  and  the 
crane  can  be  operated  from  either  the  cage  or  floor  level, 
whichever  is  found  most  convenient.  A  standard  tvpe  of 
crab  designed  for  hoisting  running  at  10  ft.  jjer  minute  and 
traversing  at  100  ft.  pei  minute,  is  illustrated  in  Fig.  1. 
This  gives  a  good  idea  of  the  general  appearance  and 
geneial  arrangement  of  t!ic  apparatus  on  a  Heywood 
travelling  crane. 


IT  can  be  said  witiiout  fear  of  coutiadiction  that  in  tlie 
average  engineering  workshop  the  a})paratus  of  most 
general   utility   is   the   crane.     And   if   this   crane   be 
electrically  driven  its  superiority  over  those  of  the  ordinary 


Fig.  I. — Heywood  Standard  Crab. 


•3-Ton  Walking  Crane. 


hand-worked  variety  is  startlingly  evident  to  everyone  of 
e.xperienoe  in  these  matters.  These  opinions,  in  which  we 
ourselves  most  heartily  concur,  are  held  by  Messrs.  S.  H. 
Heywood  &  Co.,  of  Reddish,  wliose  operations  in  the 
domain  of  electi'ic  cranes  are  well  known  to  our  readers. 

Their  standard  cranes  are  carried  on  cross  girders  of  the 
built-up  or  steel-joist  type,  according  to  the  weight  and 
span,  while  the  runners  are  of  cast  steel  in  the  small  sizes 
and  of  cast  iron  with  steel  ties  in  the  larger  sizes.  The  crab 
framework  is  built  up  entirely  of  steel,  while  the  shafts  are 
also  of  steel  the  bearings  being  bushed  with  gunraetal. 
The  winding  drums  are  grooved  for  use  with  steel  ropes. 


Another  useful  piece  of  apparatus  for  shop  work  is  shown 
in  Fig.  2.  It  is  a  3-ton  travelling,  or  walking,  jib  crane, 
designed  for  use  in  cramped  shops  where  overhead  gear  is 
impossible.  It  hoists  3  tons  at  10  ft.  per  minute  and 
travels  at  150  ft.  per  minute. 

The  activities  of  Messrs.  Heywood  are  not  nierelv  eon- 
fined  to  making  the  apparatus  described  above.  Their 
manufactures,  in  fact,  range  over  a  wide  field.  We  have 
aheady  described  traversers  made  by  them  for  locomotive 
work,  and  of  such  work  they  make  a  speciality.  It  may, 
moreover,  be  said  that  all  hoisting  michinery  recnves 
their  attention. 


THERMAuD  SCHWANDEN,  Switzerland 

=  Manufacturers  of  Electric  Heating  Apparatus.  = 

ELECTRIC     FLAT     IRONS,     COOKING     APPARATUS.     OVENS. 
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4  portion  of  each  issue  of  the  SUPPLEMENT  is  reserved  for  special 
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Editorial. 

^luuh  well-thought  out  equipmeut  lias 
A  Simple  Coaling  ^pen  designed  and  built  for  the  purpose 
Apparatus.  „  ,  °         ,  .  .  _  ,       ,  , 

01  supplj'iug  ships  with  coal  when  they 

are  lying  out  in  the  roads,  or  even  on  the  high  seas.  Such 
equipment  would,  of  course,  be  highly  necessary  in  time  of 
war,  and  its  portability  and  freedom  from  complication  are, 
therefore,  matters  worthy  of  the  closest  consideration.  In 
these  directions,  at  any  rate,  we  shall  not  be  far  wrong  in 
assigning  the  palm  to  the  new  electric  pulley  block 
recently  Vjrought  out  by  Mesisrs.  Siemens  Bros.  Dynamo 
Works,  and  which  we  describe  on  another  page  of  this 
is.sue.  While  expressing  great  admiration  for  the  inge- 
nuity displayed  in  the  design  of  some  of  the  special  coaling 
ships  now  in  use,  we  fear  that  a  shot,  chance  or  otherwise, 
from  an  enemy's  ship  would  soon  put  them  out  of  action, 
and  we  ask :  Could  anything  be  simpler  or  more  suitable 
for  the  work  than  this  new  pulley  block  >  In  the  lirst  place 
it  is  a  self-contained  unit.  Any  number  may  be  employed 
"  in  parallel,"  and  simultaneously,  on  one  ship,  while  the 
temporary  dislocation  of  one  will  not  affect  the  working  of 
the  others.  Further,  the  block  itself  is  compact — a  great 
advantage  in  ship  work — while  the  only  accessory  gear 
necessary  is  a  deiTick,  easily  constructed  from  a  few  spars, 
of  which  the  ship's  carpenter  always  possesses  a  varied 
assortment.  With  such  an  arrangement  each  ship  is  alile 
to  possess  within  herself  her  own  coaling  machinery,  which 
can  be  quickly  rigged  up  when  and  where  desired,  and  as 
quickly  stowed  away.  Taking  si.x  barges  for  each  ship  with 
four  electric  pulley  blocks  to  each  barge,  we  are  informed 
that  the  coal  taken  in  per  hour,  assuming  the  lieight  of 
lift  to  be  23  ft.,  will  amount  to  720  tons.  The  aggregate 
weight  of  the  four  blocks  is  5  tons,  to  which  must  be  added 
the  w  eight  of  the  cables  and  other  electric  apparatus,  which 
should  not  be  a  very  serious  matter.     Only  24  men  would 


be  required  to  work  such  an  installation,  so  that  the  ci'cw, 
if  divided  into  shifts,  would  be  saved  much  fatigue.  In 
our  opinion  this  apparatus  marks  a  distinct  step  forward 
in  the  employment  of  the  electric  drive  for  marine  work, 
and  its  good  qualities  should  ensure  it  an  immediate  and 
lasting  suce?ss. 

-,  At  the  ])i'es('nt  time,  when  much  discussion 

Lighting  is  taking  place  on  the  relative  advantages  of 
ings  g^g  ^^^^  electricity  for  lighting  work,  any 
advance  made  by  one  or  other  of  these  agents  is  a  matter 
of  some  moment.  Even  if  we  allow,  for  the  sake  of  argu- 
ment, that  gas  is  in  some  way  superior  to  electricity  for  this 
purpose,  there  is  at  any  rate  one  particular  application  in 
w'hich  electricity  more  than  holds  its  own.  This  is  shop 
lighting.  A  very  favourite  method  of  illuminating  shop 
windows  is  by  suspending  outside  the  establishment  power- 
ful lights,  which  are  shaded  on  the  road  side,  but  which 
throw  an  exceedingly  bright  light  on  the  goods  displayed  ; 
for  this  work  the  flame  arc  is  specially  suitable.  Another , 
and  even  better,  method  is  to  light  the  window  from  the 
inside,  ordinary  incandescent,  or,  rather,  metallic  filament, 
lamps  being  used  for  the  purpose.  In  spite  of  the  advances 
that  have  recently  been  made  in  the  study  of  the  science 
of  illumination,  it  is  distressing  to  see  how  little  the  know- 
ledge thus  acquired  has  filtered  through  to  the  ordinary 
consumer  or  been  put  into  practical  use  by  him.  Only  too 
often  is  a  shop  window  lighted  in  such  a  way  that  the 
lamps  glare  into  the  eyes  of  the  prospective  customer  and 
prevent  the  wares  displayed  being  properly  seen.  The  fact 
that  this  method  is  not  infrequently  used  by  the  smaller 
optician  is  not  without  a  touch  of  hiimoiu'. 

This  state  of  things  is,  however,  gradually  being  changed. 
Shop  window  fittings  which  illuminate  the  window,  while 
at  the  same  time  shielding  the  lamp  from  the  direct  view  of 
the  man-in-the-street,  are  being  designed  and  brought  more 
and  more  into  use.  In  our  issue  of  May  28th  we  de- 
scribed some  fittings  of  this  kind  which  have  recently  been 
put  on  the  market  by  the  Reason  Manufacturing  Co.,  of 
Brighton.  They  are  worthy  of  notice,  as  the  lamp  is 
enclosed  in  a  silvered  reflector,  which  causes  the  light  to  be 
thrown  down  exactly  where  it  is  wanted.  The  present 
glare  in  our  streets  at  night  predicates  a  nation  of  moles, 
as  the  strain  on  the  eye  cannot  but  cause  some  destruction 
of  that  organ.  Means  to  prevent  this  should  be  quickly 
undertaken  and  are  just  as  much,  and  even  more,  worthy 
of  governmental  attention  than  some  of  the  matters  now 
under  consideration.  To  walk  along  one  of  the  principal 
streets  in  comfoit  at  the  ])resent  time  really  requires  a  pair 
of  blue  s])P(taclos,  tliongji  there  should  be  no  need  for  this 
if  the  ilhimination  were  carried  out  in  a  scientific  way. 

The  increasing  introduction  of  the  elec- 

Eectric  "Drive     ^j-jy  drive  into  the  repair  and  ather  shops 
in  Railway  ^  ^ 

Shops.         of  our  great  railways  is,  if  nothing  else,  a 

distinct  testimonial  to  the  reliability  of  this 

method  of  transmitting  power.  It  may  be  taken  for  granted 

that  had  there  been  any  advantage  in  using  steam,  or  had 

the  advantage  on  the  electrical  side  been  only  minute,  the 

motor  would  not  have  had  much  chance.  ^  It  is,  therefore, 

interesting  to^considcr  in  what  particular  ways  the  electric 

drive  is  able  to  "  cut  out "  its  older  rivals,  the  problem  of 


I  oeen  msae  tor  accmeo 
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Motor  Starters. 


Works:  HEBBURN-ON-TYNE. 


the  driviag  of  the  railway  machine  shops  heiug  specially 
discussed.  From  the  very  nature  of  the  work  it  follows 
that  the  jobs  received,  especially  in  the  repair  shops,  are  of 
a  varied  character.  On  the  other  hand,  it  may  happen 
that  a  very  large  number  of  one  particular  class  of 
job  has  to  be  dealt  with,  while  of  another  class  there 
are  no  representatives.  Certain  machines  are,  therefore, 
fully  loaded,  while  others  remain  idle.  In  such  cases 
as  this  the  group  drive,  made  possible  by  the  employ- 
ment of  the  electric  motor,  offers  many  advantages  over 
the  conditions  when  one  engine  was  used  for  driving 
all  the  shops.  Machines  not  in  use  need  not  be  run  ; 
neither  need  long  lengths  of  shafting  be  unnecessarily  kept 
in  motion,  while,  owing  to  the  greater  stxbdivision,  it  is 
obvious  that  belt  and  shafting  losse?  arc  much  reduced. 
Further,  the  ease  with  which  any  machine  or  groups  of 
machines  can  be  immediately  started  up  is  not  without  its 
importance  in  railway  shops.  Tliere  are  unfortunately 
such  things  as  accidents,  and  the  speed  with  which  the 
whole  shop  can  be  started  when  motors  are  used  is  a 
factor  worth  considering.  It  is,  therefore,  not  on  the  whole 
surprising  that  so  many  of  our  railways  should  bo  convert- 
nig  their  shops  to  the  electric  drive,  while  it  is  to  be  hoped 
their  good  example  will  be  speedily  followed  by  others. 

At  the  present  time,  when  wars  alarms 

in  ^ar^^     '^'^^  tilling  the  columns  of  many  of  our 

contemporaries,  and  people  are  wondering 

whether  the  Territorial  array  is  at  last  to  have  a  chance  of 

doing  something  more  than    walk  about   the   streets   in 


uniform,  it  is  interesting  to  note  that  electrical  appliances 
are  to  be  a  distinct  factor  in  the  next  naval  war.  It  is 
quite  in  accordance  with  the  eternal  fitness  of  things  that 
the  apparatus  which  will  thus  bring  electrical  science  to 
the  front  is  of  German  origin.  Its  simplicity  is  undoubted  ; 
it  is,  in  fact,  proposed  to  fix  powerful  electromagnets  at 
the  entrances  of  harbours  and  Ti\-ers.  These  magnets 
are  to  be  connected  with  the  nearest  power  station  and 
"the  enormou;;  attractive  force  thus  obtained  "  will  then 
be  utilised  in  throwing  out  of  action  the  niachiner\-  on  the 
enemy's  ships  or  even,  if  they  be  of  small  size,  in  drawing 
the  ships  on  to  the  rocks.  The  idea  is,  as  we  have  said 
above,  simple,  but  it  nevertheless  has  its  disadvantages. 
Station  engineers  of  seaport  towns  will  recognise  such 
magnets  as  a  welcome  addition  to  their  mains,  though  we 
cannot  help  thinking  that  the  load  factor  will  be  ratiun- 
low.  It  would  not  be  necessary  to  draw  a  ship  on  to  the 
rucks  more  than  once  a  day,  even  in  these  troublous  times. 
On  the  other  hand,  a  magnet  sufficiently  strong  to  do  any 
damage  to  a  "dreadnought"  would  probably  be  large 
enough  to  block  eflectively  the  mouth  of  any  harbour,  and 
would  thus  form  good  enough  protection  without  any  mag- 
netisation of  its  coils  being  necessary.  While  congratulat- 
ing the  inventor  on  his  ingenuity  we  fear  that  lai-ge  struc- 
tural alterations  to  most  harbour  mouths,  or  a  new  sort  of 
magnetic  material  will  be  necessary  before  the  idea  can 
have  any  great  practical  vogue.  JMeauwliile,  we  must 
confess  we  siiall  continue  to  pin  our  faith  to  tiie  older 
though  perhaps  more  barbarous,  methods  of  protection. 
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€lcctrlc  Drioe  in  Ralliuap 
n?acMne  Shops 

IT  cannot  be  denied  that  one  of  the  most  inipoitant  parts 
of  railway  organisation,  and  one  which  enables  the 
service  to  be  worked  both  punctually  and  to  the  satis- 
faction of  the  passengers,   is  the  machinery  repair  shop. 
Steam  locomotives  and  rolling  stock,  owing  to  the  arduous 


Fig.  I.— 125kw.  Steam  Generator. 

nature  of  the  work  which  they  ,'iave  to  do,  are  very  apt  to 
require  frequent  repairing,  and  in  order  that  thi.s  may  be 
done  in  as  rapid  and  economical  a  way  as  po.s.sibleit  is  neces- 
sary that  the  most  nuMlern  e(|uipment  should  be  installed 
in  the  shops  provided  for  this  purpose. 

It  is.  therefore,  not  .surprising  to  learn  that  the  electric 
motor  is  being  very  generally  used  for  driving  the  various 
tools,  cranes  and  transporters  for  this  work.  Many  sliops 
are  so  driven  in  this  country,  and  we  are  constantly  liearing 
of  others  being  added  to  their  number. 
"Whatever  criticisms  we  may  make    on   our  American 


cousins  in  other  branches  of  engineering  work,  there  is  no 
doubt  they  are  pre-emineiit  in  that  part  relating  to  machine 
tools  and  their  driving.  It  will,  therefore,  be  of  interest  to 
give  a  short  description  of  the  shops  of  the  Ilichinond, 
Fredericksburg  &  Potamac  Railway  at  Kichmond,  Vir- 
ginia, and  we  are  able  to  illustrate  them  with  blocks  kindly 
lent  us  by  the  editor  of  the  "  Railway  Engineer." 

These  shops  represent  yet  another  case  of  conversion  from 
steam  to  electric  power.  A  three-phase  200  volt  system  is 
used  with  a  frequency  of  (JO,  constant-speed  induction  motors 
being  employed  for  driving  the  various  machinery.  The 
original  electrification  was  begun  about  six  years  ago,  a 
75  kw.  generator  driven  by  a  belt  being  then  installed  for 
lighting  purpo.ses.  This  experiment  was  so  successful  that 
about  a  year  later  a  125  kw.  generator  was  erected  for  sup- 


Fig.  2.— Main  SwitchboarJ. 

plying  power  to  the  machine  sho]).  'I'his  is  still  being  used 
and  is  driven  by  a  direct-coupled  steam  engine.  The 
erection  of  a  new  j)lanitig  mill  necessitated  the  rei>lacenieiK 
of  the  7")  kw.  generator  by  one  double  the  size  for  driving 
the  wood-working  machinery.  This  latter  engine  is  also 
direct  connected  to  a  2")0  h.p.  engine.  These  generators 
are  excited  from  a  17-5  kw.  machine,  which  delivers  direct 
curient  at  125  volts.  The  larger  of  the  two  generator  units 
mentioned  above  and  the  exciter  aie  shown  in  Fig.  1. 
Steam  is  supplied  to  thiTii  fiom  two  locomotive  ty|ie  boilers 
at  a  pressure  of  125  lb. 
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The  entire  electrical  equipment  was  installed  under  the  are  kept  separate  throughout,  though  the  switchboard  Ls  so 
supervision  of  Mr.  W.  F.  Kapp,  and  it  is  interesting  to  note,  arranged  that  either  set  of  circuits  can  be  supplied  from 
and  satisfactory  at  the  same  time,  that  since  tiie  adoption  of     either  oi'  both  generators  as  required. 

the  electric  diive  no  interference  whatever  with  tlie  works  Tlie  inacliine  shop  e(|uipment  is,  as  will  be  seen  from  our 

operations  lias  been  experienced  by  a  failure  (jf  any  of  tlie     ilhistiatioiis,  excellently  well  ai ranged,  both  witii  regard  to 

inachiiies,     motors    and     natuial     lifflitin"     facilitifs.     The 


fiy.    i.  -^0  m.  Driving  Wheel   Lathe. 

power  plant  or  motors.  Slight  intci  ruptions  have,  it  is  true, 
occurred  through  the  blowing  of  the  fuse,  but  this  has  been 
practically  always  due  to  one  of  the  motors  being  .started  too 
quickly,  and  not  to  any  inherent  fault  in  the  plant  itself. 
Fig.  2  shows  the  switchboard  used  in  these  shops.  There 
are  two  generating  panels,  one  exciter  panel  and  two  feeder 


36  In.  Planing  Machine. 


panels,  all  ot  blue  Vermont  marble.  Ammeteis  are  pro- 
vided in  each  pha.se  of  the  generator  panel.  There  is  also 
a  voltmeter  for  each  generator,  and  a  voltmeter  and  am- 
meter on  the  exciter  panel.     The  lighting  and  power  circuits 


Fig.  5.— Planing  Mill. 

practically  entire  absence  of  belts  naturally  assists  in  ob- 
taining this  latter  advantage.  We  illustrate  herewith 
several  of  the  individually  driven  machine  tools,  which 
clearly  indicate  the  convenience  of  the  motor  drive  and 
the  general  cleanliness  of  the  shop. 

The  total  motor  horse-power  installed  in  the.sc  shops  is 
281  11. p.  This  includes  ()8  n.p.  in  the  machine  shop,  the 
largest  motor  there  installed  being  one  of  20  h.p..  which  we 


"  E  O  A" 

Lighting  Accessories. 

Simple,  Efficient,  Reasonable  m  Price 
and  Rehable. 

Only    best    Hanley    Porcelain    and 
High-class  Workmanship  Employed. 

Cut  Outs,  Ceiling  Roses,  Tumblers, 
Switches,    Plugs,    Lampholders,   &c. 

PLEASi:   ,\PPLY   lOR  C.\T,M  OUir. 

THe    Electric    &.    Ordnance 

Accessories    Co.,    Ltd., 

Birmins-tia-m. 


SV■PPLEME^T  to  "The  Electrician."  JuJy  23     1909. 


98 


illustrate  in  Fig.  3.  A  24  in.  shaping  machine  driven  by  a 
To  H.p.  motor  and  a  boring  mill  driven  by  a  5  h.p.  motor 
are  shown  in  Figs.  6  and  7  respectively.  There  are  three 
gi'onps  of  machines  in  this  shop,  which  are  driven  off  15, 
10  and  7.V  h.p.  motors  respectively.  The  blacksmith's  shop 
contains  10  h.p.  and  3  h.p.  motors,  the  latter  driving  a 
30  in.  fan  and  the  former  a  1.',  in.  bolt  lieader,  I'lin.  drill 


Fig.  6-  24-ini  Shaping  Machine. 

press  and  a  i  in.  pipe  threader.  The  tool  room  is  equipped 
with  two  grinding  machines  driven  by  a  3  h.p.  motor.  In 
the  wheel  shop  are  a  gioup  of  machines  connected  to  a 
40  H.p.  motor.  This  gi-oup  is  made  up  of  two  44  in.  boring 
mills,  a  double-head  axle  lathe,  250  ton  wheel  press,  24  in. 
tool-giinding  machine  and  a  200  tube  tumbling  machine. 
In  the  wood-working  mills  are  various  saws  and  tenoning 


Fig.  7.— Boring  Mill, 

machines,  while  the  12  ft.  by  30  in.  universal  planing  ma- 
chine, which  we  illustrate  in  Fig.  5,  is  also  erected  in  these 
shops.  In  the  machine  .shops  the  line  shafting  driving  the 
various  groups  is  run  at  the  high  speed  of  400  revs,  per  min., 
but  there  has  been  no  trouble  in  consequence  of  this.    The 


planing  mill  shown  in  Fig.  5  is  interesting  from  the  way  in 
which  the  motors  are  mounted.  When  the  shop  was  ex- 
tended the  ground  had  to  be  filled  up  level,  but  it  was 
decided  not  to  fill  in  the  space  immediately  beneath  the 
building,  but  to  leave  this  portion  as  a  basement,  utilising 
the  space  to  mount  the  motors  and  such  shafting  as  was 
necessary  to  operate  the  various  machines.  The  motors 
are  suspended  from  the  lower  sitle  of  the  floor  beams,  and 
are  connected  to  the  machines  which  they  drive  by  means  of 
a  tlexil)le  chain.  The  planing  mill  is,  therefore.  ])ractically 
fiee  from  obstruction,  the  only  motors  above  the  floor  being 
those  on  the  traversing  bed  planer  and  that  driving  the  fans 
for  drawing  away  the  shavings.  This  latter  motor  is  fixed 
in  the  roof,  and  the  blast  and  exhaust  pipes  drop  direct 
Uxnu  the  trusses  to  the  machines  which  they  serve.  The 
refuse  from  the  machines  is  collected  by  means  of  a  50  in. 
fan  and  driven  to  the  boiler  room,  where  it  is  consumed  with 
the  help  of  a  second  50  in.  fan.  Both  fans  are  driven  bv  a 
40  H.p.  induction  motor. 

Besides  the  motors  which  we  have  described  above,  and 
which  are  vised  for  driving  the  various  machines,  a  10  h.p. 
induction  motor  is  installed  for  driving  a  lift  and  a  Stur- 


Fig.  8  —Method  of  supporting  Motors  in  Planing  Shop. 

tevant  fan  in  the  punch  sho]).  wiiich  is  used  in  connection 
with  the  overhead  system,  and  is  driven  l)y  a  10  h.p.  motor. 
The  heating  of  the  paint  sho])  is  effected  l)y  a  50  in.  fan  and 
jieater  coils,  which  are  erected  in  llie  roof  trusses,  the  fan 
l)eing  operated  by  a  "I  h.p.  motor. 

In  connection  with  the  installation  of  a  40  h.p.  motor, 
which  drives  two  boring  mills  and  the  double  head  axle 
lathe  in  the  wheel  mounting  shoj),  the  original  intention  was 
to  drive  all  the  machines  from  this  one  motor,  but  circum- 
stances allowed  the  re-grouping  of  the  tool  shop,  .so  this 
motor  became  available  for  its  present  work.  It  has  amjile 
capacity  available,  and  other  tools  may  be  coupled  to  it 
when  an  extension  of  this  department  becomes  necessary. 

The  subject  of  driving  railway  shops  by  motors  slioidd 
lie  of  great  interest  to  electrical  engineers.  This  some- 
what new  departure  can  oidy  be  looked  upon  as  a  testi- 
monial to  this  class  of  machines,  for  its  reliability  has  thus 
made  itself  felt  even  in  places  where  steam  has  heretofore 
been  king. 
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THE  SUN  Electrical  Co.,  ltd., 

118-120,  CHARING  CROSS  ROAD, 


Telegrams : 
."SECABirjS  LONDON.' 


LONDON,  W.C. 


Telephone : 
GERRARD  2291,  2292. 


3^  ^  P^  Enclosed  Camps. 

MESSRS.  JohiLSon  &  Phillips'  "  Orb"  patent  enclosed 
lamp,  which  has  been  designed  by  ]\Ii'.  J.  Brockie, 
and  previously  referred  to  in  The  Electrician, 
is  one  of  the  most  interesting  and  up  to  date  arc  lamps. 
It  is  of  the  shuntless  type  (for  ordinary  parallel  or  series 
burning),  a  single  coil  being  utilised  for  striking  and  regu- 


obtain  the  maximum  candle-power  and  life  being  there- 
by maintained.  By  unscrewing  the  cup  the  clutch  may 
be  inspected  without  removing  the  case.  The  globe  is 
held  in  position  l)y  a  spring  holder  with  a  hook  and  eye 
attachment  and  is  particulary  easy  to  remove  for  trimming. 
The  lamp  may  be  supplied  with  or  without  a  dashpot. 
The  latter  pattern  is  specially  suitable  for  use  in  dusty  or 
steamy   positions   such   as   srinding   and    buffing   shops, 


Fig.  I. — "Ofb"  Lamp. 

lating  the  arc,  while  an  ingeniou.s  form  of  clutch  is  also 
employed.  The  latter  is  placed  beneath  the  base  plate  and 
is  protected  by  a  removable  cup  wiiich  also  forms  a  seating 
for  the  globe,  the  correct  degree  of  enclosure  necessary  to 


Fig,  2. — "Satclitc"  Lamp. 


work 


cement  works,  saw   mills,  laundries    and    factory 
generally. 

In  operation  the  lamp  sti'ikes  up  without  pumping  and 
the  regulation  is  absolute  ;  there  being  no  tendency  to  get 
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=EDISWAN^ 

THE    NEW 

METALLIC     FILAMENT 
ELECTRIC    LAMP. 


You   can    reduce  your  electric  lighting    Rill  70'7<, 
by    using   the    new    nielallic    filament    lamp,    the 

"ROYAL    EDISWAN    METFIL" 

The  BEST  and  CHEAPEST  in  the  END. 


out  of  balance  even  with  tlu-ee  lamjis  running  in  series  on 
250  volts.  Differential  solenoids  (shunt  and  series)  may 
be  tilted  to  the  "  ( trb  "  lamp  if  desired  and  are  recom- 
mended for  long-series  working. 

The  above  particulars  refer  primarily  to  direct-cuirent 
lamps,  but  this  firm  also  manufacture  a  similar  lamp  for 
alternating-current  working  which  burns  in  series  without 
either  siiunt  or  safety  coils  and  is  absolutely  noiseless  in 
operation.  For  the  interior  lighting  of  shops,  &c.,  this  point 
is,  of  course,  of  considerable  importance.  Tlie  cover  of  the 
"  Orb  "  lamp  is  very  ornate  and  is  supplied  in  various 
finishes, including  a  special  vitrified  cream  enamel  with  gold 
lines  for  drapers'  and  milliners'  shops,  &c.  The  desi"n  is 
registered. 

A  companion  to  the  "  Orb  "  lamp  is  the  "  Satelite  " — a 
low  current  single  enclosed  lamp — not  a  midget,  but  a 
substantially  constructed  small  laiii]i,  generally  .similar  to 
the  larger  pattern. 

The  illustrations  show  the  '•  (Jrb  "  with  reflector  (Fig  1 ), 
and  the  "  Satelite  "  without  reflector  (Fig.  2). 


KelDln  Ckctrlcal  ln$lrument$> 

IT  is  not  .surprising,  con.-^ideringtlie  v. ide  range  of  the  lati> 
Lord  Kelvin's  tastes,  to  flind  that  he  was  intimately 
connected  with  a  firm  of  manufactureis.  This  would 
.synchionise  with  his  proverbial  thoroughness  in  all  things. 
The  methods  by  which  he  aided  the  ])rogross  of  the  elec- 
trical industry  are,  of  course,  well  known  to  our  leaders, 
a:/l  his  ideas  and  designs  as  regards  instruments  are  still 
being  carried  out  by  Messrs.  Kelvin  &  James  White,  of 
Glasgow. 

In  electrical  instruments,  as  our  knowledge  of  the  various 
phenomena  Increa.ses,  many  improvements  can  be  made. 
This  knowledge  has  been  applied  ti  Messrs.  Kelvin  &  James 
White's  S.R.  moving-coil  in.stniments,  which  have  recently 


been  re-designed  and  gieatlv  improved.  A  notable  featiu-e 
is  that  these  instruments  are  now  air-tight,  a  property  which 
is  found  to  be  very  advantageous  for  practically  all  working 
conditions.  Another  improvement  is  the  fitting  of  the  ex- 
ternal  yero  adjusting  device   to  this  type  of  insti'ument. 


Fig.  1.  -6-in.  S.R.  Voltmeter. 

This  is  naturally  a  great  coiwenience,  and  should  be  highly 
appreciated  by  all  station  engineers.  These  in.struraents 
are  ntade  in  the  round,  thistle  and  edgewise  patterns,  the 
scale  being  either  6  in.  or  9  in.  long  in  the  first  and  last  of 
these,  and  9  in.,  12  in.  or  18  in.  long  in  the  second. 

Another  interesting  instrument  made  bv  this  firm  is  the 


Fig.  2.     H.S.  Wattmeter. 

'■  K.I)."^V()ltinrtei',  wliicli  is  constiuctcd  on  the  el''ctro- 
dvnamonieter  principle,  and  is  designed  specially  for  use  on 
aiternating-current  circuits.  It  is  dead  beat  in  action, 
and  it  is  claimed  that  its  temperature  error  is  negligible. 
These  voltmeters  are  made  in  either  switchboard  or  portable 
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types.  The  foniun-  of  tlipsc  is  nianiifactiiit'd  in  two  pat- 
terns ;  the  round  pattern  has  a  (» in.  seale  and  the  thistle 
pattern  a  12  in.  scale.  Tlie  ])ortal)le  instrument  has  a  0  in. 
scale,  and  is'light  and  eminently  .siiital)le  for  the  wf)rk'  it 
has  to  do — in  faet,  portable  instruments  are  a  speeiality  of 
Messrs.  Kelvin  A:  .Tames  White,  and  are  manufactured  by 


Fig.  3.— M.M.  Testing  Set. 

them  for  both  alternating  and  continuous-current  circuits. 
In  this  connection  it  is  well  to  draw  attention  to  their 
combined  portable  ammeter  and  voltmeter,  a  handy  set 
for  general  purposes  and  testing  work.  By  it  both  current 
and    pressures  varj'iui;    over   a   very  wide   range,  can   l^e 

measured  accu- 
rately. In  connec- 
tion with  testing 
work,  the  work- 
shop Wheatstone 
bridge,  which  is  a 
very  compact  and 
handy  testing  in- 
strument, may  be 
mentioned. 

Another  impor- 
tant piece  of  appa- 
ratus for  general 
testing  purposes  is 
the  Kelvin  indi- 
cating wattmeter, 
which  is  specially 
recommended.  It 
is  of  the  electro- 
d  y  n  a  m  o  m  e  t  e  v 
type,  and  can, 
therefore,  be  used 
on  either  alternat- 
Fig.  4.— Muhlcellular  Voltmeter  with  Multiplier,    ing  or   continuous 

current.  An  ar- 
rangement is  fitted  whereby  the  coils  can  be  put  into 
either  series  or  parallel,  thereby  enabling  a  wide  range, 
combined  with  extreme  accuracy,  to  be  obtained.  As 
regards    insulation    testing,   a    set   well    known  to  cable 
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manufacturers  and  station  engineers  is  made  by  Messrs. 
Kelvin  &  James  White.  As  a  combined  and  thoroughly 
reliable  instrument  this  is  claimed  to  be  a  piece  of  apparatus 
of  particular  merit. 

A  high-tension  electrostatic  voltmeter  made  by  Messi.s. 
Kelvin  cV-  James  White  will  be  found  extremely  convenient 
for  pressure  tests  on  cables  and  other  similar  work.  These 
instruments  are  light,  compact  and  very  j)ortable,  while  the 
range  covered  is  a  large  one.  This  type  of  instrument  is 
embodied  with  certain  slight  modifications  in  the  volt 
balance  supplied  by  this  firm  which  is  made  with  a  range 
up  to  100,000  volis. 

A  further  interesting  instrunumt  is  the  Kelvin  feeder  log. 
really  a  combined  recording  voltmeter  and  aiiuueter.  These 
instruments  are  being  extensively  adopted  for  station  use 
They  are  dead  beat  in  action  and  have  a  large  working  force, 
thus  giving  perfectly  satisfactory  record  under  such  tryins 
conditions  as  are  present  when  there  is  a  rapidly  fluctuating 
load.  A  particular  point  about  these  instruments  is  the 
fact  that  the  operation  of  winding  the  clock  cannot  be  for- 
gotten, as  the  action  of  withdrawing  the  drum  to  change 
the  chart  automatically  re-winds  the  clock  for  the  next  run. 
This  movement  is  such  that  the  clock  drum  passes  out  to 
a  position  where  the  paper  can  be  easily  changed  without 
any  damage  to  the  pen. 

An  instrument  in  the  design  of  which  the  late  Lord  Kelvin 
applied  a  great  deal  of  ingenuity  was  the  Kelvin  multi- 
cellular electrostatic  voltmeter,  and  this  has  been  gr-eatly 
improved  within  late  years.  The  scale  is  now  G  in.  long, 
thus  giving  wide  open  spaces  between  the  divisions.  A 
feature  of  the  instrument  is  that  it  reads  ec[ually  correct 
on  direct  or  alternating-current  circuits  at  any  fre(|uency. 
This  instrument  can  be  supplied  with  multiplier,  which 
extends  its  range  considerably.  It  is  dead  beat  in  action, 
and  both  horizontal  scale  and  vertical  scale  types  are 
made,  the  former  being  the  portable  and  the  latter  the 
switchboard  pattern. 


Skmens  €iectric  Pulkp  Block, 


THE  peculiar  conditions  under  which  a  battleship 
works  necessitate  that  it  should  often  be  coaled  at 
sea,  and  such  a  requirement  predicates  that  a 
special  apparatus  must  be  designed  in  order  that  this 
operation  may  be  carried  on  with  ease  and  safety.  Several 
arrangements  have  been  suggested  to  secure  these  condi- 
tions, and  one  of  the  most  interesting  is  the  electric  pulley 
block  illustrated  and  described  in  this  article,  which  is 
made  by  Messrs.  Siemens  Bros.  Dynamo  Works,  Ltd.  The 
inception  of  this  self-contained  electric  pulley  block 
originated  in  a  desire  to  simplify  the  existing  methods  of 
coaling  battleships,  and  the  objects  kept  in  view  in  design- 
ing the  present  appliance  were  ease  of  transport  and  small 
dimensions,  so  that  when  not  in  use  it  could  be  stowed 
away  and  leave  the  decks  free  for  action. 

Perhaps  (juite  the  simplest  method  of  slinging  anything 
from  a  boat  on  to  the  deck  of  a  shij>  is  to  use  a  rope 
which  is  laid  over  a  guide  pulley  lixed  to  a  boom,  and  this 
is  the  essence  of  the  Siemens  arrangement,  with  the  slight 
difference  that  the  electric  pulley  block,  instead  of  one  of 
the  ordinary  type,  is  slung  from  the  boom. 

An  electric  pulley  block  of  this  kind  and  ready  for  work 
is  shown  in  Fig.  1.  Its  hoisting  capacity  varies  between 
220  lb.  and  265  lb.  at  a  speed  of  400  t't.  per  minute,  while 
its  own  weight  is  4S0  lb.  The  current  consumption  of  the 
motor  is  25  amperes  at  100  volts,  aud  the  equipment  is 
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capable  of  lioisting  I'lom  20  to  ;'.U  tons  per  lioiir  tliiough  a 
height  of  from  20  ft.  to  23  ft.  One  such  block  is  only  .suit- 
able for  dealing  with  one  basket  at  a  time,  though,  of 
course,  any  number  of  blocks  may  be  pvovidcd  in  accord- 
ance with  the  number  of  coaling  points  on  tlie  liarge.  If 
each  pulley  block  is  fixed  to  alight  lioom  witli  a  derricking 
motion,  as  shown  in  Fig.  1,  it  can  be  worked  independently 
of  the  others,  and  in  such  a  manner  as  always  to  remain 
vertically  above  its  coaling  point,  and  the  C(iuipmcnt, 
being  self-contained,  can  be  examined  without  interference 
with  the  rest  of  the  apparatus.  As  will  be  seen  from  the 
illustration,  the  pulley  block  is  provided  witli  two  Inoad 
flanges  which  are  cast  on  to  the  frame,  so  tliat  it  can  be 
rolled  along  the  deck  with  ease  and  witJiout  damage  to  tlie 
flooring.  It  can  be  easily  raised  to  its  working  position 
and  as  easily  moved  and  stowed  away.  Such  an  apparatus 
is  naturally  not  confined  to  ship  working,  but  can  just 
as  easily  be  used  for  a  number  of  land  installations,  such 
as  unloading  material  from  railway  trucks,  conveying  coal 
into  the  bunkers  of  a  boiler  house  and  much  other  similar 
work  where  space  and  clieapness  are  desiderata. 


case  there  is  room  on  the  pulley  for  three  turns  side  by 
side.  The  current  is  brought  up  to  the  motor  by  means  of 
a  flexible  cable  and  the  motor  is  started  by  a  simple  switch, 
no  starting  resistance  being  necessary.  The  field  is  com- 
pound wound,  so  that  there  is  no  likelihood  of  injurv  to 
the  motor  at  starting. 

The  method  of  operation  is  as  follows  :  Wlicu  tlie  load 
has  been  hooked  to  one  end  of  the  rope  a  jnill  of  a  few 
pounds  on  tlie  other  end  is  .sufficient  to  raise  the  load  ;  but 


Fig.  2. 


F,g.  3. 


il  the  pull  on  the  free  end  is  relaxed  the  rope  slips  on 
the  drum  and  the  load  remains  suspended,  while  if  the  rope 
is  paid  out  the  load  sinks.  The  empty  hook  is  lowered  by 
means  of  the  following  special  arrangement.  The  rope 
pulley  is  not  rigidly  fixed  to  the  field  system  of  the  motor 
but  through  a  friction  clutch.  It  is  pro\ided  with  12 
rollers  mounted  on  ball  bearings,  which  enable  it  to  rotate 
with  very  little  friction  on  the  outer  circumference  of  two 
hardenecl  steel  rings  fixed  to  the  rotating  field  .system. 
The  frame  of  tiie  rops  drum  has  six  rectangular  openings 
in  which  slide  six  brake  blocks  which  have  very  little 
lateral  play,  but  can  move  radially.  Springs  are  interposed 


Fig.  1.— Siemens  Electric  Pulley  Block. 

The  various  i)arts  of  this  electric  pulh^y  block  are  shown 
in  Figs.  2  to  7.  The  driving  motor  is  fixed  inside  the 
rope  pulley,  and  the  latter  is  fitted  on  the  magnet  frame  of 
the  motor  and  rotates  with  it.  In  order  to  utilise  the  well- 
known  principle  that  the  weight  of  a  motor  for  a  given 
output  diminislies  with  increasing  speed,  both  the?  motor 
armature  and  the  motor  field  are  arranged  to  rotate,  but 
in  opposite  directions,  the  relative  speed  being  900  revs. 
per  min.  The  rope  pulley  has  a  peripheral  speed  of  from 
5  ft.  to  6  ft.  per  second,  and  careful  experiments  have 
shown  that  U  turns  of  dry  hemp  rope  give  sufficient 
adhesion  for  all  purposes.  The  pulley  block  is  provided 
with  sheet  iron  covers  which  pn^tect  the  rope,  but  wliich  it 
is  recommended  should  be  removed  in  dry  weatlier.  Kopc 
of  diameter  not  exceeding  l  in.  should  be  used,  in  which 


Fig.  4. 


F.g 


between  the  brake  blocks  and  the  rope  pulley,  so  that  the 
blocks  move  inward  when  the  pull  on  the  rope  is  larger 
than  the  opposing  pressure,  of  the  spring,  but  move  out- 
wards when  the  rope  pull  is  smaller.  The  brake  blocks 
are  fitted  with  bronze  shoes  which  come  into  contact  with 
the  inclined  inner  surfaces  of  the  steel  rings  as  soon  as  the 
pull  on  the  rope  exceeds  a  certain  value.  When  this 
occurs  the  rope  pulley  is  coupled  to  the  rotating  field 
system  of  the  motor.  When  the  load  has  been  hooked  on, 
the  ])ull  on  the  rope  causes  the  brake  blocks  to  move  into 
contact  with  the  steel  rings  so  that  the  rope  pulley  rotates 
with  the  field  system  of  the  motor.  After  the  load  has 
been  deposited,  the  springs  overcome  the  small  pull  due  to 
the  empty  hook,  and  the  brake  blocks  are  disengaged  from 
the  steel  rings.     The  rope  pulley  can  then  rotate  back- 
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POWER-BOARDS. 


NEW  DESIGNS.      NEW  PRICES. 
Always  the  Best  and  NOW  the  Cheapest  also. 


STANDARD  BOARDS.    4  Line  50  Amperes,  600  Volts. 


PARMITER,  HOPE  &    SUGDEH 

HULME  ELECTRICAL  WORKS, 

MANCHESTER. 


wards  wlieii  the  rope  is  paid  out  at  the  free  end.  Tliree 
■^iiidc  rollers  are  provided  at  each  side  of  the  rope  pulley 
to  prevent  the  latter  from  moving  sideways.  These  rollers, 
as  well  as  those  described  above,  are  visible  in  Fig.  2.  The 
pulley  block  is  suspended  from  the  boom  by  two  ropes,  as 
shown  in  Fig.  1,  and  can  easily  be  liauled  intn  position 
without  the  aid  of  a  winch. 

As  mentioned  above,  current  is  supjilied  through  a 
llcxible  cable,  a  plug  and  a  socket  Ijeing  fixed  on  the  block. 
Fnim  the  pins  of  the  plug  the  current  Hows  to  two  slip- 
lings  mounted  inside  the  end  shields  of  the  motor,  and  is 
then  collected  by  brushes  which  are  fixed  to  and  rotate 
witli  tlie  field-magnet  frame. 

Tiie  current  then  divides  between  the  two  slip-ring 
brushes,  part  flowing  directly  througji  the  shunt  winding, 
and  the  larger  portion  through  the  commutator,  armatnie 


Fig.  6. 


Fig.  7. 


and  series  winding.  To  ensure  safety  in  working,  a  lirake 
consisting  of  a  haixl  steel  ring  fixed  to  tlie  field  system  and 
a  projection  fixed  to  the  motor  frame  are  provided. 

Enough  has  been  said  to  show  that  the  problems  pre- 
sent in  designing  an  apparatus  for  ship  work  has  been 
fully  solved  by  Messrs.  Siemen.s.  The  sailor  is  not  by 
nature  a  gentle  animal  or  a  skilled  mechanic,  and  both  these , 
facts  have  been  recognised.  The  pulley  block  is  strongly 
built,  there  is  a  minimum  iiunrber  of  parts  to  go  wrong, 
and  very  little  attention  is  needed. 


3^  ^  P^  Contact  Gear. 

AN  interesting  piece  of  apparatus  made  by  Messrs. 
Johnson  &  riiillips,  of  Cliarltou  and  London,  is  the 
"  Bell  "    arc   lamp    raising    and    lowering   gear. 
This  comprises  a  self-sustaining  automatic  contact  device 
and  a  self-locking  winch,  intended  primarily  for  facilitating 


the  trimming  and  cleaning  of  arc  lamps  in  exposed,  or  more 
or  less  inaccessible,  positions,  i.e.  streets,  railway  stations 
docks,  yards,  &c.  The  contact  gear  is  simply  constructed 
and  contains  no  pawls  or  springs.  The  lamp  is  suspended 
from  a  strong  malleable  iron  hancrer  and  its  weight  is  carried 


"Bell"  Contact  Gear  with  CAsiag  and  Hood  removed. 

by  sulistantial  lugs.  Electrical  spigotandsocket  self-cleaning 
contacts  of  ample  size  are  em])loyed,  insulated  in  the  best 
manner  witii  steatite  cones,  only  one  size  of  insulator  bein'^ 
used.  The  action  of  liie  gear  is  claimed  to  be  absolutely 
reliable,  and  the  lamp  always  returns  to  its  original  position, 
lleversal  of  polarity  is  thus  impossible. 

In  operating  the  gear  the  lamp  is  lifted  by  the  winch  as 
far  as  it  will  go  for  both  raising  and  lowering,  the  definite 
stop  action  being  part  of  the  system.     It  is  iiiterestin"  to 
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hear  that  one  of  these  gears  was  recently  coupled  to  a 
crauk  driven  liy  the  shop  shafting  and  run  continously  for  a 
period  equivalent  to  about  twenty  years'  ordinary  use.  At 
the  end  of  the  test  the  gear  showed  no  signs  of  wear,  nor 
did  it  once  fiiil  to  engage  or  release.  The  self- locking  winch 
is  a  strong  piece  of  mechanism  and  its  component  parts  are 
simple  in  design  and  few  in  number.  The  dram  is  direct- 
driven,  one  turn  of  tlie  handle  giving  one  revolution  of  tlie 
l)arrel.  Friction  is  practically  eliminated,  so  that  it  is 
easy  to  operate.  Should  the  handle  be  detached  tiie  lamp 
cannot  descend,  so  that  maximum  safety  is  obtained. 
The  winch  is  usually  suiiplied  with  ordinary  wall  lugs,  but 
special  fixings  for  use  in  arc  lamp  pillars  can  also  be  sup- 
plied. The  figure  illustrates  the  "Kell"  contact  gear  with 
casing  and  hood  removed. 


ClectricallpdriDen 
Gas  €xftau$tcr$.  > 

THE  Bryan  Donkiu  Co.,  Ltd.,  of  Chesterfield,  have  had 
much  experience  in  the  design  and  manufacture  of 
gas  eshausters.  The  evolution  of  these  machines 
has  been  steady  since  ISOti,  when  the  machine  then  used,  and 
designed  by  Beale,  possessed   tlie  disadvantage  that   the 


of  the  machine  by  the  use  of  a  block  running  on  a  pin  fixed 
to  one  of  the  end  plates.  P.y  this  arrangement  the  slides 
could  be  cast  in  one  piece,  and  very  much  larger  wearing  sur- 
faces provided  by  the  block  than  with  the  old  rings.  In  ad- 
dition,the  relative  velocityof  the  guiding  surfaces  for  a  given 
diameter  of  shell  is  only  one-tenth  of  that  of  the  rings  iu  the 
old  type, and  the  internal  friction  has  thus  been  reduced  with 
a  consequent  saving  in  power. 

Tlie  exhauster  cylinder  is  bored  to  the  exact  oval  shajie 
described  by  the  slightly  eccentric  movement  of  the  slides 
or  blades.  As,  however,  this  movement  of  the  l)lades  is 
entirely  guided  by  the  central  block  in  conjunction  with 
the  axle,  no  wear  whatever  can  take  place  on  the  cylinder. 
The  only  pressure  on  the  cylinder  as  the  blades  pass  round 
is  that  due  to  the  springs  under  the  packing  strips  or  nose- 
pieces.  An  essential  feature  which  distinguishes  this  type 
of  exhauster  from  others  is  that  the  slides  pass  through 
fixed  slots  in  the  rotating  axle ;  in  most  other  types  the 
slides  pass  through  slotted  rollers  working  in  bored  recesses 
in  the  axle,  and  as  considerable  pressure  is  exerted  on  the 
outer  diameter  of  the  rollers  which  are  very  difficult  to 
lubricite,  very  considerable  wear  takes  place  owing  to  their 
grinding  action.  As  a  consequence,  much  larger  wearing 
surfaces  can  be  pi'ovided  in  the  latest  Beale  type,  and  in  ad- 
dition the  number  of  surfaces  on  which  wear  can  take  place 
is  reduced.  It  is  owing  to  these  distinguishing  features  that 
the  Bryan  Donkin  exhausters  can  run  for  such  long  periods 
without  requiring  any  repairs.     For  pumping  gas  against 


Fig.  1.— Standard  Elcctrically-driven^Gas  Exhauster. 


friction  losses  were  very  high.  By  abolisliing  the  guiding 
rings  this  difficulty  was  to  a  great  extent  overcome.  Tiie 
guiding  of  the  motion  of  the  .sliile  was  brought  to  tlie  centre 


liigh  [iressures,  machines  of  this  type  are  found  in  practice 
to  be  far  the  most  ellicient  and  durable.  This  is  owing  to  tlie 
same  feature — viz.,  that  the  slides  pass  through  fixed  slots 
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in  iheixxle,  .so  that  the  he.avy  pressure  on  tliu  e.xposed  sur- 
face of  the  slide  is  directly  takeu  by  the  axle  which  forms 
the  driving  member  of  the  machine,  and  at  tlie  same  time 
adequate  wearing  surface  can  be  provided  for  the  increased 
Iliads  involved. 


-3^ 


F'g-  2.— Control  Equipment  for  Electrically-driven  Gas  Exhauster. 

An  eleetrically-driveu  e.xlwiuster  of  the  above  type  is 
shown  in  Fig.  1.  In  connection  with  these  machines  a 
special  system  of  control  has  been  designed  suitable  for 
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woiking  with  either  shunt  or  compound-wound  motors  and 
with  the  control  in  thearmature  or  field  circuit.  This  arrange- 
ment is  illustrated  in  Fig.  2,  and  in  this  particular  case  the 
control  is  in  the  armature  circuit,  tlie  .speed  of  the  motor 
being  varied  from  500  to  850  revs,  per  min.  The  motor  is 
coupled  direct  to  the  gas  exhauster  through  worm  gearing, 
the  whole  tjeing  mounted  on  a  cast-iron  bedplate.  Tlie 
controller  consists  of  two  parts — viz.,  the  gas-operated  regu- 
lator and  the  electric  switchgear.  The  gas  regulator  con- 
sists of  a  tank  partially  tillecl  with  water  in  wliieh  iloats  a 
bell.  Tlie  top  of  the  bell  is  connected  to  the  outside  lever 
by  a  rod  passing  through  a  stuffing  bo.\.  A  pipe  is  con- 
nected from  the  inlet  side  of  the  e.xhauster  to  the  inside  of 
the  bell,  and  as  the  vacuum  in  the  iiilet'pipe  varies,  due  to 
the  variation  in  the  rate  at  which  gas  is  made  by  tiie 
retorts,  so  Uie  position  of  the  bell  varies.  The  lever  on  the 
top  of  the  gas  regulator  is  connected  to  a  two-way  oil 
break  switch  on  tlie  top  panel  of  the  switchgear.  This  oil- 
break  switch  controls  the  two  solenoids  on  the  front  panel 
which  operate  the  regulating  switch.  In  addition  tiie  front 
panel  also  contains  a  double-pole  main  switch  and  fuses 
and  a  starter  with  no-voltage  and  overload  releases.  lu 
starting  up,  the  connecting  rod  between  the  gas  regulator 
and  the  two-way  switeli  is  lifted  up,  and  the  plant  nm  up 
and  adjusted  by  liand  until  tlie  proper  vticuuni  is  attained 
The  connecting  rod  is  then  dropjied  on  its  pin,  and  the  plant 
works  automatically,  increasing  in  speed  as  the  vacuum 
decreases  and  vice  versa. 

It  will  thus  be  seen  that  an  arrangement  is  obtained 
whereby  practically  all  continuous  attention  of  the  plant 
becomes  unnecessary.  Human  aid  has  to  be  requisitioned 
for  starting,  but  after  that  the  eqttipment  is  automatic. 
Tiiis  is  a  point  worth  bearing  in  mind. 
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l)opc'$  Unit  Spstcm  for 
Ironclad  fuse  Boxes    . 


OK  reci'iit  years  ironclail  ciisUilmtioii  fuse  boxes  liavo 
been  almost  universally  ailopleil  for  ])ower  work, 
and  this  in  spite  of  the  ditliculty  that  alni.ist  always 
arises  from  "spare  ways."  Spare  ways  have,  in  tact,  to  be 
provided  on  almost  all  boards  for  possible  future  require- 
ments, and  even  when  provision  is  made  for  these  it  often 
happens  that  one  partietdar  board  requires  several  extra 
ways,  whilst  other  boards  remain  with  spare  ways  unused 
for  yeais.  Spare  ways  are  an  expensive  matter,  a  common 
practice  being  to  allow  2"i  per  cent,  extra  ways  as  spares 
on  the  whole  job,  and  it  is  claimed  that  the  Hope's  patent 
unit  system,  shown  herewith,  overcomes  the  dithculties  in- 
sepaiable  from  the  usual  arrangements. 


Hope's  Unit  Ironclad  Switchboard. 

Sciile  1  :  8. 

In  this  system  the  cases  are  of  cust  iron,  built  up  in  such 
a  way  as  to  allow  of  either  end  lieing  removed,  and  an 
extra  case  unit  being  added,  the  box  remaining  perfectly 
watertight  and  gastight.  The  one  end  of  the  case  is  a 
"male"  and  the  other  a  "lemale"  end.  JOxtra  sections 
of  case  can  therefore  be  added  at  either  end.  Four  strong 
set  screws  hold  the  case  or  the  end  plates,  as  the  case  may 
be,  together.  Additions  can,  therefore,  b^j  made  in  a  few 
moments.  All  parts  arc  "jig"  made  throughout  and  that 
all  extension  pieces  are  guaranteed  to  bind  together  with- 
out filing  or  any  fitting  whatsoever.  With  regard  to  the 
interiors,  each  fii.se  way  is  a  separate  unit  complete  in 
itself,  the  fixing  of  the  bases  and  the  coupling-np  of  the 
same  to  the  'bus-bars  being  elTected  from  the  front  of  the 
board.  Extensions  can  be  made  and  extra  fuse  ways 
coupled  up  whilst  the  board  is  "  live,"  the  adding  of  addi- 
tional fuse  units  only  requiring  the  fixing  of  two  .screws  in 
each.     All  bases  are  of  black  china  of  a  speciiil  quality. 


Tiie  insulation  lest  of  any  cuuiidete  board  is  Liuaranteed  to 
be  at  least  .JO  megohms. 

The  materials  and  workmanship  are  of  tlie  same  quality 
as  in  the  Hope  standard  boards. 

The  following  special  features  in  connection  with  these 
boards  are  specially  noteworthy.  The  unit  system  boards 
are  made  single-pole  only.  Two  boards  must  be  allowed, 
therefore,  for  double-pole  and  three  for  triple-pole,  and, 
owing  to  simplicity  in  manufacture,  the  jirices  arc  no 
more  than  for  the  usual  solid  Imards. 


€rcok  fRarclirs  Fans^ 

AT  this  time  of  year,  in  countries  more  fortunai. 
than  our  own  in  regard  to  summer  weather,  the 
employment  of  some  kind  of  fan  is  practically  a 
nece.ssity,  and  in  this  connection  the  electric  drive  find.-:  ,i 
useful  application,  for  it  cannot  be  denied  that  in  prival 
residences,  hotels,  offices  and  similar  places  no  other  nieaii 
for  operating  the  fan  need  be  seriously  considered. 


Fig.  1.  -"  Maestrak  "  Fan 


A  firm  which  lias  for  many  years  made  a  speciality  of 
fan  work  is  Ercole  Marelli  &  Co.,  of  Milan,  whose  London 
offices  are  at  2(j,  Garlick-hill,  Queen  Victoria-street,  E.G. 
This  firm  have,  in  fact,  specialised  in  the  manufacture  of 
electric  fans  and  small  motors,  though  large  motors  up 
to  100  II.)'.  and  every  variety  of  blowers,  exliaust  fans  and 
ventilating  plant  are  also  manufactured.  Messrs.  ImcoIc 
IMarelli's  fans  are  manufactured  in  a  number  of  types 
which  are  appropriately  named  after  the  dilfercnt  winds, 
as  for  instance,  (he  "llorea"  desk  fan  for  both  alternating 
and  direct  current.  Tiicsc;  fans  are  made  in  three  standard 
sizes  for  voltages  between  100  and  250  volts  and  for  stan- 
dard frequencies  of  lO  to  00,  but  can  be  sii])plied  for 
higher  or  lower  voltages  and  f'retiuencies.  Somewhat 
similar  fans,  made  in  three  sizes,  10  in.,  12  in.  and  10  in 
respectively,  can  be  fixed  to  cither  a  desk,  or  bracket, 
these  positions  being  made  possible  by  a  specially 
arranged  trunnion  and  clamping  screws.   Other  specialities 
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arr  poi'Lhole  exhau.st  Ikiis,  fitted  with  automatic  .shuttcr.s 
which  open  or  close  as  tlie  fan  is  started  and  stopped. 
'I'lii'ii  tliere  are  self-rotating  ceiling  fans,  which  have  tlie 
iTIrcL  of  transmitting  the  air  in  all  directions  as,  Ijcsides 
the  blade  rotating,  tlie  tan  itself  moves  round. 

Special  attention  must  be  called  to  the  Maestrale  ceiling 
Ian,  which  we  illustrate  in  Fig.  1.  This  fan  is  specially 
wound  for  use  in  tropical  climates,  a  precaution  which  is, 
ill  fact,  taken  with  all  Messrs.  Ercole  Marelli's  fan  equip- 
iiiciits.  The  motor  used  is  of  the  single-phase  induction 
ty]ie,  and  tlie  fan  proved  a  great  success  last  year.  With 
tlii.s  fan  is  also  supplied  a  special  speed  regulator  whicii 
yives  a  speed  reduction  of  about  ."^O  per  cent.,  a  most  un- 
usual figure  to  obtain  with  an  inductor  motor.  Mention 
may  also  be  made  of  a  10  in. 
fan  specially  designed  for 
working  on  batteries. 

As  regards  the  motor  side 
of  Messrs.  Ercole  Marelli's 
business,  they  make  a  speci- 
ality of  machines  varying  in 
output  between  J^  ii.p.  and 
Jj-  II. I'.  Ijoth  for  direct  and 
single-phase  alternating  cur- 
rent, and  .jL  H.p.  and  ,L-  ii.p. 
motors  for  three-phase  work 
are  also  made.  The  ^fV  ii.p.  motors  are  designed  for  a  very 
wide  range  of  voltage,  varying  from  those  suitable  Un- 
working  from  4  to  G  volt  batteries  to  those  wound  for  a 
pressure  of  250  volts.  A  direct-current  motor  of  tliis  type 
is  shown  in  Fig.  2. 


Cl)e  Wolf  Cocomobile. 

IN"  our  last  issue  it  will  lie  rememliered  we  gave  a  fully 
detailed  description  of  this  interesting  piece  of  appa- 
ratus by  whose  use  a  coal  consumption  of  just  over 
1  lb.  per  horse-power  hour  can  be  obtained.  We  regret, 
however,  that  in  this  description  two  of  tlie  foot  lines  to 
tlie  blocks  were  misplaced,  and  we  reproduce  one  illustra- 
tion herewith  in  order  that  our  readers  may  see  it  as  it 
ought  to  be.  The  figure  shows  a  loO  ii.p.  Wolf  tandem 
compound  condensing  locomobile,  which  is  working  at  a 


^•liimBiiniiiiniiii,. 


Fig.  2.— Marelli  Standard  Motor. 
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130  H.P.  Wolf  Tandem  Compound  Condensing  Locomobile  in  Works 
Central  Station  at  Acton  Green. 

central  station  al  Ailon  Oircii,  and  was  wrmigly  described 
as  a  500  ii.p.  superheated  steam  comiiound  condensing  loco- 
mobile, working  in  a  (ierinan  central  station,  this  latter 
being  shown  as  working  at  Acton.  Tlie  Acton  locomobile 
is  fitted  with  the  feed  water  heater,  jet  condenser,  re- 
movable furnace  tubes  and  superheater,  ami  is  capable  of 
giving  l;!0  ii.p.  continuously  and  as  mucii  as  150  H.p.  for 
short  periods.  With  this  class  of  maciiine  Messrs.  Wolt 
guarantee  a  coal  consumption  of  1-17  lb.  to  I'llUb.  per 
hoi'se-power  hour  and  a  steam  consumption  of  9"21  lb.  to 
lOlilb.  per  brake  horse-power  per  iioiir.  Tiiis  locomobile 
is  a  complete  and  compact  ]d.iiit,  with  the  engine  set  ou 
the  top  of  the  boiler,  and  is  entirely  self-contained. 
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NOTES. 


Single-phase  Results  on  the  Midland. 

Since  the  conversion  of  the  Heyshani— Morecamhe 
brancli  of  the  Midland  llailway  to  .single-phase  working 
15  months  ago,  engineers  have  awaited  an.xiously  the 
publication  of  some  results,  but  very  little  has  been 
made  known  Mr.  R.  M.  Deeley  has  now  broken  the 
silence  somewhat  by  communicating  a  few  figures,  which 
will  bo  found  in  another  colunni.  These  relate  to  test,  runs, 
and  .show  a  consumption  of  99'3  watt  hours  per  ton-mile. 
Unfortunately  the  conditions  are  not  typical  of  suburban 
service,  but  Mr.  Deeley  gives  figures  showing  that  83-83 
watt  hours  per  ton-mile  might  be  expected  under  these 
conditions  il'  the  gear  ratios  and  wheel  dimensions  were 
altered.  It  is  difficult  to  draw  comparisons,  but  Mr. 
Deeley  expresses  the  opinion  that  the  result,  if  only  from 
the  energy  point  of  view,  is  i'avourable  to  single-phase 
as   compared  with    continuous-current.     As  to   weight — 


a  point  on  which  much  stress  is  often  laid — the  single- 
phase  equipment  is  about  one-third  heavier  than  the  corre- 
sponding continuous-curront  equipment,  but  when  the 
whole  train  is  taken  into  consideration  this  additional 
weight  amounts  to  only  about  7i  per  cent.  It  appears 
that  this  difference  would  be  considerably  reduced  if  the 
rolling  stock  were  made  for  through  running,  and  in  the 
case  of  locomotives  used  for  goods  and  mineral  traffic  any 
such  additional  weight  would  be  an  advantage  for  adhesion. 
Thus  the  excess  weight  in  the  case  of  the  Midland  liailway 
does  not  seem  important,  while  from  the  point  of  view 
of  economy  and  simplicity  of  plant  the  advantages  of 
the  single-phase  system  are  very  marked  under  certain 
conditions. 

The  City  &  South  London  Railway. 

We  are  pleased  to  notice  that  the  directors  of  the  City 
&  South  London  Railway  Go.  were  able  to  report,  at  the 
general  meeting  of  the  company  held  this  week,  a  more 
encouraging  state  of  affairs  ;  the  improved  position  may 
be  gathered  from  the  fact  that  the  half-yearly  traffic 
returns  showed  larger  gross  receipts  and  more  passengers 
than  at  any  previc-us  stage  of  the  company's  operations. 
There  is  no  doubt  that  the  arrangements  for  through- 
booking  with  other  tubes  are  much  appreciated,  and  the 
proposed  subway  to  connect,  at  the  Bank,  with  the  stations 
of  the  Central  London  Eailway  and  the  "Waterloo  &  City 
Eailway  should  also  prove  beneficial  to  the  company's 
traffic  ;  whilst  the  convenience  of  the  tube  stations  at 
Euston  and  King's  Cross  has  not  yet  been  realised  by  a 
large  number  of  likely  passengers,  although  the  bookings 
to  these  stations  are  slowly  increasing.  In  view  of  the  satis- 
factory progress  which  has  been  shown  by  most  Tubes  a.s  the 
result  of  co-operation,  it  is  to  be  regretted  that  this  principle 
cannot  be  extended,  but  at  present  the  indications  are  that 
rate  cutting  is  to  continue  between  the  competing  forms  of 
locomotion.  The  question  of  reducing  fares  is  therefore 
being  considered  by  the  City  &  South  Loudon  Eailway 
Co.,  and  the  problem  of  co-operation  is  rendered  more 
difficult  where,  as  in  this  case,  the  chief  competitor  for  the 
traffic  is  a  municipal  tramway,  on  which,  of  course,  a  small 
financial  loss  is  not  necessarily  regarded  as  of  serious 
moment. 

Electric  Locomotives 

At  the  present  time  both  electric  locomotives  and  motor 
coaches  are  extensively  employed,  and  it  is  unlikely  that 
either  type  will  oust  the  other  entirely  from  favour.    Elec- 
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trie  locomotives  offer  many  advantages,  and,  of  course,  are 
practically  essential  where  electric  traction  is  only  adopted 
on  certain  sections  of  a  given  route.  Such  cases  frequently 
occur  where  steep  gradients  are  encountered,  steam  loco- 
motives then  being  taxed  to  their  utmost  capacity,  and 
also  in  the  case  of  tunnels  through  which  a  frequent  ser- 
vice has  to  be  maintained,  bringing  with  it  difficulties  in 
the  way  of  ventilation.  The  second  case  often  includes 
the  first,  not  merely  in  mountainous  country,  liut  also  in 
tunnelling  under  rivers,  and  several  electrification  schemes 
of  this  character  have  lieen  completed  in  the  United  States 
during  the  last  few  years.  Elsewhere  in  the  present  issue 
will  be  found  particulars  of  the  most  recent  of  such 
schemes — namely,  that  under  the  Detroit  river — and  this 
ease  is  particularly  interesting  in  view  of  the  large  size  of 
the  electric  locomotives,  which  are  of  the  continuous  cur- 
rent type. 

FOUK  motors,  each  of  300  H.r.  rating,  are  installed  on 
each  locomotive,  and  a  total  starting  tractive  effort  of 
50,000  lb.  to  60,000  lb.  is  obtained,  whilst  the  maximum 
speed  will  be  35  miles  per  hour  on  the  level  and  about  10 
miles  per  hour  on  the  2  per  cent,  up-gradients.  A  feature 
of  the  control  is  the  number  of  resistance  steps — namely, 
nine  with  the  motors  in  series,  eight  in  series-parallel  and 
seven  with  the  motoi-s  in  parallel.  This  is  doubtless  due 
to  the  large  weight  of  the  trains  and  the  necessity  for  even 
and  gi'adual  acceleration  on  the  gradients.  It  is  also  in- 
teresting to  notice  that  the  motors  are  of  the  interpole 
type,  and  that  forced  ventilation  has  been  adopted — a  com- 
Viination  which  is  evidently  coming  into  favour.  The 
motors  are  suspended  on  the  axles,  so  that  the  centre  of 
gravity  is  maintained  low,  but  this  is  not  of  great  import- 
ance, since  any  curves  will  be  negotiated  at  a  low  speed.  In 
calling  attention  to  the  important  developments  which  have 
recently  taken  place  in  the  design  of  electric  locomotives, 
we  need  only  remind  our  readers  that  we  have  described 
within  the  last  few  weeks  single-phase  electric  locomotives 
manufactured  both  by  Siemens-Schuckertwei-ke  and  by 
the  General  Electric  Co.,  of  America,  in  which  the  motors 
were  mounted  on  the  top  of  the  frame  and  side  rods 
were  adopted.  Standardisation  in  the  design  of  electric 
locomotives  has  evidently  not  yet  been  reached. 


Magnetism  at  Low  Temperatures. 

A  I  OK.siUEEADLE  amount  of  work  has  been  done  to 
■  determine  the  effect  of  high  temperatures  on  the  magnetic 
properties  of  certain  substances,  and  investigations  of  a  simi- 
lar nature,  but  concerned  with  the  other  end  of  the  scale, 
have  been  undertaken  by  Dew  ak  and  Fle.mixg.  Bearing 
on  this  latter  part  of  the  subject  are  some  interesting  ex- 
periments performed  by  Messrs.  Gray  and  Hii;gixs,  an 
account  of  which  will  be  found  on  another  page.  Instead 
of  magnetising  the  specimens  at  normal  atmosjdieric  tem- 
peratures and  then  reducing  the  temperature,  they  mag- 
netised the  specimens  to  saturation  at  the  temperature  of 
liquid  air  and  then  gradually  warmed  them.  Tiiis  process 
produced  effects  varying  consideraljly  from  those  of  Dewak 
and  Fleming.  The  behaviour  of  manganese  steel  is  worthy 
of  note,  but  the  authors  do  not  refer  to  very  feeble  para- 
magnetic or  to  diamagnetic  substances.  Kesearch  in  this 
direction  would  be  of  considerable  interest. 


Institution  of  Municipal  Engineers. — The  first  annual 
general  meeting  of  this  Institution  will  be  held  at  Durham  on 
Saturday,  August  7th.  A  Paper  on  "The  Design  and  Require 
ments  of  Electric  Power  Works,"  read  by  Mr.  H.  Boot  at  the 
meeting  on  April  24th  last,  will  be  discussed,  and  other  Papers 
of  a  non-electrical  nature  will  also  be  dealt  with. 

British  Association. — In  addidon  to  the  Papers  already 
down  for  reading  before  Section  G  (Engineering)  and  announceil 
in  our  last  issue,  the  following  will  also  form  part  of  the  pro- 
ceedings :  "Losses  from  High-tension  Overhead  Lines  due  to 
Brush  Discharge,"  by  Mr.  E.  A.  AVatson,  and  "  On  the  Calcu- 
lation of  the  Charging  Current  in  Three-core  Cables  and  Over- 
head Transmission  Lines  supplied  with  Three-phase  Currents,' 
by  Dr.  E.  AV.  ilarchant. 

Depreciation  of  Electricity  and  Tramway  Undertakings. — 
The  agreement  announced  m  our  last  issue,  p.  596,  in  regard 
to  allowances  for  depreciation  in  the  case  of  income  tax  assess- 
ment of  electricity  and  tramwaj'  undertakings,  does  not  receive 
the  support  of  the  Incorporated  Municipal  Electrical  Associa- 
tion. Mr.  H.  Faraday  Proctor,  the  honorary  secretary  of  the 
Association,  has  drawn  our  attention  to  this  fact,  and  points 
out  that  the  Incorporated  Municipal  Electrical  Association  has 
taken  great  e.xception  to  the  depreciation  allowances  proposed, 
which  are  considered  quite  inadequate.  The  attitude  of  the 
Association  is  referred  to  in  the  annual  report  of  the  Council 
given  in  our  issue  of  July  2,  p.  472. 

Reduction  in  Press  Telegram  Rates. — In  regard  to  the 
announcement  made  by  the  Telegraph  Administrations  trans- 
mitting telegraph  traffic  "  via  Eastern  "  and  "via  Indo  "  which 
appeared  in  The  Electrician  for  July  IG,  p.  'yM,  it  is 
announced  that  the  British,  Indian  and  Colonial  Governments 
are  prepared  to  bear  their  rateable  share  of  reductions  in 
tariff's  for  press  messages,  and  that  the  following  reduced  rates 
will  come  into  effect  on  August  1st  : — • 

Indi.i  and  Burma  9d.  per  word,  Ceylon  9Ad.  per  word,  Australia, 
Tasmania  and  New  Zealand  9d.  per  word.  Cape  Colony,  Natal,  Orangr 
River  Colony,  and  the  Transvaal  9d.  per  word.  Southern  Rhodesi;i 
9Jd.,  Northern  Rhodesia  and  Nyassaland  10,jd.,  Beira  Railway  Offici-> 
(via  the  Cape),  9:i'd.,  and  Portuguese  Zambesi  10 Jd. 

Electric   Furnaces  in   Canada. — We  understand   that  Sir 
Wilfrid  Laurier  has  received  a  communication  from  the  British 
Minister  to  Sweden  giving  particulars  of  the  establishment 
of   an   electric  smelting  plant  at   Trollhiltten    Falls.     These  i 
works  bring  the  number  of  commercial  plants  now  in  existence  I 
up  to  three,  two  in  Sweden  and  one  in  Norway,     They  have 
three  furnaces,  each  of  2,500  E.H. P.,  and  a  capacity  of  7,500 
tons.     The  cost  of  electric  energy  will  be  30s.  per  h.p.  per 
annum  for  the  first  10   years,  rising    to  '£2    in    the  second 
10  years.     The  ore  treated  carries  a  jsercentage  of  phosphorus 
ranging  from  0-4  to  1'9.     The  iron  deposits  of  Ontario  and 
C|)uebec,   and   particularly  in   the  valley  of  the  Ottawa  and  I 
Gatineau,  present  this  very  pecidiarit}^  Dr.  Haanelis  therefore  j 
extremely  sanguine  as  to  the  possibility  of  the  establishment 
of   an  iron   industry  in  Central  Canada  as  the  result  of  tie 
Swedish  experiments. 

The  Electrical  Production  of  Steel. — At  a  recent  meeting  of 
the  Verband  Oesterreichische  Ingenieure  in  Vienna,  Mr.  Engel- 
hardt  gave  some  details  on  this  subject,  which  we  reproduce 
from  "  LTndustrie  Electrique."  In  March,  IDOil,  there  were 
in  Europe,  working  or  under  construction,  the  following  fui 
naces  for  the  production  of  steel  by  electricity  : — 

, System. 

Kjellin.     Heroult.       Girod.       Stassano. 
Total  input  per  annum,  tons  47,250  ...  32,800  ...  28,000  ...  17,000 

Largest  furnace,  tons 8'5  ...  5  ...  8    ..  S 

No.  of  furnaces  18...  12...  8...  12 

The  energy  consumed  is  between  2,000  and  3,000  kw.-honrs  pci 
tun  for  the  production  of  iron  or  steel  from  the  ore,  and  from 
900  to  1,.">00  kw.-hours  for  the  pioduction  of  steel  from  cold 
cast  iron.  For  the  purification  of  steel  it  is  only  250  kw.-hom's, 
while  to  melt  the  charge  sufficiently  ^to  pour  it  only  50 
kw.-hours  per  ton  ,'ire  necessary.  The  direct  production  of  iron 
and  steel  by  this  means  from  the  ores  can  oidy  lie  employed 
economical!}'  where  coal  is  very  expensive  and  where  large 
Water  i)owers  are  available,  as  in  Sweden  or  Canada. 

Cable  Interruptions.  Date  of  interruption. 

Tangier— Cadiz May  19,  1909 

Tourane-Amoy    ._ Iunel7,  1909 

Assam — Perim   July    8,1909 
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Electric  Traction  on  Mont  Blanc. — A  communication  from 
Geneva  states  that  the  first  section  of  the  Mont  Blanc  electric 
railway,  running  as  far  as  Col  Vaza,  a  height  of  5,495  ft.,  was 
opened  on  Sunday  last.  The  first  train  conveyed  a  numl)er  of 
l'>ench  engineers  and  local  authorities.  The  journey  takes 
;il)0ut  an  hour,  the  distance  being  4+  miles.  There  are  no 
tunnels  and  the  steepest  gradient  is  1  in  5. 

Large  Hydro-Electric  Station  in  California.  The  work 
commenced  by  the  Great  Western  Power  (Jo.  in  l'J06  of 
driving  a  tunnel  from  the  bank  of  the  Feather  Eiver,  where  it 
forms  a  horseshoe,  about  20  miles  north  of  Oroville  in  Butte 
County,  California,  has  l>een  completed.  The  neck  of  the 
bend  is  about  3  miles  across,  and  there  is  a  difference  of 
500  ft.  in  the  levels  of  the  two  positions.  The  tunnel  to  carry 
the  water  to  the  generating  machinery  has  been  cut  for  3 
miles  through  a  mountain,  and  has  been  lined  with  concrete 
and  finished  smooth.  In  that  distance  there  is  a  fall  of  75  ft., 
but  from  the  lower  end  of  the  tunnel  to  the  point  where  the 
power  house  is  situated  there  is  a  fall  of  540  ft.  The  plant  is 
to  consist  of  eight  electric  generators,  each  of  18,000  n. p.  :  four 
of  these  have  been  installed,  and  a  sum  of  al)out  £2,000,000 
has  been  expended.  This  station,  which  will  form  one  of  the 
largest  electric  generating  installations  in  the  world,  will  be 
apable  of  producing  144,000  h.p.  continuously. 

The  Post  Oface  and  Marconi  Wireless  Stations. — On  Thurs- 
day last  week  Mr.  Sydney  Buxton  made  a  statement  at  Hull 
indicating  that  the  Post  Office  Department  were  in  negotiation 
for  the  purchase  of  the  wireless  telegraph  stations  of  the  Mar- 
coni Wireless  Telegraph  Co.     The  Postmaster-General  said  : — 

As  a  matter  of  public  policj- 1  have  come  to  tlie  conclusion  that  it  i.s 
desirable  that  at  any  rate  the  principal  wireless  telegraph  stations  for 
communicating  with  ships  should  not  remain  in  private  hands,  but 
should  be  in  the  hands  of  the  Government.  In  order  that  all  interests 
concerned  may  be  imjiartially  considered,  and  that  no  private  mono- 
poly should  be  allowed  to  grow  up,  no  licences  for  sucli  stations  have 
been  given  or  promised  for  over  three  years  from  the  present  time, 
and  therefore  the  Government  should  1  le  aljle  to  take  the  service  into  its 
own  hand.«  in  1912.  I  think  it  will  be  desirable  to  anticipate  that 
date  and  take  o\'er  the  stations  at  once,  if  it  is  found  possible,  as  I 
hope  it  will  be.  to  make  an  arrangement  which  shall  be  acceptable 
to  the  Marconi  Companj'  and  the  other  interests  concerned. 

This  was  an  important  announcement,  and  the  ne.Kt  day  a 
representative  of  "  The  Times  "  interviewed  Mr.  Marconi  with 
reference  to  the  statement  of  the  Po3tmaster-(  leneral.  Mr. 
Marconi  said  that : — 

While  it  M  as  true  negotiations  had  been  begun  bj-  the  Post  Office 
with  a  view  to  acquiring  the  Marconi  land  stations  in  this  country  for 
communicating  with  ships,  the  offer  made  was  so  inadequate  that  it 
had  not  been  accepted  by  the  directors  of  the  Marconi  Company,  who 
had,  in  fact,  decided  on  Thursday  last  that  it  was  not  an  offer  that 
could  be  entertained.  Mr.  Marconi  added  that,  while  it  is  true  that 
the  licences  have  only  three  years  to  run,  as  stated  by  the  Postmaster- 
General,  it  Mould  perhaps  have  been  better  to  explain  that  the}'  were 
originally  granted  for  eight  years.  As  the  service  has  lieen  perfectly 
satisfactor}'  from  a  public  point  of  view,  it  seemed  somewhat  unfair 
to  suggest  that  tlie  licences  to  the  Marconi  shore  stations  might  be 
terminated  at  the  end  of  the  period  for  which  they  were  granted. 
There  was  no  monopoly  such  as  the  Postmaster-General  suggested  be- 
yond that  obtained  by  good  and  efficient  working  and  by  the  patent 
rights  to  which  every  inventor  is  entitled.  The  Marconi  Companj'  had 
fitted  shore  stations  for  the  Post  Office  for  the  [ir.rpose  of  communi- 
cating with  ships,  with  which  stations  the  Post  Office  had  expres.-'ed 
every  satisfaction. 

A  New  Surface-Contact  System. — The  question  of  surface- 
contact  systems  of  electric  traction  is  one  that  has  been  re- 
ceiving a  good  deal  of  attention  lately.  It  is  not,  therefore, 
surprising  that  many  new  arrangements  for  obtaining  a  satis- 
factory solution  of  the  problem  have  been  proposed,  with  the 
idea  of  overcoming  certain  disadvantages  from  whicli  man}'  of 
the  present  inventions  suft'er.  This  being  the  case  Mr.  David 
Suchostawer  has  recently  been  working  on  a  surface-contact 
invention,  which,  it  is  claimed,  possesses  well-defined  advan- 
tages over  the  older  arrangements.  On  Monday  hast  we  were 
present  at  a  demonstfation  of  this  system  and  were  then  able 
to  form  some  idea  of  its  capabilities  under  working  conditions. 
The  car  is  provided  with  a  flexible  contact  skate,  which  extends 
over  a  length  of  track  sufficient  to  cover  three  of  the  studs, 
which  are  spaced  as  usual  along  the  line.  Above  the  skate,  and 
magnetising  it  is  a  long  pole,  [Tl-section,  electromagnet,  the 
middle  limb  of  which  carries  the  winding.     The  outer  limlis 


are  designed  to  carry  the  magnet  flux  through  the  outer  cylin 
drical  shells  of  the  stud  boxes,  and  thus  intensify  the  field  bo 
tween  the  middle  limb  of  the  magnet  and  the  top  of  any  stud 
that  happens  to  be  below  it.  This  magnet  is  supplied  with 
current  from  a  battery  of  accumulators  carried  on  the  car. 
When  a  stud  is  magnetised  it  attracts  an  iron  collar  within  the 
box-.  The  upward  movement  of  this  collar  switches  in  the 
main  circuit,  the  switch  working  with  a  scissors  mechanism 
and  making  contact  on  a  metal  block  connected  to  a  cable.  On 
the  experimental  track  this  system,  which  certainly  possesses 
many  points  of  interest,  worked  well,  but  although  we  under- 
stand the  present  arrangement  is  the  result  of  exhaustive 
experiments,  it  seems  to  us  impossible  to  say  whether  it  fulfills 
all  the  many  exigencies  which  will  be  met  with  in  actual 
operation. 

Electrical  Matters  in  the  City  of  London. — The  report  on 
the  works  executed  by  the  Public  Health  I  )epartment  of  the 
Corporation  of  London  during  the  year  1908  has  just  been 
issued,  and  contains  some  details  of  the  street  lighting  in  the 
City.     The   number  of  arc   lamps  employed  is  "450  ;  398  of 
these  are  of  the  open  type,  34  are  Oliver  flame  arcs  and  18  are 
Keason  enclosed  arcs.     The  payment  for  open  arcs  is  at  the 
rate  of  £26  per  annum,  for  flame  ares  (mostly  experimental) 
£17.   10s.  and  for  enclosed  arcs  £12.   10s.      The  number  of 
defective  electric  lamps  reported  by  the  police  during  the  year 
was    71,    the    amount  of   resultant  fines  deducted  from  the 
account  of  the  City  of  London  Electric  Lighting  Co.  being 
£15.  ISs.  7d.     The  number  of  gas  lamps  in  use  at  the  end  of 
1908  was  £2,780,  a  decrease  of  35  during  the  year,  due  to  the 
removal  of  the  lamp  columns  in  Fleet-street  and  in  a  few  side 
streets.    Of  the  total,  117  are  high-pressure  gas  lamps.    During 
the  year  2,081  gas  lamps  were  reported  as  defective,  1,728 
being  of  the  ordinary  type  and  353  high-pressure  lamps.     It 
is  M'orth  noting  that  the  percentage  of  defective  high-pressure 
gas  lamps  was  no  less  than  about  20  times  the  percentage  of 
defective  arc  lamps.     The  additional  cost  of  street  lighting 
due  to  fog  or  unusual  darkness  was  £146.  lOs.  2d.  for  the 
electric  lamps  and  £230.  4s.  9d.  for  gas  lamps.  The  largest  type 
of  high-pressure  gas  lamp  employed  burns  100  cubic  ft.  of  gas 
per  hour,  excluding  the  pilot  burner,  and  costs  for  4,300  hours" 
burning  per  annum  £58.  14s.  8d.,  £53.  Os.  4d.  of  this  being 
for  gas  at   2s.   5d.  per  1,000  cubic  ft.,  £2  for  lighting,  &c.', 
£1.    lOs.  for  repairs,   and  £2.    4s.   4d.  for  mantles.     Mr.  F. 
Sumner,    the    city   engineer,    says   in    the   report :    "  .Since 
March  26,    1908,   it  has  been  a  condition  that  all  overhead 
clocks  fixed  after  that  date  shall  be  synchronised  according  to 
Greenwich  mean  time.     This  condition   appears  to  me  very 
necessarj',  as  one  cannot  help  thinking  it  would  be  an  inesti- 
mable boon  to  the  manj'  thousands  of  persons  frequenting  the 
City  if  the  Corporation  compelled  all  owners  of  clocks  over- 
hanging the   public    way    to    keep   them   synchronised.     At 
present  it  is  a  rarity  to  find  two  unsynchronised  clocks  alike." 
We  regret  to  notice  that  during  the  year  the  following  clocks, 
erected  before  the  Corporation  regulation  came  into  force,  have 
ceased  to  be  synchronised  :  1,  Adelaide-place  ;  T.  Cook  A  Sons 
(Ludgate  Circus) ;  General  Electric  Co.  ((^Uiecn  \'ictoria-street). 
It  is  worth  noting  that  none  of  the  29  church  clocks  in  the 
city  are  synchronised,  and  onlj'  28  of  the  80  private  clocks, 
compared  with  23  out  of  80  during  1907.     The  report  also 
deals  with  overhead  wires.     Since  1899  25  miles  of  derelict 
wire  have  been  removed,  27G  yds.  being  the  length  removed 
during  the  past  year.     All  owners  of  overhead  wires  are  re- 
quired to  identify  them  by   having  a  perforated  zinc  label 
attached  ;   the  system  has  proved  of  great  advantage.     The 
number  of  private  owners  of  lines  is  137,  and  23  lines  belong  to 
companies  ;    733,828  spans  now  cross  public  thoroughfares, 
compared  with  733,200  last  year,  and  260,000  in  1899."  There 
has  been  a  net  increase  of  about  755^'  miles  of  wires  of  the 
National  Telephone  Co.  and  22  miles  of  other  companies  and 
private  owners.     It  is  interesting  to  notice  that  5,t)02  defects 
were  notified  during  1908,  compared  with  2,795  in  1907,  and 
1,854  in  1906.     Owing  to  the  acids  formed  in  the  smoky  city 
atmosphere,  the  corrosion  of  exposed  metal  proceeds  far  more 
rapidly  than  is  generally  supposed,  and  the  galvanising  applied 
as  a  protection  to  pole-stays  and  cable  suspending  wires  does 
not  last  long. 
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AUXILIARY  POLES  FOR  DIRECT-CORREHT 
MACHINES.* 


BY   J.    X.    DODD. 


Sinnmnr)/. — The  author  discusses  the  electrical  desij^n  and  testiiicr 
of  auxiliary  pole  machines  from  the  practical  point  of  view,  giving  the 
methods  he  has  devised  foi-  the  purpose.  His  method  of  testing  is  to 
adjust  the  auxiliary  coils  until  the  voltage  between  two  points  on  the 
commutator  under  a  brush  is  zero. 


Although  tliis  advance  in  design  is  generally  considered  a  recent 
step,  auxiliary  poles  were  patented  by  ilathcr,  an  American,  in  tlic 
year  1885,  or  possibly  earlier,  and  they  were  adopted  by  Mr.  F.  .J. 
Sprague  in  the  motors  used  in  his  experiments  on  the  Manhattan 
Elevated  Railroad  during  the  year.s  ISS,")  and  ISSO. 

The  author  first  describes  brioOy  the  general  principles  of  com- 
mutation, and  shows  that,  if  at  full  load  the  armature  flux  can  be 
annulled,  and  in  particular  that  part  of  the  flux  vvliich  passes  througli 
the  coils  when  under  commutation,  commutation  would  be  equally 
good  at  full  load  as  at  no  load.  The  armatiu-e  flux,  as  stated  above, 
is  identical  with  the  flux  of  armature  self-induction,  as  defined  and 
calculated  fiom  ordinary  practical  formula;,  and  is  the  resultant, 
as  shown  in  Fig.  1.  of  the  two  sets  of  magnetic  lines  passing  through 
each  armature  tooth  in  opposite  directions.  If  there  is  placed  over 
the  commutated  coUs  a  pole  of  magnetic  material,  the  flux  of  arma- 
ture self-induction  will  be  increased,  due  to  the  increased  permea- 
bility of  the  path.  If  this  pole  is  excited  with  a  coil  of  the  same 
magnetomotive  force  as  the  armatme,  but  opposed  to  it,  this  ad- 
ditional flux  will  be  annulled,  but  the  original  flux,  the  flux  of  arma- 
ture self-induction,  will  be  left  imchanged.  There  must  be  added 
to  the  auxiliary  coil  a  sufficient  magnetomotive  force  so  that  the 
flux,  which  in  Fig.  1  emerges  from  the  top  of  the  teeth  and  lies  across 
the  slots  in  the  commutation  zone,  may  be  supplied  from  the  auxi- 
liary pole  instead  of  from  the  armattu-e,  and,  in  addition,  a  sufficient 
number  of  lines  must  enter  the  armature  to  equal  the  self-induction 
of  the  armatiu'e  end  connections. 

'v.      V     \        -''    y      y     y      y 
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Fig.  1. 

Electrical  Design. — The  first  step  in  the  design  of  an  auxiliary  ])oIe 
is  to  calculate  the  voltage  of  armature  self-induction.  This  is 
usually  not  a  difficult  matter,  for  there  are  in  use  a  number  of  good 
formula?  for  what  is  called,  with  some  looseness,  the  "  sparking 
constant."  This  is  usually  equal  to,  or  from  it  can  easily  be  derived, 
the  volts  per  bar  of  self-induction.  The  factors  contained  in  such 
a  formula  should  embrace  : — the  frequency  of  commutation,  the  cur- 
rent in  the  commutated  coils,  what  is  known  as  the  slot  constant, 
and  an  allowance  for  the  self-induction  of  the  armature  end  con- 
nections. The  volts  per  bar  of  armature  self-induction  have  the 
same  value  as  the  instantaneous  voltage  which  must  be  induced  in 
the  commutated  coils  by  the  auxiliary  pole.  Knowing  the  instan- 
taneous voltage  and  the  jjcripheral  speed  of  the  armature,  the  flux- 
density  necessary  over  the  pole-face  can  be  calculated. 

It  is  not  necessary,  and  is  often  undesirable,  to  make  the  ])ole  and 
the  pole-ti|)  of  the  same  size.  The  pole  must  be  of  sufficient  size  to 
carry  the  flux  of  armature  self-induction,  while  the  pole-face  or  tip 
must  be  wide  enough  to  cover  the  zone  of  commutation — that  is. 
the  pole-tip  must  cover  the  extreme  positions  occupied  by  any  of 
the  armature  coils  at  the  time  they  are  commutated.  Whether  or 
not  it  is  advisable  to  make  the  pole-tip  wider  than  this  is  a  point  open 
for  discussion.  Against  the  wider  pole-face  are  the  important 
arguments  of  space  required,  increased  magnetic  leakage  and  de- 
creased ventilation.  Moreover,  the  auxiliary  pole  must  supply,  not  a 
given  flux,  but  a  given  flux-density  i)er  inch  of  periphery  over  the 
commutated  zone.  C'on.sc(iuently,  for  a  given  air-gap  dcnsitv,  the 
total  auxiliary  pole  flux  is  ])roportional  to  the  pole-face,  and  with  a 
given  pole-core  the  wider  the  pole-face  the  sooner  will  saturation  of 
the  pole  be  reached.  Against  these  arguraent.s  it  may  be  stated 
that  if  a  wide  pole-face  is  an  advantage,  it  tisually  costs  very  little 
to  make  the  auxiliary  pole  of  ample  size,  and  no  electrical  troubles 
are  exjierienced  if  the  pole-face  is  wider  than  necessary. 

Figs.  2.  3  and  4  show  the  effect  of  auxiliary  poles  on  the  full  load 
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distribution  curves.  Fig.  2  is  the  distribution  ctuvc  of  a  diiort- 
ciirrent  machine  at  full  load,  with  brush  at  the  no-load  neutral 
position,  showing  the  distorted  field.  Fig.  3  gives  the  distribution 
curve  of  the  same  machine  with  auxiliary  poles  of  the  necessary 
width  and  correct  strength.  Fig.  4  gives  the  distribution  curve 
of  the  same  machine  with  auxiliary  poles  slightly  wider  than  neces- 
sary. It  will  be  noted  that  in  both  Figs.  2  and  3  the  coil  emerges 
from  under  the  brush  into  an  active  field,  but  in  Fig.  4  the  fieldjis 
very  weak,  and  it  reverses  almost  immediately — that  is,  if  a  s))ark 
should  form  under  the  brush  there  is  less  probability  of  its  being 
carried  beyond  the  brush  if  conditions  are  as  shown  in  Fig,  4  than 
if  they  are  as  shown  in  Fig.  3.  From  this  point  of  view  a  wide 
pole-tip  is  of  more  advantage  than  a  tip  of  exactly  the  width  of  the 
brush. 

From  these  three  figures  can  be  noted  the  particular  difference 
between  a  motor  and  a  generator.  For  a  generator,  the  motion  of 
the  commutator  is  toward  the  right,  for  a  motor  it  is  toward  the  left. 
In  a  generator  the  coil  emerges  from  imder  the  brush  into  an  active 
field,  which  rapidly  dies  out  and  reverses.  In  a  mottir  the  coil 
enters  a  field  which  rapidly  grows  stronger,  and  does  not  die  out 
until  the  coil  has  almost  reached  the  succeeding  brusli.  The  general 
conclusions  from  this  are  :  First,  there  is  a  greater  tendency  to  flash 
over  in  a  motor  than  in  a  generator  ;  second,  a  wide  pole-tip  is  of 
special  advantage  in  a  motor,  on  account  of  its  effect  in  introducing 
a  definite  space  between  the  brush  and  the  active  field.  At  the  same 
time  it  must  be  said  that  the  disadvantages  of  a  wide  pole,  in  respect 
to  leakage  and  ventilation  and  space,  are  most  evident  in  certain 
motor  designs  :  for  example,  railway  motors. 

Prof.  Ai'nold  has  given  the  correct  width  of  pole-tip  as  Br-|-T— 5, 
where  T= distance  between  slot  centres,  I3r=  thickness  of  brush 
reduced  to  armature  diameter,  and  6= thickness  of  commutator 
bar  reduced  to  armatiue  diameter.     A  slightly  different  form  is 

Arm.  dia.       Arm.  circum.     Arm.  Circum. 

Thickness  of  brush  x  ^, :r- — h  ~^^? c   ,  ^ >= tT^^V^ 

Comm.  dia.      ivo.  of  slots        Ao.  of  bars 

Tlie  auxiliary  pole  prevents  sparking  by  providing  a  magnetic 
flux  which  neutralises  that  part  of  the  armature  flux  passing  through 
the  commutated  coils.  It  should  do  this  at  every  load  up  to  the 
specified  overload,  without  any  adjustment  of  the  auxiliary  coil 
winding  :   in  other  words,  the  flux  passing  through  the  auxiliary  pole 
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should  be  proportional  to  tlic  load,  or  the  pole  must  be  un.saturated 
up  to  the  specified  overload  limits.  Xow  the  flux  of  armatu'e  self- 
induction  varies  directly  with  the  armatiu'e  current — i.e.,  according 
to  a  straight  line  which  is  fixed  for  any  machine.  The  current  pass- 
ing through  the  auxiliary  coil  is  a  certain  proportion  of  the  armature 
current.  It  is.  therefore,  possible  to  plot  the  curve  of  auxiliarj-pole 
satiu'ation  in  terms  of  armature  current  and  auxiliary-pole  flux. 
For  any  machine  this  curve  is  not  constant,  but  can  be  changed  by 
changing  the  proportion  of  armature  current  passing  through  the 
auxiliary  coil,  thus  altering  all  the  abscissa"  of  the  curv^'  in  the  same 
jiroportion.  If  for  a  certain  adjustment  of  the  auxiliary  jhiIo  th  i 
two  curves  of  armature  induction  and  auxiliary-pole  flux  are  plotted, 
the  vertical  distance  between  these  two  curves  at  any  load  measures 
the  flux  cut  by  the  armature  coils  at  that  point,  and  is,  therefore,  a 
measure  of  the  sparking  tendency  of  the  machine.  To  ensure  spark- 
less  commutation  this  vertical  distance  should  be  zero  for  any  load 
up  to  the  maximum  overload  specified,  and  to  obtain  this  the  pro- 
portion of  current  passing  through  the  auxiliary  coil  must  be  ad- 
justed until  the  two  curves  coincide. 

Two  cases  occur  where  this  coincidence  is  impossible.  (1)  Not 
enough  turns  on  auxiliary  coil.  This  can  be  remedied  either  by 
reducing  the  air-gap  or  by  increasing  the  number  of  turns  on  the 
coil.  If  the  length  of  the  auxiliary  pole-tip  measured  parallel  to 
the  shaft  is  less  than  th.e  length  of  the  armature  core,  the  desired 
result  may  be  obtained  by  increasing  the  pole-tip  length.  It  is 
useless  to  increase  the  size  of  the  pole-tip  measured  along  liic  cir- 
cumference. (2)  Auxiliary  pole  saturated  at  maximuin  load.  In 
this  case  the  only  real  remedy  is  obtained  by  suj)plying  a  larger  set 
of  jioles. 

This  second  case  is  the  one  usually  met  with  in  practice.  The 
usual  conee))lion  is  thai  the  flux  which  is  to  be  supplied  by  the  auxi- 
liary poles  is  an  almost  negligible  quantity.  The  minimum  pole  area 
permissible  is  given  by  the  formula 
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where  A,=area  of  cross-section  of  pole.  Ay^=  pole-tip  area.  Bf=  mag- 
netic density  in  air,  Bp=  maximum  magnetic  density  permissible 
in  pole-core,  and  L=per  cent,  leakage. 

The  air-gap  should  be  the  minimum  permissible  from  mechanical 
considerations.  The  magnetic  resistance  of  the  auxiliary-pole  circuit 
can  be  calculated  by  the  same  formulas  as  used  for  any  magnetic 
circuit.  In  view  of  the  fact  that  the  iron  sections  are  unsaturated, 
it  will  be  sufficient  to  calculate  the  magnetic  resistance  or  the  ampere- 
turns  for  the  gap  alone.  The  total  ampere-turns  in  the  auxiliary 
coil  is  the  sum  of  the  ampere-turns  thus  calculated  and  the  armature 
ampere-turns. 

An  example  is  worked  out  in  the  Paper  to  show  the  application 
of  the  above  principles. 

Testing  of  the  Auxiliary  Poles.— T\\e  method  of  testing  these  poles 
and  adjusting  for  thek  correct  strength  is  presented  here  for  the  first 
time,  and  its  simplicity  makes  it  a  matter  of  gieat  importance  to  the 
designing  engineer.  For  adjusting  the  coils  it  is  not  satisfactory 
to  depend  on  the  visual  method  of  adjusting  ;  that  is,  adjusting  the 
coils  till  there  is  no  sparking  ajiparent  to  the  eye.  Such  a  method  is 
not  accurate,  and  if  there  are  no  facilities  available  for  testing  at 
full  load  it  gives  no  indication  within  wide  limits  of  how  the  poles 
must  be  adjusted  at  a  low  load.  Moreover,  it  gives  no  idea  of  the 
magnet  ciu-ve. 

Wliatever  method  of  testing  for  the  adjustment  is  used  it  should 
satisf V  the  following  requuements  :  ( 1 )  It  should  be  an  exact  method, 
and  not  approximate  ;  (2)  it  should  be  to  a  certain  extent  quantita- 
tive ;  (3)  it  should  be  a  method  which  is  easily  understood  by  shop 
men  and  road  men  ;  (4)  it  should  employ  instruments  easily  obtain- 
able by  both  the  above  classes  of  men  ;  (5)  if  the  poles  or  coils  must 
be  changed,  it  should  give  precise  in- 
formation on  the  changes  that  must  be 
made  ;  (6)  it  should  be  definite  in  its 
indication  of  trouble. 

A  method  of  testing  which  the  author 
has  found  extremely  satisfactory  is 
one  depending  on  the  principle  pointed 
out  in  the  first  part  of  the  I'aper — 
namely,  to  adjust  the  auxiliary  coils 
until  the  volts  per  bar  under  the  brush 
are  zero.  In  any  particular  case,  in 
the  absence  of  facilities  for  making  full- 
load  tests,  it  will  be  a  sufficient  t«st  to 
adjust  the  auxiliary  coils  at  the  maxi- 
mum current  attainable,  until  the  volt- 
age between  two  ]ioints  on  the  commu- 
tator under  the  brush,  as  obtained  by  two  voltmeter  points  resting  on 
the  commutator,  a  bar's  thickness  apart,  registers  zero.  It  is  imma- 
terial whether  the  machine  is  tested  as  motor  or  generator  at  full 
voltage  or  at  low  voltage,  at  full  speed  or  at  low  speed.  It  is,  of  course, 
assumed  in  the  above  that  the  results  of  calculation  and  of  experi- 
ments with  other  similar  machines  make  it  certain  that  the  cross- 
section  of  the  auxiliary  pole  is  ample  to  carry  the  flux  of  armature 
self-induction  at  the  extreme  overloads  to  which  it  will  lie  su!)jeeted. 
The  following  simple  rule  will  prove  useful  :  If  in  a  generator 
under  test  the  voltage  of  a  bar  under  the  trailing  half  of  the  positive 
brush  is  higher  than  the  voltage  of  the  preceding  bar,  the  pole  is  too 
weak,  and  more  current  is  needed  in  the  auxiliary  coil.  If  the  volt- 
age of  this  bar  is  lower  than  that  of  the  preceding  bar  it  indicates 
that  the  pole  is  too  strong  ;  that  is,  that  the  field  of  the  forward  pole 
has  been  shifted  back  into  the  commutating  zone.  When  the  two 
bars  have  the  same  voltage — that  is,  when  the  volts  per  bar  are 
is  zero — the  pole  is  of  the  correct  strength. 

Meastiremcnts  can  be  made  with  a  direct -cm'rent  voltmeter  with 
a  maximum  reading  of  3  to  5  volts.  It  should  be  noted  that  this 
voltage  should  be  measured  under  the  centre  of  the  brush  or  be- 
tween bars  equi-distant  from  the  centre.  If  the  voltage  is  measured 
between  bars  on  the  same  side  of  the  centre,  or  if  on  ojiposite  sides 
at  unequal  distances  from  the  centre,  a  correction  must  be  intro- 
duced to  allow  for  the  \r  drop  due  to  the  fact  that  current  is  collected 
equally  from  all  bars,  and,  therefore,  each  coil  carries  current.  For 
measuring  this  voltage  an  alternating- 

ciuTent  voltmeter  must  not  be  used,  as  it  measures  the  root   mean 
square  of  this  fluctuating  If  drop  instead  of  the  average. 

T'lis  method  also  provides  a  test  for  the  correct  shape  of  the 
auxiliary  })ole  tip  and  the  jiroportion  of  the  air-gap  at  various 
points.  According  to  the  author's  experience,  a  dilVercnt  \Alue  in 
the  voltage  between  bars  under  the  various  parts  of  the  brushes, 
usually  accompanies  a  high  density  in  the  body  of  the  pole. 
As  an  exam))le  of  the  accuracy  of  this  method  of  adjusting  a 
high-capacity  machine  at  low  currents,  the  author  might  men- 
tion a  machine  adjusted   by  him   for  no  volts  per    bar    under    a 


load  of  200  amiiciis.  With  the  >anic  adjustment  the  machine 
was  able  to  carry  10.000  amiK-res  very  satisfactorily.  Tlie  method 
of  adjusting  described  can  be  relied  upon  only  when  it  is  certain 
that  the  pole  is  of  sufficient  size  to  carry  the  maximum  flux  of 
armattu'e  induction  without  ap])roaching  saturation. 

As  previously  pointed  out,  with  zero  volts  jicr  bar  under  the  bnish 
the  auxiliary  ])ole  flux  is  exactly  equal  to  the  armature  flux.  The 
armature  flux  varies  directly  as  the  armature  current.  Therefore, 
if  a  .series  of  readings  are  taken  of  armature  current,  and  the  corres- 
ponding auxiliary  pole  current  necessary  for  zero  volts  \>ex  bar,  a 
curve  plotted  from  these  readings  is  the  saturation  curve  of  the 
auxiliary  pole.  Such  a  curve  is  of  great  value  for  checking  original 
calculations,  and  of  particular  value  when  it  is  necessary  to  supply 
new  coils  or  poles,  or  both.  It  show.s  the  exact  point  at  which  even 
a  slight  degree  of  saturation  is  apparent,  and  therefore  the  correct 
size  of  the  new  poles,  and  the  exact  number  of  turns  necessary  on 
the  cofls  at  low  loads,  and  therefore  on  the  new  coils  at  all  loads.  It 
will  be  noted  that  this  method  of  adjustment  depends  only  on  the 
current  carried  by  the  armature,  and  not  in  any  way  on  what  may 
be  termed  the  stability  factor,  or  the  ratio  of  the  armature  ampere- 
turns  to  the  main  field  ampere-turns. 

A  simple  method  of  taking  this  saturation  curve  is  shown  in  Fig.  5. 
G  and  F  represent  the  armature  and  the  auxiliary  field  of  the  ma- 
chine under  test.  B  is  a  low-voltage  separately  excited  booster, 
connected  directly  across  the  auxiliary  field  of  the  machine.  A,  and 
A,  are  ammeters  ;  Aj  may  be  a  zero  centre  ammeter,  but  since  not 
more  than  one  reversal  of  ciu'ient  is  made  this  is  not  necessary.  The 
method  of  testing  is  apparent  from  inspection.  The  rising  curve 
should  be  taken  ;  that  is.  the  pole  should  be  adjusted  for  increasing 
loads.  It  will  be  found  that  for  the  lowest  load  taken  an  accurate 
adjustment  to  zero  vo!ts  is  desirable.  For  succeeding  loads  the 
exact  curve  can  be  determined  by  interpolation  from  a  series  of  more 
or  less  exact  readings.  A  slight  experience  makes  it  possible  to 
take  the  saturation  cmve  of  the  auxiliary  pole  with  very  little  less 
trouble  than  is  experienced  in  taking  the  same  curve  for  the  main 
poles. 

The  following  points  are  of  interest,  although  not  touched  on  in 
the  main  body  of  the  I'aper.  The  shape  of  the  pole-tip  which  the 
^\Titer  has  found  as  useful  as  any  other  is  a  tip  with  a  perfectly  plane 
face,  designed  to  help  to  support  the  auxiliary  coil,  the  edges  shaped 
to  reduce  magnetic  leakage  as  much  as  possible.  It  may  be  a  solid 
bar  of  soft  steel,  as  heating  of  the  face  from  eddy  currents  does  not 
seem  a  common  source  of  trouble. 

A  low  magnetic  density  in  the  magnetic  yoke  should  be  employed, 
but  the  importance  of  this  point  can  be  easily  over-estimated.  In 
the  majority  of  direct -current  machines  the  density  in  the  yoke  is 
low.  and  tlie  addition  of  the  slight  flux  of  the  auxiliary  pole  will 
cause  very  little  change  in  the  necessary  magnetomotive  force. 
Moreover,  the  combination  of  the  auxiliary  pole  flux  and  the  main 
pole  flux  in  the  yoke  is  such  as  to  still  further  minimise  this  effect  of 
density  in  the  magnetic  yoke.  Since,  instead  of  increasing  the  mag- 
netic density  from  one  auxfliary  pole  to  the  next,  the  density  is  in- 
creased only  from  the  auxiliary  pole  to  the  edge  of  the  next  succeed- 
ing main  pole,  and  is  decreased  by  the  same  amount  for  the  same 
distance  tlu-ough  the  rest  of  the  path,  so  that  the  necessary  magneto- 
motive force  is  very  little  changed. 

For  a  shunt  to  tlie  auxiliary  coil  an  inductive  resistance  should  be 
used  having  the  same  time  coiistaut  as  the  coils,  otherwise  the  opera- 
tion will  be  unsatisfactory  on  variable  loads. 


THE   NEW  TELEFUNKEN  METHOD   OF   'WIRELESS 
TELEGRAPHY. 

BY    W.    H.    ECCLES,    D.SC. 

Ill  a  lecture  delivered  at  Cologne  nearly  two  months  ago. 
Count  AiTO  described  a  nuinbevof  iiuprovenients  that  have  been 
made  in  tlic  wireless  telegraph  methods  aiul  apparatus  of  the 
Gesellschaft  fiir  Dvahtlose  Telcgraphie.  An  abstract  of  the 
lecture  appeared  in  The  Electkici.^x  of  June  18th  (p.  370) 
and  a  preliminary  annoimccmont.  also  by  Count  Aroo.  appeared 
in  The  Eleitiuctax  of  April  W\\\  (p.  89).  The  changes  dis- 
cussed in  those  communications  form  so  great  a  contrast  with 
the  former  methods  of  the  Tolefimken  Company  that  a  loisnroly 
examination  into  the  merits,  scientific  and  practical,  of  the 
recent  alterations  seems  needed  at  the  present  moment.  Such 
discussion  is  the  more  necossavy  in  view  of  tlie  rather  para- 
doxical aspect  of  some  of  the  tch-ftinkcn  improycments— to 
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mention  only  one  point,  the  intiodnction  of  a  lu  '  ily  dnmped 
(or  '"  quenched  ")  spark  into  ;i  circuit  closely  ci  iled  to  the 
air-wire,  at  first  sight  seems  contrary  to  that  duction  of 
primary  damping  and  couplins  which  has  up  to  now  been 
universally  accepted  to  be  the  direction  of  real  prosiiess.  This 
volte  face  must,  of  course,  be  critically  looked  into  before  full 
confidence  can  be  placed  in  the  new  methods. 

The  system  is  based  on  W'ien's  well-known  method  of  exciting 
oscillations  in  a  slightly  damped  circuit  by  inii)ulsive  action  from 
another  oscillatory  circuit  which  is  opened  immediately  after  the 
blow  is  delivered.  The  opening  of  the  exciter  or  primary  circuit 
is  accomplished  by  quenching  its  spark.  The  result  is  that 
oscillations  of  single  frequency  and  small  damping  are  set  up 
in  the  secondary  circuit.  The  actual  arrangement  of  appa- 
ratus used  by  the  Telefuuken  Company  is  shown  in  the  figure. 
Direct  and  rather  close  coupling  of  primary  and  secondary  is 
used.  The  high-tension  winding  of  a  transformer  is  connected 
to  the  spark-gap  in  the  ordinary  way.  and  therefore  the  passage 
of  a  spark  sets  the  system  into  electrical  oscillation.  The 
spark-gap  consists  of  a  series  of  cooled  parallel  metal  plates. 
and  produces  very  rapid  damping  in  the  spark  circuit,  that  is 
to  sav.  quenches  the  spark.  In  consequence,  the  action  of  the 
primarv  is  of  the  nature  of  a  short-lived  jerk  whose  termina- 
tion is  marked  by  the  opening  of  the  branch  circuit :  and  then 
the  aerial  system  is  left  alone  to  execute  electrical  oscillations 
of  its  own  period  and  damping.  In  other  words,  a  fraction  of 
the  primarv  enersv  is  thrown  suddenly  upon  the  air-wire  and 
left  to  dissipate  itself — chiefly,  it  is  hoped,  as  radiation.     Now, 


Arbangement  of  Aitaratds  BT  TsLEFnXKBN  Co. 

in  aural  leception  it  is  the  rate  of  radiation  of  enersiy.  the 
power,  that  counts  :  further,  the  amount  of  energy  that  can 
be  pushed  suddenly  on  to  the  air-wire  without  provoking 
heavy  losses  by  brush  discharge,  is  very  small :  hence  it  is 
imperative  to  repeat  the  jerk  process  as  many  times  per  second 
as  possible.  The  best  frequency  for  the  jerks  is  fixed  princi- 
pally by  the  range  of  sensitiveness  of  the  human  ear  and  by 
the  properties  of  the  telephone  diaphragm  ;  but  taking  the 
I,(XK)  per  .second  suggested  by  .\rco  as  a  rough  figure  for  the 
frequency,  the  problem  arises  of  making  this  number  of  ser- 
viceable sparks  per  second.  It  is  a  merit  of  the  new  Telc- 
funken  methods  that  the  same  complex  spark-gap  that  is  used 
to  damp  the  primary  oscillations  quickly,  suffices  at  the 
same  time  to  make  a  thousand  sparks  per  second  po.ssible 
without  heating  the  metal  surfaces  to  the  arcing  point.  The 
rapid  series  of  sparks  is  produced  by  the  use  of  a  specially 
designed  alternator  which  supplies  current  of  the  standard 
frequency  to  the  low-tension  windings  of  the  transformer. 
Much  of  the  present  paragraph  applies  also  to  the  Lepel 
method  of  exciting  the  aerial,  since  it  also  is  based  on  Wien"s 
shock-excitation  principle.  Mr.  Lepcl  uses  the  fact  that  the 
direct-current  di.^charge  across  a  ver\-  short  cooled  gap  which 
is  shunted  by  an  oscillatory  circuit  of  relatively  very  large 
capacity  becomes  broken  into  a  sustained  series  of  exceedingly 
frequent  spurts.  The  frequency  of  these  spurts  is  much  above 
the  limit  of  audition  ;  and  therefore  the  broken  discharge,  or 
its  effects  at  the  receiver,  must  be  cut  up  to  yield  acoustic 


reciuencies.  It  seems  possible  that  these  ultra-acoustic  in- 
terruptions of  the  discharge  in  the  Lepel  apparatus  occur  also 
at  the  peaks  of  the  voltage  curves  of  the  Telefunkeu  trans- 
former ;  and  then  the  essential  difference  between  the  Lepel 
and  Telefunken  methods  is  that  Mr.  Lepel  uses  a  low  voltage  and 
single  gap.  whereas  the  Telefuiiken  Company  use  a"  high 
voltage  and  a  series  of  gaps.  However,  as  Count  Ai-co  appears 
to  deny  this  virtual  identity  and  to  insist  that  only  one  spark 
occurs  at  each  alternation  of  voltage  in  the  Telefunken  gene- 
rator, it  is  convenient  (and  unimportant  in  the  argument)  to 
accept  his  statement. 

The  principal  advantages  claimed  for  the  new  Telefunken 
method  are  :  (a)  High  overall  efficiency,  (6)  small  damping  in 
the  radiated  waves,  (c)  singleness  of  wave,  (d)  musical  tones  in 
the  telephone  at  the  receiving  end.  We  have  to  look  into  the 
means  of  attaining,  and  the  degree  of  perfection  of,  these 
improvements.  ■ 

(a)  The  overall  efficiency  of  a  sending  set  ought  to  be  mea- 
sured by  comparing  the  energy  detached  as  radiation  with 
that  delivered  from  the  source  of  electrical  energy.  There  is 
not  at  present  any  means  of  measuring  the  radiated  energy 
directly.  Numerical  estimates  of  efficiency  must  therefore 
be  received  with  caution,  especially  if  they  appear  boastful. 
But  since  the  principal  energy  losses  are  easily  enumerated  it 
is  easy  to  say  in  what  directions  improvement  in  overall  effi- 
ciency is  to  be  sought.  The  chief  losses  in  a  coupled  sender 
arise  from  brush  or  glow  discharges  in  the  primary  and  secondary 
circuits,  from  ohmic  resistance  in  the  earth,  in  primary  and 
secondary  conductors  and  in  the  primarv  spark,  and,  in  the 
case  of  badly  designed  plant,  from  eddy  and  circulating  current 
losses  in  various  conductors.  The  loss  from  silent  discharges 
may  be  enormous,  and  is  irremediable  (and  uncomputable) 
where  high  voltages  exist  on  the  air-wires.  The  ohmic  losses 
in  most  stations  are  considerable  both  in  primary  and  secon- 
dary ;  while  the  loss  at  the  spark-gap  is  obviously  always 
great.  Any  way  of  reducing  these  losses  makes  the  radiated 
energy  a  greater  proportion  of  the  whole  energy  undergoing 
transformation  and  thus  increases  the  overall  efficiency.  The 
Telefunken  engineers  have  worked  along  these  lines  with  great 
success.  In  the  first  place  they  have  reduced  the  aerial  volt- 
ages, and  they  have  made  up  for  the  consequent  decrease  of 
radiation  per  spark  by  increasing  the  number  of  sparks  per 
second.  For  instance,  if  the  spark  frequency  be  increased 
from  the  old  fa.shioned  50  per  second  to  1,250  per  second  the 
same  antenna  will  radiate  at  least  at  the  same  rate,  with  an 
aerial  voltage  one-fifth  as  great  as  before.  The  decrease  in 
the  los,s  from  silent  discharge  might  be  reduced  by  the  appli- 
cation of  this  principle  from  a  very  large  figure  to  a  small  one. 
This  improvement  is  not,  however,  the  prerogative  of  the 
Telefunken  engineers  ;  in  fact,  they  have  been  rather  slower 
than  Fessenden  and  Marconi  in  applying  the  principle.  Mar- 
coni especially,  by  the  use  of  the  rotating  disc  discharger,  htts 
utilised  the  principle  very  successfully. 

In  the  second  place  the  Telefunken  engineers  have  reduced 
the  losses  in  all  conductors  conveying  large  oscillatory  currents. 
They  have  done  this  by  carrying  to  an  extreme  the  process  of 
stranding  the  conductors.  For  instance.  Count  Arco  men- 
tioned in  his  lecture  that  the  aerial  coils  were  wound  of  stranded 
cables  composed  of  more  than  3,000  wires  of  diameter  corres- 
ponding to  our  S.W.Ct.  46,  thus  reducing  the  resistance  offered 
to  the  aerial  cun-ents  to  3  ohms.  Fessenden,  also,  some  years 
ago,  claimed  to  have  made  a  like  reduction — how,  is  not  known. 
Fessenden  and  Marconi  have  both  used  liberal  sizes  in  tube 
and  sheet  copper  and  in  cased  cord — a  less  compact  method 
than  the  German. 

In  the  third  place  the  Telefunken  Company  claim  to  have 
reduced  the  spark-gap  losses  by  using  the  sparker  of  copper 
and  mica  sheets  with  the  air-wire  connections  shown  in  the 
figure.  It  will  be  seen  from  this  figure  that  since  the  spark  in 
the  gap  F  is  quickly  quenched  the  oscillations  alcng  the  air- 
wire  do  not  pass  through  the  spai'k-gap.  In  the  usual  disposi- 
tion of  the  coupled  circuit  method,  and  also  in  the  antique 
"  plain  air-wire  "  method,  the  spark-gap  is  always  in  the  path 
of   somewhat   prolonged   oscillations.     It   may   be  remarked 
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heic  tluit  the  now  Telefiiiikeu  sender  miulit  be  regarded  as 
consistint;  of  a  wire  leading  to  an  elevated  capacity — the 
(iriginal  Marconi  aerial — excited  by  jerks  and  allowed  to 
ladiate  in  its  own  period  just  as  was  the  ancient  aerial,  but 
with  the  spark-gap  removed  from  the  path  of  the  oscillations. 
This  relapse  of  the  Telefimken  Company  towards  a  method 
that  savours  strongly  of  the  plain  aerial  method  condemned 
l)V  the  International  Convention  is  perhaps  justified  by  the 
shifting  of  the  spark-gap.  But  it  is  not  easy  to  decide  whether 
a  heavily-damped  spark-gap  iu  the  branch  circuit  is  actually 
a  more  economical  device  than  a  properly  designed  spark-gap 
placed  in  the  air-wire  of  an  elevated  capacity  system.  The 
point  will  be  tested  before  long,  I  hope,  by  unbiassed  observers. 
.At  first  sight,  since  the  wastage  in  a  spark-gap  is  roughly 
inversely  proportional  to  the  damping  factor,  the  heavily 
damped  spark-gap  is  apparently  more  economical  than  one 
made  as  slightly  damped  as  possible.  But  this  deduction  is 
made  on  the  supposition  that  the  initial  currents  in  the  two 
contrasted  gaps  are  equal.  Now.  in  the  method  of  the  diagram, 
if  osciUations  of  stated  amplitude  are  to  be  excited  by  shock 
in  the  air-wire,  the  current  through  the  heavily-damped  gap 
in  the  branch  circuit  will  probably  have  to  be  initially  greater 
than  would  be  the  current  through  a  gap  placed  in  the  air- 
wires  in  the  old-fashioned  way  ;  and  thus  it  may  come  to  pass 
that  a  comparatively  small  saving,  if  any.  is  effected  by  the 
shock  excitation  method.  The  physics  of  the  spark  is  so 
complicated  a  matter  that  mere  calculation  can  offer  nothing 
towards  a  sound  decision.  It  is  more  difficult,  again,  to  com- 
pare the  method  of  shock  excitation  of  the  air-wires  with  the 
method  of  excitation  by  a  loosely-coupled  closed  reservoir 
circuit  containing  an  ordinary  spark-gap,  and  the  comparison 
ought  not  to  be  attempted  without  adeqiiate  data.  The 
comparison  is  made  still  more  difficult  if  it  be  remembered 
that  it  would  be  possible  in  the  modern  disc  method  of  making 
the  primary  spark,  to  arrange  the  peripheral  speed  of  the  disc 
so  as  to  destroy  the  spark  at  the  most  favourable  moment 
and  thus  to  pass  all  the  energy  from  the  primary  circuit  to  the 
air-wires  without  jerk.  On  the  whole  we  have  to  conclude  that 
the  advantiiges  claimed  for  the  shock  method  over  methods  of 
established  value,  as  regards  economy  of  energy,  are  not  yet 
proven. 

(6)  The  second  improvement  claimed  for  the  new  method 
is  that  the  emitted  waves  have  smaller  damping  than  is  the 
case  with  other  methods,  and  hence  that  sharper  tuning  is 
possible.  This  is  in  the  main  correct.  The  damping  will  clearly 
be  somewhat  smaller  than  that  found  with  the  simple  elevated 
capacity  or  the  Lodge-Muirhead  "  aerial  carpets."  even  when 
these  are  improved  by  proper  reduction  of  ohmic  and  brush 
losses,  and  also  by  that  employment  of  multiple  enclosed 
spark-gaps  of  minimum  resistance  which  has  been  practised 
for  some  years  by  the  Lodge-Muirhead  syndicate  and  others. 
This  increase  of  selectiveness  is  a  true  advantage  whenever  it 
happens  that  exceedingly  sharp  tuning  is  absolutely  necessary 
— a  rare  event.  But,  here  again,  comparison  with  the  tuned 
coupled  sender  becomes  necessary.  The  structure  of  the  air- 
wire  system  is  a  matter  of  importance  in  this  connection.  If 
the  capacity  of  the  air-wires  exceeds  a  certain  lower  limit  and 
the  radiative  power  is  less  than  a  certain  upper  limit  we  can 
conclude  at  once  that  the  shock-excitation  method  will  give 
waves  less  damped  than  those  got  by  the  coupled-circuit 
method  ;  but  if  the  conditions  are  otherwise  it  will  on  the 
contrary  give  a  wave  more  highly  damped  than  the  wave  from 
the  coupled  sender.  This  is  for  small  sets.  When  we  come 
to  large  powers,  the  quenched  spark  method  must  be  com- 
pared with  the  coupled-sender  operated  by  the  rotating  disc. 
And  with  the  latter  it  should  be  possible  to  generate  w-aves  of 
very  small  damping  factor ;  unfortunately,  Dr.  Marconi  has  pub- 
lished almost  nothing  on  these  matters.  We  conclude  that 
m  respect  of  sharpness  of  tuning,  the  quenched  spark  can  be 
expected  to  be  Ijetter  than  the  coupled  sender  f(n'  small  powers, 
only  when  air-wires  above  a  certain  capacity  are  used  ;  and  in 
respect  of  large  powers  there  is  no  strong  argument  or  evidence 
available  to  favour  either  method. 

(c)  The    third    improvement    claimed    for    the    Telefunkeu 


sender  is  that  a  single  wave  is  generated.  This  is  presented, 
of  course,  as  an  improvement  over  the  coupled  sender,  not  over 
the  ancient  simple  elevated  capacity  and  spark-gap.  I  think 
that  only  slight  stress  is  intended  to  be  laid  on  this  advantage. 
The  '■  see  what  you  save  "  argument  is  a  weak  one  ;  firstly, 
because  it  is  probable  that  coupled  circuits  can  be  constructed, 
if  required,. so  as  to  concentrate  the  main  part  of  the  energy  into 
one  prolonged  wave  train  of  single  frequency,  and,  secondly, 
because  a  few  per  cent,  saving  in  current  consumption  is  not 
worth  considering  in  commonplace  everyday  wireless  tele- 
graphy. 

(d)  The  fourth  improvement  is  iu  Arco's  own  words  "  per- 
haps the  greatest  advantage  of  the  new  singing  spark."  Dots 
and  dashes  are  received  by  the  operator  in  a  clear  musical 
tone  distinctive  of  the  station  he  wishes  to  read  and  very 
different  from  the  noise  of  atmospheric  disturbances.  Count 
Arco  proceeds  '.  "'It  may  be  said  that  for  the  first  time  since 
the  invention  of  wireless  telegraphy  a  system  has  been  obtained 
which  enables  telegraphic  work  to  be  carried  on  through  the 
heaviest  atmospheric  disturbances."  This  statement  is  not 
correct.  Musical-toned  signals  have  been  produced  and  used 
habitually  and  extremely  successfully  by  others.  Fessenden 
has  wailed  across  parts  of  the  North  Atlantic  for  years,  and 
Marconi's  disc  has  been  singing  through  atmo.spheric  dis- 
turbances for  quite  a  long  time.  Our  own  Admiralty  has  long 
been  employing  quick  alternating  current  and  transformers, 
just  as  the  Telefunkeu  Company  do  now.  Perhaps  the  Tele- 
funken  people,  though  somewhat  tardy  iu  arriving  at  this  stage 
of  development,  have  now  succeeded  in  producing  shriller  notes 
than  their  predecessors,  notes  nearer  the  optimum  for  their 
own  telephone  receivers.  The  copper-mica  spark-gap  will 
assuredly  make  easier  the  production  of  high  notes  by  alter- 
nating current  and  transformer,  because  the  strong  cooling 
prevents  the  formation  of  an  arc.  The  special  design  of  their 
alternating  -  current  generator  contributes  to  this  success. 
This  generator,  it  may  be  recalled,  is  wound  to  produce  an 
alternating  current  of  the  frequency  of  the  desired  note  and  of 
very  peaky  wave  form,  the  voltage  being  stepped  up  to  70,0(5() 
by  a  transformer.  The  idea  of  such  a  sienerator  is  not  novel — 
for  instance,  Yillard  designed  such  machines  in  1907 — but  the 
Telefunkeu  Company  have  carried  the  design  much  nearer 
perfection.  Nevertheless,  the  fundamental  objection  to  the 
use  of  such  a  generator  in  wireless  telegraphy  still  remains. 
This  objection  is  that  the  unavoidable  irregularity  of  a  load 
consisting  of  dots  and  dashes  makes  constancy  of  acoustic 
frequency  almost  impossible  without  a  big  reserve  of  power  or 
ample  flywheel  provision.  Fessenden  also  has  encountered 
this  difficulty,  I  believe.  In  fact,  the  only  conceivable  mecha- 
nical way  to  attain  absolutely  constant  acoustic  frequency,  and 
yet  employ  minimum  electrical  generating  units,  is  to  cut  up 
the  low  voltasie  or  hiuh-voltage  current  by  means  of  a  commu- 
tator or  similar  device  driven  and  governed  independently  of 
the  machine  supplying  signalling  energy. 

To  summarise  :  The  foregoing  analysis  of  the  claims  of  the 
new  Telefunkeu  apparatus  shows  that  the  sjeiuiine  improve- 
ments contributed  to  the  technology  of  wireless  telegraphy 
consist  of  the  extreme  stranding  of  the  conductors  carrying 
heavy  o.sc.illatory  currents,  and  the  employment  of  more 
frequent  spai'ks  than  are  usually  used  by  the  originators  of  the 
singing  spark.  The  stranding  reduces  ohmic  losses  and  the 
quicker  spark-rate  reduces  losses  by  discharge  fron»  the  aerial 
wires.  These  things  accomplished,  we  find.  then,  that  an  elevated 
capacity  can  emit  little-damped  waves  conveyin'j  considerable 
total  energy  per  second.  {This,  by  the  way.  should  be  very 
encouraging  to  the  Lodge-Muirhead  Syndicate.^  These  im- 
provements taken  bv  themselves  are  amply  sufficient  to  account 
for  the  inferioriry  of  the  old  Telefunkeu  apparatus  as  com- 
pared with  the  new.  without  invoking  the  coj^per-mica  plate 
spark-gap  or  any  of  the  numerous  devices  that  might  replace 
it.  Fuiallv.  its  seems  inevitable  tiiat  in  the  effort  to  increase 
the  power  of  emission  to  L'reater  values  the  Telefunken  Coni- 
panv  will  be  obliged  to  reinstate  the  coupled  reservoir-circuit 
which  thev  have  lately  taken  such  pains  to  eliminate,  unless 
they  are  prepared  to  erect  gigantic  radiating  auteuuiv. 
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LARGE  CONTINUODS  CURRENT   LOCOMOTIVES. 

The  General  Electric  Co..  of  America,  have  recently  supplied  the 
■equipment  for  what  is  stated  to  be  the  most  powerfid  continuous- 
current  locomotive — at  any  rate,  as  regards  tractive  effort — yet 
designed.  This  locomotive  is  one  of  six  which  arc  to  he  operated 
in  the  new  tunnel  under  the  Detroit  river,  in  coimection  with  the 
Michigan  Central  Railroad.  The  length  of  track  to  be  electrically 
operated  is  about  (>  miles,  and  the  maximum  gradient,  which  is 
adjacent  to  the  two  approaches  to  the  tunnel,  is  about  2  per  cent., 
and  extends  for  0-t  mile  in  each  case. 

The  locomotives  are  designed  for  hauling  both  freight  and  pas- 
senger traffic  through  the  tunnel,  and  also  for  switching  service  at  the 
termini.  The  sjiecifications  provide  for  a  capacity  sufficient  to  haul 
a  1,800  ton  train  on  a  2  per  cent,  gradient  at  a  speed  of  not  less  than 
10  nules  per  hour,  with  two  locomotives  in  multiple  unit,  and  the 
motors  are  to  be  capable  of  re))eating  trips  with  this  weight  of  train 
continuously  with  a  lay-over  of  15  minutes  at  each  end. 

The  locomotives  are  of  the  articulated  four-axle  type,  weigh 
200.000  lb.  each,  and  are  equipped  with  four  G.E.-209  motors.  The 
truck  side  frames  are  heavy  steel  castings  of  a  truss  pattern,  and  are 
heavier  than  required  from  considerations  of  strength,  so  as  to 
obtain  the  necessary  weight  on  the  drixnng  wheels.  The  end  frames 
and  bolsters  are  castings  of  heavy  box  girder  types,  rigidly  bolted 
to  the  side  frames,  and  fitted  in  such  a  manner  as  to  relieve  the  bolts 
of  shear.  Draft  gear,  buffers  and  all  truck  frame  members  are  cal- 
culated for  buffing  stresses  of  oOO.tlOO  lb.,  and  hauling  stresses  in 
proportion. 

The  spring  suspension  is  of  the  locomotive  type,  the  weight  being 
carried  on  semi-elliptical  springs  resting  on  the  journal  box  saddles. 
The  system  of  equalisation  by  which  these  springs  are  connected 
together  is  interesting.  The  "A""  end  of  the  running  gear— that  is,  say, 
the  forward  truck — is  side  equalised,  the  two  springs  on  each  side 
being  connected  together  through  an  equaliser  beam.  Tliis  equalises 
the  distribution  of  weight  between  the  two  -nheels  on  one  side, 
giving  to  this  truck  a  two-point  support  and  leaving  it  in  a  condition 
of  unstable  equihbrium  as  regards  tilting  stresses — that  is.  stresses 
tending  to  tip  the  truck  forward  or  backward.  The  "  B ""  end  of  the 
running  gear — or,  say.  the  rear  truck  of  the  locomotive — is  cross 
cquaUsed.  the  two  springs  on  the  rear  axle  being  connected  together 
through  an  equaliser  beam.  The  other  two  springs  on  this  truck  are 
independent  and  are  connected  directly  to  the  truck  frame.  This 
results  in  a  three-point  suspension  on  the  rear  truck,  leaving  it  in  a 
condition  of  stable  equilibrium,  capable  of  resisting  stresses  in  any 
direction,  whether  rolling  or  tilting.  The  two  trucks  are  coupled 
together  by  a  massive  hinge  so  designed  a.s  to  enable  the  rear  truck 
to  resist  any  tilting  tendency  of  the  forward  truck  ;  so  that  this  hinge 
combines  the  two  trucks  into  a  single  articulated  running  gear, 
having  lateral  flexibility  with  vertical  rigidity.  The  braking  equip- 
ment is  arranged  so  that  the  action  is  mechanically  independent  on 
each  truck. 

As  mentioned  above,  the  motor  equipment  consists  of  foiu?  stan- 
dard General  Electric  motors  of  the  commutating  pole  type,  each 
having  a  rating  of  approximately  300  h.p.  At  its  one-hour  rating 
the  motor  will  develop  a  torque  of  4.0.501b.  at  1  ft.  radius.  The 
gearing  between  motor  and  axle  has  a  4-37  reduction,  and  the  driving 
wheels  are  48  in.  in  diameter.  With  this  reduction,  each  motor  will 
develop  a  tractive  effort  of  9.()(K)  lb.  at  the  rail  head,  which  gives  a 
total  tractive  effort  for  the  four  motors  of  30.000  lb.  at  12  miles  per 
hour.  The  motors  have  an  overload  capacity  sufficient  to  skid  the 
driving  wheels,  and  the  locomotive  can  devcloj)  at  the  slipping  point 
of  the  wheels  an  instantaneous  tractive  effort  of  ,50.000  lb.  to  60,000  lb. 
The  maximum  speed  of  the  locomotive,  running  light  upon  a  level 
track,  is  about  35  miles  per  hour.  Tiiere  are  two  gears  and  pinions 
per  motor,  one  at  either  end  of  the  armature  shaft.  This  construction 
was  used  on  account  of  the  unusuallx'  heavy  torque  and  the  excessive 
overloads  that  the  motors  will  be  cailed  upon  to  carry. 

The  motors  are  designed  for  forced  ventilation.  .Air  is  delivered 
into  the  motor  frames  at  the  end  furthest  from  the  commutator, 
passes  between  the  field  coils  and  around  the  armature,  and  finally 
escapes  through  suitable  discharge  openings  over  the  commutator. 
The  blower  u.sed  for  this  purpose  has  a  capacity  of  2.(t00  cubic  ft. 
of  air  i)er  minute  at  2}  in.  water  pressure,  and  is  driven  by  a  direct- 
current  series  motor. 

The  Sprague-Gcneral  Electric  multiple  unit  control  is  used,  with 
two  master  controllers  in  the  main  cab  and  the  contactors  in  the 
auxiliary  cab.  Multiple  unit  connections  have  been  supplied,  so 
that  three  locomotives  may  be  operated  in  multiple  unit  if  necessary. 
The  problem  of  starting  and  accelerating  a  train  of  from  1,000  to 

•  This  description  is  based  on  articles  which  have  appeared  in  the 
American  technical  press. 


l.olM.)  tons,  which  may-  consist  of  40  or  50  cars,  is  a  ratlur  tk-licate 
one.  Such  a  train  is  not  a  rigid  mass,  but  a  long  elastic  body,  and 
any  inequality  in  the  starting  torque  results  in  waves  of  jerking  and 
huffing  strains  which  are  very  likely  to  reach  abnormal  values  in 
some  parts  of  the  train.  Consequently,  the  control  of  this  locomo- 
tive was  designed  especially  to  produce  a  uniform  increase  of  speed 
and  torque  during  the  period  of  acceleration.  The  control  combina- 
tions are  arranged  so  that  the  motors  may  be  operated  four  in  series, 
two  in  series  and  two  in  parallel,  or  four  in  parallel.  There  are  nine 
resistance  steps  in  series,  eight  in  series  parallel  and  seven  in  the 
parallel  position.  This,  it  is  stated,  gives  a  very  smooth  accelera- 
tion, the  value  of  which  in  starting  a  long  and  heavy  train  -will  readily 
be  appreciated. 

The  locomotive  is  equipped  with  third-rail  shoes  to  take  current 
from  an  inverted  third  rail.  It  is  also  fitted  with  an  overhead  trolley 
wliich  can  be  raised  or  lowered  by  a  foot  operated  valve  in  front  of 
the  motorman. 


A  BIFILAR  VIBRATION  GALVANOMETER.* 

BY    W.    Dl'DDELL. 

Summary. — A  new  type  of  vibration  galvanometer  and  a  series  of  tests 
made  upon  it  are  here  described.  The  features  of  the  instrument, 
which  is  practically  a  Duddell  Oscillograph,  comprise  simplicity,  the 
small  mass  of  the  moving  parts,  the  wide  range  of  frequency  for  which 
it  can  be  tuned,  high  sensibility,  negligible  self-mduction  and  compara- 
tively  small  back  E.M.F. 

Vibration  galvanometers,   like  ordinary  galvanometers,  may  be 
broadly  divided  into  two  classes — those  in  which  the  moving  part 
consists  of  a  piece  of  iron  or  steel  and  the  current  to  be  measured 
flows  round  fixed  coils  as  in  the  case  of  the  Thomson 
galvanometer  ;    those   in   which  the  current  to  be 
measmed  flows  round  a  moving  coil  placed  in  a  fixed 
magnetic  field  on  the  siphon  recorder  principle.    The 
vibration  galvanometers  cf  Max  Wien  and  Rubens 
belong   to   the   first  class,    while    Jlr.     CampbelFs 
moving-coil  vibration  galvanometer  belongs  to  the 
.second,  and  so  does  the  new  bifilar  instrument  de- 
scribed below.      Generally  speaking,  when  one  re- 
quires  to   build    a    sensitive  instrument   having  a 
short  periodic  time  it  is  necessary  to  reduce  as  far 
as  possible  the  mass  of  the   moving  parts  in  order 
to    combine    high    sensibility   with    short    period. 
Further,  in  the  case  of  a  vibration  galvanometer,  it 
is  also  necessary  to    keep   the    d!\m])ing   forces  as 
small  as  possible,  as  the  sensibility  to  alternating 
currents  depends  very  greatly  on  the  magnification 
one  can  obtain  by  bringing  the  in.strument  into  tune 
or  resonance   with  the  alternating  current   to   be 
measured.   These  considerations  have  led  me  to  con- 
struct   a    vibration    galvanometer    in    which    the 
mass   of    the  moving   parts  is  reduced    to  a  mini- 
mum,   the  moving    coil  being  reduced  to  the    two 
wires   forming  its   two  sides,  similar  to  a  bifilar   oscillograph,  but 
^vith  this  difference  :    Whereas  the  bifilar  oscillograph  is  designed 
so  as  to  make  the  damping  aperiodic,  the  bifilar  vibration  galvano- 
meter is  designed  so  as  to  keep  the  damping  as  small  as  possible. 

The  design  of  the  instrumentf  is  shown  in  Fig.  I .  in  which  a.  h,  c.  d 
is  a  fine  bronze  wire  passing  over  a  pulley,  p.  and  stretched  tight  by 
means  of  a  spring,  the  tension  on  the  spring  being  cajiable  of  variation 
by  a  milled  head.  The  wires  carry  a  mirror.  M.  in  the  centre,  and 
are  placed  in  a  strong  magnetic  field  between  the  jioles  X  and  S  of  n 
magnet.  The  wires  pass  over  two  bridge  j)ieces  (B  B),  which  limit 
the  length  of  the  wires  that  is  free  to  vibrate.  These  two  bridge 
pieces  can  be  moved  nearer  together  or  further  ajtart  by  means  of  a 
right  and  left-handed  screw  as  required.  The  current  to  be  measured 
passes  up  one  « ire  and  down  the  other,  causing  one  wire  to  tend  to 
move  forward  and  the  other  back  in  the  magnetic  field,  and  so  tilts 
the  mirror  M  through  a  small  angle.  The  ])eriodic  time  of  the  wues 
depends  on  their  mass,  length  and  tension,  as  well  as  upon  the  mo- 
ment of  inertia  of  the  mirror.  In  a  completed  in.strument  the  mo- 
ment of  inertia  of  the  mirror  and  the  mass  of  the  wires  are  fi.\ed,  but 
their  length  and  tension  can  be  altered  in  order  to  adjust  the  periodic 
time.  It  is  seen  from  curves  in  the  I'aper.  showing  the  relationship 
between  the  free  length  of  the  wires,  the  frecpiency  of  the  free  vibra- 
tion and  different  tensions,  that  the  total  range  of  frequency  obia^. 

*  Abstract  of  a  Paper  read  before  the  Physical  Society.  A  brief 
account  of  the  discussion  appeared  in  The  Electbioian,  June  4,  1909, 
p.  .302. 

t  .Messrs.  Nakler  Bros  are  manufac'uriiig  the  instruments. 
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able  with  the  instrument  is  very  large — namely,  from  about  90  a,  per 
second  u J)  to  1,900  no,  though  the  wires  are  rather  too  loose  below 
lOO'o  per  second. 

As  the  damping  in  the  instrument  is  very  small,  the  resonance  is 
very  sharp.  Fig.  2  shows  the  amplitude  of  the  deflection  where  an 
alternatint;  ciunnt.  liaving  a  constant  root  mean  square  value,  is 
passed  thnmu'li  ilir  instrument,  set  for  5951.-  per  second,  the  fre- 
quency of  the  .illcrnating  current  being  varied. 

To  measure  the  sensibility  of  the  instrument  the  following  method 
was  used  :  A  current,  generally  01  ampere,  from  a  small  high-fre- 
quency alternator  having  a  very  nearly  sinusoidal  wave-form,  was 
passed  through  a  small  non-inductive  resistance  and  an  accurate 


^ 

J 

Frequency:    i\,per  Second. 

Fi«.  2. 

ii\  namometer.  The  vibration  galvanometer  in  series  with  a  high 
nun-inductive  resistance  (25,000  ohms)  was  connected  as  a  shunt 
to  the  terminals  of  the  small  resistance  in  the  main  circuit.  The 
cm-rent  of  0-1  ampere  flowing  tlirough  the  main  resistance  produced 
a  small  known  difference  of  potential  applied  to  the  galvanometer 
circuit,  from  which  the  current  tlirough  the  galvanometer  could  be 
calculated. 

With  an  instrument  giving  a  very  sharp  resonance  there  is  some 
difficulty  in  determining  the  exact  value  of  the  maximum  amplitude, 
a  fact  which  prevents  such  consistent  results  being  obtained  as  would 
otherwise  be  the  case.  When  the  instrument  is  tuned  so  as  to  be  in 
resonance  with  the  alternating  current  to  be  measured,  the  ampli- 
tude of  the  vibration  is  practically  proportional  to  tlie  root  mean 
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square  current,  hence  it  is  permissible  to  quote  the  sensibility  in 
millimetres  of  amplitude  at  a  metre,  per  root  mean  square  micro- 
ampere. This  method  has,  therefore,  been  adopted. 
In  Fig.  3  the  relationship  between  the  sensibility  of  the  instrument 
I  in  millimetres  of  amplitude  per  root  mean  square  microam|)ore,  and 
;  the  f"equency  of  the  alternating  current  is  given.  The  dilferent  oiu-vcs 
1  refer  to  different  free  lengths  of  the  wires.  One  interesting  point 
I  of  this  figure  is  that  where  it  is  ])ossiblc  to  tune  this  vil)ration  galvano- 
I  meter  to  a  given  frequency,  using  various  combinations  of  length  and 
I  tension,  the  sensibility  so  obtained  is  very  nearly  the  same  so  long 
i  aa  the  wires  are  longer  than  the  pole-pieces.  The  practical  result  of 
■this  is  that  if  at  any  given  length  of  wire  or  tension  one  can  tune  the  ' 


instrument  to  suit  the  frequency  of  the  alternating  current,  then  no 
further  adjustments  n(^cd  be  made  in  the  hope  of  finding  a  belter 
combination  of  length  and  tension  for  the  purpose. 

With  each  adjustment  of  the  instrument  in  Fig.  3  to  suit  the 
various  frequencies  the  sensibility  of  the  instrument  was  tested  with 
direct  current  as  an  ordinary  galvanometer.  The  tests  show  that 
whilst  the  sensibility  to  alternating  current  decreases  very  nearly 
inversely  as  the  frequency  for  which  the  instrument  is  adjusle<l, 
for  direct  current  the  sensibility  decrea.ses  approximately  inversely 
as  the  square  of  the  frequency.  A  new  curve  can  then  be  obtained 
(Fig.  4),  which  I  have  called  the  magnification,  which  shows  for  a 
given  adjustment  of  the  instrument  how  much  more  sensitive  it  is 
to  an  alternating  current  of  the  proper  frequency  than  to  a  direct 
current.  The  highest  value  obtained  in  the  curves  is  about  460. 
Had  tlie  vibration  galvanometer  been  aperiodic  and  of  .sufficiently 
short  ])eriod  to  follow  the  alternating  current,  then  the  alternating 
current  sensibility  would  have  been  only  2  ^2=2-82  times  the  direct- 
current  sensibility. 

The  practical  applications  of  the  vibration  galvanometer  nearly 
all  involve  using  the  instrument  in  Rome  form  of  bridge  or  null 
method  for  determining  when  a  small  difference  of  potential  vanishes, 
that  is  to  say,  the  instrument  is  generally  used  as  a  sensitive  detector 
for  small  alternating  voltages.  The  resistance  of  the  instrument 
used  in  these  tests  is  136  ohms,  but  owing  to  the  back  E.M.F.  of  the 
instrument  its  sensibility  as  a  voltmeter  must  not  be  calculated  on 
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the  basis  of  this  figure.  This  resistance  could  be  easily  reduced  bv 
employing  a  more  conducting  material  than  hard  phosphor-bronze 
for  the  wires.  There  would  be  no  objection  to  doing  this  except  that 
the  upper  limit  of  the  frequency  to  which  the  instrument  could  be 
tuned,  without  risk  of  breaking  the  wires,  would  be  somewhat 
reduced. 

The  author  then  describes  some  tests  to  determine  the  back  E.M.F. 
of  the  instrument.  The  very  large  amount  that  the  a|)parent  re- 
sistance of  the  instrument  is  increased  by  its  back  K.M.F..  over 
200  ohms  in  one  case,  shows  how  very  imjiortant  it  is  to  try  to  keep 
this  back  E.M.F.  as  low  as  possible,  and  how  little  can  lie  gained  by 
reducing  the  real  resistance  of  the  wires  tlu-niselves.  The  fact  that 
the  back  E.M.F.  of  the  instrument  is  ]iriicti('ally  proportional  to  the 
deflection,  and  hence  to  the  current  through  it.  and  so  ajipears.  as 
far  as  the  outside  circuit  is  eoncerneii.  like  an  addition  to  the  re- 
sistance of  the  iustruntent,  indicates  that  no  arrangement  of  con- 
densers is  likely  to  improve  matters  as  one  might  at  first  exiH'ct.  It 
is  seen  that  there  is  some  advantage  in  iising  the  wii-es  as  short  as 
(lossiblo  when  nicasiirin'.;  .small  P.D.s  in  a  low-resistance  circiiit. 

-\ll  tlu-  .scnsihililics  so  far  given  for  the  vibration  galvanometer 
correspond  to  tlie  use  of  a  permanen!  magnet  for  the  field.  Tho 
instrument  !;as,  however,  been  tried  in  an  oscillograph  electromagnet, 
and  the  current  sensibility  was  found  to  be  increased  threefold.  This 
corresponds  at  a  100  frequency  to  a  sensibility  of  not  less  than 
IGO  mm.  per  microampere  ;  as  a  small  fraction  of  a  millimetre 
movement  of  the  spot  is  noticeable,  we  may  reckon  that  at  a  100  fre- 
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quoncy  with  this  instrumenl  \vc  can  detect  a  cunent  as  lo«  as  2  or 
3  X  10-'  ampere. 

■^Tbe  advantages  of  the  bifilar  galvanometer  may  be  summarised 
as  follows  :  Simplicity,  ease  in  tuning,  wide  range  of  frcqiuncy  for 
which  it  can  be  tuned,  high  sensibility,  negligible  self-intluotion, 
comparatively  small  back  E.M.F.  Its  main  defect  is  the  .small  size 
of  mirror  that  it  is  necessary  to  use  on  the  instrument.  With  a  care- 
fully adjusted  0])tical  arrangement,  and  using  a  small  4  volt  metal 
filament  lamp,  one  can  work  with  comfort  at  a  scale  distance  of  a 
metre  in  a  room  which  is  not  too  \\v]\  liiihtcd. 


MODERN  SUBMARINE  TELEGRAPHY. 

BY   S.    (.;.    BROWX. 

We  briefly  abstracted  in  The  Electbiciax  for  JIarch  19  the  Paper 
read  by  Mr.  S.  G.  Brown  before  the  Royal  Institution  on  March  12th 
entitled  "  Jlodern  Submarine  Telegraphy."  The  Paper  has  an 
interest  for  many  of  our  readers,  and  we  are  therefore  pleased  to 
have  the  opportunity  of  making  fuller  reference  to  it.  It  must  be 
remembered  that  the  audiences  at  the  Royal  Institution  are  largely 
non-technical,  and  that,  con.sequently,  the  lecturer  had  to  introduce 
liis  subject  by  some  of  the  elementary  facts  which  govern  the 
oiJeration  of  submarine  cables  for  telegraphic  vork.  After  a  brief 
introduction  Mr.  Brown  proceeded  : — 

This  lecture  relates  to  modern  submarine  telegraphy,  and,  there- 
fore, I  shall  omit  the  historical  part  of  the  subject  and  start  w  ith  the 
cable  itself  as  we  deal  with  it  now. 


Atlantic  1894  Cakle. 


Wlien  dealing  with  the  electrical  properties  of  a  cable  the  core  only 
is'considered,  and  for  all  practical  purposes  it  may  be  taken  that  the 
return  conductor  to  the  current  is  the  water  immediately  outside 
the  gutta-percha  with  which  the  wire  or  core  is  covered.  .-V  core  of 
any  given  length  has  a  certain  time  rate  of  signalling — that  is  to  say. 
when  a  voltage  is  appUed  at  one  end  the  effective  current  that  as  a 
consequence  flows  in  the  wire  does  not  arrive  at  the  distant  end  in- 
stantaneoiLsly,  but  takes  time  to  grow.  The  time  rate  of  signalling 
is  inver.sely  proportional  to  the  product  of  the  resistance  of  the  wire 
and  the  electrostatic  capacity  of  the  core.  This  is  termed  the 
"  K.R.,"  or  capacity-resistance  law,  a  law  first  pointed  out  by  Lord 
Kelvin. 

It  follows  from  this  law  that  if  you  double  the  length  of  any  given 
kind  of  cable  you  reduce  its  speed  for  signalling  to  one  quarter.  The 
time  rate  is  inversely  proportional  to  the  resistance  multiplied  by 
the  capacity.  If  3'ou  make  a  certain  sized  core  (size  of  gutta-percha) 
with  a  large  copper,  up  to  a  certain  point  you  decrease  the  resistance 
and  increase  tlie  ca])acity,  but  there  is  a  critical  value  giving  the 
minimum  K.R.  This  critical  limit,  or  the  point  when  the  size  of  the 
copper  is  reached  to  give  the  lowest  K.R..  is  when  the  diameter  of 
the  copper  is  to  the  diameter  of  the  core  as  1  :  1-6.5. 


Fio.  2.— Ideal  Cable. 

Tliere  is  another  advantage  in  keeping  the  resistance  lo«  lor  any 
K.R.  The  time  constant  only  determines  tlie  time  when  the  cur- 
rent at  the  far  end  reaches  a  certain  percentage  of  the  possible 
maximum  after  the  apj)lieation  oi  the  voltage  at  the  sending  end. 
Of  course,  the  amount  of  current  after  any  given  time  is  drteimined 
again  by  the  voltage  of  the  .sending  battery,  and  is  inver.sely  as  the 
resistance  of  the  cable.  For  instance,  if  two  cables  were  constructed 
of  equal  K.R.,  but  one  had  a  larger  copper  of  half  the  resistance  of 
the  other,  with  equal  sending  batteries,  the  one  with  the  lower 
resistance  would  deliver  twice  the  current  at  the  receiving  end  at 
the  ends  of  equal  times,  and  could,  therefore,  be  made  to  work  at  a 
faster  rate.  It  should  also  be  a  cheaper  cable,  because  copper  is 
le.ss  expensive  than  gutta-percha. 

Against  these  electrical  advantages  should  be  ))laced  several 
mechanical  disadvantages :  the  reduction  of  tlie  thickness  of  the 
insulation  might  result  in  a  greater  liability  to  faull.s  developing  after 
the  cable  was  laid.  With  such  a  heavy  wire,  which  ^\ould  naturally 
have  to  be  well  stranded  to  reduce  the  stiffness,  the  liability  of  the 
decentralisation  during  manufacture  would  be  greater  than  flith 


existing  cores.  These  mechanical  difticvilties  coukl.  I  feel  siu'e,  be 
overcome,  say.  by  greater  care  being  taken  in  the  manufacture,  or 
by  .substitution  for  the  present  yielding  gutta-percha  dry  cotton  or 
.similar  material  well  impregnated  with  gutta-percha  compound.  I 
take  an  Atlantic  cable  laid  in  1894.  as  having  the  greatest  size  of 
copper  for  size  of  core.  I  lake  this  core  to  illustrate  the  improve- 
ment that  might  result  by  increasing  the  copper  u|)  to  the  largest 
.size  electrically  permissible  : — 

189J  Atlantic  Cahh  (Fig.  1). 

Diameter  of  core        0-466  in. 

copper  0-202  in. 

Resistance  per  nautical  mile  =    l-6S4ohm.s. 

Capacity  ..  =  0-420  mfd. 

The  cable  is  1.852  nautical  miles  long,  its  K.R.  is  2-41,  and  its  speed 
of  working  under  the  capacity  block  system  of  duplex  about  20,5 
letters  per  minute. 

The  Ideal  Core  (Fig  2). 

Diameter  nf  core       0-466  in. 

copper 0-282  in. 

Resistance  per  nautical  mile  =  0-864  ohm. 

Capacity  ,.  .,  =  0-700  mfd. 

K.R.  for  1.852  nautical  miles =  2-06 

Speed  of  working  with  same  duplex  system  about  240  letters  per 
minute,  and  the  current  received  with  this  snecd  would  be  twice  as 
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strong  as  in  the  actual  cable,  so  that  a  still  greater  speed  than  that 
given  would  result  :  perhaps  a  speed  of  260  letters  per  minute  ;  a 
sending  battery  of  40  volts  to  be  used  on  both  cables. 

The  copper  conductor  offers  resistance  to  the  electric  curreiits  that 
flow  along  it.  This  resistance  by  itself  would  not.  with  sufficiently 
sensitive  receiving  instruments,  affect  the  speed  of  signalling  ;  it 
produces  what  is  termed  "  attenuation."  or  a  weakening  of  the  sig- 
nalling current.     There  is  also  a  lateral  storage  of  electricity  aloi.;; 
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Fio.  4. 

the  outside  of  the  copper,  due  to  the  capacity  of  the  insulating' 
material  to  absorb  a  charge  of  electricity  ;  this  property  is  termed 
the  electrostatic  capacity  of  the  core. 

To  allow  this  to  be  more  fully  understood  1  shall  take  mechanics  I 
analogies  : — 

Resistance  in  electricity  is  equivalent  to  friction  in  mechanicsJ 
capacity  to  elasticity  of  a  spring,  and  self-induction  to  inertia.  I 
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Tlip  core  of  a  siibiiiarinc  cablo  is  similar  In  tliat  of  a  pipe  oliarjif'tl 
with  waliT — the  force  of  tlie  water  creates  resistance.  In  the  case  of 
(lur  submarine  cable,  the  less  the  capacity  and  the  less  the  resistance 
(he  less  the  time  constant  or  the  quicker  the  rate  of  signalling.  I 
may  say  thai  the  current  usually  received  would  be  I.tlOO  times 
ijreater  if  we  had  no  capacity  but  only  the  resistance  to  deal  with. 


Nftuts  {x) 

I. 

11. 

11. 

IV. 

Volts,     .\nips.     Volts.     Amps.  , 

Volts. 

.\mps. 

Volts.  1  .-^mpi. 

0 

400    012()+ 

40-0    01204 

400 

00408 

400    0041 

300 

I2-2;V  0039 

12-7    0-042 

31  0 

00310 

23-7    ,0-0244 

(iOO 

3-,S     001 23 

4-4    00137 

239 

00244 

14-2    00147 

000 

1  •  1     ooor. 

1-5    00055 

18-5 

0-0189 

8-3    0-0088 

■  1,200 

0-3.-,  001)12 

0-48  000155 

14-2 

0-(ll4(> 

5-1    |0-0051 

1.500 

0-1  ">   OIKKKm 

0-2    000083 

11-0 

0-0112 

3-04  0-0031 

i,s2r) 

004r.3  0-l)IMI143 

00418  0000132 

8-32 

0-0085 

1-71  0-00175 

Total  lag 
behind  Vo 

371'       371       1  392='       ,347^ 

1,717° 

1,714'' 

1,714°  1,714^ 

E.xcept  ill  Case  I.  (near  its  end),  the  lag  in cvci-y  ease  is  proportifmal  to  .r. 

Frequency,  fi-30  per  second. 

Subttinrine  Tdcijraph  Cable. — r^l-G84  ohms  per  naul,  /,-^0-42  mfd. 
per  naut.  The  current  received  by  recorder  would  be  82  times  this  if 
we  hud  no  capacity. 

At  X  Hants  from  sending  end  these  are  the  volts  and  amperes  : — 
I.  There  is  a  recorder  with  317  ohms  resistance  at  the  end  of  1,825 
n.aut  cable. 

II.  Infinite  calde. 

III.  Iiilinitc  cable.  0-4  hcnrj'S  pel- Maul  ;  no  leakancc.  >,'ut  imiili  dis- 
tortion. 

IV.  Inlinite  cable,  0-4  lienrys   per  naut;   leakance,    1-708     lO'-nihns 
per  nai'.t  to  give  nn  distortion. 
(.S'ce  aUo  Figs-  3  and  4) 

As  stated,  the  cable  has  resistance,  the  current  therefore  suffers 
attsnuatinn.  .It  also  jjossesses  capacity ;  the  signalling  currents 
through  it  therefore  suflfer  distortion.  Before  dealing  with  this  dis- 
tortion I  must  refer  yon  to  Fig.  5.  You  will  notice  that  the  signals, 
arranged  to  form  the  alphabet  in  the  cable  code  are  of  varying 
lengths,  being  one,  two,  three,  four  and  five  times  the  length  of  the 
individual  or  shortest  signal.  Sending  and  receiving  on  this  prin- 
ciple is  electrically  equivalent  to  working  the  cable  with  varying 
electrical  frequencies  of  six,  three,  two,  &c.,  complete  periods  per 
second.  The  lower  the  frequency  the  less  the  capacity  affects  the 
current,  so  that  the  higher  frequencies  of  six  and  three  a  second  are 
more  attenuated  than  those  of  two  and  less.  The  signals  that  form 
the  letters  in  the  alphabet  are  difVerentially  attenuated  ;  the  quicker 
signals,  such  as  those  forming  a  C,  are  much  weaker  when  they  arrive 
to  operate  the  receiving  instrument  than  the  slower  signals  that  form 
the  letters  M,  O,  and  so  on  for  the  other  and  longer  signals. 

Subm-irine  cable  signalling  of  the  present  day  affords  us  an  elec- 
trical illustration  of  that  fable  of  "  the  tortoise  and  the  hare,"  or  the 
principle  of  "  more  haste,  less  sj)eed."  As  the  slower  signals  get 
through  the  cable  with  more  vigour  than  is  necessary,  the  ingenuity 
of  experimenters  is  to  retard  them,  and  to  assist  as  much  as  ])Ossible 
the  quicker  ones,  so  that  all  Ihe  signals,  whatever  their  period,  shall 
arrive  with  exactly  the  same  sln-nglh.  tVonnvcIl  Varley.  in  lS(!-2. 
patented  a  system  for  the  reduction  of  distortion  on  cables  by  insert- 
ing condensers  of  suitable  capacity  in  series  with  the  conductor  at 
each  end  of  the  cable. 

The  reason  for  the  abolition  of  distortion  is  obvious  :  Tlie  eon- 
djnser  absorbs  the  signals  of  slow  frequency,  while  the  cable  transmits 
them.  The  condenser  allows  tlie  signals  of  high  frequency  to  pass 
through  it  although  the  cable  has  attenuated  them.  It  is,  therefore, 
possible  so  to  arrange  llie  condensers  at  each  end  of  the  line  that  the 
condensers  and  the  cable  logetber  will  more  or  less  correct  one 
iniither  and  the  distortion  be  reduced.  Unfortunately,  the  absorp- 
iiiiii  of  a  .series  condenser  is  relative,  and  is  inversely  proportional  to 
llu'  frequency  :  it  ab.sorbs  more  of  the  slow  than  the  quick  signals. 
At  the  same  time  it  does  absorb  some  of  the  quick,  and  so  far  as  that 
is  concerned  it  is  harmful  ;  it  diminishes  distortion,  but  at  the  same 
time  adds  to  the  attenuation. 

Now  "  distortion  "'  means  something  more  than  the  differential 
transmission  of   various  electrical   frequencies — it  also   means  the 

phase  relation"  of  the  current  to  the  voltage;  and  this  "  |)ha.se 
relation  "  varies  with  the  various  frequencies.  Hy  "  pha.se  rela- 
tion "  wo  mean  the  position  of  the  current  with  regard  to  the  voltage 
producing  it.  To  understand  what  "  )ihase  relation  "  means  let  us 
take  the  analogy  of  a  pendulum  in  motion.  The  force  keeping  the 
pendulum  swinging  is  a  maximum  at  the  end  of  each  swing,  while 
th9  greatest  velocity  resulting  from  this  force  is  at  the  middle  of  the 
swing.  Obviously,  the  times  of  greatest  speed  and  greatest  force 
are  not  coincident ;  the  one  is  out  of  phase  with  the  other  by  what 
mathematicians  would  determine,  in  the  case  of  the  pendulum,  as 


91)  deg,,  or  a  quarter  period.  Xow  the  current  leads  the  voltage  at 
the  sending  end  of  the  cable  by  45  deg.  If  a  series  conden.ser  is  intro- 
duced to  diniinisb  distortion  it  still  further  increa,ses  the  lead  and  ' 
reduces  the  effective  power  into  the  cable.  The  effective  power  can 
only  be  a  maximum  when  the  current  and  voltage  are  exactly  in  step, 
or,  in  other  words,  when  thenr  is  no  "  pha.sc  relation." 

A  receiving  conden.ser  is  also  liarmful  for  the  same  reason  as  a 
.sending  ccmdcnser.  By  abolishing  the  sending  condenser  and  re- 
placing the  receiving  one  by  a  magnetic  shunt  placed  across  the 
suspended  coil  of  the  siphon  recorder  or  relay  in  189S  the  speed  and 
accuracy  of  signalling  were  materially  increased.  A  magnetic  shunt, 
as  employed  on  the  cables,  cimsi.sts  of  an  insulated  copper  wire, 
wound  round  a  closed  circuited  iron  core.  The  resistance  of  the 
shiuit  is  about  .30  ohms,  its  inductance  varies  up  to  a  maximum  of 
from  20  to  40  henrys.  and  its  weight  from  1  cwt.  to  3  ewt.  In  the 
case  of  a  siphon  recorder  used  as  the  receiver,  the  shunt  short-circuits 
the  sus|)eniled  coil  and  the  series  condenser  is  abolished.  In  the  ca.se 
of  a  cables  relay  the  series  condenser  is  usually  retained,  so  eus  to 
ensure  that  earth  currents  are  effectually  stopped,  but  the  condenser 
is  made  large.  .\  shunt  inductance  has  a  similar  time  action  on  the 
incoming  current  to  that  of  a  series  condenser,  but  with  this  improve- 
ment, it  helps  to  reduce  the  phase  distortion  of  current  with  voltage 
rather  than  accentuate  it,  as  is  the  case  with  the  conden.ser. 

Having  obtained  the  best  value  of  the  shunt  alone,  the  following 
curious  effect  was  discovered  :  that  adding  a  conden-ser  as  an  ad- 
ditional shunt,  the  si-ie  of  the  signals  on  the  recorder  became  larger 
and  more  distinct.  The  mathematical  reason  for  this  is  as  follows  : 
that  for  any  particular  frequency — -say  the  highest  frequency  of  the 
cable  signalling — the  shunts  of  inductance  and  capacity,  when  pro- 
perly proportioned,  act  as  a  .shunt  of  infinite  resistance.  For  fre- 
quencies much  below  this  it  is  as  if  we  had  no  condenser  at  all.  For 
lrH(pipncies  much  above  this  it  is  as  if  we  had  no  inductance,  but 
only  a  conden.ser. 

To  reduce  still  further  the  harmful  effect  of  pliase  disjdacement 
series  inductances  have  lately  been  introduced  at  the  ends  of  ealjles. 
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particularly  at  the  sending  end.  By  placing  an  inductive  coil  of 
low  resistance  in  .series  with  the  batterj',  at  the  apex  of  the  duplex 
bridge,  not  only  has  the  speed  of  signalling  been  increased,  but  the 
effect  of  what  is  known  as  "  jar  "  on  the  duplex  balance  has  also 
been  greatly  reduced. 

Before  proceeding  to  describe  the  instruments  that  work  the  cables, 
f  will  say  a  few  ^vords  about  "  duplexing."  X\\  cables  are  now 
duplexed — that  is  to  say,  are  arranged  so  tliat  messages  can  be  sent 
and  received  at  the  same  time  at  each  end  simultaneously.  The 
first  cables  were  duplexed  by  Stearns,  and  later  ones  by  .Muirhead 
and  Taylor.  Duplex  reduces  the  sjiecd  of  simplex,  or  of  working 
one  way  only,  by  some  20  per  cent.,  but  the  total  carrying  power 
of  the  cable,  irrespective  of  direction,  is  raised  by  some  70  per  cent., 
and  duplex  is  for  this  reason  valuable,  and  repa>s  the  trouble  in 
maintaining  the  balance.  Cables  are  duplexed  by  arranging  an 
artificial  or  imitation  cable,  which  is  an  exact  electrical  copy  of  the 
real,  in  ])arallel  with  the  actual  cable.  The  current  from  the  sending 
battery  Hows  through  two  e(iual  arms  of  capacity,  or  inductance,  of 
a  Wheatstone  bridge  arrangement,  and  into  the  real  and  artificial 
cables.  T'he  inductive  or  magnetic  bridge  is  the  best  to  employ, 
because  it  gives,  in  practice,  higher  s|ieeds  than  any  other  form  of 
bridge.  The  receiving  instrument  is  joined  to  the  commencement  of 
the  cables,  and  is  thus  not  interfered  with  by  the  .sending  currtMits, 
becau.se  there  is  nt)  tendency  for  the  current  to  (low  one  way  or  the 
other,  the  real  and  artificial  cables  having  exactly  the  same  electrical 
properties  and  acting  on  the  sending  cmrent  in  the  same  way.  B\it 
the  current  that  is  received  flows  only  from  the  real  cable,  and  is  not 
balanced  by  any  from  the  artificial,  so  that  the  receiving  instrument 
is  worked  by  it. 

\\'hen  duplex  is  properly  adjusted  it  is  said  to  be  in  balance,  from 
its  similarity  to  the  adjustment  of  an  ordinary  balance  usixl  for 
weighing  goods.  Take  the  ordinary  balance  as  an  illustration  of  the 
electrical  one.  Let  one  scale  pan  reiiresent  the  cable,  the  other  the 
artificial.  If  eipial  weights  are  placed  in  each  pan  the  beam  will  not 
turn,  but  the  beam  will  turn  if.  while  equal  weights  are  or  are  not  in 
the  pan,  a  small  weight  is  added  or  placed  on  one  pan. 
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In  the  cuble  "duplex"'  the  receiving  instrument  will  not  be 
affected  by  the  sendini;  current,  because  the  voltaire  is  always  the 
same  on  each  side  of  the  instrument,  but  will  turn  to  indicate  a  signal 
when  a  voltage  is  received  or  is  added  to  or  subtracted  from  the 
voltage  already  on  the  cable  side,  due  to  a  voltage  being  applied  to 
the  cable  at  the  far  end. 

In  Fig.  6  is  shown  the  simplest  diagram  of  a  cable  "  duplex."  and 
Fig.  7  illustrates  its  mechanioal  equivalent.  The  lettering  is  similarly 
related. 

RR  are  the  two  resistances,  or  the  arms  of  the  balance. 

S  is  the  rec:'iver  or  indicator,  which  shows  a  difference  of  voltage 

or  weight. 
B  is  the  battery  voltage,  or  weights  in  the  pan. 
C  and  AL  are  cable  and  artificial  line  respectively,  or  the  two  pans 
of  the  balance. 
If  the  battery  R  sends  e<{ual  currents  into  cable  and  artificial  line, 
as  it  should  do  if  there  is  a  perfect  balance,  no  current  will  flow 
through  S.  and  thus  the  receiver  S  is  unaffected  by  the  sending 
voltage.  Or  if  the  pans  of  the  balance  have  equal  weights  (B)  ))laced 
on  them,  the  indicator  S  will  not  move.  On  the  contrary,  if  a  voltage 
is  received  from  the  cable  C.  this  voltage  is  added  to  or  subtracted 
from  whatever  voltage  may  be  in  C  at  the  time, due  to  the  sending 
battery,  and  thus  there  will  be  a  difference  of  potential  across  S. 
and  the  receiving  instrument  will  be  worked  from  currents  sent  from 
the  far  end  of  the  cable  and  from  these  currents  only.  In  the  meclia- 
nical  analogy  a  small  weight.  W.  is  added  to  or  taken  from  one  of  two 
equal  weights  in  the  j)ans  C  and  .\L.  and  the  beam  will  be  tilted  and 
will  bs  moved  by  this  weight  only,  liowever  the  weights  BB  are 
varied. 

The  voltage  of  the  battery,  as  aitplied  tu  the  sending  end  of  a  cable, 
is  very  much  greater  than  that  received  from  the  cable  to  work  the 
instrument,  say.  in  the  relation  of  40  volts  to  .i\,  volt  in  the  case 
of  a  moderately  long  cable,  or  as  SOO  is  to  1,  and  the  sending  and 
rccaived  currents  resulting  from  the  same  follow  a  similar  propor- 
tion. In  the  mechanical  illustration  1  have,  therefore,  indicated  the 
weights  B  and  W  as  squares  having  areas  of  this  proportion  to  give  a 
visual  indication  of  what  this  means  in  the  balance.  The  proportion 
I  have  given  is  only  the  relation  of  the  sending  voltage  to  that  re- 
ceived. If  the  balance  were  out  to  this  proportion,  I  he  sending 
voltage  would  affect  the  receiver  with  disturbances  equal  in  size  to 
those  due  to  the  receiving  voltage  ;  the  duplex  would  then  be  very 
badly  indeed  out  of  balance.  To  receive  properly  the  sending 
voltage  must  produce  no  movement  of  the  receiver  whatever — that 


is  to  say,  any  disturbance  due  to  this  cause  must  certainly  be  under 
one-tenth  of  that  due  to  the  arrival  current. 

Taking  the  figures  1  liave  given,  we  see  tliat  the  balance  must  be 
obtained  and  maintained. so  tliat.  ajiplying  40  volts  to  the  cable  and 
artificial  line,  the  two  currents  dividing  must  not  vary  more  than 
w  hat  w  ill  produce  uin volt— that  is.  must  be  l>alanced  to  an  accuracy 
of  S.tMX)  to  I. 

If.  after  tlie  duplex  has  been  established,  the  artificial  varies  in  its 
electrical  i)roperties  as  much  as  one. eight  thousandth  of  its  value,  the 
balance  would  require  adjustment  so  as  to  keep  it  useful  for  receiving. 
The  sensitiveness  under  these  conditions  may  be  considered  as 
equivalent  to  the  sensitiveness  of  an 
ordinary  metal  balance  that  with  8 
gramraes  in  eaeli  pan  must  turn  accu- 
rately witli  1  milliaramme. 


It  is  now  found  neces.sary  to  maintain  still  more  perfect  balances 
for  my  new  method  of  "  high-speed  working  of  cables."  In  fact,  a 
balance  that  must  be  maintained  to  within  the  proportion  of  72,000 
to  1.  To  do  this  the  very  greatest  care  has  to  be  directed  to  ques- 
tions of  insulation  and  temperature  correction,  and  special  ap- 
pliances are  supplied  to  obtain  this  high  degree  of  accuracy.  In 
fact,  the  future  of  "  high  speed  workins;  of  cables  "  is  locked  up  very 
much  with  this  question  of  more  delicate  and  accurate  balances, 
for  if  still  more  perfect  balances  could  be  obtained  still  higher  work- 
ing speeds  of  cables  would  immediately  be  possible, 

(To  lir  rontinn':d.) 
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In  the  alternating-current  di.stribution  from  sub-stations  to  con- 
sumers the  Commonwealth  Kdison  Company  meets  all  kinds  of  con- 
ditions, from  those  of  a  large  city  to  tliose  of  the  smallest  town.  The 
general  j)raetice  is  to  use  ime  lighting  transformer  for  each  060  ft. 
block.  In  most  of  the  territory  an  interconnected  secondary  net- 
work, fed  by  a  number  of  transformers,  is  impracticable,  beeau.se  of 
local  conditions.  To  interconnect  the  secondaries  from  one  block 
to  another  would  require  about  2.5  per  cent,  inerea.se  in  copper,  and 
it  is  not  considered  that  the  advantages  in  the  majority  of  cases 
would  justify  this  expcn.se.  There  are.  however,  a  few  places  where 
secondaries  are  interconnected  and  fed  by  several  transformers. 
In  such  ca-ses  there  are  placed  in  the  secondaries  midway  between 
transformers  fuses  which  will  blow  and  isolate  any  transformer  in 
case  of  trouble.  These  fuses  are  common  open-link  fuses  mounted 
on  a  slate  block  placed  in  a  wooden  box.  The  fuses  are  rated  at 
about  one-half  the  output  of  the  neighbouring  transformers. 

The  great  majority  of  the  pole  lines  are  run  in  alleys,  and.  in  .some 
cases  where  there  are  no  alley.s.  along  rear  projierty  lines  by  permis- 
sion of  the  owners.  Poles  are  generally  [ilaeed  12.')  ft.  apart.  The 
transformer  ratio  is  such  that  1 1 ."i  and  2.30  volts  pressure  on  three- wire 
S3'stem3  is  delivered  on  the  .secondary  with  2.080  volts  i)ressure 
across  the  primary.  The  neutral  wire  of  all  secondary  lighting  cir- 
cuits is  earthed,  and  one  point  of  each  three-phase  motor  circuit 
is  earthed. 

The  earthing  of  transformers  and  lightning  arresters  is  aceom- 
pRshed  by  driving  a  i  in.  galvani.sed  iron  i)ipe  10  ft.  into  the  ground. 
A  pipe  cap  is  placed  over  the  end  of  the  pipe  before  it  is  driven,  this 
cap  performing  the  double  function  of  protecting  the  end  of  the  jjipe 
during  driving  and  making  the  electrical  connection  between  the 
end  of  the  pipe  and  the  earth  wire.     The  earth  wires  are  of  No.  6  or 


No.  4  copper,  and  they  are  ])rotected  in  moulding  partly  for  mech-.ni- 
cal  reasons  and  partly  to  avoid  shocks  to  persons  who  may  come  in 
contact  with  them,  should  the  earth  connection  be  accidentally 
broken. 

Where  the  .,rc-lamp  load  on  the  secondary  becomes  larger  than  the 
incandescent  load,  a  separate  arc-lamp  transformer  and  secondary 
service  main  are  installed,  unless  there  are  less  than  five  arc  lamps. 
This  method  is  used  because  of  the  voltage  drop  in  .secondaries  and 
transformers  caused  by  arc-lamp  load. 

Motors  are  also  placed  on  eparatc  transformers  from  the  slighting 
load,  except  where  the  motor  load  is  a  very  small  fraction  of  the  lamp 
load  on  a  transformer.  Motors  rated  at  ry  H.r.  or  less  arc  required 
to  be  single  i)hase,  as  the  company  will  not  go  to  the  expense  of  in- 
stalling three-phase  service  with  two  transformers  for  such  small 
motors.  The  company  will  sujiply  energy  to  any  single-phase  motor 
in  which  the  starting  current  is  not  over  three  times  the  full-load 
running  current.  The  same  restriction  is  made  on  three-phose 
motors. 

In  residential  districts  transformer  rating  equal  to  15  to  20  per 
cent,  of  the  connected  load  is  installed.  The  higher  ratio  applies  to 
secondaries  supjilying  energy  to  a  large  number  of  small  consunu^rs. 
The  transformer  rating  used  in  determining  these  transformer  ratios 
is  based  on  an  eight-htmr  full  load.  It  is  considered  that  trans- 
formers can  operate  with  entire  safety  at  from  25  to  .33  per  cent, 
overload  for  one  or  two  hours  per  night.  In  manufacturing  and 
mercantile  districts  the  transformers  installed  are  rated  at  75  per 
cent,  of  the  connected  load.  The  transformer  rating  on  motor  in- 
stallations of  over  25  H.P.  is  usually  50  per  cent,  of  the  connected  load. 
On  installations  of  from  100  H.P.  to  300  h.p.  it  is  70  to  80  per  cent.  , 
of  the  connected  load.  ', 
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Transformers  haviiifi  a  total  rating  of  .'{8,f)(IO  kw.  arc  connected 
to  the  60  cycle  distributins;  system.  The  connected  alternating- 
current  load  totalled  last  year  71,000  kw.,  of  which  .50,000  kw.  was  for 
incandescent  lamps,  2,500  kw.  for  arc  lamps  and  18,500  kw.  for 
motors.  The  average  transformer  rating  was,  therefore,  53-5  per 
opnt.  of  the  connected  load  for  all  classes  of  business. 

The  same  kind  of  transformers  are  used  for  lamps  and  motors, 
the  only  difference  being  in  the  method  of  connecting  the  secondaries. 
Tlic  smallest  tran.sformer  used  is  rated  at  1  kw.  No  trnnsformers 
larger  than  r>it  kw.  are  used.  If  more  output  is  needed  than  this. 
additional  transformers  are  installed.  Tlie  reason  for  this  limit  is 
partly  tlie  unwieldiness  of  large  transformers,  but  mainly  the  fact 
that  there  are  so  few  places  where  transformers  of  over  50  kw.  are 
needed  that  it  is  not  thought  wise  to  keep  the  larger  sizes  in  stock. 
The  oil  is  replenished  in  transformer  ca.ses  yearly. 

Transformers  for  three-phase  motors  are  joined  with  their  primaries 
in  Y  connection  between  the  neutral  and  outside  « ires  of  the  circuit. 
This  connection  impresses  the  regular  2,080  volt  primary  E.M.F. 
upon  them  and  gives  a  secondary  E.M.F.  of  230  volts.  The  230  volt 
secondaries  are  connected  in  "  delta  "  for  the  motors.  The  middle 
point  of  one  of  these  delta-connected  secondaries  is  earthed. 

Fig.  13  illustrates  the  method  by  which  new  territory  having  both 
motor  and  lamp  loads  is  built  up.  From  a  sub-station  located,  for 
example,  at  A,  four  wires  are  run  to  a  distributing  centre  at  B.  From 
-this  centre  single-pha.se  lighting  feeders  branch  off  in  three  directions. 
These  feeders  use  the  common  neutral  from  the  substati<in  at  A  to  B. 
Aside  from  this,  each  of  these  feeders  is  indeiiendent  of  the  others, 
voltage  regulation  being  inserted  in  each  feeder  at  the  sub-station  to 
maintain  the  proper  voltage  at  feeder  ends.  If  there  is  a  demand 
for  motor  service  along  any  one  of  these  single-phase  feeders,  as,  for 
example,  at  C,  an  additional  wire  is  connected  to  the  other  phases  at 
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the  distributing  centre  B,  as  indicated  by  the  dotted  line.  These 
wires  are  of  smaller  diameter  than  the  single-phase  lighting  feeder. 
If  larger  loads  develop  two  more  phase  wires  are  put  in  for  motors,  as 
at  D.  The  neutral  and  single-phase  lighting  feeders  already  up  are 
used  for  one  phase  of  the  motor  circuit  and  the  two  additional  smaller 
wires  furnish  the  other  two-i)has:'  leads.  This  arrangement  utilises 
one  of  the  great  advantages  of  the  three-jihase  four-wire  system  for 
this  miscellaneous  class  of  work.  Each  single-phase  lighting  feeder 
can  be  regulated  imlri)cndcntly  as  to  voltage  for  lighting  purpo.ses, 
and  at  the  same  time  used  to  supply  energy  to  one  leg  of  the  three- 
phase  motor  circuit.  All  of  the  2,080  volt  distribution  system  is 
laid  out  on  the  principle  indicated  in  Fig.  13. 

About  one-half  of  the  main  feeders  are  laid  undergrotmd.  Jlost 
of  the  mains  are  erected  overhead  in  alleys.  In  fact,  about  Ot)  jicr 
C2nt.  of  the  overhead  work  is  located  in  alleys.  The  feeders  average 
about  U  miles  in  length,  the  slioit  h-ngth  being  due  to  the  frequent 
location  of  suli-statinns,  local  conditions,  lathcr  than  reasons  of 
electrical  distribution  having  rn|uircd  the  placing  of  sub-stations  at 
such  intervals.  In  a  few  cases  where  alleys  have  not  been  available, 
and  underground  work  was  neces.sary,  transformers  have  been  used 
in  manholes.  This  construction  is  avoided  as  much  as  possible, 
however. 

All  primary  mains  are  connected  according  to  the  "  tree  "  method, 
and  there  ate  no  closed  loops,  because  in  most  cases  there  is  little 
advantage  to  be  gained  by  such  loops  ;  moreover,  they  are  likely  to 
cause  accidents  to  linesmen  who  think  that  a  line  is  dead  when  it  has 
been  opened  at  one  place,  but  is  being  fed  with  energy  from  the  other 
end.  No  fuses  are  jilaced  at  branches  except  in  a  few  places  where 
there  is  a  current  of  only  10  to  15  amjieres.     Large  fuses  on  poles 


have  been  found  unreliable.  Disconnecting  I)oxes,  however,  are 
provided  at  branches,  so  that  a  branch  circuit  can  be  disconnected 
for  repairs. 

When  passing  from  overhead  to  underground  circuits,  the  lead- 
covered  underground  cables  are  brought  up  the  pole  in  iron  pijic  and 
terminate  in  porcelain  potheads.  these  p<,lheads  als*.  servine  as  dis- 
connecting .switches.  The  shell  of  the  pothcad,  which  is  of  i)orce- 
ain.  is  pkced  over  the  end  of  the  cable  and  poured  full  of  "  Mineral- 
lac  "  compound.  Tlic  overhead  line  tcrminat<s  in  a  bra««  plug  with 
a  porcelain  cap,  which  slip.s  over  the  pothcad.  The  insulators  for 
the  primary  wires  are  of  common  double-pctticoated  gla«s.  Light- 
ning arresters  are  placed  about  L.'jOO  ft.  ai)art.  Three  kinds  are  in 
use — old  and  new  style  General  Electric  and  Garton-Daniels.  All 
arc  placed  in  wooden  boxes.  Figs.  14  and  15  show  typical  trans- 
former installations  at  large  motor  cu.stomcrs  in  manufacturing 
districts. 

OrERATION    OF   THE    SySTE.M. 

The  routine  and  emergency  operation  of  a  large  electrical  dis- 
tributing system  with  enormous  rotary-converter  and  motor-gene- 
rator sub-stations  connected  to  generating  stations  of  enormous  out- 
put, presents  ojjerating  ])roblemB  entirely  unknown  in  smaller 
systems.  When  the  9.000  vcjlt  25  cycle  transmission  system  began 
to  assume  large  proportions,  the  necessity  of  having  all  switching 
operations  pertaining  to  that  system  under  supervision  from  a  central 
office  became  apparent.  The  generating  plants  supply  energy  to  the 
sub-stations  through  9.000  volt  transmission  lines  running  directly 
from  the  generating  plant  to  the  sub-station.  To  supplement  these 
lines  there  are  also  ^7ome  tic  lines  ci  nneeting  the  sub-stations  for 
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emergency  use.  The  necessity  for  central  supervision  is  further 
emphasised  by  the  fact  that  in  normal  operation  two  separate  elec- 
trical systems  are  maintained,  part  of  the  generators  used  feeding 
energy  into  "  A  "  system  and  jiart  into  "  B  "'  system.  These  sys- 
tems are,  of  course,  not  operated  in  jiarallel,  but  their  separate  fre- 
qtiencies  are  maintained  so  nearly  the  same  that  they  can  easily  te 
joined  in  parallel  at  any  time  on  short  notice.  However,  with  'lus 
bars  in  the  same  sub-station  receiving  energy  from  separate  sources 
the  chances  for  throwing  these  two  systems  together  when  not  desired 
would  be  great  if  the  sub-station  operators  were  allowetl  to  in-rforni 
the  high-tension  switching  without  central  suiKTvision.  .-Vll  com- 
panies having  such  large  .systems  maintain  a  eetilral  supervision  of 
this  kind,  called  by  various  names.  The  term  "'  load  dispatcher  " 
(l'"ig.  1(1)  was  .selected  l)y  this  company  as  indicating  thi-  responsi- 
bility of  the  man  who  has  charge  of  the  electrical  operation  of  the 
system,  this  responsibility  corresponding  to  that  of  the  train  dis- 
patcher on  a  railroad,  without  whose  authority  no  trains  can  move. 

In  a  quiet  room  at  tin-  co:ui>any's  headquarters,  there  will  always 
be  found  on  duty  ime,  two  or  three  loatl  dispatchers,  the  num- 
ber being  varied  according  to  the  time  of  day.  From  this  rooni 
direct  telephone  communication  can  be  had  with  all  of  the  gunerating 
and  sub-stations.  Occupying  the  side  wall  is  a  large  diagram  of  the 
25  cycle  9,000  volt  tiaiismission  .system.  This  diagram  shows  all 
(he  tiansmi-ssiiinliiies.  high-tension  oil  switches  and  station  'bus  bars 
conneetcd  with  the  systein.  and  is  placed  (here  for  the  usi-  of  the  dis- 
|iatchcrs  in  keeping  a  record  of  swKehing  operations.  On  this 
diagram  switches  are  indicated  by  holes  for  pegs.  When  a  switch 
is  chwed  a  peg  is  inserted  in  (he  hole.  Copper-coloured  plugs  arc 
used  on  (lie  "  A  "  svstem  and  green  ]ilugs  on  the  "  B  "  system.     In 
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most  cases  the  absence  of  a  peg  from  a  hole  indicates  that  the  switch 
is  open,  but  in  order  to  remind  tlio  load  dispatcher  of  danger  jioints. 
red  pegs  are  used  where  the  closing  of  a  switch  would  connect  the 
A  and  B  systems  together.  The  red  pegs  serve  a.s  warnings  to  the 
dispatcher  not  to  order  any  of  those  switches  closed.  White  pegs  are 
also  used  as  warnings  in  connection  with  certain  "bus  bar.s  in  the 
Fisk-street  station  which  operate  motor-driven  exciter  vmits.  in  order 
that  the  supply  of  current  may  not  accidentally  be  cut  off  from  tliese 
exciter  motors  without  ])revlous  provision  for  exciting  current. 

In  general,  the  load  disj)atcher  gives  orders  for  the  opening  and 
closing  of  all  switches  in  the  9.000  25  cycle  system,  but  there  arc 
some  important  exceptions  t-o  this  rule.  For  example,  in  case  a  sub- 
station which  is  supplied  with  energy  over  two  transmission  lines 
has  the  circuits  suddenly  opened,  tlie  substation  operator  will 
immediately  synchrt>nise  and  connect  I  he  converters  to  the  oilier 
line  if  he  is  able  to  obtain  energy  over  it.  To  provide  for  such 
emergencies,  all  lines  to  a  sub-station  are  normally  kept  "  alive  "  up 
to  the  switch  connecting  the  transmission  line  to  the  sub-station 
'bus  bars. 

In  case  of  a  short-circuit  on  the  system  causing  the  rotary  con- 
verters supplying  energy  to  the  down-town  direct-current  network 
to  be  thrown  out  of  step,  and  consequently  disconnected  from  the 
25  cycle  system  tlirough  the  opening  of  overload  switches,  the  emer- 
gency storage  batteries  immediately  discharge  into  tlie  system,  as 
they  are  kept  floating  on  ;he  line.  Battery  attendaiits  have  orders 
immediately  to  connect  in  enough  end  cells  to  hold  the  E.M.F.  on 
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the  system  as  near  normal  as  possible.  The  liatliriis  may  be  dis- 
charged up  to  as  high  as  three  times  the  regular  one-hour  rale.  The 
rotary  converters  are  run  up  to  synchronising  speed  from  the  direct- 
current  end  and  again  connected  to  the  system.  In  the  alternating- 
current  sub-stations,  of  course,  no  such  reserve  exists. 

The  sub-station  operator  is  instructed  to  get  the  machinery  into 
o|>eration  from  any  remaining  good  line  as  quickly  as  possible  with- 
out calling  the  load  dispatcher,  and  notify  tlic  dispatcher  afterward. 
An  operator  noting  some  disturbance  not  serious  enough  to  throw 
the  machines  out  of  step  must  not  call  the  dis])atcher  until  hve 
minutes  have  elapsed,  because  if  all  sub-.station  operators  were  to 
call  the  dispatcher  at  each  time  of  slight  disturbance  confusion  would 
result.  The  Fisk-street  station  operatf)r  in  tlie  ordinary  routine  of 
connecting  and  disconnecting  units  to  confnmi  lo  tin-  load,  is  allnwcd 
to  connect  units  to  the  'bus  bars  and  notify  (lie  dis])atc]icr  subse- 
quently. In  ca.se  of  a  disturbance  on  either  the  "  A  "  or  "  H  "'  sys- 
tems, one  of  the  first  jirocedures  of  the  operator  at  the  Fisk-street 
station  is  to  [larallel  the  two  systems,  so  that  the  undisturbed  system 
may  help  out  the  one  in  trouble. 

The  large  diagram  on  the  wall  in  the  dispatchers'  office  indicat<s 
merely  the  25  cycle  'bus  bars,  .switches  and  lines.  There  arc  lic(  ween 
500  and  (KK)  oil  switches  on  this  sy.stem.  The  elementary  bus  bar 
diagrams  of  the  various  sub-stations  arc  kept  In  the  form  i>[  diawings 
under  a  glass  plate  on  the  dis])atclier"s  desk,  where  it  is  in  plain  sight 
as  he  answers  the  telephone.  The  telephone  switchboard  which 
gives  the  dispatcher  communication  with  the  entire  system  is  divided 
so  that  two  dispatchers  can  work  at  once.  The  K..M.F.  at  two'sub- 
stations  is  indicated  by  voltmeters  in  front  of  the  dispatchers,  one 


of  these  substations  being  on  the  "  A  "  system  and  the  other  on  the 
"  B  "  system.  Two  voltmeters  also  show  the  feeder  E.M.F.  at  two 
points  in  the  dt)wn-town  direct -current  network.  The  dispatchers 
also  have  in  convenient  reach  complete  necc.s,sary  data  on  routes  of 
feeders,  feeder  tunnels,  &e. 

-Mthough  the  street  and  elevated  railway  .substations  are  not 
owned  by  the  Cominonwealth  Kdison  Company,  their  operators  are 
subject  to  orders  of  the  load  dispatcher  as  far  as  high-tension  .switch- 
ing Is  concerned.  There  are  In  all  41  substations  under  the  dis- 
patcher's orders.  To  prevent  misunderstandings,  all  orders  are  re- 
peated back  to  the  dispatcher  after  being  recehed.  .\n  order  from 
the  dispatcher  Is  required  before  any  alteration  or  construction  work 
is  done  around  stations. 

During  the  ]ieak  load  three  dispatcliers  are  on  duty.  .\t  all  other 
lioiirs  two  are  on  duty,  except  after  midniglit  until  morning,  when 
cine  (jf  tlie.se  two  is  allowed  to  sleep  in  tlie  building,  where  lie  Is  within 
immediate  call  of  the  one  on  duty.  The  dispatchers  work  in  three 
shifts,  a  total  of  five  dispatcliers  being  required.  Each  dispatcher 
is  off  regular  duty  two  days  out  of  every  eight.  One  of  these  daj-s  is 
for  rest  and  recreation,  the  other  day  is  for  visiting  stations  and  sub- 
stations, getting  acquainted  with  conditions  in  each  sub-station  and 
becoming  familiar  with  the  men  and  methods  of  o])eratlon.  Load 
dispatchers  are  ])romoted  from  the  ranks  of  chief  sub-station  opera- 
tors, and  so  have  had  a  very  complete  ojierating  experience. 

Sub-station  Djierators  are  very  carefully  picked  and  trained,  the 
training  and  discipline  of  these  men  having  reached  a  high  stale  of 
perfection.  Of  the  applicants  for  the  position  of  operator  only  about 
5  jier  cent,  have  qualifications  which  cause  them  to  be  considered. 
.\n  ajiplicant.  to  be  considered,  must  have  at  least  a  liigh-schoot 
( ihieatlon.  and.  In  addition,  must  have  completed  either  correspon- 
(Icnoe  sehiKil  work  or  taken  evening  courses  in  electricity.     Wry  few 
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experienced  sub-station  operators  apply  lor  positions.  Tlic  coni- 
pany  has  to  train  most  of  its  operators  from  the  beginning.  In  the 
."5.'?  sub-stations  belonging  to  the  company  about  1.50  men  are  em- 
ployed, of  which  80  are  certified  opeiators  who  are  In  responsible 
charge. 

The  comjiany  maintains  under  .separate  management  three  dc- 
jiartments  for  testing.  The  meter  department  sets,  removes  and 
tests  consumers'  meters.  For  the  regular  testing  and  calibrating 
of  the  hundreds  of  switchboard  instruments  and  watt-liour  meters  a 
separate  department  is  maintained  in  connection  willi  tlie  company's 
laboratories.  The  laboratories  constitute  a  department  of  engineer- 
ing testing  for  the  jiurposc  of  carrying  on  electrical  and  jihotometric 
tests  of  various  kinds  on  matters  upon  which  (he  eiimpany  needs 
information.  The  freipiency  of  test  of  consumers'  meters  Is  .some- 
what in  pro])ortlon  to  the  size  of  the  meter  and  the  amount  of  money 
Involved  in  the  monthly  bill.  The  classilieatlon  adopted  for  com- 
mutator meters  was  as  follows:  Atiiiual  tests  for  nuters  of  from 
5  to  10  ampere  rating.  iSeml-annual  tests  for  meters  of  from  15  to 
50  ampere  rating.  (Quarterly  tests  for  meters  of  75  ampere  rating 
and  above,  induction  meters  on  alternating  circuits,  it  Is  found,  can 
safely  be  allowed  to  run  much  longer  without  test.  Single-phase 
meters  rated  at  .50  amjiercs  or  less  are  allowed  to  run  from  one  to  two 
years  between  tests.  Those  rated  at  over  5t)  amperes  and  poly[)hase 
meters  are  tested  every  six  months. 

The  load  factor  of  the  entire  .syst<'m  has  been  steadily  increasing, 
and  for  the  year  ended  June,  1907,  was  39-6  jjcr  cent.,  as  compared 
with  .■!5  (5  per  cent,  in  1900  and  ."53  per  cent.  In  190.5. 
(  To  he  concluded.) 
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ELECTRICAL  EQUIPMENT 

Introdiiction. 

The  condition  of  technical  education  in  Bristol  lias  become 
more  interesting  quite  recently  owinp;  to  the  fact  that  His 
Majesty  the  Kinfi  has  just  granted  a  charter  for  the  foundiiif; 
of  a  new  University  in  that  city.  The  institution  which  up  to 
the  present  has  taken  upon  its  shoulders  the  burden  of  tech- 
nically educating  the  young  people  in  the  neighbourhood  of 
Bristol  is  the  Merchant  Venturers'  Technical  College;  and  the 
progress  of  this  institution  has  been  by  no  means  uneventful. 
It  was  founded  in  18.50,  and  taken  over  in  188.5  by  the  Society 
of  Merchant  Venturers,  a  guild  of  old-establi.shed  date,  which 
was,  perhaps,  most  active  at  the  time  when  John  Cabot  set 
forth  from  the  Avon  to  discover  .\merica.  In  parentheses,  it 
may  be  remarked  that  in  the  West  of  England,  and  in  Bristol 
especially,  this  adventurer  is  given  the  credit  for  work  which 
in  other,  and  perhaps  less  enlightened,  portions  of  the  globe 
is  usually  ascribed  to  Christopher  Columbus. 

The  Merchant  Venturers'  Technical  College  was  founded,  as 
mentioned  above,  to  provide  a  scientific,  commercial  and 
technical  education  for  the  youth  of  Bristol.  A  building  was 
erected  in  Unity-street,  and  there  the  work  of  the  college  was 
carried  on  for  some  years.  In  fact,  the  various  operations 
pursued  the  even  tenor  of  their  way — although  we  may  sup- 
pose some  progress  was  made  to  keep  step  with  the  times — 
until  October  9,  1906,  when  the  building  was  practically 
destroyed  by  fire. 

After  the  siege  of  Paris  in  1870,  Haussmann  was  deputed  to 
rebuild  those  parts  of  the  city  which  had  been  destroyed  either 
by  external  or  internal  enemies.  The  result  is,  as  is  well 
known,  the  beautiful  Paris  of  to-day  :  and  there  can  be  no 
doubt  that  the  bombardment  by  the  Prussians  and  the 
vagaries  of  the  Communists  proved  in  many  ways  a  blessing. 
The  same  result  may  be  said  to  apply  to  technical  col- 
leges. For  many  of  our  older  institutions,  among  which 
may  be  included  the  Merchant  Venturers'  Technical  College, 
were  no  douI)t  eipiipped  in  accordance  with  what  was  best 
hi  technical  apparatus  at  the  time  of  erection,  yet  the  fact 
remains  that  after  a  very  few  years  engineering  equipment  is 
apt  to  become  out  of  date,  and,  were  it  not  for  economical 
reasons,  a  wholesale  destruction  would  be  by  no  means  the 
wor.st  way  out  of  the  difficulty,  as  often  such  a]>paratus  is 
more  a  hindrance  than  a  help  from  the  teaching  point  of  view. 
The  fire  at  the  College,  therefore,  made  the  erection  of  a  new 
Iniilding  equipped  with  more  modern  apparatus  possible,  and 
we  shall  hope  to  show  in  what  follows  that  the  work  has  been 
done  quite  satisfactorily  and  in  a  Wholly  modern  way.  .'Un- 
fortunately, a  number  of  niaiiusci,ipts  were  destroyed  iii  the 
(ire,  and  their  loss  was,  of  course,  irreparable.  A  great  part 
of  the  engineering  machinery,  including  some  of  a  fairly 
modern  type,  was,  however,"  untouched,  and  has  'beeii  trans- 
ferred to  the  new  building.  •    •    ■• 

Soon  after  the  fire  the  Bristol  Education  fomniittee  placed 
the  Castle  school  at  the  disposal  of  the  College  authorities,  and 
this  was  as  soon  as  possible  adapted  for  technical  work,  while 
the  engineering  workshop  and  the  electrical'enginecMs'  labora- 
tory were  temporarily  installed  in  the  Rosemary -street  branch 
which  at  that  time  contained  the  experiiiieiital  boiler,  engines 
and  dynamos. 

It  was  soon  decided  to  rebuild  the  College  on  (lie  same  site, 
and,  owing  to  the  fact  that  it  was  proposed  to  em])loy  its  en- 
gineering sections  for  the  work  of  the  Faculty  of  Engineering 
111  the  proposed  University  of  Bristol,  great  care  was  taken  in 
thr  design  of  the  various  buildings  and  laboratories.  The  work 
was  started  in  December.  1907.  and  is  now  practically  com- 
plete.    It  was  op.'ned  by  Lord  Reay  on  June  24th. 

Ll(!HTIi\a. 

The  College  is  lighted  by  electricity,  which  is  snp])lied  from 
the  mains  of  Bristol  Corporation,  the  supply  being  alternating 
current  and  on  the  three-wire  system  at  a  voltage  of  2  x  105. 


OF  THE  NEW  BUILDING. 

The  current  passes  through  a  threo-pole  quick-break  switch 
fuse,  which  is  placed  in  the  electrical  engineering  laboratory 
immediately  over  the  supply  authorities'  fuses  and  meters. 
Connection  is  then  made  by  a  three-core  armoured  cable  to 
the  main  switchboaid  in  the  adjacent  entrance  hall.  This 
switchboard  was  su])]ilied  by  Messrs.  Morris  &  Lister,  of 
Coventry,  and  is  illustrated  in  Fig.  1.  The  control  of  the  elec- 
tric lighting  is  vested  in  the  hands  of  the  profe,s.sor of  Electrical 
Engineering,  who  thus  is  able  to  give  the  iiistallatioii  an 
adequate  and  easy  supervision. 

The  main  switchboard  is  fitted  with  three-pole  linked 
switches  with  fuses  on  the  outer  poles  only.  For  lighting  pur- 
poses the  college  is  divided  into  si.x  circuits,  and  from  this 
board  are  also  supplied  three  other  circuits,  which  will  be  em- 
ployed for  experimental  purposes.     All  the  sub-raains  from 
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this  board  are  three  wire,  in  order  that  the  iialance  may  be  as 
good  as  possible.  Four-])ole  distributing  switehboanls  are 
placed  on  each  floor,  and  from  these  two-wire  circuits  supplying 
current  at  105  volts  are  taken  to  the  various  rooms  by  tubes 
laid  in  channels  sunk  in  the  floors.  The  larger  rooms  have 
their  lights  su])i)lied  from  two  or  more  circuit-s.  These  circuits 
are  .so  arranged- that  they  come  off- on  o])posite  sides  of  the 
three-wire  system,  so  that,  in  case  of  a  fuse  blowing,  it  is  ex- 
tremely unlikely  that  all  the  lights  will  be  simultaneously 
extinguished.  The  general  airangeinent  of  the  wiling  isas 
follows  :  The  distributors  from  the  fuse  boards  are,  as  men- 
tioned above,  carried  in  tubing  sunk  in  the  floor  of  the  i-ooius 
which  they  are  to  serve.  Channels  have  iieen  left  in  the  concrete 
Hoors  for  this  puri)ose.  and  tliese  are  covered  by  planks  screwed 
down  flush  with  the  wood  block  flooring.  .\t  suitable  places  these 
tubes  are  brought  up  ai)out  1  ft.  above  floor  level  and  run  into 
wood  casing.,so  that  ill  the  roomstheniselvestlie  wiring  is  effecteil 
in  casing  ;  and,  owing  to  the  structural  details  of  the  building, 
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=;urfaco  work  is  used  practically  throughout.  This  arraii<;e- 
nient  will,  doubtless,  be  of  interest  to  engineers  at  the  jiresent 
time,  and  there  is  no  doubt  that  in  this  particular  instance  it 
makes  an  excellent  job.  Great  care  has  been  taken  to  obtain 
good  joinery  work,  and  the  lay-out  of  the  casing  has  been  so 
arranged  that  a  certain  amount  of  ceiling  decoration  is  thus 
obtained,  with  quite  a  pleasing  effect.  Siemens  highest-grade 
wires  and  cables  have   been   used   throughout,   ami   Sinijili 
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HXIXG    Tl'BING. 

tubing  is  used  for  carrying  the  wires  through  the  various  floors. 
Metallic  filament  lamps  have  been  used  evervwliere.  about  (iUO 
being  employed  altogether.  Great  care  has  been  taken  su  to 
arrange  the  lamps,  which  are  suspended  at  a  greater  distance 
from  the  floor  than  is  usually  the  case,  that  direct  glare 
in  the  eyes  of  the  .students  is  avoided  when  they  glance  up  at 
the  blackboard  or  from  their  work.  A  jiersonal  test  of  these 
lighting  arrangenu>nts  showed   us  tlint   this  result  has  been 
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satisfactorily  obtained  ;  and  wlnli-  tiic  lightiii'.'  will,  we  think, 
be  quite  suflicient  for  all  purposes,  there  is  a  "quietness" 
about  it  which  is  too  uncommon  at  the  present  time. 

There  is  scarcely  any  need  in  this  article  to  deal  with  the 
lighting  installation  in  any  great  detail.  The  usual  difRculties 
have  been  met  with,  and  also  certain  unusual  pieces  of  work 
have  occurred  owing  to  the  girder  type  of  construction  which 
is  used  throughout  the  building  ;    but  these  have  been  satis- 


factorily overcome,  and  the  results  should  now  be  contemplated 
with  equanimity  by  all  conceriu"d.  An  example  of  how  one  of 
these  difficulties  has  been  overcome  is  shown  in  Kig.  2.  It 
illustrates  the  chemical  laboratory.  Here,  owing  to  the  top 
lights,  ordinary  arrangements  were  impossible,  so  that  the 
"  Simplex  "  was  run  acro.ss  from  wall  to  wall  and  supported  by 
special  ties. 

In  general,  the  lights  are  contiolled  from  switches  in  the 
room  itself,  which  are  placed  at  convenient  points  on  the  walls 
or  on  the  lecture  tables,  but  in  .some  of  the  laboratories  ceiling 
switches  with  li.inging  cords  are  fitted  near  to  the  lights  which 
'hey  control.  In  the  great  ha!!,  however,  owing  to  the  fact 
that  this  room  is  sometimes  used  for  popular  lectures,  where 
it  may  be  necessary  to  turn  out  the  lights  when  using  a  lan- 
tern, a  special  controllinsi  arrangement  has  been  adopted. 
The  main  lights  arc  supplied  from  a  distribution  board  of  their 
own,  which  is  controlled  by  a  solenoid  switch.  In  this  way 
the  lights  can  be  put  on  or  ofl  by  any  one  of  three  tumbler 
.witches  placed  at  two  points  on  the  platform  and  on  the 
:.illerv  lail  licside  the  lantern,  thus  allowing  all  the  litjhts  in  the 


hall  to  he  under  the  control  of  one  person  during  the  lecture.  A 
mineral  view  of  lighting  arrangements  in  this  hall  is  shown  in 
Fig.  3. 

Power. 

The  Bristol  Corporation  have  separate  circuits  throughout; 
the  city  for  the  supply  of  direct  current  lor  ])ower  and 
alternating  for  lighting  respectively,  the  pressure  in  the 
lin-mer  case  being  500  volts.  The  Corporation  fuses  and 
meters  for  this  su])ply  are  placed  in  special  brickwork 
lubicles  next  to  those  for  the  lighting  in  the  eh^ctrical  engi- 
neering laboratory.  Owing  to  the  fact  that  the  building  is 
intended  to  be  u.sed  for  educational  pur]ioses,  the  opportunity 
lias  been  taken  to  employ  a  rather  varied  collection  of  switches 
and  equi])ment  generally  for  controlling  the  various  circuits. 
HI  order  to  give  the  .students  an  idea  of  the  many  ways  in  which 
tlie  same  thing  can  be  done.  This  idea  has  been  followed  in 
<onstructing  the  power  switchboard  (Fig.  4),  which  is  fitted 
with  a  collection  ol  iron-clad  quick  break  switch  fuses,  and  is 
ti.\ed  on  the  wall  in  the  electrical  engineering  laboratory. 
These  switches  have  been  supplied  by  Messrs.  I'ariiiiter,  Hope 
&  Sugden,  Berry,  Skinner  &  Co.,  Electrical  &  ( lidiiance  Acces- 
sories, and  Engineering  Instruments. 

The  switches  arc  of  the  ironclad  type,  and  coniiectimis  between 
them  are  run  in  conduit,  which  is  screwed  into  all  the  iron 
cases,  thus  making  a  continuous  earthed  circuit.     P'rom  this 
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board  arc  su]ipliorl  the  power  circuits  in  theoiectriciil  cnjiinepr- 
ing  laboratory,  engineering  workshop,  niotoi-  cur  shop,  ii  vdraulic 
laboratory,  and  for  the  lift  motor  and  controlling  near  and  the 
photo-printing  apparatus  ;  the  lanterns  in  the  drawing  office 
and  the  engineering  lecture  room,  and  a  distribution  board  for 
supplying  fan.s  for  ventilating  the  chemical  department  are 
also  supplied  fi'om  this  board,    'i'hree  UhuKiiiiin  fans  of  54  in.. 


Flli.    5. SWITCII^FCSE    (OPEN). 

■48  in.  and  ^Ki  in.  diameter  respectively  are  also  supplied  from 
this  board,  and  are  used  for  the  general  ventilation  of  the 
building.  These  fans  are  started  and  controlled  from  a 
board  in  the  electrical  engineering  laboratorv,  ?n  that  tests  can 
easily  be  made  on  them  by  the  students.  In  the  workshops 
the  electric  drive  has  been  used  thioughout.  and  the  arrange- 
ments adopted  aie  those  which  are  now  becoming  standard. 
The  lift  is  of  the  Otis  type,  and  is  automatically  controlled 
by  means  of  thi  i  firm's  well-known  pusli-bnttoii  .irrangemcnt. 


All  the  gear  is  placed  above  the  lift  in  a  special  chamlier  at  tlie 
top  of  the  building.  From  the  above  description  it  will  be 
seen  that  there  is  a  good  deal  of  apparatus  for  the  students  to 
experiment  on  without  the  resources  of  the  laboratories  them- 
selves being  over-taxed,  or  even  used  at  all. 

As  mentioned  above,  a  number  of  the  power  fuseboards.  and 
also  some  new  spring-on  switch  fuses,  have  been  supplied  by 


Messrs.  Parmiter.  lIo])c  k  Sngden.  A  .special  feature  of  tlie.se 
spring-on  switch  fuses  is  tlieiy  quick  make  and  break,  and  thev 
arc  .supplied  with  a  special  locking  key.  so  that  they  can  be 
locked  either  in  the  "  on  "  or  "  of!  "  position.  This  piece  of 
apparatus  is  illustrated  in  Figs.  5  and  0. 

Telephoxk.s. 
A  VI  ly  <ijniplete  .system  of  telephones  has  been  installed 
thioughout  the  building,  so  that  effective  communication 
between  the  Principal,  staff  and  various  departments  is  en- 
sured. After  a  careful  consideration  of  the  vaiioti.s  .sv.stpms. 
Parsoiis-Sloper  secret  intercommunication  telephones  were 
chosen  for  use  in  the  college,  chieHy  owinu  to  the  fact  that 
conversation  can  tlierebv  br  cffcctid  bv  direct  calling,  without 


Fig.  7. — Standard  I'm  ii:i;\    1'ai;i.i:    Iki.ephone  for  Secret  Circuit 
Intercoms  CNU'ATION. 


'W^WW 


Fii;    s. — Standard  1'attkkn   W'ai.i.  Telephone  for  Secret  Circiit 

I  NTKRCO.MMCNKWTION. 

tlie  delay  of  passing  llirough  an  exchange.  At  the  same  time 
there  is.  it  is  claimed,  no  cross  talk  when  several  couples 
arc  speaking,  the  coiivei-sations  beiiis  .secret.  Ten  instru- 
ments have  been  provided  in  the  college,  each  fitted  with 
a  I'l-way  switch,  so  that  any  station  can  select  any  of  the 
nine  others.  Five  studs  are  at  present  kept  vacant  to  allow 
for    future    extensions.       The     instruments    are    connected 
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by  a  17-\vay  cable,  both  the  wall  and  table  type  beiim  fitted 
respectively,  according  to  the  room  in  which  thoy  are  used. 
The  designs  adopted  are  shown  in  the  accompanying  (iguies. 
A  feature  of  this  system  will  be  ;ip])re(i;iteil  by  busy  ))eople  : 
Immediately  on  ringing  up.  and  before  sjieaking  takes  place, 
the  calling  operator  knows  if  tlie  instrumint  is  rflreaily  en- 
gaged, if  the  attendant  at  that  instrument  is  al)sent/  and  the 
moment  the  latter  conies  to  the  telephone  to  speak.  This 
characteristic,  which  is  sai<i  to  be  peculiar  of  the  Parsons- 
Sloper  instruments,  rids  telephony  of  one  of  its  most  irritating 
features — that  is  wlien  a  reply  is  not  innnediately  received  of 
waiting  for  an  answer  and  not  knowing  the  renson  for  such  wait. 
Two  instruments  of  the  type  used  in  the  College  are  siiown 
in  Figs.  7  and  8. 

Time  Distrirttion. 
In  a  place  like  tlu'  Merchant  Venturers'  Technical  (_'ollei;e 
it  is  essential  that  the  correct  time  should  be  known  throughout 
the  building,  in  order  that  the  daily  ])rograniine  of  work  may 
be  carried  out  expeditiously  and  as  ])unctiia]ly  as  possible. 
The  time  of  the  institution  is  controlled  by  an  installation  of 
"  B.P."  electric  impulse  clocks,  which  are  entirely  automatic 
in  their  working  and  require  neither  winding  nor  individual 
attention.  The  installation  consists  of  a  time  transmitter,  or 
master  clock,  which  transmits  half-minute  impulses  to  a  series 
of  .socondarv  dials  installed  in  various  parts  of  the  building. 
There  are  32  clocks  in  all,  which  are  provided  with  dials  varying 
in  size  from  Sin.  to  21  in.  in  diameter.  One  of  the  12  i)i. 
clocks  is  provided  with  contacts  for  ringing  a  bell  at  regular 


Fill.  0. — 1'anki.  Ci.ui  k  in 
Ai.i.-Metai.  Case  for  dbop- 
riNo  into  kxistino  Panels. 


1m.:.  It).  — Waki.  Ci.ik  k  IN  AiKi 
WoiJDKN  Case. 


periods  for  signalling  intervals,  and  a  .special  movement  operates 
a  bell-ringing  arrangement  for  regulating  the  classes,  with  whicli 
we  .shall  deal  later  on.  An  arrangement  whereby  the  bells  ciin 
be  rung  every  10  minutes  to  give  the  signals  retjuired  for  engine 
trials  is  also  fitted  to  one  of  the  clocks.  In  some  cases  special 
clocks  have  been  designed,  due  of  these,  which  is  the  clock  in 
stalled  in  the  governor's  room,  is  shown  in  J'ig.  9.  Tliedonn' 
shaped  metal  back  is  damp  proof  and  protects  the  nioveincnl. 
This  clock  is  very  u.seful,  as  it  readily  fits  into  any  pattern  ul 
panellinsr  or  woodwork,  and  in  this  jiarticular  case  is  jilaecd  in 
an  ornamental  fumed  oak  wood  case  designed  by  *he  arclnfcct. 
It  has  a  silvered  dial  and  brass  bevel  of  ixjld  design,  the  liands 
and  dial  being  protected  by  a  bevelled  ))late  glass.  Fig.  Id 
illustrates  one  of  the  many  12  in.  clocks  installed  tliroughoiil 
the  building.  These  clocks  are  of  light  oak  and  match  the  siir 
rounding  woodwork.  A  specially  artistic  clock  has  been  di' 
signed  for  use  in  the  lecture  hall.  It  is  21  in.  in  diametei.  and 
is  of  iron  enamelled  dead  black,  with  raised  gilded  cliaiitcrs  and 
minutes,  the  hands  al.so  being  gilded.  'i'he  dial  used  is  the 
.same  as  was  on  the  clock  in  the  old  building,  and  has  been 
adapted  for  electric  working. 

The  complete  clock   installation  is  driven  by  the  accumu- 
lators installed  in   the   building  for   experimental   purposes, 


so  that  the  necessity  for  a  separate  battery  is  avoided.  E.xcess 
voltage  is  ab.sorbed  by  a  resistance  fitted  in  the  transmitter 
ease,  which  is  shown  in  Fig.  11.  In  this  instrument  the  move- 
inent  is  fitted  with  a  jewelled  escapement,  and  the  pendulum, 
which  beats  true  seconds,  is  compensated  for  changes  of  tem- 
perature, and  is  fitted  with  a  micromi'tci 
rating,  so  that  fine  adjustment  can  be  dIi 
tained.  This  transmitter  is  installed  under 
the  ])ro!'e.ssor\s  care  in  the  electrical  engineer- 
ing laboratory,  and  is  fitted  with  separate 
nuMcurial  seconds  contacts  for  occasional  de- 
monstration purposes  and  for  laboratory  use. 
The  case  is  fitted  with  glass  sides,  so  that  the 
working  arrangements  are  visible  to  the  stu- 
dents. The  vibrations  of  the  pendulum  an 
mainluiiu'd  solely  by  gravity,  the  function  ol 
the  electric  current  being  simply  to  lilt  tin 
giavity  lever  to  its  potential  position  aftn 
an  impulse  has  been  given  to  the  pendulum. 

This  arrangement  is  due  solely  to  th. 
patentees,  Messrs.  C!ent'&  Co.,  of  Leicester, 
who  supjilied  the  \vhole  of  the  clock  equip- 
ment in  the  college,  as  well  as  the  telepliDiiis 
di'scribod  above. 

lii  connection  with  the  time  distribution,  a 
machine  has  been  designed  by  Prof,  Robert- 
son for  ringing  the  college  time  signal  class 
bells  when  required.  It  cor.sistsof  two  drums 
one  of  which  is  driven  by  the  half-minute 
impulses  from  the  uiaster-clock,  and  which 
eoesonce  round  in  four  hours,  while  the  other 
makes  one  revolution  in  a  w  eek.  These  drums 
drive  special  rings,  in  which  are  cut  notches. 
The  effect  of  these  notches  is  to  make  clec- 
trieal  contacts  when  the  slider  ,  drops  into 
them.  The  first  drum  settles  by  the  position 
of  its  notches  at  which  minutes  duiuig  any 
lour  hours  the  bell  is  to  be  rung.  The  second 
drum,  whose  contacts  are  in  series  with  the 
lirst.  (letrrniines  the  intervals  of  four  hours  Seconds  Pendui,!™. 
(luring  which  that  programme  is  to  come 
into  play  throughout  the  week.  .\t  present  only  three  con- 
laets  on  each  drum  are  in  use,  one  each  for  nuirning,  afternoon 
and   .'\-eniiii;   bells.      In  order  to  cut  down  the  time  ol   rii'ging 


Fid.     II        !'■• 
Trans.mittkh 


l-'i.:.    IL'.      'I'iMi:    |)isTi;iiii  riHN    .Ma.himv 

to  less  than  the  .'in  sec(uids  duiing  which  the  drums  stand  still, 
a  third  contact  has  been  put  in  series  with  the  battery,  and  is 
worked  by  Gent's  "  Waiting  Train  "  movement.  This  arrange- 
ment is  shown  in  Fig.  12 

{To  be  concluded.) 
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LOW  TEMPEBATURE  EXPERIMENTS  IN 
MAGNETISM.' 

ny    G.    GRAY.    I'.SC.    AND    It.    "rlKIGIN^.    M.A. 

Summuri/. — A  description  is  here  given  of  ejcijerinients  carried  out  on 
steel  wire,  special  hard  steel  and  manganese  steel  by  alternate  cooling 
with  hquid  air  and  warming.  The  experiments  resemble  those  of  Dewar 
and  Fleming,  except  that  the  specimens  were  magnetised  at  the  tempera- 
ture of  liquid  air  :  and  the  results  are  very  striking. 


The  alterations  brought  about  in  the  m.ignetic  inumcnts  of  magnets 
composed  of  various  nictals  and  alloy.s  by  alternate  cooling  and  warm- 
ing between  ordinary  room  temperature  and  that  of  liquid  air  liavc 
been  very  fully  investigated  by  Pewar  and  Fleming.^  It  was  fo\ind 
by  these  experimenters  that,  in  the  case  of  most  of  the  metals  ex- 
amined, the  etJect  of  the  first  cooling  upon  the  magnet — which  had 
previously  been  magnetised  to  saturation  in  the  field  of  an  electro- 
magnet— was  to  bring  al)out  n  very  considerable  reduction  in  its 
magnetic  moment.  t)n  allowing  the  magnet  to  warm  to  room  tem- 
perature its  magnetic  moment  still  further  dimiiiishcd.  On  cooling 
once  more  to  the  liquid  air  temperature  the  magnetic  moment  in- 
creased, and  from  and  after  this  stage  it  was  found  that  the  magnetic 
moment  of  tlic  magnet  when  cold  exceeded  that  of  the  magnet  when 
at  room  teni|)erat(n'e  by  a  definite  amount.  The  changes  brought 
about  by  the  treatnunt  were  found  to  be  much  greater  in  '.he  an- 
nealed than  in  the  quenched  condition  of  the  material.  In  a  few 
cases,  notably  that  of  the  chromium  steels,  the  effect  of  the  first 
cooling  was  to  increase  the  magnetic  moment ;  in  other  cases  the 
treatment  caused  very  little  alteration  in  the  magnetic  moments  of 
the  specimens. 

The  authors  of  the  present  Paper  repeated  the  above  jirocedure. 
but  started  with  a  specimen  magnetised  to  saturation  at  the  tcm- 
peratiu'e  of  liquid  air.  The  results  obtained  differ  from  tho.sc  ob- 
served by  Dcwar  and  J'leming  in  that  the  reversible  condition  is 
arrived  at  after  the  first  n arming  up  of  the  .specimen  front  —  lOO'C 
to  room  temperature,  and  the  percentage  change  in  magnetic  moment 
then  brought  about  by  cooling  from  room  temperature  to  that  of 
liquid  air  is  much  greater  than  is  the  ca.se  for  a  specimen  which  has 
been  magnetised  initially  at  room  temperature. 

In  the  case  of  a  specimen  of  steel  wire,  after  being  magnetised  at 
room  temperature  the  cll'ect  of  tlie  first  cooling  ^as  to  bring  abotit 
a  diminution  in  its  magnetic  moment  of  I't  per  cent.  On  warming 
it  to  room  temperature  the  magnetic  moment  still  further  diminished 
by  about  11  per  cent.  On  cooling  the  specimen  once  more  the  mag- 
netic moment  increased  by  about  0  per  cent.,  after  whicli  stage  the 
cfl'ect  of  the  cooling  always  resulted  in  an  increase  in  the  magnetic 
moment  of  about  this  amount.  Starting  with  the  specimen  mag- 
netised when  at  —  IDU'C,  the  effect  of  the  first  warming  was  to  bring 
about  a  diminution  in  the  magnetic  moment  of  about  14  per  cent. 
After  this  stage  had  been  reached,  cooling  to  —  lUO'^C.  caused  an 
increase  in  the  magnetic  moment  of  nearly  12  5  per  cent. 

With  the  specimen  in  an  annealed  condition,  and  magnetised  at 
room  temperature,  the  eft'ect  of  the  first  cooling  was  to  reduce  the 
magnetic  moment  by  about  40  per  cent.  On  warming  to  room  tem- 
perature the  magnetic  moment  further  diminished  by  20  per  cent., 
after  which  stage  the  effect  of  cooling  the  specimen  \\as  to  increase 
the  moment  by  about  .5  per  cent.  With  the  specimen  magnetised 
»t  —  190'C.,  the  etl'ect  of  the  first  warming  was  to  diminish  the  mag- 
netic moment  by  about  G;')  per  cent.,  after  wliich  eael)  cooling  re- 
-^ulted  in  an  increase  in  the  m.agnelie  moment  of  nearly  40  per  cent. 

W  ith  the  s|>eein;en  in  quenched  condition  and  magnetised  at  room 
iiniperature  the  cfVect  of  the  first  cooling  was  to  diminish  vlie  mag- 
netic moment  by  about  'i-.")  |>er  cent.,  and  on  warming  to  room  tem- 
perature  a  further  reduction  of  ;!•.">  per  cent,  took  place.  I'urlher 
••"'litiL'  always  resulted  in  an  increase  in  the  magnelie  imiuunt  of 
Ml  ,11  iv  I  per  cent.  \Vhilst  with  the  specimen  magnet i,s(  tl  :,t  —  19(1  (_'. 
tin  .  Ill ct  of  allowing  it  to  warm  to  room  temperature  was  (o  diminisli 
its  magnetic  moment  by  IG  per  cent.  The  ntagnet  was  now  in  a  con- 
dition in  which  its  magnetic  moment  at  — 190°('.  exceeded  its  mag- 
netic moment  at  room  temperature  by  aboiit  15  per  cent. 

The  results  obtained  on  testing  a  specimen  of  special  hard  steel 
resemble  tlic  results  obtained  for  steel  wire,  but  after  llic  reversible 
state  has  been  arrived  al  tlie  magnitudes  of  the  changes  brought 
about  by  the  cooling  arc  much  more  marked  in  the  case  of  the  speci- 
men wlicn  magnetised  at  —  190'-X',  than  when  magnetised  at  room 
temperature. 

The  result.<;  obtained  for  manganese  steel  in  the  annealed  condition 
are  very  remarkable.  On  magncti.sing  the  specimen  at  the  tempera- 
ture of  the  room  its  magnetic  moment  was  found  to  be  2.50  CG.S. 

*  .\bstract  of  a  Paper  read  before  the  Royal  Societ  v  of  Edinbmgh. 
t  Proc.  Roy.  Soc,  Vol.  LX.,  p.  .i7. 


units.  On  cooling  the  six-eiraen  to  —  190°C.  its  magnetic  moment 
diminished  to  9."!  C'.OS,  units,  and  on  allowing  it  to  warm  to  room 
temperature  the  magnetic  moment  fell  t</  .■)9  f'.O.S.  units.  Ironi 
and  after  this  time  the  effect  of  cooling  the  specimen  to  — 190'('.  was 
to  bring  about  an  increa.se  in  the  magnetic  moment  of  about  9  per 
cent.  Starting  with  the  specimen  magnetised  when  at  the  tem- 
perature of  liquid  air.  the  initial  magnetic  moment  was  590  C.O.S. 
units.  On  warming  to  room  temperature,  the  magnetic  mi  ment  fell 
to  ."S7  C.G.S.  units,  and  the  effect  of  cooling  once  more  to  —  19(J"C'. 
was  to  bring  about  an  increase  in  the  magnetic  mement  of  abiul  13 
per  cent. 

The  specimen  was  now  remagneti.sed  at  room  temperature,  and  the 
procedure  rcjieatcd.  The  results  obtained  differed  very  greatly  from 
those  3'ieldcd  by  the  freshly  annealed  specimen.  The  initial  mag- 
netic moment  was  now  5.57  C.C^.  units.  On  cooling  the  specimen 
to  —  190"C'.  its  magnetic  m<jment  diminished  to  415  C.G.S.  units. 
Warming  to  room  temjierature  resulted  in  the  magnetic  moment 
still  further  diminishing  to  406  C.G.S.  units,  and  after  this  stage  any 
subsequent  cooling  resulted  in  a  small  increase  taking  place  in  the 
magnetic  moment.  Quenching  produces  very  little  chance  in  the 
properties  of  this  steel.  The  jiroperties  of  this  steel  for  low  and 
moderate  fields  have  been  invextigated  by  A.  D.  Ross  and  (jne  of  the 
authors.  In  the  annealed  condition  the  material  is,  comparatively 
speaking,  feebly  magnetic.  Cooling  to  the  temperature  of  liquid  air 
results  in  the  permeability  being  greatly  increased,  and  on  warming 
to  room  temperature  a  further  large  improvement  in  magnetic 
quality  is  brought  abo\it. 

On  placing  a  specimen  of  manganese  steel  (12  per  cent.  MX)  in  the 
field  of  the  electromagnet  a  weak  magnet  was  obtained.  Ko  ap|)rc- 
ciable  change  in  its  magnetic  moment  or  in  the  magnetic  quality  of 
the  material  w  as  brought  about  by  the  cooling  in  liquid  air. 


THE  ELECTRICAL  OPERATION  OF  TEXTILE 
FACTORIES. 

BY    H.    W.    WILSON. 

Sumviari/.— The  author  here  reviews  the  arguments  for  and  .against 
the  use  of  electrical  transmission  as  the  method  of  conveying  power 
to  the  various  departments  of  a  textile  factory,  and  gives  tables  show- 
ing the  horsepower  required  for  driving  the  various  machines. 

.\  nmnbcr  of  conditions  aflect  the  relative  importance  of  the 
various  considerations.  Thus,  the  factory  may  l>c  (1)  a  spinning 
mill.  (2)  a  weaving  shed,  (3)  a  bleaching,  finishing  or  dyeing  works. 

(4)  a  combination  of  any  two  sections.  Also  the  particular  ea.sc  may 
be  ( 1 )  a  totally  new  factory,  (2)  an  existing  works  requiring  additions, 
(3)  an  old  mill  requiring  partial  or  entire  re-equipment.  Again,  in  an 
electrically-driven  factory,  the  energy  may  either  be  ])roduecil  by 
the  mill's  own  plant  or  purchased  from  an  outside  source  of  supplv. 
It  is  impossible  to  lay  down  a  list  of  advantages  which  will  apply  with 
equal  force  to  all  eases.  Stated  briefly,  however,  the  main  advantage 
claimed  by  the  advocates  of  the  electric  drive  and  generally  ad- 
mitted by  the  owners  of  electrically-driven  textile  factories  is  that 
electrical  driving  permits  of  an  improvement  in  the  quantity  and 
quality  of  the  output  of  practically  all  textile  machines.  The  im- 
portance of  this  ))oint  can  hardly  be  exagguatrd.  If  it  is  ince 
admitted  that  the  claim  of  the  electric  drive's  advocates  in  this 
respect  is  substantially  tr\ie.  the  question  of  capital  cost  of  equip- 
ment and  running  cost  sink  into  relative  insignificance. 

To  amplifv  the  claims  jnit  forward  bv  those  in  favour  of  electrical 
driving,  they  may  be  generally  statid  as  follows:  (1)  The  mill  and 
engine  house  can  be  ))laeed  each  in  its  most  convenient  position, 
without  regard  to  their  relative  situations,  (2)  The  inti  rnal  arrange- 
ments of  the  mill  as  regards  shafting,  gearing,  belt  and  rope  drives. 
&c..  arc  much  simplified,  anti  the  cost  reduced.  The  flexibility  as  to 
extensions  is, of  course,  obvious,  (3)  Tl;e  grouping  of  the  machines 
is  much  less  arbitrary  than  in  an  ordinary  n\ill,  as  the  motors  and 
light  shafting  required  can  be  i)laeed  whei-e  most  convenient,  (4) 
The  reduction  of  the  chance  of  a  breakdown  which  would  stop  the 
whole  mill,  (5)  The  ea.se  with  which  sections  of  the  machmery  can 
be  either  .stopi)ed  or  run  overtime  (where  conditions  permit)  without 
waste  of  power.  (0)  The  reduction  in  the  maintenance  and  depre- 
ciation charges,  (7)  The  reihiction  in  the  capital  cost  per  loom  or  \er 
spindle  of  the  whole  faetorv  w  hen  once  a  given  size  is  exceeded.  This 
is  i>artlv  due  to  reduction  in  the  weight  and  cost  of  the  buildmgs. 

(5)  The  iiossibilitv  of  obtaining  records  of  the  work  done  m  the 
ditlcrent  sections  of  the  factory,  othcrwi.se  impo-ssible.  and  the  keep- 
ing of  a  constant  check  upon  them.     (9)  The  greater  steadmess  of 

•  Abstract  of  a  Paper  read  this  week  at  the  Liverpool  meeting  of 
the  Institution  of  Mechanical  Engineers, 
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drive  wlxicli  can  l)e  dbtained  with  a  consequent  jx-imissible  higher 
average  speed  and  increased  output.  As  stated  ahove.  this  hist 
claim  is  by  far  the  most  iin))ortant  one,  and  it  has  been  proved  to  all 
reasonable  satisfaction  in  many  cases  that  electrically-driven  spindles 
in  a  mill  can  be  run  at  a  higher  average  speed  on  the  same  counts  than 
mechanically-driven  ones,  with  a  correspondingly  higher  production. 
In  one  fairly  well-known  case  in  Lancashire,  with  two  mills  under  the 
same  management  and  of  about  the  same  size  and  working  vmder  the 
.same  general  conditions,  the  results  obtained  from  the  electrically- 
driven  factory  have  been  distinctly  superior  to  those  from  tlie 
mechanically-driven  one.  To  such  a  marked  extent  was  the  im- 
provement in  quality  of  yarn  noticeable  that  the  output  of  the 
electrically-driven  mill  fetched  a  distinctly  better  price  than  that 
from  the  other  factory,  the  increase  being  stated  at  about  2J  ])er 
cent. 

It  is  exceedingly  difficult  to  get  absolutely  reliable  statistics  con- 
cerning the  improvement  in  output  and  quality  obtained  by  mills 
in  this  country  which  have  adopted  electrical  driving,  but  it  may 
be  taken  as  a  conservative  estimate  that  the  increase  in  production 
is  on  the  average  at  least  .5  per  cent.,  and  we  will  leave  out  of  con- 
sideration any  improvement  in  value,  as  stated  above. 

The  author  then  shows  that  an  increase  in  output  of  5  per  cent, 
would  mean  a  reduction  in  cost  per  pound  on  the  whole  output  of 
0-6  per  cent.,  and  even  allowing  for  a  considerable  increase  in  the  cost 
of  power,  which  the  author  does  not  admit,  there  is  a  margin  of  0-35 
per  cent,  extra  profit  on  the  whole  turnover,  which  means  a  con- 
siderable amount  in  a  year. 

As  to  the  objection  of  increased  capital  cost  caused  by  the  installa- 
tion of  an  electrical  transmission  system,  this  has  been  argued  almost 
to  death,  but  it  may  be  said  that,  taking  a  new  spinning  factory  as  a 
basis,  and  assuming  that  if  electrically  operated  the  structure  would 
be  brightened  and  modified  to  suit  the  altered  conditions,  then  below 
80,000  mill  spindles  the  mechanical  transmission  system  is  the 
cheaper,  between  80.000  and  100.000  the  costs  are  about  equal,  and 
above  100.000  the  electrical  system  is  the  cheaper.  The  efficiency 
of  the  electrical  transmission  system  would  be  about  82  to  83  per 
cent,,  or  about  the  same  as  a  well  laid-out  modern  mechanical  trans- 
mission system. 

In  the  case  of  an  old  factory  requiring  re-equipment,  it  frequently 
hajipens  that,  owing  to  the  inconvenient  arrangement  of  the  existing 
buildings,  the  electric  drive  oflFers  distinct  advantages  both  as  regards 
initial  capital  outlay  and  efficiency.  The  intermediate  case,  however, 
of  a  fairly  modern  factorj'  with  a  good  mechanical  transmission  system 
requiring  extensions  above  the  capacity  of  the  engine  is  a  very  in- 
teresting and  promising  one.  Under  such  circumstances  as  these  the 
use  of  the  exhaust  steam  turbine  has  many  advantages,  and,  as  will 
be  shown,  this  almost  of  necessity  involves,  cither  wholly  or  partially, 
the  electrical  driving  of  the  factory. 

The  author  takes  a  concrete  case.  A  spinning  mill  mechanically 
driven  but  electrically  lighted  has  a  main  engine  of  the  compound 
vertical  tvpe  developing  1.000  i.H.P..  with  a  steam  consumption  of 
about  13  lb.  per  indicated  horse-power-hour.  The  lighting  dynamo;; 
are  driven  by  the  main  engine,  and  in  the  winter,  when  fully  loaded. 
require  a  trifle  over  100  n.p.  It  is  required  to  make  some  extensions 
in  the  factory  involving  an  additional  load  of  about  2f)0  h.p.  It  was 
first  suggested  that  a  generating  set  of  1.50  kw.  (225  i.h.p.)  should  be 
installed  at  once,  and  later  on  a  second  set  of  the  same  capacity  when 
other  extensions  became  nece.s9ary.  The  first  set  would  supply  the 
lighting  and  al.so  about  100  ii.p.  of  motors  in  the  preparation  section. 
and  thus  relieve  the  main  engine.  A  small  .set  such  as  this,  with  a 
standard  quick-revolution  engine,  however,  would  u.se  at  least  IG  lb, 
of  steam  per  indicated  horse-power-hour,  and  it  has  since  V)ecn  sug- 
gested that  an  exhaust  steam  turbine  might  be  a  better  solution  of 
the  difficulty.  As  plenty  of  condensing  water  is  available  the  ques- 
tion was  investigated,  and  it  has  been  found  possible  to  alter  slightly 
the  valve  setting  of  the  main  engine,  obtain  about  8.50  i.n. p.  from 
it  non-condensing  and  .500i.ii.p.  from  an  exhaust  steam  turbine 
utilising  the  st^am  from  the  engine.  In  this  manner  it  would  be 
poi^ible  to  obtain  some  1,3.50  i.h.p.  for  a  steam  consum|)tion  of  about 
10-5  lb.  pfr  indicated  horss-power-hour.  The  saving  in  fuel  over  the 
other  arrangement  suggested  is  very  considerable,  being  approxi- 
mately 30  per  cent. 

There  arc,  however,  several  features  in  this  case  which  require  to 
be  specially  met,  and  the  most  important  and  obvious  of  these  is  the 
fact  that  the  load  on  the  turbine  generator  is  to  be  a  variable  one — at 
all  events,  as  far  as  regards  the  lighting.  This  is  a  feature  of  diffi- 
cultj'.  ina.smuch  as  the  load  on  the  main  engine  is  fairly  constant 
and  the  amount  of  steam  passed  by  it  fairly  regular.  In  order  to 
meet  the  conditions  it  is  necessary  either  to  use  a  portion  of  the 
stf.im  from  the  main  engine  for  other  purposes  at  times  of  light  load 
on  the  turbine,  or  else  to  make  such  an  arrangement  as  will  permit 
of  the  variation  in  load  affecting  both  engine  and  turbine  in  the  same 


propi^rtions.  and  thus  automatically  ri  gulating  the  supply  of  steam  to 
the  combined  machines.  The  simplest  method  of  doing  this  is  to 
rope  drive  a  small  generator  of,  say.  100  kw.  capacity  from  the  engine 
and  to  run  this  gencratorin  parallel  with  the  turbo-generator.  This 
involves,  again,  the  driving  of  a  larger  portion  of  the  mill  electrically 
than  was  originally  intended,  but  the  large  fuel  economy  justifies 
this,  apart  altogether  from  eviry  other  consideration.  This  brief 
statement  of  a  comparatively  common  case  shows  how  in  existing 
factories  the  introduction  of  the  electric  drive  may  reduce  working 
costs,  apart  altogether  from  every  other  advantage. 

As  to  the  advisability  or  otherwise  of  a  textile  factory  taking  its 
supply  of  power  from  an  outside  source,  the  result  of  the  author's 
observations  is  that  a  Lancashire  factory  of,  say,  1,500  l,H,P,  capacity 
can  produce  energy  at  0-2d.  ])er  indicated  horsc-power-hour,  or  0'3d. 
per  kilowatt-hour,  allowing  for  interest  and  depreciation.  This  is 
on  a  basis  of  being  able  to  purchase  good  slack  with  a  calorific  value 
of  11,000  B.Th.LL  at  8s.  per  ton  delivered.  It  has  been  found  gener- 
ally practicable  to  induce  fairly  large  factories  to  ])urchase  power 
at  about  0-4d.  per  unit,  the  power  being  metered  on  the  low-tension 
side  of  the  mill  switchboard  before  reaching  the  motors. 

The  main  differences  of  opinion  among  engineers  designing  the 
lay-out  of  electrically-equipped  mills  arise  over  the  qucsticjn  of 
group  or  individual  driving.  The  author  is  in  favour  of  the  indi- 
vidual driving  of  ring  spinning  frames  and  the  group  driving  of  all 
other  machines,  but  keeping  the  gioups  fairly  small.  The  nure  sub- 
stitution, as  in  some  factories,  of  a  large  motor  for  the  rope  pulley 
on  a  line  shaft  can  hardly  be  regarded  as  the  final  step  in  the  adapta- 
tion of  an  electrical  installation  to  suit  textile  manufacturing  neede. 
A  point  needing  attention  is  the  heating  effect  of  the  motors.  It  is 
now  the  best  practice  to  build  motors  for  a  ring  spinning  room  with 
hollow  frames,  and  to  bring  cooling  air  from  some  external  source 
roimd  the  frames,  thus  preventing  the  discharge  of  heat  to  the 
room. 

Electrical  manufacturers  generally  do  not  appear  to  realise  that 
the  actual  powers  required  need  very  careful  investigation  beforo 
the  machines  are  .nctually  installed,  and  it  is  by  no  means  a  safe  rule 
to  assume  that  the  horse-power  is  so  much  per  100  siiindlcs  of  the  mill. 
as  this  may  lead  to  considerable  error.     The  author  gives  several 
tables  showing  the  horsc-|io«er  rciiuired  for  the  various  machim- 
installed  in  a  small  mule-spinning  mill,  with  an  estimate  of  tin 
time  each  machine  is  standing  idle  for  doffing  ;    also  the  sizes  f.f    , 
motors  installed  in  two  mills  where  group  driving  is  employed.     In    I 
one.  six  pairs  of  mules  required  a  130  ii.p.    motor   and    120  liems 
50  H. p..  whilst  in  the  other  63  ring  frames,  2^  in.  gauge,  (Jin.  lift, 
total   spindles  34,864   and   32   mules,    IJ  in,   gauge,   total   epincMi 
41,216,  required  motors  aggregating  850  h,p,  in  200  n.r,  and  l.^*'  ii.r, 
units,  the  total  horse-power  in  the  mill  being  1,250. 


THE  CONDITIONS  WHICH  DETERMINE  THE  COM 
POSITION  OF  ELECTRO-DEPOSITED  ALLOYS,* 

C0«PER-Z1XC  ALLOYS. 

BY   SAMUEL   FIELD, 

Svmmiiry. — The  conditions  under  which  brass  is  deposited  fi"iii  ii 
mixed  solution  of  copper  and  zinc  cyanides  are  iiivcstigatc<l.  Tlie 
alloy  is  deposited  (|uantitatively,  but  the  dejiosits  are  not  good  ])hysi- 
cally.  Any  condition  tending  to  raise  the  K.M  F.  increases  the  per- 
centage of  zinc  in  the  deposit.  Anodes  dissolve  freely  if  the  solution  is 
warm. 

Mixed  electrolytes  offer  many  jioints  of  interest  to  the  elcetro- 
chemist,  some  of  a  more  theoretical  interest,  and  others  of  a  more 
practical  importance.  The  following  experiments  were  made  in 
order  to  determine  the  influence  of  varying  conditions  on  the  ((im- 
position of  electro-deposited  copper-zinc  alloys  : — 

Preliminary  Notes. — To  deposit  two  metals  together  we  nuisl 
electrolyse  compounds  having  a])|)roximatcly  the  same  heat  of  for- 
mation, and  requiring  therefore  about  the  same  E.M,F.  to  maintain 
steady  deposition  of  the  metals.  Thus  a  mixture  of  copper  and 
zinc  sulphates  in  the  pri^sence  of  sulphuric  acid  yields,  as  is  well 
known,  pure  copper  with  a  low  K.iM.l''..  the  cojipcr  ie.ns  being  dis- 
charged more  readily  than  those  of  zinc.  In  cyanide  sf)lulii/ti:>, 
however,  both  copper  and  zinc  ions  occur  only  in  small  quantities, 
and  are  more  easily  discharged  together,  the  main  bulk  of  the  sub- 
stance occurring  as  K-  and  Cu(CN).j  andK-andZn(('N) ;  ions  respec- 
tively.    The   cyanides   therefore   possess   a   distinct   advantage   us 

*  Abstract  of  a  Pai)er  read  before  the  Faraday  Society,  .lune  2Sl.  A 
brief  summary  appeared  in  our  issue  of  July  9. 
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electrolytes  tor  the  dcjwsition  of  the  mixed  metals,  thouj^li  at  the 
same  time  they  do  not  present  ideal  eonditions.  As  the  ions  are 
more  easily  discharged  together,  it  may  at  once  be  anticipated  that 
slight  changes  of  K.M.F.  will  induce  decided  changes  of  composition 
and  colour,  and  this  would  account,  therefore,  for  the  difficulty 
experienced  in  maintaining  deposition  of  uniform  shades  of  colour. 
Cyanide  solutions  are  also  :iil\  .uihigi-ous  in  that  striking  changes  of 
current  density  may  l>i  ni:i'li'  wiihout  so  readily  producing  \ni\- 
verulent  deposits.  A  disiinri  disadvantage,  however,  is  the  fact 
that  th'.'  materials  produced  by  the  anodic  oxidation  are  ordinarily 
insoluble,  and  hence  care  needs  to  bo  exercised  in  order  to  keep  the 
anodes  from  becoming  covered  with  non-conducting  layers  of  single 
pyanides.  Another  disadvantage  is  that  cyanide  solutions  are  prone 
to  so  much  change  of  composition  in  aqueous  solutions  with  the 
formation  of  various  compounds  that  any  inefficiency  at  the  anode 
or  cathode  is  not  at  once  shown  by  the  appearance  of  an  equivalent 
quantity  of  oxygen  or  hydrogen,  such  as  would  at  once  be  observed 
in  a  nickel-plating  solution.  Again,  cyanide  solutions  in  the  pre- 
ssncn  of  air  exert  a  decided  solvent  action  on  niijst  metals,  and  in 
the  course  of  the  experiments  allowance  should  })e  made  for  a  loss 
at  the  cathode,  and  an  added  loss  at  the  anode  through  this  cause. 
Before  using  the  mixed  solution  of  copper  and  zinc  cyanides  a  few 
preliminary  experiments  with  the  metals  separately  were  made  to 
obtain  some  definite  knowledge  of  the  conditions  necessary  for  pro- 
ducing quantitatively  correct  deposits. 

Quantitative  Deposition  of  Copper  from  Cyanide  Solution. — There 
are  many  methf)ds  available  for  the  prejiaration  of  cyanide  solutions, 
but  tlie  one  adopted  ^^as  that  of  dissolving  precipitated  carbonate 
in  potassium  cyanide  solution.  .Solutions  containing  ammonia  had 
already  been  found  to  give  very  poor  quantitative  results. 

By  saturating  a  cyanide  solution  with  copper  carbonate  a  solution 
was  obtained  containing  about  oO  grammes  copper  per  litre.  Ex- 
periments were  then  made  to  determine  the  best  conditions  for  pro- 
ducing quantitative  deposits.  A  cojjper  voltameter  was  connected 
in  the  circuit,  the  anode  was  of  licst  soft-rolled  eojiper  and  the  solu- 
tion was  sometimes  kept  in  motion.  The  following  results  may  l:c 
summarised  : — 

I.  At  ordinary  temperatures  and  with  a  stationary  solution — 

(a)  Tire  cathode  efficiency  is  good,  ranging  between  SO  and  90 
per  cent. 

(6)  The  anode  efficiencies  are  very  poor,  ranging  roughly  about 
15  to  ;>0  per  cent.  This  would  be  expected  owing  to  the  formation 
of  insoluble  copper  cyanide  which  is  liable  to  reduce  the  current 
almost  to  zero.  This  does  not  form  so  readily  if  the  temperature  is 
raised,  and  not  at  all  if  there  is  free  cyanide. 

II.  At  ordinary  temperature  and  with  a  moving  electrolyte  : — 

1.  The  cathode  efficiency  is  improved,  varying  between  90  per 
irut.  and  9.')  per  cent. 

2.  At  the  anode  a  striking  improvement  is  observed. 

III.  Using  a  warm  solution  (+0  to  .50  per  cent.)  without  stirring. 
The  results  obtained  in  this  manner  are  similar  to  those  shown  under 
(2). 

IV.  Using  a  warm  solution  (40  to  50  per  cent.)  with  agitation  : — 
(o)  With  regard  to  the  cathode  efficiency  these  conditions  un- 
doubtedly produce  the  best  results.     Here  a  cathode  efficiency  of 
95  to  08  per  cent,  was  readily  obtained. 

(b)  The  anodoa  under  these  conditions  showed  frequently  more 
than  100  per  cent,  efficiency,  and  seldom  less.  Most  usually  the 
afiodc  ac(|uired,  in  spite  of  the  absence  of  free  cyanide,  a  beautifully 
clean  and  somewhat  polished  surface,  and  thus  behaved  almost 
ideally. 

The  combined  action  of  air  and  the  electrolyte  exert  a  marked 
solvent  action  upon  both  iilates.  for  which  due  allnwiincc  should  be 
made. 

Comp'isilion  i.f  Zinc  and  Copper  Cijanides. — Previous  to  ))rej)aring 
I  lie  brassing  solution  we  examined  the  two  salts  quantitatively.  The 
i'-rniula"  appear  to  be  .■VCuf'N.  KCX  |  5K('N  and  Zn(t'N)/jk('X. 

I'n'p'iralioii  of  Hi(ts.iin(j  Si)l(iliiin.~-'i'hv    solution  was  then  uiaile 

lip  as  follows  : — 

Coi)per  j)otassium  cyanide 100  gninimes. 

Zinc  ])otassium  cvanide 100  grammes. 

Water  up  to ! 1,200  c.c. 

To  get  rid  of  excess  cyanide  the  solution  was  heated,  and  a  mixture 

of  zinc  and  copper  carbonates  well  agitated  in  it,  afterwards  filtering 

off  the  excess  of  carbonates. 

Preparation  of  Deposits. — The  solution  contained  in  a  glass  cell 
was  usually  maintained  at-  a  temperature  of  50-60°C",  by  passing  steam 
through  a  glass  spiral  contained  in  the  solution.  Unless  otherwise 
stated,  agitation  was  employed  in  every  experiment,  this  being 
necessary  for  efficient  anodic  solution.     Deposits  were  prepared  on 


a  platinum  gauze  cathode.     For  anodes,  zinc  and  copper  i>latcs  of 
equal  areas  were  employed. 

Expcrimerfs  on  Depusitinn  of  Brass. — Set  .\  showed  that  : — 

(a)  Zinc  anode  efficiency  steadily  decreases  with  an  increase  of 
cuirent  density. 

(b)  Tfte  two  anode  efficiencies  may  cither  total  more  than  ICO, 
due  to  solvent  action  of  the  agitated  cketrolyte  in  conjunction  with 
air  ;  or  less  than  100,  owing  to  an  inefficient  anode  reaction.  Or 
these  effects  nuiy  to  some  extent  balance  one  another,  and  so  leave 
the  total  at  a])])roximately  100. 

(i.)  The  percentage  of  zinc  in  the  deposit  steadily  increases  with 
an  increa.se  of  current  density. 

Concerning  the  whole  of  the  deposits  it  may  be  said  that  while 
they  are  obtained  almost  quantitatively,  yet  they  are  by  no  rcemi; 
physically  good,  and  variations  of  colour  ;<  mi  times  occurred  on 
one  deposit,  leading  one  to  the  conclusion  tl'at  good  deposits  both 
quantitatively  and  physically  arc  most  diffictlt  to  obtain. 

(ii.)  The  ]5ot<;ntial  difference  in  each  case  was  low. 

(iii.)  As  the  solution  of  zinc  and  copper  at  the  anode  and  their 
deposition  at  the  cathode  follow  veiy  different  laws  there  must  be  a 
continual  change  of  comiW)sition  in  the  electrolyte. 

(iv.)  The  zinc  anodes  in  all  cases  became  coated  with  copper  by 
simple  immersion. 

Increase  in  the  zinc  cyanide  caused  a  larger  percentage  of  zinc  in 
the  deposit. 

Effect  of  Dilution — Dilution  with  an  equal  volume  of  water  pro- 
duced a  marked  difference.  Thus  there  was  considerable  difficulty 
in  maintaining  a  proper  anodic  reaction  at  high  current  densities. 
Zinc  is  more  readily  obtained  from  weak  solutions,  this  being  duo 
to  a  generally  higher  E.ILF.  as  compared. with  those  necessary  in 
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Efkkct  of  Free  Cyanide  on  Composition  of  Deposit. 

C=Ogi-s.  per  litre.        n=l6  gif.  per  litre,        K=35  gr?,  por  litre, 

stronger  solutions.  In  fact,  any  change  in  the  conditions — such  as 
(a)  density,  (6)  proportion  of  constituents,  (c)  rate  of  agitation,  (rf) 
current  density,  (e)  temperature,  and  (/)  variation  of  free  cyanide 
present — must  be  expected  to  impress  a  change  in  the  colour  and 
composition  by  reason  of  the  alteration  of  E,51,F,  necessitated  to 
maintain  a  constant  current  density. 

Influence  of  Temperature.— The  chief  results  of  varying  the  tem- 
perature are  as  follows:— (1)  Quantitative  deposition  only  occurs  or 
is  approximated  to  in  warm  solutions.  (2)  At  lower  temi>eratures 
hydrogen  is  evolved  in  considerable  quantity.  (3)  The  character  of 
the  deposit  is  improved  in  the  colder  solution,  being  much  brighter 
in  the  presence  of  hydrogen.  (4)  Most  of  these  results  may  be 
directly  traceable  to  the  variation  of  E.M.F.,  which  follows  a  normal 
course,  (5)  The  percentage  of  eojiper  shows  a  rapid  increase,  with 
rise  in  temperature,  due  to  its  being  more  easily  discharged  than 
zinc  at  lower  potentials. 

Effect  of  Free  Cynuidc-^Thc  intluenee  of  free  cyanide  is  by  no 
means  so  pronounced  as  that  of  free  acid  in  a  sulphate  solution.  Its 
value  seems  to  be  ehielly  as  a  means  i>f  removing  the  insoluble 
materials  formed  at  the  anode,  rather  than  in  improving  the  con- 
duetanee  by  adding  ion.s.  It  also  is  well  known  that  the  quality  of 
the  dcposit'is  considerably  enhanceil  by  the  presence  of  free  .cyanide. 
Burning  is  attributed  to  the  inclusion  of  smaU  particles  of  basic 
salts.  The  iiresence  of  solvents  for  these  basic  substances  prevents 
their  deposition,  and  so  improves  the  deposit.  Tota-ssiuiu  cyanide, 
being  an  .  xcellent  solv.  i;t  for  oc^jiper  compounds,  serves  this  purpose, 
so  that  by  its  addition  c  mditions  are  obtained  which  are  more 
nearly  conformed  to  those  of  a  workshop  solution. 

The  largest  addition  of  cxanide  showed  ease  of  deposition  o! 
copper  (see  Fig.),  ease  of  solution  of  the  ziu".  and  a  large  amount 
of  hydrogen  deposited. 
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PHYSIOLOGICAL  EFFECTS  IN  ILLUMINATION. 

Tlio.se  who  have  the  iniproveiiieut  of  iUumination  at 
heart,  not  merely  from  the  artistic  point  of  view,  but  from 
that  of  optical  hygienics,  will  have  noticed  a  very  unfoTtii- 
nate,  not  to  say  a  retrograde,  movement  .since  the  advent  of 
the  metal  filament  lamp.  A  few  year.s  ago  caibon  lamps, 
although  generally  used  with  clear  globes,  were  more  often 
than  not  surioimded  with  shades  wiiich  prevented  the  fila- 
ment from  coming  easily  into  the  field  of  view.  As  soon  as  the 
economic  po.ssibilities  of  the  new  lamps  were  appreciated, 
these  carbon  lamps  were  in  many  cases  replaced  by  metal 
filament  lamps,  the  .shades  being  left  unchanged.  The 
earlier  type;-;  of  metal  lamps  were  made  with  more  or  less 
obscured  bulbs ;  it  is  noticeable,  however,  that  lamps  with 
clear  globes  are  now  used  more  frequently,  and  as  these  arc 
fitted  in  the  old  s-hades,  which  were  made  for  very  much 
smaller  lamps,  the  result  is  that  the  metal  filament  is  left 
generally  quite  unob.scurcd.  The  effect  on  a  sensitive  eye  is  | 
painful,  and  in  any  case  must  be  bad,  considering  the  high| 
intrinsic  biightness  of  the  metal  filament  as  compared  witli 
the  carbon.  It  might  have  been  thought  that  the  fro.sterl 
type  of  lamp  would  have  been  adopted  pretty  generally,  but 
contractor  and  consumer  alil;e  seem  to  pay  no  attention  to 
this  point,  and  we  suppose  they  will  continue  this  course 
until  optical  troubles  arise.      This  is  the  more  inexcusable 
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because  a  liltlo  los.s  of  ofiicio'icy  is  uniinijoitant,  and  the. 
general  effect,  of  using  frosted  l)ullis  with  metal  lamps  is  to 
give  the  sensation  of  higher  illmr.ination.  whicli,  after  all,  is 
the  condition  at  wliich  we  should  aim. 

The  importance  of  correct  illumination  has  been  empha- 
sised recently  by  an  investigation  carried  out  by  Piof.  S.  W. 
Ashe  and  published  in  the  ''  Electrical  World."  This  work 
was  concerned  with  visual  acuity  under  varying  conditions — 
a  subject  which  is  by  no  means  easy  of  investigation  be- 
cause the  eye  itself  must  be  used  as  the  measuring  instru- 
ment, and  is  subject  to  variations  in  sensibility,  not  merely 
ill  different  observers,  but  in  the  same  observer  fi-oni  time  to 
time.  Last  year  Messrs.  A.  Broca  and  F.  Laporte  went  into 
this  question  and  concluded  that  such  widely  different 
sources  of  light  as  the  carbon  glow  lamp  and  the  mercury 
arc  gave  the  same  visual  acuity  when  giving  the  same 
illumination.  Owing  to  the  physiological  properties  of  the 
eye,  the  authors  recommend  that  the  intensity  of  illumina- 
tion under  ordinary  working  conditions  should  he  from 
20  lux  to  40  lux. 

Prof.  Ashe,  on  the  other  hand,  employing  a  reading 
test,  obtained  curves  for  red,  green,  blue  and  white  light 
(carbon  glow  lamp)  wliich,  although  liable  to  shift  .slightly 
from  day  to  day,  depending  upon  the  physical  condition  of 
the  observer,  .showed  maiked  differences  in  visual  acuity 
depending  on  the  colour. 

As  regards  light  in  the  field  of  vision,  Messrs.  Broca  and 
Laporte  came  to  the  conclusion  that  the  luminous  sources 
should  be  removed  as  much  as  possible  from  the  field  of  peri- 
pheral vision.  The  contraction  was  found  to  depend  more 
on  the  brightness  of  the  luminous  source  than  on  its  distance. 
Consequently,  high  intrinsic  brightness  should  be  avoided, 
and  if  indirect  illumination  by  reflection  can  be  adopted  the 
result  is  far  better.  It  was  found,  however,  that  the  con- 
traction of  the  pupil  caused  by  peripheral  vision  of  the  lamps 
is  the  more  harmful  to  visual  acuity  as  the  illumination  in 
reading  is  the  more  feeble,  and  that  considerable  fatigue  may 
result.  On  the  other  hand,  it  is  less  important  when  the 
intensity  rises  between  20  lux  and  40  lux.  It  is  curious  that 
the  mercury  aic,  which  has  the  most  feeble  intrinsic  bright- 
ness among  the  lamps  tested,  causes  a  marked  contraction  of 
the  pupil,  and,  consequently,  this  source  of  light  is  not  quite 
80  advantageous  as  might  have  been  expected,  (lenerally 
speaking,  so  long  as  the  luminous  source  is  not  directly  in 
the  field  of  vision,  the  question  as  to  which  source  should 
be  used  is  a  matter  of  indift'eience  from  the  hygienic  stand- 
point. These  results  are  in  general  borne  out  also  by  Prof. 
Ashe.  It  was  found  that  the  pupil  contracts  to  a  greater  ex- 
tent for  green  than  for  the  approximately  white  light  of  the 
carbon  filament.  Prof.  Ashe  makes  the  somewhat  striking 
observation  that  the  presence  of  a  foreign  lamp  in  the  field  of 
vision  decreases  one's  ability  to  read  by  approximately  ."50  per 
cent,  for  an  ordinary  IG  c.p.  carbon  lamp.  With  the  highei- 
candle-powers,  to  which  we  are  getting  more  and  more 
accustomed,  the  effect  would  probably  be  still  more  marked. 

Points  such  as  these  are  of  the  greatest  importance,  and 
we  hope  that  contractors  and  others  responsible  for  illumi- 
nation will  not  only  bear  them  in  mind,  but  will  bring  them 
before  the  public. 
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Vols.  1.  and  II.    (Loii'loii  :  Ca.xtoii  Puljlifcbin<;  Co.;    Pp.  viii.-251. 
7s.  6d.  net. 

The  fact  that  a  second  edition  of  this  five  volume  work  has 
been  called  for  within  a  few  years  is  evidence  that  it  has  found 
favour  with  u  fairly  wide  circle,  and  thi.s  is  probably  to  be 
attributed  to  its  popular  style,  and  to  its  appeal  to  those  who 
like  to  experiment  for  themselves  in  their  own  lionie,«.  The 
book  has  certainly  been  nnuh  i/nprovcd  since  its  first  appear- 
ance, but  the  introductory  chapter,  which  lias  evidentlv  been 
added  to  the  first  volume  with  the  object  of  hrinyiii":  it  up  to 
date,  is  a  most  unfortunate  one.  and  would  prejudice  all  but 
careless  readers  against  the  whole  book,  as  it  plunjies  into  a 
most  extraordinary  mttnuijc  of  the  propeities  of  electric 
currents,  of  dielectrics  and  condensers,  of  o.scillatory  dis- 
charges, permanent  and  electromagnets,  inductance,  vacuum 
tubes  and  electrons  ;  with  calculations  which  must  be  hope- 
les.sly  confusing  to  a  beginner  who  has  to  be  taught  Ohm's  law 
in  succeeding  chapters.  The  language  is  also  frequently  loose 
and  misleading  ;  but  on  the  other  hand  the  writer's  practical 
experience  and  originality  show  themselves  in  many  useful 
remarks.  He  explodes,  for  instance,  the  fallacj-  still  prevalent 
in  certain  quarters  that  the  winding  of  the  magnets  of  instru- 
ments in  parallel  reduces  their  time  constant,  and  he  argues  for 
the  basing  of  our  unit  of  current  on  the  natund  unit,  the 
electron. 

Chapter  I.  is  practically  a  repetition  of  the  first  chapter  of  the 
first  edition,  in  which  the  author  describes  the  construction  of 
simple  apparatus,  and  the  proving  of  fundamental  laws  and 
making  of  measurements  by  its  aid.  But  for  the  looseness  of 
the  style  this  could  be  cordially  recommended,  though  it  is 
somewhat  disconcerting  to  be  told  immediately  after  the  pre- 
fatory chapter  on  electrons  that  the  question,  ""  What  is 
electricity  cannot  be  answered."  The  remainder  of  the  volume 
deals  with  electrical  measuring  instruments,  and  supjily 
meters  which  are  fairly  well  handled.  A  cardboard  dissected 
model  of  a  Kelvin  balance  is  provided,  and  may  prove  of  value, 
but  one  wonders  at  the  liberal  display  of  dark  green  paint 
which  adorns  the  plates.  On  a  turbo-dynamo  set  this  looks 
fairly  natural,  but  on  a  galvanometer  case,  battery  jar.  or 
switch  it  is  unconvincing,  or  suggests  severe  corrosion. 

Vol.  II.  continues  the  subject  of  supply  meters,  the  descrip- 
tions being  often  good,  though  there  is  little  attempt  at 
scientific  classification.  We  do  not  see  why  a  description  of  the 
Dudilell  oscillograph  should  he  sandwiched  in  between  pre- 
j)aynient  and  two-rate  meteis.  Perinaneut  magnets  are  next 
dealt  with  in  a  fairly  practical  manner,  all  hough  directions  for 
hardening  and  tempering  are  given  without  the  least  reference 
to  the  recalescence  point  of  the  steel  ;  but  although  magnetic 
testing  was  dealt  with  in  the  first  volume  there  is  nowhere  any 
clear  statement  of  the  meanings  of  tlie  units  and  terms  used  in 
electromagnet  ism. 

The  bulk  of  this  volume  is  devoted  to  dynamos  and  motors. 
Magneto  machines,  which  are  evidently  a  .speciality  of  the 
author's  are  very  completely  described,  and  his  own  ideas  are 
fre(juently  visible  in  ingenious  devices  in  conjunction  with 
dynamos  and  motors,  namely,  the  nionoeoil  inductor  magnet, 
the  self  .starting  and  synchronising  motor,  &c. 

In  deaUng  with  lu)nu)])ol:u-  nuichines  the  author  repeats  the 
assurance  given  in  the  first  edition  that  he  has  obtained  a 
practical  s'olution  of  the  high- voltage  machine,  but  it  stiU 
awaits  practical  proof.  In  the  meantime  the  only  method  of 
obtaining  the  higher  voltage  from  such  ii  machine  whicli  ho 
shows  is  by  the  use  of  a  muulier  of  insulated  bars,  sliding  one 
after  another  under  brushes  in  serii-s,  which  would  probably 
have  most  of  the  present  commutation  dillicultios  with  a  few 
new  ones  as  well.  Dynamo  design  is  carried  out  by  the  aid  of 
certain  rules  of  the  author's,  but  heating  and  reactance  are 
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scarcely  mentioned.  The  author  objects  to  vector  diagrams 
and  rotating  fields  in  conjunction  with  induction  motors,  hut 
he  does  not  give  the  least  idea  as  to  how  the  power  factor  or 
performance  of  such  motors  can  he  predicted.  It  is  surely 
luifortunate  to  encourage  the  tendencv  to  sneer  at  theory  in 
this  way.  without  at  the  same  time  doing  soniothing  to  im- 
prove it.  This  is  best  shown  in  a  reference  to  magnetic  theories, 
where  he  criticises  the  use  of  the  term  magnetic  moment  of  a 
magnet  and  states  that  this  idea  led  to  the  employment  of  very 
long  magnets  in  the  dynamos  of  an  early  noted  inventor,  which 
were  afterwards  improved  upon  by  another  inventor  by  iialving 
their  length.  We  were  always  under  the  impression  that  this 
was  due  to  a  better  knowledge  of  the  theoiv  of  electromagnet- 
ism,  on  the  part  of  the  improver.  A  good  dissected  diagram  of 
a  three-phase  motor  is  given  as  a  frontispiece. 

Die  Atmospharische  Blektrizitat.  By  A.  H.  M.AcnE  and  E. 
V.  ScHWEinLER.  Part  30  of  '' Die  Wissenschaft."  (Brunswick: 
F.  Viewe?  &  Soliii.)     Pp.  xl  — 256.     M.  6. 

Through  the  extension  of  our  knowledge  of  the  electrical 
processes  in  gases  and  the  discovery  of  radio-active  substances, 
there  has  been  during  the  last  ID  years  a  great  development 
of  researches  on  atmospheric  electricity.  Facts  relating  to 
the  electrical  conductivity  of  the  air,  and  to  the  presence  of 
radio-active  .substances  in  the  earth's  crust  and  in  the  air, 
have  thrown  much  light  on  many  conclusions  which  were 
previou.sly  of  an  empirical  character,  and  have  contributed 
to  the  design  of  new  methods  of  observation.  The  ion  hypothe- 
sis has  also  been  very  fruitful  in  its  application  to  the  pro- 
cesses in  the  electric  field  of  the  atmosphere. 

The  book  under  review  contains  a  very  valuable  summary 
of  the  work  that  has  been  done  on  atmospheric  electricity,  and, 
as  everything  is  viewed  in  the  light  of  modern  theory,  it  will 
be  found  interesting,  not  only  to  skilled  meteorologists,  but  to 
students  of  electricity  in  general. 

The  earlier  portion  of  the  book  deals  specially  with  the 
electrical  field  of  the  atmosphere,  which  may  be  explained 
under  ordinary  conditions  by  assuming  a  nei;ative  charge  on 
the  earth  and  a  positive  charge  permeating  the  air.  Explana- 
tions are  given  of  the  methods  of  measuring  the  rate  of  fall  of 
potential,  both  when  the  observer  is  on  the  earth  and  when  in 
a  balloon  ;  and  various  electrometers  are  described.  Then 
follow  records  of  measurements  which  have  been  made  in 
various  parts  of  the  earth  from  the  polar  regions  to  the  tropics. 
(The  patriotic  Britisher  may  note  with  pride  the  honourable 
position  which  the  Kew  observations  occupy  in  the  series  of 
records.)  The  measurements  are  studied  under  the  heads  ; 
(a)  Absolute  value,  (h)  yearly  period,  (r)  daily  period,  (d)  the 
connection  between  fall  of  potential  and  meteorological  factors, 
(r)  the  influence  of  the  sun  and  moon  u[)on  the  fall  of  potential, 
(/)  the  disturl)ances  of  the  normal  electric  field  of  the  atmo- 
sphere, (f/)  alterations  of  the  normal  fall  of  potential  and  of  its 
daily  behaviour  with  increase  of  height — balloon  observations. 

Succeeding  parts  of  the  book  deal  with  the  electrical  con- 
ductivity of  the  air,  with  ions  and  how  to  count  them,  with  the 
production  of  ions,  with  electrical  currents,  with  lightning  and 
the  remarkable  phenomena  of  polar  regions,  and  with  various 
theories  of  electricity.  The  book  concludes  with  a  seven-page 
index  of  the  literature  on  subjects  of  direct  importance  in  the 
study  of  atmospheric  electricity. 


SINGLE  PHASE  ELECTRIC  TRACTION  ON  THE 
MIDLAND  RAILWAY. 


In  the  early  days  of  electric  traction  the  advantages  of  the  singlo- 
jiliase  sj'stsm  were  fully  recogni.sod  by  engineers,  but  the  low  start- 
in'^  tori|ue  (if  the  only  niot<)rs  available  mivk-  its  actual  application 
practically  impossible.  The  numerous  disadvantages  of  the  early 
singlc-phas?  motors  have,  however,  as  i.i  well  known,  been  to  a  great 
extent  overcome  during  the  past  few  years,  so  that  advantage  may 
now  b  ■  taken  of  high-tension  single-phase  current  for  railway  work- 
ing, and  this  has  in  fact  bsen  done  in  many  cases  both  in  .\merica 
and  on  the  Continent. 

Some  years  ago  Mr.  R.  M.  D;eley,  locomotive  superintendent  of 


the  .Midland  Railway,  taking  into  account  tlic  advantages  and  dis- 
advantages of  the  opposing  systems  of  electric  traction,  recommended 
the  directors  of  that  railway  to  introduce  single-phase  electric 
traction  on  the  branch  between  Lancaster  and  Heysham.  in  order 
that  the  .suitability  of  this  system  for  railway  working  generally  might 
b?  demonstrated.  A\'e  have  already  described  in  these  columns  the 
equi])raent  of  this  line,  and  we  are  now  enabled,  through  the  kindness 
of  ilr.  Dccley,  to  give  some  test  figures  which  have  recently  been 
obtained,  showing  its  operation. 

This  section  of  the  Midland  Railway  was.  of  course,  originally 
worked  by  steam  locomotives  b\it  the  single-phase  service  has  now 
been  running  quit?  .successfully  for  1.")  months.  The  results  of  somo 
tests  given  below  will  be  interesting  as  it  has  been  contended  in 
certain  quarters  that  such  tests,  both  as  regards  starting  tflrque 
and  weight,  would  show  that  greater  advantages  were  possessed  by 
the  continuous-current  system,  which  would  also  bs  better  as  regards 
acceleration.  Thess  results  compared  with  the  recent ly-publisbed 
results  obtained  on  the  L.  &  Y..  a  line  worked  by  ccmtinuous  cur- 
rent, will  show  how  far  these  contentions  are  borne  cut. 

The  tests  were  made  on  the  level  lengths  between  Lancaster  and 
Heysham.  The  train  weighed  .Tl.l  tons  and  was  worked  over  a 
distance  of  1,760  yds.,  starting  from  rest.  This  distance  was 
covered  in  119  seconds,  the  mean-speed  being  30-25  miles  per  hour. 

Table  1.  gives  the  leading  particulars  of  the  train  used. 

Table  I.— Train  lor  26  il.P.H.  .'Schedule,  indmlimj  one  20  xerond  <<lHli<:ii' 
stop  per  ville. 

Tons.  Passengers. 

Two  motor  cars  (Siemen',  revised  weights)        72         144 

One  trailer  car 18        .M 

Total 00  198 

Weight  of  ins  passengers   12-5 

Total 102-.^  tons. 

Total  horse- power =4  by  2U)--840-0 

Horsepower  per  ton  of  train=     '^■X^  (without  passengers) 
„  =     8-2     (with  „  ) 

Tts"  train  51i  tons.     420  H. P.     Hor-sc-powcr  per  ton  =  81."). 

In  Table  II.  the  mean  results  of  12  tests,  six  in  each  direction, 
taken  on  different  days,  are  shown.  The  total  energy  consumption 
was  measured  by  a  meter  on  the  high-tension  circuit,  and  the  figures 
thus  obtained  agreed  with  the  sum  of  the  watt-hours  registered  by  the 
low-tension  meters. 

Table  II. 

Driving  wheels 43o  in.  diameter 

Gear  ratio   88,30 

R. M.S.  current =  445  anips.,  or   11%  uvc  r 

continuous  cap  icily  ! 

Watt-hours  per  ton-mile,  L.T 'J2-,80  [nio'.i  i 

Main  transformer  C-'R  loss =    1-20 

„  „  iron  loss =   2-35 

Auxiliary  transformer  los.ses =   025 

Vacuum  pump    =    1-59 

Bl.nyer   =    1-00 

Control ==   Oil 

Total  watt-hours  per  ton-mile  =  99-30 

.Average  acecleraticm  ==25  M.P.H.  in  22  sus. 

.^laximiim  , =1-3  .M.P.H.  perse.. 

„  „  =  1-91  ft.  per  see.  pel        . 

Table  III. 

Driving  wheels 4(1  in.  diameter 

(iear  ratio    3-7/1 

U.MS,  eunent 3(10  amperes 

,.  ,,  -    10%  under   continuous 

capacity  of  motor 

Watt-hours  per  ton-mile,  L.T =  77-50 

.Main  transformer  C-'R  loss -=    1-03 

,,  iron  loss  =   2-35 

ATi.\iliai-y  transformer  losses ==   0-25 

\'aeiium  pump   =    1-59 

lilnwer =    1-0(1 

Control  =   Oil 

Total  wat(.|i..uis  pertoii-mik-   ......     .S3-83 

Average  aeeeleialion 19M.P.H.   in   ISsocs. 

Maximum  „  1-8  M.P.fL  per  see. 

„  ,.  =  2-(i5  ft.  jier  sec.  per  sec. 

Though  the  hors^-power  r.iting  of  the  motors  per  ton  of  loaded 
train  was  only  8-15  ll.P.,  the  acceleration  obtained  and  the  energy 
eoniumption  compare  favourably  with  the  results  obtained  on  lines 
worked  by  continuous  current. 

Diagrams  of  energy  consumption  were  taken  by  jiroperly  cali- 
brated testing  instruments  of  the  indicating  tyjie.  the  curves  being 
obtained  from  records  photographed  on  to  a  mechanically-driven 
drum. 
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.  To  obtain  the  best  results  possible  with  the  f.'ivcn  speeds  and 
distance,  which  arc  ref;arded  as  typical  of  the  retpiirements  of  urban 
and  suburban  services,  somewhat  altered  gear  ratios  and  wheel 
dimonsions  would  have  to  be  adopted. 

In  Table  III.,  the  (igures  have  been  altered  to  show  what  the 
.effect  of  .such  a  change  of  motor  purchase  would  be. 

Here  the  accelerations  with  the  single-phase  system  appear  to  be 
better  than  those  usually  obtained  with  continuous  systems  and 
similar  horse-power  of  the  motors.  Thi^  single- phase  motors  were 
not  worked  above  their  rated  capacity  in  any  way,  and  the  watt 
hours  per  ton-mile  at  the  collector  bow  came  out  at  83-83.  The 
only  comparative  figure,  and  this  is  not  quite  a  comparative  one, 
is  the  112  quoted  by  Mr.  Aspinall  for  mixed  trains,  including 
shunting  work. 

With  regard  to  the  weight  of  the  single-phase  equipment  this 
itself  is  about  one-third  heavier  than  the  corresponding  eontinuous- 
current  equipment,  but  on  a  train  such  as  the  one  under  con- 
sideration the  additional  weight  amounts  to  only  about  7J  per 
cent,  of  the  total  weight  of  the  train.  For  through  services  the 
disproportion.  Mr.  Deeley  thinks,  would  be  considerably  reduced,  and 
if  electric  locomotives  were  used  for  goods  and  mineral  trains,  all 
the  additional  weight  would  be  required  for  adhesion  purposes. 
The  question  of  weight,  however,  ceases  to  be  of  consequence  when 
the  advantages  of  single-phase  systems  are  considered  from  the  point 
of  view  of  economy  and  simplicity  of  plant. 


HIQH-YOLTAGE  TRANSFORMERS  AND  PROTECTIVE 
AND  CONTROLLING  APPARATUS  FOR  OUTDOOR 
INSTALLATION,* 

BY    K.    C.    RANDALL. 

Sumnwry. — The  design  and  construction  of  transformers  for  outdoor 
use  are  here  discussed,  and  a  comparison  is  made  of  the  cost  of  outdoor 
and  indoor  installations. 


With  the  exception  of  arc  lamps  and  series  incandescent  lamps, 
transformers  have  been  about  the  only  apparatus  in  high-tension 
service  not  protected  by  buildings.  Thus  far,  about  50  k.v.a.  has 
been  the  limiting  capacity  found  in  outdoor  service,  but  there  are  a 
few  exceptions.  Transformers  for  outdoor  service  may  be  built  for 
any  requirements  that  the  ordinary  indoor  type  of  oil-insulated 
unit  will  satisfy.  As  to  capacity,  the  limit  of  appr(iximat(>ly  .'iOO 
k.v.a.  will  ajiply  to  the  self-cooled  tyi)e,  dependiri.i;  sunuwliiil  on 
voltage  and  frequency.  As  with  the  self-cooled  iniloor  Iransfmniers, 
the  case  is  the  prinei|)al  problem.  It  is  diftieult  to  obtain  the 
radiating  surface  required  for  cooling  very  large  transformers  and 
still  retain  a  simple  mechanical  construction.  Oil-insulated  water- 
cooled  outdoor  transformers  can  be  built  for  any  capacity  irres))cc- 
tive  of  voltage  and  frequency. 

The  first  problem  apparent  in  the  development  of  outdoor  trans- 
femurs  concerned  the  terminals  :  how  to  make  them  reliable  in  all 
kinds  of  weather  and  service.  The  next  problem  was  satisfactorily 
to  weatherproof  the  case.  This  much  of  the  jiroblem  has  been 
worked  out,  and  now  outdoor  transformers  up  to  MO  k.v.a.  capacity 
have  been  built,  and  units  for  potentials  up  to  00.000  volts  are  in 
service.  The  downward  ])rojecting  lead  which  issues  from  an  over- 
hanging pocket  near  the  top  of  the  transformer  case  is  a  quite  satis- 
factory construction  for  moderate  potentials.  10,000  volts  or  more 
can  better  be  carried  by  upward  projecting  terminals,  this  arrange- 
ment being  particularly  attractive  for  convenience  in  wiring.  .About 
the  same  practice  for  placing  outlet  terminals  serves  for  both  indoor 
and  outdoor  transformers,  so  far  as  the  general  arrangement  and 
convenience  are  concerned.  The  essential  requirements  of  outdoor 
terminals  are  that  they  retain  their  insulation  characteristics  and 
that  they  do  not  deteriorate  by  exposure  to  the  elements.  Outdoor 
trrminals  are  larger  and  require  much  more  room  than  those  for 
iiuloor  service. 

Kor  a  self-cooled  300  k.v.a.  33.000  volt  outdoor  transformer 
illustrated  in  the  I'aper  the  case  is  corrugated  sheet  iron  w  ith  welded 
vertical  seams.  The  bottom  and  top  are  east  on  the  corrugated 
shell.  The  resulting  construction  is  strong,  oil-light,  and  is  not 
subject  to  damage  by  the  elements.  The  cover,  also  of  cast  iron, 
has  a  considerable  overhang  or  eave  to  guard  the  joint  between  it 
and  the  top  of  the  case,  and  is  fitted  with  the  outlet  terminals  and  a 
small  inspection  door.  All  joints  are  protected  by  an  overhang  and 
arc  designed  for  making  tight  with  gaskets. 

Outdoor  water-cooled  imits  employ  the  same  general  construction 

*  Abstract  of  a  Paper  read  before  the  American  Institute  of  Electrical 
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as  the  self-cooled  type  except  that  the  eases  will  usually  Ix-  of  boiler 
iron,  and  cooling  eoils  with  connections  must  bo  provided.  Weather- 
pn  Idling  outdoor  transformer  cases  is  doubtless  Ik-sI  dr>ne  by  making 
the  joints  vacuum-tight.  The  "  breathing"'  of  wet  air  is  the  most 
important  .source  of  trouble,  because  it  is  the  hardest  to  eliminate. 
Well-made  gasketed  joints,  with  deep,  overhanging  eaves  and  care- 
fully sealed-in  outlets  give  good  results. 

\Yhethcr  outdoor  apparatus  is  really  desirable  involves  a  great 
many  points  even  after  it  is  proved  satisfactory  in  the  individual 
jiiece.  Some  of  the  more  important  considerations  are :  location 
and  (■liniat<-  ;  cost  of  building  and  ground  for  indoor  .station  ;  cost 
of  corresponding  ground  for  outdoor  station  ;  capacity  of  station  ; 
high-tension  and  low-tension  voltages  ;  number  of  high-tension  and 
low-tension  circuits  ;  method  of  operation  and  control  ;  method  of 
cooling  ;  attendance  and  supervision  ;  instruments  and  their 
housing  ;   and  the  cost  of  indoor  versus  outdoor  apparatus. 

A  20  k.v.a.  2.200  to  220  volt  transformer  immediately  sug- 
gests a  pole  installation.  Hut  if  the  figures  are  multiplied  by 
10.  a  200  k.v.a.  22,000  to  2.200-volt  transformer  suggests  indoor 
service.  If  these  figures  are  multiplied  by  three,  a  60(t  k.v.a. 
66.000  to  6.600-volt  transformer  certainly  has  always  demanded 
housing.  The  large  clearance  required  for  exposed  high-tension 
wiring  and  disconnecting  switches,  the  expensive  construction 
demanded  for  enclosed  high-tension  wiring  and  switch  structures, 
the  cells  or  compartments  often  used  for  transformers,  the  space 
for  protective  apparatus — all  these  operate  to  make  the  high-tension 
station  costly  as  compared  with  the  low-tension  station.  If  all  high- 
tension  apparatus  were  placed  outside,  some  kind  of  a  structure 
would  still  be  required  in  most  cases  for  housing  the  instruments,  the 
high-tension  control  apparatus  and  the  low  -tension  switchboard.  If 
attendance  were  contemplated,  some  additional  facilities  might  also 
be  required.  When  housing  is  needed  for  part  of  the  apparatus, 
perhaps  a  large  part,  the  expected  advantage  of  placing  the  remain- 
ing apparatus  outdoors  may  not  become  important,  or  may  even 
not  exist  at  all.  In  order  to  obtain  a  comparison,  the  cost  of  the 
the  station  grounds  and  indoor  apparatus  must  be  balanced  not  only 
against  the  smaller  building,  but  also  against  all  the  ground  required 
for  the  outdoor  apparatus,  the  outdoor  apparatiis  itself,  and  the 
instruments  and  the  indoor  control  apparatus. 

If  the  high-tension  circuits  are  many,  and  switching  is  contem- 
plated, the  outdoor  arrangement  appears  attractive.  If  the  low- 
tension  plan  calls  for  the  control  of  the  several  circuits,  the  indoor 
arrangement  looks  desuable.  as  but  little  additional  indoor  space 
over  that  required  for  the  instruments  and  high-tension  control 
panels  may  be  necessary  for  the  low-tension  switchboard.  Further- 
more, indoor  low-tension  switches  and  wiring,  especially  if  remote 
control  be  not  used,  should  be  cheaper.  Finally,  when  there  has 
been  provided  a  house  that  covers  all  but  the  high-tension  pieces,  it 
may  be  found  that  a  small  additional  cost  would  have  housed  every- 
thing. Evidently  no  rule  can  be  set  down,  as  every  case  will  require 
individual  solution. 

Tyi)ical  designs  of  33.000- volt  and  60.000-volt  indoor  and  outdoor 
transformer  .stations  are  given  in  the  Paper.  .As  an  example  of  the 
growth  toward  outdoor  stations,  there  may  be  cited  the  Lockport 
station  of  the  Niagara,  Lockport  &  Ontario  Power  Co. 

Cos<.— Outdoor  transformers,  like  the  indoor  type,  increase  in 
cost  as  the  operating  voltage  is  raised,  and  decrease  in  cost  as  the 
frequency  of  operation  is  increased.  It  is  common  to  jirefer  a  few- 
Large  transformers  rather  than  several  small  units.  Estinuites, 
based  on  existing  installations,  for  two  equivalent  indoor  and  out- 
door 2,000  k.v.a.  25,000-volt  60-cycle  stations  are  given  in  the 
Paper.  The  total  cost  of  the  indoor  station  is  approximatel\- 
£3,1,'>0  and  of  the  outdoor  station  £2,390.  i.e..  a  saving  of  30  per  cent. 
Another  example  for  a  3,000  k.v.a.  22.000  to  3.000.volt  25-cycle 
motor-generator  sub-station  slunvs  for  the  indoor  station  :  Building 
(1 10  ft.  by  38  ft.)  £4,4(l().  switchboard  £4.0(10.  transformers  £3.0110. 
raotor-geiicrator  sets  £9.()()0  and  exciters  £9(U) ;  total  £21 .000,  Also 
with  the  high-tension  apparatus  outdoors  (.n  concrete  foundations, 
and  a  building  110  ft.  by  10  ft.,  the  cost  is  :  Uuildin-j  £1,.">I'0.  switch- 
board £4.050.  transformers  made  weather-proof  £3.-_'(i(i.  motor- 
generator  sets  £!).liOO  and  exciters  £00"  :  total  £10.2.'iO.  the  saving 
being  13  per  cent. 

k  .self-contained  sub  station  made  up  of  transformers,  circuit- 
breakers  and  choke  coils  has  been  proposed.  Such  an  arrangement, 
if  three-phase,  would  re(iuire  but  three  high-tension  leads  and  would 
dispose  of  12  other  leads  otherwise  required  by  switches  and  the 
choke  eoils.  If  the  choke  eoils  were  omitted,  six  leads  are  still  saved 
For  capacities  up  to  approximately  250  k.v.a,  this  arrangement  may 
be  found  attractive.  Such  units  should  be  proteetcdi^by  fuses  or 
other  circuit-interrupting  devices  on  the  high-tension  side,  as  a 
failuiv  outside  of  the  switch  could  not  be  relieved  by  it.  Discon- 
necting switches  should  also  be  used. 
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A  constructiiin  which  iKiiuits  of  shi|imont  in  the  case  with  oil  is 
an  improvement  in  transformer  desijin  which  has  been  received  with 
qnite  general  favour,  as  the  installation  problent  is  much  siinplitiecl. 
The  usual  unpaekinc.  reassemb'ing.  and  drying  out.  if  necessary,  is 
reduced  simply  to  removing  the  blind  flanges  from  the  terminal 
openings  and  replacing  the  terminals  in  order  to  be  ready  for  opera- 
tion. Transformers  arranged  for  shipment  in  their  cases  with  oil. 
if  made  weather-proof,  need  never  enter  a  building  after  leaving  the 
factory,  unless  repairs  or  inspretion  should  demand  it. 

Conclitsiotis. — -The  advantage  of  outdoor  apparatus  lies  in  cheapen- 
ing the  installation  due  to  a  saving  in  building  ;  there  is  also  less  life 
and  property  ha/.ard.  The  disadvantages  are  absence  of  )irotcction 
from  weather  when  inspecting,  overhauling  or  making  repairs,  and 
ex|H)Sure  to  molestors.  The  problem,  as  a  whole,  was,  first  the  trans- 
former ;  second,  the  switch  ;  and,  third,  the  protective  ai)paratus. 
All  of  these  have  been  worked  out  and  .some  experience  obtained. 
The  problem  now  is  to  decide  w  hen  outdoor  apparatus  is  warranted. 
This  is  a  question  of  the  station  rather  than  the  apparatus,  and  is 
subject  to  the  individual  conditions  of  each  case. 


ELECTRICITY  IN  THE  TEXTILE  INDUSTRY. 

Most  modern  textile  mills  are  now  fitted  up  with  electrical  plant, 
but  the  aj)plication  of  electricity  is  generally  restricted  to  lighting 
and  motive  power.  These,  however,  by  no  means  exhaust  the  pos- 
sibilities, and  thus  an  electric  conditioning  oven  has   recently  been 

Large  Lid  Open  for  Inserting 
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designed  by  Mr.  H.  Ellis  and  Mr.  C.  E.  AUsopp,  of  the  iJradford 
Corporation  Electricity  Department.  Besides  appearance  and 
weight,  the  strength  of  a  cloth  is  always  taken  into  account.  This 
is  done  by  straining  various  samples  of  equal  length  and  width 
between  two  jaws.  Such  a  test  should  only  be  carried  out  after 
the  cloth  ha.s  first  been  conditioned,  as  there  arc  many  cloths  which 
have  a  lower  breaking  jwint  when  wet  than  dry.  The  conditioning 
oven  then  ensures  that  the  fibre  or  cloth  is  free  from  moisture,  or 
at  any  rate  that  the  percentage  of  moisture  remaining  is  such  as  to 
to  be  a  negligible  quantity  when  considering  weight  or  strength. 

The  construction  of  these  ovens  differs  slightly  owing  to  the  heat- 
ing medium,  which  up  to  the  present  has  been  confined  to  gas  or 
steam.  The  steam  oven  is  used  only  where  a  su|)ply  of  steam  is 
available  for  power  or  heating  purposes.  Vjut  where  steam  is  not 
available,  gas  is  used.  The  efficiency  of  the  gas-heated  oven  is 
naturally  low,  as  the  air  passing  through  the  wool  must  not  be  in 
c^mtact  with  the  flame  or  fumes.  It  is  usually  passed  over  a  series 
of  large  copper  plates  on  its  way  to  the  conditioning  tank ;  this 
means  then  that  by  far  the  greater  percentage  of  heat  units  'passes 


away  to  the  atmosphere.  In  most  modern  giis-heated  ovens  the 
hot  air  is  driven  through  the  wool  by  means  of  a  fan  or  blower  at 
a  pressure  such  as  will  ensure  that  all  moist  me  is  removed. 
Obviously,  if  electric  heating  was  applied  in  the  same  way  the 
expense  would  prohibit  its  use,  but  owing  to  the  fact  that  the  air 
comes  in  direct  contact  with  the  heating  element  in  the  new  design, 
the  efficiency  is  very  considerably  increased. 

Referring  to  the  cross  section  of  the  oven  shown  herewith,  the 
rectangular-shaped  box  on  the  centre  line  contains  a  nimiber  of  woven 
wire  resistance  mats  arranged  horizontally  one  over  another.  Sur- 
rounding this,  and  insulated  from  it  by  slag  wool,  is  a  chamber 
(also  insulated  on  its  outer  edge)  which  is  really  a  spiral  surround- 
ing the  heater.  In  this  spiral,  which  is  square,  is  a  ."!  in.  by  .'!  in. 
tube  also  in  the  form  of  a  spiral.  These  tubes  form  the  economiserof 
the  apparatu.s.  Air  is  blown  through  the  smaller  tuba  by  a  fan, 
entering  at  the  top,  into  the  bottom  of  the  heater,  then  up  tlirough 
the  wire  mats  into  the  space  at  the  top.  From  this  point,  by 
means  of  a  series  of  ports,  the  air  may  be  directed  either  through 
the  wool,  which  is  contained  in  the  conditioning  tin,  or  bypassed 
into  the  annular  space  surrounding  the  oven,  and  thence  down  into 
the  larger  tube  of  the  economiser.  This  latter  method  is  adopted 
when  the  weighing  operation  takes  place,  as  it  would  obviously  be 
impiissiljle  to  weigh  the  material  with  a  pressure  of  air  under  tli.' 
tin;  furthermore,  it  is  not  advisable  to  switch  the  current  off,  as 
even  while  weighing  takes  place  it  is  necessary  to  maintain  the  air 
temperature  in  the  oven  as  normal  as  possible,  otherwise  the  fabrie 
would  absorb  moisture  from  the  atmosphere,  and  so  give  a  wrong 
result. 

The  material  rests  in  the  tin  on  gauze  ur  perforated  zinc  of  small 
mesh,  and  the  usual  quantity  used  for  conditioning  is  Jib.  This 
sample  is  taken  from  the  inside  of  a  bale  indiseriminalely.  and  the 
percentage  of  moisture  in  the  sample  represents  the  percentage  of 
moistiu'e  in  that  ))articular  bale.  Directly  above  the  tin  there  is  a 
sensitive  scale,  and  it  is  customary  to  keep  the  scale  balanced 
throughovit  the  tests  by  adding  weights  on  the  wool  side  to  make  up 
for  the  loss  of  weight  due  to  evaporation. 

The  whole  apparatus  is  designed  in  a  manner  which  ensures  the 
highest  possible  efficiency,  and  that  the  result  aimed  at  has  been 
attained  can  be  proved  by  noting  the  temperature  of  the  air  at  the 
outlet.  Although  the  temperature  of  the  oven  is  maintained  at 
220  F.  throughout  the  test,  the  outlet  temperature  is  but  a  few 
degrees  above  that  of  the  inlet.  This  proves  the  value  of  the  eco- 
nomiser, which,  it  will  be  noted,  is  similar  in  principle  to  a  feed 
water  heater.  A  motor  consuming  about  GO  watts  suffices  to  drive 
the  necessary  amount  of  air  through  the  oven;  whilst  the  hcaten 
consume  only  I  unit  per  hour,  so  that  the  cost  for  current  is  snuill. 
and  is.  in  fact,  stated  to  be  less  than  that  of  gas  in  the  most  modern 
type  of  gas-heated  ovens.  Where  a  supply  of  electricity  is  not 
available,  it  is  a  simple  matter  to  run  a  small  dynamo  oil  he  line 
shafting,  to  which  also  the  fan  could  be  coupled :  since  in  such  a  ease 
the  dynamo  would  merely  replace  the  motor.  The  extra  cost,  there- 
fore, of  such  an  arrangement  would  be  small. 

One  great  advantage  that  this  oven  has  over  the  gas-hcivt<.d 
oven  is  that  it  is  ready  for  use  in  five  minutes,  whereas  it  takes 
from  30  to  4.5  minutes  to  warm  up  the  other  thoroughly,  owing  to 
the  fact  that  a  large  mass  of  cojiper  or  other  metal  has  to  be  healed 
up  before  the  air  blast  can  be  applied.  Many  t)ther  advantages  nre 
claimed  for  the  electric  oven;  among  thtse  arc:  (1)  It  iscomjiail. 
(2)  It  may  be  removed  from  place  to  ])lace  and  used  with  a  jilug 
and  flexible  wire.  (3)  The  temperature  regulation  is  perfect,  and 
may  be  controlled  either  by  regulating  the  amount  of  air,  or  by 
switching  the  current  on  or  off.  (4)  It  may  be  u.sed  on  alternating 
or  direct  current.  The  apparatus  is  likely  to  interest  central  station 
engineers,  particularly  those  in  the  woollen  and  worsted  districts. 


CORRESPONDENCE. 

THE  PHOTOMKTKY  OF  DIFFERENTLY  COLOURED 
LIGHTS. 

TO  THE    KDITOU    OK   THE   KLKI'TItlOIAN. 

Sir:  In  your  issue  of  July  IGth  I  notice  an  article  by  Mr. 
Lancelot  Wild  in  connection  with  the  j)lioton)ctry  of  (lifTeicntly 
coloured  lights  niid  the  difTeieMce  hetweeti  tests  made  with  the 
flicker  photometer  and  other  t3pe3. 

I  li.ive  already  pointed  out  the  diffieulty  of  comparing  lights 
of  did'eient  colours  ("  Bulletin  "  dc  la  Societe  Internationale 
dcs  Electriciens,  November,  1904,  pp.  017-()52,  and  also  at 
the  nieetinj^  of  the  International  I'hototnetric  Commission  in 
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Zurich,  July,  1907.  The  reports  presented  to  the  Commission 
were  published  in  TiiK  Ki.kutiucia.n,  October  IS,  1907,  p.  G). 

Among  other  tests  published  in  my  note  to  the  Socirtr  des 
Electricicns,  I  may  reftr  to  the  following,  made  when  com- 
paring a  Nernst  lamp  and  an  ordinary  carbon  lamp  :  (1)  With 
the  same  photometer,  when  the  distance  of  lioth  lamps  from 
the  screen  was  varied,  the  relative  value  of  one  lamp  to  the 
other  varied  20  per  cent.  (2)  With  the  same  distance,  and 
with  the  flicker  jjliotometcr,  the  relative  value  also  varied 
20  per  cent,  according  to  the  method  of  using  the  photometer: 
(rt)  with  the  disc  moving  at  about  10  to  15  revolutions  per 
second  and  the  jihotometer  really  acting  as  a  flicker  photo- 
meter, (/))  with  ihe  disc  at  rest,  and  the  photometer  acting 
without  flicker,  like  any  photometer  of  the  equality  of  bright- 
ness type. 

I  agree,  therefore,  with  Mr.  Wild's  conclusions  in  regard  to 
the  flicker  photometer;  but  I  think  the  difficulty  pointed  out 
by  him  is  only  one  among  many  others  met  with  by  all  who 
try  to  compare  lights  of  different  colours. — I  am,  &c., 

P.  L.4UHI0I, 

Chief  Engiccer  of  the  Lighting  Depaitmenl  of  Paris. 
Pari?,  July  21. 

TO  TIIK  EDITOR  OF  THE  ELECTRICIAN. 

Sir:  I  have  r.  ad  with  much  interest  Mr.  Lancelot  Wild's 
article  upon  "  The  Photometry  of  Diflereiitly  Coloured  Lights  " 
in  your  issue  of  Jidy  16th.  So  far  as  I  understand  it,  the 
results  of  Mr.  Wild's  experiments  are  that  when  testing  the 
tungsten  lamp  against  a  carbon  filament  lamp  the  flicker  pho- 
tometers gave  results  (scale  readings)  varying  only  from  1'71 
to  1'735,  while  when  the  same  comparisons  were  made  with 
other  forms  of  photometer  heads  the  results  varied  from  1-7 
to  2  O."). 

I  take  Mr.  Wild's  argument  to  be  that  if  one  is  using  a  car- 
bon filament  lamp  as  a  standard  and  testing  a  tungsten  lamp 
one  can  get  a  higher  value  for  the  tungsten  lamp  with  photo- 
meter heads  of  the  L!iiiison,  prism  or  Lunimer  type,  acd  ho 
argues  from  this  that,  therefore,  one  should  use  photometer 
htads  of  this  desciiption.  It  appears  to  me  to  be  the  logical 
sequence  to  this  argument  that,  if  one  is  using  the  tungsten 
lamp  as  a  standard,  in  order  to  get  the  value  of  a  carbon  fila- 
ment lamp,  the  reverse  procedure  should  be  adopted. 

Photonietrical  values  will,  indeed,  have  a  new  terror  if  one 
is  allowed  to  adopt  whichever  form  of  photometer  head  he 
prefers,  however  uncertain  its  readings  maybe,  so  long  as  that 
photometer  head  gives  a  high  result  to  the  particular  lamp 
being  tested.  I  can  follow  Mr.  Wild'.s  figures  very  readily, 
but  I  do  not  see  anything  at  all  in  the  nature  of  a  jnoof  that 
for  testing  tungrten  lamps  the  flicker  photometers  will  have  to 
he  discarded  in  favour  of  the  Bunsen  disc.  Those  of  us  who 
have  studied  the  question  know  perfectly  well  that  photometer 
heads  constructed  en  the  contrast  or  equality  of  brightness 
principle  will  give  dillercnt  results  from  the  flicker  photo- 
meter, and  this  is  on  account  of  the  colour  difficulty. 

Mr.  Wild  does  not  seem  to  have  advanced  any  sound  argu- 
ment in  support  of  the  conclusion  to  which  he  comes,  however 
flattering  that  conclusion  may  be  to  the  pholometrical  value  of 
tungsten  lamps. — I  am,  &c., 

Victoi  ia  street,  S.W.,  July  26.  Jacijues  Ahadv. 


THE  "C.M.B."  AUTO-CON VERTf:K. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir  :  I  thank  Messrs.  Macfarlane  and  Burge  for  their  cour- 
teous reply  in  your  issue  of  July  23rd  to  my  letter  published 
on  July  Kith;  at  the  same  time  I  cannot  pass  the  statements 
therein  made. 

The  function  of  a  transformer  is  to  convert  power  at  one 
pressure  to  another  higher  or  lower  pressure  and  incidentally 
oce  may  require  to  regulate  the  secondary  pressurj.  These 
two  reqniiemcnts  should  not  be  confused.  For  the  simple 
function  of  pressure  reduction  an  advantage  is  claimed  for  the 
"C.M.B."  macliinecorapaied  with  the  double  commutator  type. 
What  are  the  facts  ?  Taking  the  example  given  in  the  original 
article,  Messrs.  Macfarlane  and  Burgo  state  that  for  a  reduc- 
tion ratio  of  4  :  1,  the  division  of  both  field  and  armatuic  will 


be  approximately  in  the  ratio  of  2:1.  This  is  i»erfectly  cor- 
rect. If  any  ratio  V  ;  v  be  assumed  then,  neglecting  the  in- 
cfticiency  of  the  machine,  the  division  in  tlie  ratio  v'V  :  Ja 
will  give  most  normal  design  throughout.  Tiie  C>(  K  pre.ssure 
diop  in  the  two  sections  of  the  armature  will,  therefore,  be  in 
the  ratio  Jn;  JV,  and  the  resistance  or  "copper"  losses  in 
the  ratio  f';  V^^sinc^thc  currents  aiein  the  ratio  V.X  and  the 
resistances  ^V;  ^'v. 

In  the  example,  therefore,  the  voltage  drop  on  the  low- 
pressure  side  would  be  double  instead  of-  {th  that  on  the 
high  pressnie  side,  and  the  losses  in  the  ratio  1  :•■>.  The  above 
argument  assumes  that  the  currents  are  in  the  exact  inverse 
ratio  of  the  pressures.  Owing  to  the  facts  th.it  the  "  l.'.M.B." 
machine  is  an  auto-transformer  and  that  tie  high-pressuro 
winding  has  always  to  carry  the  current  to  supply  the  armature 
losses,  there  is  no  doubt  that  in  practice  this  ratio  will  be 
reduced  to  something  like  I  :G. 

A  similar  argument  will  show  that  the  losses  in  the  field 
magnets  are  also  very  unequal.  (It  should  not  be  forgo  Am 
here  that  the  "  C.M.B."  machine  has  twice  as  many  magnetic 
paths  in  parallel  as  the  double  commutator  machine,  and, 
therefore,  the  product  of  copper  value  into  value  of  energy 
consumed  in  any  time  will  be  ^2  times  as  great.) 

For  greatest  efficiency  and  ccnnomij  oj  maUriul,  a  tratv 
former  slwuld  have  apjiroximaleJy  equal  losses  in  primnrij  and 
secondari/  sections,  and  there  is  little  doubt  that  in  practice  the 
loss  on  either  side  of  a  double  commutator  machine  will  not 
greatly  exceed  the  figure  representing  unity  in  the  above  latio 
of  1 :  (J  for  the  "  C.M.B."  machine. 

If  one  takes  the  statement  of  SO  per  cent,  efficiency  for  a 
3  kw,  "C.M.B  "  machine  given  in  the  original  article,  and  sub- 
tract the  odd  17  per  cent.,  by  which  the  "C  M.B."  machine  is 
said  to  excel,  wo  obtain  63  per  cent,  as  being  Messrs.  Mac- 
farlane and  Burge's  estimate  of  the  maximum  efficiency  obtain- 
able from  a  3  kw.  machine  of  the  double  commutator  tyjie. 
Looking  up  a  few  te^ts  I  find  that  the  nearest  example  to  this 
is  a  5  kw.  machine  480/65  volts,  which  gave  on  test  (made  by 
the  customers)  88  per  cent. 

The  remark  that  "  the  whole  of  the  conductors  "  (presum- 
ably armauire)  "are  common  to  either  motor  or  generator 
fields,"  is  surely  incorrect.  In  the  sense  that  the  machine  is 
an  auto  transformer  it  is  true  that  the  motor  conductors  are 
common,  but  not  the  generator.  In  the  double-wound  machine 
all  the  conductors  are  certainly  common,  since  there  is  only 
one  field,  and  edl  the  copper  is  fulhi  utilised  uitd  nercr  "rer- 
loaded.  If  special  regulation  be  required  it  is  true  that  some 
of  the  generator  conductors  only  cut  the  atixiliarj'  field.  This 
will  certainly  detract  from  the  efficiency,  but  the  arrangement, 
with  the  widest  degree  of  regulation,  will  not  be  so  b.id  as 
that  of  the  "  C.]\I.B. "machine,  which  practically  corresponds  to 
two  entirely  separate  machines,  mechanically  coupled  and  con- 
nected auto-transformer  fashion. 

The  risk  of  breakdown  between  sections  in  a  double-wound 
armature  is  not  so  great  as  that  occurring  between  individiril 
turns  of  a  single  winding.  Nevertheless,  the  ring-wound 
armature  is  undoubtedly  superior  to  the  ilrum-wound  in 
this  respect.  When  the  difficulty  of  winding  and  expensive 
construction  of  a  ring  wound  armature  are  considered,  to- 
gether with  the  extreme  care  required  to  avoid  breakdown 
to  earth,  however,  no  manufacturer  would  think  of  using  this 
ty|)e  in  place  of  the  drum-wound  with  its  simjile  construction 
and  former  coils,  unless  driven  to  it  by  the  awkwardness  of 
the  design. 

Again,  Messrs.  Macfailane  &  Burge  may  easily  refer  to 
standard  authors,  to  find  that  the  ring-wound  armature  coil 
possesses  much  higher  inductance,  and  therefore  reactance 
voltjige  than  the  drum  wound,  for  the  simple  reasoit  that  the 
turns  of  the  coil  enclose  a  magnetic  path  which  is  entirely 
through  iron.  Couple  this  with  the  much  higher  inimber  of 
turns  per  segment  carrying  the  largo  low  [iressure  current  and 
a  higher  pcripher.al  speed  on  the  commutator,  and  it  will  ba 
seen  what  an  exceedingly  difficult  commutation  problem  is 
presented. 

To  deal  with  the  whole  of  the  points  fully  would  encroach 
too  far  on  your  valuable  si>ace,  which   is  alre.uly  overtaxed 
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but,  in  eoni'lusion,  I  wouM  say  tliut  I  am  prepared  to  design  a 
niacliinc  for  any  considerable  voltage  reduction,  of  the  double 
commutator  type,  which  shall  bo  cheaper  to  make  and  more 
efficient  than  tlie  "  C'.M.B."  machine.  Further,  I  ask  if  this 
machine  can  be  made  having  a  reduction  ratio  of  480/10  volts 
for  the  purpose  of  charging  ignition  cells,  this  being  a  type 
of  machine  I  have  been  called  upon  several  times  to  design. 
Finally,  will  Messrs.  Macfarlanc  and  Bnrge  kindly  accept  my 
apologies  for  this  severe  criticism,  which  is  given  in  f|uite 
a  technical  spirit.  There  is  u)  doubt  that  the  "C.]\I.B." 
michine  as  solil  is  a  perfect  artiolc,  but  I  must  differ  with  the 
designers  with  regard  to  ihi  esoiiomic  applicability  of  the 
principle  involved. — I  am,  itc. 

East  London  College,  .July  24.  Leoxaud  Jilnu-iiv. 


INTERESTING  TYPES  OF  ELECTRIC  MOTORS. 


As  loiij;  as  electric  motors  were  in  their  infancy  Ihcy  pic^sentcd  the 
most  various  desisrns,  from  wliicli  standard  types  have  gradu.illy 
been  evolved,  so  that  any  difVc n  nee  bi  tween  the  exterior  of  a  three- 
phase  induction  motor  lilted  with  a  slip-rinj;  lotui-  and  a  cimliiiuoiis- 
eurrent  motor  is  scarcely  disceniihle  ;  anil,  lurllur.  Ihe  Lketric 
motors  designed  and  ])laced 
npon  the  market  by  the 
various  manufacturers  can 
scirccly  be  distiuguislicd 
from  one  another  l)y  any 
special  features.  On  the 
otlier  hand,  liowevcr,  there 
has  been  a  tendency  to 
adapt  the  electric  motor  as 
far  as  possihle   to   the  c(,n. 


but  are  shielded  in  sueli  a  m 
an  entrance  into  Ihe  iiilriicir 


liner  that  ill  i|ipiiiL'  watir  cuniiol  fmd 
f  Ihe  miiliir.  Veiilihitiiui  is  naturally 
impaired,  but  this  is  improved  by  means  of  a  fan  mniiiikd  on  the 
shaft  of  the  motor.  Air  is  drawn  in  from  the  one  side,  and  after 
passing  through  the  interior  of  the  motor,  is  expelled  on  the  other 
side.  In  the  case  of  three-phase  motors  fitted  with  slip-ring  rotor 
and  continuous-current  motors,  the  ])rotccting  cover  lifted  to  the 
slip-ring  or  commutator  side  of  the  motor,  as  the  case  may  be,  i^ 
only  provided  with  two  ventilatiu};  o]irnings.  For  vertical  motors 
(Fig.  1)  the  jiroteelion  against  drip|)in!;  water  Consists  of  a  drip- 
])ioof  hood.  Air  is  drawn  in  throu>;h  Iht  vintilaling  holes  .seen  at  the 
linttoni  of  the  luolcir  frame,  and  afUr  jiassing  IhidUfih  special  ven- 
tilatinj;  duets  provided  in  the  slalor  and  Ihe  rolor.  is  expelled  through 
Ihe  liberally  rated  openings  under  the  drip-proof  hood,  thus  bringing 
either  the  .slip-rings  or  the  commutator  into  intimate  contact  with 
th"  outside  atmosphere. 

Wiuu  d'  sjmied  as  vertical  motors,  three-phase  motors  fitted  with 
S(|iiii-n  l-eafie  rotors  arc  usually  given  the  preference,  and.  owing  to 
their  simple  design,  they  are  particularly  adapted  for  driving  sinking 
pumps,  the  chief  field  for  large  vertical  niotor.s.  l''ig.  2  shows  a  three- 
phase  drip-jiroof  induction  motor  of  the  .S((uirrcl  cage  type  having  an 
output  of  IS.')  H.p.  at  500  volts  and  1,500  revs,  per  min.  ll  may  be 
mentioneil  that  motors  so  protected  may  also  b<i  set  to  wniU  in  the 
o|pen  air  without  further  protection  from  Ihe  weather. 

Jf  the  motors  are  to  be  employed  in  very  damp  .situations,  or  in 
mills,  cement  works,  textile  factories,  chemical  works,  &e..  Ilu- 
totally-enclosed  type  must  be  chosen.  'J'his  dilTers  from  the  dri|i- 
proof  type  inasmuch  as  the  ventilating  openings  are  dis|nnsril  with; 
.'\  cap  of  compressed  sheet  metal  is  fastened  over  the  end  bracket 
at  the  sliiJ-ring  or  cominutalnr  end,  and  the  otlier  end  is  closed  by  n 
m?tal  disc,  by  which  means  the  interior  of  the  motor  is  entirely 


Fii;.   I. — Ukip-I'Ivook 
.  Vertical  Motor. 


I'li;.  2. — THiiBE-rH.\sE  Diiip-raoi 

iNnrCTION    MOTOU. 


-JIoTOR    WITH    FoRC'KD    VKN'Tn..\TION 


ditions  under  which  it  will  have  to  run.  The  Feltcn  &  Cuilleaumc- 
Lahracyerwcrko  A.-G..  of  Frankforl-on-Main,'  have  developed  cpiite 
a  number  of  motor.?,  of  which  the  more  interesting  types  arc  illus- 
trated and  described  below.  In  these  the  varicjus  metliods  of  eree- 
tio.n  are  attained  by  means  of  specially  designed  motor  frames. 

Tiic  standard  so-called  open-type  motor  is,  under  ordinary  con- 
ditions, always  applicable,  and  therefcae  the  one  most  universally 
adopted.  It  posse.j.SLS  the  iwlvantage  thai  the  motia'  is  most  effec- 
tively cooled,  owing  to  the  open  as  well  as  accessible  positicai  of  the 
windings  and  the  free  ventilation.  It  fretpiently  happens,  however, 
that  the  motors  arc  required  to  work  in  jilaces  where  they  are  liable 
to  b;  injured  by  falling  bodies  or  objects — for  e.\amiilc,  in  buildings 
under  c.aistruction.  The  motors  may  be  adapted  for  these  un- 
favourable working  conditions  by  i)rotccting  them  with  a  covering 
of  exp.-vndcd  metal  or  |)erforatcd  sheet  iron,  which  is  placed  over  the 
bearing  shield  of  the  .slip-ring  or  commutator  side  as  the  case  may  b -. 
Tiic  three-jihasc  H()uirrel-cage  motor,  however,  does  not  retpn're  a 
protecting  device  of  this  description,  as  all  its  jiarts  are  already 
sullicicntly  w;.!!  protected  by  rca.son  of  ils  peculiar  form  of  con- 
sti-uction. 

If  the  motors  are  to  he  employed  in  places  where  they  arc  exposed 
to  the  continual  influence  of  dripping  water — .as,  for  example,  in 
mines,  or  when  building  large  tunnels — they  mu.st  naturally  be 
ada])'ed  to  the  special  conditions.  In  the  three-jihas-  Lahmeyer 
in  luelion  molcir  of  this  e<jnstriiclion.  designated  Ihe  drip-proor  type. 
f'lur  venlilaling  openings  are  provided  in  each  of  the  end  brackets. 


closed  olf  from  the  influences  of  the  surrounding  atmos])hcre.  On 
this  account  the  ventilation  is  considerably  impaired,  and  the  output 
of  the  machine  is  about  SO-.W  per  cent,  less  llian  in  an  o]Kntyi  e 
machine  of  the  same  size. 

For  electrically-operated  cranes,  paiticularly  those  crcetid  in  the 
open  ail',  totally-enclosed  motors  are  generally  used.  To  ovi  rcome 
the  objection  of  reduced  out]nit  in  cnclo.sed  motors  the  l'\lten  & 
(fuilleaume-Lahmeyerwerke  have  developed  a  system  lor  Ihe  em- 
ployment of  l'(jr(-ed  ventilation.  'I'he  motor  fiarae  is  completely 
enclosed  with  the  excejition  of  two  o[)inings,  one  at  the  pulley  end 
and  the  other  at  the  commutatiir  or  slip-ring  end  (l""ig.  3).  'I  he 
former  serves  for  the  ingress  and  the  latter  for  the  egress  of  the  air. 
which  is  impelled  through  the  machine  by  a  fan  mounted  on  tli" 
armature  shaft.  In  this  way  the  motors  may  be  rat^d  as  equivalent 
to  open-ty])C  machines,  and  will  develop  an  equal  out|)ut.  In  order 
to  give  the  machines  sufliei(  nt  stability  lliey  are  mount(d  on  strong 
bed-])laUs,  as  shown  in  Kig.  ;'.,  in  which  tlu  re  air  openings  eonni  cling 
the  air  conduits  w  ith  the  motor  housing,  assiiiuiiig  that  the  air  supply 
is  taken  from  below.  With  a  belt  drive  the  maehine,  togellu  r  with 
this  bcd-j)latc,  is  mounted  on  slide  rails,  which  are  so  construcK  d  thai 
the  connection  between  the  motor  and  the  underground  channels  is 
always  airtight.     Fig.  4  shows  this  arrangement. 

When  used  for  driving  sinking  pumps  it  may  happen  that  llie 
motor  has  jicriodieally  to  work  below  the  water  li  v(  1.  In  this  ease 
it  is  not  piLSsible  t(,  n'lakr  use  of  thi'  i.idinaiy  l<,l,dly-(  n<'lo.-cd  type, 
and  an  absolutely  watertight  design  must  be  adopted.     \Vilh  this 
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construction  tlio  two  totally-cncldsod  end  lirackets  arc  screwed 
tightly  to  the  motor  liousing  w  itli  tlie  inti  riiosii  ion  of  ruliber  washers,  i 
A  watertiglit  closing  cover  on  the  commutator  (jr  sll|)-ring  side,  as 
shown  in  Fig.  5.  is  also  necessary  with  continuous  or  three-phase 
current  motors  fitted  with  slijj-ring  rotors,  in  oidcr  that  tlic  com- 
mutator or  slip-rings  may  be  periodically  examined.  In  conse- 
quence of  the  absence  of  all  sliding  contacts,  motors  with  short-' 
eireuiled  rotors  arc  evi  ii  more  suiti  d  to  this  class  of  wcjrk  than  those 


trifugal  sinking  pump  lo  which  the  motor  is  direct  coupled.  The 
three  pipes  seen  on  the  riglit-hand  side  of  tlie  motor  serve  to  dis- 
charge the  cooling  water. 

In  conclusion,  one  more  8])ccial  type  may  be  dcscrilxrd — viz.,  a 
motor  for  fiery  mines.  .Macliincs  constructed  with  gas-tight  housings 
which  were  first  tried  did  not  prove  entirely  satisfactory  ;  the  total 
absence  t>(  ventilation  caused  them  to  be  unduly  large  and  absolate 
gas-tightness  was  extremely  difficult  to  maintain.     The  result  waa 


Fin.  4. — Arrangement  for  Fouckd  Ventilation. 


Fio.  r>. — Wateutioht  JIotok. 


of  the  slip-ring  type.  When  designed  for  large  outputs  they,  of 
course,  require  special  starting  devices,  mostly  starting  transformers  ; 
the  special  connections  to  the  rotor  necessary  for  motors  of  the  slip- 
ring  type  are.  however,  totally  dispensed  with. 

What  has  already  been  said  about  the  reduced  output  of  the  or- 
dinary totallj'-enclosed  motors  in  connection  with  impaired  ventila- 
tion holds  good  in  a  still  greater  degree  for  the  watertight  type  of 
motor,  if  etfeetive  means  for  artificial  cooling — viz..  by  cooling 
water — ;irc  not  provided.      The  walor-ooolcd  watertight   motor  of 


that  the  explosive  gases  were  gradually  drawn  into  the  motor  housing, 
and  with  the  slightest  sparking  an  explosion  occurred  and  fractured 
the  motor  sliell.  A  further  series  of  tests  were  undertaken,  eventually 
resulting  in  the  so-called  "plate"  ])rotection.  This  consists  of  a 
number  of  hollow,  circular  or  rectangular  brass,  or  other  non-rusting 
metal  sheets,  built  up  one  above  the  other,  with  narrow  air  spaces 
between.  Through  the  slot.s  formed  in  this  way  the  explosion  gases 
in  the  interior  of  the  motor,  which  have  perhaps  become  ignited  from 
any  cause,  will  escape  and  become  cooled  in  their  passage  by  contact 
with  the  iron  plates,  so  that  an  ignition  of  the  firedamp  outside  the 
motor  cannot  jiossibly  o<cur.  after  the  manner  of  the  Davy  safety 
lamp.  This  princi|>k  ,  which  is  used  on  British  and  foreign  machines, 
and  has  proved  to  be  the  most  satisfactory  from  every  point  of  view. 
has  been  adopted  by  the  Felten  &  Guilleaumc-Lahmeyerwerke  for 
their  ventilated  flame-proof  type  of  motors. 

The  plate  ])rotection  may  be  utilised  in  various  ways:   it  can.  for 
cxamiile.  be  conliucd  to  the  fiame-proof  covering  of  the  slip-rings  in 


loi.ED  Watehtioht  Motou. 


the  short-circuited  rotor  type,  illustrated  in  Fig.  (i.  which  serves  for 
driving  a  sinking  pump.  develoi)S  a  continuous  output  of  O."}  il.P.  at 
2,880  rev.s.  per  min.  and  '2,0n(»  volt«.  The  overall  dimensions  of  this 
motor  are  particularly  sm.ill.  the  outside  diameter  being  only  20.V  in. 
and  the  height  (i-2.\  in.  .The  pipes  seen  on  the  left-hand  side  of  Fig.  (i 
serve  to  conduct  the  water  for  cooling  the  stator  frame,  the  top'sus- 
pension  and  top  guide  bearing  and  the  lower  guide  bearing ;  these 
pipes  are  directly  connected  to  the  lowest  pressure  stei)  of  the  cen- 


Fll!.    7. — Pl.ATE-rROTECTED    KxrUlSION-ri'.OOK    MOTOI!. 

the  ease  of  three-phase  motors.  There  is.  however,  still  the  ilangcr 
of  an  explosion  caused  by  sparks  from  the  stator  «  mding.  Mua.ld 
it  be  deemed  advisable  to  avoid  even  this,  the  plate  pivtoetion  lor 
the  stator  housing  is  then,  as  may  be  seen  in  Fig.  ..  built  up  ot  a 
number  of  iicii  i.lalcs  arrauced  one  above  the  other  with  air  spa«-s 
between  them,  whilst  the  rotor  is  protected  by  means  of  two  similar 
devices,  one  bcin-  tit  led  in  each  of  the  end  bracket.s.  A  fan  mounted 
on  the  motor  shaft  draws  air  in  through  the  aiH-rtures  m  the  two 
end  brackets,  and  the  air  after  passing  through  the  motor  .s  expelled 
through  the  aperture  above  the  stator  housing.  W  hen  continuous- 
current  motors  are  emploved  in  mines- only  exceptional  cast^f— the 
flame-priiof  i.rotcetion  can  be  lifted  in  an  exactly  similar  \yay. 

From  the  above  remarks  it  ^^ill  be  evident  that  modern  electric 
practice  has  advanced  to  such  an  extent  that  it  has  becoine  possible 
to  design  and  construct  electric  motors  to  conform  with  the  most 
unusual  working  conditions. 

F  2 
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A  METHOD  FOR  PRODUCING  FEEBLY  DAMPED 
HIGH  FREQUENCY  ELECTRICAL  OSCILLATIONS 
FOR  LABORATORY  MEASUREMENTS." 

HY    I..    W.    .U  STIN. 

The  general  scheme  of  tlie  apparatus  is  shown  in  the  accompanying 
diagram.  Here  B  is  a  circuit  interrupter.  I  a  reactance  coil.  C  a  paper 
condenser  of  from  01  to  1  microfarad.  T  a  single  turn  of  wire  placed 
around  a  large  inductance  L  (d-."}  to  1  millihenry).  VC  a  variable  air 
condenser,  and  K  a  coupling  coil  for  connecting  this  oscillating  circuit 
with  the  eirctiit  on  which  the  measurements  arc  to  he  made.  The 
action  is  as  follows :  When  the  direct  circuit  is  broken  at  B.  the  self 
induction  current  charges  the  paper  condenser  to  a  sudden  high  poten- 
tial. This  gives  rise  to  a  strongly  damped  ])ulsc  through  the  single 
turn  of  wire  T.  which  starts  the  second  circuit  L  VC  to  oscillating  in 
its  own  jjcritxl.  producing  waves  Avhich  are  very  feebly  damped  on 
account  of  its  large  inductance  and  negligible  resistanccf 

If  very  great  constancy  in  the  intensity  of  the  oscillations  is  not 
desired,  the  reactance  and  intcrru))ter  may  be  in  the  form  of  the 
ordinary  buzzer.  With  this  carefully  adjusted,  the  variations  in 
the  oscillations  may  be  kept  as  low  as  3  to  6  per  cent.  For  stronger 
oscillations  a  mercury  turbine  interrupter  with  a  separate  reactance 
coil  may  be  used.  For  the  greatest  constancy  of  working  I  have 
obtained  the  best  results  with  the  vibrating  wire  mercury  inter- 
rupter. This  is  troublesome  when  used  witli  any  but  very  small 
currents  on  account  of  its  tendency  to  throw  out  the  mercury  from 
the  cui).  This  can  be  minimised  by  using  a  liquid  amalgam  made  by 
dissolving  bits  of  st)lder  in  the  mercury,  and  also  by  using  a  cover 
provided  with  an  opening  for  the  platinum  contact.  The  energy 
imparted  to  the  oscillating  circuit  by  this  type  of  exciter  can  amount 
to  at  most  a  few  milliwatts. 


For  telephonic  reception  any  of  the  receivers  ordinarily  used 
in  commercial  wireless  telegraphy  are  suitable.  For  damping 
experiments,  or  any  experiments  in  which  deflection  measurements 
are  necessary,  I  have  found  the  most  constant  and  satisfactory  results 
with  the  silicon  rectifier. 

If  it  is  possible  to  insert  an  inductance  in  addition  to  the  coupling 
inductance  in  the  antenna,  the  single  turn  of  the  exciter  circuit  may 
be  ])laced  about  this,  thus  exciting  waves  of  the  natural  antenna 
fre(iueney.  This  gives  a  convenient  means  of  bringing  the  antenna 
circuit  and  the  closed  ciicuit  to  the  same  tune  and  of  testing  the 
receiver  for  the  actual  wave  lengths  which  are  to  be  used. 


THE  ELECTRICAL  INDUSTRIAL  ASSOCIATION. 


I'rogrcss  is  being  made  with  the  formation  of  this  .Vssociation.  and 
wc  give  below  the  first  list  of  members  of  the  provisional  committee, 
which  will  meet  Sir  William  Preecc  to  invite  him  to  accept  the  pre- 
sidency of  the  Association. 


.Xddcnhrooke,  0.  I,.,  M.I.E.E. 

Baylor,  A.  K.,  M.I.E.E. 

Beddocs,  Lieut -Col.  H.  R.  (chair- 
man, Morris  Hav.kins,  Ltd.) 

Bcr.'theil,  E..  M.I.E.E. 

Bull.  J.  C,  A.I.E.E.  (City  of  Lon- 
don Eleetrie  Lighting  Co.) 

Connett,  A,  .\..  M.I.C.E..  M.I.E.E. 

Dickinson,  A..  M.I.C.E. 

Drake.  Bernard  M.,  .M.I.E.E. 

Eek.  IL  .Justus,  M.A.,  .M.I.E.E. 

Es,son,  \\.  B.,  M.I.C.E.,  M.I.E.E. 

Freeman,  E.  H.,  A.I.K.E.  (Tyler 
&  Freeman). 

Carekc,  Emile,  M.I.E.E. 

<;ray,  James,  A.I.K.E.  (Electric 
Construction  Co.) 

Cripper,  F,  E.,  M.l.E  R. 

Hir.^t,  Hugo,  M.I.  mi:.         [('.P..\. 

Lorrain,  .J.  C...  M.I.K.K.,  :\I,I.M.E.. 


Lycett,  .T.   A  .  -I. P.  (Birmingham 

&     Midland     Tramways     .Joint 

Committee). 
Cihsoii.   C.   M:u-.sden,  A.M.I. P.E. 
.Mountain,  M.  B.,  M.I.E.E. 
.Murphy.     W.     .M.,    .J.P.     (Diihlin 

United  Tnimwnvs  Cn.) 
Pvenwiek,  H.  B.,  .VI.E.E.  (County 

of  Lon<lon  Electric  Sunplv  Co,) 
Kol)ins.,i,,  Mark,         .M.'l.C.E., 

M.I.M.IC.  M.I.E.K. 
Sayers,  Henrv  M.,  M.I.K.E. 
Shruhb,    Lt.'H.    A.    li.    (liourne- 

mouth). 
Sutton,  Geo.,  M.I.E.E. 
Swinton,  A.  A.  Campbell,  M.I.C.E.. 

M.I.E.E. 
Wood.  A.  P.,  M.I.E.E.  (Lancashire 

Dynamo  &  Motor  Co.) 

'  .Abstract  from  the  "  Bulletin  of  the  Bureau  of  Standards." 
t  -^  somewhat  similar  arrangement  of  interrupter  and  reactance  coil 
is  u.Hed  by  the  Telefunken  Company,  and  al.io  by  the  Amalgamated 
Radio  Tclegrii))hie  Co.  in  their  wave  meter  sets,  except  that  there  the 
tuned  circuit  is  connected  directly  to  <he  inteiTuptcr  and  not  excited  in- 
ductively. 


PARLIAMENTARY  INTELLIGENCE. 

WATFORD  URBAN  DISTRICT  COUNCIL  BILL. 

This  liill  ,  uiir  bcfoiv  :i  Srir.t  ( '. .ni niitt.v  . .f  tile  H..iise  ,if  Lords  last 
week.  It  was  annoiuiced  tluit  an  agreement  had  been  arrived  at  with 
Watford  Gas  Co.,  which  opposed  the  electrical  clauses.  The  bill  con- 
ferred powers  to  extend  the  limits  of  the  electric  supply  area  so  as  to 
take  in  Cassiobury  Park,  and  to  supply  elect  richy  outside  the  area  in  the 
event  of  consumers  desiring  a  sup)ily.  "  The  Board  of  Trade  had  rciH.rted 
upon  the  latter  section  and  referred  to  the)>riivisionsof  the  Electric  Lioht- 
ing  .Acts  (.Amendmctil)  Bill,  now  before  Parliament,  in  which  it  was  pro- 
vided that  authorities  desiring  to  give  a  sup|.ly  outside  their  own  dis- 
trict must  idrtaiu  an  order  .so  to  do  from  the  Board  of  'Prade,  in  which 
would  be  laid  down  the  conditions  rcL'ulating  the  supply,  and  would 
impose  obligations  to  sujudy  anyone  in  the  district  who  miiilit  d<'sire  it. 
The  Gas  Vo.  desired  the  Council  to  t.ike  tliat  clause  from  the  Board  of 
Trade's  bill  and  insert  it  in  theii  bill  in  place  of  the  clause  in  dispute, 
adding  the  limit  of  500  yds.,  which,  in  the  case  of  Watford,  v.'as  limited 
to  the  area  around  the  town  in  which  the  Coiuicil  desired  power  to  supply. 
The  promoters  agreed  to  do  so.  and  the  preamble  of  the  bill  was  ulti- 
mately found  proved. 


SCOTTISH  PROVISIONAL  ORDERS. 

Parliamentary  Cnniinissjnnfrs  (Sir  .rnlm  Dcw.ir.  M.P.,  iliairnian.  Loril 
Belhaven  and  .Stcutoii,  l.nrd  Dunmorc  and  Sir  .Inlui  .lardine,  .M.P.)  are 
holding  an  inquiry  into  a  nundier  of  Scottish  )n-ovisional  orders. 

On  Tuesday  the  order  of  the  Colinton  Tramway  Co.  w,as  considered. 
This  order  authorises  the  laying  down  of  an  electric  tramway  from  Edin- 
burgh to  Colinton. 

Mr.  JoH^  Wilson,  K.C.  (for  the  promoters)  said  they  contemplated 
forming  a  tramway  which  would  continue  the  existing  tramway  from 
Edinburgh  to  Craiglockhart  and  carry  it  on  past  the  site  of  the  new 
cavalry  barracks  at  Rcdford.  The  length  was  over  2  miles.  The  ojjpo- 
sition  had  larticlv  disa]ipeared.  Clauses  had  been  arrangei!  with  the 
North  British  ,,n'rl  Caledonian  Railway  Cos.  The  War  Office,  in  ex- 
change foi  t;ic  iliiics  .illercd  by  the  promoters,  had  agreed  to  pay  a  sum 
equal  to  oue-tliird  nf  the  total  cost  of  constructing  the  track  of  the  tram- 
ways to  the  Union  Canal  and  Slateford  station.  The  War  Office  were  to 
pay  £48,5  per  annum  for  the  use  of  the  track  for  three  years,  and  if  the 
use  was  continued  for  a  longer  period  an  arrangement  had  been  made. 

On  Wednesday  the  promoteis'  case  was  concluded,  and  evidence 
was  given  in  support  of  the  opposition  by  the  County  Council 
and  the  Edinburgh  Town  Council.  A  compromise  was  arranged 
with  the  Town  Council,  and  the  Commissioners  found  the  preamble 
proved. 


Glasgow  Corporation  Bill- — This  bill  came  before  the  Examiner 
of  bills,  .Mr.  ileiine,  in  the  House  of  Commons  on  Monday.  The  ('ale 
donian.  North  British  and  Glasgow  &  South-Western  Railway  Co.s  had 
lodged  memorials,  alleging  that  no  notice  had  been  given  of  certain 
clauses  when  the  bill  was  lodged.  Clause  20  states  that  "  the  tramway 
undertaking  of  the  Corp(pration  shall  be,  and  shall  lie  deemed  to  have 
always  been,  part  of  the  common  good  of  the  city,"  and  clause  SO  that 
"  the  rcvenu.e  from  the  tramway  undertakinj;  shall  he  a))plied  annually 
in  maintaining  the  tramways,  in  paying  all  wdrking  and  other  expenses 
])ro])erly  chaigeable  to  revenue,  in  providini;  the  interest  on  any  moneys 
raised  or  borrowed  by  the  Corporation  for  tramway  purposes,  iSc,  in 
providing  the  sum  necessary  to  meet  de|ircciaticin  and  in  contribulv'.g 
to  the  common  good,  other  than  the  brauih  thereof  consisting  of  the 
tramway  undertaking,  any  sum  not  exceeding  ioO.OOO  to  be  applied  at 
the  discretion  of  the  Corporation  in  extinction  of  debt  or  reduction  of 
lates,  or  for  any  other  jiuipose  to  which  the  common  good  may  com 
petently  be  applied,  and  that  the  surplus,  after  providing  such  pay- 
ments,' may  be  applied^for  the  benefit  of  the  tr  irii«  a  v  undertaking." 

.After  hearing  arguments,  Mr.  .Teune  held  th  ii  .  Im-i  L'o  w.is  not,  bu'. 
clause  30  was,  covered  by  the  notice.  In  giviri'j  his  .Ic,  ision  hi'  said  he 
was  asked  to  hold  that  clause  20  was  merely  a  derlaiation  of  the  law. 
That  was  a  legal  question  he  could  not  answer.  If  it  was  necessary  to 
put  that  clause  in  the  bill,  it  seemed  to  him  it  was  of  sufficient  importance 
to  require  notice,  so  that  everyone  afVected  might  have  an  opportunity 
of  disputing  the  position.  Clause  30  contained  the  ordinary  provisions 
for  the  jiroper  m.iintcnance  of  the  traniwav,  and  was  incidental  to  the 
cdije.ls  ,,1  ihe  liill.  Its  iH.weis  oiilv  i  n.ibled  the  Corporation  to  do  what 
they  had  aheady  heeu  dui,,-. 

Gateshead  and  Dutrict  Tramways  Bill.— On  Monday  thi.*  bdl 

came  before  the  Committee  on  Unojiposcd  Bills  in  the  House  of  Con-, 
mons.  The  clause  which  would  empower  the  running  of  trackless 
trolley  cars  with  overhead  electric  equipment  was  deleted,  and  with 
tliis  alteration  the  bill  was  allowed  to  proceed. 

West  Kent  Eloctric  Power  Bill- -The  preamble  of  this  bill,  by 
wliicli  the  West  Kent  Kleeliic  Power  Co.  (Ltd.)  acquire  the  rights 
granted  to  the  Kent  Electric  Power  Co.  for  the  supply  of  electricity 
within  the  West  Kent  area  of  supply,  has  been  pa.ssod  by  the  Unop- 
posed Bills  Comuiittce  of  the  House  of  Commons. 

Oldham  Corporation  Bill.- Last  week  a  Select  Committee  ol  the 
IIou.se  of  I.oiils  considered  this  Bill,  which  (inter  alia)  enables  the 
Corporation  to  supply  electricity  to  certain  outlying  districts,  includ- 
ing Chadderton,  Koyton,  Crompton,  Lees  and  Limehurst.  A  clause  in 
the  bill  stated  that  when  these  districts  were  unable  to  get  a  supply 
upon  reasonable  terras  from  any  company  authorised  to  supply  in  toe 
district  they  should   be  empowered,  by  the  consent  of  the  Board  of 
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Trade  and  the  local  authority  of  the  district,  to  get  a  supply   from 
Oldham  Corporation  upon  sucii  terms  as  mi^ht  he  agreed  upon. 

The  select  Committee  found  the  preamble  of  tlie  bill  proved,  suli- 
ject  to  the  electrical  clauses  not  being  acted  upon  without  the  consent 
of  the  Lancashire  I'ower  Co.,  such  consent  not  to  be  unreasonably'  with- 
held, and  the  question  whether  it  was  unreasonably  withheld  to  be 
decided  by  the  Boaid  of  Trade. 


LEGAL  INTELLIGENCE. 


Consolidated  Nickel,  &c.,  Mines  (Ltd.)  v.  Cromplon  &Co. 

On  Wednesday  Mr.  AiiEf.  Thomas,  K.C.  (on  behalf  of  defendants) 
applied  to  a  Divisional  Court  (tlie  Lord  Chief  .Justice  and  Justices 
Darling  and  A.  T.  Lawrence)  for  a  stay  of  execution  in  this  case  (re- 
jiorted  in  The  ELEcTUnrAN  for  .July  23).  The  case  lasted  a  lon^  time 
and  there  were  at  least  live  different  c[uestions  of  law  upon  which  de- 
fendants wished  to  appeal.  He  was  prepared  to  bring  the  money  into 
Courc  at  once.  That  was  a  case  where  a  stay  should  be  granted,  espe 
cially  when  they  remembered  that  plaintiffs  had  no  money  in  bank  as 
far  as  defendants  knew,  .and  no  property  that  they  could  see,  while 
their  registered  offices  v.  ere  in  Guernsey. 

The  Court  granted  the  stay,  and  ordered  that  notice  of  appeal  should 
be  given  this  week  and  the  money  paid  into  Court. 

Trade  Discount. 

In  the  City  of  London  Court  last  week,  befoi'e  Mr.  Rccistrar  Wild,  a 
ijuestion  of  trade  di.'scount  was  raised  in  the  case  "  Ceneral  Electric  Co. 
V.  Bridge?,"  in  which  plaintiff's  sought  to  recover  £1.  '^s.  2d.  from  defend- 
ant. 

Plaintiffs'  solicitor  said  defendant  was  a  drajicr  and  had  bought 
Osram  lamps  from  ])laintiffs  and  claimed  to  be  entitled  to  a  trade  dis- 
count;  but  defendant  (nut  being  an  electrician)  was  not  entitled  to 
discount.  It  appeared  that  on  previo\is  transactions  the  discount  had 
been  allowcil  to  defendant  in  error.  On  the  occasions  when  discount 
had  been  allowed  plaintiffs  were  under  the  impression  that  defendant 
was  an  electrician.  Defendant  had  deducted  33^  per  cent,  but  plaintiffs 
could  only  allow  20  per  cent,  discount  upon  Osram  lamps;. 

Defendant  said  he  was  jicrfectly  willing  to  alter  the  rate  of  discount 
which  he  claimed  to  be  entitled  to.  Foi-  several  years  he  had  been 
trading  with  plaintiffs  ;  he  had  been  sniiplying  electrical  goods  in  fairly 
large  quantities  to  theatres  and  private  cnnsumers.  He  had  had  corre- 
spundence  with  the  late  manager  of  plaintiffs'  lamp  department,  and  it 
was  distinctly  understood  he  had  been  acting  with  jilaintiffs'  late  manager 
as  agent  for  plaintiffs. 

Eventually  j\idgnicnt  was  entered  for  plaintiffs  fur  Us.  2d. 


"Z  "  Electric  Lamp  Mfg.  Co.  (Ltd.)  v.  Marples,  Leach  &  Co.  (Ltd.) 

On  Friday,  Mr.  .Justice  Warrington  had  before  him  a  summons  in  this 
action. 

Mr.  CoL"^F.\\,  for  plaintiffs,  asked  that  defendants  should  be  ordered 
t.i  give  further  and  better  particulars  of  the  objection  that  had  been 
dehvered  by  them  to  the  action  (which  was  a  patent  action).  There 
was  an  allegation  that  the  specification  of  plaintiffs'  invention  was  mis- 
l-adhig  ancl  another  that  the  directions  were  insufficient.  Defendants 
said  that  the  inventicm  was  not  jiroper  subject  matter  for  letters  patent, 
:ind  he  wi.shed  to  know  against  which  of  the  claiius  of  plaintiffs  was  that 
iihjection  urged. 

-\Ir.  '!'.  TiRRELi.,  K.C,  for  defendants,  said  that  there  were  three 
I  laims  and  tliey  were  all  exactly  in  the  same  position.  There  was  no 
invention,  and  how  eoidd  he  give  partifulars  of  nothing  ? 

The  sinuiuons  was  dismissed  v.'ith  costs,  but  leave  to  appeal  was 
U'rantcil. 


Ee  Mounta'n  &  Gibson  (Ltd)  — In  the  Chancery  of  Lancashire  on 
Monday  Vicc-Clianccllor  Leigh-Clare  made  a  supervision  order  in  this 
matter,  and  ordered  that  Mr.  A.  Whittaker,  C.A.,  be  appointed  to  act  as 
joint  li(iuidator,  with  Mr.  Bowden,  with  a  committee  of  inspection,  in 
accordance  with  the  resolution  passed  at  a  statutory  meeting  of  credi- 
tors last  week.  The  committee  of  inspection  is  as  follows  :  — T.  I). 
Nichol  (CammcU,  Lainl  &  Co.,  Sheffield),  T.  F.  W.  Dixon  (W.  Sliaw  & 
Co.  iMiddlesbroughi,  Samuel  Koberts(W.  Koberts  &  Son,  Bury),  li.  E. 
Churchman  (solicitor,  2,  Norfolk-street,  Strand,  London),  C.  H.  W. 
Lem,))i,  (H\irstlcigh,  Alderley  Edge). 

London  Electrobus  Go.  (L';d.)-Mr.  Justice  Neville  had  before 
him  on  Tuesd;iy  last  a  petition  by  Messrs.  I'ritchetts  &  Cold  for  the 
compulsory  winilingui)  of  this  company,  bub  on  the  application  of 
Mr.  Manning  (for  the  company)  his  Lordship  directed  the  petition  to 
-stand  over  until  next  sittings." 


Sii  CHARLES  TILSTON  BRIGHT. 

It  will  interest  our  readers  to  kiiuw  that  we  have  some  reproduc- 
tions on  sale  at  Is.  e.aeh.  of  the  portrait  of  tlic  late  Sir  Charles  Hriglu 
(when  knighted  at  the  age  of  26).  This  forms  tlw-  front  ispiecc  to  the 
recently-issued  abridged  biography  of  the  distinguished  engineer. 
We  would  add  that  the  portrait  is  mounted  so  as  to  be  conformable  us 
to  size  with  "  Ths  Klectrieian  "  scries  of  steel  plate  portraits,  and  is 
'Well  suited  for  framing  with  the  series.  ,     . 


MUNICIPAL.  FOREIGN  &  GENERAL  NOTES. 

APPOINTMENTS  VACANT  AND  FILLED. 

An  assistant  is  w.uiti'd  li.r  the  in^  tcr  department  of  Sleimey 
(London)  cleelricily  works.  Applicants  must  have  thorough 
knowdedge  of  the  maximum  demand  system  and  be  able  to  advise 
consumers  on  power  and  lighting  matters.  Applications  to  the 
Engineer  and  Manager.  Electricity  Works,  27,  Osborn-street.  E.,  by 
Aug.  7.     See  also  an  advertisement. 

.\pi)lications  are  invited  for  the  position  of  head  of  the  electrical 
engineering  department  at  the  Technical  College,  Sunderland. 
Salary  £2.')1),  rising  to  £.300  per  annum  by  two  equal  annual  inerc- 
m?nts.  Ap))lication8  to  the  secretary,  Mr.  T.  W.  Bryers.  txlucation 
Offices,  15,  .Jolm-strect.  Sunderland,  by  Aug.  23.  See  also  an  .adver- 
tisement. 

The  Council  of  the  University  of  Birmingham  invite  a]>plieations 
for  the  position  of  assistant  lecturer  aud  demonstrator  in  electrical 
engineering.  Stipend  £150  per  annum.  Applications  to  the 
secretary.  Mr.  Geo.  H.  Morley,  by  noon  Aug.  14.  See  also  an 
advertisement. 

Applications  are  invited  for  the  Professorship  of  Physics  in  the 
Royal  College  of  Science.  Dublin.  Applications  by  -Aug.  16  to  the 
Secretary.  Dejiartment  of  Agriculture  and  Technical  Instruction  for 
Ireland,  Upper  .Mcrrion-street.  Dublin. 

The  lectureship  in  electrical  engineering  at  University  College. 
G.^lway.  is  vacant.  Salary  £120.  Applications  must  be  sent  to  the 
Secretary,  Mr.  Robt.  Donovan,  Royal  University-buildings,  Dublin, 
by  Aug.  31. 

Applications  are  invited  for  the  position  of  chief  lecturer  in 
chemistry  in  the  Manchester  Municipal  School  of  Technology.  Salary 
£350  per  annum.  .Applications  to  the  Dean  of  the  Faculty  of 
Technology,  Mr.  J.  H.  Reynolds,  by  Sept.  11. 


Woolwich  Council  have  appointed  Messrs.  G.  Bartholon-.cw  and 
C.  P.  H.  Bowmaker  cngineers-in-charge  at  £90.  rising  by  annual 
increments  of  £10  to  £140  per  annum. 

EDUCATIONAL  NOTICES. 

University  of  Manchester. — A  prospectus  giving  particidars  of  ih.o 
bjttu'c  .and  lab.ir.U;iry  courses  in  physics,  preparing  for  both  the 
ordinary  and  lumorary  degrees  of  this  university,  will  be  forwarded 
on  ajiplieation  to  the  Registrar.  Prof.  Rutherford  will  meet  intend- 
ing students  on  Oct.  5. 

University  of  Birmingham. — The  full  coui-se  in  engineering  ex- 
tends over  four  years  and  sttidents  who  enter  after  matriciilation. 
and  who  pass  the  examinations  at  the  end  of  each  year,  will  be 
entitled  to  the  degree  of  B.Sc.  in  the  branch  of  engineering  to  which 
they  devote  themselves.  Some  particulars  of  the  instruction  given 
in  the  technical  engineering  classes,  engineering  laboratory,  &c., 
are  given  in  an  advertisement.  The  session.  1909-1910.  comnifnccs 
on  Oct.  4,  and  detailed  syllabus  with  full  particulars  of  University 
Regulations,  lecture  and  laboratory  courses,  fees.  &c..  may  be 
obtained  from  the  Secretary. 

King's  College  (University  of  London).— Two  exhibitions  of  £25 
each  are  ottered  for  competition  in  the  faculty  of  engineering  in 
Sci)tember.  Applications  to  the  Secrctarv.  King's  College.  Strand, 
W.C. 

University  College.  Nottingham.— The  instruction  in  the  enginctr- 
ing  department  of  this  college  includes  courses  in  mechanical  and 
electrical  engineering  for  the  B.Sc.  degree  and  mining  diploma,  and 
ordinary  coiiiscs.  the  session  begins  Oct.  4.  Prospectuses  may  bo 
obtained  from  the  Registrar. 

Armstrong  College.  Newcastle-on-Tyne.  The  session  intW-1910 
will  commence  on  Sept.  27.  Full  courses  of  instruction  are  given  in 
the  department  of  mechanical,  marine,  civil  and  electrical  engimer- 
ing.  naval  architect lue,  mining,  metallurgy,  agriculture,  pure  science 
and  letters.  Particulars  may  be  obtained  from  the  secretary  (Mr. 
F.  H.  Pruen.  M.A.).  Armstroiig  College.  Neweastle-on-Tvne. 

City  and  Guilds  of  London  Institute.-  The  course  of  instruction  at 
the  Institute's  Central  Technical  College.  Exhibition-road,  are  for 
stud.-nts  not  under  lb  years  of  age.  and  those  at  the  Institute's 
Technical  <'oll-i,v.  Leonard-street,  Finsbury.  are  for  students  not 
under  1 1  \ears  of  aae.  The  entrance  examinations  to  both  colleges 
are  held  in  St>i>tomber.  and  the  cntranet^s  eonimence  in  Oetol)er. 
IMrticidars  of  the  entrance  examinations,  .scholarships,  fees,  &e.. 
may  be  obtained  from  the  res))ecti\e  colleges  or  the  hea<l  offices  of 
the  Institute,  CIrtshain  C'lligc.  Basinglwll-strect,  lA^ndon,  K.C. 
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■  Northampton  Polytechnic  Institute.  London.— Fwll  day  coursos  in 
the  tlu'oiv  and  iniu-lioo  uf  nucluinical  and  olcotrioal  enginoering  and 
clectro-rluMnistrv  will  oonuncacc  on  C)ct.  4.  Entrance  oxaminatiim 
Sept.  "20  and  .30.  These  courses,  which  include  periods  spent  in 
commercial  workshops  and  extend  over  four  years,  also  prepare  for 
the  degree  of  B.Sc.  in  engineering  at  the  Univ<'rsity  of  London.  Fees 
£15  or  £11  per  annum.  Three  entrance  scholarships  each  of  £52  will 
be  offered  for  competition  at  the  entrance,  examination  in  September. 
Full  and  part  time  day  courses  in  all  branches  of  technical  optics 
are  given  in  specially  equipped  laboratories  and  lectiu-e  rooms. 
Particulars  at  the  Institute.  Clerkenwell.  London,  E.C.,  or  of  the 
Principal,  Dr.  R.  Mullineux  Walmsley. 

Austria-Hungary.-  -It  is  st.ited  that  a  .syndicate  has  been  formed 
for  the  e<.n-<lnKti.in  of  an  eleetiie  railway  from  Lienz  to  Winklerii. 
at  an  cstiiiiiitrcl  cost  of  •i..">(H».iKii)  kronen  (about  £104.(1(10). 

Battersea  (London).— .Mterations  are  to  be  made  to  the  switch- 
board at  the  generating  staticjn  at  a  cost  of  £l-2().  and  £00  is  to  be 
spent  in  eoniplying  with  the  Home  OfHce  Regulations. 

Brighton.  The  quest  ion  of  the  charge  to  be  made  for  electric 
current  by  the  electricity  department  to  the  tramways  came  before 
the  Council  yesterday. 

The  engineer  and  manager  of  the  electricity  works  (Mr.  John  Clu-istie), 
reporting  on  the  matter,  states  that  the  present  rate  (l-od.  per  unit) 
only  yields  the  barest  margin  of  profit.  By  reducing  that  charge  to 
l-4d.  per  unit  that  profit  was  being  sacrificed,  and  to  give  a  10  per  cent. 
reduction  (reducing  the  cost  to  l-S.'id.  per  unit)  would  imdoubtcdly 
residt  in  their  supplying  energy  .it  less  than  cost  price.  The  suggested 
charge  of  l-4d.  per  unit  was  the  lowest  price  which  they  could  afford  to 
gr-int. 

The  Lighting  committee  has  therefore  decided  to  make  no  further 
reduetiou!^  but  the  Tramways  committee  claim  that  the  ])rice  should  be 
reduced  to  l-3.jd.  per  unit. 

Burslem. — The  technical  school  at  the  Wedgwood  Institute  is  to  be 
wired. 

Carlisle. — An  inquiry  was  held  on  Tuesday  into  the  application 
of  the  Corporation  for  jiermissiou  to  borrow  £5,750  for  extensions  of 
the  electricity  undertaking. 

Castleford. — The  Wakefield  &  District  Light  Railway  Co.  have 
been  asked  by  the  Council  to  submit  a  scheme  for  the  supply  of 
electricity  in  this  district. 

Cuba. — Tlie  Brussels  "  Bulletin  Commercial  "  states  that  conces- 
sions have  been  granted  for  establishing  electricity  works  at  Colon 
and  Cienfuegos,  "  although  the  sanction  of  the  municipalities  has 
not  been  obtained." 

Customs  Duties. — It  has  recently  been  decided  that  electric  bat- 
teries for  iisr  witli  surgical  instruments  arc  subject,  under  the  New 
Zealand  tarilT,  to  import  tluty  of  30  per  cent,  ad  val.  (British  goods 
20  per  cent.). 

The  Italian  Ministry  of  Finance  ha,s  decided  that  mercury  vapour 
electric  lamjis  shall  be  assimilated,  for  Custoin.s  purposes,  to  arc 
lani|is.  dutiable  at  the  rate  of  CO  lire  per  100  kilogs  (£1.  4s.  per  cwt.). 

Edinburgh. — At  the  meeting  of  the  Corporation  on  Tuesday  it  was 
reported  that  the  Electric  Light  committee  recommended  (by  7  votes 
to  6)  that  the  sinplus  on  the  electricity  undertaking  for  the  past  year 
(£2,072)  be  ai)plicd  in  relief  of  rates. 

Mr.  Rawson  moved  the  a(lo]'tion  of  the  report. 

Mr.  -Arbutii.vot  .Mtrrav  (Convener  of  the  eoniniittcc)  moved  dis- 
approval of  the  report.  Under  the  Act  one  of  the  purjjoscs  to  which  a 
surplus  on  the  electric  lighting  aecoimts  might  be  applied  was  relief  of 
the  rates,  but  at  the  present  time  there  was  no  justificatitm  for  such  a 
course.  The  undertaking  required  working  capital,  and  if  that  money 
were  taken  away  they  would  have  to  borrow.  Besides,  the  surplus  was 
not  an  actual  cash  in  hand  surplus,  it  was  only  as.sumed  ;  and  another 
reason  was  that  the  Corporation  itself  had  a  surplus  on  its  accounts,  and 
did  not  need  to  take  that  £2.000. 

Bailie  CARMlfUAKl.  [lointed  out  that  the  town  had  got  out  of  the 
electric  light  undertaking  u))  to  the  prcient  time  £41,000  in  relief  of  rates. 
The  committee  needed  the  money  to  open  shops,  as  the  Gas  commission 
had  done,  to  popularise  the  use  of  the  electric  light  among  the  ratepayers. 
<ltc. 

It  was  agreed  that  icjusideration  n(  tin-  ipastinn  slmnld  be  delayed 
until  November. 

Fulham  (London). — The  Electricity  C(mimittee  report  that  the 
experiment  in  the  Fulham  Palace-road  of  substituting  for  arc  lamps 
metallic  filament  lamps  attached  to  the  tramway  poles  is  successful. 
144  tramway  poles  arc  to  be  fitted,  and  4H  arc  posts  are  to  be  dis- 
pen.sed  with  at  a  cost  of  £.')07.  .5s.,  but  the  animal  .saving  will  be  £250. 
OI.'J  metallic  lilament  lamps  are  to  be  |mt  in  the  Town  Hall  at  a  cost 
of  £208. 

Holland. — H.M.  Vice-Consul  de  Brync  states  that  the  numl)er  of 
"  caps  for  incandescent  electric  lighting  "  cxporl<'d  from  Flushing  to 
the  United  Kiri^fdom  in  I'.HIS  was  S.OOO.tXX).  compared  with  5.(HI0.000 
in  1907  and  0,O(Kl,(HM)  in  |<,K)5. 


Three  steamers,  each  2,700  tons.  22,000  ii.r.  and  22J  knots,  are 
being  built  in  a  Glasgow  yard  for  the  Flushing-Quecnboro'  night 
mail  .service.  These  vessels  will  be  filled  w  ilh  w  irelcss  telegraph  and 
submarine  signalling  apparatus,  and  for  eleelrie  ligliting.  &e..  three 
dynamos,  each  supplying  a  current  of  750  iuup<ies  al  225  volts  will 
be  installed  in  each  of  the  ste-amers. 

The  Austrian  Ccmsul  at  Amsterdam  slates  thai  there  are  good 
openings  for  small  elec'tric  motors.  "  as  motors  manufacliucd  in 
Holland  are  not  considered  to  be  of  very  efficient  workmanship."' 

Inquest. — At  Manchester  on  Monday  an  inquest  was  held  on  a  man 
named  Davies,  who  was  killed  at  the  Stuart -street  generating  statiim 
on  Tiuusday  last. 

It  was  stated  that  Davies  and  a  man  named  Wall  were  moving  two 
transformers  from  one  eiul  of  the  high  tension  department  to  the  other. 
Davies  used  a  plank,  and  for  some  reason  or  other  got  inside  the  guiird 
rail  near  the  electrical  aiiparatus.  Siiddmly  there  was  a  Hash,  and  Wall 
saw  his  companion  fall  to  the  ground.  Artificial  respiration  was  tried, 
but  without  avail. 

Wall  told  the  coroner  tliat  Davies  got  inside  the  guard  rail  to  remove 
each  transformer. 

The  Coroner  :  Wliy  did  lie  do  so  when  he  knew  it  was  dangerous  ? — 
I  can  only  suggest  he  did  so  because  he  tbo'.ight  it  would  be  the  easiest 
way  to  get  his  plank  luulerneath  the  transformer  for  the  purpose  of 
prising  it.  It  was  possible  ten'  him  to  prise  the  other  end  of  the  trans- 
former.    Davies  was  a  practical  man.  and  it  was  left  to  him. 

Mr.  H.  C.  Lamb,  acting  resident  engineer,  said  there  was  a  )irotecting 
rail,  and  the  men  knew  it  was  dangerous  to  get  underneath  it.  No  one 
was  supposed  to  go  inside  that  rail  at  any  time. 

The  chief  electrical  engineer  (Mr.  S.  L.  Pearce)  said  there  was  n  i  nioie 
modern  system  of  electrical  equipment  or  protection  than  that  in  Man 
Chester. 

Mr.  Brocici.ehurst  (for  the  Corporation)  :  It  has  been  suggested 
there  might  be  a  glass  screen  or  ])erforated  screen  put  in  front  of  the 
spark  gaps.     What  do  you  think  of  that  '.' 

Mr.  Praroe  said  a  flash  would  blow  a  glass  screen.  By  putting  a  rail 
3  ft.  or  4  ft.  away  they  had  put  reasonable  and  ample  |)rotection.  The 
workmen  did  not  p.ass  to  and  from  the  high-tension  department.  It  was 
in  a  special  area  set  apart,  in  the  w(uds  of  the  Home  Office,  for  the  loca- 
tion of  high-tension  apparatus.  Tliey  had  an  instance  some  time  ago  of 
a  porcelain  guard  bemg  blown  the  whole  length  of  the  engine  room.  If 
there  was  to  be  any  protection  it  should  be  mechanical. 

The  CoRO^'ER  said  Davies  had  neglected  the  instructions  given  and 
was  carrying  out  his  work  in  a  dangerous  manner. 

A  veidict  of  accidental  death  was  returned. 

Japan. — H.M.  Vioe-Consid  Firth  at  Osaka  rc])orts  that  llune  has 
been  active  competition  between  British.  American  and  German 
manufacturers  in  the  supply  of  electrical  machinery  and  a]qiaratus 
in  the  Osaka  district  during  1908.  Until  recently  an  American  lirm 
had  a  practical  monopoly,  but  latterly  British  and  German  firms  have 
secured  contracts.  It  is  probable  that  large  quantities  of  electrical 
machinery,  &c.,  will  be  requued  during  the  next  few  years,  but  (Mr. 
Firth  says)  it  is  impossible  for  British  manufacturers  to  secure  con- 
tracts unless  they  have  an  experienced  representative  on  the  spot. 

The  streets  of  Osaka  are  very  narrow,  but  great  improvements  arc 
being  effected  by  the  widening  necessitated  by  the  construction  of  elec- 
tric tramways.  The  second  section  of  the  municipal  electric  railways 
has  been  o]ipned.  making  !(  miles  in  all.  and  work  is  being  commeneeu  on 
the  Ihird  sictiun  {'M  miles).  lOleitiie  railway  communication  lietween 
Osaka  and  Kobe  and  Hawadcra  (a  seaside  resort  15  miles  distant  on  the 
Nankai  railway)  has  already  been  established,  and  it  is  now  jiroposed 
to  ele<trify  the  remainder  of  the  N.'inkai  railway  to  Wakayanui,  40  miles 
from  Osaka.  Electric  railw.ays  to  Kyoto  and  Arima  are  under  construe 
tion. 

Of  the  (),()73  factories,  mills  and  works  of  Osaka,  2,fi0(i  emjiloy  mecha- 
nical power,  472  being  driven  by  electricity,  82()  by  steam.  345  by  gas, 
575  hy  lal  and  47H  by  waler  turljiues. 

Land  Transport  Exhibit  at  Brussels. — There  are  good  prospects  of 
an  elTeetive  ilisplay  l)eing  nmde  at  the  Bru.ssels  Exhibition  of  British 
exliiliits  coiuiected  with  land  transport. 

.Models  at  least  will  lie  shown  by  all  the  great  railway  companies,  both 
of  engines  and  of  signalling  a]iparatus,  foreign  lines  having  something 
still  to  learn  from  British  railway  engineers.  There  will  also  be  a  strong 
.and,  it  is  hoped,  a  comjuehensive  dis])lay  of  British-made  motor  cars. 
It  is  worth  remembering  that  the  industrial  conditions  of  Belgium  an> 
in  many  ways  so  similar  to  our  own  that  there  is  n  good  market  for  motoi' 
w.igcms  and  other  heavy  vehicles. 

Leeds. — At  the  meeting  of  the  t!orporation  on  Wednesday  Mr.  K.  A. 
Sinilhson  stated,  in  reply  to  a  question,  that  there  were  doubts  as  to 
whether  it  would  be  necessary  to  obtain  fiuthcr  powers  before  coiu- 
mencing  work  on  the  proJ(  ited  trackless  trolley  route. 

If  the  vehicles  were  coiisiclcred  as  motor  'buses,  only  the  licence  of  the 
local  authority  was  needed.  If,  by  reasim  of  the  overhead  wires,  llicy 
were  considered  tramways,  the  cpu'stion  arose  whether  the  powers  already 
possessed  by  the  Corporation  would  be  sufficient.  The  Town  Clerk  had 
come  to  the  conclusion  that  the  powers  of  tramway  construction  which 
the  Corporatio  i  now  possessed  could  not  be  made  to  apply  to  that  par- 
ticular route.     The  Board  of  Trade  was  to  be  consulted  on  the  matter. 
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SPECIAL    NOTICE. 

NOW    READY. Vol.    LXII.    of   "  Tmo  Elwitkician  "  (1,028 

pages),  hoiiiul  in  strong  cloth.  IVico  17s.  6(1.;  jiost  free,  18a.  6d.  Now 
ready.  Gases  for  Binding.     I'rieo  2n. ;  post  free,  2h.  3d. 

A  complete  sot  of  "  Tirn  Er.KCTRiciAN  "  can  bo  supplied.  A  number 
of  odd  volumes  and  some  odd  old  back  numbers,  to  help  in  making 
up  complete  sets,  a'e  also  available. 


London  County  Council.— On   Tuesday   it  was  agreed   to  lend 

£3,11)0  tri  Woolwich  for  electric  lif^hting. 

Tmrnvm/n. — h'i'-ri»iilriirHoi!.--'l'\\c  adjourned  reenmnicndations  nf  tlic 
Hiohwiiys'comniittee  to  exjiend  flH,020  on  the  reconstnietion  of  tin- 
Higligate  Hill  eablo  trannvays  and  £5,.3.'>0  on  the  reeonstruction  of  tram- 
ways in  Woohvieh  were  agreed  to. 

S'tw  Triimiiynj.i. — The  adjourned  report  of  the  Highways  committee 
WIS  sidimitted  reeommending  that  legislative  sanction  be  sought  for  the 
iinstruetion  of  11  ailditional  lengths  of  tramway. 

Mr.  Shiri.kv  ISenn.  chairman  of  the  committee,  said  that  the  )iro- 
posals  were  r.ither  aljove  the  average.  He  believed  the  Council  were 
anxious  to  perfect  the  system  as  poon  as  possible,  as  they  realised  that 
they  were  necessary  and  likely  to  be  remimerative.  The  result  of  the 
working  showed  a  small  profit  of  0-10!>d.  per  ear-mile.  The  eommittee 
had  pi'ovided  in  their  estimates  fiu'  wirkmen's  cars,  which,  although  a 
souree  of  considerable  expenditure  to  the  Council,  v/ere  a  necessity.  It 
cost  the  Council  when  they  laid  aMouble  track  paved  with  wood  £7,000 
per  mile,  and  about  10  per  cent,  of  that  amount  for  depreciation  and 
upkeep  C'leh  year. 

.Ml  the  re(  oniiiiiiiclili.iM^  v.(>re  carried. 

Cahlen  iiiid  A'l .  /- ;  /'■''/',. — On  the  recommendation  of  the  same 
i  "inniittee  eslliii.iiis  nl  ft:!. (Hill  and  £1,530  were  allowed  for  the  purchase 
..(■  rahle.  ;nid  fi-edcr  pillaro. 

ilinl.--  ff(,\.  —  It  w.as  reported  that  in  connection  with  the  operation 
of  niMtni-  cjcMir.itors  in  the  tramway  substations  experiments  had  been 
made  as  rci^Mrded  anumber  of  generators  during  thellast  few  mimths  with 
the  use  of  I'hnk"  coils  when  th^^  machines  commence  running,  with  the 
result  tliat  tliey  have  been  found  to  be  very  benelieial  in  preventing 
bre;dcdi)v.ns  nl  tlie  imiini'ii!  nf  switching  on  machines.  It  was  agreed  to  fi,x 
choke  inils  on  io  alilitinoal  L'cnerators  at  an  estimated  cost  of  £1,500. 

Conduit  ( '/iiirni;/  A  iipiiriilii.-^. — Experiments  have  recently  been  carried 
out  with  a  view  to  facilitating  the  clearing  of  the  conduits  on  the  tram- 
ways, with  the  result  that  the  Highways  eommittee  were  advised  that  a 
considerable  sivintr  amounting  to  over  £2, COD  a  year  would  be  effected 
by  the  use  of  spccially-conslructed  conduit  clearing  machines.  An 
estimate  for  £300  for  providing  six  of  these  machines  was  agreed  to. 

Ilarrnw-rnnl  Trill)  irrii/>:. — The  Highways  committee  reeommended 
that  eapiiil  estin>at.-s  of  £54.750  and  £.?,8'00  be  authorised  for  the  con- 
stnietion  and  iJiir,]i:i-.e  of  tli;-  authorised  extension  to  Edgcware-road. — 
Curried. 

London  County  Council  Tramways.— The  electric  tramway  from 
King's  Cross  (o  l'avk-slre(-t,  Canulcn  Town,  was  opened  for  traffic 
on  Thursday  last.  The  continuation  of  this  line  to  Hampstead  is 
being  converted  to  electric  traction. 

The  .Aldgatc-Bow  tramway,  which  ha.s  been  altired  by  Messrs. 
Dick,  Kerr  tk  Co.  from  the  "  G.B."  surface  contact  to  the  conduit 
S3'stem,  will  be  opened  in  a  day  or  two. 

The  widening  of  Blackfriars  bridge  and  the  laying  of  \he  rails  and 
conduit  for  the  Council's  tramways  thereon  are  now  rapidly  approach- 
ing completion,  and  it  is  expected  that  the  work  will  be  finished  and 
the  cars  running  in  September. 

London  Hippodrome. — This  well-known  house  of  entertainment  has 
recently  undergone  extensive  alterations.  The  arena  has  now  been 
fitted  with  seats,  but  these  latter  are  removable,  when  necessary, 
for  the  |)roduction  of  the  typical  spectacles  associated  with  the 
Hippodrome,  and  the  arena  with  its  iron  grille  can  then  be  used  in 
conjunction  with  the  new  telescopic  stage.  One-point  control  (from 
the  prompt  corner  of  the  stage)  seems  to  have  been  made  the  feature, 
under  flie  new  regime,  of  the  whole  of  the  electric  and  hydraulic 
machinery  in  connection  with  the  stage  and  grille,  and  also  of  tli<> 
lighting  of  the  lumse.  This  latter,  together  with  the  ventilation,  has 
now  been  brought  up  to  dale,  and  metal  filament  lamps,  usually 
with  frosted  tijis,  arc  everywhere  employed,  so  that,  witli  the  white, 
cream  and  gold  decorations  and  the  delicate  green  upliolstcry,  there 
is  a  general  air  of  brightness,  associated  with  artistic  colour  contrasts. 

As  mentioned  above,  the  lighting  is  controlled  from  one  corner  of  the 
stage,  from  which  point  also  radiate  electric  signal  and  telephone  wires 
and  speMkiny  ttd)es  to  all  parts  of  the  house,  whilst  the  niaxinium  .secu- 
rity against  failure  of  the  ele-trie  .supply  is  pi-ovided  as  usual,  by  two 
distinct  electrical  services.  The  ventilation  is  on  the  Plenum  system, 
and  for  this  purpose  a  12  ft.  by  (i  ft.  fan  draws  air  into  the  biiildinij; 
through  an  elcetrieally-driven  revolving  screen.  In  fact,  nothing  seems 
t<J  have  been  ojuittr'd  which  could  in  any  way  ,add  to  the  comfort  and 
pleasure  of  the  audience,  and  there  is  little  doubt  that  the  re-ojicning 
of  the  Hippodromi-  on  Momlay  next,  Aug.  2,  will  be  followed  by  ,i  very 
successful  seison. 

Obituary.— The  death  is  announced  of  .\1<I.  Cc  I'.llis.  .1.1'..  ..f 
Southsca.     Deceased  has   been  associated   with   electricity  supply 


for  many  years,  and  until  recently,  was  a  dinei,,r,,f  il„  <.iith 
London  Electric  Supply  Corp. 

P.O.  Telegraphs  and  Telephones.— At  the  opening  of  the  Hull  post 
olfiee  on  i!l!iul  iusl.  tlw  I'..  I  maslcr-Cieneral  said,  in  regard  to  the 
re<piest  lor  a  nduclion  in  l<  Ic  phone  rates  to  .some  of  the  Conlincnlil 
countries  : 

As  soon  as  the  new  Channel  cables  had  ttecn  laid  they  would  be  able 
to  give  substantial  reduetiims  in  telephone  rates  to  France  and  elsewhere. 
He  hoped  they  had  observed  the  exchange  for  trunk  work  that  had  l>oon 
erected  in  the  new  building  at  a  cost  of  £5.000.  Thai  would  materially 
hell)  to  improve  the  trunk  connecti(m  with  Hull,  and  would  crently 
improve  their  position.  As  for  the  reduction  made  in  trunk  calls,  they 
wi.uld  be  gl.ad  tii  know  that  the  step  had  been  fully  justified,  as  since  the 
(liirges  hnrl  been  reduced  at  night  for  tmnk  telephone  calls  they  had 
iurreased  liy  ftdly  Hi  per  cent.  The  <lemand  fr.r  direct  telephone"  com- 
ninnii  alien  iietween  Hull  and  Helgium  and  Holland  had  been  verv  care- 
fully g<jne  into  ;  but  the  amoimt  of  traffic  at  jiresent  from  Hull  was  not 
siiflieient  to  justify  the  cost  of  the  wire.  As  for  underground  wires,  he 
wished  to  say  that  they  were  carried  out  as  a  capital  expenditure.  They 
had  only  each  year  a  limited  amoimt  placed  at  their  dispo.sal  for  that 
l)articular  purpose.  At  present  they  adopted  the  rule  of  taking  the  under- 
ground cables  to  places  where  the  various  submarine  stations  touched 
this  country,  because  it  was  advisable  and  to  the  advantage  of  grc.it 
commercial  centres  that  those  connections  with  the  submarine  telegraphs 
should  be  fully  and  properly  protected. 

Presentation.— On  llonday  last  Mr.  A.  L.  Wcckes,  general  manager 
of  the  British  Electric  Calibrated  Fuse  Co.,  was  presented  with  a 
Ijcdesta!  writing  desk  by  the  staff  and  employes  of  the  company  on 
the  occasion  of  his  marriage  to  Miss  Alys  Linnell,  of  Rugby. 

Preston. — The  Council  have  decided  not  to  entertain  the  proposal 
to  purchase  the  undertaking  of  the  National  Electric  Supply  Co. 

Railway  Electrificalion.- .At  the  meeting  of  the  East  London  Rail- 
way Co.,  on  Tucsdaj-.  Lord  Claud  Hamilton  said  that  since  1903 
their  annual  rcccijits  had  steadily  decreased,  and  in  comparing 
1903  and  1908  the  decrease  was  £14,480,  partly  owing  to  competition 
of  tramways,  omnibus  and  other  traffic  of  that  nature,  but  mainlj' 
due  to  the  discontinuance  of  the  through  service  over  the  Metro- 
politan and  Metropolitan  District  Railways.  He  had  on  several 
occasions  dealt  with  that  subject,  but  until  the  opening  of  the  South 
London  section  of  the  London,  Brighton  it  South  Coast  Railway 
it  was  impossible  for  them  to  form  any  accurate  oiiinion  as  to  the 
comparative  cost  of  the  installation  and  working  of  the  ovcrheatl  and 
the  third-rail  systems.  Until  then,  he  was  afraid,  they  could  not  move 
in  the  direction  of  electrification. 

Salvador  (Central  America). — The  municipality  of  San  Migviel 
have  auths.ris.cl  the  supply  of  electricity  by  contractors. 

Servia. — In  an  article  in  the  Brus.sels  "  Bulletin  Commercial  "" 
it  is  stated  that  there  arc  good  openings  in  Srrvia  for  electrical 
apparatus  and  material,  and  the  establishment  of  a  dejiot  where  such 
L'oods  can  lie  seen  is  rccommendid. 

Smallthorne. — The  LTrban  Council  have  asked  Hanlcy  and  Burslcm 
Corporation  to  submit  terms  for  the  supply  of  electricity  in  ths 
district. 

South  Africa. — In  a  tabic  of  prices  of  necessaries  at  Lourcn?o 
Mai((ues.  in  tile  report  of  H..M.  Consul  Maugham  for  1908,  electric 
light  is  included  at  'is.  4d.  per  unit. 

The  British  Vice-Consul  at  Bcira  (Mr.  Keyscr)  sajs  an  installation 
of  electric  lighting  plant  has  been  undertaken  by  an  Italian  antl  a 
Frenchman  in  partnership,  the  |ilant  and  material  having  been 
purchased  from  Italy. 

.Acting  Consular  Agent  H.  Willi  iiiuirr.  at  t^luilimane.  .says  the  open- 
ing of  the  Eastern  &  South  .African  Telegraph  Co.'s  cable  .station  at 
(Jiuilimane  has  greatly  benetited  eommeree  during  1908.  Tele- 
grams now  reach  their  destination  (continues  the  report),  which  was 
not  always  the  ea.se  previously. 

South  African  Power  Schemes. The  Select  committee  appointed 
by  the  Transvaal  Legislature  to  consider  the  Transvaal  Electricjil 
Energy  Bill,  promoted  by  the  Victoria  Falls  &  Transvaal  I'ower  Co., 
have  made  a  rciiort  to  the  Legislature. 

The  committee  state  that  they  are  of  opinion  that  it  is  inex|iedient 
that  the  bill  be  further  procccdoil  with  during  the  present  session,  and 
that  they  have,  therefore,  taken  no  evidcneo ;  but  it  is  recommonde<l 
that  proceedings  upon  the  bill  be  suspended  until  next  year,  in  view  of 
the  fact  that  the  I'ower  Companies  Commission  recently  ap|X)inted 
to  consider  certain  ipiestions  affecting  schemes  such  as  that  provided 
for  in  the  bill  have  not  yet  issued  their  report. 

Steam  Tram  Exit.— To  Bacu))  (Lanes.)  l>clonged  until  the  other 
day  tlie  honour  of  possessing  the  last  of  the  steam  trntnwnj's  in 
operation.  This  relic  of  bygone  errors  has  now  Ixeu  abolished,  and 
the  electrification  of  the  tramways  at  Bacup  is  comiilcted. 

WalthamsfOW.  The  electrical  engimnr  (Mr.  G.  R.  S|  urr)  estimntos 
till'  lost  of  till-  luoposed  extension  of  mains  to  High.ams  I'ark  at 
£(l,S-2.«.     The  lOleetrieity  c  iinn)iltce  has  adjourned  con.sideralim  of 
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this  matt?r  for  two  months,  and  have  also  adjourned  consideration 
of  the  conversion  of  the  whole  of  the  street  gas  lamps  to  electric 
light.    -Mr.  Spiirr  i<  to  submit  a  detailed  report  on  the  latter  question. 

Westminster.— The  St.  James's  &  Tall  Mall  Electric  Lisht  Co. 
jiropose  to  renew  18  lamps  in  I\ei;ent-slroct  (between  C),\ftirdcircus 
and  the  Quadrant)  with  duplex  Excellci  llanie  arc  lamps,  fitted  with 
dioptric  inner  globes,  at  a  cost  of  JC'iit'i.  It's. 

The  new  lain|>s  will  consume  460  wattes  ami  give  a  mean  hemi- 
spherical candle  powei  of  about  1,600,  with  a  maximum  of  about  2,400, 
and,  subject  to  the  company  guaranteeing  a  minimum  candle-power 
of  1,400,  the  Council  will  jMiy  half  the  cost,  provided  the  company's 
contract  for  public  lighting,  which  expires  on  Nov.  10, 1910,  is  adhered 
to  in  all  other  res|)ects. 

Wireless  Telegraphy. — The  report  of  the  directors  of  the  Great 
Eastoin  KailwayCo.  for  the  half  year  ended  June  30th  states  that  all 
their  passenger  boats  on  the  Hook  of  Holland  and  Antwerp  services 
have  now  been  equipped  with  wireless  telegraphy  and  submarine 
signalling  apparatus. 

Workhouse  Lighting.— At  their  last  meeting  Uxbridge  Guardians 
considiiid  communications  from  their  medical  officer,  the  Uxbridge  & 
District  Electric  Supply  Co.  and  the  local  gas  company  in  regard 
to  the  lighting  of  the  workhouse. 

The  medical  oftiror  iccipinnicnded  the  adoption  of  electric  lighting, 
and  Jfr.  De  Salis  said  there  was  no  question  that  the  electric  liirhtinp;.  if 
they  generated  their  o\n>  curient,  would  be  cheaper  than  gas  lighting. 
and  he  moved  that  steps  be  taken  to  provide  an  electric  lighting  installa- 
tion. This  wa.s  rejected  by  7  votes  to  4.  but  a  committee  was  appointed 
to  go  into  the  whole  question. 

Annual  Holidays.— The  Lancashire  Dynamo  &  Motor  Co., 
TratTord  I'ark.  .Manchester,  notify  that  theu"  works  and  offices  will  be 
closed  from  August  IG  to  21  inclusive,  for  the  annual  holiday  ;  a 
small  start'  will  be  in  attendance  to  deal  with  lu-gent  matters. 


ELECTRICITY  SUPPLY  AND  TRAMWAY  ACCOUNTS. 


Carlisle. — The  accounts  of  the  electricity  department  for  the 
year  ended  .March  show  capital  expenditure  £64.196  (increa.se  £917). 

Revenue  was  £l3,(ilS,  working  and  general  expenses  £fi,7()7.  After 
j>ayment  of  income-tax  and  capital  charges,  the  net  profit  was  £2,222. 
of  which  £1,000  is  being  (ilaced  to  reserve.  1.387.253  imits  were  genera- 
ted. 7.'>.721  .supjilicd  to  public  lamps  (compared  with  80,046  in  previous 
yeir),  446.4.52  (4.3S.142)  to  private  consumers  for  lighting  and  243,918 
(!tS..-.82)  for  poMir  and  377.00t)  (400,317)  for  traction.  Works  costs  were 
0-7<ld.  (agamst  1-0'ld.)  and  total  costs  l-04d.  (1-oOd.)  per  unit  sold. 

The  report  of  the  city  electrical  engineer  (Mr.  S.  T.  Allen)  states  that 
■V.i  new  consumers  have  been  connected  to  the  mains,  with  the  equivalent 
of  8,177  8  e.p.  lamps,  93  per  cent,  of  this  increase  being  for  power. 
Jlotors  with  the  aggregate  of  23S  H.p.  have  been  connected  during  the 
year,  the  two-rate  tarilf,  under  which  a  siip|ily  can  be  taken  for  power 
in  the  daytime  at  Id.  per  unit.  bciuL'  lnj.  ly  i.-|Minsil)le  for  the  increase. 
The  supply  for  the  tramways  dc  i.  ,,  I  liv  L':;,:!I7  units  and  the  public 
lighting  supply  by  4,32.5  units.  I  h.  iii.xiniuin  demand  for  light  and 
p  iwer  was  .i63  kw.  and  for  tractinn  2jO  kw.  A  .3(J0  kw.  mixed  pressure 
d.-c.  turbo-generator  with  surface  condensing  ])lant  and  water  treating 
jilant,  and  a  complete  set  of  anto-stokcr-:  and  superheaters  arc  about  to 
lie  put  in  at  the  station. 

The  report  and  accounts  were  adopted  by  the  Council  at  tliclr  last 
meeting 

Darwen.— Tlie  tramway  accounts  for  tlie  year  ended  .\larcli  show 
capital  expenditure  £83,.565. 

Revenue  was  £13.549.  working  expenses  £8,87."i.  interest,  sinking  fund 
mstalmcnt  and  jirincipal  repaid  off  loan  required  £  1.3<i3  and  depreciation 
£1.0.50,  and,  therefore,  there  was  a  deficiency  of  £i)3t)  on  the  year's  work- 
ing. 2,549,.5SG  passengers  Avcre  carri'id,  244,410  car-miles  run  and 
412,806  units  used-^  1-68  j)er  car-mile.  Total  revenue  was  13-3d.  per 
car-niilc.  and  working  expenses  (including  power  cost  and  d»])reciation) 
974d.     The  depreciation  funds  amount  to  £3,2.50. 

Dundee.— The  accounts  of  the  electricity  department  for  the  year 
ended  .'Vpril  30  show  total  capital  ex|Kmditure  £-242..5.52. 

Revenue  was  £36,975  (comi)ared  with  £34,973  in  jircvious  year),  total 
costs  £24,928  (£25,232),  gro.«s  profit  £12,047  (£9.741);  interest,  expenses 
of  loans  and  contribution  to  sinking  fund  amounted  to  £11.808  (£;).578). 
and  the  surjJus  (carried  forward)  £1,256  (£1,078).  5.988.11)1  units  W(  re 
generated,  and  .5,173,0.36  sold.  The  t(;til  maximum  supply  demanil 
was  3,101  kw. 

Exeter.— The  total  revenue  of  the  electricity  undertaking  for  the 
year  ended  March  31  was  £18.480.  1.53.  4d..  including  £10.270.  l,3s.8d. 
net  from  the  sale  of  current  by  meter.  £2.483.  178.  .5d.  from  public 
lighting,  £4,213.  9s.  4d.  from  traction,  the  balance  being  from  meter 
rental,  sale  of  lamps,  &c. 

Tlie  total  exiienses  were  £9,081.  Is.  9d.,  leaving  a  gross  pririit  of 
£9,405.   13s.  9d.  to  meet  interest  (£3,018. 10s,  3d.),  sinking  fund  chaiges 


(£4,035.  lis.  8d.)  and  income-fax  (£251.  4s.  5d.).  leaving  a  net  profit  of 
.»;2,070.  7s.  .5d.  The  total  capital  expenditure  is  £107,208.  Is.  4d.,  an 
increa.se  of  £2.97t>.  Is.  lUl.  The  units  sold  for  )iri\ate  lighting  were 
508.725.  public  lichtins;  198,208.  iiowcr  SS,191.  and  trannvays  575,104. 
a  total  of  1.370,228.  the  charges  were  45d.  |icr  unit  f.a-  li^'iiting.  2Jrt. 
to  IJd.  for  iiowcr,  and  I  Jd.  for  traction.  Tl\e  maximum  load  on  the 
station  was  1.140  kw. 

The  total  receipts  of  the  tramwivys  department  were  £15,873.  Os.  2d. 
and  the  expenses  £10.913.  1.5s.  2d.,  leaving  £5,042.  13;;.  9d  gross  profit. 
Interest  absorbed  £2.576  6s.  8d..  and,  after  paying  income-tax,  &c..  the 
balance  (£2.3!t3.  10s.  Id.)  was  cairied  to  appropriation  account.  The 
contribution  to  sinking  fund  was  £1,586.  7s.  (id.,  and  the  net  result  wiis 
a  deficit  of  £131.  7s.  lOd.,  .against  £132.  .5s.  .5,1.  in  IIMK.  :i.S!n.l.5li  pas- 
.sengers  were  carried  and  418,7M8  car-miles  run. 

Hammersmith  (London). — For  the  year  ended  March  31  the  gross 
profit  on  the  electricity  undcrtiiking  was  i.'4t,474.  and  after  pro- 
viding for  interest,  sinking  fund,  &c.,  the  net  profit  was  £'4,904. 

Kirkcaldy. — The  accounts  of  the  electricity  department  for  the 
year  ended  .May  15  show  capital  expenditure  £65.639  (increase  £391). 

Revenue  was  £10,495  (against  £10,118  in  previous  year),  capital 
charges  £3,359  (£3,653),  surplus  for  the  year  £240  (£137).  Coal  cost 
•467a.  (-53611.)  per  unit  sold,  j,renerati]ig  costs -81211.  (-847d.),  works  costs 
(includiiig  distribution)  -867ii.  (-888d.),  tot.al  costs  (exclusive  of  capital 
charges)  l-061d.  (I-099d.).  1,572,856(1,381,106)  units  were  sold,  the 
traniwav  taking  635.386  (679,069),  public  lighting  101,660  (100,378; 
private 'lighting  197,886  (2C6,314)  and  moti\e  jKiwer  638,924  (395,345), 
the  average  price  obtained  being  l-595d.  (l-752d.).  There  are  471  (422i 
consumers  and  tlie  motors  connected  are  S82  n.r.  (786).  The  average 
price  received  for  private  lighting 4-] 63d  (against  3-943d.),the  increased 
price  per  unit  being  due  to  the  use  of  metallic  filament  lamps,  and  also 
to  bad  trade,  both  causes  of  reduced  consumption,  which  resulted  in 
the  consumers  not  obtaining  such  large  rebates.  Sale  of  cui-rent  for 
power  purposes  has  increased  by  61  6  per  cent.,  and  the  li.H.r.  of 
motors  connected  by  12'2  per  cent.  Load  factor  was  235  (19'5)  and 
the  maximum  load  765 kw.  (811  kw.l. 

The  ;capital  expenditure  on  the  tramways  depaitraent  is  £89,447. 
Revenue  was  £14,166  (against  £14,991),  working  expenses  £9,449 
(£10,070),  gross  profit  £4,717  (£4,924),  capital  charges  £4,517  (£5,124), 
ilepieci.-itioii  £4Cj9  (as  in  previous  year),  net  deficit  £210  (against  net 
profit  £23).  In  the  year  ended  May,  1908,  however,  the  amount  pro- 
vided for  redemption  of  debt  included  £633  from  rates,  no  amount 
being  taken  from  rates  for  that  purpose  in  the  year  ended  May  last. 
431,892  (459,065)  car  miles  were  run  and  4,666,329  (4,874,199)  p,assen- 
gers  carried  and  634,386  (679,069 1  units  used.  The  average  fare  per 
passenger  was  0-712d.  (0-711d.).  Revenue  per  c.ir-mile  was  7-871d. 
(7-838d.i,  and  working  e.xpenses  (including  power  cost)  wore  5-25d. 
(5-26d). 

Maidstone. — The  accounts  of  the  electricity  su])ply  and  tramway 
undertakings  for  the  year  ended  March  31  were  ajiproved  by  the 
Council  last  week. 

The  accounts  of  the  electric  liijhtin!;  undertaking  showed  an  iueomc  of 
£13,307.  13s.  2d.  and  an  expenditure  "of  £7,363.  lis.  lid.  After  .laying 
interest,  mcome-tax  and  instalment  in  repayment  of  loans  the  net  profit 
was  £1,072.  ISs.  3d.  The  total  capital  cxjienditure  is  £78,779.  (is.  lOd., 
comoarcd  with  £71,112.  Os.  lid. 'in  1908.  The  L.G.  Board  recently 
refused  to  sanction  loans  for  certain  items  and  these  have  been  writtei' 
off  as  against  the  profits,  so  that  now  the  net  surplus  is  £2,217.  8.s.  5d 

The  revenue  of  the  tramways  department  was  £9.<)31.  lis.  7d.  Aftcf 
liayinj;  ex]icn.ses  the  gross  profit  was  £1,792.  17.s.  4d.  Interest,  sinking 
fund.  Ac.,  brought  the  net  deficit  to  £2.454.  14s.  lOd.  Capital  expendi- 
ture is  £81,707.  Us.  4d.,  against  £53,210.  ]%  Id.  in  1908. 

Salford. — The  annual  report  of  the  general  manager  of  the  Corpora- 
tion tramways  (Jlr.  G.  W.  Holford)  and  the  statement  of  accounts 
for  the  year  ended  JIareh  31  have  been  issued. 

The  traffic  receipts  were  £237.903.  5s.  lOd.  (9-869d.  jicr  ear-mile)  and 
the  working  expenses  £154,966.  15s.  4d.  (H-428d.  per  ear-mil'-),  and  the 
gross  jirofit  was  £83,011.  10s.  (id.  Interest  and  redemption  of  loans 
absorbed  £43,.524.  19s.,  rent  of  lines  £2«,(>66.  7s.  8d..  depreciation  and 
renewals  fund  £2(i3.  17s.  lOd.,  and  the  net  profit  (£17,000)  has  been  dans. 
fen-cd  to  the  borough  fund. 

Mr.  Holford  states  in  his  report  that  the  total  length  of  triimwiiys 
(75  miles)  remains  the  same  as  in  1908,  but  only  365  miles  are  owned  iiy 
the  Corpiuation,  the  remainder  being  worked  im  lease  or  by  arrangement 
witli  other  local  , authorities.  7he  car-mileage  run  was  5,716,897,  and 
the  average  consumption  of  electrical  energy  was  l-(i2  units  ]pcr  car-mile. 
24  additional  double-deck  covered  cars  were  added  to  the  stock  during 
the  year. 

S0Uthp0rt.--Tlie  accounts  of  the  cleclilelty  department  for  tiic 
year  entled  March  shows  cajiital  expenditure  of  £3,777  during  the 
year. 

Revenue  was  £25,350,  expenditure  £10,296,  gross  profit  £15,054, 
interest  and  sinking  fund  inst.dment  £12,048.  Of  the  surplus,  £300 
has  been  appropriated  for  arc  lamp  renewals,  .-eiOO  to  motor  waggon 
account,  £2,750  contributed  in  aid  of  rates  and  £42  carrie<l  forward. 
1,403,181  units  were  sold  to  private  consumers  (eomjiared  with 
1,317,181  in  previous  year).  There  are  131,607(123,200)  (equivalent). 
8 e.p.  lamps  connected.     196  arc  lamps  for  outside  shop  lighting  have 
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been  hired  out  and  23  motors  have  been  connected,  making  a  total  of 
9C  motors.  Coal  cost  0'04d.  per  unit  more,  and  total  costs  were  002d. 
more  than  in  the  previous  year.  The  load  factor  was  1574  aKaiiist 
14-36. 

Southwark  (London)  —'I'lic  BnniiiL'li  Oouncil's  olcotricity  depart- 
lUi-nl  .«|icn(  'C2J'2't  cm  capilal  accniuu  iliii'ing  the  past  yc-ir,  making 
a  tola!  nf  1114,(127. 

Revenue  was  £16,838  (compared  with  £14,929  in  previous  year), 
gross  profit  £5,940  (£5,254)  and  net  profit  £849  (£181).  1,703,703 
(1,539,800)  units  were  generated,  and  there  were  .'^niiplied  to  public 
lamps  298,£68  (350,960)  and  to  private  consumers  1,169,100  (1,050,885). 
The  maximum  supply  demandeil  was  900  k\v.  (820  kw.). 


TRADE  NOTES  AND  NOTICES. 


NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES- 
DIRECTORY  AND  HANDBOOK.— The  1909  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tabk s,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issued  in  bandy  book 
form.  These  are  included  in  the  1909  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 

TENDERS  INVITED. 

The  Committee  of  Management  of  the  Enniscokthy  district  a.sylum 
invite  tenders  for  lighting  Kiloarberry  House  from  existing  plant, 
according  to  s))eeification,  which  can  be  obtained  from  tlie  Clerk. 
District  Asylum,  Knniscorthy.  co.  We.\ford.  Tender.s  must  be 
lodged  at  the  Asylum  Office  by  10  a.m.  Wedne.sday,  August  18. 
See  also  an  advertisement. 

Tenders  are  invited  for  supply  of  ten  lOO-number  switchboards  to 
the  Postmaster  General's  Department,  New  South  Wales.  Tender 
forms,  &c.,  at  the  Commonwealth  Office,  72,  Victoria-street,  London, 
S.W.     See  an  advertisement. 

Tenders  are  invited  for  t!ie  supiily  of  telephone  material  to  the 
Postmaster-General's  De|iartmcnt  in  New  South  Wales.  Tender 
forms  and  specifications  may  be  obtained  at  the  Commonwealth 
Offices,  72,  Victoria-street,  London.  S.W.  See  also  an  advertise- 
ment. 

Sheffield  Education  committee  want  tenders  by  Aug.  10  for 
heating  and  electric  bgliting  of  the  Training  College  Hall  of  Residence 
for  Men.  Siieeifications.  &c..  from  Messrs.  Gibbs  &  Floekton,  1."), 
St  James-row,  Sheffield. 

The  Deputy  I'ostmaster-fiencral,  Sydney.  N.S.W.,  wants  tenders 
by  2:30  p.m..  Nov.  10,  for  supply  and  erection  of  a  branching  nu'tallie 
muitiph  magneto  switchboard  at  the  Petersluim  teleiihone  ex- 
change.    Spscilicationi,  &e.,  at  72,  Victoria-street,  London.  S.W. 

TENDERS  RECEIVED  AND  ACCEPTED. 

The  following  tenders  were  received  by  Stepney  (London)  C'ouneil 
for  Hie  supply  of  300  yds.  1-0  sq.  in.  rubber  covered  and  lire  proof 
cable : — 

Baxter  *  Gaunter  (ncrepted),  £270,  W.  Geipel  &  Co.  £:!1.">.  Britisli  In- 
sulated &  Helsby  Cables  £397.  Is.,  W.  T.  Henlev's  TelearM|.li  Works  Co. 
U02.  :is.  9d.,  W.  T.  Glover  &  Co.  £4H.  2s.  lOd.,  Iiulianihh.r.  Gutta- 
percha &  Telci!;ra|.li  W.aks  Co.  £419.  Is.  3d. 

Thetendcrscif  W.  Griiiel&Co.  at£30  fis  7d  for  30  yards  of  0-3  sq  in. 
Iiaper-in.sulated  .al.l,.  and  at  £20.  (Is    for  110  yds    O'OS  sq.  in.  rubber- 


eiivorod  aiul  tin.. 


■eptod. 


lowing  lenders  for  the 


Middlesex  County  Council  received  the  foil 
completion  of  the  Harrow-mad  tramway  :— 

/''"/)  £27,132,  Thomas  Adams  £2«,.397.  12s.  4d,. 
'Icrhcrt  Holloway  £27,439.  9«.  Hd..  Oiek, 
'..  Law  £2S,Sm).  .1.  .Mowl'-m  &  Co.  £29.852, 
I  111-,   Underwo.id   Br.«.   £27,704.   'i.i.  .Id., 


Wimppy  &  (',..  (f, 
Clift  Ford  £2S,(II1.  (is.    1,1 
Kerr&  C.  £2K,I1I  1.  (i<.  1,|..  ( 
\Vm.    -Mandirs   i::!3,|(l4.    Ills, 
Charles  Wall  £27.2H(). 


Bedford  electricity  department  have  placed  an  order  with  Ed, 
Bennis  &  Co.  for  a  pair  of  "  Bennis  "  1909  model  high-d.itv  smokeless 
and  gritless  coking  stokers  and  self -cleaning  compressed  air  furnaces 
tor  a'l  S  ft.  Lanes,  boiler. 

London  County  Council  are  recommended  to  enter  into  contracts 
witli  W.  T.  Henley's  Telegrai)h  Works  Co.  and  Reid  Bros,  for  supply 
ot  cables  and  for  laying  cable  ducts  for  the  electrification  of  the 
Highgate  Hill  tramways,  subject  to  a  rcductitm  of  IJ  per  cent.  Uing 
allowed  by  the  former  company  on  the  cable  rates  inclutled  in  their 
existing  contract. 

Birmingham,  Tame  and  R3a  District  Drainage  Board  have 
accepted  the  tender  of  Crompton  &  Co.  for  a  motor  and  pump  at 
the  Sa,ltley  pumping  station  at  £877,  and  that  of  the  General  Elec- 
tric Co.  for  motors  and  pumps  at  the  Minworth  station  at 
£423.  10s. 

Greenock  Corporation  has  placed  the  following  contract:  One 
l.tXtOkw.  turbo-alternator,  one  700  kw.  alternaror.  high-tension 
switchboard  and  two  4.50  kw.  rotary  convertors  and  sub-station 
switchboard  with  the  British  Westinghouse  Co. 

Hurst,  Nelson  &  Co.'s  tender  has  been  accepted  by  London  County 
Council  for  supply  of  a  truck,  steel  underframe,  &c.".  lor  a  special  car 
to  be  used  on  steep  gradients  at  £247,  and  the  same  firm  is  to  supply 
destination  indicator  bo.xes  for  tramcars  at  £799.  10s. 

For  Sjiringsmire  electricity  works.  Dudley,  an  order  has  been 
lilaced  with  Ed.  Bennis  &  Co.  for  a  pair  of  '"'  Bennis  "  stokers  and 
compressed  air  furnaces  for  a  Babcock  boiler. 

Through  Mountain  &  Gibson  (Ltd.),  Elton  Fold  Works.  Bnry. 
Lanes.,  the  Llandudno  &  District  Electric  Tramway  Co.  have  plac(;d 
an  order  for  seven  Warner  truck?. 

Fulham  (London)  Council  have  placed  an  order  with  Higgins  & 
Griffiths  for  special  electric  light  fittings  for  the  new  central  librarv 
at  £.57.  10s. 

London  County  Council  have  accepted  the  tender  of  W.  T.  Hen- 
ley's Telegraph  Works  Co.  for  supply  of  cables  for  Southwark-sticet 
tramways  at  £780. 

Maidstone  Corporation  have  accepted  the  tender  of  the  West,  rn 
Electric  Co.  for  SH])|>ly  of  feeder  cable  at  £397.  The  Council  have  also 
[ilaced  an  order  for  200  Osram  lamps  at  2s.  lOid.  each. 

Rugby  Urban  Council  have  placed  an  order  (through  Tinker?, 
Ltd.)  with  Ed.  Bennis  &  Co.  for  a  "  Bennis""  coking  stoker  for  a 
Cornish  boiler. 

Messrs.  Cammell,  Laird  &  Co.  have  secured  a  contract  from  London 
County  Council  for  steel  tyres  for  tramcar  wheels  at  £2.473.  1  "is. 

Ilford  Education  committee  have  accepted  the  lender  of  EJsxar 
Porter  for  wiring  the  new  Goodmayes  seliools  at  £333.  8s. 

Rotherham  Council  have  accepted  the  tender  of  Halley's  Engi- 
neering Co.  for  a  motor  tower  wagon  at  £685. 

Southport  Education  committee  have  accepted  the  tender  of  R.  A. 
Ault  &  Sons  for  electric  bell  fitting  at  the  schools  at  i;3o. 

Greenwich  Guardians  have  accepted  the  tender  of  Medways  Safety 
Lift  &  Elevator  Co.  for  electric  lifts  for  the  infirmary  at  f4'2r). 

Northampton  Council  liavc  placed  an  order  with  the  Premier 
.Accumulator  Co.  for  repairs  to  the  traction  battery  at  £407. 

BUSINESS  NOTICES. 

Mr.  Jens  Orten-Bdving.  hydraulic  engineer,  notifies  that  he  lias 
taken  into  [lartnership  Mr.  Douglas  Spencer,  who  has  been  for  sonic 
>ears  his  secretary  and  general  business  manager,  and  .Mr.  P.  R. 
Cobb,  who  has  recently  joined  him.  The  style  of  the  firm  will 
henceforth  be  Jens  Orten  -  BJiving  it  Co..  and  the  address  9J. 
I'nion-court,  Old  Broad-street.  London.  E.C.  Telegraphic  addivss 
remains  "  .Jenorten  London."  but  the  telephone  number  will  le 
London  Wall  0480.^ 

.Arthur  C.  Whitney  and  .John  H.  Sutherland,  electrical  engineers. 
&c..  34.  Slater-street,  Liverpool,  have  dissolved  partnership.  Debts 
by  Mr.  Sutherland,  who  continues  as  the  Seymour  Motor  Co. 

Jas.  S.  Enright  and  Fredk.  Thompson  (trading  as  Enright  &  Tliomp- 
soii),  engineers  anil  commission  ac-nls.  08  and  OSa.  Lincoln's  Inu 
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Fields.  London,  W.C"..  have  dissolved  piirtncr.^hip.     Debts  by  Mr. 
Thompson,  who  continues. 


Slh  by  Tender.— M-5^r^.  Fiill"r. Hor.?-y,  Som  &  C.i  jvU  line  b-cn 
in'^tnieted  to  otTer  for  s;de  by  lender  in  lots,  the  modern  eleetrie  jxiwer 
plant  at  the  works  of  the  late  Morris  Aiming  Tube  and  Alnmunitioii 
Co.  (Ltd.).  Dajjenham.  E.sspx.  Some  ])artieu!'ars  are  given  in  an 
advertisement,  and  f\irther  informatiim.  with  forms  of  tender,  niav  be 
obtained  from  Messrs.  Fuller.  Horsey,  Sons  &  Cassell.  II.  Hilliter- 
scpiare.  London.  IvC.  and  tenders  must  be  delivered  at  their  ofliees 
by  noon  of  Kriday,  .Vug.  6. 

Patent  Development.— The  owners  of  patent  No.  23..j(tl/18i»!). 
relatinj;  to  "  Improvements  in  vaeuum  tube  litrhtint;.""  find  No. 
12..5S-2/liK>-2.  relating  to  "  An  improved  system  of  clcetric  lighting." 
wish  to  negotiate  for  the  granting  of  lieenees.  .Apjilieations  to 
Messrs.  Lloj'd  Wise  &  Co..  41),  Lincoln'.s-inn-fields,  London.  W.C. 

The  proi>rietor  of  |)at?nt  Xo.  2;5.S7.S/l!)lt(».  for  ''  Im)mivrments  in 
process  of  and  mechanism  for  separation  of  conductors  from  non- 
conductors." is  also  desirous  of  entering  into  arrangements,  by  way 
of  licence  and  otherwise,  for  exploiting  same.  Applications  to  Messrs. 
Haselliuc.  Lake  &  Co..  7  and  S.  Southampton-buildings,  Chancery- 
lane,  l-ondou.  W.C. 

New  Type  of  "Tantalum"  Lamp.— Messrs.  Siemens  Bros.. 
T3'sscn-strcct.  Dalston.  N. E..  are  ])lacing  on  the  market  a  new  and 
exceptionally  interesting  high-voltage 
"  tantalum  "  lamp  for  d.-c.  which 
will  give  2.5  c.p.  at  an  efficiency  of 
1-7  watts  for  all  voltages  between 
200  and  240.  The  general  appearance 
is,  as  will  be  seen  from  the  illustra- 
tion, similar  to  that  of  the  .32  e.]). 
high-voltage  "tantalum"  lamp,  which 
is  too  well  laiown  to  need  comment. 
The  new  lamp,  which  is  strong  and 
durable,  will  be  a  great  boon  to  con- 
tractors who  have  liitherto  been  faced 
with  the  problem  of  supplying  private 
consumers  with  a  comparatively  low 
candle-power  lamp  which  would  burn 
direct  on  high-voltage  supply.  The 
demand  for  these  lamps  will  be  heavy. 
Messrs.  Siemens  Bros,  are  issuing  a 
new  leaflet  (14b)  dealing  exclusively 
with  this  lamp,  and  will  be  pleased 
to  overprint  a  supply  for  electrical 
contractors  or  ironmongers  on  receipt 
of  trade  card.  ij 

South  Lancashire  Tramways.— We  have  received  a  3t3  page  pamph- 
let eimtainin;.'  an  illustrated  description,  and  a  guide  to  places  of 
interest  on  the  various  routes,  of  the  extensive  system  of  tramways 
controlled  by  the  Lancashire  United  Tramways,  Ltd.  (which  ex- 
tends well  over  30  miles,  from  Liverjiool  on  the  west  to  the  Man- 
chester, Salford  and  Bury  Corporations'  tramways  on  the  east). 
The  booklet,  which  is  well  got  up.  contains  particulars  of  fares, 
times  occui)icd  en  route,  a  sketch  map  of  the  lines  and  other  useful 
information. 

CATALOGUES,  &C. 
Eni.sw.\N  FiTTIsos. — The  increasing  use  of  electricity  in  col- 
lieries, mills  and  factories,  as  well  as  on  board  ship,  has  given  rise 
to  many  varying  tyi)cs  of  fittings  specially  designed  for  use  in  such 
places.  The  range  covered  by  this  class  of  work  is  well  illustrated 
in  a  leaflet  just  issued  by  the  Edison  &  Swan  Co.  These  fittings  are 
well  up  to  the  high  standard  set  by  this  firm  and  are  emineiilly  suit- 
able for  the  work  they  have  to  do. 

CA.STlN<is  FOB  ELEcrniCAi.  WouK. —  In  a  catalogue  issued  by  .Mr. 
R.  Clarke,  39,  Feathcrstone-strcet,  London,  E,C..  full  details  are  given 
of  the  various  castings  which  find  an  api>lication  in  clcctiical  work. 
These  include  manhole  covers  for  sub-stations  and  roadway  work 
which  are  airtight  and  watertight,  but  arc  also  SMflieiently  ventilated, 
are  lamp-posts  of  various  types  and  cast-iron  pits  for  underground  sub- 
stations. Stwer  castings,  manholes  and  other  liftings  in  connection 
with  draining  tramways  arc  also  illustrated  in  this  calologue. 

"  Street  Liohti.vo  by  Electricity." — This  is  the  title  of  a  book- 
let issued  by  .Mr.  Haydn  Harrison  with  the  object  of  calling  attention 
to  the  current  types  of  street  lighting  fittings  which  he  has  been 
manufacturing  during  the  last  12  months.  TJie  booklet  opens  with 
a  number  of  illustrations  showing  these  fittings  in  actual  working 
order,  while  the  remainder  is  devoted  to  prices  and  mechanical 
details  of  the  various  fittings,  together  with  de.seriptions  of  Harri- 
son's patent  D.P.  switch  fuse,  anti- vibration  holders  for  metallic 
filament  lamps  and  street  photometer  for  testing  work. 


I'lliENix  Bri.T.ETiK. — The  I'hojnix  Dynamo  Mfg.  t!o.  have  issued 
a  "  Phanix  Bulletin,"  illustrating  the  dilTerent  types  of  machines 
made  by  them.  These  include  continuous-current  and  three-phase 
generators,  motors  and  motor-gi  n  Mators,  while  space  is  given  to  the 
application  of  IMmMiix  motors  to  driving  industrial  machinery. 

El.ECTROMACNKTlC  SORTINC  Maciiinkry.  -Mcs  ;is.  Cookson  & 
Co..  ")!)-(il.  New  Oxford-street.  W.C..  have  sup])lied  us  with  some 
particulars  of  their  patent  electromagnetic  sorting  machines  for 
extracting  and  separating  magnetic  from  non-magnetic  materials. 
These  machines  are,  we  are  informed,  being  vised  for  this  purpose  in 
many  engineering  works,  founcb'ies,  shipyards  and  mines.  The 
standard  size  machine  requires  a  pressure  of  100  volts  and  takes 
about  4  amperes,  thus  costing  only  4d,  for  a  nine-hour  day  with 
energy  for  power  at  Id.  per  unit. 

Flexible  STE-rsL-ARMOURED  Conditit.s  and  Cahlhs.-  Tlie  Brilisli 
Electrical  &  Mfg.  Co.  have  issued  two  leaflets  dealing  with  this  sub 
jcct.  The  cable  illustrated  and  described,  besides  being  spreialh 
suitable  for  \ise  in  firejiroof  buildings,  has  also  been  specially  designi  il 
anil  ei.nsl  Hilled  In  willisland  the  severe  conditions  met  with  in  sueli 
|il  i:  -  ,1  .  (illi-  ri's.  sliipyards  and  engineering  shops,  as  well  as  on 
tlir  ipiay  side  anil  on  ships. 

Measurino  Instruments. — Continuous-current  measuring  in- 
struments of  moving-coil  type  is  the  subject  of  a  catalogue  issued  by 
Messrs.  E.  F.  Moy. 

Miniature  Posters. — Owing  to  the  exceptionally  large  demand 
for  Messrs.  Siemens  Bros.'  "Satisfied  Consumer"  adhesive  labels, 
a  fresh  sup]ily  has  been  obtained.  These  labels,  which  are  becoming 
known  to  the  trade  as  "  Stickybacks,"  are  supplied  free  of  charge 
to  electrical  contractors,  and  are  suitable  for  attaching  to  corres- 
pondence, packages,  &c. 

Calculators. — The  Key  Engineering  Co.  send  a  handy  eal(Mdat(ir> 
by  means  of  which  the  return  on  extra  capital  outlay  may  be  readily 
determined  when  the  introduction  of  gas-driven  plant  is  under  con- 
sideration. Full  instructions  are  given  with  tills  ealeiilator.  and  it 
should  prove  very  ustfiil  to  tlio,;e  iiiti  iistc^l  in  lliese  niattirs. 

BANKRUPTCIES,  LIQUIDATIONS,  &c. 

Mr.  E.  W.  C.  Whittaker,  3,  Portland-street,  Southampton,  has 
lieen  a]ipointed  trustee  in  the  bankruptcy  of  W.  T.  Harris  (trading 
IS  W.  T.  Harris  &  Sons),  electrical  engineers,  460-464,  Commercial- 
street,  Portsmouth. 

Claims  against  the  Santoni  Arc  Lamp  &  Eng.  Co.  (Ltd.)  (in  vol 
liq.)  by  Aug.  20  to  Mr.  W.  Mad.  Whvte.  11.  Queen  Victoria-street, 
London,  E.C.,  or  to  Mr.  G.  E.  Corficld.'Palfour  House,  London,  E.O,- 

A  first  and  final  dividend  of  3s,  Id,  is  payable  at  144,  Commercial- 
street,  Newport,  Mon,,  to  the  creditors  of  Geo,  SutclilTe,  eli  ctrical 
engineer,  22,  C!hureh-street,  Abertillery. 

A  first  dividend  of  2s.  is  payable  on  July  31  at  Mr.  J.  H.  Haley- 
29,   TjTrel-street,    Bradford,    to   the   creditors   of   Arnold    Robrr; 
(tr.ading  as  Roberts  Bros.),  electrical  engineer,  21.   North-]i»rade. 
Bradford,  and  Woodlands  Cottage,  Rawdon. 

A  meeting  will  be  held  at  .Messrs.  Dickinson.  .Miili  i  it  'rurnbuirs, 
40,  Grainger-strcet  West,  Ncwcastle-on-Tyne.  on  Aug.  .5  to  receive 
an  account  of  the  winding  up  of  the  Eldon  Electric  Co.  (Ltd.)  (in 
vol.  liq.) 


BOOKS  RECEIVED. 

Copies  of  ttie  undermeutioned  worlis  can  be  liaii  from  Thf^  EUclriefiin  office,  post  free 
on  receipt  of  published  price,  adding  3d.  for  books  pnhlialied  under  2s.,  mid  .'i  per  ccat. 
for  books  publislied  natt.    Add  10  per  cent,  for  abroad  or  for  foreign  books.) 

"  Tlirough  the  Sun  in  an  .Airship."  By  .John  Ma.-tin.  (I.ondcn 
Charles  Griffin  &  Co.)     &\ 

"  Electricity  for  Everybody."  By  R.  Borlase  Matthew;:.  (Lon 
don  :   The  Electrical  I'rcss.)     .5s.  net. 

"  Metric  Tables."  l?y  Sir  Guilford  L.  Molesworth.  4lh  Ediliim. 
(London:   E.  &  F.  N.  Spon.)     2s.net. 

"  Making  Wireless  Outfits."  By  Newton  Hanison.  1st  Editiun 
(London:   E.  &  F.  N.  Spon.)     Is.  (id.  net. 

"  Circuits  and  Diagrams."  By  Norman  II.  SeluK  ider.  Pail  H 
1st  Edition.     (London  :    E.  &  F.  N.  Spon.)     Is.  Gel.  net. 

"  Arbeiten  aus  dem  Elektrotcehnischen  Institut  di  r  (h'os 
herzoglichen  Teehnischen  Hochschule  Fridericiana  zii  Karlnruli' 
1008-^1909."  Edited  by  Dr.-lng.  E.  Arnold.  (Heilin:  .hilie 
Springer.)     M.IO. 

"  Lccons  D'Electrotechiii(pie  Generale."  By  P.  .laiut.  "i' 
Edition.  Vol.  I.  "  G6n6ralites. — Couranls  ('(Hiliiiu.-'."  (Par'- 
Gaiithicr-Villars.)     Fr.l3. 

"  La  Th^Mirie  d<s  Couranls  Alternatifs."  By  AUxandn  Kussei 
Translated  from  the  English  by  G.  Sil'ligmaiiii-Liii.  \'ol.  I  (Pari^ 
Gauthicr-Villars.)     Fr.15. 
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PATENT  RECORD. 


Al'i'IilCATIUNS    FOR    PATENTS. 

Note. — The  ttndermcnlioned  Applicalions  (except  those  marked  t)  ore  not  open  to  public 
impectiort  until  after  acceptance  of  Complete  Specifications.-  Those  marked  *  are  open  tor 
inspection  12  months  after  the  date  attached  to  them,  if  they  have  not  been  published  previously 
in  the  ordinary  course.  Names  within  parerdheses  are  those  of  communicators  of  inventions. 
When  complete  Specification  accomvatiies  application,  an  asterisk  is  aljixcd. 

Jun3  12,  1909. 
13,827  Bastian.    Transformation  of  electrical  energy  into  heat  energy. 
13,831  Abraham  &  British    Pneumatic    Railway  Sigh\l   Co.     El;:tric  reliys   fir 

railway  signalling  and  other  apparatus. 
13,834  TuBBS.     Magazine  arc  lamps. 
13,842  Ridings.     Arc  lamps. 

June  14.  1909. 
13,837  Williams.  Enumeration  of  telephone  calls. 
13,8*2  Drjry.    (Socielo    I.'Oleo,    FraTic.)     Sparking    plugs    for    internal-comhiistion 


Germany.)    Telephone 
Germany.)    Signalling 


liquid  anode.     {Date 


13,8?7  AbRAHAM  &  BriTisH  Pneumatic  Railway  Signal  Co.     Electrical  relay!. 
13,919  Siemens  Bros.  &  Cx    (Siemens  &   Halske  Akt.-Ges.,  Germany.)    Telephone 

13.922  SrciNACKER   &   Plisnier.    Microphons  for  currents  of  high  intensity.     (Date 

applied  tor,  16'l/09.l»t 
13.961  B.T.-H.  Ca    (G.E.  Co..  U.S.)     Ebcti-ic  h-atin?  c'ev-es. 
13 962  B.T.-H.  Co.  &  Gray.     Electric  m;t3rs.     (Date  applied  for,  29/5/0).    Comprised 

in  application  No.  12,689/09.) 

June  15.  1909. 
13,989  Milch.    Manufacture  of  electric  incandescent  la-nps. 
14.019  PINKUS.     Electrical  motors  and  th;  like. 
14,022  Parsons  &  Wood.     Vapour  lamps. 
14,0.^2  Mehne.     Electric  time  switches.* 
14,062  Backman.    Metal  boxes  for  switches  and  wall  plugs.* 

:ure  16,  1909. 
14,097  Zealander  &  Conway.     Electrical  switches. 
14.117  Grant.     Electric  contact  breakers. 
14,126  Lake.     (Fabrik    Elektrischer    Zundsr    G.m,  b.H.,   Germany.)     Magneto-electric 

apparatus  for  firing  electric  igniters.* 
14,128  BouLT.     (Voigt  &  H.aeffner  Akt.-G;s  .  Germany.)     Arc  lamps.* 
14,153  Troike.    Maeneto-electric  machines.* 
14,165  MiLLAURO.    Arc  lamps.* 

June  17,   1909. 
14,209  PiCKFORD.     Telephonic  transmitters  and  the  like. 
14,212  Taylor.     Charging  and  discharging  S3C3ndary  batteries  or  electric  accumulators 

en  three-wire  systems. 
14,230  de  la  Rue.     Secondary  batteries. 

14.239  Siemens  Bros.  &  Co.     (Siemens  &  Halske  Akt.-Ges. 

exchanges.* 

14.240  Siemens  Bros.  &  Co.     (Siemens  &  Halske  Akt.-Ges. 

apparatus  operated  from  a  distance.  * 
14,244  May.    Telephone  system.* 

June  18,  1909. 
14,288  ScHOTT  &  Stiftung.     Electrolytic  apparatus  having 

applied  for,  26/6/08.)*t 
14,352  Georoi  &  Reyrolle  &  Co.     Fault  protection  of  cables  in  electrical  current  dis- 

tiibution  system. 

June  19,  1909. 
M.363  Davis.     Direct-workin?  telephones  for  intercommunication  purpose.^. 
14.391  Garty.     Dynamos  or  electrical  motors.* 
14,398  Berry  &  Mark-ham.     Electric  switches  and  switch-fuses. 
14,431  Schulze.     Preventing   the   pulsation   of  electric    currents  generated   by  small 

dynamos  and  rotary  converters.* 

June  21,  1909. 
14,450  Taylor.    Balancing  three-wire  systems. 

14,456  Taylor.  Auto- transformers  for  use  on  alternating-current  circuits. 
'4,457  Kingsbury.     (Western  Electric  Co..  U.S.)    Telephone  exchange  electric  select- 
ing systems.     (Date  applied  for,   15/8/08.    Comprised  in  No.   17,209,  dated 

15/8/08.1 
14,505  Siemens   Bros.    Dynamo   Works.     (Siemens-Schuckertworke   G.m. b.H. 

many.)     Arc  lamps.* 
14,548  Childs  &  Hill.     Electric  ovens. 

June  22,  1909. 
14,579  Lamme.    Controllers  for  polyphase  alternating-current  induction  motors. 

applied  for.  6/7/08.  )*t 
14,582  Clarkson.     Bonding  and  electrical  continuity  device. 

14.622  Siemens-Schuckertwerke    G.m. b.H.    Non-interchangeable    safety    fuses    for 

electrical  circuits.     (Date  applied  for,  23/6/08.)*t 

14.623  Stockall.     Controlling  a  plurality  of  independent  electric  circuits. 

14.655  Wolfram  Lampen  Akt.-Ges.   &  Goll.    Carbonising  metallic  glow-lamp  fila- 
ments manufactured  with  organic  binding  agents.     (Date  applied  for.  15/2/09.)*t 
14,660  Thum.     Electrolytic  apparatus.* 

June  23,  1909. 

14.674  Weaver.     Controlling  electric  arc  lamp  carbons.  ^ 

14.675  Lear.    Suspending  or  supporting  of  electric  incandescent  lamps  and  raising  and 

lowering  same. 
14,685  V|CKER''.     Electromechanical  'apparatus    for    the  transmission,  reception  and 
indication  of  preconcerted  signals. 

14.731  Stewart  &  Foss.    Speed  control  and  braking  apparatus  for  electriciillypropelled 

vehicles. 

14.732  Stewart  &  Foss.    Mounting  or  supporting  of  electric  motors  on  electrically  pro- 

pelled vehicles. 
j4,752  Farjas.    Radio-active  products  possessing  permanent  activity.     (D.ite  applied 

for.  14,'4/09.)*t 
14,763  Lamkin  &  Nunwick.     Electric  filament  lamps  and  the  like. 
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SPECIFICATIONS    PUBLISHED. 

1908  Specifications. 

Winn.     Electric  meters.    (Post-dated,  2/9,'08.) 

Richmond.     Electric  batteries.     (Post-dated,  9/n/08.) 

Fvnn.     Alternate-current  motors. 

Heldbek.    Suspending  electric  incandescent  lamps. 

MiDGLEY  &  Vandervell.     Electromagnetic  power  velocity  ratio  devices, 

Newbould.    Cut-out  device  for  electrical  conductors. 

Akt.-Ge3.  Brown,  Boveri  &  CiE.    Transformers.     (Datea  pplied  for  .28/6/07.) 

oUnderland  &  PiLLiNCER.  Switches  applicable  for  use  with  electric  trans- 
formers. 

Venner,  Griesbach  &  Mork:s.     Electromagnetic  switch. 

Lancashire  Dynamo  8e  Motor  C^.  5t  McLeod.  Rotors  of  dynamo-electric 
machines. 

Hartenheim.    Control  of  electric  motors. 

CoRNARo.  Electrode.s  and  resistances  for  electric  furnaces,  radiators,  lamps  and 
the  like.    (Date  applied  for,. 27/6/07.) 

f  ^'^".*^'Ii-    Magnetic  brakes  for  railway  and  tramway  vehicles. 

B.T.-H.  Co.  &  Martin.     Electric  metei-s.  ,    , 

Ritchie.    Regulating  device  for  electric  circuits. 

BousFiELD.    (Holmes.)    Rotary  motors. 


14.483  Maristti.    Soldering  metallic  filamentj  of  fUctric  lamps  to  the  r  electrodes. 

(Date  applied  for.  8/7,'07.l 
14,513  Timar  &  Von  Dreorr.    Starting  switch  for  electric  motors.    (Date  applisd  for, 

1 4.700  B.T.-H.  Co.  &  Carton.     Regulation  of  elsctric  motors. 

14,773  Cooper  &  Sharp.    Switches  for  supplying  elfctric  oyntr. 

15.341  Graham.     Electric  insulator. 

1 5  388  Van  FIaden  &  Co.  &  Metz.     Electric  accumulators. 

15,522  Taylor.     Transformation  of  electric  cur.'ents. 

15,792  B.T.-H.  Co.    (G.E.  Co..  US.)     Electrolytes  for  electrolytic  cslls. 

15,936  Davy.     Electric  switches. 

16.126  Garside.    Starting  switches  for  elictic  motors. 

16.298  B.T.-H.  Co.    (G.E,  Co.,  U.S.)     ElEctromagnetically  operated  switches. 

16.299  B.T.-H.  Co.    (G.E.  Co.,  U.S.)     Electric  voltage  regulators. 
16,529  BiMELER.    Storag;  batteri-s. 

17,112  Munro  &  RooERS.    Controlling  th?  movements  of  poi  ts  or  switc'ies  on  tram- 
ways or  railways. 
17.143  Tyer  &DonsoN.     Electr'c  lebsraphs. 
17,16:  AsHiNGTON  Coal  C5.  &  McKia.     Indicating  and  recording  current  leakage  in 

elxtric  circuits  or  motors. 
17.912  Payne.    Sparking  plugs  for  internal-combustion  engines. 
18,628  Low.     Ehctric  ignition  appliances. 
18.925  Ccx.     Adjusting  electrical  resistances. 

19,992  Akt.-Ges.  Brown.  Boveri  &  CiE.  Regulating  dirvCt-current  and  altematini:- 
c  ^rrent  machines.     (Date  applied  for,  24/8/03.) 

23,633  Bevis  &  Penicud.     Electrical  recording  instruments.    (Post  dat^d,  12/2'09.) 

20,708  KOE.     Electric  switches. 

21, .586  Ll-x,  Measuring  instruments  for  alternating  currents.  (Rights  under  sec.  91. 
Patents,  &c..  Act.  1907.  not  granted.) 

21,936  and  21.938  Midgley  &  Vandervfll.  Direct-current  dynamo-ekctric  ma- 
chinery. 

23,070  B.T.-H.  Co.  &  Pollock.  Supply  and  rggulation  of  electric  energy  employed  in 
operation  of  arc  lamps  used  in  searchlights  and  like  apparatus.  (Addition  to 
No.  4,379/05.) 

23.489  Snook.  High  potential  rectifying  switch.  (Date  applied  for,  20/7,'07.  Ori.in- 
ally  included  in  No.  13.854/08.) 

23.626  Denny,&  Irving.    Combined  reciprocatin.*;  turbine  engine  installations. 

23.726  B.T.-H.  Co.  &  Needham.     Filaments  lor  incandescent  electric  lamps. 

24,211  Sor.  Francaise  d' Incandescence  par  le  Ga.2  (Svsteme  Auer.)  Incardescmt 
electric  lamps      (Date  appHed  for.  12/11 '07.     Addition  to  No.  12.720,'Oai 

25,537  Allmanna  Svenska  Elektriska  Aktiebolaget.  Starting  and  regulating  com- 
pensated electric  repulsion  motors.     (Date  applied  for.  27/1 1/07.) 

26.796  Stratton  &  Ciaremont.     Mechanical  connectors  fcr  electric  cables. 

27,343  Siemens-Schuckertwerke  Ges.  Alternating-current  meters.  (Date  applied 
for,  17/12/07.) 

27,436  Blackall  &  Jacobs.     Electric  signalling  system. 

27,470  Smith  &  Granville,  lndi;ctance  coils  for  telephone  cables  and  the  like.  (Cog- 
nate application,  4.376/09.) 

28,189  Alexanderson.  Single-phase  alternating-current  electric  motors  of  the  com- 
mutator type.     (Date  applied  for,  26/12/07.) 

28,271  H.  Aron  Elektricitats  Zahlerfabrik  Ges.  Single-phase  alternating-current 
meters.     (Date  applied  for,  9/10/08.) 

28.378  ElSENSTElN.     Wireless  telegraphy. 

28,438  JoHANNET.  Transmitting  power  at  a  reduced  and  variable  speed  by  means  ot 
dynamo-electric  generators  and  motors.    (Date  applied  for,  3/2/08.) 

1909  Specifications. 
78  Dey.     Controlling  electric  motors. 
319  Rogers  &  Brecknell.  Munro  &  Rogers.     Electric  signals  (or  tramways,  rail- 
ways and  the  like. 
335  Rapid  Magnetting  Machine  Co..  Thompson  &  Davibs.     Magnetic  separating 

machines.     (Date  applied  for.  14/7/08.) 
580  Siemens-Schuckertwerke  Ges.      Electrical  resistance  coils  of  covered  wire. 

(Date applied  lor,  9/1/08.) 
590  Marchal.    Ckintinuous-current   dynamo-electric  machines.     (Date  applied   for 
under  Rule  13,  14/8/08.) 
1,345  B.T.-H.  Co.    (G.E.  Co  ,  U.S.)    Aluminium  electrolytic  cells.     (Date  applied  for, 
4/9/08.) 
11,679  Siemens  Bros.  Dynamo  V.'orks  &  Kloss.   (pooling  windiprs  of  dynamo-clcctric 

machines. 
3,028  Cutler  &  Barnett.     Electric  hquid  heater. 

3,599  Grunwald.     Electrical  induction  furnaces.     (Date  applied  for,  7/5/08.) 
3,759  Bosch.     Lubricating  the  interrupter  cams  of  magneto-ignition  apparatus.     (Date 

applied  for,  31/10,'08.) 
3,831  Storer.     Armature  windings  for  dynamo-electric  machines.     (Date  applied  for, 

2;'3,'08.) 
3.849  Craig  &  Acer.     Dynamometer.     (Addition  to  No.  24.790,'07.) 
3,951  B.T.-H.  Co.    (G.E.  Co.,  U.S.)     Incandescent  electric  lamp  filaments  and  ap- 
paratus. ~- 
4.026  and  4,027  Schiessler.     Wireless  telephony.     (Date  applied  for.  30/3/08.) 
4,028  SCHIESSLER.     Electric  condensers.     (Date  appHed  for.  30  3  08.) 


COMPANIES'  MEETINGS  AND  REPORTS. 


Direct  United  States  Cable  Co.  (Ltd.) 

The  sixty-foiiilh  nidiii.uy  nciicial  UK'oliiii;  \v:is  hoM  on  'I'lu-Jil'iy.  Mr. 
E.  M.  Undkrixiw.s,  K.C..  pivsidini;. 

The  (iKNKRAL  JlAN.VfiKT!  AND  SKCRETARY  (Mr.  T.  Finnis) 
rciid  tho  notice  cnnveniiig  (lie  nieetins;  nnd  the  :uiditors'  ie|ii>rt. 

The  CHAIR.\r  AN  s.aid  :  The  levemie  for  the  six  months  to.lune :«),  .ifter 
(h'lhutinw  ont  unyments,  amounted  in  r.niiid  fignres  to  £."ir..44"i.  thew.irk- 
iniiaiidolherexpenses.  inchidinuineome-tnx.but  exehisiveofeost  of  miiin- 
(eiuin.e  of  eables,  .ik'-oihed  £25.030,  leaving  a  hsxUnce  of  £:n.40!)  «.s  net 
lirolit,  mnkiiis  witli  £4..50()  broiislU  forward  from  the  jirevions  half-year, 
a  total  of  £3.-..915.  This  has  been  aviiro]iriated  a.<!  folLnvs  :  An  interim 
dividend  of  Is.  per  .share  to  Maivh  31  re<iuired  £12.142.  a  proposed  final 
dividend  of  4s.  per  sliare  and  a  hoiuis  of  Is.  per  shaix-  to  .lime  30  roqiiire.s 
£1.">.177.  We  transfer  to  reserve  fund  £.-),00()  and  carry  forward  the 
balance  of  £3..')n(!.  wlilch.  tosrclher  make  up  the  bi^fore-mentioned  total 
of  f3i),i)ir>.  A  considerable  period  of  trade  depivswion  has.  we  \\a\tc. 
now  pas.sea  over,  and  the  cable  business  shows  signs  of  revival,  with  the 
result  that  our  revenue  exhibits  an  improvement  of  £."i.07"  durmg  the 
past  half-year  as  conipareil  with  the  corresponding  half  of  IVIOS.  'I  he 
working  exiicnscs  in  Loudon  and  al  the  stations  show  but  slight  variation 
jis  compared  with  those  of  the  corresponding  period  of  I'.HtS.  The 
lemaining  expenses  and  other  paymenLs  which  ap|)ear  on  the  reveimo 
:ieeount  show  a  decrease  of  £<W.  The  reserve  fund  has  been  credited 
with  I'll  733  from  interest  on  the  investments.  !:i,.Wl  from  i>rolit  on  the 
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sale  of  sccuTitios  and  with  £5.000  transferred  from  revcDue,  and  having 
on  the  other  hand  been  debited  with  £13,857,  for  rest  of  maintenance  of 
the  cables,  the  balance  of  the  account  now  amounts  to  £r)10.2()7.  The 
investments  stand  in  the  balance-sheet  at  £493,004,  after  allowin"  for 
the  provision  of  £40.000  made  two  jears  ago  on  account  of  market  dejirc- 
eiation.  It  is  satisfactory  to  note  that  their  present  mijrkct  value  is 
Iwtween  £9,000  and  £10.(H)0  in  e.xcess  of  the  reduced  figure  at  « liic  h  Ihcy 
stand  in  the  accounts.  There  is  improvement  in  the  reserve  fund  to  that 
extent.  With  regard  to  the  reserve  fund,  I  have  often  called  your  atten- 
tion to  the  advantage  of  the  form  that  we  have  adopted  in  meeting 
repairs  and  maintenance  out  of  the  interest  on  the  reserve  fund.  Although 
on  this  occasion  we  luid  some  heavy  repairs  the  reserve  fund,  with  the 
operations  that  we  suggest,  remains  fully  ade(iuate  to  meet  our  require- 
ments, and,  in  fact,  the  situation  is  imjiroved.  So  much  for  the  reserve 
fund.  I  will  now  give  you  a  summary  of  the  results  of  working  during  the 
whole  financial  year.  The  receii>ts  of  revenue  have  been  £112.780.  less 
expenditure  £;>0,3«3,  leaving  a  balance  of  £()2,387.  We  have  paid  in 
dividends  £51.603,  and  placed  £10,000  to  reserve,  making  fC.l.fiOS. 
.Adding  the  increased  balance  in  hand  as  compared  with  June,  1908, 
amounting  to  £784,  the  total  is  as  above  £62.387.  The  reserve  account 
has  been  increased  on  balance  during  the  year  by  £5.071.  There  was 
transferred  from  revenue  £10.000,  interest  on  investments  £18.882,  and 
profit  on  sale  of  securities.  £1.595.  That  makes  £30,477.  We  deduct 
the  cost  of  maintenance  of  the  cables  £24,901,  and  the  installation  of  gas 
at  Ballinskelligs,  our  station  on  the  coast  of  Ireland,  £.505  Making 
the  deduction  of  £25.406  from  £30,477.  we  have  an  increased  balance  of 
£5,071.  I  have  mentioned  the  reserve  fund,  and  you  have  probably 
heard  criticism  upon  the  cost  of  messages  to  the  public.  It  is  just  as 
well  to  remember  that  the  rate  per  word  is  now  according  to  the  net 
results  of  the  Atlantic  cable  companies — so  extensive  is  the  use  of  codes 
by  means  of  which  one  word  is  made  to  express  many  words  and  sen- 
tences— is  such  that  the  actual  cost  to  the  public  is  even  below  the  word 
rate  suggested  by  tho.se  who  have  no  practical  knowledge  of  distant 
telegraph}-.  To  return  to  cost  of  maintenance,  an  expert  who  was  good 
enough  to  express  his  approval  of  the  state  of  our  cable,  which,  I  may 
say,  in  passing,  is  now  in  good  working  condition,  said  that  the 
different  renewals  that  we  have  made  arisuig  out  of  the  repairs  being 
required  to  the  cable  have  resulted  in  our  placing  a  very  considerable 
length  of  new  cable  at  the  bottom  of  the  sea,  and  thereby  "increasing  the 
general  value  of  the  cable  and  its  strength.  So,  we  are  not  simply  main- 
taining but  we  are  actuall}'  improving  our  cable  which  has  already  been 
in  existence,  as  you  know,  for  so  long  a  time.  Our  relations  with  the 
allied  companies  are  exc3lleut.  The  Government  has,  I  think,  met  us 
in  several  points  with  regard  to  our  continuance  of  our  business  and  our 
licences.  Altogether,  I  think  I  may  congratulate  the  shareholders  upon 
the  position  o(  the  undertaking.  Before  I  conclude  I  should  like  to  speak 
of  our  staff.  Foi-  instance,  there  is  our  staff  in  our  stations  on  the  other 
side  of  the  Atlantic,  the  staff  on  the  West  of  Ireland,  and  the  staff  in 
our  various  stations  in  this  country.  Our  staff  have  discharged  their  duty 
in  a  waj"  that  deserves  the  commendation  of  the  proprietors  as  it  has 
obtained  that  of  the  Bjard.  I  now  move  the  adoption  of  the  report  and 
accounts. 

Sir  JA.MES  PENDER  seconded  the  resolution,  which  was  carried 
unanimously. 

Sir  James  Pender,  Bart.,  and  .Mr.  C.  E.  Gunther,  the  retiring  directors, 
and  the  retiring  auditors  were  then  re-elected,  and  a  cordial  vote  of 
thanks  to  the  chairman,  directors  and  staff  terminated  the  proceedings. 


Telegraph  Construction  &  Maintenance  Co.  (Ltd.) 

The  half-yculy  genera)  nu-cting  w.is  liclil  on  Tuesdav.  Sir  Jamks 
Pendek,  Bart.,  presiding. 

The  SECRETAUY  (Mr.  f.  W,  Clarke)  read  the  notice  convening  the 
meeting. 

The  CHAIR.M.W  then  said  :  Since  our  meeting  in  March  last  we  have 
received  with  sincere  regret  the  resignation  of  our  chairman,  Mr.  William 
Shiiter,  whose  contihued  ill-health  and  advanced  age  compel  us  to  accept 
this  resignation,  and  so  terminate  his  long  and  valued  service  to  the 
company,  which  I  am  sure  will  be  equally  felt  by  the  shareholders. 
(Hear,  hear.)  Jlr.  Willoiighby  Smith,  whi")  has  been  for  some  years 
known  to  you  as  manager  of  our  gntta  percha  works,  has  been  elected  to 
a  seat  on  the  board,  and  will  act  as  joint  managing  director  with  Mr. 
F.  R.  Lucas  in  place  of  Mr.  Shutei.  The  question  of  chairmanship  is 
still  under  the  consideration  of  the  board.  Our  works  continue  to  be 
actively  employed,  and  our  shijjs  are  at  .sea.  The  "  Colonia  "  is  laying 
a  new  cable  and  picking  up  an  old  one,  and  the  "  Cambria  "  is  away 
repairing  a  broken  cable,  both  ships  being  on  the  other  side  of  the  .Atlan- 
tic. We  ha\e  fitted  them  this  last  six  months  with  Alarconi  wireless 
apparatus,  because,  although  when  laying  a  cable  our  ships  are  in  com- 
munication with  the  shore,  there  are  times  when  repairs  are  being  made 
that  we  should  be  glad  to  si)eak  to  the  shore,  and  the  installation  we  have 
made  will  enable  us  to  do  so.  Our  new  ship,  the  "  Telccmia,"  of  which 
an  account  appear.4  in  The  Electrician  for  July  Ui.  has  been  visiteil  by 
a  number  of  men  experienced  in  the  work  which  it  is  designed  to  do, 
and  the  completeness  of  her  arrangements  has  been  generally  apjjie- 
eiated.  This  year  we  have  made  and  laid  a  heavier  type  of  cable  than 
we  have  ever  had  to  deal  with  before.  This  cable  weighs  (>2J  tons  to  the 
raile,  and  is  designed  to  resist  the  crushing  strain  of  icebergs  grounding 
on  the  coast  of  .Newfoundland.  .\t  this  meeting  we  present  no  report 
and  accounts,  but  we  meet  to  give  the  shareholders  un  ojiportunity  of 
asking  any  questions  they  may  think  desirable. 


-Mr.  H.  H.  CROFT  :  I  am  sure  the  shareholders,  botli  ,,rc-^ent  and 
absent,  will  have  heard  with  regret  the  annminecment  of  the  rctivement 
of  Mr.  William  Shuter.  I  do  not  think  there  is  anything  tlic  share- 
holders can  do  to  give  expression  to  their  feelings  except  by  a  unanimous 
vote  of  regret  at  Mr.  Shutcr's  retirement.  I  feel  certain  we  all  concur  in 
that  expression  of  opinion.  (Hear,  hear.)  The  ap])ointment  of  .\lr. 
Wiiloughliy  Smith  to  be  a  direct(U'  of  the  company  is  very  satisfactory! 
That  gentleman  has  been  associated  for  a  great  numberof  years  with 
the  company.  Sjieaking  for  my.self,  I  should  very  much  like  to  see  a 
luominent  ofiicer  of  the  Xavy  again  associated  with  the  Telegraph  Con- 
striiction  &  Maintenance  Co. 

The  chairman  invited  .Mr.  F.  R.  Lucas  to  reply. 

Mr.  LUC-\S  said  :  I  am  sure  we  all  concur  in  the  ex|)iessions  which 
Mr.  Croft  has  used  in  reference  to  the  retirement  of  Mr.  Shutcr.  With 
regard  to  the  appointment  of  a  naval  officer  as  a  director  of  the  company, 
the  board  appreciate  with  Mr.  Croft  the  importance  of  this  question! 
The  point,  however,  is  lUJt  before  us  to-day.  With  regard  to  the  contract 
for  tlie  new  deep  sea  cable  which  has  been  mentioned,  we  usually  refrain 
from  giving  details  of  these  contracts.  These  matters  are  not  always 
our  secret  to  make  public,  and  those  for  whom  we  do  the  work  would 
probably  resent  our  making  public  .such  particulars. 

There  being  no  further  business,  Mr.  CR(1FT  proposed  a  hearty  vote 
of  thanks  to  the  chairman,  directors  and  staff  of  the  company,  "which 
was  .seconded  by  Mr.  G.  J.  ROU',  and  carried  unanimously. 

The  CH.\IRM.'\N  having  briefly  replied,  the  ju-oceedings  terminal ed. 


City  &  South  London  Railway  Co.  (Ltd.) 

The   tiftieth   ordinary   general    meeting   was   lield   on   Tuesday.     The 
Right  Hon.  ('.  B.  Stuart- WonTi.F.v.  K.C.  M.P.,  presided. 

The  SECRETARY  (Mr.  W.  F.  Kuight)  read  the  notice  convening  tho 
meeting. 

The  CH.-VIBM.AN  said  :  We  are  glad  to  meet  you  in  more  encouraging 
circumstances,  and  to  be  able  to  claim  that  we  were  right  when  mx 
months  ago  we  said  that  the  comparatively  unfavourable  results  of  the 
half-year  then  ended  were  duo  to  tem])orary  and  abmnmal  causes.  We 
have  a  net  increase  of  £1 ,062  in  gross  receipts,  and  a  net  decrease  of  £989  in 
expenses  ;  an  increase  of  £2,051,  and  on  adjustments  an  increase  in  the 
balance  available  for  dividend  of  £1,662.  We  have  £269  more  to  pay 
now  than  we  had  last  year  in  dividends  on  preference  stocks  ;  so  that  there 
is  a  final  resulting  improvement  of  £1.393  in  the  .sum  available  for  the 
ordinary  shareholders.  By  carrying  forward  only  £457  less  than  we  did 
this  time  last  year,  we  are  able  to  find  the  £1 ,850  necessary  to  provide  the 
extra  |  per  cent,  which  the  ordinary  shareholder  so  well  deserves,  and 
which  we  recommend  that  he  should  receive.  This  result,  though  not 
brilliant,  is  at  least  satisfactory.  The  half-year  shows  larger  gross 
receipts  and  a  larger  number  of  passengers  carried  than  any  ])reviou8 
half-year  in  our  history,  and  the  jjercentage  of  working  expenses  shows 
a  gratifying  decrease  (as  between  the  June  half-years  of  1908  and  1909) 
from  46-28  per  cent,  to  44-63  per  cent.  We  have  kept  our  service  going 
with  92,673  trains,  against  94,636.  Tlie  number  of  passengers  carried 
per  train  has  been  121-15  against  11509,  the  receipts  per  train  have  been 
18s.  3-04d.  against  17s.  n04d..  and  per  train-mile  2s.  5-93d.,  against 
2s.  5-03d.  The  only  receipt  which  shows  a  decrease  is  per  p;  ssenger, 
which  have  gone  down  from  l-75d.  to  l-72d.  This  shows  that  the 
average  distance  travelled  has  been  shorter.  On  the  other  hand  all  the 
expense  ratios  show  decreases  :  Is.  2-lld.  total  expenses  per  train-mile, 
against  Is.  2-16d. ;  loco  expenses  per  train-mile  4-52d.,  against  4-68d.,  and 
ti.iflic  charges  6-13d.  per  train-mile,  against  6-27d.  The  accounts  •show 
an  increased  amount  i>aid  during  the  half-year  in  local  rates,  and  thB 
general  manager  is  endeavouring  to  get  valuations  reconsidered  in  onr 
favour.  Competition  with  London  ('ounty  Council  tramways  and  the 
motor  omnibuses  continues  to  be  so  severe  that  the  que.-^tion  has  ariseti 
whether  there  should  not  be  some  revision,  in  favour  of  our  passengers,  of 
certain  fares  and  season  ticket  rates  This  is  under  consideration.  We 
have  specially  to  note  the  decrease  of  receipts  on  Sunday.  The  com|  eli- 
tion  of  the  London  County  Council  trimways  and  the  diniiuishcl 
receipts  on  Sundays  arc  perhaps  more  closely  connected  than  might  l)c 
su]iposed,  and  we  cannot  with  justice  to  our  shareholders,  continue  to 
allow  those  who,  on  other  days  are  our  own  passengers  and  [latrons.  to  be 
taught  and  encouraged  to  use  other  systems  than  onr  own.  We  jHojuise, 
therefore,  to  defend  ourselves  against  this  particular  competition  by 
modifications  of  our  .Sunday  time-table,  which  we  liopc  will  shorlen  the 
actual  hours  of  Sunday  duty  worked  by  individual  members  of  our  stall, 
yet  will  preserve  to  the  great  majority  of  them  tlic  alternate  Sunday  oil 
which  they  now  enjoy.  The  reiinrt  speaks  of  the  projceteil  liighlcMi 
subway  to  connect  onr  station  at  the  Bank  with  tho  stations  of  the 
Central  London  and  Waterloo  &  City  lines.  1  enlarged  fully  on  tlii'- 
matter  six  months  ago.  I  am  glad  to  say  Parliamentary  sanction  te 
this  scheme  may  be  regarded  as  practically  assured.  I  now  move  the 
adoption  ipf  the  reporl  and  accounts. 

Mr.  C.  SKV.Mdl'l'.  (;KE.Nl"ELL.soeonded. 

Mr.  K.MA.NUEL  LEW  approved  the  ))ropo.sed  Sund/.y  alt.rations. 
and  suggested  a  profit-sharing  scheme,  so  as  to  give  all  the  employes  ol 
the  company,  including  the  secretary  and  manager,  a  share  in  the 
profits.  He  proposed  that  5  jier  cent,  should  be  deducted  from  the 
ordinary  shareholder's  dividend  ca^h  half-year  and  divided  among  all 
employc.s  who  have  been  over  six  months  in  the^company's  employ— such 
dividend  to  be  divided  anumg  them  in  the  proportion  of  the  salaries  oi 
wages  they  receive. 

Mr.  J.  WHITE  referred  to  the  heavy  additional  expense  of  the  proposed 
high-level  subway  at  the  Bank.  , 
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Jfr.  PORTER  mciitiDncd  the  cuntiniuil  decrease  in  season  tieUi-l 
traffic,  and  suggested  the  iasnc.  in  ciinjiinetinn  willi  Die  ntliei'  tnl)e  rail- 
ways, seasim  tiekets  to  coinmenial  (lavellors  solelj-  wliu  (ravel  cliieliy  in 
the  middle  of  the  day.  He  thought  they  were  not  iniite  fairly  treated 
by  some  of  the  allied  lines.  If  a  passenger  asked  for  a  ticket  from 
Finsbury  Park  to  Euston  they  were  given  one  that,  instead  of  your 
changing  at  King's  Cross,  sent  you  round  Russellscnuire,  Holborn, 
Covent  Garden.  Leiecster-.squarc,  Tottenham  Oourt-road,  Warren- 
street  and  Euston.  That  ought  to  he  stopped  in  the  interests  of  all  the 
lines.     In  every  ease  it  should  be  the  shortest  route  ticke'  issued. 

The  CHAIRM.VN,  in  reply,  said  :  In  regard  to  ]irofit-sharing,  there  is 
no  scheme  which  has  been  oftener  proposed  for  all  railway  com]ianies 
and  not  to  this  one  alone.  The  principal  diflicully  is  that  the  amount  to 
be  distributed  would  be  .so  extremely  minute.  I  think  everyone  would  be 
in  favour  of  a  profit-sharing  scheme,  but  in  the  case  of  railways  no  one  has 
ever  succeeded  yet  in  framing  a  practical  scheme.  I  am  sorry  Jlr.  White 
disapproves  (jf  our  nev/  subway  because,  practically  si.x  months  ago,  the 
proprietors  agreed  to  it.  Mr.  Porter  recommends  through  season  tickets 
for  commercial  travellers.  The  difliculty  is  tliat  tlie  other  tube  railways 
do  not  issue  season  tickets  at  all  at  present.  The  difKculty  of  getting  all 
passcngt  rs  sent  by  the  shortest  route  is  one  which  tho  Directors  are  con- 
stantly keeping  in  mind.  Tho  lesolution  was  then  carried  with  one 
dissentient. 

A  resolution  approving  the  dividends  was  then  carried,  and  a  vote  of 
thanks  to  the  Chairman,  the  general  manager,  the  secretary,  ofTicers  and 
statT,  brought  the  iirocccdings  to  a  close. 


AFRICAN  ^KANSCO^TINERTAL  TELEGBAPH  CO.  (LTD.)— At  the  '.neet- 
ing  on  Mouuay  Mr.  R.  Maguire  said  that  the  line  was  being  main- 
tained iu  good  working  order.  During  the  past  si-x  years  the  deticit 
on  working  had  been  each  year  lessened,  due  to  saving  in  expenses 
and  not  to  an  increase  of  revenue.  The  whole  position  of  the  company 
was  engaging  the  attention  of  the  board,  as  the  circumstances  of 
cable  companies  had  entirely  altered  since  Mr.  Rhodes  initiated  the 
Cape  to  Cairo  telegraph  17  years  ago.  With  a  view  to  lessening  the 
deficit  on  working,  the  board  had  increased  by  50  per  cent,  the  charge 
for  code  and  cypher  messages,  but  the  rate  for  plain  language  mes- 
sages had  not  been  altered.  It  was  hoped  that  an  appreciable  increase 
of  reveinie  would  take  place  from  the  higher  charge,  but  the  diffi- 
culties of  a  cable  company  in  a  country  with  a  comparatively  small 
population  were  very  great. 

The  directors'  report  for  the  year  ended  March  31  stated  that  the 
northern  terminus  of  the  line  was  still  at  Udjidji,  on  the  east  coast  of 
Lake  Tanganyika,  no  arrangements  having  yet  been  found  possible  for 
the  provision  of  funds  for  its  further  construction  northwards.  The 
whole  position  was  engaging  the  serious  attention  of  the  board.  The 
gaps  in  the  British  East  Africa  Administration's  telegraph  had  been 
further  reduced  within  the  year,  and  the  distiince  to  be  covered  before 
Capo  Town  and  Cairo  were  joined  by  an  luibrokenlineof  telegraph  had 
now  been  reduced  to  about  520  miles.  The  annual  working  expendi- 
ture of  the  line  wss  not  yet  balanced  by  the  reveuue,  and  the  deficiency 
continued  to  be  advanced  by  the  British  South  Africa  Co.  The  deficit 
on  the  working  of  the  line  for  the  past  year  .showed  a  considerable  de- 
crease compared  with  that  of  the  previous  year,  and  there  would  be  a 
further  decrease  in  1908-9.  It  has  been  clecided  to  raise  the  tariff 
rates  for  code  and  cypher  messages  by  50  per  cent. — from  3d.  a  word 
to  Aid.  <a  word.  That  had  been  rendered  necessary  by  the  general 
adoption  of  the  live  letter  combination  codes. 

ANGLO  AMERICAN  TELEGRAPH  CO.  (LTD.)— The  total  reccii)ts  from 
.Ian.  1  tn,lniic;!(l  last.  in. Iiiding  £1. .■>(!.">.  lis.  Id.  brought  forward,  amounted 
!t(i  i:211. ".">!•.  1.5s.  4d.  Traftic  receipts  show  an  increase  of  £14,503  com- 
pared ^^■ith  the  corresiiunding  half-year  of  190.S.  Working  expenses 
amounted  to  £72,345.  9s.  3d.,  a  decrease  of  £950.  8s.  lOd.  The  directors 
liave,  before  declaring  the  net  profits,  set  apart  £10,000  to  the  renewal 
fund,  leaving  £120.414.  (is.  Id.  Quarterly  interim  dividends  of  15s.  jier 
rent,  on  the  ordinary  stock  and  £1.  10.->.  per  cent,  on  the  preferred  stock 
[were  paid  on  May  1  (absorbing  £52,500),  and  second  quarterly  interim 
dividends  of  15s.  per  cent,  on  the  ordinary  and  £1.  10s.  per  cent,  on  the 
Iireferred  stock  (amounting  to  £52,.'>()0)  will  be  paid  on  July  31.  The 
Iwlanre  of  £24,414.  (is.  Id.  is  carried  forward. 

BRITISH  EMPIRE  TRUST  CO.  (LTD.).— The  chairman  (Mr.  R.  M. 
Horne-l'ayiie)  stated  at  the  meeting  of  the  company  on  Tuesday  that 
the  comiianies  with  which  they  were  connecte(i  were  all  prospering 
exceedingly.  The  British  Columbia  Electric  Eailw:iy  pursued  its 
wonderful  course  of  progress,  and  every  indication  went  to  show  that 
the  progress  of  the  next  ten  years  would  be  even  greater  than  that  of 
ills  past  decade.  He  could  apply  the  same  words  to  the  Shawinigan 
Water  and  Power,  to  the  Toroi'ito  and  to  the  Winnipeg,  and  to  the 
Sao  Paulo  Electric  Railway  Companies.  The  Monterrey  Railway, 
Light  and  Power  Co.  was  a  new  undertaking,  which  they  were  coii- 
ifident  would  repeat  the  history  of  the  other  similar  undertakings  with 
1  which  they  were  associated. 

BDLUWAYO  WATERWORKS  CO.  (LTD).— At  the  meeting  last  week  tho 
clmirc.ian  (Col.  the  Right  Hon.  A.  R.  M.  Lockwood,  M.P.)  stated  that 
the  improvement  in  tlie  years  accounts  was  partly  duo  to  decreased 
working  costs,  resulting  from  the  installation  of  new  machinery  and 
other  economies,  and  partly  from  an  increase  in  the  number  of  con- 
sumers for  both  water  and  elect-ic  light.  During  the  year  £4,588  was 
spent  on  capital  account,  principally  in  connection  witii  the  erection  of 
nicw  engine  aiul  dynamo,  which  were  working  very  satisfactorily  and 
nowed  a  considerable  reduction  of  working  costs  compared  with  the 
M  plant.     The  number  of  consumers  had  been  steadily  incrca.sing, 


but  it  was  probable  thai,  owing  to  the  j;r..wing  u-e  of  metallic  filament 
lamps,  the  elect  ric  light  revenue  might  teni[Kjraily  show  some  reduction. 
.Since  the  last  meeting  they  ba<l  liarl  to  submit  to  arbitration  the  ques- 
tion of  the  instalment  of  osrani  lamps  for  street  lighting  and  tbey  had 
lately  received  information  that  at  the  beginning  of  next  year  they 
wonld  be  compelled  to  inst.il  osram  lam|is. 

CENTRAL  LONDON  RAILWAY  CO.— IJuiing  the  half-year  ended  .June  30 
the  lapital  expciuleil  was  £4,571.  ISs.  4d.  Compared  with  the  corres- 
ponding jieriod  in  11KJ8.  there  has  been  a  decroa.se  of  £19,fi4'>.  Os.  8d.  in 
revenue  receipts  and  of  £2.58.  14s.  5d.  in  working  expenses.  The  balance 
carried  to  net  revenue  is  £(i4,l.39.  10s.  Id.  Alfter  providing  for  deben- 
ture interest  and  other  payments,  the  balance  is  £84,093.  <1h.  2d.  The 
directors  recommend  a  dividend  on  the  imdivided  ordinary  stock  at  the 
rate  of  3  per  cent,  per  annum  and  on  the  prefi'rred  ordinary  stock  at  the 
rate  of  4  per  cent,  per  annum  for  the  half  year.  Dividend  on  ihc  de- 
ferred ordinary  stock  not  being  payable  until  the  residt  of  the  working 
of  the  whole  year  is  ascertained,  the  balance  (£44,750.  14s.  2d.)  is  carried 
forw.ird.  The  number  of  passengers  carried  during  the  half-vear  was 
18,989.109,  against  19,901,750  in  the  corresponding  half  of  iitOS  and 
21,906,(523  in  the  December  half-year,  1908.  The  experience  of  the  in- 
creased fares  has  been  too  brief  to  permit  of  the  ex|)ression  of  a  decided 
opinion  on  the  experiment.  Passengers  exchanged  with  other  Com- 
panies' lines  increased  by  1.0fi7,70(;.  indicating  the  value  of  the  through 
I king  ai-rangeuients. 

CROMPTON  &  CO.  (LTD.)— At  the  meeting,  on  Monday,  the  chair- 
man (Mr.  .John  Trotter),  said  that  there  could  be  no  doubt  that  the 
result  of  the  past  year's  working  wouhl  be  regarded  as  disappointing, 
but  the  shareholders  would  have  probably  anticipated  that  result 
as  inevitable,  in  view  of  the  trade  depression.  He  felt  that  the 
depression  of  trade  was  caused  by  over  expenditure,  much  of  it  of  an 
iniproductive  kind  on  the  part  of  individuals,  municipalities  and  even 
the  (iovertnnent  itself.  There  was  further  slackness  of  trade  owing 
to  recent  legislation,  or  attempted  legislation.  He  deplored  the  fact 
that  the  electrical  plant  recjuired  for  the  Victoria  Falls  Power  Co,-  a 
concern  operating  in  a  British  colony — had  been  obtained,  not  from 
home  manufacturers,  but  from  Germany.  The  profit  made  by  the 
company  in  the  past  year  was  3  per  cent,  less  on  the  turnover  than  in 
1907.  There  seemed  no  immediate  prospect  of  a  rise  in  profits.  They 
had  turned  out  non-electrical  apparatus,  in  addition  to  the  usual 
electrical  plant,  and  they  had  obtained  a  patent  for  a  new  auto- 
converter  invented  at  their  worts,  and  which  had  recently  been  fully 
described  in  the  technical  press.  A  fair  share  of  Government  orders 
was  still  being  received  by  theiu,  but  he  regretted  that  foreign  com- 
petition was  still  very  keen,  and  customers,  instead  of  giving  orders 
as  formerly,  invited  tenders  from  a  number  of  firms.  The  net  lesult 
of  the  year's  trading  was  that  they  were  able  to  pay  their  way,  but 
they  could  not  declare  a  dividend. 

DUBLIN  UNITED  TRAMWAYS  CO.  (1896)  (LTD.)— At  the  meeting  on 
Tuesdav.  the  diri..tors  reimrled  (hat  for  the  half-year  ended  June  30 
the  amount  availalilc  for  division  was  £42.52(i.  10s.' 9d.,  out  of  which  it 
w.as  recommended  that  dividends  be  paid  for  the  half-year  at  the  rate  of 
6  per  cent,  per  annum  on  the  )ireference  and  at  the  rate  of  (i  per  cent,  per 
annum  (tax  free)  on  the  (u'dinarv  shares.  The  dividends  recommended 
will  absorb  £35,025,  leaving  £7,.501.  lO.s.  9d.  to  be  carried  forward. 

The  chairman  (Mr.  W.  M.  Alurphy),  iu  moving  the  adoption  of  the 
report,  said  that  the  receipts  from  passenger  traffic  were  £132.7.54.  or 
£314  less  than  for  the  corresponding  half-year  of  1908.  The  .service  of 
express  cars  on  the  Dalkey  line  was  much  appreciated,  and  they  ho)ied 
to  nuike  further  de\eloi)ments  in  the  same  direction.  In  order  to  do  thai 
with  success  they  would  have  to  get  power  from  the  Board  of_Trade  to 
run  at  a  somewhat  higher  sjiccd  than  at  present,  and  they  eonlemiilated 
making  application  to  the  Board  for  that  purpose.  In  "  other  receipts  "' 
there  was  an  increase  of  £750.  including  an  addition  of  £(i30  to  parcel 
traffic,  of  which  £189  was  due  to  an  increase  in  the  number  of  parcels 
despatched  in  the  usual  way.  and  £441  to  sums  collected  from  passengers 
carrying  jiareels  along  with  them.  In  working  and  general  expenses  there 
was'a  saving  of  £3,420,  compared  with  1908.  In  the  cost  of  generating 
and  distributing  electric  current  there  was  a  saving  of  £573.  and  under  the 
head  of  maintenance  there  was  a  decrease  of  f  1.2()(i,  of  which  nearly  f8(X> 
was  for  maintaining  ear  trucks.  Now  that  nearly  all  the  trucks  were 
rimning  on  steel  wheels,  they  fnimd  a  sensible  diminution  in  the  cost  of 
nuiintaining  them,  as  they  wore  very  much  longer  than  chilled  iron  wheels 
and  they  required  to  be  renewed  much  less  freqiu-ntly.  Rates  and  taxes 
showed  an  increase  of  £478.  and  there  were  alsfi  some  special  charges 
amounting  to  £9."iS.  The  ferro-eonerete  lining  of  one  of  the  chimneys 
which  was  c(un]iletcd  h.ul  jiroved  (|uitc  satisfactory,  and  it  was  intended 
to  have  Ihc  sec(.nd  chinuiey  treated  with  tho  same  material  in  the  pre-ent 
half-year. 

DUBLIN  &  LUCAN  ELECTRIC  RAILWAY  CO.— After  providing  for 
debenture  interest,  the  availallo  balaiu-e  for  the  half  year  ended 
Juno  30,  is  £1,153  lOs.  9(1  ,  out  of  which  the  directors  recommend 
payment  of  tho  half-yearly  preforcnoo  dividend.  £250  is  allocated  to 
Mc.ssrs.  Dick,  Kerr  &  Co.  further  on  account  of  the  sum  still  due  to 
them  on  aci-ountof  electrical  oipiiqment  (reducing  that  debt  to  £550), 
and  the  balarce  of  £428  lOs.  9d.  is  carried  forward. 

LONDON,  BRIGHTON  &  SOUTH  COAST  RAILWAY  CO.— The  directors' 
report  for  the  half-year  ended  .luno  30  slates  that  the  enlargement 
and  improvement  of  tho  locomotive  shops  at  Brighton,  the  construc- 
tion of  carriage  and  wagon  shops  at  Lancing  an.l  the  completion  of 
the  electrici!  equipment  of  the  South  London  Railway  formed  tho 
main  items  of  expenditure.  .\  public  service  of  electrically-worked 
trains  will  be  running  on  the  .South  London  Railway  between  Victoria 
and  Peckham  Rve  in  a  few  days.     The  satisfactory  result  of  the  trials 
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wliicli  liad  been  pioceeiling  for  some  luonlhs  |>ast  led  the  board  to  hope 
that  its  workiDf;  would  be  sm-cessful. 

It  is  niinoiinced  tlial  October  1  has  been  fixed  as  the  date  for  in 
aiijruratinfj  tlie  fnll  service,  but  an  experimental  service  on  a  smaller 
solo  will  be  started  in  a  day  or  two.  Tlie  time  taken  by  ste;im  trains 
from  Victoria  to  London  Bridj;e  is  36  min. ;  electric  tracti.)n  will  reduce 
this  to  25  min.,  and  it  is  intended  to  run  a  ten  minute.*"  service. 

METROPOLITAN  RAILWAY  CO.--.\t  the  meeting  on  Wednesday,  Sir 
("has.  .\[il,aron.  Han.,  said  tlial  tlicMc  hod  boon  inoroasos  durins  tho  half- 
year  from  tho  Irallio  on  praoliially  all  .sorli.ms  of  tho  lino,  and  there 
could  be  nil  doubt  that  the  public  wore  bcjrinninj;  to  roaliso  in  a  way  thoy 
had  not  done  before  the  advantages  of  eloolrio  imdorsnnuid  train  sorvii-o 
generally.  Including  season  ticket  holders,  they  had  carried  during  tho 
half-year  4n,<i47,lC.(i  passengers,  against  4.S,24:j.!>."i!.  and  the  roooiiit  per 
|ias.senger  was  I  •4Sd..  against  1  ■4lid.  Parcels  trafllo  showed  a  satisfa'tory 
increase  of  alicait  il.JIKt. 

KIO  DE  JANEIRO  TRAMWAY,  LIGHT  &  POWER  CO.— The  iliro,  tins' 
report  stati-s  t!i,it  during  111118  tho  v,orks  of  construction  h.ivc  been 
actively  continued  and  much  of  the  work  has  been  completed.  As 
regards  electric  light  and  power  distribution,  the  duct  .system,  whii  li 
was  nearly  completed  in  1!)07.  lias  been  extended  by  50,S1(I  ft.,  making  a 
total  of  1,373,04;)  Uneal  ft.  of  duct  now  in  place.  The  underground  cables 
have  been  greatly  extended,  there  being  nov,'  in  u.se  10  liigli-tiiision 
feeders  and  a  large  anunmt  of  secondary  cable,  aggregating  l,0;!l.li()2  ft. 
in  length.  24-S  miles  of  tramway  track  were  completed  before  the  end 
of  the  year.  Considerable  progress  has  been  made  in  the  devtlopnuiit 
of  the  telephone  .system,  a  total  of  45.280  ft.  of  cable  having  been  installed 
ill  the  overhead  and  tmdergroimd  zoijes.  Owing  to  trade  depression,  the 
disturbance  to  the  service  of  the  tramways  due  to  the  reconstruction  and 
electrification  of  its  lines,  &c.,  the  gross  income  shows  very  little  increase 
over  1907,  but  the  ratio  of  net  to  gross  income  of  the  tramways  has 
increased  from  .■{S-{>1  jicr  cent,  in  1!107  to  121!)  per  cent,  m  1908.  Close 
attention  has  l>een  jiaid  to  the  development  of  the  power  demand,  and 
the  first  large  mill  (a  cotton  factory)  was  put  into  operation  with  an 
installation  of  800  n.p.  Other  important  contr.acts  for  the  supjily  of 
electric  energy  were  closed,  the  largest  of  which  was  that  with  the  Itio  ilc 
Janeiro  Flour  Mills  &  firanaries.  Ltd.  (an  Emrlish  cor|iiiration1.  for 
1,.800h.p.  Contracts  v.ere  also  closed  for  1,70(1  h.f.  with  tlie  Uangii 
Cotton  Mills,  located  17  miles  from  the  city  at  the  town  of  Bangii,  ami 
!)00  H.r.  with  the  Fahrica  Alianca,  another  large  cotton  mill  in  the  oil  v. 
The  telci)hone  subicribLTs  have  iiicreased  from  2,(iS0  to  3,.')20.  Tin- 
gross  revenue  for  the  year  was  8175,000,  increase  .S.'>8.800.  or  .^)0  per  lonl. 
over  1907,  and  the  net  r-jvenue  increased  from  S47,700  (o  Sl(ll,7(ii}.  or 
119  percent. 


NEW  COMPANIES,  MORTGAGES  AND  CHiKGES. 


NEW  COMPANIES. 

CHIPPE.'JHAM  ELECTRIC  SUPPLY  CO.  (LTD.)  (104,107.)  — Keg.  .July  19, 
capital  l'5,0J0  in  tl  sliares,  to  adopt  an  agreement  with  Chippenham 
CorporaLioo  auil  to  carry  on  in  Chippenham  and  elsewhere  in  Wilt- 
shire tho  business  of  suppliers  of  electric  light,  electricians,  engineers, 
&c.  Private  company.  First  directors,  .1.  H.  Edwards  and  E.  Keal 
(both  permanent). 

ESPLEN,  SWAINSTON  &  WILSON  (LTD.)  (104,204)— Reg.  .July  23, 
capital  £500  in  11  sbaics,  to  cany  on  in  the  United  Kingdom,  the 
River  Pkate  district  of  .South  America  and/or  elsewhere  the  business  of 
consulting,  refrigerating,  electrical  and  superintending  engineers, 
naval  architects,  .fcc.  Private  company.  First  directors,  W.  Esplen, 
.J.  Esplen,  W.  H.  Swainton  and  .J.  .1.  Esplen.  Reg.  olfice,  Billiter- 
buildings,  22,  Billitcr  street,  London,  EC. 

FILAMENTS,  LIMITED.  (104.108. ) -Reg.  .Tuly  19,  capital  £500  in  £1 
shares,  to  adopt  an  agieement  with  1.  W.  H.  Reynolds  fora  secret  pro- 
cess for  the  manufacture  of  metal  filaments  for  electric  lamps,  and  to 
carry  on  the  business  of  manufacturers  of  and  dealers  in  metal  fila- 
ments for  electric  lamps  and  apparatus  u.sed  in  connecl^ion  therewith, 
&c.  Private  company.  First  directors,  .J.  W.  11.  Reynolds  and  W.  (;. 
Bate.     Reg.  ollice,  6,  Newcastle-street,  London,  E.C." 

UGHTIUa  (LTD.)  (104,lS4.)-Roy.  July  21,  capital  .£1,000  in  £1 
shares,  to  carry  on  the  business  of  manufacturers  of  and  dealers  in 
lamps,  burners,  parts  and  ajiparatus  for  lighting  and  other  purposes, 
electricians,  engineers,  &c.  Private  company.  Jleg.  olhee,  25,  King- 
street  West,  Manchester. 

SYLVEELYTE  (1909)  'LTD.)  (104,237.) -Reg.  July  24,  capital  £200,000 
in  £1  shares,  to  acquire  any  inventions  relating  to  electric  and  other 
lamps,  or  any  lenses,  reUectors  or  other  component  [mrlsoi  accessories 
for  use  in  connection  therewith,  in  particular  to  acquire  British 
patents  No.  5,191  of  1904  and  No.  10,696  of  1908,  to  acipilre  the  busi- 
ness and  as.sets  (except  cash  in  hand)  of  the  Sylverlyte  Electric  Lamp 
Co.  (Ltd.),  and  to  carry  on  the  business  of  manufacturers  of  and  dealers 
in  lam(is,  retlectors,  lenses  and  other  articles,  electricians,  glass 
blowers,  engineers,  meters,  instruments,  motors,  batteries,  wires, 
switches,  &c.  First  directors,  A.  E.  Borthoud,  J.  S.  Burns,  T.  E. 
Dickinson,  H.  Harker  and  S.  F.  Rumball.  Rog.  ortico,  13,  Sisc  lane, 
London,  E.C. 

MORTGAGES  AND  CHARGES. 

LANCASHIRE  DYNAMO  &  MOTOR  CO.  (LTD.)  (61,447.)  - 1  -sue  on  .1  uly  12 
of  £100  debentures,  [)art  of  a  series  of  which  particulars  have  alreadv 
been  riled. 


NEW  IGNITION  SYND.  (LTD.) -Issue  on  July  12  of  £500  debentures, 
part  of  series  riia(cd  Nov.  12,  1908,  to  secure  i5,000,  charged  on  the 
company's  iindcri.iUing  ami  property,  present  and  future,  including 
uncalled  capital.  No  tnislees.  Previously  issued  of  same  .scries 
£4,000. 

RECEIVERSHIP. 

BIRMINGHAM  ELECTRICAL  CASE  CO.  (LTD.) -P.  T.  Thompson,  21, 
Sabslniry-roail,  Handswinth,  Birmingham,  cea.sed  to  act  as  receiveror 
manager  on  June  28. 


CITY  NOTES. 

MEMORANDA  (July  291.— Bank  rate  2.J  per  cent,  (since  April  1, 
1909).  Price  of  silver,  25fA.  per  oz.  Consols  83,'  —83 J  for  money  and 
for  account.  Consols  Pay  Day,  Aug.  5  ;  Stock  and  Shares 
Continuation  Day,  Aug.  10  :  Ticket  Day,  Aug.  11  ;  Pay  Day,  Aug.  12  ; 
Mining  Shares  Carry  Over  Days,  Aug.  9  and  23. 

Prices  of  Metals  (London). — Copper,  cash,  58,5  ;  three  months 
59J,..  Lead,  English,  12J— 13i  ;  foreign,  cash,  12 J  ;  three  months, 
12ii!.  Spelter,  cash,  2l|— 22.  Tni,  English,  151—133:  foreign, 
cash,  133  ;  three  months,  1331— 134^.  Iro7i,  Cleveland,  cash,  48/10, 
and  three  months,  49/7.  Maymt  Steel  (price  supijliod  by  W.  F. 
Dennis  &  Co.),  £55. 

BOURNEMOUTH  &  POOLE  ELECTRICITY  SUPPLY  CO.  (LTD.)— The 
directors  have  authorised  payment  of  tho  interim  preference  dividends 
(less  tax)  for  the  half-year  ended  June  30,  and  have  declared  an  interim 
dividend  on  the  ordinary  shares  at  tho  rate  of  5  per  cent,  per  annum 
(less  tax)  for  the  same  period. 

BRISTOL  TRAMWAYS  &  CARRIAGE  CO.  (LTD.)— An  interim  dividend 
has  been  ileclarcil  at  tho  rate  of  6  per  cent,  for  the  half-year  ended 
Juiu?30. 

BROMPTON  &  KENSINGTON  ELECTRICITY   SUPPLY  CO.  (LTD.)— The 

directors  have  declared  an  interim  dividend  for  the  half-year  to 
June  30  on  the  ordinary  shares  at  llic  rate  of  9  [icr  cent. 

CITY  OF  BUENOS  AYRES  TRAMBTAYS  CO.  (1904)  (LTD.)— Tlie  direc- 
tors have  declared  a  dividend  of  Is.  3d.  per  share  for  the  quarter  ended 
June  30. 

COUNTY  OF  LONDON  ELECTRIC  SUPPLY  CO.  (LTD.)— The  directors 
have  declared  an  interim  dividend  on  the  preference  shares  at  the  rate 
of  6  per  cent,  per  annum  (less  tax)  for  the  half-year  ended  June  30, 
and  an  interim  dividend  on  the  orilinary  shares  for  the  same  period  at 
the  rate  of  4  per  cent,  per  annum  (le.ss  tax),  both  payable  August  8. 
The  transfer  books  and  register  of  members  will  be  closed  from  27th 
inst.  lo  Aug.  7,  inclusive, 

HADFIELD'S  STEEL  FOUNDRY  CO.  (LTD.)  -The  directors  have  declared 

an  interim  (li\iilciiil  of  Is.  |iersljareon  the  ordin.ary  shares. 

IMPERIAL  TRAMWAYS  CO.— The  directors  arniounce  that  no  interim 
dividend  will  be  paid  on  cither  class  of  shares. 

KENSINGTON  &  KNIGHTSBRIDGE  ELECTRIC  LIGHTING  CO.  (LTD.)— I'hc 
diriM-tors  h:i\i-  do.  laiod  :iii  interim  iliviilonil  on  tho  ordinary  shiiros  tor 
tho  haU-yoa:  oiiilnl  .iiinc  ISO  ;,|  tho  i.itc  of  S  |>or  cent.,  payable  to  Aug.  12. 

LIVERPOOL  DISTRICT  LIGHTING  CO.  (LTD.)— Subject  to  final  audit 
an  interim  dividend  at  the  rate  of  4  percent,  (less  tax)  for  the  half- 
year  ended  June  30  has  been  declared.  Mr.  Edward  Lawrence  has  been 
appointed  a  director  of  the  companv-. 

LIVERPOOL  OVERHEAD  RAILWAY  CO.— The  accounts  for  tho  past 
half-year  show  an  avail.al.lc  balance  of  £7,696.  4s.  8il.,  and  the  direc- 
tors have  resolved  to  recommend  a  dividend  at  the  rate  of  5  per  cent, 
per  annum  on  the  (1892)  preference  shares,  leaving  £4,636.  4s.  8d.  to 
be  carried  forward. 

METROPOLITAN  ELECTRIC  SUPPLY  CO.— The  directors  have  declarotl 
aT)  inkrini  dividenil  at  the  r:tto  of  5  per  cent  per  annum  for  the  half- 
year  oiiilud  .June, 

METROPOLITAN  DISTRICT  RAILWAY  CO.  —The  directors  recommend 
.1  iliviileiid  for  ihc  past  lialfycir  at  the  rate  of  3  per  cent,  per  annum 
on  the  4  per  cent,  guaranteed  stork,  £10,000  being  placed  to  re.sorvo 
for  renewals.  A  year  ago  the  dividend  on  tho  guaranteed  stock  was  at 
the  rate  of  1 ,'  percent,  per  annum. 

OXFORD  ELECTRIC  CO.  (LTD  ) -The  directors  have  declared  a  divi- 
dend on  the  ordinal  y  shares  at  the  rate  of  5  per  cent,  per  amium. 

STOCK  EXCHANGE  NOTICES.— The  Sloik  Exchange  ciunmiltcc^  have 
app:iintod  July  30  .i  s|iiii:il  sell  ling  day  iri..ind  have  grantc^d  (|Uo(a(iiinslii. 
scrip,  fully  and  ji.irlly  |i.iiil.  for 'tloO.oilo  .'i  per  cent,  second  morlgago 
debentures  of  the  lUiiiilmij  li/cclric  Su/i/,'!/  d-  TrannoayK  Co.  (Lid.),  nnfl 
.serip.  fully  jiaid,  for  £100,001)  r,  jier  cent,  fir-t  mortgage  dcbcnlmes  of  the 
Sriiithcrn  Elertric  Tniniwm/x  (h.  of  Buenos  Aires  (fie.  ■leTrtiininiiis  likr- 
tiirii.t  (hi  Slid).  The  committee  have  been  asked  to  ai)|)oiiit  a  sjieeial 
settling  day  in,  and  grant  a  ipiotation  to.  I'SO.ODO  41  per  oont.fjirst  mort- 
gage debenture  stock  of  the  Chiswirl-  Klr-lririlji  Siip/.li/  Corim.  (Ltd.). 
and  also  to  apjioint  a  s])eeial  settling  day  in  7'7.039  prolcrred  ordinary 
shares  of  £1  I'aeh  (12s.  Cd.  p,n,l)  ,,t  the  Xa'lionat  Ti/rurilr,  (\..  (IMI.). 

VICKERS,  SONS  &  MAXIM  (LTD  )— The  directors  have  elected  Mr. 
Fr.iiik  Barker  a  diiecLor  ol  tbo  company. 

WESTMINSTER  ELECTRIC  SUPPLY  CORPN.  (LTD.)— Tho  directors  have 
declared  an  interim  dividend  for  the  half-year  ended  June  at  the  rate 
of  10  per  cent,  per  annum,  less  tax. 
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BLBGT21C  TB&MVAT  AND  B&ILWAT  IB&FFIG 
BBCEIFTS. 


Aberdeen  Oorporallon  

Alrdrlo  

Anglo- Argentine 

Ayr  Oorporstion 

Baker  8».&  Waterloo  By.... 

BarDBloy" 

Barrow  

Bath  Electric  Trams,  Ltd.„ 

Birmliigliam  Corro ration.. . 

BirmiDKbam  &  Mid 

Blackburn  CorporaVloa 

EtMskpool  and  Fleetwood... 

Bolton  Corporation 

Bombay 

Bournemouth  Corporation- 
Bradford  Corporation 

Brighton  Corporation    

Brtfltol  Trama  &  Carriage... 

Buraloy  Corporation 

fiurtoQ  Corporation   

Bury  Corporation  

Calcutta  Tramwaya  Go 

Cam  borne -Bedruth    

Cardiff  Corporation  

Oavehill 

Central  London  BaiJway  ... 

Charing  C,  Euston  &  H'atead 

Chatham  &  Dist.  Lt.  Bya.... 

City  &  South  London  Bly... 

City  of  Birmingham  

Colchester  Corporation 

Cork  Klectric  Trams  Oo.  ... 

Otoydun  Corporation     

Devonport  &  Dit^t.  Trams... 

Dover  Corporation 

Dublin  &  Lucan  Railway... 

Dublin  United 

Dadley-Stourbridge   

Dundee  Corporation 

EaHt  Ham  Council 

Bxoter  Corporation 

,    Gateslicaa  &,  Dist.  Trams... 

Olasgow  OorporadoQ 

QloBsop  Trams 

GravoBend— Northfleet 

,    Great  Northern  A  City  Bly. 
'    Qt.NorLhurn,  Piccadilly, i&c 

nreenock  &  Port  Olasgow... 

Hartlepool  Tramwaya    

U.RHim~g>i  Klec.  Trama  Co.... 
'    Hong  Koag  

UudJersliLld  Corpn 

Hall  Corporation 

ntord  District  Council 

[IkeatoD  District  GounoU .. 

Ipswich  Corporation  ...j.... 
,    '-Ipof  ThanetOo 

Jarrov  

liot^uk7  Corporation    

Eidderminater  &  District 

Eilmaraock  Corporation  . 

Lanarkshire  Trams  Co.    , 

Ltocanhire  United 

Leamington , 

Leeds  Corporation 

Leicester  Corporation    .... 

;   Ldiih  OurpocBtion 

■  uin<!olu  Corporation 

Lircrpool  Corporation  .... 
i  Liverpool  Overhead  Kly.  . 

LlaiiUudnu&CtjiwyflDayU} 
'Loudon  County  Uuunoil  .. 

London  Onited_ 

Lowestoft 

Uaidstone  Corporation 

Uauchester  Corporation  ... 

Mersey  Kailway  

MerJiyr 

Metropolitan  Dist.  Railwaj 

Uetropolltan£lec.  Trams.. 

Ulddluton 

Nelson  Corporation   

Newciistlo-oa-Tyne  Corp. ... 

Newport  (Mou.); 

Northampton  Corporation 

Oldham,  Ashton  &  Hyde  .. 

Oidham  Corporation 

torih  (N.B.)  Corporation  .. 

PtitihiW.A.)  Klec.  Trams... 

Peterborough  

Portsmouth  Corporation  ... 

Potteries   , 

Prcaton  Corporation 

Rothcrham  Corporation   ... 

tlothcrtoy  

'^aUord  Corporation  

SheATOcfls 

Blieffleld  Corporation 

■Ingapore  Trams  , 

South  Metropolitan   

•^ou^h  Staffs 

-outhood  Corporation  

i^outhport  Tramwaya 

ptalyVdgi-.Uydo.&c.Jt.Bd. 

^undorland  Ciorporation  ... 
Sunderland  District  

Iwatwea  Trama  

>windon  Corporation    ..... 

-auntou    

-ynemuutb  and  Dlslriob  ... 

niMide  Trams  Oo» 

Vallasey  District  Council... 

ryalsftll  (Jurpu 

Varriiigton  Corpn 

•'est  Ham  Corporation 

VcHlon-supor-Mare   

j^olverhampton  Oo 

i{olTorhampton  Oorpn. ...'." 

''oroestor .' 

yrexbam 

iorkshire  W.B.  Trams...!'. 

lorkriilre  Woollen  Distriot. 


July     21 


Ino. 

or  Deo. 

(a) 


^***  of  I   .„„„„,  I    Inc.  or 
weeks.l  ^'°°°°>-  I  Dea(a) 


6.073 

+■ 

I.ISS 

27d 

_ 

1,116 

_ 

12J 

+ 

2,2-57 
216 

+ 

5,427 

3.0<0 

+ 

1,U13 

+ 

2.986 

+ 

(<J)  TUeso  comparisous  are  with 
U  Plu8  2  diiys.    •  Partly  i 


£ 

ll.ulu 

l,132,SUG 
3,t05 
9,S3S 
4.6(11 

6,  lea 

21,274 
111), 182 
22,416 
19,367 
3,125 

u953,i9> 
26,559 
81,736 
1S.911J 
r.3,369 
21,712 

4,461 

19,9*U 

R151,2U3 

3,615 
33,90a 

2,311 
16,329 
1182U 
2i.6ll 


21,682 
111,189 
3,1111 
5U6 
1»,9JU 
21,86J 
11.413 
16,984 
0.871 
27,674 
UU,673 
3,4.57 
.5,521 
3  069 
16,433 
14,569 
6,201 
■3,iUi 
$;3,879 


P,UJ1 
l>4!-8 
33,259 


$2J,012 
21,315 
2), 137 
S,1'M 
7,6:0 
li,923 
I9,32J 
17,011 


1,420 
1.5,726 
11.669 
6,231 
36,151 
2.792 
11,523 
2  .533 
7,381 
2,663 
31,070 
24,721 


ELECTRICAL  COMPANIES'  SHARE  LIST. 


K\LUrt 


Price 

Wod. 
July  28 


10!  g/o 

St.  4J% 

6  3/8 

St.,  4j% 


n 


6,171 
2,1  MO 
1,117 


10'  6'0 
10    6/0 

"■  ax 

'',1  HZ 


St, 


ELECTRICITY  SUPPLT. 

Boornemonth  ft  Poole  Eleo.  Sap.  Ord... 

Do.    4)  per  Cent.  Cam.  Pref.  

Do.    8  per  Cent.  Com.  Second  Pref.  ... 
Do.    4)  per  Cent.  Deb.  Stock  (red.) 
Bromlej  (Kent)  EL  Lt.  It  Power  Shares 
Do.  Do.  let  Dehs. 

Rromptor.  ft  Eensin^on  Elec.  Sup.  Ord. 

D...     7  per  Cent.  Pref.  

Central  Elec  Snp.  Co.4(;  Oa»r.Dt).8tock 
Charing  CroB5(  W. End  4  CityJEl.Snp.Co, 

6    2/3        ^^'    4j  per  Cent,  Pref.  

SI.    4y    I     Dj.    4per  Cent.  Deb.  Slock  (red.).... 

St.  ay      tDo,    4 J  per  Cei.t.  Deb.  6t.ck  (red.)  . 

6j  2'S   I     Do.    City  Undertaking  41^  Cm.  Pret. 

6    -2/6      Chelsea  Electric  Supply  Ord 

St.!  4J^        Du.     4i  per  Cent.  Deb.  Stock  (red.)  .. 
10    7/0°  I  City  of  London  Electric  Lighting  Ord 

10]  6/0        Do.     8  per  Cent.  Cam.  Pref.  

St.    6/         Do.     6  per  Cent.  Deb.  Stock  (red.) 

it.l  iCy  \     Do.     4}  percent.  2nd  Deb.  Stock  (red. 

'  CountyofDurhamElec.  P.D.  Ord 

Do.    6  per  Cent,  non  Cam.  Pref. 

County  of  London  Elec.  Supply  Ord 

Do.    6  per  Cent.  Ciim.  Pret 

Do.    4}%  Deb.  Stock  (red.)    

Do.    Second  Deb.  Stock 

Folkestone  Electricity  Supply  Co.  Ord. 

^6        Do.    6  per  Cent.  r^nm.  Pref. 

4j!j       Do.    44  Ist  Deb.  Stock  (red) 

i/Q  I  Hove  Electric  Lighting  Ord.  

4/0      Kensington  ft  Knightabridge  Ord 

6%    I     Do.    6  per  Cent.  1st  Pref. 

45?    I     Do.    4  per  Cent.  Deb.  Stock  (red.) 

i'/    I  Kensingtn.  ftlvngtbg.  Co.  &NottingHill 
Co.  (Joint  Station)  4%  Deb.  Stock  (red.) 

4J5/  tKent  Eleo.  Power  Co 

1/02 1  London  Electric  Supply  Ord 

3/0°!     Do.    6  per  Cent.  Pref. 

45/    j     Do.     4  per  Cent.  Ist  Mort.  Deb 

Metropolitan  Electric  Sap.  Ord 

Do.    4J  per  Cent.  Cum.  Pref.  

Do,  4  j  percent.  Deb.  Stock  1st  Mort, 
Do.  3*  per  Cent.  Mrt.  Deb.  Stoek(red.) 
Midland'ElGc.  Corp.forP.D.lstMort.Db, 

Newcastle  &  Dist.  Elec.  Ltg.Ord.  

Do.    4*per  Cent.  Deb 

Newcastle  Elec.  Supply  Ord.  

Do.     6  per  Csnt.  non  Cum.  Pref. 

Dd.  4  per  Cent.  Mart.  Djb.  red.  1907. 
North  Metro.  Elec.Power  Sup.  5Morte 

Northern  Counties  Elec.  Sap 

Do.     41  perCeut.  Djb 

t.Vottiog'UiU  Electric  Ord 

Oxford  Electric  Ord , 

tDo.     4p6r  Cent.  Deb.  Stock    

St.  James'  k  Pall  Mall  Elec.  Old. 

Do.    7  per  Cent.  Pref.    

Do.  3J  per  Cent.  U.-b.  Slock  (red.)  ... 
Bmithlield  Markets  Electric  Sap.  Ord... 
South  London  Electric  Supply  Ord, 

Do.     5;'.  1st  Mort.  StU.  Bed 

South  Metropn  Eleo.  Lt.  &  Power  Ord. 

Do.    7  per  Cent.  Cum.  Pref. 

Do.     ii  Ist  Db.  Slk.  Red 

Urban  Electric  Supply  Ord 

Do.     6  per  Cent,  Cum.  Pref.    ... 
Do.     4*  per  Cent.  Ist  Mart.  Dab 

Westminster  Elec.  Sup.  Ord 

tDo.     4J  per  Cent.  Cum.  Pref.    ... 

ELECTRIC  RAILWAYS  A.  TRAMWAYS. 

t  Baker  St.  «  Wacenoo  4  J  Perp.  l)b.  St 
Bath  Elec.  Trams  Pref.  Ord 

Do.     5  per  Cent.  Cum.  Pref. 

Do.  4J  l3t  Mort.  Deb.  Stock  (red.)... 
B'hnm  S  Midland  Trams  4)  1st  Dj.Sck. 
Bristol  Tramways  &  Carriage  Ord 

Do.     Cum.  Pref.  (fully  paid) 

Do.    4  per  Cent.  Debs 

British  Electric  Traction  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    6  per  Cent.  Perpetual  D.)b3 

Do.    41  per  Cent.  inJ  Deb.  Stock 

Central  London  Ordiuary  Stock 

Do.    4  per  Cent. Pref.  Stock    ...._ 

Do.    Deferred  Stock   

1  Do.     4  per  Cent.  Debs 

Charing  X.EustoniUmpstd  Per.Db.Stk. 
City  oflSlrmiugham  Tr.im3.  6%Cm.Pref. 


St. 

4*;. 

St. 
100 

4°^ 

10 

-X, 

lou 

HZ 

b 

■^>>*. 

!>•< 

lOJ 

iy. 

100 

60/ 

i 

n 

n,y. 

10 

60 

HZ 


HZ 


the  correspond: 
;lc«trig8l.    )  u 


ng  period  last  year.     §  Plus  3  days. 
3  days     t  Minus  2  days. 


St. 

bZ 

it;,  4U 

St.i  SH 

3t,|  4/S 

it.    21'< 

100 1  44 

St. 

H 

b 

2/6 

lot 

H 

it. 

lU 

St 

S/C 

it. 

i>l 

St. 

>>■>!, 

jt. 

bZ 

^t.  H 

10   8/0 

in 

10 

it. 

iZ 

b 

^ID 

it. 

Hy, 

10 

n 

10    6/. 

St.    4i< 

5    1|3 

St.    i/. 

10    6/0 

St.  6;. 

10    .. 

10    bZ 

St.,  i/. 

10    3/6 

St.    i,i 

i  ioj 

1  0/6 

St.   *it 

St.     iz 

St.    3/, 

Si.    3J% 

St     3iZ 

jt.i  HX 

St. 

HZ 

»i  -lOi  5  18 

9a-loJ  «   9 

loj-ioi  6  11 

W  —103  4     7 

*i-43  6  16 

93  —Mi  4  le 

8  —a  5 17 

8  —81  4    2 

97  — lUO  4    0 

4  -4i  5  la 

44  -5  4  IJ 

J6  -09  4     1 

99  -101  4     9 

35-43  5    2 

3^  -IS  4    9 

10  J -101  1    7 

lOJ  -1  i  5     1 

12  —13  4  i; 

121  —121  4     0 

69  —102  4     3 
lJ-2 

3J  -3}  3  17 

8  -8J  S  17 

I0|  -113  5    g 

103    -!(,«  4     5 

100   -1)3  4     7 


93 

-:oa 

74 

-n 

04 

-n 

H 

-*i 

97 

-lUJ 

DS 

-101 

«;i  - 

-S7 

n 

-SI 

b* 

-i\ 

»■) 

-9' 

49 

-ii 

u 

Oo 

-lOS 

83J 

-S64 

4J-5 

81   -8S 
4|-5 


-101      4  10     0 


Mar,  Sep 
Fob,  Ao) 
Keb,  Auk 
Jan,  Jaly 

April,  Oo 
May,  No 

March....  j 

Mar,  B«ol 
June.Det 
Feb,  Kan 
Feb.  Aug 
Jan.  July 

Jan,  J  air 

March    .. 

June,  Dee 
0  Feb,  Ang 
3  Jan,  Jaly 
J  Jane,  Deo 
u     Jan.  July 

Apnl.  Oct 
8  April,  Oct 
0  Feb,  Aug 
0  Mar,  Sept 
M  Jan,  July 
6  May,  Nor 
0  Apnl,  Oct 
0  Mar,  Sept 
0  Feb,  Aug 
6  April,  Oct 
0  Fab,  Aag 
6     Jan,  Jaly 


April,  Oct 
Jan,  July 
Mar,  Sept 
Mar,  Sept 
Jan,  July 
April,  Oct 
Jaa,  July 
June,  Dec 
Jan,  July 
June,  Deo 
Feb,  Aag 
Jao,  July 
Feb,  Aug 
Feb,  Aug 
Jan,  Jaly 


WltSK  TO 

J  ■XV  2- 

High-  Luw- 

c»t.  ,  est, 

\    H  .    - 


SI  —n 

11  {  -12} 


8J  -fi 
Vi-7S 
81   -8s 

aj-3| 
I  )1  -1.'3 

A -ft 

Im-Ii's 
luO— lOi 

i-l 


8/  -91 
SS  -91 
71 -Si 

li  -i 

tn   ifij 

«-l 

2i  -'J 
86   -9  J 


4  5  -43 
lOJ  —102 
91  —33 
4J-^i 


Mar,  Aug 
,    0    0  j  Jan,  J  aly 
I  14    6  I  March  .. 
;    8    0  '  March   . . 
■20'  Jan,  July 
,    8     0  [   Feb,  Aug 
.  11     3      Feb,Aa^ 
I  13    a  I  J«n,Jaly  , 
„      1  'eb    ....  I 
so'  Aprils..  I 
17    0  I  -        I 

14  0  „  ^  •• 
7  0  Feb,  Aoj  I 
6  9  April,  Ojt  I 
_  April,  Ojt  , 
, ,  .  April,  Oct 
12  0  April,  Oct  , 
1 )  0  I  Mar,  Sept  ' 
g    0  :  Jaa,  July 

1  1;  Jan,  Joly  I 
April....  I 

5  0  ^^^>  Jalj  I 
19  0  April,  Ojl 
ly    0     Jan,  Jaly 

I    0      *'*'*i  Aa,»  I 

19  7  Feb,  A3  • 
June,  Djl* 

is"  0     Fob,  Aug 

11  0  April,  Oct 
a    ,.      May,  Not 

ll  0  Fob.  Aag 
Fob,  Aug 


11     0 


II    Q 


3li-3;i 

110   -lU  I  4  9  0 

10)  —10  J  4  11  '■' 

lOJ    -IJi  4  15  3 

91  -»r  5  3  0 

9J   -lUl  '  3  19  0 

13   -U     I  4  S  9 

3-11  ■• 

8  —SI     I 

03-91  4  4  i 

1>!-  4    ; 

75  -SI    I  5  12  6 

4   -l4     |13  «  S 

6-6  6  U  0 

83   -S(     j  S  7  0 

M  -60     ■  8  7  0 


Do.    4  per  Cent.  Ist  Mort.  Dobs 97-ljl      3U    U 

City  ft  Sjuth  London  BIT.  Cou.  Ord.  ...      ~ '    " 

Do.    6  per  Cent.  Porp.  Pref.  (1891)    ... 

Do.    (1S9U) 

Do.    (1901) 

i)o.    (1S03) 

Do.     4  per  Cent.  Perpetual  Ojbs 

Dublin  United  Trams.  6  per  Cent.  Pref. 
Gt.  Northern  *  City  Kly.  Pref.  Ord.  (4^1 
G.  Northern.Picc.  i  Biomptonl^  G.Pf 

Do.    4  per  Cent.  Ueb.  Slock 

Uastiags  Si  District  Elec.  Trams.  6/^  C.P. 

Do.      4)  Db.  St 

Imperial  Tramways  Ord 

iDo.    B  per  Cent.  Prof. 

{Do.    4^  per  Cent.  Dobs 

I.  of  Thauot  B.  T.  &  Lt.  6  per  Ceut.  Pref. 

Do.    4  per  Csnt.  Dob.  Slock 

Lauarkshire  Tramways  

Lanes.  Utd.  Trams  5  (  Prior  Liea  Db.  St. 
Liverpool  Overhead  Railway  Ord. 

Do.    6  per  C.>nt.  Prof | 

Do.    4  percent.  Deb 

London  United  Trams.  6.4  Cum.  Prof.  ... 

Do.    4  per  Ceut.  1st  More  Deb,  Stock 

Mersey  Con.  Ord.  Stock    

Metropolitan  Eleo.  Tramways  Ord 

Do.    Deferred 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    4J  per  Cent.  Dob.  Stock  

Metropolitan  Kailway  l^msolidated  

Do.    Surplus  Lau.ls  Slocks 

Do.     8i  per  Ceut.  Preference 

Do.    Si  per  Cent.  "  A  "  rroloreuco  

Do.    sS  per  Cout.  Couvorublo  Prof. 

8J  lier  t'eut.  Debenture  Stt    ' 


■•';$— I  'i^; 

6  IS 

6 

SS1-90J 

6  10 

U 

i-\t 

6  — d 

Si  -SI 

4  IS 

3 

2  -2i 

68  -it 

5  \i 

_ 

h~i 

- 

!  -3 

5  15 

a 

»■  -91 

4  \1 

9 

401 -<  I 

1     4 

:) 

i;?  -61 

4     V 

BU  —91 

3  ll 

0 

84  —83    , 

4     I 

6 

8i  — SS 

4     2 

« 

ICi 


9  * 


Feb 

Jan,  July 
Jan,  July 
April,  Ojt 
April,  Oct 
Fob,  Aog 
Feb,  Aug 
Fob,  Au» 
Fob,  Aug 
Fob,  Aug 
May,  Nor      U  i 
Feb,  Aug 
Fob,  Aug        - 
Feb,  Au3 
Jan,  July  ,     91t 
Mar,  Sepi 
April,  UJt       .. 
Mar,  Sspi       .. 
Mar.Sjp; 
Jaa,  July 
Mar,  SjiU 
Jao,  July 
Fob,  Akg 
Jan,  July 
Feb,  klf 
Fob.Aj^        .. 
Jaa.  July  \     _ 
Jaa.  July  |      Si 
Jau,  July  I    6ii 
Fjb,  Aug.       — 


April..  . 
Feb,  Aag 
Jan,  July 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Fob,  Aug 
Fob,  Aug 
Jan,  Jay 


191] 


<MJ 


I?  I 

Jiji 


In  o«loai»tto«  the  yield  allowance  has  boon  made  for  toorned  iiit«teil  bat  not  for  redemptioo 
•    Bi  PiTidead,         I  The  Loudou  Stock  Exchange  Committee  h,»ye  declmed  to  quota  tnoio 


mf 
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EL.ECTR,ICAL    COI»rFAIVIES'    SHAR,E    LIST — Continued. 


LlSTI 

Dtn- 

DBtD 


Price 
Wed.. 
Jnly  2S. 


Lasti 
Orn- 
derdI 


lr.i  *x 


100  i>X 


EIFCTRIC  PAIIWAVS*  TqAWWAYS-Co,""'"'*^- 

SJ%    ♦Mft    Rly.  Sj  IXT  Cent.  "  A  ■•  D«b.  Stock  fi  -?J, 

M'Topolitan  District  Bailir«T  Ord ".'"i'.' 

..I     Do.    Extension  Pref.  (6  per  Cent.)  io  -ii     . 

81%  I     Do.     Assei;te<1  Ejt.  Pref.  (Int.  Ouir.  bT 

I         Unci.  Elec.  BIvs.  Co.  of  London.  Ltd.)  8o  -67     | 

o.      S  per  CentlConsoltd.  ltent-eh«rf;e  78  —78 


", 

3/0 

Ft. 

St. 

t\l 

."i 

t-X 

Bt,    « 

St: «« 

St  *r- 

6  H'  " 

5    2/6 

St.   *iX 

1  1/0 

St.  m 

lul 

0/71 

1   C/8i 

1    1/0 

1   0/7i 

3    S/U 

lOti    6% 

1   0/7i 

6    2/0 

', 

U/7* 

R  t 

44% 

1/8 

f. 

n/e 

fit 

*x 

bt. 

b% 

b 
61. 

ij% 

; 

2/9C 

tt 

4y„ 

St 

b-A 

in 

b/U 

St 

4% 

5 

10/a 

4  per  Cent.  Midlsnd  Kent-charge    '01  —10* 

Do.     Gnsr.  Slock  4  per  Cent ""       "° 

Do.    6  per  Cent.  P.  rp.  Deb.  Stock  

Do.     4  per  Cent,  Ditto j 

Sew  Gen.  Tract.  6  per  Cent.  Cnm.  Pref.l 
Potteries  Electric  Traction  Ord 

Pn.     B  per  Cent.  Cnm.  Pref.  

Do.    4*  per  Cent.  Deb  Stock    

B.  Met.  Elec.  Trams.  *  Ltg.  6%  Cm.Pref. 

Do.     i  per  Cent.  Deb.  Stock 

Sunderland  Diet.  Elec.Tnn«.69rl«(Mt.Db. 
UnderedF.RTS.lon.e"  In.b(lB.with coup.3 

Do.  b'X  Prior  Lien  Bonda 

Do.    ilit  Holidswilh  coup.  8 

Yorkshire  (W  J!.)  Klec.  Trams.  Ord 

Do.    6  per  Cent.  Cnm.  Pref.   

Do.     4i  rerCent.  Ist  Dehs 

tlECTRIC  MANUFACTURING,  At. 

Aron  Electricity  Meter  tird 

Do.     6%Cuni.  Pf 

Babcock  &  Wilcoi  Ord.  ■ 

Do.    Pref. 

British  Insnlated  &  Heleby  Cablea  Ord. 

Do.     6  per  Cent.  Pref. fJ 

Do.  4J  per  Cent.  1st  Mort.  Deb.  (red.) 
British  Tbomsn-Honsfn  4J%  Ist  Mt.Db. 
British  WeslinphonseeperCent.Pref... 

Do.     6  per  Cent.  Prior  lien  Dbe(rd.) 

Do.     4  per  Cent.  Mort.  Deb.  Stock  

B'ushE.Eng  Co.4("„Perp.  IstDeb.Stock 

Do.     Perpetual  iiid  Deb.  Stock    

der's  Cable  Con.Ord 

6  per  Cent.  Cum.  Pref.  

4^  per  Cent.  1st  Mort  Debs,  (red.) 

•r-Kellner  Alkali  Co 

4i  per  Cent.  Ist  Mort.  Deb.  (red.). 
Chadburn's  (Ship)  Telegraph  Ord 

Do.     6  per  Cent.  Cum.  Pref.  

Consolidated  Electrical  Co 

Consolidated  Signal  Co 

Do.    6  per  Cent.  Cum.  Pref.  

•Crompton  4  Co.(Nos.  1  to  86,000)  

Do      6  per  Cent.  I8t  Mort.  Debs.  (red.). 

Davis  4  Timmins 

Dick,  Kerr  &  Co.  Ord 

Do.     6  percent.  Cum.  Pref. 

Do.    4j  per  Cent.  Deb.  Stock   

Edison  &  Swan  United  ("A"8h.)(£3pd.) 

Do.     (f  6  paid)    

Do.    4  per  Cent.  Mort.  Deb.  Stock  (rd. ) 

Do     6  per  Cent.  2nd  Deb.  Stock 

Edmnndson's  Elec.  Corp.  Ord.    ... 

Do.    6  per  Cent.  Cnm.  Pref.  

1  Do.  4i  per  cent.  Ist  Mort.  Deb.  (red.) 
Electric  Construction  Co 

t'^.     7  per  Cent.  Cum.  Pref.  

iOc,  4  per  Cent.  Perp.  lat  Mort.  nebs. 
Feliatii  ltd. :.  per  Gent. Ist  Mt.Db.St. 
Ueneral  Electric  (19W)  6%  Cnm.  Fret... 


Uigh-'   Low 


Jan,  Jnlj 
Feb,  Aug  j 
Feb,  Aug 


451 


Feb,  Aug  '    S'i    S' 


Calle 


Casin 


1S9  -1.1 

93  -95 

i-J 

i-i 
4-3 

St;  ->9 
8-6 

'0  —74 
82  -fii 
36  --J* 
lO5}-10Sj 
67  -f9 

3-3 
13-iiJ 


1C3  — 1U6 
91  —96 


3j  -42 
43  -48 
27  —81 
10  — 1C3 
6J-SI 
ICi.J-lul  i 

li-2 

106  —108 

!5-l.'. 

i-i 

J-1 

90  —13 

1-14, 

lj-'.-l3  2 

9*'- 102 

cs  -:3 

84  —87 


7J-8 


nlT 
Jan,  July 
Mar.  .Sept 
Jan,  July 
Jan,  Julj 
Mav  .... 
April,  Oct 
Feb,  Aug 
May,  Not 
Fob,  Aug 
Jan,  July 
Jan,  July 
June,  Deo 


April,  Oct 
April,  Oct 

Jnly!  Feb 
Jan,  Jaly 
Jan,  July 
Mar,  Sept 
Feb,  Aug 

Jan.  July 

9    8    0  1  Mar,  Sept 

14  10    0  !  Jan,  July 

0  19    6  Jan,  July 

4     9"  Jan,  July 

4     8    6  Not,  May 

6    6    0  May,  Not 

4  3     '3  I  Eeb.  Aug 
0  11     U  I  March    .. 
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Teterborough.  In  the  lir.st  and  last  mentioned  cases  the 
question  at  issue  was  between  the  municipal  electricity 
supply  undertaking  and  a  tramway  company,  and  we  notice 
that  at  Aberdeen  Mr.  W.  H.  Patchell,  who  was  called  in 
as  arbitrator,  has  decided  in  favour  of  a  fixed  charge  of 
£4.  10s.  per  kilowatt  plus  |d.  per  unit,  whilst  at  Peter- 
borough Sir  Ale.xaxder  Kennedy  has  given  his  award  in 
favour  of  2d.  per  unit  for  the  first  120,000  units  per 
annum  and  IJd.  per  unit  for  any  energy  in  excess  of  that 
amount.  It  is  stated  that  in  both  cases  the  companies 
have  obtained  some  advantage  from  the  arbitrations. 


NOTES. 


Current  for  Tramways. 

As  to  what  constitutes  a  fair  price  for  electrical  energy 
supplied  to  electric  tramways  is  always  a  fruitful  topic  of 
discussion  between  experts,  on  account  of  the  difficult}^  of 
accurately  apportioning  the  various  running  or  fixed  costs 
of  an  electric  supply  station  to  any  particular  units  gene- 
rated. The  question  is  also  frequently  debated — more  or 
less  non-technically — by  municipal  committees  and  coun- 
cils, since  where  both  the  electric  tramways  and  electric 
supply  undertaking  are  controlled  by  a  municipality,  the 
more  successful  of  the  two  undertakings  is  often  regarded 
as  making  a  profit  at  the  expense  of  the  other.  On  the 
other  hand,  it  must  be  admitted  that  in  a  number  of  cases 
thf  charge  for  energy  supplied  for  electric  traction  seems 
to  CO..  (.a"e  unfavourably  with  that  made  to  private  power 
consumers,  particularly  where  the  tramways  are  operated  by 
a  company.  This  subject  has  been  nuich  to  the  fore  of  late, 
and  in  our  present  issue  it  is  referred  to  in  connection  with 
.  the  electiicity  undertakings  at  Aberdeen,  Brighton  and 


At  Brighton  the  recommendation  of  the  Electric  Lighting 
Committee  that  energy  should  be  supplied  to  the  Tramway 
Committee  at  14d.  per  uni*^  was  amended  by  the  substitu- 
tion 0  the  figure  "  !•:"  .  for  "  l-4d.,"  the  lower  figure 
being  arrived  at  as  n  ^mpromise  between  the  recommen- 
dations of  the  two  committees.  The  Electric  Lighting  Com- 
mittee, while  not  admitting  that  they  could  produce  current 
at  this  figure,  offered  that  price  to  the  Tramways  Committee, 
since  it  was  not  considered  practicable  to  decide  in  the 
Council  the  actual  cost  of  the  supply.  It  is  worth  noting, 
moreover,  that  the  town  clerk  thought  it  would  be  accepted 
as  a  general  principle  that  the  supply  should  be  as  nearly 
as  possible  at  cost  price,  the  electricity  department  includ- 
ing a  charge,  if  so  desirous,  to  provide  a  contribution  to 
the  reserve  fund.  It  is,  however,  by  no  means  certain 
that  all  engineers  will  agree  with  the  opinion  expressed 
by  the  town  clerk,  since  it  is  probable  that  the  ordinary 
electricity  consumers  would  be  unfairly  treated  if  the 
electric  tramway  supply,  whicli  is  often  a  very  large  pro- 
portion of  the  total  output  of  electricity,  were  given  at  the 
estimated  cost  price,  a  provision  for  reserve  fund  being 
optional  on  the  part  of  the  Electricity  Committee.  The 
question  is  certainly  one  on  whicli  the  opinion  of  the  elec- 
trical engineer  to  the  Corporation  should  be  treated  with 
the  greatest  consideration.  It  is  noticeable  that  Mr.  J. 
Chkistie  in  his  report  slated  that  the  present  rate  of  I'od- 
per  unit  only  yields  the  barest  margin  of  profit,  any  reduc- 
tion below  l-4d.  per  unit  certainly  resulting  in  a  supply  at 
less  than  cost  price. 


The  Rating  of  Turbogenerators. 

A  featlke  of  steam  turbines  to  which  we  have  frequently 
drawn  attention  is  the  ilifficulty  of  assigning  a  value  tp 
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their  full-load  capacity,  due,  of  course,  to  their  ability  to 
take  very  large   overloads.     Thus,  a   so-called   9,000  kw. 
Curtis  turbine  delivered  .to  the  electricity  supply  under- 
taking at  Chicago  showed  on  test,  of  which  the  particulars 
were  given  in  our  issue  of  Julj'  2nd,  a  steam  coTisumptiori 
of  12-9  lb.  per   kilowatt-honr  at   a   load   of   10,156  kw., 
13-O.T  lb.  at  12,108  kw.  and  l;l-6  lb.  at  18,900  kw.,  the  steam 
being  superheated  iu  each  case  to  the  extent  of  140^P.  or 
thereabouts.     DifiSculty   may  therefore   arise   in   making 
comparisons  between  the  results  with  various  machines. 
In  this  connection  we  may  draw  attention  to  the  turbo- 
generators supplied  to  the  Commonwealth  Edison  Company, 
of  Chicago,  a  description  of  whose  supply  system  has  been 
appearing  in  our  columns  during  thp  last  few  weeks,  con- 
cluding in  the  present  issue.     The  plant  installed  in  the 
Fisk-street  station  at  Chicago  has  always  been  referred 
to  as  consisting  of  8,000  kw.  units,  whereas  the  turbo- 
generators in   the   new  Quarry-street  station,  which  has 
only  recently  been  equipped,  are  stated  to  be  of  14,000  kw. 
capacity.     The  difCerence  iu  tlie  output  of  the  two  sizes  of 
units  is  not,  however,  so  great  as  is  indicated  by  these 
figures,  since  the  capacity  of  the  later  machines  is  stated  to 
be  their  guaranteed  output  for  continuous  operation,  whilst 
in  the  case  of  the  8,000  kw.  units  the  rating  was  merely 
nominal,  and  on  the  new  rating  they  should  be  considered 
as  being  more  nearly  12,000  kw.  units.     This  point  is  of 
interest,  since  we  notice  that  several  units  of  from  8,000  kw. 
to  14,000  kw.  capacity  have  been  reported  vvitliin  the  last 
year  as  being   installed    in   various  American   electrical 
undertakings,  and  difficulty  may  be  experienced  in  making 
comparisons  between    these  installations  if  the  basis  on 
which  the  rating  of  the  different  plants  is  determined  is 
not  always  stated,  or  if  any  return  is  made  to  the  now 
defunct  N.H.P. 


The  Large  Gas  Engine. 

The  advance  of  the  large  gas  engine  in  this  country  has 
been  slow  compared  with  that  on  the  Continent,  and 
opinions  as  to  its  future  have  been  diverse.  Some  engineers 
have  been  sceptical,  others  enthusiastic.  But  whatever  the 
frame  of  mind,  the  progress  of  this  rival  of  the  steam 
engine  has  been  watched  with  keen  interest.  This  week 
we  are  able  to  announce  a  further  step  forward,  in  that  the 
well-known  firm  of  Galloways  Limited  have  found  the  out- 
look sufiiciently  promising  to  undertake  the  manufacture 
of  the  gas  engine  of  Ehriiai!I)T  and  Seh.meu.  Thus  the  Key 
Engineering  Co.,  who  have  shown  much  persistence  in  their 
crusade,  will  in  future  be  able  to  represent  English  as  well 
as  German  interests.  We  understand  that  those  respon- 
sible for  Messrs.  Galloways'  policy  were  very  well  satisfied 
with  their  preliminary  investigations  on  the  Continent,  and 
are  confident  in  the  future  of  the  large  gas  engine  in 
general,  and  of  the  Ehrliardt  and  Sehmer  engine  in  par- 
ticular. We  may  therefore  expect  further  developments, 
•which  may  have  a  not  unimportant  bearing  upon  elec- 
tricity supply  in  due  course.  Meanwhile,  it  is  interesting 
to  note  that  a  1,200  h.i'.  Ehrhardt  and  Sehmer  engine 
has  been  running  satisfactorily  on  producer  gas  for  the 
past  two  years  at  the  works  of  an  English  chemical 
company. 


Synchronisation  of  Public  Clocks.—"  The  Times "  states 
that  a  letter  has  been  addressed  by  the  liritish  Science  Guild 
to  Loudon  local  authorities  urging  the  necessity  of  the  syn- 
chroui.sation  of  all  clocks  exposed  to  public  view,  and  alleging 
the  iiisufKcienc}'  of  the  powers  given  to  Metropolitan  borough 
councils.  The  niild  suggest  that  further  action  be  taken  with 
a  view  to  remedying  the  present  state  of  affairs. 

Electrical  Engineers  in  South  Africa. — The  "Engineer" 
states  that,  as  the  result  of  several  representative  meetings,  it 
was  recently  decided  to  form  a  South  African  Institute  of 
Electrical  Engineers,  and  at  a  largely  attended  meeting,  held 
on  July  12th,  at  the  Grand  National  Hotel,  Johannesburg,  the 
Institute  was  duly  founded  and  draft  rules  approved.  A  pro- 
visional committee  was  elected  to  act  as  the  council  until  the 
first  general  meeting  of  members,  when  the  officers  and  council 
will  be  elected. 

London,  Brighton  &  South  Coast  Railway  Electrification. — 

At  the  meeting  of  the  company  on  Wednesday  last  the  chair- 
man, Lord  Bessborough,  announced  that  the  work  of  eleotrically 
equipping  the  South  London  line  was  nearly  completed.  It  is 
proposed  to  commence  the  full  service  between  A'ictoria  and 
London  Bridge  on  October  1st,  but  a  section  of  the  route — 
viz.,  between  Victoria  and  Peckham  Rye — will  be  opened  for 
public  service  .at  the  end  of  the  present  month.  The  chcairman 
also  announced  that  the  receipts  during  the  past  half-year 
seemed  to  show  that  the  worst  of  the  tram  and  motor  omnibus 
competition  had  now  been  experienced. 

The  Crystal  Palace  School  of  Engineering. — Several  depart- 
ments of  this  school  were  open  for  inspection  last  week,  the 
occasion  being  the  presentation  of  certificates  at  the  close 
of  the  second  term  of  the  thirty-seventh  year  of  its  existence. 
The  chair  was  taken  at  the  assembly  in  the  lecture  theatre  by 
Col.  Sir  Edward  Kaban,  K.C.B.,  R.E.,  Director  of  Works  to 
the  Admiralty,  and  in  addressing  the  students  he  congratu- 
lated them  on  the  excellent  reports  made  by  the  examiners  on 
their  work.  The  fact  that  a  very  high  average  of  marks  h.ad 
been  obtained  by  the  majority  of  the  students  and  not,  as  was 
sometimes  the  case,  by  the  good  work  of  a  few,  was,  he  thought, 
specially  satisfactory,  showing  the  keenness  of  the  students  as 
a  whole. 

Electricity  in  Gas  Works. — Mr.  C.  D.  Haskins  in  a  recent 
address,  reported  in  the  "  Electrical  World,"  illustrated  the 
widespread  uses  of  electricity,  and  remarked  that  any  authority 
on  gas  would,  if  he  were  questioned  very  closely,  admit  that  no 
modern  gas  works  should  be  without  its  electric  service.  The 
most  modern  gas  plants,  built,  say,  iu  the  last  two  or  three  year.s, 
consumed  an  average  of  about  1  kw.-hour  for  every  1,000  ft. 
of  gas  produced.  The  tar  pumps,  the  water  pumps,  and  the 
coal  conveyors,  the  blowers,  were  all  heretofore  extiavagantlj' 
operated  by  Wiisteful  steam  lines  ;  the  more  wasteful  engines 
had  disappeared,  and  as  one  gas  man  said  recently,  "  Of 
course  we  don't  advertise  it,  but  electricity  is  really  the  only 
safe  thing  to  light  a  gas  works  with." 

Electricity  Supply  in  Vienna. —  According  to  "L'Eloc- 
tricien,"the  generating  stations  which  are  at  present  supplying 
Vienna  have  now  reached  their  maximum  output,  and  a 
scheme  is  being  proposed  for  est.ablishing  in  the  v.aliey  of  the 
Nees  a  large  hydroelectric  station,  which  will  generate  and 
transmit  to  Vienna  the  whole  of  the  electrical  energy 
necessary  for  supplying  the  requirements  of  the  town.  The 
broad  outlines  of  the  scheme  have  only  up  to  the  present 
been  considered,  and  there  are  many  points  of  detail  yet  to  be 
worked  out.  It  is  thought  that  it  will  be  possible  to  utilise 
the  hydraulic  energy  of  the  Nees  between  Admout  and 
Weissenbach-Saint-Gallon  by  constructing  suitable  barrages. 
The  first  cost  of  the  scheme  is  estimated  at  £2,000,000,  and, 
if  the  project  is  realised,  opportunity  will  be  taken  to  intro- 
duce electric  traction  on  the  suburban  railways  in  the  neigh- 
bourhood of  Vienna.  , 

Cable  Interruptions.  Date  of  Interruption. 

Tangier — Cadiz May  19,1909 

Touiane— Amoy    June  17,  1909 

Assab— Perim     July   8,1909 
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Institutions  of  Engineers  and  Shipbuilders. — A  joint  summer 
meeting  of  the  Institution  of  Engineers  and  Shipbuilders  in 
Scotland  and  of  the  North-East  Coast  Institution  of  Engineers 
and  Shipbuilders  is  being  held  this  week  at  Glasgow.  On 
■Wednesday  and  Thursday  mornings  the  programme  consisted 
of  the  reading  and  discussion  of  Papers,  the  afternoons  being 
devoted  to  visits  to  works,  &c.,  in  the  neighbourhood,  whilst 
today  (Friday)  an  excursion  takes  place  on  the  Firth  of  Clyde. 
The  proceedings  are  to  conclude  to-night  with  an  "  At  home," 
the  president  of  the  Scotch  Institution,  Mr.  .J.  Ward,  and 
Mrs.  Ward  leceiving  the  myni'bers  of  the  Congress  and  their 
friends.  Among  tlie  works  visited  yesterday  were  those  of 
Messrs.  Mavor  it  Coulson,  an  interesting  display  of  electrical 
machiner}'  being  there  shown.  This  included  a  tiu-ee-speed 
5  H.P.  spinner  motor  in  operation,  a  proposed  method  of 
speed  control  for  electric  ship  propulsion  being  demonstrated. 
An  alternating-current  motor  wound  with  four  and  six  poles 
for  use  with  two  separate  generators  of  dift'erent  frequency 
also  provided  an  alternative  method  of  ship  p'  opulsion.  A 
10  H.P.  single-speed  spinner  motor  illustrated  the  use  of 
alternating-current  motors  for  starting  up  against  load  without 
the  use  of  resistances  or  electric  control,  whilst  a  "  Pick-quick  " 
coal-cutter  and  an  entire!}"  enclosed  dust  and  explosion-proof 
motor,  cooled  by  air  acting  through  radiators,  showed  the  possi- 
bilities of  electrical  applications  underground. 

Electrically  Driven  Colliery  Pumps. — A  recent  number  of 
."Engineering  "  gives  the  following  details  of  some  electrically- 
driven  pumps  of  the  Zeche  Concordia,  near  Oberhausen,  which 
show  an  unusually  high  mechanical  efficiency.  The  plant  was 
installed  underground,  at  a  depth  of  about  1,. 350  ft.,  by  the 
■  Isselburger  Hiitte  A.G.,  and  the  results  of  the  tests  conducted 
by  the  Steam  Boiler  Supervision  Association,  of  Essen,  are  pub- 
lished in  the  "  Zeitschrift  des  Vereines  Deutscher  Ingenieure  " 
of  May  8.  The  pump  is  a  twin  difTerential  plunger  pump  ; 
the  plunger  diameter  is  205  mm.  (8  in.),  the  stroke  600  mm. 
(24in.),  and  the  motor,  which  is  fixed  directly  on  the 
crank-shaft,  makes  92  revs,  per  min.  It  will  be  seen  from 
the  subjoined  table  that  the  efficiencj^  of  the  electric  motor 
was  not  high,  onlj'  S7'35  per  cent.,  allowing  for  all  losses. 
The  mechanical  efficiencj^  of  the  pump  probalily  reaches  the 
practical  limit,  and  is  in  striking  contrast  to  the  results  ob- 
tained with  a  centrifugal  pump  installed  in  the  same  colliery. 
The  high  efficiency  of  the  pump  shows  that  the  Fernis  valves, 
which  are  ring  valves  provided  with  cup  leathers,  must  perform 
their  functions  admirably.  The  following  results  were  ob- 
tained :  — 

Plunger  Pump.   Centrifugal  Pump. 
Water  raised    m''/min.      3"63      3'7 

■  Height    m.  414-43       414-43 

Density  of  water  1-016     1-016 

Manometric  head  of  water m.  429-8        430-0 

■  Revs,  per  min 916 1,482 

Efficiency  of  motor  87-35      941 

Volumetric  efficiency  of  pump    p.c.     99-5         — 

Mechanical  efficiency  of  pump   p.c.     96-5         68-6 

Another  very  large  underground  mine  pumping  plant  has  been 
installed  by  the  same  Isselburger  Hiitte,  in  the  Holland  Col- 
lierj-,  near  Gelsenkirchen.  The  plunger  in  this  case  has  a 
diameter  of  8i  in.,  and  a  stroke  of  32  in.  The  pump  works  at 
53  revs,  per  min.,  raising  8  cubic  metres  per  minute  of  water 
(density  1-005)  to  a  height  of  1,980  ft.  The  three-phase  motor 
can  yield  1,300  h.p  ,  but  is  not  fully  utilised.  The  poor 
efficiency  of  the  electric  motor  in  the  first-mentioned  case  may 
be  due  to  overheating.  The  pump  is  supposed  to  be  more 
economical  than  two  of  half  the  power,  but  exact  tests  have 
not  yet  been  made. 

A  New  Method  of  Transmitting  Messages  by  means  of 
Small  Electrical  Oscillations  through  the  same  Circuit. — 
About  a  year  ago  M.  E.  Mercadier  described  in  the  "  Comptes 
Bendus  "  a  method  by  which  he  was  able  to  send  several  tele- 
grams between  Paris  and  Marseilles  along  a  two- wire  circuit,  not 
connected  to  earth,  by  alternating-current  signals  of  ditl'erent 
frequencies,  apparatus  of  the  Hughes  type  being  employed. 
It  was  also  found  that  thes".  signals  could  at  the  same  time  be 
imposed  on  other  signals  produced  b}-  continuous  current,  pro- 
vided that  with  the  Hughes  apparatus  the  former  lasted  about 
■j'j-thof  a  second,  or,  when  the  Baudot  apparatus  was  useil,  that  the 


discharges  did  not  exceed  ;'(,th  of  aseconil.  It  was  of  interest 
from  the  scientific  point  of  view  and  very  important  from  the 
practical  point  of  view  to  discover  whether  the  same  results 
could  be  obtained  on  a  single  telegraphic  conductor  connected 
to  earth  at  its  two  ends,  as  is  usually  the  case,  or  whether 
these  phenomena  were  adversely  affected  by  the  natural  earth 
currents  and  induced  currents  due  to  power  transmission  in 
the  neighbourhood  of  the  ends  of  the  wire.  Experiments 
have,  therefore,  been  made  on  a  wire  between  the  telegraph 
central  stations  in  Paris  and  Lyons,  using  three  Hughes  alter- 
nating-current instruments,  and  also  a  Hughes  apparatus  ami 
a  four-key  Baudot  apparatus  working  with  continuous-current. 
M.  Magunna  succeeded  in  overcoming  the  effects  of  the  earth 
currents  at  Lyons,  where  they  are  particularly  strong,  mth 
the  result  that  experiments  turned  out  well,  as  they  did  in  the 
case  where  two  wires  were  employed. 

Institution  of  Electrical  Engineers. — On  Thursday  of  last 
week  a  special  general  meeting  was  held  to  consider  two  reso- 
lutions in  regard  to  the  Institution's  new  home,  the  proceedings 
being  opened  b}^  the  president,  Mr.  W.  M.  Mordey,  with  the 
following  remarks  : — 

We  have  now  reached  a  very  important  .stage  in  connection  with  our 
new  building  on  the  Victoria  Embankment. 

On  June  30th  last  year,  at  a  special  general  meeting,  authority  was 
given  for  the  purchase  of  the  property  for  a  sum  of  £50,000.  This  pur- 
chase was  duly  completed  on  June  1st  this  year,  the  pnrchase  money 
being  provided  as  follows  : — 

From  the  accumulated  funds  of  the  Institution      ...  £24,000 
From  a  mortgage  on  the  building       26,000 

£50,000 
Ever  since  the  meeting  of  June  30th  last  year,  the  Council  have  been 
engaged  on  the  consideration  of  various  schemes  for  adapting  the  build- 
ing to  the  purposes  of  the  Institution,  and  they  have  finally  decided  that 
it  will  be  in  the  best  interests  of  the  Institution  to  enlarge  and  improve 
the  entrance  hall  and  to  rebuild  the  theatre  completely.  Plans  pre- 
])ared  by  our  architect,  Jlr.  Percy  Adams,  have  been  considered,  and 
finally  specifications  have  been  issued  and  tenders  obtained  for  the  work. 
The  result  is  that  an  expenditure  estimated  at  £18,000  is  necessary  to 
cover  these  alterations  in  the  building  and  the  equipment  and  furnish- 
ing of  the  large  library  on  the  first  floor,  and  of  the  parts  of  the  building 
to  be  occupied  by  the  Institution,  including  also  the  cost  of  a  lift  and 
various  other  matters  necessary  to  adapt  the  whole  of  the  other  parts  of 
the  building  to  the  requirements  of  our  tenants,  the  Colleges  of  Phy- 
sicians and  Surgeons. 

The  new  theatre  wall  be  a  very  handsome  one,  appreciably  larger  than 
that  of  the  Institution  of  Civil  Engineers,  in  which  we  have  for  so  long 
had  the  great  privilege  of  holding  our  meetings.  The  modified  entrance 
hall  will  provide  a  very  attractive  and  convenient  means  of  access  to 
the  theatre,  library,  offices  and  public  rooms. 

The  fimds  of  the  Institution  would  be  sufficient  for  the  purpose  of  the 
required  expenditure  if  we  sold  the  Tothill-street  site  at  the  price  we  gave 
for  it — viz..  £17.500 — a  price  which  we  are  advised  is  a  low  one.  It  is 
believed  that  when  the  time  is  more  favourable  we  shall  be  able  to  dispose 
of  the  site  at  a  profit. 

Meantime  we  have  arranged  for 

A  mortgage  on  the  Tothill-street  pro)ierty,  of     £11. .500 

And  have  securities  available  amounting  to     4,000 


A  total  of      £15,500 

As  already  explained 

The  estimated  expenditure  is  about    £18,000 

.\nd  adding  for  contingencies  and  margin     2,000 

We  require  a  total  of    £20,000 

We  arc  therefore  short  to  the  extent  of  about £4,500 

The  sale  of  Tothill-street  at  cost  price  would,  after  paying  the  mortgage  off, 
yield  £(),000.  To  meet  this  expenditure  of  £4,.")00,  and  to  justify  the 
Council  in  puttmg  before  the  uicnibers  a  recommendation  to  proceed 
with  the  propased  alterations,  the  past  and  jirescut  members  of  the 
Council  have  guaranteed  the  ditfcrence  between  the  assets  and  the 
requirements,  on  the  undcrstamling  that  if  they  are  called  uixm  to  make 
any  i)avnicnts  inider  this  guarajifee,  they  ai-e  to  be  repaid  out  of  the 
funds  of  the  Instituticm  when  available,  either  as  a  result  of  the  sale  of 
the  Tothill-street  property,  or  from  contributions  to  the  building  fund,  or 
otlierwise. 

Two  resolutions  are  before  you ;  the  first  is  necessary  to  UhhH  the 
wishes  of  the  Economic  Life  Assurance  Society  from  w-hom  we  have 
borrowed  a  sum  of  £2(),000  on  the  sectirity  of  the  new  building ;  the 
second  is  a  resolution  approving  the  pivposed  cxpeiuliturc. 

The  resolutions  (confirming  the  arrangement  with  the  Eco- 
nomic Life  Assurance  Society  and  authorising  an  expenditure 
not  exceeding  .€'20,000  respectively)  were  supported  by  Mr. 
R.  Kaye  Gray  and  Mr.  Robert  Hammond,  and  were  carried 
unanimously. 
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WEST  HAM  ELEOTRIGITY  SUPPLY  ACCOUNTS. 

These  accounts,  for  the  year  ended  ]\Iarch  31st  last,  which 
we  briefly  summarised  in  a  recent  issue,  have  been  looked 
forward  to  \vith  much  interest  by  electrical  engineers  in  view 
of  the  progressive  policy  adopted  at  West  Ham  as  regards 
power  supply.  Briefly  we  may  say  that  a  surplus  of  £3,854  is 
shown  in  the  accounts,  compareil  with  a  deficit  of  £4,670  in 
the  previous  year,  so  that  considerable  financial  progress  is 
eWdent. 

Mr.  A.  H.  Seabrook,  who  has  r^cenll.v  taken  up  his  new 
appointment  with  the  Marylebone  undertaking,  is  still  con- 
nected with  the  West  Ham  undertaking  as  their  consulting 
engineer.  His  report  on  the  present  accounts  is  of  particular 
interest.  He  mentions  that  the  improved  financial  result, 
equivalent  to  £8,523,  is  mainly  due  to  the  increased  power 
ilemand,  which  has  grown  from  4,000,000  to  over  8,000,000 
units  during  the  past  year  ;  but  tlie  improvement  is  also  partly 
due  to  the  fact  that  the  Sales  Department  has  had  a  complete 
year  under  proper  organisation,  whilst  the  reorganisation  of 
the  generating  station  has  been  completed  to  such  good  eS'ect 
that  5|  million  units  more  than  in  the  year  1907-8  have  been 
generated  at  an  additional  cost  of  only  £700.  Another  impor- 
tant factor  in  the  diff'erence  between  the  results  of  the  last 
two  years  has  been  that  of  capital  charges  ;  for  sometime  past 
heavy  capital  expenditure  has  been  incurred  in  laying  the 
foundation  of  a  big  power  business,  and  such  outlay  is  only 
now  beginning  to  be  remunerative. 

It  will  be  seen  from  the  analysis  of  the  expenditure  given 
below,  that  the  total  cost  per  unit,  excluding  capital  charges, 
is  now  only  0-60d.,  compared  with  083d.  a  year  ago,  showing 
therefore  a  reduction  uf  nearly  30  per  cent.,  and  we  understand 
that  although  this  figure  is  one  of  the  lowest  ever  recorded  in 
this  country  it  is  likely  to  be  considerably  improved  in  the 
next  3ear  or  two.  Mr.  Seabrook  points  out  in  his  rejKirt  that 
although  the  electricity  department  has  been  much  criticised 
on  account  of  the  sum  appearing  under  the  heading  of  rates 
the  Corporation  of  West  Ham  has  nothing  whatever  to  do 
with  rating  or  assessments,  these  being  fixed  by  an  indepen- 
dent and  unsympathetic  body,  the  Assessment  committee  of 
the  West  Ham  Guardians. 

In  connection  with  the  reveiuie  it  is  worth  noting  that  the 
amount  received  for  private  lighting  shows  a  decrease,  com- 
pared with  that  in  the  previous  year,  the  figures  being 
£22,784  and  £23,990  respectively,  so  that  the  value  of  the 
power  load  is  thereby  emphasised,  and  Mr.  Seabrook  rightly 
draws  attention  to  the  fact  that  although  the  sales  of  high- 
priced  lighting  units  have  decreased,  and  those  of  the  low- 
priced  power  units  (which  are  said  by  many  people  to  be 
nnremunerative)  enormously  increased,  a  greatly  improved 
financial  result  has  been  obtained.  He  also  mentions  that  all 
the  large  power  users  are  now  customers  of  the  electricity 
department  and  appreciate  the  fact  that  the  Corporation  can 
not  only  give  them  a  supply  of  electricity,  but  are  prepared 
to,  and  do,  sup[)ly  them  with  the  whole  of  the  accessories  in 
the  form  of  wiring,  equipments,  motors,  lamps,  <fec.,  for  the 
use  of  electricity.  The  whole  arrangement  may  therefore  be 
considered  as  self-contained.  The  department  takes  the  whole 
responsibility  and  carries  out  the  complete  ei|uipment  and 
supply.  In  spite  of  the  most  powerful  opposition  this  policy 
is  growing,  says  Mr.  Seabrook,  and  there  are  obvious  signs 
that  it  is  going  to  become  as  general  in  the  electric  supply 
industry  as  it  has  become  in  the  gas  supply  business.  Refer 
ence  is  also  made  in  the  Report  to  the  sales  department,  which 
has  made  a  profit  of  £500,  after  l>eing  charged  with  the  whole 
of  its  own  materials  and  labour,  management,  printing,  &c., 
and  4  per  cent,  on  all  work  carried  out  to  cover  general  estab- 
ment  charges,  &c.  Mr.  Seabrook  does  not  associate  himself 
with  the  theory  that  a  sales  department  need  not  be  self-sup- 
porting because  it  increases  the  business  of  the  main  under- 
taking. He  considers  it  should  stand  on  its  own  bottom  as  a 
separate  organisation.  Neither,  as  a  supply  manager,  does  he 
recognise  the  theory  that  a  municipal  corporation,  having  elec- 
tric supply  powers,  might,  for  the  sake  of  increasing  the  busi- 
ness and  employment  of  the  borough,  supply  electricity  for 


industrial  purposes  below  cost  price.  This,  he  says,  has  not 
been  the  practice  at  West  Ham,  but  it  is  a  course  of  action 
that  he  believes  the  West  Ham  Council  would  be  perfectly 
justified  in  taking  if  the}'  considered  it  to  be  to  the  interests 
of  the  borough  generally.  He  considers  that  all  the  depart- 
ments of  a  municipality  are  run  for  the  benefit  of  the  borough 
at  large,  and  not  for  each  department  in  particular,  and  as  the 
very  existence  of  West  Ham  depends  upon  its  manufactures, 
tlie  Council  would  be  justified  in  fostering  those  maimfactures 
and  industries  to  the  best  of  its  ability. 

Turning  now  to  the  statistics  of  the  year's  working,  the  total 
number  of  units  sold  was  15,522,065  ;  of  these  1,928,528  were 
for  private  lighting,  735,157  for  public  lighting,  8,190,453  for 
power  and  heat  and  4,617,927  for  traction.  The  sales  for 
private  lighting  show  a  decrease  of  almost  '200,000  units,  whilst 
the  average  price  received  for  these  units  increased  from  2-58d. 
to  2-72d.  The  average  price  received  for  power  fell,  however, 
from  0-695d.  to  0'591d.  per  unit,  and  the  average  of  all  sup- 
plies from  l*22d.  to  l'02d.,  traction  remaining  constant  at 
about  0-99d.  It  is  satisfactory  to  record  that  the  load  factor 
increased  from  23-5  per  cent,  to  29-1  per  cent.,  and  that  267 
new  consumers  were  connected,  the  total  number  of  constimers 
at  March  31  amounting  to  2,245  :  388  new  motors  were  also 
added  during  the  12  months,  representing  2,459  ii.P.  and 
bringing  the  total  horse  power  to  8,683.  It  is  interesting  to 
notice  that  the  maximum  load  recorded  only  increased  from 
5,500  kw.  in  1907-8  to  6,100  kw.  in  1908-9,  whilst  the  plant 
capacity  was  increased  during  the  year  from  8,400  kw.  to 
11,400  kw. 

We  give  below  an  analysis  of  the  expenditure  during  the 
last  financial  year,  together  with  the  cost  of  working  per  unit 
sold,  the  latter  figures  for  the  previous  year  being  given  for  the 
sake  of  comparison  : — 


Generating  Costs. 

Coal,  &c £16,104 

Oil,  waste,  water,  &c 675 

Salaries  and  wages  at  station . . .  4,118 

Repairs  and  maintenance 2,765 

Miscellaneous  (testing,  &c.)  ...  496 

Total  Generating  Costs   £24, 158 


Cost  per  unit  sold. 


1908-9. 

1907-8. 

0-25d.      . 

032d. 

OOld.     . 

.       002d. 

006d.     . 

.       0-07d. 

0-04d.     . 

.       008d. 

0-Old.     . 

_     0-oia. 

0-50d. 


Distribution  Costs. 

Wages     — 

Repairs  and   maintenance    of 

mains,  fuses,  &c    £5,546 

Do.    of   motors  (including  [de- 
preciation)         1,509 

Use  of  tramway  feeders 50 

Attending  public  lamps    1,654 


0  OOd.     . 

.       0-OOd 

0-05d.     .. 

0'07d. 

0-02d.     . 
0-OOd.     . 
0  02d.     . 

.       004d 
.       OOOd 
.       0  04d 

Total  Distribution  Costs £6,759 

Management  Costs,  &c. 

Salaries £2,434 

Printing,  stationery,  ifec 408 

General  establishment  charges  1,345 

Special  charges 3,018 


£7,205 


Rents,  rates  and  taxes £1,001 

TOTAL  COSTS  {ex  Capital  Charges)  £39,123 
Capital  Cliarges. 

Interest    £14,155 

Sinking  fund  12,477 

Contribution  to  capital  account 

pending  borrowing   2,130 

Special  charges 750 

Total  Capital  Cliarges £29,512 

TOTAL  COSTS  (including  Capital 

Charges)  _ £68,635 

TOTAL  RECEIPTS  (fromaU  sources)  £72,489 
BALANCE     £3,854 


The  balance  of  £3,854  was  placed  to  the  reserve  fund,  whic 
only  amounts  to  £5,88G,  but  Mr.  Seabrook  points  out  that  ii 
less  than  £93,000,  or  over  21  per  cent.,  of  the  total  capit; 
expenditure  of  £438,558  has  been  repaid  or  is  provided  for 
the  sinking  fiuid,  so  that  as  the  undertaking  is  only  10  yeai 
old,  a  substantial  reserve  fund  is  unnecessary.     Tlie  iteii 


ooad.    .. 

OOld.     .. 
002d.     .. 
005d.     ,. 

0-05d. 
002d. 

.     o-oad. 

.       OCod. 

C-12d. 

016d. 

0  02d.     .. 
0  60d.    . 

.       0-02d. 
.     0-83d. 

0-22d.     . 
0-19d.     . 

0S2d. 
.      0-22d. 

003d.     . 
0-Old.     . 

.      006d. 
,       0-Old. 

0-45d. 

0-61d. 

r05d.    . 

.     l-44d. 

112d. 
0  07d.    .. 

(surplus) 

r34d. 
OlOd. 

(ilcticit 
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which  make  up  the  above  capital  expenditure  are  as  follows, 

together  with  the  cost  per  kilowatt  installed  : —  Per  kw. 

installed. 

Land   £119     £0-01 

Buildings  78,266     6-87 

Machinery  and  plant 185,251     16'25 

Tools     407     003 

Mains  and  service 117,680     10-27 

Transformers,  &c 34,288     3-01 

Meters,  &c 13,366     1-17 

Electrical  instruments   1,224     O'll 

Lamps,  columns  and  fittings    7,355     0'64 

Furniture  602     0-05 


£438,558  £38-41 

Mr.  Seabrook  points  out  that  tlie  total  capital  expended  per 
kilowatt  of  plant  installed  is  the  lowest  in  the  country,  and  in 
marked  contrast  with  the  statements  in  regard  to  over- 
capitalisation of  the  undertaking.  The  capital  expended  per 
million  units  sold  is  also  said  to  be  the  lowest  in  the  country. 


RECENT  DEVELOPMENTS  IN  TRANSFORMING 
APPARATUS.* 

BY    n.    W.    TOBEY. 

Summary. — In  this  Paper  the  author  describes  some  recent  develop- 
ments which  have  taken  place  in  oil  transformers,  series  transformers 
and  small  lighting  transformers,  and  in  the  electric  annealing  and 
tempering  furnace.     Particulars  are  also  given  of  a  modern  testing 

equipment.  

Forced  Oil  Transformers. — .4s  the  size  of  transforming  apparatus 
increased  it  became  necessary  to  provide  additional  tank  surface  in 
I  lie  shape  of  corrugations  or  veins  in  order,  not  f)n!y  to  radiate  the 
increased  amount  of  heat,  but  also  to  maintain  a  difference  in  tem- 
]ierature  between  the  upper  and  lower  portions  of  the  oil,  so  as  to 
rause  its  more  rapid  circulation.  Even  this  arrangement,  however, 
]}rr)ved  inadequate,  and  an  internal  water-cooling  coil  was  introduced. 
But  the  size  of  units  continuing  to  increase, the  amount  of  heat  to 
be  dissipated  became  still  greater,  and  the  seat  of  its  generation  more 
and  more  remote  from  the  cooling  surfaces,  so  that  tlie  forced-oil 
t\'])C  of  transformer  has  had  to  be  introduced.  Several  advantages 
resulted.  With  the  increased  circulation  all  parts  of  the  coils  and 
core  were  maintained  at  a  more  uniform  temperature.  This  also 
made  it  possible  to  transfer  a  greater  quantity  of  heat  to  the  oil, 
and.  further,  heat  pockets  were  eliminated.  Thus  it  has  been  pos- 
silile  with  this  type  of  construction  to  reduce  considerably  the  cost 
III  the  transformer,  but,  on  the  other  hand,  additional  auxiliary 
apparatus  is  required  in  the  way  of  pumps,  coolers,  &c.,  which  tend 
>;nmewhat  to  oifset  this  saving  ;  in  fact,  it  does  offset  it  where  the 
combined  capacity  of  the  individual  units  is  much  less  than  .5,()IM)  kw. 
The  size  of  the  unit  and  the  voltage  affect  the  adoption  of  forced- 
oil  circulation  for  the  following  reasons :  For  transformers  of  com- 
paratively small  capacities  and  high  voltages  the  size  of  the  con- 
ductor and  dimensions  of  the  coils  must  be  such  as  to  give  the  re- 
quired mechanical  safety  and  rigidity.  In  other  ^ords,  the  con- 
ductor and  coils  are  made  as  small  as  safety  will  allow.  It  is  mani- 
fest, then,  that  nothing  would  be  accomplished  by  resorting  to 
forced  circulation.  With  these  considerations  in  mind,  it  is  usually 
found  inadvisable  to  make  this  type  in  sizes  of  less  than  1,-200  kw. 
tn  1,500  kw. 

In  equipments  already  designed  and  built  the  practice  has  been 
to  employ  two  complete  sets  of  cooling  and  circulating  ap])nratus, 
one  to  be  used  as  a  spare  unit  in  case  of  failure  of  the  other.  Kach 
consists  of  a  pump  for  circulating  the  oil.  a  surface  condenser  or 
cooler,  and  a  pump  for  circulating  the  water,  all  of  these  being  suitably 
connected  to  the  transformer  by  means  of  delivery  and  return  ])ipes. 

This  type  of  transformer  is  similar  to  the  standard  watcr-ciiolrd 
type  without  the  cooling  coil.  Provision  is  made,  however,  tor  the 
uniform  distribution  of  incoming  oil  by  enclosing  the  lower  part  of 
the  coils  with  a  metal  box  fitted  with  baffle  plates.  Oil  is  led  into 
this  chamber  by  means  of  a  vertical  i)ipe  passing  down  through  the 
cover.  The  outlet  is  placed  somewhat  above  the  tops  of  the  coils 
and  considerably  below  the  surface  of  the  oil,  so  that  there  will  lie 
no  danger  of  uncovering  the  former  and  so  that  no  air  will  be  draw  n 
into  the  system.  For  large  plants  this  arrangement  of  a  cooling 
system  common  to  a  number  of  transformers  is  working  admirably. 
There  are  now  installed  and  in  successful  operation  in  various  ))arts 
of  the  United  States  more  than  102,000  kw.  of  60  cycle  (50,000  volt 
forced  -oil  transformers. 

In  some  plants  where  the  conditions  are  suitable,  it  has  been 
thought  advisable   to  adopt  indi\  idual  coolers  and  separate   oil- 

*  Abstract  of  a  Paper  read  before  the  Schenectady  section  of  the 
American  Institute  of  Electrical  Engineers. 


circulating  ]iump.-;  ;ind  motor?.  In  one  installation,  consisting  o' 
six  .5,000  kw.  units,  the-  waters  in  the  tail  race  pass  in  close  prox- 
imity to  the  transformers.  This  feature  was  taken  advantage  of^by 
specifying  individual  coolers  to  be  placed  in  the  tail  race,  where  the  cir- 
culating oil  can  be  efficiently  cooled  without  re.sortint-'toanyauxiliary 
water-circulating  devices.  Each  unit  will  also  be  jjrovidc-d  with  its 
own  oil  inimp  and  motor,  making  it  entirely  separate  from  the  others. 
There  are  some  plants,  however,  where  conditions  preclude  the 
use  of  individual  condensers  or  coolers  ;  certain  steam-power  plants, 
for  example,  or  water-power  plants  where  the  tail  race  is  remote  from 
the  transformer  house.  To  provide  for  such  conditions  a  new  tjrpe 
of  forced-oil  apparatus  has  been  developed  which  is  entirely  self- 
contained.  Even  the  external  cooler  is  done  away  with,  so  that  the 
equipment  is  still  more  flexible  than  the  (me  in  the  installation  re- 
ferred to  above.  In  this  apparatus  the  cooling  coil  is  placed  inside 
the  tank,  as  in  the  water-cooled  type,  except  that  its  convolutions 
extend  nearly  to  the  bottom.  A  cylindrical  or  ellii)tical  metal 
casing,  depending  upon  the  contour  of  the  tank,  .separates  this  coil 
from  the  main  oil  chamber,  with  the  exception  of  one  or  more  open- 
ings at  the  bottom.  P.y  means  of  an  individual  motor  and  cir- 
culating pump  mounted  on  the  cover  or  in  close  proximity  to  the 
transformer,  the  oil  is  pumped  out  at  the  top  of  the  central  chamber 
and  into  the  space  enclosing  the  cooling  coil.  The  head  caused  by 
the  resulting  difterence  in  le\el  thus  greatly  increa.ses  the  natural 
oil  circulation  through  the  coils  and  core.  The  result  is  an  outfit 
of  extremely  simjile  design,  which,  on  account  of  its  self-contained 
features,  is  as  flexible  as  one  of  the  ordinary  water-cooled  type.  It 
embodies  the  same  features  as  the  forced-oil  equipments  already 
built,  and  at  the  same  time  prevents  troubles  in  one  unit  from  spread- 
ing to  the  others.  An  equipment  consisting  of  two  3.000  kw.  trans- 
formers of  this  description  is  .soon  to  be  put  in  service. 

It  is  customary  in  forced-oil  apparatus  to  circulate  sufficient 
water  to  carry  away  the  heat  with  a  rise  in  temperature  of  the  water 
of  approximately  10  deg.  This  usually  requires  about  one-third  of 
a  gallon  per  minute  per  kilowatt  loss  in  the  transformer.  .Approxi- 
mately the  same  temperature  rise  is  allowed  in  the  oil.  so  that  the 
greatest  difference  in  oil  temperat\ire  between  the  bottom  and  top 
of  the  tank  is  not  far  from  10  deg.  The  specific  heat  of  oil  is  a  little 
less  than  one-half  that  of  water,  therefore  its  theoretical  rate  of 
flow  would  be  approximately  double.  Practice  bears  this  out, 
except  that  in  some  cases  it  is  found  advisable  to  increase  the  flow 
of  oil  to  three  or  .'i^-  times  that  of  the  water.  In  any  case,  however, 
the  flow  of  water  and  oil  should  be  so  adjusted  as  to  avoid  chilling 
the  oil  and  retarding  its  circulation. 

From  the  foregoing  it  is  evident  that,  as  the  size  of  transformers 
increases,  the  tendency  is  to  provide  means  of  increasing  the  rate  of 
flow  of  the  cooling  oil.  If  we  assume  this  rate  equivalent  tn  unity  in 
the  self-cooled  type,  it  will  be  between  two  and  three  times  this  in 
the  ordinary  water-cooled  design.  A^'ith  the  forced-oil  ty])e  of 
transformer  the  rate  of  circulation  by  artificial  means  will  be  in- 
creased from  three  to  four  times  that  of  the  self-cooled  tj-]ie. 

The  rate  at  w  hich  oil  circulates  In  the  \  arious  types  of  transformers 
is  usually  thought  to  be  extremely  sluggish.  It  might  be  of  interest, 
therefore,  to  cite  a  concrete  example.  For  instance,  in  tlie  'IMI  kw. 
transformers  recently  installed,  the  oil  circulates  at  the  rate  of 
100  gallon's  per  minute,  while  the  calculated  rate  of  flow  through 
the  various  coils  and  core  channels  is  something  like  "0  ft.  per  minute. 
Based  on  these  figures,  which  were  obtained  frt)m  actual  measure- 
ments, together  with  results  obtained  from  water-cooled  trans- 
formers designed  tor  a  similar  temperature  rise,  tlie  rate  of  oil  flow 
is  probabl3'  not  far  from  .50  gallons  oer  minute  for  a  7..>o<i  kw.  unit, 
while  the  oil  must  pass  throusrh  the  various  ducts  at  the  rate  of  1.5  ft. 
per  minute.  Even  the  natural  circulation,  then,  due  to  the  difference 
in  temperature  alone,  is  not  so  slow  as  is  sometimes  imagined. 

Future  develoiunents  are  difticult  to  foretell  :  refrigeration  has 
be(m  suggested,  and.  as  this  presents  se\eral  advantages  over  the 
methods  already  in  use.  it  may.  jierhaps.  be  considered  for  certain 
special  designs. 

Oil-filled  if («/,*.  — :Moderu  power  developments  have  made  it 
necessary  to  design  anil  build  transformer--  loi-  xoltages  of  100.000 
and  above.  While  the  design  of  the  internal  parts  to  meet  these 
requirements  was  diflicult  enousrh.  the  prol<lem  of  bringing  out  the 
high.tension  leads  was  one  whi"h  required  perhaps  fully  as  much 
consideration.  It  has  been  customary  with  apparatus  of  moderate 
voltage  to  rely  on  leads  insulated  with  wrappings  of  tape,  with  the 
additional  protection  afforded  by  porcelain  bushings.  To  prevent 
surface  leakage  from  the  end  of  the  terminals  to  the  case,  the  lead 
was  cither  made  very  long  or  provided  with  a  numl>er  of  circular 
barriers  or  discs.  It  became  extremely  diflicult  and  expensive, 
however,  to  use  this  design  for  apparatus  of  70.0(K>  or  StI.tHUt  volts,  so 
that  the  idea  occurred  to  utilise  oil.  The  flrst  oil-filled  lend  put  into 
.service  was  made  up  of  a  series  of  resin-fllled  circular  womlen  sections 
mounted  one  on  top  of  the  next  with  pressboard  collars  between. 
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In'later  patterns  moulded  CDiiipoimd  was  substituted  for  tlie  wood, 
and  the  oil  spare  inside  «as  broken  up  into  ?e^■eral  seetions  by  press- 
hoard  tubes  extendini;  the  entire  length  of  tlie  lead.  Opeiiintrs  at 
fop  and  bottom  of  these  tubes  allowed  for  ready  liliing  with  oil  and 
for  circulation.  With  this  design,  the  distance  from  t!ie  end  ter- 
minal to  the  body  of  the  lead  next  to  the  ca.se  is  usually  about  50  )>er 
c«nt.  greater  than  the  natural  voltajte  jumpinsr  distance  for  which  the 
lead  is  dcsisned.  while  the  length  of  the  creepagc  path  is  made  about 
three  times  this  amount  by  the  presence  of  the  jiressboard  discs. 
What  the  rinal  limit  ot  this  t\pe  of  lead  will  be  is  not  yet  known.  It 
has  already  been  used  successfully  on  commercial  ajiparatus  re- 
quiring tests  of  somewh.1t  more  than  3(Kl.(X>0  volts. 

One  of  the  desirable  features  of  this  type  is  the  ability  to  distribute 
the  electrostatic  strain.  Moreover,  the  oil  in  the  various  internal 
tuljcs  is  free  to  circulate,  and  thus  jirevent  local  lieating.  Xot  only 
has  the  lead  been  used  to  good  adxantage  in  high-voltage  power 
transformer.s.  but  also  in  the  construction  of  certain  types  of  series 
transformers. 

f  .Series  Transformer. — I'reviously  to  about  three  years  ago  it  was 
considered  sufficient  to  insulate  the  series  transformer  with  the  same 
margin  of  safety  as  that  allowed  iu  potential  transformers — that  is, 
double  the  line  voltage.  Owing  to  several  reasons,  however,  it  was 
deemed  advisable  to  require  an  insulation  test  of  tliree  times  that  of 
the  operating  circuit.  In  the  first  place,  the  secondary  of  a  series 
transformer  is  usually  earthed  :  being  the  llrst  apparatus  in  the  path 
of  a  lightning  discharge,  it  often  receives  the  entire  blow,  and  acts 
in  the  capacity  of  a  lightning  arrester.  Moreover,  it  furnishes  cur- 
rent not  only  to  the  measiu-ing  instruments,  but  also  for  the  various 
limiting  and  protecting  devices,  and  the  safety  of  the  attendants 
depends  on  its  insulation.  >\'ith  increase  of  pressiu-es  former  designs 
became  unwieldy  and  expensive,  and  in  getting  out  a  new  type  it  was 
evident  that  the  methods  used  for  the  insulation  of  a  transformer 
built  on  a  core  without  magnetic  joints  were  the  only  ones  that 
appeared  at  all  practicable.  In  consequence,  it  became  necessary 
to  investigate  the  use  of  a  core  having  one  or  more  joints,  it  having 
been  previously  thought  that  those  of  the  jointless  type  were  cheaper 
to  build.  Contrary  to  belief,  howeier,  it  was  found  that  a  design 
could  be  developed  by  using  a  core  having  joints  which  not  only 
would  be  cheaper  but  at  the  same  time  more  accurate  than  those 
previously  constructed.  When  these  points  were  proved  it  was 
natural  to  utilise  the  U-shaped  punchings  which  had  been  so  long  in 
successful  use  in  the  construction  of  the  core-ty])e  transformer.  This, 
then,  resulted  in  the  adoption  of  form-woimd  coils,  the  secondary 
and  primary  being  wound  separately  and  receiving  enough  varnish 
tapings  to  stand  the  required  test  voltage.  The  coils  were  then 
assembled  on  one  leg  of  the  core,  with  the  secondary  next  to  the  iron 
and  the  primary  .slipped  over  it,  the  core  being  suitably  clamped  to 
the  frame,  which  furnished  support  for  tlie  secondary  terminals  and 
feet  for  the  mounting  of  the  device  as  a  whole.  The  resulting  trans- 
former had  many  advantages  over  the  older  type,  but  still  left  things 
to  be  desired,  the  most  prominent  of  which  Mas  shortening  of  the 
time  required  to  produce  it. 

About  this  time  there  were  great  strides  in  the  use  of  moulded 
insulation,  and  the  idea  occurred  to  utilise  such  material  in  connec- 
tion with  high-voltage  series  transformers  by  moulding  it  com- 
pletely round  the  primary  coils.  This  was  accom)ilished  only  after 
many  trials,  for  it  should  he  remembered  that  not  only  must  the 
compound  be  a  i;ood  insulator  electrically,  but  also  a  good  heat  con- 
ductor ;  it  must  be  mechanically  strong,  and  designed  to  withstand 
repeated  expansion  and  contraction  :  and  it  must  be  capable  of 
being  formed  round  the  coil  at  not  too  high  a  temperature,  other- 
wise the  cotton  covering  of  the  conductor  would  I)e  ruined.  In 
addition  to  the.se  requirements,  the  preparation  must  not  soften  at 
operating  temperatures,  and  must  not  be  too  expensive.  In  spite 
of  these  numerous  conditions,  a  compound  meeting  them  al!  was 
developed.  During  the  first  attempt  to  use  this  compound  the  en- 
closing casing  was  moulded  in  halves,  these  being  placed  round  the 
coil  and  sealed  together.  During  test,  however,  weakness  developed 
at  the  joints,  and  this  form  was  abandoned.  The  arrangement 
finally  adopted,  the  one  now  successfully  used,  consists  of  a  comolete 
compound  ring,  the  sides  of  which  are  open  at  the  lop.  The  primary 
coil  is  placed  in  this  ring  and  the  open  sides  are  folded  over  and  forced 
together  under  a  ])ressure  in  excess  of  2  tons  per  square  inch,  at  a 
temperature  of  about  •2<XIX'.  The  result  is  a  coil  with  suitable 
leading-out  terminals  enclosed  in  an  in.sulating  casing  without  a  single 
joint  or  seam.  It  readily  withstands  a  test  of  5(J,(KX)  volts.  In 
fact,  it  will  not  break  down  at  much  less  than  SO.fX)0  volts.  This, 
then,  results  in  a  series  transformer  that  is  absolutely  safe  for  opera- 
tion on  15.()0(i  volt  circuits,  is  neat  in  appearance,  is  less  expensive 
to  build  and  can  be  made  in  a  much  .shorter  time. 

It  is  interesting  to  note  that  the  length  of  time  consumed  in  in- 
sulating coils  with  tape,  using  the  original  method,  was  more  than 
20  days ;   the  new  method  requires  30  minutes. 


We  have  been  considering  tiie  use  of  dry  types  only,  requirin"  tests 
as  high  as  o0.lX)0-volts.  On  general  principles,  however,  it  would  be 
preferable  to  resort  to  oil  much  below  this  point.  But  this  has  not 
been  considered  advisable,  owing  to  the  strong  preference  to  avoid 
its  use  in  switchboard  conslruction.  Oil  is  used,  however,  for  all 
transformers  requhing  a  pressure  test  of  more  than  50,000  volts.  The 
arrangement  of  coils  and  core  in  this  ty|>e  of  transformer  is  somew  hat 
similar  to  that  for  the  lower  voltage  dry  transformer  using  ring 
punchings.  The  usual  practice  is  to  wind  the  secondary  directly  on 
the  core,  and  to  provide  a  number  of  tabular  barriers,  nested  one 
within  the  other  with  oil  spaces  between  for  insulation,  the  primary 
being  threaded  through  as  .already  mentioned.  This  construction, 
combined  n  ith  the  oil-filled  lead  previously  described,  has  been  used 
successfully  for  apparatus  requiring  tests  as  high  as  300,000  volts. 

Lighting  Transformers. — .\  great  deal  of  attention  has  been  given 
to  this  type  in  the  way  of  reducing  losses,  improving  the  operation 
and  lowering  the  cost  without  affecting  durability  and  safety.  Con- 
sidering one  particular  size,  the  5  kw.  size  for  example,  it  was  usual 
10  years  ago  to  iind  the  core  losses  ajiproximating  90  watts  or  more. 
Improvements  in  material  and  design  brought  this  core  loss  down 
to  SO  watts,  and  still  later  to  "0  watts  when  silicon  iron  was  intro- 
duced. Then  an  entirely  new  form  was  designed  and  the  core  losses 
were  again  reduced  10  or  12  per  cent.,  bringing  them  to  slightly  more 
than  60  watts.  During  the  last  year  still  another  improvement  has 
been  made  in  transformer  iron  ;  by  taking  advantage  of  this  im- 
provement and  again  modifying  the  design,  the  core  loss  on  the  5  k^v. 
size  was  reduced  to  45  watts.  Thus,  in  10  years'  time,  by  steady 
improvement  in  design  and  by  using  the  best  material,  the  core  loss 
has  been  reduced  to  half  its  original  amount.  During  the  same  time 
the  quality  of  the  apparatus  has  steadily  improved  and  the  cost  of 
manufacture  has  been  lessened. 

Among  the  features  of  interest  in  the  latest  design,  perhaps  the 
most  noticeable  are  the  symmetrical  arrangement  of  the  coils  and 
core,  and  the  ingenious  interlocking  of  the  latter  in  the  central  leg. 
These  features,  together  with  a  correct  projjortioning  of  parts,  have 
resulted  in  a  relatively  short  mean  length  of  iron  and  copper  circtiits. 
Another  important  feature  of  this  design  is  the  restricted  area  iu  the 
central  core.  This  results  in,  first,  the  shortening  of  the  mean  length 
of  turn  in  tho  copper  circuits  ;  secondly,  an  increase  in  fiux-density 
in  the  central  leg  of  the  magnetic  circuit.  Such  an  increase  in  density 
results  in  higher  losses  in  this  part  of  the  core,  but  they  are  more  than 
Oi'^set  b}'  low  losses  in  the  four  external  magnetic  circuits,  where  the 
area  of  cross-section  can  be  made  large  without  in  any  way  inter- 
fering with  the  space  occupied  by  the  winding. 

Tungsten  Lamp  Compenstor. — This  device  was  developed  to 
accommodate  low-voltage  tungsten  lamps  to  standard  circuits, 
usually  reducing  the  latter  voltage  in  the  ratio  of  about  4  to  1.  It 
is  so  arranged  that  it  can  be  inserted  in  an  ordinary  lamp  .sor^ket. 
Although  the  capacity  is  small  (25  watts),  it  has  been  possilile  by 
careful  design  and  correct  proportioning  of  material  to  obtain  an 
efficiency  of  over  85  per  cent.,  and  this  efficiencj'  is  maintained  for 
voltages  ranging  from  110  to  130  and  for  loarls  ranging  from  full  to 
less  than  half. 

The  electric  hardening  and  annealing  furnace,  wliich  has  been 
developed  during  the  past  few  months,  has  many  valuable  features. 
Its  bath  is  composed  either  of  pure  barium  chloride,  of  a  mixture  of 
the  chlorides  of  barium  and  potassium,  or.  in  some  ca.sea,  of  a  mixture 
of  i)otassium  chloride  and  sodium  nitrate,  depending  on  the  tem- 
perature at  which  it  is  desired  to  operate.  By  selecting  the  proper 
mixture  and  adjusting  the  current  which  Hows  directly  through  the 
bath,  any  temperature  from  200°C.  to  more  than  1,300°C.  can  be 
obtained  and  held  at  a  perfectlj'  uniform  value. 

Transformer  Testing  Equipment. — The  equipment  as  now  in- 
stalled is  entirely  non-combustible — the  floors  are  of  concrete,  tho 
framework  of  piping  and  angle  iron,  and  the  switchboard  of  slate 
and  marble.  All  voltages  above  500  are  considered  dangerous  and 
are  treated  accordingly,  by  protecting  them  and  keeping  them  out 
of  reach.  To  reduce  the  fire  risk,  and  at  the  same  time  to  facilitate 
the  making  of  connections.  \c.,  a  pit  7  ft.  deep,  from  14  ft.  to  20  ft. 
V.  idc.  and  over  1.30  ft.  long  has  been  installed,  in  which  are  placed  all 
oil-filled  transformers  ^^llilc  on  test.  This  pit  is  provided  at  tme  end 
with  a  30  in.  drain  pipe  leading  to  the  river,  so  that  in  case  of  fire 
the  oil  can  be  readily  removed.  As  a  still  further  safeguard,  a  2  in. 
])ipe  connected  with  the  live-steam  supply  has  been  arranged  for. 
This  will  make  it  possible  to  smother  a  fire  by  steam, should  oil  at 
the  bottom  of  the  pit  become  ignited.  All  oil  for  testing  is  stored 
under  ground  and  cnlirelv  awav  from  the  main  building.  When  it 
is  considered  that  tlie  t<-.stiiig  e<|uipment  is  located  in  the  midst  of  a 
lloorarea  of  more  than  it  acres.  (iO  per  cent,  of  which  iscovercd  by  one 
roof,  the  importance  of  these  precautions  cannot  be  overestimated. 

The  majority  of  the  generators  and  the  testing  transform<rs  have 
their  windings  arranged  in  eight  sections,  so  that  they  may  be  grouped 
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all  in  series,  all  in  parallel,  or  in  series  parallel.  This  cunstruclion, 
together  with  the  regulating  winding  and  ticld  control,  makes  it 
possible  to  obtain  an.v  desired  voltage  at  a  moment's  notice.  The 
eight-section  arrangement  is  carried  out  also  in  the  three-phase 
apparatus  as  well  as  in  the  singlt;  phase.  The  ammeters  for  these 
machines,  instead  of  being  inserted  in  the  outside  circuit,  as  is  cus- 
tomary, are  connected  into  one  winding  onl_v,  so  that,  ici^ardless  of 
the  arrangement  of  connections,  the  instrument  indie  airs  it  all  times 
the  proportionate  load  being  carried.  This  largely  eliiniiiati's  danger 
of  overloading  due  to  the  numerous  forms  of  connections  which  are 
possible.  The  tields  of  all  generators  and  motors  in  the  test,  both 
alternating  current  and  direct  current,  are  designed  for  excitation  at 
125  volts.  Each  direct-current  generator  is  provided,  not  only  '.\  itli 
an  ordinary  circuit-breaker  and  no-voltage  release,  but  also  with  a 
speed-limiting  device  which  autiiiiiai  ically  cuts  the  machine  out  if 
the  .speed  exceeds  a  certain  in'Jih  iniini  d  value.  Tlie  ratio-trans- 
formerg  are  all  made  for  25  cydi  s.  ,iinl  c  uiuot  be  burned  out  at  low 
frequencies,  an  accident  which  has  occurred  more  than  once  \\  !ien 
those  of  60  cycle  design  were  available. 

One  operation  diiring  the  testing  of  transformers,  particularly 
when  they  are  of  large  size,  and  one  which  has  always  required  a 
largo  amount  of  time  and  expense,  is  the  heat  run.  Even  when  this 
is  hastened  by  an  overload,  a.s  lias  usually  been  customary,  a  number 
of  hours  elapse  before  the  cold  oil  is  brought  up  even  to  normal 
operating  temperature,  and,  moreover,  all  heat  must  be  supplied 
electrically.  These  two  drawbacks  have  been  overcome  in  tlie  new 
equipment  by  heating  the  oil  by  steam  before  it  is  forced  into  the 
transformers.  The  oU  as  it  comes  from  the  heater  is  stored  in  a  large 
tank,  wliere  it  can  be  drawn  off  as  required,  and  on  the  completion 
of  the  heat  run  the  oil  from  the  various  pieces  of  apparatus  is  again 
pumped  back  into  this  tank,  ."o  that  its  temperature  can  be  main- 
tained at  a  comparatively  small  cost. 

Another  saving  has  been  introduced  in  connection  with  the  use 
of  water  for  cooling  water-cooled  transformers.  One  of  the  con- 
ditions of  test  is  that  this  incoming  water  shall  be  maintained  at  a 
imiform  temperature  of  15'C.,  which  means  that  during  winter 
weather  every  gallon  used  must  be  raised  at  least  10  deg.  This  has 
ordinarily  been  accomplished  by  passing  it  tlirough  some  type  of 
heater,  allowing  it  to  escape  into  a  drain  after  acoompli.sliing  its 
purpose.  In  the  new"  equipment,  the  water  diseh.arged  from  each 
transformer  is  led  back  to  the  receiving  tank  and  mixed  witla  the  cold 
incoming  water  in  such  proportions  as  to  maintain  a  temperature 
of  15  deg.,  thus  saving  the  expense  just  mentioned.  Thermostats 
and  controlling  devices  automatically  maintain  this  uniform  tem- 
perature. 

To  eliminate  the  eflfect  of  low  power-factors  on  the  main  generating 
plant,  and  to  add  to  the  fle.viljility  of  tlie  testing  ecjuipment.  the 
two-jjhase  60  cycle  power,  as  origiuall.y  generated,  is  not  taken  from 
the  incoming  lines  until  it  has  passed  through  motor-generator  sets, 
these  sets  being  installed  on  the  floor  of  the  testing  room .  By  suitable 
excitation,  then,  the  power  factor  of  the  generating  station  is  main- 
tained at  a  remarkably  high  value,  usually  about  97  per  cent.,  while 
the  power  factor  of  the  testing  load  varies  between  10  to  -10  per  cent., 
averaging  not  over  25  per  cent. 

The  various  individual  testing  boards  are  jjrovided  with  similar 
sets  of  current  and  potential  transformers,  voltmeters,  aumieters  and 
wattmeters,  all  of  which  are  connected  to  special  switches  by  per- 
manent wiring.  These  arrangements  are  so  complete  that  the  man 
in  charge  of  a  test,  by  merely  operating  certain  switches,  can  measure 
any  loss  or  load  from  37  volts  to  15,000  and  from  0-5  to  500  amperes, 
at  power  factors  ranging  from  10  to  100  per  cent.,  while  frequencies 
of  25,  30,  10,  50,  60  or  80  can  be  obtained  at  a  moment's  notice.  All 
things  considered,  the  equipment  in  point  of  safety  to  life,  efficiency 
of  operation  and  general  arrangement  is,  so  far  as  I  know,  the  most 
complete  of  its  kind. 


A  LAST  WORD  ON  THl  NEW  "TELEFUNKEN  " 
SYSTEM. 

BY   GRAF  ARCO. 

When  The  Electrician  of  June  iHth  last  appeared  with 
the  vrticle  of  Herr  von  Lepel  on  p.  374,  I  was  away  and  could 
not,  therefore,  reply.  The  editor  of  The  P'j.eotkici.vn  was 
informed  of  thi-s  by  a  telegram  from  the  Telefiiiiken  Company. 

I  should  like  to  recur  to  this  and  answer  Herr  von  Lcpel's 
ollowing  three  statements.     According  to  Herr  von  Lepel  :  — 

1.  At  the  beginning  of  1907,  he,  Herr  von  Lepel,  showed 
Herr  Rendahl  and  me  his  transmitter  arrangement,  and  re- 
quested our  secrecy.     A  year  later,  under  the  name  of  "sing- 


ing sparks,"  the  Telefunken  Company  made  public  a  method 
taken  from  Herr  von  Lepel's. 

2.  The  similarity  between  the  ".singing  sparks  "  and  von 
Lepel's  arrangement  was  so  great  that  even  the  Telefunken 
engineers  in  their  laboratory  called  the  new  Telefunken 
arrangements  the  "Lepelei." 

3.  In  my  publications  I  had  knowingly  told  an  untruth  in 
not  only  ignoring  von  Lepel's  patents,  but  even  stating  I  had 
no  knowled.^e  of  his  apparatus. 

With  regard  to  No.  1  :  What  did  Herr  von  Lepel,  at  the 
beginning  of  1907,  really  show  Herr  Rendahl  and  me  ?  Herr 
von  Lepel  came  to  the  Telefunken  Company  to  offer  us  his 
new  generator  for,  as  he  alleged,  tuidaniped  oscillations,  and 
soon  after  showed  it  us  in  our  laboratory.  The  generator  con- 
sisted of  two  massive  iron  cylinders  of  about  2.5  cm.  in  dia- 
meter and  5  cm.  in  length,  the  front  surfaces  of  which  were 
ground  flat.  He  fed  it  by  a  continuous  current  at  220  volts, 
inserting  in  series  with  the  generator  an  iucande.scent  lamp, 
the  two  iron  cylinders  being  connected  at  the  same  time 
with  an  oscillatory  circuit  consisting  of  a  capacity  and  self- 
induction.  To  set  this  arrangement  in  action  the  front 
surfaces  were  smeared  with  a  liquid  (partly  a  special  oil, 
partly  a  solution  in  spirit)  and  then  put  very  close  to  one 
another.  (I  estimate  the  distance  at  considerably  less  than 
O'l  mm.)  After  troublesome  exj^eriments  and  regulation  we 
succeeded  in  producing  oscillations  for  some  minutes.  These 
were  recognised  by  the  tiash  of  a  small  incandescent  lamp  of 
about  10  to  20  watts,  which  under  the  most  favourable  circum- 
stances burnt  for  a  few  minutes  with  a  flickering  irregular 
light.  (I  should  here  like  to  remark  beforehand  that  also  the 
improved  generator  shown  us  two  or  three  months  later  by 
Herr  von  Lepel  in  his  house,  like  the  first,  showed  the  same 
incompleteness,  both  with  regard  to  difiSculty  in  the  regulation 
and  irregularity  of  working.)  Herr  von  Lepel  then  maintained 
that  the  electric  oscillations  were  undamped.  We  took  a 
wavemeter,  explained  to  Herr  von  Lepel  its  principle  .and  use 
in  taking  resonance  curves  .according  to  Bjerknes,  and  in  this 
way  ascertained  that  the  oscillations  produced  were  not  onlj- 
not  undamped,  but  even  more  strongly  damped  than  those  of 
normal  spark-exciters.  We  were,  therefore,  obliged  to  decide 
that  the  arrangement  was  unsuitable  for  telegraph}-,  on  the 
one  hand  on  account  of  the  irregularity  of  working,  and,  on 
the  other,  on  account  of  the  damping  of  the  oscillations.  We 
expressed,  however,  the  opinion  that  the  great  damping 
would  perhaps  be  admissible  for  telephony,  and  that  the 
arrangement,  therefore,  might  be  worth  consideration  for  this 
purpose. 

With  respect  to  the  possibilitj-  of  getting  the  arrangement 
patented,  1  remarked  on  the  following  points  to  Herr  von  Lepel : 
In  my  opinion  it  would  be  very  difficult  to  get  effective  patent 
protection  for  the  arraiigement  shown  us.  At  the  most,  only 
the  special  liquids  with  which  he  smeared  the  electrodes, 
would  come  under  consideration.  1  further  remarked  to  Herr 
von  Lepel  that,  in  spite  of  the  failures  so  far,  the  Telefunken 
Company  was  interested  in  the  matter  to  a  certain  extent, 
because  the  employment  of  a  continuous  low-tension  current 
for  feeding  would  have  been  serviceable,  and  the  improving  of 
the  arrangement  was  not  quite  out  of  the  question.  The 
Telefunken  Company,  therefore,  made  an  agreement  with 
Herr  von  Lepel  to  the  following  etl'ect : — 

For  a  few  hundred  marks  Herr  von  Lepel  liound  himself 
to  place  the  arrangement  at  the  disposal  of  the  Telefunken 
Company  for  several  weeks,  and  to  do  his  best  in  the  mean 
time  to  improve  the  arrangement, 

Within  this  time  of  option  Herr  Kendahl  and  I,  on  a  fresh 
invitation  from  Herr  von  Lepel,  went  to  see  him  in  his  own 
house,  because,  as  he  alleged,  the  arrangement  there  worked 
much  better.  We  found,  however,  the  same  stite  of  things  as 
above  mentioned,  with  the  only  exception  of  a  screw  attaclied 
to  the  gener.ator  for  its  better  regulation,  but  which  proved  to 
be  of  no  use  whatever. 

These  arc  all  the  technical  arrangements  .and  experiments 
the  Telefunken  Company  was  ever  shown  by  Herr  von  Lepel. 
I  sliouUl  like  to  state  most  emphatically  that  on  no  occasion 
were  we  shown  such  a  generator  circuit,  as  Herr  von  Lepel 
avers,  coupled  with  a  secondary  circuit,  not  to  speak  of  any 
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"  stosserregung  "  produced  by  it.  Never  was  a  secondary 
circuit  associated  with  a  generator  circuit,  and  Wien's  method, 
forming,  as  is  well  known,  the  principle  of  the  "  singing 
sparks,"  was  never  tried. 

With  regard  to  No.  2.  Do  the  Telefunken  Company's 
engineers  really  call  the  arrangements  for  producing  "  singing 
sparks"  the  "'Lepelei  "  ? 

I  have  expounded  under  No.  1  what  Herr  von  Lepel  showed 
us,  and  in  my  lecture  at  Cologne  I  described  the  apparatus 
with  which  the  Telefunken  Company  is  working  at  present. 
From  this  description  every  expert  will  understand  the  differ- 
ence in  the  technical  means,  and  will  never  believe  that  the 
Telefunken  Company's  engineers  called  the  "singing  sparks" 
the  "  Lepelei.''  But  as  Herr  von  Lepel,  at  the  end  of  his 
article,  plays  this  argument  .is  his  trump  card,  I  will,  unneces- 
sary as  it  appears,  add  a  few  words. 

I  feel  perfectly  convinced  that  Herr  von  Lepel  himself  does 
not  believe  the  exjtression  "  Lepelei  "  was  or  is  used  seriously 
for  our  present  system.  I  can  assure  Herr  von  Lepel  the 
assertion  has  caused  the  greatest  amusement  among  our  engi- 
neers, and  although,  as  I  find  is  true,  the  expression  was  used, 
and  rightly,  it  was  a  nick-name  of  a  decidedly  "uncompli 
mentary  "  nature,  temporarily  employed  by  some  disdainful 
engineers  at  the  time  when,  in  the  laboratory,  at  my  instiga- 
tion, a  generator  was  used  for  experimental  purposes  such  as 
Herr  von  Lepel  had  shown  us,  with  massive  iron  electrodes 
fed  by  a  continuous  low-tendon  current,  the  electrodes  smeared 
with  liquid.  It  is  perhaps  not  uninteresting  to  state  that  the 
residts  at  that  time  agreed  with  those  of  Herr  von  Lepel.  We 
succeeded  in  producing  oscillations  with  a  continuous  current 
at  440  volts  and  an  electrode  distance  of  about  O'OSmm.  ,when 
the  electrodes  had  been  smeared  with  oil  or  spirit.  The 
working  of  the  generator  was  very  uncertain  and  irregular, 
and  under  the  most  favourable  circumstances  stopped  at  the 
moment  when  the  liquid  covering  the  electrodes  was  ex- 
hausted. Though  the  oscillations  showed  a  very  considerable 
damping,  arc-like,  but  not  spark  like,  discharges  could  be 
noticed  when  a  proof-spark  gap  was  fed  by  the  excitation 
circuit.  With  this  arrangement,  which  has  justly  been  called 
the  "  Lepelei,"  the  discharges  of  the  condenser  take  place  at  a 
very  high  rate,  perhaps  some  10,000  per  second,  and  occasion- 
ally even  at  a  higher  rate.  In  connection  with  this,  one  might, 
perhaps,  try  to  give  a  definition  of  arc  and  spark-excitation 
serviceable  for  certain  purposes.  B}'  arc  excitation  one  might 
imderstand  that  method  of  producing  oscillations  by  which  the 
rate  of  condenser  discharges  is  equal  to  or  about  the  frequency 
of  the  oscillations  ;  by  spark-excitation,  that  method  by  which 
this  rate  is  considerably  less.  The  expression  "Lepelei"  did 
not  last  any  longer  than  this  short  experimental  stage.  We 
then  reverted  to  the  pure  "  Wien  "  method,  using  an  alter- 
nating high-tension  current  with  only  1,000  condenser  dis- 
charges at  an  oscillation  frequenc}'  of  more  than  100,000 — i.e., 
we  returned  to  a  pure  spark  method  with  considerable  inter- 
vals between  the  trains  of  oscillations  ;  we  constructed  spark- 
gaps  of  particularly  suitable  material  and  of  a  new  special 
form,  and  finally  transformed  all  the  apparatus.  In  short,  thus 
arose  the  new  Telefunken  system,  at  which  a  considerable 
number  of  very  able,  indeed  eminent,  engineers  had  been 
working  indefatigably  for  almost  a  year,  a  system  which  is 
described  in  numerous  German  patent  applications,  certain  of 
which  are  Ij  ing  open  now  at  the  patent  office.  Has  Herr  von 
Lepel  really  the  courage  to  claim  as  "Lepelei"  the  contents  of 
all,  or  at  least  part,  of  these  applications  ? 

With  regard  to  No.  3  :  Have  I,  in  my  publications,  know- 
ingly ignored  the  patents  granted  to  Herr  von  Lopel  in  the 
different  countries  ? 

First  of  all,  I  mentioned  the  French  i)atent  in  The  Elec- 
trician of  March  21,  p.  229,  and  expounded  the  reasons  why 
I  was  obliged  to  suppose  Herr  von  Lepel  now  no  longer  used 
this  apparatus.  Thispatentwas  mentioned  and  commented  upon 
also  in  my  lecture  at  Cologne,  It  is  true  that  I  did  not  mention 
Herr  von  Lepel's  German  application  lying  open  at  the  F'atent 
Office.  The  latter,  moreover,  is  taken  entirely  from  the  French 
patent,  so  that  any  special  mention  of  it  was  unnecessary,  even 
superfluous.  Nevertheless  I  h.ad  referred  t'l  it  in  my  notes. 
But  the  footnote  mentioning  Lepci's  (German  application  had 


been  struck  out  by  the  patent  oftico  of  the  Telefunken  Company 
because  the  criticism  of  a  German  application,  which  is  lying 
open  at  the  Patent  Office,  is  not  permitted  by  law,  vide 
Seligsohn :  "  Patentgesetz  p.  297,  and  Damme  :  "Das  deutsche," 
Patentrecht,"  p.  103. 

In  his  article  in  The  Electrician  Herr  von  Lepel  having 
mentioned,  regardless  of  the  Act  of  Parliament,  the  Telefunken 
Company's  German  patent  applications  lying  open  at  the 
Patent  Office,  and  translated  the  text  arbitrarily  into  English, 
has  thus  encroached  on  the  rights  of  the  Telefunken  Company, 
and  laid  himself  open  to  legal  proceedings. 

The  final  settlement  of  the  dispute  over  jiriority,  in  the 
legal  and  patent  question,  will  slowly  and  in  due  course  be 
made  by  the  German  Patent  Ofiice,  or  perhaps  in  a  court  of 
law.  The  examination  of  the  witnesses  for  the  gentlemen 
concerned  will  probably  bo  necessary,  but  the  result  will  be 
conclusive.  Herr  von  Lepel  has  raised  an  objection  to  a  great 
number  of  the  German  Telefunken  apjilications,  maintaining 
they  have  been  unlawfully  derived.  He  will  have  to  give 
reasons  for  this  assertion.  With  these  remarks  I  myself  irre- 
vocabl}-  decline  any  further  discussion  on  the  subject  in  the 
technical  press,  even  if  he  should  think  of  reproaching  me  with 
having  stolen  the  Bank  of  England  I  I,  however,  bind  myself 
in  The  Electrician  to  make  public  the  final  judgments  of  the 
German  Patent  Office,  and  eventually  of  the  German  Courts  of 
law  as  soon  as  they  are  given. 

After  thus  describing,  on  the  one  hand,  the  arrangement  of 
Herr  von  Lepel  that  we  tested  at  his  renewed  recjuest,  and,  on 
the  other,  in  my  lecture  at  Cologne,  those  arrangements  the 
Telefunken  Company  is  using,  the  expert  unprejudiced  reader 
will  be  able  to  judge  even  now  whether  Yon  Lepel's  imputa- 
tions are  just  in  accusing  Herr  Eendahl  and  me  of  unlawfully 
appropriating  his  system,  and  in  accusing  me  of  having  in  my 
publications  knowingly  ignored  the  truth. 

It  is  a  well-known  custom  of  Englishmen,  in  all  debates, 
never  to  allow  the  matter  to  become  personal.  Also  Herr  von 
Lepel  in  his  article  says  that  he  has  aimed  at  this,  but  whether 
with  success  is  an  open  question.  In  anj-  case  I  believe  I  am 
entitled  to  suppose  he  will  approach  this  ideal  much  nearer 
when  he  has  gone  through  a  10  years'  hard  and  exceptional 
experience  as  an  engineer  as  I  have  myself. 


THE  ELECTRIC  POWER  SUPPLY  OF  CHICAfiO. 

[ConcliiiJcJ  front  paijr  Ij'^d.) 
QUARRY-STREET  ST.\T!ON. 

Tlie  general  lay-out  of  the  Quarry-street  station  differs  somcwha; 
■from  that  of  the  Fisk-street  station  just  descrilicd.  Owing  tu  the 
iianiiwer  site  tlie  boilers  are  in  two  parallel  rows  instead  of  the 
equipment  for  each  unit  extending  at  right  angles  to  the  turbine 
room  as  at  Fisk-street.  For  the  same  reason  the  switch  house  is 
included  in  the  station  building  instead  of  being  a  separate  stru.cturo 
as  at  the  older  station.  Although  the  Fisk-street  station  now  has  a 
record  of  steam  consumption  of  12-94  lb.  per  kilowatt -hour,  never- 
theless it  is  expected  that  the  efficiency  of  the  new  station  as  a  whole 
will  be  better  than  that  of  its  more  inqjosing  neighbour. 

X  general  idea  of  the  arrangement  of  the  plant  can  be  obtained 
from  Figs.  17  and  18.  Completed  as  |)lanneci.  the  iiuilding  will  be 
463  ft.  long  and  208  ft.  wide,  and  will  contain  six  14.000  kw.  units. 
The  i)i)rtion  now  built  is  a  little  over  half  of  this,  or  about  270  ft. 
lona  and  of  the  width  mentioned,  and  three  14,000  kw.  turbo-alter- 
nators have  been  installed.  The  station  comprises  four  sections, 
separated  by  fire  walls,  and  extending  longitudinally  the  whole 
length  of  the  building.  These  are  the  train  shed,  on  the  north  side. 
where  the  coal  cars  are  received,  next  the  boiler  room,  then  the 
turbine  room,  while  the  switch  house  forms  the  southern  section. 
In  the  south-west  corner  is  the  Quarry-street  substation,  while 
various  offices,  lavatories,  test  rooms  and  the  like  are  provided. 
Elaborate  provisions  for  the  welfare  of  the  men  arc  not  needed, 
owing  to  the  proximity  of  the  Fisk-street  station.  The  turbine 
room  in  ])articular.  over  60  ft.  high,  impresses  one  by  its  size  ;  it 
contains  the  largiwl  prime  movers  in  the  world  in  point  of  ratmg. 
but  they  do  not  look  large  in  it. 

The  operating  room  or  gallery  is  in  the  switch  house.  Init  extends 
through  into  the  t\irbine  room  with  a  curved  gla.ss  front.  It  will  hi 
in  the  centre  of  the  southern  wall  of  the  turbine  room  when  com- 
pleted  and   about   .'!.')  ft.    above   the   floor.     From   this   point   the 
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operator  can  .survey  not  only  the  generating  uiiilK,  but  also  the 
accessories,  snch  as  boiler-feed  pumps,  oil  pumps,  oil  Hltere,  &c., 
which  are  not  placed  in  a  dark  corner  of  the  boiler  room,  as  is  some- 
times the  case.  The  turbine  room  is  finished  in  wliite  enamelled 
brick.  There  is  a  visitors'  gallery  running  along  the  north  wall, 
and  another  interesting  feature  is  a  permanent  railroad  track  ex- 
tending for  the  whole  length  of  the  building  between  the  row  of 
turbines  in  tlie  centre  and  the  south  wall  of  the  room. 

The  Quarry-street  station  may  be  said  to  embody  the  very  latest 
advances  in  electric  power-house  design.  These  arc  : — (1)  The  size 
of  the  units,  said  to  be  the  largest  prime  movers  in  use  in  the  world. 
(2)  The  ventilation  of  these  units  is  entirely  new.  (,3)  The  degree  of 
vacuum  obtainable  in  winter  is  actually  98  per  cent,  of  the  absolute 
zero  of  pressure.  (4)  By  a  boiler  setting  new  to  central  station 
power-house  design  practically  smokeless  combustion  is  secured. 
(5)  The  plant  will  require  a  minimum  of  labour.  (6)  A  split-pole 
rotary  converter  is  installed  (said  to  be  the  first  machine  of  its  type). 
(7)  Electrical  connections  in  the  switch  house  are  compact  and 
comparatively  simple,  with  several  new  features,  including  specially 
designed  disconnector  switches  at  the 
base  of  the  oil  switches  which  add 
much  to  the  safety  of  operation. 

Arranged  in  two  rows  parallel  to 
the  turbine  room  are  eight  watertube 
Babcock&  Wilcox  boilers  for  each  tur- 
bine unit.  Each  boiler  has  5,000  sq.  ft. 
of  heating  surface,  exclusive  of  the 
superheating  surface.  The  boilers  are 
designed  for  225  lb.  gauge  pressure  and 
for  a  maximum  steaming  capacity  of 
35,000  lb.  per  hour.  The  superheater 
is  designed  to  give  from  150°F.  to 
1751".  of  superheat  when  the  boiler  is 
operated  at  30,000  lb.  of  steam  per 
hour. 

As  mentioned  above,  the  boiler 
setting,  it  is  stated,  represents  a 
new  departure  in  power-house  de- 
sign adapted  from  recent  marine 
practice.  The  furnace  is  placed  under 
That  is  ordinarily  the  rear  header  of 
the  boiler.  This  arrangement  makes 
a  somewhat  higher  setting  than  usual, i 

but  it  enables  considerable  improvement  to  be  made  in  boiler 
efficiency.  It  embodies  the  idea  of  a  long  flame  chamber  expand- 
ing in  volume  to  aid  combustion,  as  opposed  to  the  old  practice  of  a 
short  flame  chamber  and  contraction  in  volume,  which  prevented  com- 
plete combustion.  Owing  to  the  greatly  increased  size  of  the  combus- 
tion chamber,  complete  combustion  is  obtained  before  the  hot  gases 


generators.  The  spced'of  ojieration  is  7-50  revs.  ]>cr  min.,  and  the 
units  are  rated  at  14,000  kw.  on  the  new  maximum  continuouB 
rating  ;  that  is,  for  24-hour  service.  The  machines  stand  about 
27  ft.   above  t\u-  floor.      [ncluc'ing  the  conden-sers  in  the  basement, 
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Fio.  17. — Ckoss-skctional  V'iew  of  Qtjakky-stkeet  Station. 


the  entire  height  of  each  unit  is  31?  ft.  4  in.,  while  the  diameter  is 
14ft.  Sin.  The  turbines  are  arranged  in  right  and  left  order,  and 
between  them  are  placed  the  auxiliaries. 

The  condensers  are  arranged  horizontally  in  the  basement  and 
are  situate  two-tlm-ds  under  their  respective  turbines  and  one- 
third  to  the  right  or  left  under  the  space  used  on  the  floor  above 


18. — Elevation  of  Turdink  Room,   Quarry-street  Station. 


<:ome  in  contact  with  the  heating  surfaces  of  the  boiler.  Thus,  the 
operation  of  the  plant  is  practically  smokeless,  while  tlie  efficiency  of 
thejboiler  is  increased  and  there  is  a  distinct  advance  in  economical 
working. 

The  turbo-alternators  now  in  use  consist  of  five-stnge  Curtis  steam 
turbines  direct  coupled  by  means  of  a  vertical  shaft  to  General 
Electric  9,000-volt,  tliree-phase,  25-cycle,  four -pole,  revolving-lield 


for  [^auxiliaries.  This  is  a  new  and  important  development,  for 
it  contributes  greatly  to  the  absolute  steadiness  of  running  which 
is  so  greatly  desired.  Each  condenser  has  25.(XK>  sq.  ft.  of 
surface. 

As  to  the  means  adojited  to  secure  ventilation  of  the  generators : 
in  the  basement  s  a  specially  constructed  air  chaml)er  connected 
with  the  outside  air.     .4  great  elliptical  air  duct  equal  in  area  to  a 
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cii'cle  of  more  than  6  ft.  in  diameter,  whieli  leads  from  this  eliamber 
to  the  top  of  the  turbo-generator,  is  a  very  conspicuous  featuie  of  the 
machine.  Vanes  are  placed  on  the  encased  revolving  field  core, 
which  thus  acts  as  a  gigantic  fan  and  draws  air  through  the  duct, 
thoroughly  ventilating  all  parts  of  the  machine.  Tlie  heated  air  is 
blo«"n  out  through  the  laminations  of  the  stationary  armature  and 
rises  to  the  top  of  the  turbine  room,  where  there  are  numerous 
window  openings.  This  arrangement  necessarily  takes  up  a  good 
deal  of  space,  but  it  is  sim])le.  automatic  and  very  I'tTective. 

In  the  main  shaft,  between  the  turbine  and  the  generator,  is 
inserted  a  flexible  friction  coupling  which  in  the  case  of  a  short- 
circuit  or  the  machine  getting  out  of  phase  yields  to  the  stress, 
thereby  protecting  the  unit  from  serious  injury.  This  is  another 
new  feature,  tried  for  the  first  time  in  the  Quarry-street  station. 

Excitation  of  the  main  generators  lias  been  most  carefully  pro- 
vided. For  the  .six  ultimate  units  five  150  kw.  exciters  will  be 
installed,  three  driven  by  horizontal  Curtis  steam  turbines  and  two 
by  25-cycle.  220-volt  induction  motors.  In  addition  there  is  an 
excitation  storage  battery  of  70  cells  in  the  basement,  whilst  in  an 
emergency  the  split -pole  rotarj-  converter  of  the  substation  could 
also  be  used  for  excitation. 

Two  switchboards  are  placed  on  the  turbine-room  floor.  One  is 
for  the  exciters  and  the  storage  battery,  a  feature  being  that  all  the 
motor-operated  rheostats  are  placed  on  top  of  the  board  in  plain 
view.  The  other  board  is  for  the  distribution  of  energy  for  the 
local  115-2,'50-volt,  three-wire,  direct -current  service.  The  six  leads 
from  each  of  the  generators  are  in  tile  ducts  cemented  in.  They 
follow  the  under  side  of  the  air  duct  down  to  the  basement  and 
continue  to  the  switch  house  adjoining. 

The  switch  house  has  two  storeys  and  basement,  with  the  addition 
of  a  third  storev  in  the  lonaitudinal  centre  of  the  ultimate  building 
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Fig.  10. — Load  Diagram,  April  27,  1909. 

for  the  operating  switchboard  room.  The  second  storey  contain 
the  high-tension  oil  switches,  while  the  'bus-bars  and  other  high- 
tension  connections,  together  with  the  instrument  transformers,  are 
located  on  the  first  floor.  Four  9,000-volt  units  of  switch  equip- 
ment, each  with  eight  transmission  lines,  are  accommodated  in  the 
present  switch  hou.se,  while  the  arrangement  is  such  thai  20.01)0- volt 
'bus-bar  and  switch  equipment  may  be  installed  in  the  future  with- 
out difficulty  should  the  development  so  require.  Provision  is  made 
to  operate  all  units  in  parallel  or  separately  with  certain  units  at  the 
Fisk-street  station,  two  connecting  feeders  being  installed,  each 
capable  of  transmitting  at  least  12,(X)0  kw.  The  basement  and  the 
first  floor  are  divided  for  their  entire  length  into  three  chambers. 
but  the  second  floor  contains  all  the  oil  switches  for  four  switch  units 
in  one  room.  The  oil  switches  are  arranged  in  two  rows,  one  for 
group  or  tie  switches  between  the  generator,  transfer  and  line  "bus- 
bars, and  the  other  for  the  outgoing  high-tension  transmission  lines. 
Eight  switches  are  built  together  in  each  row  to  insure  stability  and 
economise  space. 

•Simplicity  in  design  characterises  the  high-tension  'bus-bars  and 
their  connections  and  compartment.s.  All  'bus-bars  are  arranged 
in  vertical  position,  each  conductor  being  confined  to  a  special  fire- 
proof compartment  and  sup|Mirted  on  porcelain  insulators.  All 
'bus-bar  barriers  and  shelving  are  made  of  "  Elecrete."  a  new  form 
of  concrete  designed  for  electrical  use.  -All  copper  bars  and  rods. 
properly  insulated,  are  separated  by  barriers,  and  the  instrument 
transformers  are  likewise  contained  in  "'  Klecrete  "  compartments 
with  «pe';ial  chambers  for  fuses  within  easy  reach. 

The  generator  leads  for  each  phase,  consisting  of  1,000.000  circ. 
mil  lead-covered  cables,  after  leaving  the  series  transformers,  arc 


taken  to  thd  generator  and  transfer  bus-bar  oil  switches,  enabling 
ejiergy  to  be,  furnished  to  the  fecdeis  of  any  switching  unit.  The 
transfer  "bus-bar  is  locatediabove  the  generatoi'  'bus-bar  on  tlie  same 
wall  and  rims  throughout  all  switching  units,  sectionalised  at  certain 
points  by  means  of  oil  switches.  Avliile  the  generator  'bus-bar  is 
individual  for  each  imit.  The  line  "bus-bars  are  two  in  number  for 
each  switching  unit,  with  foiu'  transmission  lineaconnected  to  each  bar. 
The  operating  room,  on  tlie  third  lloor  of. the  switch  house,  hut 
also  opening  into  the  tiubine  room,  contains  all  switchboards  for 
the  operation  of  generatoD?  and  lines.  Machine  control  and  line 
control  are  effected  on  two  distinct  boards  arranged  in  curved  form 
and  nearly  opposite  each  other.  This  gives  the  switchboard  attend- 
ant an  unobstructed  \'iew  of  all  meters  and  controlling  instruments. 
He  is  also  in  position  to  take  a  general  survey  of  the  whole  tiubine 
room.  .\11  oil  switches,  generator  field  switches  and  field  rheostats 
are  remote-controlled  by  means  of  an  auxiliary  low-tension  system 
operating  at  115  volts. 

A  local  substation  with  the  usual  arrangement  of  transformer, 
rotary  converter  and  switchboard  is  placed  on  the  first  floor  at  the 
west  end  of  the  switch  house.  It  is  of  unusual  interest  because  it 
contains,  in  commercial  service,  what  is  said  to  be  the  first  experi- 
mental split-pole  rotary  converter  ever  built.  This  tyi)e  of  machine 
does  away  with  the  jjotential  regulator,  and  was  described  in  a  Paper 
by  Mr.  C.  W.  Stone  in  The  Electrician.  April  24.  1908,  p.  57.  In 
any  synchronous  converter  the  direct-current  voltage  has  a  definite 
ratio  with  respect  to  the  alternating-current  voltage  impressed  u]Hin 
the  collector  rings  and  this  can  be  varied  within  certain  limits  by 
changing  the  width  of  the  pole  arc.  The  function  of  the  regulating 
pole  is  to  vary  the  width  of  this  arc  and  hence  the  ratio  of  alternating 
to  direct -current  E.M.F.  by  assisting  or  opposing  the  flux  in  the  main 
pole.  The  machine  is  of  500  kw.  rating.  The  output  is  used  at 
present  for  supplying  energy  to  lamps  and  motors  in  the  station. 
Energy  is  used  also  for  charging  the  battery. 

Unusually  complete  fire  protection  is  afforded  at  the  Quarry-street 
station.  A  1,000  gallon.  125  lb.  centrifugal  motor-driven  fire  pump 
delivers  water  to  a  permanent  piping  system,  with  hydiants  placed 
at  convenient  points  about  the  buildmg  and  property.  The  piping 
system  has  a  further  connection  to  the  river,  by  which  a  fire  boat 
could  force  water  through  it.  In  addition,  there  is  a  similar  connec- 
tion on  the  street,  to  which  fire  engines  could  be  attached.  More- 
over, the  building  is  as  nearly  fireproof  in  construction  as  human 
ingenuity  can  make  it. 

In  conclusion,  we  may  refer,  to  Fig.  19,  which  shows  the  total  load 
on  the  system  for  April  27th  last.  It  will  be  seen  that  betweiii 
7  a.m.  and  10:.30  p.m.  the  load  never  fell  below  50.000  kw..  whilst 
reaching  a  maximum  of  only  76.700  kw..  conditions  which  must  he 
considered  almost  unique  in  electricity  su])))ly.  It  is  also  of  interest 
to  compare  thisdiagram  with  Fig.  1,  which  shows  the  load  for;  dayin 
December  last.and  an  estimate  can  thenbe  madeof  the  light  ing'peak." 
The  description  of  theCliicago  electric  po>ver  supply  given  above 
is  taken  from  articles  which  have  appeared  in  the  "Electrical 
World."  whilst  some  of  the  illustrations  are  from  Mr.  Philip 
Dawson's  forthcoming  b.ink  on  "Elcetrir-  Traction  on  Pailwav--^- 


Electric  Pumping  for  Irrigation. — Aeeordinn  to  the  "  Elec- 
trical World  "  the  water  for  the  canal  and  ditches  forming  tiie 
irrigation  system  lound  Mercedes,  Texas,  is  pumped  from  tht. 
Rio  Grande  by  means  of  eleitrical  energy  which  is  supplied 
from  a  central  power  plant  situated  in  the  town  of  Mercedes, 
7  miles  from  the  pumping  station.  The  Mercedes  plant  will 
he  one  of  the  largest  electrical  [jumping  irrigation  systems  in 
the  world  when  the  plans  are  fully  carried  out.  Water  will 
be  supplie<l  for  more  than  :300,000  acres  of  land,  situated  in 
the  valley  of  the  lower  Rio  Grande.  The  central  power  plant 
at  present  generates  at  G.OOO  volts,  the  three-phase  currents 
being  transmitted  to  the  pumping  station  situated  upon  flu- 
hank  of  the  river,  7  miles  distant,  wlierc  they  operate  an 
induction  motor-driven  pump,  which  has  a  capacity  of  DO, 000 
gallons  per  minute.  The  equipment  of  the  central  power 
plant  consists  of  two  generators  of  :!00  kw.  each  and  a  1-5  kw. 
lighting  set  for  supplying  the  town  of  Mercedes,  when  the 
main  sets  are  shut  down.  The  main  canal  of  this  system  is 
alre.ady  completed  for  many  miles  across  the  valley  land,  and 
carries  a  stream  of  water  14-")  ft.  wide  and  10  ft.  deep.  The 
canal  is  capable  of  being  navigated  liy  Ijarges  aiul  boats. 
There  are  a  nunilier  of  other  small  cleotiic  pumjjing  plants 
along  the  upper  course  of  the  Rio  Gran<Ie  river,  paiticularly 
in  the  vicinity  of  Laredo,  where  a  number  of  farmers  receive 
electrical  energy  for  operating  their  respective  pumping 
statiDns  from  the  electric  power  plant  in  the  town. 
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ELECTRICAL  EQUIPMENT  OF  THE  NEW  BUILDING. 


{Con.liKkdfr 
Electrical  Engineering  Lat;oratorv. 
The  new  electrical  engineering  laboratory  (Fig.  13)  has  not 
been  inaptly  termed  the  focus  of  all  the  electrical  systems  in  the 
building.  It  is  a  wide  airy  room  measuring  76  ft.  by  22  ft., 
in  which,  as  mentioned  above,  are  placed  the  main  switches 
and  meters  controlling  the  supply  of  alternating  and  direct 
current  from  the  city  mains  for  both  lighting  and  power,  as 
well  as  distributing  switches  and  the  starting  gear  for  the  main 
ventilating  fans,  while  the  main  lighting  switchboard  is  just 
outside  this  laboratory.  The  controlling  pendulum  for  the 
electrically  worked  clocks  and  the  machine  which  controls 
the  ringing  of  the  college  bell  (already  described)  are  also  placed 
here,  and  are  directly  under  the  control  of  the  professor  of 
electrical  engineering.  Most  of  the  electrical  experimental 
plant  of  the  college  is  installed  in  this  laboratory,  but  a  large 
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various  properties  of  electrical  machinery.  In  thi.s  connection 
we  may  draw  attention  to  a  very  complete  system  of  hand- 
rails which  is  provided  to  prevent  accidental  contact  between 
students  and  machinery.  These  hand  rails  are  .so  arranged 
that  they  can  be  withdrawn  when  a  close  inspection  of  the 
machinery  is  necessary,  but  when  it  is  running  they  are  fbced 
in  place  and  prevent  any  accidents.  Owing  to  the  arrange- 
ment of  the  terminals  mentioned  above,  all  measuring  instru- 
ments and  controlling  apparatus  are  placed  at  some  distance 
from  the  machine,  so  that  the  experiments  can  be  carried  out 
with  a  maximum  of  ease  and  a  minimum  of  danger. 

The  experimental  machines  erected  in  this  laboratory  in- 
clude a  four-pole  open-type  dynamo,  by  Mavor  &  Coulson,  with 
shunt-wound  fields.  Its  rated  output  as  a  motor  is  f>  h.p.  at 
500  volts,  or  2 J  h.p.  at  250  yolts,  the  speed  being  1.2U(J  and 
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amount  of  machinery  which  is  in  daily  use  throughout  the 
building  for  various  purposes  is  also  available  for  the  students 
to  work  on.  Such  apparatus  includes  two  2.5  kw.  dynamos  in 
the  engine  room,  a  15  h.p.  motor  with  an  automatic  starter 
in  the  engineering  workshop,  ventilating  funs,  and  the  lift  and 
Various  other  motors. 

'I'he  main  part  of  the  equipment  for  demonstrating  the 
iharactetlstics  of  the  chief  types  of  machines,  and  their  be- 
haviour when  running,  consists  of  seven  machines  set  with  their 
shafts  in  line,  and  arranged  so  that  any  two  or  more  adjacent 
ones  may  be  coupled  together  mechanically.  An  arranuement 
of  terminals  (Fig.  15)  similar  to  that  described  below  for 
tlie  battery  system  is  also  available  in  this  laboratory,  banks 
of  these  terminals  being  placed  opposite  each  machine  on  the 
wall,  so  that  any  desired  electrical  connections  can  easily 
be  made.  Easy  control  is,  therefore,  obtained  while  an 
almost  total  absence  of  loose  wire  is  another  much-to-be-de- 
sired result.  Several  extra  attachments  on  the  machines,  in- 
cluding a  special  brake,  provide  an  exceptionally  good  oppor- 
tunity for  studying  thoroughly  and  measuring  accurately  the 


600  revs,  per  min.  This  machine  was  specially  built  for  use 
in  the  college.  Its  armature  is  .provided  with  six  slip-rings, 
so  that  one.  two,  three  or  four-phase  currents  may  be  obtained, 
or  it  may  be  driven  as  an  alternating-current  motor,  and  thus 
used  as  a  rotary  converter.  It  is  lifted  with  two  exploring 
coils  for  use  with  the  oscillograph.  One  of  these  shows  the 
distribution  of  the  tlux,  and  how  the  armature  reaction  changes 
this  with  the  load.  The  other  is  a  new  type  of  indicating  coil, 
by  means  of  which  the  changes  of  the  current  in  an  armature 
coil,  while  it  is  short-circuited  by  the  brushes,  can  be  studied 
without  sensibly  affecting  the  normal  conditions  of  the  arma- 
ture circuits.  A  pair  of  exploring  brushes  can  be  moved  round 
the  commutator  by  means  of  a  separate  rocker,  and  are  used  to 
demonstrate  the  effect  of  armature  reaction  in  modifying  the 
distribution  of  voltage  from  segment  to  segment.  An  instan- 
taneous contact  device  is  attached  to  the  shaft  for  lindinsi  wave 
forms  by  the  point-by-point  method.  This  method  is  used 
as  a  check  on  that  of  the  oscillograph,  but  has  not  been  other- 
wise much  used  since  the  latter  was  introduced. 

The  brake  mentioned  above  for  use  with  these  machines 
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is'of  the  Thomson  ])ull('y  type,  thouuh  iiioatly  improNH-d  as 
regards  ease  of  adjustnu'ut  and  accuracy  of  nieasurenu>nt.  By 
its  means  it  is  said  that  the  mechanical  output  can  l>e  measured 
vdth  at  least  as  great  an  accuracy  as  the  electrical  input. 

The  ne.it  machines  in  this  laboratory  are  two  eiaht-pole  si.x- 
phase  alternators  fixed  on  one  bedplate,  and  made  by  the  Elec- 
tric Construction  Co.  These  each  give  an  output  of  3  k\v. 
at  50  volts  per  phase  and  a  frequency  of  93  per  second.  The 
stator  of  one  of  them  is  mounted  on  ball  bearings,  and  i.s  pro- 
vided with  a  lever  for  nieasurinsi  the  torque.  The  two  may  be 
coupled  together  and  run  as  generators  driven  by  either  of  the 
adjacent  machines,  or  one  may  act  as  generator  and  the  other 
as  motor  for  a  Hopkinson  test,  or  one  may  be  synchronised 
with  the  city  mains  and  run  as  a  motor  therefrom.  There  are 
two  over-type  machines  with  shunt-wound  fields  and  a  rated 
output  of  40  amperes  at  10.5  volts,  made  by  the  Newton  Elec- 
trical Works,  as  well  as  a  four-pole  variable  speed  ventilated 
motor  by  Messrs.  Mavor  &  Coulson,  and  a  Manchester-type 
djitamo  by  Messre.  Mather  &  Piatt,  which  can  be  experimented 
upon  by  the  students  and  their  various  properties  put  on  record. 


without  undue  nuitual  interference.  There  can  be  no  manner 
of  doubt  that  it  is  perfectly  adequate  to  take  its  place  as 
part  of  the  Faculty  of  Engineering  in  the  new  Bristol 
I'niversity. 

The  battery  house  which  adjoins  the  electrical  engineering 
laboratory  contains  the  three  batteries  mentioned  below,  and 
which  have  been  supplied  by  the  Electrical  Power  Storage  Co. 
The  positive  battery  contains  10  E.P.S.  1)H  11  cells,  having  a 
normal  discharge  current  of  CO  amperes  for  seven  hours,  or  175 
amperes  for  one  hour.  The  normal  and  maximum  charging 
currents  are  GO  and  90  amperes  respectively.  The  middle  battery 
has  15  and  the  negative  one  35  E.P.S.  8H  7  cells,  the  normal  and 
maximum  discharge  for  these  being  25  amperes  for  seven  hours 
or  78  amperes  for  one  hour,  while  the  normal  and  maximum 
charging  currents  are  '27  and  lU  amperes  respectively. 

Engi.ne  .\xd  Testing  Room. 
There  is  a  certain  amount  of  interesting  plant,   from  the 
electrical  point  of  view,  in  the  engine  and  testing  room  (Fig.  14). 
A  reciprocatint!  steam  enaine  and  a   De  Laval  steam  turbine 


There  are  also  a  ni;m))cr  of  .small  machines  in  tlie  lubor^  tory, 
indudiuL'  3  h.p.  and  ',  h.p.  Siemens  motors,  and  two  three- 
phase  induction  Brush  motors.  A  transformer  by  Messrs. 
C'rompton  &  Co.  is  also  erected,  and  steps  up  the  voltage 
from  105  to  1,500  volts.  The  laboratory  is  ai.so  well  provided 
with  o.scillograph,  meters  and  galvanonu'ters  and  other 
measurinj;  instruments.  The  galvanometers  are  arranged 
on  special  pillars  to  avoid  vibration,  and  are  erected  in  pairs. 
the  beams  crossing  each  other  and  impinging  on  scales  placid 
opposite  them  on  a  triangular-shaped  bench.  Adjoining  the 
laboratory  is  the  photometer  room,  in  which  electric  lamps 
can  be  tested.  It  is  funiLshed  with  standard  lamps,  a  Wright 
steel-tube  photometer  bench  and  photometers  of  various  types. 
The  potentiometers  for  measuring  the  current  and  voltage  arc 
placed  in  the  main  laboratory,  and  the  students  working  them 
can  be  communicated  with  through  windows. 

This  electrical  laboratory,  a  general  view  of  which  is  given 
in  Fig.  13,  is,  as  will  be  seen,  well  equipped,  and  is  so  arranged 
that  a  large  number  of  students  can  work  in  comfort  and 


are  installed  at  one  end.  with  thi'ir  auxiliary  pumps  and  iieces- 
.sary  te.sting  appliances.  The  other  end  is  occu])ied  by  ma- 
chinery which  is  used  for  testing  materials. 

The'  experimental  engine  is  of  the  horizontal  compound 
condensing  type,  and  is  built  in  such  a  way  that  a  number  of 
expeiimental  determinations  can  be  carried  out  on  it  by 
.students  under  working  conditions  :  its  capacity  is  60  H.i-. 
when  running  at  140  revs,  per  niin.  The  high-pressure  cylinder 
is  fitted  with  patent  drop-valve  gear,  and  the  low-pressure 
cvlinder  with  gear  of  the  well-known  Corliss  type.  The  De 
Lava!  steam  turbine  is  of  10  h.p.  capacity  and  runs  at  20,(X)0 
revs,  per  min.  It  is  fitted  with  a  reducing  gear  and  a  friction 
brake,  and  is  arranged  to  exhaust  either  into  the  atmo.spherc 
or  to  the  surface  condenser.  The  steam  for  this  engine  is 
supplied  by  a  Babcock  &  Wilcox  water-tube  boiler,  and  whence 
it  is  passed  either  directly  to  the  engine  or  through  a  super- 
heater. Arran>;enients  have  been  made  for  testing  the  com- 
position of  the  Hue  gases,  while  the  flue  temperatures  are  in- 
dicated by  an  electrical  pyrometer. 
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The'electrical  plant  in  the  ongino  room  forms  an  cxpori- 
mental  lighting  and  power  station,  where  senior  students  may 
become  familiar  with  the  running  of  the  plant  under  actual 
working  conditions.  Two  four-pole  dynamos,  built  by  Mavor 
&  Coulson,  have  been  erected,  and  these  supply  120  amperes 
at  210  volts  when  running  at  9(10  revs,  per  miu.  The  switch- 
gear  for  controlling  these  is  fitted  on  a  special  switchboard, 
and  consists  of  the  usual  circuit-breakers,  fuses,  shunt  regu- 
lators and  measuring  instruments.  This  switchboard  contains 
apparatus  so  that  each  machine  can  work  on  its  ow)i  load 
separately,  or  be  connected  in  parallel  or  in  series  as  required. 
In  this  way  power  at  500  volts  can  be  supplied  to  the  electrical 
enaineering  laboratory,  or  the  voltage  can.  be  adjusted  to  any 
other  value  which  may  be  required  for  experimental  purposes. 
Current  for  Experimental  Purposes. 

Special  circuits  for  the  supply  of  alternating  current  for 
experimental  purposes  to  the  various  lecture  rooms  have  been 
provided.  At  each  feeding  point  a  three-pole  switch  is  fitted 
which  controls  the  current  to  three  .special  terminals,  from 
which  alternating  current  at  a  voltage  of  210  or  10-5  volts  can 
be  supplied  as  desired.  These  circuits  arc  quite  independent 
of  the  main  lighting  and  power  supply  in  the  building,  and  there- 
fore any  interference  or  irregularity  in  the  latter  through  e.xperi- 
mental  work  being  suddenly  thrown  on  or  taken  off  is  avoided. 
In  addition,  six  terminals  are  connected  to  the  batteries  men- 
tioned below. 
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Three  batteries  are  also  provided  for  use  on  experimental 
work.  One  of  these  has  a  maximum  discharge  rate  of  175 
amperes,  and  consists  of  10  cells  with  two  intermediate  tap- 
pings. The  other  two  batteries  consist  of  15  and  35  cells 
respectively,  and  have  a  maximum  discharge  rate  of  78  am- 
peres. These  three  batteries  are  usually  connected  in  series. 
thus  giving  a  total  E.M.F.  of  120  volts,  and  from  them  a 
six-wire  .system  is  taken  to  the  electrical,  engineering,  mecha- 
nical and  physical  laboratories,  as  well  as  to  the  lesser  hall  and 
science  lecture  theatres  and  the  advanced  chemical  laboratory 
and  lecture  theatre.  The  great  hall  is  also  supplied  with  cur- 
rent from  this  battery.  All  these  circuits  may  be  disconnected 
fiom  the  battery  and  coiinnected  to  any  of  the  machines  in  the 
electrical  engineering  laboratory  or  engine  room,  when  any 
special  requirement,  such  as  polyphase  current,  is  desired  in 
any  of  the  above  mentioned  rooms.  The  six  terminals  con- 
nected to  the  battery  at  each  point  are  marked  with  their 
normal  potential  to  earth — viz.,  0,  4.  10,  20,  .50  and  120  volts 
respectively.  The  P.I),  between  any  pair  is  obtained  by 
taking  the  difference  between  the  numbers  nuirked  on  them,  so 
that  14  voltages,  varying  between  4  and  120  volts,  are  obtain- 
able, and  the  most  suitable  E.M.F.  for  any  expi-riment  can 
be  chosen.  The  terminals  used  for  this  purpose  are  of  special 
design,  and  are  due  to  Prof.  D.  Robertson,  professor  of  elec- 
trical engineering  in  the  college.  What  may  be  called  the 
'■  permanent  connections  "  are  made  to  the  backs  of  the  ter- 
minal blocks,  which  fit  loosely  into  special  porcelain  troughs. 


so  that  each  terminal  is  ade(|uately  separated  from  the  next 
one  to  it.  but  is  easily  withdrawn  when  the  wires  are  discon- 
nected. The  terminal  proper  consists  of  a  block  of  metal, 
which  is  drilled  and  fitted  with  two  terminal  screws.  Into 
the  channel  thus  provided  the  experimental  wires  can  be  in- 
serted and  screwed  up.  and  current  thus  taken  off  to  any 
desired  point.  This  terminal  plug  has  been  the  result  of  a  good 
deal  of  experience,  and  fulfils  in  the  best  way  possible  the  many 
requirements  of  laboratory  work,  where  many  temporary 
coinieetions  have  perforce  to  be  made. 

The  arrangement  of  the  six  wires  mentioned  above  is  dif- 
ferent in  the  various  places.  In  the  electrical  engineering 
laboratory  all  six  wires  are  taken  to  every  point,  in  the  ad- 
vanced chemical  laboratory  the  first  four  only  are  taken  to 
the  benches,  while  in  the  physical  laboratory  pairs  of  terminals 
are  fixed  to  the  benches  and  are  connected  to  a  terminal  board, 
where  all  six  wires  are  available  and  where  they  may  be  con- 
nected to  any  pair.  The  four  wires  in  the  combustion  com- 
partment of  the  chemical  laboratory  can  be  connected  in 
parallel  when  extra  large  currents  are  required  for  use  with 
an  electric  furnace.  It  \vill,  therefore,  be  seen  that  it  is  prac- 
tically possible  to  obtain  at  a  large  number  of  points  through 
the  building  electric  currents  at  very  widely  varying  voltages, 
and  even  of  different  kinds,  while  at  the  same  time  the  ordinary 
circuits  for  lightinc:  and  power  are  left  undisturbed.  This 
marks  a  very  distinct  step  forward,  and  makes  the  electrical 
installation  at  the  Merchant  Venturers'  Technical  Collesie  of 
very  great  interest,  and  a  distinct  landmark  in  the  equipment 
of  technical  institutions. 

The  wiring  work  and  general  installation  in  connection  with 
the  electrical  equipment  of  the  college  has  been  carried  out  by 
Messrs.  Reynolds  &  Bradwell.  of  Birmingham,  to  the  designs 
of  Prof.  Robertson. 

COXCLUSIOX. 

It  will  be  seen,  therefore,  that  not  only  has  iireat  care  been 
taken  to  provide  up-to-date  lighting  and  power  instal- 
lations for  the  general  work  of  the  College,  which  can, 
if  necessary,  be  tested  by  the  students  without  trouble,  but, 
as  regards  the  electrical  part  of  the  work,  endeavours  Lave  been 
made  so  to  equip  a  series  of  experimental  circuits  that  work 
requiring  widely  varying  currents  and  voltages  can  be  carried 
on  simultaneously  if  need  be  without  interfering  with  the 
'"  permanent  "  wiring  of  the  building.  The  whoh'  of  the 
electrical  work  has  been  carried  out  to  the  designs  and  under 
the  personal  supervision  of  Prof.  D.  Robertson,  professor  of 
electrical  engineering  in  the  Merchant  Venturers'  College : 
and  to  him.  and  to  the  contractors  whose  names  are  mentioned 
in  the  bodv  of  this  article,  we  nnist  express  our  thanks  for  the 
inlornuition  we  have  been  able  to  plate  before  our  readers  con- 
cerning a  very  creditable  piece  of  electrical  engineering  work. 


WETTERHORN  ELECTRICALLY  OPERATED 
CABLEWAY. 

I'.v  Lons  in  I'.ois. 

There  has  been  lately  installed  on  the  slope  of  the  Wetter- 
horn,  Switzerland,  an  electrically  operated  aerial  cableway 
which  presents  some  interesting  features.  The  present  cable- 
way  was  designed  for  the  use  of  tourists,  an.l  its  object  is  to 
lessen  the  tinic  as  well  as  the  fatigue  in  climbing  this  high 
mountain.  This  appears  to  be  the  first  time  that  such  an  aerial 
ropeway,  with  long  spans,  has  been  used  for  a  passenger  ser- 
vice. Many  instances  are  to  be  found  where  the  ropeway  is 
very  successfully  applied  for  transporting  material,  and  in 
Argentina  and  other  places  there  are  installations  of  this  kind 
in  w'hich  the  span  is  as  long  as  1,. 500  ft.  to  2,500  ft.  The 
present  aerial  cable  plant  for  passenger  use  is  due  to  M.  Feld- 
mann,  a  prominent  Continental  engineer,  who  w  is  lately  con- 
cerned ill  drawing  up  the  plans  for  the  Elberfeld-Barmen 
suspended  railway," this  latter  being  now  in  operation  in  Ger- 
many. No  tioubie  was  found  in  adapting  the  cable  system  for 
passenger  use,  and  the  Wetterhorn  ropeway  was  opened  for 
traffic  on  July  27th  last  year.  Since  that  time  it  has  worked  very 
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satisfactorily,  and  is  much  patronised  by  tourists,  seeing;  that  it 
hes  in  the  neighbourhood  of  Grindelwahl,  the  well-known 
excursion  centre  in  the  .lungfrau  region,  this  point  being  easily 
I'eached  bj'  rail  from  Interlakcn.  Ajiart  from  the  Jungfrau, 
the  Wetterhorn  is  much  visited,  but  heretofore  the  climb  was 
a  dithcult  one,  hence  the  idea  of  installing  the  preseiit  cable- 
way  upon  the  slope  of  the  mountain.  It  starts  from  the  lower 
cable  btation  (altitude  1,2.53  metres)  and  reaches  the  upper 
station  of  Enge,  which  lies  at  an  altitude  of  1,078  metres.  The 
highest  point  of  the  Wetterhorn  lies  at  an  altitudeof  3, 703  metres. 
As  was  to  be  expected  from  a  first  attempt  of  this  kind, 
great  care  was  taken  to  include  every  possible  means  of  safety 
in  operating  the  system,  and  this  is  especially  true  as  regards 
the  braking  devices,  of  which  there  are  a  number,  some  of 
which  are  operated  electrically.  The  construction  of  the  cable- 
way  was  carried  out  by  the  L.  von  Roll  Iron  Works  of  Berne 
(Giesserei  Berne),  to  whom  the  writer  is  indebted  for  the 
present  information  and  views  of  the  plant.  The  electrical 
outfit  was  installed  by  Messrs,  Brown,  Boveri. 


\'iK\y  OF  Cak  in  Tkansit. 


The  cableway  (Fig.  1)  is  built  in  duplicate,  one  ropeway  being 
iised  for  the  ascending  and  one  for  the  dcseemling  car,  the  two 
being  stretched  parallel  and  at  the  pro[)er  distance  apart.  For 
each  cableway  there  are  two  steel  cables  jjlaced  one  above  the 
other,  so  as  to  carry  between  them  a  small  rolling  carriage,  from 
which  the  passenger  car  is  suspended.  The  carriage  (Fig.  2)  runs 
upon  two  rollers  at  the  top  and  two  at  the  bottom,  each  pair 
of  rollers  bearing  upon  one  of  tho  cables.  From  a  pivot  at  the 
middle  of  the  carriage  the  cabin  is  Imng  by  means  of  an  iron 
strap,  as  will  be  seen  from  the  illustrations.  To  the  front  end 
of  the  carriage  is  attached  a  double  cable  of  somewhat  smaller 
size,  which  serves  for  the  purpose  of  traction,  this  latter  being 
of  the  counterbalanced  type  such  as  prevails  in  cable  inclines 
— that  i',  the  traction  cable  from  one  car  is  taken  up  to  the 
top  station,  passes  around  the  cable  drums  and  then  is  con- 
nected to  the  second  car,  one  car,  therefore,  descending  while 
the  other  is  ascending. 

The  electrical  apparatus,  consisting  of  rotary  converter, 
storage  battery,  motor  and  controlling  devices,  is  well  planned 
for  operating  the  plant  under  the  best  conditions.  From  an 
electric  plant  located  not  far  from  the  base  of  the  incline  at 
Grindelwald  there  is  delivered  three-phase  current  at  2,400 
volts  by  an  overhead  power  line.    In  the  lower  station  there  is 


laid  out  an  electric  plant  designed  to  receive  this  current,  and 
in  turn  to  supply  direct  current,  seeing  that  the  cable-drum 
motor  is  designed  on  this  latter  system  ;  and  this  was  done  in 
preference  to  the  use  of  three-phase  current  to  allow  the  use  of 
a  storage  battery  in  parallel  upon  the  motor  circuit,  so  that  in 


View  ok  Car  and  Trolley. 


case  of  a  temporary  failure  of  the  power  plant  the  cableway 
will  not  suffer  thereby,  but  can  be  kept  in  service  by  the  use 
of  the  storage  battery.  All  the  electrical  apparatus  pertaining 
to  the  current  supply  proper  is  located  in  the  lower  statioi. 
The  high-voltage  current  is  received  by  a  rotary  converter. 


Ul'l'EK  Station  (uoto  cable  passing  tlirout;!)  i 


which  is  designed  to  supply  800  volts  direct  current  at  the 
other  end.  From  the  switchboard,  to  which  is  connected  the 
storage  battery,  the  800  volt  current  is  transmitted  by  an  over- 
head line  to  the  upper  station. 
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Fig.  4  — Diagram  showing 
Arrangement  of  Motor 
Drive. 


In  Fig.  4  will  be  seen  the  essential  features  of  the  motor 
drive  which  is  used  for  the  cable  drums,  the  view,  Fig.  :>,  showing 
the  general  disposition  of  the  station.  The  direct-current  motor 
A  carries  a  pinion,  B,  which  drives  the  large  gear  C,  this 
latter  being  mounted  on  the  countershaft  T,  held  in  the  bear- 
ings nn.  On  the  other  end  of  the  shaft  is  the  bevel  pinion  F, 
which  drives  the  gear  G,  placed  on  a  vertical  shaft  between 
the  cable  drums.  These  latter  are  seen  at  I,  I'.  On  the  upper 
end  of  the  shaft  are  mounted  the  pinions  H,  H',  which  engage 
with  a  large  gear  having  about  the  same  diameter  as  the 
cable  drums.  One  of  the  large  gears  is  mounted  above  the 
cable  drum  at  I,  while  at  I'  it  lies  beneath,  so  that  the  pinions 
H  are  placed  one  above  the 
other.  The  double  cable  for 
the  ascending  and  the  de- 
scending cars  will  be  seen 
at  L,  L'  at  each  side  of  the 
station.  The  present  motor 
is  rated  at  50n.i'. 

To  the  right  of  the  motor 
and  in  the  foreground  is  the 
controller  P  of  the  motor. 
j\Iounted  on  the  motor 
shaft  are  two  brakes,  D  and 
E.  The  brake  I)  is  operated 
|L  by  hand  by  means  of  the 
hand  wheel  11,  which  is 
mounted  next  the  con- 
troller. The  second  brake 
E  is  of  the  automatic  tyj;e, 
such  as  is  frequently  ap- 
plied to  such  cases,  and  it 
comes  into  action  should 
the  current  supply  fail 
for  any  reason.  By  this 
brake  the  drum  can  to 
stopped  before  the  car 
has  travelled  2  metres. 
At  the  usual  speed  of  operating  the  cableway,  allowing  1"20 
metres  ])er  second  for  the  car,  the  present  motor  answers  all 
requirements,  and  on  the  tests  it  is  found  not  to  take  more 
than  45  h.p.  even  in  the  most  unfavourable  conditions  of 
working. 

The  passenger  car  is  3-35  metres  in  length  and  3'20  metres 
wide,  and  is  divided  into  two  compartments  by  a  longitudinal 
partition,  giving  a  capacity  of  eight  jiersons  seated  and  eight 
standing.  It  weighs  4'4  tons  when  empty,  and  oS  tons  when 
containing  the  full  passenger  load.  The  gradient  of  the  cable- 
way  is  116  per  cent,  on  the  average,  but  in  some  places  it 
exceeds  this  figure  considerably.  For  this  reason  it  is  neces- 
sary to  let  the  cables  pass  through  the  centre  of  the  car  during 
part  of  the  trip.  Accordingly  a  space  of  0'.5  metre  is  left  at 
the  central  part  of  the  car,  using  for  this  purpose  a  double 
partition  between  the  compartments,  so  that  the  cables  can  be 
accommodated  in  this  way  (Fig.  3). 

For  the  suspension  cables  there  is  employed  a  4r>mm.  steel 
wire  rope  whose  tensile  strength  is  tested  with  a  load  of  150 
tons,  giving  a  good  factor  of  safety,  as  the  actual  load 
used  on  the  cable  is  only  14  tons  as  a  maximum.  The  cable 
weighs  1 1  kg.  per  metre.  The  two  traction  cables  are  30  mm. 
steel  cable  weighing  2-8  kg.  per  metre  and  tested  at  43  tons, 
the  required  ma.ximum  load  being  only  2-.'i  tons.  The  two 
traction  cables  are  attached  to  the  ends  of  a  cross-arm  at  the 
front  of  the  car,  and  the  cross-arm  forms  part  of  a  sjiecial 
mechanism  designed  to  give  effective  braking  of  the  wheels  of 
the  rolling  carriage  in  case  one  of  the  tractive  cables  should 
break.  In  such  a  case  the  une(]ual  pull  on  the  cross-arm 
causes  a  device  to  operate  by  which  the  carriage  is  blocked 
tightly  upon  the  carrying  cable  owing  to  the  action  of  a  power- 
ful spring.  By  means  of  this  device  the  car  can  bo  stopped 
within  a  distance  of  0-2.")  metre.  It  can  also  be  operated  by 
hand,  should  this  be  desired.  This  form  of  bi\^ke  is  found  to 
be  better  adapted  for  the  needs  of  the  present  system  than 
either  an  air  brake  or  an  electric  brake,  and  the  shock  is 
deadened  by  the  ehxsticity  of  the  cable. 

In  the  upper  statioii  (Fig.  5)  there  is  provided  an  electric 
braking  method  which  is  used  in  the  regular  service  for  stop- 


ping the  car  when  it  comes  to  the  level  of  the  upper  station  plat- 
form. This  is  effected  by  using  an  automatic  switch  device  with 
a  projecting  lever,  mounted  in  the  path  of  the  car  at  a  distance 
of  about  4  metres  below  the  platform.  When  the  car  comes 
along  it  strikes  the  lever  and  the  switch  device  then  operates 
to  throw  off  the  motor  from  the  line  and  short-circuit  it  upon 
a  set  of  resistance  coils,  these  being  contained  in  the  box  S 
mounted  beside  the  motor.  The  resistances  are  designed  so 
that  they  cause  the  motor  to  give  the  usual  electric  brakin<' 
effect  and  in  such  a  way  that  the  car  is  stopped  just  opposite 
the  landing  platform  of  the  station.  This  device  is  entirelv 
automatic,  and  it  secures  the  accurate  stopping  of  the  car 


View  of  Interior,  Ui-I'ER  Station. 


without  any  attention.  In  the  station  is  mounted  an  auxiliary 
drum,  J,  next  the  main  cable  drums,  so  that  in  case  of  accident 
the  cable  can  be  worked  by  hand  at  a  slow  speed  in  order  to 
bring  the  cars  to  the  station.  Should  the  car  become  stuck 
upon  the  cablewa}-  for  any  reason,  means  are  provided  for 
letting  down  a  small  rescue  car  upon  the  cableway  so  as  to 
reach  the  main  car. 


MODERN  SUBMARINE  TELEGRAPHY." 

BV    S.    G.    BROWN. 

(Conchided  from  page  634.) 

I  come  now  to  the  instruments  emiiloyed  to  work  the  cables,  start- 
ing witli  the  .sending  end.  As  before  jminted  out.  the  various  letters 
of  the  cable  alphabet  are  composed  of  combinations  of  -I-  and  —  elec- 
trical impulses,  or  of  the  records  that  these  impulses  produce.  The 
letter  e  is  a  +  impulse.  /  a  —  one  ;  a  is  composed  of  two  impulses. 
a  -f-  and  — .  and  so  on  for  all  the  otlier  letters.  The  operator  has. 
therefore,  tirst  to  translate  the  message  to  be  sent  into  the  cable  code 
and  then  to  tap  on  the  .sending  key  the  order  of  the  impulses  that 
make  iij)  the  code  messjii.'e.  A  sendinj:  key  consists  of  two  levers. 
the  depression  by  the  tinker  of  either  one  or  the  other  detemiims 
which  end  of  the  battery  the  +  or  —  end  is  joined  to  the  cable. 

Sending  messages  by  liand  is  open  to  t\(o  objections :  One.  want 
of  speed,  the  other,  want  of  accurate  spacing  of  the  letters.  .\  good 
trained  clerk  can  send  at  the  rate  of  -ihout  14("  letters  i)er  minute. 
but  as  most  cables  are  capable  of  being  workeil  at  greater  sjieeds. 
automatic  or  machine  transmission  has  now  become  universjil. 

An  automatic  transmitter  is  an  instrument  that  does  the  work  of 
the  clerk  in  sending.  The  t«o  levers  of  tlie  hand  key  aiv  now 
operated  upon  by  mechanism  driven  by  a  motor  through  the  agi-ncy 
of  a  perforated  ribbon.  Kveryone  who  is  aciiuainted  with  the  pianola. 
or  automatic  piano  player,  knows  that  the  music  to  bo  played  is 
punched  as  holes  in  a  broad  paper  strip  ;  this  strip  is  run  through 
tlie  machine  and  determines  which  levers  an>  to  press  upon  the  keys 
of  tlie  piano.  The  operation  of  the  automatic  transmitter  is  pre- 
cisely like  this,  only  instead  of  the  extended  keyboard  then-  are  two 
keys,  a  +  and  —.anil  the  paper  strip  is  a  narrow  ribbon  with  only 
two  rows  of  holes  to  work  the  levers.  To  .send  a  mes,sjige  the  elerk. 
first,  by  means  of  a  liand  perforator,  pvmches  the  mes.snge  as  eom- 
•  Abstract  of  a  lecture  delivered  before  the  Roy.al  Institution. 
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(linations  ol  lioles  iu  llio  [japer  nblnm  ;  this  iiLibou.  alter  being  pel- 
foratcd,  is  fed  tliroiigh  the  automatic  transmitter. 

The  automatic  transmitter  is  a  motor-driven  instrument,  adapted 
to  feed  the  perforated  ribbon  over  the  ends  of  a  pair  of  bhmt  needles. 
These  needles  are  kept  perpetually  moving  up  against  and  away 
from  the  moving  ribbon  ;  but  if  there  is  a  hole  in  the  paper  that  par- 
ticular needle  over  which  it  is  fed  will  find  it.  and  the  needle  w  ill  move 
a  little  way  through  the  hole,  .\ttached  to  the  two  needles  are  con- 
tact levers  which  connect  the  cable  «ith  one  or  the  other  pole  of  the 
sending  battery.  When  there  are  no  holes  in  the  jjaper  ribbon  the 
needles  move  up  against  the  paper,  and  the  further  movement  is 
arrested  and  the  contact  with  the  batter\-  is  not  closed  ;  but  when 
there  is  a  hole  in  the  paper,  the  further  movement  enables  the  con- 
tact lever  to  close  the  battery  circuit  and  thus  .send  the  signal. 

The  sending  levers  do  one  or  other  of  two  things  :  They  join  the 
cable  to  earth  (in  other  words,  they  short-circuit  the  cable  end),  or 
they  disconnect  the  cable  from  earth  and  connect  it  to  the  battery 
so  that  the  battery  may  send  a  signal.  At  the  end  of  each  signal 
the  cable  is  automatically  put  to  "  earth."  Every  signalling  impulse 
due  to  each  hole  in  the  paper  is.  therefore,  divided  into  two  parts, 
the  battery  or  signalling  and  the  earthing  portion.  These  two  jjor- 
tions  are  adjustable  relatively  to  one  another  :  «hcn  the  best  relation- 
ship has  been  found  it  is  maintained  at  that  adjustment.  The  object 
of  earthing  the  cable  after  the  battery  contact  is  to  allow  the  cable 
to  discharge  itself  and  thus  clear  itself  for  the  ne.xt  signal. 

Automatic  transmitters  constructed  on  this  principle,  are  called 
"  plain  "'  automatics,  and  are  in  universal  use.  The  "  curb"  was 
a  device  aj)plied  to  an  automatic  to  sharpen  the  signalling  impulse. 
and  thus  gain  greater  definition  and  increased  speed  by  reversing  the 


Fic.  8. — High  Spekd  Relay  (side  viewj. 
The  pointer  is  constructed  of  quartz  fibres  kept  in  tension  by  a  thin 
copper  wire,  the  whole  weight  of  the  pointer  being  not  more  than  one 
to  two  grains. 

battery  at  the  termination  of  every  battery  period.  The  reverse 
battery  voltage  heljjed  to  neutrali.se  the  charge  already  in  the  cable. 
and  thus  discharge  the  cable  in  quicker  time  than  by  simply  earthing 
the  cable,  as  in  the  "plain"  automatic.  Unfortunately,  the  u.se 
of  the  "  curb  "  results  in  a  greater  voltage  stress  on  the  sending  end 
of  the  cable,  for  the  reason  that  the  reverse  voltage  of  the  "  curb  " 
is  added  to  the  voltage  already  in  the  cable  ready  to  discharge,  and 
the  rapid  reversal  of  current  resulting  upon  the  ap])lication  of  the 
"  curb  "  is  liable  to  cause  "  jar  "  disturbances  on  the  duplex  lialance. 
For  these  reasons  "  curb  "  automatics  are  not  now  emi)loyed. 

Instruments  adapted  to  receive  messages  at  the  end  of  long  sub- 
marine cables  must  of  necessity  work  at  the  highest  possible  sjjeed 
that  the  cable  will  allow,  and  are  of  extreme  sensitiveness  ;  as  a  con- 
sequence they  are  of  great  delicacy. 

There  are  two  kinds  of  receivers  now  commonly  employed — viz..  the 
siphon  recorder  and  the  "drum''  cable  relay.  (We  show  in  J'ig.  8 
the  latest  form  of  the  author's  high-speed  relay).  Tlie  siphon  re- 
corder, invented  by  Lord  Kelvin  in  1807,  is  an  instrument  that  inks 
the  message  as  received  on  a  movinii  band  of  pnj)er.  The  "  drum  ' 
cable  relay,  by  means  of  an  electric  contact-making  device,  brings 
in  a  fresh  source  of  energy  from  a  local  battery,  so  that  the  electric 
signalling  impulses  are  multiplied  many  times  over  in  power,  and 
are  thus  enabled  to  do  many  useful  things  besides  inking  the  mes- 
sage, such  as  working  .signalling  keys  to  re-transmit  the  message  on 
to  another  line  or  to  guide  the  levers  of  an  automatic  punching 
machine  to  fjerforate  the  mes.sage.  The  siphon  recorder  requires 
the  constant  attention  of  a  clerk,  the  "  drum  "  cable  relay  does  not. 

The  siphon  recorder  consists  of  a  bent  glass  siphon  tube  nearly 
as  fine  a-s  a  human  hair.  The  siphon  is  suspended  by  a  fine  bronze 
wire  ;  one  end  of  the  tube  dips  in  a  reservoir  of  blue  aniline  ink,  the 


other  end  can  move  across  the  surface  of  a  travellins;  band  of  pajier, 
upon  which  it  inks  its  movement.  If  the  end  of  the  siphon  touched 
the  paper  the  friction  thus  introduced  would  be  fatal  to  the  pro])er 
working  of  the  instrument,  because  of  the  loss  of  .sensitiveness  ;  it 
is.  therefore,  kept  in  a  state  of  constant  vibration  by  attaching  the 
tube  near  its  end  by  means  of  a  silk  fibre  to  an  elentromngnetic 
vibrator.  The  message  is  thus  recorded  as  a  close  row  of  ink  dots 
on  the  moving  paper,  and  the  glass  tube  is  quite  free  to  swing  side- 
ways under  the  action  of  the  recei\ed  signals.  The  siphon  tube  is 
joined  by  two  silk  fibres  to  a  rectangular  susjiended  coil  of  tine 
insulated  copper  wire,  which  coil  hangs  in  a  strong  magnetic  field. 
The  currents  from  the  cable  flow  through  the  wire  of  the  suspended 
coil  and  the  reaction  of  these  currents  with  the  magnetic  field  cause 
the  coil  to  oscillate  to  one  side  or  the  other,  dependent  upon  the 
direction  of  the  current.  The  motion  of  the  coil  is  transmitted  by 
means  of  the  two  fibres  to  the  siphon,  and  thus  the  signals  are  re- 
corded as  received. 

Ever  since  the  invention  of  the  siphon  recorder  efforts  have  been 
made  to  turn  it  into  a  relay,  but  two  diflSculties  had  to  be  faced.  The 
extreme  feebleness  of  the  received  signalling  currents  was  such  that 
they  were  incapable  of  opening  and  closing  a  battery  circuit  so  as  to 
do  useful  work  in  that  circuit.  The  reason  for  this  is  that  a  certain 
force  is  required  to  press  therelay  contacts  together  to  complete  the 
circuit,  and  a  certain  force  to  break  the  circuit  when  formed  ;  these 
forces  of  "  make  "  and  "  break"  are  too  great  for  the  cable  relay 
to  supply  under  normal  working  conditions.  The  second  difficulty 
was  the  want  of  definition  in  the  signals  received  to  operate  relay. 
They  were  too  ill-defined,  and  the  zero  line  w-andered  too  greatly  to 
ensure  that  a  relay  with  a  fi.xed  mechanical  zero  would  work  satis- 
factorily. These  two  difficulties  were  overcome  by  the  invention  of 
the  "  drum  "  cable  relav  and  the  magnetic  shimt. 


Fic.  9.— Drum  Cable  Relav. 


The  drum  cable  relay  (Fig.  9)  is  similar  to  the  siphon  recorder.  It  is 
the  same  so  far  as  the  suspended  coil  and  connecting  fibres  are  con- 
cerned, but  in  place  of  the  siphon  tube  a  relay  contact  arm  is  pro- 
vided. The  end  of  this  arm  is  arranged  to  press  upon  the  surface 
of  a  revolving  drum.  The  outer  drum  surface  of  gold  or  silver  is 
divided  into  three  parts — a  central  insulated  portion,  upon  which 
the  end  of  the  contact  arm  normally  rests  when  no  signals  are  re- 
ceived, and  portions  one  on  each  side  of  the  central  one  ;  these  outer 
divisions  are  included  in  the  circuit  of  a  local  battery,  and  two  Post 
Office  pattern  relays.  When  the  relay  arm  is  deflected  to  one  side 
or  the  other,  upon  the  recei])t  of  the  signal  it  slides  or  skates  into  con- 
tact with  one  or  other  of  the  outer  portions  of  the  dium,  and  thus 
closes  circuit  of  the  battery  through  one  or  other  of  the  Post  Office 
relays.  This  second  relay  is  thus  operated,  and  in  turn  works  a 
"  sounder  "  key  to  re-transmit  the  signal  into  a  second  cable. 

To  reduce  the  electrical  resistance  that  is  found  to  exist  in  the 
contact  between  the  relay  pointer  and  the  revolving  drum,  and  to 
allow  a  large  current  to  |)ass,  condensers  are  placed  across  to  short- 
circuit  the  contact.  These  short-circuiting  condensers  are  very 
imi)ortant  to  the  proper  working  of  the  relay,  as  without  their  aid 
very  little  current  indeed  could  be  obtained  in  the  local  circuit  to 
do  useful  work.  The  cable  relay  is  a  delicate  instrument,  and  mecha- 
nical efl^ccts  had  to  be  produced  by  means  of  energy  four-millionths 
of  that  required  to  ])roduoe  1  e.p.  of  an  ordinary  carbon  lamii.  The 
operation  of  the  relay  throughout  is  quite  automatic  and  reliable, 
and  no  clerk  is  required  to  supervise. 

The  drum  relay  has  two  properties  that  jieeuliarly  fit  it  for  cable 
work  : — 

] .  The  relay  contact  is  always  made,  because  the  contact  arm  never 
leaves  the  surface  of  the  drum. 
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^r  2.  By  the  rotation  of  the  drum  the  friction  between  tlie  arm,  to 
aide  motion,  and  the  surface  of  tlie  drum  is  reduced  in  a  most  won- 
derful way,  so  tliat  the  arm  may  be  moved  by  the  extremely  feeble 
forces  received  at  the  end  of  the  cable. 

The  relay  has  a  fixed  mechanical  zero,  the  centre  of  the  in.'^ulated 
portion,  to  which  the  end  of  the  arm  must  return  after  every  signal  or 
group  of  signals,  and  the  zero  of  the  electrical  signals  has  been  made  by 
electrical  adjustment  to  coincide  with  the  mechanical  zero.  If  there 
was  not  this  coincidence  there  would  be  mutilation  of  the  re-trans- 
mitted signals. 

The  working  of  the  relay  is  complicated  by  the  requirements  of  the 
telegraph  service,  which  demand  that  a  condenser  should  be  included 
in  the  suspended  coil  circuit.  The  object  of  this  condenser  is  to 
exclude  the  possibility  of  interference  from  "  earth  "  currents,  which 
sometimes  flow  along  the  cable.  The  presence  of  this  "  earth  " 
current  is  due  to  outside  electrical  influences,  atmospheric  or  celes- 
tial. 

Kow,  these  "  earth  "  currents,  if  allowed  to  flow  through  the  sus- 
pended coil,  would  produce  deflections  that  would  interfere  with  the 
proper  working  of  the  relay.  The  magnetic  shunt,  which  is  always 
placed  across  the  coil,  does  shunt  the  "  earth  "'  current  to  a  very 
great  extent,  but  does  not  always  get  rid  of  it.  and  so.  to  make  matters 
sure,  the  "  unshunted  "  series,  or  Varley  condenser,  is  included  in  the 
system.  The  condenser,  unfortunately,  polarises  or  charges  up 
under  a  series  of  signalling  impulses  of  the  same  polarity  or  sign, 
and  for  this  reason  itself  causes  a  wandering  of  the  electrical  zero  of 
the  signals ;  we  are,  therefore,  trying  to  stop  one  kind  of  variable 
zero  effect  by  a  device  that  produces  another  one  of  its  own.  The 
effect  of  the  wandering  zero,  due  to  the  series  condenser,  can  be 
cured,  because  the  ^^andering.  unlike  that  of  the  "  earth  "  currents, 
follows  a  regular  law — viz..  the  law  of  the  signals  themselves.  The 
relay  produces  the  signals  and  combination  of  signals  in  its  local 
circuit  ])recisely  the  same  as  the  signals  or  combination  sent  tlirough 
the  cable  that  work  it.  and  are  at  the  .same  time  causing  the  variable 
zero.  Current  is.  therefore,  taken  from  the  local  circuit  and  passed 
through  an  electrical  retarding  device,  which  is  called  the  "  local 
correction  circuit,"  consisting  of  a  series  of  inductances  and  shunt- 
ing resistances.  The  local  circuit  is  so  adjusted  in  its  value  that  the 
current  at  the  far  end  rises  exactlv  as  there  is  a  droj)  in  the  received 
signalling  current  tlirough  the  series  condenser.  The  correction 
current  is  passed  through  a  separate  winding  on  the  susjjended  coil 
of  the  relay,  and  produces  an  effect  on  the  coil  exactly  opposite  to 
that  produced  on  the  main  winding  by  the  variable  zero  itself — that 
is  to  say.  two  variable  zeros  of  equal  strength  but  of  opposite  direc- 
tions are  superimpo.sed  on  the  suspended  coil,  and  thus  neutralise 
one  another  ;  the  variable  zero  of  the  signals  themselves  is  thus 
eliminated.  Local  correction  is  a  very  important  part  of  the  relay 
adjustment  and  cannot  very  well  be  dispensed  with. 

Biu-ing  the  year  1908  the  Eastern  Telegraph  Co.  most  generously 
lent  me  their  lines  for  a  trial  of  my  "  high-sjieed "  system  of 
working.  The  cable  over  which  the  tests  have  taken  place  stretches 
from  Porthcurnow.  in  Cornwall,  to  Gibraltar,  and  is  normally  worked 
at  170  letters  per  minute  each  way  with  the  siphon  recorder  as  re- 
ceiver. With  the  new  method,  using  a  special  relaj-,  traffic  has  been 
carried  oontinuuusly  duplex  at  230  to  2-tO  letters  per  minute.  On 
special  trial  runs,  not  carrying  traffic,  and  not  sending  into  the  cable 
at  the  receiving  station,  although  on  duplex  conditions,  a  speed  of 
280  letters  per  minute  has  been  obtained, 
i  The  principle  of  operation  is  as  follows  :   \A'hen  a  submarine  cable 

j  is  forced  much  beyond  its  normal  speed  of  working  the  quick-chang- 

'  ing  signals,  such  as  make  up  the  letter  C.  are  the  first  to  fail.  or.  in 

1  other  words,  do  not  arrive  with  sufficient  strength  to  work  the  re- 

j  ceiver.     It  was  found  on  trial  that,  allowing  more  of  the  current 

I  from  the  cable  to  flow  through  tlie  receiver — sa_v  by  increasing  the 

size  of  the  receiving  condenser — the  first  and  last  signal  of  a  series 
of  reversals  could  be  obtained  with  sufficient  strength  to  work  the 
relay  efficiently.  The  relay,  once  started,  is  arranged  to  bring  in  fresh 
energy  from  its  local  battery,  through  a  special  retarding  circuit,  to 
add  to  the  strength  of  tlie  quick-changing  currents  on  its  own  coil, 
and  thus  the  reversals  are  made  strong  enough  to  give  a  good  record, 
which  witliout  tliis  aid  they  would  have  been  unable  to  do.  By  these 
means  weak  signals  are  liuilt  u|)  at  the  receiving  end  of  the  cable, 
and  the  s|)ecd  of  working  can  thus  be  materially  increased. 

It  is  fortunate  that  the  class  of  signal  that  has  the  greatest  diffi- 
<ulty  in  getting  through  the  cable  is  the  easiest  to  be  added  to  when 
received.  The  "  high-speed  "  relay  works,  therefore,  not  from  the 
signals  received  from  the  cable  only,  but  also  from  those  that  it  trans- 
mits through  its  own  local  circuit,  the  record  that  it  makes  being  the 
combined  action  of  the  two. 

For  most  of  the  calculations  in  this  lecture  I  am  indebted  to  Prof. 
John  Perry,  and  this.  I  am  sure,  is  a  sufficient  guarantee  for  their 
accuracy. 


THE  ELECTRIC  DRIVE  AND  MARINE  PROPULSION. 


Among  the  Papers  read  last  week  at  the  Liverpool  meeting  of  the 
Institution  of  .Mechanical  Engineers  was  one  by  Mr.  A.  J.  Maginnis 
on  "  The  Advance  of  .Marine  Engineering  in  the  Early  Twentieth 
Century."'  In  this  Pajjer  the  author  reviews  the  rapid  progress 
made  in  the  adoption  of  the  steam  turbine  for  marine  |)ropulsion 
during  the  last  few  years.  .Although  the  first  turbine-driven  craft, 
the  ■'  Turbinia,"  appeared  in  1894-6,  it  was  not  until  19tlt)  that  the 
first  order  for  a  real  test  of  this  form  of  proiJulsion  for  a  commercial 
venture  was  placed.  The  great  success  of  this  vessel  on  the  River 
Clyde  led  to  the  rapid  adoption  of  the  turbine,  culminating  in  the 
.S3.  "  Lusitania  '"  and  "  Mauretania."  Up  to  the  present  time,  how- 
ever, but  little  progress  has  been  made  in  the  adoption  of  turbines 
for  slow-going  merchant  or  other  vessels,  owing,  no  doubt,  to  the 
difficulty  of  ai)plying  the  turbine  to  the  single  propeller,  but  the 
author  considers  that  in  no  other  field  of  operation  is  there  such  an 
opening  for  a  simple  form  of  rotary  machinery.  The  only  feature 
which  has  so  far  been  against  the  use  of  turbines  for  cargo  boats 
is  the  mechanical  one  of  relative  speed  of  turbine  rotor  and  propeller, 
and  it  is  much  to  be  desired  that  a  similar  sj'ndicate  to  that  which 
initiated  the  start  on  the  River  Clyde  boats  be  formed  to  make  a 
start  with  a  cargo  boat,  say,  of  2,000  to  3,000  tons  dead  weight  and 
10  knots  speed.  It  also  is  necessary  for  those  now  actually  engaged 
in  the  manufacture  of  turbine  machinery  to  gi\e  the  matter  the  most 
careful  investigation,  for  the  author,  speaking  with  considerable 
knowledge  and  experience  of  reciprocating  or  piston  machinery, 
has  no  hesitation  in  stating  that  rotary  machinery  must  even- 
tually replace  the  present  system.  To  show  how  rapidly  turbine 
machinery  has  come  to  the  front,  it  may  be  mentioned  that  in  the 
merchant  service  turbine  propulsion  has  risen  from  one  steamer 
and  3..500  h.p.  in  1901  to  64  steamers  and  603.200  h.p.  in  December, 
1908,  and  there  is  no  doubt  that  the  adoption  will  become  increasingly 
rapid  [in  the  future,  as  the  system  spreads  amongst  all  classes  of 
steamers. 

After  referring  to  internal  combustion  engines,  and  also  drawing 
attention  to  many  features  to  recommend  liquid  fuel  for  marine 
purposes,  the  author  discusses  the  electric  drive  as  follows  : — 

Direct  Electric  Drive  for  Propellers.— T\\e  fact  that  the  coming 
power  for  marine  propulsion  must  be  directly  rotary  coupled  with  tht 
success  of  the  steam  turbine  has  brought  forward  another  system, 
which  in  the  author's  opinion  will  soon  be  widely  adopted — namely, 
the  application  of  electric  power  direct  to  tlie  propeller  shafts.  The 
advantages  likely  to  accrue  from  the  adoption  of  direct  electrical 
shaft  drive  are  :  (1)  Reversal  of  the  jiropeller  with  full  effective 
power  is  attained  and  readily  effected.  (2)  The  design  of  both  the 
steam  and  electric  plant  can  be  so  modified  as  to  enable  the  naval 
architect  to  make  better  and  more  |)rofitable  arrangements  for  both 
passenger  and  cargo  space.  (3)  The  movements  of  the  propellers 
can  be  controlled  direct  from  the  bridge.  (4)  Electricity,  like  steam, 
is  capable  of  being  readily  apiilied  to  all  the  other  requirements  of 
shipboard,  such  as  steering,  windla.ss  and  winch  work,  with  more 
economical  distribution.  It  is  not  (iroposed  to  use  electric  drive  on 
fast  vessels  (naval  or  mercantile)  where  the  turbine  has  been  so 
successful,  but  to  ajiply  it  to  the  slower-going  cargo  tramps,  as  if 
the  promises  now  put  forward  are  carried  out — and  electricians 
state  that  they  are  quite  within  the  range  of  present  practice — it 
will  present  the  most  simple  means  of  obtaining  rotary  motion  slow 
enough  in  speed  to  apply  to  the  ordinary  screw  propeller  working 
at  from  70  to  120  revs,  per  rain.  The  proposals  put  forward  are 
described  in  Pajjers  brought  before  the  Institution  of  Engineers  and 
Shipbuilders  in  Scotland  by  .Mr.  Mavor.*  and  I>efore  the  Institute  of 
Marine  Engineers  by  Mr.  Durtnall.f 

Should  this  system  of  main  electric  drive  come  about,  it  may  l>e 
safely  said  that  a  new  era  of  electric  navigation  is  about  to  dawn, 
and  one  promising  gieat  results.  For  instance,  the  continued  de- 
crease in  the  boiler  pressures  as  commenced  with  the  steam-turbine 
machinery  will,  no  doubt,  be  further  continued,  and  even  lower 
jiressures  than  now  exist  will  be  made  use  of.  which' will  largely 
ilecrease  the  ^\■eight  of  boiler  installations  and  .so  cheapen  the  tirst 
cost.  Through  the  fact  of  the  greater  portion  of  the  machinery 
being  electrical  other  than  mechanical,  the  heavy  weights  of  such 
moving  parts  as  pistons.  i)iston  and  connecting  rods,  valves.  &c,.  will 
be  done  away  with,  and  so  render  the  outfit  and  overhauling  of  the 
electric  boat  more  simple  and  more  easily  effected  than  on  the  steam- 
propelled  craft  at  present  in  use. 


*  Thb  Electrici.\n,  Feb.  28,  1908,  p.  762. 

t  TuE  Electrician,  July  31,   1908,   p,  608,  and  March  19,  1909, 

p.  887. 
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"THE  ELECTRICIAN"   INDUSTRIAL   SUPPLEMENT. 

With  "  The  Electrician  "  for  Sept.  14,  190(3,  was  issued  the  first  of  a 
series  of  "  Industrial  Supplements,"  to  be  published  from  time  to  time 
with"  The  Electrician."  The  thirty-eighth  issue  of  the  Supplement  was 
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BI<BGTRICITY  SUPPLY  TABLES  AND  DATA. 

This  Valuable  Set  of  Tables  and  EngineeFing  Data  re- 
lating to  EleetPieity  Supply  and  to  EleetPie  TFaetion  on 
Railways  and  Tramways  in  the  United  Kingdom,  the 
Colonies,  and  some  important  places  abroad,  can  be  obtained 
complete  in  handy  book  form,  price  6s.  6d.  post  free,  or  on 
very  hard  paper  for  rough  or  constant  use,  price  8s.  6d. 
post  free.     A  complete  Index  is  included. 


POWER  SUPPLY. 

The  check  experienced  by  most  central  station.s  in  tiie 
.sale  of  electrical  energy  for  lighting  purpo.ses,  due  chiefly 
but  not  entirely  to  the  adoption  of  metal  filament  lamps, 
ha.s  empha.sised  the  advantages  of  a  large  power  load. 
Ill  fact,  practically  the  only  towns  where  marked  progress 
has  been  made  in  electricity  supply  during  the  past  year 
are  those  in  which  a  large  motor  load  has  been  cultivated. 
Such  a  load  takes  .some  little  time  to  obtain,  and  the  effects 
now  becoming  apparent  in  town.s  where  such  a  policy  has 
been  pursued,  are  really  the  results  of  several  years'  steady 
eflbrt.  A  striking  instance  is  provided  by  the  West 
Ham  undertaking,  which,  notwitlistanding  a  decrease  of 
about  10  percent,  in  the  number  of  units  sold  for  lighting 
during  the  past  year,  is  able  to  show  a  greatly  improved 
linancial  result,  on  account  of  a  laige  development  in  the 
power  load,  although  the  latter  only  bring.s  in  an  average 
revenue  of  0-59d.  per  unit. 

It  must  not  be  forgotten  that  all  types  of  electric  lamps 
provide  an  extensive  field  for  improvements,  since  their 
cfliciency  is  only  of  the  order  of  one  per  cent. ;  there  is 
always,  therefore,  the  possibility  of  a  reduction  in  the 
demand  for  electrical  energy  for  a  given  amount  of  light 
as  more  eflicient  means  of  transformation  are  discovered. 
Tliere  i.s,  of  conrso,  sn-ne  compGusitinn  in  the  fact  that  the 
,«vdveDt  of  impWved  la^aps  is  always  likely  to  be  accom- 
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piinied  by  an  influx  of  new  consumers,  until  the  time 
arrives  when  electric  light  will  have  become  the  customai-y 
illuminant,  but  this  is  not  a  topic  which  we  need  discuss 
at  the  present  moment. 

When,  on  the  other  hand,  we  consider  the  electric 
motor,  its  present  high  efficiency  leaves  little  opportunity 
for  improvement,  so  that  we  may  assume  in  practically  all 
cases  that  the  demand  for  electrical  energy  for  power 
purposes  will  increase  steadily  as  further  applications  of 
the  electric  motor  to  industrial  and  domestic  apparatus  take 
place.  It  is  evident,  therefore,  that  whilst  endeavouring 
to  develop  the  lighting  load,  particularly  as  regards  street 
lighting,  which  otfers  a  very  promising  field  for  the  new 
lamps,  engineers  should  devote  their  main  attention  to 
obtaining  all  the  power  load  within  reach  of  their  mains, 
including  therein  heating  and  cooking.  If  the  greatest  pos- 
sible success  is  to  attend  this  policy  it  is  necessary  that  the 
prices  offered  should  be  attractive  to  power  users,  though, 
on  the  other  hand,  they  must  not  be  unremunerative  to  the 
undertaking.  In  this  connection  the  names  of  a  few 
towns  where  a  progressive  power  policy  has  been  pursued 
will  at  once  occur  to  the  minds  of  our  readers.  Bolton 
provides  a  good  example,  as  we  mentioned  a  week  or  two 
ago  when  analysing  the  last  annual  accounts  of  the  elec- 
tricity department.  Another  undertaking  in  which  a  very 
advanced  policy  has  been  adopted  is  that  at  West  Ham, 
and  the  results  there  achieved  are  of  the  greatest  interest, 
since  the  policy  was  subjected  to  much  criticism  at  the 
recent  Local  Government  Board  inquiry,  tlie  result  of  which 
is  not  yet  known. 

Elsewhere  in  the  present  issue  we  analyse  the  accounts 
of  the  West  Ham  undertaking,  and  one  of  the  most  strik- 
ing features  of  the  results  there  set  forth  is  that  the  aver- 
age price  received  for  power  supply  during  the  past  year 
was  only  0'59d.  per  unit.  It  may  be  thought  that  such  a 
low  price  can  only  be  offered  at  the  expense  of  the  lighting 
consumer,  but  this  can  scarcely  be  the  case,  since  the 
average  price  charged  for  lighting  was  only  :2'72d.,  with  a 
maximum  charge  of  3d.,  which  compares  very  favourably 
with  that  in  any  other  town  in  the  country.  Also  it  should 
be  noted  that  the  output  of  units  for  power  was  more  than 
four  times  that  for  lighting,  so  that  if  the  power  tariffs 
were  unremunerative  this  would  be  readily  apparent  in  the 
financial  results.  It  would  appear,  therefore,  that  the 
lighting  consumers  are  deriving  considerable  benefit  from 
the  low  works  costs  rendered  possilde  by  the  large  power 
load.  The  prices  charged  for  public  lighting — I'ood.  per 
unit — and  for  current  sold  for  electric  traction — 0-99d.  per 
unit — cannot  be  considered  excessive. 

The  low  prices  at  which  electrical  energy  is  being  ollerud 
in  West  Ham  are  undoubtedly  due  first  to  the  low  total 
works  costs,  which,  it  will  be  noticed  from  our  analysis  of 
the  accounts  averaged  only  0'60d.  per  unit— a  figure  in  close 
agreement  with  that  of  0-59d.  per  unit  recorded  at  jiolton, 
where  the  power  load  again  plays  the  predominant  part  in 
the  output — and,  secondly,  to  the  low  capital  expenditure  of 
£o8'2  per  kilowatt  of  plant  installed,  a  figure  claimed  by 
Mr.  A.  H.  SE.A.LEOOK  to  be  unequalled  by  any  other  under- 
taking in  the  country.  This  is  a  most  important  result, 
for  high  capital  cost  per  kilowatt  is  one  of  the  heaviest 
handicaps  in  attempting  a  cheap  supply  of  electrical  energy. 


It  is,  in  fact,  impossible  to  quote  really  low  prices  if  this 
cost  is  high  ;  and  such  loads  as  those  due  to  electrochemical 
works  are  unobtainable,  because  the  prices  offered  cannot 
be  sufficiently  attractive  to  a  long-hour  consumer. 


REVIEWS. 

(Copies  of  the  undermentioned  works  can  be  had  from  The  Kt'clrMan  Office,  poet  fre«, 
on  receipt  of  published  price,  adding  3d.  (or  books  published  under  2s.  Add  10  per 
cent,  for  abroad  or  for  foreign  books.) 


Electric  Lamps.     Bj-  Macrice  Solomon.      Loudon  :  A.  ConsUble  t 
Co.)     Pp.  .wiii.— 311.     6s.  net. 

The  revolutionary  advance  which  has  been  made  durini.' 
the  last  two  years  towards  the  production  of  more  efficient 
electric  lamps  gives  an  exceptional  interest  to  auv  publication 
on  the  subject  at  the  present  time,  and  the  book  before  us  is 
no  exception.  When  improvements  in  electric  lamps  are 
matters  of  daily  occurrence,  any  treatise  on  the  subject  has 
inevitaljjy  to  meet  the  criticism  that  if  it  is  not  beginning  to  be 
out  of  date  at  the  time  of  issue  it  cannot  long  be  reaarded  as 
depicting  the  latest  phase  of  the  question.  An  examination 
of  this  book,  however,  will  show  the  most  casual  obsei-ver  that 
it  contains  original  data  and  much  information,  both  prac- 
tical and  theoretical,  which  will  make  it  valuable  both  as  a 
book  of  reference  for  the  .student  and  a  practical  handbook 
for  engineers  who  desire  to  make  intelligent  use  of  the  improve- 
ments which  have  lately  taken  place  in  nearly  all  forms  of 
electric  lamps.  We  are  glad  to  see  that  Mr.  Solomon  has  not 
hesitated  to  deal  in  considerable  detail  with  those  portions  of 
his  subject  in  which  he  is  specially  expert,  perhaps  even  to  the 
extent  of  giving  them  undue  weight  compared  with  some  other 
sections  of  the  book  which  have,  relatively,  a  greater  import- 
ance. The  detail,  for  instance,  with  which  the  condition  of 
stability  for  the  burnino:  of  the  Nernst  glower  is  described  and 
the  useful  chapter  on  the  testing  of  arc  lamp  carbons  will  give 
value  to  the  Ijook,  when  it  can  no  longer  be  regarded  as  alto- 
gether up  to  date  from  the  point  of  view  of  the  most  recent 
improvements. 

The  first  third  of  the  book  deals  with  the  general  principles 
of  radiation,  photometry  and  methods  of  testing.  In  his 
remarks  on  the  accm'acy  obtainable  in  photometric  measure- 
ments (p.  36)  the  author  does  not  appear  to  appreciate  the 
possibilities  of  the  "  double  comparison  "  method  for  eliminat- 
ing the  personal  error  and  simplifying  many  of  the  difficulties 
and  complications  of  commercial  and  standard  photometry. 
AVe  cannot  help  regarding  the  chapter  on  photometry  as  the 
weakest  in  the  book,  and  we  look  in  vain  tlirough  the  description 
of  various  photometer  heads.  &c.,  for  an  explanation  of  the 
best  methods  and  apparatus  for  use  in  connection  with  the 
photometric  measurements  discussed  in  subsequent  chapters. 
It  is  just  to  a  work  of  this  nature  that  we  should  have  turned 
for  practical  advice  as  well  as  information  on  the  subject  of 
this  nnich  maligned  branch  of  measurement. 

In  the  intere.'^fiiio  chapters  on  the  earliou  lamp  the  Engineer- 
ing Standards  Committee's  specification  for  tests  on  these 
lamps  is  somewhat  advereely  criticised.  As,  for  instance,  on 
pp.  93  and  94.  in  which  it  is  submitted  that  the  fife  test 
starting  at  definite  watts  per  candh^  does  not  give  practical 
results  as  compared  with  the  life  test  starting  at  definite 
voltage.  The  reasoning,  however,  is  not  very  convincing, 
since  it  appears  that  the  E.S.C.  specification  arranges  in  the 
first  place  that  all  lamps  in  a  consignment  shall  fall,  as  regaixls 
their  rating,  about  a  definite  value  of  candle-power  and  watts  : 
and  then  ensures  in  effect  that  only  the  lamps  which  have  that 
definite  value  shall  be  tested  for  fife.  Tims,  those  lamps  aie 
excluded  which  are  on  tiie  boundary  and  which,  if  tested  at 
rated  voltage,  would  give  a  value  for  the  life  which  would  not 
represent  the  mean  of  the  consignment. 

The  chapter  on  metallic  filament  lauqis  contains,  in  outline, 
descriptions  of  the  various  methods  iised  in  the  manufacture 
of  osmium,  tantalum,  and  tungsten  lamps,  and  classifies  their 
properties  in  a  manner  which  enables  them  to  be  easUy  com- 
pared. 
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The  three  chapters  devoted  to  arcs  and  arc  hiiups  contain 
much  practical  information.  In  this  as  in  other  chapters 
Mr.  Solomon  has  wisely  refrained  from  burdenini:  the  reader 
with  details  of  the  different  commercial  lamp  mechanisms, 
and  has  dealt  almost  entirely  with  the  arc  lamp  under  the 
headings  of  "  open,"  "  enclosed."  '"  alternatins  current." 
■■  flame."  &c..  giving  the  peculiarities  of  each  and  the  duty  to 
lie  expected  from  the  various  types.  Throughout  the  whole 
l)Ook  tables  are  given,  comparing  the  cost  and  the  various 
svstems  of  lighting,  based  for  the  most  part  on  very  reliable 
data  and  forming  therefore  a  fund  of  information,  which  is. 
we  think,  unequalled  in  any  existing  publication.  In  the  last 
chapter  a  comprehensive  comparison  is  made  between  the 
various  forms  of  electric  lamps. 

Modern    Power  Gas   Producer,    Practice  and     Application. 

Bv  HciRAiE  Allkn.  (Lomlon:  The  Technical  Publishing  Co.) 
Pp.  vii.— 323.  6s.  net. 
The  author  of  this  book  states  in  his  preface  that  his  aim 
has  been  to  define  the  ruling  principles  of  the  gasification  of 
fuel  and  to  describe  the  developed  practical  commercial  types 
of  producers.  The  book  contains  22  chapters  and  an  appen- 
dix. The  first  chapter  deals  with  the  question  of  natural  gas 
in  England,  which  is  hardly  germane  to  the  subject,  followed 
bv  four  chapters  on  manufactured  gas  (blast  furnace,  coke 
oven,  town  gas  and  producer  gas)  with  tables  and  particulars 
relating  to  the  chemistry  of  gas  production  generally,  and  two 
chapters  on  coal  and  the  gasification  of  fuel. 

The  following  two  chapters  are  devoted  to  pressure  gas  pro- 
ducers of  the  various  standard  types,  with  reference  also  to 
special  types  designed  for  bituminous  coals  and  other  fuels,  in 
which  the  claims  of  the  various  inventors,  such  as  appear  in 
their  descriptive  pamphlets,  are  set  forth.  The  Loomis 
Pettibon  plant,  designed  for  a  wide  range  of  fuels,  including 
wood,  is  described,  and  some  particulars  of  a  test  are  given, 
but  the  author  has  omitted  all  reference  to  the  Richfe  plant, 
•which  is  perhaps  the  best  known  and  most  successful  of  this 
tj-pe. 

Suction  gas  plant  is  dealt  with  in  the  following  three  chapters, 
and  .some  reference  is  made  to  the  Derby  trials  of  the  R.A.S.E. 
One  footnote  respecting  these  trials  erroneously  suggests  that  a 
gas  engine  of  the  vertical  type  does  not  work  on  the  Otto 
cycle.  Several  plants  wliich  do  not  seem  to  have  emerged 
from  the  experimental  stage  are  here  noticed.  The  next 
chapter  deals  with  the  various  points  to  be  considered  in 
successful  suction  producer  practice,  and  in  this  readers  are 
left,  perhaps  wisely,  to  draw  their  own  conclu.sions,  as  plants 
differing  very  widely  in  details  are  all  in  satisfactory  opera- 
tion. Another  chapter  refers  in  a  somewhat  perfunctory 
way  to  the  application  of  the  producer  to  marine  work.  Blast 
furnace  and  coke  oven  gas  are  then  considered  with  particulars 
of  washing  and  purifying  apparatus. 

The  use  of  gas  in  the  engine  is  then  considered,  and  the 
remainder  of  the  book  is  occupied  with  details  of  gas  analysis, 
and  the  testing  of  gases  and  other  fuels,  followed  by  a  list  of 
some  recent  patents  and  an  appendix  describing  one  or  two 
more  gas  plants.  A  notice  of  one  small  vertical  gas  engine 
appears  to  have  strayed  into  the  book  with  its  indicator 
diagram,  and  not  being  illustrative  of  any  point  in  particular 
does  not  seem  to  be  at  all  at  home  amongst  the  other  notes,  of 
which  this  volume  is  a  miscellaneous  collection. 

It  is  a  sound  rule  for  books  of  this  class  that  the  reference 
letters  in  the  text  shall  appear  in  the  illu.stration  of  the  par- 
ticular apparatus  described,  and  vice  versa.  This  rule  is  not 
alwavs  followed,  the  effect  being  somewhat  ainioying  to  the 
studious  reader. 

The  author  in  his  preface  acknowledges  his  infh-btedne.ss  to 
the  authors  of  numerous  works  consulted,  and  this  forms  the 
keynote  of  his  book,  which  is  a  richaufji;  of  articles  and  Papers 
contributed  by  many  authors,  including  himself,  to  the  various 
technical  publications  and  societies.  We  cannot,  however, 
congratulate  him  on  having  served  it  up  in  the  mo.st  digestible 
manner,  the  arrangement  of  the  matter  under  the  various 
heads  of  his  subject  being  very  confusing.  In  one  place  he 
brings  his  subject  up  to  date  (unintentionally,  we  hope)  by 
altering  the  date  of  an  extensive  test  on  a  gas  plant  from 


IsyS  to  1905.  the  same  tables  and  the  report  quoted  appearing 
in  the  1S9.5  edition  of  the  book  from  which  they  are  taken. 
The  mass  of  detailed  information  in  the  book  requires  very 
considerable  re-arrangement  before  the  volume  can  be  ranked 
with  some  others  on  the  same  subject  wliich  we  have  received, 
and  the  inde.x  is  totally  inadequate.  This  is  possibly  an 
advantage,  as  it  has  been  carelessly  drawn  up,  and  its  lack  of 
completeness  therefore  makes  it  somewhat  easier  to  sort  out 
the  references  which  are  given.  As  a  book  of  the  scissors  and 
paste  type  the  volume  has  its  merits,  and.  with  the  blemishes 
referred  to  above  removed,  may  be  useful  to  the  student  in 
this  branch  of  engineering.  W.  Maesdex. 


TRIPLE  FREQUENCY  CURRENTS  IN  NEUTRALS  OF 
THREE-PHASE  STAR  CONNECTED  ALTERNATORS. 

BY    E.    W.   MARCHANT,    D.Sc.  AND   ,1,    K.    CATTERSON-SMITH. 

Smnmary. — The  authors  show  how  triple-frequency  currents  arise  in 
the  neutrals  of  three-phase  star  connected  alternators.  The  effects 
]iroduced  by  such  currents  are  considered,  and  finally  means  are 
indicated  for  rendering  these  effects  negligible. 


The  recent  discussion  on  the  triple-frequency  currents, 
which  have  been  found  to  flow  between  three-phase  star  con- 
nected alternators  when  their  neutral  points  are  interconnected. 


Fi.:.  1. 

has  shown  how  common  the  phenomenon  is  in  ])ractice.  An 
account  of  this  effect  as  it  occurred  in  the  Power  Station  of  the 
Interborough  Ivapid  Transit  Co.  of  New  York,  was  given 
about  two  years  ago.*  Although  the  origin  of  these  neutial 
currents  of  triple  or  higher  frequency  is  well  known  to  be  due 
to  diflerenee  of  E.M.F.  wave  form  of  alternators  working  in 
parallel,  it  may  be  well  to  consider  l>riefly  the  conditions 
underlying  the  jihenomenon.  The  windings  of  a  three-phase 
machine  are  separated  by  60  electrical  space  degrees  and  the 
passage  of  the  flux  generates  an  E.M.F.  in  the  bars  in  each  slot 
of  identical  wave  form,  but  with  the  crests  separated  by  (iO 
electrical  time  degrees,  as  shown  m  Fig.  1,  phases  I.,  II.  and  III. 

'"Electric  .Journal,"  Vol.  III.,   September,  1906,  and  Vol,  IV., 
December,  1907. 
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The  windings  are  indicated  in  Fig.  2,  with  one  end  of  each 
phase  made  common  for  the  onlinary  star  arrangement.  The 
line  or  terminal  voltiige  is  the  resultant  of  the  voltages  in  two 
phases,  and  on  referring  again  to  Fig.  2  it  will  be  seen  that 

V„=sum  ofE.M.F.sin  I.  and  II.,  at  (JO  deg. 

Vj=sum  of  E.M.F.s  in  I.  and  III.  at  GO  deg. 

V,=diflFereuce  of  E.M.F.s  in  II.  and  III.,  at  120  deg.,  i.e., 
sum  at  GO  deg. 
Hence  the  line  voltage  cannot  contain  ripples  of  triple  frequency 
or  its  multiple,  for,  as  will  be  seen  from  Fig.  2,  the  addition 
of  these  waves  at  60  deg.  cancels  all  the  harmonics  which  have 
a  frequency  which  is  a  multiple  of  three. 

It  is  thus  clear  that  unless  the  neutral  point  is  earthed  there 
can  be  no  triple-frequency  currents ;  if,  however,  a  neutral 
connection  is   provided,  as  shown  in  Fig.  3,  and   the   phase 
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E.M.F.  wave-form  of  the  two  machines  differs,  then  the  local 
circuits  will  carry  currents  due  to  the  resultant  of  the  E.M.F.s 
of  higher  frequency.  The  triple-frequency  currents  ffowing 
in  each  of  the  three-phase  generators  are  shown  in  Fig.  3,  and 
it  is  seen  that  the  triple-fre(iuency  currents  in  the  three  cir- 
cuits are  in  phase  with  each  other,  provided  the  windings  are 
symmetrical ;  hence  the  current  in  the  neutral  will  be  three 
times  as  large  as  the  current  flowing  in  each  winding.  In  the 
first  place  it  should  be  noticed  that  these  currents  are  much 
larger  than  would  have  been  expected  at  first  sight  from  any 
difi'erence  in  wave-form  of  the  two  generators,  that  is,  the 
triple-frequency  current  is  much  larger  than  the  current  which 
would  flow  were  thediff'erence  in  wave-form  of  the  two  machines 
in  parallel  of  the  same  magnitude,  but  of  five  or  seven  times 
the  main  frequency. 

If   we  consider  a  three-phase  winding   such  as  is  shown 
diagrammatically  in  Fig.  4,  it  is  clear  that  if  each  phase  carries 
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Fig.  3.- 


-P..\Tii  OF  Triple-frequencv  Current  between  two 
Star-connected  Three-i'IIAsk  Machine.s. 


a  triple-free  [uency  current  of  equal  magnitude  the  winding  is 
as  a  whole  non-inductive  unless  there  is  an  appreciable  amount 
of  slot-leakage  flux.  The  directions  of  the  triple-frequency 
currents  are  indicated  in  the  figure  at  the  instant  of  ma.ximum 
values,  and  it  will  be  seen  that  adjacent  coils  neutralise  each 
other  as  far  as  any  magnetomotive  force  acting  on  the  main 
magnetic  circuit  due  to  triple-frequency  current  is  concerned. 
This  fact,  that  the  stator  windings  are  practically  non-inductive 
to  triple  frequencies,  is  the  reason  for  the  large  currents 
observed  even  when  the  wave-forms  of  the  phase  E.M.F.s  of  the 
machines  contain  relatively  small  triple  frequency  components. 
The  amount  of  the  slot  leakage  flux  depends  upon  the  shape 
of  the  slots,  the  length  of  the  air-gap,  the  distribution  of  the 
winding  (being  greatest  for  concentrated  windings  in  narrow 


slots)  and  the  total  number  of  conductors.  In  the  case  of  a 
turbo-alternator  generating  a  given  E.M.F.  at  a  given  fre- 
quency, the  number  of  stator  conductors  is  less  than  in  the 
case  of  the  corresi)onding  slow-speed  alternator,  and  this  is 
probably  the  reason  why  the  triple  frequency  phenomenon 
has  not  been  so  noticeable  in  slow  speed  sets  as  it  has  become 
in  turbo-altemators,  where  the  impedance  of  the  local  circuits 
is  small  owing  to  the  wide  slots,  long  air-gaps  and  small  num- 
ber of  bars.  It  is,  of  course,  jiossible  that  a  current  of  any 
frequency,  which  is  a  multiple  of  three  times  the  main  fre- 
(juency  should  flow  round  the  local  circuit,  but  it  is  always 


Fig.  4. — Showing  Directions  ok  Triple- 
FRBQUBNCT  Currents. 


Fig.  5,— Nectrai.  Current 
OF  ISO'S)   AND  l,050oj  . 


likely  that  the  main  component  will  be  of  triple  frequency, 
since  the  reactance  due  to  slot  leakage  will  be  proportional  to 
the  frequency,  and  will  therefore  increase  with  the  frequency 
of  the  circulating  currents. 

In  one  case  which  is  given  below.  Fig.  5,  it  will  be  noticed 
that  there  is  a  component  of  this  circulating  current  of  a 
frequency  21  times  the  main  frequency. 


FiQ.  6a.  — Opes  Circuit  Phase 
P.D.,  Machine  A. 


Fig.  6b. — Open  Circuit  Phase 
P.D.,  Machine  B. 


The  experiments  described  below  were  made  on  a  number 
of  2,000  kw.  turbo-alternators  of  two  diflFerent  types.     One  set 

(A)  having  4  poles  with  8  slots  per  pole  per  phase  and 
running  at  l,-")00  revs,  per  min.,  of  which  the  open  circuit 
wave-form  of  E.M.F.  is  shown  in  Fig.  6.\,  and  the  other  set 

(B)  having  6  poles  with  4  slots  per  jiole  per  phase  and  running 
at  1,000  revs,  per  min.,  of  which  the  open  circuit  wave  form  of 
E.M.F.  is  shown  in  Fig.  6b.  It  was  found  that  when  two 
machines  of  the  same  type  were  in  parallel,  the  circulating 
current  was  very  small,  from  5  to  6  amperes  in  the  neutral,  in 


Fig.  7a. — Triple  Freijuencv 
Neutral  Current  between 
TWO  SIMILAR  A  Machines. 


Lme  P.  D. 


Fio.  7b— Tbule  Frkijukscv 

Neutral  i'urbent  between 

two  similar  b  m.\chines. 


a  machine  giving  200  amperes  per  pluise,  .<(.»'  Figs.  Ta  and  i  is. 

Both  of  these  wave-forms  are  very  nearly  sinusoidal,  an  analysis 

giving 

(•,,=  100  smpt  -  7  sin  3/)/  -  !)  sin  5;)/     .     (Mc.  A.) 
<",,  =  ICO  sinjit  -  8  sill  3jit  +  i  sin  opt     .     (Mc.  B.) 

And  it  is  interesting  to  note  that  altiiougli  the  ipiiutuple  fre- 
quency component  is  approximately  as  big  as  that  of  the 
triple  frequency,  there  is  no  quintuple  frequency  component 
of  neutral  line  current  because  of  the  greater  impedance  of  the 
stator  windings  to  quintuple  fretpiency  circuits. 
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When  a  machine  of  t3pe  A  was  run  in  parallel  with  a  machine 
of  type  B,  the  tiiple-frequency  component  of  E.JI.F.  was 
sufficient  to  give  a  current  of  60  amperes  through  the  neutral 
wire  ;  see  Fig.  8. 

Using  these  figures  to  estimate  the  approximate  inductance 
of  the  circuit  due  to  slot  leakage,  the  results  obtained  are  : — 

Keactance  i>cr  i>hase     3'5  ohms. 

Self-induction  per  phase     0 "0037  henry. 

Turns  i)er  phase     16  four-turu  coils. 

A.xial  lenfrth  of  stator  laminations    91  cms. 

Flux  per  centimetre   of  imbedded  con- 
ductor jier  ampere 76  C.G.S.  lines. 

which  figure  is  well  in  agreement  with  other  determinations.* 
The  form  of  the  slot  is  shown  in  Fig.  9. 


'Line  P.D. 
Fig.  8. — Triple  FREycENcv 
Neutkal     Current    between 
Machines  A  and  B. 


Gap! 


50"  Diam. 
FiQ.  9. — Stator  Slots 
IN   ToRBO  -  Alternators. 
Type  A. 


In  some  cases  the  value  of  the  neutral  line  current  increased 
to  120  amperes,  this  happened  when  the  excitation  of  the  two 
machines  was  such  as  to  make  their  loads  of  different  power 
factors,  and  is  shown  in  Fig.  10.  It  will  be  seen  that  the  wave- 
form is  slightly  difl'erent  from  that  shown  in  Fig.  8.  The 
triple-frequency  current  in  the  local  circuit  is  shown  in  Fig.  11, 
superposed  on  the  normal  line  current  from  machine  A  when 
it  is  running  in  parallel  with  B. 

Effects  Prochwed  htj  Triple-frequency  Currents. — These  cur- 
rents may  cause  additional  heating  in  the  armatures  of  two 
machines  coupled  in  i)aiallel.     The  additional  heat  produced  is, 


Fii:.  10. — Machine  A.     185  amperes,  coscji  0'85. 
Machine  B.     180  amperes,  coBip  0-60. 

however,  comparatively  small,  even  when  the  neutral  line 
currents  are  of  very  large  dimensions.  If  a  current  in  repie- 
sented  analytically  by  an  equation  of  the  form 

i  =  Ij  sin  pt  + 1.,  sin  2>pl  -  ft,  +  I-,  sin  ?>pt  -  0^. 

It  is  well  known  that  the  heating  effect,  produced  when  this 
current  flows  through  a  resistance  R 

=  |(ll^^l:.'+l.^ )■ 

If,  for  example,  I3  is  20  per  cent,  of  the  fundamental  li,  the 
heat  produced  when  this  current  flows  through  a  circuit  of 
resistance  R  watts  =  |li'(  1-04), 

i.'.,  is  only  4  per  cent,  greater  than  when  this  triple-frequency 
current  is  not  present.  Another  effect  of  these  currents  is  that 
they  reduce  the  power  factor  of  a  machine  which  is  carrying 
them,  for  the  currents  only  produce  heat  in  the  rcsistamcs  of 
the  machines  and  of  the  jtarallcling  cables,  and  their  power 
factor  is  therefore  very  small.  When  a  power  factor  meter  is 
connected  to  a  machine  carrying  these  currents,  its  reading 
may  be  considerably  lower  than  that  corresponding  to  the  real 
angle  of  lag  between  the  fundamental  wave  of  P.D.  and  the 
fundamental  wave  of  current,  as,  for  example,  is  found  in  the 

*  Parshnll  and  Hobart,  "  Electric  Machine  Design,"  p.  496,  22-5  linee 
per  ampere  per  inch. 


case  of  circuits  supplying  alternate-current  arcs.  This  may 
cause  difficulty  in  parallel  working  as  alternators  in  parallel 
usuall)'  have  their  excitations  adjusted  so  as  to  give  the  same 
reading  on  a  power  factor  meter,  and  this  adjustment  maj'  not 
correspond  with  minimum  cross  current.  The  method  of 
determining  the  best  power  factor  for  any  individual  machine 
cou])led  to  the  bus  bars  would  be  to  find  the  excitation  for 
which  the  current  flowing  to  it  through  the  neutral  wire  is  a 
minimum. 

It  should  be  noticed  that  the  magnitude  of  the  current  flow- 
ing round  the  local  circuit  of  star-connected  generators, 
coupled  in  parallel  is  normallj'  not  so  large  as  the  local  current 
flowing  in  a  mesh-connected  generator  with  the  same  irregu- 
larity in  its  open  circuit  wave  form.  In  the  mesh-eonnected 
machine  the  three  triple-frequency  components  of  E.M.F.  in 
the  three  circuits  will  be  in  phase  with  each  other,  if  the 
machine  is  symmetrical,  whereas  with  two  slightly  dissimilar 
machines  star  connected  and  coupled  in  parallel,  the  worst 
possible  case  is  that  in  which  the  triple-frequency  E.M.F.sare 
in  phase ;  and  sometimes  thev  may  oppose  each  other  and 
produce  no  resultant.  The  impedance  of  the  path  for  the 
triple-frequency  currents  in  mesh  generators  is  due  only  to 
slot-leakage-reactance,  and  resistance,  just  as  in  the  star-con- 
nected generators.  It  follows  then  that  the  mesh-connected 
generator  is  equivalent  to  the  worst  possible  case  of  two  star- 
connected  generators  coupled  in  parallel,  all  the  machines 
being  supposed  to  ha\e  a  given  magnitude  of  triple-frequency 
E.M.F.  in  their  wave  form. 

Mdhoil  of  A  voiding  Tripk-frequcacij  Current.— The  recent  dis- 
cussion on  triple-frequency  currents  has  led  to  a  number  of 
suggestions  as  to  the  methods  which  may  be  adopted  for  getting 
rid  of  them. 


Fiu.  11.— Line  Ccrrent  frihi  Machine  A  runnini^ 
WITH  Machine  1!. 


IN  parallel 


Mr.  Rider  proposes  a  switch  which  is  designed  so  as  to 
automatically  connect  the  neutral  point  of  one,  and  only  one, 
of  a  number  of  paralleled  machines  to  earth.  This  method  is 
quite  effective  for  getting  rid  of  these  currents.  The  onl)' 
objection  which  can  be  urged  against  it,  is  that  the  neutral 
points  of  the  machines  which  are  unearthed  may  rise  to  quite 
high  potentials  ;  the  magnitude  of  the  P.I),  is,  however,  limited 
by  the  magnitude  of  the  triple-frequency  component  of  E.M.F. 
in  the  open  circuit  wave-form.  In  the  case  mentioned  above 
the  value  of  this  component  was  about  240  volts,  and  this 
potential  is  not  a  dangerous  one,  although  it  would  obviously 
be  necessary  to  take  greater  precautions  than  are  usual  in  in- 
sulating and  protecting  the  neutral  point,  when  this  arrange- 
ment is  used. 

Other  suggestions  have  been  to  insert  resistances  or  choking 
coils  between  the  neutral  points  of  each  machine  and  earth. 

Mr.  Brazil  I  has  pointed  out  that  the  best  form  of  resistance 
to  use  is  one  which  becomes  less  as  the  current  through  it  in- 
creases, anil  he  proposes  carbon  powder  resistances  :  the  limit 
to  be  placed  on  this  resistance  dcjjends  on  the  circuit-breakers 
in  the  machine  circuit.  There  appears  to  be  little  doubt  that 
alternatois  running  in  jiarallel  should  have  their  neutrals 
earthed  and  that  choking  coils  are  the  best  means  of  prevent- 
ing triple-frequency  currents. 

The  impedance  of  a  choking  coil  to  the  triple-frequency 
current  is  three  times  what  it  would  be  for  normal  frequency 
currents,  and  it  is,  therefore,  equivalent  to  a  resistance  which 
falls  to  one-thirtl  of  its  previous  value,  whenever  it  has  to 
carry  an  out-of-balance  current  due  to  a  fault,  and  so  will  not 
interfere  with  the  i)roper  operation  of  the  circuit-breakers.  It 
is  jwssililc  to  use  (juite  a  small  reactance  in  the  choker,  and  yet 
to  cut  down  the  triiile-fre(|uency  current  to  negligible  dimensions. 

•  Proc.  Inst,  of  Elec.  Eng.,  March,  1909. 
t"TifE  Electrician,"  May,  1909,  p.  140 
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CORRESPONDENCE. 


CHARGES  FOK  ELECTKIOAL  ENERGY. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir  :  I  have  been  very  much  interested  iu  the  discussion  at 
the  meeting  of  the  Municipal  Electrical  Association  and  in 
your  editorial  regarding  the  publication  of  preferential  terms 
granted  to  large  users  of  electricity  by  municipal  trading 
concerns. 

Some  years  ago  in  Boston  we  felt  that  it  was  not  necessary 
to  have  secret  agreements,  and  that  when  any  preferential  terms 
were  granted  to  one  user,  they  should  be  granted  to  other 
users  under  the  same  circumstances.  We  have  been  acting  on 
this  principle  for  the  last  live  years. 

I  enclose  copy  of  our  rates,  and  may  say  that  no  contracts 
are  made,  or  supply  furnished,  except  at  these  rates,  with  the 
exception  of  a  few  old  contracts  antedating  the  establishment 
of  standard  published  rates.  On  these  schedules  we  supjily 
very  large  customers  paying  us  up  to  £10,000  and  £20,000  a 
year. 

In  individual  cases  we  realise  that  it  might  be  easier  to  get 
business  if  we  could  make  special  rates,  but,  on  the  whole,  we 
feel  that  we  stand  much  better  by  b^ing  able  to  say  to  evcrj^ 
prospective  customer  that  he  can  have  the  same  price  as  any 
existing  customer  under  tlie  same  circumstances.  As  soon  as 
the  customers  as  a  whole  find  that  they  cannot  get  preferential 
terms,  other  than  as  their  conditions  warrant,  they  cease  to 
ask  for  them. — I  am,  &c.,  R.  S.  H.\le, 

Boston,  July  19.  Supt.  Sales  Department, 

Edison  Electric  Illuminating  Co.  of  Boston. 

[Mr.  R.  S.  Hale  encloses  with  his  letter  the  schedule  of  rates, 
ilated  March  1,  l!t09,  of  the  Edison  Electric  Illuminating  Co. 
uf  Boston,  and  wa  observe  that  the  schedule  is  divided  into  : 
(ii)  Lighting  rates,  (Ij)  power  rates — with  a  sub-heading  ele- 
vator rates,  (c)  yearly  lighting  rates  (for  lighting  consumers 
making  yearly  agreements),  and  ((/)  permanent  electric  rates 
for  consumers  who  make  long  term  agreements).  As  these 
rates  are  of  interest  we  summarise  them  below : — 

(o)  Li(jhti)iij  Jial^s. — The  price  charged  for  electrical  energy  is  fid.  per 
unit,  with  a  minimum  chaige  uf  4s.  per  month  per  meter. 

{!>)  Power  Bates. — The  same  price  and  the  same  minimum  charge  as 
for  lighting  up  to  a  consumption  equivalent  to  2.3  hours'  u.se  per  month 
of  the  consumer's  maximum  demand;  for  additional  energ}'  up  to  tlie 
('(|uivalent  of  10.3  hours'  use  of  the  maximum  demand  4Jd.  pi'V  \init  ; 
.itid  3d.  per  unit  for  all  energy  in  excess  of  this  amount.  In  addition. 
whenever  that  portion  of  a  consumer's  bill  whieli  is  calculated  at  the 
4W.  and  3d.  rate,  or  both,  exceeds  £2  per  month,  a  discount  of  70  per 
cent,  is  allowed  on  such  cxees.s  amcumt  over  £2.  Also,  whenever  a  con- 
sumer's bill,  aft^r  the  foregoing  deductions  have  been  made,  exceeds 
£20  per  month,  a  discount  of  30  per  cent,  will  be  allowed  on  any  amount 
in  excess  of  £20. 

('<!)  Elemtor  RaW^. — Consumers  using  electrically-driven  elevators 
can  he  charged  at  the  power  rates,  or,  if  they  prefer,  on  the  following 
sliding  scale:  fid.  jier  unit  (with  the  usual  niininnim  charge  of  4s.  per 
month  per  meter)  up  to  300  units  per  month  ;  2Jd.  per  unit  for  energy 
lietween  300  and  000  units  per  month  :  lid.  per  unit  fiu-  energy  between 
fiOO  and  4.000  units  per  month,  and  l|d.  per  luiit  for  all  energy  used  in 
excess  of  4.000  units  per  mouth. 

((■)  Yimli/  Lii/liliiiij  Jtaleti. — A  fi.ved  charge  of  £12  per  year,  payable  in 
e(pial  montlily  mstalnient.s,  is  made  i)er  kilowatt  of  maximum  demand 
up  to  and  including  l,")  kw.,  of  £7-2  per  kilowatt  between  lo  kw.  and 
•")5  kw.,  and  of  £(i  jier  kilowatt  for  any  demand  over  55  kw.  In  addition, 
'here  is  a  charge  for  all  energy  consumed  of  2id.  per  unit  up  to  1,500 
units  per  month,  of  IJd.  per  unit  for  energy  exceeding  L.WO  units  per 
niciiitli  and  not  excectUng  5,500  iniits  per  month,  whilst  Hd.  per  unit  is 
charged  for  all  energy  in  excess  of  5,500  units  per  month. 

('/)  Permaninl  Electric  Rales. — The.se  apply  to  consumers  who  sign 
iigreements  for  at  least  50  kw.  of  permanent  electric  service.  The  charge 
is  divided  into  fixed  costs,  running  costs  and  excess  costs.  The  fixed 
cost  is  the  same  as  that  given  above  for  yearly  lighting  rates.  The  run- 
ning cost  is  2Jd.  per  unit  up  to  1;500  units  per  month;  IJd.  per  unit 
between  l.,500  and  5,500  units  per  month;  Jd.  per  unit  between  5.5t)0 
units  and  105,500  units  per  montli ;  Jd.  per  unit  for  energy  in  excess  of 
■his  amount.  If  the  compiuiy  are  not  required  to  supply  lamps  and 
attend  to  the  installation,  a  deduction  <if  Jd.  pec  unit  is  made  from  the 
net  amount  of  tin-  bill.  For  intermittent  loa<ls  up  to  40  per  cent,  in 
excess  of  the  kilowatts  applied  for  by  the  aonsumer,  an  excess  price  of 
lOd.  per  unit  will  be  charged  for  all  electricity  furnished  at  any  time  in 
excess  of  the  kilowatts  applied  for. 

In  ca,se  of  power  the  maximum  demand  is  taken  as  the  average  of  the 

regular  monthly  readings  of  the  indicator  between  October  1st  and  the 

I  following  February  1st  in  each  year.     Also,  the  demand  in  no  case  shall 


be  less  th.in  one-third  of  the  lii(;lic^t  reidint'  duriri.'  tin-  previous  12 
months,  or  less  than  I  kw.  (10  kw.  in  'he  case  of  an  elevator  used  on  the 
j)ower  rates).  Con.suniei-s  can  have  their  maximum  demand  indicators 
cut  out  one  night  in  each  month,  provided  a  48  hour  written  notice  is 
given  to  the  company. 

In  the  case  of  lit'hting,  the  demand  indicators  are  read  between  Novem- 
ber 1st  and  the  following  Fcbniarj'  1st,  whilst  0-2  kw.  is  regarded  a.s  the 
minimum  demand. — Eo.  E.'\ 

THE  PHOTOMETRY  OF  DIFFERENTLY  COLOURED 
LIGHTS. 

TU  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir  :  I  would  thank  Mr.  Lauriol  for  his  interesting  commu- 
nication in  your  last  issue  confirming  my  article  on  this  subject 
at  least  (jualitatively.  From  what  Mr.  Lauriol  says  in  his 
letter,  and  after  somewhat  hurriedly  reading  through  his  com- 
munication (in  flench)  in  the  "Bulletin"  of  the  Societe  Inter- 
nationale des  Electriciens,  I  understand  that  he  compared  a 
carbon  limp  with  a  Nernst  lamp,  employing  a  Simmance 
Abady  Hicker  head,  tests  being  made  with  the  disc  moving 
and  also  at  rest,  an  I  that  a  difference  in  the  reading  of  no  less 
than  20  per  cent,  was  found.  This  goes  much  further  than 
the  difference  I  found  with  carbon  and  tungsten  lamps  and  is 
indeed  startling. 

Mr.  Abady  will  have  his  little  joke.  Of  course  he  knows 
that  I  would  never  give  i)reference  to  any  particular  type  of 
photometer  just  because  it  favoured  one  type  of  lamp.  The 
reason  for  preferring  to  go  by  the  results  of  a  Bunsen  or 
Lummer  is  obvious  enough.  The  conditions  are  nearer  to 
those  of  practical  illumination. 

As  no  one  has  ofiered  an  explanation  why  a  flicker  photo- 
meter gives  incorrect  results,  I  will  venture  an  explanation  as 
a  guess.  In  the  eye  we  have  the  rods  and  the  cones.  The 
rods  are  supposed  to  be  affected  only  by  intensity,  the  cones 
also  have  the  property  of  distinguishing  colours.  When  a 
flicker  head  is  run  up  to  speed  so  that  the  colour  sensation  dis- 
appears, it  may  be  that  the  cones  are  simply  unable  to  follow 
the  quick  changes  fast  enough,  and  we  have  rod  vision  only, 
like  we  have  at  night  when  any  one  can  notice  that  all  objects 
not  artificially  lighted  lose  their  colour.  If  the  cone  and  rods 
are  unequally  sensitive  to  different  parts  of  the  spectrum,  it 
follows  that  rod  vision  would  give  different  photometric  results 
to  rod  plus  cone  vision. 

I  have  it  on  the  authority  of  Messrs.  Simmance  and  Abady 
that  some  colour-blind  people  ol>tain  normal  results  with  a 
flicker  head.  I  have  it  on  the  authority  of  others  of  equal 
standing  that  some  colour-blind  people  do  not  get  normal 
results  with  a  flicker.  The  explanation  is  that  there  is  more 
than  one  sort  of  colour  blindness.  If  the  cones  only  are 
affected  it  would  explain  this  difference  and  rather  confirms 
my  suggestion  that  the  rods  and  cones  are  not  necessarily 
equally  affected  by  different  parts  of  the  spectrum. 

As  a  confirmation  of  my  tests  I  wo\i!d  like  to  mention  that 
I  have  recently  sent  up  to  the  National  Physical  Laboratory 
a  couple  of  tungsten  lamps  for  comparison.  I  tested  these 
lamps  each  against  a  different  carbon  standard,  using  the 
Bunsen  disc.  Air.  Paterson  tested  them  for  me  itgainst  his 
tungsten  standards,  which  have  been  set  up  from  carbon  stan- 
dards using  the  Lummer  head  throughout.  Jlr.  I'aterson's 
figures  are  0  6  per  cent,  and  0-9  percent,  greater  than  mine. 
Talso  tested  these  lamps  on  a  flicker  and  obtained  about  5  per 
cent,  less.— I  am,  &c.,  Lancelot  W.  Wild. 

Westminster  Electrical  Tostini:  Laboratory,  July  30. 


RESEARCHES  IN  RADIO-TELEGRAPHV. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir:  Will  you  have  the  kindness  to  publish  the  following 
observations  on  the  letter  of  Mr.  E.  Bellini  published  in  your 
issue  of  July  '2Hrd. 

Mr.  Bellini  say;  that  priority  of  the  triangular  aerial  for 
circid.arly  or  clliptically  polarised  electromagnetic  waves  is 
certainlv  due  to  me.  I  may  say,  further,  that  I  have  used 
this  form  of  aerial  with  good  results,  not  only  with  elliptic;\lly 
polarised  waves  but  also  with  plane  polarised  waves.  These 
results  are  stated  in  official  documents  of  the  Royal  Italian 
Navy,  which  fortunately  are  at  my  disposal.     I  further  hold 
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several  documents  signed  by  Mr.  Bellini  attesting  these  good 
results. 

Further,  I  declare  that,  in  contradiction  to  Mr.  Ijcllini's 
statement,  Mr.  S.  G.  Brown  has  never  patented  the  triangular 
aerial,  the  aerial  of  X  form,  or  that  of  V  form,  or  ra_v  numerous 
other  forms  of  aerial  conductors. 

In  the  British  patent  S.  G.  Brown,  No.  14,449  (1899),  Mr. 
Brown  says  :  "  This  placing  tlie  wires  half  a  wave-length  apart 
causes  the  system  to  send  its  waves,  or  receive  them,  from 
mainl}'  one  direction,  which  direction  would  seem  to  t)e  that 
of  the  plane  of  the  wires. 

''  If  the  vertical  wires  were  not  so  carefully  adjusted  to  the 
wave-length  they  would  transmit  or  receive  the  Hertzian  waves 
from  any  direction." 

-My  aerial  conductors  are  not  vertical,  they  are  of  V,  of  X,  or 
of  triangular  form,  or  thej'  are  situated  in  a  way  that  the  plane 
of  one  of  the  inclined  conductors  makes  a  given  angle  with  tiie 
plane  of  the  other  conductor.  Mr.  S.  G.  Brown,  in  describing 
his  system,  has  implicitly  excluded  the  particular  forms  of  my 
aerial  conductors,  and  it  would  be  simply  an  absurdity  to  give 
to  his  words  such  an  interpretation  that  would  destroy  the 
essential  characteristic  of  the  Brown  method. 

Mr.  Blondel,  in  his  Belgium  patent  (June  IG,  1902),  describes 
a  radiator  system  of  two  or  more  parallel  antennu',  whose  dis 
tances  and  phases  are  fixed  according  to  the  length  of  the 
waves,  &e. 

My  anlenna^  of  V,  of  X  or  of  triangular  tjpe  form  an  angle 
between  themselves  :  conseciuently  they  cannot  be  parallel. 

I  further  declare  that  in  several  of  my  pateiits  my  aerials 
are  equillj"  for  use  with  the  ellipticallj'  polarised  waves  as  for 
the  plane  electromagnetic  waves. 

Thanking  you  in  anticipation  for  your  kindness. — I  am,  Sec, 

Turin,  July  26.  Aless.\ndho  ARTO^r. 


ELECTRICITY  TARIFF  IN  ST.  MARYLEBONE. 

At  their  meeting  last  week  the  St.  Marylebone  Council 
approved  a  report  by  Mr.  A.  H.  Seabrook,  the  new  manager 
of  the  electricity  undertaking,  on  simplifying  the  existing 
systems  of  charging  for  electrical  energj'.  The  first  part  of 
the  report  contains  an  explanation  of  the  terms  employed  ; 
Mr.  Seabrook  then  puts  forward  a  complete  scheme  of  optional 
tarifls  suitable  for  all  consumers;  "large  consumers '' being 
classed  as  those  requiring  powers  of  50  kw.  and  upwards ; 
"medium-size  cons\imers"  being  those  requiring  from  20kw.  to 
r)Ok*v.,;ind  "small  consumeis"  those  requiring  power  of  an 
amount  less  than  20 kw.  The  tarifls  proposed  are  given  in 
the  following  extracts  from  the  report.  The  term  "power 
required"  is  used  instead  of  consumer's  maximum  demand. 

Ltirfji    Coii-'<anars. 
Power  rpniiircd.       .Mill,  lixfd  .'Vnniial  Charge. 
2(Ktkw f!M)0     0     0^ 

l.iOkw 7S7   10     0     Additional  kws.  ,,m  rata   i-.r  kw., 

r^lkw  7(VJ     ■'     l>  ^     '"'    1""''     *'"'rt'of    per    anii\iiii  ; 

loiikw!  ;!;;;";;;";;"  cm  d  of  "■"'  i''-  ,i"^'' """  '"■■ »"  """*^ 

7.5k«- 4H7   10     ol      fons..nu-d. 

50  kw 350     0    0' 

Terms. — Ten  years'  contract  and  exclusive  u.se  of  electricity  for  liglu- 
ing  and  power  (motors).  The  "  kw.  charge"  payable  annually  in 
advance. 

Medium-size  Consumera. 
Power  required.       Min.  fixed  Annual  Charge. 

45kw £.337   10     0 

40  kw 300     0     0  I  Additional  kws.   pro  rata  per  k«., 

53  kw 20(i  17     (i  ,      or    part    thereof    per    annum; 

3<Jkw 240     0     Ol"     and    id.   per  unit   for  all  units 

25kw 209     7     O)      consumed. 

20kw 180    0    0^ 

j'erm». — Five  years'  contract  and  exclusive  u.se  of  ele.lricity  for  lighting 
and  power  (motors).  The  '"  kw.  charge  "  payable  annvially  in  advaiue. 
General  {Large  and  Medium  Consumers).— 'Vhc  above  arc  minimum 
terms  under  these  conditions,  and  are  not  inflexible,  and  if  it  is  incon- 
venient for  a  consumer  to  pay  annually  in  advance,  or  to  enter  into  a 
long  period  contract,  the  "  kw.  charge"  will  be  accordingly  increased, 
taking  into  consideration  the  directions  in  which  the  consumer  cannot 
meet  the  conditions.  The  Council  also  may  at  their  discretion  (per  their 
general  manager)  ignore  the  "  annual  or  kw.  charges  "'  for  uses  of  elec- 
tricity other  than  lighting  and  motors,  provided  the  premises  are  lighted 
exclusively  by  the  Council. 


Small  CoiiSKmcrs. 
Lighting  only  : — Telephone  xi/xlem  o/  charge. 
Po«er  required.       Min.  fixed  Anntutl  Charge. 

IS  kw tllili  10  0  \ 

l.'ikw l.->0     0  0     Additional  kws.   pro  rata  per  kw. 

12  kw 12()     0  0>      in- ]iart  thereof  per  annum  :  and 

lOkw 110     0  0  Id.  pel  iMiit  for  all  units  used. 

8kw !)2     8  (t  / 

7kw ,82     ■>  0  1   ,  ,  ,.  .        ,    ,  , 

,;].„.  'j.y     Q  J,     Additional    |  kws..    pro   r.ita    per 

.-.kw!     '.'.'.''.'.['.'Z'.'.'.'.'.     (12   10  of      k»-.|u-r  annum;    and  Id.  per  unit 

4kw 51      0  0'       for  all  units  cousumed. 

3.!  kw 44     2  0  ,   .  ,  ,.  .        ,      ,       ,   , 

3kw 39     0  0  l-^'l'''*'"""'   l/ll'llil<»'^-    I'l'"    rata 

2Jkw 33  10  3  ,-      Perkw.  per  annum;  ami  Id.  per 

2kw 2G   10  0  )       '""'    '"'■  ■'"   """^  nmsnmed. 

Ifkw 24  10  0 

1  kw 14     0  0      ,  ,  ,.  .       ,    ,   ,    ,   , 

:i  ]-„,  JO  JO  0     Additional    l/20th  kws.,  ))ro    rata 

i  Ij^j. 710  0         per  kw.  ]>er  annum;  and  Id.'per 

?■     '^  i       "nit   for  all  units 


kw 
i  10th  kw 


3   10     0 

1      8     I)- 


sunied. 


The  charges  for  all  units  consumed  to  be  paid  weekly,  moiitlily  or 
(luaiterly  as  required.  I  ex]iect  tluit  a  large  i)ro])<irtion  of  the 
luesent  and  future  consumers  will  be  1  kw.  and  under.  I  projiose  that 
this  tariff  be  known  as  the  "  Telej.hone  .System  of  Charging,"  which  is 
self-exiilanatory,  as  most  of  the  consumers  are  telephone  users  and 
understand  the  fixed  jjayment  annually  in  advance,  and  Id.  per  call. 
-No  contract  for  a  number  of  years  is  proposed  with  these  small  con- 
sumers, unless  .any  consumer  jiarticiilarly  desires  it.  The  annual  charge 
is  to  be  jiaid  annually  in  advance  and  ba.sed  on  the  consumer's  "  power 
required  "  for  the  jirevious  year.  In  the  case  of  new  consumers,  whose 
"  j>ower  required  "  is  not  ascertained,  the  "  annual  charge  "  for  the  first 
year  is  to  be  assessed  by  the  ircneral  maniiger,  and  after  the  first  year  the 
same  iirocedure  as  with  old  consumers. 

Flats. — The  practice  of  faiming  out  current  to  flat-holders  by  flat-owners 
will  have  to  be  carefully  looked  into,  because  it  is  to  flatholders  I  am 
looking  for  extensive  use  of  heating  and  cooking  apjiaratus. 

Smiill  consutners : — Healing,  cooking  and  other  uses  of  electricili/, 
•xeluding  lighting  and  motors. — rl  do  not  suggest  any  alternative  U)  the  2d. 
and  Id.  maximum  demand  .system  for  consumers  using  motors,  i.e., 
factories,  &c.,  at  present.  1  recommend  the  following  scale  of  charges 
for  heating,  cooking  and  other  uses  ; — 


Fixed  annual  charge. 
£0;l5     0 


0  10 
Oil  5 
IJIO 

1  10 
I    1.-. 


-\nd  Id.  for  all  units  consumed 
pay;il)le  weekly,  monthly  or 
quarterly,  as  the  Council  may 
require." 


Power  re(piired. 

i  kw 

^kw 

^kw 

I  kw 

2kw 

3  kw 

4kw 

5  kw.  and  ujiward 

The  "  kw.  charge  "  is  payable  annually  in  advance.  The  .scale  for 
heating  and  other  uses  of  electricity  only  applies  where  the  lighting  of  th,. 
premises  is  exclusively  electricity  from  the  Council's  mains.  These  terms 
ag.iiu  are  iiiiuimum  terms:  any  consumer  who  wishes  to  pay  quarterly 
instead  of  annually  will  be  charged  a  cones] loudingly  higher  rental.  For 
uses  of  electricity  under  this  tariff  we  can  generally  assess  the  apjiarattis 
itself,  i.i ..  a  4-lamp  iadiati>r  would  be  £1  per  annum,  and  five  radiators  (or 
their  cqiii\'alcnl)  w<iuld  be  £2.  2s.,  and  so  on. 

Crnerul  Kriiiarh'i  -.—.411  sizes  of  consiinxrs. — 1  am  satisfied  that  we  shall 
do  better  with  our  existing  consumers  with  a  siin|ililicd  tariff  ;  that  it  will 
be  easier  to  get  additional  lighting  business  ;  and  that  with  the  proposed 
rate  fcu'  heating  and  cooking,  &c.,  we  can  comjiete  with  gas.  Under  this 
taritV  the  consumer  must  give  all  facilities  for  inspection  of  installations 
.and  ajiparatus  by  duly  authorised  officers  of  the  Council,  periodically. 
One  advantage  of  this  "  annual  charge  "  plus  Id.  jier  tuiit  tariff  is  that 
one  meter  only  is  required,  the  "  power  required  "  or  "  maximum 
demand  "  indicator  remaining  on  all  jiremises  as  at  present,  as  the  whole 
tariff  depends  upon  the  "  jiower  required  "    or  "  maximum  demand." 

I  am  of  o])inion  that  Hat  rates  as  a  rule  are  incorrect  methods  of  charge, 
and  I  would  not  recommend  an  extension  of  such  rates  for  this  district. 
The  imly  fair  method  of  charging  on  the  fiat-rate  .system  is  to  group 
various  classes  of  suj)ply  and  give  each  class  of  snj)ply  a  ditTcrenl  Hat-rate 
according  to  load  factor,  which  would  result  in  no  end  of  dissatisfaction 
amongst  consumers.  The  "  maximum  demand  "  or  "  jiowcr  required  " 
system  of  charging  is  the  correct  one,  the  difficulty  having  been  to  get  it 
simple  and  understandable  by  cfinsumers.  This  proposed  tariff,  I  think, 
meets  this  difficulty.  The  variation  in  "  annual  charge  "  as  between 
large  and  small  consumers  differentiates  between  wholesale  and  retail 
su])plics.  The  annual  payment  in  advance  for  large  and  medium  con- 
sumers lessens  the  risk  of  bad  debts  tf)  the  Council,  and  further,  in  the 
case  of  small  consumers,  renders  depositJs  unnecessary. 

A  most  important  point  to  the  consumer  is  that  (me  set  of  wiring  only  is 
necessary  in  all  j)rcmises,  even  where  lighting,  heating,  and  cooking  are 
mixed  up.  As  to  what  may  be  termed  "  lighting,"  "  power,"  "  heat- 
ing," '■  cooking  "  and  other  uses  of  electricity,  the  general  manager's 
decision  must  be  final. 

In  the  case  of  large  and  medium  consumers  the  tariff  is  to  take  effect 
at  once  ;  but  in  the  case  of  small  consumers,  from  December  31st  next. 
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ON  THE  MAGNETia  PROPERTIES  OF  CERTAIN 
COPPER  ALLOYS.* 

BY    A.    D.    BOSS.    M.A.,    B.SC,  AND  R.    C.  OBAY. 

Summary. — Manganese-iiluminium  bi-oiizps  exhibit  less  hysteresis,  but 
are  also  less  magnetic,  after  <(uenchin,n.  If  rich  in  ii>|i|iit,  f'lifv  are  more 
magnetic  at  — 190°C.  than  at  15°C.  < 'nnl  iiiu.cl  liiikinj  niln.'rs  the  sus- 
ceptibility and  increases  the  hystiivsis  |m«;ii,|s  ,1.  limi,'  limits.  In 
Hensler  alloys  containing  7<),  (52  and  ."i.",  |„.|'  (,nt.  ...|)|ii.i  ivspcctivcly, 
and  till-  rciii;iind..|  mkiii-iiicnc  .iiid  .diiminiuni  in  atomic  proiiortions,  the 
.".Hire,  and  S-IS^C.  The  quenching  and 
llnys  are  very  similar  to  those  in  On.,  AI.  ? 


d  In 


liciiiid  aircllV.  Is  in  llir  llm 

In  May,  1907  a  Paper  was  read  before  this  society  by  one  of  us  on 
the  magnetic  properties  of  the  Heusler  alloy.f  After  that  date  the 
investigation  was  extended  to  two  other  coijper-nianganesc-alumi- 
nium  alloys,  and  latterly  the  scope  of  the  research  has  been  ftuthci' 
extended  by  a  series  of  tests  carried  out  by  the  present  antliors  on 
simple  aluminium  and  manganese  lininzes.  and  on  tlie  ((mstilnc-ut 
metallic  elements  in  the  pure  form,  wliile  additional  tests  lia\c  lieeii 
made  on  the  manganese-aluminium  bronze. 

The  specimens  referred  to  in  this  Taper  had  the  following  com- 
positions:— (I)  Casting  B. — 62  per  cent,  copper,  25  per  cent,  man- 
ganese, 12-0  i)er  cent,  aluminium,  and  a  trace  of  lead.  (2)  Casting 
D- — 76  per  cent,  cojiper,  16  jier  cent,  manganese,  and  8  per  cent, 
aluminium.  (3)  Casting'' E.— 55  per  cent,  copper,'^  30  per  .'cent. 
manganese,  and  15  per  cent,  aluminium.  (4)  5  per  cent,  aluminium- 
bronze  (that  is,  5  per  cent,  aluminium,  95  per  cent,  copper).  (5) 
10  per  cent,  aluminium-bronze.     (6)  60  per  cent,  aluminimn-bronze. 
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Fig.  1. 

(7)  70  per  cent,  aluminium-bronze.  (8)  30  per  cent,  manganese- 
bronze.  (9)  Pure  aluminium.  (10)  Pure  manganese.  B  is  the  ordi- 
nary Heusler  alloy.  The  specimens  from  castings  B.  D  and  E  were 
cylinders  of  length  20  cm.  and  diameter  about  1  cm.  They  were 
tested  in  the  condition  as  cast,  except  that  the  ends  were  cut  olT 
square.  The  other  materials  in  the  above  list  were  too  feebly 
magnetic  to  lend  themselves  to  testing  in  the  usual  magnetometric 
method.  The  specimens  wei'e  accordingly  cast  in  the  form  of  small 
cylinders  8  cm.  in  length  and  6  mm.  in  diameter,  and  wciv  niagiul  ised 
by  means  of  a  powerful  electromagnet. 

For  testing  the  casting.s  B,  1)  and  E  the  Oia\-l-!oss  mnuneto- 
metcrt  was  used.  The  magnetisation  of  the  oth'er  specimens  was 
carried  out  Avith  the  large  electromagiK't  belonging  to  tiie  Physical 
Laboratory  of  Glasgow  University.  A  field  of  4,400  C.O.S.  units 
was  obtained,  and  the  permanent  magnetism  so  induced  in  the  speci- 
mens was  measured  by  a  delicate  magnetometer. 

In  the  previous  Paper  an  account  has  been  given  of  the  etfeets  of 
liquid  air  on  alloy  B  both  in  the  cast  and  in  the  quenched  condition. 
Similar  tests  were  now  made  with  allov  D.  The  qneiieliing  was 
carried  out  at  450°C.  Fig.  1  exhibits'  (ho  results  obtained.  In 
calculating  H,  the  strength  of  the  magnetising  field,  allowance  has 
been  made  for  the  end  etl'ect  of  the  magnetising  solenoid,  and  Du 
Rois  s  factors  are  employed  in  deriving  the  true  field  from  that  due  to 
the  current  in  the  helix.  The  values  of  I.  the  intensity  of  magnetisa- 
tion, are  obtained  on  the  assumption  that  the  polar  distaiiee  of  the 
c.ylmdrical  specimens  is  %  their  total  length— an  a,ssumiition  which  has 

*  Abstrn  I  ,,|   ,  !•  ,|H.,-  read  before  the  Royal  Society  of  Edinburgh. 
T  IHK  Im  I  ,  I  Ki,  I  IN.  December  27th,  I!K)7. 

I  J.  (;.  Kiay  and  A.  D.  Ross,  "  On  an  hnprovcd  F.irm  of  Jfagnct..- 
meter,  &c.,  '  ••  Proc.  Roy.  Soc.  Edin.,"  1908-1). 


been  justified  by  comparison  of  such  specimens  with  others  turned 
d<iwn  into  ellip.snids  of  revolution.  The  curve  AA  shows  the  magne- 
tic condition  of  the  alloy  in  its  original  slate.  On  re-testing  with  the 
specimen  at  the  lemjHiature  of  —  I90°C.  the  dotted  line  curve  A'A' 
was  obtained.  .After  being  (pienched  at  450^C.  the  specimen  was 
almost  non-magnetic,  as  indicated  by  QQ.  On  cooling,  however,  to 
-  190°C.  there  was  a  marked  increa.se  in  permeability  and  hj'steresis, 
as  shown  by  the  curve  Q'Q'.  Another  specimen  which  had  Ijccn  very 
rapidly  cooled  in  the  process  of  easting  gave  P  and  P'  respectively  for 
the  highest  points  on  (he  15X'.  and  the  —  190°C.  magnetisation  cycles. 
It  cxiiihits  a  large  liquid  air  effect,  and  therein  resembles  the  quenched 
material. 

Similar  tests  on  alloy  E — an  alloy  much  poorer  in  copper — are 
given  in  the  Pajter.  The  hysteresis  is  almost  inappreciable,  and  the 
liquid  air  ctTect  is  reversed  in  direction. 

Eiject  oj  Baking  the  Alloys. — \'arious  temperatures  u|)  to  500°C. 
were  emj^loyed.  The  result  of  this  thermal  treatment  has  therefore 
been  (i.)  to  lower  the  saturation  intensity  continuously  towards  a 
limiting  value,'(ii.)  to  cau.se  at  first  a  .slight  increase  in  the.susceiiti- 
bility  for  low  fields,  (iii.)  to  reduce  the  susceptibility  for  all  fields  to- 
wards a  definite  limiting  value,  (iv.)  to  reverse  the  liquid  air  effect  in 
specimens  baked  for  more  than  8  hours.  The  hysteresis  was  also 
found  to  increase  with  time  towards  a  maximum  \  alue.  The  effect 
of  baking  alloy  B  has  also  been  investigated  by  the  authors.  It  has 
been  found  that  the  best  magnetic  condition  of  the  aUoy  is  obtained 
by  exposing  the  material  for  a  jieriod  of  6  to  S  hours  at  a  temperature 
of  17<»  ('.  This  results  in  an  increase  of  over  10  per  cent,  in  the  satura- 
tion value  of  1,*  while  the  short  duration  of  the  baking  process  dt:es 
not  produce  any  marked  increase  in  the  hysteresis  less  in  taking  the 
material  through  a  magnetic  cycle.  Prolonged  heating  at  the  same 
temperature  slightly  reduces  the  susceptibility,  and  greatly  aug- 
ments the  coercive  force  and  the  hysteresis  los.s. 
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Fig.  2  shows  the  results  of  exjjosing  the  alloy  B  to  steadily  increas- 
ing temperatm'es.  In  each  ease  the  alloy  «as  placed  in  a  fmnaec  at 
the  required  temperature,  kept  there  for  three  hours,  and  then  the 
furnace  was  shut  off  and  the  alloy  allowed  to  cool  in  position  and 
tested  cold.  The  tests  were  made  for  a  series  of  temperatm-es  from 
50"C.  to  480°C.  The  dotted  lines  gi\-e  the  results  of  similar  tests 
made  with  the  baked  alloy  cooled  to  —  190"C.  The  curves  show  the 
improvement  of  the  material  for  high  fields  with  baking  at  tempera- 
tures in  the  neighbourhood  of  170  ('.  They  also  exhibit  a  marked 
<leterioration  in  the  magnetic  quality  after  baking  of  the  specimen 
about  250^('..  and  a  sub.sc(|uent  recovery  prior  to  a  rapid  deteriora- 
tion after  330'X'.  This  dip  in  the  curves  is  very  remarkable,  and 
points  to  some  exten.sive  change  in  constitution  of  the  material.  It 
is  notcwt)rthy,  too,  that  the  growth  of  hysteresis  is  specially  rapid 
in  the  case  of  specimens  exposed  to  temi)eratures  between  200'~C.  and 
250"C.,  and  the  maximum  limit  attained  is  greater  than  in  s|)ecimens 
which  have  been  subjected  to  lu'olongcd  heating  at  about  320^C. 
The  variation  in  the  liquid  air  etl'ect  shown  in  Fig.  2  is  also  interest- 
ing. With  the  material  in  the  condition  as  ea.st.  cooling  to  — 190'C. 
improves  the  quality  for  all  fields.  In  the  ca.se  of  specimens  which 
have  been  baked  at  temperatures  in  the  neighbourhood  of  250~C,  the 
effect  is  reversed  in  sign  for  fields  below  30  ('.(J.S.  units,  and  it  is  much 
reduced  in  magnitude  for  high  fields.  The  quality  of  sjH'cimens 
baked  at  3.30%'.  is  much  the  same  as  in  the  unbakt^  condition,  both 
as  regards  tests  at  room  temperature  and  at  that  of  liquid  air.  In 
specimens  exposed  to  still  higher  temperatures  the  susceptibility 
once  more  falls  o(T.  and  this  is  again  accompanied  bj-  a  lessening  and 
final  reversal  of  the  liquid  air  effect. 


*  Raking,  huwcvcr. 
small  tields. 


always  i-ednces  (he  values  of  I  corresjiouding  to 
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Brief  reference  is  next  made  in  the  I'aper  to  eritieal  tomiieiaUires. 
Simple  Bronzes.  Manganese  and  Aluminium — Tliese  materials 
were  magnetised  with  a  field  of  4.400  C.G.S.  units,  and  their  ]ier- 
manent  magnetism  was  subsequently  measured.  Some  of  the 
result.s  given  show  that  the  intensity  of  magnetisation  for  tlie  cast 
materials  magnetised  at  1.5  C.  and  —  190°C.,  and  when  quenched  at 
500°C.-600X^..  and  tested  at  the  above  temperatures  was  for  \o.  (4) 
0010,  0091.  002!)  and  0110  respectively.  Xo.  (,5)  0-184.  0-228, 
0-145  and  0-17.").  for  No.  (8)  0-0,57.  0-072.  (I09(i  and  0-118.  and  for 
No.  (10)  4-7(5.  4-G8.  3-74  and  :{-70.  The  two  aluminium  alloys  which 
show  a  specially  marked  improvement  in  magnetic  quality  ^^hen 
cooled  to  liquid  air  temperature  are  the  t\\o  bronzes  which  contain  free 
cop|)er.  The  same  two  (viz..  the  .5  per  cent,  and  70  per  cent,  bronzes) 
also  .show  an  increased  retentivity  in  the  quenched  state.  This  again 
agrees  with  the  results  obtained  for  metallic  copper.  The  10  per 
cent,  aluminium-bronze  does  not  contain  free  copper,  and  does  not 
improve  on  quenching.  It  shows,  however,  an  increased  retentivity 
at  liquid  air  temperature.  -Accordingly,  one  or  both  of  the  com- 
pounds Cuj.M  and  Cu.,Al  is  magnetic.  The  60  per  cent,  aluminium- 
bronze,  which  consists  of  C'u.-^lo  and  eutectic,  is  practically  non- 
magnetic. The  30  per  cent,  manganese- bronze  contains  free  copper 
and  exhibits  the  same  peculiar  properties  as  the  two  aluminium- 
bronzes  which  had  free  copper,  in  so  far  as  its  retentivity  is  greater 
at  liquid  air  tem])erature  than  at  1,5''C'.,  and  is  greater  in  the  quenched 
than  in  the  east  condition.  The  manganese  which  is  a  constituent  of 
this  bronze  is,  comparatively  speaking,  strongly  magnetic,  but  the 
effects  of  liquid  air  and  quenching  are  the  reverse  of  those  found  in 
the  mangane-se- bronze.  In  a  Paper  to  be  laid  before  this  society  by 
Mr.  J.  G.  Gray  and  one  of  us  it  will  be  shomi  that  manganese-steel 
does  not  give  an  increased  residual  magnetism  after  quenching,  as 
does  manganese-bronze,  and  further  that  when  in  the  normal  condi- 
tion its  qualitj-  degenerates  slightly  when  the  material  is  cooled  to 
— 190  C.  Manganesc-stcel  is  therefore  somewhat  similar  to  pure 
manganese  in  its  magnetic  properties,  and  gives  effects  altogether  un- 
like those  found  in  the  purest  copper.  Accordingly,  as  manganese- 
bronze  resembles  copper  in  its  magnetic  properties  and  is  essentially 
different  from  manganese  and  manganese-steel,  it  seems  natural 
that  its  magnetism  may  be  due  in  great  measiu-e  to  the  free  cojiper 
contained,  and  not  to  a  manganese-copper  constituent.  Also,  the 
tests  indicate  that  pure  aluminium  (such  as  had  been  used  in  making 
the  aluminium-bronzes  and  the  Heusler  alloys)  is  not  susceptible  of 
retaining  any  measurable  trace  of  permanent  magnetism.  The 
result  of  the  tests  on  the  materials  (4)-(10)  is  therefore  to  .show  that 
specimens  containing  free  cop))cr  undergo  a  marked  im])rovement 
in  magnetic  quality  on  cooling  from  1.5°C.  to  — 190  C.  and  that 
quenching  is  likewise  accompanied  by  an  increase  of  residual  mag- 
netism— except,  of  course,  in  so  far  as  these  effects  may  be  masked  to 
a  greater  or  less  extent  by  those  due  to  the  presence  of  other  magnetic 
materials. 

The  Magnelium  of  the  Heusler  Alloy. — These  results  have  an  im- 
portant Ijcaring  on  the  magnetism  of  the  Heusler  alloy.  A  charac- 
teristic feature  of  these  bronzes  is  that  their  retentivity  at  the  tem- 
perature of  liquid  air  is  greater  than  at  room  temperature.  Such  an 
effect  is  of  the  same  kind  as  that  given  by  free  co])))er.  It  is  also 
similar  to  that  found  in  the  10  per  cent,  aluminium-bron-ze.  ))uf  its 
great  magnitude  in  such  ca.scs  as  the  quenched  castings  1)  is  more 
suggestive  of  the  free  copper  than  of  the  copper-aluminium  com- 
pounds. Hitherto  the  magnetism  of  the  Heusler  alloy  has  licin 
often  a.scribed  t<j  the  manganese  alone,  whose  transformation  tem- 
perature, it  has  been  conjectured,  is  lowered  by  its  solution  in  the 
other  constituents.  The  authors  do  not  claim  that  the  investigations 
afford  an  explanation  of  the  magnetic  phenomena  of  the  Heusler 
alloy,  but  they  consider  that  the  magnetic  i)ropcrlics  of  the  alloy 
show  a  suggestive  similarity  to  those  of  Cu.^.Al.  and  that  the  iinsince 
of  free  coj)per  in  the  alloy  may  at  least  play  a  not  unimjiortant  part 
in  determining  the  magnetic  behaviour  of  the  bronze.  That  man- 
ganese is  also  an  important  factor  is  unquestionable,  as  its  omission 
destroys  the  remarkable  properties  of  the  bronze  just  as  the  ex- 
clusion of  the  copper  would  do.  It  should  be  noticed,  in  suppoit  of 
the  view  here  fulduced,  that  the  liquid  air  effect  in  the  Heusler  alloy 
increa.ses  in  magnitude  with  increasing  copper  content,  and  hence 
probably  with  increasing  amount  of  free  copper. 


Tramway  Transfer.- -liK-r-in-.MakcrticId  District  Council  give 
notice  of  intention  to  k-ase  to  Wigan  Corporation  (for  21  years  from 
July  1.1909)the  tramway  extending  from  Wigan  to  Hindley  boundary 
of  the  Council's^districl  at  a  yearly  rent  of  £2.5,  plus  interest  antl 
sinkinL'  fund  on  £.5,(K)0  expended  by  the  Council  on  and  about  the 
I)urchase  of  the  tramway,  and  8  per  cent,  on  the  cost  of  any  addi- 
tional work-s  which  the  Corporation  may  require  to  be  constructed 
by  the  CVjuncil  under  the  lea.se.  i 


SOME  APPLICATIONS  OF  ELECTRICITY  IN  MEDICAL 
AND  SURGICAL  RESEARCH. 

[CoMMUNIt'ATED.j 

Newcastle-upon-Tyne  has  long  been  famous  for  its  physicians 
and  surgeons,  the  University  of  Ihuham  College  of  Medicine  having 
turned  out  many  distinguished  men  in  the  course  of  its  existence. 
Dr.  George  Yeoman  Heath  was  president  of  the  college  from  1874  to 
1892.  At  his  death  on  March  ^.  1892.  lie  left  £6,000  which  was  ap- 
plied to  the  erection  and  equipment  of  labt)ratories  of  phj'siology  and 
comparative  pathology,  together  with  club  rooms  and  a  gymnasium 
iov  the  students. 

The  "  Heath  Wing  "  of  the  college  has  now  been  erected  for  some 
considerable  time,  and  the  applications  of  electricity  therein  con- 
tained cannot  be  regarded  as  in  the  experimental  stage.  It  is, 
therefore,  interesting  to  not-e  the  way  in  which  electricity  enters 
into  its  equipment.  The  building  is  three  storeys  high,  the  ground 
floor  containing  an  entrance  hall,  a  cloak  room,  restaurant,  smoking 
room  and  reading  room  for  students,  and  a  gymnasium,  all  of  which 
present  a  very  handsome  appearance.  Lighting  is  carried  out 
throughout  the  building  by  Nernst  or  carbon  filament  lamps  sus- 
pended from  the  ceiling,  except  in  the  case  of  the  bacteriology  class 
room,  to  be  mentioned  later.  The  first  floor  has  upon  it  the  rooms 
devoted  to  chemical  physiology,  consisting  of  a  general  laborat^ny, 
a  preparation  room  and  an  experimental  physiology  laboratory  and 
private  room  of  the  professor.  The  second  floor  deals  in  a  similar 
way  with  bacteriology,  there  being  a  lectiu-e  theatre,  a  bacteriology 
class  room,  a  research  room,  the  professors"  private  room  and  a 
sterilising  room.  There  are.  in  addition,  mmierous  store  rooms, 
dark  rooms,  &c.  One  interesting  feature  of  the  laboratories,  and 
one  on  which  their  cleanliness  largely  depends,  is  that  all  the  walls 
are  painted  with  enamel,  and  that  there  is  not  a  single  sharp  corner 
in  the  rooms,  every  corner  being  finished  in  cement  and  rounded 
off.     This  gives  greater  facility  for  cleaning. 

In  the  physiological  section  the  work  of  examining  the  functions 
of  the  muscles  is,  among  other  things,  carried  out,  and  the  ex|)eri- 
mental  physiology  laboratory,  wliich  is  intended  to  accommodate 
40  students  at  a  time,  contains  a  considerable  amount  of  ajiparatus 
in  which  electricity  takes  a  part.     There  is,  for  example,  a  series  of 
instruments  for  recording  the  effect  of  electric  shocks  on  the  muscles. 
Around  a  vertical  brass  drum,  uniformly  rotated  by  means  of  a  rope 
gearing  and  countershaft,  driven  by  an  electric  motor,  is  placed  a 
sheet  of  blackened  pa])er.     A  light  style,  in  the  .shape  of  a  crank 
lever,  is  pivoted  to  a  stand  on  the  upper  surface  of  which  is  a  .slab  of 
cork.     To  this  slab  is  tixed,  by  means  of  pins,  the  muscle  upon  which 
it  is  desired  to  experiment,  and  one  end  of  which  is  attached  to  the 
short  arm  of  the  lever.     Two  electrodes  leading  from  the  terminals 
of  a  small  battery-operated  induction  coil  are  placed  on  the  muscle 
or  its  nerve,  and  the  application  of  the  current  jjroduces  a  spasmodic 
contraction  of  the  muscle,  the  horizontal  ]iull  of  which  produce"  a 
vertical  movement  f)f  the  style  on  the  drum.     A  curve  is,  therefore, 
marked  on  the  blackened  surface,  the  height  of  which  bears  a  ratio 
to  tlie  amotmt  of  contraction  of  the  mu.scle  equal  to  the  ratio  of  the 
two  arms  of  the  lever,  and  the  time  taken  to  produce  the  movement 
is  measured  by  the  vibrations  of  a  tuning  fork.     The  current  in  the 
induction  coil  can  be  varied  by  means  of  a  rheostat,  and  the  musculai 
contraction  is,  therefore,  studied  under  all  conditions  of  stimulation, 
A  somewhat  similar  apparatus  is  used  for  the  study  of  the  effect 
of  various  drugs  on  the  action  of  the  heart,  and  the  whole  of  the  drums 
are  driven  by  a  \  H.i'.  motor  operating  the  shafting  over  the  benches 
l>y  means  of  a  roi>e  drive  over  a  jockey  pulley.     Another  interesting 
electrical  ajipliance  in  this  dejiartmcnt  is  an  instrument  for  accurate 
time  tracing,  to  be  apjilied  to  the  drums  before  described,  and  made 
by  the  Cambridge  Scientilic  Instnunent  Co.     It  consists  of  a  hori- 
zontal tuning  fork,  which,  under  the  influence  of  an  electric  current, 
vibrates  at  a  frequency  of  10()..pcr  second.     A  small  electromagnet 
placed  at  the  face  of  the  (up  limb  of  (he  (uning  fork,  through  which 
current  is  interrupted  by  the  movement  of  the  vibrating  arm.  at- 
tracts a  light  armature  carrying  a  small  style.     This  instrument  is 
|)laced  adjacent  to  a  revolving  drum  bearing  blackened  paper,  on 
which  a  curve  can  be  described,  as  shown  above,  and  the  vibration 
of  the  armature  makes  the  style  imprint  on  the  paper  a  series  of 
curves,  the  space  between  the  apex  of  each  curve  on  the  paper  cor- 
responding to  a  time  interval  of  j^,,  second.     In  this  way  very  ac- 
curate measurements  of  the  motion  of  muscles  and  similar  experi- 
ments can  be  taken.     For  larger  gradations  of  time  a  somewhat 
similar  apparatus,  made  by  Messrs.  C.  F.  Palmer  &  Co.,  of  London, 
S.W.,  and  consisting  of  a  style  which  marks  at  intervals  of  one  second 
is  used.     This  instrument  consists  of  an  electromagnet  which  receives 
periodic  impulses  through  an  electric  current  controlled  by  >i  ])en- 
dulum  which  closes  the  circuit  at  the  end  of  each  swing,  these  swings 
being  acciu-ately  adjusted  to  one  j)er  second. 
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In  the  research  drum  is  a  similar  recordiiif;  ciriim  Id  (liosc  ahiivo 
descrihed.  but  on  a  much  larger  scale,  the  drum  heini;  10  in.  long  by 
9  in.  diameter.  It  \»  operated,  in  addition  to  other  apparatus  in  this 
section,  by  a  i  n.p.  motor,  and  a  one-second  timing  apparatus, 
similar  to  the  one  just  described,  is  attached.  A  somewhat  interes- 
ting piece  of  apparatus  using  the  motive  power  is  a  respiratory  pump 
for  the  purpo.se  of  artificial  respiration.  For  the  iiurposc  of  separa- 
ting the  corpuscles  in  samples  of  blood  an  electriially-chixrii  fi-ntri- 
fuge,  revolving  at  l.ijOO  revs,  per  min.,  is  installed,  in  which  tlie  llasks 
containing  the  samples  are  j)laced  radially,  their  necks  being  pointed 
to  the  centre  of  the  centrifuge.  The  relatively  heavy  corpuscles 
of  the  blood  jiass  outwards  to  the  base  of  the  flask,  thus  rendering 
division  between  the  corpuscles  and  fluid  |iiirtions  of  {]ir  lilnod 
possible. 

It  .should  be  mentioned  that  in  the  roof  t>f  the  building  is  installed 
an  eleelrically  driven  fan  running  at  the  rate  of  'IM  revs,  per  min., 
and  drawing  1.'").(1IMI  cubic  ft.  per  minute.  By  tliis  means  a  draught 
is  maintained  in  the  draught  cupboards  of  the  chemical  physiology 
laboratory  on  the  first  floor,  and  ventilation  of  the  whole  building  is 
provided  for.  On  the  second  floor  the  u.se  of  electricity  is  not  so 
e.itensive,  being  practically  limited  to  lighting.  An  interesting 
feature  of  the  bacteriology  class  room  is  that  all  the  benches  are 
C(|uip|ie(l  w  itli  shaded  lamjjs,  so  arranged  that  a  strong  light  is  tlnown 
upon  the  (i)ijccts  under  (i)iservation  while  being  shaded  fnini  tlic 
.student's  eyes.  .\  similar  centrifuge  to  the  one  above  de.serilied  is 
used  in  tlie  examination  of  water  and  milk,  and  for  other  j)urposes. 
The  lecture  theatre  is  equipped  with  an  optical  lantern  operated  by 
means  of  a  10  ampere  scissors-type  arc,  while  a  table  lantern  with  a 
Nernst  projector  lamp  is  also  in  use.  The  whole  oi  the  building  is 
fitted  with  telephones,  both  on  the  National  service  and  a  private 
intfrcommiuiication  system.  The  lighting  and  power  service, 
which  is  dciivi'd  from  tlie  mains  of  the  Neweastlc-upon-'ryne  Klcc- 
tric  .i^upply  Co..  is  liidught  in  at  the  basement,  and  is  a  tlnee- 
wire  ccjntinuous-current  system  with  480  volts  between  the  outers. 
The  electric  lighting  equipment  consists  of  3-4  -|  ampere  Nernst 
lamps,  11  J  ampere  Nernst  lamps,  and  122  incandescent  lamps  in 
groups  and  singles,  and  six  motors.  In  the  basement  is  an  interest- 
ing research  apparatus,  consisting  of  a  Bruce-Peebles  240  volt  4  h.p. 
motor  driving  a  two-cylinder  air  compressor,  capable  ot  giving  air 
pressure  up  to  200  lb.  per  square  inch.  This  is  conducted  to  a  strong 
steel  cylinder  some  2  ft.  in  diameter  capable  of  being  lierinctieally 
sealed. 

The  whole  equipment  demonstrates  that  in  modern  medical  and 
surgical  research  electricity  is  used  in  a  manner  which,  though 
unfamiliar  to  the  engineer  engaged  in  the  ordinary  sphere  of  heavy 
electrical  applications,  nevertheless  has  a  direct  and  very  im])ortant 
bearing  on  the  welfare  of  the  human  race.  We  are  indcl)ted  to  the 
Council  of  the  University  of  Durham  College  of  Medicine-  for  tlicir 
permission  to  make  tliis  lirief  and,  we  fear,  somewhat  cur.sory  sum- 
mary of  the  eloetrical  appliances  in  this  latest  department  of  the 
college. 


LEGAL  INTELLIGENCE. 


R.  W.  Blackwell  &  Co,  v.  Derby  Corporation. 

In  the  Court  of  Apiieal  on  Tliar.-iday  last  week  (before  bonis  .Tuslii'c.s 
Moidton  and  Buckley)  plaiiititTs  appealed  from  an  order  of  Mr.  .lusticc 
Bucknill  in  Chaniheis  staying  this  action  under  sec.  4  of  the  .\rl)itra- 
tion  Act. 

Mr.  ATKrN,  K.C.,  .said  the  i{uestiou  was  whcllicr  I  lie  jiiiluc  in  his 
discretion  was  right  in  staying  the  action  on  the  groinid  that  the  contract 
between  tlu'  parties  contained  an  arbitration  clause  under  which  disimtcs 
arising  cuidci'  the  contract  were  to  be  referred  to  the  arbitration  of  the 
borough  engineer  of  the  Corporation.  The  contract  w.is  for  the  con- 
struction of  electric  tramways  in  Derby.  The  borough  engineer  had 
certified  for  certain  ])enalties  in  respect  of  alleged  delay  in  conii)leting 
the  contract,  and  |)laintiff8'  case  was  that  the  delay  arose  fi'oni  the 
arbitrary  conduct  ot  the  borough  engineer  himself,  i  i,  as  alleged,  directing 
the  work  to  ho  done  in  a  certain  manner  and  with  materials  to  he  oh 
tained  from  specific  firms,  and  in  refusing  to  )iennit  iilaintitTs  to  stnic 
matcrial  required  for  the  work  in  certain  places.  The  action  was  brought 
to  recover  the  biilaiice  alleged  to  be  due  under  the  contract.  Counsel 
submitted  that  the  judge  was  wrong  in  staying  the  action,  inasnuu'h  as 
the  dispute  was  not  one  which  ought  fairly  to  be  referred  to  the  arbitra- 
tion of  the  liomugh  engineer,  who,  in  order  to  arrive  at  a  conclusion. 
would  have  to  sit  in  judgment  n})on  himself. 

Mr.  Danckwkrts,  K.Cl  (for  defendants),  suhntitted  that  the  dispute 
was  such  as  must  have, been  in  the  contemplation  of  the  parties  when 
it  was  agreed  that  the  borough  engineer  shoukl  .act  as  sole  arliitratur. 
The  authorities  showed  that  an  arbitrator  appointed  under  a  contract 
was  only  displaced,  ami  the  jurisdiction  of  the  coints  <'allcd  in  aid.  when 
it  was  shown  that  the  arbitrator  was  likely  to  be  biased,  or  that  he  had 
been  guilty  of  misconduct,  such,  for  instance,  as  receiving  bribes.  In  the 
present  case  the  bona  fides  of  the  borough  ongiiioer  could  not  bo  at- 


tacked, the  only  suggestion  being  that,  as  he  had  certified  for  |>cnahies, 
as  he  was  entitled  to  do  under  the  contract,  he  was  not  a  fit  person  to 
arbitrate  on  the  dispute.  Courts  ought  to  act  on  fixed  prineipies,  and. 
having  laid  dr>wn  certain  |)riniiples,  they  ought  to  be  fnie  to  them,  and 
people  in  entering  into  such  a  bargain  did  ko  with  knowledge  of  those 
principles,  and  in  the  belief  that  they  would  be  supported  by  the  court*. 

Lord  Justice  Moulton,  in  giving  judgment,  said  that  there  was  no 
doubt  with  regard  to  the  law  to  lie  a))plied.  Kach  case  had  to  be  dealt 
with  on  its  own  facts.  In  his  opinion,  where  the  nature  of  the  dispute 
arising  from  facts  which  were  subsequent  to  the  contract  was  such  that 
the  court  thought  that  the  arbitrator  was  not  likely  to  be  able  to  deal 
impartially  with  the  dispute,  it  was  o|)en  to  the  court,  and  it  was  their 
duty,  to  refuse  to  enforce  the  arbitration  clause.  It  was  suggested 
that  that  ruling  would  make  arbitration  clauses  useless,  but  courts 
were  ipnte  able  to  judge  of  what  was  the  subject  of  the  disjmte.  and  they 
would  not  be  mi.sled  by  unfounded  allegations.  In  the  present  case  he 
was  satisfied  that  the  dispute  was  substantially  whether  the  borough 
engineer  from  the  first  acted  unreasonably  towards  the  contractors  from 
the  point  of  view  of  the  contract.  Corporations  were,  in  his  opinion,  too 
fond  of  putting  officers  of  their  own  in  the  position  of  engineers  under  a 
contract,  and  they  forgot  that,  as  the  officer  had  to  perform  other  duties 
for  the  Corporation,  there  might  arise  conflicting  interests  between 
tho.se  duties  and  his  duties  imdcr  the  contract  which  might  give  rise  to 
unfair  treatment  of  the  contractor  by  reason  of  the  zeal  with  which  the 
officer  performed  those  other  duties.  In  the  jiresent  ca-sc  he  was  of 
opinion  that  the  court  would  not  be  acting  in  the  spirit  of  the  law  If  they 
were  to  shut  the  doors  of  the  courts  to  the  action,  and  force  it  to  l)e  re- 
ferred to  arbitration.  He  was  satisfied  that  there  was  a  substantial 
dispute  arising  out  of  events  which  occ\ured  subscipient  to  the  making 
of  the  contract,  and  he  did  not  think  they  Muj.'ht  to  force  it  to  be  tried 
by  the  engineer,  whose  conduct  was  practically  the  sole  point  in  dispute. 

Lord  Justice  BrtKLEY  concurred,  and  said  he  did  not  in  any  way  re- 
flect upon  the  borough  engineei',  but  in  the  circumstances  he  did  not 
think  he  was  the  jnoper  person  to  determine  the  dispute. 

The  appeal  was  allowed,  with  costs,  and  the  order  staying  the  action 
set  aside. 

Clarke  v.  West  Ham  Corporation. 

On  Friday  the  Court  of  Apiical  (the  .Master  ..f  the  Rolls  and  Lords 
Justices  Farwell  and  Kennedy)  delivered  a  considered  judgment  in  this 
appeal  of  defendants  from  a  judgment  of  Mr.  Justice  Coleridge.  (The 
facts  wcie  reported  in  Thk  Ei.ei'trichn  for  .March  o. ) 

In  delivering  judgment,  the  JIaster  of  the  Rolls  said  the  a])peal 
raised  an  inqiortant  question — whether  West  Ham  Corporation  could 
by  notice  limit  their  liability  to  i)ay  damages  for  an  accident  due 
to  their  negligence.  Defendants  cUumed,  as  statutory  assignees  of  the 
undertaking  of  the  North  Mctrcqiolitan  Tramways  Co.  and  by  the  Act 
of  181)9,  which  incor[ioratcd  that  conqiany,  ])ower  was  given  to  the  com- 
pany to  make  and  uiaiutain  certain  street  tramways.  By  see.  67  the 
company  were  authorised  to  di'niaiul  tolls  from  every  jmssenger  travel- 
ling of  not  exceeding  Id.  )icr  mile,  and  by  .see.  I>8  every  passenger  travel- 
ling upon  the  tramways  might  take  his  jicrsonal  luggage,  not  exceeding 
a  certain  weight,  free  of  charge.  By  sec.  70  the  company  wore  not  to  be 
bound  to  carry,  unless  they  should  think  fit.  .any  articles  other  than  such 
passcM'jn,  lnv:.ii;c,  a  section  which  seemed  to  imply  an  obligation  to 
cany  pi  i  ni  i  nicl  passengers'  luggage.  By  sec.  71  a  list  of  all  autho- 
riseil  I. ill-  «  lih  h  sliould  be  exacted  by  the  company  had  to  be  exhibited 
on  the  inside  of  every  carriage.  That  section  seemed  plaiidy  to  indicate 
that  they  could  not  exact  the  maximum  authorised  toll  if  they  put  up 
inside  their  carriages  only  a  smaller  toll.  By  the  Xorth  Metropolitan 
Tramway  Act,  1870  (sec.  34),  the  conqiany  were  reqiured  at  all  times, 
after  the  opening  of  the  tramways  for  irallic,  to  run  certain  workmen's 
trams  at  cheaper  fares  to  he  fixed  by  the  Board  of  Trade.  That  section 
seemed  to  him  to  imply  an  obligation  to  carry  pa.ssengers,  with  a  super- 
added obligation,  if  the  Board  of  Trade  so  directed,  to  carry  workmen 
at  special  rates  at  special  hours.  By  the  North  Metropolitan  Tramways 
.\et,  1884,  the  conqiany  were  authorised  to  make  and  maintain  certain 
further  tramways  (including  the  Barking-road  line),  and  by  see.  48  the 
sections  of  the  Acts  of  ISlilt  and  1S70.  to  which  he  had  referi-ed,  wen> 
inco])Mirated.  The  accident  to  plaintiff  took  place  <in  the  Barking  line. 
It  seemed  to  him  that  the  provisions  of  that  statute  plainly  indicate 
that  the  tramways  were  not  for  the  mere  iirivate  benefit  of  the  under- 
takers, but  v.cic  for  the  indilic  benelit.  By  the  West  Ham  Corporation 
Ar[.  1S!(S,  the  Corporation  were  authorised  to  piuehase  the  tramways 
<if  the  North  Jfctropolitan  Tramw.iys  Co.  within  the  borough,  and  to 
exerci.se  all  iiowers  possessed  liy  th.it  conqiany,  and  (in  addition)  they 
were  authorised  to  use  electric  power.  The  Corporation  had  aci|uired 
the  line  on  which  the  accident  occurred.  The  charges  made  by  defen- 
dants f,ir  a  portion  of  the  Barking  line  were  less  than  tfie  maximum. 
'I'he  only  charge  printed  on  the  inside  of  the  car  for  the  dislauce  travelled 
by  plaintiff  was  Id.,  but  they  inserted  inside  their  carriages  a  special 
iilitice  as  follows  ■'  -  Passengers  are  being  carried  at  less  than  maximum 
authorised  cliiiues.  and  every  iiassenger  is  notified  that,  in  consideration 
thereof,  a  passeusxer  is  only  carried  on  the  terms  that  the  maximum 
auiinuit  recoverable  from  the  Corporation  on  account  of  any  injury  in- 
damage  suffered  by  a  jiassenger.  and  for  which  the  ^^lrporation  is  legally 
liable,  is  t:2r>.  E.xcept  as  abme.  every  passenger  travels  at  his  own  risk. 
Passengers  can  oidv  travel  subject  (o  being  liound  to  oKsorve  the  by-laws 
for  the  time  lieiug".  "  It  was  admitted  that  plaintiff  was  aware  of  that 
notice.  Plaintiff  wa.s  seriously  injured  by  an  electric  shock  due  to  the 
negligence  of  defeiubmts.  Tlie  jvu-y  awaiiled  £otX>  damages,  andjudg- 
ment  was  entered  for  that  sum,  the  learned  judge  declining  to  give  effec  t 
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to  the  contention  of  defendants  thiit  the  i'2.')  paid  into  court  h\  tluin 
was  all  that  plaintiff  could  claim. 

Thetii-st  and  main  point  to  be  considered  \va<  whether  there  was  an  obli- 
gation upon  defendants,  so  long  as  the  tramways  wei-e  being  w«rked,  to 
carry  a  member  of  the  i»ibr.c,  not  being  an  objectionable  person  within 
the  meaning  of  bylaw  4.  who  desired  to  enter  a  car  in  which  tlicrc  was 
a  vacant  place,  or  were  defendants  under  no  such  obligation,  but  at 
liberty  to  refuse  to  take  anyone  except  upon  such  conditions  as  dc  cn- 
dants  thought  tit  to  impose  ?  In  his  r>pinion  there  was  such  an  obligation 
upon  defendants,  or.  in  other  words.  plaintilT  had  a  right  on  paying,  or 
(itfcriiig  to  pay.  his  fare  to  travel  in  the  tranicar.  It  was  quite  true  that 
that  obligation  was  not  imposed  in  clear  and  expivss  terms,  but  he  could 
not  think  that  the  sections  to  which  he  had  referred  admitted  of  any  other 
conclusion.  Parliament  had  allowed  the  levying  of  tolls,  which,  again. 
seemed  to  him  to  negative  the  idea  that  dcfeiulants  could  ]>iik  and 
choo.se  their  pa.ssengers.  Moreover,  the  by-laws,  which  had  statutoiy 
etfect.  strongly  supported  that  view.  If  he  was  correct  in  that  view,  it 
followed  that  the  right  conferred  U)>on  jilaintifT  was  a  right  to  be  carried 
on  payment  of  tlie  published  fare — namely.  .Id. — and  that  thcic  was  no 
jnstilicatiiin  for  (pialifying  ]>laintiirs  right  by  the  addition  of  a  term 
limiting  liability  for  negligence  to  £2.5.  It  might  be.  though  he  hesitated 
without  further  arifiiment  to  so  hold,  that  if  defendants  had  chosen  to 
publish  two  lists  of  fares  in  their  carriages,  one  of  which  contained  their 
maximum  rates  and  the  other  contained  reduced  rates,  and  an  option 
were  given  to  a  passenger  to  pay  either  the  fidl  rate  without  any  limita- 
tion of  liability,  or  the  reduced  rate  with  a  limitation  of  liability,  a  i)as- 
senger  electing  to  pay  the  smaller  fare  would  be  l)ouml  by  the  terms  on 
which,  and  on  which  alone,  the  reduced  rate  was  aiceptcd.  In  that  case 
there  might  be  consideration  for  the  limitation  of  liability,  but  in  the 
present  ease  it  seemed  to  him  that  no  o])tion  was  given.  The  plaintitf 
had  paid  the  <mly  fare  which  defendants  could  demand,  and  dcfeiulants 
were  no  more  entitled  to  limit  their  liability  to  £2.5  than  they  would  lie 
to  negative  all  liability  for  negligence.  In  his  ojiinion  it  was  not  useful 
to  refer  to  provisions  contained  in  the  Railway  Acts  or  to  cases  decided 
under  those  acts.  He  based  his  judgment  on  the  simple  proposition  that 
plaintiff,  who  had  a  right  to  he  conveyed  in  a  tramcar  on  ]iaymcnt  of  the 
pulilishcd  fare,  enjoyed  that  right  with  everything  incidental  to  it, 
inihiding  a  right  to  such  damages  as  a  jury  might  assess  by  reason  of 
defendants'  negligence.  He  thought  that  the  ajipeal  failed,  and  must  be 
dismissed  with  costs. 

The  Lords  Justices  also  delivered  judgments  dismissing  the  appeal. 

A  stay  of  exec\ition  was  granted  pending  an  appeal  to  the  House  of 
Lords,  on  the  terms  that  plaintiff  was  to  have  his  costs  in  the  court 
belr>w  and  in  the  Court  of  Appeal  taxed  and  paid  him  in  any  event,  and 
that  defendants  should  pay  him  £1  a  week  till  the  hearing  of  the  appeal. 

Monisonv.  British  AJuminium  Co-  (Ltti-)— On  Friday  last  Mr. 

Justice  W{iiringtoii  allowed  this  debenture  holders'  action  for  the 
aj)|>ointment  of  joint  receiveis  to  stand  over  until  the  second  motion 
day  next  sittings,  all  parties  agreeing. 


PARLIAMENTARY  INTELLIGENCE. 

Colicton  Tramways  Order  As  announced  in  our  last  i.ssue,  the 
Parliamentary  Commissioners  who  considered  this  order  last  week 
found  the  preamlplc  proved,  subject  to  the  adjustment  of  clauses.  At 
the  instance  of  the  Edinburgh  'I'own  Council  it  w.is  decided  to  insert 
a  clause  reserving  to  the  Council  the  right  to  construct  a  small  section 
of  tramway  in  Slateford-road.  The  Chairman  said  the  Committee 
did  not  contemplate  giving  the  promoters  any  power  to  go  into  the 
city.  The  Corporation  should  not  be  inconvenienced  by  the  construc- 
tion of  that  tramway,  and  not  be  driven  to  make  a  trainway  if  they 
were  not  dis[ioi-e<l  to  do  it. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 


APPOINTMENTS  VACANT  AND  FILLED. 

.\pplii'alions  arc  invited  for  the  position  of  head  of  the  electrical 
engineering  dfp.artnicnt  at  the  Technical  College,  Sunderland, 
.Salary  £2.50,  rising  to  £300  per  annum  by  two  equal  annual  incre- 
ments. Applications  to  the  secretary,  Mr,  T.  VV.  Bryers.  Education 
CX!ficc3,  1.5,  John-street,  Sunderland,  by  Aug.  23.  See  also  an  ativci- 
tiscment. 

The  Council  of  the  University  of  Birmingham  invite  aiiplicalions 
for  the  position  of  assistant  lecturer  and  demcjnstrator  in  electrical 
engineering.  .Stipend  £150  per  annum.  A]>i)lications  to  the 
.secretary.  .\Ir.  (!eo.  H.  .Morley.  by  noon  Aug.  14.  ,Sce  also  an 
.idverti.sement. 

A  pupil  is  wanted  for  a  lovv-tensicjn.  three-wire  staticm  in  South 
Londim  area,  f Ipportunities  given  for  obtaining  experience  in 
central  station  nncl  mains  work.     See  advertisement. 

(Jne  or  two  draughstmen,  u.sed  to  mechanical  design  and  with 
knowledge  of  hi..'h  class  electrical  switchgear,  arc  wanted.  Sic  an 
advertisement. 


Applications  are  invited  for  the  post  of  lecturer  and  assistant  in  the 
de)iaitiucnt  of  electrical  engineering  of  the  Glasgow  and  West  of 
Scotlaiul  T'echnical  College.  Commencing  salary  £17.5.  Applica- 
tions by  -Aug.  17  to  Prof.  Magnus  Maclean.  D..Sc.    .See  advertisement. 

An  assistant  is  wanted  for  the  meter  department  of  Stepney 
(London)  electricity  works.  .•\})plieants  must  have  thorough 
knowledge  of  the  maximum  demand  system  and  be  able  to  advise 
consumers  cm  ])owcr  and  lighting  matters.  Ajiplications  to  the 
Knginecr  and  Manager,  Klectricity  Works,  27,  Osborn-.street,  E, 

Applications  are  invited  for  the  Professorship  of  Physics  in  the 
Royal  College  of  Science,  Dublin.  Applications  by  Aug.  16  to  the 
Secretary.  Department  of  Agriculture  and  Technical  Instruction  for 
Ireland.  Upper  Merrion-street.  Dublin. 

The  lectureship  in  electrical  engineering  at  University  College, 
Galway.  is  vacant.  Salary  £120.  Applications  to  the  Secretary, 
Mr.  Robt.  Donovan,  Royal  University-buildings,  Dulilin,  by  Aug.  31. 

.Applications  are  invited  for  the  position  of  chief  lecturer  in 
chemistry  in  the  Manchester  Municipal  School  of  Technology.  Salary 
£3.50  per  annum.  A])plieations  to  the  Dean  of  the  Faculty  of 
Technology.  Mr.  J.  H.  Reynolds,  by  Sept.  11, 

There  is  a  vacancy  for  a  lecturer  and  demonstrator  of  i)hysics  at 
the  Sir  .John  Cass  Technical  Institute,  London.  Commencing 
salary  £150,     Applications  to  the  Principal  by  Aug.  2S. 


Owing  to  the  resignation  of  Mr.  Brownscomlie,  Dover  Council 
have  promoted  Mr,  Osborne  to  be  senior  shift  engineer,  and  Mr, 
(Ireenhouse  has  been  appointed  jimior  shift  engineer. 

The  RcLss  Coldfields  Co,  (X.Z,)  have  appointed  .Mr.  Falkcnbach  as 
their  chief  electrician  and  Mr.  Thcunson  (of  Waipori)  and  Mr.  Dinnic 
(of  t)toru)  its  his  assistants. 

The  Burma  Government  have  obtained  the  sanction  of  the  Secre- 
tary of  State  for  India  to  the  ajipointment  on  a  permanent  footing 
of  Mr.  B.  Raikes  (who  was  appointed  in  1905  for  tluee  years)  as 
provincial  electrical  inspector  in  Burma.  The  salary  is  to  be  R.600 
(£40)  per  mensem,  rising  by  annual  increments  of  R.40  to  R. 1.000 
(£6().  13s.  4d.),  with  an  additional  allowance  of  R.lOd  jicr  mensem 
while  employed  in  Burma. 

EDUCATIONAL  NOTICES. 

University  of  London  (University  College). — The  courses  in  me- 
chanical, civil,  municipal  and  electrical  engineering  begins  on  Mcmday 
t)ct.  4.  The  College  contains  s])acious  electrical  and  mechanical 
engineering  laboratories,  workshops,  drawing  office.  &c.  .Special  and 
(lost -graduate  coiu.ses  on  "  Steam  Turbines."  "  Recent  Methods  and 
Instruments  in  Surveying.  "  and  "  On  the  Theory  and  Design  of  the 
Ideal  Arch,  Metal  and  Masonry '"  have  been  arranged,  Fuither 
particulars  may  be  obtained  of  the  Secretary.  Mr.  Walter  W.  Scaton. 
ITniversity  College,  Gower-strcet,  London,  W,C. 

Kings  College,  London. — The  .session  innO-lOlO  cciminences  on 
t)ct.  (i.  Prospcc-liiscs  and  infonnatioii  relating  to  the  c'ourses  c;f 
instruction  in  the  Faculty  of  Kngincering  and  .\ppliccl  Science  and 
Division  of  Architecture  may  be  obtaincxl  from  the  Secretary. 
Kings  College.  Strand.  W.C.  Evening  classes  arc  iield  in  eleetric.il 
and  mechanical  engineering,  drawing,  mathematics,  physics.  &c. 

University  of  LiverpooL — The  session  1900-liUO  commences  on 
Tuesday,  ( )clobcr  !l.  The  cour.ses  of  study  in  the  faculty  of  engineer- 
ing, loading  to  the  ordinary  degree  of  B.Eng,,  extend  over  at  least 
three  years,  and  are  so  arranged  as  to  atl'ord  a  general  scientific 
training  for  those  who  intend  to  become  engineers  or  nava'  architects, 
or  to  enter  any  allied  profession.  The  honotus  course  enables 
students  to  siiecialise  in  some  branch  of  the  profession,  and  o))por- 
tunities  are  affordc-d  for  post-graduate  work  and  research.  Pro- 
spectuses fr.iiii  the  registrar.  .Mr.  P.  Hcbblc'tliwaifc,  M.A. 

University  of  Glasgow. — The  next  session  eoiniucnccs  on  t)ct,  11 
next  and  ends  on  .March  17.  lOIO.  Students  in  the  department  of 
engincKuing  and  mining  and  naval  architecture  usually  spend  the 
summer  months  in  ]>ractieal  work,  thus  receiving  their  training  on  the 
sandwich  system.  Prospectuses  for  the  eoinsc  of  U.Sc.  and  D.iSc. 
in  I'^ngineering  and  syllabus  of  classes  will  be  forwarded  on  applica- 
tion to  the  .Xssistant  Clerk.  Malric-ulation  Offices.  The  University, 
Glasgow. 

University  of  Manchester. — A  luospcctus  giving  |iarticulars  of  the 
lecture  and  laboratory  courses  in  ijhysics,  ])reparing  for  both  the 
ordinary  and  honorary  degrees  of  this  university,  will  be  forwarded 
on  application  to  the  Bcixistrar.  Prof.  Rutherford  will  meet  intend- 
ing students  on  Oc'l.  5. 

University  College.  Nottingham.— Tin-  instruction  in  the  engineer- 
ing dc|>arlmcnt  of  this  college  includes  courses  in  mechanical  and 
elc'Ctrical  engineering  for  the  B.Sc.  degree  and  mining  diploma,  and 
ordinary  courses.  The  .sessicm  begins  Oct,  4.  Prospectuses  may  be 
obtained  from  the  Registrar. 
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Armstrong  College.  Newcastle-on-Tyne.— The  scsMinn  litoi)  1910 
will  commence  on  Sept.  "27.  Full  courses  of  instrucli(jn  are  given  in 
the  department  of  mechanical,  marine,  civil  and  electrical  engineer- 
ing, naval  archit:eclure,  mining,  metallurgy-  agriculture,  pure  .science 
and  letters.  Particulars  may  he  obtained  from  the  .secretary  (Mr. 
F.  H.  Pruen,  M..^.),  Armstrong  College,  Newcastle-on-Tyne. 

City  and  Guilds  of  London  Institute.- -The  course  of  in.struction  at 
the  Institute's  (V-nlial  Teclmical  College,  Exhibition-road,  are  for 
students  not  under  Hi  years  of  age,  and  those  at  the  Institute's 
Technical  Coll^'ge,  Leonard-street,  Finshury,  are  for  students  not 
under  14  years  of  age.  The  entrance  examinations  to  both  colleges 
are  held  in  Sejitember,  and  the  entrances  commence  in  October. 
Particulars  of  the  entrance  examinations,  scholarsliips,  fees,  &c.. 
may  be  obtained  from  the  rea|)ective  colleges  or  the  head  offices  of 
the  Institute,  Greshain  College.  Pasinghall-.street.  I,ondon,  E.C. 

Northampton  Polytechnic  Institute.  London.—Full  day  courses  in 
the  theory  and  practice  of  mechanical  and  electrical  i'iii:inc<TiMt;  and 
electro-chemistry  will  commence  on  Oct.  i.  Entiam-.'  i\aini]ialion 
Sept.  29  and  .SO.  These  courses,  which  includi-  p"rioils  spent  in 
commercial  workshops  and  extend  over  four  years,  also  ))repare  for 
the  degree  of  B.Sc.  in  engineering  at  the  University  of  London.  Fees 
£15  or  £11  per  annum.  Three  entrance  scholarships  each  of  £52  will 
be  offered  for  competition  at  the  entrance  examination  in  September. 

Full  and  ])art  time  day  courses  in  all  branches  of  technical  optics 
are  given  in  specially  equi]i|>ed  laboratories  and  lecture  rooms. 
Particulars  at  tlie  Institute,  CU-rkenwell,  London,  E.C,  or  of  the 
Principal,  Dr.  R.  Muliincux  Walinsley. 

Hackney  Technical  Institute.  London. — The  next  session  commence 
on  Sept.  20.  There  are  evening  lecture  and  laboratory  courses  in 
electrical  engineering,  including  electrical  lueasiucnicnts.  dynamos 
and  motors.  alternaliTiL'  eurrenls.  rli-eliii-al  design.  &c.  Prospectuses 
may  be  ol)tained  from  lh(>  Principal  of  the  Instil  iilr.  Dalston-lanc. 
London.  N.E. 

British  School  of  Telegraphy.— There  is  a  wireless  telegraphy 
department  attached  to  this  school,  at  which  practical  and  theo- 
retical instruction  is  given.  Particulars  from  175.  Clajjliam-road. 
London,  S.W. 

Accrington. — The  Postal  Authorities  have  agreed  to  pay  £100 
annually  for  five  years  for  the  conveyance  of  the  mails,  postmen, 
&C.,  on  the  local  tramways. 

Argentina. — The  "Review  of  the  River  Plate"  says  Messrs. 
F.  Dall  &  Co.,  have  ajjplicd  to  the  Buenos  Ayres  Legislature  for  a 
concession  for  an  electric  tramway  between  Bonaca  and  Cha,scomus. 

Florencio  Varela  Municipality  will  shortly  sign  a.  contract  for 
the  erection  and  equi|)nient  of  electricity  works. 

Messrs.  Bancalari  &  Forchiere  have  obtained  the  <-oMtracl  for  the 
lirovision  of  public  ami  private  electricity  supjily  at  Toay. 

Santa  Fe  Government  have  contributed  S-io,0(KI  (gold)  towards 
the  cost  of  new  machinery  for  the  eleclrieity  works  of  Santa  Fe 
Municipality. 

Asylum  Lighting.  An  adjomned  ini|uiry  was  held  on  Kriilay  into 
the  application  for  sanction  to  a  loan  of  £4,. 300  for  completing  the 
electric  lighting  of  the  Richmond  .-Xsyluin  (Dublin). 

Ml.  (I.  HoRAX  (fur  llie  .loint  Conimi'tlee  of  .Mau.igement)  said  that  the 
iiriginal  loan  asked  fur  was  £,'$.800;  the  increase  of  £500  was  retiuiretl 
owing  til  alterations  in  tlie  proposed  system  of  supply.  The  present  cost 
i)f  lighting  the  asyhim  with  gas  was  £1,872.  3s.  7d.."and  the  cost  (\uKler 
the  recent  proposal  of  the  Gas  Co.)  would  be  £1,378.  His.  lOil.,  hut  some 
of  the  buildings  had  at  present  no  fittings  for  gas,  and  would  ii'ijiiire  to 
bo  tuhed.  The  estimated  cost  of  lighting  hy  electricity  would  he  £1.517. 
including  "aiiital  charges.  £(i72  was  c-il  iiii:i(i(l  as  llieVost  of  ciu'rent  for 
the  asylum  hiiildings.  The  .louit  ciimiiiillir  or.  ionised  that  the  estimate 
for  electric  lighting  was  £1 10  in  excess  >.(  I  hr  laii-si  ulTer  for  gas.  hut  not- 
withstanding they  reconunonded  the  acceptance  of  the  former,  as  they 
considered  that  the  advantages  gained  by  the  u.se  of  electricity  wcudd 
compensate  for  the  dilTereuce.  Thcv  had  been  advised,  and  their  ex- 
perience had  taught  Ihcm  that  in  svicli  liuildings  as  tlu-  Rirhmnnil  Asylum 
it  was  essential  to  have  the  rooms  and  c.rriilnrs  well  liglilcil  amrHiat 
the  risk  against  tire  .■.hoiild  he  made  as  small  as  possible. 

Mr.  Richard  .loncs  (ch.iirman  of  the  Asyhim  Board)  gave  evidence  in 
support  of  the  aiiplicalion. 

Australasia.— The  "Australian  Mining  Standard"  .states  that 
Launceslon  (Tasmania)  Council  on  June  1  unanimously  adopted  a 
motion  by  .\ld.  Oldham  that  a  poll  of  the  citizens  be  taken  on  the 
question  of  the  const  ruction  and  operation  of  electric  tramways  by  the 
municipality  at  a  ca]iilal  cost  not  to  exceed  £60,000. 

The  equipment  of  Hampden  Shire  Council's  electricity  works  at 
Terang  was  completed  about  the  beginning  of  June.  The  charge  to 
private  consumers  for  current  is  8d.  per  unit.  The  same  Council's 
loan  of  £7,000  for  electric  lighting  at  Camperdown  was  over-sub- 
scribed. 


The  Poowong  and  .J  eel  ho  Shire  Council  have  accepted  the  oiler  of 
McLean  &  Co..  (.Melbourne),  for  the  erection  and  equipment  of  an 
electricity  .station  at  Korumburra  (Victoria). 

Buin  Buhl  Shire  Council  have  accepted  the  offer  of  the  Drouin 
Co-operative  I'.utter  Factory  for  the  electric  lighting  of  Drouin  for 
seven  years. 

At  a  recent  meeting  of  the  hoard  of  the  Ross  Goldfields  Co.  (X.Z.) 
it  was  aiuiounccd  that  the  contractors  (.Messrs.  .Mabin  &  Welch) 
had  practically  completed  the  installation  of  electric  pumping  plant 
at  the  Company's  mini-s.  and  (as  stated  in  another  column)  resident 
electricians  had  been  appointed. 

Sebastojiol  Council  have  grant<'d  an  extension  of  two  years  for  the 
construction  of  electric  tramways  to  the  borough  by  the  Hallarat 
(Victoria)  Electric  Tramways  Co. 

Awards.  The  dispute  between  Aberdeen  Electricity  committee 
and  the  .\lierdeen  Suburban  Tramways  Co.,  as  to  the  charge  to  be 
made  for  electric  current  sujjplied  to  the  company,  »-as  referred  to 
Ml-.  W.  H.  Patchell,  and  the  award  has  now  been  issued. 
Ifc  .Mr.  Patchell  has  made  the  fixed  charge  £-1.  10s.  jier  kilowatt  per  annum, 
plus  Jd.  per  unit  used.  The  comi)any  is  to  pay  the  Corporation  a  mini- 
mum of  £900  jier  annum.  The  award  means  a  reduction  of  ^d.  f>er  unit 
on  the  old  rate.  Mr.  Patchell  has  fixed  five  years  as  the  term  of  the 
agreement. 

The  question  of  the  charge  to  be  made  for  electric  current  supplied 
to  the  Peterborough  tramways  was  recently  referred  to  Sir  .Alex. 
B.  W.  Kennedy,  who  has  now  issued  his  awaril.  and  fixes  the  (irice 
(for  five  years  from  Sept.  1.  1907)  at  2d.  per  unit  for  the  first  12O.(X)0 
units  in  each  year,  and  \^d.  |)er  unit  for  all  energy  bej-ond  that 
quantity.  This  represents  a  reduction  of  nearly  £200  a  year  on  the 
present  consumption. 

Barking. — The  Council  have  applied  for  a  loan  of  £2.i500  for  exten- 
sions of  the  electricity  undertaking. 

Bodmin. — The  Council  are  negotiating  with  Messrs.  Meagor  for  the 
erect  ion  of  electricity  works. 

Brighton. — Last  week  the  Council  considered  the  reports  of  the 
Lighting  and  Tramways  committees  on  the  cpiestion  of  the  charge  to 
be  made  for  electric  ciurent  .supplied  to  the  tramways  department. 
and,  after  discussiim,  a  compromise  was  arrived  at.  the  price  being 
fixed  at  1-.'!."k1.  per  unit  for  the  current  year. 

Brussels  Exhibition.  1910. — In  connection  with  tni^  f.xhibition  the 
National  Electrical  Manufacturers'  .-Association  has  issued  a  circular 
to  its  memliers  in  which  the  following  suggestions  are  made  : — 

(1)  Joint  action  on  the  part  of  members  who  propose  to  exhibit,  by 
arranging  for  someone  to  report  to  them  regarding  the  positions  avail- 
able. (2)  In  the  case  of  joint  exhibits  the  association  could  arrange  for 
members  to  co-operate  and  obtain  an  arrangement  of  space,  show-cases, 
&r.  (3)  The  actual  cost  of  sending  a  representative  to  report  or  of  a  joint 
exliiliit  to  be  shared  by  the  exhibitors. 

Burnley.  -The  l-'h-ctricity  comnultee  have  altered  their  pr.ictice 
.-IS  to  the  co^l  of  laying  .services,  and  in  future  the  cost  of  laying 
lalile  in  excess  of  the  statutorv  00  ft.  must  be  paid  by  the  consumer. 

Canada.— The  Canadian  Bridge  Co.  have  orders  for  3.(H10  ste(d 
lowers  for  the  tran.smi.ssion  line  of  the  Ontario  hydro-electric  com- 
mission fiom  Niagara  Falls  lo  Toronto  and  other  towns.  It  is 
expected  that  175  miles  of  line  will  be  erected  by  the  end  of  the 
a  PI  uiiaching  a  u  t  umn. 

East  Ham.— Sanction  has  been  received  to  a  hian  of  £l.s;!ti  for 
Iraiuway  woik. 

The  engini-er  aiul  manager  (.Mr.  \V.  C.  Ullmann)  has  been  in- 
structed to  make  and  fix  100  manganese  stoel  jilatcs  over  the  tram- 
way rail  joints  at  a  cost  of  35s.  for  each  joint. 

Eccles.— The  chairman  and  vice-chairman  of  the  Electricity  com- 
mittee and  the  borough  cleclrical  engiiu-cr  (Mr.  11.  \V.  .\ngus)  are  to 
visit  Leeds,  Wigan  and  London  for  the  purpose  of  inspecting  water 
softening  [ilant. 

Embezzlement.  M  Glasgow  SlurilV  Criminal  Court  on  Thursday 
last  .\rthur  ndves.  late  manager  of  the  Airdrie  &  Coatbridge 
Traniwavs  Co.  iilcaded  yuilt  v  to  a  charge  of  embezzlement. 

.\ccusod  was  charged  with  ;-ml>e-/.-iling  £204.  14s.  lOd.  between  Jan.  4, 
1 1108,  and  J  ime  1 9,  1909.  For  severid  years  accused  ha<l  been  manager  of 
Ihc  tramways  company  at  a  salary  af  £250  per  anuuut.  A  senteni-o  of 
tince  months'  imprisonment  was  passed. 

Epsom.— .An  adjovnned  iiuiuiry  was  held  last  week  into  the 
application  of  the  Council  for  sanction  to  borrow  £l.,)tH)  for  exten- 
sions of  the  electricitv  undertaking.  The  clerk  (Mr.  E.  t!.  Wdson) 
and  the  acting  electrical  engineer  (Mr.  A.  C.  Gilling)  were  present 
anil  answered  a  lunnbcr  of  questions  as  to  the  linancuU  position 
which  were  put  by  the  inspector.  Mr.  H.  Ross  Hooper. 
^Exhibition.— The  "  Bellettiuo  Finanze  ed  Ferrovio  '  4  (Rome), 
states  that  sections  of  the  International  Lighting  and  Optical 
Exhibition,  which  is  to  be  held  at  Genoa  this  year,  are  lo  be  devotetl 
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to  prosi-i\t  ;>ik1  past   iin-thods  of  lii;liliii>;.  tlic  apiilicaliuii  of  lit;lit  to 
mtxlical  imiposes  and  artificial  lighting  in  tlie  agriouUnral  indiislrv. 

Finchley. — In  reference  to  the  recent  L.G.  Board  inquiry  into  the 
Coiineil's  application  for  sanction  to  a  loan  of  £-2,2(H)  for  arc  lighting 
the  Board  have  inquired  whether  the  Council  had  carefully  con- 
sidered the  relative  cost  of  electric  and  gas  lighting,  and  have  asked 
for  coi)ies  of  the  reports  of  the  Highways  and  l^ighting  cominitttr  on 
the  snhjict. 

In  the  course  of  a  lengthy  reply  the  clerk  (Mr.  E.  H.  Listrr)  state<l 
that,  as  regards  the  ipicstiiin  of  the  ilhiminnnt  t"  be  used  for  the  streets. 
the  Council  eonsidered  they  were  the  best  judges,  and  did  nut  feel  that 
they  could  submit  to  any  outside  pressure  to  force  upon  them  an  illu- 
niiiuint  of  whieh  tliey  do  not  apiuove.  and  whirli  tliey  considpred  for  the 
present  purpose  was  not  so  satisfaetory  as  the  oi\e  tliey  proposed.  They 
respectfully  submitted  that  the  point  which  the  Hoard  was  called  upon 
to  decide  was  whether  a  loan  should  be  granleil  for  the  necessary  sum 
to  enable  arc  lighting  to  be  installed,  and  not  as  to  whether  gas  or  elec- 
tricity should  be  used. 

On  and  after  Oct.  1  the  charge  for  arc  lighting  is  to  be  at  the  rate 
of  £.5.  I.5s.  3d.  for  383  hours  per  annum  per  .1  amp.  circuit  at  250  volts. 
and  pro  rata  for  a  longer  period  or  fur  a  larger  or  smaller  circuit.  The 
price  for  power  and  h-^ating  is  to  1):-:^.  per  imit  for  the  first  90  hours  per 
(juarter  of  the  ma.ximura  demand  and  Id.  for  all  other  units  con- 
sumed :  and  the  charge  to  bona  tide  wiring  contractors,  having  show- 
rooms in  the  district,  is  to  be  2d.  per  unit. 

.\pplication  is  to  be  made  to  the  L.tJ.  Board  for  sanction  to  sjiend 
up  to  'C'rifl  for  experimental  works  in  boring  for  water. 

Frinton  on-Sea. — Frinton-on-Sca  Electric  Light  &  I'ower  Co. 
rcc;  ntly  put  down  additional  plant  at  the  electricity  works,  includ- 
ing a  150  II. p.  vertical  gas  engine  (driven  by  suction  gas),  manufac- 
tured by  K.  S.  Hindley  &  Sons,  of  Bourton,  Dorset,  and  London. 
.\dditiona!  feeders  and  distributing  cables.  &c..  have  also  been  laid. 
Gillingham. — The  Council  have  replied  to  the  recent  communica- 
tion of  the  L.G.  Board  refusing  to  .sanction  a  loan  for  extensions  of 
the  electricity  works,  and  a  special  report  of  the  electrical  engineer 
on  the  present  position  of  the  undertaking  has  been  forwarded  to  the 
Board.  In  the  meantime,  considerations  of  the  suggestion  that  a 
consulting  engineer  should  be  c.iUed  in  has  b?sn  postponed. 

Gloucester. — The  Council  are  to  apply  for  a  provisional  order  for 
t!i"  rural  area. 

Halifax, — On  the  recommendation  of  the  Tramways  and  Elec- 
tricity committee  the  charge  for  electrical  energy  supplied  to  the 
tramways  ha.s  been  reduced  to  Irod.  per  unit,  suoh  reduction  to  take 
elTect  from  .April  I.  HMIK. 

Hull-Hessle  Tramways. — Xegotiations  are  proceeding  between 
Hull  Corporation  and  Hes.sle  Council  for  the  exten.sion  of  the  Hull 
municipal  tramways  to  He.ssle  at  an  estimated  cost  of  £30,0(1(1. 

India. — "  Indian  Engineering"  for  June  26,  states  that  .Mr.  J.  1>. 
Meares.  electrical  adviser  to  the  Government  of  India,  has  been 
summoned  to  Simla  to  discuss  a  revision  of  the  tlraft  bill  of  the  new 
Indian  Electricity  .Act. 

Infirmary  Lighting. — The  South  .Metrojinlitan  Electric  Tramways 
&  Lighting  C<i..  wlio  supply  current  to  the  Children's  Inlirnuiry 
at  Carshalton  and  Th-'  Downs  School  at  Sutton,  have  agreed  to  inslal 
auto-transformers  and  nn  lal  Hlamenl  larn|is  in  lho.se  institutions. 
under  an  agreement  wlii<'h  will  (  xtend  to  D.'c.  31.  1!(I8.  and  in  which 
the  company  undertake  not  to  raise  their  price  of  current  for  lighting 
purposes  above  2.Jd.  per  unit.  Current  for  charging  electric  vehichs 
is  to  !);>  supplied  at  lid.  ])cr  unit  instead  of  2 VI.  Th"  a)--)  <»  v  ate 
cost  of  the  change  over  is  tWiO. 

Infirmary  Lifts. — The  consulting  engineer  to  the  Islington  (Londmi) 
Guardians  (.Mr.  Enright)  has  been  asked  to  |)repare  a  .specification 
for  converting  one  of  the  lifts  at  the  llighgatc  Hill  infirmary  into  an 
electric  one. 

Islington  (London). — Last  week  the  Lighting  committee  submitted 
their  estimates  for  public  lighting,  which  included  £0,397  for  .supply 
of  el-ctricity  to  the  public  arc  laims  and  £1,7.50  for  maintaining 
and  trimming  same. 

.\lr.  A'oRI.F.Y  moved  an  amendment  that  the  first  item  be  increa.seil  by 
£(i.l4.  making  it  £7,031  instead  of  £li.3!l7.  He  was  not  in  favour  of  keep- 
ing up  the  price  eif  eurrent  to  the  public  lam]p».  but  the  reduction  in  price 
must  depend  upon  what  the  undertaking  euuld  bear  and  what  their  olili- 
gationa  were.  -All  the  world  knew  that  42  years  for  the  loans  was  too 
long,  but  the  new  calcidations  should  be  based  upon  the  liabilities  they 
had  to  re[)ay  and  the  money  they  would  require  for  rc|>lacements. 
.After  di.scussion,  the  amendment  wa.s  rejected. 

Italy. — H.M.  Vice  Consul  A.  J.  Og.ston  states  that  appliances  now 
in  course  of  erection  at  the  port  of  Spczia  include  two  electric  cranes, 
with  grain  discharging  apparatus,  each  to  handle  'Mi  tons  of  grain  per 
hour,  and  electric  coal  handling  plant  to  unload  2,<X)0  tons  of  coal  or 
more  per  day  (of  10  hours). 


Kings  Lynn.  -Xew  schools  are  to  be  erected  and  wired  for  the 
electric  light. 

Kingston-on-Thames.  -Klcctric  pnwcr  is  to  be  used  for  iiumiiing  at 
tlie  sewage  works. 

Leith. — The  remainder  of  the  Lcith-tlranton  tramway  extension 
has  been  opened  for  traftic. 

Leyton. — .At  the  last  meeting  of  the  Council  it  was  agreed  to  adopt 
el'^ctric  lighting  in  a  number  of  additional  thoroughfares. 

Light  Railway.— The  Padslow.  Bedruthan  and  Mawgan  Light 
Railway  (  Kxtensiuii  of  Time)  Order  has  been  submitted  to  the  Board 
of  Trade  liir  confirmation.     Objections  by  .\ui;usl  20. 

London  County  Council  Tramways. — The  construction  of  the  con- 
duit tramway  along  Southwarkslreet  was  commenced  on  Thursday 
last. 

On  Saturday  the  service  on  the  Coimcirs  overhead  trolley  tramway 
from  the  Streatham  terminus  of  the  conduit  system  to  the  Croydon  Cor- 
poration's overhead  system  at  Norbury  was  opened  for  traffic.  Through 
bookings  on  the  L.C.C.  and  the  Croydon  Corporation  lines  lia\c  been 
arranged. 

The  electric  tramway  from  Hackney  Station  to  Cambridge  Heath 
Station  was  opened  on  Saturday.  The  portion  of  the  system  in  Clapton 
is  lieing  converted,  and  electric  cars  will  soon  be  running  to  Stoke  New- 
ington  and  Stamford  Hill. 

Other  lines  (jpened  on  Saturday  were  Essex-road,  Islington,  and  tlii' 
cundviit  line  from  .Aldgate  to  Bow  Bridge  recently  laid  down  in  place  of 
the  ■"  ti.B."  surface  contact  system. 

.Amongst  the  projected  tramway  works  are  the  extension  of  the  Toolcy- 
street  to  Deptford  line,  in  one  direction  to  London  Bridge  .and  in  the 
other  to  (Jreenwich,  and  extensions  (if  the  lines  at  Tooting  and  Chelsea, 
while  parliamentary  powers  are  to  be  sought  for  lines  from  the  Marble 
-Arch  to  Cricklewood,  Chalk  Farm  to  Child's  Hill  and  Putney  Bridge  to 
Wandsworth. 

Longton. — Extensions  of  mains,  estimated  to  cost  £1,550,  liave 
been  authorised  by  the  Council,  who  liave  applied  for  sanction  to  a 
further  l.ian  of  £r.2.50. 

Middlesbrough.— Sanction  has  been  received  to  a  loan  of  £18,022 
tor  extensions  of  mains,  house  services,  public  lighting,  &c. 

Mine  Explosion  Inquiry. — At  Hamilton  (N.B.)  Sheriff  Court  on 
Thursday  last  a  public  inquiry  was  conducted,  before  Sheriff  Thom- 
son and  a  jury,  into  the  circumstances  of  the  explosion  which  occurred 
at  Ferniegair  Colliery  on  June  27,  when  one  man  was  killed  and  two 
others  subsequently  succumbed  to  their  injuries. 

It  was  stated  that  at  the  time  of  the  explosion  the  deceased  workmen 
were  getting  ready  for  the  week's  work  an  electrically-driven  coal-cutting 
machine.  The  evidence  of  various  officials  went  to  show  that  after  the 
explosion  the  lamps  of  the  deceased  workmen  had  been  found  locked  and 
hearing  no  signs  of  having  been  tampered  with,  while  there  was  no  evi- 
dence of  matches  or  pipes  having  been  used.  Their  explanation  of  the 
cx]ilosion  was  that  it  had  been  caused  by  a  "  feeder  "  or  "  pocket  "  of 
gas  suddenly  bursting  out  into  the  workings.  They  coidd  not  state  how 
the  gas  had  become  ignited,  but  admitted  the  fury  of  the  explosion  would 
be  accentuated  by  the  presence  of  coal  dust  at  the  face. 

Mr.  R.  Nelson,  H.M.  Insjiector  of  Mines,  said  he  visited  the  colliery  on 
July  I.  He  had  jireviously  learned  that  one  of  the  deceased  had  been 
engaged  lengthening  the  electric  cable,  and  what  he  found  in  the  pit  on 
the  occasion  of  his  visit  bore  o\it  that  idea.  The  wurkman  had  appa- 
rently disconnected  a  single  length,  and  was  in  the  act  i>f  inserting  the 
two  en<ls  together  when  the  explosion  occurred.  .A  spark  would  un- 
doubtedly be  caused  at  such  a  moment.  Fcu'  a  \)\l  in  which  safety  lamps 
were  used  the  design  of  the  gate-end  box  was  very  bad.  No  [U'ccaution 
was  taken  to  have  it  totally  enclosed  and  nuvde  gas-tight.  The  plug  con- 
nectiim  was  also  not  suitable,  and  in  his  opinion  the  conditions  at  the 
colliery  on  the  day  of  the  explosion  invited  an  explosion  immediately 
gas  matle  its  appearance. 

The  jury  returned  a  verdict  that  a  s|)ark  from  the  electric  cable  ignited 
the  gas  and  caused  the  explosion.  They  were  also  of  opinion  that, 
whether  (U-  not  the  workmen  were  to  blame  for  manipulating  a  "  live  " 
cable  in  the  presence  of  gas,  the  employers  were  in  fault  in  respect  (1) 
that  the  examination  by  the  acting  fireman  on  the  morning  of  the  ex- 
plosion had  been  jierfunctory  and  insufficient  to  discover  gas  ;  (2)  thai; 
the  electric  jilant  was  not  suitable  for  a  fiery  mine  ;  and  (3)  that  there 
was  an  al)sence  of  due  inspection  from  time  to  time  of  tlic  electric  appa- 
ratus installed  in  the  pit. 

Netherlands.— It  is  stated  that  a  project,  is  on  foot  for  the  con- 
.struction  of  <'lectricity  work.s  for  su|)plying  current  in  the  eastern 
di.strict  of  Xorth  Brabant,  as  far  as  Bois  le  Due  and  the  centre  of 
Limbourg.  including  Luremonde,  Venloo  and  Wurt. 

Personal.— Mr.  Gerald  Hooghwinkel.  M.I.E.E..  M.I.M.E.,  will 
shortly  leave  England  for  Mexico  on  professional  business,  and 
intends  to  study  the  openings  for  British  enterprise  with  reference  to 
contracts  for  public  works  in  that  country.  He  is  willing  to  talie 
charge  of  any  special  interests  whicli  may  bi'  entrusted  to  him. 

Mi.  Albert  Gay,  borough  electrical  engineer  of  Islington  has  been 
ai)poinled  President  of  the  .Associat<(l  .Muni<ipal  Electrical  Engineers 
(Greater  London)  for  lOOil-lO. 
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Presentation. — Mr.  Chas.  Cutlibertson,  A.M.I.K.E..  1\k  elci-trical 
•engineer  c if  the  plectrieity  supply  department  of  the  Longton  gas  and 
■electricity  works,  was  recently  presented  by  the  employes  with  a 
marble  clocU.  on  the  occasion  of  his  marriage. 

Provisional  Order  Revocation. — The  13oard  of  Trade  liavo  revoked 
as  Irom  July  28  the  Walton-lc-Dale  Electric  Lighting  Order,  1904. 

Russia. — H.M.  Vice-Consul  W.  S.  Walton  states  that  the  bulk  of 
the  electrical  machinery  imported  into  the  Marinpol  district  in 
190S  flas  of  Belgian,  Derman  and  French  manufacture. 

St.  Mellons. — The  Rural  Council  have  consented  to  mains  being 
laid  at  Fields  Park  by  Xcwport  (Man.)  Council. 

South  African  Power  Supply. — At  recent  sittings  of  the  Commission 
on  Power  Supply  in  the  Transvaal  the  "  Transvaal  Leader  "  states 
t  hat- 
Mr.  P.  Whiteside,  M.L.A.,  gave  evidence  on  behalf  of  the  South  African 
Engine  Drivers  and  Fu'emen's  Association.  The  adoption  of  electric 
liower  Hull  Id.  he  said,  mean  a  most  serious  displacement  of  white  drivers 
in  the  ci>imtry.  From  the  Government  mining  engineers'  report  it 
would  be  seen  that  261  men  were  the  average  firemen  employed,  and  the 
whole  of  these  would  be  displaced,  besides  a  large  proportion  of  the 
titters,  mechanics,  turners  and  boilersmiths,  through  the  elimiuation  of 
steam  engines  and  boilers.  He  referred  to  the  fact  that  Germans  were 
supplying  and  erecting  the  plant,  and  would,  doubtless,  operate  it.  The 
State  must  have  full  control  of  all  concerns  threatening  the  rights  and 
liberties  of  citizens,  and  if  the  Government  could  not  adopt  that  view  it 
must  see  that  legislation  should  be  postponed  so  that  exhaustive  in- 
quiries could  be  made  as  to  the  effects  of  similar  legislation  elsewhere. 
The  association  had  no  objection  to,  say,  the  Randfontein  group  selling 
the  overflow  of  their  power  to  their  neighbours,  but  they  did  object  to  one 
company  having  the  monopoly  of  supply.  He  agreed  with  the  prin- 
ciple that  anything  tending  to  cheapen  power  was  calculated  to  increase 
the  devcliiiiment  of  the  colony.  The  question  of  a  site  for  a  ])ower 
station  should  bo  decided  by  the  people  concerned,  and  he  placed  in  the 
forefront  the  principle  of  cheapening  production  ;  it  was  only  a  question 
of  safeguarding  the  people  of  the  State.  He  would  extend  the  policy  <if 
jiationalisation  to  the  erection  and  maintenance  of  stations  and  lines  and 
the  generation  and  supply  of  power.  Tf  right'<  were  given  to  private  cor- 
jjorations  they  should  include  an  exprci]iriatinn  clause.  His  association 
favoured  a  State  monopoly,  failing  whirh  State  control, 

Mr.  Sidney  Bilburough  said  cheap  pnwer  was  of  the  first  impoi'tanee 
to  the  Transvaal,  and  as  a  result  of  its  adoption  he  would  expect  that  the 
•coal  consumption  would  not  be  diminished.  It  would  place  the  inland 
colonies  in  an  advantaiicmis  imsition  compared  with  the  coast  colonies, 
-and  that  would,  he  tlmimlii,  .oii'luce  to  the  good  of  South  Africa  as  a 
whole.  He  referred  to  the  ic|>  nt  of  a  Canadian  Commission,  and  said 
that  the  electric  smelting  of  ores  was  possible  where  power  was  produced 
at  0-3d.  per  kilo«'att-hour.  That  figure  was  about  one-twentieth  of  the 
lowest  cost  of  production  in  South  .Africa.  Better  residts  from  Trans- 
vaal coal  could  be  obtained  by  washing.  If  special  facilities  were  given 
to  one  power  company  there  should  bo  some  method  of  control  to  secure 
jau'chasing  in  the  o))en  market.  He  did  not  agree  that  the  cost  of  jiower 
|iroduced  from  coal  could  be  brought  down  as  low  as  Jd.  per  unit.  'J'o  do 
SI  I  jilant  would  have  to  be  cheaper  and  the  station  have  to  be  at  the  pit's 
mouth,  which,  in  turn,  would  mean  a  long  transmission  line. 

Southampton. — At  the  last  meeting  of  tlie  Council  the  borough 
•electrical  engineer  (Mr.  H.  F.  Street)  presented  an  interesting  report 
in  regard  to  free  wiring. 

Mr.  Street  considered  it  most  lamentable  that  the  electricity  depart- 
ment should  be  prohibited  from  carrying  out  fres  wiring  when  the  same 
privilege  was  enjoyed  by  so  many  other  undertakings  in  the  country.  All 
undertakings  owned  by  companies  took  the  fullesl  ail\  anlijc  uf  those 
powers,  and  benefited  enormously  thereby ;  gas  coni]i:iiiic^:iUi' did  fitting 
work,  and  therein  lay  the  whole  secret  of  their  siiccc.s,  '['lie  Southern 
Free  Wiring  Co.,  which  had  carried  on  work  in  the  inwii.liinl  f.  n  icasmi^  i  hal 
had  nothing  to  do  with  the  Corpnration,  prarli.  ally  i^ivcii  u\<  i  aii\  a^Mng 
ior  new  work,  although  of  course  the  Corpnratinu  was  stiil  cullictiug  the 
money  due  to  them  on  account  of  existing  contj^acts  from  sundry  con. 
«umers.  The  method  adopted  was  to  charge  Id.  per  unit  extra  on  all 
•of  the  company's  consumers,  which  money  was  i)aid  over  to  them.  He 
wished  it  to  be  clearly  understood  that  it  was  not  his  desire  for  the  depart- 
ment to  undertake  the  wiring  work  themselves;  that  came  entirely 
w  ithiu  the  province  of  the  wiring  (I'ontractors  of  the  town.  The  whole  of 
I  he  lid  r~<  I ly  cxiienditure  could  be  defrayed  out  of  revenue  or  the  reserve 
fiinii,  Av^iniiing  they  invested  £2,001)  of  their  fund  in  free  wiring  they 
•  Hild  iu^t  il  about  2,(i00  lamps  at  a  cost  of  los.  per  lamp,  which  was  above 
the  average  of  the  cost  of  installation  in  Southampton.  The  revenue  on 
iliaf  fnun  sales  of  electricity  at  ordinary  rates  windd  be  ftiOO.  to  which 
ould  be  added  the  extra  cost  for  free  wiring,  which,  at,  say.  Id.  per  miit 
■vould  amount  to  not  less  than  £200.  With  assisted  wiring  the  reveniu' 
would  be  greater.  They  had  the  support  of  all  the  princijial  wiring  con- 
tractors of  the  town,  who  saw  in  the  proposal  a  considerable  increase  of 
business  coming  to  them. 

The  Electricity  committee  recommended  the  Council  to  obtain  parlia. 
inentivry  powers  for  the  purpose  sugg.'sted  by  i\Ir.  Street,  but  an  amend- 
ment referring  the  matter  to  the  Parliamentary  conmiittee  was  carried. 

Sunderland. — Tiie  Corporation  are  recommended  by  the  Kloc- 
trioity  committee  to  reduce  the  charge  for  electric  current  to  the 
tramways  department  from  l!Jd.  to  l.Ul.  per  unit. 


Sweden. — Arrangements  are  being  made  for  the  erection  ol  tliiee 
electric  furnaces  for  the  production  of  pig  iron,  in  connection  with  the 
Trcillhattan  water  power  electricity  works.  Each  furnace  is  to  be 
capable  of  producing  7,501)  tons  of  pig-iron  per  annum,  and  the  cost 
per  ton  is  estimated  at  .'51  kronor  (£2.  16s.  8d. )• 

Tunbridge  Wells. — The  Lighting  committee  report  that  during 
the  14  years'  existence  of  the  electricity  undertaking  a  gross  profit 
of  £o9,.'527  has  been  earned  on  a  capital  outlay  of  £80,.519.  4s.  lOd. 
There  are  96(J  consumers  (representing  the  equivalent  of  04,126 
8  c.p.  lamps)  connected,  or  about  one-sixth  of  the  total  number  of 
ratepayers. 

Wireless  Telegraph  Notes. — It  is  announced  that  the  wireless 
telegraph  operators  who  are  working  on  board  the  ocean  liners 
between  New  York  and  other  countries  are  being  organised  into  a 
trade  union,  and  that  the  first  list  of  members  w  ill  number  about  700. 

A  conference  of  underwTiters  will  meet  at  Baden-Bader.  n/i  Sept.  12 
when  the  question  of  reducing  the  premiums  on  vessels  equipped 
with  wueless  telegraph  installations  is  to  come  forward  for  discussion. 

Workhouse  Lighting. — Belfast  Guardians  have  appointed  a 
special  committee,  consisting  of  the  chairmen  of  the  different  com- 
mittees, to  consider  and  report  upon  the  (piestion  of  lighting  the 
workhouse  electricallv- 


ELECTRICITY  SUPPLY  AND  TRAMWAY  ACCOUNTS. 


Birkenhead. — The  accounts  of  the  tramways  department  lor  the 
year  ended  JIarch  were  presented  to  the  Council  on  Wednesday,  and 
showed  total  receipts  of  £56,111.  19s.  lOd.,  including  £55,097.  Pis.  lOd. 
from  passenger  fares. 

The  total  working  expenses  were  £35,431.  lOs.  8d.  (6-651d.  per  car- 
mile),  and  the  gross  profit  was  £20,638.  9s.  3d.  After  paying  interest  and 
sinkinc  fund  i  iiaii,'es  there  was  a  net  deficit  of  £905.  10s.  lOd.  The  total 
capital  c\|icnilc,l  is  £363.428.  6s.  Id. 

Tlie  t.iial  iiri'.iine  of  the  electricity  department  was  £19,724.  18s.  lOd., 
including  t;iS,,S38,  12s.  from  the  sale  of  current  by  meter,  and  motor 
and  meter  rental,  &c.,  made  up  the  balance.  The  total  ex])euses  were 
£8,610.  lOs.  lid.,  .and  the  gross  profit  was  £11,114.  7s.  Ud.  Interest 
absorbed  £4,725.  14s.  7d.,  amounts  appropriated  to  sinking  and  stock 
redemption  funds  come  to  £3,437.  10s.,  and  after  deducting  income  tax 
and  contributing  £629.  Os.  7d.  to  capital  account  and  £1,249.  3s.  to  re- 
newals fund,  £1.000  was  applied  to  relief  of  rates.  The  capital  exiiended 
is  £lotl.6Sl».  12s.  iOd.,  an  increase  of  £13,240.  Is.  4d. 

Hammersmith  (London). — The  accounts  of  the  electric  lightmg 
department  for  the  year  ended  March  31  show  a  total  income  of 
£55.981.  2s.  4d.,  including  £46.135.  13s.  5d.  for  the  supply  of  current 
for  private  lighting,  £4,955.  Is.  5d.  for  public  lighting. 

The  expenses  were  £31,.'506.  4s.  7d.  and  the  gross  profit  was 
£24,474.  17s,  9d..  against  £18,531.  Us.  9d.  for  1907-8.  and  after  paying 
interest,  redemption  of  loan  charges,  &e.,  the  net  profit  was  £4,904. 5s.  lid. 
against  £13.  16s.  lOd.  The  capital  expended  to  date  is  £311,479.  10s.  Sd., 
an  increase  of  £21,258.  lis.  Owing  to  the  emunious  fluctuations  in  the 
lamps  connected  at  the  Franco-British  Exhibition  and  Olympia,  no  figures 
are  gi\en  for  the  lamp  coimections  and  the  revenue  per  lamp.  The  aver- 
age price  obtained  was  l-57d.  per  unit  for  public  and  l-78d.  for  private 
lighting.  There  are  339  motors  (2,665  H.e.)  connected,  and  the  total 
number  of  consumers  is  2.336,  The  units  generated  amounted  to 
7,639,395,  and  747,250  units  were  jmrchased:  6,198,339  units  were  sup- 
lilied  to  private  consumers  and  564,522  to  the  public  lami)S  (204  arcs. 
(J3  small  arcs  and  204  incandescents).  The  maximum  supply  demanded 
was  4,400  kw. 

In  the  rejjort  of  the  borough  electrical  engineer  (Mr.  G.  G.  Bell)  it  is 
stated  that  the  revenue  from'the  Franco-British  Exhibition  proved  dis- 
ap)iointing  as,  owing  to  the  incomplete  state  of  the  grounds  during  the 
early  months,  it  was  impossible  to  take  full  advantage  of  the  satisfac- 
tory contracts  concluded, 

Hull.— Tile  profits  on  the  municip.al  electric  tramways  for 
the  past  year  was  £24,318.  14s.  4d..  of  which  £18.001)  has  been  ap- 
plied to  relijf  of  rates.  The  profit  is  £5.57(!.  10--.  7d.  b?low  the 
figures  for  1908.  The  traffic  revenue  was  £128.647.  Ss.  7d..  the 
number  of  passengers  carried  b.>ing  .'!2.95S,S83,  compared  with 
30.964.254. 

The  profit  on  the  electricity  department  was  £1.165.  8s.  5d..  com- 
pared with  £2.398.  Us.  9d.  in'  1908. 

Oa  the  telephone  account  the  net  surplus  was  £l.l>4t).  9s.  .5d., 
a  decivas:-  of  £14.  Us.  7d. 

Kilmarnock.— The  accounts  of  the  electricity  supply  inulertakins' 
for  the  p.ist  year  shows  income  £6,051,  compared  with  £5.513  in 
the  lucvious  year. 

The  gross  profit  was  £3,087  (£2.46;<).  capital  charges  rcipiired  £2,940 
(£2.821).  aiul  the  net  pr.ifit  was  £147  (compared  with  a  lo.ss  of  £358). 
738.013  (670,23;!)  units  were  sold,  including  .■133.419  (22.1.824)  for  pru-iite 
lightinsi  and  ]inwer.  344.145  (3(i2.545)  for  tr.ictiou,  and  ,i9.715  (89.57.5) 
for  public  lishtiui:.  There  are  272  (229)  privat*^'  consumers  with  21.724 
(equivalent)^  c,p.  lamps  connected.      Works  costs  were  0-t)04d.  (0-6.82d.> 


686 


THE  ELECTRICIAN,  AUGUST  G,  1909. 


and  total  costs  (i-xiIilmm-  of  ia|iilal  iliaiges  ami  lost  of  maiiiliiiaiu '' 
of  arc  lamps)  0-900cl.  (l-025d.). 

Tlie  report  of  Mr.  Burbidge.  burgh  electrical  engineer  and  traivwavs 
manager,  states  that  cost  of  coal  per  imit  sold  is  the  lowest  in  Great 
Britain  (0-197d.  per  unit,  against  0-343d.  in  1908).  and  for  an  output  of 
under  750.000  units  the  total  costs  are  only  higher  than  one  undertaking 
(the  latter  paying  less  than  £oO  a  year  for  rates  and  taxes,  compared  with 
£382  at  Kilmarnock).  As  in  other  towns,  the  use  of  metallic  filament 
lamps  has  affected  the  output. 

The  lr.imway  traffic  receipts  were  £7.790  (£8.007).  working 
expenses  £6.306"(£6.4.56).  net  deficit  £2.009  (£1.852). 

Receipts  per  car-mile  were  (id.  ((j-33d.).  working  expenses  -l-SCid. 
(practically  the  lowest  in  Great  Britain).  311.499  (30G.170)  car-miles 
were  run  "and  2,181,107  (2.29fi.2(il)  passengers  carried.  Average  faic 
per  passenger  was  O-Sfid.  (0-84d.). 

Marylebone  (London). — The  accountvs  of  the  electricity  supjily 
departniiiit  for  tlic  year  ended  March  31  were  luesented  to  the  Council 
last  week,  and  showed  total  revenue  £1.50.032.  17s.  9d.,  including.' 
£14(5.359.  Is.  from  the  sale  of  current  by  meter.  £1,841.  3s.  9d.  fioiii 
public  lighting  and  £5.505.  12s.  7d.  from  meter  rental. 

The  total  expenses  were  £47.4.=>2.  Os.  7d.  and  the  gross  profit  was 
£108.580.  17s.  2d.  Interest  absorbed  £7(i,913.  lOs.  9d.  and  repayment 
of  loans  £34,193.  10s.  Od..  and  after  making  provision  for  Parliamentary 
expenses,  &c..  there  was  a  deficit  of  £3,930.  9s.  3d.  The  total  capital 
expended  is  £2.024.401.  19s.  2d.,  an  increase  of  £16,293.  4s.  7d.  during 
the  year.  11,8()2.300  units  were  generated;  8,843,089  units  were  sup- 
plied to  private  consumers  and  157,772  to  the  pubUc  lamps.  The  total 
maximum  supply  demanded  was  7.077  kw. 

The  Electric  Supply  committee,  in  their  report,  expressed  pleasure 
that  the  result  of  the  year's  working  had  exceeded  their  expectations. 
and  that  in  place  of  the  deficiency,  shown  by  their  estimates,  of  £6.9fi7, 
the  debit  balance  was  only  £3.930.  9s.  3d.,  notwithstanding  the  heavy 
expenses  of  opposing  schemes  before  Parliament  (£1,163),  which  could  not 
have  been  anticipated.  The  costs  per  unit  sold  were  l-19d.,  against 
l-39d.  in  1907-8. 

An  interesting  report  bj'  the  general  manager  (Mr.  A.  Hugh  Seabrook) 
on  the  method  of  charging  for  current  is  abstracted  on  page  678  of  this 
issue. 

St.  Pancras. — The  accounts  of  the  electricity  department  for  the 
year  ended  .March  31  were  ])resented  to  the  Council  last  week. 

The  Elcctricitv  committee  recommended  that,  out  of  the  profit  of 
£7,126.  17s.  2d.,  £4,000  be  voted  to  relief  of  lighting  rate,  £3,126.  17s.  2d. 
being  carried  to  reserve.  The  Finance  committee  thought  no  sum  should 
be  allocated  for  relief  of  the  lighting  rate,  and  recommended  that  the 
matter  be  held  over  until  the  Council's  requirements  for  the  ensuing  half- 
year  are  known.  The  total  expenditure  of  the  tmdertaking  was 
£542,4t>9.  Us.  The  gross  income  for  the  year  was  f^.l.S.'iS.  14s.  9(1..  a 
decrease  of  £2,243.  12s.  lid.  compared  with  (In-  pn  v'  year,  and  an 
increase  of  £1,187.  4s.  9d.  compared  with  I'.ior,  T/f oi  i  (  r|  ,y,epti,jg  .,ii 
working  e.xpcn.scs  and  repayment  of  lo^jns  ami  iiicxIiiisKin  of, the  net 
profit  was  £6,925.  18s.  lOd.  (compared  with  £9,454.  7s.  3d.),  Iflaking,  with 
£200. 18s.  4d.,'the  difference  in  the  pro\'ision  made  for  outstanding  charges 
£7,12(>.  17s.  2'd. 

Councillor  1x0 RAM  said  the  drop  in  revenue  was  caused  by  the  loss  of 
several  large  customers  and  by  the  general  adoption  of  metal  filament 
lamps.  Generally  speaking  consumers  were  increasing  their  lighting 
accounts.  They  had  effected  a  number  of  economics  during  the  year. 
Coal  now  cost  0-.52d.  per  unit,  against  0-55d.  last  year;  oil  and  waste  cost 
0'04d.  per  imit,  against  0'0.5d.  The  average  price  to  ])rivate  consumers 
had  been  2(>5d.,  against  2-68d.  The  gross  profit  for  the  year  was  £32.000. 
which  on  the  net  capital  was  7  per  cent,  and  on  the  gross  capital  (i  ])er 
cent. 

The  recommendation  as  to  the  £4.000  for  the  lighting  rate  was  v\ith- 
drawn  and  the  accounts  referred  to  the  Finance  committee  for  report. 


TRADE  NOTES  AND  NOTICES. 


TENDERS  INVITED. 

London  County  f'ouncil  invite  tenders  tor  the  manufacture, 
delivery  and  laying  of  about  fij  miles  of  0075  sq.  in.  three  core  lead- 
covered  h.t.  cables,  &c..  and  about  4(i  miles  of  single  core  lead- 
covered  l.t.  cables,  telephone  cables,  &c. ;  manufacture  (but  not 
erection)  of  50  tramwaj'  feeder  pillars:  laying  about  1(5  miles  of 
stoneware  cable  ducts,  including  necessary  manholes,  repaying.  &c.. 
and  manufacture  and  delivery  of  440,(XKJ  ducts  of  glazed  stoneware 
for  electric  cables.  Drawings  may  be  inspected  and  specifications. 
&c..  obtained  at  the  County  Hall,  S|)ring  Gardens,  S.W.  Tenders 
addressed  to  the  Clerk  of  the  London  County  Council.  S|)ring 
Gardens,  must  be  in  by  11  a.m.,  of  Tuesday,  Sept.  14.  Further 
particulars  are  given  in  an  advcrti.seraent. 

EDiNBfRoif  Corporation  invite  tenders  for  the  supjjly  at  the 
ilcDonald-road  electricity  supply  station  of  a  motor-alternator. 
Specification,  form  of  tender,  &c.,  can  be  obtained  at  the  engineer's 
office,  Dewar-place.  Specification,  general  conditions  and  drawings 
can  be  seen  at  (but  not  obtained  from)  the  office  of  the  consulting 
engineer,  Sir  A.  B.  W.  Kennedy,  17,  Victoria-street,  London.  S.W. 


NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES' 
DIRECTORY  AND  HANDBOOK.— The  1909  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issued  in  handy  book 
form.  These  are  included  in  the  1909  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 

Tenders  to  the  Town  Clerk,  City-chambers,  Ediiibtirgli,  by  Sept.  4. 
See  also  an  advertisement. 

Edinbitrgh  Corporation  also  want  tenders  by  Sept.  4  for  the 
electric  lighting  installation  at  the  new  slaughter  houses.  Specifica- 
tion from  the  Engineer.  Dewar-plaoe,  Edinbiugh. 

Tenders  are  invited  for  supply  of  ten  100-number  switchboards  to 
the  Postmaster  General's  Department.  New  South  Wales.  Tender 
forms,  &c.,  at  the  Commonwealth  Office,  72,  Victoria-street,  London, 
S.W.     See  an  advertisement. 

Tenders  are  invited  for  the  supply  of  telephone  material  to  the 
Postmaster-General's  Department  in  New  South  Wales.  Tender 
forms  and  specifications  may  be  obtained  at  the  Commonwealth 
Offices,  72,  Victoria-street,  London,  S.W.  See  also  an  advertise- 
ment. 

The  Committee  of  Management  of  the  Enniscobthy  district  asylum 
invite  tenders  for  lighting  Kilcarberry  House  from  existing  jilant. 
according  to  specification,  which  can  be  obtained  from  the  Clerk. 
District  Asylum.  Enni.scortliy,co.  Wexford.  Tenders  to  the  Asylum 
Office  by  10  a.m.,  Aug.  18. 

Sheffield  Education  committee  want  tenders  by  Aug.  10  for 
heating  and  electric  lighting  of  the  Training  College  Hall  of  Residence 
for  Men.  Specifications.  &c.,  from  Messrs.  Gibbs  &  Flockton,  15, 
St.  James-row,  Sheffield. 

Tenders  are  required  by  Se|)t.  10  for  supply  and  erection  of  over- 
head cables  in  connection  with  the  electric  lighting  of  Ballinasloe 
District  Lunatic  Asylum.  Specifications  from  Jlr.  G.  B.  Mecnan, 
5,  Charleville-road,  Rathmines,  Dublin. 

York  Corporation  want  tenders  by  9  a.m.  Aug.  27  for  su])ply  of 
18  double-deck  tramcars  and  one  watering  oar.  Specification  from 
the  City  Electrical  Engineer. 

The  Deputy  Postmaster-General.  Sydney,  N.S.W..  wants  tenders 
by  2:30  i).m..  Nov.  10.  for  supply  and  erection  of  a  branching  metallic 
mu!ti[)le  magneto  switchboard  at  the  Petersham  telephone  ex- 
change.    Specifications,  &c.,  at  72,  Victoria-street,  London,  S.W. 

The  '  Zentral  Auzeiger  "  (Vienna)  for  July  25,  states  that  the 
Turkish  Ministry  of  Marine,  Constantinople,  invite  tenders  for 
the  sup|)ly  of  electrical  a])|)aratus  for  the  Imperial  Fled.  Particulars 
from  the  Conseil  de  la  Marine.  Constantinople. 

Tenders  are  wanted  for  the  erection  of  electricity  works  and  the 
supply  of  electric  light  to  the  towns  of  Carmelo  and  Villa  del 
R0.SABI0.  Department  of  Colonia,  Uruguay.  Conditions  at  the 
Intendencia  .Municipal,  Colonia,  where  tenders  are  to  be  delivered  by 
2  p.m.,  August  30. 

TENDERS  RECEIVED  AND  ACCEPTED. 

West  Ham  Corporation  receixed  12  tenders  for  sui>ply  of  six  tram- 
cars,  and  accepted  that  of  tlie  United  Kleetric  Car  Co.,  for  car 
bodies,  at  £l,9;j2,  and  that  of  the  Brush  Co..  for  electrical  equipment, 
at  £1.101. 

An  order  has  been  ))laccd  by  West  Ham  Corporation  with  E.  Pcckliam 
and  the  Anti-Magnolia  Co.,  a't  £150,  for  the  iiurchase  of  two  trucks  for 
the  tramway  undertaking,  and  the  ])urchase  of  the  material  for  five 
others,  these  tr)  be  constructed  at  the  ear  sheds  011  payment  of  a  royalty 
of  £10  per  truck  to  Mr.  Pcckham.  The  estimated  cost  of  the  seven 
trucks  is  £550. 
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Leyton  Council  have  received  tlie  following  tenders  for  the  electric 
lighting  of  the  Sybourn-street  schools  : — 


Johnson  &  Phillips  (acptd.)...  £172 

E.  E.  Bcaven    309 

Vaughan  Eng.  Co 340 


Fryer  &  Co., W.  J £2.'>0 

Lund  Bros.  &  Co 24!) 

Hodgson  &  Co 247 

Ryan  &  Son 24.5 

Pinching  &  Walton 242 

Russell,  Bridger  &  Co 238 

Tillev  Bros 232 

Ewart  &  Son 232 

Foote  &  Milne  228 

Rowland  &  Hulton 222 

H.  J.  Whitehead 21."> 

Whitehead  Bros 211 


M.'Parker 312 

Alliance  Elcc.  Co 295 

C.  Larkins&Co 279 

.Jackson  Bros 271 

W.  Simmons 271 

Elec.  &  Motor  Co 264 

Halsey,  J.  T 259 

Headland  &  Headland 25(i 

R.  H.  &  J.  Pearson  254 

D.  J.  Macdonald  251 

St.  Pancras  (London)  Council  received  the  following  tenders  for 
annual  supply  of  arc  lamp  carbons  : — 

Sloan  Electrical  Co.  (accepted).  £382.  Is.  8d.  ;  W.  Geipel  &  Co., 
£362.  3s.  4d.  ;  H.  G.  Mayer  &  Co.,  £420  :  Ci'ompton  &  Co.,  £424.  8s.  4d.  ; 
G.  Braulik,  £452.  5s.  :  Andrew  &  Suter,  £467  ;  General  Electric  Co., 
£498  ;  Siriuswerke  (M.  Seeck),  £513.  6s.  8d.  ;  Ship  Carbons  (Ltd.), 
£516.  5s.  :  Siemens  Bros.  Dynamo  Works,  £672.  5s.  ;  Piggott  Electrical 
Co.  (Smith  Bros.),  £758. 

Gravesend  Electricity  committee  have  received  the  following 
tenders  for  sujjply  and  erection  of  an  automatic  stoker  : — 

Erith's  Eng.  Co.   .' £280       Jas.  Hodgkinson  (Ltd.)   £163 

W.R.Mills   215       Meldrum  Bros 130  &   155 

Underfeed  Stoker  Co 200       Crosthwaite  Fire  Bar  Synd. .      150 

Babcock  &  Willcox 190       Jas.  Proctor  (Ltd.) 125 

G.  Weymouth  I'roprietary  (Ltd.)  are  supplying  si.x  electric  goods 
lifts  for  the  new  offices  of  the  Victorian  Railway  Department.  Mel- 
bourne. Edniiston  &  O'Neill  are  also  supplying  one  electric  lift  at 
£475. 

Pontypridd  Council  received  15  tenders  for  the  supply  and  erection 
of  a  500  kw.  coml)ined  steam  dynamo,  and  14  tenders  for  the  supply 
and  erection  of  condensing  plant.  The  consideration  of  the  tenders 
has  been  adjourned  until  after  the  holidays. 

Staffordshire  County  Educational  committee  have  accepted  the 
offer  of  Hanley  Council  for  power  during  daylight  for  the  pottery 
school  and  electric  ovens  at  a  fixed  charge  of  £1  per  quarter  and  a  flat 
rate  of  Id.  per  unit. 

The  Metropolitan  Afsylums  Board  have  accepted  the  tender  of 
W.  J.  Fryer  &  Co.  for  carrying  out  alterations  to  electric  lighting 
installations  in  some  of  the  Board's  institutions. 

Barnstaple  Guardians  have  accepted  the  tender  of  Jas.  ilalone  for 
wiring  the  workhou.se  at  £122.  10s.  There  were  seven  tenders, 
ranging  from  £120.  Is.  lOd.  to  £191.  10s. 

Hanley  Council  have  accepted  the  tender  of  the  Chloride  Electrical 
Storage  Co.  for  maintaining  the  storage  battery  for  ten  years,  at 
£5  per  annum. 

Hull  Electric  Lighting  committee  have  accepted  the  tender  of 
Siemens  Bros.  &  Co.  for  the  supply  and  laying  of  electric  mains,  &c. 
(until  March,  1910)  at  schedule  rates. 

Marylebone  Electric  Supply  committee  have  accepted  the  tender 
of  the  London  Electric  Firm  for  arc  lamp  lowering  gear  at  £250. 

Luton  Council  have  accepted  the  tender  of  W.  H.  Allen,  Son  &  Co.. 
for  a  500  kw.  steam  dynamo,  at  £2,370. 

Eastbourne  Council  have  accepted  the  tender  of  Las.sen  &  Hjort  for 
condensing  jjlant  at  £155. 

Grimsby  Council  have  accepted  the  tender  of  J.  Wilson  &  Co.  for 
additional  pipework  for  the  superheateis. 

Salford  Council  have  accepted  the  tender  of  G.  Harland  Bowden 
&  Co.  for  re-wuing  the  Royal  Technical  Institute  at  £765. 

Eccles  Council  have  accepted  the  tender  of  Waring  &  GiUow  for 
wiring  the  Corporation-road  houses  at  £48.  15s. 

Longton  Council  have  accepted  the  tender  of  the  Electric  Con- 
struction Co.  for  a  300  kw.  dynamo,  coupled  to  a  Belliss  engine. 

The  South  Australian  Cabinet  recently  approved  the  acceptance 
by  Adelaide  Tramways  Trust  of  the  tender  of  Noyes  Bros,  for  50  car 
bodies  (made  by  the  Brill  Co.,  Philadelphia)  at  £36,673.  The  highest 
tender  (from  an  Adelaide  firm)  was  £45.361.  Later  information  is 
that  instead  of  Brill  bodies  Messrs.  Noyes  Bros,  have  arranged  for  the 
manufacture  of  the  bodies  at  Pengelley's  Coach  Factory.  Edward's 
Town  (S.  Australia). 

The  Postmaster-General's  Department.  Hobart.  havi-  accepted  the 
tender  of  the  Western  Electric  Co.  for  a  switchboard,  with  power 
plant,  &c.  (£3.019),  600  wall  telephones  (£1,237).  100  table  telei.hones 
(£188),  7.50  protectors  (£94),  ,50  wall  telephones  for  (larly  lines  (£144) 
and  20  table  telephones  for  partv  lines  (£46).  and  that  of  British  In- 
sulated &  Helsby  ( 'ablcs  for  100  extension  switch  and  bell  sets  (£165). 
15  switchboards  for  four  lines  (£()6)  and  8  for  si.x  lines  (£51 ). 


Sydney  N.S.W.  Council  recently  called  for  tenders  for  a  two 
years'  supply  of  motors — .schedules,  A  and  B  for  d.c,  and  schedules 
C  and  D  for  a.c.  motors. 

The  tenders  received  were  examined  by  Jlr.  Forbes  Mackay  (city  elec- 
trical engineer),  who  advised  the  acceptance  of  the  tender  of  Xoyes  Bros, 
luidcr  schedules  \,  B  and  C,  and  that  >d  Staerker  4  Fischer  (represent- 
ing the  A. E.G.)  under  schedule  D.  The  Electric  Lighting  committee 
adopted  this  recommendation,  hut  the  Council  gave  the  entire  contract 
to  Noyes  Bros.,  whose  tender  was  lower  under  A,  B  and  C,  while  that 
of  Staerker  &  Fischer  was  lower  under  D.  The  reason  given  for  the 
action  of  the  Council  was  that  Xoyes  Bros.'  tender  was  the  lowest  average. 

BUSINESS  NOTICES. 

Increase  of  Cable  Prices.— W.  T.  Henley's  Telegraph  Works  Co. 
announce  that,  owing  to  the  continued  high  price  of  Para  rubber,  they 
are  compelled  to  raise  their  prices  for  Association  grade  cables,  and 
therefore,  until  further  notice  the  i)rices  for  the  cables  given  in  their 
lists  dated  March,  1907.  Sept..  1908,  and  April.  1909,  will  be  subject 
to  trade  discounts  of  15  per  cent.,  and  10  per  cent.  The  prices  of 
Non-Association  cables  are  also  increased. 

We  are  informed  that  the  whole  of  the  members  of  the  Cable 
Makers'  Association  have  decided  to  increase  their  prices  to  the 
extent  set  out  above. 

Messrs.  Davidson  &  Blackadder,  50,  Wellington-street,  Glasgow, 
have  been  appointed  agents  for  the  St.  Helens  Cable  &  Rubber  Co. 
for  the  whole  of  Scotland.  Mr.  .J.  W.  Logan  will  continue  to  repre- 
■sent  the  company  in  the  Scottish  district  as  a  member  of  Messrs. 
Davidson  &  Blackadder's  staff 

The  Electro-ilechanical  Brake  Co.  inform  us  that  in  order  to 
thoroughly  re-organise  and  develop  their  business  they  have  secured 
the  services  of  Mr.  E.  J.  Chambers,  J. P.,  M.LMech.E.,  as  chairman 
and  managing  director.  Jlr.  Chambers  is  a  director  of  Messrs. 
Bullers  (Ltd.).  of  Tipton.  Hanley  and  London,  and  also  chairman  of 
.Messrs.  H.  &  T.  Danks  (Netherton)  (Ltd.). 

The  British  Prometheus  Co.  have  appointed  Simplex  Conduits 
(Ltd.)  their  sole  .selling  agents  in  London,  the  South  and  West  of 
England  and  S.  Wales.  The  management  of  the  department  will 
be  in  charge  of  Mr.  Beves.  who  have  been  associated  with  the 
Prometheus  Co.  since  its  inception.  He  will  be  assisted  by  Mr. 
Bennett. 

Patents  Development.— The  owners  of  patent  No.  23.501/1899, 
relating  to  "  Improvements  in  vacuum  tube  lighting."  and  No. 
12,582/1902.  relating  to  "  An  improved  system  of  electric  lighting.' 
wish  to  negotiate  for  the  granting  of  licences.  Applications  to 
Messrs.  Llo}'d  Wise  &  Co.,  46.  Lincoln' s-inn-tields,  London.  W.C. 

The  proprietors  of  patents  No.  23.878/1900.  for  "'  Improvements  in 
process  of  and  mechanism  for  separation  of  conductors  from  non- 
conductors." and  No.  16.435/1905.  for  -'Improvements  relating  to 
transmission  systems  for  wireless  telegraphy  and  telephony  "  are  also 
desirous  of  entering  into  arrangements,  by  way  of  licence  and  other- 
wise, for  ex]iloiting  same.  Applications  to  Messrs.  Haseltine.  Lake  & 
Co..  7  and  S.  Southampton-buildings,  Chancery-lane,  London,  W.C. 

Plant  Wanted. — .\n  advertiser  requires  a  50  H.P.  d.c.  totally- 
enclosed  motor  for  500  volts. 

Chartered  Institute  of  Patent  Agents.— The  qualifying  examinatioi\ 
of  persons  desirous  of  being  registered  as  patent  agents  will  be  held 
in  November  next.  Particulars  can  be  obtained  from  the  Secretary. 
Chartered  Institute  of  Patent  Agents,  Staple  Inn-buildings.  London. 
W.C. 

New  Motor  Starting  Switch  for  Printing  Machines.— Particulars  of  a 
new  type  of  nuitor  starting  switch  for  use  with  printing  machines 
have  been  .sent  us  by  the  .\dams  Mfg.  Co.  . 

The  starting  of  ])rinting  presses  is  very  hard  on  the  switchgear  on 
accoimt  of  the  constant  "'  mching,"  which  causes  most  injurious  arcing 
of  the  contacts  of  the  starting  switch,  with  the  result  that  ordinary 
startmg  switches  are  soon  destroyed,  and  even  thovigh  i-enewable  con. 
tact-s  may  be  used,  the  renewals  ai-e  so  frequently  n-quired  as  to  become 
a  nuisance  as  well  as  a  serious  expense.  To  prevent  this  injurious  arcing 
all  sorts  of  devices  have  been  employed.  For  small  Mat  Ixni  machines, 
however,  the  initial  cost  of  self-acting  motor  starters  is  often  considered 
prohibitive.  With  the  object  of  rendering  ordinary  hand-operated 
starters  suitable,  carbon  auxiliary  ciuitaots.  magnetic  blowouts,  inter- 
locked solenoid  switches,  &c.,  have  been  employed.  These  have  failed 
because  they  have  protected  only  the  lii-st  step,  whereas  the  minder, 
whose  eyes  "must  be  on  the  machine  and  not  on  the  starter,  pulls  the 
handle,  when  inching,  over  to  the  third  or  fourth  contact,  or  perhaps 
further,  and  in  moving  it  back  a  destructive  arc  across  the  starter  steps 
residts.  The  new  "  laranic  "  switch  emjiloys  an  interlocked  magnetic 
circuit.maker  and  breaker,  and  no  matter  how  far  the  operator  jiulls  the 
handle  over  in  a  forward  direction,  the  slightest  backward  movement 
instantly  opens  the  circuit-breaker  and  no  arcing  can  occur  on  the  starter 
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SPECIAL    NOTICE. 


NOW    READY Vol.    LXII.    of  "The  Electrician"  (1.028 

pages',  bound  in  strong  cloth.  Price  17s. 6d.;  post  free,  18s.  6d.  Now 
ready.  Cases  for  Binding.     I'rice  2s. ;  post  free,  2s.  3d. 

A  complete  set  of  "The  Electrician  "  can  be  supplied.  A  number 
of  odd  volumes  and  some  odd  old  back  numbers,  to  help  in  making 
up  complete  sets,  are  also  available. 


steps  because  they  are  "  dead."  The  circuit-breaker  has  carbon  contacts 
and  magnetic  blowout  and  will  open-circuit  an  infinite  number  of  times 
without  recei\-ing  injury.  In  addition,  the  interlocking  of  the  circuit 
breaker  with  the  starter  makes  it  impossible  to  close  the  motor  circuit- 
except  with  all  the  starting  resistance  in  circuit,  so  that  the  motor 
receives  proper  protection  and  the  starting  switch  may  be  said  to  be 
practically  fool-proof. 

CATALOGUES.  &c. 

\VrRELES.s  C'LrsTER  FiTTiNOS. — We  have  received  from  the  fitt- 
ings department  of  Messrs.  Siemens  Brothers  Dynamo  Works 
a  copy  of  their  latest  "'  Tantalum  "  arc  list  (29-B),  illustrating 
numerous  new  designs  of  the  patent  wireless  cluster  fittings  supplied 
by  the  firm.  These  will  be  of  particular  interest  to  shopkeepers, 
and  contractors  who  have  shop  fitting  work  on  hand  are  advised  to 
at  once  obtain  a  copy,  which  we  understand,  will  be  supplied  free  of 
charge,  or  in  quantities,  printed  with  the  contractor's  name  and 
address,  on  application  to  the  Fittings  Department.  Tyssen-street, 
Dalston,  London.  X.E. 

Petrol  Electric  Vehicles. — Messrs.  W.  A.  Stevens  (Ltd.), 
Victoria  Works.  Maidstone,  have  issued  a  new  catalogue  dealing 
with  the  Hallford-Stevens  petrol-electric  omnibuses  and  commercial 
vehicles.  Full  specifications  of  these  vehicles  are  shown,  with 
illustrations  of  several  types  that  have  already  been  supplied.  The 
same  firm  send  a  pamphlet  dealing  with  their  system  of  battery 
charging,  by  means  of  which,  it  is  claimed,  the  batteries  for  electric 
omnibuses  can  be  charged  from  the  electric  supply  mains  with  an 
extremely  small  loss  of  eflSciency. 

Carbon  Filajiest  Lamp  Prices. — Messrs.  Siemens  Brothers 
Dynamo  Works,  Tyssen-street,  Dalston,  N.,  have  their  latest  cata- 
logue of  carbon  filament  lamps  now  ready.  This  list,  which  is  very 
complete  and  illu-strates  many  types  of  lamps  as  stocked,  will  interest 
every  electrical  man.  as  prices  have  been  reduced  throughout.  The 
reductions  in  prices  of  radiator  lamps,  lamp  lacquers  and  obscuring 
varnishes  are  particularly  notable.  Quantities  of  this  list,  printed 
with  the  name  and  address  of  the  electrical  contractor,  will  be 
supplied  free  on  application. 

Startixg  Geas. — We  have  received  from  Mr.  Geo.*  Ellison. 
\'ictoria  Works,  Birmingham,  a  pamphlet  of  various  types  of  starters 
manufactured  by  him.  Special  gas-tight  and  dust-tight  panels  are 
illustrated,  and  the  various  protective  devices  used  are  described. 
-An  artistic  calendar  card  for  the  month  of  -August  is  also  to  hand. 

Electric  Tyke  Pujip. — The  Eclipse  Electric  Co..  Bootle,  send  us 
a  circular  dealing  with  their  "  Whipall  "  electric  tjTe  pump.  It 
is  claimed  that  the  maintenance  cost  of  this  pump  is  extremly  small, 
while  at  the  same  time  it  can  be  easily  attached  to  any  electric  light 
fitting.  The  same  firm  also  send  a  pamphlet  on  the  "  Little  Giant  " 
dust  extractor,  which  is  apparently  a  hand-operated^  sv.stem  of 
suction  cleaning. 

"  Tantalum  "  Lamps  in  Russia. — Messrs.  Siemens  Brotlieis.  of 
Dalston,  London,  have  prepared  an  effective  showcard  which  wc 
illustrate.  As  will  be  seen,  the  design  is  similar  to  that  of  the  well- 
known  "  Satisfied  Consumer,"  and  has  been  adapted  to  meet  the 
Ru.s.sian  idea  of  what  such  a  consumer  should  be,  Tliis  serves  to 
show  that  the  fame  of  the  "  Tantalum  "  lamp  is  wide  spread.  We 
also  learn  that  the  "  Satisfied  Consumer  "  has  shown  his  face  in 
Spain  and  Portugal. 

Steps  and  Ladders. — Messrs.  J.  H.  Heathman  &  Co..  Parsons 
Green,  S.W.,  send  their  latest  list  of  various  tyi>es  of  ladders  and 
steps,  fire-e.xtinguishing  apparatus  and  pum|)s. 

Ironclad  Dlstribution  Boxes. — The  Sun  Klectrical  Co..  Cliaring 
Cross-road,  London.  W.C..  have  ready  an  instructive  circular  dealing 
with  some  of  their  ironclad  di.stribution  switch  and  fuse  gear.  The 
prices  of  these  items  compare  favourably  with  anything  at  jtrcsent 
on  the  market,  and  by  the  illustrations  and  descriptions  given  the 
boxes  appear  to  be  of  a  very  serviceaVjle  type. 

"  Eclipse  "  Metallic  Lamps. — We  have  received  from  .Mr.  Geo. 
Braulik,  8.  Lambeth-hill.  E.C..  a  new  pamphlet  giving  full  par- 
ticulars, prices,  &c..  of  his  "  Eclipse  "  metallic  filament  lamps.  | 


Reflectors. — The  Silver  Lined  Shade  &  Reflector  Co..  4.  Milk, 
street,  E.C.,  send  us  a  pamphlet  on  their  silver-lined  shade  reflectors. 
They  are  claimed  to  be  unbreakable  and  untarnishable. 

Water-tight  Fittings.— Messrs.  Hnslam  &  Schontheil.  Cardiff, 
are  issuing  a  new  price  list  on  cast-iron  and  watertight  electric 
fittings.  The  list  deals  very  fully  with  tlie  various  types  of  water- 
tight fittings  made  by  this  firm,  and  the  illustrations  give  an  ex- 
cellent idea  of  their  leading  features.  ((,  L' 

BANKRUPTCIES.  LIQUIDATIONS.  &c. 

Meeting  of  crediturs  ami  cuini  ilnitKiics  in  tin  licpiidation  of  the 
Uxbridge  &  District  Supjily  Co.  (Ltd.)  wviv  luld  on  I'riday 

The  statement  of  affairs  disclosed,  as  regarded  creditors,  loans  on  de* 
benture  bonds  £52,o79.  unsecured  crcditurs  £(i,(i22.  4s.  od..  against 
assets  £74,949 ;  and  as  regarded  contributories  a  deficiency  of 
£10,526.  16s.  9d.  The  assistant  official  receiver  (Mr.  H.  E.  Burgess) 
stated  that  the  company  was  promoted  in  1900,  a  certain  amount  of 
capital  being  offered  to  the  public  for  subscription.  The  capital  of  the 
promoting  syndicate  was  £1,000,  the  intention  being  to  get  the  pro- 
visional  order  into  working  and  then  to  make  over  the  concern  to  another 
company.  That  was  found  impracticable.  Ordinary  shares  repre- 
senting £26,275  had  been  allotted,  chiefly  for  cash,  and  the  rest  of  the 
company's  capital  had  been  raised  by  debentures.  The  General  Electric 
Co.  undertook  to  finance  the  concern  on  certain  conditions,  and  had 
financed  it  to  a  considerable  extent,  but  later  on  it  had  been  considered 
desirable  to  transfer  the  debentures  held  by  the  General  Electric  Co.  to 
the  Metropolitan  Electric  Supply  Co.,  and  at  the  present  time  there  is 
some  £43.000  due  to  the  latter  company.  The  transfer  was  effected  by 
agreement.  Under  that  agreement  the  Metropolitan  Co,,  in  considera- 
tion of  the  Uxbridge  Co.  withdrawing  its  opposition  to  a  bill  then  being 
promoted  by  the  Metropolitan  Co.,  undertook  to  accniire  the  interest 
of  the  General  Electric  Co.  and  of  Callender's  Cable  &  Construction  Co.. 
who  also  held  debentures.  After  deducting  working  expenses,  the  profit 
was  £2,903,  which  went  in  payment  of  interest  on  the  debentures.  The 
failure  of  the  company  was  attributed  to  want  of  workmg  capital  to 
enable  it  to  carry  out  the  extensions  necessary  to  make  it  a  paying  con- 
cern. The  assets  had  already  been  subject  to  some  considerable  reduc- 
tion for  depreciation,  and  the  figures  given  in  the  statement  of  affairs 
were  thought  to  be  siili^i:inti,illy  correct.  Mr.  J.  Conacher  is  acting  as 
special  manager  of  tin-  riiiii|i.iii\ ,  and  it  was  stated  that  schemes  for  the 
future  carrying  on  of  the  Imisituss  were  under  consideration. 

Both  meetings  passed  resolutions  in  support  of  the  official  receiver 
as  liquidator  of  the  company,  and  nominated  a  committee  of  inspection, 

A  meeting  will  be  held  on  Sept,  14  at  the  office  of  Mr.  W.  H.  Stenti- 
ford.  1.  Broad-street-place.  London.  E.C..  to  receive  an  account  of 
the  winding  up  of  the  Eastern  Electrical  Synd.,  Ltd,  (in  liquidation). 


COMPANIES'  MEETINGS  AND  REPORTS. 


Anglo-American  Telegraph  Co.  (Ltd.) 

The  half-yearly  .general  nipptiiio;  was  held  on  Friday  last,  Jlr.  Francis  A. 
Bevan  presided. 

Mr.  T.  H.  WELLS  (the  secretaiy)  read  the  notice  calling  the  meeting 
and  the  report  of  the  auditors. 

The  CHAIRMAN  said:  I  congratulate  the  stockholders  upon  the 
increase  in  our  receipts  during  the  jiasl  half-year.  The  increase  over 
the  corresponding  half-year  is  £14..jOO.  and  the  receipts  from  the 
"  Minia  "  also  show  an  increase  of  £3,000,  making  £17,500.  The  ex- 
penses have  decreased  by  £9.50,  but  as  we  have  brought  forward  a  less 
balance  of  about  the  same  amount  the  result  is  that  the  net  increase 
in  the  amount  available  for  distribution  is  £17,451.  12s.  8d.,  and  in  ad- 
dition we  havejust  made  up  during  the  past  year  what  we  had  lo.st  during 
the  previous  year.  The  increase  is  due  to  general  business  and  especially 
to  Receipts  fiom  the  "  Stock  "  business,  which  is  an  invention  of  our  mana- 
ger, Mr.  Car.son,  and  it  has  proved  a  very  fruitful  source  of  income  to  this 
comi)any,  I  am  glad  to  say  there  seems  to  be,  generally,  an  improved 
condition  of  things  in  trade  between  this  country  and  the  United  States, 
and,  therefore,  we  may  hope  that  wc  shall  continue  to  liave  good  receipts 
during  the  next  half-year  at  least.  The  renewal  fund  has  also  increased 
(I  am  n.iu  s|„  jkiiig  of  the  year,  not  of  the  half-year)  from  .June  30  to 
the  |pi(-rni  ,1  iir  l.y  £21.380,  although  wc  have  had  to  debit  the  fund 
with  ilif.iiiio  toi  -I'.ccial  repairs  to  the  "  Minia,"  with  £5,700  on  cable 
expended  on  general  repairs,  and  with  £15,250  on  accovmt  of  repairs 
to  the  1874  cable.  You  will  remember  that  Mr,  Benson  referred  to  this 
matter  when  speaking  from  the  chair  last  half-year.  I  regret  to  say 
that,  owing  to  very  bad  weather,  up  to  the  present  we  have  not  been 
able  to  effect  the  repair  of  that  1H74  cable,  Wc  believe  that  in  a  short 
time  the  repair  will  be  made.  It  is  a  great  disappointment  to  us  not  to 
be  able  to  announce  to  you  to-day  that  that  1874  cable  is  repaired. 
\A'ith  regard  to  this  cable  and  to  its  breaking,  I  must  say  that,  so  far  as 
we  can  see,  all  the  expenditure — or  almost  all — which  we  have  incuiTed 
during  the  last  three  years  in  the  renewal  of  our  cables  (m  the  west  coast 
of  Ireland  has  been  due  mainly  to  the  reckless  ccmduct,  if  I  may  so  call 
it,  of  the  fi.shing  vessels.  At  the  jucsent  time  we  have  expended  some 
1(10  miles  of  cable  in  renewing  dur  cables  on  the  west  coast  of  Ireland, 
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and  we  have  <ut  <mt  some  30  previous  repairs.  That  tliese  repairs  are 
due,  as  I  have  said,  to  the  trawlers  is  proved  by  a  letter  we  received  a 
few  days  ago  from  the  secretary  of  Lloyd's,  who  states  that  a  trawler 
had  picked  up  7.">  fathoms  of  cable  while  fishing  35  miles  off  the  Blaskets, 
.ind  this  cable  has  proved  to  be  one  of  our  old  broken  cables — the  18<i5 
la'  the  18(36.  That  has  only  come  to  our  knowledge  within  the  last  few 
days.  We  proposed  to  the  Committee  which  recentlj'  sat  that  trawling 
should  be  prohibited  ill  shallow  waters  off  the  Irish  coast,  where  caliles 
were  known  to  be  laid.  But  we  were  unable  to  get  the  Committee  tu 
agree  to  this,  the  alternative  of  the  Committee  being  the  examination 
of  the  trawls  on  fishing  vessels  by  a  Government  official.  It  is  clear 
that  the  protection  suggested  by  the  Committee  is  not  sufficient.  We 
can  only  hope  that  this  recent  discovery  may  lead  to  some  more  stringent 
measures.  This  difficulty  with  trawlers  is  not  confined  to  this  side  of 
the  Atlantic.  On  the  other  side  matters  seem  to  be  rather  serious,  as 
the  trawlers  interfere  with  ordinary  trade  as  they  interfere  with  our 
cables.  All  this  shows  how  right  the  directors  have  been  in  maintaining 
a  large  renewal  fund.  If  it  had  not  been  for  this  fund  we  should  have  had 
to  go  on  to  our  general  receipts  to  provide  for  these  repairs.  You  will 
remember  that  some  time  ago  we  set  aside  £90,000  against  depreciation 
of  our  securities.  I  said  at  the  time  that  I  did  not  think  it  likely  there 
would  be  suddenly  a  large  appreciation  ;  the  position  now  is  that  there 
is  an  appreciation  of  something  like  £13,000.  Therefore  it  was  not  too 
much  to  set  aside,  and  there  it  must  remain  for  the  present.  There  is 
now  only  one  other  matter  I  may  refer  to  briefly — the  suggestion  of 
reducing  rates.  You  will  have  seen  that  the  Eastern  Companies  have 
agreed  to  reduce  rates  for  Press  messages,  but  so  far  as  the  Press  is  con- 
cerned in  Atlantic  rates  we  are  not  disposed  to  make  any  reduction  at 
present — in  fact,  there  is  no  room  for  it.  As  to  social  messages,  we 
wish  to  give  the  public  the  best  possible  service  at  the  lowest  possible 
cost,  but  we  have  at  the  same  time  to  consider  the  interests  of  our  stock- 
holders, and  we  do  not  see  at  present  that  there  is  room  for  much,  if 
anv.  reduction.     I  now  move  the  adoption  of  the  report  and  accounts. 

Sir  GERALD  FITZGERALD,  K.C.M.G.,  seconded  the  resolution, 
which  was  carried  unanimously,  and  a  hearty  vote  of  thanks  to  the 
chairman,  directors  and  staff  terminated  the  proceedings. 


BAKER  STREET  &  WATERLOO  RAILWAY  CO.— The  capital  expenditure 
during  the  half-year  amounted  to  £71,880.  8s.  Od..  and  the  gross  revenue 
receipts  were  £91,510.  5s.  8d.,  an  increase  of  £7,981.  lOs.  6d.  for  the  cor- 
responding half  of  last  year.  The  working  expenses  amounted  to 
£42,22-1.  9s.  6d.,  a  decrease  of  £3,228.  2s.  4d.  After  providing  for  in- 
terest, rents  and  preference  dividend  and  reserving  £4,000  for  contin- 
gencies and  renewals,  there  remains  £18,304.  4s.  lOd.  available  for  or- 
dinary dividend,  and  the  directors  recommend  that  a  dividend  at  the  rate 
of  14  per  cent,  jier  annum  be  declared  on  the  ordinary  shares,  and  an 
additional  dividend  at  the  rate  of  IJ  per  cent,  per  annum  (making  3  per 
cent,  per  annum  in  all)  on  the  ordinary  shares  other  than  those  held  by 
the  Underground  Electric  Railways  Co.  of  London  (or  their  nominees), 
leaving  £3,105.  12s.  lOd.  to  be  carried  forward.  Including  workmen  and 
season  ticket  holders,  14,325,065  passengers  were  carried  (against 
12.940,801  m  the  .lune  half-year,  1908),  the  train  mileage  wiis  637,202, 
and  the  average  receipt  per  passenger  was  l'46d.  The  directors  recom- 
mend that  the  Paddington  extension,  as  authorised,  should  be  aban- 
doned, and  all  questions  as  to  extension  of  the  railway  beyond  Edgware- 
road  left  for  future  consideration. 

BLACKPOOL  &  FLEETWOOD  TRAMROAD  CO.— Including  the  amount 
brought  forward,  the  balance  |)rotit  for  the  half-year  ended  June  30 
(after  providintj  for  delienture  iiiterest)  is  £4,685.  16s.  9d.,  and  the 
directors  recommend  a  dividend  at  the  rate  of  4  per  cent.  (£3,000), 
writing  off  £750  to  depreciation  and  £500  to  general  reserve,  leaving 
£435.  16s.  9cl.  to  lie  carried  forward.  The  number  of  passengers  carried 
during  the  half-year  was  963,460,  and  the  receipts  from  all  sources 
£11.910.  IBs.  7d." 

CHARING  CROSS,  EUSTON  &  HAMPSTEAD  RAILWAY  CO.— The  cajntal 
expenditure  during  the  past  half-j'car  was  £145,798.  I4s.  3d.  The  gross 
receipts  amounted  to  £105,182.  10s.  4d.,  an  increase  of  £16,299.  10s.  2d. 
tor  the  corresponding  half  of  1908.  The  working  expenses  were 
£."'7.795.  6s.  2d.,  an  increase  of  £1,302.  12s.  6d.  After  providing  for 
interest  and  rents,  and  reserving  £3,000  for  contingencies  and  renewals, 
the  balance  available  for  ordinarj'  dividend  was  £18,813.  Os.  8d..  and  the 
directors  recommend  that  a  dividend  at  the  rate  of  ■;  p_er  cent.  ))er  annum 
be  declared  on  these  shares,  leaving  £2,590.  10s.  Sd.  to  be  carried  forward. 
Including  workmen  and  season  ticket  holders.  14,8112,882  passengers 
were  carried,  the  train  mileage  v>as  991.747  and  the  average  receipt  per 
passenger  1  ()3d. 

CHILIAN  ELECTRIC  TRAMWAY  &  LIGHT  CO.  (LTD.)— The  result  of  the 
company's  operations  for  the  past  year  (after  deducting  interest  and  re- 
demption of  debentures,  Loudon  and  other  charges)  shows  a  balance  of 
£8.832.  10s.  6d.;  added  to  €1,712.  9s.  lOd.  brought  forward,  making 
£10,545.  Os.  4d.  £8,000  has  been  transferred  to  renewals  rc.-n  v  ,■,  l,:n  iii^- 
i2,.545.  Os.  4d.  to  be  carried  forw.ird.  The  year  under  rc\ir\\  -lii.w^  a 
liirther  development  in  tramway  traffic;  t)S,342,36()  pas.^ciiycr-  wiic 
'  arried,  earning  .S5.69(i,868.69,  against  (;i,451.2.34  passengers  earning 
s.-.Ol  1,363.34  in  1907.  The  receipts  for  light  and  power  were 
n3, 681,1 18.09.  against  82,658.254.51.  The  increa.sed  demands  for  power 
for  tramway  operations,  as  also  for  the  extension  of  the  public  lighting, 
made  it  necessary  for  the  company  to  partially  limit  supply  to  the  in- 
creasing demand  for  private  lighting  and  power  installations.  The  com- 
pany  hope  shortly  to  be  able  to  meet  all  demands  that   may  be  made 


upon  them  for  both  power  and  lighting.  The  works  for  the  installation 
of  water  power  are  expected  to  be  completed  and  the  hj'draulic  power 
plant  to  be  ready  for  operation  at  the  close  months  of  the  year. 

GREAT  NORTHERN  &  CITY  RAILWAY  CO.— The  total  revenue  receipt* 
for  the  six  in.nths  ended  .lune  30  were  £40,801.  16.s.  3d.,  and  cost  of 
working.'  was  £21,040.  2s.  7d.,  or  S156  per  cent.  Net  revenue  was 
£19,761.  13s.  8d.,  which  is  insufficient  to  meet  the  company's  fixed 
charges  for  the  half-year.  £3,209.  6s.  3d.,  whicli  has  been  provided 
from  outside  sources,  hii-s  enabled  the  company  to  meet  ihe-se  charges. 
The  number  of  passengers  (including  season  ticket  holders)  was 
6,041,755  against  6,875,602  for  the  corresponding  period  last  year.  The 
number  of  local  season  tickets  issued  was  3,345,  against  4,004.  The 
number  of  three-route  season  ticket  holders  using  the  line  during  the 
past  half- jear  was  2,725  against  2,892  for  the  corresponding  half-year. 
The  decrease  in  the  number  of  pa.ssengers  carried  and  in  the  receipts 
earned  is  mainly  due  to  the  competition  of  electric  tramcars. 

.\t  the  meeting  em  Wednesday  the  Earl  of  Lauderdale  said  there  had 
been  no  new  form  of  competition,  and  there  was  a  tendency  to  the 
natural  growth  of  the  traffic,  owing  to  the  increase  of  jjopulation  and  to 
the  greater  facilities  of  transport  available  in  London.  Tramway  com- 
petition had  come  to  stay,  and  if  the  tube  railway  was  to  overcome  the 
difficulties  of  the  position  it  could  only  do  so  by  the  excellence  of  its 
service  and  the  completeness  of  throiigh  bookings  from  Moorgate-street. 
They  were  in  negotiation  with  the  Great  >forthern  Railway  Co.  in  regard 
to  fares. 

GREAT  NORTHERN,  PICCADILLY  &  BROMPTON  RAILWAY  CO.— For  the 

half-year  ended  June  30  the  cajiital  expenditure  amounted  to 
£169,488.  9s.  lid.  The  gross  receipts  were  £157,993.  4s.  Id.,  an  increase 
of  £10,229.  1  Is.  2d.  compared  with  the  corresponding  half  of  last  year. 
The  working  expenses  amounted  to  £73,404.  13s.  Id.,  a  decrease  of 
£1,578.  16s.  lid.  After  providing  for  interest,  rents  and  preference 
dividend,  and  reserving  £6,000  for  contingencies  and  renewals,  the  balance 
available  for  ordinary  dividend  was  £33,592.  .3s.  6d.,  and  the  directors 
recommend  that  a  dividend  at  the  rate  of  1  per  cent,  per  annum  be  de- 
clared on  these  shares,  leaving  £8,352.  7s.  6d.  to  be  carried  forward. 
Including  workmen  and  season  ticket  holders.  19,155,883  passengers 
were  carried  (against  17,446.477  in  the  June  half-year,  1908).  the  train 
mileage  was  1.23li,320  and  the  average  receipt  per  passenger  189d. 

LANCASHIRE  POWER  CONSTRUCTION  CO.  (LTD.)— The  directoi-s"  report 
for  1908  stnic-i  that  the  period  has  been  one  of  re-organisation,  the  results 
of  which  will  only  become  apparent  during  the  current  year's  work.  With 
regard  to  the  Parliamentary  company :  The  plant  at  the  generating  station 
and  the  sub-stations  had  been  maintained  in  good  condition,  and,  together 
with  the  mains,  was  proving  itself  reliable  in  operation.  Various  exten- 
sions of  the  mains  had  been  made  in  order  to  supply  new  ))ower  users,  the 
most  important  being  an  overhead  line  of  over  three  miles  in  length  to 
Turton.  The  company  had  succeeded  in  negotiating  wayleaves  on 
reasonable  terms  for  nearly  all  the  important  extensions  which  had  re- 
cently been  desirable,  the  cost  of  such  extensions  being  greatly  reduced 
thereby.  .-Vs  regards  the  prospects  of  the  company,  there  was  a  very- 
marked  improvement.  Several  contracts  of  considerable  magnitude 
had  recently  been  received  for  the  supply  of  electrical  energy,  .and 
although  the  full  benefit  of  those  contracts  would  not  be  felt  until  1910, 
they  would  substantially  add  to  the  current  year's  revenue.  The  re- 
turns for  the  first  si.x  months  of  the  present  year  showed  an  increase  in 
revenue  of  25  per  cent,  and  the  expenses  a  considerable  diminution  com- 
pared with  the  corresponding  period  of  1908.  There  was  good  reason 
to  anticipate  a  credit  balance  at  the  end  of  the  year  after  meeting  all 
working  and  management  expenses.  At  the  close  of  the  period  covered 
by  the  accounts.  5.9()0  H.p.  had  been  connected  with  the  company's 
mains  out  of  a  total  eapacitj'  of  approximately  12,000  H.P.  Since  then 
a  considerable  number  of  additional  orders  had  been  secured,  and  at 
Jmie  30  approximately  6,590  H.p.  was  connected,  besides  a  further 
1,160  H.P.  arranged  for  but  not  yet  connected. 

.-\t  the  meeting  of  the  Lancashire  Electric  Power  Co.  and  its  affiliated 
company  (the  Lancashire  Power  Construction  Co.)  on  Thursday  last,  the 
chairman  (Jlr.  H.  F.  P.4RSH.\li.)  said  the  re-organisation  of  the  company 
was  not  completed  till  the  end  of  1908.  Since  the  re-organisation  steady 
progress  had  been  made,  and  more  satisfactory  cimtracts  had  been 
entered  into  since  it  had  been  realised  that  the  company  was  in  a  striing 
financial  position.  He  was  pleased  to  say  that  the  Board  of  Trade  had 
sanctioned  the  transfer  from  local  authorities  to  the  company  of  a  con- 
siderable number  of  lighting  orders.  Those  ordere  were  a  valuable  asset 
to  the  Lancashire  Power  Co.,  as  the  districts  were  along  their  tnink 
mains.  One  of  the  most  satisfactory  develoiunents  was  in  connection 
w  ith  the  supply  of  electric  power  to  collieries.  It  was  thought  that  the 
business  of  theLancashire  Power  Co.  would  be  largely  confined  to  cotton 
mills,  but,  as  a  matter  of  fact,  a  number  of  collieries  weiv  finding  it  to 
their  advantage  to  take  a  supply  of  electricity  from  the  company.  During 
the  last  six  months  the  output  had  increased  something  like  30  per  cent., 
while  the  total  costs  of  production  were  actually  less,  the  revenue  in- 
crease being  £1.500.  That  satisfactory  increase  was  due  tothe  fact  that 
the  advantages  of  the  company's  supply  were  getting  to  bo  better  under- 
stood by  Lancashire  manufacturers.  "  During  the  year  a  L.G.  Boai-d 
iniiuiry  "was  held  at  Radditle.  in  whose  district  their  power  station  was 
situated,  and  the  altitude  t.akcn  up  by  the  Boaixl  was  to  discourage  the 
development  of  the  Council's  undertaking  for  the  purposes  of  power 
generaticm,  and  a  recommendation  was  made  to  the  effect  that  the  iwsi- 
tion  of  the  company  should  be  taken  into  consideration  by  the  Council. 
Radcliffc  was  practually  the  only  locil  authority  with  which  the  Power 
Company  was  not  on  tile  best  of  terms.     Having  regard  to  the  advan- 
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tages  of  a  power  scheme  in  xuch  a  district,  the  po-iition  taken  up  liy 
Radoliffe  Council  was  impossible  t<i  understand.  It  liail  appeared  to 
the  directors  advisable  to  apply  to  the  Board  of  Trade  for  a  provisional 
order  to  sujiply  electricity  in  Radcliffe  district,  as  there  were  most  im- 
portant customers  in  that  district  willing  to  deal  with  the  company. 

UVERFOOL  OVERHEAD  RAILWAY  CO.— For  the  lialf-year  ended 
June  30  the  gross  revenue  receipts  amounted  to  £35,188.  Is.  7d.,  and 
the  workiii;.;  expenses  to  £27.372.  13s.  8d.  The  numl)er  of  passengers 
carried  was  4,900,216,  apainst  5,167,464  in  the  preceding  half-year. 
The  shrinkage  in  passenger  traffic  during  the  half-year  resulted  in  a 
reduction  in  revenue  of  £2,486.  14s.  7d.,  which  is  attributable  to  de- 
pression in  trade.  By  introducing  a  more  frequent  but  less  costly 
service  of  trains  and  effecting  other  small  economies  in  working 
expenses,  a  saving  of  £3,138.  7s.  was  effected.  After  meeting  working 
expenses,  paying  debenture  interest,  &e.,  and  adding  £4,210.  4s.  lid. 
brought  forward,  the  balance  is  £7,698.  4s.  8d.,  out  of  which  the 
<lirectors  recommend  the  declaration  of  a  dividend  at  the  rate  of  5  per 
<ent.  per  annum  on  the  (1692)  )ireference  shares  (less  tax),  leaving 
4,696.  4s.  8d.  to  be  carried  forward. 

LONDON.  CHATHAM  &  DOVER  EAILWAT  CO.— Sir  Wm.  Hart-Dyke, 
Bart.,  referred,  at  the  meeting  on  Wednesday,  to  the  effect  of  tramway 
competiticm  on  the  ooiupany's  suburban  traffic.  It  had  been  suggested 
that  they  should  electrify  their  railway,  but  he  believed  they  would  all 
agree  with  the  views  of  Mr.  Cosmo  Bonsor  when  he  urged  that  if  they 
made  any  endeavour  to  compete  with  that  tramway  traffic  it  must  be  an 
effort  ^ery  thorough  and  searching  in  its  character.  It  would  be  useless 
to  experiment  on  a  small  portion  of  their  system,  because  their  com- 
petitors would  throw  all  their  energies  into  meeting  that  small  effort  and, 
therefore,  it  would  probably  meet  with  disaster.  There  would  be  not 
only  an  enormous  outlay  involved  to  electrify  the  whole  of  the  system 
where  the  trams  ran  to  their  termini,  but,  he  believed,  it  would  be  im- 
possible to  carry  out  any  scheme  without  considerably  more  elbow-room 
than  they  possessed. 

LONDON, BRIGHTON  &  SOUTH  COAST  RAILWAY  CO.  — Lord  Bessbo rough 
stated  at  the  meeting  on  Wednesday  that,  in  regard  to  their  South  London 
electric  section,  a  trial  service  of  10  trains  had  been  running  between 
Battersca  Park  and  Peekham  Rye  for  the  last  three  months.  The  full 
service  between  Victoria  and  London  Bridge  would  commence  on  Oct.  1, 
but  they  intended  to  open  a  public  service  between  Peekham  Rye  and 
Victoria  at  the  end  of  the  current  month,  and  as  everything  in  connec- 
tion with  the  trial  service  had  been  most  satisfactory,  he  predicted  that 
the  service  initiated  at  the  end  of  the  mimth  would  be  thoroughly  effi- 
cient and  attractive.  With  the  establishment  of  the  full  service  the 
trains  would  be  accelerated  from  36  to  24  minutes  ;  a  much  more  fre- 
quent service  would  be  run,  and  both  ordinary  and  season  ticket  fares 
would  be  revised,  so  that  they  should  regain  some  of  the  business  that 
had  been  lost  through  the  electric  tram  and  motor  'bus  competition. 
They  had,  however,  seen  the  worst  of  the  latter  form  of  competition. 

NATIONAL  BOILER  &  GENERAL  INSURANCE  CO.  (LTD.)— The  directors' 
report  for  the  past  year  states  that  the  balance  at  credit  of  profit  and 
loss  IS  £22,364,  and  a  dividend  is  recommended  at  the  rate  of  6s.  per 
share,  tax  free,  for  the  half-year  to  .June  30,  with  a  bonus  of  2s.  per 
share. 

SINGAPORE  ELECTRIC  TRAMWAYS  (LTD.)— The  report  for  U»08  (pre- 
sented at  the  meeting  on  Wednesday)  stated  that  the  excess  of  revenue 
over  expenditure  was  £24,294.  against  which  has  been  charged  deben- 
ture interest,  depreciation  and  royalty,  £28,33.5,  leaving  a  loss  for  the 
year  of  £4.040.  The  demand  for  energy  for  lighting  and  power  shows 
a  satisfactory  increase,  the  receipts  from  this  source  being  94  per  cent. 
higher  than  in  1907.  The  new  200  kw.  steam  lighting  set  has  been 
erected  and  is  now  taking  the  lighting  load.  The  new  bridge  over  the 
.Singapore  river  is  still  not  completed.  Some  other  important  work  is 
))roceeding. 

At  the  meeting  on  Wednesday.  Jlr.  E.  Davh  (who  presided)  stated 
that  the  total  traffic  recei])ts  amounted  to  £55,985.  I2s.  9d.  (or  nearly 
4  per  cent,  less  than  in  1907),  the  receijits  per  mile  being  6-89d..  against 
"•41d.  The  decrease  in  revenue  was  due  to  the  great  depressiim  in  trade. 
and  more  particidarly  among  the  Chinese  community.  The  rccei]its  for 
the  current  year  (up  to  .July  31)  showed  an  increase  over  the  correspond- 
ing i)eriod  of  1908  of  87,070.  The  system  of  reserving  Hrst-clasa  acc(jm- 
modation  had  been  found  to  be  of  benefit  to  the  company.  'J'he  receijits 
from  the  supply  of  energy  for  lighting  and  power  showed  a  gratifying 
incre.a.se{ being  S31,12(),  against  .Si.j.lHH")  over  the  receijits  for  1907.  that 
branch  was  one  with  great  potentialities,  and  as  further  installations  were 
brought  on  to  the  municipal  mains  the  returns  should  increa.se  largely. 
Up  to  April  ."50  last  the  revenue  imder  that  heading  shows  a  further 
increase  of  48  per  cent,  compared  with  the  corresponding  four  months 
of  1908.  All  the  necessary  materials  for  the  track  and  for  the  electrical 
equipment  of  section  No.  6  of  the  tramways  were  on  the  spot.  The  com- 
pletion of  that  section  should  result  in  a  considerable  augmentation  of  the 
passenger  receipts. 

SOUTH  AMERICAN  LIGHT  &  POWER  CO.  (LTD.)— For  the  vear  ended 
March  31  the  net  profit  is  £5,274.  15s.  6d.,  added  to  £147.  7s.  2d. 
brought  forward.  The  directors  recommend  a  dividend  of  4  per  cent, 
on  the  issued  capital,  ab.sorbing  £4,520,  and  payment  of  interest  at 
the  rate  of  4  per  cent,  on  the  £15,961.  2s.  lOd.  further  capital  cx[)en- 
<liture  incurred  during  the  year  by  the  railway  company,  recjuiring 
£274.  Us.  9d. :  the  balance '(£627.  10a.  Ud.l  being  carried  forw.ard. 
There  arc  715  customers  against  462  in  1908,  and  the.  connections  to 
the  mains  also  show  a  considerable  increase. 


NEW  COMPANIES,  MORTGAGES  AND  CHARGES 

NEW  COMPANIES. 

ALBA  LAMP  SYND.  (LTD.)  (104.342.  -  Reg.  July  29.  capital  £3,000  in 
2,925  preferred  ordinary  shares  of  £1  each  and  3,000  deferred  ordinary 
shares  of  6d.  each,  to  acquire  the  benefit  of  and  develop  and  turn  to 
account  an  invention  relating  to  a  central  reflector  electric  lamp. 
Private  company.  First  directors,  S.  Fawns  (chairman)  and  A.  E. 
McCracken.  Reg.  ofHce,  149  150,  Finsburv-pavemeut  House,  Lou- 
don, E.C. 

ALFRED  WISEMAN  (LTD.)  (104,365.)— Reg.  July  30,  capital  £15,CO0 
in  £1  shares,  to  take  over  the  business  of  an  iron  and  general  metal 
founder,  engineer,  electrical  and  other  tramway  e(|uipment  manu- 
facturer, fee,  carried  on  as  "Alfred  Wiseman,"  the  "  Electric  Tram- 
way Equipment  Co.,"  "  S.  C.  Parkes  &,  Cn."  and  "  F.  &  J.  Allen.' 
Private  company.  First  directors  are  A.  Wiseman  and  J.  W.  Harris 
(both  permanent). 

BARBADOS  ELECTRIC  SUPPLY  CORPN.  (LTD.)  (lC4,367.)-Re^'. 
July  30,  capital  £60,000  in  £1  shares,  to  adopt  agreements  with  the 
Anglo-American  Debenture  Cor])n.  and  to  carry  on  the  business  of 
electricians,  mechanical  engineers,  suppliers  of  electric  and  other 
power,  manufacturers  of  and  dealers  in  apparatus  used  in  connection 
with  the  generation,  supply  and  distribution  of  electricity,  &c.  First 
directors.  Col.  W.  F.  Leese  and  G.  H.  J.  Hooghwinkel.  Reg.  office. 
24,  Martin's-lane,  London,  E.C. 

CHAS.  E.  GOAD  (LTD.)  (104,276.)— Reg.  July  26,  capital  £6,000  in  £1 
shares,  to  take  over  so  much  of  the  business  of  making  survej's  and 
preparing  plans  for  insurance  companies,  survey  and  plan  work  gener- 
ally and  civil  and  electrical  engineering  carried  on  by  C.  E.  Goad 
except  in  Canada  and  Newfoundland).  Private  companj'.  First  direc- 
tors, C.  Edward  Goad  (governing  clirector),  C.  Ernest  Goad,  J.  H. 
Ciord  and  A.  Walch  (all  permanent).  Reg.  office,  53,  New  Broad. 
street,  London,  E.C. 

ELECTRICAL  ENGINEER  (LTD.)  (104,347.)— Reg.  July  29,  capital 
£1,500  in  1,425  preferred  ordinary  shares  of  £1  each  and  1,500  deferred 
shares  of  Is.  each,  to  acquire  the  rights  and  property  in  connection 
with  the  newspaper  or  periodical  known  as  the  "  Electrical  Engineer," 
to  adopt  an  agreement  with  C.  S.  Sarle  and  to  carry  on  the  business 
of  newspaper  and  magazine  proprietors  and  general  printers  and 
publishers,  advertising  agents,  &c.  Private  company.  First  directors 
are  H.  A.  Gwyne,  G.  Cadogan-Rothery  and  C.  S.  Sarle. 

TRACTION  SUPPLIES  CO.  (LTD.)  (104,338.)— Reg.  July  28,  capital 
£5,000  in  £1  shares,  to  carry  on  the  business  of  electricians,  electrical 
engineers,  manufacturers  of  and  dealers  in  fittings  and  accessories 
used  in  comiection  with  electric  traction,  lighting  or  heating,  &c. 
Private  company.  First  directors,  W.  C.  Thompson,  W.  M.  Scott  and 
A.  White.  Reg.  office.  Gill  Bridge-avenue,  Sunderland. 
MORTGAGES  AND  CHARGES. 

VERITVS  LIMITED.— Trust  deed  dated  May  17,  supplemental  to  deed 
of  Oct.  51,  1908,  anil  mouifying  same  for  iMrjjOse  of  converting  £60,000 
debentures  thereby  secured  into  debenture  stock  ;  charged  on  the 
company's  freehold  and  other  property,  present  and  future,  including 
uncalled  capital.  Holders  :  Trustees,  Executors  &  Securities  Insur- 
ance Corpn. 

RECEIVERSHIP. 

RENO  ELECTRIC  STAIRWAYS  &  CONVEYORS  (LTD.)— A  notice  of  the 
appointment  of  Mr.  Lancaster,  1,  Basinghall-street,  E.G.,  as  receiver 
and  manager,  by  order  of  Court  dated  .July  23,  1909,  has  been  filed. 


CITY  NOTES. 

MEMORANDA  (Aug.  5'>. — Bank  rate  2^  per  cent,  (since  April  1, 
1909).  Price  of  silver,  23id.  per  oz.  Consols  83 1^— 84  ,V  for  monej  , 
84-844  for  account.  Consols  Pay  Day,  .Sept.  1  ;  Stock  and  Shares 
Continuation  Days,  Aug.  10  and  24  ;  Ticket  Days,  Aug.  11  and  25  ;  Pay 
Days,  Aug.  12  and  26  ;  Mining  Shares  Carry  Over  Days,  Aug.  9  and  23. 

Prices  of  Metam  (London). — Copper,  cash,  58|i;  three  months 
59ft.  Lead,  English,  125— 13i  ;  foreign,  cash,  12,=,  ;  three  months, 
12J.  Spelter,  cash,  213-22.  'An,  English,  152-134:  foreign, 
cash,  1332  ;  three  months,  134 — 134J.  Iron,  Cleveland,  cash,  49/7, 
and  threo  months,  50/4.  Maijnel  titeel  (price  supplied  by  W.  F. 
Dennis  &  Co. I,  £55.  

CALCUTTA  ELECTRIC  SUPPLY  CORPN.  (LTD.)— The  number  of  units 
delivered  to  consumers  during  the  four  weeks  ended  June  25  were 
689,235,  compared  with  561,055  units  in  the  corresponding  four  weeks 
of  19C8. 

CHARING  CROSS,  WEST  END  &  CITY  ELECTRICITY  SUPPLY  CO.  (LTD.i 
The  directors  have  declared  an  intinim  dividend  at  the  rate  of  5  per 
cent-  on  the  ordinary  shares  of  the  West  Ejid  unilortakhig. 

CITY  OF  LONDON  ELECTRIC  LIGHTING  CO.  (LTD.)— The  director-! 
have  declared  a  dividend  on  account  of  the  year  1909  on  the  ordinary 
shares  of  5s.  per  share,  less  tax. 

W.  T.  HENLEY'S  TELEGRAPH  WORKS  CO.  (LTD.)— The  directors  have 
declared  an  interim  dividend  at  the  rate  of  41  per  cent,  per  annum  (less 
tax)  on  the  preference  shares  and  on  the  ordituuy  shares  at  the  rate  of 
10  per  cent,  per  annum  (tax  free)  for  the  half-year  ended  dune  30,  both 
payable  Sept.  1. 

SOUTH  METROPOLITAN  ELECTRIC  TRAMWAYS  &  LIGHTING  CO.  (LTD.) 
The  company  announces  that  the  <|Uestion  of  the  payment  of  a  divi- 
dend on  the  preference  shares  is  deferred  until  the  accounts  for  the 
whole  year  are  in  the  ilirectors'  hands. 
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filiBGTKIQ  TBAMWAT  AND  RAILWAY  TRAFFIC 
RECEIPTS. 


Aberdeen  OorporiUon 

Alrdrle  

Anglo -Argentine 

Ayr  Corporation 

Baker  St.  &  Waterloo  By.... 

Baraaley 

Barrow  .—•"• 

Bath  Electric  Tram-^,  Ltd.«, 

Birmlngnam  Corporation... 

Binningbam  &  Mid 

Blacbborn  Corporation 

El4Ckpool  and  iTleetwood... 

Boltoa  Corporation 

Bombay    

Boomemoatb  Corporation.. 

Bradford  Corporation 

Brighton  Corporation    

Brlaiol  Trama  &  Carriage... 

Bamley  Corporation 

Burun  Corporation   

Bury  Corporation   

Oalcatta  Tramways  Co 

Camborne-Bedrutii    

Cardiff  Corporation  

Oaveiiill 

Oeacral  London  Bailway  ... 

ObaringC.,£uatoD<ttH'at6ad 

Onacham  s.  Diet.  Lt.  Bys.... 

(Jlty  &  South  Loudon  Bly... 

City  o(  Birmingtiam  

Colchester  Corporation 

Cork  iilectric  Tranw  Oo.  ... 

Croydon  Corporation     

OeTonport  &  Dial  Xranu... 

OoTer  tkjrporation 

DohUn  dc  Lacan  Bailway.. 

Dublin  United 

Dudley -Scour  bridge 

Dundee  Corporation 

Ea^t  Ham  CounoU , 

Sxeser  Corporation 

Giitesheaa  &  l^ist.  Trams... 

dJBSgow  Oorporation 

Qlosflop  Trains 

liraveaend— JJortnfleet 

Qreat  Nonhern  St  City  Bly.. 

Ot.^'orchern,  Piccadilly,  <Kg 

(Jreeaock  &  Port  Glasgow.., 

Hartlepool  Tramwaya    

Bastings  filec.  Trama  Co.... 

Hong  Kong  

Hudderstield  Corpn 

Bull  Corporation 

Qford  District  Council 

Ilkeston  District  Council.. .. 
Ipswich  Corporation 

tele  of  Thanet  Co 

Jairow  

fieigbley  Corporation    

Kidderminster  s^  District. ,. 
Kilmarnock  Corporation  ... 
Lanarkshire  Trams  Co.    ... 

Lancashire  United 

Leamington 

Leeds  Corporation 

Leicester  Corporation    

Leiin  Corporation 

Lincoln  Corporation 

LiTerpool  Corporation 

Liverpool  Overhead  Bly.  ... 
LlanJudno  it  ColwynliayEj 
'Loudon  uounty  Cuunoil  ... 

London  United  

Lowestoft 

Uaidstona  Corporation 

Uaucbester  Corporation  ... 

Mersey  Bailway  

Merihyr 

metropolitan  Dist.  Bailway 
Metropolitan  filec.  Trams... 

Uiuditftou. 

Nelson  Curporatioa    

iSewcaaile-ou-Tyne  Corp. ... 

Wewpori  iMon.), 

tiorihampton  Corporation. 
Oldham,  Ashton  <£  Hyde ... 

Oldham  Corporation 

Perth  (N.B.;  Corporation  ... 
Perth  i  W.A. }  Kleo.  Trams... 

Peterborough  

Portsmouth  Corporation  ... 

Potteries    

Preston  Corporation 

Botberham  Corporation   ... 

Bolhesay  

Salford  Corporation   


flheflield  Corporation... 

Singapore  Trttma  

South  Metropolitan   ... 

South  Staffs 

Southend  Corporacion 

Bouthport  Tramways 

Staiyb'dge.Hyde.&c.Jt.Bd. 

Bimderland  corporation  ... 

Sunderland  Districi  

Bwf-.sea  Trams  

Swindon  Corporation    

Taunton    

Tynemouth  and  District  .'." 

Tyneside  Trams  Oo 

Wallasoy  District  Ooonoll... 

Walsall  Corpu 

Warrington  Curpn.  .'. 

West  Ham  Corporation 

W28ton-8upt'r-Mare    

Wolverhampton  Co 

Wolverhampton  Oorpn 

•Worcester 

Wrexham ,""[ 

Yorkshire  w'.B.  Trams','.'."' 
jorkshlre  Woollen  Dlstriot. 


July    23 


July    31 


Auc      1 
J  uly    2i 


1,201 
3,210 

M18 
6,8U2 
1,276 


8(33 
1,2/7 


.,      SI 

6,20j 

..     3i 

2.3/7 

„      31 

6jd 

.,      31 

124 

..      21 

ll.uas 

Aug.      1 

i,i32 

July    30 

oil 

July  23 
AuR.  1 
July    31 


or  Deo.      

(a)       |No.  oil 


4-$l,U22 


18,539 

6,3(17 

l,168,2iu 

4,-2i>i 

1S,66U 
4,6U7 
6,430 

22,276 
116,628 

23,301 

4','32o 

41,988 

k98;,345 

28,266 

17,128 
58,191 
22,ii88 
4,7.-.3 

2i,»;3 

R301,652 
3,7li.5 
36,338 
2,43j 
21,546 
15  490 
23,499 
12,435 
81,309 
834 


10,571 
3,6to 
65< 
21,426 
22,731 
12,690 
17,949 
6,212 
2J,7l8 
l).5,3i>S 

5,837 
6,206 
21,615 
16,282 
6,492 
4,666 
$3i,690 

43,650 

2,2^5 
7,107 
19,058 
3,3J7 


39,2(5 
4,801.1 

118,908 
0,994 
7,018 
2,240 

311,291 
7.278 


6,122 
41,0J3 
174,262 

8,6l8 

3,583 
6ir,^31 
11,874 

8,498 
16  101 
34,998 

1,717 


61,189 
2,992 
10,268 
4,9/".J 
82,6i2 
1,397 
103,788 
Si6,;62 
22,153 
21,961 
8,118 
7,971 
13,625 
20,561 
17,617 
26,888 

1,073 
6,116 
1,842 

16,72.-. 

15,200 
6,609 

38.626 
3,086 

11,932 
3,321 
7,703 
3,763 

35,S02 

25,642 


(o)  These  comparisooa  are  with  the  oorrespouding  period  last  ye.ir.     §  Plus  i 
II  Plus  2  days.    •  Partly  electrical,    t  Minus  3  days    t  Minus  2  days. 


ELECTRIC&L  COHPANIES'  SHARE  LIST. 


St.  4j'/o 


10   6/0 

"■    6% 


,6  ii% 

10  4.0 

10  6/0 

'■  4i% 


6    3'6 

6,  2  6 

St.:  4J5. 


8    lioa    Loudon  Electric  Supply  Ord. 


6 

fi"/ 

47 

iX 

St. 

m 

I'pi^ 

6 

3/0 

*y, 

3  0 

6 

«'.H 

St. 

iliX 

H>i7. 

100 

m 

6  per  Cent.  Cum.  Second  Pref. 

Do.    il,  per  Cent.  Deb.  Stock  (red.) 
Bromlej  (Kent)  EL  Lt.  ii  Power  Shares 

Do.  Do.  1st  Debs. 

Brompton  ft  Kensinl^ton  Elee.  Sup.  Ord, 

Do.     7  per  Cent.  Pret 

Central  Elec  Sap.  Co.4y  Oaar.Db.Stock 
Charing  Cro3s(  W.End  4  City)El.Sap.Co. 

Do.    4i  per  Cent.  Pref.  

Do.    4perCent.  Deb.  Stock  (red.) 

Do     4J  per  Cei.t.  Deb.  Stuck  (red.)  „ 

Do.  City  Undertaking  4J/;  Cm.  Prol. 
Chelsea  Electric  Supply  Ord 

Du.  4i  per  Cent.  Deb.  Stock  (red.)  ... 
1  City  of  London  Electric  Lighting  Ord... 
♦  Oo.     6  per  Cent.  Cam.  Pref.  

Do.     6  per  Cent.  Deb.  Stock  (red.) 

Do.  4J  per  Cent.  2Qd  Dab.  Stock(re(L) 
Coontyof  Durham  Elec.  P.D.  Ord 

Do.    5  per  Cent,  non  Cum.  Pref. 

*C!onnty  of  London  Elec.  Supply  Ord 

t   Do.     6  per  Cent.  Com.  Pref. 

Do.    4j:i  Dab.  Stock  (red.)    

Do.     Second  Dab.  StDCk 

Folkestone  Electricity  Supply  Co.  Ord. 

Do.     6  per  Cent.  Cum.  Pref. 

t  Do.    4J  Ist  Deb.  Stock  (red) 

Hove  Electric  Lighting  Ord.   «... 

Kensington  A  Kuightabridge  Ord 

Do,    6  per  Cant.  Ist  Pref 

tDo.     4  per  Cent.  Deb.  Stock  (red.) 

Kensingtn.  4  Kngtbg.  Co.  St,  Netting  Hill 
Oo.  (Joint  Station)^*;^  Deb.  Stock  (red.) 
Kent  Elec.  Po 


Do.     6  per  Cent.  Pref. 

Do.     4  per  Coot,  lat  More.  Dao 

Metropolitan  Electric  Slip.  Ord 

Do.     4i  per  Cant.  Cum.  Pref.  

Do.     4J  per  Cant.  Dab.  Stockist  Mort. 

Do.  3*  per  Cent.  Mrt.  Dab,  Siockired.) 
Midland'Elec.  Corp.forP.D.lstMoi     " 


38 -4S  4    9  3 

lOi-lOi  4     7  0 

lOa  -l'.}  5  I'.  0 

1!-I2i  4  II  .. 

121   -121  4    0  d 

69  -102  4     b  o 

U-2 

3i  -3J  3  17  8 

7«-8J  3     3  0 

U'»  -li ;  6    »  0 


97  — :oo 

■i-7S 
<iJ-7S 
65-61 


12,', 


IJ,- 


63  —87 
lj-3i 
54-54 

93   -97 

4S  -45 

4J-5 

105    -108 

c3j  -364 

f»l  -97 


-101      3  19     0 


Jan,  July 

March    .. 

June,  Dec 

Feb,  Aug 

Jan,  Jalj 

Jane,  Dec 

Jan.  July     O.J        _ 

April,  Oic       - 

April,  Oct       ••    '     .- 

Feb,  Aug 

Mar,  Sept 

Jan,JiiJ> 

May,  Sov 

Apru,  Oct 

Mar,  Sept 

Feb,  An^ 

April,  Oct 

Fab,  Aag 

Jan,  Jaly 


April,  Oct 
Jaa,  July 
Mar,  Sept 
Mar,  Sept 
Jan,  Juty 
April.  Ojt 
Jan,  Jaly 

,D3. 


100  nx 

6  2V< 

6  6% 

100  i% 

100  60/ 
1  3% 

101  4J% 
It  6  0 

6  46 

St.  41 


St.    3iX 


1;  O/o 
I'O'SJ 

it.i  4i% 


St. I  4i% 
St.'  iiX 


lu    S/0 

St.   bK 

8t.!  Hi 
St.;  .'§/ 
St.  44 
St.'  2iS 
100  [  iji 
St.!  4< 

6'  2/6 
100!  4% 
St.!  1|{ 
St.  i  64 
St.  6;i: 
St.  6Z 
St.'  6X 
St.  I  i4 
10:  6/0 
10  .. 
10  .. 
St.)  4« 

6:  a/0 

St.  ax. 

10  6% 

10  64 

St.'  4K 

6  l;3 

St.'  4% 

10  6/0 

St.  6?. 

10|  .. 

W;  6% 

St.  ix 

10:  a'D 


99  -101      4  19     0 

SI  —n     6  0'  0 


0 

-H 

95  - 

-3S 

H 

-» 

Rl  - 

-hi 

^ 

_t3 

^i 

-34 

Ul  - 

-Ui 

A- 

luo 

-\ot 

li 

—I 

is 

-2* 

78  - 

-SO 

41 -5i 


i-3 


S3    -91 
ii-ii 


61  —68 


6  II 
4  li 
3  19 


Newcastle  &  D.at.  Elec.  Ltg.  OnL  1       4J— 0 

Do.    4*  percent.  Dao. ' 

Newcastle  Elec.  Supply  Ord 

Do.     6  per  Cant,  non  Cum.  Pref.  

Oo.  4  per  Cant.  Mort.  Dab.  red.  1907. 
North  Metro.  Eleo.Power  Sup.  5  Morts 
Korthern  Counties  Elec.  Sup 

Do.     4iperCeQt.  Dab 

Netting  Hill  Electric  Ord 

Oxford  Electric  Ord 

Do.     4  per  Cent.  Deb.  Stock    

■3t.  James'  &  Pall  Mall  Elec.  Ord, 

tJo.    7  per  Cent.  Pref.    

Do.  3i  per  Cent.  Dab.  Stock  (red.)  ... 
Smithfielii  Markets  Electric  Sup.  Ord... 
South  London  Electric  Supply  Ord 

Do.    5:'- 1st  Mort,  Stk.  Eed 

Sooth  Metrop'n  Elec.  Lt.  it  Power  Ord. 

Do.     7  per  Cent.  Cam.  Pref 

Do.     4i  1st  Db.  Stk.  Red 

Urban  Electric  Supply  Ord 

Do.     5  per  Cent.  Cum.  Pref.    

Do.    4i  per  Cent.  1st  Mort.  Dab 

Westminster  Elec.  Sup.  Ord 

Do.     4i  per  Cent.  Cum.  Pref.    

ELECTRIC  RAILWAYS  &  TRAMWAYS. 

Uaker  St.  s  Waterloo  4  5  Perp.  J)b.  Si 

Bath  Elec.  Trams  Pref.  Ord 

Do.     6  per  Cant.  Cam.  Pref. 

Do.  4J  lat  Mort.  Dab.  Stock  (rod.)... 
B'ham  £  Midland  Ti-ami  4)  Ist  Jl.Sck. 

t  Bristol  Tramways  &  Carnage  Ord.    

Do.    Cum.  Pref.  (fully  paid) 

Do.    4  per  Cent.  Dab) 

British  Electric  Traction  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    6  per  Cent.  Perpetual  Dabs 

Do.     4i  per  Cent,  iad  Dab.  Stock 

Central  London  Ordiuary  Stock (io   —62 

Do.    4  per  Cent.  Pref.  Stock    S3  — S5 

Do.    Deterred  Stock   41—43 

Do.     4  per  Cent.  Delis 103—102 

Charing X.I^uston4iImpstdPer.Ob.Stk.  92  -^4 

City  of  Birmingham  I'rauis.  5;{Cm.Pref.  4j-6i 

Do.     4  per  Cent.  l3t  .Mort.  Dobs 97  — lol 

fCitv  4  South  London  Kir.  Con.  Ord.  ...  31   —3; 

Do.    6  per  Cent.  Perp.  Pret;  (1891)    ....  108  —110 

Do.    (1896) 104—107 

Do.    (1901) 100  _1J3 

Jo.     (1903) 9J  — 96 

Do.    4  per  Cent.  Perpetual  Debs Oil  —101 

Dublin  United  Prams.  6  per  Cent.  Pref.  I2J  -13i  14    7    6 

Gt.  Northern  &  City  RIy.  Pref.  Ord.  (4X)i  j -1      I 

G.  Northern.Picc.  4Brompton4'i  Q.Pf.i  8  — 3,J 

Do.     4  per  Cent.  Deb.  Stock 93  —9j        4     4     9 

Hastings  i  District  filco.  Trams,  ti.<i  C.  P.  Ij— 14     ' 

Do.      4J  Db.  St 1  75  —SJ    16  12    6 

Imperial  Tramways  Ord.  |  4  —1^     113    ()    S 


4     1    U  Jan.  July 

4  12     6  June,  Dae 

4  2  1  Feb,  Aag 
6  3  11  Jan,  July 
2  10    3  Feb,  Aag 

5  13  Feb,  Aug 
Jan,  July 


4  19 
4  19 
7    2 

4  14 

5  19 


6  12  . 

6  13  0 

4  14  U 

5  11  0 
4  IS  0 
4  11  u 
4  16  'J 

3  19  0 

4  14  0 
4  II  0 

4  13  6 

5  2  6 
S  S  0 
3  19  0 


JDo.    6  per  Cent.  Pref. 

tDo.     4^  per  Cent.  Dabs 

I.  of  Thauet  B.  C.  4  Lt.  6  per  Uduc  Pref. 

Do.    4  per  Cent.  Deb.  Stock 

Lanarkshire  Tramways  

Lanes.  Utd.  Trams  6  ;  Prior  Lieu  Do.  St. 
Liverpool  Overhead  Railway  Ord. 

Do.    6  per  Cent.  Pret , 


6  —6 

a  -S4     16    7  0 

i-H    I       .. 

63  —63       6    7  0 

"tS— I'i'     6  IS  6 

Ssj— 901   I  6  10  6 
4-1.* 

D  — d     ;  8  6  S 

Si  —SI     '  4  IS  S 


1 

0/6 

St. 

*U 

St. 

n 

it. 

^U 

8  X 

St 

St. 

3  a 

St. 

3  % 

;:  -2J 

68  —71 

1  —2 

1-1 

A-    ■ 


Mar,  Aug 
Jan,  July 
March  ,. 
March  , . 
Jan,  Juty 
Feb,  Aug 
Feb,  Au' 
Jaa,  July 
Feb  .... 
April  ^ . . 


Fab,  Aug  ] 
April,  Oct 
April,  Oat  . 
April,  Oct 
April,  Oct 
Mar,  Sept 
.  Jao,  July 

Jan,  Jaly 

April 

Jao,  July 
April,  Oct 
Jan,  July 
Feb,  Auj 

feb.A.s 
Jaae,  Oiv 
Feb,  Auj 
April,  Oct 
May,  >or 
Feb,  Aug 
Feb,  Aug 
Feb  .... 
Jan,  Jaly 
Jan,  July 
April,  On 
'  April,  Oct 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Feb,  Au^ 
Feb.  Aug 
May,  Nor 
Feo,  Aug 
Feb,  Aug 
Feb,  Au^ 
Jan,  J  my 
Mar,  Sept 
April,  Oct 
Mar,  Sept 
Mar,  Sspt 
Jao,  July 
Mar,  Sapt 
Jan,  July 
Feb,  Ai.^- 
Jan,  July 
Feb,  Ao^ 
Feb,  Aug 
Jaa,  J  uly  ' 
Jao,  Jtiijr  I 
Jaa,  Jul;  | 
Feb,  Aug.  . 


Jl^i 


ili     31J 


9*1; 


Do.    4  per  Cent.  1st  Mort.  Deb.  Stock 

Meraey  Con.  Ord.  Stock    

Metropolitan  Elec.  Tramwaya  Ord n    .      1        — 

Do.    Deferred    - '  A-A            ..  April...  ..  j  .. 

Do.    6  per  CJent.  Cum.  Fret'. I-— 3j         5  IS    0  Feb,  Aug  ff,  ,  •• 

Do.    4J  per  Cent.  Uob.  Stock  '  9J  — 07     !  4  li    9  Jaa,J.aly  ilij  9j 

tMetropohtau  Railway  CousoUdated  |  40i-40J      14    6  Feb,  Aug  4oi.  3.'i 

tDo.    Surplus  Lauds  Stocks 6i  — 67     14    6    3  Feb,  Aug  t)6j  .. 

tDo.    8 j  per  Cent.  Preference... 87  —S9     |  3  13    6  Feb,  Au;;  .,  !  .» 

1 1)0.    8J  per  CenU  "  A '■  Prelerenoe  Si  — SJ       4    3    6  Fef,  Aug 

iDo,    si  per  Cent.  Convertible  Pref. :  82—81     |4    3    6  Feb,  Aug  vj.^i  aH 

Do.    8i  per  Cent.  Debenture  Stock 92—91     I  3  14    6  Jan,  July  j^  '•'- 

^n  oaioolating  the  yield  ailowanoa  has  been  made  for  aooraed  iutenec  bat  ttol  fbr  reJemphiou 
>   Bi  Dirideod.        t  The  Loudoo  Stock  Kxchiuine  Committee  have  dedioed  to  quote  lUce 
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8«'   «J« 
1  071 
4% 


!  6/0 


St 

n 

St.  *i^ 

St   *i'> 

6  10  0 

5  ve 

St.  m 

1   1/0 

fit  m 

1,01 

0/7} 

1 

o/ss 

1 

1/U 

1 

D/7S 

» 

8/0 

ifif 

iZ 

I 

0/7* 

6 

it/0 

5 

U/7( 

flt, 

<*;; 

l/ti 

6 

SI/6 

8t. 

4;s 

at. 

6X 

EllCTRIC  BAIlWAtS  A  TRAMWAYS-  Co/.W/.i-e</. 
Met.  Ely.  SJ  per  Cent  "A"  Deb.  .Stock  !  il  —83 
M'Tprol>t«n  District  EailwavOiti l^i— 173 

Do.    EltensiotiPref.  (SperCent.)   45—47 

♦  Do.    Assectea  Ext.  Pref.  (Int.  Gn«r.  bvl 

Und.  Elec.  EIt!..  Co.  of  London,  ltd.')'     63  -6") 

Do.     3  per  Cent.  Consoltd.  Eent-chargei     78  —78 
I     tk-.    4  per  Cent.  Midland  Rent-chargei  '"l  —104 

Do.    Onar.  Stock  4  per  Cent 95  -9S 

Do.    6  per  Cent.  Pcrp.  Deb.  Stock  |  139  —111 

Do.     4  per  Cent,  Ditto i     93—95 

New  Gen.  Tract.  6  per  Cent.  Cnm.  Pref.j        i— } 
Potteries  Electric  Traction  Ord. 

Do.     6  per  Cent.  Cnm.  Pref.  ... 

Do.    4>  per  Cent.  Deh.  Stock 
B   Met.  Eler.  Tram",  i  Lte.  B%  Cm.  Pref. 

Do.     4  per  Cent.  Deb.  Stock 

Snnderland  Diet.  Elec.Trm«.Fiyi«tMt.Db.     82  —86 
UnderEdE.RT8.lon.6^In.bdR.witllcoup.3     38  -3»     i   ,  ,„ 

Do.  5V  Prior  Lien  Bonds T...    l0VJ-]03j   |  'J 

Do.    4iV  Bondswith  coup.  3 ^.. 

Torkthire  CSV.R.)  Elec.  Trams.  Ord 

Do.    6  per  Cent.  Cnm.  Pref.    

Do.     4i  rerCeot.  1st  Tli.hfi 

kltCTRlC  MANUFACTURING,  Ac." ' 

Aron  ElectncitT  Met«r  Ord.  ...!..r 

Do.    ex  Cnm.  Pf.  _ ■ 

Babcock  &  Wilcoi  Ord.    .. 

Do.    Pref. .'.'.'!.".".'."".".'.'.'.' 

British  Insulated  i  He'.sbj  Cables  Ord. 
tDo.    6  per  Cent.  Pref. 

Do.  H  per  Cent.  1st  Mort.  Deb.  (red.) 
Brilif  b  Tboms'n-Houst'n  HX  1st  Mt.Db. 
British  Westinphonse  6  per  Cent.  Pref... 
■  Cent.  Prior  I.iea  Dbg  (rd.) 


Do. 


-9» 

-42 

43  —4i 


.     Perp.  IstDeb.Stock 
L»o.     Perpetual  2iid  Deb.  Stock    I     '^'  — 01 

Cillender's  Cable  Con.Ord IJ  — IC 

Do.    6  per  Cent.  Cum.  Pref.  .'.'.'...j       6J-6| 

Do.    4jper  Cent.  1st  Mort  Debs,  (red.) I  104 .f     " 

Castner-Kellner  Alkali  Co ' 

Do.    ii  per  Cent.  1st  Mort.  Deb.  (red.) 

Chadbum's  (Ship)  Telegraph  Ord 

Do.    6per  Cent.  Cnm.  PrQf.  

Consolidated  Electrical  Co 

Coneolidated  Signal  Co ''„ 

Do.    6  per  Cent.  Cnm.  PreC  .. 

•Crompton  4  Co.(No3. 1  to  86,000)  

6  per  Cent.  Ist  Mort.  Debs.  (rei). 


DaTis  4  Tinimina 

Dick,  Kerr  &  Co.  Ord 

Do.    6  per  Cent.  Cnm.  Pref.  ., 

Do.    4j  per  Cent.  Deb,  Stock   

Edison  &  Swan  United  ("  A"  Sh.)  (£3  pd.i 

Do.    (£6  paid) 

Do.     4perCent.  Mort.  Deb.  Stock  (rd.) 

Do.    6  per  Cent.  2nd  Deb.  Stock 

I  ..        Edmnndson's  Elec.  Corp.  Ord. 

6    ..  Do.    6  per  Cent.  Cnm.  Pref.  

et.[  4j%       Do.    4J  per  cent.  1st  llort.  Deb.  (red.) 

2    •■        Electric  Construction  Co 

g!   2/9?    t!?^-    "per  Cent.  Cum.  Pref.  

Sd  *'/'  I  Do.«  4  per  Cent.  Perp.  Ist  Mort.  Debs. 
Ferranti  Lta.  •■■percent. l8tMt.Db.St. 
General  Electric  (1900)  5%  Cum.  Pret... 

Do.    4  per  Cent.  1st  Mort.  Debs 

Henlej's  Teleeraph  Works  Ord. 

Do     4i  jer  Cent.  Pref.  

Do.    4)  per  Cent.  1st  Mort.  Deb.  Stock 
India  P.nUjer, Gnt.  Per.,  ic.Wrki 

Do.     fr<r  Cent.  Cum.  Pref 

Do.    4  per  Cent.  Debs.(red.) 

1'     ..    ,   >*ational  Elec.  Construction  Co 

1     .        Bichard6ons,We6lgarlh&Co.,Ltd.Ord. 

1;     •.    ,      Do.    6  per  Cent.  Cum.  Pref. 

6t.i  41%       To.    4J  percent.  Perp.  Deb.  Stock    .., 

1    ..     ;  Eimplez  Conduits  Ord 

5    ••  Do.    6  per  Cent.  Cum.  Pref. 

12  IVO  1  Telegraph  Construction  4  Maintenance 


St. 

5% 

10 

b/O 

St. 

*% 

5 

5 

et 

ii/. 

111 

11) 

b/4 

100 

*7. 

14-2 

6     B 

0 

104  —107 

4     4 

0 

;;-ii\ 

0  11 

I) 

i  -14 

5     6 

6 

7    u 

0 

u-u 

8    0 

0 

iJ— 1 

«     0 

0 

4-1 

15     0 

u 

90  -63 

5     7 

6 

1-14 

Vs-il 

8    0 

0 

li'i-la'i 

4  16 

0 

lOi)  —103 

4     7 

6 

i-J 

15-Zi 

5    0 

0 

6S  -73 

5     9 

6 

b4  —HI 

5  15 

0 

8-8 

58  -III 

7    ii 

0 

iK-l?',' 

9    0 

0 

63-67 

6  19 

0 

71-77 

6  lU 

0 

74- » 

6     6 

u 

85  -tS 

4  11 

u 

12i-l»i 

5  IS 

0 

H-H 

4     2 

0 

U)6j-lu7A 

4     4 

CI 

14l-lti 

6  10 

0 

lOJ— Rl 

Vi  — lUl 

3  19 

0 

los 


H  -t4 

U 

fi  — 5J 

34  —364 
9,»  -lUU 


4  13 


Dj.  4"perCent  Deb.  Bonds  (1909)  ... 
VitKers,  Sons  4  Maxim,  Ltd.,  Ord 

Do.     5  per  Cent.  non.Cum.  Preference 

Do.    6  per  Cent.  non.Cum.  Preferred 

Do.    4  perCcnt.lst  Mort.  Db.Sk.(red)|   1U1§-113»    S  17 

Do.    4i  per  Cent.  2nd  Mort.  Deb.  (red.)    '  -  .     - 

Do.    6  per  Cent.  3rd  Mort.  Debs  Bcrip. 

J.O.Whito4Co.6,4Cm.Pref. 

WiUans  &  Botinson  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do     4  per  Cent.  Ist  Mort.  Debl 

TEUGRAPHS. 

AmAzon  Telegraph 

6  per  Cent.  Debs,  (red.  ; 


ii'.-2,'., 

la'j'-l^'jl 
109  — 1»L' 


U5  -107 
9  -I'J 

i-l 

76  -«u 


lOU  *%. 

1  1/0 

1  0(6 

8t.  f>X 

bt.  47. 

.00  4JZ 

100  by. 

1  v^  , 

6    8/0   ! 
St.    4%    I 

10      ..   I 
100    5% 
St.   16,0  tAnglo-Amencan 

St.  80,0     tDo.    Preferred  '  101  -lo2 

fit.    SO        Do.    Deferred    liJ-lS 

Commercial  Cable  4  per  Cent.  Deb.  Stk.!  b9  — 1»1 

Cuba  Submarine  Ord tj-i>i 

Do.    Preference  10  per  Cent i  17  —lo 

Direct  Spauibh  Ord j  2J-38 

Do.     10  per  Cent.  Cum.  Pref.    tj-»t 

Do.    4  J  per  Cent.  Deb '  i'J/.—lill'i 

tDirect  Lnitei  Slates  Cable  \  1^6-134 

Direct  West  India  Cable  44%  Kg.  Db.(rd.)  «u  — loi 

Kafiteru  Ordinary    125  — l'Z*i 

3J  per  Cent.  Pref.  Stock  Mj- etj 


6    H 


St. 

4% 

1(1 

bO 

10 

10/0 

6 

2/0 

b 

b/O 

be 

*>,'A 

20 

b/O 

lot 

HX 

St. 

ibIU 

Ht. 

IV, 6 

St 

f/o 

St. 

i/6 

IOC 

*r. 

ib 

*i 

10 

t/u 

100 

41 X 

2b 

52,6 

loo 

•  1 

100 

»1 

l:io 

*'if 

2< 

1/3 

*X. 

10 

10 

t/o 

10 

If/l 

00 

b-/. 

10 

8/0 

fct 

*Z 

— 

4% 

Do.    4  per  Cent.  Mort.  Dob.  Stk.  (red.) 

Eastern  kxtensiou   

tDo.    4  i«r  Cent.  Deb.  Stock  

Eastern  ^  H.AI.  4/,  Mauritius  Sub.Debs. 
G.N.  I'J  CuenLaccn),  iiill.  Coupon 76 
llalUai  4  Beimuda4i'<  latMt.  Db.(  red.) 

Indo-European  ex.  all   

&)BcksT  Companiea  Common  

Do.     I'releieuce    

Marcdiis  Vtireleaa  leleg.  Co 

laciiic 4  turopt'uTol.4XOD»rJ)b«.(red.) 
^\cst  Coa^tol  America 

Do.    4  per  Cent.  Debe 

V\  eit  India  4  1  anaxna  

Do.    6  1  IT  Cent.  Ist  Pref  

Do  t%2nd  Pre;. 

Do.     5  per  Cenu  Debs,       '. 

W      era  'lelitiapb _ 

i>0.     4pciCtui.Deb  Block  (red.)... .7. 
\»  eslcn.  1 1  ii,L  ieleth.  «1  uoo  44  Bonds 


4     1 


104i-Uu4  3  Iti 

Ii*-1'.'  6    o 

lOi  — lo4  '  3  16 

100  — lo2  8  lli 

101-271  6     0 

99  — lot  I  4     9 
bli  -6t3 
bo  — ti 
74  —79 

99  — lol 

It  -Ij  .  12    0 

19  — lul  3  19    0 

4-6  I       -. 


134— 14     I  6     0 

1021-1044  a  lit 

97  —Hi     ,  i     1 


June.  Deo 
Mar,  Sept 
Feb,  Aug 
Feb,  Aug 
Mar,  Sept 
Feb,  Aug 

AprU,  Oct 

April 

Mot  .... 
May,  KoT 
Jan,  July 


Mar,  July 
Jan,  July 


June.  Dec 
June,  Dec 


Apr,  Oct 
Apr,  Oct 
May,  Nor 


16}    14}; 


lOCj'    lutj 


581  •• 
lUJS  101 
17i      17J 


Amer.  Telephn.  &  Telegh.  Cap.  St  140J-1474    6 

Do.    CoU.lVnst  $1,0004  percent.  Bds  97-99 

,  AnRlo-Portng'se  TeL  6'/,  Ist  Mt.Db.  Stk.|  W3  -105 

K^hih  Telephone  |  3  — 8i 

Monte  VideoTelephonebri....."    .'."     I  i3— iS 

Do.    6  ner  Cent.  Pref. |  l-j 

t National  Co.  Pref.  Stock  ...  106—107* 

tDo.     Def.  Stock 122J-124)t 

tDo.     6  per  Cent.  Cum.  Ist  Pref.   .'.'.'".'."'  10  -10 a' 
t  Do.    6  per  Cent.  Cum.  2ud  Pref. . 
t  Do.     6  per  Cent.  non-Cnm.  3rd  Pref.' '. 
Do.    Deb.  Stock  SJ  per  Cent,  (red.)   . 
""     4  per  Cett.  Dob.  Stock  (red.).... 


6  8  0 

6  14  3 

e  11  6 

4  16  U 

5  11  6 

6  11  6 
4  8  0 
3  9  0 


1231 


Oriental  . 

Do.    6  per  Cent.  Cum.  Pref.'!!.!!!!!!!!! 

Do.     4  per  Cent.  Red.  Deb.  Stock  .  . 
T^elephoneCo.ofEeypt4JXDb.3tk.(red!) 

Do.    6  per  Cent.  CJtiii 
Do      44  Deb.  St.  Bed 


FINANCIAL  INVESTMENT,  Ac. 

Eleo.  &  Gen.  Inveeiment  6%  Cum.  Pr 

Globe  Telegraph  &l  Xruat 

Do.    6  per  Cent.  Prel !.."..,"!!.!! 

Sobuiarine  Cables  IruBt  (Cert.)!!!]."!! 


St. 

bX 

6 

d,6 

B 

2/H 

St. 

HZ 

St. 

HZ 

St. 

tiX 

St. 

6/ 

40 

i'z 

i'Z 

St. 

iiZ 

t>Z 

St. 

0% 

COLONIAL  AND  FOREIGN  ELECTRIC 
RAILWAYS,  TRAMWAYS,  Sie. 

Anglo-Argentine  1(1%  Cmn.  Siul  Pref. 

Do.    b;;,NoQ-cum.  3rd  Pref.     

Do.     4%  Deb.  Stock 

Auckland  Elec.  Trams.  6%  Deb.  (red.)!,. 
Brisbane  Electric  Trams.  Invest.  Ord. 

Do.    6  per  Cent.  Cum.  Pref. ."! 

Do.    44  per  Cent.  Db.  Prov.  Certs.  ...  "" 
British  Columbia  El.Ry.Df.  Ord,    ... 

tOo.    Pref.  Ord.  Stock !!!'" 

Do.     6%  Cum.  Perp.  Pref.  Stock !!!! 

Do.    44  per  Cent.  1st  Mort.  Deba 

Do.    V  ancouver  Power  Debs.    ... 

Do.    41%  Perp  Con.  Deb.  St !!! 

BuentiB  Aj-res  Lacroze  Trams  Ist  Mt.  Db. 
t  Buenos  Ayres  Port  4  City  Tram.  1st  Mt. 

Deb.  Stock 

Calcutta  Iramways  (1  to  137,610)  ...!!!!!! 
Do.     5  per  Cent.  Cum.  Pref.    .... 
Do.    44%  Is:  Deb.  Stock  (red.)    . 

Cape  ElecincTram  Shares 

City  of  Buenos  Ayres  Trams  Co.  (,  1904)Sh. 

Dl.     4  per  Cent.  Deb.  Stock 

Cobmbo  I'r.  4  Ltg.  i'/,  1st  Mt.  Db. 
Electric  Traction  Co.  of  Hong  Kong  8 

per  Cent.  Ist  Mort.  Debs 

iHavana  Elec.  Ky.  Con.  Mt.  6%  $l,()6o"66 

year  Coup.  Bds 

Kalgoorlie  Elec.  Trams  Sh !!!!!!!! 

Dc.     6  per  Cent.  "  A  "  Deb.  Stock 

Do.     b  percent.  "B"  Ditto 

Lisbon  Elec.  Trams.  Ord 
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NOTES. 


Electricity  Tariffs. 

With  lii.s  accustomed  energy,  Mr.  A.  H.  Seabrook  has 
taken  up  his  new  position  under  tlie  St.  Marylebone 
Council,  and  has  issued  a  report,  which  has  been  adopted, 
advising  a  simplification  of  tariffs  for  the  various  classes 
of  consumer.  The  principle  of  paying  a  lump  sum  per 
annum,  depending  upon  the  kilowatts  of  maximum  demand, 
plus  a  low  charge  per  unit  consumed,  is  one  that  has  been 
applied  with  satisfactory  results  to  many  power  consumers. 
As  detailed  in  our  last  issue,  Mr.  Seabkook  proposes  to 
extend  this  principle  to  lighting  consumers,  and  he  desig- 
nates the  tariff  the  "  telephone  .system  of  charging,"  as  it 
is  very  similar  to  the  system  now  generally  adopted  in 
charging  for  telephones,  and  is,  therefore,  familiar  to  most 
electricity  consumers.  The  object  Mr.  Seai!Ki)uk  has  in 
mind  is  the  encouragement  of  electric  heating  and  cook- 
ing, and   with  this  end  in  view  he  evidently  intends  to 


keep  a  sharp  eye  on  flats,  the  supply  to  whicli  is  very 
commonly  "  farmed  out "  by  flat  owners.  Obviously,  the 
business  of  the  flat  owner  is  not  the  extension  of  elec- 
tricity supply,  and,  therefore,  he  troubles  little  about 
tariffs.  C'onsequentlj%  the  flat  holder  may  have  to  pay  for 
his  electricity  on  some  system  that  by  no  means  en- 
courages the  use  of  electric  heating  and  cooking  apparatus, 
which  are,  nevertheless,  so  essentially  well  adapted  to  flats. 


We  are  glad  to  see  that  Mr.  Seabkook  wishes  to  avoid 
duplicate  wiring,  but  we  are  not  quite  clear  how  the  maxi- 
mum demand  is  to  be  ascertained  in  the  case  of  consumers 
taking  both  light  and  power  if  duplicate  wiring  is  to  be 
avoided.  The  charges  for  heating  and  cooking  should 
differ  essentially  from  those  for  lighting,  as  is  indeed 
clear  from  the  suggested  tariff,  and  that  being  so  it  is 
necessary  to  distinguish  between  the  maximum  demand 
for  both  these  classes  of  service,  unless  some  device  is 
adopted  by  which  the  dilflculty  is  altogether  avoided.  We 
notice  that  some  mention  is  made  of  assessing  apparatus 
for  electric  heating  and  cooking,  but  although  this  is  easy 
if  the  total  possible  maximum  demand  is  all  that  is 
required,  it  gives  no  due  to  the  actual  maximum  demand. 
In  the  lighting  part  of  an  installation  there  is,  how- 
ever, less  difliculty.  As  Mr.  Seabrook  mentions  that 
consumers  on  this  tariff'  must  give  facilities  for  inspection, 
possibly  he  intends  to  extend  this  principle.  At  all  events 
we  ai-e  glad  to  see  an  effort  at  simplification,  and  we  think 
it  is  decidedly  a  move,  thougli  not  quite  far  enough,  iu 
the  ritrht  direction. 


In  our  last  issue  there  also  appeared  a  letter  from  Mr. 
11.  S.  Hale,  Superintendent  of  the  Salesl>epartment  of  the 
Edison  Electric  Illuminating  Co.,  of  lloston,  giving  par- 
ticulars of  the  tariff'  employed  by  liis  company.  It  cer- 
tainly cannot  be  considered  a  very  simple  one,  as  there 
are  innunrerable  rates  and  discounts.  The  point  of  his 
letter,  however,  is  that  it  is  undesirable  to  give  secret 
preferential  terms  to  large  users.  It  will  be  remembered 
that  the  view  was  expressed  during  the  last  Convention  of 
the  Incorporated  ^lunicipal  Electrical  Association  that 
municipal  electricity  departments  should  not  be  forced  to 
disclose  the  terms  on  which  tliey  give  a  supply.  Many 
managers  may  feel  that  it  is  desirable  to  give  special  terms 
to  large  consumers  or  those  of  particularly  good  load 
factor.  Mr.  Kale  mentions  that  this  policy  has  been  given 
up  at  Boston  for  the  last  five  years,  and  that,  altliough 
sometimes  it  might  be  more  easy  to  get  business  if  special 


G04 


THE  ELECTRICIAN,  AUGUST  13,  1909. 


rates  could  be  quoted,  yet  on  tlie  whole  it  is  preferable  to 
say  that  every  prospective  consumer  can  have  the  same 
price  as  any  existing  consumer  under  the  same  cii'cum- 
stauces.  ^'ery  possibly  in  the  long  run  this  policy  will 
pay  ;  at  all  events  prospective  consumers  can  then  find  out 
at  once  what  terms  they  can  get,  and  they  will  cease  to  ask 
for  something  better,  which  certainly  should  be  a  relief  to 
the  supply  manager. 

Accuracy  in  Photometry. 

Apakt  from  lieiiiLr  a  rerord  of  the  comparisons  forming 
the  basis  of  the  agreement  between  America,  France  and 
this  country  as  to  an  international  unit  of  candle  power, 
Mr.  C.  C.  Patersox's  Paper,  wliich  appears  in  another 
column,  is  interesting  as  showing  the  possibilities  of  photo- 
metry as  a  branch  of  accurate  measurement.  !Mr.  Pateesox 
mentions  that,  although  it  is  usual  in  giving  photometric 
results  to  write  down  the  fourth  figure,  under  the  most 
favourable  circumstances  the  results  are  liable  to  an  error 
of  +  or  —  yV  per  cent.,  which  must  be  attributed  chiefly 
to  want  of  constancy  in  the  individual  who  is  making  the 
photometric  observations.     The   highest  precision  is  ob- 
tainable in  comparisons  between  properly  seasoned  elec- 
tric  glow   lamps  of  the  same  coloured   light,  and   with 
a  good  set  of  sub-standards,  the  accuracy  then  obtainable 
is  such  that  the  fourth  figure  is  almost  definite.     In  the 
case  of  flame  standards,  however,  it  is  altogether  a  different 
matter.     Atmospheric  conditions  then  jjlay  an  important 
part,  and  a  large  number  of  oliservations  are  necessary  for 
the  same  degree  of  accuracy.     Further,  the  estimation  of 
the  height  of  the  flame  iu  some  lamps  and  the  exact  repro- 
duction of  the  standard  conditions  may  not  be  identical 
with  difterent  observers.     Consequently  results  are  more 
variable,  and,  as  Mr.  Pater.sox  puts  it,  "  a  flame  standard 
needs   to   be   '  interpreted '   when   its   absolute   value   is 
desired  to  a  high  accuracy."     Undoubtedly,  photometry  is 
an  art  the  accuracy  of  which  depends  essentially  upon  the 
observer,  and  it  is  this  fact  which  renders  it  distasteful  to 
many  who   are   accustomed  to   accurate   work   in   other 
branches.     It  is  something  like  working  with  an  electrical 
appliance  that  needs  to  be  coa.xed  (as  also  the  observer) 
before  it  will  give  a  correct  result,  but  fortunately  elec- 
trical measurements  are  practically  free  from  this  trouble. 

Commercial  Value  of  International  Exhibitions. 

A  QUEisTiOX  which  comes  up  for  periodical  discussion  in 
engineering  circles  is  whether  the  international  exhibitions 
that  are  held  throughout  the  world,  from  time  to  time,  are 
of  any  real  value  to  the  industry.  It  has  been  stated  by 
those  in  favour  of  displays  that  the  Milan  Exhibition, 
held  in  1906,  had  an  exceedingly  good  effect  on  the 
exports  from  this  country  to  Italy  ;  but  this  was  thought 
by  others  to  be  a  merely  isolated  case,  and  that  to  exhibit 
at  international  exhibitions,  especially  for  British  manu- 
facturers, was  not,  in  general,  worth  the  trouble  entailed. 
There  can  be  no  doubt  that  up  to  the  present  time  Englisli 
manufacturers,  unlike  those  in  other  countries,  have 
been  discouraged  rather  than  encouraged  to  exiiibit 
on  such  occasions.  The  subsidy  granted  by  the  Govern- 
ment has  been  too  small  to  be  of  any  great  use,  and 
even  this  has  been  obtained  only  after  a  hard  fight  with 
the  Treasury.  The  recent  appointment  by  the  Govern- 
ment  of  a  Board   of    Trade    Committee    specially    to 


deal  with  the  questions  of  international  exhibitions,  has 
given  rise  to  the  hope  that  the  disadvantage  under  which 
this  country  has  up  to  now  been  placed  in  the  matter, 
owing  to  the  meagre  Government  support,  would  shortly 
be  a  thing  of  the  past.  That  this  optimism  is  not  alto- 
gether justified  is  pointed  out  by  Mr.  H.  Geeville 
JIoNTGOMEEY,  M.P.,  in  a  pamphlet  which  he  has  recently 
issued  dealing  with  the  subject.  He  shows  that  although 
a  certain  amount  of  assistance  will  be  given  to  exhibitors 
by  the  Committee  in  providing  them  with  a  position  at  the 
exhibitions  and  with  show  cases  and  light  and  power,  no 
information  appears  to  be  available  for  manufacturers  as  to 
whether  they  are  likely  to  obtain  any  commercial  benefit 
from  so  exhibiting.  In  fact,  the  policy  seems  to  be  first  to 
pledge  the  country  to  official  representation  at  a  certain  ex- 
hibition and  then  to  get  into  touch  with  possible  exliibitors. 

The  danger  of  this  "  cart-before-the-horse "  policy  is 
fully  recognised  by  Mr.  Moxtgojieey,  who  shows  that  par- 
ticipation of  the  Government  in  such  matters  froni  a  poli- 
tical point  of  view  will  give  rise  to  great  dangers.  He 
points  out  that  in  spite  of  the  fact  that  German  manufac- 
turer;; were  informed  by  their  Government  that  the  benefits 
accruing  to  them  at  the  St.  Louis  Exhibition  would  be 
great,  this  hope  was  not  realise'd.  The  remedy  for  such  a 
state  of  attairs  appears  to  be  the  appointment  of  a  com- 
mittee of  manufacturers  to  consider  the  wliole  question  of 
e.xhibiting  at  any  given  exhibition,  as  has  been  done  in 
France  for  over  20  years,  while  the  same  course  is  also 
being  followed  in  Switzerland  and  Germany.  The  advantages 
of  .such  a  committee  are  many.  It  would  tend  to  prevent 
the  harmful  multiplication  of  exhibitions.  For  no  less 
than  six  of  these  have  been  held  since  1900,  and  three  more 
are  now  under  weigh,  and  will  be  held  during  the  next 
few  years.  A  committee  of  manufacturers  could  deter- 
mine whether  a  proposed  exhibition  was  worth  considering 
from  a  commercial  point  of  view,  and  political  questions 
would  scarcely  come  into  the  matter  at  all.  It  therefore 
seems  a  pity  that,  now  the  Government  have  at  last  recog- 
nised the  benefits  of  supporting  the  enterprise  of  our  manu- 
facturers at  such  exhibitions,  there  should  yet  be  a  ten- 
dency to  place  the  organisation  under  political  rather  than 
manufacturing  control.  [Such  exhibitions  are  primaril)'' 
intended  for  the  good  of  the  manufacturer  individually  and 
for  the  good  of  the  industry  generally  ;  and  if  a  country  is 
rej^reseuted  it  should  rather  be  for  the  benefit  of  the 
industry  than  in  the  hope  of  political  advantage. 


Electric  Plant  for  Discharging  Cargo. — The  British  Vice- 
Consul  at  Spezia,  Italy,  in  a  recent  re;)ort  describes  some  of 
the  electrical  appliances  now  in  course  of  erection  at  that  port. 
Four  electric  cranes  will  raise  coal,  or  ore,  in  buckets  from  the 
holds  of  ships,  transport  it  horizontally,  and  discharge  it  into 
wagons  or  on  the  wharf  at  the  rate  of  2,000  tons  of  coal  or  ore 
per  day  of  10  hours.  Two  electric  cranes  are  also  lieing  fitted 
with  grain-discharging  apparatus,  each  being  capable  of  hand- 
ling about  I-Jij  tons  ]jer  hour.  It  is  believed  that  the  electric 
appliances  will  do  away  with  the  long  delays  suffered  by  boats 
discharging  at  Spezia. 

Cable  Interruptions.  Date  of  Interruption. 

Tangier— Cadiz May  19,  1909 

Tourane— Amoy    .„ Junel7,  1909 

Assab— Perim     .July   8,1909 

Gibraltar— Tangier    Aug.  7,1909 

Cucta— Tangier Aug.  7,  1909 

Mclilla-Chafrinas    _ Aug.  7,1909 
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"  The  Electron." — With  the  July  issue  of  this  jourual  its 
career  is  opened  anew.  As  will  be  remembered,  in  our  notice 
of  the  last  issue  we  mentioned  that  a  reconstruction  of  the 
management  was  to  take  place,  and  that  a  committtee  of  three 
was  to  be  substituted  for  a  single  editor.  To  the  outward  eye 
the  number  under  notice  does  not  appear  to  differ  very  much 
from  its  predecessors.  The  technical  articles  contained  therein 
include  one  on  "  The  Electric  Motor  Drive  for  Weaving  Sheds," 
a  similai'  subject  being  dealt  with  in  another  article  describing 
the  "AVeaving  Sheds  and  the  Jute  Spinning  Mills  of  Messrs. 
Blutchen  &  Sons  at  Vetchau."  On  the  scientific  side  we  maj' 
mention  an  article  by  Dr.  Kloss  on  "The  Starting  Tongue  of 
Three-Phase  Motors  with  Squirrel  Cage  Rotors,"  to  which  we 
hope  to  return  later.  Another  interesting  article  is  th.it  on  "  The 
Origin  of  Siemens,"  in  which  we  note  that  Werner  Siemens 
is'given  the  credit  for  inventing  the  self-exciting  dynamo.  Other 
names  have  also  been  mentioned  in  connection  with  this  in- 
vention, but,  perhaps,  the  present  article  could  not  be  e.xpected 
to  be  of  a  very  general  kind.  The  issue  concludes  with  an 
article  on  the  cottages  which  have  been  built  by  the  firm  for 
the  housing  of  their  staff  at  the  Stafford  works,  while  the  doings 
of  the  various  athletic  clubs  connected  with  Siemens'  are  also 
chronicled.  Since  the  first  number  of  "  The  Electron  "  we 
have  viewed  with  great  interest  its  rise  and  progress,  and  we 
only  hope  that  it  will  continue  to  increase  and  multiply  in  the 
future  as  it  has  done  in  the  past. 

Coal  Consumption  in  Small  Stations. — The  following  notes 
on  this  subject  are  taken  from  a  recent  number  of  the  "Elec- 
trical World  ' :  Although  small  central  stations  operating 
with  high-speed,  simple,  automatic  cut-off  steam  engines  are 
more  numerous  than  any  other  class,  probably  less  is  known 
about  their  actual  coal  consumption  per  kil(jwatt  hour  than 
about  that  of  larger  and  more  economical  stations.  Stations 
of  the  small  high-speed  engine  class  which  employ  watt  hour 
meters  for  measuring  the  total  output,  and  keep  actual  records 
of  coal  consumption,  are  the  exception.  Frequently  also  these 
stations,  even  though  provided  with  total  output  meters,  are 
carrying  on  steam-heating  or  ice  business,  which  makes  it 
impossible  to  separate  the  coal  required  for  electrical  operation 
from  that  required  for  other  purposes.  Xevertheless,  we  have 
obtained  a  few  figures  recenth-  from  the  stations  operating 
simple,  high-speed  engine  units  of  less  than  200  h.p.  They 
are  instructive  as  showing  what  fairl}'  well-maintained  small 
plants  are  doing.  One  of  these  plants,  in  south-eastern  Mis- 
souri, uses  southern  Illinois  slack  from  the  Carterville  district, 
which  is  a  coal  of  good  heating  value.  In  this  plant  the  con- 
sumption of  coal  is  10  111.  per  kilowatt  hour,  covering  every- 
thing in  the  operation  of  the  plant  for  a  considerable  period. 
In  another  plant  located  in  south-western  Illinois,  using  Hills- 
boro'  slack,  special  tests  for  21-hour  periods  have  shown  a 
consumption  of  9  lb.  to  10  lb.  per  kilowatt  hour.  In  another 
plant  in  southern  Illinois,  burning  C'entralia  slack  of  low  grade, 
the  consumption  is  14  lb.  per  kilowatt  hour.  All  these  plants 
are  well  maintained,  but  nearly  all  operate  engines  consider- 
ablj'  under-loaded  during  much  of  the  day. 

.  Electric  Railway  Conditions  in  Austria. — An  aiticle  bj-  an 
"Austrian  Engineer"  in  a  recent  number  of  the  "Electric 
Eailway  Journal,"  gives  some  details  on  this  subject.  The 
first  single-phase  railway  in  the  world,  the  Stubaitalbahn,  was 
built  in  the  Tyrol,  and  the  absence  of  coal  and  the  large  amount 
of  water  power  have  given  great  impetus  to  the  construction 
of  electric;  railways.  Kecent  statistics  indicate  that  there  are 
about  5,500,000  H.p.  available  in  the  water-power  of  Austria, 
or  187  H.r.  for  each  1,000  inhabitants.  This  amount  is  sur- 
passed only  in  Switzerland,  where  there  are  454  H.P.  for  each 
1,000  inhabitants.  The  figures  showing  the  percentage  of  utilised 
to  available  power  are  in  Switzerland,  2.5  percent. ;  German}',  20 
peL-  cent. ;  France,  18  per  cent. ;  Italy,  14  per  cent.,  and  Austria, 
only  9  per  cent.  A  commission  appointed  by  the  Government 
is  now  .systematically  studying  the  subject  of  utilising  all  the 
available  water-power  for  electric  traction.  As  the  majority 
of  the  railroads  are  owned  by  the  State,  there  is  a  tendency  to 
reserve  the  water-power  for  governmental  use  until  after  the 
report  of  the  commission  shall  determine  how  much  will  be  re- 
quired by  the  Government  railways.  While  the  general  elec- 
trical industry  is  being  seriously  handicapped  in  the  meantime, 


this  plan  will  ensure  efficient  utilisation  of  the  water-powers 
and  a  uniform  voltage.  The  first  step  in  the  conversion  of  steam 
railways  to  electric  traction  will  probably  take  i>lace  in  the 
Tyrol,  where  several  large  water-power  stations  are  to  be  built 
with  capacities  from  2,000  ir.i'.  to  12,000  JI.I'.  The  longest 
existing  electric  line  in  the  Tyrol  is  that  between  Trient  and 
Male,  yS  miles  in  length.  This  line  will  be  opened  on  July  1, 
and  is  operated  by  direct-current  at  800  volts.  A  more  inter- 
esting line  for  the  railway  engineer  is  the  Maria  Zell  road,  now 
nearing  completion  in  lower  Austria.  This  is  the  longest  single- 
phase  railway  on  the  Continent  (57  miles).  Water-power  is 
used  and  the  working  pressure  is  G,000  volts.  The  overhead 
line  is  equipped  with  a  catenary  similar  to  that  of  the  Ham- 
burg-Blankenese  Railway,  with  strain  adjustments  every  mile 
or  mile  and  a-half.  For  the  present  service  14  locomotives, 
each  equipped  with  two  single-phase,  250  H.1'.  motors  will  be 
used.  Owing  to  the  narrow  gauge  the  motors  are  located 
above  the  trucks,  and  are  connected  to  the  wheels  with  con- 
necting rods. 

Royal  Institution. — We  have  received  an  interesting  pam- 
phlet, written  by  Prof.  H.  E.  Armstrong,  giving  an  account  of 
the  work  of  the  Royal  Institution  during  the  seven  years  1900 
to  1907.      It  is  issued  in  connection  with  the  Hodgkins  trust. 
From  the  present  pamphlet  the  terms  of  the  trust  are  not 
quite  clear,  but  it  appears  that  Mr.  Hodgkins  emigrated  when 
a  young  man  to  America,  obtained  wealth  by  establishing  a  con- 
fectionery business  in  New  York,  and,  although  the  scientific 
sequence  is  not  clear,  he  left  a  sum  of  .$100,000  to  the  Royal 
Institution  shortly  before  his  death,  the  income  to  be  devoted 
to  purposes  of  scientific  investigation.     We  only  wish  there 
were  many  more  such  enlightened  confectioners.   The  present 
pamphlet  is  one  of  the  results  of  this  bequest,  and  gives  a  very 
interesting  account  of  the  work  carried  on  during  the  period 
mentioned.     It  is  largely  devoted  to  the  remarkable  action  of 
charcoal  at  low  temperatures  in  producing  high  vacua,  and, 
indeed,  the  period  in  question  is  named  the  "charcoal  vacuum 
septenate"  by  the  author.     As  an  oft'-shoot  of  the  subject, 
molecular  constitution  of  gases  receives  some  discussion,  as 
also  do  the  properties  and  structure  of  carbon.      After  some 
account  of  chemical  interactions  under  reduced  pressure,  the 
modifications  of  matter  at  low  temperatures  are  referred  to,  as 
also  are  calorimetric  studies  and  low  temperature  thermometry. 
Naturally,  the  [properties  of  radium  and  the  liquefaction  of 
helium   receive  attention.     Finally  Prof.  Armstrong  says  a 
few  words  on  the  future  of  scientific  work  at  the  Institution, 
and  asks  whether  genius  is  not  too  often  m.aimed,  instead  of 
made,  by  education.     He  is  evidently  depressed  at  the  com- 
paratively low  average  cjuality  of  the  scientific  output  at  the 
present  time.     As  to  whether  this  is  due  to  want  of  genius 
we  are  not  quite  clear.     Is  it  not  possible  that  the  path  to 
research  of  a  kind  is  so  much  more  ea.sy  in  these  days  that  the 
quality  of  the  worker  is  necessarily  lower  than  100  years  ago  ? 
The  pamphlet  concludes  with  some  quotations  from  Farad.ay, 
whose  writings  always  appear  to  have  the  remarkable  charac- 
teristic of  freshness  notwithstanding  their  age,  and  we  do  not 
think  we  can  do  better  than  to  end  this  brief   rtfsitim'  with  the 
following  short  quotations  from  Faraday's  lecture  on  Mental 
Education  : — 

It  is  necessary  that  a  man  examine  himself  and  that  not  carelessly.  On 
the  lontrary,  as  he  advances,  he  should  become  more  and  more  strict, 
till  he  ultimately  prove  a  sharper  critic-  to  liimsclf  than  |anyone 
else  can  be  ;  and"  he  ought  to  intend  tliis,  for  so  far  as  he  consciously 
falls  sliort  of  it  he  acknowledges  that  others  may  have  reason  on 
tlieir  side  when  they  criticise  him.  A  first  result  of  this  habit  of  mind  will 
be  an  internal  conviction  of  ignorance  in  many  things  nsjKCling  which  his 
vcigliboiirs  are  taught  and  that  his  opinions  and  conclusions  on  such 
matters  ought  to  be  advanced  with  reservation.  A  mind  so  disciplined 
will  be  open  to  correction  upon  good  grounds  In  all  things — even  to  those  it 
is  best  acquainted  with — and  should  familiarise  itself  with  theulca  of  such 

being  the  case 

Because  the  education  is  internal,  it  is  not  the  less  needful :  nor  is  it 
more  tlie  dutv  of  a  man  that  he  should  cause  his  child  to  be  taught  than 
that  he  sliinil'd  tcacli  himself.  Indolence  may  tempt  him  to  neglect  the 
self-cxauunation  and  experience  which  form"  his  school,  and  weariness 
may  induce  the  evasion  o{  tlu>  necessary  practices,  but  surely  a  thought 
of  the  prize  should  suffice  t.>  stimulate  him  to  the  requisite  exertion  :  and 
to  those  who  relied  upon  tlie  many  houi-s  and  da.vs  devoted  by  a  lover  of 
sweet  sounds  to  gain  a  motlcrate  facility  upon  a  mere  mechanical  instni- 
ment,  it  ought  to  bring  a  correcting  blush  of  shame,  if  they  feel  convicted 
of  neglecting  the  beautiful  living  instrument  wherein  play  all  the  powers 
of  the  mind. 
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MANCHESTER  CORPORATION  ELECTRICITY 
DEPARTMENT  ACCOUNTS. 

The  electricity  undertaking  of  the  Manchester  Coi-jjoration 
has  always  possessed  considerable  interest  for  electrical  engi- 
neers :  at  first,  on  account  of  the  system  of  distribution  adopted, 
and  of  late  years  on  account  of  the  magnitude  of  the  under- 
taking, which  is  always  regarded  as  one  of,  if  not  the,  most 
important  electric  sup])ly  systems  in  the  I'nited  Kingdom. 

In  view  of  the  general  trade  depression,  it  is,  perhaps,  not 
surprising  that  the  number  of  units  sold  during  the  year  ended 
March  31  last,  viz.,  G6, 924, 864,  shows  a  smaller  increase  com 
pared  with  the  number  recorded  a  year  ago — 63,437,088 — 
than  has  been  experienced  for  the  last  seven  years.  The 
"  falling-of}'"  is,  of  course,  parilj^  accounted  for  by  the  curtail- 
ment of  tnimwa)'  progress  during  the  last  j'ear  or  two  ;  but  it 
is  verj-  striking  to  observe  that  whereas  a  year  ago  an  increased 
sale  of  over  1 1  million  units  to  private  consumers  was  recorded, 
the  increase  shown  on  the  present  occasion  is  only  a  little  over 
three  million  units.  In  view  of  the  results  achieved  in  other 
towns,  however,  the  progress  made  at  Manchester  is  neverthe 
less  encouraging. 

In  general  the  cost  of  working,  as  shown  by  the  analysis 
below,  differs  only  very  slightly  from  the  figures  for  the  pre- 
vious year,  but  a  small  increase  is  recorded  in  the  total  cost 
per  unit  sold,  which  is  now  0-60d.,  excluding  capital  charges. 
The  importance  of  capital  costs,  even  in  an  undertaking  of  such 
a  diverse  character  as  that  of  Manchester,  is  indicated  by  the 
fact  that  these  charges  increase  the  cost  per  unit  by  over  id., 
and  bring  the  total  inclusive  cost  to  l-20d.,  which  is,  neverthe- 
less a  very  satisfactorj'  figure.  The  reductions  made  in  the 
charges  for  lighting  in  December,  1907,  whilst  somewhat 
affecting  the  revenue  for  the  year  ended  March,  1908, 
very  slightly,  have,  of  course,  come  into  greater  prominence 
in  the  present  accounts  ;  and  notwithstanding  increased  sales 
to  private  consumers  of  over  3,000,000  units  the  revenue 
obtained  for  lighting  and  power  shows  a  decrease — viz., 
£231,648,  compared  with  £238,266  last  year.  When  it  is 
remembered,  however,  that  the  reduction  in  the  price  per  unit 
amounted  to  |d.  on  the  flat  rate,  and  was  equivalent  to 
£16,341,  the  above  decrease  loses  its  importance,  and  the 
additional  consumers  attracted  by  the  lower  rate  are  likely  to 
cause  a  substantial  increase  in  the  revenue  of  the  next  financial 
year.  In  any  case  next  year's  figures  will  be  invested,  from 
the  cost  per  unit  standpoint,  with  more  than  usual  interest, 
since  engineers  arc  eagerly  awaiting  the  effects  of  the  instal- 
lation of  the  large  Tudor  battery,  which  marks  an  important 
development  in  this  country. 

In  regard  to  the  sales  of  energy,  private  consumers  required 
37,1.50,022  units,  public  lighting  99,.'J93  units,  and  the  tram- 
ways 29,07.0,249,  whilst  no  less  than  6,791,020  units  were 
used  on  the  works.  It  is  interesting  to  notice  that  the  energy 
lost  in  distribution  or  unaccounted  for  only  amounted  to  16-96 
per  cent,  of  the  units  generated,  a  much  smaller  figure  than 
that  for  several  years  jtast.  The  maximum  supply  demanded 
was  20,9.56  kw.  on  the  lighting  and  power  mains,  equivalent  to 
a  load  factor  of  20'3  per  cent.,  and  10,162  kw.  on  the  traction 
system,  the  latter  load  factor  being  33-3  per  cent.,  whilst  the 
load  factor  for  the  whole  undertaking  works  out  at  24-6  per 
cent.,  compared  with  2.5-39  |)ei  cent,  in  the  previous  year. 
The  plant  capacity  amounted  to  39,300  kw.  on  March  31. 

Over  14  miles  of  new  cables  have  been  laid  during  the  year, 
and  the  total  length  of  main  conductors  at  March  31  was 
352it  miles,  whilst  the  additions  to  the  consumers'  register 
amounted  to  606,  the  total  number  of  consumers  now  being 
8,12.5. 

We  give  below  an  analysis  of  the  expenditure  during  the 
past  financial  year,  together  with  the  cost  of  working  per  unit 
sold  for  the  year  and  for  1907-8  : — 

Cost  per  unit  sold. 
CSenerating  Costs.  1908-9.  1907-8. 

Coal,  &c £67,219     ...       0-24il.     ...       025cl. 

Oil,  waste,  water,  &c 6,927     ...      0-03d.     ...       002<l. 

Salaries  and  wages  at  station...      18,129     ...      OOTd.     ...       006d. 
Pvepair?  and  maintenance 15,284     ...       O-QSd.     ...       007d. 

Total  Generating  Costs   £107,559  0-39d.  O-OOd. 


Distribution  Costs. 

Wages     £15,493 

Repairs  and  maintenance    of 

mains,  fuses,  &c    12,489 

Miscellaneou.s    2,539 

Total  Distribution  Costs  £30,321 

Management  Costs,  &c. 

.Salaries    £8,073 

Printing,  stationery,  &c 1,251 

General  establishment  charges  2,376 

Law  and  Parliamentary  charges  508 

Special  charges  (plus  bad  debts)  1,690 


Cost  per  unit  sold. 
1908-9.  1907-8. 

006d.     ...      0-05d. 


0-04(1. 
0-Old. 


0-06d. 
0-01.1. 


Total  Management  Costs 


£13,698 


Rents,  rates  and  taxes £32,461 

TOTAL  COSTS  (c.c  Capital  Charges)£184,039 

Capital  Charges. 

Interest   £67,966 

Sinking  fund   81,944 

Total  Capital  Charges £149,910 


003d.  . 
OOOd.  . 
OOld.  . 
0-OOd.  , 
OOld.     . 

.       C-03d. 
OOOd. 
OOOd 
O-OOd. 
OOld. 

C-05d. 

0-04d. 

Olid.     . 

.       Olid. 

066d.    . 

.     0-68d. 

0-24d.  . 
0-29d.     . 

0-26d. 
.       0-29d. 

r20d.    . 

.      r23d. 

l-32d.    - 

-      r45d. 

012d.    . 

0-22d. 

TOTAL  COSTS  (including  Capital 

Charges)    _ £333,949 

TOTALRECEIPTS(fromaUsources)£367,847 
BALANCE    £33,898 

Of  this  balance  of  £33,898,  a  sum  of  £21,495  is  placed  to 
the  Renewals  Suspense  Account,  £403  to  the  Reserve  Fund 
Account,  and  the  remainder,  £12,000,  is  paid  over  to  the  City 
Fund  in  aid  of  rates.  The  Renewals  Suspense  Account  now 
amounts  to  £135,2.52,  whilst  the  Reserve  has  decreased  to 
£6,358  owing  to  amounts  charged  on  it  for  wages  of  permanent 
employes  engaged  on  capital  account  and  for  land  adjoining 
Stuart-street  station. 

The  generating  costs  given  above  refer  to  Dickinson-street, 
Bloom-street  and  Stuart-stteet  stations  taken  together.  The  gene- 
rating costs  at  these  stations  may  be  separated  as  follows  :  The 
Dickin.son-streetaud  bloom-street  stations  generated  12,293,134 
and  14,398,848  units  respectively  at  a  total  works  cost  of 
£43,741— (.c,  0-393d.  per  unit  generated,  whilst  62,074,25a 
units  were  generated  at  Stuart-stieet  station  for  a  total  cost  of 
£63,818  or  0-247d.  per  unit  generated,  the  coml)ined  costs  of 
generation  thus  working  out  at  0-29d.  per  unit  generated,  or 
0-39d.  per  unit  sold,  as  shown  in  the  analysis  above.  It  is 
interesting  to  notice  that  the  full  costs  work  out  at  0-23d.  per 
unit  generated  at  the  two  older  stations,  whilst  at  Stuart- street 
the  figure  is  only  0-16d. 

During  the  year  the  capital  expenditure  amounted  to 
£79,271,  mains  accounting  for  .£29,0.56,  Stuart-street  generat- 
ing station  £23,394,  and  distributing  stations  £19,205.  The 
various  items  of  total  capital  expendittu'e,  which  now  amount* 
to  £2,521,871  are  given  in  the  following  table,  together  with 
the  cost  per  kilowatt  installed  : — 


C.M'iT.vL  Account. 

Land  and  buildings  (Dickinson-street)  ...  £99,501 

(Bloom-street) 72,961 

I  Stuart-streeo)     212,186 


Total  £384,448 

Machinery  and  plant  (Dickinson-street) .      174,204* 

„     ( Bloom  street)  127,331t 

„  ,,     (Stuart-street; 359,632$ 


Total  £661,167 

Stuart-street  railway 81,380 

water  supply 649 

Distributing  stations 346,111 

Mains 918,524 

Meters  59,232 

Motors     29,795 

Electrical  in.struments    3,186 

Cables,  stores  and  workshop 30,520 

Miscellaneous    6,859 


Total  Capital  E.xpenditure £2,521,871 


Per  kw. 
installed. 


£9-7 


16-8 
2-1 
0-0 
8-8 

23-4 
1-5 
0-7 
0-1 
0-8 
0-2 

£64-1 


•  £181  per  kilowatt  installed,     t  £177  per  kilowatt  installed. 
Z  £156  per  kilowatt  installed. 
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DEVELOPMENTS  IN  ELECTRIFICATION  OP 
RAILWAY  TERMINALS.* 


BY    II.    H.    E\ANS 


Summary. — The  author  considers  in  a  general  way  the  causes  tending 
to  the  electrificatiou  of  railway  terminals,  and  gives  brief  i)articulars  of 
a  number  of  existing  electrified  lines. 


Steam  railroad  electrification  may  be  expected  to  conic  from  three 
directions.  An  electrification  may  be  decided  upon  because  tlie 
continued  operation  of  steam  locomotives  through  a  tunnel  or 
through  a  city  is  deemed  to  be  a  public  nuisance.  It  may  be  decided 
upon  l)ecause  of  the  savings  which  can  be  made  by  electrical  opera- 
tion instead  of  steam  operation,  or  it  may  be  decided  upon  as  a 
matter  of  larger  policy  on  the  part  of  the  railroad  company,  either 
for  the  purpose  of  attracting  more  traffic  or  to  get  more  movement 
over  congested  track.  In  any  of  these,  the  density  of  traffic  is  the 
dominating  factor;  and  as  density  of  traffic  is  the  characteristic  of 
terminals,  terminal  working  presents  the  most  fertile  field  for  elec- 
trical development. 

Electrification  receives  its  largest  consideration,  from  the  public 
at  large,  owing  to  its  obviating  the  major  part  of  the  nuisance 
incident  to  the  operation  of  steam  raih'oad  trains  through  cities, 
viz.,  smoke,  smell,  dust,  noise  and  cinders,  whilst  steam  operation 
through  tunnels  and  over  constricted  trackage  may  constitute  a 
public  danger.  It  was  because  the  operation  of  trains  by  steam 
through  their  tunnel  was  considered  a  menace  to  public  safety,  that 
the  New  York  Central  R.R.  was  required  by  legislative  act  to 
operate  its  New  York  terminal  electrically.  In  the  steam  operation 
of  the  St.  Clair  tunnel  there  were  cases  of  asph3-xiation  of  the  train 
crew  tluough  the  parting  of  a  train  in  the  tunnel  filled  with  gases. 
Although  trains  were  never  operated  therein  by  steam,  it  was  because 
steam  operation  would  be  a  nuisance,  that  the  Paris-Orleans  line 
electrified  their  tunnel  entry  into  their  Paris  terminal  and  the 
Baltimore  &  Ohio  R.R.  its  terminal  entry  into  Baltimore.  The 
working  of  trains  by  electricity  in  such  places  removes  the  obscuring 
of  signals  by  smoke,  admits  of  the  installation  of  efficient  lighting  and 
mechanical  devices,  provides  a  much  more  certain  controlling  of  the 
train  at  danger  points  and  provides  physical  comfort,  and  good 
vantage  point  for  the  operator  in  the  cab  of  the  electric  locomotive 
or  motor  car.  which  tends  to  increase  his  alertness. 

The  saving  which  may  come  from  electrical  working  may  be 
looked  for  at  a  number  of  points :  In  the  first  place  the  absence  of 
dust,  dirt  and  smoke  leads  to  longer  lived  furnishings  and  less  wear 
and  tear  on  the  rolling  stock,  and  also  to  a  lessened  cleaning  expense. 
It  is  probable  that  the  coaches  under  electrical  working  will  require 
cleaning  at  the  end  of  the  run  just  as  they  do  at  present  with  steam 
power,  but  \^■hile  there  is  as  frequent  a  cleaning  there  is  not  so 
laborious  a  one.  Dusting  ott  parts  of  the  cars  or  wiping  them 
lightly  with  a  rag  will  take  the  place  of  a  hard  scrubbing,  the  latter 
not  only  costing  more  in  that  it  takes  more  time  and  laboiu',  but  also 
having  an  extra  expensive  effect  in  that  the  hard  rubbing  removes 
paint  work  and  varnish  and  otherwise  damages  the  cars.  The 
absence  of  smoke  should  result  in  longer  lived  steel  work  in  bridges, 
viaducts  and  other  metallic  structures  .adjacent  to  the  track.  These 
are  rapidly  eaten  away  because  of  the  sulphm-  contained  in  the  coal 
burned  in  the  locomotives. 

A  greater  annual  mileage  capacity  is  available  from  the  eciuipment 
by  electrical  working  than  by  steam  working.  This  comes,  first, 
because  of  the  higher  speeds  obtainable  by  electrical  working,  and 
second,  by  reason  of  the  fewer  repairs  necessary  for  the  electrical 
equipment  and  consequent  larger  number  of  days  available  for 
service  throughout  the  year.  There  should  be  lessened  switching 
and  added  movement  under  electrical  than  steam  working.  This  is 
particidarly  true  in  the  case  of  suburban  trains.  Compared  with 
trains  hauled  by  steam  locomotives,  in  some  cases,  there  will  be 
saved  the  trip  of  a  train  to  the  storage  yards  for  cleaning  and  back 
again  and  the  trip  of  the  locomotive  to  the  water  tank  or  to  the 
roundhouse.  This  has  been  found,  for  instance,  in  the  ojieratiou  of 
the  New  York  Central  R.R.  terminal,  where  an  electric  locomotive 
from  an  incoming  train,  on  arriving,  switches  immediately  to  the 
head  of  an  outgoing  train  and  in  a  few  minutes  is  bound  out  on 
another  trip. 

Electrical  working,  of  comse,  would  mean  a  greater  economy  in 
coal  consumption.  This  is  partly  due  to  the  even  load  imposed  on 
the  power  house  boilers  and  prime  movers  against  the  violently 
fluctuating  load  imposed  upon  a  locomotive  in  terminal  service.  It 
is  found,  approximately,  that  on  terminal  operation  the  fuel  con- 
sumption by  electrical  working,  despite  the  losses  of  transmission. 


*  Abstract  of  a  Paper  read  before  the  Western  Society  of  Engineers. 


conversion  and  distribution,  is  one-half  that  of  steam  workiiig. 
Chicago,  however,  is  an  exception,  and  the  costs  would  be  about 
equal  ;  but  in  California,  where  coal  is  £'1-12  to  £1-16  per  ton, 
electrical  working  may  tie  adopted  solely  because  of  the  coal  saving. 

There  are  also  large  savings  to  be  expected  by  electrical  working 
from  a  lessened  repair  bill.  A  good  many  of  the  derangements 
which  come  to  electrical  motor  vehicles  may  be  repaired  where  they 
occur  out  on  the  road,  instead  of  requiring  a  trip  to  the  roundhouse. 
Electric  motor  vehicles  are  relatively  free  from  the  aggregation  of 
small  troubles  which  are  responsible  for  a  good  deal  of  the  repair 
bills  of  the  steam  locomotive,  and  these  small  derangements  will 
keep  small,  whereas  in  a  steam  locomotive  they  magnify  themselves. 
Repairs  would  also  be  cheapened  because  of  the  greater  standardisa- 
tion of  electrical  parts,  and  because  a  good  many  of  such  repair  parts 
permit  of  easy  installation  without  fitting.  There  are  fewer  danger 
points  for  derangements  on  the  individual  electric  locomotive  than 
on  the  steam  locomotive,  that  is,  there  are  fewer  points  the  derange- 
ment of  which  disables  the  machine.  The  uniform  load  and  the 
even  torque  on  the  motors  tends  to  reduce  strains  and  failure.  The 
result  is,  we  may  predict,  a  maintenance  charge  of  about  l-.xl.  a 
mile  for  electrical  locomotives  against  4  to  .iod.  for  steam  and  about 
0-6d.  per  car-mile  for  multiple  unit  suburban  cars. 

Electrical  working  will  cut  out  a  great  deal  of  the  dead  time  ;  will 
shut  off  the  consumption  of  power,  or  rather  the  consumption  of 
coal,  at  the  individual  motor  during  stops  ;  by  its  higher  speeds  wiU 
reduce  the  cost  of  train  labour  per  train-mile  ;]  will  reduce  some- 
what the  shrinkage  of  coal  between  the  coal  ])ile  and  the  grate  bars  ; 
will  permit  the  use  of  the  cheapest  kind  of  coal  :  will  remove  a  great 
many  of  the  roundhouse  expenses  and  remove  altogether  the  exjjense 
of  keeping  up  water  stations  ;  will  allow  the  substitution  of  cheaper 
roundhouse  labour  and  reduce  the  fixed  charges  for  the  plant  for  the 
handling  of  terminal  rolling  stock.  With  electricity,  trains  can  be 
operated  at  a  less  weight  per  passenger  or  a  less  weight  per  horse- 
power at  the  draw  bai',  than  steam  locomotives.  A  95-ton  electrical 
locomotive  will  more  than  do  the  work  of  a  160-ton  steam  loco- 
motive and  thus  save  on  locomotive  hauled  trains.  60  to  70  tons  on  a 
300  to  600-ton  passenger  train.  In  the  case  of  suburban  trains 
operated  by  multiple  unit  motor  cars,  the  weight  of  the  locomotive 
is  replaced  by  a  much  smaller  weight  for  the  motor  equipment,  and 
here  on  a  200-ton  train  we  can  save  30  to  40  tons.  With  electric  and 
steam  locomotives  of  equal  power,  the  entire  weight  of  the  tender  is 
saved  and  in  some  cases,  part  of  the  weight  of  the  locomotive  ;  in 
addition  to  which  the  entire  weight,  or  a  large  portion  of  the  weight, 
of  the  electrical  locomotive  may  be  driver  borne.  Elect  rical  operation 
allows  a  higher  mileage  capacity  of  equipment,  so  that  although  the 
electric  equipment  costs  somewhat  more  than  the  steam  equipment, 
the  additional  mileage  power  may  serve  in  a  measure  to  bring  down 
the  fixed  chartre  for  electrical  motive  etiuipment  per  train-mile 
closer  to  that  for  the  steam  trains  than  is  apparent  at  first  sight. 
Some  lessening  in  the  track  maintenance  may  be  expected,  although 
whether  appreciable  or  not  is  somewhat  in  question,  and  there  will 
be  lessened  derangements  to  traffic  because  of  the  easier  control  of 
an  electrical  train. 

The  third  of  the  general  reasons  we  have  advanced  for  terminal 
electrification  is,  perhaps,  the  one  which  at  the  present  time  wiU 
receive  the  greatest  consideration  from  railway  officials  ;  that  is, 
ability  to  attract  more  traffic  or  to  get  a  greater  train  movement  over 
terminal  tracks.  Electric  street  cars  ofler  many  advantages  and 
have  attracted  many  passengers  from  the  railways,  so  the  latter 
must  oiTer  an  equally  good  or  more  attractive  service.  This  has  been 
recognised  particularly  by  the  British  railroails.  In  many  of  the 
English  cities,  a  large  part  of  the  local  transportation  field  is  occupied 
by  the  suburban  service  of  the  steam  raihxiads.  The  communities 
in  general  are  mucli  more  dependent  upon  steam  sulnnbaii  trains 
than  they  are  in  the  United  States.  The  movement  towards  elec- 
trical equipment  of  .surface  car  lines,  and  in  particular  the  building 
of  interurban  lines,  has  been  much  slower  in  t.rcal  Britain  than  in 
the  United  States.  In  consequence,  the  British  railway  managers 
have  been  able  to  see  a  lesson  in  the  United  States  in  the  building  of 
numerous  interurban  lines,  and  so  have  set  about  to  bring  their 
facilities  to  .such  a  high  standard  that  the  building  of  competing  Imea 
in  their  territorv  would  not  be  undertaken.  As  a  result  several  of 
them  have  electrified  their  suburban  .service  and  put  oh  a  fast  and 
frequent  schedule  of  trains  made  up  of  multiple  unit  cars.  They 
have  met  with  a  greater  lesponse  from  the  public  iH'cause  of  their 
improved  .service,' and  have  met  with  financial  returns  because,  in 
the  first  place,  they  have  secured  a  large  increast-  in  their  patronage, 
and  in  the  second  place,  economies  in  wi.rking  which  enabled  them 
to  haul  the  individual  passenger  at  a  lower,  yet  a  profitable  rate. 

The  use  of  higher  speeds  on  suburban  sim  \  ice  does  not  appear  to 
be  economy  at  first.  As  a  matter  of  fact,  the  increased  power  con- 
sumption duo  to  high  acceleration  adopted  is  only  one  factor  with 
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several  others  in  making  up  tlie  total  cust  per  train-mile;  the  savint; 
in  these  by  higher  speeds  will  offset  the  increased  eu.^t  ot  the  pt)n  er. 
the  total  jjower  charge  being  somewhere  around  10  !)er  cunt.  :  thus 
the  train  labour  per  train-mile  decreases  with  the  increased  sjieed. 
as  does  the  cleaning  and  other  charges  «  hich  amount  to  so  much  per 
day  rather  than  so  much  per  mile.  The  higher  siieed  may  even 
result  in  cheaper  working  until  we  consider  the  interest  on  the  extra 
investment  for  the  higher  ])ower  equiument.  the  e.\tra  cost  of  feeders. 
&c  .  when  the  saving  may  be  offset.  In  turn  the  interest  charges  on 
certain  parts  of  tlie  investment,  which  will  be  a  constant  gross 
amount  over  a  somewhat  wide  variation  in  the  size  of  plant  pro- 
vided, will  be  spread  over  a  greater  mileage  and  the  charge  per  mile 
consequently  brought  down  :  thus,  for  instance,  the  investment  in 
car  sheds,  in  power  house  building  and  termmal  platforms  will  be 
rendered  more  efficient.  Tiie  demand  on  steam  railroad  suburban 
oi)eration  is  for  provision  of  stops  at  shorter  and  shorter  intervals  as 
the  patronage  increases.  This  requires  quick  acceleration  in  order 
to  get  an  acceptable  mean  running  speed.  For  this  character  of 
service,  electrical  equi|iment  is  eminently  adopted  because  of  the 
rapid  acceleration  it  provides  and  because  of  the  ready  control 
afforded  over  the  motive  jiower.  together  with  the  characteristic  of 
the  electric  motor  that  it  holds  its  efficiency  over  a  wider  range  of 
speed  than  does  a  steam  engine.  The  absolute  elasticity  of  multiple 
unit  equipment  is  highly  desirable.  From  the  ]ioint  of  view  of  the 
railroad  management,  the  substitution  of  numerous  light  trains  for 
occasional  heavy  ones  has  its  advantages  in  that  the  added  con- 
venience to  the  public  will  cause  the  coaches  to  be  generallj'  filled 
instead  of  only  partially,  as  is  too  often  the  case  in  present  steam 
suburban  trains. 

When  ne  come  to  the  question  of  capacity  we  tlnd  that  it  is  here 
electriUcation  is  most  likely  to  appeal  to  those  w  ho  direct  the  policy 
of  railroads.  Terminal  i)roperty  is  becoming  increasingly  expensive, 
whilst  as  a  terminal  becomes  busy,  junction  jjoints.  crossovers, 
turnouts,  and  other  disturbers  of  trafJic  multiply.  Electritication 
provides  a  system  of  working  which  gives  efficient  control,  quick 
acceleration,  allows  us  to  get  past  disturbing  i)oints  with  a  minimum 
of  delay,  does  away  with  a  lot  of  dead  time  for  equi))ment,  makes 
less  switching,  gives  a  higher  speed  and  a  lessened  time  of  jiassage 
over  busy  tracks,  allows  of  almost  any  train  load  being  handled 
without  much  loss  in  speed,  and,  in  general,  allows  us  to  work  a 
terminal  at  about  double  th.e  capacity  it  jiossesses  under  steam 
operation. 

With  the  use  of  electric  locomotives  about  the  terminal  ware- 
houses, it  becomes  possible  to  use  them  not  only  for  receiving  and 
delivering  freight,  tu  build  them  many  stories  in  height — even  to 
carry  them  on  columns  and  cover  the  tracks  with  them — and  utilise 
the  upper  stories  as  warehouses.  With  the  danger  from  fire  gone 
and  the  possible  damage  from  soot  and  dirt  removed,  the  storage 
will  commend  itself  to  merchants.  The  New  York  Central  R.R.  is 
planning  to  cover  its  entire  yard  and  right  of  way  at  its  New  York 
City  terminal,  since  electrification,  with  large  office  buildings.  An 
electrified  terminal  also  presents  the  ojjportunity  (because  of  cheap 
handling  of  varied  train  weights  and  ready  starting  and  stopping) 
of  art'ording  a  local  freight  service  analogous  to  the  suburban  pas- 
senger service. 

E.xamining  the  terminal  electrifications  which  have  been  made, 
we  find  that  electrifications  have  been  decided  upon  for  each  of  the 
three  general  reasons  we  have  advanced  for  electrification.  The 
New  York  Central  electrically  equipped  its  New  York  terminal 
because  the  continued  o])eration  of  steam  trains  through  the  tunnel 
entry  into  the  terminal  was  held  by  legi.slative  enactment  to  con- 
stitute a  public  danger.  The  Paris-Orleans  (on  its  Paris  terminal), 
the  Long  Island  Railroad  (on  a  Brooklyn  terminal),  and  the 
Baltimore  and  Ohio  (on  its  Baltimore  terminal)  all  electrified 
their  terminals  because  of  the  construction  of  new  terminals  with 
tunnel  entries  in  which  the  operation  of  steam  locomotives,  would 
be  deemed  distasteful  or  dangerous  to  passengers.  The  new  Penn- 
sylvania terminal  intoNew  YorkCity  is  to  be  electrified  for  a  similar 
reason.  The  New  Haven  and  the  North  shore  electrifications  liavc 
been  carried  out.  it  was  announced,  to  .secure  operating  economirs. 
To  secure  capacity  the  various  tunnel  electrifications,  as  the  Grand 
Trunk,  the  Great  Northern,  the  Michigan  Central,  and  the  Sim))lon 
tunnels  have  been  carried  out.  To  gain  additional  patronage  is  the 
avowed  purpose  of  several  British  electrifications. 

Particulars  are  then  given  in  the  paper  of  the  various  electrifica- 
tions which  have  been  carried  out.  The  New  York  Central  electri- 
fication of  its  New  York  terminal  is  said  to  be  the  largest  sclicmc 
yet  carried  out.  The  electrification  is  intended  to  be  extended  to 
Croton  on  the  Hudson  Division,  34  miles  out,  and  to  North  White 
Plains  on  the  Harlem  division.  24  miles  distant.  The  ))art  so  far 
completed  corapri.se»  an  initial  zone  extending  over  17  miles.  In 
the  zone  there  are  electrified  73  miles  of  main  track  and  12  miles  of 


yard  track  and  sidings,  or  8,')  miles  in  all.  The  extension  of  the 
electrification  is  under  way  and  eventually  the  whole  electrification 
will  comiirise  '2'24  miles  of  main  track  and  G8  miles  of  other  tracks, 
or  202  miles  total.  '  Secondary  tracks  and  freight  tracks  have  not 
yet  been  electrified. 

The  New  York.  New  Haven  &  Hartford  Railroad,  in  addition  to 
sending  its  trains  from  Woodlawii  Junction  to  the  Grand  Central 
Station  (12  miles)  over  the  electrified  New  York  Central  zone,  has 
electrified  its  line  from  Woodlawn  to  Stamford,  Conn.,  a  distance  of 
21  o  miles  ;  the  electrification  extends  over  rather  more  than  100 
miles  of  equivalent  single  track.  It  is  the  intention  to  eventually 
electrify  the  entire  line  from  New  York  to  Boston.  This  railroad  is 
also  gaining  control  of  the  street  lailwaj-  systems  throughout  its 
territory  and  working  them  in  unity  with  the  railroad.  These 
systems  will  act  as  feeders  for  the  road,  and  their  power  houses,  with 
tlie  ])rovision  of  the  necessary  additional  units,  will  be  able  to  supply 
the  main  line  with  current  at  difierent  ))oints  along  its  route.  The 
president  of  the  New  Haven  road  advocates  running  the  local  street 
cars  of  adjacent  towns  over  the  electrified  steam  road. 

The  Long  Island  Railroad  has  an  electrified  terminal  in  Brooklyn 
in  addition  to  one  worked  by  steam  locomotives.  The  conditions  are 
similar  to  New  York,  although  the  trains  leaving  the  terminal  are 
entirely  suburban.  The  electrified  zone  comprises  about  100  miles 
of  track. 

The  \\'est  Jersey  and  Seashore  is  properly  not  a  terminal  electri- 
fication. It  extends  from  Camden,  New-  .Jersey,  to  Atlantic  City — 
a  distance  of  about  65  miles.  It  was  probably  electrified  to  prevent 
the  building  of  competing  interurbans.  There  are  about  1.50  miles 
of  track  electrified. 

The  Pennsylvania  Railroad  is  building  a  new  terminal  in  the 
heart  of  Manhattan  Island.  New  York  City.  Tlieir  route,  under 
Jersey  City,  under  the  Hudson  River,  across  Manhattan  Island  into 
and  through  their  terminal,  under  the  East  River  and  Long  Island 
City  to  their  storage  yard  lies  in  tunnels.  Electrical  operation  is 
the  only  kind  to  be  considered  in  such  a  case.  Contracts  were 
recently  let  for  the  electrical  equipment.  It  is  presumed  that  the 
system  will  be  single  phase. 

The  Baltimore  and  Ohio  was  the  first  terminal  electrification  to  be 
undertaken  in  the  world.  A  section  extending  over  3-4  miles  of 
double  track  was  electrified  in  189.5.  a  direct -current  equipment 
being  provided.  The  service  is  hardly  a  terminal  service,  but  really 
a  jiusher  service  on  a  grade  through  tunnels. 

The  North  Shore  Railroad  has  over  13-69  route  miles  of  electrified 
double  track  with  spurs  and  branches,  on  the  third-rail  system, 
whilst  the  Southern  Pacific  has  under  construction  the  electrifica- 
tion of  its  suburban  lines  out  of  Oakland  across  the  harbour  from 
San  Francisco.  About  .50  miles  of  track  are  to  be  electrified,  a  1,200 
volt  direct-current  overhead  trolley  being  adopted. 

The  British  terminal  electrifications  concern  themselves  princi- 
pally with  the  subm-ban  traffic.  Suburban  traffic  in  Great  Britain 
is  more  important  than  in  the  United  States,  many  communities 
relying  upon  steam  suburban  trains  for  the  greater  part  of  their  local 
transi)ortation.  Take  the  case  of  London.  Out  of  8,000  trains  ])er 
dav  entering  the  city,  but  .500  are  long  distance  trains.  The  build- 
ing of  electric  interurbans  is  backward  and  the  railroad  managers 
are  preventing  the  construction  of  these  competitors  by  electrifying 
their  suburban  lines.  In  addition,  the  cost  of  conducting  this  traffic 
has  risen  2,5  per  cent,  in  the  last  decade,  while  the  receipts  have 
remained  stationary.  Consequently  it  is  necessary  to  attract  more 
traffic  in  order  to  pay  dividends.  Brief  descriptions  of  the  British 
electrified  lines  are  given  by  the  author. 

In  Italy  the  Mediterranean  Route  has  electrified  its  suburban 
terminal  on  the  Milan-Vare.se-Porto  Ceresio  line,  adopting  a  direct- 
current  equipment  with  third  rail.  The  initial  equipment  was  over 
about  SO  miles  of  track — it  has  been  extended  from  time  to  time. 
The  electrification  now  extends  to  a  maximum  distance  of  30  miles. 
The  traffic  is  said  to  be  the  most  dense  in  Italy.  It  was  electrified 
in  inol  as  a  part  of  an  experiment  by  the  Italian  Government  look- 
inu  to  a  general  electrification  of  the  Italian  roads.  Direct-current 
wdrUing  was  applied  to  this  terminal,  while  three-phase  equipment 
was  applied  to  the  X'altellina  over  a  stretch  of  67  miles — the  latter 
being  a  road  through  a  sparsely  populated  district  chosen  to  repre- 
sent the  other  extreme. 

The  I'aris-Orleans  Railroad  in  1900  inaugurated  electrical  service 
into  its  Paris  terminal.  This  road  is  one  of  the  most  important  in 
France.  To  get  clo.scr  to  (he  ccntie  of  Paris  a  new  terminal  station 
was  built  at  the  Quiu  dOisay  and  connected  witli  the  old  Austcrlitz 
terminal  by  a  tunnel,  elect  rically  equijiped  with  a  tliird  rail.  Later 
the  electrification  was  extended  to  Juvisy.  14  miles  distant,  in 
order  to  secure  expected  luofits  from  suburban  traffic,  to  spread 
the  fixed  charges  over  a  greater  train  mileage,  and  to  secure  a  more 
even  load  at  the  power  house. 
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Tlie  Ficnch  Western  operates  an  eleotritied  line  for  its  Paris- 
Versailles  suburban  service.  This  line  runs  through  a  tunnel  for  a 
little  over  two  miles  and  has  an  underground  station.  The  electri- 
licd  line  extends  over  11  route  miles.  Third  rail  direct-current 
'iiuiiiment  has  been  pnjvided. 

Finally,  as  regards  Chicago  and  the  Illinois  Central.  The  railroad 
operates  a  suburban  service  of  2G2  trains  per  day  to  Flcssmoor,  25 
miles  distant,  and  to  intermediate  points,  to  Blue  Island,  19  miles 
distant,  and  to  So.  Chicago,  12-92  miles  distant,  the  two  latter  being 
on  lateral  liranches.  In  addition  the  terminal  trackage  handles  the 
large  through  passenger  and  freight  traffic  of  the  Illinois  Central, 
together  with  that  of  the  Michigan  Central.  Wisconsin  Central.  Big 
Four,  and  Chicago,  Cincinnati  and  Loui.sville.  There  arc  over  611 
through  passenger  and  freight  trains  daily.  The  maximum  loa,d 
upon  the  power  house  under  electrical  operation  is  estimated  at 
12.000  kw.  Not  including  a  power  house  but  including  substations 
we  have  estimated  that  an  electrical  equipment  (with  a  third  rail 
multiple  unit  equipment  for  the  present  sul^urban  coaches,  and 
electric  locomotives  for  through  trains),  could  be  provided  for  about 
£800.(X)0.  The  Illinois  Central  has  in  hand  an  extended  inquiry 
into  the  possibilities  of  electrification,  and  has  announced  its  inten- 
tion to  electrify.  

DISCUSSIOX. 
Mr.  P.  JiTN'KERSFELD  referred  to  the  arrangement  come  to  in  England 
between  competing  roads  as  to  the  time  of  "  through  "  trains.  A  scheme 
like  that  would  be  a  much  better  load-factor  for  the  electric  locomotive 
and  power  equipment.  Another  thing  whicli  would  improve  the  load- 
factor  would  be  the  forming,  perhaps,  of  terminal  associations,  or  at  least 
the  operation  of  those  electrical  equipments  centring  in  one  depot  under 
a  single  management.  If  the  several  loads  would  get  together  and  have 
an  arrangement  whereby  the  equipments  could  be  kept  more  constantly 
in  use  instead  of  lying  idle,  much  benefit  would  result.  A  stUl  further 
step  would  be,  as  proposed  by  Mr.  Delano,  to  place  back  from  the  centre 
of  the  city  a  terminal  for  quite  a  number  of  railroads  entering  Cliicago  ; 
have  thera  all  buUd  their  terminals  side  by  side  at  Twelfth-street.  That 
would  make,  probably,  a  stiU  further  improved  load-factor  for  the 
electric  equipment  and  the  power. 

Mr.  E.  N.  Lake  mentioned  that  the  locomotive  investment  of  all  the 
railways  of  that  country  was  only  about  5  per  cent,  of  the  total  valuation 
of  their  operating  properties,  so  that  the  element  that  was  affected  by 
electrification  was  in  value  only  a  small  percentage  of  the  total  value  of 
the  railroad  properties.  He  also  referred  to  some  tigtu'es  given  by  Mr. 
Wilgus  before  the  American  Society  of  Civil  Engineers,  in  coimeetion 
with  the  operation  of  the  New  York  Central  R.R.  ;  viz.,  the  actual 
effective  work  which  could  be  secured  from  an  electrical  locomotive  was 
about  25  per  cent,  more  than  from  a  steam  locomotive,  so  that  with  a 
.system  requiring  50  steam  locomotives,  40  electric  locomotives  would  do 
the  work.  The  steam  locomotives  of  tlie  Xew  York  Central  R.R.  were 
given  at  £3,000  each,  and  50  of  them  would  cost  £150,000.  The  electric 
locomotives  cost  £0,000  each,  and  40  of  them  represented  an  invest- 
ment of  £240,000.  The  anntial  charges,  as  given  by  Jlr.  Wilgus,  in- 
cluding interest,  depreciation,  repau's,  &c.,  were  :  for  a  steam  locomo- 
tive, £900,  or  30  per  cent,  of  the  first  cost ;  for  an  electric  locomotive, 
£740,  or  12i  per  cent,  of  the  first  cost.  On  the  basis  of  this  equipment 
of  50  steam  and  40  electric  locomotives,  there  was  an  armual  saving 
shown  of  £15.400,  which  would  pay  approximately  12-8  per  cent,  upon 
the  difference  in  cost  between  40  steam  and  40  electric  locomotives. 

Mr.  W.  B.  Story,  Jim.,  did  not  agree  that  the  smoke  or  dust  nuisance 
was  due  to  the  suburban  railways,  but  to  the  constimptiou  of  soft  coal 
by  the  entire  city.  As  to  the  supposed  saving  from  electrical  working 
by  absence  of  dust,  dirt  and  smoke  leading  to  longer  lived  furnishings 
and  less  wear  and  tear  on  the  rolling  stock,  and  also  to  a  lessened  cleaning 
exjiense,  these  things  were  very  small,  and  if  the  cars  and  motors  were 
not  kept  clean  there  would  be  a  protest  from  the  passengers.  Agam, 
there  was  not  much  injury  to  steel  work  due  to  the  coal  smoke  from 
I'Homotives.  He  admitted  that  a  greater  annual  mileage  capacity  was 
I  \  iil.ible  from  the  equipment  by  electrical  ^^■orlcing  than  by  steam  work- 
iiii:.  l)ut  there  were  no  figures  to  show  what  the  saving  would  he.  It  did 
nil  IS  yet  justify  the  installation  of  an  electrical  terminal.  The  railways 
I'  1  niinating  in  t'liicago  would  be  perfectly  willing  to  stai't  m  and  do  the 
« elk  if  it  was  proved  that  it  was  the  best  thing  to  do,  but  it  could  not  be 
shown  that  electrification  was  justified.  The  author  stated  that  there 
I  were  also  large  savings  hi  be  e\pected  from  electrical  working  from 
I  lessened  repair  bill.«i,  but  no  one  knew  what  the  repair  bill  would  be.  The 
I  electrical  installations  were  not  old  enough  and  the  types  of  locomotives 
H  were  not  determined  definitely  enough,  to  enable  one  to  give  correct 
figures.  After  the  electrical  installation  had  been  in  service  10  or  15  years 
figures  more  nearly  correct  could  be  obtained.  The  author  predicted 
a  maintenance  charge  of  about  lid.  a  mile  for  electrical  loi'omotives, 
against  4d.  to  5-5d.  for  steam  locomotives.  On  account  of  the  aljKolute 
lack  of  knowledge,  no  one  was  justified  in  making  such  a  preiliction.  As 
to  the  saving  due  to  less  dead  weight  to  be  taken  from  ])lai'e  to  place, 
possibly  there  would  be  some  saving,  but  it  would  be  hard  to  measure. 
The  only  saving  would  be  in  the  locomotive  itself.  In  the  Paper  there 
Was  some  tnicertamty  as  to  exactly  what  was  being  spoken  of.  In  elec- 
trical terminals  all  the  through  trains  would  have  to  be  handled  by  elec- 
tric locomotives  and  one  could  have  no  midtiplo  units,  and  the  nuiltiplc 
unit  arguments  did  not  pertain  to  locomotives.  The  subject  should  bo 
diffcremtiated.     Admitting   that    for   a   service   purely   suburban,    with 


nothing  but  local  trains  coming  and  foing  within  a  radius  of  25  miles,  if 
one  was  buildinp  the  railroad  in  the  first  place,  the  electric  railroad  was 
the  proper  one,  but  from  that  standpoint  one  was  not  jn^tilied  in  saying 
that  the  present  terminals  should  be  electrified.  A  further  argument 
given  was  the  facility  with  which  freight  lould  be  handled  at  electrified 
terminals,  but  the  author  did  not  state  that  the  same  method  of  handling 
frcitrht  was  available  now.  The  author's  remarks  about  a  local  freight 
service  were  entirely  impractical.  As  to  where  electrification  was 
justified,  there  seemed  to  be  no  question  but  that  it  was  justified  in  the 
Xew  York  Central  installation — not  only  the  Xew  York  Centra!  but  the 
Pennsylvania  Railroad.  .Several  other  cases  were  cited  by  the  author, 
such  as  the  Baltimore  station.  .All  of  those  installations  were  justified. 
But  those  situations  did  not  apply  to  Chicago  or  any  city  situate<l  as 
Chicago  was  at  the  present  time.  In  Chicago  they  had  a  plain  spreading 
out  25  miles  in  everj'  direction,  and  it  was  going  to  be  a  long  time  before 
electrical  installation  was  justified.  In  lookin;;  over  the  history  of  elec- 
trical installation  it  seemed  to  be  shown  that  the  o.ily  places  where  these 
installations  had  been  put  in  were  where  there  were  tunnel  conditions 
or  where  the  financial  conditions  would  warrant.  In  conclusion,  he 
referred  to  the  figure  given  by  the  author  for  electric  locomotive  niain- 
teuiince,  and  poiuted  out  that  ufticient  experience  had  not  been  obtained 
to  justify  this  figure.  A  slight  alteration  would  change  the  whole  faving 
shown. 

Jlr.  W.  E.  Snioxs  pointed  out  ttat  the  dust  in  railway  trains  was 
caused  by  air  currents  due  to  the  train's  movement,  and  was  not  in  any 
way  d\ie  to  the  use  of  a  steam  locomotive.  Less  than  3  per  cent,  of  the 
foreign  matter  in  railway  trains  came  from  the  steam  locomotive  burning 
soft  coal.  The  wear  and  tear  of  rolling  stock  was  largely  a  question  of 
track  conditions.  Track  that  was  in  poor  condition  was  hard  on  rolling 
stock.  It  was  also  due  to  some  extent  to  the  character  or  capacity  of 
the  motive  power  and  the  manner  of  hancUing  it,  and  if,  as  the  author 
stated,  they  were  to  have  electric  locomotives  of  largely  increased 
capacity  (2.5  per  cent.,  he  thought),  then  they  might  look  for  a  larger  per- 
centage of  the  freight  and  passenger  equipment  being  in  the  shops  for 
repairs  than  at  present.  The  claims  for  damage  to  contents  of  cars  had 
increased  largely  during  recent  years  because  of  the  violent  handling 
of  cars  by  heavj-  locomotives  while  "  switching "  in  the  yards.  In 
regard  to  the  authors  figure  of  4d.  to  5-5d.  per  mile  for  repairs  to  steam 
locomotives,  for  thi'ee  prominent  railway  companies  running  out  of 
Chicago  (two  of  them  the  largest  trunk  lines)  the  costs  for  repairs  last 
year  were  2-21d.,  l-77d.  and  2-82d.,  or  an  average  of  2-27d.  per  mile. 
These  companies  owned  and  operated  the  heaviest  locomotives  running 
out  of  the  city.  Again,  Mr.  J.  E.  iluhlfeld,  of  the  Baltimore  &  Ohio 
Railroad,  who  had  had  both  steam  and  electric  locomotives  in  his  charge 
for  several  years,  stated  before  the  Xew  York  Central  Railroad  Club 
that  the  entire  working  expenses  of  locomotives  of  similar  tractive  power, 
which  had  been  operated  m  similar  service  during  a  2A  years'  period, 
showed  the  cost  per  100  miles  actually  nm  to  be  approximately  £16. 16s.  for 
the  electric  and  £8.  4s.  for  the  steam  locomotives.  These  figures  were 
comparative  for  electric  and  steam  locomotives  of  corresponding  ages, 
but  did  not  take  into  consideration  the  interest,  depreciation,  taxes  or 
insurance,  nor  did  they  include  the  maintenance  of  feeders,  third  rail, 
bonding  wires,  msulation.  cut-out  switches  and  auxiliaries,  which  were 
required  only  in  connection  \\ith  electric  locomotive  operation.  As  to 
track  maintenance,  a  fact  sometimes  overlooked  was  that  the  total 
expense  of  track  maintenance  was  not  entirely  governed  by  the  kind  of 
locomotives,  but  perhaps  SO  per  cent,  was  due  to  deterioration  through 
the  action  of  the  elements,  and  about  20  per  cent,  to  wear  in  service. 
The  reduction  iti  cost  of  track  mauitenance  by  the  use  of  electricitj-  in 
place  of  steam  would  be  rather  questionable  if  the  number  of  trains  were 
not  materially  reduced,  which  was  not  usua?ly  contemplated. 

ilr.  W.  L."  Abbott  stated  that  within  100  miles  of,  and  including, 
Chicago,  there  was  more  electric  railroading  done  now  than  there  was 
steam  raihoadmg.  The  prohibitive  expeuse  which  would  be  entaileil 
in  changing  from  steam  to  electrical  equipment  had  been  dwelt  upon, 
but  no  reference  had  been  made  to  the  elevated  railroads,  which  changed 
their  entire  equipment  in  a  smgle  night,  as  it  were,  and  sirappeil  a  com- 
plete equipment  of  ste:im  locomotives. 

Mr.  W.  M.  Camp  thought  that  for  tunnels  at  terminals  of  cities,  whciv 
trains  were  liable  to  follow  one  another  at  close  intervals,  the  blowing 
of  sufiicient  currents  of  air  through  the  bore  to  keep  it  clear  of  smoke 
was  not  practicable.  In  such  sitviations  the  steam  railfiads  would  be 
compelled  to  electrify  their  termmals,  whether  or  not  it  was  economical 
from  an  operating  standpoint,  and  regardless  of  the  cost.  That  did  not 
lead  to  the  conclusion,  however,  that  the  electrification  of  all  steam  rail- 
road terminals  on  the  siirfsce  in  large  cities  would  be  economical  and 
logical.  As  to  the  smoke  nuisance,  "careful  study  .showed  that  all  the 
alleviation  possible  in  this  direction  would  be  too  small  in  comparison 
with  existmg  conditions,  which  the  public  seemed  to  have  no  disposition 
to  correct.  As  to  the  idea,  which  seems  to  be  entertained  by  som» 
electrical  engineers,  that  a  chanse  to  electrical  operation  of  any  existing 
steam  railroad  was  a  very  simple  problem,  he  beUevcd  that  electro'  loco- 
motives for  any  requirements  of  steam  road  service — cither  suburban 
or  through  traffic — were,  as  vet,  largely  experimental.  If  the  electrician 
thouL'ht  that  he  had  solved  the  problciii  as  soon  as  he  had  apphed  motors 
that  were  powerful  enimeh  for  the  contemplatinl  locomotive  unit  and 
reliable  in  operation,  he  had  ofily  to  tell  him  that  the  development  of  a 
satisfactory  locomotive  machine"  was  at  that  stage  only  begun.  After 
referring  to  maintenance,  he  mentioned  that  very  serious  doubt  was 
entertained  as  to  whether  an  electric  locomotive,  designed  on  any  of  the 
])lans  now  in  existence,  with  a  big,  heavy  armature  on  the  axk>,  or  with 
the  very  slight  spring  connection  such  as  could  be  interposed,  would  not 
be  so  .severe  on  the  track  as  to  result  in  hcavj'  cost  for  repairs.     Ako, 
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whether  track  maintenance  wouW  l>o  anything  Hke  as  small  under  elec- 
trical operation  as  under  steam'o)>eration. 

Mr.  H.  H.  Ev.OJ.s.  in  reply,  said  criticism  had  l>een  raised  that  data 
was  not  afforded  as  to  the  cost  of  xnaintenance  of  electrical  rolling  stock. 
While  the  working  of  electrical  locomotives  on  a  large  scale  wal  some- 
what recent  and  comparatively  infrequent,  those  in  charge  had  been  "lad 
to  publLsh  such  figures  as  there  were,  and  to  let  them  stand  for  conipanson 
agamst  similar  figures  for  steam  locomotives.  For  multiple  unit  coach 
equipments  more  conn)lete  data  was  afforded  from  the  performances 
of  the  elevated  raQroads  and  of  the  suburban  and  interurban  equipments. 
In  connection  with  the  unfavourable  comparison  between  the  electric 
and  the  steam  locomotives  of  the  Baltimore  and  Ohio  Railroad  made  by 
Mr.  JIuhlfeld,  the  eompari.ion  was  hardly  a  fair  one.  The  installatioii 
was  the  first  heavy  electric  locomotive  installation  in  the  world.  Tlie 
machines  could  not  be  other  than  experimental.  To  compare  the  earliest 
type  of  electric  locomotive  with  the  latest  type  of  economical  freight 
engine  was  hardly  fair.  Further,  these  electrical  locomotives  were 
operated  within  tunnels,  on  a  run  only  3-5  miles  long,  up-grade,  with 
seven  curves  in  the  distance,  and  with  two  intermediate  stops.  As  to  the 
criticism  that  electric  motive  equipment  had  not  been  in  service  long 
enough  to  test  its  dural)i!ity.  the  various  elevated  railroads  had  in  serrice 
equipment  that  was  provided  upon  then-  electrification  10  to  12  years 
ago,  and  th?  original  Baltimore  &  Ohio  Railroad  locomotives  (built  1895) 
were  still  in  service.  The  first  electric  locomotive  built  by  the  General 
Electric  Co.  (in  1894)  was  still  in  service  by  the  Fonda,  Johnstown  & 
Gloversville  Railroad.  Jixeept  the  Central  London  locomotives  (scrapped 
in  favour  of  motor  coaches  to  reduce  vibration  over  a  tube  road)  little 
heavy  electric  motive  equipment  had  required  to  be  scrapped.  That  this 
equipiment  was  still  good  for  service  after  12  to  14  years'  use  was  reassur- 
ing as  to  its  durability.  As  to  the  criticism  of  his  jirojiosition  for  working 
of  freight  terminals,  loading  the  freight  into  cars  and  removing  it  to 
outer  yards  as  fast  as  the  waggons  deUvered  it,  he  pouited  out  that  the 
largest  railroad  freight  terminal  in  the  city  of  London,  in  point  of  freight 
handled,  was  so  worked  and  very  successfully.  He  also  pointed  out  that 
the  £6,000,000,  given  as  the  cost  of  the  New  York  Central  electrifica- 
tion, included  more  than  the  electrification  proper.  E.\tensive  terminal 
changes  were  carried  out  at  the  same  time.  The  purely  electrical  work 
probably  came  to  a  third  of  this  sum. 


MODERN  INCANDESCENT  ELECTRIC  LAMPS. 

BY   A.    C.    JOLLEY. 

Although  a  considerable  amount  of  attention  has  been 
directed  to  the  beha^Hour  and  properties  of  metallic  filameiit 
lamps,  most  of  the  observers  have  confiued  themselves  to  com- 
paratively narrow  limits  of  voltage,  whilst  manv  of  the  early 
communications  contain  results  for  lamps  which  were  issued 
before  the  various  processes  involved  in  their  manufacture  had 
been  thoroughly  standardised,  and  such  results  can,  there- 
fore, only  be  applied  to  the  more  modern  lamps  with  consider- 
able caution.  There  is  also  a  curious  lack  of  information  con- 
cerning the  behaviour  of  the  metallised  carbon  or  Howell 
filament,  which  undoubtedly  deserves  a  place  among  metallic 
filaments.  The  following  tests  were,  therefore,  undertaken 
in  the  photometric  laboratory  of  the  Northampton  Institute 
in  order  to  obtain  a  fair  comparison  on  a  common  basis  between 
the  carbon  filament  and  its  more  modern  metallic  modifica- 
tions, and  for  this  purpose  the  following  four  tvpes  of  lamps 
were  selected  as  representative,  and  were  purchased  in  the 
ordinary  way  in  the  open  market.     They  were  respectively  :— 

(a)  A  nominal  16  c.p.  100  volt  carbon  lamp  bv  Lyell. 

{h)  A  nominal  5.5  watt  100  volt  Osrara  lamp  by  the  General 
Electric  Co. 

(c)  A  100  volt  tantalum  lamp  ]jy  Siemens  ]5ros.  Dynamo 
Works. 

(d)  A  nominal  16  c.p.  100  vol*-  Gem  lamp  Ijy  the  Briti.sh 
Thomson-Houston  Co. 

These  lamps  (togotlier  with  others  of  the  same  class)  were 
compared  against  suitable  sub-standards  liy  means  of  a  high- 
grade  Lummer-Brodhun  contrast  photometer,  the  sub- 
standards  being  in  turn  frequently  checked  against  Fleming- 
Ediswan  standards  ceitificd  by  the  National  Physical  Labora- 
tory. The  horizontal  candle-power,  power  consumption  and 
rcsi.stance  of  each  lamp  was  thus  determined,  and  is  plotted 
against  the  voltage  in  Figs,  1  to  4. 

By  plotting  logarithm  curves  the  law  for  the  variation  of 
candle-power  with  voltage  has  been  found  in  each  case,  and 
may  be  expressed  as  follows.     For  the  carbon  lamps  we  have 

C.p,  =  .3-2V"xlO-'''  for  values  above  85  volts 
and       C.p.--=  l-26V'-x  10  '^  for  values  below  85  volts. 


In  the  case  of  the  Gem  fihunent  we  have 

C.p.  =  l-91V"'x  10-"  for  values  above  95  volts 
and        C,p,  =  1-66V"  x  lO"'"  for  values  below  95  volts. 

For  the  purely  metal  filaments  there  is  no  break  in  the  law. 
which  for  the  tantalum  lamp  is  C.p.  =  l-59V"'''x  10"',  and  for 
the  Osram  (tungsten)  filament  C.p.  =  4-79r"'-x  IQ-'. 
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Voltafje  at  Lamp  Tei-minals. 

Fig.  1. — Carbon  Lamp. 

The  resistance  curve  for  the  metallised  carbon  filament  is 
interesting,  showing  at  first  the  characteristic  of  carbon,  but 
rapidly  assuming  the  form  of  the  metal  curves  as  the  tem- 
perature increases. 

The  question  as  to  how  far  the  greater  efficiency  of  the 
modern  lamp  is  dependent  upon  the  attainment  of  high 
temperatures   has   led  to   renewed    attention   being   directed 
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Fig.  2. — Gem  Metallised  C.vkbon  L.\mp. 

to  the  accurate  measurement  of  filament  temperatures. 
Direct  determinations  with  a  thermo-j unction  have  from 
time  to  time  been  attempted,  but  the  results,  as  a  whole,  are 
lower  than  those  given  by  other  methods.  This  is  probably 
accounted  for  by  the  difficidty  of  standardising  a  junction  for 
such  high  temperatures,  together  with  its  unreliability,  im- 
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perfect  thermal  contact  and  tendency  to  produce  local  cooling 
if  the  wires  are  sufficiently  large  to  prevent  burning  off. 

The  Ijolometer  has  been  employed  by  Lummer  and  Pring- 
heim*  with  some  success  ;  but  probably  the  most  practical 
of  direct  methods  is  that  employed  by  Waiduer  and  Burgess, | 
Grauf  and  others,  in  which  a  direct  photometric  balance  is 
obtained  between  the  glowing  filament  and  a  calibrated  black 
body,  or  other  radiating  surface,  Ijy  viewing  the  lamp  filament 
superposed  upon  a  background  of  the  glowing  surface  with  an 
arrangement  similar  to  the  Kurlbaum  pyrometer. 

In  all  cases  the  statement  as  to  the  actual  temperature 
requires  careful  consideration.  If  black-body  temperatures 
are  used  they  will  depend  upon  the  wave-length  at  which  they 
are  measured,  and  will,  therefore,  be  somewhat  difierent  from 
the  true  temperature  and  require  correction. 

Of  recent  years  great  advances  have  been  made  in  our  know- 
ledge of  the  laws  which  express  the  relation  between  the  tem- 
perature and  emissions  of  a  radiating  body,  and  by  a  careful 
application  of  these  laws  it  should  be  possible  to  arrive  at  an 
estimate  of  the  filament  temjierature. 

If  we  could  regard  the  filameut  as  radiating  like  a  truly  black 
body  (as  some  observers  claim  it  does),  then  its  temperature 
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VoUaije  at  Lamp  Terminals. 

Fig.  3. — Tantalttii  Lajip. 

is  at  once  given  by  a  simple  application  of  the  Stefan  law,  pro- 
viding we  measure  the  area  of  the  radiating  surface  and  the 
power  expended  in  the  lamp.  Thus,  if  we  assume  that  the  loss 
by  convection  and  conduction  is  negligible,  we  have 

W=o-(T'-«'), 

■where  W  are  the  watts  expended  per  vmit  surface  of  the  radiat- 
ing body  and  T  and  t  the  absolute  temperature  of  the  body 
and  its  enclosure.  Ordinarily  t  is  taken  as  the  air  temperature 
about  the  bulb,  and  hence  V  may  be  neglected  in  comparison 
with  T'.  Prof.  Fery  has,  however,  suggested  that  the  value 
of  t  in  the  above  formula  is  not  that  of  the  air  about  the  bulb, 
but  something  nmch  higher,  and  therefore  not  negligible,  for, 
he  points  out,  the  filament  is  surrounded  by  a  highly  reflecting 
enclosure,  which,  therefore,  should  have  a  much  higher  virtual 
temperature. 

The  constant  <r  has  been  determined  bv  Kurlbaum.ji  who 


*  "  Verhand  Uingen  der  Deutsohen  Phvs.  Ges.,"  Vol.  I.,  1899. 

t  "  Electrical  World,"  Vol.  XLVIII.,  iOOG. 

%  "  Elecktroteclmik  und  JIaschinenbau,"  April.  1907. 

§  "  Ann.  Phys.  Chem.,"  LXV.,  4,  i>p.  740-748.  1898. 


gives  the  figure  5-.32  x  lO""  watts  per  square  centimetre  as  its 
value  for  a  black  body  at  100°C.,  radiating  to  an  enclosure  at 
0°C.*  There  is,  however,  good  reason  to  believe  that  the  im- 
proved efficiency  of  modern  lamps  is  by  no  means  entirely 
attributable  to  increase  of  temperature,  but  is  largely  depen- 
dent upon  the  fact  that  many  of  the  metals  of  high  melting 
point  are  better  light  radiators  than  a  black  body — that  is,  the 
energy  curve  of  their  emissions  is  steeper  for  short  wave- 
lengths— and  the  area  enclosed  by  the  energy  curve  is  less  than 
for  a  black  body  at  the  same  temperature,  and,  under  these 
circumstances,  black-body  laws  in  their  simple  form  do  not 
apply. 

Thus  J.  E.  Petavel,t  in  the  course  of  his  invaluable  researches 
upon  light  standards,  comments  upon  the  remarkable  light 
emissions  from  iridium  at  its  melting  point. 

He  finds  that  platinum  at  its  melting  point  radiates  19  c.p. 
per  square  centimetre,  while  iridium  emitted  290  c.p.  at  a 
temperature  some  500°C.  to  600°C.  higher.  StUl  more  receutlv 
Nernst  has  obtained  the  figure  12-1  hefner  per  square  milli- 
metre for  iridium  melting  at  2,400°C.,  a  value  much  greater 
even  than  that  given  by  Petavel. 

However,  assuming  for  the  moment  that  Petavel's  figures 
represent  the  true  values,  then,  if  these  substances  are  radiating 
according  to  Stefan's  law,  wc  find  by  reference  to  curves  given 
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rollai^e  al  Lamp  Terminals 

Fig.  4. — OsRAM  Lajtp. 

by  Dr.  Drysdalef  for  the  light  emissions  from  a  black  body, 
that  the  light  energy  should  be  1-25  watts  per  square  centi- 
metre for  platinum  and  13-6  watts  per  square  centimetre  for 
iridium  under  the  above  conditions.  If  now  we  take  the 
lowest  value  of  recent  determinations  for  thie  mechanical 
equivalent  of  white  light — \4z.,  0-08  watt  per  candle.;^ — we 
have  that  at  its  melting  temperature  platinum  should  emit 
15-6  c.p.  per  square  centimetre  and  iridium  170  c.p.  per  square 
centimetre  if  they  behaved  as  black  bodies. 

It  is  at  once  obvious  that  the  light  emitted  by  these  sub- 
stances is  greatly  in  excess  of  the  theoretical  amount,  and, 
therefore,  the  law  of  Stefan  must  give  results  which  are  too  low. 
Petavel  II  has  given  the  relation  between  the  intrinsic  bright- 


•  Quite  recently  Prof.  Fery  has  shown  that,  owing  to  the  reflection 
from  the  absorbing  surfaces  used  in  Kurlbaum's  determination,  the 
constant  it  given  above  is  too  low  and  is  probably  more  nearly  G'3  x  10"" 
watts  per  square  centimetic. 

t  The  Electrician,  Vol.  L.,  p.  1012,  1903. 

J  •'  Luminous  Efficiency  of  Black  Body,"  "  Proc."  Phys.  Soc,  London 
1909. 

§  C.  V.  Drysdale,  "  Proc."  Roy.  Soc.  .\.  Vol.  LXXX.,  1907. 

'I  Ibid.,  also  "  Phil.  Trans.,"  Vol.  CXCI.,  p.  515. 
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ness  (h)  iu  caudle-power  per  square  centimetre  and  the  Centi- 
grade temperature  (/)  of  a  glowing  body  in  the  empirical 
formula 

«= 400  + 889-6"  V  6. 

and  Lummer  aud  Kurlbaum*  have  also  studied  this  relation 
for  bright  platinum  and  expressed  it  iu  the  form 

where  <^i  aud  <^.,  are  the  intensities  at  the  absolute  tempera- 
tures T,  and  T, ;  the  exponent  x  varies  with  temperature  having 
the  value  30  at  900^0.  absolute,  and  falling  to  the  constant 
value  12  at  temperatures  above  1,900'C.  absolute.  E.  Raschf 
has,  however,  disputed  the  above  conclusions,  and  he  shows 
that  from  Lummer's  expression  given  above  we  may  deduce 
the  fundamental  equation  underlying  the  physiological  con- 
ception of  brightness — viz., 

where  <^  is  the  sensibility  of  the  eye  for  light  and  T  is  the 
absolute  temperature  of  the  radiating  body.  Starting  from 
this,  by  integration  he  obtains  the  expression 

loge</)=c-^/T. 

Now,  by  selecting  as  the  unit  of  light  that  intensity  (<^j) 
which  is  emitted  normally  from  1  sq.  mm.  of  an  ideal  black 
bodv  at  an  absolute  temperature  {6),  the  integration  constant  c 

becomes  ji,  and  the  above  e([uation  may  then  be  written 

Easch  then  deduces  from  the  experimental  results  of  Le 

Chatelier  and  Boudouard  that  the  value  of  ^  is   13-02,   while 

from  an  analvsis  of  Nernst's  e.xperiments  he  arrives  at  the 
value  of  12-943  for  the  ratio  and  2,068-4  for  the  value  of  6. 

From  Lummer  and  Pringsheim's  results  ^=2,073^C.  absolute, 
and  NernstJ  has  obtained  the  value  2,092°C.  absolute  for  the 
temperature  at  which  a  black  body  emits  1  hefner  per  square 
millimetre,  and  he  proposes  this  as  a  definition  of  the  unit  of 

light.     Taking  the    value    employed  by  Rasch   of  ^  =  13-02, 

and  putting  0  equal  to  the  mean  value  of  the  two  former 
figures — viz.,  2.07 1°C.  absolute — we  have 

log.^=.1.3-02-l^-«^f'«^^ 

26^65 
°^  13-02 -log.f 

I  have  attempted  to  check  this  expression  by  using  it  to 
determine  the  melting  points  of  such  metals  whose  luminous 
emissions  are  known  and  find  it  gives  very  fair  results  when 
one  takes  into  consideration  that  the  actual  experimental 
determinations  of  these  melting  points  by  direct  means  are 
in  considerable  disagreement. 

Wo  may  also  use  the  formula  to  estimate  the  crater  tem- 
perature of  the  open  arc.  Thus,  if  we  assume  the  intrinsic 
brilliancy  of  the  crater  to  be  175  hefner  jjer  square  millimetre, 
we  have 

26,965 
^=  13^02^ I^i7l75=^>^^^'^-  '*^''°'"^° 

Prof.  Feryi;  has  measured  this  temperature,  and  givesfi  gures 
ranging  from  4,100^C.  to  3,490°C.,  but  has  given  preference  to 
the  lower  figure. 

fTo  be  conclvded.) 

*  "  Dcutsch  Phvs.  Ges.  Verb.,"  2,  8,  pp.  89-92.  1900. 
t  "  Ann.  der  Phy.sik,"  14,  1,  pp.  193-203,  1904. 
X  "  I'hys.  Zeit.,"  7,  pp.  380-383,  190B. 
§"  Comptca  Rendu.1,"  134,  pp.  1201-1204,  1902. 


COMMUTATION  IN  DYNAMO-ELECTRIC  MACHINES.* 

BY    r.    Ri  DEXBERt^. 

Summary. — Tlie  present  article  is  :in  advance  on  tlie  usual  theoriee, 
of  commutation  in  so  far  as  it  considers  the  important  part  played  by 
the  paths  in  parallel  with  the  armature  coils  as  they  leave  short-circuits. 
A  criterion  is  deduced  which  shows  the  conditions  under  which  these 
shunt  circuits  may  prevent  a  serious  rise  of  pressure  ov  dangerous  current- 
density  at  the  leaving  brush  tip.  and  at  the  same  time  the  excellent 
influence  exerted  by  the  eijualising  connections  during  short-circuit  is 
emphasised. 


Owing  to  the  complexity  of  the  electric  and  magnetic  phenomena 
which  occur  during  commutation,  assumptions  have  to  be  made 
which  render  only  approximate  calculations  at  all  possible.  The  best 
procedure  is  not  to  try  to  follow  the  process  of  commutation  in  all  its 
various  phases,  but  to  limit  the  investigation  to  the  determination  o£ 
a  criterion  by  means  of  which  the  danger  of  sparking  can  be  estimated. 

The  current  passing  from  the  commutator  to  the  brush  can  in 
general  be  divided  into  two  parts — the  iixcfnl  part,  which  produces  a 
constant  current  density  at  all  points  under  the  brush,  and  the  Jiartn- 
ful  part  which  is  superposed  on  the  useful  part,  and  leads  to  a  vari- 
able current  distribution  under  the  brush,  causing  possible  local  lieat- 
ing  and  sparking.  Experience  proves  that  this  disturbance  reaches 
its  greatest  magnitude  at  the  end  of  a  commutation  period  when  a 
commutator  segment  leaves  the  brush  tip.  We  shall,  therefore, 
confine  our  attention  to  this  instant  and  examine  when  these  addi- 
tional currents  can  give  rise  to  a  dangerous  overloading  at  the  brush 
tips.  liimiting  the  problem  in  this  way  makes  it  po.ssible  to  bring 
into  the  calculation  all  the  conditions  which  affect  commutation, 
without  encountering  any  great  difficulties.  We  shall  assume  the 
brush  to  cover  several  segments,  and  consider  only  what  takes  place 
\inder  one  brush.  The  variation  of  the  specific  contact  resistance  will 
not  ati'ect  us  since  we  are  only  concerned  with  its  value  at  the  last 
instant. 


Special  attention,  however,  will  be  paid  tu  the  fact  that  (ho 
whole  current  in  the  short-circuited  coil  is  not  compelled  to  How 
from  the  leaving  segment  into  the  brush,  but  there  are  also  other 
paths  along  which  a  part  may  flow.  For  example,  one  part  may 
flow  along  the  non-short-circuited  coils  in  the  armature — shown 
dotted  in  Fig.  1 — and  return  either  through  the  symnietricnlly 
disposed  coils  on  the  other  side,  or  even  through  the  brush  and  the 
external  circuit  ;  also  in  multipolar  machines,  through  other  like- 
named  brushes.  If  equi-potential  connections  are  present  these 
offer  an  excellent  auxiliary  path  to  the  current  in  the  leaving  bar. 
For  the  purposes  of  calculation  all  these  branches  can  be  supposed 
combined  in  a  common  circuit  in  parallel  with  the  short-circuited 
coil;  and  having  the  constant  resistance  R„  and  constant  reactance 
L„  (see  Fig.  I ). 

The  introduction  of  this  shunt  circuit  forms  the  chief  ditTerence 
between  the  present  considerations,  and  most  of  the  theories  ol 
commutation.  This  parallel  circuit  has  two  effects  on  the  conmuita- 
tion  of  the  current — first  we  see  that  its  presence  increases  the  loss 
due  to  heating,  owing  to  the  total  resistance  of  the  short-circuit  being 
decreased,  whilst  the  E.il.F.  is  unaltered.  This  increase  in  the  total 
loss,  however,  is  also  accompanied  by  a  decrease  in  the  contact  losses, 
which  must  be  reckoned  as  an  advantage.  In  the  case  of  normal 
commutation  and  moderate  resistance  and  reactance  of  the  shunt 
circuit,  these  variations  which  occur  during  the  commutation  period, 
are  not  considerable.  They  only  become  important  when — witlj 
strong  over-  or  under-coramutation— the  pressure  in  the  leaving  coil 
towards  the  end  of  the  short-circuit  rises  so  much  as  to  make  spark- 
ing highly  probable.  During  the  time  a  bar  leaves  the  brush  the 
contact  surface  decreases  rapidly,  whilst  the  inductance  of  the  short- 
circuited  coil  only  allows  a  very  slow  falling  off  of  the  current.  The 
result  of  these  two  actions  is  to  cause  a  large  increase  in  the  current 
density  at  the  contact  surface  on  the  one  hand,  wliich  may  lead^to 
inadmissible  heating,  and  also  owing  to  the  necessarily  rapid  change 
of  current,  a  large  rise  of  jiressure  at  the  ends  of  the  short-circuited 

*  Abstracted  fnmi  the  "  Elektrotechiiische  Zcitschrift." 


THE  ELECTRICIAN.  AUGUST  13,  1909. 


703 


coil,  and  between  the  leaving  bar  and  the  l)rush  may  be  sel  up  uliich 
can  eventually  give  rise  to  sparking. 

If  now.  in  addition  to  the  leaving  .segni'iit,  tlio  eoil  undergoing 
short-circuit  is  also  connected  to  a  second  circuit,  tlic  inHuenee  of  the 
self-induction  will  enable  a  current  to  Ije  maintained  in  the  latter, 
even  when  the  contact  surface  diminishes  very  quickly,  conse- 
quently no  great  increase  of  pressure  and  current  density  can  be  set 
up.  This  action,  of  course,  is  only  effective  when  the  inductance  of 
tlic  |)arallel  circuit  is  not  too  large,  otherwise  it  will  not  be  able  to 
take  this  sudden  rush  of  current.  The  resistance  is  only  of  secon- 
dary impoitance.  owing  to  the  very  rapid  rate  of  change  of  the 
current,  the  time  of  this  variation  being  of  the  order  of  a  l/lO.OOOth 
of  a  second,  if  we  assume  that  the  large  cui'rent  changes  at  the  end  of 
commutation  take  place  during  one-tenth  of  the  whole  period  of 
short-circuit. 

To  examine  these  quantities  numerically,  wc  can  build  up  the 
differential  equations  for  the  circuits  connected  with  the  coil  leaving 
short-circuit  (Fig.  J).  D.-nole  the  apparent  self-induction  and 
the  effective  resistance  of  the  short-ciicuited  coil  by  L«  and  R,,  the 
similar  quantities  of  the  equivalent  shunt  •?ircuit  by  f.,,  and  R„.  the 
resistance  of  the  coniiinitator  lug  by  R„  and  the  resistance  of  the  con- 
tact surface — corresponding  to  the  contact  resistance  at  the  last 
inftant — by  R„.  Further  let  /^  and  V^  denote  the  currents  in  the  com- 
mutator segments,  /_.  and  /.'  the  .sliort-eireuit  currents  in  the  last  and 
last-but-oue  coils  undergoing  eonimutation.  and  },,  the  equi\alent 
shunt  current.  Then  for  the  K.M.F.s  of  the  short-circuited  coi!  c. 
and  of  the  shunt  circuit  e„  we  get  the  two  equations  : 


(1) 


where  6/B  is  the  ratio  of  brush  width  to  width  of  commutatcir  l>ar, 
whilst  the  ratio  of  the  lime  passed  I  to  the  time  of  short-circuit  T  is  r., 
e.  and  «„  are  assumed  to  contain  all  the  R.JI.F.s  not  represented  in  the 
form  of  self-induction.  The  mutual  effent  between  )'.  and  i„  is  negli- 
gibly small  ;  also  the  capacity  of  the  commutator  bars  need  not  be 
taken  into  account. 

It  may  be  repeated  that  these  equations  only  represent  the  rela- 
tions between  the  addi'ional  currents  and  pressures,  which  must  be 
superposed  on  those  necessary  for  constant  current  distribution  niider 
the  brush,  in  order  to  obtain  the  actual  values.  The  E.AI.F.  e,  is  due 
to  the  action  of  the  teeth,  want  of  symmetry  and  such-like  causes, 
which  set  up  internal  pressures  in  the  armature. 

The  current  density  in  the  leaving  .segment  at  the  last  instant  of 
short. circuit  is — 

FdS 


s.= , 


■  iov 


(-') 


wlii're  F  is  the  surface  of  the  brush.      The  corresponding  Iraitsition 
,1     pressure  is 

'1  n-H,5^ (2v) 

.Vow  from  I'lg.  1  wr  have 

!',=  i„  — /.. 
i,  ^=  — !  v  —  i' 
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I         .Miiltii)lying  the  second  equation  in  (1)  by  L,/L„,  and  subtracting  it 
from  the  lirs't.  we  get — 

^^»  div     „         L,  /        L   \  /  P,     \ 


Now  when  r  =  l 


rf'v 


=  «-;    )„  =  (- 


whence 

!«-('-L:)-'?:*^(«.-feR.H..i;;) 

riie  pressure  at  the  leaving  tip  will  iIki,  be  (.9Pe  equation  '2.\ 
I'-  /I',  R,.        \  /        La    /  ''      \ 


(^^^-n 


.     (^) 


For  calculating  the  luessure  and  current  density  this  formula  is  no{ 
IHcient,  bccausi'  the  shoit-cireuit  currents  )',  and  «,'  are  unknown, 
and  cannot  be  determined  without  a  complete  integration  of  the 


I 


whole  problem.  It  is  quite  sufficient  for  our  purpose,  however,  to 
see  that  pressiu-e  and  current  density  are  lncrea.scd,  at  the  last 
instant,  by  these  short-circuit  currents.  Whether  the  action  of 
(',  will  be  favourable  or  otherwise  depends  entirely  on  its  direction, 
about  which  nothing  general  can  be  said.  Its  influence  is  larger  the 
smaller  the  self-induction  L,"  of  the  shunt  circuit. 

The  most  important  efTcct  of  this  parallel  circuit,  however,  lies  not 
in  the  numerator,  but  in  the  dencmiinator  of  equation  '4).  A 
moderate   pressure  only   ran   he  snfeli/  ussnmed  v-hen   Iht   condition 

L.  L.  . 

-j^  <  1  +  L  '■■''  f"V'lM-  and  the  ereater  the  difference  between  these 

two  terms  the  better  the  commutation.  Fn  addition,  then,  to  the  in- 
ductance of  the  short-circuit  being  small,  a  low  s<lf-induetion  of  the 
equivalent  shunt  circuit  is  al.so  advantageous  for  good  commutation. 

It  is  not  difficult  to  estimate  the  value  of  I,,  in  given  ca.ses.  Con- 
sider a  hipolnr  armature.  The  chief  part  of  the  circuit  in  parallel  with 
the  short-circuited  coil  consists  of  the  remainder  of  the  armature 
winding.  Now  here  it  must  be  remembered  that  the  total  current 
volume  per  slot  is  zrro  for  internal  currents,  so  that  only  the  lines 
passing  between  the  .several  conductors  in  a  slot  can  e.xert  an  in- 
ductive effect.  Hence  it  is  .seen  that  the  co-efficient  of  self-induction 
Ij^  may  easily  attuin  a  value  of  the  same  order  as  that  of  the  sh')rt- 
circuit<?d  coil  L..  Another  path  for  the  .shunt  currents,  after  pa,ssing 
through  half  the  armature  winding,  would  be  through  the  other 
brush,  and  return  through  the  external  circuit.  Since  the  induct- 
ance of  this  ciieuit.  however,  is  com]>ai'atively  high,  not  much  of  the 
current  will  take  this  path,  except  in  the  rare  ca.se  when  both  brushes 
commutate  at  precisely  the  same  instant,  in  which  event  the  shunt 
currents  in  the  two  halves  of  the  armature  winding  neutralise  one 
another  and  the  commutation  conditions  will  be  less  favourable 
owing  to  the  larger  value  of  L„.  In  every  case  these  two  currents  will 
tend  to  neutralise  one  another  to  some  e-x.tent,  which  causes  the 
actual  current  density  to  tie  higher  than  would  be  the  case  if  the  other 
brush  were  absent.  In  the  danger  limit,  however,  when  the  denomi- 
nator in  equation  (4)  becomes  very  small,  the  inlluence  of  the  second 
brush  does  not  appreciably  affect  the  distribution  of  the  current 
rushes,  because  these  are  then  very  large,  and  take  place  very  quickly, 
and  consequentlj'  cannot  be  interfered  with  by  the  slow  changes 
occurring  in  this  brush.  Consequently  wc  can  regard  the  above  con- 
ditinn  as  the  criterion  lor  good  commiitnlion  in  all  ca.irs. 

Coming  to  mitUijK)hr  armatures  the  ca.se  is  more  complie.Ttcd 
becau.se  there  are  several  parallel  paths  along  which  the  ]>ulsating 
shunt  current  can  flow.  It  is  not  easy  to  find  how  the  current  will 
distribute  itself,  because  the  circuits  are  closely  interlinked  magneti- 
cally with  one  another,  and  the  total  magnetic  energy  must  be  a 
minimum.  It  is  possible,  however,  in  any  given  ease  to  find  the 
path  of  least  inductance,  so  that  an  idea  of  the  magnitude  of  the  same 
can  be  obtained.  Of  et)urse,  the  currents  connected  with  any 
(larticular  short-circuited  coil  do  not  traverse  the  whole  winding,  but 
partly  return  through  the  like-named  brushes,  and  set  up  pulsating 
currents  in  the  connecting  leads. 

Since  the  conductors  traversed  by  the  additional  currents  to  a  great 
extent  do  not  lie  in  the  same  slots  in  the  ease  of  multipolar  windings. 
and  their  magnetic  fields  therefore  cannot  weaken  <me  another  very 
much,  the  inductance  L,  will  be  considerably  larger  than  in  two  jiole 
machines,  and  cannot  assist  commutation  so  well.  Hence  with  the 
same  conditi(ms  of  brush  resistance,  short-circuit  inductance  and 
time  of  short-circuit,  miiltiptdar  machines  trill  ren'h  their  sfxirking 
limit  before  'lipnlar  iiiachines.  a  statement  w  hieh  is  borne  out  by  actual 
experience. 

To  ensure  good  eonimutation  in  multipolar  machines,  cipialising 
connections  in  the  armature  winding  arc  often  used.  In  addition  to 
their  other  advantages,  they  play  an  important  part  at  the  last  in- 
stant of  short-circuit.  Taking  for  example  a  four-pole  winding 
with  equahsing  connections  on  every  commutator  bar.  then  it  is 
easily  seen  that  as  each  coil  leaves  short-circuit,  there  is  another  coil 
connected  in  parallel  with  it  bv  means  of  the  equi-potential  con- 
nections. Tliis  latter  coil  may  either  be  passing  through  short- 
circuit  itself  or  maj'  have  completed  the  same.  In  the  latter  case  L, 
equals  the  inductance  of  the  short-circuited  coil  L,.  assuming  both  are 
magnetically  indejiendent.  and  the  above  conditiim  for  eominutation 
becomes  L,/T  R.<2.  If.  however,  the  coil  in  parallel  is  still  under- 
going short-circuit,  then  L,  only  consists  of  the  extremely  small  in 
ductanee  of  the  connecting  leads,  since  the  eurronis  prefer  the  path 
through  the  brush  to  that  through  ihe  coil.  In  this  oise  1  -(  L,/L, 
will  assume  very  large  values.  When  only  part  of  the  possible 
ecpialising  connections  are  provided,  the  shunt  to  the  leaving  coil 
usually  consists  of  several  coils,  so  that  the  conditions  are  not  so 
fa\  ourable.  In  any  case  it  is  seen  that  the  ei/ui- potential  connections 
a/(('(///s  ercrt  a  good  effect  on  commutation,  and  may  occasionally 
si(ppre-is  sparkim/  in  a  machine  thai  uxfuld  commutate  badly  tcUhout 
them. 
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In  cases  ^\llere  tlio  cquipotential  (■onnfct ions  are  not  used  lor 
equalising  the  current  distribution.  l)ut  only  to  avoid  larire  pressures 
and  current  densities  as  the  coils  leave  short-cireuit.  another  means 
may  be  employed  which  can  be  ajiiilied  even  lo  bijiolar  machines, 
such  as  tmbo-dynamos.  This  consists  in  connect Iml'  a  .second  "  resist- 
ance  windin-i  ""  in  parallel  with  the  armature  winding'  in  such  a  way 
that  each  coil  is  |iermanently  short-cireiiitcd  throuuli  a  high  resist- 
ance, which  should  have  jis  low  an  incUictance  as  po.ssible.  It  is  true 
there  will  always  be  a  current  flowing  in  these  resistance  coils,  but 
since  the  resistance  can  be  made  very  large  without  interfering  with 
their  action  on  commutation,  the  energy  consumed  can  be  kept 
small. 

It  13  interesting  to  examine  what  liappens  when  the  condition  for 

good  commutation— VIZ.. -^j^  <  1  -(-  r-is  not  satisfied. 

Equation  (4)  shows  that  with  both  these  terms  equal  the  transition 
pressure  assumes  an  infinite  value,  whilst  a  further  mathematical  in- 
vestigation proves  that  also  for  all  otlier  values  of  the  self-induction 
which  do  not  satisfy  this  condition,  the  ]>ressure  and  likewise  Ihe 
current  density  at  the  leaving  bar  beci>me  infinite.  This,  however, 
takes  for  granted  that  the  conditions  are  as  represented  by  equation 
(1).  .\ct»ally  this  is  not  the  case,  for  as  soon  as  the  pressure  exceeds 
a  certain  value  currents  other  than  those  in  the  metallic  conductors 
will  flow.  Even  if  this  were  not  so,  we  have  but  to  turn  to  equation 
(2),  where  we  sec  that  an  infinite  current  density  would  require  an 
infinitely  rapid  variation  in  the  short-circuit  currents  ;  this,  however, 
on  account  of  skin  effect  and  the  eddy  damping  of  the  flux  in  iron 
would  make  the  effective  inductance  very  small  ;  but  the  effective 
resistance. infinitely  large,  making  impos.sible  an  infinite  jnessure  at 
the  brush  tip. 

The  above  condition,  therefore,  must  be  regarded  as  giving  a  limit 
within  which  the  current  density  arid  pressure  at  the  leaving  brush 
tip  do  not  exceed  moderate  values.  ! 


A  HIGH  YACUUM  MERCURY  PUMP. 


Where  a  high.vacuum  is  required,  the  rotary  pump  designed  by 
Dr.  Gaede  i.s  worthy  of  consideration.  This  pump,  of  which  an 
e.xt«rior  view  is  given  in  Fig.  1,  consists  of  an  iron  vessel,  half  filled 
with  mercury,  in  which  a  porcelain  drum  rotates.  During  the  rota- 
tion the  chambers  into  which  the  drum  is  divided  are  filled  alter- 
nately with  au-  and  mercury.     These  chambers  at  first  suck  the  air 


fui.  1. 

from  the  receiver  and  during  further  rotation  expel  it.  The  action 
is  somewhat  similar  to  that  of  a  gas  meter,  only  in  the  latter  the 
motion  of  the  gas  cau.ses  the  rotation  whilst  in  the  jiurap  the  rotation 
is  effected  by  external  means  and  imparts  motion  to  the  gas. 

Fig.  2  shows  a  side  view  of  the  pump,  and  Fig.  3  a  section  from 
the  front.  G  is  the  cast-iron  casing  with  the  handle  G,,  and  a  strong 
base,  G..  The  front  of  the  casing  is  closed  by  the  glass  j)Iate  B, 
2  cm.  thick,  which  is  fastened  to  the  casing  by  means  of  the  cast- 
iron  ring  P  and  five  bolts  and  nuts.    The  U-shaped  tube  R  passes 


through  the  central  hole  in  the  glass  plate  and  connects  the  front 
space  V  of  the  drum  with  a  receiver  attached  to  R.  The  pump  is 
tilled  with  mercury  up  to  the  line  q.  The  axis  A  passes  through  a 
mercury  stuffing  box  into  the  casing  and  carries  the  drum  T  ;  r  is 
a  steel  tube  screwed  into  the  easing  and  fitted  with  the  ends  s,  and 
f.  ada])ted  to  take  rubber  tubing,  and  with  the  steel  cock  h.     The 


glass  disc  Bis  made  air-tight  against  the  casing  and  the  tube  R  bj 
means  of  two  concentric  rubber  rings  6,  the  .space  between  which  is 
filled  with  mercury  poured  in  at  u  and  u'. 

On  turning  the  drum  the  space  W  (Fig.  2)  increases,  so  that  air 
is  sucked  through  the  opening  /  in  the  partition  wall  from  the  front 
space  V,  and  through  the  tube  R  out  of  the  receiver  attached  to  the 

h 


pump.  Fig.  3  shows  the  mode  of  action  of  the  pum]).  On  turning 
the  drum  in  the  direction  of  the  arrow,  the  sjiace  W  is  filled  through 
the  opening  /  with  air  from  the  receiver  ;  as  the  turning  continues, 
the  orifice  /  comes  lii'noath  the  level  of  the  mercury.  The  air  in  the 
sjjace  Wj  shut  off  in  this  way  from  the  receiver,  is  forced  into  the 
channel  lying  between  the  walls  Z,  and  Zj  of  the  drum  and,  as  the 
turning  continues,  into  the  space  between  the  drum  and  ea.sing. 
From  here  it  is  removed  by  means  of  an  auxiliary  pump  attached  at 
«2,  which  must  give  so  good  a  vacuum  (at  least  20  mm.  of  mercury) 
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that  the  level  of  the  mercury  g  outside  the  dium  (h)cn  imt  fall  Ixluw 
the  upper  edge  of  the  central  opening. 

Fig.  4  shows  the  glass  apparatus  attached  to  the  steel  tube  R  by 
means  of  the  ground  end  L  (compare  Fig.  2).  At  E,  the  receiver, 
furnished  with  a  normally  ground  connection  is  attached.  The  use 
of  this  connection  offers  the  great  advantage  that  the  number  of 
pieces  of  apjjaratus  that  can  be  connected  with  the  pumj)  is  unlimited. 
The  glass  attachment  is  connected  with  a  manometer  H  and  a  drying 
vessel  P,  which  can  be  filled  with  phosphorous  ])entoxide.  The 
manometer  H  serves  at  the  same  time  as  an  automatic  valve,  the 
orifice  O  being  free  at  ainiospheiic  pressure.  As  the  side  piece  a  is 
connected  by  rubber  tulie  «itli  .?,,  Ihc  auxiliary  pump  attached  at  s, 
is  in  direct  eonneotiun  witli  flie  receiver  by  the  steel  tube  r  and  the 
opening  O.  When  a  vacuum  of  about  20  mm.  is  reached  the  mer- 
cury in  the  Hglit  limb  sinks  and.  by  rising  in  the  left  limb,  clo.scs  the 
opening  O.     At  this  instant   tlie  drum   is  startetl  rotating.     The 


In  the  early  day.?  of  electric  traction,  trouble  was  experienced 
owing  to  the  high  resistance  at  the  contact  between  bfjnd  and  rail, 
due  to  the  corrosion  which  arf)se  from  the  unsatisfactory  methfxis 
adopted  in  fi.\ing  the  bonds  to  the  rails.  This  diflfieulty  has  Ix-en 
overcome  in  late  years  by  the  design  and  use  of  flexible  bonds,  and 
as  regards  tramway  service,  this  type  of  fitting  is  quite  adequate 
for  the  work.  T5ut  on  electric  railways  the  ca.se  is  otherwise, 
though  as  regards  the  conductor  part  of  the  bond  everything  is  quite 
satisfactory.  The  point  of  contact  between  bond  and  rail,  however, 
often  gives  rise  to  a  good  deal  of  trouble.  Mciisture  is  a  great  enemy 
to  a  good  contact,  and  it  may  well  be  said  that  no  method  of  fixing 
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opening  of  R  inside  the  ]iump  is  covered  with  wire  gauze,  which 
allows  air  to  ))ass  freely  but  i)revents,  by  capillary  depression,  the 
passage  of  mercury,  which  otherwise  might  stoj)  up  the  tube  R  when 
violent  movements  occur,  such,  for  instance,  as  that  due  to  the 
sudden  admission  of  air. 

The  average  power  of  a  i)ump  is  such  that  eouinieneing  with  a 
vacuum  of  10  mm.  the  flask  is  exhausted  down  to  OOO-l  mm.  in  five 
minutes,  to  0-0001  mm.  in  10  minutes  and  to  O-OOOOl  mm.  in  15 
minutes.  Almost  any  auxiliary  pump  can  be  used,  including  the 
ordinary  water  injector  pump.  In  the  first  i)umps  made  the  porce- 
lain drum  cracked  when  air  was  suddenly  admitletl  into  the  high 
vacuum,  but  this  difficulty  has  been  removed  by  the  adoption  in  the 
later  forms  of  tiie  new  valve-drum  in  which  a  rubber  band.  I  (Fig.  2). 
clo.ses  a  number  of  safety  valves.  The  introduction  of  these  safety 
valves  allows  the  u.sc  of  (loreelain  which  is  supeiior  in  many  respects 
to  such  metals  as  iron,  since  although  tlie  latter  is  stronger  it  is  at 
the  same  time  oxidisable  and  therefore  unsuitable  for  high  vacuum 
work. 

We  may  mention  that  the  Oaede  |)um))  is  maiiufaet\ued  by  MeSfrE, 
E.  Leybold's  Naelifolger.  of  Cnlogne. 


THE  ELECTRIC  WELDING  OP  RAIL  BONDS. 

In  cimsidering  the  question  of  the  return  ciiciiit  cm  electric  tram- 
ways there  are  several  jn'oblems  which  uuisl  be  faced  and  over- 
come, in  order  that  tlie  working  of  tlie  line  may  lie  carried  on  as 
efficiently  as  possible.  One  of  the  most  prominent  of  these  problems 
is  undoubtedly  that  of  ol)taining  a  satisfaelory  bond  when  a  rail 
return  is  used ;  the  rail  return  being,  naturally,  the  most  economical 
way  of  conveying  the  return  current  back  lii  the  station  if  a  gowl 
circuit  over  the  joints  between  the  rails  can  be  satisfactorily  obtained. 


is  satisfactory  in  which  the  contact  resistances  of  the  bonds  increase 
with  the  length  of  time  they  arc  in  service.  Such  an  increase  in 
resistance  is  unfortunately,  the  property  of  a  number  of  rail  bonds 
now  in  use. 

Quite  a  rational  way  of  (ivinnmiiii;  these  difficulties  is  by  electric 
welding;  and  one  inethod  uf  dning  this,  which  we  describe  in  this 
article,  is  due  to  the  Forest  City  KUetrie  Co.,  of  Salford.  Such 
welding  can  be  etteeted  by  two  entirely  ditferent  -iirocesses.  viz., 
electric  welding  and  eoiijier  welding.  The  machine  useil  for  effect- 
ing the  former  is  shown  in  Fig.  1.  an  alternating  current  of  about 
2,000  amperes  at  .'i  \-olts  being  em|)loyed.     The  electrical  ap])aratus 


Vm. 
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is  placed  as  shown  on  a  small  Imlley  and  consists  of  an  IS  kw. 
converter  and  transforuur  ..|uip|.ed  with  the  neecssjiry  switches 
foL'  the  operation  of  the  set.  The  converter  is  provided  with  a  clutch, 
and  is  used  as  a  motor  for  the  propulsi.m  of  the  car  through  the 
streets,  a  chain  drive  being  used  between  motor  and  road  axle. 
The  ear  is  provided  with  an  aih  .piale  brake,  and  a  speed  as  high  as 
30  miles  an  hour  can  be  -sifelv  obtained.  Means  are  provided 
wiiereby  the  ear  can  !«■  rai.sed  from  the  rails  for  the  purpose  of 
turning  it  or  rulling  it  from  the  tr.u-k  to  avoid  intcrfercuce  with 
the  tratfie. 

The  current  for  w.akiiii.'  this  apparatus  is  taken  from  the  trolley 
wire  ai  d  is  e.  nvertrd  bv  means  of  the  apparatus  described  above 
to  ,iin.'lephase  alternating  current  at  5  volts.     The  secondary  of 
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thf  transformer  terminates  in  a  bondinu  clamp,  the  terminals  of  the 
clamp  being  the  electrodes  of  the  electrical  circuit.  One  electrode 
is  copj>er  and  the  other  carbon.  This  arrangement  is  shown  in  Fig.  ."5. 
^^^len  the  surface  of  the  rail  has  been  cleaned,  the  brass  covered 
bond  terminal  is  placed  in  position  and  held  there  by  the  carbon 
electrode,  the  copper  electrode  being  in  contact  with  tlie  opposite 
side  of  the  rail.     The  current   is  then   swjt'hed  on   and   quickly 


Fig.  3. — Electrodks  in  Position  for  Wei.dinl!. 

generates  sufficient  heat  to  make  the  weld,  the  lime  required  being 
about  a  minute  when  2,fMlO  amperes  at  3  volts  is  used  on  a  4/0  B.S. 
bond. 

The  second  process  of  welding  bonds  to  tlie  rail  used  by  the 
Forest  City  Electric  Co.  is  ctt'ected  by  molten  copi)er.     A  mould  of 
suitable  refractory  material  (Fig.  2)  is  em])loycd  in  which  the  ends 
of  the  bond  are  placed.     A  short  channel  connects  the  terminal 


Flu.   -I. — liu.Mi   AiTKK  I'oruiM:   .MoLTli.N   Col'fKU. 


mould  with  an(jther  chamlx;r.  .After  the  rail  has  been  pni|icrly 
cleaned  the  mould  and  all  the  wires  are  clamped  in  position,  and 
the  molten  cojjper  on  being  poured  into  the  mould  welds  up  with 
the  steel  of  the  rail,  thus  making  an  excellent  contact.  This  arrange- 
ment is  specially  designed  for  use  when  bonds  of  large  carrying 
capacity  are  required.  Figs.  4  and  5  show  the  finished  bond  before 
and  after  cutting  away  the  surplus  metal. 


Fio.  5. — Flni.shed  Bond  with  St;RPiA's  JIetai,  Cut  .-\\v.\y. 


The  Forest  City  Electric  Co.  claim  a  number  of  advantages  for 
these  bunds.  The  weld  with  the  rail  is  said  to  be  perfect, 
while  the  resistance  is  permanent  and  does  not  increase  with 
the  life  of  the  bond.  The  bonds  cannot  be  removed  from  the  rails 
unless  Jthey  are  cut  off,  and  [they  are  quickly,  and  conveniently 
installed. 


NOTE  ON  THE  HEATING  OF  MAGNET  COILS. 

UY    C.    TRKVOK    WILI-I.-VMS,   B.SC. 

Siiinmdii/. — The  author  has  separated  the  heat  looses  cxpcviuicntally 
and  finds  tliat  alxiut  one-half  is  dissipated  by  conveetion.  the  remainder 
being  removed  by  radiation  and  eonductiou.  One-half  of  that  removed 
V)v  eonvection  is  accounted  for  by  the  fanning  action  of  tlie  armature. 


The  iiirtintonance  of  the  magnetic  flux  in  any  electrical 
machine  lequiics  the  e.xpcndituic  of  a  certain  (luautity  of 
eiieiL'y  clue  to  the  passage  of  the  exciting  cuiTeiit  through  the 
field  winding.  The  beat  produced  is  dissipated  by  the  com- 
bined action  of  radiation  and  convection,  and  by  coiuluction 
to  the  iron  of  the  magnetic  circuit.  The  temperature  of  the 
windings  reaches  a  steady  state  when  the  rate  of  generation 
of  heat  is  the  same  as  the  total  rate  of  dissipation. 

From  a  comparison  of  the  behaviour  of  machines  of  different 
types,  Profs.  Arnold  *  and  8.  P.  Thompson  j  have  deduced 
tile  follow-ing  formula.  The  work  of  Messrs.  R.  Goldschmidt.t 
G.  A.  Lister  §  and  others  has  in  general  confirmed  its  applica- 
bility.    The  formula  is  of  the  type 

W 
T=JxC, 

where        T=  the  final  temperature  rise, 

A  =  the  area  of  the  cooling  surface, 
W  =  the  total  watts  consumed, 
and  C  is  a  coefficient  for  which  various  values  are  given  depend- 
ing on  the  units  employed  and  the  general  conditions  of  the 
(;ase  :  amongst  these  latter  are  the  character  of  the  armature 
surface  and  its  peripheral  speed,  and  the  coTuliticni  of  the  air 
either  circulating  or  still. 

Lister  has  shown  what  values  may  be  taken  for  the  heating 
coefficient  for  various  types  of  machines  and  coils,  when  the 
armature  is  stationary  and  when  it  is  revolving  at  normal 
speed.  Reference  to  his  figures  shows  that  these  values  are 
not  the  same  for  the  two  latter  conditions,  because  of  the 
fanning  action  of  the  armature.  The  heat  generated  by  the 
exciting  current  is  then  carried  away  from  the  surface  more 
(juickly,  the  heating  coefficient  is  smaller,  and  the  final  tem- 
perature rise  is  reduced.  This  increased  removal  of  heat  is 
due  to  direct  convection. 

The  respective  influence  of  radiation,  conduction  and  con- 
vection has,  however,  not  been  deteriuined  practically,  and 
the  experiment  to  be  described  was  undertaken  in  order  to 
find  the  relative  value  of  convection,  as  distinct  from  radia- 
tion and  conduction,  with  resjard  to  the  dissipation  of  heat 
energy. 

The  term  convection  here  includes  both  the  steady  convec- 
tion from  the  surfaces  of  the  coils  and  the  influence  of  the 
fanning  action  of  tlie  armature,  whether  the  latter  effect  acts 
directly  upon  the  coils  or  indirectly  through  the  removal  of 
heat  from  the  iron  faces  of  the  poles. 

Radiation  may  be  assisted  by  suitably  preparing  the  outer 
surfaces  of  the  coils  ;  the  heat  removed  by  conduction  depends 
on  the  method  of  supporting  the  coils,  but  perhaps  the  best 
prosi)e(ts  for  improvement  lie  in  increased  convection. 

In  ordiM-  to  directly  separate  the  convection  effect  from  that 
of  radiation  and  conduction,  a  6t  b.u.p.  Westinghouse  motor 
of  the  four-pole  semi-enclosed  type  (Fig.  1)  with  barrel  wind- 
ing, was  enclosed  in  a  large  cast-iron  case  (Fig.  2)  and  driven 
at  its  normal  sjjccd  by  a  thin  steel  shaft,  :j  in.  diameter,  con- 
necting it  through  a  .sfuflini;  box  to  an  external  motor.  Tlie 
tank  could  be  closed  and  exhausted  at  will.  The  test  machine 
was  woinid  for  shunt  excitation  at  240  volts.  The  armature 
normally  made  IJAX)  revs,  per  min.,  giving  a  peripheral  speed 
of  .■5,700  ft.  per  minute.  The  commutator  end  connections 
were  covered  with  varnished  canvas.  The  dimensions  are 
given  in  Fig.  1.  

•  Arnold  :  "  Die  Wechselstromtecknik,"  IV.  Band,  5  kapitel. 

+  S.  r.  Thompson  :  "  Uynarao  Electric  Machinery,"  p.  182. 

+  Coldschmidt :  "  Journal  "  of  Inst.  Elec.  Eng..  Vol.  .X.X.XIV.,  1905, 
p.  661. 

U^ister:  "Journal"  of  lust.  Elec.  Eng.,  Vol.  X.X.WIII.,  KC6, 
p.  414. 
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The  value  of  the  convection  effects  was  determined  in  the 
experiment  by  a  comparison  of  the  power  absorbed  for  a  cer- 
tain mean  temperature  rise  under  three  conditions  : — 

1.  Running  lii,'ht  at  normal  speed  in  aii'. 

'2.  Stationary  in  air. 

3.  Stationary  in  vacuo. 

The  conditions  wlien  runniii'j  in  vacuo  were  found  to  be 
identical  with  (.'!). 

The  power  dissipated  lor  (f)  was  found  directly  by  apply- 
iuf;  the  normal  exciting  voltage  (240  volts)  to  the  winding 
and  measuring  the  final  resistance  and  power.  From  the 
increase  of  resistance  the  mean  rise  of  temperature  is  calcu- 
lated on  the  basis  of  a  lise  of  0-002378  ohms  per  ohm  per 
degree  Fahrenheit. 

For  (2)  and  (3)  two  methods  were  adopted.  The  first 
depends  on  the  assumption  that  for  any  given  coil  in  position 


the  final  temperature  lise  is  proportional  to  the  watts  dissi- 
pated. Mr.  f.ister,  in  his  Paper,  referred  to  previously,  gives 
in  Figs.  1,  2  and  4,  curves  which  show  this  assumption  to  be 
approximately  correct.  Readings  of  tlie  final  resistance  and 
power  were  taken  with  standard  instruments,  and  the  values 
of  the  power  were  reduced  to  the  mean  temperature  rise  (or 
increase  of  resistance)  under  condition  (1). 

The  second  method  is  direct  and  involves  the  experimental 
determination  of  the  power  which  will  give  a  final  constant 
increase  of  resistance,  or  mean  temperature  rise,  under  the 
new  conditions,  identical  with  that  obtaining  under  condition 
(1).  The  voltage  across  the  winding  was  considerably  reduced 
below  that  in  (1),  and  after  time  had  been  allowed  for  the  heat 
emission  to  become  nearly  steady  the  resistance  was  measured 
and  the  voltage  adjusted  to  bring  it  nearer  the  required  value. 
The  process  was  repeated   until  finally  the  resistance,   and 


i  therefore  tlic  mean  temperature,  remained  constant  for  some 
16  hours.  And,  since  tlii'  radiation  and  conduction  remain 
I  constant,  whether  air  is  present  or  not,  it  follows  that  in  con- 
I  dition  (3)  the  value  obtained  is  the  power  dissipated  by  these 
I  two  factors  at  the  specified  vise  of  temperature,  and  therefore 
jthe  excess  of  power  in  case  (1)  over  that,  in  ease  (3)  represents 
\  the  .iction  of  convection. 

'I  bus,  if  W,  be  the  (dtal   |.owei    dissipated    lor  (I), 

W,  (2), 

W.  ,,  ,,  ,.  (3) 

wi'  have  W,  =  heat  dissipated  by  radiation,  conduction,  and 
itotal  convection;  Wo  =  heat  dissipated  by  radiation,  conduc- 
tion, and  convection  without  famiing  :  \\ .  heat  dissipated 
by  radiation  and  conduction  alone. 


Whence  the  proportion  of  heat  dissipated  due  to  the  total 
action  of  convection  is 

Wj-W, 
W,    • 

and  that  dm'  to  the  fanning  action  of  tiic  armature  is 
W,-W, 

"  w,  '• 

The  observations  taken  are  given  in  the  following  tables  : — 

Table  I- — licsislance  of  Shunt  Field   IViiuliiuf.     Machine   running  at 
1,500  rc»a.  per  min.  in  air  at  atmospheric  pressure. 


Time,  h()iir.s. 

Voltage. 

Current,  amps. 

Resistance,  ohms. 

2320 

1-126 

20fi0 

Of) 

232-5 

l-0(i5 

218-5 

10 

232-5 

l-O(H) 

231-3 

I-.-) 

231-5 

0-905 

2400 

20 

231-5 

O-O.W 

243-8 

3-0 

2320 

0-044 

245-8 

4-0 

2310 

0-938 

240-2 

6-0 

231-5 

0-940 

24B-3 

8-0 

231-5 

0-040 

240-3 

Final  power=217-6  watts. 
Table  II. —  Method  1.     Machine  stntionarij  in  air. 


Time,  hour.s. 


1-0 
1-5 
2-0 

40 
(1-0 
8-0 


Current,  amps.        Resistance,  ohms. 


232-0 

1-125 

200-0 

228-5 

1050 

217-5 

227-8 

0-9,S0 

231-0 

233-2 

0-955 

244-1 

230-8 

0-932 

247-7 

232-2 

0-923 

251-4 

230-() 

0-905 

255-0 

231-2 

0-903 

255-9 

231-2 

0-904 

2.5G-0 

Final  ].ower=  209-0  watts. 
Table  III — Mcthol  1.     Maehin-.  .ilalionarij  in  racno. 


Time,  houi-s. 

Voltage. 

Current,  amps. 

Resistance,  ohms. 

232-0 

1126 

2060 

0-5 

230-5 

1-030 

224-0 

I-O 

227-5 

0-9.50 

239-0 

2-0 

226-5 

0-905 

250-4 

3-0 

226-5 

0-9CO 

252  0 

4  0 

232-5 

0-905 

256-9 

li-0 

228-5 

0-860 

265-7 

8-0 

229-5 

0-860 

267-0 

Final  power=  197-4  watts. 
Table  IV. — Method  2.     Machine  stntionary  in  air. 


Time. 

Hours. 

Voltage. 

Current,  amps. 

Resistance,  ohms. 

4:30  p.m. 

162-7 

0-790 

20. 

10:30  n.-n. 

18-0 

165-5 

0-701 

236 

11:0       „ 

18  5 

191-5 

0-800 

239 

12:30  1..1H. 

20-0 

193-5 

0-795 

244 

Ii:30     „ 

2(iO 

196-5 

0-805 

244r 

7:30     „ 

27-0 

197-5 

0-804 

2460 

11:30  ii.m. 

43-0 

198-0 

0-804 

246-3 

120       .. 

43-5 

198-0 

0-804 

246-3 

Final  power=150-2  watts. 


Tiuu' 

Hours. 

Voltage. 

1  Current,  amps. 

Resistance,  ohms. 

4:0  p.  ui. 
4:30  ., 

178-5 

0-8(>6 

206-0 

0-5 

203-5 

0-930 

219-0 

5:0     „ 

1-0 

205-5 

0-880 

234-0 

11:0  a.iu. 

19-0 

l(i4-5 

0-675 

244  0 

12:0     „ 

20  0 

l(i6-5 

0-683 

244-0 

2:0  p.m. 

22-0 

166-5 

0-680 

245-0 

4:0     ., 

24-0 

I(i8-5 

1          0-685 

246-2 

5:0     .. 

25-0 

l(i9-5 

0-689 

246-2 

11:0  a.m. 

43-0 

165-5 

1           0-672 

246-3 

Final  power=lll-0  watts. 

Table  I.  shows  the  readings  taken  for  the  conditions  of 
nornuil  running,  namelv,  (1). 

Tables  II.  and  III.  show  the  same  for  conditions  (2)  and  (3) 
by  the  former  of  the  two  nu>thods  described.  The  average 
vacuum  maintained  under  (3)  was  28A  in. 


708 


THE  ELECTRICIAN,  AUGUST  13,  1909. 


Table  YL— Collected  Sesvlts. 


Condit  ions. 


1 .  Machine  ninning  in  air 

2.  Stationary  in  air 

3.  Stationary  in  vacuo  . . . 


Final 
resist- 


Alean  rise 

of 

temperature. 


Corresponding 
powjer,  watts. 


Power  reduced 
to  a  teui])eratiire 
rise  of  82-2  deg. 


246-3 
2560 
2670 


82-2'F. 
102-0 
124-5 


217-0 
2090 
197-4 


Tables  IV.  and  Y.  jjive  the  results  of  the  second  method  for 
the  same  conditions  (2)  and  (.3)  respectively. 

In  Tal)le  YI.  are  collected  the  final  values  and  the  results 
calculated  from  them,  viz.  : — the  mean  temperature  rise  from 
increase  of  resi.stance.  the  ))aT\ers  reduced  by  direct  proportion 
in  the  ratio  of  the  final  temperature  rise  to  the  normal  rise 
when  running  liuht.  and  finally  the  proportion  of  the  total 
heat  lost  which  is  dissipated  by  the  convection  of  the  air 
adjacent  to  the  coils,  tos;ether  with  the  air  currents  set  up  by 
the  armature,  and  by  this  fanning  action  alone. 

The  fiiiures  given  by  the  first  method  are  low.  as  is  to  be 
expected  from  a  consideration  of  the  shape  of  Mr.  Listei's 
curves,  but  they  approach  the  more  accurate  values  arrived 
at  by  the  second  method. 

As  an  example  of  the  way  the  figujes  are  arrived  at,  the 
calculation  of  the  total  convection  from  the  results  of  the  first 
method  is  appended. 

Resistance  of  coil  when  cold  =206-0  ohms 

Final  resistance  of  coil  under  (1)  =2-1:6-3 

Rise  of  resistance  of  coil  under  (1)       =  40-3 
Power  absorbed  under  W,  =217-6  watts 

Final  resistance  of  coil  under  (3)  =267-0  ohms 

Rise  of  resistance  of  coil  under  (3)       =  61-0 
Power  absorbed  under  (3)  =197-4  watts 


Reduced  power 


W, 


197-4x40-3 
61-0  J 


:  130-5  watts. 


\^  —  Wj 
Total  convection  =    4f,-= — = 
W, 


217-6-130-5     .,^,_, 
= 21-7:6  —  =40-0  per  cent. 


.Total  convcction= 


=  49-0  per  cent. 


And  similarly  for  the  total  convection  by  the  second  method 
we  have 

Final  power  absorbed  under  (1)  \V,  =  217-6  watts. 

Final  power  absorbed  under  (3)  at  same  temperature  rise 
W3=  11 1-0  watts. 

W,-W,_217fi-1110 
Wi      ~       217-6 

The  final  result  is  that  very  nearly  one-half  of  the  heat 
expended  in  exciting  the  field  coils  is  dissipated  by  the  total 
action  of  convection,  while  the  remaining  half  is  removed  by 
the  combined  action  of  radiation  and  conduction.  And, 
further,  that  one-half  of  that  due  to  convection,  that  is  one 
quarter  of  the  total  heat  <lissipated,  is  accounted  for  by  the 
fanning  effect  of  the  rotating  armature. 

The  machine  was  driven  mechanically  throughout. 

The  work  was  carried  out  in  the  I'jiectrical  Engineering  Labo- 
ratory at  Arm.strong  College,  Newcastle-upon-Tyne,  and  the 
best  thanks  of  the  writer  an-  due  to  I'lof.  Thoiiiton  for  his 
valuable  advice. 


THB  RELIGHTING  OF  THE  CARBON  ARC. 

BY    ,1.    A.    rOLLOOK,    D.SC,    E.    M.    WKM.ISCH,    M..\.,    .\M) 
A.    B.    B.    RANCLATI),    B.SC. 

Summary. — Tlio  relation  Ixjtwecn  the  potential  difference  across  the 
carbons  and  the  maximum  time  of  interruption  of  the  circuit  within  wliich 
the  arc  will  re-form,  is  here  investigated.  Tlic  effect  nf  the  relative 
positions  of  the  carbons  is  also  dealt  with. 

When  the  arc  between  fixed  carbons,  in  a  liand-fcd  lainii,  burns 
itself  out,  it  may  be  restarted  if  too  great  an  interval  of  time-  is  not 
allowed   to  elapse,  by  lessening  the  distance  between  tlie  carbon 

*  Abstract  from  the  "  Philosophical  Magazine,"  of  a  Paper  read  befon^ 
the  Royal  Society  of  New  South  Wales, 


217-6 
168-5 
130-5 


Power  at  final 
temp,  rise  of  82-2 


Convection,  expressed  as  a 
percentage  of  power. 


by  second  method^  jjy  ^^j  ^^„,„^      g^ ^^^„„^  ^^^^^^ 


2176 
159-2 
lUO 


Per  cent. 
400 
22-6 


Per  cent. 
490 
26-7 


terminals,  but  without  bringing  them  into  contact.  Again,  if  tlu- 
oircuit  is  broken  and  reclosed  after  a  short  time,  the  arc  may  re- 
establish itself  williout  the  carlions  being  moved.  Mr.  Upson*  lias 
given  observations  of  the  maximum  times  of  interruption  of  the 
circuit  witliin  which  the  are  will  restart  for  various  arc  lengths  and 
currents.  The  relighting  of  tlie  arc  after  a  given  time  of  intcrru])- 
tion  depends,  however,  also  on  the  potential  difference  established 
between  the  electrodes  at  the  moment  of  reclosing  the  circuit,  and 
investigations  on  this  point  .arc  liere  dcscriljed. 

The  maximum  time  of  interruption  of  the  circuit,  luukr  given 
conditions,  within  which  the  arc  will  re-form  on  remaking  tlie  con- 
nections, is  astonishingly  well-dclined,  and  could  in  our  observa- 
tions be  determined  to'0002  sec.  If  the  interval  exceeds  wlial  mav 
be  called  the  critical  time  for  the  gi\  en  circumstances,  after  rcelosint' 
the  circuit  a  small  non-luminous  current  |ia,s.ses  between  the  carbons: 
the  heating  effects  associated  with  this  current  arc  not  suitlcient  to 
maintain  the  electrodes  at  their  high  temperatures,  and  the  current 
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-Relation  for  Criticat,  Reliohtino.     Carbons  in  Nobm.u. 
Position,  Potentials  Reversed. 


soon  dies  away  as  the  temperatures  diiuiiiisli.  From  considerations 
advanced  in  a  previous  ])aper,f  one  is  led  to  think  that,  on  reclosing 
the  circuit,  this  smaller  current  always  precedes  the  larger  one  of 
the  fully  formed  di.seharge. 

In  the  rcligliting  of  the  arc  Imtli  carlions  are  at  a  high  temperature, 
and  the  conditions  are  complicated  by  the  |)rcscnce.  at  the  moment 
of  reclosing  the  cii'cuit,  of  ions  at  the  anode  surf-:U-e  as  well  as  near 
that  of  the  cathode.  Simpler  conditions  are  associated  with  the 
change  of  current  regime  when  only  the  negative  carbon  is  incan- 
descent. In  the  ])resent  experiments,  the  flow  of  negative  electricity 
at  the  moment  of  reclosing  the  circuit  is  not  always  from  a  hot  to  a 
ciiolcr  carbon  ;  the  conditions  of  the  change  from  the  non-luminous 
to  the  luminous  disi-harge  are.  therefore,  in  .some  instances,  more 
complicat<-il  than  those  in  the  ease  )>reviously  considered,  and  the 
ex|)lanation  of  the  development  of  the  arc  suggested  in  the  Paper 
just  mentioned  is  not  sufficient  to  account  for  all  the  features 
observed  in  this  investigation.  Further  data  are  required  before  a 
complete  description  can  be  given. 

Thi'  conditions  associated  with  a  change  from  the  non-luminous 
to  the  luminous  discharge,  in  the  case  of  the  ordinary  carbon  arc, 
are  seen  in  the  wave-forms  of  current  and  potential  diil'erence  in 


•"Observations  on  the  Electric  Arc,"    'I'lii;  Electrician,  Nov.  1, 
1907,  11.  91, 

t  Pollock  and  Kandaud,  "  Phil.  Mag.,"  March,  1909. 
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connection  with  altcrnating-cuiTent  arc  Iam|]S.  Reference  is  made 
in  this  connection  to  curves  given  by  Mr.  Diuklell  and  I'rof.  Mar- 
chant.* 

For  all  tli<^  cxperinieiits  C'onradty  carbons.  Marke  C,  were  em- 
ployed :  both  positive  and  nejjative  were  solid,  each  l'^  mm.  in 
dianielcr,  the  lamp  Ijeing  hand  fed.  A  heavy  pcndidum,  operating 
two  switches  wlun  allowed  to  swing,  opened  and  again  closed  the 
circuit ;  the  distance  between  the  switch  levers  could  be  readily 
altered.  The  time  interval  between  the  ojiening  and  the  reclosing 
of  the  circuit  for  dilferent  lengths  betAveen  the  levers  was  carefully 
determined  by  separate  experiments  carried  out  as  follows  : — The 
svv'itches  were  arranged  to  open  and  close  the  circuits  of  two  electro- 
magnetic scribers  which  marked  a  smoked  plate  lixed  to  the  pendu- 
lum ;  the  records  for  various  distances  between  the  switch  levers 
were  then  compared  ^^ith  that  on  the  same  plates  of  a  style  attached 
to  the  prong  of  a  standardised  tuning  fork.  A  third  key,  also  worked 
by  the  pendulum,  enabled  the  battery  connections  to  be  reversed  in 
the  interval  between  the  break  and  the  make  of  the  circuit  if  desired. 
The  observations  were  made  in  all  cases  with  "  normal  "'  arcs.f  The 
lengths  of  the  arc  were  measured,  on  images  of  the  carbons,  vertically 
from  the  ])oint  of  the  neirative  to  a  horizontal  line  passing  tlirough 
the  edge  of  the  cratei.  the  values  obtained  being  reduced  according 
to  the  magnification  of  the  image. 

Carbons  in  Normal  PosUmi  — When  the  connections  from  the 
battery  are  reversed  during  the  interval  between  the  opening  and 
closing  of  the  circuit,  so  that  at  the  re-make  of  the  circuit  the  still 
existing  crater  becomes  negative  to  the  jirevious  cathode,  the  crater 
being  on  the  upper  carbon,  the  phenomena  are  simjjlcr  than  in  other 
cases,  and  are  first  described. 


Intf-rvtt}  between  break  ami  make  of  circuit 


FiQ,  2.— Relation  for  Critical  Reltohtino  as  affected  by  Chanobs 
IN  the  Relative  Positions  of  the  Carbons. 

In  Fig.  I  is  shown  the  relation  between  tin-  miniiuiiin  piitcnlinl 
difTerence  for  relighting  and  the  interval  between  the  break  and  the 
make  of  the  circuit,  under  the  condition  of  the  reversal  of  the  poten- 
tials of  the  carbons,  for  a  ])revious  current  of  10  amjwres.  In  this 
instance,  on  reclosing  the  circuit,  the  hot  is  negative  to  the  cooler 
carbon  ;  the  conditions  luider  which  the  arc  is  formed  aic,  therefore, 
nearly  allied  to  those  in  the  simple  case  previously  investigated. 
The  longer  the  interval  between  the  break  and  make  of  the  connec- 
tions, the  lower  are  the  temperatures  of  the  carbons  at  the  moment 
of  reclosing  the  circuit  ;  taking  the  fall  of  temperature  nf  the  carbons 
after  the  arc  is  extinguished  as  nearly  |)ropoilional  to  the  lime,  the 
curves  in  Fig.  1  may  be  considered  as  giving,  ii|>proximalcly  at  least, 
the  form  of  the  relation  between  the  critical  potential  for  relighting 
and  the  temperature  of  the  hot  negative,  the  temperature  of  the 
other  electrode  being  of  less  importance  in  this  particular  case. 

Under  tlie  condil  ions  of  the  experiment,  the  first  eft'ect  of  reclosing 
..le  circuit  is  no  doubt  a  small  current  of  negative  ions  flowing  from 
ihe  hot  to  the  cooler  carbon,  and  fmiu  this  non-luminous  current  the 
arc  may  be  considered  In  divelop.  In  the  fully  formed  are  the 
cathode  fall  of  potential  indicates  an  accumulation  of  positive  ions 
near  the  cathode  surface.     'J'liese  positive  ions,  in  the  growtli  of  the 


*"  Experiments  on  Alternate-Current  Arcs  by  aid  of  Oscillographs," 
"  Journal "'  I.E.E,,  1899  ;  also  The  Electrician,  April  14,  1899,  p.  857, 
t  Mrs.  Ayrton,  "  The  Electric  Arc,"  p.  104. 


discharge  from  the  non-luminous  current,  must  come  in  the  first 
instance  from  the  anode,  and  the  potential  difference  between  the 
carbons,  at  i\v  instant  of  closing  the  circuit,  must  be  sufficient  to 
cause  the  energy  reaching  the  anode  surface  to  raise  a  portion  of  that 
surface  to  a  temperature  at  which  positive  ions  are  freely  emitted. 

Change  itt  Position  of  Carboim. — With  the  carbons"  in'a  vertical 
plane  they  may  be  situated  with  the  crater  above  'or  below^the 
negative  electrode:  al.so  the  coimections  to  the  battery  may  be 
reversed  during  the  interval  between  the  break  and  the  make  of  the 
circuit,  or  left  unaltered.  In  Fig.  2  are  shown  the  relations  between 
the  minimum  potential  difference  for  relighting  and  the  time  interval 
of  interruption  of  the  circuit  for  these  four  cases,  the  current  having 
been  10  amperes  and  the  arc  length  1-3  mm.  The  diagrams  of  the 
carbons  drawn  beside  each  curve  indicate  by  their  shape  the  relative 
positions  of  the  electrodes  before  the  circuit  was  opened,  while  the 
signs  of  the  potentials,  on  the  reclosing  of  the  circuit,  arc  shown  by 
the  usual  symbols.  All  the  observations  were  taken  with  the  same 
pair  of  carbons,  so  the  curves  are  strictly  comi>arable. 

Case  4  is  the  one  just  di.seussed.  It  is  seen  that  for  small  time 
intervals  between  the  break  and  the  make  of  the  circuit,  it  requires 
greater  potential  diflerences  to  restart  the  arc  in  the  ca.scs  I.  2  and  ."), 
than  in  that  of  4,  and  that  eases  2  and  .3  approximate  to  that  of  4 
for  laige  intervals  of  time.  In  searching  for  a  cause  of  the  dillerenees 
between  the  curves  it  has  to  be  noticed  that  in  some  cases  the 
negative  electrode,  on  the  re-make  of  the  circuit,  is  hotter  than  the 
positive,  in  others  the  reverse  ;  it  is  also  essential  to  recognise  that 
in  some  instances  the  negative  stream  of  ions  is  opposed  by  the 
convection  current  of  hot  gas,  while  in  others  it  is  helped  by  it. 

The  feature  of  the  relations  is  the  evidence,  shown  by  the  curves 
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fur  cases  2  and  3.  of  a  critical  change  in  (he  conditions  for  relighting 
occurring  when  the  potential  dilVerence  attains  the  value  of  90  volts. 
.Vfter  reaching  this  value  the  minimum  potential  dilTerenee  requisite 
to  start  the  arc  remains  for  some  time  practically  constant  in  .spite 
of  the  fact  that  for  iiu^reasing  time  intervals  between  the  break  and 
the  make  of  the  circuit  the  temperatures  of  the  carbons  are  dimiui.sh- 
ing. 

Effect  of  Arc  Length  and:. Previous  Current. — Further  observations 
have  been  made  in  connection  with  ease  3,  in  which  the  carbons  are 
in  the  normal  position  and  the  battery  connections  remain  unaltered 
during  the  interval  between  the  break  and  Ihe  make  of  Ihe  circuit. 
Some  of  the  measurements  are  given  in  Fig.  3,  the  currenl.s  previous 
to  the  brenk  of  the  circuit  being  marked  on  the  curves.  These  show 
that  the  characteristic  bend  is  more  pronouneeil  the  higher  the 
previous  cinrent.  (ireater  currents  mean  larger  masses  of  heated 
carbon  with  eon.seipunt  higlier  temperatures  for  equal  intervals 
between  the  break  and  the  make  of  Ihe  circuit.  It  is  also  seen  from 
the  curves  in  the  l'a|ier  that  Ihe  greater  the  are  length,  the  higher 
the  potential  dill'erence  at  which  the  charaelerislic  bend  occurs. 

By  arranging  an  additional  lever,  in  connection  with  the  pendulum 
apparatus  previously  described,  to  open  the  shutter  of  a  photographic 
camera  at  a  short  interval  after  the  remaking  of  the  connections  of 
the  arc  eii-cuit,  photographs  showing  stages  iu  the  development  of 
the  arc  have  been  obtained,  and  a  few  are  reproduced  in  the  Taper, 
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THE  INDUSTRIAL  APPLICATION  OF  THE  ELECTRIC 
MOTOR. 


^A  e  give  below  a  short  account  of  tho  discussion,  in  connec- 
tion with  the  Paper  on  this  subject  read  before  the  American 
Institute  of  Electrical  Engineers.  An  abstract  of  this  Paper 
appeared  in  our  issues  of  April  16  and  23,  1009. 

Mr.  B.  .\.  Heurend,  as  the  dcsicnor  of  tlie  17  generators  con- 
stituting the  4ii.(KK)  kw.  gas-engine  power  i)lant  at  Gary,  added  a  few 
words  regarding  some  s|)ecial  problems  wliieh  arose  in  connection 
with  the  iilant,  for  a  bettor  understanding  of  the  fundamental  con- 
ditions which  must  ho  met  in  power  plants  utilising  alternating- 
current  generators  for  direct  connection  to  gas  engines,  a  problem  of 
the  greatest  importance  in  steel  mills.  The  choice  of  the  right  fly- 
wheel effect  was  intimately  bound  up  with  this  question.  The  gas- 
engine  power  plant  at  Gary  eonsinted  of  17  four-cycle  double-acting 
cross-tandem  gas-engine  units  of  2..500  kw.  capacity  each.  Two  of 
these  engines  were  direct  connected  to  '2,001)  kw,  250  volt  direct - 
current  generators,  while  the  remaining  1.5  engines  were  direct  con- 
nected to  alternating-current  generators  of  3.000  k.v,a,  each  at 
6.600  volts  and  25  cycles.  The  engine  speed  was  83i  revs,  per  niin. 
As  the  load  on  the  plant  was  coin|>osed  chiefly  of  induction  motors  of 
large  capacity  and  .slow  sjjeed.  the  amotmt  of  lagging  current  under 
average  operating  conditions  was  likely  to  be  equal  to,  or  even  greater 
than,  the  amount  of  watt  current  required  by  the  motors.  The 
power  factor  was  not  likely  to  exceed  10  per  cent.,  and  tlie  gene- 
rators, therefore,  were  designed  for  a  large  ampere  rating  at  low 
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power  factor,  Klectrie  gas-engine  driven  units  most  opiiirti  suc- 
cessfully in  parallel  if  the  gas  engine  was  to  be  an  import.iiit  factor 
in  steel  mills.  This  problem  resolved  itself  into  an  investigation  of 
the  periodic  distmbing  forces  prodticed  by  the  engine,  and  the 
natural  frequency  of  the  generating  unit.  The  periods  of  the  former 
depended  upon  the  type  of  engine  used,  neglecting  the  period  of  the 
governor.  .4s  the  ga,s  engines  at  Gary  were  four-cycle  dovdile-acting 
cro.ss-tandcm  engines,  there  were  introduced  two  periodic  disturbing 
forces,  due  to  inequalities  in  the  force  of  explosions,  adjustment  of 
valve  gear,  leakages,  &c.,  whose  frequencies  were  one  |)er  revolu- 
tion, and  one-half  )>er  revolution,  of  the  engine.  It  was  the  latter 
frequency  which  was  absent  in  steam  engines,  and  which  introduced 
a  complex  factor  of  the  greatest  imjiortance  into  the  problem  of 
parallel  operation  of  gas  engines.  Following  the  terminology  used 
in  dynamics,  he  called  the  results  of  these  jicriodic  disturbing  forces 
"  forced  oscillations,''  For  the  Gary  units  the  frequencies  of  the 
forced  oscillations,  which  were  likely  to  be  dangerous,  were  1-39  and 
0-695  cycles  per  second.  The  determination  of  the  natural  frequency 
by  calculation,  as  carried  out  by  Klondcl,  Houchcrot,  and  Kajip  10 
years  ago  was  ba.sed  on  a  knowledge  of  the  angular  displacement  of 
the  revolving  field  per  unit  torque.  The  short-circuit  current  was 
used  for  this  determination,  but  experimental  investigations  which 
he  liad  carried  out  with  his  former  assistant.  Mr.  A.  B,  Field,  had 
demonstrated  that  other  methiKls  must  be  resorted  to  if  serious  error 
was  to  be  avoided.  Suj)posing  they  knew  the  natural  frequency  fif 
the  generator  unit.s  when  operating  on  'bus  bars  of  constant  fre- 
quency, then  they  could  readily  obtain,  by  the  methods  of  dynamics, 
the  increase  in  the  mechanical  displacement  produced  by  resonanc  ■. 
between  the  forced  and  the  natural  frequencies,  or  the  "  magnifying 
factor,"  as  it  had  been  called  by   Mcs.srs,  Gilrges  and  Ro.senberg, 


who  had  done  svieh  excellent  work  in  the  theory  of  parallel  operation. 
This  ■■  magnifying  factor"  was  infinite  when  the  natural  frequency 
iciualli'd  the  forced  frequency,  provided  there  was  no  damping. 
Under  this  condition,  even  with  dami)ing.  however  powerful,  it  was 
not  ])os.sible  in  practice  to  obtain  satisfacttry  parallel  operation. 
Turning  now  to  the  Gary  \inits,  before  calculating  the  moment  of 
inertia  of  tlie  units,  or  the  Hywheel  cfTcet,  extensive  experiments 
were  carried  on  to  determine  the  natural  frequency  of  oscillation  of 
generators  of  similar  design.  The  generators  were  run  in  parallel 
when  the  circuit-breaker  was  ojjcned  and  closed  again  immediately. 
The  number  of  complete  oscillations  jier  second  could  be  counted  and 
the  natin-al  frequency  was  thus  actually  measured.  These  inves- 
tigations, carried  on  with  a  number  of  difTercnt  machines  over  the 
entire  range  of  the  saturation,  made  it  possible  to  determine  before- 
hand the  natural  frequencies  at  all  excitations  of  the  Gary  gene- 
rators, and,  therefore,  under  all  conditions  of  load  and  jiower  factor. 
The  curve  herewith  marked  "  natural  frequency  "  showed  the 
average  result.  The  straight  lines  showed  the  tw<i  forced  frequencies 
of  the  gas  engines.  The  points  of  intersection  C  and  D  marked  con- 
ditions of  instability,  the  range  between  them  marking  the  range  of 
stability.  The  operating  range  of  the  generators  on  the  saturation 
:"T^d  regulation  curves  lay  between  A  and  B,  and,  therefore,  was  well 
vvilhin  the  range  of  stability.  Very  light  wheels  had  to  be  used  to 
Comply-  with  the  condition  described.  With  light  wheels  dampers 
«ere  efficient,  and  they  had  been  ])rovided  on  the  Gary  generators, 
A  flywheel  effect  of  four  times  the  fljnvheel  elTect  used  would  have 
reduced  the  natural  frequency  below  that  of  the  lowest  forced  fre- 
quency, and  the  conditions  would  thus  have  been  similar  tii  those 
obtaining  in  steam  engines.  Such  large  flywheel  cfTects  on  gas  en- 
gines required  the  use  of  steel  wheels  of  large  diameter,  which  were 
not  at  all  impracticable.  In  point  of  fact,  the  question  was  carefully 
considered  whether  large  wheels,  reducing  the  natural  frequency, 
should  not  be  installed.  It  w'as,  however,  finally  decided  to  bear  up 
with  the  greater  fluctuations,  and  to  instal  light  wheels  working 
between  the  two  forced  frequencies.  These  remarks  sufficed  to 
indicate  that  the  problem  of  parallel  operation  of  gas  engines  had  been 
reduced  to  accurate  scientific  method  based  on  careful  experimental 
and  practical  data. 

Jlr,  G,  DfXN  felt,  without  the  slightest  exaggeration,  that  tlie 
Gary  plant  was  one  of  the  wonders  of  the  world.  It  was  the  advan- 
tages of  generation  and  distribution  that  had  brought  the  induction 
mill  motor  to  the  front,  not  good  qualities  in  the  motor  itself.  The 
low  power  factors,  the  necessarily  small  air-gaps,  the  complexity 
attending  the  use  of  three  phase  with  at  least  two  sets  of  controlling 
apparatus,  the  great  reduction  in  capacity  for  a  given  weight  of 
motor — all  were  bound  to  indicate  that  the  problems  of  distribution 
ought  not  to  be  controlling  to  too  great  an  extent,  and  ought  not  to 
cause  the  locating  at  every  jioint  aroimd  the  inill  where  power  vas 
used,  of  the  complications  that  attended  an  induction  motor,  but 
should  rather  lead  to  the  collecting  of  such  complications  into  a  sub- 
station or  power  house  where  a  motor  generator  taking  ))ower  from 
the  main  alternating  distributing  system  would  transform  it  mt/o 
simple  and  powerful  direct  current  to  be  sent  out  for  local  service. 
In  his  opiniim  the  steel  mills  would  not  be  supplied  throughout  with 
alternating  current,  but  would  find  themselves  equipped  with  mixed 
systems  of  distribiitiim — alternating  for  the  great  pow.-rs  and  big 
motors,  and  direct  for  the  cranes,  reversing  motors  and  other  motors 
of  similar  service.  When  the  mill  men  first  started  electrical  equip- 
ment they  were  not  in  touch  with  the  electrical  men,  and  many  mis- 
takes were  made  ;  but  when  he  saw  how  completely  the  steel  in- 
dustry had  capitulated  to  the  electrical  engineer  in  the  Gary  plant 
he  was  filled  with  joy.  remembering  the  attitude  of  the  steel  men 
toward  electric  motors  not  long  ago, 

.Mr.  W.  T.  Dean  said  that  the  author  had  sjioken  very  briefly  on 
some  of  the  problems  which  had  been  met — i.e.,  whether  the  mill 
should  be  two  high  or  tliree  high,  A  three-high  mill  was  one  having 
three  rolls,  each  of  which  rotated  constantly  in  one  direction — (.f., 
tlie  upper  and  lower  roll  rotated  in  the  same  direction,  while  the 
niiddl"  roll  rotated  in  the  opposite  direction.  So  thai  a  piece  of  steel 
passed  through  the  lower  set  of  rolls,  the  table  was  then  raised,  and 
it  passed  back  through  the  upjier  set.  On  the  two-high  mill,  where 
the  steel  must  pass  back  and  fortb  through  th<'  rolls,  it  was 
necessary  to  reverse  the  ilirection  of  the  rolls,  and  therein  came  the 
difiicult  problem  in  electrical  drive,  especially  when  large  motors  were 
used.  The  mill  must  reverse  quickly  to  prevent  delay,  and  in  this 
very  serious  problems  were  encountered.  The  jirevious  speaker 
had  mentioned  the  use  of  direct-current  motors  on  the  rolls  which, 
in  some  instances,  might  be  as  large  as  6,000  n.r.  Such  a  motor 
would  be  extremely  difficult  to  design,  but  if  it  could  be  designed  it 
would  lie  a  very  expensive  machine.  A  jilan  worked  out  in  Europe, 
where  direct-current  motors  of  large  sizes  were  used  on  reversing 
rolls,  was  to  put  three  armatures  on  a  common  shaft,  thus  reducing 
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the  iiHTtia  on  acoount  nf  llu'  diamotors  boinir  smallif  tlian  if  only  one 
armature  of  large  diameter  were  used.  If  now  il  were  posxiliU;  to 
use  a  three-high  mill  instead  of  the  two-high  mill  tlie  system  became 
considerably  simplified,  inasmuch  as  the  direct-eurrent  motors  and 
generators  could  be  omitted,  and  the.  induelion  motor  could  l)e 
directly  connected  to  (he  rolls.  The  imluction  motor  with  its  fly- 
wheel would  do  the  work  on  any  e(jui))ment,  and  the  ditlerinec  in 
first  cost  was  just  about  one  to  three.  This  was  one  of  the  problems 
which  had  been  solved  in  connection  with  llie  study  of  the  (lary  jilant. 
it  being  first  proposed  to  instal  a  two-higli  mill,  but  after  careful 
study  it  was  found  that  the  three-high  mill  could  be  used  at  about 
one-third  the  cost  of  the  two-high  equijiment  and  with  a  large 
elimination  of  troublesome  features. 

Mr.  B.  Wiley  said,  regarding  the  question  of  surplus  gas  power 
over  and  above  that  rc(|uired  by  the  furnace  auxiliaries,  a  review  of 
(.lata  obtainctl  from  several  of  the  principal  blast  furnace  plants 
abroad  showed  that  the  rapacity  installed  per  100  tons  of  pig  iron 
})roduced  in  24  hours  did  not  exceed  1,.')00  h.p.  The  average  pres- 
sure was  approximately  8  lb.  and  the  amount  of  coke  burned  per  ton 
of  iron  produced  was  aiiproximately  2,400  lb.  The  aiithor  gave  a 
surplus  of  3,000  H.r.  per  100  ton  of  |iig  iron  ])roduced  jjer  day.  The 
principal  point  of  the  imivcrsal  ajiplieation  of  electric  ])ower  in  the 
steel  industry  was  the  commercial  value.  The  advantages  of  the 
electric  drive  were:  (1)  More  reliable,  less  Ijreakage  of  couplings, 
pinions,  &c.,  with  a  correspondingly  less  maintenance  cost  ;  ("2) 
low  power  cost ;  (.3)  less  space  on  account  of  absence  of  boilers, 
pipes,  &c.  ;  (4)  easy  adajitation  to  mill  machinery  ;  (.5)  easy  dis- 
tribution by  means  of  cables,  instead  of  steam  or  gas  pipes  ;  (6) 
easy  and  simple  handling  with  reliable  protective  features  of  control  ; 
(7)  less  labour  ;  (8)  less  oil  and  other  stores  ;  (9)  ease  of  obtaining 
power  indications  and  records  :  (10)  constant  and  regular  torque  ; 
(11)  increased  output  due  to  higher  and  more  uniform  speeds. 
Taking  these  items  into  consideration,  the  results  were  decidedly 
favourable  to  the  electric  drive,  especially  for  new  plants  ;  and  it 
would  be  found  that  there  were  comparatively  few  cases  of  existing 
plants  wliere  the  conversion  from  steam  to  electric  drive  was  not 
worthy  of  the  fullest  investigation.  This  point  was  emphasised  by 
the  very  active  interest  taken  in  exhaust  steam  turbines  by  a  ma- 
jority of  the  large  steel  companies.  The  exhaust  steam  from  the 
existing  mill  steam  engines  was  used  to  drive  a  low-preissure  turbine 
connected  to  a  generator,  which  in  turn  furnished  electric  power  for 
the  mill  motors.  Within  the  past  two  years  the  steel  companies  of 
the  United  States  had  installed  more  than  200.000  h.p.  of  gas  en- 
gines and  turbine  electric  station  equipments  to  drive  approximately 
15  motor  units  aggregating  20,000  h.p.,  exclusive  of  l.S  units  of  the 
Indiana  Steel  Co.  now  operating  and  on  order,  and  aggregating 
.^l.TOO  H.r.  Within  a  year  or  so  the  data  obtained  from  the  above 
installations  should  give  a  conclusive  analysis  of  the  electric  drive 
from  both  an  actual  and  comparative  cost  standjjoint. 

Mr.  D.  B.  RusHMORE  considered  the  installation  the  beginning 
of  a  new  era  in  electrical  work.  Under  no  other  conditions  of  service 
were  the  requirements  of  the  electric  motor  so  severe  as  they  were  in 
rolling  mills.  The  load  curves  shown  indicated  a  load  condition  not 
met  with  elsewhere.  This  necessitated  in  the  motor  a  very  unusually 
strong  mechanical  constiuction  and  an  interesting  mechanical  ticvice 
mentioned  by  the  author  ;  it  necessitated  a  comparatively  large  air- 
ga])  in  the  large  machines,  and  also  in  smaller  machines,  making 
the  design  of  the  machinery,  electrically  and  otherwise,  with  tlie  idea 
of  reliability  first.  The  author  had  very  interestingly  brought  out 
the  point  that  what  a  steel  mill  desired  was  nothing  but  the  maximum 
output  of  steel,  and  the  incidental  featiircs  of  the  design  must  all  be 
kept  with  this  in  view.  That  meant  that  the  electric  motors  had  a 
considerably  larger  air-gap  than  was  necessary  from  any  other  con- 
sideration ;  that  the  factor  of  safety,  electrical  and  jnechanieal,  very 
much  exceeded  the  figures  that  wo\ild  be  used  for  any  othci-  class  of 
service.  This  was  illustrated  in  the  new  type,  wlu  re  all  (he  mills 
operated  continuously  in  the  sanii-  opera(iou.  and  all  the  motors  wi-re 
cijuipped  with  flywheels. 

The  President  said  the  subject  of  industrial  power.  no(  only  as 
;ipphed  to  steel  mills,  but  to  all  (iractiee,  was  very  important.  It 
was  not  quite  so  pjTotechnic  as  the  electrification  of  railways,  for 
instance,  but  there  was  a  great  deal  of  work  which  was  being  done 
\  "ry  quietly  in  the  application  of  electricity  for  ])ower  jiurposes.  but 
not  nearly  as  much  as  sh<iuld  be  done.  It  was  with  (he  idea  of  bring- 
ing ou(  the  possibilities  of  (he  use  of  eleetricity  for  |iower  purposes 
generally  that  this  year  he  had  apjiointed  a  committee  on  industrial 
power. 

Mr.  Shover,  in  reply,  mentioned  that  they  had  had  some  slight 
difficulties  in  paralleling  the  gas  engines  ;  the  trouble,  however, 
existed  only  at  times  of  licht  load.  The  operation  of  the  alternators 
111  parallel  under  three-quarter  load  or  more  was  in  the  main  as  stea<ly 
as  any  reciprocating  steam  engine  driven  alternators.     On  lighter 


loads  there  was  always  scmie  inclination  to  huntinu'-  due  to  the  in- 
herent characteristics  of  the  gas  engine-,  in  that  there  wa»  always 
one  cylinder  which  was  a  little  stronger  than  the  other — i.f..  one  end 
of  one  cylinder.  Therefore  at  light  load  a  point  might  arrive  where 
the  weak  cylinder  mis.sed  fire.  They  did  not  know  what  their 
|)ower  factor  was  going  to  be  when  ))lant  was  put  down,  but  at  pre- 
.sent  it  varied  accordini;  to  the  conditions  in  the  mill,  from  Ho  to  85 
|)(  r  cent. 


SOME  PECULIARITIES  OF  ELECTRICAL  CONDUC- 
TIVITY EXHIBITED  BY  POWDEBS  AND  A  FBW 
SOLID   SUBSTANCES. 

BY    R.    H.    CODD.\RI). 

Summary, — A  description  is  given  of  investigations  on  three  phe- 
nomena of  conduction  through  loose  powders  and  certain  solid  sub- 
stances :  (1)  Change  of  conductivity  with  time  ;  (2)  the  development 
of  asymmetry  of  conduction,  i.e.,  difference  of  conductivity  in  the 
direction  of  and  opposite  to  the  current  ;  and  (3)  deviation  fiom  Ohm's 
law.  Finally  a  theory  depending  on  slow  ditlusion  of  ions  in  heated 
contacts  between  particles  is  ofltrcd  in  explanation  of  the  fact.s. 


The  resistance  of  the  powders  examined  was  very  high,  thus  the 
conductivity  could  only  be  measured  by  using  a  thin  wide  layer  of 
the  powder,  a  high  E.M.F.  and  a  sensitive  galvanometer.  The 
powder  was  sjirinkled  over  a  flat  copper  disc  6  in.  in  diameter  to  a 
depth  of  about  1  ram.  Then  a  similar  disc,  on  which  was  a  lead 
weight,  was  ])laced  on  this  layer.  This  resistance,  or  bridge,  was 
placed  in  series  with  a  sensitive  Broea  galvanometer,  the  sensibility 
being  71.'56  x  10-*  amperes  per  millimetre  of  the  scale.  An  E.M.F. 
was  aijplied  by  a  battery  of  40  .small  storage  cells,  so  that  the  E.M.F. 
could  be  varied  by  steps  of  about  2  volts  from  0  to  80  volts.  A 
reversing  switch  w  as  also  provided.  The  substances  studieil  were 
the  sulphides  of  calcium,  barium,  zinc  and  mercury,  sulphate  of 
calcium  and  of  mercury,  calcium  fluoride,  barium  carbonate, 
magnesium  oxide,  mercuric  oxide,  mcrcurous  oxide,  litharge,  zinc 
dust,  mercuric  iodide,  solid  silver  iodide,  borax,  zinc  perborate 
selenium  and  molybdenite. 

Change  of  Conduclivity  uith  Time. — In  most  cases,  when  an  E.M.F. 
was  applied,  the  conductivity  fell  very  rapidly  at  first,  then  more  and 
more  slowly,  approaching  a  limiting  value  many  times  less  than  the 
original  conductivity.  If,  after  this  exposure  had  continued  for 
some  time  the  circuit  was  broken,  the  cond\ictivity  slowly  regained 
its  original  value,  the  increase  being  most  rapid  at  first.  When  the 
exposure  was  long  enough  to  make  the  et)nductivity  constant,  the 
state  of  the  substance  seemed  fairly  steady — that  is  to  say.  if  the 
circuit  were  opened  for  a  short  time  and  then  closed  the  conductivity 
soon  regained  the  steady  value  before  the  interruption.  It  was 
foimd.  in  this  way.  (hat  a  momentary  Ineaking  or  even  reversing 
of  (he  current  did  not  change  apin'eciably  tlu-  conductivity  of  this 
steady  state.  Thus  it  may  be  assumed  that,  in  studying  the  rise 
of  conductivity  after  expos\ue  to  the  steady  E.M.F..  momentary 
ajiplication  of  the  E.M.F.  to  gel  a  deflection  did  not  change  the  con- 
ductivity of  the  substance  appreciably. 

This  change  of  conductivity  with  time  differed  both  as  regai-ds 
magnitude  and  direction  with  various  substances.  Of  the  powders 
used,  calcium  sulphide  gave  (he  greatest  change  in  nuignitude. 
On  one  occasion,  after  an  cxposme  to  the  E..M.F.  for  three  days, 
the  conductivity  rose  sixty-fold  in21  hovus.  The  initial  changes  pro- 
duced in  calci\im  sulphide  by  the  E.M.F.  were  too  rapid  to  he  re- 
corded. A  curve  is,  however,  given  (Fig.  1.  .\)  showing  the  effect 
of  application  of  the  E.M.F.  to  a  .specimen  of  calcium  sulphide 
40  minutes  after  a  previims  long  ajiplicalion.  The  first  part  of  the 
curve  shows  the  effect  of  the  steady  apiilication  ;  the  second  part. 
(he  e(l'ee(  after  the  E.M.F.  was  removed,  it  being  ajiiilied  then  only 
long  enough  (o  take  readings.  The  substances  which  exhibited  a 
decrease  of  conductivity  on  continued  passage  of  a  cmient  wen  — 
arranged  in  the  order  of  magnitude  of  the  ctfcC, —calcium  sulphide, 
barium  sulphate,  borax,  zinc  suliUiide  (Fig.  1.  B).  magnesium  o.xide 
(Fig.  1,C),  mcrcurous  sulphide,  mercuric  sulphide,  zinc  dust,  calcium 
sulphate, solid  silver  iodide. strontium  suli)hide(Kig.  l,D)a'nd  lithage. 
Those  exhibiiing  an  increase  were  solid  molybdenite,  barium  car- 
bonate, powdered  barium  sulphide,  solid  barium  sulphide  (Fig.  1.  D) 
and  red  iodide  of  meieury.  Barium  tluoride.  zinc  jH-rKirate  and 
.selenium,  all  i)owdered.  showed  neither  increase  nor  decrease  to 
any  appreciable  extent. 

Effect  of  a  Vacuum.— AW  the  powders  that  «ere  examined,  except 
sch-nium,  and  even  the  solids  (silver  iodiiie  and  barium  sulphide) 
showed  a  marked  effect  when  (he  vessel  in  which  they  were  con- 
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tainctl  was  exliaustcd  by  an  air  i)iiin|).  The  clVoct  in  nearly  all 
cases  was  the  same — a  <n"cat  decrease  in  conduedvity.  the  change 
persisting  until  air  had  b?cn  re-admitted,  followin;;  which  there  was 
a  «!radual  rise.  With  majincsium  oxide  the  comhietivity  was  re- 
duced to  onc-nintli  the  initial  value  by  the  viicuum.  and  with  other 
substances  the  change  was  conijiarable  with  this.  Fot-  all  other 
substances,  except  solid  barium  sulphide  and  molybdenite,  the 
curves  arc  similar.  With  barium  sulphide  the  rise  on  admitting  air 
was  somewhat  abrupt.  Solid  molybdenite  appeared  to  give  a  rather 
sudden  fall  in  eonductivity  of  about  15  per  cent,  on  producing  the 
vacuum,  and  a  corresponding  rise  on  admitting  air.  The  effect 
seemed  to  be  more  or  less  independent  of  the  cmrent.  An  E.M.F. 
was  applied  steadily  to  CaS  until  the  deflection  had  reached  a  fairly 
steady  value.  The  K.M.K.  was  then  removed  and  a  vacuum  pro- 
duced. On  r.--application  of  the  K.M.F.  the  deflection  was  found 
to  be  only  20  per  cent,  of  that  jiist  before  exhaustion.  When  the 
conducti\-ity  was  at  its  lowest,  under  the  influence  of  a  vacuum, 
jarring  the  bridge  caused  a  rather  fe(>ble  rise,  but  after  the  air  had 
been  re-admittcd  and  the  conductivity  had  risen  jarring  eau.scd  a 
considerable  rise.  Later  exi)eriraents  have  indicated  that  the  pro- 
])ortionate  drop  in  tlefleetion,  after  a  one-minute  application  of  the 
vacuum,  is  the  same  whether  the  E.M.F.  has  been  applied  for  a  very 
short  time,  immediately  before  producing  the  vacuum,  or  for  five 
minutes. 

The  powders  differed  markedly  as  regards  fineness.  The  calcium 
sulphide,  bariimi  fluoride,  magnesium  oxide  and  the  carbonates  and 
silphates  were  all  very  fine.  The  zinc  sulphide  was  somewhat 
coarse,  whib  the  s -Ionium  was  the  coarsest  of  all.  The  other  powders 
were  nearly,  it  not  quite,  as  fine  as  those  first  mentioned.     No 


B  kept  rather  constanl.  It  is  to  be  noticed  that  the  delUetion  for 
A  reached  a  steady  value  tiuiekly.  For  B.  however,  (he  initial 
throws  grew  larger  and  larger,  falling  rather  rai)idly  to  the  same  scale 
division  each  time.  The  resistance,  then,  increased  in  one  direction 
on  opening  the  circuit.  The  specimen  of  powdered  calcium  sulphide 
used  in  this  experiment  had  been  previously  subjected  to  reversals. 
Two  fresh  bridges  of  calciimi  sulphide  were  then  i)rc])arcd.  One 
was  exposed  to  the  Iv.M.F.  for  IS  minutes.  When  the  circuit  was 
opened  A  fell  slightly,  then  rose,  while  \i  ro.se,  as  it  had  been  doing 
before  the  K..M.F  was  removed.  The  other  bridge  was  exposed 
to  the  E.M.F.  for  1  hoin-  22  minutes.  Here  the  increase  in  resistance 
on  opening  the  circuit  was  clearly  marked  (Fig.  2.  11.). 

The  behaviour  of  coarsely  powdered  selenium  was  peculiar.  M 
first  the  difference  Ijetwcen  A  and  B  was  not  marked,  but  on  reversal 
of  the  current  the  conductivity  in  the  direction  of  the  current  then 
flowing  fell  slightly,  while  that  in  the  opposite  direction  rose  con- 
siderably. The  effect  on  opening  the  circuit  was  similar  to  that  of 
calcium  sulphide  after  a  long  exposure  to  the  E.M.F.  The  conduc- 
tivities, on  reversing,  appeared  to  reach  a  steady  state  after  a  short 
time. 

A  bridge  of  solid  silver  iodide  showed  the  asymmetry  markedly. 
The  current  fell  in  the  initial  direction  and  rose  in  the  opposite  direc- 
tion. This  was  true  on  reversal.  It  should  be  noted  that  with  this 
substance  the  curves  for  A  and  B  arc  of  the  same  shape,  one  of  them 
being  inverted.  With  this  substance,  when  a  vacuum  was  produced, 
A  drojipcd  to  one-fourth  its  value,  while  B  dropped  to  two-fifths 
its  value  before  the  production  of  the  vacuum. 

The  mineral  molybdenite  behaved  differently  from  the  other  sub- 
stances examined  in  that  .\  increased  with   the   time  while  B  fill. 
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jiolarisation  or  back  E.M.F.  could  be  obsorved  at  any  time.  Copper 
electrode",  were  used,  but  no  ap|)arcnt  change  was  produced  when 
the  electrodes  were  tin.  zinc  or  [ilatinura. 

The  aotion  of  a  powder,  as  regards  the  time-conductivity  change, 
if  not  always  the  same.  In  many  trials,  at  different  times,  calcium 
:;ulphidc  and  borax  showed  a  decrca.se  of  conductivity  with  time. 
Once,  however,  for  each  j)owdcr,  there  was  an  exception,  for  no 
api)arent  rca-son.  The  rise  with  time  in  the  cas.-  of  calcium  sulphide 
was  almost  linear,  the  curve  being  slightly  convex  toward  the  time 
axis,  while  the  curve  for  the  bora.x  resembled  the  hysteresis  curve 
for  iron,  being  S-shaped.  These  cases  could  not  be  rci)eati'd.  A 
peculiar  time-conductivity  effect  was  noticed  with  barium  sulphide 
wiiich  might  be  called  a  .sjiontancous  rise  of  conductivity.  It  was 
fouul  that  when  the  barium  sulphide  was  freshly  [lowdcrcd  the  con- 
ductivity rose  to  three  time.'<  its  initial  value  in  '.'I'l  minutes,  the 
E..M.1'.  being  a])plied  only  long  enough  to  take  readings. 

Aii/mmclric.  ('oiuiuction. — It  will  be  <«mvenient  to  call  A  the  con- 
tluctivity  in  the  direction  of  the  initial  current  and  B  the  conduc- 
tivity in  the  opposite  direction.  The  relation  between  A  and  15  for 
calcium  .sulphide  is  shown  by  Fig.  2.  The  current  was  ke])t  con- 
stantly in  the  direction  A,  and  brief  reversals  for  B  were  made  at 
intervals  of  two  minutes — only  long  enough  to  take  a  reading.  The 
current  was  then  reversed,  and  it  will  be  noticed  that  here  \  rose 
.steadily  while  B  fell.  This  illustrates  the  steady  increase  of  conduc- 
tivity in  the  direclicm  opprjsil*'  to  that  in  which  the  curr<iit  is  flow- 
ing, characteristic  of  calcium  sulphide.  On  oj^ning  the  circuit,  and 
taking  readings  for  the  conductivity  at  intervals  of  two  minuto: — 
applying  the  current  for  as  short  a  lime  as  possible — X  fell,  while 


Fic:.  2. 

After  applying  the  E.M.F.  the  conductivities  soon  reached  a  steady 
state.  The  phenomenon  was  here  complicated  by  the  fact  that  a 
given  state  in  the  molybdenite  tended  to  persist.  In  other  words, 
with  a  perfectly  fresh  specimen,  the  E.M.F.  produced  a  state  which 
))ersisted  for  a  considerable  time — the  conductivity  for  this  initial 
direction  being  permanently  above  that  in  the  reverse  direction. 
The  effects  of  subsequent  reversals  were  sujierposed  upon  this  per- 
manent effect.  The  state  could  be  obliterated,  however,  if  the 
specimen  were  split  into  lamina\  and  some  of  these  were  reversed. 
This  state  was,  ciuiously.  influenced  by  sparks  from  an  induction 
coil  several  feel  away  from  the  apparatus.  After  a  spark  had  passed 
the  state  was  often  reversed,  and  the  eonductivity  in  general  wa;) 
higher.  Such  sjiarks  had  no  api)arent  influence  on  the  other  sub- 
stances examined. 

Asymmetry  was  found  with  a  coherer  of  the  ordinary  form,  made 
of  nickel  silver  filings.  A  stale  of  asymmetry  woidd  appear  more  or  less 
suddenly,  remain  rather  constant,  and  ])ersist  even  if  rcvi^rsals  were 
made  ra))idly.  The  tendency  seemed  to  be  for  A  to  Remain  steady 
and  for  B  to  rise,  and  B  could  stay  permanently  twice  A. 

When  reversals  were  made,  in  studying  asymmetry,  a  ceitain 
sluggish  action  was  noticed  with  selenium  which  was  not  slie.vn 
with  the  other  substances.  When  the  current  was  flowing  in  the 
direction  A,  in  selenium,  and  a  steady  deflection  had  been  reached, 
for  both  A  and  B,  a  reversal  gave  immediately  the  larger  di  flection 
for  B,  but  a  reversal  back  to  the  original  direction  did  not  give  the 
original  deflection  at  once,  but  the  deflection  fell  rather  slowly  from 
the  higher. 

Devialwn  frum  Ofim«  Law.~M\  the  powders  and  the  three  solids 
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examined  showed  deviation  from  Ohm's  law.  except  ]>owdered  zinc 
psrborat?.  An-<i!ii;o(l  in  the  onh-r  of  magnitude  of  th(^  effect — i.e., 
the  magnitude  of  tlie  curvature — they  were  niolyt)denite.  calcium 
sulphide,  solid  barium  sulphide,  jjowdered  barium  sulphi<le.  mercuric 
oxide,  zinc  dust,  magnesium  oxide,  borax,  strontium  sulphide, 
mercuric  iodide,  barium  carbonate,  barium  suli)hato.  barium  fluoride, 
zinc  sulphid^.  s:)!id  silver  iodide,  calcium  sulphate,  litharge,  mer- 
curous  oxide  and  zinc  perborate,  which  last  gave  no  sensible  devia- 
tion whatever.  The  curves  given  in  the  article  show  that  those  sub- 
stances which  deviate  but  slightly  do  so  most  strongly  ;'.t  low  voltages. 
The  deviation  from  Ohm's  law  was  present  under  all  conditions, 
except  when  great  pressure  was  applied.  Even  in  a  vacuum  the 
deviation  was  ])rescnt.  Also,  the  deviation  did  not  disappear  with 
current-densities  many  times  greater  than  those  ordinarily  used  in 
the  experiment.s. 

An  electric  discharge  had  a  marked  defect  on  the  conductivity  of 
zinc  dust,  but  did  not  change  the  deviation  from  Ohm's  law  to  any 
appreciable  extent.  .\s  the  conductivity  of  zinc  dust  was  better 
than  that  of  the  other  powders  used,  it  was  ]iossible  to  make  a  bridge 
of  it  in  the  form  of  a  tube  coherer.  The  tube  of  the  coherer  was 
placed  1  in.  from  the  spark-gap  of  a  small  induction  coil,  parallel 
to  the  axis  of  the  gap.  It  was  found  that  sparks  caused  the  con- 
ductivity of  the  zinc  dust  to  increase  about  a  hundred-fold,  but  when 
steady  readings  were  possible  th'^  deviation  was  still  present.  After 
the  sparking  the  conductivity  of  the  zinc  dust  coherer  fell,  whether 
the  current  were  on  or  off.  A  peculiarity  of  the  deviation  is  that, 
with  the  same  substance,  the  upper  part  of  the  E-I  curve  is  more  or 
less  straight.  Here,  again,  there  seems  to  be  a  general  tendency, 
which  is  followed  except  in  a  very  few  cases. 

The  above  phenomena,  m  general,  may  reasonably  be  considered 
as  contact  phenomena — i.e..  changes  taking  place  at  the  junctures 
between  particles.  It  is  evidently  so  for  powders,  and  is  more  or 
less  so  in  the  case  of  solid  silver  iodide,  barium  suljihide  and  molyb- 
denite, if  it  be  assumed  that,  in  the  first  two  bodies,  there  is  point 
contact  between  the  interlocking  crystals,  and,  in  the  last,  line  eon- 
tact  between  thin  lamip.a\     This  being  so,  there  should  be  some 


Fio.  3. 

resemblance  between  the  behaviour  of  powders  and  of  the  coherer. 
Such  a  resemblance  is  shown  by  the  author  by  considering  what  has 
been  ahready  found  concerning  coherer  phenomena. 

Conclusions. — It  seems  improbable  that  the  change  of  conduc- 
tivity with  time  is  due  to  a  decohering  action,  such  as  breaking  of 
the  chains  of  particles  by  heating  produced  at  the  jimctions.  Cooling 
a  coherer  |)roduces  no  change,  warming  ])roduees  expansion  and 
fracture  of  the  junctions,  hence  dccoherence.  This  point  «as  tested 
with  calcium  sulphide.  Because  the  deviation  fmni  Ohm's  law  i.s 
always  in  the  same  direction,  it  must  be  due  to  some  condition  which 
holds  for  all  powders.  It  may  be  explained  most  easily  by  sup- 
Jiosing  that,  as  the  E.M.F,  increases,  particles  that  were  loose  now 
take  part  in  the  conduction,  either  by  movements  or  by  forming 
temporary  chains  of  ])articles.  The  phenomenon  may.  however, 
not  be  so  simple.  Since  the  study  of  a  coherer  shows  that  a  surface 
film  is  necessary,  it  seems  safe  to  assume  that,  with  all  substances 
which  show'  change  of  conductivity  with  time  or  deviation  from 
Ohm's  law,  a  surface  film  is  also  necessary.  The  spontaneous  rise 
is  difficult  to  understand,  unless  it  has  to  do  with  ionisation  on  fresh 
surfaces  that  may  be  acted  upon  by  the  air,  as  suggested  by  the  fol- 
lowing consideration  of  asymmetry. 

The  phent)niena  conneeled  with  the  asymmetric  conduction  of 
powders  are  very  complex,  and  it  is  difficult  to  give  any  satisfactory 
explanation  of  them.  It  may  lie  explained  by  considering  conduc- 
tion to  take  place  by  means  of  ions  in  motion.  Suppose  in  Fig.  3, 
which  represents  a  contact  between  particles,  greatly  magnified, 
A  to  be  the  part  of  the  film  between  the  particles.  This  film  is 
necessary  in  order  to  have  coherence  phenomena,  as  there  must  be 
something  which  .separates  the  particles,  prevents  fusion,  and  hence 
causes  currents  of  great  density  at  the  points  of  eontacl.  Suppo.se 
B  and  B'  to  be  the  respective  parts  of  the  two  particles  that  arc 
most  highly  heated,  C  and  C"  to  be  regions  where  the  heating  is  loss 


It  will  Ik-  neccs-sary  to  make  certain  assumptions,  (n)  Owing  to 
the  high  temperatures  at  contacts  between  particles,  due  to  great 
current  density,  there  should  be  marked  changes  of  the  resistance 
to  motion  of  electrons,  or  negative  ions,  which  move  across  the  ccn- 
taet.  Hence  as.sume  the  resistance  to  motion  of  the  ions  in  the 
more  heated  regions,  B  and  B',  to  be  greater  or  less  than  in  C  and 
(",  depending  on  the  material  of  the  particles,  {!>)  .-Mso  a.».sumc  that 
the  film  .A,  though  it  may  have  con.siderable  resistance,  has  tmall 
resistance,  as  a  rule,  compared  with  B  and  B', 

This  will  help  to  explain  asymmetrical  conduction  in  which  the 
conductivity  in  the  directicn  of  the  current  decreases  with  time. 
while  that  in  the  Opposite  direction  steadily  increase.".  If  the  hotter 
])arts  B,  B'  impede  the  negative  ions  more,  then,  if  the  current 
flows  from  I)  to  D',  the  ions  ];r(duced  in  C  will  nui^e  slower  a.-, 
they  approach  B,  Thus  there  will  first  be  consideiable  movement 
of  the  ions  until  there  is  a  kind  of  opposing  a  : /  ml  lagc  in  B,  loas 
will  still  pa,ss  through  and  beyond  B,  but  at  B'  tl  ey'will  be  neutra- 
lised by  positive  charges  there,  as  B  and  B'  rre  (1  arge<l  oppositely, 
and  will  not  pass  to  any  extent  into  B'  and  C,  1',  now,  the  current 
bo  reversed,  the  ions  will  move  bark  at  a  higher  re  e,  since  they  are 
all  now  moving  in  the  direction  cf  decreasing  rcsii lance,  and  llii ; 
increased  rate  means  a  high  initial  current.  Such  a  state  of  a,sym- 
metry  is  found  with  calcium  sulphide  and  solid  silver  ic  dide. 

On  the  other  hand,  if  the  regions  B.  B'  and  A  offer  less  resistance 
to  the  moticjn  than  C  and  C.  which  are  cooler,  then,  when  a  current 
is  sent  from  D  to  I)',  ions  from  C  will  cress  B  to  B'.  wh.ere  they  will 
be  neutralised  as  before.  In  this  case  they  pass  through  a  region 
in  which  they  move  constantly  faster — i.e.,  the  current  increases, 
A  steady  state  is  reached  when  the  velccity  at  any  point  in  the  course 
remains  the  same.  If  the  current  be  now  reversed  the  condition 
will  differ  from  that  which  initially  held,  in  that  the  ions  in  B  will  all 
be  moving  in  the  direction  of  increasing  resistance,  and  hence  the 
current,  depending  on  the  rate  of  motion,  will  be  small.  It  will 
increase,  however,  if  time  is  given  for  the  ions  in  C  to  pass  into  B', 
This  is  the  case  of  molybdenite. 

It  is  to  be  observed  that  this  explanation  of  a.svmmetry  takes 
care  of  the  question  of  the  change  of  conductivity  with  time.  There 
are,  however,  certain  weak  places  in  the  theory.  When  the  circuit 
is  broken,  the  heated  contacts  should  cool  very  rapidly,  and  the 
resistance  should  return  promptly  to  its  initial  value.  To  account 
for  the  facts,  it  must  be  assumed,  then,  that  the  i(  ns  can  diffuse, 
more  and  more  slowly,  in  the  solid  tubstance  of  the  cold  particlee, 
as  the  asymmetric  condition  changes  fer  some  time  after  ojiening 
the  circuit,  thereafter  remaining  constant  for  hours.  It  is  difficult 
to  account  for  the  re-coherence  of  two  copper  wires,  unless  there 
is  initially  a  semi-solid  film  on  the  surface  of  the  copper,  and  ions 
become  more  or  less  permanently  entrapped  in  this  film — which,  in 
part,  constitutes  B  and  B'  in  the  figure — and  only  slow  ly  diffuse  there- 
from. With  balls  of  different  metals  the  critical  voltage  is  indepen- 
dent of  the  direction  of  the  current,  but  may  be  less  or  greater  than 
the  critical  voltage  of  cither.  This  is  difficult  to  explain,  unless  it  is 
supposed  that  the  atoms  of  the  two  metals  cross  the  film  and  com- 
bine during  the  transit  to  form  a  single  ion. 
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THE  ENGINEER  AS  HIS  OWN  ARBITRATOR. 

It  lias  been  the  custom  of  some  eiigineei.s  in  dniwingup 
general  conditions  of  contract  to  insert  an  arbilration 
clause  ami  to  appoint  themselves  as  sole  apbitrator.  For- 
tunately, such  a  procedure  has  practically  disappeared  as 
far  as  the  consulting  engineer  is  concerned.  Many  local 
nulhopitias,  however,  issue  specifications  in  which  the 
lioiDugh  engineer,  or  some  other  cngiiieoiing  officer  of  llieir 
staff,  is  responsible  for  supervising  the  work,  and  is  at  tlie 
saiiu!  time  sole  arbitrator  in  the  event  of  dispute.  It  is  a 
cuiiuiis  idea  that  a  dispute  should  be  decided  by  one  of  the 
parties  concerned,  and  still  ni(irc  so  that  the  piocess  of 
sfttk'inent  should  bo  given  the  higli-sounding  name  of 
"  arbitration."  Ilttwever  desirous  of  impartiality  the  engi- 
neer may  be,  he  cannot  well  avoid  some  bias  in  such  a 
position,  particularly  when  he  may  have  to  sit  in  judg- 
ment upon  him-self.  The  very  natural  consequence  of  such 
uielhuds  has  been  much  discontent  on  the  part  of  the  con- 
tractor who,  nevcrthi'lcss,  prefers  to  tender  for  work  under 
tlu!se  disadvantageous  conditions  than  to  lose  it. 

If  a  ruiii'dy  cmihl  be  sought  in  the  Law  Courts  less  dis- 
sati.sfaction  inighl.  be  the  result,  but  as  a  rule  no  action 
can  be  brought  when  the  parties  have  agreetl  to  arbitration. 
<  )ctasii)iuilly,  liowevi>r,  the  condition  of  allairs  is  st)  unsatis- 
factory that  thet'tiurts  may  think  fit  to  intervene  when 
called  upon  to  do  so.  A  case  in  point  is  that  of  R.  W. 
lUackwell  &  Co  v.  the  Mayor,  Aldermen  and  Ikiigesses 
of  the  Corporation  of  Derby.  The  contract  was  for  the 
laying  down  of  a  tramway,  tind  the  g'lierol  conditions  of 
contract  contained  a  clause  of  inordinate  length  giving  the 
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B:.r>nu'h  Fngineer  every  conceivable  power,and  making  any 
avard  by  him  final  and  binding  on  both  parties.  The  date 
ct  completion  was  fixed,  with  a  penalty  of  a  certain  sum  per 
week  failing  completion  at  the  time  named.  Although  the 
lime  for  completion  was  e.xtended  by  about  three  months  the 
vork  was  not  complete  at  the  expiration  of  this  time,  and 
coDseqnently  &  deduction  of  £1,500  was  made  as  liquidated 
damages  for  delay.  The  plaintiff.s  alleged  that  tliere  was 
constant  changing  of  plans  from  the  time  the  contract  was 
s^ned;  that  the  Corporation  delayed  its  decisions  as  to 
certain  interlacing  lines  and  other  iniportjint  matters ;  that 
the  order  in  which  the  work  had  been  agreed  to  be  carried 
oat  was  subsequently  altered,  thus  rendering  the  material 
to  hand  useless,  and  necessitating  the  obtaining  of  other 
material  before  the  work  could  proceed  ;  that  a  reasonable 
amount  of  material  was  not  allowed  to  be  placed  on  the 
footpaths  ahead  of  the  work ;  and  that  an  unusual  number 
of  samples  of  sand  were  rejected,  apparently  in  an  un- 
reasonable way.  With  the  truth  of  these  and  other  allega- 
tions we  are  not  concerned,  as  they  will  no  doubt  form 
the  subject  of  enquiry  in  due  course.  They  are,  however, 
snffieieut  to  show  that  the  engineer  was  so  far  involved 
in  the  complaints  of  the  contractor  that  he  could  not 
act  well  as  arbitrator  in  the  matter.  This  view  has 
been  taken  by  the  Court  of  Appeal,  witii  the  result 
that  the  arbitration  clause  has  been  set  aside. 

In  giving  judgD;ent,  Lord  Justice  Fj.etciier  Mocltox 
expressed  ihe  view  that  any  case  of  this  kind  must  be 
decided  on  tlie  facts,  and  that,  where  the  nature  of  the  dis- 
pute arising  from  the  facts  which  were  subsequent  to  the 
contract  was  such  that  the  tribunal  was  not  likely  to  be 
able  impartially  to  deal  with  the  dispute,  it  was  open  to  the 
Court,  and  would  usually  be  their  duty, to  refuse  to  enforce 
the  arbitration  clause.  In  the  present  case  the  dispute  was 
as  to  whether  the  engineer  had  not  from  the  first  acted  un- 
reasonably towards  the  contractor.  It  could  not  be  said 
that  the  arbitrator  was  an  unfit  judge  merely  because  he 
was  an  officer  of  the  Corporation,  but  if  facts  subsequent 
to  the  signing  of  the  contract  had  given  rise  to  a  sub- 
stantial dispute  involving  allegations  of  continued  un- 
reasonableness on  his  part,  the  Court  would  not  be  acting 
in  the  spirit  of  the  law  if  the  dispute  were  referred  to 
arbitration.  In  the  opinion  of  Lord  Justice  Fletcher 
MouLTON,  Corporations  were  often  too  fontl  of  putting 
their  officers  in  the  position  of  engineei-s  under  a  contract. 
Lord  Justice  Uui  KLEV,  in  giving  judgment,  retnarked  that 
the  matter  to  be  determined  was  whether  the  contractual 
referee  was  an  unreasonable  person.  The  worst  possible 
referee  on  the  question  of  unreasonable  conduct  was  tlie 
person  \sho  was  accused  of  being  unreasonable.  It  was  not 
human  nature  to  suppose  that  he  could  properly  determine 
whether  he  himself  was  an  unreasonable  pereon. 

We  trust  that  this  action  of  the  Court  of  Appeal  will 
act  as  a  deterrent  in  future,  and  that  general  condi- 
tions of  contract  in  the  case  of  local  authorities  will  in 
future  contain  an  arl>itration  clause  of  a  more  satisfactory 
kind.  If  the  engineer  is  a  thoroughly  competent  man  he  will 
not  fear  the  risk  of  arbitration  by  some  disinterested  person, 
whereas  if  he  is  afraid  of  this  risk  the  contmctor  should  cer- 
tamly  not  be  placed  at  his  tender  mercies,  and  the  sooner  the 
engineer  ceases  to  be  responsible  for  such  work  the  better 
for  all  concerned. 


REVIEWS. 

(Copies  of  the  Dndermeotioned  worka  <xa  be  had  (rom  The  BUclrieUut  OSoe.  port  free, 
OD  receipt  of  publibheil  price,  addioK  3d.  tor  boolu  pabUihed  ander  1l  Add  1<J  per 
ccDt.  for  abroad  or  for  foreign  boolu.) 


DynamobaU-     By    K.    Picmki-mavkk.     Vol.   V.  of   "  Han'lbuch  tier 
Elektrotechnik."   (Leipzig :  S.  Hii-zel.)   Pp.  xxix.-745.    M.36. 

This  is  doubtless  one  of  the  most  important  treatises  on  the 
calculation -and  design  of  electric  machinery  and  transformers 
that  has  appeared  for  some  time  past,  and  will  certainly  rank 
as  a  standard  work  on  this  subject  for  some  time  to  come. 
The  author,  though  now  Professor  of  Electrical  Enpneering 
at  the  Technical  University  of  Vienna,  was  for  several  years 
the  chief  designer,  and  afterwards  works  mana'.ier.  of  the 
Austrian  branch  of  the  .Siemens  &  Halskc  firm  before  its 
amalgamation  with  the  Schuckert  Company.  Thus,  from 
every  side,  technical  and  practical,  commercial  and  acade- 
mical, Herr  Picheimayer  is  able  to  write  with  authority 
obtained  from  the  best  of  all  sources — experience. 

Needless  to  aay,  this  is  scarcely  a  book  for  students,  or,  at 
least,  for  voung  students — it  is  intended  rather  for  those  to 
whom  the  underlying  principles  of  electromagnetism  have 
become  a  second  alphabet.  This  does  not  mean  to  imply,  of 
course,  that  a  student  has  nothing  to  learn  from  the  book,  but 
it  is  doubtful  whether  anyone  without  practical  experience 
could  properly  appreciate  the  vast  amount  of  information  here 
placed  before  him.  On  nearly  every  page  of  the  book  instances 
occur  where  the  practical  engineer  betrays  himself,  so  to  speak  ; 
details  are  given  which,  to  a  pure  physicist  or  to  one  unac- 
quainted with  practical  requirements,  would  often  have  no 
meaning,  but  which,  to  an  engineer,  are  real  information. 
Though  scientific,  the  treatment  is  by  no  means  involved, 
whilst  the  mathematics  used  are  such  as  one  who  has  passed 
through  a  full  course  of  engineering  can  easily  follow.  Through- 
out the  book  the  style  is  clear  and  generally  concise,  though 
at  times  the  author  becomes  discui-sive.  This  is  rather  a  dis- 
advantage in  such  a  handbook  where  the  subject  under  treat- 
ment has  attained  such  vast  dimensions  at  the  present  day. 
as  it  may  easily  lead  to  incompleteness  ;  yet  there  arc  few 
really  serious  omissions.  Of  course,  it  is  only  to  be  expected 
that  the  present  volume  is  somewhat  heavy  and  ttulky.  as 
indeed  any  complete  one-volume  treati.se  of  such  a  matter 
must  of  necessity  be — even  the  price  would  lead  a  buyer  to 
expect  something  substantial  for  his  money.  But  our  chief 
objection  to  the  book  is  not  so  much  its  size,  but  the  fact  that 
it  is  written  in  German.  Though  doul)tless  this  latter  language 
is  gradually  liecoming  as  important  for  the  English  engineer 
as  Englisli  is  for  the  German  engineer,  yet  we  can  well  imagine 
much  genuine  grumbling  at  this  seemingly  uimecessary 
increa.se  of  labour.  Surely  it  will  not  be  long  before  some  of 
our  own  technical  men — tiian  whom  none  are  better  fitted — 
will  take  the  trouble  to  record  their  experience  for  the  benefit 
of  others,  so  that  it  will  no  longer  be  necessary  for  specialists 
to  turn  continually  to  out.side  sources. 

Coming  now  to  review  more  closely  the  several  chapters — 
of  which  there  are  but  10,  exchuling  the  introductory 
matter,  which,  however,  occupies  Imt  32  pages  out  of  the  745 
—the  first  thing  which  strikes  the  reviewer  at  a  casual  glance 
is  the  uniform  treatment  followed  throughout.  In  this  way 
the  essential  differences  of  the  various  kinds  of  machines  are 
strongly  brought  out,  whilst  the  many  points  of  similarity  do 
not  lead  to  repetition.  On  the  other  liaiid.  this  arrangement 
of  the  material  frequently  makes  it  difficult  to  finil  what  one 
wants.  The  first  three  chaptei-s  include  the  introduction,  a 
description  of  the  various  materials  used  in  construction  and 
a  short  statement  of  the  fumlanu-ntal  laws  on  which  all  electro- 
magnetic apparatus  is  based. 

Chapter  IV.  deals  with  windings.  Armature  windings  for 
continuous-current  machines  follow  Arnold,  the  pioneer 
writer  on  this  subject.  The  section  on  alternating-current 
windings  is  much  shorter,  hut  most  stai\dard  methods  are 
included.  In  the  next  chapter  the  E.M.F.s  induced  in  the 
several  kinds  of  windings  are  calculated.  A  short  metlnid  is 
given  for  ftnduig  the  E.M.F.  of  an  alternator  with  a  given 
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field    ilistiiliution.    liv    ivplaciiiu    the    latter   by    a    rectangle, 
trapezium  or  sine  curve,  as  the  case  may  he. 

Commutation  occupies  the  whole  of  Chapter  VI.  The 
treatment  of  this  difTicult  matter  is  simple,  tliouj;h  in  no  way 
superficial,  whilst  the  contents  include  most  of  the.  results,  in 
a  condensed  form,  which  have  appeared  from  time  to  time 
in  tlie  technical  press.  Possibly  the  different  t^'pcs  of  carbons 
mifiht  have  received  more  attention,  for  it  is  just  here  where 
experience  is  of  so  much  assistance. 

Two  very  important  chapters  then  follow.  The  one  deals 
with  the  characteristics  of  the  machine  when  only  one  windinji 
is  active,  and  the  majjuetisation  curves  are  found  for  the 
several  types  of  winding — toncentratcd  and  di.stributed. 
The  other  chapter  considers  the  resultant  excitation  due  to 
the  combined  effect  of  the  several  windings  and  constitutes 
by  far  the  longest,  and  possiblv  the  most  important,  in  the 
book,  for  it  contains  the  theory  of  the  continuous-current 
machine,  the  synchronous  machine,  the  converter,  the  asyn- 
chronous machine  and  transformer  and  of  alternating-current 
commutator  motors.  Doubtless  many  designers  will  here 
find  several  jioints  on  which  they  will  not  agree  with  the  author, 
or  will  j)refer  other  ways  of  looking  at  the  matter,  but  through- 
out the  author  is  ()uite  fair  and  often  criticises  the  formuhe  he 
deduces  as  thoroughly  as  his  readers  will.  Moreover,  numer- 
ous test  results  and  examples  are  given  from  time  to  time — 
the  former  to  confirm  and  the  latter  to  illustrate  ;  this,  in- 
deed is  one  of  the  most  pleasing  sides  of  the  book.  The 
section  on  the  method  of  working  of  synchronous  machines  is 
very  complete,  whilst  the  theory  of  the  compensated  series 
motor  and  the  compensated  repulsion  motor — each  supple- 
mented by  a  practical  example — will  be  welcomed  by  the 
ever-increasing  number  now  beginning  to  study  electric 
traction  seriously. 

Chapter  IX.  drals  with  the  losses  occurring  in  electric 
machines,  especial  attention  being  paid  to  the  eddy  current 
losses  set  up  in  the  copper.  The  whole  of  the  next  chapter  is 
occupied  with  the  temperature  rise  and  cooling  of  electric 
apparatus,  and  much  interesting  matter  on  the  effect  of  radia- 
tion is  brought  to  bear  on  the  subject.  I^nfortunately, 
theory  is  not  of  much  u.se  to  the  designer  in  enabling  him  to 
predetermine  the  heating  of  his  machine.  i>o  much  depends 
on  the  cooling  facilities  offered  by  the  particular  design  in 
<|Ucstion,  that  it  often  becomes  almost  impo.ssible  to  apply 
conclusions  deduced  from  other  types.  Yet  this  problem  is 
probably  the  most  important  the  designer  has  to  face,  for  on 
it  largely  depends  tlie  minimum  amount  of  active  metal 
which  can  be  used  for  a  given  tc  mperature  rise. 

A  long  chapter  then  follows  in  which  the  main  features  in 
the  dcsiiin  of  nuichines  and  transformers  are  brought  out.  In 
determining  the  relation  between  the  main  armature  dimen- 
sions and  the  .speed  and  output,  the  author  shows  how  the 
latter  can  lie  exi)ressed  either  electrically  or  mechanically. 
lie  prefers  the  latter  method  and  proceeds  to  deduce  the  out- 
put coefficient  from  the  mechanical  interaction  of  the  field  on 
the  current.  We  notice  the  curves  of  output  coefficients 
obtained  agree  well  with  standard  practice.  Most  of  the 
sections  in  this  chapter  conclude  with  a  fully  worked  out 
example  of  an  actual  machine.  Following  this  is  chapter  XI. 
on  the  mrchanicnl  design  and  construction  of  dynamo  ma- 
chines ;  whilst  the  hook  closes  with  a  description  of  29  nui- 
chines and  transformers  built  by  various  firms.  These  last 
two  chapters  occupy  .some  170  pages  and  contain  much  useful 
information  on  what  may  be  chiefly  regarded  as  modern 
Continental  practice,  though  certain  classes  of  machines,  for 
example,  continuous-current  nuichines  with  commutating 
poles,  &c.,  might  well  receive  more  attention  in  future  editions. 

Naturally,  in  going  through  a  book  of  this  description, 
there  is  much  the  reviewer  might  criticise,  and  in  places  even 
find  fault,  but  to  attempt  this  on  anything  like  a  just  scale 
would  need  far  too  much  space.  Moreover,  the  fact  that  the 
work  covers  such  a  large  field  makes  it  impossible  to  review 
it  in  the  same  way  as  less  ambitious  treatises.  It  would  be 
unrea.sonat)le  to  expect  all  sections  to  be  treated  with  equal 
skill,  and  it  must  be  left  for  the  individual  reader  to  find  out 


those  parts  that  please  him  best,  just  the  same  as  witii  all  other 
works  of  reference. 

15ut  we  think  enougii  has  lieen  said  aliout  tlie  book  to 
indicate  the  nature  of  its  contents  and  also  tiu'lr  (|uality.  It 
might  be  added  that  the  text  is  excellently  illustrated  and  the 
diagrams  well  drawn,  though  we  should  have  been  much 
better  pleased  to  see  explanations  placed  under  the  figures — 
an  improvement  that  we  hope  will  not  be  lost  sight  of  in  future 
editions.  At  the  beginning  of  the  book  besides  a  detailed  list 
of  contents,  there  is  al.so  a  convenient  table  of  formula>  and  a 
reference  list  of  authorities  (|Uoted,  which  probably  accounts 
for  the  somewhat  nu>agre  index  at  the  end  of  the  book.  We 
rather  think  the  publisher  will  already  have  received  com- 
plaints about  the  binding — after  a  few  weeks'  rough  usage  in 
an  office,  the  present  light  cardboard  covers  would  afford 
little  protection  to  a  book  of  this  w-eight  and  bulk.  Surely 
one  who  is  willing  to  pav  36s.  for  a  book  would  willinglv  pay 
two  or  three  shillings  more  and  have  it  properly  bound. 

This  book  ought  to  have  a  place  in  the  technical  library  of 
every  firm  and  college  in  the  country.      Stanley  P.  Smith. 

Electricity  in   Factories  and  Workshops.    By  A.  P.  Haslam. 

(London:  Crosby-,  Lockwood  &  Sun.)    I'p.  xvi. — 306.    7s.  6d.  net. 

This  publication  deals,  in  a  very  practical  manner,  with  the 
costs,  advantages  and  disadvantages  of  the  electric  drive  in 
factories,  discussing  at  length  the  pros  and  cons  of  public  and 
private  supply. 

Chapters  I.  to  III.  give  descriptions  of  the  different  types  of 
motors  and  accessories  available  for  factory  installations.  In 
dealing  with  the  polyphase  squirrel-cage  motor,  the  author 
points  out  that  the  arbitrary  rule  made  by  some  supply 
authorities  in  limiting  the  size  of  squirrel-cage  motors  to 
3-5  H.p.  is  not  altogether  to  their  (the  authorities')  advantage, 
and  expresses  the  now  generally  accepted  view  that  the  install- 
ing of  squirrel-cage  motors  in  the  larger  sizes  is  most  desirable, 
from  the  "  supply  "  point  of  view  ;  the  low  first  cost  of  this 
type  of  motor,  its  simplicity  and  negligible  maintenance, 
being  one  of  the  best  advertisements  "'  supply  "  could  devise 
for  reliability  of  the  electric  drive.  The  great  extension  of 
power  business  by  the  Newcastle-on-Tyne  Electric  Supply  Co. 
is  attributed  to  the  encouragement  of  the  installation  of 
squirrel-cage  motors.  Mention  is  made  of  single-phase  vari- 
able sj)eed  commutator  motors,  l)ut  it  is  stated  in  error  that 
commutator  motors  cannot,  at  present,  compare  in  price  with 
induction  motors  for  equal  output. 

Considerable  stress  is  laid  on  the  necessity  of  starters  and 
regulators  being  as  carefully  chosen  as  the  motors  themselves, 
it  being  pointed  out  that  insufficient  attention  paid  to  the  buying 
of  these  accessories  is  a  most  fruitful  cause  of  the  breakdown  of 
the  electric  drive.  A  minute  description  of  the  various  kinds  of 
controllers  and  starters  is  given. 

Cha])terl\'.  takes  up  the  important  (piestion  of  motor  rating 
and  eHiciencies,  and  motor  buyers  would  do  well  to  study  it 
carefully.  The  author  is  particular  to  point  out  that  the 
IJritish  manufactured  inotor  is  well  able  to  hold  its  own  against 
foreign  competitors,  a  fact  recently  demonstrated  by  several 
large  contracts  placed  during  the  last  year. 

The  cost  of  energy  (generated  in  the  factory)  receives 
attention  next.  Tlu-  small  power  user  is  dealt  with  by  him.self, 
and  comparisons  of  ciwt  in  relation  to  ])lant  load  factor  are 
well  and  clearly  jiut.  The  comparative  figures  given  tor  the 
cost  of  large  power  users  are  somewhat  o])en  to  criticism.  Kor 
in.stance,  a  figure  of  13i  per  cent,  per  annum  is  given  as  sulb- 
cient  to  cover  interest,  depreciation  and  repair  charges  on  a 
generating  plant  using  suction  gas  as  a  source  of  power,  thus 
crediting  the  plant  with  a  life  of  12  years  (interest  at  T)  per 
cent.)  a  figure  yet  to  be  reached  even  under  the  best  conditions. 
The  fuel  cost,  namely,  ()-4d.  per  unit,  given  for  such  a  plant 
again  is  open  to  criticism,  considerably  lower  figures  being 
i)uitc  common  in  practice. 

Chapter  IX.  takes  up  the  matter  of  power  station   tariffs,    j 
explaining  the  various  charges  and  the  reason  for  their  exist- 
ence in  a  clear  and  concise  way.     Close  comparisons  from  the    : 
factory  owner's  point  of  view  are  made  between  the  cost  of    | 
energy  taken  from  an  outside  sujijily.  and  thi'  cost  for  home 
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"ciicnition.     The   lijivircs   for  the   latter   aLiaiii    appear,    how- 
ever, to  err  slii,'htly  on  the  high  side. 

Passing  on,  a  long  account  is  given  of  the  electric  driving  of 
textile  mills,  the  application  of  the  motors  to  the  different 
machines  being  dealt  with  in  considerable  detail.  Other 
particular  descriptions  are  given  of  the  electric  drive,  special 
notice  being  given  to  printing  and  engineering  workshops. 

This  work  should  prove  a  most  useful  addition  to  the  lilirary 
of  the  commercial  sujjply  engineer.  The  way  in  which  supply 
costs  are  set  forth  should  be  instru<'tive  to  power  users  and 
Komr  power  sellers  ;  a  number  of  the  former  are  prone  to  count 
their  fuel  and  labour  costs  as  the  total  expenditure  for  power. 
One  would  imagine  that  it  would  ]iay  power  sellers  to  circulate 
copies  of  this  hook  among  the  works  managers  of  the  factories 
tliev  are  anxious  to  supply.     It  should  lead  (o  business. 

A.  ITnni  Se.arrook. 


THE  PROPOSED  INTERNATIONAL  UNIT  OF  CANDLE 
POWER.* 


The  intercomparison  of  light  units  between  Ihc  National  or  other 
standardising  laboratories  of  America,  France,  Germany  and  Great 
Britain  has  been  proceeding  at  intervals  since  1903.  The  values 
whieli  have  been  obtained  for  tbe  ratios  between  the  dilTcrent  units 
arc  now  found  to  be  in  sufiticicntly  close  accord  to  warrant  the 
establishment  of  a  working  basis  of  agreement  between  this  country. 
America  and  I'^ranco  in  the  matter  of  a  common  unit  of  candle  power. 
The  ]>ossibility  of  agreement  between  tlic  British  and  French  units 
waa  demonstrated  by  Dr.  Glazebrook  in  a  I'aper  on  light  standards 
read  l>efore  the  B.A.  at  Dublin  in  1908-1  The  chief  factor  in  the 
present  movement  has  been  the  desire  of  the  authorities  in  the 
United  States  to  establish  one  unit  for  both  gas  and  electrical 
industries  in  that  country,  and  the  possibility  of  their  adopting  a 
unit  which  should  be  identical  with  those  exi.sting  in  Great  Britain 
and  France  led  them  to  take  the  initiative  in  an  attempt  to  obtain 
international  co-o]ieration.  The  agreement  which  has  resulted  has 
the  apjinival  uf  the  iletnipciHtan  Gas  Referees,  and  now  forms  the 
subject  of  an  annciuncement  which  is  reproduced  as  an  appendix  to 
the  PajKr  {see  TuE  Electrhiax.  Vol.  LXIII..  p.  21.5). 

Dr.  J.  A.  Fleming  discussed  the  question  of  light  standards  very 
fully  in  his  I'aper  before  the  Institution  of  Electrical  Engineers.^ 
Some  facts,  however,  connected  with  the  units  in  question  have  a 
more  especial  bearing  on  the  experimental  results,  and  should  l)e 
borne  in  mind  in  connection  with  the  table  of  ratios  given  {he.  cit.). 

The  liritish  Unit. — As  dclincd  in  the  above-mentioned  rcecm- 
mendation,  the  unit  of  candle  power  in  this  country  is  the  Harcourt 
10  c.p.  pentane  lamp  burning  in  an  atmosphere  at  normal  baro- 
metric pressure  and  containing  8  litres  of  water-vapour  i)cr  cubic 
metre  as  measured  by  a  ventilated  hygiometcr.  .\  difficulty  arises 
in  the  u.se  of  all  flame  standards  in  connection  with  the  method  to 
be  employed  for  measuring  the  humidity.  When  flame  lamps  are 
burning  in  a  closed  room  it  is  well  known  that  their  candle  power 
diminishes,  due  probably  to  the  vitiation  of  the  air  in  the  immediate 
neighbourhood  of  the  flame.§  Two  standards  will  not  necessarily 
diminish  in  candle  power  at  the  same  rate,  and  it  is  therefore  neces- 
sary to  take  readings  after  the  air  of  the  room  has  been  changed 
and  before  the  candle  power  of  the  lamps  has  had  time  to  be  affected. 
The  method  of  measuring  humidity  must  therefore  be  a  rapid  one, 
and  it  is  now  generally  agreed  that  from  considerations  of  accuracy 
iml  quickness  of  reading  the  ventilated  hygrometer  is  the  best 
ii^trument  to  use,||  In  the  German  and  French  comparisons  this 
lius  l)een  used,  but  in  the  English  comparisons  (as  reported  to  the 
I'hotonu-tric  ("omraissi<m  meeting  in  Zurich  in  190")  (vc  Tnu 
Klectru  IAN,  Vol.  LX.,  p.  0)  the  un ventilated  hygrometer  was 
'niployed.ll  and  in  the  tables  )mbli.shed  in  the  pr(;ccedings  of  the 
<'onnuissiim  the  author's  results  are  given  in   terms  of  humidity 

*  Paper   read   before    tlie    Pbysieiil    Society,   June    11,    1!'09.       The 

'  ['■■lulix  is  omitted  owing  to  (irevioiis  pulilieation. 

I!.A.   Repmt.   IOCS,   Duhliii.    "  The   I'liotoinctrie  Standanl    of    the 
i    mal  Physical  Laboratory  "  :    Tim  Ei.kctkician,  Vol.  LXI..  p.  ".Ks:). 

X  Fleming,  TuE  Elkctkician.  \'o1.  L.,  j).  438.  See  also  Paper  by 
theauthor.  The  Ei.ECTiiiciAX.  Vol.  LVIIL,  p.  u(iO, 

I  Report  Amer.  Gas  Inst.,  "  Methods  of  taking  C.P.  of  Gas."  Ilium. 
Enp.,  190i»,  p.  203. 

||"Pi;oc."  Roy.  Soe.  Edinburgh,  Vol.  XIJII..  l<»0.'>;  also  "  Zur 
Keiintniss  des  Vcntiliertcn  Psyehromcters.'"  Akiidemisehe  .\bhandlung 
der  Fakult;it  der  Universitat  zii  U|).sala,  by  Aron  Svensson.  ISOS. 

1  .See  B.A.  Report,  Dublin,  1908. 


measured  by  this  instrument.  The  ratios  tabulated  in  the  present 
Paper  are  corrected  so  as  to  he  in  terms  of  the  ventilated  liycro- 
meter.  In  each  ea.se  values  are  taken  for  the  humidity  at  which 
each  lamp,  in  the  country  where  it  forms  the  standard,  is  considered 
to  give  its  nominal  candle  power. 

The  Unit  of  the  United  Stnlr.-<  o/  .1  meriru. — In  the  initial  adoption  of 
a  unit  of  candle  power  the  United  States  of  .\mcrica  endeavoured 
to  make  its  value  as  nearly  as  possible  llie  same  a,s  that  accepted  at 
the  time  in  this  country.*  This  was  before  I'rof.  Vernon  Harcourt 
and  the  .Metropolitan  Gas  RelVrees  (Loudon)  lia<l  established  the 
lit  candle  penlaiu'  lamp  on  the  |iresent  detinito  basis.  The  .\meriean 
Institute  of  Electrical  Engineers  recommended  the  derivation  of 
their  unit  from  the  Hefner  lamp  by  increasing  its  value  in  the  ratio 
of  088  to  1.  This  .seemed  at  the  time,  from  different  ob.scrvcrs' 
work,  to  be  the  most  probable  ratio  between  the  Hefner  and  Briti.sh 
units.  The  gas  industry  in  America,  however,  did  not  follow  this 
course  but  developed  their  unit  along  the  lines  of  the  10  candle 
[lentane  lamp.f  The  result  is  that  there  has  been,  up  to  now,  an 
appreciable  ditt'erenee  between  the  units  adopted  in  the  two  indus- 
tries in  that  country.  The  Illuminating  Engineering  ScK-iely  and 
other  bodies  took  the  matter  up  energetically,  and  the  Bureau  of 
Standards,  Washington,  now  has  the  support  of  the  leading  institu- 
tions in  America,  in  tleiining  the  value  of  a  common  standard,  to  be 
acceiited  throughout  the  States.  This  Institution  has  a.sccrtaincd 
by  means  of  electric  intereompari.sons  the  ratio  of  their  present  unit 
to  those  of  Germany,  Franci  .  ,ind  Great  Britain  respectively,!  and 
has  arranged  to  adjust  the  value  of  the  American  unit  as  already 
indicated. 

German  Unit. — The  unit  accepted  in  Germany  is  the  light  given  by 
the  Hefner  lamp  burning  in  an  atmosphere  at  normal  barometric 
pressure  and  containing  8-8  litres  of  water  vapour  ))er  cubic  metre. 
The  researches  of  LiebenthalS  at  the  Reiehsanstalt  on  the  Hefner 
lamp  and  the  variation  of  its  candle  power  with  atmospheric  change 
were  the  earliest  systematic  experiments  undertaken  of  this  nature 
and  are  too  well  known  to  require  more  than  passing  mentitm. 

French  Unit. — The  Candle  Power  Unit  adopted  by  the  electrical 
industry  in  France  is  the  Bougie  Deeimale.  This  is  the  20th  part  of 
the  light  given  out  by  a  square  centimetre  of  platinum  at  the  tem- 
perature of  solidification.  The  unit  was  suggested  by  M.  \'iolle  and 
adopted  by  the  Congres  International  des  Elcctrieiens  in  1881. 
This  standard  has  been  found  very  diftieult  to  reproduce,  and  the 
French  authorities  still  use  the  C'areel  lamp,  burning  colza  oil,  as  the 
standard  for  all  photometric  work.  .V  determination  of  the  value 
of  the  Carcel  lamp  in  terms  of  the  VioUe  ])latinum  standard  has  only 
been  made  once.  This  was  by  iM.  VioUe  himself  in  1884.  .Mea.-^ure- 
ments  were  made  by  him  using  two  or  three  ])hot»)metric  methods, 
and  all  his  values  cxceiit  one  showed  the  bougie  decimal  to  Ih-  a  little 
less  than  4  iier  cent,  greater  than  the  Garcd  unit.  A  multiplying 
factor  of  I()4  for  the  Carcel  unit  was  therefore  given  by  him.  and 
has  been  adopted  ever  since  for  reducing  the  values  in  terms  of  one 
standard  to  those  of  the  other.  As  no  aeeoimt  was  taken  by  M. 
Viollc  of  the  pressure  and  luuuidity  of  the  atmosphere  in  which  the 
Carcel  lamp  was  burning,  the  acceiited  figure  of  1-04  must  Ix-  regarded 
as  liable  to  a  certain  inaccuracy  due  to  this  cause.  It  should  In- 
renuuked.  also,1[  that  no  correcting  factor  has  as  yet  been  deter- 
mined for  the  variations  in  the  candle  power  of  the  Carcel  lamp  ilue 
to  atmospheric  changes.  Hence,  in  the  table  given  later  on  in  the 
Paper  a  correcting  factor  has  had  to  be  assumed  in  eases  where  the 
Carcel  lamp  is  corrected  for  a  difference  of  humidity. 

Jcciirnci/  of  CoHi/x/ri'.sonA-lt  is  well  to  explain  in  giving  the 
results  of  exiicriments  that  ditTcrent  limits  of  accuracy  must  be 
attributed  to  phot(-metrie  measurements  of  ditTcrent  types  of 
standards.  It  is  usual  in  giving  photometric  results  to  write  down 
the  fourth  ligure,  but  even  in  the  most  favourable  eirciunstanccs 
this  must  be  written  snudl  and  the  value  considered  liable  to  an 
error  of  +  or  —  O-I  \>vr  cent.  In  the  case  of  the  best  e<  mparisons 
of  electric  sub-standards  this  inaceuracv  should  not  be  occasioned  by 
iniperleelion  in  the  lunelu.r  photometer  head  niayct  to  the  electrical 
measurements,  but  must  be  attributed,  in  the  author's  opinion. 
chitlly  to  want  of  constancy  in  the  individual  who  is  makhig  the 
photmnetrie  observations,  "in  some  of  the  comparisons  whieli  an- 
taliulated  the  electrical  measurements  are  iirobably  not  so  accurate 


•  •  Hiilletin"  of  the  Bureau  of  Stamlnrds,  Vol,  HI..  .\o,  1.  p.  tw: 
Report  to  the  American  (ias  Institute  on  "  A  Unit  ..f  U^ht.  "  Journal  of 
Gas  Lijihtins,"   Vol.  CIV..  1>.M)8.  !>.  42ii. 

f  ■  The  Workins  Standards  of  Lisiht  and  their  Use  \u  tb.e  Photometry 
of  Gas,"  Ch,  O,  Bond,  Franklin  Inst.,  1908. 

t  Ref.  cit. 

§  "  Zcitsehrifl  fio- Instnimentenkunde,"   Vol.  XV.,  189,>,  p.  loi. 

II  Seances  of  the  French  Physical  Soe..  May  to  July.  1884. 

1I"Rapport  do  Tixiis  Lamiw."   Laporte   and    .louaust.  Bull  bo 
des  Elect.  2nd  scrie,  tome  VI.,  No.  58.  . 
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Table  Giii»<l  dfUrminalionx  nl  llu    liatios  of  Nalioiitd  Candk  Power  Viiit^jri 
Pontaiip     Britisli.         Bougie  r)eeiniiiIe=Frencli.         Hefui!r=  German.         Bmoi 


I'jo;!  ill  liiiw. 

of  Shmdard»=  U.S.A. 


Test.'  coiuliicted  hj 


XumU'r  of  Lam 


A 


/  IMiui  ^ 

L  Peiitaiie  Unit  / 
f  Bougie  Deeimale  \ 
\  PentaniTUnir'  j 
f  Bur.  of  Standards  \ 

^  \     PcntaiuTUniF     i 
f     Pentane  Unit     "1 

d{       -Hefner  / 

(  Bougie  Deiiniale  ~|^ 

^  \  Hefner  J 

C  Bur.  of  Standards 

^  \  H?fSS 

Pentane  Unit     "1 

Bougie  Dceimale  j 

Hefner 


} 

{Hefner  T 

Binigie  Decimale  / 


f  Bur.  of  StandardE 

"^   Bougie  Dceimale  j 

f     Pentane  Unit     "I 

•'    -^  Bur.  oTsTandards  J 

Hefner  ~> 

Bur.  of  Standards  / 

f  BouL'ie  Decimale  S 

^  \Bur.  of  Standards  / 


Sharp 
1 !)(»;!. 


Pater 
son, 
1  !»0o. 


O-HDj 


Electric  Comparisons. 
3.       I       4. 


Fleming, 
1905 


Hyde, 
1006. 


12 


Laporte 

and 

Jonaust, 

1907. 


Laporte, 
1907. 


Rosa, 

1908. 

Spring 


0-89, 

099, 
101,i 
112o 
Ml,; 
113. 
1  -00^ 
()-89,; 

101s 

O-OSj 
0-H7» 
0-98, 


000s 

lOla 


llOi 
111, 


O-'.IS; 
()-89. 


99; 


089^ 
1  -OOs 
liOl  , 
Ml.; 
112^ 
113, 
0-99. 
0-89,, 
1-OOf, 
0'98.-, 

0-884 
0-99j 


Rosa,      Laporti 
liK»8.         1908. 
Autumn 


Direct  Comparisons. 


Pater. 

son. 


0-90. 
1  -OO,, 


M0„ 
Mh 


n-99i 

0-89i 


Lie- 
benthal. 


0-90^ 
1-(I0., 


11 0,1 
MIb 


0-99, 
.)-89, 


Perot 

and 

Laporte 


0-92, 
1-01, 


1-08,; 
Ml, 


0'98, 
0-S9,, 


Photo, 
metric 
(-•om- 
mission, 
Zurieh,* 
1907. 


0-9flj, 
1-00, 


110, 
ML 


*  Pentano  values  corrected  to  a  humidity  of  8  litres  of  water  vapour  per  cubic  metre  of  air. 


as  in  ntliers.  The  fuller  a|>prcciation.  however,  of  the  exact  values 
of  the  national  anil  international  electrical  units  which  has  recently 
resulted  from  the  labours  of  the  International  ('onferencc,  makes  it 
])ossiblo  now  to  attain  an  accuracy  wliieh  leaves  nothing  to  be 
desired  from  this  ])oint  of  view. 

As  matters  stand  now.  undoubtedly  the  photometric  comparisons 
in  which  the  highest  precision  is  attainable  are  those  between  pro- 
l>erly  seasoned  electric  glow-lamps  of  the  same  coloured  light.  With 
a  potentiometer  wliich  is  accurate  to  I  part  in  10,000  and  a  sub- 
stitution method  of  photometric  comparison  *  on  a  bench  which 
can  be  read  to  0-.5  mm.,  an  accuracy  is  attainable  with  a  .set  of  gowi 
sub-standards  in  whieli  the  fourth  figure  is  almost  definite.  When, 
on  the  other  hand,  comiiarisons  are  made  against  or  between  flame 
standards,  the  probable  inaccuracy  is  greater.  How  much  the 
inaccuracy  is  must  depend  largely  on  the  flame  adjustments  and  the 
consistent  behaviour  of  the  standard  in  question.  It  also  depends 
upon  the  accuracy  of  measurement  of  atmo.spheric  conditions  and 
the  prcci.se  knowledge  which  we  have  of  their  effect  on  the  light  of 
the  .standard  lamps.  It  follows  from  this  that  a  relatively  large 
number  of  ob.servations  must  be  made,  when  using  a  flanu'  standard, 
if  the  same  order  of  accuracy  is  to  be  attained  that  is  |)ossible  with 
a  mucli  smaller  number  of  electric  comparisons.  It  mu.st  further 
be  remembered  when  considering  the  question  of  ])hotonietric 
mea,surements  to  two  or  three  parts  in  a  thousand  that  the  estima- 
tion of  the  height  of  the  flame  in  some  lamj)S,  or  tlic  exact  re])ro- 
duction  of  the  standard  conditions,  may  not  be  identical  when 
carried  out  by  different  obw-rvers.  Hence  it  is  conceivable  that 
owing  to  this  cause  the  observations  in  one  laboratory  on  some  flame 
standard  may  differ  consistently  by  a  small  amount  from  those  in 
another  on  the  .same  standard.  This,  however,  is  not  the  ease  wlicn 
electric  sub-standard  com]>ari.sons  arc  made,  if  the  electrical  measur- 
ing a]>paralus  is  accurate.  To  a  certain  e.\t/'nt,  therefore  (in  some 
eases  more  than  others),  a  flame  standard  needs  to  be  "  int<;rprcted  " 
when  its  ab.solutc  value  is  desired  to  a  high  accuracy. 

The  value  of  electric  sub-.standards  comparisons  thus  becomes 
apparent.  If  (as  is  generally  the  case)  a  laboratory  has  sets  of 
electric  sub-standards  which  have  been  compared  at  intervals  for 

•  Sec  "  Photometry  of  Electric  Lamp.s,"  bv  Dr.  J.  A.  Fleming,  M.A., 
P.K.S.,  "Joum."  Inst.  Elect.,  Eng.,  Vol.  XXXII.,  p.  114.  and  The 
Electbician,  Vol.  L.,  p.  438. 


years  with  the  primary  flame  standard  whose  value  they  rei)rcsent,  an 
o))]iortunity  is  given  for  realising  the  absolute  value  of  this  unit  to 
an  accuracy  uhich  could  hardly  be  attained  with  certainty  by  others 
who  might  endeavour  to  reproduce  it  in  a  single  set  of  obscrvatiems, 
however  carefully  made.  When  these  electric  sub-standards  are 
intercomjiared  through  the  medium  of  a  travelling  set  of  lamps, 
there  is  no  reason  why  we  should  not  obtain  accurate  knowledge  of 
the  relative  values  of  the  different  units  as  eacli  is  interpreted  in 
the  country  where  it  is  the  recognised  standard. 

The  ratios  between  the  four  units  of  light  given  in  the  table  are 
the  results  of  measurements  which  have  been  made  at  the  spuilied 
laboratories  in  the  four  countries  concerned.  Other  determinations 
were  made  previous  to  these,*  but  the  standards  used  for  obtaining 
the  British  unit  were  of  several  different  forms  and  the  atniospluric 
conditions  have  not  always  been  taken  into  consideration,  1  have 
deemed  it  desirable,  therefore,  to  insert  only  the  more  recent  deter- 
minations, in  all  of  which  the  10  candle  Hareourt  pentane  lamp  has 
been  used  and  almosphcrie  changes  have  been  allowed  for. 

The  table  is  divided  into  two  jxirtions.  Columns  1  to  0  give  the 
various  ratios  obtained  through  the  medium  of  eleelrie  lamjis  which 
have  been  measured  at  some  or  all  of  the  laboratories.  These  have 
been  ehiefiy  initiated  by  the  Americans,  who  have  from  time  to  time 
.sent  sets  of  lam))S  ti>  Euro|)e  to  have  values  assigned  in  London, 
Paris,  and  Berlin,  It  is  not  suggested  that  all  the  results  given  in 
the  Table  should  receive  equal  weight.  In  some  of  the  electric 
eompari.sons  the  conditions  allowed  of  a  greater  aeeuraey  than  in 
others,  when  fewer  lain|)S  were  cinployid  and  time  only  alloweu  a 
single  .set  of  measurements  to  be  made,  f'olumns  10,  11  and  12 
contain  the  values  which  resulted  from  the  intercom parLson  of  flame 
standards  undertaken  at  eae^h  of  the  laboratories,  Tliivse  were  ; 
initiated  by  the  International  Commission  on  Photometry  and  gave  I 
a  set  of  ratios  which  brenight  the  knowledge  of  the  relative  values  of 
the  candle  power  units  t(i  within  an  aeein-acy  of  about  +  oT  —  1  j 
per  cent.  As  in  the  case  of  the  electric  comparisons,  the  conditions 
in  some  cases  probably  allowed  of  a  higher  accuracy  than  in  others 
— but  the  results  of  all  the  measurements  have  been  tabulated  in  j 
order  that  the  bearing  may  be  seen  of  each  on  the  agreement  which 
has  been  established,  

*  For  a  di»<n78»ion  of  those,  acv  J,  A.  Fleming,  "  The  I'hr.lomctry  nf| 
JOlectrie  Lamps,"  ref.  cit. 
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The  lifsl  .scricri  of  ratios  (columns  1  to  9)  may  tlicrcfoic  Ik-  rcfjardcd 
as  rppres-nting  tlu-  ratios  of  tlic  stantlards  as  thpy  an-  interpreted 
in  tho  coimtiios  to  which  they  belong,  whilst  in  the  second  series  we 
have  the  interpretation  of  the  values  of  the  standard  lamps  by 
experimenters  who  are  not  so  accustomed  to  their  manipulation. 
Lines  marked  A.  B.  C.  give  the  values  of  the  standards  in  terms  of 
the  pentane  unit.  D.  E,  F.  give  them  in  terms  of  the  hefner  and 
similarly  other  sets  are  in  tt-rms  of  the  i5ougie  iJeeimale  and  the 
Bureau  of  Standards  candle. 

Without  going  into  detailed  comments  upon  the  experiments  from 
which  each  ratio  in  the  table  is  derived  it  will  suffice  to  say  that  as 
far  as  the  electric  lamp  com|)arisons  are  concerned,  greatest  stress 
should  be  laid  on  the  results  in  columns  4  and  7.  This  is  partly  on 
account  f)f  the  large  number  of  lamps  employed,  and  also  because  of 
the  more  i)rolonged  measurements  miulc.  Line  ,!  illustrates  the 
high  accuracy  it  is  possible  to  secure  in  com|)arisiins  of  this  nature. 
In  the  certification  of  glow  lamps  in  terms  of  the  hefner  unit  the 
Reichsanstalt  only  gi\c  candle  power  values  to  the  nearest  1  per  cent. 
If  the  average  of  10  or  12  lamps  is  taken  the  error  thus  introduced  is 
probably  not  great,  but  when  the  number  is  small,  ajtpreciable 
inaccuracies  may  be  introduced  into  the  mean,  and  the  rather  low 
value  obtained  by  Fleming  in  lOO.")  may  be  attrib\ited  to  the  fact 
that  only  three  lamps  were  tested.*  As  regards  the  flame  lamp 
comparisons,  it  will  be  noticed  that  Perot  and  Laporte  (Column  12) 
found  a  value  for  their  pentane  lamp  which  was  appreciably  lower 
than  that  obtained  by  other  observers.  Except  for  this  dill'erence 
the  agreement  between  the  ratios  is  fairly  close.  The  cxceptit)nally 
close  agreement  .shown  in  columns  1(1.  11  and  12  for  the  ratio  Bougie 
Decimale/Hcfner  can  <mly  be  attributed  to  a  coincidence,  since  in 
the  experiments  from  which  two  of  the  three  ratios  were  determined 
the  observations  varied  between  3  and  4  |)cr  cent,  from  the  mean. 
The  chief  point  of  interest  in  these  comparisons  is  the  near  coinci- 
dence of  the  value  of  the  Bougie  Dceinialc  with  that  of  the  pentane 
unit  as  indicated  by  lines  B  and  G.  An  inspection  of  these  values 
indicates  that  the  Bougie  Decimale.  as  interpreted  by  the  Labora- 
toirc  Central,  may  be  slightly  larger  than  the  pentane  unit — but  the 
amount  is  less  than  1  per  cent.  When  \vc  remember  that,  at  present, 
the  value  of  the  Bougie  Decimale  depends  on  the  interpretation  of 
the  Carcel  lamji  and  the  ratio  between  it  and  the  platinum  unit, 
determined  by  Viollc  in  1884.  it  must  be  admitted  that  this  small 
apparent  difference  is  well  within  the  limits  of  the  errors  of  experi- 
ment. 

The  second  point  to  notice  is  the  difference  of  l-ti  per  cent,  between 
the  units  of  the  Bureau  of  Standards  and  the  National  I'hysieal 
Laboratory.  It  is  generally  reeognisedf  that  the  imit  at  jiresent 
adopted  by  the  gas  interests  in  the  States  is  about  4  per  cent,  smaller 
than  the  Bureau  of  Standards  unit.  It  will  then  be  seen  that  by 
lowering  the  valvie  of  their  unit  by  1-6  per  cent,  the  Bureau  comes 
into  ex^iri  ii.im  iiient  with  this  country,  and  approximately  halves 
the  dilii  I,  iiK  111  t ween  the  units  employed  by  the  gas  and  electrical 
induslMi  s  MI  the  Slates, 

.V  further  point  of  interest  and  importance  which  results  from  the 
comparisons  (see  line  A  in  the  table)  is  that  the  Hefner  unit  is  in  the 
ratio  9/10  to  the  new  candle.  The  French  authorities  have  for  some 
time  taken  the  ratio  Hefner/Bougie  Dec,  as  0-895,  It  is  of  interest, 
therefore,  to  see  from  lines  A  and  H  how  nearly  the  value  for  the 
Hefner  unit  in  terms  of  both  Pentane  and  Bougie  Dec,  units  ap- 
proaches the  figure  0-90.  The  mean  of  all  the  ratios  Hefner/Pentanc 
comes  to  0-90q.  and  those  of  Hefner/Bougie  Dec.  to  0-895,  ^o  that, 
although  the  comparisons  between  the  Pentane  and  Bougie  Decimale 
units  indicate  a  difference  of  0-8  per  cent,,  the  same  units  compared 
through  the  Hefner  standard  only  appear  to  differ  by  0-5  per  cent. 


DETERIORATION  OF  LEAD  CABLE  SHEATHS.: 


Tile  causes  for  the  deterioration  of  cable  sheaths  can  be  divided 
into  six  general  groups  :  (1)  .Mechanical  injury,  (2)  chemical  decom- 
position, C-i)  electrolysis.  (4)  vibration,  (5)  lightning,  (0)  impurities 
in  the  lead.  The  famous  cable  bug  <if  .Australia,  whose  work  has 
b?en  found  also  in  the  south-eastern  portion  of  the  United  States 
and  in  southern  California,  might  be  added  .as  a  seventh.  Mecha- 
nical injuries  are  the  most  frequent  in  oeeurrenee.  being  responsible 
lor  mueli  more  than  half  of  the  cable  troidilos.  Too  great  care 
cannot  b?  exercised  in  the  placing  of  a-.irial  and  underground  cables. 


•  Sec  Discussion  by  Dr.  Klemiug  of  the  Author  s  Paper  on  "  Investiga- 
tion of  bight  Standards,  &c.,"  Thk  Klectuu-ian,  \'o1.  I.\"III.,  p.  (ill. 

t  Hepint  '.it  Committee  on  Nomenclature  .uul  StMuiianls,  Annual 
I'onv.  Uhnii.  Eug.  Soe.,  Oct.  T),  VMS.  Dr.  A.  C.  Huniphn  ys. 

:J:  Abstract,  from  the  "  Mining  World,"  of  a  Paper  read  before  the 
Conference  Committee  of  Representatives  of  Independent  Telephone 
Operating  Companies. 


The  second  and  third  cause:  —ehemical  decomposition  and  elec- 
trolysis—can best  be  taken  together.  The  theory  of  electrolysis 
nuist  familiar  is  that  cables  picking  up  stray  currents  Ix-come  a 
part  of  the  return  circuits.  Where  the  current  enters  the  cable  no 
damage  is  done,  but  when  the  current  leaves  the  cable  in  a  moist 
spot,  as  is  usually  the  case,  the  water  is  decomposed  and  free  oxygen 
is  liberated.  Avhich  readily  attacks  the  lead  sheath.  dec«mposine  it. 
When  water  is  absolutely  pure  it  has  no  acti<,n  bv  its<|f.  but  in  the 
presence  of  the  free  oxygen  in  th<  air  the  lead  is  quickly  attacked 
with  a  formation  of  hydralcd  oxide,  which  is  ap|ireciably  soluble  in 
water  and  forms  an  alkaline  liquid.  \\  hen  carbonic  acid  is  present. 
or  nitrate  of  ammonia,  the  action  is  intensified.  In  ducts  which  are 
not  properly  drained  this  is  particularly  noticeable.  The  water 
percolates  from  the  surface,  and  in  traversing  through  the  ground 
picks  up  the  sulphur  and  nitrogen  compounds  1 1  at  are  in  the  cod 
gas  with  which  the  grcmnd  is  permeated.  As  a  rule,  it  also  gather; 
some  chlorine;  then  while  working  into  the  duct,  through  t'l 
ordinarily  poor  cement  joint,  it  gathers  uji  carboi  ate  from  the  cenien 
The  water  also  takes  up  a  certain  amount  of  tannin  from  the  leaves 
grass,  twigs,  iVe,  Therefore,  when  the  water  finally  reaches  th ; 
inside  of  the  conduit  it  is  ready  to  begin  the  attack  on  the  le.id  and 
convert  it  into  a  poor  species  of  white  lead — an  action  otherwise 
called  electrolysis,  I'^or  the  jirotection  of  cables  from  electrolysis 
there  are  but  three  things  to  do  :  (1)  Build  the  conduit  so  that  no 
water  will  e-,cr  lie  in  it— i.e..  with  a  slope  from  the  middle  of  the 
duct  both  ways  to  the  manholes  ;  (2)  try  and  make  absolutely 
watertight  joints  ;  (3)  continually  make  electrical  surveys,  and  earth 
the  cable  whenever  necessary. 

Sulphur  dioxide  also  cau.ses  trouble.  This  gas  comes  from  the 
lunning  of  coal,  and  is  especially  bad  for  cables  near  railroad  yards 
and  under  railroad  bridges.  Sulphur  and  nitrogen  compounds  in 
coal  gas  are  also  a  source  of  much  annoyance  and  tend  to  corrode 
lead  very  fast.  Certain  factories  produce  gases  which  are  highly 
injurious,  and  smelters  have  been  known  to  cause  much  trouble 
in  their  vicinity.  The  application  of  an  a.sphalt  paint  to  the  ex- 
posed cables  is  suggested,  but  it  is  not  certain  that  this  would  be 
entirely  successful  in  preventing  this  trouble. 

Vibration,  although  undoubtedly  responsible  for  the  loss  of  many 
cables,  usually  operates  in  conjunction  with  some  of  the  other  causes 
nientioned.  Too  little  slack  in  a  cable  is  a  serious  defect  in  construc- 
tion, because  when  the  messenger  gradually  elongates  there  is  no 
(irovision  for  the  greater  arc  of  the  span  and  the  lead  sheath  must 
stretch,  and.  eonsc<piently,  thin  out  and  draw  apart.  Lead  has 
rother  a  high  coefticient  of  expansion  and  contraction  wi»h  changes 
of  temperature.  ,so  that  where  a  cable  has  been  strung  in  .summer 
with  insufficient  slack  the  natural  result  is  a  stretching  of  the  lead 
with  the  coming  of  winter.  The  use  of  long  S))ans  merely  intensifies 
all  of  the  phenomena  just  mentioned.  Cables  suspended  fn  m 
vibrating  structures  are  frefpicntly  in  danger. 

The  last  cause  t«  be  considered  here  is  impurities  in  the  lead.  The 
impurities  most  commonly  found  in  lead  are  iron,  antimony,  sul- 
phur, zinc,  arsenic,  silver  and  tin.  For  the  most  port  these  foreign 
substances  are  removed  at  the  refineries,  but  that  some  remain  when 
received  at  the  factory  is  shown  by  the  dross  on  the  surface  of  the 
molten  lead  in  the  kettles.  This  dross  is  removed  until  only  a  thin 
lilm  of  lead  oxide  (litharge)  remains  on  the  molten  surface,  =howing 
that  no  impurities  are  left.  In  very  rare  instances  in  pressing  the 
sheaths  it  hap|)ens  that  a  lump  of  dross  or  an  accumulated  bit  of 
litharge  is  imprisontd  in  the  cylinder  and  is  run  out  as  a  part  of  the 
sheath.  This  foreign  substance  is  soft  and  breaks  up  easily,  allowing 
moisture  to  enter  the  cable.  Possibly  the  litharge  is  occasicnally, 
by  furtbir  oxidation,  converted  into  red  lead. 

There  is  no  way  to  preserve  cables  otlic^r  than  to  avoid,  where 
possible,  the  dangerous  conditions  pointed  out.  The  prCiCncc  of 
1  to  3  per  cent,  of  tin  in  the  lead  sheath  is  of  great  service  in  the  work 
of  construction,  iiartieularly  in  case  of  underground  cables,  helping 
to  maintain  the  shape  of  large  cable.  Tin  hardens  the  sluath, 
making  it  less  subject  to  nuehanieal  injiuv,  and  in  that  way  adding 
to  its  life.  It  is  doubtful,  however,  if  the  use  of  tin  w  ill  less<Mi  cl-.emi- 
eal  acti(<n  or  irystallisation.  The  use  of  sluaths  heavier  thon  th.e 
so-called  standard  is  advocated  by  many,  but  no  thickness  of  ler.d 
will  render  eable.=:  indestructible. 


The  Spark-gap  of  an  Induction  Coil. — In  a  lecent  comiimiii- 
cation  to  the  Koyal  Society  of  F.dinlmrgli,  Dr,  l)awson  Turner 
describes  the  results  of  inti-o<liicing  a  solid  dielectric  between 
the  electrodes  of  an  induction  coil  wiion  these  have  been 
placed  at  such  a  distance  apart  that  a  spark  will  not  pass 
easily.  Mica,  sulphur,  glass,  ebonite,  I'ic.,  will  facilitate  the 
sparlxing  if  placed  near  or  against  the  positive  pole,  but  will  not 
have  this  effect  if  placed  ag.tinst  the  negative  pole. 


F 


720 


THE  ELECfTRICIAN,  AUGUST  13.  1909, 


CORRESPONDENCE. 

FEEBLY  DAJIPKD  OSCILLATIONS. 

To  THE  KDITOR  OK  TUK  KLKCTKlflAN. 

Sir  :  In  reference  to  the  article  "  A  Method  for  Producing 
Feebly  Damped  HigliFre(|Uencjf  Electrical  Oscilhitions  for 
Laboratory  Measurements,"  by  L.  W.  Austin,  in  Tiik  Elec- 
TiiifTAN  of  July  30th,  I  should  feci  obliged  if  you  will  allow 
me  to  remark  that  the  principle  of  the  arrangement  designed 
I)}'  Austin,  which,  according  to  the  foot-note  of  the  article,  is 
also  employed  in  the  wave  meters  of  the  Telefunken  Company 
and  the  Amalgamated  Kadio-Telegraph  Company,  is  not  a  new 
one,  but  was  first  designed  and  published  b)'  me  in  my  former 
patents  (German  Patent  157,056,  English  Patent  No.  28,1GG, 
i&c).  This  principle  is  simply  that  by  the  sudden  interruption 
(in  a  shunt-circuit,  and  best  by  a  vacuum-interrupter)  of  the 
current  and  through  this  by  the  sudden  disappearance  of  the 
current  in  the  self-induction  coil,  an  extra  current  is  gener- 
ated, which  is  then  oscillating  (with  correspondingly  increased 
potential  amplitude  in  comparison  with  the  ordinary  ampli- 
tude of  the  condenser  oscillations)  in  a  thoroughly  closed  and 
therefore  verj'  feebly  damped  circuit. 

When  I  offered  at  the  time  my  patent  to  the  Telefunken 
Company,and  later  onto  the  Amalgamated  Company,  it  was  said 
by  the  former  company  to  be  absolutely  worthless,  and  the  latter 
company  declared  that  they  would  not  make  use  of  it.  Now 
that  the  patents  have  been  allowed  to  expire  this  arrange- 
ment is  universally  employed  as  the  so-called  "  Eichhorn 
arrangement  for  feebly  damped  oscillations,"  and  is  con- 
sidered essential  for  exact  measurements  in  wave-meters  and 
station  controllers  (Stationspriifer). 

Trusting  that  you  will  be  kind  enough  to  allow  this  state- 
ment to  appear  in  one  of  the  next  numbers  of  The  Elec- 
TiuciAN,  I  am,  &c., 

Zurich,  Aug.  7.  Dr.  Gustav  Eichhurn. 

THE  NEW  TELEFUNKEN  METHOD  OF  WIRELESS 
TELEGRAPHY. 

TO   THE   EDITOR   OF   THE   ELECTRICIAN. 

Sir  :  In  your  issue  of  July  30,  1909, 1  notice  that  Dr.  Eccles 
refers  to  the  stranding  of  the  conductors  carrying  high- 
frequency  currents  as  one  of  the  chief  improvements  intro- 
duced by  Count  Arco  and  the  Telefunken  Company  into  their 
new  apparatus. 

Moreover,  when  speaking  of  the  methods  adopted  by  various 
experimenters  for  reducing  the  ohmic  losses  in  conductors,  he 
refers  to  this  stranding  as  the  "  German  method,"  and,  men- 
tioning no  other  system  employing  the  said  means,  he  seems 
to  imply  that  it  is  the  invention  of  the  Telefunken  Company 
and  is  used  solely  l)y  them. 

This,  I  may  say,  is  hardly  correct,  as  the  reduction  of  ohmic 
losses  in  conductors  by  stranding  is  strongly  advocated  by 
Sir  Oliver  Lodge  himself,  and  is  employed  in  the  Lodge- 
Muirhcad  apparatus  ;  in  Sir  Oliver  Lodge's  words,  "  Another 
precaution  that  must  be  taken  to  keep  the  tuning  sharp — that 
is  to  say,  not  to  damp  out  the  oscillations  at  these  very  high 
frequencies — is  to  have  the  conducting  wires  so  composed  that 
they  shall  offer  plenty  of  surface  to  the  sether.  To  this  end 
they  must  be  Jlnrli/  suli'lii'uhd  into  inmlated  str:inds,  because 
otherwise,  if  they  were  solid  conductors,  only  their  exterior 
surface  would  take  part  in  conducting  the  current,  and  there- 
fore the  resistance  would  be  very  high,  and  the  oscillations 
would  be  killed.  But  by  using  as  conductors  a  bundle  of  a 
very  lartje  numljir  uj  (jxessively  fitif  insitlnled  co/iper  wires  of 
high  conductivity,  sutKcient  total  surface  is  exposed  to  give 
admirable  conducting  power  even  to  disturbances  of  the  highest 
frequency  used." 

In  view  of  the  above,  it  seems  scarcely  justifiable  to  attribute 
the  "  extreme  stranding  of  the  conductors  carrying  heavy 
oscillatory  currents  "  entirely  to  the  German  system,  and  at 
least  the  name  of  the  Lodge-Muirhead  Syndicate  should  have 
been  mentioned  in  this  connection. — I  am,  &c., 

Muswell  Hill,  N.,  July  .31.  Philii-  E.  CouiiSEV. 

We  have  submitted  the  above  letter  to  Dr.  Eccles,  from 


whom  we  have  received  the  following  reply  : — 
Sir  :  The  fact  that  the  conductance  for  liich-l 


igh-frequency  cur- 


rents of  a  finely  stranded  cable  is  proportional  to  the  si|nare 
root  of  the  number  of  strands  has  been  well  known  more  than 
20  years.  I  did  not  mean  to  suggest  that  the  Telefunken 
engineers  are  the  first  to  advocate  the  utmost  application  of 
this  principle  ;  I  rather  wished  to  say  that  su  far  as  is  known 
to  me  they  are  the  first  to  carry  extreme  stranding  into  prac- 
tice on  the  large  scale,  and  to  demonstrate  publicly  its  feasibility 
and  advantages. — I  am,  &c.,  W.  H.  P^cclks. 

Battersea,  Aug.  G. 

THE  HIGH-PPvESSUUE  SPARK-GAP. 

TO  THE  EDITOR  VV  THE  ELECTRICIAN. 

Sill:  In  Prof.  Fleming's  interesting  and  excellent  book, 
"Hertzian  Wireless  Telegraphy,"  which  first  ajipeared  in  the 
"Popular  Science  Monthly,"  January — December,  I'JO/J,  ho 
kindly  mentions  some  experiments  made  by  me,  with  a  high- 
pressure  spark-gap,  in  connection  with  a  Tesla  induction  coil 
("Phil.  ]\rag,"  1902,  (>th  series).  In  a  foot-note  the  piofes.sor 
adds  that  Mr.  Maiconi,  in  his  jialent  12,039,  189(1,  includes 
the  use  of  compressed  air  round  the  spark-gap.  As  the  men- 
tion of  insulated  balls  separated  by  compressed  air  or  gas  occurs 
in  the  provisional  but  not  in  the  final  specification,  or  in  the 
claims  of  this  patent,  1  conjecture  that  it  was  not  at  the  time 
thought  to  be  of  very  great  irapoitancc.  Respecting  this  form 
of  spark-gap,  I  was,  I  regret  to  say,  at  the  time  quite  ignorant. 
There  is,  no  doubt,  much  yet  to  be  done  by  experimenting  with 
a  spark-gap  under  pressure,  not  only  with  air,  but  with  different 
gases,  and  probably  the  results  following  the  use  of  COo  will 
be  found  of  some  interest;  also  the  behaviour  of  a  spark  gap 
of  the  disc  type,  subjected  to  gas  pressure  of  considerable  mag- 
nitude. Recently,  while  searching  through  the  "Phil.  J\lag." 
on  another  subject,  I  found  the  following  references  to  early 
work  on  the  ]>ressure  spark-gap:  Wolf,  Vol.  XXXVII., 
"Ann.  der  Phy."  ;  by  Macfarlane,  in  (5)  10,  1880,  "Phil. 
Mag."  ("Air  and  Liquid  Dielectrics");  Bailie,  from  "Ann. 
de  Chim.,"  (5)  29,  1883,  "Phil.  Mag.";  Liebig  (5)  24,  1887, 
"  Phil.  Mag."  These  may  possibly  be  of  use  to  those  working 
on  this  subject. — I  am,  &c., 

Lyniington,  Aug.  6.  F.  Jeuvis-Smith. 

THE  "C.M.B."  AUTO-CONVERTER. 

to  the  EDITOR  OF  THE  ELECTRICIAN. 

Sir  :  Referring  toMr.Murphy's  reply,  published  in  your  issue 
of  July  30tb,  we  mustagain  say  that  all  his  statements  regarding 
the  ■'  C.M.I!."  machine  are  incorrect.  Wo,  however,  agree  with 
the  principle  that  for  the  greatest  etticiency  and  economy  of 
material  a  transformer  should  have  approximately  e(jual  losses 
in  j>rimary  and  secondary  sections,  and  from  the  following 
table,  which  has  been  made  up  from  three  machines  recently 
despatched,  it  will  bo  pccn  we  arc  quite  alive  to  this  fact :  — 


Transformation  ratio. 

Katio  of  primary  losses  to 
secondary  losses. 

4:1 
37:1 
4-5  :  1 

1  :  1-17 
1  :  101 
1  :  103 

It  will  be  noted  there  is  a  great  difTerence  between  these 
figures  and  those  attributed  to  the  '•  C.M.B."  machine  by  Mr. 
Murphy. 

We  again  repeat  (and  perhaps  Mr.  Murphy  will  very  care- 
fully consider  this  statement)  that  the  chief  reason  why  this 
type  of  machine  can  show  such  a  high  efficiency  is  that  the 
whole  of  the  armature  conductors  are  common  to  both  motor 
and  generator  fields,  and  in  this  respect  the  "C.M.B.'' machine 
is  the  exact  equivalent  of  the  double  wound  machine  and  not, 
as  stated,  the  equivalent  of  two  separate  ma(thiiies  mechani- 
cally coupled  togothei-.  Also,  all  the  copper  is  fully  utilised 
and  never  overloadeil. 

In  conclusion,  we  may  state  that  because  of  the  economic 
applicability  of  the  principle  involved,  the  "  C.M.B."  machine 
is  more  efficient  than  any  other  sjilit  voltage  machine  yet  de- 
signed, but  we  await  Mr.  Murphy's  design  with  considerable 
intcri'5t.  Let  us  suggest  that  this  design  be  equivalent  to  the 
480/65  volt  5  kw.  converter  with  the  efficiency  of  88  per  cent. 
Also  let  us  suggest  that  it  has  the  same  regulating  properties 
as  the  "C.M.B."  pattern.    -Wo  are,  &c., 

J.  0.  M.\CI'ARLANE. 

Chclmsfonl,  Aug.  II.  H.  Biri(;E, 
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REPULSION  MOTOR  WITH  YARIABLE-SPEED  SHUNT 
CHflRftCTERISTICS.* 

!tY    E.    F.    W.    AI.EXANDKKSON. 

Although  the  advantages  of  alternating  current  for  induKlrial 
plants  are  aenerally  recognised,  it  is  oft<-n  necossory  to  rtconinicnd 
the  use  of  direct  current  bc^causc  many  machines  require  a  motor 
with  adjustable  spied.  The  direct-current  shunt  motor  is  the  only 
one  on  tlie  market  which  tills  this  requirement.  'I'he  author  tirst 
l)rcscnl'S  a  theory  of  the  alternating-current  machine  in  such  a  way 
as  to  indicate  the  )iossil)ilitics  of  devclo|)ing  an  iilternalin;_vcurrent 
motor  with  the  required  charaoteiistics.  The  subject  can  be  made 
clearer  by  departing  from  the  theory  of  the  rotating  field  ;  the  latter 
will  be  treated  as  if  it  were  composed  of  two  alternating  fields  at 
right  angles  to  each  other.  In  an  ordinary  induction  motor,  the 
two  fields  are  of  equal  strength,  and  the  E.M.F.  of  rotation  will  be 
completely  neutralised  by  the  E.M.I'',  of  alternation  when  the  motor 
has  reached  synelu'onous  speed.  The  armature  has  a  tendency  to 
run  at  a  speed  at  which  the  induced  current?  are  a  minimum.  All 
motors  of  this  kind  have  only  one  free  runnins:  speed,  which  is  that 
of  synchronism.  Tliis  is  true  with  motors  of  the  commutator  type, 
as  well  as  the  s(piirrel-eage  and  collector  type,  jirovidcd  that  the 
brushes  are  short-circuited. 

The  condition  which  determines  the  speed  of  an  alternating- 
current  motor  may  be  stated  briefly  as  :  The  m<itor  tends  to  run  at 
a  speed  at  which  the  sum  of  all  the  E.M.F.s  in  eacOi  of  the  armature 
circuits  is  zero.  The  two  sets  of  brushes  in  a  repulsion  motor  of  the 
compensated  type  may  be  classified  as  the  main  brushes  and  the 
e.\citing  brushes  ;  the  main  brushes  carrying  the  energy  current  of 
the  armatiu'o,  the  exciting  brushes  carrying  thi^  mngnetising  current. 
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Fu;.  1. 

If  the  main  brushes  as  well  as  the  exciting  brushes  are  short-cii'cuited, 
the  motor  will  act  like  a  single-phase  induction  motor.  The  equili- 
brium of  voltages  that  exists  at  synclu'onous  speed,  when  both  sets 
of  brushes  are  short-circuited,  can  be  disturbed  by  infrodiicing  a 
voltage  from  the  outside  into  either  the  circuit  of  the  main  brushes 
or  the  circuit  of  the  exciting  brushes  :  and  it  can  be  shown  that  in 
doing  so  another  equilibrium  can  be  established  liy  changing  the 
speed  of  rotation. 

The  relation  between  speed  and  Held  strength  and  the  impressed 
voltages  can  be  exjjressed  as  follows  : — 

Speed-:  synclu'onous  speed  v/(K-f  c)/e  and  F,/F2  =  speed /syn- 
chronous 8|)ecd,  where  E  is  the  voltage  impressetl  on  the  stator 
winding  reduced  to  number  of  turns  in  the  armature,  and  c  is  the 
voltage  impressed  on  the  armature.  F,  and  V..  arc  the  two  com- 
|ionents  of  tlie  field  in  the  axis  of  the  exciting  brushes  and  the  axis 
of  the  main  brushes  respectively.  The  voltage  which  is  impressed 
on  the  armature  may  be  cither  positive  or  negative,  and  conse- 
quently the  speed  can  be  regulated  below  synchronous  speed  as  well 
as  above  synchronous  spi-ed.  This  method  for  speed  variation 
described  can  be  classified  .as  armature  control,  because  the  functions 
correspond  to  those  of  ,a  direct-current  shunt  motor  when  the  speed 
is  varied  by  raising  and  lowering  the  line  voltage. 

The  second  method  for  varying  (he  speed  of  the  rejudsion  motor 
follows  logically.  The  short-circuit  is  maintained  on  the  main 
Ijrushes,  while  an  external  voltage  is  impressed  upon  the  exciting 
brushes.  In  order  to  make  the  im|uessed  voltage  elTi-i^tive  for  speed 
variation,  it  .should  be  in  phase  with  the  voltage  of  alternation  and 
the  voltage  of  rotation  of  the  .same  eircuit.     'I'hese  voltages  in  (he 

•  Abstract  of  a  Paper  read  before  the  American  Institute  of  Elec- 
trical Engineers. 


i-xi-iting  eircuit  an-  out  of  phase  with  the  line  vullugi  and.  eon.~<-- 
(piently,  the  line  voltage  cannot  be  used  for  varying  the  sjux-d  : 
however,  if  the  motor  has  an  exciting  winding,  like  a  plain  repulsion 
motor,  ill  addition  to  the  exciting  brushes,  a  voltage  is  found  on  the 
terminals  of  the  exciting  winding  which  lia«  a  suitable  phase  to  U- 
used  for  speed  variation  by  field  control.  The  equilibrium  <>( 
voltages  is  rea(!hed  by  a  combined  change  of  field  strength  and  sijecd. 
for  the  same  rea.son  as  in  the  case  of  armature  control. 

The  relation  of  voltages  which  gives  the  equilibrium  in  the  two- 
brush  circuits  is  not  quite  as  .simple  to  calculate  as  is  the  ca«c  of 
armature  control  ;  because  the  voltage  impressed  upon  the  brushes 
for  the  sake  of  sjieed  variation  is  not  derived  from  a  constant  source 
of  potential,  but  from  a  winding  which  delivers  a  voltage  that  is  in 
itself  a  function  of  the  spei-d.  However,  the  relations  Ijccome  com- 
paratively simi)le  by  returning  to  the  theory  ot  the  plain  repulsion 
motor  and  plotting  curves  for  the  voltage  that  wcjuld  naturally 
occur  at  the  exciting  winding  and  the  exciting  brushes  at  dilfertnt 
speeds.  The  voltage  of  the  exciting  winding  is  always  positive,  but 
varies  inversely  with  the  speed  ;  while  the  voltage  of  the  exciting 
brushes  is  positive  below  synchronous  speed  and  negative  above 
synchronous  speed.  Fig.  1  shows  curves  ot  tliesc  voltages  plotted 
on  the  same  sheet.  Only  '^ne  curve  is  shown  for  the  voltag' 
of  the  exciting  brushes,  while  the  voltage  of  the  exeitin ; 
winding  is  plotted  on  the  positive  as  well  as  on  the  ncgati\i 
side.  The  dotted  curves  indicate  different  voltages  that  may  b' 
derived  from  the  exciting  winding  by  the  use  of  a  step-up  and  a 
step-down  transformer.  The  points  marked  in  the  intcr.siction  ■ 
Ijctwecn  the  cm'vcs  indicate  equilibrium  of  voltages  that  may  Ik 
obtained  at  different  speeds  by  impressing  on  the  exciting  brushc;- 
the  different  voltages  derived  ivum  the  exciting  winding. 

The  tests,  which  have  been  made  on  a  30  h.p.  •2.5-cycle  motor  and 
a  .S  II. c.  (iO-cycle  machine  in  order  to  demonstrate  the  possibilities 
of  the  alternating-current  shunt  motor,  confirm  entirely  the  theory 
given  above.  A  practical  control  diagram  for  tlie  motor  with  fitld 
control  is  shown  in  Fig.  2. 


Excitini;  Winding 


Shunt  Repulsion  Motor  with  FieM  Control 
Fiu.  2. 

The  power  factor  of  any  commutator  motor  with  shunt  cliaiac- 
teristics.  single-phase  as  well  as  three  phase,  can  be  regulated  in  a 
manner  similar  to  that  of  a  synclironous  motor.  The  power  factor 
regulation  consists  in  superimposing  a  wattless  current  upon  the 
current  that  would  otherwise  be  taken  by  the  motor.  It  is  known 
from  the  theory  of  the  synchronous  motor  that  the  power  factor 
can  be  maintained  practically  at  unity  between  no  load  and  full  load 
with  one  fi.xed  excitation  provided  the  excitation  has  hccn  adjusted 
for  the  average  load.  The  same  is  the  case  with  the  commutator 
motor.  The  regulation  of  the  fieUI  for  the  p.iupose  of  ;'djustii:g  the 
power  factor  is  aeeomplished  in  the  commutator  motor  by  a  trans- 
former or  a  coil  in  the  stator  winding,  count  eled  so  as  to  introduce 
a  fraction  of  the  Kne  potential  in  the  exciting  eircuit. 

The  author  finally  refers  (o  the  possibilities  of  the  three-phase 
motor  with  shunt  charaeterLstics.  The  possibility  of  such  a  motor 
was  demonstrated  theoretically  by  (Jeorges  about  H»  years  ago.  and 
tests  of  such  a  motor  were  madi-  several  years  ago  by  Eichberg  and 
Alexander.  The  speed  variation  of  the  (Jeorges  (hivo-j(ha.s(-  shunt 
motor  is  obtained  by  maintaining  a  constant  field  and  adding  or 
subtracting  voltage  to  the  armature  circuit.  The  power-factor  of 
the  three-phase  shunt  motor  can  be  regulated  as  descrilx-d  almvc. 

In  conclusion,  speed  variation  by  armature  control  is  particularly 
applicable  to  those  cases  in  which  the  torque  increases  with  the  speed, 
and  field  control  to  those  cases  in  which  the  torque  dccira.ses  with 
the  s|)ced.  \\H\\  armature  control  a  speed  variation  can  Ik-  obtained 
of  3  to  I  :  whereas  with  field  control  the  variation  is  limiltd  to  a 
range  of  from  lo  to  I.  It  is  not  attempted  to  eompai-e  the  merits 
of  the  three-pha-se  and  siugle-pha.se  shunt  motor;  however,  the 
impression  of  the  author  is  that  the  single-phase  shunt  motor  will 
be  preferred  on  account  of  the  gcrater  simplicity  of  control. 

F  2 
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REGENT  IMPEOYEMENTS  IN  ELECTRIC  RAILWAY 
APPARATUS.* 

BY   J.    I.    DAVIS. 

Two  years  ago.  before  this  assoeiation,  the  advantages  of  the  iiittr- 
pole  eonstruction  for  railway  motors  were  set  forth.  .Mtir  an  ex- 
perience covering  a  year  and  a  half  of  operation  we  lind  all  the  elainis 
for  the  interpole  motor  fully  realised.  On  a  large  elevated  system 
usinii  21X1 II. I",  motor  equipments  the  commutators  have  maintained 
a  very  high  degree  of  polish  from  the  start,  the  wear  on  the  commu- 
tators can  hardly  be  detected,  and  the  average  life  of  brushes  is 
found  to  be  from  ItXt.lXX)  to  15().(XX)  miles.  On  another  large  system, 
where  motor  Hashes  averaged  at  times  ."(X)  per  month,  and  proved 
a  mt)St  serious  source  of  trouble  and  interruption  to  the  service,  the 
use  of  interpole  motors  entirely  stopi)ed  the  flashing.  Records 
show  inai)prcciable  wear  on  the  commutators,  with  a  resulting  brush 
life  of  over  KKl.tKX)  miles.  Motors  are  free  from  copi)er  and  carbon 
dust.  Under  these  conditions  electrical  troubles  have  been  prac- 
tically eliminated.  The  same  goixl  reports  come  from  small  motors 
in  city  service,  and  indicate  that  the  saving  in  the  wear  on  com- 
mutators, brush-holders  and  brushes,  together  with  increased  re- 
liability of  sc-rvice.  w  ill  many  times  over  pay  for  the  extra  cost  of  the 
interpole  construction.  Operating  records  show  a  brush  life  of 
60.(KK)  to  TO.fKX)  miles  with  the  softer  grades  of  carbon  brushes. 

The  general  troubles  from  commutation  on  the  non-interpole 
motors  have  been  enormously  reduced  by  the  expedient  of  slotting 
out  the  mica  in  the  commutator  below  the  surface  and  by  the  adop- 
tion of  a  softer  brush  with  a  larger  graphite  content  and  somewhat 
lower  bru.sh  tension.  Many  operating  companies  which  have  been 
led  to  adopt  this  method  are  most  enthusiastic  over  the  results 
obtained.  Operating  records  show  that  where  10.000  miles  was  a 
goiKi  mileage  without  slotting,  the  brush  life  runs  from  20,000  to 
30,(KK)  miles  with  slotting,  and  the  commutators  do  not  have  to  be 
turned  down  more  than  one-third  as  often.  Great  improvements 
have  been  made  in  the  qnality  and  strength  of  carbon  brushes. 
Operating  engineers  are  finding  out  that  there  is  economy  in  the  use 
of  a  high-grade  carbon  brush. 

Motors. — The  increasing  use  of  larger  cars  n  ith  heavy  motor  equip- 
ments and  the  rapidly  extending  practice  of  overhauling  equipments 
at  regular  periods  are  bringing  the  solid-frame  motor  more  and  more 
into  general  favour.  Of  great  importance  in  increasing  the  length 
of  time  between  general  overhaulings  is  the  use  of  higher  grade  and 
longer  life  material  in  the  pinions  and  gears.  For  a  small  additional 
cost  the  steel  of  the  pinion  can  be  put  through  special  processes  and 
treatments  which  will  add  to  its  life  33  to  .50  per  cent.  The  solid 
cast-steel  gear  is  coming  more  and  more  into  favour,  and  with  the 
general  introduction  of  the  annealed  and  specially  treated  east-steel 
gears  the  principal  objection  to  the  use  of  solid  gears  should  be  over- 
come. The  annealing  of  the  casting  toughens  the  fibre,  makes  it 
finer  of  grain,  and  at  the  .same  time  eliminates  shrink  strains  and 
other  weaknesses,  (^n  heavy  equipments,  where  the  design  is 
limited,  the  material  must  be  carefully  selected  for  strength,  wear 
and  toughnes.s.  In  such  gears  wrought-tjTc  steel  rims  specially 
treated  are  shrunk  on  annealed  cast-steel  centres. 

The  improper  meshing  of  gears  and  pinions  due  to  wear  in  them, 
and  in  the  armature  and  axle  hearings,  is  recognised  as  being  the 
cause  of  rapid  deterioration  of  the  motor  armatures  under  the  ex- 
cessive vibration,  and  means  are  taken  to  increase  the  life  of  the 
geaiing  and  armatures  by  the  use  of  higher-grade  materials,  the  ])ro- 
tection  of  Ircarings  by  proper  dust  shields  and  allowing  less  wear 
on  the  teeth. 

An  attempt  to  make  the  armature  windings  more  comiiact  and 
resistant  to  vibration  has  led  to  the  introductiim  of  the  two-turn 
strap  winding  for  the  smaller  armatures.  This  winding  packs  very 
solidly  in  the  slot  and  on  tVie  ends,  and  the  straps  are  rao\ilded  side 
by  side  around  the  whole  coil.  This  type  of  winding  marks  as  dis- 
tinct an  imi)rovement  over  wire  windings  as  has  been  given  by  the 
substituti<m  of  flat  strap  windings  in  the  field  coils  of  smaller  motors 
for  wire  windings,  Interpole  motors  of  recent  design  from  .50  li.i>, 
to  100  H. P.  capacity  are  provided  willi  windings  (if  this  two-turn 
strap-wound  type. 

Control  Apixiralufi. — It  is  desirable  to  remove  the  possibility  of 
arcing  in  the  platform  controller.  The  controller  can  be  so  arrang(  d 
as  to  break  the  arc  on  a  separate  auxiliary  contactor  under  the  ear. 
In  a  recent  design  this  contactor  is  an  electro-pneumatic  switeli, 
operated  from  a  storage  air  tank  and  controlled  by  a  valve  magnet, 
eneigi.sed  through  a  high  resistance  from  the  trolley  circuit.     The 
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storage  air  tank  has  a  capacity  sufficient  to  provide  enough  air  pres- 
sure after  standing  several  days  to  operate  the  switch.  This  system 
can  only  be  applied  on  cars  with  air  brakes. 

Locomotives. — While  the  connecting  rod  has  been  a  long-estal)- 
lished  and  favourite  method  of  transmission  with  the  steam  railway 
engineer,  the  electrical  engineer  has  exploited  to  tlie  greatest  degree 
the  advantages  of  a  uniform  torque  produced  by  the  motor  and  gear- 
ing. There  is  a  general  tendency  toward  two-motor  (quii'ments 
rather  than  four-motor  equipments,  on  account  of  the  lower  first 
cost,  higher  efficiency  and  less  weight  and  maintenance.  At  the  same 
time  it  is  desirable  to  utilise  the  full  tractive  effort  of  all  the  wheels 
for  acceleration  and  braking,  A  large  city  system,  after  experiment- 
ing with  the  side-rod  method  of  drive,  has  recently  placed  in  service 
a  large  number  of  equipments  of  this  type.  While  this  device  has 
been  often  proposed  in  the  past  for  heavy  high-speed  locomotives, 
the  development  of  the  electric  loctmiolive  has  been  along  the  lines 
of  the  electric  car  w  ith  the  motor  on  the  axle.  The  dangers  of  having 
a  heavy  motor  or  armature  pounding  at  the  rails  from  a  low  position 
over  the  track  were  not  fully  realised  until  recently.  The  use  of  con- 
necting rods  enables  the  motor  to  be  mounted  up  in  the  cab,  where 
it  is  easily  aecessilile  and  provides  a  high  centre  of  gravity  with  as 
light  and  unrestricted  nuining  gear  and  wheels  as  possible — two 
essential  requisites  for  heavy  high-speed  operation. 

Single-phase  Systems. — The  author  finally  refers  to  the  economies 
in  first  cost  and  the  saving  in  power  and  sub-station  attendance 
which  can  be  effected  in  the  case  of  intrniiban  and  other  heavy 
electric  railway  lines  by  the  use  of  the  singlc-jihasc  system.  Accurate 
figiu'es  are  now  available.  Thus,  the  Warren  &  Jamestown  Street 
Railway  Co, operates  22miles  of  road  and  owns  six  cars,each  cquip))cd 
with  four  50  h,p,  single-phase  motors,  with  hand-operated  controllers 
and  weighing  complete,  but  without  load,  approximately  29  tons. 
The  line  was  started  in  1905,  and  during  the  year  ended  June  30, 
1907,  a  total  of  284,886  ear-miles  were  run,  which  was  increased 
during  the  year  ended  June  30,  1908,  to  29().8()-l,  The  accounts  are 
kept  upon  the  standard  as.sociation  basis,  and  showed  a  total  operat- 
ing expense  for  1907  of  7-4d,  and  for  1908  of  6-95d,  per  car-mile. 
These  costs  arc  remarkably  low  for  a  small  intcrurljan  railwa}'.  and 
would  have  been  considerably  greater  had  the  direct-current  system 
been  used. 

The  second  single-phase  line  for  which  operating  costs  are  avail- 
able is  that  of  the  Indianapolis  &  Cincinnati  Traction  Co.,  which 
operates  24  ears  over  108  miles  of  line.  This  line  was  the  first  single- 
phase  railway  in  the  world  to  be  started  on  a  large  commercial  scale. 
The  cars  weigh  approximately  50  tons  complete,  without  load,  and 
are  equipped  with  four  100  n,P,  motors  with  multiple-unit  control. 
Certain  cars  on  the  line  make  the  run  of  58-3  miles  between  In- 
dianapolis and  Connersville  in  1 J  hours,  or  at  an  average  speed  of 
approximately  39  miles  per  hour  between  terminals.  About  30 
minutes  of  this  time  is  required,  moreover,  for  covering  about  6  miles 
in  Indianapolis,  Rushville  and  Connersville,  so  that  a  little  over 
.52  miles  is  covered  in  the  remaining  hour.  During  the  year  1908 
the  entire  number  of  ears  of  this  road  averaged  nearly  65,000  miles 
each,  and  eight  of  the  ears  averaged  nearly  99,000  miles  each.  The 
entire  cost  of  operation  on  the  standard  Street  Railway  Associaticm 
basis  was  approximately  7-75d,  per  car-mile  for  the  year  1908,  and 
that  of  maintaining  the  electric  equipment  of  the  cars  approxmiately 
0-36d.  The  economies  which  have  been  effected  in  the  operation 
of  this  road  by  the  single-phase  system  are  clearly  indicated  by  com- 
paring its  cost  of  operation  with  that  of  several  direct-current  inter- 
urban  lines  also  oj)crating  out  of  lndiana])olis,  which  show  c(.sts  per 
car-mile  of  10-2d,,  10-4d,,  Sfid,,  9Cd,  and  9-2d,  res]]cctively,  in  S])ite 
of  the  fact  that  the  lndiana)jolis  &  Cincinnati  Traction  Co,  operates 
larger  and  heavier  cars  equipped  with  more  poweiful  motors  and 
gives  a  considerably  higher  speed  service. 


THE  WEST  STANLEY  COLLIERY  EXPLOSION. 

A  report  by  Mr.  R.  A.  S.  Kedniajne,  Chief  Inspector  of 
Mines,  and  Mr,  R.  D.  Bain,  Inspector  of  Mines,  on  tlie  cause 
of  this  disastrous  explosion,  has  now  been  issued.  After  an 
exhaustive  iiujuiry  it  was  found  impossible  to  atrive  at  any 
definite  conclusions  owing  to  the  very  conflicting  evidence. 
Consecjucntly  the  facts  aic  only  briuHy  stated  and  criticised. 
The  possibility  of  electricity  playing  a  part  in  the  disaster  is 
the  most  interesting  point  for  readers  of  TiiK  Ei.Kt TKifiAN. 
Prof.  W.  M,  Thornton,  who  was  called  by  the  Duihani  Miners 
Association,  committed  himself  to  the  opinion  that  the  explo- 
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sion  was  electric  in  its  origin,  and  montioneil  the   following 
three  possible  points  of  origin  :  — 

1.  A  lamp  which  hung  in  front  of  the  large  pumi)ing  lank 
in  the  Busty  scam,  and  which  was  found  smaslied. 

2.  The  breaking  of  a  fuse  in  the  pump  house  in  the  Busty 
seam. 

3.  A  short  circuit  set  up  bj'  a  train  of  coal  dust  between 
the  terminals  in  any  of  the  junction  boxes  or  gateway  end 
switches. 

He  moniioned  the  third  as  being  the  most  probable,  but 
after  the  inquest  three  of  the  fuses  which  were  in  the  junction 
box  to  which  Dr.  Thornton  particularly  referred  were  ex- 
amined, and  were  found  to  be  intact  and  showed  no  sign  what- 
ever of  heat.  Another  theory  is  that  some  electric  cables 
were  injured  by  tubs  getting  ofY  the  way,  that  an  arc  was 
formed,  and  so  caused  the  explosion.  No  marked  sign  of 
electrical  damage  or  of  fusing  was  fonnd. 

On  the  assumption  that  the  explosion  did  originate  in  the 
Busty  seam  the  inspectors  are  of  opinion  that  electricity  is  a 
more  likely  first  cause  than  any  of  the  other  alternatives  dis- 
cussed. Owing  to  the  gieat  uncertainty  as  to  what  did 
occur,  no  useful  i)urpose  would  be  served  b}' going  into  all  the 
details  of  the  electrical  installation.  The  following,  however, 
which  concludes  a  memorandum  by  Mr.  K.  Nelson,  Electrical 
Inspector  of  Mines,  is  of  interest : — 

The  suspected  area  was  defined  as  lying  between  the  enrve  on  Busty 
West  haulage  way,  about  40  yds.  from  the  downoastshaft,  audapoint  in 
the  roadway  adjacent  to  the  o  H.p.  motor-driven  centrifugal  pump,  above 
referred  to  as  the  Bu.sty  Straight  West  pump.  The  eleetrie  plant  in  this 
area  consisted  of  three  7,20  rubber-covered  cables  supported  from  the 
roof  and  side  timbers,  a  six -way  fus3  box,  a  startint'  switcli  and  the 
pump  motor  itself. 

The  three  latter  items — namely,  the  fuse  box,  the  switch  and  the  motor 
— were  close  together  and  at  the  extreme  in- bye  end  of  the  suspected 
area.  The  mining  experts  were,  however,  unanimous  m  saying  that  the 
indication.^  of  force  in  the  neighbourhood  of  the  pump  were  .so  great  as 
to  preclude  the  possibility  of  the  pumii  having  been  at,  or  even  very  close 
to,  the  .actual  point  of  origin — the  damage  to  pipes  being  specifically 
instanced.  In  these  circumstances,  the  cables  only  remain  for  con- 
sideration, though  it  must  be  said  that  Dr.  Thornton,  professor  of  elec- 
trical engineering  at  the  .-Vrmstrong  College  of  Science,  Xewcastle,  who  was 
called  to  give  expert  evidence  from  an  electrical  point  of  view,  stated,  in 
reply  to  a  question,  that  he  thought  it  "  quite  possible  "  that  the  ex- 
plosion had  originated  in  the  fuse  box.  Dr.  Thornton  argued  from  tlie 
condition  of  the  box  after  the  explosion,  in  conjunction  with  the  mining 
expert  evidence  above  referred  to,  rather  than  from  direct  evidence  ; 
but  other  boxes  in  the  pit  were  damaged  as  liadly,  and  there  was  no 
evidence  to  show  that  the  ho.v  in  question  was  other  than  it  jmrported 
to  be — namely,  a  gas-tight  box  with  its  cover  properly  bolted  down.  .At 
the  same  time.  Dr.  Thornton  drew  attention  to  one  important  point  : 
the  danger  of  allowing  an  accumulation  of  coal  dust  on  motor  or  switch 
terminals — and  the  verdict  of  the  jury — namely,  that  the  explosion  wa'' 
a  coal-dust  explosion  pure  and  simple — lends  point  to  Dr.  Thornton's 
wa.ning. 

With  regard  to  the  cables,  the  possibility  that  the  accident  was  the 
result  of  mechanical  damage  to  them  is,  in  my  opinion,  less  remote  than 
either  of  the  alternatives  more  particularly  suggested  for  the  jury's  con- 
sideration—namely, sparks  from  the  running  set  or  arcing  due  to  coal 
dust  in  the  fuse  box.  It  has  not  been  possible  since  the  accident  to  com- 
pletely examine  the  cables  within  the  suspected  area  clue  to  heavy  falls 
of  roof,  but  in  any  event  the  diftlculty  of  discriminatmg  between  cause 
and  efTect  in  examining  such  a  small  cable  as  a  lubber-covered  7,20  wire 
would  have  been  very  groat.  There  can  be  no  doubt  that  a  heavy  fall 
of  stone  on  a  cable  might  result  in  an  arc  appearing  external  to  that  cable, 
.and  an  inst.ance  was  indeed  quoted  in  e\'idence  as  having  happened  at 
this  very  colliery  about  fmir  months  before  the  explosion.  In  the  event 
of  such  an  arc  the  presence  of  gas  or  coal  dust  in  sufficient  quantity  is 
nil  that  may  then  be  required  to  cause  a  serious  explosion,  hut  it  must  lie 
added  that  no  evidence  exists  of  an  oeeurix-nee  of  the  kind  in  the  present 
case. 

To  sum  up.  though  electricity  cannot  be  ac(iiiitted  of  suspicion  in  the 
nliseni  c  of  other  positive  cause,  there  is  no  direct  evidence  against  it.  any 
more  than  agauist  any  ime  of  the  dozen  safety  lamps,  which  the  evideni  e 
showed  to  be  still  unrecovered  from  the  pit.  A  review  of  the  evidence 
suggests  one  or  two  general  considerations  : — 

1.  The  use  of  cables  with  earthed  metallic  outer  sheathing  wherever 
possible. 

2.  Attention  to  the  mechanical  details  of  ga.s-tight  apparatus,  with  the 
idea  of  ensuring  that  the  apparatus  shall  be  gas  and  du,-.t  tight  in  fact. 

.").  The  iiiMper  protection  of  cables  during  shot-firing  operations. 

4.  The  use  of  oil-break  switches  with  overload  trip  coils  wherever  [ins 
sible  in  substitution  for  or  in  .series  with  ordinary  fn.ses. 

5.  The  u.se  of  aiiparalns  without  expo.sed  live  metal  terminals. 

G.  The  importance  of  frequent  insj>eetion  and  cleaning  where  exposed 
live  metal  terminals  are  in  use. 


COMMERCIAL  CABLE  CO.  AND  NEWFOUNDLAND 
GOVERNMENT. 

Friction  has  arisen  betwoen  the  Newfoundland  (lovernuK  nt  and 
the  Commercial  Cable  Co.  in  regard  to  the  contract  under  wliicli  the 
company  recently  laid  a  cable  to  that  island,  and  on  .Inly  M  the 
vice-presidcuf  and  general  manager  of  the  oom|)any  (.Mr.  (ieo.  G. 
Waifl)  addrissed  llu'  following  letter  to  the  Hon.  Sir  Kdward  P. 
.Morris.  I'lcniici'  of  Xewfoundland  :-  — 

Vour  oHicial  notice  of  .luly  :i,  I'.HJit,  that  the  Xewfoun.llaiid  flovem- 
luent  declines  to  recognise  ijie  validity  of  the  contract  of  Keb.  18,  190!t. 
between  that  tiovernment  and  the  Comniercial  Cable  Co.,  wa-s  duly 
received.  In  reply,  we  would  say  that  the  Commercial  Cable  Co.  has 
invested  over  a  million  dollars  on  the  faith  of  that  contract,  the  contract 
having  been  executed  and  delivered  by  the  Newfoundland  Government 
to  the  Comniercial  Cable  Co.  under  the  Great  Seal  of  Newfoundland, 
and  signed  by  His  Excellency  Sir  William  MacGregor,  Governor  of  the 
Island  of  Newfoundland,  the  direct  representative  of  His  .Majcstv  King 
Edward  VII.  The  contract  by  its  terms  is  final  and  complete,  aiid  does 
not  contain  any  provision  requiring  the  appri>val  of  the  Legislature. 
In  this  respect  it  does  not  differ  from  the  previous  two  contracts  between 
the  same  parties,  one  of  which  never  was  approved  by  the  Legislatun- 
and  yet  was  carried  out  to  the  letter.  The  other  contract  was  approved 
by  statute,  but  the  statute  expressly  stated,  not  that  approval  was  neces- 
sary, but  that  "  it  is  desirable.  "  Moreover,  the  statute  enacted  in  that 
instance  contained  an  additional  provision  which  did  not  appear  in  the 
contract — namely,  power  to  the  (Jovernor  in  Council  to  grant  the  fee 
simple  of  land  to  the  Commercial  Cable  Co.  We  would  also  call  attentiim 
to  the  fact  that  by  this  contract  of  February.  IftOSt,  the  Ne«-foundland 
Government  practically  gives  up  nothing,  nor  does  it  confer  anything,  not 
even  the  right  to  the  company  to  do  business  in  Newfoundland  :  in  fact, 
it  expressly  prohibits  the  company  from  doing  business  in  Newfoundland. 
The  important  features  of  the  new  contract  are  as  follows  : — 

First  :  The  company  is  to  pay  the  Government  St.OOO  annually  as  a 
tax  on  the  cable,  and  if  the  company  lay  and  operate  a  second  cable,  as 
it  intended  to  do  and  still  intends  to  do,  if  this  contract  is  observed,  this 
tax  will  be  SS,000  annually.  It  is  true  that  by  the  contract  the  Govern- 
ment is  to  pay  84.000  annually  to  the  company  .as  ci^mpensation  fi>r  the 
company's  expenditures  in  extending  its  cable  from  the  landing  point  into 
the  city  of  St.  Johns  and  maintaining  a  profitless  office  there  without  any 
expense  whatsoever  to  the  Government.  But  if  this  new  contract  had 
not  been  made  this  company  would  not  have  extended  its  cable  at  all  to 
Newfonndland.  and,  hence,  would  not  be  under  obligation  to  pay  the 
S4. 11(1(1  or  s.s.dOO  annually  as  mentioned  above,  so  that  it  is  clear  that 
the  Government  loses  nothing. 

.Second  ;  The  waiver  of  import  duties  on  supplies,  especially  original 
supplies,  is  a  common  and  usual  privilege  accorded  by  Governments  to 
new  cable  enterprises.  It  does  not  cost  the  Government  anything. 
because  if  the  new  contract  had  not  been  made  the  eomjiany  would  not 
have  extended  its  cable  to  Newfoundland.  The  ciintract  expressly  pro- 
vides that  ■"  The  company  shall  have  entry  duty  free  for  all  cables,  instru- 
ments and  batteries,  tools,  utensils,  furniture  and  supplies  necessary  for 
the  establishment  of  its  said  cable  station  and  installation  of  its  cable.'' 
We  relied  on  that  provision  of  the  contract,  and  after  purchasing  in  St. 
Johns  such  articles  as  were  obtainable  there,  we  ]nirchased  electrical 
apparatus  and  other  supplies  elsewhere,  but  when  these  arrived  at  St. 
Johns  you  compelled  us  to  pay  an  import  duty  of  .';4,322.60  in  violation 
of  our  contract. 

Third  :  Under  the  new  contract  the  Government  receives  the  same 
proportion  of  the  tolls  on  cable  messages  as  before,  and,  hence,  the  Govern- 
ment losing  nothing  in  revenue,  gains  largely  in  facilities. 

Fourth  :"  The  advantages  to  fhe  Newfoundland  Gi>vemment  are  that 
the  cable  messages  collected  by  the  (iovernmeiit  on  its  land  line  .system 
may,  under  this  new  contract,  be  handed  to  the  Commercial  Cable  Co. 
at  St.  .lohns  instead  of  those  messages  going  from  St.  Johns  the  whole 
length  of  the  Island  by  the  land  lines  and  thence  by  the  Government's 
submarine  cable  to  Nova  Scotia,  and  thence  by  the  Commercial  Cable 
Co.'s  lines  to  Europe  and  .America.  Continuous  service  with  continuous 
income  to  the  Government  is  thus  assured,  even  if  the  land  lines  or  cable 
of  the  Government  are  interrupted,  and  it  also  ensures  much  quicker 
service,  because  the  new  cable  of  the  Commercial  Cable  Co.  extends 
from  St.  Jolins  in  the  one  direction  to  Europe  and  in  the  other  dirwtion  to 
New  Y<uk.  If  it  is  of  any  advantage  at  all  to  the  Government  to  o\n> 
its  land  line  telegraph  system,  it  certainly  is  an  advantage  to  the  (ioveni- 
ment  to  have  this  new  connection  direct  from  St.  Johns  to  Eunqw  and 
America.  There  is  another  fact  which  is  not  to  be  forgotten.  For  over 
twenty  years  the  people  of  Newfoundland  have  had  the  l»-nefit  of  the 
reductions  in  Atlantic  cable  rates  brought  about  by  the  Commen-ial 
Cable  Co.  -After  a  two  years'  cable  war.  this  company  caused  the  Atlantic 
cable  rates  to  be  reduced  fr.un  50  cents  to  2.5  cents  a  word,  and  im- 
mediately the  Newfiuindlaiid  cable  rate  fell  fn.m  50  to  25  cents  a  wor,l. 
We  estimate  that  the  reduction  in  rates,  brought  aUnit  by  the  Com- 
mercial Cable  Co..  has  saved  to  the  public,  during  the  past  25  years, 
over  $140,000,000. 

Fifth  :  The  Cnuiuercial  Cable  Co.  by  running  its  cable  into  New- 
foundland .md  cstalilishing  a  station  there  would  bring  eimsiderable  trade 
to  St.  .lohns  wilhoul  anvthing  being  taken  away.  In  fact  the  comivany 
has  already  purchased  a"  plot  of  land  in  St.  Johns  and  let  a  part  of  the 
contracts  for  the  construction  of  a  cable  office  and  station.  It  did  this 
before  your  Government  repudiated  the  contract.     The  annual  exiH'ndi- 
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tm-es  of  the  Commortial  Cable  Co.  in  maintaining  such  a  station  under 
the  contract  wouUl  be  very  substantial,  and  in  addition,  if  the  company 
should  station  it.s  cable  steamship,  the  "  Mackay- Bennett."  in  the  harbour 
of  St.  Johns  an  expenditure  of  over  SSO.IKH)  a  year  would  be  involved.  Is 
it  the  policy  of  the  (Jovernment  to  drive  away  such  trade  ? 

For  att  yeans  the  .\n,2lo-.\meriean  Telegraph  Co.  and  its  predecessni-s 
had  a  monopoly  of  cable  livndinjrs  in  Newfoundland.  That  nionii|ioly 
was  created  by  a  statute  enacted  in  Newfoundland  in  1S,')4.  The  .\iii;lo- 
Amerlc.in  Co.  also  had  anil  still  has  a  land  line  telegrajih  system  in  New- 
foundland, and  that  system  has  always  competed  and  still  compiles  willi 
y.iur  Government's  land  lines.  The  mimi>poly  having  expired  in  1!H)4. 
and  your  own  land  line  system  being  established,  you  approached  us  will\ 
the  ref|uest  that  we  sho'uld  make  some  <oiuu-ction  with  that  system  in 
•  irdcr  that  your  land  lines  might  be  put  into  eommunication  with  other 
jKirts  of  the  world,  lus  you  bad  not  been  able  to  make  arrangements 
satisfactory  to  yourselves  with  the  Anglo-.\nuMiean  Telegraph  Co.  In 
eimsequence  yoii  entered  into  an  agreement  with  us  in  1!HI.")  anil  the 
desired  eonneetiim  was  ma<lc  by  way  of  Canso  and  Port  au  Basfpie  in 
that  year.  As,  however,  your  long  land  lines  between  St.  .lohns  and 
Port  au  Basque  were  subject  to  interrii])tion,  especially  during  the  winter 
months,  your  (Jovernment  asked  us  to  lay  ime  of  our  cables  into  St. 
.lohns,  so  that  you  would  not  be  dependent  U])on  your  single  line  for  your 
communication  and  so  that  you  would  thus  be  enabled  more  succes.sfidly 
to  com)>ete  with  the  .Anglo-American  Co.  Whereupon  another  contract 
was  entered  into  in  PVbniary  last,  between  your  Government  and  our- 
selves, and  this  is  the  coiitr.ut  which  you  now  repudiate.  The  contract 
prohii)ils  our  doing  business  in  Newfoundland  except  to  transmit  such 
messaccs  as  vour  Governnienl  collects  oi'  delivers.  Your  Government 
takes  a  jiart  of  the  toll  and  we  get  only  the  remainder,  while  the  Anglo 
Co.,  which  competes  with  you,  gets  the  entire  toll,  although  that  company 
does  no  more  cabling  than  we  do  in  the  handling  of  Newfoundland  cable- 
grams. Your  action  in  embarrassing  us  doubtless  pleases  our  c<mi- 
petitor,  the  Anglo-American  Telegraph  Co.,  but  that  company  is  your 
competitor  as  well  as  ours,  and  since  1905  we  think  you  have  found  that 
your  alliance  and  connection  with  us  has  been  profitable  to  your  Govern- 
ment, in  competition  with  the  Anglo-.'American  Telegraph  Co.,  and  we 
regret  that  a  change  of  administration  should'eau.se  a  change  of  policy  in 
this  resi>ect. 

ITnder  these  eireumstances  we  fail  to  understand  your  action.  The 
good  name  of  a  government,  the  same  as  of  an  individual,  is  something  to 
be  cherished  and  preserved.  If  repudiation  were  a  characteristic  {)f 
the  British  Government  or  of  it.s  dependencies  we  would  not  have  entered 
into  contract  relations  with  Newfoundland  at  all,  and  we  think  this  is 
the  first  time,  in  the  history  of  Great  Britain  or  its  dependencies,  tliat  a 
ecmtraet  made  with  a  responsible  (jovernment  has  been  repudiated  by  a 
succeeding  administration  of  the  Government  itself.  The  Commercial 
Cable  Co.  has  always  studiously  refrained  from  taking  part  in  politics  or 
party  questions,  and  has  ilone  so  in  Newfoundland,  and  will  continue  to 
d<p  so.  It  regrets,  however,  that  the  change  of  administration  which  has 
t.iken  place  should  cause  the  Government  to  repudiate  a  solemn  contract 
which  was  executed  only  a  few  months  ago,  and  which  has  caused  the 
Commercial  Cable  Co.,  as  stated  above,  to  expend  over  a  million  dollars, 
and  the  company  denies  your  legal  right  to  repudiate  it. 


LEGAL  INTELLIGENCE. 


Devonport  Tramway  Dispute. 

On  .July  2s  and  2!)  Dcvonpnit  Magistrates  heard  1,55  summonses 
issued  by  Devonport  Corporation  against  the  Pevonport  &  District 
Tramways  Co.  in  connection  with  the  discimtinuance  by  the  latter  of  the 
.service  on  cert.ain  lines  of  the  l)e>'on]>orl  tramway  system.  One  set  of 
summon.ses,  numbering  71,  was  for  failing  to  run  at  least  four  damages 
each  way  in  the  morning  and  in  (he  evening,  at  the  hours  thought  by  the 
Corporation  most  convenient  for  artisans,  mechanics,  &c.,  in  pursuance 
of  certain  agreements  between  the  i)arties  ;  and  the  sccontl  batch  (84) 
were  for  failing  to  comply  with  the  terms  of  a  certain  lease,  &c.,  by  not 
]>roviding  u]>on  certain  tramways  in  the  borough  (leased  by  the  Corpora- 
tion to  the  Company),  such  cars  as  were  reasonably  recpnred  by  the  Cor- 
poration in  the  public  interests. 

In  supjKirt  the  town  clerk  (Mr.  R.  .1.  Fi'itai.i.)  said  the  sunnnonses  were 
issued  to  compel  the  (!om(iany  to  perform  their  obligations;  and  he 
suggested  he  should  only  proceed  on  the  summons  for  the  first  day  in 
resfiect  to  the  r>rdinary  service,  and  in  respect  to  the  w<irkmen's  cars,  and 
he  asked  their  worships  simply  to  impose  a  nominal  penally  in  respect  of 
those  two  days  if  the  Company  would  undertake  to  j)crf(jrm  their  <d)liga- 
tion,  and  to  run  either  the  same  service  which  they  ran  previous  to  the 
di.scontinua'ion,  or  the  service  which  the  Corporation  had  required 
thi,-m  by  notice  to  run,  or  any  other  service  which  was  a  reasonabli-  one, 
and  which  might  be  agice<l  upon  by  the  Company  and  the  Corporation. 

.Mr.  KrsTACK  H11.1.S,  for  the  Company,  said  there  was  a  (piestiim  of 
principle  involved,  and  the  summonses  hiwl  to  l»  taken  separately.  He 
shoulci  ask  them  to  find  that  the  service  reipiired  was  not  a  leasonable 
one. 

-Mr.  KiTTALi.  said  these  lines  belonged  to  the  Corporation,  who  had 
exiK-nd'-rl  i'(12,00()  in  constructing  them,  and  they  were  leaseil  to  the 
Company,  who  on  March  10,  100.1,  wrote  to  the  Corporation  that  there 
had  Ix-en  n  decline  in  their  pros|>erity,  and  suggested  certain  concessions  ; 


and  they  also  asked  the  Corporation  to  give  up  their  veto  so  f.ar  as  the 
rimning  of  Plymouth  cars  into  Devonport  was  concerned.  In  return  for 
those  concessions  the  Company  suggested  that  thev  would  run  a  uni- 
versal Id.  fare  except  l.i  St.  Biulcaiix.  If  the  proposals  did  not  com- 
mend themselves  to  the  Corporation,  the  Company  wr>idd  be  prepared  to 
negotiate  for  the  sale  of  the  Devon]iort  tramways  to  the  Corporati<ai.  on 
llic  terms  at  whiili  they  were  aulliuriscd  to  purchase  hv  the  Trarinvays 
.Act.  Furtlicr  correspondence  followed.  On  Dec.  I7(b  last  the  ('nni]iai"iv 
wrote  that  they  found  it  inii)assible  to  c  arry  out  the  terms  of  the  lease, 
and  the  trams  were  discontinued  on  .Ian.  l(>.  The  Company's  undertak- 
ing was  to  provide  such  a  service  of  cars  as  might  be  reasonably  rcf|uired 
by  the  Corpiuation  in  the  public  interest.  If  the  Com]).any  were  not  dis. 
pii.seil  or  unwilling  ti>  run  a  .service  on  those  liiu-s,  and  if  the  magistrates 
agiecl  th.at  the  reipiii-cnients  of  the  C.irporation  were  reasonable  in  the 
interests  of  the  piililie.  bc>  wiadij  as];  (hem  to  imp:isc  the  maximum  penalty 
off.-,  a  day. 

Aid.  .1.  C.  TozKi;.  cli.iinnau  of  the  'I'rMiMV.ay-^  oniiuittc-c  said  it  was 
im|iossilile  for  the  committee  to  rciornmend  the  Corporalion  to  grant 
the  concessions  demanded  by  the  Company,  as  it  woidd  mean  a  loss  in 
live  years  of  £l,(i7S  per  annum.  The  Company  did  not  submit  any  pro- 
])osal  for  the  sale  of  their  undertaking  imtil  a  conference,  which  ])roved 
abortive,  was  held. 

Mr.  Hir,T..s  said  the  Com]iany  were  summoned  for  not  ruiuiing  (amongst 
other  services)  a  (iO  minute  .service  from  and  to  three  places.  In  taking 
over  the  extensions,  the  CoTUjiany  had  to  pay  a  rent  .iniounting  to  tS.lHMI 
a  year  in  roimd  figures.  The  Company  not  onU'  li.ad  to  pay  the  rent,  but 
also,  as  pari  of  the  bargain,  to  take  their  energy  from  the  Corporation  at  a 
price  which  w.as  certainly  a  higher  price  than  the  Company  could  have 
generated  for  themselves.  The  price  was  l-fiCid.  per  unit,  aitd  the  Com- 
pany could  provide  it  themselves  for  Id.  Under  no  circumstances  could 
the  Corporation  recover  more  than  a  nominal  penalty,  because,  in  fact, 
they  had  suffered  no  damage. 

Mr.  Walter  G.  A.  Bond  (chairman  of  the  Company)  stated  that  in 
1902  the  Company's  revenue  was  £6,090  ;  in  1904  (the  first  comjilete  year 
of  the  extensions),  the  gross  revenue  was  £8,t>30.  The  extra  revenue 
against  those  extensions  was  £1,(>4G,  against  the  rent  £3,900,  so  that  the 
deficiencj'  on  the  extensions  was  £2,2.54.  The  deficiency  had  distinctly 
increased  from  1904  to  the  present  time.  It  was  financially  impossililc 
to  give  the  service  required  in  the  notice  of  ,Tan.  4,  1904.  There  was  not 
sufficient  traffic  on  the  leased  lines  to  pay  cliarges. 

Replying  to  Mr.  Fittall.  .Mr.  Bond  said  tlie  Company  were  ready  to  sell 
their  undertaking  to  the  Corporation.  The  discontinuance  of  the  serviec 
was  iu)t  done  by  the  Company  with  the  object  of  trying  to  force  the 
Corporation  to  buy. 

The  second  set  of  71  summonses  were  then  proceeded  with,  and  after 
evidence  bad  been  taken,  the  chairman  said  the  Bench  would  reserve 
their  ileiision. 

On  the  4lh  inst.  the  Chairman  (Dr.  G.  A.  Rae),  in  giving  judgment,  said 
the  Bench  found  .against  the  defendant  Company  in  both  cases,  and  fined 
the  Company  £5  (the  maximum)  and  costs  for  the  first  day  in  the  fii'st  set 
of  sumnumses.  On  the  other  83  summonses  of  the  same  character  the 
fine  was  2s.  (id.  and  costs  for  each  day.  Of  the  second  set  there  were  71 
summonses  ;  and  the  Comjiany  would  be  fined  £2  and  costs  for  the  Hrst 
day  for  non-running  of  workmen's  cars,  and  for  the  subsequent  dates  Is. 
and  costs  in  each  ease. 

On  6th  inst.  Mr.  Gill  applied,  <m  behalf  of  the  Company,  for  a  special 
ease  to  be  stated  for  the  determinal  ion  of  the  High  Court,  as  the  Company 
urge  that  the  decision  was  erroneous  in  law. 


Post  Office  Telephones. — In  the  City  of  London  Court  on  Tuesday 
the  Postmaster-General  sued  Mr.  W.  H,  Russell,  to  recover  15s.  7(1. 
tor  the  rent  of  an  extension  tele|ihonc  line.  Defeiularit  had  .several 
other  lines,  about  which  there  was  no  dispute.  Defendant's  manager, 
Stevens,  said  that  the  extension  line  was  absolutely  useless  from 
beginning  to  end.  They  never  could  get  connected,  .although  be  tried 
to  do  so  over  50  times.  At  last  they  asked  the  I'ostmastor-General 
to  take  the  intermittent  awaj'.  Mr.  \V.  Brigiiall,  for  Sir  Robert 
Hunter  (solicitor  to  the  Post  (5lfioe).  said  that  the  extension  worked 
all  right  at  first,  but  there  was  no  responsibility  on  the  Postmaster- 
General  to  maintain  it  or  to  keep  it  elilcient. 

Judge  LiiMLEV  Smith  said  that  the  contract  was  a  very  tight  one, 
and  he  had  had  similar  complaints  before.  The  fact  that  the  extension 
was  out  of  order  was  no  answer  to  the  claim,  and  the  contract  pre- 
cluded defendant  claiming  damages.  Judgment  must  be  for  plain- 
tiff, with  costs. 


PARLIAMENTARY  INTELLIGENCE. 


Glasgow  Corporation  Bill— 'I'his  l)ill  his  now  been    allowed  to 

piw.ieecl  liv  tlie  SlauiliiiL'  Onlers  rommittee,  but  the  local  railway  eopi- 
paroes  ),.,ve  bei'n  .ill.. wed  a  l,.,us  t..  appear  against  clauses  20,  29  .and  30, 
wl.i.  Ii  «..id.l  Mill;.-  the  Irauiway  uiulerlaUing  |)art  of  the  Comnum  Good. 

Oldham  Corporation  Bill.  -This  Bill  was  read  ;v  third  time  in  the 

H ..•  of  bords  last  week,  but  the  clause  cmiiowering  {\w  Corporation 

to  let  out  for  hire  and  fix  elcctiieal  motors  and  fittings  was  dr.ipped.  In 
Watford  .and  Hcywood  Bill  similar  clauses  have  been  struck  out. 
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MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 


APPOINTMENTS  VACANT  AND  FILLED. 

Applicaiic Ills  arc  iiivilcd  fur  llic  pusl  nl  li-cliiiiT  and  assistant  in  the 
dp|iarl  nicnl  (it  i-ii'iti  ical  fii^iiiccrin:i  cif  the  (Jlasgiiw  and  West  of 
SiMilland  'rcclinifal  Collojlo.  ('omnicncinji  salary  £}"'>.  Applica- 
tiuns  by  Aiij;.  17  to  Prof.  Magnus  Maclean,  D.Sc.    Sec  julvertisement 

Tlie  Governing  Uody  of  Northaraption  Polytechnic  Institute, 
London,  invite  applications  for  the  appointment  of  practical  instruc 
tor  in  electric  light  wiring  and  cable  jointing.  Two  evenings  per 
week.  Particulars  .and  forms  of  application  (to  be  returned  by 
Sept.  1)  fnim  the  Princip.al,  Dr.  R,  .Miillinmix  Walmsley.  See  an 
advertisement. 

A  capable  electrician  is  wanted  for  a  colliery  in  the  Wigan  district. 
Must  be  accustomed  to  electric  pumjiing,  hauling,  lighting  and  coal 
cutting  and  have  had  experience  of  concentric  cables.  Wages  35.s. 
ptT  week  and  free  house.     See  p.dverti:',ement. 

Llandilo  Council  require  an  engineer  to  take  charge  of  electrical 
installation.     Applications  to  the  Clerk  by  Aug.  31. 

Applications  are  invited  for  the  position  of  head  of  the  electrical 
engineering  department  at  file  Technical  College,  Sunderland. 
Salary  £2r)l),  rising  to  £300  per  annum  by  two  eijual  annual  incre- 
ments. Apiilications  to  the  secretary.  Mr.  T.  W.  Bryers,  Education 
O.fiees,  15,  John-street,  Sunderland,  by  Aug.  23. 

Applications  are  invited  for  the  Professorship  of  Physics  in  the 
Royal  College  of  Science,  Dublin.  Applications  by  Aug.  16  to  the 
Secretary.  Department  of  Agriculture  and  Technical  Instruction  for 
Ireland,  Upper  Merrion-street,  Dublin. 

The  lectureship  in  electrical  engineering  at  University  College, 
Galway,  is  vacant.  Salary  £120.  Applications  to  the  Secretary, 
Mr.  Robt.  Donovan,  Royal  University-buildings,  Dublin,  by  Aug.  31. 

Applications  are  invited  for  the  position  of  chief  lecturer-  in 
chemistry  in  the  Manchester  Municipal  School  of  Technology.  Salary 
£350  per  annum.  Aiiplieations  to  the  Dean  of  the  Faculty  of 
Technology,  Mr.  J.  11.  Reynolds,  by  Sejit.  11. 

There  is  a  \ticancy  for  a  lecturer  and  demonstrator  of  iihysics  at 
the  Sir  John  Cass  Technical  Institute,  London.  Commencing 
salary  £150.     Applications  to  the  Principal  by  Aug.  28. 


Wolverhampton  Electricity  (jommittce  have  appointed  Mr.  E. 
Stubbs  as  li-chnioal  and  general  assistant  at  £160  a  year  :  Mr.  .1.  S. 
Dudley  as  maintenance  engineer  at  £156 ;  and  Mr.  F.  C.  Piatt  as 
junior  assistant  at  £78. 

Mr.  G.  W.  King,  manager  of  the  Greenock  Tramways  Co.,  has  also 
been  appointed  manager  of  the  Airdrie  and  Coatbiidge  tramways 

Mr.  S.  Hann.  superintendent  of  the  Stoke  Newington  electricity 
works,  has  been  appointed  borough  electrical  engineer. 

Keighley  Council  have  ajipointed  Mr.  E.  Murgatroyd  manager  of 
the  tramways. 

Mr.  R.  Fulton  has  been  appointed  electrical  engineer  of  the  Mount 
BiscluilT  Mining  Co..  Waratah  (Tasmania)  in  the  place  of  Mr.  W. 
Behreiid.  « lio  has  vacated  the  position  and  is  proceeding  to  Germany 
to  stud}'  the  develoiiments  of  electrical  engineering  in  that  country. 

Major  H.  G.  K.  Wait,  R.E.,  has  lieen  selected  for  the  jiosition  of 
chief  instruetur  in  the  Electric  Light  School,  Portsmouth. 

Mr.  W.  C.  Houston  has  been  appointed  head  of  the  mechanical 
engineering  department  at  the  South  Western  Polytechnic  Institute. 
Chelsea,  in  succession  to  Mr.  W.  F,  I'uUen. 


EDUCATIONAL  NOTICES. 

University  of  London  (University  College).  -I'mf.  ■!.  D.  Cormaek 
has  liirn  eleeled  Dian.  and  Prof.  J.  A.  Klriuing  Vice-Dean  of  the 
Univrrsily  College  l''aeiiUy  of  iMigineering  for  the  session  liXltt-lO. 
Till-  Chadwick  scholarshi])  and  medal  has  been  awarded  to  F.  L. 
Thompson,  and  A.  M.  Sims,  who  was  declared  pro.ximc  accessit,  has 
been  awarded  a  silver  medal. 

The  next  session  will  begin  on  Miinday.  Oct.  4.  Special  and  post 
grarluato  courses  have  been  arranged  to  meet  the  needs  of  the  fnllowing 
classes  of  students  :  (<;)  rostsradiiates  and  engin'-evs  in  practice  :  {!>) 
others  v.liose  ((ualilieations  are,  in  the  o])ininn  of  the  lecturer,  such  as  to 
enable  thorn  to  follow  the  eoni-ses.  Kaeh  rrrur.<e  will  inehido  leeliiies 
ami  exeieises.  and  the  nuinbers  admitted  will  be  striefly  limited.  The 
following  are  some  of  the  siwcial  courses  for  ne.N  t  sessi(^n  :  Steam  turbines, 
by  Mr.  W.  .1.  Goudie  and  Mr.  K.  G.  Izod  :  railway  engiiieerinEr,  by  Mr.  H. 
IVans  (of  <he  (!.  W.  Hiiilwav) :  roads,  street  pavins  .ind  tramways,  by 
Mr.  W.  N.  Hhur;   and  ct-eliieal  design,  by  Mr.  H.  M.  Hnli:nt. 

King's  College,  London. — The  session  IStoD-llHO  eommenees  on 
Oct.  (!.  Prospectuses  and  information  relating  to  the  courses  of 
instruction  in  the  Faculty  of  Engineering  and  ,\pplieil  Science  and 
Division   of    .Architecture    may    be   obtained    from    the   Secretary, 


Kings  College,  Strand.  W.C.  Evening  classes  are  held  in  electrical 
and  mechanical  engineering,  drawing,  mathematics  physics,  *c. 

University  of  Birmingham. — The  full  course  in  engineering  ex- 
(iiKJs  ..\cr  four  Mars  and  sludentswho  enter  after  matriculation. 
and  who  pass  (lie  exaniinal ions  at  the  end  of  each  year,  will  be 
entitled  to  the  degree  of  H.Sc.  in  the  branch  of  engineering  t<i  which 
the}'  devot<!  themselves.  Some  particulars  of  the  instruction  given 
in  the  technical  engineering  cla.sses,  engineering  laboratory,  Ac, 
are  given  in  an  advertisement.  The  session,  1909-1010,  commences 
on  Oct.  4.  and  detailed  syllabas  with  full  particulars  of  University 
Regulations,  lecture  and  laboratory  courses,  fees,  &c.,  may  be 
obtained  from  the  .Secretary. 

University  of  Manchester. — A  complete  theoretical  and  practical 
training  is  given  at  this  L'niversity  to  students  preparing  for  the 
higher  positions  in  the  electrical  engineering  profession.  This 
subject  may  be  taken  as  part  of  the  courses  preparing  for  the  B.Sc. 
degree  in  both  the  honours  classes  of  engineering  and  physics.  A 
special  cour.se  has  also  been  arranged  extending  over  three  years  and 
pre])aring  for  the  certificate  in  electrical  engineering.  The  John 
Hopkiiison  laboratories  and  dynamo  house  are  fitted  with  modern 
electrical  machinery  and  otTer  excellent  facilities  for  educational  and 
research  work.  The  session  commences  on  Oct.  5.  Prospectuses 
from  the  Registrar. 

Armstrong  College.  Newcastle-on-Tyne.— The  session  liMW-lolo 
will  eomiuenee  on  Sept.  27  Full  courses  of  instruction  are  given  in 
the  deiiartment  of  mechanical,  marine,  civil  and  electrical  engineer- 
ing, naval  architecture,  mining,  metallurgy,  agriculture,  pvu-e  science 
and  letters.  Particulars  may  be  obtained  from  the  secretary  (Mr. 
F.  H.  Pruen,  M.A.).  Armstrong  College,  Xewcastle-on-Tyne. 

City  and  Guilds  of  London  Institute.-  The  course  of  instruction  at 
the  Institute's  Central  Technical  College,  Exhibition-ro.ad,  are  for 
students  not  under  16  years  of  .age,  and  those  at  the  Institute's 
Teehiiieal  CVill-ge,  Leonrird-street,  Finsljury,  .arc  for  students  not 
under  14  years  of  age.  The  entrance  examinations  to  both  colleges 
are  held  in  September,  and  the  entrances  commence  in  Octol)er. 
Particulars  of  the  entrance  cxaminatioi.s,  scholarshi|)s,  fees,  &c.. 
may  be  obtained  from  the  respective  colleges  or  (he  head  offices  of 
the"  Institute,  Greshani  College,  Basinghall-street,  London,  E.G. 

Glasgow  and  West  of  Scotland  Technical  College.  The  session 
1909-10  commences  on  Sept.  23  for  the  evening  ela.s.ses  and  Sept.'28 
for  the  day  classes.  The  diploma  of  the  college  is  granted  in  civil, 
mechanical  and  electrical  engineering,  mining,  naval  arehitectiure. 
chemistry,  metallurgy,  mathematics  and  physics,  and  the  courses 
of  study  for  the  diploma  usually  extend  over  three  sessions.  Holders 
of  the  diploma  are  eligible  for  the  degiee  of  B.Sc.  in  engineering  of 
the  ITniversity  of  Glasgow  after  attendance  for  at  least  one  st-ssion 
upon  prescribed  University  classes.  There  are  new  and  well  equipped 
labiaatories  in  the  departments  of  physics,  chemistry,  electrical 
engineering,  mechanics,  metallurgy,  &e..  and  facilities  for  research 
are  afforded.  Calendar  (price  Is.  "4d.)  and  prospectus  (free)  can  Ix- 
obtained  on  application  to  the  Secretary. 

Aberdeen.— On  the  recommendation  of  the  Electricity  committee 
it  has  been  decided  to  purchase  a  stock  of  electric  heating  and  cook- 
ing apparatus  for  hiring  out. 

It  has  been  decided  to  abandon  id.  fares  and  to  introduce  a 
universal  Id.  fare. 

Alvaston  (Derby).— The  Council  have  a.ssentcd  to  the  proposed 
apiilication  of  Derby  Corporation  for  a  provisional  electric  lighting 
order. 

Australasia.— The  '  Australian  Mining  Slandai-d  "  s;»ys  the  electric 
signalling  apparatus  for  mines,  i.alented  by  Mr.  O.  Reigclchuth,  of 
Hallarat.  is  to  be  tested  at  the  New  .Moon  mine. 

The  Prahraa  aii<l  .Malvern  (Vietuiia)  Tramways  Tiiist  rciHirt*  that 
eontracls  for  rails,  lishplalcs,  steel  poles,  &e.,  have  been  let  at  £!).S-)4. 
tenders  for  overhead  onstruelion  and  ear  bodies  are  to  tie  in  by  Aug.  .< 
and  Sept.  17,  rcspeetnely.  anil  tenders  for  pennaneiil  w.ay  cnnstnietion 
are  about  tn  be  invited  A  10  years"  agreenieni  (terminable  on  agreed 
ionditioiis  after  four  vcai-s)  has  been  entereil  into  with  the  Melbourne 
Electric  Supply  Co  ,  and  the  maximum  charge  fur  ciim-nt  is  to  be  1  Id  jwr 
unit      It  is  expected  that  the  tramways  will  bo  in  operation  by  May 

Melbourne  Eleetrie  Supply  Co.  propose  to  eonstruof  tram\va>-s  to 
Geelong  West,  Newtown  ami"  South  Geelong,  subject  to  the  sat.s^faetory 
settlement  of  the  dispute  with  'he  Railway  Commissioneis  regarding  the 
.Mocirahool  street  erossine.  ,    ,     ,  , 

'I'he  South  t^ippslaiid  Creamery  and  Butter  Factory  (Ltd.l  have  l>een 
authorised  to  engace  in  the  supply  of  electricity  for  lighting  in  the 
Yarram  Yarram  district.  The  Council  of  Allx-rton  have  decided  to 
enter  into  a  contraet  with  the  Company  for  liL'htiiig  Yarram  for  live 
years  at  £1.^0  per  annum.  „,,.,,■         i 

Mr.  C.  St.  .lohn  David  (eitv  encineer).  and  Mr.  U.  .1.  Strike  (eify  elee- 
(rieal  enmneei)  have  subiniiled  to  Luuueston  (Tasmania)  Council  a 
report  oif  means  for  more  fully  utilising  the  liydraulie  power  obt.aiiiable 
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trom  the  S.iutli  Esk  for  genenitine  el^'otriial  energy.  The  eost  nt  tlie 
wi^rks  under  one  i.eheine  suggested  hv  Jlessrs.  Diivid  ond  Strike  is  esti- 
nuted  at  £82.43S.  made  up  as  follows  :— Dam.  nt  third  basin.  £7.7l.W  ; 
hydranlie  equipment  (inohiding  intake,  dam,  eompletely  hned  tunnel, 
eiin<  rete  raee.  steel  pipes  and  i-eeeiver,  &e.,  i;.55,.')54  ;  lands  and  buildings, 
£2,3IW> :  electrieal  eiiui|>ment  (including  removal  of  four  300  kw.  genera- 
tors and  switehboartl  and  e.xeiler--  from  e.\isting  station,  new  turbines 
for  same,  and  four  new  (itK)  kw,  generators,  turbines,  switehbu.ud. 
transmission  line,  &c.).  .£1U,S19. 

As  alternatives  to  the  above  scheme  (which  includes  an  entirely  niw 
tunnel  and  new  plant )  projects  of  a  less  expensive  character  have  also  been 
submitted  for  (1)  installing  auxiliary  heat  engines  at  a  convenient  site 
in  the  city,  anfl  improving  the  existing  tunnel ;  (2)  increasing  the  size  of 
the  present  tunnel  and  hiring  steam  auxiliary  while  this  work  is  being 
done  :  (3)  dri\-ing  new  tunnel  parallel  to,  but  a  short  distance  from,  the 
existing  one. 

Klectric  pumping  jtlant  has  been  ])urchascd  for  the  New  Zealand 
down  Mines,  at  Karankahake,  in  tlie  Hauraki  district.  The  plant, 
which  comprises  a  ,^50  kw.  three-phase  alternator,  motors  and 
duplex  pumps,  will  pump  1.135  gallons  of  water  per  minute  from  a 
depth  of  1, (UK I  ft, 

Barnes. — .A  sub-committee  ha.s  been  appointed  to  organise  an 
electrical  exhibition. 

Barnsley, —  .\n  inipiiry  was  luld  on  Tuesday  into  the  Council's 
applicition  for  Siinction  to  ImrroH  lllt.tHlO  for  pxlensioiis  of  the 
electricity  mains.  \c.,  and  £3(18  for  the  electric  lighting  of  the  .May 
Day  (Jrccn  .Market. 

Bishop's  Stortford. — Messrs.  May  &•  Hawes  are  to  prepare  a 
report  for  the  Council  on  the  question  of  electricity  supply. 

Burslem. — By  agreement  the  assessment  of  the  electricity  works 
has  been  reduced  from  £1,180  to  £1,000. 

Caldy  (West  Kirby).--The  electricity  supply  works  were  formally 
inauijurated  last  week. 

China. — The  report  of  Acting-Consul  John  Fox  states  that  the 
principal  imports  at  Canton  during  1908  included  electrical  material 
to  the  value  of  £6.799  (compared  with  £16.307  in  1907). 

The  Canton  electric  light  works,  erected  by  the  Chinese  Light  &  Power 
Co.  of  Hong  Kong,  are  equipped  with  up-to-date  plant,  all  of  British 
make,  with  the  exception  of  one  engine.  The  plant  comprises  three 
Diesel  oil  engines  (burning  crude  ])etrolenm)  of  a  total  horse-power  of  (iOO, 
five  steam  engines  (total  730  B.H.r.),  ftmr  Babeock  water-tube  boilers, 
and  one  Green's  economiscr.  Induced  draught  i.s  used,  and  Contraflo 
and  Worthington  condensers.  Alternating  euircnt  is  supplied  to  the  city 
of  Canton  by  means  of  overhead  high-])ressure  mains  on  iron  and  wood 
poles,  the  transmission  voltage  being  2,000  and  the  voltage  at  con- 
sumers' terminals  100,  The  supply  to  Shameen  from  the  same  works 
is  c.c.     The  consumers  in  Shameen  number  107  and  in  Canton  2.042. 

Consul  John  Fraser  says  imports  to  Hankow  in  1908  included  elec- 
trical materials  to  the  value  of  £()0,2(>7  (against  £12,100  in  1907). 

Acting-Consul  W.  P.  Ker  (Tientsin)  says  the  tramway  system  of  the 
Belgian  Compagnie  de  Tramways  ct  d'Eelairage  Fleetriques  de  Tientsin 
has  been  extended  so  as  to  traverse  a  route  between  the  foreign  settle- 
ments and  the  Chinese  city,  .and  the  total  length  is  now  between  8  and  9 
miles.  Receipts  were  £li),400  in  1908,  compltred  with  £13,120  in  1907. 
The  company's  electric  lighting  business  has  also  increased  from  £4,()S() 
in  1907  to  £0,240  in  1908. 

Acting-Consul  Phillips  (Chungking)  states  that  the  Chungking  Electric 
Light  Co.  (a  Chinese  company)  started  operations  on  a  small  scale  in 
June,  1908.  They  arc  supplying  current  for  220  10  c. p.  lamps.  They 
have  obtained  tenders  for  a  larger  plant  to  light  the  whole  city,  and  land 
has  been  bought  on  which  to  erect  a  new  station. 

Dundee. — Lochee  substation  was  opened  on  Monday.  High- 
tension  current  is  supplied  from  the  fVuolina  Port  station  and  the 
capacity  of  the  substation  is  about  3(M)  kw. 

Exhibitions.— H.M.  Consul  .Mr.  W.  Keene  reports  that  the  Genoa 
Lighting  and  Optical  Exhibition  (referred  to  on  p.  683  of  our  last 
i.ssue)  is  to  be  postponed  till  next  year. 

In  connection  w  ith  the  Turin  Exhibition  in  191 1  the  Turin  Chamber 
of  ('ommerce  propose  to  award  a  ])rize  of  .50.(H)0  fr.  (about  £-2,(M)0) 
to  the  owner  of  "  an  invention  or  di.scovery  which  will  prove  in 
practice  advantageous  to  the  national  econ(miy."  Inventions  dis- 
covered or  published  prior  to  1908  will  not  Ik;  lulmitted.  Particu- 
lars from  the  Commi.ssione  per  il  concorso  a  premio.  Camera  di 
Commereio.  Torino,  Italy.  Applications  (in  Italian  or  French)  by 
-March  31.  1911. 

Fatality.— Last  week  the  Press  reported  that  a  man  named  Leimard 
had  been"  electrocuted  "  while  trimming  an  arc  lamp  in  Hatter.sca. 

-At  the  inquest,  which  was  held  on  Tuesday  the  evidence  showed  that 
deceased  had  suffered  from  heart  disease.  On  Friday  evening  hi-  was 
engaged  at  an  electric  lamp  standard  in  Bolingbroke-grovc,  when  he 
suddenly  fell  and  died  immediat'-ly.  It  was  stated  on  l)chalf  of  Battersea 
Council  that  it  was  almo.^t  impos.sible  for  a  man  to  receive  a  shock  :  in 
any  ease  the  shock  would  not  b,.  stronger  than  230  volts,  which  would 
not  harm  a  healthy  man. 


France, — Consul  R,  Macdonald  reports  that  electric  power  was 
brotight  to  Bordeaux  in  1908  from  Tuiliorcs  on  the  Dordogne.  A 
dam  has  been  constructed  across  the  river,  raising  the  water  to  a 
height  of  '.i'.)  ft.  ,■)  in.  and  giving  lO.OOO  ii.p..  and  auxiliary  steam 
plant  of  PJ.tKMl  H.r.  has  been  ii\stalled  as  a  stand-by.  Tlie  voltage 
of  the  alternating  eiu'renl  leaving  the  geiieiating  station  is  .'iO.OOO. 
and  transforming  [ihinl  at  Cenoii  emiverts  this  to  .">.">(•  volts  c.c.  lor 
tramways  and  11(1  volts  for  lighting.  Besides  supplying  cunrnt 
for  power  and  lighting  in  Bordeaux,  the  Soe.  Kleclriquc  du  Sud 
Oiiest  propose  to  supply  all  the  distriet.s  between  Btrgcrae  and 
Bordeaux  by  branches  from  the  main  transmission  line  (which  is 
supported  on  nearly  3,(XK)  iron  columns  at  intervals  of  from  50  to  (iO 
yds. )  and  also  Perigueux  and  Limoges  and  other  towns. 

Mr,  Consul  Trillot  (St.  Nazaire)  says  the  Soci^te  dcs  Lysines  de  la 
Basse  Loire,  formerly  known  as  Forge  de  Trignae,  propo.se  to  greatly 
increase  tlieir  works.  The  manufacture  of  material  for  naval  con- 
struction, armaments  and  railways,  from  Spani.sh  and  .Algi  rian 
minerals,  will  be  maintained  and  developed.  Ekclric  ptwir  will  be 
substituted  for  steam. 

Consul  C.  Clipperton  says  18  electric  capstans  for  moving  railway 
trucks  and  shore  cranes  have  been  placed  in  service  at  the  port  of 
Rouen,  and  as  soon  as  the  quays  now  in  course  of  constmetion  are 
com|>leted  eight  additional  capstans  and  eight  electric  cranes  will  be 
installed.  The  two  tramway  companies  will  shortly  be  combined 
and  extensions  to  the  suburbs  carried  out.  Tenders  will  doiilitlcss 
be  invited  for  supply  of  rails  and  for  cars. 

Germany. — Consul-General  Schwabach  says  exp(  riments  are  being 
made  in  Berlin  flith  a  new  type  of  electric  omtiibus,  which  carries 
36  passengers  over  60  miles  with  one  charge  of  batteries,   but   it  is 

stated  that  working  expenses  are  very  heavy,  and  it  is  believed  that 
the    buses  could  only  be  run  at  a  protit  on  lines  with  an  excess  of 

short-distance  trafMc. 

Herr  Schwabaeh's  report  includes  a  tabic  showing  the  munbers  and 

horse qiov.er  of  electric  motors  used  in  various  trades  in  Beilin  in  UHIS. 

comi)ared  with  1907  and  1906,  including  dynamos  but  not  traction  motor  -. 

The  totals  art :— 19,193  motors  (64.021  H. p.)  in  1908.  Ki.OOO  motors 

(55.453  H.r.)  in  1907  and  14,911  motors  (47.419  n.r.)  in  lOOti. 

On  the  Basle  to  Zell  railway  (12i  miles),  which  the  Baden  (Joveinnuiit 

have  converted  to  electric  traction,  an  a.c.  system  has  been  adopted. 
In  Berlin  and  suburbs  the  exp.ansion  of  the  electric  undergrouiu!  and 

elevated  railways  has  proceeded  apace.     90  j>cr  cent,  of  the  2,330  miles 

of  tramway  in  Germany  were  worked  entirely  electrically  at  the  I'nd  of 

1908,  2-5  per  cent,  by  steam,  3  per  cent,  by  horses  and  the  reniaiudi  r  by 

electricity  and  steam  or  horses  combined. 

The  consumption  of  electrical  enertrv  for  all  purposes  in  Berlin  in  liK)8 

was  155,115,135  units,  compared  with   142,921. SHi  and   128,103.84s  in 

1907  and    1906  respectively.     Gerniaiiv's   imports  of  "  I'leelroteelmical 

products  "  in  1908  were  valued  at  £4,")"l.000  (against  £411.000  in  1907). 

The  exports   in   the  same  class   were  £9.107,000  (against  £8,227,000). 

Exports  of  cables  in  1908  were  valued  at  £2,55S,OO0  (against  £2,77.«.OtMi). 

This  class  does  not  appear  amongst  the  imports. 

Honduras. — Consul  Campbell  says  electric  lighting  was  inaugu- 
rated in  the  streets  of  the  city  of  Tegucigalpa  two  years  ago  and  has 
since  been  extended  to  many  private  houses.  The  local  undertaking 
is  in  a  fairly  satisfactory  condition, 

India. — The  ''  Indian  and  Eastern  Engineer  "  says  the  War  Oftice 
has  sanctioned  the  erection  of  a  power  station  in  Colombo,  antl  the 
Royal  Engineers  have  commenced  the  work. 

It  is  understood  that  the  Secretary  of  State  has  sanctioned  the 
i;icctricity  Bill  and  that  it  will  be  introduced  at  an  early  date  to  the 
Viceroy's  Legislative  Council, 

"  Indian  Engineering"  says  the  introduction  of  electric  lighting 
into  Mussoorie  has  made  some  progress, 

Messrs.  Turner.  Hoarc  &  Co.  have  put  in  an  extensive  in.stallation 
of  electric  "  punkah  "  fans  at  the  Civil  and  P.W.D.  Secretariat 
buildings,  Lahore.  Each  room  has  at  least  one  "  punkah  "  and 
some  of  the  large  halls  five  or  six,  and  there  are  also  a  numbir  of 
jiortable  table  fans.  Messrs.  Turner.  Hoare  &  Co.  have  established 
a  permanent  branch  at  Lahore. 

Electric  lighting  and  fans  are  being  installed  at  the  n(  w  (ieneral 
Post  Office.  Bombay,  at  a  cost  of  R.ti-J.COO  (about  £4.133). 

Japan, — The  imports  of  electrical  machinery  to  Japan  (.says  Mr, 
E.  F.  Crowe,  commercial  attache  to  H.B.M.  Emba.ssy.  ToUvo)  were 
valued  at  £209,200  in  19(J8  (compared  with  £18(i,9(lO  iii  1907), 
including  £37.700  (£55,000)  British,  £141.00(1  (£l(ll.(i(l())  Aimrican 
and  £30.000  (£22,3f)0)  German, 

Electric  light  is  now  to  be  found  in  most  towns  and  many  villages,  and 
the  eost  in  some  cases  is  quite  trifling.  Cheap  electric  tramways  have 
))revented  the  cycle  dealers  from  doing  so  good  a  business  as  they  antici- 
pated. Extensive  reclamation  works  arc  being  carried  out  at  Yoko- 
hama, including  the  erection  of  numerous  buildings,  cranes,  elevators. 
&e.,  and  the  eonstructicm  of  1 1  miles  of  railways.  Electric  j)owcr  will  be 
used  on  a  large  scale  in  the  handling  of  cargo.  ..\  fixed  electric  crane  to 
lift  ;W  tons  is  being  erected,  anti  there  Hill  lie  morellian  30  electric  travel- 
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lei.-i  and  32  eloctric  capstans  alongside  the  quay  walls.     A  power  house 
is  liping  erected,  and  will  contain  four  generating  sets,  each  of  210  kw. 

Japan-British  Exhibition.— It  has  liccn  (hcidcd  to  hold  a  .lapan- 
Britisli  Kxhiliiliun  in  Loiid<,ti  in  l!tl(J,  and  the  ( 'onunitlw  announce 
that  H.R.H.  I'riiicc  Artluir  of  Connaughi  has  lucn  apjioiiitcd 
Honorary  rrcsidcnt  and  the  DuUe  of  Norfolk  IVcsiclcnl. 

Kilrea  (Ireland).— A  imblic  meeting  of  ralejiayers  will  Iw  held  lo 
day  (Friday)  to  consider  a  proposal  to  form  a  company  foi-  I  he  erec- 
tion of  cleetrieity  works  in  this  district.  Mr.  \V.  .).  Hollon  is  pro- 
moter of  the  scheme. 

Light  Railway. — Tlie  Light  Railway  Commissioners  have  granted 
the  a[>plicati(in  of  Southend  Corporation  for  an  extension  of  time  for 
constructing  tramways  from  Southend  to  Shoeburynes.s. 

Lowestoft. — A  very  short  trial  has  sufficed  to  convince  the  Tram- 
ways committee  that  tlie  remedy  for  poor  traffic  returns  is  not  to  be 
found  in  increased  fares.  The  receipts  at  the  higher  fares  showed 
such  a  .serious  falling  oft  that  the  new  scale  has  been  abandoned  and 
the  old  fares  are  again  in  force. 

Luton. — An  inquiry  was  held  here  last  week  into  the  Council's 
application  for  sanction  to  a  loan  of  £11.707  for  the  electricity  under- 
taking. In  regard  to  £4.500  for  future  extensions  the  matter  was 
adjoinacd  sine  die  for  the  inspector  to  examine  the  financial  condi- 
tion of  the  undertaking. 

Madeira. — Capt.  J.  Boyle.  H.M.  Consul,  again  points  out  that 
telephones  are  badly  needed  in  Madeira,  and  if  properly  managed 
and  financed  would  proliably  lie  a  success. 

It  was  ninKHired  at  the  hrL-iiiiiinL'  mI  1(108  that  a  British  company  was 
to  take  over  the  ])rcsent  elei i  i  ir  linlii  inn  undertaking  and  erect  an  up-to- 
date  installation  ;  but  the  scheme  seems  to  have  fallen  through  on  ac- 
count of  financial  difficulties.  There  is  room  for  improvement  in  the  elec- 
tric lighting  of  Madeir.a. 

Marriage. — At  Glasgow  on  7th  inst.  Mr.  James  Edmund  Sayers, 
M.I.K.l*;.,  was  married  to  Miss  Margaret  Wilson  Robertson,  of 
Glasgow. 

Mexico. — Consul  John  Stringer  says  the  town  of  Mazatlan  is  well 
lighted  by  electricity  and  a  good  but  expensive  service  is  offered  to 
householders,  10  16  c.p.  lights  costing  £1.  16s.  per  month. 

Middlesbrough. — The  electric  street  lighting  in  Corporation  and 
Newport-roads  was  inaugurat<^d  on  Saturday  last.  Twenty  arc 
lamps,  which  have  been  supplied  by  Crompton  &  Co.,  are  employed. 
If  the  results  arc  found  to  be  satisfactory,  the  Corporation  propose 
to  extend  this  system  of  lighting. 

Oulton  Broad. — The  Council  arc  to  invite  otl'er.s  for  taking  over 
their  provisional  electric  lighting  order. 

Peking  Telephone  Service.-  The  Western  Electric  Co.  of  Chicago 
are  stated  to  liave  secured  the  contract  for  a  telei>hone  service  in 
Peking  at  §150.000. 

Personal. — Sir  H.  Babington  Smith,  Secretary  to  the  Post  Office, 
has,  at  the  request  of  his  Majesty's  Government,  accepted  the  post 
of  President  of  the  National  Bank  of  Turkey,  which  is  now  in  course 
of  formation.  He  will  resign  the  secretaryship  of  the  Post  Office 
and  proceed  to  Constantinople  in  September. 

Mr.  E.  H.  W.  Westwood.  consulting  engineer,  of  Old  E.xchange, 
Collins-street.  Melbourne,  has  been  appointed  secretary  of  the 
Electrical  Association  of  Victoria,  in  siice?.i.;ion  to  Mr.  J.  H.  D. 
j  Brearley. 

Presentations.— On  5th  inst.  Mr.  Harold  Dickinson,  city  electrical 
engineer  of  Leeds,  was  presented  by  the  members  of  the  Leeds 
section  of  the  Institution  of  Electrical  Engineers  with  a  silver  table 
centre,  on  the  occasion  of  his  approaching  marriage.  This  presenta- 
tion is  an  acknowledgment  of  .Mr.  Dickinson's  services  in  founding 
the  Locds  Section  of  the  Instituti<in.  of  which  he  was  the  first 
chairman. 

At  the  Bradford  electricity  works  recently  Mr.  Chas.  W.  Salt, 
phief  assistant  to  the  city  electrical  engineer  and  manager  (.Mr. 
iriiomas  Roles),  was  presented  by  the  staff  and  employes  with  a 
hrass-mounted  oak  clock  and  a  calabash  \>i\>c  on  the  occasion  of  his 
Inarriage  with  Miss  Ida  Potts,  of  Bradford.  Mr.  Roles  made  the 
lireaentation  on  behalf  of  the  subscribers. 

j  Mr.  H.  A.  Howie,  chief  assistant  at  Wolverhampton,  who  was 
eoently  ajiijointed  to  the  posiuon  of  deputy  manager  and  chief 
iant  engineer  of  Sheffield  Corporation  electric  supply  depart- 
nont,  has  been  ])re.scnteil  by  his  late  colleagues  with  a  carved  oak 

soritoire. 

Mr.  ('.  T.  Linney.  resident  engineer  of  tlic  Kent    ICIcctric  Power 

0.,  has  beei\  presented  witli  a  siKei-  salver  and  silver  cigarette  case 

n  his  retirement  from  the  company's  service. 

Mr.  H.  Wilson,  mains  suijcrintentlent  at  Maidstone,  has  been  pre- 

snted  by  the  stii  ff  with  a  marble  clock  on  the  occasion  of  his  marriage. 

Rand  Power  Scheme.— Mr.  W.  A.  Harper  (of  Harper  Bros.  &  Co.. 

'int  Consulting  engineers  with   Prof.   Klinirenbcrg  for  this  scheme) 


states  that  all  the  engineering  details  of  the  scheme  have  I)cen  settled, 
and  the  machinery  and  plant  arc  being  manufactured. 

The  Rand  .Mines  Power  Co.  has  already  contracted  lo  supply  270.0(10 
units  per  aTinurn,  hut  this  ligurc  is  Hkely  to  l>e  greatly  C-Kcwded.  The 
plant  that  will  be  necessary  in  Ihustations  to  supply  thi.s  tpiantily  will  '« 
10  turlKi-generators  of  12.000  k.v.a.  cajiacity  and  air-compressing  plant 
of  40.000  II. I'.  The  supply  of  compressed  air  at  1(K»  lb.  pressure' direct 
III  the  1 sumers  is  stated  to  bean  entirely  new  tlepartur-  in  power  supply 

Rhyl. — The  Council  have  decided  Ut  sp«'nd  £3.0<M»  in  ext^-nsions  of 
the  electricity  works,  including  a  Diesel  oil  generating  set,  at  £3.IJ00. 

Russia. — ConsulGencral  C.  S.  Smith  (Odessa  district),  in  hia 
report  for  1908,  states  that  the  tramway  company  have  not  been 
able  to  begin  work  on  the  construction  of  the  electric  tramways  at 
Odessa,  although  the  (iovernment's  sanction  has  been  given.  The 
tender  of  the  Soe.  Anonyme  dcs  Tramways  d'Odes.sa  was  accepted 
for  the  erection  and  equipment  of  an  electricity  supply  station. 

Vicc-t'onsid  P.  Baggc  says  that,  although  XicoLiielT  Town  Council 
decided  in  May  to  grant  a  concession  for  the  electrilicatiun  of  the  existing 
horse  tramways,  nothing  ilefuiite  has  yet  been  settled.  The  (Jovcrnment 
has  assigned  a  sum  of  nmuey  for  tlic  iraprovenumt  of  telegraphic  .and  tele- 
phonic communication  between  NicolaielV  and  Odessa. 

ViceCon.sul  Chas.  BlaUcy  says  Kharkov  municipality  laid  an  electric 
tramway  to  the  goods  station  of  the  South-Eastern  Kailway  some  years 
ago,  but  in  the  rest  of  the  towni,  and  to  the  fine  Central  Railway  station, 
a  Belgian  company  runs  dilapidated  horse  tramways.  A  propis.d  by  the 
comjiany  to  introduce  electric  traction,  provided  they  are  given  an  exten- 
sion of  their  concessicm  of  31  years,  is  likely  to  be  refused,  althoui^h  the 
municipality  cannot  provide  the  funds  for  the  imjirovement. 

Acting  Viee-Consul  E.  W.  Carnana  says  Kherson  munieiiiality  are 
discussing  the  terms  of  a  concession  to  French  capitalists  for  electric 
tramways  1 H  miles  in  length.  The  electric  lighting  of  the  town  and  port 
was  commenced  in  March,  1909. 

Viee-Consul  W.  S.  Walton  says  the  bulk  of  the  machinery  imported, 
into  Mariupol  in  1908  was  for  electrical  purpo.scs,  and  was  of  Belgian 
German  and  French  origin.  He  suggests  that  Great  Britain  might  com- 
pete in  the  supply  of  electrical  machinery  and  of  tools.  During  1908 
Alarivipol  numieipality  completed  the  installation  of  electric  light  in  the 
jjrincipal  streets. 

Acting  Viee-Consul  K.  Ringeling  (Sevastopol)  says  the  (piestion  of  the 
construction  of  an  electric  railway  to  Yalta  and  the  south  coast  has  come 
more  to  tl\c  front.  Estini.itcs  of  the  cost  for  three  ditTcrcnt  rixites  vary 
from  f  l.Oori.OOO  to  tl.oHli.OOO.  A  society  has  been  fiu-med  in  St.  Peters- 
burg with  the  iihjcct  of  fiiriuing  a  company  to  construct  electric  railways 
in  the  Crimea.  Imt  the  capital  seems  hard  to  (ind. 

SheHield.- At  the  meeting  of  the  City  Council  en  Wednesday  it 
was  reported  that  on  the  past  year's  working  of  the  tramway  there 
was  a  net  profit  of  £36,635,  of  which  £15,000  was  voted  to  relief  of 
rates. 

South  Africa. — The  "  British  and  South  African  Export  Gazette  " 
states  that  the  Howick  Falls  (Natal)  arc  being  harnessed  for  industrial 
purposes,  and  the  Pretoria  I'ower  Co.  (Ltd.)  are  preparing  a  scheme 
for  using  the  waters  of  the  Crocodile  river  and  its  tributaries,  for  the 
generation  of  electricity. 

Amongst  prospective  orders  for  plant  for  South  .\frica  are  telegraph 
and  telephone  material  for  Natal  Goveinment,  trar.sformers  and  cables 
and  a  quantity  of  tramway  material  for  Johannesburg  Corporation, 
motor.s  for  Village  Deep  (Ltd.),  and  rails  and  track  material,  poles  and 
fittings,  overhead  equipment,  trolley  wire  and  cables,  cars  and  equip- 
ments, switchboards,  steam-driven  generating  set,  water-tube  boiler,  &e., 
for  Pretoria  Corporation. 

Orders  have  been  placed  in  England  for  three  (iOO  u.i'.  motoi-s  and  one 
100  H. p.  motor  for  the  Robinsim  (!old  Mining  Co.  and  one  100  H. p., 
one  (about)  KM1  ii.p.  and  one  (about)  (iSOH.p.  motors  for  the  Robinson- 
Central  Dcei>. 

The  following  orders  have  Ijeen  placed  for  motoi-s  of  UK)  h.p.  each  for 
various  South  African  mines,  mainly  in  connection  with  the  Rand  Mines 
power  scheme  :  Five  for  New  Moddcrfontein.  three  for  Geldenhuis  I).vp. 
four  for  Rose  Deep,  two  !ov  Jumpers  Deep,  three  fur  Crown  Deep,  four 
for  Langlaato  Deep,  three  for  Crown  Reef,  four  for  Ferix-ira  Deep  and 
t  wo  for  Noursc  Mines. 

Stretford.  -IS  street  lamps  arc  to  be  adapted  for  incandescent 
electric  lights  at  a  cost  of  £1  per  lamp,  and  the  annual  charge  per 
electric  lainji  is  to  be  reiluecd  from  45s.  to  42s.  lid.  each. 

Venezuela.— The  Director-General  of  National  Telegraphs  has 
authorised  the  Municipalities  of  Libertad  (State  of  Trujillo)to  make 
arrangements  for  the  provision  of  a  telephone  line  lu'tween  Lilnrlad 
,and   netijo,|Uc. 

Walsall.-  It  has  )>ecn  decided  to  adopt  electric  driving  at  the  m\v 
sewage  disiiosal  works. 

Warrington.  Application  has  been  made  for  sanction  to  boriiw 
£.500  for  transformers. 

Wetterhorn  Electrically  Operated  Cableway,— In  n^fi^enoe  lo  tl.c 
description  of  this  cableway  which  appeared  in  our  last  if!suc  (pp. 
667-669).  we  should  have  stated  that  the  ropes  were  supplied  by 
the  Felten  &  Guilleaume  Lahmeyetwerle,  of  Mulhcim-onRliine, 
(iermanv. 
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Aberdeen.  Tlu>  artv.mits  of  tlie  municliKil  inunways  Im  \Uv  \ <  ;ir 
emic.-l  .May  ."il  sliuw  imsscnncr  traflic  rcvctuic  of  t'O.IilJo.  againsl 
£7ll.7r)4  in  l!>ll7-8,  Init  owing  to  increase  in  revenue  from  oilier 
soiirees,  the  net  ilecrcase  in  tl»o  total  revenue  was  £'2.'>1. 

Total  vviirVinj;  expenses  were  £40,7ft4,  asainst  £:!S.r>(iti.  'I'lu-  oi.sl  i.f 
eli'i-trieal  eriergv  iiureased  from  £S,VI71  to  Ji;'.l.r>(i4.  'I'lie  trross  laolit  was 
£31.48.1.  eom|)Vreil  with  £3S.2(>1.  Capital  cxotiulitiin-  diiririj;  llu-  year 
was  £l,!)Or..  Winging  the  total  to  £,'11S.r>!>3. 

Barnstaple.  -The  eapital  expended  on  the  eleeuieily  uiuli  rlakiiii!; 
for  (lie  V(  ar  ended  Mareh  .-M  w;i.s  i:lS4.  bringing  llie  total  to  t:il.7-2!). 

Cotal"  income  for  the  year  wa-;  ii,.-)i)tl.  incliuling£t,(IS()  from  tlie  sale 
of  einrent  and  £250  from  public  lishting.  Total  exiiendiliire  wasCS.OSI 
and  gross  profit  £1,42').  Capital  charges  eame  to  £2.101.  3s.  2d.,  .iiid 
the  net  deficit  (after  crediting  £200  pupils'  premiums)  was  £l7fi.  Units 
sold  were  221.05!)  (01.172  for  puhlio  lighting  and  120,887  for  private 
liffhting),  and  the  total  maximum  supply  demanded  was  195-.'>  Uw. 

Bradford. — The  annual  report  of  the  electricity  department  lor 
tlie  year  ended  March  31  was  presented  to  the  Electricity  com- 
mitter hut  week. 

There  was  a  surplus  on  the  year's  wcukins  of  £2.14(i,  compared  with 
£1.135  in  lOOS.  Against  this  has  to  be  set  £1,491  for  adiiistment  of 
liabilities  on  JIarch  31,  190S.  and  £1,200  rebate  made  to  the  Tiamways 
committee  in  eon.seqiiencc  of  faihire  to  provide  sub-stations  for  trans- 
forming high-)iressure  eurrcut.  The  suriihis  on  the  department  from 
1800  to  date  is  £78.127.  On  the  geneial  supply  of  current  for  the  year 
there  w.is  a  decrease  of  £217.  but  there  was  an  increase  of  £4.004  in  the 
bulk  supply.  The  cost  of  coal  was  £11,910,  an  increase  of  £510.  The 
total  uicimie  showed  an  increase  of  £3,972  and  the  expenditure  of  £2,960. 

Consiileration  of  the  accounts  was  adjourned. 

Burnley. — The  re]iort  of  the  borough  electrical  engineer  (Mr.  Jas.  E- 
Starkie)  states  that  3.148,875  units  of  electric  current  were  sold  dur- 
ing the  year  ended  March  31,  a  decrease  of  286,104  units  compared 
with  1908. 

There  was  an  increase  of  32.01)5  units  sold  for  private  lighting,  and  also 
a  small  increase  in  the  traction  units,  but  ])ower  units  showed  a  decrc.isc 
of  .326,087,  owing  to  the  stoppage  of  the  temjiorary  su]i])ly  to  Scar  Top 
mill  motors.  The  dejiartment  has  been  affected  by  the  increasing  ufc 
of  metal  filament  lanip.^,  as  the  lamps  connected  show  an  increase  of 
10  jwr  cent.,  but  the  increase  in  consumption  is  only  5  jier  cent.  Tlie 
capital  expended  is  £100.594,  an  increase  of  £5,833.  Total  net  income 
w.as  £2I,i;8(i,  against  £22,390,  and  total  costs  were  £ll,45(i,  against 
£10.222,  while  interest  and  sinking  fund  came  to  £5,835,  against  £5,099, 
an<l  the  net  profit  was  £4,170  (ajainst  £0,255).  of  which  £3,000  has  been 
devoted  to  relief  of  rates  and  £1.170  to  dejiroeiation.  The  load  factor 
was  22-75  |icr  cent.,  against  2301  per  cent. 

Chesterfleld. — The  traffic  receipts  of  the  tramway  deiiartments 
lor  tlie  year  ended  .Marcli  31  were  £11.033.  lis.  lid',  and  the  total 
receipts  were  £12.157.  or  9-94d.  per  car-mile. 

The  total  costs  were  £7.250  .and  gross  profit  £4,901.  Sinking  fund  and 
interest  e.-ime  to  £4,338  and  net  profit  (£000)  has  been  placed  to  reserve. 
2,481,321  passeneeis  were  carried  and  293,380  car-miles  run.  The 
traffic  expenses  decreased  from  2-4d.  to  2'33d..  and  general  expenf.es 
from  1-ld.  to  Id.  jier  c.ir-mile.  The  canital  expended  is  £70.401.  an 
inc  re  ISC  of  £743. 

Devonport. — The  total  income  of  the  electricity  depai  luii  nt  lor  tlu- 
year  ended  March  31  was  £17.705,  including  £10,470  from  sale  of 
current. 

Working  expenses  were  £10,411,  leaving  gross  profit  £7,294.  Interest 
and  sinking  fund  charges  came  to  £0,.504,  leaving  a  net  suqiliis  of  £790. 
which  has  been  transferred  to  reserve.  The  (nitstandiuL;  capital  cx|)en- 
diture  is  £li:(.777.  Total  works  costs  were  l-27i)d.  per  unit  sold,  and 
the  total  costs  (inchidinj.'  capital  charges)  were  2-18fid.  2,1 10.047  units 
were  generated  :  1,178.815  wcrcsupplii-d  for  traction.  487.fiO!l  for  piiv.it c 
and  20.722  for  |adi!ic  lighting.  There  are  397  consumers  (aij.iinst 
351  in  190S),  with  the  e.piivalent  of  32,482  8  c.p.  lamps  conn.vtcd 
(2M.5l!l,Sc.p.). 

Eastbourne. — The  accounts  of  the  electricity  undertaking  for  the 
year  ended  March  show  capital  expenditure  £170.987  (increase 
£2.7CWi). 

Revenue  was  £2.5,109,  gross  jirofit  £13.592.  net  profit  £1,938.  £2.000 
has  been  transferred  to  depreciation  during  the  year,  bringing  that  fund 
up  to  £1 1,487,  and  the  accumulated  surplus  stands  at  £8,017.'  Coal  .ost 
O-Ot.'d.  per  unit  (against  l-09d.  in  previous  vear).  works  costs  were  llOd. 
(l-57d.),  total  costs  l-9Sd.  (21  Id.),  and  criiiital  charges  2-23(1.  (l-99d.). 
The  aver.-ige  prices  received  per  unit  were,  for  liyhting,  4-90d.  (4-92d.), 
power  2-2»hI.  (2-20d.),  public  lighting  2-.5fid.  (2-2.3(1.).  There  arc  1 1 1  (99) 
motors  installed  (m  crmsumers'  jiremises,  with  an  aggregate  hoisciiowcr 
of  290  (279.',).  and  the  equivalent  30  watt  lamps  C(mnected  (for  lichting) 
are  90,405  r!HI.400).  The  total  maximum  load  was  1 .0!tO  kw.  ( 1 .050  kw  ), 
and  the  load  factor  13-13  (13.55)  per  cent.  I.ll70..30t(  (1.(1(14.243)  units 
were  generated.  !t8(i.028  (983.305)  sold  for  private  li'_dilinj;.  12:i,l54 
(84,.50.5)  for  power,  and  151,717  (I85,4<)9)  for  public  ligblinj.'. 

'ITie  borough  electrical  engineer  (Mr.  .1.  K.  Hrydges)  attributes  the 
Binall  increase  in  units  sold  for  lighting  U>  the  use  of  metal  filament 


lumps.  Of  the  saving  of  £977  in  cost  of  coal,  £190  is  (hie  to  reduction  in 
price  and  £787  to  economj-  obtained  by  use  of  the  new  turbo-alteruator, 
compared  with  the  old  non-condensing  reciprocating  plant. 

Eccles. — The  (liclricily  di  partnunt  accounts  for  the  year  endi  l 
MiMch  sho«  eaiiilal  cx).endilure  £49.202  (increase  £3.344).  Rcvenii. 
wa  i  £8.738.  gross  pmlil  £3.470.  and  net  profit  .£800.  Sales  of  eurn m 
incUidi'd  207 ..585  units  lo  private  consumers.  t)85.774  for  traniwavs 
and  90.000  for  public  lighting. 

Govan. —  For  the  year  ended  May  15  the  electricity  department 
sold  2.350,367  units  of  electric  current,  against  2,161,494  last  year. 

'I'o'.il  1-ovemic  was  £10,072.   I Os.  2d..' and  total  expenses  (iuchidiii" 
interest  and  sink  in:.;  fund)  £15.514.  7s.  2d..  leaving  a  net  prolil  of  £.1-.'S.  Ji- 
a  dc.-rcasc  of  £100.  19s.  Id.  of  which  £78.  17s.  Od.  was  duo  to  bad  dcl.l- 

Hornsey.  The  capital  e.xi>ended  on  the  electricity  undertaking 
for  the  year  ended  March  31  was  £9.423.  bringing  tlie  total  to 
£147,478] 

Total  revenue  for  the  year  was  £15,504  and  expenses  .Sti.llO.  Icaviii" 
£9.385.  £371  was  employed  in  purchasing  meters  and  £.50  set  aside  fo' 
bad  debts;  the  gross  profit  was,  therefoie,  £8,904.  Interest  alisorbiil 
£4.587  and  instalments  of  principal  £4.238.  and,  after  taking  into  account 
£49  from  1908,  there  was  a  balance  of  £189  to  be  carried  forward. 
1,258,595  units  were  generated  :  798,309  were  sold  to  private  consunicr! 
and  80,173  were  suiiiilied  for  pubhe  lighting,  for  wliich  there  arc  .IS  :if 
120  incandescent  and  12  tantalum  lamps. 

Huddersfleld. — The  tramway  arcounls  for  the  year  ended  Marcli 
show  eajiital  expenditure  £412.902.  or  £408.326,  after  taking  into 
account  £4.576  transferred  from  reserve  or  renewals  fund  account  for 
Whiti?stone-lane  extension  and  for  cars. 

Revenue  was  £84,357.  working  expenses  £45.745.  interest  £14,241. 
sinking  fund  £9,922,  and  net  profit  £14,440,  of  which  £12.387  has  been 
placed  to  reserve  or  renewals  fund  and  £2.062  applied  to  aid  of  borough 
rate.  Car-miles  run  were  1.789,274  and  coal  truck  miles  8,911.  17,434,724  I 
jiassengers  were  carried  and  4,500,051  units  used.  Total  revenue  per 
car-mile  was  10-13d.,  working  expenses  (exclusive  of  power)  4-50d.  per 
unit.  Power  cost  l-.50d.  ,\vcrage  fare  per  mile  was  0'78d.  and  per  I 
passenger  1-1 2d.  ' 

Ilford. — The  accounts  of  the  electricity  dc})arlmcnt  for  the  eighth 
year  of  working  (to  March  31 )  show  a  capital  exjicndil urc  of  £1 8 1 .320. 
increase  £26,725  on  the  year. 

The  annual  ino(mic  was  £28,721  (including  £15,230  from  sale  of  currcci 
to  consumers,  £4,780  from  the  tramwa,V3  de]iartment  and  £7,354  fi" 
pulilic  lightina),  against  £27,037  in  1907-8.  Total  working  expenses  w(  i 
£17.977,  and  after  allov,-ing  £05  for  bad  debt?  the  gross  proYit  was  £10,07'! 
against  £il.071.  Interest 'rcHuired  £5,070  (against  £5.082)  and  rcpa;. 
ment  of  debt  £.5.002  (against  £4,304),  and  the  net  pr.ifit  was  £1  asr.iin.: 
a  deficit  of  £375.  3.235,070  units  were  sold  (1,433,711  for  privnd 
lighting,  1,020,900  for  traction  and  780,405  for  public  ligliting),  again^i 
3.010,728  in  1907-8.  Tliere  arc  3,302  C(msuniers  (agaui.:t  3,045);  tli. 
maximum  load  in  kilowatts  w.as  1,075  (1,004).  the  load  f'ptor  w.i 
2205  per  cent.  t21-f>S).  The  woiks  costs  w(-rc  0-84d.  (in(-ludinu  ciol 
0-02d.),  a  decrease  of  0-05d.  ]H-r  unit  soltl.  and  Ibc  total  costs  M  Id.  ji.i 
unit,  a  decrease  of  0-OOd. 

The  total  income  of  the  tianiwavs  dcnuitnicnt  for  the  year  cndcl 
.ATarch  31  was  £24.S02.  including  £22,984  fnuii  passenger  trafiie.  Worl. 
ing  expenses  were  £18.038.  leaving  £0.704  to  nieet  interest  (£4,510)  aii'l 
sinking  fund  (£4,230),  and  after  crediting  £.557  paid  by  the  elect ricit) 
dcimrtment  as  intciest  and  sinking  fund  on  capital  cx|>cnded  en 
mailiinery  used  wholly  in  generating  electricity  for  traetion,  thci-e  wnf  i 
dc'icit  of  £1,431. 

Perth. — There  was  a  deficit  of  £1.500  on  the  past  year's  workinv 
of  tlu-  tramways,  against  £I.2(H)  in  1907-8.  A  iirojiosal  to  ndim 
the  ))riee  of  current  for  the  tramways  from  l.^d.  lo  Id.  per  unit  ha: 
been  reniitlcd  lo  the  Council. 

Stockton-on-Tees. — The  capital  cxpcnililure  of  th(^  cl(-etricil\ 
department  at  March  last  was  £54.018.  an  increase  of  £295  compar(( 
Willi  1908. 

The  year's  revenue  was  £8.175.  woikirii;  and  i;cncral  expenses  £4,291 
and  gross  profit  £3,884,  of  which  £020  has  licen  placed  to  reserve,  tin 
remainder  being  rc(]uir(;d  for  interest  and  redemption  of  loans.  871,10 
units  were  generated.  784,228  sold  (719,471  to  private  consumers  am 
04,7.57  for  public  lighting). 

FORTficOMINC    HOOK.  | 

"'I  UK  Siio-|-l''liiHU's  CeiDK." — The  deiilorablc  accidents  which  sij 
frcipicntly  occur  in  mines  call  iiarticiilar  attention  to  the  iinpiirtanc( 
of  being  fully  informed  as  to  the  best  and  most  up-to-dute  metliods  " 
shot -fi ring.  The  iirob.ibility  that  deputies  and  shot-fircrs  will  be  ic'iai'i . 
to  produce  evidence  of  Ih  -ir  knowledge  and  experience  gives  addili""'' 
topical  interest  to  a  new  book  by  Mr.  W.M.  MAUiiriK.  l'\C  S..  M.I.Min.K 
M.l.lvE.,  whoisaspecialist  in  all  that  ]icrtains  to  mining,  and  who,  -i 
manager  of  the  Hiicknall  Collieries,  is  intimately  ae(piaintcd  with  modcrl 
prai-ti(-e.  The  book  will  cover  the  entire  field  of  mining  work  in  colli(|iic 
(|uarries.  Ac,  where  shotliriiiu  is  an  essential  |i.'irt  of  the  operatiipni 
The  new  book  will  be  fully  illustrated,  and  will  be  ready  hu'  tli(-  aiituiii! 
market.  It  will  be  published  by  •■ 'I'be  Electrician  "  Printing  &  Piiblishii 
Co.,  London,  price  .3s.  fid.  net. 
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Stoke-lipon-Trent.— Tho  capital  ex|>f>nditnrc  of  tlie  electricity 
dopai  liiK.iil  lor  the  year  ended  Jlarch  last  was  £0,^30,  making  a  total 
of  £35.044. 

R(  venue  was  £4, 949.  woiking  and  general  (expenses  C2.82S,  j;ross  profit 
{2,101.  and  net  profit  (after  payment  of  interest  and  sinkinf;  fund  instal- 
menl)  tUli.  Total  itkIs  (exclusive  of  capital  ehnriies)  were  (lO^d.  pi-r 
unit.  sold.  S!t.>>.llli.")  units  were  generated  (eompareil  willi  .'")l8.7."i4  in 
IIIOT-S).  211.84K  (l!)r),9;il)  were  sold  for  lighting  and  4«l..-il!)  (IT.S.UK)) 
for  jiower.  There  are  438  (3.54)  eoiisunK'rs,  with  the  equivalent  of 
41,203  r!4,802)  8  e.p.  lanip.s  eonncetcd.  7(15  (()23)  h.f.  of  motor.s  are 
conneeted, 

The  receipts  .it  till'  destruetor  department,  which  included  .C400  for 
■■team  su|iplicd  lo  the  elcetrieitv  department  and  €84  for  sale  of  eliidjer. 
,*e.,  and  >lr:,m  tor  .lisinfeclor;  fell  £(170  short  of  Ihe  expenses,  whii'h 
imoiintcd  to  .tl.KU. 

Taunton. — The  aec(iunls  of  llu'  eicctrieily  dci)arlinen(  f(ji'  llie  year 
■nded  .March  31  show  total  capital  expenditure  £70.764,  an  increase 
j  if  £(i.')3  during  t lie  year. 

1  Amuial  income  was  £!),(i(!3  and  expenses  f.'J.nOS,  leaving  gross  jtrofit 
£4,070.  .After  nicetiui;  interest  and  sinking  fund  charges  there  was  a  net 
.irulil  ..f  tlO.  7s.  3d.  SOO.Oli'  units  were  gener.ated  ;  109,430  were  snp- 
;)lic(l  (o  the  iHihlic  lamps,  37S,.nii2  sold  to  jnivate  consumers  and  83,020 
0  the  loc.-d  liMunvav  eouipauv.  The  maxiniiim  snp|)lv  cicmaurled  was 
-.70  kw. 


TRADE  NOTES  AND  NOTICES. 


NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES- 
DIRECTORY  AND  HANDBOOK.— The  igog  Edition 
of  the  Big  Blue  Book,  price  153.,  or  post  free  in  the 
United  Kingdom,  15s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  nev7  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  13 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issued  in  handy  book 
form.  These  are  included  in  the  igog  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 

TENDERS  INVITED. 

Tenders  are  invited  by  Lekd.s  Corporation  for  supply  of  paper- 
.sulat«d  cables  re(piired  during  one,  two  or  three  years  (at  the  option 
the  Corporation,  to  be  ilcclared  on  the  acceptance  of  the  tender), 
>mmencing  Jan.  1,  1910.  Copies  of  .specification,  conditions  of 
mtract  and  form  of  tender  from  the  manager  of  the  electric  lighting 
'pai'tment,  Mr.  H.  Dickinson.  1.  Whitehall-road,  Leeds.  Tenders  to 
10  town  eleik,  Mr.  Robt.  M  Fox.  by  10  a.m.  Tuesday.  Sejil.  7.  .\n 
vcrtiseineni  eonlains  furlher  ]iartieulars. 

The  Cleansing  eonunittee  of  Duui.iN  Corporation  invite  tenders 
rsujjply  of  one  electric  water  sprinkling  car,  lilted  with  eleetrieally- 
iven  air  compressor  or  "  Hotinbo  "  pump.  Speeitieation,  form  of 
ndcr,  &e..  from  the  .secretary.  Mr.  Vrcd.  .T.  .Mian.  3.  C(nk-hill, 
■iblin,  where  tenders  must  be  delivered  by  noon  Tuesday.  .Aug.  31. 
•c  also  an  advertisement. 

London  County  Council  invitee  tenders  for  the  manufacture, 
"very  and  laying  of  about  lii  mile-s  of  OOIT)  sq.  in.  three  core  lead- 
vered  h.t.  cables,  &c.,  and  about  4G  miles  of  single  core  lead- 
vered  l.t.  cables,  telephone  cables,  &o. ;  manufacture  (but  not 
oction)  of  50  tramway  feeder  jiillars  ;  laying  about  l(i  miles  of 
nioware  cable  ducts,  including  necessary  manholes.  lejiaving.  &c., 
d  man\ifacture  and  delivery  of  440,Ot»o" duets  of  gla/.ed  stoneware 
r  cloetrie  cables.  Drawings,  &e..  at  the  County  Hall.  Spring 
U'dcns,  S.VV.  Tenders  lo  the  Clerk  to  the  Council,  bv  11  a.m. 
pt.   14. 

Kdiniiukiui  Corpia'ation  invite  tenders  for  the  supply  at  the 
cDonald-road  electricity  supply  .station  of  a  motor-alternator, 
•ecification,  form  of  tender,  &c.,  can  be  obtained  at  the  engineer's 
Sco,  Dewar-placc.  Specification,  general  conditions  and  drawing.s 
n  be  seen  at  (but  not  obtained  from)  the  office  of  the  consulting 


engineer.  Sir  A.  B.  W.  Kennedy,  17,  Victoria-street.  Ixmdon.  S.W. 
Tenders  to  the  Town  Clerk,  City-chambers,  I'.'dinburgh,  bv  .S<-pt.  4. 

KdINIUjiuhi  Corporation  al.so  want  tenders  by  Sept.  4  for  the 
electric  lighting  installation  at  the  new  .slauglit<-r  houses.  S|K?cifica- 
tion  from  the  Kngineei'.  Oewar-plaee,  Kdinburgh. 

The  Committee  of  .Management  of  the  K.N NLscoRTllY  district  asylum 
invite  lenders  for  lighting  Kilearberry  House  from  existing  plant, 
according  to  specificatiim,  which  can  be  obtained  from  the  Clerk, 
Di.strict  Asylum,  Enniscorthy,  co.  Wexford.  Tenders  lo  the  Asylum 
Office  by  lb  a.  m.  Aug.  18. 

|{.\TTHKSEA  (London)  (Council  want  tenders  by  noon.  .Aug.  2L  fi,r 
supply  and  erection  of  (1)  d.e.  miiii,rs  and  conln.lling  g(ar  :  (2)  <l.e. 
flame  and  enclosed  arc  lamps,  and  (3)  motor  and  arc  lamp  installa- 
tions. Forms  of  tender  from  the  Elect  rieal  Enginec  r.  Lombard-road, 
l'.attersea,  S.W. 

Tenders  arc  required  by  Sept.  10  for  sujiply  and  erection  of  over- 
head cables  in  connection  with  the  electric  lighting  of  BAU.lNAsr.oE 
District  Lunatic  A.sylum.  Specifications  from  Mr.  G.  I'..  .Mienan. 
5,  Charleville-road,  Kathmines,  Dublin. 

ToDMOEDEN  Corporation  want  tenders  by  noon.  .\ug.  14,  for 
snp])ly  and  erection  of  1.50  kw.  generator  and  engine,  switchboard 
extensions,  condensers  and  steam  piping,  and  .steam  jnimi).  S|iccifi- 
cationfrom  the  15orougIi  Electrical  Engineer. 

Rnyi,  Council  want  tinders  by  -Vvig.  "21  for  supply  of  12.")  kw. 
Diesel  oil  engine  srl.  and  .50  kw.  steam  dynamo  set.  Specifications, 
from  the  Electrical  Engineer. 

West  Ham  Guardians  want  tenders  by  11  a.m  .  Sept.  2.  for  one 
year's  supply  of  electrical  fittings.  Forms  of  tender  from  the  Master 
of  the  Workhouse  on  and  after  Aug.  19. 

York  Corporation  want  tenders  by  9  a.m.  Aug.  27  for  supply  of 
18  double-deck  tramcars  and  one  watering  car.  Specification  from 
the  City  Electrical  Engineer. 

The  Deputy  Postmaster-General,  SvDNEY,  N.S.W.,  wants  tenders 
by  2:.'!tl  p.m.  Nov.  Id.  lor  .su|i[ily  and  erection  of  a  branching  metallic 
multiple  magneto  switchboard  at  the  Petersham  telcplnme  ex- 
change.    Specifications,  &c.,  at  72,  Victoria-street,  London,  S.W. 

Tenders  are  invited  for  supply  of  ten  100-number  switchboards  to 
the  Postmaster  General's  Department,  New  South  Wales.  Tender 
forms  at  the  Commonwealth  Office,  72,  Victoria-street,  London,  S.W. 

Tenders  are  invited  for  the  supply  of  telephone  materi.al  lo  the 
Post  master-General's  Department  in  New  South  Wales.  Tender 
forms  and  specifications  may  be  obtained  at  the  Commonwealth 
Offices,  72,  Victoria-street,  London,  S.W.  See  also  an  aelvertise- 
ment. 

The  Golden  Bay  (N.Z. )  Cement  Works  (Ltd.)  require  tenders  by 
noon.  Nov.  1.  for  supply  and  erection  at  Terahoke.  Golden  Bay,  of 
electrically-driven  portland  cc  m(  nt  ]ilant.  The  cement  making 
l)lant  and  the  power  plant  may  be  tendereil  for  together  or  separately. 
Preference  will  be  given  to  British  plant,  and  foreign  machinery  is 
generally  liable  to  duty  10  per  cent,  in  excess  of  the  duty  on  British 
machinery.     Specification  at  73,  Basinghall-strcet.  Lon<lon.  E.C. 

The  Chairman  of  the  Tender  Board.  Control  and  Audit  (Iffice. 
Cape  Town  (S.  .Africa)  wants  tenders  by  noon.  Sept.  29  for  supply 
of  dry  cells  for  12  months,  from  .Inly  l".  1910.  lo  the  General  l'o.st 
Office  Stores  at  Cape  Town.  Port  Elizabeth  and  East  London.  The 
estimated  number  of  cells  requircti  is  2.5(10.  K,,rin  of  lender  from 
73,  Basinghall-.street,  London.  l':.C. 

TENDERS  RECEIVED  AND  ACCEPTED. 

.\  furtlur  order  has  lieen  received  ft.r  two  centrifugal  pumps 
manufactured  to  the  designs  of  Me.ssrs.  .lens  t)rten-Hoving  &  Co.  by 
Messrs.  Willans  &  Robinson.  The  pumps  are  lo  (h-liver  20tl  gallons 
l)cr  minute  against  a  head  of  535  ft.  at  1.440  revs,  per  min.  The  con- 
sulting engineers  are  Me.ssr.s.  Rend.l  &  Robertson.  The  featui-es  of 
these  pvun|is  are  an  autonnitie  end-thrust  balancing  device,  improved 
designs  of  impelleis  and  guide  whei  Is.  and  ca.sing.  &c. 

Bury  (Lanes.)  Cinmcil  have  aceciited  the  tender  of  Clarke.  Chap- 
man &  Co.  for  three  water-tube  boilers,  with  superheaters  and 
mechanical  stokers. 

Stretford  Council  have  accepted  the  following  tenders  : — 

W.  T.  Glover,  744J  vds.  of  0-2  cable.  3s.  8^1.  per  yard:  Beecnift  & 
Wightman,  COO  yds.  tr'ouKhinL'.  Sjd.  per  yard:  R.  Heaton  vt  Son.  two 
4  in.  slide  valves  for  boiler  and  led  range.  i'(>  e.ich  ;  Callender's  Co., 
.500  yds.  of  Otto  cable,  t;28.  2s.  lid. 

The  ■•  D.P."  Battery  Co.  liave  recently  received  an  order  for  a 
storage  battery  of  .50  cells  for  Dundee  University  Colhge  through 
Steinthal  &  Hoydcll.  who  are  supplying  the  whole  of  the  electrical 
C!iuipment  of  the  college. 

Darlington  Corporation  have  accepted  the  t<'nder  of  Ferranti 
Limited  for  a  switchboard  ami  ihal  of  Ihe  Whessoe  Foundry  Co.  for 
pipework. 
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Wallasov  Counoil  have  accepted  the  tender  of  the  I'remier  Accumu- 
lator Co.  for  a  battery  of  204  cells,  also  for  boo.stor  jilant.  and  for  the 
maintenance  of  same  for  10  year.s. 

Halifax  Council  have  accepted  the  tcnd-r  of  tli'-  I'.ritish  liiaulatcd 
&  Helsby  Cables  for  supply  of  cables  at  £'2.1(M. 

Tuiibridj;-  WrlU  Cuneil  have  accept  ■. I  111.  Inul.r  ..I  \V.  T. 
Henley's  Tel''>;rapli  Works  (\).  for  cables. 

Kccles  Health  committee  have  acceplid  the  Imdir  of  Warint;  & 
CJillow  for  wirinj;  12  houses  in  Cori>oration  road  at  £48.  1.5s. 

Wimbledon  Coiuieil  liave  placed  an  miler  with  Babeock  &  Wilcox 
for  chain-grate  stokers  for  two  boilers  at  tliOO. 

Maidenhead  Council  have  placed  an  order  with  the  Diesel  Engine 
Co.  for  a  1.50  kw.  Diesel  oil  engine  and  d\-namo  at  £2,505. 

The  Robinson  Gold  Mining  Co.  (South  Africa)  have  placed  a 
contract  for  cable  with  W.  T.  Henley's  Telegrapli  Works  Co. 

Hereford  Council  iiavc  accepted  the  tender  of  the  Blasberg  Engi- 
neering Co.  for  the  erection  of  a  water  cooling  tower  at  £270. 

Uelfa.st  Tramways  and  Electricity  committee  have  accepted  the 
tender  of  Cowans  Limited  for  additional  switchboard  panels. 

Messrs.  Jens  Orton-Biiving  &  Co.  have  received  an  order  for  two 
.3.750  H.r.  water  turbines  for  the  Calgary  Electric  Power  Co.  (Canada), 
and  for  four  "  Biiving  "  patent  governors  for  four  Francis  turbines 
of  2.75l>  n.i'..  each  for  the  Mines  Power  (Ltd.).  The  consulting 
enginear.j  in  both  cases  were  Messrs.  Smith,  Kerry  &  Chace. 

The  A. E.G.  Electrical  Co.  of  South  Africa  have  orders  for  four 
electric  hoists  for  the  Ferreira  Deep.  The  equipment  will  include 
four  synchronous  motors  of  600  h.p.  each  at  375  revs,  per  min.  The 
same  contractors  have  orders  for  four  50  H.r.  motors  for  Glen  Deep, 
one  for  Crown  Deep  and  two  for  Geldenhuis  Deep. 

An  order  has  been  given  for  five  double  drum  electric  winders  for 
the  East  Rand  (S.  Africa)  Proprietary  Mines  (Ltd.).     The  electrical 
portion  of  the  plant  is  being  sii|i|)lieil  liy  the  A. E.G.  of  Berlin  and 
tie  mechanical  portion  by  Eraser  \  Chalmers. 
BUSINESS  NOTICES. 

E.iooh  Sharpe  &  Alex.  Waters,  electrical  engineers,  34,  Uverdale- 
ro.id,  Chelsea,  London,  S,W..  have  dissolved  partnershi]).  Debts  by 
Mr.  Shirpe. 

Mo5  5r3.  Haes  &  Eggcrs,  agents  for  a  number  of  British  electrical 
m  inufacturers,  have  removed  from  2,  Hunter -street  to  103,  Clarence- 
stro?t,  Sydney  (N.S.WO^ 

Sale  by  Auction. — Mes.srs.  Fuller,  Horsey,  Sons  &  Cassellwill  sell 
1)\'  auction  in  lots  at  the  Gramophone  W'orks,  62,  Glengall-road,  Old 
Kent-road,  London,  S.E..  on  Wednesday.  Sept.  8,  and  following 
days,  a  number  of  modern  machine  tools,  including  30  screw-cultiiig 
and  other  lathes.  10  capstan  lathes,  milling  and  shaping  machines. 
&c.  ;  also  13  c.c.  motors,  three  dynamos,  shafting,  pulleys,  belting, 
&c.,  800  Edison  electric  200  -  thread  phonographs  for  Amberol 
records,  2(X)  electric  multiplex  phonographs,  &c.  On  view  two  days 
preceding  sale.  Catalogues  may  be  had  on  the  premises  or  of  the 
Auctioneers,  11,  Billiter-square,  E,C'.  An  advertisement  contains 
flirt liei   p:irlii'iilars. 

Sale  by  Tender,  — Messrs.  Corfield  &  Cripwell.  Balfour  House, 
Finiliiiry-pavenient,  London,  E.C..  invite  offers  for  the  plant, 
machinery,  slix^k  in  trade.  &c..  of  Casperds  Limited.  See  advertise- 
ment. 

Telegraph  Patents  Development.— The  owners  of  certain  patents 

relating  to  "  liiipinMiiirrils  in  printing  telegraphs,  typewiilcrs 
&C.,  "  and  '"  .Apparatus  for  ]iiiiiehing  strips  of  paper  and  like  mate- 
rials, suitable  for  u.se  in  telegraph  transmitteis,  &c.,"  desire  to  enter 
into  ncgotiation.s  with  the  view  of  granting  licences  under  same. 
Information  may  be  obtained  from  Messrs.  Lloyd  Wise  &  Co.,  46, 
Liiuiiln' .  Inn  fields.  London.  W,C,     See  al.so  an  adverti.semcnt. 

Patents  Development. — The  owners  of  patents  No.  11,933/1900. 
for  "  Improvements  relating  to  the  regulation  of  electric  motors," 
Xos.  19.899, 1 9;»5  and  2(>.H()8(  1905.  for  "Improvements  relating  to 
a.c.  electric  motor.s,''  and  No.  16,435/190.5,  for  '•  Improvements  re- 
lating to  transmission  systems  for  wireless  telegraphy  and  telephony" 
de.sire  to  enter  into  arrangements,  by  way  of  licence  and  other- 
wise, forexploiting  same.  .Applications to  Mc.s,sr8.  Haseltine,  Lake  & 
Co.,  7  and  s.  Sciiillianipliiii  buildings,  Chancery-lane,  London,  W.C. 

High  Voltage  Lamps.  Smiplex  high  voltage  lamps  can  now  be 
supplied  suitable  for  burning  direct  on  eirciiils  from  2IM)-2.">n  volts  of 
25  e.p. 

CATALOGUES.  &c. 

Battery  Signal  Maciiink. — .Me.s.srs.  Siemens  Bros.  &  Co.  have 
i.ssued  a  pamphlet  dealing  with  the  Siemens  battery  signal  machine 
the  o.s.sential  feature  of  which  is  that  only  a  small  primary  battery 
is  required  for  lowering  the  heaviest  signal  to  the  clear  position ; 


the  etficiency  of  the  apparatus  being  so  high  that  only  a  minimum 
amount  of  energy  is  required.  A  number  of  other  advantages  are! 
|)ossessed  by  this  piece  of  apparatus  which  makes  it  specially  suitablei 
for  signalling  work  on  railways  generally.  All  the  mechanism,  ex- 
eejjt  the  crank,  which  is  attached  to  the  upright  rod  working  thel 
signal,  is  enclosed  inside  a  cast-iron  case,  and  is.  therefore.  |irotectcdj 
from  dust  iir  danger.  A  battery  of  24  Siemens-Obaeli  cells  is  used! 
for  working  the  signal,  the  voltage  being  24  volts.  The  time  takeiil 
to  lower  the  signal  is  about  eight  seconds,  so  that  the  eiurgy  con-i 
Slimed  is  not  excessive.  Al  the  (irescnt  lime,  when  the  application 
of  electricity  ffjr  signalling  work  is  a  matter  that  is  engaging  the 
attention  of  electrical  cngineirs.  this  pamphlet  is  of  more  than  usii:i 
interest. 

Ckanb  Motors  and  Controllers.  —We  have  received  tron 
Messrs.  Dick.  Kerr  &  Co.  a  new  edition  of  their  pamphlet  hearing 
this  title,  it  contains  a  ^•ery  full  description  of  the  details  of  thi 
erane  motors  manufactured  by  this  well-known  firm,  the  construe 
tion  of  the  various  parts  being  thoroughly  gone  into  ;  and  there  i: 
also  a  schedule  of  the  standard  sizes  of  crane  motors  made  by  them 
showing  the  rating,  horse-power,  weight  and  dimensions  generally 
The  second  part  of  the  pamphlet  is  devoted  to  a  description  o 
metallic  shield  blow-out  controllers  for  crane  and  hoist  work,  thi 
various  details  of  these  apparatus  being  given  at  sufficient  length  fd 
their  peculiarities  to  be  well  indicated.  The  pamphlet  is  illuslratci 
tlinmghout  with  examples  of  Mcssr.s.  Dick.  Kerr  &  Co.'s  work  Ji 
regards  eianes  generally,  and  should  be  in  the  possession  of  a 
manufacturers  who  are  likely  to  require  any  of  this  class  of  equip 
ment. 

Electro-medical  Apparatus. — A  firm  which  has  for  .some  yeai 
paid  particular  attention  to  the  applicatitm  of  electricity  to  mediCE 
and  smgieal  j)urposes  is  Messrs.  Siemens  Bros.  &  Co.  Their  latet 
pamphlets  nn  this  subject  describe  a  clinical  temperature-recordin 
outfit,  in  which  the  temperature  is  mea.sured  by  a  platinum  spin 
|)laced  against  the  various  parts  of  the  body  whose  temperature 
required.  A  continuous  record  on  a  chart  of  the  readings  thv 
obtained. is  made  by  a  stylus.  Another  pamphlet  in  the  same  serii 
gives  details  and  prices  of  the  various  radium  and  radio-active  sail 
which  are  supplied  by  M^'ssrs.  Siemens  Bros.  &  Co.  for  medical  pu| 
]ijs?.(.  The  tliiid  |iaiuplilrt.  eiititird  the  "  Application  of  Electricill 
to  Medicine  and  Surgery,"  deserilii's  a  number  of  apparatus  dcsigncj 
for  these  purposes.  ] 

Electric  Horns. — Messrs.  Siemens  Bro.,.  &  Co.  have  also  isi3uedi 
leaHet  dealing  with  this  subject.     The  horn  described  is  worked  on ' 
modified  telephonic   principle   and  consumes  very  little  energy, 
should  find  a  useful  application  on  all  types  of  motor  vehicles. 

Railway  and  Tramway  Plant. — The  latest  catalogue  of  tl 
Kailway  &  General  Engineering  Co.,  Nottingham,  gi\es  a  gO( 
general  idea  of  the  activities  of  this  firm.  Their  particular  specia 
ties  appear  to  be  railway  crossings  of  all  kinds,  and  castings  general 
in  connection  with  tramway  and  railway  work.  An  interestii 
piece  of  apparatus  is  Brown-Crosta's  rail  grinder,  which  can  I 
driven  by  an  electric  motor  and  is  quite  self-contained,  Th 
machine  is  made  in  a  number  of  various  types. 

Electric  Cranes. — Messrs.  Neville  Kaye  &  Co.,  of  Thanet  Bout 
London,  W,C,,  who  make  a  speciality  of  electric  lifts,  light  cran 
and  overhead  run\eays,  have  ready  an  illustrated  pam|)hlct  wlii 
gives  detail:!  of  various  eipiipments  of  this  kind. 

Imports. — The   following  are  olhcial  values  of  electrical  macl 
nery,  material  and  apparatus  imported  into  this  country  (o)durii| 
.luly,    1909,    and    {'))   during    the  current    year    from   Jan,   1 
.Tidy  31,  with  the  increases  or  decreases  compared  with  the  oorrd 
ponding  periods  of  1909: — 

Electrical  miicliinery  (a)  £67,160   (decrease  £13,760),  (/')  £289,9 
(decrease  £108,002)  ;  telegraph  and  telephone  cables  ('tl  £10,336  ( 
crea.se   £165),    (/.)    £72,811    (decrease   £2,601)  ;    telegraph    and    t. 
phone  apparatus  (a)  £12,186  (decrease  £2,610),  (?i)  £105,041  (decree 
£9,382)  ;  other  elect  ileal  wires  and  cables,  rubber  insulated  (ii)  £23, T. 
(increase  £17,234),  (/>)  £.S2,748  (iiiercase  £7,019);  with  other  insuiati.  ' 
(a)  £816  (decrease  £7,247),  ('-)  £54,624  (decrease  £10,472) ;  earlioiis  ' 
£11,256  (decrease  £132),  ('-)  i76,833  (decrease  £21,326);  glow  lion 
(a)  £50,899  (iucrea.se   £10,569),  (/>)  £2!18,137  (increase  £103,585) ;  :> 
lamps  and  electric  .searchlights  {ti.)  £64  (decrease  £467),  {!')  £8,890  ( 
crea.se  £6,516);  parts  of  arc  lamps  and  .searchlights  (other  tliaiiearlm'' 
(a)  £5,612  (increase  £761),  (/*)  £35,339  (increase  £2,672) ;    primary  :>  1 
secondary  batteries  (»)  £2,553  (.lecrea.se  £2,496),  (!>}  £27,086  (docre;  ■ 
£2,611).     Total  of  electrical  goods  and  apparatus,  other  than  mae 
nery  ami  telegrapli  and  telephone  wire,  (a)  £104,027  (increase  £10,78 
(/')  £738,565  (increase  £62,947). 

Exports. — The  exports  of  electrical  machinery,  material,  &c., 
during  .Inly,   1909^    and  (li)  during  the  current  year  from  Jar 
to  July  31,  and  the  increases  and  decroates  compared  with   (o 
corresponding  periods  of  1909,  are  as  follows  ; —  i 

Eloetiical  machinery  (u)  £122,663   (decrease  £3,903t,  W  £BZO,\A 
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(increase  £61,816) ;  telegraph  and  teleplioiie  cables  (")  i'256,145  (in- 
rease  £157,892),  (/-I  £434,873  (increase  £119,061) ;  telcgr.-ij.-h  and  tele- 
plione  apparatus  (a)  £49,950  (increase  £36,381),  ('<)  £173,444  (increase 
i;79,8S3)  ;  other  electrical  wires  and  cables,  rubber  insulated  a)  £22,648 
(increase £1,216),  ('0  £149,425  (decrease  £9,637):  with  other  insulations 
(a)  £27,684  (decrease  £175),  (h)  £175,325  (increase  £12,883) ;  carbons 
(..  £988  (decrease  £172i,  (/-)  £5, 188  (increase  £175),  glow  lamps  (a)  £5,746 
(decrease  £1,243),  (/-)  £40,966  (increase  19,196)  ;  arc  l.-imps  and  search- 
lights (iJ)  £2,366  (increase  £65),  ('<)  £11,911  (decrease  £1,043);  parts 
of  arc  lamps  and  searchlights  (other  than  carbons)  (a)  £503  (decrease 
£604),  ('')  £8,953  (decrease  £355):  primary  and  secondary  batteries 
(,t)  £9,556  (increase  £1,487),  (/-)  £66.054  (increase  £26,076).  Total  of 
electrical  goods  and  apparatus,  other  than  machinery  and  telegraph 
and  telephone  wire,  ('«)  £388,800  (increase  £199,453),  (h,  £1,274,436  (in- 
crease £243,  IC4). 

BANKRUPTCIES,  LIQUIDATIONS,  &c. 

A  second  and  Hnal  dividend  (9Ad.)  will  be  payable  on  Aug.  18  at 
1.  Bank-street.  Bradford,  to  the  creditors  of  Wni.  Terrell  Garnett 
(trading  as  W.  T.  Garnett's  Cable  Co.).  Barkcrend  Mills,  Bradford. 

A  dividend  of  Is.  8d.  has  been  declared  in  the  failure  of  Conrad 
I  K.  Zimdars.  |)neumatic  and  electric  telegraph  engineer. 

In  the  matter  of  Vaughan  &  Cook  (Ltd.),  Mr.  Leonard  V.  House- 
man, liquidator,  announces  that  a  first  and  final  dividend  of  7s.  2Jd. 
lin  the  f  is  ready  for  payment  at  the  offices  of  Messrs.  Marreco  &  Co., 
1,  Clement's  Inn,  London,  W.C. 

The  creditors  and  contributorics  of  the  Ozonisation  Synd.  (Ltd.), 
Craig' s-eonrt.  Charing  Cross.  London.  W.C,  meet  at  3.3,  Carey-street, 
W.C,  on  Aug.  20. 

Claims  against  Thomas  Parker  (Ltd.)  (in  vol.  liq.  for  the  purpose 
if  reconstruction)  by  Aug.  28  to  Mr.  W.  A.  Nelson,  Lichgate,  Wol- 
verhampton. 

Claims  against  the  General  Electric  Sign  &  Engineering  Co.  (Ltd.) 
by  Sept.  7  t<.>  Mr.  E.  Haye.?.  28,  Basinghall-street.  London,  E.C 


PATENT  RECORD. 

APPLICATIONS    FOR    PATENTS. 

Note.— 7"^?  undirmeniioned  Applications  {except  those  n:arked  t)  are  not  open  to  public 
rspection  until  after  acceptance  of  Complete  Specifications.  Those  marked  •  are  open  for 
Kspectioft  12  months  after  the  date  attached  to  them,  if  they  have  not  been  published  previously 
>i  the  ordinary  course.  Names  within  parentheses  are  those  of  communicators  of  inventions, 
yiien  complete  Specification  accompanies  application,  an  asterisk  is  affixed. 

June  24.  1909. 
4,790  Pearson.     Ironclad  electric  switches. 
4,803  Siemens  Bros.  &  Co.  &  Bradley.     Electric  searchlights.* 
I  4.826  Fessenden.     Electric  signalling.     (Date  applied  (or,  30/7/08.)*t 
1 4,833  Howcrave-Graham.     Electric  switches. 

June  26,  1909. 
4,858  Bingham.     Electric  frmace  electrodes. 
4,873  HoLDEN.     Electric  clocks. 
14.934  Regnart.     Electric  reflector  lanips. 
'937  Crunwald.     Electrical  induction  furnsces.     (Addition  to  No.  3.599/09.     Date 

applied  for,  2/10/08.)* 
4,952  Grbiner.    Detecting  faulty  insulators  in  high-tension  conductors.     (Date  applied 

for,  20/7/08.  )*t 
4,960  Farjas.     Permanently  active  radio-active  products.    (Addition  to  No.  14,762/09. 

Date  applied  for.  8/5/09.)*t 
4.972  WuNnERLlCH  &  Hughes.     Raising  and   lowering  of  arc  lamps  and   the  like. 

(Addition  to  No.  25.398/07.1* 
4,980  Fassi.er.     Rectification  of   alternating   electric  currents  and    devices. 

June  28,  1909, 
S.OOfr  Kelvin  &  James  White,  Evans  &  Wilson.    Terminals  for  shunts  and  other 

electrical  apparatus. 
,032  KozESNiK.     Third  rail  electric  railway  systems.* 
.081  Daalen.     Dynamos  and  motors.  * 

.084  and  15.085  Rees.    Centrifugal  pumps,  turbines  or  compressors. 
.090  HoRMBY.     Turbine  motors.* 

June  29.  1909. 
,147  CocKSHOTT.     Trolley  heads  of  electric  tramcars. 

.151  Lyness.     Contact  finger  for  electrical  controller.-,  switches,  and  the  like. 
.182  Smith  &  Smith.     Flame  arc  lamps. 

.192  and  15,193  Societe  Francaise  d'Incandesence  par  le  Gaz  (Sy.-steme  Auer). 
Metallic  filaments  for  incandescent  electric  lamps.     (Date  applied  for,  1 8/7/08,  )*t 
194  Bleeck,     Primary  batteries* 

.308  Zamroni  &  .STEnLiNo.     Reflectors  or  shades  for  electric  lamps.* 
.210  Canello.    Attaching    filaments    of   incandescent    lamps.    (Date    applied    for. 

22,7/08.)'t 
.211  Flood.     Electric  switches. 

:217  HiOHriELD.    Brush-holders  lor  dynamo-electric  machines. 
,.,  ,  June  30.  1909. 

110  i™'*^''"  ^  Phillips  &  Brochie.    Magazine  arc  lamps. 
.319  Pohl  &  Phienix  Dynamo  Mfg.  Co.     Dynamo-electric  machines  constructed 

vnlh  commutators. 
.326  Leitner.    Production  of  constant  potential  electric  circuits. 

^,^  c-  „  ,  -'"'y  '■  '*'- 

.J10  hERousoN.    Voltage  regulators  for  dynamo-electric  machines. 

.366  Clark  &  Judge.     Turbines. 

370  Hodgson.     Radiators. 

.371  Houghton,  Allman  &  Cray.    Collector  shoes  or  skates  for  electric  traction 

-IOC    systems.    (Date  applied  for.  2,'6/09.    Comprised  in  No.  12,937,  dated  2/6/09.) 

.085  Brown.     Electric  telegraphy. 

'tch  for  tramways  and  railways. 

Current  collecting  devices  for  dynamo-electric  ma- 


.385  Brown. 

.186  K- 

421  B.T.-H.  Co.  &  Dawson.' 

chines. 

.„.  .  July  2.  1909. 

-"4  l,«CMPTON  &  Co..  Macfarlane  &  BuRCE.     Rotary  electric  trausformers  and 

motor-generators. 
^*0°5"o9  li^^'^"""^  filaments  for  eltctric  incandescent  lamps.     (Date  applied  for, 

„,  ,,,  „  July  3.  1909. 

^  WALTERS.    Stage  arc  lamps  and  other  similar  lamps.* 

»4  TuBBS.    Magazine  arc  lamps. 

»/4  Priestley.    Overhead  lines  for  electric  fraction.* 


15.578 
15,605 
15,647 
15,650 
15,659 

15,670 
15.672 
15,681 
15,682 
15,725 


July  5,  1909. 
Kennedy-McGregor.     Switches.* 

SiemensSchuckertwbrkeC.m.p.H.     Arclamps.    (Date  applied  for,  6/7/1908  )*t 
Lessino.     Electric  carbons. 
BouvERiE  &  Rav/lincs.     Electrical  indicators. 
Maxaner.    Centrifugal  fan  and  motor.    (Date  applied  for,  9.7/08  )*t 

July  6,  1909. 
Heurtley.     Electrical  and  other  recording  and  measuring  instruments 
Lustgarten.    Controlling  and  operating  poinu  of  electric  railways  and  tramways. 
Thom.as  &  Thomas.    Switches. 
Thomas  &  Thomas.     Electric  collectors. 
Westihghouse  Electric  Co.     Braking  apparatus  for  railway 


(Date  applied  for.  14,7/08.)*t 
BbhK(i.     Securing   metal    contacts    to   carbon    electrodes 
28/12/08.     Comprised  in  No.  28,290.  dated  28/12'08  )* 
Dynamo-electric  machinery. 


like  vehicles. 
( Date   applied   for, 


dynamo-electric 


Wallwork,   Wallwork 

machine. 
BouRDos.     Manufacture  of  filaments  for  electric  lamps.   ' 

.l''-88LJ  ■'?"''"■  J_".'-'--  Arclamps.     (Date  applied  for,  26/5/08.    Comprised  in 


15,929  Gambrell  &  Gahbrell. 


Trolley  wheels.* 
July  8,  1909. 
Electricr-.l  testing  apparatus. 


14,852 
14,853 
14.934 
15.047 
15,053 


15,213 
15,268 
15,275 

15,494 
15.645 
15.646 
15.853 
16,305 

16,722 


SPECIFICATIONS    PUBLISHED. 

1908  Specifications. 

Trenzen  &  Pope.     Bodies  of  metallic  titanium. 

Trenzen  &  Pope.     Metallic  filaments  for  electric  incandescent  lamps. 

RosENBusCH.     Switches. 

Peck.     Alternating  electric  current  distribution  systems. 

Wilderspin  &  Hough.  Winding  machines  applicable  for  winding  coils  of  wire 
for  electrical  purposes. 

Gray.     Armoured  electric  cables. 

B.T.-H.  Co.  (A.E.G.)  Electric  motor  generator  sets  for  supplying  arc  lamps 
for  searchlights  and  for  other  apparatus.     (Addition  to  No.  4.379/05.) 

Stoneham  &  Stcneham.  Coin-controlled  mechanism  for  gas.  electricity  and  other 
meters. 

Preston  &  Hendrie.     Fusible  plugs. 

BiRKETT.     Controlling  or  braking  electrically-operated  machinery. 

Johnson-Lundell  Electric  Traction  Co.  &  Price.  Regulation  or  control  of 
electric  motors. 

Finnigan.     Electrical  contacts  for  use  in  railway  signal  systems. 

Kilbufn.     (Oesterle.)     Electric  furnaces  for  the  treatment  of  ores  and  the  like. 

KiLBURN.     (Oesterle.)     Magnetic  separators. 

f^YMOND-BARKER  &  Orling.     Electric  relay  systems  and  relays  therefor. 

CuRwEN.  (J.  G.  Brill  &).)  Supports  for  contact  plows  or  electric-current  col- 
lectors for  electric  railways. 

B.T.-H.  (x>.  (G.E.  Co.,  U.S.)  Arc  control  mechanisms  for  projectors,  search- 
lights and  the  like. 

Kingsbury.  (Western  Electric  Co.)  Telephone  current  transmitting,  re-trans- 
mitting and  reinforcing  apparatus.     {Request  under  sec.  19  not  granted.) 

Hill.     Shade-holders  for  incandescent,  electric  and  other  lights. 


COMPANIES'  MEETINGS  AND  REPORTS. 


CENTRAL  LONDON  RAILWAY  CO.— At  the  meeting  last  week  the 
chairman  (.'~^ir  Tlv.  <)\Ki.Kv)  stated  that  the  receipts  for  the  half-year 
were  l'2(},0t)0  less  than  in  the  ( (irresponding  period  of  1!)0S.  The  exhibi- 
tion this  year  had  not  attracted  so  many  people  as  in  190S.  That 
traffic  had  fallen  off  to  the  extent  of  44a,(V)0  passengers.  For  distance 
etpial  to  three  of  the  nndergrounel  stations  they  found  that  the  tram- 
ways were  charging  Id.,  and  that  ]iractically  they  were  depriving  the 
company  very  largely  of  passengers  travelling  that  distance.  When  the 
board  were  satisfied  of  that,  and  had  examined  the  i|iiestion  all  round, 
they  determined  to  adopt  a  penny  fare  for  any  three  stations,  on  the  basis 
that  every  station  should  be  a  terminus  either  to  the  Kast  or  to  the  West, 
and  from  the  central  station  a  man  who  paid  a  jienny  could  go  to  three 
stations  in  either  direction.  Of  course,  it  involved  a  loss  which  gave  them 
much  consideration  at  starting,  because,  if  they  got  pa.ssengers  back, 
those  who  formerly  paid  2d.  now  only  paid  Id.  As  the  average  cost  jier 
passenger  was  Id.,  there  was  very  little  profit,  or  chance  of  profit,  unless 
they  increased  the  number  sufficiently  to  repay  them  for  the  accommoda- 
tion given.  However,  there  was  no  other  course  open.  The  loss  by  the 
rcdiution  of  2d.  passengers  represented  something  like  two  millions  of 
passengers  :  the  gain  by  the  incrcaseil  number  of  Id.  passengers  had  not 
(piile  repaid  the  whole  loss,  but  it  was  approaching  it.  The  system  of 
through  booking  had  now  been  established  betweeix  their  line  and  the 
other  tubes.  They  had  carried  three  millions  of  passciigors  under  that 
system,  an  increase  of  rather  more  than  a  Tiiillion  over  the  iorres|i<inding 
period.  Their  Bill  for  the  extension  to  Liverpool-street  had  pa.ssed 
both  Houses  and  was  on  the  iioint  of  receiving  Royal  assent. 

CONSOLIDATED  ELECTRICAL  CO.  (LTD.) -The  ordiuarv  income  for 
the  year  ended  March  31  was  £6,612.  Is.  6d.  and  expenses  £1,662  6s. lid. 
Of  the  balance  of  £11.585.  3s.  9d.  standing  to  credit  of  revenue  the 
interim  preference  dividend  of  3  per  cent,  paid  on  Jan.  1  last  absorbed 
£450,  leaving  £11,135.  3s.  9d.  The  tiiial  preference  dividend  |Kiid  on 
•Inly  1  absorbed  £150,  and  the  directors  now  recommend  a  dividend  of 
3  per  cent,  for  the  jcar  on  the  ordinary  shares,  absorbing  £3,300, 
leaving  £7,386.  3s.  9<l".  to  be  carried  forwaixl.  Steps  are  about  to  be 
taken  for  the  liquiilation  of  the  Consolidated  Supply  and  the  Private 
Wire  &  Telephone  Installation  t'oinpanies,  and  the  realis^ition  of  the 
company's  interest  therein.  The  position  of  the  Anglo-Portuguese 
Telephone  Co.  is  entirely  satisfactory. 

GREAT  NORTHERN  RAILWAY  CO.  — Lord  Allerton  state<I,  at  the 
meeting,  that  further  extensions  of  electric  tramHavs  in  the  London 
suburban  and  Yorkshire  (list nets  were  responsible  for  the  los.«  of 
660,CC0  passengers,  and  £6,000  in  money;  in  Yorkshire  they  had 
clostd  one  passenger  station.     The  ext-ension  of  electric  tramways  in 
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North  London  contimiully  decrca.sed  the  railway  sliort-ilistance  siiliur- 
l)aii  traltic,  auil,  therefore,  the  (lolicy  of  tlie  comiwny  \va.>  to  develop 
the  outer  suburban  traffic.  He  was  seepticjil  as  to  the  possibility  of 
railways  com|»ting  with  trams  for  short-distimce  passengers,  and  he 
did  not  think  that  the  energies  of  railway  companies  would  be  l)est 
eniploved  in  trvinj.'  to  break  tramway  companies  or  themselves  for 
that  kind  of  tra'tlir. 

LANARKSHIRE  TRAMWAYS  CO.— The  revenue  for  the  half  year  ended 
June  30  was  £32,199. 16s.,  and  exiienses  £17,685.  12s.  Afterdeducting 
contributions  payable  to  lociil  authorities  £794.  Os.  9d.)  and  deben- 
ture interest  (.C668)  and  adding  £865.  3s.  3d.  brought  forward,  the 
balance  is  £13,976.  6s.  6d.  The  directors  recommend  payment  of  a 
dividend  at  the  rate  of  5j  per  cent,  for  the  half-year,  leaving 
f5,282.  18s.  7d.  to  be  carried  forward.  Owing  to  continued  trade 
depre.ssion  the  traffic  receipts  show  a  decrease  of  £1,764,  compared 
with  the  corresponding  half-year  of  1908,  and  the  expenses  show  a  re- 
duction of  £1,306. 

METROPOLITAN  DISTRICT  RAILWAY  CO.— l>uring  the  half-year  ended 
•Tune  3C  the  gross  receipts  were  £273,318,  an  increase  of  £25,419  on 
the  corresponding  half  of  1E08.  and  the  working  expenses  were 
£148,026,  a  decrease  of  £6,733.  After  providing  for  interest  and  other 
charges  and  setting  aside  £10,000  as  reserve  for  renewals,  the  balance 
was  £19,108.  13s.  6<1.,  and  the  directors  recommend  a  dividend  at 
the  rate  of  3  uer  cent,  be  declared  on  the  4  per  cent,  guaranteed 
stock.  Including  workmen  and  .season-ticket  holders,  32,949.895 
passengers  were  carried  (against  29,526,685  in  the  same  half  of  1908),  tlie 
average  receipts  per  passenger  was  ISSd.and  the  train  mileage  1,557,559. 

The  Chairman  (Sir  Geo.  S.  Gieb)  stated  at  the  meeting  on  Wed- 
nesday that  the  traffic  receipts  were  increasing  at  a  very  satisfactory 
rate.  The  new  offices  at  St.  James's  Park  were  now  approaching 
completion.  The  Underground  Company  and  the  three  tube  railway 
com(»nies  Jissociated  with  the  Underground  were  becoming  the 
tenants  of  the  additional  accommodation  provided  at  St.  James's  Park. 
They  will  pay  the  District  Comjiany  £1,900  a  year  for  accommodation, 
and  all  the  work  of  the  com panies,which_were under  one  general  admini- 
stration, would  be  in  one  otHce,  which  was  a  considerable  advantage. 
They  had  c;irried  32,900,000  passengers,  an  increase  of  3,300,000  (or 
11'22  per  cent.)  over  1908.  The  local  passengers  on  the  District  Kail- 
way  were  15,500.000,  or  47A  per  cent,  of  the  total  number  carried. 
The  through  passengers  (including  those  exchanged  witli  the  City 
lines  undertaking)  were  17,500,000,  an  increase  of  12  [ler  cent.,  and  the 
through  traffic  was  524  per  cent,  of  the  total  traffic.  After  analysing 
the  various  items  in  the  accounts,  he  said  that  they  were  having  good 
increases  at  present,  and  he  thought  that,  with  some  few  exceptions, 
the  fares  were  on  a  satisfactory  basis.  The  London  traffic  generally 
did  not  show  inu:h  improvement,  and  had  still  many  doubtful  and 
unsjitisfactory  features.  Thej'  must  seek  steady  progress  and  stabilitj'. 

TYNESIDE  TRAMWAYS  &  TRAMROADS  CO.— Dr.  J.  T.  Merz  stated  on 
Tuesday  that  the  trathc  receipts  showed  an  increase  of  £748,  against 
a  decrease  of  £1,251  last  year.  The  increase  was  almost  entirely  due 
to  workmen  trathc.  The  number  of  jiassengers  carried  increased  by 
147,676;  receipts  per  car-mile  were  8'26d.,  against  7'89d.,  and  ex- 
l>enscs  |>er  car-mile  5"84il.,  against  579d.  They  proposed  to  pay  on  the 
ordinary  shares  a  dividend  at  the  rate  of  1  per  cent.,  against  nothing 
last  halV-year. 

WESTINGHOnSE  ELECTRIC  &  MFG.  CO.  (U.S.A.)— The  annual  report 
states  that  the  allairs  of  the  company  were  taken  out  of  the  hands  of 
the  receivers  on  Dec.  5,  1908.  There  was  a  decrease  in  the  surplus 
account  during  the  year  eniled  March  31  of  82,992,992.  The  loss 
during  the  year  of  S918,6S3,  after  providing  for  interest  on  the  debt 
and  all  ex|)enses,  is  chieHy  accounted  for  by  a  small  volume  of  busi- 
ness, the  utilisation  of  high  priced  material,  by  sales  at  reduced  prices 
and  by  very  considerable  extra  expenses  incurred  in  completing  the 
departmentalisinir  of  the  manufacturing  operations  and  in  rearranging 
the  machinery,  which  work  was  cirried  on  without  interruption  by 
the  receivers.  The  oliieials  estimate  that  the  plants  have  an  annual 
output  capacity  of  .S50,000,000,  and  that  the  cash  capital  provided  is 
ample  for  conducting  a  business  of  that  magnitude.  While  there  has 
been  a  decided  improvement  in  the  business  of  the  company  since  the 
beginning  of  the  year,  it  has  not  yet  nearly  reac)ied  normal  propor- 
tions, .although  the  outlook  and  incjuiries  indicate  that  in  the  near 
future  the  full  capacity  of  the  various  works  will  bo  recpiired  to  incet 
the  demand. 

YORKSHIRE  ILECTRIC  POWER  CO. —The  directors'  report  for  tlie 
half-year  ended  June  30  stales  that  receipts  from  the  sale  of  energy 
and  for  work  charged  to  consumers,  &c.,  were  £11,169.  4s.  2d.,  against 
£8,698.  9s.  for  the  corresponding  half-year  of  1908.  (boss  prolit  was 
£2,598.  12s.  lid.,  against  £1,249.  16s.  After  p;iying  mortgage  interest 
the  net  prolit  was  £1,069.  17s.  lid.,  comparcil  with  £363.  6s.  10<1. 


NEW  COMPANIES  AND   STATUTORY  RETURNS. 


NEW  COMPANY. 
DYNAMIC  ELECTRICAL  CO.  (LTD  )  ( 101,426.)-Reg.  Aug.  6,  capital 
£100,000  in  £1  shares,  toaf(|uire  all  or  any  of  the  undertakings,  busi- 
nesses, properties  and  assets  of  the  Dynamic  Synd.,  the  Dynamic 
'Kienoh)  .Synd.  and  the  Mitchum  lilectric  l''an  Co.,  and  to  carry  on 
the  business  of  electricians,  engineers,  makers  and  manufacturers  of 
and  dealers  in  electric  and  otlier  motors,  fans,  dynamos,  induction 
oilsand  other  machinery  anil  electrical  apparatus,  4c.  First  directors, 
C.  Simpson,  T.  H.  Weguebn  and  B.  H.  Weguelin. 


STATUTORY  RETURNS. 

EHROPB  &  AZORES  TELEGRAPH  CO.  (LTD.)  In  return  to  Juno  25 
capital  is  £200,000  in  £10  shares,  all  of  which  have  been  taken  up. 
£144,320  has  been  received  and  £55,680  is  considered  as  paid.  Mort- 
gages and  charges,  nil. 

EVERSHED  &  VIGNOLBS  (LTD  )— The  capital  in  the  return  to  July  2 
is  £30.000  ill  £10  shaios,  all  of  which  have  been  paid  up.  Mort"a''es 
and  cliaiges.  £10,800. 

POTTERIES  ELECTRIC  TRACTION  CO.  (LTD.)— Return  to  May  28 
gives  capital  as  £600,000  in  £1  sliares  (300,000  preference),  of  which 
245,000  preference  and  245,000  ordinary  shares  have  been  taken  up. 
£423.340  has  been  received  on  178,340  ordinary  and  215,000  preference. 
£66,660  is  considered  as  |)ai<l  on  66,660  ordinary.  Jtortgages  and 
charges,  £245,000. 

ROBERTSON  ELECTRIC  LAMPS  (LTD.  1— According  to  return  to 
.1  line  3  capital  is  £100,000  in  £10  shares,  of  which  6,750  have  been 
taken  up.  £66,485  has  been  received  on  6,650  shares,  leaving  £15  in 
arrears.  £1,000  is  considered  as  paid  on  100  shares.  Mortgages  and 
charges,  £10,000. 

SPANISH  TELEPHONE  CO.  (LTD.)-In  return  to  Julv  17  eapiul  is 
i.61,000  ill  3,600  ordinary  shares  of  £10  each  and  1,260  iirefereiice 
shares  of  £20  each,  of  which  3,600  ordinary  and  671  [irefereuce  have 
been  taken  up.  £20  per  share  has  been  called  up  on  671  preference 
and  £10  [ler  share  on  2,000  ordinary,  and  £33.420  has  been  received. j 
£16,000  is  considered  as  paid  on  1,600  ordinary.  Mortgages  and| 
charges,  nil.  j 

WALTERS  ELECTRICAL  MFG.  CO.  (LTD.)— Keturn  to  June  30  givee 
capital  as  £13,000  in  £1  shares,  of  which  10,507  have  been  taken  up. 
£1  per  share  has  been  called  up  on  507  shares  and  £507  has  been, 
received.   £10,000  is  considered  as  paid.   Mortgages  and  charges,  £2,600 

J.  G.  WHITE  &  CO.  (LTD.)-  The  capital  in  return  to  Julv  12  ^ 
£200,000  ill  15,000  preference  shares  of  £10  each  and  50,000  ordiiiar>| 
shares  ol  £1  each,  all  of  which  have  been  taken  up.  £10  [ler  share  haJ 
been  called  upontbepreferenceand  £150,000 has  been  received.  £50,00( 
is  considered  as  paid  on  the  ordinary.     Mortgages  and  charges,  nil. 

RECEIVERSHIPS. 

BI  CENTRIC  INSULATING  CO.  (LTD.)— Notice  of  the  appointment  o!| 
E.  Tajlor,  C.A.,  71,  Temple-row,  Birmingham,  as  receiver  and  msna 
ger,  by  order  of  court  dated  .luly  27,  1909,  lias  been  tiled. 

BOGOTA  TELEPHONE  CO.  (LTD.)  -D.  Gibson,  C.A.,  of  4,  Kingsmead 
road,  S.  Oxton,  Birkenhead,  ceased  to  act  as  receiver  or  manager  oi 
July  25. 

LONDON  ELECTROBUS  CO.  (LTD.)- A  notice  of  the  appointment  of  A 
Riding,  15,  Cocksiiurstieet,  S.W.,  as  receiver  and  manager  on  July  & 
1909,  under  powers  contained  in  a  trust  deed  dated  Dec.  7,  1908,  ha 
been  tiled.  j 

WIMSHURST,  HOLLICK  &  CO.  (LTD.)— A  notice  of  the  appointment  0 
\V.  Cash,  C.A.,  90,  Cannon-street,  E.G.,  as  receiver,  by  order  of  courl 
dated  Aug.  9,  1905,  has  been  Hied. 


CITY  NOTES. 

MEMORANDA   (Aug.   12'i. — Bank  rate  2.^  per  cent,  (since    April 
1909).     Price  of  silver,  23J,d.  per  oz.     Consols  84(',— 84,'„  for  inonej 
84i  — 84.J  for  account.     Consols  Pay  Day,  Sept.  1  ;  Stock  and  Shan| 
Continuation  Days,   Aug.  24  and  Sept.  8  ;  Ticket  Days,  Aug.  25  ai 
Sept,  9  ;   Pay  iDays,  Aug.  26  and  Sept.  10;  Mining  Shares  Carry  0\ 
Day,  Aug.  23. 

Prices  of  Metals  (London). — Copper,  cash,  60,-'.-;  three  men t 
61i.  Lead,  English,  12^- 13i  ;  foreign,  cash,  12,',.  ;  three  month 
12i.  SpiUer,  cash,  211—22.  Tin,  English,  1,\^-135  ;  foreig] 
cash,  135  ;  three  months,  135.J — 136i.  Iron,  Cleveland,  cash,  49/} 
and  three  months,  50/4.  Magnet  Steel  (price  supplied  by  W. 
Dennis  &  Co.),  £55. 

FORT  WILLIAM    ELECTRIC   LIGHT   CO    (LTD.) -The   directors   ha 
declared  a  dividend  at  the  rate  of  2J  per  cent.,  tax  free. 

STOCK  EXCHANGE  NOTICES.— The  8toi  k   Kxchaiigc  committpe  li ' 
a)i]ioinlr<l  Aii^.  IS  a  -.|K-Lial  settling  day  in  77,039  £1  (12s.  (id.  J.aid)  \' 
fcrrcfl  ordiiiiiry  sliaics  of  (he  Naiiniiul  Teleurlkr  Co.  (Li'l.).  and  li 
granted  quotations  to  (UO.IX)')  £5  fnlly-paid  5  per  cent,  c  iiinuliilive  li 
iircfcrence  and  uO(l,000  £.')  (fully  paid)  .'>  per  cent,  cumulative  .sci- 
preference  shares  and  i\,Tii:2'M  i\  per  >-cnt.  di-benlurc  stock  (in  i 
of  1st,  2nd  am!  3rd  prcl'uKMicc  shares  now  i|Uotc(l)  of  the  .!»'//')-  Iri/c"' 
Tr'imim,/"  Co.  ( Ltd.).  and  2li,(>0()  £10  fully-paid  (1  pir  cent,  ciimuiative  p 
f.-riMicc  shares  of  //Hr.v/.  NiUon  <(•  Co.  (Lid.).     The  comniiltci-  hiive  I" ' 
a-ki-il  to  appoint  special  s(  tl!lng  (lays  in  and  grant  (|Uot.itions  to  s'   ' 
(fully  and  partly  paid)  for  t'OI.'^.odO  '(.'per  cent.  con.''olidated  lift  i"' 
gage  debenture"  stock  of  tlic    .V.  wnMlr-uimn-Tmc  Kkclric  .S»///.'''/ 
(LliL).  and  a  further  issue  of  ,l'.'.( !l l.( il in  I.',  jier  cent,  perpetual  con  ••li'l  ■  I 
dcbonturp  stock  of  the  Hrili.^h  Cohnnhia  Utectrir  UriUwni)  Co.  (I.l'l.}.     ' 
to  gr.ml  quotiilioiis  to  £150,01)0  ."j  per  cent,  second  mortL;a«c  dclicnl 
(in  lifu  of  scrip  now  ipiotod)  of  the  Ilomhaj/  Ekelrir  Siipiihj  <(■  Tfiiii" 
Co.  (f.l'l.),  tl.L'.'iO.OIKI  (>  per  cent.  .50  year  mortgage  bonds  (in  lieu  of  >  i 
now  ((iiolcd)  of  the  .Vejrico  Tiumwmi.i  Co.,  and  a  further  Lssue  of  £5" 
4    per  cent,   redeemable  debenture'  stock  of  the  Orieuhd  Tt-kiilioi"  ' 
Khrlnr  Co_  il.',l.). 

WASTE  HEAT  ic  GAS  ELECTRICAL  GENERATING  STATIONS  (LTD. 
The  directors  liave  dccl.iiud  an  interim  duideiid  (or  tlie  lialf-v  ' 
e  nded  July  31  at  the  rate  of  5  per  cent..  less  tax. 
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Do,    6  per  Cent,  non  Cam.  Pref.'! 


Ang.  11.  RD.  ""'■  Ar...    II 


]{■     $9,827 


103 


90  -101 

H-i'i 
38 -»i 

lOi-luJ 

lOj  -r.j 
1  ;  -12; 

121  -12j 
IW  —102 
2I-3J 
3  — 3< 


l,7d6 


6,«36 
$9,770 


30 


Au,.     8 
July    3il 


'''ri'7u"Tcr."?  "i,"' ',"'  «»'''«p»»'""s  p«i»'U 

-  >»»rJ.    •  Partly  electrical,    ♦  Minus  3  day 


180  71  :i 
9,977 
2,623 


3,U6 

62,9/6 

3,721 

10,902 

6,5/8 

87,.-.7l 

1, 45  J 

109,671 

il6,6,i3 

22,!li;o 

21,78J 

10,11/8 

8,310 

11,191 

22,179 

18,2;18 

27,835 

i,ir. 

6  521 
2,3  II 
17,SSJ 
15,811 

4o','910 
3,311 

12,166 
4,278 
8,1121 
2,861 

37,70! 

26.811 


W   -9/ 
41 -4J 


91    -97 

81  -88 
i  -H 

97  -99 

99  -lUl 


$l,6-j6 


iX 


til  —83        3  19    6 


lUU-lOl 
J-1 

li-2 
76  —SO 

8J-9i 


Jan,  Jufy 
April,  Oct  i 
Jan,  July   ' 
June,  Djc  I 
!  Jan,  July 
;  June,  Deo 
Feb,  Aug 
Jan,  July 
Feb,  Ang 
I  Feb.Aag 
I  Jan,  July 

Mar,  Ang 
Jaa,  J  nty  j 


4  2  0  I  Jan,  July 
6  11  0  i  Feb,  Aug 
4  13    1  1  Feb,  Aug 


aat  jenr.     §  Plus  3  days, 
t  Minus  2  days. 


lol  6% 

St. I  iX 
10   2/1I 

i:!ri 
ii  10  J 


10    4/0   I'Connty  of  London  Elec.  SupplyOrd 
10   6/0     •  Do.    6  per  Cent.  Cum.  Prof 

St.    4J^!     Do.    4  JX  Deb.  Stock  (red.)    '.!!". 

^t-    4J%  I     Do.    Second  Deb.  Stock .'.'.'.'."" 

6    3/6   I   Folke.Htoue  Electricity  Supply  c'o."Or'd' 
62/6        Do.    6  per  Cent.  Cum.  Pref. 

St.    4J?  !  tDo.    4i  Ist  Deb.  Stock  (red) ".'.' 

6|  4/6    :    Hove  Electric  Lighting  Ord 

Kensington  ft  Knightsbridge  Ord!.! 

Do.    6  per  Cent.  1st  Pref. ..!!.! 

tDo.    4  percent.  Dab,  Stock  (red  ) 

Kensingtn.  ft  Kngtbg.  Co.  &  Netting  Hii' , 

Co.  (Joint  Station)  4  ^  Deb.  Stock  (red  )      98  -10 

Kent  Elec.  Power  Co 83—3/ 

London  Electric  Sapply  Ord.         IJ -sj 

Do.    6  per  Cent,  Pref. '!!!!] ^l-ii 

Do.    4  per  Cent,  lat  Mort.  Dib".  ',' '     "' 

Metropolitan  Electric  Sap,  Ord. 
Do,    4i  per  Cent.  Cum.  Pref.  .....'!'!!     1       ta -0 

Do,     ii  per  Cent.  Deb.  Stock  Ist  Mori'  I  105  -108 
Do.    3JperCent.Mrt.Dob.3tock(rsd  )      "■<' -»•=• 
Midland  Elec.  Corp.forP.D.lstMort.DO 
Newcastle  &  Dist.  Eleo.  Ltg.  Ord. 

Do.    44  per  Cent.  Deb 

Newcastle  Elec.  Supply  Ord 

t  Oo.    6  per  Cent,  non  Cum,  Praf. 
Oo.    4  per  Cent.  Mort.  Deb.  red.  Tsj?'! 
Norlh  Metro.  E loo. Power  Sup.  5  Morta 
Northern  Counties  Eleo.  Sup.    ... 

Do.     41  per  Cent.  Deb '"' 

,  .      Nottin^  HiU  Electric  Ord 

4/6      Oxford  Electric  Ord !!"! 

Do.    4  per  Cent.  Deb.  Stock 

tSt.  James' &  Pall  Mall  Elec.  Ord.. 

_,-      +1>0.     7  per  Cant.  Pref,    

HZ  Do-  3J  per  Cent.  Dab.  Stock  (red,')" 
Smithlield  Markets  Electric  Sup.  Ord 
South  London  Electric  Supply  Ord. 

Do.    5/.  Ist  Mort,  Slk.  Red '.'.'. 

South  Metrop'n  Elec,  Lt.  &  Power  Ord 

I     Do.     7  per  (5ent.  Cum.  Pref 

Do.    4Hst  Db.  Stk.  Red !!""' 

Urban  Electric  Supply  Ord ! 

Do.     6  per  Cent.  Cum.  Pref.    ....." 

Do.     4J  per  Cent.  1st  Mort.  Deb.!!!!!!' 
Westminster  Elec,  Sup.  Ord. 
Do.     4i  per  Cent.  Cum.  Pref! 

ELECTRIC  RAILWAYS  A  TRAMWAYS, 

Baker  St.  S,  Waterloo  4^  Perp.  l)b.  St 
Bath  Elec.  Trams  Pref.  Ord 

Do.     6  per  Cent.  Cum.  Prof.... 

Do.  ii  Ist  Mort.  Deb.  Stock  ('red,')"" 
B  ham  &  Midland  Trams  41  Ist  Di.Stk.' 
tBrisliil  Tramways  &  Carriage  Ord 

Do.    Cum.  Pref.  (fully  oaid) 

Do.    4  per  Cent.  Debs. " 

British  Electric  Traction  Ord 

Do.     6  per  Cant.  Cum,  Pref..,!!!!!! 

Do.    6  per  Cent,  Perpetual  Ddbs. 

Do.    4 J  per  Cent,  L'a.i  Deb.  Stock  '.!!'.!!      63  —ii 
Central  London  Ordiuary  Stock 

Do.    4  per  Cent.  IVef.  Stock    .!!!'! 

Dj,     Deferred  Stock   !!"" 

Do.    4  per  Cent.  Dobs !!.!! 

Charing i.Buatonftllmpstd Per  Db.Stk' 
City  of  Birmingham  Trams.  6%Cui.Pref. 

Do.    4  percent,  1st  Mort,  Dobs 

tCity  4  South  Loudon  Ely.  Con.  Ord. 
tDo.     6  percent.  Perp.  Pref.  (1891) 

l^o-     USM) !!!:   ,01   -107      4   13    6 

tDo.    (1901) 

t  io.  (1903) .!!!! 

Do.    4  per  Cent.  Perpetual  Dabs.  !.'.*! 

8/0       Dublin  United  Trami.  6  par  Cent.  Pref 

..        Ot.  Northern  it  City  Rly.  Pref.  Ord.  (4/ 

G.  Northern,  Picc.  &  Bromptou  1/ G1»I 

iX         Do.    4  per  Cent.  Dab.  Stock 

3/0      Uasliogs  k  District  KIcc.  Train).  BZ  O.P. 

Uy.i     Do.      41Db.St ', 

Imperial  Tramways  Ord "..,',       4  — .{      13 

jOo.    0  per  Cent.  IVof.  

(Do,    4J  per  Cent.  Ualis !.! 

I.  of  Thauet  E.  1'.  ft  U.  6  per  Cent.  Prof. 

Do.    4  perCaut.  Ujb.  Stock 

Laiiarksliire  Tramways  

Lanes.  Utd.  Tramj  5  J  Prior  Lien  l>l>!'£it! 

Liverpool  Overhead  Railway  Ord 

6  per  Caut.  Pref !!, 

_-.    4  per  Cent.  Deb 

London  United  Trams.  5^  Cum.  Pref.  .. 
Do.    4  per  Cent.  1st  Mort.  Ueb.  Stock 

Mersey  Con.  Old.  Stock 

Metropolitan  Elec.  Tramways  Ord 

Do.    Delorred    _ I       X-A     I         "       '  April..  . 

Do.    6  per  Cant.  Cum.  Prof. J?-3J         5  15    0  1  Feb,  Aug 

Do.    4J  per  Cent.  Deb.  Stock  tfj  —97       4  u    9  |  Jan,  July 

tMetropoliUu  Railway  Oouaulidat«d  40  —40)  |  1    4    9  '  Feb,  Aug 

tUj.    Surplus  Lauds  Stocka '     64  —  gi       4    3    0     Feb,  Aug 

I  Do.    84  per  Cent.  I'rcfereuue ,     b8  — jj       3  17    9     Feb,  Aug 

r  i>o,    8^  per  Cout.  "  A "  Proferouue  81  — 8j     '  I     '.    0      Feb,  Aug 

SJ  per  (lent.  Ooinertiblo  Pref, 81  —.•■';        110      Fob,  Aug 

»»l.er(;e.i(     llal.,..il  uro  .il.iok      ...       Hi— >ll  111     0       Jan.  Jul) 


Jan,  July 
I  Feb  .... 
[  April 

'  i'db.'ing  1 
April,  Oat 
April,  Oct  , 
April,  Oct 
April,  Oct 
Mar,  Sept  [ 
Jan,  July 

Jan,  July 

April 

Jan,  July 
April,  Oct 
Jan,  July 
Feb,  Aug 


4  14  0     Feb,  Aug 

5  II  0  '  Feb  .... 
4  l-S  0  '  Jan,  July 
4  6  u  I  Jan,  July 
4  15  0   !  April,  Oat 

3  19  u  I  April,  Oct 

4  12  0  Feb,  Aug 
4  II 


99t 


fiS-iM 

6  IS    6 

8«J-90i 

5  lU    6 

4-13 

a  — li 

«    U    S 

8J  -SI 

4  16     8 

2  -2i 

68  -71 

&  U    6 

I  -a 

_ 

A-j'i 

J? -31 

5  IS    0  1 

9J  -97 

4  U     9  1 

40  -401 

14     9 

64  -81 

4     3    0 

t8  —J  J 

S  17     9 

SI  — 8j 

4     !    0 

81  —.•.-; 

1     1    u 

Hi  — >.il 

111     0 

In  oaioaiaung  tlie  yield  allowauoe  bag  beau  made  lor  aouaed  iolareil  but  iiot  for  radeiuptioo 
»   Bx  Ditidend.         t  TUc  Loudon  stock  Bxcbange  Committee  liavo  declined  to  quote  Ibeae 


•'1 
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EL.ECTIIICAL    COIVIF-AIVIES'    SI1AR.E    LIST — Continued. 


jDrvi- 


Price 
Wed.. 

Aug.  11. 


RATE  %    nnrmmin      Bf  siSKSS 

yuLD.  I  "'15*""      WEEK  TO 

-,.  uvu.  ,,..,   ,, 


Last 
Dm- 

DEHD 


S% 


I  EirCTPIC  PAllWMS  A  TRAMWAYS-  '''''',""'''''■ 

S'.    81%  i  Mft  Kly.  3i  percent.  "A"  Deb.  Stock  ■    »'  — ?' 

fit!     ..      M  >'ropolit«n  Di»trict  K«ilw»T  Ord 17—174 

St       ..I      Oo.    F.ilension  Pref.  (6  iK-r  Cent.)  ,     IS  —6s 

St.    SJ%     »Do.    Afwr.leilUxt.  Pref.  (Int.  Guar,  bv      , 

Unil.  Elf <•.  BWs.  Co.  of  London,  Ltd.),  fS-6> 
Do,  :i  per  Cent."  Cnnsoltti.  Rent-charge  78 — '8 
Do.     4   r^r  Cent.  Midland  Rent-charge    1«1  — 1"* 

no.    Onar.  Stock  4  per  Cent "'      "° 

Do.    6  per  Cent.  P.-rp.  Deb.  Stock  

Do.     4  per  Cent.  Ditto 

New  Gen.  Tract.  (5  rer  Cent.  Cum.  Pref. 

Polteries  Electric  Traction  Ord 

Pn.     6  per  Cent.  Cum.  Pref.  

Do.     41  rer  Cent.  Deb  Stock    

R.  Met.  EIco.  Tram-".  *  Ltg.  6%  Cm.  Pref. 

Do.     4  per  Cent.  Deb.  Stock _.. 

Snnderland  Diet.  F.lec.Trni«.6*)«tMt.Db. 
rnderedF.Kvs,ton.6^.  In.bils.withcotlp.3 

Do.  5*  Prior  bicn  Bonds.. 

Do.    ilit  DoTidRwilb  coup.  9 „.. 

Vorkthire  (W.F.)  F.lec.  Trams.  Ord 

Do.    6  per  Cent.  Cnm.  Pref.    

Do.     4i  ner  Cent.  l»t  Debt 

t'LECTRIC  WANUFACTURINC,  kt. 

Aron  KlectrieitT  Meter  Ord.  ...! 

Do.    6%Cnm.  Pf.   „ 

Babcock  &  Wilcox  Ord.  ' 

Do.    Pref. 

Bntish  Inealated  ft  HeUbj  Cables  Ord. 

tDo.    6  per  Cent.  Pref. I  ,  fi-^J 

Do.    4»  per  Cent.  l8t  Mort.  Deb.  (red.)        -  ' 

British  Thomsn-Honsfn  4}Z  Ist  Mt.Db. 
Britie^h  Weslinpbonse  6  per  Cent.  Pref... 

Do.    6  iier  Cent.  Prior  Lie  a  Db8  (rd.) 
4  per  Cent.  Mort.  Deb.  Stock 


£  ■. 
S  15 

d. 
8 

- 

6  8 
3  17 

S  lU 

0 
0 
0 

St. 

1?^ 

St 

6Z 

St. 

ty. 

6 

1 

om 

Rl 

4« 

1 

(I7{ 

flt. 

4X 

too 

6% 

HZ 


*i 


mi 

1    2/4! 
1    PPi 

e   6/0 

6    8/0 

St.  t\x 


SU    *iX     BushK.Eng.Co.4i%Perp.  letDeb.Stock 


St.    4{\ 

5  10  0 
5    2/6 

St.  ax 

1,0 


Perpelnsl  2nd  Deb.  Stock 

Callender's  Cable  Con.Ord 

Cent.  Cum.  Pref. 
Dj 


139  -1-1 
93  -0) 

S6  -^» 


l0?j-]08J 
87  -i9 


4,^.-4,'^ 

iS-'l 


1C3 
91  -96 


97  -9a 


43  -4S 
27  —SI 

JO  —11? 
6i-66 


4(per  Cent.  l8t  Mort  DebB.'ired!')    104^-1015    *    f    * 


CaBtner-Kellner  Alkali  Co. 
ti.    *iX     (Do.    41  per  Cent.  1st  Mort.  Deb.  (red.). 

101     Cbadburn'8  (Ship)  Telegraph  Ord 

6  per  Cent.  Cum.  Pref.  

Consolidated  Electrical  Co 

Consolidated  Signal  Co 

Do.    6  per  Cent.  Cum.  Pref.  

•Crompton  4  Co.(Nos.  1  to  86,000)  

Do.    6  per  Cent.  Ist  Mort.  Debs.  (red.). 

Davis  t  Timmins 

Dick,  Kerr  i  Co.  Ord 

Do.     6  per  Cent.  Cnm.  Pref. 

Do.     4J  per  Cent.  Deb.  Stock    

Edison  &  Snan  United  ("A"Sb.)(£3pd.) 

Do.    (£6  paid)    

Do.    4  per  Cent.  Slort.  Deb.  Stock  (rd.) 

Do.    6  per  Cent.  2nd  Deb.  Stock 

Edmundson's  Elec.  Corp.  Ord.    

Do.     6  per  Cent.  Cnm.  Pref.  

Do.    4i  per  cent.  1st  Mort.  Deb.  (red.) 

(    2l   ••        Electnc  Construction  Co 

1    2'  Wt'  tD^.     7  per  Cent.  Cum.  Pref.  

Dc .'  4  per  Cent.  Perp.  Ist  Mort.  Debs. 
Feiianti  Ltd.  "'perCent.lst  Mt.Db.St. 
Ocneral  Electric  (1900)  6%  Cnm.  Pret... 

Do.    4  per  Cent.  1st  Mort.  Debs 

Henley's  Telegraph  Works  Ord 

Do     4i  per  Cent.  Pref.   

ii  per  Cent,  let  Mort.  Deb.  Stock 


0/7i 

1  O/tr 

1  l/« 

1  0/7J 

3  8/u 

10(1  6% 

1  0/71 

6  2/0 

Bt.  44% 

6  l/H 

6  2/8 

Bt.  *X 

bt.  6X 


6t.   *iX 


SI. 

*X 

St. 

by. 

Ill 

6/U 

SI. 

45, 

,s 

It,: 

f> 

2/3 

Pt 

4*? 

111 

b/l 

10 

6/4 

100 

*/. 

India  P.ubber.Gut.  Per.,  ftc.,Wrkt. 
Do.    SpcrCiut.Cum.  Prsf.  . 
4  per  Cent.  Debs.  (red.).. 


National  Elec.  Construction  Co. 
1|    ..       KichardsoDs,  Weel garth  &  Co.,  Ltd.  Ord. 

l|     ..    I      Do.    ti  per  Cent.  Cum.  Pref. 

Bt.l44X!      Jo.     4J  per  Cent.  Perp.  Deb.  Stock    ... 

I     ..      '   Simplex  Conduits  Ord 

5     ..  Do.     6  per  Cent.  Cum.  Pref. 

12  I'/O   llelegisjh  Consliutlion  4  Maintenance 
loo    iZ    ]     Dj.    4  per  Cent   Deb.  Bonds  (1909)    ... 

1    1/0   I  VivKers,  Sons  4  Maxim,  Ltd.. Ord 

Do.  6  per  Cent.  nou-Cum.  Preference 
Do.  6  jier  Cent.  non-Cum.  Preferred 
Do.  4  per  Cent.  1st  Mort.  Db.Sk.(red) 
L'o.  44  per  Cent.  2ud  Mort.  Deb.(red.) 
Do.  6  per  Cent.  3rd  Mort.  Debs  Scrip 
J.G.White&Co.ejlC-  '"-' 


1  W8 

ei.  6X 

fci.  m 

lUv  44% 

101.  fA 

i>  ty. 

1  l/u 

t  ilO 

£t.  *% 


lol 

110    bX 


Pref. 

&  KobiDSOD  Ord 

Do.    e  per  Cent.  Com.  Pref. 

Do      4  per  Cent.  1st  Mort.  Debs. 

TUtCRAPHS. 

Amazon  Tclegiapb 

Do      6  per  Cent.  Debs.  (red.  , .. 
bt.   16.0   t Anglo-American 
61.  bt.jO     tUo.    I'lefe;      ' 


liS-2,'« 
104  —107 

!5-liV 
1  -H 

%-i 
U-ii 
jj— 1 

4-1 
00  —ti 

J-14, 

i*':-i,;. 

IOj  —103 

1  -H 

6S  —73 
84  —87 

«— i 

68  — m 


71—77 

74-8 

8j  —IS 

:2i-)3 

lC6»-lo7*'  4    4 
144— If  J-    6  10 

104-Ui 

99  —101 

.i-J 


11  -t4 

li 

6  — 5J 
844-C.6        5     0 
100  -101*    3  IS 

2,-'..-'a  '  4   'J 

1, ••-!,',  I  3  II 
Hi)  — lii  »  9 
10)4 -U  3*  I  8  1? 
lOi    -lib       ■     ■ 


U5  -107 

t4-io4 

fB-3i 
Jt)  —80 


4  IS  U 
8  6  0 
3  16    0 


iX 
10    6,0 
10  U;/0 
6    2/0 
6|  6/0 
60    4jX 
20    f/0.   tDi: 
100    445;      Di 
fcl.   2!>/0      " 
HI.    17,8 


tt     4% 
St.    i/t) 


2i-8i 
93  -oe 

69  -bl 

d   102  -U3 

Deferred    \     I-'B-IUJ 

CcD  niercial  Cable  4  per  Cent.  Deb.Stk.l    iO  -li2 

CulaHulmarlne  Old. I       'J-" 

Do.    Prolerrnce  10  jier  Cent ''',~. 

Direcl  Spauifh  Ord j       24-dJ 

Do.    10  per  Cent.  Cum.  Pref.    1      t|-et 

Do.    44  per  Cent.  Deb 1  19/.— 101% 

Lnilel  States  Cable 

«estIndiaCable442Bg.Ob.(rd.) 

Kaelem  Ordinary 

Do.    34  per  Cent.  Pref.  Stock 


I5!i-13i  I  6 


)2il  — 12i( 
B44— tt4 


IwrCont.  Mort.  Deb.  Stk.  (red.)    1044-1»'<)«    8  'p 


ItO  4% 

25  4X 

10  f/O 

11*  4lX 

•^b  t2,B 


Do. 
Eastern  V^xteu 

tDo.    4  |*r  Cent.  Deb.  Stock 
Kaslerni:  .S.Al.  4%  U 


118-1'* 

:    10-.!  —104 

Bub.Debs.    100  — 102 


6  I'.l 
3  10 
3  18 


HO 
Ilk    tl 


n    1/3 
ItO    4% 


10    I/O 


O.N.  |.i  toienhagen),  with  Connon76    j     iOj- 2/1 
Ualilai*.  liein.nd.4*-<  latMt.Db.(red.)     in  —Un 

Inoo-luropeau  f  X.  all  614- 

Uackay  CGmpuuiea  l^ommon  j 

Do.     Ireleienco    

Marconi's  Wireless  Teleg.  Co 

I'acillc  4  Koropcu  Tel.4XUuu.Dlit.(red.) 

\\  ChX  Coast  ot  America  H 

Do.    4  )  er  1  ent.  Debs.    

We.tlLUia4  I'anama  « 

Do.    «  pfr  Lent,  lat  Pref  

10     )»/0i  Do.  0%2wl  Prel 

>-ii   by,    I     Dc.     6  per  Out.  Deba.       •—  — "-  1 i. "i    r;-,.       ,„,       .,1 

101  li/«    1    W    nuleliKiapl _       134—14        5     0     0     Mr,Jn,0,D       ISJ       I.S4 

tl    ty,    '      ji>u.     4  per  L<ul.  Deb   block  (ted.) 

•■   I  <;;     <   VVealeiii  I  nici.  lelefcli.  il  too  4,(  liouds 

*  In  calculating  the  jieldi.  kI|-.w.uic«  baa  been  made  for  accrued  Inteteat  but  not  lor  tadsmptlon, 


80   -14 

4  16 

II 

74-79 

6     1 

0 

9k  — lol 

3  19 

0 

U  -l| 

t  12 

0 

to  -101 

3  19 

0 

4-6 

„ 

8  -t* 

7     1 

8  —9 

«  13 

« 

101  -103 

4  1/ 

0 

134—14 

5     0 

0 

1024-1044 

3  18 

b 

97  -99 

i     1 

u 

Jan,  July 
Feb,  Ang 
Feb,  Aug 

Feb,  Ang 
Jan,  Jnly 
Jan,  JnlT 
Mar,  Sept 
Jan,  July 
Jan,  July 
M»y  .... 
April,  Oct 
Feb,  Ang 
May,  Not 
Feb,  Ang 
Jan,  July 
Jan,  July 
Jnne,  Deo 


April,  Got 
April,  Oct 

July,  Feb 
Jan,  July 
Jan,  Jnly 
Mar,  Sept 
Feb,  Ang 

Jan,  Jnly 
Mar,  Sept 
Jan,  July 
Jan,  July 
Jan,  Jnly 
Nov,  May 
May,  Not 
Feb.  Ang 
March  . . 
April,  Oct 
August ... 
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IN  O  T  £:  s. 


The  Attitude  of  the  Local  Government  Board. 

IiECEXT  events  seem  to  show  that  the  Local  (iovernment 
Board  is  inclined  to  e.xtend  its  sphere  of  authority  beyond 
the  limits  that  have  beeu  customary.  For  example, 
after  holding  an  inquiry  at  Finehley  into  that  Council's 
application  for  sanction  to  a  loan  of  £2,200  for  arc  lighting, 
the  Board  inquired  whether  the  Coiuicil  had  carefully  con- 
sidered tlie  relative  cost  of  street  lighting  by  electricity  and 
by  gas,  and  asked  for  copies  of  the  reports  of  the  Highways 
and  Lighting  Committee  on  the  subject.  To  this  request 
a  reply  was  sent  to  the  effect  that  the  Council  con- 
sidered they  were  the  best  judges  as  to  what  illuminant 
should  be  used  in  the  streets,  and  they  did  not  feel  they 
could  submit  to  any  outside  pressure  to  force  upon  them 
an  illmniuant  of  which  they  did  not  approve  and  which 
they  considered  for  the  present  purpose  was  not  so  satisfac- 
tory as  the  one  they  proposed.  The  Council  also  respect- 
iully  submitted  that  the  Board  was  not  called  upon  to 


decide  whether  gis  or  electricity  should  be  used.  A  some- 
what similar  incident  has  occurred  at  Gravesead  in  regard 
to  loans.  Apparently  the  Board  suggested  here  that,  in 
projecting  any  e.xtension  of  the  present  .system  of  public 
ligltting  by  electricity,  the  Council  should  carefully  consider 
the  comparative  cost  of  lighting  by  electricity  and  by  gas. 


It  is  a  little  difficult  to  understand  this  new  attitude  of 
the  Board.  Electric  lighting  has  become  uniformly  cheaper 
and  cheaper  during  the  last  few  years.  Why,  tlierefore, 
should  the  Local  Government  Board  be  particularly  an.vious 
at  the  present  moment  to  press  forward  the  claims  of 
gas  ?  If  there  v/ere  any  good  cause  for  doing  so,  it  would 
certainly  have  been  much  more  reasonable  years  ago  than 
at  the  present  time.  Occasionally,  no  doubt,  a  Council 
becomes  carried  away  by  some  e.xtravagaut  idea.  If,  for 
example,  it  were  proposed  to  light  all  the  small  side  streets 
of  a  town  by  mean.s-  of  arc  lamps,  we  should  feel  that  the 
Local  Government  Board  were  justified  in  suggesting  that 
the  claims  of  gas  should  be  considered  ;  but,  generally 
speaking,  a  local  Council  knows  best  the  local  needs.  For 
instance,  from  the  point  of  view  of  general  trade,  it  may 
be  worth  while  to  light  up  certain  thoroughfares  on  a  some- 
what lavish  scale,  and  when  such  claims  have  to  be  con- 
sitlered  local  knowledge  becomes  essential.  It  would  seem, 
therefore,  that  for  the  Local  Government  Board  to  interfere 
in  stich  purely  local  matters  as  the  form  of  illuminant 
to  be  used  is  unpardonable  interference  unless  the  circum- 
stances are  very  exceptional. 


Six  Months  of  Railway  Working. 

The  cycle  of  operations  that  is  indicated  in  the  various 
reports  on  the  last  half-year's  railway  working  just  issued 
should  prove  of  great  interest  to  electrical  engineers. 
First  we  have  chairmen  of  the  large  trunk  lines  com- 
plaining that  their  whilom  suburban  traHic  has  been 
greatly  cut  into  by  tlie  ever-encroaching  electric  tram- 
ways; then  the  tube  railway  chairmen  complain  that 
municipally-owned  tramways  tempt  away  some  of  their 
passengers  with  the  bait  of  lower  faros.  Meanwhile,  the 
tramways  themselves  are  doing  none  too  well,  and  although 
we  have  not  yet  been  told  that  their  misfortunes  are  due  to 
a  combination  of  railways  and  tubes,  yet  there  may  con- 
ceivably be  a  connecting  link  somewhere. 


The  reports  of  the  London  tube  railways  for  the  year 
ended  June  30,  1909,  are,  in  spite  of  many  troubles, 
encouraging  in  tone.     In  neai-ly  every  case  increased  re- 
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ceipts  are  accompanied  by  decreased  working  expenses  ;  but 
a  notable  exception  is  the  Central  l,ondon  Eailway,  the 
J^hepliei-d's  Bush  Exhibition  proving  to  be  less  attractive 
this  year  than  last.  AVe  fear  the  worst  of  the  diminution  in 
receipts  from  this  cause  has  yet  to  be  experienced.  Tlie 
problem  of  the  best  fares  to  charge  is  still  recei\ing 
attention,  and  in  this  connection  it  is  interesting  to  note  that 
the  experiment  made  some  months  ago  by  the  Central 
London  Eailway ,  by  introducing  1  d.  fares  for  short  distances, 
in  place  of  the  uniform  2d.,  has  been  almost,  if  not  quite, 
justified.  The  increase  in  passengers  has,  in  fact,  nearly 
repaid  the  loss  sustained  in  hahing  the  fare.  The  Great 
Xorthera  &  City  llailway  retains  its  unfortunate  finan- 
cial position,  which  is  unlikely  to  improve  except  by 
judicious  extension  of  the  line.  On  the  City  «&  South 
London  Eailway  the  question  of  reducing  the  fares 
with  the  hope  of  regaining  those  passengers  who  have 
deserted  the  tube  for  the  tramways  is  under  considera- 
tion. The  case  of  this  railway  is  peculiarly  hard. 
Over  a  considerable  section  of  its  route  it  "finds 
itself"  in  direct  competition  with  the  County  Council 
tramways,  on  which,  as  is  well  known,  the  penny  stages 
are  of  enormous  length.  It  is  difficult  to  see  how  this  state 
<if  things  can  now  be  a^'oided,  but  it  is  only  one  of  the  many 
examples  of  the  folly  of  allowing  the  London  traction 
ujidertakings  to  be  put  together  in  a  piecemeal  fashion,  and 
without  the  control  of  any  proper  central  revising  authority. 


The  good  results  which  have  been  obtained  from  co- 
operation as  regards  the  interchange  facilities  for  pas- 
sengers between  the  various  tubes  are  very  satisfactory, 
and  this  is  a  direction  in  which  the  companies  should  be 
able  still  further  to  develop  their  traffic.  It  is  surprising 
how  many,  even  of  the  regular  residents  in  London,  are 
ignorant  of  the  best  way  to  reach  some  part  of  the  metro- 
polis remote  from  their  own  district.  If  they  are  once 
impressed  with  the  idea  that  the  nearest  way  is  by  "  tube," 
much  will  have  been  accomplished.  There  is  no  doubt 
that  the  use  of  the  " LTnderground "  for  "across  London  " 
journeys  is  increasing,  and  this  is  a  branch  of  travel  which 
the  companies  should  encourage  by  providing  even  greater 
interchange  facilities  than  are  available  at  present. 


Most  of  the  trunk  railways  seem  to  be  undecided  how  to 
regain  their  lost  suburlian  traffic.  To  adopt  electric  trac- 
tion would  seem  the  obvious  way,  but  a  certain  not  alto- 
gether unjustifiable  timidity  is  noticeable,  and  a  tendency 
to  await  the  results  of  the  electrification  on  the  London, 
lirighton  &  South  Coast  Enilway  before  attempting  any- 
thing on  their  own  account  is  also  apparent.  The  new  line 
on  the  London  &  Xorth-Western  Eailway  from  Enston  to 
Watford  is,  however,  under  construction,  and  makes  one 
more  example  of  the  adoption  of  electric  traction  on  a 
railway  not  purely  urban  in  character. 

Cable  Interruptions.  Date  of  Interruption. 

Tangier— Cadiz May  19,  1909 

Tourane— Araoy    ._ June  17,  1909 

Assab— Perim     July    8,1909 

Gibraltar — Tangier    Aug.  7,  1909 

Cueta— Tangier Aug.  7,  1909 

Melilla  — Chafrinas    _ Aug.  7,  1909 

Corfu— Trieste  _ _ Aug.l6,  1909 


High- Tension  Disaster. — It  is  announced  that  a  serious 
disaster  has  occurred  at  Olginate,  near  Lecco,  in  Italy,  due  to 
a  high-tension  wire  coming  into  contact  with  the  low-tension 
wires  supplying  light.  Details  are  not  to  hand,  but  it  ap- 
pears that,  as  a  result  of  the  accident,  10  persons  were  killed. 

The  Tramways  and  Light  Eailways  Association. — The 
"  Official  Circular  "  of  this  Association  for  August  contains  a 
copy  of  the  recently-published  Board  of  Trade  Regulations, 
while  various  Association  matters  also  receive  attention. 

Electric  Traction  in  Brazil. — According  to  the  "Electric 
Railway  Journal  "  an  electric  railway  10  miles  long  has 
been  projected  to  connect  .Joinville,  the  principal  trade 
centre  of  the  State  of  Santa  Cathrina,  Brazil,  and  Lake 
Sogaussu,  an  ocean  harbour  affording  good  anchorage  for  the 
largest  vessels.  All  goods  to  and  from  Joinville  are  at  present 
handled  by  liarges  from  the  port  of  San  Francisco. 

Electric  Mail  Waggons. — ''The  Times  "  Engineering  Supple- 
ment states  that  the  Post  Office  Department  of  New  York 
City  has  been  experimenting  with  electric  in  place  of  horse- 
drawn  vehicles.  The  Motor  Delivery  Co.  has  a  contract  to 
supply  these  electric  mail  waggons,  and  14  are  in  use  at 
present.  It  is  the  intention  to  put  an  extra  number  in  service 
during  the  Christmas  holiday  season,  when  there  is  such  an 
enormous  quantity  of  packages  to  handle.  Of  the  cars  now  in 
use,  two  have  a  capacity  of  4,500  lb.,  four  of  2,500  lb.  and 
eight  of  1,3001b.  It  is  stated  that  they  have  resulted  in  a 
considerable  saving  in  time. 

Central  London  Railway  Ex;tension.  -Parliamentar}-  powers 
having  been  obtained,' the  work  of  extending  the  Central  Lon- 
don Railway  from  the  Bank  to  Liverpool-street  has  begun. 
The  new  line  will  provide  for  the  first  time  a  direct  train  ser- 
vice from  Liverpool-street  to  the  West  End.  A  new  subway 
is  to  be  constructed  giving  additional  access  to  the  Bank 
station  from  the  street.  The  work  undertaken  by  the  com- 
pany includes  the  construction  of  a  moving  platform  con- 
necting the  British  Museum  station  of  the  Central  London 
Railway  with  the  Holborn  station  of  the  Great  Northern,  Picca 
dilly  &  Brompton  Railway.  These  improvements  will  greatly 
facilitate  London  traffic. 

Construction  of  Electrically-worked  Main  Lines  in  th€ 
United  States. — At  a  recent  meeting  of  the  Verein  fiir  Eisen 
bahnkunde  a  Paper  bearing  the  above  title  was  read  by  Hen 
E  C.  Zehnie,  editor  of  the  "  Elektrotechnische  Zeitschrift.' 
The  author  describes  his  visits  to  the  New  York  Central  i^ 
Hudson  River  Railway,  the  New  Haven  &  Hartford  Railway 
the  Long  Island  Railway,  the  West  Jersey  &  Seashore  Rail 
way  and  the  Rochester  it  Erie  Railway.  The  principal  points 
of  both  the  stations  and  plant  supplying  these  lines,  and  of  th(; 
equipment  of  the  lines  themselves  are  described  and  criticised 
The  leading  features  of  all  these  lines  have  been  described  at 
various  times  in  The  Electrician,  so  that  we  are  not  able  tc 
deal  with  them  again,  but  we  may  congratulate  Herr  Zehm( 
on  having  collected  into  a  small  space  a  large  amount  of  very 
useful  information. 

New  Hydro-Electric  Station  at  Zurich. — The  municipalitj 
of  Zurich  is  at  present  constructing  a  large  station  near  Sils 
for  supplying  the  town  with  energy  for  light  and  power 
1  )etails  of  this  station  .are  given  in  "  L'  Electricien."  A  barrage 
which  has  been  built  near  Nisellas,  will  allow  a  catchment  are. 
containing  4"_'0,000  cubic  metres  of  water  to  be  obtained.  Fron 
this  the  station  will  be  supplied  through  a  number  of  pipe 
6i  ft.  in  diameter  at  the  top  and  G  f t.  in  diameter  at  the  hot 
tom.  The  machine  room  will  contain  six  2,000  kw.  hydro 
electric  sets,  while  transformers,  Ijy  which  tlie  generator  voltagi 
will  be  stepped  up  from  7,000  to  46,000  volts,  will  also  bi 
provided.  The  transmission  line  will  bo  S5  miles  long.  I 
will  be  made  up  of  two  entirely  distinct  conductors  carried  fo 
the  most  part  on  armoured  concrete  poles. 

New  Detector  for  Wireless  Telegraphy  and  Telephony. — Ii 
a  note  in  a  recent  rnimber  of  the  "Comptes  Rendus"  M 
G.  E.  Petit  describes  a  detector,  due  to  M.  Meunier,  whic 
consists  of  a  conducting  point  resting  on  natural  iron  pyrite: 
This  arrangement  works  without  a  cell,  as  do  the  Peukei 
and  other  similar  detectors,  but  has  the  advantage  over  thes 
latter,  and  over  those  of  the  electrolytic  typo,  that  it  is  nc 
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harmed  Ijy  the  action  of  strong  discharges  or  atmospheric  dis- 
turbances. One  of  these  detectors  has  been  in  use  since 
February  of  this  year  at  the  Government  stations  at  Saintes- 
Maries-de-la-Mer  and  Alger,  and  has  lieen  found  to  be  as  sen- 
sitive and  as  constant  as  the  better  known  detectors.  The 
pyrites  can  be  displaced  in  two  rectangular  directions  by  micro- 
meter screws,  thus  ensuring  that  contact  is  made  at  the  points 
of  maximum  sensil)ility.  The  point  is  placed  at  the  end  of  a 
lever,  which  carries  a  movable  and  counterpoising  weight  to 
regulate  the  contact. 

Impedance  of  Telephone  Lines. — In  a  recent  numlter  of 
"La  Lumiere  Electrique,"  M.  Devaux-Charbonnel  gives  the 
following  results  of  some  experiments  he  has  made  on  this 
subject.  He  .=tates  that  the  impedance  is  very  nearly  equal 
to  a  simple  ohmic  resistance  for  lines  with  appreciable  self- 
induction,  while  it  is  independent  of  the  frequenc)'.  The 
impedance  of  the  double  apparatus,  receiver  and  transmitter, 
is  practicall}'  equal  to  the  ohmic  resistance  when  the  line  is 
aerial,  while  for  underground  lines  the  imiiedance  is  equivalent 
to  a  capacity  in  series  with  a  resistance  varying  ver}'  distinctly 
with  the  frequency.  In  another  article  the  same  author  deals 
with  some  interesting  practical  cases,  beginning  with  lines  of 
short  length.  He  is  of  the  opinion  that  in  urban  districts  sup- 
plied by  aerial  lines  the  hearing  does  not  depend  on  the  nature 
of  the  line  employed  but  entirely  on  the  apparatus.  When 
underground  conductors  are  used  the  abo\e  is  only  true  when 
the  length  of  line  does  not  exceed,  say,  2i  miles.  The  author  also 
goes  into  the  question  of  what  occiu's  on  long  lines,  not  neglect- 
ing, as  is  usualh-  done,  the  effect  of  the  apparatus  and  the 
impedance  of  the  line,  for  the  consideration  of  the  attenuation 
of  the  line  alone  is  insufticient.  Lastly,  he  attempts  to  dis- 
cover whether  it  is  possible  to  increase  the  range  of  lines,  and 
what  steps  should  be  taken  for  this  purpose. 

Effect  of  Dampness  on  Marble  Panels. — In  a  recent 
number  of  "  La  Nature  "  this  question  is  discussed,  it  being 
shown  that  marble  is  not  a  good  insulator  unless  protected 
against  damp.  It  has,  in  fact,  been  noted  that  on  several 
distribution  boards  carrj'ing  apparatus  at  1 10  volts  the 
leakage  to  earth  is  directly  due  to  the  marble  being  in  con- 
tact with  the  damp  walls.  For  instance,  in  an  installation 
where  the  normal  insulation  resistance  was  300,000  ohms 
the  actual  resistance  was  never  more  than  25,000  ohms,  owing 
to  the  presence  of  a  lightning  arrester  fixed  to  a  damp  wall, 
while  the  dampness  had  so  impregnated  the  marble  that  the 
loss  to  earth  was  easily  shown  bj-a  gahanometer.  In  another 
case  a  lightning  arrester  was  i.onipletel}'  spoilt  on  account  of 
certain  electrolytic  phenomena  caused  by  the  moisture  and  by 
the  conductivity  of  the  damp  marble.  The  copper  plate  of 
this  arrangement,  which  was  connected  to  the  [lositive  pole 
of  the  line,  was  totally  destroj'ed,  sulphate  and  carbonate 
of  copper  being  formed.  These  copper  salts  had  deeply  im- 
pregnated the  marble  panels,  while  the  fixing  screws  were  also 
destro3'ed.  It  is  therefore  necessarj'  that  marble  panels  should 
be  insulated  from  direct  contact  with  the  walls.  Packing 
pieces  of  paraffin-impregnated  wood  treated  with  shellac  should 
be  used,  and  porcelain  insulators  interposed  between  the  wood 
:iud  marble  to  allow  an  air  circulation.  By  this  means  the 
harmful  effect  of  moisture  can  be  avoided. 

The  Engineering  of  Ordnance. — It  will  be  remembered  that 
at  the  time  of  his  death  M.  Gustave  Canet  was  president  of 
the  Junior  Institution  of  Engineers,  and  that  in  commemora- 
tion of  this  fact  his  widow  ]ireseuted  a  gold  medal,  which  was 
to  be  awarded  ever}-  year  to  the  reader  of  a  Paper  l}efore  the 
Institution.  The  first  of  these  medals  has  been  awarded  to 
Lieut.  A.  Trevor  Dawson,  TIN.,  and  his  lecture  on  "The 
Engineering  of  Ordnance  "  was  delivered  on  .lune  30th  last. 
We  haAe  now  received  from  the  Institution  a  reprint  of  this 
'ecture,  which  is  fully  illustrated,  and  which,  though  not 
ossentially  electrical,  contains  many  items  of  interest  to  engi- 
neers generally.  The  lecturer,  after  briefly  considering  the 
scope  of  M.  Canet's  work  and  its  influence  on  the  development 
of  ordnance,  describes  this  development  in  an  historical 
manner  from  the  earliest  days,  and  gives  at  some  length  the 
various  methods  of  manufacture,  dividing  his  subject  into  the 
influence  of  metallurgy  on  guns,  the  influence  of  explosives 
generally  on  the  ballistics  of  guns,  and  lastly,  the  influence  of 
mechanics  on  ordnance.    In  this  last  part,  electrical  mountings 


for  guns  of  various  sizes  are  dealt  with.  An  interesting  piece 
of  apparatus  described  in  this  connection  is  the  .lanney  con- 
U'oUer,  which  is  designed  for  protecting  the  motor  from  those 
variations  in  load  which  are  necessarily  present  in  gun  work. 
These  especially  arise  from  the  large  variation  of  speeds  and 
frequent  reversals  of  direction  which  are  required  in  manipu- 
lating the  guns.  The  details  of  artillery  are  of  necessity 
to  a  certain  extent  shrouded  in  mystery,  and  although, 
of  course,  he  has  not  given  away  any  secrets,  the  author  has 
been  able  to  put  before  the  members  of  the  Institution  a  good 
idea  of  the  present  state  of  ordnance,  from  the  engineering 
point  of  view,  and  his  paper  seeing  how  seldom  we  obtain  any 
information  on  this  subject,  is  doubly  interesting. 

Municipal  History  and  Works  of  a  Small  City. — In  his 

recent  presidential  address  to  the  Institution  of  Municipal 
Engineers,  delivered  at  Durham  on  August  7th,  Mr.  -J.  T. 
Pegge  at  once  followed  in  the  steps  of  many  of  his  predecessors 
and  struck  out  a  new  line  for  himself.  He  dealt  with  his  own 
work  as  surveyor  of  the  City  of  Durham,  but,  in  so  doing,  gave 
some  most  interesting  historical  information  on  the  develop- 
ment of  this  city  as  regards  its  streets,  main  sewerage,  scaveng- 
ing, police,  lighting  and  water  supply.  A  perusal  of  the  address 
shows  that,  while  Durham  was  probably  no  worse  than  other 
towns  at  that  time,  it  was  certainly  no  better  in  these  respects 
and  that  up  to  quite  a  few  years  ago  matters  of  "  public  safety  " 
were  looked  after  in  an  essentially  happy-go-lucky  st^le.  As 
regards  lighting,  the  coronation  of  George  III.  was  celebrated 
by  the  Durham  inhabitants  of  those  days  by  placing  rushlights 
and  candles  in  each  of  the  house  windows.  This  method  of 
illumination,  together  with  the  time-honoured  lanthorn,  appear 
to  have  lieen  the  only  lighting  provided  after  sunset. 
Naturally  revellers  of  all  kinds  held  high  court.  In  1814, 
as  the  result  of  riotous  conduct  in  certain  districts  after 
dark  it  was  decided  to  instal  oil  lamps,  but  this  method  of 
illumination  did  not  find  favour  with  the  inhabitants  who  took 
every  opportunity  of  extinguishing  the  lamps  b}'  means  of 
stones,  or  even  removing  them  altogether.  In  1878  gas  was 
first  introduced  and  the  streets  are  now  lighted  by  modern 
incandescent  burners.  Early  in  1901  the  Council  leased  their 
powers  for  21  years  to  the  Durham  District  Electricitj' 
Co.,  and  this  company's  interests  were  taken  up  by  the 
County  of  Durham  Electric  Power  Distribution  Co.,  having 
their  generating  station  at  Carville-on-T3'ne,  near  the 
source  of  the  coal  supply.  There  is  a  transforming  station 
just  outside  this  town  on  the  north,  from  which  the  cur- 
rent is  supplied  to  the  Durham  station,  now  a  supply 
centre  only,  the  Babcock  &  Wilcox  boilers,  Chandler  engines 
and  dynamos  not  being  used.  The  Aykley  Heads  sub- 
station takes  its  supply  at  20,000  volts,  three-phase,  -40  cycles 
per  second.  Here  it  is  transformed  to  5,500  volts,  and  re- 
ceived at  Durham  City  by  means  of  two  separate  feeders.  The 
feeders  are  lead-sheathed  cables,  laid  partly  iolid  and  partly 
drawn  in  through  earthenware  ducts,  the  latter  having  been 
originally  laid  for  tramway  cables.  B}'  using  this  method  the 
cables,  which  at  this  part  of  the  route  are  armoured,  were 
drawn  through  without  again  disturbing  the  streets.  At 
Durham  City  sub-station  the  supply  is  converted  to  480  volts 
direct  current  by  means  of  motor-generators.  The  mains 
originally  laid  in  the  city  were  three  core  vulcanised  bitumen 
cables  laid  solid  in  wooden  troughing;  for  later  extensions 
three-cored  copper,  lead  and  [laper-covered  cables  have  been 
used,  laid  soliil  in  earthenware  troiighiug.  The  low-tension 
feeders  are  triple  concentric  vulcanised  bitumenised  cables,  also 
laid  solid.  The  parts  outlying  the  city  are  supplied  by  means 
of  overhead  three-wire  lines  ;  in  some  cases  triple-braided  cables 
are  used,  in  others  bare  conductors  with  split  neutrals.  The 
pressure  of  supply  in  the  city  is,  on  the  three-wire  system, 
at  240  volts  for  lighting  and  480  volts  for  power,  and  all 
motors  above  1  ii.i'.  have  to  be  connected  across  the  outers. 
The  number  of  connections  to  the  company's  mains  in  Durham 
is  about  500.     The  tariffs  are : — 

Lighting,  3Jd.  per  unit  less  5  per  cent,  discount. 

Motive  power,  1,000  B.T.U.  per  quarter I'M.  \^i  unit. 

Next  50,000     „        „        „        IZSd. 

50,000     ,,        ,,        , 1-OOd. 

50,000     „        „      '  „        0-75d.        „ 

Ho-ating  radiators,  IJd.  per  unit,  if  on  separate  circuit  and  meter. 
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TYPES  OF  ALTERNATING-CURRENT  COMMUTATOR 
MOTORS  AND  THE  BEST  FREQUENCY  FOR 
RAILWAYS.* 

BV   F.    EICHBEKf!. 

Summart/. — The  author  investigates  the  influence  of  the  frequency  on 
the  generators,  transformers,  transmission  line,  and  more  especially  on 
single-phase  commutator  motors. 

TVhen  single-phase  railways  began  to  be  projected  in  the  years  pre- 
ceding 19l>2  and  1903,  those  engineers  who  favoured  resistance  con- 
nections as  the  best  means  for  improving  commutation  cliose  fre- 
quencies of  15  and  16.  whilst  others,  who  resorted  to  cross-field 
commutation,  were  less  limited  in  their  selection  and  adopted  23  as 
a  standard — for  it  was  considered  that  all  extensive  railway  systems 
would  also  be  able  to  supply  energy  for  other  purposes  than  trac- 
tion. There  is  still  much  to  be  said  for  this  latter  point  of  view. 
Motors  can  be  economicalh"  built  for  practical  speeds  at  25  cycles. 
Incandescent  illumination  can  be  successfully  carried  out  at  40-50 
volts  at  this  frequency,  whilst  even  arc  lamps  for  outside  use  can 
be  satisfactorily  made.  The  further  below  25  cycles  we  go,  the  worse 
it  is  for  motors  and  lamps  in  general.     Apart  from  these  general 
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Ct  lags  90  deg.  behind  I.  To  counterbalance  this  pressure  the  coil 
undergoing  commutation  must  rotate  in  a  field  perpendicular  in 
phase  to  I.  To  distinguish  this  field  from  the  commutating  field, 
we  will  call  the  former  the  "  cross  field."  and  denote  it  by  <l>.  Then, 
to  neutralise  the  short-circuit  E.M.F.. 

a,%#7i=j-ivF (2) 

where  x^=^a  constant  and  n  the  speed.  $  must  therefore  be  per- 
pendicular to  F  and  proportional  to  F  and  'u/n.  Some  motors  have 
no  cross  field  while  others  are  provided  with  a  correct  cross  field 
over  a  certain  range  of  speed.  It  is  not  possible  to  have  the  proper 
cross  field  for  all  speeds,  for  this  would  mean  <!>=  oo,  at  n  =  0 ;  also 
at  low  speeds  it  is  not  possible  for  4>  to  increase  suthciently  on  account 
of  saturation.  This  cross-field  can  also  be  produced  by  a  con- 
centrated winding,  in  which  case  we  shall  call  it  an  "  auxiliary 
cross  field.'" 

To  consider,  first,  those  machines  in  which  the  cross  field  isjdis- 
tributed  over  the  whole  circumference,  we  shall  assume  for  the  sake 
of  uniformity  that  in  addition  to  the  compensating  %\inding  in  series 
(Fig.  1)  there  is  also  a  compensating  winding  in  parallel.  To  these 
two  energy  windings  in  parallel  on  the  stator  and  rotor  let  the  same 
pressure  be  applied,  or.  as  is  more  generally  the  case,  connect  them 
with  two  magnetically-interlinked  transformer  windings,  in  such  a 
way  that  the  pressure  per  turn  in  stator  and  rotor  winding  is  the 
same.  If,  then,  a  current  is  caused  to  flow  through  one  of  these 
windings  by  some  means  (e.5r.,by  an  E.M.F.  due  to  rotation),  then 
automatically  the  current  flowing  in  the  second  winding  will  neutra- 
lise the  ampere-turns  of  the  first  winding  {see  Fig.  2). 

If.  however,  unequal  E.Jl.F.s  per  turn  are  applied  at  the  stator 
and  rotor  windings  (Fig.  3),  the  rotor  will  speed  up  until  the  positive 
or  negative  additional  E.ll.F.  is  induced  by  rotation  in  F.  The 
current  taken  by  the  energy  windings  in  stator  and  rotor  will  be 
determined  by  the  requu-ed  torque  and  the  field  F.  Compensation, 
however,  is  always  present. 


considerations,  the  advantages  and  disadvantages  of  the  several 
parts  of  the  installation  itself,  viz.,  the  traction  motors,  the  trans- 
formers— both  stationary  and  transportable — the  line  and  the 
generators,  come  into  the  question. 

I.  The  Motors. — In  considering  the  different  types  of  single-phase 
commutator  motors,  commutation  is  the  most  important  factor. 
Compared  with  this,  weight  and  efficiency,  heating  and  power  factor 
occupy  but  a  secondary  place.  Given  equal  conditions  of  commu- 
tation, the  safety  of  working  and  maintenance  will  also  depend  on 
the  system  of  construction  used. 

Let  tis  now  see  how  all  these  points  are  influenced  by  the  fre- 
quency. In  order  to  commutate  the  current  a  "  commutating 
E.M.F.''  is  required  to  overcome  the  so-called 
reactance  voltage  just  as  in  continuous-current 
machines.  This  E.M.F.  is  directly  propor- 
tional to  the  current  at  any  instant,  conse- 
quently the  field  producing  it  must  be  displaced 
180  deg.  in  phase  from  that  of  the  armature- 
current.  According  to  the  design,  the  armature 
reaction  can  be  either  non,  partly,  totally  or 
over-compensated.  The  field  for  in'tucing  the 
commutating  E.JI.F.  can  be  produced  either 
b}'  a  distributed  winding  (compensating  or 
energy  winding)  or  a  concentrated  winding 
(commutation  poles).  Also,  by  merely  dis- 
placing the  brushes  the  required  commutating  field  may  be  obtained. 
This  field  also  has  the  frequency  of  the  current  and  does  not  vary 
with  the  speed. 

In  alternating-current  commutator  motors  there  is  a  second 
E.M.F.  set  up  in  the  short-circuited  coils  due  to  the  pulsation  of  the 
exciting  field  F.  We  will  call  this  the  "  short-circuit  PJ.M.F."  and 
denote  it  by  e*.     Then 

€v  =  a-,'-oF, (1) 

where  ar,  is  a  constant  and  -^  the  frequency,  e^  is  displaced  from  F 
by  90  deg.  in  phase,  so  that  if  the  main  current  I  is  in  phase  with 
the  flux  F  (which  is  practically  the  case  in  all  good  machines),  then 

*  Lecture  given  before  the  Elektrotechnischer  Verein.  Abstracted 
from  the  '•  Elektrotcchnische  Zeitschrift." 


Fig.  4a. 


Fio.  4b. 


The  difi'erence  of  these  pressures  per  turn — with  respect  to  same 
dii-ection  of  winding — is  proportional  to  the  effective  energ)'  pressure 
A,,,,  for  which  the  following  equation  holds  : — 

A,,„  =  .r3«F ,     .     .     (3) 

where  2:3= constant. 

For  the  sake  of  simplicity  assume  equal  turns  in  the  stator  and 
rotor,  then 

A,„,  =  A,-A,, 

where  Ai=  pressure  applied  to  stator  energy  winding, 

A,=  ,.  „  rotor         „  „ 

Since  only  the  E.M.F.  induced  by  the  cross  field  *  can  exist  in  th* 
stationary  stator  windins.  then 

A.-x^-v* (4) 

where  x^  is  also  a  constant. 

Substituting  equations  (3)  and  (4)  in  (2)  we  get  the  condition  for 
zero  short-circuit  pressure,  viz.  : — 

A,  A,„, 

Xi  '\>         '        X3/I 


^=w~y=Kr-y (o) 


Hence  for  each  ratio  A,/Ai„t  there  is  one  speed  for  which  the 
short-circuit  pressure  becomes  zero,  and  at  which  the  alternating- 
current  commutator  motor  commutates  as  well  as  a  compensated 
continuous-current  motor.  How  this  is  obtained  is  theoretically 
indifferent.  In  Figs.  I  to  3  it  is  assumed  that  the  winding  sense  of  the 
two  energy  windings  is  the  same  and  is  indicated  by  the  dotted 
arrows.  The  direction  of  the  current — which  provides  the  com- 
pensation— is  shown  by  the  full-lined  arrows.  Throughout  it  has 
been  assumed  that  the  exciting  flux  is  in  phase  with  the  energy 
current. 

These  considerations  lead  us  in  a  simple  manner  to  a  general 
survey  of  the  various  types  of  single-phase  commutator  motors. 
With  respect  to  the  energy  axis  we  can  distinguish  between  the 
following  three  classes  : — 

Group  /.—.Machines  where  the  energy  current  is  only  trans- 
mitted to  the  rotor  :  -A,^0.     {Set  Figs.  4a  and  4b.) 
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Orotip  II. — Machines  where  the  energy  current  is  only  led  to  the 
stator  :— A,=At„t.     (<S'ee  Figs.  5a  and  5b.) 

Gwnp  III. — Machines  in  which  energy  currents  are  sujiplicd  to 
both  stator  and  rotor  :— Ai  <  or  >  Ai„i-     ("Sfe  Figs.  Ca  and  6b.) 

Machines  in  groups  II.  and  III.  possess  a  cross  field.  Machines 
in  grou]5  I.  (to  which  the  ordinary  series  motor  belongs)  have  a 
neutralised  short-circuit  pressure  for  m=oo  ,  since  Ai  =  0.  -Machines 
belonging  to  group  II.  possess  a  complete  cross  tield.  The  short- 
circuit  pressure  is  neutralised  at  n=  '^j, since Aj  =  At„f  Inmachines 
of  group  III.  ideal  commutation  conditions  can  be  obtained 
over  a  wide  range  of  speed.  There  are  means  for  also  keeping  the 
short-circuit  pressure  small  over  a  wide  range  in  groups  I.  and  II. — 
these  are  also  applicable  to  group  III.,  when  Ai/Atot  is  only  varied 
by  large  amounts  at  a  time.     There  are  three  ways  of  doing  this  : — 

(a)  We  can — independently  whether  any  or  no  cross  field  $  is 
present — provide  a  special  cross  field  ("  auxiliary  cross  field  "). 
The  pressure  e,  which  is  to  be  applied  to  the  auxiliary  winding,  to 
produce  this  field,  depends  on  the  ratio  of  the  auxiliary  flux  0  to  $ 
and  on  the  number  of  turns  of  the  auxiliary  winding.  Within 
certain  limits  it  will  always  be  possible  to  find  Cj,  so  that 


This  is  only  limited  by  saturation — that  is,  by  low  speeds,  but  no 
by  high.  Actually,  all  speeds  from  re=J  J"^  onwards  can  be  regu 
lated. 

(6)  The  second  method  consists  in  affecting  the  cross  field  by 
altering  the  reluctance  or  by  shifting  the  brushes. 

(c)  The  third  method  consists  in  the  use  of  resistance  connections. 
By  this  means,  the  short-circuit  E.M.F.  is  not  neutralised  but  only 
the  current  kept  down,  whilst  these  connections  cause  a  2  to  3  per 
cent.  loss.  The  pressure  between  segments  is  also  limited  in  machines 
with  only  these  connections,  for  at  15  volts  alternating  current 
an  arc-over  can  occur.  Thus,  when  the  brushes  stand  on  two 
segments  the  maximum  pressure  between  segments  must  not  exceed 


Fig.  5a. 


Fig.   5b. 


7-5  volts  or  a  mean  value  of  about  5  volts.  Since  better  means  are 
at  hand,  the  use  of  resistance  connections  should  be  avoided. 

The  limit  of  cross-field  commutation  lies  below  synchronism  since 
the  cross  flux  <^  (or  0,  as  the  case  may  be)  depends  on  saturation. 
But  suice  At„t  also  comes  in  the  numerator,  the  range  of  good  com- 
mutation can  be  increased  downwards  by  lowering  Atot.  or,  since 
Ati)t=a;3TOF,  by  decreasing  the  flux  F,  which  is  accomplished  by 
means  of  the  well-known  exciting  or  variable  ratio  transformer. 

Actually  this  and  the  use  of  resistance  connections  represent  the 
only  means  of  governing  commutation  at  low  speeds  and  starting, 
and  can  be  used  with  machines  of  all  types.  When  an  exciting 
transformer  is  used  the  flux  at  starting  is  reduced  some  30  to  40  per 
cent.  This  forms  a  very  safe  method,  for  the  increase  in  the  energy 
current  at  these  low  speeds,  where  the  commutating  pressure  is  very 
small,  is  not  harmful.  This  method  is  much  safer  than  the  use  of 
resistance  connections.  The  commutating  field  and  the  cross  field 
combine  to  give  the  resultant  field  reqxiired  for  commutation.  This 
provides  for  ideal  commutation  from  «  =  0-3  — 0-4tv  to  re=  oo.  Below 
this  limit  either  the  field  must  be  weakened  or  resistance  must  be 
used  for  keeping  the  short-circuit  losses  within  desired  limits. 

Turning  now  to  the  actual  machines,  take  the  most  difficult 
case :  A  goods  locomotive  with  direct-coupled  motors  ;  these 
motors  to  be  requii'ed  to  yield  a  steady  pull  of  12,000  kg.  at  low 
speeds  and  develop  a  speed  of  70  km,  to  80  km.  per  hour  on  the 
level  when  drawing  a  train  of  400  tons.  We  shall  consider  the 
motors  for  15  and  25  cycles  respectively,  assuming  the  same  con- 
ditions of  torque  and  speed  and  also  with  respect  to  the  ratio  of  the 
maximum  pull  possible  to  that  limited  by  adhesion.  The  active 
material  of  each  machine  is  designed  for  the  maximum  p\dl  of 
15,000  kg.  and  steady  pull  of  12.000  kg.  at  speeds  up  to  4(1  km. 
per  lir.,  and  maximum  speed  of  70  to  80  km.  per  In.,  when  exerting 
a  pull  of  3,000  kg.  The  I5-cycle  machine  will  have  12  poles. 
the  25-cyclo  machine  20  poles.  The  pressure  between  segments 
is  the  same,  hence  the  short-circuit  losses  at  starting  arc  the  same. 


It  is  immaterial  for  starting  whcllicr  the  connections  shown  in 
groups  I.,  II.  or  III.  are  used  ((jr  normal  wc.rking.  In  each  case 
resistance  connections  c(juld  be  used — or,  still  better,  a  weakened 
field.  Shortly  after  starting,  a  go<xl  commutating  field  oan  be  pro- 
vided cither  by  a  com|)ensating  winding  or  commutating  poles, 
quite  independent  of  what  system  of  connections  is  used.  In  the 
designs  it  has  been  assumed  that  the  excitation  is  effected  by  means 
of  the  rotor  winding.  It  could  equally  well  be  done  by  the  stator 
winding — though  at  the  expense  of  copper  and  power  factor. 

15  cycles,  12  poles.        25  cycles,  20  poles. 


Single  air-gap    3  mm. 

Dia.  of  stator  plates  (outside)  l,9.j()    ,. 

„             „               (bore)  l,ti20    „ 

Total  length  of  core 4:?l)    „ 

Diameter  of  commutator. 1,500    „ 

Length  of            „            3.30    „ 

Total  number  of  brushes 84=l)0-f  2- 

Watt/rfm,      7li 

Pressure  between  segments...  5-07  volts 

Active  weight  of  iron  5,400  k<;. 

Stator  and  rotor  copper  1,215  „ 

Copper  in  commutator 390  ., 

Total  weight  of  motor 12,y(J0  ,. 


3  mm 

2,000 

1,720 
390 

1,500 
470 
?=100 
95-5 
.5  volts 

4,140  kg. 

885  „ 

550  „ 

11,800  „ 


*i 


We  thus  see  that  the  two  machines  do  not  differ  much  in  iron, 
whilst  the  15-cycle  machine  has  more  copper  in  its  windings  but 
less  on  its  commutator.  The  total  weights,  output,  heating  and 
power  factors  are  practically  the  same,  and  the  only  real  difference 
is  in  the  larger  number  of  brushes  and  larger  commutator  surface 
of  the  25-cycle  machine.  Both  machines  give  the  same  torque  for 
the  same  starting  losses  and  sparking,  and  can  take  the  same  over- 
loads, though  experimental  results  seem  to  show  that  slipping  occurs 
earlier  with  the  low-cycle  machine. 

The  machines  without  armature  excitation,  either  with  or  without 
a  cross  field,  are  worse  for  the  higher  number  of  poles  ;  consequently 
their  supporters  favour  low  frequencies.  For  higher  frequencies 
armature  excitation  becomes  necessary. 


(W/VtO 


Fig.  6it. 


Group  it.  possesses  the  simplest  construction  of  motors  and 
switchgear — it  has  not  only  the  smallest  currents  but  also  the  least 
number  of  leads.  With  this  connection,  however,  commutating 
coils  are  necessary  for  obtaining  a  good  range  of  commutation. 
With  group  I.  commutating  poles  are  essential.  In  group  III. 
correct  commutation  is  obtained  automatically.  For  perfect  start- 
ing, machines  of  all  groups  require  a  variable  ratio  of  exciting  to 
energy  turns.  Armature  excitation  is  preferable  in  each  case.  This 
is  best  adapted  for  giouj)  II..  where  tlie  short-circuit  E.M.F.  under 
the  exciting  brushes  is  always  zero.  When  vised  with  groups  I.  and 
III.,  special  means  must  be  employed  for  keeping  down  the  short- 
circuit  E.M.F.  under  the  exciting  brushes. 

The  limit  for  frequencies  above  25  is  .soon  reached  on  account  of 
saturation,  the  prevention  of  which  leads  to  heavy  machines. 

II.  The.  Generators. — We  have  to  deal  with  a  single  phase,  or.  in 
any  case,  with  an  unsymmetrical  load.  Also  heavy  c\irrent  rushes 
anil  short-circuits  have  to  be  allowed  for.  Tlie  lower  the  frequency 
the  more  energetic  the  short-circuit.  The  unsymmetrical  load 
reacts  on  the  field  with  double  frequency,  which  eft'ect  increases 
with  the  pole  pitch.  Also  the  larger  the  pitch,  the  moiv  sensitive 
the  machine  will  be  against  current  rushes,  owing  to  the  longer  coil 
overhangs,  which  require  ti>  be  well  supported.  Of  coui-se,  it  is 
possible  to  build  machines  with  a  large  leakage  and  use  aiitomatic 
regulators.  In  general,  however,  the  15-cycle  generator  will  be  30 
to  2(t  per  cent,  heavier  and  more  expensive  than  the  25-cycle.  and 
steam  turbines  nnist  often  be  designed  for  lower  speeds. 

III.  The  /n.'!/n//ofiV)H.— Transformers  also  have  to  he  heavier  for 
15  cycles.  With  25  cycles  we  can  take  B,„aN.=  ll>-'H^<*-  whilst  at  15 
cvcles  saturation  prevents  us  going  much  beyond  Bmni.=  l^-'^^- 
Units  of  500  kw.  to  2,000  kw .  will  cost  30  to  35  i>er  cent,  more  for  15 
cycles  than  for  25.  Considerable  economy  is  only  obtainable  with 
low  frequency  in  the  copper  of  the  transmission  line,  but  not  in  the 
network.  The  saving  in  the  line,  however,  is  outweighed  by  the  extra 
cost  of  transformers. 
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SOME  CONSIDERATIONS  IN  DESiaNING  HEAVY 
CAPACITY  FUSES.* 

BV    I,.    W.    DOWXES. 

The  conditions  to  In-  met  in  tlie  design  of  an  eiiolosi'd  fuse  are 
materially  different  from  those  imposed  by  the  open-link  fuse.  We 
not  only  have  to  suppress  the  arc.  but  we  have  to  handle  tlie  tre- 
mendous expansive  force  of  the  vaporised  metal  within  a  compara- 
tively confined  space.  Further,  the  radiation  of  the  heat  from  the 
metal  of  the  link  takes  place  in  an  entirely  ditierent  manner.  With 
the  open  link  the  heat  dissipation  is  directly  from  the  .surface  of  the 
metal.  In  the  enclosed  fuse  the  heat  dissi|)ation  must  take  place  by 
conduction  through  the  porous  filling  to  the  surface  of  the  tube,  so 
that  in  enclosing  a  fusible  link  and  surrounding  it  with  ))orous 
material  we  have  modified  practically  all  the  conditions  of  operation. 
The  most  serious  difjiculty  that  we  have  to  contend  with  in  the 
design  of  the  larger  capacity  fuses  is  that  of  explosion,  and  this 
diflSeulty  becomes  greater  as  the  capacity  is  increased.  The  pro- 
blem is  largely  one  of  the  relation  which  the  volume  of  the  fusible 
link  bears  to  the  volume  of  the  enclosing  tube  and  the  distribution 
of  the  metal  in  the  tilling.  It  is  necessary  to  devise  means  which, 
while  tending  to  reduce  the  volume  of  fusible  metal  to  the  lowest 
possible  point,  will  so  facilitate  the  ready  escape  and  condensation 
of  the  hot  metallic  gases  a.s  to  render  the  operation  of  the  fuse  quiet 
and  reliable  imder  all  conditions. 

Consider  what  actually  takes  ])lace  when  an  enclosed  fuse  is  blow  n 
on  short-circuit.  As  the  rush  of  current  occurs  the  metal  is  raised 
through  its  melting  point  to  its  boiling  point,  and  the  current  con- 
tinues to  flow  tlirough  the  fuse  for  a  brief  interval  on  the  conducting 
vajiour  path  of  the  volatilised  metal.  It  is  extremely  important 
that  the  temperature  of  these  gases  should  be  lowered  with  the 
greatest  possible  rapidity  to  a  point  where  their  conducting  power 
ceasss  to  exist,  in  order  to  bring  about  a  reduction  in  the  time  of 
operation  of  the  fuse,  which  is  of  tremendous  importance  in  reducing 
the  internal  pressures  developed  and  in  preventing  explosion.  These 
considerations  show  that  as  little  metal  as  possible  must  be  used  in 
the  link.  and.  further,  its  surface  must  be  so  extended  as  to  provide 
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every  facility  for  the  hot  gases  to  escajie  and  so  distribute  the  metal 
within  the  mass  of  the  filling  that  each  particle  of  it  shall  be  brought 
promptly  into  action. 

These  conditions  are  effectively  met  by  employing  what  is  known 
as  the  '■  multiple  link."  or  one  of  its  modifications.  It  is  quite  a 
simple  matter  to  obtain  an  increased  link  area  of  100  per  cent,  or 
more  by  this  method,  which  will  permit  of  a  reduction  of  at  least 
18  per  cent,  in  the  total  volume  of  the  metal  necessary  for  a  given 
capacity,  according  to  the  design. 

Figs.  1,  2  and  3  show  end  sections  through  three  typea  of  fusible 
links.  In  Fig.  1  we  have  an  end  section  of  the  widest  practical 
single-strip  link  which  could  be  used  in  a  given  tube.  In  Fig.  2  is 
shown  how  the  surface  may  be  readily  extended  100  per  cent,  without 
occupying  a  greater  width,  and  with  a  further  advantage  that  the 
metal  is  more  widely  distributed  Avithin  the  tilling,  rendering  this 
far  more  effective  and  rapid  in  its  action.  At  the  same  time,  the 
metal  is  brought  closer  to  the  radiating  .surface,  which  will  also 
affect  the  total  amount  of  metal  necessary  for  a  given  capacity  of  a 
fuse.  In  Fig.  3  we  have  another  arrangement  of  the  same  link  which 
would  also  be  effective. 

The  author  then  considers  mathematically  the  effect  of  a  change 
in  position  of  the  conductors  within  the  enclosing  casing.  It  is  seen 
that  in  order  to  get  the  most  satisfactory  o))eration  of  an  enclosed 
fuse,  and  one  of  the  .smallest  possible  dimensions  for  a  given  capacitv, 
all  the  porous  filling  should  be  brought  into  service  when  the  fuse 
is  subjected  to  an  excessive  overload  or  short-circuit.  From  this 
it  is  clear  that  the  shorter  the  distance  the  gases  have  to  pass  in 
order  to  bring  into  action  the  maximum  amount  of  filling  the  greater 
will  be  the  rapidity  of  condensation  of  the  gases  and  the  quicker  will 
the  arc  be  interrupted.  This  is  illustrated  by  the  case  of  a  five-wire 
multiple  fuse  and  of  a  flat-strip  link  of  the  same  capacity,  and  it  is 
shown  that  the  time  which  must  elapse  before  all  the  filling  can  be 


brought  into  action  to  conden.se  the  vapoiu-  is  nearly  double  in  the 
latter  case,  with  the  result  that  a  larger  amount  of  energy  is  absorbed 
b>-  the  fuse,  the  current  flows  longer  through  it  and  the  breaking 
or  ruptiu-ing  of  the  ciu-rent  becomes  far  more  difficult.  This  fm- 
nishes  another  reason  why  an  explosion  will  take  place  with  a  single- 
strip  link  and  will  not  take  place  under  similar  conditions  with  a 
multiple  link,  and  that  this  theory  is  correct  is  shown  both  by  oscil- 
lograiih  records  and  actual  test  of  the  fuses  themselves.  To  ascer- 
tain definitely  the  actual  reduction  in  metal  volume  for  any  given 
capacity  of  fuse,  obtained  by  proper  subdivision  of  the  link,  an  ex- 
tended series  of  calibration  tests  were  made  on  a  set  of  fuses  under 
identically  the  same  conditions.  These  fuses  were  all  made  up  in 
tubes  of  the  same  size  and  fitted  with  the  same  size  terminals,  the 
lengths  of  the  links  being  the  same.  Tabulated  results  in  the  Paper 
show  the  gain  in  capacity  brought  about  by  the  increase  in  sm-face 
of  the  links  and  the  proper  distribution  of  the  metal. 

The  author  next  considers  the  actual  operation  of  the  fuse  under 
short-circuit.  To  permit  of  a  full  consideration  ol  tlie  phenomena 
shown  at  various  intervals  during  the  blowing  of  the  fuse  under  those 
conditions  an  oscillograph  was  used.  The  tests  consisted  in  sub- 
jecting fuses,  similar  in  every  detail  of  construction,  except  as  relates 
to  the  fusible  portion  of  the  link,  to  direct  short-circuit  across  the 
bus-bars  of  a  6.000  ampere-hour  battery  fed  by  one  or  more  500  kw. 
generators.  The  potential  coil  of  the  oscillograph  was  connected 
across  the  fuse  rather  than  across  the  circuit,  in  order  to  show  clearly 
the  variations  in  the  volts'  drop  at  different  intervals. 

Referring  to  Fig.  4,  as  typical  of  the  curves  given  in  the  Paper,  this 
may  be  analysed  as  follows :  This  curve  exhibits  the  operation  of  a 
live-strip  multiple  link  fuse  of  1  per  cent,  volume  ratio,  80  amperes 
capacity."*  Following  the  current  curve,  it  will  be  seen  that  during 
the  jieriod  .lA  the  current  is  zero.     At  the  instant  A,  the  switch  was 
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closed  and  the  current  instantly  rushed  tlirough  the  fuse,  rapiilly 
increasing  in  value  until  at  D  it  had  reached  its  maximum.  It  then 
begins  to  die  away  until  at  C  it  has  become  zero  again,  or  in  other 
AAords,  the  fuse  has  opened  the  circuit.  Referring  to  the  voltage 
curve  from  K  to  Y,  the  voltage  as  measured  across  the  fuse  is  practi- 
cally zero,  that  is  to  say,  it  was  zero  at  K,  but  at  the  beginning  of  the 
current  How,  there  was  of  course,  a  slight  rise.  This  is,  however,  so 
small  as  not  to  be  visible  on  the  curve  and  for  all  practical  purposes 
the  voltage  may  be  regarded  during  the  interval  KY  as  zero.  At  the 
instant  Y,  the  voltage  begins  to  go  up  with  great  rapidity  until  it 
practically  reaches  its  maximum  at  I  ;  it  then  continues  at  almost 
even  value  until  just  before  the  ruyiture  of  the  current,  occurring  at 
C  a  slight  inductive  kick  is  noticed  at  F,  after  which  it  sharply  de- 
clines and  becomes  constant  at  il.  Alt)  being  the  full  voltage  of  the 
circuit  across  the  fuse.  Referring  to  the  current  curve,  note  the 
ra])id  rise  of  the  current  value  from  the  jioint  A  to  E,  During  that 
])eriod,  there  was  practically  no  voltage  across  the  fuse.  The  actual 
lime  during  which  this  rise  in  current  was  occurring,  represented  by 
the  distance  AB,  is  0-0038  seconds.  It  is  during  this  interval  that 
the  fuse  link  is  being  raised  to  its  melting  point,  the  total  energy 
imjire.ssed  on  the  fuse  being  extremely  small.  From  the  point  E  on 
the  current  curve  to  its  niiixiiiiuiTi  \  ahi('  at  D.  the  metal  is  being 
converted  into  vapour,  anil  ;i  loncsiionding  rapid  rise  in  voltage  will 
be  noted,  .showing  the  eninrnnns  iiicicase  in  the  resistance  of  the 
circuit.  At  D.  the  vapour  begins  to  condense,  or,  in  other  words, 
lose  its  conductivity,  and  as  the  conductivity  of  the  vapour  path 
diminishes,  the  current  falls.  The  voltage,  however,  continues  to 
ri.se  slightly,  due  to  the  same  cause,  but  remains  practically  constant 
from  the  point  I  until  just  before  reaching  the  point  at  F.  During 
this  jjeriod  the  current  is  falling  rapidly,  and  the  total  time  or  duration 
of  fall  is  found  to  be  0012  sceoiids.  The  niiiximum  current  which 
jiasses  through  the  fu.sc  is  found  to  be  .S.41.5  amperes,  and  the  voltage 
at  the  same  instant,  found  by  measuring  the  height  HL,  was  304 
volts,  so  that  the  power  input  into  the  fuse  at  the  instant  O  is 
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2,558  kw.,  apparently  an  enormous  amount  of  energy,  but  practi-  i 
cally  an  instantaneous  value.     By  integrating,  it  is  found  that  the 
average  power  was   1,925  kw.   during  the  period  that  power  was 
absorbed  by  the  fuse.     This  period  of  energy  input,  is  represented 
by  the  distance  BC,  and  is  found  to  be  actually  00146  second,  from  [ 
which  is  derived  a  value  of  28,600  watt-seconds.     The  total  period  | 
of  operation,  or  the  time  AC,  which  elapsed  after  the  switch  was 
closed,  until  the  circuit  was  opened,  was  but  00184  second.  | 

Referring  to  Fig.  5.  relating  to  a  single  flat  strij)  link  fuse,  it  is  I 
noted  that  the  time  during  which  the  link  was  being  melted  as  repre-  j 
sented  by  the  distance  AB,  was  practically  the  same  as  that  of  | 
Fig.  4.  but  the  significant  feature  lies  in  the  relatively  slow  decline  of  I 
the  current  value  and  the  prolongation  of  the  period  during  which  | 
energy  was  being  absorbed  by  the  fuse  or  the  period  BC.     This  time 
is  actually  00246  second  or  an  increase  of  68  per  cent,  in  the  period 
of  operation  of  the  fuse  during  which  arcing  was  going  on.     By  in- 
tegrating the  curve  the  average  power  was  found  to  be  2,360  kw., 
and  this  value  multiplied  by  the  time,  gives  58,000  watt-seconds, 
or  more  than  double  the  total  energy  absorbed  by  the  multiple  strip 
fuse. 

A  similar  comparison  of  the  other  curves  bears  out  in  a  most  strik- 
ing manner  the  important  influence  which  the  extension  of  the  link 
surface  and  its  proper  distribution  witliin  the  filling  has  in  reducing 
to  a  large  degree  the  total  energy  absorbed  as  well  as  the  duration  of 
the  period  of  energy  input.     Comparing  the  results  it  is  found  that 


Fig.  5. — Single  Flat  Strii',  0'028  in.xO'625  in.  wide. 
Capacity  M(l  amperes,  vol.  ratio=l*12  per  cout. 

the  single  link  fuses  invariably  absorb  more  total  energy.  Further- 
more, in  anything  like  equal  amjwre  capacity  th.e  maximum  current 
flow  was  greater  witli  the  single  link  fuses,  the  average  excess  being 
15  per  cent.  This  has  an  important  bearing  on  the  tendency  to 
disrupt  or  burst  the  cartridge. 

The  results  of  other  tests  are  summarised  in  the  chart.  Fig.  7.  Fig.  6 
shows  the  operation  of  a  single  wire  link  fuse.  This  curve  is  particu- 
larly interesting  as  showing  the  effect  of  concentrating  a  mass  of 
metal  in  as  compact  form  as  possible,  thereby  reducing  to  a  mini- 
mum the  avenues  of  escape  of  the  gases  within  the  filling.     The  rise 


of  the  current  wave  is  more  pronounced  tlian  in  any  of  the  other 
single  link  fuses,  the  current  here  reaching  a  ma.vimum  of  10,642  am- 
peres, while  the  period  of  energy  input,  BC,  is  relatively  short. 
Tliis  is  due  to  the  fact  that  tliis  fii.s<'  exploded  witli  great  violence 
and  the  current  was  actually  ruptured  by  the  exjilo^ion.  This  is 
indicated  by  the  very  pronounced  inductive  kick  shown  on  the  curve, 
the  rise  in  potential  at  the  instant  of  rupture  being  about  4.50  volts. 

The  statement  may  Vje  made  in  making  these  comparative  tests, 
that  possibly  the  niost  efficient  form  of  single  link  fuse  is  not  used, 
and  that  the  area  might  be  extended  by  using  a  greater  width  and 
folding  up  the  edges,  &c.  In  this  connection  it  should  Ije  pointed  out 
that  such  modifications  could  hardly  affect  the  results,  since  if  such 
a  peculiar  form  of  single  link  fuse  were  employed,  the  same  form 
could,  of  course,  be  used  in  the  elements  of  the  multiple  strip  for  com- 
parison, and  the  gain,  both  in  area  and  distribution,  would  remain 
relatively  the  same.  Further  than  that,  it  is  difficult  to  conceive  of 
any  arrangement  of  the  single  link  whereby  all  the  mass  of  the  filline 
could  be  so  promptly  and  effectively  brought  into  action. 

Two  other  possible  causes  contributing  towards  the  explosive 
action  of  a  fuse  have  been  suggested,  one,  in  the  presence  within  the 
filling  of  a  certain  percentage  of  moisture  and  within  the  casing  of  a 
certain  amount  of  air  which,  it  was  claimed,  was  suddenly  and  rapidly 
expanded  by  the  heat  of  the  arc.  An  examination  of  the  filling  of 
the  ordinary  fuse  will  show  that  there  can  be  no  material  amount  of 


Fuse  link 

con- 
struction. 


Capacity]  Vol.  ratio 

Amperes.'of  fuse  link. 

Volts.       Per  cent. 


Max. 
amperes. 


Time  of  ■  Time  of  |  British 

melting  I    arcing     thermal 

AB.  BC.      ',    units. 


Oijeration. 


7,600 
8,910 
8,170 

9,o70 
10,642 
8,420 
8,170 
8,420 
9,390 
9,650 
6,520 


0-0052 
0'0052 
00045 


00135 
00243 
00302 


16-6 

36-55 

39-88 


00059  :  00253 

00055  I  0-0166 

0-0048  '  0-0132 

0-0052  !  0-0118 

I 

0-0034  I  0-0146  j    27-0 

0-0042  i  0-0246       54-94 


48-78 
32-8 
22-9 
18-9 


0-0048  ;  0-0163 
0-0035  I  0-0243 


35-8 
44-42 


Fig.  7. 


Fig.  6.— Si.vGLE  Round  Wire,  0-164  diam. 

Capacity  f^O  ampere?,  vol.  ralio=l-3*>  per  cent. 

air.  the  heating  of  which  would  occasion  the  violent  explosions 
resulting  from  short-circuit,  particularly  when  it  is  considered  that 
the  metal  generally  used  for  the  link  expands  over  2.400  times  when 
converted  from  its  metallic  form  to  vapoiu-.  By  actual  measure- 
ment it  is  found  that  the  total  volume  of  air  present  in  the  average 
enclosed  fuse  is  in  the  neighbourhood  of  19  per  cent,  of  the  filling 
used.  The  presence  of  water  might  cause  serious  disturbance  were 
there  a  sufficient  amount  of  it  converted  into  steam,  but  this  would 
require  the  heating  of  the  entire  mass  of  filling  to  a  high  temperature 
and  to  raise  it  to  this  tempcratme  in  the  extremely  short  interval  of 
time  which  is  required  to  operate  the 

fuse,  would  call  for  the  application  of 

a  tremendous  amount  of  heat  energj-. 
Of  course  if  the  are  sliould  be  main- 
tained, the  filling  would  rapidly  reach 
such  a  temperature,  but  the  condi- 
tion under  consideration  is  one  where 
the  fuse  explodes  when  it  is  short- 
circuited,  and  as  there  can  be  no  pn^- 
longed  maintenance  of  the  arc  under 
this  explosive  action,  which  would 
affect  the  filling,  it  could  not  be 
heated  in  that  manner  ami  the  only 
heat  which  could  be  applied  to  that 
particular  purpose  is  that  absorbed 
i)y  tlic  fuse  in  converting  the  metal 
of  the  link  into  its  vapour.  Actual 
measurement  was  made  of  the  |H>r- 
centage  of  moisture  present  in  the 
filling,  both  before  and.  after  a  fus*- 
had  been  subjected  to  a  severe  short  - 
circuit  which  it  had  handled  satis- 
factorily. Starting  with  an  initial 
amount  of  5  (ter  cent.,  nearly  3  inn- 
cent,  remained,  showing  that  but  a 
little  over  2  per  cent,  of  the  total 
moisture  had  been  driven  off — • 
namely,  that  portion  of  the  moistvue 
present  in  the  filling  which  was  quite 
close  to  the  metal  of  the  link. 


Quiet  and  satisfactory. 
Cartridge  uninjured. 
Explosive  and  dangerous. 
Cartridge  injured  at  one  end. 
Explosive  and  unsatisfactory. 
Cartridge  injured  at  one  end. 
Quiet  and  satisfactory. 
Cartridge  uninjured. 
Explosive  and  dangerous. 
Cartridge  injured  at  one  end. 
Explosive  and  very  dangerous. 
Cartridge  biu-st. 
Quiet  and  satisfactory. 
Cartridge  uninjured. 
Satisfactory. 
Cartridge  tuiinjured. 
Satisfactory. 
Cartridge  uninjured. 
Kx|ilosivo  and  dangerous. 
Caitriclge  bui-st. 
Ex]<h  'siveand  very  dangeriHis. 
Cartridge  burst.  " 
E.\plosive  and  very  dangerous. 
Cartridge  burst.  Base  broken. 
Quiet  and  satisfactory. 
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LEAKAGE   REACTANCE. 

BY    .1.    REZELMAN. 

Sumnwry. — The  article  deals  with  the  leakage  reactance  of  the  stator 
windings  of  altcmatiug-current  machines,  the  rotors  being  reniovrd. 
The  leakage  flux  is  separated  into  its  comjionent  parts,  for  several  ma- 
chines, by  means  of  experiments:  the  effect  of  the  type  of  winding  «))ou 
the  overhang  leakage,  and  the  relationship  between  the  reactance  of  the 
windings  in  three-phase  and  in  single-phase  working  are  observed. 
Formula;  are  given  by  means  of  which  the  stator  reactance  can  be 
calculated. 


The  operation  and  overload  capacity  of  electric  machines 
depend  directly  on  their  reactance.  For  a  long  time  the 
determination  of  the  e.xact  value  of  this  reactance  has  not  been 
well  known,  and  progress  in  the  calculation  of  machines  has 
undoubtedly  been  hindered  thereby.  High-speed  alternators 
and  motors  have  a  small  number  of  poles,  and  a  large  pole 
pitch,  and  hence  the  overhang  coils  of  the  stator  winding  are 
very  long.  An  error  in  the  calculation  of  the  reactance  of  the 
overhang  portion  of  the  winding — of  little  consequence  with  a 
machine  having  a  large  number  of  poles,  and  small  pole  j)itch, 
may  then  become  important  for  these  highspeed  machines. 

In  the  following  article,  with  the  help  of  simple  e.xperi- 
ment9,  the  reactances  of  the  different  portions  of  the  stator 
windings  are  separated,  for  four  machines. 


In  accordance  with  general  custom,  we  shall  subdivi<le  the 
leakage  Hux  into  three  jiarts  : — 

(1)  i^„  ^^  flux  traversing   each  slot,  with  a  permeauce   A,,, 

for  a  length  /„. 

(2)  fj  =  fliix  between  the  tops  of  the  teeth,  permeance  A,., 

for  a  length  l^. 

(3)  vi',  =  the  flux  embracing  the  overhang,  or  "free  "por- 

tion of  the  winding,  with  a  permeance  A,  for  a 

length  /,.* 
The  following  symbols  will  be  used  : — 

s,  =  number  of  conductors  in  series  per  slot. 
^y  =  number  of  slots  per  pole  and  phase. 
2^  =  number  of  pole  paire. 
IV  =2}xqxs„  =  turns  in  scrie>  per  phase. 
T=pole  pitch. 

Z,  =  virtual  length  of  stampings. 
<^  =  tooth  pitch. 
rj=slot  opening. 

aj=i,  -  rj  =  width  of  tooth  at  bore. 
(■=frequency,  cycles  per  second. 

The  coefficient  of  self-induction  in  siiujle-phase  for  one  phase 
is  given  by:  Li=2  x^^  x  </ x  «„2  {/,  x  A, -i- Z*  x  Aj-t- Z.  x  A,),  and 
the  reactance 

1 2-5 xcxw^ ,,       ,       ,      ,       ,      ,  , 

.f    = (',  X  A„ -f- L  X  A, -H  i,  X  A.I. 

^;  X  2  X  10'  ' 

It  will  be  seen  later  how  this  is  applied  in  certain  cases. 
*  Arnold— "Die  Wechelstromtecliiiik,''  Vol.  IV. 


A.     Determination  of  the  Stator  Reactance  of  a  three-phase 
Motcn-— 220  B.H.P.,  2  poles,  50  ^  per  second,  3,000  revs,  per 
min.,  6,300  volts  between  phases,  the  rotor  being  removed.    Fig.  1. 
Dimensions. 
Ext.  diam.  of  stator  8tampings  =  </>,,  =  760mm. 
Int.  ,,         ,,  „  =  <^,  =  330  mm. ;  T  =  520  mm. 

Total  length  of  stampings  =  /  =  450  -7x12;  ^^  =  410 mm. 
Number  of  slots  =  30  ;  /j  =  'd\-')  mm. 
Slot  dimensions  =  26  x  77  (Fig.  2a). 
Thickness  of  insulation  tubes  =  t  mm. 

6-„  =  60  (29/ 10  insulated  to  35/10). 
^<=  1,  whence  5  =  5. 
The  motor  has  thus  an  odd  number  of  slots  per  pole  and  phase, 
and  an  unsymmetrical  arrangement  of  the  end  connections, 
there  being  one  coil  per  pole  for  each  phase.     The  end  con- 
nections {(i)  of  three  slot  coils  are  bent  towards  the  top,  and 
those  (h)  of  the  two  others  towards  the  bottom  (Figs.  1  and  3). 
The  lengths  I,  are  different  for  the  three  phases: — 
I.  Phase  nearest  the  rotor :  /,  =  920mm. 
II.  Phase  in  the  miildle  :  l,=  1,180  mm. 
III.  Phase  farthest  from  rotor  :  /,  =  l,2G0mm. 
These  lengths  are  made  up  of  Z,,,,  ?, ,  and  l^^^,  Z,  . 
For  phase      I.:  Z,^  =  Z,j  =  450  mm. 
For  phase    II, :  Z,  =Z,^  =  710mm. 
For  phase  III. :  Z,  =  Z,^  =  790  mm. 

The  periphery  U,  =  2(« -t-Z/)  corresponding  to  the  difl'erent 
parts  of  Z,  is  for  each  phase  :  U,  =  260  mm.  for  three  slot  coils, 
and  U.j^  =  210  mm.  for  two  slot  coils.  The  length  Z,  =  470  mm. 
is  the  same  for  all  three  phases.  As  can  be  seen  from  Fig.  3, 
the  periphery  U,  =.500mm.  is  determined  by  the  con- 
ductors coming  out  of  five  slots.  In  order  to  separate  by  ex- 
periment the  different  permeances  A„,  A^  and  A^,  auxiliary  coils 


were  placed  along  /,  in  phase  I.,  in  the  middle  of  the  coil, 
Fig.  1.  There  were  10  turns  between  each  of  the  slot  coils 
(a),  and  20  turns  between  each  of  the  coils  {ti),  Fig.  3.  By 
means  of  these  auxiliary  coils  it  was  possible  to  mea.sure  the 
tiux  i/-..* 

E.rperimcnts. 

Very  accurate  measurements  were  made  on  each  phase  : — 

1.  In  single-phase  per  phase. 

2.  In  single-phase  two  phases  in  series. 

3.  In  three-phase. 

Jlemarks  on  the  ErjMriments. — The  power  factor  is  very  low 
(cos  <^  ^O'OO) ;  the  voltage  readings  thus  correspond  practically 
entirely  to  the  reactances.  The  measured  watts  are  TiO  to  85 
per  cent,  in  excess  of  the  calculated  ;  the  additional  losses  are 
in  part  due  to  Foucault  currents  in  the  copper  of  the  winding, 
but  chiefly  to  the  currents  in  the  masses  of  surrounding  iron  ; 
thus  phase  III.,  nearest  the  iron,  shows  the  greatest  addi- 
tional losses. 

The  above  experiments  h.ive  been  made  with  the  end  shields 
placed  on  each  end  ;  removing  these  has  a  negligible  effect 
(2  per  cent.)  on  the  voltages,  but  the  2()4  watts  measured  in 
phase  III.  with  the  end  shields  in  position,  is  reduced  to  231 
watts  after  removing  them — th.at  is  to  say,  l-SHRj  diminishes 
to  l-'iKj.  This  experiment  shows  clearly  that  part  of  the 
additional  losses  do  not  occur  in  the  windings  themselves,  and 

•  The  section  of  the  au.xiliary  coils  must  be  .sufficiently  ample, 
since  surprising  results  may  easily  be  obtained  owing  to  the  hot  wire 
voltmeter  taking  a  fair  amount  of  current. 
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Tahh  of  ExperimentK  No.  J. 


Readings  with  a  T  I. 
current  of  7"]  II. 
amps,  in  phase  till. 


406-0  a  =  154,  i  =  252  94-2 
94-5  447-2  a  =  165,  i  = 

86-6  1101-0 


86-7  7  ] 

101-8  7 

480-0  a  =  171,  6  =  307  7  I 


Watte. 
W. 
Iph. 


Voltage  on  aaxiliary  coils, 


10  10 

inside   out«ide ! 
coils,      coils.  ' 


164 
210 
264 


2-25  +  2-75  =  6-0 
0-73  +  0-79=1-52 
0-59  +  0-64  =  1-23 


Uhmic 

Resist    _.  ea* 

cos  <^.     per     g£  i  £li 

phase  ►"•  > 

Ri.  K 


3-82 50|  0057  2-21  104  1-57 
1-0950  0067  2-80  137  1-53 
0-9850  0-0785    2-94   144  183 


Tnhle,  of  Experiments  No. 


between,     f„_,. 
phases,  j 


Readings  with  a  cur-  f  I. -II. 
rent  of  7  amps,  in  J  II.-III. 
2  phases  in  series     (lII.I. 


1,045    '      498 
1,120    I  0 

1,060    I      492 


542 

544 

0 


0 
573 
567 


W. 
2  ph. 


i  Voltage  on  auxiliary  coils 


10    !    10 

inside  j  outside 
coils,      coils. 


cos  <p. 


Ohmic    I 
resistance  ,.jp     ^ 
2  phases  in  ^  «-.!-   W/l-Rj. 
series  R,. 


410  I    3-05  +  3-65  =  6-7      1 5-0 
500   I  0  I  0 

475  2-9  +  3-5  =  6-4     14-95 


50  0-056  5  01  245  1-67 
50  0064  5-74  284  i  1-76 
50  1 0-064         5-15        252       1-88 


Table  of  Experiments  No  S. 


Readings  on  measuring  f  I- 
a  current  of  7  amps.  J  II. 
in  phase (ill. 


between  I  e,,-!. 
phases.* 


885  '  492  5  514  528 
937  522  0  543  559 
958  :  532  0    o55    570 


W. 
Iph. 


200 
240 
184 


Voltage  on  auxiliary  coita 


10 

10 

inside 

outside 

coils. 

coils. 

3-0  +  3  6  =6-6  1 5  05 
3-2  +  3-82  =  7-02  ,5-38 
3-2  +  3-85  =  7-05       5-42 


Note.— The  mutual  induction 
between  the  overhang  coils  so 

{  disturbs  the  e<|uihbrium,  that 
the  watts  measured  for  each 
phase  have  no  interest. 

W  total     624 
5xr-Ri=385" 


=  1-62. 


*  For  each  reading  the  voltage  is  the  same  between  the  three  phases. 


[therefore  has  not  a  direct  bearing  upon  their  temperature  rise. 
From  Table  I.  it  is  seen  that  a  larger  voltage  is  induced  in 
phase  I.  by  phase  II.  than  by  phase  III.  In  the  slots  the 
windings  are  arranged  symmetrically,  so  that  the  difference 
can  only  be  produced  \)y  the  overhang  of  the  windings,  the 
end  connections  of  phase  II.  being  in  fact  nearer  to  those  of 
phase  I.  than  are  the  end  connections  of  phase  III.  For  the 
same  reason  phase  II.  induces  a  larger  voltage  in  the  auxiliary 
coils. 

It  is  to  be  remembered  that  phase  I.  induces  the  same 
voltage  in  phase  II.  as  11.  in  I.,  vrhen  carrying  the  same 
current,  and  the  other  phases  show  the  same  reciprocity.  The 
E.M.F.  induced  in  the  10  outside  auxiliary  coils  of  the  coil  («) 


,< b > 

Fu;.  3. 

is  greater  than  that  in  the  10  inside  auxiliary  coils  ;  <'„  is  about 
■SO  ]ier  cent  greater  than  t',,  The  end  connections  [a)  contain 
3  X  GO  =  ISO  "wires,  and  {!,)  i:,G0=120  wires;  the  E.M.F. 
induced  in  the  overhang  portions  of  the  coils  for  the  two  ends  of 
the  stator  for  ( a)  2  x  180/20 X e,=\Sc\  and  for  (i)  2  X  1 20/20  X <„ 
=  12xe». 

SePAR.\T10N  of  the  VOLIWCKS. 

1.  8iii(ik-pJia!'c  -Phase  I. — With  a  current  of  7  amperes  in 
phase  I.  the  voltage  reading  was  406,  with  <„  =  ;")  and  iv=3-82 ;  it 
follows  then  that  the  voltage  induced  in  the  overhang  of  this 
phase  is  18  X  5  +  12  X  3-82  =  136,  and  the  reactance  correspond- 
ing :  136/7  =  19-45  o). 

The  permeance  A,  of  the  two  ends  of  a  coil,  in  parallel  planes, 
may  be  approximately  calculated  from  the  tollowing  formula  : 
A,=0-4G  log  2iriflU„  where  "^distance  between  the  axes  of 
the  coil  ends  and  U.^^periphery  of  the  coil  ends.     From  ex- 


periments made  by  the  author,  the  permeance  is  but  little 
dependent  on  the  shape — solenoid  or  disc — of  the  coils  so  lone 
as  a  and  U,  are  the  .same  (Fig.  4a,  n  and  c).  We  shall  write 
A,  =  0-46(/.  (A+  log  2x/,/U,),  where  (/,  =  number  of  neighbour- 
ing coils  of  the  same  phase  which  form  one  pole,  and  /,=mean 
length  of  end  connection.  The  term  A  is  introduced  to  take 
account  of  the  possible  effect  of  the  iron  and  mutual  induction; 
the  experiments  enable  its  value  to  be  determined  for  various 
cases. 

We  have  then  to  consider  the  three  parts  of  A, : — 

{a)    A,   for  a  length  I,  =4.")0  and  a  periphery  U    =260. 

(b)     \         „       „      C  =  -l-''0  ..         >.     '    U,','  =  210. 


470 


eissi 


U.  =500. 


mil 


Fk;.  4ii. 

The  values  of  A^ ,  A.^,  and  A,  have  to  be  made  out  with 
reference  to  complete  coils;  for  the  three  oases /,= 920 mm. 
Then  : 

A,  =0-46x3  (A-fIog2x920/260)  =  lI7-fl-.38A. 

A,°=0-46x2  (A+  log2x920/210)=0-87+0-92A. 

A,  =0-46x5  (A-f  log  2x920/500)  =  l-29-:-2-3  A. 

From  which  the  reactances  : — 
12-5  X  50x180-' 


1x3x10" 
12-5  X  50x120- 

1  X  2  X  iO" 
12-5  X  50x300'^ 


1x5x10" 


x45  (1-17  +  1-38A:  =  3-56  +  4-2A. 

x45  (0  87+O-92A)  =  l-74-M-86.\. 

x47  (l-29-f2-3A)=6-8+12-15A. 


+  -<-,.+.'V=12-l  +  18-21A. 
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Now,  .r,  +.r,,+a'.  =19-45.  Then  12-1  +  18-21A=1945,  and 
A=0-4.      " 

Then  ..•,.=  3-56  +  4-2xO-4  =  5-24<u. 

a:,,=l-74  +  l-S6x0-4  =  2-46io. 

.r,,=6-8+ 12-15  xO-4=ll-66.... 

As  a   check    on  the  above,  we  have  the  voltage  e^  =  b,  and 
('4=  3-^*2,  readings  taken  separately  on  the  auxiliary  coils. 

C.XlbO  5X180       _^.gg 

«4X]20~3-82xl20 

It  follows  then  that  a-,^+<r.r,^  should  equal  1-96  |.i;^+(l  -o-) 
x.^].  That  is  to  say:  524  J-'o-x  11-66  =  1-96  {2-48+(l  -  <t) 
11-6G|.     Whence  (r=0-65. 

In  reality,  as  can  easily  be  seen  from  Fig.  3,  <t  should  be  a 
little  larger  than  ^'. 

The  total  voltage  reading  on  phase  I.  was  40G  volts,  of  which 
130  are  taken  up  by  the  end  connections  :  270  volts,  therefore, 
are  left  for  that  portion  of  the  winding  which  is  embedded  in 
the  slots.  From  reasons  of  symmetry  the  same  voltage  of  270 
must  be  induced  in  the  embedded  portion  of  the  windings  of 
each  of  the  other  two  phases.  The  E.M.F.  induced  in  the 
overhang  or  free  portion  of  phase  II.  will  then  be  447-2  —270 
=  177-2  volts,  and  of  phase  III.  480  -  270=210  volts.  The 
reactances  corresponding  to  these  voltages  are  177-2/7=25-3co 
and  210;7  =  30oj. 


2.  SiiifiJe-phasi' — Phase  II. — For   this   phase,    /,^=710,    U,^ 

/=260mm.,  /,=710,  U,=210mm.,  ;,.=470,  U/=  500  mm." 

<.=  1,180. 

Then 

A,„  =  0-46x3(A  +  log2xl,180/260)  =  l-325+l-38A, 
A,i=0-46x2(A  +  log2xl,180/210)  =  0-965  +  0-92A, 
A„  =  0-46x5(A  +  log  2  xl,180/.500)  =  1-5.50 +  2-3A, 

And 

j,^  =  00675  X  71(1-325  +  1-.38A)  =  6-37  +  6-63A, 

a:,t  =  O-045  X  71(0-965  ■*-  0-92A)  =  308  +  2'94A, 

«.^  =  0-1125x47(l-5.-.0  +  2'3A)  =  sl7  +  12-lA, 

..■.^  +  a;,j  +  x.^=  17-62 +  21-67A  =  25-3w, 

whence  A  =  0355. 

3.  Single-jtluise — Fhaselll. — AVe have  l^^  =  790,  U,^  =  260  mm., 
/,j  =  790,  U,^  =  210  mm.,  l,^  =  470,  U,^  =  .500  mm.,  /,  =  1,200  mm. 
In  a  similar  nianncrwe  find  A  =  047,  which  is  rather  high.  The 
overhang  coils  of  this  phase  are  nearer  to  the  stiitor  core  than  the 
others  (Fig.  5) ;  for  this  reason  the  rather  high  voltage  of  210  is 
observed.  For  A=0-l  the  voltage  would  be  200,  and  the 
total  voltage  270  +  200  =  470  instead  of  480.  (By  removing 
the  end  shields  the  voltage  is  reduced  from  480  to  4704  volts.) 

It  still  remains  to  determine  the  reactance  of  that  portion  of 
the  winding  which  is  in  the  slots.  It  has  already  been  found 
that  the  E.M.F.  induced  in  this  part  is  270  volts  :  the  total 
reactance  is  then  270,  7  -^  38-6'u.  There  are  two  permeances  to  be 
considered  here,  A„  and  Aj.  The  permeance  A„  can  be  deter- 
mined with  sufficient  accuracy  by  tlie  formula  : — 
A.=  l-25  (»/3r»+rs/ra-)-2  X  rj{rr  +  rj)+i\'rj).     Fig  2  (\  and  b). 


We  have  then 

A,=  l-25(57;78+ll;26-l-6,36-r2-5;10)  =  l-97 
along  a  length  /.=/,.  =  410  mm.     Whence 

-.='^f^,f°^x41xl-97  =  91..>. 
1x5x10^ 

There  remains  for  x,^, :—:,;,  =38-6  -  91  =  29-5(o. 
According  to  Arnold,  A,  for  tj=5  can  be  calculated  by  : — 
X,  =  0-92x  ;iog('^'>)---21-5log  (^  x^[.^^' 

In  the  first  term  f,  is  used  for  simplicity,  instead  of  -.-^  ;  for 
the  machine  under  discussion,  /^  =  34-5  and  :i  =  24-5,  and 
there  is  thus  a  fairly  large  difi'erence,  so  that  we  will  calcu- 
late with  :,. 

The  factor  {p  +  V)  i>  of  the  last  term  is  a  correction  factor 
taking  account  of  the  polar  angle,  and  is  thus  important  for 
machines  with  a  small  number  of  poles.  Bj'  assuming  that 
the  two  fir.st   terms  are  correct  we  can  check  the  value   of 

^;=l,,y  =  .5;   A,  =  0-92|log(:rx24-5/10) 

+  •^•^  +  ^^4^5^) 
=  0-92|2-99  +  51og(3-77B)| 

=  2-75 +  4-6  log  3-77  B 
along  a  length  /,,  =  Z,  =  4 1 0  mm . 

12;5xo0x300-'  ,.-         .51  g)        9.5_ 

*        1x5x10"  ° 

Whence  B=l-65. 

We  can  again  verify  the  voltages  induced  separately  along: 
the  two  parts  of  each  phase  ;  on  phase  I  it  was  measured  : — 
406=252  +  154,  (\,  =  90  and  -,,  =  46. 

Then  it  is  necessary  that  252  =  270o--|-90  and  154  =  270 
(l_,r')-!-46.     AVhence  o-'  =  0-6  and  (1  -o-')  =  0-4. 

The  fact  thai  <t'-I^?  proves  that  the  lines  of  force  i  li-,,  and  ^i-^) 
almost  totally  embrace  all  the  conductors  of  the  five  slots  per 
pole  and  phase. 

From  tne  table  of  experiment  No.  I : — 

Phase    II.  induces  945  volts  in  phase  I.,  and 

Phase  III.  induces  "a^i'^S  volts  in  phase  I. 

Phase    II.  induces    in    the    auxiliary  coils  („=1'52    and 

^1=1-09,  whence  18  x  1-52  -  12  x  1-09  =  40-5. 
Phase  III.  induces   in    the  auxiliary  coils  f„  =  l-2;!    and 

fi=0-98,  whence  18  x  1-23  +  12  x  0-98  =  34. 

The  flux  (v^,, +  </■*)  then  induces  by  mutual  induction 
!  ?^^  "  .t?  '^^K.T  r-  !    or  a  mean  of  53-8  volts  in  each  of  the 

I    bO-D— oi      =DJ-0   ) 

other  two  phases. 

The  figures  in  the  table  of  experiment  No.  I  can  be  verified 
by  those  of  experiment  No.  J  I.  :  the  sura  ((„_]  +  the  E.M.F.  in- 
duced by  phase  11.  in  phase  I.)  of  Table  1.  must  be  efjual  to 
the  voltage  f„_i  of  the  phases  I.-II.  of  Table  II. 

Table  I.  Table  II. 

406     +    94-5  =  .5005         498  volts. 

406     +    86-6  =  492-6         492      „ 

447-2+    94-2  =  541-4         542      „ 

447-2  +  101    =548-2         547      „ 

480     +    86-7  =  566-7         567      „ 

480     -^  101-8=5S1-S         573      ,, 

4.  ,y///f//c  iihuf, — Tko  Fha.<ei;  in  Series.— In  Table  No.  II.  we 

have —  I 

Phase  I.  c„_,=  498  ;    <„=6-7  and  e,=  5  for  a  current  of  | 

7  amperes  in  phases  I. -II.  I 

?„_,  =  492  ;  c.=  6-4  anil  ',  =  4-95  for  a  current  of   I 
7  amperes  in  I. -III.   ' 
18x6  7-12x5=181  :  and  18  x  6-4  +  12  x  4-95  =  174-5 

The  mean  E.M.F.  induced  in  the  overhang  of  phase  I,  is 
1/2(181 -t-174-5)=178  volts.  Phase  I.  by  itself  induces 
130  volts;  there  is  then  an  increase  of  178/136  =  1-31.     This 

*  Arnold.  "Die  Wechelstrouitcchuik,"  Vol.  IV.,  gives  by  mistake  j 
pKp  + 1)  instead  of  {p  +  l)lp. 
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increase  in  the  reactance  of  the  overhang  coils  by  the  mutual 
induction  of  the  phases  is  dependent  on  the  shape  and  distance 
between  the  coils,  but  is  ahrays  present  with  windings  wound 
"  per  [>o]e  "  (split  phase  windings).  (We  shall  see  later  that 
this  mutual  induction  is  negligible  for  ordinary  hemitropic  or 
"consequent  pole"  windings.) 

For  the  embedded  portion  of  the  winding  there  remains  then 

■!T),o     !-■  c      the   mean    voltage    of    317,    which   becomes 

I  492  —  1  (4-5  J 

2  X  317  =  634  volts  for  the  two  phases  in  series.  Asis  shown  by 
Fig.  6,  the  current  has  the  same  direction  in  the  neighbouring 
slots  of  the  two  phases  ;  it  follows  then  that  the  connecting  of 
the  two  phases  in  series  represents  a  winding  with  twice  the 
number  of  slots  per  pole.  We  can  then  calculate  by  taking 
q=lO.  The  permeance  k„,  being  independent  of  q,  has  the 
same  value  as  for  one  phase,  that  is  to  say,  A„  =  r97,  whence 
^12;5x50x600^^^^     j.9.^jg.2      ^^^  ^  =7x18-2 

IX  10x10" 
=  127  volts.     There  remains  then  634-127  =  507  volts,  and 
the  corresponding  reactance  will  be  ,<,j  =  507/7  =  72'5a). 

We  have  found  that  the  reactance  for  one  phase  is  29'5(i) ; 
2  X  29-5  =  59  ;  there  is,  therefore,  an  increase  of  72-5/59  =  1-23. 


rrr 


^  ^ 


ts^ 


D  ^ 


riJ 


The  permeance  A,  of  10  slots  covering  ri  of  the  pole-pitch  is 
therefore  23  per  cent,  greater  than  that  of  five  slots  covering  \t. 

.„    -  ••11  12-5x50x60G\,j,,       „.,  , 

We  have,  similarly,  .c,,  =  — r— ,7^ — .tv:—  X41A<=  (J  S, 
'  •'       '         1x10x10' 

whence  Aj=7-95. 
In  writing  A,  =  0  92|  log  (""-^  ")  +  5-6  +  10  log  ^-^^  x  B^  | 

=  7'9.')  with  9=10j'=  1,  we  find  the  value  of  109  for  B.  It 
follows  from  this  that  the  influence  of  the  curvature  of  the 
pole-pitch  is  less  for  a  winding  covering  It,  than  for  one  which 
covers  't. 

5.  Three-pha.fc. — By  comparing  the  results  in  Table  No.  HI. 
with  those  in  Table  No.  II.  it  is  immediately  seen  that  for  the 
same  current  the  voltages  of  the  corresponding  phase  have,  to 
all  practical  put  poses,  the  same  value. 

Table  II.  Table  III. 

«'o_imean=495  492-5 

eo-2mean  =  543  543 

Co-8  inean  =  570  570 

From  this  we  draw  the  important  conclusion,  that  the  react- 
ance per  phase  with  three  phase,  cannot  lie  determined  by  coii- 
■iiderimj  one  ^j/(((st'  separately,  but  that  the  reactance  of  two 
phases  in  series  must  be  determined,  and  one  half  of  this 
value  be  taken.  In  fact,  at  the  moment  when  the  current  in 
one  phase  is  zero,  the  currents  in  the  two  other  phases  have  the 
same  value  and  direction.  This  fact  is  well  known,  but  up  to 
the  pie^ent  one  has  in  general  been  content  to  calculate  the 
reactance  for  one  phase,  and  to  neglect  the  effect  0?  the  mutual 
induction. 


Note. — Two-pole  machines,  with  the  rotor  removed,  have 
a  large  permeance  A,,,  and  thus  a  strong  field  in  the  bore  ;  the 
introduction  of  the  rotor  on  short-circuit  prevents  the  forma- 
tion of  this  field,  and  thus  diminishes  the  reactance.  Thus  with 
its  squirrel  cage  rotor,  and  a  single  air  gap  of  3  mm.,  the  react- 
ance of  ourstator  decreases  :  on  single  phase,  one  phase  only, 
by  43  per  cent.,  on  single  phase,  two  phases  in  series,  by  37 
per  cent.,  and  on  three  phase  by  .50  per  cent.  In  actual  fact, 
as  Arnold  has  already  pointed  out,  the  demagnetising  action  of 
the  rotor  winding  on  the  flux  i/-,  due  to  the  stator,  mast 
also  be  taken  into  consideration  ;  this,  however,  can  be  of 
little  importance  in  our  case,  in  which  the  squirrel  cage  rotor 
only  overhangs  the  core  by  a  short  distance. 

In  order  to  complete  the  experiments  on  this  slator,  auxiliary 
coils  were  placed  on  the  interior  of  the  stator  along  the  length  of 
the  slots  of  phase  I.  Four  wires  were  placed  in  the  opening 
of  each  of  tlie  five  slots  ;  their  end  connections  were  taken 
along  the  core  end  plates.  By  means  of  these  auxiliary  coils 
!/■,  could  bo  measured.  The  reactances  were  measured  with- 
out the  end  shields  : — 

1 .  Single  phase  on  phase  I. 

2.  Single  phase  on  part  (a)  of  phase  I. 

3.  Single  phase  on  part  {h)  of  phase  I. 

Tahle  of  Tests. 


Reacliu-c  ,  j  („  +  ;,)  593  242  1150-4 
ore'ntof  (»)  ^  200-7  40-2 
7  amp.  in  U     (6)        -      410  nOO 


Volts  induced  in  the  auxiliary  coils. 


1    2 


et. 


4      5 
-a 


e„. 


...     28  2-72  2-4     ...     13  2 
196  ...  6-2      8-18' 

3-25:  ...  1-93     5-25 


In  conoparing  these  results  with  the  preceding  ones,  a  slight 

diminution  in  the  reactance  is  noticed,  duo  to  the  removal  of 
the  end  shields,  393  instead  of  406  volts  for  7  amperes.  There 
are  10  X  60=  600  main  wires  per  phase  and  10  x  4  =  40  auxiliary 
wires.  The  E  M.F.  induced  in  that  part  of  the  winding 
embedded  in  the  slots  due  to  the  flux  ij/^  will  then  be  600,  40 
=  15  times  the  E.M.F.  induced  in  the  auxiliary  coils. 

Separation    of   the    Voltages. — 1.    Phase    I. — The   voltage 
measured  on  the  auxiliary  coils  was 
c,„,„,=:i;:i'2  ;  then  15x  13  2=198  volts,  and  ..•,j=198  7 

=  28 -So). 

The  reactance  .1,^  is  9-lw  ;  there  then  remains  for  the  end  con- 
nections 

;,.,  4.,r,^  -i-.r,^=393  '7  -  2S-3  -  9-1  =  lS-8(«, 

instead  of  19-45(.j,  found  in  the  first  experiment  with  end 
shields. 

■i.  Part  {a)  of  Phase  I.  (.3  slots).— The  voltage  measured  on 
the  auxiliary  coils  was 

e„  =--  G-2  ;  then  15 x 6-2  =  93  volts  and  .r,^  =  93,7  =  13-3a> ; 
200-7 


the  total   reactance  is 


=  28-7ft).     The  permeance  A„  is 


still  1  -97,  whence  x.  ^  ^^^p^^^^f^'  x  41  x  1-97  =  5  4.5o>. 
"  IxSkIO*- 

There  thus  remains   for  the  end  connections  .i-^-i-..,.  =  28-7 

-13-3- 5-45  =  9-95w. 

We  have  /,__  =  450  ;  U,,,  =  2G0  mm.  ;  /,^  =  470  ;  V,^  =  330  mm. : 

Z,=  920inm.  ° 

=  3-.56-f  4-20A; 


1x3x10' 
12-5x50xl80-' 


0 


1  X  3  X  10' 


^■,„,xO«x,(..g£|J^^A) 

=  8-30-i-4-3SA. 

thus  :!;,^-i-a;,,  =  6-8G-fS-58A  =  9-95,  whence  A=-0  36. 

8.  Part  (b)  of  I'haseI.-{T^yo  slots.)   We  find  in  like  manner 

that  A  =  0-427. 

(  To  he  conclmkd.J 
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CALCULATION  OF  IRON  LOSSES  IN  DYNAMO 
ELECTRIC  MACHINERY.* 


BY    I.    E.    HAXSSEX. 


Summary. — The  author  considers  the  different  losses  iu  the  magnetic 
circuits  of  dyniimo  electric  machines,  and  points  out  the  causes  of  the 
additional  losses  compared  with  calculations  from  iron-loss  curves. 


It  is  well  known  that  the  iron  losses  in  all  kinds  of  electric  motors 
and  generators  are  invariably  much  greater  than  those  calculated 
from  iron-loss  curves,  such  as  are  obtained  from  tests  of  samples  of 
iron,  unless  an  allowance  is  made  for  additional  losses.  The  causes  of 
this  increase  in  the  losses  have  been  dealt  with  in  detail  by  various 
writers,  but  so  far  as  tlie  writer  knows,  a  simple  method  for  predeter- 
mining the  total  iron  loss  has  never  appeared  in  print. 

Smooth-core  Armature. — Owing  to  the  ditl'erence  iu  length  of  the 
paths  of  the  flux  the  distribution  lacks  uniformity,  and  this  leads 
to  an  increase  of  tlie  losses  above  what  they  would  be  were  the 
distribution  uniform.  An  allowance  must  further  be  made  for  im- 
perfect insulation  between  the  discs,  caused  by  filing,  burrs,  and 
crushing  of  the  insulating  material  when  subjected  to  pressure,  and 
also  for  the  hardening  effect  caused  by  the  punching  process  if  the 
discs  are  not  again  annealed.  To  prevent  the  teeth  from  bulging  out, 
a  number  of  extra  heavy  discs  are  usually  placed  at  the  ends  of  the 
core  and  next  to  the  ventilating  ducts  if  such  are  provided.  These 
heavy  discs,  being  from  two  to  three  times  thicker  than  the  regular 
ones,  will  have  from  four  to  nine  times  greater  eddy  current  losses. 
Sometimes  these  discs  have  a  higher  permeability  than  the  thinner 
ones,  and  this  will  still  further  increase  the  losses  due  to  the  higher 
induction  which  will  exist  in  the  thicker  discs.  Iron-loss  curves  of 
iron  samples,  as  usually  made,  give  the  losses  taking  place  when  the 
iron  is  subjected  to  an  alternating  magnetic  field.  The  field  in  an 
armature,  however,  is  not  an  alternating  one  but  is  of  a  rotary  nature, 
probably  elliptical.  Such  a  field  is  generally  conceded  to  cause 
considerably  higher  iron  losses  than  the  alternating  field,  provided 
the  density  at  which  the  iron  is  worked  does  not  exceed  a  certain 
limit — about  120.000  c.g.s.  lines  per  square  inch.  If  the  density  is 
increased  above  this  value,  the  loss  per  imit  of  iron  decreases  rapidly. 
However,  such  high  densities  are  hardly  ever  reached  in  armature 
cores,  except  in  the  teeth,  so  that  there  is  generally  a  further  allow- 
ance to  be  made,  due  to  the  field  being  a  rotating  one.  The  foregoing 
probably  covers  all  the  additional  iron  losses  in  the  machines, 
))rovided  the  armature  and  field  structure  are  perfectly  concentric. 
If  they  are  not  concentric,  the  gap  reluctances  will  vary  with  different 
positions  of  the  armature,  the  result  being  that  the  flux  in  the  field 
poles  and  yoke  will  not  have  a  constant  value,  but  will  pulsate  and 
thus  produce  eddy  currents  in  the  field  structure.  Dr.  W.  JI. 
Thornton, I  who  first  called  attention  to  this  fact,  cites  a  case  in  which 
this  loss  amounted  to  2.300  watts  for  a  10  kw.  generator.  Assuming 
that  the  armature  and  field  structure  are  concentric,  the  actual  iron 
loss,  due  to  the  above-mentioned  causes,  ^vill  be  from  25  per  cent,  to  35 
per  cent,  greater  than  calculated  from  the  iron  curves  for  smooth-core 
armatures. 

Toothed  Armatures.- — What  has  just  been  said  about  smooth-core 
armatures  applies  equally  well  to  the  iron  back  of  the  slots  of  toothed 
armatures,  the  only  difference  being  that  in  the  latter  the  distribution 
is  less  uniform.  It  would  be  seen  from  the  illustrations  in  Dr.  W.  M. 
Thornton's  I'aper  (re])roduced  by  the  present  author  in  his  Paper) 
that  for  some  distance  behind  the  teeth  the  density  is  higher  than 
behind  the  slots,  and  of  the  same  order  as  the  density  in  the  teeth. 
If  the  iron  is  nearly  saturated,  these  streamers  of  higher  density 
appear  to  continue  all  the  way  from  pole  to  pole,  as  pointed  out  by 
Dr.  Thornton.  It  is  probable  that  this  phenomena  nullifies  some- 
what the  reduction  of  the  iron  loss  which  would  otherwise  occur 
when  iron  subjected  to  a  rotating  field  is  worked  above  r20,(K)0  lines 
jjer  square  inch.  The  writer  has  found  that  adding  30  per  cent.,  35 
per  cent.,  and  40  per  cent,  for  25,  40  and  60  cycles,  respectively,  to 
the  calculated  loss  in  the  iron  behind  the  slots,  gives  very  nearly 
correct  results. 

In  the  teeth  the  percentage  increase  in  the  losses  due  to  filing  and 
burrs  may  become  much  greater  than  is  the  case  for  the  part  of  the 
iron  already  discu.ssed,  particularly  in  high-frequency  machines  (,50 
and  CO  cycles),  in  which  the  eddy  currents  in  the  Vjurrs  become  very 
marked.  Here  also  we  have  to  allow  for  the  thicker  discs  next  to  the 
ventilating  ducts  and  at  the  core  ends.  Furthermore,  due  to  the 
leakage  field,  the  resultant  field  is  elliptical  instead  of  alternating. 
An  addition  of  30  per  cent.,  60  per  cent.,  and  80  per  cent.,  for  25,  40^ 
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and  00  cycles,  respectively,  has  been  found  to  give  satisfactory 
rcsvilts. 

In  aiklition  to  the  losses  already  mentioned  there  are  other  losses, 
particularly  in  machines  having  wide-open  slots,  caused  by  varia- 
tions in  the  gap  density.  In  direct -current  and  synchronous 
machines,  these  losses  are  produced  by  eddy  currents  in  the  pole- 
shoes.  «hile  in  induction  motors  they  are  caused  partly  by  eddy 
currents  in  the  tooth-faces  and  partly  by  density  variations  extending 
throughout  the  depth  of  the  teeth.  The  pole  shoe  is  subjected  to  a 
field  of  frequency  revs,  per  min.  x  S/12(»,  S  being  the  number  of 
armature  slots.  In  an  induction  motor  in  which  botli  tlic  ]nimary 
and  secondary  members  are  slotted,  both  memliors  will  be  subjected 
to  these  pulsations.  However,  as  the  secondary  slot  openings  are 
generally  very  small,  the  losses  from  this  source  in  the  primary  iron 
will  as  a  rule  be  of  no  great  moment.  The  frequency  of  the  ]nilsa- 
tions  in  the  secondary  member  is  revs,  per  min  x  Sp/I20  cycles  per 
second,  where  Sp  is  the  number  of  primary  slots,  while  to  obtain  the 
frequency  in  the  primary  the  number  of  secondary  teeth  is  sub- 
stituted for  the  number  of  primary  teeth  in  this  expression.  The 
amount  of  variation  in  density  can  be  calculated  quite  accurately, 
but  this  requires  a  considerable  amount  of  time,  and  experience  in- 
dicates that  this  refinement  is  not  justified. 

Within  practical  limits  of  slot  and  gap  dimensions,  the  variation 
can  be  said  to  be  roughly  proportional  to  the  expression  k/d,  where 
5=  air-gap,  and  fc=slot  opening.  As  the  losses  are  caused  mainly  by 
eddy  currents,  while  the  hysteresis  loss  is  much  smaller,  the  total 
losses  from  this  source  will  vary  nearly  as  the  square  of  the  frequency 
and  probably  approximately  as  (k/^)-.  Therefore  it  should  be 
possible  to  plot  curves  of  the  expression  B/.-S  revs,  per  min./(5  against 
watts  lost  per  square  inch  of  iron  surface  in  the  air-gap,  B  being  the 
maximum  density  in  kilolines  per  square  inch  of  secondary  tooth 
face,  fringing  being  neglected. 

In  the  case  of  alternating-current  machines,  in  which  only  a  few 
standard  frequencies  come  into  consideration,  it  is  probably  more 
accurate  to  plot  the  curves  using  the  expression  BfcS,,/^  making 
a  curve  for  each  frequency  to  be  used.  The  necessary  data  can  be 
obtained  by  determining  the  losses  in  the  teeth  and  in  the  j)ortiou  of 
the  core  at  the  back  of  the  teeth  in  the  manner  explained,  deducting 
the  value  thus  obtained  from  the  iron  loss  observed  on  test.  In 
direct-current  machines  and  in  alternating-current  machines  having 
projecting  poles,  the  result  will  represent  the  loss  in  the  ])ole  shoes. 
provided  the  rotating  and  stationary  parts  are  concentric.  In 
machines  with  distributed  field  windings  and  in  induction  motors, 
part  of  the  result  represents  losses  in  the  primary  and  ])art  in  the 
secondary.  It  is  possible  in  such  a  case  to  separate  the  two,  but  it 
is  easier  to  obtain  the  necessary  data  from  machines  with  projecting 
poles,  and  in  the  case  of  induction  motors  by  choosing  machines  in 
which  the  secondary  slot  openings  are  small  and  the  number  of 
secondary  slots  less  than  that  of  the  primary.  Curves  obtained  in 
this  manner  have  been  used  by  the  writer  and  others  with  satis- 
factory results.  In  induction  motors  in  w  Inch  the  air-gap  necessarily 
is  very  short,  wide-open  slots  are  often  objectionable,  particularly  in 
high-speed  machines,  as  the  iron  loss  due  to  the  slot  openings  will 
often  equal  the  losses  due  to  the  variations  of  the  main  field.  More- 
over, in  comparing  the  running  iron  loss  of  an  induction  motor  with 
the  iron  loss  at  standstill,  it  will  in  many  cases  be  found  that  the 
former  exceeds  the  iron  loss  at  standstill  although  in  the  latter  case 
the  secondary  iron  is  subjected  to  the  full  frequency  of  the  line. 


ELECTRICALLY  DRIVEN  SLIPWAY  HAULAGE 
GEAR. 


There  can  be  no  doubt  that  one  of  the  directions  in  which  the  elec- 
tric drive  has  made  great  progress  during  the  last  few  years  is  in  its 
application  to  ship  work  and  in  the  allied  branch,  the  operation  of 
machinery  in  shipyards.  An  interesting  example  of  such  application 
is  the  winch  shown  in  the  accompanying  illustration.  This  was  re- 
cently built  by  Messrs.  Clarke,  Chapman  &  Co.,  of  Gateshead,  for  an 
important  firm  of  French  contractors.  It  is  designed  to  haul  a  loafl 
of  .'iO  t(ms  at  a  rate  of  5  ft.  jicr  minute  by  means  of  chain  cables,  and 
can.  therefore,  deal  with  vessels  up  to  a  medium  size.  The  over-all 
dimensions  of  this  winch  are  only  10  ft.  3  in.  by  1 1  ft.  6  in.  by  0  ft.  3  in., 
this  ccuinomy  in  space  being  efiected  by  the  use  of  chain  cable  lifters 
in  place  of  the  usual  drum  and  steel  ropes.  The  diameter  of  the  lifter 
is  only  2  ft.  and  the  cable,  after  being  drawn  over  it,  is  dropped  into 
a  tank,  as  are  the  anchor  cables  on  board  ship.  If  steel  ro])es  were  used 
a  drum  of  about  8  ft.  diameter  would  have  to  be  used,  while  the  speed 
of  the  machine  wotild  have  to  be  reduced,  and  the  extra  gearing  then 
re()uired,  to  avoid  the  emi)loyment  of  a  low-speed  motor,  would  con- 
siderably increase  the  cost. 
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The  chain  wheels  on  this  winch  are  of  cast  steel  and  are  fitted  w  ith 
snugs  whicli  are  carefully  pitched  to  give  easy  running  of  thv.  chains. 
The  wheels  are  keyed  to  a  massive  steel  shaft  operated  by  a  double 
helical  spiral  wheel  of  cast  steel.  The  pinion  is  loose  on  this  shaft, 
being  engaged  with  it  tlirough  a  strong  steel  clutch  when  it  is  re- 
ijuired  to  haul  by  means  of  the  chain  lifters.  The  shaft  carrying  this 
pinion  is  driven  by  worm  gearing  w'lich  is  totally  enclosed  in  a  cast- 
iron  box  tilled  with  oil.  It  is  fitted  with  a  roller  bearing  so  that  the 
thrust  on  the  worm  can  be  taken  up.  The  worm  wheel  is  specially 
designsd,  and  consists  of  a  gun-metal  machine-cut  rim,  which  is 
built  on  a  cast-iron  centre.  The  idea  in  this  design  is  the  avoidance 
of  the  development  of  any  slackness  between  the  wheel  and  the  key 
which  might  occur  in  the  course  of  operation,  while  the  advantage 
obtained  by  the  employment  of  gun-metal  teeth  is  at  the  same  time 
secured.  The  worm  itself  is  of  steel,  cut  from  the  solid  of  a  shaft 
direct-coupled  to  the  motor  spind'e. 

This  haulage  gear  is  fitted  with  a  warping  arrangement  which  can 
be  operated  independently  of  the  main  haulage  gear  w-hen  it  is  re- 
quired to  start  a  vessel  which  has  been  docked  for  repair,  to  manipu- 
late the  cradle  or  to  carry  out  other  similar  operations.  The  warping 
drum  is  attached  to  the  clutch  pinion  shaft  and  is  20  in.  in  diameter, 
running  at  a  speed  of  lo  ft  per  minute.  In  order  that  the  carriage 
may  be  held  still  while  the  warping  drum  is  in  use,  the  chain  lifters 


Clabke  CHAraiAS    Electric'.U-ly   Driven"    Haulage   Gear  from 
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are  disconnected  from  the  motor  by  means  of  a  clutch,  and  a 
powerful  band  brake  is  provided  having  a  hard  wood  block.  This 
operates  on  the  intermediate  shaft,  and  is  controlled  by  a  screw  and 
hand  wheel.  A  post  brake,  which  is  operated  by  a  lever,  is  fitted  on 
the  motor  spindle  and  is  designed  to  hold  the  greatest  load  that  the 
motor  can  pull  by  means  of  the  w  arping  drum. 

The  electrical  equipment  of  this  winch  consists  of  a  four-pole 
series  motor  of  Messrs.  Clarke,  Chapman  &  Co.'s  make,  having  a 
totally  enclosed  slot-wound  armature.  The  motor  runs  at  a  speed  of 
750  revs,  per  min.,  and  develops  27  h.p.  when  the  circuit  voltage  is 
500  volts.  It  is  designed  to  have  a  temperature  rise  not  exceeding 
100°1"'.  after  a  run  of  one  hour  on  full  load.  It  is  operated  tlirough  a 
coutroUer  by  which  the  necessary  speed  regulation  can  be  obtained, 
cast-irou  grid  resistances  being  fitted  for  this  purpose.  All  the 
operating  gear,  including  the  controller  and  the  various  brake  levers. 
are  grouped  at  one  end  of  the  winch  and  are  jilaced  under  the  control 
of  one  operator.  As  will  be  seen  from  our  illustration,  the  w  hole  gear 
is  very  compact,  and  should  be  quite  capable  of  doing  the  work  for 
which  it  is  designed. 


AN  IMPROYED  FORM  OF  THE  DDDDELL  SINGING 
ARC. 

BY    G.    \V.    S.iS.MyTH. 

I     In  the  usu.il  form  of  the  Duddel!  singing  arc,  the  direct -current 

1'arc,  in  series  with  a  .suitable  resistance  and  choke  coil.  !\as  the  oscil- 
lation circuit  containing  capacity  and  inductance  connected  in  shunt 
across  the  arc,  from  anode  to  cathode.  In  the  improved  form  (^te 
diajgram  herewith)  two  arcs  arc  used  in  parallel,  each  with  its  own 
resistance  and  choke  coil,  and  the  oscillation  circuit  is  connected  be- 
tween the  two  anodes,  the  two  cathodes  being  connected  together. 
(Or  the  two  anodes  may  be  connected  together  and  the  inductance 
and  capacity  placed  between  the  two  cathodes.) 


The  chief  advantages  of  this  form  of  the  singing  arc  are  in  the 
increased  power  available  in  the  oscillation  circuit  and  a  greatly  in- 
creased stabilitj'  in  the  oscillation  conditions.  The  power  available 
in  the  oscillation  circuit  is  approximately  twice  that  obtainable 
from  the  usual  form  of  the  singing  arc.  With  two  arcs  connected 
in  this  way,  the  fluctuations  in  either  arc  have  a  tendency  to  be 
neutralised  by  the  other  arc,  and  the  effect  on  the  oscillations  is 
greatly  diminished.  If  the  arcs  are  surrounded  by  a  hydrogen  at- 
mosphere, sui)plied  by  alcohol  lamps  or  illuminating  gas,  the  oscil- 
lations will  be  maintained  for  a  time  even  though  one  arc  goes  out, 
the  other  arc  continuing  to  send  the  oscillations  through  tie  hydro- 
gen atmosphere.  If  one  arc  is  short-circuited  the  connections  are 
changed  to  the  usual  form  of  the  singing  arc  and  the  oscillations 
will  continue. 

With  this  new  form  of  the  singing  arc  the  author  has  obtained 
oscillations  over  a  range  of  frequencies  from  two  per  second  to 
1,000,000  per  second.  As  in  the  usual  form,  small  currents  (from 
0'5  to  3  an\peres)  give  the  most  energj',  and  a  water-cooled  copper 
anode  is  of  ad\  antage.  For  low  frequencies  the  arcs  .should  be  as 
long  as  possible,  but  for  high  frequencies  it  is  necessary  to  shorten 
the  arcs.  As  in  the  Duddell  form  of  the  singing  arc,  the  phenomena 
may  be  explained  as  due  to  the  negative  slope  of  the  voltage-current 
arc  characteristic. 

Preliminary  experiments  with  %-arying  arc  length  and  arc  currents 
indicate  tliat  the  equation  for  the  frequency  of  the  usual  form  of 
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the  singing  arc  holds  also  for  the  new  form.  If  L  is  the  inductance, 
C  the  capacity  and  R  the  resistance  in  the  oscillation  circuit,  and 
X^  and  Aj,  V,  and  V.,  the  ciurrents  and  P.D.s  of  the  two  arcs  respec- 
tively, the  equation  for  the  freqxiency  may  be  written 
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Kxperiments  also  indicate  that  the  power  available  in  the  oscilla- 
tions increases  with  — lA'  rfA,  the  negative  slope  of  the  arc  voltage- 
current  characteristic  curve,  and  data,  wliich  tlie  author  hopes  to  in- 
clude in  a  more  complete  article  in  the  near  future,  show-  that  in 
order  to  have  the  oscillations  set  up  the  resistance  of  the  oscillation 
circuit  must  be  less  than  the  sum  of  the  negative  slopes  of  the  two 
arc  characteristic  curves. 


APPARATUS  FOR  THE  RAPID  ELECTRO-ANALYTI- 
CAL SEPARATION  OF  METALS.* 

BY    H.    J.    S.    SAND,    PH.D.,    D.SC. 
Summari/. — In  this  Paper  the  author  describes  an  apparatus  which 
marks  an  improvement  ovei  cue  previously  designed  by  him  for  this 
purpose.    It  is  now  more  portable  and  easier  to  set  up.   A  potentiometer, 
containing   all   the  apparatus    required  for   the   measurement 
potential  of  the  electrode  in  a  single  box,  is  also  described. 


L.f  the 


Abstract,  from  the  "  Physical  Review, '"ol  a  Paper  read  before  the 
Vmerican  Physical  Society. 


About  two  years  ago  1  described  a  methixl  for  the  rapid  electro- 
analvtical  deposition  and  .separation  of  metals  (Chem.  Soc.  "  Trans. 
91,373  (19(t7),  also  "  Trans."  93.  1..572  (190S)  which  for  the  first  time 
combined  in  a  practical  form  the  use  of  an  auxiliary  electrode  and  a 
very  rapid  stirring  of  the  electrolyte.  During  constant  use  in  the 
atmosphere  of  a  chemical  laboratory  forabout  three  years  the  appwa- 
tus  has  not  been  subject  to  any  derangement,  and  the  criticism  that 
has  been  occasionally  made,  that  it  is  imnecessarily  complicated,  may 
therefore  be  said  to  be  without  foundation.     Apart  from  the  very 

*  Abstract  of  a  Paper  read  before  the  Faraday  Society     A  brief  ac- 
count appeared  in  our  issue  of  July  9,  1909. 
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liigh  stirring  efficiency  of  the  electrodes,  the  apparatus  is  bch'eved  to 
be  superior  to  others  of  similar  type,  firstly  in  the  exceedingly  great 
simplicity  of  the  method  of  making  and  undoing  the  electrical  con- 
nections on  a  single  stand,  which  reduces  to  a  minimum  the  time 
during  which  the  electrodes  are  left  in  a  wet  state  exposed  to  the 
atmosphere  and  renders  short-circuits  almost  impossible  :  secondly, 
in  the  fact  that  the  electrodes  mav  be  used  with  ordinary  beakers. 


cit.).  The  tubes  contain  mercury,  reaching  about  halfway  up  the  steel 
tube  and  having  a  drop  of  oil  on  the  top.  A  steel  wire  of  about  o  mm. 
diameter  connected  to  one  of  the  sets  of  double  terminals  on  the  base 
of  the  stand  dips  into  the  lucrcury.  A  special  screw  cap  is  provided 
which  may  he  screwed  dt>wn  when  the  apparatus  is  not  in  use.  and 
makes  it  possible  to  transport  it  without  taking  out  tlie  mercury. 
It   consists  of   r>.    piece   of   rubber  cork   tlirough    a   hole  of  which 


which  renders  them  readily  adaptable  to  very  varying  quantities  of     the  steel  wire  passes.     It  is  surrounded  at  the  top  by  a  brass  ring  td 
liquid,  and  makes  it  possible  to  heat  the  electrolyte  rapidly  to  the  |  prevent  the  rubber  from  brina  si|uic/.ed  away  from  the  wire  when  it  is 


desired  tem|>erature;  and 
thirdly,  in  the  very  short 
time  of  less  than  a  minute 
required  for  washing  and 
drying  the  electrodes, 
and  the  small  amount 
of  wash-water  neces.sary. 
amounting  as  a  rule  to 
about  1(1  to  20  cubic  cm., 
in  consequence  of  wliieh 
evaporations  become 
either  altogether  un- 
necessary- or  their  num- 
ber is  greatly  diminished. 
Fig.  1  represents  the 
complete  apparatus  set 
up  for  use.  On  the  left 
is  shown  a  wooden  stand, 
to  which  is  fitted  the 
ammeter,  and  below  the 
regulating  resistance  for 
the  main  current.  On 
tlie  stand  i*  placed  the 
potentiometer  box  des- 
cribed below  with  lid 
and  sides  removecL  To 
the  right  of  this  the 
auxiliary  electrode  is 
visible.  Special  atten- 
tion may  \x  dra«n  to 
the  position  of  the  tip 
of  the  capillary  in  the 
beaker  above  the  outer 
electrode.  This  position 
makes  it  possible  to  em- 
ploy narrow  beakers 
which    allow    the  whole 

of  the  electrode  to  be  covered  with  a  small  volume  of  liquid.  The 
bore  of  the  capillary  is  about  •2'mm..  but  at  the  end  where  it  is  bent 
round  several  times  it  is  drawn  out  to  about  I  mm.,  so  that  the  total 
breadth  of  the  bends  is  slightly  under  I  cm.,  and  their  height  about 
5  mm.     The  auxiliary  electrode  as  now  employed  is  so  arranired  that 


Fic.  1. — Complete  Api-aratus. 


^ 
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screwed  down.  On  the 
rubber  cork  a  washer  of 
\  ulcaniscd  fibre  is  ce. 
mented,  and  the  two  may 
be  screwed  down  by  the 
brass  screw.  The  insu- 
lation of  the  clamp  hold- 
ing the  outer  electrode 
from  the  stand  is  effected 
by  a  bush  of  vulcanised 
libre. 

.V  clutch  arrangement 
has  been  added,  visible 
at  the  bottom  of  the 
stand  on  the  right  (Fig. 
1).  and  shown  in  plan 
(Fig.  2),  which  has  been 
designed  to  tluow  the 
stirrer  in  and  out  of  gear 
with  the  motor  at  ^vill. 
Such  an  arrangement 
will  be  found  an  advan- 
tage if  it  is  desu'ed  to 
actuate  several  sets  of 
apparatus  from  one  shaft 
driven  by  a  single  motor, 
or  if  the  current  is  ob- 
tained  from  a  small 
motor-generator  which 
is  also  employed  for 
rotating  the  electrode. 
the  chitch  making  it 
possible  to  stop  or  start 
the  stirrer  without 
stopping  the  current ; 
or  lastly,  it  a  hot  air  or 
w  ater  mot®t  is  employed 
which  cannot  be  stopped  instantly  during  the  washing  oft  he  electrodes. 
As  will  be  seen  from  Fig.  2.  w  hen  the  clutch  is  in  action  the  frictioi  bevel 
wheel  A  of  vulcanised  fibre  connected  to  the  source  of  motion  by  a  pulley 
engages  the  similar  bevel  wheel  R  which  is  in  connection  with  the 
stirrer.  A  is  fitted  to  a  shaft  running  in  a  sliding  bearing  C.  On  the 
latter  the  flanged  collar  D  is  clamped  by  means  of  the  screw  S  and  is 
controlled  by  means  of  an  eccentric.  E.  This  eccentric  is  fitted  to 
the  same  shaft  as  the  handle  H.  so  that  the  clutch  can  l)e  j)Ut  in  and 
out  of  gear  by  throwing  over  H.  The  position  of  D  on  C  can  W 
readilv  adjusted  so  as  to  alter  the  tension  on  the  bevel  wheels. 


Fig.  2. 

both  amis  of  the  capillary  are  filled  from  the  funnel,  the  electrode 
being  elosetl  by  a  rubber  cork.  Special  attention  may  be  drawn  to 
the  method  now  adopted  to  fit  the  terminal  to  the  electrode.  .\  long 
thin  platinitm  wire  which  passes  through  the  glass  of  the  electrode  is 
soldered  to  the  terminal,  the  w  ire  is  then  coiled  up  above  the  terminal, 
and  the  latter  cemented  into  a  glass  tube.  The  electrolytic  stand  is 
identical  in  principle  with  the  improvised  stand  previously  described 
(fcc.  cil.),  but  glass  tubes  have  been  discarded.  Omnection  to  the 
electrode  is  made  by  a  steel  tube  rotating  in  ball  licarings.  To  this 
is  fitted  the  rubber  tube  that  holds  the  clutch  for  the  electrode  {loc. 


The.  Potentiometer  Box.—\  very  considerable  simplihcation  has 
been  obtained  by  fitting  all  the  aiijiaratus  required  for  the  measure- 
ment of  the  potential  of  the  electrode  in  a  single  box.*  The  arrange- 
ment has  been  designed  so  that  by  depressing  a  key  it  will  also  allow 

*  In  his  book  just  published,  ''  Klektroanalytische  ■Schnellmethoden," 
p.  100,  A.  Fischer  also  describes  a  cnnibination  of  apparatus  serving  for 
the  same  purpose  as  the  above  potcntionmeter  box.  The  types  "f.^"'' 
instruments  employed,  however,  differ  considerably  from  those  desc-ribed 
in  the  jjrescnt  Paper.  The  zero  instrument  is  a  galvanometer,  and  there- 
is  no  arrangement  for  the  measurement  of  the  potential  anode-cathode. 
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tlio  potciitiiil  dili'ci'cncc  between  the  anode  and  the  enthode  to  be  read 
directly.  It  was  thought  very  desirable  to  retain  the  capillary  elec- 
trometer as  a  zero  instrument.  The  well-known  fact  that  its  indica- 
tions are  linrdly  affeetecl  by  slii/lit  mechanioal  disturbances  and  by 
the  electrical  nsistanc^e  of  tlie  circuit,  and  are  quile  unalTcetcd  by 
magnetic  iulluences  and  by  the  air  of  a  chemical  lalioratory  render 
this  form  of  instrument  particidarly  suitable  for  elipniieal  purposes. 
It  became  necessary,  however,  to  design  the  new  jjoitable  form  which 
is  described  below. 

The  general  arrangement  of  the  bo.x  will  be  clear  from  Fig,  4,  which 
alsoshowsall  tlie  connections  on  the  diagram  in  the  lid.  The  twoends 
of  a  slidiiiL'  rbc  i  ■4al  sliown  on  the  left  of  the  ilhistiat  ion  arc  connected 
to  a  dry  nil  by  rii.  ans  of  the  terminals  niaiUiil  hiitliri/.  The  I'.D. 
to  be  measured  is  iniinected  to  the  terminals  marked  ralh)de  and 
auxilinrij.  and  balanced  by  means  of  the  capillary  electrometer  visible 
in  front,  witli  its  tapjiing-key  marked  electromelfr.  against  a  I'.l). 
betW(^on  one  end  and  the  slider  of  the  rheostat.  The  value  of  this 
I'.D.  is  read  directly  on  the  delicate  moving  coil  voltmeter,  the  scale 
of  which  is  visible  in  the  illustration,  and  which  reads  from  0  to  1-.5 
volts.  When  the  key  marked  anode  is  depressed  the  connection  of 
the  voltmeter  to  the  tajijiing-kcy  of  the  electrometer  and  to  the  end 


proper  position  by  suitable  manipulation  of  the  instrument.  It  is 
fitted  with  a  very  Hat  elliptical  capillary  and  an  enclosed  scale  S. 
The  instrument  is  evacuated.  Its  sensitiveness  is  very  considerable. 
1  millivolt  giving  a  delkction  plainly  visible  through  the  len.s.  This 
is  more  than  suflicicnt  for  all  purposts  of  analysis.  Terminals  TT 
are  litte<l  to  the  iiistrunii  nt.  which  are  connected  to  platinum  wires 
fused  through  the  glass.  (A  dillercnt  form  of  connection  is  shown  in 
the  instrument  of  Fig.  4.)  The  electrometer  is  held  hy  two  blocks 
1)  1),  which  arc  clamped  to  the  lever  L  by  the  screws  S.  Sufficient 
adjustment  for  the  mercury  in  the  capillary  is  obtained  by  raising  or 
lowering  this  lever.  The  latter  can  be  clamped  firmly  by  tightening 
the  screw  O.  but  an  arrangement  based  on  the  application  of  a  spring 
inside  O  is  fitted,  which  makes  the  lever  be  liekl  Inosely  in  position, 
even  when  the  screw  O  is  not  drawn  tight,  thus  uuiking  it  impo.ssible 
to  break  tlu-  electrometer  by  accidentally  leaving  O  loo.se.  The 
potentiometer  box  will  doubtless  also  prove  of  value  for  preparative 
electrochemical  work. 

The  autlior  desires  to  e.xpress  his  indebtedness  for  aid  in  the  con- 
struction of  tho  ajjparatus  to  grants  f)htained  from  the  British  .Asso- 
ciation and  the  Government  Grant  eouimittce  of  the  Roval  Society. 


of  the  rheostat  is  broken,  autl  a  new  connection  niailc  thniugli  a  back 
rosistanco  (not  visible)  to  the  terminal  marked  anode.  Tiie  tapping 
kiys  and  sliding  rheostat  of  about  -II)  ohms  are  of  known  pattern. 
The  platinum  contacts  on  the  former  are  substantially  made  and  the 
latter  is  oonstructod  to  slide  very  evenly  so  as  to  facilitate  adjust- 
ment. The  box  is  provided  with  slots  for  the  connecting  wires,  so 
that  it  can  be  closed  without  undoing  the  electrical  connections. 
HingiM  of  such  a  pattern  are  fitted  to  the  lid  and  to  the  three  sides  as 
to  allow  them  to  be  removed  at  pleasure  when  the  aiijiaratus  is  in  use. 
Tiie  electrometer  with  its  sujiporting  lever  is  shown  in  Fig.  3.  It 
may  be  described  as  a  closed  form,*  developed  from  the  Ostwald 
h.jri/.ontal  capillary  electrometer,  A  distinctive  feature  of  this  in- 
strument is  to  be  found  in  the  reservoir  bulb  .\  of  about  '.\  em, 
diameter  for  acid  and  mercury  and  the  subsidiary  reservoir  bulbs  B 
and  (',  which  make  it  ]>ossible  to  .set  the  mercury  anil  acid  in  their 


*  A  closed  form  of  rapillary  eleetromotcr  was  first  iles.rilH-d  by  S.  \Y.  J. 
Smith,  "  Pliil.  Mag.,"  1!U);{.  sW.  <i,  r.,  :!!I8.  .VnulluT  funn  is  dii"  t-  T.iilbcr. 
79th  meeting  of  the  Deutsche  Naturtcirseher  uml  Aerzle. 


THE  ABSOLUTE  VALUE  OF  THE  MECHANICAL 
EQUIVALENT  OF  HEAT,  IN  TERMS  OF  THE 
INTERNATIONAL  ELECTRICAL  UNITS.* 

liV    II.    T.    BAnXES.    U.-Sf. 

In  I902t  there  were  published  the  resulta  of  an  extended  series  of 
measm'ements  of  the  capacity  for  heat  of  water  at  different  tem- 
peratures  between    ()°C.    and    lOO^C,    the   continuous    method   of 
calorimetry  being  employed  by  Prof.  H.  L,  Callendar  and  myself. 
A  steady  electric  current  was  used  to  heat  a  steady  How  of  water 
through  a  fine  bore  tul)e,  bringing  about  steady  temperature  con- 
ditions in  the  ealorinuter.     The  energy  given  in  joules  per  caloric 
was  cx|)rcssed  in  terms  of  the  international  electric  unit.s.  and  was 
consequently  dependent  on  the  values  of  the  standards  used  in  the 
measurements.     We  adopted  the  legal  value  of  the  Clark  cell,  viz,, 
1-4342  volts  at  I5°C,     Recent  investigations  have  shown  that  this 
value  is  too  high.     The  most  probable  absolute  figure,  so  far  as  it  is 
possible  to  fix  it,  is  now  given  as  1-4.330  volts  at  I5°C.  for  the  cells 
.set  up  according  to  the  new  specifications.     There  is.  how- 
ever, an  important  difference   between   the  cells  set   up 
according  to  the  old  specifications,  such  as  were  used  in 
our  determinations  of  the  mechanical  equivalent  of  heat. 
and  the  cells  set  up  according  to  the  approved  methods  now- 
adopted  at  the  various  standardising  laboratories.      The 
fimdamental  difference  lies  in  the  treatment  of  the  mer- 
eurous  sulphate.      F.  A.  Wolff  and  Waters;):  have  shown 
that  the  cells  set  up  according  to  the  old  specification  are 
()-30  millivolt  higher  than  the  new  cells. 

With  the  assistance  of  Dr.  H.  L.  Bronson  we  have  recently 
equipped  the  laboratory  with  a  set  of  modern  standards, 
and  we  have  constructed  several  cells  in  an  exactly  simi- 
lar waj'  to  those  previously  used  and  compared  them  with 
our  new  cells.     The  result  of  this  test  has  shown  that  the 
mean  of   our  cells,  set  up  according  to  the  old  siKciliea- 
tions,  is  0-28  millivolt  higher  than  the  modern  Clark  cells. 
As  a  matter  of  fact,  our  new  cells  are  exactly  ti-018  milli- 
volt higher  than  the  reference  standards  at  Washington, 
which  brings  the  mean  of  ovu'  cells  set  up  according  to  the 
the   old   specifications   to  0-30   millivolt.      The   absolute 
value   which  we   must   therefore   take    for    our   cells  in 
order   to  nulucc   the  values  of  the  mechanical  equivalent   is  0-30 
millivolt  liigher  than  the  value  assumed  for  the  modern  Clark  cells. 
or  1-43311  I  0-lMH(3=  1-4333  volts  at  l.y'C. 

It  is  possible  now  tt)  express  the  original  determinations  on  the 
basis  of  the' new  value  for  the  Clark  cell.  It  is  exceedingly  unhkely 
that  either  the  mean  of  the  resistance  standards  or  of  the  Clark 
cells  were  in  error  by  as  much  as  1  part  in  llt.OOO  from  the  inter- 
national units,  whatever  values  may  ultimately  lie  assigned  to  these 
in  C.Ci.S.  units.  In  the  calorimetry  also  great  pains  were  taken  to 
eliminate  errors  of  thermometry  and  heat  loss,  and  the  agreement  of 
the  observations,  taken  at  ditVerent  times  antl  under  widely  dilTerent 
conditions,  was  not  far  hum  1  part  in  10.000.  A  table  in  the  l'ai)er 
gives  the  values  of  the  thermal  capacity  of  water  at  ditl'erent  tem- 
peratures between  .l^C.  and  iXl^C.  in  joules  )ier  calorie.  The  mean 
value  over  the  range  is  now  418:5.'>.  compared  with  4-lSSS  originally. 


*  Vlisliact  i>f  a  I'aper  irad  tief.av  the  Boval  Society. 
t  ■■  IMiil.   j-ians.,'  A.  Vol.  CXCI.X..  \:  1  I'.l  (I'.Kli). 

*  •  r.iill.  Ilinvau  of  Slandards,"  Vol.  W..  p.  114  (liHlT). 
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It  is  iif  interest  to  compare  tluse  values  with  the  direct  nicchanicnl 
measureuients  of  Rowland,  and  of  Reynolds  and  Moorby.  On 
account  of  the  limited  range  of  Rowland's  experiments  coniparison 
can  only  be  made  between  rt'C.  and  35°C.  The  mean  value  over 
this  range  from  Rowland's  curve  is  found  to  be  4-185  joules,  whilst 
over  the  same  range  our  value  comes  to  418'2l)  joules.  .\  divergence 
of  1  part  in  i.lKMt  is  shown  between  the  two  values,  but  Rowland 
only  assigned  to  his  value  an  aecviraey  of  about  1  jiart  in  l.dOd. 
Hence  we  find  an  agreement  of  1  part  in  2.t><in.  which  is  better  than 
Rowland  gives  a.s  the  probable  accuracy  of  his  measurenunts. 
When  we  come  to  the  alisolute  measurements  of  Reynolds  and 
Moorby.  we  find  probably  greater  accuracy  on  account  of  the  method 
they  adojited.  The  value  they  obtained  was  the  mean  over  the 
entire  range,  and  was  found  to  be  41S:V2  joules.  Prof.  A.  W. 
Smith*  has  recently  pointed  out  that  their  results  are  really  for  an 
interval  of  temperature  between  1  C.  and  1(H>°C'.  To  express  this 
mean  value  accurately  between  OX",  and  KHi'C.  it  bceomcs  necessary 
to  increase  their  value  slightly,  since  the  value  of  "  J  "  increases 
rapidly  between  VC.  and  0"C.  As.s\iniing  the  variation  of  the 
specific  heat  of  water  from  our  determinations,  this  value  is  increased 
to  4-183ti  joules.  Over  the  same  interval  our  mean  value  must  be 
inerea.sed  slightly,  making  allowance  for  the  increase  at  both  ends 
of  the  tem]>erature  range.  This  brings  our  value  to  4- 1849  between 
O'C.  and  1()0"C..  which  is  in  accord  with  their  value  to  1  part  in 
4.0(X).  The  value  is  therefore  seen  to  be  between  that  of  Rowland 
and  that  of  Reynolds  and  Moorby. 

The  excellent  agreement  shown  here  indicates  that  wc  must,  at 
the  ]>resent  time,  have  a  knowledge  of  the  electrical  units  not  far 
from  the  truth,  both  as  regards  the  Clark  cell  and  resistance.  The 
agreement  with  Rowland  to  within  the  limits  of  accuracy  of  his 
measurements  serves  to  link  his  absolute  mechanical  measurements 
with  those  of  Reynolds  and  Moorby  in  a  very  satisfactory  way,  and 
to  show  that  they  obtained  almost  identical  values. 

A  Paper  has  recently  appearedt  in  w'hich  the  15°C.  calorie  has 
been  discussed.  Our  value  of  this  quantity  is  given  as  4-187  joules. 
This  value  is  given  as  expressed  in  terms  of  a  Clark  cell  equal  to 
1-4.3:34  volts  at  15=C. 

[X'lle  by  Prof.  H.  L.  Callendar. — I  designed  the  apparatus  used  by 
Mr.  R.  O.  King  to  read  to  an  order  of  accuracy  of  1  in  100,000.  and 
IH?rsonally  assisted  him  in  all  the  fundamental  measurements.  I 
liad  no  doubt  at  the  time  that  the  result  which  I  worked  out  from 
Mr.  King's  observations,  though  not  so  perfect  as  might  have  been 
obtained  in  a  more  extended  investigation,  correctly  represented  to 
1  in  lO.OtMl  the  absolute  value  of  the  (lark  cells  at  that  time  em- 
ployed in  our  investigations  in  terras  of  the  international  ohm.  It 
is  very  satisfac-tory  to  find  that  Dr.  Barnes'  recent  compari.sons 
agree  so  well  with  the  old  absolute  measurement,  but  I  think  the 
absolute  value  of  the  mechanical  equivalent  deduced  from  the 
electrical  standards  may  possibly  be  in  error  by  at  least  1  part  in 
4,000.1 


ELECTRIC  DRIVEN  ROLLING  MILLS.j 


BY    E.    FRIEDLAXUER. 


fSnmmury. — The  author  discu.sscs  the  general  advantages  of  the  electrie 
drive  for  rolling  mills.  A  preference  is  expressed  for  continuous-current 
motors  for  such  work. 


Th'3  tir.3t  electric-driven  steel  rolling  mill  in  the  United  States  was 
installed  about  four  years  ago  by  the  Carnegie  Steel  Co.  at 
their  Kdgar  Thomson  works.  Since  then  a  number  of  other  electric 
mill  drives  have  been  installed  and  run  with  entire  success,  a  note- 
worthy example  being  found  at  the  steel  plant  at  Gary.  Indiana,  j 
The  introductirm  of  the  electric  drive  has  made  it  possible  in  (Icar  up 
many  points  in  regard  to  the  yiower  required  for  rolling  ililTcnnt 
sha))es  of  steel,  and.  moreover,  the  operator  is  able  to  see  at  a  glance 
the  work  done  by  each  pass.  The  electric  roll  drive  has  also  taught 
us  how  to  get  the  bc-st  relation  bet  ween  rotating  masses,  speed,  time 
and  horse-power.  It  has  helped  the  roll  designer  to  calibrate  rolls 
in  such  a  manner  that  the  power  characteristic  for  all  the  passes  is 
uniform,  thereby  avoiding  high-]wwer  peaks,  decreasing  the  size  of 
the  prime  mover  and  reducing  first  cost  and  fuel  consumption. 

The  watt-hour  meter  warns  the  roller  of  bearings  or  rolls  becoming 
tight  and  hot,  or  that  steel  is  causing  excessive  friction  in  the  jiasses, 
often  due  to  overfilling,  cold  steel  or  faulty  calibration,  thereby  guard- 
ing against  damage  to  the  rolls  and  bearings.     The  meter  indicates 

•  "  Monthly  Weather  Review,"'  Vol.  XXXV.,  p.  4r,8  (1907). 
t  "  Verb,  der  Deut.  Phys.  CJes.,"  Vol.  VI.,  p.  .589  (1008). 
X  Paper  read  before  the  American  Institute  of  Electrical  Kngincers. 
S  A  description  of  this  installation  was  given  in  The  Klectriciax, 
Vol.  LXm.p.  4(t. 


that  lower  heat,  greater  elongation  and  especially  change  of  profile 
in  different  directions  increase  the  power  rccpiired  at  the  rolls  much 
more  rapidly  than  do  chemical  hardness,  high  tensile  .strength  or 
larger  draughts.  The  meter  also  shows  that  it  is  not  the  higher  per- 
centage of  carbon  in  steel  which  requires  more  power  in  rolling  but 
the  lower  tem])cratiu-cs  at  which  this  steel  has  to  be  rolled,  and  also 
that  an  increase  in  width  of  the  steel  shape  requires  more  power  than 
a  decrease  in  height.  By  means  of  the  meter,  too.  it  can  readily  be 
scon  that  rolling  "  squares"  and  "  rounds"  takes  pir  square  inch 
displacement  much  less  power  than  .sha;ics  with  large  perii)heries  and 
many  flanges,  as  the  latter  cool  off  quickly  and  cause  much  friction 
in  the  rolls. 

Tests  on  rail  mills  have  shown  that  the  foot-pounds  per  square 
inch  of  displacement  gradually  increase  the  nearer  the  rail  is  to  the 
finishing  pass.  A  "•">  lb.  rail  required  1.100  ft. -lb.  at  the  first  pass  on 
the  first  "  rougher."  On  the  same  stand  in  the  seventh  pass  it  re- 
quired 3,000  ft. -lb.,  in  the  first  ])ass  on  the  second  roughing  rolls 
4.800  ft.-lb..  in  the  fifth  pass  B.LW  ft.-lb.  :  !)..')00  ft. -lb.  were  re- 
quired for  the  last  or  finishing  pass.  The  large  increase  in  foot- 
pounds is  partly  due  to  the  greater  density  and  rapid  cooling  of  the 
steel,  especially  at  the  thinner  flanges  near  the  finishing  pass.  For 
this  reason  the  flanges  are  rolled  out  as  late  as  possible.  \S'henever 
required,  exact  power  consumption  can  be  given  for  each  phase  of 
rolling. 

The  ideal  motive  power  for  rolls  should  drive  them  slowly  when 
the  steel  enters  and  shoidd  drive  the  roll  faster  as  the  piece  lengthens. 
The  reciprocating  engine  will  do  just  the  rcverst — namely,  nm  very 
fast  without  load  and  slow  down  as  the  load  increases,  finally  stopping 
if  the  load  becomes  too  great. 

The  maximum  torque  of  reciprocating  engines  is  fixed  by  the  siz? 
of  the  cylinders  and  the  pressure  ;  it  cannot  be  increased  no  matter 
how  much  steam  or  gas  is  available.  For  (his  reason  most  mill 
engines  are  made  very  large  and  often  run  with  only  half  load,  caus- 
ing high  steam  consuiription  per  horse-power,  their  most  economical 
cut-off  being  at  full  load.  For  this  work  the  characteristics  of  the 
electric  motor  are  much  better.  Even  with  double  its  full  tonpu, 
the  efifieiency  is  good  and  the  motor  will  not  stop,  but  will  take  more 
and  more  current,  finally  becoming  overheated  and  burning  unless 
properly  protected.  If  desirable,  its  speed  changes  from  no-load  to 
full  load  can  be  made  small.  The  current  can  also  be  limited  to  a 
certain  maximum,  without  stopping  the  motor,  in  this  manner  pre- 
venting excessive  strains  and  probably  serious  breakdowns,  \\'hcrc 
high  speeds  arc  necessary,  motors  can  be  direct  connected  to  rolls, 
increasing  the  energy  of  the  rotating  parts  and  at  the  same  time 
decreasing  the  size  of  motor,  the  power  required  and  the  fuel  con- 
sumption. Heavy  reciprocating  engines  cannot  run  at  such  high 
speeds,  and  must  be  connected  to  the  rolls  by  means  of  gears,  ropes 
or  belts. 

To  obtain  accurate  information  as  to  the  exact  power  rcuuin  - 
ments  for  rolling  steel,  indicator  diagrams  were  taken  on  reciprocat- 
ing engines  doing  similar  work,  but  these  in  many  instances  were 
misleading.  The  work  of  rolling  steel  is  very  changeable  and  inter- 
mittent. Engines  often  run  with  light  loads,  but  at  short  intervals 
have  their  valves  wide  open.  This,  together  with  the  work  done  d.iC 
to  the  energy  of  the  rotating  parts,  should  be  carefully  ob.served. 
Although  it  probably  is  not  difficult  to  get  the  maximum  torque 
re<|uired  to  decide  on  the  normal  capacity  of  the  motor,  the  above- 
mentioned  points  must  be  considered,  together  with  the  length  and 
number  of  pieces  in  the  rolls  and  also  the  time-intervals  betwcm  lli' 
passes.  To  be  on  the  .safe  side  it  is  advisable  to  follow  standard  nii'l 
practice  and  make  motors  of  ample  si^e  and  strength  in  order  to 
stand  tlie  severe  service  and  overloads  without  injury. 

In  mentioning  flywheels,  the  writer  had  only  three  high  mm- 
revcrsilile  mills  in  mind.  As  the  weight  of  rotating  parts  is  much 
greater  in  large  motors  than  in  reciprocating  engines,  and  the  energy 
of  the  rotating  parts  increases  as  the  s(]uarc  of  the  speed,  it  is  obvious 
tliat  even  a  small  change  in  speed  is  of  great  importance.  As  tests 
have  shown  that  rotating  masses  are  .sometimes  not  only  of  no  use 
but  that  they  often  prove  a  drag  on  the  motor,  can  fill  study  of  this 
feature  has  to  be  made  in  each  case. 

While  the  steel  is  being  rolled,  both  the  motor  and  llie  llyvvjml 
should  furnish  the  pi>wer.  but  as  soon  as  the  steel  leaves  the  rolls  the 
motor  should  accelerate  the  rotating  masses  to  the  same  speed  before 
rolling.  The  time  available  and  the  number  of  revolutions  will  deter- 
mine the  size  of  the  motor  more  than  anything  else.  It  has  been 
ob.served  that  on  blooming  and  roughing  mills,  where  the  pieces  arc 
very  short  and  the  intervals  long,  rotating  masses  supply  the  largest 
part  of  energy  dtu-ing  the  rolling  period  and  should  tiicrc  fore  be 
large.  The  reverse  takes  i)laee  at  the  finishing  jiasscs,  where  pieces 
are  long  and  follow  each  other  rapidly.  Heavy  rotating  masses 
would  in  this  case  be  useless,  and  would  even  recjuire  larger  motors 
for  thejr  quick  acceleration. 
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Where  one  iiiotf)r  drives  I'dUgliiiig  and  linishinu  rolls,  curves 
sliiiuld  bo  plotted  showing  Iho  number  of  pieces  in  the  rolls  at  the 
same  time,  the  length  of  passes  and  intervals,  the  power  required  for 
each  pass,  &e.  With  the  lielj)  of  such  curves,  the  best  relation  be- 
tween the  size-i  and  speed  of  the  motor  and  flywheel,  radius  of  gyra- 
tion and  slip  of  motor  can  be  easily  determined. 

Tlio  total  motive  power  required  in  a  steel  plant  is  changeable  and 
fluctuates  continuously,  the  average  in  many  plants  being  often 
below  one-fourth  of  the  total  horse-power  installed  in  motors.  The 
electric-driven  rolling  mills  will,  however,  demand  considerably 
larger  power  stations  to  supply  the  large  currents,  especially 
when  all  the  motors  ha))|)en  to  be  overloaded  at  one  time,  as.  for 
instance,  when  rolling  cold  steel.  It  is  very  important  to  find  out 
beforehand  how  much  of  this  Huetuating  load  the  power  house  may 
have  to  supply,  assuming  the  worst  conditions,  as  the  shut-down  of 
the  electric  power  station  for  even  a  very  short  time  will  stop  the 
operation  of  a  large  number  of  machines  and  cause  enormous  losses. 
This  is  the  one  very  t)bjeetionable  feature  of  making  such  a  great 
number  of  prime  movers  entirely  dependent  on  one  power  station, 
and.  therefore,  some  means  should  be  taken  to  prevent  this  disturb- 
ance. 

With  steam  engines  and  boilers  the  liability  of  a  complete  shut- 
down is  not  so  great,  but  the  delays  and  annoyances  caused  by  low' 
steam  pressure  are  of  daily  oeeurrenec  in  many  plants.  In  such 
cases  not  only  will  all  the  steam-diiven  prime  movers  be  unable  to 
develop  the  required  i)ower.  but  also  in  trying  to  develo|)  this  power, 
they  will  use  more  and  more  steam,  thus  making  it  difKeult  to  raise 
the  steam  pressure  without  increasing  the  number  of  boilers,  or  de- 
creasing for  a  while  the  load  and  consequently  the  production. 

The  short  high-peaked  current  demands  should  be  kept  off  the 
power  station  as  much  as  possible  and  only  the  average  current  be 
supplied.  The  least  number  of  units  can  then  be  ke])!  running  under 
nearly  full  load  witK  the  most  economical  fuel  consumption  and  the 
least  wear  and  tear  of  moving  parts.  As  before  mentioned,  the 
average  current  consumption  in  a  steel  plant  is  always  small  in  com- 
parison with  motor  capacity,  on  account  of  the  intermittent  work 
and  large  amount  of  inertia  of  the  rotating  parts.  By  means  of 
storage  batteries  or  flywheel  sub-stations  the  occasional  large 
demands  for  current  can  be  taken  off  the  station  and  su]iplicd  from 
these  two  sources,  where  it  is  stored  up  when  the  current  demand  is 
bfflow  the  average.  The  exchange  of  current  from  one  motor  to 
another,  in  connection  with  electric  roll  drives,  is  often  considerable 
and  should  not  be  overlooked. 

With  regard  to  the  electric  reversing  mill,  it  is  a  fact  that  soon 
after  its  first  appearance  the  use  of  reversing  rolls  became  more 
general,  especially  in  England  and  Germany.  In  those  countries 
small  quantities  of  one  kind  and  shape  of  mat«'ial  are  rolled,  and  the 
cost  of  the  large  number  of  rolls  required  and  the  saving  of  time  in 
changing  rolls  are  probably  the  chief  reasons  for  using  the  reversing 
mill,  where  many  different  sections  can  be  worked  with  the  same 
rolls.  The  absence  of  the  heavy  and  troublesome  lifting  tables  is 
also  a  welcrane  feature,  especially  when  pieces  rolled  arc  very  long. 

The  first  installation  in  this  country  of  an  electric  reversing  mill, 
at  the  Illinois  Steel  Co.'s  works  at  South  Chicago,  has  given 
entire  satisfaction  from  the  start,  and  has  demonstrated  that  the 
electric  motor  is  much  better  adapted  for  this  kind  of  work  than  the 
reciprocating  engine.  Although  the  first  cost  was  high,  its  lower 
depreciation,  better  operation  and  lower  cost  of  maintenance  should 
justify  its  installation. 

In  a  reversing  mill  the  operator  is  able  to  draw  steel  slowly  into 
the  rolls  and  "  speed  up "  while  the  piece  lengthens,  a  great 
advantage  in  rolling  steel.  In  order  to  obtain  perfect  speed  regula- 
tion, no  use  can  be  made  of  steam  expansion,  but  admission  con- 
tinues during  nearly  full  stroke.  Even  then  much  deiiends  on  the 
skill  of  the  operator,  who  can  subject  the  engine  and  the  mill  to  very 
severe  shocks  and  cause  serious  breakdowns  if  he  is  not  careful.  Re- 
versing mills  are  therefore  made  heavy  and  strong. 

If  too  much  steam  is  admitted  it  is  difficult  to  prevent  such  large 
engines  from  racing  without  load.  It  is  also  wasteful,  as  both  the 
time  of  actual  rolling  and  the  si)eed(if  the  rolls  are  limited,  most  of 
the  power  being  consumed  in  the  rapid  starting  and  stopping  of  the 
heavy  rotating  parts,  without  making  any  use  of  their  Hywheel 
ener>;y.  With  the  tise  of  electric  motors  in  place  of  reciprocating 
engines  tlie  )iroblein  of  reversing  rolls  lieeomes  niueh  sim])ler  and 
betli  r,  in  regnrtl  to  manipulation,  fuel  eonsiimiUion  and  cost  of  main- 
tenance. Operation  of  electric-driven  reversing  mills  is  nearly  auto- 
matic ;  no  skilled  operator  is  required  and  all  danger  to  the  motor 
and  the  mill  is  eliminated.  The  speed  of  acceleration  is  |irearraiiged. 
and,  no  matter  how  fast  the  operator  moves  his  levers,  the  maximum 
current  and  the  speed  are  limited. 

Reversing  is  done  with  the  least,  shocks  in  rolls  and  couplings  and 
llie  danger  of  ovenstraining  machinery  is  done  away  with.     It  is 


important  to  be  able  to  reverse  the  motor  just  as  rapidly  as  the  engine. 
Si>ecial  care  should  therefore  be  taken  to  have  a  motor-generator 
that  will  give  large  currents  with  very  low  excitation,  and  one  that 
will  be  quickly  magnetised  and  demagnetised. 

It  has  been  observed  that  only  one-fourth  of  the  power  required 
at  the  rcversing-roll  motor  is  the  average  supplied  from  the  power 
station.  The  large  current  demands  are  furnished  by  the  motor- 
generator  through  the  energy  of  the  high-speed  fly-wheel,  and  a 
con.siderable  amount  of  current  is  sometimes  sent  back  into  the  line. 

As  for  all  other  mill  work  where  power  and  speed  variation  are  con- 
siderable, the  direct -current  motor,  on  account  of  its  load  and  speed 
characteristics,  is  better  adapted  for  driving  rolls  than  the  alter- 
nating-current motor.  For  reversible  roll  drives  it  is  used  exclu- 
sively. There  is  no  reason  why  the  direct-current  moti  r  should  give 
any  more  trouble  than  the  direct-current  general  ir  at  the  |Xjwcr 
station.  Four  ytiars'  experience  has  shown  that  tin  wear  of  the  eora- 
mutalor  and  the  eo.st  of  maintenance  amount  to  p  ;  ctically  nothing. 
The  transmission  of  large  low-ten.sion  currents  is  n  uch  more  .serious, 
especially  when  tens  of  thousands  of  horse-power  l\-.ve  to  be  supplied 
and  the  distance  of  the  motors  from  the  station  is  (<  nsiderable. 

The  use  of  higher  direct  lurrrnt  voltages  in  connection  with  la-^ge 
rolling-mill  motors  should  be  satisfactory  ;  but  no  doubt  high-tension 
alternating-current  tran.smission  and  induction  motors  direct  on  the 
line  will  be  generally  employed,  especially  in  new  installations. 
Where  conditions  demand  it.  the  induct i(m  motor  characteristics 
can  now  be  made  nearly  similar  to  the  eompi  undwound  direct- 
current  motor.  However,  much  of  its  simplicity  and  efficiency  will 
be  sacrificed  in  doing  this. 

Among  some  of  the  earlier  disadvantages  of  the  induction  motor 
were:  Very  large  current  required  for  starting  under  heavy  load  ; 
one  speed  fixed  by  the  number  of  poles  and  the  tendency  always  to 
run  at  synchronous  speed  ;  low  power  factor  with  light  loa<ls ; 
small  air-gaps ;  impracticability  of  reversing  large  units ;  and 
inability  to  change  speed  to  fljTvheel  requirements.  In  the  design 
of  the  modern  rolling-mill  motor,  most  of  these  objectionable  points 
have  been  remedied  by  different  means  such  as  wound  rotors,  the  in- 
troduction of  variable  resistance,  changing  the  number  of  poles, 
shifting  the  phases,  slip-rings,  &c. 

Whether  direct-current  power  stations  and  direct -current  motors 
are  used,  or  alternating-current  stations  are  installed  fcr  high-tension 
transmission  with  alternating-current  motors  directly  on  the  line  or 
fed  through  transformers,  or  direct-current  motors  are  supplied  from 
an  alternating-current  station  through  converters,  or  motor-genera- 
tors, batteries  er  flywheel  sub-stations,  is  a  matter  of  detail.  No 
doubt  any  one  of  these  systems  will  give  cati.sfaclion  if  properly 
designed  and  installed. 


High  tension  Insulators. — The  employment  of  electricity 
for  the  liantniission  of  power  at  higher  and  higher  voltages 
has  of  necessity  led  to  the  modifiration  of  many  of  the  earlier 
ideas  on  the  subject.  This  statement  can  be  nowhere  applied 
with  more  tiulh  than  to  the  question  of  insulator  design. 
Two  types  are  row  generally  employed  :  one  used  with  the 
catenary  suspension  adopted  in  America  and  the  other,  almost 
exclufivtly  used  in  P^urope,  which  is  made  up  of  a  number  of 
superimposed  discs,  of  which  the  last  forms  a  kind  of  umbrella. 
The  factois  which  are  of  interest  in  insulator  design  are  the 
surfi.ce  cordtictivity  and  the  disiuptive  resistance,  this  latter 
value  depending  en  the  shape  and  dimensions  of  the  insulator, 
Mr.  Semenza,  who  has  gone  into  this  (piestioii,  is  of  the 
opinion  that  smooth  insulators  are  better  tiian  those  with  n, 
ribbed  suifaee.  He  exjilains  this  superiority  by  pointing  out 
that  more  evm  distribution  of  the  potential  occurs  with  the 
latter  type.  But  cxjierimental  demonslratiou  isstill  insuttieient, 
nor  docs  it  prove  with  sutlicient  force  the  small  utility  of  the 
old  shapes,  which  are  ditlicult  to  manufactuie,  ate  more 
fragile  and  less  easily  cleaned.  The  fundamental  priitciple 
which  should  be  applied  in  determining  the  profile  of  an  insii 
lator  is  that  of  the  line  of  maximum  loss.  To  do  this  is  excel- 
lent, when  it  is  well  defined  and  when  not  more  use  is  niade  of  it 
than  it  is  able  to  bear.  M.  K.  Valabivgue.  in  an  article  recently 
published  in  "LaLumiere  Electriiiue,"  examines  the  way  in 
which  insulators  behave  inulcr  ditVerent  conditions.  And  he  is 
led  to  the  conclusion  that  purely  electrical  data  are  not 
sutlieient  for  determining  the  external  shape  of  the  insidator. 
The  thickness  of  material  and  ease  in  storing  the  parts  are  both 
data  which  must  be  taken  into  account  without  making  them 
of  first  importance. 
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THE  ENGINEER  VERSUS  THE  ACCOUNTANT. 

It  i.s  witli  some  concern  that  we  notice  a  very  iiiarkefi 
tendeuoy  at  tlie  present  time  to  undermine  the  authority 
(if  the  Eiigineer  in  public  uudertakiug.s,  and  to  transfer  tlie 
control  to  the  iiou-techuical  or  conuuercial  side.  That 
such  a  movi^ment  is  on  foot  and  may  have  serious  effects 
upon  the  engineering  profession  is  not  appreciated  as  fully 
a.s  it  should  be.  Our  readers  will  remember  that  in  Ji'iiu 
lust  we  pulilislied  a  communication  from  Mr.  H.  Fauaihv 
I'Koi'TOK  .showing  bricHy  how  the  Institute  of  Municipal 
Treasurers  and  Accountants  wore  attempting  to  obtain 
control  over  the  various  municipal  undertakings,  such  as 
tramways,  electricity  supply,  gas  supply,  waterwork.?,  &c. 
Although  the  proposals  of  the  Institute  have  aroused 
considcralile  opposition,  and  have  been  subjected  to  a 
large  amount  of  criticism  by  the  Incorporated  Municipal 
Klcctrical  Association,  the  Mnnicipal  Tramways  Associa- 
tion, and  other  representative  bodies,  such  proposals  are  by 
no  means  dead,  for  their  consideration  has  merely  been 
postponed  by  the  "  Accountants "  until  the  meeting  i" 
October  ne.Kt. 

We  need  scarcely  remark  that  dual  control  is  generally 
impossible.  Either  the  commercial  man  or  tlie  engineer 
must  be  at  the  head  ;  there  is  not  room  for  both,  and  as-to , 
which  should  be  supreme  must  depend  upon  the  character 
of  the  undertaking,  whether  it  is  more  in  the  nature  of 
commerce  or  of  engineering.     There  is  no  doubt,  however, 
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Uiat  the  Cdmmercial  siilo  must  iievcu'  be  neglected,  and 
that  the  engineer  should  play  a  more  prominent  part  in  this 
direction  than  lias  often  been  the  case  hitherto,  or  he  may 
lie  su])planted  by  a  commercial  manager  with,  jjcrhaps,  a 
smattering  of  engineering  knowledge.  In  the  past,  engi- 
neers have  been  prone  too  often  to  pride  themselves  only 
on  the  eugineeiing  results  obtained — which  certainly  have 
usually  reHected  the  greatest  credit  on  those  concerned — 
and  to  overlook  very  largely  the  essential  feature,  namely, 
commercial  success.  It  is  by  the  latter  n^siilt  that  most 
undertakings  must  finally  be  judged.  From  time  to  time 
we  have  drawn  attention  to  the  fact  tliat  engineers  gene- 
rally interest  themselves  only  in  teclinical  questions,  and 
tiiat  as  a  result  they  are  losing  their  inllueucc  in  all  matters 
of  policy.  This  is  regrctable,  because  it  may  lead,  if  un- 
checked, to  engineers  playing  quite  a  secondary  part  to 
that  of  the  financial  or  commercial  controller,  whereas  the 
guiding  hand  of  the  engineer  is  essential  if  the  most 
econoniical  expenditure  is  to  be  secured;  it  is  only  the 
knowledge  of  the  engineer  that  can  determine  the  direc- 
tion ill  wliicli  savings  can  be  properly  effected  both  as 
legards  design  and  subsequent  maiutenance.  Th?  impor- 
tanci  (f  Ill's  p.oint  of  view  was  evidintly  felt  by  Sir 
George  AiiMYTAGE,  at  Iha  re;ent  mejling  of  the  Institu- 
tion of  Mechanical  Engineers,  when  he  expressed  the  view 
that  it  was  an  advantage  lo  a  railway  compa'iy  to  have  an 
engineer  as  its  general  ii:a  lager. 

Municipal  service  is  not  the  only  one  in  which  this 
tendency  is  noticeable.  Last  year  the  rostinaster-dencral 
appointed  a  committee  of  accountants,  with  Mi:  C.  A.  King, 
Comptroller  and  Accountant-General  of  the  I'ost  Office,  as 
chairman,  "  to  consider  the  various  accounts  and  returns 
presented  to  Parliament  iu  connection  with  the  telegraph 
and  telephone  services,  and  to  report  in  what  manner  those 
accounts  and  returns  can  be  modified  or  supplemented  so  as 
to  show  more  clearly  the  financial  resulls  of  those  services." 
This  request  in  itself  seems  quite  innocuous,  but  a  little 
reading  between  the  lines  of  the  report  leads  to  the  con- 
clusion that  the  accountant,  as  a  branch  of  the  public 
service,  wishes  to  dominate  the  handling  of  the  purse,  and 
to  place  the  engineer  in  quite  a  secondary  position.  In 
concluding  their  report, this  Committee  state  that  they  have 
been  impressed  by  the  large  amount  (if  account  work 
which  devolves  in  the  Post  Office  upnii  the  engineering 
officers.  They  express  the  view  that  such  officers  should 
be  responsible  only  for  the  allocation  of  labour  and  material, 
and  that  the  cost  statements  should  be  compiled  in  the 
Accountant-General's  department,  as  by  so  doing  the  engi- 
neering oiliccrs  would  be  relieved  of  that  part  of  their 
work  for  which  an  engineering  training  is  not  required. 
It  is  also  suggested  that  there  would  be  more  elfective 
control  over  works  expenditure  if  the  Accountant-General 
could  so  map  out  the  expense  returns  as  to  bring  al)out 
detailed  comparison  between  different  sections  of  the 
country,  "  thus  securing  an  independent  review  of  cnginecr- 
■ng  expenditure  by  the  accounting  office  of  the  department." 

Now  these  conclusions  show  a  complete  failure  to  grasp 
the  essential  conditions  of  success  in  an  engineering  depart- 
ment. The  more  closely  the  engineer  can  keep  in  touch 
with  the  costs  of  his  work  the  better  must  be  the  result 
from  the  commercial  point  of  view.  Thi.s  statement  is  con- 


firmed by  the  fact  that  the  expenditure  in  the  I'ost  Office 
engineering  department  has  decreased  since  the  engineer 
officers  have  become  responsible  for  their  own  accounting. 
There  is  no  more  salutary  check  to  commercial  inetliciency 
than  accounting.  It  is  one  thing,  however,  for  the  engi- 
neer to  be  responsible  for  such  accounting  as  is  neces- 
sary to  guide  him  to  the  best  result,  but  quite 
another  for  the  accountant  to  be  responible  for  the  main 
part  of  the  engineering.  It  is  impossible  for  an  accountant 
to  acquire  such  a  knowledge  of  engineeiing  as  to  appreciate 
the  pros  and  cons  that  every  engineer  must  weigh  up 
along  with  financial  considerations  when  any  development 
is  contemplated.  The  engineer,  on  the  other  hand,  is 
necessarily  in  contact  with  figures  of  cost,  and  must  be 
guided  by  them  iu  his  decisions.  It  is  curious  that,  with 
the  ever-increasing  importance  of  engineering,  and  its  ever- 
increasing  complexity,  any  such  movement  as  that  to  which 
we  have  referred  should  be  possible  at  the  present  day. 
There  can  be  no  doubt  that  it  will  be  very  bad  for  both 
State  and  municipal  engineering  in  this  country  when  the 
engineer  becomes  suliservient  to  the  accountant. 


OBITUARY. 


HUGH  ERAT  HARRISON. 

It  is  with  great  regret  that  we  record  the  death,  which 
occurred  on  Tiiuisday,  the  12th  inst.,  of  Mr.  H.  E.  Harrison, 
B.Sc.  (Lond.),  Principal  of  the  Electrical  Standardising,  Testing 
and  Training  Institution,  perhaps  better  known  familiarly  as 
Faraday  House. 

Hugh  Erat  Hanison  was  born  at  Wcslmiuster  on  April  23, 
1859,  and  was  educated  at  University  Collfgc  School.  He 
matriculated  in  187G  and  entered  Uuiversily  College,  where 
he  gained  a  Cloth  Workers'  Exhibition  in  Chemistry  aud 
Physics  in  1877.  He  studied  for  a  short  time  in  Paris,  and 
subsequently  took  his  degree  iu  1880  with  h<jnours  iu  experi- 
mental phy.-ics.  In  the  following  year  he  entered  the  service 
of  the  Anglo-American  Brush  Co.,  tuid  subscquentl}'  lucame 
Managing  Engineer  of  the  Sheffield  branch  of  the  Haniinond 
Electric  Light  &  Power  Co.  Tlic  most  memorable,  though 
by  no  mems  the  most  iinpaitaut,  [licco  of  lighting  work 
curried  out  by  liiiii  was  that  sit  IJarnslcy,  where  protection 
from  the  advocates  of  gas  becime  iieccs.saiy,  they  having  cirec- 
lually  stopped  the  light  on  the  opening  night  by  plugging  up 
the  chimney  with  straw  and  damaging  a  feed  pump  at  the 
station. 

In  1882  Mr.  Harrison  organised  aud  l)ecame  Principal  of  the 
Hammond  Company's  Electrical  Engineering  College  in  Ked 
Lion-sipi.are,  Loudon,  and  when  it  was  closed  in  1885  he  became 
a  partner  in  the  firm  of  Phillips,  Harrison  &  Hart.  Ou  retiring 
from  this  firm  he  was  appointed  clerk  to  the  Kcsearch  Com- 
mittee of  the  Institution  of  Mechanical  Engineers,  but  it  was 
iu  1889  that  he  carried  out  the  work  with  which  his  memory 
will  be  associated — viz,  the  organisation  ami  foundation  of 
the  Electrical  Standanlising,  Testing  A  Training  Instilution, 
Faraday  House,  London,  uf  which  he  was  Principal  at  the 
time  of  his  deatli.  He  diew  up  the  scheme  of  studies  himself, 
and  to  the  close  of  last  term  ho  lectured  to  the  students  on 
electrical  engineering.  In  addition  to  this  ho  organised  the 
testing  department,  and  mperintenilcd  its  woik,  a'nd  in  con- 
nection with  this  he  was  appointed  P)o:ird  of  Trade  electric 
inspector  for  Croydon,  Tnnbridge  Wells,  Ealing.  Wimblcdou, 
Chatham,  Godalming  and  Claoton.  From  1887-1901  he  w'as 
assistant  examiner  in  magnetism  and  electricity  to  the 
ISoard  of  Ivlucation,  and  he  w.as  one  of  the  delegates  sent  by 
the  Instilution  of  Electrical  Engineers  to  attend  the  Inter- 
national Electrical  Congress  at  St.  Louis  in  1004.  He  was 
a  member  of  the  Institution  of  Electrical  Engineers,  an  asso- 
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ciate  raemljer  of  the  Institution  of  Civil  Engineers,  a  fellow 
of  the  Chemical  Society  and  of  the  Physical  Socielj'. 

Mr.  Harrison  at  one  time  contrilmted  largely  to  the  technical 
press,  and  we  may  mention  "The  Principles  of  Alternate-cur- 
rent Measurement  "  to  The  Elix  rRK'iAN,  "  Notes  on  Electro 
statics  treated  Opsigraphically  '  to  the  "Electrical' Times," 
and  "Electricity,  Magnetism  and  Electricity  Sujiply  "  to  the 
"  Builder."  He  also  wrote  two  small  te.xt  books  tor  the  pupils 
of  Faraday  House,  one  ujion  "Graphics''  and  another  on 
"  Armatures  '  (first  part),  and  was  engaged  in  the  preparation 
of  the  second  part  of  this  latter  at  the  time  of  his  decease. 
Jlr,  Harrison  specialised  very  considerably  in  alternate  current 
Work,  and  in  1893  the  editor  of  "Industries"  credited  him 
with  "pel haps  the  most  important  discovery  in  alternating- 
current  work  during  tlin  last  few  years." 

Mr.  Harrison  was  a  man  of  wide  reading  with  a  well-balanced 
mind  and  singularly  clear  judgment.  He  was,  however, 
reserved  almost  to  shyness,  and  shrank  instinctively  from  any- 
thing approaching  publicity.  Nervous  to  a  degree  and  highly 
sensitive,  he  was,  nevertheless,  possessed  of  great  tenacity  of 
purpose  and  strength  of  will,  and  those  with  whom  he  happened 
to  come  into  active  opposition  were  often  astonished  at  the 
force  be  disclosed.  His  favourite  recreations  were  golf  and 
yachting ;  he  was  an  excellent  walker,  and  fcr  years  made  it  a 
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rule  to  walk  at  least  50  miles  a  week.  Latterly,  however,  due  to 
weak  health,  he  was  less  active.  Indeed,  it  was  to  inditiercnt 
health  that  the  fatal  occurrence  which  terminated  his  career 
Was  due.  Kxtiemely  fond  of  music,  he  at  one  time  sang  \  ery 
well,  and  a  few  3  ears  ago  he  installed  an  oigaii  at  Susse.x'  place 
and  played  on  it  almost  dailj'.  One  of  his  chief  delights  was 
curio  hunting,  es])ecially  in  glass,  and  a  conijietent  judge 
expressed  the  opinion  that  bis  was  tiic  lineit  private  collection 
of  glass  in  the  country.     He  remained  unmarried. 

For  reasfU!  which  we  have  mentioned  above,  he  was, 
]icrhaps,  not  as  well  known  personally  as  his  position  and 
abilities  might  have  led  one  to  expect,  but  to  those  who  were 
intimate  with  him  his  premature  death  ha?  come  as  a  tenililo 
lilow.  Of  no  (jiie  couM  it  lie  more  truly  ?aid  that  "those  who 
knew  him  best  loved  him  most."  The  Faraday  House  Institu- 
tion, which  he  organised,  developed  anil  guided  for  nearly  20 
years,  will  feel  his  loss  acutely  ;  his  lanic  had  become 
synonymous  with  it,  and  the  Institution  of  Electrical  Engi- 
neers, who  twice  elected  liim  a  member  of  their  Council,  will 
feel  the  loss  of  his  thorough  learning  and  shrewd  judgment. 


The  funeral  of  the  late  Ivlr.  H.  E.  Harrison  took  place  on 
Tuesday  last  at  Golder's  (ireen  crematorium.  Among  those 
present  were  Lord  Crawford  (Chairman  of  the  Board  of 
Governors  of  Faraday  House),  Mr.  W.  ]\1.  Mordey  (President 
of  the  Institution  of  KIcetiical  Engineers),  Mr.  Robert 
Hammond,  Mr.  H.  M.  Hobart,  Mr.  J.  E.  Kingsbury,  Dr. 
Alexander  Kusscll,  Mr.  C.  P.  Sparks,  and  several  others 
associated  with  the  electrical  profession. 


WILLIAM  FOKD  STANLEY. 

We  regret  to  recoid  the  death  of  Mr.  William  Ford  Stanley, 
which  occurred  at  South  Norwood  on  Satuiday  last.  The 
dece;iscd  was  81  years  old.  Mr.  Stanley  was  the  son  of  a 
well-known  mechanical  engineer,  and  in  his  early  days  started 
in  business  as  a  metal  and  ivory  worker.  In  185G  he  invented 
the  first  simple  open  stereoscope,  and  was  for  many  years 
after  engaged  in  designing  and  manufacturing  scientific  instru- 
ments for  Government  use,  a  direction  in  which  he  achieved 
great  success.  He  was  also  the  author  of  a  number  of  books  on 
surveying,  mathematics  and  astrononi\'.  On  retiring  from 
business  he  erected  and  equipped  the  Stanley  Technical  Trade 
Schools  at  South  Norwood,  where  boys  receive  general  educa- 
tion and  technical  training  combined.  As  these  schools 
are  largely  experimental,  their  progress  is  being  closely 
watched  by  educationalists,  and  the  Boai'd  of  Education  has 
adopted  a  wholly  friendly  attitude  towards  ihenr.  They  have 
been  endowed  Avith  property  valued  at  i;L'5,000.  Under  a 
trust  deed  executed  with  the  Charity  Commissioners  the 
future  administration  of  the  schools  and  the  halls  is  fully  pro- 
vided for.  Mr.  Stanley  took  a  keen  interest  in  physical 
science,  and  some  years  ago  he  transfei  red  certain  stock  to 
the  Plij'fical  Society  of  London  on  condition  tiiat  the  Council 
isitied  a  l)ulletin  to  Fellows  after  each  meeting,  giving  a  biief 
account  of  the  ptoceediDgs. 


M.  WILSON. 

Those  who  have  had  dealings  with  tl  e  E'eclrical  Standards 
Laboratory  of  the  Board  of  Trade,  will  learn  with  regret  of 
the  death,  after  only  one  day's  illness,  of  Mr.  M.  Wilson,  sen. 
He  had  served  in  the  R.E.  as  sapper  for  over  21  years,  and 
held  for  seven  or  eight  yeai-s  tjic  office  of  storekccfier  whilst 
acting  as  laboratory  assistant  at  the  School  of  Military  Engi- 
neering under  !Major  P.  Caidew.  lie  has  held  the  ofEcc  of 
assistant  clectriiiun  and  mechanic  to  the  Board  of  Trade  Elec 
tiical  Sandards  Laboratory  since  its  inception  in  1890,  and 
the  wide  range  of  practical  knowledge  which  he  brought  to 
bear  on  his  drrties  made  his  services  highly  appreciated  by  all 
with  whom  he  came  into  contsct. 


REVIEWS. 

(Oopief  of  tlie  un  iertncntioneir  works  nan  be  h^^r  from  TA.  Hhc'rtrtan  Office,  post  free, 
on  receipt  of  ptiblis.lie.1  piice.  ad<lint;  3'i.  fur  books  publisbed  uader  2f>.  Add  10  pi-r 
c3Lt.  for  abroad  or  for  foreign  books.) 

Elektrolytischo  Zahler.      Ky  Ko:.kai>    NonrjEN.     Vol.  XXXI,  of 

"  .Moimj;rM|iliiLii  iibi-i'  aiigewaiidte  Elelitrochemie."  (Hatle  a/S. : 
Willielm  Kiiapp.)     I'p.  ix.— 165.     M.9. 

111  the  present  work,  which  forms  the  31st  voliinio  of  the 
(leiman  technical  .series,  "  Monograph.s  on  Applied  Clieniisti y." 
edited  l)y  Victor  Engelluudt.  the  subject  of  electrolytic  iiietcis 
is  handled  in  an  able,  coni])icli('iisive  and  critical  luaniier.  Tin' 
book  constitutes  a  scientific  investigation  by  the  author  iiiio 
the  possibilities  of  the  application  of  the  electrolytic  principl' 
to  the  production  of  a  practical  electricity  meter.  It  does  not 
form  a  mere  recoid  of  the  various  constructions  of  elcctio- 
lytif  meters  which  have  either  been  proposed  or  tried  with 
varviiig  success  in  actual  pr.ictiee.  but  is  an  (>arnest  and  sii.'- 
cessful  atteiiijit  to  solve  the  limits  ini|)osed  on  the  electrolytic 
meter  bv  its  jirinciple  of  action.  It  al.so  shows  to  what  extent 
the  electrolytic  meter  fulfils  prese-it-day  re(|uiieiiieiits  in  meter 
j)ractice. 

The  conditions  which  have  to  be  complied  with  by  modern 
electricity  meters  are  formulated  and  explained  in  the  first  Ui 
pages,  comprising  Part  I.  of  tJic  yplume,  and  the  remaiinnt' 
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l)ae;es  of  this  section  contain  an  oxaniination  of  the  olectro- 
ihomical  conditions  of  the  subject. 

In  the  second  part  the  different  types — the  water,  nienuiv, 
copper  and  other  voltameters — are  very  fully  considered  from 
the  point  of  view  of  their  compliance  with  the  conditions  laid 
down  in  Part  I.  And  Part  Til.  discusses  the  constructive 
means  of  converting  thc^  lal)oratory  voltamctei-  into  the  prac- 
tical instrument. 

The  various  influences  at  work  which  upset  the  proportion- 
ality between  the  rate  of  decomposition  with  the  current  are 
caiefully  and  ably  elucidated,  such  as  temperature  error, 
concentration,  back  E.M.F..  &c.,  and  the  methods  of  neutra- 
lisinfjj  them.  The  electrolytic  process,  the  E.M.F.s  due  to 
primary  and  secondary  causes,  and  the  conductivity  of  the 
copper,  zinc,  silver,  mercury  and  water  voltameters  are  care- 
fully and  exhaustively  explained  together  with  tables  and 
curves.  Exceeedingly  valuable  information  will  be  found  in 
the  section  (Part  II.)  dealing  with  these  various  points,  and 
deductions  are  given  as  to  the  accuracy  of  the  corresponding 
meter  tvpe,  its  suitabilitv  as  a  shunted  or  unshunted  meter, 
&c. 

In  dealing  with  the  construction  of  the  meter  from  its  volta- 
meter prototype  three  different  classes  are  sepaiatelv  dealt 
with — meters  having  a  solid  deposit,  briefly  termed  '"  deposit 
meters  "  (c.ii.,  the  old  Edison  meter)  ;  those  having  a  liquid 
deposit  (the  mercury  meter)  ;  and  meters  with  a  gaseous 
deposit  (explosive  gas  or  hydrogen  meters).  Their  evolution 
is  traced,  and  their  characteristics  are  detailed.  Reference  is 
also  made  to  the  latest  type  of  the  Wright  electrolytic  meter 
with  the  double  iodide  of  mercury  solution,  due  to  the  researches 
carried  out  by  Hatfield  under  Prof.  Abegg  at  Breslau.  And 
electrolytic  meters  with  periodic  registration  are  also  explained 
in  the  concluding  pages  of  the  book,  which  is  an  excellent 
treatise  on  the  subject  and  can  be  thoroughly  recommended 
to  all  interested  in  the  use  of  electrolytic  meters,  and  especially 
to  those  engaged  in  their  manufacture.  The  book  is  highly 
readable  and  lucid  :  is  well  printed  and  well  illustrated.  Its 
perusal  leaves  one  with  the  impression  that  the  electrolytic 
merer  presents  a  problem,  the  satisfactory  solution  of  which 
will  bring  great  possibilities  in  its  train.  H.  G.  S. 

Some  Electro  Chemical  Centres.  By  J.  N.  Pkino,  M.Sc.  (Man- 
chester:  University  Press. )     P[>.  xiii. — 136.     Is.  6d. 

In  1902  Mr.  J.  H.  Gartside  established  the  Gartside  Scholar- 
ships at  the  University  of  Manchester.  About  three  of  these 
scholarships  are  awarded  each  year,  and  every  scholar,  after 
passing  through  a  session  at  the  University,  must  take  up  the 
examination  of  subjects  bearing  upon  commerce  or  industry 
in  Germany  or  Switzerland,  or  in  the  United  States  of 
America.  It  is  intended  that  each  scholar  shall  select  some 
industry  for  examination  with  a  view  to  a  comparative  inves- 
tigation in  the  United  Kingdom  and  abroad.  The  first  year's 
work  at  the  ITniversity  is  designed  to  prepare  the  student  for 
this  investigation.  The  value  of  a  scholarship  is  about  £80  a 
year  for  the  time  spent  in  England,  £150  a  year  for  the  time 
spent  on  the  Continent,  and  about  £250  a  year  for  the  time 
spent  in  America.  Consequently  there  should  be  some  com- 
petition for  their  tenure. 

The  volume  before  us  is  a  Gai'tside  Report  written  uiuler 
these  conditions  by  Mr.  J.  N.  Pring,  and  is  a  general  descrip- 
tion of  what  is  being  done  electro-chemically  on  the  Continent, 
in  America  and  in  this  country.  After  an  introduction  on 
the  cost  of  power  production,  the  author  proceeds  to  desciibe 
the  industries  around  Niagara  Falls,  including  the  manufac- 
ture of  carborundum,  graphite,  siloxicon,  electrolytic  alkali  by 
the  Townsoid  cell,  iiluminium  and  carbide.  Then  follows  a 
brief  description  of  the  coj^per  refineries  of  New  Jersey,  being 
chiefly  of  the  methods  followed  at  the  Maurer  WcU'ks.  .V 
general  account  of  Canadian  water  power  is  followed  by  par- 
ticulars of  the  treatment  of  copper  and  bullion  at  Trail,  and 
by  some  interesting  details  of  the  Betts  process  for  lead 
refining.  Iron  and  steel,  production  bring  us  back  to  Euro- 
pean countries,  as  also  the  problems  of  water  purification. 
After  referring  to  electrolytic  bullion  refining  and  the 
manufacture  of  carbon  bisulphide,  both  of  which  have  been 


taken  up  energetically  in  the  United  States,  a  chapti-r  is 
devoted  to  the  electrochemical  industries  in  the  .Vlps.  France 
and  Kelgium.  This  naturally  includes  the  manufacture  of 
isteel,  ferroalloys,  the  manufacture  of  carbons  and  the  elcctro- 
ysis  of  water.  A  short  chapter  on  the  fixation  of  nitrogen, 
chiefly  descriptive  of  the  Birkeland-Eyde  and  cyanamide  pro- 
cesses, is  followed  by  a  chapter  of  22  paws  on  power  centres 
and  electro-chemical  works  in  Great  Britain.  A  consider- 
able part  of  this  is  devoted  to  a  brief  de.'-cription  of  the  power 
companies,  more  particularly  the  Newcastle-upon-Tvnc  under- 
taking. Brief  particulars,  however,  are  given  of  the  Thermal 
Syndicate,  of  copper  refining,  electrolytic  alkali  and  bleach, 
of  the  Castner  .sodium  process  and  of  the  aluminium  industry. 
It  is  difficult  to  judge  to  what  extent  the  information  here 
given  is  first  hand,  or  is  collected  from  the  ."scattered  literature 
on  the  subject.  It  is  well  known  that  particulars  of  this  kind 
are  difficult  to  obtain  and  are  generally  very  far  from  being 
trustworthy.  In  a  general  way,  however,  the  volume  before 
us  is  certainly  interesting;  it  serves  to  give  a  general  idea  of 
how  the  industry  stands,  and  therefore  should  be  welcomed. 
It  is,  perhaps,  disappointing  to  find  that  Great  Britain  occu- 
pies so  small  a  portion  of  the  volume.  In  this  country  a  good 
deal  of  work  is  being  done  in  the  elcctro-chemic  il  world  under 
certain  disadvantages,  b\it  we  are  tempted  to  ask  whether  this 
work  might  not  be  considerably  more  extended  than  it  is.  We 
are  not  in  a  position  to  do  much  in  the  way  of  copper  refining, 
but  is  there  any  reason  why  we  should  lag  behind  in  such 
matters  as  the  electrothermal  production  of  steel  and  ferro- 
alloys, the  electrolytic  treatment  of  water  and  sewage  or  elec- 
trolytic bullion  refining  ? 
Notes  on  and  Drawings  of  a  Four  Cylinder  Petrol  Engine.    By 

Henry  .J.  Simoneu.     (Loruloii  :  Loiij^man?,  <:reeii  &  Co.)     Pp.  16. 

'2s.  net. 
This  book,  which  is  in  the  main  a  collection  of  drawings  of  a 
petrol  engine,  should  prove  of  use  to  the  student-draughtsman. 
It  must  not,  however,  lie  taken  as  more  than  a  collection  of 
exercises  in  draughtsmanship,  for  it  contains  some  inaccuracies, 
and  is  somewhat  inconsistent  and  incomplete.  In  the  Dia- 
grammatic Sketch  of  the  complete  motor  system  the  details 
are  so  distorted  that  it  requires  an  expert  to  recognise  such  parts 
as  the  sparking  plug,  or  the  carburettor.  It  is  also  somewhat 
misleading  to  the  student  mind  to  see  that,  in  the  sectional 
elevation  of  the  engine,  the  sparking  plugs  are  to  be  fitted  in  the 
valve-covers,  but  that  when  the  detailed  drawings  are  turned 
to,  provision  is  made  for  the  pluus  in  the  cylinder  Hatrr-jackcl 
covers,  the  valve  covers  being  left  unthreaded.  We  should  also 
like  to  see  greater  exactness  in  the  dimensioning  of  the  various 
parts  ;  a  i  in.  piston  will  not  enter  a  1  in.  cylinder,  while  there 
is  an  absence  of  holes  for  cotter-pins  which  would  bring  tears 
to  the  eyes  of  the  testing  department  of  a  factory  turning  out 
these  engines. 


IIODEBN  INCANDESCENT  ELECTRIC  LAMPS. 

BY   A.   C.   JOLLEY. 

(Concluded  from  patfc  7(K'.) 

In  order  to  apply  these  methods  to  the  lamp  filaments  under 

investigation  the  latter  were  dismounted  from  their  bidbs  and 

their   climensions,  given  in   the   table   below,  were   carefully 

ascertained.  

Type  of  til.imont.  Diam..  om.      lx>ni;tli,  cm.    Area,  sq.  oin. 

Cai-bi.n    

(Jem  (nu'talli."od  carbon)  . 

Tautalum   

Osraiii  (tungsten)      


00 15 
OOOSti 
0(HI.-)2 
0-00.-13 


20-3 
24  0 
.■.!tO 
(>S0 


0!)5t) 
0-ti48 
0n(!3 
113 


Using  these  areas  and  Kurlbaum's  constant  given  above,  tem- 
perature curves  have  been  plotted  in  Figs.  5  to  8.  assuming 
Stefan's  law,  for  each  of  the  lamps.  Also,  by  measuring  the 
candle-power  in  a  given  direction,  and  estimating  the  pro- 
jected area  of  the  filament  in  that  direction,  the  formula"  of 
Petaval  aiul  Rascli  have  also  been  applied,  togetiier  with  the 
higher  values  given  by  Nernst's  fii;ures  :  these  have  also  been 
plotted  in  Figs.  5  to  8. 
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It  is  at  oucc  noticeable  that  tiie  results  given  bv  an  u])])!!- 
ration  of  Stefan's  law  are  in  all  cases  lower  than  those  siiven 
by  the  other  methods. 
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For  the  metal  filaments,  the 'curves  obtained  from  llasch 
and  Nernst's  fi;.;ures  are  displacea  from  the  Stefan  curve  by  an 
almost  constant  ordinate,  and  th.i.s  ^^xudd  seem  to  bear  out 


Prof.  Fery's  contention  as  to  the  virtual  tcni])erature  of  the 
reflecting  enclosure,  but  for  the  fact  than  in  the  case  of  the 
Gem  and  carbon  filaments  no  such  constant  displacement 
occurs  and  the  curves  lie  much  more  closely  togetlier.  It 
should  be  noted  tluat  the  curves  based  on  Rascli's  formula 
were  not  carried  below  the  point  of  minimum  intensity  at 
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which  good  photometric  observations  could  be  made,  but  wc 
may  approximately  determine  the  shape  of  the  lower  part  of 
the  curve  by  measuring  the  voltage  at  which  (lie  filament 
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just,  bccomrs  visible  in  an  absolutely  darkened  room.  This 
point  will,  arcoidinfi  to  Draper's  law,  correspond  to  a  tempera- 
ture of  about  525  ('.,  and  although  it  is  known  that  bodies 
emit  lifjht  at  lower  temperatures  that  this,  the  above  tem- 
perature represents  the  point  at  which  the  body  is  clearly 
visible  and  red  in  colour  ;  a  further  point  at  zero  voltaf;e  is 
given  by  the  laboratory  temperature.  From  the  curves  given' 
in  Figs.  5  to  8  we,  therefore,  find  the  following  values  for  the 
filament  temperatures  of  the  lamps : — 


Typo  of  filament. 

W./c.p. 

Temperatures,  deg  C. 

Stefan.  !  Potavel.l  Rasch.  1  Nernst. 

1                1 

d-.> 
313 
l-fi45 
1-25 

1,557        1,607        1,647        1,657 

Gem  (metallised carbon) 

1,032        1,667        1,687        1,717 
1,427         1,707    1    1,717    j     1,737 

Osram  (tungsten)   

1,517    ,     1,827    !    1,777    |     1,807 

A  brief  consideration  of  these  figures  at  once  reveals  liow 
small  the  range  of  temperature  is  between  the  carbon  filament 
and  its  more  modern  rivals  ;  and  it  will  be  further  seen  that 
the  figures  given  in  columns  5  and  6  are  in  practical  agreement 
with  the  empirical  law  of  Lummer  and  Kurlbaum — i.e.,  that 
the  light  emitted  by  a  glowing  body  increases  as  the  12th  power 
of  the  absolute  temperature  in  the  neighbourhood  of  1,900°C. 
absolute. 

In  order  to  illustrate  further  this  point  I  have  plotted  in 
Fig.  10  the  watts  per  candle  for  an  ideal  black  body  against 
the  temperature  absolute.     With   this  curve  are  the  corres- 


manufacture  of  the  tungsten  filament,  its  metallic  purity  can 
never  be  guaranteed,  wc  should  not  expect  it  to  rigidly  follovi- 
the  pure  metal  law  so  well  as  tantalum. 

The  curve  for  the  Gem  filament  partakes,  as  wc  should 
expect,  both  of  the  characteristics  of  carbon  and  the  pure 
metal.  If  we  calculate  the  specific  resistances  of  each  of  the 
filaments  at  any  given  temperature  we  find  the  following 
relation  holds  over  practically  all  the  range — viz., 

where  i\,  p,  and  /)„  are  the  specific  resistances  of  the  carbon, 
tantalum  and  Gem  filaments  respectively. 

For  purposes  of  comparison  the  table  on  p,  758  has  been 
drawn  up,  and  contains  some  of  the  results  of  previous  ob- 
servers upon  lamps  of  a  type  similar  to  tltse  employed  hf 
the  author. 

It  is  probable  that  the  disagreement  tmong  the  several 
observers  would  be  considerably  reduced  were  it  possible  to 
bring  all  the  observations  to  the  same  definition  of  temperatur  •. 

It,  however,  serves  to  show  that  such  disagreements  do  ex  st, 
and  that  the  method  advocated  by  the  author  gives  results 
which  are  in  substantial  agreement  with  the  best  direct  measure- 
ment when  corrected  to  the  same  enersy  consumption  in  the 
lamp. 
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Fig.  9. — Temperature  RESiSTANcE  Curves.    ' 

ponding  ones  for  the  Osram  and  carbon  filaments,  the  scale  of 
temperature  for  the  full  line  curve  being  given  by  the  formula 
of  Rasch,  and  that  of  the  dotted  curves  being  given  by  Stefan's 
law. 

It  is  at  once  noticed  that  the  Osram  lamp  curve  lies  always 
below  the  black-body  curve,  which,  of  course,  means  that  at 
•A  given  temperature  more  light  is  derived  from  the  metal 
filament  than  from  the  black-body  for  the  same  expenditure" 
of  total  energy. 

On  the  other  hand,  the  carbon  filament  curve  lies  in  one  case 
above  the  black-body  curve.  This  is  probably  due  to  two 
causes.  Firstly,  a  small  absorption  in  the  glass  of  the  bulb, 
which  will  tend  to  lower  all  the  lamp  curves  ;  secondly,  to  a 
change  in  the  form  of  the  energy  curve  for  this  type  of  filament, 
losing  the  temperatures  given  by  Rasch's  equation,  I  havo 
plotted  in  Fig.  9  a  set  of  temperature  resistance  curves  for  tho 
lamps,  and  these  present  many  points  of  interest. 

The  straightness  of  the  lines  for  the  metal  filaments  is  well 
shown,  and  this,  together  with  the  fact  that  the  tantalum  curve 
passes  through  the  absolute  zero,  would  seem  to  indicate  that 
the  basis  of  temperature  estimation  is  a  correct  one,  for  when 
we  remember  that,  owing  to  the  processes  involved  in  the 
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Fig.  10. 

Grau,  in  his  valuable  paper,  has  found  by  extrapolation 
that  the  curves  for  the  carbon  and  tungsten  filaments  cross  at 
a  temperature  of  1,850°G.  The  point  of  crossins  for  these 
materials  is  1,867°G.  when  the  temperatures  are  estimated  by 
Ra.sch's  formula.  We  may,  therefore,  conclude  that  the  form 
of  the  curve  in  each  case  is  very  closely  the  same. 

Waidner  and  Hurgess's  results  are  much  higher  than  those  of 
any  other  observer,  and  it  is  interesting  to  note  in  this  connec- 
tion that  they  used  an  incandescent  carbon  ribbon  in  an 
evacuated  glass  enclosure  as  their  comparison  body,  measuring 
its  temperature  with  a  pyrometer. 

Now,  if  there  is  selective  radiation  for  incaudescojit  carbon 
of  the  nature  indicated  by  the  curves  in  Fig.  10.  then  their 
temperature  deductions  will  reipiire  modification  :  and  in 
further  support  of  this  we  have  the  experiments  of  Grau,  whicli 
were  conducted  in  much  the  same  manner,  except  that  as  his 
standard  of  compaiison  he  used  an  incandrscetil  metal  strip  in  a 
spherical  nuial  iiirlosurc.  and  thus  approached  much  more 
nearly  to  an  ideal  black  body. 

Still  more  recently  the  work  of  Coblentz  has  shown  that  the 
"  radiation  constant "  in  Wien's  equation,  which  for  a  black 
bodv  is  5,  mav  for  metals  like  tungsten  and  osmium  rise  as 
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Author. 

\\:>r. 

Type  of  lilamout. 

IV.np. 

\V./c.p. 

Method  employed. 

Uefereuee. 

II.  F  Wcbcr   

1892 

i     1899 

1906 

1907 
1907 

1907 

1898 

1909     ( 

1.5Go  C. 
1      1,580°C. 

l,(i02°C. 

1.827''('. 
LO-W^C.  Abs. 
2.000'-C.  Abs. 
2,3(K)"C.  Abs. 

l.lHiO)  Black 
1,850  ( temii. 

2,000%.  Abs. 

1,850°C.  Abs. 

1,950'C. 
2,000%'. 
2,300%. 
1,010  to 
1,720%. 
1,800%. 

1,570%. 
1,670%. 
1,810%. 

3  per  Hcf . 

3 

1 

3  per  Hef. 
1  i«r  Hcf. 

31 

Lumnicr  and  Prings- 

heim 
Waidncr    and    Bur- 

Carbon  

Carbon   

Tantalum  

Photometric  balance  against 
carbon  ribbon  whose  tem])era- 
ture  is  measured  with  Kurl- 
baum  pyrometer 

Photometric  balance  against 
calibrated  black  body 

Application  of  Stefan  law  and 
matching  to  carb(m  at  35 
w./e.p. 

Not  stated    

Phys.  Ges.,"  Vol.  I.,  1899. 
••  Electrical  World." 

Vol.  .\l,Vni.,  |>.  01.'-),  HHW. 

Carbon   

"  Elektrotrehnik   und    Masclii. 

neubau,"  April,  U(tl7. 

The  Electbicia.n,  Vol,  LIX  . 

Ellis 

August,  1907. 

Tantalum      

May,  1907. 

Carbon   

Carbon  

Metallised  carbon... 

"  Comptes    Eendus,"     126,    p. 

734,  1898. 
"  Mesurc      des     Temperatures 

clevees,"  p.  171. 
"  Electrical  World,"  Vol.  LIII., 

April,  1909. 

Boudounrd 
W.  W.  Coblentz 

Experimental  determination  of 
energy   curve   and   assuming 
jilatinum  constant 

Tung.ston   

liijih  as  7,  and  is  to  some  extent  itself  dependent  upon  tem- 
pei'ature. 

It  is,  tliciefoiv,  o])vious  that  a  careful  study  of  the  foim  of 
the  eiRTfiV  curves  of  iiicaudesccnt  liodies  i.s  the  direction  in 
wiiicli  we  must  look  for  further  advances  in  economical  lii;lit 
piudnction  ;  for,  apart  from  the  difticidty  in  finding  suitable 
refractory  materials  which  are  permanent  at  very  high  tem- 
peratures, we  are  always  confronted  by  the  facts  that,  firstly, 
at  the  highest  temjjeratures,  by  pure  temiierature  radiation, 
more  than  50  j)er  cent,  efficiency  can  never  be  attained,  and 
as  temperatures  are  pushed  up  the  increase  in  economy  must 
be  always  offset  against  the  serious  surface  disintegration, 
and  consequent  short  life  which  always  accompanies  it. 

F"inally,  the  author  wishes  to  acknowledge  his  indebtedness 
to  Mr.  A.  F.  Burgess,  B.Sc.,  for  much  valuable  help  with  the 
calculations  and  for  drawing  the  curves  which  illustrate  this 
article. 


CORRESPONDENCE. 


THE  PHOTOMETKY  OF  DIFFERENTLY  COLOURED 
LIGHTS. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

SiU:  In  the  interesting  correspondence  in  your  colunms  on 
the  photometry  of  differently  coloured  lights,  a  suggestion  has 
been  mailc  that  the  reason  why  the  Flicker  Photometer  gives 
varying  results  when  the  sources  to  be  compared  are  of  differ 
ent  tint  may  lie  in  the  fact  that  the  percipient  stiiuture  of 
the  eye  includes  two  types  of  sensitive  elements — the  rods  and 
cones.  Mr.  Wild  .^ugge.sts  that  as  the  speed  of  the  flicker 
head  is  increased  the  cones  are  unable  to  follow  the  changes, 
so  that  we  have  rod  vision  only,  and  since  for  colour  sensation 
we  depend  on  the  cones,  the  coraijatison  of  the  differently 
coloured  lights  will  lead  to  inaccuracies. 

It  has,  lioivevir,  been  shown  that  the  conea  respond  much 
more  quickly  to  stimidation  than  the  rods.  This  would  neces- 
s  tate  some  modification  of  .Mr.  Wild's  theory  witliont  alto 
gether  destroying  tlic  main  idea,  wliich  coidd  be  tested  roughly 
as  follows. 

In  the  fmea  ceiilnilis,  llie  area  where  the  image  of  any  ob- 
ject directly  looke<l  at  f.tUa,  tlic  cones  alone  aio  present,  the 
rods  first  appearing  intermingled  with  cones  in  the  surrounding 
zone.  If  the  photometer  is  adjusted  for  direct  vison,  then 
looking  a  little  to  one  side  of  the  disc  so  as  to  throw  the  image 
on  to  a  region  where  the  ro<Is  are  more  numerous  should  alter 
the  conditions  and  eau.se  the  flicker  to  reappear. 

I  believe,  however,  that  the  real  ex])lanation  is  to  fouml  in 
the  excitat'on  curves  of  the  retina  for  diflferent  coloured  lights. 
The  known  facts  concerning  colour  vision  are  consistent  with  the 
a.ssinnption  of  three  separate  groups  of  nerve  fibres  which  arc 
most  sensitive  to  the  colours  red,  green  and  violet  respectively. 
The  Tate  of  excitation  of  these  fibres  when  a  white  stimulus 


is  applied  is  diflferent,  and  the  resultant  behaviour  of  the 
three  groups  towards  red,  green  and  violet  light  is  shown  in 
the  following  curves  : — 

The  time  during  which  the  stinudus  acts  is  represented  along 
the  horizontal  a.\is  and  the  intensity  of  the  excitation,  is 
measured  in  a  vertical  direction.  If  the  stinudus  (white)  lasts 
for  a  comparatively  long  time  (OD),the  excitation  of  the  three 
groups  of  fibres  will  be  equal,  as  seen  by  the  equal  length  of 
the  ordinates  at  D,  and  the  resulting  sensation  is  that  of  white 
li.nht.  But  if  the  stinudus  is  of  shm-ter  duration  (OC)  the  violet 
sensitive  filires  will  be  more  excited  than  the  green  and  still 
more  th;ui  the  red.  The  resulting  sensation  will  therefore  be 
one  of  bluish  violet  light.  If  the  duration  of  the  stimulus  is 
very  short  (OA)  the  red  fibres  are  more  excited  than  the  others, 
and  the  residt  is  the  sensation  of  red  light. 


If  we  compare  two  lights  by  means  of  the  Flicker  Photo- 
meter, then  at  one  speed  we  are  practically  comparing  the  red 
components,  while  at  another  s{)eed  it  may  be  the  violet  com- 
ponents which  are  jirepomlerating  in  the  stimulus  of  the  retina. 
Clearly  this  can  only  lead  to  correct  results,  for  the  comi)ara- 
tive  total  intensities  if  the  two  lights  have  their  component 
colours  mixed  in  exactly  the  same  proportions — i.c,  when  the 
two  lights  are  identical  in  tint.  In  the  case  where  the  lights 
to  be  compared  have  such  dill'ereiit  tints  as  a  carbon  filament 
lamp  and  a  metallic  filament  or  Nernst  lamp  it  is  obvious  that 
we  nuist  use  great  caution  in  interpreting  the  values  obtaineil 
by  any  photometric  method  depending  on  intermittent  illumin 
atioii.      I  am,  &,(-., 

Physical  Laboratory,  II.  Mui!i:is-AiHKY. 

Armstrong  College,  Aug.  II, 


COMMUTATION  IN  DYNAMOELECTUIC  MACHINES. 

TO  THE  EDITOR  OK  THE  ELECTRICIAN. 

Silt :  With  reference  to  the  article  on  "  Commutation  in 
Dynamo-electric  Machines,"  by  Mr.  II.  liiidenberg,  in  your 
current  issue,  the  fact  that  there  arc  circttits  in  parallel  with 
the  short-circuited  coil  lus  already  been  pointed  out  by 
Mr.  C.  C.  Hawkins   in   his   pamphlet   on    "The   Theory  of 
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Commutation  "*  published  some  years  ago.  Mr.  Eiidenberg's 
final  criterion  that  '  <1  +  .  "  docs  not  seem  to  admit  of  im- 
mediate application  as  R„  is  a  limitirif;  value  for  the  contact 
resistance  at  the  last  instant.  This  is  a  value  which  depends 
on  the  current  density  at  the  last  instant  and  cannot  be  readily 
calculated.  In  a  machine  which  is  balanced  electrically  and 
mechanically,  it  is  a  matter  of  experience  that  a  brush  lead 
can  be  given  at  which  it  will  commutate  sparklessly  for 
a  particular  load.  This  shows  that  the  external  field  is 
of  the  utmost  importance  in  assisting  commutation.  It 
is  quite  true  that  there  are  a  few  machines  in  which  the 
current  density  in  the  leaving  edge  of  the  l)rush  rises  to  very 
high  values,  and  it  is  possible  that  the  criterion  given  ma,y  be 
of  value  in  such  cases,  providing  that  a  value  for  Iv„  can  be 
obtained,  and  also  providing  that  the  e.\'tcrnal  field  is  of  the 
correct  density.  Since,  however,  the  sparking  in  the  majority 
of  machines  is  governed  by  the  density  of  the  external  field, 
cut  by  the  short-ciicuited  coil,  it  would  seem  that  the  calcula- 
tion of  this  density  ought  to  be  the  first  consideration. — We 
are,  &c., 
Preston,  Aug.  17.      W.  E.  Highfield  and  R.  Livingstone. 


THE  C.M.B.  AUTO-CONVERTER. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir  :  It  is  obvious  from  Messrs.  Macfarlane  and  Burge's 
letter,  published  in  your  last  issue,  that  thej-  have  not  fully 
grasped  the  meaning  of  my  remarks  published  on  July  30tli. 
They  certainly  do  appear  to  be  aware  of  the  desirability  of 
making  the  losses  equal  in  the  primary  and  secondary  sections 
of  a  transformer,  but  if  this  be  so  they  will  doubtless  also 
agree  that  the  principle,  as  shown  in  my  last  letter,  should  be 
applied  to  the  individual  losses  as  well  as  to  the  total  loss  per 
section. 

The  figures  they  give  in  your  last  issue  prove  admirably 
how  careful  they  have  been  to  get  the  efficiency  of  these 
machines  as  high  a?  possible  without  abandoning  the  C.M.B, 
principle,  but  it  certainly  would  be  extremelj'  interesting  to 
know  whether  these  figures  will  bear  the  scrutiny  of  analysis. 

If,  for  example,  the  armature  copper  ioss  should  prove,  as  I 
predicted,  to  be  much  greater  on  the  low  tension  than  on  the 
high-tension  side  there  is  no  doubt  that  the  armature  copper  is 
used  wastef ully  on  the  high-tension  and  overloaded  on  the  low- 
tension  side.  There  will  be  no  difficulty,  however,  in  balancing 
up  the  total  losses  to  equality,  since  the  inequalities  in  the 
sectional  losses  both  in  the  armature  iron  and  field  copper  are 
in  the  opposite  direction. 

The  repetition  of  a  statement  does  not  constitute  proof,  and 
having  read  most  carefully  all  that  Messrs.  INIacfarlane  and 
Burge  have  written  on  the  subject,  I  still  fail  to  see  any  inter- 
action between  the  generator  conductors  and  the  motor  field. 

There  are  several  other  points  in  my  previous  letters  that 
require  answering,  and  although  1  should  be  only  too  happy 
to  believe  that  my  statements  are  incorrect,  th.ey  will  stand 
until  some  reasonable  proof  is  brought  to  show  that  they  are 
wrong. — I  am,  Ac, 

East  London  College,  Aug.  IG.  Leonard  Muri'hv. 


A  STRING  ELECTROMETER.! 

BY     I'.     H.     I.AHV.    H.A. 

The  minute  force,  10"  dynts,  tliat  is  sufficient  to  defloct  percep- 
tibly a  stretched  silvered  quartz  fibre,  is  of  the  same  order  of  small- 
ness  as  that  acting  on  the  gold  icaf  of  the  most  sensitive  of  the  usual 
I'liH'troscopcs.  This  sugse^ti  (I  thai  the  fragile  and  irregularly  shaped 
^oUl  leaf  might  be  replaced  with  advantage  by  a  silvered  quartz  fibre. 
1  constructed  a  very  simjile  form  of  string  olcelrt)melor.  and  (Ikmi 
learnt  that  Dr.  C.  V.  Burton  had  designed  a  model  of  a  similar  in- 
strument. Tlie  Cambridge  Scientilie  Instrument  Co.  kindly  lent  nie 
it  lo  t<^st.  The  results  given  below  were  obtained  with  Ihis  instru- 
ment after  it  had  been  somewhat  alteieil. 

*  "  The  Electrician  "  I'liiitiiig:  &  Publisliiiij;  Co. 

t  Abstracted  from  the  '  I'roeeecfings  "  of  tlio  Cainlniilge  Philo»ophieal 
Society. 


Tlic  string  electrometer  u.sed  in  these  experiments  consisted  of 
two  vertical  insulated  plates  1.5  cm.  long  by  0-8  cm.  thick,  with  their 
edges  parallel  and  at  an  adjustable  distance  apart.  TUe.se  platCH 
were  connected  to  the  ends  of  a  battery,  tlie  middle  of  which  was 
earthed.  The  silvered  quartz  fibre  is  stretched  parallel  to  and  cqui- 
tlistant  from  the  two  plates  by  tlie  lateral  movement  of  its  points  of 
sui)port,  while  its  tension,  which  has  to  be  kept  very  constant,  is 
controlled  by  a  screw.  The  terminals  of  the  middle  cell  of  the  bat- 
tery were  connected  to  a  potentiometer,  the  middle  of  which  was 
earthed,  so  that  the  potential  of  the  filjre  could  be  varied  from 
—  1  volt  to  1  volt  by  steps  of  1/.50  of  a  volt.  As  the  fibre  was  not 
highly  insulated  tests  could  not  be  made  with  it  isolated,  so  that  the 
results  given  later  were  got  with  the  potential  of  the  fibre  maintained. 
The  motion  of  the  middle  of  the  fibre  was  observed  by  means  of  a 
microscope.  A  slight  illumination  gave  a  sharp  image  of  the  black 
silvered  fibre  on  a  bright  ground. 

The  purpo.se  of  the  tests  was  to  find:  (1)  The  sensitiveness,  (2) 
the  oscillograph  powers  of  the  electrometer  depended  on  (a)  distance 
of  the  plates  apart,  (6)  their  P.D..  (r)  the  tension  on  the  fibre. 

The  plates  were  first  .set  far  apart  (If  cm. )  and  then  the  sensitiveness 
(deflection  per  volt)  was  observed  for  a  range  of  plate  P.D.s.  With 
a  new  tension  the  same  observations  were  rei>eated.  In  this  way  the 
equal  tension  P.D.  sensitiveness  curves  (see  Fig.  1)  were  obtained. 
Tlie  sensitiveness  is  expressed  in  eye-piece  divisions  {ler  volt  on  the 
fibre:  one  eye-piece  division=0-0012  cm.  movement  of  the  fibre 
itself.  We  see  from  these  curves  that  a  high  sensitiveness  was  ob- 
tained with  the  fibre  not  very  tight  (curves  1,  2,  Fig.  1),  which  in- 
creased with  the  P.D.     With  the  ])lates  11  cm.  apart  the  position 


I'ulenlwl  /.Ijrer.nce  hlumi  Plitlr^  in   Y-lli. 
Plates  11  cm.  apart.     Tension  on  filiro  increases  from  enrve  !  to  t. 
FlO.    1. 

of  the  fibre  was  plotted  against  its  voltage,  tine  of  the  graphs  was 
a  straight  line,  so  that  the  deflection  was  proportional  to  the  voltage 
even  for  high  sensitiveness  and  for  a  wide  range  (for  an  electroscope) 
cif  voltages. 

When  the  distance  between  the  plates  was  reduced  to  (vOmm., 
and  finally  to  3-3  mm.,  .several  properties  of  the  instrument  came 
into  greater  cvid<'nce.  The  chief  change  in  the  P.D.  sensitiveness 
curves  is  that  smaller  P.D.s  appear  to  give  a  larger  sensitiveness  for 
a  given  tension,  or,  as  is  to  be  expected  theoretically,  the  sensitive- 
ness for  a  given  fibre  tension  depends  on  ^7'^'.  where  V  is  the  P.D, 
and  d  the  distance  between  (he-  plates.  This  could  not  be  fully 
proved,  as  the  tension  of  the  fibre  did  not  remain  sufticiently  con- 
stant. With  the  plates  at  3:?  mm.  apart  the  deflection  of  the  fibre 
as  its  potential  changed  became  markedly  dilTerent.  With  the  fibre 
tight  its  deflection  was  .still  proportional  to  its  potential  (the  straight 
line  of  Fig.  2).  but  when  slackened  the  position  which  the  fibre  took 
U]!  for  different  potentials  is  represented  by  the  curve  AB  (Fig.  2) ; 
on  lowering  the  tension  still  further  the  fibre  had  two  stable  po.sitions. 
and  apparently  an  unstal>le  one  not  experimentally  realisable.  In 
other  words,  if  the  fibre  is  slaekenrd  the  sensitiveness  increases,  but 
for  a  decreasing  range  of  voltages  :  theoretically,  we  pass  through 
infinite  sensitiveness  to  instabiliry.  This  property  of  the  instrument. 
which  sets  a  .superior  limit  to  its  useful  sensitiveness,  is  best  grasped 
b\'  examining  Fig.  2. 

Ill  Mr.  C.  t.  K.  Wilsons  tilled  elect  n>sco|M\  as  is  well  known,  this 
property  is  used  to  obtain  a  high  scnsitiveiuss.  the  adjustments 
(plate  jjotential.  tilt  and  length  of  gold  leaf)  are  altered  till  the  portion 
AB  (Fig.  2)  of  the  deflection  potential  curve  is  realised 
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CIidrarteriMirs  of  the  Siring  Electroscope. — Tho  fibre  will  stand 
vibration  and  sudden  large  changes  of  voltage  withnut  breaking. 
The  instrument  has  been  earried  on  a  bieycle  without  damage  to  the 
tibre.  Xo  common  standard  of  comparison  lias  yet  been  proposed 
for  cIectrosco]>cs.  The  luiit  of  deflection  used  in  this  I'ajVBr  is  one 
division  of  the  micrometer  eye-piece  :  one-fifth  of  this  could  be  read 
with  certainty.  With  the  plates  6-6  mm.  apart  a  sensitiveness  of 
r>0  divisions  per  volt  is  sho^vn  :  at  the  same  time  the  deflection  is 
a])pro.\imately  proportional  to  the  voltage,  and  the  P.D.  between 
the  plates  was  less  than  40  volts.  With  the  |>lates  at  3;!  ram.  apart 
and  a  P.D.  of  Sd  volts  a  sensitiveness  of  100  divisions  per  volt  over 
a  range  of  0-4  volt  was  readily  obtained. 

I  do  not  think,  however,  that  the  value  of  the  string  electrometer 
will  lie  especially  in  its  sensitiveness.  But  there  is  a  distinct  need 
now  for  an  electrometer  capable  of  automatically  recording  rapid 
changes  of  voltage  in  the  study  of  discontinuous  phenomena  in  the 
direction  indicated  by  von  8chweidler.  For  example,  in  the  beauti- 
ful experiment  of  Rutherford  and  Geiger  of  counting  the  number 
of  a  particles  which  arrive  in  an  ionisation  vessel  by  the  excursions 
of  an  electrometer  the  smaller  the  free  period  of  the  electrometer 
the  better.  To  test  the  oscillograph  powers  of  the  instrument,  the 
plates  were  placed  3  mm.  apart  at  a  P.D.  of  120  volts,  and  the  tension 


Fig.  2. 

on  the  fibre  increased  ;  the  sensitiveness  was  then  50  divisions  per 
volt.  Yet  the  motion  of  the  tibre  was  dead  beat,  and  it  took  up  a 
new  position  in  less  than  one-tenth  of  a  second.  Since  the  movement 
of  a  tibre  can  be  readily  recorded  photographically,  the  instrument 
seems  to  promise  well  as  an  oscillograph.  Further  experiments  are 
being  made  on  this  use  of  it. 


ROLLING  MILL  MOTORS.* 

BY    E.    W.    YE.\RSLEY. 

Protection  is  extremely  important  in  the  steel  mill  where  condi- 
tions are  neces.sarily  uncleanly,  and  electrical  apparatus  must  work 
in  the  midst  of  dust,  moisture  and  gases.  Large  motors  should  he 
enclosed  in  solidly  built  tight  compartments,  ventilated  by  clean  air 
if  nece.s,sary,  or  should  be  of  the  totally  enclosed  type. 

Considered  economically,  the  writ<-r  believes  main  motor  drives  to 
b^  superior  to  engine  drives,  even  when  power  must  be  derived  from 
a  steam  engine  driven  generator  ])lant  fed  by  coal-tired  boilers. 
Steam  losses  due  to  condensation  and  leaky  valves  and  rings  arc 
sur|)risin'_'Iy  laigc,  but  usually  escape  detinite  measurement.  Then 
in  th'-  11^11. il  nillingniill  engine,  very  little  ex|)ansion  is  utilised,  and 
it  is  not  likely  lliat  attempts  to  refine  such  ma<-liines  are  .satisfactory. 
Where  water  power  or  waste  gas  is  available  then-  is  nn  (picslidn  of 
the  greater  economy  of  electric  drive. 

The  controlling  apparatus  for  mill  service  is  usually  the  weak  part 
of  the  system  ;  it  is  much  less  satisfactory  than  the  motors.  Mecha- 
nical strength  and  simplicity  are  the  main  points  to  be  observed  in 
designing  this  apparatu.s.  Heavier  and  more  mechanical  .switches 
and  circuit-breakers,  better  protected  and  more  durable  rheostats, 
and  more  dependable  automatic  controlling  devices,  requiring  less 
attention,  are  badly  needed.  This  is  a  problem  more  difficult  of 
solution  than  improvement  of  th'-  motor,  hut  no  less  ncces.sary. 

For  large  main-drive  motors  the  advantage  of  continuous  running 
at  constant  speed  is  so  great  that  it  would  appear  advisable  to  make 
the  design  of  the  mill  suit  the  characteristics  of  the  motor,  and  avoid 
the  extra  expense  and  complication  of  devices  like  the  reversing 
drive.  The  tendency  has  been  to  build  a  machine  and  then  to  couple 
on  a  motor  somewhere  to  drive  it.  This  mistake,  while  not  so  fre- 
quent as  formerly,  is  still  made. 

•  Paper  read  before  the  American  Institute  of  Electrical  Engineers. 


There  seems  to  be  no  great  difHoiilly  in  designing  mills  for  con- 
tinuous-running motors.  Hy  eoniliining  such  motors  with  a  suitable 
Hywheel,  it  should  be  ])ossihle  to  keep  the  line  load  sufficiently 
luiiform.  This  C(uubination  has  not,  in  the  writer's  opinion,  received 
suflicient  attention,  possibly  because  of  lack  of  knowledge  of  power 
and  speed  regulations  of  the  rolling  operation. 

Tests  of  these  characteristics  will  be  comparatively  easy  on 
electric  mills,  so  that  data  will  ra|>idly  become  available  for  supply- 
ing the  system  with  the  proper  inertia.  In  some  installations  the 
writer  has  seen  the  flywheel  so  badly  iiro|)ortioned  as  to  be  detri- 
mental to  the  operation  of  the  motor.  Initial  speeds  should  be  care- 
fully selected,  especially  when  the  drive  is  direct,  and  if  possible  a 
considerable  speed  regulation  should  be  provided,  so  that  the  speed 
may  be  increased  with  increase  in  proficiency  of  the  operators. 

The  importance  of  low  armature  inertia  for  reversing  motors  is 
now  well  recognised,  l)ut  designs  could  be  improved  by  still  further 
reduction  in  speed.  The  writer  is  decidedly  against  the  use  of  high- 
speed motors  for  any  kind  of  mill  service  and  believes  the  extra  cost 
of  slow-speed  machines  well  warranted. 

Electric  motors  subject  to  excessive  vibration  communicated  from 
the  gearing  and  other  parts  of  the  machine  should  be  protected  by  a 
flexible  coupling.  For  mill  apparatus  which  must  be  handled 
directly,  especially  for  direct-current  apparatus,  the  writer  favours  a 
maximum  of  250  volts.  Safety  of  employes  requires  that  with 
higher  voltages  special  guards  be  provided  to  isolate  the  apparatus. 

Alternating-current  and  direct-current  motors  and  apparatus  both 
have  their  advantages  for  steel  mill  installations.  Local  conditions 
must  determine  which  is  superior.  Unless  transmissions  are  too 
long,  the  writer  favours  a  direct-current  installation,  especially  if 
the  plant  has  many  machine  tools.  With  an  alternating-current 
system  as  fe«  direct-current  motors  as  possible  should  be  used. 


THE   IMPERIAL  INTERNATIONAL  EXHIBITION. 


When  we  last  referred  to  this  Exhibition,  just  after  the  opening 
ceremony,  the  technical  exhibits,  such  as  they  arc,  were  by  no  means 
complete,  and  even  now  those  in  search  of  interesting  information 
similar  to  that  obtainable  last  year  will  probably  be  disappoiiiled. 
A  tour  round  the  old  Machinery  Hall  reveals  very  few  technical 
exhibits,  and  those  that  might  be  termed  new  are  in  the  minority. 
Of  those  of  electrical  interest  probably  the  best  is  the  exhibit  of  tho 
Central  London  Railway  Co.  A  complete  motor  coach  is  shown 
standing  on  a  section  of  standard  permanent  way,  and  also  a  secti<in 
of  the  tunnel,  giving  an  excellent  idea  of  the  construction  of  the  line. 
The  rails,  signals,  &e..  are  wired  up  exactly  as  on  the  line  itself, 
while  the  driving  compartment  has  switches  and  gear  eom])letc  a  id 
in  running  order.  A  standard  four-wheel  motor  bogie  truck,  shown 
separately,  gives  an  idea  of  the  actuating  mechanism,  and  is  wired 
up  for  exhibition  runs.  The  Western  Electric  Co,,  have  several 
cases  in  which  are  shown  samples  of  their  many  types  of  telephones, 
together  with  sample  peices  of  electric  cable  and  electric  fans, 
Messrs.  Tredegar  &  Co,  show  a  complete  country  house  lighting 
installation.  This  comprises  a  petrol-electric  generator  with  storage 
battery,  switchboard  and  the  various  electric  fittings  and  apparatus 
suitable  for  use  in  a  country  house.  The  Cowper  Coles  Engineer- 
ing Co.  have  a  series  of  electrochemical  exhibits,  comprising 
samples  and  processes  in  operation.  Of  these,  a  process  for  welding 
aluminium,  a  regenerative  process  of  electro-galvanising  and  a 
system  of  vapour  galvanising  are  of  special  interest.  Parabolic 
reflectors,  constructed  so  as  to  throw  yellow  and  white  beams  of 
light,  are  also  interesting,  as  it  is  claimed  that  the.se  have  great 
advantages  for  naval  and  military  pur))oses.  .Messrs.  Uabcock  & 
Wilcox  are  exhibiting  various  models  and  specimens  of  their  work. 
A  miniature  water-tube  boiler  fitted  with  chain-grate  stoker  and 
superheater,  and  a  model  feed  water  heating  and  softening  appa- 
ratus show  very  clearly  the  construction  of  these  sets.  A  portion 
of  a  header  and  .sections  of  wrought-steel  piping  with  riveted  flanges 
and  branches  are  also  shown. 

Apart  from  these  exhibits,  there  is  in  the  "  Daily  Mail  "  pavilion 
an  interesting  and  instructive  collection  of  electrical  and  electro- 
chemical apparatus  and  models  in  w'orking  order,  the  details  of 
which  are  described  in  a  scries  of  lectures  given  at  stated  periods. 
Amongst  these  Prof.  Korn's  system  of  sending  photographs  by  tele- 
graphy, the  Thorne-Bakcr  system  of  transmitting  photographs  by 
wireless  telegraphy,  the  Pollak-Virag  .system  of  high-speed  tcli 
graphy  and  the  Telewriter  are  to  be  seen  working. 

.•\n  inlercsling  exhibit  to  be  .seen  near  the  Elite  Gardens  is  the 
eleetrii;illy  cfiiiiiiiied  model  hou.se  erected  by  Simplex  Conduits  (Ltd.) 
Here  the  wide  application  of  electricity  for  heating,  cooking,  lighting, 
&c.,  is  demonstrated  in  a  most  artistic  and  able  manner.  The 
entrance  leads  into  a  very  handsome  showroom,  in  which  the  many 
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and  various  types  of  electric  apparatus  marie  by  this  firm  are  laid 
out  for  inspection.  Passing  through  this  the  dining  room  is  reached, 
in  which  is  shown  a  dining  table  laid  for  four  people  with  various 
electrical  apparatus  suitable  for  use  in  connection  with  the  dinner 
table,  such  as  plate-warmcra,  water-heaters.  &c.  In  t\w  drawing 
room,  which  is  carried  out  in  Adams  style  :in<l  lighted  by  means  of  a 
central  ceiling  fitting  having  a  large  cut-glass  bowl  for  distributing 
the  light  from  four  metallic  filament  lamps,  an  electric  kettle, 
raidator  and  ornamental  portable  lamps  are  exhibited.  In  the 
bi'tlroom  electric  toilet  requisites,  foot-warmers,  &c.,  are  shown, 
while  a  new  design  in  shaving  mirrors  is  to  be  seen.  This  consists  of 
a  special  lens,  behind  which  is  fixed  an  electric  lamp  and  by  the  use 
of  which  the  light  may  be  concentrated  upon  any  part  of  the  face, 
doing  away  entirely  with  shadows.  In  the  kitchen  practical  appli- 
cations of  many  types  of  electrical  cooking  ajiparatus  are  to  be  seen, 
and  those  who  are  lucky  have  the  opportunity  of  tasting  cakes,  &c., 
newly  made  from  the  electric  oven.  Electric  laundry  fittings  arc 
also  shown  in  the  kitchen  and  the  use  of  the  electric  iron  is  demon- 
strated at  frequent  intervals.  The  ventilation  of  these  rooms, 
carried  out  by  means  of  electric  fans,  is  most  effective,  and  even 
when  the  rooms  are  crowded  with  people  no  increase  in  tempera- 
ture is  found,  while  there  is  an  absence  of  that  stuffy  atmosphere 
usually  found  when  people  are  congregated  in  a  small  room. 

In  conclusion,  it  may  l)e  mentioned  that  in  the  majority  of  the 
side  shows  electricity  plays  no  small  part,  motors  being  used  for 
providing  the  necessary  power,  while  those  in  which  lighting  effects 
play  a  prominent  part  use  electric  lamps  very  extensively. 


NBW  PROCESS  FOR  GALVANISING  STEEL  AND 
IRON  TUBES. 


The  eft'ective  protection  of  steel  and  iron  tubes  both  externally  and 
internally  from  the  action  of  the  weather,  and  from  corrosive  acids 
and  other  deleterious  substances  is  of  great  such  importance  that  any 
new  jiroccss  in  this  connection  is  of  real  interest.  Messrs.  John 
Russell  &  Co.,  of  \^'alsall,  London,  an  old  established  firm  of 
makers  of  wrought  uon  and  steel  tubes  and  fittings  hold  the  patent  for 
Great  Britain  (as  regards  tubes)  of  a  new  cold  process  of  galvanising 
by  clcctro-dejiosition,  which  it  is  claimed  possesses  very  material 
advantages  over  the  old  process  of  dipping  in  molten  spelter. 

By  this  electric  process  ;iure  zinc  is  deposited  in  minute  particles  on 
a  clean  metallic  surface  in  such  a  way  that  the  zinc  practically  be- 
comes amalgamated  with  the  iron  or  steel.  The  advantages  of  this 
system  may  be  summarised  as  follows  :  Every  part  of  the  internal 
and  external  surface  including  the  thread  is  absolutely  protected. 
The  durability  of  the  tube  is  increased  by  the  evenness  of  the  coating, 
a?  by  the  electro-deposition  a  coating  of  zinc  is  secured  which  is  of 
exactly  the  same  density  throughout,  whereas  in  the  hot  process  a 
heavy  average  coat  may  be  obtained  and  at  the  same  time  the  sur- 
face may  in  parts  be  barely  covered.  This  variation  is  said  to  be 
impossible  in  the  process  under  review.  The  full  capacity  of  the  bore 
of  the  tube  is  maintained,  whilst  in  the  hot  process  there  is  an  appre- 
ciable reduction  in  the  bore  at  the  best  and  frequently  this  reduction 
assumes  very  serious  dimensions,  owing  to  the  chilling  of  the  spelter 
or  the  intrusion  of  dr<iss.  The  zinc  deposit  is  united  to  the  metal  of 
tho  tube  in  such  a  thorough  manner  that  after  being  galvanised  the 
tube  may.  it  is  stated,  be  bent  without  any  resultant  scaling  or 
chipping  oil  of  the  deposit.  This  is  a  most  important  point,  because 
tul),.'s  treadd  by  the  hot  process  can  neither  be  intentioiiMlly  bent 
nor  accidentally  distorted  without  cracking  and  probably  scaling  otV 
of  the  coating,  a  disadvantage  so  obvious  that  it  need  not  be  enlarged 
upon.  The  protective  ellicieney  of  the  coating  is  much  greater  in 
proportion  to  its  weight  owing  to  the  fact  that  the  zinc  used  in  the 
cold  process  has  greater  purity  and  consistency  than  tlie  spelter 
emjiloyed  in  the  hot  process. 

One  frequently  hears  as  an  argument  against  the  use  of  galvanised 
tub;-  that  the  treatment  tends  to  conceal  defects.  This  is  quite  true 
as  regards  hot  galvanising,  but  does  not,  it  is  claimed,  ap|)ly  in  any 
s.-asc  to  the  electro-galvanising  process,  as  after  treatment  by  the 
latter,  tubes  show  flaws,  fractures,  pitting,  &c.,  just  as  plainly  as 
when  in  the  "  black  "  state.  The  effect  of  galvanising  upon  the  metal 
of  the  tube  is  a  very  important  consideration,  atfeeting.  as  it  must  do. 
its  life  and  reliability.  In  this  connection  the  ct)kl  electro-tle|>osition 
|)i.)e,'ss  pos-;rsscs  the  very  salient  advantage  that  it  tends  to  improve 
I  lie  malli'alillity  of  the  metal,  whereas  by  the  hot  process  the  latter 
is  r, -nikii'd  extremely  brittle. 

Notwithstanding  tho  above-mentioned  advantages,  the  electro- 
deposition  process  does  not  increase  the  price  of  the  tubes  treated  as 
compared  with  the  hot  spelter  process,  and  this  fact  would  apjiear  to 
remove  the  only  pr)ssible  bar  to  the  very  general  use  of  electro- 
galvanised  tubes. 


B.T.-H.  FITTINGS  FOR  TUNGSTEN  LAMPS. 

The  season  will  soon,  unfortunately,  be  on  us  when  we  shall  have 
to  have  greater  resource  to  artificial  light  than  is  the  case  at  present. 
To  have  to  use  artificial  light  at  all  is  doubtless  a  great  nuisance,  but 
it  is  also  a  necessity,  and,  bearing  this  in  mind,  we  can  so  arrange 
matters  that  our  lighting  arrangements  and  fittings  harmonise  with 
th'  other  room  dfcorations  and  do  not  unnecessarily  intrude  lliem- 
selves  on  our  eoinfort. 

The  uitroductioii  of  metallic  filament  lamps  has  nec4;s.sitatcd  tlie 
re-designing  of  a  number  of  fittings  which,  though  quite  suitable  for 
the  old  carbon  lamps,  scarcely  fulfil  all  the  requirements  of  the 
newer  "  tungstens."  A  number  of  new  fittings  have  also  been 
designed  and  good  examjjlcsof  the  new  ty])cs  are  those  manufactured 
by  the  British  Thomson-Houston  Co..  of  Rugby.  These  fittings 
are  illustrated  and  described  in  a  catalogue  of  tungsten  lamp  fit- 
tings recently  sent  us,  which  fittings  have  been  devehiped  for 
the  purpose  of  allowing  B.T.-H.  tungsten  lamps  to  be  bvirnt  in 
grou|)s.  so  that  a  ])owcrful  light  e(|ual  to  that  of  a  small  arc 
lamp  can  be  obtain'  d  at  any  particular  point  without  the  atlen- 


FiQ.  1.— Hook   Susiension   witk 
Ornamental  Bracket  and  Chain. 


FiG    2  —Fixed  SrsrExsiox 
WITH  Ckii.ixo  Plate. 


dant  troubles  of  carboning  and  trimming.  The  devices  are  art- 
istic, and  should  be  most  efieclive  for  shop,  ship,  hall  or  club-room 
lightins:.  The  liftings  are  made  of  copp^-''  <'r  /•'"'••  "'*'»  "  ''*"": 
dardiscd  finish  of  oxidised  eoi)per.  and  the  globes,  which  are  supplied 
•■ither  plain  or  pocketed,  are  of  fiint  glass  ground  on  the  inner  sur- 
face. The  wliolc  fitting  forms  a  most  excellent  way  of  obtaining 
concentratetl  light  in  a  small  space.  Tho  of  these  new  littmgs  are 
shown  in  the  accompanying  illustrations. 

NEWFOUNDLAND  CABLE   MATTERS. 

In  our  last  issue  (p.  7-2.3)  we  published  a  communication  from  the 
vice-president  and  general  manager  of  the  Commercial  Cable  Co. 
(Mr.  Geo.  0.  Ward)  to  the  Premier  of  Newfoundland  (the  Hon.  Sir 
Edward  P.  Morris)  complaining  of  the  attitude  of  the  Newfoundland 
Government  in  regard  to  the  contract  entertxl  into  bctwtHMi  the 
company  and  the  Government  on  leb.  IS.  lOHO.  in  regard  to  tho 
cable  rccentiv  laid  bv  the  company.  In  reply  to  the  serious  state- 
ments contained  in  Mr.  W  aids  commimicalion.  Sir  EdwanI  Morris, 
who  is  now  in  Loiulon.  denies  that  theiv  has  been  a  breach  of  faith, 
that  the  Government  of  Newfoundland  do  not  reeognis»>  these  con- 
tracts made  with  its  predecessi)rs.  or  that  it  is  olVering  obstacles  to 
the  successful  operation  of  the  laying  of  the  Commercial  Co.'s  cable. 
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Sir  Kdw.inl  Morris  says  the  Xewfoundland  Governraent  rlocs  not 
refuse  to  ratify  agreements,  but  it  did  refuse,  without  arable  con- 
sideration, to  bring  In^fore  the  Ix'gislature  for  ratification  the  con- 
tract of  19(19,  principally  for  tlie  reason  that  it  was  unfair  and  pre- 
judicial in  many  respects  to  the  Anglo-American  Telegrajih  Co., 
which  is  a  cable  company,  and  would  create  in  favour  of  the  Com- 
mercial Co.  a  monopoly  for  'i,")  years  of  the  transmission  of  all  cable 
messages  passing  over  the  Newfoundland  Government  land  lines. 
The  Commercial  Co.,  under  its  agreement  of  190o  with  the  New- 
foundland Government,  are  now  bringing  in  their  cables.  There  is 
no  objection  to  this,  as  the  Government  only  a  few  vceks  ago  gave 
them  the  land  they  require  ;  but  the  Government  have  not  felt  justi- 
fied (not.  however,  without  fully  considering  tlie  matter)  in  granting 
by  Act  of  Parliament  the  further  concession  attempted  to  be  given 
in  the  agreement  of  1909 — namely,  a  monopoly  for  2'^  years  and 
freedom  from  ta.xation,  whilst  ta.xing  the  .\nglo  Co. 


In  connection  with  the  above  dispute  a  memorial  has  been  sent  by 

the   chairman   of   the   -Xnglo-Anierican   Telegraph  Co.   (Mr.    F.   A. 

Bevan)  to  the  Svcrctary  of  State  for  the  Colonics,  the  Earl  of  Crewe. 

The   memorial,   which   we   reproduce   practicallv   in   full,    stales 

that  :— 

This  agreement  Ls,  for  the  reasons  hereafter  stated,  unfair,  and  preju- 
dicial in  many  respects  to  the  Anglo-.\raerioan  Telegraph  Co.  (Ltd.), 
which  is  an  English  company,  and  of  which  I  am  chairman,  and  would 
create  in  favour  of  the  Commercial  Cable  Co.,  which  is  an  American  com- 
pany, a  monopoly  for  2.5  years  of  the  transmission  of  all  cable  messages 
passing  over  the  Newfoundland  Government  land  lines.  In  order  that 
you  may  have  the  situation  and  the  views  of  my  company  before  you. 
in  case  j-ou  have  at  any  time  to  consider  the  matter.  I  desire,  on  behalf  of 
my  company,  to  place  before  you,  first,  the  general  relations  of  my  com- 
pany with  the  Colony  ;  secondly,  the  main  features  of  the  agreement  in 
cpiestion  :  and,  thirdly,  the  prejudicial  effect  of  such  agreement  as  re- 
gards my  company.  In  18.54  a  company,  called  "  The  New  York,  New- 
foundland, &  I^mdon  Telegraph  Company,""  was  incorporated  in  the 
Colony  of  Newfoundland  by  an  .\ct  which  empowered  the  Newfoundland 
Company  to  establish  submarine  telegraphs  between  America  and  Europe 
by  way  of  Newfoundland.  The  Atlantic  Telegraph  Com])any  (Limited) 
wa.s  another  company  which  at  about  the  same  time  attempted  to  estal>lish 
cable  commimication  between  America  and  Eurojie,  but  both  were  un- 
successful, notwithstanding  the  expenditure  of  large  sums  of  money  and 
most  strenuous  labours,  and  it  was  not  until  186G  that  telegraphic  com- 
munication was  effectually  established  between  Ireland  and  America  by 
the  Anglo-American  Telegraph  CVjmpany  (Ltd.),  which  was  incorporated 
in  th.1t  year  for  the  purpose,  and  which  subsequently  took  over,  and  now 
holds,  all  the  rights  and  privileges  of  the  Newfoundland  Co.  and  of  the 
Atlantic  Telegraph  Co. 

Mr.  Bevan  next  refers  to  the  various  agreements  between  the  New- 
foundland Government  and  the  Commercial  Co.  and  the  Marconi  Co.. 
and  especially  to  the  one  dated  Aug.  26,  190,5,  between  the  island  Govern- 
ment and  the  Commercial  Co.  This  document  was  signed  fur  a  niiiiiniuni 
period  of  10  years  from  its  date.  It  provides  that  the  Newfoundland 
Government  shall  hand  over  to  the  Commercial  Cable  Co.  at  Canso.  in 
Nova  Scotia,  all  traffic  destined  to  points  outside  Newfoundland  and 
coming  within  the  Government  control  or  to  the  Government  land  lines 
for  the  time  being,  unless  directed  by  the  sender  via  some  other  route. 
the  Commercial  Co.,  on  its  side,  handiiii;  over  to  the  Government  at  Canso 
all  traffic  destined  to  points  in  Ncwfoiuulland  coming  within  the  Comiuer- 
eial  tV).'s  control,  or  to  its  lines,  for  the  lime  being  existing,  unless  dinrtcd 
by  the  sender  via  some  ollur  route.  The  agreement  further  provides 
(clau.se  4)  that  the  Government  will  Kiant  the  Commercial  Cable  Co.  tlic 
right  to  land  any  of  its  through  cables  at  NcH-foimdland  on  terms  an<l 
conditions  a.s  favourable  to  the  Commercial  Co.  as  those  under  whiili  any 
other  cables,  present  or  future,  are  granted  landinw  rights  and  iirivilcsjes 
by  the  Government  (excejit  any  special  privile<.'(s  then  enjoyed  by  tlu- 
Anglo-American  Co.,  inclusive  of  the  rif;ht  of  the  .Vnglo-.Ameriian  Co.  to 
compete  with  the  Government  telegraph  system),  and  by  clause  .5  if  the 
Commercial  Co.,  with  the  permission  of  the  (Jovcrnmcnt,  lands  cables 
as  before  provided,  it  shall  be  optional  for  the  Cfimmereial  Co.  to  transfer 
at  its  Newfoundland  station,  instead  of  at  Canso,  a  part  of  the  whole  of 
the  traffic  exchanged  with  the  Newfoundland  Government  system,  pro- 
vided the  terms  of  transfer  are  the  same  as  at  Canso.  .Mr.  Hevan  con- 
siders the  agreement  of  Feb.  18,  1909,  "as unfair  and  prejudicial  to  his 
company,  because  clause  2  extends  the  period  of  the  ('ommercial  C'able 
Co.'s  190.5  agreement  to  2.5  years  from  Feb.  18,  1!X)9,  and,  together  with 
clause  3,  confirms  in  specific  terms  the  monopoly  during  that  period  to 
the  Commercial  Cable  Co.  (which  is  an  American  company)  of  all  traffic 
from  the  Government  land  lines,  to  the  exclusion  of  my  comj)any  (which 
is  a  Rritish  company),  and  whose  land  lines  are  also  excluded  from  all 
business  passing  over  the  Commercial  Co.'s  cable.  When  read  in  con- 
junction with  the  Marconi  Co.'s  agreement,  this  monojioly  also  covers 
messages  received  or  transmitted  partly  by  Marccmi  wireless  stations  on 
the  island  and  partly  by  cable.  My  company  is  thus  precluded  from  all 
opportunity  of  cgmpeting  for  the  alxjvc  traffic,  although  the  satisfactory 
service  rendered  by  it,  its  superior  ecpiipment,  and  its  faithful  perform- 
ance of  all  its  undertakings  should  have  fairly  entitled  it  to  more  eipiitable 
and  businesslike  treatment  at  the  hands  of  the  late  Government."  In 
regard  to  clause  4,under  which  the  island  Government  is  to  pay  the  Com- 
mercial Co.  S4,000  a  year,  Mr.  Bevan  states  that  such  payment  is  in  the 
agreement  stated  to  l>e  in  consideration  of  the  advantages  and  facilitiea 


secured  by  the  cable  which  the  Comnu'rcial  Co.  agree  to  extend  fmni  tlu- 
Flemish  Cap  to  Newfoundland,  and  to  eontiinie  thence  to  New^Vork.  But 
the  system  of  the  Anglo-.-\merican  Telegraph  Co.,  with  its  four  cables  to 
Europe  and  hve  lines  to  the  United  States,  has  been  and  is  available  for 
all  Government  cable  purposes  without  risk  of  interruption.  The  Govern- 
ment's own  cable  to  Canso  has  been  in  operation  for  a  period  of  four  years, 
and  has  only  once  been  interrupted,  and  the  cost  to  the  Government  of 
the  transmission  of  its  traffic  over  the  .\n!jl.i  \mi.  li  .oi  Co.'s  cables  during 
such  interruption  did  not  amount  to  S3("i.  «  liil~t  ih.  subsidy  to  the  Com- 
mercial Cable  Co.  during  a  corresponding:  |"i  i.id  .il  l,.ur  years  would  have 
amounted  to  Slfi.OOO  under  the  agieenicut  of  Feb.  18,"l909.  Moreover, 
it  will  be  seen  that  the  practical  effect  of  the  subsidy  is  to  remit  to  the 
Commercial  Cable  Co.  the  landing  tax  imposed  by  the  Taxing  Act.  Such 
a  provision  of  a  money  subsidy  wo\ild  seem  to  be  beyond  the  powers  of 
the  Newfoundland  Government  without  special  authority  from  its  I^egis- 
laturc.  In  carrying  out  its  enterprise  the  .Anglo- .\merican  Co.  has  made 
a  large  expenditure  of  capital,  and  makes  a  large  annual  expenditure 
within  the  Colony,  the  latter  being greatly  in  excess  of  any  revenue  earned 
in  the  Colony,  and  this  capital  and  annual  expenditure  as  an  economical 
lesource  and  contribution  to  the  )irospcrity  of  the  islaiul  are  of  great  value 
to  the  C(]lony.  My  company  has,  however,  ui  the  past  been,  and  still  is, 
sid)jcctcd  to  heavy  taxation,  amounting  in  all  to  as  much  as  £-t,(i()0  per 
aiuium.  from  which  its  competitors,  iuibuling  the  Government  land  lines, 
are  jiractically  exempt.  It  is  perfectly  ready  to  compete  on  fair  and  equal 
terms,  and  considers  it  should  be  dealt  with  in  the  same  spirit.  It  has, 
therefore,  welcomed  the  action  of  the  present  Government  in  refusing 
to  ratify  the  agreement  of  Feb.  18.  1909,  as  indicating  that  the  Govern- 
ment appreciate  that  the  arrangements  contemplated  by  that  agi-eement 
are  not  consistent  with  fair  and  equal  competition,  and  it  trusts  that  under 
no  circumstances  will  the  Government  contirni  an  arrangement  which 
bears  so  hardly  and  unfairly  on  its  enterprise. 


PARLIAMENTARY  INTELLIGENCE. 

GLASGOW  CORPORATION  BILL, 

This  bill  was  passed  by  a  Select  Comniitlcc  nf  the  Hou.se  of  Commons 
on  12th  inst.  The  clause  removing  doubts  a'<  to  the  tramway  undertak- 
ing being  part  of  the  Common  Good  was  sanctioned  by  the  Committee, 
and  the  ]iowers  of  the  Corporation  over  the  residue  of  the  tramway  re- 
venue were  extended. 

Mr.  Balfour  Bkowxe,  K.C,  for  the  ]irnTiint,Ts,  said  lliat  ordy  one  )u-o- 
vision  in  the  bill  was  to  be  brought  bcfcirv  the  ( '..iiuiiil(i-c— llic  <p»'stion 

of  the  Common  Good.     The  Common  (i I  «  is  the  priv.ili-  |iriipi-rly  of 

the  Corporation,  but  of  course  it  was  to  lie  cxiii'Mdiil  lor'  tlic  pul)ll<-  good. 
When  years  ago  the  tramway  company  was  selling  its  undi'rtaking  it  was 
taken  over  by  the  Corporation,  and  the  C'oninion  Good  was  a  security  for 
the  money  borrowed  to  pay  the  company.  The  Corporation  had  no  other 
alternative,  because  that  was  before  the  Tramways  Act  of  1870.  Every 
other  corporation  in  Great  Britain  had  the  city  rates  as  a  security  for 
money  borrowed.  If  there  was  a  deficit  from  the  tramways  in  Glasgow 
the  rates  had  not  to  bear  it.  What  they  desired  to  do  was  to  make  it 
perfectly  certain  that  the  tramways  were  part  of  the  Common  (Jood  of 
the  city.  The  Corporation  had  transferred  tramway  profits  to  the  Com- 
mon Good  to  the  amount  of  f  32(i,000,  and  no  one  had  ever  suggested  that 
it  was  illegal. 

After  hearing  evidence,  the  .CuAiKM.vN  (the  Him.  A.  Stanley)  said  the 
Conimittee  were  of  npininn  that  elausc  20  m\ist  stand  as  it  was.  In  r. - 
gard  to  the  limit  of  f  oO.tMKI  in  clause  30,  tlie  Committee  saw  no  rea.son  for 
the  imposition  of  that  limit,  and  were  prejiared  to  agree  that  the  whole 
lesicluc  of  the  tramway  revenue  should  go  to  the  Common  Good.  They 
did  not  sec  their  way  to  alter  the  clause  in  order  to  meet  the  possible  loss 
on  the  tramways.  From  what  they  knew  of  the  management  of  the 
Glasgow  Corporation  tramw.ays  that  was  not  likely  to  arise. 
The  preamble  of  the  bill  was  then  passed. 

Holsworthy  Provisional  Electric  Lighting  Order-— The  bill  t<> 

conlirm  this  order,  which  has  been  granti-d  to  .Messrs.  Christy  Bros.  & 
Co.,  was  passed  on  Thursday  last  by  the  Select  Committee  of  the  House 
of  Comnxms  on  Unop])osed  Bills.  The  district  council  may,  by  12 
months'  notice  in  writing,  after  the  expiration  of  2.5  years  from  com- 
mencement of  order,  require  the  imilcrtakers  to  sell,  the  price  to  be  a  sum 
eipial  to  the  fair  market  value  of  the  undertaking  purcliased  as  a  going 
eon<(rn.  In  defaidl  of  agreement  the  sum  is  to  be  determined  by  arbi- 
tral inn. 

Metropolitan  Ambulances  Bill-  —  I'his  bill  came  before  the  Grand 
Conimittee  of  the  House  of  Commons  on  Aug.  17,  when  it  was  decided 
by  28  votes  to  1  that  the  L.C.C.,  and  not  the  Metropolitan  A.sylums 
Board.  sh<uild  be  the  body  to  carry  out  the  .service.  Claiisi-  1  (7)  runs  as 
follows  :  "  To  provide  and  maintain  ambulances  and  other  vehicles  and 
means  of  conveyance,  to  be  drawn  by  electrical  or  other  mechanical 
liower,  by  horse  or  by  hand  ;  (irovided  that  any  electrical  ])Ower  used  for 
moving  such  vehicle  shall  lie  cntirctv  contained  in  and  carried  along  ttith 

.snel,  vehicle." 

New  Acts  of  Parliament-— In  I  111- 11(. use  of  Lords  on  Monday  Royal 
Assent  was  given  by  Commission  to  a  number  of  new  Acts,  including 
York  Town  and  Blackwatcr  (!as  (Electric  Lighting.  &(:) ;  Preston, 
Cliorlcy  and  Horwich  Tramways  ;  Durham  (CVuinty)  Electric  Power 
Supply  ;  Southport  and  Lytham  Tramroad  (abandonment) ;  Wallasey 
Tramways  and  Improvements;  North-east  London  Railway;  Folkestone, 
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Sandgateiiml  (lytlie  Tramways;  Oxford  and  Distrirf  'I'ramways;  Thames 
TimncI  (North  and  South  Woolwich)  ;  Soiith-Wr-stern  and  Isle  of  Wight 
Juiirtion  Railway  :  Gatophead  and  District  Tramways  ;  Central  London 
Kailway;  Holywood  Tramways:  London  (loiinty  Council  (Tramways 
and  Im'|provcnu-iiK)  :   ami  Wcsi  Kent  Klectric  Power. 

National  Telephone  Go's  Staflf- — In  the  House  of  Commons  on 
Tuesday  Sir.  P.  Curran  asked  the  Postmast.''r-General  if  he  was  aware  that 
reductions  in  the  staff  of  the  National  Telephone  Co.  still  continued  ; 
that  the  user.s  of  the  company's  sy.stem  were  suffering  inconvenience 
owing  to  the  negligence  of  the  company  in  carrying  out  alterations  and 
repairs  and  the  placing  of  new  |)Iant. 

In  re|ily,  Mr.  liuxTON  said  that  the  National  Telephone  Co.  had  dis- 
charged a  certain  number  of  construction  hands  during  the  present  year 
owing  to  a  slight  diminution  of  the  amount  of  new  work  and  orders.  He 
had  no  evidence  that  the  company  were  causing  inconvenience  to  sub- 
scribers by  failure  to  carry  out  alterations  and  repairs  to  plant.  The  con- 
dition of  the  |)lant  would  be  taken  into  account  in  the  settlement  in 
l)eieml)er,  1011,  and  the  company  had  therefore  a  direct  interest  in 
keeping  it  up  to  date.  He  had  just  concluded  an  arrangement  with  the 
coMiiiaiiy  for  the  continuance  of  certain  new  work,  and  he  was  in  com- 
mimication  with  them  as  to  arrangements  for  establishing  now  cxeh.anges 
in  the  districts  served  by  their  .system. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 


APPOINTMENTS  VACANT. 

The  Governing  Body  of  Northaraption  Polytechnic  Institute, 
London,  invito  applications  for  the  appointment  of  practical  instruc- 
tor in  electric  light  wiring  and  cable  jointing.  Two  evenings  per 
week.  Particulars  and  forms  of  aiiplication  (to  be  returned  by 
Sept.  1)  from  the  Principal,  Dr.  R.  Mullineux  Walmsley.  See  an 
advertisement. 

An  assistant  mains  engineer  is  wanted  by  a  large  power  company 
to  take  charge  of  laying,  maintenance  and  testing  of  e.h.t.  three-phase 
cables,  overhead  line  construction,  &'0.  Salary  about  £200.  See 
advertisement. 

A  foreman  of  electric  light  service  is  required  for  Dominica,  West 
Indies.  Engagement  for  three  years,  with  possible  extension, 
salary  £150  per  annum,  with  free  second-class  passage  to  Colony  and 
hom;  again.  Applications  to  the  Crown  Agents  for  the  Colonies, 
White  Hall-gardens,  London,  S.W.,  up  to  Aug.  31.  See  an  adver- 
tisement. 

A  draughtsman  is  required  conversant  with  the  design  of  cable 
.junction  boxes.     See  advertisement. 

A  draughtsman  is  re((uired  for  the  design  of  switch  pillars,  main 
switches,  &c.     See  advert isement. 

Llandilo  Council  require  an  engineer  to  take  charge  of  electrical 
installation.     Applications  to  the  Clerk  by  Aug.  31. 

Applications  are  invited  for  the  position  of  head  of  the  electrical 
engineering  department  at  the  Technical  College,  Sunderland. 
Salary  £2.50,  rising  to  £.300  per  annum  by  two  equal  annual  incre- 
ments. Applications  to  the  secretary,  Mr.  T.  W.  Bryers,  Education 
Offices,  15,  John-street,  Sunderland,  by  Aug.  23. 

The  lectureship  in  electrical  engineering  at  University  College, 
Galway,  is  vacant.  Salary  £120.  Applications  to  the  Secretary, 
Mr.  Robt.  Donovan,  Royal  University-buildings,  Dublin,  by  Aug.  31. 

Applications  are  invited  for  the  positiim  of  chief  lecturer  in 
chemistry  in  the  Manchester  Municipal  School  of  Technology.  Salary 
£350  per  annum.  Applications  to  the  Dean  of  the  Faculty  of 
Technology,  Mr.  J.  H.  Reynolds,  by  Sept.  11. 

There  i^  a  vacancy  for  a  lecturer  and  demonstiator  of  physics  at 
the  Sir  .lohn  Cass  Technical  Institut<>,  London.  Commencing 
salary  £150.     Applications  to  the  Principal  by  Aug.  2S. 

The  Council  of  the  University  Ct>llege  of  Wales,  .Aberystwyth, 
require  a  demonstrator  or  assistant  lecttu'cr  in  the  department  of 
physics.  Salary  £150  per  annum.  Applications  to  the  Reaistrar  b\' 
Sept.  16.  ■ 


University  of  Glasgow. — The  next  session  roniniences  on  Oct.  II 
next  and  ends  on  .March  17,  lOIO.  Students  in  the  department  of 
engineering  and  mining  and  naval  architecture  usually  spend  the 
summer  months  in  [Mactical  work,  thus  rewiving  their  training  on  the 
sandwich  system.  I'ros|)Cctu.ses  ff)r  the  course  of  B.Se.  and  U.Sc. 
in  Kngineering  and  syllabus  of  clas.'«?s  will  be  forwarded  on  applica- 
tion to  the  Assistant  Clerk.  Matriculation  Offices,  The  University, 
Glasgow. 

University  of  Manchester.  -  Prospectuses,  containing  full  par- 
lieulais  of  (In-  Iccliiic,  lalioralcjry  and  drawing  courses  in  engineering, 
and  the  courses  in  [ihysics  (including  electrical  engineering,  mathe- 
matics and  chemistry.  &c.),  can  be  obtained  from  the  Registrar. 
There  are  new  and  enlarged  engineering  laboratories  which  will  bo 
open  to  students  in  the  new  session  commencing  Oct.  .5. 

Armstrong  College,  Newcastle-on-Tyne. — The  session  l!»i>9-1010 
will  commence  on  Sept.  27.  Full  courses  of  instruction  are  given  in 
the  department  of  mechanical,  marine,  civil  and  electrical  engineer- 
ing, naval  architecture,  mining,  metallurgy,  agricidture,  ])ure  scienca 
and  letters.  Particvilars  may  be  obtained  from  the  secretary  (Mr. 
F.  H.  Pruen,  M.A.).  Armstrong  College,  Newca.stle-on-T>Tie. 

City  and  Guilds  of  London  Instihste.-  The  cour.se  of  instruction  at 
the  Institute's  Control  Technical  College,  Exhibition-road,  are  for 
students  not  under  10  year.s  of  age,  and  tho.se  at  the  Institute's 
Technical  Coll'ge,  Leonard-street,  Finsbury,  are  for  students  not 
under  14  years  of  age.  The  entrance  examinations  to  both  colleges 
are  held  in  Sejjtember,  and  the  entrances  commence  in  October. 
Particulars  of  the  entrance  examinations,  .scholarships,  fees,  &c.. 
may  be  obtained  from  the  respective  colleges  or  llie  head  offices  of 
the  Institute,  Greshara  College.  Basinghall-street,  London,  E.C. 

Glasgow  and  West  of  Scotland  Technical  College.— The  session 
1909-10  commences  on  Sept.  23  for  the  evening  clas.ses  and  Sept.  28 
for  the  day  classes.  The  diploma  of  the  college  is  granted  in  civil, 
mechanical  and  electrical  engineering,  mining,  naval  architecture. 
cheraislry.  metallurgy,  mathematics  and  physics,  and  the  courses 
of  study  for  the  diploma  usually  extend  over  three  ses.sions.  Holders 
of  the  dii)loma  are  eligible  for  the  degree  of  B.Sc.  in  engineering  of 
the  University  of  Glasgow^  after  attendance  for  at  least  one  session 
upon  prescribed  University  classes.  There  are  new  and  well  equipjied 
laboratories  in  the  departments  of  physics,  chemistry,  electrical 
engineering,  mechanics,  metallurgy,  &c.,  and  facilities  for  research 
are  atforded.  Calendar  (price  Is.  4d.)  and  prospectvis  (free)  can  be 
obtained  on  api)lication  to  the  Secretary. 

Northampton  Polytechnic  Institute.  London.— Full  day  courses  in 
the  theory  and  practice  of  mechanical  and  electrical  engineering  and 
electro-chemistry  will  commence  on  Oct.  4.  Entrance  examination 
Sept.  29  and  30.  These  courses,  which  include  periods  sjient  in 
commercial  workshops  and  extend  over  four  years,  also  prepare  for 
the  de.gree  of  B.Sc.  in  engineering  at  the  University  of  London.^  Fees 
£15  or  £11  per  annum.  Three  entrance  scholarships  each  of  £52  will 
be  offered  for  competition  at  the  entrance  examination  in  September. 

Full  and  part  time  day  courses  in  all  branches  of  technical  optics 
are  given  in  specially  equipped  laboratories  and  lecttue  rooms. 
Particulars  at  the  Institute,  Clerkenwell,  London,  E.C,  or  of  the 
Principal,  Dr.  R.  Mullineux  Walmsley. 

Hackney  Technical  Institute.  London.— The  next  session  commence 
on  Sept.  2tt.  There  are  e\ening  lecture  and  laboratory  courses  in 
electrical  engineering,  including  electrical  measurements,  dynamos 
and  motors,  alternatinu  currents,  electrical  design.  &c.  Prospectuses 
may  be  obtained  front  the  Principal  of  the  Institute,  Dalstou-lane, 
London.  N.E. 

Engineering  Scholarships.— The  laie  Mrs.  E.  Boyd,  of  Rothe.say. 
left  £2.(K)()  to  the  University  of  Liverpool  to  found  engmoermg 
scholarships. 


EDUCATIONAL  NOTICES. 

University  of  London  (University  College). — The  courses  in  me- 
chanical, civil,  municipal  and  electrical  engineering  begins  on  Monday 
v<ct.  4.  Tlie  College  contains  spacious  electrical  and  mechanical 
engineering  laboratories,  work.shops,  drawing  office,  &c.  Special  and 
post-graduate  courses  on  "  Steam  Turbines,"  "  Recent  Methods  and 
Instruments  in  Surveying."  and  "  On  the  Theory  and  Design  of  the 
Ideal  Arch,  Metal  and  Masonry  '  have  been  arranged.  Further 
particulars  may  be  obtained  of  the  Secretary,  Mr.  Walter  W.  Seat  on. 
University  College,  Gower-street,  London.  W.C. 


Amble.— The  Council  diseuss.Hl  (he  question  of  the  erection  of 
electricity  supj.ly  works  last  week  when  it  was  decided  to  issue 
circulars'to  householders  setting  forth  the  probable  cost  of  electric 
current  for  public  and  luivate  lighting,  also  the  ai>proxima(o  ccst  of 
wiring  an  (Uilinarv  dwelling.  *e.,  and  inviting  householders  to  .state 
whelher  thev  w,>u'l(l  become  consumers  of  electric  current  if  a  scheme 
is  carried  out  i\u'  the  town.  The  proposal  is  to  put  down  suction  pas 
plant  at  an  estimattxl  cost  of  about  £5.00(). 

Amoy  (China).— Mr.  Consul  Sundius.  in  his  report  for  1!KW.  states 
thai  during  (he  vear  a  telephone  service  was  established  in  the  city, 
and  i(  is  proposed  to  link  \t\>  the  system  wi(h  (lia(  of  Kiilangsu  by  a 
subaipieous  cable  across  the  harbour.  There  is  s.iiuo  (alk  also  of 
establishing  electricity  works. 
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Australasia. — The  ralep.ayers  of  FrDmantle  (W.A.)  have  voted  in 
favour  of  raising  a  loan  of  £2o,7l4  for  the  construction  of  an  electric 
tnmway  and  for  extensions  of  the  electricity  works. 

The  Elevtrioal  Association  of  Queensland  are  endeavouring  to  get  the 
existing  restrictions  as  to  the  use  of  overhead  electric  light  wires  removed. 

The  horough  of  Eagleha»k  (^'ictoria)  has  been  authorised  to  establish 
electricity  supply  works. 

The  New  South  Wales  Railway  Commissioners  announce  that  they 
prop. .so  III  ciinvert  tlie  remainijig  steam  tramway  lines  in  Sydney  (about 
4:!;j  miles)  to  electrie  traction.  During  the  past  nine  years,  since  the 
imciitinu  of  electritication,  the  length  of  line  has  increased  about  80  per 
cent.,  at  an  outlay  of  double  the  original  capital,  and  three  times  the 
original  number  of  passengers  are  carried.  The  interest  return  on  the 
capital  invested  has  risen  from  4  to  nearly  (>  per  cent.  The  total  length 
"f  single  track  operated  by  electricity  is  140  miles.  The  substitution  of 
electric  power  f<ir  steam  has  l>een  very  successful  from  every  point  of  view. 

Barnstaple. — The  new  municipal  secondary  schools  are  to  be  wired. 

Bray  (Ireland). — The  Council  have  received  a  further  eommunica- 
tiiin  from  the  L.G.  Hoard  in  regard  to  their  recent  a])plication  for 
sjtiiction  to  a  loan  of  £2.(K)0  for  extensions  of  the  electricity  works. 

'ITie  Board  state  that  with  regard  to  the  excess  expenditure,  making 
tip  the  sum  iif  £l.l)>2,  accounts  had  not  been  kept,  while  payments  in 
respect  of  the  works  were  made,  and  the  engineer  was  not  able  at  the 
time  of  the  inquiry  to  say  what  were  the  exact  works  necessitating  the 
extra  cost.  Sec.  '238  (3)  of  the  Public  Health  (Ireland)  Act,  1878, 
required  that  a  local  inquiry  should  be  held  in  cases  where  the  sum  ])ro- 
posed  to  be  borrowed  with  the  balances  of  the  outstanding  sanitary  loans 
woidd  exceed  the  assessable  valuation  of  the  district,  and  it  was  evident 
that  such  a  requirement  became  nugatory  if  'expenditure  were  incurred 
(as  in  the  present  case)  several  years  prior  to  sanction  of  the  loan  to 
defray  it — unless  in  cases  of  emergencj'.  Moreover,  items  comprised  in 
the  sum  in  question  had  long  since  been  presented  in  the  ordinary 
accounts  of  the  Council,  and  had  passed  audit,  and  it  was  not  the 
practice  of  the  Board  to  sanctiiui  loans  for  such  items.  .  Regarding  £l(iO 
for  a  new  switchboard,  the  Board  had  again  to  point  out  that  capital 
sums  amounting  to  £407.  t>s.  had  already  been  sanctioned  for  that  work, 
of  which  £200  did  not  appear  to  have  been  applied  for  the  purpose  for 
^v^lil■h  the  borrowing  was  sanctioned.  The  switchboard  obtained  for 
£203.  .'is.  was  afterwards  sold  by  the  Council  for  £30,  and  a  new  switch- 
board provided.  Such  replacement  must  be  regarded  as  a  work  of  main- 
tenance, for  which  a  loan  co\dd  not  be  sanctioned.  In  the  circum- 
stances, therefore,  the  Board  were  unable  to  alter  the  decision  conveyed 
in  (lieir  previous  letter,  which  sanctioned  a  loan  of  £1,000  for  procuring 
a  gas-j)roducmg  plant,  disconnecting  boxes,  &c. 

Brazil. — Acting-Consul  Sandall  (Santos  district)  says  the  principal 
hydro-electric  installations  constructed  in  the  State  of  Sao  Paulo 
are  that  of  the  Sao  Paulo  Tramway  Light  &  Power  Co.  at  Parnahyba, 
and  those  of  other  companies  at  Jundiahy,  Sorocaba,  Rio  Claro, 
^lococa  and  Piracicaba,  the  first  mentioned  having  a  capacity  of 
8.(MK)  kw.  and  the  others  varying  from  450  kw.  to  l.OfX)  kw. 

An  important  hydro-electric  station  is  in  course  of  construction  by  the 
Santiis  Dock  Co.  at  the  Itatinga  Falls,  near  Santos,  which  station  will  be 
of  3,OftO  kw.  capacity,  and  will  supply  light  and  power  in  the  city  of 
Santos  and  .ilso  current  for  working  cranes  on  the  quays.  Mr.  Sandal] 
gives  a  list  of  the  principal  waterfalls  in  the  district  that  have  been  sur- 
veyed with  a  view  to  their  utilisation  for  the  generation  of  electrii  al 
energy.  'J'hcse  are  eight  in  number,  and  the  total  hor.->e-power  to  be 
obtained  is  estimated  at  1,125,700.  The  city  of  Sao  Paulo  has  electric 
tramways  75  iriiles  in  extent,  and  is  partly  lighted  by  electricity,  but 
chiefly  by  gas,  over  8J  million  cubic  metres  of  gas  having  been  consumed 
in  I9f)7.  One  part  ot  the  tramways  in  the  city  of  Santos  (hitherto  worked 
entirely  by  mule  traction)  has  been  converted  to  electric  traction,  and 
it  is  hoped  that  the  remainder  will  soon  be  converted.  This  city  is  also 
chiefly  lighted  by  gas,  two  avenues  leading  to  the  suburbs  on  the  beach 
being  lighted  elcctri;ally.  Imports  at  the  Port  of  Santos  in  1908  in- 
cluded electrical  appliances  valued  at  £77,087  (compared  with  £'.17,138 
in  1907). 

In  Curityba  (Vice-Consul  H.  H.  Ciomm  says)  the  Empresa  dc  Elec- 
tricidade  de  Curityba  (a  Cermany  company,  using  nearly  all  Cerm.an 
material)  has  a  30  years'  concession  to  supply  electric  light,  and  made 
20  ))er  cent,  net  profit  last  year.  The  same  company  has  also  a  .50  years' 
concession  to  explore  the  waterfall  of  Cayacaiiga  on  the  river  Yguassu. 
40  miles  from  Curityba,  with  a  view  to  using  power  obtained  from  thi'  f.iil 
for  the  generation  of  electrical  energy.  There  are  small  electric  |ilanls 
in  other  towns  of  the  .State  and  others  in  course  of  construction.  These 
are  generally  built  by  Germans  and  with  Oerman  matcri.d. 

British  Railways. — The  returns  relating  to  the  working  of  the  rail- 
ways of  the  United  Kingdom  for  1908  have  been  issued. 

The  total  amount  of  authorised  capital  was  £1,398,000,000,  an  iiurease 
fiver  the  previous  year  of  alKiut  £4,000,000,  the  smallest  increase  recorded 
with  the  exception  of  that  in  1901)  (£2,.500,000).  The  total  amount  of 
capital  paid  up  at  the  dose  of  last  year  was  £l,3IO,t)00,(MMJ.  The  average 
rate  of  dividend  on  the  ordinary  capital  last  year  was  299  per  cent., 
compared  with  3-31  per  cent,  on  preferential  capital  3-42,  against  3-4<) 
per  cent,  in  1907,  the  rates  on  the  other  classes  of  capital  remaining 
practically  imchanged. 

Excluding  from  consideration  the  lines  worked  by  electric  power,  the 
variation  in  the  number  of  ordinary  passengers  in  1908,  compared  with 


1007,  exceeded  half  a  million  in  the  case  of  10  companies,  of  which  three 
only  showed  increases,  whilst  with  13  there  were  decreases.  The  rcduii^d 
numbers  observable  m  the  case  of  certain  of  the  companies  are  no  doubt 
largely  due  to  tramway  and  motor  omnibus  competition  in  the  neigh- 
bourhood of  large  urban  areas. 

The  number  of  passengers  conveyed  by  the  tube  railways  of  the 
metropolis  increased  from  130  millions  in  1907  to  101  millions  in  1908, 
the  increase  being  more  than  that  sho\™  in  the  total  numlicr  of  third- 
class  ordinary  jiassengcrs,  in  which  these  are  included.  Of  the  increase 
in  receipts  from  third-class  passengei-s  £239,380  was  due  to  the  develop- 
ment of  the  trafKc  of  those  deep-level  underground  railways.  The 
average  receij)ts  per  jiassenger  (excluding  season-ticket  holders)  worked 
out  at  7-3d.  in  1899  to  1903  inclusive,  7-2d.  in  the  two  following  years, 
71d.  in  1906,  and  7  2d.  again  in  1907  and  1908.  Last  year  the  average 
was  25-4d.  first-class,  191d.  second-class,  and  0-4d.  third-class,  an 
incrca.se  of  less  than  Id.  for  first  and  second-class  on  the  year,  whilst 
third  remains  the  same.  Third-class  passengers  went  up  from 
1,003.990.000  in  1890  to  1.213,1,38,000  in  1908,  and  tramway  passengers 
from  924.S20.0OO  to  2.li3.">.333.tHX>  in  1007,  the  latest  year  for  which 
figures  arc  available.  The  total  length  of  the  running  track  of  the  rail- 
ways  of  the  United  Kingdom  at  the  end  of  H)08  was  30,319  miles,  and 
the  total  length  of  sidings  14,353  miles,  whilst  the  length  of  line  worked 
solely  by  electricity  was  204i  miles,  and  2(X)J  miles  were  worked  partly 
by  electricity. 

Boston. — Messrs.  Orompton  &  Co.  jiavc  decided  to  apply  lor  a 
pro\  isioiial  electric  lighting  order. 

Camborne-Redruth  Tramway. — .An  official  inquiry  was  held  en 
Tuesday  by  Lieut. -Col.  Druitt,  R.E.,  relative  to  the  proposed  recon- 
struction of  the  tramway  between  Camborne  and  Redruth. 

Costa  Rica. — Mr.  Consul  Cox  reports  that  the  .Vbangarez  Gold- 
fields  and  the  .Aguacate  Mining  Co.  are  installing  hydro-electric 
power  plants  which  will,  it  is  stated,  be  completed  early  in  1910,  and 
will  render  milling  possible  on  a  very  large  scale  and  at  much  reduced 
cost. 

The  Costa  Rica  Electric  Liglit  &  Traction  Co.  is  extending  its 
tramway  system,  and  has  acquired  rights  for  a  5.000  h.p.  liydro- 
elcctric  power  station  at  Kl  Brazil. 

Damascus, — Consul  Devey  says  the  local  Belgian  electricity  sup|)ly 
company  at  Damascus  is  making  fair  progress,  considering  the  great 
difficulties  and  foolish  prejudices  with  which  it  has  had  to  contend. 

The  company  contemplate  extensions  in  two  directions,  towards 
Salihiyehand  Kab-Sherki,  which  will  niakcthcirdistrict  a  total  length  of 
6j  miles.  750  bou.scs  nnd  .shops  arc  li^litcil.  yicliliri,K  about  £400  a  moutli, 
and  the  municipality  pay  £2.7tMJ  ]icr  aununi  for  1.0(10  street  lamps.  The 
total  receipts  are  about  £22,000  a  year,  which  wo\ild  give  about  £10,000 
net  profit  to  pay  dividend  on  the  capital  of  £240,000  (about  4  per  cent.). 
The  com))any's  lighting  business  is  doing  better  than  its  tramways. 

Doncaster. — The  Council  have  authorised  the  extension  of  the 
Bentley  tramway  route  for  a  distance  of  about  1,200  yds. 

East  London  (South  Africa). — The  borough  electrical  engineer 
(.Mr.  .1.  Mordy  Lanibc)  has  intimated  to  the  Council  that  he  docs  not 
wish  to  Continue  his  i  ngagt  mcnt  after  the  ex|iiration  of  his  agree  mcnt 
in  November. 

Ecuador. — Mr.  J.  H.  Cardon  has  been  granted  a  ceinccssion  for 
the  construction  of  a  3  ft.  ti  in.  gauge  electric  railway  from  Babaho\-o 
(capital  of  Los  Rios  Province)  to  Hal/.aiiamba  (Bolivar  Province) 
anel  subsequently  to  Guaranda  (Bolivar  Province).  The  cost  of  the 
line  is  estimated  at  £287.000,  to  be  guaranteed  by  G  per  cent,  Ecuador 
Government  bonds.  The  material  for  construction  and  working 
will  be  admitted  eluty  free. 

Electric  Traction  in  Chili. — It  is  reported  that  tlie  Government 
have  decided  to  adopt  electric  traction  on  about  1,150  km.  (about 
713  miles)  of  railway,  but  at  the  outset  only  184  km.  (aboutll4  miles) 
will  be  converted. 

Electric  Traction  in  Hungary.— The  Hungarian  Minister  of  the 
Interior  has  placed  an  order  with  Messrs.  Ganz  &  Co.  for  the  con- 
struction of  an  electric  railway  betwe^en  the  city  of  Pressburg  (Huii- 
garv)  and  the  Austrian  frontier,  to  be  ready  for  traffic  about  the  end 

of  ioio. 

Electricity  in  Mining. — The  report  of  the  Dolcoath  Mine  (Lid.) 
for  the  half-year  ended  ,June  30  states  that  a  satisfactory  contract 
has  l)e!en  entered  into  with  the  Cornwall  Electric  Power  Co.  and  the 
Urban  Electric  Supply  Co.  ft>r  the  power  required  for  pumping  at 
this  shaft,  and  also  for  driving  the  new  12  heaels  of  pneumatic 
stamps,  ortlers  for  which  have  been  placed, 

Gravesend. — Sanction  has  been  received  to  loans  of  £3.250  for 
(xccss  expenditure  em  the  electricity  unelertaking.  £1,800  for  new 
nmins  and  £7tX)  for  house  services. 

In  regard  ti)  the  pro))osal  to  extend  the  ))rcscnt  system  of  public  electric 
lighting,  the  L.tJ.  Board  recommend  the  flouncil  to  carefully  consider 
the  comparative  cost  of  lighting  by  electricity  and  gas. 

M  the  meeting  of  the  Council  last  week.  Councillor  Huartson  moved 
that  a  chartered  accountant  be  appointed  to  investigate  the  electricily 
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nrfDiints  ami  re|ic)rt  :is  to  tlic  liiiancial  ami  conimficial  |iosllicin  of  ttu' 
eluitiicitj'  wiirlcs,  and  that  tho  L.G.  Buard  be  asked  tn  nominate  siieh 
accoiintaat.    After  disenssion  the  resolution  was  lost  by  nine  votes  to  six. 

Hospital  Lighting. — Aberdeen  I'ublio  Heallli  comiuitt»>e  have 
deeided  to  adojit  cleetrie  lightiiif;  at  the  new  and  old  buildings  of  tlic 
City  Hospital  at  a  cost  of  abinit  £")(•(>.  This  deeision  has  been  arrived 
at  aftiT  a  ean  fnl  eoniparison  of  the  cost  of  ele^trieity  and  gas. 

Hllddersfield.  On  Wednesday  the  Coiuieil  sanctioned  application 
being  mad"  for  a  provisional  oi-dcr  for  the  eonstruetion  of  additional 
tranmays. 

Ipswich. — The  Council  have  arranged  to  give  a  seven  years' 
sup])ly  of  current  to  the  Admiralty  telegraph  station  at  l|d.  per 
unit,  on  an  annual  consunijition  of  4ii.(l()0  units.  The  .Admiralty 
will  bear  the  cost  of  surface  cables  and  pay  .£.^.  10s.  a  year  for  upkeep. 

Kearsiey  (Lanes.) — The  Board  of  Trade  have  approved  the  transfer 
of  the  Council's  electric  lighting  order  to  the  Lancashire  Electric 
Tower  Co. 

Light  Railway. — The  Board  of  Trade  have  confirmed  the  Dover, 
St.  Margaret's  and  .Martin  Mill  Light  Railway  Order,  1909,  autho- 
rising the  construction  of  light  railways  in  the  borough  and  rural 
district  of  Dover. 

Maidens  and  Coombe. — Last  week  the  Council  were  recommended 
to  receive  th(-  rejiorl  of  the  Parliamentary  and  Electric  Lighting 
committee,  with  a  view  to  the  opinion  of  an  e.xpert  engineer  being 
obtained  on  the  question  of  electricity  supplj'. 

Mr.  Davis,  in  moving  the  adoption  of  the  rei)ort.  asked  the  Coinieil  to 
reconsider  the  decision  arrived  at  at  the  last  meeting.  A  large  number 
of  ratepayers  desired  electric  light,  and  it  seemed  to  him  that  the  Council 
was  bound  to  see  if  it  was  expedient  to  introduce  it. 

After  discussion,  the  recommendation  was  rejected,  and  the  members 
of  the  committee  subsequently  resigned. 

Marriage.— .At  Burnley,  on  Aug.  1'2,  Mr.  Thos.  Medcalfe,  general 
manager  of  the  Swindon  tramways,  was  married  to  Miss  Alice  L 
Grey. 

Mining  Fatalities. — A  serious  accident  occiu-red  on  Thursday  last  at 
the  CribbwT  Fawr  Colliery,  near  Porthcawl,  Cornwall,  resulting  in 
the  death  of  two  men,  David  Thomas  and  Owen  Davics. 

It  appears  that  the  two  men  were  descending  to  work  when  they  acci- 
dentally touched  an  electric  cable  and  received  a  severe  shock.  A 
similar  accident,  fortunately  without  serious  results,  occurred  in  the 
same  mine  a  few  days  jircviously.  The  cables  carrying  electricity  to  light 
the  colliery  are  sus|ien(led  from  the  roof  of  the  drift.  The  two  men 
mere  in  the  act  of  leaving  the  tram,  and,  slipping,  put  out  th?ir  hands, 
which  came  in  contact  with  the  live  cable. 

An  inquest  was  opened  on  Saturday,  but  after  evidence  of  identification 
had  been  given,  the  coroner  (Mr.  H.  Cuthbertson)  adjourned  the  inquiry 
for  the  attendance  of  H.M.  electrical  ins])ector  of  mines. 

.\t  Auchingiech  Ci>llierv,  Chryston,  N.B.,  a  miner  named  M'Mahon 
was  killed  on  iSiuiday.  Deceased  was  engaged  splicing  a  rojjc,  v.ith  the 
aid  of  a  portable  electric  lamp.  On  taking  the  lamp  off  the  hook  he 
received  a  slight  shock,  v/hich  caused  him  to  drop  the  lamp,  when  it 
burst.  Evidently  thinking  that  the  current  was  cut  off  he  stooped  to 
lift  it  when  he  icieived  the  full  voltage,  death  being  instantaneous. 

Newport  (Mon.) — Mains  extensions  (estimated  to  cost  £130)  have 
been  authorised  to  supply  energy  for  power  to  Messrs.  Guest,  Keen 
&  Ncttlefolds  and  to  Messrs.  King  &  Co. 

Northampton. — Electric  power  is  tt>  be  used  [or  driving  the 
laundry  machinery  at  the  general  hospital. 

Personal.— Sir  .Maltiicw  Natb.an.  G.C.M.G..  has  been  .appointed 
secretary  to  the  Post  Oflice  in  succession  to  Sir  H.  Babington  Smith. 
K.C.B.,  C.S.I..  who  has  been  appointed  president  of  the  National 
Bank  of  Turkey.  Sir  Matthew  Nathan  will  take  up  his  duties  in 
January  next,  on  his  return  from  Natal. 

Mr.  Frank  Stuart  .Milne,  who  some  time  ago  left  the  Newcastle- 
upon-Tyne  l';iectrie  Sup])ly  Company  to  take  uji  an  important 
appointment  in  the  .Argentine  in  connection  with  the  electrical 
department  of  the  State  railways,  has,  in  view  of  the  rapid  commer- 
cial expansion  of  the  Republic,  commenced  business  in  Buenos 
Aires  as  commercial  engineer  and  agent  for  British  railway,  mecha- 
nical and  electrical  engineering  firms.  .Associated  with  him  as 
British  engineer  and  secretary  is  Mr.  J.  .A.  Seager.  .A.M. Inst. C.E.. 
A.LE.E..  and  any  tirms  desiring  representation  in  .-Vrgentina  should 
jCommunicatc  with  the  latter  gentleman  at  Emerson  Chambers. 
I  Newcastle-upon-Tyne. 

Presentations.  -In  celebration  of  the  recent  marriage  of  Mr. 
Haro.d  Dickin.son,  manager  of  Leeds  Corporation  electric  lighting 
department,  a  social  gathering  of  the  officers  and  w<irkpcoplc, 
together  with  tbeir  wives  and  lady  friends,  was  held  at  the  Grand 
Centra!  Hotel.  Leeds,  on  Friday  evening.  13th  inst..  when  .Mr. 
Dickinson  was  presented  with  a  grandfather  clock  and  silver  tea 
and  coffee  service  and  other  articles  subscribed  for  by  the  entire 
staff,  numbering  237  persons. 


The  directors  of  Sulfolk  Electricity  Suj.ply  Comp.iny  have 
presented  a  cheque  |^for  £10.  10«.  and  the  stalls  at  St4jw-iiiarket, 
Diss  and  Felixstowe  a  marble  clock  to  .Mr.  Frank  Allen  on  his 
marriage. 

Railways  and  Tramway  Competition.— The  "Financial  Times" 

of  loth  inst    contains  an  article  nn  this  subject. 

It  is  stated  there  is  what  might  be  ealled  a  vnl'.'ar  impression  .ibroad 
as  to  the  elhc.icy  of  elect rifiiat ion  to  meet  tramway  i'oni|M'tition.  Elec- 
trifying suburban  lines  will  not  in  it.self  aiom^  divi-rl  Iraflic  fn.m  Ir.im- 
w.iy.s.  but  it  )irovides  the  means  <if  so  doing  by  enabling  a  ll;;hting  [Milicy 
to  be  adopted.  Thus,  as  the  -North-Eastern  Railway,  where  the  conver- 
sion of  the  Tyneside  lines  from  steam  traction  has  actually  brought  back 
traffic  that  had  gone  over  to  the  tramways,  electrification  enabled  the 
company  to  put  on  a  fast  and  frequent  service  that  would  otherwise  hare 
been  either  impossible  or  unremunerative.  So  far  as  the  I»ndon  district 
is  concerned,  it  is  impo.ssible  to  deny  that  the  railways  are  themselves 
largely  to  blame  for  the  present  situation.  The  development  of  the 
tramway  network  has  been  so  gradual  that  some  form  of  campaign 
might  have  been  devised  before  competition  had  becrmic  really  seriiuis ; 
yet  it  is  no  exaggeration  to  .say  that  no  step  of  any  impiutance  "was  taken 
until  at  least  a  large  proportion  of  the  traffic  diverted  had  been  ]>er- 
manently  lost.  But  the  chief  indictment  relates  to  fares  and  facilities. 
In  many  parts  of  the  metropolitan  area,  especially  in  the  south  and  west, 
the  train  services  are  in  frequency  and  si)eed  exactly  the  same  as  a  gene- 
ration ago,  whilst  the  fares,  which  have  al»o  been  imchanged,  are  twice 
as  high  as  those  c  haiged  by  tramcar.  Can  it  be  wondered  at  if  the  public 
]>refer  the  more  convenient,  more  frequent  and  cheaper  service  given  bv 
the  tramways,  although  for  journeys  of  more  than  a  very  few  miles  the 
railway  has  an  undoubted  superiority  if  the  suburban  traffic  facilities 
were  only  remodelled  on  modem  lines. 

Seoul  (Corea). — The  local  electric  tramway  and  electricity  suppiv 
works  have  been  purchased  by  the  Japanese  Gas  Co. 

Southport. — Metallic  filament  lamps  have  recently  been  sub- 
stituted for  carbon  filament  lamps  in  several  thoroughfares. 

Theft. — -At  West  Ham  Police  Court  on  Tuesday  Geo.  Freakley 
was  sentenced  to  six  month.s'  hard  labour  for  stealing  platinum 
valued  £173.  the  property  of  the  Indiarubber.  Gutta-percha  &  Tele- 
graph Works  Co.  at  Silvertown.  Freakley  was  chief  clerk  in  the 
instrument  di'partmcut. 

Turin  International  Exhibition  of  Industry  and  Labour— This  ex- 
hibition, which  will  be  held  between  .Ajiril  and  October.  1911.  will 
have  important  electrical  and  mechanical  engineering  groups.  The 
electrical  grouj)  will  be  divided  into  seven  cla.sscj— viz..  mtchanical 
generation  and  supply  of  electric  power,  mechanical  utilisation  of 
electric  power,  electric  lighting,  telegraphy  and  telephony,  electro- 
chemistry, electric  power  measuring  instruments,  and  apparatus 
for  scientific  and  experimental  researches.  Particulars  as  to  ehaij.cs 
for  space.  &c..  from  the  Executive  committee.  Turin. 

Uruguay  — Mr.  J.  R.  Kennedy.  H.M.  Alinister  in  I'ruguay.  in  his 
report  on  the  trade  and  commerce  of  the  Republic  for  190.S.  states 
that  last  year  a  special  committee Uvas  appointed  to  report  \i|.in  the 
question  of  establishing  a  Government  (.r  municipal  tcU  plxnc  icrvicc. 

The  committee  recommended  the  institution  of  a  national  telcphime 
service  with  underground  lines,  in  accordance  with  plans  drawn  up  by  a 
British  engineer,  in  ))lacc  of  the  jirescnt  overhead  system,  and  a  priiject 
of  law  dealing  with  the  question  (which  is.  however,  beset  with  certain 
legal  aiul  equitable  difliiiillies  in  connection  with  the  existing  telephone 
companies)  lias  liccn  suliTiiittcd  to  the  Chamiicrs  bv  the  (lovcrnment. 
The  .ost  of  the  proposed  work,  calculated  at  SI.OtMMiOO  (£LM2.7lili)  will 
probably  be  met  by  a  5  per  cent,  loan  of  Sl.oOO.DOO  (£319.14!0. 

The  electrification  of  the  tramways  of  Monte  \'idco  has  been  com- 
pleted after  nearly  four  year.s'  work.  The  contract  included  the  mn- 
struction  of  82  miles  of  track,  the  supply  of  215  cars,  the  building  of 
power  houses,  &c.,  the  plant,  lolling  stock,  ifcc,  are  British. 

Widnes. — The  Council  have  decided  to  obtain  a  report  from  an 
electrical  engineer  on  the  electricity  supply  schciue  submitted  bv 
-Mr.  J.  Carr. 

Wireless  Telegraph  Notes. — The  "  Review  of  the  River  Plate  "■ 
stales  that  the  Argintinc  fSovernment  have  resolved  to  establish 
wireless  telegraph  stations  between  Buenos  .\ires  and  I'sluiaia  at  a 
cost  of  $7.-),»kM)  gold,  the  work  to  be  finished  by  Ma\ .  19HI. 

In  the  estimates  of  the  .Australian  Commonwealth  provision  is 
to  be  made  for  the  erection  of  three  wireless  telegraph  stations. 

It  is  announced  that  the  Governor  of  Natal  (Sir  Matthew  Nathan) 
and  the  Prime  Minister  of  the  Colony  (Mr.  .Moore)  are  negotiating 
with  the  Imperial  Government  on  the  subject  of  the  cslablishment 
of  wireless  telegraph  stations  on  the  Smith  .African  Coa.st.  as  it  is 
regarded  as  very  desirable  that  a  station  should  be  eslablislnd  on 
the  BlutT  at  Durban.  The  scheme  in  view  is  the  establi.shment  of  a 
line  of  wireless  stations  between  Delagoa  Bay  ami  Caix^  Colony,  antl 
it  is  also  lugcd  that  a  similar  system  should  U^  cslablirhtd  on  the 
West  Coast. 

The  I'Vnch  Intcr-Ministirial  Conuniss.sion  on  \Vir»  U  ssTcU  graphy. 
of  which  M.  Hinri  Poincari''  is  president,  has  drawn  up  a  bill  pro- 
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liibiting  einployment  of  any  radio-telegraphic  apparatus  on  Froncli 
territory  or  on  board  any  Frencli  vessel  without  iState  authorisation. 
A  penalty  of  from  one  month  to  one  year's  imprisonment  (or  a  fine 
of  from  £40  to  i:7"20)  is  i)ropose(l.  Heavy  fines  are  also  to  be  imposed 
on  persons  rco?iving  and  divulging  radio-telegraphic  or  radio-tele- 
phonic messages. 

It  is  reported  by  a  "Times"  correspondent  that  the  Military 
Department  at  St.  Petersburg  has  made  successful  trials  with  wire- 
less telegra|)hy  between  St.  Petersburg  and  Sebastopol.  a  distance 
of  about  1. 01 10  miles. 

It  has  bcrn  stated  that  wireless  mes.sages  from  New  'S'l.rk  arc 
received  or  interce])trd  almost  daily  by  the  military  station  on  the 
Eiffcl  Tower,  outside  Paris.  Occasionally  raido- t'olcgrams  have  also 
been  received  from  Canada,  which,  it  is  believed,  form  a  record  in 
wireless  working. 

.\  wireless  telegraph  station  has  placed  Mazatlan  (Mexico)  in 
communication  with  Lower  California. 

The  experimental  work  which  has  been  conducted  with  wireless 
telegiaphy  by  the  Direct  West  India  Cable  Co.  at  Kingston,  Jamaica, 
has.  so  far.  been  limited  to  about  70-mile  radius.  The  Lepcl  system  is 
being  installed,  and  the  station  will  have  a  range  of  300  miles.  A 
190  ft.  mast  will  be  used.  Mr.  W.  H.  Marchant.  representative  of  the 
Lepel  Co,,  has  returned  to  England,  and  the  company  are  consider- 
ing whether  the  existing  station  shall  be  transferred  to  Bowden  or 
to  some  other  more  suitable  jilace  if  certain  disadvantages  now 
experienced  cannot  b?  overcome. 

Wireless  Telegraphy  in  the  Navy,— The  Lords  Commissioners  of 
the  .Admirahy  have  had  under  consideration  the  question  of  the 
emiiluments  of  ofhcers  of  the  Royal  Marines  appointed  to  the  charge 
of  wireless  telegraph  stations,  and  have  decided  that  the  extra 
responsibility  imposed  upon  these  officers  merits  additional  remunera- 
tion. His  Majesty,  by  Order  in  Council,  has  sanctioned  the  grant 
of  an  allowance  of  "is,  (id,  per  day  to  officers  of  the  Royal  Marines 
when  appointed  to  the  charge  of  wireless  telegraph  stations.  In 
addition,  there  is  to  be  a  further  allowance  of  Is.  jjer  day  in  lieu  of  a 
servant  to  these  officers  while  they  are  employed  on  t4:-lcgra|)hic  duty. 
The  new  .allowances  take  effect  as  from  Nov,  14,  1908,  and  are  to  be 
in  addition  to  tlie  full  jiay  of  the  ofhcers  cmiiloyed. 

Workhouse  Lighting. — The  Works  ct.mmittce  of  Sculcoates  Board 
of  Guardians  are  endeavouring  to  obtain  better  terms  from  the  Hull 
Electric  Lighting  committee  for  a  stand-by  supply  of  electricity  for 
lighting. 

The  city  electrical  engineer  (Mr,  H.  Bell)  recently  ollered  a  supply  at 
£4  per  lew.  per  annum  for  the  maximum  kilowntts  demanded,  i)lus  a 
charge  of  id.  per  unit  for  every  unit  used;  but  the  Works  committee 
con.sider  these  terms  imreasonable. 

Haslingden  Guardians  have  instructed  Messrs.  Peers.  Copland  & 
Cardin  to  draw  a  specification  for  wiring  the  workhouse  .iiid  infirmary. 


SPECIAL    NOTICE. 


ELBCTRICIT7  SUPPLY  AND  TRAMWAY  ACCOUNTS. 

Aberdeen. — t)n  .Monday  the  Cor|ioration  apinovid  the  tramway 
estimates  for  the  ensuing  year. 

The  income  is  calculated  at  £69,.')S0,  including  £68,120  from  passenger 
fares.  The  expenditure  is  estimated  at  £.57.921,  which  would  leave  a 
b.iliinrc  (if  £li.()r>fl.  Tlic  traffic  expenses  are  estimated  at  £17.443; 
ell  (trie  I  iirniit  al  £!l.40lt.  :ind  maintenance  of  permanent  way,  £.">,470. 

Bermondsey  (London), — The  accounts  of  the  electricity  under- 
taking for  the  year  ended  March  .31  show  that  2,781,.')H,3  units  were 
sold  anl  llic  income  was  £20,472, 

The  cost  of  coal  was  £.3,918  and  the  total  expenditure  was  £18,443,  or 
l-.'59d.  per  unit  sold.  After  p.aying  interest  and  instalments  of  loans  the 
net  profit  was  £12,3,  which  has  been  carried  to  reserve. 

During  (he  quarter  ended  June  .30,  the  number  of  units  sold  exceeded 
thiHC  in  the  corresponding  period  of  190H  by  1(11  jicr  cent. 

Bradford.—  The  accounts  of  the  tramways  department  for  the  year 
ended  March  31  show  total  revenue-  £244.235.  an  increase  of  £1,080 
over  1907-S. 

Traffic  receipts  were  £234,223  against  £23.5,2.58,  ()arcels  revenue 
£7,3.50  ag.iinst  £11,023  anrl  motor  garage  department  £1,484  agiiinst  £943. 
The  total  cxpcndil  nre  (including  interest  and  sinking  fund)  wiiK  £170.1!M1, 
compared  with  £1(17,994. 

In  the  lengthy  rc)iort  of  the  general  manajjer  (.Mr.  ('.  .1.  S|i<'n(er)  it  is 
stated  that  the  amount  jmid  to  workmen  \nidcr  the  Workmen's  Cnm- 
pensation  Act  is  considerable,  and  continues  to  grow,  and  the  Corpora- 
tion are  thinking  of  dealing  with  the  question,  as  it  affects  all  de]>art- 
ment.s.  The  amount  paid  under  the  head  of  accident  insurance  and 
com(>ensation  Wiis  £1,9(>4,  a  decrease  of  £2,039.  The  number  of  parcels 
handled  during  the  year  was  (iO.5,513,  against  .57*5,041,  and  the  small 
capital  of  £2,3(10  invested  in  this  f>ranch  of  the  business  is  earning  from 
£l,f»f)0  to  £l,.50f)  a  year  in  profit.  800  tons  of  tobacco  were  carried  by 
the  cars  in  lirarlford  and  district  during  the  year,  and  £2,3H  was  received 
for  the  carriage  of  milk  from  the  suburban  districts  to  the  centre  of  the 
city.     The  increa.se  of  £1,327  in  the  earnings  of  the  department  is  due 


NOW    READY. Vol,   LXII,    of  "The  Electrician"  (1,028 

pages),  bound  ii\  strong  cloth.  Price  17s.  6d.;  post  free,  18s.  6d.  Now 
ready.  Cases  for  Binding.     Price  2s.;  post  free,  2s.  3d. 

A  complete  set  of  "  The  Electrici.\n  "  can  bo  supplied.  A  number 
of  odd  volumes  and  some  odd  old  back  numbers,  to  help  in  makin" 
up  complete  sets,  are  also  available. 

largely  to  the  new  work  undertaken  for  the  Education  committee  in 
conveying  food  from  the  feeding  centres  to  the  schools.  Two  lorries  of 
1  ton  and  3  tons  capacity  were  purchased  during  the  year  (o  meet  the 
extra  traffic.  The  through  traffic  between  Bradford  and  H.ilifax  and 
(he  Heavy  Woollen  District  still  shows  .in  ini  re  mc.  47,0110,011  ]wvsscn- 
<;crs  were  carried,  com]i.oc(l  wKli  47. s:!!!,."!!!!!  in  1 1)07-8.  a  ilcfrcase  of 
171I..5.58,  and  the  car- mileage  «as.5.;i7(i.22S  auMinsI  .">. 33 1.01)7.  'flic  aver.i"0 
receipts  per  car-mile  were  10-li(ld.  against  l(l-7() :  (lie  t(il;il  cxpondiluiv 
averager!  7-.598d.  against  7-.5(i3d.  ]icr  car-mile. 

Broken  Hill  (Australia).— The  juofit  on  the  working  of  lli,'  miun- 
cipal  electricity  works  for  1908  was  £2,654, 

Glasgow. — The  gross  revenue  of  the  eh-ctricity  dcparlmcnt  for 
the  ye.ar  ended  May  31  was  £245.073,  including  £234,104  from  (he 
sale  of  current  by  meter,  £9.944  from  public  lighting  and  £1.505  fn  m 
private  street  and  stair  lighting. 

The  expenses  were  £104,902  (including  £59,332  cost  of  generation) 
and  depreciation  on  works,  machinery,  mains,  &c..  came  to  £53,2(10, 
leaving  £87,511  to  meet  interest  (£54,748)  and  sinking  fund  charges 
(£30.308)  so  that  there  was  a  deficit  of  £3,545,  which  has  been  met  out 
of  reserve.  The  reduction  in  the  charges  for  current  list  year,  the 
extensive  use  of  metallic  filament  lam)is,  and  general  trade  depression 
li;ive  caused  a  decrease  in  income  of  £7,729,  which  was  more  than  counter- 
balanced bj-  a  decrease  in  expenses  of  £10,415.  The  deficit  is  due  to  the 
increased  contribution  to  sinking  fund  of  £4,000  and  to  the  iiuTciise 
in  deiircciation  of  £3,108  compared  witli  1907-8.  The  units  generated 
were  41.493,033,  and  the  units  sold  34,404,911,  includinn  32.73(1,0.58  to 
private  consumers,  1,555,150  for  public  lighting  and  173,703  by  contract. 
There  are  18,158  consumers  (against  16,920),  837  jniblic  lumps,  and  (he 
total  maximum  supply  demanded  was  49,115  kw,  (against  47,007  kw). 
The  total  motors  connected  were  4,292  (of  29,.505  h,f,),  against  3.853 
(i>f  23.748  H.p.) ;  and  the  units  consumed  for  power  anionnted  to 
17.012.483.  The  ccpiivalent  of  1,566,907  8  c.p.  lamps  is  connected,  an 
increase  of  70.280  8  c.p.  The  capital  expenditure  is  £1.800.203.  an 
increase  of  £168,378  during  the  past  year. 

Greenock. — There  was  a  net  profit  on  the  past  year's  woiking  of 
the  electricity  department  of  £1,045.  which  is  to  be  placttl  to  reserve. 

Hull. — The  accounts  of  the  Corporation  electricity  departmint 
for  the  year  ended  March  31  show  total  net  income  of  £49. .501, 
including  £29.330  from  the  sale  of  electric  current  by  meter  for 
lighting,  £17,827  from  power  and  £624  from  public  lighting. 

The  expenses  came  to  £26.9.58,  including  £15.7.59  for  gencnOinn 
f£S,t!)tl  In'iiig  fur  ciial).  distriliution  £4.275,  and  management  .and  general 
expenses  £2.!)S().  The  t'loss  profit  was  £22,.543.  'interest  absorbed 
£1 1.401,  capital  charges  £li,.S8(l  and  income  tax  £90,  Icavinjr  a  net  prnlh 
of  £1,165,  out  of  which  certain  items  for  show-room  equipment  and  for 
capital  outlay  in  excess  of  loan  sanctions  were  paid,  and  £747  was  carried 
to  reserve.  The  total  capital  exepnded  is  £389,476,  an  increase  o' 
£17,622  during  the  year.  8,431,1 14  units  were  geneiated  ;  73.809  '.Mits 
were  supplied  to  the  public  lamps,  5,649,274  were  sold  to  private  con- 
sumers and  2,179,443  units  were  used  on  works.  There  are  3.039  con- 
sumers, and  the  total  maximum  supply  demanded  was  4.513  kw.  The 
works  costs  were  0-83d.  per  unit  sold  (against  0-8Hd.)  and  ihe  total  co' ts 
were  l-92d.  (against  2-02d.) 

In  the  rcpoit  of  (he  city  electrical  engineer  (Mr.  H.  Bell)  it  is  stntml 
that  the  units  soM  for  lighting  have  actually  fallen  to  a  lesser  figure  thim 
the  previous  year  and  thai  tlu^  total  income  has  only  been  maintained  by 
reason  of  the  laracly  incrcascil  sale  for  p')wcr.  The  income  fnm  private 
liglitini;  was  £29.3.30  (against  £30,232)  and  from  (lower  £17,826  (agains( 
£10,291).  In  regard  (o  costs  there  is  a  icduetion  practically  under  all 
heads  and  it  is  claimed  that  before  long  Hull  will  have  reached  a  figure 
quite  comparable  with  the  larger  tov/ns  of  Kngland  which  have  no  trac- 
tion or  public  lighting  supply.  During  the  year  a  large  anuiunt  of  new 
)ilan(  was  ins(alled  in  order  to  rejilace  unreliable  or  obsolete  niacliincry. 
Till'  three  .500  kw.  dynamos  are  working  satisfactorily  and  have  more 
(li.oi  fulfilled  expee(ations.  There  are  still  certain  dynamos  at  the 
works  which  it  would  be  dcsiralilc  to  rciilacc  when  o)ipor(iinity  nfler-i. 
and  Mr.  Bell  .suggests  that  a  fund  for  the  p\o(  base  of  these  machines 
siiould  be  spread  over  three  years.  A  considerable  amount  of  obsolete 
anil  unreliable  mains.  ]irin(ipally  in  the  old  town,  have  been  replaced  by 
m.iins  of  modern  description.  The  mains  renewals  represent  an  outlay 
on  (he  year's  trading  account  of  approximately  £1,336.  less  sales  of  scrap 
metal  £232,  or  £1.104  net.  An  information'  liurcau  and  show  roiinis 
have  been  opened, 

Ipswich, — The  accounts  of  the  electricity  di  par(ni(n(  for  (hi-  year 
ended  March  31  show  (o(al  income  of'  £15,390,  1.5s..  including 
£12.307  from  (he  sale  of  current  for  lighting,  power  and  Iraetion. 

The  exiienses  were  £9,496,  leaving  £5,895  to  meet  interest  (£3,040). 
and  after  providing  for  repayment  of  loan,  ]ircliniinary  expenses,  &c.,  the 
surplus  was  £166.  8s.  lid., "compared  with  a  deficit  of  £926.  Us-  4d.  in 
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mits  lit'  clcftric  current  were  soltl,  including  305,725 
(III  irij.  L".li;.725  for  power  and  733,309  for  traction.  The 
|.|il\  .1.  nijiidcd  was  837kw.   The  total  capital  expen- 
ivasr  ul  t:2,:{r.:!diirini.  (ho  year.     There  are  003 
[if  137  coin|i,iir,l  uhl,   1908,  and  the  equivalent 
of  64-,839  8  c.p.  lamps  is  connects.  :ii;,imi^i  .".(;.120. 

In  the  repnri  of  the  engineer  and  liiaiia^rr  (Mr.  Friinl;  Ayton)  it  is 
Stated  that  uiij,,ii,iti,.iis  have  been  concluded  with  lli.  X-limi  dly  f"r 
supplying  cIccIih  il  iniMgy  for  operating  the  new  »m.I.  irliMjiapli 
station.  A  K|icrial  feeder  is  to  be  supplied  for  this  purp.i.v  ,il  iln-  i  \|ii-iise 
of  the  Admiralty.  Tlie  free  wiring  sy.stem  for  consumers'  installations. 
which  was  intruduced  in  March  last  year,  has  been  very  successful.  Oit 
consumers  having  been  connected  on  this  system  since  its  incepliim. 
The  cajiital  expended  on  this  branch  at  March  was  only  £488.  Under 
the  scheme  for  hiring  (uit  arc  lamps  for  shop  lighting,  20  lamps  have  been 
installed,  re]iresenting  a  cajiital  outlay  of  £128.  There  has  been  a  con- 
siderable increase  in  the  turnover  of  the  installation  department,  on 
which  there  was  a  |irolit  of  £150  on  the  year's  working. 

The  total  revenue  of  the  tramways  department  for  the  year  ended 
March  31  was  £20,109,  including  £19,592  from  traffic  revenue.  The  total 
working  ex|ienses  came  to  £16,383,  including  traffic  expen.ses  £7,30(), 
general  exjienses  £l,().'iS.  power  (current  at  IJd.  per  unit)  f4..585,  and  re- 
pairs and  maintenance  £2,795.  The  gross  profit  was  £3,780,  interest 
absorbed  £4. 02s.  n  payinent  of  loan  £1,852,  and  the  proportion  of  pre- 
liminary ex|icnscs  was  £200.  The  total  capital  outlay  is  £114,431,  an 
increase  of  £85  during  the  year. 

Leeds. — For  (he  year  ended  March  31  the  total  receipts  of  the  trani- 
way.s  department  were  £342,000.  19.s.  7d.,  including  £338,031.  13s.  5d. 
traffic  revenue. 

The  working  expenses  were  £178,323.  16s.  5d.,  leaving  a  gross  profit  of 
£103,677.  3s.  2d.,  against  £163.063.  16s.  3d.  in  1907-8.  After  paying 
interest,  redemption  charges,  income  tax  and  providing  for  permanent 
way  renewals,  &c.,  and  placing  £4,000  to  reserve,  there  was  a  net  surplus 
of  £47,566.  12s.  5d.,  against  £64,279.  13s.  7d.  The  reduction  in  net 
profit  is  due  to  increased  interest  and  sinking  fund  charges,  provision  for 
reserve,  permanent  way  renewals,  &c.  76,215.618  ])assengcr.s  were 
carried  (against  75,734.083  in  1908)  and  the  car-mileage  was  7.K2S. 794 
(against  7,094.989).  tin-  iv(  ciiits  |«'i-  mile  being  10-47d.  (against  10-02d.). 

In  regard  to  the  electricity  dcpai'tment  it  is  rc])orted  that,  while  the 
use  of  electrical  energy  and  power  continues  to  extend,  special  condi- 
tions caused  a  diminution  in  the  sales  and  a  large  reduction  in  revenue 
dtiruig  the  i)ast  year.  There  was  a  reduction  of  £7,842  in  the  receipts 
from  the  sale  of  current  for  private  lighting  due  to  tlie  extended  use  uf 
metallic  filament  lamps.  The  substitution  of  these  Iam|is  rc|ioited  to 
the  department  represented  a  reduction  equal  to  11,490  35  watt  lamps. 
There  was  an  increase  in  the  aggregate  number  of  units  sold  for  power, 
but  there  was  a  decrease  in  reventie  of  £1,035  due  to  reduced  charges. 
The  total  receipts  for  the  year  were  £104,148  (including  £73,087  from 
private  lighting  and  £25,911  from  power);  the  working  expenses  were 
£34,271.  and  the  cost  of  extraordinary  renewals  £2,139.  The  gross  profit 
was  £67,738.  Income  tax  and  interest  absorbed  £29,193  and  redemption 
fund  charges  came  to  £30,297.  leaving  a  surplus  of  £8,248.  12,395,118 
units  of  electric  current  were  sold  (against  12,412,861  in  1908),  including 
5,241.523  for  private  lighting  (against;  5,771,597).  988,785  for  street 
lighting  (against  895,009),  and  6,1()4,810  for  power  and  heating  (against 
5,74(i.255).  The  units  sold  per  35  watt  lamp  installed  were  19-09 
(against  21-25  in  1908),  and  the  average  net  price  per  unit  was  3-Old. 
(against  3-08d.).  The  revenue  per  horse-power  installed  for  ])ower  and 
heating  was  £2.  17s.  8d.  (against  £3.  13s.  2d.).  There  are  5,632  con- 
sumers for  lighting  (an  increase  of  128),  and  958  consumers  for  power 
and  heat  (an  increase  of  127),  and  the  total  connections  represent  5ti2, 170 
35  watt  lamps  (against  527,370),  an  increase  of  34,800.  There  are 
1,710  motors,  representing  an  aggregate  horse-power  of  9,942.  Out  of  the 
surplus  profit  for  the  year  £3.0tJ0  has  been  carried  to  the  newly-formed 
reserve  fund,  and  (In-  balaiicc  li.is  been  applied  in  relief  of  rates.  Up  to 
date  £45,807  has  been  cuntriliutcd  out  of  the  profits  of  the  electricity 
works  to  relief  of  rates.  The  maximum  load  upon  the  plant  was 
8,220  kw.,  compared  with  8,300  kw.  in  the  preceding  year.  The  cai)ital 
expenditure  during  the  year  was  £37,1.30.  10s.  Od.,  and  the  gross  out- 
standing debt  is  now  £755,844.  lOs.  7d.  The  total  working  expenses 
were  0-67d.  ])er  unit  sold  (the  same  as  last  year),  and  the  total  costs 
were  l-8()d.  (against  200d.). 

Portsmouth. — The  traffic  reccij)ls  of  the  Corporation  tramways 
for  the  year  ended  Marcli  31  were  £99,449.  Us.  2d.  and  other  revenue 
amoimted  to  £1,704.  18a.  9d.,  total  £101.1.54.  9s.  Ud.,  increase 
£1,813.  16s.  7d.  over  1907-8. 

Working  expenses  were  £48.879.  .'{s.  7d.  and  gross  profit  £52.275.  6s.  4d.. 
which,  with  £147.  8s.  4d.  for  bank  interest,  nuide  a  disposable  balance  of 
£52.422.  14s.  8d.,  against  £51,(i89.  18s.  After  paying  interest,  sinking 
(un<l,  income  tax,  &c.,  the  net  profit  was  £13,015.  3s.  5d.,  an  increase  of 


Sir  CHARLES  TILSTON  BRIGHT. 

If  will  int<>rest  our  readers  to  know  that  we  have  some  reproduc- 
tions on  sale  at  Is.  each,  of  the  portrait  of  the  late  Sir  Charles  Uriglit 
(when  knighted  at  the  age  of  26).  This  forms  tlu-  front  ispiece  to  the 
recently-issued  abridged  biography  of  the  distinguished  engineer 
We  would  add  that  the  portrait  ia  mounted  so  as  to  be  conformablcjs 
to  size  with  "  The  Electrician  "  aeries  of  steel  plate  portraits,  and  a 
well  suited  for  framing  with  the  seriea. 


£482.  14s.  9d.  £8.971.  1.3s.  7d.  was  placed  to  renewals  fund,  £2,320.  2s. 
to  reserve,  £2,000  to  relief  of  rates,  and,  after  various  charges  for  exten- 
sions, &c.,  had  been  met,  the  balance  was  carried  forward.  21,735,613 
passengers  were  carried  and  2.361.347  lar-niiles  run.  The  mil  put  of  the 
generating  station  was  2..589,460  units  (an  increase  of  09,970).  Co.st  of 
generation  was  0-543d.  per  unit,  or  0058d.  less  than  in  l!K)7-8. 

Sydney  (N.S.W.). — The  revenue  of  the  electricity  supply  dtpart- 
iiunt  lor  the-  year  ended  Dec.  31,  1908,  was  £87,006,  compared  with 
£.")9.742  in  1907. 

The  total  expenses  were  £56.785,  compared  with  £31,899,  leaving  a 
gross  profit  of  £30,221,  against  £27,844.  After  deducting  debenture 
interest,  sinking  fund,  &c.,  the  net  profit  was  £13,113,  a-.'ainst  £l.'>..5.-.7 
in  1907.  2,540,437  units  were  supiilied  for  private  lighting.  3,097,936 
tniits  for  p<iwcr  and  1,395,788  units  for  public  lighting. 


TRADE  NOTES  AND  NOTICES. 


NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES' 
DIRECTORY  AND  HANDBOOK.— The  igog  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issued  in  bandy  book 
form.  These  are  included  in  the  1909  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 

TENDERS  INVITED. 

Leyton  Urban  District  Council  invite  tenders  for  wiring  and 
electric  light  fittings  for  the  ixteiLsion  of  the  public  oflices  now  in 
coiuse  of  ercctinii.  Specification,  conditions  and  form  of  tender 
may  be  obtained  from  the  architect  (Mr.  Wni.  .Faeques.  A.R.I.R..\.). 
2,  Fen-court,  Fenchurch-street,  London,  ICC.  Tenders  must  bo 
delivered  at  the  meeting  of  the  Council,  to  be  held  at  the  Town  Hall. 
Leyton,  on  Tuesday,  Sept.  7,  at  7  p.m.     .See  also  an  atlvertiscment. 

Leyton  Urban  Council  also  invite  tenders  for  public  lighting  lanterns 
with  clock  switches  for  incandescent  electric  lamp.s.  Tenders  to  the 
Clerk,  Town  Hall,  Leyton.  by  7  p.m.  Sept.  7. 

Tenders  are  invited  for  su))ply  of  2.5.')0  common  battery  telephones 
and  protectors  to  the  Postmaster-Cencral's  Department.  New  Soith 
Wales.  Tender  forms.  &q.,  may  be  obtained  at  the  Commonwealth 
oflices,  72.  Victoria-street,  Loudon,  S.W.     See  also  an  advertisement. 

Tender.s  are  invited  by  Leeds  Coriioration  for  supply  of  paper- 
insulated  cables  required  during  one,  two  or  three  years  (at  the  option 
of  the  Corporation,  to  be  declared  on  the  acceptance  of  the  tender), 
commencing  .Jan.  1,  1910.  Copies  of  specification,  conditions  of 
contract  and  form  of  tender  from  the  manager  of  the  electric  lighting 
department,  Mr.  H.  Diekins.m.  1,  Wliit.hall-road.  Tx-rds.  Tenders  to 
the  town  clerk.  Mr.  Robf.  K.  Fox.  by  10  a.m.  'Iiu'sday.  St-pt.  7. 

London  County  Council  also  invite  tenders  for  the  manufacture, 
delivery  and  laying  of  about  6J  miles  of  0-07")  sq.  in.  three  c^orc  lead- 
covered  h.t.  cables,  &c..  and  about  4(i  miles  of  single  core  lead- 
covered  l.t.  cables,  telephone  cables.  &c. ;  manufacture  (but  not 
erection)  of  ,50  tramway  feeder  pillars;  laying  about  1(>  miles  of 
stoneware  calMe  ducts,  including  necessary  manholes,  n-paving,  &r.. 
and  inaiuil'aeture  and  delivery  of  440.000  duets  of  glazed  stoneware 
f(u-  electiic  cables.  Drawings.  &c..  al  the  County  Hall.  Spring 
(iardens.  S.W.     Tenders  to  the  Clerk  by  11  a.m.  Sept.   14. 

London  Coi'NTY  CorNili.  invite  tenders  Un-  the  roadwork  and 
platelaying  required  for  the  reconstruclion  of  the  tramway  in  High- 
gale  Hill.  Tenders  to  the  Clerk,  Spring-gardens.  S.W.,  by  11  a.m., 
Sept.  7. 
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LosDOS  CorxTY  C'oi-Sf  11.  also  invito  tenders  for  the  partial  reeon- 
strnction  of  the  bridge  earrying  Lower-road,  Deptford.  over  the 
East  London  Railway,  and  reeonstrnction  and  widening  of  the  bridge 
carrying  the  same  road  over  the  (?rand  Surrey  (."anal.  Tenders  to  the 
Clerk  by  11  a.m.,  Scj.t.  14. 

Edisbitioii  Cor]ioration  invite  tenders  for  the  supply  at  the 
MeDonald-road  electrieity  supply  station  of  a  motor-alternator. 
Specification,  form  of  tender,  &c.,  can  Ix"  obtained  at  the  engineer's 
olice,  l)e\var-|)h«:'e,  S|H^eiHeation,  general  conditions  and  drawings 
Cin  be  seen  at  (but  not  obtained  from)  the  odice  of  the  consulting 
e  \gineer.  Sir  A.  B.  W,  Kennedy,  17,  Victoria-street,  London,  S,\V. 
T-nders  to  the  Town  Clerk.  City-chambers,  Edinburgh,  by  Sept.  4. 

EDlsnrRou  Corporation  also  want  tenders  by  Sept.  4  for  the 
elertrie  lii.'liting  installation  at  the  new  slaughter  houses.  Specifica- 
tion from  tlic  Engineer,  Dewar-place,  Edinburgh. 

Tlie  Cle.msing  committee  of  Dcbun'  Corporation  invite  tenders 
f  )r  supply  of  one  electric  water  sprinkling  car.  fitted  with  electrically- 
driven  air  compressor  or  "  Rotiirbo  ""  puuip.  Specification,  form  of 
fender,  itc..  from  the  secretary.  Mr.  Fred.  J.  Allan.  3.  Cork-hill, 
J)ublin,  where  tenders  must  be  delivered  by  noon  Tuesday,  Aug,  31. 

Tenders  are  required  by  Sept.  10  for  supply  and  erection  of  over- 
head cables  in  connection  with  the  electric  lighting  of  Balijnasloe 
District  Lunatic  Asylum.  Specifications  from  Mr.  G.  B.  Meenan, 
5,  Charleville-road,  Rathmines,  Dublin, 

Plymouth  Corporation  invite  tenders  for  tlie  supi)ly  and  erection 
of  a  steam  tiirbo-dynamo,  &c.  Tenders  to  the  Borough  Electrical 
Engineer  by  Sapt.  2. 

WiSHAW  Burgh  electricity  department  require  a  three-wire  d.c. 
switchboard.  Specifications  from  the  Burgh  Electrical  Engineer  and 
tenders  to  Town  Clerk  by  30th  inst. 

TENDERS  RECEIVED  AND  ACCEPTED. 

John  Booth  &  .Sons.  BoUdii.  recently  secured  tlie  contract  for  the 
steelwork  and  the  erection  of  a  generating  station  for  the  Northern 
Light.  Power  &  Coal  Co..  of  Dawson  City.  Klondyke.  who  are  putting 
down  plant  for  the  supj)ly  of  electric  energy  for  lighting  and  power 
to  the  surrounding  mining  district. 

Worksop  Council  have  accepted  the  following  tenders  : — 

W.  T.  Glover  &  Co.  (i(i9  yds.  vuk-anised  cable,  £7. 1  fi.^.  od.,  and  joint  box 
cimpound  £1.  l.s.  per  owt.  :  T.  .(.  Green,  black  corrugated  sheets, 
£{.  17s..  and  steel  joists  and  angles,  £(j.  \{}.i.  ;  S.  Broadway  &  Co..  bolts, 
nuts.  &e.,  £2.  18s.  4d. 

Newport  (Mon.)  Council  have  accepted  the  tender  ofthe  Liverpool 
Electric  Cable  Co.  for  2.500  yds.  of  small  cable  (at  £65.  6s.  9d.,  less 
2i  per  cent.),  and  that  of  the  General  Electric  Co.  for  lamp  fittings 
at  £1.  23.  6d.  per  set. 

Messrs.  Maxwell.  Son  &  Co.  have  secured  the  contract  to  instal 
electric  light  throughout  the  premises  taken  over  by  the  Admiralty 
at  Rosyth  for  the  naval  base.  The  contract  compri-ses  the  illumina- 
tion of  the  officers'  quarters,  out-buildings,  lavatories,  and  extra 
lights  surrounding  the  dry  dock, 

Ea.stbourne  PMucation  committee  have  accepted  the  tender  of  the 
Corporation  electricity  department  for  wiring  the  Willowfield 
Higher  Grade  Schools. 

Dowsbury  Infirmary  Board  have  accepted  the  tender  of  E,  .J. 
Ho;xJ  for  wiring  the  nurses'  home. 

Hyde  Council  have  accepted  the  tender  of  Mr.  Fern  for  wiring  the 
iiro  .station. 

Gr.ivcscnd  Council  have  .accr])tc(l  the  tender  nf  \V.  li.  Will;  for 
an  automatic  stoker  at  £215. 

Glasgow  Libraries  committee  have  accepted  tlie  tender  of  .\llan, 
Arthur  &  Ure  for  the  wiring  (jf  the  lu-w  Mitchell  Libiary  al  i;2.71»!>. 

BUSINESS  NOTICES. 

Messrs.  A.  P.  Lundberg  &  Sons  notify  that  .Mr.  11.  .l.uks  m  is  no 
longer  representing  them. 

Mr.  James  \'eit  has  Ijeen  appointed  secretary  and  Mi-.  F.  B.  I 'ell 
sales  manager  of  Ship  Carbons  (Lt<l.),  07,  Alderi»gate-strcet,  Lmidori, 
E,C. 

.Messrs.  Stewart  &  McDonald  have  commenced  as  electrical  en- 
gineers and  contractors  at  245,  Buchanan-street,  Glasgow. 

The  Omega  Electric  Lamp  Co.  have  raove<l  into  their  new  factory 
at  Palace  Works,  Crab  Tree-lane,  Hammersmith,  W. 


Sale  by  Auction. — Messrs.  Fuller,  Hfirsey,  Sons  &  Cassell  will  sell 
by  auction  in  lots  at  the  E'lisonia  Works,  62,  Glengall-road,  Old 
Kent-road,  L:)ndon,  S.  K..  on  Wednesday.  Sejit.  H.  and  folhiwing 
days,  a  number  of  miKlern  machine  tools,  including  30  .screw-cutting 
and  other  lath-s.  10  capstan  lathes,  milling  and  shaping  machines, 
&c.  ;   also  13  c,c.  motors,  three  dynamos,  shafting,  pulleys,  belting. 


&c..  800  Edison  electric  2(H) -thread  phdnogi'aphs  for  Amberol 
records,  200  electric  multiiilex  phonographs,  &e.  On  view  two  days 
jneceding  sale.  Catalogues  may  be  had  on  the  |)remi.ses  or  of  tJie 
-Auctioneers,  11,  Billit(:r-S(iuarc.  F.C.  An  advertisement  contains 
fiu'lher  particulars. 

Telegraph  Patents  Development.- -  The  owners  of  certain  jiatents 
relating  to  '  I Mi|irov(  incuts  in  printing  telegraphs.  typeuTiters 
itc."  and  "  A|iparatus  for  punching  strips  of  pajier  and  like  mate- 
rials, suitable  for  use  in  li>legra|)h  transmitters,  Ike."  desire  to  enter 
into  negotiations  with  the  view  of  granting  licences  under  same. 
Information  may  be  obtained  from  iSlessrs.  Lloyd  Wise  &  Co.,  46, 
Lincoln's  Inn  Fields,  London,  W.C.     See  also  an  ailvertiscment. 

Telegraphone  Patents. — Messrs.  W.  E.  Heys  &  Son,  51,  Deanfgate- 
arcade,  .Maiulu  stcr.  are  desirous  of  entering  into  arrangements  on 
behalf  of  the  ouiurs  of  Poulsen's,  Peder.scn  &  Schou's  telegraphone 
patents  for  develo])ing  same  in  this  countrj'. 

Patents  Development.— The  owners  of  patents  No.  11,033/1900. 
for  "  Improvements  relating  to  the  regulation  of  electric  motors,' 
Nos.  19,899/1905  and  20,8118/1905,  for  "Improvements  relating  to 
a,c.  electric  motors,"'  desire  to  enter  into  arrangements,  by  way  of 
licence  and  otherwise,  for  exploiting  same.  Applications  to  Messrs, 
Haseltine,  Lake  &  Co.,  7  and  8,  Southampton-buildings,  Chancery- 
lane,  London,  W.C. 

The  owners  of  patents  No.  23.501/1899,  relating  to  "Improve- 
ments in  vacuum  tube  lighting,"  and  No.  12,582/1902,  relating  to 

An  improved  system  of  electric  lighting,"  wi.sh  to  negotiate  for 
the  granting  of  licences.  Applications  to  Messrs.  Lloj'd  Wise  &  Co., 
46,  Lincoln's-irin-fields,  Loudon,  W,C. 

The  Proprietors  of  patent  No,  226  of  19(14  relating  to  "  Improve- 
ments in  electrical  conductors  for  illuminating  purposes  such  as 
lamp  pencils  or  filaments,"  desire  to  sell  the  patent  or  to  grant 
licences.  Inquiries  to  Messrs,  '  Hyde  &  Heide,  3,  Bread-street, 
buildings,  Liverpool-street,  E.G. 

"  Tantalum  Lamp  Posters  and  Show  Cards,"— The  "  Satisfied 
Consumer  "  design  of  jiosters  and  show  curds  f(.r  advertising  tantalum 
lamps  arc  now  widely  known.  The  design  has  not  only  appeah  d  to 
the  eleclrica!  trade  in  this  country,  but  lias  found  a  ready  acceptance 


CH  ETL  u^:  3/1 E  HTPMH  EOT  BO 

v.'^:^t> '.'ji'ir'iCH  fiA  no.noBH  MY, 


on  llie  Continent.  It  lias  l)?on  lra:v-:latea  into  Russian,  Geniian. 
S|)anish  and  Portuguese.  It  will  bo  understood,  however,  thai  for 
dilVtrent  countries  an  alteration  in  the  design  is  necess,ary  to  brmg 
it  into  line  with  the  prevailing  types  of  the  country  representt^d.  We 
nproduee  the  Puissian  version  of  the  "  Satisfied  Consumer," 

"  A.E.G.  Zeitung." — The  August  niiinl)cr  of  this  journal  contains 
the  first  jiart  of  an  article  by  Dr.  Bloch  on"Eleelricity  in  (lie  Home.  '  In 
this  instalment  hftsfor|)ersonsand  things  are  also  (Icall  with,  together 
with  ventilatioii,  vacuum  cleaners  and  portalile  fans.  Otlur  articles 
deal  with  "  The  Etticiency  of  Sub-stations,  with  Rotary  Converters" 
and  the  "  Test  Bed  of  the  A.E.G.  Turbine  Factory."  An  article 
oM  K(lis(.n  eoiichidcs  the  riunibrr. 

Flame-proof  Drum  Type  Starters.— Tlie  accomiianying  illustratiem 
sliows  a  new  type  of  llaiiu -proof  (Inmi  type  starl<'r  manufactured  by 
.Messrs.  A.  Riyrolle  &  Co..  of  Hibburn-on  Tyne,  who  have  been  very 
carefully  studying  the  question  of  switchgear  in  minis  for  some  con- 
siderable tinu".     Internally  the  starter  is  of  the  firms  standard  dium 
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type  construction,  and  it  is,  of  course,  fitted  with  the  "  Reyrolle  " 
patent  "  current  growing "  resistances.  T!io  outer  casing,  liow- 
ever.  consists  of  a  specially  strong  easting  pi-ovidod  with  a  broad 
metal  flange,  to  which  the  steol  cover  is  bolted.  This  flange  is  very 
carefully  machined,  as  is  also  the  bearing  surface  of  the  cover,  and 
the  result  is  a  joint  through  which  flame  cannot  pass  owing  to  the 
cooling  effect  of  the  adjacent  large  masses  of  metal.  The  main 
.'spindle  works  tlu'ough  a  long  close-fitting  b^nring.  and  s])i-cial  pro- 


FLAMK-rr.ooF  Diu'.Ai  'I'vi'E  .Start  ek. 


isiiiii  is  also  made  for  working  the  push, button.  Tliis  design  has 
■111  used  with  success  for. a  considerable  period,  and  the  makers 
vpri-ss  every  confidence  in  this  tyi)e. 

CATALOGUES.  &c. 

Oerlikon   Motors  and  Gk.nerators. — We  have  received  from 

Mr.  G.  VViithrich.  who  rejircsents  the  Mascliincnfabrik  Oerlikon  in 

this  country,  a  couple  of  illustrated  leaflets  dealing  with  this  firm's 

l.itost  direct  and  alternating-current  machines.     The  first  pamphlet 

I'si  ribes  and  illustrates  diroct-current  motors  and  generators  for 

<iiiall  outputs,  together  with  the  necessary  starters  and  regulators 

or    these    machines.     Single,    two-phase    and    three-phase    asj'n- 

^hronous  motors  arc  dealt  with  in  the  second  i)am)ihlet. 

D.P.  Storaoe   Battkries   I'or  1'ower.— .V  pamphlet  with  this 

itle,  which  we  have  received  from  the  D.P.  Battery  Co..  contains 

lime  interesting  information  regarcling  the  a|)plieation  of  aeeumu- 

itor.s  t'O  cranr  « oik.     The  current  for  driving  sonic  cranes  recently 

nstalled  at  Soiitliampton  is  ))rovidcd  by  a  producer  gas  engine.      As 

he  load  is  natunilly  of  a  very  fhietiiating  nature,  and.  therefore. 

lad  for  this  type  of  engine,  a  D.  P.  battery  having  a  capacity  of 

IK)  amperes  for  one  hour,  or  l.OtJO  amperes  for  short  periods,  has 

ccn  installr^d.     By  means  of  this  l)attery  we  are  informed  that. 

Ithoiigli  the  load  fluctuate;  from  zero  to  800  amperes,  the  variation 

1  the  current  taken  from  the  generator  is  only  aliout  1,5  amperes 

bove  or  below  the  mean.     Tlic  operation  of  this  plant  is  well  shown 

1"  the  pamphlf  t  by  means  of  charts  taken  under  working  conditions. 

WiiiPALL  Electric  Tyre  Tumi'.— Mr.  K.  E.  Coy.  of  Liverpool, 

'nds  us  a  |)amphlet  dealing  with  an  electrically-driven  tyre  pump. 

Ilia  equipmiMit  should  be  of  great  use  in  garage::  and  other  places 

lierc  much  tyri-  piiiiipiiig  li:n  In  b-  (lone. 

BANKRUPTCIES,  LIQUIDATIONS,  &C. 

Herbert  Sliuttleworth.  eleeliii.il  .  ngineer.  Cross- court.  Briggate. 
eds.  has  been  adjudicaled  liankrupt.  H'irst  lueeliiig  of  creditors 
Au^-  '2')  at  O.H.'s.  'M.  Koiid-slreel,  Lteds.  and  public  examination 
1  Sept.  14  at  the  County  Court  House.  Albion-place.  Leeds. 
A  first  and  final  dividend  of  28.  -lid.  is  payable  on  Aug.  '27  at  147. 
adenhall-strcet.  London.  E.(\,  to  the  ereditois  of  J.  H.  Mockridge 
d  Arthur  Pearce.  lately  trading  as  Jukes.  Coulson.  Stokes  &  Co. 
d  lis  Morrton  &  Foster,  engineers  and  contractors. 
In  the  winding  up  of  Auto-Controllers  (Ltd.).  of  Bournenunith. 
■.Charles  R.  Blissett,  3.?a,  Christchurch-road.  Bournemouth,  is 
uidator 


PATENT  RECORD. 


APPLICATIONS   FOR    PATENTS. 

Note.— Tfe  undermentioned  Applicalians  (except  those  marked  t)  are  not  open  to  public 
inspection  until  alter  acceptance  ol  Complete  Specifications.  Those  marked  '  are  open  lor 
inspection  12  months  alter  the  date  attached  to  them,  il  they  have  not  been  published  previously 
in  the  ordinary  course.  Names  within  parentheses  are  those  ol  communicators  ol  inventions 
When  complete  Specification  accompanies  application,  an  asterisk  is  affixed, 

July  9.  1909. 
16.029  Waliwork,    Wallorwk   &   Shili  ito.      Unidirection-current   dynamo-electric 

machine. 
6,076  Popes   Electric  Lamp  Co.     (Dr.  Carl  Trenzen,  Germany.)     Production  of  a 
metallic  connection  between  incandescent  filaments  and  their  leading-in  wires. 
July  10,  1909. 
16,095  HiiL.     Electromagnetic  clutches. 
16,114  Electromotor  Equipment  Co.  &  Barlow.     Controlling  mechanism  of  automatic 

electric  li'ts. 
16,170  Hunt    &    Sandycroft    Foundry   Co.      Alternating-current   dynamo-electric 

machines. 
1 6, 1 74  Mayor  &  Mayor  &  Coulson.     Enclosed  electrical  machines. 

July  12.   1909. 
1 6.203  Burtwell  &  HcDDER.     Operating  tramway  and  like  points  from  the  vehicle. 
16,205  Taylor.     Direct-current  and  alternating-current  balancers,  boosters  and  autc- 

transformers. 
16.222  Kent.     Lights  with  pern-.anent  metallic  electrodes. 

16.224  Bunet  &  Badin.     Production  of  compounds  of  oxygen  and  nitrogen  by  electrical 
means.     (Date  applied  for,  I7/8,08.l*t 
July  13.  1909. 
16.273  Fergusom.     Automatic  electric  switches. 
16.292  Messenie  &  Slaughter.     Arc  lamps.* 
16.328  Weber.     Incandescence  lamp  filaments.* 

16.331  Morrison.     Electric  transmission  for  motor  vehicles.* 

16.332  Johnson  &  BiLLlNGTOH.     Electricity  meters.  .1 

July  14,   1909. 
16.415  Wilson  &  Wilson.     Valves  or  rectifiers  for  hi?h  alternating  P.D.r." 
16,447  Midgley  &  Vandervell.     Dynamoelectric  machinery. 

16,457  Haefely.  Apparatus  for  winding  frames,  coils  and  similar  parts  of  electric 
machinery  with  insulating  material,  and  for  manufacturirg  structures  from  the 
same  material.* 

July  15,   1909. 

16.475  Carter.     Multiplex  accumulator. 

16.476  Alldays  &  Onions  Pneumatic  Engineering  Co.  fit  Joselin.     Electrically-driven 

centrifugal  fans. 
16.520  Tattepsall.     Telephone  and  other  similar  mouthpieces. 
16.522  Taylor.     Methods  of  charging  and  discharging  electric  accumulators  or  secondary 

batteries. 

16.537  Siemens  Bros.  Dynamo  Works  &  Schupp.     Electric  motor-starting  svritchts.* 

16.538  Siemens  Bros.  Dynamo  Works.     (Siemens  Schuckertwerke  G.m.b.H.,  Germany.) 

Bearings  of  electricity  meters.* 
16,547  Ross.     Electric  heaters. 
16.552  J.  Stone  8i  Co.  &  Vidal.     Electrical  generating  plant. 

16.558  Lake.     ("  Polyfrequenz  "  Elektricitats-Ges.m.b.H..  Germany.)     Devices  for  pro- 

ducing electrical  oscillations.* 

16.559  Milch,     Control  of  induction  motors. 

July  16,   1909. 
16,575  GlEW.     Instrument  forcollectingatmosphericelectricity. 
16.584  MiCKLETHWAiT.     Electric  terminals  or  binding  screws. 
16,607  Chetwynd,  Kelvin  fit  James  White  fie  Clark.     Portable  magnetic  compasses. 

(Addition  to  No  21.634/08.) 
16.621   Rennie.     Electrical  device  chiefly  designed  for  use  in  indicating  the  speed  of 

vehicles. 

16.630  Akt.-Ghs.  Brown,  Boveri  et  Cie.     Regulation  of  electric  installations.     (Date 

.irplied  for.  I6,9/08.)*t 

16.631  Akt.-Ces.  Brown,   Boveri  et  Cie.    Control  of  dynamoelectric  machinery  in 

electric  lighting  installations  worked  with  accumulators.     (Date  applied  for, 
14/9,'08.)*t 

16.642  Aitken  fit  British  Insulated  fit  Helsby'Cables.     Telephone  switchboards. 

16.643  Aitken  fit  British  Insulated  fit  Helsby  Cables.     Telephonic  sub-station  switch- 

ing systems  * 
16.645  Dalziel's  Constant  Voltage  Patents  St  Dalziel.    Electric  distnbution  systems 
16,649  West.     Quick  make  an.-i  break  electric  switches. 

1 6,662  Dearlove  fit  Brown.     Manufacture  of  electrical  condensers  and  similar  apparatus 
July  17,  1909. 

16.678  Brook  fit  Hirst.     Multiple  electric  sv/itches  and  i 

16.679  Richmond.     Electric  batteries. 
16,682  Jackson.     Trolley  heads  employed  for  electric  traction. 
16.690  Wraith,     Portable  electric  hand  lamps. 

16,702  Simmons.     Electric  batteries. 

16,709  Nobel's  Explosives  Co.  fit  Evans.     Electric  igniting  apparatus. 
16,728  VANDAt^.     Means  for  making  electrical  connections. 

16,732  Delage  fit  WcoG.     Amplifying  device  for  use  in  high-tension  electric  sp;rk- 
ignition  apparatus.     (Date  applied  for.  12/10/08.)'t 
July  19,  1909. 

16.811  Siemens  Bros.  Dynamo  Works  fit  Kieffer.     Alternating-current  electric  indic- 
•  tion  motors. 

16.812  Siemens  Bros.  Dynamo  Works  St  Kieffer.     Fans  fer  cooling  dynamoelec  no 

machints  and  for  other  purposes. 
16,823  M-'SS.     Conduits  and  adaptors  for  electrical  conductors. 
16.847  Haddan,     (Optische  Anstalt  C.  p.  Goer;:  A.-G.,  Germany.)    Telemeters.' 
16.855  Ges  fur  Elektrotechniscke  Industrie  m.b.H.  fit  Gyuris.     production  of  elec- 
tric light  between  the  electrodes  of  arc  lamps.  * 


utomatic  circuit-breakers. 


19,589 
19,886 
20,268 


25,122 
25,478 
26,967 


SPECIFICATIONS    PUBLISHED. 

1908  SrECIFlc.\TlONS. 

B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Electric  circuit-breakers. 

Bigoe  fit  Butt.     Induction  coils  and  transformers.     (Post-dated.  10,2,,t)9.) 

Siemens  Bros.  Dynamo  Works.  (Siemens-Schuckertwerke  Ges.).  Overload 
circuit-breakers. 

Thomas  Si  Thomas.     Electrical  fuses. 

Haddnn.  (Nya  Ackiinulator  Akticbolnget  Jungner.)  Electrodes  for  accumu- 
lators. 

Aitken.     Telephone  instruments. 

MuLHOLLAND.  Magneto-ignition  devices  for  use  in  connection  with  internal  com- 
bustion engines. 

Winterbottom.     Means  for  mounting  or  supporting  telephonic  instruments. 

Van  Raden  fit  Co.  fit  Metz.     Secondary  b.-.tt?ries. 

TiM/>  R  fit  ZiEOLER.     Time  relay  for  electric  currents. 


1909  Specifications. 
425  GiRARD.     Mounting  electric  lamps.     (Request  under  sec.  19  rot  s-ranted.) 
687  Fery.     Pendulum  electricity  meters. 
3,252  Whyte.     Electric  flash  lamps. 

3,511   BoscH.    .^rmatures  for  magnqto-induction  machines.   (Date  applied  for.  20/11,08.) 
3.517  Lake.     (Cutler-Hammer  Mfg.  Co.)     Multiple  switch  starting  devices  for  electnc 

motors. 
3.897  Bohm.     1  ncaneiescent  electric  lamps. 
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4,122  KoRTlNO.     Alternating-current  arc  lamps. 

4.228  Mui-RAY.     Electric  cutouts. 

4.594  Siemens  Bros.  &  Co.     (Siemens  &  Habke  Akt.-Ges.)    Telephone  exchanges. 

4,652  Maschinenfabrik  Oerlikon.  Single-phase  alternating-current  electric  com- 
mutator motors.     (Date  applied  for.  26,7/08.) 

4,690  Fairweather.  (Landers.  Frary  &  Clark.)  Vapour  lamps.  (Date  applied  for, 
19,9/Oa) 

4.762  Peukert.  Producing  electrical  oscillations  of  high  frequency.  (Date  applied 
for,  17/3/06.) 


COMPANIES'  MEETINGS  AND  REPORTS. 

BAKER  STREET  &  WATERLOO  RAILWAY  CO.— .Sir  Geo.  S.  Gilib.  who  \nv- 
sided  at  the  nieetins;  la>t  week,  ^-tatiil  tliat  receipts  had  gone  u))  and  ex- 
penses had  none  down,  and  tlu  v  were  thereby  able  to  double  the  small 
dividend  deelared  in  the  Hrst  half  of  1008.  They  had  carried  14.3(M».()(H( 
passenger.^,  an  increase  of  nearly  1 1  per  cent.,  which  had  mainly  ociuircil 
in  through  passengers,  which  were  now  40^  ])er  cent,  of  the  whole. 
Through  traffic  did  not  yield  finite  .so  much  money  to  them  as  the  local 
traffic,  but  the  increase  of  through  traffic  was  due  to  the  co-operation  of 
all  the  companies  and  their  efforts  in  establishinj;  the  habit  of  under- 
ground travelling.  The  average  payment  by  thioujih  (lassengcrs  for 
these  through  journeys  came  to  2-8d.  The  coniiiaiiys  share  of  that 
came  to  l-3d.,  and  their  average  of  local  traffic,  inc  ludinj;  workmen,  was 
l-54d.,  while  the  average  of  their  total  traffic — local  and  1hroui;li  toL'cthcr 
including  workmen — was  l-4(id.  The  gross  revenue  was  till. 510.  in- 
crea.se  £7,981,  or  9-oG  per  cent.  Working  expenses,  notwithstanding  an 
increase  of  ear-mileage,  showed  a  decrease  of  £3,228,  of  which  £2,lt)0was 
under  the  head  of  train  workuig,  and  was  largely  due  to  a  decrease  in 
the  price  of  electric  energy.  Total  working  expenses  worked  out  at  an 
average  of  0-71d.  per  passenger.  The  directors  had  considered  the  sub- 
ject very  carefully  of  the  extension  to  Paddington,  and  had  no  hesitation 
in  recommending  the  abandonment  of  the  existing  powers  for  that  exten- 
sion. The  North-West  London  [^.ailway  had  an  authorised  line  througli 
Victoria  to  Crieklewood,  and  tin  y  h.id  come,  he  believed,  to  the  conclu- 
sion that  the  piece  of  line  from  Kdgwarc-road  to  Victoria  would  not  pay. 
and  they  had  abandoned  it.  It  was  also  agreed  that  the  Edgware-road 
and  Baker-street  company  should  work  that  piece  of  line  as  a  continuous 
line.  The  Baker  Street  &  Waterloo  Co.  were  to  have  nothing  to  do  with 
the  constructifin  of  the  line,  but  were  to  give  an  annual  contribution  out 
of  their  share  of  through  receipts  of  the  line,  which  was  to  be  worked  as 
an  extension  of  the  Bakerloo  Railwaj'. 

CHARING  CROSS.  EUSTON  &  HAMPSTEAD  RAILWAY  CO.— At  Ihe  meet- 
ing la>t  u.rkSu  (,.  n..S.(;il.l,s,ii,l  tlMi;rnv,s  ic  vciiiic  amoiuitcd  tr  >  .i  1 0."),  1 S2, 
an  incicisc  ■■!  llH.L'flll.  c.i  l.sli  per  imt..  ilic  larL'cst  percentage  of  increase 
shoMTi  in  any  L-mdon  traffic  carrying  company.  The  prospects  for  the 
future  on  the  Hampstead  line  seemed  to  be  very  good,  building  was 
going  on  at  a  very  rapid  rate  out  at  Golder's  Green,  and  tjiej'  anticipated 
a  large  increase  in  houses  and  population  in  that  district,  \\drking  ex- 
penses amounted  to  £.'57,705,  increase  £1,302,  while  train  mileage  was 
28  per  cent,  more  than  in  the  corresponding  half-year,  and  the  car-inilcage 
17  per  cent.  more.  The  directors  recommend  a  dividend  of  J  per  cent, 
on  the  ordinary  shares,  carrying  forward  £2,0o0.  14,81)2.882  passengers 
were  carried  :  the  through  traffic  represented  2fi87  per  cent,  and  the 
local  traffic  73-13  percent. 

COLNE  &  TRAWDEN  UGHT  RAILWAY  CO.— At  the  annual  meeting  on 
Wednesday,  it  w  as  reported  that  t  here  had  been  a  decrease  in  the  num- 
ber of  passengers  carried  comjiared  with  the  previous  year.  The  profit 
amounted  to  £2,294,  and  after  paying  debenture  interest  the  bal.ince 
was  £479.  A  dividend  of  6  per  cent,  was  declared  on  the  preference 
shares  .mil  £300  w.-is  carried  to  ic-erve. 

ELECTRIC  SUPPLY  CO.  OF  VICTORIA  (LTD.)— The  accounts  for  the 
veiir  ended  March  31  show,  after  pavnient  of  interest,  a  credit  balance 
of  £7,760,  added  to  £8,582  brouirl't'forward,  making  £16,342.  From 
this  hius  been  ticductcd  £7,800  for  the  preference  dividend  to  March  31, 
1908,  and  £3,962  for  deliciitiiie  stock  redemption  account,  leaving 
£4.581.  Divider, rl  on  the  pitf.;iciic(j  .share-  duo  .March  51,  1909,  wouhl 
aii.oiiiil  to  £8.250. 

GREAT  NORTHERN,  PICCADILLY  &  BROMPTON  RAILWAY  CO.— At  the 
meeting  last  week  .Sir  (Jco.  H.  (iibb  said  the  number  of  passengers  carried 
was  19,ir).-),883,  an  increase  of  1,709,000,  or  9-8  per  cent.  During  the 
la.st  two  years  the  increase  had  amounted  to  005  per  cent.  Local  traffic 
accounted  for  (i8j  of  the  total,  increase  about  2i  jier  cent.,  while  through 
traffic  accounted  for  31 J  per  cent.,  increase  30i  per  cent.  Their  gross 
receipts  had  increased  and  expenses  had  decreased.  The  net  revenue 
balance  was  £84,.588,  out  fif  which  £(),000  was  set  aside  for  cimtingcm  ics 
and  renewals,  leaving  £40,732.  It  was  proposed  to  pay  4  per  cent,  on 
the  preference  and  I  jiercent.  on  the  ordinary  shares,  and  to  carry  forwaid 
£8,.-.32. 

LANARKSHIRE  TRAMWAYS  CO.  .\t  the  iinrliiiL.  on  Wednesday  .Mr. 
A.  R.  .Monks,  who  presided,  stated  that  tlicy  were  paying  a  dividend  at 
the  rate  of  .'ij  per  cent,  per  annum.  Owing  to  the  continued  trade 
depression  there  was  a  decrease  in  the  traffic  receipts  of  £l,7(>4  compaieil 
with  the  corresponding  half  of  1908,  but  the  expenses  showed  a  leduction 
of  £l,30i>.  mainly  owing  to  less  mileage  being  run,  to  the  price  of  coal 
being  l.pwer.  and  the  fact  that  there  were  no  Parliamentary  expenses. 

LIVERPOOL  OVERHEAD  RAILWAY  CO.— .Sir  W.  B.  Forwood  stated  at  the 
meeting  on  Tuesday  th.it  there  was  ,i  further  shrinkage  in  revenue, 
amounting  to  £2.481).  14s.  7d.,  mainly  due  to  depression  in  trade.  On 
the  other  hand,  they  had  saved  £3,138  in  working  expenses  by  introduc- 
ing a  more  frequent,  but  less  ra|)id.  and.  therefore,  less  expensive,  train 
service.     They  now  ran  in  the  middle  of  the  day  a  five  miriutes'  service 


in  place  of  a  seven  minutes'  service,  and.  altliough  the  trains  were  a  few 
minutes  longer  on  the  road,  there  was  jiractiially  no  waiting  for  a  train, 
and  the  time  and  annoyance  thus  saved  fully  comiiensatcd  for  the  slightly 
lengthened  journey.  The  new  service  had  given  satisfaction.  He  was 
not  very  confident  that  they  should  ever  be  able  to  restore  their  fares 
to  their  former  level.  They  w'ere  governed  by  the  fares  charged  upon  the 
Corporation  tramways  and  the  Lancashire  &  Yorkshire  Railway.  The 
latter  would,  as  a  trading  concern,  adjust  their  fares  to  a  more  remunera- 
tive level,  but  they  also  had  to  compete  with  the  tramways,  and  it  was 
one  of  the  evils  of  a  municipal  trading  concern  such  as  the  Corporation 
traniways  that  they  must  be  worked  upon  popular  lines  rather  than  upon 
liusiiiess  principles.  The  Liverpool  Tramways  committee  would,  he 
was  sure,  be  the  first  to  admit  that  if  the  tramways  were  run  on  purely 
business  principles  their  revenue  would  be  much  larger  than  at  )ircsent. 
and  they  could  make  annually  a  very  large  profit.  As  to  the  probabili- 
ties of  their  recovering  this  lost  traffic  they  had  no  greater  com|)ctition 
to  luei't  than  they  had  four  years  ago,  except  tli.it  the  elertrical  service 
of  the  Lancashire  &.  Yorkshire  Railway  was  more  |io|iiilar  and  attnictivc, 
but  the  conditions  of  traffic  were  not  normal.  A  recovery  in  trade  was 
already  m  process.  In  America  the  rising  tide  in  trade  had  set  in  vigor- 
ously, ,and  it  could  not  be  long  before  it  reached  this  country. 

MERSEY  RAILWAY  CO.— The  train-mileage  run  during  the  half-year 
ended  .June  50  was  381,962,  compared  with  408,134  in  the  correspond- 
ing six  months  of  1908,  The  number  of  passengers  conveyed  was 
5,818,759,  against  5,719.572,  exclusive  of  season  ticket  holders.  Total 
receipts  were  £53,227. 18s.  lOd.,  comiwired  with  £51,783.  14s.  4d.  ;  work- 
ing expenses  (exclusive  of  the  ch.arges  for  pumping,  ventilation  and  lifts) 
were  £30,810.  9s.  lOd.  (equal  to  57-88  per  cent.),  against  £33,075.  Os.  Id. 
(equal  63'87  i)er  cent.)  The  charges  for  pumping,  ventilation  and 
hyflraulic  lifts  amounted  to  £3,659.  lis.  lid.  (6'B3  per  cent.),  compared 
with  £4,070.  Os.  lOd.  (7-86  per  cent.). 


NEW  COMPANIES,  MORTGAGES  AND  CHARGES. 


NEW  COMPANIES. 

GEARY,  ADAMS  &  CO.  (LTD.)  (104,463.)— Reg.  Aug.  9,  capital 
£3,000  in  £1  shares,  to  ado[)t  an  agreement  w  ith  F.  C.  Geary,  and  to 
carry  on  the  business  of  electrical  installation  and  general  engineers 
and  agents,  &c.  Private  company.  First  directors,  F.  C.  Geary  and 
G.  W.  M.  Adams  (both  permanent). 

GENERAL  ACCESSORIES  CO.  (LTD.)  (104,464.)— Reg.  Aug.  9,  capital 
£3,000  in  £1  shares  (1,580  6  per  cent,  lueference,  920  5  percent,  prefer- 
ence and  500  ordinary),  to  carry  on  the  business  of  manufacturers  of 
and  dealers  in  electrical  goods  of  all  kinds,  general  merchants,  f.ictors 
and  agents,  &c.,  and  to  adopt  an  agreement  with  E.  C.  Friend.  Private 
company,  (i.  X.  Markt  is  jiermanent  director  and  manager  with 
£391.  10s.  per  annum.  Reg.  ottice,  148-150,  Curtain-road,  Lontlon,  £  ('. 

LAINQ  WHARTON  (LTD.)  (104,556.)— Reg.  Aug.  12,  capital  £3.000 
in  2,900  preference  shares  of  £1  each  and  2,CC0  ordinary  shares  of  Is. 
each,  to  carry  on  the  business  of  electricians,  mechanical  engineers, 
&c.  Private  company.  First  directors,  H.  P.  Allison  and  H.  J.  tie 
Courcy  Moore. 

MIDLAND  ELECTRIC  WIRE  CO.  (LTD.)  (104,571.)— Reg.  Aug.  M, 
capital  £5.000  in  .£1  shares,  to  acquire  the  bu.siness  carried  on  as  the 
Widl.ind  Electric  Wire  Co.  and  to  carrj'  on  the  busine.ss  of  electric 
cable  and  insuliited  wire  manufacturers  and  dealers,  electricians.  Ac 
Private  company.     W.  J.  Levi  is  manager. 

MORTGAGES  AND  CHARGES. 

CRVSELCO  (LTD.)— Particulars  of  £5,000  first  and  £5,000  second 
debentures  created  by  resolutions  of  .Tune  26  and  secured  by  trust 
deeds  dated  .July  11,  1905,  filed  pursuant  to  sec.  93  (3)  of  Companies 
(Coi.'sohdation)  Act,  1908,  the  amount  of  present  issues  being  £500  of 
each  series.  Property  charged,  company's  undertaking  and  property, 
present  and  future,  iiu'luding  uncalled  <apital,  Trustees,  A.  Baker 
and  H.  S.  Deacon. 


CITY  NOTES. 

MEMORANDA  (Aug.  121.— Bank  rate  2.i  per  cent,  (since  April  1, 
1909).  Price  of  silver,  23.U1.  per  oz.  Consols  84, •,.-84, "„  for  money, 
84i  -84.{  for  account.  Consols  Pay  Day,  Sept.  1  ;  Stock  and  Shares 
Continuation  Days,  Aug.  24  and  Sept.  8  ;  Ticket  Days,  Aug.  25  and 
Sept.  9  ;  Pay  Days,  Aug.  26  and  Sept,  10  ;  Mining  Shares  Carry  O.er 
Days,  Aug.  23  ami  .Sept.  7. 

Prices  of  Metai.s  (London). — Copper,  cash,  59J  ;  three  months 
60,',.  Lead,  English,  12}— 13;  foreign,  cash,  12i  ;  three  months, 
12S.'  Speller,  cash,  21J— 22.  T'tn,  English,  133-135:  i":oign, 
cash,  1363  ;  three  months,  1,36J.  Iron,  Cleveland,  cash,  49/7,  and 
three  months,  50/4.  Maynet  Steel  (price  supplied  by  W.  F.  Dennis 
&  Co.),  £55.  

DIRECT  SPANISH  TELEGRAPH  CO.  (LTD.) -The  Board  have  decided 
to  p;iy,  ill  addition  to  the  rlivideiid  at  the  rate  of  10  per  cent,  per 
nniuirn  on  the  piefereiice  shares,  an  interim  dividend  at  the  rate  of 
4  pur  cent,  per  annum  (la\  free)  on  the  ordinary  shares,  both  for  the 
h,df-year  ciiilcd  .liiiio  50  and  p.iyable  on  Oct.  1.' 

MOETHAMPrON  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.)- The  directors 
have  declared  an  interim  dividend  at  the  rate  of  4.1  per  cent,  (les-i  tax) 
on  the  "  U  "  ordinary  shares  for  the  past  half-year. 


ELEGTBIG  TBIMWAY  AND  RAILWAY  TRAFFIC 
RECEIPTS. 
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on-super-Maro 

orhampton  Oo,       

"rhampton  Oorpii 

eater *^  

b!un        

''',''«w!B.T;^i- 

'"i!iwnoii"-'™tVto;: 


198      -         30        31 


"        1,118 


65,07,1 


24,12) 

25,918 

8,837 

33,.593 
I8,8IJ|> 
29,411 

1,1 


iZ 


1,320      + 


31 

7.20S 

f 

SI,', 

6 

!,916 

h 

185 

9 

19,031 

■1- 

623 

12 

16.:i61 

l,l.-.l 

8 

7,00s 

f 

I'.l 

8 

43,015 

f 

2,3S2 

4,101 

+ 

177 

I 

12,958 

- 

1,30S 

1 

8,317 

_ 

130 

1 

3,990 

_ 

1.'.7 

3 

39,033 

1 

27,79(1 

- 

601 

wy  electrical,    f  Minus  3  days    t  Minus  2  days. 


-*.«ii.ui.ia,vt-.  \>urp.iur  r.u.ldCoaort.UD.        **•    — 9 

Newcastle  &  Dist.  Eleo.  Lte.  Ord.  -11—5 

Do.    4*  per  Cent.  Deb '     "■      ■ 

Newcastle  Elec.  Supply  Ord 

t  Do.    6  per  Cent,  non  Cum.  Pref. 
Oo.    4  per  Cent.  Mort.  Dab.  red.  190'?! 
Norlh  Metro.  Eloo.Power  Sup.  5  Morts 
Northern  Counties  Elec.  fiup.    ... 

Do.     4i  per  Cent.  D.>b 

Notting  Hill  Electric  Ord "" 

Oxford  Electric  Ord [\ 

Do.     4  per  Cent,  Deb.  Stock    ...!!!!!!" 
'fit  James'  &  Pall  Mall  Elec.  Ord.... 

+  Do.    7  per  Cent.  Pref.    !" 

Do.  SJ  per  Cent.  Dab.  Stock  (red.)  !!! 
Smithfield  Markets  Electrio  Sap.  Ord... 
Sonth  London  Electric  Supply  Ord. 

Do.     5  ?o  1st  Mort.  Stk.  Rei "'.." 

Sonth  Metrop'n  Elec.  Lt.  &  Power  Ord 

Do.     7  per  (Sent.  Cum.  Pref. 

Do,    4i  let  Db.  Stk.  Rsd !! 

Urban  Electric  Supply  Ord 

Do.    6  per  Cent,  Cum.  Pref. 

Do.    4i  per  Cent,  lat  Mort.  Deb!!!!!!!." 

Westminster  Elec.  Sup.  Ord xd 

Do.    H  per  Cent.  Cum.  Pref. 

tUCTRIC  RAILWAYS  &  TRAMWAYS, 

fiaker  bt.  «  Waterloo  4  J  Perp.  Db.  St 
Bath  Elec.  Trams  Pref.  Ord.  .,f„. 
Do.    6  per  Cent.  Cum.  Pref  . 
Do.    4i  1st  Mort.  Dab.  Stock  (red.')".'.'." 
Bhara  &  Midland  Tramj  4J  Ist  Uj.Sfk  ' 
t  Bristol  Tramways  &  Carriage  Ord 

Do.     Cum.  Pref.  (fully  paid) 

Do.    4  per  Cent.  Debs 

British  Electric  Traction  Ord 

Do.    6  per  Cent.  Cum.  Pref. !!!!.!!."."! 

Do.    6  per  Cent.  Perpetual  Daba. 

Do.    4}  per  Cent.  2ud  Deb.  Slock  ! 

Central  London  Ordinary  Stock 

Do.    4  per  Cent .  Pref.  Stock    .!!!!! 

D::.     Deterred  Stock   

Do.     4  per  Cent.  Debs 

,  Charing  X.EuatouiUmpstd  Per  Db.Stk' 
i/6  City  ofUirmingham  1' rams.  6%Cui.  Pref 
100  4?;  Do.  4  per  Cent.  Ist  Mort.  Dobs  ..  . 
St.  lj;J  tCity  4  South  London  Ely.  Coo.  Ord.  '" 
St.  6^  tDo.  5  per  Cent.  Peru.  Pref.  (1891)  ""' 
"■'-■■        tDo.    (1890) 

tDo.  (190!) !....!'!! 

tJo.     (1903) '""' 

Do.  4  per  Cent.  Perpetual  Uebs.'"!!.'.'.'! 
Dublin  United  Trams,  ti  per  Cent.  P.et. 
ut.  Northern  &CityKly.  Pref.  Ord.  (4;") 
G.  Northern,  Pioc.  S  Brompton  m  G.Ft 

Do.    4  per  Cent.  Dab.  Stock 

Uaslioga  Si  District  Elec.  Train ).  6i  U.P 

Do.      4J  Db.  St 

Imperial  Tramways  Ord "..'.".!«'!".".'.".!i 

I  Do.    «  per  Cent.  Pref.  

IDo,     4j  per  Ceut.  Dabs 

I,  of  Thauet  K.  T.  Jk  Lt.  6  per  Cent.  Pref! 

lio.    4  per  Caut.  Dab.  Stuck 

Lanarkshire  Tramways  

Lanes.  Utd.  Trami  S  ;  Prior  Lien  Do!  St! 

Liverpool  Orerhead  Railway  Ord 

Do.    6  per  Cant.  Pref 

Do.    4  percent.  Dab 

London  United  Trains.  S  4  IJani.  Prof.  .. 
Do.    4  per  Cent.  1st  Mort.  Deb.  Scook 

Mersey  Con.  Ord.  Stock    

Metropolitan  Eleo.  Tramwaya  OrJ 

Do.    Deferred    _ 

Do.    6  per  Cent.  Cum.  Pref. ti 

Do.    4J  per  Cent.  Uoh.  Stock  

tMetropuhtau  Railway  CouaoUdaCeil  

tDo.     Surplus  Landa  Stocks 

tDo.    8i  per  Uout.  Prelerenoe 

„      fDo.    8j  por  Cent.  "  A  "  Preferonoo  ...!!! 

Bt.l  sjz  I  jDo,    si  per  tout.  Converuble  Pref. 

8i  per  Cent.  Oebeut 


St.    iz 

10  e/u 

■St.  6?. 
lol  .. 
10 1  b°4 

St. I  iz 

I    10 1  !!/» 

1st.    „ 
1    10' 

1  _ 

1    0/6 

St.  iU 
St.  iz 
St.   iiz 

Sl.    3J% 

St  '  -■ 


i  "  ,1.,  —-■"'=  ""u  lue  corresi 
=  -a>)3.    •  Partly  electrical.' 


Is 


*"<  I  4  'iV 

8SJ       .. 
S5l      So 

'541      ■• 
-  ■  -  _ --    —■'■        -  •"     "      --"»  ""J         »3i[       92^ 

-n--,.^'*)'°?  "*  ^"'^,*"?''*''.°'  "?•  ''•'"'  "'•''•  ">'  aoTJad  iatoroat  but  iwf  for  reJemptioii" 
Bi  DiTidend.         J  The  London  Stock  Kich.^nge  Committee  have  declined  to  quote  tae«. 
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EL-ECTR-ICAL    COMF-A.INIES'    SHARE    LIST Continued. 


kiLaSTI 
gDrvi- 

S   DBHl)_ 


I    Pnoe 

Wed..      YntLD-        T,™ 


8t 

»? 

Ht 

4X 

Sf. 

in 

St. 

»z 

St. 

*x 

6 

nw 

Rr 

M? 

I 

U7{ 

ElfCTBIC  B4IIWA»S  *  TBAWWAYS-  Continued. 
8t.    Sl%     Mfl    r.lv.  Sj  iw  Cent.  "  A  '•  Dfh.  Stock        ^i^  -93 

it       ..         no.     FltcnsicnPref.  (.-.rorrenl.)   19-51     j 

St.    HX     tDo.     AwEterf  Fjt.  rrcf.  (Int.  Gnar.  hr 

'  Ur.1.  Eleo.Klvs.  Co.  of  L«n<)on,  Ltd.)  f4-6l 
Do.  3  per  rpnt.  Consoltd.  Bent-charge  76  — 58 
r>o.    4  i>er  Cent.  Midland  Kent-cliarge^  101  —101 

Do.    Guar.  Stock  4  per  Cent 0' 

Do.    6  Iier  Cent.  P^rp.  Deb.  Slock  1  U 

Do.     4  per  Cent,  Ditto " 

I    Sew  Oen.  Traci.Bper  C*nt.  Cnm.  Eref. 

Potteries  Electric  Traction  Ord.     

Do.     6  per  Cent.  Cnm.  Pref.  xd 

Do.    4*  per  Cent.  Deh.  Stock    , 

R.  Met.  Elec.  Trains.  4  Lte.  6%  Cm.  Prof. 

Do.     4  per  Cent  Deb.  Stock 

Pnnderland  Diat.  E)ec.Trms.65!1«tMt.Db. 
rnderedF.I!TS.Ion.6=  In.brlK.withcoup.3 

Do.  6'y  Prior  bicn  Bonds 

Do.    4i*  Bonds «iili  co»p.  S 

Yorkthire  (W.B.)  Klec.  Trama.  Ord. .. 

Do.    6  per  Cent.  Cnm.  Pref.   

Do.     4i  per  Cent.  l(t  Deha 

k'LECTRiC  MAIiUFACTURINC,  Ac. 

Aron  Electricitv  Meter  Ord 

Do.    6%Cnni.  rf.   _ 

Babcock  i  Wilcoi  Ord.  ' 

Do.    Pref. 

British  Ineulaled  t  Helsby  Cables  Ord.  j 

tDo.    6  per  Cent.  Pref. 

;     Do.    4J  per  Cent.  1st  Mort.  Deb.  (red.) 

British  ThcniBD-HonsfnlJ};  1st  Mt.Db.  I     SI  -^ 

British  WeslinghcnseBper  Cent.  Pref...       „vl-V« 

'     rio     6rcr  Cent.  Prior  Lien  Db8(rd.)       67  -9a 

4  per  Cent.  Mort.  Deb.  Btocki 33  -43 


100    6% 


i    6/0 


St.  <i 

100'    \. 
Et 


-144 

84  -96 
i-} 

i-i 

S6  -fS 

1-8 

'0  -74 
81  -8fi 

35  -  3T     I 
l0?,l-103J| 


.}- 


41',-4,'s 

la-ij 

73-7* 
.  fi-61 

1C3  —ice 


Jan,  Jnly 
Feb,  Ang 
Feb,  Aug 

Feb,  Ang 
Jan,  JniT 
Jan,  July 
Mar,  Sept 
Jan.  July 
Jan,  July 
May  .... 
April,  Oct 
Feb,  Ang 
May,  Nov 
Fob,  Aug 
Jan,  July 
Jan,  July 
Jane,  Deo 


Jul,  JnlT 


April,  Oct 
April,  Oct 

JulyJFeb 
Jan,  Joly 
Jan,  July 
Mar,  Sept 
Feb,  Aug 


60i|     498 
663,     66 


Amer.  Telephn.  &  Telegh.  Cap.  8t 145  —116 

Do.    CoU.Tm8t  »1,0004  perContBda     97—99 
AngloPortug'se  TeL  6%  l»t  Mt.Db.  Stk.    103J-10f  i 


lOrd.. 


10 

«>/0 

10 

f/U 

b 

■ilH 

it. 

■HZ 

jt. 

iX 

1 

1/0 

1 

0/7  i 

SI.'    *iX     BiU3bE.Eng.Co.4i';,,Perp.  IstDeb.Stock 

St     4J%        Do.     Perpetual  2nd  Deb.  Stock    

6  10  0     Callendcrs  Cable  Con.Ord 

5    2/6         Do.     6  per  Cent.  Cum.  Pref.  

St     *iX      Do      4»  per  Cent.  l8t  Mort  Debs,  (red.) 

i   1,0       Caslner-Kellner  Alkali  Co 

It    *iX     tDo.     4j  percent.  l8t  Mort.  Deb.  (red.). 

I  Ul      Chadburn's  (Ship)  Telegraph  Ord 

0/7;       Do.    6per  Cent.  Cum.  Pref.  

1   0/tJ     Consolidated  Electrical  Co 

1    1/0      Consolidated  Signal  Co 

1   0/7|       Do.    6  per  Cent.  Cum.  Pret  

•Croropton  4  Co.  (Nob.  1  to  86,000)  

Do.    6  per  Cent.  iBt  Mort.  Debs.  (red.). 

DaTig  A  Timniins 

Dick,  Kerr  &  Co.  Ord 

Do.     6  per  Cent.  Cum.  Pref. 

Do.     4J  per  Cent.  Deh.  Stock    

Edison  Ji  Swan  United  ("A"8h.)(£Spd.) 

Do.    (f  6  paid)    

Do.    4  per  Cent.  Mort.  Deb.  Stock  (rd.) 

Do.    6  per  Cent.  2nd  Deb.  Stock 

Edmundson's  Elec.  Corp.  Ord. 

Do.    6  per  Cent.  Cum.  Pref.  

Do.    ii  per  cent,  ist  Mort.  Deb.  (red.) 
Electric  Construct"      " 


bX 

1 

o/7f 

U/O 

5 

0/7t 

4*Z 

l/B 

h 

m 

81 

iX 

bt. 

i>X 

6 
Bl. 

4J% 

1    f 

w; 

St 

4% 

St. 

i>y. 

iin' 

6/U 

St 

4% 

5 

lll'i 

Gene 


41% 


lOtJ     4,i 


*iX 


.oii   *iX 

100    6X 


1     )/u 

6    W 

Et.   *7. 


IfcO    fiX 


101 5 


43 

27  —81 

10;'— II 
6i-6i 
1C4{ 

I'.t-'-'- 

106  —US 

!S-li'.. 

1  -H 
g-4 
U-lJ 
j«— 1 

i-n 

90  -li 

a-14 

1,"'.— Is! 

lOj'- 103 

1  -Ji 

6S  -73 
84  — S7 


/'  per  Cent.  Cum.  Pref.  

4  per  Cent.  Perp.  Ist  Mort.  Debs, 
inli  ltiI."'perCcnt.lBtMt.Db.St. 
ral  Ilectric  (1900)  5%  Cum.  PreL... 

Do.     4  per  Cent.  1st  Mort.  Debs 

Uenlej's  Telegraph  Works  Ord 

lio     4i  per  Cent.  Pref.   

Do.     44  per  Cent.  Ist  Mort.  Deh.  Stock 

Irdia  f.ulbtr.Gut.  Per.,  Ac.Wrks 

Do     5  pirC.nl.  Cum.  Pref 

lio.    4  per  Cent.  Debs,  (red.) 

National  Eler.  Construction  Co „..'.... 

BicbardsonB,  WcBtgarth  Ji  Co.,  Ltd,  Ord. 

Do.     6  per  Cent.  Cum.  Pref. 

lo.    4»  per  Cent.  Perp.  Deb.  Stock    ... 

1     ..        fimplei  Conduits  Ord 

5     ..  Do.    6  per  Cent.  Cum.  Pref 

12   12/0   1  Telegraph  Construction  4  Maintenance 
100    *X         Dj.    4pe'rCent  Deb.  Bonds  (1909)    ... 
1    1/0   ;  VKker^  Sons  4  Maxim,  Ltd.,  Ord  |...xd 
1    0/6    I      Do.     6  per  Cent.  non-Cum.  Preference 
Bt.    l-X    I     Do.    6  per  Cent.  non-Cum.  Preferred      K'J 
Do.    4  per  Cent.  iBl  Mori.  Db.sk. (redi    lijli 
Do.     4|  per  Cent.  2nd  Mort.  Dob. (red.l     lu» 
Do.    6  per  Cent.  3rd  Mort.  Debs  Bcnp.     115-107 

J. G.White  4  Co.  6X  Cm.  Pref. 

W  illans  i  Eobinson  Ord 

Do.     6  per  Cent.  Cum.  Pref.  

Do      <  per  Cent.  iBt  Mort.  DebB 

TEIECRAPHS. 

Amazon  lelegraph 

Do      6  per  Cent.  Debs,  (red 

6t.   16(0  f  Anglo-American 

Bt.  80;0  I  11)o.    Preferred   

n     "U        Do.     Deferred    

Commercial  Cable  4  per  Cent.  Deb.  Btk 

Cuba  Submarine  Ord 

Do.    Preference  10  per  Cent 
Direct  Spai 


7J-8 
86  -tS 
)2i-13J 

1C6J-105* 

14i-lEi 

lOJ— lUj 
100  — 10-j 

i-J 

,'; ,-  i 

ti  -tl 
li 

6  —51 
844-36 
lUO  -101*  3  18  6 
2?-- Sa/l  4  U  0 
i'f'~l'i\      3  11     6 


Jan,  July 
Mar,  Sept 
14  10  0  I  Jan,  July 
Jan,  July 
Jan,  July 
Not,  May 
May,  Not 
Feb.  Aug 
March  . , 
April,  Oct 
August ... 
April,  Oct 
April,  Oct 
Jan,  July 
Jan,  July 
Mar,  Sept 

Sept 

Sept 

Jan,  J  Illy 
Feb,  Ang 
Feb,  Aug 
June,  Deo 
Mar,  Sept 
Jan,  July 
May,  Not 
Jan,  July 
Jan,  July 
July  .... 
Jan,  July 

June,  Deo 
Mar,  Sept 
Feb,  Ang 
Feb,  Ang 
Mar,  Sept 
Feb,  Ang 

April,' Oct 

April 

Not  _.. 
May,  Not 
Jan,  July 


Bt.  4% 
10  6,0 
10  lO/O 
6  2/0 
61  6/0 
60    tiX 


Ui-U'J 

lb  -bu 

H-H 
9b  — »« 

10  —62 
103  —114 

20  -ili 
ilO  -62 
tJ-9 

i,r.„.c   .V   |.v.    .. i' 

ishOrd 2J-3| 


4  18  U 

8    6  0 

3  16  0 

11  12  0 


6  13 
6  11 

6  Itl 


Mar,  July 
Jan,  July 


June,  Deo 
June,  Dec 


lo'per  Cent.  Cum.  Pref.    

4J  per  Cent.  Deb 

20    6/0"   t  Direct  Vnitei  States  Cable 

100    4J5i      Direct  WeBtlndiaCable4jj;B«.I>b-(fd-) 

bt.   26/0      Eaalcrn  Ordinary - 

Do.    3i  per  Cent.  Pref.  Stock  

Do.    i  per  Cent.  Mort.  Deb.  6tk.  (red.) 

Eastern  Extension 

tDo.    4  per  Cent.  Deb.  Stock 

Easlerndi  S.Af.  4%  Mauritius  Bub.Debs. 
/O    t  G.N.  ("1  Copenhagen),  »ilhCoupon76 
IWI    41%  I   llBlil>i4Bermuda4i%lBlMt.  DMred.) 

26   62;B      Im-ij-huropean  ex.  all  

ICO   HI        Mecksv  Companies  Common  

HO    HI  1  o.    i'releience    

1  MarconisWireleBBTeleg.  Co.    „, 

'anhc  4  Europcn  Tel.4XGu»rJ)b»4r»d.) 

^eBl  Coast  01  America M 

Do.    4  per  tent.  Debs 

Kent  India  &  I'anama  

Do.    6  i^rteiil.  let  Pref  

10    1I-/0    Do.  C%2nd  Pre) - 

00    b'/i         Do.      D  per  Cent.  Debs 

10    8/0       V\       eru  lelegiaph _ 

tl    V/,  Do.      «  per  Cent.  Deb  block  (red.) 

.       4'.     '    \\etteiD  I'uicu  Telegh.  tl  000  4;;;  Bonds 


Bt.  17,6 

bt.  iX 

bl.  2/6 

100  *7, 

26  4X 


lao  4X 

2J  1/3 

luu  i% 

10  .. 

10  t/o 


H-m     '  6  li 

rj/i— 101%,  4     9 

liii-138  6    7 

99  —101  4     U 

lai  —132  6     6 

B44-«J  '  4     1 

104i-10bj  8  15 

118-1 1  >  ;  6 19 

102  —104      3  10 
lUU  —112  I  8  18 

ioi-27j  1  e   0 

99  —101  ,  4     9 

61i-6ir9  6  10 

hi)  —H  4  16 

74  — 7»  6     I 

9vi— loij 
l*'-li 
f.'*-lWi 
5-6 
b  -ci 
»  — b 
101  -108 

lai— !4 


H2S       .. 

101**      .. 

iLO.,    10   J 


Apr,  Oct 
Apr,  Oct 
May,  Not 

June,  Dec 
June,  Dec 
F,My,Ag,N 
F,My,Ag,N 
F,My,Ag,N 
Jn,Ap,Jy,0 

Feb,  Aug 

Feb,  Aug 

April,  Oct 

April, Oct 

Jul,  July  {     .. 
Ja,Ap,Jy,0     \H 

June,  Dec'  .. 
Ja,JIy,JjO!  Ill* 
jB,Jly,JjOj     Mil 

May,  Not  1     . . 
Ja,Ap,Jy,o:  U;;: 

Feb,  Ang   |     .. 

May,  Not 

Jan,  July 

June,  Deo 

May,  Not 
Ja,Ap,Jy,0 
Ja,Ap,Jy,0 

April.... 

June,  Dec 

May  .... 

Jan, July 

May,  Nov 

May,  Not 

May,  Not 

■       July 


.00     Mr,Jn,0,D 
loi:t-i04i'  »  18    t)     June,  Deo 

ee  -£b     I  4    i!    0  I 


Chili  Telephon. 
Monte  Video  Telephon 

Do.    6  per  Cent.  Pref. 

tNational  Co.  Pref.  Stock  

IDo.     Def.  Stock 

tDo.     6  per  Cent.  Onm.  Ist  Pref.   

t  Do.     6  per  Cent.  Cum.  2nd  Pref. 

tDo.     6  per  Cent.  non-Cum.  3rd  Pref.  ...i 

Do.     Deb.  Stock  3J  per  Cent,  (red.)    ... 

Do.    4  per  Cei  t.  Dob.  Stock  (red.) 

Oriental _ 

l>o.    6  per  Cent.  Cum.  Pref.  

Do.     4  per  Ceut.  Ked.  Deb.  Stock 

Telephone  Co.  of  Egypt4J%DbJ3tk.(red.) 
(United  River  Plate 

Do.     6  per  Cent.  Cum.  Pref. 

Do.    4J  Deb.  St.  Ked _ 

FINARCIAL  IRVESTMEIIT,  iLe. 

Eleo.  &  Gen,  InTostmeut  6%  Gum,  Frel. 

Globe  Telegraph  ti  Trust 

Do.    6  per  Cent.  Pref. 

Sabmsrine  Cables  Trust  (Cert.) 


i—\'i       6    8    0 


106  -1074 
12S  -125 
10  — ICJ 
10  — lOJ 


lo!  6/0 

91.'  44% 


lOli  .$13 
iou'  *3J 
loo   bX 

600!  6% 
Bt.l  6% 


eco,  6% 

St.  $1 

60lij  6% 

100  »J:i 


COLONIAL  AND  FOREIGN  ELECTRIC 
RAILWAYS,  TRAMWAYS.  Ac. 

Anglo-Argentine  5%  Cum.  1st  Pref.  .  . 

Do.     6%  Cum.  2nd  Pref.     

Do.     4%  Deb.  Stock 

Do,     4S%  Dell.  Slook  

Auckland  Elec.  Trams.  6%  Deb.  (red,)... 
BriBbane  Electric  Trams.  Invest.  Ord.... 

Do.     6  per  Cent.  Cum.  I'ref. 

Do.     ti  per  Cent.  Db.  Prov.  Certs 

British  Columbia  El.Ry.Df.  Ord 

tOo.     Pref.  Ord.  Block  

Do.     5%  Cum.  Perp.  Pref.  Stock 

Do.    44  per  Cent.  Ist  Mort.  Deba 

Do.     \  ancouver  Power  Debs 

Do.    4}%  Perp  Con.  Deb.  St 

BuanDB  Ayres  Lacroze  Trama  Ist  Mt.  Db. 
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X  iuiotlier  part  of  lliis  issue  will  be  found  two  articles  dealing  with  different  aspects 
of  a  question  which,  if  not  doing  so  at  the  present  time,  should  shortly  be 
engrossing  the  attention  of  electrical  engineers.  In  this  legislation-trammelled 
country  there  are,  apart  from  such  business  matters  as  whether  the  erection  of  a 
supply  station  will  be  justified  by  the  load  obtainable,  other  questions  which  prevent 
promoters  from  taking  up  an  electricity  scheme  in  rural  districts  quite  so  confidently  as  they 
might  otherwise  do.  The  result  of  this  timidity  is  not  pleasant,  as  witness  the  almost  entire 
absence  of  electrical  facilities  in  vilhiges,  rural  districts  and  even  small  towns,  and  when  we  read 
what  is  being  done  in  other  countries  as  regards  the  provision  of  electricity  supply  in  similar  areas, 
the  remarks  liable  to  be  passed  on  our  present  methods  are  the  reverse  of  complimentary.  Whether 
popular  requirements  will  undergo  a  change  facilitating  cheaper  distribution  is  a  point  with  which 
we  leave  to  the  prophets  to  deal,  turning  now  to  indicate  examples  of  work  being  done  in  Germany 
and  America  towards  providing  rural  districts  with  a  supply  of  electricity. 

One  of  the  articles  to  be  found  on  another  page  of  this  issue  describes  how  the  Germans  have 
solved  the  problem.  Several  large  stations  are  erected  in  convenient  positions  adjacent  to  a  source  of 
water  power  and  near  an  agricultural  district.  Power  is  then  delivered  by  a  cheaply-erected  overhead 
network  to  convenient  points  near  a  village  or  farm  where  the  pressure  can  be  stepped  down  and 
utilised  for  agricultural  or  domestic  uses.  Further,  isolated  consumers  are  able,  by  means  of  portable 
sub-stations,  to  tap  the  high-tension  mains  and  obtain  the  necessary  energy  exactly  where  they  want  it. 
It  may  be  contended  that  such  good  results  are  not  possible  in  this  country,  as  water  power  is 
not  available  to  any  great  extent.  There  are,  however,  other  methods  of  obtaining  cheap  power,  and 
in  a  country  where  the  population  is  so  concentrated  as  in  England,  the  number  of  inhabitants  per  acre 
is  greater,  and  therefore  the  length  of  pole  line  per  consumer  less  than  is  apparently  the  case  in  East 
Germany,  where  these  stations  are  now  working. 

On  the  other  hand  it  is  an  open  question  whether  we  are  really  so  destitute  of  water  power  as  is 
sometimes  believed  to  be  the  case.  It  is  true  we  have  no  Niagara,  but  there  are  in  parts  of  the 
country,  at  any  rate,  a  number  of  quite  respectably-sized  falls  near  enough  to  agricultural  or  rural 
districts  to  make  their  utilization  for  generating  an  electricity  supply,  quite  a  commercial  proposition. 

While  the  first  of  the  articles  already  cited  shows  the  producing  end  of  the  story,  the  second 
illustrates  how  the  electrical  energy  thus  supplied  may  be  cfliciently  utilised.  On  his  farm  in 
California,  Mr.  Franklin  has  made  good  use  of  his  electricity,  and,  in  fact,  seems  to  employ  it  for 
practically  every  purpose.     Such  an  example  should  not  be  lost  on  farmers  in  this  country. 

The  introduction  of  science  into  agricultural  work  has  greatly  increased  the  bearing  power  of  the 
land,  and  this  bearing  power  cannot  but  be  further  increased  by  the  application  of  engineering,  in  the 
form  of  the  electric  motor,  to  many  of  the  operations  now  performed  by  hand.  IMuch  is,  in  fact,  even 
now  being  done  in  this  way  on  large  estates,  and  we  must  therefore  contidently  hope,  and  agitate,  for 
the  removal  of  those  restrictions  which  now  press  so  hardly  on  electricity  undertakings,  so  that  the 
blessings  of  the  electric  drive  maybe  also  made  possible  to  the  small  farmer. 


ioppLEMBNi  is  issued  Gratis  to  Subscribers  to  "  The  Electrioiau." 
ExTHA  Copies  can  be  obtained,  price  4d.  per  copy,  post  free. 
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ana  CircuttBreakers* 


IN    view   of    Llie    fact    tiiat    tlie    inetliod    of    driving 
machiueiy  by  electricity  lias  come  so  much  to  tiie 
tore  in  recent  ycais,  and  that  a  considerable  poition  cf 
this  driving  k  eflectcd  Ijy  alternating-current  slip-ring  or 
squinel-cage    induction   motors,  the    following   points    in 


Fig.  1.    No- Volt  and  Overload  Starter,  for  Squirrel  Cage  Two-phase 
Motor. 

connection  with  their  starting  gear  will  doubtless  prove 
worthy  of  note.  The  aim  of  the  manufacturer  of  electrical 
switchgear  has  been  to  produce  apparatus  which  can  lie 
relied  upon  to    perform  satisfactorily  all  the  duties  for 


which  it  has  been  designed  and  installed,  and  in  this 
respect  Mr.  George  Ellison,  of  ISirmingham,  is  well  known, 
liis  firm  making  quite  a  speciality  of  this  class  of  work. 
"Within  a  very  short  time  several  new  types  of  alter- 
nating current  motor-starters  and  circuit-breakers  have 
been  put  on  the  market  by  Mr.  George  Ellison,  and  the 
more  interesting  ones  are  shown  in  tlie  accompanying 
illustrations. 


Fig.  2.— No-Volt  and  Overload  Starter,  for  Slip-Ring  Motor. 

Fig.  2  illustrates  a  patent  overload  and  no-voltage  re- 
lease starter  which  is  now  very  largely  used  with  equal 
success  in  connection  with  single,  two  and  three-phase 
slip-ring  type  induction  motors.  We  referred  to  the  detail.s 
of  this  starter  at  the  time  of  its  introduction,  and  we 
understand  it  has  becdme  very  jjopular  since.  Figs.  1  and  o 
illustrate  squirrel-cage  motor-starters  of  the  rlieo.-itatic 
type,  which  can  be  used  with  either  two  or  thi-ee-phase 
S([uirrel-cage  type  induction  motors.  It  will  be  noticed 
that  the.se  starters  are  fitted  witli  overload  and  no-voltage 
release  coils,  and  it  is  claimed   by  the  maker  that  after 


u  ...•••  "^^ 


Fig.  3. 


-No  Volt  and  Overload  Starter,  for  Squirrel  Cage  Threepliase 
Motor. 


numerous  comparative  tests  it  was  found  that  this  typo 
of  starter  was  not  only  superior  to,  but  siniider  and  much 
cheaper  than,  the  ordinary  compen.sator  or  auto-transformer 
in  ca.ses  where  the  motors  only  start  against  liglit  loads. 


Ill 
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Ficr.  4  shows  llie  general  appeuniuce  ut'  Uie  above  two- 
phase  squirrel-cage  type  motor- starter  fitted  with  a 
semi-enclosed  cast-iron  cover,  which  is  said  to  render 
contact  with  any  live  parts  of  the  apparatus  absolutely 
impossible.     Sqnirrel-cagc  motors,  as  is  well  known,  have 


Fig.  4, — Protected  Type  Starter. 

a  comparatively  high  starting  current,  and  for  this  reason 
the  above  starters  are  arranged  in  sucli  a  manner  that  the 
overload  release  coil  is  not  in  circuit  until  the  motor  is  up 
to  speed.  We  are  informed  that  the  same  starters  can  also 
be  made  completely  immer.sed  in  oil  hir  mining  purposes. 


Fig.  5.— Gas-tight  Mining  Panel  with  Oil  Break.     Circuit- 
Breaker  interlocked  with  Oil-immersed  Starter. 

Fig.  6  illustrates  a  dust-proof  starting  and  speed  regu- 
lating panel,  of  which  uhe  maker  has  supplied  a  con- 
siderable quantity  during  the  last  few  years,  specially 
designed  for  the  requirements  of  textile  mills.  These  panels 
consist  merely  of  tliree-pole  quick-break  switch  and  fuse 


n  a  dust-proof  cast-iron  box  mounted  on  the  lower  portion 
of  thepanel,  and  an  ordinary  three-phase  motor-starter  and 
regulator  operated  by  means  of  a  polished  brass  hand- 
wheel  and  fitted  with  a  glass  inspection  window.  The 
anangement  of  these  panels  is  extremely  neat,  simple  and 
robust,  and  in  spite  of  the  heavy  resistances  required  for 


Fig  6.  — Dust-tight  Textile  Panel  for  Starting  and  Speed- 
regulating  A.C  Motors. 

continuou.s-speed  regulation,  occupy  imly  a  comparatively 
small  floor  space.  In  place  of  the  three-pole  switch 
and  fuse  a  completely  enclosed  and  dust-tight  cir- 
cuit-breaker with  overload  an<l  no-voltage  release  is 
sometimes    supplied.      In    order    to    meet    tiie    require- 
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meuts  for  properlj'  desigued  ulternating-cuiTent  plain  slip- 
ring  type  motor-starters  and  circuit-breakers  for  mining 
purposes  ilr.  Geoi-ge  Ellison  lias  developed  some  oil-im- 
mei-sed,  gas-tight  and  tool-proof  switcligear  on  lines  which 
appear  to  differ  entirely  from  any  previous  designs. 

Fig.  7  illustrates  a  line  of  oil-immersed  plain  rotor- 
starters,  which  can  be  used  in  connection  with  single,  two- 
and  three-phase  induction  slip-ring  type  motor.'!.  These 
starters  have  the  contact  dial  and  resistances  fixed  to  a 
strong  cast-iron  cover,  so  that  the  whole  can  be  lifted  out 
of  the  oil-containing  tank  for  inspection. 

Simplicity  and  safety  are  essential  features  in  the  design. 
The  gear,  as  will  be  seen  from  Fig.  7,  is  completely  en- 
closed, and  parts  that  require  occasional  inspection  are 
readily  accessible  and  can  easily  be  examined  by  one  man. 


€ciip$e  Finings. 


THE  tendency  as  regards  lighting  at  the  pre.sent  day  is 
towards  what  may.be  called  the  indirect  method.  It 
is  no  longer  considered  tlie  proper  thing  to  simply 
suspend  a  lamp  from  a  ceiUng  fitting  or  fix  it  to  a  wall 
bracket,  leaving  the  filament  fully  exposed  to  the  eye. 
Many  designs  have  been  got  out  whereby  direct  glare  is 
avoided,  the  lamp  proper  being  contained  in  some  sort  of 
■■  bowl  '■  fitted  with  a  suitable  reflector,  so  that  while  good 
illumination  is  obtained  the  lamp  itself  is  invisible. 

One  of  the  latest  methods  of  doing  this  is  due  to  Mr.  G. 
Braulik,  and  is  illustrated  in  the  accompanying  figui'e.   The 


Fig    7.--Oil  Immersed  AC.  Starters. 


In  order  to  provide  for  protection  against  overload  and 
no-voltage  in  connection  with  these  oil-immersed  starters, 
the  maker  has  also  developed  a  line  of  mining  panels,  as 
illustrated  in  Fig.  5,  which  consist  of  an  oil-immersed  com- 
pletely gas-tight  three-pole  circuit-breaker  with  overload 
and  no-voltage  release  coils  and  an  oil-immerf,ed  rotor 
starter,  as  already  described,  mounted  on  a  very  substan- 
tial cast-iron  frame.  These  panels,  it  will  be  noticed,  can 
also  be  fitted  with  an  ammeter  or  a  horse-power  indicator 
as  required.  A  special  feature  and  radical  departure  from 
the  ordinary  oil-immersed  circuit-breakers  is  that  not  only 
the  brushes  are  under  oil  but  also  all  the  coils  are  com- 
pletely enclosed.  Starter  and  circuit-breaker  are  inter- 
locked in  such  a  manner  that  it  is  impossible  to  short-cir- 
cuit the  rotor  resistances  before  the  stator  circuit  of  the 
motor  has  been  closed.  Every  time  the  circuit-breaker  is 
opened  through  no-voltage,  overload,  or  by  hand,  the  starter 
also  comes  back  to  the  off  position  and  the  apparatus  is 
quite  ready  to  start  the  motor  again. 

These  panels  are  alisolutely  fool-proof,  and  the  simplicity 
of  their  design  enables  the  motors  to  be  started  up  by  an 
operator  with  no  electrical  experience  at  all. 

It  will  be  readily  admitted  that  proper  design  of  apparatus 
for  motor  starting  or  control,  especially  when  the  motors 
happen  to  be  of  the  alternating-current  type,  is  a  matter  to 
which  great  attention  and  mucli  time  must  be  given  before 
satisfactory  results  can  be  obtained,  besides  making  a 
piece  of  apparatus  which  shall  fulfil  all  possible  conditions 
from  both  an  electrical  and  meclianical  point  of  view,  it 
is  often  necessary  further  to  arrange  matters  that  the 
equipment  shall  be  gas  and  water-tight,  in  order  that  it 
may  be  used  in  mines  or  other  similar  jilaces.  From  the 
foregoing  description  of  :Mr.  Ceorge  Ellison's  switcligear  it 
appears,  and  we  think  our  readers  will  agree,  that  these 
critera  aie  adequately  fulfilled,  and  no  trouble  should  be 
experienced  in  its  employment. 


fittinu.  which  is  known  as  the  "'  Eclipse,"  consists,  as  will 
be  seen,  of  a  bowl  susjjended  from  the  supporting  hook  by 
two  chains.  The  lamp  is  carried  in  an  ordinary  bayonet 
fitting,  and  is  partially  enclosed  in  this  bowl.  In  the  fittmg 
illustrated  no  reflector  is  provided,  but  this  addition  can 
easily  be  made  when  desired.  In  this  particular  case 
metal   filament   lamps   of   high   candle-power,   say   up  to 


Standard  Eclipse  Fittiog. 

■100  c.p.,  are  utili.sed  ;  but  a  number  of  smaller  units  can 
also  be  fitted  as  arranged,  so  that  they  can  be  switched  on 
or  off  in  groups.  With  this  fitting  it  is  claimed  that  every 
ray  of  light  is  usefully  employed,  and  there  are  no  shadows. 
The  illumination,  it  is  further  claimed,  compares  favourably 
with  arc  lamps,  while  the  curient  consumption  is,  of  course, 
much  lesa. 
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THE     C-IVI.B.    PATENT 

AUTO-CONVERTER 

An  Entirely  New  Departure  in  Electrical  Design. 


Remarkably  Efficient. 
Self-Regulating. 

Compact. 
Self-contained. 


THE    ONLY    CONTINUOUS    CURRENT    TRANSFORMING    MACHINE 

ON   THE    MARKET   WITH    ONE   ARMATURE,   ONE   COMMUTATOR. 

ONE    SET    OF    BRUSH    GEAR. 

Reduces  supply  voltages  for  the  economical  working  of  Metal 
Filament  and  Arc  Lamps,  including  Cinematograph,  Bioscope, 
Stage,  Flame  Arcs,  &c.,  and   for 

AUTOMATICALLY    BALANCING    THREE-WIRE    CIRCUITS. 
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FERRANTI 

HOLLINWOOD,   Lancashire. 


LTD. 


POLYPHASE   METERS 

FOR  INDUCTIVE  UNBALANCED 
LOADS. 


€lectricltp  on  tDe  Land. 

As  the  ""  back  to  the  land  "  movement  is  at  tlie  present 
time  a  sort  of  war  cry  with  a  certain  set  of  poli- 
ticians, it  may  be  of  inteiest  to  oxir  readers  to  in- 
dicate the  progress  which  is  being  made  by  the  electric  drive 
in  this  way.  Unfortunately,  in  this  country,  progress 
in  this  direction  has  been  rather  slow,  but,  owing  to  the 
greater  facilities  as  regards  cheap  power,  more  has  been  done 
in  other  countries  and  especially  on  the  Continent  of 
Euroyje.  We  are  indebted  to  the  "  X.E.O.  Zeitung  "  for 
the  details  given  in  this  article. 

The  year  189.'5  saw  the  beginning  of  the  adopdon  of  elec- 
tricity in  agi-icultuial  operations,  the  powei-  being  supplied 
from  a  central  power  station  specially  erected  for  the  pur- 
pose. In  order  to  be  able  to  distribute  the  energy  at  the 
lowest  price,  the  undertakers  sought  to  emi)loy  water  power 
for  genera^'ing  y)urposes,  and  three  stations  driven  by  this 
means,  and  intended  to  supplv  current  for  agiicnltural  p\ir 
poses,  were  erected  one  after  anf)ther  in  the  east  of  fJeiinan\-, 
at  Vangerow-Lothu,  l^artin-Besswitz  and  Birnbaum  resjjec- 
tivcK".  The  first  of  these  was  cc|ui|)ped  with  hydraulically 
driven  sets  of  an  aggregate  capacity  of  .'iOO  i.'.p.,  while  a 
180  IT. p.  locomobile  was  installed  as  a  reserve.  This  station 
fed  fil  agricultmal  plants  and  five  villages,  comprising  a 
total  area  of  many  thousand  acres.  The  distributing  net- 
work was  8:")  miles  long  and  covered  an  area  of  105  s((.  miles. 
There  were  last  year  102  consumers  and  an  aggregate  of 
150  motors,  with  a  total  horse-power  of  1,115,  and  about 
5,000  lamps.  The  total  output  of  this  station  duiiiig  the 
same  period  was  440,000  units,  the  average  price  charged 
being  l-2d.  for  power  and  2-2d.  for  light  per  unit. 


The  second  of  these  stations  was  started  to  work  last  year, 
and  supplies  a  network  112  miles  long,  which  will  be  ex- 
tended to  l."57  miles  during  the  course  of  the  summer.  One 
bundled  and  eighty  motors  and  about  5,000  glow  lamps 
.ire  connected,  the  price  for  lighting  being  2-5d.  per  unit. 


Fig.  I.     Stationary  Tiansloinjcr  House  for  "Land"  Supply- 

An  adjustable  tariff  for  jinwer  is  in  force,  the  price  varying 
between  1-ld.  and  1-5(1.  per  unit.  Each  consumer  has  to 
guaiantee  a  mininuim  consumption  of  5  kw. -hours  per  acre. 
The  third  station  has  onlv  just  been  put  to  work,  10  con- 
sumers and  14  villages  having  been  connected.  When  in 
fidl  operation  this  station  will  serve  11)2,000  acres  and  five 
towns,  the  total  length  of  the  network  being  nearly  ?00 
n)iles.  Considering  the  speed  with  which  the  ])resent  agri- 
cultural |)ower  stations  have  been  erected  it  would  appear 


Fig.'.  2.— Poitable  Transformer  and  Convcrltr  Station  supplying 
Farm  Macfiinery. 

to  Ije,  only  a  few  year.i  before  wiiole  |)rovinces  are  covered 
with  feeders  cajjable  of  .supplying  electiical  eneigy.  Such 
(I(;vclopment  has  been  made  possible  by  the  use  of  high- 
tension  three-phase  current,  and  it  only  wants  suitable 
apparatus  to  supply   any  demands  that  may  be  made. 
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1  iree  small  ^v.  cs  ftxcl  t,.  ,nsi,lato,s,  whuh  ,,,  .InMr  turn  are  Hnch  transfornu-rs  an-  usuallv  erected  in  small  houses 

placed  on  wooden  or  iron  masts  can  carry  electrical  energy      such  as  that  shown  in  FIr.    i/  but  in  agricultural  work 
for  miles  across  field  and  woodland  and  over  water  to  the      where  the  power  is  re.|uired  first  in  one  ,7la,.,.  and    hen  in 


Fig.  3. — Electrically  driven  Railway  in  Agricultural  Districts. 


consumers.  Protective  apparatus  has.  of  course,  to  be  pro- 
vided at  places  where  roads  are  crossed  to  prevent  man  or 
beast  being  damaged,  and  protection  to  the  line  fiom  light- 
ning must  also  be  ensured.     At  places  where  current  is  to 


Fig.  4.— Portable  Sub-stallon  lor  "  Land  '  Purposes. 

be  used,  or  at  the  entrance  to  villages,  step-down  tran.s- 
formers  are  erected  in  order  that  the  energy  mnv  be  em- 
ployed at  a  lower  voltage. 


another,  a  portable  sub-station  such  as  that  shown  in  Fig.  -1 
is  used.  This  can  be  placed  at  any  suitable  spot  and  con- 
nected by  means  of  "  flexibles  "  to"  the  high-tension  cables. 
The  low-tension  current  obtained  from  the  transformer 
can  then  be  supplied  to  the  machinery,  as  shown  in  Fig.  2. 
The  farmer  is,  therefore,  able  to  obtain  power  at  any  re- 
quii-ed  place,  and  can  work    the  various  agricultural'  ma- 


TRUBJIERZHO.. 


Hombrechtikon,  Zurich, 

ESTABLISHED   1893. 

Manufacturers  of  Electrical  Instruments  of  all  kinds. 


Electrom.ignctic  Voltmeter  (or  CO.  .ind  A.C. 

Type  E  A  V. 


Voltmeters,  Ammeters  and 

Wattmeters  for 

Switchboards,  Controllers 

and  Laboratories. 


Recording  Instruments. 

Electricity   Supply    Meters 

for  all  current  strengths 

and  pressures. 


RELIABLE  AGENTS   REQUIRED. 
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chinerr  by  electrical  means.  Such  an  arrangement  should 
do  much  towards  developing  the  use  of  electricity  on  the 
land. 

Another   veiv  useful  apparatus,  for  wliirh    elec- 
tricity may  be  used  in  agi-iculture  or  even  in  in- 
dustrial work",  is  the  locomotive.     The  question  of 
tran.sferring  goods   to   the   nearest    railway   is    of 
the  highest  importance.     On  account  of  the  ea.se 
with  which  chea])  electric  current  in  large  <jnan- 
tities    can    be    obtained    from    the.se    agricultural 
stations,  the  electric  locomotive  is  specially  useful 
on  railways  which  are  used  for  conveying  indus- 
trial produce  from  the  place  of  production  to  the 
main  line  system.     An  example  of  such  a  railway 
is  shown  in  Fig.  ."5.     The  worlr  is  carried  on  by 
twfi  four-axle  electric  locomotives,  each  having  a 
capacitv  of  58  h.p.,  and  capable  of  running  at|a 
speed   of  16  miles  an    hour.     The   weight   of  the 
motors  is  (!  tons.  On  account  of  the  fact  that  this  weight  is 
distributed  over  eight  wheels  the  pressuie  on  each  does  not 
exceed  that  on  the  waggons  used.     These  locomotives  can 
draw  -")0-ton  trains  up  a  gradient  of  1  tO  with  the  greatest 
ease,  and  have  replaced  00  horses  which  used  formerly  to  ba 
employed  dining  busy  times.     By  the  introduction  of  elec- 
tric traction  the  weight  of  produce  handled  during  the  year 
is  now  '2\  times  as  great  as  it  was  three  years  ago.      It 
would,  therefore,  appear  desirable  that  electric  railways  of 
this  description  should  be  much   extended,  as    their    use 
would  seem  to  be  loi  the  benefit  of  all  concerned. 


Bolton.  A 
ingenuity  of 
of   a    stoker 


problem  wliicli  has  been  exorcising  the 
this  firm  fm;  some  years  is  the  evolution 
which    shall    be   suital)le   for    use    in    paper 


Bennis  6ritk$$  Cokiiifl  $toker> 

THE  qnestifjn   of  mechanical  stokers   is  an  interesting 
one  to  electrical  engineers  at  the  present  time,  for 
we  have  been   told   by   many   eminent   authorities 
that  the  boiler  house  is  the  only  part  of  the  generating  station 
in  which  further  economies  can  be  expected.     Several  firms 


Fig.  1.— General  View  ol  Bennis  Gritless  Coking  Stoker 

have  given  their  special  attention  to  this  subject,  and 
among  these,  and  certainly  not  the  least  successful,  may  be 
placed  ^lessrs.   Ed.   Bnnnis  k  T'o.,  Ltd.,  of  Little  Hulton, 


Fig.  2.--End  Elev.ition  of  Gritlers  Stoker. 

mills.  The  problem  to  be  faced  was  the  proper  con- 
sumption of  the  carbon  before  it  reached  the  smoke  stack, 
and  thus  to  prevent  the  smuts  and  grit  from  finding  its  way 
into  the  "  half-stulf  "  with  dire  results  to  the  paper. 

Without  going  at  any  great  length  into  the  vicissitudes 
wliich  were  met  with  in  solving  this  pioblem  we  may  simply 
say  that  it  has  now  been  successfully  solved,  and 
we  give  a  description  of  the  apparatus  known  as 
the  Gritless  Coking  Stoker,  by  means  of  which 
successful  results  in  this  class  of  work  have  been 
achieved. 

The  new-  Bennis  patent  high-temperature  coking 
stoker  consists  of  a  machine  fitted  with  a  hopper, 
into  which  the  fuel  is  fed  in  any  ordinary  way. 
The  bottom  of  this  hopper  is  provided  with  cut-ofis 
which  are  isolated  entirely  from  the  fire  at  sncli 
times  as  it  is  d-siiwl  to  stop  the  operatiim. 
Underneath  the  cut-offs  are  placed  dnjilicate  feed 
boxes,  which  aie  fed  with  reciprocating  feeder  rams, 
and  by  which  coal  is  fed  into  the  furnace  at  inter- 
vals and  alternately.  Between  these  boxes  a  sight- 
hole  door  is  provided,  through  which  the  state  of 
the  fire  at  any  time  can  be  seen,  and  this  sight-hole 
is  of  a  good  size  so  that  an  excellent  view  of  the 
furnace  is  obtained.  The  rams  mentioned  abo\' 
are  worlced  by  a  pair  of  double  adjustable  scroll 
cams  which  arc  controlled  by  hand  nuta.  This 
control  allows  the  feed  to  be  adjusted  very  gradu- 
ally over  wide  iiinits. 

.\   \'iTV   wide  fire  door  is  fitted  below  tfu'  fecilrr 

boxes.     'J'his  cuts  off  the  air  and  prevents  its  entiv 

into  the  front  of  the  furnace.     Below  the  fire  doi.r 

a  series  of  special    dead  |)late  bars  are  provided.      These 

bars  arc  somewhat  p;ira(loxica!ly  known  as  live,  owmg  to 

the  fact  that  they  aie  designed  to  admit  air  under  pressure 
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so  as  to  obtain  a  rajjid  lighting  up  of  tlie  fuel.  This 
practice  is,  it  is  claimed,  confined  to  the  Bennis  coking 
stoker.      Below   these   bars   is    placed    the    main  furnace. 


which  arc  propoitioned  to  the  thickness  of  the  fire  on  a  grate 
at  each  point.  The  rated  amount  of  air  is  tlius  auto- 
matically fed  in  to  burn  th  c  fuel  that  is  on  the  bars.  At  the 
bar  end  of  the  furnace  a  dumping 
plate  is  provided  so  that  the 
clinker  may  not  drop  off  the  end 
of  the  bar  and  leave  a  bare  .space. 
This  last  advantage  is  not  the 
only  one  claimed  for  the  new 
f.toker.  It  also,  it  is  .said,  possesses 
the  power  of  rapidly  lighting  back, 
so  that  a  much  larger  amount  of 
fuel  can  be  put  off  the  furnace 
then,  while  the  scrubbing  of  the 
coke  by  the  air  blown  into  the  fire 
gives  a  high  and  even  tempera- 
ture, which  is  so  much  desired  by 
boiler  house  economists.  Great 
flexibility  is  obtained  by  the  way 
in  which  the  air  supplied  to  the 
furnace  can  be  regulated,  while 
only  two  adjustments  have  to  be 
made  by  the  fireman,  one  for 
altering  the  rate  of  feed,  and  the 
other  for  altering  the  air  valve. 


Gritless  Stoker. 


Brush  ?ans. 


w 


which  consists  of  powerful  Bennis  self-cleaning  com- 
pressed air  furnace  bars,  the  bars  in  which  move  to 
and  fro.  Owing  to  a  s))ecial  arrangement  of  the  two 
outside  bars,  however,  the  fuel  does  not  travel  as  rapidly 
away  from  the  front  as  from  tlie  rest  of  the  fnrnace,  so  that 
there  is  always  a  white  hot  fire  near  the  front  at  the  two  sides, 
and  the  blast  here,  through  the  fine  air  space  in  the  ])ars  and 
of  the  live  dead  ])late  bars,  is  such  that  the  whole  of  the 
fuel  fed  acro.ss  the  fire  is  lighted  up  within  a  few  inches  of 
the  live  dead  plate  bars,  at  such  a  speed  that  the  machine 
will  burn  at  about  as  high  a  temjierature  as  a  spiinkling 
stoker. 

Unlike  the  operation  in  an  ordinary  coking  stoker,  in  the 
Bennis  coker  the  fuel,  as  it  leaves  the  dead  plate,  tumbles 
over  several  inches,  and  as  it  tumbles  is  split  up  into  small 
pieces,  so  that  the  air  is  allowed  full  play  over  the  whole 
mass.  The  result  is  that  the  hre  pit  becomes  (|uite  ])orous. 
The  fuel  is  then  travelled  backwards  along  tlic  compressed- 
air  furnace  bars,  wh(>re  it  meets  air  at  various  ]nessures. 


!''  are  pleased  to  call  at- 
tention to  the  excellent 
series  of  fans  obtainable 
from  the  Brush  Electrical  Engi- 
neering Co.  The  box-lilade  is,  as  an  inspection  will 
show,  a  well-finished  and  thoroughly  reliable  article.  It 
is  fitteil  with  an  enclosed  ventilator  motor  of  good  work- 
manship and  design,  wound  for  circuits  up  to  250  volts 
and  for  either  direct  or  alternating  current.  The  blades 
are  of  special  construction  and  run  with  an  absence  of 
noise.  They  are  manufactured  in  several  sizes  from  12  in. 
to  60  in.  diameter,  while  a  regulator  can  be  provided  with 
the  direct-current  fans,  if  desired,  to  give  five  different 
.speeds. 

In  addition  to  the  box-blade  type  the  Brush  Vo.  also 
makes  porthole,  ceiling  and  desk  fans  of  various  designs.  A 
fan  price  list  is  available,  and  will  be  forwarded  on  request. 

An  interesting  example  of  another  type  of  fan  is  the 
table  or  desk  fan,  designed  for  use  with  a  6  or  12  volt 
battery  of  dry  cells  or  accumulators  which  are  contained 
in  a  very  neat  box.  The  blades  are  9  in.  in  diameter,  and 
the  whole  fitting  is  mounted  on  a  wood  base  complete  with 
starting  switch  and  terminals.  The  net  weight  of  this 
fan  is  only  !)|lli. 


THERMAItd  sghwanden, 
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ELECTRIC     FLAT     IRONS.     COOKING     APPARATUS.     OVENS. 
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Industrial  Purposes. 
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All  communications  should  be  addressed  to  the  Editor,  "The 
Electrician '  Industrial  Supplement,  1,  2  and  3,  Salisbury 
Court,  Fleet  Street,  London.  E.C. 

Cofy  for  Text  or  Advertisement  pa^esjor  next  issue  ftil/iishin^  on  Sep- 
tember 17th,  should  reach  the  above  address  by  Tuesday,  September  7th. 

Manujadurers,  Contractors,  Central  Station  Engineers,  and  those 
interested  in  Electrical  Iiuiustrial  Developments  are  cordially  invited  to 
contribute  original  matter  to  the  SUPPLEMENT,  and  when  suitable 
this  will  be  inserted  as  space  permits. 


Filing  Case  for  "The  Electrician  "  Industrial  Supplement. 

The  Industrial  SUPPLEIIENT  is  holed  for  filing,  and  we  are 
distributing  cases  which  will  hold  twelve  issues.  On  request  a  case 
will  be  sent  to  Consulting,  Manufacturing,  or  Contracting  firms  ;  to 
Chief  or  Resident  Engineers  of  Electricity  Supply,  Traction  or  Power 
Stations  ;  to  any  firm  of  Merchants  or  Agents  ;  to  Railway,  Tr.amway, 
Dock,  Harbour,  or  other  companies  interested  in  the  apphoations  of 
Electric  Power,  &c.,  to  their  undertakings;  and  to  other  large  con- 
sumers of  electrical  energy,  either  at  home,  in  the  Colonies,  or  abroad. 

A  portion  of  each  issue  of  the  SUPPLEMENT  is  reserved  for  special 
circulation  oversea. 


€dirorial. 


In  our  last  i.s.suL'  \vc  were  led  to  express 
"Pes^mism^  ^^^  opinion  that  during  the  present  state  of 
depression  it  was  hard  to  feel  optimistic  aliout 
the  future.  But  at  the  same  time  we  did  not  mean  to 
imply  that  the  future  would  not  be  brighter  than  the  pre- 
sent, and  indeed  took  upon  ourselves  the  task  of  enlightening 
the  present  gloom  liy  indicating  some  ways  in  which  mat- 
ters might  be  improved.  That  this  method  of  procedure  is 
not  to  the  liking  of  all  our  readers  is  evident  from  a  short 
paragraph  on  the  subject  which  has  recently  appeared  in 
one  of  our  contemporaries,  known  as  the  "Journal  of 
Gas  Lighting,"  though  one  cannot  help  thinking  that  the 
"  Journal  of  Electric  JJghting  "  would  be  a  better  cognomen^ 
seeing  the  large  amount  of  space  that  is  often  given  in  its 
columns  to  criticism  of  the  latter  method  of  illumination. 
While  complaining  that  our  article  begins  pessimistically 
and  ends  optimistically,  they  are  pleased  to  find  us  not  per- 
petually ill  at  ease,  as  such  a  stale  of  things  would  doubtless 
detract  from  the  gaieties  of  competition.  Such  sjlicitude  is 
indeed  touching,  and  one  may  be  allowed  to  express  the 
polite  doubt  whether  all  is  as  well  with  the  gas  industry 
as  some  would  have  us  lielie\fc.  A  form  of  illumination 
which  apparently  requires  so  much  boasting  of  its  own 
merits,  and  so  much  detraction  of  its  o])ponent's  advantages 
to  keep  it  going,  is  not  neces.sarily  in  the  pink  of  condition. 
There  is  a  well-known  proverb  relating  to  the  volume  of 
sound  emanating  from  empty  vessels.  I'erhaps  the  .><aine 
statement  ajiplies  also  to  gasometers.  However  that  may  be, 
we  are  conhdent  that  the  time  is  shortly  coming  when  elec- 
tricity will  bo  a  much  more  .serious  competitor  in  domestic 
heating  and  cooking  and  that,  though  there  may  lie  now 
000,000  gas  cookers  in  use  in  the  London  area,  the  lime 
when  they  will  be  much  less  numerous  and  even  near  to 
vanishing  point  is  not  so  far  off  as  some  people  seem  to  think. 


Electrical  '^^^^  ^'"^^  ^^^^  ""^^  arrived  when  greater 

Energy  from    care  mu.st  be  taken  of  our  coal  supplies  in 
order  that   a  dangerous  depletion    of  the 
amount  yet  available  may  be  avoided.     To  provide  the 
necessary  power  for  industrial  work  under  such  conditions 
electricity  generated  by  water  power,  oil  or  gas  obtained 
from  .some  low  quality  coal,  not  possessing  a  high  enouj^h 
calorific  value  to  be  used  direct,  is  pre-eminently  suitabli-. 
Even  with  these  fuels  available,  others  are  likely  to  be 
needed,  and  attention  has,  therefore,  been  turned  to  peat, 
large  natural  sources  of  which  exist  in  certain  parts  of  the 
world,  notably  in  Ireland  and  in  districts  of  Germany.    As 
a  fuel,  peat  has  long  been  used  for  domestic  purposes,  but 
from  the  industrial  point  of  view  it  possesses  the  great 
disadvantages  that  in  its  oiiginal  state  it  contains  a  very 
high  percentage,  from  85  to  95  per  cent.,  of  water  which 
must  be  reduced  as  far  as  possible  before  it  is  used.     A  peat 
containing  25  per  cent,  of  water  is  considered  as  a  good 
fuel   for   general   purposes,   but   such   a   state   of  dryness 
reijuires  six  or  seven  weeks  to  obtain,  even  imder  favourable 
conditions.     From   the   industrial   point  of   view   a  great 
advance  has,  therefore,  been  made  by  the  introduction  by 
a  well-known  firm  of  engine  makers  of  a  producer  which  will 
work  satisfactorily  with  peat  containing  ()0  per  cent,  of 
moisture.     By  using  this  producer  raw  peat  can  be  employed 
\-ery  soon  after  its  removal  from  the  bog,  and  the  long 
interval  which  was  formerly  necessary  to  allow  the  peat  to 
be  dried  is  now  reduced  to  a  veiy  short  time.     Further,  by 
exposing  the  raw  peat  to  a  high  temperature  and  moderate 
pressure  a  great  part  of  the  moisture  can  be  artificially 
extracted  very  much  more  quickly  than  by  natural  methods. 
Turning  to  the  economic  side,  which  is  naturally  all  im- 
portant, it  was  recently  stated  by  Capt.  Sanke}',  after  he 
had  gone  into  the  question,  that  dry  peat  would  cost  3.s. 
per  ton  at  tlie  producers,  supposing  these  to  be  near  the 
bog.     On  a  calorific  basis  this  would  be  equal  to  coal  at 
Is.  6d.  per  ton,  so  that  peat  appears   to  possess  certain 
]jotential  advantages.     It  has  further  been  stated  that  the 
gas  from  such  peat  producers  is  quite  suitable  for  use  in 
the  ordinary  gas  engine,   so  that  no  difficulties  need  bo 
anticipated  on  this  score.     It  is  interesting  to  note  in  tlii : 
connection  that  works  are  now  being  erected  near  Aurich, 
({eimany,  for  the  purpose  of  utilising  peat  in  generating' 
clectiicity.     The  energy  thus  jii'oduced,  which  is  estimated 
at  i',0(X).()(K)  kw.  hours,  will  be  used  by  the  German  Govern- 
ment on  the  new  harbour  works  at  Emden.     It  will  there- 
fore be  seen  that  very  definite  steps  arc  being  taken  towards 
the  utilisation  of  this  new  fuel.     In  districts  where  it  is 
easily   available   its  employment  should   be  economically 
advantageous,  but  whether  the  same  would  apply  in  other 
districts  seems  decidedly  open  to  ([uestion  at  the  present 
lime. 

.,    .      ,       .         The    siibi(M-t    of    motor    loads    gencialiv 

Motor  Load  ^  .     i 

and  being    fine    of   great   interest   to   electrical 

Population.     ,,„„i,„,,,,.^   ^i    tijg    present   time,  it   is  not 

iniim])ortant  to  consider  the  question  from  a  .statistical 

[loint  of  view,  and  to  find  out  how  this  load  depends  on  the 

population  of  or  on  the  industries  carried  on  in  a  particular 

town.     Such  an  investigation  has,  in  fact,  been  made  ly 

our  contemporary,  the  "  Electrical  Review  and  Western 


il9 


SUPPLEMENT  to  "The  Electrician."  August  20.    1909. 


REYROLLE 


TOTALLY   ENCLOSED 


Fitted  with  Patent  Resistance. 

No  Resistance  Wires  to  Fuse 
or  Break. 

Particularly   suitable   for   wet 
or  dusty  locations. 


Can  be  made  Flame  and  Ex- 
plosion Proof  if  required. 


-«-. 


LOW  PRICES. 


Motor  Starters. 


Works:  HEBBURN-ON-TYNE. 


Electrician,"  witli  some  interesting  results.  It  would 
naturally  be  thought,  for  instance,  that  towns  possessing 
large  stations  would  be  in  a  better  position  to  supply  energy 
at  cheaper  rates  and  would  therefore  have  a  larger  load  per 
thousand  of  population,  the  unit  adopted  l>y  our  contem- 
porary, than  the  smaller  towns.  But  this  is  not  the  case. 
In  fact,  to  quote  our  contemporary  : — 

Generating  staticms  ui  large  cajiatity  are  sii)ipiised  to  sliuw  high  elli- 
ciency  and  to  attract  motor  loads  by  low  rates,  but  it  appears  that  some 
of  the  lowest  annual  incomes  per  hor.se  power  of  motors  served  are  found 
in  the  small  cities  and  the  towns.  While  large  cities  with  diverse  lines 
of  manufactures  may  appear  to  offer  the  best  fields  for  motor  loads  on 
electrical  supjily  systems,  the  fact  is  that  rather  small  places  with  only 
two  or  three  important  industries  often  lead,  not  only  in  the  horse  pnwci 
of  motors  per  thousand  of  population,  but  in  total  horse  power  as  well. 

As  the'result,  all  the  electrical  undertakings  with  a  motor  load 
exceeding  900  h.p.  were  considered,  the  smallest  having  a 
load  of  935  H.p.  and  the  laigest  40,000  h.p.  It  was  then 
found  that  the  largest  motor  load  per  thousand  of  inhabi- 
tants was  108  H.p.  in  a  town  of  13,000  inhabitants,  and  the 
smallest  11-2  h.p.  in  a  town  of  more  than  100,000  inhabi- 
tants. In  making  such  a  comparison  there  are  many  things 
to  be  considered  before  the  figures  can  be  taken  just  as  they 
stand.  The  type  of  supply  is  one  of  these.  This  seems  to 
be  as  various  in  the  United  States  as  in  this  country,  and 
is  a  factor  which  cannot  be  without  influence  on  the  motor 
load.  The  supply  voltage  is  another  similar  factor.  On 
the  other  hand,  it  must  not  be  forgotten  that  in  a  large 
town  there  is  probably  a  greater  percentage  of  merely 


lesidential,  or  at  least,  not  manufacturing,  population, 
who  will  never,  even  imder  the  most  enlightened  conditions, 
recjuire  more  than  a  relatively  small  amount  of  energy  for 
power  purposes.  Again,  the  activities  of  the  supply 
department  have  not  improbably  a  very  wide  influence  on 
the  motor  load.  There  may  be  small  towns  with  very 
active  canvassers  and  large  towns  with  canvassers  of  quite 
another  description.  These  statistics,  though  interesting, 
.should  not,  therefore,  be  used  for  "  political "  purposes,  as 
so  much  depends  on  local  conditions  and  on  other  factors 
which  cannot  be  indicated  bv  mere  figures. 

~-e.    n    s  ■         -"^  section   of   industrial  work  in   which 

The  Electric  .       ,   . 

T>rive  in  tlie  elcctvic  drive  is  experiencing  au  ever 
Laundries,  gieater  development  is  in  laundries.  That 
such  is  the  case  can  only  be  looked  upon  as  a  very  valu- 
able testimonial  for  this  form  of  power  production,  as  a 
steamy,  moisture-laden  atmosphere  is  far  from  being 
ideal  for  such  a  class  of  raacliiueiy.  As  regards  the 
motors,  those  of  tlie  continuous-current  type  are  found  to 
be  the  most  advantageous,  owing  to  the  great  ease  with 
which  they  can  be  regulated,  but  the  employment  of  induc- 
tion motors,  with  short-circuited  rotors,  should  for  obvious 
reasons  be  worth  considering.  Besides  the  actual  driving 
of  machinery,  electricity  can  also  find  a  useful  application 
in  laundry  work  for  such  purposes  as  irons,  gofleriug 
machines  and  the  other  apparatus  which  is  necessary  to 
make  the  appearance  of  modern  man  and  woman  what 
it  is. 
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€kctrical  Oraan  Blomina. 

OKGAN  blowing  i.s  a  .subject  of  whicli  very  little  is 
heard  by  the  "  man  in  the  .street,"  although  it  plays 
a  very  iiiipjrtaQt  part  in  practically  every  church 
and  chapel  in  the  world.     The  ncces.sary  power  required 
for  "  blowing  the  bellows "  was  until  comparatively  re- 
cently supplied  by  the  organ  blower,  whose  art  lay  in  so 


Fig.  I. — Electrically  driven  Organ  Regulator. 

nianipulating  the  ajjparatus  that  the  pres.sure  remained  a.s 
.steady  a.s  possible  under  all  conditions  of  the  organist'.s 
playing.  With  the  advance  of  mechanical  power  this 
method  has  in  some  cases  been  superseded  by  the  installa- 


tion of  water  turbines,  where  conditions  are  favourable,  but 
of  late  years,  where  electric  current  is  available,  tlie  "elec- 
tric drive"  has  been  used  to  very  groat  advantage  in  many 
instances. 

With  a  view  to  catering  in  this  particular  direction  the 
Adnil  Electric  ( 'o.,  of  Artillery-lane,  London,  have  made  a 
study  of  electrical  organ-blowing  outfits  for  some  time 
past,  details  of  which  will  doubtless  interest  our  readers. 
The  general  arrangement  for  continuous-current  supply 
consists  of  a  motor  driving,  by  means  of  a  belt  or  silent 
chain  drive,  on  to  a  crankshaft,  which,  in  turn,  drives 
the  wind  feeders.  The  motor  u.sed  is  of  the  slow  speed  type 
designed  for  silent  working,  while  at  the  same  time  the 
speed  is  capable  of  regulation  from  full  working  load  down 
to  zero.  Perhaps  the  most  important  feature  is  the  con- 
troller for  automatically  regulating  the  speed  of  the  motor 
to  suit  the  quickly  varying  condition  of  the  bellows.  The 
controller  used  with  these  special  sets  is  Marple's  patent 


Fig.  2, — Blowing  Arrangement  used  with  A.C.  Motors. 

regulator,  illustrated  in  ilg.  1,  which  has  been  designed 
to  give  the  speed  regulation,  while  at  the  same  time 
the  necessary  starting  gear  is  provided  in  the  one  piece 
of  apparatus.  The  simplicity  of  this  arrangement  is 
shown  by  the  fact  that  to  start  the  blowing  gear  the 
organist  has  only  to  close  a  switch,  and  the  motor 
immediately  rotates  automatically.  The  regulation  of 
the  controller  is  effected  by  means  of  a  llexible  wire 
cable  connected  to  the  liellows  over  pulleys,  the  pull  of  the 
moving  jiortion  of  the  bellows  being  balanced  by  a  weight 
attached  to  the  controller  handle  and  capable  of  moving  the 
controller  back  when  the  wind  pressure  raises  the  bellows. 
As  the  wind  is  u.sed  the  motor  increases  its  speed  auto- 
matically, and  vice  versa,  always  keeping  the  bellows  full 
of  wind  whatever  the  demand  made  by  the  organist. 


121 


SUPPLEMENT  to  "  The  Electrician."  August  20.  1909. 


For  use  vvhoro  the  current  supply  is  "  alternating,"  and 
where  consequently  slow-speed  motors  cannot  be  supplied, 
a  countershaft  is  placed  between  the  motor  and  the 
bellows,  a  typical  arrangement  of  wliich  is  shown  in  Fig.  '1. 
The  motor,  whicli  is  one  of  the  "  Adnil"  self-starting  typo, 
can  be  started  or  sto])ped  by  tlie  operation  of  a  single 
switcli  at  the  organ  console,  the  whole  making  a  very  neat 
arrangement.  In  this  case,  as  tlie  speed  of  alternating 
motors  cannot  l)e  controlled,  a  mechanical  device  has  to  be 
supplied,  either  by  varying  the  speed  of  the  crankshaft  or 
arranging  for  an  overflow  valve  to  come  into  operation 
when  the  bellows  are  full. 


Fig.  3. — Direct-Coupled  Motor  and  BIow^t 

These  two  arrangements  are  for  use  wlicn  the  bellows 
are  already  installed  and  it  is  re([uired  to  adapt  tliem  to 
the  electric  drive.  The  Adnil  Electric  Co.  also  supply  a 
combined  set  for  installing  with  new  organs.  One  of  these 
for  direct  current  is  shown  in  Fig.  3,  consisting  of  a  motor 
direct  coupled  to  a  fan  blower.  Tlie  wind  is  forced  by  the 
blower  through  suitable  trunks  into  the  reservoirs,  and  the 
speed  is  controlled  by  a  Marple's  patent  regulator  in  tlie 
same  manner  as  previously  described.  It  is  claimed  that 
this  fan-blower  is  the  onlj-  type  whicli  will  develop  the 
desired  wind  pressure  without  greatly  increasing  the  tem- 
perature of  the  air. 


Fig.  4. — Belt-driven  Blower, 

The  electric  motor  has  several  distinct  advantages  for 
tliis  kind  of  work,  not  the  least  of  which  may  be  mentioned 
convenience  and  reliability.  An  electrically-driven  organ 
blower  is  always  ready  for  use,  and  the  organist  is  entirely 
independent  of  outside  help.  It  is  also  claimed  tiiat  tlie 
cost  of  running  is  reduced  very  considerably  by  the  use  of 
electric  power,  while  the  initial  outlay  is  comparatively 
small,  talcing  into  consideration  the  resulting  reduction  in 
maintenance  expenses. 


Rope's  Patent  Sprinfl-on 
$u)itcl)  yu$e> 

Till',  design  (jf  swiLcli  fuses  is  a  suljjfcot  wliich  is  receiv- 
ing a  good  deal  of  attention  at  the  present  time. 
All  makers  who  have  the  matter  in  hand  are 
endeavouring  to  reach  the  same  end,  but  many  different 
ways  are  being  employed  for  so  doing.     Xot  the  least  in- 


Fig.  1.— Hope  Switch  Fuse  (closed). 

teresting  of  these  is  that  adopted  by  Messrs.  Parmiter,  Hope 
&  Sugden  in  their  Hope  patent  spring-on  switch-fuse,  which 
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is  illustrated  herewith.  It  is  mmle  in  both  the  two  and 
three  pole  types,  and  its  production  has  been  a  matter  which 
lias  liad  niucli  careful  attention,  the  finished  article  being 
the  result  of  considerable  expeiimenlal  work. 

The   following  special  ]ioints  iu  connection  with    this 
spring-on  switch-fuse  are  olainieil  :  Tiie  operation  of  the 


Fig.  2.-  Hope  Switch  Fuse  (open). 

switch  is  independent  of  the  liaudle  and  both  "  make  "  and 
"  break  "  are  as  positive  and  quick  as  possible.  The  break- 
ing of  the  switch  is  not  dependent  on  the  spring,  but  has  a 
mechanical  "  kick-off."  Tlie  switch  is  locked  in  both  "  on  " 
and  "oil"'  positions, and  can  be  left  intermediately  between 
"  full  on  "  and  "  full  off."  Tin;  whole  of  the  operating 
mechanism  is  contained  in  the  lid,  and  consequently  when 
the  fuses  require  renewing  the  cimneclions  are  all  clear  of 


Fig.  3.--"Ajax"  Switch  (closed'. 

any  live  parts.  Only  the  four  contacts  are  actually  alive 
at  any  time,  consequently  tliere  is  small  chance  of  leakage. 
The  switch  fuse  projjer  is  interlocked  with  the  cover,  so 
that  the  case  cannot  be  opened  until  tlie  switch  fuse  is  in 
the  "  off  "  position,  and  the  case  cannot  be  closed  unless  it 
is  in  this  position.     In  general  construction  the  switch  fuse 


Fig.  4. — "  Aiax  ''  Switch  (open). 


is  very  similar  to  Messrs.  I'armiter,  Hope  &  Sugden  s  well- 
known  Ajax  switch,  and  is  ecjually  gas  and  water  tight.  It 
is  specially  recommended  for  use  witli  motors  driving 
textile  machinerv. 


Or  Dap  Coaas- 


IN  the  early  days  of  the  electricity  supply  industry  the 
lighting  load  was  inevitably  the  part  on  wliicli  the 
gfeat(!st  attention  was  concentrated.  Lighting  was, 
in  fact,  in  many  cases  the  oidy  purpose  for  which  electricity 
was  supplied,  any  power  load  being  of  quite  an  auxiliary 
natui'e.  At  tlie  present  time,  on  tlie  other  hand,  while  per- 
haps the  number  of  units  supplied  for  lighting  from  the 
majority  of  stations  exceeds  tliat  supplied  for  power,  the 
power  load  is  becoming  of  increasing  importance,  and  on 
this  importance  the  future  prosperity  of  tlie  station  will 
doubtless  to  a  great  extent  depend. 

In  the  case  of  a  station  supplying  a  purely  lighting  load 
it  is  necessary,  as  is  well  known,  to  have  plant  available  to 
meet  a  large,  but  almost  momentary,  demand  at  a  certain 
time  of  the  tlay.  For  the  remainder  of  the  twenty-four 
hours  quite  a  large  proportion  of  the  plant  may  be  idle,  its 
earning  capacity  being  therefore  nil,  tliougli  certain  stand- 
ing charges  have  always  to  be  met.  Such  a  state  of  tilings 
is  inevitable  where  lighting  is  supplied,  the  only  remedy 
for  tliese  uneconomical  working  conditions  being  to  "  top 
up  "  the  "  valleys  "  on  each  side  of  the  "  peak  "  by  obtaining 
a  day  load  sullicient  to  keep  the  station  as  fully  loaded  as 
possible  throughout  the  24  hours,  due  consideration  being 
given  to  the  question  of  stand-by  plant. 

It,  therefore,  behoves  all  supply  engineers,  for  the  good  of 
their  station,  to  do  their  utmost  towards  obtaining  a  satis- 
factory day  load,  by  persuading  manufacturers  in  their 
area  to  adopt  the  electric  drive,  by  indncing  the  ordinary 
inhabitants  to  enqdoy  radiators  and  other  similar  ajiparatus, 
thus  making  clear  the  advantages  of  electricity  to  manu- 
facturers, shopkeepers  and  others  and  the  ease  with  which 
the  motor  may  lie  employed  to  perform  certain  operations 
which  are  now  laboriously  eflected  by  human  or  other 
unsuitable  means. 

It  is  regretable,  however,  that  nothing  like  enough  mis- 
sionary work  has  been  done,  or  is  being  done,  towards  these 
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IS    NOW    READY. 

NEW  FITTINGS- WIDER  APPLICATIONS REDUCED  PRICES. 

Have  you  had  your  Copy? 

SEE  OUR  UNIQUE    GUARANTEE  on  page  i. 


The  SUN  ELECTRICAL  Co.,  Ltd., 

Telegrams  118-120,    CHARING     CROSS     ROAD> 

"  SECABILIS 

LONDON  LONDON, 
Telephone— 

I  2291  lA/  r* 

GERRARD  '    2g,  W.C. 
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EDISWAN 


THE    NEW 

METALLIC     FILAMENT 
ELECTRIC    LAMP. 


You   can   reduce  your  electric  lighting  Bill  70'7o 
by    using   the    new  metallic    filament   lamp,   the 

"ROYAL    EDISWAN    METFIL" 

The  BEST  and  CHEAPEST  in  the  END. 


ends.  In  the  coluuius  of  The  Elkctkigian  some  months 
ago  we  took  upon  ourselves  the  unpleasant  task  of  pointing 
out  how  much  the  canvassing  departments  of  sucli  electri- 
city supply  undertakings  as  possessed  public  showrooms 
fell  short  of  a  uot-too-liard-to-be-obtained  ideal.  But  there 
are  numerous  other  undertakings,  not  possessing  sliowrooms 
and  apparently  not  cai-ing  what  happens,  where  the  would- 
be  consumer  has  to  go  on  bended  knee  to  the  "  high  priest " 
at  the  station,  and  be  treated  as  if  he  had  come  to  borrow 
a  five  pound  note  or  to  sell  a  fountain  pen. 

Lest  it  be  thought  we  exaggerate,  a  flagrant  example  of 
the  lackadaisical  metliods  now  in  vogue,  and  which  was 
quite  unoflicially  recently  brought  to  our  notice,  may  be 
cited.  It  appears  that  in  one  of  the  outermost  London 
suburbs  the  sup])ly  company  (a  company,  be  it  remarked), 
whose  oliject  is  presumably  dividends,  has  laiil  a  distributor 
from  a  main  road,  where  consuuKirs  do  exist,  along  a  side 
road  whose  length  is  perhaps  a  mile.  The  houses  in  tiiis 
roail  are  of  good  class,  wjiolly  detacheil,  occupied  by  well- 
to-do  and  educated  people,  so  that  tlie  advantages  of  electric 
lighting  would  presumably  apiieal  to  them,  and  if  these 
advantages  had  been  put  forward  in  a  proper  way  no  doubt 
many  of  them  would  liave  had  their  iiouses  wireil,  especially 
as  the  supply  is  alternating  and  tranformers  and  metal 
filament  lamps  could  easily  have  been  used.  And  it  would 
naturally  be  thouglit  tiiat  tlie  c(jmpany,  having  been  entei'- 
prising  enough  to  lay  a  main  down  this  mad  before  a  single 
application  for  current  had  been  made  in  it,  would  also  iiave 
been  enterprising  enough  to  canva.ss  its  inhabitants  and 
thus  attempt  to  earn  some  interest  on  the  capital  tluis  ex- 
pended. Such,  however,  is  not  the  way  this  company  go  to 
work.  Only  one  consumer  is  at  ])resent  connected.  He 
only  obtained  his  desires  after  mucli  persuasion  of  the  com- 


pany's officials,  and  when  his  warlike  frame  (he  conies  of  a 
fighting  race)  was  nearly  worn  out.  The  other  householders 
still  use  archaic  methods  of  illumination,  being  probably 
in  ignorance  that  electricity  is  at  their  doors  ;  and  we  may 
be  permitted  to  wonder,  doubtless  in  company  with  the 
underground  inhabitants  of  that  neighbourhood,  why  in 
the  name  of  all  that's  electrical  that  distributor  is  there 
at  all. 

We  digress,  however,  our  original  purpose  having  been 
to  point  out  some  directions  in  which  a  profitable  day  load 
can  be  obtained.  In  industrial  districts  in  this  country 
much  has  already  been  done  towards  this  end ;  in  fact,  in 
some  manufacturing  towns  the  power  is  even  more  impor- 
tant than  the  lighting  load.  But,  on  the  other  hand, 
in  many  of  the  smaller  towns  the  stipply  station  prac- 
tically only  exists  for  lighting  purposes,  a  state  of  things 
which  we  should  like  to  see  changed  as  speedily  as 
possible. 

The  way  in  which  a  day  load  may  lie  built  up  in  .small 
central  stations  was  a  subject  which  recently  received 
a  good  deal  of  attention  at  a  recent  meeting  of  the 
]\Iinnesota  Electrical  Association.  One  of  the  speakers, 
Mr.  G.  T.  Cadwell,  dealt  especially  with  the  use  of  small 
motors  for  developing  a  day  load,  and  as  his  remarks  on 
the  subject  are  likely  to  be  of  interest  to  our  readers  we 
give  a  brief  abstract  of  them  on  another  page  of  this  issue. 
Apart  from  motors,  for  the  use  of  which  it  will  be  seen  Mr. 
Cadwell  makes  out  an  exceedingly  good  case,  other  speakers 
gave  it  as  their  opinion  that  the  employment  of  electrical 
heating  and  cooking  apparatus  was  a  great  help  towards 
improving  the  day  load. 

From  a  consideration  of  the  whole  question  of  day  loads 
in  as  liroad  a  way  as  possible,  it  appears  there  are  two 
general  principles  to  be  observed.  Catch  your  consumer, 
by  honeyed  words  or  other  means,  and  having  got  him,  keep 
him.  The  second  of  these  may  be  the  harder,  for  electri- 
city is  a  mysterious  agent  to  most  people,  so  that  besides 
selling  the  apparatus  the  supply  engineer  has  often  to 
teach  the  consumer  how  to  use  it.  As  an  example  we  find 
that  much  more  appeal's  to  be  done  in  the  United  States 
with  electric  heating  and  cooking  apparatus  than  in  this 
country,  and  the  effect  on  the  day  load  is  found  to  be  nmsb 
beneficial,  such  apparatus  being  a  very  good  educational 
medium,  lor  even  a  flat-iron  will  go  far  towards  showing 
what  can  be  done  domestically  by  using  electricity.  Judi- 
cious advertising  of  the  benefits  of  electricity  for  domestic 
purposes  will  allow  tlie  first  principle  set  out  above  to  be 
accomplished,  while  the  second  should  follow  from  tlie 
satisfied  consumer,  provided  care  is  taken  to  see  tliat  the 
apparatus  used  is  suitable  for  the  work  it  has  to  do.  In 
tliis  way  annoying  breakdowns  can  be  avoided.  Eurther, 
if  the  customer  finds  that  the  supply  engineer  sympathises 
with  him  in  his  trouble,  which,  we  fear,  is  far  too  seldom 
the  case  at  present,  lie  will  be  more  inclined  to  take  this 
troulile  philosophically  and  less  to  rave  about  the  unreli- 
ability of  electricity,  forgetting  how  often  it  has  faitlifully 
served  him. 

It  is,  therefore,  now  the  bounden  duty  of  all  supply 
engineers,  especially  those  in  small  towns  wliere  the  power 
load  can  only  be  relatively  unimportant,  to  convince  the 
inhabitants  of  their  district  of  the  many  advantages  to  be 
gained  by  using  electricity  for  domestic  purpo.ses.  By  so 
doing  they  will  inevitalily  improve  thcur  load  factor  and 
develop  their  undertaicing  generally.  Considering  how 
bad  things  are  in  the  industry  at  present,  it  is  astonisliing 
that  more  energy  is  not  being  displayed  towards  improv- 
ing them.  Sitting  down  will  not  do ;  an  energetic  cam- 
paign is  necessary  to  hold  even  our  proper  place  in  the 
world's  economy  and  to  allow  us  to  advance  along  the 
road  of  progress.  It  is,  in  fact,  a  question  of  "Wake  up 
electrical  engineei'.s." 
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B*C=I)*  Controllers. 


A  RELIABLE  form  of  controlling  device  is  essential  for 
the  successful  and  economical  operation  of  an  electric 
motor.  Such  a  device  must  be  able  to  open  the 
motor  circuit  under  all  conditions  of  load,  and  make  the 
required  changes  in  the  circuit  connections  as  frequently  as 
desired,  without  injury  to  the  contacts  or  danger  of  short- 
circuits.  The  parts  that  are  .subject  to  wear  must  be 
readily  and  economically  replaceable,  every  portion  of  the 
controlling  apparatus  must  be  accessible  for  inspection  and 
repair,  and  the  construction  should  be  strong  and  substan- 
tial, so  that  the  apparatus  may  be  used  by  inexperienced 
operators  without  danger  of  injury  either  to  the  operator 
or  the  machinery.  These  requirements  are,  it  is  claimed, 
complied  with  in  the  B.T.-H.  controllers,  which  are  now 
well  known   in  the  electrical  world   as  beina  one  of    the 


and  in  this  case  special  cable,  whose  in.sulation  is  unaffected 
by  the  oil,  is  used  for  the  various  connections. 

The  dial  controller,  shown  in  Fig.  3,  which  has  been 
specially  designed  for  use  in  printing  press  work,  is  so 
arranged  that  the  nece.s.sary  speed  control  of  the  motor  is 
obtained  bv  altciinii  both  armature  and  field  connections. 


Fig.  1. — B.T.-H.  Continuous-Current  Controller. 

many  specialities  made  by  the  British  Thomson-Houston 
Co.  Further,  the  jiavts  in  these  controllers  which  are  sub- 
ject to  wear  are  readily  replaceable  while  the  whole  can 
be  easily  expo.sed  for  inspection. 

I  B.T.-H.  controllers  are  fitted  with  a  large  number  of 
controlling  points,  so  that  the  motor  can  be  started  under 
load  uniforndy  and  without  shock.  The  continuous- 
current  controllers,  a  standard  type  of  which  we  show  in 
Fig.  1,  are  fitted  when  necessary  with  magnetic  blow-out 
devices,  and  can  be  provided  with  either  tlie  usual  crank 
handle  or  a  horizontal  or  vertical  levei-  as  desired.  A 
single  lever  can  also  be  arranged  for  working  one  or  more 
controllers  through  suitable  gearing  when  these  are  used 
on  cranes  and  similar  apparatus.  A  controller  for  mining 
work  is  .shown  in  Fig.  2.  This  type  of  controller  has 
been  specially  designed  for  use  in  those  parts  of  mines 
where  an  explosive  mixture  is  likely  to  exist.  All  arc- 
ing occurs  under  the  surface  of  the  oil,  so  that  practic- 
ally every  chance  of  firing  the  gas  is  avoided.  The  resis- 
tances can  also,  if  desired,  be  placed  under  the  oil  surface, 


Fig.  2,— Controller  for  Mioing  Work. 

These  controllers  are  enclosed  in  iron  cases  through  which 
a  single  handle  projects  for  working  the  apparatus.  All 
circuits  on  which  arcing  can  occur  are  made  on  a  contactor 
type  of  solenoid  switch,  a  feature  which,  it  is  claimed, 
makes  this  type  of  controller  specially  rugged  and  durable — 
a  point  of  great  advantage  in  prhiting  work.  The  move- 
ment of  the  operating  gear  in  eithei  direction  energises  the 


Fig.  3.— Dial  Controller. 

contactor  which,  in  its  turn,  closer  the  motor  circuit. 
Should  the  contactor  be  opened,  either  by  the  overload 
devices  opetiing  the  contactor  coil,  or  by  failure  of  the 
voltage,  the  lever  must  be  returned  to  the  off  position  by 
the  operator  before  the  contactor  can  be  again  energised. 
A  notched  rack  is  provided  to  centre  the  lever  at  each  point, 
while  push  buttons  may  be  used  to  "  inch  "  the  motor 
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slowly  or  to  allow  a  quick  stop  to  he  o})taiiio(l  in  case  of 
accident.  The  ainiatiire  rc<;ulatiiig  resistance  is  mounted 
in  a  separate  box.  tlie  otiier  resistances  being  ])iaced  in  tiie 
controller  case.  These  controllers  can  also  be  su])p!ied  in 
the  drum  type  and  are,  in  this  case,  also  piovided  .with  all 
the  devices  which  are  necessary  for  priming  press  work. 


Siemens  J\X^  and  D^C 
Crane  Controllers^    >    > 

FOR  many  years  Messrs.  Siemens  have  been  placing 
on  the  market  controllers  designed  for  use  in  a 
variety  of  electrical  work.  It  will  therefore  doubt- 
less be  of  interest  to  our  readers  to  indicate  what  they 
are  doing  at  the  present  time  as  regards  drum-type  con- 
trollers for  cranes,  hoists,  winches,  turn-tables  and  other 
similar  apparatus  where  the  motions  are  frequently  reversed 
and  where  the  loads  are  very  intermittent  and  varying. 

Controllers  for  these  purposes  are  made  suitable  for  both 
continuous  and  alternating-current  circuits.  Thoise  for 
use  on  the  former  may  be 
divided  into  six  types,  the 
first  three  of  which  are  de- 
signed for  series,  shunt  and 
compound  wound  motors 
respectively,  plain  reversal 
without  any  braking  posi- 
tions being  provided  with  or 
without,  in  the  case  of  the 
series  motors,  a  series  or 
shunt  wound  solenoid  brake 
magnet  and  in  the  case  of 
tlie  shunt  and  compound 
controllers  a  sjjecial  non- 
inductive  field  discharge  re- 
sistance is  provided. 

The  fourth  type  of  con- 
troller is  designed  for  use 
with  series  motors.  It  is  adapted  for  full  rever.sal  and  has 
rheostatic  braking  positions  in  both  directions.  This  type 
of  controller  is  specially  adapted  foi'  use  with  longitudinal 
travelling  and  traversing  motors  on  liigh-speed  cranes, 
when  it  is  desired  to  .stop  the  motors  qiiickly  by  electric 
braking.  Where  this  confiol  is  used  it  is  found  that  it  is 
not  necessary  to  provide  a  solenoid  braking  magnet.  The 
fifth  type  of  controller  is  designed  for-  lifting  work  and  for 
lowering  with  electric  braking  and  reverse  current  ])ositions. 
It  is  suitable  where  the  crane  gearing  is  of  such  design  that 
it  allows  the  load  to  drive  the  motor,  which  tlien  acts 
as  a  generator.  A  .special  feature  of  this  type  of  control  is 
that  the  field  of  the  motor  is  excited  direct  from  the  mains 
on  the  first  lowering  position,  thus  preventing  the  load  from 
dropping  quickly  on  commencing  to  lower.  A  shunt-wound 
brake  magnet  is  necessary  with  this  form  of  control. 
The  sixth  type  of  controller  is  similar  to  the  above  but  is 
arranged  to  give  a  very  low  lifting  speed  on  the  first  two 
po.sitions.  This  criterion  is  obtained  by  insei-ting  a  resist- 
ance in  .shunt  with  the  armature.  A  number  of  other 
types  of  d.c.  control  are  also  made,  besides  those  described 
here. 

As  regards  the  alternating-curi-ent  controllers,  several 
types  are  made.  These  are  fitted  with  plain  lever.sal 
without  braking  positions,  and  can  be  designed  for  either 
two  or  thiee-phase  .slip-ring  motors,  which  may  be  fitted 
e;ther  with  or  without  a  braking  magnet. 

The  frame  is  of  cast  iron  with  a  cast-iron  toj),  provided 


Fig.  1. 


-Standard  Siemens 
Controller 


with  a  dial-plate  to  mark  the  various  positions.  Bolt  holes 
are  provided  to  enable  the  frame  to  be  fixed  vertically  ; 
hoi'izontal  controller's  ai'c  fitted  with  special  brackets  for 
fixing.  X  sheet  metal  cover  is  fitted  which  conq)letely 
encloses  all  the  working  parts,  and  is  held  in  position  by 
suitable  catches.  The  fingers  are  hinged  to  a  brass  finger 
caniei-,  and  ar'e  made  of  hard-dr-awn  copper  ;  they  are 
s])ecially  thickened  at  the  end,  in  order  to  increase  their 
wearing  depth.  The  fingers  are  pressed  against  the  drum 
contacts  by  a  stout  flat  steel  spring  (except  in  the  smallest 
size),  a  copper  braid  being  provided  to  carry  the  current ; 
their  tension  can  be  regulated  by  a  set  screw.  The  finger 
carriers  are  securely  clamped  to  two  metal  bars  which  are 
insulated  by  micanite  tubes.  All  continuous-cur-rent  con- 
trollers are  provided  with  an  efficient  magnetic  blow-out 
(acting  on  all  the  fingers)  the  winding  of  which  is  in  series 
with  the  motor.  The  arc  .shield  carrier  which  forms  part 
of  the  magnetic  blow-out  can  be  swung  back,  to  give  easy 
access  to  the  working  parts.  The  arc  shields  are  of  very 
durable  material  and  so  arranged  as  to  prevent  any  arcing 
across.  Alternating-current  controllers  are  not  provided 
with  a  blow-out ;  they  are,  however,  fitted  with  arc  siiields 
for  the  stator  contacts. 

The  drum,  except  in  two  cases,  consists  of  a  number  of 
castings  to  which  the  contact  segments  are  fixed,  the  cast- 
ings being  insulated  from  the  spindle  and  from  one  another 
by  micanite.     In  these  two  cases  the  drum  is  of  the  built-up 
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Fig.  2,— Siemens'  Standard  Resistance  for  Controller  Worl£. 

tv])e  and  consists  of  I'iugs  of  insulating  material  possessing 
high  insulating  qualities  on  which  the  contact  segments  are 
fixed.  A  pawl  wheel  and  spring-controlled  pawl  are  fitted 
to  define  the  various  running  positions.  Tlie  controllers  ai'C 
usually  o])erated  by  means  of  a  tramway  tyj)e  ol  liaiulle 
(Fig.  1),  or  a  handwheel,  and  can  be  fitted  with  an  auloniatic 
return  to  the  "  off  "  position. 

The  resistances  suyjplied  with  Siemens'  standard  con- 
trollers consist  of  either  wire  or  ca.st-iron  grids  (Fig.  2) 
mounted  in  frames,  and  are  all  of  the  protected  Siemens' 
type.  The  former  type  is  provided  with  suitable  terminals, 
while  with  the  latter  cable  lugs  are  provided.  They  are  all 
rated  for  onc-thir'd  load  factor — i.e.  four-  minutes  on  load 
followed  by  eight  minutes  rest. 

To  meet  all  r('(|uirenu'nts  thre(>  dilTerent  sizes  of  resist- 
ances are  su])plied  dcsigneil  to  limit  the  cun-ent  on  (lie  first 
ste|)  of  the  cont roller  to  .".;'>.',,  50  and  75  per  cent,  respectively 
of  normal  full-load  current.  Resistances  designed  to  allow 
;(."..',  ])er  cent,  full-load  current  on  the  first  step  arc  recoiii- 
mended  for  lifting  motions  where  a  large  range  of  speed  is 
icfjuired  with  varying  loads.  Resistances  designed  to 
limit  the  cuiTcnt  on  the  fir-st  step  to  50  per  cent,  arc  suitable 
for  oidinai-y  lifting,  cross  traver-sing  and  derric'king.  Resis- 
tances designed  to  allow  75  per  cent,  full-load  current  on 
the  first  contact  ar-e  suitable  for  travelling  and  slewing 
motions,  and  for  similar  purposes  where  the  work  on  the 
motor  remains  practically  con.stant  irrespective  of  the  load. 
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Silundum^'  Cooking 
■Wpparatu$>    . 


AXKW  form  of  high  tempurature  coiikiiig  apparatus, 
whicli  forms  a  prominent  feature  of  the  Simplex 
Company's  exhibit  at  the  Wliite  City,  has  just  been 
introduced.     The  new  element  is  known  by  the  name  of 
"Silundum,"  and  is  a  compound,  manufactured  in  an  electric 


Fig.  I.— "Silundum  "  Ovjn. 

furnace,  consisting  principally  of  carbides  silicon  and 
boron  subjected  to  a  temperature  of  200°C.  The  specific 
resistance  of  "Silundum"  is  approximately  three  times  that 
of  carbon,  and  possesses  a  slightly  positive  temperature 
coefheient  of  resistance.  It  can  be  adapted  for  almost 
any  voltage,  but  the  standard  pressures  are  at  jirc'sent 
limited  to  those  between  100  and  "250  volts.  The  nature 
of  the  compound  lends  itself  admirably  to  the  use  to  which 
it  is  put  in  connection  with  electric  cooking,  it  being 
entirely  unattected  by  the  actions  of  acids  or  alkalies,  and 
water  and  grease  being  spilt  over  the  elements  themselves 
even  when  on  circuit  have  no  effect  whatever.  A  tem- 
perature of  3,000  "F.  can  be  reached  in  open  air  witiiout 
oxidation  or  any  chemical  or  visible  change.  The  material 
is,  however,  when  made  in  rods,  in  whicli  form  it  is  adapted 
to  electric  cooking,  brittle,  so,  to  guard  against  acciilental 
damage,  in  every  case  the  elements  are  efliciently  pro- 
tected by  a  cast-iron  grid.  It  has  the  further  advantage 
of  being  unaffected  by  being  left  on  circuit  for  any  period 
of  time.     TIte  advantage  of  this  "  Silundum  "  apparatus  as 


against  wire  resistance  coils  will  be  at  once  apparent  as 
the  latter  cannot  be  run  at  temperatures  suHioiently  liigh 
to  admit  of  toasting  or  grilling  and  other  operations  re- 
quiring incandescent  heat. 

The  Simplex  Company  are  at  present  introducing  a 
number  of  useful  forms  in  cooking  appliances,  principally 
confined  to  cookers,  grills,  toasters  and  ovens.  The  break- 
fast cooker  is  perhaps  that  which  is  most  suitable  for 
ordinary  use  as  several  operations  may  be  carried  out  at 
one  time — viz.,  grilling,  toasting,  and  boiling  water.  These 
operations  which  are  entailed  in  tiie  cooking  of  a  complete 
meal,  can  lie  accomplished  in  under  20  minute-^,  ami  as  the 


Fig.  2.— Another  Type   of  "Silundum"  Apparatus. 

full  load  of  the  apparatus  is  only  1,000  watts,  it  will  be 
seen  that  the  cost  of  current  consumption  is  kept  exceed- 
ingly low.  In  the  small  class  of  apparatus  facilities  for 
heat  regulation  are  not  provided,  but  in  tlie  case  of  ovens 
one-third,  two-thirds  and  full  heat  are  allowed  for  in  the 
course  of  ordinary  cooking  operations.  The  working  tem- 
perature is  about  2,000  !•'.,  iu  wliicli  case  the  silundum  rods 
assume  a  cherry  red  apjiearauce. 

Extensive  plant  is  being  laid  down  for  tlie  manufacture 
of  this  class  of  apparatus  for  which  an  exceedingly  large 
demand  is  anticipated  in  the  near  future.  It  is  hoped  liiat 
the  introduction  of  this  sy.^tem  will  give  tlie  requisite 
impetus  to  the  adoption  of  conking  by  means  of  electricity, 
and  demonstrations  are  held  daily  at  Simplex  Company's 
exhibit  at  the  AVhite  City  of  this  system. 

Illustrations  of  the  cooking  apparatus  manufactured 
according  to  this  new  principle  are  given  herewith,  and 
show  that  nothing  is  lost  either  from  the  artistic  or  useful 
points  of  view — matters  for  which  the  Simplex  Company 
have  long  been  noted. 
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Ciquid  rRotor  $tamr$> 

SnJIK  [leople  are  of  llie  opiiiioii  that  liquid  starters  are 
a  cuustaut  source  of  troulile  ami  require  a  great  deal 
of  attention,  besides  being  of  bulky  appearance  and 
dirty  to  handle.  Tliis  is  indeed  almost  a  wholesale  condem- 
nation, but  i)erhaps,  as  is  so  often  the  case  with  electrical 
apparatus,  c;irelessness  and  neglect  have  a  great  deal  to 
answer  for,  whereas  common-sense  and  fon4hought  would 
prescribe  many  a  "  stitch  in  time." 

As  specialists  in  this  form  of  motor  control  Messrs.  Tetley 
&  Co.,  of  Falcon  Electrical  Works,  Salford,  contend  that 
their  liquid  st;rrtevs  Vioth  in  efticieut  design  and  practical 


evenly  increasing  How  of  current.  The  blades  are  insulated 
from  the  spindle,  to  which  they  are  attached  by  split  bosses, 
by  either  porcelain  or  vulcanite,  the  latter  being  rendered 
acid-proof  by  means  of  acid  resisting  varni.sh.  They  can 
be  easily  detached,  and  a  new  blade  can  be  put  into  position 
in  a  very  few  minutes.  The  starting  motion  in  which  the 
blades  are  lowered  into  the  electrolyte  is  effected  by  means 
of  a  worm  gear  actuated  by  a  handwheel,  and  when  tlie- 
starter  is  full  on,  that  is,  the  motor  is  up  to  speed,  a  short 
^•ircuiting  brush  fixed  on  the  lilades  makes  contact,  pve- 
veuting  tlie  tendency  to  undue  heating  that  would  arise 
if  the  current  were  passing  continously  through  the  liquid. 
Tiie  most  suitable  electrolyte  for  use  with  these  starters  con- 
sists of  a  saturated  solution  of  common  washing  soda  to 
which  ^  oz.  caustic  potash  per  gallon  is  added,  this  mixture 


Fig.  I.— Starter  and  Panel  complete,  with  covers  removed. 


Fig.  2.— Starter  and  Panel  ccmplelc  with  Triple-pole  Oil  Switch 


results  couipare  most  favourably  with  the  various  other 
types  of  starters  at  jnesent  on  the  market.  In  Fig.  3  we 
show  a  standard  polyphase  starter  with  cover  removed. 
It  will  be  noticed  that  the  blades  are  of  a  special  shape,  and 
that  the  tanks  for  holding  the  electrolyte,  into  which  the 
blades  dip,  taper  towards  the  bottom.  The  shape  of  these 
blades  have  been  found  experimentally,  the  idea  Iteing  to 
obtain  a  grailuated  and  more  even  How  of  current  during 
the  starting  process,  and  consequently  a  nearly  constant 
torque  on  the  motor  whih;  starting.  The  shape  of  the  tanks 
further   b.ilances   the   lesistance   and  helps   lu  ensure   an 


Ijeing  diluted  with  jiure  water  to  the  correct  strength  which 
is  best  found  bj  trial.  The  solution  is  of  correct  strength 
if  slight  sparking  occurs  when  the  blades  come  in  contact 
with  the  liquid,  with  no  appreciable  sjiarking  at  the  short- 
circuiting  switch. 

In  Fig.  1  a  combine(l  panel  with  triple-pole  ironclad 
switches,  fuses  and  liquiil  starter  is  sli<:iwn.  Tliis  makes  a 
very  neat  combination,  the  whole  thing  being  ironclad  aiul 
fool-i)roof  when  the  covers  are  in  position.  Fig.  2  illus- 
trates a  panel  having  a  triple-pole  oil  switcli  comljined  witli 
a  li(|uid  starter. 
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The  question  of  the  up-keep  of  liquid  starters,  always  a 
much  debated  poiut,  seeius  to  be  (juite  iusiyuiHcant  with 
this  particukir  make.  xVU  current  carrying  parts  are  de- 
signed so  that  the  current  density  is  very  low,  in  fact  10 
amperes  per  square  inch  sectional  area  is  the  standard  taki'U, 


Fig.  3. — Polyphase  Liquid  Starter,  with  cover  removed. 

and  consequently  the  necessity  for  constant  renewal  of 
blades,  &c.,  is  practically  done  away  with.  The  addition  of 
clean  water  from  time  tc  time  making  up  for  ex^aporation, 
and  keeping  the  electrolyte  at  correct  strength,  is  really  the 
only  attention  required  by  these  starters  when  handled 
sensibly  and  kept  free  from  abuse. 
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rnptors  and  a  Dap  £oad. 


AT  a  recent  meeting  of  Minueosta  Electrical  Associa- 
tion, Mr.  G.  J.  Cad  well  read  a  Paper  on  small 
electric  motors  and  their  possibilities  in  develop- 
ing a  day  load.  He  called  attention  to  the  specific  appli- 
cations for  electric  motors  found  in  small  towns.  Begin- 
ning at  the  hotel,  there  were  dumb  waiters,  potato  jieelers, 
meat  choppers,  disli  washers,  knife  grinders,  silver  buffers, 
ice  cream  freezers  and  dough  mixers.  In  the  hotel  laundry 
there  were  washing  machines,  and  every  hotel  should  have 
a  vacuum  cleaner.  In  hotels,  restaurants  and  saloons 
motor-driven  refrigerators  reduced  the  cost  of  refrigerating 
considerably.  The  ventilating  of  .such  places  could  not  be 
handled  better  than  by  motor-driven  fans.  The  restaurants 
could  also  use  all  of  the  kitchen  machinery  mentioned  in 
connection  with  the  hotel.  The  .saloon  should  have  a 
motor-driven  beer-pumping  and  carbonating  machine.  In 
the  dry  goods  business  the  electric  motor  could  be  applied 
to  dumb  waiters,  moving  window  tlisplays,  cash  carriers 
and  elevators.  The  drug  store  could  use  motors  for  ice 
cream  freezing  and  carbonating  machinery.  The  grocery 
had  its  coffee  grinder  and  the  nu>at  market  its  meat  grinder 
and  meat  chopper,  also  refrigerating  machinery.  Offices 
used  motors  for  turning  adding  machines,  addressing 
machines  and  phonographs,  while  electric  exhaust  fans 
were  employed  for  the  ventilation  and  the  vacuum  aj)pa- 
ratus  kept  the  office  clean.  At  the  bakery,  dough  mixing 
and  the  making  and  pulling  of  candy  could  be  dune  bv 
electric  motors.     In  the  shoe  shop  shoes  were  repaii-ed 
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while  you  wait.  tliank.s  to  tiie  .small  luotoi-.  In  the  barber 
shop  vibrator  motors  massaged  the  face  and  ])olishing 
motors  cleaned  shoes.  Newspapers  and  job  printing  estab- 
lishments were  equipped  with  motors.  The  liverv  stable  used 
a  motor  for  clipping  and  grooming  and  another  for  the  feed. 
The  blacksmith's  siiop  had  a  motor-driven  forge  blower, 
drill  press  and  grindstone.  In  laundry  work  there  were 
especial  advantages  for  motors  for  direct  driving,  doing 
away  with  the  dirty  belts  and  saving  lo.ss  in  transmission. 
The  grain  elevator  had  conveyors,  cleaners  and  corn  shellers 
for  motor  possibilities  ;  the  dairy  had  a  motor  for  churning, 
cream  separators,  pumps  and  refrigerating  machines. 
Doctors  u.sed  motors  for  static  machines  and  dentists  used 
them  for  running  drills  and  lathes.  Moving  picture  shows 
used  motors  for  the  picture  machines,  for  ventilating  fans 
and  for  the  automatic  pianos.  Theatres  used  them  for 
ventilating,  for  raising  and  lowering  curtains,  as  well  as  for 
vacuum  cleaning.  Churches  needed  motors  for  vacuum 
cleaning,  heating  and  ventilating  fans,  akso  for  the  organ 
blower.  In  the  residence  there  was  much  work  that  could 
be  done  by  motors.  It  was  comparatively  easy  to  applv 
one  motor  to  a  number  of  different  tasks,  such  as  running 
the  washing  machine,  sewing  machine  and  di.sh  washer. 
The  motor  being  small  could  be  mounted  on  a  portable 
stand  and  connected  to  a  plug  in  a  lamp  socket.  Another 
ajiplication  of  general  interest  was  that  of  the  small  motor- 
driven  house  pump,  both  for  general  supply  water  and  for 
seepage  and  sewerage.  Where  there  were  apartment 
hou.ses  or  flats,  vacuum  cleaning  was  an  attractive  field. 
Where  a  town  consisted  of  small  detached  residences  a 
profitable  business  might  be  worked  up  by  some  enter- 
prising man  with  a  portable  electric  cleaning  outfit  which 
could  be  easily  connected  up  wherever  the  residences  were 
wired.  Mr.  C'adwell  also  called  attention  to  the  po.s.sibilitv 
of  extending  lines  to  farms  in  the  surrounding  country. 


Propeller  jFans. 


USUALLY  at  this  time  of  the  year  electric  fans  become 
a  vei'j'  necessary  adjimct  to  comfort  practically 
everywhere,  with  the  result  that  the  general  public 
for  once  in  a  way,  is  not  slow  to  take  advantage  of  the  benefit 
received  I'rom  the  use  of  the  artificial  "  cooling  Itreeze  " 
maker.  Apart  from  the  ciuestioa  of  price,  one  fan  is  very 
like  another  and  in  a  number  of  difl'erent  makes  of  about 
the  same  size,  a  slight  difference  in  the  curve  of  the  blades, 
or  the  setting  of  the  same,  may  or  may  not  aflect  the 
amount  of  the  "  stirring-up  "  process. 

During  a  visit  to  the  rcicent  Ironmongery  and  Hardware 
Trades  Exhibition  at  the  Agricultural  Hall,  Islington,  we 
had  the  opportunity  of  inspecting  the  lilizzard  Patent 
Propeller  Fans  made  by  the  Albany  Engineering  Co.,  Old 
Kent-road,  London,  particulars  of  which  will  doubtless  in- 
terest our  readers. 

As  will  be  seen  in  the  accompanying  illustration,  the  blad- 
ing used  in  this  fan  is  of  a  novel  type,  and  the  makers  claim 
that  a  gi'eater  efficiency  is  obtained  by  this  design  than  with 
any  other  fan  on  the  market. 


The  blade  is  cut  and  shaped  from  one  slioet  of  brass  fixed 
on  a  spindle  at  the  centre,  this  spindle  being  made  solid 
with  a  stout  strip  of  metal  forming  a  stay  for  the  edges  of 
the  blades.  It  will  thus  be  seen  that  strength  is  not  the 
least  of  the  features  in  the  lUizzard  propeller.  Py  virtue 
of  the  shape  of  the  blade  the  air  is  drawn  in  at  the  periphery, 
and  converted  into  a  steady  parallel  stream,  while  the  slip- 
ping at  the  centre  of  the  blades,  often  met  with  in  other 
mnkes,  is  stated  to  be  entirely  avoided. 

Comparative  tests  made  with  the  lUiz/ard  propeller  and 
an  ordinary  fan  of  the  same  size  show  that  for  various  speeds 


Albany  Bliiiiard  Propeller  Fan. 

the  power  required  to  drive  the  Plizzard  is  less,  whereas 
both  the  pressure  and  volume  of  air  obtained  are  appreci- 
ably greater.  It  is  also  interesting  to  note  that  Gold 
]\Iedals  were  awarded  for  this  fan,  both  at  the  Paris  Exhibi- 
tion this  year  and  the  ]\Iilan  Exhibition  held  in  .Tune  last, 
showing  that  out  of  the  very  great  number  of  fans  on  the 
market  this  type  is  receiving  well-merited  recognition. 


€lectrlcitp  on  the  yarm. 

WK  have  fi-om  time  to  time  called  attention  to  the 
many  openings  for  the  electric  drive  wliiih  are 
available  on  an  ordinary  farm.  In  some  ca.ses, 
even  in  this  country,  where  cheap  power  is  available,  much 
is  done  in  this  direction,  so  that  it  will  be  of  interest  in 
this  article  to  call  attention  to  an  example  of  a  farm  instal- 
lation electrically-driven  now  working  in  California. 

Fifty  miles  east  of  Sacramento,  Mr.  Ellis  Franklin  owns 
a  small  farm.  A  little  trout  stream  is  harnes.sed  to  supply 
the  necessary  power,  and  by  its  means  sutticient  electrical 
energy  is  generated  to  do  most  of  the  mechanical  work 
aliout  the  premises,  including  heating  and  lighting  the 
building,  doing  the  cooking,  washing  and  ironing,  and 
numerous  other  small  "  chores." 
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This  dimimitive  trout  stream  in  times  of  higli  water 
is  a  small  torrent,  Imt  during  the  dry  season  it  shrinks 
to  a  few  cul)ic  inches  a  minute,  so  it  was  necessary  to 
utilise  an  old  miner's  ditcli  for  a  reservoir  to  store  up  a 
supi)ly  of  water  suflicient  for  use  in  the  dry  months.  A 
part  of  this  old  ditch,  dug  by  early  placer  miners,  was 
repaired  to  hold  100,000  cubic  ft.  of  water.  A  6  in.  riveted 
steel  pipe,  445  ft.  in  lengtli,  carries  the  water  to  the  foot  of 
the  fall,  where  the  "power  house"  is  located.  The  little 
2  ft.  waterwheel  in  the  power  house  works  under  a  75  ft. 
iiead,  and  is  belted  to  a  240-volt  6  h.p.  generator.  The 
water  enters  the  waterwheel  through  a  li  in.  nozzle  and 
develops  more  than  6  h.p.  The  heavy  pulley-wheel  takes 
the  place  of  a  balance  wheel,  and  a  small  governor  is  pro- 
vided as  a  prevention  against  accidents. 

Current  irom  the  power  house  is  carried  to  the  liouse,  a 
quarter  of  a  mile  away,  over  a  small  copper  wire  strung  on 
20  ft.  poles.  Tlie  residence  and  a  small  log  cabin  are 
lighted  with  a  total  of  about  50  16  c. p.  lamps.  Another 
lighting  circuit  runs  to  the  barns  and  other  outbuildings. 
In  the  basement  at  the  house  a  3  ii.p.  motor  operates  a 
centrifugal  pump  and  with  line  shafting  drives  a  washing 
machine,  wringer,  churn,  cream  separator,  grindstone  and  a 
circular  saw. 

It  is  not  necessary  to  go  down  to  the  power  house  to 
start  or  stop  the  machinery.  Near  the  switchboard  in  the 
house  is  a  small  crank  attached  to  a  shaft  running  through 
the  wall  to  the  outside.  By  a  system  of  pulleys  this  crank 
operates  two  long  galvanised  iron  wires,  running  just 
beneath  the  transmission  wire,  which  open  or  close  the 
water-wheel  gates  as  desired.  An  electric  buzzer  on  the 
switchboard  tells  when  the  gate  valve  is  tightly  closed. 
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Maschiueufabrik  Oerlikou  (U.  Wuthrieh) 1211 

Mordey  thicker  Electricity  iVleter  Co.,  Ltd 1211 

Parmitor,  Hope  &  Sugdea,"Ltd 127 

EeyroIIe  &  Co.,  Ltd 119 

Siemens  Bros.  Dynamo  Works,  Ltd 110 

Sun  Electrical  Co , 123 

Therina,  Ltd .'.'.'...    ""  117 

Trub,  Fier/,  &  Co _.  115 

Weston  Electrical  Instrument  Co Ill 


Tlie  residence  is  vi'iy  well  lighted,  lamps  ag-Tregatinj? 
fully  OOO  cp.  making  ihe  rooms  as  cheerful  and  pretty  as 
any  ci'y  home.  Artistic  fittings,  harmonising  with  the 
interior,  make,  it  is  said,  one  almost  forget  that  he  is  living 
on  a  farm.  Outside  the  broad  verandahs,  with  their  pen- 
dant electric  bulbs  and  lanterns,  add  to  the  charm  of  this 
country  home.  The  farm  labourers  also  share  in  tlie 
luxury  of  electric  lighting.  In  their  little  cottage,  which 
is  apart  from  the  residence,  electric  lamps  are  provided 
for  the  bedrooms  and  for  the  library,  wlicie  the  men  pass 
their  evenings. 

TliC  ."  II. p.  niotoi'  in  the  basement  drives  a  horizontal 
centrifugal  pump,  which  lifts  water  fi'om  an  almost  inex- 
haustible well  to  a  reservoir  dug  in  the  hill  side  and  con- 
nected to  the  pump  by  a  2  in.  pipe  250  ft.  long.  The 
reservoir  has  a  capacity  of  about  6,000  gallons,  and  is 
pluced  40  ft.  above  the  level  of  the  pump,  furnishing 
kitchen,  bathroom  and  laun  Iry  with  water  at  a  good  pres- 
sure. In  the  front  yard  there  is  hose  connection  with  a 
hydrant,  wliich  furnishes  water  for  the  lawn  and  alsoadcs 
security  to  the  home  in  case  of  tire. 


Reiatioe  Hauaiitages  of  Belt. 
6roup,  ana  Sinalc  Driuc-    ♦ 


A  RECENT  issue  of  the  "  Zeitschrift  des  Yerohis 
Dentschor  Ingenieur"  deals  with  this  subject,  and 
belt  driving  is  shown  to  have  advantages  wiiere 
machines  are  very  close  to  the  source  of  power  and  can  be 
worked  without  any  intermediate  transmi.ssion  being  neces- 
sary. This  is  especially  the  case  where  the  power  demand 
is  large  and  the  machines  are  .seldom  resting.  In  all  otlier 
cases  it  is  contended  that  the  electric  drive  po.ssesses  advan- 
tages, and  group  driving  by  this  means  should  be  used  for 
steady  working  and  evenly  loaded  shops,  as  the  belting 
losses  are  practically  the  .same  for  all  loads,  resulting  in 
good  overall  ethciency.  fllcctrical  individual  drive  should 
be  used  for  all  quick  running  work  where  the  stops  are 
many,  and  in  cases  where  the  conditions  in  the  shop  are  not 
favourable  to  belting  being  used.  The  same  conditions 
may  be  observed  in  all  ca.ses  where  |)ower  is  not  generated 
on  the  premises. 


SUTVLEMEST  to  "The  Electrician,"  August  20.  1909. 
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M^  O  T  E  S. 


The  Entz  Petrol-Electric  System. 

The  advantages  of  petrol-electric  systems  are  well 
known,  and,  doubtless,  they  would  have  come  into  serious 
use  had  it  not  been  for  the  fact  that  they  involve  greater 
weight  than  the  ordinary  petrol  apparatus,  and  very 
often  more  complication.  On  the  other  hand,  from  the 
point  of  view  of  manipulation,  there  is  no  question  tliat 
such  systems  are  very  much  to  be  preferred,  as  they  give 
greater  smoothness  of  running  and  more  elasticity  of  drive. 
In  our  present  issue  we  give  an  account  of  au  ingenious 
system  due  to  Mr.  J.  B.  Entz.  This  consists  essen- 
tially of  a  generator  used  as  a  slipping  clutch,  the 
field  being  mounted  on  the  engine  crank  shaft  and  the 
armature  on  the  shaft  transmitting  the  motion  to  the 
driving  gear.  Under  ordinary  conditions  the  generator 
is  short-circuited,  and,  therefore,  as  the  field  revolves,  the 
armature  revolves  also  with  a  certain  slip,  this  slip 
being  sufficient  to  generate  current  to  give  the  required 
torque  when  running  at  ordinary  full  speed.  The  slip  is 
thus  about  5  per  cent.,  and  the  energy  undergoing  conver- 
sion is  comparatively  small.  For  lower  speeds  a  motor  is 
included  in  the  generator  circuit,  the  armature  of  this 
motor  being  on  the  same  shaft  as  the  armature  of  the 
generator.     Thus,  as  greater  slip  is  introduced  between  the 


generator  field  and  armature,  more  energy  is  transformed 
electrically  and  passes  to  the  motor,  thus  providing 
additional  torque.  In  this  waj''  much  higher  efficiency  is 
obtained  than  by  the  use  of  a  generator  for  transforming 
the  whole  of  tJie  energy  into,  electrical  energy  and  then 
using  it  with  the  motor,  and  at  the  same  time  the  weight 
introduced  by  the  electrical  equipment  is  much  less. 
!Mr.  Entz  does  not  say  on  what  type  of  cars  his 
system  has  been  used.  With  all  purely  petrol  systems 
the  clutch  and  change-speetl  gear  are  an  evil,  but  this 
evil  becomes  reduced  in  proportion  as  the  engine  is  made 
too  large  for  its  normal  work.  In  a  car  which  has  a 
large  power  compared  with  the  work  that  has  to  be  done 
the  change-speed  gear  introduces  very  little  difficulty,  for 
the  simple  reason  that  it  need  not  be  used  except  just  for 
getting  the  car  into  motion,  but  if  the  power  of  the  engine 
is  cut  down  a  change-speed  gear  is,  undoubtedly,  an  evil. 
This  is  the  case,  for  instance,  on  the  petrol  motor  omnibus 
and  it  is  quite  possible  that  a  system  such  a.s  that  due  to, 
Mr.  Entz  might  affbnl  something  of  a  solution  to  the  petrol 
motor  omnibus  problem. 

The  Value  of  Research. 

From  one  so  pre-eminent  in  research  as  Sir  J.  J.  Thomson 
it  is  interesting  to  have  opinions  upon  some  of  the  educa- 
tional questions  so  frequently  under  discussion.  It  may, 
perhaps,  lie  thought  that  these  opinions  should  be  restricted 
to  education  in  pure  science,  but  there  is  not  much  doubt 
that  the  same  type  of  mind  is  required  for  progress, 
no  matter  whether  it  be  in  the  world  of  pure  science  or  in 
that  of  its  applications.  The  problems  are  different,  no 
doubt,  but  initiative  is  required  in  both  cases,  and  the  same 
tenacity  of  purpose.  It  is  interesting  to  notice  that  Sir 
J.  J.  Thomson,  in  his  presidential  address  to  the  ]>ritish 
Association,  considers  that  the  chief  evil  under  which 
Cani1)ridge  labours  at  the  present  time  is  that  of  excessive 
competition  for  scholarships ;  indeed,  the  yearly  aggregate 
sum  thus  given  to  undergraduates  amounts  to  more  than 
£35,000.  The  result  of  this  is  that  specialisation  begins 
at  quite  an  early  age — that  is,  before  the  l^'niversity  is 
reached— and  continues  increasingly^  as  the  college  course 
is  puisued.  Finally,  a  minute  acquaintance  with  a  par- 
ticular subject  is  acquired,  but  the  effect  of  studying  one 
subject  for  so  long  a  time  is  generally  to  dull  the  enthu- 
siasm of  the  student,  and  when  research  at  length  begins 
it  is  taken  up  with  much  less  interest  and  keenness  than 
w  luld  have  lieeu  the  case  originally  had  the  field  of  study 
been  less  restricted. 
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CoxsiDERlXi;  that  research  is  laborious  and  dishearten- 
inij;,  it  is  no  doubt  true  that  no  greater  evil  can  be  done  to 
a  young  man  than  to  dull  his  enthusiasm.  Sir  J.  J. 
Thomson*  mentions  that  he  has  met  many  more  failures 
from  lack  of  enthusiasm  and  determination  than  from  any 
lack  of  knowledge,  or  what  is  usually  known  as  cleverness. 
There  may  be  some  who  feel  that  research  is  of  little  value 
except  to  those  who  can  continue  in  it ;  but  we  do  not  think 
such  a  view-  can  be  supported,  for  there  is  no  doubt  that 
this  class  of  work  has  a  very  great  educational  value.  As 
is  mentioned  iu  Sir  J.  J.  Thomson's  address,  it  is  possible 
to  read  books  and  pass  examinations  without  the  higher 
qualities  of  the  mind  being  brouglit  into  pla}-.  Tlie  mind 
can  be  very  quiescent  iu  reading  without  interest,  and, 
indeed,  many  of  us  know  the  soporific  effect  of  a  book  in 
wliich  the  interest  cannot  be  maintained.  In  research,  on 
the  other  hand,  there  is  a  different  object  to  be  attained 
independent  of  all  reading,  and  therefore  it  is  not  surprising 
that  Sir  J.  J.  Tno^rsox  should  h^ve  been  frequently  struck 
l>y  the  quite  remarkable  improvement  in  judgment,  inde- 
jjeudence  of  thought  and  maturity  produced  by  a  year's 
research.  The  opinion  is  expressed,  and  we  think  quite 
rightly,  that  research  develops  qualities  which  are  apt  to 
atrophy  when  the  student  is  preparing  for  examinations, 
and,  quite  apart  from  the  addition  of  new  knowledge  to  our 
store,  it  is  of  the  greatest  importance  as  a  means  uf 
education. 


In  referring  to  the  study  of  mathematics.  Sir  .1.  .1. 
Thomson  mentions  the  fact  that  there  is  a  tendency  in 
some  C|uarters  to  discourage  the  use  of  mathematics  in 
physics,  and  that  some  writers  indeed  seem  to  consider 
ignorance  of  mathematics  to  be  almost  a  virtue.  We  sin- 
cerely hope  that  this  view  is  not  often  held.  On  the  other 
hand,  we  think  it  will  be  admitted  that  the  mathematician 
has  often  done  harm  to  his  cause  by  altogether  failing  to 
grasp  the  practical  considerations  entering  into  his  prob- 
lem, or  by  making  assumptions  which  are  altogether  im- 
possible in  practice.  There  is  a  no  more  valuable  servant 
than  mathematics  if  used  with  discretion.  On  the  other 
hand,  there  is  a  no  more  misleading  master  if  its  limita- 
tions are  not  clearly  seen.  For  this  reason  we  think,  on 
the  whole,  that  it  is  more  important  for  a  mathematician 
to  study  physics  than  for  the  i^hysicist  or  engineer  to  study 
mathematics.  There  can  be  no  question,  however,  that  tlie 
2)roper  use  of  mathematics  in  l>oth  physics  and  engineering 
is  of  the  greatest  importance,  and  we  only  regret  that  a 
good  knowledge  of  mathematics  is  not  more  general. 


Electric  Lighting  Acts  (Amendment)  Bill. 

Thk  tieatment  finally  accorded  to  llie  Hlectric  Lightiii" 
Acts  (Amendment)  l>ill  in  Parliament  is  quite  character- 
istic of  our  methods  of  legislation.  The  chief  bone  of 
contention  throughout  has  l>een  the  clause  enablinj,'  local 
authorities  to  let  apparatus  out  on  hire  and  to  carry  out 
wiring.  There  has  been  a  great  deal  of  o]i])osition  to  the 
clause,  and  in  the  House  of  Lords,  at  the  instance  of  Loid 
AVEBURY,  the  clause  was  altered  so  that  wiring  could  onl>- 
be  carried  out  by  local  authorities  through  the  medium  of 
a  contractor.  In  the  present  stale  of  feeling  tins  altera- 
tion was  not  likely  to  be  acceptable  to  the  House  of 
Commons.     When,  therefore,  the  Bill  was  considered  in 


Committee  by  that  House.  Lord  Avebury's  amendment 
was  excised  :  but  on  Saturday,  when  the  measure  came 
up  for  third  reading,  with  a  mere  handful  of  members 
present.  Sir  Fkederkk  Banbuhy  moved  that  the  en- 
tire clause  be  deleted.  This  amendment  was  accepted, 
and  the  Bill  rushed  through,  the  only  other  serious 
alteration  beirg  that  a  clause  was  included  prohibiting 
unauthorised  supply  in  districts  already  supplied  by 
authorised  undertakings.  It  will  thus  be  seen  that  the 
electrical  contractors  have  gained  the  day,  but  we  doubt  if 
their  victory  will  lie  for  the  good  of  the  industry.  Certainly, 
it  is  extremely  unfortunate  that  municipalities  should  not 
have  obtained  powers  to  let  apparatus  out  on  hire.  We 
think  that  Lord  Avebury's  amendment  was  the  best 
solution  of  the  difficulty,  but,  failing  that,  it  would 
probably  have  been  better  for  the  municipalities  to  have 
had  the  wiring  powers,  for  most  of  those  who  already 
possess  wiring  powers  find  it  best  to  work  through  the 
medium  of  contractors.  So  long,  however,  as  our  legislation 
is  carried  out  by  those  who  know  very  little  about  the 
issues  involved,  we  can  only  expect  this  sort  of  result. 


Age  of  the  Electrical  Industry. 

To  those  who  speak  habitually  of  the  electrical  industry 
being  in  its  infancy  the  announcement  may  come  as  a 
shock  that  Mr.  E.  Stewart  Bain  and  Mr.  G.  W.  Part- 
rjD(;E  have  each  been  presented  with  a  handsome  piece  of 
plate  by  the  directors  of  the  London  Electric  Supply  Cor- 
poration in  recognition  of  21  year's  service.  Although  the 
dawn  of  the  electrical  age  may  seem  but  yesterday,  the  fact 
remains  that  the  industry  has  nevertheless  reached  the 
stage  of  full  manhood,  and  it  is  quite  possible  to  have 
spent  21  years  of  one's  life  in  the  service  of  a  single  under- 
taking. Of  course,  if  the  telegraphic  world  alone  is  con- 
sidered, it  is  possible  to  go  much  further ;  in  fact,  to  have 
been  born  in  it,  and  to  have  retired  from  it  with  the 
proverbial  grey  hairs ;  but  the  electrical  industry  in  the 
wider  sense  is  more  youthful,  and,  we  fear,  correspondingly 
less  robust.  We  offer  our  congratulations  to  Mr.  Bain 
and  Mr.  1'artridge. 


Obituary. — We  regret  to  record  the  death  of  Alderman 
Dowson,  chairman  of  the  Doncaster  Electricity  Committee, 
which  occurred  at  Norwich  on  Saturday,  August  14th.  Mr. 
Dowson  had  long  experience  of  nmnicipal  work  gener.ally  and 
especially  of  the  branch  connected  with  electrical  engineering. 
He  was  for  some  years  a  ]iieiiiber  of  the  council  of  the  Muni- 
cipal Electric  Tramways  Association. 

Electric  Induction  Furnace  for  Brass  Smelting. — According 
to  the  "Electrical  lieviewaiid  Western  Electrician,"  the  electric 
induction  furnace  has  been  suggested  foi'  brass  smelting,  and 
jjossesses  the  advantage  that,  by  covering  in  the  furnace  befoi'e 
the  melting  temperature  is  reached,  the  oxidation  of  the  zinc 
can  bo  materially  reduced.  Brass  and  similar  alloys  at 
])resent  are  usually  melted  in  crucibles  in  coke  furnaces,  a 
method  which  is  wasteful  of  fuel  and  difficult  to  regulate, 
besides  incurring  a  loss  of  zinc. 

Cable  Interruptions  and  Repairs. 

Date  of  Interruption.  Date  of  Repair. 

Tanffier— Cadiz „     May  19,  1909  ...  — 

Tourane— Amoy    .„ June  17,  1909  ...  — 

Assab— Perim    July     8,1909  ...  — 

Gibraltar— Tangier    Aui;.  7,  1909  ...  — 

Cuota— Tangier Auf;.  7,  1909  ... 

Melilla-Cliafrinas    Aug.  7,  1909  ...  — 

Corfu— Trieste  Aug.l6,  1909  ...  Au},'.  23,  1909 

Dakar— Conakry  Aug.  19,  1909  ...  — 
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Telephones  from  Paris  to  Madrid. — We  understand  that 
negotiations  for  through  telephone  communication  between 
Madrid  and  Paris  are  well  advanced,  and  it  has  been  decided 
definitely  to  provide  telephone  lines  between  Madrid  and  Bor- 
deaux. When  the  Franco-Spanish  communication  has  been 
established  the  problem  of  through  speaking  from  London  to 
Madrid  will  require  speed)-  solution. 

Financial  Assistance  from  an  Electric  Light  Company. — 
A  pleasing  instance  of  the  good  relations  existing  between  a 
supply  company  and  a  municipality,  a  state  of  things  which 
is  too  often  non-existent  in  this  country,  is  given  in  a  recent 
issue  of  the  "Illuminating  Engineer."  It  appears  that  when 
the  city  of  Chicago  was  'strapped"  last  Januarj-  and  could 
not  meet  its  payments,  the  Commonwealth  Edison  Co.  advanced 
£20,000  on  account  of  its  tax.  It  has  recently  handed  over 
the  balance,  amounting  to  about  £80,000.  ".\  friend  in  need 
is  a  friend  indeed." 

"Engineering  Day'  at  Shepherd's  Bush  Exhibition. — It  is 
announced  that  an  "  engineering  day  '  will  be  held  at  the 
Shepherd's  Bush  Exhibition  on  Saturday,  September  -Ith.  A 
large  number  of  invitations  have  already  been  issued,  and  the 
guests  will  be  receiveil  by  the  Lord  Ma)'or.  Lectures  on  engi- 
neering subjects  will  lie  included  in  the  programme  Among 
these  we  may  mention  lectures  on  "The  Extended  L'ses  of 
Electricity  on  board  Ship,"  by  Mr.  J.  McLaren,  and  on 
"Large  Gas  Engines,"  bj'  Mr.  P.  E.  Allen.  A  number  of 
special  demonstrations  will  be  given  in  the  Machinery  Hall, 
and  there  will  be  ample  opportunities  for  inspecting  the  other 
engineering  features  of  the  Exhibition. 

Institution  of  Mining  Electrical  Engineers. — A  council 
meeting  of  this  Institution  was  held  at  the  i;o3"al  Victoria 
Hotel,  Shettield,  on  Saturdaj'  last,  when  a  report  was  pre- 
sented by  the  hon.  secretary  showing  that  the  membership 
had  now  reached  300,  with  a  prospective  immediate  increase  to 
400  by  the  addition  of  candidate.^  who  had  not  yet  been 
formallj-  elected.  The  draft  memorandum  and  articles  of 
association  were  submitted  and  provisionally  approved.  It 
was  resolved  to  create  a  diploma  class  of  membersliip,  to 
which  candidates  could  only  obtain  admission  by  examination 
after  having  had  an  approved  term  of  practical  experience  in 
charge  of  electrical  plant  in  mines. 

Traffic  Problems  in  Berlin. — In  a  recent  issue  of  the 
"  Elektrotechnische  Zeitschrift "  Herr  Petersen  criticises  the 
present  "  fast-train  "  policy  of  the  Berlin  suburban  authorities  : 
this  consists  in  building  lines  on  which  fast  trains  can  be 
run  onl}'  underground.  He  demands  such  a  tariff  for  these 
railways  that  it  shall  be  possible  for  them  to  withstand  the 
competition  of  other  traffic  undertakings  such  as  tramways 
and  omnibus,  and  states  that  underground  construction  should 
be  confined  to  the  crowded  parts  of  the  town  where  surface 
lines  are  impossible.  He  supports  this  argument  by  referring 
to  the  unsatisfactory  results  obtained  on  the  London  under- 
ground railways.  The  extensions  of  the  Berlin  railways 
underground  will  load  the  undertakers  with  debts  which  the 
receipts  will  not  justify. 

Errors  in  Electrical  Instruments. — .'^.s  is  well  known  elec- 
trical measuring  instruments  are  very  liable  to  many  sources 
of  error.  A  simple  source  of  error  which,  however,  is  some- 
times overlooked  is  mentioned  by  J.  F.  van  Lonkhuyzen  in  a 
recent  issue  of  the  "  Elektrotechnische  Zeitschrift.  "  It  is  the 
static  charge  of  the  cover-glass  of  the  instrument.  The  longer 
the  pointer,  the  nearer  it  is  to  the  glass,  the  drier  the  atmo- 
sphere, and  the  feebler  the  directive  force  of  the  instru- 
ment, the  greater  will, be  this  error.  By  drawing  a  piece  of 
soft  leather  across  the  glass  of  a  galvanometer  Lonkhuyzen 
produced  a  deflection  up  to  5  per  cent.  In  a  dry  warm  room 
instruments  went  wrong  by  as  much  as  20  per  cent,  when 
touched  with  the  dry  hand.  These  deflections  are  not  lasting 
of  course,  but  it  may  be  an  hour  before  the  pointer  indicates 
correctly  again.  When  making  comparisons  with  mirror 
instruments  the  error  may  become  pronounced,  because  the 
glass  is  cleaned  to  wipe  oft"  the  dust  Particular  care  has  to  be 
exercised  in  this  respect  in  the  workshop,  especiallj-  with  sus- 
pended instruments.  There  is,  fortunately,  an  easj'  preven- 
tive— breathing  upon  the  glass.  Faulty  indications  may  also 
result  when  the  instrument  is  joined  to  the  secondary  of  an 


insulated  transformer.  The  secondary  may  have  a  static 
charge  sufficient  to  upset  the  instrument.  Our  readers  will 
remember  in  this  connection  that  the  late  Prof.  Ayrton  described 
before  the  Institution  of  Electrical  Engineers  a  transparent 
conducting  varnish,  by  the  use  of  which  these  errors  were 
avoided. 

Headlights  for  Motor  Cars. — The  Royal  Automobile  Club 
has  just  issued  an  interesting  report  as  the  result  of  careful 
tests  made  upon  a  number  of  headlights  for  motor  cars  and 
motor  cycles.  The  object  particularly  aimed  at  was  to  investi- 
gate how  the  glare,  which  is  very  disconcerting  to  other  users 
of  the  road,  could  be  reduced  to  a  minimum.  For  this  pur- 
pose certain  definitions  were  necessary.  For  example,  the 
range  of  a  lamp  was  defined  as  the  distance  at  which  an  illu- 
mination of  ,',,  candle-ft.  was  reached  along  a  line  in  the 
centre  of  the  beam.  The  width  of  the  beam  (to  obtain  its 
dispersion)  was  determined  by  measuring  the  distance  over 
which  the  illumination  was  not  less  than  ,',;  candle-ft.  This 
standard  of  illumination  was  adopted  because  it  is  sufficient 
to  enable  details  to  be  distinguished.  The  "dazzling  eflFect" 
was  judged  b\'  measuring  the  distance  in  front  of  the  lamp  at 
which  the  observer  could  distinguish  an  object  placed  6  ft.  to  the 
side  of  and  6  ft.  lieyond  the  lamp  under  observation.  The  object 
chosen  was  such  that  it  could  be  discerned  on  a  starlit,  moon- 
less, clear  night  at  a  distance  of  100  ft.  in  the  absence  of  any 
headlight.  One  point  brought  out  by  the  tests  is  that  the 
candle-power  used  in  these  lamps  is  much  lower  than  is 
generally  supposed.  For  example,  the  naked  lamp  of  a  head- 
light, such  as  is  usually  employed,  is  from  1-5  c. p.  to  25  c. p. 
Consequent!}",  the  electric  lamp  is  by  no  means  out  of  the 
question,  because  20  candle-power  can  be  obtained  by  the 
consumption  of  al)Out  21  watts.  It  is  interesting  to  note  that 
a  number  of  electric  headlights  were  submitted  for  test,  and 
gave  a  very  good  accouut  of  themselves,  the  distance  at  which 
"  dazzle  "  ceased  often  comparing  very  favourably  with  their 
non-electrical  competitors.  Although  much  interesting  data 
was  obtained,  no  awards  were  made. 

Electric  Smelting  of  Iron  Ore. — "  Engineering  News  "  states 
that  the  Electric  Iron  Co.,  of  Trollhiittan,  Sweden,  has  recently 
been  organised  in  Stockholm  for  electric  smelting  of  iron  ore 
for  producing  pig  iron  on  a  commercial  scale.  The  new  plant 
is  to  be  erected  at  Trollhiittan,  where  the  Government  owns  a 
large  hydroelectric  power  station,  from  which  electric  energy 
is  sold  at  cheap  rates  to  surrounding  cities  and  industrial  con- 
sumers. The  falls  yield  about  75,000  H.P.,  but  will,  in  the 
future,  after  regulation  of  Lake  Yenern,  give  150,000  H.r. 
Electric  power  will  be  bought  from  the  Goverment  at  the  rate 
of  30s.  per  horse-power  for  the  first  10  years  and  at  .£2  per 
horse-power  for  the  following  10  years.  A  preliminary  con- 
tract for  renting  up  to  10,000  h.p.  has  been  drawn  up.  The 
first  instalLation  is  to  consist  of  three  ore-reduction  furnaces  of 
2,500  H.P.  each.  Of  these,  one  furnace  is  to  be  in  reserve. 
The  yearly  production  is  calculated  at  15,000  metric  tons 
of  pig  iron,  or  7,500  tons  for  each  furnace.  The  pig  iron  pro- 
duced is  intended  to  be  used  for  foundry  purposes  only  and  to 
contain  0--4  to  I'O  per  cent,  of  phosphorus.  Phosphorus- 
carrying  ore  from  the  Griingesberg  mining  district  will  be 
used.  For  the  reduction  of  the  ore.  German  coke  from  the 
Westphalia  district  will  be  used,  costing  at  Trollliattan  22s.  per 
tun,  which  is  considerably  cheaper  than  the  Swedish  charcoal 
ordinarily  employed  in  Swedish  blast  furnaces.  The  pig  iron 
is  calculated  to  be  produced  at  £2.  14s.  per  ton.  The  cost  of 
the  new  plant  is  estimated  as  follows  :  — 

Three  smeltiii}^  furnaces    .„ - £8,000 

Ladles,  ladlucixrs  and  various  appliances SCO 

Crushing  plant  (35,C00  tons  of  ore  and  7,000  tons  of  coke 

annually)    ''SO 

Transformer  and  motors  for  crushing  plant,  for  tran8porti\- 

tion,  lighting,  &c 320 

Conveying  machinery   for  conveying  between   harbour  and 

crushing  plant  and  to  top  of  furnace 800 

Machinery  for  conveying  pig  iron  and  slag,  and  tracking   ...        640 

Buildings  for  furnaces  and  coke  storage 3,200 

Building  for  crushers 220 

Excavation,  grading,  fencing  and  harbour  work    800 

Office  and  laboratory   1,100 

Superintendence  and  incidentals 1,820 

Koyalty   1,340 

Total £19,520 
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SIR  J    J.  THOMSONS  ADDRESS  TO  THE  BRITISH 
ASSOCIATION.* 


The  eminence  of  my  predecessors  in  the  chair  at  the  meetings  of  the 
British  Association  in  Canada  makes  my  task  this  evening  a  diittcult 
one.  The  meeting  at  Montreal  was  presided  over  by  Lord  Raylcigh, 
who.  like  Lord  Kelvin,  his  colleague  in  the  chair  of  Section  A  at  that 
meeting,  has  left  the  lion's  mark  on  every  department  of  physics. 
and  who  has  shown  that,  vast  as  is  the  empire  of  ])hysics.  there  are 
still  men  who  can  extend  its  frontiers  in  all  of  the  many  regions  under 
its  sway.  It  has  been  my  lot  to  succeed  Lord  Rayleigh  in  other  offices 
as  «ell  as  this,  and  1  know  how  difficult  a  man  he  is  to  follow. 

The  president  of  the  second  meeting  in  Canada — that  held  in  1897 
at  Toronto — was  Sir  .John  Evans,  one  of  those  men  who,  like  Boyle, 
Cavendish,  Darwin.  Joule  and  Huggins,  have,  from  their  own  re- 
sources and  without  the  aid  derived  from  official  positions  or  from 
the  universities,  made  memorable  contributions  to  science  ;  such  men 
form  one  of  the  characteristic  features  of  British  science.  May  we  not 
hope  that,  as  the  knowledge  of  science  and  the  interest  taken  in  it 
increase,  more  of  the  large  number  of  men  of  independent  means  in 
our  country  may  be  found  working  for  the  advancement  of  science, 
and  thereby  rendering  services  to  the  community  no  less  valuable 
than  the  political,  philanthropic  and  social  work  at  which  many  of 
them  labour  with  so  much  zeal  and  success  ? 

I  can  claim  to  have  some  experience  of,  at  any  rate,  one  branch 
of  Canadian  science,  for  it  has  been  my  privilege  to  receive  at 
the  Cavendish  Laboratory  many  students  from  your  universities,  as 
well  as  from  those  of  Xew  Zealand,  Australia  and  tl>e  United  States. 
and  have  thus  had  opportunities  of  comparing  the  effect  on  the  best 
men  of  the  educational  system  in  force  at  your  universities  with  that 
which  prevails  in  the  older  English  universities.  Well,  as  the  result.  I 
have  come  to  the  conclusion  that  there  is  a  good  deal  in  the  latter 
system  wliich  you  have  been  wise  not  to  imitate.  The  chief  evil  from 
which  we  at  Cambridge  suffer  and  which  you  have  avoided  is.  I  am 
convinced,  the  excessive  competition  for  scholarships  which  confronts 
our  students  at  almost  every  stage  of  their  education.  You  may 
form  some  estimate  of  the  prevalence  of  these  scholarships  if  I  tell  you 
that  the  colleges  in  the  University  of  Cambridge  alone  give  more  than 
£35,C(X)  a  year  in  scholarships  to  undergraduates,  and  I  suppose  the 
case  is  much  the  same  at  Oxford.  The  result  of  this  is  that  prepara- 
tion for  these  scholarships  dominates  the  education  of  the  great 
majority  of  the  cleverer  boys  who  come  to  these  universities.  From 
the  age  of  16  he  does  little  else  than  the  subject,  be  it  mathematics, 
classics  or  natural  science,  for  which  he  wishes  to  get  a  scholarship  ; 
then,  on  entering  the  university,  he  spends  three  or  four  years  study- 
ing the  same  subject  before  he  takes  his  degree,  when  his  real  life 
work  ought  to  begin.  How  has  this  training  fitted  him  for  this  work  ? 
1  will  take  the  case  in  which  the  system  might  perhaps  be  expected 
to  show  to  greatest  advantage,  when  his  work  is  to  be  original  re- 
search in  the  subject  he  has  been  studying.  He  has  certainly  acquired 
a  very  minute  acquaintance  with  his  subject — indeed,  the  know- 
ledge possessed  by  some  of  the  students  trained  under  this  system  is 
quite  remarkable,  much  greater  than  that  of  any  other  students  I  have 
ever  met.  But  though  he  has  acquired  knowledge,  the  effect  of  study- 
jng  one  subject,  and  one  subject  only,  for  so  long  a  time  is  too  often 
to  dull  his  enthusiasm  for  it,  and  he  begins  research  with  much  of  his 
early  interest  and  keenness  eva])orated.  Now  there  is  hardly  any 
quality  more  essential  to  success  in  research  than  enthusiasm.  Re- 
search is  difficult,  laborious,  often  disheartening.  The  carefully- 
designed  ajjparatus  refuses  to  work,  it  develops  defects  which  may 
take  months  of  i)atient  work  to  rectify,  the  results  obtained  may 
appear  inconsistent  with  each  other  and  with  every  known  law  of 
Nature,  sleeple.s.s  nights  and  laborious  days  may  seem  only  to  make 
the  confusion  more  confounded,  and  there  is  nothing  for  the  student 
to  do  but  to  take  for  his  motto  "  It"s  dogged  as  does  it,"  and  jjlod  on, 
comforting  himself  with  the  a.ssurance  that  when  success  does  come 
the  difficulties  he  has  overcome  will  im  rea.se  the  |)lcasure — one  of  tlie 
most  exquisite  men  can  enjoy — of  getting  .some  conception  wliich  will 
make  all  that  was  tangled,  confu.sed  and  contradictory  clear  and  con- 
sistent. Unless  he  has  enthusiasm  to  carry  him  on  when  the  prospect 
seems  almost  hopeless  and  the  labour  and  strain  incessant,  the  student 
may  give  up  his  task  and  take  to  easier  though  less  important  ])ursuits. 
I  am  convinced  that  no  greater  evil  can  be  done  to  a  young  man 
than  to  dull  his  enthusia.sm.  In  a  very  con.sidcrablc  experience  of 
students  of  |)hysics  beginning  re.search  I  have  met  with  more — many 
more — failures  from  lack  of  enthusiasm  and  determination  than  from 
any  lack  of  knowledge  or  of  what  is  usually  known  as  cleverness. 

The  premature  specialisation  fostered  by  the  preparation  for  thes(' 
scholarships  injures  the  student  by  depriving  him  of  adequate  literary 
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culture,  while  when  it  extends,  as  it  often  does,  to  specialisation  in 
one  or  two  branches  of  science,  it  retards  the  progress  of  science  by 
tending  to  isolate  one  science  from  another.  The  boundaries  between 
the  sciences  are  arbitrary,  and  tend  to  disappear  as  science  pro- 
gresses. The  principles  of  one  science  often  find  most  striking  and 
suggestive  illustrations  in  the  |)henonifna  of  another. 

Again,  the  specialisation  jirevalent  in  schools  often  jirevents 
students  of  science  from  acquiring  sufficient  knowledge  of  mathi- 
maties  :  it  is  true  that  most  of  those  who  study  physics  do  sonu' 
mathematics,  but  I  hold  that,  in  general,  they  do  not  do  enough,  and 
that  they  are  not  as  efficient  physicists  as  they  would  be  if  they  had  a 
wider  knowledge  of  that  subject.  There  .seems  at  present  a  tendency 
in  some  quarters  to  discourage  the  use  of  mathematics  in  physics : 
indeed,  one  might  infer,  from  the  statements  of  some  writers  in  quasi- 
scientific  journals,  that  ignorance  of  mathematics  is  almost  a  virtue. 
If  this  is  so,  then  surely  of  all  the  virtues  this  is  the  easiest  and  most 
prevalent. 

Two  points  of  view  are  better  than  one,  and  the  physicist  who  is 
also  a  mathematician  possesses  a  most  powerful  instrument  for  scien- 
tific research  with  which  many  of  the  greatest  discoveries  have  been 
made:  for  example,  electric  waves  were  discovered  by  mathematics 
long  before  they  were  detected  in  the  laboratory.  He  has  also  at  his 
command  a  language  clear,  concise  and  universal,  and  there  is  mi 
better  way  of  detecting  ambiguities  and  discrepancies  in  his  ideas 
than  by  trying  to  express  them  in  this  language.  Again,  it  often  hap- 
pens that  we  are  not  able  to  appreciate  the  full  significance  of  some 
physical  discovery  until  we  have  subjected  it  to  mathematical  treat- 
ment, when  we  find  that  the  effect  we  have  discovered  involves  other 
effects  which  have  not  been  detected,  and  we  are  able  by  tlvis  means 
to  duplicate  the  discovery.  Thus  .James  Thomson,  starting  from  the 
fact  that  ice  floats  on  water,  showed  that  it  follows  by  mathematics 
that  ice  can  be  melted  and  water  prevented  from  freezing  by  pressure. 
This  effect,  which  was  at  that  time  unknown,  was  afterwards  verified 
by  his  brother.  Lord  Kelvin.  Multitudes  of  similar  duplication  of 
physical  discoveries  by  mathematics  could  be  quoted. 

I  have  been  pleading  in  the  interests  of  physics  for  a  greater  study 
of  mathematics  by  physicists.  I  would  also  plead  for  a  greater  study 
of  physics  by  mathematicians  in  the  interest  of  pure  mathematics. 

The  history  of  pure  mathematics  shows  that  manjf  of  the  most  im- 
portant branches  of  the  subject  have  arisen  from  the  attempts  made 
to  get  a  mathematical  solution  of  a  problem  suggested  by  physics. 
Thus  the  differential  calculus  arose  from  attempts  to  deal  with  the 
problem  of  moving  bodies.  Fourier's  theorem  resulted  from  attempts 
to  deal  with  the  vibrations  of  strings  and  the  conduction  of  heat ; 
indeed,  it  would  seem  that  the  most  fruitful  crop  of  scientific  ideas 
is  produced  by  cross-fertilisation  between  the  mind  and  some  definite 
fact,  and  that  tlie  mind  by  itself  is  comparatively  unproductive. 

I  think,  if  we  could  trace  the  origin  of  some  of  our  most  compre- 
hensive and  important  scientific  ideas,  it  would  be  fciund  that  they 
arose  in  the  attempt  to  find  an  explanation  of  some  apparently  tri^^al 
and  very  special  ijhenomenon  ;  when  once  started  the  ideas  grew  to 
such  generality  and  importance  that  their  modest  origin  could  hardly 
be  suspected,  \\'ater  vapour  we  know  will  refuse  to  condense  into 
rain  unless  there  are  particles  of  dust  to  form  nuclei  ;  so  an  idea 
before  taking  .shape  seems  to  require  a  nucleus  of  solid  fact  round 
which  it  can  condense. 

I  have  ventured  to  urge  the  closer  union  between  mathenuitics  and 
))hysics  Ijecause  1  think  of  late  years  there  has  been  sonu  tendency 
for  these  sciences  to  drift  ajiart.  and  that  the  workers  in  applied  mathe- 
matics are  relatively  fewer  than  they  were  some  years  aco.  This  is 
no  doubt  due  to  some  extent  to  the  remarkable  developments  made  in 
the  last  few  yeai's  in  experimental  ])hysics  on  the  one  hand  and  in  the 
most  abstract  and  meta))hysical  parts  of  pure  mathematics  on  the 
other.  The  fascination  of  these  has  drawn  workers  to  the  frontiers 
of  these  regions  who  would  otlierw  ise  have  worked  nearer  the  junction 
of  the  two.  In  part,  tcio,  it  may  be  due  to  the  fact  that  the  ))roblems 
with  which  the  ai)iilied  mathematician  has  to  deal  are  exceedingly 
difficult,  and  many  may  have  felt  that  the  problems  presented  by  the 
older  physics  have  been  worked  over  so  often  by  men  of  the  highest 
genius  that  there  was  but  little  chance  of  any  problem  which  they 
could  have  any  hope  of  solving  being  left. 

But  the  newer  developments  of  physics  have  opened  \  irgin  ground 
which  has  not  yet  been  worked  over,  and  which  offers  problems  to  the 
mathematician  of  great  interest  and  novelty — jiroblems  which  will 
sugircst  and  require  new  methods  of  attack,  the  development  of 
which  will  advance  pure  mathematics  as  well  as  physics. 

1  have  alluded  to  the  fact  that  pure  mathematicians  have  been 
indebted  to  the  .study  of  concrete  problems  for  the  origination  of  some 
of  their  most  valuable  conceptions  ;  but  though  no  doubt  pure 
mathematicians  are  in  many  ways  very  exeejitional  folk,  yet  in  this 
respect  they  are  very  human.  Most  of  us  need  to  tackle  some  definite 
difficulty  before  our  minds  develop  whatever  powers  they  may  pos- 
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sess.  This  is  true  for  even  the  youngest  of  us.  for  our  school  boys  and 
school  girls,  and  I  think  the  moral  to  be  drawn  from  it  is  tltat  we 
should  aim  at  making  the  education  in  our  schools  as  little  bookish 
and  as  practical  and  concrete  as  possible. 

1  once  had  an  illustration  of  the  power  of  the  concrete  in  stimulat- 
ing the  mind  ^hieh  made  a  very  lasting  impres.sion  upon  me.  One  of 
my  first  pupils  came  to  me  with  the  assurance  from  his  previous 
teacher  that  he  knew  little  and  cared  less  about  mathematics,  and 
that  he  had  no  chance  of  obtaining  a  degiee  in  that  subject.  For 
some  time  1  thought  this  estimate  was  correct,  but  he  happened  to  be 
enthusiastic  about  billiards,  and  when  we  were  reading  that  part  of 
mechanics  which  deals  with  the  collision  of  elastic  bodies  I  pointed 
out  that  many  of  the  effects  he  was  constantly  observing  wei"e  illus- 
trations of  the  subject  we  were  studying.  From  that  time  he  was  a 
changed  man.  He  had  never  before  regarded  mathematics  as  any- 
thing but  a  means  of  annoying  innocent  undergraduates  ;  now,  when 
he  saw  what  important  results  it  could  obtain,  he  became  enthu- 
siastic about  it.  developed  very  considerable  mathematical  ability, 
and,  though  he  had  already  wasted  two  out  of  his  three  years  at 
college,  took  a  good  place  in  the  Mathematical  Tripos. 

It  is  possible  to  read  books,  to  pass  examinations  without  the 
higher  qualities  of  the  mind  being  called  into  play.  Indeed,  I  doubt 
if  there  is  any  process  in  which  the  mind  is  more  quiescent  than  in 
reading  without  interest.  I  might  appeal  to  the  widespread  habit  of 
reading  in  bed  as  a  prevention  of  insomnia  as  a  proof  of  this.  But 
it  is  not  possible  for  a  boy  to  make  a  boat  or  for  a  girl  to  cook  a  dinner 
without  using  their  brains.  With  practical  things  the  difficulties 
liave  to  be  surmounted,  the  boat  must  be  made  watertight,  the  dinner 
must  be  cooked,  while  in  reading  there  is  always  the  hope  that  the 
difficulties  which  have  been  slurred  over  will  not  be  set  in  the  ex- 
amination. 

I  think  it  was  Helmholtz  who  said  that  often  in  the  course  of  a 
research  more  thought  and  energy  were  spent  in  reducing  a  refractory 
piece  of  brass  to  order  than  in  devising  the  method  or  planning  the 
scheme  of  campaign.  This  constant  need  for  thought  and  action 
gives  to  original  research  in  any  branch  of  experimental  science  great 
educational  value  even  for  those  who  will  not  become  professional 
men  of  science.  I  have  had  considerable  experience  with  students 
beginning  research  in  experimental  physics,  and  I  have  always  been 
struck  by  the  quite  remarkable  improvement  in  judgment,  indepen- 
dence of  thought  and  maturity  produced  by  a  year's  research.  Re- 
search develops  qualities  which  are  apt  to  atrophy  when  the  student 
is  preparing  for  examinations,  and,  quite  apart  from  the  addition  of 
new  Imowledge  to  our  store,  is  of  the  greatest  importance  as  a  means 
of  education. 

It  is  the  practice  in  many  universities  to  make  special  provision 
for  the  reception  of  students  from  other  universities  who  wish  to  do 
original  research  or  to  studj'  the  more  advanced  parts  of  their  sub- 
ject, and  considerable  numbers  of  such  students  migi'ate  from  one 
university  to  another.  I  think  it  would  be  a  good  thing  if  this  prac- 
tice were  to  extend  to  student  sat  an  earlier  stage  in  their  career  ; 
especially  should  I  like  to  see  a  considerable  interchange  of  students 
between  the  universities  in  the  Mother  Country  and  those  in  the 
colonies.  I  am  quite  sure  that  many  of  our  English  students,  es- 
pecially those  destined  for  public  life,  could  have  no  more  valuable 
experience  than  to  spend  a  }"ear  in  one  or  other  of  your  universities. 
and  I  hope  some  of  your  students  might  profit  by  a  visit  to  ours.  1 
can  think  of  nothing  more  likelj'  to  lead  to  a  better  understanding 
of  the  feelings,  the  sympathies  and.  what  is  not  less  important,  the 
prejudices  of  one  country  by  another  than  by  the  youths  of  those 
countries  spending  a  part  of  their  student  life  together. 

It  has  usually  been  the  practice  of  the  president  of  this  Association 
to  give  some  account  of  the  progress  made  in  the  last  few  years  in  the 
branch  of  science  which  he  has  the  honour  to  represent.  I  propose 
this  evening  to  follow  that  precedent. 

The  period  which  has  elapsed  since  the  .Association  last  met  in 
Canada  has  been  one  of  almost  unparalleled  activity  in  many 
branches  of  physics,  and  many  new  and  imsuspected  properties  of 
matter  and  electricity  have  been  discovered.  The  history  of  this 
period  affords  a  remarkable  illustration  of  the  effect  which  may  be 
produced  by  a  single  discover}- ;  for  it  is,  I  think,  to  the  discovery 
of  the  Rontgen  rays  that  we  owe  the  rapidity  of  the  progress  whicli 
has  recentlj'  been  made  in  physics.  Their  influenee  on  physics  is 
chiefly  due  to  the  fact  that  these  rays  make  gases,  and,  indeed,  solids 
and  li((uids,  through  which  they  pass  conductors  of  electricity.  It  is 
inie  that  liefoio  the  discovery  of  these  rays  other  methods  of  making 
gases  conductors  were  known,  but  none  of  these  were  so  convenient 
for  the  |)urpo3es  of  accurate  measurement.  The  study  of  gasi\s  ex- 
posed to  Runtgen  rays  has  revealed  in  such  gases  the  presence  of  par- 
ticles charged  with  electricity  ;  some  of  these  particles  are  charged 
with  positive,  others  with  negative  electricity. 

The  properties  of  these  particles  have  been  investigated  ;  we  know 


the  charge  they  carry,  the  s]jced  h  ilh  which  they  move  under  an  elec- 
tric force,  the  rate  at  which  the  oppositely  charged  ones  re-combine, 
and  these  investigations  have  thrown  a  new  light,  not  only  (in  elec- 
tricity, but  al.so  on  the  structure  of  matter.  We  know  from  these 
investigations  that  electricity,  like  matter,  is  molecular  in  structure, 
that  just  as  a  quantity  of  hydrogen  is  a  collection  of  an  immense 
number  of  small  iiarticlcs  called  molecules,  so  a  charge  of  electricity 
is  made  up  of  a  great  number  of  small  charges,  each  of  a  jierfectly 
definite  and  known  amount. 

The  great  advantage  of  the  electrical  methods  for  the  study  of  the 
properties  of  matter  is  due  to  the  fact  that  whenever  a  particle  is  elec- 
trified it  is  very  easily  identified,  whereas  an  uncharged  molecule  is 
most  elusive  ;  and  it  is  only  when  these  are  present  in  immense  num- 
bers that  we  are  able  to  detect  them.  For  example,  the  neon  in 
:}  cubic  cm.  of  air  can  be  detected,  but  there  are  present  about  10 
million  million  molecules,  whereas  Rutherford  has  shown  that  we  can 
detect  the  presence  of  a  single  a  particle. 

We  have  already  made  considerable  progress  in  the  task  of  dis- 
covering what  the  structure  of  electricity  is.  We  have  known  for 
some  time  of  one  kind  of  electricity — the  negative — and  a  very 
interesting  one  it  is.  We  know  that  negative  electricity  is  made  up 
of  units  all  of  which  are  of  the  same  kind  :  that  these  units  are  ex- 
ceedingly small  compared  with  even  the  smallest  atom,  for  the  mass 
of  the  unit  is  only  i-\ii,  part  of  the  mass  of  an  atom  of  hydrogen  ;  that 
its  radius  is  only  1()~'''  cm.,  and  that  these  unit--- — ''  corpuscles,"'  as 
they  have  been  called — can  lie  obtained  from  all  substances.  The 
size  of  these  corpuscles  is  on  an  altogether  different  scale  from  that  of 
atoms  ;  the  volume  of  a  corpuscle  bears  to  that  of  the  atom  about 
the  same  relation  as  that  of  a  speck  of  dust  to  the  volume  of  this  room. 
Under  suitable  conditions  they  move  at  enormous  speeds  which  ap- 
proach in  some  instances  the  velocity  of  light. 

We  know  a  great  deal  about  negative  electricity.  Are  similar 
effects  true  for  positive  electricity  ?  Can  we  get,  for  example,  a 
positive  unit  from  oxygen  of  the  same  kind  as  that  we  get  from 
hydrogen  ?  For  my  own  part,  I  tliink  the  evidence  is  in  favour  of 
the  view  that  we  can,  although  the  natme  of  the  unit  of  positive 
electricity  makes  the  proof  much  more  difficult  than  for  the  negative 
unit.  In  the  first  place  we  find  that  the  positive  particles — "  Kanal- 
strahlen  "  is  their  technical  name — discovered  by  our  distinguished 
guest.  Dr.  C4oldstein.  which  are  found  when  an  electric  discharge 
passes  through  a  highly  rarefied  gas,  are.  when  the  pressiu-e  is  very 
low,  the  same,  whatever  may  have  been  the  gas  in  the  vessel  to  begin 
with.  Some  experiments  made  lately  by  Wellisch.  in  the  Cavendish 
Laboratory,  strongly  support  the  view  that  there  is  a  definite  unit  of 
positive  electricity  independent  of  the  gas  from  which  it  is  derived. 

The  investigations  made  on  the  unit  of  positive  electricity  show 
that  it  is  of  quite  a  different  kind  from  the  unit  of  negative,  the  mass 
of  the  negative  unit  is  exceedingly  small  compared  with  any  atom, 
the  only  positive  units  that  up  to  the  present  have  been  detected  are 
quite  comparable  in  mass  with  the  mass  of  an  atom  of  hydrogen  ;  in 
fact,  they  seem  equal  to  it. 

A  knowledge  of  the  mass  and  size  of  the  two  units  of  electricity, 
the  positive  and  the  negative,  w'ould  give  us  the  material  for  construct- 
ing what  may  be  called  a  molecular  theory  of  electricity,  and  would 
be  a  starting  jioiut  for  a  theory  of  the  structure  of  matter. 

As  it  would  seem  that  the  units  of  positive  and  negative  electricity 
are  of  very  different  sizes,  we  must  regard  matter  as  a  mixture  con- 
taining systems  of  very  different  types,  one  type  corresponding  to  the 
small  corpuscle,  the  other  to  the  large  positive  unit. 

Since  the  energy  associated  with  a  given  charge  is  greater  the 
smaller  the  body  on  which  the  charge  is  concentrated,  the  energy 
stored  u|)  in  the  negative  corpuscles  will  be  far  greater  than  that 
stored  up  by  the  positive.  The  amount  of  energy  which  is  stored  up 
in  ordinary  matter  in  the  form  of  the  electrostatic  potential  energy  of 
its  corpuscles  is.  I  think,  not  generally  realised.  .\11  substances  give 
out  corpuscles,  so  that  we  may  assume  that  each  atom  of  a  substance 
contains  at  least  one  corpuscle.  From  the  size  and  the  charge  on  the 
corpuscle,  both  of  which  are  known,  we  rind  that  each  corpuscle  has 
8  X  I0-"  ergs  of  energy  :  this  is  on  the  supposition  that  the  usual 
expressions  for  the  energy  of  a  charged  body  hold  when,  as  in  the  case 
of  a  cor|)Uscle.  the  charge  is  reduced  to  one  unit.  Now  in  1  gramme 
of  hydrogen  there  are  about  Ox  11)-^  atoms,  so  if  there  is  only  one 
corpuscle  in  each  atom  the  energy  due  to  the  corpuscles  in  a  gramme 
of  hydrogen  would  be  48x  10'>i"ergs.  or  11x10''  calories.  This  is 
more  than  seven  times  the  heat  developed  by  1  giamme  of  radium, 
or  than  that  developed  by  the  burning  of  o  tons  of  coal.  Thus  we  see 
that  even  ordinar\-  matter  contains  enormous  stores  of  energy  ;  this 
energv  is  fortunately  kept  fast  bound  by  the  corpuscles  ;  if  at  any 
time  an  appreciable  fraction  were  to  get  free  the  earth  would  explode 
and  become  a  gaseous  nebula. 

The  matter  of  which  I  have  been  speaking  so  far  is  the  material 
which  builds  up  the  matter  studied  by  the  chemist  :    this  matter 


778 


THE  ELECTRICIAN,  AUGUST  27,  1909. 


occui)ics.  liowever.  bul  an  iasigiiifioant  fraclioii  of  the  imivorsi-.  it 
forms  but  minute  islands  in  the  sireat  ocean  of  the  ether.  The  ether 
is  not  a  fantastic  creation  of  the  speculative  philosopher  :  it  is  as 
essential  to  us  as  the  air  we  breathe.  How  jireixt  is  the  supply  of 
energy  the  sun  lavishes  upon  us  l>ecouies  clear  when  we  consider  that 
the  heat  received  by  the  earth  under  a  liigh  sun  and  a  clear  sky  is 
equivalent,  according  to  the  measurements  of  Langley.  to  aliout 
7.000  H.P.  per  acre. 

The  study  of  this  all-iiervading  substance  is  perha|)s  the  most  fas- 
cinating and  important  duty  of  tlie  physicist.  On  the  electromag- 
netic theory  of  light,  now  universally  accepted,  the  energy  streaming 
to  the  earth  travels  through  the  ether  in  electric  waves  ;  thus  prac- 
tically the  whole  of  the  energy  at  our  disposal  has  at  one  time  or 
another  been  electrical  energy.  The  ether  must.  then,  be  the  seat  of 
electrical  and  magnetic  forces.  We  know,  thanks  to  the  genius  of 
Clerk  Maxwell,  the  founder  and  inspirer  of  modern  electrical  theory. 
the  equations  which  express  the  relation  between  these  forces,  and 
although  for  some  purposes  these  are  all  we  require,  yet  they  do  not 
tell  us  very  much  alxnit  the  nature  of  the  ether.  The  interest  in- 
spired by  equations,  too.  in  some  minds  is  apt  to  be  somewhat 
platonic  :  and  something  more  grossly  mechanical — a  model,  for 
example — is  felt  by  many  to  be  more  suggestive  and  manageable. 
and  for  them  a  more  powerful  instrument  of  research  than  a  purely 
analytical  theory. 

Is  the  ether  dense  or  rare  ?  Has  it  a  structure  ?  Is  it  at  rest  or 
in  motion  ?  are  some  of  the  questions  which  force  themselves  upon  us. 
Let  us  consider  some  of  the  facts  known  about  the  ether.  When 
light  falls  on  a  body  and  is  absorbed  by  it.  the  body  is  ])ushed  torw  ard 
in  the  direction  in  which  the  light  is  travelling,  and  if  the  body  is  free 
to  move  it  is  .set  in  motion  by  the  light.  The  ether  carried  along  by 
a  wave  of  light  must  be  an  exceedingly  small  ])art  of  the  volume 
through  which  the  wave  is  spread.  The  place  where  the  density  of 
the  ether  carried  along  by  an  electric  field  rises  to  its  highest  value  is 
close  to  a  corpuscle,  for  round  the  corpuscles  are  by  far  the  strongest 
electric  fields  of  which  we  have  anv  knowledge.  We  know  the  mass 
of  the  corpuscle,  we  know  from  Kaufmann's  ex])eriments  that  this 
arises  entirely  from  the  electric  charge,  and  is.  therefore,  due  to  the 
ether  carried  along  with  the  corpuscle  by  the  lines  of  force  attached 
to  it.  A  simple  calculation  shows  that  one-half  of  this  mass  is  con- 
tained in  a  volume  seven  times  that  of  a  corpuscle.  Since  we  know 
the  volume  of  the  corpuscle  as  well  as  the  mass,  we  can  calculate 
the  density  of  the  ether  attached  to  the  corpuscle  ;  doing  so,  we  find 
it  amounts  to  the  prodigious  value  of  about  5  X  10'",  or  about  2.000 
million  times  that  of  lead.  Sir  Oliver  Lodge,  by  somewhat  different 
considerations,  has  arrived  at  a  value  of  the  same  order  of  magnitude. 
I  do  not  know  at  present  of  any  effect  which  would  enable  us  to 
determine  whether  ether  is  compressible  or  not.  And  although  at 
first  sight  the  idea  that  we  are  immersed  in  a  medium  almost  infinitely 
denser  than  lead  might  seem  inconceivable,  it  is  not  so  if  we  remember 
that  in  all  probability  matter  is  composed  mainly  of  holes.  We  may. 
in  fact,  regard  matter  as  ])Ossessing  a  birdcage  kind  of  structure,  in 
which  the  volume  of  the  ether  di^tuvlied  by  the  wires  when  the  struc- 
ture is  moved  is  infinitesimal  in  cinnparisiin  with  the  volume  enclosed 
by  them.  If  we  do  this,  no  (litticulty  arises  from  the  great  density 
of  the  ether  ;  all  we  have  to  do  Ls  to  increase  the  distance  between  the 
wires  in  proportion  as  we  increase  the  density  of  the  ether. 

Let  us  now  consider  how  much  ether  is  carried  along  by  ordinary 
matter,  and  what  effects  this  might  be  expected  to  ])roduce.  The 
simplest  electrical  system  we  know,  an  electrified  .sphere,  has  attached 
to  it  a  mass  of  ether  proportional  to  its  potential  energy,  and  such 
that  if  the  mass  were  to  move  with  the  velocity  of  light  its  kinetic 
energy  would  equal  the  electrostatic  potential  energy  of  the  particle. 
The  question  now  arises.  Does  this  part  of  the  mass  add  anything 
to  the  weight  of  the  body '!  Now.  experiments  with  jjendulums.  as 
Newton  pointed  out.  enable  us  to  determine  with  great  accuracy  the 
weights  of  equal  mas.ses  of  different  substances.  Newton  and  Bessel 
made  such  experiments  with  negative  results,  but  the  substances 
tried  by  them  did  not  include  any  of  those  substances  which  ])ossess 
tlie  marvellous  power  of  radio-activity,  f'rof.  Rutherford's  measure- 
ments show  that  the  energy  emitted  by  1  gramme  of  radium  in  the 
course  of  its  degradation  to  non-radio-active  forms  is  equal  to  the 
kinetic  energj-  of  a  mass  of  one-thirteenth  of  a  milligramme  moving 
with  the  velocity  of  light.  This  energy,  according  to  the  rule  I  have 
stated,  corresponds  to  a  mass  of  one-thirteenth  of  a  milligramme  of  the 
ether,  and  thus  a  gramme  of  radium  in  its  radio-active  state  must  have 
at  least  one-thirteenth  of  a  milligramme  more  of  ether  attached  to  it 
than  when  it  has  been  degraded  into  the  non-radio-active  forms. 
Thus,  if  this  ether  does  not  increase  the  weight  of  the  radium,  the 
ratio  of  mass  to  weight  for  radium  would  be  greater  by  about  one  part 
in  13.000  than  for  its  non-radio-active  products. 

I  attempted  several  years  ago  to  find  the  ratio  of  mass  to  weight  for 
radium  by  swinging  a  little  pendulum,  the  bob  of  which  was  made  of 


radium.  1  had  only  a  small  quantity  of  radium,  and  was  not,  there- 
fore,  able  to  attain  any  great  accuracy.  I  fomid  that  the  difference, 
if  any.  in  the  ratio  of  the  mass  to  weight  between  radium  and  other 
substances  was  not  more  than  one  ])art  in  2.000. 

The  mass  of  ether  bound  by  any  system  is  such  that  if  it  were  to 
move  with  the  velocity  of  light  its  kinetic  energy  would  be  equal  to 
the  potential  energy  of  the  system.  This  result  suggests  a  new  view 
of  the  nature  of  jjotential  energy.  Potential  energy  is  usually  re- 
garded as  essentially  different  from  kinetic  energy.  According  to  the 
l^rinciple  of  the  conservation  of  energy,  the  one  form  can  be  converted 
into  the  other  at  a  fixed  rate  of  exchange,  so  that  when  one  unit  of 
one  kind  disappears  a  unit  of  the  other  simultaneously  ai^jcars.  Now 
in  many  cases  this  rule  is  all  that  we  re(|uire  to  ealc\ilate  the  be- 
haviour of  the  system,  and  the  coneeption  of  jiotential  energy  is  of  the 
utmost  value  in  making  the  knowledge  derived  from  experiment  and 
observation  available  for  mathematical  calculation.  It  must,  how- 
ever. I  think,  be  admitted  that  from  the  purely  philosophical  point  of 
view  it  is  open  to  serious  objection.  It  violates,  for  examiile,  the 
principle  of  continuity. 

We  may  regard  the  ether  as  a  bank  in  which  we  may  deposit  energy 
and  withdraw  it  at  our  convenience.  The  mass  of  the  ether  attached 
to  the  system  will  change  as  the  potential  energy  changes,  and  thus 
the  mass  of  a  system  whose  potential  energy  is  changing  cannot  bo 
constant :  the  fluctuations  in  mass  under  ordinary  conditions  are, 
however,  so  small  that  they  eannot  be  detected  by  any  means  at 
present  at  our  disposal. 

Radiation  of  light  and  heat  from  an  incandescent  body  like  the  sun 
involves  a  constant  loss  of  mass  by  the  body.  Each  unit  of  energy 
radiated  carries  off  its  quota  of  mass,  but  as  the  mass  ejected  from 
the  sun  per  year  is  only  one  part  in  20  billionths  (1  in  2  x  lO")  of  the 
mass  of  the  sun.  and  as  this  diminution  in  mass  is  not  necessarily 
accoiupanied  by  any  decrease  in  its  gravitational  attraction,  we  cannot 
expect  to  be  able  to  get  any  evidence  of  this  effect. 

I  now  pass  to  a  very  brief  consideration  of  one  of  the  most  impor- 
tant and  interesting  advances  ever  made  in  physics,  and  in  which 
Canada,  as  the  place  of  the  labours  of  Profs.  Rutherford  and  Soddy. 
has  taken  a  conspicuous  part.  I  mean  the  discovery  .and  investiga- 
tion of  radio-activity.  Radio-activity  was  brouglit  to  light  by  the 
Riintgen  rays.  One  of  the  many  remarkable  properties  of  these  rays 
is  to  excite  phosphorescence  in  certain  substances,  including  the  salts 
of  uranium,  when  they  fall  upon  them.  Since  Riintgen  rays  produce 
phosijhorescence.  it  occurred  to  Becquerel  to  try  whether  phos- 
phorescence would  produce  Rontgen  rays.  He  took  some  uranium 
salts  which  had  been  made  to  phosphoresce  by  exposure,  not  to 
Riintgen  rays,  but  to  sunlight,  tested  them,  and  found  that  they  gave 
out  rays  possessing  ]iroperties  similar  to  Rontgen  rays.  Further  in- 
vestigation showed,  however,  that  to  get  these  rays  it  was  not  neces- 
sary to  make  the  uranium  phosphoresce,  that  the  salts  were  just  as 
active  if  they  had  been  kept  in  the  dark.  It  thus  appeared  that  the 
property  was  due  to  the  metal,  and  not  to  the  phosphorescence,  and 
that  uranium  and  its  compounds  possessed  the  power  of  giving  out 
rays  which,  like  Rontgen  rays,  affect  a  photographic  plate,  make 
certain  minerals  phorphoresce,  and  make  gases  through  which  they 
pass  conductors  of  electricity. 

Shortly  after  Becquerel's  discovery  of  ivranium  Schmidt  found  thao 
thorium  possessed  similar  properties.  Then  Monsieur  and  Madame 
Curie,  after  a  most  difficult  and  laborious  investigation,  discovered 
two  new  substances,  radium  and  polonium  ])t)ssessing  thif,  property 
to  an  enormously  greater  extent  than  either  thorium  or  uranium,  and 
this  was  followed  by  the  discovery  of  actinium  by  Debierne,  Now 
the  researches  of  Rutherford  and  others  have  led  to  the  discovery  of 
so  many  new  radio-active  substances  that  any  attempts  at  christen- 
ing seems  to  have  been  abandoned,  and  they  are  denoted,  like  police- 
men, by  the  letters  of  the  alphabet. 

The  radiation  emitted  V)y  these  substances  is  of  three  types,  known 
as  a.  fi  and  7  rays.  The  a  rays  have  been  shown  by  Rutherford  to 
be  positively  electrified  atoms  of  helium,  moving  with  speeds  which 
reach  up  to  about  one-tenth  of  the  velocity  of  light.  The  ft  rays  are 
negatively  electrified  corpuscles,  moving  in  some  cases  with  very 
nearly  the  velocity  of  light  itself,  while  the  7  rays  are  unelectrified, 
and  are  analogous  to  the  Rontgen  rays.  The  radio-active  effects  and 
many  others  receive  a  cora])lete  explanation  by  the  theory  of  radio- 
active changes  which  we  owe  to  Rutherford  and  Soddy.  According 
to  this  llieory,  the  radio-active  elements  are  not  permanent,  but  are 
gradually  breaking  up  into  elements  of  lower  atomic  weight.  When 
the  at(jms  pass  from  one  state  to  another  they  give  out  large  stores 
of  energy. 

Many  points  of  interest  arise  when  we  consider  the  rate  at  which 
the  atoms  of  radio-active  substance  disappear.  Rutherford  has 
shown  that  whatever  be  the  age  of  these  atoms  the  i)ercentage  of 
atoms  which  disappear  in  one  second  is  always  the  same.  Now  this 
would  be  the  case  if  the  death  of  the  atom  were  due  to  something 
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fnim  outside  which  struck  old  and  j-oung  indiscrimiiiiitely.  But  here 
we  are  met  with  the  difficulty  that  no  changes  in  tlie  external  con- 
ditions that  we  have  as  yet  been  able  to  produce  have  had  any  effect 
on  the  life  of  the  atom.  The  evidence  we  have  at  present  is  against 
a  disturbance  coming  from  outside  breaking  u))  of  the  radio-active 
atoms,  and  we  must,  therefore,  look  to  some  process  of  decay  in 
the  atom  itself  ;  for  example,  by  sup])osing  tliat  the  atoms  when 
they  are  first  produced  have  not  all  the  same  strength  of  constitution. 
The  energy  developed  by  radio-active  .s\ibsianoes  is  exceedingly 
large,  1  gramme  of  radium  develojiing  nearly  as  much  energy  as 
would  be  produced  by  burning  a  ton  of  coal.  The  source  of  this 
energy  is  a  problem  of  the  deepest  interest ;  if  it  arises  from  the  repul- 
sion of  similarly  electrified  systems  exerting  forces  varying  inversely 
as  the  square  of  the  distance,  then  to  get  the  requisite  amount  of 
energy  the  systems,  if  their  charges  were  comparable  with  the  charge 
on  the  a  jjarticle,  could  not  when  they  start  be  further  apart  than  the 
radius  of  a  corpuscle,  10~''  cm.  If  we  suppose  that  the  particles 
do  not  acquire  this  energy  at  the  explosion,  but  that  before  they  are 
shot  out  of  the  radium  atom  they  move  in  circles  inside  this  atom 
with  the  speed  with  which  they  emerge,  the  forces  required  to  prevent 
particles  moving  with  this  velocity  from  flying  off  at  a  tangent  are  so 
great  that  finite  charges  of  electricity  could  only  produce  them  at  dis- 
tances comparable  with  the  radius  of  a  corpuscle. 

The  properties  of  radium  have  consequences  of  enormous  impor- 
tance to  the  geologist  as  well  as  to  the  physicist  or  chemist.  In  fact, 
the  discovery  of  these  properties  has  enthely  altered  the  aspect  of  one 
of  the  most  interesting  geological  problems,  that  of  the  age  of  the 
earth.  Before  the  discovery  of  radium  it  was  supposed  that  the  sup- 
plies of  heat  furnished  by  chemical  changes  going  on  in  the  earth  were 
quite  insignificant,  and  that  there  was  nothing  to  replace  the  heat 
which  flows  from  the  hot  interior  of  the  earth  to  the  colder  crust. 
Though  the  quantity  of  radium  in  the  earth  is  an  exceedingly  small 
fraction  of  the  mass  of  the  earth,  only  amounting,  according  to  the  de- 
terminations of  Profs.  Strutt  and  Joly.  to  about  o  grammes  in  a  cube 
whose  side  is  100  miles,  yet  the  amount  of  heat  given  out  by  this 
small  quantity  of  radium  is  so  great  that  it  is  more  than  enough  to 
replace  the  heat  which  flows  from  the  inside  to  the  outside  of  the 
earth.  This,  as  Rutherford  has  pointed  out.  entirely  vitiates  the 
previous  method  of  determining  the  age  of  the  earth.  The  fact  is 
that  the  radium  gives  o\it  so  much  heat  that  we  do  not  quite  know 
what  to  do  with  it,  for  if  there  was  as  much  radium  tlu'oughout  the 
interior  of  the  earth  as  there  is  in  its  crust  the  temperature  of  the 
earth  would  increase  much  more  rapidly  than  it  does  as  we  descend 
below  the  earth's  surface. 

It  is  remarkable  that  Prof.  Jlilne.  from  the  study  of  earthquake 
jjhenomena,  had  previously  come  to  the  conclusion  that  rocks  similar 
to  those  at  the  earth's  surface  only  descend  a  short  distance  below 
the  surface  ;  he  estimates  this  distance  at  about  30  miles,  and  con- 
cludes that  at  a  depth  gi-eater  than  this  the  earth  is  fairly  homo- 
geneous. 

Though  the  discovery  of  radio-activitj'  has  taken  away  one  method 
of  calculating  the  age  of  the  earth  it  has  supplied  another — namely, 
by  helium. 

The  physiological  and  medical  properties  of  the  rays  emitted  by 
radium  is  a  field  of  research  in  which  enough  has  already  been  done  to 
justify  the  hope  that  it  may  lead  to  considerable  alleviation  of  human 
suffering.  The  new  discoveries  made  in  physics  in  the  last  few  years. 
and  the  ideas  and  potentialities  suggested  bj-  them,  have  had  an  effect 
tipon  the  workers  in  that  subject  akin  to  that  produced  in  literature 
by  the  Renaissance.  Enthusiasm  has  been  quickened,  and  there  is 
a  hopeful,  youthful,  perhaps  exuberant,  spuit  abroad  which  leads 
men  to  make  with  confidence  experiments  which  would  have  been 
thought  fantastic  20  years  ago. 


PETROL-ELECTRIC  AUTOMOBILES, 

BY   JrsTlS    B.    E.NIZ. 

Summary. — After  briefly  referring  to  the  main  systems  of  petrul- 
clectric  drive  so  far  attempted,  the  author  describes  his  own  system, 
which  has  been  in  commercial  use  for  the  last  three  yeai's.  This  consists 
esscntiiilly  of  a  generator  used  as  a  clutch,  which  at  full  speeds  is  short- 
<'irciiiti'il.  whereas  at  low  speeds  it  supplies  current  to  a  motor  on  tlie 
same  shaft. 

Electric  gasoline  automobiles  maj'  be  taken  to  cover  all  auto- 
mobiles in  which  tlie  prime  mover  or  source  of  power  is  a  gasoline 
engine,  and  with  which  electricity  is  used  as  a  supplementary  power 
or  as  a  means  of  control.     There  are  several  of  such  systems.     First, 

*  Paper  road  before  the  Franklin  Institute,  Philadelphia,  somewhat 
alilircviated. 


there  is  the  combination  of  a  gasoline  engine  driving  an  electric 
generator,  which  in  turn  supjilies  the  electric  energy  to  an  electric 
motor  or  motors  connected  to  the  driving  wheels.  Tlii.s  system  calls 
for  the  total  conversion  of  the  ])ower  of  the  engine  into  electricity 
and  its  reconversion  into  mechanical  power,  and  is,  therefore,  heavy 
and  inefficient.  This  system  has  also  had  a  storage  battery  added 
to  it  to  hell)  'J"t  the  engine  at  times  of  overload,  the  battery  being 
charged  from  the  engine  and  generator  at  times  of  light  K>ad.  This 
adds  further  to  the  weight  and  lack  of  efficiency  of  the  system. 

A  third  system  seeks  to  avoid  transforming  the  total  engine  power 
into  electricity,  and  so  has  the  engine  mechanically  connected  to  the 
driving  wheels  with  a  fl.xed  gear  ratio,  dispensing  with  the  ordinary 
mechanical  transmLssion  .system  for  changing  the  gear  ratio  l)etweeii 
engine  and  driving  wheels.  There  is  also  connected  w ith  the  same 
driving  shaft  as  the  engine  an  electric  generator,  which  is  also 
capalile  of  acting  as  an  electric  motor.  A  storage  battery  is  carried, 
which,  at  times  of  heavy  load,  discharges  into  this  machine,  which 
is  then  a  motor,  and  assists  the  engine  in  turnina  the  driving  shaft 
and  propelling  the  automobile.  At  times  of  light  load,  when  the 
engine  is  capable  of  a  greater  turning  effort  than  required  to  proj^el 
the  automobile,  the  electric  machine  becomes  an  electric  generator 
and  recharges  the  battery.  As  with  a  constant  field  strength  the 
voltage  of  tliis  electric  machine  is  proportional  to  its  speed,  it  becomes 
automatically  a  generator  when  the  engine  speeds  up.  due  to  litiht 
load,  as  then  its  voltage  becomes  higher  than  that  of  the  battery, 
and  current  flows  from  it  into  the  battery  and  charges  it,  while  when 
the  engine  slows  down,  due  to  overload,  the  voltage  of  this  machine 
drops  below  that  of  the  battery,  and  it  becomes  a  motor  receiving 
current  from  the  battery.  The  operator  is  also  given  control  of  the 
field  strength  of  this  electric  machine,  so  that  he  can  determine, 
through  a  slight  range,  at  what  speed  the  machine  changes  from  a 
generator  to  a  motor.  The  objection  to  this  system  is  that,  in  order 
to  avoid  carrying  a  great  weight  of  battery,  the  electric  part  of  the 
equipment  is  capable  of  adding  much  turning  effort  to  the  driving 
shaft  only  at  very  low  speeds,  and  for  a  very  short  length  of  time, 
and  as  the  engine  and  electric  motor  are  both  connected  to  the  same 
driving  shaft,  the  engine  has  got  to  come  down  to  a  very  low  speed 
before  it  gets  any  assistance  from  the  battery  and  motor.  The  loss 
in  horse-power  of  the  engine  from  its  reduction  of  speed  being  much 
more  than  the  added  horse-power  from  the  motor  and  battery,  the  only 
thing  that  is  gained  is  that  the  engine  is  not  stalled  on  loads  beyond 
its  capacity  with  the  fixed  gear  ratio  provided.  If  the  overload 
continues  for  more  than  a  short  length  of  time,  the  battery  is  ex- 
hausted. The  rates  of  charge  and  discharge  of  the  battery  are  very 
liigh.  and  it  is  therefore  short-lived.  It  is  also  very  difficult  to  keep 
the  battery  from  becoming  exhausted  unless  it  is  almost  continually 
overcharged,  which  means  loss  of  efficiency  and  a  high  rate  of 
depreciation. 

A  system  differing  from  all  of  these  has  been  in  use  for  the  last 
three  years  on  Columbia  automobiles,  built  in  Hartford,  Conn.,  and 
is  known  as  the  "  Direct  Electric  Transmission  System  "  or  "'  Entz 
Electric  Transmission  System." 

Source  of  Power. — Tlie  system  of  transmission  and  control  as 
installed  on  tliis  car  is  purely  an  electric  system,  the  gasoline  engine 
being  the  sole  soiuce  of  power.  The  field  of  an  electric  generator  is 
bolted  dueetly  to  the  45|h.p.  engine,  taking  the  place  of  the  ordinary 
flywheel.     The  other  end  of  the  field  is  carried  in  a  large  ball  bearing. 

The  armature  of  this  revolving  field  generator  is  enclosed  within 
the  field,  and  its  shaft  is  extended  through  to  the  driving  bevel  in 
the  rear  axle  housing,  which  contains  the  bevel  gear  drive  and  the 
differential,  these  being  the  only  gears  in  the  machine. 

Xo  Loss  of  Driiing  Ei}orl.—\n  line  with  the  revolving  field  gene- 
rator and  behind  it  is  an  electric  motor  whose  armature  is  moiuitetl 
upon  the  same  driving  shaft,  which  extends  from  the  armature  of 
the  revolving  field  generator  to  the  di-iving  pinion.  The  revolving 
field  generator  serves  the  jnirpose  of  a  clutch,  and,  by  maintenance 
of  current  in  its  field  and  armature  circuits,  transmits  the  full 
driving  effort  exertctl  by  the  engine  directly  to  the  di'iving  pinion, 
there  being  no  loss  of  driving  eff'ort.  as  any  friction  between  the 
armature  and  field  would  to  that  extent  transmit  a  part  of  the 
ilriving  eff'ort  in  the  same  niannor  that  a  friction  clutch  dws.  It  is 
necessary,  however,  to  have  a  small  speed  dift'erence  between  the 
armature  and  field  in  order  to  establish  the  necessary  current  through 
the  low  resistance  of  the  generator  armature  and  field,  which  is 
short-circuited  upon  itself.  This  causes  a  continuous  slip,  of  an 
ainomit  depending  upon  the  driving  eff'ort  develoyied  by  the  engine. 
This  slip,  however,  amounts  to  only  .">  per  cent,  of  the  engine  speed 
when  the  engine  is  running  at  I.IMM)  revs,  per  min.  and  developing 
its  niaximiun  torque.  To  this  extent  this  revolving  field  generator 
acts  as  a  friction  clutch  capable  of  transmitting  continuously  and 
uniformly,  without  wear,  the  full  driving  effort  of  the  engine.  Such 
a  clutch,  however,  although  infinitely  superior  iu  its  method  of 
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control  to  an  ordinary  friction  clutch,  woukl  not  provide  means  for 
more  than  reducing  the  speed  of  the  vehicle  in  relation  to  the  engine 
speed,  and  would  not  in  itself  provide  means  for  multiplyinj;  the 
driving  effort  delivered  to  the  wheels  to  more  than  that  estahlished 
by  the  fixed  ratio  between  engine  and  wheels.  A  multiiilication  of 
this  driving  effort,  however,  is  secured  by  including  in  the  circuit  of 
the  revolving  field  generator,  the  motor,  which  is  mounted  upon  the 
same  drivi.ng  shaft.  The  current  which  it  is  necessary  to  establish 
in  the  field  and  armature  of  the  generator  to  transmit  the  engine 
torque,  can  still  be  established  with  the  motor  in  circuit,  and  it  will 
still  deliver  the  driving  effort  of  the  engine  to  the  driving  shaft  with- 
out loss  ;  but  an  increased  slip  takes  place  which,  instead  of  appear- 
ing as  heat,  as  in  the  ca.se  of  a  slipping  fiiction  clutch,  appears  as 
electrical  energy,  and  this  electrical  energy  is  utilised  in  the  motor  to 
give  the  desired  added  driving  effort  over  and  above  that'  of  the 
engine  as  transmitted  by  the  revolving  Held  generator. 

Control. — All  changes  of  sj)eed  are  made  by  a  small  controller 
handle  similar  to  that  of  an  electric  car.  which  has  five  speeds  ahead 
and  two  reverse  speeds,  and  provides  means  for  putting  the  two 
armature  windings,  which  the  motor  has.  in  different  series  parallel 
relation,  and  also  provides  means  for  shunting  both  the  field  of  the 
motor  and  the  generator  for  desired  speecl  combinations.  The 
result  is  that  the  driving  effort  of  the  engine  can  be  multiplied  very 
greatly,  and  the  maximum  effort  capable  of  being  developed  by  this 
combination  can  he  made  available  continuously,  even  with  the  car 
at  a  standstill,  as  the  revolving  field  generator  forms  a  clutch  which 
may  be  slipped  continuously  and  uniformly,  and  which  ■nill  deliver 
the  result  of  its  slippage  as  useful  jiower  instead  of  heat. 

The  control  involves  absolutely  no  change  in  the  mechanical 
relation  between  the  engine  and  the  rear  axle,  and  in  going  from 
pouit  to  point  docs  not  disconnect  th.e  driving  effort  of  the  engine 
from  the  driving  pinion.  Only  the  jiower  represented  by  the  diffe- 
rence of  speed  or  slip  between  the  field  and  armature  is  transformed. 

Capacity  of  Generator  and  ilotor. — The  capacity  of  the  electrical 
clutch  generator  and  niotui-  in  this  system  is  about  four  times  greater 

than  it  ■would  be 
with  a  generator 
and  motor  con- 
sidered simph'  as 
such — that  is,  they 
will  transmit  and 
control  the  po\\-er  of 
the  engine  with 
one-qarter  of  the 
weight  and  far 
greater  efficiency 
tlian  would  be  the 
case  if  all  the  ])ower 
of  the  engine  were 
used  to  drive  tt 
generator,  which  in  turn  delivered  it  to  tlie  motor  to  be  transformed 
into  mechanical  energy. 

The  result  is  that  actually  less  than  10  per  cent,  more  weight  is 
added  to  the  vehicle  than  would  be  called  for  if  it  were  equipped  ■^^•ith 
sliding  gear  transmission,  clutch  and  flywheel.  The  efficiency  of 
transmission  is  very  high,  being  95  per  cent,  on  the  high  speed,  and 
from  85  per  cent,  to  92  per  cent,  on  the  lower  speeds. 

Reversing. — Reversing  is  accomplished  without  the  use  of  gears  by 
clutching  fast  the  armature  in  the  revolving  field  generator,  and  at  the 
same  time  disconnecting  it  from  the  driving.'  shaft  leading  tn  the  rear 
axle.  In  this  way  the  revolving  field  generatcn-  loses  its  clutch  action 
and  becomes  simply  a  generator,  stationary  armature  and  revolving 
field.  The  motor,  whose  armature  is  still  ccmnected  with  the  driving 
shaft,  receives  current  from  this  generator  and  drives  the  car  either 
forward  or  backward,  according  to  the  relati<m  of  its  field  and  arma- 
ture connection.  Under  these  conditions  the  system  is  simply  a 
motor  dvnamo  combination,  but  as  re\r'rsing  is  only  necessary  for 
short  distances  at  low  .si)eeds,  this  is  amply  sufficient,  and  is  much 
.simpler  mechanically  than  the  use  of  a  reversing  gear,  although  the 
latter  may  be  used  when  it  is  desired,  as  in  railway  service,  to  have 
equal  capacity  and  efficiency  for  running  in  either  direction. 

Fig.  1  shows  the  generator  with  its  collector  rings  and  the  clutch 
sliding  on  the  squared  end  of  the  generator  armature  shaft,  which  is 
u.sed  for  reversing,  as  explained.  In  order  to  show  the  gain  in  effi- 
ciency and  the  less  weight  of  the  electrical  apjjaratus,  as  used  in 
this  system,  as  compared  with  one  in  which  all  the  power  of  the  engine 
is  transformed  into  electricity  by  means  of  the  engine  driving  an 
electrical  generator  and  retransformed  into  mechanical  power  by 
means  of  an  electric  motor,  the  conditions  are  shown  diagrammatic- 
ally  in  Figs.  2  and  3.  I  have  assumed  in  the  latter  case  that  the 
engine  is  revolving  the  generator  field  around  its  armature  at  .500 
revs,  per  min.,  and  that  it  is  developing  a  turning  effort  of  100  lb. 
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I  have  also  assumed  that  file  generator  and  motor  each  have  an  effi- 
ciency of  80  per  cent.,  which  is  about  the  efficiency  of  such  units  of  a 
size  to  be  used  in  automobile  work.  The  conibin(>d  efficiency  of  the 
two.  therefore,  is  64  per  cent,  I  have  assumed  that  the  generator 
and  motor  are  so  wound  that  the  motor  will  run  at  500  revs,  per  min„ 
the  same  as  the  engine.  In  this  case  the  entire  loss  in  the  efficiency 
must  be  in  the  torque  or  tmning  effort  of  the  motor,  which  would  be 
64  per  cent,  of  the  engine  torque  or  04  lb. 

Fig.  2  illustrates  the  new  system.  In  this  case  the  generator  arma- 
ture, instead  of  being  anchored  stationary,  has  its  armature  shaft 
connected  with  the  armature  shaft  of  the  motor.  If  the  motor  is 
still  assumed  to  run  at  500  revs,  per  min..  and  to  develop  the  same 
turning  effort  as  before,  it  must  receive  the  same  amount  of  elec- 
tricity from  the  generator.  This  is  accomplished  by  revolving  the 
generator  field  at  500  rev.?,  per  min,  faster  than  its  armature,  and  as 
the  latter  is  turning  at  500  revs,  per  min.  it  will  be  necessary  to  turn 
the  generator  field  and  engine  at  1,000  revs,  per  min.  This  calls  for 
double  the  output  from  the  engine,  but  the  full  tiurning  effort  of  the 
engine  of  100  lb.  torque  has  been  transmitted  du'eotly  to  the  driving 
shaft  and  added  to  that  of  the  motor,  so  that  we  have  on  the  driving 

Generator  ""'"'  ''"** 

Conductor 
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shaft  a  torque  of  164  lb.  at  500  revs,  per  min..  or  an  output  two  and  a 
half  times  as  great  as  in  the  previous  case,  with  the  same  capacity  of 
electrical  apparatus,  and  an  efficiency  of  82  per  cent,  instead  of  04  per 
cent.  This,  however,  is  not  the  full  gain,  as  this  figure  represents 
one  of  the  lower  speed  positions,  which  is  used  only  a  short  part  of 
the  total  running  time.  The  highest  speed  position,  and  the  one  that 
is  mostly  used,  is  shown  in  Fig.  3,  in  which  the  generator  armature 
is  circuited  upon  itself.  In  this  case  the  generator  field  is  turning 
only  slightly  faster  than  the  armature,  which  it  drags  around  after 
it.  This  difference  of  speed  or  slip,  in  the  case  of  a  generator  having 
the  efficiency  assumed  in  the  other  cases,  would  be  50  revs,  per  min. 
when  transmitting  the  full  torque  of  the  engine,  and,  as  there  is  no 
loss  of  torque,  we  would  have,  with  the  engine  running  at  1,000 
revolutions,  the  speed  of  950  revolutions  and  100  lb.  torque. 

This  output  is  three  times  as  great  as  in  the  first  case,  and  with  the 
motor  doing  no  work  at  all,  and  the  efficiency  is  95  per  cent,  instead 
of  64  per  cent. 

Brakes. — In  connection  with  the  control,  an  electric  brake  is  pro- 
vided, and  there  is  also  a  connection  between  one  of  the  foot  brakes 
and  a  small  short-circuiting  switch,  by  means  of  which  the  field  of 
the  generator  is  short-circuited  when  the  brake  is  applied.  This 
immediately  stops  generation  and  ansn'ers  exactly  the  same  purpose 

Load 


Crank  Shaft    ^ 


Fig.  3. 

as  throwing  out  the  friction  clutch  on  an  ordinary  car  upon  the  appli- 
cation of  the  brake,  so  tluit,  to  bring  the  car  to  a  standstill,  it  is  only 
necessary  to  put  on  the  brake. 

Coasting. — In  order  to  establish  any  current  in  the  cu-cuit  of  the 
generator  it  is  necessary  that  there  should  be  a  slight  .slip  between 
the  field  and  the  armature  :  in  other  words,  the  engine  should  run 
slightly  faster  than  the  driving  shaft  to  which  the  armature  is  con- 
nected. With  the  engine  slowed  down  by  a  partial  closing  of  the 
throttle,  there  is  no  clutching  action  and  the  car  may  coast  ahead 
of  the  engine  without  any  retarding  effort.  This  adds  very  greatly 
to  the  ease  of  control  and  allows  driving  and  coasting  in  perfect 
silence,  entirely  free  of  any  connection  with  the  intermittent  driving 
or  liraking  effort  of  the  engine.  It  also  permits  regaining  speed  and 
headway  much  more  rapidly  than  woidd  be  possible  with  the  ordi- 
nary gasoline  car,  because  as  the  engine  is  speeded  up  again  by  open- 
ing the  throttle,  it  attains  a  speed  some  little  higher  than  the  speed 
of  the  car  before  it  starts  generating  and  picks  up  its  load.  .Mthough 
this  interval  of  time  is  but  a  fraction  of  a  second,  the  s))ecd  gained 
in  that  time  and  the  clastic  mothxl  of  clutching  to  the  load,  coupled 
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with  the  great  inertia  of  the  fiywlieel  (wliich  is  of  about  three  times 
the  ordinary  weight),  permit  a  very  higli  rate  of  acceleration  under 
load. 

Even  Propulsion. — There  is  no  direct  meciiaiiical  connection 
between  the  engine  and  the  driving  sliaft.  and  as  the  clutching 
medium  is  perfectly  elastic,  there  is  absolutely  none  of  the  inter- 
mittent driving  effort  of  the  engine  transmittetl  to  the  driving  shaft 
and  wheels  ;  also  it  is  impossible  for  the  engine  to  have  a  retard- 
ing elf(jrt  upon  the  driving  shaft.  There  can  be  absolutely  no 
'■  bucking  "'  from  the  loss  of  a  cylinder.  The  most  expert  factory 
testers  find  it  difficult  to  detect  the  cutting  out  of  a  cylinder  except 
tliroiigh  the  diminution  of  available  jjOHer.  The  propelling  eti'ort 
is  apparently  just  as  even  and  constant  with  three  out  of  four  cylin- 
ders running  as  with  all  four. 

Running  Backward. — On  all  points  of  the  controller,  both  zero, 
forward  and  reverse,  the  circuit  of  the  electric  motor  is  closed  upon 
itself.  The  result  of  this  is  that,  being  a  series  motor,  it  has  no  ten- 
dency to  generate  when  armature  and  field  are  coupled  in  a  relation 
for  the  desired  dh-ection  of  motion  of  the  car.  but  if  for  any  reason 
the  driving  effort  from  the  engine  should  be  lost,  as  by  stalling  on  a 
grade,  the  instant  the  car  commences  to  run  backward  the  motor  will 
generate  and  act  as  a  brake,  not  permitting  of  a  speed  of  more  than 
1  mile  an  hour  even  upon  a  very  steep  incline.  This,  in  effect,  is  an 
automatic  sprag,  or  ratchet,  which  must  come  into  play  the  minute 
the  car  gains  any  backward  speed  on  any  position  oi  the  controller. 

Ignition  is  by  jump  spark,  with  current  from  a  storage  battery,  in 
combination  with  a  small  amount  of  current  diverted  from  the 
generator  by  means  of  which  not  only  is  the  storage  battery  always 
maintained  charged,  but  the  heat  of  the  spark  is  also  increased  auto- 
matically with  the  load  on  the  engine. 

The  speed  of  the  car  is  from  i  mile  to  55  miles  an  hour,  and  its 
ease  of  control  and  ability  to  adapt  itself  to  vaiving  conditions  of 
road  and  traffic  make  it  a  considerably  faster  rdad  ear  than  even  its 
maximum  speed  would  indicate.  Its  hill-eliml)ing  powers  are  re- 
markable owing  to  the  elimination  of  practically  all  friction. 


SIR  WM.  WHITE'S  ADDRESS  TO  SECTION  G  OF 
THE  BRITISH  ASSOCIATION. 


On  the  ])resent  occasion,  when  the  meetings  of  the  British  Asso- 
ciation are  lield  in  the  heart  of  Canada  it  is  natural  that  the  jjroceed- 
ings  of  Section  G  should  be  largely  concerned  with  the  consideration 
■of  great  engineering  enterprises,  bj-  means  of  which  the  resources  of 
Canada  have  and  are  being  developed.  British  colonies  started 
from  the  sea  front,  and  have  gradually  pushed  inland,  so  that  the 
maintenance  of  British  supremacy  in  both  the  mercantile  marine 
.ind  the  war  fleet  is  essential  to  the  continued  existence  and  pro- 
.sperity  of  the  Em]:)U'e.  The  "  seas  but  join  the  nations  they  divide," 
and  every  triumph  of  engineering  draws  closer  the  links  which  bind 
together  the  several  parts  of  the  Empire. 

While  claiming  for  the  ship  builder  and  marine  engineer  an  impor- 
tant place  in  the  creation  and  maintenance  of  the  Empire,  it  is  recog- 
nised that  the  work  of  other  branches  of  civil  engineering  is  equally 
important,  and  one  of  the  chief  fields  of  engineering  operations  at  the 
present  time  is  to  be  found  in  the  Dominion  of  Canada,  whose  govern- 
ing authorities  have  appreciated  the  fact  that  bold  enterprise  and 
generous  financial  provision  are  essential  to  the  progress  and  pro- 
sperity of  the  country. 

In  no  direction  is  tliis  so  well  shown  as  in  the  case  of  railways,  in 
which  department  successive  administrations  have  given  substantial 
assistance  to  private  enterprise  in  the  execution  of  great  engineering 
works.  Progress  in  railway  engineering  work  has  been  remarkable 
since  the  Federation  was  accomplished  20  years  ago.  During  the 
preceding  ."50  years  the  total  mileage  increased  to  i.^TS  miles,  in  1887 
it  was  12,184  iniles.  in  1S!)7  l(i..V)0  miles,  in  19(17  22.452.  The  immber 
of  miles  of  railway  actually  under  eimstruetinn  in  1!)(>7  was  officially 
estimated  at  3.000,  exclusive  of  lines  projected  but  not  under  con- 
tract. In  190(5.  when  the  lines  in  operation  were  21.35;5.  it  was 
estimated  by  competent  authorities  that  the  railways  under  con- 
struction, and  projects  for  extensions  likely  to  be  carried  into  effect 
in  the  immediate  futm-e.  reached  a  total  of  at  least  10,000  miles,  while 
probable  further  extensions  of  about  ,1,500  miles  were  lunler  con- 
sideration. Further,  it  was  estimated  that  the  capital  cx|ienditure 
required  to  eomiilete  these  schemes  would  be  aliout  (iO  millions  ster- 
ling. These  figures  may  need  amendment,  but  there  are  others 
representing  ascertained  facts  which  equally  well  illustrate  the  mag- 
nitude of  the  railway  interests  of  the  Dominion.  The  total  capital 
invested  in  Canadian  railways  in  1907  was  officially  reported  to  be 
about  £2:?4.3!H).000  ;  the  aid  given  to  railways  up  to  that  date  by 
Dominion  and  I'rovineial  Covernmeuts,  and  by  municipalities,  con- 


siderably exceeded  f  36,000,fX)0  sterling  in  money  ;  the  land  grants 
from  the  Dominion  Government  approached  32  million  acres,  while 
the  Provincial  Governments  of  Quebec,  British  Columbia,  Xew 
Brunswick  and  Nova  Scotia  had  granted  about  20J  million  acres. 
The  Governments  have  also  guaranteed  the  bond.s  of  railway  com- 
panies to  the  extent  of  many  millions  of  dollars.  The  capitalisation 
per  mile  of  railway  lines  owned  by  the  Governments  (amounting  to 
1.890  miles)  is  reported  as  being  £11,4(J0  ;  this  is  practically  the  same 
amount  as  that  for  Indian  railways,  that  for  the  United  States  being 
£13.600  and  for  New  South  Wales  and  Victoria  about  £12,60<J.  For 
British  railways  the  figure  given  is  £.54.7<KJ  i>er  mile.  The  freight 
carried  by  Canadian  railways  in  1907  amounted  to  nearly  63.90<J,00(J 
tons  (of  2,(1(10  lb.),  which  included  about  14,000,00<J  tons  of  coal  and 
coke,  nearly  4,500,000  tons  of  ores  and  minerals,  10,250,(XlO  tons  of 
lumber  and  other  forest  products,  nearly  7,900,000  tons  of  manufac- 
tmes,  and  2,309,(X)0  tons  of  merchandise.  In  1875.  when  4,8(X)  miles 
of  railway  were  in  operation,  the  corresponding  freight  tonnage  wa.s 
5.670,000  tons  ;  so  that  while  the  length  of  railway  increased  nearly 
4-7  times,  the  tonnage  increased  nearly  11-3  times.  During  the  same 
period  passengers  increased  from  5,190,000  to  32,137.(J(X).  For  28 
railways  making  returns  the  average  revenue  per  passenger  per  mUe 
was  2-232  cents,  and  for  the  four  principal  railways  was  2"07  cents. 
For  freight  59  railways  showed  an  average  rate  of  2-328  cents  per 
ton-mile,  and  for  the  five  principal  railways  it  was  0-702  cent  per 
ton-mile.  The  average  distance  travelled  by  a  passenger  was  (>4 
miles,  the  corresponding  figure  for  the  United  States  being  30-3  miles. 
The  average  distance  a  ton  of  freight  was  hauled  was  183  miles,  as 
against  132  miles  for  the  United  States.  In  Canada,  as  the  official 
reporter  remarks,  there  is  a  small  amount  of  subiu-ban  railway  traffic 
and  a  low  density  of  population. 

Besides  these  tliree  great  railway  organisations,  which  in  1907  con- 
trolled about  75  per  cent,  of  the  mileage  in  operation,  there  are  a  large 
number  of  smaller  companies,  making  up  a  total  of  about  80.  Their 
total  earnings  in  1907  amounted  to  £29,350,000,  the  total  working 
expenses  being  £2(  1. 7.5(1. (•(•(),  Earnings  from  freight  service  were  (in 
roiMul  ligures)  ilit.Odli.diMi  ;  from  passenger  service  £7.837.000,  from 
exiiress  services  £(i55,(l(Hi,  from  mails  £325,000,  the  balance  coming 
from  miscellaneous  items.  The  total  number  of  persons  employed 
by  the  railways  was  124,000 ;  their  salaries  and  wages  amounted  to 
£11.7.50.000.  It  was  officially  estimated  that  it  to  the  railway 
employes  were  added  persons  employed  in  factories  for  rolling  stock 
and  railway  materials,  as  well  as  those  engaged  in  the  casual  service 
and  shipping,  with  an  allowance  for  their  families,  '"  quite  25  per 
cent,  of  the  population  win  their  daUy  bread  from  the  carrying 
trade  "  of  the  Dominion. 

The  equipment  of  the  Canadian  railways  in  1907  included  3.504 
locomotives,  3,642  passenger  cars,  and  113.514  freight  cars.  In  the 
opinion  of  the  official  reporter  on  railway  statistics,  based  chietly 
on  a  comparison  of  the  proportion  of  rolling  stock  to  mileage  in 
Canada  and  the  United  States,  a  considerable  increase  of  roUmg  stock 
is  required,  and  there  is  a  possibility  of  greater  efficiency  being  ob- 
tained in  the  utilisation  of  existing  freight  cars.  The  manufacturing 
resources  of  the  Dominion  are  declared  to  be  fully  capable  of  meeting 
all  requirements,  as  in  1907  they  produced  227  locomotives,  397 
passenger  cars,  and  13,350  freight  cars.  A  reduction  of  grades  and 
curvatures  has  been  carried  out  on  the  principal  railways  in  recent 
years,  <and  this  has  permitted  the  hauling  of  heavier  loads.  It  is 
estimated  that  in  1907  the  average  earnings  per  ton  of  freight  hauled 
were  6/10,  and  the  average  earnings  per  passenger  carried  were 
4/10.  The  earnings  per  train-mile  were  SI. 953.  and  the  working 
expenses  SI. 381.  The  total  earnings  per  mile  of  railway  were 
86,535.64,  and  the  working  expenses  were  S4.620.9.  The  working 
expenses  were  divided  as  follows  in  the  official  report  : — 

Slaintenanoe  of  way  and  structures  lld-I.*!  per  cent. 

„  equipment  20SS         ,, 

Conducting  transiiortation  ,V>'2,i 

General  expenses 374 

Allow  ing  two  cords  of  wood  fuel  to  be  equal  to  1  ton.  5.609.1X)0  tons 
of  fuel — of  which  5,578.(K)0  tons  were  coal — were  consumed  by 
Canadian  railway  locomotives  in  1907  in  running  ItlO.loo.lX'M)  miles. 
The  total  cost  was  about  £3,027,500,  equal  to  14-59  per  cent,  of  the 
working  exjienses. 

From  this  brief  summary  of  facts  some  idea  may  lie  gained  of  the 
rapid  development  of  Canadian  railways,  their  immense  capital  value 
and  traffic,  and  the  remarkable  intluenee  the>-  have  had  upon  the 
])rogress  and  population  of  the  Dominion,  ll  is  a  matter  for  satis- 
faction that  British  capital  and  engineering  skill  have  contributed 
in  no  small  measure  to  produce  this  de\'clo)iment.  and  it  may  be 
ho|)ed  that  in  the  future  they  nuiy  render  even  gi-cater  service. 

In  her  lakes  and  connecting  canals  Canada  pos.sesses  an  excellent 
system  of  inland  navigation,  by  whose  means  produce  can  lie  cheaply 
transportcil.  In  the  construction  of  one  at  least  of  these  great  water- 
ways, the  Soulangcs  Canal,  every  modern  improvement  has  been 
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introduced,  while  electricity  has  been  used  in  its  equipment,  both  for 
power  and  lighting.  It  has  been  stated  that  if  the  waterways  of 
Canada  were  made  continuously  navigable  a  struggle  for  supremacy 
in  over-sea  trade  must  arise  between  Xew  York,  and  Montreal  and 
Quebec.  This  struggle  is  now  in  full  force  as  regards  grain,  and  this 
trade  is  steadily  increasing.  On  the  Great  Lakes  special  grain  car- 
riers have  been  built  for  this  trafSc.  They  are  really  huge  barges 
of  full  form  and  of  uniform  cross-section  for  a  considerable  part  of 
their  length.  They  possess  enormous  cargo  cajiacity.  moderate 
engine  |iower  and  speed,  with  structures  of  a  sim))lc  nature  which 
can  be  largely  standardised  and  made  to  resemble  bridge  construc- 
tion rather  than  ordinary  ship  building.  They  can  be  built  in  a  short 
time,  the  largest  vessels  occupying  about  four  months  in  construction. 
In  the  design  and  construction  of  these  cargo-handling  appliances 
the  mechanical  engineer  has  displayed  great  ingenuity,  and  the 
results  obtained  in  rate  of  shipment  and  discharge  of  cargoes  of 
grain,  ore  and  coal  are  remarkable.  Cases  are  on  record  where 
vessels  carrying  T.CKXI  tons  dead  weight  have  been  loaded  in  four 
hours  and  discharged  in  10  hours  ;  more  than  5.(XH)  tons  of  ore  have 
Ijeen  discharged  in  about  four  hours.  The  draught  of  water  of  the 
steamers  must  be  kept  within  moderate  limits  and  the  breadths  of 
the  locks  are  moderate,  so  that  increase  in  carrying  power  must  be 
chiefly  obtained  by  increase  in  length  :  consequently,  as  individual 
cargoes  are  increa.sed.  a  greater  number  of  lifting  appliances  can  be 
brought  to  bear  simultaneously,  and  the  rate  of  loading  or  discharge 
can  be  maintained  or  accelerated. 

Canada  has  unrivalled  resources  in  water-power,  and  its  extent  and 
possible  utilisation  have  been  made  the  subject  of  investigation  by 
engineers  for  many  years  past.  One  of  the  most  important  memoirs 
on  the  sul)ject  was  presented  to  the  Royal  Society  of  Canada  in  his 
Presidential  Address  of  1899  by  Mr.  Keefer.  C.M.C4.  In  recent  times 
many  other  engineers  have  studied  the  subject  and  carried  out  im- 
portant works.  Exact  knowledge  of  the  total  power  represented  by 
the  waterfalls  and  rapids  of  the  Dominion  is  not  available,  nor  can 
any  close  estimate  be  made  of  the  power  which  may  be  employed 
hereafter  in  factories,  mills  or  industrial  processes,  because  profitable 
employment  obviously  depends  upon  commercial  considerations, 
which  must  be  governed  largely  by  the  localities  in  which  water- 
power  may  be  found,  and  the  cost  of  works  and  of  transmission  of 
energy  to  places  where  it  can  be  utilised.  It  has  been  estimated  that 
on  the  line  from  Lake  Superior  through  the  cliain  oi  lakes  and  rivers 
leading  to  Niagara  and  thence  through  the  St.  Lawrence  to  the  sea 
1 1  ,tH.»(),000  H.P.  may  be  developed.  Mr.  Langelier  has  estimated  that 
in  the  Province  of  Quebec  the  water-power  aggregates  more  than 
18,000.000  H.P.  ;  other  provinces  all  possess  large  resom'ces  of  the 
same  kind  as  yet  untouched.  The  most  striking  example 
of  the  utilisation  of  water-power  is  that  on  the  Niagara 
River.  The  three  companies  whose  works  are  near  the  Fall?; 
on  the  Canadian  side  have  pro^^ded  for  a  total  ultimate  , 
development  of  over  4(K),000  H.r..  and  a  fourth  cslabli^li- 
ment  lower  down  the  river,  intended  chiefly  for  the  use  of 
Hamilton  is  to  develop  40,0fX)  n.v.  In  the  construction  of  ; 
the  works,  in  the  electric  generating  plant,  the  arrange- 
ments for  transmitting  power  over  long  distances,  and 
other  features  of  importance  remarkable  engineering  skill 
and  daring  have  lieen  displayed.  The  applications  of 
water-])Ower  are  already  very  numerous  including  not  merely 
the  creation  of  electrical  energy  and  its  use  for  lit;hting  and 
power  in  towns  and  factories  situated  at  considerable  dis- 
tances from  the  Falls,  but  for  manufactures  and  industrinl 
proces.ses  carried  on  near  the  Falls,  .\mongst  these  manu- 
factures, that  of  aluminium  and  earljide  of  calciimi  may  be 
mentioned,  while  paper  and  pul|)  mills  and  sawmills  consti 
tute  im])ortant  industries,  (ireat  advances  have  been  niailc- 
in  the  transmission  of  electrical  |)Ower  over  long  distancf -. 
and  very  high  i)ressures  iire  being  used.  Electric  tracti'ii 
on  railways  and  tramways  also  derives  its  power  hxnn  tin 
same  sources,  and  is  being  rapidly  de\-elopcd.  In  l!»i'l 
there  were  553  miles  of  electric  railways,  and  in  1907  ^1  ■ 
miles. 

The  development  of  engineering  on  over-seas  tr.Tns|)i'i: 
was  the  next  subject  dealt  with  by  the  author.  He  pointi  il 
out  that  since  the  intrcxluction  iron  for  the  structures  i.f 
ships  and  of  steam  as  the  propelling  ])ower  marvellous 
economies  have  been  effected  in  the  cost  of  over-sea  trans- 
port. The  chief  causes  contributing  to  this  result  have 
been  (1)  improvements  in  steam  machinery,  leading  to  great 
reductions  in  coal  consumption,  (2)  considerable  enlargement  in  tin 
dimensions  of  ships,  and  (.'!)  the  supersession  of  iron  by  steel  for  slru';- 
tures  and  machinery.  Further  the  economy  of  fuel  consumption 
made  jios.-iiblc  by  the  introduction  of  (juadruple  expansion  engines 
and  tln«  greater  speed  «ith  which  goods  could  now  be  handled  by 
mech.inical  appliances  had  all  contributed  to  this  development. 


Turning  to  some  of  the  latest  examples  of  shipbuilding  work,  the 
author  instanced  the  ''  Laiirentic "'  in  which  Messrs,  Harland  & 
Wolff  had  made  an  interesting  experiment  by  introducing  a  ctjm- 
bination  of  reciprocating  and  steam  turbines  and  the  good  results 
which  had  been  obtained  thereby.  The  "  Mauretania."  in  which 
turbines  are  titted,  has  by  the  regularity  of  her  service  emphasised 
the  advantages  of  this  type  of  propulsion,  and  the  writer  ventures 
to  assert  that  equal  results  could  not  jiossibly  have  been  obtained 
with  reciprocating  engines  in  vessels  of  the  same  form  and  dimensions. 

In  conclusion,  the  author  points  to  the  necessity  for  the  colonies 
contributing  their  share  towards  the  maintenance  of  an  Imperial 
navy,  in  the  execution  of  which  great  task  all  branches  of  engineering 
have  been  and  \\ill  be  freely  drawn  upon.  Mining  and  metal- 
lurgy assist  by  the  production  of  materials  of  construction  ;  mecha- 
nical and  electrical  engineers  contribute  machines  and  appliances 
required  in  shipyards  and  engine  factories,  as  well  as  guns,  gun- 
mountings  and  mechanical  apparatus  of  all  kinds  required  in  modern 
warships  in  order  to  supplement  and  economise  manual  power  ; 
marine  engineers  design  and  construct  the  propelling  a])paratus,  and 
constantly  endeavour  to  reduce  the  j)ropoi'tion  of  weight  and  space 
to  power  develo))ed  :  naval  architects  design  and  build  the  ships  : 
constructional  <n>.;iiirc  is  ,iie  occupied  in  the  provision  of  docks,. 
harbo\u's  and  Im-i  -  ,Ml,i|ii(d  to  the  requirements  fo  the  fleet;  and 
other  branches  .  il  niijim  i  riim  play  important,  if  less  prominent  parts. 
The  progress  of  invention  and  discovery  is  increasing,  rapid  changes 
occur  unceasingly,  the  outlay  is  enormous,  the  task  is  never  ending, 
but  its  performance  is  essential  to  the  continued  \x  ell-being  of  the 
Empire,  and  it  must  and  will  be  pertdrnied. 


BUILDING  SLIP  EQUIPMENTS.* 

BY   H.    H.    BROUGHTOX. 

Summary. — In  this  article  the  author  sets  out  the  essentials  which 
have  to  be  embodied  in  the  crane  equipment  of  a  building  slip.  The  most 
^^^dely  used  equipments  are  those  in  which  either  cantilever  cranes,  over- 
head trarrllin'_'  fivinc*.  nvcrhead  wire  cableways,  gantry  cranes,  or  tixsd 
orportal'l''  t'lwi  i  ,  i  mm-  .m-  used.  It  is  believed  that  the  overhead  crane 
system  ni"-i  in,iii\  -,iii-lir~  the  recjuirements  of  yards  turning  out  the 
largest  sliips,  aiitl  jiatlicuLiis  of  three  eciuipments,  which  have  been  in- 
stalled at  Messrs.  Beardmore's,  Harland  &  Wolff's  and  Kriipp's,  are 
here  given.  — ■ 

Prior  to  the  leading  of  Mr.  Fairburn's  Paper  on  "  Methods 
of  Handing  Material  over  Rhipbiiilding  Berths  in  American 


ilKSSRS.    EeaKDMOBE's. 


iSln|)\ards/'t  it  is  generally  admitted  that  British  slii])- 
biiikiers  paid  insufficient  attention  to  the  methods  of 
handling  material.     In  many  yards  the  crane  soixice  was 

*  C'o))yright.     All  riahts  of  reproduction  are  reserved, 
i  "  Transactions  "  Inst.  X.A.,  1902. 
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of  a  primitive  cliaracter  unf3uited  to  tlio  worlc  it  was  called 
upon  to  perform.  On  aecotnit  of  tlio  ia]iid  development 
of  the  electric  crane,  all  this  has  now  been  chanjied.     At 


Equipments  which  satisfy  these  requirements  promote 
rapid  and  economical  construction,  and  enable  much 
niachineiv  to  be  placed  on  board  iiefore  the  vessel  is 
launched.  It  is  inteiesting  to  note  that  in  .«onie  yards 
vessels  are  comjiletoly  finished  on  the  slips. 


i03'.O' 


Fig.  2. — Arrr.EBY's  Overhead  Ce.vne  System  for  Buildixo  Slips. 


the  present  time  the  methods  of  handling  material  in 
British  shipyards  compare  favourably  with,  and  in  man}' 
cases  are  superior  to.  those  in  use  in  American  or  Continental 
yards. 

In  the  de- 
sign of  a 
building  slip 
crane  equip- 
ment the  es- 
sentials are : — 
(1)  Efficient 
.service  over 
the  whole 
berth.  (2) 
Many  ci'aiics 
of  reasonably 
large  capacity 
a  n  d  h  i  g  h 
speeds.  (.T) 
Provision  for 
working  the 
cranes  in  con- 
eert.  (4)  Mini- 
nuim  interfei- 
ence  with  ope 
rations  along 
the  sides  of 
the  ship.  (.'■)) 
Minimum   ob- 


Fiu.  3.— View 


struetion      of 

daylight,   (fi)  Adequate  means  for  manipulating  the  rivetinj; 

appliances.    (7)  Railway  service  to  each  crane. 


There  are  several  .systems  which  conform,  more  or  less 

closel}^  to  the  requirements  stated  above.     Of  these,  the 

best  known  and  most  widely  nsed  are  : — 

(i.)  Brown's     balanced    cantilever     .shipbuilding    crane 

hoi.sting  and 
conveying  ap- 
paratus, with 
or  w i t h o u t 
side  jib  travel- 
ling riveter 
cranes,  hav- 
ing one  or 
two  trolleys. 
Known  briefly 
as  Brown's 
cantilever  sys- 
tem. 

(ii.)  One  or 
moreoverhead 
travelling 
cranes,  with  or 
without  swing 
i  i  li  at tach- 
nient.covering 
one  or  more 
.ships.  Jib  tra- 
velling cranes 
may  be  pro- 
vided at  each 
side      of     the 

berth,  and  the  whole  berth  may  be  open  or  roofed  in  as 

required. 
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(iii.)  Travelling  trolleys 
span  the  berth  in  the  dir 
being  arranged  in  such  a 


suspended  from  wire  ropes  which 
ection  of  its  length,  (he  ropes 
wav  as  to  admit  of  movement 


across  the  berth.     Three  or  four  such  cableways  form  an 
equipment.     Known  briefly  as  Henderson's  svstem. 

(iv.)  Gantry  cranes,  with  or  without  single  or  douhle 
cantilever  extensions,  covering  one  or  more  ships.  In 
addition,  jib  travelling  cranes  may  be  provided  at  each  side 
of  the  berth. 

(v.)  Fi.xed  or  portable  tower  cranes  each  side  of  the  bei'th. 
There  has  been  much  discussion  on  the  advantages  and 
disadvantages  of  each  of  the  above  systems.  The  oldest 
of  them  dates  back  but  a  few  years,  and  no  doubt  very 
considerable  alterations  will  be  made  to  existing  arrange- 
ments before  the  (|ue.stion  as  to  which  is  the  best  is  settled. 
It  is  probable  that  each  ."system  is  peculiarly  adapted  to  a 
certain  class  of  work  or  arrangement  of  yard.  No  hard- 
and-fast  rules  can  be  laid  down.  For  a  given  shipyard 
the  be.st  system  is  the  one  which  enables  material  to  be 
placed  in  position  at  minimum  cost. 

Descriptions  of  many  of  the  sy.stenis  have  been  given 
during  the  last  six  or  seven  years,*  but  the  author,  in 
looking  up  the  literature  of  the  subject,  failed  to 
find  a  tolerably  complete  account  of  the  "  over- 
head crane  "  .system,  and  it  is  this  which  he  proposes 
to  describe  in  this  article. 

Tlie  fact  that  in  one  form  or  another  the  overhead 
travelling  crane  .system  has  been  extensively  adopted 
in  many  of  the  principal  shipbuilding  yards  leads  to 
the  conclusion  that  for  yards  turning  out  the  largest 
ships  the  arrangement  most  nearl}'  satisfies  the 
requirements. 

In  Fig.  2  is  depicted  the  crane  etpiipment  designed 
and  constructed  by  the  Glasgow  Crane  Co.  (now 
known  as  Applebvs  Limited).  From  the  drawing 
it  will  be  seen  that  the  gantry  upon  which  the 
overhead  cranes  travel  is  supjjorted  hy  a  number  of 
vertical  members  rigidly  iield  together  by  means  of 
roof  piincipals,  and  the  berth  can  be  roofed  in  so 
that  complete  protection  is  afforded,  and  the  work 
can  be  proceeded  with  uninterruptedly.  The  vertical 
members  also  carry  the  rails  or  channels  which  form 
the  tracks  for  the  side  walking  cranes.  These  cranes 
are  placed  at  each  side  of  the  berth,  and  are  so 
arranged  that  their  jibs  can  be  .><wung  round  over  a 
vessel  under  construction  or  to  tlie  side  thereof. 
The  general  construction  of  the  framework  will  be 
understood  from  the  drawings. 

Fig.  I  shows  the  ec[ui[)nient  installetl  over  one  of 
the  berths  at  Messrs.  Beardmore's.  It  consi.sts  of 
two  overhead  travelling  cranes  and  four  walking 
cranes,  arranged  two  each  side  of  the  berth.  The 
overhead  travelling  cranes  travel  upon  a  gantry 
ToOft.  in  length.  They  are  108  ft.  span,  and  are 
proportioned  for  a  working  load  of  15  tons,  the 
height  of  lift  being  140  ft.  Separate  440- volt  motors 
are  used  for  the  three  motions.  The  lifting  motors 
give  SOb.h.p.  at  500  revs,  per  min.,  the  travelling 
motors  30  b.h.p.  at  500  revs,  per  min.,  and  the 
traversing  motors  10  b.h.p.  at  (iOO  revs,  per  min. 
The  speeds  attainable  are  as  follows  : — 

l.iftiiii; 


/  Willi  full  \n:, 

1.  .ibuiit    40  ft.  ])cr  min. 

•■\  Willi    11.1  l„a 

1.  iilioiit  100  ft.  per  mm. 

.. 

/  Willi  full  l.u 

1.  !.b..iil  TiOOfi.  iipi-min. 

Mil), 

■■\  With     Mu    1„M 

1.  iiliriiil  7'>0  ft.  pci-  mill. 

^in« 

/   Will,  full  Ina 

1.  ahoiit  220  ft.  l>Pi-  min. 

•"\  Willi    Til.    I.i:i 

1.  aliciutSSOft.  pi-r  min. 

Each  crane  is  controlled  from  a  cabin  fixed  to  one 
of  the  cro.ss  girders  at  the  centre  of  the  span. 

♦  Refer  to  "Transactions"  Inst.N.A.,  1902,  1906  and  1907; 
"Proceedings"  Inst.M.E.,  1901  and  1907:  "  The  Engineer,"  1904  ; 
"  Engineering,"  1904  and  1908  ;  Thk  Electrician,  1905. 
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The  walking  cranes  are  designed  to  lift 
5  tons  at  a  radius  of  30  ft.  They  travel  on  a 
•single  rail,  the  distance  between  the  rail  and 
the  overhead  guides  being  21  ft.  The  wheel- 
base  is  20  ft.,  and  the  height  of  the  lift  is 
12.5  ft.  Each  of  the  three  motion.s — namely, 
lifting,  travelling  and  slewing — is  operated  bv  a 
separate  .series-wound  motor.  The  lifting 
motor  gives  30  b.h.p.  at  TjOO  revs,  per  min.,  the 
travelling  motor  20  b.h.p.  at  OftOrevs.  per  min. 
and  the  slewing  motor  ■">  b.h.p.  at  'iOO  revs,  per 
min.  The  speeds  of  the  several  motions  are  : — 

Liftiii"  ^  ^^  '"^ '""  '"•"''  "'"'"*    ''•"  ft- 1'^''  ™>n- 

" "l  With    nci  |i)a<J,  about  1  ">0  ft.  iwr  min. 

TiMvtlliiit;        ^  ^^  '"'  '"'"  ''""'•  *'"'"'  -•"'"  f*-  f""""  •"'"• 

■■■\  With  no  loarl,  about  i'tfl  ft.  per  min. 

Slewing   With  any  load,  about  300  ft.  per  min. 

Each  crane  is  controlled  from  a  cabin 
attached  to  the  vertical  post,  and  so  arranged 
as  to  afford  the  operator  an  uninterrupted 
view  of  the  load  and  of  the  .slip. 

After  being  erected  all  the  cianes  in  the 
e([uipment  were  tested  under  a  proof  load 
50  per  cent,  greater  than  the  normal  load. 

A  number  of  important  modifications  have 
recently  been  made  in  the  overhead  crane 
.system,  amongst  which  may  be  mentioned 
the  inclusion  of  a  crane  of  the  revolving 
cantilever  type  which  can  travel  the  whole 
length  of  the  berth  on  a  track  supported  by 
transverse  girders  at  the  top  of  the  structure, 
together  with  a  number  of  travelling  bridges 
which  span  the  berth  and  serve  to  carry  two 
travelling  cranes,  entirely  independent  of  each 
other.  These  cranes  are  used  to  manipulate  the 
hydraulic  riveters,  and  may  be  operated  from  the 
riveting  position  or  from  the  travelling  bridge. 

Such  an  arrangement  has  been  adopted  by 
the  Harland  &  Wolff  Co.,  of  Belfast,  for  their 
new  building  slips.  The  equipment  is  the 
largest  and  most  complete  of  its  kind  in 
exi.stence.  A  good  general  idea  of  the  struc- 
ture, which  was  designed,  constructed  and 
erected  by  Sir  William  AjtoI  &  Co..  will  be 
obtained  by  referring  to  Figs.  3  and  4.  The 
cranes,  of  which  there  are  23,  with  a  total  lift- 
ing capacity  of  215  tons,  were  designed  and 
con.structed  by  Messrs.  Stothert  &  Pitt,  to 
whom  the  author  is  indebted  for  the  drawings 
from  which  Figs.  5,  6  and  7  have  been  pre- 
pared. Apart  from  their  great  size,  they  are 
characterised  bv  the  high  speeds  of  the 
several  motions,  by  the  novelty  of  the 
designs  and  by  the  same  soundness  of  con- 
struction which  makes  all  the  products  of 
Stothert  &  Pitt  so  popular. 

The  arrangement  and  principal  dimensions 
of  the  revolving  cantilever  crane  will  be 
inferred  from  the  drawings  (Fig.  5),  and  the 
■'  constants  "  are  set  'orth  below  : — 

f  3  tons  at  an  outreach  of  135  ft. 

^'"'id"  1^5  tons  at  an  outreach  of  tUift. 

//riljlll  of  Li/1 180ft. 

rs  tons  at  li.'ift.  m-r  mill. 

,«/)(,*— Lifting '{  3  tons  sxt  205 ft.  (k-f  min. 

l^  No  load  at  about  5»K>ft.  \x-r  min. 
Full  l.>adat  l.XUt.  jut  min.   [head 
Full  load  at  4(Hlft.  (K-r  min.  at    jib 
Full  load  at  2(Wft.  per  min. 
70  B.H.P.   at  420  revs,  per  min. 
15  B.H.f.  at  500  revs,  per  min. 
15  B.H.P.   At  500  revs,  jier  min. 
70  B.H.r.   at  420  revs,  per  min. 


Traversing. 
Slewinn  ... 
Travelling.. 

Mulors — Lifting 

Traversing. 
Rlewinsr  ... 
Travelling. 
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There  are  six  travelling  frames  or  gantries  in  all,  three 
per  berth,  and  each  serves  to  carry  two  lO-ton  three-motor 
athwartship  travelling  cranes.  Referring  to  Fig.  6,  it  will 
be  seen  that  the  cross-girders  are  of  tjie  o])en  type,  9  ft.  2  in. 
deep,    2ft.   Gin.   wide   and    115ft.   2 in.    long,    pitched    at 


the  gantry  or  from  below.  To  admit  of  heavy  lifts  being 
made,  the  two  gantries  nearest  the  water  are  provided  with 
eye-bolts,  from  which  tackle  for  4f}-ton  loads  can  be  sus- 
pended. Tlie  arrangement  of  the  gantries  and  of  the 
cranes  is  .so  clearly  shown  in  the  drawings  (Fig.  6)  as  to 


Fia.  7. — General  AKB.iNOEMENT  of  5- tun  W.u:,king  Jib  Crane. 


45ft.  Gin.  centres.  They  are  rigidly  connected  together,  and 
the  fi-ame  rests  upon  four  two- wheeled  compensating  trucks. 
The  wheels  are  2ft.  Sin.  diameter  and  4 in.  in  width  and  are 
2)itched  at  Gft.  centres  apart,  the  trucks  being  45ft.  Gin. 
centres  ajmrt.    Tracks  for  the  travelling  cranes  are  mounted 


require  no  elaboration.     The  speeds  of  the  several  motions 
and  the  capacities  of  the  motors  are  : — 

Travelling  speed  of  gantry  with  40  b.h.p.  motor  rimnmg 
at  450  revs,  per  min.,  about  100ft.  per  min.  Lifting  speed 
with  25  B.H.P.  motor  running  at  700  revs,  per  min..  15  ft.  per 


upon  the  top  flanges  of  the  bottom  inside  cliannc 
lower  booms  of  the  gantry  girders. 

The  two  travelling  cranes  on  each  gantry  are  independent 
of  each  other.     They  can  be  controlled  from  the  cabin  on 


Slip  Equip-ment  at  Cermania  Dockyard,  KiEr.. 

of  tl 


min.  Traversing  speed  ol  trolleys  with  5  b.h.p.  motor 
running  at  500  revs,  per  min.,  15  ft.  per  min.  Travelling 
speed  of  cranes  witii  5  h.u.p.  niotcn'  at  500  revs,  per  min., 
30  ft.  per  niin. 


788 


THE  ELECTRICIAN,  AUGUST  27,  1909. 


There  are  10  walking  jib  cranes,  five  per  berth,  arranged 
as  shown  in  the  general  arrangement  drawing  (Fig.  4). 
The  construction  of  these  cranes  will  he  inferred  from 
Fig.  7,  and  the  '"  constants  "  are  : — 

lAxid i>  tons  at  an  outreadi  of  .jSft.  10  in. 

Height  of  Lifl 123  ft. 

_       .      ..,..  fa  tons  at    100  ft.  iipi- niin. 

Spccds-hiiung     -!  ^,^,  ,^,„j  ,,j  ^,-„  f,  'j,^^  „,i„ 

„         ...  /  5   tons   at    100  ft.  iier  min. 

Travemna  ..."^  j^,„  ,^„,j  ^^„,„  ,2^!  f,   ,„.,,  ,„;„ 

Slewing   Full  load  at  ioO  ft.  per  min. 

Motors — Lifting 50  B.ii.i-.  at  5.'?0  revs,  per  min. 

Traxelling   ...  20  n.ii.p.  at  .'>20  revs.  ])er  min. 

Slewing   5  is.n.p.  at  ")0()  revs,  ju'r  min. 

It  should  be  mentioned  that  the  whole  of  the  spur  gears 
in  both  of  the  above  equipments  are  of  steel,  machine-cut 
from  the  solid,  excepting  the  steel  slewing  curb  and  pinion 
of  the  cantilever  crane,  which  have  machine-moulded  teeth. 

Having  briefly  desciibed  what  are  perhaps  the  most 
complete  building  .slip  crane  services  extant  it  might  be  of 
interest  to  give  the  "  constants  "  of  a  large  equipment 
installed  over  the  slips  at  the  Germania  Dockyards,  Kiel. 
As  will  be  perceived  from  Figs.  8  and  9,  the  cranes  are  of 


Buildiiuf  Slip  Equipment  at  the  Germania  Dockyard,  Kiel. 


Crane 

No 

1 

2 

3 

4 

5 

6 

7 

8 

Span     

feet 

40-6 

40-6 

39-5 

400 

27-5 

27-5 

34-5 

37-5 

Lent;lh  of  jib  .... 

feet 

0 

7-75 

7-75 

9 

20-5 

20-5 

7-75 

7-7fi 

Load    

tons  6  &  3 

6  &  3 

6  &  36&  3 

3 

3 

6  &  3 

fiAR 

Height  of  lift  .... 

feet  1 

!)0 

!H) 

7;^ 

72 

72 

7? 

72 

72 

re  tons... 

38 

38 

3S 

38 

38 

38 

Lifting  speed.feol 

■i  3  tons... 

.')!l 

59 

59 

59 

.59 

59 

59 

59 

per  minute 

(.No    load 

11  r> 

115 

115 

115 

115 

115 

115 

115 

Traversing  speed. 

fFidlload 

GO 

06 

00 

00 

00 

(ifi 

feet- per  niinnti 

\Xo  load 

i:m 

131 

131 

131 

131 

131 

Travelling  speed. 

/Full  load 

24ti 

240 

240 

246 

246 

240 

240 

24ii 

feet  per  niinntt 

\No  l..ad 

2!!,") 

295 

295 

295 

295 

295 

295 

2!I5 

Slewing  speed,  fe 

Bt  per  mill. 

295 

295 

295 

295 

295 

295 

295 

295 

/B.H.P.. 

IS 

18 

18 

18 

IS 

18 

18 

18 

Lifting  motor    .. 

•\Spced   . 

510 

510 

510 

510 

510 

510 

510 

.510 

fH.H.P.. 

3 

3 

3 

3 

3 

3 

Traversn)g   mnti 

■^Speed    . 

fn.u.v.. 

770 

770 

770 

770 

770 

770 

IS 

18 

18 

18 

18 

18 

18 

18 

Travelling    mote 

'\  Speed  . 

510 

.510 

510 

510 

510 

510 

510 

510 

/B.H.R. 

3 

3 

3 

3 

3 

3 

3 

3 

Slewing  motoi-  .. 

•\Specd  . 

770 

770 

770 

770 

770 

770 

770 

770 

in  mind  that  the  Krupp  equipment  was  put  into  service 
about  eight  years  ago,  and  that  the  cranes  over  Beard- 
more's  .slips  were  installed   four  years  ago,   whereas  the 


the  swing-jib  type.     The  equipment  was  designed  and  con- 
structed by    the    Stuckenholz    Company,  working  in  con- 
junction with  the  technical  department  of  the  Krupp  firm. 
In  comparing  these  equipments  the  reader  should  bear 


Harland  &  Wolif  equipment  has  been  completed  quite 
recently.  The  examples  serve  to  show  three  arrangements 
of  the  overhead  crane  system  as  adopted  Ijy  some  of  the 
foremo.st  .shipbuilders. 


HEW  FIYE  AND  SIX  SPEED  THREE  PHASE  MOTOR. 

It  in  needless  here  to  recall  the  large  di\(  l.ipnic  nt  which  has  taken 
place  by  the  application  to  the  industry  generally  of  three-phase 
a,synchronous  motors  having  a  constant  and  very  nearly  synchronous 
speed.  Thanks  to  Its  great  simplicity  of  construction,  and  to  tlie 
reliable  way  in  which  it  operates,  tlic  induction  motor  is  superior  to 
all  others  for  workshop  purposes,  but  there  arc  still  a  large  numlier 
of  ca.scs  for  which  its  employment  is  doubtful,  especially  where  a 
large  speed  variation  is  necessary,  as  the  latter  cannot  be  obtained 
with  this  class  of  motor  except  by  reducing  both  the  efficiency  and 
the  simplicity,  and  thereby  the  safety  of  operation.  The  large 
number  of  proposals  which  have  been  put  forward  for  overcoming 
this  difficulty  show  its  importance  ;  and  the  great  value  which  any 
system  which  would  solve  the  question  economically  would  have  is 
thereby  made  very  evident.  The  most  practical  proposals  have 
been  based  on  pole-changing  arrangeraenl.s  ;  and  as  long  ago  as  1S!)0 
the  Ma.schinenfabrik  Oerlikon  succeeded  in  constructing  twoH|iic(l 
motors,  which  at  both  the  standard  speeds  had  a  high  efficiency  and 
satisfactory  power  factor.  The  emi>loymcnt  of  two  distinct  windings 
distributed  over  the  stator,  or,  as  the  ca.se  may  be,  the  rotor,  allow.s 
induction  motors  with  four  speeds  in  wliich  both  the  electric  and 
magnetic  characteristics  were  favourable  at  all  the  designed  speeds 
to  be  obtained,  thanks  to  the  drum-winding  arrangement.     By  this 


arrangement  a  four-speed  motor  had  been  obtained,  operating  under 
good  conditions  in  all  cases,  and  capable  of  employment  in  many 
industrial  operation.s,  in  spite  of  the  speed  limitations.  This  was, 
however,  not  enough  for  certain  special  eases,  and  a  ste])  of  real  pro- 
gress was  made  when  the  MasehincnfabriU  Oiilikon  recently  suc- 
ceeded in  designing  a  niolcjr  with  si.\  spe<ils,  still  only  employing  two 
stator  windings,  by  arranging  the  poles  in  six  different  ways. 

The  motor  described  below  has  been  designed  for  five  s|)eeds.  Ki>r 
this  ])urpose  the  stator  is  wound  with  three  ditTerent  windings,  the 
supply  current  having  a  frequency  of  42  ])cr  second.  Allowing  a 
certain  percentage  for  8li|),  speeds  of  210,  420.  030.  840  and  1,200 
revs,  per  minute  are  obtained  with  a  nunibi  r  of  poles  equal  to  24,  12. 
8,  (i  and  4  resi)ectively.  Two  (jf  the  stator  windings  are  each  avail- 
able for  two  different  ntinilxrs  of  poles  having  a  ratio  of  1 : 2.  They 
are  for  this  reason  eoinposed  of  i  li  ni(  iilary  windings  which  are  dis- 

V 
tributed   regularly   over   the    periphery   and    arc   divided   into  (i  ■  .> 

gi'oups  where  p  is  the  minimum  number  of  poles.  These  are  eoii- 
nected  in  |)arallel  when  the  number  of  poles  is  p.  and  in  series  when 
the  number  of  |)oles  is  2p.  Tlu^  third  winding  is  only  u.sed  for  a 
single  number  of  poles.  .Ml  three  sets  of  windings  are  enibidded  m 
the  same  stator  slots,  the  windings  eorresjionding  to  12  or  24  poles 
being  placed  nearest  the  ga|),  then  the  windings  for  four  and  eight 
poles,  and,  lastly,  the  windings  foi'  six  poles,  placed  at  the  bottom  of 
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the  slot.  The  output  of  the  motor  at  1,260  revs,  per  min..  that  is  to 
say.  with  four  poles,  is  23  m.p.  when  the  terminal  pressure  is  280  volts. 
Naturally  the  output  deereascs  with  the  speed,  and  is  only  6  ii.P. 
when  the  motor  is  runninrr  under  the  21-pole  eondition.  The  rotor 
winding  is  of  the  squirrel  cage  type,  and  iseom])os(d  of  hars  embedded 
in  slots  and  eonneeted  at  their  i-nds  hy  a  short -eiveuitiiij.'  ring  of 
brass. 

The  pnle-ehanging  arrangement  emjiloyi d  requires   I.')  terminals, 
six  of  wliith  are  intended  for  eaeh  of  the  two  windings  that  provide 


two  sets  of  poles,  and  three  for  the  six  pole  winding.  Owing  to  the 
arrangement  of  the  eonlrull'  i  ((iiil'  .  li.x  >  d.  iln-  motor,  as  is  generally 
the  case,  most  of  the  (li-;;ii|\  nni  I'ji  ^  '.I  iln,  l:uue  number  of  terminals 
are  overcome  as  regards  casr  of  ins|i('(tion  :ind  economy. 

By  means  of  this  motor  several  tests  on  a  method  of  pole-changing, 
recently  patented  by  the  Maschinenfabrik  Oerlikon,  have  been 
made  possible.  This  arrangement  allows  a  single  winding  to  be 
also  arranged  so  that  three  different  numbers  of  poles  are  obtain- 
able from  it  in  the  ratio  of  4 :  6 :  8  or  (5 :  8 :  12. 
For  this  innpose  the  winding,  which  is  de- 
signed   to    give    4:6:8    poles,    is    divided 

into  6^  groups  of  elementary  windings,  the 

beginning  and  end  of  eaeh  group  being  con- 
nected to  a  terminal.  Twenty-four  terminals 
are  thus  necessary  for  a  winding  giving 
4,  6  and  8  poles.  '  The  distribution  of  the 
winding  over  the  periphery  is  symmetrical 
botli  for  poles  and  jjhases.  On  the  contrary, 
for  six  poles  the  elementary  windings  are 
distributed  irregularly.  Under  the  first  pole 
face,  phase  one  has  two  windings  in  series 
and  phases  two  and  three  one  single  winding 
only.  Under  the  next  pole,  phase  two  has 
two  windings  and  the  other  two  have  only 
one  and  so  on,  but  eventually  each  ]ihasc 
contains  the  same  number  of  windings. 

The  .sub-division  of  the  windings  for  12.  Hi 
and  24  poles  is  similar  to  that  with  4,  '1  and 
8  poles,  there  being  36  coils  with  72  ter- 
ntinals.  The  arrangement  of  the  ]ihases 
being  exactly  the  same  on  the  two  halves 
of  the  motors,  the  windings  can  be  (lerma- 
nently  placed  in  series  two  hy  two,  so    that 


open  to  insjjection  a.s  well  as  less  costly,      Los-ses  at  starting   are 
also  reduced  by  this  arrangement. 

The  pole-ehanging  arrangement  is  very  simple,  especially  when 
the  speed  is  required  to  be  altered  by  natural  stci>8,  as  is  generally 
the  case.  The  contact  pieces  are  arranged  round  a  controller 
cylinder  in  such  a  manner  that  all  eros.sing  of  the  wires  below  the 
contacts  is  avoided,  thus  preventing  any  possibility  of  short-circuit- 
ing. The  arrangement  of  the  other  parts,  especially  the  contact 
fingers,  has  been  designed  with  a  view  to  reducing  as  much  as  |>os8ible 
the  dimensions  of  the  equijiment.  The 
contact  fingers  are  .51  in  numlK-r.  three  of 
which  are  for  bringing  up  the  current  to  the 
motor  and  48  for  pole-changing  jjurposcs. 
Kach  time  the  controller  is  moved  the  cir- 
cuit is  broken  at  a  given  moment  and 
always  on  the  same  lingers,  which  are 
therefore  provided  with  auxiliary  pieces, 
that  can  be  easily  changed.  No  burning 
away  of  the  contact  fingers  themselves  need 
be  feared. 

Fig.  3  shows  the  motor  on  the  test -bed. 
In  actual  practice  the  controller  is  horizon- 
tal on  tlie  mot«r  as,  in  this  case,  the  motor 
frame  it.self  serves  as  a  support  and  the  con- 
necting wires  need  not  come  out  from  the 
machine. 

Figs.  1.  2  and  4  represent  the  test  results. 
Fig.  1  showing  the  operation  at  260  volts 
with  a  frequency  of  42  and  using  five  siweds 
with  three  windings.  Figs.  2  and  4  show 
the  operation  of  the  motor  at  280  volts 
with  a  fre<piency  of  ,50,  and  six  speeds  ob- 
tained from  the  two  windings.  From  these 
diagrams  it  is  possible  to  deduce  tliat  the 
efficiency  and  power  factor  is  high  at  all 
-speeds ;  in  fact,  the  difference  between 
the  characteristics  obtained  and  the  cor- 
responding value  with  a  one-speed  motor, 
designed  specially  for  a  certain  number  of  poles  and  for  the  same  out- 
put, is  very  small.  It  is  of  great  importance  to  discover  how  the 
motor  behaves  at  starting,  and  especially  to  find  out  the  starting 
torque  and  current,  supposing  starting  takes  place  at  the  full  cir- 
cuit voltage.  In  the  table  given  on  p.  790  are  shown  for  the  different 
numbers  of  poles  the  ratio  between  the  normal  current  and  that  at 
short-circuit,  which  is  produced  at  starting  ;  as  well  as  the  ratio 
between  the  normal  'or()ue  and  the  starting  torque. 


FRE(ilFN( 


for  all  the  pole-chang 


required   only  3(i 
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terminals  are  necessary.  Twelve  furthei 
terminals  can  be  suppressed  both  for  4.  6  and  S  poles,  and  for  12,  10 
and  24  poles,  hy  noting  that  each  winding  is  open  at  its  two  ends,  so 
that  common  terminals  can  be  arranged  at  12  of  them.  Tn  order  t(i 
obtain,  in  any  desired  order,  the  speed  regulation  required  48  ter- 
minals are  therefore  necessary.  It  is  evident  that  the  most  eco- 
nomical construction  will  be  to  jilaee  the  controller  directly  against 
the  motor,  the  connections  are  then  made  most  easily  and  are  more 


It  will  be  seen  that  the  motor  with  24  poles  developes  a  starting 
torque  equal  to  1-87  times  the  normal  torque  for  the  corresponding 
speed,  at  the  same  time  only  taking  double  the  normal  euriTnt. 
Changing  to  a  less  number  of  poles — that  is  to  say.  to  a  higher  s|>ecd — 
the  current  increases  according  to  experiment  by  from  50  to  65 
per  cent,  of  the  short-circuit  current  corresponding  to  this  number 
of  poles,  which,  in  a  most  unfavourable   case,  as   shown   by  the 


790 
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Xiimber  of 

Ratio  of  normal 

current 

to  starting  current 

(sh, 

irt- 

Ratio  of  normal  torque 

jwles. 

circuit). 

to  starting  toriiuc. 

■2i 

1  :  2(1 

1  :  1  ST 

I(> 

L':!l 

l-.-.l 

12 

30 

lir, 

S 

4-;! 

1  ^o 

(i 

.">•". 

is:{ 

4 

sss 

I -405 

table,  gives  a  current  equal  to  4i  times  tlie  normal.  In  the  ca.se 
■nhen  the  motor  has  to  start  at  once  for  running  at  tlie  highest  speed — 
that  is.  with  a  four-pole  motor — tlie  current  naturally  reaches  its 
maximum  value  at  startinu'— that  is.  S-8  times  the  normal—  .it   the 


FiC.     3. FlVK-Sl'EliD     2lil).V(lI,T      TllKliK-l'll  VSK     MoTlill       AUKANOKI)     J  OK 
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same  time  only  developing  a  starting  torque  equal  to  1-45  times  the 
normal  corresponding  to  that  speed.  If,  on  tlie  contrary,  the  niotor 
is  started  for  running  al  (lie  lowest  speed  and  clianged  regularly  to 
tlic  ne.xt  liighi  St  speed  there  is  a  mucli  less  unfavourable  effect  on 
the  feeding  system  than  with  ordinary  squirrel-cage  motors,  in  fact, 
than  with  any  starting  apparatus  usually  employed.  The  .stoppage 
or  partial  reeluction  of  tlie  S|>eed  is  obtained  in  the  opposite  way — 
tliat  is  to  say.  by  making  the  number  of  poles  on  the  motor  greater. 
The  niotor  then  acts  a.s  a  generator  as  long  as  its  speed  is  greater 
than  the  synchronous  speed  corresponding  to  the  number  of  ))olcs. 
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Fig.  4. — CnAi!A(  tkhi.stic  or  .Six-srKKD  2H0-voi.t  TuiiKK-i'iiAsi-:  .Motok. 
Frequency  "iO. 

This  action  is  less  felt  and  l.i.sts  a  .shorter  time  in  pioi>orlion  to  the 
number  of  degrees  of  speed  and  the  closer  these  aic  placed  together. 
From  this  point  of  view,  also,  the  »lx-sj)ccd  motor  constitutes  a 
decided  step  forward.  With  regard  to  its  effect  on  the  supply 
circuit  this  depend.s  naturally  on  circumstances  independent  of  the 
motor,  such  as  the  length  and  capacity  of  the  network  and  the 
elasticity  of  the  regidation. 

To  sum  up,  it  may  be  said  that  in  the  construction  of  six-speed 
motors  the  choice  of  winding  is  of  the  very  first  importance,  for  this 
may  be  favourable  for  one  number  of  poles  and  very  unfavourable 


for  llie  other  two.  or  about  equally  favourable  for  all  three.  Atten- 
tion should  be  paid  to  the  imiiortancc  of  iMch  of  the  speeds  from  the 
wcirking  point  of  view  ;  and  the  motor  should  l)e  given  the  highest 
(|ualities  as  regards  dispersion,  magneti.sing  current,  &e.,  for  the 
speed  most  often  and  longest  used  under  working  conditions. 

It  is  ]>ossible.  as  mentioned  above,  to  construct  motors  with  live 
antl  six  speeds  with  two  as  ^^■ell  as  with  threes  bindings.  The  large 
number  of  connecting  wires  in  the  ease  of  motors  with  two  windings 
between  the  niotor  and  controller  may.  however,  become  a  source  of 
annoyance  when  the  latter  is  not  placed  close  to  the  motor  itself. 
In  this  case  it  is  possible  to  obtain  five  speeds  with  about  one-third 
of  the  teiminals  and  six  speeds  with  24  terminals,  when  a  stator 
having  three  windings  is  used.  The  sole  disadvantage,  which  it  is 
impossible  to  avoid  in  this  ease,  is  the  necessity  for  increasing  the 
dimensions  of  the  slots  and  stator  laminations  in  order  that  the  third 
winding  may  be  properly  embedded.  Further,  about  onethii'd 
more  copper  must  be  u.scd.  Motors  with  three  windings  lake  up, 
lIuTcfore.  more  room,  are  both  heavier  and  more  expensive  without 
their  electric  qualities  being  any  better.  It  is  therefore  necessary 
to  examine  each  particular  case  by  itself  before  deciding  on  Iju'  most 
advantageous  type  of  winding. 

Stamlavd  Output  15  1i.pi 
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-CuiivKS  OF  Constant  Output  FROM  a  Four-speedMotoh  \\itm 
4.  (),  8  AND  12  Poles  in  Skries. 


The  operation  of  motors  with  live  or  six  sjK'eds  is  the  same  under 
all  conditions  as  that  of  those  motors  with  two  and  four  jioles  which 
have  been  constructed  up  to  the  present.  The  designer  can,  if  he 
desires,  by  the  employment  of  a  series  or  parallel  scheme  of  winding, 
obtain  a  practically  constant  output  at  all  speeds,  or,  on  the  other 
hand,  a  constant  torque.  Further,  by  arranging  the  two  windings 
in  a  dilfercnt  manner  he  can  obtain  a  variable  output  according  to 
the  S]ieed.  Driving  fans  and  machines  for  jirinting  textiles  are 
cxamjiles  where  a  large  torque  is  required  at  high  sjieeds.  This  can- 
not be  obtained  for  continuous-current  motors  fitted  with  field  regu- 
lation exce))t  by  a  large  incrca.se  in  field  current,  necessitating  the 
em])loymcnt  of  a  more  jiowerful  type  of  motor.  On  the  other  hand, 
the  driving  of  machine  tools  often  requires  a  very  higli  torque  at  low 
speed.s.  The  arrangement  of  the  various  windings,  therefore,  allows 
a  motor  of  the  best  design  for  each  ca.se,  from  the  point  of  view  of 
price  and  current  consumption,  to  be  obtained. 

Figs,  .5  and  6  give  diagrams  corresponding  to  these  various  hypo- 
theses for  all  cases  of  constant  output  and  constant  torque  respec- 
tively.    The  wider  and  wider  employment  of  three-phase  motors 
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witli  scvfiMl  .s|M^c(ls  lor  industrial  Hork  is  cxiilaincd  l)y  the  siiiii>lii'it y 
of  l-lic  principles  involved,  by  tlicir  f;ood  cfticicnoy  and  their  liit'li 
power  liietor  at  all  speeds,  as  well  as  by  the  ecrtainly  of  their  opera- 
tion. From  the  point  of  view  of  regulation  they  are  supirior  to  any 
others. 

They  ean  be  particularly  used  to  advantage  when  tl\e  sliops  have 
only  high-tension  two  or  three-phase  current  ti>  hand  and  wlien  In 
Stanrtai-a  Toniue  20nikg. 
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Fio.  0. — Curves  of  Constant  Torque  from  a  Four-speei)  Motor. 
fl,  S,  12  AND  10  Poi.ns  IN  Parallel. 

use  continuous-current  motors  it  wt>uld  be  necessary  to  instal  com- 
plicated and  costly  converters  tor  transforming  current. 

We  have  to  thank  Mr.  G.  Wiithrich.  engineer  and  manager  of  the 
Maschinenfalirik  Oerliknn  in  this  country,  for  the  information  con- 
tained in  the  above  article. 


PROF.  E.  RUTHERFORD'S  ADDRESS  TO  SECTION  A 
OF  THE  BRITISH  ASSOCIATION.* 

It  is  my  intenlioM  lo-d.iy  lo  s.iy  a.  h  «  Hi.nl ,  iipmi  the  pn  si  nt  posi- 
tion of  the  atomic  theory  in  (ihysieal  science,  and  to  discuss  briefly 
the  various  methods  that  have  been  devised  to  determine  the  values 
of  certain  funtlamental  atomic  magnitudes.  The  present  time  seems 
very  opporUme  for  this  purpose,  for  the  rapid  advance  of  physics 
during  the  last  decade  has  not  only  given  us  a  much  clearer  concep- 
tion of  the  relation  between  electricity  and  matter  and  of  the  con- 
stitution of  the  atom,  but  has  provided  us  with  exi)eriinental  methods 
of  attack  undreamt  of  a  few  years  ago.  At  a  time  when,  in  the  vision 
of  tlic  physicist,  the  atmosphere  is  dim  with  flying  fragments  of 
atoms,  it  may  not  be  out  of  place  to  sec  how  it  has  fared  with  the 
atoms  themselves,  and  to  look  carefully  at  the  atomic  foimdations  on 
which  the  great  spucrstruclure  of  niodern  science  has  been  raised. 
Every  jjhysicist  and  cliemist  cannot  but  b(>  aware  of  the  great  part  the 
atomic  hy|)othesis  plays  in  science  to-day.  As  an  indication  of  the 
importance  of  this  theory  in  the  .advance  of  science  it  is  of  interest  to 
read  over  the  reports  of  this  Association  and  to  note  how  many 
addresses,  either  wholly  or  in  part,  have  been  devoted  to  a  considera- 
tion of  this  subject.     Amongst  numerous  examples  I  may  instance 

*  Abstraet    of    the    Presidential    Address    delivered    liv    Piof.    E. 
Rutherford,  M.A.,  t).Se.,  F.R.S.,  on  Thursday,  "August  26th'. 


the  famous  and  nft-ipioted  lecture  ol  .Maxwell  on  .Molecules,  at  Brad- 
ford in  l.S7:{  ;  the  discussion  of  the  Kinetic  Theory  of  Gases  by  U^rd 
Kelvin,  then  Sir  William  Thomson,  in  .Montreal  in  1 884  ;  and  the 
|)residential  address  of  Sir  Arthur  Riieker  in  1001.  which  will  be 
recalled  by  many  here  to-day. 

Towards  the  close  of  the  last  century  the  ideas  of  the  atomic  theory 
had  imjjrcgnated  a  very  large  part  of  the  domain  of  physics  and 
chemistry.  The  concei)tion  of  atoms  became  more  and  more  con- 
crete, and  while  si.ine  regarded  it  as  an  established  fact  of  Nature, 
others  pointed  mil  that  it  was  only  a  theory.  The  latter  school  was 
assisted  liy  the  possilijiity  of  explaining  many  chemical  facts  on  the 
basis  of  thermodynamics.  But  what  is  wanted  is  a  concrete  idea, 
however  crude  it  may  be.  of  the  mechanism  of  the  phenomena.  This 
may  be  a  weakness  of  the  .scientilie  mind,  but  it  is  one  that  deserves 
our  sympathetic  consideration.  It  represents  an  attitude  of  mind 
that  appeals,  I  think,  very  strongly  to  the  Anglo-Saxon  tcmjicramcnt. 
It  has  no  doubt  as  its  basis  the  underlying  idea  that  the  facts  of 
Nature  are  ultimately  explicable  on  general  dynamical  principles, 
and  that  there  must  eon.sequently  be  some  tyi)e  of  mechanism  capable 
of  accounting  for  the  observed  facts. 

It  has  been  generally  considered  that  a  decisive  proof  of  the  atomic 
structure  of  matter  was  in  the  nature  of  things  impossible,  and  that 
the  atomic  theory  must  of  necessity  remain  an  hypothesis  unveriliable 
by  direct  methods.  Reei-nt  investigations  have,  however,  disclosed 
such  new  and  powerful  methods  of  attack  that  we  may  well  ask  the 
question  whether  we  do  not  now  possess  more  decisive  evidc  nee  of  its 
truth.  In  this  connection  I  should  like  to  draw  yoin-  attention  for  a 
short  time  to  a  most  striking  phenomenon  known  as  the  "  Brownian 
movement,"  which  has  been  closely  .studied  in  recent  years.  In  1827 
the  English  botanist  Brown  observed  by  means  of  a  microscope  that 
minute  particles  like  spores  of  plants  introduced  into  a  fluid  were 
always  in  a  state  of  continuous  irregular  agitation,  dancing  to  and 
fro  in  all  directions  at  considerable  speeds.  For  a  long  time  this  effect. 
known  as  the  Brownian  movement,  was  ascribed  to  inequalities  in 
the  temperature  of  t!ie  solution.  This  was  disproved  by  a  number  of 
subsequent  investigations,  and  especially  by  tho.se  of  Gouy.  who 
showed  that  the  movement  was  spontaneous  and  continuous,  and  was 
exhibited  by  very  small  particles  of  whatever  kind  when  immer.scd 
in  a  fluid  medium.  Exner  and  Zsigmondy  have  determined  the  mean 
velocity  of  particles  of  known  diameter  in  variovis  solutions,  while 
Svedberj,'  has  dc\  isi  d  an  iiiucnious  method  of  determining  the  mean 
free  path  and  llir  ;i\,  i.iu.  \c  locity  of  particles  of  difiVrent  diameter. 
The  ex[ierinieu(s  ,.|  lOluvnliaft  in  WW'  showed  that  the  Brownian 
movement  was  not  conlined  to  liquids,  but  was  exhibited  far  more 
markedly  by  small  particles  suspended  in  gases. 

The  i),artic!es  exhibit  in  general  the  character  of  the  motion  which 
the  kinetic  theory  ascribes  to  the  molecuUs  theras(-lves.  although 
even  the  smallest  particles  examined  have  a  mass  which  is  undoub- 
tedly very  large  compared  with  that  of  the  molecule.  The  character 
of  the  Brownian  movement  iiresistibly  impresses  the  observer  with 
the  idea  that  the  imrticles  arc  hurled  hither  and  thither  by  the  action 
of  forces  resident  in  the  solution,  and  that  these  can  only  arise  from 
the  continuous  and  ceaseless  movement  of  the  invisible  molecules  of 
which  the  fluid  is  com])osed.  Smoluchowski  and  Einstein  have  sug- 
gested explanations  which  are  based  on  the  kinetic  thet)ry,  and  there 
is  a  fair  agrcenient  between  calculation  and  experiment.  Strong 
additional  contirnuition  of  this  view  has  been  supplied  by  the  very 
reernt  rxpiriments  of  I'eirin  (l!l(l!l).  The  number  of  |iartieles  \yas 
found  to  diminish  from  the  bottom  of  the  vessel  upwards,  according 
lo  an  exponential  law — i.e.,  according  to  the  .same  law  as  the  pres- 
snri-  of  the  atmosphere  diminishes  from  the  surface  of  the  earth. 
From  nicasiuvments  of  the  diameter  and  weight  of  e.irh  particle. 
I'<rrin  fouiul  lli.il.  within  the  limit  of  experimental  error,  the  law  of 
distribution  with  height  indicated  that  each  small  iiartielc  had  the 
same  average  kiiulic  energy  of  movement  as  the  molecules  of  the 
solutions  in  which  they  were  suspended  ;  in  fact,  the  particles  m  sus- 
l)ension  behaved  in  all  respects  like  nu.lecules  of  very  high  molecular 
weight.  This  is  a  very  important  result,  for  it  indicates  that  the  law 
of  equipartition  of  energy  among  molecides  of  tlilTerent  nuisses.  which 
is  an  imi)ortant  deduction  from  the  kietic  theory,  holds,  at  any  rate 
very  a])proximately.  for  a  distribution  of  particles  in  a  medium  whose 
masses  and  dimensions  are  exceedingly  large  compared  with  that  of 
the  moll  enles  of  the  medium.  Whatever  may  i>rove  to  1h^  the  exact 
explanation  of  this  phenomenon,  there  can  be  little  doubt  that  it 
results  from  the  movement  of  the  molecules  of  the  solution,  and  i.s 
thus  a  striking,  if  somewhat  indirect,  proof  of  the  general  eorrectncsa 
of  the  kinetic  theory  of  matter. 

From  recent  work  in  radio-activity  we  may  take  a  second  illustra- 
tion which  is  novel  and  far  more  direct.  It  is  well  known  that  the 
a  rays  of  radium  are  detleeted  by  both  magnetic  and  electric  fields.  It 
may  be  concluded  from  this  evidence  that  the  radiation  is  corpuscular 
in  character,  consisting  of  a  stream  of  positively  charged  particles 
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projected  from  the  radium  at  a  very  liigh  velocity.  From  the  measure- 
ments of  the  deflection  of  th?  ravo  in  passing  through  magnetic  and 
electric  fields  the  ratio  f/m  of  the  charge  carried  by  the  particle  to 
its  mass  has  been  determined,  and  the  magnitude  of  this  quantity 
indicates  that  the  particle  is  of  atomic  dimensions, 

Rutherford  and  Geiger  have  recently  developed  a  direct  method  of 
showing  that  this  radiation  is.  as  the  other  evidence  indicated,  di.s- 
continuous.  and  that  it  is  possible  to  detect  by  a  special  electric 
method  the  passage  of  a  single  a  particle  into  a  suitable;  detecting 
vessel.  The  entrance  of  an  a  particle  through  a  small  opening  was 
marked  liy  a  sudden  movement  of  the  needle  of  the  electrometer. 
which  was  used  as  a  measuring  instrument.  In  this  way.  by  count- 
ing the  number  of  .separate  impulses  communicated  to  the  electro- 
meter needle  it  was  jio-ssible  to  determine  by  direct  counting  the 
number  of  a  particles  e.xpelled  per  .second  from  1  gramme  of  radium. 
But  we  can  go  further  and  confirm  the  result  by  counting  the  number 
of  a  particles  by  an  entirely  distinct  method.  Sir  William  Crookes 
has  shown  that  when  the  a  rays  are  allowed  to  fall  upon  a  screen  of 
phosphorescent  zinc  sulphide,  a  number  of  brilliant  scintillations  are 
observed.  It  ajipoars  as  if  the  impact  of  each  o  particle  produced  a 
visible  flash  of  liglit  where  it  struck  the  screen.  Using  suitable  screens 
the  number  of  scintillations  per  second  on  a  given  area  can  be  eoimted 
by  means  of  a  microsco|>e.  It  has  been  shown  that  the  number  of 
scintillations  determined  in  this  way  is  equal  to  the  number  of  im- 
pinging a  particles  when  counted  by  the  electric  method.  This  shows 
that  the  impact  of  each  o  particle  on  the  zinc  sulphide  produces  a 
visible  scintillation. 

The  next  question  to  consider  is  the  nature  of  the  a  particle  itself. 
The  general  evidence  indicates  that  the  a  particle  is  a  charged  atom 
of  helium,  and  this  conclusion  was  decisively  verified  by  Rutherford 
and  Royds  by  showing  that  helium  appeared  in  an  exhausted  space 
into  which  the  a  particles  were  fired.  If  the  rate  of  prtxluction  of 
helium  from  radium  is  measured  we  thus  have  a  means  of  determin- 
ing directly  how  many  a  particles  are  required  to  form  a  given  volume 
of  helium  gas.  Sir  James  Dcwar  has  informed  me  that  his  final 
measurements  show  that  1  gramme  of  radium  in  radio-active  equi- 
librium produces  0-46  cubic  mm.  of  helium  per  day.  or  a-3'2  x  10-* 
cubic  mm.  per  second.  Now.  from  the  direct  counting  experiments 
it  is  known  that  13-6  x  10'°  a  particles  are  shot  out  per  second  from 
1  gramme  of  radium  in  equilibrium.  Consequently  it  requires 
2-50  X  10'"  o  particles  to  form  1  cubic  cm.  of  helium  gas  at  standard 
pressure  and  temperature. 

From  other  lines  of  evidence  it  is  known  that  all  the  a  particles 
from  whatever  source  are  identical  in  mass  and  constitution.  It  is  not 
then  unrea.sonable  to  suppose  that  the  a  particle,  which  exists  as  a 
separate  entity  in  its  Hight.  can  exist  also  as  a  separate  entity  when 
the  a  particles  are  collected  together  to  form  a  measurable  volume  of 
helium  gas.  or.  in  other  words,  that  the  a  particle  on  losing  its  charge 
becomes  the  fundamental  unit  or  atom  of  helium.  In  the  case  of  a 
monatomic  gas  like  helium,  where  the  atom  and  molecule  are  be- 
lieved to  be  identical,  no  difficulty  of  deduction  arises  from  the  pos- 
sible combination  of  two  or  more  atoms  to  form  a  complex  molecule. 
We  consequently  conclude  from  these  experiments  that  1  cubic  cm. 
of  helium  at  standard  pressure  and  temperature  contains  2-56  x  10'" 
atoms.  Knowing  the  density  of  helium,  it  at  once  follows  that  each 
atom  of  hvlium  has  a  ma.ss  of  6-8  x  10-'-^  grammes,  and  that  the  average 
distance  apart  of  the  molecules  in  the  gaseous  state  at  standard  pres- 
sure and  temiJcrature  is  ^4  x  10  '  em. 

The  above  result  can  be  confirmed  in  a  different  way  by  measuring 
the  total  charge  carried  by  a  CDunted  number  of  a  particles  and  sub- 
stituting this  number  in  thevalueof  p/hi.  which  gives  the  mass  of  the 
a  particle  as  equal  to  61  x  10^^  grammes,  a  value  in  fair  agreement 
with  the  number  previously  given. 

We  have  seen  that  under  special  conditions  it  is  possible  to  delect 
easily  by  an  electrical  method  the  emission  of  a  single  a  particle — i.e., 
of  a  single  chargi-d  atom  of  matter.  This  has  l>een  rendered  jxissible 
by  the  great  velocity  and  energy  nf  the  expelled  a  particle,  which  con- 
fers on  it  the  power  of  dissociating  nr  ionising  the  f:a,s  through  which 
it  passes.  It  is  obviously  only  possible  to  detect  the  presence  of  a  single 
atom  of  matter  when  it  is  endowed  with  some  special  property  or  pro- 
perties which  distingtn'shes  it  from  the  molecules  of  the  gas  with  which 
it  is  surrounded.  There  is  a  very  important  and  striking  method,  for 
example,  of  vi.sibly  differentiating  between  the  ordinary  molecules 
of  a  gas  and  the  ions  pnxlueed  in  the  gas  by  various  agencies.  C  T.  R. 
Wilson  showed  in  1897  that  under  certain  conditions  each  charged 
ion  became  a  centre  of  condensation  of  water  vapour,  so  that  the 
presence  of  each  ion  was  rendered  visible  to  the  eye.  Sir  Joseph 
Thomson,  H.  .A.  Wilson  and  others  have  emjiloyed  this  method  to 
count  the  number  of  ions  present  and  to  determine  the  magnitude  of 
the  electric  charge  carried  by  each. 

-■^s  soon  as  the  idea  of  the  discrete  structure  of  matter  had  taken 
firm  hold,  it  was  natural  that  attempts  should  be  made  to  estimate 


the  degree  of  coarse  grainedness  of  matter,  and  to  form  an  idea  of 
the  dimensions  of  molecules,  a.ssuming  that  they  have  extension  in 
space.  Lord  Rayleigh  has  drawn  attention  to  the  fact  that  the 
earliest  estimate  of  this  kind  was  made  by  Thomas  Young  in  1805, 
from  considerations  of  the  theory  of  capillarity.  The  development 
of  the  kinetic  theory  of  ga.ses  on  a  mathematical  basis  at  once  sug- 
gested methods  of  estimating  the  number  of  molecules  in  a  cubic 
centimetre  of  any  gas  at  normal  pressure  and  temperature.  This 
number,  which  will  throughout  be  denoted  by  the  symbol  N,  is  a  fun- 
damental constant  of  gases.  Knowing  the  value  of  N,  appioximate 
estimates  can  be  made  of  the  diameter  of  the  molecule  :  but  in  our 
ignorance  of  the  constitution  of  the  molecule,  the  meaning  of  the 
term  diameter  is  somewhat  indefinite.  It  is  us\ially  considered  to 
refer  to  the  diameter  of  the  sphere  of  action  of  the  forces  surrounding 
the  molecule.  This  diameter  is  not  neccs.sarily  the  same  for  the 
molecules  of  all  gases,  so  that  it  is  preferable  to  consider  the  mag- 
nitude of  the  fundamental  constant  N.  The  earliest  estimates  based 
on  the  kinetic  theory  were  made  by  Losehmidt,  Johnstone.  Stoney 
and  Maxwell.  From  the  data  then  at  his  disposal  the  latter  foimd  N 
to  be  1-9  x  10'''.  Meyer,  in  his  "  Kinetic  Theory  of  Gases,"  concludes 
that  the  most  probable  estimate  of  X  is  (il  x  10'". 

A  very  interesting  and  impressive  method  of  determining  the  value 
of  N  was  given  by  Lord  Rayleigh  in  1899  as  a  deduction  from  his 
theory  of  the  blue  colour  in  the  cloudless  sky.  From  the  data  thus 
available  Lord  Rayleigh  concluded  that  the  value  of  N  was  not  less 
than  7  x  10'*.  Lord  Kelvin  in  1902  recalculated  the  value  of  N 
on  the  theory  by  using  more  recent  and  more  accurate  data,  and 
found  it  to  be  2-47  x  10'".  Since  in  the  simple  theory  no  account  is 
taken  of  the  additional  scattering  due  to  fine  suspended  particles 
which  are  undoubtedly  present  in  the  atmosphere,  this  methotl  only 
serves  to  fix  an  inferior  limit  to  the  value  of  N. 

The  value  of  N  can  be  deduced  at  once  from  ex])erimcntal  results 
depending  on  the  law  of  distribution  in  a  fluid  of  a  great  number  of 
minute  granules,  and  is  found  to  be  .'514  x  10'".  .\nother  very  simple 
method  of  determining  N  from  radio-active  data  is  based  on  the  rate 
of  transformation  of  radium.  Boltwood  has  shown  by  direct  experi- 
ment that  radium  is  half  transformed  in  2.000  years.  From  this  it 
follows  that  initially  in  a  gramme  of  ladium  0-346  mg.  breaks 
up  per  year.  Now  it  is  known  from  the  counting  method  that 
3-4  x  10'"  a  particles  are  expelled  per  second  from  1  gramme  of 
radium,  and  the  evidence  indicates  that  one  a  particle  accompanies 
the  disintegration  of  each  atom.  Consequently,  the  number  of  a 
particles  expelled  per  year  is  a  measure  of  the  number  of  alims  of 
radium  present  in  0-346  mg.  From  this  it  follows  that  there  are 
3-1  X  10^'  atoms  in  1  gramme  of  radium,  and.  ^taking  the  atomic 
weight  of  radium  as  226,  it  is  sim])ly  deduced  that  the  value  of  N  is 
31  X  10'". 

The  study  of  the  properties  of  ionised  lmsc  -;  in  recent  years  has  led 
to  the  development  of  a  number  ol  ini|">it  ml  mc  thods  of  determining 
the  charge  carried  by  the  ion.  ])rodnrr(l  in  lmsi  .s  l)y  a  rays  or  the  rays 
from  radio-active  substances.  On  modern  views,  electricity,  like 
matter,  is  supposed  to  be  discrete  in  structure,  and  the  charge  carried 
by  the  hydrogen  atom  set  free  by  the  electrolysis  of  water  is  taken  as 
the  fundamental  unit  of  quantity  of  electricity.  On  this  view,  which 
is  supported  by  strong  evidence,  the  charge  carried  by  the  hydrogen 
atom  is  the  .smallest  unit  of  electricity  that  can  be  obtained,  and  every 
quantity  of  electricity  consists  of  an  integral  multi|)le  of  this  unit. 
The  experiments  of  Townscnd  have  shown  that  the  charge  carried 
by  a  gaseous  ion  is,  in  the  majority  of  cases,  the  same  and  ( qual  in 
magnitude  to  the  charge  carried  by  a  hydrogen  atom  in  (he  electro- 
lysis of  water.  From  measurement  of  the  quantity  of  electricity  re- 
quired to  set  free  1  gramme  of  hydrogen  in  electrolysis,  it  can  be 
deduced  that  Ne=l-29  x  10'"  electrostatic  units,  where  N,  as  before, 
is  the  number  of  molecules  of  hydrogen  in  1  cubic  em.  of  gas.  and  i  the 
charge  carried  by  each  ion.  If  c  be  determined  expcrimentall\ .  Ilic 
value  of  N  can  at  once  be  deduced  from  this  relation. 

The  first  direct  measurement  of  the  charge  carried  by  the  ion  was 
made  by  Townsi-nd  in  1897.  who  found  that  the  value  of  e.  the  chargt- 
carried  by  each  drop,  to  be  about  3-0  x  10  '"  electrostatic  units.  The 
corresponding  value  of  N  is  about  4-3  x  10'".  Sir  Josej)h  Thomson 
also  used  Wilson's  method  to  measure  the  charge  c  carriid  by  each 
ion.  He  found  that  f  =  3-4x  10  '".  H.  A.  Wilson  f  =  3-l  x  10-'",  and 
Millikan  and  B -geman  4-06  x  10"'°.  The  corresponding  values  of  N 
are  3-8,  4-2  and  3-2  x  10'"  respectively.  This  methocl  is  of  great 
interest  and  importance,  as  it  |>rovides  a  method  of  directly  counting 
the  number  of  ions  ])rodueed  in  the  gas.  .An  exact  determination  of 
''  by  its  means  is.  however,  unfcjrtunately  beset  with  great  exiieri- 
mental  difficulties.  Moreau  has  recently  measured  the  charge  car- 
ried by  the  negative  ions  produced  in  flames.  The  values  deduced 
for  (  and  N  were  respectively  4-3  x  10   '"  and  3-0  x  10'". 

Khrenhaft.  by  measuring  the  charge  on  ultra-microscopic  dust  of 
silver,  and  Rutherford  and  Geiger  by  measuring  the  total  charge  on 
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a  known  number  of  a  particles,  luivt-  fnund  vahii's  lor  N  =  2-74  x  lO'" 
and  2-77  x  1(1'"  respectively. 

The  methods  of  determination  of  c.  so  far  explaiiu^d.  have  depended 
on  direct,  experiment.  This  discussion  would  not  he  eomplet^-  without 
a  reference  to  an  important  determination  of  c  from  th(M)retical  con- 
8id(!rations  by  I'lanck.  From  the  theory  of  the  distribution  of  energy 
in  the  spectrum  of  a  hot  body,  I'lanck  found  that  c  =  4-69  x  10~"', 
and  N  =  2-8UxlO'!i. 

When  wc  consider  the  great  diversity  of  the  tlieories  and  methods 
which  have  been  utilised  to  determine  the  values  of  the  atomic  con- 
stants c  and  N,  and  the  probable  experimental  errors,  the  agreement 
among  the  numbers  is  remarkably  close.  This  is  especially  the  ease 
in  considering  the  more  recent  measurements  by  very  ditt'erent 
methods,  which  are  far  more  reliable  than  the  olch'r  estimates.  It  is 
diflieuU  to  lix  on  one  determination  as  more  deserving  (pf  (-onfidence 
than  another  ;  but  I  may  be  jiardoned  if  1  place  some  reliance  on  the 
radio-active  method  previously  discussed,  which  depends  on  the 
charge  carried  by  the  a  particle.  The  value  obtained  in  this  way  is 
not  only  in  close  agreement  with  the  theoretical  estimate  of  Planck, 
but  is  in  fair  agreement  with  the  recent  determinations  by  several 
other  distinct  methods.  We  may  consequently  conclude  that  the 
number  of  molecules  in  a  cubic  centimetre  of  any  gas  at  standard 
pressure  and  temperature  is  about  2-77  x  10'",  and  that  the  value  of 
the  fundamental  unit  of  quantity  of  electricity  is  about  -i-CS  x  10-'" 
electrostatic  units.  From  these  data  it  is  a  simple  matter  to  deduce 
the  mass  of  any  atom  whose  atomic  weight  is  known,  and  to  determine 
the  values  of  a  number  of  related  atomic  and  molecular  magnitudes. 

There  has  been  a  tendency  in  some  quart<-rs  to  suppose  that  the 
development  of  physics  in  recent  years  has  cast  doubt  on  the  validity 
of  the  atomic  theory  of  matter.  This  view  is  quite  erroneous,  for  it 
will  be  clear  from  the  evidence  already  discussed  that  the  recent  dis- 
coveries have  not  only  greatly  strengthened  the  evidence  in  support 
of  the  theory,  but  have  given  an  almost  direct  and  convincing  proof 
of  its  correctness.  The  chemical  atom  as  a  definite  unit  in  the  sub- 
division of  matter  is  now  fixed  in  an  impregnable  position  in  science. 
Leaving  out  of  account  considerations  of  etymology,  the  atom  in 
chemistry  has  long  been  considered  to  refer  only  tn  the  smallest  unit 
of  matter  that  enters  into  ordinary  chemical  combination.  The 
advent  of  the  electron  has  shown  that  the  atom  is  not  the  unit  of 
smallest  mass  of  which  we  have  cognisance,  while  the  study  of  radio- 
active bodies  has  shown  that  the  atoms  of  a  few  elements  of  high 
atomic  weight  are  not  permanently  stable,  but  break  up  spon- 
taneously with  the  appearance  of  new  types  of  matter.  These  ad- 
vances in  knowledge  do  not  in  any  way  invalidate  the  position  of  the 
chemical  atom,  but  rather  indicate  its  great  importance  as  a  sub- 
division of  matter  whose  properties  should  be  exhaustively  studied. 

The  proof  of  the  existence  of  corpuscles  or  electrons  with  an  appa- 
rent mass  very  small  compared  with  that  of  the  hydrogen  atom, 
marks  an  important  stage  in  the  extension  of  our  ideas  of  atomic  con- 
stitution. This  discovery,  which  has  exercised  a  profound  influence 
on  the  development  of  modern  physics,  we  owe  mainly  to  the  genius 
of  the  President  of  this  Association.  The  existence  of  the  electron  as 
a  distinct  entity  is  established  by  similar  methods  and  with  almost 
the  same  certainty  as  the  existence  of  individual  a  particles.  While 
it  has  not  yet  been  found  possible  to  detect  a  single  electron  by  its 
electrical  or  optical  effect,  and  thus  to  count  the  number  directly,  as 
in  the  case  of  the  a.  particles,  there  seems  to  be  no  reason  why  this 
should  not  be  accomplished  by  the  electric  method. 

The  idea  that  the  atoms  of  the  elements  may  be  complex  struc- 
tures, made  up  either  of  lighter  atoms  or  of  the  atoms  of  some 
fundamental  substance,  has  long  been  familiar  to  science.  So  far  no 
direct  evidence  has  been  obtained  of  the  possibility  of  l)uilding  up  an 
atom  of  higher  atomic  weight  from  one  of  lower  atomic  weight,  but  in 
the  case  of  the  radio-active  substances  we  have  decisive  and  definite 
evidence  that  certain  elements  show  the  converse  process  of  dis- 
integration. It  may  be  significant  that  this  process  has  only  been 
observed  in  the  atoms  of  highest  atomic  weights,  like  those  of  uranium, 
thorium  and  radium.  With  the  exception  possibly  of  potassium, 
there  is  no  reliable  evidence  that  a  similar  process  takes  place  in 
other  elements.  The  transformation  of  the  at<im  '>f  a  radio-active 
substance  appears  to  result  from  an  atomic  explosion  of  great  in- 
tensity in  which  a  part  of  the  att)m  is  expelled  with  great  speed.  In 
the  majority  of  cases,  an  a  particle  or  atom  of  helium  is  ejected,  in 
some  oases  a  high-speed  electron,  while  a  few  substances  are  trans- 
formed without  the  appearance  of  a  detectable  radiation.  The  fact 
that  the  a  particles  from  a  simple  substance  are  all  ejt-cted  with  an 
identical  and  very  high  velocity  suggests  the  ju'obability  that  the 
charged  helium  atom  before  its  expulsion  is  in  rapid  orbital  move- 
ment in  the  atom.  There  is  at  present  no  definite  evidence  of  the 
causes  operative  in  these  atomic  transformations. 

Since  in  a  large  number  of  cases  the  transformation  of  the  atoms  are 
accompanied  by  the  expulsion  of  one  or  more  charged  atoms  of  helium 


it  is  difficult  to  avoid  the  conclusiim  that  the  at<jmB  of  the  radio-active 
elements  are  built  up.  in  part  at  least,  of  helium  atoms.  It  is 
certainly  very  remarkable  and  may  i)rove  of  great  significance,  that 
helium,  which  is  rcgardecl  from  the  ordinary  chemical  8tand|K)int  as 
an  inert  element.  y)lays  such  an  important  i>art  in  the  constitution  of 
the  atoms  of  uranium,  thorium  and  radium. 

The  study  of  radio-activity  has  not  only  thrown  great  light  on  the 
character  of  atomic  transformations,  but  it  has  also  led  to  the  develop- 
ment of  methods  for  detecting  the  presence  of  almost  infinitesimal 
quantities  of  radio-active  matter.  It  has  already  been  pointed  out 
that  two  methods — one  electrical,  the  other  optical — have  been 
devised  for  the  detection  of  a  single  a  particle.  By  the  use  of  the 
optical  or  scintillation  method,  it  is  i>os8ible  to  count  with  accuracy 
the  number  of  a  particle  s  when  only  one  is  expelled  per  minute.  It  is 
not  a  difficult  matter,  consc  ()uently,  to  follow  the  tn  nsformation  of 
any  radio-active  substance  in  which  only  one  at'  m  breaks  up  per 
minute,  provided  that  an  a  particle  accompanies    he  transformation. 

Quite  apart  from  the  imjjortance  of  studying  r  dio-active  changes 
the  radiations  from  active  Ixxlies  provide  very  \aluable  information 
as  to  the  effects  produced  by  high  velocity  par  icles  in  traversing 
matter.  The  character  of  the  effects  produced  by  the  o  and  fi 
particles  is  most  simply  studied  in  gases.  The  a  particle  has  su  h 
great  energy  of  motion  that  it  plunges  through  the  molecules  of  the 
gas  in  its  path,  and  leaves  in  its  train  more  than  a  himdred  thousand 
ionised  or  dissociated  molecules.  The  /3  particle  differs  from  the  a 
particle  in  its  much  greater  power  of  penetration  of  matter,  and  the 
very  small  number  of  molecules  it  ionises  compared  with  the  o'particle 
traversing  the  same  ])ath  in  the  gas.  It  is  very  easily  deflected  from 
its  path  by  encounters  with  the  gas  molecules,  and  there  is  strong 
evidence  that,  unlike  the  a  particle,  the  (3  particle  can  be  stopped  or 
entrapped  by  a  molecule  when  travelling  at  a  very  high  speed. 

There  would  appear  to  be  little  doubt  that  a  careful  study  of  the 
efi^ects  produced  by  the  a  or  ^  particle  in  passing  through  matter 
will  ultimately  throw  much  further  light  on  the  constitution  of  the 
atom  itself.  Work  already  done  shows  that  the  character  of  the 
absorption  of  the  radiations  is  intimately  connected  with  the  atomic 
weights  of  the  elements  and  their  position  in  the  periodic  table. 
One  of  the  most  striking  effects  of  the  passage  of  /3  rays  through 
matter  is  the  scattering  of  the  /3  particles — i.e..  the  deflection  from 
their  rectilinear  path  by  their  encounters  with  the  molecules.  Recent 
experiments  of  Geiger  show  that  the  scattering  of  the  a  particles  also 
is  very  marked,  and  is  so  great  that  a  small  fraction  of  the  o  particles, 
which  impinge  on  a  screen  of  metal,  have  their  velocity  reversed  in 
direction  and  emerge  again  on  the  same  side.  It  can  be  shown  that 
the  deflection  of  the  a  particle  from  its  path  is  quite  perceptible  after 
passing  through  very  few  atoms  of  matter.  The  conclusion  is  un- 
avoidable that  the  atom  is  the  seat  of  an  intense  electric  field,  for 
otherwise  it  would  be  impossible  to  change  the  direction  of  the 
particle  in  passing  over  such  a  minute  distance  as  the  diameter  of  a 
molecule.  • 

In  conclusion.  I  should  like  to  emphasise  the  simplicity  and  direct- 
ness of  the  methods  of  attack  on  atomic  problems  opened  up  V>y 
recent  discoveries.  We  can  determine  directly  the  mass  of  each  a 
jiarticle.  its  charge,  and  its  velocity,  and  can  deduce  at  once  the 
number  of  atoms  ))resent  in  a  given  weight  of  any  known  kind  of 
matter.  In  the  light  of  these  and  similar  direct  deductions,  based  (.n 
a  minimum  amount  of  assumption,  the  physicists  have,  I  think,  some 
justification  for  their  faith  that  they  are  building  on  the  solid  rock 
of  fact,  and  not,  as  we  are  often  .so  solemnly  warned  by  some  of  our 
scientific  brethren,  on  the  shifting  sands  of  imaginative  hypothesis. 
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SCIENCE  IN  PUBLIC  SCHOOLS. 

During  the  last  few  ye.ars  tlierolia.s  been  much  agitation 
ill  regard  to  the  teacliing  of  science  in  our  public  schools, 
and  much  searching  of  heart  in  determining  whether  school 
programmes  were  all  that  could  be  desired.  There  was  a 
very  general  impression,  not  without  reason,  that  science 
was  still  being  sacrificed  for  classics.  To  those  who  held 
that  view  the  report  recently  is.sued  by  the  Board  of 
Kducation  will  come  as  something  of  a  relief.  It  has  been 
prepared  by  Mr.  O.  H.  L.VTTi';i!,  science  iiiast(U-  at  Charter- 
house, and  deals  carefully  with  tiie  result  of  a  series  of  ques- 
tions which  were  circulated  to  71  schools.  Of  these  schools 
a  number  did  not  reply,  and  there  was  even  one  definite 
refusal.  lUit,  nevertheless,  40  replies  were  received,  and 
as  these  included  all  the  leading  schools,  such  as  Charter- 
house, Clifton,  Eton,  Harrow,  Kugby,  Wellington  and  Win- 
chester, the  conclusions  deduced  should  be  of  distinct 
value.  It  appears  that  61  per  cent,  of  the  boys  in  these 
40  schools  are  being  taught  something  scientific,  and  that 
even  the  remainder  will  receive,  or  have  received,  some- 
thiugofan  education  in  science.  Whether  the  time  de- 
voted to  this  part  of  their  education  is  a  sufficient  pro- 
portion of  the  whole,  it  is  difficult  to  say,  as  the  time 
varies  very  considerably  from  school  to  school.  What  is 
certain,  however,  is  that  the  facilities  now  seem  to  be 
reasonably  adequate,  and  are  very  dilferent  from  those  pro- 
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■vided  in  the  early  days.  It  is  related  by  the  liev.  J.  M. 
Wilson,  Canon  of  Worcester,  that  when  he  was  appointed 
■Science  Master  at  Ituj^by  in  1859  the  fees  wliich  were 
paid  by  the  boys  taking  up  science,  and  wliich  formed 
his  salary,  amounted  to  £5.  5s.  per  annum.  There  was  no 
laboratory,  and  the  teaching  was  carried  on  in  tjie  cloak 
xoom  on  the  ground  floor  of  the  Town  Hall.  Now,  how- 
ever, as  mentioned  in  the  present  report,  one  chemical 
laboratory  is  to  be  found  in  every  one  of  the  46  schools, 
and  at  least  one  physical  lalioratory  in  45  of  them. 
■  It  would  seem,  therefore,  that  the  classical  yoke  has  at 
.length  been  more  or  less  broken,  though,  doubtless,  this 
has  not  been  effected  before  a  great  deal  of  harm  had  been 
done.  It  is  diHicult  to  think  of  anything  much  more 
dulling  to  the  average  intellect  than  continual  application 
to  classics.  As  mentioned  in  the  report,  Ciiaklks  Dakwin 
refers  to  his  school  life  at  Shrewsbury  in  the  following 
words : — 

Nothing  could  have  been  worse  for  the  development  of  my  mind 
than  Dr.  Butler's  school,  as  it  was  strictly  classical,  nothinu;  else  being 
taught,  except  a  little  ancient  geography  and  history.     The  school  as 

a  means  of  education  to  me  was  simply  a  blank I  believe 

that  I  was  considered  by  all  my  masters,  and  by    my  father,  as  a  very 

ordinary  boy,  rather  below  the  common  standard  in  intellect 

My  brother  worked  hard  at  chemistry,  and  I  was  al  lowed  to  aid  him 

as  a  servant  in   most  of  his  exjieriraents The  subject 

interested  me  greatly This  was  the  best  (lart  of  my  educa- 
tion at  school,  for  it  showed  me  practically  the  meaning  of  experi- 
mental science.  The  fact  that  we  worked  at  chemistry  somehow  got 
known  at  school,  and  as  it  was  an  unprecedented  fact,  I  was  nick- 
named "  Gas."  I  was  also  once  publicly  rebuked  by  the  lieadmaster, 
;  Dr.  Butler,  for  thus  wasting  my  time  on  such  useless  subjects. 

There  are  some  who  feel  that  we  arc  now  tending  to 
the  other  extreme,  and  tliat  classics  are  not  receiving 
enough  attention.  Dr.  C.  I'.  Steinmetz  is  one  of  these, 
and  in  a  short  Paper,  read  recently  before  the  American 
Institute  of  Electrical  Engineers,  he  lays  great  emphasis 
on  the  value  of  classics  from  two  points  of  view  ;  firstly, 
because  they  supply  the  roots  of  so  very  many  of  our 
words,  and,  secondly,  because  classics  have  great  value  in 
general  education.  He  regards  the  neglect  of  classics  as 
one  of  the  most  serious  mistakes  of  modern  education ; 
that  the  knowledge  necessary  to  an  engineering  trade 
cannot  be  called  an  education  ;  that  modern  languages  are 
not  in  the  same  cla.ss  with  the  classic  languages,  as  they 
open  to  students  no  new  world  and  no  field  of  thought 
appreciably  different  from  their  own  ;  that  the  utilitnrian 
value  of  modern  languages  is  negligible,  because  anything 
that  is  worth  reading  in  a  foreign  language  is  translated 
into  English,  either  in  full  or  in  abstract. 

We  doubt  if  these  views  will  be  fully  supported.  I'os- 
sibly  modern  languages  may  not  be  as  important  in 
America  as  in  European  countries,  where,  from  the  utili- 
tuvian  point  of  view,  a  knowledge  of  this  kind  is  of  very 
great  use.  Apart  from  utilitarian  value,  a  knowledge  of 
modern  langunges  enables  their  possessor  to  gain  a  greater 
insight  into  the  ways  and  thoughts  of  other  countries,  and 
this  is  certainly  of  great  value  in  the  broad  educational  sense. 
What  Dr.  Stkinmetz  says  in  regard  to  foreign  technical 
arlieles  being  translated  into  English  miglit  very  well  b(> 
applied  to  the  classics.  As  stated  by  Dean  Kaukau  long 
ago,  it  is  a  great  delusion  to  think  that  boys  who  are 
educated  on  classics  know  a  serious  amount  of  Latin  and 
Greek,  and  it  is  certain  that  most  of  them  will  not  open  a 


Latin  or  Greek  book  after  leaving  school.  They  are  not 
likely,  therefore,  to  reach  that  proficiency  in  which  they 
can  appreciate  the  beauty  of  classical  works,  as  suggested 
by  Dr.  Stein.metz.  The  great  majority  of  people  will 
derive  greater  benefit  by  investigating  the  affairs  of  (Jreece 
and  Eorne  througli  the  medium  of  translations.  To  a 
limited  extent  we  tiiink  that  Dr.  Sti:in.mf:tz  is  right,  but 
we  seriously  trust  that  hi.s  visws  as  a  wjiole  will  not  take 
root. 


REVIEWS. 

(Oopieg  of  the  undormentioneil  works  can  be  had  from  7%e  EUelrielan  Offlce.  port  free, 
on  receipt  of  publibhcd  price,  addini;  3d.  for  books  published  under  3s.  Add  10  per 
cent,  for  abroad  or  for  foreign  books.) 


Traction  Electriciue.     By  G.  Sattler.     Translated  from  the  German 
by  PiKRRK  GrnoT.    (Pari.s  ;  Gauthier-Villars.)    Pp.  vi.— 190.    Fr.5. 

This  book,  which  is  ii-  translation  into  Kreiicii  from  the 
German  original,  ])iofr.'(si>s  to  deal  with  electric  traction  in 
general,  dealing  practically  with  the  calculations  and  theo- 
retical considerations  in  coiuiection  with  tramways  and  small 
industrial  electric  railway.s.  As  there  is  no  hint  of  this  in  the 
title  it  will  be  as  well  to-<lravv  attention  to  the.se  limitation.s. 
Students  who  may  e.xpect  to  find  in  tins  book  special  informa- 
tion with  regard  to  Continental  practice  as  to  suburban  or 
main  line  electric  railways  will  be  disappointed.  The  latest 
developments  in  traction  apparatus  are  not  considered,  and 
single-phase  commutator  motors  are  not  even  mentioned. 
Under  these  circumstances  it  would  have  been  far  better  if  a 
longer  and  less  ambitious  title  had  been  chosen. 

Turning  now  to  the  subject  matter  dealt  with  in  the  book, 
it  must  be  said  that  so  far  as  the  electrical  apparatus  is  con- 
cerned the  treatment  is  almost  purely  theoretical.  The  first 
chapter  deals  with  the  tractive  resistance  of  moving  vehicles 
and  is  fairly  complete,  almost  unnecessarily  so,  if  tramways 
alone  are  concerned.  The  second  chapter  is  of  considerable 
length  and  deals  with  the  various  methods  of  controlling 
motors,  rheostatic,  series-parallel  and  field  shunting,  and  shows 
how  the  necessary  calculations  may  be  worked  out  in  each 
case.  A  page  and  a  half  are  devoted  to  the  shunt  motor,  but 
very  little  information  is  given  and  no  mention  is  made  of  anv 
regenerative  system  of  control  such  as  the  Rawcn-th  sy.stem, 
which  we  believe  is  neither  well  known  nor  appreciated  in 
Germany.  Three-phase  motors  with  rheostatic  control  are 
also  referred  to  very  briefly. 

Chapter  III.  contains  eight  pages  on  the  calculation  of 
energy  consumption  and  gives  results  showing  the  influence 
of  gradients  and  of  the  number  of  stops  ])er  kilometre.  Chapters 
IV.  and  V.  refer  to  the  calculations  of  the  overhead  line  and 
feeder  system,  dealing  wMth  these  accordinu  to  well-known 
principles,  but  not  very  e.xluuistively,  and  to  the  construction 
of  the  feeders.  Chapter  VI.  is  a  lony  account  of  the  methods 
of  laying  out  and  conslriicting  the  track,  and  Cha|)ti'r  VII. 
deals  with  tlu'  constniction  of  the  overlu-ad  line.  The  latter 
is  the  best  chapter  in  the  book  and  gives  a  good  account  of 
how  the  lino  should  be  arranged  at  junctions,  turn-outs  and 
crossings.  A  few  pages  are  set  apart  for  electric  automobiles 
and  the  trackless  trolley  system,  and  the  hook  concludes  with 
a  set  of  model  specifications. 

It  cannot  be  said  that  this  book  otTers  any  ureat  attraction 
to  the  practical  student  of  electric  trartion  in  this  couiitiv  as, 
apart  from  other  considerations,  it  docs  not,  very  naturally, 
refer  specifically  to  Kn^lish  conditions  and  methods  of  con- 
struction that  are  now  nnicticallv  standardised. 

!•:.  W.  &  F.  L. 
Die  normalen  Eigenschaften  elektrischer  Maschinen.     By  R. 

(iui.iisrniiiriT.  I'p.  68+ Kii;s.  S^J.  (Berlin  ;  Spriiigor.l  M.S. 
This  is  a  very  useful  little  book  and  will  be  welcomed  by 
consulting  engineers  and  <lesigiu'rs  alike.  In  the  small  space 
of  68  pages  the  author  sets  forth  what  may  be  regarded  as  the 
standard  performances  of  coiitinuous-eurrent  machines,  con- 
verters, synchronous  generatoi's  and  motors,  induction  motors. 
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single-phase  commutator  motors  and  transformers.  Such  in- 
formation, of  coui-se,  ran  only  come  from  one  well  acquainted 
with  modern  practice,  and  since  the  figures  given  can.  witli 
few  exce])tions.  he  regarded  as  safe,  the  booklet  will  doubtless 
find  its  place  on  many  a  consultant's  table,  where  it  will 
enable  hiln  to  decide  upon  his  guarantees  in  drawing  up 
specifications,  or  on  the  capacities  of  his  maehinws.  &c..  when 
laying  out  schemes.  The  designer  will  also  find  the  informa- 
tion acceptable  as  showing  hin\  what  may  reasonably  be 
expected  from  his  machines.  Though  little  more  than  {  in. 
thick  it  is  pleasing  to  see  that  a  proper  binding  has  been  sup- 
plied and  not  the  wretched  paper  covers  which  .so  quickly 
make  a  book  unsightly.  Part  of  the  work  has  already  appeared 
as  a  Paper  read  before  the  Institution  of  Electrical  Engineers. 

In  general,  the  figures  given  can  be  taken  as  fairly  reliable 
average  values  of  what  may  be  expected  from  present-d;iv 
electric  machinery,  and  a  little  experience  will  soon  enable  the 
reader  to  .see  where  the  author  has  been  too  optimistic.  This 
latter  remark  is  chiefly  applicalile  to  the  efficiency  figures  of 
continuous-current  machines  and  induction  motors  of  small 
output.  The  danger,  of  course,  in  giving  such  figures  too 
high  is  that  consulting  engineers  are  led  to  expect  too  much 
from  manufacturers.  The  power  factor  figures  for  induction 
motors  seem  quite  good — if  anything  they  are  a  trifle  below 
the  listed  figures  of  many  firms.  Since  this,  however,  is 
largely  a  question  of  air-gap.  we  arc  rather  inclined  to  side 
with  the  author. 

The  tables  showing  standard  maximum  volts  and  speeds 
for  given  outputs  for  the  various  classes  of  machines  should  be 
very  useful.  We  thiidv  that  the  speeds  of  turbo-alternators 
are  on  the  low  side — though  present  opinion  is  .still  divided. 
Nevertheless,  turbos  of  5,000-0,000  kw.  are  now  running  at 
1,000  revs,  per  min..  whilst  outputs  of  2,(X)0-3,000  kw.  at 
3,000  revs,  per  min.  are  quite  common.  It  is  interesting  to 
recall  that  the  cost  of  high-speed  alternators  is  not  less  than 
that  of  slow  speed — the  chief  advantatre  of  the  former  machine 
being  its  combination  with  the  steam  turbine. 

The  performance  figures  for  alternators  are  very  typical. 
though  Dr.  Goldschmidt  ought  to  have  made  it  clearer  what 
power-factor  the  efficiencies  refer  to  ;  also  it  would  have  been 
better  to  have  given  the  pressure  rise  instead  of  the  pressure 
drop  for  the  regulation.  It  is  not  quite  clear  what  excitation 
is  referred  to  in  speaking  of  the  short-circuit  current  of  an 
alternator. 

The  author  is  to  be  congratulated  on  his  work  which,  on  the 
whole,  is  so  free  from  fault  and  at  the  same  time  so  interesting 
and  useful.  S.  P.  S.  and  A.  E.  C. 


LEAKAGE  REACTANCE. 

BY    J.    RK2ELMAN. 

{Concluded  from  page  745. ) 

Summary. — Tlic  article  deals  with  the  leakage  reactance  of  the  .stator 
windings  of  alternating-current  m.ichincs,  the  rotors  being  removed. 
The  leakage  finx  is  .separated  into  its  comijonent  parts,  for  .several  ma- 
chines, by  means  of  experiments;  the  effect  of  the  type  of  winding  upon 
the  overhang  leakage,  and  the  relationship  between  the  reactance  of  the 
windings  in  threc-|)ha.se  and  in  single-phase  working  are  observed. 
Formula;  are  given  by  means  of  wliich  the  stator  reactance  can  be 
calculated. 


B.  The  Iteaclance  of  the  SUtor  of  a  Three-phase  Tuihi- 
alternator  .3,500 /.-.v.//.,  4  poles,  50  r.j  per  second,  1,.500  revs. 
])er  min.,  G,G0O  volts  betrveen  phases,  the  rotor  bchuj  removed. 
(Fig-  7.) 

Dimensions.— <l>,  =  ^T)0 mm.,  r  =  750mm., /=  1,150-  26  x  7  T), 
/,  =  1,0"jO  mm  ,  48  slots  (2:?  x  80),  t,  =  023,  .s„  =  G,  /-  -  2,  whence 
'7=4.  The  stator  is  wound  with  consequent  poles,  that  is  to 
sa)',  there  are  two  coils  per  phase  for  the  four  poles ;  the  end 
connections  of  the  four  .slots  thus  form  one  coil.  Figs.  7  and  8. 
The  lengths  of  the  exterior  portions  arc  not  the  same  for  the 
two  coils,  for  that  nearest  the  stator  core  /,  =  1,681,  and  for 
the  outside  coil  /,=  1,824.  The  difl'erence  not  being  great  we 
will  use  the  mem  value  of  1,754  for  our  calculations.     How- 


ever, since  the  end  connections  arc  arranged  in  two  planes,  the 
whole  winding  is  symmetrical  with  regard  to  the  three  phases. 
The  length  /,  is  composed  of  /,^,  /,  per  phase  ;  /,  ==1,010  with 
\],=  390,  and  l,^=  74 4  with  u"  =  585  mm. 

In  order  to  separate  experimentally  the  permeances  A„  Aj, 
and  A„  auxiliary  coils  were  placed  on  the  inside  of  the  stator 
for  the  length  of  the  slots  of  one  jmle  of  ph.ase  I.  There  were 
five  wires  in  the  slit  of  each  of  the  four  slots  of  one  coil.  Fig.  7, 
their  end  connections  were  taken  along  the  end  plates  of  the 
stator  core.  By  means  of  these  auxiliary  coils  the  flux  ^i 
could  be  measured.* 

Experiments. — Readings  were  tiken  on  each  phase  :  (1)  In 
single  phase  per  phase.  (2)  la  single  phase,  two  phases  in 
series.  (3)  In  three-phase.  With  regard  to  the  result?,  the 
same  remarks  may  be  made  as  for  the  preceding  experiments. 
The  tests  were  made  on  the  stator  with  the  protection  shrouds 
remo\ed  ;  the  increase  in  voltage  with  the  shrouds  in  position 
is  negligible,  but  the  watts  are  increased  by  15  per  cent. 
There  are  16xG  =  9G  main  wires  per  phase   and  8x5=40 


Fi(i.  7. 

auxiliaiy  wires.  The  E.M.F.  induced  in  that  i)art  of  the 
winding,  which  is  in  the  slots,  and  corresponding  to  the  ilux 
i/^j,  will  be  9(3/40=2-4  times  the  E.M.F.  induced  in  the 
auxiliary  coils. 

Sep.a.r.\tion  of  the  Voltages. 

1.  Single  phase. — Phase  I. — The  voltage  measured  on  the 
au.viliary  coils  was  €,,=  10'83,  then  24  x  10-83  =  26  volts,  and 


.(•   =26/25  =  l-04w.     We  have  also  .r,  = 


12-5  X  50x48^ 


x/A; 


2x4x10" 

in  which  I,,  =  1=  1,050,  then  .v,^  =  01 SOA^  =  1  -04,  whenccAj  =  5-5. 
For  four  slots  per  pole  and  phase 

A,  =  0-02|log/''':^^-f  l-4-f41og('  "■  xBj|for;<  =  2,  ry-4 

Then  2-87  4-  4  log  (4B)  =  5-98,  and  B -=  1  -5.    We  can  determine 
A„  =  l-25(65/G9-l-5  23 +  9/29 -t- 1/6)  =  2-04,  for  a  length  l,  =  l, 

=  1.0.50:  then  J'.  =  ^^''''^-^-^^- x  105x204=0-385.o. 

2x4x10" 
There  remains  for  the  end  connections  48-3-26—25x0-385 
=  12  7  volts,  from  which  12-7/25=0  507iu.     We  havfl  for  A„ 


'  In  reality  the  auxiliar3-  coils  also  raea.suie  part  of  the  Hux  ^'  pro- 
duced by  i«a  of  the  end  connections  :  to  separate  this  would,  however, 
load  to  useless  complication. 
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;^=  1^754;   Z,  =1,010;    with  U,,- 300  mm.  ;    /,  =744  ;    with 

U^  =585  mm.     Then 

A  'r:0-4(iy,(Ax  log  2/,/U«,)  =  0-46x4  (A  x  log  2  X  !,754;.-590) 

"  =1-76 +  1-84  A. 
A  =04Gxj,(A+  Irg  2/ /UJ =0  4G  X  4  (A  +  log  2x1,754/585) 

=  l-435  +  l-84A. 
and 

^  12-5  X  50X  48=x  101(  1-76  +  l-84A)=0-32  +  0-855 A. 
2x4x10" 

,.  =l^:i^i^22li^'x74-4(l-435  +  l-84A)=0-192  +  0-247A. 


2x4x10 


■'•.„  +  ''-,,=0  512  +  0-582A 

'=0-507 


whence  A  =  -0-0086'vO. 

2.  Siiujlf  phase,  tii-o  phises  in  series,  ami  three  phase. — From 
tables  of  results  Nos.  2  and  3,  '*  =  13-1  volts,  then  2x2-4x131 
=  63  volts,  and  ./•„  =  63/25  =  2  52  ohms. 

We  have  found  that  the  reactance  .c.j  for  one  phase  is 
1-04  ohms.  2x104  =  208  so  that  there  is  an  augmentation 
of  2-52/2-08  =  1-21.  The  permeance  Aj  of  eight  slots  covering 
"-  of  the  pole  pitch  is  thus  21  per  cent,  greater  than  that  of 
four  slots  covering  It.  For  tiie  preceding  two  pole  machine 
with  five  slots  covering  It  an  augmentation  of  23  per  cent, 
has  b  en  established.     We  have 


12-5x50x96^ 
'"^XSXIO" 


xl05A4  =  0  378A^  =  2-52 
=  6  66. 


Fig.  6  shows  the  ilirection  of  the  currents  in  the  end  con- 
nections of  a  winding  with  one  coil  per  pha.se  per  pole,  and 
Fig.  8  their  direction  in  the  end  connections  of  a  hemitropic — 
or  consecjuent  pole-wimling.  It  can  be  seen  that  in  the  first 
case  the  direction  of  the  currents  is  tho  same  for  the  end  con- 
nections of  the  two  phases  ;  this  is  not  the  case,  however,  with 
the  second  airangement,  which  explains  the  difiference  in 
reactance  of  the  two  arrangements. 


By  writinT; 

A,=0  92|log  («,/n)  +  4-2  +  8  log(,^^    X  B)|  =0  60. 

for  p=2,  f/  =  8  we  find  the  value  0  92  for  B,  which  again  is 
but  little  dillerent  from  unit}-.  The  permeance  A,,  has  the 
value  of  2  04,  then 

12-5x:50x96-     ,,r     om     o—    i 

.(■,  = — ~    X  105x204  ==0-1  /  ohm, 

"»        2x8x10" 

and  25  X  077  =  19-25  volts.  The  voltage  remaining  for  the 
windings  exterior  to  the  core  is  107  —  63  —  19-25  =  24-75  volts. 
Whence  24-75/25  =  0-99  ohm;  that  is  to  say,  0-495  ohm 
per  phase  instead  of  0-507,  as  found  in  single-phase  for  one 
phase. 

The  equality  of  these  reactances  proves  that  there  is  no 
mutual  induction  between  phases  for  the  exterior  portions  ot 
the  winding.^,  with  the  arrangement  of  end  connections  usd 
for  this  machine. 


Fic.  8. 

C.  Reactance  of  the  Stator  of  a  1,750  k.v.a.  Turho-aliernator; 
1.100  volts  between  2)hases ;  50  cycles j second  ;  1,500  revs,  per 
mi n.,  four  poles,  the  rotor  being  out. 

Dimensions. — </)j  =  850mm.,  T  =  670mm.,  Z  =  960  — 20x7-5 
mm.,   /.  =  885  mm.,    48  slots  (23x87),   ^1  =  50  mm,  .s.  =  15, 

p  =  2,q  =  l. 

Winding,  consequent  poles  as  for  machine  B  :  {,=  1,640  mm., 
/,,  =  940mm.,  IT._  =  400mm.,  Z,^  =  700  mm.,  U,  =540  mm.  The 
reactance  per  phase  three-phase  was  found  to  be  :'',=  12  ohnn. 

We  have  A„  =  1-25  (67/69  -t-  8-5/23  -i-  9  29  -^  1  5/6)  =  238,  and 

12-5x50x120-  ,  „Q.-^  o.T^!     .1 -jr- 
r,.  =  -  ,      -F  88  0  X  2-38  =  2-3o(i>. 

2x4x10^* 
By  assuming  A  =  0  for  this  winding  wiih  "  consequent  '  poles 
A,_^  =  0-46x4  log  (2x1,640/400)  =  1-68,  and 

.)-,__  =  0011 25  x  94x1 -68 -1-78.U, 

A„  =  0-46  X  4  log  (2  X  1,640/700)  =  1-23,  and 

.<-,^=0-01125x570xl-23  =  0-97(u. 

=  5-ll(... 


Hence  there  remains  for 
Whence  Aj  = 


12-5-11=6  890). 
«-^'»         =693. 


001125x88  5 


Experiments  Xo.  1 

Cn-l- 

'- 

6-2 

6-25 

48-8 

Cur- 
rent 
1 

Walts. 

\V. 
Iph, 

Voltages  on  the  auxiliary  coils. 

c. 

cos  0. 

Ohmio 
resistance 

per 
phase  Ri 

l^Ki. 

5 coils.;5  coils  5  coils.  5  coils. 

</.     1      e.     .    f.     1     g. 

«*• 

W/I'-'Ri 

Re«diii{;s    with    a  cur- 
rent of  25  arapcres  in 
phase  

(ill. 

48-3 
6-2 
6-3 

6-22 

48  0 

64 

25 
25 
25 

78 
78 
60 

2-70  +  2  85  +  2-78+2-50  =  10-83 

...  +  ...  +  ...  +  ...  =  2-5 
...  +  ...  +  ...  -h  ...  =  2-3 

50 
50 
50 

0-C645 
0-0645 
0-C66 

0-062 
0-062 
0062 

39 
39 
39 

20 
2-0 
205 

Experiments  No. ; 


I      Hcndiiiys  with  u  cur-  ,      I. -II 
I  rent  of  25  amps,  in  '  II. -Ill  , 

I         2  phases  in  series    ( III.-II.'    JU6  5 


c 
between 

•"o    1- 

Cu-.j. 

C,i-  :l. 

T 

W. 
2  ph. 

156 

phases. 

52-9 

63-0 

0 

25 

105-7 

105-9 

0 

52  7 

62-7 

25 

158 

JU6  5 

53-3 

0 

537 

25 

158 

3  20  +  3-37 -f  5-25 +  5  02  =  12-84    i  50 
0    +    0    I     0    f    0  =0  '50 

3-22 -t- 3-40 -F  3-31 -I- 3-05  =  12-98     i  50 


Ohmio 
.      resistance 
?>•    2  phases  in 
series  R-j. 


0  059  0-124  78 

0-059  0-121  78 

0  059  0124  78 


W/I«R.. 


20 
2  02 
2-02 


Experiments  No.  S. 

- 

— 

'    II. 
111. 

between 
phases.* 

e„-i. 

.,-.Uo-..: 

I       ,^i,!     d.          e.    ^     /.     '     ,.     |e, 

1            '                       1 

50 
50 
50 

CCf^i. 

R.. 

rK,; 

W/IR,. 

I- Hidings  on  measuring' 
■'>  omitnt  of  25  nnips. 
in  phase 

937 
94-3 
93-1 

63-2  I  53-2 
63-9  1  63-2 
530    t3-9 

55-0 
55  5 
53  8 

25       72      3-25-(-3-41-f335  +  3-l  =  1311 
25       72    1  3-25-f341-|-3-35-f30  =  1301 
25       74       3-21-h3-35f3-30-|-30  =  12  8b 

0-054 
0-054 
0-055 

0C62 
0062 

0062 

39 

!    39 
59 

1-85 
1-85 
190 

*  For  eacli  reading  the  pressure  is  practically  the  same  lietweeii  the  three  phases. 
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Since 


A.=0-92  J  log  (;rx  50/6)  +  4-2+6  log  (^^^^%  X  b)  ]  =6!>3, 


^"'"(axle^^O}^''^"'^^-^' 


wefin.l  that  B  =  102. 
The  calculation  of 

A^.  =  0-92'l-42xl-4x4.„„,  „       „ 
I  °V3x56 

;>=  2.7  =  4. 
There  is  thus  a  ratio  of  6"93/5'45  =  1-27. 

We  will  conclude  this  research  with  the  tests  on  a  smill 
8-pole  aiteruator,  wliich  is  to  form  the  subject  of  special  tests 
iu  an  approaching  research. 

D.  Reactance  of  the  Stalor  of  a  three- phase  Alternator  75k.v.a., 
lis  volts,  50  cycles/second,  750  revs,  per  min.,  8  poles,  the  rotor 
being  out. 

Dimensions. — (^;  =  580mm.,r  =  228mm., /= 270—  2  x  10  mm., 
(7  =  260mm.,  72  slots  10--')X23,  f,  =  25-.3  mm.,  s,  =  l,  /)  =  4, 
i.=3. 

Hemitropic  or  consequent  pole-winding:  /,,  =  4(!0  mm., 
1,^  =  350  mm.,  U,,,  =  90mm.,  /,^  =  110  mm.,  U,_.=  147  mm.  The 
reactances  measured  per  phase  were  :  — 

1.  Single  phase,  one  phase  only OOlolw. 

2    Single  pha?e,  two  phases  in  series     0  OlSOio. 

3.  Three  phase OOl74to. 

We  have 
A,.  =  l-25(15;31-5+3-5/10-5  +  3-5/14+0-75/3o)  =  l  6,  and 

.'•,  =Ml^A52.^il^  X  26  X 1  f;  =  0003 1 2. 
4x3x10*' 

By  assuming  A=0  for  this  winding  with  consequent  poles  : 
A,,  =  0-46  X  3  log  (3  X  4C0/90)  =  1  4,  and 

.);.^  =  0-000075  X  35  X  1-4=0003(J8, 
A.^  =  0-4Gx31og(2x4f)0/147|  =  l-08o,  and 

.'•,^= 0-000075  X  11  X  l-085  =  000090 
■'■,,+-«»„+.i^.^=00077  ■ 
0-0077=0-0077w.    Whence 


There  remains  for  x,  =0-0154 
0-007 


*     0000075x26 


k,  =  0  92    lo£ 


(^^) 


Since 
+  0  7  +  3  log  (^ 


228 


xB)  '  =3-95, 


■  X  2-2 

l5^r"'"'^*"Sl^23^2F3 
for  p=4,  '/:=3.  we  find  that  B=l-28,  a  value  which  is  practi- 
cally equal  to  (y)-(-l)'j;  =  (4  +  l)  4=1-25.  For  (2)  and  (3)  the 
reactance  ■^'.„  +  ^,^  +  ^\^  remains  0-O077oj;  by  taking  the  mean 
value  of  .i-,=0-0177w  the  reactance  .>-,j=00177—0  0077=0  Olw. 
Whence 

0  01 


>',-- 


=  5-14. 


0-000075  X  26 
With  bingle  phase— one  pluisc  only — \^  was   3-95,   so   that 

there  is  an  augmentation  of  "^ — 1=1-3.     Since 
395 

A.=  092{log(-^^).2-S.Clog(^2|^xB);=514, 

for    i)^\,  »/     6,  wo  find    ihut   B^ 0985— again    very   little 
different  from  unity. 

In  order  to  substantiate  fiiither  the  above  results,  the  tests 
havebc:n  continued  in  theexpcriraeiild  test  room  of  the  Ateliers 
de  Constructions  Eiectriqucs  de  Char'eroi  on  several  other 
michinci  with  windings  ''per  pole"  and  [)er  consequent  poles. 
We  shall  simply  give  the  results  of  these  tests. 

E.  Raiclance  of  t)u:  Stalor  oj  a  Three-phase  Asi/nehronoiis 
Motor.~200  H.i'.,  3,000  volts ;  50  cycles/sec ;  333  revs/per 
min  IS  poles,  with  consequent  pole  winding,  q  =  3.  The  react- 
ance of  tlie  end  connections  were  measured  by  means  of 
auxiliary  coils;  the  value  of  A  was  found  to  be  +  o/.J,  and  B 
Jk!  for  single  phase,  one  phase  only,  and  (i-9i'  for  three  pliase. 
No  mutual  induction  was  established  between  the  jihases. 

F.  Beactance  of  the  Stator  of  a  Three  plmse  Sijiichronous 
Motor. — 7.50  k.v.a.  ;  10,250  volts;  25  cycles  per  second;  250 
revs,  per  min;  12  poles,  with  wimling  "per  pole,"  7  =  2.  By 
assuming  B=(p  +  1)  /<  for  single  phase— one  phase  only— the 
value  of  A  was  found  to  })o  +  <)-4/.  By  assuming  B=l  foi 
three-phase,  an  augmentation  of  13  per  cent,  in  the  reactance 


of  the  end  connections  was  established,  produced  by  mutual 
induction  between  the  phases. 

(t.  Beiiiliinee  of  the.  Stator  of  a  Three-phase  Alternator. — 
270  k.v.a.,  3,000  volts,  50  cycles/second,  428  revs,  per  min., 

1 4  poles  winding  "  per  pole," 7  =  2.  By  assuming  B=  (y  -f  1  )'p 
for  single-phase — one  phase  only — A  was  found  to  he-hOJ-?, 
and  by  assuming  B  =  1  for  three  phase,  an  augmentation  of 

15  per  cent,  in  the  reactance  of  the  end  connections,  produced 
by  mutual  induction  between  the  phases  was  established. 

Bestimi'. — It  follows  from  the  foregoing  investigations,  that 
the  reactance  of  the  stator  of  an  alternating  current  machine, 
the    rotor    being  removed,   can    be    calculated  with  a   close 
approximation  by  considering  the  three  permeances  ; — 
A„,  Aj,  and  A,. 

1.  A„=  1  ■25(r;3r,  -f  rjr,  +  2rg'(r^  4-  r,)  +  r,h\) 

2.  A,=0-92|log(7rxs,/>-i)-fO    -i-2  1og(T/(/,  )xB)Ifor5  =  2 

=  0-92]      „        „        -f0-7  +  31og  (t;(2^i)xB);  „  r/  =  3 
=  0-92|       „        „        +1-4  4-4  log  (r/(3?i)xB);  „r/=4 
=  0-92|      „        „       -H2-1-I-5  log  (-'(4^,)xB)}  „  2  =  5 
=  0-92|      „        „        -^2-8  +  6  log  (t/(5;i)xB)|  „  2  =  6 
=  0-92i      „        „        ■f4-2-t-8  log(T/(7/,)xB)|  ,,(,  =  8 
=  0-921      „        „        -i-56-h]01og(T  (9/,)xB)}  „  g  =  10 
For  windings,  single  phase,  one  phase  only,  in  which  the  q 
slots  per  pole  and  j)hase  cover  ',  of  the  pole  pitch,  the  factor 
B  =  1-65  for  y'=l  ;  iij>>\,  h2i  (p-i- l)!'p. 

For  the  permeance  Aj  per  phase  on  three-phase,  or  on 
single  phase,  two  phases  in  series,  it  is  sutticient  to  take 
+  l-25xthe  value  of  A^  calculated  for  single  phase,  one 
phase  only  :  to  be  exact,  it  should  be  calculated  according 
to  the  above  table  with  the  number  of  slots  doubled,  and 
covering  2  3t.  In  this  case  the  factor  B  disappears,  since  it 
becomes  equal  to  unity. 


t 


Fio.  9a.— Four  Vole 

WINDING    PER   COKSEgCE.NT  PdI.ES. 


Fig.  9i!. — Four  Pole 
WINDING  I'ER  Pole. 


3.  The  Determination  of  \^. — This  is  a  little  uncertain  ;  how- 
ever, it  appears  from  the  above  that  iu  general  : — 

(a)  For  a  winding  by  eonscquent  poles,  A,=0-46  X9,  (log 
2/,/U^),  where  A,  must  be  split  up  into  two  parts  a  and  c  ;  the 
mutual  induction  between  phases  is  ncgligil)le. 

(Ii)  For  a  winding  "per  pole,''  A,  =  0-46  x  7,  ( A-f  log  2/,/U,), 
where  A,  must  be  split  up  into  three  i)arts,  a,  b  and  c.  A  will 
in  general  have  the  value  of  04,  and  the  mutual  induction 
bstween  the  phases  will  increase  the  reactance  of  the  overhanp 
portions  of  the  windings — in  three-phase  or  .single-phase,  two 
j)hases  in  scries  -by  15  to  30  jwr  cent.,  ilepending  ujion  the 
distance  between  the  coils  of  the  difl'crent  phases. 

It  may  also  be  taken,  that 

A,  =  0  4G7.x(logKx«,/U,), 
\vliere    K  =  2  for  a  winding  "per  ennscipuiil  pnlr  " 
and        K  2^  5  for  a  winding  "per  pule." 

From  the  above  coefficients  it  will  be  seen  tiuit,  apart  from  the 
mutual  induction  lietwecn  the  phases,  a  winding  wound  "per 
pole  "  is  eijuieaUnt  to  that  wound  with  consequent  poles  ;  the 
mutual  induction  between  phases  causes  the  reactance  of  the 
overhang  |)ortions  of  the  first  winding  to  be  15  to  30  percent, 
greater  than  that  of  the  second.  The  difference  in  the  factors 
K  may  be  attrii)Uted  to  the  mutual  inductions  between  coils  of 
the  same  phase  being  in  ojiposition  in  the  case  of  the  winding 
"  per  consequent  j)o!es  "  and  zero  in  the  case  of  the  winding 
"  per  pole."     Figs.  9a  and  9l!. 

As  will  be  seen  from  an  approaching  article,  this  leakage 
reactance  of  an  alternator  stator,  with  the  rotor  out,  is  not  the 
same  as  that  with  the  rotor  excited  ;  its  value  will  be  dimin- 
ished, due  to  the  fact  that  A    is  to  a  large  extent  counteracted. 
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CORRESPONDENCE. 


AN  IMriiOVED  FOKM  OF  THE  DUDDELL  SINGING 

AKC. 

TO  THE  KDITOR  OF  THE  ELECTRICIAN. 

Sir  :  111  your  last  issue  Mr.  G.  W.  Nasmyth,  under  the 
above  title,  describes  as  "  new  "  a  circuit  in  which  two  arcs 
are  used  in  parallel,  each  with  its  own  resistance  and  choke 
coil  and  the  oscillation  circuit  connected  between  the  two 
anodes. 

I  wish  to  point  out  that  this  identical  principle  was  ailopttd 
in  the  connections  which  I  used  for  my  demonstration  before 
the  Institution  of  Electrical  Engineers  on  December  l;j,  19O0. 
The  circuit  I  employed  on  this  occasion  is  shown  in  the  accom- 
panying diagram,  which  is  Fig.  12  of  p.  2(55  of  the  "Journal  " 


of  the  Institution  of  Electrical  Engineers,  Vol.  XXX.     The 
only  dirt'crence  between   this  diagram  and  the  one  given  by 
Mi.  Nasmyth  is  that  I  was  usirg  two  arcs  in  each  of  the 
parallel  circuits  instead  of  one  as  he  proposes. — I  am,  &c., 
Westminster,  Aug.  24.  W.  Duddell. 


EESEAECHES  IN  EADIO-TELEGKAPHY. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir  :  I  should  not  have  replied  to  M.  Artom's  letter  of 
July  26th  had  this  dealt  correctly  with  the  question  of  the 
Italian  Navy  Papers  signed  by  me.  But  since  M.  Artom  has 
invoked  these  documents  in  an  ecjuivocal  manner,  I  am  obliged 
to  contradict  everything  which  is  inexact  in  M.  Artom's  citation, 
since  your  reailers  cannot  do  this  themselves,  owing  to  the 
documents  concerned  being  secret  papers. 

According  to  M.  Artom  I  have  testified  to  the  good  results 
obtained  by  the  Italian  navy  in  employing  the  triangular 
aerial,  either  for  elliptioally  polarised  or  for  jilane  waves.  All 
this  is  incorrect.  What  my  testimony  really  reduces  to  is  as 
follows  :  I  testified  that,  at  a  receiving  station  50  km.  from  a 
transmitting  station  on  Artom's  system,  no  circularly  or 
elliptically  |)olarised  waves  ariived,  but  only  ordinary  plane 
waves.  I  testified,  further,  that  with  a  square  or  triangular 
aerial  one  could  receive  plane  waves  when  the  plane  of  such 
aerial  passed  through  the  transmitting  station.  And  that  is  all. 

There  is  only  a  single  paper  signed  by  me  relating  to  these 
trials,  and  not  several,  as  M.  Artom  declares.  Further,  the 
original  cannot  be  in  M.  Artom's  possession,  since  it  is  a  confi- 
dential and  secret  document.  At  the  time  when  I  wrote  this 
report  I  thought  that  the  aerial  described  wa.s  novel,  but, 
later,  on  becoming  aware  of  Brown's  patent,  I  stated  that  this 
aerial  had  been  patented  by  Brown  several  years  before,  not 
only  for  reception,  l)ut  also  for  the  transmission. 

As  a  matter  of  fact,  although  M.  Artom,  in  order  to  prove 
that  he  invented  the  universal  triangular  aerial,  only  quotes 
that  part  of  Brown's  specification  which  relates  to  the  aerial 
with  parallel  antenna' ;  yet  in  the  siino  specification  are  to  bo 
found  the  following  sentences,  which  are  omitted  by  M.  Artom. 
These  are:  "The  vertical  wires  may  or  may  not  be  closed  at 
the  top  or  joined  through  a  small  capacity  and  a  rectangular 
or  other  shape  may  be  given  to  the  wires,  and  the  rectangle 
may  consist  of  more  than  one  turn  of  wire,  so  as  to  enclose  an 


area."  The  fifth  claim  also  reails  :  "  In  wireless  telegraphy 
tlie  combination  with  the  transmitting  or  receiving  apparatus 
of  two  wires  attached  one  to  each  side  of  the  spark-gap  or 
coherer  and  bent  so  as  to  include  an  area." 

Awl,  since  the  triangle  is  a  figure  which  encloses  a  space, 
the  triangular  aerial  is  one  of  the  forms  of  directive  aerial  indi- 
cated by  Brown.  I  am  further  able  to  state,  in  confirmation 
of  my  assertion,  that  the  British  Patent  Office  and  the  German 
Patcntamt  have  refused  to  grant  patents  to  M.  Artom  for  the 
triangular  aerial  for  plane  waves,  the  Brown  patent  and  others 
being  cited  in  opposition. 

The  trials  of  the  Artom  method  at  the  Dieppe  and  Havre 
stations  were  carried  out  by  mc  when  I  had  ceased  to  belong 
to  the  Italian  navy,  and  it  was  these  tests  which  taught  ma 
that  the  Artom  system  did  not  exist. — I  am,  iVrc, 

Turin,  Aug.  18.  E.  Bellinl 


ELECTRICAL  WORK  AT  THE  PHYSIKALISCH- 
TECHNISCHE  REICHSANSTALT  IN  1908. 


In  considering  the  advances  made  by  electrical  science  year  by 
year,  the  influence  of  tlie  various  national  laboratories  on  this  pro- 
gress should  not  be  underrated.  In  thi.s  ofmntry  wc  are  able  to  record 
the  excellent  work  done  by  the  National  I'hysical  Laboratory  at 
Teddington.  while  there  arc  similar  institutions  in  both  France  and 
America.  Perhaps  more  famous  than  any  of  these,  however,  is  the 
I'hysikalisch-Technische  Reichsanstalt  at  Chariot tenburg.  partly 
no  doubt  on  account  of  the  fact  that  it  is  the  oldest  of  such  institu- 
tions and  ]iartly  from  the  greater  facilities  which  are  available  for 
carrying  (jut  the  work. 

Tlic  annual  report  of  the  work  of  this  institution  during  1908  shows 
tliat  great  advances  have  been  made  in  every  department.  We 
.shall,  however,  confine  ourselves  to  giving  a  short  summary  of  the 
work  in  the  electrical  department,  as  this  is  likely  to  be  of  most 
interest  to  our  readers.  The  usual  routine  tests  on  both  instruments 
and  materials  were  carried  out,  the  number  actually  tested  in  this 
way  being  slightly  greater  than  in  the  previous  year. 

The  question  of  electricity  meters  is  one  that  is  always  very  much 
to  the  tore  in  these  reports.  Five  continuous-current  and  nine  alter- 
nating-current meters  examined  during  the  year  contained  an  arrange- 
ment by  which  the  angular  retardation  of  the  armature  by  friction 
was  determined  as  a  function  of  its  speed.  It  was  found  that  the 
bearing  friction  added  to  that  of  the  air  depended  to  a  considerable 
extent  on  the  S])cod  of  the  meter,  while  on  the  other  liand  the  friction 
of  the  counting  mechanism  plus  that  of  the  bearings  was  quite  in- 
dependent of  the  speed.  It  was  also  found  that  the  magnitude  of  the 
friction  in  the  coimting  mechanism  diflfercd  greatly  in  individual 
meters.  This  is  a  point  wliich  obviously  depends  to  a  greater  or  less 
extent  on  the  care  taken  in  manufacture.  It  appears  that  the 
transmission  of  the  motion  horn  the  armature  axis  to  the  counting 
mechanism  in  these  meters  is  more  usually  done  by  means  of  a  rack 
than  by  a  worm. 

Another  question  which  occupied  the  minds  of  the  staff  at  this 
institution  was  that  of  the  variation  of  shellacked  manganin  ci>ils 
with  the  varying  humidity.  X  full  acci>unt  of  these  rcsoanhes  to 
tlatf  has  already  ai)peared  in  The  Klectrui.^n.  Vol.  LXIl.,  i'.  H. 
It  will  be  remembered  that  the  changes  in  question  have  been  shown 
by  l)i'.  Lindeek  to  be  so  small  in  the  German  climate  that  they  are 
only  of  importance  for  resistances  equal  to  or  greater  than  HH)  ohms  ; 
and  even  then  only  for  mcasin-cmcnts  of  the  highest  )irccision.  In 
the  case  of  tlie  resistances  sets  of  1,000  and  100.000  ohms,  changes 
during  the  sinnmcr  of  lOOS  amounted  only  to  ."i  parts  in  UKt.tHiO.  the 
constancy  of  all  resistances  up  to  lOO.oitO  olims  being  seeured  l)y 
keeping  them  in  a  hygrostat  of  5  ]n-v  cent,  humidity.  Work  on  this 
subject  is  still  being  carried  out  at  tlie  Keichsanstalt.  and  the  eom- 
liarison  of  the  mercury  standards  witli  the  manganin  coils  is  also  in 
lumd. 

The  (luestion  of  the  proper  specilieations  for  setting  up  standard 
cells  is  one  which  has  l)een  receiving  a  good  deal  of  attention  just 
lately  :  and  both  the  National  I'hysieal  Laboratory  and  the  Hureau  of 
Staiulanls  at  Wasliinglon  have  issued  speeilications  for  the  setting 
up  of  these  eells.  and  have  gixeii  detailed  instruetions  as  to  the  way  in 
which  the  luereurous  siilpliate  should  be  prepared.  The  salt  is  not 
to  be  washed  with  water,  but  with  dilute  sulphuric  acid,  or  with  » 
saturated  solution  of  cadmium  sulphate.  In  opjiosition  to  these 
instruetions  the  Reichsanstalt  is  of  opinion  that  the  way  in  which 
the  prciiaration  is  washed  does  not  iutluenee  the  result,  and  that  the 
same  E.M.F.  is  obtained  whethei'  the  salt  be  hvdrolysed  or  not. 
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It  is  interesting  to  note  that  the  number  of  tests  made  on  dry  cells 
has  increased  dm-ing  1{K>S.  It  will  be  remembered  that  in  our  report  of 
the  work  done  in  lOtt?  we  mentioned  that  a  series  of  tests  had  been 
made  on  these  cells,  and  the  effect  of  intermittently  discharging  tliem 
down  t»>  OS  volts  was  being  tried.  As,  however,  the  Testing  Bureau 
of  the  Imperial  Telegraph  Department  test  these  cells  on  an  inter- 
mittently closed  circuit  until  the  voltage  has  reached  0-7  volts,  this 
lower  limit  has  also  been  adopted  by  the  Reichsanstalt.  Requests 
have,  however,  been  made  from  several  quarters  that  dry  cells 
should  be  tested  on  a  continuously  closed  circuit  down  to  0-4  volts. 
These  requests  have  been  complied  with  by  arranging  that  the 
report  of  the  tests  shall  show  the  total  quantity  of  electricity  yielded 
in  two  columns,  namely  down  to  t)-7  volts,  and  from  0-7  to  0-4  volts. 
in  order  to  render  jxissible  a  comparison  with  the  intermittently 
discharged  cells.  In  the  ea.se  of  certain  types  of  cells  which  have  been 
S3nt  in  for  test,  a  quantity  of  from  160  to  17tl  ampere  hours  was 
obtained  from  them  when  the  cells  were  placed  on  a  continuously 
closed  circuit,  having  a  resistance  of  10  ohms.  These  cells  weighed 
about  4J  lb.  It  was  found  that  the  behaviour  of  cells  of  this  type 
varied  with  the  quality  of  the  manganese  dioxide  used.  As  much  as 
120  ampere  hours  were  obtained  from  some  cells  with  pressures 
above  0-7  volts. 

The  experiments  on  the  quadrant  electrometer  with  continuous 
current  voltages  have  been  brought  to  a  definite  conclusion  and  the 
results  published.  A  large  electrolytic  condenser  having  10  aluminium 
plates,  measuring  10  by  16  by  01  cm.,  arranged  in  two  groups  of  .Hve, 
is  under  test.  The  total  capacity  is  118  mfd.  at  a  forming  voltage  of 
100.  When  these  condensers  were  charged  with  alternating  current 
each  behaved  as  if  it  had  only  half  the  capacity  of  one  electrode,  a 
result  which  has  already  been  indicated  by  ('.  J.  Zimmermann.  The 
condensers  were  tested  with  various  alternating  pressures  at  a 
frequency  of  50.  and  with  a  quick  make  and  break.  With  the 
condensers  permanently  in  circuit  for  a  week,  and  with  an  average 


thickness  which  wen'  connected  in  parallel  as  shown  in  Fig.  1.  A 
eonstantan  wire  was  connected  in  the  middle  of  the  manganin  and  a 
manganin  wire  in  the  middle  of  the  eonstantan  wire,  the  connection 
being  made  by  means  of  a  silver  solder.  These  soldered  wires  were 
connected  to  the  galvanometer.  The  places  where  the  soldeiiii!; 
occmred  being  traversed  by  either  ducct  or  alternating  current,  and 
were  warmed  by  it.  It  was  then  found  that  there  was  no  transfer 
of  cm-rent  from  the  manganin  to  the  eonstantan.  or  vice  versa,  so 
that  there  was  no  peltier  effect.  A  resistance  arranged  in  this  manner 
allows  the  current  to  be  so  distributed  in  each  wue  that  nothing 
passes  tlu-ough  the  galvanometer  circuit. 

The  researches  begun  some  years  ago  on  the  electrolytic  behaviour 
of  silver  and  copper  were  continued  and  completed.  It  was  found 
that  silver  when  immersed  in  aqueous  solutions  of  hydrochloric, 
hydrobromic  or  hydriodic  acids  and  copjier  when  immersed  in  an 
aqueous  solution  of  hydrofluoric  acid,  showed  an  electric  valve 
working,  which  was  not  due,  as  in  the  ease  of  other  metals,  to  a 
gaseous  covering  but  to  a  permanent  layer  of  some  kind. 

As  a  result  of  experiments  on  the  behaviour  of  induction  coils 
when  used  with  high  frequency  on  alternating  current,  it  has  been 
found  possible  to  remove  one  of  the  most  frequent  sovirees  of  error, 
namely,  the  effect  of  capacity  between  the  various  parts  of  the  bridge 
and  earth.  For  this  purpose  the  single  branches  of  the  bridge  were 
protected  by  conducting  sheaths,  so  that  the  amount  of  capacity  was 
known  and  could  be  allowed  for.  A  diagram  of  jirotected  bridge  of 
this  kind,  which  is  now  being  used  for  such  measurements,  is  shown  in 
Fig,  2,  q  is  the  source  of  current,  c  a  condenser  for  determining  the 
resonance,  I  the  telephone.  1^  and  I.,,  the  coils  which  are  being  eom- 
l)ared  with  the  resistances  ;  u\  and  w^.  xc^  and  w^  which  are  the 
balancing  resistances.  Each  of  the  coils  is  connected  with  its  con- 
ducting sheaths  «,  and  s^.  &c.,  while  the  telephone  is  covered  by  two 
conducting  sheets  t^  and  <2.  of  which  the  inner  is  connected  to  the 
line,  and  the  other  to  the  end  of  the  bridge  and  to  earth.     The 


•Manganio,  Constautau, 
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jxitcntial  of  80  volts  across  them  no  change  in  their  behaviour  was 
noticed.  At  pressures  below  90  volts  the  energy  losses  scarcely 
increased  with  the  time  that  the  condenser  was  in  circuit,  but  at 
higher  pressures  the  losses  increased  considerably.  At  250  volts 
the  power  factor  increased  to  0-.3.  It,  therefore,  appears  that  if  it  is 
wished  to  obviate  large  energy  losses  and  harmful  heating  of  the 
condenser  the  pressure  must  be  under  90  volts,  should  it  be  necessary 
to  increase  this  voltage  a  number  of  condensers  must  be  connected  in 
series. 

The  photometric  tests  carried  out  during  the  year  were  no  less 
interesting  than  usual.  In  this  connection  it  may  be  noted  that  the 
carbon  filament  glow  lamps  gave  more  favourable  results  as  regards 
life  than  in  the  previous  year.  A  series  of  24  of  these  lami>s  was 
burned  on  a  2.'U  volt  alternating  current  circuit,  and  fifteen  were  still 
fit  for  u.se  after  having  burned  for  2,000  hours.  Twelve  110  volt 
metallic  filament  lamps  and  twelve  for  220  volts  were  also  tested. 
Half  of  each  set  were  burned  in  a  vertical  position,  the  other  half 
being  placed  with  their  filaments  at  an  angle  of  45  deg.  to  the  vertical. 
They  were  run  off  an  alternating  current  eircuil.  The  result  obtained 
wa,s  very  interesting  as  it  showed  that  the  latt<r  filaments  h.id  a 
longer  life  than  thosi'  hanging  vertically.  \  number  of  tests  were 
carried  out  on  various  forms  of  flicker  photometer,  which  could  be 
used  <m  a  straight  photometer  bench,  with  a  view  to  determining 
whether  the  employment  of  this  type  of  instrument  should  be  advo- 
cated for  testing  lamps.  It  was  found,  however,  that  the  skilled 
operator  obtains  no  advantage  by  using  this  apparatus,  neither  as 
regards  rapidity  or  certainty  in  adjtistmenf.  "     m  n  , 

The  measurement  of  small  alternating  currents  by  means  lof  ,a 
thermo  couple  was  carried  fmt  with  a  new  arrangement  which  made 
it  possible  to  measure  small  voltages  with  the  least  possible  con- 
sumption of  energy,  and  at  the  same  time  to  avoid  errors.  The 
current  passed  through  manganin  and  eonstantan  wires  of  20  mm. 


sheaths  s,  and  s.,  for  the  coils  consist  of  cubical  boxes  with  a  .50  ciu. 
side,  whose  inner  walls  are  covered  with  tin  foil  to  prevent  uddy 
currents.  A  listening  tube  is  fixed  in  the  two  sheaths  /,  and  1...  so 
that  no  alteration  in  capacity  is  introduced  by  the  presence  of  the 
operator.     The  resistances  mi,  and  u\  arc  left  unprotected. 

To  control  wave-lengths  over  the  entire  scale  it  is  desirable  to  havs 
oscillations  whose  frequencies  are  in  close  relation,  as  this  is  not  tiie 
ease  with  the  harmonic  overtones  of  an  alternating  current  not  of 
sine  form.  In  the  I'oulsen  generator  the  higher  overtones  are  in 
general  very  weak  and  can  only  be  increased  at  the  expense  of  other 
advantages.  A  more  suitable  arrangement  for  generating  oscilla- 
tions with  close  frequency  relations  is  obtained  by  using  the  Sohapira 
system  of  connection,  by  means  of  which  oscillations  of  very  high 
frequency  can  easily  be  obtained.  This  arrangement  consists  of 
fixing  a  second  circuit  to  that  of  the  Poulsin  lamp,  which  is  tuned  to 
have  a  wave-length  many  times  that  of  the  fiuulamental.  The 
relation  of  the  two  frequencies  is  then  determined  by  means  of  a 
Braun  tube.  The  cathode  rays  ar(>  dell((t(-d  by  two  vertical  eloo- 
trostatic  fields  which  can  be  generated  by  either  of  the  two  circuits 
as  shown  in  Fig.  3.  After  tlio  most  suitable  arrangement  for  the 
general  i(m  of  nearly  constant  waves  of  sine  form  had  been  deter- 
mined by  preliminary  tests  with  an  arc  immersed  in  hydrogen, 
the.se  oseillaticms  can  be  used  for  the  ealil)ralion  of  wave  meters 
for  the  measurements  of  ca))acity,  self  induction  and  damping.  For 
this  purpo.se  the  circuit  under  test  is  tuned  very  loosely  on  the  e-xciter 
circuit,  and  the  current  passing  through  it  is  measured  by  means  of 
bolometer  and  thermo  couple,  both  before  and  after  the  resistance  is 
connected  in  the  circuit. 

The  magnetic  work  earrieil  out  on  Reichsanstalt  during  the  year 
included  the  standardisation  of  the  methods  used  for  testing  magnetic 
material.  Researches  were  also  made  into  the  homogeneity  and 
permeability    of  material,  and  the    measurement   of  high  indue-    i 
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tion.  Special  interest  has  attached  to  the  dct^^rmination  of  the 
influence  ot  lieatinp  and  chemical  operations  on  the  magnetic  and 
electrical  pnipcrtics  of  iron  sheets. 

Some  interesting  experiments  were  also  made  with  a  new  type  of 
automatic  speed  controller  for  use  with  motors.  As  this  subject  is 
of  general  interest  we  hope  to  deal  with  it  in  a  separate  article. 

It  is  impossible  in  the  space  at  our  disposal  to  indicate  more  fully 
the  work  which  has  been  done  in  the  electrical  department  of  the 
Reichsanstalt.  while  we  have  to  disregard  altogether  the  activities 
of  the  other  branches  of  this  institution.  Their  contributions  to 
science  are,  however,  by  no  means  less  valuable  than  those  indicated 
above. 


THE  RESISTANCE  AND  REACTANCE  OF  ARMOURED 
CABLES.* 

BY  J.  B.  WHITEHEAD. 
Summary. — The  author  calculates  the  reactance  uf  armoured  cables 
under  various  conditions.  Theoretically  this  may  be  from  2  to  4-5  times 
that  of  unarmoured  cable,  the  factor  increasing  with  the  distance  between 
the  go  and  return  cables.  Actually  the  reactance  is  about  0-7  of  the 
theoretical  value.  The  effective  resistance  is  about  l-fi  to  2  times  the 
dead  resistance.  The  impedance  with  a  sei>aration  of  12  in.  is  about  3 
times  the  dead  resistance  at  00  c^j,  and  about  1  -7  to  2  times  that  at  25  "V . 


It  has  been  asserted  frequently  that  no  form  of  iron  protective 
covering  is  permissible  for  single  conductors  carrying  alternating 
currents.  Experience  and  simi)le  calculation  show  this  assertion  to 
be  well  founded  with  regard  to  even  the  thinnest  walls,  if  such  walls 
form  a  completely  closed  magnetic  circuit  .Tlxiut  the  conductor.  In 
a  recent  single-phase  railway  installation  it  «as  necessary  to  carry 
the  trolley  circuit  across  a  drawbridge  and  the  nature  of  the  traffic 
through  the  draw  rendered  it  advisable  to  armour  the  cables,  .several 
of  which  were  to  be  installed  for  reserve  and  emergency.  Obviously, 
the  use  of  single-conductor  steel-armoured  cables  was  permissible 
if  the  reactance  and  losses  in  the  armour  were  not  prohibitive. 
There  being  an  apparent  absence  of  data  on  the  subject,  and  some 
opinion  adverse  to  the  use  of  such  cables,  the  values  of  reactance 
were  calculated  as  explained  below.  The  results  showed  that  even 
at  60  cycles,  and  with  outgoing  and  return  cables  placed  close  to- 
gether, the  reactance  would  not  be  serious  :  and  the  subsequent 
measurements  indicate  that  in  cables  as  manufactured  the  effect  is 
considerably  less  than  the  calculated  value,  so  that  for  puri)oses 
similar  to  that  mentioned  the  use  of  the  cables  is  entirely  practical. 

Calculation. — The  usual  cable  consists  of  a  central  stranded  con- 
ductor, surrounded  by  rubber  or  paper  insulation,  covered  by  tape. 
lead,  jute  and  armour  in  the  order  named.  The  armour  consists  of 
a  number  of  wires  spiralled  around  the  cable,  the  pitch  being  from 
5  to  10  times  the  diameter  of  the  cable.  The  exact  expression  for 
the  inductance  in  the  armour  wires  is  too  unwieldy  for  direct  evalua- 
tion. A  close  apjiroximation  to  its  value  may  be  had  by  neglecting 
the  spiral,  by  assuming  that  the  intensity  of  magnetic  force  is 
uniform  through  the  armour  and  equal  to  the  value  at  the  centre  of 
the  section  of  an  armour  wire,  and  by  assuming  that  the  lines  of 
magnetic  intensity  are  circles  concentric  about  the  centre  of  the 
main  conductor. 

It  is  obvious  that'  any  increase  in  the  inductance  due  to  the  armour 
will  take  place  almost  entirely  in  the  region  near  the  circle  passing 
through  the  lines  of  contact  between  the  armour  wires.  This  is 
borne  out  by  the  form  of  integral,  which  shows  that  0-8  of  the  total 
induction  is  within  an  arc  of  10  dcg.  on  each  side  the  point  of 
contact,  and  indicates  that  the  above  assumptions  yield  results  only 
a  few  per  cent,  greater  than  the  exact  value.  The  problem  then 
resolves  itself  int(j  a  determination  of  the  reluctance  of  a  closed 
magnetic  circuit  formed  by  a  number  of  iron  wires  placed  side  by 
side  on  the  eircuniftrencc  of  a  circle,  the  magnetic  field  being  at  right 
angles  with  the  length  of  the  wires.  The  magnetic  field  is  circular 
and  of  uniform  intensity  in  the  space  occupied  by  the  wires.  The 
approximate  calculation  is  further  simplified  without  serious  error 
if  the  circle  of  armour  wires  be  considered  as  laid  out  side  by  side 
in  the  plane  of  a  uniform  magnetic  field. 

Consider  the  reluctance  of  an  elementary  portion  of  the  magnetic 
circuit  at  a  distance  x  from  the  line  passing  through  all  the  points  of 
contact,  of  a  width  dx,  and  length  equal  to  the  diameter  of  the 
arnioiu-  wire.  The  length  of  path  in  iron  is  2  .^^■^— .r-.  and  the 
length  in  air  is  2()-—  V r-—x-).  r  being  the  radius  of  the  nrmnur  wire 
cross-section.  The  total  reluctance  per  >init  length  of  cable  of  the- 
circular  element  of  thickness  dx  is  then 


R= 


.2»/r 
dx\ 


-a;a 


-+  r 


-v'-«7' 


*  Abstract  of  a  Paper  read  boforr 
Engineers. 


the  Amcrieiiu  lustiliite  of  lacctriml 


in  which  n  is  the  number  of  armour  wins  and  «  the  p(  rmeability. 
The  error  in  neglecting  the  curvature  of  the  circle  of  contacts  is  from 
1  to  2  ])er  cent,  for  20  to  .30  armour  wires. 
The  total  flux  in  the  armour  alone  is 
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If  there  were  no  armour  wire  the  total  magnetic  induction  in  the 

corresponding  air  space  would  be  equal  to   ;  consequently   the 

presence  of  the  armour  increases  the  induction  in  the  space  occupied 
by  it  from  14  to  36  times,  according  to  the  value  of  f. 

The  effect  of  the  flux  in  the  armour  on  the  total  inductance  of  the 
cable  will  depend  on  the  rsidius  of  the  central  conductor  and  the 
distance  between  it  and  the  return  conductor — that  is,  on  the  pro- 
portion of  the  total  field  of  force  which  is  occupied  by  the  armour. 
The  data  of  one  of  the  cables  on  which  measurements  were  made  are 
as  follows  : — 

Single  conductor  0  B.  &  S.  gauge  :  stranded  frr  in.  of  paper.  \  in. 
of  lead,  and  a  jute  bedding  about  J  in.  thick,  armoured  with  No.  10 
(B.W.G.)  steel  wires. 

Diameter  over  strand ."{73  mils. 

„     paper  insulation  87.3 

„     lead  sheath   1.123      „ 

Outside  diameter,  approximate 1..500      „ 

The  values  of  the  inductance  of  this  cable  per  mile  of  conductor, 
at  different  distances,  d.  between  the  outer  surfaces  of  parallel  cables, 
assuming  the  permeability  of  the  armour  to  be  1,  and  applying  the 
formula 


101  (,,       D- 

2  log  — 
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(i=distance  between  centres  of  cables  are  as  follows  : — 

d  =  0,       L  =  0-71  millihenry      I       f/  =  6  in..      L=  1-26  millihemvs 
f/  =  2in..L=l-01  millihcnr'ys    [      (/=12in..    L=l-45 

The  value  of  L  for  the  space  inside  the  armour  is  0-632.  Conse- 
quently the  difference.  0078.  between  0-71  and  0-632.  is  the  propor- 
tion which  is  increased  by  the  factors  14  to  36  mentioned  above. 
Calling  this  factor  k,  the  values  of  L  with  armour  wires  in  contact 
over  the  entire  circumference  are  got  by  adding  0078  (A-— 1)  to  the 
values  given  above.  For  fc  =  36  the  values  of  L  are  increased  by 
the  armour  4-4.  3-4.  2-9  and  2-7  times  respectively  for  the  distances 
of  separation  given  above,  and  for  6  ft.  separation  the  factor  is  2-2. 
That  is.  depending  on  the  distance  of  separation  the  reactance  of 
the  usual  single  conductor,  steel-armoured  cable  may  be  from  two 
to  four  times  as  great  as  the  reactance  of  the  same  cable  without  steel 
armour.  Obviously,  the  reactance  constitutes  no  objeelidn  to  the 
use  of  such  cables  in  moderate  lengths. 

The  losses  in  the  armour  are  not  subject  tn  simple  calculation. 
As  already  stated,  about  80  per  cent,  of  the  total  induction  in  the 
armour  is  within  an  arc  of  10  deg.  on  each  side  of  point  of  contact  of 
two  adjacent  wires.  For  ;i  =  300  this  means  an  average  value  of  the 
induction  B  equal  to  lti6  H  within  a  wall  from  0-03  to  OO'i  in.  thick. 
At  100  amperes  the  value  of  H  in  the  armour  of  the  type  of  cable 
under  discussion  is  about  10.  It  is  evident  that  the  resulting  losses 
would  not  rise  to  any  great  value.  It  is  also  evident  that  the 
assumption  that  the  armour  wires  are  all  in  contact  throughout 
their  length  will  not  be  true  of  the  manufactured  product.  Since 
the  induction  in  the  armour  will  be  greatly  decrca.setl  for  an>'  appre- 
ciable ail-gap  between  the  individual  wires,  the  rcaclanee  and  losses 
should  fall  briciw  the  approximate  values  as  calculated.  This  con 
elusion  was  borne  out  by  the  following  measurements;  — 

Single-conductor  Iron-armoured  Cahh. — The  description  of  this 
cable  has  been  already  given.  The  measurements  were  made  on 
two  lengths  each  5]  ft.  long,  at  diftVrent  distances  apart,  with  fre- 
quencies of  25  and  (it)  cycles  and  various  values  of  current.  The 
quantities  measured  were  current,  impedance,  resistance  and  power. 

The  increase  in  the  iiu)u-danee  with  curivnt  and  with  distance 
between  cables  is  evident  but  not  great.  -Vt  60  cycles  it  varies  from 
2-2  times  the  dead  resistance,  at  67  amperes,  with  the  cables  close 
together,  to  2-8  times  the  resistance  at  90  amiK-res  with  12  in. 
between  cables.  The  decrease  in  eflfeetivo  n\sistnnce  and  the 
increase  in  effective  reactance  with  increasing  separation  is  notice- 
able at  60  cycles,  but  nut  important  at  25  cycles. 
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The  reat-tance  \>er  niili-  of  two  cables  12  in.  apart,  as  moasurcd  at 
60  cycles  and  90  amijcrcs.  is  213  ohms ;  the  value  calculated  as 
previously  explained  is  2U4  ;  at  25  cycles  the  values  are  1-80  and 
1-23  respectivelv.  The  figures  Tor  other  distances  of  .senaration 
show  similar  differences,  and  indicate  the  measured  values  to  he 
about  7(^  |)er  cent,  of  those  calculated  for  the  ideal  case.  Asalready 
stated,  this  is  accounted  for  by  the  fact  that  the  armour  wires  are 
Dot  in  contact  at  all  point.". 

Tlic  effective  resistance  increases  with  the  current  density  but 
varies  very  little  with  the  distance  of  separation.  The  value  in  tin 
cable  here  investigated  incrciised  at  CO  cycles  and  a  current  density 
of  1  ampere  per  1.000  circular  mils,  to  about  twice  the  dead  resis- 
tance. 

The  effect  of  connecting  the  lead  sheathing  at  both  ends  and  also 
connecting  the  iron  armour  at  both  ends,  with  12  in.  separation,  is 
to  reduce  the  imix^ance  by  each  of  these  secondary  circuits.  The 
increase  in  im|)edance  with  increasing  current  is  less  marked,  how- 
ever, indicating  the  low  value  of  reactance  resulting  from  the  pre- 
sence of  the  closed  secondary  circuits.  A  small  value  of  reactance 
is  indicated  at  60  cycles,  about  one-fifth  the  value  of  the  dead  resis- 
tance, assuming  the  effective  resistance  to  be  no  greater  than  the  dead 
resistance.  At  25  cycles  the  difference  between  impedance  and  dead 
resistance  is  so  small  as  to  approach  the  limits  of  accuracy  to  which 
the  instruments  could  be  read. 

Single-rnntUictvr  Copixr-tirmoured  Cable.. — A  series  of  measure- 
ments were  made  on  two  48  ft.  lengths  of  cable  similar  in  all  respects 
to  that  with  steel  ai-mour,  except  that  the  armour  consisted  of  24 
No.  8  B.  &  S.  hard  -  drawn  copper  wires.  The  impedance  was 
mea.suredat  different  current  densities  and  with  different  separations 
of  the  cables,  with  the  copper  armour  connected  and  disconnected  at 
the  ends.  The  im|)edaiu>e  was  also  measured  for  a  return  circuit 
through  the  armour  wire. 

At  CO  cycles  and  12  in.  separation  the  reactance  per  mile  of  double 
conductor,  as  calculated  from  the  measured  values  of  impedance 
and  resistance  at  82  amperes  is  1-19  ohms.  As  calculated  from  the 
value  of  L  given  by  the  formula  previously  stated,  the  value  is  1-19C. 
This  indicates  a  negligible  eddj'-current  loss  in  the  copper  armour. 
The  readings  with  the  armours  of  the  two  cables  connected  at  both 
ends  indicate  a  smallincrease  in  the  effective  resistance. 

Tests  were  also  made  on  a  double-conductor  steel-armoured 
cable.  The  conductors  were  similar  to  those  in  the  single-conductor 
cables  and  spaced  at  0-873  in.  between  centres.  The  diameter  over 
the  lead  sheath  was  2-025  in.  and  the  armour  consisted  of  38  No.  18 
B.W.G.  steel  wires.  At  91  amiieres  and  GO  cycles  the  impedance 
per  mile,  as  measured,  was  1-144  ohms.  The  value  as  calculated  by 
means  of  the  formula  for  L  and  tJUe.measured  value  of  the  dead 
resistance  was  1-071  ohms.  The  close  agreement  of  measured  and 
calculated  values  of  reactance,  in  the  case  of  tlie  cables  with  cojipcr 
armour  indicate  that  th<^  increase  in  im|)edanei-  of  the  double-con- 
ductor cable  i.s  due  to  increase  in  the  effietive  resistance.  This 
increa.se  is  probably  due  to  eddy  currents  in  the  lea<l  slicatli  ratlu-i 
than  to  any  effect  of  the  steel  armour. 


LONDON  ELECTRIC  SUPPLY  CORPN.  (LTD.) 

rKi:SK.\T.\TI()N  TO  .MR.   R.   STKWART  RAIN  AND 
MR.  G.  W.  RARTKIDGi:. 

An  interesting  )ires<'ntation  took  place  in  llic  board  mom  of  tin- 
London  Electric  Supply  Corpn..  in  Coekspur-stn-ct,  London,  on 
Thur.sday.  last  week,  when  the  Earl  of  Crawford  presented  a  ])iece 
of  plate  (in  the  form  of  a  cup)  to  Mr.  R.  Stewart  Rain,  the 
managing  director,  and  another  cup  to  Mr.  G.  W.  Partridge,  cliiet 
engineer,  in  commemoration  of  the  completion  of  their  21  years' 
service  with  the  Corporation. 

The  Earl  of  CRAWFonn,  in  making  the  presentation,  said  he  thought 
the  occasion  (the  coming  of  age  <>i  the  two  chief  officers  in  the  service  uf 
the  company)  was  an  uni(|uc  one  in  the  history  of  the  electrical  industry. 
He  refi-rreil  to  the  continuous  attention,  zeal,  energy  and  devotion  of 
Mr.  Bain  sini-e  he  joined  the  company  in  18SS,  and  gave  a  rijsumc  of  his 
career;  how  he  had  taken  command  in  1894,  when  the  position  of  tlu- 
company  was  jjrecarioiis.  and  had  successfully  steered  it  through  all  it 
troubles,  iintil  it  occupied  its  present  satisfactory  jKjsition. 

His  lordship  then  referred  to  Mr.  Partrirlc'c  joining  the  company  as  a 
young  man  from  the  old  Hammond  College;  howhc  ha<!  worked  his  way 
up  from  the  bottom  to  the  top  of  the  engineering  staff,  and  to  the  skill  and 
ability  he  had  shoH-n  since  he  was  a]>pointcd  chief  engineer.  He  hoped 
both  these  gentlemen  would  be  spared  to  complete  another  21  years  in 
the  service  of  the  company,  and  asked  them  t<i  accept  the  handsome  cups 
(which  are  shown  in  mir  illustrations)  as  a  token  of  the  board's  apprecia- 
tion of  what  they  had  iliine  for  the  company. 

Mr.  Bain,  in  acknowledgment,  said  it  was  very  gratifying  to  receive 
the  handsome  piece  of  plate  on  the  comjiletion  »i  his  21  years'  service 


as  a  token  of  the  hoard's  ajija-eciation  of  his  work  iliniui;  tliat  time.  Ho 
should  greatly  pri-/,c  the  nip,  as  woidd  tliosc  of  his  fMiiiily  wlio  might 
come  after  him.      He  thanked  Lord  Ciawfonl  for  the  kind  cxpicssions 


CiT  Presented  to  Mr.  R.  Stkwart  Rain,  Masauinu  Dikkctoe  of 
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he  had  used  in  presenting  it.  No  one  knew  better  than  Lord  Crawford 
how  eventful  the  past  21  years  had  been  and  the  difficulties  there  had 
been  tu  ovL-ri.onic.     He  had  never  souL'ht  to  evade  the  diflieultics  of  the 


Ci'F  Pkesentei)  to  Mr.  (Gerald  W.  PAHTHinot,  Chief  Engiseer  ro 
THE  London  Ei.kctric  Si'pply  Cobp.n. 

position,  and  perhaps  it  was  owing  to  that,  as  well  as  to  the  generosity 
and  lar;.'cheartcdness  and  the  acute  discernment  of  T,ord  Wantage,  whose 
memory  he  lioped  would  iievci-  he  foigotlcn  while  the  company  existed. 
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that  the  Cmporatiiiii  nccuiiirtl  Ukj  position  it  did  to-day.  He  wished  to 
add  that  sinrc  Mf.  I'^Tttidf,'"'  had  hecomc  chief  enginei^r  he  liad  been  of 
great  assistanec  to  him  in  tlic  management. 

Mr.  PARrKii)t:K.  in  returning  thanks,  said  he  was  grateful  to  Lord 
Crawford  for  the  kind  manner  in  which  he  had  spoken  of  him.  He  re- 
ferred to  the  consideration  he  had  always  received  from  the  l)oard,  and 
especially  to  the  kindness  and  assistance  whicli  h(^  had  invariably  received 
from  Mr.  Bain  as  managing  director.  It  had  Ixcn  a  great  pleasure  to  him 
to  serve  the  Corporation,  and  he  hoped  lie  would  be  spared  to  serve  them 
for  many  years  to  come. 

It  will  be  seen  from  llic  illustrations  tluit  Mr.  Biiiii's  cup  is  a  (-opy 
of  a  Louis  XVI.  French  cup  very  richly  carved,  and  that  Mr. 
Partridge's  cup  is  a  copy  of  a  Georgian  model  with  a  finely  chased 
border  of  the  ro?e,  shamrock  and  thistle  around  the  body  of  the  cup. 

The  inscriptions  on  the  cups  express  the  directors'  (the  Karl  of 
Crawford,  Mr.  R.  H.  Hensoii.  Mr.  R.  D.  Norton  and  Sir  VV.  H. 
Preece)  personal  esteem  for  their  recipients. 


NEW  SIMPLEX  FOSE  CARRIER 

.'V  hold  wliicli  ii  being  eiicrgetieally  dcvrloprd  and  call  red  for  bj- 
Simple .\  Conduits  (Ltd.),  is  that  of  the  supply  of  distribuU<m  boards, 
fuses  and  fuse  wire.     In  the  latter  direction  special  eil'orts  are  being 


Flu.    1. — Er.lX'TEICALLT-DIUVEN   HVDR.iUt.IC   PaK.SS  FOR  THE 

Manuf.\ccI'rl:  of  Fuse  Wi.ie. 

made  to  moel  the  very  large  demand  which  exists.  Tlic  aceompany- 
ing  illustration  (Fig.  1)  shows  a  iarg"  cxiruding  press,  weighing  con- 
sideralily  over  Id  tons,  which  has  reccnily  l)een  installed  at  this 
firm's  Oarrison-lane  works  for  the  ))nrp(ise  of  the  nianid'aeture  of 


Fio.  2.— Front  \ 

IAIN  InDK'ATINO 

fuse  wire.  The 
press  is  fed  by  a 
square  inch 


3. — Hack  Vikw  of  Fu.^e 
Caurieu. 


worknig  i: 
verlimil  pi 


ressnn 
nip  w, 
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The  press  ha.s  been  specially  designed  with  a  view  to  the  jx.-culiar 
requirements  of  the  case;  the  fitting  of  »|)ccial  safety  valves  and 
facilities  rendered  for  rapid  recharging  with  metal  alloy  from  which 
the  fuse  wire  is  made,  contribute  to  make  it  one  of  the  most  up-to- 
date  extruding  press  yet  designed.  The  molten  metal  is  poured 
into  the  container,  and  maintained  in  that  state  by  means  of  ga.s 
rings.  The  control  is  at  once  simple  and  effeetive  and  the  pump 
actuating  the  press  is  driven  by  an  electric  motor.  Having  adopted 
the  latest  and  most  up-t<j-date  improvements,  the  Simjilex  Co.  are 
enal)led  to  supply  fuse  wire  at  strictly  comitetitive  prices,  and  to 
undertake  large  contracts  for  the  supply  of  this  material. 

A  new  form  of  fuse  carrier,  shown  in  Figs.  2  and  3,  has  just  been 
introduced  and  is  the  only  type  of  indicating  porcelain  fu.se  on  the 
market,  departing  only  slightly  from  the  .standard  design  at  present 
so  popular.  The  fuse  will  tit  any  type  of  board  of  standard  dimen- 
sions, and  permits  fuses  being  renewed  by  unskilled  persons  with 
the  minimum  amount  of  trouble  and  risk.  This  fu.se  carrier  is  of 
very  novel  design.  The  indicator  coloured  red  ia  shown  on  the  front 
at  the  hole  on  the  front  view  when  the  fuse  is  blown.  The  fuse  wire  is 
carried  at  the  back  well  out  of  the  way,  and  the  spring  of  the  indi- 
cator is  attached  to  the  fuse  wire  by  means  of  a  hook  provided. 
Two  butterfly  nuts  bind  down  the  fuse  wire  and  render  re])lacements 
an  easy  matter.  The  price  is  only  a  very  slight  increa.se  on  that  of 
the  standard  form. 


ELECTRICAL  IMPULSE  DIAL  MOVEMENT. 

It  is  just  lOyears  ago  since  Mr.  F.Hopi^-.Iones.  in  his  Paper  on"EleC- 
trie  Time  Service  "  before  the  Institution  of  Electrical  Engineers  {see 
The  Electrician.  Vol.  XLIV.,  p.  306).  described  the  impulse  dial 
movement  of  the  "  Synehronome  "  system.     This  system  was  forth- 


Fi(i.  1. — (Irwinal  "Syschronome"  System.  • 

Hithado|ited  for  u.se  in  electrical  clocks  in  this  country,  and  has  thus, 
it  is  claimed,  placed  British  practice  in  this  respect  ahead  of  other 
countries. 

We  reproduce  in  Fig.  1  the  illustration  from  the  "  Journal  "  of  the 
Institution  of  Electrical  Engineers  of  that  date,  which  will  remind  our 
readers  of  the  step-by-step  method  adopted  in  the  ••  Synehrononio" 
system  for  rotating  the  hands  of  the  clock.  The  wheel  A.  on  whose 
axle  the  minute  hand  is  mounted,  has  12(1  teeth,  the  number  of  half- 
minutes  in  an  hour.  By  means  of  the  magnet  B  and  spring  F  the 
armature  C  and  lever  D  are  rocked  every  30  .seconds.  This  move- 
ment draws  the  pawl  E  over  one  tt)oth  of  the  wheel  A,  which  is  pre- 
vented from  returning  to  the  back-stop  click  G. 

The  success  of  the  type  of  movement  in  a  direction  where  so  many 
others  have  failed  may  be  attributed  to  the  lock  obtained  by  the 
momentum  sto[)  H,  the  shape  of  the  teeth,  which  are  ivetangular, 
and  the  angle  at  which  the  dri\  ing  click  engages  the  wheel.  The 
effects  of  this  arrangement  is.  it  is  claimed,  that  the  click  can  never 
jam.  but  is  always  free  to  slide  along  the  surface  of  a  tooth  under  the 
intluenee  of  the  lightest  electrical  inipidse.  Further,  the  momentum 
of  the  pointer  is  instantly  cheeked,  and  caiutot  carry  the  wheel  further 
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than  one  tooth  distivnoc.  leaving  it  perfectly  loeked  in  its  noiinul 
position  of  rest. 

The  above  is  in  outline  a  descriptiim  of  the  method  used  originally 
inthe-Synchronome"  elix-k.  Hut  there  are  few  things  so  good  that 
they  eannot  be  improved,  and  though  the  above-mentioned  principles 
have  been  found  essential  to  the  success  of  any  "  piek-up-one-tooth- 
at-atimc  ""  movement.  .Mr.  Hoi«--.Iones  ha.s  just  succeeded  in  design- 
in*;  a  still  more  effective  lock. 

A  reference  to  Fig.  2  will  .show  that  the  adjustable  screw  stop  has 
l>een  disi)ensed  witli  as  a  limit  to  the  stroke  of  the  armature  lever. 
Instead,  the  back-stop  lever  is  lengthened  and  carries  on  its  end  a  steel 
stud,  which  engages  in  a  semicircular  notch  at  the  back  of  the  arma- 
ture lever.  This  holds  the  backstop  lever  down  with  it.s  rcctangidar 
click  lightly  engaging  in  the  wheel  when  the  armature  is  drawn  close 
to  the  magnet,  and  the  motion  of  the  steel  stud  and  the  semicircular 
notch  being  at  right  angles  to  each  other.  The  two  clicks  engaging 
the  wheel  arc  never  liberated  sufiiciently  to  allow  more  than  one  tooth 
to  pass,  though  they  do  not  i>revent  the  ])assing  of  the  one  upon  which 
each  ojieration  depends.  Consequently,  the  wheel  is  locked,  not  only 
when  the  apparatus  is  at  rest  and  the  armature  is  away  from  the 
magnet,  but  when  the  armature  is  at  the  other  end  of  its  excursion. 
and  close  to  the  magnet,  and  also  at  every  point  in  the  cycle  ot 
operations. 

It  will  be  noticed  that  the  driving  click  is  curved  on  its  under  side. 
The  object  of  this  is  to  allow  the  clicks  to  be  easily  disengaged  from 
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the  wheel.  This  is  accomplished  by  lifting  the  back-stop  lever  with 
one  finger,  thus  causing  the  back-stop  click  as  it  rises  from  the  wheel 
to  push  out  the  driving  click  owing  to  the  wedge  shape  of  the  former. 
It  is  found  to  be  a  great  convenience  to  free  the  wheel  completely,  so 
that  it  may  be  rotated  in  either  direction,  not  so  much  for  the  purpose 
of  setting  a  dial  to  time  as  that  is  rarely  w'anted.  but  for  the  purpose 
of  adjusting  it  to  zero  by  mechanical  or  electrical  methods,  when 
the.se  steps  are  used  for  other  purposes  than  recording  time,  such  as 
billiard  markers,  time  counters.  &c. 


NEWFOUNDLAND  CABLE  MATTERS. 

In  regard  to  the  dispute  which  Iims  arisen  between  the  Com- 
mercial Cable  Co.  and  the  Newfoundland  Government  in  regard  to 
the  ratification  of  an  agreement  relating  to  the  cable  recently  laid  by 
the  company,  we  have  received  for  publication  the  following  further 
communication  from  the  vice-|)resident  and  general  manager  of  the 
company  (Mr.  Geo.  G.  Ward)  to  the  Secretary  of  State  for  the 
Colonies : — 

I  have  read  in  the  public  Press  of  Aug.  Hi  the  letter  of  the  Anglo. 
American  Telegraph  Cr).  to  you  of  July  8,  over  a  m(jnth  agcj,  relative  In 
the  agreement  between  the  Newfoundland  Government  and  the  Com- 
mercial Cable  Co.  I  beg  to  enclo.se  a  copy  of  my  letter  to  the  New- 
foundland Government  on  the  same  subject  dated  .July  31.  I  also 
enclose  for  your  information  a  <fipy  of  the  contract  of  Feb.  18.  I'M'.I, 
between  the  Newfoundland  Government  and  the  Commercial  Cable  Co. 
The  Anglo-American  Telegraph  Co.,  in  its  lettci'  to  you,  says  that  this 
contract  ui  unfair  and  prejudicial  to  them,  and  creates  a  monopoly. 


That  is  :i  remarUablo  statement  indeed.  It  was  for  the  sole  purpo.'^e  of 
breaking  up  the  moni>poly  which  the  .Auglo-.\meriiaii  Telegraph  Co. 
had  of  the  s-ahle  business  to  and  from  Ninvfoiuulland  that  we  were 
in\ited  by  the  Newfoundland  Government  to  ecmneel  with  their  tele- 
graph system.  So  far  from  our  eontrael  being  a  monoi)oly,  it  was  made 
solely  to  break  up  a  monopoly  which  the  .Vnglo-.\merienn  Telegraph  Co. 
had  for  50  years,  to  the  detriment  of  business  interests  and  which  it 
would  i(.nliiine  to  have  were  it  ni>t  for  the  Comnienial  C.ilile  Co.  If 
the  ('(uurncrrial  Cable  Co.  were  to  sever  its  eoiHii'ition  willi  the  New- 
foiMullaud  t;ovcrnment,  the  monopoly  of  the  Aiiglo-.\meriian  Telegiaph 
Co.  would  be  restored,  and  that  seems  to  be  the  policy  of  the  ]irosrnt 
Newfoundland  Cioveniment,  although  the  Anglo-.\merioan  'I'elegraph 
Co.,  by  keeping  other  eom])anies  out  of  Newfoundland  for  !iO  years, 
dejirived  that  country  of  a  largo  revenue  from  those  com|)anies. 

.\s  to  the  2ri.year  agreement  of  the  Newfoundland  (Jovernmiut  to 
exc  hange  business  with  us,  luider  which  we  receive  a  reduced  toll,  with 
whom  would  the  Government  exchange  this  i  .i  Mr  Imsinisv  if  not  with  us  '; 
It  certainly  could  not  consistently  exoh.Mijr  liiMn.  -  with  flic  .-Xuglo- 
Anu'riean  Telegraph  C'o.,  because  the  AnLjl"-.\nH  ri,  an  Telcgraiih  Co. 
(■oni|ietes  with  the  Newfoundland  Govenimeut,  ami  hence  would  decline 
to  forego  any  such  portion  of  its  tolls  as  we  do,  and  for  the  Govemment 
to  transfer  its  messages  to  the  .'\nglo-American  Telegrajih  Co.  would  be 
to  re-establish  the  monopoly  that  existed  before  the  Commercial  Cable 
Co.  connected  with  Newfoundland.  It  is  to  be  borne  in  mind  that  the 
Anglo-American  Telegraph  Co.  competes  with  the  Government  fiu-  local 
as  well  as  foreign  business.  The  Anglo-American  Telegraph  Co.  has 
some  590  miles  of  landlines  iii  Newfoundland  and  siune  50  telegra))li 
offices.  It  has  three  telegraph  and  cable  offices  in  St.  John's  alone.  At 
all  of  these  offices  it  competes  with  the  Newfoundland  Government,  not 
only  for  telegrams,  but  also  for  cablegrams.  The  Commercial  Cable  Co., 
however,  by  its  contracts  with  the  Ncwfoun<lland  Govemment.  is 
excluded  from  doing  any  telegraph  or  cable  business  in  Newfoundland, 
except  through  the  Government.  It  is  not  sinprisina  that  the  .\nglo- 
Ameriean  Telegraph  Co.  should  want  to  prolong  its  monopoly  by  joining 
in  the  attempted  repudiation  of  our  agreement.  That  company's 
argument  seems  to  be  that  repudiation  is  justified  if  a  British  com))any's 
interests  are  advanced  thereby,  and  this  seems  sufficient.  How  would 
Newfoundland  get  any  benclit  fi'om  transferring  these  cablegrams  over 
to  the  AngLi-Ainericai'i  Telegraph  Co.,  with  no  part  of  the  tolls  to  go  to 
the  Xeufonndland  Govcrnineul.  and  what  would  Newfoundland  do  with 
its  )>rosenl  lalile  facilities  V  Again,  suppose  both  contracts,  the  one  of 
I'.ld.")  and  the  one  of  I'.ltlil.  were  abrogated  now  by  mutual  consent,  or  our 
1II0.J  rontrait  was  not  renewed  when  it  expires  in  11U.5.  and  the  Com- 
mercial Cable  C'o.  commenced  doing  Imsimss  on  its  own  account  in  St. 
John's,  where  nearly  all  the  NewfouiMllnnl  .  jlilegrams  originate  or  are 
delivered,  then  there  would  be  thin  ■  iini|"  litors  for  that  business — 
namely,  the  Anglo-American  Telcgraj)h  Co.,  the  Commercial  Cable  Co. 
and  the  Government.  The  Government  would  get  very  little  business 
under  those  circumstances.  It  would  be  no  answer  to  say  that  the 
Commercial  Cable  Co.  would  not  be  allowed  to  do  business  in  Newfound- 
land. President  Grant  in  1870  refused  to  allow  a  French  cable  to  land 
and  operate  in  the  United  States  unless  the  French  Govemment  allowed 
American  cables  to  be  landed  and  operated  m  France,  and  in  December. 
1875,  in  a  special  message  to  Ccmgress,  he  declared  that  this  was  the 
legal  right  and  settled  policy  of  the  United  States.  The  Commercial 
Cable  Co.  might  have  appealed  to  that  principle  in  regard  to  doing  busi- 
ness in  N'cwfoiiiullaud.  Instead  of  doing  so,  however,  it  submitted  to 
the  condition  ini|ioscd  upon  it  by  the  Newfoundland  (Jovernment, 
namely,  that  it  should  not  compete  with  the  Government  telegraph  lines 
either  for  landline  or  cable  business. 

We  have  no  doubt  that  the  Anglo- American  Telegrajih  Co.  considers 
our  contract  prejudicial  to  their  interests,  inasnuuh  as  it  disturbs  their 
monopoly  of  the  Newfoundland  business,  Imt  public  interests  should  be 
studied,  and  the  introduction  of  our  ciin\|ictition  is  decidedly  in  the 
interests  of  Newfoundland  and  its  people.  Without  that  contract  the 
Newfoiuidland  Government  would  get  no  part  of  the  cable  tolls.  The 
Commercial  Cable  Co.  has  not  obtained  a  mono|ioly  in  Newfoundland, 
it  has  broken  up  a  monopoly,  and  is  In  day  'jiviri'i  a  c(unpetitive  service 
to  Newfoundland.  The  Anglo-Anui  i.  .m  K  l.^iaph  Co..  in  its  !ctt;r  to 
you,  also  states  that  we  are  practi(;ill\  .xciniii  from  taxation  in  New- 
foundland by  our  contract  They  could  not  have  read  the  contr.act 
carefully.  The  contract  obligates  us  to  ])ay  .§4,000  per  year  for  every 
cable  which  we  run  through  Newfoundland,  and  if  we  should  have  five 
I  .d)lcs  iiuuiing  through  Newfoundland  we  would  have  to  pay  S20.(X)0  a 
year  to  the  Govemment,  the  same  as  the  Anglo-American  Telegrajih  (!'o. 
is  now  ]i, lying.  It  is  true  that  by  the  contract  we  are  to  receive  S-1,000  a 
year  to  reindiurse  us  for  the  expense  of  establishing  and  maintaining  an 
ottice  in  St.  John's  for  the  accommod.it ion  of  the  ( iovcrinncnt  and  giving 
them  an  alternative  route  free  of  charge  dining  intcri'iijilions  of  their 
Port  aux  Basques  cable  or  landlines.  but  that  has  nothing  to  do  with  the 
820.000  per  annum  mentioned  above. 

1  take  this  ojiportuiuty  of  calling  attention  to  a  statement  made  by 
I'rcnuer  Morris,  which  appealed  in  the  Press  a  few  days  ago,  in  which  he 
■  illc^'is  that  the  first  intimation  he  had  of  my  letter  was  when  it  was 
pulilished  in  the  New  ^'ork  Press.  That  certainly  is  a  mistake,  because 
I  informed  him  at  our  last  interview  on  Aug.  4  that  my  comjiany  intended 
to  answer  his  Government's  communication  and  oltercd  him  a  copy  of 
our  proposed  reply  to  read,  which  he  declined  to  do — in  fact,  I  had  two 
interviews  with  him,  the  first  on  .luly  24.  My  letter  was  not  published 
in  the  New  York  Press  or  anywhere  else  until  -Aug.  11.  In  Sir  Edward 
.Moiris's  published  statement  he  declares  that  he  considers  it  unfair  that 
1  should  publish  an  ex  parte  statement  of  the  case  withoid  publishing 
the  reasons  why  the  Newfoundland  Govemment  refused  to  carry  out 
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the  contract.  The  only  reasr>ii  I  have  heard  is  that  .s\ich  contract 
required  the  action  of  the  legislature  of  Newfoundland,  and  that  reason 
is  clearly  iind  fully  stated  in  my  letter,  and  hence  I  think  that  this,  too, 
is  a  mistake  in  the  rejiort  of  8ir  Kdward  Morris's  statement.  My  com- 
iianys  |)(>sition  is,  that  it  has  made  a  reasonable  contract  with  a  rcspon- 
silile  British  Government,  has  invested  over  a  million  dollars  on  the  faith 
of  that  contract,  and  has  coniplied  with  the  contract,  .iiid  it  cxjiects  that 
the  Newfoundland  Government  will  do  the  same. 


PARLIAMENTARY  INTELLIGENCE. 


ELECTRIC  LIGHTING  ACTS  (AMENDMENT)  BILL. 

In  the  H'lii^c  III'  ( 'iiiiiiiions  on  Friday  the  adjourned  debate  on  this  Hill 
as  amcndcil  in  Siiinliiiii  Committee  was  resumed. 

Mr.  Si'iiii  1)1'  k-.iiN  moved  to  insert  at  the  end  of  clause  6: — "  (4) 
Nothing  in  this  sec  tion  shall  enable  the  Board  of  Trade,  without  the 
consent  of  the  undertakers  within  whose  area  of  supply  the  premises  are 
situate,  to  give  such  permission  as  aforesaid  to  any  tmdertakcrs  where 
the  last-mentioned  undertakers  are  by  any  Act  of  Parliament  specifically 
])rohiliitcd  f)i>m  supplying  electricity  within  the  area  of  the  first-men- 
tioned undertakers." — Agreed  to. 

Sir  F.  Banbuuv  moved  the  omis.sion  of  clause  16  (the  wiring  and 
fitting  clause), — Agreed  to. 

On  the  motion  of  Mr.  Tenn.vnt,  clause  24  (for  the  protection  of  county 
councils)  was  struck  out. 

Sir  F.  B.^NBURV  also  moved  as  an  amendment  to  clause  25,  to  add  tne 
words  "  or  water  "  after  the  word  "  gas  "  in  the  fourth  line. — -Agreed  to. 

Mr.  DliNDAs  White  moved  an  amendment  in  clause  20  (Definitions) 
stating  that  the  e.xpression  "  undertakers  "  meant  any  local  authority, 
company,  or  per.son  authorised  to  supply  electricity  "  to  whom  the 
Electric  Lighting  Acts  apply." — Agreed  to.  The  Bill  was  read  a  third 
time. 

London  Electric  Supply  Bill- — This  bill,  which  was  promoted  by 
the  Board  of  Trade  to  constitute  the  L.C.C.  the  purchasing  authority 
in  re.spect  of  the  undertaking.s  of  the  companies  who  promoted  the 
London  (Westminster  .and  Kensington)  Electric  Supply  Companies' 
Act  (1908),  has  been  withdrawn. 

WireleiS  Telegraphy  and  Shipping. — In  the  House  of  Commons  on 
Monday  Mr.  Tennant  stated,  in  ic|ily  to  a  c.|uestinn  liy  Jfr.  Crooks,  that 
the  Board  of  Trade  had  no  records  which  would  lie  ..f  vahie  in  estimating 
the  number  of  cases  in  which  win-less  lclcgra|ihy  hail  prevented  strand- 
ings,  collisions  and  delays  to  shipping  during  fogs,  as  in  the  ordinary 
course  such  cases  would  not  be  reported  to  the  Department. 


LEGAL  INTELLIGENCE. 

Patent  Revocation  Application. 

The  Conijitroller-Geueral  of  Patents  has  given  his  decision  in  the 
application  of  Messrs.  Thomas  C.  Fawcett  (Ltd.),  Leeds,  for  the  revoca- 
tion of  patent  No.  3,077  of  1898,  granted  to  one  Kent,  of  New  York, 
and  owned  by  one  Fraser,  carrying  on  business  in  the  name  of  the  Kent 
Mill  Co.  in  New  York,  on  the  ground  of  lack  of  adequate  manufacture  in 
this  coimtry.  The  patent  related  to  mills  for  cru.shing  or  pulverising 
rock  quartz  and  other  materials  of  the  type  in  which  the  material  is 
crushed  between  a  revolving  ring  and  rolls  moimted  within  the  ring.  In 
consequence  of  the  passing  of  the  Patents  and  Designs  Act,  1907,  the 
proprietor  of  the  ]iatent  (in  February,  1908)  appointed  a  sole  agent  in 
this  coinitry  for  selling  the  machines  and  starting  manufacture,  and  as  a 
result  of  offers  inserted  by  the  agent  in  various  paper.s  in  March  and 
April,  1908,  a  London  firm  was  selected  for  starting  manufacture,  and 
was  supplied  with  a  model  mill.  The  manufacture  of  a  machine  was 
started  in  May,  and  finished  in  November,  1908,  but  it  was  admitted 
that  many  of  the  parts  of  that  machine  were  imported  from  the  United 
States.  A  second  machine  was  begun  in  November,  1908,  but  was  not 
finished  until  July,  1900,  although  the  application  for  the  revocation  of 
the  patent  was  lodged  on  March  fi,  1909.  the  explanation  of  the  delay 
being  that  the  manufacturers  were  waiting  for  improved  portions  of  the 
machine  made  under  a  later  patent,  which  were  to  come  from  .\ineriea 
in  the  fir.st  instance,  and  that  there  was  no  immediate  demand  for  the 
machine.  Seven-eights  of  the  second  machine  were  made  entirely  in 
this  eoimtry,  the  exception  being  the  rolls  and  the  ring,  as  to  wliich  ctfurts 
were  being  made  to  obtain  here  the  proper  steel  f<ir  their  niaunfarture. 
These  two  machines  were  sold  in  the  United  Kingdom  to  British  firms. 
A  third  machine  had,  according  to  the  Comptroller's  decision,  been  taken 
in  hand,  and  it  was  stated  that  it  woidd  be  almost  wholly  made  from 
British  materials,  and  might  be  completed  if  necessary  within  a  fiut- 
night.  A  representative  of  the  firtn  entrusted  with  the  manufacture  in 
this  country  said  that  they  were  prepared  to  make  10  or  12  machines  a 
year,  and  to  deliver  the  machines  at  any  time  if  a  fortnight's  notice  were 
given.  With  the  exception  of  the  United  States,  the  patentee's  home 
country,  whore  apparently  the  manufacture  was  considerable,  the  only 
manufactmc  abroad  was  in  Germany,  where  the  rate  of  sale  was  two 
machines  per  year,  which  was  about  ecpial  to  the  demand  in  this  coinitry. 

The  Comptroller  came  to  the  conclusion  that,  although  there  was 
clearly  no  adequate  manufacture  in  August,  190S,  when  the  year  of  grace 


Iciniinated.  |iossil.ly  nnm-  when  the  .ippli<  .ition  lor  rcvoi  atioii  »a- 
lodged  (March  il.  I!H)!)).  there  was  at  the  date  of  the  decision  a  manufac- 
ture in  this  country  sufficient  to  meet  the  present  demand  for  the  machines 
here,  and  that  suttiiient  reason  had  been  given  for  the  absence  of  a  more 
extensive  manufacture  at  present.  Since  the  price  at  which  the  ma- 
chines were  sold  here  was  tlic  same  as  in  all  foicign  countries,  including 
America,  the  ConiptroUer  could  not  say  that  the  patentee  was  using  his 
rights  to  the  prejudice  of  this  country,  and  was  of  opinion  that  he  ought 
prima  facie  to  accept  this  as  a  reasonable  price,  and  ought  not  to  enter 
into  the  question  whether  the  machine  could  be  sold  at  a  less  price  in  this 
country  and  a  larger  demand  so  created.  .\s  the  declarations  filed  by 
the  applicants  for  revocation  showed  that  they  had  not  taken  steps 
when  the  application  was  filed  to  ascertain  the  facts  in  regard  tojthc 
])atentee's  manufacture  in  this  country,  the  Comptroller  decided  to 
award  the  patentee  £30.  10s.  Od.  as  costs. 


Phosphor  Bronze  Co- (Ltd.) — Mi'-  Justice  Hamilton,  on  Wednesday, 

granted  a  niotinn  fur  the  appointment  of  a  receiver  and  manager  of  this 
t(nii[)auy.  The  i-ompaiiy  asked  that  the  usual  order  should  be  made 
for  accounts  and  inquiries,  and  that  the  gentleman  appointed  as  receiver 
and  manager  should  have  liberty  to  act  at  once  and  to  appoint  a  sub- 
manager.     The  order  was  made  as  asked. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 


APPOINTMENTS  VACANT  AND  FILLED. 

The  Governing  Body  of  Ncirtluiini)tion  I'olyteehnio  Institut*, 
London,  invite  a|iplications  for  the  appointment  of  practical  in.struc- 
tor  in  electric  light  wiring  and  cable  jointing.  Two  evenings  |icr 
week.  Particulars  and  forms  of  application  (to  be  returned  by 
Sept.  I)  from  the  Principal,  Dr.  R.  Miillineux  Walmsley.  See  an 
advertisement. 

A  pupil  is  wanted  for  a  l.-t.  three-wire  station  in  South  London 
area.     See  an  advertisement. 

A  leading  draught-sman  is  required,  with  a  thorough  knowledge  of 
volume  and  pressure  fans,  capable  of  preparing  schemes  for  tlic 
various  uses  to  which  fans  can  be  applied,  &c.     See  advertisement. 

Applications  arc  invited  for  the  chair  of  engineering  at  the  Uni- 
versity of  Melbourne  (.-\ustralia)  Particulars  from  the  -Agent - 
General  for  Victoria.  Melbourne-place.  Strand.  London.  W.C.  to 
whom  applications  by  Oct.  15. 

A  foreman  of  electric  light  service  is  required  for  Dominica,  West 
Indies.  Engagement  for  tlii'ec  years,  with  possible  extension. 
salary  £150  per  annum,  with  free  second-class  passage  to  Colony  and 
home  again.  Applications  to  the  Crown  Agents  for  the  Colonies, 
White  Hall-gardens,  London,  S.W.,  up  to  Aug.  31. 

Llandilo  Council  require  an  engineer  to  take  charge  of  electrical 
installation.     Applications  to  the  Clerk  by  Aug.  31. 

The  lectureship  in  electrical  engineering  at  University  College, 
Oalway,  is  vacant.  Salary  £120.  Applications  to  the  Secretary. 
Mr.  Robt.  Donovan,  Royal  University-buildings,  Dublin,  by  .-Vug.  31. 

Applications  are  invited  for  the  position  of  chief  Ici  turer  in 
chemistry  in  the  Manchester  Municipal  School  of  Technology.  Salary 
£350  per  annum.  Applications  to  the  Dean  of  the  Faculty  of 
Technology,  Mr.  J.  H.  Reynolds,  by  Sept.  11. 

The  Council  of  the  University  College  of  Wales,  Aberystwyth. 
require  a  demonstrator  or  assistant  lecturer  in  the  department  of 
physics.  Salary  £150  per  annum.  Applications  to  the  Registrar  bj* 
Sept.  16. 


Dr.  R.  K.  McChing  has  been  appointed  lecturer  in  physics  at  the 
University  of  Manitoba. 


EDUCATIONAL  NOTICES. 

University  of  Birmingham. — The  full  course  in  engineering  ex- 
lends  over  fovu-  years  and  students  who  enter  after  matriculation, 
anil  who  pass  the  examinations  at  the  end  of  each  year,  will  bo 
entitled  to  the  degree  of  B.Sc.  in  the  branch  of  engineering  to  which 
they  devote  themselves.  Some  particulars  of  the  instruction  given 
in  the  technical  engineering  classes,  engineering  laboratory.  &e.. 
are  given  in  an  advertisement.  The  session.  1909-1910.  commences 
on  Oct.  4,  and  detailed  .syllabus  with  full  particulars  of  University 
Regulations,  lecture  and  laboratory  courses,  fees,  &e..  may  be 
obtained  from  the  Secretary. 

University  of  Bristol. — The  session  1909-1910  commences  on  t)ct.  1. 
'IMiere  are  full  com-.scs  of  instruction  in  the  faculties  of  arts,  science 
and  engineering,  and  facilities  are  afforded  for  research  and  piwt- 
graduate  work  in  all  important  branches  of  science  and  engineering. 
Prosiiectuses,  &c.,  from  the  Registrar. 


806 


THE  ELECTRICIAN.  AUGUST  27,  1909. 


Armstrong  College.  Newcastle-on-Tyne. — The  session  1900-1910 
will  commiMioc  mi  Sept.  27.  Full  eourse.<  of  instruetion  are  given  in 
the  department  of  meehanical,  marine,  eivil  and  elcctrioal  enginepr- 
ing,  naval  architeeture,  mining,  metallurgy,  agriculture,  jiure  science 
and  letters.  Particulars  may  be  obtained  from  the  secretary  (Mr. 
F.  H.  Prueu.  M.A.).  Armstrong  College.  Xewcastle-on-Tyne. 

Glasgow  and  West  of  Scotland  Technical  College.— The  .session 

190'J-lO  eoiumenees  on  Sept.  23  for  the  evening  clas.ses  and  Sept.  28 
for  the  day  cla.«.scs.  The  diph>ma  of  the  college  is  gnwiled  in  eivil. 
mechanical  and  electrical  engineering,  mining,  naval  architecture, 
chemistry,  metallurgy,  mathematics  and  ])hysics.  and  the  courses 
of  study  for  the  diploma  usually  extt-nd  over  three  sessions.  Holders 
of  the  diploma  are  eligible  for  the  degree  of  H.Sc.  in  engineering  of 
the  University  of  Glasgow  after  attendance  for  at  least  one  .session 
upon  prescrilK'd  University  classes.  There  are  new  and  well  etjuipped 
laboratories  in  the  departments  of  i)hysies,  chemistry,  electrical 
engineering,  mechanics,  metallurgy.  &c.,  and  facilities  for  research 
are  afforded.  Calendar  (price  Is.  4d.)  and  prospectus  (free)  can  be 
obtained  on  application  to  the  Secretary. 
Northampton  Polytechnic  Institute.  London. — Full  day  cour.ses  in 

the  theory  ami  practice  of  ineclianieal  and  electrical  engineering  and 
electro-chemistry  will  commence  on  Oct.  4.  Entrance  examination 
Sept.  29  and  30.  These  courses,  which  include  periods  spent  in 
commercial  worksho])s  and  extend  over  four  years,  also  prepare  for 
the  degree  of  B.Sc.  in  engineering  at  the  University  of  London.  Fees 
£15  or  £11  per  annum.  Three  entrance  scholarships  each  of  £.52  will 
be  offered  for  competition  at  the  entrance  examination  in  September. 

Full  and  part  time  day  courses  in  all  branches  of  technical  optics 
are  given  in  specially  equipped  laboratories  and  lecture  rooms. 
Particulars  at  the  Institute.  Clerkenwell,  London,  E.G.,  or  of  the 
Principal.  Dr.  R.  MuUineux  Walrasley. 

Hackney  Technical  Institute.  London. — The  next  session  commence 
on  Sept.  20.  There  are  evening  lecture  and  laboratory  courses  in 
electrical  engineering,  including  electrical  measurements,  dynamos 
and  motors,  alternating  currents,  electrical  design.  &c.  Prospectuses 
may  be  obtained  from  the  Principal  of  the  Institute,  Dalston-lane. 
London,  X.E. 

South  Western  Polytechnic  Institute,  London.— .\  com])lete  three 
j'cars'  Course  in  electrical  engineering  is  given  at  this  Institute  during 
the  day  and  a  four  years'  course  in  the  evening.  There  arc  also 
courses  of  lectures  and  practical  work  in  various  electrical  engineering 
subjects,  including  electrical  design,  alternating  and  polyphase  cur- 
rents, instruments  and  lainjis.  wiring  and  fitting,  &c. 

Battersea  Polytechnic  (London). — In  the  engineering  departments 
of  this  poh'technic  there  are  day  courses  which  jirepare  for  the 
engineering  degree.  B.Sc.  Loudon,  polytechnic  diploma  in  mechanical, 
electrical  and  civil  engineering.  The  entrance  examination  com- 
mences on  Sept.  21.  There  are  also  evening  classes  which  prepare 
for  the  H.Sc.  in  engineering,  the  associateship  examination  of  the 
In-stitution  of  Civil  Engineering  all  meehanical  engineering  subjects. 
electrical,  structional  and  automobile  engineering,  telegraiihy  .and 
tele)>h<)ny.  architt'cture  and  building.  &c.  Prospectuses  from  the 
Secretary.  Hattcrsoa  Park-road,  S.W. 


Acton. — £4;'50  is  to  be  sjient  in  the  electric  lighting  of  the  new  public 
offices,  and  £ItX)  for  inter-communication  telephimes. 

Australia. — The  City  Council  of  H.\wthorn  (Victoria)  is  consider- 
ing the  question  of  erecting  electricity  works.  An  attempt  will  be 
made  to  induce  the  neighbouring  Councils  of  Kew  and  Camberwell 
to  c<)-o|>crate  in  a  sclicme  for  the  three  townships. 

The  Postal  Telegrai>h  De|)artment.  Melbourne,  is  calling  for 
tenders  for  supply  of  .'S.fKXJ  telephones  of  .-Vustralian  manufacture. 

One  of  the  conditions  is  that  any  design  or  pattern  submitted  will  be 
considered  by  the  IJepartment,  but  preference  will  be  given  to  instru- 
ments conforming  to  the  .sealed  pattern.  The  latter  is  similar  to  tlie 
Ericsson  tyi>e  without  any  distinguishing  name.  On  .July  lij  some  of 
the  leading  manufacturers  waited  on  the  Postmaster-Oeneral  and  ])i)inte(l 
out  that  the  adoption  of  the  Ericsson  tyi)e  as  the  standard  was  not  wise, 
as  a  manufacturer  in  Australia  might  lay  down  a  plant  for  the  manufac 
ture  of  that  class  of  instrument  which  later  improvements  would  rciiiler 
olwolete.  If  tenderers  were  allowed  to  submit  the  most  up-tod.itr 
jiatterns  they  could  manufacture,  the  industry  was  more  likely  tn  lie 
established  on  a  firm  basis  in  the  Commonwealth.  Sir  John  Qiiirl; 
jiromised  to  consult  the  officers. 

Brazil. — A  re|>ort  on  Telephony  in  Brazil  by  the  United  States 
Consul-tieneral  at  Ricj  de  .Janeiro  states  : — 

An  American  company  which  is  constructing  a  tclepli<ine  system  for 
the  State  of  Kio  de  .laneiro  secured  its  concessirm  about  three  Micmths 
.ago,  and  already  has  the  construction  of  the  system  well  niuler  way. 
One  uf  the  chief  objects  of  the  enterprise  is  to  afford  comnuiniciiticin  liy 
tele|ihone  l«tween  the  City  of  Rio  de  .Janeiro  and  the  surroundinf; 
country.  Although  Brazil  has  2(»  States  and  a  territfiry  substioitiallv 
the  same  as  that  of  the  United  States,  it  has  no  inter-Stat*  telephone 


line,  and,  by  reason  of  the  inter-State  restriction,  it  has  few  telephone 
lines  .serving  rural  distriits  within  the  several  States  themselves.  The 
telephone  business  in  Brazil  is  little  developed  in  either  extent  or  service. 
According  to  official  returns,  there  exists  in  Brazil  a  total  of  :)(t  tcleplione 
.systems,  ranging  from  22  to  2,.'>03  subscribers,  of  which,  at  tlie  time  the 
statistics  were  i)repared,  last  year,  15  were  Berliner,  nine  Kellog.  three 
Bell,  four  American,  and  the  others  (ierman,  Swedish,  Norwegian  and 
French.  The  total  nundier  of  subscribers  in  all  the  systems  is  !»,200. 
The  capital  of  the  companies  ranges  from  SltlM)  to  S1,I!M»,(KH).  Of  these 
c(un panics  only  five  have  more  than  'i(M  siibscribcrs — viz.,  Bahia,  Rio  de 
Janeiro,  Pernambuco,  Pelotas  and  San  Paulo.  The  concern  in  Rio  dp 
.Janeiro  (the  largest  in  Brazil)  is  (continues  the  report)  now  owned  by  the 
American  syndicate  which  has  purchased  all  the  public  utilities  of  ijip 
city.  It  is  capitalised  at  SI.l!lil,(K)0.  Since  the  present  owners  took 
charge  it  has  been  re-established  upon  a  modern  liasis  with  .\inericaii 
instruments  and  underground  wires.  The  system  has  2,(i7()  connections 
and  aliMut  21,000  miles  of  wire.  The  system  in  Bahia  als<i  has  recently 
been  purchased  by  a  new  concern,  which  is  introducing  a  modern  Ameri- 
can s\steni.  At  the  time  the  statistics  were  secured  it  had  .')54  instru- 
ments and  ab(nit  1,400  miles  of  wire.  The  Bell  system  is  in  use.  In 
Pernambuco  the  system  is  Norwegian  and  German.  It  has  031  instru- 
ments, abo\it  1,001)  miles  of  wire,  and  about  as  many  subscribers  as  in- 
struments. The  system  at  Pelctos,  in  Rio  Grande  do  Sul,  has  instru- 
nuiits  of  diverse  makes  to  the  number  of  1,479.  It  has  about  2,400 
miles  of  wire  and  a  cajiital  of  .SISO.OOO.  In  San  Paulo  the  system  is  one 
of  the  most  important  in  Brazil.  It  is  equijiped  with  1,997  Kellog  in- 
struments, lias  about  3,3(tO  miles  of  wire,  and  a  capital  of  S4.W,000. 

A  report  from  H.M.  Legation  in  Brazil  states  that  there  arc  25.000  km. 
(about  15,500  miles)  of  telegraph  line  in  Brazil  and  4S,(HII)  km.  (about 
29,700  miles)  of  wire,  as  well  as  about  24,000  km.  (about  14,88(1  miles) 
of  railway  telegraphs. 

Bristol. — Effect  of  Metal  Filament  Lamps  on  Electricity  Sup))ly.— 
The  city  electrical  engineer  (!Mr.  H.  Faraday  Proctor)  has  issued  a 
circular  setting  out  the  effect  of  the  adoption  of  metal  filament  lamps 
on  the  consumption  of  electricity. 

Mr.  Proctor  rightly  thinks  it  will  interest  consumers  to  know  that  in 
actual  practice  those  who  have  adopted  these  lamjis  have,  as  shown  by 
the  following  list  (picked  haphazard  from  the  Bristol  register  of  con- 
sumers), eti'ected  an  average  saving  of  .50  per  cent.  ; 
1908 
Gross  value. 

Private  house    £2     7     li 

Rope  maker  4  15     3 

Hotel  .55   17     0 

Dairyman  4     19 

Private  house    8     t>     2 

College  master  13   12     S 

Tobacconist   2   12  11 

Draper    31    10     5 

Doctor    4  10     (I 

Coal  merchant   3     0     9 

Leather  merchant 42   18     9 

Manufacturers   14   11     5 

^[r.  Pivi.tcu'  is  convinced  that  consumers  who  arc 
ciiiri"niy  tlu-  licrictits  as  regards  health,  convenience  and  ininiunity  from 
(laruai;c  to  ilcrcir.itious  and  stock,  will  undoubtedly  convince  others  that 
clcclncity,  far  from  being  a  luxury  only,  is  an  economical  ni-i-cssity.  and 
tliat  the  electricity  undertaking,  as  well  as  consuuurs.  will  ultiiialilv 
bcnclit. 

Brumby  and  Frodingham. — The  Council  have  ai)|iointc<l  a  com- 
mittee to  consider  a  |iinp(iscd  electricity  siipjily  scheme,  estimated 
t.i  cost  t2..")(l(l.  wliich  includes  the  taking  of  electricity  in  bulk  from 
the  Frodingham  Iron  &  Steel  Co.  at  I^d.  per  unit. 

Burnley. — The  mayor  elect  is  Aid.  Jas.  M.  Grey.  J. P.,  chairman 
of  the  Electricity  committee. 

China. — In  connection  with  a  scheme  for  the  constructitm  of  an 
electric  tramway,  10  miles  in  length,  from  Swatow  to  Cheng  Hai  » 
|irospectus  has  been  issued.  The  capital  is  to  be  300,000  dollars,  but 
it  is  stated  that  the  shares  are  not  being  taken  up  readily. 

The  Eastern  Trading  Co.  are  about  to  erect  electricity  supjily  works 
at  Nanking,  The  plant,  which  will  include  engines  and  boilers  by 
Bclliss  &  Morcom  and  Babcock  &  Wilcox,  will  be  entirely  of  British 
manufacture. 

Colombia  (Central  America). — The  Government  have  issued  a 
decree  that  contracts  concerning  purch.ases,  construoticm,  tran.sport, 
and  every  service  entailing  expenditure  liy  the  Treasury  arc  to  be 
made  by  public  tender. 

Cowdenbeath  (N.B.)--Tlie  ('(.uncil  have  decided  to  apply  for  a 
provisional  electric  liL;liting  order. 

Customs  Duties  and  Internal  Taxes.— L'ndcr  the  la«  of  .Inly  1.5 
last,  which  conies  into  force  on  Oct.  1  next,  the  internal  taxes  on 
certain  electric  lighting  materials  for  use  in  Germany,  whether  of 
German  or  foreign  make  or  origin  (in  the  latter  case  in  addition  to 
import  duty)  will  be  ;  — 

Incandescent  lam]is  (carl^.n  lil.iinent)  up  to  15  watts  5  pf.  each,  25 
watts  10  pf.,  00  watts  2(1  pf.,  1110  watts  ;!0  pi.,  200  watts  .50  pi.,  and  25  pf. 
fr>r  I'ach  100  watts  ui  excess  of  200.  For  metal  filaiiu-ut  lanip.s.  Nernst 
lamp  burners  and  other  incandescent  lamps  the  taxes  are  double  the 


1909 

Dec. 

Gross  value. 

pel  cent. 

.  £1      1     5     . 

.     53-2 

.248. 

.     531 

.  24     1     2     . 

.     50-9 

.      2   10     8     . 

.     38  0 

.     2   13     3     . 

.      07-9 

.070. 

.      53-2 

.10     8. 

.     49-0 

.    14     8     5     . 

.     .54-3 

.202. 

.      .55-4 

.      1     5  11     . 

.     57-4 

.21     4  11     . 

.      50-5 

.     7   13     9     . 

.     47-2 

10  arc  combinii 

i»  with  .such 
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:ili.]vc  rate-;,  with  4(1  pf.  I'..r'  c-.k  li  1(1(1  watts  in  cvn-is  nf  20(1:  aiv  lani|i 
ciii'ljijiis.  puif.  IJO  pf.  ]RT  kiln^',,  i-niiiljinoil  witli  ollu-i-  iimtciials  (and  ail 
other  carhons)  100  pf.  per  kiliiji ;  burners  for  mercury  vapour  and  similar 
!amp.i.  ii]>  to  100  watts  100  i)f.  oach,  and  for  eaeh  100  watts  in  excess 
100  pf. 

Dawson  City  (Klondike). — Tlic  Northern  Light,  Power  and  dial 
Co.,  of  (.'anada,  recently  aciiiiircd  the  existing  power  station  at 
Dawson  City,  together  with  tlic  local  telephone  undertaking,  water- 
works, &c. 

The  com|iany  is  making  cunsiderahle  e.xfcMisious  of  the  generating 
))lant,  tlu^  whole  of  which  has  been  ])\irchasc(l  in  (Ircat  Britain  and  is 
now  in  transit  to  DaAvson  city.  The  new  (ilant  will  have  a  total  capacity 
of  10,000  11. r.  and  will  be  erected  n(»ar  the  company's  coal  mine,  which  is 
about  40  miles  from  Daw.son  City.  The  existing  station  is  supplieil  with 
wood  fuel  owing  to  the  hij;li  i)ricc  of  coal.  The  transmission  line 
from  the  mine  to  Dawson  City  will  be  in  duplicate,  (me  line  being  of 
copper  ami  the  other  of  aluminium.  Among  the  contractors  fcu'  the 
new  plant  are  Messrs.  Babcock  &  Wilcox,  Willans  &  Robinson,  Siemens 
Bros.  Dynamo  Works,  Siemens  Bros.  &  (.'o.,  C.  &  .1.  Weir  and  the  British 
.Aluminium  Co.  Mr.  C.  .J.  Whartcm  is  consulting  engineer  to  the  com- 
pany. 

District  Council's  Finance. — A  Blue  Book  has  been  issued  dealing 
with  tlic  ixccounts  for  1906-7  of  81 1  ITrban  District  Councils  in  England 
and  Wales. 

The  receipts  from  electricity  snpjily,  gas,  water,  tramway  and  light 
railw.ay  undertakings,  &c.,  were  sulticient  to  cover  !)-4'3  per  cent,  of  the 
expenditure  on  the  undertakings,  including  interest  and  repayment  of 
loans.  The  venue  of  the  undertakings  showetl  large  increa.ses  during 
the  last  four  years,  while  the  annual  expenditure  also  increased  con- 
siderably. The  total  capital  expenditure  during  l!IOIi-7  was  £2.830,487. 
or  f2fi0,014  less  than  for  100.5-0.  Large  decreases  ajipearcd  in  the 
expenditure  on  account  of  electric  lighting;,  waterv.'oiks,  &e.  The 
expenditure  on  elementary  edtication  and  on  tramways  and  light  rail- 
ways showed  an  increase.  The  total  debt  of  the  urban  cotmeils  rose  in 
the  four  years  ended  March  ;!1.  I!l02-:i  by  £l),i)0S),i>21,  or  33  per  cent., 
whereas  in  the  four  years  ended  .March  .'iLloO?,  it  rose  only  by  £3,200,498, 
or  9-8  per  cent.  T'he  total  outstanding  loans  at  the  end  of  ISJOS  was 
£3."i,li22.;!t)7.  an  increase  on  the  year  of  £1,1.50,000, 

Dudley. — An  inquiry  was  held  on  Friday  into  llie  application  of  the 
Council  for  sanction  to  borrow  f-lLOOO  for  extensions  of  the  electricity 
undertaking. 

Particulars  of  previous  loans,  &c.,  wore  supi)licd  by  the  deputy  town 
clerk  (Mr.  .1.  S.  Morris)  and. the  electrical  eniiincer  (.Mr.  C.  E.  Savage). 
Outstanding  loans  included  tii'.l.200  for  electric  lighting.  In  April  last 
it  was  decided  to  increase  the  capacity  of  the  ])lant  at  the  power  station 
by  the  provision  of  a  storage  battery,  booster,  motor  generator,  &e., 
together  with  buildmgs  and  erecting,  at  an  estimated  cost  of  £0,000. 
The  actual  tenders,  however,  amounted  to  £5,872,  which  sura  it  was  now 
)iroposed  to  borrow.  £5,030  was  also  required  in  connection  with  the 
undertaking.  In  April,  lOO.s.  it  was  agreed  to  ask  for  sanction  to  a  loan 
of  £4,030  for  laying  cables  within  the  borough  (£4,000  for  extensions,  and 
£030  overspent  on  a  previous  loan)  :  but  it  was  afterwards  considered 
advisable  to  lay  a  further  feeder  at  a  cost  of  £2.400,  and  as  £1,700  had 
then  been  s|)ent  on  acccnint  of  the  loan  of  £4,000,  it  was  decided  th.at  the 
ti>tal  ani(Miut  of  the  cable  loan  be  increased  to  £5.000.  plus  the  amount 
ovcrs|icnt. 

Electricity  in  Mining. — In  rciiorling  uium  tlu  use  (if  safety  lamps  in 
Mines.  Mr.  J.  S.  Martin,  II. M.  Inspector  of  Mines  for  the  South- 
western district,  stales  that  during  IflOS  the  total  number  of  lamps 
in  use  was  3S.!KS7,  coiup.ared  with  3I).317  in  10l»7.  and  -iO.-iSS  in  1904. 
With  the  exeeiilion  of  an  explosion  in  1902.  all  the  explosions  re- 
corded since  1 887  have  occurred  in  mines  wlicr(>  naked  lights  were 
used.  Ra])id  strides  are  being  made  in  the  a'.loption  of  electricity  in 
the  mines  in  Cornwall.  Gloucestershire  (Bri.stol  and  the  Forest  of 
Dean).  Kent.  Monmouthshire  and  Somersetshire.  It  is  employed  for 
pum|)ing.  underground  haulage  and  the  working  of  a  few  coal  cutters. 
The  inspector  hopes,  however,  that  no  attemjit  will  be  made  to  work 
electrically-driven  coal  cutters  at  the  face  of  any  of  Ihe  more  liery 
mines  of  .Monminithshirc.  tor  the  working  of  which  his  advice  would  be 
to  erect  air  compressors  underground  as  far  in-bye  in  the  intake 
airway  as  it  may  be  safe  to  work  eleelrieally.  and  sup|)ly  com- 
pressed air  to  the  cofil  cutters  at  the  face.  IClectrieity  has  been  a 
disappointment  to  some,  especially  in  Cornwall,  but  in  Mr.  Marlins 
opinion  the  explanation  is  that  the  parties  obtained  their  generating 
plant  from  the  makers  without  having  had  the  scheme  gone  into  by 
an  efficient  and  exiierienced  electrical  engineer  on  their  own  behalf 
in  order  to  sec  whether  it  was  suitable  for  the  pro|)oseii  work. 

Hastings. — On  Wednesday  an  in(piiry  was  hckl  into  tlu'  a]i])liea- 
tion  of  the  Council  for  sanction  to  borrow  sums  of  ll.KHi  and  £1.(102 
for  the  electricilv  undertaking. 

The  town  clerk  (Mr.  Ben.  V.  Meadow,-,}  explained  that  the  £1.000  was 
for  laying  a  higher  tension  m.iin  from  the  electrieitv  works  to  the  sub. 
statiim  in  Sheplicr<l-strcct.  and  tlu'  other  sum  was'for  the  purchase  of 
eight  additional  tiansfoinurs. 

Hay. —The  Council  have  appuiutcd  a  coinmillee  tn  inquire  into 
the  nueslion  of  erecting  electricity  works. 


Ilkeston.— The  tramways  manager  (.Mr.  A.  C.  fJillK-rl)  recent  Iv  found 
it  necessaiy  to  dismiss  summarily  two  employes,  but  the  Council  re- 
solved that  the  two  men  slioidd  be  rcinsl.iled!and  the  natural  .s<<|ucl 
was  reported  at  a  meeting  of  t  he  Tramways  committee  on  Widne.s<lay 
— that  .Mr.  (lilbert  had  tendered  his  resignation.  The  tramway  em- 
ployes, who  had  given  notice  of  intention  to  go  out  on  strike,  have 
now  withdrawn  their  notices. 

Inquest.— The  adjourned  inquest  on  Owen  David  and  David 
Thomas,  colliers  who  met  their  death  at  the  CribhwT  Fawr  CV)lliery, 
Pyle,  on  12th  inst.  was  resumed  on  19th  in«t. 

Joseph  Li.kwei.i.yn  stated  that  about  7  o'clock  on  the  morning  of 
the  accident  he  was  riding  down  the  slant  in  company  with  Owen  David 
and  others.  After  proceeding  about  2.-)0  yards  Davi.l  ijr.t  out  at  the 
back  of  the  tram  and  witness  saw  him  grip  the  electric  cable  with  his  hand. 
AVitness  rushed  forward,  caught  hold  of  David  by  the  wai.st,  and  pulled 
him  away,  but  their  faces  coming  in  contact  witness  received  a  .shock 
which  rendered  him  unconscious. 

D.\v[i>  ,l(ur.v  Wu.i.lAMS,  assistant  overman,  stated  that  when  he  saw 
the  two  men  strusf^ling  he  went  forward  and  placed  David  on  a  tram 
and  immediately  rushed  him  to  the  surface.  Artificial  respiration  failed. 
Wii.MA.M  WiLi.iA.MS.  who  Went  down  in  the  same  tram,  stated  that 
aft(  1  the  ac(  idcnt  to  David  he  walked  up  the  slant,  and  on  the  way — 
about  2(»0  yards  nearer  the  mouth — he  found  the  a|)parcntly  lifeless  b.".dv 
of  David  Thomas  lying  across  the  road  imderneath  the  cable.  Witness 
added  that  he  had  heard  an  ofKeial  warning  the  men  that  morning  not  to 
touch  the  cable. 

Mr.  Thos.  .John  Nelsox,  cibctrieian  at  the  colliery,  stated  that  on 
.-Vug.  5  some  trams,  which  ran  wild,  came  in  contact  with  the  electric 
cable,  causing  a  kink.  Though  the  tests  were  satisfactory,  witness 
earthed  it  as  a  precaution.  Subseipiently  he  received  a  report  that  .i 
man  had  had  a  slight  shock,  and  it  was  further  reported  to  him  that  the 
fuse  at  the  f_'eucrating  statiim  had  blown  out,  indicating  a  leakage.  .As 
a  further  ]irccaution.  witness  cut  the  armimring  near  the  kink,  and 
pressed  it  back,  and  the  subsequent  tests  which  he  nuidc  were  satisfac- 
tory. Witness  considered  the  cause  of  the  accident  was  due  to  the 
defective  earth,  owing  to  the  soil  becoming  dry,  and  he  added  that  he 
proposed  to  guard  agahist  that  in  future  by  having  a  large  earth-plate 
at  the  surface. 

Mr.  R.  Ni^LSON,  H.M.  Electrical  Ins|)ector  of  Mines,  thought  the 
management  of  the  colliery  had  not  been  altogether  well  advLsed  ele<-- 
trically.  While  he  considered  the  arrangements  made  such  an  accident 
very  improliable,  they  would  like  to  see  it  made  impossible,  and  he 
thought  it  could  be  made  so.  The  suggestion  of  the  electrician  for  an 
earth  arrangement  at  the  surface  would  make  the  installation  safe,  and 
he  had  explained  to  the  electrician  more  delicate  tests  which  might 
be  periodically  made.  He  added  that  a  larger  earth-plate  should  l)e 
provided. 

After  medical  evidence,  a  verdict  of  accidental  death  was  returned. 

Italy. — The  Executive  Council  of  the  Italian  State  Railways  have 
sanctioned  the  proposal  to  erect  an  electric  generating  station  at 
Vado.  on  the  Ventimiglia-Savona  line,  at  a  cost  of  l.,500.(MH>  lire 
(about  £.58.000). 

Japan. — The  "  .Japan  Chroftiolc  "  announces  that  the  Middle 
District  Railway  Office  has  deciiled  to  dispense  with  steam  engines 
on  the  Haehioji-Kafu  line,  and  to  use  electric, locomotives.  Fifl<-on 
motor  carriages  have  been  orderi'l  from  Ihe  Osaka  Railway  Carriage 
ATfg.  Co.  The  change  will  cITict  a  s.ivingof  over  an  hcur  on  tlie 
journey. 

Two  new  departments  (the  Bureau  c^if  Electricity  and  the  Bureau 
of  Postal  Deposits)  have  been  added  to  the  Japanese  tlepartment  of 
Communications. 

Mr.  Nakakoji,  \'iee-Minisler  of  Communications,  explains  that  the 
rapid  growth  of  electric  enterprises  necessitates  the  organisation  of  a 
special  ofhcc.  Five  years  ago  the  capacity  of  Ihe  electricity  works  in 
.lajjan  was  .5S.000  kw".  but  it  is  now  I7(».(t00  kw..  ami  .applications  have 
been  saiulioiuMl  which  will  raise  the  ligurc  to  380.00(1  kw.  In  fact.  <mt 
of  817  manufacturing  industries  existing  in  Japan.  108  use  electric  power. 
In  the  case  of  hydro-electric  jiower  the  increase  has  been  ci|iudly  ivmark- 
able.  Five  years  ago  the  capacity  of  the  plants  was  10.000  kw.,  while  at 
jiresent  it  is  02.000  kw..  and  permits  h.-ive  been  civen  «hich  w  ill  raise  the 
total  to  220,000  kw. 

Kettering. — .Vn  unoiijio.scd  ini[uirv  was  recently  held  into  Ihe 
application  of  the  Council  for  sanction  to  a  loan  of  £2.tKlO  for  exten- 
sions of  mains,  meters,  public  lighting.  Ac. 

Kirkcaldy-Dysart  Tramways. — Dysari  Council  have  approveil  the 
draft  agrcciuciit    with  Kirkcakly  Council  for  the  extension  of  llic 

.Municipal  tramways  to  Dysari. 

Lamp  Theft. — Before  the  Manchester  magistrates  on  Satuixlay  two 
young  men  named  Withers  and  Hroeklebank  wert>  charged  with 
stealing  100  Taiitalunt  lamps,  valued  £0.  UK.  Ihe  (iroperlyof  Messrs. 
Drake*  (iorham. 

The  police  evidence  was  t.i  the  clicct  that  a  number  of  the  lamps  had 
been  stored  by  prisoners  at  a  draper's  sho)".  and  prisoners  had  secuix-d 
them  from  thi-  premises  of  Messrs.  Drake  &  (iorham  by  concealing  them- 
selves about  Ihe  pii'Tuiscs  on  a  Saturilay  hefoi-e  closing  time.     Withers 
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was  formerly  in  the  service  of  the  Knn.  and  Broeklebrtuk  had  liought 
sni.ill  quantities  iif  lamps  from  them  at  various  times.  In  addition  to 
the  IIH)  missing  lamps  another  box  of  100  was  found  placed  outside  the 
building,  apparently  ready  for  removal. 

Mr.  G.  Hamilton,  managing  director  of  prosecutors,  .said  that,  as  a 
result  of  taking  stock,  they  had  missed  about  6,000  of  these  lamps, 
valued  at  In-tween  £.'>0()  to  £,"i50. 

To  give  the  police  an  opportunity  of  tracing  these  and  other  goods  the 
magistrates  rcmaudtd  lioi!i  prisoneis.  who  pleaded  guilty. 

Licensing  Wiremen  and  Wiring  Contractors. — The  members  of  tlie 
Electrical  .Vssociation  of  Victoria  (.Australia)  recently  diseus.sed  the 
question  of  licensing  wiremen  and  wiring  contractors,  and  it  was 
generally  agreed  that  a  system  of  licensing  would  improve  the 
character  of  wiring  work.  It  was.  therefore,  decided  to  recommend 
the  Council  to  take  steps  to  see  whether  they  could  co-oiierate  with 
kindred  societies  in  the  matter. 

Light  Railways. — The  Light  Railways  Commissioners  liave 
siibmittid  to  the  Board  of  Trade  for  confirmation.  Orders  made  by 
them  amending  the  Southend  and  Colchester  and  the  Mid-Siiifolk 
Light  Railways  Orders,  and  an  Order  extending  the  time  in  the  ease 
of  the  .Soulhend-on-Sea  Light  Railway  Order. 

L.C.C.  Tramways. — On  Monday  the  ears  on  the  Highgate  Hill 
cable  tramway  ceased  running,  as  London  County  Coimeil.  who 
recently  purchased  the  line,  will  reconstruct  for  electric  traction  and 
link  it  up  with  their  northern  system.  The  line  which  was  opened 
May  29.  1884.  is  stated  to  have  been  the  first  cable  tramway  con- 
st ruetcfl  in  Kurope. 

Londonderry. — At  a  recent  meeting  of  the  Ligliting  committee 
the  city  electrical  engineer  (Mr.  R.  V.  Macrory)  reported  that  he  had 
received  an  application  for  a  large  supply  of  power,  and  possibly 
lighting  also,  for  the  new  locomotive  works  of  the  Lough  Bwilly 
Railway  Co.  at  Pennybvnn.  In  order  to  deal  with  that  siip|)ly  il 
would  be  necessary  to  extend  the  cables  at  an  estimated  cx]ien(lituic 
of  £889.  Mr.  Macrory  also  reported  the  receipt  of  otlier  ai)plications 
for  cturent.  and  owing  to  steady  increase  of  consumers  he  anticipated 
that  a  considerable  extension  of  generating  plant  would  be  required 
next  year. 

After  discussion  Mr.  Macrory  was  directed  to  prepare  a  siiecification 
of  the  amount  of  extra  ca))ital  required  and  tlie  probable  number  and 
revenue  from  new  consumers. 

MansOeld, — Tlie  Council  have  applied  for  sanction  to  a  loan  of  £.500 
for  water  softening  plant.  &c. 

Middleton. — The  Middleton  offices  of  the  Heywood  and  Middlcton 
Water  Hoard  are  to  be  wired  for  the  electric  light. 

Morecambe, — Tlie  Council  have  applied  for  sanction  to  a  loan  of 
£7.03.5  for  extensions  of  the  tramways. 

Mr.  W  Ryle  Wright,  of  13,  Victoria-street,  Westminster,  has  been 
engaged  by  the  Council  to  jirepare  a  report  upon  the  present  position  of 
the  electricity  undertaking  and  especially  upon  its  fin.nncial  condition. 
Jfr.  Wright,  it  will  be  remembered,  was  borough  electrical  engineer  at 
Bootle  and  Burnley,  and  subsequently  superintended  the  constnution 
of  the  \Ve!lington,  X.Z..  tramways,  and  he  has  only  recently  returned 
from  the  work  of  superintending  the  construction  of  the  Shanghai  tram- 
ways. 

Non-Stop  Tube  Trains. — Tlie  Charing  Cioss,  Euston  and  Hamp 
stead  Railway  Co.  has  decided  to  experiment  with  an  express  train 
service.  The  stations  selected  for  the  experiment  are  Euston  to 
Golder's  Green.     The  ordinary  service  will  not  be  interfered  with. 

Oldham. — The  charge  for  electric  current  for  the  tramways  is  to  be 
ri'duced  from  l.Jd.  to  IJd.  per  unit  for  all  energy  above  3,.500,CHH) 
units  per  annum. 

Ontario  (Canada). — A  company  lia.s  been  formed  to  construct  a  new 
electric  r.iil«ay  from  .Morrisburg  to  Ottawa.  Power  stations  will  be 
located  at  .Morrisburg  and  Billings  Bridge.  Ottawa. 

Paignton. — The  Council  have  accepted  the  offer  of  the  Paignton 
ICIectric  Light  and  Power  Co.  to  alter  and  adapt  existing  gas  lanterns 
for  5ft  c.p.  lights  for  £2.  lOs.  per  annum  per  lamp,  the  contract  to  be 
for  not  less  t  ban  three  years, 

P.O,  and  the  Telephone  Night  Service, —.-V  complaint  was  recently 

made  llial  «)i.rc  llir  tcl.  phone  is  under  the  control  of  the  I'ost- 
masterdencral  it  is  only  open  for  the  same  period  as  the  telegraph 
office. 

In  reply,  the  Postmaster-General  states  that  at  several  of  the  more 
important  Post  Office  telephone  exchanges  attendance  is  given  at  all 
times.  In  other  cases  regard  is  had  to  the  needs  of  the  district,  and  if  it 
is  found  that  a  .service  is  necessary  after  the  usual  hours  of  telegraph 
busine».s  arrangements  are  made  as  far  as  possible  to  meet  the  require- 
ments! Where  the  National  Telephone  Oj.  are  now  giving  continuous 
service,  the  Post  Office  will,  in  all  probability,  do  so  after  the  transfer  of 
the  company's  system  to  the  State. 

Presentations, — Prjrtsmouth  Corporatif>n  tramway  staff  have  pre- 
sented a  set  of  silver  fi.sh  knives  and  forks  as  a  silver  wedding  gift  to 
Mr.  W.  R.  .Spaven  (general  manager)  and  Mrs.  Spaven. 


Mr.  H.  H.  Holmes,  the  -sales  manager  at  West  Ham,  who  was  re- 
cently appointed  to  a  similar  position  at  -Marylebone,  has  been  pre- 
sented w  ith  a  marble  timepiece  by  the  West  Ham  staff  and  employes. 

St.  Petersburg, — It  is  now  reported  that  the  statements  made  a 
few  months  ago  that  the  Mimicipal  Council  had  rejected  the  pro- 
posals of  an  international  syndicate  for  the  reorganisation  of  the 
tramway  system  were  inaccurate,  as  negotiations  are  still  actively 
proceeding. 

The  sjTidieatc  includes  the  .\.E.G.  and  Siemens  &  Halske  (of  Berlin), 
and  is  being  backed  by  the  Deut.sche  Bank  and  the  Societc  Cc-iirrnle. 
The  scheme  consists  in  the  purchase  from  (he  city  of  all  the  lino,  uith 
the  rolling  stock  and  the  municipal  electrical  works,  at  2(l.oO(i.o0() 
roubles  ;  also  the  extension  of  the  .system  at  a  cost  of  about  3ll,0llU,U()0 
roubles.  The  tramways  would  subsequently  be  worked  by  a  company 
to  be  promoted  by  the  syndicate,  and  the  municipality  would  share  in 
the  net  profits  up  to  a  maximum  of  li  per  cent. 

Sheffield, — The  Firlh  Park  tramway  extcn.sion  was  ojicmd  f(  t 
traffic  on  \\'cdnesday. 

South  Africa, — Roodcpourl  Council  propose  to  ckc'l  elictr'city 
works. 

The  "  Natal  Mercury  "  states  that  further  extensions  and  improve- 
nicnls  of  the  Transvaal  teleiihone  .system  are  in  hand.  Every  town  is 
to  be  linked  up  and  the  trunk  lines  are  to  be  carried  to  every  point  wheic 
the  railway  lines  cross  the  border,  with  the  view  of  ultimate  extension  li> 
the  coastal  parts  and  Bulawayo.  The  scheme  also  contem]>lates  con- 
nection with  farmhouses  and  the  establishment  of  call  oflices  in  rural 
districts. 

Taunton, — The  Rowbarton  tramway  route  was  recently  op<  ncd 
for  traffic. 

U.S.A. — The  report  of  Acting  Coiisul-Geiu  ral  I'^rskine  on  the 
Chicago  district  states  that  at  the  new  steel  «t)rks  at  Gary  (Indiana), 
the  gases  from  the  16  blast  furnaces  (wliich  will  each  have  a  capacity 
of  4,50  tons  a  day  and  six  of  which  are  already  in  operation)  will  be 
utilised  for  the  generation  of  electric  power.  Gas  engines  have  been 
worked  successfully  in  this  manner  in  steel  works  at  South  Chicago. 

Vice-Consul  H.  G.  Meredith,  in  his  report  on  the  Detroit  district. 
says  it  is  believed  that  trains  will  be  running  by  October  next  through 
the  international  tunnel  which  is  being  constructed  by  the  Michigan 
Central  Railro<ad,  The  trains  will  be  hauled  by  electric  loconiolivrs 
using  direct  current,  and  the  tunnel  will  be  lighted  electrically.  The 
electrification  of  the  St.  Clair  tunnel  was  ccmipleted  by  the  Grand 
Trunk  Railway  and  formally  opened  in  November  last.  Single-phase 
a.c.  is  used,  and  the  tunnel  is  brilliantly  lighted  by  incandescent  elec- 
tric lamjis. 

Wireless  Telegraphy  Notes, — .\  correspondent  to  "  The  Times  " 
announce  j  that  a  fund  has  been  started  at  Chamonix  for  tlie  con- 
struction of  a  wireless  telegraph  station,  either  on  or  ncartlie  summit 
of  Mont  Blanc, 

The  Postmaster-General  states  that  the  capital  cost  of  the  Post- 
office  wireless  telegraph  station  at  Bolt  Head  has  been  about  £2.000. 
and  its  annual  cost  (allowing  for  interest  and  depreciation)  is  esti- 
mated at  about  £750.  The  w-ork  of  the  station  liithcrto  has  bee  n 
chiefly  experimental,  and  in  connection  with  the  arrangements  for 
giving  effect  to  the  International  Radiotelegrapliic  Convention.  A 
considerable  number  of  ships  report  their  position  to  Bolt  Head  in 
passing,  but  happily  no  messages  have  had  to  be  received  from  ships 
in  distress. 

.•\n  unfortunate  fire  occurred  at  the  Glace  Bay  station  of  the 
Marconi  Co.  on  Saturday  last.  The  fire  will  cause  a  cessation  of 
business  for  some  weeks  and  will  retard  the  erection  of  some  addi- 
tional plant  and  apparatus  whii^h  had  arrived  before  the  fire  broke 
out.     No  damage  occurred  to  this  new  jilant  and  mate  rial. 

The  importation  of  wireless  telegraph  apparatus  into  British  India 
is  prohibited,  except  by  persons  to  whom  a  licence  has  been  granted 
by  the  Government, 

The  equipment  of  what  are  becoming  generally  known  as  ••  air- 
s)iii)S "  with  wireless  telegraph  a))))aratus  has  not  hitherto  been 
H'garded  as  altogether  desirable,  owing  to  the  risk  of  ignition,  Il 
is  re|)orted  by  "The  Times"  that  the  German  military  authorities 
ha\c  been  successful  in  isolating  the  danger  zone  of  the  airship, 
rendering  the  employment  of  wireless  telegraph  apparatus  possible 
and  safe. 

Wireless  Telephone  Notes. — It  is  announced  that  ftnthcr  experi- 
ments in  wireless  telephony  have  been  carried  out  by  Naval  Lieuts. 
Jeance  and  Colin,  between  Toulon  and  Port  VendrtS,  a  distance  of 
1.55  miles. 

It  is  announced  that  the  principal  ships  of  the  Japanese  navy  are 
being  fitted  with  Prof.  Missuno's  wireless  telephone  apparatus,  of 
which  particulars  have  appeared  from  time  to  time.  These  vessels 
are  already  fitted  with  wireless  telegraph  equipments, 

Siemens'  "Tantalum"  Outing,  —  At  Clacton-on-Sea  last  Satur- 
day, the  stalT  and  ein|iloyes  of  Messrs,  Siemens  Brothers'  lamp 
dipartment  held   their  aimual  outing.     Luncheon  was  juovided  at 
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tlic  Clacton  Paliioc.  wliciv  (lir  |.;irly  (niinibci  iiiji  u|i\v;irils  (.f  2(11) 
cmployi^s)  siU  down. 

Mr.  Biii-Kcld,  tlic  gonial  niaiiagoi-  of  t]u-  sales  (IciJai-hiU'iit,  was  unalili' 
to  ho  present,  and  the  toast  of  the.  kinilied  liiiiis  (Slcssrs.  Siemens  Bros. 
&  ('o.  and  Messrs.  Siemens  Bros.  Dynanii>  Worlis)  was  proposed  by  the 
works  manager  (Mr.  W.  H.  Le  Marcohai).  'i'liis  w.is  seconded  by  Mr. 
A.  B.  Holmes,  who  pro|)r)sed  a  vote  of  thanks  to  the  committee  for 
an"anpiiig  sncli  a  successful  outing. 

Sports,  liccds  Corporation  Tramway  Kniphjyes  Social  and 
Athletic  Society  lielil  I  heir  annual  sports  on  Wednesday. 

The  proceedings  were  interrupted  by  rain,  but  the  programme  was 
subsequently  completed.  A  London  United  tramways  team  defented 
Manchester  in  the  final  of  the  tug  of  war.  By  a  curicais  coincidence  the 
first  three  in  both  (lie  100  yards  and  220  yjrds  i>pcn  ihit  races  were 
Foster  (Bradford),  Wri-ht  (HirniinKli:nu)  ;in.i  Wliite  (  Leeds \ 


BLECTRICITY  SUPPLY  AND  TRAMWAY  ACCOUNTS. 

Aberdeen.  -'Hie  aeeounts  of  the  Corporation  tramways  department 
for  (lie  year  eiiiled  May  lU  show  total  capital  expenditure  £.'!1S,.')!)4. 

llcveiiue  was  17 1. (ISO  (against  £71,930  in  previous  year),  working 
e.\pen.ses  were  flO.nir.  (£:!s,i;70),  gross  profit  was  .t:U,t8r)  (t:!:!,2iil  j, 
interest  re(|uired  £<l..".(l(l  (tJIO.ioO)  and  sinking  fund  £3,742  '£3.(i2!t). 
For  depreciation  £3,2'.ll  (£3.213)  was  allowed,  and  £214  (£1.040)  for 
preliminary  and  Parliamentary  expenses,  &e.,  the  balance,  £14,038 
(£14,920),  being  placed  to  renewal  account.  Cost  of  electrical  energy 
wiis  £<),,'">05  (£8,972),  or  l-477d.  (l-375d.)  per  ear-mile,  and  total  working 
and  general  expenses  (including  power)  were  6-21d.  (.'i'OSd.)  per  car-mile. 
1,.55.3.97S  (1,506,119)  car-miles  were  run  and  1,9.'59,932  (1,955,858)  units 
used  for  traction. 

Acton. — On  the  past  year's  working  of  the  Electricity  department 
there  was  a  deficit  of  £4,944,  after  paying  all  expenses  (including 
interest  and  sinking  fund),  compared  with  £2,935  in  190G-7. 

Bath. — The  accounts  of  the  electricity  supply  department  for  the 
year  ended  March  31  show  total  receipts  £20,342,  including  £18,841 
net  from  sale  of  eurri  nt  for  puUlic  and  ]irivate  liyhting. 

T..i,il  r\|„.iMliiiiiv  was  tlo.isl  an. I  ^loss  piolii  £lo,0.-i4.  After  paying 
interest,  inslalineuls  of  principal.  &p..  there  was  a  ilctiiit  of  £1,001.  The 
total  capital  expended  is  £104,418,  an  increase  of  £4,995  on  the  year. 
1,475,811  units  were  sold,  mcluding  1,053.298  to  private  consumers, 
20,721  by  contract,  and  401,792  to  the  public  lamps.  The  total  maxi- 
mum supply  demanded  was  1,078  kw. 

Glasgow. — The  accounts  of  the  electricity  deiiarlmenl  were 
approved  at  the  meeting  of  the  Corporation  last  week. 

Bailie  Stew.'VRT,  who  moved  their  approval,  said  the  gross  revenue 
was  £245,072,  and  the  exjienditure  £104,902,  the  net  result,  after  provid- 
ing for  interest,  sinking  fund  and  depreciation,  being  a  deficiency  of 
£3,544,  which  had  been  met  from  reserve.  Capital  expenditure  for  the 
year  was  £108.378.  The  small  shrinkage  in  revenue  was  due  to  a  small 
extent  to  the  depression  which  had  affected  every  industry  in  the  country. 
It  was  also  due  to  the  reduction  of  rates  conceded  to  certain  classes  of 
consumers,  which  rcprcscnteil  a  considerable  saving  to  them.  Another 
cause  was  the  introduction  and  very  extensive  use  of  metal  filament 
lam))s  which  (hey  had  urged  their  customers  in  their  iivm  interests  to 
adopt.  A  further  cause  was  the  closing  of  the  annual  accounts  eiglit 
days  earlier  than  usual.  That  resulted  in  £3,400  not  being  brought  into 
the  accounts.  The  shrinkage  in  revenue  had  been  more  than  counter- 
balanced by  a  reduction  in  expenditure  (about  £10,000)  due  to  the  more 
favourable  terms  on  which  they  lind  iMirehased  fuel,  and  also  to  a  con- 
siderable extent  to  eeonoiiiirs  elTe.lril  in  the  consumption  of  coal  and  a 
material  reduction  in  the  slaiidiiiu  rhaiges.  They  had  provided  during 
the  ye.nr  as  a  contribution  (o  sinking  fund  £36,308,  and  written  off  for 
depreciation  £53,259 — in  all  £89,567,  or  about  5  per  cent,  on  the  net 
capital  exiienditurc.  They  had  maintained  the  works  in  first-class  order 
out  of  revenue.  They  were  anxious  to  keep  their  capital  account  in  such 
a  condition  that  they  might  be  able  to  meet  any  change  either  in  traction 
or  otherwise.  One  very  satisfactory  feature  in  regard  to  capital  expen- 
diture was  that  the  rate  of  that  expenditure  to  the  kilowatt  of  plant 
installed  had  been  steadily  falling,  and  last  year  reiircsentcd  a  reduction 
on  the  previous  year  of  14-2  per  cent.  They  recognised  that  they  had 
virtually  a  mono])oly  \vithin  the  city  area,  and  so  it  was  their  aim  and 
their  duty  to  endeavour  (o  supply  current  at  the  lowest  possililc  cost 
consistent  with  ordinary  business  prudence,  and,  as  a  matter  of  f.ict,  the 
cost  of  generation,  distribution  and  management  had  been  reduied  by 
0-0!)33d.  per  unit  sold.  As  an  indication  of  the  progress  of  the  depart- 
ment, .and  as  showing  that  they  had  broadened  the  basis  of  the  business. 
he  mentioned  that  they  had  added  1,232  new  consumers  {1\  jier  cent.) 
4.39  of  whom  were  |)ower  consumers,  representing  in  the  aggregate 
5,757  H.P..  which  meant  the  closing  down  of  some  40  to  .50  boilers  and 
chimneys,  and  showed  that  the  department  was  a  valiuible  auxiliary  to 
the  licaltli  ticp.irtment  of  the  city  in  their  effort  to  purify  the  atmosphere, 

Portsmouth.  The  traffic  revenue  of  the  municipal  tramways  for 
the  year  ended  March  was  £99,4.5t),  and  (hi-  total  revenue  £101,154. 

Working  expenses  were  £48,879,  gross  prolit  £52,275.  and  after  paying 
interest  (£20,-t28)  sinking  fund  (£17,.'!47)  and  iui'ome-ta.x  (£1.032).'  the 
not  balance  was  £I3,()15.  out  of  wliieh  £2,000  was  applied  in  relief  of 
rat*s.  Capital exjiended  was£683,480.  an  iiidcasc of  £4,-549.  21,73.5,613 
passengers  were  carried,  an  inciease  of  488,565. 

The  income  of  the  electricity  department  for  the  patt  year  was  £48,631, 


including  £47,264  from  the  sale  of  current  for  private  and  public  light- 
ing. The  expenses  were  £24,142,  and  the  gross  profit  was  <:24.18!t. 
Interest  absorbed  £9,718  and  n-payment  of  loan  £I0,.54I.  leaving  a  net 
prolit  of  £3,9.30,  out  of  which  £573  was  transferred  to  insurance  fund, 
£2.000  to  the  general  district  rate  and  £l,.3.57  was  voted  to  c,->pital  out- 
lay purposes.  The  total  capital  c\|)cnde(l  is  £3.30.783,  an  inereaw  of 
£16,844.  10s.  Id.  during  the  year.  3,476.730  units  were  sold,  including 
2,704,209  to  private  consumers,  25.fi93  by  private  contract  and  74«;.823 
to  the  public  lightim;  department.  There  are  266  large  arcs.  166  flame 
arcs  and  463  inc  andesccnts  for  street  lighting,  and  the  total  maximum 
supply  demanded  was  2,7.50  kw. 

At  the  last  meeting  of  the  Corporation  the  Deputy  Mayor  presented  the 
accounts  of  the  Electric  Tjighting  committee  and  said  that  the  return 
upon  the  capital  expended  was  7-8  per  cent. 

Councillor  Mac  tavish  objected  to  the  grant  of  £2,000  towards  the 
reduction  of  rates.  The  great  majority  of  householders  in  the  town  com- 
pounded for  their  rates  in  their  rent,  and  so  would  not  benefit  fmrn  that 
dole,  which  would  benefit  only  those  who  paid  their  r.itcs  direct — about 
20  per  cent,  of  the  townspeo])le.  The  money  could  be  better  expended 
in  enccmr.aging  the  use  of  the  electric  light  in  small  houses  and  in  side 
streets. 

The  Deputy  Mavor,  in  rei)Iy,  said  that  employing  the  )>rolits  over  as 
suggested  would  enable  the  Health  committee  to  improve  the  conditions 
of  the  pco]ile  in  whom  Councillor  Mactavish  professed  to  Ix;  interested. 
It  was  illegal  to  use  the  money  for  free  wiring,  as  their  provisional  order 
said  it  must  go  to  relief  of  the  urban  rate. 

South  Shields. — The  report  of  the  Municipal  tramways  department 
for  the  past  year  was  presented  to  the  tramways  committee  on 
Tuesday. 

The  income  was  £29,580,  a  decrease  of  £182.  14s.  lOd.  compared  with 
1906-7.  .\fter  meeting  all  expenses,  interest,  sinking  fund  charges,  &c., 
the  net  balance  was  £423.  10s.  9d.,  which  it  is  proposed  to  transfer  to 
reserve.  The  traffic  receipts  amounted  to  £26,270  and  £2.499.  7s.  ikl. 
was  received  from  .larrow  Klectric  Traction  Co.  in  respect  of  cars  running 
on  the  South  Shields  lines.  Traffic  expenses  amounted  to  £7, .548,  against 
£6,807.  Total  general  expenses  were  £2,719.  Is.,  and  total  working 
expenses  were  £19,405,  against  £18,003.  The  gross  profit  was 
£10,174.  19s.  7d.,  out  of  which  £.5,852.  7s.  .5d.  has  been  paid  in  interest 
and  £3,899.  Is.  5d.  on  sinking  fund.  The  car  miles  run  were  812,157, 
against  788,059,  and  the  total  number  of  passengers  carried  7,149,451, 
against  7.202,418.     Capital  expenditure  is  £171.74(i. 


TRADE  NOTES  AND  NOTICES. 


NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES' 
DIRECTORY  AND  HAND  BOOK.— The  1909  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Direc  torial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Elect  ro-Financial  matters  receive 
every  attention  in  the  new  volu  me,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  membeis  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  been  very  caiefuUy 
revised  and  extended,  and  are  now  issued  in  handy  book 
form.  These  are  included  in  the  1509  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 

TENDERS  INVITED. 

London  County  Council  invite  tenders  for  (1)  the  manufaotuiv. 
delivery  and  erection  in  certain  of  the  Council's  substations  of  two 
.500  kw.  and  one  1.50  kw.  motor  generators,  and  (2)  the  manufacture, 
delivery  and  erection  of  h.  and  l.t.  swilchgear  for  Woolwich  and 
other  substations.  Tenders,  on  forms  to  be  obtained  from  the  Clerk 
(Mr.  G.  L.  Gorame).  County  Hall,  Spring  (iardens.  S.W..  by  II  a.m.. 
Sept.  21.     See  also  an  advertisement. 

London  County  Council  also  invite  tenders  for  the  manufacture, 
delivery  and  layiiig  of  about  O.l  miles  of  0075  sq.  in.  three  core  lead- 
covered  h.l.  cablet.  &e..  and 'about  411  miles  of  single  core  lead- 
covered  l.t.  caMes,  telephone  cables.  &c. ;  manufacture  (but  not 
erection)  of  50  tramway  feeder  pillars  ;  laying  about  Iti  inile-s  of 
stoneware  cable  ducts,  including  necessary  manholes,  repaving,  &c,, 
and  manufacture  and  delivery  of  440,(HM)  ducl-s  of  glazed  stoneware 
for  electric  cables.  Drawings,  &c..  at  tlio  County  Hall,  Spring 
Gardens,  S.W.     Tenders  to  the  Clerk  by  11  a.ni,  Sept.   14. 
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LosDos  CorsTT  CorsciL  also  invite  tenders  for  the  roadwork  and 
platelaying  required  for  the  reconstruction  of  the  tramway  in  High- 
gate  Hill.  Tenders  to  the  Clerk,  Spring-gardens,  S.W.,  bv  11  a.m., 
Sept.  7. 

London  CorxTV  CorNciL  alst)  invite  tenders  for  the  partial  recon- 
struction of  the  bridge  carrying  Lower-road,  Deptford.  over  the 
East  London  Railway,  and  reconstruction  and  widening  of  the  bridge 
carrying  the  same  road  over  the  Grand  Surrev  Canal.  Tenders  to  the 
Clerk  by  11  a,m,,  Seiit.  14. 

London  County  Council  also  rcciuiic  tnuUrs  by  11  a.m..  Sept.  '21 
for  the  manufacture,  delivery  and  erection  at  (ireenwich  of  steam, 
exhaust,  feed  and  drain  pipes,  valves,  water  tanks,  &c.  Tender 
forms,  &c..  from  the  Clerk. 

Tenders  are  invited  for  supply  of  i."]")!)  common  battery  telephones 
and  protectors  to  the  I'ostmiuster-Cicnorars  Department.  New  Soi'TII 
VV.\LES.  Tender  forms,  &c. ,  may  Ik-  obtained  at  the  Commonwealth 
otiices,  72.  Victoria-street,  Ijondon.  S.W.     See  also  an  advertisement. 

Leyton  Urban  District  Council  invite  tenders  for  wiring  and 
electric  light  fittings  for  the  extension  of  the  public  offices  now  in 
course  of  erection.  Specification,  conditions  and  form  of  tender 
may  be  obtained  from  the  architect  (.Mr.  Wm.  .Jacques,  A,R.I.R.A.). 
2.  Fen-court,  Fenchurch-street,  London.  E.C.  Tenders  must  be 
delivered  at  the  meeting  of  the  (>)uncil,  to  be  held  at  the  Town  Hall, 
L?vton.  on  Tuesday,  Sept.  7.  at  7  p.m. 

Leyton  Urban  Council  also  invite  tenders  for  public  lighting  lanterns 
with  clock  switches  for  incandescent  electric  lamji.s.  Tenders  to  the 
Clerk.  Town  Hall.  Leyton,  by  7  p.m.  Sept,  7. 

Tenders  are  invited  by  Leeds  Corporation  for  sup|)ly  of  pajier- 
insulated  cables  requiied  during  one,  two  or  tlu'ee  years  (at  the  option 
of  the  Corporation,  to  be  declared  on  the  acce])tanee  of  the  tender), 
commencing  Jan.  1.  19KI.  Copies  of  specification,  conditions  of 
contract  and  form  of  tender  from  the  manager  of  the  electric  lighting 
department.  Mr.  H.  Dickinson.  1,  Whitehall-road,  Leeds.  Tenders  to 
the  town  clerk.  Mr.  Robt.  E.  Fox,  by  10  a.m.  Tuesday.  Sept.  7. 

Edinbuboii  Corporition  invite  tenders  for  the  supply  at  the 
McDonald-ro.ad  electricity  sujiply  station  of  a  motor-alternator. 
Specification,  form  of  tender,  &c.,  can  be  obtained  at  the  engineers 
otfice,  Dewar-place.  Specilication,  genera!  conditions  and  drawings 
can  be  seen  at  (but  not  obtained  from)  the  ofiice  of  the  consulting 
engineer.  Sir  A.  B.  W.  Kennedy,  17,  Victoria-street,  London,  S.W. 
Tenders  to  the  Town  Clerk.  City-chambers,  Edinburgh,  by  Sept.  4. 

Edinbfroh  Corporation  also  want  tenders  by  Sept.  4  for  the 
electric  lighting  installation  at  the  new  .slaughter  houses.  Sj)ecifica- 
tion  from  the  Engineer,  Dewar-place,  Edinburgh. 

The  .Metropolitan  Asylums  Board  require  tenders  by  10  a.m. 
Soi)t.  1  for  supply  of  electrical  accessories,  ironmongery  and  mis- 
cellaneous stores.  Forms  of  tender  from  the  offices.  Embankment. 
E.C. 

Felixstowe  and  Walton  Council  want  tenders  by  Sept.  10  for 
.su])ply  of  electricity  meters.  Specifications,  &e.,  from  Mr.  R.  I'. 
Wilson.  ()(>.  Victoria-street,  Westminster,  S.W. 

At  (he  Servian  Stale  Railway  Offices.  Bet.c.rade,  tenders  will  be 
received  until  Sept.  14  for  the  supply  of  new  |)lant  for  the  Seguie 
min"S,  including  hauling  apparatus,  centrifug.al  pumps,  electric  con- 
du:>tt>rs  and  signal  apparatus,  He. 

T<'ndiM's  will  Ik'  received  at  the  Bourse,  Brussels,  imtil  Sept.  8  for 
sup|)ly  and  laying  of  underground  cables  for  the  Brussels-Delbeek 
and  the  Rouppe-Roue  light  railways. 

The  Soci6te  National  dcs  Chemins  de  Fer  Vicinaux,  Brussels, 
require  tenders  by  Sept.  8  for  supjily  of  e.c.  cables. 

Tenders  are  invited  for  the  provision  of  electricity  supply  at 
Coru.mba-Matto  Crosso.  firazil.  Tenders  to  the  Municipal  Offices 
by  Oct.  .'). 

TENDERS  RECEIVED  AND  ACCEPTED. 

The  following  tenders  have  been  accepted  for  the  Oovernment 
Departments  named  : — 

War  Office  :  Electric  cable,  Callcnder's  Cable  &  Constniction  Co.. 
W.  T.  Henley's  Telegraph  Works  Co.,  H.tii.er's  Telegraph  &  India  Rubber 
W.irks.  India  Rubber,  (iuttii  Pereha  &  Telegr.i|ih  Works  Co..  .Johnson  & 
J'hillips,  SiemenH  Bros.  &  Co.  ;    C<>])per  eoncUictors  :    W.  V.  Dennis  &  {'«. 

(iKSBRAL  Post  Office  :  House  telephone  ai)paiatu«,  Gent  &  Co.  : 
Cable  (paper  core) :  W.  T.  Henley's  Telegraph  VV'orks  Co.,  British  Insu- 
lated &  Helsby  Cables  ;  .Submarine  cables  :  Siemens  Bros.  &  Co.  ;  Bell 
receivers  :  General  Kleetric  Co.  ;  Portable  telephones  :  British  L.  .M. 
Ericsson  Mfg.  Co.  :  Hard  drawn  copper  wire  :  800  lb.,  British  liisniatfil 
&  Helsby  Cables.  T.  Bolton  &  Sims,  R.  .Johnson  &  .Nephew.  Shro|Mhiiv 
Iron  Co..  London  fillectrie  Wire  Co.,  and  Smiths  ;  Electric  lifts  at  Post 
Office  telegraph  stores  (Birmingham):  A.  &  P.  Steven:  Telephone 
service  and  equipment,  extension  at  Ealini;  Telephone  Exchange  : 
Western  Eleotrie  Co. 

Lutim  Council  have  accepUd  the  tender-  of  \V.  II.  Allen.  Son  &  Co. 
for   su|>ply   and  erection  of  a  500  kw.   .steam-driven  generator  at 


£2, .370  (there  were  22  tenders),  and  that  of  the  Brush  Co.  (out  of  18 
tenders)  for  condensing  plant  at  £780.  10s. 

Sheffield  l-Mvication  committee  received  i:?  tenders  (ranging  from 
£04.  7s.  to  £:?2S)  for  electric  lighting  work  at  the  Training  College 
Hall  of  Residence  for  men,  and  the  tender  of  Hall  &  Matlhcws  (at 
£127)  was  accepted. 

.\  sub.eomir.ittee  had  recommended  the  acccptamc  of  tlic  tciulir  of 
the  Corporation  Electricity  Department,  at  £!.'>.'>.  Iml  c.xii'iilion  was 
taken  to  this  course,  and  ultimately  the  secuni!  lowest  Irnilci  was 
accepted. 

Rawtenstall  Ci>rporation  have  accepted  the  tenilcr  of  ,1.  W.  Kidd 
for  wiring  the  municipal  offices. 

The  contract  for  wiring  the  Sheriff  Court  Buildings,  Kihiiamuck, 
haslicen  let  to  Wm.  Dow. 

Gas  Engine  Contract.— The  Electrolytic  .\lkali  Co.  have  placed  an 
order  wilb  the  Key  Engineering  Co.,  4.  Queen  Victoria  street,  E.G., 
and  Manchester,  for  a  ,500  ii.p.  Ehrb.ardt  &  Schmcr  gas  engine  for 
driving  an  electric  generator  at  their  works  at  .\Iiddlcw  ich. 

Dock  Pumping  Plant, — The  contract  for  a  very  interesting  jjunip- 
ing  plant,  that  for  the  Newport  (Mon,)  Docks  Co.,  has  just  been 
settled. 

The  pumping  plant  proper  consists  of  two  main  pumps  coupled  direct 
to  two  triple  expansion  steam  engines,  two  separate  .'iOO  kw.  generating 
sets  being  installed  for  lighting  and  power.  These  pinnps  will  he  cajia- 
ble  when  working  .simultaneously,  of  pumping  oO.OdO.dlK)  gallons  of 
water  from  the  river  Usk  into  the  dock  extension  in  live  lio\n-s,  the 
average  cpiantity  of  water  delivered  during  this  period  hy  one  pump 
Ix'inf;  SO.dllO  i^allons  ]iei-  minute.  Owing  to  the  big  quantities  and  com- 
paratively low  lieads  tlie  pumps  arc  dealing  with,  tl>e  average  speed  will 
he  00  revs,  per  min.  The  same  pumps  will  be  used  for  enqitying  the 
graving  dock  which  will  be  built  at  a  future  date.  In  tliis  ease  the 
pum])s  will  work  against  a  total  head  of  42  ft.,  and  will  each  ilcliver  an 
average  quantity  of  100,000  gallons  per  minute,  rimning  at  speeds  vary. 
iiii.'  fmni  0(1  to  120.  The  maximum  power  required  by  each  pump 
durini;  this  juriod  will  be  between  1.100  and  1.200  B.H.e.,  from  which 
data  it  will  be  seen  that  the  pumps  will  be  the  biggest  dock  piini|].s 
hitherto  built.  Two  schemes  differing  in  principle  have  been  carefully 
weighed  with  regard  to  this  pumping  plant.  The  question  was  wlietlur 
the  pumps  shoidd  he  driven  direct  by  steam  engines  or  whether  eleetri- 
cally-driven  ])umps  should  be  installed,  and  it  was  decided  that  the 
direct  steam-driven  pumps  would  give  much  greater  economy  under  the 
existing  eiuiditions.  This  is  due  to  the  fact  that  steam  engines  are  more 
adaptable  to  the  different  loads  at  the  respective  s]iceds  which  must  be 
provided  for  in  view  of  the  varying  heads  against  which  the  centrifugal 
]nim]>s  liavc  to  work.  The  main  contractors  for  the  whole  of  the  scheme 
arc  Jlessrs.  Cole,  Marchcnt  &  Morley,  while  the  pumps  arc  being  built  to 
the  designs  of  Messrs.  Jens  Orten-Boving  &  Co.  (of  London)  by  Messrs. 
Willaus  &  Robinson. 

BUSINESS  NOTICES. 

The  E.M.F.  Mfg.  Co.  have  amalgamated  their  interests  with  Iho.sc 
of  Mr.  O.  H.  Bishop  (for  many  years  sales  manager  of  the  Kdison  & 
Swan  United  Electric  Light  Co.).  and  Mr.  Bishop,  Mr.  Bcin  and  Mr. 
Grose  will  be  joint  managing  directors  of  the  company,  who  have 
also  acquired  the  business  and  works  of  Mr.  T.  H.  Satchwell.  of  Walsall. 
In  future  the  company  will  be  known  as  E.JM.f.  (Ltd.).  and  it  will 
continiu-  t<)  make  a  leading  feature  of  high-grade  iiuandcsecnt  lamps 
(metal  aiul  carlion),  while  other  specialities  will  be  mill,  ship,  car 
and  street  lighting  fittings,  switchboartls.  switehgcar.  itc. 

In  future  all  correspondence,  &c.,  intended  for  i\Lr.  Vincent  S, 
AUpress.  consulting  electrical  and  mechanical  engineer,  39,  Victoria- 
street,  S.W..  or  to  S(uilln\  iek.  Siisse.x. 

Mr.  A.  W.  Blake,  win.  i^  s(  \  n  irig  his  connection  with  Mes,srs,  Mills 
English  &  Co.,  has  taken  olliees  at  (i().  Wind-street.  Swansea,  where 
he  will  practice  as  a  consulting  engineer. 

Domenico  Santoni  and  Kurt  Fiedler  (trading  as  the  Ely  Electrical 
&  General  .Vgcncy).  24.  Hatton-garden,  London,  E.C,  have  dis- 
solved partnership. 

The  -Acme  Electrical  Co.  have  commenced  business  at  248,  Stanley- 
road.  Bootle,  Liverpool,  as  electric  light  and  power  engineers  and 
contractors. 

Telegraph  Patents  Development. — The  owners  of  certain  |)atent9 
relating  to  "  Improvements  in  printing  telegraphs,  typewriters 
&c.,"  and  "  Ap])aratus  for  punching  strips  of  paper  and  like  mate- 
rials, suitable  for  use  in  telegraph  transmitters.  &c,,"  desire  to  enter 
into  negotiations  with  the  view  of  granting  licences  itnder  same. 
Information  may  be  obtained  from  Messrs.  Lloyd  Wise  &  Co..  40, 
Lineohis  liui  Fields.  London.  W.C.     See  also  an  advertisement. 

Patents  Development. — The  Proprietors  of  patent  No.  22fi  of  1904 
relating  to  "'  Improvements  in  electrical  conductors  for  illuminat- 
ing jjurposcs  siu'h  as  lantp  pencils  or  filaments,"  desire  to  sell  the 
))atent  or  to  grant  licences.  Iiupiiries  to  Messrs.  Hyde  &  Hcide, 
'.i,  Broad-street  Buildings.  Liveri)ool-street,  E.C. 

The  proprietors  of  patent  No.   19,979/1904,  for  "  Improvements 
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in  magnetic  wheels  or  electromagnetic  motors,"  desire  to  enter  into 

arrangements  by  way  of  licence  and  otherwise  for  cx))l()iting  the  same. 

Applications  to  Messrs.  Haseltine.  Lake  &  Co.,  7  and  8,  Soulhaniptori- 
j    buildings.  Chancery-lane,  London,  W.C. 
'        For  Sale. — Messrs.  Stagg  &  Robinson.  .Selby,  advertise  for  sale  a 

niimli<r  nl  new  single  and  ilmihle  deck  motor  'bus  bodies. 

"  The  Journal.'  -I'arl  CXCVI.  of  "  The  Journal  "  of  the 
1  In.stitution  of  Electrical  Engineers  is  now  ready,  iirice  .'■)s.  Particulars 
I  of  contents  are  given  in  an  advertisement. 

'  CATALOGUES.  &c. 

^       IjirNDBBRC!  Switches. — .Messrs.  A.  I'.  Linidberg  &  Sons  are  well 

known  in  electrical  engineering  circles  fur  the  ingenuity  displayed 

I  in  their  various  switches.     This  ingenuity  shows  no  sign  of  falling  off. 

I  and  in  fact  we  may  say  that  a  perusal  of  their  latest  catalogue  will 

show   that    it   is   developing.     The    catalogue   fully   describes   the 

I  "  Duplex  "   switch   movement,   which,   it   will   be   remembered,   is 

specially  adapted  for  use  in  positions  where  vibration  is  likely  to 

I  occur.     Locked  covers  for  use  in  places  where  there  is  likely  to  be 

interference  with  the  fittings  arc  also  treated,  and  a  number  of 

diagrams  showing  the  application  of  the  "  Duplex"  switch  to  various 

conditions  may  also  be  particularised. 

loNiTiON  Coils. — Messrs.  Siemens  Bros.  &  Co.  send  us  a  supple- 
ment to  their  catalogue  No.  509.  in  which  is  described  igniliun  eoils 
for  use  with  dry  cell  batteries,  and  ]iarlieularly  «ilh  Sicnicns-i 'bach 
dry  celKs.  These  eoils  are  divided  into  two  classes,  trenililer  and  non- 
trcnibler,  and  are  supplied  for  use  with  single,  two.  three  and  four 
cylinder  engines.  It  is  claimed  that  Siemens-Obaeb  dry  batteries, 
used  in  conjunction  with  these  coils,  form  a  most  economical  and 
reliable  ignition  system,  and  that  the  advantage  of  being  able  to  use 
dry  cells  instead  of  accumulators  are  obvious. 

ELEcriiicvL  SwiTCHGEAR. — Messrs.  James  Ferguson  &  Co.,  of 
Glasgow,  have  recently  issued  a  new  catalogue,  in  which  their  switch- 
gear  is  fully  dealt  with.  This  includes  automatic  circuit-breakers, 
quick-break  knife  switches  and  porcelain  bridge  replacement  fuses. 
Ironclad  switches  and  fuses  arc  also  illustrated  and  described.  Full 
details,  both  electrical  and  mechanical,  are  given  of  all  the  equipment 
dealt  with  in  the  catalogue. 

NoN-AssooiATioN  CABLES. — Messrs.  Donovan  &  Co.  have  issued 
a  leaflet  dealing  with  non-association  cables  of  various  sizes  and 
insulation. 

SiLEMT  Electric  Clocks. — Mr.  G.  B.  Bowell  sends  us  a  copy  of 
his  latest  catalogue  dealing  with  his  series  of  silent  electric  clocks. 
This  system  can  be  eipially  well  worked  either  from  batteiies  or  from 
direct-current  lighting  circuits,  and  is  specially  adapted  for  factories, 
schools,  hotels  and  other  large  buildings.  The  patent  dial  move- 
ment can  easily  be  fitted  to  ordinary  clocks,  and  a  speciality  of  this 
work  is  made  when  the  system  is  employed  in  private  houses. 

ELECTaic  Heating  and  Cooking  Apparatus. — The  Foreign 
Dcpartnunt  of  the  A. E.G..  London,  send  us  a  copy  of  their  latest 
catalogue  dealing  with  electric  heating  and  cooking  details.  The 
wide  range  of  this  apparatus  made  by  this  firm  are  illustrated  and 
described,  and  full  d(  tiils  of  t'lcir  capacity  and  tlie  price  charged  for 
them  are  giveiL 

Trinidau  Lake  Asphalt. — Tlic  subject  of  Trinidad  asphalt  is  not 
without  interest  for  electrical  cngimers.  and  we  recomniend  tliose 
who  care  to  go  further  into  the  subject  tip  obtain  a  copy  of  a  pamplilet 
recently  issued  by  Messrs.  Previte  &  Co..  of  London.  The  whole  sub- 
ject is  fully  dealt  with  therein. 

Disc  Grinders. — Some  interesting  information  on  the  subject 
of  disc  grinders  and  their  aj)plications  in  engineering  work  is  given 
in  a  Icallet  to  hand  from  .Messrs.  Perkin  &  Co..  Leed.s. 

Lamp-holders  and  Acce.ssories. — The  lighting  season  being  now 
close  at  hand,  engineers  will  be  interested  in  the  y>rice  list  of  lamp- 
holders  and  accessories  just  issued  by  the  Adnil  l>]lectric  Co. 

Resistance  Materials. — The  Electrical  Alloy  Co..  of  .Morris- 
town,  New  Jersey.  U.S.A.,  forward  us  a  co|)y  of  their  latest  catalogue, 
which  gives  all  the  most  important  data  concerning  the  priiuijjal 
resistance  materials  made  by  the  eom])any  and  other  useful  cognate 
information. 

BANKRUPTCIES,  LIQUIDATIONS,  &c. 

A  meeting  of  the  cncblors  of  Herbert  Sluiltleworth,  Cnjss-eourl, 
Briggale.  Leeds,  elect  rii'al  engineer,  was  held  on  Wednesday.  The 
liabilities  were  .t4tiri.  Ss.  lid.  and  the  deficiency  was  £:«)0.  'l7s.  5d. 
No  resolutions  were  passed. 

A  meeting  will  be  held  at  20.  Copthall-avenue,  London.  E.C!..  on 
vSept.  22  to  receive  an  account  of  the  winding  up  of  the  Deep  Leads 
Electric  Transmission  Co.  (Ltd.). 

The  liquidator  (Mr.  H.  de  V.  Brougham)  of  the  Electric  Timber 
Seasoning  &  ['reservation  Co.  (Ltd.)  has  been  released. 


PATENT  RECORD. 


APPLICATIONS    FOR    PATENTS. 

Note. — The  undermenliomd  Applications  (except  those  marked^)  are  not  open  to  public 
Inspection  until  alter  acceptance  ol  Complete  Specifications.  Those  marked  "  are  open  lor 
inspection  12  months  alter  the  date  attached  to  them,  il  they  have  not  been  published  previously 
in  the  ordinary  course.  Names  within  parentheses  are  those  ol  communicators  ol  inventions. 
When  complete  Specification  accomvanies  application,  an  asterisk  is  affixed. 

Jul/  20,  1909. 

16.894  DuDSN.     Magnetic  plugs. 

16.895  EvERSHED.  KiLRov  &  EvERSHED  &  VicKOLBS.     Eleclromotors  and  !he  production 

of  sound  waves  for  signalling  to  a  distance. 

16,904  Siemens  Bros.  Dymamo  Works.    (Siemcns-SchuckertwerkeC.in.b.H.,  Germany.) 
Arc  lamps.* 

16.924  Proctor.     Arc  lamps. 

16,928  Siemens  &  Halske  Akt.-Ces.     Connections  for  automatic  sub-station  switch- 
boards with  several  exchange  double  leads.     (Date  applied  for,  20;'8/08.»*t 

16.931  Mills.     (Abraham  Van  Winkle.  U..S.)     Electroplating  baths. 

16,943  Rogers.     Electric  controlling  and  distributing  mechanism  for  sparking  devicef* 
(Date  applied  for,  7/8/08.1*t 

16,950  Scattergood  &  Bray.     Electric  wiring  and  switching  systems. 
July  21.  1909. 

16,985  Siemens  &  Halske  Akt.-Ges.     Insulating  former  wound  coils  or  the  like.    (Date 
applied  for,  21 ,7/08.)  "t 

17,023  Bransom.     Impressing  upon  electric  dynamos  or  motors  electrical  pressures  of 
various  magnitudfs. 

17,031  B.T.-H.  (^.  &  Wedmore,     Protective  devices  for  electrical  transmission  and  dis- 
tribution syst.-ms. 

17,043  BouLT.    (Deutsche  Elektro-SparlichlG.m.b.H..  Germany.)    Small  transformers.* 
July  22.  1909. 

17.101   HiRST&CoATES.     Insulating  device  for  electric  lamp-holders. 

17,104  Siemens  Bros.  &  (>3.     (Siemens  &  Halske  A.kt,-Ges..  Germany.)    Telephone 
exchanges. 

17.106  MuNRO  &  Railless  Electric  Tracoon  Co,    Crossings  and  junctions  for  electric 

traction  systems. 

17.107  Roker.     Intercommunication  telephone  instruments. 
17,114  Mackie.     Electrically-operated  switches. 

17.137  Foss.     Sound  intensifiers  for  telephone  mouth  pieces  and  the  like.* 

17.138  Compagnie  pour  la  Fabrication  des  Compteurs  et  Materiel  d'Usines  a  Gaz. 

Electric  meters  indicating  maximum  consumption.     (Date  applied  for,  3/8A)8)*t 
July  23,  1909. 
17,160  Barr&  Stroud.     Torsion  meters. 

17.189  Midgley  &  Vandervell.     Dynamoelectric  generators  for  generating  systems. 

17.190  Lavy.     Switching  devices. 

17,199  Allgemeine  Elektricitats  Ges.     Regulation  of  dynamoelectric  machines.  (Dati 
applied  for,  23/7/08.)*t 

17,215  Eisenstein.     Beams  particularly  applicable  for  use  as  masts  of  wireless  tele- 
graphy stations.* 

17,217  Eisenstein.     Production  of  electric  impulse  charges  for  the  purpose  of  wireless 
telegraphy.     (Addition  to  No.  10,019/08.)* 
Jyly  24.  1909. 

17,230  Wardle  Engineering  Co.  &  Wardle,  jun. 
and  the  like. 

17,252  Thompson.     Motor  and  steering  telemotors, 

17,254  Greenwood  8i  Chapman.  Windings  for  the  armatures  of  dynamoelectric  machines 
and  the  like. 

7,274  Schultz.     Switches. 

July  26.  1909. 

17,326  MuNRO  &  Railless  Electric  Traction  Co.     Hangers  and  the  like  for  elec- 
trical conductors. 

17,342  Aktiebolaget  Elektfometali.    Electric  furnaces.    (Date  applied  for.  1/8/08.) *t 

17,353  Berry,     Ekctrical  heating  apparatus." 

17.355  Graham.     Telephone  apparatus.* 

17.368  Gottschalk.     Telephone  transmitters.* 

17,370  B.T.-H.  Co,     (A.E.G..  Germany.)    Control  of  polyphase  motors  and  the  hke.* 
July  27.  1909. 

17,406  Thompson.     Testing  meters. 

17.448  Carbone.     Arc  lamps.     (Date  applied  for,  9/ll/08.)*t 

17,473  Str.agiotti.     Telephonic  transmitters.     (Date  applied  for,  ll/8/0ai*t 

17,490  Steinert  &  Stein.     Electromagnetic  separator  with   rotating  magnet  drum. 
(Date  applied  for.  27  7,'08.)*t 

July  28,  1909. 

17.520  Holmes.     Induction  motors. 

17,555  Heurtley.     Electrical  and  other  recording,  signalling,  measuring  instruments 
and  the  lik«. 

July  29.  1909. 

17.663  Mueller.     High-tension  magnetos.     (Date  applied  for.  4/8  08,)*t 

17.664  Mueller,     Magneto-ekctric  machines.     (Date  applied  for,  25,'2/09.)*t 

)uly  30.  1909. 
17.696  McMillan  &  Carey.  Reversible  turbines. 
17.711  Thompson.     Pendant  electric  light  fittings. 

17.739  Taylor  &  Scotson.     Regulation  of  dynamo-electric  machine.'. 

17.740  Evans,     Flexible  tubular  conduit  systems  for  electric  installations. 
17.742  GloLlo.     Rectifying  alternating  currents.     (Date  applied  for.  29,/4,09.)" 
17,758  Allgemeine   Elektricitats-Ges.    Control  of  polyphase  motors  and  the  like. 

(Date  applied  for,  31  7,/08,)*t  .      . 

17,763  B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Recording  devices  for  use  with  measunng  mstru- 

ments.* 
17.7/4  Brown,  Judd  &  Hardie.     Electric  telegraphy. 
July  31.  1O09. 
potential  of  trolley  standards  i 


Electric  incandescent  lamp  fittings 


17,790  Imbery,     Indicating  rise  i 

of  electric  tramcars. 
17,814  Chambers.     Wireless  telephony. 
17,835  Bone.  Simmons  &  R.  Waygoop  &  O.     Electn 

with  single-phase  alternating  currents, 
17,863  Maggiora  &  Sinclair.     Electric  motors. 


■  other  metal  ' 


magnets  or  solenoids  for  use 


18.811 
19,475 
l'i,S72 
22.377 
23.007 
23.709 
28,368 


SPECIFICATIONS    PUBLISHED. 

1908  Specifications. 

1  HooKHAM.     Electricity    metei-s   and   other   measunng   instruments.    (Cognate 

Application.  219/09.)  ,  ,      ^     ,     n       i  .■ 

Siemens  Bros.  Dynamo  Works.    (Sieinens-Schuckertwcrke  Ges.)     Regulation 

of  speed  of  electric  motors. 

I  Dqmmerque.    Three-wire  telephone  systems.  ..... 

.  San'Hycroft  Foundry  Co.  &.  Dutton.     Electric  starting  switches  using  liquid 
resistance. 
Deniepckt.     Electrical  ignition  devices. 

Lambert     Apparatus  for  sanding  railway,  tramway  and  hke  rails. 
List  &  Atkinson.     Point-operating  mechanism  for  railways  and  tramways. 
PoLLET.     Electrical  driving  gear,  <,,,„,, 

MacGahan.     Manufacture  of  electric  conductors.     (Date  applied  for,  8. 11  07.1 
Fraser  &  Tudor  Accumulator  Co.     Brush  gear  for  dynamo-electnc  machinery. 
Bellis  &  MoRCOM.  MoRcoM  &.  Masterman.     Surface  condensers.    (Application 
for  Patent  of  Addition  to  No.  15.071  08.) 
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1909  Si 
2.016  Hasdingham,    (Hartmann  &  Braun  Akt.-G«s.)    Alternating-current  magnets 

for  resonance  apparatus. 
4.252  Siemens  Bros.  St  Co.    (Siemens  !t  Halske  Akt-Ces.)     Rontgen-ray  apparatus. 
4.801  Bellini  &  Tosi.     Directed  wireless  telegraphy.    (Date  applied  for.  7  3/08.) 
4.997  Giles.    Safety  device  for  the  dissipation  of  excess  voltage  in  electrical  systems 

(Date  applied  for.  29/5/08. ) 
5.018  Bennett.  Estes  &  Evans.    T.-oUeys  or  rotary  collectors  for  electric  cables. 
5.119  B.T.-H.  Cc>.    (C.E.  Co..  U.S.)     Electric  motor-generator  sets. 
5.318  .\iLOEMEiNE  Electricitats  Gbj.    Control  of  electric  motoiis.    (Date  applied 

for  4  3  08.1 
5  413  CuGOENHEiMER  &  ClossEN.     Measuring  alternating  ele-tric  currents. 
5.578  EisENSTEiN.     Wireless  telegraphy.    (Addition  to  No.  10.019/08.) 
5.821  B.T.-H.  Co.     (C.E.  Co.,  U.S.)     Process  for  redjcine  oxides. 
5.893  Hoyt  &  SiNSAPAUGH.    Spark  plugs. 

5.904  Siemens  Bros.  fcCJo.     (Siemens  &  Halske  Akt.-Ccs.)    Telephone  exchanges. 
5,953.  5.961  and  5.962  Gibbs.    Production  of  metallic  articles  by  electro-deposition 

and  the  articles  so  produced.     (Date  applied  for.  27/2/08.) 
6.004  Hackett.    <x)mbined  tramway  and  telegraph  pole.     (Date  applied  for.  14/8/08.1 
6.062  Thomas.  Thomas  &  Harries.     Operating  tramway  points  from  the  vehicles. 
6.088  Aktiebolaget  Elektrometall.     Electric  production  of  iron  and  steel  .ind  other 

metals  and  furnaces  for  carrying  out  the  same.    (Date  applied  for.  1/8/08.) 
6.106  Cooper  &  Sharp.     Electrical  resistances. 
6.187  VOLKERS.     Rotary  field-magnet.     (Date  applied  for.  23/4/08.) 
6,267  Steinert  &  Stein.     Electromagnetic  separation.    (Addition  to  No.  6,323/08' 

Date  applied  for.  21/3/08.) 
6.429  Pauling.     Working  of  electric  arcs  in  series. 
6.523  Nicholson.    Telephones. 

6.%2  S.1ARMAN.     Induction  coils.     (Date  applied  for.  4/6/OS.) 
7.081  Hanseil.    Supporting  telephones.    (Date  applied  for.  4/2/09.) 
7.198  Francois.     Electrical  measuring  instruments.     (Date  applied  for,  11/4/08.) 
7,203  Akt.-Ges.  Brown.  Boveri  etCie.  Cooling  of  enclosed  dynamo-electric  machinery. 

(Date  applied  for.  30/3/08.) 
7.396  Grunwald.     Electrical  induction  furnaces.    (Date  applied  for,  15/8/08.) 
7.635  Leder.     Electrical  rail  bond.     (Date  applied  for.  6/6/081. 
7.795  Venning.     Overhead  conductor  frogs  and  crossings  for  electric  tramways.     (Date 

applied  for.  15/4,'08.) 
8.191  Felten  &  (iuiLLEAuME-LAHKEYERWERKE  Akt.-Ges,     Indicators  operated  by 

alternating  current.     (Date  applied  for,  ll/7,'08.) 
8.263  Siemens  Bros.  Dynamo  Works.     (Siemens  &  Halske  Akt.-Ges.)    Fuse  fittings. 
8.521  Mahoney  &  McCuRDY.     Magnetic  brakes.     (Date  applied  for.  20/4,'OS.) 
8.535  ScHMAHL  &  Henderson.    Fuse  and  switchboards. 

8.570  Timar&Ziegler.     Time  relay  for  electric  currents.     (Date  applied  for.  12/12/08.) 
9.2b5  Bergman-:  Elbktricitats-Weske  Akt.-Ges.     Electric  glow  lamos  with  metallic 

filament?.     (Date  applied  for.  18/2,'09.) 
9.516  Bleckly  &  Brown.     Arc  lamps. 
9.592  Siemens  Bros.  &  O.     (Siemen',  &  Halske  Akt.-Ges.)    Switch  plugs  for  telephone 

exchanges. 


COMPANIES'  MEETINGS  AND  REPORTS. 

BLACKPOOL  &  TLEETWOOD  TKAMROAD  CO.— Mr.  Geo.  Rirhaid.soii 
stated  at  the  moetiiiu'  la^t  week  that  tlie  receipts  were  £ll,7it4.  i>r  £SilO 
more  than  ill  the  lean  half  uf  HIDS.  and  the  revenue  charges  iS.Uii.  nr 
£487  less  than  in  the  [irevipus  half-year.  There  was  an  increased  expen- 
diture on  the  maintenance  of  permanent  way,  the  cost  of  relaying  (i  miles 
of  line  being  included  in  the  revenue  charges.  The  cost  of  materials 
only  £4,6.5(i,  had  been  taken  out  of  depreciation  reserve.  There  were 
still  7  miles  of  line  to  renew,  which  would  be  carried  out  as  reciiiiicd  by 
their  own  staff.  The  decision  of  the  House  of  Lords  that  their  under- 
taking was  a  railway  and  entitled  to  quarter  rating  would  make  a  diffe- 
rence to  them  in  rates  of  £800  per  annum.  They  proposed  to  pay  the 
usual  dividend,  and  place  £1,2.50  to  reserve. 

ISLE  OF  WIGHT  CENTRAL  RAILWAY  CO.— Mr.  Percy  Mortimer,  who 
presided  at  tin-  mrclinii  nf  tlic  rdnipany  on  Wednesday,  said  that  they 
had  harl  two  picjiosals  fc.r  the  cli-itritication  of  their  line.  Neither  made 
any  definite  offer  and  one  was  still  alive.  The  idea  was  to  buy  the  under- 
taking.    They  would  give  any  such  jiroposal  careful  consideration. 

HERSET  RAILWAY  CO.— Mr.  ,Ias.  Falconer,  M.P.,  stated  at  the  meet- 
ing on  Wednesday  that,  notwithstanding  the  continued  had  trade  in 
the  districts  which  they  served,  and  particularly  in  the  shipping  industry. 
the  results  of  the  half-year  showed  marked  progress.  During  the  half- 
year  (hey  had  been  reaping  to  a  large  extent  the  advantages  due  to  the 
change  they  had  made  in  transferring  the  head  office  to  Birkenhead  and 
in  consolidating  the  whole  of  the  staff  there.  The  whole  of  the  business 
was  now  being  done  at  the  central  station  at  Birkenhead,  with  not  only 
a  saving  of  salaries  but  an  increase  in  efficiency  of  supervision.  Ihey 
had  been  paying  attention  to  the  increase  of  efficiency  and  doing  all  thev 
could  to  popularise  the  line.  The  real  comparison  which  was  of  interest 
to  the  proprietor.-i  w.as  the  difference  between  the  company's  position 
now  and  what  it  was  when  they  began  electric  traction  in  1903.  During 
the  last  half-year  of  steam  working  the  number  of  booked  passengers,  as 
distinguished  fit)m  season-ticket  holders,  was  2,80l).000,  whereas  in  the 
period  under  review  the  number  was  .5,800,000,  and  season-ticket  jouinevs 
had  increased  from  .'>12,!)80  to  l,.38I.4(i7,  an  increase  of  1  liO  jicr  cent.  In 
the  same  way  the  total  receipts  had  increased  from  £2!»,470  to  £.>;!.22.S. 
iin  increase  of  £23,001)  for  the  half-year.  These  were  fiirurcs  v.ith  «hii  li 
they  might  be  fully  satisfied. 


elsewhere  the  business  of  contractors,  engineers,  founders,  electricians, 
suppliers  of  electricity,  &c.  Private  company.  First  directors,  W.  G 
Malcolm,  J.  Allan  and  J.  A.  Mathers.  Reg.  office,  499,  Egliiiton- 
street,  Glasgow. 

PRESTWICH  &  BDRT  (LTD.)  (104,596.)— Reg.  Aug.  16,  capital  £1,500 
in  £1  shares,  to  acijuire  the  interest  of  E.  C.  Lea  in  the  business  carried 
on  by  him  at  Kingston-on-Thames  as  Prestwich  &  Burt,  and  to  carry 
on  the  business  of  m.anufacturing  electricians,  electrical  and  mechanical 
engineers  and  contractors,  dealers  in  electrical  accessories,  &c.  Piivate 
company.  First  directors,  A.  Vaiidam,  C.  Zee  and  C.  Lea  (all  perma- 
nent).    C.  Zee  is  the  first  secretary. 

ROBERT  BOWRAN  &  CO.  (LTD.)  (104,648.)— Reg.  Aug.  19,  capital 
£10,000  in  £1  shares  (5.000  preference),  to  take  over  the  businessof  a 
general  and  electrical  engineer  and  agent,  iron  and  steel  merchant, 
&c.,  carried  on  as  Robert  Bowran  &  Co.,  at  Newcastle-on-Tvne. 
Private  company.  First  directors,  R.  Bowran  and  \Y,  Latimer.  Reg. 
office,  4,  St.  Nicholas-buildings,  Newcastle-on-Tyne. 

SAMUEL  MUCKLOW  (LTD.)  (104,662.)— Reg.  Aug.  9.0,  cajjital  £5.000 
ill  £1  shares,  to  take  over  the  business  of  manufacturers  of  and  dealers 
in  railway,  tramway  and  telegraph  fastenings,  &c.,  at  (!)ld  Hill,  Staffs. 
Pri\-ate  company.     First  directors,  S.  Mucklow  and  PoUie  Haynes. 

STERRY-SINGLETON  CO.  (LTD.)  (104,598.)— Reg.  Aug.  16,  capital 
£1,000  in  £1  shares,  to  carry  on  the  business  of  financiers,  promoters, 
agents,  contractors,  electrical  and  general  engineers,  dealers  in  oil, 
sleepers  and  rails,  manufacturers  of  and  dealers  in  engines,  accumu- 
lators, dynamos,  motors  and  rolling  stock,  &c.  Private  company. 
First  directors,  F.  W.  Sterry  and  \V.  A.  Singleton  (joint  managing 
directors)  and  B.  McCraith. 

MORTGAGES  AND  CHARGES. 

IMPERIAL  LAMP  WORKS  (BRIMSDOWNi  (LTD.)— Particulars  of  £40,000 
debentures  created  Aug.  4,  1909,  tiled  pursuant  to  sec.  93  (5)  of  the 
Companies  (Consolidation)  Act,  1908,  amount  of  present  issue  being 
£15,000.  Property'  charged  :  Company's  undertaking  and  property, 
present  and  future,  including  uncalled  capital.     No  trustees. 

RECEIVER. 

KINETIC  SWANTON  CO.  (LTD.)— J.  H.  Aloritz,  8,  Queen-street,  E.C., 
ceased  to  act  as  receiver  and  manager  on  Aug.  16. 


NEW  COMPANIES,  MORTGAGES  AND  CHARGES 


NEW  COMPANIES. 

HAMMERTON  &  CO.  fLTD.)  (10a,626.)— Reg.  Aug.  18,  capital  £5,000 
in  £1  shares,  to  |)romote,  construct,  equip,  maiiit.aiii  and  work  rail- 
ways and  tramwaytj  in  the  U.S.A.,  or  elsewhere,  and  to  carry  on  the 
business  of  rolling  stock  manufacturers,  engineers,  &c.  Private  com- 
pany. 

MALCOLM  &  ALLAN  (LTD  )  (7,252. )— Reg.  in  Edinburgh  on  Aug.  20, 
with  a  capital  of  £20,000  in  £1  shares,  to  carry  on  in  the   U.K.  or 


CITY  NOTES. 

MEMORANDA  (Aug.  261. — Bank  rate  2J  per  cent,  (since  April  1, 
1909).  Price  of  silver,  23M.  per  oz.  Consols  E4{— 84g  for  money 
and  for  account.  Consols  Pay  Day,  Sept.  1  ;  Stock  and  Shares 
Continuation  Day,  Sept.  8  ;  Ticket  Day,  Sept.  9  ;  Pay  Day,  Sei>l.  10  ; 
Milling  Shares  Carry  Over  Day,  Sept.  7. 

Prices  of  Metals  (London). — Copper,  cash,  59^\  ;  three  months 
60il.  Lead,  English,  12j — 13;  foreign,  cash,  12i  ;  three  months, 
12[,;-12J.  Spelter,  cash,  22i— 22^.  Tin,  English,  135J— 137J  ;  foreign, 
cash,  137g  ;  three  months,  158  —  138}.  Iron,  Cleveland,  cash,  50/11, 
and  three  months,  51/8.  Magnet  Steel  (price  supplied  by  W.  F.  Dennis 
&  Co.),  £55.  

ABERDEEN  SUBURBAN  TRAMWAYS  CO.— The  directors  rejiort  that 
for  the  half-year  cniled  July  31  the  inofit  was  £775.  A  dividend  01  2 
per  cent,  for  the  past  year  is  declared. 

ASCOT  DISTRICT  GAS  &  ELECTRICIT7  CO.  The  directors  have 
declared  an  interim  dividend  at  the  rate  of  5  per  cent.  (5s.  per  share), 
less  tax,  for  the  past  half-year. 

BRITISH  INSULATED  &  HELSBY  CABLES  (LTD.)— The  directors  ha  c 
declared  an  interim  dividend  at  the  rate  of  8  per  cent,  per  annum. 

MACEAY  COMPANIES. — The  regular  ipiarterly  dividend  of  1  perceiil 
on  the  preferred  shares  and  the  regular  quarterly  dividend  of  1  pci 
cent,  on  the  common  .shares  in  the  Mackay  Companies  « ill  bo  paid  on 
Oct.  1  to  shareholders  of  record  as  they  appear  at  the  clo.se  of  bus-iness 
on  Sept  11.     The  transfer  books  will  not  be  clo.sed. 

STEWARTS  &  LLOYDS  (LTD.)— The  directors  have  declared  the  follow 
ing  interim  divicluiids  for  the  half-year  ended  >Iunc  30  :  6  percent,  pcv 
aiiiiuin  on  the  picfcreiice  .shares  and  10  per  CJiit.  per  annum  on  the 
picferrcci  ordiiiaiy  shares. 

STOCK  EXCHANGE  NOTICES.— The  Stock  Kxchaiige  coniinitti  c  havi 
.ap|i'iinlci!  .Viii;.  27  a  sjicial  settling  day  in  and  have  granted  a  i|U')!a 
lidii  t(i  £77.201)  4J  per  cent.  £100  prior  "lien  gold  bonds  of  the  Mimtrcil 
Witi.r  i(-  f'(}ii-.r  Co.  The  committee  have  also  granted  quotations  tn 
t:)ii.(io(i  4;  per  cent,  debenture  stock  of  the  Anchor  Crih/c  Co.  (Lid.)  and 
,1  liii  ilicr  issue  of  £.50,000  4  per  cent,  redeemable  debenture  stock  of  the 
(hh  flu/  Telephone  &  Ehclrie  Co.  {Ltd.).  Ap)ilicatiiins  have  been  made- 
for  official  (|Uotalions  for  £l.-)0.000  (i  per  cent,  ciiniulativc  prcfcivnci' 
slock  of  tlic  Mrlhiinnir  Klnirlr  Siipplii  Co.  {Ltd.)  (In  lii-u  of  the  preference 
shares  of  the  Klciliic  Lighling  A  Traction  Co.  of  .\iistralia.  Ltd.).  ami 
20,(K)0  £.)  7  iicr  cent,  first  cumulative  preference  shares  ,ind  a  furthei 
issue  of  £100,000  H  per  cent,  first  mortgage  debenture  st<ick  of  the  sann' 
company. 

UNITED  ELECTRIC  CAR  CO.  (LTD.)— The  directors  recommend  u  divi 
dend  for  the  year  ended  June  of  2i  jier  cent,  on  tli^  pidinary  shares, 
against  nil  for  the  preceding  year. 
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Aberdeen  CorporiUon 

Alrdrle  

Anglo -Argeatlne 

Ayr  Oorporatioa 

Baker  St.  &  Waterloo  By... 

Barnaley 

Barrow  

Bath  Electrio  Trams,  L^d.. 
Birmingham  Oorporatlon  . 

Birmingham  &  Mid 

Blaokbura  Oorporatloo 

Bl&okpool  and  Fleetwood.. 

Boltaa  Corporation 

Bombay     

Boaroemoatb  Qorporatloa. 

Bradford  Corporatioa 

Brighton  Oorporatloo   

Bristol  Trams  &  Oarrlaga... 

Burnley  Oorporation 

Barton  Corporation 

^  Bury  Corporation  

'O^outta  Tramways  Oo.... 

Camborne-Bedruth   

Cardiff  Corporation  

Oavebill 

Central  London  Railway 

ObaringC.,Bustoni&H'dtead 

Chatham  &  Dist.  Lt.  Bys.... 

City  &  South  London  Rly... 

City  of  Birmingham 

Colchester  Corporation 

Cork  Kleotrio  Trama  Co,  ... 

Croydon  Oorporation     

Devonport  &  Dist.Tram^... 

Dover  Oorporation 

Dublin  &  Luoan  Railway... 

Dublin  United 

Dudley-Stourbridge  

Dundae  Corporation 

East  Ham  Council 

Bseter  Corporation 

aateshca*!  &  Dist.Traukd... 

Qlasguw  Corporation 

Qloaaop  Trams 

Qravesend— Northdeet 

Great  Northern  dt  City  BIy.. 

at.Nortbern,  Ficcadilly,&o 

Qreenock  &  Port  Qlasgow... 

Hartlepool  Tramways    

Haatinga  Eleo.  Trama  Co.... 

Hong  Kong  

Hudderslluld  Oorpn 

Hall  Corporation 

Ilford  District  Council 

Ilkeutoa  District  CounoU..., 

[pswlch  Corporation 

Isle  of  Thanet  Co 

Jarrow 

Eelghley  Oorporation   

Kidderminster  &  Distriot... 

Kilmarnock  Corporation  ... 

Lanarktjhire  Tram^  Oo.    ... 

Lancashire  United 

Leamington 

Leeds  Corporation 

Lalceatei  Corporation    

Laith  Corporation 

Lincoln  Oorporation 

Liverpool  Corporation  

Liverpool  Overhead  Rly.  ... 

Llandudno  &  Uol  wyn  liayRy 
•London  Uounty  Oounoii  ... 

London  United  

Lowestoft 

Uaidstone  Corporation 

Uanohester  Corporation  ... 

Mersey  Railway  

Merthyr 

Metropolitan  Dist.  Railway 

Metropolitan Bleo.  Trams... 

MlddletoQ 

Nelson  Corporation  

Newcastle-on-Tyne  Corp. ... 

Newport  (Men.)  

Northampton  Oorporation. 

Oldham,  Ashton  &  Hyde  ... 

Oldham  Corporation 

Perth  (N.B.)Oorporation ... 

Perth  ( W.A. )  Elec.  Trama... 

Peterborough  

Portsmouth  Oorporation  ... 

Potteries   

Preston  Corporation 

Botberham  Corporation   ... 

Botheaay  

Salford  Corporation  

Sboerneas 

Sheffield  Corporation 

Singapore  Trams  

South  Metropolitan   

South  Stafla 

Southend  Corporation  

Southport  Tramways 

Stalyb-dge,Hyde.&o.,Jt.Bd. 

Sundorlaud  Corporation     . 

Sunderland  Distriot 

Swansea  Trams  

Swindon  Oorporation    

Taunton    

lynomouth  and  District  ... 

Tyneaide  Trams  Co 

Wallasey  Distriot  Council.., 

Walsall  Cjrpn 

Warrington  Oorpn 

West  Ham  Oorporation 

Weston-Buper-Mare   

Wolverhampton  Co 

Wolverhampton  Oorpn 

•  Worcester 

Wrexham '" 

Yorkshire  W.B.  Trams ...'.'.! 

Yorkshlro  Woollea  Distrlat. 
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77,887 
27,091 
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4,150 
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2,819 

3l,95i 

25  815 

26  771 
21,163 
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11,473 
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4,619 
1,211 
43,957 
26,015 

2l','i5! 

7,45  i 
3I,SJJ 


31,535 
17,3;s 
7  416 
9,956 


2,193 
41,920 
43,9iJ 

13)1513 
16,115 
9,261 
3,62J 
315,516 
11,935 
111.001 
672.818 
201,901 

3','91l 
313,145 
13,410 
6,875 
66,655 
196.289 
10,816 
2,930 
80,798 

10,310 
17,89) 
40,81j 


66,613 
5,117 

12,09J 
6,<60 
96,703 
l,6J5 
120,570 

25,291 
26,775 

11,9S7 
9,339 
16,201 
21,796 
19,321 
30,612 

l','il2 
7.821 
:i.:iJi 

20,073 

16.911 
7,77i 

4>i,OJ6 
4,6:11 

13,387 
6,933 
8,893 
3,110 


4-  B63,S 

f 


(a)  Tliese  comp.i 


sartj  with  the  cjrresDjudii 


irio^  last  vear.     6  Plus  3  dars. 


ELECTRICAL  COMPANIES'  SHARE  LIST. 


LASI 
DIVI- 

Dmn> 


Price      Bits  x 
Wod .      TULD- 
Ang.  25.        EC. 


DOE.  ^*'-''  I? 


ElECTRICITY  SUPPLY. 


6/0  'tSonrnemonth  ft  Poole  Eleo.  .Sap.  Ord  . 

4/6   j     +0o.     4i  per  Cent.  Cam.  Pref. 

6/0  I  130.  6  per  Cent.  Cam.  .Second  Pref.. 
4J%  ;  tOo.  4J  per  Cent.  Deb.  stock  (red.)  . 
3,8  i  Bromlej  (Kent)  El.  Lt.  ii  Power  Share 
4J%  !     D:>.  Do.  l»t  Deb«. 

16    1  RromptonftEensingtOD  Elec.Sap.Ord 

3  6       lOu.     7  per  Cent.  Pref . 

4%  Cenli  al  Eleo  Sap.  Co.4  y,  On»r.Db.8look 
2/6     t  JliarinK CroBB(  W.End 4 Citj)EI.Sap.Co, 

2/8      t  Jo.    4J  per  Cent.  Pref.  

4%    j     D).    4  per  Cent.  Deb.  Stock  (red.) 

4i'/„  Do  4}  per  Cent.  Deb.  Stock  (rod.)  .. 
2/8        Dd.    City  Dndertaking  HX  Cm.  Pref. 

2/6      Chelsea  Electric  Sapply  Ord 

4J%  Du.  41  per  Cent.  Ujb.  Stock  (red.)  .. 
5  '0      City  of  London  Electric  Lighting  Ord.. 

6/0        Do.     8  per  Cent.  Cam.  Pref. 

6%        Do.    B  per  Cent.  Dab.  Stock  (red.) 

4J%       Do.     44perCent.2Qd  Deb.  Stock  (red. 

CoantyofDnrhamElec.  P.D.  Ord 

2JX        Do.    6  per  Cent,  non  Cum.  Pref. 

4/0      County  of  London  Eleo.  Supply  Ord 

6/0        Do.    6  per  Cent.  Cnm.  Pref. 

4i%       Do.    4i%  Deb.  Stock  (red.)    

iiX       Do.    Second  Dab.  Stock 

3/6      Folkestone  Electricity  Supply  Co.  Ord, 

2/6        Do.    5  per  Cent.  Cam.  Pref. 

iiX       Do.    4 J  l8t  Deb.  Stock  (red) 

1/6      Hove  Electric  Lighting  Ord.   

4/0     IKonsington  *  Knightsbridge  Ord.„ 

6%         Do.     6  per  Cent,  let  Prof 

i%        Do.     4  percent.  Dab.  Stock  (red.) 

4%       Kensingtn.  4  Kngtbg.  Co.  &  Netting  Hill 

Co.  (Joint  Station)  4  <J  Deb.  Stock  (red.) 

Kent  Eleo.  Power  Co 

London  Electrio  Supply  Ord 

Do.    6  per  Cent.  Pref.... 

Do.    4  per  Cent,  lat  Mort.  Deb 

tMetropolitan  Electric  Sup.  Ord 

Do,     4J  per  Cant.  Cum.  Pref. 

4J?  Do.  44  per  Cant.  Dab.  Stockist  Mort. 
3*%  Do.  sIperCent.  Mrt.  Dob.  Slook(red.) 
ih     Midland  Eleo.  Corp.for  P.D.latUort.Db. 

Newcastle  &  Diet.  Elec.  Ltg.  Ord 

4f%       Do.    4i  per  Cent.  Dab 

2ii     Newcastle  Eleo.  Supply  Ord 

"        6  per  Cant,  nou  Cam.  Pref.  

iX  Do.  4  per  Cant.  Mort.  Dab.  red.  1997. 
60/      North  Metro.  Eloo.Power  Sup.  5  Morts 

Northern  Counties  Eleo.  tiap. 
4J  parCsDt.  Dab 


lo; 

6/6 

■2V/. 

HZ 
Six 

St.  I  SJ% 


rOrd, 


Notting  Hill  Electrio  Ord 

Oxford  Electrio  Ord 

Do.    4  per  Cent.  Deb.  Stock    

Bt.  James'  &  Pall  Mall  Eleo.  Ord. 

Do.    7  per  Cent.  Pref,    

Do.  3i  per  Cant.  Dab.  Stock  (red.)  . 
Smithfleld  Markets  Electrio  Sap.  Ord. 
South  London  Electric  Supply  Ord 

Do.    5.'.  1st  Mort.  Stk.  Red 

South  Metrop'n  Eleo.  Lt.  &  Pov 

Do.     7  per  (Sent.  Cum.  Pref. , 

Do.    4i  let  Db.  Stk.  Rai 

Urban  Electrio  Supply  Ord 

Do.    6  per  Cant.  Cum.  Pref.    

Do.     44  per  Cant.  Ist  M  irt.  Deb.... 
tWestminster  Eleo.  Sup.  Ord 

Do.    4J  per  Cent.  Cum.  Pref.   , 

ELECTRIC  RAILWAYS  A.  TRAMWAYS. 

baker  St.  «  Waterloo  4  J  Perp.  Db.  St 
Bath  Eleo.  Trams  Pref.  Ord 

Do.     6  per  Cent.  Cum.  Pref. 

Do.  44  1st  Mort.  Dab.  Stock  (red. ) ... 
B'ham  4  Midland  Trams  4 )  Ist  DO.  Stk. 
Bristol  Tramways  &  Carriage  Ord.  

Do.    Cam.  Pref.  (fully  paid) 

Do.     4  per  Cent.  Debs 

British  Electric  Traction  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    6  per  Cent.  Perpetual  Deba 

Do.     44  per  Cent.  2nd  Dab.  Stock 

tCentral  London  Ordinary  Stock 

tDo.    4  per  Cent.  Pref.  Stock    

Do.    Deferred  Stock   

Do.     4  per  Cent.  Debs 

Charing  X.EustonSHmpstd  Per.Db.Stk. 
City  olBirmingham  Ii-ams.  6'iCm.Pref. 

Do.     4  per  Caut.  Ist  Mort.  Dobs 97—101 

City  4  South  London  El.v.  Con.  Ord.  ...      314  -3!4 

Do.    6  per  Cent.  Perp.  Pref.  (1891)    ...    loa-llo 

Do.    (1890) ;  lOl  —107 

Do.    (1901) lOO 

Oo.    (1903) ■ 

Do.    4  per  Cant,  Perpetual  Dabs 

Dublin  United  Trams.  6  per  Cent.  Pref. 
Gt.  Northern  &  CityKly.  Pref.  Ord.  (4 ii  I 
O.Northern.Pioo.  4Brom|itoa4ii  G.Pl 

Do.     4  per  Cent.  Dab.  Stock 

Hastings  Si  District  Eleo.  Trami.  6.^  U.P. 

Do.      44  Db.  St 

Imperial  Tramways  Ord.  m 

(Do.    6  per  Cent.  Pref.  

JDo.    44  per  Cent.  Dabs 

I.  of  Thanet  B.  V.  4  Lt.  5  per  Cout.  Pref. 

Do.    4  per  Cant.  Dob.  Siook 

Lanarkshire  Tramways  

Lanes.  Utd.  Trams  6  (,  Prior  Liea  Do.  St. 
Liverpool  Orerhead  Railway  Ord..... 

Do,    5  per  Cant.  Pref 


B}-9}  6    3') 

94  -10  4   io     0 

10  —104  6  H     0 

99  —103  4    7     6 

li-42  6  la    9 

93  — 9«  4  le    0 

74  -S  6  12    0 

'J -3  4     8    " 

97  —100  4     0    0 

4  —44  5  16    6 

4J-li  4   1)    0 

i»6    -9,*  4     10 

99* -101*  4     3    « 

3i-4|  5    2    6 

3J-4J  4    9    3 

10  P  -lul  4     7    0 

lOl   -VI  5  1')    0 

1  ;  -i2i  4  110 

121  -121  i  0  J 


10>  -11 
103  -106 
100   -103 

4|-:j 

6  -51 

97  —100 
TJ-7a 
«S  -65 
64-61 

95   -98. 


97  -99 
99  -101 

8)  —31 
11  —12 

6-64 

9)  — 3i 
84-9 
7  -7* 

81  —88 


5  U  6 

6  :6  6 
4  l4  6 
4    2  0 


93    -101  3  19     0 

85  —39  6     10 

IS -21  3     6     8 

54-54  sue 

03   -97  4     2    0 

44-48  5  U     0 

4§  -5  4  10     0 

105    -108  4     2     6 

831  -S64  4     I     0 

91  —97  4  12     6 

4|-6  4    3     1 


B  — 5J 
9)  -101 

si' -91 
83  -91 
8  —84 
8  — 8i 
10)^  -  lot 

2" -24 
So  —Si 
63  —67 
61  —63 


92  —91 
4i-6i 


91  —96 
lOJ  —102 
12}  -135 

J-1 

s  —34 

91  — 9iJ 

H-  i 


i-H 

83  -(W 

9;s-i>,= 

681-901 


3  19  C 

7    5'  0 

4  19  0 
4  19  0 
7  2  6 
4  11  0 
3  19  0 


8i  —SI 

IJ  -« 

63  —71 


Do.    4  per  Cent.  Ist  More.  Oeb.  Sleek 

Uereey  Con.  Old.  Stock    1  —2 

Metropolitan  Eleo.  Tramwaya  Ord 1  .Vj'— .;  J 

Do.    Deferred I  sa— .**« 

tDo.    5  per  Cent.  Cum.  Pref. li~!u 

Do.    44  per  Cent.  Dob.  Stock  Vi  —VI 

Metropolitan  Railway  t>)naoUdat«d  3J  —3)* 

Do.     Surplus  Lauds  Stocks 63  — 6/ 

Do.    8J  per  Cent.  Prelerouoe 88  — 91 

Do.    8J  per  Cent.  "  A  "  Preference  '  S4  — 83 

Do,    84  per  Cent.  Convertible  Pref. 81  — 8") 

Do.    34  per  Cent.  Dabent  me  Stock 


1^     0 

0 

6  13 

0 

6  14 

0 

fi     3 

0 

4   14 

0 

.5  U 

0 

3  IS 

0 

4     t> 

0 

4  lo 

■1 

3  19 

0 

4  12 

11 

4  11 

ii 

4   13 

« 

High-  L,.)w" 

eit.      est. 

Mar,  Sep 

.- 

Feb,  Am 

Feb.  Ann 

!0.      .. 

Jan.  Jul; 

•  • 

April,  Oo 
May,  So 

..         „ 

March 

Mar,  Beol 

. 

Jnoe.Det 

M 

Feb,  Aag 

Feb,  Aug 

M 

Jan.  JqIt 

91  1     .. 

1)1      9H 

Jan,  Jolr 

** 

March    .. 

>• 

Jane,  Dae 

*■ 

Feb,  Aug 

■m   loj 

Jan,  July 

— 

Jane,  Deo 

.•1     •• 

Jan,  July 

_ 

April,  Oct 

—         ■■ 

April,  Oot 

>>    I     .. 

Feb,  Aag 

Mar,  Sept 

Vfl    14 

Jan,  JuUr 

May,  Not 

—        •• 

April,  Oct 

Mar,  Sept 

Feb,  Aug 

—        ft* 

April,  Oct 

— 

Feb,  Aug 

Jan,  July 

-         - 

April,  Oot 

Jan,  July 

Mar,  Sept 

Mar,  Sept 
Jan,  July 

^ 

AprU,  Oct 

^  :* 

Jan,  July 

June,  Dao 

.• 

Jan,  July 

June,  Dae 

* 

Feb,  Aug 

Jan,  July 

Feb,  Aug 

* 

Feb,  Aug 

u      1         a. 

Jan,  July 

- 

Mar,  Aag 

•• 

Jan,  July 

—               « 

March  .. 

—              w 

March    .. 

_ 

Jan,  July 

Feb,  Aag 

Feb,  Aug 

—              _ 

Jan,  July 

— 

Feb    .... 

AprU.... 

"      ,         " 

Fab.Aog 

"      '         - 

April,  Oot 

—              _ 

April,  Oot 

April,  Oot 

April,  Oot 
Mar,  Sept 
Jan,  July 

■•              _ 

Jan,  Jolr 

100  !     93h 

AprU.... 

"■ 

Jan,  July 

..        — 

AprU,  Oct 

•  • 

Jan,  July 

Sii            a. 

Feb,  Aug 

Feb,  Ang 

— 

Jane,  Dec 

M 

Feb,  Aug 

23       S.i: 

April,  Oot 

So,      ... 

May,  Nov 

Si 

Feb,  Aug 

en    .. 

Feb,  Aug 

^ 

Feb    .... 

—            ■• 

Jan,  July 

Jan,  July 

9.j      .. 

April,  0)t 

April.  Oct 

Feb,  Aug 

aj      3I4 

Feb,  Aug 

Feb,  Aug 

Feb,  Aug 

— 

Feb,  Aug 

•« 

May,  Nov 

_      •■ 

Feb,  Aag 

Feb,  Aag 

Feb,  Aug 

. .  '    ~ 

Jan,  J  uly 

9  J  914 

Mar,  Sept 

...    — 

April,  Oot 

Mar,  Sept 

Mar,  Sept 

Jan,  July 

•>• 

Mar,  Sept 

*■ 

Jan,  July 

-  -      ~* 

Feb,  Aug 

Jan,  July 

Feb,  Aug 

..  1    *■ 

Feb.  Aug 

"  1    " 

Jan,  July 

*•      •• 

Jan,  July 

« 

Jau,July 

OS 

Feb,  Aug. 

AprU..  . 
Feb,  Aa/ 

;;  :    ;; 

J»Q,JalJ 

'»5V      .. 

Feb,  Ailg 

3^4      3Ji 

Feb,  Aug 

b&l       .. 

Feb.  Aag 

Feb,  Aug 

So 

Feb,  Aug 

Si        Sli 

Jan,  July 

»■*       '-►Jx 

iBUieolsting  the  yield  allowance  ha<  bean  made  tor  aeoroed  iataraat  bat  iiot  for  redempliou. 


T    F  RT,KCTRTrri4N.  AUGUST  27,  1905. 


EL.ECTFJMCAL.    OOIMPA-IVIES'    SHAFtEJ    LIST Continued. 


ti  I  Last  I 
£  Dm- 


Price      RATB  % 
Wed..      riiLD. 
Ang.  25.        »D. 


ta    LAST] 

5    DKND 


Price 
Wed.. 

Ang.  25 


I        '  EIFCTBIC  RAILWAYS  4  TRAMWAYS- Cor'/nuerf. 
St.   Sl%    Met.  RW.  Si  per  Cent.  "A"  D»b.  Stock       al  — 9J 

fit       ■•   '  M-Tornlitan  DisirirtEailwavOrtt l<  —1(4 

"0.    F.itension  rref.  (."i  r"  Cent.)  |     49—61 

o.     ApJTOtfd  Kxt.  Pref.  (Int.  Gu«r.  hr 
Und.  F.lfc  Klvs.  To.  nf  London,  Ltd.)      f6  -67 
1     Do.     3  per  Cent.'  Coiisoltd.  Rent-chBrge      78  —78 
I>o.     t  I>er  Cent.  Midland  Rcnt-chari;e    101  —10* 

•  Do.    Gn»r.  Stock  4  i>er  Cent "'       ■" 

Do.    6  i>er  Tent.  Pcrp.  Deb.  Slock  

I     Do.     4  i-er  Cent.  Ditto 

I   Xew  Gen.  Tract.  6  rer  Cent.  Cum.  Pref. 

;   Potteries  Electric  Traction  Ord 

tPo.    6  per  Cent.  Cnm.  Pref.  

Do.    4»  per  Cent.  Del>.  Stock    

B.  Met.  F.ler.  Trama.  A  I.tc.  6^  Cm.  Pref. 

Do.     4  per  Cent.  Deli.  Stock 

Sunderland  Diet.  Elee.Tmi«,6yi-tMt.Db. 
UnderedK.l!yi.Ton.i;"  In.bds.withcoup.l 

Do.  5"  Prior  l.icn  Bonds.. 

Do.    4 J*  Hopdswitb  coup.  8 _.. 

Yorkebire  (W.B.)F.lec.  Trame.  Ord 

Do.    6  per  Cent.  Cnm.  Pref,   

Do.     4>  per  Cent.  1st  D«b» , 

t'lECTRlC  MANUFACTURINC,  i.t. 

Aron  Electncitv  Meter  Ord 

Do.    6%Curo.  Pf. 

Babcock  &  Wilcox  Ord 

Do.    Pref. 

Britifib  Insalated  &  Helabj  Cables  Ord. 

Do.    6  per  Cent.  Pref. 

Do.  4J  per  Cent.  Ist  Mort.  Deb.  (red.) 
British  Thoms'nHonst'n  4}%  1st  Mt.Db. 
British  WesiinphonseBperCent.Pref 

Do.    6  I'or  Cent.  Prior  I.iea  Db8(rd 
4  per  Cent.  Mort.  Deb.  Stock 


sl  8J% ; 


si.  *Z 


100    °* 


HZ 


*\ 


1  )/4i 

1  il*t 

1  PffS 

6  6/0 

5  S/0 


St,    **    ,     -  ^ 

St!    *}?  I  Bin»hE.EngCo.»J%Perp.  IstDeb.Stock 

St.  ,*P 

6  10  0 

5    2/6 

St.  m 

1    I/O 


1  Of 


3    5/0 

lOti    6% 
1  0/71 

£,    2/0 

5  OPi 
Bt.    44X 

6  1/ti 
•   6    «/6 

Bt.  n 

Bt.    6X 


6  : 


4ix; 

«/9j| 


Perpelnal  Snd  Deb.  Stock 
Callender's  Cable  Con.Ord.    . 
Do.    6  per  Cent.  Cum.  Pref. 
Do      4|  per  Cent,  let  Mort  Debs,  (red.) 

Castner-Kellner  AlkaU  Co 

St    41?  '  I  Do.    4iperCent.  Ist  Mort.  Deb.  (red.). 

1,01  ]  Chadbnm'e  (Ship)  Telegraph  Ord.    

0/7!       Do.    6  per  Cent.  Cum.  Pref.  

Consolidated  Electrical  Co 

Consolidated  Signal  Co 

Do.    6  per  Cent.  Cum.  Pret  

'Cronipton  ft  Co.(Noa.  1  to  86,000)  

Do.    6  per  Cent,  let  Mort.  Debs,  (red.). 

Dayisft  Tiliimins 

Dick,  Kerr  &  Co.  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do.     4J  per  Cent.  Deb.  Stock    

Edison  &  Swan  United  ("A"Sh.)(£3pd.) 

Do.    (f  5  paid)    

Do.    4  per  Cent.  Mort.  Deb.  Stock  (rd.) 

Do.    6  per  Cent.  2nd  Deb.  Stock 

Edmondson's  Elec.  (3orp.  Ord.    — 

Do.    6  per  Cent.  Cnm.  Pref.  

Do.    4i  per  cent.  Ist  Jlort.  Deb.  (red.) 

Electric  Construction  Co 

Do.     7  per  Cent.  Cum.  Pref.  

Dc.  4  per  Cent.  Perp.  1st  Mo<-t.  Oebs. 
Felianti  ltd.  .'•  perOcnt.lst  Mt.Db.St. 
Oeceral  Electric  (19U0)  5%  Cum.  Pret... 

Do.    4  per  Cent.  1st  Mort.  Debs. 

Henley's  Telegraph  Works  Ord. 

Uo    '4i  per  Cent.  Pref.   

Do.  4)  per  Cent.  1st  Mort.  Deb.  Stock 
India  llulber,  Gut.  Per.,  ftc.Wrks. 

Do.     Sp.rCint.  Cum.  Prof 

Do.     4  ler  Cent.  Debs,  (rod.) 

Kalional  Elec.  Construction  Co 

B  ichardrrns,  Wesl  Earth  &  Co. ,  Ltd ,  Ord. 

Do.    IJ  per  Cent.  Cum.  Pref. 

1  o.    H  per  Cent.  Perp.  Deb.  Stock    ... 

1     ..        gimplei  Conduits  Ord 

5    ..     '     Do.    6  per  Cent.  Cum.  Pref 

12   li/0     lelegraph  Consliuclion  a  Maintenance 
100;  4Z         I' J.    4  per  Cent   Deb.  I'^mda  (1909)    ... 

I    1/0    IVitKers,  Sons  4  Maxim.  Ltd,  Ord 

■  '  tDo.  b  per  Cent.  nonCum.  Preference 
(Do.  6  per  Cent.  non-Cum.  Preferred 
Do.  4  per  Cent.  1st  Mort.  Db.Sk.(red) 
Do.  41  per  Cent.  2nd  Mort.  Deb.  (red.) 
Do.    6  per  Cent.  3rU  Mort.  Debs  Bcrip. 

J.G.WhiteiCo.GXCm.Pref. 

WillauB  4;  Robinson  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do     i  per  Cent.  Ist  Mort.  Debs 

nUERAPHS. 

Amazon  leleniai-L 

Do      6  per  Cent.  Debs.  (red. 

Anglo.American 

Do.    Preferred   

Do.    Deferred    ...........;.. 

Cojnn;ercial  Cable  4  per  Cent.  Deb.  Stk. 
Cuba  Butimarine  Ord 

Do.     Preference  10  per  Cent 

Direct  Spanifh  Ord 

Do.    10  per  Cent.  Cum.  Pref.    

Do.    H  per  Cent.  Deb 

Direct  I  uilel  States  Cable 

Direct  W  est  lndiaCable4j%  Eg. Db.  (rd.) 

taetern  Ordinary     

at.   17(8  :  Do.    3i  per  Cent.  Pref.  Stock  


St- 

5% 

Mill 

b/U 

n 

.S 

ll;(i 

f. 

2/3 

Bt 

4*?. 

111 

b(U 

10 

6/4 

100 

4* 

94  -87 
142  -H4 
94  —96 

n 

t6  -,-9 

8-6 

70  —74 

81  -es 

36  -33 
1|)?J-1081 
88  -9) 


4,=-,-l,'o 

iS-14 
74-7i 

103  —lot! 
91  —98 


9  10  0 
6  IC  0 
B  lU     U 


4JX 


El.  I>X 

St.  47. 

lOU,  4iZ 

luo;  by. 

J;  1/0 

6  3/0 

Bt,  *7. 


ItO  6% 
Bt.  16/0 
Bt.   30jO 


Bt. 

tX 

10 

6,0 

10 

10/0 

6 

!(/0 

b 

6/U 

Ml 

4^. 

20 

t/0. 

100 

ta 

bl. 

26/U 

97  -9» 
3j  -42 
43  -46 
27  —81 

luj-ll 

5i-6S 
104i-KlS 

2  -2i 
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The  Reliability  of  Electrical  Machinery. 

A?AKT  from  consideration.s  of  ecouomy  and  convenience, 
the  electric  motor  should  appeal  to  power  users  on  the 
score  of  its  reliability,  but  if  this  last-mentioned  advantage 
is  to  be  fully  realised  particular  attention  must  be  paid  to 
the  installation,  both  as  regards  its  design  and  its  operation. 
All  excellent  epitome  of  tiie  failures  whicli  result  if  such 
precautious  are  not  taken  is  always  provided  by  the  annual 
report  of  Mr.  Mkh.vel  Longkiuge,  chief  enguieer  to  the 
British  Engine,  Boiler  &  Electrical  Insurance  Co.,  and  the 
report  for  the  year  1908,  to  which  we  refer  in  detail  else- 
where in  this  issue,  will  proliably  be  found  to  be  of  more 
than  usual  interest.  Although  we  are  here  mainly  con- 
cerned with  that  section  of  the  report  dealing  with  elec- 


trical matters,  we  may  also  draw  attention  to  the  valuable 
contribution  made  to  the  subject  of  the  stresses  in  gas 
engine  shafts.  That  some  such  investigation  is  necessary 
is  indicated  by  the  variety  of  dimensions  adopted  by 
ditt'erent  makers  and  by  the  fact  that  a  considerable  in- 
crease is  shown  in  the  number  of  failures  of  gas  and  oil- 
engine shafts,  such  failures  now  amounting  to  91  per 
cent,  of  the  total  failures,  compared  with  47  per  cent,  in 
1907  and  .5  per  cent,  as  the  average  for  24  years  previous 
to  1907.  Mr.  Loxgridge's  report  also  serves  a  useful 
purpose  in  drawing  attention  to  the  rapid  increase  during 
recent  years  of  the  number  of  breakdowns  of  steam  engines 
due  to  breakage  of  valves  and  valve  gear,  and  he  sug- 
gests that  some  improvement  in  the  design  and  manu- 
facture of  these  parts  is  desirable.  Failures  of  valves  an<l 
valve  gear  in  the  case  of  gas  and  oil  engines  also  largely 
outnumber  those  due  to  other  causes,  and  indicate  faulty 
design  or  manufacture. 


Turning  now  to  electrical  plant,  it  is  gratifying  to  notice 
that  the  rate  of  breakdown  among  electric  motors  shows 
some  improvement,  the  figures  for  the  year  1908  being  1  in 
0'2  for  continuous-current  and  1  in  ll'o  for  alternating- 
current  motors,  compared  with  an  average  figure  for  the 
two  types  of  machines  of  1  in  7"9  for  1907  and  1  in  82  for 
1900.  The  figures  given,  above  for  electric  motor  break- 
downs in  1908  compare  favourably  with  ihe  figures  of 
1  in  9'1  for  gas  engines  and  of  1  in  9-4  for  steam  engines, 
the  more  so  when  it  is  remembered  that  electric  motors 
have  generally  to  operate  under  much  more  unfavourable 
conditions  and  in  situations  where  they  are  more  liable  to 
damage  from  extraneous  causes.  Much  light  is  thrown  on 
the  breakdowns  by  an  examination  of  the  tables  showing 
their  causes,  and  it  will  be  seen  that  dirt  and  neglect  are 
responsible  for  at  least  30  per  cent,  of  the  failures,  whilst 
the  manufacturers  must  be  h.dd  accountaltle  for  quite  11  per 
cent,  of  the  total  breakdowns.  In  this  connection,  we 
hope  that  due  attention  will  be  paid  to  Mr.  Longridge's 
remarks  in  regard  to  the  very  lai-ge  majority  of  breakdowns 
of  electrical  plant  being  due  to  the  deteriorating  effect  of 
oil,  dust  and  damp  on  insulating  materials.  In  addition 
to  improved  arrangements  to  prevent  oil  throwing,  which 
is  probably  the  most  fruitful  source  of  trouble,  the  break- 
downs seem  to  indicate  that  more  Civre  is  necessary  to 
secure  the  etticient  locking  of  spiders,  c6re  plates,  pole- 
pieces,  i.'^c.  There  is  no  doubt  that  it  is  a  great  advantage 
to  have  particulars  of  such  breakdowns,  as  in  this  way 
attention  is  drawn  to  defective  design  and  improvements  are 
facilitated,  which  is  all  to  the  advantage  of  the  power  user. 


El, 
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;  in  Municipal  Trading. 


tiX       Do. 


most   confirmed  unU-liever  in  municipal  lia<lins 

ElFC^I^IC  'All  . 

Mrt  Kiy.  ti  uubtless  a^rree  that  there  are  certain  directions  in 
Bo.  y.xMfti  the  actmties  of  (.or]>orationscan  i>e  safely  exercised 


;  on 

-  '    Ay 


Voi  nout  their  falling  foul  of,  or  entering  into  c^jnipetition 
'.>o'.  JLh,  private  enterprise.  We  may,  for  instance,  mention 
I*),  je  control  of  libraries,  swimming  baths  and  the  removal  <>f 
» refuse,  which,  though  of  a  trading  cliaracter,  could  not  well 
»'  be  carried  out  by  private  individuals.  The  supply  of 
electricity  or  gas  for  lighting  and  fwwer  purposes  from  a 
muuicipally-owned  works  is  also  legitimate,  for  in  such  a 
case  legal  restrictions  generally  prevent  any  competition 
between  a  munici)>ality  and  a  company.  liut  the  matter 
assumes  an  altogether  different  aspect  when  a  municipality 
wishes  to  control  a  purely  trading  concern  and  to  enter, 
without  let  or  hindrance,  into  competition  with  private 
undeitakings.  Then  the  situation  becomes  (J ilVjertian  :  a 
private  tra<]er  supports  a  municipality  by  the  rates  he 
pays,  which  municipality  entei's  into  competition  more  or 
less  successfully  with  the  aforesaid  private  trader.  If  the 
Corfwration  makes  its  trading  department  pay,  the  trader 
possesses  a  powerful  competitor  whom  lie  helps  to  sup- 
port ;  while  if  the  venture  is  unsuccessful  there  is  a  ten- 
dency to  cut  prices  so  that  the  trader  has  to  make  up  his 
competitor's  deficit  and  lose  his  own  business  at  the  same 
time.  It  may,  therefore,  be  assumed  thai  any  arguments 
which  seek  to  support  this  method  of  jjrocedure  are  econo- 
mi  ally  unsound. 


Thkke  is  ye",  another  side  to  the  question,  however — a 
side  which  is  well  illustrated  by  certain  occurrences  which 
have  recfinlly  been  taking  pla/^^e  at  Shefiield.  The  work  of 
the  Corporation  in  that  town  is  naturally  controlled  by  a 
number  of  departments,  including  one  for  supervising  the 
eflucation  of  the  city  and  another  for  superintending  elec- 
trical matteiTj.  A  short  time  ;igo  the  former  of  these  called 
for  tenders,  through  its  consulting  engineers,  for  wiring  the 
Training  Colh-ge.  Certain  firms  tendered,  as  did  also  the 
Corporation  Klectricity  Department,  which,  in  spite  of  the 
fuct  that  it  had  not  sent  in  the  lowest  tender,  was  recom- 
mended for  the  work  by  the  Training  ( 'olh-ge  managers, 
thus  cutting  out  a  firm  with  a  lower  tender  who  had  ample 
exj»erience  of  the  work  required.  It  may  be  mentioned 
that  the  tenders  sent  in  wandered,  as  is  usually  the  case, 
over  a  considerable  range.  As  was  properly  remarked, 
in  a  dLscussion  on  the  question,  if  the  committee  had 
dfjcided  that  a  Corpcjration  department  was  to  do  tlu;  work 
no  tenders  sliould  have  been  called  for ;  and  certainly  no 
Corporation  department  should  ha^'e  been  allowed  to 
tender  in  competition  with  private  firms  for  Corporation 
work.  We  liave  lately  heard  of  engineers 'acting  as  their 
own  arbitrators,  but  here  is  a  case  of  a  Corporation  depart- 
ment assuming  the  role  of  I'ooh-Hah,  and  acting  as  cus- 
fjmer,  testing  authonty  and  contractor  all  in  <me.  In 
spite,  however,  of  a  certain  amount  of  o]>position,tlie  amend- 
ment proposf^J  was  adopted,  and  the  tender  of  the  private 
trader  accepted,  the  'onjmittee  generally  agreeing  that  a 
gniat  mistake  had  been  made  in  the  proc(;dure  followed 
throughout  the  matter.  It  is  impossible  not  to  fall  in  with 
this  conclusion,  for,  indeed,  the  whole  discussion  only  indi- 
cated a  profound  ignorance  ol  the  functions  of  a  munici- 
pality.    A  municipal  authority  may  be  allowed  to  take 


over  and  run  anything,  or  everything,  for  the  good  of  the 
community,  though  we  must  confess  this  would  lead  to 
disastious  practical  results,  or  it  may  confine  itself  to 
controlling  certain  branches  of  trade ;  but  it  must  not  on 
any  account  enter  into  competition  with  private  enterprise- 


DifTerent  Points  of  View  at  the  B.A. 

Pkok.  ]I.  E.  Ai;.m.^tkong  has  the  faculty  of  disagreeing 
with  most  of  his  contemporaries,  and,  therefore,  what  he 
writes  is  generally  interesting.  This  applies  particularly 
to  his  Address  to  the  Chemical  Section  of  the  liritish 
Association,  more  particularly  when  it  is  read  in  conjunc- 
tion with  the  Addresses  of  Sir  .J.  J.  Thomson  and  Prof. 
liLrHKifi-olii),  who  are  essentially  exponents  uf  the  electron. 
To  Prof.  AK.M.sTifO.NG  the  electron,  like  the  sulijectof  ionisa- 
tion,  is  l)y  no  means  a  desideratum,  and  he  calls  attention 
to  the  "  horrible  pitfalls  "  which  should  render  conclusions 
on  such  subjects  of  doubtful  value.  I'rof.  Ahmstuong 
evidently  has  no  liking  for  the  period  of  sensational  dis- 
covery thiough  which  we  have  been  passing,  a  period,  he 
remarks,  in  which  advertisement  is  favoured  and  the  desire 
for  notoriety  is  rampant.  We  do  not  doubt  that  there  is  a 
tendency  at  the  present  day  to  rush  into  print  unneces- 
sarily instead  of  carrying  investigations  to  a  logical  con- 
clusion. J>ut  how  this  can  be  remedied  is  diilicult  to  see. 
As  to  tlie  theories,  apart  from  tlieir  experimental  verifica- 
tion, we  think  that  trouble  arises  from  the  fact  that  the 
physicist  seldom  has  a  good  knowledge  of  chemistry,  and 
we  think  it  might  equally  be  said  that  the  chemist  gener- 
ally has  an  extremely  poor  knowledge  of  physics ;  and 
that  neither  cares  very  much  about  the  work  of  the  other. 
In  investigations  dealing  with  questions  on  the  border 
line  of  physics  and  chemistry  a  good  all-round  knowledge 
of  both  subjects  is  very  desirable ;  and,  what  is  more,  it 
seems  to  be  a  fact  that  an  intimate  acquaintance  with 
mathematics  is  also  necessary  before  many  ol'  these  theories 
can  be  seen  in  their  true  liL'ht. 


Municipal  Business  Methods. 

WiiKN  the  proprietors  of  a  c<jinmercial  concern  engage  a 
general  manager  to  conduct  its  affairs  it  is  usually  a  recog- 
nised principle  that  this  manager  should  be  allowed  to  select 
his  own  staff  and  personnel,  and  to  terminate  their  period 
of  service  should  their  work  not  prove  satisfactory.  The 
system  is  not  ideal,  but  it  has  worked  well  for  many  years 
and  under  varying  conditions.  It  would  .seem,  therefore, 
oidy  natural  that  municipalities  undertaking  trading  work 
should  follow  the  same  course  as  that  outlined  above,  and 
appoint  a  genernl  manager  in  wliom  they  can  have  implicit 
trust  and  in  whose  hands  the  general  conduct  of  the  woik 
is  placed.  Such,  however,  is  not  the  opinion  of  the  coun- 
cillors of  the  up-to-date  town  of  Ilkeston.  They  appointed 
a  manager  for  their  tramways,  Mr.  A.  C.  CiMiEUT,  who,  in 
the  course  of  his  duties,  found  it  necessary  to  dismiss  sum- 
marily two  employes.  Much  hub-bub  was  the  result,  the 
Trades  Union  concerned  moved  in  the  matter,  and  a  com- 
mittee of  the  Coun<-il  forthwith  determined,  thus  taking 
into  their  own  hands  work  deputed  to  their  manager,  that 
the  men  should  be  reinstated.  As  the  (Council  endorsed 
the  action  of  their  committee,  Mr.  C^jlukist  has  naturally 
tendered  his  resignation,  his  views  on  the  question  not 
havin"  been  sought. 
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It  will  not  lie  denied  that  to  crarry  on  successfully  an 
undertakintr,  such  as  a  municipally -owned  tramways  system, 
discipline  ot  some  sort  is  necessary,  since  certain  unruly 
members  may  not  always  comport  themselves  as  they 
ihoald.  To  deal  with  these  cases  must,  however,  be  the 
dutv  of  the  manager  alone,  and  though,  theoretically, 
appeal  from  his  liecision  to  the  committee  may  be  allowed, 
procedure  such  as  that  apparently  common  in  Ilkeston  can 
only  lead  to  chaos,  and,  logically,  to  the  working  of  the 
undertaking  on  a  system  of  sans-culottism,  which  would  be 
little  to  the  liking  i.f  the  town's  inhabitants.  It  is  perhaps 
to<  I  much  to  hope  that  the  same  thing  will  not  occur  again_ 
and  we  cannot  but  feel  that  the  reputation  of  Ilkeston  as  a 
place  where  loyalty  to  their  staff  is  a  point  on  which  great 
emphasis  is  laid  by  the  councillors  has  certainly  sunk  very 
nearly  to  absolute  zero  in  the  opinion  of  those  engineers 
whose  services  municipalities  should  endeavour  to  obtain 
and  retain. 


British  Association. — TheEev.  T.  G.  Booney,  D.Sc,  F.R.S.. 

has  been  elected  president  of  this  Association  for  the  year  1910. 

Iron  and  Steel  Institute. — As  previously  announced  in  The 
Electrii  lAX,  the  autumn  meeting  of  this  Institute  will  be 
held  in  London  from  Monday,  September  27th,  to  Friday, 
October  1st,  inclusive.  The  secretary's  office  will  be  established 
at  St.  Ermin's  Hotel,  Westminster,  and  the  meetings  will  be 
held  in  the  hall  of  the  Institution  of  Civil  Engineers,  Great 
George-street.  Westminster.  Among  the  Papers  down  for 
reading  are  :  '■  On  the  Determination  of  the  Power  Consump- 
tion of  Reversing  Eolling  ilills,"  by  Mr.  C.  A.  Ablett.  and 
"On  the  Refining  of  Steel  by  Electricity,"  by  Mr.  E.  J. 
Ljungberg.  Visits  wiU  be  paid,  among  others,  to  the  works  of 
Messrs.  Siemens  Bros,  fc  Co.  at  Woolwich,  to  the  London 
County  Council  generating  station  at  Greenwich,  to  the  Royal 
Doulton  Potteries  at  Lambeth  and  to  the  Xational 
Physical  Laboratory.  Other  information  with  regard  to  the 
meeting  can  be  obtained  on  application  to  the  secretary,  Mr. 
G.  C.  Lloyd,  at  28,  Victoria-street,  London,  S.W. 

Wireless  Telegraphy  in  Military  Operations.— As  is  iloubt- 
kss  well  known,  wireless  telegraph  apparatus  has  for  some 
time  now  formed  an  integral  part  of  the  equipment  of  an  army 
on  the  march,  or  taking  part  in  manouvres,  both  in  this 
coimtry,  on  the  Continent,  and  in  the  United  States.  It  will, 
therefore,  be  of  interest  to  hear  how  the  apparatus  works 
onder  what  must  be  arduous,  and  what  are  certainly  novel, 
conditions.  For  this  reason  we  reprint  a  paragraph  on  the 
subject  from  an  article  in  "  The  Times  "'  on  the  conduct  of  the 
recent  cavalry  operations.  From  this  it  would  appear  that 
much  has  still  to  be  done  to  fit  the  apparatus  for  military 
work,  or  else  that  "  Tommy  "  is  not  yet  sufficiently  acquainted 
with  its  technicalities  to  operate  it  with  any  degree  of  ease  or 
certaiaty.     The  paragraph  runs  : — 

It  is  a  disappointment  to  have  to  record  that  the  results  achieveil  hj- 
wireless  telegraphy  were  anything  but  eucburaging.  Much  had  been 
eipected  of  this  novel  development  :  and  having  regard  to  its  success- 
ful use  a  ye;ir  ago  when  its  employment  stood  out  as  a  feature  in  the 
reconnaissance  scheme  carried  out  by  the  Household  Cavalry,  it  is 
permissible  to  ho|5e  that  its  failure  during  the  last  two  days  is  one  of 
only  a  temporary  nature  for  which  some  satisfactory  reason  will  be 
forthcoming.  In  a  subject  bristling  with  such  abstruse  technicalities 
only  an  e.xpert  can  detect  Haws,  but  to  the  layman  it  certainly  appeared 
that  the  pack  stations  were  decidedly  wanting  in  mobility.  The  con- 
tact squadron  that  was  captured  probably  owed  its  misfortune  to  its 
having  constantly  to  wait  for  the  engineers,  who  in  order  to  justify 
their  existance  should  be  provided  with  horses  capable  of  keeping  up 
with  cavalry. 

Cable  Interruptions  and  Repairs. 

Date  of  Interruption.  Dat«  of  Repair. 

Tangier— Cadiz ..     May  19,  1909  ...  — 

Tourane— Araoy    JunelT,  1909  ...  — 

Assab— Perim    July    8,1909  ...  — 

Gibraltar— Tangier    .\ug.   7,  1909  ..  — 

Cuet.^— Tangier .-Vug.  7,  1909  ...  Aug.  27.  1909 

MeUlUi-Chafrinas    Aug.  7,  1909  ...  Aug,  30.  1903 

Dak.ir— Conakrv  Aug.  19.  1909  ...  — 


Factory  and  Workshop  Acts,  1901  and  1907.— Tne  follow- 
ing order  was  made  by  the  Secretary  of  .State  for  the  Home 
Office  on  July  2-5th  last,  under  e.xemption  -3  of  the  Regulations 
for  the  generation,  transformation,  distribution  and  use  of 
electrical  energy  in  premises  under  the  Factory  and  Workshop 
Acts,  1901  and  1907  :— 

In  parsaanc«  of  exemption  3  of  the  above  Be^lations,  I  hereby 
direct  that  in  r<xim.s,  other  than  electrical  statioos,  in  which  the 
following  special  conditions  are  obeerved,  viz.  :— 

No  electrical  energy  is  used  except  at  low  preseore,  aor  for  any 
purpose  other  than  lightirg  by  means  of  incandescent  lampe  ;  and 
the  tloor  is  of  wood  or  otherwise  insulating;  and  there  is  no 
machinery  or  other  earthed  metal  with  which  a  person  handling 
any  non-earthed  lamp  fittings  or  any  portable  lamp  is  liable  to  be 
in  contact :  and  no  process  rendering  the  floor  wet  is  carried  on ;  and 
no  live  conductor  is  normally  exposed  so  that  it  may  be  touched ; 
snch  conditions  shall  be  deemed  for  all  the  purposes  of  the  Regolatiooe 
adefjuately  to  prevent  danger. 

£[ectric  Steel  Furnaces. — We  understand  that  the  largest 
electric  steel  furnace  in  regular  commercial  operation  at  the 
present  time  in  Europe  is  a  R.  ■cheling-Rcnlenhauser  single-phase 
furnace  in  use  by  the  Gebriider  Riichelings  Co.  (of  Voelklingen, 
a  S\  with  a  capacity  of  8  tons.  The  steel  supplied  to  this 
fm-nace  is  taken  direct  from  a  Thomas  converter  after  five  or  six 
minutes"  treatment  to  get  rid  of  the  silicon  and  carbon.  It  is  then 
treated  for  a  time  varying  from  three-quarters  of  an  horn-  to 
IJ  hours  in  the  electric  ftu-nace,  the  time  depending  upon  the 
quality  desired.  At  the  end  of  this  treatment  it  is  cast  into 
ingots  and  is  rolled  into  rails,  for  which  there  is  a  regular 
demand  for  the  Prussian  Government.  When  first  started  the 
furnace  was  shut  down  every  week-end  for  overhauling,  but 
now  it  is  nm  continuously  night  and  day  for  periods  of  a 
fortnight,  at  the  end  of  which  it  is  shut  down  for  repairs  to  be 
made  to  the  lining. 

Apparatus  for  Drying  Transformer  OIL — An  interesting 
apparatus  for  this  purpose  is  described  in  a  recent  number  of 
•'Helios.'  It  consists  of  a  frame  with  vertical  resistances, 
composed  of  metal  pipes  insulated  by  porcelain  rings.  This 
frame  is  completely  imme.-sed  in  the  oil,  the  terminals  being 
connected  to  the  low-tension  circuit.  The  heat  produced  in 
the  resistance  pipes  makes  the  oil  pass  through  them  in  a 
strong  current,  cooler  oil  entering  at  the  bottom.  The  circu- 
lation is  so  violent  that  every  particle  of  oil  in  the  tank  is,  it 
is  claimed,  certain  to  circidate  through  the  pipes  and  to 
become  heated  on  the  way.  The  warm  layer  of  oil  will 
therefore  gradually  increase  in  thickness,  and  within  a  short 
time  all  the  oil  will  have  reached  a  sufficient  temperature  to 
ensure  all  traces  of  moisture  being  removed. 

Patents  and  Designs  Act,  1907.— Sec.  27  of  this  Act,  which 
enables  persons  to  apply  for  the  revocation  of  a  p;itent, 
after  it  has  been  in  existence  four  years,  if  the  manufacture  of 
the  patented  article  or  process  be  carried  on  exclusively  or 
mainly  outside  the  L'nited  Kingdom,  has  now  been  in  opera- 
tion for  1 2  months.  During  this  time  G9  applications  for  revo- 
cation of  foreign  patents  were  made,  but  in  10  cases  only  were 
patents  revoked.  In  four  of  those  cases  the  patentees  appealed 
to  the  High  Court,  and  in  two  cases  (the  Bremer  and  Hogner 
patents,  relating  to  improvements  in  electric  arc  lamps)  the 
decision  of  the  Comptroller-General  was  reversed,  evidence 
having  been  adduced  which  was  not  placed  before  the  Comp- 
troller-General. The  two  other  appeals  were  unsiiccessful.  so 
that  the  number  of  patents  finally  revoked  was  eight ;  while 
in  another  case  a  conditional  order  of  revocation  was  made. 
Of  the  other  applications  four  were  dismissed  by  the  Comp- 
troller-General :  28  were  withdrawn  after  they  had  been 
lodged  (in  many  cases,  it  is  understood,  because  evidence  was 
forthcomins;  of  '-adequate'  working),  and  of  the  26  still 
officially  pe^ndiug  a  few  have  lapsed  through  effluxion  of  time. 
The  effect  of  the"  Act  of  1907  on  the  number  of  foreign  patents 
taken  out  in  this  country  caunot  yet  be  fully  appreciated  : 
in  this  connection  the  following  inimbers  may  be  o£  interest: 
Si.xteen  fewer  patents  were  taken  out  in  li>09  by  American 
subjects  than  in  190S,  and  331  fewer  than  in  1907.  The 
decrease  in  German  patents  has  been  consistent- 2,000  in 
1907, 1,S22  in  190S.  and  1,7:35  in  1909;  and  the  same  may  be 
said  'of  Austrian  patents— 253,  231  and  192  respectively. 
French  patents,  which  were  620  in  1907  and  670  in  190S, 
decreased  to  560  in  1909. 
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ELECTRIC  HEATING. 

BY    W.    S.    HADAWAY,    JR. 

It  may  assist  in  a  better  understanding  of  the  terms  used  in  dis- 
cussing electric  heating  to  state  at  the  outset  that  tlie  words  heat, 
potential.  &c.,  are  employed  more  specifically  than  has  generally  been 
found  necessary  in  discussing  heat  effects  apart  from  clcGtricity.  The 
term  "  electric  heating  "  is  commonly  used  to  e;q)ress  the  frittering 
down  of  the  higher  potential  energy  of  electricity  into  the  lower  poten- 
tial energy  of  heat.  There  is  no  well  defined  line  of  dcniiircation  : 
the  result  is  inseparable  from  the  conveyance  or  utilisation  of  elec- 
tricity in  any  degree.  The  expression  is.  therefore,  a  meaningless 
one  from  the  heat  engineer's  standpoint  and  it  fails  acc\irately  to 
express  the  performance  of  useful  work  by  the  transmission  of  heat 
energy  to  a  distance  by  means  of  electricity. 

The  feature  of  the  subject  we  are  to  consider  is  the  practical  adapt- 
ability of  commercial  electricity  for  heating  purposes  and  for  per- 
forming useful  work  under  the  conditions  imposed  in  general  indus- 
trial and  domestic  life,  and  particularly  in  connection  with  other  heat 
distributors  for  a  multipotential  heat  supply.  These  applications 
may  be  roughly  divided  into  two  classes  according  to  the  degree  of 
concentration  of  the  heat  energy  used.  The  first  class  includes  low- 
temperature  heating,  generally  diffused  and  in  large  volume  :  the 
second  includes  high-temperature  heating,  generally  localised  and  in 
small  quantity. 

In  heating  on  a  small  scale  no  adequate  classification  is  possible  ; 
it  is  the  blending  of  high-potential  heat  energy  into  low-potential 
heat  work  for  many  useful  operations  that  primarily  suggests  the 
feasibility  of  heat  transmission  by  electricity.  An  arbitrary  line  of 
temperature  demarcation  for  heating  on  a  large  scale  has  been  drawn 
at  "ioO-F.  As  examples  of  the  fiist  class  may  be  cited  the  heating  of 
rooms  and  of  water  at  atmospheric  pressure  :  examples  of  the  second 
class  are  electric  ovens,  sad-irons  and  soldering-irons. 

To  show  what  the  heating  efficiency  of  different  methods  of  appli- 
cation may  mean,  the  following  experiments,  reviewed  in  Thk  Elec- 
trician for  November  2.  1894.  are  cited.  The  determinations  were 
the  relative  heating  values  of  combustion  and  electricity,  by  a  resist- 
ance method.  The  same  wires  were  heated,  first  in  a  flame  and  then 
by  electric  current.  It  was  found  that  with  a  platinum  wire  held  in 
a  fiame  less  than  0-5  per  cent,  of  the  thermal  energy  produced  in  the 
flame  was  transferred  to  the  wire,  while  90  per  cent,  of  the  electrical 
energy  used  appeared  as  heat.  In  another  case  an  iron  bar  weighing 
about  20  lb.  v  as  heated  by  charcoal  and  then  by  electricity.  In  the 
former  case  about  O-T.'i  per  cent,  of  the  thermal  energy  was  trans- 
ferred to  the  bar  and  in  the  latter  case  88  per  cent.  The  heat  capa- 
city of  the  work  performed  is  sufficiently  large  to  express  the  relative 
differences  in  combined  efficiency,  and  the  lower  the  temperature  of 
the  work,  the  larger  the  area  heated  ;  and  the  greater  the  capacity 
the  less  the  difference  in  ratio  between  heating  by  combustion  and  by 
electricity.  We  may  readily  determine  the  conditions  where  the 
ratio  is  an  inverse  one. 

In  room-heating  apparatus  on  a  continuous  run  we  may  estimate 
that  1  watt-hoiu-.  3-41  thermal  units,  will  heat  1  sq.  ft.  of  common 
radiator  surface  through  1-26°F.  ;  that  1,000  watt-hours,  or  3,412 
thermal  units,  will  heat  the  surface  approximately  126°F.  above  tlie 
room  temperature — that  is,  for  room  heating  from  85  to  110  watt- 
hours  are  practically  the  equivalent  of  the  steam  at  low  pressuie 
condensed  by  1  sq.  ft.  of  radiator  surface  with  the  above  stated 
difference  between  the  room  and  tlie  radiator  temi)eratures.  This, 
of  cour.se,  takes  no  account  of  the  heat  capacity  of  the  apparatus. 
which  is  practically  eliminated  by  the  imposed  conditions  of  con- 
tinuous running.  We  may  safely  assume  that  a  fair  average  jirice 
for  a  unit  from  large  steam  electric  stations  is  3Jd,  It  would,  there- 
fore, cast  0-3d.  average  to  run  1  sq,  ft.  of  direct  radiation  surface  for 
one  hour,  or  the  electrical  unit  would  keep  about  10-3  sq,  ft,  of  radia- 
tor surface  at  the  teni|)erature  difference  noted  for  one  hour.  Direct 
comparison  of  this  value  with  practical  steam  heating  is  difficult, 
owing  to  the  variables  involved.  We  may,  however,  compare  it  with 
a  central  station  steam  distributor  as  quoted  by  Unwin  in  his  work 
on  the  "  Development  and  Transmission  of  I'owcr,"  referring  to  a 
New  York  steam  company.  The  unit  of  heat  used  by  this  coni|5any 
is  defined  as  the  "  kal,"  which  is  stated  to  be  the  heat  required  to 
eva])orate  1  lb,  of  water  from  100°F.  at  361' F.,  or  at  8.5  lb.  pressure 
per  square  inch.  One  kal  is  therefore  about  1,110  thermal  units. 
On  a  sliding  .scale  the  charge  is  stated  to  be  2s.  1  Id,  jier  1.000  kals  to 
small  users,  and  Is,  8d,  per  l,0f)0  to  large  users,  .^s  the  price  of  3Jd. 
per  electrical  unit  is  to  a  fairly  large  user,  we  shall  compare  it  with 
the  Is.  8d.  per  1,000  kal  rate.  For  Is.  8d.  the  consumer  obtains 
1.110.f)00  thermal   units  from   the  steam   station,  compared   with 
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20.400  thermal  units  from  the  electric  station,  a  ratio  of  nearly  .")4  to 
1,  or  practically  ,)(l  to  1  as  a  loss  must  be  figured  in  the  ease  of  steam, 
depi'iulcnt  upon  the  temperature  at  which  the  condensed  water  is 
allowed  to  escape.  It  is  interesting  to  note  in  passing  that  while  the 
relative  efficiencies  of  generation  are  about  as  12  to  1,  the  commer- 
cial rates  quoted  are  as  ,50  to  1.  The  ratio  of  the  cost  of  heat  energy 
from  the  electric  station  to  the  cost  from  the  steam  station  is  there- 
fore practically  four  times  as  great  as  the  ratio  of  the  relative  costs 
of  production.  This  disparity  should  be  considered  in  discussing  the 
influence  and  importance  of  the  load-factor  as  discus.sed  by  CVompton 
in  his  Paper  on  "  Electric  Energy."  * 

Clearly,  the  steam-driven  electric  light  station  ranks  low  as  a  heat 
distributor  for  house  warming  on  any  considerable  scale.  And  yet 
notwithstanding  the  great  disparities  in  the  cost  of  heat  energy  on 
a  large  scale,  the  uses  to  which  small  electric  air  heaters  are  put  are 
surprisingly  numerous.  We  are  all  more  or  less  familiar  with  the 
use  of  gas  stoves  for  room  warming,  but  it  has  been  found  by  wide 
experience  that  the  electric  air  heater  for  auxiliary  room  warming, 
for  liatli  and  dressing  rooms,  for  libraries,  cabins  on  yachts  and  steam- 
ships, in  mild  climates  in  early  morning  and  evening,  serves  its  pur- 
pose with  fair  economy,  and  without  vitiation  of  the  air  and  by-pro- 
ducts always  evident  from  gas.  It  is  then  on  a  comparatively  small 
scale  and  in  intermittent  service  that  the  electric  air  heater  is  useful 
when  power  is  derived  from  the  steam  electric  station  and  when  the 
heat  supplied  is  derived  from  electrical  resistance. 

In  considering  the  uses  of  electricity  in  diffused  heating  on  a  large 
scale  the  author  is  of  the  opinion  that  the  deductions  made  l>y  Lord 
Kelvin  "  On  the  Economy  of  the  Heating  or  Cooling  of  Huildings  by 
Means  of  Currents  of  Au  "t  should  not  be  overlooked.  Lord  Kelvin's 
deductions  therein  may  prove  to  be  wrong  until  more  perfect 
thermal  insulation  is  developed,  but  to  anyone  familiar  with  thermo- 
dynamics and  electrical  development  the  possibility  of  using  a  posi- 
tive force  to  control  and  direct  a  less  definite  form  of  energy  must 
appeal  with  singular  emjihasi.s. 

\Vhen  electricity  is  derived  from  water  power  we  might  expect  a 
far  wider  availability  of  energy  from  heat  of  resistance  for  applica- 
tions requiring  heat  in  large  volumes  than  when  electricity  is  derived 
from  steam  power.  Careful  deductions  show  that  for  house  warming 
the  cost  of  a  horse-power  year  must  not  exceed  24s.  in  order  to  com- 
pete directly  with  high  grade  coal  at  20s.  per  ton. 

The  consideration  of  the  relative  values  of  gas  and  electricity  for 
heating  purjioses  is  a  matter  that  can  only  be  inadequately  discussed 
here,  for  the  problem  is  a  complicated  one  and  demands  the  most 
thorough  consideration.  We  must  not  underrate  the  facility  with 
which  gas  may  be  stored,  the  economy  of  rapid  and  continuous  gene- 
ration and  available  heat  from  combustion  and  discharge  of  by-pro- 
ducts, whereas  in  electric  lighting  and  electric  heating  every  unit  of 
light  and  heat  secured  represents  an  appreciable  loss  or  depreciation 
of  the  energy  converter.  There  are  many  advantages  to  be  con- 
sidered on  the  other  side  .such  as  localisation,  immersion  of  heater  in 
working  chamber,  as  in  ovens,  sad-irons,  and  water  heaters,  ireedom 
from  by-products,  &o.  In  electric  heating  and  cooking  for  domestic 
uses  the  real  difficulty  is  how  to  provide  a  hot-water  sujjply  econo- 
mically. The  same  thing  is  true  in  the  use  of  gas,  though  in  a  lesser 
degree.  On  a  broad  scale  it  appears  easier  to  arrange  for  this  on  a 
multipotential  heat  supj)ly  system  than  on  any  system  using  gas.  In 
his  treatise  on  gas  engines  Donkin  .shows  examples  of  these  engines 
(it  large  size  furnishing  power  at  rates  less  than  can  be  obtained  from 
other  prinu'  movers.  For  high-potential  heat  distribvition  fiom 
isolated  jjlants  this  form  of  energy  transmitter  is  generally  available  ; 
but  it  may  be  seriously  questioned  whether  in  isolated  plants  for 
domestic  use  th.e  hot  water  supply  as  usually  provided  can  be  econo- 
mically heated,  unless  of  course  the  combined  economies  (lermit  the 
use  of  individual  gas-heated  water  supplies. 

It  may  be  safely  concluded  from  the  foregoing  illustrations  that  we 
cannot  afford  to  use  electricity  for  general  diffu.sed  heating  purposes 
on  a  large  scale.  It  is  proper  to  point  out,  however,  tliat  practical 
experience  shows  that  these  deducticms  may  lead  to  unsafe  conclu- 
sions. Individual  apnlications  must  be  (considered,  and  the  com- 
bined results  of  these  will  be  far  different  from  any  considerations 
controlling  a  fixed  sy.stem.  One  of  the  reasons  contributing  to  the 
slow  grow  th  of  electric  heating  develojiment  is  the  necessity  in  many 
cases  of  devising  apparatus  to  do  work  more  eflecti\ely  than  could 
be  done  by  the  old  nu'thods. 

The  author  then  gi\cs  illustrations  of  operating  plants  in  America 
for  the  pur|)Ose  of  showing  that  under  certain  conditions  heat  energy, 
as  steam,  may  be  economically  distributed  to  a  distance,  and  he 
proposes  a  multi-potential  arrangement  system  in  whit^h  the  steam, 
either  live  or  exhaust    or  both,  is  u.sed  for  low-femperaturo  work, 
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iUKl  cli'ctricity  from  generators  in  tlie  same  stntimi  is  emiiloycd  for 
all  work  requirinj;  temperatures  in  excess  of  that  of  tlie  steam  ; 
that  is,  from  about  250°F.  upward.  In  domestic  work  the  steam 
heat  would  be  employed  for  house  lieating  and  water  heating  for 
bathing,  laundry  and  cooking  purposes.  Electric  heat  would  be 
used  for  lamps,  ovens,  broilers,  small  stoves,  sad-irons  and  all  pur 
poses  requiring  a  high  temperature  localised  heat.  And  a  feature 
of  such  a  combination  not  to  be  overlooked  is  the  facility  with  which 
ventilation  and  heat  regulation  can  be  seemed,  since  all  the  elements 
are  at  command  to  force  an  abundant  supply  of  heated  pure  air 
tlirough  the  building  to  be  warmed.  There  are  no  new  or  untried 
features  in  such  a  combination  ;  practically  all  of  the  elements 
necessary  for  the  work  are  already  employed,  though  in  a  somewhat 
disjointed  form  so  far  as  complete  flexibility  of  heat  supply  from  one 
centre  of  distribution  is  concerned. 

Careful  study  of  the  question  of  multi-potential  heat  supply,  from 
both  engineering  and  busmess  standpoints,  can  hardly  fail  to  give 
the  utmost  confidence  that  results  of  the  greatest  value  can  be 
obtained  along  this  line.  A  total  fuel  efficiency  exceeding  3.5  per 
cent,  for  both  low  and  high  temperature  heating  is  certainly  attain- 
able, and  probably  a  still  higher  efficiency  may  be  secured  from 
operations  on  a  large  scale.  It  is  in  this  direction  that  we  must  look 
for  the  best  immediate  results  of  electric  heating  in  domestic  life. 
Electrical  engineers  realise  that  the  ordinary  light  and  power  station 
is  wasteful  as  a  heat  generator  and  distributor,  and  one  of  the  ways 
to  improve  these  conditions  is  to  introduce  a  basis  of  supply  in  which 
the  load  factor  is  a  larger  percentage  of  the  station  capacity  and  in 
which  low  temperature  steam  distribution  may  also  be  utilised. 
This  study  deserves  the  greatest  poissible  care,  and  while  data  are 
occasionally  available  there  is  still  much  to  be  learned. 

In  the  modern  "  apartment  house  "  we  find  it  possible  to  effect  a 
comparatively  high  distributive  heat  efficiency.  The  rooms  arc 
heated  by  low-pressure  steam  or  hot  water  radiation  and  the  hot 
water  for  laundry,  bathroom  and  cooking  purposes  is  also  supplied. 
Electric  lighting  is  available,  but  low  heat  efficiency  is  found  in 
cooking  except  in  cases  where  gas  is  available.  No  one  can  question 
the  value  of  gas  as  a  fuel  in  cooking  ;  we  may,  however,  take  the 
ground  that  when  a  boiler  plant  is  required  for  room  and  water 
heating,  and  the  electric  plant  for  lighting,  the  use  of  gas  in  cooking 
is  unnecessary  and  comparatively  expensive,  for  it  is  a  form  of  heat 
supply  not  as  effectively  localised  as  electricity  and  is  accompanied 
by  many  disagreeable  features.  In  these  houses  electricity  is  already 
in  use  instead  of  alcohol  for  heating  conveniences,  also  for  heating 
sad-irons  for  laundry  work  and  pressing  ;  and  it  appears  to  be  a 
question  of  time  only  when  electric  ovens  and  other  cooking  utensils 
will  replace  the  range  or  the  gas  stove  on  a  considerable  scale.  The 
'■  apartment  house  "  supplied  with  its  own  boiler  and  electric  lighting 
plant,  approaches  more  closely  the  proper  conditions  for  electric 
heating  than  any  other  mode  of  domestic  life,  as  all  the  conditions 
essential  to  economical  working  are  already  present. 

The  foregoing  deductions  have  been  introduced  to  indicate  brcjadly 
wherein  the  true  economical  basis  of  electric  heating  lies.  Like  all 
general  considerations  they  are  qualitative  rather  than  quantitative 
in  character.  We  find  in  industrial  and  commercial  practice  a  great 
number  of  heat  applications,  either  at  high  or  moderate  temperatures, 
in  «hich  close  regulation  and  facility  of  control  are  necessary  and 
where  electric  heating  on  some  scale  is  applicable. 

The  introduction  of  electric  lights  and  motors  has  brought  into 
use  in  central  stations  and  isolated  plants  a  vast  amount  of  electrical 
generating  apparatus,  so  that  at  the  outset  our  problem  is  lai-gely 
one  of  applying  electric  heating  apparatus  on  circuits  already  estab- 
lislied,  primarily  for  other  purposes.  On  these  circuits  we  are  usually 
able  to  supply  apparatus  to  do  the  work  required  better  than  it  is  at 
present  accomplished.  First  cost  and  cost  of  operation  are  not  the 
sole  considerations  in  any  apparatus  ;  in  addition  to  the  cost,  the 
collateral  advantages  derived  from  its  use  must  he  considered. 

In  domestic  work  there  have  been  large  numbers  of  household 
conveniences  .sold.  Perhaps  novelty  was  in  many  cases  the  reason 
for  first  purchase  and  use,  but  once  used  the  value  of  the  method  of 
heating  is  well  appreciated  and  extensions  are  made  to  more  and 
different  work.  In  this  slow  and  conservative  way  electric  heating 
in  households  is  progressing,  and  there  are  indications  of  a  more 
rapid  general  reception  and  use 

There  are  some  installations  in  which  all  or  nearly  all  the  cooking 
is  done  by  electricity.  These  are  generally  successful  and  econo- 
mical, according  to  the  degree  to  which  extensive  water  heating  is 
eliminated.  Laundry  and  pressing  irons  are  found  almost  uniformly 
satisfactory.  Some  of  the  devices  used  in  the  dining-room  are 
counted  great  conveniences  when  electrically  heated.  When  it 
comes  to  the  kitchen  the  same  feeling  of  cleanliness  and  refinement 
of  methods  as  for  the  dining  room  is  expressed  and  Imped  for,  but 
the  housewife  is  not  so  intimately  in  contact  with  the  apparatus,  an 


ignorant  manipulation  is  encountered,  which,  however,  generally 
does  no  other  harm  than  to  add  to  the  exi)en«e  of  running.  But. 
fortunately,  the  manipulation  and  control  of  the  devices  is  so  simple 
and  saves  the  servant  so  much  mork  that  an  honest  effort  is  usually 
evidenced  to  use  it  economically. 

In  industrial  work  the  jirogress  of  electric  heating  has  been  more 
rapid  than  in  domestic  applications,  with  the  exception  of  the  electric 
sad-iron.  There  are  ca.ses  where  heating  by  electricity  is  found 
cheaper  than  by  fuels,  setting  aside  all  collateral  advantages.  In 
electric  cars  the  more  equable  distribution  of  heat  ;  on  a  satisfactory 
basis  of  effective  w-arming  is  sufficient  to  employ  the  method  and 
apparatus  even  at  considerablj'  greater  cost  than  former  methods  of 
heating. 

We  have  before  us  for  the  future  two  methods  for  the  distribution 
of  heat  ;  the  first,  a  multipotential  heat  system  in  which  steam  and 
electricity  simultaneously  are  the  means  of  transmission  ;  secondly, 
a  constant-potential  heat  system  in  which  electricity  is  employed  as 
an  agent  for  diffused  heat  work  in  large  volume,  and  the  heat  of 
resistance,  either  directly  or  with  the  additional  heat  of  combustion 
of  carbon,  is  used  for  high  temperature  purposes.  The  first  is  a 
combination  of  well-knomi  engineering  practices  and  represents 
elements  in  successful  use  at  the  present  time. 

The  second  method  is  more  difficult,  as  it  includes  new  methods  of 
applications  and  untried  apparatus.  For  the  present  we  have  to 
approximate  the  probable  final  conditions  by  using  materials  at 
hand  so  far  as  they  will  go  with  reasonable  economy,  using  every 
energy  to  broaden  the  general  conception  of  the  help  and  conveni- 
ence arising  from  central  station  heat  supply. 

It  has  been  thus  far  assuped  that  the  development  of  electric 
heating  depends  solely  upon  engineering  conditions  without  reference 
to  the  state  of  the  art  of  the  appliances  themselves.  •L'nfortunately. 
the  lack  of  sturdy  resistances  of  high  rates  of  heat  impartivity  has 
materially  retarded  commercial  progress.  Factors  of  safety  have 
been  too  low  and  rates  of  working  too  slow.  We  are  still  without  a 
satisfactory  heat  insulation,  and  in  practically  the  same  position  as 
the  electrical  industries  prior  to  the  use  of  mica. 

A  circular  gas  burner  will  impart  heat  at  a  rate  equivalent  to  35 
watts  per  superficial  square  inch.  Electric  stoves  made  for  110  volts 
will  work  at  about  one-thu-d  this  rate.  This  is  a  serious  hindrance 
to  electric  cooking  and  high  temperature  applications.  Far  better 
apparatus  could  be  made  for  lower  voltages,  and  in  this  respect  the 
state  of  the  art  closely  resembles  the  situation  of  tungsten  and 
tantalum  lamps  which  are  simply  high  temperature  heating  applica- 
tions. 

Since  Dr.  Lindeck's  Paper  on  "'  Material  for  Wire  Standards  of 
Electrical  Resistance "'  was  presented  before  the  International 
Electrical  Congress  in  Chicago  in  1893.  the  only  alloy  that  has  been 
offered  for  resistance  purposes  is  the  nickel-chromium  product  ; 
that  is.  in  15  years,  notwithstanding  the  marked  development  in 
electrical  furnace  work,  there  appears  to  have  been  but  one  new  alloy 
brought  out  in  commercial  form. 

Attention  is  called  to  these  points  to  emphasise  the  need  of  further 
research  work  in  materials  and  processes  for  good  commercial  work. 
The  heaters  on  the  market  to-day  are  greatly  improved  over  the 
product  of  15  years  ago  but  there  are  still  wide  gaps  to  be  filled 
Localisation  of  heat  at  high  temperatures  with  negligible  heat 
capacity  are  the  prime  requisites  of  an  electric  heater.  \\  ithout 
adequate  heat  insulation,  with  resistance  material  of  eomparatviely 
low  specific  resistance  and  high  voltages  in  commercial  practice  the 
average  design  is  far  removed  from  the  ideal. 

DISCUSSION. 
Jlr.  C.  E.  Waddeli.  said  that  when  conipariug  elcotric  heating  with 
fuels  in  the  realm  of  dume.-ti<-  heatin.;.  the  fact  shoidd  never  be  U.st  sight 
of  that  by  means  of  eleotrieal  nieas\Miiia  instruments  the  quantity  of  heat 
deUvered  by  the  electrical  apparatus  eould  be  accurately  determined; 
whereas  in  "the  ease  of  fuel  apparatus,  while  the  calorilie  value  of  the 
fuel  itself  might  be  kii.iwn,  the  eflioieiu  y  of  such  apparatus  was  so  varia- 
ble and  uncertain  that  its  eeononiv  was  largely  a  matter  of  oonjecture. 
In  the  case  of  a  thieklv  populated  distrii  t.  the  use  of  exhaust  steam  lor 
heating  had  been  demonstrated  as  |notitable  and  desirable  :  and,  as 
Jlr.  Hadawav  sugsested,  oonditious  might  be  such  that  it  might  be  pro- 
fitable t..  generate  electricity  for  high-potential  applications  and  use  the 
cxlianst  steam  for  quantitv  work.  It  would  appear  that  the  S(.-oi>e  of 
stub  a  plant  might  be  widened  bv  applying  the  electric  heat  in  districts 
t(Ki  remote  from  the  generating  station  to  justify  the  installation  of 
underground  steam  mains.  It  would  u.it  do  to  dismiss  the  whole  sxojeo* 
as  one  unworthy  of  serious  eonsidoratiou.  It  must  Ih>  reniemWred  that 
the  w,,rUrs  coalfields  were  being  rai.idly  depleted,  that  natural  gas  areas 
were  limited,  and  that  wood  as  a  fuel  had  even  now  virtually  disapiM?ared. 
Sooner  or  later  electricity  must  necessarily  become  a  factor  in  the  held 
of  heating.  Where  electricity  generated  from  water  power  was  obtam- 
able,  and  where  storage  of  the  water  through  the  night  hours  was  im- 
practicable, elcctricareiieriiv  for  heatim:  couM  be  obtained  at   figures 
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closely  comit-titive  with  ftiels.  The  problem  in  suih  eases  beciinie  one 
of  storing  the  energy  of  the  water  ])o«er  in  the  form  of  heat,  which  brought 
■up  the  all-ini|>ortnnt  feature  of  heat  insulation.  Supplying  eleotricity 
for  heat  as  a  by-product,  with  a  view  to  maintaining  a  high  load  factor 
on  a  plant,  either  steam  or  water,  wa.*;  a  subject  that  would  bear  careful 
investigation  in  the  nuijority  of  small  steam  and  all  hj  dro-electric  jilants. 
Another  point  was  that  not  only  the  quantity  but  the  intensity  of  lical 
in  domestic  applications  was  essential  to  success.  Formerly  the  siieaker 
attributed  the  a-sserted  inferiority  of  the  large,  low-temperature  electric 
radiator  as  comi)are<l  with  a  small  open  fire  to  the  idiosyncrasy  or 
p.sychieal  peculiarity  of  the  individual  rather  than  to  any  pliysical  differ- 
ence. More  recently  he  had  revised  these  views,  and  had  found  that  in 
m.iny  instances  a  smaller  cjuantity  of  heat  with  which  was  blended  an 
even  smaller  quantity  of  liigh  temperature  radiation  was  extremely 
grateful.  If  electric  heating  was  to  be  intmduced  upon  a  large  scale  into 
house  warming,  it  would  be  necessary  to  accortl  the  art  of  heating  and 
ventilating  more  scientific  attention  than  was  now  usually  bestowed 
niwn  this  class  of  work.  The  argument  that  heat  obtained  from  elec- 
tricity equivalent  to  that  obtained  from  fuels  was  so  high  incost astol>e 
practical!}'  debarred  from  general  use  was  scarcely  logical  in  view  of 
modem  cxperipuce.  The  incandescent  light,  for  instance,  though  more 
costly  than  either  candles  or  kerosene  lam])s,  had  in  a  large  measure 
supplanted  both.  Finally,  there  was  one  other  class  of  quantity  work 
to  which  attentiim  had  not  been  directed.  In  drying  materials  on  a 
large  scale — lumber,  cotton  yarn,  &c.,  the  heat  that  was  supplied  was 
merely  a  means  artiKcially  to  accelerate  a  natural  process.  With  a 
moderate  amount  of  lieat  appUed  where  needed  and  a  skilful  use  of  air 
CHiTents,  an  apparatus  more  efficient  than  ponderous  steam  apparatus 
appeared  |)ossible. 

jlr.  ^\■.  X.  RvEHSON  said  that  JIv.  Hadaway  had  pointed  out  the  limi- 
tations in  the  use  of  electricity  for  maintaining  an  equable  temperature 
in  buildings  <hirin.r  the  so  r^nn  of  cold  weather,  and  at  the  present  time 
hLs  remarks  were  nml  niiii.illy  to  the  point.  There  were  instances,  how- 
ever, in  which  c'Mn|i  i  i-"ii  ln-tween  the  use  of  electricity  and  other  heat- 
ing agents  on  thf  lja>i>  nt  cu^t  led  to  erroneous  conclusions.  An  instance 
in  point  was  the  office  building  of  the  Ontario  Power  Co.  at  Niagara 
Falls  which  was  equipped,  under  the  plans  of  the  architects,  with  a  low- 
pressure  steam  heating  system,  having  an  auxiliary  hot-air  system  with 
forced  draught  ;  the  idea  being  to  maintain  a  pressure  in  all  the  outside 
rooms  sufficient  to  prevent  cold  air  coming  through  the  cracks  in  the 
window  frames.  &c.  The  air  in  this  auxiliary  system  was  intended  to  be 
heated  by  a  steam  coil  in  the  discharge  of  the  circulating  fan.  Before 
this  system  was  put  in  use.  the  speaker  designed  an  electric  heater  to 
take  the  place  of  the  steam  coils,  and  after  having  been  in  use  for  the  last 
two  winters  it  had  been  found  that  the  low-pressure  steam  system 
was  entirely  imnecessary,  a  comfortable  temperature  being  main- 
tained in  the  ccjldest  weather  by  the  electrically  heated  hot  air. 
During  the  last  winter  it  was  found  that  the  use  of  the  boiler  was  only 
necessary  for  25  days,  and  that  during  the  remainder  of  the  time  the 
electric  heaters  in  the  office  building  and  switchboard  room  were  suffi- 
cient for  all  ]uirposes.  For  the  present  and  imtil  some  material  capable 
of  delivering  heat  at  a  higher  rate  than  anj'  resistive  metal  now  known 
was  found,  the  princijial  application  of  electricity  would  be  in  articles 
where  the  heating  must  be  closely  confined.  The  superiority  of  these 
articles  was  well  recognised. 

Jlr.  W.  S.  .\n  DREWS  considered  the  use  of  electricity  for  performing 
ordinary  cooking  operations.  The  real  difficulty  consisted  in  providing 
a  hot-water  sujiply  economically.  At  the  price  of  2id.  per  kilowatt- 
hour,  the  cost  of  heatuig  a  gallon  of  water  from  faucet  temperature  to 
boiling  at  an  efficiency  of,  say,  80  per  cent,  was  a  little  more  than  Id., 
which,  to  many  pople,  would  be  a  ])rohibitive  price,  especially  as  the 
same  residts  could  be  accomplished  with  gas  for  very  much  less.  Apart 
from  the  (piestion  of  water  heating,  however,  the  operations  of  baking, 
broiling,  frying,  toasting,  &c.,  by  electricity  could  be  accomplished  at  a 
reasonable  ex|)ense,  when  elect  litity  w,is  sold  at  the  rateof  2kl.  per  kilo- 
watt hour,  takingintoduecon>i.lii,itiMii  tin-  collateral  advantage  of  being 
able  to  rai.sc  utensils  to  a  lii;.'li  lriii|iii;iiurc  with  localised  heat,  thus 
keeping  the  kitchen  much  c(joler  in  lici«  weather  than  was  possible  when 
using  a  coal  or  gas  range.  For  several  years  past  the  speaker  used  elec- 
tricity for  cooking  purposes  in  his  home  during  the  summer  months. 
Water  oidy  was  heated  by  a  gas  arrangement  attached  to  the  kitchen 
boiler,  but  all  other  heating  and  cooking  was  done  by  electricity  at  an 
average  cost  of  18s.  per  month.  He  estimated  that  the  average  cost  of 
heating  water  by  gas  amounted  to  about  (is.  per  month,  making  an  aver- 
age total  expense  of  24s.  per  mimth  for  cooking  three  meals  per  day  for  a 
family  of  four.  This  outlay  also  included  the  heating  of  water  for 
latmdry  work  and  the  uSe  of  an  electric  iron.  His  experience  showed 
that  an  ordinary  breakfast,  including  cereal,  coffee,  toast,  and  broiled 
meat,  sufliiient  for  two  or  three  people,  could  be  cooked  by  electricity  with 
an  expeniliture  of  about  1  kw.-hour,  the  various  devices  averaging  as 
follows,  on  a  liberal  basis  : — 

Cereal  cooker,  600  watts  for  20  min.       12,000  watt-minutes. 

Coffee  iiercolator,      600       „  20     „     =12,000 

Bread  toaster,  (iOO       „  10     „     =   6,000  „ 

Meat  broiler,  1,.500       „  20     „         30,000 


(iO.OOO 


Or  1  kw.  hour  at  a  cost  of  2Jd. 

These  instances  showed  that  good  service  could  be  rendered  at  a  reas<jn- 
able  expense  by  existing  devices,  but  he  quite  agreed  with  Mr.  Hadaway 
in  his  statement  that  we  were  still  far  removed  from  ideal  conditions. 
In  a  recent  lecture  on  this  subject  Dr.  Steinmetz  went  to  the  root  of  the 


whole  matter,  in  discussing  the  possibilities  of. greatly  reducing  the  cost 
of  electricity  by  impro\  ing  the  station  load  factor,  aiming  to  get  a  steady 
and  uniform  load  throughout  the  24  hours  of  the  day,  when  he  said  : 
'"  When  we  have  accomplished  that,  electric  power  will  be  much  cheajier 
than  anythhig  else  and  then  the  end  will  come  for  gas  and  keroseni'. 
And  that  time  wi/l  come  some  time  and  we  will  probably  see  it."  Jlr. 
Hadaway  cited  some  favourable  cases,  such  as  first-class  apartment 
houses  in  large  cities,  where  steam  heat,  hot  water,  and  electricity  were 
supplied  to  tenants,  and  where,  therefore,  electric  cooking  might  be  per- 
formed economically,  provided  only  that  the  price  of  electricity  was 
reasonable.  It  was  nevertheless  generally  true  that  the  cost  of  heating 
water  by  electricity  for  domestic  purposes,  at  ordinary  rates  for  current, 
presented  an  almost  insuperable  obstacle  to  its  common  use,  excepting 
in  a  small  way,such  as  for  hot-water  urns, coffee  (Hrcolatms.  ami  similar 
table  devices.  The  speaker  believed  with  Jlr.  Hadaway  tliat  the  Meld  of 
industrial  application  would  eventually  be  found  equally  if  not  more 
extensive  and  ju'ofitable  than  the  domestic  side.  There  was  thousands 
of  operations  where  heat  was  now  applied  to  various  parts  of  machines  in 
a  cumbersome  .and  inconvenient  way  by  steam  and  gas  where  electric  heat 
would  be  not  only  more  cleanly  and  hygienic,  but  also  more  economical 
in  the  long  run,  on  account  of  the  especially  favourable  feature  of  being 
able  to  localise  the  heat  where  it  was  required,  and  other  con.siderations 
covered  by  a  variety  of  special  conditions.  In  regard  to  the  heating  of 
air  in  buildings,  Jlr.  Hadaway  had  shown  in  a  general  way  that  the  present 
cost  of  electricity  when  supplied  from  large  generatmg  stations  made 
extended  applications  prohibitively  expensive.  In  a  few  special  and 
isolated  places  it  was  applicable,  also  for  emergency  cases  where  a  main- 
tenance or  rise  of  temperature  might  be  the  means  of  saving  valuable 
property,  as  in  conservatories  and  greenhouses,  the  value  of  these  apjdi- 
ances  was  very  evident. 

Jlr.  H.  P.  BjiLL  said  the  feature  of  the  electric  heating  subject  with 
which  he  was  most  interested  was  the  design  of  the  apparatus.  Jlr. 
Hadaway  gave  some  comparative  figures,  stating  that  a  circular  gas 
burner  wmdd  impart  heat  at  a  rate  ecpiivalent  to  35  watts  per  superficial 
square  inch,  and  electric  heaters  about  one-third  of  this  amoimt,  or  about 
12  watts  to  the  square  inch.  He  did  not  say  how  this  gas  burner  was 
measured,  but  it  might  have  been  an  annular  surface,  the  surface  of  the 
flame,  or  the  area  of  a  circular  disc  ;  in  any  event  this  rate  could'ibe 
exceeded.  It  was  perfectly  feasible  by  using  modern  materials,  such'as 
the  new  nickel-chromium  metal  and  infusible  insulating  materials,'to 
operate  with  watts  running  up  as  high  as  20  on  oi^en  stoves,  and  as  high 
as  25  or  even  30  on  stoves  which  were  used  in  connection  with  percolators 
or  water  heaters.  It  appeared  that  high  temperature  was  the  immediate 
field  for  electric  heating  devices,  with  the  wide  distribution  of  heat  as 
something  for  the  future,  jierliaws,  but  to-day  the  busmess  to  be  had  was 
in  sad-irons  and  other  devices  where  the  heat  was  concentrated  in  small 
areas.  He  e:iHeil  ;itleiil  icMi.  Uu'ief. lie.  to  the  absolute  necessity  of  gettmg 
away  from  e.iMl\  lusiiile  ni.iiei  i;ils.  (iid  adlieriug  to  the  use  of  very  high 
melting  resist  in  res  iiiie,i,';is  t\u-  iiiMil.itor.  on  account  of  its  extreme  thin- 
ness and  hii;li  insidiitinn  test,  standing,  as  it  did,  from  1,000  to  1,500 
volts  per  mil  of  thickness,  and  metals,  such  as  aluminium-bronze,  which 
would  readily  oxidise  in  the  air  at  high  temperatures.  As  to  the  problem 
of  heating  rooms,  the  ideal  arrangement  would  be  the  use  of  an  exposed 
resistance  conductor  in  the  form  of  a  thin  but  wide  band,  so  as  to  have  a 
maximum  radiating  surface,  causing  the  conductor  to  operate  at  the 
lowest  temperature  ;  for  it  was  a  well-known  fact  that  if  a  conductor 
was  surrounded  with  insulating  material  the  conductor  would  run  at  a 
higher  temperature  for  the  same  dissipation  than  if  it  were  exposed  in 
the  open  air.  In  a  sad-iron  or  water  heater  it  was  necessary  to  enclose 
the  resistance,  and  in  doing  this  it  must  be  supplied  with  a  maximum 
surface  by  using  flat  ribbon  resistances,  and  a  material  with  a  minimum 
thickness  be  used,  such  as  mica,  in  order  to  get  the  heat  out  of  the  con- 
ductor into  the  thing  being  heated  with  the  least  possible  thermal  drop. 
In  a  sad-iron  the  unit  could  be  Tun  at  a  very  high  current  density  on 
acc'iiiiit  iif  (lie  sjieeilie  capacity  for  heat  of  the  surrounding  iron  ;  but  in 
the  w.ilei  liejiri  iiiiisi  l)e  restricted  to  lower  densities,  .and  care  must  be 
exercised  to  see  lh.it  tlie  surrounding  material  was  a  minimum  thickness, 
in  order  that  the  electrical  energy  and  time  taken  in  raising  the  tem- 
perature of  the  device  up  to  its  working  temperature  was  the  least 
possible. 

Mr.  1L\X  LoEWjjXTHAL  thought  that  there  were  many  figures  to  prove 
that  electrically  heated  aiqiliances  were  as  efficient,  and  frequently  more 
efficient,  than  the  same  ap)jliances  heated  by  other  means.  He  took 
the  case  of  an  oven.  The  efficiency  of  an  ordinary  cooking-stove  iismg 
solid  fuel  was  only  about  2  ])er  cent.,  12  per  cent,  being  wasted  in  obtain- 
ing a  glowing  fire,  70  per  cent,  going  up  the  chimney,  and  16  per  cent, 
being  radiated  into  the  room.  In  a  gas  stove,  considering  that  the  num- 
ber of  heat  imits  obtainable  from  the  gas  at  a  certain  |iiicc  was  but  small 
compared  with  solid  fuel,  the  ventilating  current  ic(|iiiicd  for  the  opera- 
tion alone  consumed  at  least  80  ])er  cent,  of  the  heat  units  obtained  bj 
burning  the  gas.  In  the  case  of  an  electrical  oven  more  than  90  per 
cent,  of  the  heat  energy  could  be  utilised  ;  and  thus,  although  possibly 
5  to  6  per  cent.  <mly  of  the  heat  energy  of  the  fuel  was  present  in  the 
electrical  energy,  90  per  cent,  of  this,  or  45  per  cent,  of  the  whole  energy 
actually  went  into  the  food.  Thus  the  electrical  oven  was  jiractically 
twice  as  economical  as  any  other  oven,  whether  (liat  oven  was  heated 
by  solid  fuel  or  by  gas.  Furthermore,  the  en]ii|i,ii:il  Im-  ..pcrating  cost 
of  electric  and  gas  cooking  depended  upon  two  eniulitinos  ;  the  relative 
rates  for  gas  and  electric  heat  units,  and  the  relative  heat  efficiencies  of 
gas  and  elcetrie  apparatus.  A  thu'd  quantity,  the  effect  produced  by 
the  different  rates  and  modes  of  heat  applications  in  the  two  classes  of 
utensils,  might  effect  the  efficiency  slightly,  but  the  existence  of  this 
effect  was  not  yet  verified.     Starting  with  the  heat  of  coal,  which  might 
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I„.  f.iiily  i-stimafcfl  ns  12,01)0  B.T.l'.  per   lumnil.  the  rclntivc  cmiifiuy 
iif  tin-  heat  conversion  was  (•iim|)Uti'<l  as  follows  : —  


Ga 


Electricity. 


1  lb.  of  coal  produces  5  cubic  ft.  of  1  lb.    of    coal    produces    0-2.T  kw.- 

gas.     5  cubic  ft.  of  gas  contain  hcmr.  0-25kw.-hour==^8.53B.T.U. 
:<.000  B.T.U. 

Efficiency  of  heat  conversion  is  Kliiciencv  of  heat  conversion  is 

3.000     „.                ^  "s.-jS     _ 

percent.  ,-,--„,    -,-1   per  rent. 


12.000 


12,000 


EBieieney  electrical  heat  convei'sion     „„  . 

-  T^^   — 1. — I ■ =  28-4  per  cent. 

Efheieney  gas  heat  conversion  '■ 


With  manufacturing  processes  of  equal  cost  per  pound  of  coal  converted, 
it  was  apparent  that  an  electric  heat  unit  must  cost  nearly  four  times  as 
much  as  a  gas  heat  unit,  but  with  present  processes  the  relative  rates 
were : — 


Gas. 


4s.  per  1,000  cubic  ft. 
1  B.T.U.  0-000083d. 


Electricity. 

0-48d.  per  kw.-hour. 
1  B.T.U.  000U65d. 


Electric  B.T.U.  000293 
Gas  B.T.U.  O'OOdieV 


It  was  known  that  the  efficiency  of  electrical  apparatus  was  about  four 
times  that  of  gas,  and  consequently,  as  the  gas  utensils  require  four 
times  as  many  B.T.U.,  the  above  figure  of  17-3  was  reduced  to  4-4.  If. 
then,  the  rate  for  electricity  was  reduced  to  one-quarter  of  that  assumed, 
or  2-5  cents  per  kilowatt-hour,  this  figure  of  4-4  was  changed  to  I'l  and 
they  had  practically  identical  operating  costs.  This  ratio  had  been  borne 
out  by  numerous  tests. 

Mr.  C.  P.  Steinmetz  said  that  when  using  electric  energj-  in  producing 
heat  energy  for  heating,  cooking,  baking,  &c.,  they  ivnc  lunfroiitiil  by 
the  enormous  handicap  of  the  inefficiency  of  the  theiiUM-il\  iLnmr  in^inr. 
As  electric  power  at  the  switchboard  of  a  station  tlu-y  ^d  .mly  ficm  s  to 
10  per  cent,  of  the  energy  of  the  fuel  burned  under  the  steam  b.oilers. 
and  had  lost  90  per  cent,  or  more.  When  converting  again  this  electric 
energy  into  heat  energy,  they  could  get  only  the  same  very  small  percent- 
age of  the  heat  energy  of  the  fuel  that  was  contained  in  the  electric 
energy  and  this  greatly  handicapped  the  use  of  electric  energy  in  those 
cases  where  large  amounts  of  heat  were  required,  as  in  water  heating. 
Therefore  they  always  heard  electric  heating  engineers  refer  to  the  use  of 
gas  or  hot  water  or  steam  for  the  cases  where  large  amounts  of  heat  were 
recpiired,  as  in  water  heating,  or  house  heatuig,  and  reserving  the  use  of 
electric  heating  for  those  applications  where  the  heat  capacity  was  small, 
as  in  cooking  and  baking,  or  for  intermittent  use,  or  where  the  conveni- 
ence, and  cleanliness  of  electric  heating  outweigh  other  considerations. 
They  looked  to  future  improvements  in  the  production  of  electric  power. 
and  to  improvements  in  the  load  factor,  to  bring  the  cost  of  eleitric 
power  down  to  such  values  as  to  compete  in  economy  even  in  such  fields 
as  house  warming,  water  heating,  &e.  It  was  this  statement  of  the 
inefficiency  of  electric  heating,  due  to  the  inefficiency  of  the  convcision 
of  the  heat  energy  of  fuel  into  electric  energj',  that  thej-  desired  to  challenge. 
It  was  true  that  each  kilowatt-hour  of  electric  energy  contained  i>nly  :h 
definite  number  of  units  of  heat  energy  and  that  the  heat  energy  pro- 
duced by  the  conversion  of  the  electric  energy  into  heat  could  therefore 
never  exceed  850  calorics  of  heat  energy  per  kilowatt-hour,  or  about  8  to 
10  per  cent,  of  the  original  heat  energy  of  the  fuel.  The  problem  of 
electric  heating  was,  however,  not  to  produce  heat  energy  from  electric 
energy,  but  to  raise  the  temperature  of  the  air  or  some  other  objects  by 
increasing  the  f|uantity  of  heat  contamed  in  them.  This  did  not  neces- 
sarily require  ]iroducing  the  quantity  of  heat ;  it  could  be  done  by 
raising  an  existing  ([nantity  of  heat  to  higher  temperature,  or  higher 
heat  level.  In  the  thermodynamic  engine,  they  supplied  a  ipiantity  of 
heat,  at  higher  temperatures.  Of  this,  a  small  iiart,  say  10  per  cei\t.. 
was  converted  into  nu-chanical  energy,  the  remaining  00  ])ev  cent,  being 
given  off,  "  rejected,"  as  heat  at  atmospheric  temperature.  The  thermo- 
dynamic cycle,  however,  was  reversible,  and  by  performing  it  in  the 
reverse  direction,  they  could  take  the  90  per  cent,  of  heat  at  atmospheric 
temperature  ;  that  is.  fiom  the  air.  or  the  water  supply,  and  by  the 
conversion  of  the  10  per  cent,  of  mechanical  energy  into  heat  in  the 
reversed  cycle  raise  the  other  90  per  cent,  of  heat  from  atmospheric  to 
the  higher  temperature,  aiul  thus  supply  again  the  100  per  cent,  of  heat 
at  the  same  theoretical  temperature  at  which  they  were  sup|)lied  to  the 
thcrmodyii.iiiii''  rui^iiic  in  the  direct  cycle.  In  this  ca.se  they  would  supply 
at  the  hiuli.  I  irni|iri;iturc  10  times  as  much  heat  as  cnvrcsponiled  to  the 
con.sumed  ciiriii.  cnirgy  ;  bvit  this  heat  was  not  produced  from  electric 
energy,  90  |icr  cent.  ha<l  merely  been  raised  from  a  lower  level.  lower 
temperature,  to  a  higher  temperature.  It  was  thus  possible  to  suiiply. 
at  the  moderate  temperature  rise  required  by  electric  heating  devices. 
many  times  more  heat  than  the  calories  of  heat  energy  corresponding  to 
the  consunu'd  electric  power,  a  larger  quantity  of  heat  even  th.in  the 
total  number  of  units  of  heat  energy  of  the  fuel  consumed  in  jiroducing 
the  electric  energy,  without  infringing  the  law  of  conservation  of  energy. 
With  a  relatively  moderate  expenditure  of  electric  power,  such  a  thermo- 
dynamic engine  could  be  o))erated  between  two  temperatures,  one  above 
and  one  below  atmospheric,  and  thus  used  to  heat  the  houses  in  winter 
or  cool  them  in  summer.  Air,  taken  at  atmospheric  temperature,  was 
h?.-,ted  by  adiabatic  compression  :  its  heat  wns  abstracted  :  then  the 
air  was  expanded  and  thus  cooled  below  atmosphciic  temperature,  and 


heat  supplied  to  it  until  atmospheric  temperature  wa?  restored.  Thus 
between  comi)rcssion  and  expansion,  heat  was  given  «fl  alxjve  atmos- 
))herie  tem])erature  :  and  between  expansion  and  compression  heat  wa.* 
taken  in  below  atmospheric  tem])eratiire  ;  that  is  cold  given  oflF,  and  as 
the  work  done  by  the  expansion  supplies  mo.st  of  the  work  of  compres- 
sion, electric  p(jwer  had  to  supjjly  only  the  differences  ;  that  is.  a  part  of 
the  energy  representing  the  heating  or  cooling  effc'it.  Obviously,  in 
summer  the  higher  temperature,  in  winter  the  lower  tempera-lure,  would 
be  rejected  by  exhausting  into  the  air  and  taking  in  a  fresh  volume  of  air 
at  atmospheric  tem)>erature.  Such  a  thermodynamic  heating  apparatus 
should  be  able  even  with  the  jjrcsent  cost  of  electric  ]>ower  to  make  the 
cost  of  electric  heating  comparable  with  that  of  direct  heating  by  fuel. 

.Mr.T.WnixoTT {communicated) thought  that  Dr.Steinnietz's statements 
about  thermodynamics  were  misleading.  It  wasnot  true  that,  by  reversing 
the  cycle,  the  original  temperature  could  be  restored  to  the  whole  amount  of 
heat,  even  theoretically;  fen-  the  fall  from  lire  to  boiler  temperature  was 
a  e(nnpletely  non -reversible  process,  and  entirely  outside  the  reversible 
cyclic  ])rocess.  To  be  sure,  if  they  were  able  to  work  down  to  absolute 
zero,  all  the  energy  of  heat  of  any  finite  temperature  would  be  available, 
and  the  drop  between  fire  and  boiler  would  be  of  no  consecpienee  :  but, 
with  a  finite  lower  limit  of  temperature,  such  as  Mr.  Steinmetz  used  this 
drop  was  of  the  greatest  im])ortance.  Seccmdly.  if  the  ex)iansion  was 
can-ied  below  atmospheric  temperature,  as  Jlr.  Steinmetz  said,  efficiency 
was  sacrificed  ;  it  was  precisely  because  the  expansion  was  isothermal  at 
atmosphcrir  tciii|Miaturc.  in  the  apparatus  described  by  Lord  Kelvin, 
tliat  the  efficiency  was  high. 

Mr.  W.  8.  Hadawav,  .lunr.,  irf  reply,  said  conecmine  some  of  the 
criticisms  of  the  Paper,  it  had  been  his  effort  to  make  it  very  conserva- 
tive. The  logical  way  to  look  at  the  matter  was  to  conserve  the  fuel 
Bujjply  so  far  as  it  could  be  made  to  go.  From  a  business  standjKiint. 
and  it  was  really  the  business  standpoint  that  determined  the  engineer- 
ing features,  it  had  been  shown  conclusively  that  a  demand  for  electric 
heating  apparatus  had  been  created  which  must  be  met.  It  had  become 
in  man\-  ways  not  so  much  a  question  of  what  the  efficiency  was  as  of 
results  attained.  In  the  constniction  of  apparatus  the  one  important 
factor  which  remained  to  be  solved  at  present  was  the  question  of  heat 
insulation.  If  they  were  building  ships  in  which  they  had  to  figure  a  certain 
percentage  of  tonnage  capacity  set  aside  for  jiunijis  to  keep  the  ship 
afioat,  they  would  be  in  relatively  the  same  position  as  the  mannfacturer 
of  electric  heating  de\'ices  to-day  so  far  as  energy  inputs  were  concerned. 
They  had  no  practical  method  of  confining  heat  at  high  temiieratures. 
The  statement  that  the  gas  burner  corresponded  to  something  like  35 
watts  per  scpiare  inch  was  based  on  laboratory  work,  in  which  gas  stoves 
of  ordinary  construction  with  annular  burners,  and  with  outside  dimen- 
sions of  approximately  6!in.,  were  comjiared  with  an  electric  heater  up  on 
which  a  vessel  of  the  same  size  was  iised  on  the  two  devices.  It  should 
be  added,  however,  that  the  limitation  of  the  watts  per  square  inch  was 
not  u,Ti>s,ii  ily  IS  low  as  12  watts,  because  on  low  voltages  apparatus 
liad  i»(  n  -ih,', --fully  used  up  to  as  high  as  40  watts  ])er  square  inch. 
The  voli  lur  -itii  iiion.  howevei'.  particularly  on  220  volts,  was  a  difficult 
liro]).isuiou  to  h.mille.  because  apparatus  built  for  this  voltage  had  one- 
fourth  the  ri'sistau.c  I  TOSS  s,-,  tion  of  apparatus  built  i'<r  110  vohs,  and 
the  eh-itiiial  iusiilatiou  h.ol  .il>o  to  be  somewhat  increased.  The  logical 
(levelo|imerit  in  \ cltniics  w.is  towards  a  decrease  rather  than  an  increase 
in  the  same  way  that  tlie  logical  devehqunent  of  cpiantitative  work  in 
lieating  wis  tlie  i-ei,t  valisation  of  all  the  heating  values  at  one  point  and 
the  distribution  nf  tliciu  civer  short  distances  to  secure  the  highest  fuel 
cfficiciiiies  ill  coiubination  with  the  advantages  which  the  electric  heating 
devi.es  u:ive. 


THE  REV.  H.  B.  GRAY'S  ADDRESS  TO  THE  EDUCA- 
TIONAL SCIENCE  SECTION  OF  THE  BRITISH 
ASSOCIATION  

TllR    IClHCATlaXAI,    FaCTOKS    OF    LmI'KKIALISM. 

Notoriously  difficult  as  it  is  to  gauge  the  temiwr  of  an  age  while 
we  live  in  its  midst,  yet  the  phenomena  in  England  at  the  beginning 
of  the  twentieth  centin-y  .seem  so  unmistakably  marked  that  even  a 
sujierficial  tliinker  can  hardly  fail  to  recognise  the  spheres  in  which 
the  symiitonis  of  change  and  unrest  are  clearly  operating.  They 
are  surely  in  these  two — the  sphere  of  education  and  the  sphere  of 
Imperial  sentiment.  It  may  not  apjiear  inapposite,  therefore,  if. 
meeting  as  we  do  in  this  city  of  phen<unenal  growth  and  intinito 
entcriirise.  our  tlunights  were  to  he  directed  in  my  inaugural  address 
on  the  Science  of  Education  towards  discovering  what  may  be  either 
called  the  ln\perial  factors  in  education,  or  conversely,  and  (lerhaps 
more  judperly.  tlie  educational  factors  in  Imperialism,  ll  may  be 
perhaps  safely  said  in  'his  great  Dominion  what  might  possibly  be 
disputed  in  (Ik-  academic  groves  of  our  ancient  ICnglish  universities. 
that  there  was  no  width  ct  educational  outlook  within  om-  own  little 
island  until  the  last  30  years  of  the  nineteenth  century. 

The  only  strongholds  of  learning  wliich  presumed  to  give  the  load 
til  English  secondary  education  were  to  be  found  on  the  banks  of  the 
I.sis  and  the  Cam.     In  these  antique.  1  hesitate  to  say  antiquated. 

*  Abstract  of  the  Piesidential  Address  delivered  by  the  Rev.  H.  B. 
Gray,  D.I).,  at  Wiunip\g. 
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fastnesses  the  "  grand  old  fortifying  classical  curriculum  '"  was. 
till  lately,  regarded  as  the  main,  if  not  the  only,  highroad  to  Mluca- 
tional  salvation.  (.)pprobrious  epithets  have  (jeen  bestowed  on  the 
study  of  the  natural  sciences,  while  those  modern  linguistic  achieve- 
ments w  hich  ojiened  the  door  to  the  treasures  of  French  and  German 
literature  are  still  nothing  acoount<?d  of  in  the  great  schools  of  Eng- 
land. But  (more  marvellous  than  all)  even  the  scientific  acquisition 
of  and  familiarity  with  the  literature  of  the  mother  ttmgueliave  been 
entirely  neglected,  because  no  room  could  be  found  for  it  in  a  time- 
table, three-quarters  of  which  is  confined  for  the  great  ma.ss  of  boy 
students  in  the  historic  schools  of  England  to  tlu-  exclusive  study  of 
the  grammar,  literature,  and  composition  of  the  languages  of  ancient 
Oreece  and  Rome.  And  the  particular  methods  pur.sued  in  this 
oonlined  curriculum  have  rendered  the  course  nu)re  straitened  still. 
The  acquisition  of  the  literatures  of  the  two  dead  languages  and  of 
the  great  thoughts  buried  w  ith  them  have  given  place  to  a  meticulous 
study  of  the  subtleties  of  scholarshi]).  and  students  are  taught  to 
wanton  in  the  abnormalities  of  the  words  and  jihrases  in  which  those 
literatures  were  enshrined,  so  that  in  the  mind  of  the  classical  scholar 
the  form  has  become,  or  at  any  rate  became  till  quite  lately,  more 
important  than  the  substance. 

There  has  lieen  no  serious  attempt  made  till  the  twentieth  century 
by  the  leaders  of  our  best -known  places  of  secondary  education  to 
discover  the  bents  and  aptitudes  of  the  boys  committed  to  their 
charge  and  to  give  them  any  educational  chance,  if  they  have  not 
possessed  that  particular  kind  of  perception  which  could  f^nd  its  way 
through  the  subtleties  of  a  Euripides  or  a  Horace.  Boys  have  been 
entirely  denied  the  opportimity  of  showing  their  mental  powers  in 
any  other  sphere  of  learning.  In  how  many,  or  rather  how  few, 
places  (>f  learning  in  England,  at  the  present  time,  can  the  establish- 
ment of  scientifically  equipped  carpentering  and  engineering  shops 
be  found  in  which  a  young  mind  which  finds  it  impossible  to  digest 
the  crude  morsels  of  Latin  and  Greek  grammar  can  find  resource  and 
development  ?  In  how  few  schools  has  the  connection  between 
mind  and  hand  and  eye  been  scientifically  trained  ?  Such  establish- 
ments, even  in  the  first  decade  of  the  twentieth  century,  can  be 
counted  on  the  fingers  of  one  hand. 

What  remedy  have  I  to  propose  ?  My  answer  is  this  :  I  want  to 
force  upon  the  attention  of  English  educationalists  certain  Imperial 
factors  which  should  occupy  an  indispensable  place  in  the  educa- 
tional curricula  of  the  great  schools  in  the  Mother  Country.  I  would 
give  a  prominent  place  to  the  scientific  teaching  of  geography,  and 
particularly  to  historical  geography,  with  special  reference,  of  course, 
to  the  origin,  growth,  and  progress  of  the  British  Empire.  Such  a 
volume  as  the  "  Sketch  of  a  Historical  Geography."  by  Keith  John- 
ston, should  be  placed  in  the  hands  of  every  boy.  and  be  known  by 
him  from  cover  to  cover.  It  can  hardly  be  realised  that  in  many  of 
our  great  classical  schools  to  this  day  not  more  than  one  or  at  most 
two  hours  a  week  are  devoted  to  this  subject,  and  that  it  is  often  not 
taught  at  all  beyond  the  middle  classes  in  a  school.  Again,  I  would 
enforce  an  elementary  know  ledge  of  science  on  every  boy  who  passes 
through  the  stage  of  secondary  education,  I  am  aware  that  many 
hard  things  have  been  said  about  the  teaching  of  science  in  secondary 
education.  A  learned  profes,sor.  who  is  the  President  of  another 
Section  of  the  Association,  has  passed  his  opinion  that,  as  taught  in 
our  schools,  it  has  proved  of  little  jiractical  or  educational  value. 
But  because  the  methods  employed  have  been  halting,  insufficient, 
and  unscientific,  it  by  no  means  follows  that  it  should  be  left  out  of 
the  category  of  school  subjects.  On  the  contrary,  it  ap])cars  astound- 
ing that  two-thirds  of  the  |)ublic  school  boys  of  England  should  grow- 
to  man"s  estate  without  even  an  elementary  knowledge  of  the  laws 
of  the  world  in  which  they  live.  To  one  who  aspires  to  seek  his 
fortune  in  tlie  wide  and  half-unexplored  continents  of  Greater 
Britain  the  value  of  the  knowledge  of  chemistry,  geology,  botany, 
and  arboriculture,  can  hardly  be  over-estimated.  And  yet  manv 
jiresent  here  could  bear  critical  witness  to  the  fact  that  a  large  pro- 
portion of  young  men  go  out  to  the  North-West  totally  unequipped 
after  their  public  school  training  with  even  the  most  elementary 
knowledge  of  tnose  departments  of  si  ience  to  which  I  have  alluded. 
No  wonder  "  No  English  need  apply."  Every  youth  we  ex|)ort  to 
you  ought  educationally  to  bear  this  label  on  his  back  :  "  Every 
seed  tested  before  being  .sent  out." 

But  above  a  id  beyond  all  there  should  be  brought  into  the  fore- 
ground a  co-ordinated  study  of  English  language  and  English  litera- 
ture. Noti.ia^  impres.sed  me  more  in  ray  visit  to  the  United  States 
in  190.3  as  on  ■  if  tne  Mosely  Commission,  than  to  obser%-e  how  greatly 
the  cultivated  cla.s.ses  in  the  Federation  outstripped  our  island-bred 
people  in  tii-  facility  and  power  with  which  they  manipulated  the 
English  ton/'ij.  Awkwardness,  poverty  of  expression,  and  stam- 
mering utterance  mark  many  Englishmen  of  high  academic  distinc- 
tion. But  tne  Amcrlc.in  who,  on  account  of  tiie  inccs.sant  tide  of 
immigration,  has  to  assimilate  the  congeries  of  all  the  nations  of  the 


earth  in  the  shortest  possible  space  of  time,  has  so  co-ordinated  the 
study  of  his  ancestral  tongue  in  the  schools  of  his  country  that  the 
jiupii  emerges  completely  equijiped  ior  the  use  of  persuasive  and 
oratorical  language  wherein  to  express  his  thoughts  and  wherewith 
to  gain  his  ends.  In  connection  with  this  may  I  add  that  it  was, 
indeed,  a  happy  augury  that,  at  the  eve  of  the  meeting  of  the  British 
Association  in  this  great  Dominion,  there  should  have  been  a  gather- 
ing of  delegates  of  the  Imperial  Press  in  the  centre  of  oiu'  small  island 
home. 

Let  me  touch  on  one  further  educational  factor  of  Imperialism. 
The  sentiment  of  patriotism,  unlike  that  of  charity,  is  not  equally 
capable  of  indefinite  intension  and  extension.  The  peculiar  system 
of  education  which  finds  vogue  in  England  in  most  of  our  greatest 
institutions — the  institutions  from  which  are  drawn  the  future 
leaders  of  the  nation — is.  as  everyone  knows,  the  barrack  system, 
otherwise  called  the  boarding  system.  It  is  not  the  time  or  place 
here  to  enlarge  on  the  obvious  advantages  of  that  system,  its  unique 
characteristics,  its  power  of  moulding  character  and  developing 
enterprise.  But  it  has  its  cramping  and  confining  side^it  has  a 
tendency  to  localise  patriotism,  to  narrow  a  young  man's  mental 
horizon,  and  to  ignore  whatever  lies  outside  its  immediate  survey. 
Hence  the  abnormal  and  gladiatorial  devotion  to  games  and  com- 
paratively selfish  amusements,  which  absorb,  and,  in  my  opinion, 
not  seldom  paralyse  and  stifle  wider,  more  generous,  more  enlight- 
ened— in  fine,  more  Imperial  instincts.  However  much  in  the  field 
of  sports  the  individual  youth  may  subordinate  his  own  self-regard- 
ing impulses  to  the  welfare  of  the  tiny  community  for  which  he  is 
exercising  his  energies,  his  horizon  is  not  wide  enough  to  bid  him  rise 
to  a  sentiment  of  self-sacrifice  and  self-abandonment  on  behalf  of  a 
gieater  and  more  abstract  ideal — love  of  Fatherland  and  loyalty  to 
Empire. 

But  it  is  a  welcome  thing  to  be  able  to  point  to  a  larger  senti- 
ment lately  awakened  in  this  direction.  There  is  no  doubt  that 
the  patriotic  spirit  in  our  schools  and  colleges  has,  from  whatever 
cause,  received  a  great  impetus  in  the  last  two  years,  and  that  the 
general  principles  of  an  intelligent  defence  of  our  shores  from  foreign 
aggression  have  been  taught  and  construed  into  terms  of  scientific 
training  and  co-operative  action  with  a  rapidity  equally  surprising 
and  welcome  to  those  who.  a  few  years  ago.  looked  with  something 
more  than  apprehension  on  the  s\ipinencss  of  the  youth  of  England 
in  all  patriotic  regards, 

"  The  flannelled  fool  and  muddied  oaf." 
though  they  have  not  yet  received  tlieir  quietus,  have  been  less 
rampant  lately  in  our  educational  institutions,  and  something  like 
an  Imperial  instinct,  born  of  increasing  knowledge  both  of  the  glory 
and  dangers  of  our  vast  Empire,  has.  at  least  in  the  more  cultured 
classes,  taken  the  place  of  apathj',  disregard  and  ignorance.  In 
hours  formerly  lavished  to  an  abnormal  extent  on  trivial  amusements, 
and  even  in  hours  hitherto  devoted  to  more  academically  intellectual 
training,  we  find  young  men  in  our  schools  and  colleges  now  with 
arms  in  their  hands,  shooting,  signalling,  scouting,  and  studying 
scientifically  the  art  of  defensive  warfare.  This  at  least  is  "  a  beam 
in  the  darkness,  of  which  we  pray  that  it  may  grow." 

In  criticising  the  old  mediaeval  system  of  education  which  pre- 
vailed in  England  till  comparatively  recent  years,  and  which  still  hi^^ 
far  too  great  a  hold  on  the  more  venerable  and  important  institutions 
of  our  island  home.  I  would  not  ha\e  you  su|)pose  that  I  am  an 
advocate  of  a  complete,  or  even  ap])roximately  complete,  basis  of 
utilitarian  education.  I  have  little  hesitation  in  expressing  my 
belief  that  the  time  has  come  (and  I  speak  as  one  whose  training  was 
that  of  a  classical  scholar,  for  I  was  brought  up  in  the  straitest  sect 
I  of  academical  Pharisees)  when  the  study  of  the  two  ancient  languages 

!  should  be  reduced  to  one  for  all  except  scholastic  specialists,  but_also 
that  both  should  yield  pride  of  place  in  our  educational  system  to  the 
1  claims  of  English,  modern  languages,  mathematics,  natural  science, 
and.  not  least,  manual  training,  so  that  our  young  men  should  be 
fitly  e(|uip|ied  to  put  tlieir  hand  to  any  work  which  may  confront 
them  amid  all  the  complex  problems  and  critical  situations  to  be 
found  within  the  world-wide  boundaries  of  the  British  Empire. 
Germany,  France  and  the  United  States  have  been  beforehand  witli 
us  in  the  working  out  of  such  a  reformed  system  of  education,  I  am 
by  no  means  one  of  those  who  believe  tluit  we  should  be  wise  in  copy- 
ing the  methods  in  their  entirety  of  any  of  these  three  peoples  in  their 
educational  methods.  Undoubtedly  in  all  three  there  has  been  a 
more  organised  connection  between  the  actual  teaching  given  in  their 
respective  schools  and  the  industrial,  social,  and  political  needs  of 
the  respective  peoples.  But  no  one  nation  is  exactly  like  another 
nation  in  its  temper  and  genius,  and  I  should  be  sorry  to  advocate, 
for  instance,  the  higlUy  organised  system  of  State  erlucation  in  Ger- 
many, under  which  it  could  be  predicted  to  a  certainty  that  boys  and 
girls  in  every  secondary  or  primary  school  on  any  given  Friday 
morning  should  be  studying  (say)  the  geographical  importance  of 
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Natal  or  the  outlines  of  the  coast  of  Linoohishire.  There  must  be 
many  educational  ditt'erenocs,  because  the  idiosyncrasies  of  each 
nation  dilTer  from  those  of  another,  and  I  do  not  tliink  we  need  ever 
fear  that  our  intrinsic  individuality  will  be  crushed  into  any  Teutonic 
cast-iron  mould  or  ground  down  beneath  the  heel  of  some  Ijureau- 
cratic  educational  despotism.  Hut  that  we  ought  to  change  our 
ways  still  more  than  we  have,  and  adopt  saner  educational  models, 
many  searchings  of  heart  through  a  long  educational  career  have 
gradually,  but  overwhelmingly,  convinced  me.  If  we  are  apt  to 
think,  speak,  and  act  Imperially,  our  education  must  take  form  from 
a  strong  Imperial  sentiment,  and  must  aim  at  instilling  Imperial 
instincts  in  the  young  lives  which  that  education  is  meant  to  control 
and  develop. 

As  regards  the  subject  of  University  education,  w-hether  Oxford 
and  Cambridge — particularly  Oxford — will  ever  so  reform  them- 
selves as  to  contribute  largely  to  such  solution  remains  to  be  seen. 
Personally,  I  look  with  far  greater  confidence  to  the  more  recently 
organised  universities — those  of  London.  Leeds.  Sheffield.  Man- 
chester, and  the  like — to  equij]  men  educationally  with  those  moral, 
physical,  and  intellectual  qualitiis  wliioli  are  most  in  requisition  in 
our  great  dependencies  and  commonwealths. 

There  is  still  one  more  educational  factor  on  which  I  would  ask 
attention.  It  is  the  necessity  of  a  closer  touch  educationally  (in 
the  sense  of  "  academically")  between  the  secondary  schools  and 
colleges  of  the  Mother  Country  and  similar  institutions  in  the  great 
Dominion  and  commonwealths  which  own  her  parentage.  How 
this  can  be  effected  without  great  modification  of  our  existing 
English  system  it  is  hard  to  see.  But  one  point  is  quite  clear.  We 
must  give  up  that  part  of  our  system  which  insists  on  choking  the 
passage  of  the  student  from  point  to  point  in  his  educational  career 
by  subjecting  him  to  countless  examinations  on  entrance  and 
throughout  his  academical  comse.  It  would  be  of  incalculable 
Advantage  to  the  Empire  at  large  it  an  extension  of  educational 
intercommunion,  such  as  was  inaugurated  by  the  noble  benefactions 
of  the  late  Cecil  Rhodes,  could  be  secured  throughout  the  Empire. 
Undoubtedly  examination  would  be  the  surest  test  for  determining 
the  question  of  the  admission  of  a  student  to  the  privileges  of  further 
education,  if  such  examination  could  be  conducted  within  a  limited 
geographical  area.  But  it  is  quite  an  impossible  system  if  adopted 
as  between  the  outlying  parts  of  a  great  empire.  The  United  States 
of  America  have  taught  us  a  better  way.  For  instance,  in  the  State 
of  Minnesota,  the  university  has  legislated  that  if  and  when  the 
principal  of  a  higli  school  of  recognised  position  certifies  that  a 
student  has  successfully  pursued  for  a  specified  length  of  time  those 
studies  in  that  high  school  that  would  entitle  him  to  admission  to  the 
university,  he  .should  be  admitted  thereto  without  further  delay  or 
liindrance.  What  a  paralysing  curse  the  Charybdis  of  examination 
has  been  to  all  true  learning,  only  those  who  have  suffered  from  it  for 
^}0  years  can  bear  adequate  testimony.  It  would  be  one  of  the  most 
fertilising  sources  from  which  to  .secure  good  and  progressive  citizens, 
if  instead  of  admitting  within  her  borders  all  or  any  who  came 
■of  their  own  spontaneity  or  from  compulsion  (leaving  their  country 
perchance  for  their  country's  good)  the  Government  authorities  in 
the  Dominion  could  get  into  closer  touch  with  the  educational 
authorities  of  the  Mother  Country,  who  would  act  as  guarantee  that 
the  material  sent  out  by  the  Mother  Country  should  be  of  an  approved 
and  first-rate  quality.  This  might  be  worked  on  the  American 
"  accredited  school  "  system,  under  which  the  authorities  of  the 
school  sending  the  |)u]iil  should  feel  the  maximum  of  responsibility 
in  recommending  his  admission  to  the  academical,  or  the  technical, 
or  the  industrial  organisations  existing  in  the  Dominion. 

Since  penning  the  first  sentences  of  the  above  paragraph  last  .June 
the  author  noticed  an  article  which  appeared  in  the  columns  of  the 
"  Times  "  on  the  28th  day  of  that  month,  which  deals  with  this 
subject  and  which  was  quoted  verbatim  in  the  address.  In  it  are 
given  particulars  of  a  new  educational  movement  to  provide  for  the 
interchange  of  University  sUulcnts  among  the  English-speaking 
peoples.  It  is  quite  certain  that  1  am  interpreting  the  sentiments  of 
All  here  assembled' in  wishing  Ciocl-speed  to  the  develojjment  of  the 
scheme,  which  seems  likely  to  prove,  if  carried  into  effect,  a  great,  if 
not  the  greatest,  educational  factor  of  Imperialism. 

The  last  point  on  which  I  would  insist  in  dealing  with  the  educa- 
tional factors  of  Imperialism  is  to  emphasise  the  importance  of  what 
the  educationists  of  the  United  States  call  "  civics  "  as  the  binding 
power  which  should  fasten  together  all  the  separate  educational 
faggots  in  any  Imperial  scheme  of  education — the  duty  of  personal 
-ervice  to  the  State,  the  positive  obligation  which  makes  us  all  mem- 
bers incorporate  in  one  Imperial  system.  In  our  love  of  individual 
freedom,  in  our  jealousy  of  interference  with  our  individual  liberty 
of  action,  in  our  insular  disregard  and  depreciation  of  intellectual 
forces  working  in  our  sisier  communities  beyond  the  seas,  we  have 
lost  sight  of  this  civic  responsibility  which  has  ever  lain  on  our 


shoulders  and  from  which  we  can  never  dissociate  ourselves,  so  long 
as  our  Empire  remains  as  part  of  our  ancestral  heritage.  It  is  this 
positive  duty  towards  each  other  and  our  race  beyond  the  seas  which 
tho.se  who  live  in  our  island  home  have  been  slow  in  realising,  and  it 
has  been  a  real  blot  on  our  educational  .system  that  such  idea.s  as 
Imperial  responsibility  and  Imjierial  necessities  have  not  been  incul- 
cated in  the  young  people  in  our  schools  and  colleges.  As  an  illus- 
tration, I  may  ob.serve  that  it  has  been  even  debated  and  doubted 
in  some  responsible  quarters  in  England  whether  the  Union  .Jack 
should  wave  over  our  educational  institutions  on  the  days  of  national 
festivity  and  national  observance. 

To  sum  up.  By  these,  and  other  kindred  means,  I  would  urge  a 
closer  educational  touch  between  the  Mother  Country  and  the 
Empire  at  large.  Long  ago  a  great  Minister  was  able  to  say  :  "  Our 
hold  of  the  Colonies  is  in  the  close  affection  which  grows  from  com- 
mon names,  from  kindred  blood,  and  from  similar  privileges.  These 
are  ties  which,  though  light  as  air,  are  strong  as  links  of  iron."  But 
times  have  changed.  To-day  we  are  confronted  with  the  problems 
of  a  vast  and  complicated  Empire — great  commonwealths,  great 
dominions,  sundered  from  each  other  by  long  seas  and  half  a  world, 
and  however  closely  science  has  geographically  brought  them 
together,  we  cannot  in  soul  and  sj^mpathy.  nor  ultimately  in  destiny, 
remain  attached,  affiliated  as  mother  and  children  should  be.  unless 
we  grapple  to  each  other  and  understand  each  other  in  the  greatest 
of  all  interests — the  educational  training  which  we  give  to  our  chil- 
dren in  the  one  part  of  our  Empire,  to  make  them  suitable  citizens  in 
another. 


THE  CALCULATION  OF  CHARGING  CURRENTS  IN 
THREE  PHASE  CABLES.'' 

BY  PROF.  E.  W.  MARCHAXT,  D.SC. 

The  determination  of  the  capacity  current  flowing  into  a  thiee- 
phase  line  consisting  of  an  overhead  system  with  three  wires,  or 
of  a  tliree-coro  cable,  is  a  subject  which  has  not  been  dealt  with  to 
any  great  extent  in  England,  though  many  formulae  ha\e  been  given 
and  tables  have  been  prepared  for  this  purpose.  Lichtenstein  also 
has  given  a  formula  for  determining  the  charging  current  to  a  tliree- 
core  cable. 
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In  the  first  place,  it  should  be  noted  that  the  determination  of 
the  charging  current  flowing  into  any  branch  of  a  tlu\e-phase  system 
cannot  be  determined  by  calculating  successively  and  adding  the 
charging  currents  which  would  flow  due  to  the  capacity  between  one 
part  of  the  system  and  another,  assuming  that  the  voltage  between 
these  two  parts  of  the  system  is  known — that  is,  if  C,.  Ix'  the 
capacity  between  (1)  and  (2).  and  V,2  sin  pt  be  the  voltage  between 
(1)  and  (2),  C,,  be  the  cajjacity  between  (1)  and  (3)  and  V,.,  sin 
pt  -0  the  voltage  between  (I)  and  (3)  and  so  on.  then  the  total 
charging  current  flowing  into  (I)  is  not  given  by  the  vector  sum  of 
(Ci.V,o/))  and  (C^Vijij)  and  so  on.  The  rea.son  for  this  apparent 
anomaly  is  that  the  charges  on  the  cores  due  to  the  various  poten- 
tials of  the  different  parts  of  the  system  are  not  in  phase  with  each 
other,  and  that  in  determining  the  work  done  in  carrying  unit 
charge  from  one  core  to  tlie  other— (hat  is,  in  doteriiiining  the  P.D. 
between  two  cores — corresponding  with  a  given  distribution  of 
charges,  the  magnitude  of  the  charges  on  thedifferent  conductors  at 
a  particular  instant  must  be  assumed  and  not  the  R.M.S.  values  of 
the  charges. 

Let  us  take,  as  an  example,  the  simjilest  case — that  of  a  three- 
wire  overhead  line,  with  the  three  wires  arranged  so  as  to  form  the 
three  corners  of  an  equilateral  triangle  (see  Fig.  1). 
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The  capacity  between  (1)  and  (2)  per  kilometre 


-"..(n 


.T:.S.  units=. 


36  log* 


(") 


microfarads. 


where  D  is  the  distance  between  the  centres  of  the  wires  and  /•  is 
the  radius  of  the  line  wire,  both  quantities  being  measured  in  the 
same  units  and  D  being  assumed  large  compared  with  r. 

Assume  now  that  the  line  shown  in  Fig.  1  is  supplied  witli  three- 
phase  current. 

Let  the  charge  per  centimetre  on  (1)=Q  sinpt.{'2)—Qsinpl  —  -2Tr,3, 
(3)  =  Qsinp<+2ff/3.  Then  the  work  done  in  taking  unit  charge  {e) 
from  (•?)  ^o  (1) 


due  to  the  charge  on     (1) 


f 


•2Q  sin  ptdx 


(2)=- 


2Q sin pt-~  -dx 


(3)     =0. 
since  (1)  and  (2)  are  equidistant  from  (3). 

The  total  work  done, 

f=2QsinpMoj 

=2  lege  — — (sin;j/-  siapt 


'■+2Qsinp«-?'log,- 


^/3) 


/               D-r    .    — 
=  2  \'3Q  loj, {sinpt- 

here         e=tan~'       =30  deg. 

V3  _ 

If  we  put  the  P.D.  v=V  sin  pi  -  e. 


e). 


V=2V3Qlog,(-^'') 


Q= 


D 


2v/31og, -^     2v'31oge 
since  D  is  usually  large  compared  with  r. 

The  "  effective"  capacity  per  unit  length  is  therefore  = 


v'3  log. 


in   E.S.    units,    and    the    R.JI.S.   charging    current    per   kilometre 

Vp 
= g  amperes,  where  V  is  the  R  .M.S.  P.D.  botw  een  the 

31-18  xlO^^log,  - 

lines  in  volts  and  />=27rx  frequency. 

If  we  compare  this  result  with  the  charging  current  that  would 
flow  in  each  line  were  two  of  them  used  for  a  single-phase  installa- 
tion and  the  other  insulated,  it  is  seen  that  the  charging  current 
with  the  three-phase  supply  is  2/  ^3  or  1-155  times  that  with  the 
single-phase  supplj-.  This  result  was  first  given  by  Baum  and  Perrine 
for  an  overhead  line  and  has  since  been  verilied  experimentally. 

-Assume  now  that  we  have  a  cable  as  shown  in  Fig.  2.  Let  the  capa  - 
cities  between  the  two  cores  be  C,  and  betHeen  each  core  and  the 
sheath  Cj.  These  quantities  may  be  calculated  or  determined  by 
measurement,  bj'  any  of  the  ordinary  methods.* 

Let  j;=Vsinp(  be  the  P.D.  between  (1)  and  (2).  The  charging 
current  due  to  the  capacity  C,  may  be  determined  very  approxi- 
mately by  the  same  method  as  for  an  overhead  line,  when  the  cable 
is  snpplied  with  three-pha.se  current,  if  the  effect  of  the  .sheath  is 
not  considered. 

It  was  shown  above  that  the  phase  of  the  charge  on  core  (1)  was 
30deg.  ahead  of  the  P.D.  between  cores  (1)  and  (2).  Let  the  vector 
(OV,)  represent  the  star  P.D.  between  core  (1)  and  the  sheath,  and 
similarly  for  (OVo)  and  (OV3).  Then  the  P.D.  between  cores  (1) 
and  (2)  is  given  by  (OV,,)  which  lags  .30  deg.  behind  (OVj).  It 
follows,  therefore,  that  the  vector  representing  the  charge  on  core 
(1)  is  in  pha.st!  with  (OV^,),  the  pres.sure  Wtween  core  (1)  and  the 
sheath,  and  may  be  represented  by  (OQ).  Tlio  charging  current 
corresponding  to  the  charge  Q  leads  by  90  deg.  on  tl;e  vector  OQ. 
since  i  the  charging  current =rfQ/rf/.  It  may,therefore,  be  represented 
by  a  vector  (01^^)  90  deg.  ahead  of  OQ. 

Since  the  charge  at  any  instant  due  to  the  P.D.  between  the  line 
is  in  phase  with  the  star  preasure,  and,  therefore,  with  the  charge  on 
the  core  due  to  the  capacity  between  the  core  and  the  sheath,  the 

•  Fleming's  "  ElectfsJaOIeasurement,"  Vol.  I. 


total  capacity  current  flowing  to  the  core  may  be  determined  by 
adding  numerically  the  charging  currents  due  to  the  capacities  C, 
and  C. 

V 

73' 

amperes,  since  the  P.D.  between  each  core  and  the  sheath  is  V/  \  3. 
The  maximum  value  of  the  charging  current  flowing  to  each  core 
is,  therefore,  given  by 

'V2C,+ty  amperes, 
•J'' 
where  V  is  in  volts  and  C'lC  are  measured  in  farads. 

The  .same  expression  holds  good  for  the  R.^M.S.  value  of  the 
charging  current,  if  V  is  taken  to  be  the  R.M.S.  volts  between  the 
cores. 

The  capacity  determined  by  a  ballistic  test  between  one  core  and 
the  other  two  connected  to  sheath  is  equal  to  2C, -fCo.  and  if  we 
call  this  ca})acity  C,  the  charging  current  per  line=star  pressure 
xCxp. 

Effect  of  Harmonics  on  Charging  Current.— It  is  interesting  to 
notice  that,  if  a  stjir-connected  three-phase  alternator  be  coupled  to 
a  transmission  line  or  three-eore  cable,  there  will  be  no  com- 
ponent of  the  charging  current  of  triple  freq\iency,  however  large 
the  component  of  triple  frequency  may  bo  in  E.^I.F.  wave.  The 
E.Jl.F.  wave,  in  all  such  machines,  is "  similar  in  the  tliree  phases, 
provided  the  windings  are  synmietrical,  and  therefore  there  will  be 
no  component  of  triple  frequency  in  the  P.D.  between  two  lines.  Thi& 
fact  is  of  some  importance,  as  it  eliminates  the  risk  of  resonance 
with  triple  frequency.  There  may  be  large  triple-frequency  currents 
flowing    along  the  line  connecting  a  three-phase  generator  and  a. 


tliree-phase  motor,  both  star  wound,  if  the  central  points  are  con- 
nected to  earth,  but  there  can  never  be  resonance  on  an  overhead 
line.  In  a  tliree-core  cable,  in  which  the  neutral  ser\es  as  the 
return,  there  is  a  charging  current  of  tiiple  frequency,  but  this  is 
due  simply  to  the  cajjacity  bet\\een  each  line  and  the  .sheath,  rud, 
in  determining  whether  resonance  is  likely  to  occur  with  triple  fre- 
quency, it  is  the  capacity  between  the  core  and  the  sheath  only 
that  has  to  be  taken  into  account.  We  know,  further,  that  with  a 
transmission  line  coupled  to  a  mesh-connected  generator  or  motor 
there  can  be  no  triple-frequency  current  in  the  line,  and  therefore 
with  this  connection  there  can  be  no  resonance  due  to  tri])le  frequency 
components  of  the  E.M.F.  waves  of  the  generators. 

These  results  hold  good  not  only  for  triple  frequency  harmonics 
but  for  any  harmonic  whose  frequency  i.s  a  nmlliple  of  three  times 
that  of  the  fundamental  wave. 
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ELECTRIC  CRANES.* 

BY    H.    H.   BROUGHTON. 

(Continued  from  page  293.) 

Snytmi'try. — The  aiitlior  here  deals  with  tlic  mechanism  cequii-ed  for 
eflecting  the  traversinsr  and  travelling  motions.  The  article  opens 
with  a  brief  discussion  on  the  determination  of  the  size  of  motor 
required  for  eacli  motion,  and  "constants"  of  American  cranes  are 
given.  Then  follow  notps  on  slipping  drives,  axles,  axle-boxes,  roller 
bearings  and  track  wheels.  Constants  are  gi\en  in  order  to  enable 
the  several  parts  to  be  correctly  proportioned.  Tiaversing  and 
travelling  mechanism  arrangements  arc  also  described. 


Travelling  and  Traversing  Mechanism. 

In  order  to  determine  the  sizes  of  motors  required  some 
designers  take  all  the  resistances  into  account  by  assuming 
a  tractive  effort  of  a  certain  amount  per  ton  of  moving  load. 
Thus,  suppose  that  a  crane  fully  loaded  weighs  60  tons,  and 
travels  at  the  rate  of  240  ft.  per  minute.  If  a  tractive 
effort  of  40  lb.  per  ton  is  assumed,  and  the  mechanical 
efficiency  of  the  gearing  is  75  per  cent.,  then  obviously 
B.H.P.  of  motor=40x  60 X  240/0- 7-5 X  •'5;5,O00 
=  2.3. 

If  the  motor  is  large  enough  to  enable  the  ciane  ultimately 
to  attain  its  rated  speed,  the  average  draughtsman  is  satis- 
fied, but  an  examination  of  exi.sting  cranes  shows  that  the 
thoughtful  designer  varies  the  rate  of  acceleration  accord- 
ing to  the  service  for  which  the  crane  is  intended.  If  the 
above  crane  is  arranged  to  attain  full  speed  in  24  seconds, 
the  average  acceleration  will  be  ^x=Tr  ft-  P^i'  second  per 
second,  and  during  the  accelerating  period  a  force  of 
2,240x60/32-2x6=692  lb.  will  have  to  be  exerted  to  pro- 
duce rectilinear  acceleration  alone.  Additional  force  is 
required  to  accelerate  the  revolving  parts  of  the  crane — 
namely,  the  motor  armature,  gear  wheels,  brake  wheel, 
shafts,  axles  and  truck  wheels.  This  force  depends  upon 
the  size,  shape,  weights  and  speeds  of  the  revolving  parts, 
and  its  determination  involves  considerable  labour.  As  a 
first  approximation,  the  force  required  to  produce  rectilinear 
acceleration  can  be  increased  by  about  10  per  cent,  in  order 
to  make  some  allowance  for  the  revolving  parts.  In  the 
case  under  consideration  a  force  of  6'.)2+69  =  7()l  lb.  is 
required  to  accelerate  the  crane. 

Still  keeping  to  the  same  crane,  suppose  it  is  desired  to 
attain  full  speed  in  8  seconds.  The  average  acceleration  is 
s=|  ft.  per  second  per  second,  and  the  force  required  is 
equal  to  1-1x2,240x60/32-2x2  =  2,284  lb. 

In  a  Paper  read  before  the  Engineers'  Society  of  West 
Pennsylvania,  Mr.  Wales  gave  the  following  method  of 
determining  the  sizes  of  the  travelling  and  traversing 
motors  : — 

Let  W,=working  load,  in  tons  ; 

W,,=weight  of  bridge  complete,  in  tons  ; 
W,  =  weight  of  trolley  complete,  in  tons  ; 
F,  =  propelling  force,  in  pounds  ])er  ton  ; 
S=speed,  in  feet  per  minute. 

The  hor.se-power  of  the  motor  required  for  the  travelling 
mechanism  is  equal  to  (W,+  W,,-|-W,)F,S  '33,001). 

The  horse-power  of  the  motor  required  for  the  traversing 
mechanism  is  (W,+  W,)F;S'/33,000. 

In  table  XIX.  are  set  forth  the  weights  and  [ircipclling 
forces  given  by  Mr.  W.ales  for  different  spans  and  loads.f 
It  was  stated  that  the  table  was  approximately  correct 
lor  cranes  in  which  the  ratio,  diameter  of  axle  bearings  to 
diameter  of  wheels,  was  between  1  to  .5  and  1  to  6. 


*  Copyright.     All  rights  of  reproduction  are  reserved. 

t  The  reader  .should  cuinparo  tlie  weight-s  of  thi'.sc  -American  cranes 
with  the  weights  of  the  Engli.sh  and  Gorman  <.-r;inci:  givon  in  Figs.  04 
and  65,  The  Klkctrician,  January  8,  IIK)!). 


xduie 

.a.i..a.. 

Bridge. 

Trolley. 

Span  in 
feet. 

W,,. 

Ft  in  pounds 
per  ton. 

W,  in 
tons. 

W,. 

F(  in  pounds 
per  ton. 

2.5 
50 

7.-> 
100 

0-3  Wi 
0-6  W, 
1-0  W, 
1-5  VV, 

.30 
.3.5 
40 
4.-> 

1-2.5 

25-75 
7.5-1.50 

0-3  W, 
0-4  W, 
0-5  W, 

30 
.35 
40 

Commenting  on  these  figures,  Mr.  Kenyon  suggests* 
that  the  propelling  force  required  by  the  bridge  should  be 
multiplied  by  1-5  and  that  the  propelling  force  required  by 
the  trolley  be  multiplied  by  1-25,  so  as  to  cover  unfavour- 
able operating  conditions.  Substituting  these  values  in 
the  above  equations,  the  standard  ratings  of  the  motors 
required  for  the  service  are  obtained. 

Assuming  the  track  to  be  straight  and  level,  the  tractive 
effort  required  at  imiform  speed  is  only  that  necessary  to 
balance  the  frictional  resistances  at  that  speed.  The  force 
/,  acting  at  the  radius  of  the  main  spur  wheel  has  to  over- 
come the  resistances  due  to  bearing  friction,  rolling  friction 
and  windage.  Reliable  data  relating  to  the  magnitude  of 
these  resistances  are  much  needed.  In  the  majority  of  cases, 
outdoor  cranes  excepted,  wind  resistance  is  negligibly  small 
compared  with  the  other  resistances. 

Let  W= total  weight  of  the  fully-loaded  crane,  or 
trolley,  in  tons  ; 
R= radius  of  tiuck  wheels,  in  inches  ; 
/•= radius  of  axle  bearings,  in  inches  ; 
«=bearing  friction  coefficient ; 
/i= rolling  friction  coefficient. 
Then 
Tractive  effort  /  to  overcome  frictional  resistances,  in 

pounds  per  ton=2,240(,(/-f /5)  R. 
Total  tractive  effort,  E  =  \V/> 

=W.k  2,240(«r-f  j8),/R. 

A  number  of  tests  indicate  that  for  a  certain  type  of  crane 
the  bearing  and  rolling  friction  coefficients  are  equal  to  0-06 
and  0-09  respectively.  Substituting  these  values  in  the 
above  equation,  we  get 

E=2,240W(0-06r-^-0-09)/R. 

As  an  example,  take  the  case  of  a  crane,  fidly  loaded, 
weighing  60  tons,  with  tiuck  wheels  3(i  in.  diameter  and 
axles  4  in.  diametei-. 

K  =  2,240x  (i0{0-0()  -:  2+0-011)  IS 
=  1 ,56S  11). 

Collecting  our  results,  we  tind  that  a  crane,  weighing 
60  tons,  arranged  to  accelerate  at  the  rate  of  }•;  ft.  per 
.second  per  .second,  recpiires  a  motor  which  will  give  a  trac- 
tive effort  of  761  + 1,-568  =^2. .329  lb.  during  the  period  of 
acceleration,  and  that  the  same  crane  arranged  to  accelerate 
at  the  rate  of  i  ft.  per  second  jier  second  requu'es  a  tractive 
effort  of  2,248+ 1,. 568  =  3,852  lb.  Notwithstanding  the  fact 
that  the  same  power  is  required  to  drive  both  cranes  at  the 
same  speed,  it  does  not  follow  that  the  motor  which  would 
be  used  foi  the  first  ci'ane  would  bo  suitable  for  the  second ; 
in  fact,  the  heavy  current  required  to  produce  the  necessary 
starting  torque  to  give  the  higiier  rate  of  acceleration  would 
result  in  violent  s]«irking  at  the  commutator,  and  if  the 
crane  is  started  frequently,  the  hoavv  current  might  damage 
the  windings  on  the  machine. 

We  cannot  devote  more  space  to  the  subject,  but  before 
passing  on  to  the  next  section  we  would  strongly  urge  users, 
in  comparing  designs  by  different  firms  or  in  drawing  up 

*■  ••  Standard  HandI>o,,k  f..r  Eloctrral  Engineers,"  p.  1,092. 
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specifications  for  new  cranes,  to  take  the  matter  into  con- 
sideration. 

SItppi'n/f  Drive. — In  order  that  a  crane  or  troUev  inav 
start,  attain  full  speed  and  .stop  in  the  least  time,  a  slipping 
clutch  or  an  elastic  connection  of  some  kind  should  be  pro- 
vided between  the  motor  and  the  load.  This  mav  be  un- 
necessary where  the  starting  resistances  are  jiroperlv  graded 
and  the  controllers  "  fool  proof  "  ;    l)ut  in  jiractice  tlic  re- 


Prof.  Hele-Sliaw  summed  up  the  conditions  which  seem  to 
be  involved  in  the  problem  of  the  friction  clutch  as  under  :— 

1.  It  must  have  sufficient  gi-ipping  power. 

2.  Undue  wearing  of  the  sui-faces  must  be  avoided. 

3.  Provision  must  be  made  for  conveying  away  the  heat 
where  there  is  mucli  slipping  contact  in  the  clutch. 

4.  Motion  .should  be  imparted  to  the  driven  shaft  with- 
out shock. 

To  these  might  be  added  : — 

T).  Adjustment  for  taking  up  the  wear  must  be  provided. 
().  Where  the  surfaces  in  contact  are  such  as  to  require  it, 
ample  provision  must  be  made  for  lubricating. 


Fig.  102.— \o.  14  Tvpe  "  PQ  '■  28  h.p.  at  100  Revs. 
Sciile  1  ;  lu. 

sistances  are  not  always  suitably  proportioned,  and  the  con- 
trollers are  sometimes  operated  by  an  unskilled  attendant, 
whose  knowledge  on  the  effects  of  inertia  is  rapidly  improved 
if  he  manages  to  retain  his  position. 

Many  makers  trust  to  an  excess  of  material  for  absorb- 
ing the  severe  inertia  stresses,  and  in  some  cases,  no  doubt, 
this  is  amply  sufficient ;    but  the  designer  who  gets  the 


Fig.  103. — Slip  Coitlixc  .vnd  Brake  Drum. 

7.  It  mu.st  be  enclosed,  in  order  to  prevent  particles  of 
grit  and  dust  getting  between  the  friction  surfaces. 

8.  All  parts  subject  to  wear  must  be  readily  and  cheaply 
renewable. 

9.  The  design  should  be  simple  and  the  construction  as 
robust  as  possible. 

10.  It  must  be  inexpensive. 


SLippny-G  Clutch  for  Long  Traverse  Drive  on  50-ton  Crane. 


utmost  value  out  of  the  material  at  his  di.sposal  wLselv  pro- 
vides an  elastic  connection,  so  as  not  to  endanger  the  safety 
of  the  structure  for  which  he  is  responsible. 

The  author  has  been  emphasising  this  for  upwards  of  10 
years,  and,  in  the  hope  that  this  article  will  come  before  the 
notice  of  more  makers  and  users  than  he  can  reach  privately, 
he  again  brijigs  the  matter  forward. 

In  a  Paper  on  "  A  New  Form  of  Friction  Clutch,"* 
•  "  Proceedings  "  Inst.  Mcch.  Enginccr.s,  July  29,  1903. 


Several  forms  of  slipping  clutch  have  been  designed  for 
crane  service,  and  we  have  selected  for  description  a  few 
types  which  are  known  to  have  given  satisfaction. 

We  are  indebted  to  the  British  Hele-Shaw  Patent  Clutch 
Co.  for  the  drawings  from  which  Fig.  102  has  been  pre- 
pared. In  the  construction  shown  the  clutch  is  formed 
in  the  boss  of  the  .spur  wheel.  The  end  covers  of  the  clutch 
case  are  extended  to  form  bearings,  so  that  the  wheel  is 
supported  independently,  and  the  shaft  revolves  through 
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the  clutch  free  from  the  weight  of  the  wheel  and  clutch. 
The  core  is  secured  to  the  shaft  with  a  feather  key,  which 
is  kept  in  position  by  means  of  countersunk  screws.  The 
clutch  case  serves  to  hold  a  quantity  of  oil.  introduced 
through  plugged  holes  m  the  rim. 

When  the  clutch  is  let  in,  the  pack  of  plates  is  compre.s.sed 
by  spring-controlled  presser  pins,  actuated  by  a  sliding 
sleeve  which,  by  an  arrangement  of  triggers,  is  self-locking 
after  a  certain  length  of  travel.  The  sliding  sleeve  is  operated 
by  a  fork,  which  can  be  interlocked  with  the  controller. 

The  triggers  hold  the  pressure  on  the  plates  while  the 
clutch  is  in  gear.  When  the  sliding  sleeve  is  withdrawn, 
the  triggers  are  turned  down  into  their  ho\isings  and  the 
pressure  is  relieved. 

Putting  in  the  clutch  causes  the  V  projections  of  the  outer 
plates,  which  revolve  with  the  wheel,  to  entei-  the  V  grooves 
of  the  stationary  inner  plates  and  gradually  bring  them  to 
an  equal  speed.  Before  the  surfaces  actually  touch,  how- 
ever, the  oil  has  to  be  pressed  out  from  between  them,  and 
in  this  way  the  oil  acts  as  a  cushion,  which  gives  the  neces- 
sary time  element  to  the  action  of  the  clutch,  and  makes  a 
fierce  engagement  impossible. 

The  clutch  or  slip  coupling  depicted  in  Fig.  10;5  has 
been  used  by  Pickerings.*  The  clutch  case  C,  made  in  the 
form  of  a  brake  drum,  is  mounted  on  the  motor  spindle.  A 
bo.ss  in  the  interior  of  the  clutch  case  serves  as  a  bearing  for 
the  block  B  keyed  to  the  end  of  the  shaft  S  which  carries 
the  driving  pinion.  The  block  and  the  renewable  discs  D 
are  pressed  together  by  means  of  springs  housed  in  suitable 
pockets  provided  in  the  cover  of  the  clutch  case.  On  ac- 
count of  the  braking  effort  being  exerted  on  the  rim  of  the 
case,  it  follows  that  the  momentum  of  the  moving  parts 
carries  the  central  block  round  for  a  few  turns  against  the 
friction  due  to  the  pressure  of  the  springs,  and  so  prevents 
undue  shock  in  bringing  the  crane  to  rest. 

The  slipping  clutch  depicted  in  Fig.  101  is  u.sed  by 
Broadbent  &  Sons.  The  inner  member  of  the  clutch,  keyed 
to  the  extended  motor  spindle,  is  provided  with  a  number  of 
pockets,  which  serve  to  accommodate  a  like  number  of 
leather-faced  .shoes,  shaped  as  shown.  The  motor  pinion 
is  provided  with  a  long  boss  for  the  purpose  of  carrying  the 
outer  member  of  the  clutch.  The  boss  is  bored  out,  and 
bronze  bushings  are  provided  at  each  end  of  the  hole  to 
form  a  bearing.  In  the  drawing,  four  bolts  are  shown  which 
connect  the  two  halves  of  the  clutch  together.  With  the 
clutch  in  normal  running  condition  the  bolts  are  not  used. 
Should  it  be  desired  to  drive  positively,  on  account  of  the 
clutch  being  out  of  order,  or  other  cause,  the  bolts  can  be 
used  to  lock  together  the  two  members. 
(To  he  coni billed.) 


ELECTRIC  CRANES  AT  SALINA  CRUZ  AND 
COATZACOALCOS. 

An  extremely  fine  series  of  electric  cranes  li;is  recently  been 
completed  by  Messrs.  Stothert  &  Pitt  to  the  order  of  Messrs. 
S.  Pearson  &  Son,  who  have  constructed  the  National  Teluian- 
tepec  Railway.  Wc  are  indebted  to  the  former  firm  for  the 
illustrations  accompanying  this  article  and  to  the  latter  firm 
for  p.'rmission  to  publish  them. 

Fii;.  1  shows  one  of  the  cranes  in  the  manufacturers'  yard. 
18  of  these  were  supplied,  each  capable  of  lifting  .'5  tons  at  -18  ft. 
radius.     The  crane  is  of  the  all-round  type  mounted  on  elevated 


♦The  reader  is  referred  to  "Engineering,"  March  20,  1908,  for  a 
description  of  an  overhead  travelling  jib  orane  which  possesses  several 
novel  features,  amongst  which  is  the  slip  cow^Wng  provid^dan  each  motor. 


platforms  or  pedestals  and  running'  on  rails  of  50  lb.  per  yard 
and  spaced  14  ft.  9  in.  centre  to  centre.  The  centre  of  the 
jib  bead  pulley  is  60  ft.  above  the  level  of  runway  rails  with  a 
maximum  radius  of  48  ft.  The  jib  is  made  to  clear  36  ft. 
above  rail  level  at  12  ft.  6  in.  from  the  centre  of  rotation.  The 
speed  of  lift  is  150  ft.  per  minute  for  .3  tons  on  a  single  rope, 
increased  to  about  220  ft.  per  minute  for  loads  \Ip  to  1  ton.  A 
revolving  speed  of  about  4<X)  ft.  per  minute  is  attained  at  the 
hook  for  3-ton  and  other  loads.  The  travelling  speed  is  about 
35  ft.  per  m.inute.  The  pedestals  ure  arranged  for  locomotive 
engines  to  pass  underneath  them,  with  a  clearance  of  not  less 
than  16  ft.  i;;  height  and  12  ft.  in  width,  and  are  constructed 
of  mild  steel  throughout. 

The  undercarriage  of  the  crane  is  l)\iiit  up  of  rolled  steel 
sections,  the  sections  being  double  chaiuiel  with  gussets  riveted 
in  between  the  channels,  this  forming  a  very  stif!  and  sub- 
stantial construction  with  excellent  attachment  for  the  gussets. 
As  will  be  seen,  the  crane  runs  on  six  wheels,  the  maximum 
load  per  axle  not  exceeding  10  tons.  The  wheels  are  steel 
tyred,  double  flanged  on  the  wharf  edge  side  and  sintcle  flanged 


iTiG.  1. — Electric  Cb.\nk  kok  Ooat/..vio.ai.ios, 

on  the  inner  rail,  to  allow  for  crossings.  .\  ring  of  live  rollers 
supports  the  superstructure,  the  upper  and  lower  circular 
roller  paths  being  constructed  of  cast  steel.  The  jib  is  of  jnild 
steel,  well  stiffened  and  lattice  braced,  and  provided  with  a 
powerful  luffing  gear  for  altering ^the  radius  of  the  jib  from 
48  ft.  to  40  ft.  For  driving  the*  motors  three-phase  alter- 
nating current  at  220  volts  and  60  ~  per  second  is  employed. 

The  lifting  motor  consists  of  a  45  b.h.p.  We.stinghouse 
motor,  "  G  "  type,  variable  speed,  running  at  about  770  revs, 
per  min.  when  developing  45  u.H.P.  This  is  geared  to  the 
barrel  shaft  by  spur  gearing,  the  first  reduction  running  in  an 
oil  bath.  The  lifting  motor  is  not  reversing,  but  works  in 
conjunction  with  Messrs.  Stothert  &  Pitt's  patent  free  barrel 
arrangement. 

The  slewing  and  derricking  motor  is  of  15  b.h.p..  running  at 
about  800  revolutions.  It  is  geared  to  the  slewing  pinion 
through  a  train  of  spur  and  bevel  gearing,  a  check  brake  being 
provided  for  taking  up  the  momentum  of  the  crane  when 
necessary,  this  brake  being  made  to  act  equally  in  both  direc- 
tions.    The    derrick    motion    is    actuated    from    the    slewing 
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motor,  there  beinc;  .1  worm  iiiul  wheel  011  the  derrick  barrel 
and  a  self-acting  safety  brake  for  preventing  the  jib  taking 
charge  when  lowerini;  out.  All  gearing,  with  the  exception 
of  the  worm  wheels,  is  of  cast  steel,  with  niacliine-ciit  teeth, 
gearing  guards  being  provided  in  the  ciane  house  where 
necessary. 

The  .switchboard  is  mounted  on  a  marble  base  and  carries 
switches,  fuses,  one  ammeter,  one  voltmeter  and  overload 
circuit-breaker,  for  the  hoisting  motor.  Carbon  brushes  are 
provided  for  the  centre  pin  collector.  The  cable  on  the  truck 
is  lead  covered  and  is  connected  to  a  cabh'  drum,  50  ft.  of 
flexible  cable  with  suitable  junction  box  plug  being  provided. 

The  cranes  described  above  have  been  erected  at  Coatza- 
coalcos.     Fig.  2  shows  the  type  elected  at  Salina  Cniz.  of  wliicli 


Fia.  2. — Ei.KcTRic  Ckank  at  Sai.ina  Ckiz. 

there  are  also  18.  These  latter  are  capable  of  lifting  .3  tons  at 
54  ft.  radius  and  are  conseouently  much  heavier  cranes,  but 
otherwise  are  very  similar  to  those  at  Coatzacoalcos.  Thev 
arc,  however,  mounted  upon  eight  wheels  instead  of  six,  tlic 
gauge  being  the  same,  viz..  1-1  ft.  9  in. 


ATMOSPHERIC   LOSS  OFF  WIRES  UNDER  DIRECT- 
CURRENT  PRESSURES.* 

BY    E.    A.    WATSON.    M.SC. 

'  The  .subject  of  wliat  is  coiiiinonly  termed  the  corona  cH'cct  on 
high-voltage  tran.smission  wires  is  of  considerahlo  importance,  and 
lia.s  been  studied  clo.sely  in  connection  with  alternating  currents  by 
Scott,  Ryan.  Mershon.  Jona  and  others.  The  corrcs|)onding  direct- 
current  case,  although  not  of  such  immediate  importance,  is  yet  ol 
considerable  interest  in  view  of  the  development  of  high-tension 
direct-current  transmission  sj-stems  in  the  Continent  of  Europe.  It 
is  folt,  therefore,  that  no  aj)ology  is  needed  for  tlie  tests  which  form 
the  subject  matter  of  this  Pajjcr,  and  wliich  were  carried  out  at  the 
electrical  engineering  laboratories  of  the  University  of  J>iverpool.  It 
is  a-ssumed  by  most  workers  on  the  sul)jecl  of  alternating-current 
corona  effects  that  the  loss  which  occurs  is  diicHy  due  to  tlie  oiiniic 
resistance  ofl'ered  by  the  film  of  air  immediately  .surrounding  the 
wire  to  the  charging  current  flowing  to  the  outside  br)undary  of  the 
corona.  This  involves  the  assumption  that  the  corona  exists  con- 
tinuously, and  is  not  reformed  at  each  alternation  of  the  voltage 
wave.  This  may.  of  course,  be  the  case,  although  another  perfectly 
fea.siblc  method  of  treatment  is  to  consider  the  loss  as  being  due  to 
successive  breakdown  of  the  layers  of  air  which  surround  tlie  wire 
as  the  voltage  rises  from  zero  to  the  maximum  value.  Each  layer 
of  air  just  jirevious  to  breakdown  has  a  certain  amount  of  energy 

*  Paper  read  before  the  liiitish  .-V-ssotiation,  at  Winnipeg. 


sioii'd  in  it  in  virtue  of  its  action  as  the  dielectric  of  a  condenser,  and 
when  it  breaks  down  this  is  converted  into  heat.  Whichever  of 
thes-  theories  is  correct,  we  see  from  a  consideration  of  tlie  pro- 
c  >ssi'S  involved  that,  if  the  frequency  of  alternation  were  to  be  re- 
diu-ed.  the  loss  slumld  bt-  reduced  also,  and  that,  assuming  all  the 
hisses  which  took  place  were  due  to  either  of  these  phenomena,  that 
for  direct 'current  slumld  bo  zero;  this,  of  cour.sc.  is  not  the  case,  and 
there  is  a  loss  off  a  direct-current  line  worked  at  too  high  a  voltage, 
just  as  off  an  alternating-current  one.  Consider  a  wire  carrying  a 
steady  charge.  7,  per  unit  length  of  wire.  If  other  bodies,  such  as 
tlie  earth,  on  other  conductors  are  at  a  distance  large  Cdmiiarcd  with 
the  diameter  of  the  wire,  the  niaxiniuni  stress  at  tlie  surface  will  be 

H .J^l 

urns.         ^ 

where  r(  =  thc  radius  of  liic  uir,-. 

If  this  electric  stress  exceeds  a  certain  value,  it  is  an  established 
fact  that  breakdown  of  the  air  will  occur,  this  breakdown  being  thi^ 
eaii.si'  (if  the  corona. 

With  an  alternating  .stress  it  is  possible  for  the  breakdown  to  occur 
as  (iften  as  the  charge  on  the  wire  alternates  in  value,  so  that  a  con- 
tinuous loss  might  take  ])lace.  With  continuous  stress,  however, 
we  might  at  first  expect  that  once  a  breakdown  had  taken  ]>lace  con- 
ditions would  adjust  themselves,  and  there  would  be  no  further  or 
sustained  loss  ;  this,  however,  leaves  out  of  account  the  mechanical 
forces  acting  upon  the  di.si'ujited  air  in  virtue  of  its  electrical  con- 
<lilion.  which  forces  will  tend  to  cause  a  motion  of  the  disrupted  air 
auay  from  the  conductor,  a  fresh  supply  coming  up,  to  be  broken 
dciwii  and  driven  away  in  turn.  Hence  a  loss  might  rea.sonably  be 
expicled  with  steady  charges,  but  would  take  place  in  a  different 
manner  than  is  the  case  with  alternating  ones.  It  is  a  well-known 
I  H-l  that  a  brush  discharge  frcnn  a  jioint  iirnduccd  by  a  steady  charge 


Fii:.  1.— Effkct  of  Air  Br,\ST. 

is  acconi|janied  by  a  well-marked  wind  jiroceeding  from  the  jioint, 
which  wind  would  be  quite  explainable  on  the  principles  which  have 
just  been  outlined. 

It  is  possible  to  make  a  rough  calculation  of  the  .speed  at  which 
the  disrupted  air  would  be  driven  away  from  the  corona,  a.ssuming 
a  free  access  of  air  to  take  its  place.  The  calculation  gives  a  velocity 
of  about  10  metres  per  .second.  Various  experiments  which  have 
been  made  by  different  workers,  more  especially  by  Riglii,  on  the 
discharge  of  electricity  from  points,  have  shown  that  this  explana- 
tion of  the  mechanism  of  discharge  is  not  really  the  correct  one,  and 
that  the  air  does  not  really  behave  as  if  every  particle  were  liroken 
down,  but  rather  as  if  only  a  small  jiortioii  of  it  wcie  alleclcd.  while 
the  rest  remained  unchanged. 

Righi's  fundamental  experiment  consisted  in  placing  an  electrified 
point  ojiposite  a  sheet  of  ebonite  with  a  backing  of  tinfoil  connected 
to  earth.  Some  object  cut  out  of  ebonite  or  other  insulating  material 
was  interposed  between  the  point  and  the  ebonite  sheet.  After  the 
])oint  had  been  electrified  for  a  short  interval  the  ebonite  sheet  was 
removed  and  dusted  over  with  a  mixture  of  red  lead  and  suphur. 
The  shadow  of  the  object  interposed  was  at  once  apparent. 

The  exjilanation  given  of  this  was  that  electrified  jiarticlcs  of  air 
(ions)  had  travelled  from  the  jjoint  to  the  ebonite  plate,  charging 
uj)  the  latter  in  the  parts  which  they  had  reached,  so  that  on  dusting 
the  red  lead  and  siil|)liur  over  it  they  had  adhered  to  certain  part.s 
and  not  to  others,  thereby  bringing  out  the  shadow  of  the  interposed 
object. 

The  experiment  was  then  tried  of  directing  a  blast  of  air  across 
the  space;  which  the  charged  particles  had  to  cross  in  orck^r  to  obtain 
some  estimate  of  their  velocity.  The  result  is  seen  in  Fig.  1.  It  will 
be  seen  that  a  displacement  of  the  particles  occui'red.  but  that  this 
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was  only  sniiill.  altliough  llu-  air  jot  was  moving  rapidly,  and  it  was 
evident  that  the  velocity  of  the  i)aitieles  actually  carrying  the  cliarfje 
was  very  many  times  {ireafer  than  that  of  any  wind  leaving  the  point. 
From  this  it  serms  probable  that  the  charge  dissipated  by  the  point 
is  carried,  not  by  the  whole  of  the  air  contained  in  the  corona,  but 
•bv  certain  portions  of  it  only,  wliieh  move  with  a  very  considerable 
•speed  ;  their  velocity  has.  indeed,  been  nicnsured.  and  is  given  by 
Sir  .1.  .T.  Thomson  and  others  as  lo  iin.  |ii  i-  sicond  lor  n  lield  of 
1  volt  per  eentimctiv. 

An  experiment  wliii^h  show.s  fairly  cuuclusiv,  ly  that  the  charge 
is  not  eariied  by  the  whole  of  the  air.  but  only  by  a  portion  of  it. 
consists  in  i)lacing  an  electrified  point  inside  a  metal  box  with  a 
])erforate<l  zinc  window,  which  the  point  is  arranged  to  face.  The 
wind  shot  olV  by  the  point  comes  freely  through  the  window,  and  can 
be  felt  outside,  but  it  carries  no  electrieal  charge  whatever.  If. 
however,  the  window  is  removed,  the  issuing  wind  is  found  to  carry 
a  charge  which  may  be  detected  by  an  electroscope  or  electrostatic 
voltmeter  suitably  arranged. 

The  foregoing  brief  account  is  intended  to  convey  s<inie  idea  of 
the  mechanism  by  which  the  loss  from  a  steadily  charged  wire  takes 
place.  The  charges  appear  to  be  carried  by  agglonurations  of  mole- 
cules forming  a  small  ])art.  jierhajis  2  per  cent.,  of  the  whole  air 
surrounding  the  wire.  The  molecular  clusters  have  attached  to  them 
electrical  charges  which  impel  them  away  from  tlu'  wire  at  a  speed 
dep.^nding  upon  tlic  potential  gradient.  In  their  passage  they  may. 
under  certain  circumstances,  but  ])robably  not  in  the  case  of  a  wire, 
push  the  whole  body  of  air  along  with  them,  forming  the  "  elec- 
trical wind  "  observed  from  charged  points  ;  this  wind,  however, 
is  not  the  actual  carriir  of  the  charge,  but  is  a  secondary  otTort  prf)- 
duced  by  the  carriers. 

With  these  introductory  remarks  we  pass  (ju  to  describe  the  actual 
tests.     These  fall  under  two  headings  : — 

(a)  Tests  made  on  a  wire  arranged  inside  a  concentric  cylinder. 

(ft)  Tests  on  two  ])arallel  wu'es  arranged  out  of  doors. 

The  object  of  the  (a)  tests  was  to  determine  the  effect  of  changes 
in  barometric  pressure  upon  the  critical  voltage  at  which  loss  com- 
mences. The  wire  was  enclossd  in  a  galvanised-iron  cylinder  8  in. 
diameter  and  G  ft.  long,  which  could  be  exhaustid  of  air  by  means 
of  a  small  motor-driven  ))ump.  The  degree  of  humidity  of  the  air 
was  also  under  control.  I'^xperiments  would  be  made  at  various 
pressures  from  atmospheric  down  to  350  mm. 

The  use  of  a  wire  in  a  concentric  cylinder,  although  not  repre- 
senting the  actual  conditions  of  a  transmission  line,  is  yet  very  con- 
venient when  it  is  desired  to  have  various  factors  under  control. 
It  possesses,  moreover,  the  advantage  that  considerably  lower  pres- 
sures (less  than  half)  are  required  to  produce  the  same  electric  stress 
around  the  wire. 

Theoretically,  the  critical  voltages  for  a  wire  in  a  cylinder  and 
two  parallel  wires  have  a  direct  ratio,  which  can  be  calculated  when 
the  dimensions  of  the  wu'es,  cylinder  and  spacing  are  known. 

The  expressions  for  obtaining  the  electric  stress  at  the  wire  are 
as  follows  : — 

Wire  in  rijlinder. 


Two  tcires. 


In  log,. 


<-:;)■ 


(^) 


Where  \'=1'.T).  between  wires^ 
(J  =  radius  of  wire, 
rf=distance  apart  of  wires. 
6  =  radius  of  cylinder. 
.     Of  these  formulae,  (1)  is  exact,  while  (2)  is  only  approximate,  but 
•is  very  nearly  correct  for  all  ordinary  cases  where  a  is  small  com- 
pared to  d,  and  the  wires  are  well  above  the  earth. 
'■     As  it  was  felt  that  it  was  hardly  safe  to  trust  to  tlie  ratio  deduced 
.from  these  formula^  without  an  experimental  verification,  tests  (ft) 
were  arranged  for.     In  these  tests  two  wires  were  stretchetl  out  of 
doors  parallel  to  each  other  and  at  a  distance  apart  of  1  metre,  the 
length  of  wire  employed  being  12  metres. 

Method  of  Test. — The  source  of  })ower  was  an  influence  machine 
of  special  design  and  large  output,  driven  by  an  electric  motor. 
This  machine  was  excited  by  means  of  an  ordinary  VV'imshurst 
machine  ;  across  the  terminals  of  the  latter  was  connected  a  "  spark  "' 
gap  with  adjustable  electrodes  terminating  in  needle  points,  the 
brush  discharge  from  which  kept  the  voltage  of  the  "  exciter  "from 
rising  above  any  desired  limit.  By  sliding  the  electrodes  any  re- 
I  quired  e.\citation  volt.age,  and.  consequently,  any  re(|uired  out  put. 


tVom  the  main  machine,  could  \w  obtained.  Tlip  excitation  voltage 
was  measured  by  an  electrostatic  voltmeter,  with  compressed  air 
insulation  capable  of  working  up  to  2()0,<KX).  volts. 

The  main  generator  would  give  voltages  up  to  70,000  volts  ;  these 
were  measured  by  a  lOO.OtK)  volt  electrostatic  compressed  air  volt- 
meter connected  across  the  terminals.  .  From  the  machine,  leads 
consisting  of  jj  in.  brass  tubes  were  taken  in  the  earlier  tests  direct 
to  the  testing  apparatu.s  ;  it  was  however,  found,  that  when  this  wa« 
(lone  oscillations  of  voltage  occurred,  so  that  a  steady  voltage  was 
not  impressed  on  the  wire.  In  the  later  and  accepted  tests,  there- 
fore, an  arrangement  of  eondenscis  across  the  machine  terminals, 
combined  with  a  high  resistance  and  inductance  in  the  leads  to  the 
apparatus,  was  adopted,  and  this  was  successful  in  suppressing  all 
the  o.scillatiims  .and  giving  a  steady  pressure  on  the  wire.  The  cur- 
rent flowing  into  the  wire  was  measured  by  a  reflecting  micro- 
ammeter,  enclosed  in  a  jiotential  screen  .ind  mounted  on  a  large 
75,000  volt  ins\dator. 

Precautions  taken  again.st  Leakage. — In  order  to  guard  against  the 
experiments  being  vitiated  by  leakage  occurring  at  other  points 
than  the  wire  itself,  the  micro-ammeter  was  placed  as  close  as  pos- 
sible to  the  end  of  the  wire,  and  the  insulating  terminals  where  the 
wire  passed  through  the  ends  of  the  tube  were  fitt<'d  with  leakage 
guards. 

The  same  ])rinciple  was  employed  in  the  tests  on  the  parallel  wires. 
In  these  tests  another  high-tension  voltmeter  reading  up  to  ,35,000 
volts  was  connected  between  one  wire  and  the  earth  in  order  to  ensure 
that  the  t«o  wiies  were  equally  and  oiijiositely  electrified. 

Results  of  Tests. 
(a)  Wire  in  Cylinder. — As  was  to  be  expected,  some  difference 
was  found  to  exist  between  the  case  where  the  wire  was  positive  to 
the  cylinder  and  when  it  was  negative  to  it,  these  differences  occur- 
ring both  in  the  ai)pearance  of  tlie  corona- and  in  the  mea.surements 
relating  to  it. 


Fn:.  2. — Ohiiinakv 

AprEARANOE   OK 
WlHK. 


FlC.  3— COROXM 

Wire  Positivk. 


Fli:.  4.— fOKoN.. 
WiRK    X  Ell  ATI  V! 


When  the  wire  was  positive  to  the  cylinder  it  appeared,  if  viewed 
in  a  subdued  light,  to  be  surrounded  with  a  thin  luminous  film.  If 
viewed  in  complete  darkness,  under  certain  conditions  the  space 
surrounding  the  wire  for  a  distance  of  !  em.  or  2  em.  radially  was 
seen  to  be  full  of  fine  branching  blui.sh  purple  brushes,  darting 
about  all  the  time  and  never  remaining  st.it  ionciy  on  any  point.  The 
discharge  made  a  slight  hissing  noise. 

When  the  wire  was  negati\e  the  luminous  lilm  was  absent,  but  the 
wire  was  surrounded  by  a  halo  consisting  of  short  straight  reddish- 
coloured  discharges  about  3  to  5  mm.  long,  iiraetically  stationary 
and  much  brighter  than  the  corresponding  positive  discharge.  This 
discharge  was  accompanied  by  a  loud  hissing  noise  plainly  audible 
above  the  hum  of  the  motor  and  influence  machine. 

The  negative  corona  was  greatly  atfeeted  by  the  presence  of  pixr- 
ticles  of  dirt  upim  the  wire.  If  the  wire  was  dirty  the  discharge 
seemed  to  cimeentrate  itself  upon  the  particles  of  dirt,  from  each  of 
which  a  bright  tuft  of  reddish  light  emanated  not  much  longer, 
however,  than  the  previous  brushes  from  the  clean  wire.  The  dis- 
charge was  much  less  noisy,  and,  in  fact,  if  the  wire  were  dirty  enough. 
nearly  silent. 

Fig.s.  2.  3  and  4  illustrate  this.  Fig.  2  being  a  photograph  of  the 
wire  it.self  \ihen  "  dead,"  Fig.  3  the  same  wire  surrounded  by  a  posi- 
tive and  Fig.  4  the  wire  surrounded  by  a  negative  corona.  ,  The 
bright  spot  in  the  mkldle  of  the  wire  seen  in  Fig.  4  is  due  to  one  of 
the  "  tufts  "  just  mentioned. 

As  regards  the  quantitative  differences  between  the  positive  and 
negative  cnnma  with  a  |>erfeetly  clean  wire,  the  negative  corona 
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api)eared  to  require  a  very  sUghtly  higlier  voltage  to  start  it  than 
the  positive  one.  The  difference,  however,  was  small,  not  exeeecliiig 
3  per  cent,  at  the  outside. 

The  chief  difference  was  in  the  voltage  current  characteristic 
of  the  discharge.  When  the  wire  was  negative  the  curve  was  more 
nearlv  parallel  to  the  axis  of  current  than  when  it  was  positive — 
i.e..  dl/dV  was  greater  for  a  negative  than  for  a  positive  corona.  This 
can  be  seen  on  reference  to  Fig.  .5.  where  the  chain  dotted  curve 
is  taken  from  a  positive  corona  and  the  full  line  one  from  a  negative. 

With  regard  to  the  effect  of  dust  and  dirt  upon  the  "  quanti- 
tative feature.-*"  of  the  corona,  the  positive  discharge  seemed  bu) 
little  affected,  and  the  critical  stress  and  shape  of  the  curvi-  were  the 
same  whether  the  wire  was  clean  or  dirty.  When  the  wire  was 
negative,  however,  this  was  by  no  means  the  case;  a  few  particles 
of  dirt  prtxlucing  the  tufts  of  light  just  mentioned  caused  consider- 
able lowering  of  the  critical  stress,  and  a  pronounced  charge  in  the 
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Fio.  J. — Wire  070 mm.  diameter,  Nec!.\tive. 

shape  of  the  curve,  which,  instead  of  beginning  abruptly  at  a  definite 
voltage,  as  it  did  for  a  clean  wire,  began  gradually  and  bent  round 
the  knee  of  the  curve  occurring  at  the  point  of  true  critical  stres.° — 
(.e.,  the  point  at  which  the  loss  for  a  clean  wire  would  commence. 

Figs.  .5  and  6,  for  wires  of  0-70  mm,  and  9;)3  mm,,  are  given  as 
representative  of  the  series  of  curves  obtained  with  gradually  in- 
creasing wire  diameter  up  to  12-76  mm,,  or  just  over  A  in.  Both 
these  were  for  negative  corona.  The  positive  ones  could  nut  be  taken 
beyond  wires  of  6  mm.  diameter,  as  a  disruptive  discharge  occurred 
from  the  wire  to  the  cylinder.  The  negative  ones  showed  no  sign 
of  this  at  all  over  the  whole  range. 

The  most  noticeable  features  of  the  series  of  curves  are.  firstly, 
their  increase  of  ill/dV  with  increasing  wire  diameter,  and.  secondly, 
the  decrease  of  electric  stress  required  to  start  a  corona.  Of  course. 
the  actual  voltage  required  to  start  the  corona  increased  steadily 
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Fic.  (i. — Wire  9-.53  mm.  Diameter,  Neoative. 

with  the  diameter  of  the  wire,  but  the  electric  stress  due  to  this 
voltage,  as  deduced  by  the  formula  already  given,  steadily  dropped 
from  about  80  Kv.-cm.  for  the  small  wire  to  40  Kv.-cm.  for  the  large 
one. 

The  relation  between  critical  stress  and  wire  diameter  for  different 
atmospheric  pre.s.sures  is  plotted  in  Fig.  7.  It  will  be  seen  that  the 
critical  stress  dro|)s  rapidly  at  first,  but  tends  to  get  nearly  constant 
for  large  wires. 

This,  it  may  be  said,  agrees  substantially  with  Prof,  H.  J.  Ryan's 
results.  In  Ryan's  I'aper  before  the  American  Institute  of  Elec;- 
trical  Engineers  are  given  a  series  oi  tests  made  under  somewhat 
similar  conditions  as  regards  arrangement  of  conductor.  The  tests 
were,  however,  made  with  alternating  current,  and  the  point  of  for- 
mation of  the  corona  was  observed  by  watching  the  wire  in  a  dark 


room  for  the  first  appearance  of  luminosity.  Prof.  Ryan  gives  the 
results  of  the  tests  in  a  slightly  different  way.  believing  that  the 
corona  does  not  start  at  the  surface  of  the  wire,  but  at  a  small  dis- 
tance away  from  it.  He  also  uses  the  expression  of  "  dielectric 
tfux  density  "  expressed  in  coulombs  per  square  inch  in  place  of 
electric  stress  or  potential  gradient,  as  used  in  the  present  I'aper. 
Both  quantities  have  the  same  dimensions  and  are  mutually  con- 
vertible, the  relation  between  them  being 
Electric  Stress  volts/cm.  =  175  x  lO'"  x  coulombs  per  .square  inch. 

Taking  figures  from  pp.  306  and  307  of  Vol.  XXI.  of  the  "  Pro- 
ceedings" of  the  American  Institute  of  Electrical  Engineers,  we 
obtain  the  following  : — 


Wire 

diameter. 

D. 

Rm«. 

Inches. 

Cm. 

Coulombs  per  sq.  in. 

Kv-cm. 

003 

0-7ti2 

460x10'"' 

SO-.') 

005 

1-27 

410     „ 

71-8 

010 

2-54 

370    „ 

64-8 

0-20 

5-08 

281     ., 

49-2 

0-30 

702 

24.5    „ 

42-9 

0-40 

10- If! 

227    „ 

.39-7 

0-.50 

1       12-7 

216    „ 

37-8 

If  these  points  are  compared  with  the  results  given  in  Fig.  7  it 
will  be  found  that  the  first  two  and  last  three  points  fall  absolutely 
upon  the  curve  there  given.  The  reason  that  the  other  two  do  not, 
appears  to  be  due  not  to  any  inaccuracy  of  observation  but  to  an  error 
in  drawing  of  the  curve  on  p.  307  of  the  American  Institute  of  Elec- 
trical Engineers'  "  Proceedings."  as  this  curve,  which  is  intended  to 
be  a  continuation  of  that  on  p.  306.  does  not  join  up  with  it.  If  the 
curve  be  altered,  and  a  new  one  drawn  to  continue  that  on  p,  306, 
a  much  closer  agreement  for  these  two  points  is  obtained. 
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The  agreement  with  Ryan's  analysis  of  the  results  obtained  at 
Telluride  are  not  so  good,  but  are  fair.  The  Telluride  results  con- 
verted into  kilovolt-centiraetfes  are  : — 


Wire  di.im. 

cm. 

R.nnx 

■ 

:  Wire  diam. 

cm. 

R  nnx. 

1  -.52 

70-4 

4-00 

50-6 

2-032 

70-0 

.^-OS 

50-9 

2. ".4 

m-^ 

1             7-62 

43-8 

:i-04 

OO-f) 

1             lO'Ki 

40-5 

3-.'>(i 

57-4 

1 

It  seems,  therefore,  fairly  well  established  that  the  voltage  of 
formation  of  the  corona  is  very  nearly  the  same  whether  the  stress 
be  alternating  or  steady,  provided  that  in  each  case  the  maximum 
value  and  not  the  root  mean  square  be  taken.  One  would  not, 
therefore,  ex|)ect  it  to  be  influenced  by  any  change  of  frequency 
within  the  ordinary  limits. 

The  second  conclusion  to  be  drawn  from  the  curves  is  the  effect 
of  changes  in  barometric  pressure  upon  the  critical  stress.  These 
are  plotted  in  Fig.  8. 

In  a  previous  Paper  by  the  author,  on  the  effects  of  pressure 
higher  than  atmospheric  upon  the  electric  strength  of  air,  it  was 
pointed  out  that  the  curves  connecting  electric  strength  and  i)ressure 
when  produced  backwards  did  not  |>ass  through  the  origin,  but  in- 
dicated an  appreciable  electric  strength  for  a  zero  air  pressure.  The 
same  effect  is  also  shown  in  Fig.  8,  the  curves  (which  are,  as  far  aa 
can  be  seen,  straight  lines)  cutting  the  axis  of  stress  at  points  having 
quite  considerable  values.  Hence  we  conclude  that  a  reduction 
of  the  pressure  to,  say,  one-half  of  the  atmospheric  does  not  halve 
the  voltage,  which  can  be  applied  before  the  corona  is  formed.     The 
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amount  of  reduction  seems,  however,  to  be  nearly  the  same  for  all 
the  wires,  and  may  be  expressed  approximately  by  tlic  relation 


R=R„(0.2  +  0.84). 


i.e.,  a  reduction  of  pressure  to  50  per  cent,  of  the  atmospheric  re- 
duces the  critical  stress  to  60  per  cent,  of  its  value.  These  relations 
obviously  do  not  hold  as  far  back  as  the  zero  line — our  knowledge  of 
vacuum  tube  discharges  precludes  any  possibility  of  that  ;  probably 
somewhere  between  half  atmosphere  and  zero  they  bend  round,  but 
between  one  atmosphere  and  half  atmosphere  the  degree  of  accuracy 
of  the  experiments  did  not  allow  of  any  departure  from  a  straight 
line  law  being  detected. 

An  attempt  was  made  to  ascertain  whether  the  presence  of  water 
vapour  had  any  effect  upon  the  critical  stress.  In  order  to  do  this  an 
arrangement  was  made  so  that  air  could  be  drawn  into  the  cylinder 
either  through  a  quantity  of  calcium  chloride  or  through  a  mass  of 
cotton  waste  well  soaked  in  water. 

No  change  could  be  observed  in  the  point  at  which  the  corona  was 
formed,  and  it  is  hence  concluded  that  for  a  clean  wire  the  true 
cirtical  stress  is  only  affected  to  a  very  small  and  quite  unimportant 
effect  by  the  presence  of  water  vapour. 

The  temperature  at  which  the  experiments  were  carried  out  was 
constant  at  17°C. 

We  have  now  to  consider  the  tests  which  were  made  upon  the  two 
parallel  wires.  These  do  not  claim  to  be  so  comi)lete  as  the  tests 
which  were  made  upon  the  wire  in  the  cylinder,  as  the  limitations 
imposed  by  the  apparatus  available  were  much  greater.  To  obtain 
coronae  on  wires  of  the  sizes  normally  used  in  transmission  work 
would  have  required  a  voltage  of  200.(100  to  :?00,000  volts.  As 
already  mentioned,  the  influence  machine  available  could  only  give 
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70,0IX).  It  would  have  been  possible  to  have  put  two  or  more 
machines  in  series  in  order  to  obtain  the  voltage,  but  no  machine  of 
ordinary  design  could  give  enough  current  to  be  of  any  use,  and  the 
machine  employed  was  the  only  one  of  its  kind  existing.  An  at- 
tempt was  made  to  increa.se  the  voltage  by  placing  a  machine  which 
was  the  equivalent  of  an  ordinary  eight-plate  VVimshurst  in  scries 
with  the  main  generator,  but  the  current  this  was  capable  of  giving 
was  so  small  that  it  was  impossible  to  say  whether  the  critical  point 
were  reached  or  not. 

It  was,  therefore,  necessary  to  be  content  with  tests  carried  out 
on  the  three  smaller  sizes  of  wire  only,  and  to  attempt  to  predict 
from  these  what  would  be  the  behaviour  of  larger  ones  were  it  pos- 
sible to  employ  them. 

Of  these  tests,  that  carried  out  on  the  smallest  size  of  wire — 
viz.,  the  one  0-70  mm.  diameter — is  the  most  complete  and  atlords 
most  information.  The  first  thing  that  will  be  observed  is  tliat  the 
critical  stress  obtained  from  this  test  is  considerably  lower  than 
was  obtained  from  the  tests  on  the  wire  in  the  cylinder,  being  for  the 
wire  when  dry  only  Co  kv./cm,  against  80. 

Secondly,  it  will  be  observed  that  two  curves  are  given  for  the 
case  when  the  wire  was  dry  and  when  it  was  wet.  The  first  of  these 
was  taken  on  a  dry  summer's  day  with  very  little  water  vapour 
present  in  the  air.  The  second  on  a  day  of  fairly  heavy  tine  rain 
with  a  driving  wind — about  the  worst  conditions  which  coiddexist, 
especially  when  it  is  remembered  that  the  tests  were  carried  out  in 
a  seaport  town,  with  the  wind  at  that  time  blowing  oft  the  sea,  and, 
moreover,  with  a  not  inconsiderable  amount  of  smoke  and  fume 
generally  present  in  the  ptraosphere.  These  two  curves  may,  there- 
tore,  be  taken  as  representing  the  extreme  limits  between  which  the 
curves  of  loss  may  lie. 


The  third  feature  of  the  curves  is  that  they  are  not  nearly  a.s  st«ep 
as  those  for  the  wire  in  the  cylinder  (it  is  to  be  noted  that  the  scales 
of  abscissa;  are  not  the  same) — that  is,  a  given  increa«c  of  Btress 
above  the  critical  does  not  produce  such  a  large  increase  in  the  cur- 
rent per  kilometre  as  it  does  for  the  former  tests  ;  in  fact,  the  two 
curves  cut  one  another,  and  although  the  loss  of  the  parallel  wire 
begins  with  a  lower  stress  than  the  loss  of  the  wire  in  the  cylinder, 
yet  for  a  loss  of  10  milliamperes  per  kilometre  the  stress  in  the  case 
of  the  parallel  wire  is  the  highest. 

It  will  also  t)e  noticed  that  the  two  curves  for  the  wet  and  dry 
conditions  of  the  wire,  while  starting  at  widely  different  values, 
gradually  approach  each  other  and  appear  inclined  to  run  into  one. 
This  must  be  viewed  in  connection  with  the  result  found  from  the 
effect  of  water  vapour  on  the  critical  point  of  the  wire  in  the  cylinder, 
when  it  appeared  as  if  the  jjresence  of  moisture  did  not  affect  the 
critical  stress.  This  is  believed  to  really  be  the  case  :  the  effect  of 
water  vapour  is  to  cause  a  lo.ss  prior  to  the  formation  of  the  true 
corona,  but  it  is  not  believed  to  have  any  appreciable  effect  upon  the 
corona  itself.  This  will  also  account  for  the  tendency  of  the  two 
curves  to  get  closer  together  as  the  voltage  and  current  are  in- 
creased, the  pre-coronal  loss  then  becoming  relatively  smaller. 

The  explanation  of  the  low  value  of  the  critical  stress  probably 
lies  in  the  fact  that  the  wires  were  dirty  ;  this,  as  has  been  mentioned 
already,  has  the  effect  of  lowering  the  critical  stress  very  considerably. 

The  explanation  of  the  decreased  value  of  dl/dV.  as  compared 
with  the  wire  in  cylinder  tests,  is  not  quite  clear.  If  the  electric 
stresses  in  the  medium  surrounding  the  wires  were  governed  only  by 
the  ordinary  electrostatic  laws  the  value  of  dl/dV  should  be  the  same 
for  both  conditions,  as  the  field  at  any  distance  from  the  wire  causing 
the  motion  of  the  ions  away  from  it  should  be  the  same  in  either  case. 

From  a  theoretical  standpoint,  it  is  practically  immaterial  whether 
a  given  electric  stress  be  produced  at  the  surface  of  a  wire  by  placing 
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Fig.  9. — Parallel  Wires  1  metre  apart. 

it  inside  a  small  cylinder  t)r  at  a  much  larger  distance  from  another 
wire;  the  equipotential  lines  in  the  immediate  neighbourhood  of  the 
wire  will  be  tlie  same  in  each  case,  and  if  these  only  determined  the 
rate  at  which  the  ions  were  carried  away,  it  should  make  no  difference 
to  the  relation  between  stress  at  the  surface  of  the  wire  and  loss  off  it. 

It  is,  however,  very  doubtful  whether,  once  a  corona  has  formed. 
the  electrostatic  laws  do  hold,  as  the  air.  being  full  of  charged  par- 
ticles, cannot  be  expected  to  act  as  a  true  dielectric.  It  is.  in  fact, 
extremely  doubtful  whether  the  stresses  shown  in  the  curves  as 
existing  after  the  corona  is  formed  really  exist  at  all. 

The  other  two  curves  of  Fig.  9  are  for  larger-sized  wires,  and  were 
taken  in  fairly  dry  weather  ;  they  could  not  be  carried  to  such  a 
point  as  was  the  Hrst  one  owing  to  the  limitations  imposed  by  the 
generator. 

It  was  hoped  when  the  experiments  were  commenced  upon  the 
parallel  wires  that  sufficient  data  would  be  obtained  to  enable  one 
to  say  what  factor  of  safety  should  be  allowed  on  the  ligures  already 
obtained  if  designing  an  actual  line.  It  can  hardly  be  claimed 
that  these  figures  allow  one  to  fix  a  very  delinite  factor  which  could 
be  used  for  wires  of  large  sizes.  .\  factor  of  safety  of  2  would,  how- 
ever, it  is  believed,  be  ample  for  all  ordinary  cases. 

It  is  true  that,  judging  from  th<-  curves  in  Fig.  9.  the  factor  of 
safety  required  is  larger  for  the  large  wires  than  the  small  one.  This 
may  be  due  to  the  loss  at  the  ends  of  the  larger  wires  being  greater 
than  the  average  owing  to  the  proximity  of  the  insulation  disturb- 
ing the  distribution  of  Hux.  For  these  wires  the  corona  was  not 
sufficiently  well  marked,  owing  to  the  limited  voltage,  to  be  able  to 
say  whether  it  was  \iniform  or  not. 

These  tests  may  well  be  compared  with  those  carried  out  by 
Mershon  at  Niagara,  using  alternating  current,  when  he  obtained 


832 


THE  ELECTRICIAN.  SEPTEMBER  3,  1909. 


values  of  the  critical  stress  considerably  lower  than  those  given  by 
Rvan.  The  ratios  «hich  he  obtained  varied  from  1-73  for"a  wire 
2-.">  mm.  diameter  to  one  of  l-.'iD  for  a  wire  of  10  ram.  diameter. 

Mershon's  tests,  it  may  be  remarked,  were  carried  out  on  an  actual 
line  hung  out  of  doors,  and  not  on  a  wire  in  a  cylinder.  They  gave 
curves  starting  gradually  and  bending  round,  not  commencing 
suddenly,  like  the  wire  and  cylinder  tost,  and  they  also  showed 
the  influence  of  water  vapour  in  tlie  atmosphere. 
General  Si-.m.maky  ov  Results. 

1.  That  there  Ls  a  definite  critical  stress  for  which  loss  occurs 
from  a  direct-current  line  just  as  for  an  alternating-current  one. 

2.  That  the  direct-ciurent  stress  reiiuired  to  produce  this  loss  is 
the  same  as  the  maximum  alternating-current  one. 

3.  That  this  stress  is  substantially  the  .same  whether  the  wue  is 
positive  or  negative,  provided  tliat  it  is  clean. 

i.  That  for  dirty  wires  the  electric  stress  is  lowered  much  more 
for  negative  than  positive  charges, 

5.  That  the  critical  stress  is  greater  the  smaller  the  wire  diameter. 

C.  That  the  critical  stress  is  reduced  by  reduction  of  the  air  pres- 
sure, but  not  proportionally. 

7.  That  the  presence  of  water  vapour  in  the  air  does  not  affect  the 
loss  or  critical  stress  for  a  clean  wire. 

8.  That  an  actual  transmission  line  does  not  behave  exactly  like 
a  i)erfcctly  clean  wire,  but  that  a  factor  of  safety  varying  from  lo 
to  2  sliould  be  allowed  :  also  that  the  loss  is  affected  by  the  presence 
of  water  vapour  in  the  atmosphere,  especially  for  k)w  values  of  the 
electric  stress,  and  that  a  considerable  loss  takes  place  before  the 
wire  is  uniformly  envelojied  in  a  corona  or  becomes  noticeably 
luminous. 

In  conclusion,  the  WTiter  would  express  his  tlianks  to  the  Univer- 
sity of  Liverpool  for  facilities  for  carrying  out  the  work,  to  I'rof. 
E.  W.  Marchant  for  much  advice  and  assistance  during  its  progress. 
and  to  Mr.  C.  J.  Watson  for  the  photograjjli  f orating  Fig.  hand  the 
account  of  the  experiments  in  connection  w  ith  the  same. 


ELECTRIC  LOCOMOTIVES  FOR  THE  BRITISH 
COLUMBIA  ELECTRIC  RAILWAY. 


In  view  of  the  rapid  developments  taking  )jlace  in  the  design  of 
electric  locomotives,  the  following  particulars  which  we  are  able  to 
give  of  three  locomotives  recently  supplied  to  the  British  Cohinibia 


The  locomotives  are  of  the  articulated  truck  four-axle'type,  with 
one  motor  mounted  upon  each  axle.  The  maximum  rated  tractive 
effort  is  16.(XlO  lb,  drawbar  pull,  and  the  maximum  instantaneous 
cfTort  is  2,5,0(1(1  lb.  A  featiu-e  of  special  interest  in  the  truck  arrange- 
ment is  that  the  body  of  the  locomotive  rests  upon  two  four-wheeled 
trucks  eou])led  together  liy  a  massive  hinge  having  lateral  flexiliility 
but  vertical  rigidity,  thereby  enabling  the  rear  trucks  to  resist  any 
tendency  to  tilt  under  the  action  of  tlie  forward  truck,  and  vice  versa. 
The  centre  |)ins  and  cab  jilatform  framing  are  not  .subjected  to  any 
lonu'itudinal  stress,  except  that  due  to  its  own  inertia  when  starting 
and  stopi)ing,  the  wliole  pull  of  the  motors  being  transmitted  direct 
from   the  motors  throiigli  the  trucks.     Suitable  arranL'f  mcnts  are 
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made  to  allow  the  trucks  to  radiate  when  passing  round  a  curve.  The 
spring  suspension  is  of  the  locomotive  type,  the  weight  being  carried 
by  semi-elliptic  springs  resting  on  tlie  journal  box  saddles. 

Fig.  3  shows  the  general  appearance  oT  one  of  the  locomotives,  and 
Fig.  1  gives  a  view  of  the  interior  of  the  cal).  Here  can  be  seen  the 
two  master  controllers,  one  at  each  end  of  the  cab,  the  contactor 
boxes,  circuit-breakers,  switches,  &c.  The  control  eiiuipment  is  of 
the  sta.ndard  Dick-Kerr  multiple-unit  type,  with  scries  magnets 
operating  the  various  contactor-s.  The  resistances  are  placed  in  the 
sloping  end.s  of  the  sujicrstructurc. 

The  riiotcji-  equipment" consists  of  four  Dick-Kerr  12a  motors.  When 
operatilTg  on  a  fiOO  volt  circuit  cacli  motor  will  gi\e  a  tractive  effort 
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Electric  Railway  should  prove  of  no  little  interest.  These  loco- 
motives were  built  and  supplied  by  .Me.s.sr.s,  Dick,  Kerr  &  Co,,  the 
electrical  equipment  being  nianufa<lure(l  at  tluir  electrical  works 
at  Preston,  and  the  trucks  and  mechanical  portion  at  their  general 
engineering  works  at  Kilmarnock, 


of  4.04(1  11).  on  the  periplu  ry  ol  lln'  42  in.  wheels,  and  a  speed  of 
!.■)  miles  per'hour  at  the  one-hoiu-  rating,  Kach  motor  is  tilted  with 
riduelion  gear  having  a  ratio  of  3(U  to  1,  'J'he  armature  bearings 
of  the  motor  are  lubricated  by  oil  rings,  which  arc  specially  designed 
to  prevent  flooding  when  rimning  at  high  .sj)eeds.     The  axle  bearing* 
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aro  Iul)iicat(d  l)y  a  system  of  vvick.s  wliicli  mc  immci.scd  in  oil  wells. 
No  grease  is  used  as  an  emergency  liiliri<'at<ir.  'I'he  wliole  of  the 
gearing  of  the  motor  is  contained  in  a  malleahlc  iron  oil-tight  gear 
box,  which  is  provided  with  suitable  stitfening  ribs.  It  is  supported 
by  the  axle  bearing  at  one  end  and  by  the  pinion  bearing  and  motor 
shell  at  the  other  end.  The  motors  are  designed  and  arranged  for 
forced  ventilation,  the  air  being  blown  into  the  motor  shell  at  the  end 
farthest  from  the  commutator,  and  passing  out  at  suitable  openings 
provided  at  the  commutator  end.  Fig.  2  shows  the  type  of  motor 
employed. 

The  air  for  the  forced  ventilation  is  obtained  by  means  of  a  cen- 
trifugal blower  situated  in  the  centre  of  the  cab  (see  Fig.  1)  and 
driven  by  a  DickKerr  motor.  The  controller  for  operating  this 
motor  is  situated  near  the  right-hand  master  controller,  seen  in 
Fig.  1  In  addition  to  the  blower  for  the  motors,  there  is  an  elec- 
trically-driven air  compressor  with  suitable  air  reservoirs  for  the  air- 
brake equipment,  the  locomotive  being  fitted  with  combined  straight 
and  automatic  air  brake.  The  compressor  for  the  brakt^  e(|ui|imcnt 
is  mounted  above  the  motor-driven  blower  in  the  euli. 


It  is  clear  that  in  the  dielectric  JM-twecn  any  londui-toi  and  the 
adjacent  slu-atli  there  will  be  a  simple  ris<'  and  fall  of  voltage  at  the 
main  frequency  of  supply,  but  in  the  interspace  the  conditions  are 
complicated  by  the  react icjns  between  the  conductors  and  the  sheath. 

On  consideration  of  the  problem  it  seemed  impracticable  to  attempt 
to  solve  it  analytically  by  finding  and  superposing  the  fields  between 
the  various  conductors  in  turn.  The  problem  being  two-dimensional, 
recourse  was  had  to  the  stream-line  method  used  by  Profs.  Hele- 
Shaw  and  Hay*  for  the  solution  of  otherwise  indeterminate  problems, 
in  the  distribution  of  magnetic  fields  of  force. 

In  an  electrostatic  case  it  is  only  necessary  to  rejilaco  permeability 
by  the  dielectric  constant,  so  that  the  relation  given  by  them  that 
the  permeabilities;  of  two  adjacent  areas  of  the  stream-line  Him  wero 
in  ])roportion  to  the  cube  of  their  thickness  applies  directly  to 
dielectric  constants  also.  The  cable  case  is  rather  simpler  than  the 
magnetic,  since  the  conductors  have  in  effect  an  infinite  induction 
constant.  The  form  of  the  field  will,  therefore,  be  the  same  what- 
ever the  dielectric  constant  of  the  insulation  may  be,  provided  that 
this  is  small  and  the  same  everywhere.     In  applying  the  stream-line 
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Fig.  2. — Relation  of  Ducramsto  the  Three  Phases. 


Two  current  collectors  are  provided,  these  being  of  the  straight 
under-running  trolley  type,  the  current  being  collected  from  an  over- 
head trolley  line.  The  trolleys  are  equipped  with  retrievers.  The 
following  details  of  the  equipment  are  of  interest :  — 

Number  of  Motors 4 

Gear  Ratio 3-64  to  1. 

Number  of  driving  wheels    8 

Diameter  of  driving  wheels     42  in. 

Total  wheel  base 24  ft.  6  in. 

WTieel  base  of  each  truck  8  ft. 

Length  overall     M.Tft.  7iu. 

Length  of  main  rab  Hi  ft.  .')  iu. 

Height  of  cab  above  rail  level    14  ft.   1.',  in. 

Width  of  cab  Oft.  Sln. 

Total  vvci"ht  of  locomotive  .Wtons. 


THE  DISTRIBUTION  OF  DIELECTRIC  STRESS  IN 
THREE  PHASE  CABLES.'' 

BY  PROF.   W.   M.  THORNTON,  D..Sf'..  n.EN(i.,   AND  O.   .1.    WTl.l.IAMS.  B.SC. 

The  problem,  of  which  an  approximate  solution  is  given  in  lliia 
Paper,  is  to  find  the  voltage  gradient  at  any  point  in  the  cross-section 
of  a  three-core  cable  as  used  for  three-phase  currents  at  any  time 
during  the  cycle  of  electrification.  The  capacities  between  tin-  eon- 
dtictors  have  been  fully  worked  out  in  theory  and  praetiee.f  but  in  so 
far  as  the  life  of  a  cable  depends  on  the  nature  and  magnitude  of  the 
electric  stress  in  the  insulation  it  is  necessary  to  know  the  general 
nature  of  the  change  of  stress,  more  especially  in  the  space  between 
the  conductors,  before  a  final  conclusion  can  be  deduced  from  break- 
down tests. 

*  Paper  read  before  the  British  Association  at  Winnipeg. 

t  A.  Russell,  "  Alternating  Currents,"  Vol.  I. 


method  to  electrostatic  problems  it  is  then  only  necessary  to  make 
the  "  dielectric  "  areas  thick  enough  to  give  good  contrast  in  the 
stream  lines  and  to  make  the  cavities  representing  conductors  as 
deep  as  possible  (Fig.  3). 

The  representation  of  the  voltage  relations  in  a  three-phase  cable 
was  carried  out  as  follows  :  Two  circular  glass  plates  6  in.  in  diameter 
0-5  in.  thick  were  prepared,  and  found  to  have  good  plane  siu-faces. 
Three  holes  were  di-Uled  through  one  of  them  3  in.  apart,  and  equi- 
distant about  the  centre  {sec  Fig.  3)  Into  two  of  these  brass  nozzles 
were  cemented  to  which  indiarublxr  pressure  tubing  was  attached, 
fitted  with  screw-pinch  ciicks.  For  the  third,  a  siiecial  injector  was 
made,  illustrated  in  Fig.  I.  The  other  piate  was  then  coated  with 
paraffin  wax,  planed  and  cut  to  template,  to  represent  to  scale  the 
section  of  a  three-phase  cable.  The  cavities  cut  in  the  wax  coincided 
with  the  nozzle  openings  in  the  first  plate.  .\n  annular  cavity  sur- 
rounding all  reiiresented  the  sheath. 

The  plates  being  clamped  together  with  .i  ring  cut  frt«m  a  sluH't 
of  thin  drawing  paper  lorming  a  joint,  red  and  while  glycerine  were 
injected  by  the  one  nozzle,  and  allowed  to  How  away  by  the  other 
two,  the  one  acting  as  a  sovnce,  the  other  as  sinks.  Part  of  the  liquid 
entr-red  the  annulus  from  the  source,  and.  pa.ssing  round  the  side, 
escaped  by  way  of  one  of  the  sinks  ;  no  liquid  e.sca|H'd  from  the  edges 
of  the  slide.  The  sheath  of  a  cable  is.  in  praelice,  always  at  zero 
potential,  and  only  conveys  iiuluction  to  and  from  the  charged  con- 
ductors. 

The  algebraical  sum  of  the  flow  between  the  three  oi)enings  is 
zero,  whatever  the  total  How  may  be.  The  distribution  of  the  line 
of  force  in  an  actual  three-phase  cable  dws  not  depeiid  upon  the 
magnitude  of  the  voltage  applied.  In  the  same  way  the  lines  of  How 
iu  the  nuiilel  do  not  depeiiil  upon  the  total  quantity  passing,  but  only 
on  the  relation  between  the  How  in  the  two  sinks.  (In  the  analogy 
bttween   hydrodyuamic   and  electrostatic   or   magnetic   problems, 

«  Phil.  "  Trans.",  \ol.  CXC\'.,  pp.  303-327. 
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Telocity  of  liquid  flow  is  comparable  with  intensitj-  of  stress.)  If  the 
sinks  are  adjusted  to  have  the  same  discharge  from  each  we  have  the 
electrical  case  of  one  wave  at  maximum  voltage  above  the  neutral, 
the  other  two  equal  and  opposite  to  it  in  phase,  and  each  one-half  of 
it  in  magnitude — that  is  case  /  (Fig.  21. 

If  one  is  closed,  all  the  liquid  entering  leaves  l\v  the  other,  and 
we  have  ca.se  a — Fig.  2.  These  two  cases  are  the  limits,  and  recur 
at  intervals  of  30  deg.  continually,  so  that  a  set  of  stream-line 
diagrams  covering  a  convenient  number  of  cases  from'  a  to  6  com- 
pletely determine  the  conditions  throughout  a  cycle  of  stress.  Four 
intermediate  positions  were  chosen,  and  tlie  figures  given  later  cor- 
respond to  phase  positions  of  0,  C,  12,  18,  24  and  30  deg.  on  one  of 
the  pha.ses — -that  marked  C. 

The  flow  of  glycerine  was  adjusted  by  the  screw  clips  on  the  dis- 
charge nozzles.  The  drops  from  these  were  counted  with  a  sto))- 
watoh.  and  after  practice  the  adjustment  could  be  made  to  about 
three  drops  in  100.  The  accuracy  of  the  diagrams  as  representing 
the  electrical  state  is  in  direct  proportion  to  this. 

While  the  voltage  in  pha.se  C  is  increasing  that  in  B  the  other  sink 
is  decreasing,  the  corresponding  phase  angles  being  60,  5-1,  48,  42 
36,  30  deg.  " 

The  adjoinina  table  gives  the  phase  relation  for  the  diagrams 
which  follow.  In  the  last  columns  the  relative  flow  from  B  and  C 
is  given  on  the  assumption  that  the  total  flow  is  constant,  and 
numerically  equal  to  100  (drops  a  minute).  As  a  matter  of  fact. 
it  was  not  possible  to  adjust  each  to  the  required  quantity,  and  as 
long  as  the  ratio  was  obtained  the  total  flow  was  nut  measured.     It 
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might  have  varied  from  90  to  110.  The  adjustments  were  made 
and  tested  in  runs  of  several  minutes'  duration.  The  consecutive 
features  of  the  line  diagrams  and  the  polar  curves  show  that  they 
were  satisfactory- 
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The  photographs  of  the  stream  lines  obtained  were  not  so  good 
in  contract  as  those  in  the  magnetic  cases.  It  was  not  possible  to 
photograiih  through  the  clear  plate — i.e.,  that  holding  the  nozzlet; — 
and  since  the  wax  could  not  be  conveniently  deposited  on  tliis  plate, 
there  was  always  a  film  of  wax  between  tlie  red  stream  lines  and 
the  camera.  This  film  was  of  necessity  thick.  The  greatest  obstacle 
to  obtaining  sharp  impressions  was,  liowever,  the  spreading  out  of  the 
lines  from  the  injector  by  reason  of  the  enlargement  of  the  area  of 
flow.  To  steady  the  flow,  and  so  to  work  witli  very  slow  streams, 
an  attempt  was  made  to  suck  the  glycerine  through  the  plate,  and 
to  measure  the  discliarge  into  a  vacuum,  but  this  did  not  prove  con- 
venient in  working.  Another  difficulty  was  that  the  sliadows  of 
the  leading  in  and  out  pipes  and  nozzles  were  never  quite  avoided. 
If  clear  impreseions  could  have  been  obtained  the  work  would  have 
been  much  less.  (To  he  concluded.) 


THE  SEYEN  STYLES  OF  CRYSTAL  ARCHITECTURE.* 

BY    DR.    A.    E.    H.    Tt'TTON.    F.R.S. 

The  proverbial  importance  of  the  number  seven  is  once  more 
illustrated  in  regard  to  the  syst«ms  of  symmetry  exhibited  by  solid 
matter  in  its  most  perfectly  organised  form,  the  crystalline.  For 
there  arc  seven  such  systems  or  styles  of  architecture  of  crystals, 
just  as  there  are  seven  distinct  notes  in  the  musical  octave,  and 
seven  chemical  elements  in  the  octave  or  period  of  Newlands  and 
Mendel6cflf,  the  eighth  or  octaval  note  or  element  being  but  a  repeti- 
tion on  a  higher  scale  of  the  first. 

The  purpose  of  this  discourse  is  not  so  much  to  dilate  upon  the 
seven  geometrical  systems  of  crystals,  as  to  show  how  they  are 
occasioned  by  differences  in  the  internal  structure,  and  to  demon- 
strate this  internal  structure  in  an  ocular  manner,  unfolding  at  the 
same  time  some  interesting  phases  of  recent  investigation.  To  the 
Greeks,  whose  wonderfully  perfect  knowledge  of  geometry  Ave  are 
ever  admiring,  the  cube  was  the  emblem  of  perfection,  for  '*  The 
length  and  the  breadth  and  the  height  of  it  are  equal.""  Moreover, 
even  when  we  have  added  that  all  the  angles  are  right  angles,  these 
are  not  the  only  perfections  of  the  cube,  for  they  carry  with  them, 
wlien  the  internal  structure  is  develojied  to  its  highest  possibility, 
no  less  than  22  elements  (13  axes  and  9  planes)  of  symmetry. 
At  the  other  extreme  is  the  seventh,  the  triclinic,  system,  in  which 
the  symmetry  is  at  its  minimum,  neither  planes  nor  axes  of  sym- 
metry being  developed,  but  merely 
parallelism  of  faces.  sometimes 
described  as  symmetry  about  a  centre, 
and  in  which  there  are  no  right  angles 
and  there  is  no  equality  among  adjacent 
edges.  Between  these  two  extremes  of 
maximum  and  minimum  symmetry  we 
have  the  five  systems  known  as  the 
hexagonal,  tetragonal,  trigonal,  rhom- 
bic, and  monoclinic,  possessing  respec- 
tively, 14,  10.  8.  6.  and  2  elements  of 
symmetry.  All  crystals  do  not  possess 
tlie  full  sym'metry  of  their  system. each 
system  being  sub-divisible  into  classes 
possessing  a  definite  number  of  the 
possible  elements.  Altogether,  there 
are  32  such  classes,  and  their  definite 
recognition  we  owe  to  the  genius  of 
von  Lang  and  8lory  Maskelync. 

The  characteristic  pro])erty  ])ossessed 
in  common  by  all  crystals  is  that  the 
exterior  form  consists  of  and  isdelined 
by  truly  plane  faces,  inclined,  in  accor- 
dance with  one  of  the  32  clas.%es  of 
symmetry,  at  specific  angles  which  are 
characteristic  of  the  substance.  This 
has  only  been  proved  to  be  an  absolute  fact  within  the  last  few 
years,  although  asserted  by  Haiiy  so  long  ago  as  the  year  178"  ; 
for  the  numerous  cases  of  so-called  "  isomorphous "'  salts,  the  first 
of  which  were  discovered  by  Mitscherlich  in  the  year  1820.  were  for 
long  believed  to  be  cxcciitions,  and  until  the  year  1890  no  actual 
evidence  one  way  or  the  other  was  forthcoming.  But  it  was  eventu- 
ally shown  that  the  crystals  of  the  members  of  an  isomorphous 
series  did  differ,  both  in  their  angles  and  in  all  their  other  crystallo- 
graphic  and  physical  properties,  although  in  the  cases  of  the  angles 
the  differences  were  very  small.  Moreover,  the  differences  were 
shown  to  obey  a  simple  but  very  interesting  law.  namely,  that  lliey 
were  functions  of  the  atomic  weight  of  the  chemical  elements  of  llii' 
same  family  grou])  whose  interchange  gives  rise  to  the  series. 

All  crystals  possess  one  other  obvious  property,  that  of  homo- 
geneity, and  we  now  know  that  it  is  the  character  of  the  homogeneous 
.substance  which  determines  the  external  form.  There  are  no  less 
than  230  diiVerent  kinds  of  homogeneous  structures,  neither  more 
nor  less,  the  elucidation  of  which  we  owe  to  the  independent  recent 
labours  of  Schonflies.  von  Fedorow  and  Barlow.  And  it  is  a  signifi- 
cant fact  that  the  whole  of  them  fall  naturally  into  the  32  classes  of 
crystals,  leaving  no  class  unaccounted  for.  Of  these  230  modes  of 
regular  repetition  in  space  14  are  the  space-lattices  long  ago  revealed 
to  us  by  Bravais.  and  all  recent  investigation  concurs  in  indicating 
two  facts:  first,  that  it  is  the  S|)ace-lattice  which  determines  the 
crystal  .system  and.  second,  that  it  is  the  arrangement  of  the  chemical 
molecules  which  is  represented  by  the  space-lattice.     Each  cell  of 
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the  space-lallice  conesponds  to  a  molecule.  The  structure  is  cer- 
tainly not  solid  throughout,  however,  |)art  only  being  matt«r  and 
the  rest  ether-filled  s|)ace,  the  relative  i)roi)ortions  and  the  shape  of 
the  material  portion  being  as  yet  unknown.  We  limit  ourselves, 
therefore,  to  considering  each  molecule  as  a  point,  and  we  draw  the 
lattice  as  a  network  of  three  systems  of  paiaMel  lines.  paiaMel  to  the 
directions  of  the  three  i)rincipal  crystal  edges,  analogous,  according 
to  tlie  system  of  symmetry,  to  those  of  the  cube.  'I'hc  [loints  of 
intersection  we  consider  as  those  representing  the  m(jlccules,  inas- 
much as  any  point  within  the  limits  of  the  cell  may  equally  well  be 
taken  to  represent  the  cell  and  the  molecule,  provided  the  choice  is 
analogously  made  throughout  the  structure. 

It  has  recently  been  found  possible  to  detenu inc  the  relative 
dimensions  of  these  molecular  cells,  the  distances  of  separation  of  tlic 
points  of  the  space-lattice,  in  those  lasis  where  we  know  that  the 
structure  is  similar,  as  in  isomorplnnis  salts;  and  the  int<?resting 
discovery  has  been  made  that  the  '"  molecular  distance  ratios,"  as 
these  space  dimensions  are  called,  are  functions  of  the  atomic  weights 
of  the  interchangeable  members  of  the  family  of  chemical  elements  con- 
stituting the  .series,  just  as  the  crystal  angles  have  been  shown  to  be. 

We  are  now  able,  moreover,  to  take  yet  one  further  step,  for  the 
chemical  molecules  are  composed  of  atoms,  and  it  has  been  indu- 
bitably shown  that  the  atoms  oeeupy  definite  positions  in  the  crystal. 
For  when  we  reiilace.  say,  the  alkali  metal  in  a  sulphate  or  selenate. 
by  another,  we  observe  a  marked  alteration  in  the  crystal  angles 
and  the  molecular  distance  ratio  along  a  )iarticular  direction,  this 
direction  being  the  same  whichever  metals  of  the  grouji  are  inter- 
changed ;  whereas  if  we  replace  the  sulphur  by  sekiiium,  a  similar 
kind  of  alteration  occurs,  but  along  a  totally  different  direction. 
Now  we  know  that  the  atoms  are  arranged  in  the  chemical  molecule 
in  what  is  known  to  chemists  as  their  .stereometric  arrangement, 
depending  on  the  maximum  satisfaction  of  their  chemical  al^nities. 
Hence  this  imi)ortant  experimental  fact  of  the  oecu])ation  by  the 
atoms  of  definite  positions  in  the  crystal  proves,  firstly,  the  homo- 
geneous similarity  of  arrangement  of  the  molecules  and.  secondly, 
explains  why  we  have  classes  or  subdivisions  within  the  systems. 
For  it  is  the  arrangement  of  the  atoms  within  the  molecule  which 
causes  the  variations  of  the  degree  of  symmetry,  within  the  limits 
prescribed  by  the  system  and  space-lattice  ;  in  other  words,  which 
determines  the  class. 

Now.  obviously,  any  one  of  the  atoms  in  the  molecule  may  be 
chosen  to  represent  the  latter,  and  the  points  thus  chosen  analogously 
throughout  the  structure  will  constitute  the  molecular  space-lattice. 
Hence  the  whole  structure  may  be  considered  as  made  up  of  as  many 
interpenetrating  similar  space-lattices  as  there  are  atoms  in  the 
molecule.  Tlie  crsytal  structure  will  thus  be  dependent  on  two 
factors,  the  space-lattice  and  the  scheme  of  interpenetration  of  the 
space-lattices,  the  former  dominating  tlic  style  of  architecture,  the 
crystal  system,  and  the  latter  the  vagaries  of  the  style,  the  crystal 
class.  Sohncke  has  shown  that  there  are  6.5  such  vagaries  possible, 
which  he  terms  regular  jioint  systems,  and  these  coincide  w  ith  (io  of 
the  230  po.ssible  modes  of  partitioning  space. 

These  are  the  broad  simple  facts,  now  proved  up  to  the  hilt,  which 
explain  the  majorily  of  crystal  structures,  all.  in  fact,  but  a  very  few. 
of  the  more  com|)lic;i(ed  cla,sses  of  the  3±  For  the  remaining  105 
ways  of  appropriating  space  all  fall  into  a  very  small  number  of 
crystal  classes.  They  are  of  very  great  interest,  however,  and 
involve  an  entirely  new  principle,  that  of  "  reflective  "  oi^"  mirror- 
image  '■  symmetry,  enantiomorphism,  as  it  is  technically  termed, 
and  include  those  crystals  which  possess  the  remarkalile  property  of 
rotating  the  |ilane  of  ])olaris;^d  light.  These  are  the  cases  whose 
geometrical  possibility  has  been  accounted  for  by  the  simultaneously 
independent  work  of  .Schonflies.  von  Fedorow  and  Barlow,  and  to 
which  we  were  ex]ierimentaUy  introduced  by  the  discovery  of  the 
right  and  left-handed  varieties  of  tartaric  acid  by  Pasteur.  The 
latter  has  since  been  followed  by  the  revelation  of  many  similar 
cases  of  two  forms  of  the  same  chemical  substance,  related  crystallo- 
graphically  and  structurally  like  a  right-hand  to  a  left-hand  glove, 
and  optically  differing  by  the  direction  in  which  they  rotate  a  beam 
of  plane  polarised  light. 

With  their  di.seovery  and  cx|ilanation  the  clurid.ilion  of  the  seven 
styles  of  ciystal  arel^ilccture  and  their  32  subdivisions  lu'comcs  ini 
fail  ni-riiiiij)li.  and  although  numy  difficult  problems  still  confront 
the  erystallograpbcr.  )irnl)lcms  of  vast  importance  to  chemistry,  the 
groundwork  is  now  securely  hud.  the  memoralile  aeliievemcMt  of  the 
lust  'itt  years.  The  results,  moreover,  .are  in  entire  ac'cordanec-  with 
the  now  well-proved  fact  that  the  chemical  atom  is  comjiosod  of 
electronic  corpuscles.  For  the  definite  orientation  of  the  atom  and 
its  sphere  of  influence  within  the  molecule  and  the  crystal  is  thereby 
accounted  for.  the  motion  in  the  solid  stale  so  frequently  hitherto 
attributed  to  the  atom  being  a  myth,  such  motion  relating,  in  fact, 
to  the  corpuscles  within  the  atom. 


The  rest  of  the  discourse  was  devoted  exjierimentally  to  demon- 
strating, with  the  aid  of  a  projection  Xiccjl-prism  polariscopc  of 
original  construction,  firstly,  the  optical  behaviour  of  the  simpler 
kinds  of  crystal  structure  and,  secondly,  that  of  the  interesting  cases 
of  mirror-image  symmetry.  Quartz  in  particular  afforded  not  only 
some  magnifleent  phenomena  by  reason  of  its  right  or  left-handed 
structure,  but  al.so  a  most  instructive  example,  in  its  rcfieatcdly 
twinned  and  all-but-m(jlecularly  alternating  variety  of  amethyst,  of 
the  i)henomcnon  of  "  p.scudo-racemism.'  For  it  is  the  display  of 
this  phenomenon  which  often  renders  a  crystalline  inactive  sub- 
stance  so  difficult  to  distinguish  from  a  truly  "  racemic  "  substance, 
which,  as  in  the  ea.se  of  racemic  acid  itself,  the  optically  inactive 
variety  of  tartaric  acid,  is  a  truly  molecular  compound  of  the  right 
and  left-handed  active  varieties,  the  optical  activity  being  neutra- 
lised and  destroyed  by  the  act  of  combination. 


MERCUROUS  SULPHATE  FOR  STANDARD  CELLS.* 

HV    (.    J.    .1.    FOX.    B.SC,    ril.D. 

It  is  now  well  established  that  the  chief  cause  of  inconstancy  in 
cadmium  cells  is  usually  due  to  irregularities  in  the  mereurous 
sulphate.  F.  E.  Smith  has  investigated  this  matter  pretty  exhaus- 
tively,! and  has  suggested  four  different  methods  for  preparing 
reliable  HgoSO^.J  The  present  author  wishes  to  suggest  a  fifth 
method  which  he  has  used,  and  which  for  simplicity  and  reliability 
seems  to  be  superior  to  any  of  them. 

There  is  no  difiieulty  in  purchasing  Hg^St)^  which  is  quite  fn  <■ 
from  foreign  metals.  Bvit  these  commercially  puri'  preparations,  taken 
as  they  arc.  are  unsuitable  for  use  in  standard  cells  lxcau.se  they  have 
usually  been  precipitated  from  the  nitrate  solution  in  the  cold, 
and  are  therefore  not  well  crystallised ;  free  nitrate  and  basio 
sulphate  are  also  present.  But  if  commercially  pure  Hg^SO^  be 
heated  together  with  a  little  pure  Hg  and  dilute  Hj.SOj  for  a  day  i  i 
so  at  120  deg.  to  1.50  deg.  in  either  a  sealed  tube  (1  mm.  to  2  mm. 
walled  tubing)  or  bottle  with  wire-bound  .stopper,  and  (ccasionally 
agitated,  a  white  crystalline  preparation  will  be  obtained  even  from 
a  specimen  of  Hg^SO^  which  is  initially  discoloured  almost  black. 
On  opening  the  tube  or  bottle  it  will  usually  be  noticed  that  the 
pressure  has  risen  a  little,  and  that  there  is  a  trace  of  SO.,  formed  : 
a  little  care  should  therefore  be  employed  if  there  is  more  than  a 
trace  of  nitrate  in  the  original  Hg.SOj.  But  the  Hg.,SOj  obtained 
in  this  way  is  itself  free  from  nitrate,  and  especially  if  the  H.SOj  Ix- 
filtered  off  and  renewed  during  the  heating  process  ;  it  is  also,  of 
course,  quite  free  from  basic  salt.  It  is  filtered  off.  ground  up  in  a 
mortar  with  one  or  two  successive  quantities  of  diluted  H^SOj.  and 
then  with  several  quantities  of  saturated  cadmium  sulphate  solu- 
tion ;  it  is  filtered  off  in  a  Biiehner  funnel  after  each  washing.  In 
this  way  it  is  possible  with  very  litt'.e  trouble  to  prepare  quite  large 
quantities  of  very  reliable,  well  crystallised,  white  Hg^SO^  in  every 
suitable  way  for  standard  cells. 

By  heating  with  HCl  and  Hg.  it  is  also  a  very  convenient  method 
of  preparing  crystalline  calomel  ;  but  in  this  ease  the  heating  takes 
abo\il  twice  as  long  owing  to  the  small  solubility  of  calomel  com- 
pared with  Hg.SOj. 


Electrical  Operation  of  the  Cascade  Tunnel. — Dr.  Gary  T. 
Hutchinson,  consulting  engineer  for  the  electriBcation  work  of 
the  Gie.it  Northern  Railroad's  tunnel  through  the  Cascade 
Mountains  (U.S.A.),  lias,  according  to  the  "  F-lectrical  World," 
concluded  (xhaustive  tests  of  the  electrified  6ectioD,  which  is 
now  in  successful  oiieratiou,  heavy  freight  trains  being  hauled 
a  distance  of  about  t  miles  f:ora  the  yard  at  one  end  of  the 
tunnel  to  the  yard  at  the  other  portal.  Four  three-phase 
locomotives  are  at  present  in  use,  each  of  which  weighs 
115  tons  ;  and  the  recent  tests  show  that  they  are  fully 
capable  of  jierforming  more  work  than  rc'iuired  by  the  speci- 
fications. When  very  heavy  freight  trains  are  hauled  through 
the  tunnel  three  of  the  locomotives  are  used.  In  addition  to 
the  trains  a  heavy  steam  locomotive  is  at  present  pushed 
through  in  order  to  take  the  train  at  the  end  of  the  electric 
zone.  So  far  as  the  brief  operation  of  this  short  stretch  of 
electric  road  has  shown,  it  is  an  entire  success.  Upon  the 
ultimate  success  of  this  piece  of  tr.ick  depends  the  electrifica- 
tion of  about  110  miles  of  the  Great  Northern  through  the 
entire  Cascade  Kange. 


*  Abstract  of  a  Pnper  read  hcf.nv  Section  B  of  the  British  Association. 
t  F.  E.  Smith.  B.A.  Report,  Cambridge.  UX>4.  p.  33. 
J  F.  E.  Smith,  B.A.  Report,  South  Africa,  IflO.i,  p.  ',I8. 
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SOME  ELECTRIC  HEATING  PROBLEMS. 

lu  the  development  of  every  "  beiietit  of  civilisation " 
history  will  show  that  certain  well-defined  stages  are 
passed  through  before  a  state  of  workable  perfection  is 
reached.  This  is  particularly  true  in  the  development  of 
engineering  achievements.  An  invention,  in  its  conception, 
may  result  from  the  desire  of  a  valve-boy  to  relieve  his 
labours  or  from  a  mere  cliance  coming-together  of  two  or 
more  essential  fonditioii.s.  After  its  birth  the  invention 
proceeds  along  practical  lines,  often  lule-of-thuuib,  for  a 
time ;  but  it  then  begins  to  feel  tlie  need  of  a  scientific  basis 
ijii  wliii'.i  U>  rest  and  to  search  for  the  reason.'^  why  it 
Wdiks  at  all.     This  is  its  salvation. 

The  development  up  to  its  present-day  positiou  of  heat- 
ing l)y  electrical  means  has  not  unfaithfully  followed  this 
cour.su.  Une  of  the  earliest  electricians  discovered  that 
by  an  electrical  agency  heat  could  be  generated,  and  it 
is  upon  this  idea  that  most  of  the  comnieieial  apparatus  is 
built.  The  method  is  scientilieally  efticieut,  but  trouble 
arises  from  the  fact  that  not  sutlicient  cognisance  is  taken 
of  the  conditions  under  which  such  apparatus  has  to  work, 
or  of  quite  what  is  reiiuircd  of  it ;  also  that,  from  the  fir-it, 
considerations  of  first  cost  are  of  prime  importance. 

The  whole  queslion  of  electric  heating  falls  naturally 
into  two  classes.  In  one  we  require  a  high-potential  heat, 
concentrated  in  a  .small  space,  for  irons,  ovens  and  other 
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similar  apparatus.  In  the  otlier  wo  require  a  low-poten- 
tial heat,  or  heat  at  a  oomparatively  low  teiuperatunj,  for 
wanning  rooms  or  larj,'e  quantities  of  water. 

In  a  Paper  by  Mr.W.  S.  Hadaway,  recently  read  before 
the  jf\merican  Institute  of  Electrical  Engineers,  and  of 
which  an  abstract  appears  on  another  page  of  this  issue, 
this  classification  is  employed,  and  the  subject  of  electric 
heating  is  considered  from  a  refreshingly  novel  point  of 
view.  The  autiior  is,  however,  strictly  non-committal,  and, 
while  he  provides  ])lenty  of  points  for  discussion,  we  are 
not  able  to  discover  that  he  comes  to  many  very  definite 
conclusions. 

A  usual  American  practice  is  to  distribute  heat  from  a 
central  point  by  means  of  steam.  The  author  considers 
the  relative  efliciencies  of  this  arrangement  and  electrical 
heating  for  "  low  potential "  requirements  ;  and  comes  to 
the  conclusion  that  for  this  purpose  electricity  is  much 
more  expensive  than  steam.  We  do  not  criticise  his 
figures,  seeing  that  they  apply  to  American  conditions,  but 
it  may  be  pointed  out  that  electrical  energy  is  charged  at 
the  rate  of  o|d.  per  unit — a  very  high  figure  for  this 
country,  when  current  is  employed  purely  for  heating 
purposes. 

On  the  other  hand,  for  high-potential  work  electricity 
has  undoubted  advantages.  It  can  be  localised  to  a  much 
greater  extent  tiian  any  other  heating  agent,  it  vitiates  no 
atmosphere  and  pri:)duces  no  by-products  ;  such  by-pro- 
ducts are  of  course  a  vehicle  for  heat  energy,  while  the  heat 
energy  derived  electrically  is  independent  of  these  phe- 
nomena. This  should  be  taken  into  account  in  comparing 
the  two  systems. 

The  question  may  then  be  asked:  Are  we  to  confine 
electric  heating  to  high-potential  work  alone — to  concen- 
trate our  attention  on  the  design  of  apparatus  which  shall 
allow,  us  to  localise  heat  in  a  small  space,  and  not  to 
attempt  to  solve  such  problems  as  the  heating  of  large 
rooms  by  electrical  means  ?  The  answer  is  an  emphatic 
No !  But  we  must  devise  new  methods  for  performing 
these  low  potential  operations,  in  which  the  heat  from 
electrical  sources  is  used  to  the  best  advantage.  One  such 
method  was  instanced  by  Mr.  W.  N.  Eyerson  in  the  dis- 
cussion on  Ml'.  Hadaway's  Paper.  By  using  an  electric 
heater,  over  which  the  air  was  passeci,  it  was  found  possible 
to  maintain  a  comfortable  temperature  throughout  a  large 
building  at  Niagara  Falls,  even  during  the  coldest  weather, 
without  recourse  being  necessary  to  any  other  system  of 
warming.  In  England  we  are  wedded  to  the  open  fire,  and 
the  tendency  has  bc^en,  when  electric  heating  is  ado|)tcil, 
simply  to  replace  this  by  a  radiator — the  results  obtained 
being  by  no  means  always  what  was  desired.  In  the  same 
way,  when  motor  cars  were  first  introduced  the  horse  was 
replaced  by  an  engine,  the  carriage  remaining  the  same  ; 
since  tlien,  however,  improvetl  and  more  efficient  designs 
have  been  adopted  to  meet  tlie  new  problems  which  came 
up  for  solution,  and  tlie  same  will  have  to  be  done  in  the 
case  of  electric  heating.  We  have  now  reached  tlie  scientific 
basis  stage  of  the  question,  and  the  problem  we  have  to 
solve  is  how  to  adopt  the  equipment  at  our  command  in 
.order  that  from  it  the  best  results  can  be  obtained. 

Mr.  Hadaway's  suggestion  is  to  use  the  exhaust  steam 
from  the  generators  for  generally  heating  the  rooms  and 
also  the  water  for  domestic  purposes;  and  to  use  electrical 


means  for  other  services.  In  large  buildings  and  blocks  of 
fiats  with  their  own  plant  this  would  doubtless  work  well, 
but  v/e  fail  to  see  how  exhaust  steam  is  to  be  transmitted 
along  the  streets,  and  for  considerable  distances,  for  the 
purpose  of  supplying  the  wants  of  ordinary  householders. 

There  is  something  to  be  said  in  favour  of  the  idea  of 
placing  in  the  basement  of  the  building  a  large  h'3aiing  coil 
over  which  air  would  be  drawn,  heated  in  transit  and 
delivered  to  the  various  rooms.  These  rooms  might  also 
be  fitted  with  separate  radiators  serving  the  double  pur- 
pose of  providing  extra  heat  and  of  generating  that  psycho- 
logical sensation  of  comfort  which  appears  to  be  such  an 
important  factor  in  the  consideration  of  heating  problems. 
There  is  still  the  question  of  heating  water  ;  and  at  pre- 
sent a  way  of  doing  this  economically  by  electrical  means 
does  not  appear  to  be  available.  A  course  of  thermo- 
dynamics appears  not  to  be  without  its  uses  in  this 
direction. 

We  cannot  afford  to  grope  about  wildly  in  search  of  the 
best  means  and  apparatus  to  employ  for  electrical  heating 
purposes.  The  question  requires  that  the  whole  resources 
of  physical  science  be  enlisted  on  our  side,  and  in  making 
this  evident  Mr.  Hauaway,  in  spite  of  his  inconclusiveuess, 
has  done  the  industry  a  service. 


REVIEWS. 

(Copies  of  the  uudermeDtioned  works  can  be  had  from  The  Elfctrieian  Offloe.  post  free, 
on  receipt  of  piibli&hed  price,  adding  3d.  for  books  published  under  2s.  Add  10  p.  r 
cent,  for  abroad  or  for  foreign  books.) 


L'EIectrotechnique   Exposee   a  L'Aide  des    Matbematiques 
Elementaires.    By  N.  A.  P.vvikt,  a    C.  IXk vciku  ami  J.  .A. 

MoNTPELiEK,  Vol.  I.  (I'luLs:  H.  Diinod  ;uid  E.  Piiiat.)  P|>, 
XV.— 328.     Fr.  750. 

This  is  an  elementary  te.\t-book  with  chapters  he;ided  Mag- 
netism, Electrostatics,  the  Electric  Current,  Electronuiiinetic 
Phenomena,  Units,  Capacity,  Self-induction  and  Elertrical 
Measurements. 

The  treatment  is  on  usual  lines  and  calls  for  little  comment, 
but  the  book  bears  evidence  of  having  been  compiled  hastily, 
with  the  result  that  a  number  of  inaccurate  statements  and 
misprints  have  found  their  way  into  the  te,\t.  Among  the 
most  striking  inaccuracies  the  following  might  be  pointed  out. 
In  Figs.  11  and  13,  showing  the  direction  of  the  lines  of  force 
produced  by  magnets,  some  lines  appear  passing  directly 
between  poles  of  the  same  sign,  and  other  lines  are  shown  with 
intersecting  directions.  In  the  chapter  on  resistances,  not- 
witlistandinu  the  fact  that  the  mistake  of  speakiuL;  of  .specific 
resistance  as  the  resistance  per  unit  volume  is  pointed  out,  the 
error  is  made  of  calculating  the  ratio  of  the  specific  resistances 
of  copper  and  aluminium  jor  ciiual  wcif/hls.  and  an  example  is 
worked  out  com])aring  the  sections  to  be  given  to  conductors 
of  these  two  metals  to  obtain  e(|ual  resistances  witiiout  the 
length  being  mentioned.  Tiie  work  done  in  a  magnetic  cycle 
is  stated  to  be  the  area  of  the  hysteresis  loop  instead  of  l/4a- 
times  this  value.  An  ampere  pa.ssing  through  an  ohm  is  said 
to  dissipate  lO'^ergs.  In  several  instances  units  of  work  and 
power  are  confused,  and  Fig.  l.W  shows  a  section  of  a  Ridiin- 
korft'  coil  with  the  wires  runninu  nlong  parallel  to  the  core 
instead  of  round  it.  Many  useful  tallies  are  given  in  the  text, 
hut  in  .some  cases  values  are  stated  to  an  excessive  numl>er  of 
significant  figures  ;  this  remark  applies  particulaily  to  the 
values  of  specific  resistances  of  insulating  materials  and  of 
sparking  voltages  between  spherical  knobs,  which  are  given 
to  five  significant  figures.  The  fact  that  these  tables  are 
copied  from  other  works  is  not  suflicient  justification  for  the 
inclusion  of  figures  which  are  far  beyond  the  possibilities  of 
experimental  determination  and  give  to  the  student  a  false 
idea  of  the  limits  of  accuracy  obtainable. 
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Among  tlie  printer's  errors,  which  are  very  niunerons.  some 
of  the  most  serious  are  stated  below.  In  Fig.  51,  F  should  be 
substituted  for  P;  p.  110,  read  120  for  20  volts;  p.  121, 
delete  kilogrammetres  from  the  right-hand  side  of  the  first  two 
e<juations  and  read  joides  for  kgm.  ;  in  the  fiftli  eiiuation, 
p.  i;59,  delete  "m"  each  time  that  it  appears  in  the  first 
equation  :  p.  216.  the  Steinmetz  expression  for  hv.steresis 
losses  appeai-s  in  the  mutilated  form  W=  1-6  erg  :  and  p.  280, 
line  22,  /-  should  be  substituted  for  /•. 

In  a  book  of  this  kind,  which  is  to  be  jnit  into  the  hands  of 
beginners,  accuracy  in  the  writing,  and  afterwards  in  the 
printing,  is  of  the  first  importance,  and  it  is  to  be  hoped  that 
more  attention  to  such  details  will  be  given  in  the  second  and 
third  volumes  on  the  production  of  electrical  energy  and  the 
transformation  and  distribution  of  electrical  encrgv,  which 
are  stated  in  the  introduction  to  lie  in  pre]iaration. 

A.  J.  M. 

La  Consommation  des  Chaudieres  k  Vapeur  et  L'Economie 
de  Combustible,  ^'v  !>•  Sidkrskv.  (Paris:  Gauthier-VilUiis. 
Pp.  174.     1  r.2.50. 

Many  engineers  in  recent  years,  and  for  various  reasons,  have 
been  studying  the  question  of  how  to  produce  steam  in  the 
most  economical  manner.  So  important  a  subject  can  be  and 
should  be  viewed  from  various  standpoints.  The  book  under 
review,  which  is  written  by  au  engineer-chemist,  and  forms  a 
part  of  the  engineering  portion  of  a  French  scientific  encvclo- 
pa?dia,  considers  the  subject  almost  entirely  from  a  chemical 
standpoint.  Although  there  is  little  in  the  book  that  will  aid 
engineers  in  the  designing  of  boilers,  yet  to  those  concerned  in 
the  management  of  steam  plants  it  will  be  interesting. 

The  causes  of  low  efficiencies  of  existing  installations,  and 
economies  that  might  be  made  in  their  working  expenses,  are 
considered.  The  manner  of  conducting  tests  upon  steam 
boilers  and  the  tabulating  and  working  out  of  the  data  obtained 
are  fully  treated,  excepting  that  the  method  of  obtaining  the 
calorific  value  of  the  fuel  is  not  indicated.  The  feeding  of  air 
to  the  furnaces  and  the  form  of  fire-bar  and  ashpan  best  suited 
for  this  purpose  is  considered.  It  is  rather  surprising  that 
whilst  the  advantages  to  be  derived  by  an  acceleration  of  the 
draught  are  shown,  the  best  known  system  of  forced  draught 
is  not  even  mentioned 

The  importance  of  flue-gas  analysis  is  made  clear  in  the 
three  chapters  in  which  it  is  considered.  Various  apparatus 
for  ascertaining  the  amount  of  carbon  dioxide  in  Hue-gas, 
including  one  designed  by  the  authoi-,  are  described  and 
illustrated.  Continuous  carbon  dioxide  recorders  and  appa- 
ratus for  measuring  the  temperature  of  the  flue-gas  are  also 
described.  After  showing  how  great  the  ([uantity  of  heat 
rejected  in  the  flue-gas  is,  the  author  disposes  of  the  subject  of 
utilisation  of  this  heat,  in  .some  measure  bv  feedwater  heaters, 
in  less  than  one  page. 

The  report  of  the  Minister  for  Public  Works  (France)  u)ion 
the  then  existing  laws  res|)ecting  accidents  in  connection  with 
.steam  boilers,  and  tlie  laws  a-^  inodified.  are  a]ipended  to  the 
subject  matter.  .\.  ('. 

Recherches  sur  La  Preparation  Electrolytique  des  Composes 

du  plomb.  I!v  C'aki,  UiviviER.  (Miiliiies:  L.  &  A.  Godenne.) 
I'p.  19. 

This  little  monograph  deals  with  the  i)reparation  of  various 
compounds  of  lead  by  electrolytic  means.  For  example, 
white  lead,  chrome  yellow,  na])les  yellow,  lead  peroxide,  lead 
nitrate,  &c. 

The  author  commences  with  a  description  of  the  various 
electrolytic  methods  which  have  been  suggested  for  making 
white  lead  and  describes  them  under  the  two  headings — direct 
and  indirect  methods.  Cnder  the  first  heading  we  find  the 
processes  of  T.  I).  Hattome  de  Hoosick,  in  which  lead  eh'c- 
trodes  are  employed  in  a  mixed  solution  of  ammonium  and 
sodium  nitrate,  at  the  same  time  carbon  dioxide  being  blown 
through  the  electrolyte.  The  process  of  Luckow,  in  which  the 
electrolyte  consists  of  .sodium  chlorate  and  carbonate  also 
comes  under  this  heading.  There  is  only  one  indirect  process 
given,  that  of  A.  B.  Brown,  in  which  the  electrolyte  is  a  solu- 
tion of  sodium  nitrate,  the  anode  and  cathode  compartments 


being  separated.  Consequently,  at  the  anode  lead  nitrate  is 
produced  and  sodium  hydroxide  at  the  cathode.  By  mixing 
these,  lead  hydroxide  is  formed,  and  this  with  sodium  bicar- 
bonate, gives  basic  lead  carbonate.  It  is  a  cyclic  process,  and 
theoretically  there  should  be  no  loss  of  sodium  nitrate,  as  it  is 
recovered  when  the  lead  nitrate  reacts  with  the  sodium  hy- 
droxide. 

Lead  chromate  is  next  taken,  and  the  author  remarks  upon 
the  beautiful  colour  of  the  product.  This  effect,  however,  is 
not  invariable  because  if  the  electrolysis  is  allowed  to  continue 
for  some  time  the  beautiful  yellow  invariably  becomes  dirty  in 
appearance. 

After  white  lead  the  most  important  product  of  lead  which 
can  be  made  by  electrolytic  means  is  undoubtedly  lead  peroxide. 
The  author  treats  this  part  of  the  subject  in  greater  detail ; 
or  rather  he  treats  of  the  preparation  of  oxides  of  lead  in  detail, 
and  one  of  them  is  the  valuable  lead  peroxide.  This  little 
monograph  will  be  found  useful,  but  it  does  not  treat  of  the 
subject  in  verv  great  detail  :  it  is  more  an  indication  of  possi- 
bilities. "    "  F.  M.  P. 


PROF.  ARMSTRONG'S  ADDRESS  TO   SECTION  B  OF 
THE  BRITISH  ASSOCIATION.* 


It  was  my  privilege  in  1885  to  discuss  a  variety  of  problems  wliirh 
then  seemed  to  be  of  special  importance  in  relation  to  tlie  subject  of 
chemical  change,  our  main  province  of  study.  1  find  tlie  same  piu- 
blems  dominant  now — still  unsolved  but  yet  nearer  solution.  The 
history  of  progress,  of  discovery,  during  the  intervening  period  i.s 
wonderfully  rich  in  incident — how  rich  perhaps  tew  realise,  as  it  is 
obscured  by  a  mass  of  lilinding  detail. 

In  discussing  chemical  action,  1  commented  on  our  failure  to  arrive 
at  any  understanding  as  to  the  conditions  which  determine  the  oc- 
currence of  chemical  change — a  failure  all  the  more  remarkable  in 
view  of  the  clearness  of  Faraday's  early  teaching.  Basing  my  re- 
marks on  the  thesis  which  he  projiounded  in  1834,  that  the  forces 
termed  electricity  and  chemical  affinity  are  one  and  the  same.  I 
discussed  current  views  on  electrolysis,  and  arrived  at  a  conclusion 
entirely  adverse  to  the  explanation  put  forward  by  Clausius,  that  the 
conductivity  of  electrolytes  was  conditioned  by  the  presence  of  a 
small  proportion  of  separate  ions  ;  this  was  at  a  time  when  the  views 
of  Arrhenius  were  not  yet  spread  abroad  although  they  had  been 
communicated  to  the  Swedish  Academy  ;  I  knew  of  them  only  frmn 
Ostwald,  In  justice  to  the  attitude  of  complete  antagonism  which 
1  have  always  maintained  towards  the  s|icculations  of  the  .Arrhenius- 
().stwald  school.  1  may  point  out  here  that  in  drawing  attention  tc  the 
views  expressed  by  .\rrlienius  and  Ostnald  as  to  the  correlation  of 
clieniical  with  c  Inlmlvtic  activity  (and  1  was  the  tirst  I'aiiilisli  writer 
wIiocmUciI  alt.  Ill  1,111  I,,  ilii'm).  1  took  iic<-asion  to  say:  "There  cannot  be 
adouljt  thai  llir~i>  iiivr^tlgationsare  of  the  very  highest  importance." 
In  the  interval  Ostwald  has  charged  his  test  tubes  with  ink  insttad 
of  with  chemical  agents,  and  by  means  of  a  too  facile  ))en  has  enticed 
chemists  the  world  over  into  becoming  adherents  of  the  cult  of  ionic 
dissociation — a  cult  the  advance  of  which  may  well  be  ranked  witli 
tliat  of  Christian  science,  so  implicit  has  been  the  faith  of  its  adherents 
in  the  doctrines  laid  down  for  them,  so  extreme  and  narrow  the  views 
of  its  advocates.  At  last,  however,  the  criticism  which  has  been  far 
too  long  delayed  is  being  brought  to  bear  and  the  ab.surdity  of  not  a 
few  of  the  propositions  which  the  faith  entails  is  being  made  evident  ; 
it  is  to  be  hoped  that  we  shall  soon  enter  on  a  period  in  which  com- 
mon-sense will  once  more  prevail,  that  eie  long  an  agreement  will  be 
arrived  at.  both  as  to  the  conditions  which  determine  it  and  as  to  the 
nature  of  chemical  change  in  {jencral.  The  lesson  we  shall  have 
learnt  is  one  of  no  slifiht  import  if  it  but  teach  us  the  evcr-prcscnl  need 
of  questioning  our  grounds  of  liclicf.  if  it  serve  to  lirin<;  home  to  us  llie 
danfier  of  uncontrolled  literary  propagandism  in  seieu(-e.  if  it  Imt 
cause  us  always  to  be  on  our  guard  against  the  iiitiusion  of  authority 
and  of  dogmatism  into  our  speculations. 

Before  attempting  to  deal  with  any  of  the  problems  whii  li  con- 
cerned us  at  Aberdeen,  I  will  first  briefly  pass  the  more  salient  features 
of  advance  in  review.  Few  probably  are  aware  how  extraordinary 
is  file  command  we  now  have  of  our  suliject.  In  188.").  in  dcfendini; 
the  tendency  of  chemists  to  devote  themselves  to  the  chemistry  ot 
carbon,  1  could  speak  ot  the  great  outcome  of  their  labiairs  as  being 
the  establishment  of  the  doctrine  of  structure.     Everything  that  has 

*  Abstract  of  the  more  physical  parts  of  the  Presidential  Address  de- 
livered by  Prof.  H.  E.  Armstrong,  Ph.D..  LL.D.,  F.R.S..  at  Winnipeg, 
on  Thursday,  August  26th.  : 
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happened  in  the  interv.al  in  in  support  of  tliis  contention.  When  i>io- 
perly  understood,  nothing  could  be  more  rational  and  logical  than 
the  way  in  whieli  our  theory  of  structure  has  been  gradually  built 
up  on  an  impregnable  basis  of  fact,  with  the  aid  of  tlu;  very  simple 
conceptions  of  valency  postulated  by  Frankland  and  Kckule.  Our 
security  lies  in  the  fact  that  the  postulates  of  our  theory  have  been 
tested  in  an  almost  infinite  variety  of  eases  and  never  found  wanting  ; 
this  is  not  to  say  they  arc  applicable  in  all  cases,  but  merely  that 
whenever  we  arc  in  a  position  to  apply  them  we  can  do  so  without 
hesitation.  It  will  be  well  if  physicists  make  themselves  acquainted 
with  our  methods  and  with  the  results  we  have  won,  with  a  minimum 
of  speculative  effort,  by  the  cultivation  of  an  instinct  or  sense  of 
feeling  which  experience  shows  to  be  an  effective  guide  to  action. 
Now  that  physical  inquiry  is  largely  chemical,  now  that  physicists 
are  regular  excursionists  into  our  territory,  it  is  essential  that  our 
methods  and  our  criteria  should  be  understood  by  them.  I  make 
this  remark  advisedly,  as  it  appears  to  me  that  of  late  years,  while 
affecting  almost  to  dictate  a  policy  to  us,  physicists  have  taken  less 
and  less  pains  to  make  themselves  acquainted  with  the  subject-matter 
of  chemistry,  and  especially  with  our  methods  of  arriving  at  the  root- 
conceptions  of  structure  and  of  properties  as  conditioned  by  struc- 
ture. It  is  a  serious  matter  that  chemistry  should  be  so  neglected 
by  physicists  antl  that  the  votaries  of  the  two  sciences  should  be 
brought  so  little  into  communion. 

The  central  luminary  of  our  system,  let  me  insist,  is  the  element 
carbon.  The  constancy  of  this  element,  the  firmness  of  its  affec- 
tions and  affinities,  distinguishes  it  from  all  others.  It  is  only  when 
its  attributes  are  understood  that  it  is  possible  to  frame  any  proper 
picture  of  the  possibilities  which  lie  before  us,  of  the  place  of  our 
science  in  the  Cosmos.  And  yet  we  continue  to  withhold  the  know- 
ledge of  the  properties  of  carbon  from  students  until  a  late  period 
of  their  development. 

It  is  remarkable  how  much  our  conceptions  are  now  guided  by 
geometrical  considerations.  Our  present  conception  is  that  the  car- 
bon atom  has  tetrahedral  properties  in  the  sense  that  it  has  four 
affinities  which  ojierate  practically  in  the  direction  of  the  four  radii 
proceeding  from  the  centre  towards  the  four  solid  angles  of  a  regular 
tetrahedron. 

More  than  analogical  significance — to  use  Larmor's  expression — 
must  be  accorded  to  this  symbol  on  account  of  its  remarkable  ac- 
cordance with  the  facts  generally,  whether  derived  from  the  study 
of  asymmetric  optically  active  substances  or  from  observation  of  the 
activity  of  ring  structures  of  various  degrees  of  complexity.  Nothing 
is  more  suprising  than  the  completeness  with  which  the  vast  array 
of  facts  included  in  organic  chemistry  may  be  ordered  by  reference 
to  the  tetrahedral  model.  In  the  future,  when  our  civilisation  is 
gone  the  way  of  all  civilisations,  and  strangers  dig  on  the  sites  of  our 
ruined  cities  for  signs  of  our  life,  they  will  find  (he  tetrahedron  and 
the  benzene  hexagon  among  the  mystic  symbols  which  they  have 
difficulty  in  interpreting;  if.  like  the  ancient  I'lgyptians,  we  made 
our  tombs  records  of  our  wisdom,  such  symbols  would  long  since  have 
acquired  sacred  significance,  and  the  ]iub!ic  would  ])robably  have 
learnt  to  regard  them  with  awe  and  to  respect  them  as  totems, 
f'hemists  might  at  least  wear  them  on  a]irons,  in  imitation  of  the 
Freemasons  ;  perhaps  no  two  other  symbols  have  so  great  a  signifi- 
cance— they  reach  into  life  itself. 

Nothing  is  more  striking  than  the  remarkaljle  diversity  of  pro- 
perties manifest  both  in  the  materials  which  at  present  we  are  con- 
tent to  call  elements  and  in  the  compounds  formed  by  their  inter- 
action ;  the  range  of  variation  met  with  in  the  ease  of  the  compoimds 
of  carbon  with  hydrogen  and  oxygen  alone  is  almost  infinite.  We 
are  almost  compelled  to  attribute  this  diversity  more  to  differences 
in  the  complexity  and  structure  of  the  molecules  than  to  dift'erences 
in  their  material  composition.  The  chemist,  of  necessity,  must  be  a 
dreamei',  knowing  as  he  docs  that  things  arc  not  as  they  seem  to  be. 
But  this  is  not  sufficiently  remembered  ;  indeed,  students  are  sys- 
li'matieally  trained  u|>  in  an  atnios]iherc  of  pretence.  The  beginner 
is  allowed  to  regard  elementary  oxygen,  for  cxani])le.  as  a  colourless 
gas,  which  is  generally  harmless  until  things  are  presented  to  it  in  a 
more  or  less  heated  condition,  whereat  it  takes  umbrage  and  burns 
them  up.  He  would  regard  elementary  carbon  as  a  soft  black  sub- 
stance, which  it  smeared  on  the  face  of  the  white  man  makes  him  look 
like  a  nigger,  were  it  not  that  he  also  learns  that  at  times  it  is  the 
hardest  and  whitest  substance  known  ;  of  organic  chemistry,  which 
alone  can  give  him  honest  ideas  of  carbon,  he  is  not  allowed  to  hear, 
as  I  have  said.  The  sting  of  awakening  conscience  is  salved  by  the 
introduction  of  a  long  Greek  word  when  he  is  told  that  the  two  sub- 
stances, soot  and  diamond,  are  allotro])ie  forms  of  the  element  ear- 
bjii ;  nevertheless,  he  regards  them  both  as  elementary  carbon. 
Gradually,  perhaps,  he  awakens  to  a  sense  of  the  WTong  that  he  has 
suffered  at  the  hands  of  his  teachers,  as  ho  realises  that  from  no  one 
substance  can  he  gather  what  the  properties  of'an  element  are,  that 


after  all  the  elementary  substance  is  but  an  ideal — in  <ith'-r  words,  a 
mere  concept. 

Names  are  needed  for  the  elements  which  would  serve  to  dis- 
tinguish the  ideal  elementary  substances  from  the  forms  in  which 
they  are  known  to  us.  No  more  ap))ropriate  name  than  oxygen  could 
possibly  be  selected  for  the  fundamental  material ;  if  the  grn  terminal 
could  be  applied  to  elementary  materials  generally  it  would  Ije  an 
advantage ;  it  would  not  be  ea.sy.  however,  if  this  were  done,  to  devise 
an  appropriate  separate  name  a])plicablc  to  the  active  constituent 
of  air. 

In  188.5  I  closed  my  address  with  a  reference  to  the  structure  of  the 
elements  which  implied  that  their  behaviour  was  that  of  com|M)und 
substances  ;  the  feeling  that  this  is  the  case  has  long  been  general 
among  chemists.  Our  j)resent  attitude  towards  this  jiroblem  is  a 
curious  one  and  not  altogether  satisfactory — it  is  imi)ossiblc  to  deny 
that  we  have  somewhat  lost  sense  of  proportion,  even  if  our  methods 
have  not  savoured  of  the  unscientific.  The  discovery  of  radium 
appears  to  have  upset  our  balance — we  have  been  carried  away  by 
the  altogether  mysterious  and  unprecedented  fiehaviour  of  this  weird 
and  wondrous  substance.  But  may  we  not  ask :  Is  radium  an 
element  ?  Has  it  not  been  too  generally,  too  hastily  assumed  that 
it  is  ?  Little  as  we  know  of  it,  docs  not  its  behaviour  straightway 
outclass  it  as  an  element  ?  Surely  it  does  !  Is  not  the  established 
fact  that  an  emanation  proceeds  from  it,  which  in  turn  decomposes 
and  gives  rise  to  helium,  a  proof  of  its  compound  nature  'i  Again. 
is  the  evidence  of  such  a  character  as  to  justify  us  in  asserting  that 
uranium  is  the  parent  of  radium  ?  If  it  be  such,  must  not  uranium 
also  disappear  from  the  list  of  elements  ;  must  it  not.  indeed,  be 
removed  on  the  ground  that  it  gives  rise  to  uranium  without  any 
reference  to  its  supposed  relationship  to  radium  ? 

The  answers  given  to  such  questions  must  depend  on  our  definition 
of  an  element.  At  present  we  seem  to  be  without  one.  The  con- 
ception that  the  breakdown  of  radium  is  spontaneous  and  apart  from 
all  external  impulse  or  control  is  also  one  wliich  should  l)e  received 
with  caution.  There  is  reason  to  suppose  that  in  all  ordinary  cases 
in  which  compounds  undergo  decomposition  spontaneously  the 
decomposition  is  conditioned  by  an  impurity  ;  the  effect,  moreover, 
is  usually  cumulative.  This  is  true  of  highly  explosive  substances, 
such  as  chloride  of  nitrogen  and  guncotton,  for  example.  It  might 
be  supposed  that  something  similar  would  happen  in  the  case  of 
radium — but  apparently  such  is  not  the  case  ;  it  is  assumed  that 
occasionally  a  molecule  explodes  spontaneously,  not  only  without 
being  incited  thereto,  but  also  without  in  any  way  affecting  its 
neighbours. 

The  alternative  explanation  that  radium  in  some  way  acts  as  a 
receiver,  transforming  energy  frcmi  some  external  soinee  to  which 
ordinary  substances  fail  to  respond,  and  being  thereby  stimulated  to 
decompose,  is  at  present  out  of  favour,  although  perhaps  more  in 
accordance  with  its  peculiar  behaviour,*  The  liberation  >>f  helium 
as  a  product  of  radio-active  change  is  in  itself  a  signitieant  fact,  in 
view  of  the  possibility  that  helium  may  be  an  element  of  intense 
activity.  Nothing  in  connection  with  the  problem  is  more  siu-- 
prising,  however,  than  the  apparent  production,  in  course  of  t  irae.  of  a 
whole  series  of  degradation  products  which  differ  greatly  in  stability. 
Such  behaviour  is  entirely  without  precedent  and  not  at  all  becoming 
in  elements. 

No  such  remarkable  and  inspiring  iiroblcm  has  ever  before  licen 
offered  for  solution.  We  can  only  wonder  at  the  results  and  admire 
the  genius  which  some  have  displayed  in  interpreting  them.  Ruther- 
ford in  particular.  Yet  outsiders'  may  well  hold  jiulgment  in  sus- 
pense for  the  present  ;  whilst  it  is  permitted  to  workers  to  make  use 


*  I  may  here  put  on  record  the  opinion  Lord  Kelvin  expressed  on  this 
question  in  a  letter  to  me  dated  September  13,  lOOti : — 

"  Ever  since,  nearly  four  veavs  »s'\  we  hoard  of  the  hundred  calories 
lier  hour  u'ivcn  nut  by  radiu"ni.  1  have  had  on  my  mind  the  question  of 
some  jiossilile  mechanism  sueli  as  that  whiih  yu  suggest  by  which 
energy  from  siinuuiulinu  matter  (far  or  near)  loukl  iuitomalieally  eoiiie 
into  radium  to  supplv  the  energv  of  the  heat  which  it  gives  out.  Iho 
more  I  think  of  the  iiucslion  the  less  1  see  of  that  possibility.  At  juvsent 
1  can  sec  nothing  else  than  that  the  energy  given  out  is  taken  from  a 
previously  existing  store  of  iiotential  energy  of  repulsive  force  l)etwcen 
sepnrnble  constituents  of  riulium. 

'■  'I'lie  •  ilisinlemation  of  the  ra.lium  atom  "  is  Wiintonly  nonsensical.  It 
is  nonsense  vciv  misleading  and  mvstifving  to  the  general  public,  be- 
ciuise.  if  whnt  is  at  jircsont  called  ivulium  .in  be  broken  into  parts,  it  is 
not  nil  atom. 

••  '  Knergy  of  an  atom  "  implies  a  thorough  misiuidei-standing  of  the 
meaning  of  the  word  emiuv.  which  is  capacity  for  doing  work. 

••  I  admire  most  sin, crclv  and  highly  the  enei-gv  of  the  workeis<lm 
nulio-aetivitv.  and  the  splendid  experiiuental  results  which  they  have 
already  got  by  resourceful  and  inventive  experimental  skill  and  lalxirious 
devotion.  I  "feel  sure  that  as  things  arc  gomg  ou  we  shall  rapidly  learn 
more  and  more  of  the  real  truth  about  radium." 
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of  liy|>iitliesis  in  every  ])os.sil>le  way  in  exteniling  ini(iiirv.  tlie  pvililic 
are  in  no  wise  called  upon  to  accept  such  hypotlie.sis  as  fact. 

But  apart  from  the  suggestion  that  elements  may  give  rise  ti> 
others  spontaneously,  we  have  been  entertained  of  lat^  with  stories 
of  elements  being  converted  into  others  under  the  influence  of  the 
energy  let  loose  by  the  breakdown  of  radium.  There  is  reason,  how- 
ever, to  suppose  that  the  powers  of  radium  may  have  Ijeen  greatly 
over-painted  ;  energy  of  almost  any  degree  of  intensity  ill  the  form 
of  high-tension  electricity  is  now  at  our  dispo.sal.  and  tlie  eft'ect  which 
radium  produces  on  living  tis.sues.  glass.  &c..  is  of  the  same  chiiraclcr 
as  that  etfected  by  the  Rontgen  ray  discharge,  the  only  difference 
being  that  the  effect  is  produced  somewhat  more  rapidly.  It  is  not  to 
be  imagined,  therefore,  that  the  discovery  of  rndiuni  has  put  any  very 
novel  intensity  of  power  into  our  hands. 

It  is  right  that  the  public  should  under.stand  that  the  statements 
published  have  been  ba.sed  on  preliminary  observations  «liich  lack 
verification,  such  as  would  never  have  been  divulged  in  days  gone 
by  when  a  sterner  sense  of  duty  pervaded  our  ranks.  We  have  been 
living  in  a  time  of  sensatit)nal  discovery — in  a  period  when  adver- 
tisement is  favoured  and  the  desire  for  notoriety  rampant.  Un- 
happily that  caution  which  appeared  to  be  regarded  as  a  priceless 
prerogative  of  the  scientific  worker  in  the  earlier  part  of  the  last  cen- 
tury, of  which  Faraday  was  so  pre-eminent  an  exponent,  is  no  longer 
our  recognised  watchword.  I  fear  I  am  one  of  those  who  are  old- 
fa.shioned  enough  to  lament  the  way  in  which  our  claim  to  be  safe 
and  honest  guides  of  public  opinion  is  being  endangered — who  lament 
the  manner  in  which  the  reputation  of  scientific  workers  is  likely  to  be 
besmirched  if  we  do  not  see  the  evil  of  our  ways  and  mend  them. 
It  is  impossible  to  avoid  noticing  how  the  cancer  grows — how  tlic 
example  is  spreading  among  the  younger  men  and  loose  habits  of 
work  and  thought  are  being  engendered.  I  know  that  not  a  few  who 
have  laboured  steadfastly  and  seriously  in  an  old-fashioned,  exact 
and  painstaking  way  liave  been  dcei)ly  liurt  by  the  manner  in  which 
their  efforts  fail  to  meet  with  encouragement,  whilst  those  who  have 
thrown  caution  to  the  winds  are  favoured. 

In  discussing  the  chief  attributes  of  the  elements  none  is  so  diffi- 
cult to  deal  with  as  that  of  valency,  using  the  term  in  the  broadest 
possible  sen.se,  not  merely  as  indicative  of  the  number  of  units  of 
affinity,  but  as  including  the.  at  present,  all  but  incomprehensible 
l)roblems  of  residual  affinity  and  elementary  character. 

Of  late  there  has  been  talk  of  electrons  in  this  connection,  but  what 
is  said  is  little  more  than  superficial  paraplirase.  in  the  advanced 
scientific  slang  of  the  day,  of  the  ideas  which  have  long  been  current. 
When,  following  Odling,  we  represent  valency  by  dashes  WTitten  after 
the  elementary  symbol,  we  give  clear  expression  by  means  of  a  simple 
convention  to  certain  ideas  that  are  well  understood  by  all  among  us 
who  are  versed  in  the  facts  ;  to  speak  of  electrons  and  use  dots  instead 
of  dashes  may  serve  to  mislead  the  unwary,  who  hang  on  the  li|)s  of 
authority,  into  a  belief  that  we  have  arrived  at  an  explanation  of  tlie 
phenomena  :  Ijut  those  who  know  that  we  have  reached  only  the 
let-it-be-grantcd  stage,  and  «ho  feel  that  the  electron  is  possibly  but 
a  figment  of  the  imagination,*  will  remain  satisfied  with  a  symbolic 
system  which  has  served  us  so  long  and  so  well  as  a  means  of  giving 
simple  expression  to  facts  which  we  do  not  pretend  to  explain.  Not 
a  few  of  us  who  listened  to  the  discussion  of  tlie  nature  of  the  atom  at 
Leicester  could  not  but  feel  that  llic  pliysiciits  knew  nothing  of  its 
structure,  and  were  wildly  waving  hands  in  tlic  air  in  the  endeavour 
to  grasp  at  an  interpretation  which  would  jHrniit  of  matlicmatical 
intrrpi(  tation  being  given  to  the  facts.  Until  the  credentials  of  the 
electron  arc  |)laced  on  a  higher  plane  of  practical  politics,  until  they 
are  placed  on  a  practical  plane,  we  may  well  rest  content  with  our 
present  condition  and  admit  frankly  that  our  knowledge  i.s  in.sufficient 
to  enable  us  even  to  venture  on  an  explanation  of  valency. 

In  ISSr>.  and  again  in  \HHH.  I  ventured  to  call  in  (jucstion  the  inter- 
jirclalion  of  valency  which  Hclniholtz  hiul  given  in  the  Faraday 
lecture  in  ISSl.  On  the  present  occasion  I  wo\ild  insist  still  more 
em|)halieally  on  the  insufficiency  of  the  atomic  charge  hypothesis; 
especially  that  it  affords  no  satisfactory  explanation  of  variable 
valency  and  of  those  fine  shades  of  difference  which  are  manifest, 
especially  in  the  cast?  of  nitrogen,  when  the  radicle  attached  to  the 
dominant  element  is  varied.  In  ISS.'i  I  discusscfl  this  qiieslion  with 
refirenci'  to  the  nature  of  electrolytes,  and  questioned  tlie  conehisioii 
Helmhollz  arrived  at  that  electrolytes  belong  to  the  class  u!  tyjiieal 
compounds  the  constituents  of  which  are  imited  by  atomic  affinities, 
not  to  the  cl;iss  of  molecular  aggregates. 

*  In  my  opinion  the  ex|HTinu-ntal  evidence  is  in  no  way  satisfactory.  It 
appears  to  me  III  heflesir.ihleth.Tt  in  studying  the  phenomena  of  elect  rie  (lis. 
charge  in  gases,  and  es]ierially  in  vapours  of  complex  snlislanee-i.  the 
horriiile  jiitfalls  shoidd  he  taken  into  .account  with  which  the  field  of 
work  is  studded  ;  nnle.s.s  every  precaution  to  secure  purity — precautions 
such  as  Baker  .ind  Dcwar  have  taught  us  to  use — be  taken  at  every  step, 
the  conchisions  based  on  all  such  observations  must  he  open  to  Kiave 
doubt. 


The  position  is  not  very  different  now.  Although  the  propagation 
of  the  ionic  dissociation  cult  has  assumed  the  form  of  a  fine  art.  we  are 
still  as  far  as  ever  from  agreement  as  to  the  nature  of  chemical  change; 
the  speculation  has  not  helped  us  in  the  least  to  clarify  our  ideas  ;  at 
most  we  learn  that  interactions  are  between  ions,  and  even  these,  as  a 
rule,  are  supposed  to  remain  apart  until  they  enter  into  the  solid 
state.  Throughout  all  these  years  I  have  never  varied  my  opinion 
that  the  dissociation  hypothesis  is  incompatible  with  the  facts.  On 
more  than  one  occasion  I  have  stated  dcHnite  reasons  which  induce 
me  to  deny  its  usefulness,  and  these  arguments  have  never  been  met  ; 
in  fact,  there  has  been  little  but  a  conspiracy  of  silence  on  the  part 
of  the  upholders  of  the  creed. 

I  venture  to  think  there  is  only  one  jioint  of  view  from  which  the 
jiroblem  of  chemical  change  can  be  approached — that,  namely,  which 
we  owe  to  Faraday — to  which  hitherto  justice  has  in  no  way  been 
done — on  which  I  dwelt  persistently  in  my  previous  address :  that 
the  forces  termed  chemical  affinity  and  electricity  are  one  and  the 
same.  In  every  case  of  chemical  change  there  is  a  coincident  elec- 
trical change,  an  electric  flux  ;  on  the  other  hand,  every  case  of  elec- 
trical change  is  accompanied  by  chemical  change,  some  alteration  in 
molecular  configuration  is  effected  ;  the  force  of  chemical  affinity 
is  in  some  way  disturbed  by  a  momentary  displacement  of  the  mole- 
cules when  a  current  jiasses  through  a  conductor.  Such  being  the 
case,  the  conditions  determinative  of  chemical  change  can  only  be 
those  which  permit  of  an  electric  flux.  Two  substances  in  apposition 
do  not  give  rise  to  a  current ;  at  least  tliree  are  required  to  determine 
a  slope  of  potential.  Chemical  change  can  only  take  place  if  one  of 
the  three  be  an  electrolyte.  In  all  cases,  apparently,  the  chemical 
change  supervenes  upon  the  electrical,  the  clectidlyte  being  resolved 
into  its  ions,  one  of  which  at  least  combines  coincidcntally  with  the 
adjacent  electrode.  Apparently  these  considerations  are  applicable 
to  changes  generally.  And  it  shuukl  lie  added  that,  according  to  tliiS 
view,  the  catalyst  actually  determines  the  occurrence  of  change. 

The  only  other  criterion  which  it  is  necssary  to  apply  in  order  to 
decide  whether  change  be  possible  in  any  given  case  is  to  consider  if 
the  change  contemplated  be  one  involving  development  of  energy. 
It  is  important  to  remember,  also,  that  a  change  which  could  not 
otherwise  take  place  becomes  possible  when  a  suitable  depolariser 
is  introduced  into  the  circuit. 

The  evidence  that  similar  considerations  apply  to  the  gaseous  and 
the  liquid  states  cannot  well  be  gainsaid.  Before  framing  a  theory  of 
chemical  change  it  is  therefore  necessary  to  formulate  a  definition  of 
an  electrolyte.  It  is  doubtful  if  any  single  substance  be  an  electrt)- 
lyte  ;  the  conductivity  of  fused  salts  may  well  be,  and  probably  is, 
conditioned  by  some  admixture.  Aqueous  solutions  of  alkalies, 
acids  and  salts  without  exception  are  electrolytes.  Everything 
points  to  the  fact  that  in  such  solutions  the  solvent  and  solute  act 
reciprocally  ;  the  contention  that  the  solute  alone  is  active  cannot  be 
justified.  As  water  is  altogether  peculiar  in  its  activity  as  a  solvent, 
and  is  a  solvent  which  gives  rise  to  conducting  solutions,  an  explana- 
tion of  its  efficiency  must  be  sought  in  its  own  special  and  peculiar 
properties. 

Since  1886  this  conclusion  has  been  impressed  upon  me  with  indis- 
putable force,  and  I  have  frequently  ascribed  the  effect  produced  b" 
the  one  constituent  upon  the  other  in  a  solution  to  the  residual 
affinity  of  the  negative  elements  in  the  two  compounds  which  act 
reciprocally.  It  was  only  recently,  however,  that  1  saw  my  way  to 
postulate  a  complete  theory  which  would  serve  to  account  for  (he 
properties  of  solutions  and  generally  that  1  realised  how  the  reciprocal 
effect  might  he  jjroduccd. 

I  woidd  substitute  for  the  misleading  conception  that  liquids  are 
comparalilc  in  their  behaviour  with  gases  the  idea  that  the  liquid  state 
is  one  in  which  the  residual  affinity  of  the  negative  elements  in  par- 
I  icular  always  comes  into  play,  and  causes  the  formation  of  molecular 
aggicgalcs  of  various  degrees  of  complexity  ;  moreover,  that  the 
alteration  in  the  properties  of  any  given  solvent  by  the  tlissolutioii  in 
il  of  another  substance  is  largely  and,  in  some  cases,  mainly  due  to  a 
disturbance  of  tlic  e(|iiililiriuui  natural  to  the  solvent  by  an  alteration 
in  the  jiroportion  in  which  the  several  aggreg.atcs  are  present.  The 
alt(  ration  in  some  particular  properly  produced  in  a  given  mass  of 
the  solvent  may,  from  this  point  of  view,  be  taken  as  the  measure  of 
the  activity  of  a  substance,  just  as  the  alteration  in  tiie  pressure  of  a 
particular  volume  is  taken  as  the  measure  of  (he  alteration  produced 
in  a  ga.s.  In  the  Citse  of  non-electrolytes,  if  only  a  small  anioun'  of 
the  solvent  be  withdrawn  by  coniliination  with  the  solute,  the  altera- 
tions may  be  regarded  a;i  almost  enliicly  due  to  the  "  mechanical  " 
interference  of  the  substance  introduced,  opportunity  being  given 
for  the  simjiler,  more  attractive  molecules  of  the  solvent  to  exist  in 
greater  proportion  because  of  the  diminution  of  the  chance  of  re- 
uniting which  is  conditioned  by  the  presence  of  practically  inert 
molecules  of  another  kind  ;  if  a  more  or  lees  considerable  amount  of 
the  solvent  become  associated  with  the  solute  the  conditions  become 


THE  ELECTRICIAN,  SEPTEMBER  3,  1909. 


84) 


more  complex,  but  similar  considiialioii.s  a))iily.  Kidiii  siu-li  a  point 
of  view  a  liquid  is  rciKloicd  m<pic  active  by  the  iwJditioii  of  any  siiluble 
substance.  Its  vapour  pressure  is  therefore  diminished,  the  inteinal 
"  osmotic  "  stresses  are  raised,  its  freezing  point  is  lowered. 

Although  it  is  generally  admitted  that  water  is  not  a  uniform  sub- 
stance, but  a  mixture  of  units  of  different  degrees  of  molecular  com- 
))lcxity,  the  degree  of  complexity  and  the  variety  of  forms  is  probably 
under-estinrit-d,  and  little  or  no  attention  has  been  paid  to  the  ex- 
tent to  wliicli  alteralions  produced  by  <lissolving  substances  in  it  may 
be  the  outcome  and  expression  of  changes  in  the  water  itself.  The 
attempt  to  extend  the  "  laws  '"  whicli  are  aj>plieable  to  the  gaseous 
stato  to  liquids  has  led  us  away  from  the  truth  by  narrowing  our  con- 
ceptions. If  the  contention  be  justifiable  that  the  alterations  attend- 
ing dissolutions  are  very  largely  alterations  in  the  character  of  the 
water,  attention  has  been  directed  of  late  far  too  exclusively  to  the 
dissolved  substance. 

To  give  emphasis  to  the  view.  I  have  advocated  the  restriction  of 
the  name  water  to  the  liquid  mixture,  and  have  proposed  that  the 
simple  molecule  represented  by  the  symbol  OH ,  lie  termed  hydrone. 
The  generalised  expression 

(H.>0)x  $  .1OH2 

may  b?  co.isidered  to  be  representative  of  the  state  of  equilibrium 
in  water — thit  is  to  say.  of  the  character  of  the  change  which  it  under- 
goes when  the  conditions  are  varied  either  pliysically  or  by  dissolving 
substaness  in  it — in  the  sense  that  it  |iictures  tlie  resolution  of  the 
more  complex  into  simpler  forms  and  vice  versa,  without  taking  into 
account  the  variety  of  molecular  forms  (x,  .r',  .r-  .  .  .  )  which  are 
present. 

To  explain  the  effect  produced  by  substances  which  give  rise  to 
condvioting  solutions  when  dissolved  in  wat^r  (acids,  alkalies  and 
salts),  it  is  necessary  to  consider  the  special  natiu'e  of  the  changes 
which  may  be  supposed  to  attend  dissolution  in  such  ca.ses.  Why,  it 
may  bo  asked,  is  an  aqueous  solution  of  hydrogen  chloride  a  con- 
ductor whilst  that  of  alcohol  is  a  non-conductor  ?  I  believe  the 
answer  to  be  that  it  is  because,  in  the  former  case  alone,  the  two  com- 
ponents of  the  solution  are  reciprocally  distributed  ;  that  is  is  because 
two  correlative  systems — 
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are  produced  which  interact  under  the  influence  of  the  electric  stress. 
In  the  cas:^  of  alcohol  no  such  interchange  takes  place. 

It  is  essentially  an  association  theory,  although  it  involves  the  dis- 
sociation of  the  interacting  substances,  but  never  the  production  of 
separated  ions.  In  the  case  of  aqueous  solutions  the  amount  of  the 
distributed  substances  may  be  taken  as  the  measure  of  the  activity — 
of  the  degree  of  ionisation,  so-called. 

It  has  been  asserted  that  the  association  hypothesis  does  not  admit 
of  quantitative  treatment,  and  that,  therefore,  it  is  at  a  disadvantage; 
but  if  the  quantitative  meaning  given  to  various  results  in  accordance 
with  th'^  tenets  of  the  dissociation  hyiiolhesis  be  more  often  than  not 
one  which  is  inadmissible,  little  is  gained  by  ap[ilying  the  specula- 
tion ipiantitatively. 

The  ionic  dissociation  hypothesis  is  a  beautiful  mare's-nest,  which 
fails  apparently  to  tit  the  facts  whenever  it  is  examined.  "  And  the 
moral  of  that  is."  to  quote  the  ^^•ords  of  the  classical  duchess  so  well 
known  to  children,  "  we  must  not  use  the  words  ion  and  ionisation 
in  any  speculative  sense,  but  confine  their  application  to  eases  such 
as  were  contemplated  by  Faraday  when  he  introduced  the  term  ion  ; 
the  conception  of  activity,  whether  electrolytic  or  chemical,  should 
alone  be  attached  to  such  words  ;  no  idea  of  actual,  separate,  in- 
dividual existence  should  enter  into  our  minds  in  using  them  :  the 
ion  is  to  be  thought  of  merely  as  the  iiotcntially  active,  transferable 
radicle  in  a  compound,  not  as  a  separated  [larticle  enjoying  indci)en- 
dcnt  existence."  It  is  so  easy  to  s])eak  of  dissociation  when  it  is 
desired  to  give  expression  to  the  idea  ;  the  first  thing  the  scientific 
speaker  or  writer  should  guard  against  is  ambiguity. 

It  is  undeniable  that  in  England  for  many  years  past  chemistry  has 
sutTered  from  the  recognised  fact  that  there  has  Ijeen  little  money  in 
it — parents  have  been  led.  therefore,  to  prefer  other  careers  for  their 
sons,  and  the  subject  has  not  secured  its  due  )iroporlion  of  intelli- 
gence, and  is  suffering  in  con.sequence.  Too  many  of  those  who  have 
entered  works  have  hiul  neither  the  intelligence  nor — to  speak  plainly 
— the  presence  and  manners  that  are  required  to  secure  conlidenee. 
The  presence  of  men  of  gentlemanly  bearing  and  instincts,  who  have 
received  thorough  training  in  science,  is  urgently  needed  at  the  pre- 
sent time  in  many  of  our  manufacturing  establishments  to  take  the 
place  of  foremen  of  the  old  type,  who  have  learnt  all  they  know  in  the 
works  and  whose  conceptions  necessarily  lack  breadth  ;  it  is  almost 
impossible  to  convince  such  men  that  improvements  are  possible, 
too  often  they  adopt  a  selfish  attitude  and  advisedly  retard  progress. 


Another  direction  in  which  an  approach  of  interests  is  requirid  is 
between  chemist  and  engineer.  The  latter  has  tijt>  lung  occu])icd  a 
dominant  positi(m  in  many  works,  and  in  not  a  few  cases  has  done  liii 
utmcjst  to  exclude  the  chemist,  fearing  his  com|ictition  apparently. 
The  gas  industry  jicrhaps  alTords  the  most  striking  illustration  of  the 
effects  of  such  a  |)olicy.  On  the  engineering  side  it  has  Uen  carried 
to  a  high  pitch  of  |)erfection.  but  on  the  chemical  it  has  ever  fallen, 
year  after  year,  to  a  lower  state.  Xow  the  quality  of  coal  ga.s  is  such. 
esi)ecially  since  the  withdrawal  of  the  sulphur  clauses  from  the  acts 
of  Parliament  by  which  the  indu.stry  is  regulated,  that  ga.s  is  almc^t 
\musable. 

But  the  iron  industry  is  an  even  more  striking  case.  The  apph'ances 
are  wonderful  examples  of  constructive  skill,  but  the  engineer  is  clearly 
nonplussed  when  he  seeks  to  understand  the  processes  he  nominallv 
controls  ;  the  chemist  has  been  kept  so  closely  Ci.nfned  to  his  bench 
in  the  laboratory  that  he  has  had  no  proper  ojipcrlunity  of  studyin;^ 
the  processes  of  manufacture  systematically.  X  systematic  study 
of  steel  has  yet  been  made  1  Considering  the  m  gnitude  of  the  in- 
dustry and  its  importance,  our  knowledge  of  I  e  subject  is  phe- 
nomenally slight.  What  we  do  know  of  the  rclat  n  of  strength  a  i  : 
structure  to  composition  is  due  to  the  pioneeer  lalours  of  th - 
distinguished  Dr.  Sorby.  an  amateur  unconnected  with  the  industry, 
and  to  a  fruitful  conjunction  of  the  labours  of  engineers  and  chemists 
outside  the  works,  who  in  self-protection  have  tested  the  materials 
liefore  use. 

In  (iermany  the  chemist  and  the  engineer  have  been  placed  on  an 
ei(uality  and  required  to  work  together,  with  results  which  ar- 
altogether  satisfactory.  We  need  to  adopt  a  similar  practice.  Any 
attempt  to  fuse  the  two  into  one  will  meet  with  failm^.  I  am  per- 
sviaded  ;  they  are  called  upon  to  Avork  from  different  points  cf  view. 
Our  future  engineers  should  study  chemistry  and  chemists  should 
study  engineering,  in  order  that  they  may  understand  one  anothir 
and  work  together — not  in  order  that  they  may  sup])lant  one  another. 
The  chemist  has  to  some  extent  allowed  himself  to  be  pushed  into  the 
background,  perhaps  because  the  average  chemist  in  the  past  ha.s 
been  too  tame  a  ])erson  ;  moreover,  being  forced  to  work  in  h'n 
laboratory,  he  has  had  less  opportunity  of  gaining  freedom  and 
breadth  of  outlook  than  the  more  fortunate  engineer,  whose  work 
h  IS  carried  him  out  into  the  world. 

You  will  lie  «is'  in  Canada  if  you  take  care  to  select  no  small 
number  of  your  abler  studentf — young  men  of  promise  physically  as 
well  as  intellectually — and  train  them  as  chemists.  Of  late  years 
attention  has  been  called  from  every  side  to  the  inconsiderate  manner 
in  which  raw  materials,  especially  coal,  iron  and  wood,  are  being  used 
up  in  all  civilised  countries.  It  is  difficult  to  interest  the  public  in 
such  a  subject,  as  few  can  appreciate  the  consequences,  owing  to  the 
general  ignorance  of  science  and  to  the  existence  of  an  o])timistic  belief 
in  the  power  of  .scientific  discovery.  But  nothing  will  compensate 
for  the  exhaustion  of  your  coal  and  iron  supplies.  It  is  your  liounden 
duty  to  economise  these  in  every  possible  way.  The  chemist  and 
engineer  will  be  required  to  help  you  in  effecting  economies  by  im- 
proving |)resent  methods  of  treatment.  But  the  further  ipiestion 
arises  whether  it  be  not  also  your  duty,  here  in  Canada  particularly 
without  loss  of  time,  to  effect  still  greater  economies  by  utilising  the 
vast  stores  of  energy  in  your  possessitm  in  the  form  of  upliftt-tl  water 
which  now  runs  to  waste.  The  falls  of  Niagara  are  the  most  glorious 
and  entrancing  sight  in  the  world  I  have  witnessed  next  to  the  total 
eclipse  of  the  sun.  yet  I  question  whether  it  be  permissible  to  allow 
any  part  of  their  available  energy  to  be  dissipated — whether  the 
claims  of  posterity  do  not  forbid  us  to  allow  a?sthetie  considerations 
to  prevail  in  such  a  case. 

To  conclude.  I  have  treated  my  subject  very  widely  and  at  times 
vaguely,  having  ranged  over  a  great  variety  of  subjects — somewhat 
from  the  point  of  view  of  modern  opera,  perhaps  ;  indeed,  I  am 
willing  to  confess  that  I  have  been  much  iuHueneed  of  late  years  by 
music  and  by  the  recognition  of  the  obvious  desire  retleetive  mvisieians 
have  .shown  to  secure  breadth  of  effect  and  harmonious  development 
of  all  the  elements  which  go  to  compose  a  dramatic  situation. 
Chemistry  touches  the  dranui  of  life  at  every  point.  If  ever  we  are  to 
understand  life  and  regulate  our  actions  in  aceoixlanee  with  under- 
standing it  will  be  in  no  slight  measure  because  we  appreciate  the 
lessons  which  clu<iuistr\-  alone   alTords. 


Hydro-Electric  Plant  in  the  Highlands. — An  interesting 
hydro-olectric  instalhition  has  recently  been  sot  to  work  at 
li'lair  Castle,  the  scat  of  tlie  Duko  of  Atlioll.  Tlirce  Pelton 
wheels,  each  of  CiO  li.i'.  capacity,  are  nseil,  these  being 
direct-coiiple<l  to  (l3iiainos.  Not  only  the  house  hut  also 
cettaiii  of  the  surroiiiiding  villages  ate  to  be  lighted  from  this 
plant.  An  imjioitant  feature,  which  ajipears  to  be  successful. 
is  that  no  accuinulators  arc  installed,  while  the  plant  runs  da)' 
and  night  without  an  attendant. 
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CORRESPONDENCE. 


THE  RESISTANCE  AND  KEACTANCE  OF  AKMOUKED 
CABLES. 

TO  THE  EDITOR  OK  THE  ELECTKICIAX. 

Sir  :  With  reference  to  the  article  under  the  above  title  in 
your  issue  of  today's  date,  abstracted  from  Mr.  J.  B.  White- 
liead's  Paper  read  before  the  Anieritan  Institute  of  Electrical 
Engineers,  the  author  shows  that  the  inductive  losses  due  to 
the  steel  wire  armour  of  the  short  lengths  of  single  conductor 
cable  were  not  prohibitive  to  their  use. 

I  would  like  to  point  out  that  the  losses  would  have  been 
greatly  reduced  had  one  of  the  steel  armour  wires  been  replaced 
by  a  bronze  wire.  Single  conductor  cables  for  use  with  alter- 
nating; current  and  armoured  as  described  were  manufactured 
over  five  years  ago. — I  am,  ic, 

Messrs.  Johnson  &  Phillips  (Ltd.),  F.  J.  0.  Howe. 

Charlton,  Kent,  Aug.  27. 


KEVIEWOF  DK.  GOLDSCHMIDT'S  "NOKMALE  EIGEN- 
SCHAFTEN  ELEKTKISCHEK  MASCHINEN." 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir  :  Please  note  in  our  review  of  this  book,  in  your  last 
issue,  the  statement  "outputs  of  2,000 kw.  to  3,000 kw.  at 
.3,000  revs,  per  min.  are  (|uite  common  "  should  read  "at 
1,500  revs,  per  min."  The  error  in  the  proof  quite  escaped 
our  notice. — We  are,  &c., 

Birmingham,  Aug.  28.  The  Revjewer.s. 

STREET  LIGHTING  IN  BERLIN. 

TO  THE  EDITOR  OK  THE  ELECTRICIAN. 

Sir  :  In  view  of  the  report  presented  by  the  deputation  of 
the  Streets  Committee  of  the  Corporation  of  London  who 
recently  visited  the  Continent,  we  were  surprised  to  find 
during  our  visit  to  Berlin  a  few  dajs  ago  that  the  principal 
streets— such  as  Unter-den-Linden,  Friedrichstrasse,  Leip- 
zigerstrasse,  Potsdamerstrasse,  &c  ,  corresponding  to  Regent- 
street,  Oxford  street,  Piccadilly,  Strand,  &c. — were  lighted  by 
arc  lamps  (white  Hame)  mostly  suspended  in  the  centre  of  the 
streets  on  span  wires  fixed  to  the  buildings,  and  with  auto- 
matic contact  lowering  gear,  with  arrangements  for  drawing 
to  the  side  for  trimming. 

Only  the  less  important  streets  were  lighted  liy  gas,  and, 
judging  from  the  effect,  we  can  only  imagine  that  the  Berlin 
City  Fathers,  being  progressive  (as  is  shown  by  the  lieauty  of 
their  charming  city),  are  not  likely  to  take  the  retrograde  step 
of  putting  in  more  gas  lighting  than  they  can  possibly  help. 

With  regard  to  the  recommendation  that  all  lamps  (l)othgas 
and  electric)  shall  be  on  lowering  gear,  we  l)e!ieve  we  pointed 
out  to  you  some  months  ago  that  our  lowering  gear  is  equally 
applicable,  to  gas  as  to  electric  light  by  the  substitution  of  a 
gas  coimection  for  the  usual  electrical  coupling,  and  there  is  no 
difficulty  to  us  in  dealing  with  this  problem  either  for  swan- 
neck  poles,  centrally  hung  cariiers,  oi'  cross  street  suspension 
geai-. — We  are,  &c.,  //r-/  The  Lo.ndon  Ele(  tric  Fii;m, 

Croydon,  Aug.  31.  G.  A.  IIiKiHF.s. 


FARADAY  HOUSE. 


The  Governors  of  Faraday  House  have  api)ointcd  Dr. 
Alexander  Rus.sell,  M.A.  (Cantab),  D.Sc.  (Gla.sgow),  M.I.K.K., 
to  be  Principal  in  succession  to  the  late  Mr.  H.  E.  Harrison. 

Dr.  Kiisscll  tniik  the  .Icfrrfc  (if  .M.A.  ;it  f;la«s<iw  rniv<T,--i(y  in  1H.S2  willi 
(irxt-clasH  hiiiiMiir.s  in  m.athcrnalics  and  niitural  ))liilii!<ii|i)iy.  In  tlic  same- 
year  lie  obtainoil  the  first  prize  in  Lunl  Kelvin's  .scnidf  iiatuial  ]iliilHs<i|,liy 
class.  He  then  went  to  Camhridjje.  and  was  I  tth  wiaiiKler  in  IHW."),  K.ii 
two  years  he  was  an  assistant  leclni-.r  to  Cains  Culleee.  and  was  afler- 
v/ards  a  niatheinalieal  master  at  Chellenhani  Collejie  and  llii>  Oxfrnil 
.Military  Collejio.  When  Faraday  ll.iuse  was  slaiteil  in  IHilO  lii'  was 
offered  and  accepted  the  ))ost  of  lecturer  on  ajjplicd  mathematics  and 
head  of  the  physical  laboratory  department.  Since  his  appointment  he 
ha.s  written  more  than  50  Papers  on  subjects  connected  with  electrical 
engineering.      He  has  al.!.o  written  an  advanced  treati.^e  on    "  .Alternatinii 


Currents  "  (two  volumes,  Cambridge  University  Press),  which  has  been 
translated  into  French  by  Dr.  Seligmann-Lui.  a  treatise  on  cables  (Con- 
stable &  Co.).  two  lengthy  serials,  one  on  "  Electrical  Engineeruig  "  and 
the  other  on  "  Electric  Heating  and  Lighting,"  which  appeared  in  the 
"  Builder.""  and  he  has  translated  Prof.  Buchetti's  work  on  "  Engine 
Tests  and  Boiler  Efficiencies." 

He  has  lommunicated  Papers  to  the  Institution  of  Electrical  Engineers, 
the  Physical  .Society  and  the  Royal  Society.  For  five  of  his  Pajiers  to 
the  Electrical  Engineers  he  has  received  premiums,  and  six  of  his  Papers 
have  been  published  in  the  "  Philosophical  Magazine."  To  elcetrieal 
engineers  Dr.  Russeirs  name  is  perhaps  best  known  in  connection  with 
the  grading  of  electric  cables,  a  subject  to  whirh  he  has  dcv<ited  a  great 
deal  (if  thought.  He  was  the  first  to  cxijiaiu  what  was  meant  by  tlie 
capacity  of  polycore  cables,  and  in  conjunction  with  Mr.  (i.  F.  C.  Searle, 
F. R.S.,  devised  an  accurate  definition  of  the  capacity  between  two  cores. 

In  1901  he  devised  "Russell's  test"'  for  measuring  the  insulation  resis- 
tanec  of  a  network  of  mains.  This  test  is  in  daily  use  in  many  central 
stations.  In  1903  he  devised  a  rapid  method  of  measuring  the  mean 
spherical  candle-power  of  lamps,  which  has  come  into  extensive  use,  and 
is  embodied  in  the  Russell-Leonard  photometer.  In  1900  he  verified 
the  suggestion  made  by  Lord  Kelvin  in  1800  that  at  very  high  pressures 
the  electric  strength  of  air  would  be  found  to  be  c(mstant.  He  has  also 
found  accurate  formula.-  for  the  self  and  mutual  inductance  of  coils  of 
various  shapes,  and  verified  them  experimentally. 

At  the  beginning  of  the  present  year  he  read  a  Paper  to  the  Physi^a.' 
Societ}',  giving  for  the  first  time  the  complete  solution  of  the  important 
liniblem  of  the  "  skin  effect  "  in  concentric  mains  which  was  first  dis- 
cussed by  Maxw'ell.  The  solution  was  given  in  terms  of  certain  lu'w 
f\uictions  which  he  called  the  ber  and  bei  functions.  The  comjiutition 
of  tables  of  these  functions  has  been  undertaken  and  is  rapidly  apiiroach- 
ing  completion.  Kelvin's  tables  for  ber  and  bei  functions  have  also  been 
re-computed.  He  has  also  this  year,  in  conjunction  with  Mr.  Arthur 
Wright,  the  well-known  electrical  engineer,  been  engaged  with  consider- 
able success  in  perfecting  methods  for  solving  algebraical  equations  and 
doing  other  mathematical  operations  by  electricity.  Papers  were  read 
on  this  subject  to  the  Physical  .Society,  ami  the  Arthur  Wright  device 
was  shown  at  the  Royal  Society's  Conversazione.  Last  June  Dr.  Russell 
read  a  Paper  to  tlic  Royal  Society  in  which  he  showed  how  the  attractions 
or  repulsions  of  elect rili(«l  spherical  conductors  could  easily  be  computed 
when  they  were  close  tdgcthcr. 

He  i.s  a  member  of  the  Institution  of  Electrical  Engineers,  and  has  been 
for  several  years  a  member  of  the  Council  of  the  Physical  Society.  In 
1908  the  University  of  Glasgow  conferred  on  him  the  degree  of  D.Sc. 


INSPECTION  AND  INSURANCE  OP  ELECTRICAL 
AND  OTHER  MACHINERY. 


The  annual  report  for  the  year  1908  of  Mr.  M.  Longiidge, 
chief  engineer  to  the  British  Engine,  Boiler  &  Electrical  In- 
surance Co.,  is  of  particular  value  to  engineers  in  view  of  an 
important  disquisition  on  the  stresses  in  gas  engine  shafts, 
whilst  the  report  also  possesses  its  customary  interest  from  tiie 
electrical  engineer's  point  of  view.  It  is  divided,  as  usual, 
into  the  following  sections:  (1)  Inspection  and  insurance  of 
steam,  oil  and  gas  engines ;  (2)  inspection  and  insurance  of 
electrical  machinery  ;  (3)  inspection  and  insurance  of  boilera 
and  other  vessels,  and  (4)  boiler  explosions  and  abstracts  of 
the  Board  of  Trade  reports  on  boiler  explosions  receiveil  during 
1908  ;  whilst  a  nulu  on  the  design  of  vertical  single  acting  air 
pumps  is  also  included. 

We  notice  from  the  first  section  of  the  report  that  the  ratios 
of  breakdowns  of  steam  and  gas  engines  have  been  approxi- 
mately equal,  viz.,  1  in  9-4  and  1  in  9-1  respectively,  com- 
jurod  with  1  in  1 1-7  and  1  in  IM  in  1907,  and  1  in  81  and 
I  in  12'4  in  190t!.  In  stc'ani  engines  valves  and  valve  gear  arc 
the  main  eaiise  of  breakdown,  the  ])roportion  of  such  failures 
being  oi'S  per  cent,  of  the  total.  It  would  also  appear  that 
these  parts  are  becoming  increasiogly  liable  to  failure,  since 
the  percentage  in  the  previous  year  was  2S  per  cent.,  and 
averaged  21  per  cent,  in  the  preceding  24  years.  Oa  the 
other  hand,  in  the  case  of  gas  and  oil  engines,  valves  and  v.alve 
gear  are  supposed  to  have  given  way  in  31;!  per  cent,  of  the 
total  inimber  of  failures  reported,  c(iin|)ared  with  4;i'3  per  cent, 
in  the  previous  year  and  32  .5  per  cent,  as  the  average  of  24 
years  previous  to  1907.  An  increase,  however,  is  shown,  in  the 
case  of  gas  and  oil  engines,  in  the  percentage  of  failiues  of 
cjliadcrs  and  cylinder  ends,  viz.,  19-4  per  cent.,  compared  with 
135  per  cent,  and  Ifili  per  cent,  respectively.  Probably  of 
more  importance  is  the  increase  in  the  percentage  of  gas  engine 
shaft  failures  from  ."J  per  cent,  in  the  24  years  jjievious  to 
1907  and  4-7  \>er  cent,  in  1907  to  91  per  cent,  in  1908. 
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Mr.  Longridge  remarks  that  the  cimtinually  increasing  per- 
centage of  breakdowns  of  steam  engines  due  to  breakage  of 
valves  and  valve  gear,  suggests  that  some  improvement  in 
designing  and  manufacturing  these  parts  is  desirable,  and  that 
more  strength,  and  certainly  more  care  in  fitting  and  screwing 
nuts,  screws,  pins  and  cotters  would  reduce  the  number  ol 
failures.  In  view  of  the  numl)Br  of  breakages  of  gas  engine 
shafts  in  1908  and  of  the  variety  of  dimensions  adopted  by 
different  makers,  Mr,  Longridge  enters  into  the  r(ucstion  and 
estimates  the  stresses  upon  such  shafts  more  closely  than  is 
])03siblc  by  the  formuhe  given  in  his  annual  report  for  1900. 
He  also  suggests  maximum  stresses  of  9,0001b.  per  square 
inch  for  shafts  with  two  bearings,  and  8,000  lb.  per  square  inch 
for  shafts  with  three  bearings. 

The  causes  of  the  various  breakdowns  are  roughly  classified 
as  follows  :  Accident  and  causes  unascertained,  steam  engines 
29  per  cent.,  gas  and  oil  engines  35  j)er  cent. ;  old  defects  or 
deterioration  by  wear  and  tear,  15  per  cent,  and  20  per  cent, 
respectively  ;  weakness,  bad  design,  workmanship  or  material, 
31  per  cent,  and  IS  per  cent,  respectively ;  negligence  of 
owners  or  attendants,  25  per  cent,  and  27  per  cent,  respectively. 

The  customary  descriptions  of  typical  steam  engine  failures 
are  given,  but  those  of  gas  engines  are  limited  to  two  cases, 
owing  to  the  space  devoted  to  the  consideration  of  the  strength 
of  shafts  mentioned  above. 

Turning  now  to  the  electrical  branch  of  the  company's  busi- 
ness, a  satisfactory  increase  is  recorded  in  the  number  of 
insurances,  but  this  is  ofl'set  by  an  increase  in  the  number  of 
breakdowns  and  in  the  cost  of  repairing  the  damage  done. 
The  ratio  of  breakdowns  among  the  various  classes  of  machines 
was:  Dynamos — direct  current  1  in  lB-7,  alternating  current 
1  in  6-7  ;  motors— direct  current  1  in  92,  alternating  current 
1  in  11'3;  starters  and  controllers  1  in  21.  The  proportion 
in  which  the  various  parts  of  the  machines  caused  or  initiated 
the  breakdowns  are  tabulated  lielow,  the  corresponding  fio-ures 
for  1907  being  given  also  : — 

Part  believed  to  have  Dynamos.  Motois. 

failed  first.  190'7.      19C8.  1907.        1908. 

Armatures  and  rotors  percent.  35     ...     30    33     ...     36 

Commutators  and  slip  rings        ,,  30     ...     40    25      ..     26 

Magnet  coils  and  stators ,,  7     ...     11    14      ..     16 

Brush  gear  and  terminals ...        ,,  4     ...       0    6     ...       5 

Shafts, spiders,  cores,  binders, 

pulleys  and  gear  wheels       ,,  21     ...     11    9     ...       9 

Frames,pole-pieces,bearings,&c.,,  4     ...       8    8     ...       8 


100 


100 


100 


100 


Starting  SwiiniES  and  Cc^ntkollers. 
1907. 

Resistance  coils percent.     60 

Contacts  and  switch  arms ,,  8 

Automatic  apparatus  ,,  13 

Flames,  slabs,  carriers  for  coils, 

springs,  &c ,,  19 

100 


1908. 
,  52 
.  10 
.     13 

.     25 

100 


As  motors  form  by  far  the  largest  proportion  of  the  machines 
insured,  the  proportions  in  which  tlie  parts  of  direct  and  alter- 
nating-current motors  caused  or  initiated  breakdown  in  1908 
are  tabidated  separately,  thus  : — ■ 

Part  believed  to  have  failed  fir.^t.                 ]).C.  Mot.iis.   .\.C.  M.ilors 

.-\rni:i(nres  or  rotors |il-i' rent.  3S  21 

Coninintator.s  or  sli|i  ring; ,.  2!'  2 

-Magnet  .,r  .'itiitor  iMiils ||  .-,;! 

Brash  ge:ir  and  (er/nhials (i  0 

Sh.ifls.   f,])idcr.s.    eor.?3,    bindorj,    pulley  ■. 

gear  v.lieeh,  &(■ !l  li 

Frames,  jiiile  pie,-e'.,  hearings,  &.e 7  IS 

1(10  lOl) 

The  causes  of  the  above  breakdown;  were  piobablv  as 
£dlow.5  ;_ 

^^DyiiauDs.^,    ,— Mutors.^,    .^.SiMrlers.^, 
1907.     liMIS,        1!H»7.     I'.HW.       1907.     19()S, 

A'eiilenlal     jMreonf.   K  ,.,      (i  t   .,,      4   (I  ...     ,s 

MiM  ,ni(l  neuleit 25  ...   2:i  2S  ...   :i()  IC,  ...    |7 

.'\ge  and  ileterioration      ,.        2:!  ...   2"i  2.".  ...   20  2"  ...   2.") 

Bad  work  or  design...      „        21   ...   20  is  ...   II   S  ...     ',» 

Overloading 0  ,..     0  1   ...      1    ,5  ...     2 

Unasecrtained 2;)  ...   2li  2(i  ...   .'U  I!.")  ...   .'Ut 

100       100  100       100  100       100 


We  select  from  the  report  the  following  interesting  and 
typical  examples  of  breakdowns  of  electrical  machinery  during 
the  year  : — 

(1)  Two-pole  semi-enelosod  shunt-wound  2  H.p.  motor,  running  at 
1,300  revs,  per  min..  with  current  at  250  volts,  and  coupled  by  gearing 
to  a  "  nailing  maehine."  One  of  the  nail.s  mu.st  have  fallen"  into  the 
easmg,  and  been  caught  in  the  stray  field  and  drawn  in  between  the 
armature  and  one  of  the  pole  faees.  short-circuiting  some  of  the  armature 
eondnetors.  Owing  to  the  position  of  the  damaged  conductor*  the 
armature  had  to  be  entirely  rewound.  This  and  other  ca.s<«  illuKtrat« 
the  danger  of  leaving  small  jjieees  of  iron  or  steel  near  dynamos  or  motor*. 
especially  those  of  open  type,  with  stray  fields  imscreened  by  iron  or  steel 
<'asings. 

(2)  Dire(t-(  ni rent  .')  ii.p,  four-pole  motor,  running  at  700 revs.  |>er  min 
with  eiirrent  at  220  volts.  The  armature  shaft  was  carried  m  phosphor- 
bronze  bearings,  and  lubricated  by  rings  running  in  oil  wells  fitted  with 
drain  cocks,  having  handles  cast  with  the  plugs.  The  motor  was  coupled 
to  the  machine  it  drove  by  a  belt,  one  edge  of  which  passed  very  close  to 
the  drain  cock  of  the  bearing  at  the  pulley  end.  For  some  reason  the  belt 
seemed  to  have  run  to  one  side  of  the  pulley,  caught  the  handle  of  the 
drain  cock,  and  knocked  it  into  the  open  position,  with  the  result  that 
the  oil  ran  out  of  the  oil  well,  lubrication  ceased,  and  the  bearing  seized. 
The  accidental  opening  of  these  drain  cocks  is  by  no  means  so  rare  an 
occurrence  as  might  be  supposed,  and  it  does  not  seem  unreasonable  to 
suggest  that  they  should  be  made  in  such  a  way  as  not  t(j  be  liable  to  be 
opened  by  the  chance  touch  of  a  jacket,  a  cleaning  rag  or  a  belt,  if  there 
be  one  near. 

(3)  Two-pole  compound-wound  o])en-type  belt-driven  direct-current 
dynamo,  nine  years  old,  giving  200  amperes  at  100  volts  when  rimning 
at  700  revs.  i)er  min.  The  commutator  "  went  to  earth."  the  mica  insu- 
lation between  three  of  the  bars  was  burnt,  the  ccmical  damping  ring  at 
the  back  of  the  commutator  fused,  and  the  .solder  holding  the  armature 
conductors  to  two  of  the  eontmutator  lugs  melted.  The  cause  was  shoii- 
circuits  between  four  of  the  commutator  bars  and  the  clamping  ring  at 
the  end  next  the  armature.  The  short-circuits  were  established" by 
accumulati(uis  of  carbon  dust  and  oil  behind  the  commutator  lugs.  The 
owners  had  been  frequently  advised  of  the  importance  of  keeping  this 
very  vidiierable  part  of  the  commutator  clean,  and  kept  an  air  •com- 
]ires.ior  to  judvide  a  strong  blast  for  the  puri)ose.  but  the  presence  of  the 
oil  readereil  it  inetfeetive.  The  passage  of  oil  to  the  back  ends  of  commu- 
tators is  very  ditlicult  to  prevent,  and  is  most  troublesome  in  its  effects, 
as  it  cannot  be  removed.  It  does  not  take  ]ilaee  when  commutators  are 
pressed  on  to  their  shafts,  but  no  care  in  fitting  «eems  able  entirely  to 
prevent  it.  When  quills  are  held  by  feathers  or  screws  the  only  saiis- 
faitory  plan  ,ip|ieirs  to  be  to  caulk  a  copper  ring  beneath  the  shaft  and 
the  front  cud  of  the  casting. 

(4)  Compound-woimd  bipolar  belt-driven  direct-euneut  dynamo,  12 
years  old,  giving  72  amperes  at  1.50  volts  when  running  at  \.o6o  revs,  per 
min.  The  inspector  found  the  shunt  winding  of  (jne  of  the  coils 
■'  earthed."  When  he  removed  the  series  v/indmg  to  get  at  the  fault  he 
found  the  in.'^ulation  of  the  shunt  winding  perished  ancl  worn  away.  esj»e- 
cially  at  the  bends  round  the  corners  of  the  metal  foinier.  The  other 
(;oil  was  in  a  similar  condition,  and  both  had  to  be  entirely  re-wound. 
The  deterioration  was  apparently  due  to  nothing  but  the  oidinary  work- 
ing heat  and  the  slight  movements  piodueed  by  expansion  and  contrac- 
tion. 

(•'>)  Thrte-phase  alternating-current  seuiienclosed  motor,  two  years 
old,  taking  current  at  440  volts  and  giving  15  H.p.  at  800  revs,  per  min. 
The  motor  was  placed  in  a  chamber  at  the  top  of  a  tower,  into  which  hot 
ashes  slaked  with  water  were  lifted  by  an  endless  chain,  driven  by  a 
belt.  The  chamber  was  full  of  dust  and  steam,  and  a  very  unsuitable 
domicile  for  an  eleetrii-al  maehine.  During  the  tinu'  the  nrntor  had  been 
insured  the  company  had  urged  the  owner  to  move  it.  but  without  avail. 
It  had  worked  all  right ;  wlij'  should  it  not  continue  to  work  all  right 
under  the  same  conditions  ?  There  would  be  time  enough  to  think  about 
moving  it  when  it  did  break  down.  This  time  came  in  1908,  when  the 
insulation  of  the  stator  windings  had  become  so  rotted  by  sulphurous 
steam  and  impregnated  with  grit  and  dust  that  thej'  hecame  short-, 
circuited.  The  fuse  melted,  and  four  of  the  stator  coils  were  burnt,  the 
top  and  bottom  in  one  slot  and  the  top  in  the  two  adjacent  slots.  The 
rotor  sviffeied  no  visible  damage.  The  breakdown  was  due  to  gradual 
deterioration  of  the  insidation  under  the  ordinary  working  conditions. 
Having  demonstrated  its  nee<l  for  a  more  suitable  environment  by 
luoaking  down,  the  motor  was  moved  into  a  shelter,  carried  on  brackets 
from  the  wall  of  the  towel,  wlicre  it  had  a  chance  of  moderately  fresh  air 
and  cleanliness. 

(6)  Four-pole  shunt  winiiul  (in. p.  direct-current  motor,  running  at 
SCO  revs,  per  min.,  with  current  at  220  volts.  Fuse,  one  Xo,  22  S,W.G. 
copper  wire.  Three  of  the  conimutator  segments  were  short-ciivuited 
by  copper  dust  and  )iarlly  fused,  and  the  insulation  was  burnt  off  three  of 
the  armature  coils.  The  inspector  who  examined  the  motor  found  sjiecks 
of  copper  embedded  in  the  mica  between  most  of  the  c<miniutator  bara 
and  the  edges  of  some  of  tlii'  bars  burred  over,  and  on  inquiry  ascertained. 
that  the  owners  of  the  machine  had  been  lurning  the  commutator  in, 
their  own  lathe,  and  had  set  it  to  work  wilhout  taking  ean-Jto  clean  the 
copper  dust  out  of  the  mica  between  the  b.irs  or  seeing  that  there  was  no 
bridging  from  l)ar  to  bar  before  replacing  the  armature  in  its  Ix-arings. 
The  case  is  mentioned  because  it  is  tvpical.  The  breakdown  »vas  only 
one  of  many  which  might  be  avoided  hv  the  exercise  of  a  little  car*. 
-Vfter  comnuitators  have  been  turned  they  should  be  carefully  examined. 
The  most  risky  place.-^  are  the  corners  where  the  higs  spring  from  the  bars. 

(7)  Completely  enclosed  four  pole  shunt-wound  27  h.p.  direct -current 

F  2 


844 


THE  ELECTKICUN,  SEPTEI^IBER  3.  1909, 


motor,  three  years  old,  driving  a  fan  at  a  speed  varying  from  S7.">  to  !)"() 
revs,  per  miii.  with  current  at  4fiO  volts.  Each  of  the  four  brush  holders 
oontamed  one  carbim  brush,  with  \'-shaped  head,  fixed  in  a  eorrespond- 
in,2  slot  through  the  end  of  the  brush  holder,  and  the  foot  of  the  brush 
resting  on  the  surface  of  the  commutator.  The  brush  was  prevented 
from  coming  out  of  its  slot  by  a  small  set  screw  pa.ssing  through  the  top 
of  the  brush  holder  and  pressing  on  the  flat  top  of  the  brush.  On 
receipt  of  a  message  that  something  had  gone  wrong  with  the  motnr.  the 
district  inspector  went  to  examine  it.  When  the  cover  was  taken  off  he 
found  one  i)f  the  brushes  in  the  bottom  of  the  motor  casing,  and  the  brush 
holder  resting  on  the  commutator  and  considerably  worn  down.  'I'lic 
bru.sh  must  have  fallen  out  at  an  earlier  date,  and  allowed  (he  brush 
holder  to  drop  on  to  the  commutator,  there  being  no  stop  on  the  spindle 
to  prevent  this.  Dnc  of  the  commutators  of  another  motor  at  the  same 
works  had  been  damaged  in  the  same  way  a  short  time  (ireviously,  and 
similar  misha|)s  are  of  frequent  occurrence  when  no  ])ruvision  is  made  for 
supporting  the  brush  holder  independent  of  tlie  brush.  In  this  case  the 
holder  itself  was  not  satisfactory,  otherwise  it  would  not  have  allnwed 
the  brush  to  fall  out  in  this  way.  The  company  has  had  least  trniililc 
perhai)S,  with  brush  holders  consisting  of  a  plain  box  holding  a  rectangular 
block  of  carbon,  with  a  flexible  conductor  attached,  and  a  spring  to  kec]) 
the  carbon  up  to  the  commutator  surface. 

(8)  Four-pole  shunt-wound  semi-enclosed  direct-current  motor,  seven 
years  old.  giving  12  H.r.  at  1,000  revs,  per  min.,  with  current  at  230  volts. 
Fuse,  one  Xo.  20  S.W.G.  copper  wire.  The  motor  drove  a  stentering 
machine  by  gearing.  The  fuse  melted,  and  the  owner  sent  for  the  in- 
spector, who  found  the  armature  windings  short-circuited  and  "earthed." 
The  armature  had  to  be  .stripped  to  get  at  the  damaged  coils.  They  were 
found  to  be  six  in  number,  and  had  all  been  in  contact  with  the  windint; 
drums  at  the  ends  of  the  armature,  the  sharp  unprotected  edges  of  wliicli 
had  cut  through  the  insulation.  This  case  is  typical  of  many  others  nf 
the  Siinu-  kind.  Surely  common-sense  sho\dd  suggest  that  the  edges  of 
end  plates  and  winding  drums  over  which  thinly-covered  conductors  ))ass 
should  be  well  rounded,  and  that  the  conductors  should  be  still  further 
protected  by  strong  presspahn  or  other  insidating  material.  It  is  not 
]io.ssible  to  prevent  entirely  relative  movement  between  the  conductors 
and  the  core  or  winding  drum,  and  it  is  certain  that  any  movement, 
however  slight,  will  enable  a  .sharp  metal  edge  to  cut  through  the  thin 
covering  of  an  armature  conductor.  This  relative  motion  is  also  rcspon- 
.siblc  for  another  large  class  of  accidents,  the  fracture  of  armature  con- 
ductors at  their  junctions  with  the  commutator  arms.  The  usual  methods 
of  preventing  the  rotation  of  armature  spiders  and  commutator  quills, 
and  still  more  of  armature  core  plates  threaded  u|)on  the  shafts,  by 
feathers,  projecting  screw  heads  and  set-screws  are  not  effective  either 
because  the  bearing  surfaces  are  insufhcient,  or  because  the  fitting  is  not 
good  enough.  The  best  plan,  when  the  diameter  jiermits,  undoubtedly 
is  to  build  both  armature  and  commutator  upon  the  same  casting. 

Mr,  Longridge  remarks  : — 

The  general  imjuessions  left  upon  the  minds  of  tho.sc  in  charge  of  the 
electrical  dejiartment  are  that  a  very  large  majority  of  the  breakdowns 
are  due  to  the  deteriorating  effect  of  oil,  dust  .and  damp  on  the  materials 
used  for  insulating.  Of  these  oil  is  the  most  injurious  and  most  difticult 
to  deal  with.  Bettei-  arrangements  arc  needed  to  prevent  oil  throwing. 
If  oil  once  gets  out  of  a  bearing  it  creeps  along  the  shaft  to  the  back  of 
the  commutator  and  on  to  the  end  windings,  also  (m  to  the  commutator 
insulation  and  brush  gear,  and  mixing  with  copper,  carbon  or  other  d\ist, 
forms  short-circuits,  giving  rise  to  carbonisation  and  "  burning  out." 
The  next  most  fruitful  cause  of  damage  is  |)robably  imperfect  fitting, 
keying,  and  locking  of  spiders  and  core  plates,  commutator  bushes,  and 
even  pole  pieces,  leading  to  abrasiim  of  insulation  and  "  earthing." 
Careless  winding  and  fitting  of  magnet  coils  is  also  sufficiently  commim 
to  be  noted.  La.stly,  many  of  the  users  of  electrical  machinery  do  not 
give  it  the  attention  it  requires.  Thcj'  fix  motors  in  places  which  are 
difficult  of  access,  dusty  or  dirty,  and  leave  them  to  work  as  best  they 
may.  If  motor  bearing.^  were  made  like  bicycle  bearings,  with  balls 
running  in  vaseline,  and  if  the  armatiires  were  regularly  blown  out,  aiui 
the  brushes  attended  to,  the  number  of  breakdowns  would  be  far  fewer 
than  they  are. 

As  many  people  .seem  to  tliink  tliat  if  a  controller  containing 
resistances  in  series  with  the  armature  of  a  motor  will  y;ive 
certain  variation.s  of  spoed  at  full  load  tiie  .same  controller 
will  give  the  same  variations  at  light  load,  Mr.  Longridgc  goes 
ut  some  length  into  the  subject  of  .speed  control,  taking,  as  an 
example,  an  actual  iiusUillation,  He  .shows  that  although  in 
the  case  considered  the  controller  was  able  to  reduce  the  speed 
from  420  revs.  ])er  min.  to  .50  revs,  per  min.,  when  taking  the 
current  re'|uired  to  give  the  full-load  torque,  it  did  not  effect 
the  same  reductioin  with  smaller  currents,  and  with  a  current 
ei|uivalent  to  only  (iHy  per  cent,  of  full  load  torque  the  speed 
control  was  onl}-  from  .3.'}3  to  450  revs,  per  min.  He  also 
draws  attention  to  the  fact  that  all  forms  of  speed  control  l>y 
resistance  in  series  with  the  armature  are  wasteful.  Control 
by  resistance  in  the  shunt  circuit  has,  on  the  other  hand,  a 
high  efficiency,  and  can  be  used  with  modern  motors  with 
interpoles  for  a  speed  variation  of  1  to  G.  But  this  efficiency 
is  only  obtainable  at  a  high  first  cost.  For  as  the  effect  of 
putting  resistance  in  series  with  the  diunt  is  to  increase  the 


speed  by  weakening  the  field,  the  motor  must  be  large  enough 
to  give  the  torque  required  to  overcome  the  resistance  of  the 
full  load  with  the  weakest  field.  Other  arrangements  are  pos- 
sible, however,  and  he  points  out  that  each  case  must  be  con- 
sidered on  its  merits,  having  regard  to  first  cost,  working  cost 
and  graduation  of  speeds  required. 


ON  CLARK  AND  liYESTON  STANDARD  CELLS. 


BY    II.    I..    KBO.NStiN.    rn.L)..    AND 


SHAW.     H.A. 


Thi.s  Paper  deals  mainly  with  the  accuracy  and  reproducibility  of 
Clark  and  Weston  cells,  and  it  is  hoped  that  it  may  throw  fiirthcv 
light  on  the  value  of  the  cell  as  one  of  the  two  legal  electrical  stand- 
ards. The  work  has  been  very  much  facilitated  by  the  courtesy  of 
the  Bureau  of  Standards  at  Washington,  where  one  of  the  authors, 
at  the  suggestion  of  Dr,  H,  T.  Barnes,  spent  some  time  in  the  summer 
vacation  of  1908  in  studying  the  construction  of  modern  standard 
cells.  At  the  invitation  of  Dr,  F,  A.  Wolff  we  have  been  glad  to 
co-operate  actively  with  the  Biu-eau  in  the  work  it  has  been  doing 
along  these  lines. 

I.  The  ReprndncibilUy  of  the  Cells  irhcn  Prepared  afcxirdhig  to  the 
Specifications  of  Wolff  and  Waters. — The  mean  of  15  Clark  cells  made 
in  this  way  differed,  a  few  weeks  after  their  construction,  from  the 
mean  of  the  reference  cells  of  the  Bureau  of  Standards  by  less  than 
14  microvolts.  The  average  deviation  of  our  cells  from  tlu  ir  own 
mean  was  nut  more  than  13.  while  the  nia.ximum  deviation  was  only 
31  microvolts.  In  the  ease  of  tlic  Weston  cells  the  figures  were 
similar,  but  showed  somewhat  better  agreement  in  every  case  ;  the 
difference  between  the  mean  of  13  cells  and  the  mean  of  the  reference 
cells  at  the  Bureau  of  Standards  being  in  this  case  4  microvolts,  the 
average  deviation  of  the  cells  from  their  own  mean  being  8,  and  the 
maximum  deviation  being  22,  Some  of  the  Clark  and  Weston  cells 
were  made  in  Washington  by  one  of  the  writers,  and  subsequently 
transported  to  Montreal,  .\  means  of  direct  comparison  with  the 
values  of  the  cells  at  the  Bureau  tif  Standards  was  thus  obtained. 
This  comparison  has  recently  been  checked  by  a  second  interchange 
of  cells.  We  have  also  had  in  our  jiosscssion  six  Weston  cells  made 
at  the  National  Physical  Laboratory  in  London.  One  of  these  was 
damaged  in  transit ;  the  mean  of  the  other  five  differed  from  the 
mean  of  our  other  cells  by  only  5  microvolts. 

II.  The  Effect  uf  Introducing  Slight  Siinpli/ications  into  the  Pre- 
paration iif  Materials. — .About  2.5  cells  were  constructed  in  order  to 
examine  the  effects  of  slight  simplifications  in  their  |)re|iaralion.  It 
was  found  that  the  ingredient  of  main  importance  is  the  mcreurous 
sulphate,  which  must  always  be  prepared  with  great  care.  When 
unpurificd  mercurous  sulphate  was  used  in  a  cell  the  average  E.M.I''. 
was  found  to  be  from  300  to  500  microvolts  higher  tlian  that  of  the 
normal  cell.  The  i)urification  of  the  zinc  and  cadmium  salts  is  not 
so  im])ortant.  and  as  the  processes  are  somewhat  tedious,  especially 
in  the  case  of  cadmium  sulphate,  it  is  interesting  to  sec  what  accuracy 
may  be  obtained  with  various  samples  of  chemically  ])ure  commer- 
cial sulphates.  It  was  found  that  no  Clark  cell  made  with  thi.s 
modification  differed  by  more  than  50  microvolts  from  the  mean  of 
our  normal  cells,  while  no  Weston  cell  differed  by  more  than  ItIO 
microvolts.  Such  cells  are  therefore  sufficiently  accurate  for  all 
practical  work.  The  presence  of  basic  oxide,  oil.  or  small  quantities 
of  organic  impurities  was  found  to  exert  only  a  vcrv  small  influence 
on  the  K.M.F. 

III.  The  Helatire  Vahu  of  Cells  s,!  „p  arn.nling  to  the  Hoard  of 
Trade  Specifications  and  those  .<iet  np  occordinej  tu  the  Specifications  of 
Wolff  anil  Waters. — Ten  Clark  cells  of  the  old  "  t«st-tubc  crystal 
type  were  prejiared  from  a  number  of  different  samples  of  ehemically 
pure  eoiiHuereial  materials,  for  the  purpose  of  ascertaining  how  nuuli 
iIk  y  dilfcrcil  in  voltage  from  those  .set  up  accc'iiling  to  the  inodt  rii 
specifications.  The  average  E.M.F.  of  these  cells  during  the  first 
7.")  days,  neglecting  the  first  day.  was  0-31  millivolt  iiiglicr  than  the 
mean  of  our  normal  cells.  The  average  deviation  of  these  cells  fnjiu 
their  own  mean  was  considerable,  about  ttOli  millivolt,  which 
suggests  that  there  might  be  a  possible  variation  of  three  or  four  in 
the  last  figure  of  the  me.an  for  different  batches  of  10  cells  .set  up 
with  different  materials.  It  is  thcrcfure  in  good  agreement  wilh  the 
value  (0-00(i:!0  volt)  given  by  Wollf  and  Waters. 

IV.  The  Hallo  of  the  E.M.F.  of  the  West,1n  Cell  to  that  of  th,  Clark: 
The  determination  of  this  ratio,  which  had  also  been  obtained  at 
the  Bureau  of  Standards,  was  made  with  the  object  of  furnishing  a 
further  check  on  the  reliability  of  the  comparison  between  our  cells 
and  those  of  the  Bureau,  and  to  give  added  assurance  that  no  errors 
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had  been  inlrofini-cd  by  transpoitalinn.  Five  Clark  rclls  were  ron- 
ncntcd  in  scries  aiul  plaoed  in  oppnsitidii  to  .seven  W('sti>ns  similarly 
connected.  The  difference  between  the  two  sets  was  then  measured 
on  a  Kelvin-Varley  slide  by  the  usual  potentiometer  method.  The 
ratio  olitaincd  was  ()-716953,  which  differs  from  the  ratio  0-716958, 
detcnninid  liy  Woltf  and  Waters,  by  only  seven  parts  in  a  million. 
This  (lilfen  nee.  small  as  it  is,  is  entirely  accounted  for  by  the  small 
differences,  as  ascertained  by  direct  comparison  between  our  cells 
and  those  made  at  the  Bureau  of  Standards. 

An  account  of  several  cells  made  with  mercurous  sulphate  pre- 
pared at  the  Bureau  of  Standards  and  dried  with  alcohol,  was  also 
given  in  the  Paper,  while  the  results  of  a  number  of  Weston  cells  of 
the  normal  tyjie  will  be  added  to  those  mentioned  in  this  abstract. 
Owing  to  large  initial  hysteresis  tlicir  E.M.F.  had  not,  up  to  the  time 
of  WTiting,  assuuietl  their  final  value. 


THE  ROTATION  OP  THE  ELECTRIC  ARC  IN  A 
RADIAL  MAGNETIC  FIELD.'' 

BY    J.    NICOI..    B.A..    B.SC. 

Sumnianj. — The  speed  of  the  eleetric  are  across  a  transverse  magnetic 
field  is  shown  (1)  to  be  independent  of  the  arc  length,  (2)  to  be  propor- 
tional to  the  magnetic  field  strength,  and  (3)  to  increase  linearly  with 
the  current.  

The  exjjeriments  are  similar  to  those  made  by  Prof.  Wilson  and 
Mr.  O.  H.  Martynf  with  (he  electric  discharge  in  a  vacuum  tube 
and  were  suggested  by  Prof.  \\'ilson.  The  apparatus  consisted  of 
a  vertical  iron  rod  \  (I'ig-  1.)  magnetised  by  two  solenoids,  B,  at 
its  ends,  wound  in  opposite  directions,  so  as  to  give  a  pole  in  the 
middle  of  the  bar.  With  this  arrangement  the  field  round  the 
middle  of  the  bar  is  uniform  and  radial.  The  distance  between  the 
two  solenoids  was  fixed  by  a  quartz  tube,  C,  which  also  served  to 
protect  the  iron  rod  from  the  heat  of  the  arc.  The  arc  passed  be- 
tween two  copper  tubes,  D,  2  cm.  in  diameter,  held  coaxial  with  the 
iron  rod  by  a  elanip  made  of  wood  and  brass.  The  copjier  tubes 
were  clamped  in  holes  cut  in  two  pieces  of  thick  (.5  mm.)  sheet 
brass,  K,  fixed  to  the  top  and  bottom  of  a  block  of  hard  wood.  F. 
Tlie  required  arc  length  was  obtained  by  clamping  the  electrodes 
while  they  were  pressed  firmly  against  a  gauge  of  sheet  brass  held 
between  them.  The  base  of  the  iron  rod  and  the  stand  carrying 
the  arc  electrodes  each  rested  on  three  screws  in  a  hole  slot  and 
plane  fixed  to  the  table  by  paraffin  wax.  Thus  the  whole  a])paratus 
could  be  quickly  taken  down  and  set  up  again  in  the  same  position. 
This  was  necessary  to  enable  the  electrodes  to  be  renewed  after 
each  ex|)eriment.  The  arc  was  in  all  cases  started  with  the  mag- 
netic field  already  in  action  by  momentarily  bringing  a  piece  of 
arc-lighting  carbon  in  contact  with  the  two  electrodes. 

Experiments  were  first  made  with  carbon  electrodes,  but  though 
the  discharge  could  be  .started  and  would  occasionally  make  a  few 
revolutions  it  never  lasted  for  more  than  one  or  two  seconds.  An 
iron-ircn  and  an  iron-mercury  arc  were  tried  with  equally  unsatis- 
factory results.  Then  a  copjier  arc  was  used  and  with  it  all  the 
experiments  described  in  this  Paper  were  made.  The  current  for 
the  arc  was  taken  from  the  electric  lighting  supply  at  200  volts, 
resistance  being  put  in  the  circuit.  Though  the  copper  arc  was 
much  more  stable  than  any  of  the  others  which  had  been  tried,  the 
discharge  seldom  lasted  for  longer  than  30  seconds,  and  then  only 
when  brightly  polished  electrodes  were  used.  After  every  second 
or  third  discharge,  therefore,  the  apparatus  was  taken  down  and  the 
electrodes  replaced  by  fresh  ones,  while  the  old  ones  were  repolished 
in  a  lathe  with  fine  emery  paper. 

As  the  discharge  only  lasted  for  so  short  a  period,  a  stroboscopic 
method  of  measuring  the  speed  of  rotation  was  out  of  the  question, 
and  in  place  of  it  a  photographic  one,  involving  the  use  of  a  rotating 
mirror,  was  emjjloyed.  The  mirror  was  fixed  not  q\iite  normally  on 
one  end  of  the  shaft  of  a  small  electric  motor.  When  the  motor 
was  working,  a  point  source  viewed  in  the  mirror  appeared  drawn 
out  into  a  circle  of  light,  and  if  the  point  source  was  intermittent 
this  circle  was  broken  into  as  many  dots  as  the  number  of  times  the 
sourc'c  became  active  during  each  revolution  of  the  motor.  The 
intermittent  source  was  obtained  by  placing  a  vertical  slit  in  front 
of  the  arc.  This  was  illuminated  by  the  arc  once  every  time  it 
revolved  round  the  iron  bar.  The  image  of  the  slit  in  the  rotating 
mirror  was  then  photographed  with  an  ordinary  camera.  To  turn 
the  mirror,  a  J  h.p.  motor  was  run  at  about  250  revs,  [ler  min.. 
and  the  camera  exposure  was  about  J  second. 

If  k\  and  k,  are  the  velocities  of  the  ions  due  to  unit  electric  force, 
the  rate  at  which  the  arc  moves   is  given   by  the  cxpressionj  (•= 

HXA-,^,.  or  k,k.,  =  -m — k^-  where  n  is  the  number  of  revolutions  the 
'  -  '  '     Hfr .  \ 
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j  Wilson  and  Martin,  loc.  cit. 


are  makes  per  second  and  H  and  X  an-  the  ma<;netie  and  eleclrie 
torches  and  r  the  radius  of  the  electrode.  This  relation  is  proved  in 
the  Paper. 

The  magnetising  current  was  supplied  from  an  8-volt  accumulator, 
and  the  actual  values  of  the  field  (or  rather  of  H/r,  which  is  constant 
for  a  radial  field)  for  different  magnetising  currents  were  found  by 
the  same  method  as  that  used  by  Wilson  and  Martin. 

In  order  to  obtain  a  value  of  the  ehctric  force  in  the  arc,  it  was 
assumed  that  the  change  in  the  IM).  observed  when  the  length  of 
the  arc  was  altered  at  constant  current  was  equal  to  the  product  of 
the  electric  force  and  the  change  in  length.  This  is  equivalent  to 
assuming  that  the  potential-drops  at  the  two  electrodes  are  inde- 
pendent of  the  length  of  the  are.  I'robably  this  is  not  quite  true, 
as  lengthening  the  arc  may  affect  the  temperature  of  the  electrcxles. 
In  any  case  the  method  is  only  a  rough  one,  as  the  change  in  the 
P.O.  used  is  only  the  difference  between  two  much  larger  observed 
P.D.s.  No  better  method  of  measuring  the  field,  however,  suggested 
itself. 

Very  rough  experiments  showed  that  the  rotation  of  the  arc  had  a 
considerable  effect  on  its  P.D..  which  was  about  10  volts  higher 
when  the  arc  was  stationary  than  when  it  was  moving.  At  first  it 
seemed  that  the  s])eed  of  rotation  had  an  effect  on  the  P.D..  but 
more  careful  experiments  showed  that  this  was  not  the  case.  The 
spurious  effect  at  first  noticed  was  caused  by  using  the  electrodes 
for  a  second  discharge  without  cleaning  them.  In  order  to  obtain 
consistent  readings,  it  was  found  to  be  essential  before  each  experi- 
ment to  re-|iolish  the  electrodes  in  a  lathe.  In  most  cases  the  P.D. 
remained  cjuite  steady  during  the  first  discharge,  however  long  this 
lasted,  but  rose  several  volts  as  soon  as  the  discharge  was  stopped 
and  re-started.    With  currents  of  about  5  amperes,  a  curious  phe- 


nomenon was  noticed.  Soon  after  starting  the  discharge,  the  P.D. 
would  rise  steadily  4  or  5  volts  and  then  fall  again  to  its  original 
value,  remaining  steady  until  the  arc  went  out.  This  did  not  happen 
with  larger  or  smaller  values  of  the  current. 

The  values  of  the  P.D.  obtained  were  multiplied  by  the  are 
current  and  the  resulting  product  plotted  against  the  current,  as 
was  done  by  Mrs.  Ayrton  in  the  ease  of  the  carbon  arc.  The  curves 
obtained  were  not  quite  straight  lines  as  they  were  in  Mrs.  A.\Tton's 
experiments,  but  were  very  nearly  so.  Corresponding  oi-dinates  cf 
the  smooth  curves  were  subtracted,  and  the  dillerences  f(\i)  plotttd 
against  (.  The  points  thus  obtained  lay  with  sufficient  accuracy  on 
a  straight  line  giving  ^(V/)  =  3-75-h5('  X=  1/0-088(5 •f3-75A)=^ 57 
-f-I2-5/i.  The  observations  nn  which  this  formula  is  ba.sed  are 
given  in  tables  in  the  Paper. 

Most  of  the  experiments  were  made  with  are  lengths  of  0-230  cm. 
or  0-272  em.  Are  lengths  of  0-185  cm.  and  0-3(50  em.  were  also  used. 
As  far  as  the  accuracy  of  (he  experimenis  ex(ends.  the  are  length 
a])pears  to  have  no  inHuenee  on  the  speed  of  rotation.  It  was  pro- 
visionally as.sumed  that  the  speed  of  rotation  was  proportional  to 
the  magnetic  field,  and  consequently  to  (/„--0-l ).  The  mean  values 
in  the  tables,  obtained  by  dividing  the  number  of  rotations  per 
second  by  (i,,  — 0-1),  were  therefore  plotted  against  the  current,  and 
the  i)oints  lie  a|i}n-oximately  on  the  straight  line  m/(i„  — 0-l)=4-l» 
-f  14-2,  or  substitudng  the  values  H/r  =  34-i)(/H  —  ()-l)  and  2irr>i  =  i-, 
i'=H(2-,55-t-0-74/). 

From  the  exiieriments  the  value  k,k-..  tlie  product  of  the  speeds 
of  the  ions  carrying  (he  current,  is  caleulaied.  From  this  value,  by 
assuming  the  negative  ion  to  be  a  corpuscle  and  calculating  its 
velocity.  i(  is  shown  that  (he  carriers  of  posidve  elee(ricity  have  a 
mass  of  (he  same  oi-dor  as  that  of  (lie  hydrogen  a(om. 
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THE  EFFECT  OF  TENSION  ON  THERMAL  AND 
ELECTRICAL  CONDUCTIVITY.' 

BY    N.    1'.    SMITH. 

Sitmman/. — The  author  first  dcscribe-s  the  iipiiuiatiis  usod  in  the  in- 
Vi'stigatioii'i.  Hi.s  i-esiilts  shnw  that  in  evorv  lase  the  thermal  coikIiu'- 
tivityof  bars  of  iron,  stool,  rojipor.  bra.ss,  &<•.,  iniroa-soil  when  a  nioderale 
t?n.sion  wa.«  a|>plio(l,  whilst  the  eleetrical  eondnitivity  diminished. 


Since  it  has  been  shown  that  the  ratio  of  thermal  and  electrical 
conductivity  is  approximately  constant  for  all  metals,  il  is  natural 
to  expect  that  anything  which  jjroduccs  a  change  in  the  one  would 
cause  a  corresponding  change  in  the  oth(-r.  The  effect  of  tension  on 
the  electrical  conductivity  of  wires  lias  been  measiiied  by  Cantone. 
Williams.  Ercolini,  Gray  and  others,  and  it  has  been  shown  that, 
in  general,  the  resistance  of  such  wires  increases  w  hen  under  tension, 
that  up  to  the  ekstic  limit  the  increase  in  resistance  is  nearly  pro- 
portional to  the  stretching  force,  that  beyond  this  state  the  change 
is  roughly  proportional  to  the  elongation.     Bismuth  shows  a  change 


U  in.  wide  anil  1  in.  thick.  These  were  Ixircil  out  to  neeive  the 
bars  ami  held  together  by  bolts.  The  bars  were  carefully  insulated 
from  the  box  and  from  the  copper  clutch  by  thin  slieels  of  mica.  A 
hole  in  the  centre  of  the  co])per  cluleli  received  the  bulb  of  a  ther- 
mometer whose  stem  projected  through  the  cover  of  the  box.  The 
eoi)pcr  clutch  was  maintained  at  a  eonstiuit  temperature  by  a  thermo- 
stat. This  consisted  of  a  mercury  bulb.  K.  ])laecd  at  the  liottom  of 
the  box  directly  over  the  Hame,  having  a  capillary  stem  projecting 
above  the  cover.  A  wire  inserted  in  the  tf)p  of  the  stem  touched 
the  mercury  when  a  certain  temiJcrature  was  reached.  This  closed 
an  electric  circuit  and  shut  off  the  gas  from  the  biuncr.  As  soon  as 
the  tenipcratine  commenced  to  fall  the  circuit  was  opened  and  the 
gas  turned  on  and  lighted  by  a  small  pilot  light  which  burned  con- 
tinuously. Some  difiicidty  was  experienced  in  making  the  ni(  rcury 
bulb  resi>ond  ijuickly  cnougli  to  the  changes  of  temperature.  Finally 
the  alloy  used  in  making  fuse  wire  was  cm|)loycd.  This  melted  at 
the  tem])eratures  used,  but  did  not  vapori.se,  and  secured  intimate 
thermal  ennneelion  between  llie  bulb  and  Ibr  bottom  of  the  iron  box. 
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in  the  opposite  direction.  So  far  as  the  writer  knows,  no  measure- 
ments have  been  made  upon  the  corresponding  thermal  problem. 
The  present  investigation  was  imdertaken  to  determine  what  changes. 
if  any.  are  produced  in  the  thermal  conductivity  of  metal  bars  when 
they  are  subjected  to  a  stretching  force,  and  to  compare  these  changes 
with  those  which  arc  produced  in  their  electrical  conductivity. 

The  method  adopted  for  the  thermal  ])roblem  was  substantially 
that  of  Wiedemann  and  Franz.  Two  bars,  A  and  B.  of  the  same 
size  and  material,  and  as  nearly  alike  as  ))ossible  in  every  respect. 
were  heated  at  one  end  to  a  constant  temperattnc.  When  the  steady 
state  was  reached,  a  point  ^^•as  determined  on  B  whose  temperature 
was  the  same  as  tliat  of  a  fixed  point  on  A.  B  was  then  subjected 
to  a  stretching  force  while  the  condition  of  A  remained  unchanged. 
When  the  steady  state  was  again  reached  a  new  point  was  deter- 
mined on  B  having  the  same  temperature  as  the  fixed  point  on  A. 
Assuming  that  the  conductivity  is  proportional  to  the  square  of  the 
length  from  the  hot  end  to  this  point  of  constant  temperature,  we 
have  a  means  of  measuring  the  change  produced  by  the  force  applied. 
Also  the  electrical  resistance  of  a  measured  length  of  the  bar  B  was 


Compared  with  that  of  approximately  the  same  length  of  bar  A  as 
each  successive  tension  was  applied  to  B.  The  method  used  was  a 
rofidification  of  the  Kelvin  "  double-bridge  method"  due  to  J.  H. 
Reeves. 

.■\fter  many  raoditications.  the  a))paratus  iinally  used  was  C(m- 
structed  a-s  shown  in  ])lan  in  Fig.  1  and  in  elevation  in  Fig.  2.  Roimd 
bars  were  employed,  ^^^  in.  diameter  and  about  4^  ft.  long.  The 
bars  A  and  B  were  moimted  horizontally  side  by  side  about  3  in. 
apart.  At  the  left-hand  end  they  passed  com))letely  through  a  cast- 
iron  box,  C.  each  edge  of  which  was  8  in.,  and  whose  sides  were  1  in. 
thick.  This  rested  on  a  tripod  stand  over  a  Bunsen  burner.  The 
box  was  provided  with  a  east-iron  lid  and  was  thickly  wrai)j)ed  in 
asbestos.  On  the  inside  of  the  box  the  bars  were  clamped  between 
two  heavy  pieces  of  copper,  D,  one  above  the  other,  each  .T  in,  long, 

*  Abstract  from  the  "  Physical  Review," 


In  order  to  apply  tensions  equal  to  the  breaking  strength  of  the 
bars  it  was  necessary  that  they  be  mounted  in  an  extremely  rigid 
frame.  This  was  constructed  as  follows  :  A  cast-iron  plate,  F,  was 
mounted  upright  on  a  table  immediately  in  front  of  the  iron  box,  A 
similar  plate,  G,  was  mounted  parallel  to  the  first  and  about  30  in.  in 
front  of  it.  The  bars  under  observation  passed  through  suitable 
holes  in  these  plates,  being  insulated  from  them  by  fibre  tubing. 
Four  ^  in.  iron  rods.  H.  connected  the  tv\o  jilates.  Two  J  in.  iron 
rods  were  screwed  into  the  bottom  of  the  jilate  F  and  made  fast  to 
the  floor  joists  below.  Two  other  rods  J  in.  diameter  passed  throvigh 
F  horizontally,  then  through  a  12  in,  brirk  wall  of  the  building,  and 
were  made  fast  to  a  large  iron  plate  on  the  opposite  side.  The  stretch- 
ing force  was  applied  by  means  of  a  lever,  I,  A  steel  knife-edge  was 
attached  at  right  angles  to  the  lever  at  its  lower  end.  To  the  plate 
G  was  screwed  another  iron  plate,  J,  insulated  from  G  by  sheets  of 
mica.  The  plate  J  had  several  horizontal  notches  cut  in  it,  in  which 
the  knife  edge  on  the  lever  coidd  rest,  .serving  as  a  fulcrum.  To 
hold  the  bar  B  from  .slipping  and  to  atTord  a  means  of  attachment  to 
the  lever,  a  friction  clutch.  ICL.  was  provided  for  each  end.  A  box 
for  carrying  weights  hung  from  the  c  nd  of  the  lever,  and  could  be 
gradually  lowered  or  raised  by  means  of  a  jack  screw. 

In  order  that  the  bar  A  might  be  under  conditions  as  nearly  as 
possible  identical  with  those  of  B.  its  two  ends  were  provided  viili 
a  similar  pair  of  fricticm  clnteh'^s  and  lock  nuts.     This  was 
done  in  order  that  any  changes  in  room  temperature  might 
produce  the  same  eflect  u])on  tlie  outer  ends  of  tiie  two  bars. 
'J'o  protect  the  bars  from  air  ciuTpnts  they  were  enclosed  in 
a  tight  wooden  box.      The  to])  of  this  box  was  hinged,  and 
could  be  lifted  to  afford  access  to  the  bars,  and  glass  windows  in  the 
top  and  side  afforded  mean  sof  observation.     Observations  of  tem- 
perature  were   made   by   means   of    thermo-electric  coujiles.   two 
points,   one   on  each   bar,  being  determined  which  had   the  same 
temperature. 

The  arrangement  of  apparatus  for  the  comparison  of  resistances 
is  shown  in  l<"ig,  3.  A  number  of  storage  cells  could  be  connected 
with  the  two  bars  A  and  B  through  the  commutator  P,  A  resis- 
tance, Q  (consisting  of  two  incandescent  lamps  in  parallel),  was 
introduced  into  the  circuit.  This  resistance  could  be  completely 
cut  out  by  inserting  the  eoi)])cr  connector  T  in  its  mercury  cujis. 
.\fter  trying  various  forms  of  movable  contacts,  the  fine  lead  wires 
x.  y.  z,  ir  were  finally  soldered  directly  to  the  bars.  Great  difficulty 
was  experienced  in  eliminating  the  effects  of  thermo  l''.M.  I'".s  de- 
veloped at  various  contacts  of  dissimilar  metals.  JAir  this  reason 
the  lead  wires  were,  wherever  possible,  made  of  the  same  material 
as  the  bars  to  which  they  were  attached.  The  other  ends  of  x  and 
y  were  joined  to  the  terminals  of  a  slide-wire  bridge,  whose  resistance 
wire  a,  b  was  wound  on  a  revolving  cylinder,  and  the  whole  enclosed 
in  a  wooden  box,  so  that  the  three  junctions  U,  V,  W  should  be  at  the 
same  temperature.  The  free  ends  of  -  and  iv  were  joined  to  the  ter- 
minals of  two  standard  resistance  boxes.  R,  and  Rj.     Ri  was  kejit 
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fixed  at  1,001)  or  2.<I00  olims,  wliilc  K.  was  adjusted.  Since  it  wa.s 
found  that  small  thcrmo  E.M.F.s  were  developed  by  the  pressure 
of  an  ordinary  contact  key,  a  key  was  constructed  al  Z  consisting 
simply  of  a  bent  co|)per  wire  mounted  in  a  piece  of  fibre  on  a  spring, 
and  bridging  the  gaj)  between  two  mercury  cups,  .\djustments 
of  the  sliding  contact  V  and  of  the  rosi.stance  R,  were  made  until 
the  galvanometer  showed  no  deHection  whethei-  the  connector  S 
was  in  the  mercury  cuj)s  or  removed.  When  S  was  r<'moved  T  was 
also  removed,  and  a  relatively  small  current  employed.  When  S 
was  inserted  T  was  also  in.serted,  and  a  current  of  from  10  to  20  am- 
peres sent  through  the  bars.  In  this  way  the  resistance  of  the 
portion  of  B  between  y  and  z  was  compared  with  that  of  A  between 
f  and  u:  The  direction  of  the  current  was  then  reversed  by  the 
commutator  I'  and  the  measurements  repeated. 

iMeasurements  were  made  on  bars  of  iron,  steel,  copper,  brass  and 
a  few  on  aluminium  and  zinc.  Details  of  the  experimental  results 
are  given  in  the  Paper,  and  show  that  in  every  case  the  thermal 
conductivity  of  the  bars  increases  when  a  moderate  tension  is  ap- 
plied. As  ths  limit  of  elasticit)'  is  reached  this  increase  approaches 
a  maximum.  As  the  tension  exceeds  this  limit,  the  conductivity 
remains  practically  constant  in  the  case  of  the  more  clastic  metals, 
such  as  st?el  and  brass,  or  begins  to  diminish  in  the  case  of  the 
safter  metals.  After  a  bar  has  been  stretched  its  conductivity  docs 
not  immediately  return  to  its  former  value.  This  is  most  noticeable 
in  steel  and  brass.  In  the  softer  metals  the  return  to  the  original 
value  is  more  perfect.  It  is  probable  that  steel  and  brass  would 
regain  their  original  conductivity  if  given  sufficient  time,  but  this 
has  not  b;en  tested  by  experiment.  The  total  change  in  the  con- 
ductivity of  steel  may  amount  to  7  or  8  per  cent.,  that  of  iron  to 
4  or  5  per  cent.,  brass  about  4  per  cent.,  and  copper  2  or  .3  per  cent. 
A  few  measurements  made  on  aluminium  showed  an  increase  in 
thermal  conductivity  of  about  ^  per  cent,  under  the  maximum  ten- 
sion. Measurements  were  attempted  upon  bars  of  zinc,  but  these 
proved  imsatistaetory.  In  every  case  the  electrical  resistance  in- 
creased H  ith  increasing  tension — that  is.  the  conductivity  diminished. 
Tiiese  results  are  in  suh^tantial  agreement  with  those  obtained  by 
other  experimenters  on  the  re?istance  of  wires.  Of  course,  the  con- 
ditions of  this  experiment  were  not  suited  to  a  highly  accurate 
determination  of  this  effect.  It  is,  however,  of  interest  to  note  that 
the  changes  in  the  thermal  conductivity  produced  by  moderate 
tensions  are  opposite  in  direction  to  those  in  the  electrical,  and  are 
of  an  order  of  magnitude  about  10  times  greater.  Some  rather 
rough  exp.^riments  U|ion  the  effect  of  bending  bars  of  iron  and  copper, 
so  that  a  large  permanent  deformation  was  jiroduced,  seemed  to  show 
a  marked  decrease  in  thermal  conductivity  of  from  5  to  8  per  cent. 
This  is  to  be  expected  from  the  beha\iour  of  cojiper  bars  when 
stretched  beyond  their  elastic  limit. 


THE  EFFECT  OF  TORSION  ON  THERMAL  AND 
ELECTRICAL  CONDUCTIVITY.* 

BY   N.    F.    SMITH. 

The  experimental  method  was  in  all  respects  the  same  as  in  the 
jnvvious  investigation  on  the  effect  of  tension.f  The  lever,  by  which 
tension  was  aii|ili(il,  was  removed,  however,  and  in  its  place  was 
mciiMilcil  a  12  in.  cast-iron  pulley  carrying  a  divided  circle,  by  means 
of  «liieh  to  measure  the  angle  of  twist.  This  pulley  at  its  centre 
engaged  the  friction  clutch  attached  to  the  outer  end  of  the  bar  to 
be  twisted,  while  the  clutch  at  the  other  end  of  the  bar  was  kept 
from  turning  by  clamping  between  suitable  iron  plates.  Weights 
attached  to  flexible  wires  wrapped  around  the  pulley  ]irod\ieed  the 
twisting  couple.  The  conditions  were,  of  course,  extremely  im- 
favourable  for  an  accurate  coni]iarison  of  electrical  resistances,  the 
total  resistance  of  the  bars  compared  being  only  a  few  tcntlunisandths 
of  an  ohm. 

Observations  were  made  on  two  bars  of  soft  steel,  two  of  iron, 
two  of  copper  and  one  of  brass.  The  largest  variation  in  electrical 
resistance  was  found  in  the  bars  of  soft  steel.  In  all  the  otbcr 
materials  employed  this  change  was  less  than  one  part  in  two  thou- 
sand, and  was  less  than  the  experimental  error.  Hence  no  figures 
are  recorded  for  the  change  in  the  electrical  conductivity  of  iron, 
copper  and  brass.  The  curves  and  figures  given  show  that  in  all 
cases  the  thermal  conductivity  is  diminished  by  torsion  ;  that  the 
recovery  is  not  complete  when  the  torque  is  removed,  even  though 
no  permanent  twist  has  been  produced  ;  that  the  thermal  conduc- 
tivity tends  to  regain  its  original  value  after  a  period  of  rest :  that 
the  change  is  greatest  in  the  case  of  steel  where  the  torque  ajiplied 
18  the  greatest,  and  where,  also,  the  change  in  electrical  conductivity 
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is  most  marked.  The  maximum  c'hange  produced  at  any  one  time 
in  the  thermal  conductivity  of  steel  is  from  .3  to  5  per  cent.  The 
corresponding  change  in  its  electrical  conductivity  is  from  0-1  to 
0-2  per  cent.  The  maximum  changes  produced  in  the  thermal  con- 
ductivity of  iron.  Copper  and  brass  are  from  1  to  3  per  cent.,  while 
the  corresponding  changes  in  their  electrical  conductivity  are  less 
than  one-twentieth  of  1  percent. 

It  seems  probable  that  a  linear  relation  exists  between  the  tliermal 
conductivity  and  the  angle  of  twist.  As  the  strain  in  a  bar  ap- 
proached the  elastic  limit  the  twi.st  cca,sed  to  Ik;  uniformly  distri- 
buted, but  took  place  largely  at  one  point,  while  the  torsion  in  the 
rest  of  the  bar  may  have  actually  dimin'.shcd.  .^n  attempt  was 
always  made  to  increase  the  torsion  just  a,s  long  a.s  the  t«i«t  was 
uniformly  distributed  through  the  bar. 

From  these  experiments,  and  those  of  the  preceding  l'a|«r,  it  is 
apparent  that  any  tlieory  «hich  fully  explains  the  processes  of 
thermal  and  electrical  metallic  conduction  must  account  for  a  serie.s 
of  changes  in  thermal  conductivity  due  to  mechanical  strains  whose 
magnitude  is  far  greater  than  that  of  the  corres]>ondina  changes  in 
electrical  conductivity. 


PARLIAMENTARY  INTELLIGENCE. 


National  Telephone  Co-  s  Employes-^In  the  House  of  Common.s 

on  Jfonday  Mr.  .John  W'ako  asked  the  Postmaster-General  whether  his 
attention  had  been  called  to  the  dismissal  of  numbers  of  the  established 
employes  of  the  National  Telejihone  Co.  in  Stoke-on-Trent  district,  on 
the  ground  that  the  company's  luidertaking  was  about  to  be  transferred 
to  the  Post  Office  ;  and  whether  he  could  say  how  he  intended  to  work 
the  system  acquired  if  the  experienced  men  now  working  for  the  company 
were  dismissed  ]irior  to  such  transference  ;  or  did  he  propose  to  re-engage 
the  dismissed  servants  of  the  company  for  that  purpose  ? 

In  reply,  Mr.  Buxton  said  the  numbers  of  the  construction  staff  of  the 
National  Telephone  Co.  were  constantly  fluctuating.  He  was  informed 
by  the  company  that  since  the  beginning  of  the  year  thej-  had  discharged 
eight  men  and  one  boy  from  their  construction  staff  in  the  Potteries 
district  owing  to  slackness  of  work.  There  appeared  to  t)e  at  the  present 
time  a  considerably  reduced  demand  for  the  extension  of  the  telephone 
system,  due  partly  to  the  fact  that  the  system  had  made  %-erv  rapid 
extensions  of  late  years,  and  that  there  was.  therefore,  not  the  same 
opening  for  new  construction,  and.  further,  that  the  state  of  trade 
had  of  late  seriously  affected  the  demand  for  new  telephone  installations. 
.As  regards  the  Post  Office  system,  there  was  also  for  the  time  f>eing  less 
work  in  connection  with  renewals,  as  the  old  jilant  had  of  late  been 
largely  superseded  by  new  and  more  permanent  plant.  As  regards  trunk 
lines  also,  during  the  last  few  yeai-s  lines  had  been  added  in  anticipation 
of  traffic,  and  there  was  at  present  less  bpportimity  of  extending  them. 
There  was  thus,  both  on  the  part  of  the  National  Company  as  well  as  on 
the  part  of  the  Post  Office,  a  somewhat  diminished  demand  for  con- 
struction work.  He  was  glad  to  say,  however,  that,  as  already  stated  in 
the  House,  he  had  come  to  an  arrangement  with  the  Naticmal  Company 
in  regard  to  certain  construction  work,  and  was  also  in  communication 
with  them  in  regard  to  a  proposed  arrangement  to  enable  them  to  con- 
tinue to  open  new  exchanges  in  their  areas,  in  order  that  the  work  of 
construction  should  be  continued  without  interruption  between  now  and 
1010. 

Wireless  Telegraphy  in  Shipping.— In  the  House  of  Commons  on 
Thursday  last  week  Mr.  Seddon  asked  the  President  of  the  Board  of  Trade 
whether,  in  view  of  the  national  concern  for  news  of  the  ss.  "  Waratah," 
he  could  promise  an  inquiry  into  the  various  systems  of  wirele^  tele- 
graphy with  a  view  to  making  an  installation  compulsoiy  on  all  vessels 
carrying  passengers,  and  at  British  and  colonial  jiorts. 

In  reply.  Mr.  Churchill  said  the  question  of  the  installation  of  wire- 
less telegraphy  apparatus  on  passenger  ships  had  been,  and  would  con- 
tinue to  be,  very  carefully  watched  l)y  the  Board  of  Trade,  but  he  did  not 
think  any  useful  pinpose  wo\dil  be  served  by  a  six-eial  inquiry  at  the 
present  moment. 

Colinton  Tramways  Bill.— This  bill,  which  authorises  the  constriie- 
tiou  of  elcitiic  tiauiways  in  Colinton,  Edinburgh,  has  been  passed  by 
the  Examiner  of  Private  Bills  in  the  House  of  Commons.  The  eapitjtl 
of  the  company  is  to  be  £r)0.tH)0  in  £1  shai-es,  with  one  thing  borrowing 
])owers. 

Electricity  in  Mines —lu  the  House  of  Conuuous  on  Thursday  last 
the  Uniiic  Sr.  irt;ny  (Mr.  H.  Cl.ulstoue)  stated  that  he  had  had  under  con- 
sideration till-  n-|M>Vl  of  the  (hicf  inspector  and  district  inspe<'tor  on  the 
West  Stanley  luiuing  disaster  and  other  reports  «hich  had  reached  him 
from  time  to  tiuu-  in  regard  to  the  use  of  electricity  in  mines  and  the 
winking  of  the  special  rules.  Since  the  previous  inquiiy  live  years  ago 
mu(-li  further  experience  had  been  obtaintd.  new  points  had  arisen,  and 
the  spec  ial  rules,  the  working  of  which  hid  bx-n  carefully  watched  by  his 
DcpartnieTit.  had  shown  themselves  in  med  of  amcr.dment  on  a  number 
of  points.  He  pnqiosed,  therefore,  to  apjioint  a  snudl  exi>ert  Committee 
to  revise  the  rules.  He  woidd  include  in  the  inquiry  the  use  of  electrical 
machinery  in  mines,  i.'^c. 

Marine  Signalling.— On  Monday,  in  the  House  of  Commons,  the 
Postma-^t.-r  (.'t-Tii-i.-il  fluted  that  Mr.  Kelway's  soui^d-loeating  system 
involved  the  u.sc  of  h  iole-<s  cleitric  signals,  ai  d  he  was  sorry  to  be  com- 
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])L'lled  some  time  ajin,  atti-r  iiiusiiltalinn  witli  the  Admiralty,  to  refuse 
the  giant  uf  a  licence  to  him  fur  its  installaliiui  al  Dover  or  on  the  south 
or  «(iuth-east  eoast  of  England.  The  reason  for  the  i-efnsal  was  the  risk 
involved  in  i-onneetion  with  the  working  of  the  system  of  interference 
with  the  naval  and  commercial  wireless  telegraphy,  which  was  so  Inrgely 
.  arried  on  in  those  regions.  .\  licence  was,  however.  olTercil  to  Mi-. 
Kelway  for  the  trial  of  ihs  S}'.stem  in  .some  locality  where  Ihnt  olijci  timi 
did  not  apply. 

Telegraph  (Arbitration^  Bill-— This  bill  was  read  a  third  time  in 
the  House  of  Commons  on  Tuesday. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 

APPOINTMENTS  VACANT  AND  FILLED. 

An  engineering  graduate  is  requirec!  to  lecture  and  demonstrate  on 
Dlectrotechnics  at  Faraday  Housi'.  Salary  £:W0  !>er  annum.  .Applica- 
tions to  the  principal  (Dr.  .-ilexander  Russell).  Faraday  Hou.se. 
.Southampton-row.  London.  W.C  by  Sept.  8.  See  an  advertise- 
ment. 

A  pupil  is  wanted  for  a  l.-t.  three-wire  station  in  South  London 
area.     Sec  an  advertisement. 

.■\  leading  draughtsman  is  required,  with  a  thorough  knowledge  of 
Volume  and  pressure  fans,  capable  of  j)reparing  schemes  for  the 
various  uses  to  which  fans  can  be  applied.  &c.  See  advertisement. 
1  A  comj>et.°nt  instructor  in  electrical  engineering  is  wanted,  with 
gocxl  knowledge  of  general  electrical  engineering  work.  See  an 
.vJvertisement. 

Applications  are  invited  for  the  chair  of  engineering  at  the  Uni- 
versity of  Melbourne  (.\ustralia).  Particulars  from  the  Agent- 
fieneral  for  Victoria.  Melbourne-place,  Strand,  London.  W.C,  to 
whom  a|)plications  by  Oct.  1."). 

.-\pplications  are  invited  for  the  position  of  chief  lc>  turer  in 
cluinistry  in  the  Manchester  Municipal  School  of  Teehnologj.  Salary 
£:}.">0  per  annum.  Applications  to  the  Dean  of  the  Faculty  of 
Technology.  Mr.  J.  H.  Reynolds,  by  Sept.  11. 

The  Council  of  the  University  College  of  Wales,  Aberystwyth, 
require  a  demonstrator  or  assistant  lecturer  in  the  department  of 
])hysics.  Salary  £150  per  annum.  Applications  to  the  Registrar  by 
Sept.  10. 

•  Ilkeston  Corporation  require  a  manager  for  their  tramways  and 
electricity  di.3tribution  department.  .Age  2,5  to  40.  Commencing 
salary  £200.     Applications  to  Town  Clerk  by  the  morning  of  Sept.  6. 


Mr.  Tiio.^.  F.  ^\'all,  M.Sc..  has  been  nominated  for  the  vacant 
position  of  .assistant  lecturer  and  demonstrator  in  electrical  engineer- 
ing at  the  University  of  Birmingham. 

EDUCATIONAL  NOTICES. 

King's  College  (University  of  London).- Two  exhibitions  of  £25 
e.acli  are  oth-rcd  for  cnnipclition  in  the  faculty  of  engineering  in 
Sepi-nib-T.  -Applications  to  the  Sei-rotarv,  King's  College,  Strand, 
W.C. 

University  College  of  North  Wales.-  In  th<'  electrical  engineering 
department  of  this  college'  a  systeniali('  cour-se  of  instruction  is  gi\en 
in  electrical  measurement  and  practical  electricity  for  students  pro- 
nosing  to  enter  the  profession  of  electrical  engineer.  The  physics 
laboratory  is  well  equipped.  The  eours?  extends  over  two  years. 
I'ro.ipectu.se3,  &c.,  may  be  obtained  from  Mr.  .J.  E.  Lloyd,  M.A.. 
s'crctary  and  registrar. 

Armstrong  College,  Newcastle-on-Tyne.— The  ses.sion  1909-1910 
will  comnienci'  on  Sept.  27.  J'"ull  courses  of  in.struction  arc  given  in 
the  di^partraent  of  mechanical,  marine,  civil  and  electrical  engineer- 
ing, naval  architecture,  mining,  metallurgy,  agriculture,  pure  science 
and  letters.  Particulars  may  be  obtained  froiu  the  secretary  (Mr. 
F.  H.  Pruen,  .M..A.),  .Armslrtmg  ('(jllcgc,  \'ewcastlc-on-Tyne. 

Glasgow  and  West  of  Scotland  Technical  College.— The  session 

1909-10  comnienci'S  un  S;|)t.  2;i  for  the  evening  class'.-s  and  Sept.  28 
for  the  day  elas.ses.  The  diploma  of  the  college  is  granted  in  civil, 
mechanical  and  electrical  engineering,  mining,  naval  arehitecture, 
chemistry,  metallurgy,  mathematics  and  physics,  and  the  courses 
of  study  for  the  dij)loma  usually  extend  over  three  sessions.  Holders 
of  the  diploma  are  eligible  for  the  degree  of  B.Sc.  in  engineering  of 
the  University  of  Glasgow  after  attendance  for  at  least  one  session 
up.-jn  prescribed  University  elas.ses.  There  are  new  and  well  equipped 
laboratories  in  the  departments  of  physics,  chemistry,  electrical 
engineering,  mechanics,  metallurgy,  &c.,  and  facilities  for  research 
are  afforded.  Calendar  (price  Is.  4d.)  and  prospectus  (free)  can  be 
obtained  on  application  to  the  Secretary. 


We  have  received  a  copy  of  the  calendar  for  the  ll4th  session  {1909- 
1910).  which  contains  fidl  particulars  of  the  courses  of  instruction, 
classes,  fees,  Inirsaries  imd  scholarships,  &c..  at  the  (ilasgow  and  West  of 
Scotlaiul  Technical  College.  -Among  last  year's  aw.irds  we  notice  that 
the  ■■  Sir.Iohn  Pender  "  gold  medal  and  bursary  in  electrical  engineering 
was  given  to  Mr.  Norman  S.  Sim.  The  jihysical.  chemical  and  engineer- 
ing laboratories  are  well  equipped  for  practical  work  :  and.  in  addition 
to  the  day  courses,  there  arc  evening  elas.ses  in  all  br.inchcs  of  engineer- 
ing, ilicmistry.  physiis,  naval  anhitcrlnrc.  Arc 

Northampton  Polytechnic  Institute.  London. — Full  day  courses  in 
the  theory  and  )]raetice  of  mechanical  and  electrical  engineering  and 
electro-chemistry  will  commence  on  Oct.  4.  Entrance  examination 
Sept.  29  and  .30.  These  courses,  which  include  periods  spent  in 
commercial  workshojis  and  extend  over  four  years,  also  jirepare  for 
the  degree  of  B.Sc.  in  engineering  at  the  University  of  London.  l<Ves 
£15  or  £1 1  |jer  annum.  Three  entrance  seholarshijis  each  of  £.52  will 
be  offered  for  competition  at  the  entrance  examination  in  September. 

Full  and  part  time  day  courses  in  all  branches  of  technical  optics 
are  given  in  specially  equipped  laboratories  and  lecture  rooms. 
Particulars  at  the  Institute.  Clerkenwcll.  London,  E.C.,  or  of  the 
Principal.  Dr.  P.  Midlineux  Walmsley. 

What  is  claimed  to  be  the  lirsl  classes  in  aeionnutical  enginceiing  in 
Ibis  co\intry  will  be  helil  at  Ibis  Institute  (luring  the  fortbeoming 
session.  Mr.  C.  E.  Larard  will  be  the  head  of  the  new  departirient,  and 
tlic  lecturer  will  be  .Mr.  L.  W.  Blin  Desbleds.  The  classes  will  commence 
on  the  37tb  iiist. 

Hackney  Technical  Institute,  London. — The  next  session  commence 
on  Sept.  20.  There  are  evening  lecture  and  laboratory  courses  in 
electrical  engineering,  including  electrical  measurements,  dynamos 
and  motors,  alternating  currents,  electrical  design,  &e.  Prosj)cctuses 
may  be  obtained  from  the  Principal  of  the  Institute,  Dalston-lane, 
London,  N.E. 

Southwestern  Polytechnic  Institute,  London. — A  complete  three 
years'  course  in  electrical  engineering  is  given  at  this  Institute  during 
the  day  and  a  foiu'  years'  course  in  the  evening.  There  are  also 
courses  of  Icclurcs  and  practical  work  in  various  electrical  engineering 
subjects,  inclmliiig  cliclrical  design,  alternating  and  polyphase  eiir- 
ivnts.  inslrunicnis  and  lain|)s.  wiring  and  lilting.  &c. 

Battersea  Polytechnic  (London). — In  the  engineering  departments 
of  this  polytechnic  there  are  day  courses  which  prepare  tor  the 
engineering  degree.  H.Sc.  London,  polytechnic  diploma  in  mechanical, 
electrical  and  civil  engineering.  Tire  entrance  examination  com- 
mences on  Sept.  21.  There  are  also  evening  elas.ses  which  jjrepare 
for  the  B.Sc.  in  engineering,  the  associateship  examination  of  the 
ln.';titution  of  Civil  Engineering  all  mechanical  engineering  subieets. 
electrical,  structional  and  automobile  engineering,  telegrajihy  and 
telephony,  architecture  and  building,  &c.  Prospectuses  from  the 
Secretar}'.  Battersea  Park-road,  S.W. 

Borough  Polytechnic  Institute. — Complete  courses  of  instructii.n  in 
electrical  ,incl  luccbanical  cntiineering.  chemistry,  &c..  are  given  at 
tliis  Institute.  'The  head  of  the  clectrotechnics  department  is  Dr. 
.John  Henderson,  and  the  course  of  instruction  in  electrical  cnginiei- 
ing  is  spread  over  four  years.  There  are  also  special  eonrsi  s  for 
electric  wiring  work,  construction  and  design  of  electrical  aiiiilianees 
and  workshop  linings,  and  also  in  advanced  electricity  and  magnet- 
ism. The  next  session  commences  on  27th  inst.  Further  particulars 
and  detailed  syllabus  of  each  course  are  given  in  the  |>rospectus. 
which  can  be  obtained  from  the  principal,  Mr.  C.  T.  Millis,  Hoiough- 
road.  London.  S.E. 


I 


Aberdeen. — The  Electricity  committee  recently  considered  the 
position  created  by  the  refuSal  of  the  Aberdeen  Suburban  Tramways 
Co.  to  abide  by  the  award  of  the  Board  of  Trade  arbitrator  (Mr.  W. 
If.  Pat(^liell)  in  regard  to  the  jiric,-  to  be  paid  by  the  Couipaiiy  bir  a 
su|)ply  of  (leclricity  from  the  C(jrporatio;i. 

.Mr.'l'atchell  was  nominated  by  the  Board  of  Trade  on  Ihc  a|iiilicati(in 
of  the  ("(Jinicil  and  the  company,  who  bad  failed  to  come  to  an  agreement, 
and  the  i>rice  iixed  to  Iw  paid  by  the  Company  was  a  standing  ch.irne 
of  fiMX)  per  annum,  with  Id.  ))er  unit  of  electrical  energy  .su))])lie(l.  Ibe 
period  of  supjjly  to  be  live  year.s. 

The  company  allege  that  the  reference  to  the  arbiter  was  to  fix  a  ))rice 
for  the  current  at  so  much  per  unit,  and  that  as  the  arbiter  had  fixed  the 
juice  upon  the  ma.\imum  demand  system  the  award  is  ultra  vires. 

On  the  other  hand,  the  Council  contenil  that,  while  they  do  not  admit 
that  the  decree  is  outsi<lc  the  refcrc^nce,  Ihc  comjtany's  agent  at(|nicscecl 
in  the  finding  of  the  arbiter,  and  the  company  is  now  barred  from  taking 
exception  to  it. 

On  Tuesday  the  Electricity  committee  resolved  to  make  .i  uniform 
charge  of  SJd.  per  unit  for  electric  current  for  lighting,  with  Ibe  alterna- 
tive to  consumer.^  of  over  .5,000  units  ])cr  half-year,  of  being  charged  at 
the  same  rate  as  at  jiresent.  Current  for  arc  lamps  is  to  be  L'd.  |)cr  unit ; 
and  a  sliding  scale  for  power  (oniiuiners,  ranging  from  2id.  for  the 
lirsl  2.50  units  to  |d.  jier  unit  for  over  1(1.000  units  per  half-year,  was 
agreed  upon,  as  was  also  a  Hat  rate  of  l|d.  ]ier  unit  for  heating  and  cook- 
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The  estimated  income  for  the  ciirifiit  year  is  £4o,812,  and  tin-  ex- 
penditure £44,92!).  After  providiiijr  for  interest  and  .sinking  fund 
£1,883  is  (()  he  carried  to  reserve. 

Tlie  committee  have  considered  an  opinion  hy  the  town  clerk  on  the 
question  of  the  m.iinlenanee  of  a  depreciation  ai'eount,  and  ithas  hecn 
agreed  tr>  do  away  witli  the  depreciation  fund,  and  to  ti\  the  I'.ite  rif 
intei'cst  on  tlie  sinking  fund  at  4  jier  cent. 

Argentina. — The  "  Review  of  the  Iliver  I'latc  "  says  the  eleelrie 
tramways  in  Tucuman  will  be  inaugurated  Mii.s  month. 

The  Mayor  of  Santa  Fe  has  been  authorised  to  invite  tenders  for  iiddi- 
tional  electric  generating  plant  for  the  electricity  work.s. 

It  is  rej.orted  that  negotiation.s  are  in  jirogress  for  the  amalgamation 
of  the  electric  tramway  companies  at  Montevideo. 

The  '"  Herald  "  (Bui-nos  Ayrcs)  says  the  general  manager  of  the  Anglo- 
Argentine  Tramway  Co.  has  submitted  to  Buenos  Ayrcs  Municipality 
the  outline  of  a  scheme  for  underground  tramways,  estimated  to  cost 
50  million  (paper)  dollars. 

Australasia. — The  "  Australian  Mining  Standard  "  says  the  local 
authorities  of  North.  South  and  East  Invercargill,  A  venal  and 
Gladstone,  and  the  Awarua  Riding  of  Southland  county  (N.Z.)  are 
anxious  to  obtain  an  electric  tramway  servii^e,  and  delegates  from 
these  councils  recently  decided  to  olTer  Su'  -Jcjseph  Ward  £1,100  for 
the  Order  in  Council  he  now  holds,  and  for  plans,  &c.  A  ]io\\  of  rate- 
payers is  to  be  taken  on  a  j)roposal  to  borrow  aliout  £75,000  for  con- 
structing the  tramways. 

A  poll  of  Launce;;ton  (Tasmania)  ratepayers  has  resulted  in  a  majority 
of  2,239  votes  in  favour  of  the  construction  of  electric  tramways  by 
contract  and  the  control  of  the  .system  by  the  Torporation.  The  city 
engineer  and  city  electrical  engineer  have  hecn  instructed  to  prepare 
plans. 

The  first  of  the  rlcrlilc.illy  'iiicr.ited  .■ranos.  which  it  is  the  intenti<m  of 
the  Victorian  IJ.iilw.iy  *  '^iinrui^sioners  tft  supply  to  all  the  principal  goods 
stations,  was  st.ui  •.!  ,ii   Kalln.it  on  July  21. 

A  telephone  line  between  Sydney  and  the  Blue  Motmtains  (N.S.W.), 
7.50  miles  in  length,  has  been  put  into  service  and  is  giving  satisfactory 
results. 

Hawthorn  (Victoria)  City  Council  recently  discus.sed  a  iirojiosal  to 
light  the  town  electiically.  .\  (iovcniment  report  on  the  subject  stated 
that  it  would  be  ncccss.uy  to  get  71H)  [irivate  hinises  to  take  current  ti> 
make  the  scheme  pay.  and  the  mayor  said  if  it  could  be  shown  that  the 
scheme  would  be  liiumcially  sound  at  the  end  of  sLx  years  they  would  go 
on  with  it.     No  decision  was  arrived  at. 

On  the  subject  of  the  tenders  received  by  Sydney  Council  for  the  supply 
of  turbo-generators,  and  which  were  referred  back,  the  city  electrical 
engineer  (Mr.  H.  R.  Foi-bcs  Mackay)  says  the  specifications  approved  by 
the  Council  resti-icted  the  speed  of  the  sets  to  750  revs,  per  min.,  but 
tenders  for  sets  nmning  at  1,000  and  1„")00  revs,  per  min.  were  received. 
The  A. E.G.  tendered  for  1,.500  revs,  per  min.  sets  at  £1(5,000  higher  than 
that  of  the  750  revs.  ])er  min.  sets  recommended  for  acceptance.  The 
lowest  tender  received  for  a  1,500  revs,  per  min.  machine  offered  a 
turbine  of  the  same  type  as  that  made  by  the  A. E.G.  but  at  very  little 
more  than  half  the  cost.  His  inference  was  that  the  firm  so  tendering 
was  imaware  of  the  difiictdties  to  be  overcome  in  making  such  a  machine. 
The  ordering  of  4,000  kv/.  turbo-generators  to  run  at  1,000  or  1..5(K1 
revs,  per  min.  would  be  an  experiment  that  the  Council  had  in  his  (Mr. 
.Mackay 's)  opinion  no  right  to  make,  and  he  would  rcemd  his  most  em- 
jihatic  protest  agaiirst  its  licing  made. 

Baciip-Rochdale  Tramways. — On  Wtdnesday  l^acuj)  Council 
appointed  representatives  to  tneet  representatives  of  Rochdale 
Corporation,  with  power  to  arrange  terms  for  leasing  and  working  a 
suggested  extension  of  the  Wliitworth  tramways  from  Bacup  boun- 
dary at  Britannia  to  the  centre  of  the  town.  Wliitworth  Coinieil 
have  obtained  powers  to  construct  tramways  from  the  terminus  of 
the  Rochdale  cars  at  Healcy  to  Britannia,  and  lioclidalc  Corporati(m 
have  already  agreed  to  lease  their  line  as  far  as  Sliawforth. 

Bailteboto'  (Ireland). — At  a  recent  meeting  of  the  Council  it  was 
rej)orted  that  non-statutory  electricity  works  had  recently  been 
opened  at  Dniinshambo.  and  the  L.G.  Board  had  fixed  the  amount 
(3d.  in  the  £)  and  limits  of  the  charge  for  public  lighting. 

Belfast. — The  Improvement  committee  recommend  that  High- 
street  and  ('asllc-j)lacc  be  illuminated  by  arc  lam))s. 

Blackfriars  Bridge. — The  ceremony  of  opening  the  widened  portion 
of  Blackfriars  Bridge  will  be  performed  by  the  Lord  .Mayor  of  London 
on  1 1th  inst. 

On  the  day  of  the  opening  the  link  between  the  L.C.C.  tramways  in 
Blackfriars-road  and  the  Kmriankmcnt  will  be  completed.  The  widening 
was  begun  in  February.  Iil07.  and  h:is  cost  over  iiOO.lMMt.  The  eonlrai'- 
tors  (Sir  W.  .\rrol  &  Co.)  had  luitil  February  next  to  complete  the  under- 
taking, and  they  will  be  entitled  to  a  boims  of  £20  for  every  day  saved 
on  the  contract  period,  or  over  £3,0t)lt.  Electric  power  was  extensively 
used  in  conncctiim  with  this  work,  cranes,  rivclting  machines  and  other 
machinery  and  tools  having  been  driven  electrically.  Current  was  taki'U 
from  the  City  of  London  tJompany,  the  maximum  demand  bi'ing 
nearly  300  n.i-. 

Bolivia. — .\ctiiig-Consid  .].  Watson  says,  in  his  report  for  19(),S.  that 
an  overhead  electric  tran\\vav  is  in  course  of  construction  in  the  city 


of  I>a  I'az.  The  line  is  4  miles  in'  length,  and  the  plant  and  rolling 
slock  come  from  the  U.S..A. 

\'ice-Cimsul  E.  F.  .Moore  (Sucre)  says  British  and  fierman  imports 
were  in  former  years  about  eipial,  and  those  from  the  United  States  half 
as  much,  but  the  figures  given  by  the  Government  Statistical  Depart- 
ment for  l!t07  show  a  marked  increase  of  (;erman  and  United  .States 
goods.  The  figures  were  for  Germany  £l!l0,O0O.  U.K.  £I70,0(J0,  U..S.A. 
t420,0(X).  (The  last  sum  includes  an  abnormal  introduction  of  railway 
material  by  Speyer  &  Co.  amounting  to  nearly  £300,0IK).)  One  class  of 
goods  in  which  Great  Britain  was  superseded  by  Germany  is  "  electrical 
appliances." 

The  electric  lighting  installation  was  inaugurated  at  Sucre  at  the  end 
of  1008.  The  standard  price  for  lighting  private  houses  Ls  3  bols  .50e. 
(.").<.  7d.)  per  Itie.p.  lamj)  per  mouth.  When  100  or  more  lights  .ire 
ordered  the  price  is  3s.  2d.  per  lamp.  Electrical  energy  is  generated  by 
water  power  at  a  station  on  the  river  Cachimayo.  8  miles  from  Sucre. 
High-])ressine  current  is  transmitted  by  cables  on  pdles,  and  i"  Irans- 
formed  at  the  boundary  of  the  town. 

\ice-Consnl  F.  Ramsay  Smith  says  many  of  the  mine;  in  the  Oruro 
district  now  use  eleetric  power. 

Brighouse. — The  Electricity  committee  are  now  supplying 
electricity  uiuh-r  the  revised  condition.s.  Current  is  taken  in  bulk 
from  the  Yorkshire  Electric  Power  Co.  For  lighting  tlie  voltage  is 
230  and  for  power  460.  The  price  is  5d.  for  lighting  and  from  4d.  to 
2d.  for  power. 

Burslem.-  Xn  L.G. Board  inquiry  was  recently  held  into  the  ap|(lica- 
tion  of  the  Cotincil  to  borrow  £7,.53.'5  for  the  extension  of  the  elec- 
tricity works. 

Burton-On-Trenf. — An  imopposed  inquiry  was  held  here  last  week 
into  the  apjilieation  of  the  ("ouneil  for  .sanction  to  borrow  £4.00(1  for 
extensions  of  the  electricity  raain.s.  house  services,  transformers.  &c. 

C.S.  "  Mackay  Bennett." — The  officers  and  crew  of  the  cable 
steamer  "Mackay  Bennett"  have  recently  had  a  singular  experi- 
ence while  engaged  in  the  work  of  laying  for  her  owners,  the  Com- 
mercial Cable  Co..  the  Newfoundland  cable.  During  the  course 
of  the  work  it  was  found  that  an  iceberg  had  grounded  over  the  shore 
end  of  one  of  the  cables  which  required  rejiair.  and  it  was  necessary, 
in  order  to  effect  the  necessary  repair  to  the  cable,  to  tow  the  iceberg 
out  to  sea.  The  berg  was  160  ft.  in  length,  and  although  600  ft.  of 
wire  rope  was  circled  round  it  the  vessel  failed  to  move  the  monster. 
The  assistance  of  another  vessel  was  obtained  and  efforts  were  made 
to  blow  up  the  berg  ;  this  was  partially  successful,  as  after  a  ntimber 
of  large  pieces  were  broken  off  it  to|)pled  over,  to  the  dismay  of  a 
number  of  men  who  were  at  work  ujion  it.  The  berg  was  towed  ovit 
and  the  '"Mackay  Bennett"  ultimately  succeeded  in  completing  the 
repair. 

Camborne-Redruth  Tramway.— The  re}.ort  of  the  Beard  of  Trade 
inspector  (Col.  Druitt)  on  the  recent  conference  as  to  the  proposed 
reconstruction  of  the  Camborne  and  Redruth  tramways  has  been 
is.sucd. 

With  regard  to  the  alleged  default  of  the  company  as  to  the  origin.al 
construction  of  the  line.  Col.  Druitt  docs  not  think  "the  Board  of  Tr.ide 
should  take  action,  as  the  line  was  constructed  nine  years  ago,  and  the 
lotal  sur\eyors  had  full  opportunities  of  seeing  that  the  work  was  pro- 
perly executed.  To  maintain  the  macadam  margin  outside  the  rails  in 
good  order  the  repairs  should  be  executed  in  conjunction  with  the  local 
road  authority.  The  company  should  relay  all  the  setts  except  where 
|)erinanent  repairs  had  recently  been  done,  and  imjirovc  the  cross  levels 
of  the  roadway  in  conjunction  with  the  road  authority  as  far  as  possible. 
They  should  renew  all  the  old  jioints  and  crossings,  and  improve  the 
drainage,  and  also  provide  an  improved  method  for  w<nking  the  points 
of  the  sidings  leading  to  the  mines  and  works. 

Co-partnership. — We  have  received  a  eoi)y  of  a  reprint  of  an  in- 
structive Paper,  recently  read  before  the  members  of  the  Chartered 
Institute  of  Secretaries,  by  Mr.  Russell  Day.  B..\..  LL.M..  on  the 
important  subject  of  Co-partnership.  In  the  introductory  part 
some  interesting  statistics  relating  to  the  organisation  of  labour, 
strikes,  &c..  are  given,  and  this  is  followed  by  a  brief  sketch  of  the 
early  history  and  development  of  bonvis  sehemos,  protit -sharing  and 
co-partnership.  The  latter  ]H.rtion  of  the  lecture  gives  particulars 
of  the  later  devclopnu-nts  and  modern  e.\ami)les  of  profit-sharing 
schemes  and  copartnership.  Thelecturedeals  with  a  very  important 
subject,  and  all  persons  interested  in  the  relations  of  capital  and 
1  ibour,  and  especially  those  anxious  to  secvire  industrial  peace  and 
freedom  from  strikes,  should  read  the  lecture,  which  is  written 
throughout  in  a  clear  anil  lucid  style.  It  is  published  at  t>d.  by  the 
Chartered  Institute  of  Secretaries.  65.  London-wall.  London.  K.C. 

Cotton  Mill  Driving  in  Brazil. — The  Rio  de  Janeiro  Tramway- 
Light  and  I'owcr  Co.  arc  now  su|iplying  electric  power  to  the  extent 
of  1„'!.">0  ii.f.  to  the  Cia  .\mcriiana's.  and  S(K)  n.r.  to  the  Fabriea 
Carioca's  mills.  The  latter  require  I.OtXMi.r.  in  all.  and  arrange- 
ments are  being  m:>de  to  meet  this  demand. 
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Dunfermline.— The  Fife  Electric  Power  Co.  have  decided  to  put 
down  a  2.00(1  h.p.  turbine  set  at  their  Townhill  works,  and  various 
extensions  of  the  cables  are  also  being  made,  including  the  extension 
of  the  overhead  cable  from  the  station  into  Lumphinnans  and 
L'lehirelly  for  ihe  sui)ply  of  power. 

Electrical  Exhibitions. — .\n  exhibition  of  electric  motors,  littinjis. 
cookini:  and  heating  a]>paratus.  &c.,  which  has  been  organised  by  llu- 
cKc-trieity  supply  department  at  the  Town  Hall,  .Vccrington.  was 
upenetl  on  Aug.  MO. 

Barnes  Council  have  appointed  a  sub-committee  to  report  as  to  the 
advisftbilitv  of  organising  a  local  exhibition  of  electric  motors,  lift- 
ings. &c. 

Electricity  in  Mining. — .\  recent  issue  of  the  "  South  African 
Mining  .Journal "'  contains  a  description  of  the  plant  in  and  about  the 
Consolidated  Gold  Fields  of  South  .Africa's  Simmer  Deep  and 
Jupiter  mines. 

It  is  stated  that  "  the  plant  has  the  distinctive  feature  of  being  en- 
tirely driven  by  electricity,  from  tbc  stamps  right  down  to  the  last  pumps 
in  the  extractor  house."  The  300  stamps  are  driven  in  lots  of  10  by 
separate  three-phase  motors  of  about  ."iO  h.p.  each.  The  pulp,  after 
passing  over  the  amalgam  tables,  is  pumped  to  12  classifiers,  and  the 
imdcrflow  from  these  goes  to  four  tube  mills  driven  by  separate  125  h.p. 
motors.  Twelve  conical  sand  separators  are  used,  and  the  time  occupied 
by  the  circuit  of  the  sand  from  the  mill  to  the  dump  is  only  about  (U  days. 
the  usual  time  for  sands  treatment  being  nearly  10  days. 

Erdington. — The  Board  of  Trade  have  sanctioned  a  further  exten- 
sion for  two  years  for  completing  the  lines  authorised  by'  the  Erding- 
ton Tramways  Act. 

Eustcn-Watford  Electric  Railway.— Progress  is  being  made  with  the 
construct  ii  .n  of  the  Willesden  and  Harrow  section  of  this  line.  When 
this  portion  has  been  completed  it  will  be  worked  as  a  steam  line  until 
the  completion  of  the  entire  railway.  When  the  projected  electric 
service  has  been  established  between  London  and  Watford  the  main 
line  will  be  relieved  of  local  traffic,  and  it  will  then  be  possible  to  give 
a  better  service  between  Euston  and  stations  north  of  Watford. 

Fulham  (London). — The  electrical  engineer  (Mr.  A.  .3.  Fuller)  has 
reported  that,  owing  to  the  increasing  dem.and  for  electricity  for 
lighting  and  |)ower.  it  will  be  necessary  to  put  down  additional  boiler 
plant  at  the  electricity  w  orks. 

Mr.  Fuller  reports  that,  not  withstanding  the  increasing  use  of  metal 
filament  lamp*,  the  output  still  grows  rajiidly.  The  extension  of  the 
engine  roam  plant  can  stand  over  until  late  in  the  autumn,  but  the  boilers, 
if  put  in  hand  immediately,  can  be  erected  and  connected  up  for  running 
by  November. 

The  Electricity  committee  have  ajjproved  Mr.  Fuller's  report,  and 
contracts  for  boilers  and  stokers  have  been  conditionally  let.  Mr. 
Fidlcr  is  to  carry  out  the  work  of  supplying  and  fixing  the  motor  for  the 
underfeed  stokers,  excavating  and  building  necessary  foundations.supply- 
ing  and  fixing  additional  steam  and  other  piping.  &c.,  at  an  estimated 
cost  of  £!t3.-.. 

Greece. — M,  Lamprynides  has  been  ajipoinled  Dircctor-fieneral  of 
Posts  and  Telegraphs. 

Haslingden. — The  Council  have  decided  to  dispense  with  the 
tangential  suspension  system,  and  ordinary  mechanical  e.ars  are  to  be 
fix'd  on  the  overhead  line  within  the  borough. 

Holland.- The  Xcderlandsche  Buurtspoorweg  Maatschappij.  of 
I'lr.cbt.  have  been  granted  a  concession  for  the  construction  of  an 
electric  lailway  from  Utrecht  to  Zeist,  via  Bilt. 

Hospital  Lighting. — King's  Cross  Hospital,  Dundee,  is  to  be  w  ired. 

India. — "  Indian  Engincci-ing "  states  that  the  Gorakhpore 
workshops  of  the  Bengal  and  N.W.  Railway  are  being  provided  with 
new  machinery  for  the  repair  of  electrical  plant. 

The  Electricity  Bill  was  introduced  at  the  first  meeting  of  tlie  Viceroy's 
Council  on  .July  .30. 

The  Niirth-Western  State  Railway  administration  have  recently  been 
experimenting  with  i)honoporc  telephones  supplied  by  the  new  Pliono- 
prire  Telephone  Cn.  Conversations  were  carried  on  between  Lahore 
and  Multan  (20S  mile-i)  and  between  Sinda  and  Lahore  (27(i  miles).  The 
assistance  of  the  Telegraph  Department  is  being  obtained  to  test  the 
relative  efficiency  of  copper  and  iron  wire  used  in  conjunctiim  with 
phonopore  instruments.  ^ 

Italy. — The  -Ministry  of  Public  Works  have  issued  favourable  reports 
in  connection  with  concessions  for  the  construction  and  working  of 
electric  tramways  from  Trani  to  Corato  and  from  Biulia  to  Ripoli 
and  Grassina. 

Japan-British  Exhibition.  London.  1910.  Particulars  arc  nciw 
availabli-  nialirig  In  the  gn-at  ixhiliition  which  is  to  be  hekl  at 
Sheyilurds  liusli.  Lcmdnn.  in  lOlO,  under  llie  auspices  of  the  Im- 
perial .lapanrvse  Gdvcrnnu'iit.  The  hon.  president  is  His  Royal  Higli- 
ness  Prince  ..\rthur  of  Connaugbt,  and  the  president  is  the  Duke  of 
Norfolk.     An   inlbiential   list  of  vice-presidents  ,and  general   com- 
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mittoe  contains  the  names  of  a  vast  number  of  leaders  of  industry, 
iScc,  in  this  country,  and  also  of  many  notable  ])ublic  men.  The 
exhibition  is  due  to  open  on  May  3.  and  will  remain  open  until  the 
end  of  October.  The  exhibits  will  be  exclusively  conlined  to  the 
.arts,  manufactures  and  jtroducls  of  the  Japanese  and  Brit  ish  I'^mpircs. 
It  is  pointed  out  that  this  is  the  first  great  exhibition  of  Japanese 
products  ever  held  in  Europe,  and  the  imiuirtance  of  the  event  from 
the  commercial  side  of  the  undertaking  is  emphasised.  It  is  the 
desire  of  the  promotors  that  the  utmost  shall  be  made  by  British 
manufacturers,  &c.,  of  the  exhibition,  and  early  application  for  spac« 
is  requested,  to  the  secretary,  Exhibition  Offices,  Shepherd's  Bush, 
Londc>n,  W. 

Leeds. — The  Electricity  committee  have  decided  to  obtain  a 
small  stock  of  electric  cooking  and  heating  ap|iliances  for  the  purpose 
of  letting  them  out  on  hire. 

Light  Railways. — The  Board  of  Trade  have  confirmed  the  Hales- 
owen Light  Railways  (Transfer,  &c,)  Order,  1900,  transfi  rring  to  :\ 
company  the  Rural  District  Council's  powers,  &c,,  under  tin  ir  1001 
Order  and  the  Extensions  Order  of  1902, 

Littleborough, — .\t  the  last  meeting  of  the  Council  the  chairman 
(Councillor  R.  Hallett)  stated  that  they  had  received  several  in- 
quiries in  regard  to  electricity  supply. 

Manchester. — The  Electricity  committee  recommend  thi-  Ciiup.cil 
to  a])]ily  for  sanction  to  borrow  £.50,000  for  extensions  of  tlio  supply 
mains.  The  estimated  annual  charge  in  connection  with  the  Iniin 
would  be  £3,121  and  the  estimated  increased  revenue  is  pul  at 
£7,2(iO  per  annum. 

Marriage.— On  Aug.  26  inst.  Mr.  Henry  Medcalf  Hobart.  :\1.LE.E., 
•was  married  to  Miss  Edith  Walpole,  of  Sj'denham, 

Presentations, — On  his  marriage  Mr.  Robert  Elliot  has  Inrn 
presented  with  a  marble  clock  by  Messrs.  Crompton  &  Co.'s  stalT  at 
the  .\rc  Works.  Chelmsford. 

The  staff  of  the  Stanford  electricity  works  have  presented  a  Ruskin 
bowl  to  Mr.  B.  Reeder  on  his  marriage. 

Scottish  Tramway  Managers'  Association. — On  Friday  last  the 

Scottish  tiamway  managers  visited  P.othesay.  Tlic  company  in- 
cluded Mr.  R.  S.  Pilclu-r  (AlK-rdeen).  president,  and  Mr.  Coulla 
(Paisley),  secretary  of  the  association. 

The  visitors  were  received  by  Mr.  .Archibald  Robertson  (nianagcr)  .iiid 
Mr.  H.  H.  Hill  (resident  engineer  of  Rothesay  Tramway  Cn.)  and  were 
shown  over  the  Poiiillioiise  depot.  Afterwards  a  Paper  by  Mr.  P.  Tisher 
(Dundee)  on  "  Trnrkless  Trolley  .Systems"  was  read,  and  a  .short  dis- 
cussion ensued.  Siilisic|iieiilly  the  visitors  drove  to  Rothesay  and  dined 
in  the  Bute  Arms  Hotel  :  :md  in  the  afternoon  were  conveyed  in  a  speeiid 
car  to  Et  trick  Bay. 

Spain. — H.B.M.  Consul-General  Roberts  states  that  during  I.iOS 
the  Compafiia  Bareelonesa  de  Electricidad  (a  German  company) 
considerably  extended  their  generating  station  and  )ilant.  The 
total  H.P.  is  now  2.5.000,  and  the  total  capital  invested  about  £800.000. 
The  company  supply  about  two-thirds  of  the  energy  for  electric  light 
and  power  in  Barcelona,  the  remainder  being  supplied  by  a  Spanish 
company. 

Consul  Medhurst  (Corunna  district)  says  the  lighting  of  CormuKi  is 
effected  by  two  companies,  the  Soci(?te  d'edairiige  dc  la  Corogne  et  Vigo 
and  the  Sociedad  Co-operativa  Electrica,  which  both  rcceiv<^  their  power 
form  the  same  source — a  stream  near  Puentedeume,  near  Ferrol.  (Jreat 
competition  formerly  existed  between  the  companies,  but  they  hnve  now 
come  to  a  working  arrangement.  The  lamps  and  fittings  cni(iloyed  all 
come  from  Germany  and  are  supplied  by  agencies  in  Mncliid.  The 
number  of  incandescent  lamps  required  annually  is  about  ,5.5,000. 

Vicc-C'onsid  Lovelace  (Gijon)  says  the  tramways  at  Gijon  have  been 
taken  over  by  one  of  the  Thomson-Houston  companies  and  arc  being 
converted  from  horse  to  electric  traction.  It  is  proposed  to  lay  na 
extension  of  the  lines  to  Musel  when  the  new  Government  rond  to  thai 
port  is  completed. 

Vice-Consid  Rarcena  y  Andres  states  that  although  a  jxjrtion  of  the 
track  of  the  ]iro|i(ised  electric  tramway  in  the  city  of  Vigo  has  been  I  lid. 
the  enterprise  has  fallrMi  through,  and  there  is  no  present  prospect  of  the 
work  being  continued. 

Theft.— Two  young  men  (Geo.  H.  Withers  and  R.  .1.  Brocklebank), 
who  were  charged  on  remand,  before  the  Manches  o'  magistrates  on 
Aug.  20.  with  stealing  Tantalum  lamiis  from  Messrs,  Drake  &: 
(iorham,  pleaded  guilty  and  weie  sentenced  to  terms  of  one  and  two 
months'  imjuisonmcnt  respectively. 
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Toronto. — It  is  iumounced,  in  connection  wiili  {\ir  Muinicipal 
schoino  for  the  .supp'y  "f  electricity,  that  the  dislriluilion  network 
will  be  completed  by  Nov.  15,  when  the  Hydro-Electric  Power  Com- 
iiii.ssion  expects  to  deliver  energy  from  Niagara  I'^alKs.  The  contracts 
for  llir  remaining  ei>;lit  transformer  stations  in  connection  with  the 
building  "f  the  (Invcrnment  power  transmission  line  have  been 
awardeil  by  ihe  Cciinniission. 

Transvaal  Iron  and  Steel  Industry. — The  mining  engineer  of  the 
'IVansvaal  (;ov(innunt  (.Mr.  Kotze)  has  prejiared  a  further  report 
on  the  proposal  to  establish  the  iron  and  steel  industry  in  the 
Transvaal. 

Mr.  Kdfze  recoinniends  the  Government  to  consider  the  advisability 
of  pstablisliiiiL'  M  lupiinty  system  similar  to  that  of  Canada  ;  and  it  also 
ai)pears  tlial  tluif  is  ii  |irnlit!ihlc  and  immediate  field  for  the  products  of 
eleftrical  fiiTn;ici's  which  can  turn  out  high-class  steel  with  a  compara- 
tively small  nnt]iut  |iei-  unit.  It  is  recommended  that  the  Government 
share  tlie  ciist  with  the  Central  South  .African  Railways  on  the  £1  for  £1 
basis  iif  estnl)lishing  an  electrical  furnace. 

U.S.A. — The  report  of  Consul  Laidlaw  on  the  trade  and  commerce 
(if  the  Portland  (Oregon)  district  for  1908  states  that  large  extensions 
of  electric  railways  and  the  rebuilding  of  many  of  the  older  lines  have 
been  in  ])rogress.  A  report  by  the  Oregon  Cnnservation  Cora- 
mission  i)uts  the  undeveloped  power  of  the  streams  of  Oregon  State 
alone  at  3..'U7.0(IO  n.p.,  and  the  developed  power  at  only  34.300  n.p. 
In  connection  with  extensive  irrigation  works  a  diversion  dam  has 
been  erected  at  .Mincdoka  on  the  Snake  river,  and  electrical  plant  is 
being  erected  at  the  dam  to  supply  current  to  three  pumjiing  sta- 
tions, each  of  which  will  lift  the  water  32  ft. 

Victoria  (British  Columbia). — The  British  Columbia  Electric 
Railway  Co.  and  the  .Municipal  Council  have  entered  into  an  agree- 
ment which  precludes  the  Council  from  installing  a  power  plant  in 
comjietition  with  that  of  the  company  without  offering  to  purchase 
the  company's  plant  at  a  price  to  be  fixed  by  arbitration.  The 
comjtany  agrees  to  reduce  the  cost  of  current  for  lighting  and  to 
instal  a  power  plant  at  Indian  River  (about  50  miles  from  Victoria)  at 
a  cost  of  about  .$  1  ..'500.000.  A  similar  arrangement  exists  at  Van- 
couver. 

Wireless  Telegraph  Notes. — Tlie  imjiorlant  new  French  wireless 
telegraph  station  in  the  Champ  de  Mars,  Paris,  is  expected  to  be 
ready  in  October.  This  is  a  huge  underground  building,  where 
provision  has  been  made  for  a  large  staff  of  operators  and  offlcials, 
and  will  include  a  narrow  gauge  railway  for  piuposes  of  transport. 
All  power  and  lighting  will  be  electrical.  According  to  a  correspon- 
dent of  the  "  Morning  Post,"  it  is  expected  that  the  new  station  will 
have  a  radius  of  5,000  miles,  and  will  enable  communication  to  be 
effected  between  Paris  and  San  Francisco,  U.S.A. 

Mr.  Viggo  Gandil.  representing  the  Poulsen  interests  in  this  cotmtry. 
has  caused  a  commimication  to  be  made  to  the  jjress  intimating  that 
an  influential  British  company  is  in  course  of  formation  to  operate 
the  Poidsen  wireless  telegraph  and  telephone  patents  throughout  the 
British  Empire  and  along  the  principal  ocean  routes.  It  is  stated 
that  it  is  the  intention  of  the  company  to  establish  a  station  in  Canada 
(for  which  a  licence  has  been  granted  by  the  Dominion  Government), 
to  work  in  conjtinction  with  a  station  in  Ireland  which  is  nearly 
com|)leted. 

Discussion  centres  round  the  question  as  to  whether  all  passenger- 
carrying  vessels  should  be  comiielled  to  instal  wireless  telegraph 
equipments.  It  will  be  seen  from  oiu'  Parliamentary  rejjort  that  a 
question  was  put  to  the  President  of  the  Board  of  Trade  this  week  on 
the  subject.  Several  of  the  Continental  Governments  have  the 
question  under  consideration.  So  far  the  principal  objections  come 
from  shipowners,  and  underwriters  who.  although  generally  favour- 
able to  the  idea,  point  out  that  the  receipt  of  a  call  by  a  vessel  at  sea 
may  involve  her  in  danger  and  delay  in  answering  the  call. 

The  name  of  Eceles  is  closely  associated  with  the  subject  of  wireless 
telegraphy,  and  l'>cles  the  wireless  telegraph  operator,  who  died  at 
his  post  on  board  the  ill-fated  steajner  "  Ohio,"  which  was  wrecked 
off  the  coast  of  -Alaska  on  Friday  last  week,  will  be  remembered  in  the 
coming  time  as  one  of  the  heroes  of  the  new  industry.  He  was  success- 
ful a  moment  or  two  before  the  ship  founderefl  in  .setting  up  com- 
munieati(m  with  two  vessels  which  came  to  the  assistance  of  the 
passengers  and  crew  of  his  ill-fated  ship.  Immediately  after  he  had 
succeeded  in  this  task  the  "Ohio"  foinidered  and  Kecles  was 
drowned.  He  wns  a  nativ<-  (if  AbiKinte,  a  .snuill  town  near  Ottawa. 
Canaila. 

The  turbine  steamer  ■•  Empress,"  xchieh  plys  between  Dover  and 
Calais  in  the  regular  S.E.  (&  C.  Channel  mail  service,  is  the  first 
vessel  in  that  fleet  to  be  equipped  for  wireless  telegraphy.  Marconi 
apparatus  is  installed  on  this  vessel,  as  will  be  the  case  on  all 
the  S(mth-Kastern  and  Chatham  Co.'s  boats,  both  on  the  Dover- 
Calais  and  Folkestone-Boidoene  routes. 


York. — The  contractors  for  the  construction  of  the  local  tramways 
(Messrs.  Diclc,  Kerr  &  Co.)  commenced  »<irk  on  the  Fulford-road 
route  on  Tuesday. 

Sports. — The  fourth  annual  sports  of  the  Rol)ertson  and  0.sram 
Social  and  .Athletic  Club  took  place  at  Shepherds  Bush  on  Saturday. 

The  Wilsfm  Challenge  Cup  was  again  won  by  a  (J.K.C.  lyindon  team, 
and  a  Miirathon  race  by  .Mr.  A  Balloy.  Roberlsdn  Ui.rks  hent  Osram 
Works  in  a  tug  (if  war.  Other  interesting  events  were  the  girts"  tug  <if 
war  .and  lamp  race.  .Mrs.  ('.  Wilsdu  im-sentod  Ihe  |iriz.eM.  .md  .Mr.  C. 
Wilson,  Mr.  C.  .1.  RobertSdii  and  .Mr.  E.  (!.  Sheppard  acted  as  jiidgt-;. 

Wigan  Corporation  Tramways  Club  had  tlicir  annual  sports  on 
Wednesdaj-. 

Manchester  defeatetl  Salford  in  the  final  of  the  tug  of  v.ar,  and  ovcling 
was  a  lending  feature.  A  local  coMtompnrary  says  \'.  .Fohnson  and  Ben 
.loni ;,  Ihf  cyclists,  were  there,  and  th  ■  former,  who  hails  fr.jin  Birming- 
ham, defeated  the  hitter  by  10  lengths  ill  a  two-lap  pursuit  race,  anH  also 
won  fioin  scratch  in  an  open  lap  cycle  race.  .Jone.s  being  second. 


ELECTRICITY  SUPPLY  AND  TRAMWAY  ACCOUNTS. 

Aberdeen.— The  accounts  of  the  electricity  dtpartumu  l.u  the 
year  ended  July  31  show  total  income  £4,5,791,  compared  with 
£45.37-  in  the  previous  year. 

Working  and  general  expenses  #ere  £10.H22  (against  £22.WI2),  and 
gross  profit  was  £26,168  (against  £22,76!!).  There  was  a  surplus  df  £227 
to  be  earned  to  reserve,  after  ])riividing  for  interest,  sinking  fund,  dejire- 
ciation  on  buildings  and  plant  (£!l.<i.57)  and  (inelifth  of  eo.st  of  .Aberdeen 
Corporation  Electricity  -Act  (£477).  The  amount  standing  to  credit  (jf 
reserve  fund  is  £14.1)63.  The  units  generated  were  (•,070,192  (comjiared 
with  6,106.941  in  previous  year)  and  the  total  quantity  sold  was  .5,170.421 
(5,104,036)  units. 

The  report  of  the  city  electrical  engineer  (Mr.  J.  Alexi  Bell)  calls 
attention  to  the  fact  that  the  year  has  been  unique  in  showing  a  decrease 
in  the  units  generated,  but,  owing  to  economies  in  distribution,  &c.,  the 
output  shows  a  small  increase.  The  smallness  of  the  increa.se  is  partly 
due  to  de]iression  in  trade,  but  chietly  to  the  installation  of  metallic 
filament  lamps.  The  new  consumers  connected  are  above  the  average 
for  the  last  four  years  (exclusive  of  those  taken  over  in  the  Cults  district 
in  1908),  but  they  do  not  balance  the  decrease  of  consumption  caused  by 
the  change  to  metallic  filament  lamps.  The  estimated  number  of  metallic 
filament  lamps  c(mnected  is  25.000.  Mr.  Bell  expects  that  the  effect 
of  the  change  of  lamps  will  be  felt  for  at  least  another  two  years,  but  that 
the  new  lamps  will  eventually  lead  to  a  largely  increased  output.  .Arrange- 
ments have  been  made  to  give  a  supply  to  the  Royal  Lunatic  .Asylum, 
and  the  Admiralty's  wireless  telegraph  station,  which  was  recently 
opened,  is  taking  current  from  the  Corporation.  -A  fall  in  the  price  of 
coal  has  brought  coal  costs  down  to  a  normal  figure — viz.  0'3d.  per  unit 
sold. 

Alterations  in  charges  for  current  adopted  by  the  Electricity  t  onimitfee 
are  dealt  with  in  another  column. 

Bath. — In  reference  to  the  abstract  of  the  accounts  of  the  elec- 
tricity supply  department  for  the  year  ended  March  31,  which  aji- 
peared  in  our  last  issue  (p.  809),  the  accountant  of  the  deiiartment 
(Mr.  C.  A.  Nethercot)  points  out  that — 

The  statement  that  there  was  a  deficit  after  payment  of  interest  and 
capital  charges  of  £1.661  is  somewhat  misleading,  as  it  implies  that  there 
was  a  loss  of  that  amount  <m  that  one  year's  working,  whereas,  as  a  matter 
of  fact,  the  deficiency  on  the  last  year  was  only  £384.  14s.  ."id.,  the  balance 
of  £1,275.  17s.  3d.  having  been  brought  forward  from  previous  years. 

Nelson. — The  accounts  of  the  electricity  department  for  the  year 
ended  March  show  capital  expenditure  £74,107  (inerea.se  £397). 

Total  revenue  was  £9.546.  uross  ]iriilit  £4,501  (against  £4.992  in  previ(Uis 
year)  and  net  profit  £36  (£591 ).  Units  uencrated  were  1,054,511  ( 1.02«,0lW), 
supplied  by  meter  for  light  hig  267,464  ( 263,544),  by  contract  2 1 .98n(  1 9.472) . 
f or motive"power65. 188 (.54,0,55),  tramwavs 303.006(29.5,669). light  railwavs 
231,926  (239,794).  The  maximum  s"u)iply  <lcmanded  was  745  kw. 
(735  kw.).  31. .578  (30,176)  equivalent  8  e.p.  lamps  are  connected,  and 
the  motors  connected  have  an  aggregate  horse- power  of  ,302  (280). 

The  light  railways  department  capital  cxiienditure  is  £,35.730  (inci-ease 
£25).  Traffic  revenue  was  £6.591  (against  £7.3621  S-33d.  (8(i3d.)  jwr 
ear-mile,  and  total  revenue  £6.604  8-34d.  Current  at  2(1.  ]>er  unit  cost 
£1.933  =  2-44d.  jier  car-mile,  and  total  wcnking  and  general  expenses  were 
£.5,479  -6-92d.  Gross  profit  was  £1.125  (£1,9:J8),  interest  and  sinking 
fund  required  £l.!t45  (£1.915).  and  the  net  ivsiilt  was  a  deficit  of  £820 
(compared  with  £22  iirotil).  The  pdjiulation  served  was  44.(KX).  Pa.s- 
sengers  carried  were  i.8!l.l(K)  (against  2,t160.712  in  previous  vear).  and 
I90;044  (204.746)  ear-miles  were  run:  units  used  per  car^nile  1-22 
(117).  and  the  average  fare  per  pft.ssenger0'92d. 

The  rcjiort  of  the  electrical  engineer  and  tramways  manager  (Mr.  D. 
Helme)  refers  to  the  dwrea.se  of  revenue  Uw  lighting,  due  to  the  more 
extended  use  of  metal  filament  lumps  and  to  depression  of  the  staple 
trade  of  the  town.  Income  for  euri-eiit  supplied  to  the  Cotineil's  own 
ears  decreased  abovit  £80.  There  is  a  more  general  demand  for  |viwer, 
which  Mr.  Helnie  cxjiects  to  increase.  If  the  report  of  the  Brakes  com- 
mittee is  acted  up(m  to  the  full  extent  of  their  recommendations,  the 
Board  of  Trade  may  (Mr.  Helme  thinks)  compel  the  Corporation  in  the 
near  future  to  use  brake  gear  and  appliances  somewhat  different  from 
those  at  present  in  use. 
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St.  Pancra?  (London). — T!ip  aroomits  of  tlio  oloctririty  dcp.irt- 
nuiii  tor  Uic  war  cmletl  Mardi.  show  capital  expenditure  j;o4'2.47(l. 
aT  increiise  of  £18.4.")()  compnrcl  with  I90.S. 

The  reven\ic  was  SI7.").:!.">!>  (ajrainst  £77.l>02),  working  o.\penscs  £42.470 
(£43.2a%).  gi-.>ss  profit  £;«.SS<)  (£."$4,307).  net  profit  £R,92()  (£9,4.'>4). 
The  re-servo  fund  stands  at  £38.774.  !).0li7.4O3  (it.llS.oOO)  units  wen- 
generated.  1.934.912  (1.94ti.9.-)«)  suppHed  to  puldie  himps,  and  ri.r)92.0-I0 
(").(!70,0.^1)  to  private  consnnuTs.  The  total  maximum  supply  deniandeded 
was  4.2(iS  kw.  (4.141  kw.).  The  ineandeseent  lamps  eonncitcd  or  ap- 
plie*l  for  are  ecpiivalent  ti>  11(>.029  (109.910)  If.e.p..  an-  lamps  1.783 
(l..'>73).  motors  942  (770).  and  heating  and  eookina  apparatus  2.108 
(1,318). 


TRADE  NOTES  AND  NOTICES. 


NOW  READY. 

"THE  ELECTRICIAN  "  ELECTRICAL  TRADES' 
DIRECTORY  AND  HAND  BOOK.— The  1909  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  9d.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  ch  eaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  bee  n  very  carefully 
revised  and  extended,  and  are  now  issued  in  handy  book 
form.  These  are  included  in  the  1909  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 

TENDERS  INVITED. 

Orimsby  ("orporatiun  invite-  tcmlirs  tor  supply  of  paiior-insulatcd 
lead-covered  cables  for  two  years.  Spi-citicalion  and  form  of  tender 
from  tlie  borough  electrical  engineer.  .Mr.  VV.  A.  Vignoles,  to  whom 
tender.s  are  to  be  sent  not  later  than  tirst  post  Sept.  17.  See  also  an 
advertisement. 

The  Lighting  committee  of  Di'Bl.iN  Corporation  invite  tenders  for 
supply  of  7.')l)  a.e.  meters  (single-])hase).  S])eciiication.  terms  and 
conditions  and  form  of  tender  from  the  city  electrical  engineer  (Jlr. 
-Mark  Ruddle).  Fleet-.-street.  Dublin.  Tenders  to  the  Chairman  of  the 
Light inii  committee.  3,  Corkliill.  Dublin,  by  noon.  Sept.  13.  See 
also  an  advertisement. 

London  County  Council  invite  tend(-i-s  for  (1)  the  manufacture. 
delivery  and  erection  in  certain  of  the  Council's  substations  of  two 
S'H)  kw.  and  one  150  kw.  motor  generators,  and  (2)  the  manufacture. 
d(-livery  and  erection  of  h.  and  l.t.  switchgcar  ior  Woolwich  and 
otli<r  substations.  Tenders,  on  forms  to  be  obtained  from  Mr.  G.  L. 
Gomnie.  County  Hall.  S()ring  Gardens,  S.W'.,  by  11  a.m.,  Sept.  21. 

London  County  Council  also  invite  tenders  for  the  manufacture, 
delivery  and  laying  of  about  OJ  miles  of  0-075  sq.  in.  three  core  lead- 
covered  h.t.  cables,  &c.,  and  about  46  miles  of  single  core  lead- 
covered  l.t.  cal-.les,  telephone  cables,  &c. ;  manufacture  (but  not 
erection)  of  50  tramway  feeder  pillars  ;  laying  about  16  miles  of 
stoneware  cable  ducts,  including  necessary  manholes,  repaving,  &c., 
and  manufacture  and  delivery  of  440.0(M)  ducts  of  glazed  stoneware 
for  electric  cables.  Drawings,  &c.,  at  the  County  Hall,  Spring 
Gardens,  S.W.     Tenders  to  the  Clerk  by  II  a.m.  Sept.   14. 

London  Cocnty  Council  also  invite  tenders  for  the  partial  recon- 
struction of  the  bridge  carrying  Lower-road.  Deptford,  over  the 
Kast  London  Railway,  and  reconstruction  and  widening  of  the  bridge 
carrying  the  same  road  over  the  Grand  Surrey  Canal.  Tenders  to  the 
Cleric  by  11  a.m..  Sept.  14. 

London  County  Council  also  require  tenders  by  11  a.m.,  Sept.  21 
for  the  manufacture,  delivery  and  erection  at  Greenwich  of  steam, 
exhaust,  feed  and  drain  pipes,  valves,  water  tanks,  &c.  Tender 
forms.  &c..  from  the  Clerk. 

I'.BlsTor,  Kducation  committee  rerpiire  tenders  by  noon.  Sept.  21, 
for  electrician's  work  at  the  new  .school  at  Alexandra  I'ark,  Fish- 
ponds. Hristol.  Forms  <if  tender,  &c..  from  AMessrs.  Rodway  & 
Dening.  Gaimt  House,  Orchard -street.  I'ristol, 

Leyton  Urban  District  Council  invite  temlors  for  wiring  and 
electric  light  fittings  for  the  extension  c)f  the  )iublie  oHicis  now  in 


course  of  erection.  Specitication,  conditions  and  form  of  t(-n<ler 
may  be  obtained  from  the  architect  (Mr.  Win.  .laeipies,  .V.U.l.l!. A.), 
2,  Fen-court,  Fenchurch -street,  London,  E.C.  Tenders  must  be 
delivered  at  the  meeting  of  the  Council,  to  be  held  at  the  Town  Hall, 
liCyton,  on  Tuesday,  Sept.  7.  at  7  p.m. 

Leyton  Urban  Council  also  invite  tenders  for  piililii-  ligiil  ing  liuilerns 
with  clock  switches  for  incandescent  electric  lamp.s.  Tenders  ti>  the 
Clerk,  Town  Hall,  Loyton,  by  7  i).in.  Sept.  7. 

Tenders  are  wanted  for  the  heating  and  electric  lighting  of  a  new 
high  school  for  girls  at  Wolver)Iampton.  Names  of  lirnis  desiring 
to  tender  are  to  be  sent  by  Sept.  9  to  the  Town  Clerk.Wolvcrhampton. 

The  Deputy  Postmaster-General.  Sydney.  N.S.W..  wants  tenders 
by  2:30  p.m.  Jan.  12  for  the  supply  and  erection  of  a  common 
battery  switchboard  at  Xortii  Sydney  telephone  exchange,  and  for 
sup|)ly  of  apijaratus  for  use  on  subscribers'  premises.  Specifications, 
&c.,  at  the  General  I'ost  Offices.  S^'dney.  Melbourne,  Brisbane  and 
Adelaide,  and  can  be  had  from  the  Commonwealth  Offices.  72, 
Victoria-street.  London,  S.W. 

Tenders  are  invited  for  supply  of  2,5.50  common  battery  telephones 
and  protectors  to  the  Postmaster-General's  Department,  New  Soi'tu 
Wales.  Tender  forms,  &c.,  may  be  obtained  at  the  Commonwealth 
offices,  72.  \'ictoria-strcet,  London,  S.W. 

Tenders  will  he  received  until  Sept.  20  by  the  Soci(^t6  Nationalo 
des  Chemins  de  Fer  Vicinaux.  Brussels,  for  sup])ly  of  aerial  electric 
equipment  for  the  Andcrlues-Lobbe  section  of  the  Carmeres-Tluiiii 
light  railway. 

The  Minister  of  the  Interit)r,  Bucharest,  Hungary,  requires  ten- 
ders by  Sept.  14  for  supply  of  1.400  Leclanche  jars. 

CoBtiMB.\  (Brazil)  Municipality  want  tenders  by  Oct.  5  f(.r  the 
erection  and  equipment  of  electricity  supply  works. 

TENDERS  RECEIVED  AND  ACCEPTED. 

\^'igau  Council  have  reerivcd  tlu-  following  tciuhrs:-- 
Pijirwdrk  null  liroiiomiscrs. 


Tit-kle  Bn)S.  (arccph'd) £3,778 

Babcock  &.  Wilcox    3,7.55 

Stewarts  &,  Lloyds    3,775 

Crompton  &  Co.  £4,000  and  £3,816 

Coal  C. 
Ed.  Bennia  &  Co.  (<ice,plid)  £2,030 

(aibert  Little  &  Co 2.114 

Strachan     &     Hen.shaw*     £1.790. 
£2.110  and  £2,-240 

Drake's  Limited    2.120 

Graham,  Morton  &  Co.t  ...     2.255 

Cecil  Bentham  2.450 

R.  White  &  Sons 2,589 

*  No  weighing  machines. 


.TohiKson  Bros £4.IS2 

Stirling  Boiler  Co 4.405 

.1.  Musgrave  &  Sons 4,445 

in-ajor. 

Naylor  Bros £2.(i00 

Hcenan  &  Fronde 2,783 

Babcock  &  Wilcox    2,905 

Brit.  Thomson- Houston  Co.  3,0.50 

New  Conveyor  Co 3,509 

West's  Gas  Improvement 

Co 3,720 

Edgar  Allen  &  Cu 4,285 

t  No  motors. 


Mi  led  prcKsnrc  iurhine,  with  allcriialor  at  M'ijcm  station  a»i  nioior\ 

generators  at  Pembcrton. 

British  Thomson-Houston  Co.  (Curtis  turbine)  Wigan.      Pembcrton. 

(rt(-(-t7)/trf  for  Wigan) £6,106     .••  £2.242 

General    Electric    Co.    (Belliss)    (accepted    for 

Pcmljcrton)     ll.71'.l     ...     1,980    0 

.las.  Howdeu  &  Co.  (Zoelly) (i.2S(: 

Brit-ish  Westinghouse  Co.  (Parsons)  (i.8H2 

.].  .Musgrave  &  Co.  (Zoelly) 6.876 

Cnimpton  &  Co.  (Belliss) 7,077 


Lancashire  Dynamo  &  Motor  Co.  (Belliss). 

Brush  Co.  (Pav.sons)  

Pluenix  Dynamo  Mfg.  Co.  (Rateau)  

Willans  &  Robinson  (Parsons) 

All  the  foregoing  were  for  1,000  kw.  except  tl 
a  750  kw. 

Condensing  Plant. 
British  Thom.son-Houston  I 

Co.  (accepted)  £1,068 

,Ias.  Howden  &  Co 1.247  | 

Nwitchh 
British  Thomson-Houston 

Co.  (accepted) £2,470 

Crompton  &  Co 2.499 

.Spagnoletti  (Ltd.) 2,004 

Dorman  &  Smith 2,632 

El(-c.  Construction  Co 2.l>.'>4 

.Switchgcar  Co 2.078 

General  Electric  Co 2,797 

Lanes.  Dynamo  &  MotorCo.     3.076 

B.  Westinghouse  Co *1.994 

*  Not  to  s])ecifieation. 

Tin-  acce|)tance  of  the  tenders  is  subji^cl  to  sanel 
to  proposed  extensions. 


7.491 
(i.492 
6.(i28 
6.855 
Brush  C 


1,980 

2.  ISO  0 

2.027  0 

2.075  .1 

2,142  0 

•2.rM  0 

I. HI  I  (I 

l.iUO  0 

i.i;i7  \-> 

Irn-.l 


General  Electric  Co £l.niO 

British    Westinghou.se    Co.  l.lnO 

.J.  Mu.sgrave  &  Co I.IK!" 

mrds. 

.Johnson  &  Phillips   '*£2.0li! 

Ferranti  (Ltd.) '*2.19.S 

SiemenH  Bn.s *2..394 

Whipp  &  Bourne tl.272 

Cowans  (btd.)    t2.'78 

Drake  &  Gmliam  t«'» 

Cox-Walkers -1-833 

Dick,  Kci-r  &  Co t2-'?**'< 

llnicm  Electric  Co t-'.081 

Lahmeyer  Electrical  Co.  ...  •|-2.095 
t  Not  fully  .iM..l,fl. 

of  L.G.  Hoard 
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Bolton  Electricity  committee  have  accepted  the  tender  of  J. 
Musgrave  &  Sons  for  an  overhead  travcllinj;  crane,  and  the  Tram- 
ways committee  have  placed  an  unlci-  willi  f!.  R.  Kciithcr  &  Co.  for 
patent  point  controllers. 

Fulham  (London)  Eleclrieity  conimittre  liavc  eonditiiinally 
accepted  the  tender  of  the  Stirling  Boiler  Co.  for  the  supply  and 
erection  of  two  boilers  at  £2,377.  and  that  of  the  I'ndi-rfecd  Stoker 
Co.  for  two  underfeed  .stokers  at  f.'i.'iG. 

Salford  (Juardiaiis  have  accepted  tlie  tender  of  the  Hart  Accumu- 
lator Co.  for  renewal  and  maintenance  of  the  storage  battery  of 
110  cells  installed  at  Culcheth  Cottage  Homes. 

Eccles  Coimcil  have  accepted  the  tender  of  \Vm.  Boby  for  water 
softening  and  |nuifying  plant  at  £'27.'5. 

The  Bengal  &  Nagpur  Railway  Co.  have  ordered  a  storage  battery 
of  100  cells  from  the  Chloride  Electrical  Storage  Co.  for  trial  pur- 
poses. 

The  Oudh  &  Rohilkund  State  Railway  administration  have 
arranged  to  tit  16  additional  four-wheel  upper-class  carriages  with 
Stone's  system  of  lighting  and  twin  fans,  at  an  estimated  cost  of 
R. 45,000.  Fourteen  further  carriages  on  the  North  Western  State 
Railway  are  also  being  fitted  with  Stone's  apparatus,  at  a  cost  of 
about  R.41,000. 

The  contract  for  wiring  and  fitting  St.  Leonard's  School  Labora- 
tory, St.  Andrews,  N.B.,  has  been  placed  with  Jlessrs.  Maxwell 
(Dundee),  Limited.  A  large  edifice  on  the  outskirts  of  the  town,  the 
building,  wluii  oompkted,  will  he  quite  an  acquisition  both  educa- 
tionally and  struetiually  to  St.  Andrews. 

The  Postmaster-General's  Department.  Melbourne  (Victoria), 
have  accepted  the  tenders  of  Johnson  &  I'hillips  for  steam-driven 
cable  picking-up  and  paying-out  machine  at  £803,  dynamometer, 
including  lead  sleeves,  £67,  cable  winch  £47,  two  small  grapnels, 
with  shackles  and  swivels  and  chain,  £7,  two  live-pronged  grapnels, 
&c..  £47.  one  bcllmouth,  with  stays,  &e.,  £13,  and  the  British  Insu- 
lated &  Hclsby  Cables  for  lO.OOo"  copper  binders  at  4s.  Id.  per  100 
and  10  tons  h.d.  copper  wire  at  £73  per  ton. 

The  Postmaster-General's  DeiJartment,  Brisbane  ((Queensland), 
have  accepted  the  tender  of  the  Western  Electric  Co.  for  24  strips 
of  fuses  at  £7.  9s.  8d.  |>er  stri))  and  12  strips  of  heat  coils  and  carbon 
arresters  at  £13.  17s.  3d.  per  stri]). 

Woodeson  Water-tube  Boiler. — The  Woodeson  patent  water-tube 
boilor,  as  manufactunil  liy  Messrs.  Clarke,  Chapman  &  Co..  Gates- 
h?a.l-on-Tyn''.  is  riengnis "d  by  steam  users  as  a  most  economical  and 
efficient  steam  generator,  and  one  that  is  applicable  for  all  usages  and 
purposes.  SoniLi  very  large  and  important  orders  for  these  boilers 
have  recently  been  placed  with  Messrs.  Clarke,  Chapman  &  Co., 
among  the  most  recent  being  : — 

Three  laigc  boilers  for  Bury  Corporation,  one  large  boiler  for  the 
.Admiralty,  fnur  large  bnilens  for  the  new  t-dke  oven  plant  for  Messrs. 
Strakers  &  Lnvc  (making  the  sixth  rc|)oat  order  fmni  this  firm),  a  large 
boiler  fur  the  ^■(>^kshi^o  Klortrie  Piiwer  Cii.  (repeat  cutler  tine  to  the  sueeefs 
of  a  similar  boil'U'  ItistMlleJ  by  the  company  in  the  early  |iarl  of  this  year), 
a  further  repeat  orcler  for  two  large  boiler.?  for  the  power  station  in  Naples 
(third  repent  order),  aNo  important  orders  for  large  boilers  for  South 
Afriea  and  .Japan.  The  firm  arc  daily  ro?eiving  inquiries  for  tltese  boilers 
from  the  m^^t  iin|ii)r(aTit  steam  users  in  the  world. 

Water  Purifying  Plant. — A  contract  for  a  large  water  purifying 
plant  for  H.M.  Dockyard  (North),  Devonport,  has  been  placed  witii 
the  Harris  I'atent  Feed  Water  Filter  (Ltd.),  of  London  and  Ncw- 
castle-on-Tyne. 

The  eontract  inehides  :dl  structural  ironwork  for  supporting  the  plant 
over  the  boilers  in  the  boiler  house,  and  all  the  pijies  and  valves  eonvey- 
iug  the  water  to  and  from  the  ajiparatus.  The  plant  is  of  the  Harris 
Co.'s  latest  design,  and  is  arranged  to  treat  7,(X)0  gallons  of  condensed 
steam  per  hour,  and  guaranteed  to  remove  absolutely  every  trace  of  oil 
therefrom. 


Agents  Wanted,  Chiniurx-  Sigp.s  (Ltd.).  2:'..  Old-stml.  London. 
I'..l'..  inakeivi  (if  illuminated  and  other  signs,  adviiti.se  that  they 
wisli  to  appoint  provincial  agent.s. 

Patents  Development. — The  Pr<jprietors  of  ))atent  No.  22(i  of  19((4 
relating  to  "  Improvements  in  electrical  conductors  for  illuminat- 


Sir  CHARLES  TILSTON  BRIGHT. 

It  will  irilcresl  our  rentiers  to  know  that  we  have  some  reproduc- 
tions on  sale  at  Is.  each,  of  the  portrait  of  the  late  Sir  Charles  Bright 
(when  knighted  at  the  age  of  26).  This  forms  the  frontispiece  to  the 
recently-issued  abridged  biography  of  the  distinguished  engineer. 
We  would  add  that  the  pnrtrait  is  mounted  so  as  to  be  conformable  as 
to  size  with  "  The  Elect  rielan  "'  series  of  steel  plate  portraits,  and  is 
well  suited  for  framing  with  the  series. 


ing  pur})oses  such  as  lamp  pencils  or  filaments,"  desire  to  sell  tho 
patent  or  to  grant  licences.  Inquiries  to  Messrs.  Hyde  &  Heide, 
3,  Broad-street  Buildings,  Liverpool-street,  E.C. 

The  i)roprietors  of  patent  No.  19,979/1904,  for  "  Improvements 
in  magnetic  wheels  or  electromagnetic  motors,"  desire  to  enter  into 
arrangements  by  way  of  licence  and  otherwise  for  exploiting  the  same. 
.Applicatinns  to  .Messrs.  Ha.seltine,  Lake  &  Co.,  7  and  S.  Southampton- 
buildings,  Chancery-lane,  London,  W,C. 

The  owners  of  patents  No.  23,.501/I899,  relating  to  "  Improve- 
ments in  vacuum  tube  lighting,"  and  No.  12,.582/1902,  relating  to 
"  .\n  improved  system  of  electric  lighting,"  wish  to  negotiate  for 
the  granting  of  licences.  A[)plications  to  Messrs.  Lloyd  Wise  &  Co., 
46,  Lincoln's-inn-fields,  London,  W.C. 

Useful  Tables. — We  have  received  from  Mr.  S.  N.  Brayshaw.  f.f 

Manchester,  three  varnished  cards,  which  we  shall  doubtless  find 
useful  in  our  work.  One  of  these  is  entitled  "  Millimetre  Equiva- 
lents," and  gives  the  value  in  inches  for  each  millimetre  Ix-twecn 
1  and  100  mm.  and  then  for  every  100  mm.  u])  to  900  mm.  The 
second  card  gives  the  decimal  equivalent  of  fractions  of  an  inch  be- 
tween oncsixty-fourth  and  sixty-three  sixty-fourths  inclusive, 
advancing  by  sixty-fourth.s.  The  third  gives  a  useful  comparison 
of  the  Centigrade  and  Fahrenheit  scales.  Mr.  Brayshaw  will  be 
pleased  to  supply  these  cards  free  of  charge  to  anyone  who  would 
find  them  useful  either  for  works,  office  or  drawing  office  use.  We  feel 
sure  there  will  be  a  great  run  on  them. 

Spiral  Self-centring  Chuck. — Mr.  Charles  Taylor,  of  Birmingham, 
announces  that  he  is  now  making  this  chuck  with  four  jaws  as  well 
as  with  three  jaws,  and  in  two  .styles,  namely,  for  ordinary  lift  work 

and  also  for  bar  «(ii'k. 

The  Ediswan   '  MetTd  ",  Lamp.— We  reproduce  herewith  a  striking 
advertisement  of  the  Royal  Ediswan  "  Jletfil  "  lamp,  which  recently 
appeared  on  the  front  of  a  London  daily 
SM  ??^''a#^'?^^ail.  [^-|    paper.     It  is  obvious  that  every  interested 
^^^ — ^^"        '"^  —     person  who  reads  such  a  bold  announce- 
ment will  feel    compelled    to    go    to  the 
electrician   from  whom   he  pureha.^es  his 
electrical  supplies  in  order  to  know  more 
about    these  lamps.     The   advertisement 
will,  therefore,  directly  benefit    the  cim- 
tractors  and  retail  traders. 


f^^ 
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NOW    BEADY. 

1 

Railway  Enterprise. — Our  leading  rail- 
ways are  doing  a  great  deal  in  the  way 
of  compiling  and  issuing  literature  of 
an  instructive  and  interesting  character, 
regarding  the  show  places  on  their 
various  systems,  and  amongst  the  rail- 
ways which  have  made  a  conspicuous 
feature  of  this  work  is  the  Great  Central  Railway  Publicity  Depart- 
ment. Messrs.  T.  M.  Middleton  &  Co..  of  Essex-street.  Strand. 
London,  are  tlie  pviblishers  of  a  book  which  has  been  prepared  l>y  .Mr. 
T.  W.  D.  Smith,  manager  of  the  Publicity  l)ei)artment  of  the  Great 
Central  Railway,  under  the  title  '"  .Viueriea's  .Motherland."  The 
book  gives  a  concise  description  of  many  of  the  many  "  beauty- 
spots  "  and  places  of  interest  on  this  Company's  route,  especially  for 
American  visitors  to  ttiis  country.  There  are  a  large  number  of 
places  on  the  Great  Central  of  note  and  interest,  which  justify  the 
compilation  of  a  book  of  this  kind,  and  we  are  suie  that  .American 
visitors  will  appreciate  the  work  that  Mr,  Smith  has  done  so  well  for 
them  in  putting  together  much  information  in  small  eompa.ss,  and  in 
a  form  that  is  easily  accessible.  Many  of  the  illustrations  are  (  f 
special  interest  to  oiu-  .American  cousins.  Tlie  pulilishcd  price  is  Is.. 
or  25  cents.  Mr.  Smith  is  to  be  congratidated  on  the  careful  selec- 
tion he  has  made  of  the  mass  of  material  at  his  disposal,  and  also  in 
the  selection  of  his  illustrations. 

"  The  Metal  Industry." — This  is  the  title  of  a  new  paper,  issutd  by 
the  proprietors  of  "  Cassier's  Maga/.inc,"  and  which  will  be  devoted 
exclusively  to  the  non-ferrous  metal  trades.  The  paper  will  be 
published  at  (id.  |)er  copy,  from  the  ofiiees.  33.  Bedfiird-strcet. 
London,  W,C. 

CATALOGUES,  &c. 

Siemens"  Selective  Cam.  i'or  Tki.i:ok.\imi  S'r.\TioNs, — This  a|ipa- 
ratus  makes  it  possible,  on  a  telegiaph  line  with  many  stadors,  to 
call  up  any  individual  statiim  by  means  of  a  Ix'll  signal,  wilhout  dis- 
turi>ing  all  the  other  stations.  The  apparatus  is  claimed  to  be  par- 
ticularly adapted  to  telegraph  lines  where,  owing  to  special  working 
conditions,  the  operators  are  obliged  to  attend  to  other  duties,  and 
are,  therefore,  not  able  always  to  give  their  instruments  close  atten- 
tion. The  advantages  of  this  selective  call  are  the  following:  (1) 
No  alterations  are  necessary  to  the  existing  apparatus;  (2)  the 
selective  call  being  merely  an  accessory,  the  working  of  the  tele- 
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•.'raph  i>  indf pendent  ut  the  winking  »l  the  selective  call,  whieli  is 
operated  l>y  means  nf  the  existing  Morse  key  ;  (3)  the  instrument 
is  absolutely  reliable  :  and  (4)  a  call  Ml  can  be  fixed  at  any  eun- 
venient  distance  from  the  apparatus.  The  call  is  automatically 
restored  by  the  ordinary  telegraph  working.  This  apparatus  is 
described  in  a  jiamphlet  recently  issued  by  Jlessrs.  Siemens  Bros.&Co. 

Lo\v-TES.siON  SwiTrHi;EAR.--\Ve  have  received  from  the  Union 
Electric  Co.  an  advance  ct>py  of  a  new  catalogue  dealing  with  low- 
tension  switfligoar.  In  this  catalogue  are  illu.strated  and  described 
knife  switches  fitted  with  an  auxiliary  brake  arrangement,  and  suit- 
able for  use  on  circuits  witose  ])ressuros  do  not  exceed  (iCK'  volts. 
These  switches  are  made  in  a  number  of  caj>acities  up  to  a  maximum 
of  I,(KKI  amperes.  Similar  switches  with  laminated  brush  contacts 
and  auxiliary  copper  and  carbon  sparking  ti]js  are  made  for  circuits 
whose  pressures  do  not  exceed  (UHI  volts  and  for  capachies  up  to 
(i,(K)0  amperes.  Porcelain  handle  switch  fuses  and  switches  in  cast- 
iron  cases  are  also  descrilx-d.  In  this  connection  we  may  call  special 
attention  to  the  distribution  boards  in  cast-iron  boxes,  which  are  dealt 
with  at  the  end  of  the  catalogue.  These  are  of  substantial  design, 
and  are  provided  with  glazed  fronts,  so  that  the  whole  is  open  to  easy 
inspection.  Special  care  is  also  taken  to  prevent  any  contact  be- 
tween poles  of  opposite  i>olarity.  The  positive  and  negative  poles 
are,  iu  fact,  fixed  on  separate  battens,  and  can  be  easily  removed 
when  required.     A  porcelain  fillet  divides  the  two  poles. 

Laminated  Leather  Belts. — Messrs.  James  Hendry  &  Co..  252. 
Main-street,  Bridgeton.  Glasgow,  have  sent  us  a  catalogue  dealing 
with  the  Hendry  i)atent  laminated  leather  belting.  The  method  of 
manufacture  and  the  various  advantages  claimed  for  this  system  are 
fully  dealt  with.  The  particulars  given  are  instructive,  and  will 
serve  to  make  the  merits  of  Messrs.  Hendry's  goods  even  better 
known  than  at  present. 

Ap.ox  Maximum  Demand  Indicator. — The  Aron  Electricity 
Meter  (Ltd.)  forward  a  pamphlet  dealing  with  this  indicator,  which. 
it  is  claimed,  is  universally  adaptable  and  equally  suitable  for  all 
systems  of  electric  supply.  It  is  essentially  a  mechanical  device, 
and  therefore  requires  no  further  electrical  connections.  It  is  claimed 
for  it  that  its  accuracy  is  equal  to  that  of  the  Aron  meter,  and  follow  s 
the  same  straight  line  law. 

■'  Jandis  '"  Arc  Lamps. — The  beginning  of  the  arc  lamp  season 
is  celebrated  by  the  Jaudus  Arc  Lamp  &  Electric  Co.  by  the  issue  of 
an  artistic  brochure  dealing  with  their  lamps. 

■'  Saxtoxi  "  Lamps. — The  Globe  Electric  Co..  who  now  deal  in 
tlie  Santoni  lamps,  have  ready  a  pamphlet  on  the  subject. 

Et.ECTRicAL  Accessories. — Me.ssr.s.  A.  .1.  Wright  (Ltd.).  of  Lcyton. 
have  ready  a  small  catalogue  in  which  various  accessories  for  elec- 
trical installation  work  are  illustrated.  These  include  batteries. 
bells,  rosettes  and  pushes  of  various  kinds,  telephones,  distribution 
and  fuse  boards,  metal  filament  lamps  and  electric  fans. 

Silent  Gear. — Messrs.  W.  F.  Dixon  &  Co.,  of  Manchester,  have 
issued  a  new  circular,  in  which  both  Buffalo  raw  hide  and  waterproof 
paper  gears  are  dealt  with. 

BANKRUPTCIES,  LIQUIDATIONS,  &c. 

Meetings  of  the  i-iedilnr.-,  and  >liarrliiil(k  rs  of  the  Ozonisation 
Syndicate  (Ltd.)  were  recently  held.  Mr.  Warley,  O.R.,  |>residing. 

Tiie  liled  aoi-ounts  showed  a  deficiency  <■(  £87!)  as  regards  sliarclmklcrs. 
The  company  was  registered  in  I'.HI"  with  a  caiiital  of  £500  in  .£1  shares,  tci 
acquire  certain  patcnt.s  relating  to  the  manufacture  of  aluminium,  and  to 
an  electrical  process  of  |)urification.  In  the  absence  of  a  quorum  the  meet- 
ing of  creditors  was  afljourned. 

.\  meeting  will  be  held  al  Duchy  Cli.iiiili:  rs.  Clareni'c-strcct. 
Manchester,  on  Oct.  -t  to  ricri\.  ;in  iHMMiiiit  i>l  ll,i-  windinc  up  of 
O.'^ncrators  Ltd.     (In  vol.  Ii(|.) 


NEW  COMPANIES,  MORTGAGES  AND  CHARGES. 


NEW  COMPANIES. 

BOWERS  &  BARR  (LTD.)  (104.680.)— Reg.  Aug.  23,  capital  £2,000  in 
ill  shares,  to  take  over  the  business  of  electrical  engineers  carried  on 
a-  liowers  &  Han ,  at  Great  Yarmouth.     Private  company. 

BULLIVANTS  SOUTH  AFRICAN  CO.  (LTD.)  (104,728. i— Reg.  Aug.  26, 
capital  £5,O.'50in  £1  shares,  to  carry  on  in  South  Africa  and  elsewhere 
the  business  of  dealers  in  wire  rope  and  netting,  wire  tramways, 
mining  and  hauling  plant,  lelegrapli  cables,  &c.  Private  company. 
First  directors,  W.  I'.  Bullivant,  F.  A.  Bullivant,  P.  J.  HuUivant  and 
B.  S.  Bullivant.      Keg.  office,  72,  Marli-I.ine,  London,  EC. 


E.  M.  F.  (LTD.)  (104,693.)— Reg.  Aug.  24,  capital  £20,000  in  £1 
shares,  to  carry  on  the  business  of  electricians,  mechanical  and  elec- 
trical engineers,  suppliers  of  electricity,  &c.  Private  company.  First 
directors,  J.  M.  Bein,  A.  J.  Grose  and  0.  H.  Bishop. 

ETNA  LIGHTING  &  HEATING  CO.  (LTD.)  (104,579.)— Reg.  August  16, 
capital  £1,000  in  £1  shares,  to  adopt  agreements  (1)  with  .1.  Warry 
and  G.  N.  Arculus,  and  (2j  with  H.  R.  Prosscr  for  the  acquisition  of 
certain  patents,  tools,  &c.,  and  to  carry  on  the  business  of  electric 
and  gas  fittings  manufacturers,  lighting  anil  heating  engineers,  &c. 
First  directors  are  L.  W.  Goold  and  H.  K.  Prosser. 

INTERNATIONAL  ELECTRIC  TRANSPORT  &  ENTERPRISE  CO.  OF 
ALSACE-LORRAINE  (LTD.)  (104,668.  —IU'lj:.  Aumisl  21,  Mpital  £200,000 
in  195,000  preferred  shares  of  £1  each  and  100,000  defencd  shares  of 
Is.  each,  to  undertake  and  develop  electric  carriage  and  other  enter- 
prises in  Alsace-Lorraine  and  elsewhere,  and  to  carry  on  the  business 
of  constructors  of  electric  tramways  and  railways,  motor  vehicles, 
carriers  of  passengers  and  goods,  &c.  First  directors,  C.  Simon  and 
A.  Sautier  (Guebwiller,  Alsace),  and  A.  F.  Argles.  Reg.  office,  3, 
East  India-avenue,  E.G. 

MORTGAGES  AND  CHARGES. 

KENT  ELECTRIC  POWER  SYND.  iLTD.)— De'.'entures  for  £1,038,  dated 
Aug.  5, 1909,  charged  on  company's  undertaking  and  |)roperty,  present 
and  future,  including  uncalled  capital.  Holders,  Kent  Electric 
Power  Co.  Memoranda  of  satisfaction  (<0  in  full  on  Nov.  8,  1905,  of 
charge  dated  Feb.  14,  1905,  securing  £4,275,  {lA  to  the  extent  of  £1,300 
on  July  24,  1908,  of  charge  dated  May  26,  1906,  securing  £1,850.  and 
(c)  in  full  on  Aug.  13,  1906,  of  charge  dated  July  3,  1905,  securiner 
£750,  also  notified  on  Aug.  21,  1909. 

"Z  "  ELECTRIC  LAMP  MFG.  CO.  (LTD.) -Charge  under  Land  Transfer 
Acts,  dated  Aug.  11,  1909,  to  secure  £25,000,  charged  on  freehold  huid 
and  buildings  at  Southfields,  S.\V.  Holders,  .T.  G.  B.  Stouo  and  J. 
Venning. 


CITY  NOTES. 

MEMORANDA  (Sept.  21. — Bank  rate  2 J  per  cent,  (since  April  1, 
1909).  Price  of  silver,  23J,d.  per  oz.  Consols  84^—845  for  money 
and  84,;,  — 84!?,  for  account.  Consols  Pay  Day,  Oct.  1  ;  Stock  and 
Shares  Continuation  Days,  Sejjt.  8  and  27  ;  Ticket  Days,  Sei>t.  9  and 
28;  Pay  Days,  Sept.  10  and  29;  Mining  Shares  Carry  Over  Days, 
Sept.  7  and  24. 

Prices  of  Metals  (London). — Copper,  cash,  59ji  ;  three  montha 
60£'e.  Lead,  English,  13 ;  foreign,  cash,  12;;  ;  three  months,  12J. 
Spelter,  cash,  22,i.  Tin,  English,  135—137  ;  foreign,  cash,  1373  ;  three 
months,  138^*.  Iron,  Cleveland,  cash,  51/4,  and  three  months,  52/1, 
Maynei  Steel  (price  supplied  by  W.  F.  Dennis  &  Co.),  £55. 

CALCUTTA  ELECTRIC  SUPPLY  CORPN.  (LTD.)— The  number  of  units 
delivered  to  consunicis  during  the  five  weeks  ended  July  30  were 
904,751,  compared  with  724,011  units  in  the  corresponding  five  weeks 
of  1908. 

CLAUD  HAMILTON  (LTD.) — At  the  recent  meeting  a  dividend  at  the 
rate  of  (i  per  cent.  ]ier  annum  on  the  ordmary  shares  was  declared. 

COMPANIES  STRUCK  OFF  THE  REGISTER.— The  Borough  Mills 
Power  Co.,  the  Doherty  Iron  Castings  Process  and  the  London-Pro- 
vincial Electrical  Co.  were  struck  off  the  Register  of  Joint  Stock  Com- 
panies on  August  27. 

DOULTON  &  CO.  (LTD.)— The  ilirectors  announce  that  they  ,.ie 
advised  that  the  trading  for  the  past  six  months  docs  not  warrant  Iho 
declaration  of  an  interim  dividend  on  the  preference  shares. 

DUMBARTON  BURGH  &  COUNTY  TRAMWAYS  CO.— The  profit  for 
the  year  ended  July  31,  after  providing  for  interest,  was  £6,192,  to 
which  lias  to  he  added  the  amount  brought  forward,  making  £7,520. 
Aftei  |iro\  idiiiM"  for  preference  dividend  the  balance  is  £3,020,  which 
iscainr,!  Ini-ward. 

GLOBE  TELEGRAPH  &  TRUST  CO.  (LTD.)  -  A  dividend  is  aiuioiincod  of 
2s.  |icr  shaie  on  I  he  ordinary  shares. 

STOCK  EXCHANGE    NOTICE.  -The  SI.h  k    Kwh.in.L'e  ctiniiMiKc  •■   have 

-ranle.l  .,  .|U<.(;itinn  I..  ll.VI.OdO.-.  |,rl  ,,ril.scr..nil  inni  I  j;,|._'e  ilc'liclll  iocs  (if 

till-  /lonilmi/  Khrtriv  Sii/./ili/  .1-  TiKiinnnis  ('.,.  (in  lini  nf  ihc  -^nip  now 
.inotrj). 

UNDERGROUND   ELECTRIC  RAILWAYS  CO.  OF  LONDON  (LTD  .)      11  ..• 

ir|„.rl  fni  Ihc  liaif-yc-Mr  ende.l  .lunc  ;'.(l  stales  (hat  the  net  reveim.'  Ii 

iiivcslnic-nt>  and  rents  (after  drilii.l  in^'  L'eni-ial  <>xpi'nses  and  iiitin  i) 
aninunted  to  fli2.ls7ll.  Mis.  ;  the  net  income  from  the  operation  of  the 
jiower  house  was  £4(),l>.-.0.  lOs.  lid.,  tint  the  interesl  on  £77r..ll(H(  ■\\  |ier 
cent.  iKiwer  house  deheuliu-cs  was  £17.4:i7.  10s.,  leaving  a  surplus  frniu 
the  power  house  of  t2:t.222.0s.  1  Id.,  or  a  total  .if  £Hli.l01.  10s.  lid.  After 
inciting  interest  on  the  o  per  cent,  prior  lieu  bonds.  4J  per  cent,  bonds, 
&(■..  which  aggregale<l  £l(l2.:i4l.  los.  ltd.,  there  was  a  dclhiency.  of 
t:Hi.240.  4s.  KUl.  To  cover  (his  delicit  .Messrs.  Speycr  have  piuchaserl 
froni  the  company  (in  accordance  with  the  agrceiucnt  of  April  7.  1!K)8) 
£10,700  4.i  iier  cent,  luinds  of  l!):i:j  and  .tUl.O.IO  (i  (icr  ccnl.  income  honds 
for  £1(),050.  The  income  from  investments  for  the  six  months  shows  an 
increase  of  £22.0(i,5.  !)s.  9d..  or  about  40  per  cent.,  over  that  in  the  pre- 
vious half-year.  A  summary  of  (he  trafhcs  of  the  associated  raiiway 
conqianics  accompanies  the  report. 
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Boarnemoath  ft  Poole  Eleo.  Sap.  Ord 

Do.     H  per  Cent.  Cum.  Pret  

Do.     6  per  Cfnt.  Cam.  Second  Pref. 
Do.    4i  per  Cent.  Dob.  Stock  (red.) 
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10  Jt   U.21 
9.  J      9iJ 


1014 


Jan.  July 
Feb,  Aug 
Feb,  Auj 
Jan,  July 
Jan,  Jaly 
Jan,  Jnly 
Feb.  Aug.  I 

April.'.  . 
Fob,  Aug  I 
Jao,  July 
Fob,  Aug 
Feb,  Aug 
Feb,  Aug  ' 
Feb,  Aug 
Feb,  Aug 
July 


*1, 
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EL.ECTR-ICA.L.     OOMiP^flLrVIES'     Sfl.^R,E:     L.IST.— ffo/Jt/ntfetf. 


glDrvi- 


Prloo 
Wed., 
Sept.  1. 


riHJ).   1  "'J?"™"    I    WEEK  TO 
»T»  HUB,  oupT     1 


Last  I 
Drn- 

DERDJ 


^\        '  ElECTRIC  RAILWAYS*  TRAWWAYS- Co/i«ni/ed. 
StJ  81%     Met  Kly.  i\  per  Cent.  "  A  "  Deb.  Stock       91  —9? 

St.!     ..      M  <Topo1itan  District  KsilwsT  Ord Ifi— 16J 

Bti     ..        Do.    Eilension  Pref.  (6  (frCf"'-)  49-61     , 

St.    31%       Do.    As^enlfa  lit.  Pr<rf.  fint.  Guar,  by 

Pud.  Elec.  BITS.  Co.  of  Ix^ndon,  Ltd.)      f6  -67 
)o.     3  per  Cent.  Constnltd.  Rent-charpe      76  — 78     ' 
3o.    4  per  Cent.  Midland  Kent-charge    IW  —101 

Oo.    Gnar.  Stock  4  per  Cent i     9«  -Sr 

!  per  Cent.  Pi-rp.  Deb.  Stock  i  143 


Rt 

SX 

fit. 

4? 

St. 

3^ 

St 

HZ 

St. 

4% 

6 

1 

0/e 

Rl. 

4« 

1 

0  7," 

St. 

4X 

lUO 

65! 

1  1/4} 

1  Wt 

1  0/7* 

6  6/0 


Do.     4  per  Cent,  Dit 
New  Gen.  Tract.  6  per  Cent.  Com.  Pref. 
Potteries  Eleclric  Traction  Ord 

Do.     6  percent.  Cum.  Pref.  

Do.     41  per  Cent.  Deb.  Stock    I 

R.  Met.  Eler.  Tramj.  4  Ltg.  6%  Cm.  Pref. 

Do.     4  per  Cent.  Deb.  Stock 

Snnderland  Iliet.  Elec.TrmB.6*l«tMt.Db. 
rnderedE.ET8.I..in.6"  In.bds.with colip.3 

Do.  bX  Prior  Lien  Bonds 

Do.    4i>  Bonds  with  coup.  9 „.. 

Yorkshire  CW-B.)  Elec.  Trama.  Ord. ... 

Do.    6  per  Cent.  Cnm.  Pref.   

Do.     4irerCeot.  Ijt  Deba 

t'UGTPli;  MANUrACTtlRINC.  Kt, 

Anilw.r  Ci.i.'.eCn.  i},\  D.I.  Stock  "... 

Aron  ElectricitT  Meter  Ord 

8%  Can 


94  -<16 

n 

4-J 
£6  ->9 


6  II  0 
5  1  0 
9  12    n 


6  18    U 


,J-8 
70  —74 

81  -85 

88  -91     1  4  19     0 

j5  -k        .:    «-   n 


-1 


Babcock  &  Wilcox  Ord I     4,',— 1,'^ 


Do. 


ia-ij 

103  —106 
89  —94 


6  17 


fi 

ion 

5 

2/8 

St. 

4U 

1 

1/0 

bt 

4« 

1,UI 

Wf 

1 

0//' 

1 

1/0 

1 

0/VJ 

b 

S/U 

101 

!>5! 

1 

o//» 

!> 

S!/0 

5 

0/7« 

Ut. 

44s; 

f. 

1/8 

6 

2/« 

Kt. 

4Z 

bt. 

(>% 

f> 

Bt 

ax 

u 

2 

2/9? 

St 

4X 

Kt. 

SX, 

II 

6/U 

SI. 

45; 

,■> 

5/0 

6 

2/3 

Bt 

44X 

1( 

b/U 

U 

b/4 

lOu 

4* 

9  10  0 

9  18  D 

14  10  0 

6  17  0 


Bt.    *iX 


100     4X 


9  16     0 

5  10     (I 
(i  10     0 


Pref. 
British  Insniated  4  Helsby  Cables  Ori 

6    8/0       ,Do.    6  per  Cent.  Pref. 

St.    *iX        Do.     4J  per  Cent.  1st  Mort.  Deb.  (red.) 

St.    HX   »BritisbThon>sn-lloasfn4i%lstMt.Db. 

5    ..         British  Weslmphonse  6  per  Cent.  Pref... 

loo     6^       Do.    6  i^er  Cent.  Prior  Lien  Dbs(rd.) 

Bt,    iX         Do.    4  per  Cent.  Mort.  Deb.  Stock' 3j  — 42 

St.    4JX  'B.U3hE.EEg.Co.4J<^,,Perp.  IstDeb.Stock      41-46 
""     *i\       Do.     Perpetual  2nd  Deb.  Stock 

Callender's  Cable  Con.Ord 

Do.    6  per  Cent.  Cum.  Pref.  .... 

Do      4i  per  Cent.  1st  Mort  Dobs,  (red.) 

Castner-Kellner  Alkali  Co 

Do.    4i  per  Cent.  1st  Mort.  Deb.  (red.). 

Chadburn's  (Ship)  Telegraph  Ord 

Do.    6  per  Cent.  Cum.  Pref.  

CoiiBoliriatcd  Electrical  Co 

Consolidated  Signal  Co 

Do.    6  per  Cent.  Cum.  Pref.  

•Cronipton  4  Co.(Nos.  1  to  86,000)  

Do.    6  per  Cent.  l6t  Mort.  Dobe.  (red.). 

Davis  ft  Tiniiiiins 

Dick,  Kerr  &  Co.  Ord 

Do.     6  per  Cent.  Cum.  Pref. 

Do.     4 J  per  Cent.  Deb.  Stock    

Edison  Si  Swan  United  ("A"Sh.)(£3pd.) 

Do.    (£6  paid)    

Do.    4  per  Cent.  Mort.  Deb.  Stock  (rd. ) 

Do.    6  per  Cent.  2nd  Deb.  Stock 

Edmnndson's  Elec.  Corp.  Ord.    

Do.    6  per  Cent.  Cum.  Pref.  

Do.    4J  per  cent.  Ist  Mort.  Deb.  (red.) 

filectric  Construction  Co 

Dc.     7  per  Cent.  Cum.  Pref.  

Do.  4  per  Cent.  Perp.  1st  Mort.  Oebs. 
FeiiaLti  ltd.  .-.per  Gent. 1st  Mt.Ub.St. 
General  Electric  (1900)  6%  Cum.  Pret... 

Do.    4  per  Cent.  l.<t  Mort.  Deba 

tUenlej'B  Telegraph  Works  Ord 

tDo     4J  per  Cent.  Pref.   

Do.    4i  per  Cent.  l8t  Mort.  Deb.  Stock 

IndiaEubber,  Gut.  Per.,  ftc.Wrka 

1       Do.     5  pcrCcut.Cum.  Prif 

Do.    4  per  Cent.  Debs,  (red.) 

>'ational  Elec.  Construction  Co 

K  ichardsons.  West  earth  &.  Co. ,  Ltd .  Ord. 

"  o.     6  per  Cent.  Cum.  Pref. 

o.    4i  per  Cent.  Perp.  Deb.  Stock    ... 

1     ••     '  Simplei  Conduits  Ord 

^    .•,■,„!     Do.    6  per  Cent.  Cum.  Pref.  

12    12/0  1  Telegraph  Construdj.iu  &  Mi 

■"'    '     1).,.     4  percent    Deb.  Bonds  (1909) 

VivKers,  bona  4  Maxim,  Ltd.,  Ord i       ij 

Do.  6  per  Cent.  non-Cum.  Preference!  i* 
Do.  6  percent.  uou-Cura.  Preferred  i  Ho 
Do.  4  per  Cent.  iBt  Mort.  Db.Sk.(red)'  iolj 
Do.  4j  per  Cent.  2nd  Mort.  Deb.  (red.)  "' 
Do.    6  percent.  3rd  Mort.  Debs  Scrip. 

J.G.White  4  Co.  6%  Cm.  Pref. 

WiUans  &  Robinson  Ord 

Do.    6  per  Cent.  Cum.  Pref.  

Do      4  per  Cent.  Ist  Mort.  Debs 

TELEGRAPHS. 

Amazon  Telegraph 

Do      6  per  Cent.  Debs.  (red.  ) 

AngloAmencan  „ 

Do.    Preferred    

Do.    Deferred 
Commercial  Cabl 

Cuba  Submarine  Ord 

Do.    Preference  10  per  Cent.    

Diiect  Spanish  Ord 2l-3| 

Do.    10  per  Cent.  Cum.  Pref.    t| 

Do.    44  per  Cent.  Deb 100,%— n^t    »     o 

Direct  Lnitel  States  Cable 13  — IcJ      6    0 

Direct  West  India  Cable  4  JZ  Kg.  Db.(rd.)    lOU  -10;      4     8 

Eaeleni  Ordinary     121  —132      6     0 

Do.     3J  per  Cent.  Pref.  Stock  04J— tCJ   !  4     I 

Do.    «  percent.  Mort.  Deb.  Stk.  (red.)'   104i-Kbj!  8  15 

Eastern  Extension    ll:i  — J2i      0  14 

Do.    4  per  Cent.  Deb.  Stock  I   101!  —loi 

Eastern  i  .S.Af,  4%  Mauritius  Sub.Debs.  lOO  — lo2 
10  t/0  G.N.  lol  CoieDbauen),  with  Coupon77  I  iO  -27 
100    iiX      Balifal4Bennuda4UlltMt.Db.(red.)      99—101 

2.')   62/8      Indo-European  ex.  all  I     blj-btj 

ItO    HI        MacksT  Ccmpanies  Common  '     b2  — 16 

100    II  Do.    I'releience    „....!     74  —78 

Marconi  a  Wireless  Teleg.  Co |       K— 11! 

L- 4  Europe' nTel.4XOoar.DbB.(red.)    100  — lu2 


1 

0/6 

Bt. 

i-X, 

St. 

n 

lUU 

4U 

UK; 

6X 

lu 

8;.; 

1 

1/u 

6 

3/U 

Bt. 

n 

10 

IIKI 

bX 

m. 

16/0 

Bt. 

30/0 

ht. 

8U 

Bl. 

tX 

Ill 

b;0 

10 

10/0 

6 

2/0 

b 

b/0 

60 

m 

20 

6/U 

100 

4U 

fct. 

26/0 

SI. 

17/6 

bt 

*z 

St. 

2/« 

lot 

*y. 

26 

4X 

r  Cent.  Deb.  Stk. 


97  -99 


—81 

I'i-iU 

Kb  -lul 

i  -2J 

106  -1(8 

il-li", 

1  -H' 
i-4 
1  -IJ 
il— 1 
8-U 
90  — i>3 

a-ii 

U-ii;. 
U-il 

100  -103 

J-l 
1  -14 

6S  -73 

84  —87 

B-i 
6S  —81 


7S-8J 
t5  -ts 
)2.J-)3i 
5S  -£4 
108i  — H  b 
l^i— 164 
10j_10j 
lOJ  — loi: 


IJ 

6  — 5J 

844-38 

100  —102 


US  -107 
94-104 
8-J, 

ib  -tit 


tJ-H 


l;.o  4% 

21    1/S 
loo   4X 


3  17  6 

4  6  0 
4  18  0 
8     6  0 

8  16  0 

9  12  0 
4  17  6 


6  11  0 
6  18  0 
6  I'i    9 


3  18  0 
8  18  0 
6  1:1     8 


3  18    0 


(■1 


tol "America;; U  -It 

■J.    4  per  Lent.  Debs lOU  — lo2 

.  .tt  India  ^  Panama  _ 4— B 

10    t/0   I     Do.    6  per  Cent,  lat  Pref  8  -tj 

10    1  s/0    Do.  0%  2nd  Prel 8  — b 

00    6%         Do.      6  per  Cent.  Deba.       101—108 

10    8AI       W    .ern  lelenraph _  I3i— 13J 

bt    i%         Do.     4perCent.Deb   Slock  (red.) 103  -lOo 

>•      «       I    Weatem  InioD'ielegh.tl  0004;:  Bondsl  97-90 

*  In  uvcaJatinv  the  jielda  allowanco  baa  been  made  (or  accrued  iDterut  but  not  for  redemption 


3  18 


3  18 


Jan,  Jaly 
Feb,  Ang 
Feb,  Aug 

Feb,  Ang 
Jan,  .Tnlj 
Jan,  JuIt 
Mar,  Sept 
Jan,  July 
Jan,  July 
May  .... 
April,-Oct 
Feb,  Aug 
May,  Not 
Fob,  Aug 
Jan,  July 
Jan,  Joly 
Jane,  Deo 


April,  Oct 
April,  Oct 

Joly,  Feb 
Jan,  Jtily 
Jan,  July 
Mar,  Sept 
Feb,  Aug 

Jan,  Joly 
Mar,  Sept 
Jan,  Joly 
Jan,  July 
Jan,  July 
Not,  May 
May,  Nov 
Feb,  Aug 
March  . . 
April,  Oct 
August ... 
April,  Oct 
AprU,  Oct 
Jan,  July 
Jan,  July 
Mar,  Sept 

Sept 

Sept 

Jan,JiUy 
Feb,  Aug 
Feb,  Aug 
June,  Deo 
Mar,  Sept 
Jan,  J^T 
May,  Nov 
Jan,  Joly 
Jan,  July 
July  .... 
Jan,  July 

Jnne,  Deo 
Mar,  Bept 
Feb,  Aug 
Feb,  Aug 
Mar,  Sept 
Feb,  Aug 

April,' Oct 

April 

Not  „.. 
May,  Nov 
Jan,  July 


Mar,  July 
Jan,  Joly 


Jane,  Dec 
June,  Dec 


Apr,  Oct 
Apr,  Oct 
W  ay,  Nov 

Jane,  Dec 
June,  Dec 
K,My,Ag,N 
K,My,Ag,N 
F,My,Ag,N 
Jn,Ap,Jy,0 
Feb,  Aug 
Feb,  Aug 
April,  Oct 
April,  Oct 
Jan,  July 
iB,Ap,Jy,o!    vii  \i\;. 

June,  Dec  I      .. 
la,.My,JjO    l?i-     129 
Ja,My,JjO      60       t4J 

May,  Not      lOi 
j8,Ap,Jy,0!   1^;,',  I  11,'„ 

Feb,  Ang 

May,  Not 

Jan,  July 

June,  Dec 

May,  Not 
Ja,Ap,Jy,U 
Ja,Ap,Jy,0, 

April 

June,  Dec  : 

May   

J  an,  July 

May,  N  07 

May,  Mot 

May,  Not 

Jan,  July 

Mr,Jn,0,D 

June,  Dec 


354      34g 


St. 


It    1 


la       - 


4% 
6% 

6/0 
0/7i 

1,  0/6 
St.  6JJ 
St.  6% 
10  6/0 
1(    6/0 

6  2/6 
St.i  SJ% 
St.;  iX 

1    I/O 

1  0/7i 
St.    4% 

St.!  44% 
{  6/0 

6: 2/6 

St  ,  44X 


6,  2/6 
St.,  *>tX 

St.  I  HZ 
St.  iX 
St.  6% 
40  44% 
100  4i% 
St.  4|% 
St.;   6% 

St.;  6% 
6!   2/0 

lot  a/6 

1  44% 


103j> 


8/0 


4/9 
100  ijlj 
lOu;  *34 
lOO]  bX 

600 '   6% 
St.,   6% 


IDs;  \a 

St,    bX 


St.  I  $1 
600  6% 
100    m 

r  i/i 


Price 

Wed.,       YiKLD- 

Sept.  1   !      ED, 


Dna, 


TELEPNORES. 

Amer.  Telephn.  &  Telegh,  Cap.  St. 

Do.  Coll.  Trust  81,0004  percent.  Bde 
AnKlo-Portug-se  TeL  b%  lat  Mt.Db.  Stk. 

Chill  Telephone  

Moute  Video  Telephone  Ord. 

Do.    6  per  Cent.  l"ref. 

National  Co.  Pref.  Stock  

Do.     Def.  Stock 

Do.     6  per  Cent.  Cum.  l8t  Pref.    

Do.    6  per  Cent.  Com.  2nd  Pref. 

Do.     6  per  Cent.  non-Cum.  Srd  Pref. ... 

Do.     Deb.  Stock  3J  per  Cent,  (red.)    ... 

Do.    4  per  Cet,t.  Dob.  Stock  (red.) 

Oriental  « 

Do.    6  per  Cent.  Cum.  Pref.  

Do.     4  per  Cent.  Red.  Deb.  Stock 

Telephone  Co.  of  EBypt44j;Db.3tk.(red.) 
United  River  Plate 

Do.     6  per  Cent.  Com.  Pref. 

Do      44  Deb.  St.  Red „ 


FINANCIAL  INVESTMENT,  Ac. 

Elec.  ft  Gen.  InTestment  6%  Cam,  Pref. 

Globe  Telegraph  &  Truat 

Do.     8  per  Cent.  Pret. 

Sabmarine  Cables  Irust  (Cert.) 


COLONIAL  AND  FOREIGN  ELECTRIC 
RAILWAYS,  TRAMWAYS.  Ac. 

Anglo-Argentine  5%  Gum.  l^^t  Pref.  ... 

Do.    6%  Cum.  2nd  Pref.     

Do.     4%  Deb.  Stock 1    9.'j- 


9ii  — 9H 

1034-lOf.V  4  IC  0 

■1  — 8J        4  15  ti 

•J—'.i        6     »  0 

i-i  6  14  8 

106  -1074'  6  11  6 

1334-1244    4  15  6 

UJ-IOJ  15     9  0 


IS-IJ 

IJ-U 

86  -bs 

IUO4-IO24 


8  — 3J 

loj— lOj 


Auckland  Elec.  Trams.  b%  Deb.  (red.)... 
Brisbane  Electric  Trams.  luTest.  Ord..., 

Do.     6  per  Cent.  Cum.  Pref. 

Do.     44  P^f  Cent.  Db.  Prov.  Certs 

British  Columbia  El.Ky.Df.  Ord 

Do.    Pref.  Ord.  Stock 

Do.     6%  Cum.  Perp.  Pref.  Stock 

Do.    44  per  Cent.  Ist  Mort.  Debs 

Do.    Vancouver  Power  Deba 

Do.    4}%  Perp  Con.  Deb.  St 

BuenOB  Ayrea  Lacroze  Trains  1st  Mt.  Db. 
Buenos  Ayrea  Piirt  4  City  Tram,  lat  Mt. 

Deb.  Stock 

Calcutta  Tramwaya  (1  to  137,810)  

'  per  Cent.  Cum.  Pref. 


J73-JVJ 
102  —loo  I  4  15 

bi-7 

6  -6i 
100  —103 
162  — lo7 
123  —127 
109  -112 
1l2  —104 
102  — luo 


4/i— 1,' 
»l-5 
0/  -101 

1-4 


Do.    44%  1b:  Deb.  Stock  (red.)    . 

Cape  ElectricTram  Shares 

Citj  ol  Buenos  Ayres  Trama  Co.  (1904)Sh. 

Do.     4  per  Cent.  Deb.  Stock I  9S  — iOl 

Col.imbc  Tr.  4  Ltf.  6%  1st  Mt.  Db I  ijS  —101 

Electric  Traction  Co.  of  Hong  Kong  6 

per  Cent.  iBt  Mort.  Dobs 1  80  —S3 

Havana  Elec.  By.  Con.  Mt.  6%  $1,000  60 

year  Coup.  Bds 11-94 

Ealgoorlie  Elec.  Trams  Sh s'l — aa 

Dc.     6  per  Cent.  "  A  "  Deb.  Stock 91—91 

Do.     8  per  Cent.  "B"  Ditto 80   -70 

Lisbon  Elec.  Trams.  Ord fi-lj'j 

Do.     6  per  Cent.  Cum.  Pref. iS-lA 

Do.    6  per  Cent.  Beg.  Mort.  Deba  t8  — lu2 

Madras  Elec.  Trams.  6%  Deb.  Stk '3     .9. 

MatUa  Elec.  Ry.  »1,000  Gold  Bonds "b   -97 

M e lice  Trains  Uo  Com.  St 1^8  —'31 

Do.    Gen.  Con.  1st  Mort.  6%  Gold  Bds.... 
Montreal  St.  Ry.  Sterling  44  per  Gent. 

Debs.  (1922)  (Nos.  601  to  2,000)     ,  101—103 

Do.        do.     (Noa.  1  to  4,GuO) 

Perth  Elec.  Tiams  Ord  _ 

Do.     1st  Mt.  Db.  Stock  '""i  -'OSi 

RangouD  Elec.  Trams  4  Supply  Go.  8% 

Cum.  Pf. la  -M 

Do.    4J%  lat  Mori.  Deb.  Stk 

Kio  Janeiio  Tram,  LI.  4  P.  Cj Si  —  91 

Do.     Sjyr.  Gold  Bmla '.34-954% 

Do.     tOyr.  Mt.  Bnda    e;i  -ocj 

buu  Paulo  Tramway,  Light  ft  Power  Co. 

8100  Stock 147  —150 

Do.     6  per  Cent,  lat  Mt.  $600  Db 

floronto  Ry  Co.  1st  Mt.  444  Ster.  Bonds  '■'•'  — 1"' 


COLONIAL  AND  FOREIGN  ELECTRICITY 
SUPPLY  &0. 


6  17 


9j5 -9^4 

9JJ-964 

0  —84 

122  —Ul 


4  18 


S  13 


t  Adelaide  Elec.  S'ply  Co.  6%  Ca.  Pr 

Bombay  E.  S.  4T.  8%  Cm.  Pf.   

Do      44  per  Gent.  Deb.  Stk.  (red.)  

Do.     6  per  Geut.  2ii>l  Mort.  Deb.  Stock 

Calcutta  Klec.  Supply  Ord 

Canadian  Gen.  Klec.  Go.  Com.  St.  

Ho.     7%  (;m.  I'l.  Stock. 

Caetner  Electrolytic  Alkali  Co.(of  U.S.A.) 

lat  Mort.  StU  Deba 

t  Elect.  Development  Co  of  Ontario 

Elec.  Supply  Co.  of  Victoria  6  per  Gent. 

lat  Mort.  Deb.  St 

Indian  Elec.  Sup.  &  Trao.  Co 

Kalgoorlie  Elec.  Power  4  Ltg.  Ord.  

Do.    8  per  Cent.  Gum,  Prel 

Madras  E.  S.  Corp.  6  per  Cent.  Constn. 

Deb.  St    

Meiicun  Elec.  Light  Go.  b%  1st  Mort. 

Gold  Bonds    .... 

Meiican  Lt  4  Power  Co,  Com.  St 

Do.  6;j  lit  Mori.  Gold  Bnda 

Montreal  Lt.  Ut.  4s  Power  Co.  Cap.  St.... 

River  Plate  Electricity  Co.  Ord 

Du.    0  i'er  Cent.non.Cum.Pref _ 

Do.     6  percent.  Deb.  Stock 

Roaario  Elec.  Co.  B/i  Pref.  (1-20,000) 

Do.     2nd  Pref.    

bhawinican. Water  &  fower  Co,  Oa  

Do.    6  perCent.Bds 

Do.     44  Per.  Con.  Mt.  DO.  bt 

Toruniol'.'werCo.  44  ,  Lil.  bt 

u    1    Victoria  *  alls  Power  t-o.  Pret 

J   !     Du.  16/-puHl.  

tBi  dividend     t  Ih«  LoadonBtook  Exi^oge  Oommittee  have  deuUuea  to  ijuot 
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NOTES. 


Wireless  Telegraphy. 

FkOjM  a  statement  made  by  the  I'ostmaster-Geiieral  in 
the  House  of  Commons  on  Tuesday  it  would  appear  that 
the  State  is  about  to  become  the  possessor  of  certain  of  the 
ilarconi  wireless  telegraph  stations  situated  on  the  coasts  of 
the  British  Isles.  There  had  previously  been  statements 
pulilished  that  the  deal  was  already  an  accomplished  fact, 
but  Mr.  BrxTON  stated  that  the  negotiations  were,  to  a 
certain  extent,  contingent  on  the  success  of  somewhat 
similar  negotiations  with  Lloyds,  which,  also,  were  not 
complete.  In  view  of  the  existence  of  the  Jtadio-Tele- 
uraphic  Convention  of  1906,  it  may  be  assumed  that  thoe 
will  be  no  hitch  in  this  attempt  of  the  (iovernment  to 
secure  these  stations;  it  is  desirable  that  enterprises  of  this 
nature  should  become  the  property  of  the  State  at  the 
earliest  possible  moment  consistent  with  i)roper  develop- 
ment and  efliciency  and  with  the  utmost  fairness  to  those 
vvjio  have  initiated  them.  Now  that  communication  between 
the  shore  and  ships  at  sea  has  passed  beyond  the  experi- 
mental stage  it  is  essential  to  place  it  under  State  control, 
along  witii  the  ordinary  laud  telegraphs.  It  should,  how- 
ever, be  borne  in  mind  that  the  principle  of  liovernment 


monopoly  must  be  applied  with  considerable  care  in  order 
that  private  enterprise  may  be  in  no  way  discouraged. 
The  contention  that  individuals  should  reap  the  reward  of 
their  early  efforts  is  obviously  oirly  a  just  one,  and  we  feel 
assured  that  the  ilarconi  interests  will  be  equitably 
arranged.  — - — 

Electricity  on  Board  Ship. 

At  the  present  time  there  is  a  widespread  popular  belief 
that  in  the  immediate  future  everything  will  be  •'  worked  " 
electrically,  but  although  we  believe  that  the  developments 
in  the  application  of  electrical  energy  during  the  next  few 
years  are  likely  to  be  at  least  as  momentous  as  in  the  past 
we  can  scarcely  subscribe  to  the  above  impression.  Many 
likely  fields  for  electrical  enterprise,  among  which  may  be 
mentioned  the  use  of  electrical  power  on  mercantile  vessels, 
have,  however,  until  recently  remained  practically  un- 
touched. For  many  years  the  sole  application  of  eleftrical 
energy  to  such  boats  was  for  lighting,  but  the  description 
which  we  published  a  year  or  two  ago  of  the  electrical  in- 
stallation on  the  s.s.  ''Mauretania"  showed  that  the  claims  of 
electricity  were  becoming  more  recogni.sed.  Much  remains 
to  be  done  in  this  direction,  and  in  the  Paper  read  by  Mr. 
J.  McLaren  before  the  Institute  of  Marine  Engineers  at 
the  meeting  on  "  Engineering  l»ay  "  at  the  Imperial  Inter- 
national Exhibition,  the  author  showed  wliat  great  economies 
can  be  effected  by  adopting  electrical  appliances  in  marine 
work.  From  the  abstract  of  the  Taper,  wliich  we  give 
elsewhere  in  this  issue,  it  will  be  seen  that  he  also  favoui-s  a 
suction-gas  plant  in  combination  with  a  tliree-phase  alter- 
nator for  providing  the  electricity  supply.  ]Mr.  ^L-Lakex 
bases  his  opinion  on  fuel  economy,  but  in  view  of  the  results 
so  far  achieved  with  this  type  of  plant  we  cannot  support 
the  author  in  his  belief  that  suction-gas  plant  will  cause, 
in  the  near  future,  a  revolution  in  the  ideas  of  sea-going 
engineers.  ^ 

ALTHijnni  the  driving  of  auxiliary  machinery  on  board 
ship  provides  considerable  scope  for  electrical  enterprise, 
it  is  of  less  importance  compared  with  the  developments 
likely  to  result  from  the  adoption  of  electrical  power  for 
main  marine  propulsion.  This  latter  subject  is  now  re- 
ceiving much  attention  liy  electrical  engineers,  and  the 
figures  which  are  put  forward  by  advocates  of  the  elec- 
trical drive  certainly  seem  to  sliow  that  considerable 
economy  in  fuel  can  be  obtained,  a  possible  saving  of  no 
less  than  ."U  per  cent,  in  steam  consumption  for  a  ship  of  the 
size  of  the  '•  Lusitania "  being  suggested  by  Mr.  W.  V. 
DrRTN.xi.i.   at   a   meeting  of  the   London  Association   of 


858 


THE  ELECTRICIAN,  SEPTEMBER  10,  1909. 


Foreman  Engineers  and  1  )rauylitsnien  on  Saturday  last. 
Much  remains  to  be  done,  however,  before  marine  engi- 
neers as  a  body  are  convinced  of  the  advantages  claimed 
lor  electric  propulsion,  and  we  hope,  therefore,  that  the 
results  obtained  from  the  experimental  installations  at 
present  in  hand  will  bear  out  the  estimates  which  have 
been  put  forward,  since  a  much  desired  fillip  would  thereby 
be  given  to  the  electrical  industry. 


Newcastle  Corporation  Tramways. 

Ix  tliecomse  o:'  his  annual  rcpml  the  general  manager. 
Sir.  Ekxest  H.\.ttox,  of  the  Newcastle  Corporation  tram- 
ways, makes  some  remarks  of  considerable  interest.  He 
points  out  how  necessary  it  is  for  an  undertaking  like  that 
over  which  he  presides  to  jiosscss  a  substantial  "  reserve 
and  renewals  fund,"  in  addition  to  the  execution  of 
"  repairs  and  maintenance "  out  of  revenue.  As  the 
undertaking  advances  in  age  so  does  the  amount  expended 
under  this  latter  head  increase,  and  it  is  by  no  means 
easy  to  augment  the  revenue  in  proportion.  Mr.  Hattox 
goes  so  far  as  to  maintain  that  if  the  reserve  fund,  which 
now  amounts  to  £63,000,  had  been  devoted  to  the  reduc- 
tion of  rates,  the  Committee  would  now  find  itself  in  the 
position  of  being  unable  to  contribute  to  the  rates  for  the 
year  just  finished  and  within  measurable  distance  of 
calling  upon  them  to  assist  the  undertaking. 


He  further  calls  attention  to  the  difficulty  of  mcreashig 
the  revenue  by  the  simple  process  of  raising  the  fares,  and 
points  out  that  nothing  less  than  a  50  percent,  increase  of 
the  minimum  fare  of  a  penny  is  i)racticable  owing  to  the 
coinage  difficulty.  The  problem  is  entirely  different  for  a 
gas  or  electricity  supply  undertaking  whichij;^^_  j^jyT  has  to 
raise  the  price  ])y  a  small  percentage,  a  c/jnne,Deol  'fch  is 
clearly  impossible  for  a  tramway.  Mr.  II.vi'*[ux' suggests 
that  the  minimum  fare  should  be  IJd.  with  discounts  for 
taking  quantities  of  tickets ;  1  ait  if  the  tramway  system 
serves  a  very  poor  district  such  a  change  might  have 
serious  eHects.  It  might  even  be  maintained  by  local  poli- 
ticians that  the  rich  were  being  benefited  at  the  expense  of 
the  poor.  At  all  events,  it  is  to  be  hoped  that  the  New- 
castle Committee  will  not  support  the  demand  for  a  new 
coin,  value  r2d.,  which  was  recently  put  forward  liy  a 
tramwav  shareliolder. 


Illuminating  Engineering  Society. — We  are  informed  that 
I'rof.  S.  P.  Thomjjson,  D.Sc,  has  consented  to  become  the 
firbt  president  of  this  .society. 

The  India  Rubber  Co. — We  have  made  inquiries  concerning 
the  rumours  which  were  current  early  in  the  week  concerning 
the  probability  of  the  India  Kubber,  Gutta  Percha  &  Tele- 
graph Works  Co.  removing  from  their  present  Silvertown 
works  at  West  Ham.  Theie  is  no  intention  on  the  part  of  the 
company  to  remove  from  West  Ham,  but  a  site  is  being  sought 
for  the  extension  of  the  factories,  and  a  Midland  centre  may  be 
selected.  There  are  about  3,000  employes  at  the  Silvertown 
works,  which  have  an  area  of  16^  acres  and  a  river  frontage  of 
860  ft.  It  is  satisfactory  to  know  that  the  business  of  the 
company  demands  an  extension  of  the  works  premises. 

Cable  Intermptions.  Date  of  Interruption. 

Tancrier— Cadiz _._  May  19,  1909 

Touiatie-Amoy    ._ June  17, 1909 

JLssab-l'erira July    8,1909 

Gibraltar— Tangier    Aug.  7,1909 

Dakar— Conakry  Aug.  19,  1909 

Balik  Papan— Kwandang  Sept.  2,  1909 


Csntral  Technical  College. — We  are  informed  that  Mr.  T. 
Mather,  F.R.S.,  has  been  appointed  professor  of  electrical 
engineering  in  this  college  in  succession  to  the  late  Prof. 
Ayrton.  Mr.  G.  W.  O.  Howe,  M.Sc,  has  been  appointed 
assist:nit  professor. 

University  of  Birmingham.  — It  is  announced  that  the 
Council  of  this  University  has  decided,  on  the  recommendation 
of  the  Senate,  to  confer  for  the  tirst  time  a  certain  number  of 
honorary  degrees  on  distinguished  persons  in  connection  with 
the  recent  Royal  visit.  These  degrees  will  be  conferred  on 
Wednesday,  October  !.'(•.  The'  proposed  names  include  : 
Sir  William  Croo'.>cs,  F.Ii.S.,  Mr.  Maurice  P.  FitzmaiU'ice, 
C.M.G.,  Sir  Archibald  Geikie,  P.R.S.,  Sir  Alex.  Kennedy, 
F.E.S.,  Sir  Joseph  Larmor,  F.R.S.,  Sir  William  Ramsay,  F.R.S., 
Lord  Ravleiuh,  F.R.S.,  Prof.  Ernest  Rutherford,  F.K.S.,  Prof. 
S.  P.  fhonipson,  F.R  S.,  Sir  J.  J.  Thomson,  F.R.S.,  and 
Dr.  W.  A.  Tilden,  F.R.S. 

The  "Electron." — We  must  congratulate  the  Editor  of  the 
"Electron''  on  the  exceedingly  health}'  appearance  of  the 
August  number,  and  on  the  high  standard  which  is  noticeable 
in  the  articles,  which  include  the  following:  "Driving 
Arrangements  for  Full  Gauge  Electric  f  jocomotives,"  by  Mr. 
Haydpii,  and  "The  Starting  Torque  of  Three-Phasc  JMotors," 
by  Dr.  Kloss.  A  further  article  deals  with  the  development  of 
"  Siemens,"  in  which  the  works  at  Nurnberg  and  Charlottenberg 
are  described.  Mr.  Saxlon  deals  with  "  Modern  Machine 
Tools,"  and  the  activities  of  the  Institute  are  adequately 
recorded.  The  "Electron  "  appears  to  have  come  very  well 
through  the  "  silly  season." 

Extension  of  Electric  Traction  on  the  New  York  Central 
&  Hudson  Elver  Railroad. — According  to  the  "Electrical 
Review  and  Western  Electrician  "  steadily  and  surely  the 
electrical  zone  of  the  New  York  Central  &  Hudson  River 
Railroad  is  reaching  out  toward  Fishkill  Landing.  So  steadily 
is  the  extension  of  the  zone  going  on  that  to  reach  these 
villages  is  now  but  a  step.  Croton,  about  25  miles  south, 
is  already  in  the  zone,  and  Peekskill,  Cold  Spring  and  Fishkill 
Landing  will  be  included  when  the  next  step  northward  is 
taken.  Ueeently  the  big  power  plant  at  Glenwood,  near 
Peekskill,  was  put  in  operation.  This  plant  gives  the  New 
York  Central  a  power  house  which  will  stipply  power  sufficient 
to  run  the  cars  from  New  York  to  Croton-on-Hudson.  A  similar 
plant  is  to  be  erected  either  at  Fishkill  Landing  or  Pough- 
keepsic.     Level  crossings  are  to  be  abolished  within  the  zone. 

Lightning  Conductors  on  Ely  Cathedral. — Lightning  con- 
ductors were  first  fitted  to  Ely  Cathedral  about  the  year  1859 
to  the  specification  of  Sir  William  Snow  Harris,  F.R.S.,  Advisor 
on  Lightning  Conductors  to  the  Crown,  but  doubts  were  enter- 
tained as  to  whether  the.-e  were  still  in  an  efficient  condition. 
Mr.  Alfred  Hands,  author  of  "  Lightning  and  the  Churches," 
was  therefore  instructed  by  the  Dean  and  Chapter  to  make 
tests  and  report  as  to  the  advisability  of  adopting  more  modern 
methods.  Snow  Harris's  conductors,  forme<l  of  short  copper 
tubes  screwed  together,  proved  to  be  so  defective  that  it  has 
been  found  necessary  to  instal  an  entirely  new  system  of  copper 
tapes.  This  comprises  two  conductors  on  the  western  tower 
with  branches  from  the  Hagstatf  and  four  tiuTCts,  two  from 
the  towers  over  St.  Catherine's  Chapel  and  four  from  the 
eastern  or  Lantern  tower,  as  well  as  from  the  nave,  choir, 
transepts  and  Lady  chapel.  The  system  has  been  arranged  so 
as  to  be  scarcely  noticeable,  and  does  not  detract  from  the 
appearance  of  the  cathedral. 

An  Electric  Motor  with  Mixed  Windings.— A  motor  of 
this  kind,  made  by  the  Aarhus  Dynamo-  und  Elektromotor- 
fabrik  of  Aarhus,  Denmark,  is  described  in  a  recent  number 
of  "  Helios."  It  is  arranged  for  starting  at  full  load  without 
resistances  and  its  direction  of  rotation  can  be  reversed  with- 
out difficulty.  This  lesult  is  obtained  by  fitting  every  second 
pole  core  of  the  magnet  frame  with  a  series  winding,  the  other 
poles  on  the  frame  being  provided  with  a  winding  which  is  in 
parallel  with  the  armature.  These  two  exciting  windings  are 
so  arranged  that  the  series  windings  oppose  the  shunt  wind- 
ings, shmit  coil  opposing  series  coil.  The  relation  of  the 
two  windings  can  be  so  adjusted  that  the  speed  of  the  motor 
will   vary  according  to  the  load  in  a  definite  manner.     For 
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instance,  the  motor  can  be  designed  to  run  at  the  same  speed 
at  any  load  or  to  run  at  higher  speeds  when  the  load  is 
reduced.  A  motor  of  this  kind  is  said  to  be  specially'  suitable 
ior  working  cianes,  hoists,  &c.,  in  fact,  all  machinery  which  is 
continually  started,  stopped  and  reversed. 

Municipal  Tramways  Association. — The  annual  conference 
of  this  association  will  be  held  in  Limdon  from  Septemtier  22nd 
to  24th  inclusive.  The  first  meeting  will  take  place  at  11  a.m. 
on  Wednesday,  September  22nd,  in  the  Couceil  Chamber  at 
the  County  Hall,  Spring-gardens,  when  Mr.  A.  L.  G.  Fell  will 
deliver  his  presidential  address,  and  a  Paper  on  "Medical 
Examination  of  Tramwa}'  Eniplnyrs  "  will  be  read  by  Mr. 
A.  W.  Chapman.  At  the  afternoim  meeting  a  Paper  on  "  The 
Central  Eepair  Depot  of  the  I^ondon  Count}'  Council  Tram- 
ways "  will  be  read  by  Mr.  W.  E.  Ireland.  On  this  day  mem- 
bers of  the  association  will  be  entertained  to  luncheon  at  the 
Trocadero  by  the  London  County  Council,  while  the  associa- 
tion dinner  will  be  held  in  the  evening  at  the  Garden  Club  of 
the  Imperial  International  Exhibition.  At  the  meeting  on 
Thursday  Papers  will  be  reail  on  "  Some  Comparisons  of  Con- 
tinental and  British  Methods  of  operating  Tramways,"  by 
Mr.  A.  1\.  Fearnley,  and  on  '"Current  Consumption"  by 
Mr.  E.  S.  Pilcher.  Members  will  be  entertained  to  luncheon 
by  the  Highways  committee  of  the  London  County  Council, 
and  in  the  afternoon  a  visit  will  be  paid  to  the  Central  repair 
depot  and  (ireenwieh  generating  station  of  the  Council.  A 
reception  by  the  Lord  Mayor  will  be  held  at  the  Mansion 
House  in  the  evening.  The  annual  general  meeting  of  the 
association  will  be  held  on  Friday  morning,  and  in  the  after- 
noon Windsor  will  be  visited.  A  demonstration  of  railless 
electric  traction  will  be  given  .at  the  Hendon  depot  of  the 
Metropolitan  Electric  Tramways  on  Saturda)'  morning. 

Gold  Mirrors  for  Searchlights. — The  recent  It.A.C,  tests 
(nee  "TiiH  Ei.Ei  TKiciAX,  Aug.  27,  IHOT)  on  motorcar  head- 
lights have  brought  prominently  before  both  motorists  and 
the  public  generally  the  importance  of  road  illumination 
from  the  point  of  view  of  the  motorist  and  of  other  users  of 
the  road.  It  has  always  been  taken  for  granted  that  the 
whiter  and  the  more  powerful  the  light,  the  more  perfect  the 
illumination  obtained.  This,  however,  is  by  no  means  the 
case,  for  the  rays  of  low  refrangibility — i.e.,  the  red  and  yellow 
rays,  are  far  less  absorbed  liy  the  atmosphere  than  the  violet 
rays.  Again,  the  red  colour  exhibited  by  the  sun  at  its  setting 
is  due  to  the  fact  that  the  violet  rays  are  largely  absorbed 
by  the  greater  thicknej.3  of  atmosphere  which  must  lie  pene- 
trated by  the  sun's  rays.  To  achieve  these  results  a  long 
series  of  experiments  have  been  made  with  glass  mirrors  coated 
with  gold  instead  of  the  usual  silver  deposit.  The  resulting 
beam  of  light  is  practically  devoid  of  the  blue  and  violet  rays 
of  the  spectrum,  being  composed  of  red,  yellow  and  green  rays 
only.  At  the  same  time  its  range  or  penetrative  power  is  not 
reduced  by  the  elimination  of  the  violet  rays  while  the  dazzling 
effect  is  greatly  decreased.  We  understand  that  these  gold 
mirrors  are  being  supplied  to  the  principal  lamp  makers  by 
the  Kefiector  Syndicate  (Ltd.),  of  82,  Victoria-street,  West- 
minster, S.W.,  who  hold  the  patents  for  the  process. 

The  Post  Office  and  Wireless  Telegraphy. — "  The  Times  " 
of  Tuesday  announced  that  an  agreement  between  the  Post- 
master-Cieneral  and  Marconi's  Wireless  Telegraph  Co.,  for  the 
transference  of  six  working  shove  stations  in  the  United  King- 
dom from  the  company  to  the  Post  Office,  had  been  completed. 
The  stations  concerned  are  those  at  Liverpool,  the  Lizard, 
Crookhaven,  Eosslare,  Caister  and  Niton. 

The  Post  Ottice  also  proiiose  to  tnkc  over  the  \orth  Koirlaml  station, 
hitherto  under  the  joint  control  of  the  comjiany  and  Lloyd's,  and  it  is 
presumed  that  it  will  re-open  two  stations  which  the  eoni|iany  had  aban- 
doned— those  at  Withernsoa  and  Holyhead.  These  shoie  stations  exist 
for  comnmnioation  between  the  shore  and  passing  ships,  but  the  agree- 
ment also  gives  the  Post  Office  the  right  to  use  for  14  year  the  Marconi 
system  for  the  transmission  of  telegrams  from  the  mainland  to  islands  in 
the  waters  of  the  United  Kinsrdom.  It  i.s  believed  that  this  ])rovision 
in  the  agreement  will  make  it  unneeessary  to  lay  cables  to  many  Islands 
to  which  it  would  otherwise  have  been  necessary  to  extend  them  sooner 
or  later,  and  in  this  respect  a  considerable  saving  will  b<<  effected.  So 
far  as  passing  ships  and  the  adjacent  islands  are  concerned,  the  Post 
Office  will  incorporate  wireless  telegra])hy  in  the  .State  system.  The 
Marconi  Comiiany  will  be  released  from  its  contract  with  Lloyd's,  which 
the  Post  Office  practically  adopts.     There  are  about  230  ships  carrying 


the  Marconi  apparatus,  and  messages  despatched  from  and  received  by 
•  those  ships  will  continue  to  be  under  the  company's  control,  as  will^the 
trans- AtUintic  messages  and  messages  U-tween  shiiw  and  lighthouses  and 
light  sliips ;  and  (it  is  stated)  the  company  will  be  encouraged,  if  it  chooses, 
to  introduce  wireless  telegraphy  between  lai(;e  towns  in  the  United 
Kingdom.  The  com])any  will  provide  operators  for  the  shore  stations 
until  the  Post  Office  has  organised  its  own  staff. 

It  will  be  seen  from  our  parliamentary  columns  that  this 

aiuiouncement  is  prematuie. 

Electrification  of  Canadian  Main  Lines. — The  foUonving 
interesting  paragraph  on  the  above  subject  appears  in  a  recen* 
issue  of  the  "Electrical  World";  "  Hitherto  the  proposals  to 
electrify  main  lines  in  Canada  have  been  limited  chief!}'  to  the 
western  sections  of  the  Dominion  where  large  water-powers 
are  abundant.  Mr.  C.  A.  Steeves,  Consul  at  Monpton,  now 
reports  that  the  electrification  of  the  Grand  Tnink  Pacific,  or 
National  Trans-continental  Railway,  from  the  St.  Lawrence 
Eiver  to  Moncton,  is  under  the  serious  consideration  of  the 
railway  company,  the  Dominion  Government  and  the  New 
Brunswick  cabinet.  Electrical  engineers  who  have  given 
the  subject  consideration  declare  the  conditions  to  be 
entirely  favourable.  The  distance  between  the  St.  Lawrence 
and  Moncton  is  about  460  miles,  and  for  a  considerable 
part  of  the  distance  the  line  passes  through  dense  forests 
of  spruce  and  fir  in  Lower  (^)uebec  and  northern  New 
Brunswick,  as  well  as  through  the  rich  farming  country 
along  the  Upper  St.  John  Valley.  What  has  given  impulse  to 
the  new  plan  is  that  at  Grand  Falls  on  the  St.  John  river, 
170  miles  from  the  St.  Lawrence  and  160  miles  from  Moncton, 
is  found  water  power  sutticient  to  develop  energy  enough  for 
the  working  of  the  whole  road.  At  this  point  the  river  has  a 
natural  fall  of  about  130  ft.  and  a  flow  that  electrical  experts 
estimate  will  be  suflicient  to  furnish  from  100,000  H.i'.  to 
125,000  H. P.  continuously  by  the  provision  of  comparatively 
inexpensive  means  of  storage  and  conservation.  As  the  re- 
quirements of  the  road  are  estimated  at  not  more  th.vn 
40,000  It.  P.,  there  is  every  reason  to  believe  that  the  supply 
will  be  more  than  equal  to  the  needs." 

A  Ne-w  Electric  Signalling  System. —  According  to  the 
"  Eailway  Gazette,"  on  the  Toronto  &  York  Eadial  Eailway, 
a  Canadian  urban  line  about  10  miles  in  length,  there  has  been 
in  use,  for  about  six  months,  a  train  despatching  and  block 
signalling  apparatus  of  unusual  interest.  Two  principal  fiinc- 
tions  are  peiformed  in  this  .system.  The  train  despatcher  gives 
the  raotorman  "  proceed  "  and  "  stop  "  signals  by  means  of 
electric  lights  in  the  motor  cab,  a  signal  being  given  at  the 
entrance  to  each  block  section,  and  at  each  station  the  cars 
automatically  record  their  passage  over  a  short  section  of  third 
rail  by  means  of  an  electromagnet,  which  perforates  a  paper 
that  is  unwound  by  clockwork  in  the  train  despatcher's  cabin. 
The  despatcher  has  thus  a  graphic  record  of  the  position  of  .all 
the  cars  constantly  before  "him,  not  only  when  they  enter  a 
block  section,  but  all  the  time  that  the  car  is  in  that  section, 
and  until  it  begins  t«i  report  itself  in  another  section,  as  appa- 
ratus set  in  motion  by  the  electromagnets  is  kept  in  operation 
so  long  as  the  car  is  in  that  section.  There  is  a  separate  wire 
from  the  despatcher's  office  to  each  station  and  it  is  by  the 
circuit  closers  for  these  wires  that  the  despatcher^  actuates  the 
cab  signals  in  the  cars.  The  clockwork  mechanism,  in  addi- 
tion to  unwinding  the  record  sheet,  which  rtins  out  over  a 
drum,  regulates  by  a  circuit-breaker  the  time  intervals  between 
each  per"foration.  The  third  rail  conductors  previously  le- 
ferred  to  are  about  30  ft.  in  length,  one  being  provided  for 
each  siding  and  running  line,  whilst  "distant'  rails  are  in- 
stalled at  intervals  of  aWmt  1,000  ft.  each  way  from  the  sidings. 
The  motorman's  cab  ontains  a  liattery,  a  green  anil  red  electric 
light  and  a  relay,  the  armature  of  the  Last-named  constitut- 
ing the  switch  by  which  either  the  re«l  or  green  lamp  is  illu- 
minated according  to  whether  the  signal  is  on  or  off.  A  bell 
is  in  parallel  with  the  red  light.  The  cabins  are  in  addition 
provided  with  a  telephone,  by  which  the  motormm  can  com- 
municate directly  with  the  desixitcher  whenever  the  car  is  on 
one  of  the  third  rail  sections.  The  traffic  on  this  railway  is 
heavy  on  Saturdays,  Sundays  and  holidays,  when  a  15  minute 
service  is  operated,  and  out  of  a  total  of  82,564  cab-signal 
indications  given  during  June  last,  only  four  failures  were 
recorded. 
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THE  EXTENDED  USES  OF  ELECTRICITY  ON  BOARD 
SHIP.* 

BY   J.    Mil-VREN. 

Summary. — The  niitlior  considej-s  a  suction  gas  plant  and  alteniator 
■for  supplying  the  electrical  energy  for  operating  the  auxiliaries  on  hoard 
ship,  and  shows  the  gieat  saving  which  can  be  effected  by  5Uch  an  instal- 
lation, conijiared  with  the  usual  donkey  boiler  with  its  long  lengths  of 
steam  piping. 


The  application  of  electricity  on  board  sliip  for  driving  au.xiliary 
machinery  lias  made  rapid  lieadway  of  late  years.  The  time  has 
now  arrived  for  engineers  to  consider  the  most  economical  mean.s  of 
ai)plying  electric  power  for  sliip  work,  as  at  jiresent  there  is  great 
scope  for  such,  ily  proiKisal  is  to  drive  all  the  auxiliary  machinery 
by  the  use  of  electric  motors,  which  will  include  all  cargo  winches 
and  hoists,  capstans  and  ventilating  machinery,  &c..  and  also  to  use 
olectrieitv  for  the  heating  of  cabins  and  passages  and  for  cooking. 
In  the  engine  department  to  drive  all  pumping,  refrigerating,  lifting 
machinery  and  fans  by  the  use  of  <  Icctrie  motor.s.  and,  of  com-se,  to 
use  electricity  for  lighting  the  ship  tlirouL'hout. 

The  efticiency  of  the  steam  auxiliary  jilant  atTpreseht  in  use  is 
about  25  per  cent.  Owing  to  the  great  length  of  present-day  ships 
and  the  large  increa.se  of  auxiliary  machinery,  the  steam  has  greater 
distances  to  travel,  with  very  high  loss  bj-  radiation.  The  back 
pressure  of  the  exhaust  steam  travelling  away  to  the  engine  room  to 
get  to  the  condenser  is  very  considerable,  ^lany  ship  designers  and 
engineers  are  a  very  long  way  out  in  their  estimate  of  the  power 
required  for  dri\in2  tlie  winches,  due  to  the  great  losses  met  with 
in  working  the  auxiliary  machinery  not  ))eing  properly  recognised 
and  allowed  for. 

A  suction  gas  installation  is  one  of  the  cheapest  and  most  eflicient 
forms  of  power  known  at  the  present  day  which  is  suitable  for  com- 
mercial purposes.  I  am  also  convinced  that  it  is  admirably  suitable 
for  auxiliary  purposes  on  board  ship  used  in  conjunction  with 
electricity.  I  will  not  say  that  it  would  be  cheaper  in  the  first  cost. 
hor.sc- power  for  horse-power,  but  for  equal  jiowers  the  working  of 
the  plant  would  show  a  very  consideralile  reduction  in  working  costs. 
and  in  a  very  short  time  it  would  more  than  oay  for  any  increased 
capital  outlay. 

In  the  system  which  I  ])ropose.  all  these  lo.sses.  or  at  least  the 
greater  part  of  them,  would  be  obviated.  A  moderate  estimate  of 
the  efficiency  of  a  plant,  such  as  I  propose  to  describe,  is  80  per  cent. : 
this  figure  compared  with  the  efficiency  figure  for  the  steam  plant, 
w  hich  is.  as  I  mentioned  before,  a  maximum  of  2.)  per  cent.,  gives  a 
ditt'erence  in  favour  of  the  suction  gas  electrical  iilant  of  no  less  than 
i>.">  per  cent.  Yo\i  will  see  at  once  that  in  a  large  ship  the  monetary 
saving  would  be  very  considerable,  and  it  is  this  side  of  the  question 
which,  of  cour.se,  ap(«;als  to  .shipowners  and  is  causing  them  to  be 
keenly  aiive  to  anything  bearing  on  the  question. 

My  objection  to  the  continuous-current  motor,  which  is  at  present 
largely  used  for  shi])"s  work.  is.  that  it  is  ray  object  to  eliminate  all 
rubbing  .surfaces,  such  as  brushes  and  commutators,  from  the  exposed 
motors,  which  are  well  known  to  be  a  source  of  trouble  and  expense. 
This  can  only  be  got  over  by  the  use  of  alternating  current  for 
driving  the  motors. 

I  propose  to  divide  the  Paper  into  three  heads,  viz.,  the  producer, 
the  gas  engine,  and  the  alternator,  and  briefly  describe  what  I  con- 
sider to  be  the  most  suitable  form  of  each  for  the  jiurpose  of  install- 
ing on  board  ship  for  drivins:  the  auxiliary  machinery,  taking  a 
"()i>  ir.p.  unit  for  consideration.  I  believe  that  in  the  near  future 
the  introduction  of  suction  gas  plant  will  cause  a  revolution  in  the 
ideas  of  sea-going  engineers. 

Prriihirtr. — The  ga.s  generator  is  usually  made  of  steel  plates,  to 
allow  for  expansion  and  contraction,  lined  with  fireclay  bricks  or 
other  suitable  material.  The  ashpit  and  firegrate  are  preferably 
made  of  cast  iron,  which,  although  being  a  little  heavier,  wears  much 
better  than  a  steel  plate  would  do,  and  is  more  able  to  withstand 
corrosion.  On  top  of  the  generator  and  embodied  in  the  design  is 
an  arrangement  for  raising  the  .steam  required  for  making  the  ga.s. 
The  ajiiiroxiraate  weight  of  the  i)roducer  plant  for  :',m  h.p.  would  be 
m  tons,  and  the  space  occu|)ied  about  U  ft,  by  10  ft,  fi  in.  by  Hi  ft, 

f!rii  Engine. — The  type  of  gas  engine  I  would  suggest  as  being  tlie 
most  suitable  one  for  our  i)urpo.se  woukl  be  a  \crtical  inulliplc- 
oylinder  single-acting  tyjic.  operating  on  the  Otto  or  four-cycle 
princii)lp.  The  cylinders  should  be  arranged  so  that  there  is  ample 
space  for  water  cooling;  the  water  jackets  should  have  large  ports 
So  that  any  scale  deposited  by  the  salt  water  used  for  cooling  pur- 


♦  .Abstract  of  a  Paper  read  before  the  Institute  of  Marine  Engineei." 
on  .Saturday  last  at  the  meetinc  in  the  Imperial  International  Exhibi- 
tion, Shepherd's  Bu'h,  \V. 


poses  can  be  easily  and  quickly  removed.  The  type  of  engine 
adopted  should  be  such  that  none  of  the  moving  ])arts  require  water 
cooling.  The  valve  gear  should  be  as  simple  as  possible  and  so- 
arranged  that  the  i)arts  can  be  easily  got  at.  The  mixture  regulating 
handles,  starting  valves,  ignition  timing,  speed  regulation,  should  be 
mounted  together  on  the  crank-ea.se  of  the  engine  so  that  all  can  be 
controlled  by  one  man  from  the  floor  level.  The  engine  would  be 
started 'by  compresssed  air  through  a  special  starting  valve.  The 
usual  method  of  ignition  for  gas  engines  of  this  type  and  size  is  by 
high-tension  electricity,  but  for  marine  jiurposes  1  think  that  low- 
tension  magneto-ignition  would  be  much  jircferable,  especially  in 
view  of  the  fact  that  the  plant  would  be  working  in  all  temperatures 
and  climates.  The  speed  of  the  engine  should  be  about  200  i-evs, 
per  min,  to  suit  the  alternator,  A  good  governor  should  be  fitted. 
The  modern  gas  engine  governor  is  very  efi'cctive.  which  is  one  of  the 
advantages  of  the  gas  engine. 

Allernatur. — In  my  last  Paper  on  this  subject  I  suggested  that  a 
pressure  of  2.000  \olts  might  with  advantage  be  used  on  large  ships 
and  transformed  at  the  point  of  use  to  250  volts  for  o]iiratins;  the 
machinery.  This  voltage  was  objected  to  in  the  subsequent  dis- 
cussion on  account  of  possible  danger.  In  a  moderate-sized  vessel 
I  now  suggest  that  alternating  current  should  be  generated  at  250 
volts  and  carried  direct  to  the  machinery.  The  generator  should 
be  built  upon  the  flyw  heel  of  the  gas  engine  and  generate  threc-jihase 
current  at  250  volts  at  a  frequency  of.  say,  50  cycles.  The  armature 
of  the  generator  should  be  of  the  stationary  type  with  revolving 
field  magnets  built  up  on  the  rim  of  the  gas-engine  flywheel.  A 
small  direct -current  dynamo,  the  "  exciter,"  should  be  coupled 
direct  to  the  armature  shaft.  The  armature  should  be  star  con- 
nected. In  selecting  the  tyjie  of  alternator,  care  should  be  taken  to 
see  that  the  wave  form  of  the  currents  is  sinusoidal, 

Di-slri'mtion. — The  switchboard  should  be  placed  in  the  gas-engine 
room  and  would  be  divided  into  tw'o  distinct  sections,  one  for  the 
power  circuits  and  one  for  the  lighting  circuits,  I'^rom  each  power 
panel  would  be  lead  an  armoured  three-core  cable  to  each  distri- 
buting centre.  From  this  jioint  smaller  mains  would  be  taken  off 
to  the  motors. 

Motors. — For  the  smaller  motors  I  propose  to  use  ''  .s<(uirrel- 
cage  "'  induction  motors.  For  the  more  powerful  motors  it  might 
perhaps  be  necessary  to  use  rotors  wound  somewhat  similarly  to  the 
stators  and  slip  rings,  so  that  resistances  could  be  inserted  for  start- 
ing purposes ;  but  even  motors  so  fitted  are  vastly  superior  to  con- 
tinuous-current njjilprs  as  now  used  with  commutators. 

There  is  no  donbtft^t  if  it  were  possible  to  use  the  simple  squu'rel- 
cage  induction  motor.vve  should  have  a  most  ideal  condition  of 
aft'airs.  and  if  its  natural  and  inherent  faults  could  be  overcome,  its- 
u.se  on  shipboard  for  driving  machinery  for  all  purjioses  would 
inevitably  follow.  It  has  not  only  the  acme  of  simplicity,  but  also 
great  mechanical  strength  :  whflst  the  absence  of  commutators- 
means  there  is  no  sparking  limit  to  allow  for.  therefore  it  can 
stand  the  roughest  of  use.  and  it  has  the  greatest  output  per  unit  of 
weight,  compared  with  a  direct-current  machine,  atid  without 
sacrifice  of  efficiency.  It  is  a  well-known  fact  that  a  squirrel-cag& 
polyphase  induction  motor  will  run  on  a  given  load,  quite  cool,  when 
compared  with  direct -current  motors  of  the  same  weight.  This  is 
partly  due  to  the  large  section  w'hich  can  be  given  to  the  conductors, 
and  also  to  the  laminated  character  of  tlie  iron,  which  facilitates 
ventilation,  .A  further  (and  what  may  prove  eventually  very 
valuable)  fcatiu'e  in  connection  w'ith  the  squirrel-cage  induction  motor 
is  the  fact  that,  should  the  rotor  by  any  outside  means  be  driven 
above  the  synchrotuius  speed  of  its  revolving  magnetic  field,  the 
machine  immediately  becomes  an  asynchronous  jjolyphase  gene- 
rator, and  will  return  current  to  the  supply  mains.  Thus,  should 
such  a  motor  be  driving  a  crane,  the  lowering  of  a  heavy  load  into 
the  ship  will  not  only  steady  the  lowering  of  the  load  but  a  valuable 
portion  of  the  energy  represented  by  the  falling  weight  could  be 
returned  to  the  mains,  and  possibly  utilised  for  supplying  other 
motors  on  the  sliip,  reducing  the  load  on  tlie  main  cPiriiie  and  gene- 
rator. 

For  driving  cranes,  wiiu-hrs.  hydraulic  puuips  working  against 
head,  refrigerating  machinery,  and  in  many  other  ca.ses  on  ship- 
board, t'reat  turning  effect  t)r  starting  torque  is  absolutely  necessary. 
The  squirrel-easie  induction  motor  has  very  little  starting  torque 
when  sujjplied  in  the  ordinary  way,  therefore  before  it  is  used  with 
real  satisfaeticm  for  general  purposes  on  ships  it  is  very  evident  that 
some  means  must  be  produced  .so  that  the  frequency  of  the  supply 
current  to  the  nioliir  at  starting  can  be  reduee<l  .-11111  siradually 
brought  up  111  that  required  to  run  same  at  full  speed. 

It  is  also  of  immense  importance  to  have  very  reliable  means  of 
s])ced  variation  for  such  motors  as  will  be  used  on  cargo  boats.  &c., 
and  means  must  be  procured  that  the  speed  of  the  motor  can  be 
varied  with  economy.     The  only  way  to  vary  the  s]jeed  of  the  simple 


THE  ELECTRICIAN,  SEPTEMBER  10,  1909. 


8GI 


iiirhirtidn  S(|uirrel-c:i<;('  motor  is  l)y  varyinir  the  froquoncy  of  llif 
siipijly  ruiTciit  to  sainc.  and  up  to  now  there-  have  been  no  cfHfient 
means  available  for  so  doing,  and  the  general  a|)))lication  of  this 
motor  is  tlms  limited  to  driving  machines  that  require  very  little 
I         starting  torque,  and  where  no  sjieed  variation  is  required. 

There  Ls  a  system  of  speed  variation  ajijilied  to  induction  motors 
without  the  use  of  slip  rings  or  auto-transformers,  just  put  on  the 
market  by  .Mr.  Durtnall.  which,  in  my  opinion,  will  be  the  way  to 
employ  the  alwve  very  simple  and  most  desirable  motor  for  au.viliary 
driving  on  ships.  Mr.  Durtnall's  syst<^m*  may  meet  all  the  require- 
ments which  will  be  demanded,  and  by  means  of  the  generatic)n  of 
variable  frequency  current  will  overcome  the  defect  of  bad  starting 
against  load,  and  also  will  secure  t!ie  variation  of  speed  that  will  be 
required,  in  the  simplest  and  most  efficient  way.  I  have  had  occa- 
sion to  study  this  question  very  closely,  and.  as  far  as  I  can  see,  it  is 
sound  mechanical  and  electrical  engineering,  and  its  simplicity  will 
appeal  to  the  progressive  marine  engineer. 

In  an  actual  case  which  Jlr.  Durtnall  has  in  hand — the  design  of 
the  plant  for  operating  the  machinery  for  a  large  dredger  now  being 
built,  in  which  it  is  proposed  to  use  as  the  prime  mover  a  200  n.H.p. 
Diesel  engine,  running  at  300  revs,  per  min..  this  to  run  at  constant 
speed  irrespective  of  the  speed  or  duection  of  rotation  of  the  squirrel- 
cage  induction  motors,  which  are  to  he  direct  coupled  to  the  bucket 
chain,  main  winch,  rotary  puni|)s.  ladder  winch,  revolving  screen 
and  belt  conveyer.  These  will  be  driven  at  variable  speed,  as 
desired,  through  special  controllers  situated  at  the  motors,  in  which 
way  reversing  of  the  machine  at  any  speed  can  take  place.  The 
voltage  is  to  be  3.50  (between  phases)  ;  the  frequency  will  be  10.  20. 
30.  40.  50  and  60  periods  per  second,  so  that  (with.  say.  3  per  cent, 
slip)  the  eight-pole  motors  to  be  used  will  run  at  146.  290.  437.  582, 
730  and  874  revs,  per  min. 

The  generator  in  this  instance  will  consist  of  six  small  machines, 
mechanically  coupled  together  in  line  and  on  one  base-plate.     They 
will  consist  of   four-]iole  machines :    the  first  machine   will    be    a 
synchronous    tlu-ee-phase    alternating-current    generator,   this   will 
give  the  10-pcriod  current,  and  the  field  will  be  separately  e.xcited 
either  from   the  continuous-ciu-rent  lighting  circuit  or  from  a  small 
exciter  that  can  be  driven  by.  and  mounted  on.  the  end  of  the  prime- 
mover  crankshaft ;    the    other  machines  will    be  five  transformer 
generators.     The  primary  of  the  first  transformer  will  be  excited  by 
means  of  the  10-period  current,  and  this  primary  being  mounted  on 
the  same  shaft  as  the  10-period  generator,  and  being  of  tlie  same 
polarity,  the  frequency  of  the  current  in  the  secondary  of  the  trans- 
former (which  is  a  stator)  will  be  20.  and  20-period  current  is  tapped 
off  at  slip  rings.     In  the  next  transformer  the  20-period  current  is 
taken  to  the  primary  stator,  and  it  is  so  connected  that  the  magnetic 
flux  revolves  in  the  opposite  direction  in  the  air-gap  ;    the  conse- 
quence is  that  the  frequency  in  the  revolving  secondary  is  raised  to 
30  periods.     Tappinas  are  taken  by  means  of  slip-rings  from  the 
windings  of  the  revolving  secondarj'  to  provide  30-jieriod  current ; 
and  this  30-period  current  also  forms  the  exciting  current  for  the 
mechanically  driven  primary  of  the  third  transformer,  and  similarly 
for  the  other  machines.     The  whole  combination  is  a  very  efficient 
machine  as  a  generator  of  variable  frequency  polyphase  current  for 
power  transmission.     It  will  be  noticed  that  each  machine  is  mecha- 
nically driven,  and  supplies  its  i^art  of  the  tcital  \\ork  done.     It  is 
interesting  to  note  what  will  take  place  in  the  event  of  stopping  a 
motor  that,  say,  is  running  at  the  top  speed.     Assume  such  a  motor 
is  connected  with  the  60-period  current,  and  that  the  machine  and 
heavy  moving  masses  are  running  at  high  speed.     W'c  turn   the 
controller  to  the  .50-period  position  ;    the  machine  does  not  droj)  in 
speed  so  quickly  as  the  change  of  connections  is  made,  so  that 
momentarily  the  squirrel-cage  rotor  is  running  above  the  synchro- 
nous speed  of   the  50-period  magnetic  flux   in  its  stator.  and  the 
heavy  moving  mass  of  not  only  the  rotor  of  the  motor  but  also  the 
machine  that  it  may  be  driving  is  very  quickly  brought    down  in 
speed  by  this  means.     This  jirocess  is  carried  down  to  the  10-period 
point,  so  that  the  return  of  mechanical  energy  is  a  very  considerable 
item  in  very  large  work  and  should  meet  with  considerable  success. 

The  distribution  of  the  electrical  energy  is  to  be  carried  out  by 
means  of  bare  copper  bars,  led  to  a  trunk  set  of  mains  running  the 
distance  each  side  of  the  engine  room  where  the  motors  will  work, 
where  tappings  arc  to  be  taken  off  by  means  of  suitable  cables  to 
the  controller,  or  frequency  selector  as  it  can  also  be  termed.  ' 
fc  LigJiting. — For  lighting  tlie  ship  the  lighting  section  of  the  switch- 
board would  be  divided  into  three  paViels,  one  for  each  phase,  and 
ativantage  can  be  taken  of  the  star-cotinected  generator,  previously 
mentioned,  for  reducing  the  voltage  (250  per  phase)  for  lighting 
purposes.  ,       .,     v 

Healinf/. — I  think  that  you  all  agree  with  me  that  the  heating 
of  the  ship  by  steam  is  very  v'lsatisfactory.  Steam  has  to  travel 
'  *  Described  in  Thk  Ei,ectrici.\n.  March  lit.  1009.  p.  SS7. 


through  long  lengths  of  small  bore  pipes  to  get  to  the  radiators,  and 
by  the  time  it  reaches  them  it  has  lost  anything  from  .V)  |K'r  cent,  of 
its  heat.  On  the  other  hand,  electricity  can  be  transmitted  any 
distance  with  a  loss  of  about  2  per  cent.,  thus  leaving  about  08  per 
cent,  to  be  expended  in  heating  the  radiators.  Again,  electrical 
radiators  can  be  more  efficiently  placed  than  steam  raidators  and 
better  controlled. 

Cooking. — With  regard  to  cooking  by  electricity  it  ha.s  been 
found  by  actual  experience  that  it  is  far  more  cleanly,  economical  and 
easier  to  ai)))ly  than  coal.  Applied  on  board  ship,  coal  and  ashes 
could  be  banished  from  the  gallej'  altogotlur.  and  a.s  this  is  u.sually 
anything  but  a  commodiou.s  space,  it  woulfl  lie  a  great  advantage  as 
well  as  cleaner. 

Another  advantage  in  connection  with  an  tlcctrical  installation  is 
that  there  is  no  trouble  from  freezing. 

Kejrigerntor. — .\ll  refrigerating  machinery  could  be  very  well 
operated  by  electric  motors.  They  would  of  course  require  to  have 
a  large  range  of  speed,  somewhere  about  4(1  to  120  revs.  j>er  min.  It 
would  enable  the  refrigerator  to  be  installed  in  the  most  .suitable 
])lace  without  icgard  to  the  means  of  getting  steam  to  it  with  result- 
ing economy. 

Efpcifnci). — 1  propose  to  take  the  actual  tests  taken  on  a  7.50  n.P' 
suction  gas  engine  of  the  type  I  have  described  and  compare  it  with 
a  high-class  Corliss  steam  engine  working  with  condenser  and  econo- 
miser.  In  the  case  of  the  steam  engine  the  coal  consumpti(jn  under 
test  conditions  was  2  lb.  of  coal  ])er  brake-horsc-power-hour  at  the 
flywheel.  The  total  amount  of  heat  supplied  to  the  boiler  from  the 
coal  which  appears  as  useful  work  is  11-2  per  cent,  and  the  mecha- 
nical eificiency  of  the  engine  is  not  far  out.  I  think,  at  8.5  per  cent. 

Dealing  now  with  the  gas  engine,  it  has  been  found  in  a  test  of  the 
engine  mentioned  above  that  it  is  possible  to  obtain  1  B.H.P.-hour 
for  itn  expenditme  of  8.500  B.T.U,  from  the  coal  fed  into  the  gas 
producer.  We  assume  that  the  coal  for  the  producer  has  the  same 
calorific  value  as  the  coal  for  the  steam  engine,  that  is.  13,650  B.T.U. 
jier  pound  of  coal.  Taking  the  producer  efficiency  at  80  per  cent. .  from 
each  pound  of  coal  fed  into  the  producer  we  get  10.900  B.T.U..  which 
appears  as  gas  available  for  use  in  the  engine  :  we  must,  however, 
take  from  this  figure  9  per  cent.,  which  from  a  number  of  tests 
represents  the  stand-by  losses  of  the  producer,  leaving  lO.OOO  B.T.U. 
really  available.  We  therefore  get  the  quantity  of  coal  for  1  b.ii.p.- 
hour  as  0-85  lb.  Therefore  the  fuel  costs  of  the  gas  engine  will  not 
in  any  case  exceed  one-half  those  of  the  steam  engine.  There  is  no 
reason  whatever  why  the  figures  for  the  gas  engine  could  not  be 
maintained  if  used  for  the  purpose  of  driving  an  alternator  for  supply- 
ing current  for  the  auxiliaries  on  board  shij).  And  whereas  the 
losses  due  to  the  distribution  of  the  current.  Ac.  would  not  amount 
to  more  than,  say,  20  per  cent,  for  the  electrical  jilant.  the  losses 
due  to  distribution  of  steam  to  the  auxiliaries  would  be.  on  the  niOist 
favourable  conditions,  a  minimum  of  75  per  cent.  1  think  that  these 
figures  should  convince  everyone  that  the  system  I  have  described 
has  a  great  future  before  it  for  auxiliary  work  on  board  ship. 

The  weight  and  space  <iccupied  for  the  different  systems  is  next 
considered.  Owing  to  the  above  great  saving  in  distribution  and  in 
coal  consumi)tion  per  Ijrake-horse-iiower-luiur  the  actual  bunker 
space  required  with  a  ])roducer  would  be  only  one-quarter  of  the 
space  required  for  the  donkey  boiler,  .\gain.  a  table  of  weights 
given  in  the  Paijer  shows  that  a  300  ii.p.  producer  weighs  approxi- 
mately 19  tons  and  occupies  14  ft.  by  It)  ft.  6  in.  by  16  ft.,  whilst  the 
gas  engine  weighs  30  tons  and  occupies  16  ft.  by  9  ft.,  and  is  12  ft. 
high  :  thus  the  total  weight  of  combined  producer  and  engine  is  49 
tons. 

The  cost  of  u|ikeep  of  a  producer  [ilant  of  course  varies  somewhat, 
but  from  my  experience  it  should  not  exceed  more  than  £10  to  £11 
l)er  annum  in  a  well-designed  and  constructed  ]ilant  of  3(K)  b,h.p. 
The  water  required  by  the  producer  varies  from  11  to  2  gallons  ])er 
brakc-horse-power-hour.  .\gain.  figures  given  in  the  Paper  show 
the  enormous  difference  in  stand-by  losses  in  favour  of  the  producer, 
compared  with  a  steam  boiler. 

In  a  previous  I'aper  read  by  ilr.  E.  Shackleton  before  the  Institute 
he  gives  some  very  interesting  figures  relating  to  the  coal  consump- 
tion i-equired  for  loading  or  discharging  cargo  by  steam  ;  for  a 
200  H.p.  plant  the  fuel  consumption  of  the  average  steam  winch 
may  probably  be  imt  at  5  lb.  })er  horse-power  per  hour.  t'omi>rtring 
thi.s  figure  with  the  coal  consumption  of  the  electrical  winch  driven 
from  the  suction  gas  alternator  and  allowing  distribution  losses  of 
even  25  per  cent.,  we  get  a  coal  consumption  of  11)6  lb.  of  coal  per 
brake-horse-iiower-hour  on  our  electrically  driven  winch,  as  com-" 
pared  with  5  lb.  of  coal  for  the  steam-driven  winch. 

Included  in  the  I'aper  are  the  actual  test  figures  taken  on  a  Hornsby 
Stockport  suction  gas  engine  of  200  b.ii.p..  showing  cost  of  working, 
including  capital  expenditure  and  maintenance,  .^c.     The  cost  per 
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hour  for  the  2Ck:i  h.f.  engine  wa?  4!icl..  i>r  ]d.  per  brake-horse-power- 
hour. 

The  author  next  quotes  from  an  article  in  "  Cassier's  Magazine  "" 
on  the  gas  engine  exi^riments  in  tlie  ■"  Rattler."  The  old  boilers 
and  steam  engines  have  been  removed  and  a  single  set  of  vertical 
Beardmore  Chaiilain  suction  gas  engine  and  producer  installed  in 
their  place.  The  engine  is  .")IK1  B.n.p..  five  cylinder,  single  acting  : 
bore  20  in.,  stroke  24  in..  12»l  revs,  per  inin.  The  five  cylinders  are 
ande|)endent  of  each  other.  The  vessel  has  run  up  lo  date  over 
l.StHI  miles  at  an  average  speed  of  S  to  9  knots  per  hour.  As  regards 
weight  and  space,  the  gas  producer  saves  from  25  to  30  per  cent,  of 
the  corresponding  item  of  a  steam  outfit,  but  it  is  in  the  cost  of 
labour  and  fuel  that  one  of  the  chief  Ijenefits  is  to  be  found.  The 
"  Rattler  ""  as  a  steam  vessel  had  13  stokers  and  four  engineers,  now 
as  a  gas  ship  she  has  three  engineers  and  four  heli)er.s.  The  producer 
only  requires  a  few  minutes"  attention  every  two  hours.  It  was 
found  that  starting  from  all  cold  took  3(1  minutes.  Consumption  of 
fuel  compared  with  the  steam  i)lant  was  .")(»  per  cent,  less  for  the  gas 
plant. 

Reference  is  next  made  to  tests  on  the  electrical  equipment  at 
the  Powell  Duifryn  Aberdare  Collieries,  the  cost  per  unit  coming  out 
at  (••365d.  In  conclusion,  the  author  mentions  that  the  maintenance 
and  depreciation  in  sea-going  installations  would  not  be  at  all  heavy. 
say.  10  per  cent,  for  depreciation  and  2  per  cent,  for  maintenance. 
So  we  get  12i  per  cent,  as  an  annual  charge  on  the  capital  outlay  of 
the  installation. 


CORONA  PHENOMENA  IN  AIR  AND  OIL  AND  THEIR 
RELATION  TO  TRANSFORMER  DESIGN. 

BY   W.    S.   MOODY    AXD   G.   rACCIOLL 

Several  experimenters  have  investigated  the  phonomena  of  corona 
and  published  very  complete  results  of  their  inv?stig;Uions,  which, 
however,  have  been  confined  almost  entirely  to  the  conditions  found 
in  transmission  lines.  The  experiments  recently  made  by  the  authors 
were  not  undertaken  with  any  idea  to  add  to  the  available  informa- 
tion applicable  to  transmission  lines,  but  rather  with  reference  to 
apparatus,  and  especially  static  transformers.  In  transmission  lines 
we  have  the  simplest  form  of  a  condenser  to  consider  in  studying 
the  corona  effects.  In  apparatus,  the  forms  of  condenser  that  must 
be  considered  are  evidently  very  much  more  complex,  because  of 
the  relatively  shorter  length  of  the  dielectric,  the  irregular  shapes 
of  the  condenser  surfaces  and  the  combination  of  solid,  liquid  and 
ga.seous  dielectrics. 

The  first  series  of  tests  were  made  on  apparatus  consisting  of  a 
cylindrical  conductor  parallel  to  a  jilate,  and  it  is  sIioato  for  a  maxi- 
mum permissible  stress  in  air  at  atmospheric  pressure  of  100,000 
volts  j)er  square  inch  that  the  voltage  at  which  corona  will  appear  on 
a  cylindrical  conductor  is  given  bj- 

^     100.0011  ,        2D  2D 

'^=0^4  ''log.--^  230,000  p  log,,  ^  , 

or,  using  the  effective  value. 

2D 

K,.„  =  160.000plog,„~  , 
P 
this  being  true  for  a  sine  wave  where  D  is  the  distance  apart  of  the 
centre  of  the  conductor  and  the  |)late. 

Applying  this  formula  to  distances  D=9in.,  12  in.  and  18  in.  for 
diameters  of  conductors  of  J  in.,  Jin.,  ;;  in.  and  i  in.  the  following 
table  of  voltages  necessary  to  establish  corona  uiider  different  con- 
ditions is  obtained : — 


D 

!      0125  in. 

Diameter  of  conductor. 

0-25in. 

0-375  in. 

59,400 
63,C00 
68,400 

0-50  in. 

Sin. 
12  in. 
18  in. 

24,600 
25.800 
27,600 

43,200 
45,600 
49,200 

74,400 
79,200 
86,400 

This  formula  does  not  take  into  consideration  the  temperature, 
barometric  pressure  and  the  vapour  j)roduct.  To  check  the  results 
of  this  formula  experimentally  the  apparatus  outlined  in  Fig.  1  was 
used.  A  T<}d  4.5  in.  long  was  suspended  by  small  bare  copper  wires 
AC  and  BD  from  pieces  of  treated  wood  hant'ing  from  the  ceilina. 
A  large  earthed  iron  plate  69  in.  long  and  27  in.  wide  was  fixed  at  a 
distance.  D,  from  the  rod.  The  i)oints  C  and  1)  were  connected  by 
bare  <:opi«^r  wire.  Connecti<in  was  made  by  a  wire  il  from  the  ter- 
minal of  a  transformertvho.se  other  terminal  wascaithed.  The  volts 


were  read  across  the  secondary  of  a  transformer  which  was  excited 
by  a  60-cycle  sine-wave  generator.  The  capacity  of  the  transformer 
was  100  k\v..  and  by  properly  grouping  the  secondary  coils,  different 
ratios  of  transformation  were  obtainable. 

The  results  given  below  are  the  average  readings  taken  repeatedly 
over  a  period  of  two  months ;  the  residings  taken  at  different  times 
under  the  same  conditions  agreeing  remarkably  well.  The  varia- 
tions of  temperature  and  barometric  pressure  were  very  small,  the 
average  temperature  being  23°C..  and  the  average  barometric  pres- 
sure 28-9  in. 

It  must  be  noted  at  this  point  that  corona  appears  on  the  con- 
ductor very  abrujitly  ;  furtliermore.  the  luminous  iihenomenon  is 
accompanied  by  the  well-known  characteristic  noise,  so  that  there 
is  little  chance  for  errors  of  observation. 


Fig.  2  gives  the  voltages  at  which  corona  aiipears  on  the  centre 
of  the  rod  in  the  apparatus  illustrated  in  Fig.  1.  The  curve 
obtained  from  the  tests  is  in  all  cases!  fairly  parallel  to  the  calcu- 
lated theoretical  curve,  and  the  test  values^may  be  represented  by 
the  formula  ,,  on 

E=160,OOOplog,o-^-f/ 
P 
where  /  is  a  constant,  whose  value  is  12.000  volts. 

Prof.  Ryan  has  given  a  formula  to  determine|the  conditions 
necessary  for  corona  between  two  parallel  cylindrical  conductors. 
The  maximum  value  of  the  voltage  at  which  1  corona  appears, 
according  to  this  formula  is 

^'""-=  459-2 +\  ^''^'*^'^-'  ^<'  +  -'^'^^  ^"S'^'p 
where  6  is  the  barometric  pressure  in  inches,  t  is  the  temperature  in 


*  ■^'S'''**^'  °^  *  Paper  read  before  the  Americitn  Institute  of  Elec- 
tncal  Engineers. 
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degrees  Falu-enheit,  p    is   the  radius  of  the  conductors  and  s  the| 
distance  between  the  conductors. 

To  apply  this  formula  to  the  above  ease,  E,„„x.  must  be  divided 
by  2  to  obtain  the  voltage  between  one  of  the  conductors  and  the 
neutral  plane.  The  correction  factor  for  pressure  and  temperature 
is  0-97,  and  using  the  effective  value  of  the  voltage  wr  finally 
an  iVe  at  _  o,. 

K,.„=  120,000  (p-t- 0-07)  log.o'^l' 
P 

This   formula  is  supposed  to   apply  only  to  cimductors  i  in.  in 
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diameter  and  up«ai'd.     Tlie  eoioiia  voltages,  according  to  Ryan's 
formula,  are  then — 


D 

Diameter  of  conductor. 

0-25  in. 

0-375  in. 

0-50  in. 

9  in. 
12  in. 
18  in. 

i          50,500 

I          53,500 
57,700 

61,200 
65,000 
70,300 

71,500 
76,500 
85,000 

Comparing  these  results  obtained  by  Prof.  Ryan's  formula  with 
the  results  obtained  experimentally,  it  will  be  seen  that  for  the  rod 
0'25  in.  in  diameter  the  calculated  results  are  higher  than  the  test 
values.  For  the  0'375in.  rod  the  calculated  results  are  still  high, 
but  nearer  to  test  values,  while  for  the  0'.50  in.  rod  the  calculated 
results  are  lower  than  the  test  values. 

The  authors  then  go  on  to  describe  some  tests  made  l)y  them  \^itli 
the  plate  mentioned  above,  this  plate  being  used  as  mn-  cli  rtimlc 
and  earthed.  For  this  purpose  it  was  necessary  to  know  i  In-  \  uIi/ilc 
wave-form  as  the  corona  depends  on  the  maximum  ratlui-  than  the 
average  effective  voltage  shown  by  the  voltmeter.  An  unsuccessful 
attempt  was  made  to  use  a  spark-gap  in  parallel  with  the  test  appa- 
ratus, as  a  voltmeter.  Oscillograms,  however,  showed  that  the  tests 
were  carried  out  with  voltages  of  practically  a  sine  wave  form. 

Another  important  point  was  the  condition  of  the  surface  of  the 
conductor.  The  surface  must  be  smooth  and  free  from  metallic  spots, 
while  spots  of  insulating  material  also  lead  to  annoyance  and  must 
be  eliminated.  In  order  to  obtain  consistent  results  tireat  care  was 
therefore,  taken  to  «ork  with  clean  uniform  surfaces,  but  the  effect 
of  insulation  on  the  conductor  appeared  so  peculiar  that  an  investi- 
gation of  this  matter  was  made  with  very  interesting  results. 

If  the  potential  is  raised  above  78,500  volts,  the  brushes  at  the 
edge  of  a  rubber  tube  slipped  over  the  rod  increase  in  length  and 
volume  until  they  span  the  whole  distance  between  the  rod  and  the 
plate.  Increasing  the  (lotential  still  further,  the  colour  of  the 
brushes  changes  from  blue  to  purple,  and  finally  the  spark  jumps 
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from  the  rod  to  the  plate  through  the  mass  of  one  of  the  brushes. 
If  no  insulation  were  on  the  rod  the  breakdown  would  have  occurred 
at  one  of  the  ends  of  the  rod,  but  the  presence  of  tlie  rubber  tube 
has  changed  the  conditions  and  has  brought  the  «  eakest  point  of  the 
system  to  the  edge  of  the  insulation.  This  phenomenon  obtained 
with  a  piece  of  rubber  tube  can  be  reproduced  by  using  any  kind  of 
insulating  material  on  the  surface  of  the  rod.  A  thin  coat  of  paraffin 
on  the  rod  will  produce  the  phenomenon  as  well  as  a  glass  or  mica 
tube,  a  knot  of  varnished  cambric  tape,  a  rubber  cork,  a  disc  of 
suljihur,  or  the  like. 

An  explanation  of  these  results  is  simple,  if  the  disturbances  in 
the  field  of  electric  forces,  which  take  place  on  the  introduction  of 
the  insulating  material  around  the  centre  of  the  rod  AB,  are  inves- 
tigated in  the  following  way :  Imagine  the  system  of  conductors 
and  insulations  in  Fig.  3  divided  up  into  three  contiguous  conden- 
sers, I.,  II.,  III.  Attempt  to  draw  one  of  the  equipotential  surfaces 
of  the  system  and  it  will  be  seen  that  in  condensers  I.  and  III.  the 
sections  of  the  equipotential  surfaces  are  represented  by  the  lines 
mn  and  pq  at  tlie  same  distance  from  AB.  But  in  the  condenser 
II.,  which  has  a  material  of  high  specific  inductive  capacity  near 
the  rod,  the  trace  of  the  equipotential  surface  «ill  be  lower  than 
mn  and  pq.  say  rs.  In  tlie  vertical  planes  XY  and  X'Y',  the  con- 
ditions of  the  field  are  very  peculiar,  inasmuch  as  the  voltage  of  each 
point  along  these  lines,  considered  as  a  part  of  condenser  I.,  is 
different  from  the  voltage  of  the  same  point  considered  as  a  part  of 
condenser  IJ.  The  result,  we  bc-lieve,  therefore,  shows  the  existence 
of  a  transverse  stress  along  the  lines  XY  and  X'Y',  which  causes  the 
appearance  of  the  brushes  and  tiu'  final  breakdown.  If  this  is  cor- 
rect we  should  be  able  to  st()[)  the  formation  of  brushes  in  ab  by 
equalising  the  potential  along  the  planes  nr  and  ps  by  metallic 
surfaces.     If  we  slip  on  either  side  of  the  insulation  two  metallic 


discs  having  diameters  as  large,  or  larger,  than  the  insulation,  we 
should  expect  that  we  would  eliminate  the  brushes  ab.  Tests  show 
this  to  be  the  result.  Two  tinfoil  discs  2 in.  in  diameter  were  put 
on  the  rod.  The  edges  of  the  insulation  were  then  entirely  free  from 
brush  discharge  and  the  condenser  broke  down  at  one  of  the  .spheres 
at  144.000  volts. 

It  is  to  be  noted  that  although  the  metallic  discs  were  nearer  to 
tlu!  plate  than  the  ends  of  the  rod,  still  the.se  ends  remained  the 
weakest  point  of  the  apparatus.  If  the  same  rea.soning  is  applied 
and  the  equipotential  surfaces  of  the  condenser  considered  it  would 
be  thought  that  the  introduction  of  these  di.scs  on  the  rod  would 
have  the  effect  (jf  relieving  the  stress  from  a  certain  length  of  the  rod 
on  each  side  of  the  discs.  The  tost  proves  that  this  a.ssumption  is 
correct. 

A  rod.  O^.iin.  in  diameter  and  4.5  in.  long,  parallel  to  an  earthed 
plate,  and  12 in.  a^vay  from  it,  begins  to  glow  at  H'.iKH)  volt.s.  If 
tinfoil  is  wrapped  in  the  centre  of  the  rod,  making  a  little  cylinder 
.Sin.  long  and  1  in.  in  diameter,  corona  will  apjiear  in  the  middle  of 
the  two  .sections  of  the  rod  at  62.300  volts.  If  the  tinfoil  cvlinder 
is  shifted  on  the  rod  so  that  the  two  .sections  are  of  different  lengths, 
then  the  middle  of  the  longer  section  glows  at  a  lower  voltage  than 
the  middle  of  the  shorter  section.  The  same  thing  occurs  if  two 
cylinders  are  ])!aced  equidistant  from  each  end. 

An  interesting  point  was  brought  out  in  further  study  of  this 
phenomena  by  variously  dividing  up  the  rod  with  one  or  two  tinfoil 
discs. 

For  it  takes  an  increasing  voltage  to  establish  corona  the  shorter 
the  length  of  the  rod.  In  other  words,  corona  is  not  a  fixed  quantity 
for  a  given  voltage  and  diameter  of  rod,  unless  the  length  of  the  rod 
is  great  and  the  diameter  uniform.      In  order  to  demonstrate  this 


point  thoroughly,  three  rods  |  in.  in  diameter  were  experimented 
with.  The  rods  were  of  different  length,  all  the  other  conditions  of 
the  test  being  identical.  The  arrangement  was  tlie  one  ivprosented 
in  Fig.  I  and  the  distance  between  the  rod  and  the  earthed  plate 
was  12  in.     The  results  of  the  test  are  shown  in  Fig.  4. 

The  values  differ  from  the  corresponding  values  given  above,  Dut 
the  conditions  of  the  test  are  somewhat  different  in  the  two  cases, 
and  the  -'suspension"  of  the  rod  might  influence  the  results. 

The  results  obtained  when  the  voltage  in  the  apparatus  shown 
in  Fig.  1  is  gradually  raised  are  as  follows:  .\t  57.01  HI  volts  the  rod 
was  dark:  at  .'iS.nob  volts  the  centre  of  the  rod  glowed. 

Theoretically,  as  soon  as  the  critic^il  voltage  is  reached  corona 
should  appear  over  the  whole  length  of  the  rod.  assuming  the  inten- 
sity of  the  field  is  constant  and  the  equipotential  surfaces  in  the 
immediate  neighbourluiod  of  the  rod  are  cylinders  practically  con- 
centric with  it."  This  test  shows,  however,  that  the  intensity  of  the 
field  is  not  uniform  throughout  the  length  of  the  rod.  At  58.0<Xt 
volts  the  length  of  the  glowing  portion  of  the  rod  is  15  in.,  exactly 
in  the  centre.  At  SO.lini)  volts  its  length  becomes  33-5  in.  The 
system  breaks  down  at  113,00(1  volts  from  one  end  of  the  rod:  al- 
though even  at  this  voltage  the  portion  of  the  nxl  near  the  susix^n- 
sion  wires  remains  tlark.  If  the  bridging  wii-e  is  eliminated  and  the 
high  pot<"ntial  lead  brought  to  (-.  the  suspension  wire  is  connected 
to  the  rod  only,  and  it  is  then  found  that  at  54.(KI0  volts  the  rod 
was  dark,  at  '55.0t)0  volts  corona  was  15  in.  kms  in  the  centre,  at 
60.000  volts  corona  was  22  in.  lung  in  tlie  oentiv.  at  SO.tHXI  volts 
corona  was  33  in.  long  in  the  centre,  at  inO.OOO  volts  corona  was 
35 in.  long  in  the  centre,  at  li2.0lNi  volts  the  system  breaks  down 
from  one  of  the  ends  to  the  plate. 

If  the  copjier  wire  BD  is  removed  t  he  following  results  are  obtained  ; 
At  nO.OOtI  volts  the  rod  is  dark,  at  51,000  volts,  the  portion  of  the 
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rotl  near  B,  or  uear  the  silk  tape  suspension,  glows  for  the  length  of 
•2\  in.  measured  from  B.  Increasing  the  voltage  causes  the  corona 
to  approach  more  and  more  to  the  point  A.  At  (iG.OOO  volts  tlie 
corona  is  33 in.  long.  At  Sti.OOO  volts  it  is  41  in.  long;  at  90,000 
volts  41  in.  long,  and  at  lOo.OOO  volts  still  41  in.  long,  while  at 
ll'J.iHX'  volts  a  spark  jumps  from  A  to  the  i)late. 

The  ends  of  the  rod  do  not  alfect  the  charaoter  of  the  phenomena. 
I'ig.  5  gives  curves  showing  the  voltages  and  corresponding  lengths 
of  corona  in  the  cases  mentioned  above.  The  dimensions  and  posi- 
tion of  the  earthed  ])late  do  not  affect  the  position  or  spreading  of 
the  carona.  The  voltage  at  which  the  corona  starts  is  naturally 
different,  though  its  general  appearance  is  the  same  as  before.  In 
oonclu-sion.  the  corona  voltage  is  affected  by  many  conditions  which 
can  hardly  be  show  n  in  a  formula.  The  tests  to  check  the  law 
,  log2D'^  „log2D" 
d'  '^' 

proved  to  be  erratic,  as  might  be  cxiwcted,  but  in  general  they 
show  that  a  small  rod  at  a  com|)aratively  great  distance  from  the 
plate  requires  a  higher  voltage  than  a  large  rod  at  a  correspond- 
inaly  small  distance  from  the  plate.  However,  on  account  of  Ihc 
great  difference  in  distances,  it  is  almost  impossible  to  reproduce 
exactly  the  same  conditions  of  test  in  both  cases,  and  the  behaviour 
of  the  electric  field  is  so  .sensitive  that  we  should  not  be  surprised 
at  the  apparent  inconsistency  between  theory  and  test. 

The  second  type  of  condenser  on  which  experiments  were  per- 
formed consisted  of  different  rods  45  in.  long,  suspended  at  both  ends 
by  copper  wires,  which  were  placed  in  the  centre  of  a  metallic  disc. 
The  dimensions  of  the  rin<;  were  10  in.  inside  diameter.  20  in.  outside 
diameter  and  2  in.  long.  The  disc  and  the  portion  of  the  rod  covered 
by  it  constituted  condenser,  and  the  effective  voltage  at  which 
corona  will  appear  on  the  inside  conductor  was  in  volts 

E,.„  =  160,000  f,  log,/ 

.p 

If  we  apiily  this  formula  for  p'  =  5in.  and  for  diameters  of  rods 
lin.,  Jin..  ^  in.,  Jin.,  wc  have: — 


Radius  of  conductor. 

00625  in. 
0125  „ 
0187  „ 
0-250     „ 


Corona  voltage. 


19,000 
32,000 
42,600 
52,000 


In  attempting  to  check  these  calculations  the  metallic  cylinder 
was  earthed  and  the  rod  connected  to  one  of  the  terminals  of  the 
testing  transformer,  whose  other  terminal  was  also  earthed.  The  rod 
was  45  in.  long  and  the  cylinder  2  in.  long,  the  latter  being  located 
in  the  centre  of  the  rod.     The  following  results  were  obtained: — i 


Radius  of  conductor. 


Corona  voltage. 


00625  in. 

26,500 

0125     „ 

40,500 

0-187     „ 

52,000 

0-250     „ 

62,000 

The  tested  values  are  again  higher  than  the  calculated  values, 
but  their  difference  is  not  constant.  The  discrepancies  between 
tests  and  theories  are  undoubtedly  explained  by  the  fact  that  the 
formula  applies  to  cylinders  of  indefinite  length,  whereas  one 
cylinder  in  thLs  case  was  very  short  and  consequently  the  disturb- 
ing influences  of  the  ends  of  the  cylinder  were  proportionately 
very  great. 

.Just  how  the  length  of  the  outside  ring  influences  the  results  can 
be  easily  .seen  from  the  furtlii-r  tests  made  with  .•i|)paratus  consist- 
ing of  metallic  tubes  of  different  lengths,  wliich  were  inserted  and 
.supported  by  the  cylinder  previously  u.sed.  It  appears  that  the 
voltage  increases  with  the  diameter  of  the  rod,  and  that  the  longer 
the  cylinder  the  lower  is  the  corona  voltage,  which  shows  a  more 
uniformly  distributed  field  in  the  centre  of  the  apparatus ;  that  is, 
the  longer  the  cylinder  the  nearer  we  approach  the  theoretical  results. 
On  the  other  hand,  if  the  length  of  the  rod  is  decreased,  the  voltage 
at  which  corona  appears  is  increased. 

We  obtain  identical  results  if,  instead  of  using  shorter  rods,  we 
shift  the  suspen.sion  wires  nearer  together.  As  in  the  other  type  of 
condenser,  the  protecting  influence  of  the  suspension  wires,  which 
relieves  the  stress  for  a  considerable  length  on  the  surface  of  the  rod 
is  apparent.  We  should  expect  also  to  tind  that  the  cross-section 
of  the  ring  has  a  pronounced  influence  on  the  results.  If  we  take  a 
pipe,  1  in.  in  diameter,  bend  it  in  a  ring  10  in.  in  diameter,  ])ass 
through  its  centre  rods  45  in.  long  and  of  varying  diameters,  it  is 
iound  that  the  corona  voltage  increases  considerably  with  the  radius. 


It  should  be  borne  in  mind,  however,  that  we  have  not  only  chani'cd 
the  cross-section  of  the  ring,  but  we  have  also  decreased  its  length, 
the  pipe  used  being  only  lin.  in  diameter.  The  results  of  all  these 
tests  show  that  conditions  existing  in  the  field  between  tlie  ring  and 
the  rod  are  very  ditferent  from  those  assumed  in  tlie  theory.  The 
lines  of  force  have  commonly  been  thought  of  as  perpctuliculav  to  the 
surfaces  of  the  outside  cylinder  and  uniformily  distributed  along  its 
length.  Evidently  this  cannot  be  the  case  when  the  length  of  the 
cylinder  is  short.  The  density  of  the  field  is  a  maximum  in  the 
central  iiart  of  the  rod  and  decreases  in  intensity  towards  the  ends. 
This  can  be  clearly  show-n  by  observmg  the  fact  that  when  the  rod 
is  excited  from  both  ends  the  middle  begins  to  glow  at  very  much 
lower  voltage  than  is  required  to  distribute  this  glow  ujion  the  entire 
length  of  the  rod.  In  fact,  with  the  proper  combination  of  aiipara- 
tus,  the  voltage  ajiplied  can  be  quite  accurately  determined  \>y  the 
length  of  the  rod  that  glows. 

A  number  of  experiments  are  then  described  to  show  that  the 
voltage  at  which  corona  appears  in  apparatus  of  limited  dimensions 
not  only  depends  on  the  dimensions  of  the  apparatus  itself  and  the 
mutual  action  of  the  different  parts,  but  is  also  a  complex  function 
of  .several  quantities  and  conditions.  Therefore,  the  formula  ^vhich 
takes  into  consideration  only  the  principal  dimensions  of  the  con- 
denser between  w-hich  the  electric  stress  exists  could  not  give  correct 
results. 

Before  closing,  we  wish  to  say  a  few  words  with  reference  to 
corona  as  it  exists  under  oil.  We  have  often  heard  it  said  that  the 
use  of  oil  eliminates  corona,  but  such  is  not  the  case  in  our  opinion. 
There  are  some  distinct  differences  in  the  manifestation  of  corona 
in  air  and  in  oil,  but,  so  far  as  our  present  rather  limited  experi- 
mentation goes,  we  believe  there  is  no  essential  difference  in  this 
manifestation  in  the  tw-o  materials.     If  we  submerge  two  needles 
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12  in.  apart  in  oil.  and  raise  the  difference  of  potential  between  them, 
there  is  no  noticeable  glow  given  off  up  to  100,000  volts,  but  with 
1,000  volts  more,  the  glowing  is  very  perceptible  in  the  shape  of  a 
small  steady  brush,  noiseless  and  green  in  colour.  We  have  hers, 
then,  not  only  a  corona,  but  the  same  characteristic  that  is  found  in 
air  corona  ;  namely,  that  a  very  slight  difference  exists  between  the 
voltage  at  which  there  is  no  corona  and  that  at  which  it  appears.  If 
we  raise  the  potential  still  further,  the  brushes  increase  in  size  and 
eventually  touch  each  other  and  soon  after  cause  a  disruption  of  the 
oil.  If  the  needles,  instead  of  being  12  in.  apart,  are  only  6  in.  apart, 
the  corona  will  be  established  at  about  78,000  volts  ;  if  the  needles 
are  3  in.  apart,  the  corona  will  start  at  about  72,000  volts.  If 
befcm-  lircakdown  takes  place  we  decrease  the  difference  of 
potiiiliiil  liri  \scen  the  needles,  the  corona  will  disappear  at  the  same 
vohiiL'i-  .il  w  hiih  it  started,  furthermore,  the  oil  that  is  in  the  gap 
is  set  in  violent  motion,  which  is  maintained  so  long  as  a  stress  exists. 
Analogous  results  can  be  obtained  by  using  the  needle  opposed  to 
the  plate  ;  that  is,  at  a  certain  voltage  the  point  will  emit  a  steady 
luminous  brush,  which  is  similar  to  the  brushes  obtained  in  air. 

With  our  present  knowledge,  the  comparison  of  values  between 
corona  voltage  in  air  and  under  oil  is  very  iliflfiiailt  and  unsatisfactory. 
Under  oil  it  is  only  with  wires  of  .small  dianictcr  that  the  corona 
voltage  is  sufficiently  abrupt  and  constant  to  he  nieasiued  consis- 
tently, while  in  air  it  is  the  small  wires  with  which  it  is  difficult  to 
get  consistent  results.  Such  small  wires  in  air  depart  markedly 
from  the  law  that  expresses  the  corona  phenomenon  on  larger  wires. 
The  larger  wires  under  oil,  as  we  have  said,  give  very  unsteady,  and 
therefore  unsatisfactory,  results. 

C'rinrlunioiis. — ;';)mmercial  transformers  are  now  being  extensively 
built  to  use  for  voltages  where  these  complex  laws  of  the  corona  must 
be  generally,  if  not  exactly,  known,  if  theu-  dfisign  is  to  bo  correctly 
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■worked  out.  Of  course,  it  has  been  generally  appreciated  for  some 
years  that  corona  discharges  must  he  avoided,  even  more  in  trans- 
.forniers  than  on  the  transmission  line  to  which  they  are  connected. 
\Mien  in  transformer  design  only  the  simple  law  of  the  diameter  of 
the  conductor  and  the  corresponding  corona  voltage  are  considered, 
and  the  effect  of  such  factors  as  the  length  of  the  conductor,  changes 
in  its  diameter  and  the  solid  insulation  necessary  on  parts  of  the  con- 
ductor are  neglected  ;  then  these  experiments  show  that  it  is  not  sur- 
prising that  designs,  apparently  similail,  have  given  very  different 
results  in  service. 


THE  OPEKATION  OF  ALTERNATORS  IN  PARALLEL. 

BY   JOSEPH    \V.    A.\.SO.\. 

The  writer  proposes  in  the  following  article  to  detail  the 
•experience  gained,  during  some  2J  years,  whilst  controlling 
large  alternating-current  units  running  in  parallel. 

Although  the  question  of  running  large  direct-current  gene- 
rators in  parallel  is  one  of  great  importance,  and  an  equal 
amount  of  attention  and  care  is  required  in  order  to  maintain 
a  steady  and  continuous  supply  of  energy,  it  must  be  acknow- 
ledged that  there  is  not  the  scope  for  the  application  of  a 
scientific  training  in  running  direct-current  generators  in 
parallel,  that  there  is  in  running  alterhatiiig-current  generators 
in  parallel,  especially  when  the  alternators  are  driven  by  large 
reciprocating  engines. 

Sijnchronisimi . — In  large  power  stations,  where  the  load  at 
given  and  regular  times  increases  very  rapidly,  ample  time 
«hould  be  allowed  for  starting  up  new  machines  ;  and  the  signal 
to  run  up  a  fresh  machine  requiring,  say,  10  minutes  to  be 
broughtup  to  synchronous  speed,  should  be  given  when  the  load 
on  the  existing  machine  or  machines  is  about  75  per  cent,  of  the 
full  load  capacity,  otherwise  difficulty  may  be  experienced  in 
synchronising  owing  to  the  speed  of  the  running  plant,  or  plants 
rising  and  falling  considerably,  as  their  overload  limit  is  ap- 
proached from  time  to  time. 

The  writer  well  remembers  a  case  early  one  morning  in  which 
it  took  23  minutes  to  synchronise  a  large  set  into  parallel  with 
another  set  which  had  been  running  all  night.  No  doubt  the 
time  was  left  a  little  too  late,  and  this,  together  with  the  fact 
"that  the  high-presstu-e  admission  valves  were  working  a  little 
■erratically  on  the  incoming  machine,  caused  the  trouble.  By  the 
time  the  new  machine  was  actually  in  parallel,  the  load  was 
■well  up  to  5,000  kw.  on  the  one  plant,  and  the  field  current  on 
this  machine,  needless  to  say,  was  certainly  somewhat  over  the 
full-load  field  current.  This  sort  of  practice  is  very  nerve 
straining,  and  may  be  easily  avoided  by  allowing  ample  time 
for  synchronising. 

The  question  of  synchronising  is  of  great  importance  in  large 
stations,  and  must  be  treated  under  two  headings  : — • 

1.  Synchronising  with  electrically  operated  oil  switches. 

2.  Synchronising  with  hand-operated  oil  switches. 

There  is  no  doubt  that  using  hand-operated  oil  switches,  a 
good  phase  may  be  obtained  with  the  needle  of  the  synchro- 
scope revolving  fairly  fast,  whereas  to  attempt  to  synchronise 
a  generator  with  electrically  operated  oil  switches,  with  the 
■synchroscope  needle  revolving  at  the  same  speed  would  be 
•disastrous  ;  the  reason  being  that  when  hand-operated  switches 
are  used  the  closing  is  practically  instantaneous;  and  when 
electrically  operated  switches  are  used  a  certain  time  is  re- 
quired to  operate  the  controller,  and  also  for  the  oil  switchgear 
to  work.  The  time  required  for  a  motor-operated  oil  switch 
to  close  is  much  in  excess  of  the  time  required  for  a  solenoid- 
operated  oil  switch  to  close.  It  is  very  difficult  to  take  a 
quickly  moving  phase  with  electrically  operated  switches  ; 
in  fact,  the  synchroscope  needle  must  be  moving  very  slowly 
indeed,  and  the  operating  controller  should  be  closed  when  the 
moving  needle  is  very  steady,  and  just  a  little  time  before  it 
covers  the  painted  pointer  on  the  dial,  which  indicates  that  the 
machines  are  in  phase. 

It  is,  however,  always  advisable  to  synchronise  with  a  moving 
■.synchroscope  needle,  as  it  is  far  more  trustworthy  than  syn- 


chronising with  the  needle  completely  at  a  stop  in  the  right 
position.  Although  the  plants  are  quite  in  phase  during  this 
time,  it  is  possible  for  the  needle  to  be  90  deg.  out  of  pliase  by 
the  time  the  controller  is  operated  and  the  switch  has  closed, 
whereas,  with  a  .slowly  and  steadily  moving  pointer  one  can  see 
at  once  what  position  the  needle  is  going  to  take  up. 

Methods  of  EnHurimj  Steady  Runnituj  in  Parallel. — There  is 
undoubtedly  a  great  tendency  to  run  plants  two  or  three  revo- 
lutions over  the  designed  speed,  and  this  is  one  of  the  greatest 
causes  of  unsteady  running  in  parallel,  especially  with'engines 
having  Corliss  or  drop-valve  gears,  which  run  most  steadily 
and  quietly  at  the  correct  speed.  The  reason  for  this  tendeucy 
to  run  fast  is  due  to  the  inductive  nature  of  the  load.-i  now  dealt 
with  in  this  country.  In  order  to  obtain  the  full  output  of 
power  from  a  machine,  at  the  correct  voltage  of  supply,  runniug 
on  an  inductive  load  it  becomes  necessary  to  do  one  of  two 
things  : — 

1.  Increase  the  field  current  to  an  excessive  amount. 

2.  Increase  the  speed  of  the  engine. 

The  first  method  is  the  one  to  employ  to  ensure  good  steady 
running,  but  it  is  probable  that  the  second  method  is  more 
often  used  in  practice.  There  is  far  too  much  hesitation  on  the 
part  of  operators  in  increasing  the  field  current  30  or  40  per 
cent,  of  the  full-load  field  current,  but  it  must  be  done  to  over- 
come the  demagnetising  effect  of  the  excessive  currents  flowing 
in  the  stator  coils,  due  to  the  low  power  factor  of  the  system. 

Another  advantage  of  increasing  the  field  current  in  order 
to  maintain  the  voltage  of  an  alternator,  on  a  hea%y  and  in- 
ductive load,  is  that  there  is  nothing  which  conduces  more  to 
steady  running  than  to  run  with  a  good  stiff  field. 

Generators  Running  on  Loads  with  a  False  Poivcr  Factor.— 
It  is  interesting  to  take  the  case  of  an  engine  driven  alternator 
supplying  the  night  load  on  a  system,  w-here  it  is  necessary  for 
a  number  of  large  induction  motors  to  nui  lightly  loaded. 
When  the  power  factor  meters  on  the  various  feeder  panels 
range  between  0-3  and  0-5,  with  perhaps  one  or  two  meters 
reading  unity  for  sub-stations  with  synchronous  machinery,  it 
would  be  expected  that  if  a  reading  w-as  taken  on  the  gene- 
rator power  factor  meter,  the  restdt  would  be  a  power  factor 
of  about  0-6  or  0-65,  after  making  allowance  for  the  sjTi- 
chronous  plant  ;  instead  of  that  it  is  quite  probable  that  the 
generator  power  factor  meter  will  be  reading  0-9  or  0-92,  and 
the  operator  on  the  switchboard  congratulates  himself  on  the 
good  power  factor  of  his  generator.  If,  however,  one  examines 
the  engine  tachometer  it  is  at  once  seen  that  the  plant  is  run- 
niug imder  false  conditions,  probably  5  per  cent,  too  fast,  and 
with  a  very  light  field  current ;  hence  the  good  power  factor 
showing  on  the  generator  instrument.  These  conditions  just 
stated  are  the  worst  for  withstanding  a  sudden  short-circuit 
or  earth  on  the  system.  The  correct  way  to  rim  a  plant  of 
this  tvpe  on  a  light  but  inductive  load,  is  to  slow  the  engine 
down  until  it  is  running  at  the  designed  speed,  at  the  same  time 
increasing  the  field  until  the  machine  is  maintaining  the 
correct  voltage  at  correct  speed.  The  generator  power  factor 
meter  will  then  be  registering  the  correct  power  factor  of  the 
system. 

Paralld  Bunninf/  on  Light  ior;*/.— Another  interesting  point 
in  connection  with  parallel  running  is  the  difiicidty  of  opera- 
ting two  large  machines  in  parallel  on  light  load  with  any 
degree  of  steadiness.  It  certainly  does  not  require  as  much 
skill  to  coittrol  alteriuiting-current  generators  on  heavy  load, 
as  on  light  load.  On  heavy  load  all  steam  admission  valves 
on  the  engines  will  have  large  openings  to  steam,  and  the  cut 
off  will  be  very  sharp  and  definite  :  whereas,  on  light  load  the 
period  of  admission  will  be  very  small— in  fact,  it  is  quite  pos- 
sible for  the  governors  of  the  engines  to  be  set  in  such  a  way 
that  a  valve  at  one  end  of  the  cylinder  may  miss  being  opcjied 
at  all  for  one  revolution. 

These  effects  cause  uneven  turning  moments  on  the  shaft, 
and  consequently  the  parallel  running  is  unsteady.  The  above 
facts  refer,  of  course,  to  engines  having  automatic  expansion 
gear  with  the  full  steam  pressure  up  against  the  high  pressure 
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admission  valves  ou  all  loads,  and  not  to  engines  on  which  tin' 
governing  is  effected  by  throttling  the  steam. 

All  inductive  load  indirectly  affects  parallel  running  on  light 
load.*  as  well,  for  it  may  be  necessary  to  run  two  machines  in 
parallel,  not  because  the  actual  load  is  too  much  for  one 
machine,  but  because  the  line  current  necessary  for  that  load 
at  a  low  power  factor  is  far  in  excess  of  the  full  load  current 
of  one  generator.  It  therefore  becomes  necessary  for  the  cur- 
rent to  drop  down  to  the  fidl  load  current  of  one  generator 
before  a  machine  can  be  shut  down,  quite  irrespective  of  the 
load  in  kilowatts  on  the  system. 

To  give  an  instance,  it  is  quite  possible  that  two  generators. 
each  capable  of  supplying  4,250  lew.,  may  have  to  run  in  parallel 
for  half  an  hour  on  a  load  dropping  down  from  5.000  kw.  to 
S.tRKi  kw.  before  it  is  possible  to  take  one  maciiine  out.  owing  to 
the  excessive  line  current  recjuircd  for  the  latter  output  at  a  low 
power  factor  ;  and  with  two  machines  of  this  size  it  is  difficult 
to  share  the  load  between  them  without  any  surging  taking 
place.  It  is  quite  apparent  that  any  surging  may  be  stopped  at 
once  by  reducing  the  steam  pressure  on  the  engine  which  is 
shortly  to  be  taken  out.  thus  obtaining  a  more  definite  opening 
of  the  valves  for  a  given  load  :  but  with  care  and  attention  it  is 
possible  to  run  both  machines  on  the  governor,  thus  ensuring 
the  greatest  economy  in  steam  consumption. 

Again,  the  question  of  speed  is  of  great  importance,  and 
when  running  large  generators  in  parallel  on  light  load,  the 
revolutions  should  be  kept  well  down,  even  a  shade  under  cor- 
rect speed,  sav  1  per  cent,  rather  than  over,  and  when  the  load 
is  falling  off.  the  wattmeters  should  be  watched  carefully,  so 
that  everv  time  the  load  eases  down  definitely  the  engine  speed 
can  be  kept  constant  either  by  switchboard  governor  control. 
or  bv  hand.  The  machines  should  be  kept  well  in  hand,  and 
never  be  allowed  to  speed  up  in  any  way  owing  to  load  coming 
off.  otherwise  surging  may  be  set  up  which  might  lie  difficult 
to  stop.  The  field  current  is  also  of  the  greatest  importance 
when  running  in  parallel  on  light  load  ;  with  the  speed  kept 
low  as  advocated  above,  just  sufficient  field  should  be  kept  on 
the  machine  to  maintain  the  exact  line  voltage. 

In  fact,  practical  experience  shows  that  in  order  to  run  two 
machines  steadily  on  light  load,  they  must  be  so  cut  down  that 
thev  can  onlv  just  do  the  load  that  is  required  at  the  time — 
that  is  to  say,  if  the  load  suddenly  increased,  say  500  kw.  or 
600  kw.,  the  volts  might  drop  4  or  5  per  cent.  This,  of  course, 
would  be  immaterial  as  long  as  there  was  no  danger  to  the  con- 
tinuity of  supply,  due  to  surging  between  the  generators. 

Should  two  generators  get  out  of  control  and  commence  to 
surge  badly,  one  machine  should  be  put  on  the  stop  valve  at 
once,  otherwise  the  interchange  of  heavy  currents  will  inevit- 
ablv  reduce  the  line  voltage.  If  the  surging  can  be  definitely 
traced  to  the  faulty  action  of  any  valve  or  mechanism  on  the 
engine,  the  engine-room  staff  should  remedy  the  defect  imme- 
diately, or  change  over  the  machines. 

It  is  interesting  to  note  that  even  when  severe  surging  is 
taking  place  between  generators  running  in  parallel,  the  effect 
on  the  running  of  the  converting  machines  in  the  sub-stations 
is  practically  negligible.  Although  the  needles  of  the  am- 
meters and  kilowattmeters  on  the  generator  instrument  panels 
may  be  most  unsteady,  the  meters  on  the  feeder  instrument 
panels  will  be  reading  quite  normally.  This  note  specially 
refers  to  sub-stations  having  asynchronous  machinery. 

When  large  generators  are  run  over  their  correct  speed  lor 
anvreason,  there  is  far  more  danger  of  theireniergency governors 
operating  should  a  large  amount  of  load  be  removed  for  any 
cau.se,  than  there  wcnild  be  if  the  machines  were  running  at 
their  correct  speed. 

When  turbo-alternators  are  run  in  parallel  with  engine- 
driven  alternators,  it  is  quite  essential  to  run  the  engines  at  thi> 
correct  .speed,  otherwise,  if  the  engines  are  running  slightly 
fast,  say  three  or  four  revolutions,  in  order  to  .synchronise,  the 
turbo-alternators  would  have  to  be  speeded  up  excessively, 
the  amount  depending  on  the  ratio  of  the  number  of  poles  of 
the  two  types  of  machines,  and  the  number  of  revolutions  per 
minute  that  the  engines  were  running  over  speed. 


ELECTRICAL  POWER  GENERATION  AND  DISTRIBU 
TION  AT  THE  COLLIERIES  OF  THE  LOCHGELLY 
IRON  &  COAL  CO.,  FIFE.* 

BY   JOHN   r.lUL. 

hilrridiidion. — Oil  the  coal-field  of  the  Lochgclly  Iron  &  ( 'oal  Co. 
tlieie  arc  U)  pits,  distributed  over  an  area  of  about  Iti  s([.  miles, 
and  raising  an  aggregate  of  1.250,(100  tons  of  coal  per  annum.  Until 
the  end  of  last  year,  electricity  supply  for  both  power  and  lighting 
was  ])rovided  throughout  tliis  area  by  numerous  isolated  continuous- 
emrent  jilants  of  low  and  medium  pressure.  The  more  modern  con- 
sisted of  BelHss  &  Morcora  highspeed  vertical  engines  direct -coupled 
to  generators,  and  the  remainder  of  slow-speed  horizontal  engines 
connected  to  generators  by  belt  drives,  these  latter  including 
several  small  combinations,  supplying  current  at  200  volts  for  light- 
ing the  pit-heads. 

Early  in  1907  the  increase  in  demand  for  electric  drives  of  all 
kinds  made  it  imperative  for  the  company  to  consider  the  ijucstion  of 
increasing  the  supply  of  electrical  energy  to  several  of  the  pits,  and 
incidentally  to  weigh  the  relative  advantages  of  jiroviding  extensions 
to  the  existing  scattered  jilants  and  the  alternative  of  generating  itt 
bulk  at  high  pressure  at  a  convenient  centre  and  distributing  to  the 
several  consuming  points.  .\s  a  result  of  consultation  with  Messrs. 
James  E.  Savers  &  Caldwell,  of  Glasgow,  the  choice  fell  upon  the 
latter  alternative.  It  was  decided  to  instal.  to  begin  with,  plant 
sufficientVo  'deal  with  five  of  the  pits  and  the  workshops,  but  to 
design  tlie  lay-out  with  a  \-iew  to  the  ultimate  inclusion  of  the  whole 
field  in  the  scheme.  The  L'eneral  !a\-out  of  the  scheme  is  shown  in 
Fig.  1. 

A  schedule  of  the  motors  immediately  to  be  provided  for  having 
been  drawn,  and  the  incidence  of  load  and  the  diversity  factor  having 
been  taken  into  account,  a  load  diasirani  (reproduced  in  Fig.  2)  wa* 
deduced,  which  showed  that  between  the  hours  of  6  p.m.  and  6  a.m. 
the  estimated  maxiuium  load  was  61  :S  B.H.P..  and  during  the  re- 
mainder of  the  2-t  hours  "fil  B.n.p..  or  about  -toO  kw.  and  5.50  kw. 
respectively.  It  was  therefore  decided  to  provide  in  the  first 
instance  two  generating  imits  of  about  -150  kw.  capacity  each,  and 
arrange  accommodation  in  the  power  house,  in  addition,  for  a  third 
similar  unit  and  a  1,000  kw.  exhaust  or  mixed-pressure  turbo- 
generator, and  also  so  to  design  and  arrange  the  first  portion  of  the 
equipment  that  no  part  would  require  modification  if  extensions 
were  made. 

The  question  of  immediately  utilisinif  the  exhaust  steam  from  the 
winding  and  other  engines  at  the  Xellie  iiit.  for  generating  electricity, 
was  carefully  considered,  and  the  position  of  the  power  house  was 
arranged  with  a  view  to  this  develoi)ment.  Examination  of  the 
relative  advantages  of  turbines  and  reciprocating  engines  for  the 
size  of  units  required  resulted  in  favour  of  the  last  named,  both  as 
regards  cost  per  kilowatt  capacity  and  steam  consumption  per 
kilowatt  output,  the  quotations  and  guaranteed  steam  consumption 
appearing  to  be  in  favour  of  reciprocating  sets  for  units  of  1 ,000  kw. 
capacity  downwards. 

Condensing  plant  was  included  in  the  proposals,  to  ensure  good 
feed  water  and  to  reduce  capital  expenditure  on  boilers  and  engines. 
The  recovery  of  the  condensed  steam  for  feed  purposes  being  of  great 
importance,  owing  to  the  indift'erent  character  of  the  available 
sujiply  of  water  at  the  Xcllie  pit.  choice  was  restricted  to  the  surface 
and  eva])orative  types  of  condensers,  the  latter  type  being  chosen. 
The  adoption  of  any  other  type  of  condenser  would  have  involved 
circulating  arrangements  of  at  least  four  times  the  capacity  of  the 
little  set  now  in  use  for  this  duty.  and.  in  addition,  would  have 
entailed  the  provision  of  cooling  towers  or  ponds. 

For  steam  raisinu.  boilers  of  the  water-tube  tyjie  were  advocated. 
Superhcatini;  and  liiirh  velocity  of  steam  in  tlie  main  were  also  put 
forward  as  ensuring  irai)ortant  economies,  and  of  especial  value  in 
this  particular  instance,  as  the  boilers  had  to  be  nearly  200  ft.  distant 
from  the  nearest  generating  unit.  This  rather  exces.sive  distance 
was  inevitable,  owing  to  the  necessity  of  selecting  a  site  convenient 
for  the  future  collection  of  steam  for  the  proposed  exhaust  turbo- 
Kencrator  and,  on  the  other  hand,  the  necessity,  for  economic 
reasons,  of  placing  the  new  boilers  in  line  witli  the  existing  Lanca- 
shire boilers. 

In  the  spring  of  1907  specifications  were  pi(|]ared  and  competitive 
offers  obtained  foi'  the  necessary  works.  The  more  important  con- 
tracts were  entered  into  shortly  afterwards,  and  at  the  besjinning  of 
1909  the  power  house,  transmission  line  and  transfornu'r  sub- 
station were  put  to  work,  and  the  change  over  from  the  old  direct- 
ciu'rent  drives  to  the  new  three-phase  system  was  begun.  The  nature 
and  sco|)e  of  the  scheme  having  been  indicated,  a  brief  description  of 
the  completed  works  will  now  be  given. 

*  Abstract  of  a  Paper  read  before  the  .Mininj;  Institute  of  Scotland. 
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Boilers. — There  are  four  Balicock  &  Wilcox  boilers,  set  in  two 
batteries.  Kach  boiler  contains  2.531  sq.  ft.  of  heating  surface  and 
is  constructed  for  a  maximum  working  |)re.ssure  of  200  lb.  per 
square  inch.  Each  boiler  is  lilted  with  the  new  type  of  chain- 
grate  mechanical  stoker.  The  grate  is  self-clinkering,  and  allows 
of  smokeless  combustion,  while  at  the  same  time  liand  firing  can  be 
easily  resorted  to  in  case  of  need.  The  links  of  the  grate  are  closely 
spaced  in  order  to  reduce  riddling  to  a  minimum,  and  the  whole  of 
the  grates  are  driven  by  a  small  steam  engine.  The  expected 
maximum  evajioration  per  hour  from  and  at  "212  F..  with  wet  dross 
and  gum,  is  about  10.000  lb.  per  lioiler.  The  boilers  arc  fitted  with 
superheaters  of  the  integi'al  type,  each  having  42S  sq.  ft.  of  heating 
surface,  designed  to  add  lOOT.  to  the  temperature  of  the  steam. 

Feed  Pumps. — Of  these  there  are  three,  of  single  direct-acting 
type,  designed  to  operate  with  superheated  steam.  Any  two  of 
these  pumps  are  more  than  capable  of  supplying  the  whole  of  the 
feed  water  required. 

Steam  Alternators. — There  are  two  Belliss  &  Morcom  triple- 
expansion  engines,  direct-coupled  to  two  Bruce  Peebles  three-phase 
alternators  with  a  frequency  of  50,  having  exciters  on  the  same  shaft. 


As  accessories  to  this  i)lant,  there  arc  two  oil  separators  inserted 
between  the  engines  and  the  condensers  ;  two  automatic  relief  valves, 
fitted  as  bye-passes  to  the  atmosphere  ;  a  three-throw  Edwards  air- 
pum]),  driven  tlirough  gearing  by  a  three-phase  motor  ;  a  small 
force  pump  (driven  from  the  air-pump  shaft),  delivering  the  water 
passed  by  the  air  pumj)  to  the  inlet  chamber  of  a  Harris- Anderson 
feed-water  purifier  ;  and  a  small  pump,  also  driven  from  the  air- 
pump  shaft,  for  draining  the  two  oil  .separators.  The  centrifugal 
pump  motor  set  for  maintaining  a  film  of  water  over  the  condenser 
tubes  is  of  about  3  H.P.  capacity. 

Power  Hoii.se  Switrhgear  (Fig.  3). — The  high-tension  jwrtionjcon- 
sists  of  four  generator  panels  and  six  feeder  panels,  only  two  offthe 
former  and  four  of  the  latter  being  at  present  fully  equipped.  The 
feeder  panels  in  use  supply  :  (1)  The  transformer  for  the  Nellie  pit. 
(2)  the  transformer  for  the  power-house  motors.  (3)  the  overhead 
line  supplying  the  Mary  and  Xewton  pits  and  (4)  the  overhead  line 
supplying  the  workshops.  Jenny  Grey  pits  and  the  Dundonald 
colliery. 

There  are.  in  addition,  two  panels  dealing  with  low-tension 
three-phase  current   from   the   power-house   transformer.     One 'of 
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Fig.  1. — Plan  showikg 
Position  of  thb  Col- 
liebies  served  by  the 
Genkbating  Station. 
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Fig.  2. — Diagram  showing  the  Load  over  24  Hours  for  Estim.vted  Im.mediate  REiiriREMB>"rs 
OF  Nellie,  Mart,  Jennie  Gray  and  Newton  Pits,  and  the  Workshops 


The  combined  sets  are  each  designed  for  a  continuous  output 
of  420  kw.  on  a  0-8  power  factor  (and  for  2,5  per  cent,  overload  for 
periods  of  two  hours  at  clear  intervals  of  six  hours)  at  3.000  to 
3,300  volts  when  running  at  375  revs,  per  min.,  cither  exhausting  into 
a  condenser  with  a  vacuum  of  26  in.  or  into  the  atmosphere.  The 
engines  are  fitted  with  the  makers'  well-known  system  of  forced 
lubrication  and  are  supplied  with  steam  at  from  1601b.  to  180  1b. 
per  square  inch,  and  at  a  temperature  of  470°F.  to  oOO^F. 

Oil-settling,  filtering  and  storage  tanks  are  arranged  in  the  base- 
ment, by  means  of  which  the  oil  from  any  crank  chamber  may  be 
drawn  off  and  a  fresh  supply  pumped  in.  New  oil  is  run  by  gravity 
into  the  storage  part  of  tliis  apparatus  from  a  jioint  outside  the  station. 

Emporntivc  Condenser. — This  condenser  consists  of  336  corrugated 
pipes  built  up  into  14  coils  of  24  pipes  each,  and  to  operate 
it  10,000  gallons  of  water  per  hour  have  to  be  circulated, 
of  which  800  gallons  are  evaporated  ;  the  remainder  falls  back  into 
the  tank,  and  is  used  over  again,  the  wastage  being  made  up  by  a 
supply  to  the  tank.  The  temperature  of  the  water  in  the  tank  may 
rise  to  115°F.  without  anv  reduction  in  vacuum. 


these  controls  a  50  kw.  motor-generator  supplying  continuous 
current  at  200  volts  for  the  lighting  of  the  power  house.  Nellie  pit- 
head and  the  offices  and  shops,  and  the  other  the  air  pump,  con- 
denser and  centrifugal-i)ump  motors.  There  is  also  a  continuous- 
current  panel  controlling  the  2lM).volt  lighting  supply  from  the  motor- 
generator  already  mentioned. 

All  but  the  measuring  and  indicating  instruments  and  the  handles 
of  the  oil  switches  are  contained  in  screened  cubicles  in  a  switch- 
board recess,  which  is  in  tm-n  guarded  by  Boswick  gates  with  locking 
arrangements,  conforming  to  the  Homo  Office  requirements,  no 
"  live  '■  metal  or  connections  being  on  the  front  of  the  three-phase 
panels. 

Fixed  to  the  sides  of  the  briok  i)iers  within  which  the  main  panels 
are'accommodated  are  the  syncluonising  "lius-bar  voltmeter  and  earth- 
detecting  panels.  On  each  of  the  equipped  generator  panels  are 
mounted  a  three-pole  oil  switch  having  automatic  reverse  power 
trip  gear,  arranged  to  disconnect  a  faulty  machine  from  the  'bus  bars, 
an  indicating  wattmeter,  an  ammeter  and  the  necessary  plug 
connections  for  the  operation  of  synchronising.     In  front  of  each  of 
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these  panels  is  an  exciter  pillar  cmiprisinj;  a  rheostat  handle  for 
varying  the  exciting  current  of  the  generators,  an  ammeter,  a  volt- 
meter and  an  exciter  field  switch.  On  each  of  the  feeder  panels  are 
mounted  a  three-pole  oil  switch  having  automatic  overload  and  out- 
of-balance  trip  gear,  arranged  to  disconnect  a  feeder  in  the  event  of  a 
predetermined  overload,  or  in  the  event  of  any  line  or  lines  of  the 
circuit  becoming  earthed,  an  indicating  watmieter,  an  ammeter 
and  a  kilowatt-hour  or  integrating  wattmeter,  to  measure  the  units 
of  electrical  energy  supplied  to  the  individual  circuits.  On  each  of 
the  low-tension  tliree-phase  panels  are  mounted  a  three-pole  oil- 
switch,  as  on  the  high-tension  feeder  ])anels.  an  ammeter  and  one 
voltmeter  common  to  both  panels.  There  are  no  fuses  on  any  of  the 
tliree-phase  panels.  On  the  20l>-volt  continuous-current  lighting 
panel  is  mounted  a  main  switch  and  three  circuit  knife  switches,  a  pair 


Fig.  3.— View  of  SwiKHBu-Utus  and  Tr.insi-ormers  for  Nellie  Pit 
A>"D  Power  House  Motors. 

of  main  and  three  pairs  of  circuit  fuses,  a  voltmeter,  three  ammeters, 
and  a  field  rheostat  for  voltage  control.  The  whole  supporting 
structure  is  of  iron,  the  sides  and  tops  of  the  cubicles  are  of  slate  and 
the  panels  themselves  are  of  marble. 

Motor-generator  for  Lighting. — This  set  has  already  been  referred 
to.  In  addition  to  this  source  of  illumination,  the  switchboard  is 
provided  with  lamps  sujjplied  by  a  .small  static  transformer  as  a 
safeguard.  The  inside  of  the  po«er  house  is  lined  with  glazed 
bricks  and  has  a  gantry  running  the  whole  length,  from  which  a 
10-ton  traveller  serves  the  whole  area. 

High-temion  Distributing  System. — This  consists  of  overhead 
lines  from  tlie  power  station  to  tin-  Mary  a'ld  Xrwti.n  pits  to  the 
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Fio.  4. — Low-tension  Siue  of  Tbansfobmeb. 

south-west,  to  the  workshops  and  the  Jenny  Grey  pits  to  the  south- 
east, and  sundry  lengths  of  lead-covered  and  armoured  paper  cables 
under  the  North  British  Railway  track  and  from  the  power  house 
to  the  adjacent  terminal  pole.  Fig.  1  gives  an  idea  of  the  extent  of 
this  portion  of  the  work,  the  heavy  dotted  line  indicating  the  two 
lines  now  in  operation,  the  dotted  line  from  the  Jenny  Grey  pit  to 
the  Dundouald  colliery,  the  extension  not  j-et  at  work,  and  the 
chain-dotted  lines  the  sanguine  hope  of  the  consultants,  which  may 
or  may  not  be  realised.  The  point,  however,  of  the  interconnected 
network,  completed  as  shown  by  these  chain-dotted  lines,  is  that  in 
conjunction  with  the  special  arrangement  of  isolating  switches  in 
the  several  transformer  stations,  any  section  of  line,  excepting  that 


from  the  Newton  pit  to  the  south,  could  be  made  dead  (for  rcj)aivs  or 
other  i>urposes)  without  interfering  with  the  supply.  This,  of  course, 
is  an  important  consideration.  The  earthing  guards  have  been 
arranged  for  operation  with  the  supply  from  either  direction,  in  view 
of  this  linking  up. 

.\ll  cables  and  aiii)aratus  in  connection  with  the  overhead  lines  are 


Fig.  5. — View  of  one  of  the  Inbte  Switchboards. 

protected  from  the  effects  of  lightning,  and  excessive  pressures  from 
other  causes,  by  spark-gaps  :  and  public  roads  and  positions  in  the 
vicinity  of  the  pits  are  guarded  by  adequate  cradling. 

Transformer  Stations. — Each  transformer  station  is  designed  to 
contain  two  200  kw.  transformers  (0-8  power  factor)  and  the  neces- 
sary switchgear.  but  at  present  they  have  only  half  of  their  equip- 
ment. The  transformers  are  oil-cooled,  and  are  wound  to  transform 
three-phase  current  from  3.000.  3,150  and  3.300  volts  to  525  volts, 
the  several  ratios  being  arranged  for  compensation  for  varying  line 
losses  at  the  dift'erent  consuming  points  dependent  upon  distance 
from  the  power  station.  The  full-load  efficiency  of  these  trans- 
formers on  test  was  about  97  per  cent.  The  switchgear  for  the 
transformer  chambers  is  of  the  Ferranti  type,  and  comprises  a  high 
and  a  low-tension  panel  for  each  transformer,  with  automatic  oil 
switches,  indicating  instruments,  and  an  integrating  wattmeter  to 


Fio.  6. — View  of  1'aui  of  the  Oveuueau  Li.ne. 

measure  the  units  of  electrical  energy  supplied.  The  switchgear  is 
designed  to  cut  out  automatically  a  faulty  transformer,  and  is 
generally  in  line  with  the  apparatus  in  the  power  house,  which  has 
already  been  described.  On  tlie  high-tension  side,  space  has  been 
left  for  a  high-tension  feeder  panel,  in  case  it  is  desired  to  take  high- 
tension  circuits  down  the  shafts.  On  the  low-tension  side,  there  are 
three  circuits,  each  of  200  kw.  capacity,  for  transmission  of  current 
at  525  volts  for  shaft  cables  or  other  purposes. 

A  good  general  idea  of  the  design  and  arrangement  of  these  trans- 
former chambers  and  their  contents  may  be  obtained  from  Figs.  4 
and  5. 

ShafI  and  Inhi/e.  Cables. — The33  are  of  three-core   bitumen,   in- 


THE  ELECTRICIAN.  SEPTEMBER  lO,   1909. 


869 


sulated  and  filled,  and  douljle  armoured  « itii  };a!vanised-steel  wires. 
They^^are  supported  in  the  shafts  at  intervals  of  411  ft.  tu  .'>()  ft.  by 
cleats  of  special  design,  and  suspended  inbye  by  hempen  slings. 
Electrical  continuity  of  the  arn\ouring  throughout  each  network  is 
■effected  by  substantial  armour-clamping  rings,  and  the  whole  effi- 
ciently connected  to  the  best  earth  obtainable  on  the  several  systems. 

Inbye  Kwitchhoards. — These  are  of  very  substantial  construction 
and  are  designed  for  underground  conditions.  Arrangements  are  also 
provided  on  each  board  by  means  of  auto-transformers  for  the  supply 
of  current  to  50  lamps.  Fig.  5  gives  a  front  view  of  one  of  the.se 
boards  in  position. 

'Sub-circuit  Fusehoards. — These  are  of  heavy  mining  type  with 
porcelain  barrel  fuses,  and  have  all  connections  on  the  front  of  the 
slate  panels.  They  are  enclosed  in  cast-iron  cases  with  armour 
anchor  rings,  and  the  lids,  of  braced  iron  j^late,  are  hinged  and  secured 
by  wing  nuts. 

Motors. — These  have  been  suiijjlied  for  haulage,  pump  and  fan 
drives,  and  include  both  the  sli])-ring  and  scpiirrel-cage  types,  with 
control  panels  and  starting  switchgear  suitable  to  the  particular 
requirements  of  each  drive.  Coal-cutters  have  been  supplied  by  two 
Motherwell  firms.  The  pits  at  jiresent  outside  the  area  of  the  three- 
phase  l^sujiply  are  the  ilinto  and  the  Raith  groui).  the  latter  com- 
prising the  Dora.  Gordon  and  Lochhead  pits.  The  Minto  pit  is 
provided  for  by  two  steam  dynamos  of  100  U\v,  capacity,  and  one  of 
-lai)  kw..   generating  continuous  current  at  500  volts.     The  Raith 


Fig.  7.-  A'iew  of  Oveuhead  Line,  showing  Crvdlisg  uvei:  Koai^way. 

group  is  supplied  by  two  combinations  of  100  kw.  capacity,  which  are 
■exact  duplicates  of  the  first-named  sets  at  the  Minto  pit.  These  are 
located  at  the  Dora  pit.  and  serve  the  Gordon  and  the  Lochhead  pits 
in  addition  by  overhead  transmission  lines.  All  these  pits  have  small 
200-volt  generators  for  lighting  purposes. 

As  to  the  outlay,  it  may  be  taken  that  the  generating  costs,  based 
on  the  load  diagram  produced,  plus  the  ca]«ta'l  charges,  namely, 
interest  on  capital  and  sinking  fund  to  redeem  the  capital  in  20  years. 
will  enable  the  company  by  the  equipment  described  to  deliver 
electrical  energy  at  any  point  in  the  coalfield  for  something  less  than 
0-3d.  per  Board  of  Trade  unit  :  and  that  with  an  increased  load  the 
cost  per  unit  will  be  even  eheaiier,  owing  to  the  fact  that  much  of  the 
capital  expenditure  ah•ead^•  incurred  really  belongs  to  these  possible 
and  probable  extensions.         

Owing  to  the  courtesy  of  the  consulting  engineers,  Messrs.  J.  E. 
Savers  and  Caldwell,  we  are  able  to  supplement  the  description  of  the 
distrilnition  system  given  by  the  author  of  the  Paper  with  thefollow'- 
ing  parti<'ulars : — 

A  general  idea  of  the  lay-out  of  the  overhead  transmission  system 
can  be  obtained  from  Fig.  1  above,  whilst  Fig.  6  is  a  typical  view 
of  one  of  the  overhead  lines.  The  jioles  were  specified  to  be  best 
selected  red  fir,  and  to  be  loaded  with  at  least  10  lb,  of  creosote 
to  the  cubic  foot.  The  spans  vary  between  100  ft.  and  120  ft., 
whilst  the  cradled  spans  iu  no  case  exceed  100  ft.     Fig.  7  sho«s  a 


view  of  the  ciadlini;  over  a  roadway,  and  Fig.  .H  illustrates  the  details 
of  a  ])o1p  fitted  with  a  cradle. 

In  regard  to  earthing,  all  poles  are  connected  by  an  earth  line. 
strained  up  by  means  of  turnbucklcs.  such  line  consisting  of  either 
six  Xo.  12  or  nineteen  Xo.  16  gauge  galvanised  steel  strands  on  a 
hemj)  cure,  .^t  intervals  of  about  400  yds.  coke  pits  are  provided 
adjacent  to  the  poles,  into  each  of  which  pits  is  carried  an  earth  wire 
of  No.  ,3  S.VV,G.  copper.  These  earth  wires  are  electrically  con- 
nected to  the  aerial  earth  line  and  the  whole  of  the  metal  fittings  and 
stays  of  the  i)olc.  and  project  6  in.  above  the  ])ole  roofs,  not  more 
than  one  wire  being  .secured  under  any  one  bolt  head  or  nut.  The 
coke  pits  arc  about  4  ft.  deep  by  3  ft.  square,  and  are  constructed  as 
follows  :  A  12  in.  layer  of  small  coke  is  laid  at  the  bottom  of  the  pit. 
on  which  is  stasgered  a  20  ft.  continuation  of  the  copper  earth  wire. 
and  over  this  is  laid  a  further  12  in.  of  small  coke,  the  whole  being 
thoroughly  saturated  with  water.  The  remaining  poles  are  provided 
with  X'o.  4  S.W.G.  galvanised  iron  earth  wires,  stapled  round  the 
underground  portion  of  the  pole  and  spirally  on   the  under  end 


KiG.  8. — Types  or  Poles  .^nd  Protecting  Cradles  used  for  Lochgelly 
Power  Scheme. 

thereof.  Stay  wires  consist  in  all  case  of  seven  Xo.  S  S.W.G.  strands 
of  galvanised  iron. 

The  insulators  employed  are  of  the  triple  shed  type,  and  of  brown 
glaze  porcelain,  a  rubber  disc  being  interposed  between  the  top  of  the 
spindle  and  the  porcelain.  Each  insulator  before  erection  was  sub- 
jected to  a  Hash  test  of  30.000  volts,  and  also  to  a  pressure  test  of 
10,000  volts  for  48  hours,  the  latter  test  being  applied  immediately 
after  the  insulators  had  been  immersed  for  4S  hom-s  in  water. 

The  terminal  polos  from  whicli  the  underground  cables  run  to  the 
power  station,  and  also  those  at  the  far  ends  of  the  transmission  lines, 
are  provided  with  lightning  and  excess  pressure  dischargers.  Four 
dischargers  are  fixed  at  each  (loint,  connected  so  that  there  are  two 
in  series  between  any  two  lines,  and  the  equivalent  of  IJ  in.  series 
between  an.\-  line  and  earth.  Choke  coils  are  inserted  between  each 
underground  cable  and  the  points  of  connection  of  the  dischargers. 
The  dischargers  and  choke  coils  are  contained  in  a  hinged  galvanised 
iron  case,  secured  upon  steel  channels  to  the  terminal,  pole  as  shown 
in  Fig.  S.  I'rom  the  bottom  of  the  case  depends  an  iron  plate  sup- 
porting the  trifureating  box. 

The  eojiper  conductors  for  each  overhead  line  consists  of  strands 
of  hard  drawn  copper  laid  on  a  hemp  core.  The  whole  of  the  lines 
after  erection  successfully  withstood  the  application  of  7,000  volts 
pressure  alternating,  50  cycles,  between  any  two  lines  and  between 
anv  line  and  earth  for  30  minutes. 
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THE  WIDENING  OF  BLACKFRIARS  BRIDGE. 


To  those  whose  daily  work  requires  that  thcv  sliould  come  into  the 
City,  especially  to  the  western  end,  from  the  southern  suburbs,  it  has 
been  very  evident  for  some  time  that  extensive  engineering  works 
have  been  in  progress  at  Blackfriars  Bridge.  These  engineering 
works,  although  designed  to  alleviate  the  traffic  over  that  bridge 
and  to  provide  further  facilities  in  the  way  of  trams  from  "the  Middle- 
sex to  the  ."^urrey  side  of  London,  have  temporarily  at  least  caused 
a  go(xi  deal  of  congestion  and  delay  generally  to  both  foot  and 
wheeled  traffic. 

The  desire  of  the  London  County  Council  to  jjrovide  suitable  con- 
nections l>etween  the  northern  and  southern  sections  of  their  tram- 
ways required  that  the  tram  lines  should  be  laid  across  Blackfriars 
Bridge.  The  existing  bridge  at  the  time  the  proposal  was  made  was 
too  narrow  to  allow  of  this  to  be  done  with  safety,  and  without 
causing  the  other  wheel  traffic  to  become  too  congested,  this  bridge 
being  one  of  the  principal  connections  between  the  north  and  south 
of  London.  It  was.  therefore,  decided  that  the  bridge  should  be 
increased  in  width  by  about  30  ft.  The  late  Sir  Benjamin  Baker 
was  appointed  consulting  engineer,  and  advised  that  the  outer  ribs 
of  the  four  spans  of  the  existing  bridge  should  be  used  again,  but  that 
the  rib  in  the  north  span  would  not  be  strong  enough  to  carry  the 
weight  of  the  curved  approach.  It  was  at  first  proposed  that  the 
outer  rib  of  each  span  should  be  taken  down,  put  to  one  side,  and 
finally  re-erected  in  the  new  position.  This  was,  however,  found 
to  be  impossible,  and  the  ribs  were  actually  moved  bodily  to  their 
new  position  oO  ft.  westward,  an  arrangement  which  has  saved  both 
time  and  cost.  Two  large  systems  of  latticed  girders  were  con- 
structed to  cover  the  widest  span,  and  were  bolted  at  either  end  to 
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bogies  running  on  special  tracks  along  the  extended  piers,  wliich 
arrangement  formed  a  large  travelling  crane.  The  ribs  to  be  moved 
were  supported  by  seven  hangers  from  cross  girders,  which  were 
arranged  to  take  the  weight  on  the  .3  in.  .screws  jirovided  with  large 
nuts.  By  means  of  this  arrangement,  and  also  by  the  help  of  hydraulic 
jacks,  the  nuts  on  the  hangers  were  tightened  simultaneously,  and 
the  rib  raised  about  I  in.  clear  of  the  old  supports.  Temporary 
girders  were  employed  to  steady  the  movement  of  the  rib.  and  were 
bolted  to  its  underside,  the  other  ends  being  slung  in  stirrups  from 
the  old  ribs  of  the  bridge.  A  scrow  rack  on  eaeli  girder,  «hich  was 
worked  by  hand  when  the  signal  was  given,  pushed  these  guders 
westward.  The  bogies  of  the  traveller  were  moved  IJ  in.  at  a  time, 
and  the  uniform  movement  of  the  girders  prevented  any  oscillation 
or  irregular  movement  of  the  rib.  These  arrangements  worked  so 
well  that  the  full  oO  ft.  travel  was  effected  within  from  tlu'ee  to  four 
hours.  The  eight  temjtorary  girders  were  then  used  as  a  staging 
for  building  the  three  new  ribs  completing  the  span.  Each  traveller 
wa.s  moved  in  three  portions  to  the  new  sjjan  and  then  connected 
again.  One  traveller  did  the  whole  of  the  moving  of  these  outer 
ribs,  and  when  one  rib  had  been  moved  it  was  lowered  to  the  correct 
level  and  the  space  between  the  ends  and  the  new  skewbacks  filled 
in  with  molten  lead.  In  order  to  keeji  the  thrust  on  the  new  piers 
balanced  all  the  face  ribs  had  to  be  moved  before  the  new  ribs  were 
built  up. 

The  above  indicates  briefly  what  may  be  termed  the  civil  engineer- 
ing, and,  of  course,  in  this  case,  the  most  im|)ortant  portion  of  the 
work ;  but  in  carrying  it  out  we  are  ])leased  to  hear  that  the  con- 
tractors used  electric  power  for  driving  the  various  machine  tools. 
and  that  their  enterpri.se  in  this  direction  wa.s  attended  with  .signal 
success.  All  the  cranes  were  electrically  driven,  and  the  fact  that 
the  mains  for  the  City  of  L<jndon  Klectric  Su|iply  Co.  already  cros.sed 
the  bridge  was  taken  advantage  of,  the  current  being  supplied  from 


them.  It  was  found  that  the  saving  effected  by  the  use  of  these 
methods  was  very  great,  and  the  convenience  was  at  the  same  time 
very  much  appreciated.  Electrically  driven  air  compressors,  driven 
by  35  H.P.  motors,  were  used  for  sinking  the  caisson  used  in  the 
widening  )irocess.  Two  of  these  com))ressors  were  put  down  at  the 
Blackfriars  end  of  the  bridge,  one  being  of  the  high-pressure  tyjie, 
wliich  subsequently  supplied  compressed  air  to  the  pneumatic  tools 
at  1 10  lb.  pressure.  For  the  caisson  work  a  pressure  of  only  25  lb. 
was  neces.sary.  On  the  staging  at  the  bridge  ends  and  on  the  piers 
seven  10  ton  electrically  driven  derricks  were  erected.  The  motors 
for  driving  these  derricks  were  supplied  with  current  at  420  volts. 


t    iKwM    Ul.. 

Embankment, 

Two  15  ton  cranes  equipped  with  40  n.r.  motors  and  a  7  ton  crane 
fitted  with  30  h.p.  motor  were  also  used  in  this  work.  The  tools 
in  the  workshop  at  the  north  end  of  the  bridge  were  electrically 
driven,  and  this  method,  we  are  pleased  to  hear,  was  found  to  be  of 
great  \,alue  in  expediting  the  completion  of  the  contract.  Another 
use  to  which  electricity  was  put  was  for  raising  the  materia!  from  the 
foundations,  a  10  ii.p.  motor  being  used  for  this  purpose.  The 
maximum  lift  was  from  40  ft.  to  50  ft.  and  the  load  about  10  cW't. 
The  general  contractors  for  the  work  of  widening  this  bridge  were 
Messrs.  Sir  William  Arrol  &  Co..  Glasgow. 

An  interesting  piece  of  work  in  connection  with  the  L.C.C.  tram- 
ways has  also  become  jiossible  by  widening  this  bridge.  Messr.s. 
Dick,  Kerr  &  Co.  have  been  contractors  for  the  tramway  work,  a 
general  view  of  which  can  be  seen  in  Fig.  1.     Tlie  track  has  been'laid 


Fio.  3. — Ektbance  to  the  New  Sdbway. 

down  on  the  standard  conduit  system  adopted  by  the  L.C.C.  on 
bridges,  and.  as  stated  al)ove.  forms  a  very  useful  connecting  link 
between  the  northern  and  southern  portions  of  the  tramway  system. 
The  curve  from  the  Embankment  on  to  the  bridge  is  very  steep  and 
sloping,  as  will  be  .seen  from  the  photograph  in  Fig.  2.  and  we  should 
imagine  that  very  careful  driving  will  be  necessary  to  negotiate  this 
jiart  of  the  line  .safely.  The  configuration  of  the  roathvay  generally 
docs  not  allow  of  an  easy  aj)i)roach  to  be  made,  and  we  feel  certain 
that  every  care  ha.s  been  taken  in  the  construction  of  this  very  diffi- 
cult line.  It  will  be  noticed  that,  as  in  the  case  of  Westminster 
Bridge  and  the  Embankment,  the  track  has  been  placed  at  one 
side  of  the  road  and  adjacent  to  the  i)avement. 

In  connection  with  the  widening  of  the  bridge  another  interest- 
ing piece  of  work  lias  been  done.  Both  workers  in  and  visitors 
to  the  Citv  know  that  there  scarcely  exists  a  more  aw  kward  crossing 
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than  that  at  the  City  end  of  Ulaokfriais  Bricltrc  Xrivnus  passonpers 
will  now  be  able  to  avoid  this  eio.ssin;;  by  usinj;  the  subway  which 
has  been  const ruetod  from  near  Hlackfriars  Station  to  the  other  side 
of  Bridge-street.  The  entrance  tn  the  subway  can  be  seen  in  Fie.  'i. 
The  whole  of  the  work  has  been  carried  out  under  the  general 
direction  of  Mr.  Basil  Mutt,  the  consulting  engineer,  the  resident 
engineer  being  Mr.  D.  .Anderson. 


ON   THE   SELF-DEMAGNETISING  FACTOR  OF  BAR 
MAGNETS.* 

BY  SILVANUS  P.  THOMI'SO.V.   D.sc.  F.R..S.,  .\ND  E.  W .  MOSS. 

On  the  Significance  and  Dt/iniliiin  of  the  Self-dcmagnetining 
Factor. — Between  any  two  magnet  poles,  whether  they  are  regarded 
as  points  or  as  regions  over  which  there  is  a  siufacc  distribution  of 
magnetism,  there  are  magnetic  forces.  In  the  space  between  any 
two  point  poles  the  intensity  of  the  magnetic  Hckl  that  is  due  to  these 
poles,  at  any  point  hi  the  line  joining  them,  is  exjirrsscd  by  tlie  erpia- 

L,            '"i  '"■ 

lion:  nj,- ,:,-,—        ■,: 

where  the  respective  strengths  of  poles  are  »h,  and  —in.,,  a  the  half 
of  the  distance  between  tlieni.  and  x  the  distance  of  tlie  point  in 
((ucstion  from  the  midpoint  between  them.  The  value  of  this 
expression  in  no  way  de)iends  on  the  material  in  the  space  between 
the  ])oIes,  whether  non-magnetic  or  magnetic,  or  actvially  magnetised 
in  any  manner. 

If  (H,  and  — »io  arc  numerically  equal,  the  expression  becomes 


H.,:=2»i 


a^-\-x^ 


At  the  mid-point,  under  the  .same  eondifion.  the  intensity  lias  the 
minimum  value  of  u    .    _q,,,  .  -2 

If  the  space  between  the  two  point  poles  be  regarded  as  ocevipied 
by  a  thin,  cylindrical,  uniformly  magnetised  steel  magnet  the  ends  of 
which  constitute  the  point  poles  in  question,  then  these  equations 
will  l)e  the  expressions  for  a  self-pmdueed  magnetic  field  acting  in  a 
direction  which  opposes  the  actual  magnetism  of  the  magnet,  and 
tending  to  demagnetise  it.  Each  portion  of  the  filiform  magnet  will 
be  acted  upon  by  a  demagnetising  field,  strongest  towards  the 
poles,  weakest  at  the  middle.  The  supposed  miiform  magnetisation 
of  the  magnet  will,  of  course,  be  unstable.  If  it  were  produced,  even 
for  a  moment,  there  would  at  once  be  a  rt^troccssion  of  a  iiortion  of  the 
magnetisation  from  the  ends,  witli  a  new  distribution  of  the  imlarity. 
t)n  the  su|iposilion  that  the  middle  ])art  of  the  rod  retains  still  its 
full  tiux.  the  retrocession  of  the  |)olc  «  uuld  shorten  the  etfcetivc  length 
of  the  magnet,  diminishing  the  magnetic  moment,  but  increasing 
any  self-demagnetising  internal  action.  This  tendency  to  )noduce 
a  retrocession  of  the  pole  may  o|ierate  to  different  degi'ces  according 
to  whether  the  bar  consist  of  soft  iron  or  hard  tungsten  steel.  In 
either  case  the  retreat  of  the  pole  can  be  only  incomplete ;  because, 
if  we  suppose  the  pole  to  have  actually  retreated  by  any  given  amount 
— for  example  1  em. — the  end  piece  of  that  length  will  now  be  sub- 
jected to  the  magnetising  action  of  the  rest  of  the  bar.  and  will  be 
re-magnetised  up  to  a  certain  ])oint.  namely,  such  that  the  reaction  of 
the  magnetism  of  this  piece  is  equal  to  the  magnetising  action  of  the 
whole  of  the  rest  of  the  bar.  less  the  demagnetising  reacti(m  of  the 
bar  as  a  whole.  The  inevital)!e-  result  is  a  distributed  i)olc.  It 
cannot  remain  concentrated  at  one  point,  on  the  <mi(1  ;  it  must 
re-distribute  itself  along  the  bar  with  a  dislriliution  (hii  iinined  by  llir 
conditions  of  cipiilibriuni  al  every  point. 

Also  the  middle  piece  of  the  bar  will  not  be  exempt  from  intluence  ; 
it,  too,  must  diminish  its  inherent  magnetism,  because  even  in  weak 
fields  the  magnetism  of  the  hardest  steel  is  subject  to  cyclical  changes. 
and  bL'causo  any  retrocession  of  the  poles  is.  pro  lanlo.  produeti\i' 
of  an  increase  in  the  self-demagnetising  force  at  I  lie  middle.  Duly  in 
cases  where  this  self-demagnetising  force  at  the  middle  is  less  than 
that  which  suflfices  to  produce  an  irreversible  change  in  the  magnet- 
ism of  the  steel — that  is.  only  in  cases  where  the  bar  i;  very  long  in  pro- 
portion to  itseross-scelion — can  theaetion  al  thcmidille  be  regarded 
as  negligible. 

It  is  clear  then,  in  general,  that  for  every  bnr-magni  I  ihi-re  w  ill  be  a 
self-demagnetising  action  the  value  of  which,  at  tin-  middle  of  the  bar, 
depends,  for  a  given  intensity  of  magnetisation,  on  the  length  of  the 
bar  relatively  to  its  cross-section,  on  the  permeability  of  its  part.s, 
and  on  the  distribution  of  its  surface  magnetism.     Owing  to  the 

*  Absti'-aet  of  a  Paper  read  Iiofore  the  Ptiv.sieal  Society.  This  Paper 
was  referred  to  bricHv  in  our  isMie  of  Shovh  ii.'.  I'.Mlli. 


circumstance  that  with  every  kind  of  steel  the  ptrmtability  U  neither 
constant  nor  .stands  in  any  simple  or  even  single-valued  "relation  to 
the  flux-density,  any  calculation  of  the  actual  polar  distribution  for 
rods  or  bars  is  exceedingly  eomi)licated  and  indeed  impracticable. 

.As  IS  well-known,  the  one  and  only  form  of  magnet  that  is  practic- 
able for  calculation  is  that  of  the  cllip.soid.  the  properties  of  which  are 
that  for  any  and  every  value  of  the  i)crracability,  and  when  placed 
in  any  uniform  field,  the  surface  magnetism  is  sodistributed  that  the 
magnetic  force  which  this  distribution  of  polarity  exerts  in  the  in- 
terior is  uniform  at  every  point  within.  Hence  the  internal  demag- 
netising force  everywhere  within  is  constant  ;  the  resultant  field  at 
every  point  of  the  interior  (if  the  structure  is  homogeneous  and 
isotropic)  is  also  constant,  and  the  internal  flux-density  cannot  but 
lie  uniform. 

Du  Tiois  and  others  have  determined  l)y  experiment  the  demag- 
netising actions  of  cylindrical  rods  of  various  dimensions,  and  have 
compared  them  with  cllip.soids  of  revolution  of  similar  dimensional 
proportions. 

In  the  ca.sc  of  ellipsoids,  it  is  natural  to  compare  the  value  of  the 
intensity  of  the  self-demagnetising  force  with  the  value  of  the 
internal  inagiu  lisation  I.  bccau.se  both  of  these  are  uniform  through- 
out the  interior.  But  because  both  Hj  and  I  are  tor  an  ellips<iid  of 
given  elliplieity  proportional  to  one  another,  it  was  quite  natural  to 
regard  the  quotient  of  the  former  by  the  latter — that  is  to  say,  the 
amount  of  self-demagnetising  force  |ier  unit  of  intrinsic  magnetisa- 
tion— as  a  sort  of  natural  coefficient,  and  to  recognise  it  as  a  self- 
demagnetising  factor.  Du  Bois  (following  Maxwell)  a&signs  to  it  the 
symbol  X.  Denoting  the  dimension  ratio  of  axial  length  /  to 
ec  uatorial  diameter  d  by  the  symbol  Ill  =  /-^f/  (in  Du  Bois"  notation), 
then  m=X  varies  fnmi  2.'v49"  when  111=  10,  to  80  when  m=I,tlOO. 
(See  Du  Bois,  "  The  Magnetic  Circuit,"   p.  41.) 

But.  if  we  now  compare  the  case  of  tlie  ellipsoid  with  that  of  the 
cylindrical  bar.  we  find  that  the  matter  is  not  so  simple.  For  with 
the  bar.  as  stated  above,  H^is  by  no  means  uniform  throughout  the 
interior,  neitlier  is  |,  But  the  nctt  value  of  H,;  for  the  entire  bar  can 
be  easily  determined  by  comparing  the  B-H  curve  of  the  bar  (found 
by  experiment)  with  the  B-H  curve  of  a  ring  (or  infinitely  long  red) 
of  the  same  inm.  and  taking  the  difference  of  the  values  of  H  for  some 
assigned  value  of  B.  I)ii  the  other  hand,  values  of  I  can  be  found  by 
experiment.  The  ratio  H^-^l  so  deduced  may  still  be  called  the  self- 
demagnetising  factor,  and  values  found  for  rods  of  different  dimen- 
sion ratios. 

All  previous  writers  have  defined  the  term  dimension  ratio  us 
applied  to  a  bar  as  the  ratio  between  it.s  length  /  and  the  diameter  d 
of  its  circular  section.  But  it  is  preferable  to  deline  it  in  terms  of 
the  ratio  which  is  borne  by  the  length  to  the  square  root  of  the  area 
of  section.  The  ratio  l-r-./ \  we  accordingly  propose  to  denote  by 
the  symbol  \.     For  anyjgiven  bar  we  have  the  relation  .\=in  x  1-128. 

Experimental  Determinaiion  of  the  Self -demagnetising  Factor. — 
To  clear  up.  if  possible,  the  discrepancies  in  the  values  for  X  found  by 
various  observers  a  research  was  undertaken  in  the  laboratory  at  the 
Technical  College.  Finsbury.  The  bars  used  were  cut  from  two  long 
rods  of  best  Swedish  iron  carefully  annealed,  and  for  comparison  a 
ring  was  forged  from  the  same  material.  To  each  and  all  of  the  rods 
the  same  diameter  was  given,  namely,  1128  em.,  in  order  that  each 
might  have  a  cross-section  of  precisely  1  sq.  cm.  After  being  turned 
down  to  approximate  size  they  were  annealed,  and  then  finally 
turned  to  the  precise  size  required. 

The  magnetising  coil  used  to  magnetise  the  rods  was  a  long  coil 
wound  on  a  brass  tube  !)l-4  cm.  in  length  and  4-75  em.  in  external 
diameter.  It  was  carefully  overwound  with  .'i.SOO  turns  of  wire  of 
Xo.  20  S.W.G..  in  seven  la  vers.  With  this  ci>il  a  very  uniform  field 
over  a  length  of  liO  cm.  could  be  proilucetl  of  any  desiied  intensity  up 
to  H  =  25r>.     The  longest  specimen  of  iron  was  <mly  40  em. 

The  ballistic  method  was  used  for  determining  the  magnetisation 
of  the  bars.  On  the  middle  of  each  bar  was  wound  an  exploring  coil 
of  Bl  turns  of  very  fine  w  ire,  the  breadth  of  each  such  coil  not  exceed- 
ing 0-2.")  em.  B-H  eurv<\s  were  determined  for  both  rods  and  rings 
tor  fields  varying  from  20  to  2.">,").  UM  the  field  due  to  self-demag- 
netisation at  the  mid-point  of  anv  bar,  for  any  given  Hux-density  B. 
be  called  H,;.  Let  the  total  impressed  field  due  to  the  magnetising 
coil  be  called  H.  and  let  the  impicssed  field  n-quircd  in  the  ring  to 
produce  the  same  given  value  of  B  be  c,"llixl  Hr.     Then 

H>i-H-H,-. 
Then  since,  by  definition,  the  .self -demagnetising  factor  X  has  the 
^■•"^''■'^  N-H.,H-I. 

,     B-H 

and  4 

^.     4»H.i 

I  ^^'^  >-"'»  •  ^      B     H- 
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Riitls  with  the  dimension  ratios  of  troni  -iaCi  to  2l>l>  gave  cuivcs 
which  were  sensibly  straiirlit  lines  up  to  B—  12.ilrti,  or  as  high  as  the 
curves  could  be  carried.  The  value  B  -  1(1.<)0()  was  chosen  for  the 
calculation  of  the  self-demagnetising  force  and  deduction  of  the  self- 
demagnetising  factor,  cxceiit  for  the  very  short  rods  in  which  lesser 
values  of  B  were  alone  available.  Fig.  1  gives  as  the  Hnal  result  the 
curve  exhibiting  the  values  of  the  st>lf-demagnetising  factors  found. 
for  rods  of  different  lengths,  the  corresponding  values  found  by  I)u 
Bois  and  by  Riborg  Mann  being  added  for  comparison.  It  will  be 
!*een  (I)  that  our  values  arc  throughout  lower  than  those  found  by 
either  of  these  experimenters  ;  12)  tliat  we  have  carried  the  dctermi- 


\ 

V\ 

V 

\ 

s  \ 

\ 

iS; 

L-, 

. 

'"■»■» 

F 

^ 

^-, 

Kia 

__ 

Sjjorj  «jm 

^, 

— 

4°«f"' 

I 

.       1         I.I     -1 ! 

— 

Ratio  tij  Lenijlh  to  Diamtttr. 

0  5  10  1.)  20  2.)  30  i.)  lO  Jo  5U 

liatio  of  Length  to  ^  Area  of  Section, 

Fig.  1. — Coefficients  of  Demagnetisation  for  Bars  of  GinciLAK 
Section. 

nations  down  to  shorter  rods  than  those  examined  by  either  of  them  ; 
(3)  that  the  discrepancies  between  their  results  and  ours  are  smaller 
as  the  dimension  ratios  are  larger. 

The  fact  that  our  values  arc  throughout  lower  than  those  of  Du 
Bois  and  Riborg  Mann  is  doubtless  due  to  the  circumstance  that  they 
usr-d  a  magnctonictric  method,  whilst  we  have  returned  to  the  ballistic 
method  of  Ewing.  The  values  of  I  which  they  em])loy  arc  tlic  mean 
values  detluccd  from  the  magnetic  moment,  and  are  presumably 
moan  values  tliroughout  the  length  of  the  bar,  whilst  our  values  of  I 
arc  the  values  deduced  from  the  action  of  an  exjjloring  coil  wotmd 
round  the  equator  of  each  bar,  and  ])rcsumably  measure  the  maximum 
value  of  I.  As  the  self-demagnetising  action  of  a  bar  depends  on 
neither  the  mean  value  nor  the  maximum  value  of   I,  as  we  have 
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Fio.  2.— Coefficients  of  ])bma<inetisation  for  Bars  of  Various 
Lf.ncths  and  Forms  of  Section. 

Seen,  but  on  a  mean  that  is  impossible  to  calculate  unless  the  actual 
Surface  distribution  of  the  magncti.sm  is  known,  't  appears  to  us 
pr'ferablc  to  take  the  value  of  I  tliat  can  be  ascertained  with  precision 
at  the  place  where  the  self-demagnetising  force  has  its  minimum, 
namely  the  centre  of  the  bar. 

One  point  r>f  criticism  on  Riborg  Mann's  results  may  be  permitted 
lis.  To  give  us  confidence  in  our  results,  we  have  throughout  used 
substantial  bars  of  1-J28  cm.  in  diameter,  and  have  raised  the  lengths. 
Riborg  Mann  used  a  single  cylinder  of  iron  11-850  cm.  in  length, 
originally  of  a  diameter  1  ••526  cm.,  therefore  of  a  dimension  ratio  of 
7-78,     This  be  turned  down  successively  to  smaller  and  smaller 


diameters  until  he  reaehed  a  diameter  of  (1-237  em.,  giving  a  tliuu  n- 
sioii  ratio  of  50.  How  lie  contrived  to  turn  so  thin  a  wire  is  remark- 
able. It  would  liave  a  sectional  area  of  only  0-05()l  sq.  em.  Further, 
while  his  cylinder  was  1  l-S.'iO  cm,  in  length,  his  magnetising  coil  was 
only  30  cm,  long  and  4  em.  in  diameter.  The  ends  of  his  rod  were 
therefore  at  points  only  2]  diameters  distant  from  open  ends  of  the 
coil,  where,  therefore  tlic  vabu'  of  the  Held  woukl  differ  by  some 
-I  per  cent,  from  the  vahu  if  llu  uniform  lield  at  the  middle  of  the 
coil. 

We  are  not  aware  that  any  ]:rcvious  investigator  has  determined 
the  self-demagnetising  factor  for  square  bars  or  flat  bars  of  rect- 
angular section  such  as  are  often  used  in  magnetic  work. 

A  priori  we  should  expect  the  self-demagnetising  factors  to  be  less 
than  for  bars  of  equal  section  of  circular  form  and  equal  length  ;  since 
the  greater  perimeter  of  the  rectangular  foims  is  magnetically 
equivalent  to  giving  to  the  end  jiarts  a  polar  ex))ansion.  reducing  the 
reluctance  of  the  air  paths  of  the  external  magnetic  flux,  and  so 
bettering  the  magnetic  circuit.     And  such  has  proved  to  be  the  ease. 

The  experiments  were  made  in  exactly  the  same  manner  as  those 
for  the  bars  of  circular  section,  35  rectangular  rods  being  used.  The 
final  results  are  summed  up  by  plotting  the  several  demagnetising 
factors  as  functions  of  X,  tlic  ratio  of  the  length  to  the  square-root 
of  the  area  of  section  ( Fig,  2. ) 

For  equal  values  of  the  ratio  of  Z  to  V  A.  it  was  found  in  general 
that  the  self-demagnetising  factor,  for  bars  having  a  seeti<jnal  ratio 
of  2  to  I,  was  about  93  per  cent,  of  that  for  bars  of  pquare  section  : 
while  for  flat  bars,  having  a  sectional  ratio  of  10  to  1 ,  the  value  of  the 
self-demagnetising  factor  went  down  to  about  75  per  ceiU,  of  that 
for  bars  of  square  section. 


THE  COLLISION  ON  THE  METROPOLITAN  RAILWAY. 


The  report  of  Lt.-Col.  E.  Druitt  to  the  Board  of  Trade  in 
connection  with  the  iiunury  into  the  causes  of  the  collision, 
which  occurred  on  Au.sust  5th  between  two  passenger  train.?  at 
Mooigate-street  on  the  Metropolitan  Railway,  has  been  issued. 
It  will  be  remembered  that  a  passenger  train  ex  Nca.sden  was 
standing  at  the  up  platform  at  Moorgatc-.street  when  it  was  run 
into  from  the  rear  by  a  ])assenger  train  ex  Hammersmith.  Iliree 
passengers  being  slightly  injured.  The  damage  to  rolling  stoc'; 
was  slight,  and  there  was  none  to  the  permanent  way.  'Ihi' 
collision  occurred  at  6:Ifi  p.m.  .\fter  setting  out  the  evidence 
taken  at  the  iu(|uiry  the  report  ttates  that  there  is  i.o  doubt 
from  the  evidence  but  that  the  up  home  signal  was  "  off  "  for 
the  second  train,  though  it  should  have  been  "  on,"  as  the  first 
of  the  two  trains  was  still  in  the  section  just  ahead.  The 
svstem  of  signalling  in  use  is  known  as  the  .lohnson  all-electric 
automatic  and  semi-automatic  power  signalling  system.  It 
has  been  recently  installed  by  the  McKenzie,  Holland  & 
Westinghouse  Power  Signal  Co.,  and  it  is  still  in  their  hands 
for  maintenance.  It  was  brought  into  use  at  Moorgate-strect 
on  -July  ith  last,  though  it  has  been  in  operation  at  Praed- 
street  .iunction  since  .July  20,  \W)H.  The  following  discription 
of  the  .system  is  given  : — 

At  certain  interlocking  stations  between  rnveil-strc-l  .lunctioji  and 
.\klaate — i.e..  Rdgware-road,  Hakcr-streot,  Farringdon-strect,  Aldcrs- 
gate-street,  Moorgnlc-street  and  Hisho|isgatc-street — where  the  i>oints 
are  not  required  to  be  very  frei|uently  worked,  the  existing  manual  frames 
have  been  retained,  eir(aiit-l)reak(T.s  being  fitted  to  the  signal  lever.^  for 
the  lairposc  of  cuntrolling  the  main  line  signals.  When  the  trafiie  is  to 
ran  on  the  up  and  down  main  lines  the  signal  levers  governing  siuli 
movements  are  pidlcd  over.  Tlie  signals  then  become  uutomatie,  going 
tip  danger  l>y  \  irtue  of  the  track  lirc-uit  after  the  jiassagc  of  each  train, 
and  come  to  the  clear  position  only  after  the  train  has  left  the  scctii)ii 
they  control,  and  of  course  put  the  next  signal  to  danger.  Train  stojis 
have  lieen  fitted  to  every  signal  controlling  passenger  movements  on  the 
main  lines,  and  in  addition  to  this  rejieatcrs  have  lieeii  fixed  at  (he  rail- 
way company's  reciuest  to  eert.iin  stop  sign.'ds.  These  rcjieateis  exhil)it 
a  yellow  light  when  the  signal  they  repeat  is  at  danger,  and  a  green  lii;hr 
wiien  it  is  clear.  The  signals  in  the  iiiien  stations  and  in  siime  of  the 
cuttings  arc  of  the  semaiihore  type.  o]ii'rated  by  .lohnsun's  jiatent  .lil 
machines,  but  the  signals  in  the  tunnels  are  of  (he  lamp  type,  and  eaili 
of  these  is  fitted  with  two  Fresnal  lenses,  (me  red  and  the  other  green,  or, 
fur  repealers,  yellow  and  green  as  the  case  may  be.  The  lamp.-i  in  these 
signals  born  alternately  in  .accordance  with  the  contrid  of  the  siKnal,  the 
\:im]<  relay  in  same  being  sii  arrangrd  Ihat  it  in  impoxsiblo  for  hnth  a  red 
and  fiiccn  light  in  a  signal  to  be  nh'^hi  at  the  same  time. 

The  points  and  signals  at  Praed-sticet  Junction  arc  worked  by  electric 
current  at  a  potential  of  120  volts,  and  those  at  Aldgate  will  be  worked 
at  the  same  potential.     The  points  at  the  former  location  are  worked  by 
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the  .Jolmscm's  |iiitent  oil  puint  machine,  which  Ir.msfnijns  the  rnlary 
motion  of  the  jioint  motor.?  to  the  necessary  recipMHal  motion.  The 
machine  consints  of  a  small  two-gear  oil  pumji  driven  hy  an  electric 
motor,  whi<h  inimps  oil  on  to  either  side  of  a  vane  in  the  ilirection  of 
rotation  of  the  motor.  The  vane  is  mechanically  eoniiectcil  to  the  |ioint 
gear,  and  a  hye-pass  around  the  pump  is  so  arranged  that  should  the 
pressure  against  the  vane  be  excessive  the  valves  arc  automatically 
opened,  allowing  free  circulation  of  the  ()il.  This  relieves  the  motor  of 
the  e.\ees8  load  that  would  result  should  the  ))oints  become  blocked 
owing  to  any  mechanical  obstruction,  and  the  disadvantages  connected 
with  mechanical  and  electrical*  hitches  are  thereby  entirely  eliminated, 
saving  the  delays  which  would  otherwise  be  caused  hy  blown  fuses 
or  burnt-out  motors. 

'J"he  mechanism  operating  the  semai)hore  signals  is  very  similar  to  the 
point  machine  just  described.  The  oil  pump  and  resulting  piston  move- 
ment pulls  the  signal  off.  Oil  pressure  is  apjdicd  to  one  side  of  the  piston 
only,  and  wiicn  the  signal  is  cleared  it  romains(  in  the  safely  )iosition  by 
the  rclc  utioii  of  the  oil  in  the  cylinder  by  an  electrically  controlled  valve. 
When  the  lever  in  the  cabin  is  put  normal,  or  the  tiacU  circuit  becomes 
de-energised  by  the  presence  of  a  train  in  the  section,  this  valve  opens 
owing  to  the  de-energisation  of  the  magnet  controlling  it.  The  signal 
returns  to  danger  by  gravity,  and  the  oil  is  discharged  into  the  pump 
reservoir. 

The  locking  frames  at  Praed-street  Junction  and  Aldgate  are  fitted 
with  ccmtinuous  point  indication,  the  signal  circuits  being  closed  only 
when  the  jiiiiut  indication  is  rcnivcd.  A  small  banner  is  also  |)roviilcd 
to  shc]W  the  position  of  tlic  points.  The  signal  contacts  are  held  closed 
only  as  long  as  the  point  indication  circuit  is  maintained.  Should,  how- 
ever, the  ])osition  of  the  points  become  altered  tlie  indication  circuit 
would  be  interrupted,  resulting  in  the  signal  being  put  to  danger  if  "  off  " 
or  remaining  at  danger  if  "  on."  The  point  levers  could  thus  safely  be 
thrown  qniekly  in  the  sequence  required  by  the  mechanical  locking  and 
the  signal  lever  reversed.  Signals  cannot  go  to  the  clear  position  until 
all  the  contacts  in  the  signal  circuit  have  been  closed. 

The  cal)ins  at  Praed-street  Junction  and  Aldgate  anrl  all  the  inter- 
mediate intcilocking  caliins  mentioned  above  have  been  provided  with 
illuminated  diagrams  which  show  the  condition  of  the  track  circuits 
approaching  and  in  their  jurisdiction.  When  a  track  circuit  is  un- 
occupied the  portion  of  the  diagram  repeating  same  is  illuminated,  and 
when  occupied  a  dark  patch  is  shown  in  place  of  the  illumination.  A 
failure  of  current  will  thus  give  the  indication  of  "  Train  on  line  "  rather 
than  "  Line  dear."  The  track  circuit  equipment,  with  its  attendant 
polarised  relays,  &c.,  is  identical  with  that  installed  on  the  District  Rail- 
way and  certain  Tube  railways. 

Tit.-Col.  Druitt  in  his  report  goes  on  to  say  : — 

At  the  time  of  the  collision  the  levers  in  Moorgate-street  signal  box 
were  pulled  over,  and  the  signals  were  working  a\itomatically.  There 
was  a  man  on  duty  in  the  signal  box,  but  his  duties  were  simply  to  record 
the  times  of  the  trains  passing,  and  to  work  the  points  leading  to  the  up 
bay  line  shoidd  a  train  be  required  to  be  run  into  that  line.  On  this 
occasion,  had  the  .signalman  on  duty  noticed  the  second  train  entering 
the  section  between  Jfourgate-street  outer  home  and  home  signals,  he 
could  not  have  put  tlic  Imuic  signal  to  danger  by  putting  back  the  lever 
in  the  frame,  as  llu'  track  <ircuit  was  already  de-energised  by  the  presence 
of  the  first  train  in  the  section  just  ahead  of  the  home  signal,  and  the 
movement  of  the  lever  has  only  the  same  effect.  All  he  could  have 
done  would  have  been  ti)  hold  out  a  red  Hag,  which  would  in  all  pro- 
bability not  have  been  seen  by  the  molorman. 

After  the  collision  the  oil  machine  which  worked  the  signal  rod  was 
examined  by  the  chief  engineer  of  the  power  company,  who  is  of  opinion 
that  the  probable  cause  of  the  signal  remaining  in  the  clear  )>osition  was 
an  accumulation  of  sediment  in  the  oil,  which  caused  the  release  valve 
to  stick,  and  so  jireventcd  the  signal  going  to  danger  when  the  magnet 
controlling  the  release  valve  was  de-energised  by  the  track  circuit  being 
interrupted  by  the  presence  of  the  first  train  in  this  section.  This  release 
valve  is  to  he  re-designed,  and  all  the  signals  actuated  in  a  similar  maimer, 
18  or  in  in  number,  will  have  new  valves  fitted  to  the  oil  maihinc.  In  the 
meanwhile  all  these  signals  are  being  watched  to  sec  that  they  u'o  to  danger 
after  the  passage  of  a  train,  and  they  will  lie  watched  until  the  contem- 
plated alteration  in  the  pattern  of  valve  has  been  effected,  aiul  fouiul  by 
practical  working  to  be  satisfactory. 


TELEGRAPHY  IN  THE  UNITED  STATES. 


The  statistics  for  the  telcgraiih  industry  of  the  United  States,  taken 
as  a  part  of  the  third  census  of  the  electrical  industries  of  the  United 
State.s.  for  1007.  will  shortly  be  issued  in  hulU'tin  form.  There  ,-ire 
many  tables,  much  explanatory  cominent.  and  a  nunilier  of  illustra- 
tions. Clonspieuous  among  tlie  facts  cxhibiteil  are  the  stupeiulotts 
single-wire  mileage  of  the  eomraereial  telephone  and  telegraph 
systems,  the  millions  of  mess.iges  annually  carried  over  the  wires.  th<- 
almost  incredible  growth  of  the  telephone  system  as  eoin))ared  with 
the  telegraph,  the  large  capitalisation  of  the  eoini)anies  eoneerned. 
and  the  enormous  sums  expended  by  them  :  and  the  ditlieull  dev<'lop- 
ment  of  the  wireless  sys'em.  The  first  table  relates  to  the  telegraph 
systems  and  is  a  summary,  by  classes.  The  total  number  of  systems 
is  given  as  1,81.3,  of  which  2!S  are  commercial  land  line  and  ocean 
cable,  six  wireless,  and  625  railroad  telegraph  systems,  the  remainder 


not  being  involved  in  the  topics  treated  of  herein.  The  2.")  c<m- 
nu'ieial  land  line  .md  ocean  cable  systoms  operat<'d  1.. 577.961  miles 
of  single  wire,  employed  an  average  of  28,0.34  i)erson8.  paid  £3..5G1 ,6.50 
in  .salaries  and  wages,  expended  £8.:'75,922  earned,  £10.3IR,773,  and 
sent  103,704,07t>  messages.  The  625  railroad  telegraph  systems 
operated  860.312  miles  of  single  wire,  employed  an  average  of  68.197 
telegraph  operators  and  dispatchers,  expended  £7,448.49.5,  sent 
264,512,816  mes.sages,  of  which  5,923,48.3  were  of  a  commercial 
nature,  the  income  for  which  is  reported  by  the  commercial  systemB. 

Another  table  shows  that  there  was  a  grand  total  of  15,072,220 
miles  of  single  wire  in  the  telegraph  and  telephone  service.  Of  this, 
the  telephone  systems  controlled  12.999.369  miles,  of  which  there  were 
on  pole  or  roof  lines  5.092,223,  in  overhead  cables  2,917,114,  in  sub- 
ways or  conduits  4,969,302,  and  in  submarine  cables  20,730  miles.  Of 
the  grand  total  stated,  the  telegraph  systems,  exclusive  of  Govcr.i- 
mcnt  telegraph  systems,  used  2,072,851  miles,  of  which  there  were 
on  pole  or  roof  lines  1,958,336  miles,  in  overheaci  cables  41,886.  in 
subways  or  conduits  t).5,247,  and  in  .submarine  ables  7.382  miles. 
These  figures  emphasise  the  economic  imjiortanc  of  the  telegraph 
and  the  telephone. 

A  comparative  summary  deals  with  the  telephone  and  commerciil 
telegraph  systems,  not  including  railroad  lines  and  the  wireless, 
giving  the  grand  total  as  22,996  companies,  of  which  there  are  22,971 
telephone  systems,  which  include  17,702  independent  farmer  or 
rural  lines,  and  25  commercial  telegraph  systems,  not  including  the 
wireless.  The  grand  total  of  single- wire  mileage  was  14,570.142.  of 
which  the  telephone  systems  controlled  12,999,369  miles,  which  in- 
clude 4.t(>.2!M  miles  of  wire  on  independent  farmer  or  rural  lines, 
while  the  telegraph  systems  used  1,570,773  miles,  exclusive  of  7.188 
miles  of  leased  wire. 

The  grand  total  of  ocean  cable  was  46.301  nautical  miles,  all  con- 
trolled by  the  commereial  telegraph  system.s. 

There  were  six  commercial  wireless  telegraph  systems,  having  122 
tower  stations  in  1907.  situated  at  most  of  the  large  ports  on  the 
Atlantic  and  Pacific  oceans,  the  Gulf  of  Mexico,  the  Great  Lakes,  and 
in  Hawaii.  Wireless  messages  to  the  number  of  103.617  were  sent 
between  these  ports  in  1907.  These  six  companies  had  an  authorised 
capitalisation  in  the  form  of  stock  with  a  par  value  of  £7.890.000.  of 
which  £6,545,248  was  the  value  of  outstanding  stock.  The  year's 
income  was  £24.430,  and  the  expenses  £33.056.  of  which  £17,514  was 
expended  in  the  salaries  and  wages  of  182  employes. 

It  is  pointed  out  that  the  Federal  Government  has  realised  the 
value  of  wireless  telegraphy,  and  the  Bureau  of  Equipment  in  the 
Navy  De])artment,  at  the  end  of  the  fiscal  year  1907.  had  installed 
wireless  telegraph  apparatus  on  73  naval  vessels  and  at  44  shore 
stations.  During  that  period  the  shore  stations  sent  2(),033  messages, 
containing  541,919  words,  and  received  34,073  messages,  amounting 
to  675,607  words.  Cape  Cod,  Mass..  led  all  stations  in  this  respect, 
sending  2,673  messages,  and  Cavito.  in  the  Philippine  Islands,  came 
next,  sending  2.025  messages.  Of  the  number  of  stations  receiving 
messages.  Drv  Tortugas.  Fla.,  had  2.703  ;  Newport.  R.I..  2.701  ; 
Mare  Island.  Cal..  2.334;  Cape  Cod.  Mass..  2.304;  Norfolk.  Va.. 
2,171  ;  and  Cavite,  P.I..  2.013.  The  shore  stations  are  open  to  the 
public  for  messages,  and  these  are  also  received  from  or  put  on  the 
telephone  or  telegraph  land  lines. 


The  Electrical  Propulsion  of  Ships. — At  a  meeting  of  the 
London  Association  of  Foreman  Engineers  and  Draughtsmen 
on  Saturday  hist  Mr.  W.  P.  Durtnall  read  a  Paper  on  this 
subject.  The  author  took,  as  an  example,  the  "  Lusitania,'' 
and  showed  that  by  adopting  the  electrical  drive  a  saving  in 
steam  of  no  less  than  31  per  cent,  could  be  obtained,  his 
figures  being  based  on  the  test  figures  published  in  connection 
with  the  trials  of  that  vessel— viz.,  12-77  lb.  per  shaft  horse- 
powerhour,  and  a  steam  consumption  of  11  lb.  per  kilowatt 
hour  for  the  five  10,480  kw.  turbo-alternators  which  he  would 
propose  to  instal,  whilst  two  8,188  H.i".  induction  motors, 
having  an  efficiency  of  03  per  cent.,  would  be  used  on  each 
propeller  shaft.  In  addition  to  the  above  saving  in  fuel  he 
estimateil  an  e<iuivaleiit  reduction  in  boilers,  stokers,  pumps, 
fans,  bunkers,  &c.  Further,  the  atithor  stated  that  quotations 
he  had  obtained  from  manufacttning  firms  showed  that  the 
total  weight  of  the  machinery  was,  if  anything,  slightly  in 
favour  of  the  electrically  driven  ship.  Mr.  Durtnall  also 
refeired  to  the  use  of  internal  combustion  engines  for  marine 
purposes,  and  iiientioned  that  in  the  near  future  he  hoped  to 
to  able  to  i)ublish  some  tests  on  a  SOOii.r.  vessel  to  be 
eipiipped  with  the  "  Paragon  "  system  of  electric  propulsion  in 
combination  with  suction  gas  plant. 
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HI^BCTRICITT  SUPPLY  TABLES  AND  DATA, 
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THE  "THEROL"  ELECTRIC  WATER  HEATER 

'Y\\c  introduction  of  tlie  "  Tliciol "  electric  water  heater 
Ijy  Messrs.  Spagnoletti  is  of  more  than  usual  interest,  as  it 
involves  the  new  idea  of  heat  storage  in  electric  heatinr;. 
One  of  the  difficulties  hitherto  has  been  the  fact  that  if 
water  is  to  be  heated  rapidly  a  comparatively  large  current 
is  necessary.  In  the  "Therol"  heater  this  ditliculty  is 
overcome  by  storing  the  heat  in  a  bloclcof  iron  which  is 
cast  round  a  spiral  tube  and  carefully  lagged.  Thus,  if 
only  a  small  amount  of  power,  .say  200  watt.s'.is  used  con- 
tinuou.sly  for  heating  the  iron,  the  heat  produced  is  stored 
until  hot  water  is  required.  When  that  is  the  case,  the 
cold  water  is  drawn  through  the  spiral,  and  as  this, 
through  prolonged  heating,  may  be  at  a  much  higher  tem- 
perature than  that  of  boiling  water,  hot  water  is  at  once 
olitained,  and  may  be  drawn  continuously  until  the  tem- 
perature of  the  iron  block-  is  so  far  reduced  that  it  cannot 
supply  lieut  quickly  enough  to  maintain  the  temperature 
of  tlie  water  at  what  the  householder  may  regard  as  "  hot." 

It  will,  of  course,  be  obvious  that  the  total  energy  re- 
quired for  heating  a  given  quantity  of  water  is  not  less  than 
l)y  the  older  methods.  Indeed,  it  may  be  somewhat  greater, 
due  to  radiation  losses.  ]>ut  whereas  the  "geysers"  so  far 
produced — whether  heated  electrically  or  by  gas  is  im- 
material— cannot  give  a  quick  flow  of  really  hot  water 
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unless  tho  cmieut  or  gas  supplied  to  lliem  is  considerable, 
the  "  Therol  "  heater  is  able  to  supply  a  comparatively  large 
quantity  of  really  hot  water  owing  to  the  reserve  of  heat 
energy  which  it  contains.  Moreover,  this  result  is  obtained 
with  a  small  current,  the  power  required  for  a  heater  giving 
25  gallons  per  day  being  only  200  watts.  The  fact  re- 
mains, however,  that  the  total  energy  required  must  be 
the  same,  and  that  the  consumer  will  have  to  pay  for  the 
same  number  of  units  as  hitiicrlo,  though  his  maximum  de- 
mand will  be  reduced.  Further,  the  heater  must  be  rather 
carefully  proportioned  to  the  lec^uirements  of  the  consumer. 
But  this  reduction  in  the  maximum  demand,  and  conse- 
quently the  improved  lead  factor,  is  an  important  achieve- 
ment, and  upon  this  Messrs.  Spaguoletti  have  based  a 
scheme  which  should  prove  attractive  to  the  central  stition 
engineer.  A  heater  of  the  kind  described  has  a  100  per 
cent,  load  factor,  and  therefore  should  be  supplied  with 
electricity  at  a  cheap  late  ;  but  under  ordinary  conditions 
this  could  not  be  done  except  on  a  special  circuit,  and  this 
would  introduce  one  of  the  standing  difliculties  at  present 
in  the  way  of  a  cheap  supply.  Messrs.  Spagnoleiti  pro- 
pose to  overcome  this  trouble  by  proportioning  the  heater 
to  the  other  electrical  needs  of  the  house.  Thus,  if  the 
heater  is  so  connected  up  that  it  is  automatically  cut  out 
of  circuit  wl  en  light  is  required,  then  the  load  can  be 
maintained  more  or  less  constant.  If  a  heater  is  made 
with,  .'ay,  10  coils,  and  these  are  connected  so  that  they 
can  be  switched  out  as  desired,  then  if  electrical  energy  is 
required  for  any  other  purpose  at  any  time,  a  certain 
number  of  coils  are  switched  out  and  the  required  fan, 
griller  or  lamjis,  as  the  case  may  be,  are  switched  on  in 
their  place.  For  the  supply  of  hot  water  recourse  is  had 
to  the  heat  stored  in  the  iron,  and  the  load  on  the  supply 
mains  is  maintained  constant. 

It  must  be  remembered  that  very  cheap  energy  is  essen- 
tial for  the  electric  heating  of  water  to  be  commercial.  For 
an  electric  method  to  compete  with  heating  by  coal  in  an 
average  house  a  price  as  low  as  even  kl.per  unit  would  be 
too  high  unless  there  were  some  other  advantage  to  be  gained. 
But  if,  as  outlined  above,  light  can  be  worked  in  with 
heating  to  give  a  really  high  load  factor,  the  cost  of  light- 
ing (to  the  consumer)  may  be  reduced  to  so  low  a  figure 
that  it  is  economical  to  spend  more  on  heating  water  than 
would  otherwise  be  the  case. 

The  question  remains,  Is  the  scheme  quite  feasible  ?  And 
the  answer  to  such  a  question  is  not  altogether  easy.  To 
begin  with,  popular  fad  and  fancy  have  a  bearing  on  the 
matter,  and  one  never  knows  quite  where  popular  preju- 
dice may  come  in.  Then  much  depends  on  the  station 
engineer.  If  he  does  not  trouble  to  encourage  such  a 
scheme  it  will  not  thrive,  because  a  cheap  tariff  is  essential 
to  its  existence.  Further,  it  may  not  be  altogether  easy 
to  adjust  the  lighting  and  other  requirements  of  a  consumer 
to  those  of  his  water  supply.  We  do  not  know  what 
relation  there  is  between  the  two,  and  this  would  have  to 
be  determined.  We  think  it  will  be  allowed  that  25  gallons 
per  day  is  a  very  small  allowance,  except,  perhaps,  for  a 
small  flat.  If  too  small  a  heater  is  put  in,  a  100  per  cent, 
load  factor  will  not  be  obtained ;  on  the  other  hand,  if  the 
heater  is  too  large,  there  will  be  waste  of  heat,  and  the 
capital  outlay  may  also  be  a  deterrent.  Further,  unless  a 
consumer  wants  more  hot  water  iu  summer  than  in  winter 


he  will  be  wasting  energy  if  the  full  load  is  maintained. 
If,  for  example,  the  consumer  goes  in  for  heating  his  house 
electrically  to  some  extent,  a  100  per  cent,  load  factor  can 
scarcely  be  expected,  and  it  will  full  off  very  much  in  the 
summer. 

Nevertheless,  we  think  there  is  no  question  that  the 
"Therol"  heater  is  a  move  in  the  right  direction.  We  are 
sure  that  its  progress  will  be  watched  with  much  interest  by 
the  station  engineer,  and  we  trust  that  this  interest  will 
take  the  practical  foiui  of  arnuigiiig  suitable  tarills. 


REVIEWS. 

(Copies  of  the  undermeutioucil  works  can  be  had  from  Tht  EUclrician  Office,  poat  free, 
on  receipt  of  published  price,  adding  3d.  for  books  pabUsbed  under  3a.  Add  10  per 
cent,  for  abroad  or  for  forti^fu  books.) 


Electricity  :  Present  and  Future.  By  Lccien  PoiNCAne.  Trans- 
lated by  Jaspkh  Ki  m:viis.  (Loniloii  :  Si  slay's  Ltd.)  Pp.  viii.-308. 
7s.  bd.  net. 

The  author  in  liis  preface  mentions  that  he  does  uot  propose 
to  tread  beaten  paths,  or  to  write  a  book  suitable  oidy  for 
experts,  nor  yet  for  beginners  in  their  first  stage.  His  purpose 
is  rather  to  address  himself  "  to  that  intelligent  class,  so  wide- 
spread nowadays,  which  takes  a  genuine  interest  iu  the  ad- 
vance of  modern  science,  and  to  place  before  it  as  accurate  a 
picture  as  possible  of  the  existing  condition  of  electricity." 
Later  on  the  author  mentions  that  he  desires  to  draw  attention 
to  the  steps  traversed  in  the  path  of  progress  by  the  physicist, 
and  by  which  the  latter  has  been  liroiight  face  to  face  with  so 
many  difficult  problems. 

The  book  starts  with  a  purely  physical  consideration  of 
magnetism  and  the  induction  of  the  electric  current,  which  are 
discussed  in  two  chapters.  The  author  then,  in  the  five  fol- 
lowing chapters,  passes  on  to  technical  applications.  The 
account  that  is  given,  more  particularly  in  the  physical  part, 
is  interesting,  though  here  and  there  the  reader  may,  perhaps, 
disagree  with  the  author.  Thus,  the  "  field  in  iron  "  is  spoken 
of  where  it  is  usual  to  speak  of  the  "  induction."  The  year 
1891  is  mentioned  as  the  beginning  of  alternating  currents. 
In  this  country,  at  all  events,  we  should  be  inclined  to  say  that 
alternating  currents  were  in  vigorous  use  before  that  time, 
though,  doubtless,  long  transmissions  date  from  the  LaufEeu 
experiments  in  1891.  Later  on  in  the  book  the  statement  is 
made  that  alternating  currents  were  only  rarely  used  15  years 
ago,  and  again  that  towards  1897  a  change  of  opinion  arose 
in  favour  of  alternating  currents  for  transmission.  In  speaking 
of  different  methods  of  charging  accumulators  the  unusual 
statement  is  made  that  the  constant  potential  system  is  more 
rational  than  charging  with  constant  current  and  lengthens 
the  life  of  the  plates. 

Generally  speaking,  the  translation  appears  to  have  been  well 
done,  but  at  times  one  is  inclined  to  think  that  the  translator 
has  not  lullv  appreciated  the  meaning  of  the  author.  To  those 
who  object  to  them,  the  split  infinitives  will  prove  annoymg. 
Also  several  names,  whether  due  to  the  original  or  the  transla- 
tion it  is  impossible  to  say,  are  incorrectly  spelt.  For  example, 
Fresnal,  Swvngedaun,  Birkland  and  t'laudius  ;  and  one  is  a 
little  surprised  at  the  present  day  to  read  of  Hirr  Steinmetz. 
We  presume  that  Mrs.  .\yrton  is  intended  when  referring  to 
researches  on  electric  arcs,  and  not  the  late  Prof,  .\yrton. 

After  reading  through  the  book  one  is  a  little  puzzled  to 
understai\d  for  whom  it  has  been  written,  notwithstanding  the 
author's  preface.  Tlie  work  is  interesting,  more  partie\darly 
in  the  purely  i)hvsical  part,  and  this  part  may  prove  useful; 
but  when  we  come  to  the  technical  part  there  seems  to  he  very 
little  use  iu  talkinis  in  a  general  way  about  the  theory  of  poly- 
phase motors  and  such  like  matters.  No  diagrams  are  given 
and  there  is  no  matheniatical  treatment.  (•onse(pieutly,  for 
the  elementary  student,  this  part  of  the  book  is  not  of  any 
value.  On  the  other  hand,  for  the  engineer  who  knows  any- 
thing about  such  matters,  very  little,  if  anythin;.',  is  gamed 
by  reading  these  pages. 
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From  the  title  we  expected  some  interestiiif;  speeukitions  in 
regard  to  the  future  of  ek^ctricity,  theoretical  and  a])])lii'd.  This 
part  of  the  subject,  however,  is  not  touched  ui)on  until  the  last 
chapter  of  the  book,  and  as  this  chapter  only  consi.sts  of  ahout 
five  pages,  there  is  not  much  object  in  bringing  the  "  future  of 
electricity  "  into  the  title  of  the  book. 

Die  Elektrischen  Eigenschaften  und  die  Bedeutung  des 
Selens  fur  die  Elektrotechnik.  Bv  Dr.  Cub.  Ries.  (Berlin : 
•'IVi- Metliaiiikei-.-)  Pp.  92.  M.S. 
The  various  moditieations  of  selenium,  with  their  crystalline 
forms  and  chemical  and  photoeh  ctric  properties  are  well  set 
forth  in  this  useful  little  book.  The  selenium  cells  hitherto 
constructed  are  divided  into  two  classes,  in  one  of  which  the 
current  flows  in  a  direction  normal  to  the  light  rays,  while  it  is 
parallel  to  them  in  the  other.  The  former  type  includes  the 
Siemens,  Bidwell.  Ruhnier.  Bell.  Mercadier,  Liesegung,  and 
Righi  i)attcrns.  while  the  cells  devised  by  Fritt,  Tljanin, 
Sabine  (electrolytic),  and  Righi's  wire-net  cell  belong  to  the 
second  type.  The  autlior  deals  efTectively  with  the  tempera- 
ture-coefiicient  of  the  conductivity,  the  photoelectric  after- 
effect and  inertia,  and  the  variation  of  the  photoelectric 
sensitiveness  with  the  intensity  and  colour  of  the  light.  The 
various  theories  hitherto  propounded  are  all  dismissed  as 
unsatisfactory,  and  no  new  theory  is  put  forward.  When  that 
is  done  next,  it  will  no  doubt  start  with  the  question  of  ionisa- 
tion,  and  link  up  the  phenomena  with  the  effect  of  light  on 
zinc  or  sodium.  A  valuable  part  of  the  book  is  the  collection 
of  .some  20()  references  to  the  literature,  including  Berzelius' 
original  discovery  (1817)  and  Smith's  announcement  of  the 
change  of  resistance  with  illumination  (1873),  discovered,  it 
is  well  to  remember,  at  the  Valentia  Island  cable  station  during 
some  insulation  experiments.  Of  technical  applications  we 
find  references  to  photometry,  automatic  day  and  night 
actions,  phototelephony,  and  the  transmission  of  pictures  and 
sight  by  wire.  The  transmission  of  drawings  is  well  illustrated 
by  some  of  Korn's  remarkable  work.  A  little-known  appli- 
cation relates  to  the  photometry  of  total  solar  eclipses.  By 
means  of  a  selenium  cell,  it  has  been  found  possible  to  register 
the  occurrence  of  totality  to  within  0-001  sec,  and  to  deduce 
valuable  conclusions  with  regard  to  the  path  of  the  moon. 
The  addition  of  O-I  per  cent,  of  silver,  which  acts  as  a  catalyser, 
increases  the  speed  of  reaction  and  enables  us  to  go  down  to 
over  2.n(H)  pulses  per  second.  The  book  is  a  timely  and  useful 
i)r<)duclion.  E.  E.  F. 


I!y  Prof.  V.  B.IKRKNF.S.     Part  XXVllI.  of  "  Die 
(BiuiiowicU;  Fr.  Vieweg&  Sohn.)    Pp.  xvi. — 173. 


Die  Kraftfelder 

\Vi8Renschaft. 

M.7. 

Of  the  various  attempts  at  formulating  a  mechanical  theory 
of  electrical  phenomena,  those  involving  the  conception  of  an 
incompressible  fluid  are.  on  the  whole,  the  most  promising. 
If  they  .serve  no  other  purpose,  they  give  us,  at  all  events, 
several  suggestive  analogies  which  enable  us  to  visualise  the 
internal  happenings  accountable  for  some  apparent  actions  at 
a  distance.  Euler  and  Kelvin  worked  out  some  analogies  in 
which  the  motion  of  the  incompressible  fluid  is  steady.  The 
present  author's  father,  C.  A.  Rjerknes,  obtained  .some  remark- 
able results  by  dealing  with  vibratory  motions,  which,  he 
found,  simulated  electric  and  magnetic  attractions  and  repul- 
sions. In  the  present  work  both  these  sets  of  analogies  are 
deduced  in  a  simple  and  elegant  miinner,  the  necessary  vector 
algebra  being  prefaced  in  a  special  chapter,  which  adopts  the 
notations  of  Heaviside  and  Gibbs.  The  experimental  treat- 
ment of  these  problems  is  .still  in  its  infancy,  but  the  author 
gives  a  number  of  simple  experiments  which  corroborate  the 
theoretical  results,  rpialitatively  at  least,  .\mong  these,  the 
experiments  showing  the  kinetic  impulsion  {"'  kinetischer 
Auftrieb  ")  are  of  special  interest,  as  showing  that  any  lirpiid 
in  a  state  of  acceleration  la  a  '"  field  of  force  "  with  respect  to 
bodies  of  different  density  immersed  in  it.  If  the  body  has  a 
density  less  than  the  lifpiid,  it  is  urged  forward  through  the 
liquid  in  the  direction  of  the  acceleration.  But  should  not  the 
w^ord  '"  Antrieb  "  have  been  substituted  for  "  Auftrieb  "  '.' 
The  latter  means  an  upward  force,  such  as  figures  in  the  prin- 


(■il)le  of  Archimedes,  whereas  an  "  .\ntrieb  "'  would  be  a  force 
urging  the  l)ody  in  any  direction.  The  author  devotes  a 
final  chapter  to  fields  of  force  in  niedia  possessing  gyrostatic 
properties.  It  is  only  such  media  which  can  have  a  reaction 
to  torsion  free  from  deformation.  They  are  necessary  to  a 
complete  theory  of  light.  But,  unfortunately,  we  have  no 
jihysical  examples  of  such  media.  Speaking  geiu'rally,  in- 
deed, it  can  hardly  be  said  that  the  last  10  years  have  brought 
us  perceptibly  nearer  a  mechanical  interpretation  of  electrical 
phenomena.  In  hydrodynamics,  the  signs  come  out  uniformly 
opposite  to  the  signs  of  the  electromagnetic  forces.  But  the 
present  work  is  valuable  as  a  full  statement  of  what  has  so  far 
been  accomplished  in  this  fascinating  research.         E.  B.  F. 


"ENGINEERING  DAY"  AT  THE   IMPERIAL  INTER- 
NATIONAL EXHIBITION. 

Last  Saturday  marked  a  somewhat  unusual  event  in  the  world 
of  engineering,  namely,  a  gathering  at  the  Imperial  Inter- 
national E.xhibition,  Shepherd's  Bush,  London,  of  represen- 
tative members  of  the  various  branches  of  the  engineering 
profe.ssion.  Considerable  interest  had  been  aroused  amongst 
engineers  from  the  time  when  the  sugaestion  to  hold  an 
"  lingineering  Day  "  was  first  brought  forward,  and  it  is  to  he 
regretted  that  the  weather  on  Saturday  last  was  so  unpro- 
pitious.  Nevertheless,  judging  from  the  large  number  of 
visitors  who  throughout  the  afternoon  faced  the  elements  and 
inspected  the  various  engineering  features  of  the  Exhibition, 
many  technical  societies  were  well  represented,  and  there  is  no 
doubt  that  the  congress  was  a  great  success,  as  may  be  partly 
gathered  from  the  fact  that  the  attendance  at  the  banquet  in 
the  evening  numbered  about  250. 

The  proceedings  opened  in  the  Congress  Hall  of  the  Exhibi- 
tion at  about  2:15  p.m.,  when  Mr.  Alph  Steiger  dehvcred  a 
lecture  on  "  Water  Power  and  Turbines,"  Mr.  W.  B.  Bryan 
presiding.  The  lecturer  instanced  the  installations  at  Loch 
Leven  and  of  the  North  Wales  Power  Company  as  proving  the 
inaccuracy  of  the  statement  frequently  heard  that  we  have  no 
facilities  for  employing  water  power  in  this  country.  As  a 
matter  of  fact  the  United  Kingdom  possessed  no  less  than 
1. 000.(100  li.H. I",  in  the  way  of  natural  water  power,  and  this 
coidd  be  <leveloped  at  a  total  cajjital  cost  of  from  £30,0fK).(lll() 
to  £10.000.000.  or,  say,  £10  per  brake  horse  power,  lie  agreed 
that  this  was  a  large  expenditure,  but  the  possibilities  of 
thereby  bringing  about  great  economies  in  several  Industrie? 
justified  the  capital  outlay,  and  there  would  be,  he  had  no 
doubt,  little  difficulty  in  laying  down  many  water  power 
installations.  As  an  instance  of  the  importance  of  such 
developments,  he  mentioned  the  iron  and  steel  industry.  The 
product  of  the  electric  furnace  was  greatly  superior  to  that 
obtained  by  other  methods,  and  from  this  point  of  view  alone, 
if  we  were  to  compete  successfully  with  other  countries,  it  was 
important  to  develop  what  water  ]iower  we  possessed.  Canals, 
foundations  and  the  pipe  line  accounted  for  the  greater  part 
of  the  capital  outlay,  and  these  parts  of  the  e(juipment  only 
required  a  very  small  outlay  for  depreciation  as  com))ared 
with  that  necessary  in  the  case  of  machinery.  As  illustrating 
the  economy  in  running  costs,  h(^  estimated  that  the  cost  |)er 
unit  for  a  water  jiower  ])lant  would  be  only  one-third  thai  of 
a  steam  ])lant,  a.ssnming  a  l2-l)our  working  day.  The  lecturer 
then  ])roceeded  to  describe  the  Pelton  wheel,  which  is  specially 
adapted  for  high  falls,  and  gives  excellent  results  with  falls  of 
from  100  ft.  to  3.000  ft.;  aiul  as  any  diameter  of  wheel  can  be 
employed,  owing  to  the  water  only  being  applied  at  certain 
points  on  the  circnnifeicnce.  the  Pelton  wheel  proves  very 
convenient  fnim  the  point  of  view  of  eliniee  of  speed.  In 
Switzerland  i'l-lton  wheels  have  lieen  constructed  and^iii- 
stalled  in  sizes  n|)  to  7.000  ii.p.  or  8.000  h.i«.,  instances  of  siVch 
installations  being  mentioned  by  the  lecturer.  In  this  country, 
however,  our  water  power  is  distiibuted  in  the  form  of  a  number 
of  small  falls. 
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Papers  jircsenti'd  to  the  Institute  of  Marine  Ensjineers  were 
the  next  items  on  the  programme.  These  consisted  of  one  bv 
Mr.  J.  McLaren  on  "  The  E.xtended  Uses  of  Electricity  on 
Board  Ship,"  and  "  The  Treatment  of  Marine  Boilers  on  Long 
Voyages,"  by  Mr.  H.  Ruck  Keen,  the  chairman  during  the 
reading  of  both  Papers  being  Sir  Fortescue  Elannery.  The 
Paper  by  Mr.  McLaren  was  of  ttreat  interest  to  electrical  engi- 
neers, the  author  advocating  the  driving  of  all  au.xiliary 
machinery  on  board  ship  by  electric  motors,  and  also  the  em- 
ployment of  electricity  for  heating  and  cooking  purposes.  An 
abstract  of  this  Paper  will  be  found  on  page  860  of  the 
present  issue.  The  second  Paper  was,  of  course,  mainly  of 
interest  to  marine  engineers. 

During  the  interval  for  tea  the  Lord  Mayor  of  London, 
Sir  George  Wyatt  Truscott,  who  had  taken  great  interest  in 
the  arrangements,  held  a  reception  on  the  terrace  of  the 
Imperial  Tower.  Attention  was,  however,  again  soon  con- 
centrated in  the  Congress  Hall,  Mr.  P.  R.  Allen's  name  being 
in  the  programme  for  a  lecture  on  "  Large  Gas  Engines,"  on 
which  subject  he  is,  of  course,  well  qualified  to  speak.  Mr. 
Dugald  Clerk  presided  and  made  a  few  introductory  remarks, 
which  were  listened  to  with  interest.  The  secretary  of  the 
joint  organising  committee  then  read  Mr.  Allen's  lecture, 
which  was  illustrated  by  a  large  number  of  lantern  slides. 
Further  reference  to  this  lecture  will  be  made  in  our  next 
issue. 

The  audience  in  the  Congress  Hall  showed  great  appreciation 
of  the  next  lecture,  which  was  by  Mr.  T.  R.  Ablett.  director  of 
the  Royal  Drawing  Society.  The  subject  was  "  Snap-Shot 
Drawing  for  Engineers  and  Architects,"  and  the  lecturer  was 
introduced  by  Sir  John  Cockburn,  who  presided.  Mr.  Ablett 
drew  attention  to  the  importance  of  developing  the  power  of 
being  able  to  sketch  the  general  appearance  of  a  scene  or 
object  from  memory,  and  the  examples  of  work  done  by  his 
pupils  of  ages  from  3  to  14  years  were  certainly  marvellous. 
In  this  connection  he  showed  how  important  it  was  to  train  the 
pupils  to  be  unbiased  observers.  The  lecturer  showed  the 
importance  to  engineers  of  being  able  to  sketch  from  memory 
the  general  outlines  of  a  piece  of  machinery,  and  he  drew  atten- 
tion to  the  fact  that  when  an  object  can  be  drawn  well,  it 
usually  means  that  its  construction  is  well  understood.  The 
last  lecture  was  on  "  The  Simplest  Perspective  Drawing  of 
Machinery,"  and  Was  by  Mr.  C.  A.  Ablett,  the  chairman  being 
Mr.  .1.  P.  Maginnis. 

Throughout  the  afternoon  parties  of  visitors  were  conducted, 
at  intervals  of  a  quarter  of  an  hour,  to  inspect  the  construction 
and  operating  mechanism  of  the  various  side-shows  of  the 
Exhibition,  and  also  various  power  plants  and  the  substation 
in  connection  with  the  electrical  ]50wer  supply.  These  in- 
stallations have  been  described  in  our  columns  on  previous 
occasions,  and  further  reference  is  unnecessary  ;  but  we  mav 
mention  that  nuich  interest  was  taken  by  the  visitors,  amongst 
whom  were  manv  ladies,  in  the  various  plants.  D(Muonstra- 
tions  and  exhibits  in  the  Machinery  Hall  also  attracted  con- 
siderable attention. 

At  the  conclusion  of  the  last  lecture  mentioned  above  the 
members  adjourned  to  the  (jarden  Club  Banqueting  Hall, 
where  the  progrannne  for  the  day  was  brought  to  a  very 
successful  conclusion  by  a  bancpiet,  at  which,  as  mentioned 
before,  the  company  numbered  about  250.  After  the  customary 
loyal  toasts,  the  Hon.  A.  Stanley,  M.P.,  who  presided,  proposed 
the  toast  of  "  Engineering,"  mentioning  that  the  present  year 
had  witnessed  the  most  interesting  engineering  developments 
of  the  present  age.  He  considered  that  there  was  not  the 
slightest  doubt  the  British  engineer  was  holding  his  own  in 
every  part  of  the  world.  The  toast  was  seconded  by  Mr.  W. 
Worby  Beaumont,  and  supported  by  Mr.  F.  S.  Cotirtney  and 
Mr.  J.  W.  Orde.  Other  toasts  were  ''  Mining  and  Metallurgy," 
"  Architecture  and  Building,"  and  "  The  Press." 

There  seemed  to  he  a  general  desire  that  an  annual  gathering 
of  kindred  engineering  societies  should  take  ])lace,  and  the 
success — both  technical  and  social — of  the  present  congress 
should  prove  very  gratifying  to  the  organising  committee. 


THE  DISTRIBUTION  OF  DIELEGTBIC  STRESS  IN 
THREEPHASE  CABLES.* 

BY  PROF.   W.   M.   THORNTON,  D.SC,  D.ENG.,  AND  O.  .1.   WII.UAMS.  B.SC. 

(Concluded  from  parfc  8-34.) 

The  following  diagrams  (Fig.  4)  were  prepared  liy  projecting  the 
photograplis  upon  lar^e  sheets  of  drawing  i)aper  and  skctchinK  in 
the  lines  by  hand.  The  curves  were  tlien  inked  in.  and  occa-sional 
missing  lines  interpolated.  The  diagrams  were  then  traced,  and  the 
tracings  reduced  by  pliotograpliy  to  the  pivcn  fifjures. 

Although  great  care  was  taken  in  preparing  the  waxed  |)latcs  and 
in  adjusting  the  flow,  it  is  too  much  to  liojje  that  the  diagrams  repre- 
sent the  electrical  state  exactly  cverywlu  re,  espeoially  wliere  a  line 
is  on  the  point  of  changing  its  end  from  one  conductor  to  another. 
It  will  be  .seen  by  a  comparison  of  Figs.  4  and  <>  that  in  general, 
where  the  change  over  takes  j)lacc.  the  stress  in  the  dielectric  differs 
greatly  within  a  small  distance  on  one  conductor  or  the  other. 

The  case  represented  is  that  of  a  high-tension  cable  with  wrapping 
and  filling  of  the  same  dielectric  constant.  It  corrcs]ionds  most 
nearly  in  practice  with  the  extra  high-pressure  cable  for  (i.fiOO  volts  ; 


Fio.  4.- Diagrams  of  Stkkss  in  Tiiree-i-uase  Cahles. 

area  of  strand,  012.5  .sq.  in.  ;  diameter  of  strand.  0-46  in.  :  dielectre 
between  conductors,  0-24  in.  on  each  ;  dielectric  between  eondueti  r 
and  sheath,  0-48  in.  on  each. 

The  mean  dielectric  .stress  along  a  line  of  force  is  equal  to  the  total 
difference  of  potential  between  its  ends  divided  by  its  lengtlt.  Tl-e 
diagrams,  therefore,  give  both  the  direction  and  the  mean  intii-.sity 
of  the  stress. 

In  order  that  the  stress  at  any  jioint  or  the  gradient  at  dith  rent 
points  along  a  line  may  be  found,  it  is  necessarv  to  nicii.-iure  the  dis- 
tance between  adjacent  lines.  The  gia<lienl  along  the  centre  line 
MN  in  Fig.  o  is  inversely  proporlional  to  the  distances  a.  b.  r.  d.  and 
to  find  the  exact  stress  at  an>'  point  aloni;  it  the  average  stress  must 
first  b?  found — thnt  is,  V„x/L  denoted  by  ir  in  the  diagram  ;    at 


cd.  for  example,  tlu- 


S 


where  S  is  (he  mean  space 


pi'v  inch  -     ,' 

of  the  lines  apart.     .As  in  ,t11  eases  where  circular  conductors  are  used. 
the  stress  is  greatest  at  the  cireumfercp.ee  of  the  conductor. 

The  hgure-i  n  to  /,  Fig.  4.  show  how  the  stress  changes  during  the 
cycle.  The  following  Tables  I.  to  VI.  give  the  mean  stress  along 
lines  starting  at  equal  distances  aimrt  around  each  conductor.  The 
zero  of  the  angular  measurements  was  in  each  case  the  line  joining 
the  centre  of  the  eoudiietor  to  the  centre  of  the  eab'.o.  The  angles 
were  measured  left-handed  from  this. 


*  Paper  read  before  the  British  Association  at  Wiimipeg. 
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Table  I. 

A. 

H. 

C. 

c 

-4.660 

.  4.11(1(1 

Nil 

L. 

i>. 

L. 

'•- 

L. 

!'. 

0 

B 

0-565 

16.500 

A 

0-..4S 

17.(1110 

0-51 1 

9.100 

10 

B 

0-692 

13.4.-.(l 

.\ 

0-  I'.l.-) 

IS.SdIJ 

B 

0-511 

9.100 

20 

B 

0-847 

ll.(HHI 

A 

0-475 

11I.(HI0   I 

B 

0-511 

9.100 

30 

C 

0-500 

!l..'i(K) 

A 

0-473 

1 11.700   1 

B 

517 

9.000 

Ml 

C 

0-552 

S.400 

A 

0-485 

lil.200 

B 

536 

8.700 

50 

C 

0665 

7.000 

A 

0-512 

1S.200 

B 

561 

8.300 

(M) 

C 

0-847 

5..^)00 

A 

0-5S2 

16.000 

B 

612 

7.<500 

70 

S 

1-04 

4.4.W 

A 

0-734 

12.700 

B 
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B 
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B 

877 

5,300 

100 

s 

0-692 

6,750 

s 

0-77(i 

6,000 

B 

970 

4.800 

110 

s 

0-021 

7,500 

R 

0-707 

6,600 

B 

1-081 

4,300 
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B 
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9,500 
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!i 
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310 

B 

0-50 

18.600 

c 

1-035 

4,,500 

A 

0-561 

8,300 

320 

B 

0-48 

19,450 

c 

0-666 

7,000 

A 

0-541 

8,600 

330 

B 

0-47 

20,000 

c 

0-536 

8,700 

A 

'  0-536 

8,700 

340 

B 

0-48 

19,450 

(.' 

0-44 

10,600 

A 

0-536 

8,700 

350 

B 

0-492 

18,900 

A 

0-745 

12,500 

A 

0-517 

9,000 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

no 

120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
340 
250 
2G0 
270 
280 
2'M) 
3(K) 
310 
320 
330 
340 
3.50 


Table  III. 


B. 


ViB= 9.320, 
Vas= 4,660, 


Vac=4,660,         Vbc=4,660. 
Vbs=-1,660,         Vcs=0. 


Table  II. 


B. 


-4,828 


-1-4,278 


L. 


0-612 
0-476 
0-489 
0-497 
0-549 
0-70 
1-12 
1-15 
0-976 
0-805 
0-69 
0-644 
0-(>04 
0-561 
0-.5.30 
0-514 
0-498 
0-478 
0-478 
0-493 
0.503 
.S    I    0-514 
.S       0-537 
S       0-575 
0-628 
0-70 
0-847 
1.57 
1-01 
0-74 
0-62 
0--)03 
0-467 
0-4.55 
0-467 
0-490 


14,900 
11.300 
11.000 
10,800 
9.800 
7,700 
4,500 
4,200 
4,900 
6,000 
7,000 
7,.500 
8,000 
8.(i00 
9,100 
9,400 
9,700 
10.100 
10.100 
9,800 
9,(i00 
9,400 
0,000 
8,400 
7,700 
6,900 
5,700 
5,800 
9.000 
12„300 
14,700 
18.100 
19,.-i00 
20,000 
19,500 
18,600 


0-53 

0-474 

0-472 

0-472 

0-474 

0-490 

0-.527 

0-570 

0-696 

0-94 

1-26 

0-714 

0-68 

0-603 

0-5111 

0-496 

0-474 

0-472 

0-472 

t;-474 

0-476 

0-484 

0-498 

0-510 

0-535 

0-612 

0-7.50 

0-9r)0 

1-22 

1-29 

0-83 

0-533 

0-910 

0-868 

0-735 

0-723 


17.200 

19,200 

19.300 

19..300 

19.200 

18.600 

17,300 

16,000 

13,100 

9,700 

7,200 

6,000 

6,300 

7,100 

8,300 

H,K()0 

9,030 

9.OH0 

9,0H0 

9,030 

9.00(1 

8,850 

8,600 

8,400 

8.000 

7,000 

5.700 

4.. 500 

3..V)0 

3.300 

4.500 

7.000 

10.(X)0 

10.500 

12,400 

12.600 


-f550 


0.537 
0-585 
0-618 
0-472 
0-472 
0-478 
0-485 
0-533 
0-583 
0-622 
0-69 
1-24 
0-393 
O-.TO 
0.55 
0-612 
0-688 
0-688 
0-688 
0-688 
0-688 
0-598 
0.538 
1-25 
1-07 
0-945 
0-83 
0-048 
<i72 
612 
.549 
512 
0-494 
0-472 
0-489 
0-.507 


10,000 
9.200 
8,700 
7.900 
7.900 
7,800 
7,700 
7,000 
6,400 
6.000 
5,400 
3,000 
1.400 
1,100 
1,000 
900 
800 
800 
800 
800 
800 
900 
1,000 
4,300 
5,000 
5.700 
6..-)00 
7.100 
8.O0O 
8,800 
9.800 
10.  .500 
10.900 
11.400 
11,000 
10,600 


Vir--5,378,         V«c=3,728, 
Vbs=  4,278,         Vc8=550. 


-.5.047. 

-1-3,943.            1 

1  1,104. 

L.       1       '■-        ■         j 

L.     1        V.       1 

L. 

V. 

B 

0-666 

13.500 

A 

0-697  i 

12.900 

A 

0-56 

11,000 

B 

0-692 

13,000 

A 

0-576 

15.(i00 

A 

0-662 

9.300 

I' 

0-55 

11.200 

A 

0-480  1 

1S.700 

B 

0-50 

5,700 

C 

0-488 

12.600 

A 

0-473 

19.000 

H 

0-4S 

5.900 

C 

0-534 

11.500 

A 

0-477 

IS. 800 

B 

0-517 

5..500 

c 

0-641 

9.(i00 

A 

0-505 

17.800 

B 

0-645 

4.400 

0 

1-02 

6.000   , 

A 

0-562 

16.000 

B 

0-73 

3.900 

c 

1-23 

5.100   ' 

A 

0-642 

14.000 

B 

0-812 

3.500 

s 

1-0 

5.100 

A 

0-749 

12.000 

S 

0-(>9 

1,600 

s 

0-87 

5.800 

A 

0-900 

10.000 

R 

005 

1,700 

s 

0-72 

7.000 

A 

1-20 

7.-500 

S 

0-65 

1,700 

s 

0-640 

7.900 

,S 

0-73 

5.400 

s 

0-65 

1,700 

s 

0-.574 

8.800 

S 

0-692 

5.700 

s 

0-614 

1.800 

s 

0-549 

9.200 

s 

0-580 

(1.800 

R 

0-552 

2,000 

s 

0-513 

9.850 

s 

0-519 

7.(iOO 

R 

0.502 

2,200 

s 

0-495 

10,200 

s 

0-493 

8.000 

S 

0-48 

2,300 

s 

0-481 

10,.500 

s 

0-487 

8,100 

S 

0-48 

2.300 

s 

0-472 

10,700 

s 

0-487 

8,100 

R 

0-48 

2,300 

s 

0-481 

10,500 

s 

0-487 

8,100 

R 

0.502 

2,200 

s 

0-495 

10.200 

s 

0-506 

7,800 

R 

0-552 

2,000 

s 

0-504 

10.000 

s 

0-526 

7..500 

R 

0-602 

1.830 

s 

0-532 

9,500 

s 

0-550 

7.100 

S 

1-65 

1,700 

s 

0-561 

9.000 

s 

0.580 

6.800 

A 

1-.54 

4,000 

.s 

0-609 

8.300 

s 

0-616 

6.400 

A 

1-25 

4,900 

s 

0-674 

7,500 

s 

0-668 

6.000 

A 

112 

5,500 

s 

0-72 

7.000 

s 

0-7.30 

5,400 

A 

0-99 

6,200 

s 

0-732 

6.900 

s 

0-822 

4,800 

A 

0-88 

7.00'J 

B 

1-2 

7,500 

s 

0-963 

4,100 

A 

0-82 

7,.500 

B 

0-873 

10,300 

s 

1-04 

3,800 

A 

0-74 

8,300 

B 

0-670 

13,400 

s 

1-06 

3,700 

A 

0-654 

9,400 

B 

0-572 

15,700 

c 

0-748 

3,SO0 

A 

0-56 

11,000 

B 

0-523 

17,200 

c 

0-710 

4.000 

A 

0-.50 

12,300 

B 

0-488 

18,400 

(! 

0-580 

4,900 

A 

0-485 

12,700 

B 

0-480 

18,700 

A 

1-47 

6,100 

A 

0-48 

12,800 

B 

0-.50 

18,000 

A 

0-856 

10,500 

A 

0-485 

12.700 

B 

0-573 

15,700 

A 

0-676 

I    13,300 

A 

0-516 

11,900 

\\b=.  8,990, 
Vas- 5,047, 


Vbc=-2,839. 
Vcs=  1,104. 


1 
,i  i 

A. 

B. 

C. 

4 

-.5,207. 

-1-3.565.            1 

-f- 1,642. 

;       L.              i: 

L- 

V. 

L. 

'•- 

0 

B 

0-627    ' 

14,000 

A 

0-605 

14,500 

A 

0-535 

12,800 

10 

C 

0-49 

14.000 

A 

0.504 

17,400 

A 

0-586 

?0 

C 

0-48 

14.250 

A 

0-48 

18.250 

A 

0-685 

10,0(KI 

.30 

c 

0-476 

14.400 

A 

0-48 

18.250 

A 

0-90 

7.600 

40 

c 

0-504 

13.600 

A 

0-501 

17,.5(JO 

B 

0-506 

3,S(J0 

.50 

c 

0-596 

11,500 

A 

0-542 

16.200 

B 

0-62 

3,100 

60 

c 

0-737 

9.300 

A 

0-589 

14.900 

R 

0-747 

2,200 

70 

c 

0-966 

7,100 

A 

0-67 

13,100 

R 

0-781 

2,100 

80 

c 

1-37 

5,000 

A 

0-77 

11.400 

R 

0-715 

2,300 

90 

c 

1-71 

4,000 

A 

0-964 

9.100 

R 

0-6.57 

2,.500 

100 

s 

1-0 

5,200 

A 

1-25 

7.000 

R 

0-609 

2.700 

110 

s 

0-744 

7.000 

S 

0-714 

5,000 

R 

0-.587 

2.800 

120 

R 

0-628 

8,300 

R 

0-66 

5,400 

R 

0-.548 

3.000 

130 

R 

0.548 

9,.500 

S 

0.594 

6.000 

R 

0-53 

3,100 

!40 

R 

0-.52 

10,200 

R 

0-.532 

6,700 

S 

0-514 

3,200 

l.W 

S 

0-483 

10,800 

R 

0-51 

7.000 

S 

0-50 

3,300 

100 

S 

0-474 

11,000 

R 

0-495 

7,200 

R 

0-.50 

3.3(«) 

170 

R 

0-470 

11,100 

R 

0-488 

7,300 

s 

3.200 

180 

R 

0-470 

11,100 

R 

0-475 

7,.500 

R 

0.53 

3,100 

1 90 

R 

0-470 

11.100 

R 

0-488 

7,300 

R 

0-.548 

3.000 

"00 

H 

0-470 

11.100 

K 

0.502 

7.100 

R 

0-548 

3.000 

:'lo 

R 

0-491 

10.600 

R 

0-51 

7.000 

S 

0-53 

3.100 

220 

R 

0-520 

10.000 

R 

0.524 

6.80») 

A 

1-85 

3.700 

230 

S 

0-566 

9.200 

S 

0-575 

6.200 

A 

1-49 

4,600 

240 

« 

0-643 

8,100 

R 

0-625 

.5.700 

A 

1-25 

5,.500 

2.50 

S 

0-745 

7.000 

R 

0-70 

.5.100 

A 

1-09 

6.300 

"60 

R 

0-869 

6.000 

R 

0-76 

4,700 

A 

0-98 

7.000 

?70 

B 

1-25 

7.000 

S 

0-85 

4.200 

A 

0-835 

8.200 

280 

B 

0-976 

9.000 

S 

0-892 

4.000 

A 

0-745 

9.200 

290 

B 

0-798 

11,000 

S 

0-94 

3.800 

A 

0-6.58 

10.400 

300 

B 

0-645 

13,600 

R 

0-964 

3.700 

A 

0-596 

11. .500 

310 

B 

0-626 

U.OOf) 

(' 

0-.534 

3.600 

A 

0.535 

12,800 

3'>0 

B 

0,5.52 

15.900 

(* 

0-481 

4.000 

A 

0-497 

13,800 

330 

B 

0-472 

18.600 

{; 

0-47 

4.100 

A 

0-483 

14,200 

340 

B 

0-487 

18,000 

A 

0-9 

9.700 

A 

0-489 

14,000 

350 

B 

0-548 

16,000 

A 

!  0-655 

)  3.400 

A 

0-51 1 

13,400 

V\„- 8,772, 

V»,  =6,849, 

V,„- 

1,923. 

V«- 5,207, 

Vb,= 3,56.5, 

Vcs 

1,642, 
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Table  V. 

A 

B. 

C. 

-5,350 

+  3,161 

+  2,189 

L. 

V. 

L. 

t'. 

L. 

V. 

0 

B.  C 

0-728 

11,700 

A 

0-549 

15,500 

A 

0-538 

14,000 

10 

C 

0-64 1 

11.700 

.\ 

0..5(I4 

16,900 

A 

0-.58 

i:!.(iiiii 

20 

C 

0-4!)3 

15.300 

.\ 

(t-495 

17.200 

A 

0-672 

11.200 

30 

c 

0  483 

15,600 

A 

(»-50 

17.000 

B 

0-55 

1.770 

40 

c 

0-50 

15.100 

A 

0-529 

16,100 

B 

0-65 

1,450 

50 

c 

0-524 

14,400 

A 

0-56H 

15,000 

S 

0-46(> 

4,700 

tiO 

c 

0-(i28 

12,000 

A 

0-63 

13,.500 

S 

0-706 

3.100 

70 

a 

0  828 

9,100 

A 

0-74 

11, .500 

s 

0-84 

2.  WO 

80 

c 

1-21 

6.200 

A 

0-915 

9,300 

s 

0-84 

2.600 

30 

c 

1  -25 

6.000 

A 

1-21 

8,000 

s 

0-783 

2,800 

100 

s 

0-80 

6.700 

A 

1-71 

.5,000 

s 

0-884 

3,200 

110 

s 

0-734 

7.300 

S 

0-77 

4,100 

s 

0-57(> 

3,800 

120 

s 

0-(i21 

8.600 

s 

0-702 

4,.500 

s 

0-534 

4.100 

130 

s 

0-535 

lO.ODO 

s 

0-62 

5,100 

s 

0-49S 

4.400 

140 

s 

0-48(> 

1 1 .00  ) 

s 

0-554 

5,700 

s 

0-486 

4..500 

150 

s 

0-482 

11.100 

,s 

0-518 

6,100 

s 

0-476 

4.600 

160 

s 

0-470 

11,600 

n 

0-486 

6,500 

s 

0-474 

4.620 

170 

s 

0-475 

11,200 

x 

0-472 

6,700 

s 

0-472 

4,640 

180 

s 

0-472 

11.200 

s 

0-472 

6,700 

s 

0-472 

4,640 

mo 

s 

0-475 

11.200 

s 

0-486 

6,500 

s 

0-476 

4,600 

200 

s 

0-470 

1 1 .600 

s 

0-.50 

6,300 

s 

0-510 

4,300 

210 

s 

0-482 

11,100 

s 

0-.526 

6,000 

s 

0-548 

4,000 

220 

s 

0-52 

10,300 

s 

0-563 

5.600 

s 

0-625 

3.500 

230 

s 

0-558 

9,()00 

s 

0-618 

5,100 

s 

0-73 

3,000 

240 

s 

0-63 

8.500 

.s 

0-644 

4,900 

s 

0-811 

2.700 

250 

s 

0-704 

7.600 

s 

0-716 

4.400 

.s 

0-925 

2,370 

200 

s 

0-776 

6.900 

s 

0-79 

4,000 

A 

1-50 

5.000 

270 

B 

1-29 

6.600 

s 

0-875 

3,(iOO 

A 

1-27 

6.000 

280 

B 

1-06 

8,000 

s 

0-955 

3.300 

A 

1-09 

6,900 

2(t0 

B 

0-728 

11,700 

s 

1-01 

.3.100 

A 

0-83 

9,100 

300 

B 

0-596 

1 3.300 

•S 

0-955 

3.300 

A 

0-685 

11.000 

310 

B 

0-571 

14.900 

.s 

0-91 

3..500 

A 

0-598 

12,600 

320 

B 

0-50 

17.000 

c 

0-65 

1.4,50 

A 

0-550 

13,700 

330 

B 

0-478 

17,800 

c 

0-55 

1,770 

A 

0-520 

14,500 

340 

B 

0-497 

17,100 

A 

0-80 

10,650 

A 

0-506 

14,900 

350 

B 

0-608 

14,000 

A 

0-64 

13,300 

A 

0-512 

14,750  1 

=  8,511, 
=  .5,350, 


Vic  =  7,.539, 

Table  VI. 


=  972. 
=  2.189. 


A. 

B. 

C. 

60 

a 

-5,380 

+  2,690 

+  2,090 

L. 

V. 

L. 

V. 

L. 

w.' 

0 

C 

0-727 

11,100 

A 

0-524 

15,400 

A 

0-524 

13,400 

10 

(J 

0-607 

1 3,300 

A 

0-502 

16,100 

A 

0-.557 

14,.500 

20 

c 

0-514 

1.5,700 

A 

0-480 

16,800 

A 

0-62 

13,000 

30 

0 

0-4.80 

16,800 

A 

0-480 

16,800 

... 

40 

c 

0-483 

lfi,700 

A 

0-195 

16,300 

50 

c 

0-.524 

15,400 

A 

0-54() 

14.800 

60 

c 

0-673 

12,000 

A 

0-t)30 

12,800 

70 

c 

0-807 

10,000 

A 

0-7,54 

10.700 

80 

c 

1-02 

7,900 

A 

0-923 

8.7.50 

S 

0-77 

3,500 

90 

c 

115 

7,000 

A 

1-15 

7.000 

S 

0-718 

3.750 

100 

s 

0-84 

6,400 

S 

0-90 

2,990 

s 

0-672 

4,000 

110 

s 

0-77 

7,000 

S 

0-868 

3.100 

s 

0-625 

4,300 

120 

s 

0-708 

7,600 

s 

0-718 

3.750 

s 

0.585 

4,(i00 

130 

s 

0-656 

8,200 

s 

0-64 

4,200 

,s 

0-56 

4,800 

140 

K 

0-612 

8.800 

s 

0-,57S 

4.1)50 

s 

0-538 

5,000 

150 

.s 

0-,573 

9,400 

,s 

0-.538 

5.000 

s 

0-518 

5,200 

160 

s 

0-538 

10,000 

s 

0-.508 

5.300 

s 

0-498 

5,400 

170 

s 

0-508 

10,600 

s 

0-498 

5.400 

,s 

0-489 

.>,.500  ' 

180 

s 

0-480 

1 1 ,200 

s 

0-489 

5,500 

R 

0-489 

5,500 

190 

s 

0-,5O8 

10,()00 

s 

0-489 

5..500 

s 

0-498 

5,400 

200 

s 

0-.538 

10,000 

■s 

0-498 

5,400 

s 

0-,5O8 

5,300 

210 

H 

0-573 

9,400 

s 

0-518 

5,200 

s 

0-538 

5.000 

220 

S 

0-612 

8.800 

s 

0-538 

5,000 

s 

0-578 

4,650 

230 

s 

0-656 

8.200 

,s 

0-56 

4„S00 

s 

0-64 

4.200 

240 

,s 

0-7118 

7,6(10 

s 

0-585 

4,(iOO 

.s 

0-718 

3,7.50 

2.50 

s 

0-77 

7.0011 

,s 

0-()25 

4.300 

A 

0-8()8 

3,100 

260 

s 

0-84 

6.400 

s 

0-672 

4.000 

A 

0-!H) 

2,990 

270 

B 

1-15 

7.000 

s 

0-718 

3.7.50 

A 

1-15 

7,000 

280 

B 

102 

7.900 

s 

0-77 

3,.500 

A 

0-923 

8,750 

290 

B 

0S07 

10,000 

A 

0-7.54 

10.700 

300 

B 

0-673 

12,000 

A 

0-630 

12.800 

310 

B 

0.524 

15,400 

A 

0-.546 

14.800 

320 

B 

0-483 

16,700 

A 

0-495 

16,300 

330 

B 

0-480 

16,800 

A 

0-480 

16,800 

340 

1! 

0-514 

1.5.700 

A 

0-62 

13,000 

A 

0-480 

16,800 

350 

B 

0-607 

13.,300 

A 

0-557 

14,500 

A 

0-502 

16,100 

The  maximum  voltagf-  above  zero  in  eaeh  pliav  was  5..380.  Th,, 
voltages  at  the  top  of  each  group  of  readings  in  the  tables  are  thoSe 
above  zero.  Tlie  I'.D.  between  any  two  conductors  is  found  by- 
adding  thesi!  algebraically.  Forexample.  in  the  lirst  set,  V,b  =  9.32o. 
Vic  =  -*.66(),  V„,=. +4,660.  The  voltages  to  the  sheath  V^, 
=  -4.660,  Vg,^  +4.660.  \'ts=0. 

The  letter  in  each  row  indicates  that  conductor  upon  which  a  hne, 
.starting  from  tin-  cnnductor  at  the  head  of  the  column,  terminates. 


k 

AzT-. 

=h-^ 

-T-rf ' 



1 4 

? 

Vad=  8,070, 
V.,s=- 5,380, 


Vbs 


8,070, 
=  2,690, 


Vbs=0. 
Vcs=2,690. 


Fig.  5. — Chanck  ok  Intensity  of  Stress  ai.om;  a  Li.sk  of  Forte. 

The  length  L  are  those  of  the  actual  lines  of  force  in  the  cable  in 
inches,  and  the  voltage  v  is  the  mean  gradient  in  volts  per  inch  along 
the  line  starting  at  the  given  angular  position.  For  example,  at 
0  deg.  A,  Table  I.,  the  line  goes  to  B.  the  total  drop  of  volts  along 
it  is  9,320,  its  length  being  0-565  in.,  the  gradient  is  16..50()  volts  per 
inch.  From  the  tables  the  mean  gradient  at  any  angle  can  be  read 
off  at  any  point  in  the  cycle,  the  exact  stress  at  a  point  l>etween  the 


Fit;.  6.— Poi.AR  PiAtjRAMs  OF  Intkssitv  of  Strkss  from  Fio.  4. 

eondiu'tor>  r,ui  Ihui  be  fnuiul,  if  desired,  by  nua.'suring  the  space 
between  adjacent  lines,  as  previously  shown  in  Fig.  5. 

The  lengths  L  given  in  the  tables  were  obtained  by  measuring 
the  enlarged  photographs  and  lindini:  the  corresponding  mean 
gr.idient.  then  drawing  tlie  polar  curves  of  Fig.  6.  The  boundary 
of  these  curves  is  a  mean  line  through  the  points.  Having  drawn 
a  fair  curve,  the  gradients  v  were  scaled  off  and  the  corresponding 
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longtlis  L  found.  In  the  tables  given  below  every  alternative  row 
of  me;isurement.s  has  been  omitted. 

Tile  dieleetric  surrounding  each  conductor  carries  a  stress  wliich, 
on  the  whole,  rises  and  falls  in  a  sine  wave  if  the  applied  voltage  is 
sinuous.  The  nature  of  the  alternation  and  the  way  in  which  the 
centre  line  oi  intensity  of  stress  in  the  cable  swings  round  is  readily 
seen  by  the  polar  diagrams  of  Fig.  6  corresponding  resjjectively  to 
the  diagrams  of  Fig.  i  and  drawn  from  Tables  I.  to  VI. 

The  radius  vector  of  the  curve  around  each  conductor  is  the  mean 
stress  along  the  line,  starting  from  the  surface  of  the  conductor  in 
that  direction.  The  feature  of  these  polar  curves  is  the  very  sharp 
manner  in  which  the  mutual  action  of  the  charges  on  conductors 
and  sheath  is  developed  around  the  surface  of  the  conductois.  sug- 
gesting harmonic  disturbance  there — at  least,  in  the  interpolar  space. 
This  is  more  fully  illustrated  by  drawing  curves  of  change  of  intensity 
of  sti-ess  at  various  angles  during  the  period,  as  in  Fig.  7.  In  the  first 
diagram  of  Fig.  4  the  conductors  A  and  B  are  at  equal  )iotentials 
above  and  Ix-low  zero,  and  ('  is  at  zero.  As  the  pressure  on  C  rises 
the  stress  in  the  medium  rapidly  increases  in  the  neighbourhood  of 
the  line  joining  the  centres  of  A  and  C.  and.  to  a  less  extent,  of  B 
and  C  ;  and  by  a  transition  «liich  is  rcatlily  followed  in  the  diagiam 
the  .stress  between  A  and  B  falls,  whilst  that  between  A  and  C  rises. 
until  it  is  equal  to  the  former.  Diu-ing  a  period  these  states  occur, 
so  far  as  the  conductor  A  is  concerned,  in  the  order  a,  b.  c  d.  c  f. 
followed  by  f ,  d.  c.  b.  a.  but  with  the  diagrams  reversed.  Thus,  if  we 
have  tracings  re|>rcscnting  the  first  six  states,  at  intervals  U.  ti.  12. 
18.  24.  :?(•  deg.  (of  phase  C),  the  distribution  of  the  Held  at  36,  42.  48. 
54.  60  is  found  by  taking  the  tracings  for  24,  18,  12,  6  and  0  and 
turning  each  front  to  back.  Both  the  order  and  the  diagrams  are 
reversed.  At  the  end  of  this  set  the  conductor  C  will  be  in  exactly 
the  same  state  as  A  was  at  the  start,  and  the  sequence  is  rei)eatcd 
for  C  and  then  for  B.  making  60  diagrams  for  the  complete  period. 
It  will  be  noticed  that  although  the  pressure  in  the  phases,  measured 
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Flu.  7.— Tkiilk  Fkei^uencv  Variation  of  Intensity  of  Stress 

BETWEEN   CONDUCTOBS. 

from  zero,  reaches  a  maximum  in  the  order  .\,  B,  C,  as  in  Fig.  3. 
the  position  of  maximum  stress  revolves  in  the  direction  opposite 
to  this.  Thus,  in  the  first  diagram  it  is  greatest  between  A  and  B, 
after  30  dcg.  of  phase  it  is  equal  from  A  to  B  and  C.  after  3(1  deg. 
more  the  maximum  stress  in  the  dielectric  is  between  A  and  C.  so 
that  the  position  of  maximum  intensity  of  stress,  irrespective  of  its 
direction,  rotates  backwards  at  twice  the  frequency  of  the  circuit. 

The  stress  between  a  conductor  and  the  sheath  is  a  rectified  wave 
at  the  supply  frequence.  Elsewhere  the  reaction  between  the 
charges  induces  a  pulsation  of  higher  frequency.  For  example, 
taking  the  position  of  30  deg.  on  the  conductor  A — that  is  the  line 
joining  the  centres  of  conductors  A  and  C — the  variation  of  mean 
intensity  of  stress  along  a  line  of  force  starting  at  this  point  is  as 
follows : — 

Mean  Stress  in  Kilovolls  per  inch. 


l'ha«-     

....;  0     (i 

12     18 

24  1  .30  ,  3(>      42  1  48  ,  54 

00 

Kilovolte  .... 

....     9-5  10-8 

12-6  14-4 

1.5-6J  le-S  17-8j  18'6'  18-7    20 

20 

Phase    

KiIovolt« 

....    66  1  72 
....  Ifl-v!  19 

78  1  84 
18-2    17 

90  1  96  j  102    108  1  114:120 
16-8|l4-.'>'l4-2|  12-8!  11-4  81 

^ 

These  arc  the  pressures  scaled  from  the  diagrams  and  are  plotted 
in  Fig.  7,  There  are  three  maximum  and  three  minimum  conditions 
of  stres.9  in  one  alternation,  giving  in  effect  a  triple  frequency  har- 
monic with  a  disturbance  of  higher  frequency.  The  same  is  found 
with  smaller  amplitude  at  W»deg.  and  other  points. 

In  order  to  use  the  section  Ui  the  beat  advantace,  the  dielectric 
should  carry  a  stres.<!  an  nearly  as  pf)ssible  the  same  everywhere,  not. 
of  course,  at  every  instant,  but  averaged  over  the  cycle.  It  is  pos- 
sible to  do  this  in  single-phase  cables  by  suitably  grading  the  insulal  ing 
material,  so  that  the  dielectric  constant  decreases  outwards  from 
the  conductor. 

It  is  impossible  to  arrange  this  everywhere  in  three-phase  caVjles, 
but  hv  the  use  of  "clover-leaf"  sections  for  the  conductors  the 


filial- 


stress  may  be  iiiiulc  iiiiu-h  lUoie  uniform  tliaii  in  the  case 
sections. 

The  efficiency  of  a  cable,  so  far  as  its  manufacture  is  concerned, 
may  be  expressed  as  the  maximum  kilovolt -amperes  which  it  will 
carry  per  [jound  weight  of  insulation  per  yard  run.  Since  the  stress 
by  which  electrical  energy  is  transmitted  along  a  cable  is  in  the 
insulation,  and  not  in  the  copper,  the  most  efficient  cable  is  that  in 
which  the  mean  volts  per  inch  per  s(piarc  inch  of  section  of  insulation 
is  greatest.  Without  going  into  the  intensity  of  stress  as  fully  as 
in  the  cable  with  circular  conductors,  the  nature  of  the  change  in 
the  form  of  the  field  in  a  clover-leaf  section  during  the  common  part 
of  a  period  was  examined  in  the  same  way  as  before.  The  diagrams 
of  Fig.  8  show  the  giiater  economy  of  section,  apart  from  i|ii<stions 
of  manufacture  in  the  '"  clover-leaf."  as  compared  with  the  I'ireular 
conductor.  These  were  taken  from  the  iiikrd-in  enlaigciucnt  wit  hout 
this  being  retraced.  The  polar  curves  for  the  clovcr-lcaf  case  would, 
however,  show  more  sudden  changes  at  the  corners  of  the  conductors. 

Under  most  conditions  of  working  the  eojipcr  loss  is  much  greater 
than  that  from  dielectric  hysteresis,  and  the  heat  so  produced  ex- 
pands the  conductor  and  insulation  equally  in  all  directions,  liut  the 
dielectric  loss  in  a  lightly-loaded  cable  is  not  equally  distributed  over 
the  section.  Assuming  that  it  varies  as  the  sipian'  ot  the  voltage 
gradient  at  any  point,  curves  of  heating  might  be  tlrawn  by  squaring 


FiG.  8. — Diagrams  of  Stbkss  in  "  C'lovkr  Leaf"  Section. 


the  |)olar  ordinates  in  Fig.  6.  The  actual  heating  would  be  even  less 
uniform  than  the  resultant  curves  might  indicate,  for,  as  shown  by 
Fig.  ."),  the  stress  varies  along  a  line  of  force  jjossibly  by  as  much  as 
3  to  1.  There  are  then  very  localised,  and  comparatively  small 
parts  of  the  section  between  conductors  win  n  these  are  circular, 
in  which  the  healing  may  well  be  from  eight  to  ten  times  gi'eater 
than  that  between  a  conductor  and  the  sheath.  How  far  this  in- 
equality of  heating  affcct.s  the  life  of  a  cable  cannot  be  said  until 
there  is  available  information  as  to  the  comparative  lives  of  cables 
with  circular  and  other  forms  of  roiKJuctors.  but  (■(  In  iwisc  under  the 
same  conditions. 

What  may  be  more  important  is  that  the  ageing  of  the  insulation 
will  certainly  be  very  unequal  :  and.  so  far  as  the  lindency  to  pow- 
dering is  concerned,  the  life  of  the  insulation  is  llial  of  the  small  part 
immediately  between  the  conduelor.s. 

So  far  as  dielectric  heating  is  concerned,  the  load  factor  of  a  cabli' 
is  usually  high,  and  the  effects  of  inequality  of  its  dielectric  heating 
ni.iy.  for  all  practical  purposes,  be  entirely  masked  by  the  copper 
Inal.  .All  that  can  be  done  in  our  present  meagre  knowledge  of 
dielectric  changes  is  to  indicate  the  magnitude  of  the  stress  from 
point  to  point  in  the  insulation,  to  provide  a  working  basis  for  future 
theorv. 
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CORRESPGNDENCE. 

{  '    ■    '  ANTENNM. 

TO   THE   EDITOR   OF  THE    ELECTRICIAN. 

Sir  :  In  your  issue  of  July  23  I  notice  an  article  by  Mr.  G.  \V. 
Pickaid,  entitled  "  Antenna'."  In  this  article,  in  speakin";  of 
the  Stone  direction-finder,  he  says  that  in  this  direction-finder 
two  antennic  are  used,  separated  by  a  half  wave  length  of  the 
radiation  from  a  distant  station.  This,  he  points  out,  renders 
the  arrangement  impracticable  for  commercial  use,  because  of 
the  limitation  to  a  definite  wave  length.  He  further  states 
that  the  system  will  give  the  bearings  of  a  distant  station  to 
5  or  10  deg.  of  arc.  As  each  of  these  statements  is  incorrect, 
and  therefore  misleading,  I  take  the  liberty  of  pointing  out  that 
there  is  nothing  to  warrant  Mr.  Pickard  in  the  belief  that  there 
is  any  limitation  to  a  definite  wave  length  in  the  direction-finder 
in  question. 

In  the  second  place  I  wish  to  state  that  I  have  been  in 
charge  of  the  only  official  tests  of  this  direction-finder.  In 
these  tests  the  apparatus  was  installed  on  board  the  United 
States  Naval  Auxiliary  "  Lebanon,"  C'apt.  Merithew  com- 
manding, and  in  the  hands  of  Lieutenant  Commander  S.  S. 
P.obison,  U.S.N. ,  and  Lieutenant  J.  Hyland,  U.S.N.,  neither 
of  whom  had  ever  used  or  ever  seen  an  apparatus  of  this  tvpe 
before;  the  direction-finder  gave  the  cross  bearings  of  two 
stations  distant  approximately  14  miles  from  the  vessel,  with 
an  error  of  less  than  the  minimum  value  assigned  by  Mr. 
Pickard.  Ijater  in  the  same  day  these  oflScers  determined  the 
bearing  from  the  "  Lebanon  "  of  a  station  distant  27  miles, 
with  an  equal  degree  of  precision.  Observations  have  been 
made  by  assistants  under  my  orders  on  this  and  other  ships  of 
the  U.S.  Navy  in  which  the  error  was  likewise  below  the 
minimum  value  set  by  Mr.  Pickard.  Further,  I  wish  to  say 
that  in  only  one  special  case  was  any  attempt  made  to  use  a 
wave  length  equal  to  twice  the  distance  between  the  masts, 
whereas  in  general  the  wave  lengths  were  those  normal  to  the 
ship  and  shore  stations. 

I'nder  these  conditions  I  scarcely  need  to  paint  ont  that  the 
apparatus  in  the  hands  of  the  master  of  a  sliiji,  accustomed  to 
using  it,  would  give  even  closer  results  than  those  noted  above, 
so  that  there  is  no  reason  to  doubt  that  the  apparatus  will  yield, 
in  the  hands  of  a  skilled  operator,  bearings  as  close,  or  even 
closer,  than  a  helmsman  can  steer. — I  am,  &c., 

Krnest  R.  (Jram, 
Boston,  Mass.,  Aug.  26.       Stone  Telegraph  and  Telephone  Co. 

ELECIEICAL  PROPULSION  OF  STEAM  SHIPS. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN, 

Sill  :  As  an  important  organ  of  the  electrical  manufacturing 
trades,  I  desire  to  draw  your  attention  to  a  letter  in  "  The 
Times  Engineering  Supplement  "  of  to-day's  date,  signed  by  a 
leading  inemlier  of  tlie  electrical  engineering  profession,  in 
which  he  complains  of  "  extravagant  claims  for  clccliical  power 
transmission  for  the  above  important  puipose,"  and  makes 
various  other  uncalkd  tor  rcmaiks  in  connection  with  the 
matter. 

I  write  as  one  who  has  made  a  very  close  study  of  this  most 
important  matter,  in  co  operation  with  some  of  the  leading 
naval  architects  and  marine  engineers  in  this  country  and 
abroad, and  as  oncwho  has  endeavoured  to  enlighten  marineengi- 
neers  as  to  the  "  truthful  "  position,  by  drawing  their  attention 
to  the  great  possibilities  of  co-operation  with  electrical  engineers, 
by  the  opening  up  of  another  field  of  operation  for  elHcient 
means  of  generation  and  transmission  of  power,  which,  if  taken 
up,  will  make  a  tremendous  increase  in  the  Inisiness  of  elec- 
trical plant  manufacture  and  should  be  th.iroughl}' investigated 
by  thi  leading  ])lant  manufacturers  of  this  branch  of  engineer- 
ing. If  they  will  so  investigate  the  subject  I  shill  be  most 
happy  to  lay  before  any  members  the  system  as  advocated  by 
the  writer  of  the  letter  above  referred  to  and  the  system  which 
J  have  designed  fov  the  purpose.    They  are  at  liberty  to  judge 


the  merits  foi'  themselves  and  form  their  own  conclusions  as 
to    which    system    is  capable    of    fulfilling    the    claims    that 
have  been  made,  and  I  should  esteem  it  a  favour  if  such  conclu- 
sions were  pulilisl;cil  for  the  guidance  of  others. — I  am,  &c., 
William  P.  Di  rtnall. 
Bufh-Iane,  London,  E.G.,  Sept.  8. 


THE  "THEROL"  ELECTRIC  WATER  HEATER. 

Then-  nvr  iwn  ludljli-ms  wliicli.  amo.-i;:  ullirrs,  ;iii-  at  t!i'-  |. resent 
Lime  exercising  the  minds  of  those  connected  witli  tlic-  electrical  in- 
dustry. And  tliough  the  sohition  of  these  problems  will  undoubtedly 
bo  confined  to  a  particular  class  of  on};incnrs,  thoutrli  different  in  each 
case,  the  solution  of  one  will  atTrct  the  other,  for  they  arc  to  a  great 
extent  mutually  intcrdc|)endent.  These  two  prf)blcms  are  :  How 
to  increase  tlic  day  load  on  the  mains  of  a  central  station,  which 
question  worrits  llic  supply  cnginci  r.  and  how  to  design  an  efficient 
and  domestically-usable  electric  wat<  r  heater,  which  worries  the 
electrical  matnifaoturer.  If  the  manufacliu'cr  can  achieve  the  latter 
feat  tlie  way  towards  establishing  an  excellent  day  load  is  at  once 
opened,  for  it  will  not  be  denial  that  perhaps  the  most  cs,scntial 
hoiLsehold  commodity  is  hot  water — a  commodity  to  obtain  which, 
it  may  be  mentioned,  leads  to  more  waste  of  fuel  than  any  other 
operation. 


Fio.  1. — "Theroi."  Electric  Watkr  Heatek. 

Messrs.  Spagnoleiti  (Ltd.),  of^I^.ondon.'have  recently  put  forward 
an  apparatus  known  as  the  "  Theroi "'  water  heater,  for  which  they 
claim  certain  distinct  advantages.  '■  It  may,  perhaps,  beas  well  first  to 
explain  its  essential  features,  and  then  to  point  out  how  it  may  help 
towards  a  solution  of  the  other  problem  mentioned  above. 

A  general  view  of  the  ap|)aratus  is  shown  in  I-'ig.  1  and  a  section 
of  the  heater  in  Fig.  2.  In  it.s  simplest  form  the  apparatus  consists 
of  a  block  of  iron  cast  round  a  coil  of  pipe.  This  block  is  emlieddcd 
in  and  covered  with  a  layer  of  magnesia  lagging  some  2  in.  tliick. 
The  top  of  the  block  is  hollowed  out  into  a  cylindrical  form,  and  in 
this  hollow  is  |ilaeed  the  heating  clcmiut.  consisting  of  foiu'  coils  of 
iron  wire  insulated  with  mica.  The  block  of  iron  is  then  continu- 
ously heated  by  electricity,  and  water  is,  when  required,  pa.sscd 
through  the  pipe  and  heated,  Kunhcr  economy  is  clYectcd  by  intro- 
ducing between  the  lagging  and  the  outer  cover  a  small  reservoir, 
which  is  in  turn  protected  by  lagging  from  the  outermost  surface  of 
the  heater,  and  which  .serves  for  raising  slightly  the  temperature  of 
the  incoming  water  before  it  is  introduced  to  the  heater  proper. 

Since  the  coil  of  pipe  throuuh  which  the  water  pas.ses  must  have 
suflicient  surface  for  heating  the  water  when  the  block  is  compara- 
tively cool,  it  follows  that  when  the  block  is  very  hot  the  water  will 
be  converled  into  steam.  It  is  necessary,  therefore,  to  mix  the 
issuing  steam  with  water,  and  thus  reduce  it  to  a  suitable  tcmjiera- 
ture.  "  There  being  no  satisfactory  valve  for  the  purpose,  a  special 
one.  shown  in  section  in  Vie.  3,  has  lieen  designed,  by  the  use  of 
which  it  is  claimed  a  mixture  of  the  steant  and  water  can  W  com- 
pletely ciTeetod,  and  the  temperature  of  this  mixture  adjusted  at 
will.     As  will  be  seen  bv  reference  to  the  draw  ing.  piiK-s  are  brought 
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up  from  the  main  and  from  the  hot  water  chamber  to  this  mixer, 
where,  by  |>lacing  the  tap  in  the  appropriate  position,  either  cold, 
tepid  or  hot  w  ator  ran  be  obtained. 

From  this  description  it  will  be  seen  that  the  heater  is  simple  in 
construction,  entirely  self-contained  and  requires  little  alteration  of 
any  existing  pipework  when  it  is  installed.     Hot  water  is  always 


Fig-  2. — Plan  and  Section  of  '•Tiiibi  l"  Electric  Hiiatbr. 

available,  and  by  suitably  adjusting  the  tap  may  be  drawn  off  at  any 
desired  temperature.  There  are  no  noxious  gas  or  products  of  com- 
bustion, and  no  flue  or  chimney  is  required. 

While  this  apjjaratus  appears  to  have  solved  the  problem  of  elec- 
trically heating  water  without  demanding  a  large  current,  it  is  still 
more  interesting  fnmi  the  fact  that  its  design  has  been  carried  out 
with  a  view  to  devcl<i])ing  central  station  business,  and  that  in  rather 
a  novel  way.     Me.ssr.s.  f^paL'noletti  have  joined  the  ranks  of  rate- 


Plug 


I'"io.  .3.— Dktaii.s  of  Mixlm;  \'alve  amp  T. 


^volvers.  and  stiggest  that  a  householder  should  be  charged  on  a  sort 
of  rateable  value  basi.j.  For  instance,  a  man  decides  that  he  has  a 
load  of,  say,  20f)  watts  ;  he  is  accordingly  charged  for  this  amount. 
and  can  then  use  20()  watts  for  24  hours  a  day.  He  would  then  instal 
a  2W)  waft  "  Therol  "  heater  and  keep  it  continually  in  circuit,  thus 
making  available  a  certain  qiuintity  of  hot  water  for  his  domestic 
uses.  When  he  wanted  to  use  the  current  for  other  jmrposes  he 
would  switch  his  lights  or  cooker  on  in  the  ordinary  way,  and  by 


means  of  a  simple  switching  arrangement  a  proportionate  amount 
of  the  heater  elements  would  be  automatically  cut  out,  thus  retaining 
the  total  load  at  200  watts.  A  lump  sum  ])er  quarter  would  be  paid 
for  the  use  of  the  electricity  supply,  so  that  maximum  demand  sys- 
tems and  other  brain-wracking  ideas  woiild  become  a  thing  of  the 
past.  The  domestic  hot  water  supply  would,  further,  become  the 
determining  factor  in  deciding  what  size  of  heater,  and  hence  the 
other  electrical  details  of  the  house,  should  he  employed. 

This  100  ])er  cent,  load  factor  would  undoiililedly  have  a  bene- 
licial  cHect  on  the  central  station  problem,  and  would  allow  such 
consumers  to  be  svqiplicd  at  a  very  low  cost  per  luiit.  Further, 
should  it  be  necessary,  it  would  give  rise  to  no  great  hardship  to  cut 
out  the  heater  during  "  peak"  hours,  for  enough  heat  would  be 
retained  by  the  lagging  to  ensure  an  adecpiate  water  supply. 

Returning  once  more  to  the  heater  proper,  it  may  be  pointed  out 
that  the  size  of  the  heater  refers  to  the  quantity  of  water  it  will  rai.se 
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through  60^F.  every  24  hours.  Thus,  a  25  gallon  heater  will  raise 
this  amount  of  water  from  .W^F.  to  110°P\ — i.e.,  to  the  tem])crature 
of  a  very  hot  bath — while  if  only  warm  w  ater  is  required  a  very  much 
larger  quantity  may  be  obtained.  In  every  case  the  amount  of 
water  available  may  be  drawn  of?  all  at  once,  or  in  smaller  quantities 
at  any  time  during  the  24  hours. 

Fig.  4  shows  the  quantity  of  water  that  may  be  drawn  fmm  a 
25  gallon  electric  heater  at  any  tcmiKrature.  The  initial  tempera- 
ture of  the  water  is  assumed  to  be  oO'^J''..  and  it  will  be  seen  that  the 
average  daily  output  is  25  gallons  at  HOT"'.,  or  a  little  over  !)  gallons 
of  boiling  water.  Similarly,  ever}'  other  point  on  the  middle  curve 
gives  the  quantity  of  water  available  at  the  eorrespoiuling  tempeia- 
ture  every  day.  The  lower  curve  gives  the  overload  capacity  of  the 
heater,  or  the  quantity  of  water  at  any  temperature  that  may  ."^till 
be  obtained  even  aft<.'r  that  given  by  thi^  middle  ciuve  has  been 
drawn  off.  though,  of  course,  if  this  overload  is  drawn  on  the  quantity 
available  next  day  will  be  less  than  that  given  by  the  middle  curve. 
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The  upper  curve  gives  the  maximum  quantity  of  water  available 
at  any  temperature — that  is  to  say.  the  quantity  that  may  be 
obtained  frimi  the  heater  if  less  than  that  given  by  the  middle  curve 
has  been  taken  on  |)revious  days.  Such  calculation  on  the  part  of 
the  householder  regarding  his  water  supply  may  not.  however,  be 
pleasant  to  his  generally  unscicntilic  mind,  and  it  would  probably  be 
better  for  him  to  instal  a  heater  of  capacity  simu'what  in  excess  of 
his  usual  demands,  so  as  to  be  on  the  safe  side  should  emergency  arise. 
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In  Fig.  5  is  shown  tlu;  variation  willi  time  of  tin;  availalilc  (luanlity 
of  hot  water  in  the  25  gallon  "  Thcrol  "  heater.  It  will  be  seen  that 
if  the  heater  is  exhausted  the  heat  starts  storing  up  again  at  the  rate 
of  more  than  a  gallon  per  hour,  while  after  suffieient  heat  is  stored 
to  give  25  gallons  it  only  stores  up  at  the  rat<>  of  about  J  gallon  an 
hour,  and  finally  becomes  .stationary  at' the  maximum  of  37  gallons. 
The  other  eurve  gives  the  quantity  of  hot  water  |)er  day  that  may 
be  obtained  if  drawn  oft'  in  equal  amounts  at  regular  intervals.  Thus, 
if  the  water  weie  allowed  to  nui  all  day  in  a  small  stream  the  total 
quantity  obtainable  would  be  27  gallons,  if  it  were  drawn  off  every 
eight  hours  25  gallons,  and  if  drawn  off  all  at  once  21  gallons  per  day, 
while  if  the  water  were  only  drawn  off  once  in  every  two  days  there 
would  be  .SI  gallons  obtainable,  or  only  15i  gallons  per  day.  The 
heater  from  which  the.se  curves  were  taken,  being  designed  for  house- 
hold use,  where  it  would  seldom  be  allowed  to  rest  for  more  than 
eight  hours,  is  called  the  25  gallon  size.  It  should  be  noted  that 
these  curves  are  drawn  w  ith  a  20ft  watt  heater,  and  that  if  a  larger 
heater  were  used  and  switched  otT  for  such  a  time  each  day  that  the 
average  quantity  of  hot  water  remained  the  same,  then  both  the  rate 
at  which  heat  is  stored  up  and  the  maximum  quantity  that  can  be 
stored  up  w  ill  be  much  greater. 

We  may  be  allowed  to  congratulate  Messrs.  Spagnoletti  on  having 
produced  a  piece  of  apparatuus  which  should  go  far  towards  solving 
the  problem  of  heating  water  by  electricity.  We  shall  «atch  its 
development  and  practical  operation  with  interest. 


SIEMENS  SELECTIVE  CALL  FOR  TELEGRAPH 
STATIONS. 


It  is  often  useful  in  telegraph  working  to  be  able  to  call  up  any 
distant  station,  up  to  a  certain  number,  without  ringing  up  all  the 
intermediate  stations.  A  possible  method  of  cffei-ting  this  is  by  the 
employment  f^f  a  selective  call  sy.stem  such  as  is  manufactured  by 
Messrs.  Siemens  Bros.  &  Co.,  and  which  is  described  in  the  following 
article  : — 

This  apparatus  is  so  arranged  that  it  will  not  respond  to  ordinary 
Morse  signals.  In  order  to  operate  it.  the  circuit  must  be  closed  for 
at  least  three  to  four  seconds  ;  after  that,  short  current  impulses  are 
given,  corresponding  in  number  to  the  number  of  the  station  required  ; 
finally  the  circuit  is  closed  again  for  about   10  seconds.     Tlie  last 


inlluenced  by  the  insertion  of  the  apparatus.  CJ)  That  the  call  may 
be  given  by  maniiiulalinK  the  existing  .Morse  key  in  the  usual  manner. 
The  apparatus  (Fig.  I)  consists  of  a  retarding  relay  T  (wc  Fig.  2) 
and  an  electromagnetic  counter,  S,  which  is  fitted  with  a  revolving 
drum.  The  drum  carries  contact  segments  arranged  to  correspond 
with  the  call  number  of  the  respective  stations,  and  these  segments 


Fig.  1. — General  View  or  Sikmens  Sei.k.  tive  Cam.. 


are  electrically  connected  with  the  call  bell.  The  whole  is  mounted 
on  a  circular  metal  base  and  enclosed  in  a  brass  ease  with  dial  and 
glass  face.  The  dial  is  marked  with  the  usual  Morse  code  letters  and 
signs  and  the  call  number  ai)pears  through  a  small  window  in  the 
centre.     The  effective  o])cration  of  the  retarding  relay  is  securwl  by 


FlO.  2. — DiAORAM  OF  MORSK  TELEGRAPH  L'.NE  WirU  .SEVERAL  SficrrONS  FOB  ClOSEU  ClR'Ull'  WoRKlM 

Siemens  Selective  Call. 


Mi:tuoi)  of  WoRKiso  of 


operation  causes  the  bell  to  ring  at  the  selected  station.  The  current 
impulses  which  are  then  given,  being  oi'dinary  Morse  signals,  restore 
all  the  selective  calls  on  the  line  to  their  normal  condition. 

In  the  design  of  the  apparatus,  the  following  objects  have  been 
kept  in  view  :  (I)  That  the  selective  call  can  be  added  to  any  exist- 
ing telegrajih  system  practically  without  any  alterations  being 
required.  (2)  That  the  selective  cill  can  work  in  a  local  circuit  and 
is,  in  con.sequence,  independent  of  variations  of  line  current,  whilst 
the  impulses  in  the  line  anil  th'  other  telegraph  aiip:\ratu9  are  not 


the  use  of  a  dash-pot  fitted  with  a  piston  of  compressed  giaphilo. 
This  device  lubricates  itself  automatically  and  requires  no  attention, 
whilst  it  is  impossible  for  the  pistim  to  jam. 

The  diagram  (Fig.  2)  shows  clearly  the  method  of  working  the 
selective  call,  and  represents  a  Morse  telegraph  line  provided  with 
several  stations  with  relays  for  closed  circuit  working.  For  instance, 
.suppose  station  .\  wishes  to  call  .station  H  with  the  number  t>.  Station 
.\  depresses  the  key  K  for  three  to  four  seconds  anil  then  makes  live 
short  contacts  and  one  Ion;  one.  whereupon  the  bt>ll  at  station  B  is 
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t  iioHii  in  l>v  liic  scl'-iiivi-  laU  iiuJ  rings  so  loii-r  as  the  key  isdopicsscil. 
Tlic  usual  Mni'.ic  signals,  which  follow,  replace  the  selective  call  to  its 
normal  [losition. 

The  instruments  operate  in  the  following^  manner :  The  first  long 
depression  of  the  key  K  causes  the  line  relays  R  at  all  the  stations 
to  be  cut  out  and  their  armatures  to  throw  in  the  retarding  relays  T. 
which  are  in  a'  local  circuit.  These  slowly  attraet  their  armatures 
and.  after  about  three  seconds,  close  the  main  contact  TC.  This 
causes  the  electromagnet  of  the  counter  in  each  instrument  to 
receive  a  curreat  impulse  through  the  springs  2  and  3.  the  drum  is 


Fic.  3. — .Siemens  .SEt.Ef  tive  I'ai.i.  w  ith  covek  oie,  showinc:  Retarding 
Relay  ajid  Electromaonetic  CotrNTER. 

revolved  by  means  of  the  toothed  wheel  to  the  extent  of  one  tooth, 
and  the  springs  I'and  2  are  brought  into  contact  over  a  segment  on 
the  drum.  This  position  causes  all  further  current  impulses  (in  this 
ca.se  there'are  five)  corresponding  to  the  five  short  depressions  of  the 
key  on  the  part  of  the  calling  station  A,  to  go  not  only  through  the 
retarding  relay  T,  but  also  simultaneously  through  the  electromagnet 
S.  owing  to  the  closing  of  the  contact  TC  The  retarding  relays  do 
not  close  their  contacts  TC  under  the  short  current  impulses,  but 
the  electromagnets  are  operated  and  the  drums  are  revolved  by  the 
current  impulses  to  the  extent  of  five  teeth.  The  segments  on  each 
drum'are  nowj^so  arranged  that  the  springs  3  and  4  are  connected 


FiQ.  4. — Siemens  Sei.kctive  Cai.t.  with  tover  off,  siiowrNC  Line 
Relay  ami  Dash-pot  kok  Rktahdim;  Device. 

over  a  particular  positi<in  of  the  drum  corresponding  to  the  call 
number  of  the  respective  stations,  and  close  the  bell  circuit  through 
the  contact  TC.  In  the  ca.se  of  the  «elcct<(l  station  6.  the  special 
position  of  the  springs  3  and  4  is  arrived  at  by  the  six  current- 
impulses,  and  after  a  period  ofjabout  three  stjconds  the  bell  com- 
mences to  ring  through  the  retiu-ding  contact  TC.  The  bell  circuit 
is  interrupted  at  all  the  other  stations.  The  station  which  is  called 
g  ves  the  acknowledgment  signal  in  the  usual  manner,  and  the 
telegraphic  messages  between  the  two  stations  can  then  ]»ass.     The 


Morse  signals  which  are  now  given  restore  all  the  sekotive  calls  to 
tlicir  normal  positions.  The  call  bell,  which  can  also,  if  necessary, 
be  uiade  for  continuous  ringing,  is  not  mounted  direct  on  the  selec- 
tive call,  but  can  be  fixed  in  any  position,  for  instance,  outside  a 
signal  box. 

A  6-volt  battery  of  large  cells  is  necessary  for  working  these 
selectors,  but^the  apparatus  will  work  without  readjustment  even  if 
(he  voltage  drops  as  low  as  ST)  volts.  This  source  of  current  serves 
as  a  local  battery  as  well,  if  the  Morse  apparatus  is  worked  by  a 
relay.  The  best  form  of  battery  for  the  purpose  is  made  up  of  four 
iSiemcns-Obaeh  dry  cells,  each  having  an  E.M.F.  of  1-5  volts. 

In  connection  with  local  Morse  working,  the  selector  is  placed  in 
the  local  circuit  of  tlu-  line  relay.  For  direct  working  Morse,  sounder 
or  needle  instruments,  the  apparatus  is  provided  with  a  small  relay, 
R,  of  100  ohms  resistance,  which  is  connected  t«  the  line,  the  .selector 
being  in  the  local  circuit  t)f  the  relay. 

The  maximum  number  of  stations  which  can  be  controlled  by  this 
system  is  at  present  IS.  and  the  adjustment  to  a  smaller  number  of 
stations  is  etfccted  in  a  vi  i  v  simi)le  manner. 


OPPOSITION  TO  GRANT  OF  PATENT. 

An  inquiry  is  to  be  held  by  the  Comptroller  of  Patents  into  the 
opposition  of  Messrs.  Siemens  Bros.  &  Co.  to  the  grant  of  a  patent  to 
Messrs.  Willoughby  Statham  Smith  and  \Vm.  I'uddieombe  Granville, 
in  aceordanrc  with  speiitic-ation  dated  Feb.  20.  1909.  and  tiled  March 
2.  1909,  which  has  become  merged  with  and  known  by  the  number 
of  a  provisional  specification  No.  27.470  of  1908.  The  final  specifica- 
tion (numbered  4,376  of  1909)  states  that  "  the  object  of  the  inven- 
tion is  to  provide  an  improved  inductance  coil  suitable  for  use  in 
telei>hone  cables  and  the  like." 

The  notice  of  opposition  by  Messrs.  Siemens  Bros.  &  Co.  (filed 
Aug.  21.  1909)  states  that  their  opposition  is  on  the  grounds  : — 

1.  That  the  invention  has  been  claimed  in  the  complete  specification 
(if  British  Letters  Patent  No.  2.5,300,  applied  for  on  Nov.  9.  1900,  by 
ourselves  jointly  with  Wm.  Dieselhorst  for  '"  Improvements  in  Electric 
Cables,''  of  which  patent  we  are  the  registered  jiroprictors  .and  which 
patent  is  of  prior  date  of  the  patent  the  grant  of  which  is  o])poscd. 

2.  That  the  nature  of  the  invention  or  the  manner  in  which  it  is  to  be 
performed  is  not  sufficiently  or  fairly  described  in  the  complete  specifica- 
tion. 


PARLIAMENTARY  INTELLIGENCE. 


The  Post  Office  and  Wireless  Telegraphy-— In  the  House  of 

Commons  on  Tuesday  tlie  Piistmaster-Gencr:il  (Mr.  S.  Buxton)  stated 
that  the  statement  in  the  "  Times  "  of  the  7th  inst.  was  not  supplied  by 
the  Post  Office.  The  statement  was  premature,  as  the  arrangements 
were  not  yet  completed.  The  negotiations  were,  moreover,  to  a  certain 
extent  contingent  (m  the  success  of  somewhat  similar  negotiations  vith 
Lloyd's,  which  also  were  not  yet  completed.  When  the  arrangements 
were  finally  completed  he  proposed  to  make  a  statement  on  the  subject 
to  the  House. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 

■*■ 

APPOINTMENTS  VACANT  AND  FILLED. 

A  designer  is  wanted,  with  experience  in  tlie  design  of  electric 
motors  and  also  good  college  antl  workslioji  training.  See  adver- 
t  isement. 

Applications  are  invited  for  the  chair  of  engineering  at  the  Uni- 
versity of  Melbourne  (.Australia).  I'articulars  from  the  Agent- 
Ceneral  for  Victoria,  Melbourne-place,  Strand,  London,  W.C.,  to 
whom  applications  by  Oct.  \r>. 

Applications  are  invited  for  the  position  of  chief  lecturer  in 
chemistry  in  the  Manchester  Municipal  School  of  Technology.  Salary 
£350  per  annum.  A])plicati<ms  to  the  Dean  of  the  Faculty  of 
Technology.  Mr.  J.  H.  Reynolds,  by  Sept.  11. 

The  Council  of  the  University  College  of  Wales,  Aberystwyth, 
require  a  demonstrator  or  assistant  lecturer  in  the  department  of 
physics.  Salary  £1.50  per  annum.  Applications  to  the  Registrar  by 
Sept.  16. 

A  senior  chemistry  master  is  required  for  the  City  of  London 
School.  Salary  £30(),  increasing  to  £450.  Application  forms  from 
Mr.  A.  J.  Austin,  at  the  school.  Victoria  Kmbanknient.  K.C.  Appli- 
cations by  Get.  16. 


Mr.  I).  Fi.sher.  son  of  .Mr.  I'.  Fisher,  general  m.xnager  of  the  Dtmdco 
Corporation  tramways,  has  been  ai)i>ointed  manager  of  the  Dundee, 
Broughty  Ferry  &    District   Tramway    Co.,  in   succession    to    Mr. 
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.1.  H.  Slieiilurd.  who  has  been  rnlnistpcl  with  the  nianaaeniont  of  tho 
DunfrrmUnc  &  West  of  Fife  Tramways.  Air.  Fislier.  who  will 
enter  upon  his  new  duties  on  Oct.  1,  has  hee!i  over  II)  years  in  tlit- 
serviee  of  Dundee  Council. 

Major  ('.  (I.  Burnaby.  R.E.,  has  l)een  appointed  chief  instructor 
at  the  School  of  Klcctric  Liglitinfi.  Plymouth,  in  place  of  Major 
Caulfield.  R.E..  who  has  coini)lctcd  his  period  of  serviee  in  the 
appointment. 

Bournemouth  Couiieii  have  a|)pointed  Mr.  W.  Webster,  of  Burton, 
instructor  to  the  motornien. 

Sydney  City  Council  have  approved  the  ap|)ointment  of  Mr.  E.  .1. 
Coclirane.  of  Ballarat.  as  chief  assistant  in  the  electricity  department 
at  .t.'ilM),  risin;,'  to  tOdO  pei-  aiinuiu. 

EDUCATIONAL  NOTICES. 

University  of  London. — An  Appointments  Board  has  been  con- 
stituted to  assist  graduates  and  students  of  this  University  in 
obtaining  ap])ointmcnts,  and  to  co-ordinate  and  supplement  the 
work  done  by  tlie  schools  and  institutions  of  the  ITniversity  with  this 
object.  The  board  wish  to  assist  graduates  to  find  employment 
and  to  assist  employers  to  lind.  in  the  University  ranks,  suitable 
men  for  vacancies. 

King's  College  (University  of  London).— The  session  1909-1910 
commences  on  Oct.  (i.  Prospectuses,  &c.,  relating  to  the  courses  of 
instruction  in  the  Faculty  of  Engineering  and  Applied  Science  and 
Division  of  Architecture  may  be  obtained  from  the  Secretary, 
Kings  College,  Strand,  W.C.  Evening  classes  are  held  in  electrical 
and  mechanical  engineering,  drawing,  mathematics,  physics,  &e. 

Two  exhibitions  of  £25  each  are  offered  for  competition  in  the 
faculty  of  engineering  in  September.  Applications  to  the  Secretary. 
University  of  Bristol. — The  session  1909-1910  commences  on  Oct.  1. 
There  are  full  courses  of  instruction  in  the  faculties  of  arts,  science 
and  engineering,  and  facilities  are  afTorded  for  research  and  post- 
graduate work  in  all  important  branches  of  science  and  engineering. 
Prospect\is?s,  &c,,  from  the  Registrar. 

University  College  of  North  Wales. — In  the  electrical  engineering 
department  of  this  college  a  systematic  course  of  instruction  is  gi\  en 
in  electrical  measurement  and  practical  electricity  for  students  pro- 
posing to  enter  the  profession  of  electrical  engineer.  The  physics 
laboratory  is  well  equipped.  The  course  extends  over  two  years. 
Prospectuses.  &e..  may  bo  obtained  from  Mr,  .J.  E.  Lloyd,  M.A., 
secretary  and  registrar. 

Armstrong  College,  Newcastle-on-Tyne. — The  session  1909-1910 
will  commence  on  Sept.  27.  Full  courses  of  instruction  arc  given  in 
the  department  of  mechanical,  marine,  civil  and  electrical  engineer- 
ing, naval  architecture,  mining,  metallurgy,  agriculture,  ]>ure  science 
and  letters.  Particulars  may  be  obtained  from  the  secretary  (Mr. 
F.  H.  Pruen,  JNLA.).  Armstrong  College,  Newcastle-on-Tyne. 

Merchant  Venturers'  Technical  College.— The  engineering  depart- 
ments of  this  college  will,  from  the  beginning  of  next  session,  include 
the  faculty  of  engineering  of  the  LTniversity  of  Bristol.  The  college  has 
already  special  departments  for  electrical  engineering  (under  Prof. 
Robertson)  and  motor  car  engineering  (under  Prof.  Morgan),  but 
the  departments  of  civil,  mechanical  and  mining  engineering  have 
hitherto  been  amalgamated,  and  they  have  been  in  charge  of  the 
vice-principal.  Prof,  Munro.  The  engineering  staff  will  now  be 
strengthened  by  the  inclusion  of  those  who  have  hitherto  been 
engaged  in  teaching  engineering  at  University  College,  Bristol,  and 
a  separate  department  of  civil  engineering  will  be  inaugurated  and 
placed  in  charge  of  Prof,  Ferricr,  Not  only  w  ill  this  mean  improved 
facilities  for  students  in  civil  engineering,  Init  it  will  also  strengthen 
the  departments  of  mechanical  and  mining  engineering,  which  will 
remain  in  charge  of  Prof,  Munro.  As  regards  equipment,  the  Mer- 
chant Venturers'  Technical  College  is  already  (irovidcd.  in  its  new 
building,  with  the  latest  apparatus  and  machinery,  and  with  labora- 
tories and  workshops  constructed  on  the  most  modern  principles. 
To  this  has  lately  been  added  the  best  of  the  machinery  and  apjia- 
ratus  formerly  used  in  tlie  engineering  departments  of  ITniversity 
College.  r.\  descriiition  of  the  new  Ijuilding  ajipeared  in  Ttie  Elec- 
trician for  .Inly  .30  and  Aug.  6,  1909.; 

We  have  received  a  CDpy  of  the  calendar  of  this  college  for  the 
1909-10  session  which  gives  full  particulars  of  the  courses  of  in.struc- 
tion.  fees.  fee.     It  is  published  at  6d. 

Sir  John  Cass  Technical  Institute,  London.— The  new  session  com- 
mences on  2lhTl  inst.  There  arc  classes  in  general  physics  and  mathe- 
matics as  a  preparation  for  the  final  B.Sc.  examination  of  London 
University,  and  special  courses  of  general  jihysics  and  electricity  and 
magneti.sm  for  the  honours  B.Sc.  on  "Conduction  in  Oases"  and 
"  Radio-activity  "  and  on  the  "  Differential  and  Integral  Calculus 
for  Science  Students."  There  arc  also  evening  cla.sses  in  chemistry, 
metallurgy,  physics  and  mathematics  designed  to  meet  the  require- 
ments of  those  engaged  in  the  chemical,  metallurgical  and  electrical 


industries.  &e.,  and  facilities  are  afforded  for  special  and  advanced 
practical  work  in  well-equipix-d  laboratories.  Particulars  from  the 
Principal.  Sir  .Jolin  Cass  Inslitute.  .Iiwry-slrccI,  E.C. 

Glasgow  and  West  of  Scotland  Technical  College.— The  session 
19119  10  commences  on  Sept.  2.3  for  the  evening  cla.s.ses  and  Sept.  28 
for  the  day  classes.  The  diploma  of  the  college  is  granted  in  civil, 
mechanical  and  electrical  engineering,  mining,  naval  architecture, 
chemistry,  metallurgy,  mathematics  and  physics,  and  the  courses 
of  study  for  the  dii)loraa  usually  extend  over  three  ses-sions.  Holders 
of  the  diploma  are  eligible  for  the  degree  of  B.Sc.  in  engineering  of 
the  University  of  filasgow  after  attendance  for  at  least  one  session 
upon  prescribed  University  classes.  There  are  new  and  well  equipped 
laboratories  in  the  departments  of  j)hysics,  chemistry,  electrical 
engineering,  mechanics,  metallurgy.  &c.,  and  facilities  for  rest-arch 
are  afforded.  Calendar  (price  Is,  4d,)  and  i>rospectus  (free)  can  be 
obtained  on  ap])lication  to  the  Secretary, 

Northampton  Polytechnic  Institute,  London.— Full  day  courses  in 
the  theory  and  practice  of  mechanical  and  electrical  engineering  and 
electro-chemistry  will  commence  on  Oct.  4.  Entrance  examination 
Sept.  29  and  .3i).  These  courses,  which  include  i)cri(xl3  six-nt  in 
commercial  workshops  and  extend  over  four  years,  also  prepare  for 
the  degree  of  B,Sc.  in  engineering  at  the  University  of  London.  Fees 
£1,5  or  £11  per  annum.  Three  entrance  scholarships  each  of  £.52  will 
be  offered  for  competition  at  the  entrance  examination  in  September. 
Full  and  part  time  day  courses  in  all  branches  of  technical  optica 
are  given  in  sjieeially  equipped  laboratories  and  lecture  rooms. 
Particulars  at  the  Institute,  Clerkenwcll,  London,  E.G.,  or  of  the 
Principal,  Dr.  R.  MuUineux  Walmslev'. 

The  evening  technical  courses  in  all  branches  of  electrical  and 
mechanical  engineering  will  commence  on  Monday,  Sept,  27,  The 
laboratories  are  well  equipped  for  both  alternate  (single  and  poly- 
phase) and  continuous-current  work,  and  for  all  kinds  of  electrical 
testing.  Particulars  as  to  fees,  &c.,  can  be  obtained  at  the  Institute 
or  on  application  to  the  principal,  Dr,  R.  Mullineux  Walmsley. 

The  new  building,  which  was  in  course  of  ereetion  at  this  time  last  year, 
has  since  been  finished  and  is  now  available  for  the  extending  work  of 
the  institute.  It  provides  a  much-needed  enlargement  of  the  mechanical 
engineering  workshoj)  and  of  the  mechanical  laboratory,  besides  two 
entirely  new  power  laboratories.  This  increased  accommodation  will 
materially  assist  the  work  of  the  mechanical  engineering  depart  nieut  as 
established  as  well  as  the  new  departure  in  the  direction  of  aei-onautical 
engineering  which  is  being  made  in  the  coming  session.  The  extension 
al.s<i  provides  a  new  class-room  capable  of  accommodating  280  students 
and  1.3  otlier  class-rooms  of  various  sizes.  Besides  the  new  clrts.ses  in 
aeronautical  engineering,  there  will  be  in  the  electrical  engineering 
department  a  new  dass  on  the  testing  of  electrical  plant,  conducted  by 
Dr.  V.  y.  Drysdale,  in  i)lace  of  the  advanced  class  on  electrical  instni- 
ments,  which  will  not  he  held  this  session.  There  will  also  l>c  a  new 
class  on  electrical  engineering  (piantities  and  estimates,  conducted  by 
Jlr.  E.  Kilburn  Scott.  In  the  telephony  and  telegraphy  secti.m  the 
pioneer  class  on  submarine  cable  work,  started  last  session,  now  takes 
its  place  anions  the  regular  classes  of  the  instit\ite"s  work,  and  the  cla.ss 
on  radio-fclcaraphy  and  telephony,  conducted  by  Dr,  .J.  Erskine  MuiTay. 
will  be  contimied.  There  will  also  be  special  classes  for  the  members  of 
the  postal  tclcsraph  service  adapted  to  the  departmental  requirements. 
In  technic.il  o|itics  the  classes  have  been  somewhat  modified  to  meet 
the  rctpiirenicnts  of  the  new  syllabus  of  the  Spectacle  Makers  Company. 
a  svllabus  which  in  uianv  respects  follows  the  lines  which  have  been  a 
feature  (.f  the  work  of  this  institute  for  some  yeai-s.  Technical  chemistry 
day  courses  in  electrochemistry  now  take  their  place  in  the  regular  work 
of"  the  institute.  These  courses  extend  over  three  years,  and  give 
thorough  training  in  the  subject,  similar  to  that  which  is  given  in  heavy 
electrical  engineering  in  the  engineering  day  courses.  In  this  depart- 
ment a  class  on  metal  colouring  is  also  announced. 

Enrolments  for  the  evening  classes  commence  on  ifonday  next,  and 
details  of  the  syllabuses  and  the  equipment,  as  well  as  the  special  develop- 
ments  for  the"  100!)- 10  session,  .ire  given  in  the  ••  Announcements  of 
the  institnle.  wliirli  Ikis  just  Ivccn  ])nlilisluH!. 

Hackney  Technical  Institute,  London.— The  next  session  commence 
on  Sept.  20.  There  are  evening  lecture  and  laboratory  courses  in 
electrical  engineering,  including  electrical  measurements,  dynamos 
and  motors,  alternating  currents,  electrical  design.  &c.  Prospectuses 
may  be  obtained  irom  the  Principal  of  the  Institute,  Dalston-lane, 
London,  N.E. 

Battersea  Polytechnic  (London).— In  tlie  engineering  departments 
of  this  polvtcchuic  there  are  day  courses  «lueh  prepare  for  the 
engineeringtlegiec.  B.Sc.  London,  polytechnic  diploma  in  mechanical, 
electrical  and  civil  engineering.  The  entrance  examination  com- 
mences on  Sept.  21.  There  are  also  evening  classes  which  prepare 
for  the  B.Sc.  in  engineering,  the  associateship  examination  of  tho 
Institution  of  Civil  Engineering  all  mechanical  engineering  subjects, 
electrical,  struct ional  and  automobile  engineering,  telegraphy  and 
telephony,  arehilecture  and  building.  &e.  l^rosiHH-tuses  from  the 
Secretary.  Battersea  Park-road,  S.W. 

Goldsmith's  College  (University  of  London  (.-The  new  ses-sion  com- 
mences on  Monday,  2tHh  inst.     Enrolling  beuiis  on  13th  inst.     Tluro 
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are  complete  courses  uf  instruction  in  electrical,  mecluinical  and  con- 
structional engineerini!.  Students  are  also  iirepared  for  the  B.Sc.  in 
Engineering  of  the  University  of  London,  and  for  the  examinations 
of  the  Institution  of  Civil  Engineers,  the  Board  of  Education,  and 
the  City  and  Guilds  of  Ixindon  Institute.  The  head  of  the  Engineer- 
ing Department  is  Mr.  W.  J.  Lineham.  B.Sc.  M.I.C.E..  M.I.E.E. 
Further  particulars  from  the  \\'arden  of  the  College. 

New  Technical  College. — The  new  South  of  Scotland  Central 
Technical  College.  Galashiels,  was  ojiened  on  Saturday  by  Lord 
Reay.  The  cost  of  the  erection  and  equipment  of  the  college  has 
l)een  aliout  i^i.tMMi.  and  a  special  elTort  will  be  lUiwie  to  give  complete 
instruction  in  all  textile  subjects. 


Aberdeen. — The  electricity  supjdy  department  have  opi  ned  shcAv 
rooms  (at   244.   Union-street)   for   the  display   of  electric   ligliting 
fittings,  lamps,  motors,  cooking  and  heating  ajiparatiis,  &c. 

The  Churches  committee  have  agreed  to  })ut  in  an  electric 
light  installation  in  St.  Clemenfs  parish  church  at  a  cost  of 
£64.  los.,  and  to  put  in  metal  filament  lamps  in  the  church  and  the 
Sessions  House. 

The  Council  have  adopted  the  following  revised  scale  of  charges 
for  supply  of  electric  current  :- 

Lighlimj  :  Flat  rate  of  3Jd.  per  unit,  minimum  of  15s.  per  hafl-year  ; 
or  alternatively,  for  consumers  using  5.000  units  or  over  per  half-year. 
old.  per  unit  for  the  first  hour  daily  of  the  maximum  demand  and  lid. 
]>er  unit  for  all  subsequent  supply.  Piihlic  liij/ilimj  (by  arc  lamps)  :  2d. 
])er  unit.  Power  :  A  sliding  scale,  fnun  2Ad.  to  Jd.  per  unit,  according 
to  consumption,  minimum  charge  10s.  her  half-year.  Healing  and 
rooking:  lid.  per  unit.  Trod/o/i  (for  Corporation  tramways)  :  1127ld. 
per  unit,  subject  to  adjustment. 

Acton. — A  special  meeting  of  the  Council  was  held  last  week  to 
consider  various  (piestions  in  regard  to  the  electricity  department, 
and  ])artieularly  as  to  the  proposed  revisicm  of  the  scale  of  charges 
for  electricity  supjily  for  lighting  and  power. 

It  was  resolved  that  the  |irice  of  ciirient  for  lighting  be  inireasect  frniu 
•Jime  ."Ml  to  7d.  per  unit  to  consumers  on  free  wiring  installations,  anil  <iil. 
per  unit  to  all  other  consumers,  and  that  the  offer  of  the  Metiopolitau 
Electric  .Supply  Co.  (of  Nov.  3,  1908),  as  to  the  supply  of  electricity,  &c., 
be  accepted. 

It  was  also  decided  by  4  votes  to  3  that  from  Oct.  1  ne.xt  shopkeepers 
b,>  charged  oii  a  fiat  rate  of  5d.  per  unit ;  and  the  electrical  engineer  (Mr. 
■I.  M.  Blair)  was  requested  to  prepare  a  report  as  to  the  method  of  charg- 
ing for  current  for  p:Twer  and  heating. 

Amble. — A  proposal  to  ereet  electricity  supply  works  was  recently 
referred  to  the  ratepaj'crs,  and  the  result  of  the  poll  has  now  been 
declared  as  follows  :  For  the  scheme  "251  ;  against  129.  About  120 
papers  were  returned  witk  the  questions  unanswered.  It  has  now 
been  decided  to  engage  an  electrical  engineer  to  examine  and  report 
upon  the  scheme,  and  a  second  \ote  of  the  ratepayers  will  then  be 
til  ken. 

Appreciation  of  Long  Service. — An  interesting  ceremony  took  place 
at  the  works  of  Messrs.  Ruston.  I'roctor  &  Co..  Lincoln,  on  Saturday 
last,  when  .Mr.  Liens,  who  ha.s  comi)leted  .50  years  in  the  service  of 
the^firm,  was  presented  with  the  gold  medal,  which  has  been  estab- 
lished by  .Messrs.  Ruston.  I'roctor  &  Co.  as  a  reward  for  long  service. 
Four  thou.sand  work-jwople  assembled  to  witness  the  presentation, 
which  is  likely  to  be  repeated  shortly,  as  two  other  employes  are 
approaching  the  length  of  service  which  entitles  them  to  the  medal. 

Australasia. — In  his  recent  presidential  address  to  the  Electrical 
.\ssociatiiin  of  Victoria,  Mr.  H.  R.  Harper,  city  electrical  engineer  of 
-Melbourne,  said  :-- 

In  years  to  come,  when  popidation  had  been  attracted  to  Australia, 
heavy  electrical  manufacturing  might  become  possible,  but  he  was  afraid 
it  would  not  be  in  his  time.  It  was  a  matter  for  congratulation  that  the 
Federal  Legislature  had  lately  appreciated  that  fact  .and  had  removed 
the  heavy  iniiM>rt  duties  which  had  been  hani|icring  inilustry.  The 
legislators  had  seen  that  it  was  their  duly  to  facilitate  the  importation  of 
highly  specialised  ]iowcr-house  plant  which  was  necessary  to  obtain 
cheap  supply  of  power. 

Mr.  Harper  said  there  had  been  issued  21  Orders  in  Council  granting 
electricity  supply  powers  to  municipalities  outside  Melbourne,  and  in 
some  cases  to  ])rivate  enterprises,  in  Victoria.  Some  of  the  towns  con- 
cerned h.id  populations  not  exceeding  1,000,  and  on  that  basis  there  were 
yet  about  4t  towii«  likely  in  the  near  future  to  require  sui>iilies.  'I'hc 
(apital  expenrlitiircriii  all  the  supply  undertakings  in  Victoria,  comprising; 
those  in  .MellKMiriie  and  including  tramways,  was  about  f  1,()00,(»00.  and 
the  total  capacity  of  their  plants  was  about  Ki.OOOkw.,  of  which  about 
1 1,000  kw.  was  in  .Melbourne.  Their  gross  revenue  was  about  i'2.'i0.000 
jier  annum.  Mclbtinrne  had  not  nttaiued  that  extent  of  development  in 
regard  Ut  the  use  of  electricity  that  had  been  rciichcil  in  the  old  country. 
Ill  many  districts  in  the  Melbourne  area  no  p\iblic  supply  was  yet  avail- 
able, although  statutory  powers  had  been  obtained  for  some  of  these. 
For  instance,  Orders  in  Council  had  been  granted  for  Hawthorn,  Williams- 
town,  Port  .Melbourne  and  Brighton,  but,  an  far.  nr)  sup|)ly  was  available. 
Fiictorics  in  Melbourne  using  electric  power  in  l!t02  numbered  118.  and 
the  horse-power  taken    was    V.'iH,    compared    with    488    factories   mid 
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liehtin: 
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3,701  u.v.  in   1007.     The  pi 
siilcred  very  satisfactory. 

The  report  of  the  city  electrical  engineer  (.Mr.  11.  Forbes  Mackay)  to 
.Sydney  Electric  Light  committee,  advising  the  ciunuiittec  not  to  accept 
a  tender  for  snp]>lv  of  I.OIK)  kw.  sets  rmniiug  at  1.500  revs,  per  min..  was 
considere<l  recently  by  the  <(uumittcc.  The  chairman  (.Vld.  Cocks) 
hoped  the  committee  would  not  ilepart  from  Mr.  Forbes  Mackiiy's  report, 
but  an  amendment  that  fresh  tenders  be  in\ited  was  carried. 

tieeloug  (Victoria)  Council  have  accepted  a  n>odilied  scheme  of  tram- 
ways. Only  the  Geelong  West  aiul  Newtown  routes  are  now  to  be  laid. 
l'«o  400  II. e.  Cro.sslev  gas  ensjines  and  electric  gciu-rators  .ire  being 
installed  at  the  Xo.  5  shaft  of  the  Waihi  Gold  Jlining  Co.  (X.Z.)  and  thi 
current  will  be  transmitted  to  .\n.  4  shaft  to  drive  two  three-throw  ram 
piirniisto  lift  1.500  gallons  of  water  (ler  miunte  from  lh<>  1. 0110  ft.  level. 

Belfast, — The  Tramways  coniruiltee  have  decided  to  substitute 
side  for  central  poles  in  order  to  comply  with  a  rcipiest  of  the  City 
( 'ouiniissioncr  of  Police. 

Bentley  (Doncaster). — .\n  L.G.  Board  inquiry  was  held  on  Friday 
inlollicscui  rage  scheme  for  Bcntlcy  Colliery  model  village  (Rostall). 
&c.  The  engineers  (Messrs.  D.  Balfour  &  Son.  of  Newcastle-on-Tyne 
and  London)  explained  the  scheme.  The  sewage  will  be  cimveyed 
to  a  pumping  station,  where,  after  screening,  it  will  be  discharged 
into  two  separate  tanks,  from  which  it  will  be  pumped  by  centrifugal 
pumps  worked  by  electric  motors  all  in  duplicate.  The  ])urai)s  will 
be  placed  in  an  underground  chamber  adjacent  to  the  storage  tanks, 
worked  by  a  spindle  from  the  motors  in  the  motor  house  to  be  built 
above  ground.  The  motors  will  be  automatically  started  and  stopped 
by  floats.  Each  pump  will  be  capable  of  delivering  30.000  gallons 
]>er  hour  of  sewage  at  the  existing  sewage  disposal  works,  where  it 
will  be  treated  in  liquefying  tanks  and  continuous  filters,  with  final 
treatment  over  land. 

Birmingham. — .\  new  tramway  service  Ixtween  Trafalgar-road, 
Moseley.  ,ind  High-street,  via  Bradbird-sin  ct  and  Dighcth.  was 
inaugiH-ated  on  Monday. 

Bolton. — The  Electricity  eomniitl<e  have  decided  to  Couvtrl  an 
overhead  travelling  crane  for  electric  working  at  a  cost  of  £020, 
which  is  to  be  borne  by  the  revenue  of  the  electricity  department. 

Considerable  discussion  arose  on  this  <|uestion  at  the  Council  meeting, 
as  some  members  contended  that  the  cost  should  be  (ilaced  to  cajiital 
account.  The  chairman  of  the  Electricity  committee  (Aid.  Berry), 
however,  explained  that  they  had  no  ]iov.'crs  to  borrow  for  spe<  ific  (lur- 
]ioses,  and  it  was  probable  that  the  L.G.  Board  would  refuse  to  sanction 
a  loan  for  the  whole  amount.  In  order  to  avoid  delay  it  had  been  de- 
cided to  meet  the  cost  o\it  of  revenue. 

Bray  (Ireland). — On  Tuesday  the  Council  adopted  a  rcjiort  of  the 
lOl'-etric  Lii;ht  committee  wliich  recommended  : — 

((()  That  the  L.G.  Board  be  apjilicd  to  for  sanction  to  a  loan  of  .tl.OOO, 
])articulars  of  which  were  submitted  at  the  recent  ini|uiry  ;  (fc)  that 
sanction  be  asked  to  substitute  a  Diesel  oil  engine  for  the  gas  plant 
originally  pro])osed  ;  and  (c)  that  the  engineer  (Mr.  Sowter)  be  instructed 
to  ]ire|)are  specifications  for  cuie  50  n.u.e.  Diesel  oil  engine  and  h.  and 
l.-t.  disconnecting  boxes,  and  that  tenders  he  invited  for  same. 

Bristol, — The  new  schools  at  .\lexandra  Park,  Fishponds,  are  to  be 
wired. 

Burslem. — The  Educatit  n  committee  have  decided  to  wire  the 
.Middleport  .schools, 

Cumberland.— \'arions  inaccurate  statements  have  appeared  as 
to  the  negotiations,  which  are  taking  place  between  the  Electrical  Co, 
and  the  promoters  of  the  Cumberland  Electricity  and  Power  Gas 
Act.  in  regard  to  the  transfer  of  the  powers  an  1  the  erection  of 
electricity  supply  works.  We  are  informed  by  Messrs,  Barr,  Nelson 
&  Co. ,  of  Leeds,  that  the  facts  are  a.s  follows  : — 

The  Cumberland  Power  Synd.  jiromoted  the  Cuinbciland  Electricity 
and  Power  Gas  Act,  and  accordingly  has  a  claim,  in  the  natuic  of  a  hen, 
for  the  costs  incurred  in  obtaining  the  act.  The  Parliamentary  Co.  has, 
however,  not  yet  taken  steps  for  the  raising  of  its  capital,  and  there  have 
been  certain  negotiatiims  with  the  Electrical  Co.,  but  it  is  impo.ssible  to 
sell  an  act  of  Parliament  or  an  luidertaking  thereby  authorised.  If  the 
negotiations  are  carried  through  it  will  mean  that  the  Klcctrical  Co.  will 
take  up  the  cajiital  of  the  Power  Co.  out  of  which  the  syrdiiatc  will  be 
paid  the  promotion  co.sts,  and  the  Electrical  Co.  will  be  the  shareholders 
in  the  Power  ('o.,  and  thus  control  it.  If  they  erect  a  generating  station 
it  will,  no  doubt,  he  on  the  site  of  the  works  near  Workington,  as  this  was 
one  of  the  scheduled  sites  to  the  act. 

Clevedon  (Somerset). — The  Lighting  committee  have  arranged  to 
obtain  a  I'eport  upon  the  proposal  to  adopt  electricity  for  street 
lighting. 

Electrical  Exhibitions. — Hampstead  (London)  Council  arc  organis- 
ing an  exhibition  of  domestic  electrical  appliances  at  the  publi<' 
baths.  Finehley-road.  N.,  during  the  first  week  in  October. 

The  )inblic  will  be  .admitted  free  of  charge  to  the  exhibition,  which  will 
list  four  days.  A  sjceid  feature  will  be  made  of  heating  and  cooking 
apparitus.  eleitric  motors,  electric  laniiis  and  fittings,  &c.  One  of  the 
baths  will  he  reserved  for  s))ecial((ioking  demonstrations,  ironing  displays, 
&c.  .Another  interesting  exhibit  will  be  the  mod"l  kitchen,  where  moclem 
labtiirr. saving  electrical  domestic  a|ipliances  will    be  seen   in  operation. 
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I-  Progress  is  being  made  with  tlic  arrangements  for  holding^an 
exhibition  of  eleetric  fittings,  motoi's,  domestic  appliances,  &c., 
at  the  Pitfield-street  Baths,  Shoreditch,  next  month. 

The  gieater  portion  of  the  available  xpace  in  the  larue  first  and  second 
claHs  halls  has  been  disposed  of  to  jiioniinent  firms.  Among  the  exhibits 
will  be  up-to-date  forms  of  heating  anil  cooking  apparatus.  The  borough 
elootrical  engineer  (Mr.  C.  Newton  Russell)  is  sole  manager  nf  this  ex- 
hibition, which  the  boroughs  of  Hackney  and  Stepney  arc  co-operating 
with  Slinrcditcli  ill  organising. 

Electricity  in  Mines.— The  Agenda  of  Ihc  Council  meeting  of  the 
D,irluini  .Miners'  Association  on  Saturday  contained  a  resolution  to 
the  effect  that  electrical  machinery  and  cables  should  be  taken  out  of 
mines,  as  they  were  considered  a  source  of  great  danger.  The  resolu- 
fion  was  withdrawn  on  an  explanaiion  that  a  Select  committee  had 
been  ap|«»inted  by  the  (iovernnicnt  to  consider  the  (|uesti(in,  and 
also  (hat  the  owners  were  willing  to  arrange  amectitig  on  (he  subject. 
Evesham.  -  S(ra(foi<l-(.n- \von  l';irc(rici(>-  Su|i|ily  Co.  have 
notilied  (he  Council  of  (licir  intention  (o  ap)ily  for  .i  |ir(ivisional 
electric  lighting  order. 

Falkirk. — The  tramway  route  to  Laurieston  was  opened  for  traffic 
on  Friday  last.  The  line  is  about  1^  miles  in  length.  The  con- 
tractors for  the  permanent  way  were  Messrs.  Alex.  Stark  &  Sons, 
and  for  the  overhead  equipment  the  British  Insulated  and  Helsby 
Cables. 

Fariiworth  (Lanes.)— The  new  extensions  of  the  Council's  elec- 
tricity works  and  (he  new  destructor  works  were  recently  in- 
augurated. 

The  inaugural  ceremony  was  performed  by  Mr.  J.  Green,  chairman  of 
the  Klectrlcity  and  Destructor  Works  committee,  and  after  an  inspecdon 
of  the  works  the  electrical  engineer  (Mr.  Leach)  set  in  motion  the  new- 
machinery. 

Mr.  Gkekn  said  the  electricity  works  extensions  were  a  sound  financial 
scheme.  They  could  purchase  current  at  a  cheaper  rate  than  they  could 
generate  it.  They  h:>d  to  bear  in  mind  the  short  jicriod  of  loans  now 
granfed  liy  the  L.C.  Hoard,  whereas  a  private  company  need  not  allocate 
such  heavy  repayments,  lie  thought  that,  taking  into  consideration 
the  size  of  the  plant,  (heir  refcu-dw:is.nuniigs(  (be  1)c.k(  in  the  British  Isles. 
Mr.  C.  I).  T.AITK,  manager  of  the  Lani'ashire  Electric  Power  Co.,  s;iiil 
that  day's  ceremony  marked  a  new  era  in  the  history  of  the  com)iany 
he  represented.  Their  original  intention  was  to  supply  electricity  in  bulk 
to  local  authorities  in  I.,ancashire,  but  very  great  difficulty  was  found  in 
persuading  local  authorities  that  it  was  to  their  advantage  to  make  use 
of  the  company's  power.  The  result  was  that  other  consumers  had  to  be 
obtained,  and  most  of  their  power  was  now  used  by  manufacturcis  and 
not  by  local  authorities.  Farnworth  Coimcil  was  the  first  in  Liincashire, 
owning  their  own  generating  station,  to  carry  out  extensions  by  means  of 
a  sui)]ily  from  the  company,  and  it  would  be  generally  admitted  that  the 
policy  adopted  v/as  a  very  enlightened  one.  Their  example  was  being 
followed  in  other  parts  of  the  country  by  a  number  of  local  authorities. 

Mr.  Leach  briefly  expressed  his  gratitude  for  the  kind  remarks  made 
about  himself.  He  had  been  ably  assisted  by  his  staff,  especially  by 
Mr.  Hutchinson. 

Grimsby. — The  Highways  committee  have  approved  the  plans  of 
the  ))i'()poMed  electric  tramway  between  Grimsby  and  the  new  dcep- 
wator  dock  at  Immingham.  'The  line  is  to  be  constructed  and  worked 
by  the  (i.N.  Railway  Co. 

Hackney  (London). — Owing  to  the  increasing  demand  for  elec- 
tricity for  power  and  lighting  in  the  Hackney  Wick  district,  it  is 
proposed  to  lay  a  new  feeder,  with  certain  distributing  cables,  at  an 
estimated  cost  of  £3,6.')(). 

Haslemere.— The  Hindhead  and  District  Eleetric  Lighting  Co. 
propose  to  supply  electric  current  for  lighting  in  this  district  at  2s.  6d. 
per  quaiter  |)er  lamp,  provided  there  arc  four  lamps  in  each  house 
connected,  and  that  the  owner  or  occujiier  agrees  to  pay  for  at  least 
three  years,  wlietl  er  t'.'.e  house  be  occupied  or  nt>t. 

Hove. — In  conscqu?ncc  of  ill-health,  the  resident  electrical  engineer 
(Mr.  C  M.  Harris)  has  tendered  his  resignation. 

Ilkeston. — The  question  of  the  resignation  of  the  electrical  engineer 
and  tramways  manager  (Mr.  Gilbert)  was  raised  at  the  Council  meet- 
ing on  Tue  day. 

Mr.  \V.  RicH.^RDS,  in  moving  the  confirmation  of  the  minutes  of  the 
Tramways  committee,  complained  strongly  of  the  manner  in  which  the 
committee  had  been  treated  by  the  Council.  When  the  committee 
desired  to  consult  the  Council  with  regard  to  th'^  recent  dispute  with  the 
tramway  employes  they  did  not  expect  that  the  matter  would  lie  taken 
conijiletely  out  of  their  hands.  The  dismissed  men  having  lieen  r.in- 
stated,  the:e  was  nothing  else  for  the  tramways  manager  (Mr.  (.'ilbcrl)  tci 
do  but  resign,  which  he  did  a;(oiiluiglv.  He  hop'd  the  new  manager 
they  would  appoint — he  did  not,  know  if  the  Tramways  committee  would 
b.=  entrusted  with  or  be  capable  to  make  the  appointment — would  have 
neither  uncles  nor  other  relations  to  consider  in  carryirg  out  his  duties. 

Iniia. — "  Indian  Engineering  "  says  the  Madras  Government  have 
directed  that,  in  future,  joint  applicitions  by  consumers  and  elec- 
tricity supply  undertakers  for  the  approval  of  the  Gover.iment  to 
supplies  of  el  ctrical  energy  at  pressures  exceeding  250  volts  should 


be  submitted  through  the  Electrical  Insi>ector,  instead  of  direct  to  the 
Government.     This  innovation  is  intended  to  avoid  delay. 

The  appointment  of  .\lr.  T.  Roberts,  telegraph  superintendent  to  the 
Madras  &  .Siuithern  M;diratt,i  Railway  Co.,  is  to  be  extended  for  12 
months,  until  Oct.  10.  \<MI).  The  companv  have  also  a  telegraph  en- 
gineer (Mr.  H.  H.  L.  Piendergast)  at  Arkonam. 

A  condait  has  been  placed  for  the  electric  lighting  nf  Pondicberry 
town  and  jiicr. 

The  "  Indian  and  Kastem  Rniiineer  "  says  the  Liielcnow  Cantonments 
KIcelric  Traction  Licence,  1!K)7,  has  been  revoked  as  from  Aug.  24. 

V\'ork  has  been  comm<-nccd  on  the  .Simla  hydro-elcetric  scheme,  tmder 
the  sujicrvision  of  .Mr.  .1.  R.  Wilson,  executive  onghicer  of  the  Public 
Works  Department. 

The  Lahmeyer  Electrical  Co.,  whose  representative  in  India  is  Mr. 

H.  R.  Spcyer.  arc  eipiipping  the  power  house  of  the  Tata  Iron  &  Steel  Co. 

The  Punjah  J';ie(trieal  Distrilmtion  Svnd.  is  going  into  li(,ni<lation.  .-.nd 

(he  (piesti.in  of  the  fiitiiic  eleetri,-  lighting  of  Lahiir.-  and  Amsrilsar  is 

under  considHratiim. 

Italy.— Mr.  R.  ,S.  Mafb -an.  M.V.O.  (British  Consul  at  Palermo), 
states  that  two  hydro-electric  .stations  are  in  cour.se  of  construction 
on  the  Cassibilc  (south  of  Syracuse),  and  on  the  .Mcanlara  (near 
Taormina).  It  is  intended  to  link  the  two  stations  and  supply 
power  to  the  whole  of  the  east  coast  of  Sicily,  from  Messina  to  Syra- 
cuse, and  ultimately  to  Ragusa.  The  requirements  are  estimated 
at  10.00(1  H.r.  Another  project  for  supplying  a  similar  area  with 
electric  power  in  Sicily  is  also  under  consideration,  the  station  in 
this  case  to  be  on  the  river  Sunato. 

L.C.C.  Tramways. — Electric  cars  are  now  running  from  Holborn 
to  Park-street.  Regent's  Park,  via  King's  Cro.ss  and  Crowridale-road. 
and  the  route  to  Hampstead  Heath  by  way  of  Great  College-street, 
Kentish  Town-road  and  Prince  of  Wales' s-road.  was  inspected  by 
Col.  Yorke  on  Wednesday  and  will  probably  be  opened  to-day 
(Friday).  The  lines  to  Hampstead  via  Chalk  Farm-road,  and  to  High- 
gate  through  Kentish  Town  and  ,Junction-road,  are  in  cour.se  of  con- 
struction, and  a  contract  has  just  been  let  for  the  Sn  ain's-lane  section. 
Longton. — The  salary  of  the  manager  of  the  gas  and  electricity 
Works  (Ml.  W.  Langford)  has  been  increased  to  i.'iott  per  annum. 

Mansfield. — The  Council  have  received  sanction  to  a  loan  of  i'oOO 
for  additional  plant  at  the  electricity  works. 

Metal  Filament  Lamps.— .-^s  doubts  had  been  cast  uixm  the 
accuracy  of  the  ligures  recently  published  by  the  city  electrical 
engineer  of  Bristol  (.\lr.  H.  Faraday  Proctor),  as  to  the  economy  of 
metal  filament  lamps,  Mr.  S.  L.  Pearcc,  the  city  electrical  engineer 
at  Manchester  has  issued  figures  in  regard  to  half-a-dozen  con- 
sumers, taken  at  random  from  the  books  of  .Manchester  Corporation 
electricity  department : — 

Cost  in  1907.  Cost  in  1008. 

Large  warehouse,  Portland-street £607     £320 

Public  Institution,  Princess-street 330     224 

Shop,  Victoria-street   19     II 

Shop,  Stretford-road  (tobacconist)    14     S 

Shop.  Stretford-road  (hosier) 17     HI 

Warehouse,  Mosley-street  20     0 

Mexico.— Mr.  P.  G.  Holms  (British  'Vice-Consul)  states  that  the 
interests  of  Senor  M.  C.  Gallardo  and  the  Cia  de  Tranvias,  Luz  y 
Fuerza  de  Guadalajara  have  been  amalgamated,  and  a  Berlin  firm 
have  undertaken  to  advance  £750,000  for  constructing  hydro- 
electric power  works  on  the  Santiago  river.  The  old  plan(  is  already 
supplying  1(1. (KKi  ii.r..  but  new  turbines  are  being  installed  to  give 
an  additional  S,4(l(t  h.p.,  which  will  be  largely  usetl  in  (be  mines  in 
the  Hostoti]iaqiiillo  district. 

Motor  Exhibition.— The  eighth  International  .Motor  Exhibition 
of  the  Society  of  Motor  Manufacturers  and  Traders  will  be  held  at 
Olympia,  from  Nov.  12  to  20  inclusive.  The  whole  of  the  space 
available  has  been  allotted  to  about  300  British  and  foreign  exhibitors. 
Municipal  Wiring  in  Sheffield. — At  Wednesday's  meeting  of  the 
Citv  Council.  Councillor  Neal  moved — 

That  it  be  an  instruction  to  any  committee  of  the  Council  (including 
the  Education  ccunmittee)  requiring  work  doing  by  an  electrician  not  to 
apply  for  or  aece)it  any  tender  for  such  work,  hut  that  the  same  be  en 
trusted  to  the  electric  supply  department  of  the  Ccuporntion,  which 
de)iarlmcnt  is  herehy  instructed  to  execute  such  work  at  the  actuid  net 
cost  thereof,  with  an  addition  of  '>  per  cent,  to  cover  standing  charges. 

Councillar  Xk,\i.  thought  that  the  Council,  as  a  body  of  business  men. 
ought  to  accept  his  jiroposal.  Recently  (he  Education  committee  re- 
ceived tenders  for  <ertain  electrical  work  which  varied  from  £Ki  to  £3.">tl. 
It  was  nit  possible  that  contractoi-s  desirous  of  doing  the  same  work 
aeeiircling  to  the  same  specification  could  vary  so  much  in  amount.  The 
Council  occupied  an  anomalous  position  :  they  had  their  cnVn  electric 
light  department.  Why  could  they  not  do  their  own  work  ?  'Ibcy 
would  not  lind  Messrs.  Vickers.  Soi.s  &  Ma.xim  n.sking  for  (enilcrs 
from  ot'\er  firms  for  armour  plates.  Thciv  was  now  a  f gnat 
danger  of  them  ceasing  to  regard  the  Cori)oration  as  a  unit.  His 
luoposal  was  that  they  should  do  their  own  work,  .\ftcr  .allowing  for  cost 
of  material  and  labour,  be  would  place  5  ])cr  ctnt.  down  for  nuinagemeut 
and  other  expenses.     It  was  a  bad  advertisement  for  their  dcpartmeue 


THE  ELECTRICIAN,  SEPTEMBER  10.  1909. 


that  they  should  ask  other  pi'oplc  to  contract  for  work  they  could  do 
themselves.  They  would,  bj  such  a  means,  eliminate  any  possibility 
of  getting  scamped  work,  and  would  keep  their  contracts  in  their  own 
hands. 

Councillor  Nowii.r.  thought  the  figure  for  management  cxjienses 
should  be  7{  to  10  per  cent. 

Councillor  Crowther  pointed  out  that  large  dr«)iery  firms  in  the  city, 
who  did  electrical  work  as  a  side  line,  had  not  invited  tenders  from  outside 
firms  when  they  waut«d  their  own  premises  fitted  up.  The  gi-eat  dis- 
ere]>ancics  in  the  amounts  of  the  various  tenders  showed  that  some  of  the 
tenderers  had  not  undei'stood  what  was  recpiired.  It  was  in  the  interests 
of  the  ratepayer.s  that,  having  that  Coqioration  department,  work  for  the 
Oirporation  should  be  done  by  it. 

Aid.  ^Iarsii.  while  admitting  that  the  electric  light  department  was 
a  somewhat  weak  child  originally,  did  not  think  that  it  required  protec- 
tion now.  The  other  day  it  tendered  for  work  at  the  Victoria  Nursing 
Home,  and,  its  tender  being  the  K)West,  it  ;.'ot  the  work.  That  showed 
that  the  department  was  just  as  capable  of  tendering  ehea))ly  as  any 
other  coniern,  and  he  thought  it  cmght  to  be  continued  on  that  basis. 
If  Corporation  undertakings  were  to  lie  worth  anything  they  ought  not 
to  fear  the  competition  of  outsiders.  If  work  was  done  by  a  jirivate  firm 
it  Wivs  checked  by  an  unbiassed  inspector,  who  saw  that  it  was  properly 
done,  whereas  if  he  were  inspecting  on  behalf  of  the  Electric  Light  com- 
mittee he  would  be  much  more  liable  to  pass  inferior  work. 

Councillor  Appley.ird  said  if  they  look  away  competition  they  took 
away  the  life  and  soul  of  business.  If  the  electric  light  depurlmentjwas 
allowed  to  do  the  work  of  any  other  department  without  any  price  or 
limit  being  placed  upon  it,  a  spirit  of  laxity  would  be  engendered,  and 
there  would  not  be  sufficient  control  to  keep  down  the  cost  of  production. 

Councillor  .MARsnKN  said  he  recently  asked  the  electric  light  depart- 
ment for  a  tender,  but  it  was  not  only  very  slow  in  sending  its  estimate, 
but  that  estimate  was  twice  as  high  as  a  private  firm's. 

Councillor  Carter  opposed  the  resolution.  The  Electric  Light  com- 
mittee had  a  monopoly  of  the  supply  of  electricity,  and  he  did  not  think 
the  other  department  ought  to  exist  at  all. 

Sir  William  Cleoo  also  opposed  and  said  the  work  for  which  the  com- 
mittee had  statutory  powers  was  the  supply  of  electricity,  and  the  fittings 
de)>artment  was  subordinate.  He  was  strongly  in  favour  of  municipali- 
satioii,  within  certain  well-defined  lines,  but  it  was  not  right  for  the  Cor- 
poration to  interfere  unduly  with  private  manufacturers.  A  ratepayer 
manufacturing  electrical  fittings  had  as  much  right  to  tender  for  Cor- 
]>iiration  work  as  the  Corporation  itself.  The  Corporation  risked  the 
ratepayers'  money,  and  if,  in  addition  to  that,  they  were  going  to  debar 
those  ratepayers  who  were  in  that  line  of  business  from  properly  com- 
peting with  them,  they  were  unfairly  handicapping  them.  As  to  execu- 
ting the  work  at  actual  cost,  it  would  be  very  difficult  to  ariive  at  the 
figures.  And  who  was  to  cheek  those  figures  ?  Tliey  had  to  trust  their 
officials,  and  when  an  official  was  working  up  his  department  so  as  to 
show  a  profit  there  was  a  tendency — however  much  he  might  try  to 
prevent  it — to  put  before  the  committee  the  best  case  and  the  best 
figures,  whether  they  really  worked  out  at  that  or  not. 

Aid.  Cainsford  believed  that  frequent  competition  from  outside 
traders  was  neccssarj'  in  order  to  keep  the  Corporation  departments  in 
thorough  order.  If  they  were  to  remove  that  check  they  would  be  going 
in  a  wrong  direction. 

Other  speakers  having  expressed  their  views,  Councillor  Neal  replied, 
and  the  nmtiou  was  rejected  by  a  substantial  niajorit3'. 

Ne  WCastle-on-Tyne. — The  report  of  the  general  manager  of  the 
trainway.s  (.\lr.  IC.  Hatton)  for  the  year  ended  March  31  lias  been 
i.S3ued. 

In  regard  to  power  supply  a  considerable  savmg  had  been  effected.  In 
1008-9  the  units  generated  were  9,8(>4,969,  and  the  coal  consumed  was 
l.'),742  tons.  The  average  saving  in  tonnage  during  the  past  four  years 
had  been  2,417  tons  per  annum,  an  average  saving  of  £937.  9s.  2d.  per 
annum.  The  total  units  used  for  purposes  other  than  traction  were 
1,740,200  for  lighting  streets  and  buildings,  compared  with  1,743,417. 
and  the  traction  units  were  8.118,719,  compared  with  8,20.>,170. 
or  1-892  units  [per  car-mile  (against  1-873),  the  car-miles  having 
lx!en  4,289.997,  against  4,411,715.  44,439,282  passengers  were  carried, 
against  40,203,164.  The  consumptiim  of  coal  was  3-.'J7  lb.  y)er  imit,  com- 
pared with  3  .54  lb.  The  gross  receipts  were  f209,.')40.  19s.  lOd.,  com- 
jiarcd  with  «;217.080.  18s.  Hd.  The  traffic  expenses  were  £50,912.  18s.  2d., 
against  £58..")H3.  4s.  lid;  and  the  general  expenses  £21,291.  lis.  ."id., 
against  £17,009.  28.  7d.  General  repaiis  and  maintenance  cost 
£27,924.  2s.  3d.,  against  £22,  570.  On.  Id.,  and  jiower  exjicnscs  were 
£14,947.  3».  Od.,  against  £10,015.  18s.  2d.  Working  costs  (exclusive  of 
public  street  lighting)  were  £121,075. 1.5s  4d.,  against  £115,378.  lis.  9d. 
The  assessment  for  the  ensuing  half-yeai  has  been  reduced  from  £34,740 
to  £30,789,  but  llr.  Hatton  advises  the  committee  to  make  a  further 
apixral  against  this.  The  expenditure  on  the  maintenance  of  cars  shows 
an  increase,  and  it  is  inilikely  that  this  item  can  be  reduced,  as  the  cars 
become  older  from  j-ear  to  year.  Providing  the  revenues  of  the  under- 
taking do  not  quickly  begin  to  show  an  imiirovement,  it  may  become 
necessary  to  withdraw  some  of  the  concessions  already  granted.  It  may 
even  in  the  future  f)ecomc  necessary  to  have  a  minimum  fare  of  lid.,  ami 
to  sell  tickets  in  batches,  but  with  a  discoinit  to  the  regular  daily  travel- 
lers, and  so  place  the  tramways  undertaking  on  the  same  footing  as  a  gas 
undertaking,  with  its  revenue  on  a  more  flexible  and  controllable  basis. 
The  gross  capital  expenditure  (inclusive  of  public  lighting)  has  been 
£1,183,340.  The  traffic  revenue  was  £203.302,  c(,mparcd  with  £21  l.tiH.-, 
in  the  previous  year.  Operating  costs  (including  lighting)  were  £122.009, 
against  £110,85*2.     The  gross  profit,  before  providing  for  sinking  fund  or 


depreciation,  was  £St).931.  against  £100.229.  The  sinking  fund  took 
£30,252.  against  £34,878;  and  £1,.551  was  iiivcn  in  relief  of  rates,  and 
the  siirphis  was  £7,558.  compared  with  £10,478. 

Northampton. — Electricity  supply  mains  arc  to  be  laid  in  scvtral 
additional  streets. 

Pacific  Cable  Board.— The  report  and  accounts  of  the  Board  for 
the  year  endetl  .March  31  have  been  is.siied  this  week. 

Traffic  receipts  were  £114,825.  1.5s.  Id.  (less  the  Atlantic  companies' 
charge  for  conveying  date  and  time,  and  for  delivering  duplicate  co|)ies  in 
London  and  other  large  centres  in  the  Unhcd  Kingdom.  £3.7fi3).  making 
£111,002  net.  Adding  interest  on  deposits  (£(il).  aniuiiiit  icccivcd  for 
services  rendered  bv  the  "  Iris"  (£l,339)and  rcfiind  i.,lls  ami  dens  (tli29). 
the  net  total  was  £1 13.093. 

lOxpenditure  included  head  office  (salaries  and  expenses,  caiwassin", 
engineers'  fees  and  royalties,  and  cost  of  remitting  money  home).  £5,956": 
cable  stations  (salaries  and  expenses),  £40.738  ;  ships'  salaries  and  ex- 
penses. £17,104;  provident  fund.  £1.570;  renewal  account,  £31,000 : 
leaving  excess  of  icceipts  over  expenditiirc  £lli,057,  which  was  available 
for  reduction  of  the  amount  (£77,544)  contributed  annually  for  interest 
and  sinking  fund  on  the  capital  advanced  by  the  National  Commissioners. 
The  amount  ])ayable  by  the  Governments  associated  in  the  enterprise 
is  therefore  £00.888,  against  £()2,362  for  the  previous  year.  Compared 
with  the  contribution  made  by  the  Board  tow'ards  the'redemptiim  fund 
in  1908,  this  amoiuit  shows  an  increa.se  of  £1,474. 

The  total  receipts  iliiring  the  past  year  exceeded  those  of  the  iiicvious 
year  by  £2,933.  Miscellaneous  receipts  amounted  to  £2,031.  compared 
with  £522,  so  that  the  actual  increase  on  account  of  traffic  was  £1,425. 
The  year's  expenditure  shows  an  hicrease  of  £1,458,  due  to  normal  in- 
crease under  the  incremental  scheme  of  salaries  and  (o  the  fact  that  within 
the  past  year  practically  all  the  staff  engaged  by  the  Bo.ird  at  the  outset 
for  service  abroad  became  entitled  to  "long  leave  "  and  the  cost  of  return 
passages  to  domicile.  The  preliminary  foiecast  of  revenue  and  expen- 
ditiirc for  the  year  ending  March  31,  1910,  is  as  follows  :— 

Jiia-iiils. — Traffic  revenue,  £113.000.  li.rpinditure. — Renewal  fund 
£30.000,  working  expenses  £09.95.5.  sh,.v.  iip.;  an  excess  of  £13,045. 

The  renewal  fund  stood  at  £1!Il',.V.i.-.  mi  Mar.li  31  last.  The  balance  of 
cash  at  that  date  to  crcilil  of  lliis  a(  <  .iimi  u.is  il8,791.  and  this  has  since 
been  invested.  Credit  is  L'ivcn  to  the  icucvval  fund  for  all  interest  teamed 
by  investments  on  this  ai  ((.unt.  and  as  the  annual  interest  now  amounts 
to  £7,000,  while  the  aii|iro|iiiation  from  the  revenue  for  this  purpose  has 
recently  been  £31,000  (for  the  comuig  year  it  will  be  £,30,000),  the  jiresent 
growth  of  the  fund  is  at  the  rate  of  £,37,000  a  year.  In  addition  to  this 
cash  reserve,  there  is  in  hand  cable,  &c.,  of  the  value  of  £18.945.  During 
the  past  year  serious  interruptions  of  the  Canadian  landline  service 
occurred  on  many  occasions,  and  the  Board's  interests  were  adversely 
affected  thereby.  For  several  months  some  delay  was  catised  almost 
daily  to  the  Board's  Australian  traffic  ow  ing  to  the  faulty  condition  of  the 
Southport-Sydney  line.  The  line  between  Doubtless  Bay  and  .\iickland, 
placed  at  the  disposal  of  the  Board  by  the  New  Zealand  (iovcrnnicut.  was 
maintained  ui  good  condition  throughtnit  the  year.  Ex|ici!incnts  with 
improved  metiiods  of  increasing  the  duplex  speed  of  the  Bamfield- 
Fanning  section  of  the  system  met  with  great  success,  and  this  cable,  laid 
with  the  anticipation  that  the  speed  would  not,  in  actual  practice,  exceed 
05  letters  a  minute,  is  now  daily  working  at  the  speed  of  90  to  97  letters 
a  minute.  As  the  traffic- carrying  capacity  of  the  entire  route  is  ruled  by 
the  results  attainable  on  this  section,  this  increased  speed,  which  has  been 
attained  without  risk  of  damage  to  the  cable,  greatly  imllrovc^  tlic 
revenue-earning  capabilities  of  the  Board's  system.  Throughout  the 
year  the  cable  was  worked  without  iuteiTiiption.  and  no  repairs  were 
necessary.  The  buildings,  electrical  ajjparatus  and  plant  at  all  stations 
have  been  maintained  in  good  order,  f-ast  year  238,088  ordinary  mes- 
sages, 8,310  Government  messages  and  3,192  Press  messages  were  seat 
over  the  cables,  and  this  year  the  figures  were  232,304  ordinary,  9,088 
(Jovernment  and  2.532  Press  messages,  the  total  messages  in  each  year 
being  249,590  and  243,922  respectively.  The  number  of  words  frans- 
mittcd  ill  lons-ll  was  2.739,544,  against  2,736,002  in  1907-8. 

Patent  Amendment. — The  "Z"  Electric  Lamp  Syiul.  (Ltd.). 
Orient  Hou.se,  New  Broad-street.  Lmulon.  E.C..  seek  leave  to  amend 
specification  of  letters  |iatciit  Xn.  ■io.2-23/19ll7  for  "  Improvements 
relating  to  the  manufacture  of  filaments  for  electric  incandescent 
lamps."  Particulars  of  jjroposcd  amendment  are  given  in  the 
"  Illustrated  Oflficial  Journal  "  (l'at«its)  of  the  1st  inst.,  and  notice 
of  op))osition  must  be  given  within  one  calendar  month  from  that  dale. 
Rosyth  Works  Power  Station. — Messrs.  Easton  Gibb  &  Son  have 
arranged  to  erect  a  jirixatc  electric  power  station  for  the  sup[ily  of 
electricity  for  light  and  [lower  throughout  the  entire  works  at  Rosyth 
naval  base.  Gas-driven  plant  will  be  em|)loyed,  and  the  National 
Gas  Engine  Co.  have  secured  an  order  for  four  gas  engines  and 
.suction  gas  plants  with  a  maximum  output  of  1.11)0  b.h. p.  The  plant 
will  be  run  day  and  niglit.     CHirrent  will  be  supplied  at  500  to  550 

Sir  CHARLES  TILSTON  BRIGHT. 

It  will  interest  our  readers  to  know  that  we  have  some  reproduc- 
tions on  sale  at  Is.  each,  of  the  portrait  of  the  late  Sir  Charles  Bright 
(when  knighted  at  the  age  of  20).  This  forms  the  frontispiece  to  the 
recently-issued  abridged  biography  of  the  distinguished  engineer. 
We  would  add  that  the  portrait  is  mounted  so  as  to  be  conformable  as 
to  size  with  "  The  Elc<li  ician  "  series  of  steel  plate  portraits,  and  is 
well  suited  for  framing  with  the  series. 
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volts  to  the  various  inotors  spread  over  llic  exleiisive  avon.  tlie  work 
to  be  done  ineluding  quarrying,  stone  crusliing,  concrct€  mixing,  the 
driving  of  machine  shops  and  sawmills,  jjumping,  &c.  The  suction 
gas  plants  are  to  use  gas  coke  for  fuel,  costing  about  lOs.  per  ton,  and 
it  is  estimated  that  electricity  will  be  obtained  at  an  inelusivc  cost 
of  id.  per  unit. 

Russia.— The  "Bulletin  Commercial"  (Brussels)  staten  that 
Kharkov  Municipal  Council  have  applied  for  powers  to  borrow 
£633,000,  of  which  £100,000  is  required  for  electric  tramway  con- 
struction and  £50.000  for  electricity  sup|)ly  works. 

Shefneld. — Electricity  supply  mains  are  to  be  laid  in  tuur  addi- 
tional thoroughfares  at  a  cost  of  £3S0. 

South  Africa. — The  "  Soutli  African  Mining  Journal  ""  states  that 
tenders  are  to  be  invited  by  Johannesburg  Council  for  sujiply  of  the 
following  plant  (of  the  estimated  value  of  £57,000)  for  tlu  ir  electricity 
supply  works  : — ■ 

Four  boiler.s,  each  to  produce  14,000  lb.  of  steam  per  hour,  four  mecha- 
nical stoker.s,  eoonomiscr.s,  chimney  and  fl\ie.?,  ."iteam,  e.\hau.st  and  circu- 
lating ))iping,  two  cooling  towers,  cooling  pond,  two  feed  pumpa  and 
house,  one  borehole  and  pump,  removing  Six  boiler.^,  steam  pipes,  &e., 
and  steam  enirines. 

The  "  Hiilish  and  South  African  Kxport  Cazette  "  sav-s  Johannesburg 
Chamber  nf  'I'rade  have  secured  an  extension  of  time  for  tendering  for 
South  African  (iovernment  and  municipal  contracts. 

At  the  end  of  the  last  financial  year  there  was  only  one  electric  and 
one  oil-driven  main-winding  hoist  in  Transvaal  gnld  mines  out  of  432. 
the  remaining  430  being  steam  driven.  Recently  there  has  been  an  im- 
portant develiijiment  of  engineering  opinion  on  this  subject,  and  the 
advocates  of  electric  winding  jilant  are  likely  to  see  their  views  widely 
adopted,  as  the  tendency  towards  the  substitution  of  electricity  is  un- 
mistakable. 

Prof.  Klingenberg  has  brought  before  the  Transvaal  Power  Schemes 
Commission  the  subject  of  the  application  of  electricity  to  agriculture. 
It  is  pointed  out  that  with  no  consumers  existing  between  the  Zambesi 
and  the  Rand,  the  gigantic  Victoria  Falls  power  scheme  is  practically 
in  abeyance,  but  it  might  be  proceeded  with  if  a  satisfactory  plan  Vi-ere 
devised  for  t;ip]iiu2;  the  transmission  line  at  a  sufficient  number  of  points 
to  sup|)!y  aijiicidtura]  distiicts. 

Roode))oort  United  Main  Reef  Gold  Mining  Co.  (I^td.)  is  in  the  market 
for  a  large  number  of  motors. 

Stretford. — The  Electricity  committee  have  lieen  luiable  to  agree 
with  Manchester  Corporation  as  to  the  charge  for  current  for  tram- 
way traffic.  The  Corporation  offered  a  supply  at  Id.  per  unit, 
subject  to  an  adjustment  in  respect  of  the  price  of  coal,  the  arrange- 
ment to  remain  in  force  until  March  31,  1912  ;  but  this  is  not  accept- 
able, and  the  Board  of  Triide  have  been  asked  to  appoint  an  arbitrator 
to  .settle  the  price  to  be  paid. 

Sweden. — Vice-Consul  Westerberg  (Lulea)  says  surveys  and  experi- 
mental works  in  connection  with  the  electrification  of  the  railwaj' 
from  Kiruna  to  the  Noiwegian  frontier  are  being  conducted.  Power 
is  to  be  taken  from  large  «  iterfalls  adjacent  to  tlie  route. 

Vice-Consul  Forsell  (SkcUeftea)  says  Skelleftea  Co\mcil  are  under 
contract  to  supply  electric  power  to  the  Ytterstfors  Travaru  .-Vktie- 
bolag  and  to  the  Ohrvikens  Aktiebolag  (t\\o  sulphite  mills)  to  the 
extent  of  1.725  kw.  and  600  kw.  respectively  per  annum.  The.se 
works  are  31  miles  and  27  miles  resjjectively  from  the  generating 
station.  Tlie  total  capacity  of  the  station  is  3,000  kw.  The  town 
owns  waterfalls  sufficient  to  provide  a  further  3.000  kw.,  and  there  is 
a  |)rojcct  under  eiaisideration  to  utilise  this. 

Vice-Consul  Burehardt  (Hern/lsand)  rejiorts  that  a  huge  electric 
power  station  has  been  built  by  the  Graningeverkens  Aktiebolag  at 
Forsse,  where  the  water  power  of  the  falls  of  the  river  Faxalfken  is 
utilised  to  the  extent  of  6,000  H. p.  Part  of  the  current  is  trans- 
mitted (at  40,0t)0  volts)  about  35  miles  to  l)ulp  mills  at  Kramfors, 
Frano  and  Svano.  The  millowners  ])ay  £4  jier  horse-power  per  year. 
Swinton  and  Pendlebury. — The  Council  are  reccmiracnded  to  ap- 
point an  electrical  engineer  as  manager  of  the  electricity  supply 
department  at  £150  per  annum.  The  undertaking  has  hitherto  been 
managed  by  the  Lanoa.shire  Electric  Power  Co..  w  lio  su])plv  energy  in 
bulk. 

Tavistock. — .Vs  the  Council  have  received  notice  from  a  company 
of  intention  to  apply  for  a  provisional  electric  lighting  order,  the 
question  of  a  municipal  application  is  being  di.seussed. 

Telephone  on  Monte  Rosa. — The  Italian  Government  have  erected 
a  tele|)hone  service  <in  Monte  Rosa.  The  lines  cross  from  Colic 
d'Olen  (9.587  ft.)  across  to  the  Gnifetti  Shelter  (11,862ft.),  to  the 
Regina  Margherita  Observatory  at  the  top  of  Gnifetti  Peak,  a  total 
height  of   14,820  ft. 

The  Electrical  Engineer  as  an  Athlete. — Mr.  H.  L.  Ross  is  elec- 
trical engineer  (o  the  owners  of  the  "  Daily  Mail."  whose  interesting 
exhibit  is  a  conspicuous  feature  of  the  White  City,  Shei)herd's  Bush. 
London,  Mr.  Ross  is  also  a  member  of  the  Carmelite  Athletic  Club, 
and  in  this  relation  was  one  of  the  32  starters  for  the  walk  from 
London  to  Brighton  on  Saturday  last.     The  distance  between  start 


and  finish  was  51-,'  miles,  which  .Mr.  Ko.ss  accomplished  in  8  br.  1 1  min. 
14  sec.,  the  fastest  time  on  record  by  more  than  7  minutes. 

Usworth  (Co.  Durham). — The  Parish  Council  have  decided  to 
adopt  ])ublie  electric  lighting,  and  overhead  mains  will  1h-  employed. 

Warrjnglon. — The  gas  lamps  around  the  Town  Hall  are  to  be 
adopted  for  electric  lighting. 

Wireless  Telegraph  Notes.— .According  to  "  The  Times  F;npinccrlnp 
Supplement ''  the  X(  w  Palace  Hotel  in  Shanghai  was  completed  a 
week  or  two  ago,  and  one  of  the  chief  features  was  an  apparatus  fcjr 
wireless  Iclegr.iphy  which  was  installed  on  the  ro<jf  of  the  hotel,  in 
order  to  communicate  by  way  of  W'usimg  with  inc<jming  ves.sels. 
This  apparatus  lias  been  found  to  work  extremely  well,  but  the 
Chinese  Government  entered  a  protest  again.st  it.s  employment,  a.s  it 
was  asserted  that  wireless  tckgraiihy  bad  Ixen  declared  a  State 
monopoly  in  China.  It  would  seem  that  recent  experiments  have 
convinced  the  Chinese  of  the  vast  importance  of  this  syst<n»  of 
telegraphy  in  a  country  of  such  immense  extent  as  China,  and  of  its 
superiority  to  the  present  sj'stem.  The  inland  wires  are  now 
chiefly  laid  along  the  banks  of  the  main  rivers,  and  strious  inter- 
ruptions arc  caused  by  the  frequent  floods,  which  wash  away  the 
telegraph  poles,  while  in  certain  districts  the  telegraph  lines  have 
to  be  guarded  by  troops.  A  wireless  system  would  thus  give  great 
safety  in  working,  which  is  ])robably  the  reas(m  for  the  decision  to 
keep  the  sj'stem  as  a  State  monopoly. 

It  is  announced  that  the  Government  of  Bombay  have  decided  to 
instal  a  wireless  telcgrajih  station  at  Bombay,  the  range  to  be 
limited  to  300  miles  seaward.  The  (iovcrnment  Telegraph  Di  part- 
ment  is  to  erect  and  work  the  installation,  and  the  first  communi- 
cations are  expected  to  be  ready  by  Oct.  22. 

Wolverhampton. — The  new  high  school  for  girls  is  to  be  wired. 

Workhouse  Lighting.  —  On  the  advice  of  Mr.  .lohn  Cliristie,  the 
Brighton  (Guardians  have  decided  to. sub.stitute  metal  filament  lamps 
(of  oOe.p.),  and  Xernst  lami)s(25/.30c.p.  each)  for  the  present  carbon 
filament  lamps  at  the  workhouse. 

Worthing. — The  L.G.  Board  have  sanctioned  the  borrowing  of 
£3,550.  out  of  £3,000  ai)plied  for  by  the  Corporation,  viz..  £2.300  for 
feeder  and  distributor  cables,  and  £1,2.50  for  house  services.  The 
Board  suggest,  liowever.  that  the  cost  of  meters  (£337)  should  be 
met  out  of  revenue.  The  Council  have  decided  to  adopt  this  course 
in  future,  but  have  requested  the  Board  to  sanction  in  its  entirety 
the  amount  applied  for  in  the  present  case. 

York. — The  horse-drawn  tramcars  have  been  taken  off  the  streets 
and  'buses  have  been  substituted  in  order  to  facilitate  the  work 
of  converting  the  lines  to  electric  traction. 


TRADE  NOTES  AND  NOTICES. 


NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES' 
DIRECTORY  AND  HANDBOOK.— The  1909  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplilied. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  lor  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  bee  n  very  carefully 
revised  and  extended,  and  are  now  issued  in  handy  book 
form.  These  are  included  in  the  1909  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 

TENDERS  INVITED. 

Tenders  are  invited  for  the  supply  ot  telegraph  ami  telephone 
material  to  the  Postmaster-tJeneral's  Department  in  Vhtori.\. 
Tender  forms  and  specifications  from  the  Commonwealth  ttthees. 
72,  Victoria -street.  London,  S.W.     Sec  also  an  advert  i.si-ment. 

Tenders  are  invited  for  supply  of  KHl.t^K)  porcelain  insulators  to 
the  Postmaster-General's  DeimVtment.  Victoria.  Tender  forms. 
&c..  from  the  Comnumwealth  Othoes.  72.  Vietoriast..  I^mdon.  S.W. 
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SPECIAL    NOTICE. 


NOW    READY Vol.    LXII.    of  "The  Electrician"  (1.028 

paces',  bound  in  strong  cloth.  Price  17s.  6d.;  post  free,  18a.  6d.  Now 
ready.  Cases  for  Binding.     Price  2s.;  post  free,  23.  3d. 

A  complete  set  of  "  The  Electru-i.\s  "  can  bo  supplied.  A  number 
of  odd  volumes  and  some  odd  old  back  numbers,  to  help  in  making 
up  complete  sets,  are  also  available. 


Tenders  are  invited  for  the  .sujjply  to  the  Postmaster-General's 
Department,  Xew  South  Wales,  of  a  ciiniraon  battery  switchboard 
for  the  XoETii  Sydney  teleplione  exchange.  Tender  form,  specifica- 
tions. &c.,  may  be  obtained  from  the  ('ommonwealth  Offices.  72. 
Viet((ria-street,  Limdim.  S.W.     See  also  an  iulverti.scment. 

Tenders  are  invited  for  su|>ply  of  •2..'>.')0  common  battery  telephones 
and  protectors  to  the  Postmivster-Oenerals  Department.  New  Sotith 
Walks.  Tender  forms.  iSrc.  may  be  obtained  at  the  Commonwealth 
offices.  72.  Victoria-street.  London.  S.W. 

London  County  Council  invite  tenders  for  (1)  the  manufacture, 
deliver3'  and  erection  in  certain  of  the  Council's  substations  of  two 
5IXt  kw.  and  one  150  kw.  motor  generators,  and  (2)  the  manufacture, 
delivery  and  erection  of  h.  and  l.t.  switchgear  for  Woolwich  and 
other  substations.  Tenders,  on  forms  to  be  obtained  from  Mr.  G.  L. 
Gomme.  County  Hall.  Spring  Gardens.  S.W..  by  11  a.m.,  Sept.  21. 

London  County  Council  also  invite  tenders  for  the  manufacture, 
delivery  and  laying  of  about  G^  miles  of  0075  sq.  in.  three  core  lead- 
covered  h.t.  cables,  &c..  and  about  4G  miles  of  single  core  lead- 
covered  l.t.  cables,  telephone  cables.  &o. ;  manufacture  (but  not 
erection)  of  .50  tramway  feeder  pillars  ;  laying  about  16  miles  of 
stoneware  cable  ducts,  including  neces.sary  manholes,  repaving,  &c., 
and  manufacture  and  delivery  of  440.000  ducts  of  glazed  stoneware 
for  electric  cables.  Drawings.  &c..  at  the  County  Hall,  Spring 
Gardens,  S.W.     Tenders  to  the  Clerk  by  11  a.m.  Sept.   14. 

London  County  Cot-xriL  also  invite  tenders  for  the  partiiil  recon- 
struction of  tlie  bridge  carrying  Lower-road.  Deptford.  over  the 
Eiust  London  Railway,  and  reconstruction  and  widening  of  the  bridge 
carrying  the  same  road  over  the  Grand  Surrey  Canal.  Tenders  to  the 
Clerk  by  11  a.m..  Sept.  14. 

London  County  Council  also  require  tenders  by  11  a.m.,  Sept.  21 
for  the  manufacture,  delivery  and  erection  at  Greenwich  of  steam, 
exhaust,  feed  and  drain  pipes,  valves,  water  tanks,  &c.  Tender 
forms,  &c..  from  the  Clerk. 

The  Lighting  committee  of  Dublin  Cor|)oration  invite  tenders  for 
supply  of  7-50  a.c.  meters  (single-phase).  Specification,  terms  and 
conditions  and  form  of  tender  from  the  city  electrical  engineer  (Mr. 
.Mark  Ruddle),  Fleet-street.  Dublin.  Tenders  to  the  Cliairman  of  the 
Lighting  committee,  3,  Cork-hill,  Dublin,  by  noon,  Sept.  13. 

Grimsby  Corporation  invite  tenders  for  -supply  of  paper-insulated 
lead-covered  cables  for  two  years.  Sjiecification  and  form  of  tender 
from  the  borough  electrical  engineer,  Mr.  W.  A.  Vignoles,  to  whom 
tenders  are  to  be  sent  not  later  than  first  post  Sept.  17. 

Bristol  Education  committee  require  tenders  by  noon.  Sept.  21, 
for  electrician's  work  at  the  new  school  at  Alexandra  Park,  Fish- 
ponds, Bristol.  Forms  of  tender,  &e.,  from  Messrs,  Rodway  & 
Deninc,  Gaimt  House,  Orchard-street,  P.ristol. 

OtTLTON  Broad  (Suffolk)  Council  are  prepared  to  receive  applica- 
tions from  companies  or  individuals  who  will  undertake  the  carrying 
out  of  the  Council's  electric  lighting  order.  Particulars  from  Mr. 
C.  G.  Taylor,  Victoria-chambers,  Lowestoft. 

Manchester  Tramways  committee  want  t<'nders  by  10  a.m., 
Si^pt.  21,  for  supply  of  steel  girder  tramway  rails.  Specifications 
from  Mr.  .J.  .M.  >I'li!roy,  55,  Piccadilly,  Manchester. 

FrjLiiAM  (Lond<in)  Council  require  tenders  by  noon.  Sept.  22.  for 
supply  of  150  electricity  meters.  Forms  of  tender,  &e..  from  the 
Br^rough  Eiectrical  Engineer.  Townmcad-roud,  Fulham,  S.W. 

Tenders  will  be  received  until  Sept.  20  by  the  Societe  Nationale 
des  Chemins  de  Fer  Vicinaux,  Brussei  s,  for  su])ply  of  aerial  electric 
(•c|uipment  for  the  Anderlues-Lobbe  section  of  tiie  Carmeres-Tluiin 
light  railway. 

The  Minist<'r  of  the  Interior.  Bucharest.  Hungary,  requires  len- 
ders by  Sept.  14  for  supply  of  1.4IH)  Leclanelie  jars. 

CORCMBA  (Brazil)  .Municipality  want  tenders  by  Oct.  5  for  the 
erection  and  equipment  of  electricity  sujjply  works. 

Cape  Town  .Municipality  want  tenders  by  Sept.  29  for  supply  of 
about  2,.50f)  dry  cells  during  the  year  commencing  .July  1  next. 

The  Servian  State  Railways  Department  want  tenders  by  Sept.  14 
with  d:q)o.»it  of  £.320)  for  supply  of  the  following  material  for  a  new 
mining  in.stallation  at  Seone  :  (,'oal  extracting  apparatus,  three 
centrifugal  |)ump.i.  four  electric  conductors  and  five  sete  of  signalling 
a[)paratus.  A  responsible  agent  in  Servia  is  necessary,  and  specifica- 
tions can  be  seen  at  the  State  Railways  Department," Belgrade 


The  Turkish  Government  want  tenders  fur  the  installation  and 
\vorking  of  a  telephone  system  in  Constantinople  and  the  vicinity. 
An  agent  on  the  spot  is  practically  essential.  Tenders  to  the  Minister 
of  Finance,  Constantinople,  by  Oct.  14. 

TENDERS  RECEIVED  AND  ACCEPTED. 

BradfnRi  I^leflririt y  ennimittre  recnmnicml  fur  acceptance  t!ie 
following  tenders  in  connection  witli  the  electric  light  and  power 
plant  at  the  Technical  College  : — 

Crosthwaite  Fire  Bar  Synd..  cooling  tower.  £lt>S  ;  Cole,  Marehent  & 
Miiiley,  liiw-speed  engine,  surface  condenser  and  jet  condenser,  £1.2(1(1  ; 
Campbell  Gas  Engine  Co.,  gas  cnirmc  with  suction  gas  j)lant,  starter,  &!■.. 
£1,100:  Tudor  Aecumula'tor  Co.,  battery  of  220  cells,  £332.  lOs.  ; 
Siemens  Bros.  Dynamo  Works,  motor-generator,  £171  ;  Phfenix  Dj'namo 
Mfg.  Co.,  high-speed  set.  low-speed  set,  bno.ster  and  balancer,  and  gas 
set,  £000 :  Thwaite  Bros.,  high-speed  engine,  £2fiO  :  T.  Green  &  .Sous, 
economizer,  £104;    Holdsworth  &  Sons,  Lancashire  boiler,  £3flS. 

Wishaw  Corporation  received  the  following  tenders  for  suiiply 
and  erection  of  a  three-wire  d,c,  switchboard  : — 


Ferranti,  Ltd.  (accepted) £150 

G.  Hill&  Co 229 

Balchin.Sehnlzc&Co 215 

\V.  MKJeoch  &  Co 205 

Kelvin  &  .James  White    203 

General  Electric  Co 180 

Brit.  Westinghouse  Co 179 

Crompton&Co 171) 

■I.  Cartwright    175 

Veritvs  Limited    173 


Siemens  Dynamo  Works ^172 

Dorman  &  Smith 16S 

Universal  Elec.  Mfg.  Co 1 63 

Brit.  Thomson-Houst(jn  Co.  1(30 

Elec.  Construction  Co 160 

Evered&Co Ififi 

Spagnolctti  (Ltd.)    157 

Whipp*  Bourne 1.'54 

Johnson  &  Phillips  *1.53 

G.  Brauhk ♦ISl 


*  Incomplete. 
Brighton  Guardians  have  accepted  the  tender  of  the  Post  Office 
for  : — (a)  Providing  and  maintaining  an  extended  exchange  system 
between  the  parochial  offices,  the  workhouse  and  the  Warren  Farm 
Schools  for  an  annual  rental  of  £77.  12s.  ;  (6)  providing  and  maintain- 
ing a  private  installation  at  the  workhouse  for  £37.  Os.  Del.  per  3'ear, 
for  live  years. 

.An  order  has  been  placed  by  Messrs.  Easton  Gibb  &  Son  (con- 
tractors for  the  Ro.sytli  Naval  Works)  with  the  National  Gas  ICngine 
Co.  for  supply  and  erection  of  four  ga^  engines  and  suction  gas  plant, 
with  a  maximum  output  of  1.100  b.h.p. 

York  Tramways  committee  have  accepted  the  tender  of  the 
liritish  Thomson-Houston  Co.  for  supply  of  18  Iramcars.  at 
£10.914.  4s. 

W.  T.  Henley's  Telegrapli  Works  Cu.  liave  orders  foi'  3.000  ft. 
of  three-core  cable  for  tlic  Milage  l)ee|i  (Suuth  Africa)  .Mines,  and 
also  iin  order  for  cables  for  Bantjes  Cunsulidated  Mines. 

Dick.  Kerr  &  Co.  have  obtained  orders  for  mill  motors  of  400  n.r., 
240  H.P.,  and  165  h,p.  in  connection  with  the  electrification  of  the 
Rand  Mines  (Ltd.) 

The  Electrical  Apparatus  Co.  has  been  allotted  the  Admiralty 
contract  for  all  enclosed  fuses  from  35  to  60  amperes  inclusive,  up 
to  Dec.  31,  1911. 

Swan.sea  Education  committee  have  accepted  the  tender  of  Mills, 
English  &  Co.  for  electric  light  fittings.  &c.,  for  the  Technical  College 
extensions  at  £375. 

Pooley  &  Austen' have  an  order  for  street  lamp  fittings  for  electric 
lighting  at  Cape  Town. 

Mansfield  Council  have  accepted  the  tender  of  Babcock  &  Wilcox 
for  water  .softening  plant  at  £220. 

Rochdale  Council  have  accepted  the  tender  of  the  Lorain  Steel  Vo, 
for  tramway  points  and  crossings  at  £422. 

Brighton  Guardians  have  placed  an  order  with  the  Electrical  Co. 
for  supply  of  500  F  type  Nernst  lamps  at  Is.  7id.  each  (£40.  12s.  6d.) 

Geelung  (Victoria)  Harbour  Trust  have  jilaecd  contracts  with 
Siemens  Bros.  Dynaniu  Works  fur  switelihnard.  balancer  and  cables, 
and  with  .KjUiis  &  Waygoud  fur  overhead  travelling  crane  for  power 
house. 

Melbourne  (Victoria)  C'orporation  have  accepted  the  tenders  of 
the  British  Thomson-Houston  Co.  for  supply  of  69.7.50  incandescent 
lamjis.  £1,329  ;  W.  T.  Henley's  Telegraph  Works  Co.  for  7.810  yd. 
of  insulat<'d  copper  cables  £.552 ;  British  Insulated  and  Helsby 
Cables  for  13.J  miles  h.d.  copper  cable  £409.  and  W.  Hallenson  &  Co. 
for  1,.5(X)  kw.  d.c.  dynamo  and  engine  £9.881. 

The  Postmaster-General's  Department.  New  South  Wales,  have 
accepted  the  tender  of  the  Western   Electric  Co.   for  supply  and 
erection  at  William-street.  Sydney,  of  branching  metallic  multiple 
magneto  switchboard  with  meters  at  £4.179.  10s. 
BUSINESS  NOTICES. 

By  licence  from  the  Board  of  Trade,  the  New  Biotherlon  Tube  Co- 
(Ltd.),  of  Excelsitr  Works,  Commercial-road,  Wolverhampton,  have 
altered  the  style  of  the  firm  to  that  of  Brolherlon  Tubes  dk  Condwli 
(Lid.),  which  name  has  been  duly  registered  with  the  RegisUaJ-  of 
Joint  .Stock  Comi)anie»- 
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In  future  tlic  address  of  the  Under;,'round  IClectric  Railways  Co.  of 
London,  and  the  Baker-street  and  Waterloo,  the  Great  Northern, 
Piccadilly  &  Brompton,  and  the  Charing  Cross,  Euston  and  Hamp- 
stead  Railway  Co.s  will  be  at  St.  .James'  Park  Station-buildings, 
Broadway,  Westminster,  S.W.  The  telegraphic  address  is  ''  Under- 
neath, London  "'  ;  and  the  Telephone  No.  .'5820  Gerrard  (9  lines). 


Patents  Development. — The  proprietors  of  the  following  patents 
wish  to  enter  into  negotiations  with  firms  in  Great  Britain  for  the 
sale  of  same  or  for  the  grant  of  licences  to  manufacture  under 
royalty  : — 

No.  23,429/1001,  relating  to  "  Elecdic  Iciciimotives."  Applications  to 
Messrs.  Hyde  &  Heide,  3,  Broad-street  Buildings,  Liverpool-street, 
London,  E.C. 

No.  18,408/inOfi,  for  "  Improvements  in  electric  insulators  for  high- 
tension  conductors,"  and  No.  18,125/1905,  for  "  Improvements  in  electric 
motor  control  systems."  Applications  to  Messrs.  Haseltine.  Lake  &  Co., 
7  and  8,  Southampton  Buildings,  Chancery-lane,  Tjondon,  W.C. 

No.  739/1909,  for  "  Apparatus  for  continuously  indiciiting  the  horse- 
power being  transmitted  by  marine  pi-opcller  sh.ifts  :uid  the  like." 
Applications  to  Mr.  W.  McBretney,  44,  Portland-street,  Lancaster. 

A.E.G.-Zeitung. — In  the  Sept.  number  Dr.  Bloch  continues  his 
article  on  "  Klectricity  in  Domestic  Dwellings."  Other  articles 
deal  with  "  The  Deterioration  of  Tubes  in  Surface  Conden.sers,"  and 
"  The  Work  of  the  Victoria  Falls  and  Transvaal  Power  Co."  The 
petrol-electric  car  made  by  the  A.E.G.  for  the  I'lussian  State  Rail- 
ways is  also  described,  as  well  as  an  interesting  lorry  recently  put  on 
the  market. 

"  Victoria"  Turbo  Pumps. — Messrs.  Willans  &  Robinson,  who  have 
recently  taken  up  the  manufacture  of  centrifugal  pumps,  for  dealing 
both  with  high  and  low  lifts,  have  at  present  some  12  pum])S  under 
construction.  .\  series  of  tests  has  recently  been  completed  on  one 
of  these  pumps,  which  has  shown  that  the  high  efficiency  estimated  by 
the  designer  (Mr.  .lens  Orten  Biiving)  has  been  fully  realised  in 
practice.  The  pumps  in  question  are  of  a  ])articularly  simple  design, 
and  are  being  built  with  a  view  to  requiring  the  minimum  amount  of 
attention  in  working.  In  view  of  the  large  number  of  high  lift  sink- 
ing fpumj)s  imported  into  this  country,  there  would  seem  ample 
room  for  a  well-built  reliable  British  made  pump. 

CATALOGUES.  &c. 

Useful  T.\bles. — The  Langdon-Davics  Motor  Co.  have  ready  a 
small  brochure  containing  a  number  of  usefid  tables.  Comi)arison 
is  made  in  these  between  watts,  horsepower,  force  de  cheval  and 
kilogramme-metres.  These  tables  will  be  of  considerable  use  to  engi- 
neers. The  booklet  also  contains  details  of  the  standard  ratings  of 
Landon-Davies  continuous  and  alternating-cmrent  motors,  the 
latter  being  designed  for  two  and  three-phase,  as  well  as  for  single- 
liliasc  circuits. 

Kalkos  Tinned  Tube  Wiring  System. — It  will  not  be  denied 
that  the  well-known  "  Kalkos"  tinned  tulie  wiring  system  offers  a 
cheap  and  easy  method  of  filling  houses  and  factories  with  the  bless- 
ings of  electric  light  and  power.  The  various  details  of  this  system 
are,  of  course,  by  this  time  well  known  to  our  readers,  as  it  has  now 
been  on  the  market  for  about  two  years.  We  are  pleased  to  hear 
that  from  small  beginnings  "Kalkos"  has  rapidly  found  favour 
with  consulting  engineers  and  architects,  and  we  can  recommend 
any  of  our  reaclers  who  are  interested  in  the  subject,  either  actively 
or  otherwise,  to  ajiply  to  the  Sun  Electrical  Co.  for  a  copy  of  their 
latest  catalogue.  This  contains  details  of  the  very  large  number 
of  fittings  and  appliances  which  have  been  designed  to  render  the 
system  more  eonii)letc  and  .still  wider  in  its  applications.  The  prices 
of  these  fittings  have  been  consklenvbly  reduced. 

Doi'ni.E-AcriNd  .Air  I'l'Mrs. — The  Midland  Knginecring  Co.  issui' 
a  jiamphlct  dealing  with  their  "  Zylba  "  do\d)lc-acling  air  pump, 
which  contains  no  fool  or  liuckct  valves.  It  is  claimid  for  this  class 
of  pump  tint  it  is  nuist  suital>le  for  high-speed  work  and  for  main- 
taining siitlicicnt  vacmim  with  a  minimum  of  driving  power  and  cost 
of  upkeep.     Sliition  engineers  will  be  interested  in  the  pamphlet. 

"  Hvi.o"  Ti'iiN-uowN  L.MMi'S.- — Wm.  (ieipel  &  Co.  have  issued 
two  illustratetl  leallets  dealing  with  this  subject. 

\  MAitiiLESs  LuiUT. — Messrs.  J.  &  H.  Grevciier  have  issued  an 
advertising  folder  mtended  to  give  publicity  to  their  well-known 
"  Arcofiame  "  lamps. 

Modern  Switchboards. — .\  handsome  brochure  dealing  with 
this  subject  has  come  to  hand  from  the  l^nion  IClectric  Co..  giving  a 
number  of  illustrations  showing  apparatus  recently  manufactured 
by  the  company.  We  would  advise  those  of  our  readers  who  desire 
to  have  a  record  of  the  iircsent  position  of  switchboard  work  gene- 
rally to  write  the  Union  Company  for  a  copy  of  this  artistic  booklet. 


Hiuh-spked  Electric  Motob.s  for  Large  OrTPUTs. — The 
greatly  increased  use  of  centrifugal  pumps  in  this  country  has  called 
for  a  reliable  high-speed  motor.  To  .solve  the  problem  thus  set  has 
been  part  of  the  work  of  the  Lahmeyer  Electrical  Co..  and  a  descrip- 
tion which  we  have  just  received  of  the  company's  latest  type  of 
high-speed  motor,  in  which  the  windings  are  K|)ecially  insulated  in 
accordance  with  mining  regulations,  seems  to  show  that  these  con- 
ditions have  been  sucicssfully  fulfilled.  .Motors  fitted  with  vertical 
shafts  are  sui)plied  for  all  outputs  and  voltages  in  commercial  us«-, 
and  these  motors  are  said  to  be  specially  suitable  for  modern  shaft- 
sinking  pumps. 

"  CONTA  '  Lamp.— The  Regina  HogenlaniiK-n-fabrik.  of  Cologne, 
have  prepared  a  well-arranged  catalogue  dealing  with  their  new 
universal  and  interchangeable  arc  lam|>  which,  it  is  claimed,  is  suit- 
able for  use  on  any  system  of  supply.  It  is  further  claimed  that 
this  lamp  is  at  least  twice  as  durable  as  any  other  lamp  offered  to 
the  trade,  and  contains  a  number  of  other  special  advantages.  We 
cannot  in  the  space  at  present  at  our  dispo.sal  deal  with  the  details 
of  this  lamp  at  any  great  length,  but  we  h(jpe  to  do  this  in  an  early 
issue.  A  price  list  of  the  other  lamps  made  by  this  firm,  along  with 
the  accessories  pertaining  to  the  same,  is  also  to  hand. 

Wide-span  Overhead  Travelling  Crane. — An  interesting 
piece  of  equipment,  from  the  crane  engineers'  point  of  view,  is  illus- 
trated and  described  on  a  sort  of  enlarged  postcard  recently  received 
from  Messrs.  S.  H.  Hey  wood  &  Co..  Reddish.  The  span  of  this  crane  is 
8.'?  ft.  6  in.  and  the  working  load  4  tons  when  it  was  tested  with  a 
central  load  of  6  tons  2  cwt..  the  deflection  of  the  girders  under  this 
load  being  /ly  in.  Three  motors  were  fitted,  all  of  the  .series-wound 
type,  and  capable  of  running  sparklessly  in  either  direction  with  a 
fi.xed  brush  position.  When  tested,  the  load  of  6  tons  2  cwt.  was 
hoisted  20  ft.  in  56  sec.  The  speed  of  the  cross  traverse  was  125  ft. 
in  I  min.,  and  the  travelling  speed  255  ft,  in  1  min. 

Electrical  Medical  Appliances. — Under  certain  conditions 
electricity  can  be  very  successfully  applied  in  medical  work.  It  ha.s. 
in  fact,  been  fashionable  for  some  time  to  use  electro-medical  ap))a- 
ratus,  we  fear  in  some  cases,  whether  the  "  case  "  is  specially  suit- 
able for  electrical  treatment  or  not.  However,  a.s  electrical  engineers 
we  must  not  complain  of  this,  for  it  means  that  probably  more 
ap])aratus  of  this  kind  is  required  than  would  otherwise  be  the  case, 
altliciugh  in  the  long  run  it  is  doubtful  if  the  industry  gains  by  any- 
thing luit  the  safest  practice.  An  enthusiast  in  the  field  of  electrc- 
medical  treatment  and  an  expert  in  the  design  and  manufacture  of 
the  necessary  apparatus  is  Mr.  H.  J.  Dowsing,  and  his  company  (the 
Dowsing  Radiant  Heat  Co.)  has  issued  a  pamphlet  in  which  some 
new  electro-medical  apparatus  is  fully  illustrated  and  described. 
The  subject  is  essentially  a  specialised  one,  and  a  consideration  of 
the  matters  contained  in  the  booklet  is  best  left  to  those  familiar 
with  this  class  of  electric^  accessories.  It  is  sufficient  to  say  hero 
that  long  and  intimate  connection  with  this  branch  of  work  makes 
Mr.  Dowsing's  specialities  of  interest  to  all  who  appreciate  good 
design  and  finished  workmanship.  ■»' 

Vulcanised  iNDiARrsBER  Wires  and  Cables. — The  Felten  & 
Guilleaume-Lahmeyerwerkc  A.G..  of  Mulheim-on-Rhine.  forward 
their  latest  catalogue  dealing  with  the  subject  of  vulcanised  rubber 
wires  and  cables.  In  this  list  full  details  of  all  the  various  types  of 
cables  insulated  in  this  way  are  set  out.  and  the  catalogue  should  be 
of  great  service  to  those  whose  work  requires  them  to  invest  in  this 
class  of  goods. 

Oil-Immersed  Transformers. — The  Lahmeyer  Electrical  Co. 
have  ready  a  new  list  dealing  with  their  latest  types  of  single  and 
three-phase  oil-immersed  transformers. 

Imports.— The  following  are  official  values  of  electrical  machi- 
nery, material  and  apparatus  imported  into  this  country  (<i)  during 
August.  1909,  and  (A)  during  the  current  year  from  Jan.  I  to 
.\ug.  31,  with  the  increases  or  decreases  comparctl  with  the  corres- 
ponding periods  of  I90S  : — 

Electrical  machincrv  ('<)  £47,903  (increase  £12,965),  0>>  £357,830 
(decrease  £96,037)  :  telegraph  and  telephone  cables  (.ii  £11,^55  (ilc- 
crease  £564),  {!')  £84,266  (deerea.so  £3,065)  :  telegraph  and  tele- 
phone apparatus  (a)  £15,568  (.UcreaM-  £1,053),  (/.)  £120.609  (decrease 
£10,416):  otlicrelcctrieal  woes  and  eablo.  nibbcr  iMsiil.iled  ('/)  £!:t,441 
liuereaso  i3,304),  (/>)  £62,189  (iiicna.-e  1'10,523);  with  otiier  insulations 
[a)  £3„692  (decrease  £4.727\  ('0  £84,266  (decrca.se  i'5,065) ;  earboius  (-i) 
£8.467  (decrease  £3,357>,  ('i)  i  85,300  (decrease  £24,083);  glow  lamps 
(Q.)  £19,472  (decrease  £14,895),  [h)  £267,609  (increase  i 88,692)  ;  arc 
lamps  and  electric  searchlights  ft)  £236  idecrease  £369),  i6)  £9,126  (in- 
crease £6,147);  parts  of  arc  Tamps  and  scaieliligbts  (other  than  carbons) 
(a)  £6,376  (decrease  £441),  (h)  £38.715  (increase  £2,153)  :  primary  and 
secondary  batteries  [a)  £2,207  (.leeroase  £700),  (I')  £29,293  vdeci-e.-ise 
£3,511).  Tot<il  of  electrical  goods  and  apparatus,  other  than  machi- 
nery and  telegraph  ami  telephone  wire,  (n)  £82,760  (docreivse  £27,846), 
(h)  £821,525  (increase  £34,801). 
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Exports. — The  exports  of  electrical  machinery,  material,  &c.,  {a) 
during  August,  1909,  and  (6)  during  the  current  year  from  Jan.  1 
to  Mi^.  31,  and  the  increases  and  decreases  compared  with  the 
corresponding  periods  of  190S.  are  as  follows : — 

Electrical  machinery  (n)  i'W4.2e4  tincrease  £45,S63i,  ('0  £974,488 
(increase  £107,';79) ;  telegraph  and  teleplioiie  cjibles  (a)  £42,135  (in- 
crease £16,458),  (6i  £477,006  increase  £135,519) ;  telegraph  and  tele- 
phone apparatus  (a)  £11,737  (decrease  £3,779),  ('<)  £185181  (nicrease 
£76,104)  ;  other  electrical  wires  and  cables,  rubber  insulated  ui)  £26,367 
(increase  £5.485),  (/'^  £175,792  (decrease  £4,152):  with  other  insulations 
(<i)  £21,882  (decrea.'^e  £31,947),  ('<)  £197,205  idecrease  £19,064)  ;  c.irbons 
('i)£863(inrre;ise£155',((')  £6,051  (increa,-^e  £330),  glow  lamps  (a)  £7,168 
(increase  £2,580),  ('-)  £48,134  (increa.se  £11,776)  ;  arc  lamps  and  .search- 
lights (a)  £1,536  (inciease  £265),  ('.)  £13,447  (decrease  £778)  ;  p.arts 
of  arc  lamps  and  searchlights  (other  than  carbons)  («)  £1,536  (increase 
£265),  ('')  £9,862  (decre.ise  £702):  primary  and  secondarj'  batteries 
(a)  £4,123  (decrease  £5,355),  ((»)  £70.177  (increase  £20,721).  Total  of 
electrical  e;oods  and  apparatus,  other  than  machinery  and  telegrajih 
and  telephone  wire,  (a)  £159,188  (decrease  £5,172),  {b)  £1,433,624  (in- 
crease £239,932). 


COMPANIES'  MEETINGS  AND  REPORTS. 


BRITISH  THOMSON-HOUSTON  CO.  (LTD.)  —The directors'  report  forthe 
12  nioiilhs  cnili'il  Miuih  31st  states  tliat  the  buildings  and  machinery  at 
Rugby  have  been  maintained  in  Kr.st-class  condition  durmg  the  year, 
and  while  the  directors  have  not  been  able  to  make  dejireciations  (except 
as  hereinafter  mentioned)  they  have  made  a  number  of  improvements 
and  additions,  the  most  important  being  the  extensi(m  of  the  steam  plant, 
at  a  cost  of  £8,760.  They  have  also  followed  their  usual  practice  of 
making  reserves  to  cover  risks  in  connection  with  bad  debts,  deprecia- 
tion of  shares  held  by  the  company  and  for  other  contingencies.  As 
stated  in  the  last  report,  the  company  now  owns  all  the  patents  for  the 
United  Kingdom  for  Curtis  steam  turbines,  excepting  the  marine  rights. 
During  the  financial  year  the  compatiy  sold  12  turbines,  aggregating 
1.5,000  kw.,  and  the  directors  fee!  confident  that  the  business  in  steam 
turbines  will  be  large,  due  not  only  to  the  tuirivalled  excellence  of  the 
company's  apparatus,  but  also  to  the  unique  fact  that  the  company  can 
supply  cither  the  vertical  or  the  horizontal  tyi)e.  Since  the  end  of  the 
year  under  review  the  company  has  sold  18  turbines,  aggregating 
18,.569  kw.  The  volume  of  business  in  this  direction  during  the  year  has 
not  been  satisfactory,  due  to  tha  depressed  condition  of  trade,  yet  a  large 
number  of  important  contracts  have  been  seemed,  and  marked  progress 
h.TJs  been  made.  In  central  station  develujnncnts  the  most  important 
contracts  have  been  for  turbines.  The  quantity  of  electrical  equipment 
for  tramway  and  railway  work  sold  in  (ireat  Britain  during  the  year  has 
been  very  small,  but  the  company  has  received  its  fair  sliare  of  this  busi- 
ness. .Several  imiJortant  contracts  for  switchboards  have  been  closed 
during  the  year.  The  company  has  made  further  satisfactory  progress 
in  the  development  of  metallic  filament  (tungsten)  lamps,  and.  to  meet 
the  increasing  demand,  is  extending  its  manufacturing  facilities. 

Under  the  terms  of  the  trust  deed  securing  the  issue  of  the  debentures. 
the  company  had  to  pay  to  the  truestes  on  Feb.  28  last  £3.33il.  to  be 
applied  by  them  in  purchasing  debentures  in  the  market.  Delicntures 
of  the  par  value  of  £3,500  were  purchased  prior  to  March  31  making  the 
total  par  value  of  debentures  retired  to  date  £7.060.  The  directors 
regret  that  the  balance  sheet  shows  a  loss  of  £S2t.  17s.  ."Jd.  as  the  result 
of  the  year's  working  after  paying  interest  on  debentures  and  loans. 
They  deem  it  wise,  however,  to  write  off  certain  items,  and  to  that  end 
have  carried  uito  the  profit  and  loss  account  the  balance  brought  forward 
from  l:ist  year  (£2,460.  I  Is.  7d.)  and  the  reserve  of  £15.409.  Is. 

BROWN,  BOVERI  &  CO.  (LTD. )  iMANNHEIM)— The  net  )irofit  for  the  past 
year  wa.-  .-,2.-).  I  ii.-)  marl<s  (alioul  i2li.2li()),  Mgainst  519,(M3  marks  (£25,980) 
last  year,  the  divick-nd  being  6  per  cent,  as  liefore.  Trade  has  been  quiet, 
whilst  competition  has  been  very  keen,  liut  jirofits  have  not  been  affected 
owing  to  economies  effected  at  the  works  and  llie  satisfactory  jaotits  on 
some  of  the  company's  spQcial  productions.  The  steam  turbine  branch 
<jf  the  business  is  developing  sutisfaetorilv.  a  nundicr  of  repeat  orders 
Ijeing  on  hand.  During  the  past  year  or  two  pa|)er  manufacturers  have 
shown  considerable  interest  in  the  electric  diive.  and  the  ((impany  arc 
installing  the  complete  plant  for  power  gcneiation  and  distribution  at 
three  of  the  largest  <Icrman  paper  works.  They  are  Iniilding  two 
liOOOH.p.  electric  locomotives  for  the  Baden  SUxtc  Railway  for  the  Wie- 
sental  line,  and  have  other  orders  in  ccinni  tion  with  railway  electrifica- 
ti(in  schemes. 

DUMBARTON  BURGH  &  COUNTY  TRAMWAYS  CO.  'LTD.)— Major  Heaton 
Klli^-I.iir.l.t  ili,iii.-,fitii.'last  «r,klli,,(  1 1,.- 1 .  .1 ,,  1  n-vcnuc  for  I  be  |Mst  vcMr 
wa-  tlll.Ht.-..  Hi-  b..|„-.|.  .Old  hr  was  l,d  1..  lulii-v,-.  tb.at  the  d.-|,rcssi.,n 
which  ha<l  l,ci-n  so  marked  dining  the  last  y<-:ii  was  L'ladiiallv  lifting,  and 
that  trade  on  the  Clyde  and  in  the  distriH  served  by  the  compaTiy  was 
imjjroving.  Attn  payment  of  deliciitiire  inteiesi  .md  the  full  (irefercn' e 
dividend  lliey  eai  ried'forw.ird  i:!.(IO(l. 

DUNDEE,  BEOCGHTON  FERRY  &  DISTRICT  TRAMWAY  CO.  (LTD.)— Tlie 
re|,„it  for  the  year  ended  ,/iily  31  states  lliat  the  tola!  prolit  was  i-|..-jl2. 
The  direetoi's  recommend  the  linal  preference  dividend,  placing  £ti<Nt  tu 
renewals  fund,  £600  to  the  fund  for  redemption  of  debentu.re  stork. 
carrying  forward  £312. 


UNITED  ELECTRIC  CAR  CO.  (LTD.) -During  the  year  ended  June  30 
the  woiks  have  been  efficiently  maintaiueil  out  of  revenue.  After 
paying  debenture  interest  ^£2,5C0)  and  charging  £5,645.  IBs.  lid.  for 
depreciation,  the  protit  for  the  vear  is  £8,896.  7s.  4d.,  to  which  is 
added  £6,187.  Is.  8d.  from  last  year,  inaUiiig  £15,083.  9s.  Deducting 
preference  dividend  (£3  000)  the  available  balance  is  £12,083.  9s.  The 
balance  preference  dividend  absorbs  £5,000,  and  a  dividend  of  21  \yer 
cent,  (less  tax)  on  the  ordinary  shares  for  the  year  retpiire  £5,750, 
leaving  .£5,353.  9s.  to  carry  forward. 


NEW  COMPANIES,  MORTGAGES  AND  CH4RGES,  &c. 

NEW  COMPANIES. 

NATIONAL  LIGHTING  CORPK.  (LTD)  (104,780.)  -  Reg.  Aug.  30, 
capital  £1,000  in  £1  sliares,  to  carry  on  the  business  of  electricians, 
manufacturers  of  and  dealers  in  electric  light  fittings  and  electrical 
appliances  and  novelties,  &c.  Private  company.  First  directors, 
A.  Lange,  I.  Frohwein  and  S.  Mundler.  Reg.  office,  55,  Cock-lane, 
London,  E.G. 

PLUTTE,  SCHEELE  &  CO.  (LTD  )  (104,840.)— Reg.  Sept.  3,  capital 
£6,000  in  £1  shares,  to  adopt  an  agreement  with  F.  Plutte  for  the 
aci|uisitioM  of  the  business  of  Plutte,  .Slieele  &  Co.,  and  to  carry  on  the 
business  of  manufacturers  and  sellers  of  articles  and  accessories  re- 
quired in  the  electrical  and  allied  trades,  &c.  Private  company.  First 
directors,  .J.  N.Cooper  ami  P.  Kuppers.  Reg.  office,  18  and  19,  (^ueen- 
hithe,  London,  K.C. 

MORTGAGES  AND  CHARGES. 

"Z"'  ELECTRIC  LAMP  MFG.  CO.  (LTD.) -Particulars  of  £25,000 
debentures,  created  Aug.  13,  1909,  have  been  filed,  the  whole  amount 
being  now  issued.  Property  charged,  company's  undertaking  and 
projierty.  present  and  future,  including  uncalled  capital.  No  trustees. 

ELECTROLYTIC  ALKALI  CO.  (LTD.)-Issue  on  Aug.  Hi  of  £3.700  deben- 
tures, pait  of  a  scries  of  which  particulars  have  already  been  tiled. 

LEPEL  WIRELESS  SYND.  (LTD.) -Charge,  dated  Aug.  13,  1909,  to 
secure  £200,  charged  on  proceeds  to  be  received  from  the  Government 
in  respect  of  the  first  two  stations  which  the  synflicate  is  delivering  to 
the  Admiralty.     Holder,  Sir  Thomas  Myles. 

RECEIVERSHIP. 

NEW  IGNITION  SYND.  (LTD.)— A  iioliic  of  llie  appointnicnt  of  H.  P. 
Walters.  15.  (icorgc  -  strecl.  JIansion  House.  E.C.  as  reecivcr  and 
manager,  bv  Order  of  C^ourt  dated  Aus;.  2().  1SK19,  has  been  tiled. 


CUT  NOTES. 

UEUORAKDA  (Sept.  91.— Bank  rate  2}  per  cent,  (since  April  1, 
1909).  Price  of  silver,  25}  Jd.  per  oz.  Consols  83} J— 83 1,-  for  money 
and  83|—83i  for  account.  Consols  Pay  Day,  Oct.  1  ;  Stock  and  Shares 
Continuation  Days,  Sept.  27  and  Oct.  12  ;  Ticket  Days,  Sept.  28  and 
Oct.  13  ;  Pay  Days,  Sept.  10  and  29  ;  Mining  Shares  Carry  Over  Days, 
Sept,  24  and  Oct.  11. 

Prices  of  Metals  (London). — Copper,  cash,  59,',j  ;  three  months 
59\s.  Lead,  English,  12|j; — 13^;  foreign,  cash,  12f  ;  three  months, 
121.  Spelter,  cash,  225  ;  three  months  22;.  Tin,  English,  134—136; 
foreign,  cash,  ISSj  ;  three  months,  157 J.  Iron,  Cleveland,  cash,51/0J, 
and  three  months,  51/9!.  Maijntl  Sttd  (price  supplied  by  W.  F. 
Dennis  &  Co.  >,  £55. 

BRITISH  COLUMBIA  ELECTRIC  RAILWAY  CO  (LTD.  )—'l'hc  diieelois  liM  ve 

issued  a  eircidar  stating  that  there  is  a  cor.tiiuicd  increase  in  the  carnhigs  : 
that  the  conditions  ijrcvaihng  in  British  Columbia  have  been  carefully 
examined,  and  they  are  of  o])inion  that,  so  far  fnun  any  likcHhood  of  the 
volume  of  business  abating,  there  is  practically  no  doubt  that  it  uill 
continue  to  incrca.se  even  more  ra)>idly  for  the  next  four  or  live  \i:u- 
than  it  has  done  in  the  past.  In  these  circunistanccs  the  compan\  'i  i- 
undcrtaken  many  extensions  for  meeting  the  rc(|uircments  of  i im- 
portation in  its  territory,  necessitating  a  further  inerea.sc  in  the  si.]ii  l\ 
of  power,  rolling  stock,  Ac.  The  directors  have  theicfore  decide!  tn 
make  a  fiiidier  i.sue  of  f.'iOO.Odd  ,,f  capital,  and  (o  ollcr  same  to  the 
preferred  nlld  defene.l  ,,idillal  y  st,„klioldel  s. 

CANADIAN  GENERAL  ELECTRIC  CO.  (LTD.)— The  direelors  have  de- 
clared a  dividend  id  1  ?  per  eeiil.  for  the  quarter  eiidint;  301  )i  iiist.  (a'  the 
rate  of  7  ]ier  cent.)  on  the  common  stock. 

EDISON  &  SWAN  UNITED  ELECTRIC  LIGHT  CO.  (LTD.)— Mr  William 
.Murray,  of  llic  lliiii  of  WilliMinsnii.  Miiri,iy  .V  Co..  has  joineil  lli,.  l...ard- 
of  this  conip;iriy. 

JAMES  KEITH  &  BLACKMAN  CO.  (LTD.)— Tlic  dircetors  reenmniend  a 
dividend  ijf  -'i '.  per  cent,  on  the  ureferenec  shares  for  the  past  year,  curry- 
ng  £2.30!  I.nw..,r,\. 

SAO  PAULO,  TRAMWAY,  LIGHT  &  POWER  CO.— 'I'he  directors  have  de- 
elaied  .1  .pi.nlcrlv  dividend  of  :;(  |,ei  cent,  on  the  capital  stock,  payable 
Oct.   1.  '  ' 


TETE  ELBCTBICIAN,  8EPTBMBEB  Ki,  1909. 


BLBOTBIC  TBAHWAY  AND  B&ILWAT  TBAFPIG 
BECBIPTB. 


iberdeen  Oorpor»Uon 

ilrdrte  

Anglo- Argentine 

Ayr  Oorporfttion 

Baker  St.  di  Waterloo  Bj.... 

BaniBley 

Barrow  

Bath  eleotrle  Irama,  Ltd... 
Blrmiagbam  Oorporation... 

BirioiDghajn  &  Mid 

Blackburn  Corporation 

eisokpool  and  Fleetwood... 

Bolton  Oorporation 

Bombay     

Boumemoatb  Oorporation. 

Bradford  Corporation 

Brighton  Oorporation    

Bristol  Trams  &  Carriage... 

Bamley  Oorporation 

Barton  Oorporation   

Bury  Oorporation  

Jaloutta  Tramways  Oo 

rambornO'Bedrutb   

Dardifl  Oorporation  

JavehUl 

Central  London  Railway  ... 
Jtaaring  0.,Euston  &  H'stead 
]batham  &  Diet.  Lt.  Bys.... 
;ity  &  South  London  Bly... 

)ity  ol  Birmingham  

)oloheater  Oorporation 

lork  Bleotrio  Trams  Oo.  ... 

Croydon  Oorporation     

)eTonport  &  Dlst.  Trams... 

>over  Oorporation 

Jublin  Sc  Luoan  Ballvaj 

)ublin  United 

)udley- Stourbridge   

)undee  Corporation 

ittft  Ham  Counoil 

Ixeter  Oorporation 

IuIcbIk  »'l  &  Dist.  Trams... 

tlasgow  Oorporation 

tlossop  Trams 

kravesend — Northfleet 

treat  Northern  i  Oity  Bly.. 
rt.  Northern,  Piccadilly,&c 
rreenock  &  Port  Glasgow... 

[artlepool  Tramways    

[astinga  Elec.  Trams  Co.... 

long  Eong  

luclderH.*icld  Oorpn 

lull  Oorporation 

ford  District  Oounoil 

keston  District  Ooonoll ... 

pswlch  Oorporation 

lie  of  ThauetOo 

urow  

eighley  Corporation    

idderminster  .b  District... 
Umamock  Corporation  ... 
aaarkHhire  Trams  Co.    ... 

ancashlre  United 

eamington 

eeds  Corporation 

eioester  Corporation    

eith  Corporation 

incoln  Oorporation 

Iverpooi  Corporation  

iverpool  Overhead  Bly,  ... 
landudno  &  Oul  wyn  Bay  By 
OQdon  County  Oounoil  ... 

ondoo  United  

Dwestoft  

aidstone  Oorporation 

anohester  Oorporation  ... 

erseyBailway  

erthyr 

.etropotitan  Dist.  Bailwa} 
etropoUtan  Elec.  Trams... 

Iddloton 

elson  Corporation  

ewoastle-on.Tjne  Oorp. ... 

ewport  (Mon.)  

ortbampton  Oorporation . 
idbam,  Aehton  &  Hyde ... 

dhim  Corporation 

irth  (N.B.)Oorporation  .. 
irth(W.A.)Bleo.  Trams.. 

iterborough   

irtamouth  Oorporation  .. 

ttteries   

eston  Corporation 

•therham  Corporation   .. 

itheaay  

Iford  Oorporation    

'>orneas 

elBeld  Corporation 

igaporeTrama  

uth  Metropolitan    

athstafla 

uthond  Oorporation  

uthport  Tramways 

ilybMgo.Hyde.&c.Jt.Bd 
iiderlaud  Oorporation  .. 

Qderland  District  

(inaea  Trams  

indon  Corporation    

antoa    

nomouth  and  Distriot"!!! 

nesidc  Trams  Oo...., 

illasoy  Diatriot  Oounoil.., 

alaall  Oorpn 

arrlngton  Oorpn '. 

lat  Ham  Oorporation 

'Bton-auper-Mare    

iWerhampton  Oo ,[', 

'Werhampton  Oorpn....." 

'rooster 

ezha 


Ins. 

01  Dee. 

(a) 


Sept.  I 
Aug.  S7 
Sept.      8 


Aug.    27 
Sfpt.     4 


Aug.    37 
Sept.     1 


Aug.   27 
Sept.      4 


Aug.  27 

Sept.  3 

Aug.  27 

Sept.  4 


Aug.    27 
Sept.     4 


kahlre  W.B.  Trama 
kehire  Woollen  District. 


Aug.  27 

Sept.  C 

Aug.  27 

Sep  I.  6 


1,116 

2,373 

1)39,369 

6,1)98 
1,218 
6,970 
1,363 


4,69.; 
3,48IJ 
1.I.IUU 


£ 

2U,919 

7,411 

1,162,109 

e,.;i3 

2.'.,!195 
6,745 
7,901 


112,660 
24,423 
89,599 
29,el8 
6,209 
27,269 
R4lt,582 
4,416 

3,059 
44,199 
32,600 
2d,70O 
27,321 
95,192 

1,856 
1.5,483 

12','.i.)7 
•■',259 
1,661 
.'J6,628 
87,90i 


4,397 
7,13J 
11,128 
41,660 


3,90i 

3,755 

2,176 

41,791 

46,616 

5,9,7 

166,178 

30,495 

10,.527 

2,882 

367,376 

14,787 

11,331 

747, .Mi 

216,686 

4,365 
313,106 
17,148 

7,320 
8t,IS3 
203,7e8 
11,628 

3,213 
88,190 
18,430 
11,293 
19,106 
44,511 

2,615 
49,261 

4,UI2 

60,061 


I3i,;.-i9 

28.600 
13,692 
10,07.-. 
17,KH 
S7,H9 
20,28.1 


1,360 
8,730 
4,267 
22,018 
11,9.17 

ri0','77B 


9,656 
3,336 
42,771 


13,645 
4,116 
1,690 
1,I7U 


ELECTRICAL  COMPANIES'  SHARE  LIST. 


1,907 
23,199 
20,789 


I)  TUeig  oomparisouaara  with  the  oorreapoudiug  period  laat  year.     §  Plus  3  daya, 
II  Plus  2  daya.    •  Partly  eteotdoal.     i  Mioua  J  daya    f  Minus  2  days 


LAST 

Dm- 

DUD 


ti% 


St. 
E 

6 1  2J% 

10 :  4/0 
10:  6/0 
SI. '  4J% 
St.  4J% 
6  3,'6 
2,'6 


UECTRICITY  SUPPLY. 


Prtos 
Wod.. 
Sept.  8. 


Kill  X    DiTiDiio  SJ?"" 
7ULD.  ooi 


Bi-9| 
D{  -10 
10  — lOJ 
100  — lOi 
«i-4J 
93  —90 

^i-n 

7J-8 
97  -100 


6  -54 

97  — :oo 

74-78 
64-7 
64-61 
85   -9d 


4U 

el  6-4 

lOOl  4% 
100|  60/ 
3% 
too  4J% 
10    6/0 


HZ 


6 

2/8 

St. 

4% 

1 

0/6 

St. 

HZ 

St. 

*u 

10 

n/. 

10 

if. 

St. 

n 

10 

10 

B/O 

.St, 

t>Z 

.St. 

m 

St. 

1/. 

dt. 

*x 

Bonmemonth  ft  Poole  Eleo,  Bap.  Ord  ... 

Do.     4)  per  Cent.  Cum.  Pref. 

Do.     6  per  Cent.  Cum.  Sooond  Pref.... 

Do.     4i  per  Cent.  Oeb,  Stock  (red.)  ,.. 

Bromley  (Kent)  El.  Lt.  li  Power  Shares 

Do.  D,j.  let  Deb». 

BromptoniKenaington  RIeo.Sup.Ord. . . 

Do.     7  per  Cent.  Pref 

Central  Eleo.  Suo.  Co.4);  Ouar.Db.Stook 
Charing  CroeB(  W. End  4  City)Bl.Sap. Co, 

Do.     4J  per  Cent,  Pref.  

Do.     4  per  Cent.  Deb.  Stock  (red.) 

Do      4J  per  Cer.t,  Dob,  St>ck(red.)  _ 

Do.     City  Undertaking  4iX  Cm.  Pref. 

Chelsea  Electric  Supply  Ord 

Du.  4J  percent.  Deb.  Stock  (red,)  .., 
City  of  London  Electric  Lighting  Ord.. 
Do.     6  per  Cent.  Cam.  Pref 

Do.     B  per  Cent.  Deb.  Stock  (red.) , 

Do.  4J  per  Cent.  2Qd  Deb.  Stock  (red.) 
CoantyofDurhamElec,  P.D.  Ord 

Do.     6  per  Cent,  non  Cum.  Pref. 

County  of  London  Eleo,  SupplyOrd 

Do.     6  per  Cent.  Cum.  Pror 

Do.    4i%  Deb.  Stflck  (red.)    

Do.    Second  Deb.  Stock 

Folkestone  Electricity  Supply  Co.  Ord 

Do.     6  per  Cent.  Cum.  Pref. 

Do.    4J  lat  Deb.  Stock  (red) 

Uove  Electric  Lighting  Ord 

Kenaington  &  Kuiphtabridge  Ord 

Do.    6  per  Cent.  1st  Pref '. 

Do.     4  per  Cent.  Djb,  Stock  (rod.) 

Kenaingtn.  4  Kogtbg.  Co.  &  Netting  HiU 
Co.  (Joint  Station)  i/.  Deb.  Stock  (red.) 

Kent  Eleo.  Power  Co 

London  Electric  Supply  Ord 

(Do.     6  per  Cent.  Pref, [ 

Do.     4  per  Cent,  lat  Mort.  Dab 

Metropolitan  Electric  Sap,  Ord 

Do.     4i  per  Cant.  Cum.  Pref.  

Do,     4i  per  Cant.  Djb.  Stock  lat  Mort, 

Do.  84  per  Cent.  Mrt.  Dab,  Stock(r6d.) 
Midland  Bloc.  Corp,  for  P.  D,  latMort.DO. 
N6wca3tle&  Diet.  Eleo,  Ltg.  Ord. 

Do.    44  per  Cant.  Dab 

Newcaatie  Eleo.  Supply  Ord 

Do.     6  per  Cant,  non  Cum.  Praf. 

Do.  4  perCant.  Mort.  Dab,  red.  19J7. 
Norlh  Metro.  Eleo.Power  Sup.  SMorts 
Northern  Countiea  Elea.  Bip 

Do.     44  par  Caat.  Djb 

Nottinc  HiU  Electric  Ord 

Oxford  Electric  Ord 

Do.     4  per  Cent.  Dab.  Stock    

St.  /amea'  &  Pall  MM  Elea.  Ori.... 

Dj.    7  par  Cant.  Pref.    

Do.  3J  per  Cant.  D  .b.  Stoak  (red.)  ... 
Bmithflald  Mirketa  Electric  Sap.  Ord,.. 
Sooth  London  Electric  Supply  Ord 

Do.     5/.  1st  Mort,  Slk.  Bei 

South  Metrop'n  Eleo.  Lt.  &  Power  Ord. 
too.     7  per  Cent.  Cum,  Pref. 

Do.    44  1st  Db.  Stk.  R>1 

Urban  Electric  Supply  Urd 

Do.     5  per  Cant.  Cam.  Prof.    

Do.    44  per  Cent,  lat  M  )rt.  Dab 

Weatminater  Elec.  Sup.  Ord 

Dj.    44  per  Cent.  Cum.  Pref.   

ELECTRIC  RAILWAYS  ft.  TRAMWAYS. 

Balser  St.  4  Waterloo  4  J  Perp.  Db.  8t 

Bath  Eleo.  Trams  Pref.  Ord 

Do.     6  per  Cant.  Cum.  Pref. 

Do.  4J  lat  Mort.  Dab.  Stock  (red,)... 
B'ham  4  Midland  Trami  4  list  U ).  Sik. 

Bristol  Tramwaya  &  Carriage  Ord 

Do.    Cum.  Pref.  (fully  paid) 

Do.     4  Der  Cent.  Debs 

British  Eleotrio  Traction  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do.    B  per  Cent.  Perpetual  Dobs 

Do.     4J  per  Cent.  2od  Deb.  Stock 

Central  London  Ordinary  Stock 

Do.     4  per  Cent.  Pret.  Stock 

Do.     Dal'erred  Stock   

Do.     4  per  Cent.  Dabs 

Charing  X,Euaton4Hmp3td  Per.Db.Stk. 
City  of  Birminsham  rnima.  6;jCai.Pref. 

Do.     4  per  Cant,  lat  Mort.  Djba 97  — IJI 

City  4  South  London  Elv.  Coo.  Ord.  ...i     31  —3: 
Do.     6  per  Cent.  Perp.  Pref.  (18J1)    ...!   108   _uo 

Do.     (1890) !   lOl   -107 

Do.     (190!) I    100    -1J3 

Oo.    (1903) »J  — J6 

Do.     4  per  Cant,  Perpetual  Daba '    lOJ  -102 

Dublin  United  Trami.  6  per  Cent.  Pret.  i     HI  -13} 
Gt.  Northern  &  City  Kly.  Pref.  Ord.  (4  i; 1 1         i  -1 
G.  Northern,  Picc.  &  Bromiitoa  1  jj  G.Pl  I       "It  -ii 

Do.    4  percent.  Djb.  Stock "' 

Uaadngs  &  District  Elec.  Tram i.  6%  U.P. 

Do.      44  Db.  St 

Imperial  Tramwaya  Ord • 

IDo.     6  per  Cent.  IVef.  

IDo.     44  per  Cant.  Daba 

I.  of  Thauet  B.  r.&  Lt.  6  per  Couc.  Pref. 

Do.    4  per  Cant.  Uob.  Stojk 

I  Lauarkanire  Tramwaya  

Lanca.  Utd.  Irami  6  i  Prior  Lieu  Do.  St. 

Liverpool  Orerhead  Biiiway  Ord 

Do.    6  per  Cant.  Prof 

Do.    4  per  Cant.  Dab 

London  United  Trama.  5^  Cum.  Pref.  ..., 
Do.    4  per  Cant,  lat  Mort.  Deb.  Stook 

Mersey  Con.  Old.  Stock    1 

Metropolitan  Eleo.  Tramways  OtiX. 

Do.    Deferro-I 

Do.    6  per  Cant.  Cum.  Pref. 

Do.     44  per  Cent.  Dob.  Stock  

Metropolitan  Uailway  Cousolidat«d 

Do.    Surplus  Lands  Stuoka 

Do.     84  per  Cent.  Preference 

Do.    84  per  Cent,  "  A  "  Prelereno* 

Do,     84  pe'.- (Jeul.  Convertible  Pref, !     81  — 8'i 

Do      84  per  Cent,  Uoboiitiiio  Stook      ,..i     92—91 


4ll-li  4  I)  0 

M  —yj  4     10 

994 -lOU  4     8  0 

34 -4J  5    2  8 

38-44  4     9  3 

10)_1UJ  4     7  0 

lOJ  -I'J  5  10  0 

li  -12J  4  II  0 

121   —121  4     0  a 

I.o  -103  4    7  6 
i|-2J 

3  — 3J  3  11  0 

7S-8i  3     3  0 

lOi  -11  6     9  0 

104    -107  4     3  6 

10')  —103  4     7  6 


'4  lii 
6   -6 

80  -83 

68   -63 
S>J-1I 

8S1-90J 
i  -\t 
I)  —i 

ai  -SI 

67  -7j 
1  —2 

91  — iij 
3j  -3jJ 
6i  — 6f 
89  —31 
86  —88 


6  U 
4  11 

4  10 
6  11 
6  M 
4  14 


-101      3  19     0 


15-34 

5  -51 
93  -9/ 
4J-4S 
«S-5 
105  -lOS 
83J  -394 
95   -93 

f-H 
44  -li 

44  -6 
97  -99 
99  -101 

•SI  -)1 

Hi  -I2i 
0-54 

9)  -)i 
84  -9 
?  -74 

81   -Hi 

A  -!,' 

■ii  -3 

m  -1)3 
A -A 
H-ii 
loa -iu5 
4-1 
11 -i 

77  —31 
84-9 
B  -5g 


8^-91 
87  -90 
8  —34 
8-vi 
10)  -  lot 

2*l2i 
8)  -8i 
63  -87 

ei  -a 

85  — :7 
41  —43 
101  -10) 
91  —36 

4J-6i 


6  11  0 

4  13  4 

3  19  6 

6  16*  0 

4  17  0 

4  14  0 

5  li  0 


Mar,  Bep 
Feb,  Aa( 
Feb,  Aait 
Jan,  July 
April.  Oo 
May,  No 
March.... 
Mar,  B«pl 
Jane,  Dm 
Feb,  Aa«  I 
Feb,  Aag  ' 
Jan.  Jaly 

Jan,  July 
March  . . 
Jane,  Deo 
Feb,  Aag 
Jan,  Jnly 
Jane,  Deo 
Jan,  July 
April,  Oct 
April,  Oot 
Feb,  Atlg 
Mar,  Sept 
Jan,  July 
May,  Nor 
April,  Oot 
Mar,  Sept 
Feb,  Aag 
April,  Oot 
Feb,  Aag  ' 
Jao,  Jaly  [ 


April.  Oot 
Jan,  July 
Mar,  Sept 
Mar,  Sept 
Jan,  July 
April,  Oct 
Jan,  Jaly 
Jane,  Dao 
Jan,  Jaly 
Jane,  Deo 
Feb,  Aag 
Jaa,  July 
Feb,  Aag 
Feb,  Aag 
Jao,  Jnly 

Mar,  Aag 
Jaa,  J  aly 
March  .. 
March  .. 
Jan,  July 
Feb,  Ang 
Fob,  Aug 
Jan,  July 
Fob  .... 
April  ^ . . 


4  14 
4  12 

b  a 

3  IS 


I  '  Fab,  Ang 
I  April,  Oct 
I  April,  Oot 
April,  Oot 
April,  Oot 
I  Mar,  Sept 
Jaa,  July 

I  Jaa,  Jaly 
!  AprU.... 
Jan,  Jaly 
April,  Ojt 
Jan,  July 
Feb,  Aug 

i  Feb,  Aug 
Jane,  Dec 
Feb,  jLif 
April,  Oat 

,'  May,  ?*i0T 
Feb,  Aug 
Feb,  Aug 

i  Feb  .... 
Jaa,  July 
Jan,  July 
April,  0)t 

;  April,  Oat 
Keb,  Au» 
Feb,  Auu 
Feb,  Aug 
Fob,  Aug 

I  Feb,  Aog 
May,  Nor 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug  ' 
Jaa,  July  i 

I  Mar,  Sept 
April,  Oot 
Mar,  Sept 

{  Mar,  Sapt 
Jan,  July 
Mar,  Sept 
Jaa,  July 
Feb,  Aug 
Jan,  July 
Feb,  Aag 
Fab,  Aug  I 
Jan,  July 
Jao,  Jaly 
Jau,  July  I 
Fob,  Aug. 


April..  . 
6  10  Feb,  Aog 
4  11  0  ,  Jaa,  July 
16  6  feb.  Aag 
45a'  I'eb,  Aug 
a  16    9  i  J'eb,  Aug 

3  19    0     Fob,  Aug 

4  10      Keb,  Ang 
3  14     6      Jan,  July 


WiEK  TO 
>EfT.  •*. 

Bigltlliavr. 
eat.      Mt, 

3/;    - 
IN  li'f. 


100], 


loi;,   io| 


K'l    ioj 


1004 


781 


10  ii    iuil 


m    sij 


n 


ail 


'In  oaicalating  the  yield  alloifaaoe  baa  been  made  lor  aooraed  iatereat  bat  itoc  for  reJampUoo. 
•   Bi  Diridead.         t  Tlie  Loodoo  Stock  Eichinge  Committee  have  declmed  to  (juots  theie. 
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EL.ECTIMCJAJL.    COMP^^rVIES      SHAJIE    LIST Continued. 


L18T 

iDin- 

DBID 


Prloe 
Wed.. 
Sept.  8. 


^t^^    DITIDIIID 


I.AST 

Dm- 

DEHD 


1<3  —Ho 

84  —96 

4-J 
£6  -t9 


'!-ai 


6     I 

9  10 
9  18 
14  10 
6  17 


C  U 


^'     ,       EltCTRIC  RAILWAYS  A  TRAMWAYS- ConWnuerf. 
St.    Six     Met  RlT.  Sj  r*r  CcDt.  "  A  "  D«b.  Stock       il  — 9S 

St.       ..       M  ■'•rppolitao  District  Railw»T  Ord 16  —If* 

St       ..         Do.     Extension  Pref.  (5  per  t>nt.)   43-60" 

bt.    SJ%       Do.     Assectea  Ejt.  Pref.  (Int.  Gn«r.  bv 

Dnd.  Eleo.  BITS.  Co.  of  London,  Ltd.'l  f6  -6S 
St  S%  Do.  3  per  Cent.  Consoltd.  Kent-chargei  76  —78 
St.    i*    \     TV.     4   per  Cent.  Midland  Rent-charge    101  —104 

St.    3X    '      Do.     Gn»r.  Stock  4  per  Cent 

St.'  6X         Do.    6  per  Cent.  Perp.  Deb.  Stock 

St    4%         Do.     4  per  Cent,  Ditto 

6    . .     I    New  Gen.  Tract.  6  per  Cent,  Com.  Pref. 

1     ..         Potteries  Electric  Traction  Ord 

1    0/8         Do.     6  per  Cent.  Cum.  Pref 

Bt.    HX       Do.    44  per  Cent.  Deb  Stock    

1   0  7J     B.  Met.  Elec.  Trams.  4  Lte.  67  Cm.'Pref.' 

St.    tX         Do.     4  per  Cent.  Deb.  Stock "0-74       "    ° 

100    bX       Bnnderland  Diet.  Elec.Trma.6%1atMt.Db.      81—86        °" 

rnderedE.KTs.Lon.6\In.lHls.withcoup.S     37-39       ,     ■• 

..       t'    ,     Do.  sr  Prior  l^ien  Bonds I05i-108};  •  « 

_     44:;       Do.    4«HondB«itb  coup.  3 _. 

6    ..        Yorkehire  (W.B.)  Elec.  Trama.  Ord 

6'   ..     I      Do.    e  per  Cent,  Cam.  PreC    

3t.    4)     :     Do.    4JrerC«nt.  Itt  Deba „ 

aECTRIC  MANUFACTURING,  kt.  '{  , 
St.    ..  Anch.ir  C:.l  ;e  Cv  ^^v  Del.  StoclT "...     1-2  ■ 

Aron  ElectricitT  Meter  Ord 5! 

Do.    6%Cnm.  Pf.   „ 'I        § 

Babcock  t  WiJcoi  Ord.    ... 

Do.    Pref ".'.'.".'.'..... 

British  Insolated  t  Helabj  Cablea  Ord. 

Do.    6  per  Cent.  Pref. 

Do.    4i  per  Cent.  1st  Mort.  Deb.  (reii 

tBritisb  Thoms'n-Hoast'n  4J%  1st  Mt.Db. 

BritiBh  Weslinphoase  6  per  Cent.  Pref... 

Do.    6  per  Cent.  Prior  Lion  Dbs  (rd.) 

Do.     4  per  Cent.  Mort.  Deb.  Stock  

tBi usbE. Eng.Co.4l% Perp.  IstDeb.Stoek 

Do.     Perpetnal  2nd  Deb.  Stock    

Callender's  Cable  Con.Ord 

Do.     6  per  Cent.  Cum.  Pref.  .... 

Do      4i  per  Cent.  1st  Mort  Debs. (red.) 

Castner-Kellner  Alkali  Co 

Do.     ii  per  Cent.  Ist  Mort.  Deb.  (red.), 

Chadbums  (Ship)  Telegraph  Ord 

Do.    6  per  Cent.  Cum.  Pref.  

Consolidated  Electrical  Co 

Consolidated  Signal  Co 

Do.     6  Jier  Cent.  Cum.  Prct  

•Crompton  4  Co.  (Nos.  1  to  86,000)  

Do.    6  per  Cent.  1st  Mort.  Debs.  (red.). 

Davis  4  Timmins 

Dick,  Kerr  &  Co.  Ord 

Do.     6  per  Cent.  Com.  Pref. 

Do.    4j  per  Cent.  Deb.  Stock   

Edison  &  Swan  United  ("A"Sh.)(£Spd.) 

Do.     (iSpaid)    

Do.    4  per  Cent.  Sfort.  Deb.  Stock  (rd. ) 

Do.     6  per  Cent.  2nd  Deb.  Stock I      84  — 1.7 

Edmnidson's  Elec.  Corp.  Ord. '         i— I's 

Do.    6  per  Cent.  Cum.  Pref.  I         B— i 

Do.     4J  per  cent.  Ist  Mort.  Deb.  (red.)        ^^i  ~^} 

Electric  Constniction  Co 

Do.     7  per  Cent.  Cum.  Pref.  | 

Dc.  4  per  Cent.  Perp.  let  Mort.  Debs, 
f  eiraBli  ltd.  5  per  Ceiit.lst  Mt.Db.St 
General  Electric  (1900)  6%  Cum.  Prei.... 

Do.    4  per  Cent.  1st  Mort.  Deba 

ttlenley's  Telegraph  Works  Ord 

tOo      41  l<T  Cent.  Pref.    

Do.    4i  per  Cent.  1st  Mort.  Deb.  Stock 

India  Bobber,  Gut.  Per.,  4c.,Wrk8 

Do.     Spcr  Cent.  Cum.  Pref 

iK).    4  per  Cent.  Debs,  (rod.) 

National  Elec.  Construction  Co 

EichardEODB,  WeBtearth  &  Co.,  Ltd,  Ord. 

Do.    6  per  Cent.  Cum.  Pref. 

I'o.    4J  per  Cent.  Perp.  Deb.  Stock    ... 

Simplex  Conduits  Ord 

Do.     6  per  Cent.  Com.  Pref. 

Telegraph  Constiuction  &  Maintenance 
II  >.    4  per  Cent   Deb.  Bonds  (1909)    ... 

VKkers,  SoDS&  Maxim,  Ltd  ,  Ord 

Do.     6  per  Cent.  non-Cum.  Preference 

Do.    6  per  Cent.  non-Cum.  Preferred 

Do.    4  percent.  Ist  Mort.  Db.Sk.(red) 

Do.    4i  per  Cent.  2nd  Mort.  Deb. (red.)    iu»  — iio   :  i    0 

Do.    6  percent.  3rd  Mort.  Debs  Scrip.     115  —107  j  4  13 

J.G.White4Co.6XCm.Pref. '       Hj-lfJ  :  8    6 

WUlans  i  Robinson  Ord '         H-l       I  3  15 

Do.    6  per  Cent.  Cum.  Pref. ''i-H       '112 

Do     4  per  Cent.  Ist  Mort.  Debs 7b -bJ     1  4  )7 

TELEGRAPHS.  ,-    .:, 

Amazon  I'elegrapb ^A— .'h  - 

Do      6  per  Cent.  Debs.  (red.  ; 9b  —Ko     '6    4 

Anglo. Amencan (1^—62^  6    3 

Do.    Preferred   lC^i-lU4j  6  10 

Do.    Deferred    I  ZU-'U  1  IH 

Commercial  Cable  4  per  Cent.  Deb.  Btk. 
Cuba  Hubmarine  Oro. 

Do.    Preference  10  per  Cent 

Direct  Spanish  Ord 

Do.     lu  per  Cent.  Cum.  Pref.    

Do.     H  inr  Cent.  Deb 

Ihrrcl  I  nitelhlatesCable 13-13*  6    U 

Direct  V\  est  India  Cable  4i;iBe.Db.(rd.)  lOU  -10-  4    8 

Eaelern  Ordinary     !'.!»  — 131  6     T 

Do.    3i  per  Cent.  Pref.  Stock  BJj— tt*  4     1 

Do.    «ptr  Cent.  Mort.  Deb.  Btk.  (red.)  lU4i— lUbi  SIS 

Easlem  Extension   ,  li.-li'i  5  14 

iJo.    4  per  Cent.  Deb.  Stock  I  10'.i  —  lui  3  10 

Eastern  A:  S.Ar.  4%  Mauritius  Bub.Debs.;  lOli  -102  4     8 

G.N.   M.I  CopenbiKen),  Kith  Couuon77  I'd  —27  tj  13 

Dalifai  J:Bermuda4i-<lstMt.Db.(red.)  luu  — 102 


I  Jan,  JnJT 
Feb,  Ang 
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Electricity  in  Mines. 

At  u  recent  iiieeLing  of  the  Couucil  of  the  Durliam 
JMiners'  Association  a  resohition  was  Inouglit  forwavd  to 
the  effect  that  electrical  machinery  ami  cables  should  be 
taken  out  of  mines,  as  they  were  a  source  of  danger. 
Apparently  the  resolution  was  not  fully  considered,  as  it 
was  withdrawn  on  an  explanation  heing  given  that  a  Select 
(.'onnuittee  had  been  appointed  by  the  (iovernment  to 
consider  the  question,  and  nlso  that  the  owners  were  willing 
to  arrange  a  meeting  on  the  subject.  The  fact,  however^ 
that  such  a  resolution  was  placed  upon  the  agenda  is 
suflicient  indication  that  there  is  some  agitation  against 
the  use  of  electricity  in  mines.  We  think  it  will  be  gener- 
ally felt  that  any  feeling  ]of  tliis  kiiul  is  rather  late  in  the 
day.'considering  l,he  e.Ktensive  use   to  which  electricity  is 


now  applied.  For  e.xample,  the  re  are  well  over  1,000  col- 
lieries in  which  electric  coal  cutters  are  employed,  and 
electrical  energy  for  other  purposes  is  in  even  still 
greater  use.  Moreover,  there  does  not  seem  to  be  any 
very  real  foundation  for  alarm.  Accidents  are  of  two 
kinds,  being  either  general  explosions  or  accidents  to  indi- 
viduals. On  re'erring  to  the  reports  issued  by  the  Home 
Office  it  will  be  found  that  a  very  small  proportion  nf  the 
e.xplosions  has  been  attributed  to  electrical  causes,  and  in 
still  fewer  eases  has  any  satisfactory  evidence  been  brought 
forward.  Also  fatal  individual  accidents  due  to  electri- 
city form  a  very  small  proportion  of  the  whole.  In  fact 
last  year  the  number  of  such  accidents  was  only  about 
1  per  cent,  of  the  total. 


With  regard  to  individual  risks,  these  are  due  to  one 
cause,  namely,  the  possibility  of  electric  plant  of  one  kind 
or  another  becoming  electrified.  This  is  now  well  recog- 
nised, and,  considering  that  an  electrical  inspector  of 
mines  has  been  appointed,  there  .should  not  be  any  great 
difficulty  in  seeing  that  plant  is  so  effectively  earthed 
that  no  danger  can  result.  In  tlie  case  of  fiery  mines, 
there  are  two  alternatives.  One  of  these  is  the  use  of 
electrically-driven  compressors  in  the  non-fiery  part  of  the 
mine,  from  which  coal  cutters  can  be  worked  at  any  de- 
sired point.  Kecent  years,  however,  have  provided 
another  means  of  overcoming  the  difficulty,  namely,  by 
the  use  of  Hame-proof  motors,  which  seem  to  be  as  effective 
as  the  ordinary  Davy  lamp.  It  should,  therefore,  be  easy 
to  .secure  adequate  safety.  In  such  cases,  wild  statements 
are  certain  to  be  made  as  to  all  sorts  of  imaginary  risks. 
As  an  instance  of  this  kind  of  thing  we  notice  in  one  of 
our  contemporaries  a  story  of  a  defective  machine  in  which 
the  terminal  for  connecting  the  field  coils  was  found  to  be 
"  in  actual  contact  with  the  arnntture."  Stories  of  this 
kind,  no  doubt,  have  their  effect,  and  we  cannot  expect  to 
be  without  them. 


The  Candle-power  of  Metal  Lamps. 

It  would  bi^  unfortunate  if  the  term  "caudle-power"  ius 
applied  to  metal  filament  lamps  were  to  become  merely  a 
nominal  e.xpression,  but  to  judge,  from  a  considerable  pro- 
portion of  the  metal  lamps  at  present  on  the  English 
market,  this  retrograde  step  appears  to  be  rapidly  taking 
place.  Of  course,  tiie  first  step  in  this  direction  was 
brought  about  by  the  fact  that  this  country  had  to  depend 
for  some  time  on  Continental  manufacturers  for  the  supply 
of  such  lamps.      It  seems,  liowever,  that   some   English 
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manufacturers  are  uow  copyiiiL;  foreign  lamps,  even  a.s 
regards  their  rating  in  Hefner  candle-power.  We  admit 
that  owing  to  the  number  of  foreign  lamps  rated  in  Hefner 
units  at  present  in  use  or  on  the  market  those  of  English 
manufacture  appear  to  the  public  to  be,  comparatively,  of 
inferior  etticiencj,  and  the  temptation  to  adopt  the  smaller 
unit  of  candle-power  is,  therefore,  great;  but  we  understand 
that  metal  filament  lamps  of  English  manufacture  do  not 
in  some  cases  reach,  even  on  the  Hefner  basis,  their  stated 
candle-2>ower.  Thus,  100-volt  lamps  of  so-called  16c.p. 
frequently  give,  on  being  tested,  only  from  13  to  It 
English,  or  International,  candles,  although  they  should 
give  about  144,  if  rated  originally  on  the  Hefner  basi.=. 
This  latter  delinquency  cannot  be  defended  on  any  grounds, 
and  is  likely  to  do  harm  by  fostering  the  impression  that 
electric  lamps  do  not  give  sufficient  light  compared  with 
incandescent  gas  lamps.  The  whole  question  shows  the 
disadvantages  resulting  from  the  use  of  two  standards,  a 
state  of  things  which  we  hope  will  be  remedied  by  Germany 
deciding  to  fall  into  line  witli  other  countries  and  to  addpt 
the  International  candle. 


cars  indiscriminately  is  likely  to  lead  to  many  accidents. 
In  this  connection  the  Continental  system  of  numbered 
tickets  has  much  to  recommend  it,  although  it  might  not 
prove  acceptable  in  this  country. 


The  London    County  Council  Tramways. 

The  inauguration  of  a  tramway  service  across  Black- 
friars  Bridge  on  Tuesday  last,  following  the  official  opening 
of  the  new  portion  of  that  thojoughfare,  marks  an  impor- 
tant step  in  the  development  of  the  electric  tramway 
service  of  London.  Hitherto,  the  only  connecting  link 
between  the  northern  and  southern  tramway  systems  has 
been  Westminster  Bridge,  but  although  the  newly  opened 
track  over  Blackfriars  Bridge  facilitates  the  interchange  of 
traffic  between  these  two  almost  independent  tramway 
systems,  the  Kingsway  shallow  tunnel,  which  only  admits 
single  deck  cars,  still  remains  to  throttle  "  through- 
running"  on  an  extensive  scale.  A  feature  of  the 
London  County  Council  tramways  has  always  been 
the  discharge  of  passengers  at  a  number  of  incon- 
veniently situated  termini — that  is,  inconvenient  from 
the  point  of  view  of  passengers  desiring  to  reach  the  city 
or  main  business  areas — and  although  improvements  in  the 
facilities  for  the  transfer  of  traffic  could,  and,  no  doubt,  will 
be  eventually  provided,  the  conditions  prevailing  in  London 
are  likely  always  to  prevent  the  organisation  of  traffic  on  the 
lines  customary  in  other  cities  in  this  country  and  abroad. 


It  is  interesting  to  notice  in  connection  with  the  new 
route  over  Blackfriars  Bridge  that  the  tramway  track  has 
been  placed  at  one  side  of  the  road  and  very  close  to  the 
footpath,  resembling  in  this  respect  the  tramway  route  over 
Westminster  Bridge  and  along  the  Embankment.  Where 
the  tramway  track  is  so  situated,  it  causes  much  confusion 
and  danger  to  persons  crossing  the  road,  owing  to  the 
traffic  proceeding  in  so  many  discordant  streams,  but  this 
point  is  not  of  much  consequence  in  the  case  of  a  bridge 
where  there  is  little  necessity  to  cross  from  one  footpath 
to  the  other.  As  a  general  rule,  however,  the  slowly 
moving  traffic  should  be  located  at  the  sides  of  the  road- 
way and  the  more  quickly  moving  vehicles  should  be  con- 
fined to  the  r.entre  of  the  main  thoroughfares.  At  present 
the  arrangements  for  dealing  with  the  altered  tratlic  con- 
ditions on  the  new  section  of  route  are  probably  not  com- 
plete, but  the  system  of  allowing  jjassengers  to  board  the 


Joint  Meeting  of  Mechanical  Engineers. — It  is  announced 
that  the  invitation  from  the  Institution  of  Mechanical  Engi- 
neers of  Great  Britain  to  the  American  Society  of  Mechanical 
Engineers,  suggesting  a  joint  meeting  in  this  country  in 
August,  1910,  has  been  accepted  by  the  American  Society. 

Telephone  on  Monte  Rosa — ^What  is  stated  to  be  the 
highest  telephone  line  in  the  world  has  just  been  completed. 
It  runs  to  the  Margherita  Observatory  near  the  summit  of 
Monte  Eosa,  over  15,000  ft.  high,  and  will  enable  those  at  tlie 
Universitj-  to  communicate  with  Milan  and  Kome.  Both  the 
ol)servatory  and  the  telephone  line  have  been  constructed  at 
the  expense  of  (|)ueen  Jlargherita  of  Italy  in  the  interests  of 
science. 

The  Institute  of  Metals. — Among  the  Papers  to  be  pre- 
sented at  the  autumn  meeting  of  the  Institute  of  Metals, 
which  will  be  held  at  Manchester  on  October  14th  and  15th, 
are  ;  "  The  Constitution  and  Properties  of  the  Ternary  Alloys, 
Aluminium — Copper — Tin,"  by  J.  H.  Andrew,  M.Sc,  and  C.  A. 
Edwards;  "Some  Causes  of  the  Corrosion  of  Copper  and 
Brass,"  by  E.  L    Rhead;    and    "The   Elastic  Breakclown  of  [^ 

Ductile  Materials,"  by  Prof.  C.  A.  Smith,  M.Sc. 

Society  of  Engineers. — It  will  be  remembered  that  this  year, 
and  for  the  next  four  years,  the  Council  has  instituted  a  prize, 
known  as  the  "Status  Prize, '  for  the  best  essay  on  "  How  to 
Improve  the  Status  of  Engineers  and  Engineering,  with 
Special  Reference  to  Consulting  Engineers."  The  result  of 
this  year's  competition  has  been  that  Mr.  G.  Allan  Thomas  has 
been  awarded  the  prize,  and  he  will  read  las  essay  at  the  meet- 
ing of  the  society  to  l:>e  held  on  October  4th,  at  7:30  p.m.,  at 
Caxton  Hall,  Westminster. 

Institute  of  Marine  Engineers. — Electrical  engineers  will  be 
pleased  to  hear  that  at  a  meeting  of  the  Council  last  week  it 
was  decided  to  award  the  Denny  gold  medal  to  Mr.  W.  P. 
Durtnall  for  his  Paper  on  "The  Generation  and  Electrical 
Transmission  of  Power  for  Main  Marine  Propulsion  and  Speed 
Regulation."  This  Paper  was  read  at  the  Franco-British 
Exhibition,  an  abstract  appearing  in  our  issue  of  July  31,  1908, 
and  it  was  considered  by  the  Council  to  be  the  best  of  the 
Papers  submitte<l  iti  competition  for  the  medal  during  the 
session  lUOti-O. 

Electric  Drive  for  Battleships. — The  "  Electrical  World  " 
reports  that  Prof.  E.  A.  Fessenden  has  recently  submitted  a 
proposition  to  the  U.S.A.  Navy  Department  for  the  equip- 
ment, experimentally,  of  a  war  vessel  with  turbo-electric 
drive.  Prof.  Fessenden's  plan  is  to  use  steam  turbine  three- 
phaire  generators,  with  induction  motors  on  the  propeller 
shafts.  He  claims  that  higher  power  can  be  obiainod  with 
less  weight  under  this  system  than  with  any  other.  The  Navy 
Department  has  as  yet  made  no  decision  as  to  whether  it  will 
make  the  experiment. 

Kailway  Electrification  in  Brazil. — The  "Railway  and 
Engineering  Review  "  reports  that  Messrs.  Grifttths  &  Co.,  of 
London,  have  sent  in  a  proposal  to  the  Minister  of  Public 
Works  of  Brazil,  for  the  ekctritication  of  the  suburban  lines 
of  the  Central  Railroad  to  the  station  of  Doodoro.  It  is  esti- 
mated that  the  whole  work  will  cost  .€1,000,000,  and  that 
there  will  be  a  reduction  of  at  least  £200,000  per  annum  in 
running  ex[)enses  as  a  result  of  the  electrification,  winch  will 
at  first  be  undertaken  as  far  as  D.  Clara,  while  a  third  line 
will  be  laid  as  far  as  that  station.  Subways  and  bridges  are 
to  take  the  place  of  level  crossings.  The  ruimiug  time  to 
D.  Clar.iwill  be -'iO  minutes,  and  no  stop  will  exceed  22  seconds. 

Cable  Interruptions  and  Repairs. 

Uute  of  Interruption.  Date  of  Repair. 

Tangier— Cadiz May  19,  1909     ...  — 

Tourane-Amoy    .Tuiie  17,  1909     ... 

Assab-Perim     July     8,1909     ... 

Gibraltar— Tangier    Aug.  7,  1909     ...  Sep.  10,  1909 

IXakar— Conakry    Aug.  19,  1909     ...  — 

Balik  Papan— Kwandang  ...     Sept.  2,  1909     ...  Sep.  14,  1909 

Sheik  Seyd— Perim  Sep.  15,  1909  *...  — 
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Impulse  Turbines. — Messr?.  Willar  s  tk  Itobiiison,  of  Rugby, 
after  prolonged  experiments,  arc  placing  on  the  market  a 
steam  turbine  of  the  impulse  type,  intenfled  to  meet  those 
cases  iu  which  a  speed  of  as  high  as  8,000  revs,  per  min.  is 
admissil)le.  This  will  provide  for  a  capacity  up  to  1,500  kw. 
The  turbine  has  l)cen  designed  with  a  view  to  etiiciency  as  well 
as  simi)licity.  The  rotating  element  consists  of  two  wheels 
only,  but  the  economy  realised  compares  favourably  with  that 
of  any  other  turbine.  In  future,  therefore,  Messrs.  Willans 
&  Robinson  will  be  in  a  position  to  supply  either  turbines  of 
the  Parsons  or  of  the  impulse  type,  and  will  lie  glad  to  put 
forward  the  type  most  suitable  for  the  conditions  to  be  met. 

Central  Stations  and  Ice  Manufacture. — It  is  announced 
in  the  "  Electiical  World  ''  that  the  Light,  Heat  &  Power  Co., 
of  Montreal,  is  about  to  use  electric  power  in  refrigeration. 
Water  will  be  obtained  from  artesian  wells  and  frozen  by 
electric  power.  The  ice  is  to  be  turned  out  iu  any  shape 
desired,  which  will  obviate  the  necessity  of  the  icemen  cutting 
it  on  delivery.  The  plant  proposed  to  be  installed  will  cost 
between  £25,000  and  £30,000,  and  it  will  then  be  possible  to 
sell  ice  at  a  much  lower  price  than  at  present.  It  is  understood 
that  a  similar  scheme  has  been  proposed  to  the  directors  of 
the  Winnipeg  Electric  Co.,  where  the  river  from  which  the 
ice  harvest  is  obtained  is  not  of  the  purest. 

Faraday  House  Journal. — The  September  issue  of  this  journal 
will  prove  if  more  than  usual  interest  to  Faradians,  contain- 
ing, as  it  does,  an  excellent  portrait  and  memoir  of  the  late 
Principal  of  Faraday  House,  whilst  the  personal  notes  include 
particulars  of  the  career  and  activities  of  the  new  Principal, 
Dr.  Alexander  Russell,  M.A.  The  articles,  as  usual,  cover 
wide  interest",  as  is  evident  from  their  titles,  viz.,  "  Reliabi- 
lity of  Electrical  Apparatus  in  Large  Central  Station  Design," 
by  A.  J.  P.  McCarthy  ;  "  Notes  on  Boiler  Kva|)oration  Tests," 
by  W.  G.  R.  Crow  ;  and  "  Forms  of  Final  Drives  in  Motor 
Vehicles,"  by  T.  C.  Harrison, '  the  authors  in  all  cases  being 
Faradians.  The  list  of  those  who  have  obtained  certificates 
since  Jaiuiarj'  1st  doubtless  contains  the  names  of  several 
prominent  electrical  engineers  of  the  future. 

Faraday  House. — Mr.  William  Buchanan,  B.Sc,  Assoc. R.C.S., 
Wh.Sch.,  has  been  a])pointed  lecturer  on  electrotechnics  and 
the  design  of  electrical  machinery  at  Faraday  House,  London. 

Mr.  Buclianan  liad  a  dislinguislied  college  career,  Hi'st  at  llie  Roval 
College  of  .Science,  Loiulon,  and  sul«ei|nently  at  Glasgow  University, 
where  he  was  Tliomsou  Experimental  Scholar  in  Lord  Kelvin's  lal^ora- 
tory.  He  has  been  for  15  years  with  the  Electric  Construction  Co. 
(Wolverhampton),  first  as  designer  of  alternating-current  machines 
and  subsequently  as  chief  engineer.  Amongi?t  the  more  important 
machines  constructed  from  his  designs  are  many  of  the  generators, 
boosters,  transfornicrs,  &c. ,  at  the  G.  W.  Railway'.s  power  house  at 
Park  Royal  and  at  the  (ireenwich  power  house  of  the  London  County 
Council.  The  capacity  of  the  plant  designed  by  Mr.  Buchanan  for  the 
L.C.C.  alone  amounts  to  nearly  22,000  kw.  This  includes  four  three- 
phase  .slow  speed  generators,  eacli  of  5,S03ik.v,a.  He  has  also 
designed  .several  large  high-speed  lurlio -altei'n:itors. 

Development  of  the  Thury  System.  W'c  ate  informed  by 
Messrs.  Dick,  Kerr  &  Co.,  that  the  well  known  series  direct- 
current  transmission  line  from  Moutiors  to  Lyons,  which  has 
been  in  operation  since  lUOS,  lias  proved  such  a  remarkable 
success  that  very  important  devclupments  are  about  to  take 
place.  As  will  be  remembered,  the  generating  station  itself 
is  situated  near  Moiitieis  (Savoy)  and  takes  its  power  frotii  the 
River  Jsrte,  the  generating  plant  consisting  of  high-tension 
direct-current  machines  and  high-tension  alternators.  The 
capacity  of  the  high-tension  direct-current  plant  at  present 
installed  is  G,100ii.i'.,  and  energy  is  transmitted  at  a  pressure 
of  57,000  volts  to  Lyons,  a  distance  of  180  km.,  l)y  means  of 
two  conductors,  each  of  9  tnm.  diameter.  Parallel  to  the  con- 
tinuous current  line  is  a  three-phase  line  going  to  the  same 
point.  At  Lyons  the  direct-current  energy  is  transformed  by 
a  number  of  motor-generators.  The  series  system  has  not  otily 
demonstrated  its  elasticity,  but  has  proved  to  be  so  reliable 
and  easy  to  operate  that  the  compatiics  have  decided  to  carry 
out  at  once  extensions  on  a  large  scale.  A  generating  station 
is  to  be  erected  at  La  Bridoire  ;^.Savoy),  in  which  three  gene- 
rating high-tension  direct-current  units  will  be  installed,  each 
of  2,000  n.P.  at  428  revs,  per  min.  These  will  operate  with  a 
current  of  150  amperes  and  at  a  pressure  of  8,000-'J,125  volts. 
A  second  generating  station  on  the  Roziers,  at  Bogel  (Savoy), 


will  consist  of  two  generating  groups,  each  consisting  of  two 
double  machines  driven  hy  the  same  turbine  and  capable  of 
giving  an  output  of  3,500-4,000  u.p.  at  428  revs,  per  min., 
and  delivering  a  curicnt  of  150  amperes  and  a  pressure  of 
1(1,000-18,250  volts.  A  corre-ponding  amount  of  direct-cur- 
rent motor-generator  plant  will  be  placed  in  the  Vaulx-en- 
Veliti  substation.  The  total  capacity  of  tiie  direct-current 
high-tension  generating  plant,  when  the  extensions  are  com- 
plete, will  be  15,000  kw.,  and  the  three  generating  stations 
connected  in  series  will  deliver  150  amperes  at  100,000  volts. 
This  will  be  a  notable  development,  since,  for  the  first  time  in 
Europe,  an  operating  [iressure  of  100,000  volts  will  be  reached  ; 
and  it  is  claimed  that  this  pressure  is  not  the  limit,  which  can 
be  achieved  on  this  system. 

The  Equipment  of  Wireless  Stations — In  connection  with 
the  recent  destruction  of  the  Marconi  Comj)any's  station  at 
(Jlace  Bay,  Nova  Scotia,  "  Engineering  News  "  remarks  : — "  A 
survey  of  the  conditions  under  which  the  disaster  arose  shows 
that  a  marked  disregard  of  a  few  recognised  engineering  prin- 
ciples paved  the  way  for  the  embarrassment  and  temporary 
lack  of  prestige  which  this  company  now  faces.  High-tension 
electrical  apparatus  of  considerable  power  was  housed  in 
wooden  shacks  located  beyond  the  reacli  of  an}'  local  fire 
department  and  evidently  were  equipped  with  no  adequate 
private  means  of  fighting  fire  under  the  peculiar  conditions 
prevailing.  The  whole  arrangement  seems  to  have  been  tem- 
porary, though  the  service  was  advertised  as  permanent.  The 
combination  of  light  iuHanimable  structures,  lack  of  fire  pro- 
tection and  lack  of  duplicate  apparatus  might  have  been  ex- 
pected to  be  too  much  for  reliable  service.  The  critics  of  this 
trans-Atlantic  service  have  been  numerous,  particularly  on  the 
other  side  of  the  ocean.  One  might  have  supposed  that  their 
criticisms  would  have  led  the  operating  company  to  be  alert, 
and  one  may  now  believe  that  the  other  wireless  concerns  will 
see  where  their  own  ))lants  need  inspection.  The  importance 
of  wireless  telegraphy  to  maritime  service  demands  that  all 
possible  safeguards  be  sought  for  continuity  of  service  at  im- 
poitant  shore  stations." 


ARRANGEMENTS  FOR  THE  WEEK. 


Municipal  Tramways  Association. 
WEDNESDAY.  September  22iid. 

lih.jii  II. in.  Recei>tion  by  the  chairman  and  members  of  the  Lon- 
don County  Council",  at  the  County  Hall,  Spring  Gardens, 
London,  S.  W. 

lilt. III.  Conference  in  the  Council  Chamber  at  the  County  Hall. 
Presidential  Address  by  Mr.  A..  L.  C.  Fell,  and  Paper  on 
"  Medical  E.xamiuation  of  Tramway  Employes,"  by  Councillor 
A.  \V.  Chapman. 

I  p.m.  Luncheon  at  the  Trocadero  Restaurant  (at  the  invitation 
iif  tlie  chairman  of  the  London  County  Council). 

■>■  p.?)i.  Resumption  of  Conference.  Paper  on  "The  Central 
Repair  Dejjot  of  the  London  County  Council  Tramways,"  by 
l\Ii-.  W.  E.  Ireland. 

;:.iO  /).//!.     Association    Dinner   at    the    Garden    Club,    Imperial 
International  Exhibition,  Shepherd's  Bush. 
THURSDAY,  September  23rd. 

1(1:. Ill  II. III.     Meeting  of  Managers"  Section  in  the  County  Hall. 

//  ii.m.  Coufeicncc  in  the  ('ouncil  Chamber  at  the  County  Hall. 
Papers  on  "Some  Comparisons  of  Continental  and  British 
Metliods  of  Oper.-iting  'Prani»a\  s,-  by  Mr.  A.  R.  Fciu-uley, 
and  on  "Current  Consuniption.'  l.y  Mr.  K.  S.  Pilcher. 
II..  Luncheon  at  the  Holliorn  Itcstaiirant  (at  the  invitation  of 
tiie  chairman  and  members  of  the  Highways  committee  of  the 
London  County  Council). 

.'.-^ri  iKiii.  Visit  to  the  Central  Repair  Depot  and  Greenwich 
Generating  Station  of  the  London  County  Council  Tramways. 

U  p.m.     Reception  at  the  Mansion  House  by  the  Lonl  Mayor  of 
London. 
FRIDAY,  September  24tli. 

Ill:  ir,  II. in.     Rusinoss  Meeting  of  the  .\ssociation  in  the  County 

/..jj  p.m.  Si)ccial  train  leaves  Waterloo  Station  (L.  &  S.W.  Rly.) 
for  excursion  to  Windsor. 

}:.;.-.  ,,.i,i.  Reception  in  the  Guildliall  by  the  Mayor  and  Corpora- 
tion of  Windsor. 

SATURDAY,  September  26tli. 

Junior  Institition  of  Esginkkrs 
,;  p.m.    Visit  to  the  Imperial  International  Exhibition,  Shepherd's 
Bush,   for   inspection   of    engineering,  scientitic  and  other 
features  of  interest. 


// 
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THE  STARTING  TORQUE  OF  THREE  PHASE  MOTORS, 
WITH  SQUIBRELCAGE  ROTORS.* 

BY   MAX  KLOSS,  DR.IXO. 

Sunimiiry. — In  order  to  pindiioc  a  standard  t(in|iiosliii  tinvo  for  -.i 
three-phase  motor,  the  slij)  at  maximum  tor(nie  is  introduced  as  a 
eharaeteristie  eonstant  of  tlie  motor.  The  ecpiation  of  the  tor(|uesH)i 
curve  is  obtained,  and  a  sijui>le  diagram  is  piven  connecting  the  starting 
torque  with  the  sUp.  It  is  sliown  what  normal  sHp  is  to  be  provided  for 
obtaining  a  given  starting  torque.  Finally  the  running-U])  toniuc  is 
shown  to  be  more  important  th.an  the  static  starting  tonjue.  and  (loints 
in  design,  so  that  a  motor  shall  run  up  satisfactorily,  are  ci>nsidt  led. 


1.  Introduction. — It  is  well  known  that  the  starting  torcjiic  of  a 
three-phase  motor  depends  on  the  resistance  in  the  rotor  circuit. 
With  a  slip-ring  rotor  it  is  an  easy  matter  to  obtain  any  desired 
starting  torque  up  to  the  maximum  torque  of  the  motor  simply  by 
inserting  a  suitable  resistance  between  the  slip-rings,  which  is  cut 
out  gradually  while  the  motor  is  running  up  to  speed.  With  a 
squirrel-cage  rotor  the  resistance  in  the  secondary  circuit  is  fixed 
once  for  all,  and  therefore  the  starting  torque  is  definitely  fi.xed 
when  the  amount  of  resistance  in  the  rotor  circuit  is  decided  upon. 
It  is,  of  course,  clear  that  by  choosing  a  Iwgh  resistance  a  very  goc)d 
starting  torque  VAn  be  obtained.  However,  this  high  resistance, 
being  permanently  in  circuit,  would  involve  high  copper  lo.sses  under 
normal  running  conditions,  and  therefore  greatly  reduce  the  effi- 
ciency of  the  motor.  It  is  therefore  necessary  to  make  a  compro- 
mise between  an  efficient  starting  torque  and  economical  running  of 
the  motor.  If  a  great  starting  torque  is  absolutely  essential  one  has 
got  to  face  the  fact  that  it  is  to  be  paid  for  by  sacrificing  some  of 
the  efficiency.  Besides  this,  the  slip  of  the  motor  will  be  increased 
on  account  of  the  high  resistance,  which  means  tliat  the  variation 
in  speed  between  no-load  and  full-load  becomes  greater.  The  object 
of  the  following  article  is  to  show  the  relations  between  the  starting 
torque  and  the  slip. 


2.  The  ••  Tortjiie  Slip"  Curre.— The  shape  of  the  curve  connect- 
ing the  torque  of  a  tlirce-i)hase  motor  with  its  slip  is  well  known. 
At  synchronous  speed  (that  is,  witli  the  slip  <r  =  0)  the  torque  is  zero. 
It  increases  almost  projKirtionally  with  the  slip,  afterwards  more 
slowly,  reaching  a  maximum  t<>r<|ue  at  a  certain  slip,  <r,„,  and  de- 
creases again  with  increasing  slip,  until  the  motor  comes  to  rest 
(<T=1).  The  mathematical  relation  between  the  two  quantities  can 
be  derived  from  the  well-known  Heyland  diagram,  which  is  sliown 
in  Fig.  1  in  its  simplest  form,  without  corrections  for  [irimaiy  losses. 
We  shall  see  later  on  that  this  simplification  will  not  allcct  very 
greatly  the  results  of  our  investigation.  Further,  it  .should  be  under- 
stood that  under  the  term  •'torque"  we  mean  the  total  mechanical 
torque  yielded  by  the  rotor,  that  is,  besides  the  useful  load  torque. 
it  includes  the  necessary  torque  to  overcome  the  friction  and  w  indaire. 

In  the  following  investigation  all  <|uar.tities  refer  to  the  rotor  only. 
For  the  .sake  of  .simplification  of  the  formul;e  wc  have  therefore 
omitted  the  usual  Index  2.  denoting  the  quantities  referring  to  tin 
secondary  circuit. 

List  of  Sysiijols  used. 
I = current  in  rotor. 

*=flux  passing  through  the  rotor  winding, 

T=  torque  exerted  by  the  rotor,  including  friction  and  windage. 
(■= frequency  of  the  rotor. 
<T=slip=(n.y„  -n)/n,,„  where  K= number  of  revolutions  periuinutc. 

A,  B  and  C  are  constants. 

The  maximum  torque  is  denoted  by  the  index  '• »«."'  which  is  al.-^o 
affixed  to  all  other  quantities  referring  t<j  the  condition  of  nia.ximnm 
torque  T„.  for  instance,  ff„  means  the  slip  at  maximum  torque  T„. 
The  ind' X  "syn"  denotes  the  values  corresponding  to  the  condition 


*  Reproduced,  by  permission,  from  the  "  Electron." 


of  synchronous  speed  (<rsy„=o).  The  index  "o"  denotes  the  con- 
dition of  start  (irj|=l.  rotor  at  rest). 

In  tlu-  Heyland  diagram.  Fig.  1,  let  P  be  a  load  point.  Then  the 
distince  I'N  represents  the  flux  *  passing  through  the  rotor  wind- 
ing under  those  conditions.  The  distance  MP  is  proportional  to  the 
idtor  current  I.  In  order  to  combine  this  distance  in  a  formnlie, 
together  with  the  flux  PN,  we  must  introduce  a  constant  .\  for  the 
scale  of  I.  and  therefor-  call  the  length  MP=AI.  The  vertical  to 
the  basis  MN,  erected  through  P,  represents  the  total  torque  T. 
For  .synchronism  the  point  P  coincides  with  M,  and  MN  is  there- 
fore the  rotor  flux  *8yn.  Point  P„,  denotes  the  Condition  of  maximum 
torque  T,„,  with  the  corresponding  flux  P„N=*„  and  MP„,=  AI„. 
Tlie  conditions  of  start  are  represented  by  the  point  P„.  the  starting 
torque  being  Tq.  whilst  the  flux  is  <!>„  and  the  secondary  short  cir- 
cuit current  is  given  by  the  line  MP(|  =  AI„. 

Tlie  current  I  is  equal  to  the  rotor  E.M.F.  divided  by  the  resist- 
ance, and,  tlierefore,  for  a  given  winding,  with  constant  resistance, 
proportional  to  the  product  of  flux  *  and  frequency  c.  Or,  as  the 
rotor  frequency  c  is  proportional  to  the  slip  <r,  we  can  write 

I  =  Bo-<J. (1) 

Further,  the  torque  T  is  proportional  to  t!ie  prochiet  of  current 
and  fiux 

T=CI* (2) 

From  the  Heyland  diagram.  Fig.  I,  we  find  the  geometrica 
relation 

(MP)2-)-(PN)^=(.MN)2 
,„■  A-^P-l-*^=*\,„ (3) 

From  formula  (1)  and  (2)  we  find 

T=!;CV*J .     (4) 

and  from  (1)  and  (3) 

*^=*-„„/(l  +  An5Vj (5) 

By  substituting  this  relation  in  formula  (4)  we  find 

T:=    J^-^  .,-l>2    , (6) 

H-A-BV 
For  the  condition  of  maximum  torque  formula  (.5)  will  read 

*-,„  =  *V/(l+A2BV„) (5.^^) 

and  rlirect  from  the  diagram  *'"„=  J  *^.yn 

.  • .     1+  A2B%„  -^ = 2,  or  A2B2  ^  1  /a  J. 
With  this  value  formula  (6)  becomes 

T ?-^—  fVn (6a) 

^^1  +  W.rJ- 
and  for  the  case  of  maximum  torque  (with  (r  =  (r,„)  wc  have 

T„=?^<I.^y, (7) 

By  dividing  formula  (6a)  by  (7)  we  find 

T/T„:=     2(.;.J  _       ^       8) 

This  equation  gives  us  the  relation  between  the  torque  T  and  the 
slip  (X ;  of  course,  not  in  their  actual  units,  but  in  fractions  of  the 
maximum  torque  T„  and  of  the  corresponding  slip  ff,.  These 
two  quantities,  however,  are  constants  of  the  motor  depend- 
ing on  the  dimensions,  windings  and  voltage.  The  great  advantage 
of  writing  the  formula  in  the  form  given  by  (8)  is  that  it  holds  good 
for  any  motor  and  the  curve  which  can  be  plotted  from  it  with 
■''^"/"n  as  abscissa"  and  //— T/T„,  as  ordinates  can  be  used  as  a 
standard  curve  for  all  motors  indejiendcnt  of  the  actual  values  of 
torque  and  slip.  This  curve  is  shown  in  Fig.  2.  This  figure  also 
shows  some  features  of  the  curve  which  enable  us  to  draw  it  very 

2 
quickly.     The  equation  of  the  curve  is  i/=  .     For  x=  1  we 

findi/=H  =  l.  This  gives  the  vertex  "V"  of  the  curve.  For  all 
other  values  of  " x,"  " y"  is  smaller  than  1.  For  small  values  of  x 
the  reciprocal  \lx  is  so  great  that  x  can  be  neglected  against  its 
reciprocal  value,  and  therefore  the  equation  for  //  will  hv  approxi- 
mated liy  the  formula 

-/■^    ^     =-=2x. 

This  is  the  equation  of  a  straight  line  from  the  origin  to  the  point 
,'/  2  at  x=\.  The  straight  line  is  the  tangent  to  the  torque  slip 
curve  at  the  origin.  Further,  for  large  values  of  x  the  reciprocal 
1/xcan  be  neglected  against  x,  and  therefore  in  these  cases  the  equa- 
tion of  the  curve  can  be  ap])roximated  by 

y"--^2lx. 
This  is  the  equatiim  of  a  hyperbfila  going  through  the  same  point 
y  =  2,  a-=I  as  the  straight  line  mentioned  before.  This  common 
point  lies  above  the  vertex  of  the  torque  curve  at  double  its  height. 
Fig.  2  shows  clearly  that  for  \  alues  of  x  greater  than  5  the  torque- 
slip  curve  follows  the  hyjicrbola  very  closely. 
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Another  help  for  plotting  tlio  torqiie  curve  can  be  found  by  de- 
termining the  point  of  inllcction  whirli  is  denoted  by  K,  and  wliicli 
can  be  found  bydilTerentiatinn  the  fundamental  equation  twice,  and 
by  letting  the  second  dillerentiid  cdcniciont  become  zero.  If  this  is 
done  one  finds  the  corresponding  co-ordinates  for  the  point  of  inflec- 
tion, v=  ^/3  and  y^\  \'i;  that  is,  .t=-1-73  and  .i/=0-86C.  The 
tangent  at  this  point  of  inflection  cuts  the  axis  of  absoissie  at  the 
point  F  for  which  .r  =  .')2.  Any  other  points  of  the  curve  can  be 
quickly  found  always  in  pairs,  liecause  if  we  know  the  ordinate?  y 
for  the  point  r.  we  know  that  the  ordinate  for  the  abscissa  l/.i'  will 
be  the  same.  For  instance,  for  .r  =  2  the  ordinate  isy=-'2/(2-t-A)=C-8(). 
The  same  ordinate  will  be  obtained  for  x  =  J.  These  two  points  are 
marked  with  B  and  0  in  Fig.  2.  Another  relation  which  follows 
from  the  cf)raparison  between  the  equation  of  the  torque  curve  and 
the  equation  of  the  hyperbola  is  that  for  a  given  ordinate — say, for 
in.stance,  for  ,i/  =  0-8  in  Fig.  2.  the  abscissa  A  B  for  the  left  branch 
of  the  torque  curve  is  always  equal  to  the  dilTerence  CD  between 
the  right  branch  of  the  curve  and  the  hyperbola,  the  corresponding 
abscissa  A  D  of  the  hyperbola  always  representing  the  sum  of  the 
absciss  o  x-'r  1/x.  where  x  refers  to  the  torque  curve. 

Gorulilion  of  Stable  Runniiig.  —  In  order  to  ensure  stability  of 
running  with  a  given  load  torque  it  is  necessary  that  with  decreas- 
ing speed  the.  torque  yielded  by  the  rotor  must  increase,  because,  if 
this  condition  is  fulfilled,  any  tendency  of  dropping  in  the  speed 
will  at  once  be  met  with  b\'  an  acceleration  due  to  the  increased  torque 
exerted  by  the  rotor.  It  is  clear  that  this  condition  is  fulfilled  by 
that  portion  of  the  curve  between  the  origin  (point  of  synchro- 
nism) and  the  vertex '-V  (point  of  maximum   torque).     This  is 


Fic.  2. 

the  slahh  linimli  of  the  curve  on  which  the  uiolor  will  run  under 
normal  working  conditions  at  a  detinit^ely  given  speed  for  a  definitely 
given  torque.  The  other  part  of  the  curve,  beyond  the  vertex 
"V"  is  the  iin/itahh  hmnrli.  With  a  constant  load  torque  the 
rotor  cannot  run  on  thi.-i  part  of  the  curve.  It  will  either  accelerate 
until  stable  condition  is  reached  between  "()"  and  '-V"  or  it  will 
slow  down  until  it  comes  to  rest.  (In  exceptional  cases — for  in- 
stance, when  a  motor  drives  a  fan  — it  might  l)e  possible  that  it  can 
be  got  to  run  on  the  branch  beyond  the  vertex  "V";  however, 
the  motor  will  then  always  be  a|)t  to  gieat  liuctuations  in  speed, 
and  will  be  very  sensitive  for  small  variations  of  the  supply  pressure. ) 
3.  The  Starting  Torque  and  Us  Hrhttion  to  a,„. — As  already  nu-n- 
tioned,  the  standard  c\uve  shown  in  Fig.  2  gives  the  torque  as  a 
fraction  of  the  maximum  torque  T,„  and  the  slip  a.s  a  fraction  in- 
multiple  of  the  corresponding  slip  o-,,,.  In  order  to  apply  the  curve 
to  a  particular  case  it  is  therefore  only  necessary  to  know  these 
two  constants  of  the  motor  T„  and  <r,„.  The  xtdrting  loniue  To  is 
determined  by  the  condition  of  100  per  cent,  slip — thai  is.  for<r=  1.  If 
we  substitute  this  value  in  formula  (8)  we  find  for  the  starting  lon/iie 

To/T.=  -i-^   - 


2 


(•'. 


This  equation  is  of  the  form  'J=r- 

-+x, 


which  is  identical  with  the  equation  of  the  standard  torque-slip 
curve.  This  curve,  as  given  in  Fig.  2.  can  therefore  also  be  used  to  show 
the  relation  between  the  starting  torque  and  the  characteristic 
machine  constant  <r„,.  However,  the  physical  meaning  of  the  curve 
is  now  dillV  lent  to  what  it  was  before.  The  original  curve  gives  the 
torque  yielded  by  the  motor  for  rarioufispeeth  (or  slips)  with  a  cotmlant 
resistanrc  in  the  rotor  circuit.  If.  however,  the  curve  is  used  to 
illustrate  the  formula  (9),  it  gives  the  Marling  torque  (that  is,  with  the 
rotor  being  at  rest)  obtained  with  i^arionn  values  of  the  machine 
constant  a^,  that  is  to  say,  with  I'arious  values  of  the  rotor  resistance. 
Example. — If  a  motor  is  .so  designed  that  the  slip  at  maximum 
torque  is  20  ])er  cent.,  that  is.  (r„,  =  0'20,  then  the  .starting  torque 
can  be  read  off  the  curve  in  Fig.  2  for  the  abscissa  ar=0'20.  As  the 
curve  is  rather  steep  at  this  range,  we  can  take  advantage  of  the 
fact  proved  before",  that  the  ordin.atesare  always  equal  for  reciprocal 
values  of  abscissa-.  We  can,  therefore,  read  off  the  starting  torque 
corresponding  to  the  alwcissa  1/0-20=  5'0.  We  find  the  .starting 
torque  To=0-38.')T.,. 

4.  Determination  of  a„. — Seeing  that  the  slip  <j„  at  maximum 
torque  is  such  a  u.seful  constant  of  the  motor,  the  question  arises 
how  to  determine  this  value.  There  are  various  ways  of  doing  this. 
If  the  motor  has  been  calculated,  and  the  .slip  o-,  at  normal  torque 
T„  is  already  known,  then  we  only  need  plot  the  Heyland  circle  and 
determine  the  maximum  torque  T,„.  If  we  then  calculate  the  ratio 
of  normal  torque  to  maximum  torque  T„/T„,  w-e  can  read  oflE  our 
standard  torque-slip  curve.  Fig.  2,  the  corresjionding  abscissa  <rj<r,; 
or,  here  again,  we  may  with  advantage  use  the  flatter  branch  of  tfie 
curve  beyond  the  verte.K  and  find  the  reciprocal  ff,„/<r„,  from  -which 
the  desired  value  for  (t„,  can  be  found  by  multiplying  w-itb  the  given 
value  tor  o-„. 

Example. — For  a  motor  with  30  per  cent,  slip  at  normal  load  and 
rated  so  as  to  give  the  usual  100  per  cent,  overload  capacity,  with, 
say,  15  per  cent,  mar- 
gin, the  normal  torque 
will  be  about  T,  = 
0-42,5T„.  For  this  or- 
dinate we  find  from  the 
flat  branch  of  our  curve 
a-=4-.50=<r„,/ff„.  There- 
fore the  required  value 
tor  <r,„  will  be  i^„,=  -i-50 
X  3-0  per  cent.  =  13-.5 
per  cent.  This  figure 
being  known,  we  can 
calculate  or  read  off  the 
curve  the  starting  torque 
as  shown  in  the  previous 
paragraph . 

.Another  way  of  deter- 
mining ff„  is  to  calcu- 
late it  directly.  From 
the     Heyland     diagran\ 

we  know  the  svnehronous  rotor  llnx  *sj.„  and  the  ideal  secon- 
dary short -circuit  current  I(.  From  these  two  figures  we  find 
the"  corresponding  values  referring  to  maximum  torque,  namely. 
4>,„=*,yii/ \  2,  and  I„,^Ij/v'--  From  this  figure  and  from 
the  resistance  R  of  the  rotor  circuit  we  can  calculate  the  rotor 
E.M.F.  necessary  to  drive  the  current  through  tlie  winding,  and  this 
E,M.F.  must  be  =Ko-,„  *„.  where  K  is  a  coefficient  depending  on 
the  ttinding  i)artieulars,     a-,,,  can  therefore  Ix-  found. 

,\  thiril  nulhod  of  determining  «,„  is  based  on  the  f.iet  that  the 
power  sujiplicd  to  the  rotor  is  split  in  two  parts,  one  Iving  trans- 
formed into  mechanical  power,  which  is  equal  lo  the  prixluet  of 
torque  and  angular  velocity,  and  the  reuiaiiider  being  dissipated  in 
the  winding  of  the  rotor  in  the  shape  of  heal.  The  slip  is  always 
equal  tii  the  ratio  of  copper  loss  in  rotor  to  rotor  input  and  the  rotor 
input  is  equal  to  the  torque  multiplied  with  the  synehronous  angular 
velocity.  The  machine  constant  cr,„  can  therefore  be  found  from 
the  l-elali(.M 

Rdtor  coppin-  lo.ss  with  current  I,^ 
'('\T,„  X  synchronous  angular  velocity 
where  ('  is  a  constant  to  give  tlii"  nuvhaiiieal  input  in  v.atts.  Now, 
as  l,„  and  T,„  are  constants  of  the  motor,  the  slip  a„  at  maximum 
torque  is  proportionalto  the  rotor  resistance.  If  therefore  n^„  has 
been  calculated,  or  fouml  otherwise  for  a  given  rotor  resistance, 
one  can  say  straightaway  what  the  resistance  in  the  rotor  should  be 
in  order  tl)  give  another  value  of  <r„  corresponding  to  another 
starting  torque. 

5.—aa>metrical  Determination  of  the  Starling  Torque. — Fig.  3 
shows  a  very  simple  construction  for  the  starting  torque  with  a 
CTivon  value  of  «^,„  or  vice  versa.     At  the  end  N  of    the  base  line  of 
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the  Heylaiul  circle  we  ercpt  a  vertical  which  is  cut  by  the  direction 
of  MP,,  in  the  point  Q  at  a  hei^lit  NQ  equal  to  2  T„  =  11N.  Fur- 
ther, we  produce  the  line  Ml',,  heyond  the  starting  point  I'o  until 
it  cuts  that  vertical  in  R.  We  willcall  the  ratio  NR/NO  =  ;.  Then 
we  have  two  similar  triangles.  A  MI'„N  ~  AJINR.  and  therefore 


\nd  1  +z-  = 


=  XR/\Q  ^  NR/MN=-  P„N/M  1  „. 

=  (P„N)-7(.MP„>^' 


(II') 


(11) 


Further 


T„'MP„=PoN/MN     or     T„ 


=  MP„xP„\/M\ 
..P„\ 


T„'T,„ 


\\  c  t'lnd 
(1'2) 


2xArP„xP„N       *       "   MJ>^, 
(.MN)-^  (MN)>^     • 

If  we  here  substitute  the  values  from  formula-  (1(1)  and(ll) 
o-  :  •> 

This  is  precisely  the  same  formula  as  No.  (f>).  namely. 

'1"„/T„,  " 

i /<',..  + "„■ 

The  ratio  z  is  therefore  identical  with  the  motor ctmstant  a,,,,  and 
if  we  take  the  distance  KQ  as  unity  we  can  read  olV  ff,„  directly,  as 
given  by  the  scale  written  on  the  vertical  NQ. 

Tile  diagram.  Fig.  3,  shows  also  a  vertical  line  erected  at  the 
l)oint  M.  This  line  is  to  be  used  for  values  of  ff„,  >1.  Then  the 
recipratal  of  <r„  is  to  be  read  off  the  left  scale.  Such  high  values. 
of  course,  will  never  occur  in  squirrel  cage  motors,  but  the  construc- 
tion will  be  of  value  to  determine  the  resistance  to  be  connect<"d  to 
a  slip-ring  rotor  for  obtaining  a  given   starting  torque. 

This  diagram  serves  a  two-fold  purpose.  One  can  use  it  for  find- 
ing the  starting  torque  when  cr,,,  is  known,  if  one  docs  not  i)refcr  to 
calculate  it  from  formula  (9),  wliich  is  quite  a  simple  matter.  How- 
ever, for  the  solution  of  the  other  problem,  to  determine  the  neces- 
.sary  valvie  of  (7,,,  for  a  specified  starting  torque,  the  diagram  is  far 
handier  than  the  formula,  as  the  .solution  of  (9)  to  give  cm  as  a 
function  of  T(,/T,„  will  lead  to  a  formula  containing  the  square  root 
of  a  difference  which  is  not  so  handy  for  calculation  with  a  slide  rule. 

C.  The  lielatlon  bfluven  Slarting  Tnnjue  and  formal  Torque. — 
We  saw  in  paragraph  3  that  with  a  given  rotor  resistance — that  is. 
with  a  given  value  of  <r„„  the  starting  torque  To  is  fixed  as  a  frac- 
tion of  the  maximum  torque  T„,.  The  n/irmal  torque  T„,  however, 
is  not  a  fixed  quantity  of  the  motor  depending  on  its  constants,  but 
depends  on  the  rutin//  of  the  motor.  Two  absolutely  identical 
motors  may  have  quite  dilferent  normal  torques  due  to  different 
conditions  of  load  for  which  they  are  to  be  used.  The  rating  of  a 
motor  entirely  depends  on  the  overload  capacity  which  is  specified. 
If  the  motor  load  is  such  that  no  great  o\erloads  can  occur  we  can 
run  the  motor  at  a  higher  point  of  the  Heylaud  circle  than  would 
be  p3rmissible  in  case  a  high  overload  capacity  is  required.  From  thi.s 
it  is  clear  that  the  ratio  of  .starting  torque  to  normal  torque  is  not 
a  mathematically  defined  quantity  for  a  given  motor,  but  varies  in 
accordance  with  the  rating  of  the  motor.  This  rating  is  given  by 
the  ratio  T,/T«.     We  then  have,  if  rr,,  is  the  slip  ;il  nnrm.-il  torqiK' 


T/T„=- 


ind 


'I' ./T„  - 


The  required  ratio  of  starting  torque  to  nonr.al  lori|ue  is   theit 
fore  ffn      ff„. 


To/T.=f-- 


(13) 


For  a  given  rating  T,/T»,  the  quotient  «•,/»■»  is  given  as  well,  and 
therefore'  the  numerator  of  this  formula  is  a  constant,  so  that  we 
may  write  ,„  /m  M 

-5 (I3a) 

-       +  <^m 


To/T. 


This  can  be  repres3nted  by  a  curve  similar  to  the  standard 
torque-slip  curve.  Fig.  2,  but  with  other  scales  for  the  co-ordinates. 
For  each  particular  value  of  T„/T„  we  have  one  curve  representing 
formula  (13)  or  (13a)  with  a  particular  value  of  .\1.  For  another 
rating  T,/T„  the  value  of  .M  will  be  different,  and  therefore  another 
curve  will  hold.  A  set  of  such  curves  for  various  ratings  of  the 
motor  is  given  in  Fig.  i-  Tiie  abscissa;  represent  the  ratio  of 
starting  torque  to  normal  torque  To/T„,  whilst  the  ordinates  show 
the  slip  ff,  to  be  provided  at  normal  load  in  order  to  obtain  the  re- 
quired starting  torque.  The  rating  T,/T„  is  written  on  each  curve. 
There  is  another  set  of  figures  "K"   written  on    as  well.     These 


rei>re.scnt  the  "overload  capacity"'  of  the  motor.  In  these  ligures 
a  margin  has  been  alloweil  to  ensure  that  the  motor  will  not  fall 
out  of  step  when  yielding  the  specified  overload  tori(ue.  We  have, 
for  this  reason,  assumed  that  the  maximum  overload  torque  is  still 
1.")  jicr  cent,  below  the  puUing-up  torque  T,„. 

With  the  usual  overload  capacity  of  1(10  per  cent.,  we  have  there- 
fore assumeda  rating  T„/T„,  =  1 -()-lo/2=--0-42.'').  The  corresponding 
curve  is  .shown  as  a  thick  line  in  Fig.  4.  From  this  curve  we  find 
that  in  order  to  obtain  a  starting  torque  T„.  iqual  to  the  normal 
tonpie  T„.  we  must  provide  about  .5  per  cent,  slip  at  normal  load. 
Or  if  IJ  times  normal  torque  is  required  we  nnist  so  design  the 
rotor  that  it  gives  8  ))er  cent,  .slip  at  normal  load.  These  figures 
show  at  once  how  much  the  efficiency  of  the  motor  will  be  affected 
by  increasing  the  staiting  torque.  Of  course,  it  is  clear  that  in 
rotors  with  great  sli])  special  precautions  must  be  taken  to  get  rid 
of  the  heat  in  an  efficient  way.  The  set  of  curves  .show  that  the 
same  ratio  of  starting  torque  to  normal  torqucTj/T,,  can  be  obtained 
« ilh  Iciin  slip  if  we  choose  a  motor  with  a  h.igher  overload  capacity, 
which,  of  course,  costs  money,  since  it  means  a  biggci'  motor  for  a 
given  output.  This  has  also  another  disadvantage,  which  will  be 
shown  in  the  following  paragrajili. 

7.  The  J{ii.<iii  i>j  Current  at  Sirirl.-  TUr  (urrciil  wliieli  the  mol(ir 
takes  at  start  is  the  short-circuit  current,  which  is  a  delinitcly 
defined  value,  depending  on  the  dimensions,  windings  and  voltage. 
As  the  start  point  P,,  (Fig.  1)  lies  above  the  basis  of  the  Heyland 
circle,  the  short-circuit  current  will  be  the  smaller  the  higher  I'o  lies, 
that  is,  the  higher  the  required  starting  torque  is.  This  sounds 
rather  paradoxical,  but  is  cx])lained  by  the  fact  that  the  effective 
r<itor  flux  increases  with  increase  of  rotor  resistance,  and  therefore 
a  higher  starting  torque  is  obtained  in  spite  of  the  decrease  of  current. 
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Fig.  4. 

In  j)ractice,  it  is  not  so  much  the  actual  amount  of  current  rush 
that  is  of  importance,  but  merely  its  ratio  to  the  normal  current. 
This  ratio  depends  again  on  the  rating  of  the  motor.  With  a  given 
circle  diagram  the  relative  ru.sh  of  current  will  be  the  smaller  the 
higher  the  working  point  P  (Fig.  1)  lies  on  the  circle,  and  "^hc  rush 
« ill  111  greater  if  P  lies  low.  That  is  to  say.  a  motor  rated  to  give 
a  high  overload  capacity  will  have  a  big  rush  of  current  at  start. 
This  is  the  disadvantage  mentioned  before.  The  advantage  of  such 
a  motor — namely,  to  give  a  high  starting  torque  without  too  great 
a  slip  at  normal  load — is  therefore  to  be  paid  for  with  a  big  rush  of 
current. 

The  quantitative  value  of  the  rush  also  depends  on  the  magnetis- 
ing current.  It  will  be  greater  for  motors  with  small  magnetising 
currents  (that  is,  with  high-power  factor)  than  for  those  with  low- 
power  factors.  The  following  table  gives  an  index  of  the  approxi- 
mate rush  of  current  when  the  motor  is  switched  straight  on  to  tlu' 
mains  relating  to  different  ratings  : — 


Ratinfr ;  Overload  capacity 

70% 

100% 

160%         200% 

3-5  to  3-8 

40  to  4-4 

4-8  to  5-6  5-5  to  6-7 

, 

The  overload  capacity  is  again  assumed  with  a  15  per  cent, 
margin.  The  lower  values  of  the  rush  refer  to  low-power  factor 
motors,  the  higher  values  to  high-|)ower  factors.  If  such  a  rush  of 
<:urrent  is  not  jiermissible  for  the  supply  it  can  be  reduced  either  by 
the  well-known  star-delta  start  or  by  the  use  of  an  auto-transformer. 
However,  it  must  be  understood  that  with  such  reduction  of  the 
starting   current  the  tiir<iue  is  decreased  in  (he  same  ratio. 
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The  utar-delta  glart  reduces  the  rush  of  current  taken  from 
the  mains  and  the  (orque  approximately  to  1/3^33  per  cent. 
(if  that  vahic  which  would  be  olitained  hy  starting  up  straight 
from  tlic  mains.  Tlie  curves  given  in  Fig.  4  may  be  used  for 
star-delta  start  if  the  scale  of  the  abscissiE  is  reduced  to  one-third 
of  the  figures  written  on  the  axis. 

The  (iiilo-lransjormrr  has  but  one  advantage  over  tlu;  Mim])lc  star- 
delta  switch,  in  that  il  allows  the  torijue  itnd  consequently  the  rush 
of  current  to  be  adjusted  within  a  certain  range,  but  it  is  not  right 
to  believe  (as  is  often  done)  that  it  will  enable  one  to  obtain  a  high 
•starting  torque  with  a  reduced  current. 

8.  Thi'CrmrliiHj  of  Sr/iiirrel-Cagc  R(ilr>r.i. — The  speed-tor()Uc  curve 
shown  in  Fig.  1  gives  the  ideal  conditions  with  the  assum))tion  of 
sinoidal  distribution  .and  variation  of  flu.v  and  current  without 
higher  harmonics,  also,  as  already  mentioned,  with  no  losses  in  the 
stator.  In  practice,  these  conditions  will  not  be  fullilled.  The 
drop  in  voltage  in  the  .stator  winding  will  reduce  thi'  maxi?num 
torque.  But  if  due  allowance  is  made  for  that,  the  curve.  Fig.  1. 
may  still  be  used,  as  its  general  shape  will  not  be  materially  altered 
by  the  varying  I'MVl.F.  As  a  matter  of  fact,  if  the  torque-slip  curve 
is  plotted  from  the  correctetl  Heyland  diagram,  one  finds  that 
T/T,„  is  greater  for  a  given  slip  than  would  follow  from  the  standard 
curve  Fig.  1.  This  curve  is  therefore  on  the  safe  side.  The  same 
refers  to  the  curves  Fig.  4,  as  far  as  the  influence  of  the  primary 
copper  loss  is  concerned. 

However,  there  are  other  disturbing  factors  which  cause  the 
torque-sli]>  curve  t<i  deviate  from  the  ideal  curve  to  a  much  greater 
extent  and  with  more  serious  consequences  than  the  influence  of 
the  Ohmic  drop.  These  deviations  are  the  cause  of  what  is  known 
as  "Cravvling\)f  Squirrel-Cage  Rotors."  Most  rotors  of  the  usual 
designs  .show  this  bad  feature  to  a  greater  or  less  degree.  When 
they  are  loaded  with  a  torque  equal  or  even    somewhat  less  than 


FiQ.  5. 

the  ■■  starting  torque  "  (as  determined  statically  l>y  means  of  a  lever 
W'ith  a  weight  at  its  end)  they  start,  indeed,  from  rest,  but  then 
keep  on  crawling  slowly  without  runnina  up  to  full  .speed.  In  order 
to  enable  them  to  run  up  the  torque  is  to  lie  dcerea.sed  sometimes 
considerably  below  the  static  starting  lor(iue. 

This  is  a  very  important  fart,  which  shows  that  it  is  not  safe  to 
design  the  motor  .so  that  it  gives  the  "starling  torque  at  rest,"  as 
found  from  the  ideal  curie  and  from  the  set  of  curve  given  in  Fig.  4. 
Xdt  the  .'ilutie  xlnrling  Innjiii.  but  what  we  may  call  the  "  runninrj- 
!  I>  liir(/i(e.''  is  the  figure  w  hicli  has  to  com]ily  with  the  starting  torque 
railed  for  in  the  specification. 

Fig.  5  shows  a  torque-slip  curve  as  it  can  be  found  from  tests  on 
a  squirrel-cage  motor  of  the  usual  design.  There  are  several  ripples 
in  the  curve,  and  it  is  obvious  from  the  definition  given  in  the  be- 
ginning of  this  article  that  all  those  ])arts  of  the  curve  which  are 
marked  by  thick  lines  represent  stable  running  conditions  for  the 
inl(ir.  The  lowest  point  of  these  ripples  (which  is  always  at  the  first 
lipplefrom  .starting  point)  represents  the  maximum  ■•  running-u)> 
torque,"  that  is,  that  critical  value  of  torque  T^  (Fig.  •">)  against 
which  the  rotor  will  just  run  u))  to  full  sjieed.  If  the  load  torque 
is  greater  than  T,..  the  rotor  will  crawl  at  a  low  speed.  I'y  varying 
the  torque  and  reading  the  speed  the  stable  branch  of  the  curve  at 
crawling  speed  can  be  determined  by  test  without  any  difficulties. 
Besides  this  first  critical  crawling  speed,  the  curve.  Fig.  .'5,  sIk^ws 
some  more  stable  parts  at  higher  speeds.  This  does  not  seem  to  be 
generally  known,  because  the  rotor  runs  up  through  these  critical 
speeds  as  soon  as  the  load  torque  is  decreased  below  the  value  T,.. 
However,  with  some  i)atiencc  and  some  skill  one  can  manage  to 
catch  the  rotor  at  a  higher  critical  speed.  It  is  only  necessary  to 
load  the  motor  by  means  of  a  rojjc  brake  with  a  torciuc  greater  than 
Tj.     When  the  rotor  crawls  :U  the  first  critical  speed  one  must  lift  the 


brake  weight  a  little  so  as  to  allow  the  rotor  to  accelerate  until  it  has 
pas.scd  the  low  part  of  the  first  ripple.  Then  (not  too  soon  and  not 
too  late)  the  whole  brake  weight  is  to  he  ])ut  on  again,  when  'he 
rtitor  will  rtui  steadily  at  a  higher  critical  speed.  Moreover,  it  is 
easy  to  detect  the  existence  of  such  higher  critical  speeds  by  car, 
because  the  ripjilcs  of  the  torque  curve  produce  a  variation  in  the 
acceleration  when  the  rotor  runs  up  to  speed,  and  this  can  be  noticed 
by  the  uneven  change  of  the  musical  note  which  the  rotor  produces 

It  svould  le.id  too  far.  in  view  of  the  restricted  space  available 
for  this  article,  if  we  were  to  discuss  the  causes  of  these  ripples. 
They  have  been  thoroughly  investigated,  and  we  arc  able  to  calcu- 
late the  various  critical  speeds.  In  conneeticm  with  this,  it  might 
be  of  interest  to  know  that  the  existence  of  such  higher  critical 
speeds  and  their  figures  were  first  found  by  theoretical  considerations 
and  the  dilTcrcnt  critical  speeds  prc-calculatcd  and  then  proved  and 
found  to  be  correct  by  actual  test  figures.  If  one  only  know.s  the 
cause  of  a  trouble  one  can  very  of  ten  find  means  to  obviate  it.  This 
is  also  true  in  the  present  ca.se.  It  can  be  jiroved  by  theory  and 
l)ractica!  results  that  it  is  possible  to  reduce  the  delrmiental  ripples 
of  the  torque  curve  to  a  minimum  by  a  proper  design  of  the  motor. 

If  this  is  not  carried  out  there  is  nothing  else  left  but  to  face  the 
fact  that  a  relatively  higher  italic  starting  torque  is  to  be  provided 
for,  so  that  the  critical  running-up  torque  meets  the  spccilieation. 
The  difference  between  these  two  quantities  (T,  and  T„)  can  be  of 
the  order  of  31 1  to  40  per  cent.  In  large  ir.otors  of  usual  design  the 
conditions  may  even  be  worse,  as  it  may  happen  that  with  star-delta 
start  the  motor  fails  to  run  up  even  at  light  load,  the  critical  torque 
T^  being  lower  than  the  friction  torque. 

The  usual  way  to  overcome  these  difficulties  is  to  provide  a 
higher  resistance  in  the  rotor  c'rcuit.  That  is  to  say,  one  would 
have  to  design  the  motor  with  a  rather  higher  slip  at  normal  load 
and  consequently  with  a  rather  lower  efficiency  than  would  follow 
from  the  standard  curves.  Figs.  1  and  4.  This  is  the  reason  (men- 
ticjned  in  the  beginning  of  this  article)  why  we  have  used  the 
simplest  form  of  the  Heyland  diagram.  It  would,  of  cour.se.  be 
unreasonable  to  use  a  complicated  form  giving  a  result  more  accu- 
rate by,  say,  10  per  cent.,  and  afterwards  add  a  safety  margin  of 
30  to  40  per  cent,  on  account  of  other  reasons,  and  in  the  other 
direction   to   the  C(jrrection   of  the   10  per  cent. 

Another  way  of  meeting  the  inicertainty  in  providing  the  correct 
running-up  torque  is  very  often  recommended.  This  is  the  use  of  an 
auto-transformer,  by  means  of  which  "  the  starting  torque  can  be 
adjusted." 

The  Siemens  squirrel  cage  motors  are  so  designed  that  the  detri- 
mental rip])les  in  the  torque  curve  are  almost  entirely  suppres.sed, 
and  that .  t  herefore.  their  tendency  to  crawl  is  reduced  to  a  mini- 
mum. They  are  so  designed  that  they  can  develop  a  ■•  high  run- 
ning-up torque"  without  having  more  slip  (and  therefore  lower 
efficiency)  than  is  determined  liy  the  ideal  standard  curves.  The 
use  of  an  ex)iensive  auto-transformer  is  therefore  mil  required  in 
connection  with  Siemens'  st(uirrel-cage  motors  exccjit  in  those  cases 
where- the  load  torque  against  which  the  motor  will  have  to  start 
is  not  definitely  known  beforehand.  In  all  other  cases  a  star  delta 
switch  is  sufficient,  or,  foi-  small  motors,  an  ordinary  trii)le-pole 
switch. 

SUMM.\RY. 

In  order  to  pnubiee  a  standard  torque-slip  curve  for  a  three- 
phase  motor  the  slip  a„,  at  raaxinunn  torque  is  introduced  as  a 
eharacteristical  constant  of  the  motor.  Theeqiuitionof  the  torque- 
slip  curve  is  derived  ,„.„   _       2 

I'm       " 

and  the  features  of  the  curve  are  discussed. 

The  relation  between  starting  torque  and  it.,  is  shown 

T  /T   =      '"       . 


+  <f»i 


and  a  simple  diagram  gi\-cn  for  this  relation. 

The  relation  between  starting  torque  and  normal  torque  is 
developed,  and  curves  are  given  to  sln)w  what  normal  slip  is  to  lx> 
provided  for  obtaining  a  given  starting  torque. 

The  rush  of  ciu'rent  is  discussed  and  figures  given  for  various 
ratings  of  the  motor. 

The  crawling  of  squirrel-cage  rotors  is  discussed  and  explained  as 
being  due  to  ripples  in  the  torque  curve,  which  prtxluce  stable 
running  conditions  at  .slow  speeds.  The  ''running-up  torque  is 
shown  to  be  the  more  important  figure  than  the  static  starting 
torcpie,  and  it  is  pointed  out  that,  in  order  to  get  the  motor  to  run 
up  inoperly.  either  a  greater  slip  at  normal  load  is  to  be  provided 
than  would  follow  from  the  ideal  curves,  or  special  care  is  to  be 
taken  in  the  design  of  the  motor  to  reduce  those  ripples  t<.)  a 
minimum,  as  is  tin-  case  with  the  Siemens  squirrel-cage  motors. 
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LARGE  GAS  ENGINES.'' 

I^V     r.     I!.      Ml. IN. 

Slim  111(1 11/. — Tlie  history  of  i;:is  onyines  is  ru>f  InicHy  reviewoil.  lul- 
lowed  bj'deUiils  of  construction  of  the  various  parts  of  large  engines 
A  comparison  is  next  made  between  steam  and  internal  combustion 
engines  from  the  technical  and  also  the  commercial  point  of  view,  and 
instances  are  given  of  largo  installations  of  gas  plant. 

Tile  author  deals  with  the  aspect  of  the  gas  engine,  as  curajiared 
with  steam  power,  on  somewhat  general  lines,  and  first  describes 
the  (»tto  cycle  and  the  early  history  of  gas  ensrines.  The  two-cycle 
engine  seems  really  to  have  been  first  practically  worked  out  by  Mr. 
Dugald  Clerk,  but  was  apj>arently  not  Imilt  on  any  large  scale 
until  the  Oechelliauser  and  the  Kiirting  engines  began  to  he  con- 
structed. .Mthough  both  these  types  are  always  spoken  of  as"  two 
cycle  "  engines,  there  is  a  considerable  difference  in  theiv  exact 
action.  Korting  takes  a  long  cylinder,  with  a  series  of  exhaust 
)iorts  in  the  middle,  and  has  a  long  piston,  which  only  covers  these 
exhaust  ports  for  a  short  period  at  each  end  of  the  stroke.  He  then 
uses  two  pumps,  one  supplying  gas  and  the  otlier  air.  These  ]iumps 
are  worked  by  a  crank  approximately  at  right  angles  to  the  main 
crank,  and  deli\er  air  and  gas  under  a  pressure  of  a  few  |)ounds 
through  two  separate  duets  or  channels,  which  only  join  just  above 
the  inlet  valves,  of  which  there  is  one  at  each  end  of  the  cylinder.  As 
far  as  impulses  go.  a  single-acting  engine  of  this  sort  is  just  the  same 
as  a  single  acting  steam  engine,  and  a  double-acting  Kiirting  engine 
has  two  impulses  every  revolution,  tlie  same  as  an  onlinary  steam 
engine. 

In  the  Oeehelhaiiser  engine,  instead  of  having  the  exhaust  ]iorts 
in  the  centre  of  th-  cvlindcr  the  ring  of  liolcs  is  placed  at  one  end. 
and  the  gas  ports  and  air  ports  in  separate  rings  at  the  other  end. 
Two  pistons  are  employed,  which  alternately  approach  and  recede 
from  one  another.  These  pistons  are  connected  to  the  op))osite 
webs  of  a  three-throw  crank,  and  in  the  course  of  one  revolution 
alternately  approach  and  recede  from  one  anothtr.  When  they  are 
nearest  to  each  other  in  the  middle  of  the  cylinder  the  charge  of 
mixture  is  compressed  ready  for  tiring,  and  the  cranks  are  approxi- 
mately on  the  dead  centre.  When  the  ignition  takes  place,  one 
piston  goes  in  one  direction  and  the  otlier  goes  in  the  other,  so  thai 
at  the  end  of  the  explosion  stroke  the  exhaust  ports  are  o|)en  at  one 
end.  and  the  gas  and  air  inlet  at  the  other.  The  air  inlets  are  nearer 
the  centre  of  the  cylinder  than  the  gas.  and  the  inccmiing  air  therefore 
tends  to  sweep  out  the  products  of  combustion  and  interpose  a  barrier 
of  pure  air  between  the  exhaust  jxhIs  and  the  su|)ply  of  mixture.  A 
single  cylinder  cannot  be  made  double  acting,  and  there  is  only  one 
working  stroke  in  one  re.  olution.  The  air  and  gas  are  supplied  by 
two  independent  pumps,  as  in  the  Ki'irting  engine,  or  by  one  single 
double  acting  iiump  worked  o]|  the  back  crosshead.  or  in  some  cases 
by  an  independent  crank.  There  are  .several  possible  systems  of 
working  oiits'de  the  four-cycle  Otto  and  the  two-cycle  Kiirting  or 
Oechelhauser  ;  but  they  are  not  at  jiresent  put  into  jiractical  use. 
The  six-stroke  cycle  in  which,  after  tlie  exhaust  stroke,  a  sejiaiate 
charge  of  pure  air  is  drawn  in  and  then  expelled  between  the  exhaust 
stroke  and  the  suction  stroke,  came  into  a  certain  amount  of  favour. 
It  no  doubt  formed  a  most  cfTective  scavenge,  but  the  same  result 
has  since  been  obtained,  |)artieularly  on  the  I'rcmicr  engine,  with  a 
four-.stroke  cycle,  combined  with  an  independent  air  pum|>  for  siijjple- 
nienting  the  discharge  fnmi  the  exhaust,  f 'onsideriuL'  next  the 
construction  of  a  large  tandem  horizontal  engine,  an  arrangement 
largely  used  on  the  CVmtinent,  there  are  five  main  pieces  forming 
the  framework.  The  first  piece  is  a  very  massive  bed  plate,  carrying 
the  crank  shaft  ;  the  second  is  the  first  cylindei'  ;  the  third  is  a 
bridtre  or  intermediate  piece  supporting  the  rear  of  the  first  cylinder 
and  tlie  frimt  of  the  .''econd  cylinder  ;  the  fourtli  nu  nil«  r  is  the 
seomd  cylinder,  and  the  fifth  is  a  supporting  piece  at  the  back  end 
of  this  second  cylinder.  \\'liat  practically  amounts  to  a  continuous 
piston  rod  is  employed;  that  is  to  say.  two  piston  rods  are  joined 
together  in  the  central  slipper  working  in  the  intermediate  guide. 
the  front  piston  rod  being  alt.achcd  to  the  crosshead.  while  the  end 
of  the  back  |)iston  rod  works  in  a  guide  in  the  rear  piece.  It  is  usual 
to  anchor  only  the  front  bed  plate  to  the  foundation,  and  to  allow 
the  rest  of  the  engine  a  limited  amount  of  expansion  endways. 
Theends  of  th-  cylinders  are  cast  solid  with  the  outer  shell.  iiikI  there 
are  two  rows  of  studs  iirovidtd,  the  outer  circle  transmitting  the 
stresses  to  the  frames,  while  the  inner  circle  of  studs  holds  the 
cylinder  heads  in  posititm.  This  is,  perhaps,  not  the  nicest  way  of 
dealing  with  the  matter  theorel  ieally.  but  it  has  been  found  to  answer 
very  well  in  jiractice.  On  the  ('ontinent  the  use  of  dfiuble  throw 
cranks  is  almost  universal,  the  crank  shaft  being  supj)ortcd  by  a 
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bearing  on  each  side  of  the  crank,  but  in  the  United  States,  where 
the  building  of  large  t'as  engines  has  made  great  progress,  the  over- 
hung or  single  crank  is  much  more  in  favour.  This  has  tiie  su})posed 
advantage  of  enabling  a  twin-engine  to  be  built  with  only  two  bear- 
ings, the  Hywheel  or  rotating  part  of  the  dynamo  being  free  to  adjust 
itself  between  the  two  sides.  At  the  same  time  this  necessitates  a 
verv  much  heavier  bed.  as  the  stresses  are  onlv  transmitted  (piitc 
iihh(|ucly. 

.Mention  is  alsu  made  of  the  systems  of  regulating,  riaclically. 
there  are  three  sorts  nf  governing  :  cpiality  governing,  in  which  the 
amount  of  mixture  admitted  is  always  the  same,  but  the  (piality  is 
varied  by  inereasinsj  or  dccreasini;  the  amount  of  gas.  This  enables 
constant  compression  In  In  ilways  assured.  The  second  division 
is  quantity  governing,  in  which  1  he  (piality  of  the  mixture  is  kept  the 
same,  but  the  amount  adinillcd  each  stroke  is  varied.  Strictly 
speaking,  this  implies  a  variable  compression.  The  third  way  is  to 
throttle  both  the  air  and  mixture,  and  this  is  (hjiie  on  high-speed 
vertical  cnijiues  apparently  successfully,  .Altogether,  tlie  regulation 
of  fuel  to  internal  eombustion  engines  is  a  very  comph'x  subject,  and 
:rnynne  specially  interested  is  advised  to  consult  the  writings  of  I'rof. 
■Matt  ho. 

The  internal  eoinlmslicm  enj^inc  dilVcrs  lioni  tlie  steam  engine, 
inasmuch  as  a  certain  amount  of  heat  has  to  be  deliberately  wasted; 
that  is  to  say,  the  cylinders,  cylinder  heads  and,  in  large  engines,  the 
pistons  and  exhaust  valves  have  to  be  water  cooled.  It  has  lieen 
very  frequently  pro|iosed  to  utilise  the  heat  in  the  cylinder  jackets 
as  a  means  of  raising  steam,  and.  with  the  recent  developments  made 
in  exhaust  steam  turbines,  it  is  open  to  consideration  whether  it 
might  not  pay  in  a  large  installation,  even  taking  into  account  the 
extra  capital  outlay.  However,  the  heat  rejected  in  the  exhaust  is 
now  systematically  made  use  of,  the  burned  gases  being  turned 
through  a  multitubular  boiler  before  being  turned  into  the  atmos- 
phere. An  ordinary  gas  engine  may  be  roughly  reckoned  to  consume 
about  70cubie  ft.  of  producer  gas  having  a  value  of  14.')  K.T.Us.  per 
cubic  foot  ])er  brake-hor.se-power-hour,  and  this  will  be  found  to 
raise  about  2  lb.  of  steam  at  T'l  lb.  pressure  for  each  brake-horse- 
power-hour exerted. 

The  author  next  refers  to  the  fuel  used  for  engines  and  the  ty|)es  of 
producers,  and  mentions  that  a  very  considerable  impetus  was  given 
to  the  construction  of  large  gas  eniiines  in  this  country  when  the 
.Mond  system  of  using  bituminous  fuels  and  gasifying  them  at  a  low 
temperature,  at  the  same  time  recovering  sulphate  of  ammonia  as  a 
by-product,  was  proposed.  The  author  has  been  connected  with  the 
working  of  one  of  the.se  plants  ca|)able  of  gasifying  700  tons  a  week, 
which  was  ))ut  up  at  a  works  at  Weston  Point  seven  years  ago,  and  he 
can  readily  testify  to  the  absence  of  tiouble  and  the  economy  result- 
ing from  its  use.  The  calorific  value  of  the  gas  and  the  yield  of 
sul|ihate  of  ammonia  to  a  certain  extent  bear  an  inverse  relation  to 
line  another. /.p. .the  higher  the  yield  of  ammonia  the  lower  the  calorific 
value  of  the  gas,  but  a  very  desirable  figure  to  aim  at  is  about 
14.5  11T.U.S.  ])er  cubic  foot  lower  value.  In  all  plants  gasifying  at  a 
low  temperature  a  considerable  amount  of  tarry  vapour  passes  off, 
and  this  is  in  such  a  form  that  it  cannot  be  extracted  at  the  high 
temperature  which  it  possesses  when  it  leaves  the  jilant  itself. 
DifTerent  ideas  jirevail  as  to  the  efiicacy  of  dry  cooling  and  wet 
washing;  in  the  author's  o))inion.  the  belter  way  is  first  to  cool  it 
to  its  near  as  possible  atmospheric  temperature,  and  then  pass  it 
through  some  form  of  washer.  The  tar  recovered  in  this  way 
contains  about  iO  per  cent,  of  water,  but  it  can  be  drained  to  some 
extent  anrl  burned  as  a  fuel,  or  it  may  be  treated  for  its  pitch  and 
creosote,  as  is  done  at  .Messrs.  Beardmore  s  works  in  Glasgow. 

Considering  finally  tlie  commercial  comparison  between  the  gas 
engine,  or  internal  combustion  engines  generally,  and  the  steani 
engine,  it  may  be  .safely  slated  that  the  consumption  of  fuel  in  a  gas 
engine  is  only  about  half  that  in  a  steam  <'ngine,  J,f,,  in  the  ratio 
95  :  17-.'5.  Installations  of  20,001)  ii.P.  and  ujiwards  driven  by  large 
gas  engines  are  now  to  be  met  with  in  several  places.  At  Bruekhausen. 
near  Diii.sberg.  the  author  has  seen  24,000  m.I".  under  one  roof,  and 
at  Cary  ()r),o6o  ii.l>,  from  one  installation.  Most  of  the  Ccmlinental 
steel  works  do  not  deem  it  necessary  to  pro>'ide  any  sjiare  steam 
|)lant  us  a  stand-by  for  their  gas  engines,  so  that  the  practicability 
of  working  a  large  gas-driven  station  may  be  taken  as  settled.  How- 
ever, in  this  country,  the  electrical  engineer  who  is  responsible  for 
most  of  the  power  schemes  that  come  forward  has  hesitatcfl  on  the 
ground  of  cajiital  expenditure  to  recommend  large  units  and  producer 
plants.  Anyone  who  wants  to  familiarise  himself  with  the  pros  and 
cons  of  the  ease  cannot  do  better  than  study  Messrs.  Andrews  & 
I'orter's  recent  I'ajier  resul  before  the  Institution  of  Klcetrical 
Engineers.  These  gentlemen  have  since  reduced  their  opinions  to 
the  form  of  a  slide  rule,  which  anyone  can  use  with  a  few  minutes 
'nstructioii. 

At  the  present  time  it  must  be  •"'■•litted  that  the  lari'c  gas  engine  is 
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a  more  expensive  machine  to  construot  than  a  steam  engine  or 
especially  a  steam  turbine,  and  a  glance  at  the  respective  indicator 
diagrams  shows  at  once  wliy  this  must  be  so.  To  obtain  a  mean 
effective  pressure  of,  say.  701b.  in  a  gas  engine  cylinder,  the  crank- 
shafts, bearings  and  all  the  working  parts  have  to  be  made  to  stand 
the  explosion  ])ressure,  say  ^M)  lb.,  while  in  a  steam  engine  the 
maximum  ()ressure  coming  on  any  part  rarely  exceeds  from  ISO  lb.  to 
200  lb.  However,  assuming  for  the  moment  that  the  caiiital  exi>en(li- 
ture  on  a  large  gas  engmc  ])lant  with  jiniduiers  is  too  high,  the 
moment  that  you  begin  to  use  the  gas  engine  in  eonneetion  with  the 
waste  gases  from  blast  furnaces  and  coke  ovens  the  position  at  once 
becomes  quite  difTerent :  in  the  Wast  furnace  and  coke  oven  j-ou 
have  the  producer  already  made  ;  you  b\irn  the  gas  in  tlie  engine  to 
just  the  advantage  you  do  under  the  boilers  ;  the  total  s])aec  occupied 
by  the  i)lant  is  less,  and  the  total  capital  cost  works  out  as  less. 

Tlic  author  cannot  go  into  the  question  of  oil  engines,  but  he 
mentions  that  as  an  auxiliary  to  the  sailing  shi]).  a  moderate  .sized 
oil  engine  will  jirovc  a  valuable  investment,  as  in  fair  weather  the 
engine  needs  no  attention,  while  in  calms  and  unfavourable  winds 
the  ship  can  at  all  events  make  a  certain  amount  of  progress.  Anyone 
who  has  been  engaged  in  the  sailing  ship  business  trading  round  Cape 
Horn  will  ap))reciate  the  occasions  when  it  would  i)rove  useful. 


THE  ABTHDR  WBIGHT  ELECTBICAL  DEVICE  FOR 
EVALUATING  FORHUL>E  AND  SOLVING  EQUA 
TI0N8.- 

BY  ALEXANDER  RUSSELL,  M.A.,   D.SC,  AND  ARTHUR  WRIGHT. 

The  Slide  Resistances. — In  the  electrical  device  described  below 
the  principle  of  the  ordinary  logarithmic  slide  rule  is  combined 
with  addition  and  subtraction,  by  utilising  the  laws  according  to 
which    resistances   combine    in    series    or    iiarallel.     The   piod\iets 


10  9    8     7      ^        t~ 


Fig.  1. 


found  by  the  slide-rule  method  are  represented  either  by  the  resis- 
tances or  by  the  reciprocals  of  the  resistances  of  certain  wires.  In 
the  latter  case  the  currents  through  them  can  easily  be  added  or 
subtracted  by  a  Wheatstone  bridge  metliod.  Hence  the  sums  ur 
differences  of  the  products  can  be  found. 

The  method  of  constructing  the  slide  resistances  (Fig.  1)  is  as 
follows:  .V  tem|)late  of  thin  insulating  material  is  made  in  the  shape 
OSCY.  shown  in  Fig.  1.     'I'lie  equation  to  the  curve  YPC"  is 

lf=k  10-^  *. 
where  OY=t,  OS=/i,  and  SC'=AV10. 

This  plate  is  wound  uniformily  witli  a  hundred  turns  of  No.  36 
insulated  manganin  wire,  the  temperature  coetficicnt  of  which  is 
negligiVile.  and  the  wires  arc  practically  parallel  to  OY.  At  iioints 
along  OS  the  insulation  of  this  wire  is  removed,  and  conlaet  with 
the  wires  is  made  by  the  contact-tinger  described  below.  1  he  scale 
OS  is  logarithmic.  If  /).  for  instance,  be  the  reading  at  the  point 
N,  we  have 

0N=/(.  log;>, 
and  thus  //=I'N  =  t//j. 

The  resistmce  of  the  wire  between  O  and  N  will  Ik-  approxi- 
mately proportional  to  the  area  ONPY.     This  area  is  given  by 
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and  if  E  be  Hie 
be 


If,  then,  the  wire  on  (he  frame  has  a  resistance  9R/10.  and  a 
coil  SU  of  resistance  R/10  Ik;  put  in  series  with  it,  the  resistance 
from  N  to  B  will  equ^il  (i/'fc)R,  that  is,  R/p. 

When  the  resistances  are  fixed  on  the  device,  the  resistanoe  be- 
tween N  and  15  is  in  circuit,  and  this  always  equals  R/p,  where  p  is 
the  reading  on  the  top  .scale  [(a).  Fig.  I].  If  we  ha\e  n  of  these 
slide  resistances  in  parallel,  and  their  re.idings  are  />„  p.,  ...p.,  the 
sum  of  the  currents  w  ill  be 

{K!R){pt  +  p,  +  ... +  />,), 

where  E  is  the  aiijilied  I'.D. 

Instead  of  having  the  logarithmic  .'tcale  placed  as  in  (a)  Fig.  1, 
we  may  reverse  it  and  ])lace  it  as  in  (6).  If  p'  be  the  value  of  ON 
read  on  this  scale,  we  obviousiy  have  p'=IO,p;  and  hence  the 
resistance  between  N  and  B  is  (R/10)p'.  If  the  n  resistances  be 
now  connected  in  series,  theii-  combined  re.si8tance  will  be 

(RllO)(p,'  +  p./  +  ...+p,'); 

plied  P.D.,  the  current  flowing  through  them  will 
(U)E;K)l{p/  +  p/  +  ...  +  p,.')- 

In  some  problems  it  is  more  convenient  to  use  the  scale  placed  as 
in  (a),  and  in  others  it  is  more  convenient  to  use  it  as  in  (b).  In 
what  follows,  imless  otherwise  stated,  we  shall  suppose  that  it  is 
placed  as  in  (n). 

The  Index  Line. — Coi  responding  to  the  slides  in  the  ordinary 
slide  rule  the  slide  resistances  are  mo\able.  If  we  wish  to  form 
the  product  pq.  we  move  the  slide  so  as  to  make  the  index  line 
I  r  (Fig.  2)  lie  over  the  reading  p.  and  we  then  move  the  contact- 
finger  until  it  makes  contact  at  N,  where  TN.  on  the  logarithmic 
scale  is  7.     The  resistance  NB  will  then  equal  R/pij. 

The    Conlaet  Fingers. — The  ordinnry  cuntaet  finger  is  a  straight 
piece  of  metal  wire  ONI'  (Fig.  :!)- 
which     is     capable    of     rotation 
about  a  point  ()  fixed  on    a  .slid- 
ing bar  parallel  to  and  vertically 
over  the  index  line  11'.     This  bar  ^ — 5_ 
can  move  in  the   direction  <:>f    its 
length.    A  pointer,  L.  attached  to 
it  moves  along  a  fixed  logarithmic 
scale  KQ.  The  lengtli  of  this  scale 
is  made  equal  to  h.  and  so 
KL=;flog.r  =  0T. 

The  contact  finger  01'  can   be 
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adjusted'so  as  to  make  any  desired  angle  fl  with  the  index  line  1  I'. 
If  the  contact  be  made  at  N,  we  have 

TN  =  OT  t  an  e  =  /i  t  an  » log  .r  =  h  log  .r*™  » : 
and  thus  if  AT=p,  the  resistance  from  N  to  B  will  be  R/(/«-'"»*). 
By  giving  various  values  to  S  we  can.  with  the  help  of  a  table  of 
natural  tangents,  obtain  all  positive  integral  or  fractional  powers  of 
J-.  If  N  lie  between  .\  and  T.  0  is  negative,  and  so  we  obtain  all 
the  negative  integral  or  fractional  powers  of  .v. 

Addition  and  Suhtraetinn.^lu  performing  addition  and  subtrac- 
tion, the  action  of  the  apparatus  can  be  understood  from  the  fol- 
lowing diagram.  I'andQ  are  the  terminalsof  a  wire  bridge,  of  which 
O  is  the  middle  point  (Fig.  4).  One  pole  of  a  battery  of  dry  cells 
is  connected  with  Oand  the  other  pole  is  eonneetod  with  the  B  ends 
of  the  slide  resistances.  A,B,.  A.^B,„  and  AjH^).  A  galvanonu-ler 
connects  1'  with  0.  Let  us  suppo.sc'  that  we  have  to  find  the  value  of 
(/„+((a.  We  connect  Q  with  the  contact-fingers  of  A^B.,  and  AiB 
respectively,  and  set  the  fingers  at  the  marks  <i.  and  n,  on  their 
respective  scales.  We  then  join  Pwith  the  contact-finger  of  A,B,. 
and  closing  the  keys  we  adjust  the  position  of  this  finger  until  there 
is  no  deflection  on  the  galvanometer.  In  this  casi-  let  the  reading 
on  the  slide  A.B,  be  «,.  If  E  be  the  potential  at  R.and  V  be  the 
potential  at  P  or  (.).  then,  since  the  currents  in  PO  and  QO  are 
eipial.  we  have 

(E-  V)/(R -i,)-(E-V)/(R,«3)-t-(E-V);(R;(i3). 

and  thus  n,  =  fls-l-<i3. 

To  find  «,-«,.  all  we  have  to  do  is  to  changi>  the  connection  of 
the  finger  of  .\}h  from  Q  to  P.    I'riK^cding  as  befoi-e,  n,  now  gives 

us  the  value  of  a.,-a^. 
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Tlie  I'gc  of  the  Anns  of  the  Bridge.— "V^/vmmAs  arc  connected  at 
points  P„  Po,  P^,  Q,.  Qj  and  Q,  of  the  bridge  wire  (Fig.  5).  These 
jmints  are  chosen  so  that  if  tlie  resistance  PiQ,  be  2r.  the  resis- 
tances of  OP;,  OPj  and  OP3  are  equal  to  r.r,  10  and  //lOO,  and  also 
to  the  resistances  of  OQ,.  OQjand  OQ.j  resjjectively.  The  effect  of 
connecting  a  slide  resistance  with  1'.,  instead  of  P,  is  to  divide  its 
valvie  by  10.  Hence,  if  we  were  adding  8-8  to  0-7r>,  we  would  pui  the 
contact-finger  of  one  slide  on  8-8  and  coimect  it  with  P,,  and  the 
contact -linger  of  another  slide  on  "■.">  and  connect  it  with  P,,.  Su).- 
pose  also  that  the  value  of  x  was  123.  In  this  case  we  could  i,inly 
obtain  a  balance  when  it  was  connected  with  (Ji. 

Cubic  E'liiafion. — Let  us  supjiose  that  the  cubic  equation  is 

j-'-f-ajj-  — n,.r+«„=0, 

where  a.,,  a,  and  a„  are  positive  numbers. 

The  arrangement  of  the  apparatus  for  solving  this  equation  is 
shown  in  l''ig.  5.     The  bridge-wire  is  indicated  between  PiQ,.     We 


Fig.  4. 

move  the  slides  AB.  A,B,,  AjB.  and  .\.,B,.  so  that  the  readings  1' 
Oo,  n,  and  a„  on  their  logarithmic  scales  are  on  the  index-line  II., 
The  ends  of  the  contact -fingers  touching  AB,  AoB,  and  A.jB,,  are 
connected  with  P.,  and  the  finger  touching  AiB,  with  Q^.  The 
fingers  through  N,  X,,  K,  and  Ns  makes  angles  tan-'  0,  tan  >  1, 
tan  ' -2  and  tan  '  3  with  the  index-line.  The  battery  and  galva- 
nometer-keys being  closed,  the  bar  to  which  the  fingers  are  con- 
nected is  gradually  lowered.  When  the  galvanometer  deflection  is 
zero  let  us  suppose  that  r  is  the  reading  on  the  logarithmic  scale  S. 
In  tliis  case  we  have 

E-V,  .  E-V.  .  E-V.,     E-V,, 
R/o,x 


E-V,_^E-V„ 
R/Oo 


and  thus  a-^-f  o«a;2-o,a;  +  a„=0.     Hence  x  is  one  of  the  roots  of  this 
equation. 


When  a  contact  finger,  N,  for  instance,  reaehcH  the  end  of  its 
slide  N,B,  will  be  P./IO.  If  we  now  move  the  slide  A.B,  .so  that 
A,  is  on  the  index-line,  unclani])  the  contact-finger  and  move  it 
parallel  to  itself  until  N,  is  over  A,  and  then  rcclamp  it,  the  resist- 
ance (A  N|B,  will  be  B.  If.  then,  we  disconnect  the  finger  N,  from 
Q,  and  connect  it  with  Q.^  the  deflection  on  the  galvanometor  will 
not  be  altered,  and  30  we  can  continue   to  increase  x.     It  will  be 


.seen  that  as  .r  increases  from  1  to  10  the  conlart-tiugcr  N,  traversi's 
A,,B,,  three  times.  The  first  time  N,  gets  to  the  end  of  its  .scale  it 
is  connected  with  1%  and  moved  back  to  A,,.  The  second  time  it 
reaches  the  end  it  is  connected  with  P,  and  again  moved  back. 

The  device  enables  us  to  lind  an\  real  root  of  (lie  equation. 
greater  than  10"  and  less  than  lll"l-'.  .\ll  we  liav  In  do  is  (o  liiul 
the  root  of  the  equation 

.i-'-H  («../10»).i-- -  (o,/103").r-|-a„/l(V"  =  0, 
lying  between  1  and  10.  and  multiiily  the  result  by  10".     By  solving 
a  similar  subsidiary  equation  we  can  find  the  approximate  ■values 
of  the  roots  of  the  equation  which  are  less  than  unity. 

Equations  involving  a  greater  number  of  powers  of  n  are  solved 
by  correspondingly  increasing  the  number  of  slides. 

Tracing  Ciirrc!  Elerlrically. — Suppose  «e  desire  to  find  the  graph 
of  the  curve 


!/^-(ipi"  +  a,x'i-aX  +  . 


=  f  (.«•). 


where  p.  (/.  r.  .  .  .  may  be  positive,  fractional,  or  negative  indices. 
We  set  the  contact-fingers  at  angles  tan"'/).  tan~'  (/,...  with  the 
index-line,  and  move  the  slide  resistances  until  the  readings  on  the 

scales  are  a^,,  a^ The  contact-fingers  on  the  slide  resistances 

representing  the  positive  terms  are  then  connected  with  P,  and  the 
other  contact-fingers  with  Q.  In  addition  we  have  a  slide  resis- 
tance Y  with  a  vertical  finger,  which  is  also  connected  with  Q.  The 
fingers  are  moved  do^vn  through  a  given  distance  x  on  the  logarith- 
mic scale,  and  the  value  of  the  reading  1/  on  the  slide  resistance  Y 
wlien  there  is  no  dcHection  of  the  galvanometer  is  then  found.  In 
this  way  simultaneous  values  of  x  and  //  can  be  rajiidl}'  obtained, 
and  hence  we  can  readily  plot  the  curve. 

The  curve  could  also  be  traced  automatically  by  making  the  spot 
of  light  from  a  mirror  galvanometer,  connected  between  P  and  Q, 
fall  on  a  stri])  of  sensitive  pa])er  which  is  constrained  to  move  so 
that  its  velocity  is  always  proportional  to  the  rate  at  which  x  is 
increasing.  The  points  where  the  trace  cuts  the  line  of  zero  deflec- 
tion would  give  the  roots  of  the  equation/  (x)  =  0,  and  the  turning 
lioints  of  the  trace  would  give  the  roots  of  /'(.r)  =  0.  In  tlie  same 
wav  the  integral  curve 


y=^'l  (.v)dx. 


eoidd  be  drawn  autonuxtically. 

If  the  slide  resistances  were  matle  of  large  size  so  tliat'  they  could 
carry  appreciable  currents,  recording  ammeters  and  voltmeters 
could  bo  employed  to  trace  the  curves. 


SAFE  USE  OF  ELECTRICITY  IN  COAL  MINING. 


Owing  to  recent  disastrous  explosions  in  coal  mines,  many  of 
which  were  attributed  to  dust  produced  by  motor-driven  machines, 
some  interesting  statistics  were  compiled  of  the  amount  of  dust 
produced  by  various  mining  methods.  One  set  of  figures,  from 
results  obtained  at  the  mines  of  the  Washington  Coal  and  Coke  C.;., 
gave  1-80  lb.  of  dust  (screened  through  a  forty-mesh  screen)  per 
square  foot  undercut,  for  hand  mining,  458  lb.  for  pimcher  machines 
and  1  -48  lb.  for  chain  machines  with  pick-pointed  bits.  Results  from 
two  other  mines  gave  (>-lS  lli.  tor  liie  ]iuncher  machine  and  2-43  lb. 
for  the  chain  machine  with  standard  chisel  bits.     In  a  mine  generat 


(III 


utlior 
large 


ing  explosive  gas  in  large  quantities  it  is  advisable  to  keep 
trical  wires,  and,  so  far  as  possible,  electrical  apparatus,  01 
take  air,  for  obvious  reasons. 

Discussing  the  danger  of  high-potential  electric  currents,  t  h 
considers  that  the  higher  voltages,  as  .500  volts,  to  which 
number  of  i>lants  have  in  recent  years  been  changed,  usually  fiom 
250  volts,  are  far  more  ilangerous  than  the  lower  voltage,  I'roper 
methods  of  resuscitation  of  [jcisons  who  received  shocks  by  the 
electric  current  would  prevent  many  fatalities,  and  instances  are 
given  in  .sujiport  of  this  contention.  In  regard  to  safety  of  the  men, 
it  has  been  consiikred  useless  for  some  years  past  to  insulate  electric 
wires  underground,  since  there  seems  to  be  no  commercial  insulalimi 
which  is  of  value  after  a  few  years'  use,  or  in  some  cases,  a  fr» 
months'  use.  It  has  therefoie  been  preferred  to  u.sc  l>are  wires, 
even  for  machine  lines  in  room  headings,  and  depend  on  the  miners' 
intelligence  to  recognise  the  danger  of  a  bare  wire.  In  this  connection 
it  is  interesting  to  note  that  at  (he  testing  station  of  the  (leological 
Survey  in  I'iUsliurg  the  electrical  department  is  making  some  experi- 
ments on  various  insulations  subjected  to  extreme  mining  conditions. 
Cables  with  rubber  and  other  insulations   are  suf)mcrgcd  in  acid 

*.Alwlruel,  from  the  '"  Electrical  Kcview  and  Western  Electrician,"  of 
a  Paper  prcf-ented  li>  the  Coal  AIlMinir  [iislitutc  of  AnuTicn. 
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mine  water,  readings  taken  of  their  initial  insulation  resistance,  and 
these  readings  repeated  at  frequent  intervals.  Tlic  weakness  of  the 
insulation  will  be  .shown  by  the  gradual  or  sometimes  sudden  diup 
in  these  values. 

An  insulation  called  varnished  cloth,  or  varnished  cambric,  tested 
at  this  station,  has  been  u.sed  by  the  author  under  mine  conditions. 
and  has  been  subjected  to  severe  service  for  over  two  years  without 
any  sign  of  trouble.  This  does  not  seem  to  be  affert<'d  by  acid  and  is 
perfectly  moisture-proof.  Tlic  cost  tif  this  insulation  will,  it  is  be- 
lieved, be  considerably  less  than  the  best  rubber,  and  if  the  results 
obtained  at  the  testing  laboratory  equal  those  found  in  practice,  the 
author  believes  it  will  be  only  a  sliort  time  until  it  can  be  confidently 
recommended  that  all  machine  wires  carrying  .500  volts  or  over  l>e 
insulated  where  carried  on  room  headings. 

Bare  wires  can,  of  course,  be  used  where  the  wires  are  carried 
through  air  courses  or  of?  the  travelled  roads.  So  far  as  the  trolley  is 
concerned,  it  is  out  of  the  question  to  consider  protecting  this  for  its 
entire  length.  At  all  places,  such  as  ])artings,  turnouts,  and  where 
the  travelling  roads  cross  the  haulage  road,  the  trolley  wire  can  be 
protected  by  means  of  a  trough  or  a  single  board  projecting  below  the 
level  of  the  trolley  and  firmly  supported  from  the  roof.  In  a  large 
number  of  mines,  all  branches  from  the  main  trolley,  on  which  but 
one  locomotive  works  at  a  time,  are  sectionali.sed  by  the  use  of  auto- 
matic trolley  switches,  which  cut  the  current  olT  the  branch  except 
when  the  locomotive  is  working  thereon. 

It  has  been  found  by  experiment  tliat  in  many  mines  where  the 
rails  are  in  contact  with  the  earth  and  the  headings  are  wet  with  acid 
moisture,  part  of  the  return  ciurent.  amounting  in  some  cases  to 
60  per  cent.,  is  carried  by  the  earth.  Electrolysis  in  the  pipes  parallel 
and  near  to  the  track  is  caused  by  the  current  where  it  enters  and 
leaves  these  pipes.  In  flowing  through  moist  earth  from  the  pipe 
to  the  rail  it  will  carry  part  of  the  iron  of  which  the  i)ipe  is  composed 
into  the  earth  toward  the  rail.  This  is  prevented  by  Using  copper 
connections  for  the  current  from  rail  to  pipe  and  back. 

The  use  of  electric  lights  in  mines  is  strongly  recommended, 
particularly  at  partings,  turnouts,  and  all  points  where  men  must 
travel  along  or  across  the  rails.  It  is  advisable  to  have  more  than 
one  circuit  where  lights  are  used  as  danger  signals,  to  provide  for 
burn-outs.  In  some 'mines  red  lamps  are  installed  at  the  danger 
points  and  show  only  when  the  current  is  on  the  wires  at  the 
parting. 

In  all  cases  where  large  tracts  of  coal  are  to  l>e  ilevclopcd,  the 
author  recommends  the  use  of  275  volts  potential,  using  high- 
tension  alternating-current  transmission  from  the  central  plant,  and 
locating  substations  as  close  to  the  work  as  possible.  Where  the 
cover  is  excessive,  these  substations  can  be  located  luidergi'omid  at 
the  centre  of  distribution.  Wherever  the  cover  is  light,  it  would 
usually  be  preferable  to  have  the  substations  overhead  and  the  direct - 
current  cables  taken  into  the  mine  through  lioreholes. 

Reference  is  finally  made  to  the  three-wire  system,  and  it  is 
mentioned  that  in  some  mines  a  balance  is  maintained  within  l.T  per 
cent,,  rising  occasionally  to  25  or  .'JO  per  cent. 


ELECTRIC  CRANES.* 

BY    H.   H.   BROUGHTON. 
(Continued  from  page  S27.) 

Samimiri/.— The  author  here  deals  with  the  mechanism  required  for 
eflecting  the  traversing  and  travelling  motions.  The  article  opens 
with  a  brief  discussion  on  the  determination  of  the  size  of  motor 
recjuired  for  each  motion,  and  "  constants  "  of  American  cranes  are 
given.  Then  follow  notes  on  slipping  drives,  axles,  axle-boxes,  roller 
bearings  and  track  wheels.  Constants  are  given  in  order  to  enable 
the  several  parts  to  be  correctly  proportioned.  Traversing  and 
travelling  mechanism  arrangements  arc  also  described. 


Axles. — The  axles  are  treated  as  beams  and  the  worst 
conditions  of  loading  are  assumed.  The  beitding  moment 
at  any  section  can  be  determined  either  graphically  or  by 
calculation.  The  former  method  is,  in  some  respects,  the 
better  of  the  two,  as  we  have  a  picture  of  the  forces  acting 
at  every  poiitt  of  the  axlo,  anil  catt,  therefore,  design  it 
accordingly. 

As  the  stress  alternates  from  a  positive  to  a  negative 

*  Copyright.     All  rights  of  reproduction  are  reserved. 


maximum  once  each  revolution,  the  working  stres.s,  accord- 
ing to  Prof.  Lilly's  formula,  ,should  be 

5 

=.3'.'J3  tons  per  square  inch, 


1 


K.\) 


and  this  is  in  close  agreement  with  the  practice  of  designers, 

A.s  far  as  po.ssible  "  overhung  "  wheels  .should  be  avoided. 
The  most  satisfactory  arrangement  of  truck  is  that  in  which 
axle  boxes  arc  provided  on  each  side  of  the  truck  wheels, 
together  with  a  bearing  close  up  to  the  driving  spur. 
Lower  bearing  pressures  and  other  advantageous  features 
to  .some  extent  coimteract  the  higher  initial  cost  of  the 
arrangement.  We  have  come  across  trolleys  in  which  two 
bearings  have  sufficed  to  support  the 
tiiuk  wheels  and  driving  spur,  but 
Muh  unworthy  practice  cannot  be  too 
•-tiongly  condemned, 

Fi\ed   axle  pins  and  bushed  wheels 
(Fig   105)  are  used  to  a  great  extent  by 
("ontmental    firms.     Although    Engli.sh 
naiie  builders  of  repute  discourage  the 
nutliod,  it  can,  nevertheless,  be  relied 
upon  if  the  bearing  pressures  are  not 
excessive  and  the   lubricating  arrange- 
ments    satisfactory.     Furthermore,    it 
Fig.  105.— Fixed  Axle  is  inexpensive. 
AND  Bdshed  Wheel.       Several  types   of    bearings  and  axle 
boxes  are  depicted  in  Figs.  106  to  110. 
When  the  axle  pins  are  fixed  it  is  customary  to  provide 
heavy  bronze  bushings  in  the  truck  wheels.     Holes  bored 
up  the  centres  of  the  pins  serve  to  carry  the  grease  required 
to  lubricate  the  bearings. 

The  axle  boxes  depicted  in  Figs.  10()  to  lOU  are  charac- 
terised by  the  novel  lubricating  arrangement.  This  method 
of  lubricating  was  introduced  by  Adamson  &  Co.,  and 
has  been  adopted  by  a  number  of  builders.  Referring 
to  Fig.  UK),  it  will  be  seen  that  the  wooden  roller  R.  loosely 
mounted  mi  a  pivoted  arm,  .\.  is  pressed  against  the  axle  S 
by  means  of  the  weight  W.     The  lower  part  of  the  roller 


V 

\ 
-4 

1 

I— 

-"Ir-^ 

F,,,.   lot).— '■  Undiu!  "-Tvrv;  SELK-LCBRKAriNii  .\xi,E  Box, 

dips  into  an  oil  bath,  and,  as  the  a.vle  rotates,  the  roller 
is  turned  round  and  oil  is  carried  on  to  the  axle. 

In  some  cases  it  may  be  advi.sable  to  provide  a  stifif  grease 
lubricator  in  the  top  of  the  box  to  protect  the  journal  from 
injurv  if  throtigh  anv  cause  overheating  should  occur. 

A  bearing  pres.sure  of  HHt  Ih.  to  l,tKH>  lb.  per  square  inch 
of  projected  area  may  be  allowed,  so  that  when  the  wheel 
pressure  and  diameter  of  axle  are  known  the  length  of 
journal  required  can  (jnickly  be  determined. 

The  advantages  of  roller  bearings  over  the  .solid  type  are 
well  known,  and  a  number  of  boxes  and  wheel  bushings, 
embodying  the  roller-bearing  principle,  adapted  to  withstand 
the  severe  service  imposed,  have  been  designed.  Of  these, 
perhaps  the  best  known  and   the  one  most  widely  used 
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is  that  inamtfacturefl  by  the  Hyatt  Roller  Bearing  Co. 
From  Fig.  110  it  will  be  seen  that  the  distinctive  feature 
of  tlie  Hyatt  flexible  roller  bearing  is  the  roller,  which 
is  made  fi'om  a  strip  of  steel  wound  into  a  coil  of  uni- 
form diameter.  The  advantage  of  a  roller  of  this  construc- 
tion lies  in  its  flexibility,  which  enables  it  at  all  times  to 
piesent  a  bearing  along  its  entire  length,  ensuring  a 
uniform  distribution  of  load  on  the  roller  itself,  as  well 
as  the  surfaces  on  which  it  operates.      It  will  also  lie  ^ecn 


T^ 


Fio.  107. — Self-libru  ATiM:  .\\i.E  Hox,  iiY  Adaaison  &  Co. 

that  the  roller  acts  as  an  oil  reservoir,  while  the  spiral  and 
roller  together  perform  tlie  function  of  an  oil  carrier,  thereby 
assuring  perfect  lubrication  of  the  bearing  surfaces. 

The  summari.sed  results  of  two  tests  made  to  determine 
the  difference  in  efficiency  between  Hyatt  bearings  and 
bronze  bearing.s  are  given  below  : — 

Test  A. 
The  bearings  were  used  in  the  bridge  truck  wheels  of  a 
15  ton  crane,  and  the  tests  show  the  power  required  (a) 


Fio.   108. — SELi-LniiRicATiso  Axle   Boxes  and  Enu  Truck   Driving 
Wheel. 

with  the  wheels  equipped  with  bronze  bushings  and  {/>)  with 
the  wheels  equipped  with  Hyatt  roller  bearings. 

Weight  iif  crane,  without  loatl 34.0ilii  Ih. 

Weight  of  loail    28,(IUU  lb. 

Total  weight   62,000  lb. 

Diameter  of  truck  wheel  21  in.,  diameter  of  axle  ."JJ  in.  ; 
niotor,  lon.H.P.,  220  volts. 

(rt)  Test  with  Bronze  Bushings. 

No  load  on  hook  :  18  amperes,  KO  lb. -ft.  torque,  5-2  b.h.p., 
340  revs,  per  min. 

28,0001b.  on  hook:  30  amperes,  158  Ib.-ft.  torque, 
8  B.H.P.,  205  revs,  per  m'li. 


(h)   Test  with  Hi/alt  Roller  Bearings. 

No  load  on  hook  :  Ki  amjieros.  (iS  lb. -ft.  tor(|ui".  I'd  h.ii.p., 
.■)5()  revs,  per  min. 

28,000  lb.  on  hook:  22-5  amperes,  UOlb.-ft.  torque, 
I)- 1  B.H.P.,  305  revs,  per  min. 

Percentage  of  power  re(|uir('(l  for  full  load  with  roller 
bearings  as  com|ian'(l  to  hioiize  bushinijs  : 

'''""■'I'lc   70-0  |«r  ii-nt. 

Brake  horse- |>uwer     800     ,, 

Increase  in  speed  of  enine 80'0     .. 

H.H.P,  for  ei|nivalent  speed  (>n-.5  ..        ., 

The  small  variation  of  power  with  no  load  on  the  hook 
IS  due  to  fixed  lo.s.ses  in  the  gears,  bearings,  rolling  and  flange 
friction. 

Test  B. 

This  test  was  made  by  Welhnan,  Seaver  &  Head  on  an 
open-hearth  charging  machine  of  the  light  high-ground 
type. 

Complete  vveiwhl  of  inai  liiiic  williout  load...  1!)  ton's. 

Diameter  of  truck  wliecl   24  in. 

J>iameter  of  axle 3i  in. 

Travelling  speed      300  ft.  ]H-r  mill. 

When  fitted  with  Hyatt  roller  bearings  the  travelling 
motor  took  18  am])eres  on  a  450  volt  circuit,  showing  a  cur- 
rent consumptir)n  at  the  rate  of  18x  450/74fi  =  10i)  h. p. 


Vu:.    10!l. — KnU-TYPE    SELP-LUBRICATrNG    AxLE    BoX, 

IiY  Broadbent  &  Sons. 

Calculated  horse-power  required  at  starting  with  bronze 
bearings  lubricated  :  As  calculated  by  a  reliable  formula, 
15()  H.p.  would  be  reeiuired,  taking  the  gear  at  (15  per  cent. 
efficiency.  This,  however,  takes  no  accomit  of  the  accelera- 
tion power  required,  and  as  these  machines  are  designed  to 
get  up  their  full  s])eed  very  quickly,  the  power  required  foi 
acceleration  would  probaljly  add  on  several  horsepower, 
which  would  be  read  on  the  ammeter  in  the  case  of  the 
machine  fitted  with  roller  bearings,  although  it  does  not 
appear  in  the  formula  used  to  determine  the  horse-power 
when  the  machine  is  fitted  with  bronze  bearings,  as  it  is 
usual  to  overload  a  series  motor  to  this  extent. 

If  we  allowed  25  ft.  of  travel  in  which  to  get  iq)  full  speed 
of  the  machine,  the  tractive  effort  required  at  starting 
would  be  increased  by  nearly  (JO  per  cent.,  which  is  equal  to 
about  3-5  H.p. 

Machine  fitted  with  roller  bearings      I0!»    ii.p. 

Machine  lifted  with  bronze  bearings    I'.M    ii.p. 

For  the  above  description  we  a'e  indebted  to  the  Hyatt 
Roller  Bearing  Co. 

Trark  Wheels. — In  order  to  minimise  wear  of  the  treads 
and  rails,  and  to  ensure  a  low  tractive  effort,  it  is  necessary 
to  use  track  wheels  of  large  diameter.  On  account  of  the 
heavy  loads  imposed,  they  should  be  made  of  .steel  or  be 
provided  with   steel  tyres.     For  steel-tyred  wheels  rolling 
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on  steel  rails  a  pressure  of  (iOO  11).  to  HQO  lb.  per  inch  of 
diameter  and  per  inch  of  width  of  tread  niav  be  assumed. 
Tiie  constTUction  shown  in  Fi^.  1  1 1  (/<)  is  fre(|uentlyadopted 
for  the  drivinfr  wheels.  The  spur  wheel  is  formed  in  one 
piece  wit  h  the  track  wheel  centre,  which  is  of  cast-.steel.  The 
double  flantred  tvi'e,  bored  out  and  shrunk  on  the  centre, 
is  tuined  on  the  tread.  It  is  usual  to  allow  (»■()()  1  of  the 
diameter  for  "  shrinking  on."  Some  makers  form  the  tyre 
as  shown  in  Fig.  1 1 1  (c).     In  special  cases  it  mav  be  necessary 


I'l  a'I'l;   Ukmovkii 


to  fix  the  tyre  to  the  wheel  centre  by  means  of  stud  bolts,  as 
in  locomotive  practice,  but,  generally  speaking,  the  grip 
due  to  shrinkage  is  sufficient. 

For  cranes  of  large  capacity  it  is  necessary  to  u.se  more 
than  four  wheels  in  order  that  the  pressure  per  wheel  shall 
not  be  excessive.  When  two  sets  of  rails  can  be  provided, 
as  is  often  the  case  with  the  bridge  of  ovei'head  travelling 
cranes  and  hammer  cranes,  the  double  wheels  shown  in 
Fig.  Ill  ij)  are  used.     When  limited  side  clearance  or  other 


Vn:.  111. — 'rvi'icAi.  Tuoi.i.iiv  and  Enu  Truck  Wiii'.ici.s. 

circumstances  prevent  this,  the  wheels  must  be  mounted 
in  pairs  in  compensating  trucks,  so  as  to  equalise  the  loads. 
The  construction  of  several  of  these  trucks  was  described  in 
the  article  on  structural  steelwork,*  to  which  the  reader 
is  referred  for  further  particulars. 

The  method  of  designing  the  gearing  is  the  same  as  that 
described  in  the  article  on  lifting  mechanism. t 
(To  he  continued.) 
*  The  Electrician,  Jamuuy  8,  I'JO!).        t  Ibid,  April  9,  1909. 


POWER  CHARACTERISTICS  OF  THE  TUNGSTEN 
FILAMENT." 

HV    (MAlU.l^s    F'.    STRIXMKTZ. 

.-\s  in  the  fmigsU'ii -filament,  inoandcsocnt  lanij)  the  re«i.stan«'  in- 
fivases  with  the  temiirratiirc.  the  iiowcr  consumption  varie.-*  at  a 
rate  which  is  less  than  proportional  to  the  .square  of  the  impres.sed 
volta£?e.  Il  therefore  was  intereslint;  to  invesli';atc  experimentally 
the  manner  in  which  the  power  consumption  increases  with  increase 
of  vohasre. 

In  piusiiil  of  an  extended  investitration  on  the  radiation  law  of  the 
tungsten  filament,  a  series  of  tests  had  been  made  with  s|X'cial  care  on 
n  niunber  of  modern  tungsten  lamps,  extending  over  a  wide  range  of 
candle-powers.  Taking  the  reading's  very  i|uickly.  by  experts 
especially  trained  in  |)hotometrie  work,  it  was  possiJile  to  reach  10 
times  the  rated  candle-power  of  the  lamps,  withiuit  any  appreciable 
impairment  or  change  of  the  filament  or  hiiickening  of  the  globes,  as 
evidenced  by  the  lamp  showing  its  original  candle-power  and 
efficiency  after  the  test.  For  the.se  data  the  writer  is  indebted  to 
Mr.  l'\  C.  Marshall,  of  the  Harrison  Lamp  Works. 

.\nalysing  the  relation  between  the  power  consumption  and  the 
ini|>ressed  voltage,  the  interesting  result  was  found  that  the  power 
consumption  varies  projiortional  to  the  1  -6  power  of  the  voltage— that 
is.  follows  a  law  analogous  to  thai  of  the  hysteresis  loss  in  iron  in  an 
alternating  magnetic  lielil.  and  thus  can  be  exi>ressed  by  the  equa- 
tion »'  =  (l-ll-2:).">r'-". 

The  lamp  was  a  32  c.p.  4U-uatt  lamp,  and  was  run  u|i  to  :&)  c.]>. 
Alternate  check  readings  were  taken  at  lt):M04  volts,  on  which  the 
lamp  gave  its  normal  candle-power. 

In  the  accompanying  illustratiim  is  .slu)wn  the  curve  of  Iti  power, 
with  the  oliservcd  values  of  power  marked  by  cresses.  .\s  will  be 
seen,  the  coincidence  is  so  close  as  to  give  no  noticeable  deviation  in 
the  scale  of  the  curve. 
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EXPBRIMRNTAL  CuilVK   Vb    POWEK. 

.-\bout  18  ye'irs  ago  the  writer  observed  that  the  relation  between 
the  power  loss  in  iron  in  an  alternating  magnetic  tieUl  and  the 
magnetic  density  can,  with  gooil  ap()roximation.  be  empirically 
expressed  by  a  law  of  1-6  (lowcr  :  ir=qB'-''' 

This  law  of  hysteresis  is  still  an  empirical  law.  and  all  attemjits  to 
derive  it  rationally  from  theoretical  considerations  have  thus  far 
failed.  It  tlierefore  is  especially  interesting  to  observe  the  same 
law  of  the  Iti  power,  showing  the  relation  between  the  consumption 
and  voltage  of  tungsten  lanip.s.  especially  as  in  the  tungsten  lamp  the 
law  of  the  Iti  power  is  not  only  an  empirical  law.  but  can  rationally 
be  derived  as  a  theoretical  conclusion  from  the  temperature  law  of 
metallic  resistance.  r  =  «T.  and  the  normal  radiation  law.  R  =  iT*, 
where  T=absolute  temperature  and  R--  total  radiation  power. 


THE  EFFECT  OF  LIGHT  ON  SULPHUR  INSOLATION.t 

HV    IKKl).    W.    IIAI'KS. 

During  a  .series  of  exi>eriments  on  the  ionisation  of  the  air  in 
closed  vessels  the  writer  used  an  electroseoiie  in  which  the  leaf 
-system  was  supported  on  .sulphin-  insulators.  When  an  attempt 
was  made  to  calibrate  the  instrunu-nt  large  variations  in  the  rate 
of  leak  were  noticed,  which  seemed  to  deiHMid  on  the  intensity  of 
the  light  falling  on  the  leaf  system.     A  series  of  experiments  was 

*  From  the  "  Elcitrical  \\'orld."'     Somewhat  abbrcviateil. 

\  Abstract  of  a  Paper  road  before  SectiouA  of  the  British  Association, 
at  Winnipeg. 
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then  undertaken  to  discover  whether  any  such  definite  relation 
existed. 

It  was  found  that  the  average  day  rate  of  leak  was  greater  than 
the  average  night  rate,  that  bright  sunhght  fnlHng  on  the  insula- 
tion increased  the  rate  very  greatly,  while  even  partially  excluding 
the  light  decreased  it  perceptibly. 

Uy  intercepting  some  of  the  sun's  rays  by  means  of  either  cobalt 
blue  or  red  glass  the  rate  of  leak  was  much  lessened,  and  by  totally 
excluding  the  light  from  the  insulation  the  day  rate  of  leak  was 
redviced  to  practically  the  same  as  the  night  rate. 

The  theory  that  this  change  of  rate  of  leak  was  due  tt)  fi  ra])itl 
and  violent  change  in  the  rate  of  ionisation  of  the  air  in  the  vessel 
was  early  abandoned,  for  it  was  found  that  by  merely  causing  tlic 
sunlight  already  shining  into  the  vessel  to  fall  directly  on  the  siil- 
l>luir  insulation,  a  great  increase  in  the  rate  of  leak  was  obtained, 
although  there  was  no  more  sunlight  entering  the  electroscope  than 
formerly.  The  theory  that  sulphur  is  alTected  in  much  the  same 
way  imder  sunlight  as  zinc  is  under  ultra-violet  rays  was  also  aban- 
doned, for  it  was  found  that  positive  and  negative  charges  leaked 
equally  fast  under  similar  conditions.  An  electroscope  was  con- 
structed with  a  guard  ring  about  the  sulphin-  insulation  which  was 
on  the  exterior  of  the  vessel  and  thus  completely  exposed  to  the  lijht. 

In  daylight,  when  the  guard  and  the  leaf  carried  charges  opposite 
in  sign,  the  leaf  lost  its  charge  and  in  time  acquired  a  cluugc 
similar  in  sign  to  that  on  the  guard,  but  when  both  guard  and  leal 
cjjrried  the  same  kind  of  charge  the  charge  on  the  leaf  increased  it 
initially  less  than  that  on  the  guard,  but  decreased  if  initially 
greater.  On  the  other  hand,  at  night  either  kind  of  change  leakeil 
away  from  the  leaf  even  with  the  guard  changed,  which  was 
imdoubtedly  due  to  the  ionisation  of  the  air  in  the  vessel. 

The  conclusion  is  that  sulphur  in  the  presence  of  light  becomes  to 
a  slight  degree  a  conductor  of  electricity  and  the  greater  the  inten- 
sity of  the  light  the  greater  the  conductivity.  And  further,  tliat  the 
leak  due  to  ionisation  is  less  than  that  due  to  the  increase  in  the 
conductivity  of  the  sulphur,  exposed  even  to  ordinary  daylight.  It 
is  necessary,  therefore,  that  great  care  should  be  taken  when  measur- 
ing small  electrical  charges  with  instruments  having  sulphur  insula- 
tion to  keep  light  from  falling  on  the  sulphiu-. 

A  series  of  preliminary  investigations,  in  which  amber  and  ebonitt' 
were  u.sed  as  insulators,  indicat<'d  a  slight  increase  in  the  conduc- 
tivity of  ebonite  in  strong  sunlight,  but  amber  did  not  show  any 
effect.  The  im|)or(ance  of  the  ellect  of  light  on  insulation  was  so 
great  that  the  writer  purposes  investigating  thoroughly  with  these 
and  other  materials  in  order  to  find  its  extent,  and  also,  if  ])ossible, 
to  discover  the  exact  nature  of  the  change  produced  by  light  on 
sulphur. 


THE  POOLSEN  SYSTEM  OF  RADIO  TELEGRAPHY. 

On  Saturday  last  an  intcrestin.g  demonstration  was  given  at 
the  radio-telegraphic  station  at  Cullercoats  of  the  woiking  of 
Dr.  Poulsen's  iugcnious  photographic  receiver. 

This  station,  which  is  eijuiiiped  with  both  arc  and  spark 
apparatus,  has  already  been  very  ftilly  described  in  these 
columns;  first,  in  an  article  publi.shed  on  November  l(i,  1906, 
giving  details  of  the  arc  apjjaratus,  and,  more  recently,  June  4, 
1900,  in  our  repoit  of  Mr.  Soreiisen's  Paper  before  the  New- 
castle Section  of  the  Institution  of  Electrical  Engineers,  which 
is  chiitly  concerned  with  the  spark  apparatus  now  being  used 
commercially  for  ship-to-shorc  messages. 

For  some  time  past  experiments  have  been  carried  out  at 
this  station,  in  conjunction  with  a  similar  one  at  Lyngby,  in 
Denmark,  about  (iOO  miles  distant,  with  a  view  to  perfecting 
Dr.  I'oulsen's  highspeed  system  of  transmission.  In  this 
system  the  receiving  apparatus  is  exceedingly  simple.  A 
thermo-couple,  or  contact  rectifier,  is  used  as  detector,  and  the 
unidirectional  current  thus  obtained  passed  through  an  Eint- 
lioveii  galvanometer,  the  vibrating  wire  of  which  is  of  plati- 
num or  gold,  prepared  by  the  Woilaston  jHOcess,  about  6cm. 
long  and  having  a  resistance  of  100  ohms  if  gold  and  100 
ohms  if  platinum.  Its  motion  is  made  dead-beat  by  shunting 
it  with  a  resistance  of  about  1,500  ohms.  A  vertical  imago  of 
this  wire  (the  image  being  considerably  imjiroved  by  smearing 
the  wire  with  a  little  lamp  black)  is  projected  by  means  of  a 
microscope  on  to  a  horizontal  slit,  behind  which  a  strip  of 
8en.sitive  paper  moves.  This  strip,  after  passing  the  slit,  is 
guided  by  pulleys  through  the  troughs  of  two  bird  fountains, 
being  developed  in  the  first  and  partially  fi.xed  in  the  second. 


If  a  pennanont  record  is  required,  the  tape,  on  leaving  the  in- 
stniment,  is  i\ui  into  a  second  fixing  bath. 

The  rectifier  actually  used  in  the  experiments  shown  con- 
sisted of  a  small  fragment  of  galena  and  one  of  metallic  tellu- 
rium pressed  together. 

The  highest  speed  at  which  messages  have  been  received  at 
Cullercoats  from  Lyngby  is  100  words  per  minute.  At  this 
speed,  with  the  power  at  present  used  (about  7  kw.),  the  de- 
tiections  of  the  galvanometer  arc  rather  small,  and  consequently 
the  indications  on  the  tape  are  not  very  easy  to  read.  How- 
ever, over  shorter  distances  this  speed  has  been  found  quite 
practicable,  and,  indeed,  between  Lyngby  and  Copenhagen,  a 
speed  of  300  w-ords  per  minute  has  been  attained.  Probably, 
by  the  use  of  more  powerful  radiation,  these  high  speeds  will 
lie  found  quite  workable  over  much  greater  distances. 

The  messages  actually  received  on  Saturday  were  at  50 
words  per  minute,  and  as  will  be  seen  from  the  illustration 
the  printing  at  this  speed  is  exceptionally  clear.* 

The  working  of  the  apparatus  was  very  smooth  indeed; 
there  is  verj'  little  to  get  out  of  order.  The  most  delicate  part, 
the  galvanometer  wire,  is  completely  enclosed,  and  is  only 
likely  to  be  damaged  by  a  sudden  rush  of  current  due   to  an 

atmospheric  disturbance,  or  to  the  receiving  circuit  being  acci- 
dentally left  connected  to  the  air  wire  when  transmitting. 
Even  this  is  not  a  very  serious  matter,  as  spare  wires,  already 
soldered  to  suiiports,  are  kept,  and  require  no  great  skill  to  fix 
in  position. 

At  present  it  is  only  possible  to  transmit  from  Cullercoats 
by  hand,  the  only  automatic  transmitter  that  has  yet  been 
constructed  being  at  Lyngby.  This  circumstance  was  one 
disappointing  feature  of  the  demonstration,  and  much  additional 
interest  would  have  been  provideil  if  the  complete  mechanism 
of  this  sending  apparatus  could  have  been  examined. 


A  NEW  TYPE  OF  REACTANCE  COIL. 

nV    R.    LIVI.NG.STO.M-:. 

The  usual  design  of  reactance  coil  shown  in  Fig.  1  has  a  very 
high  leakage  cocflicient.  In  sonic  cases  oidy  2-5  per  cent,  of 
the  lines  passing  through  the  coil  actually  cross  the  gap  at  rt, 
the  remainder  of  the  lines  taking  other  paths  than  the  gap. 
On  account  of  this  leakage  it  is  difficult  to  predeterinine  the 
actual  impedance  of  the  coil,  aiul  large  variations  in  the  length 
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of  the  gap  make  only  a  small  change  in  the  impedance.  The 
leakage  lines  are  also  harmful  in  heating  tip  the  end  turns  of 
the  copper  and  any  metal  (such  as  the  iron  case)  within  reason- 
able distance.  To  overcome  the  above  defects  the  writer  has 
designed  a  reactance  coil  in  which  the  winding  surrounds  the 
air-gap,  as  .shown  in  Fig.  2,  the  intention  being  to  reduce  the 
leakage  as  far  as  possible.  The  result  of  actual  tests  on  this 
type  of  reactance  coil  shows  a  very  considerable  improvement 
on  the  type  shown  in  Fig.  1.  There  is  still,  of  course,  a  certain 
amount  of  fringe  to  tlic  air-gap,  but  this  can  easily  be  allowed 
*  Similar  records  ajjpeared  in  The  Elkctrioian,  April  24, 1908,  p.  50. 
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for  ill  t\h 
is  "ivt'ii 


when  »i: 
is  A.T.= 
and  (/  =  1 


■  calculations.     The  maximum  flux  in  millions  of  lines 
22-5  X  volts 


M= 


(1) 


MX  turns 

=cycles  per  second.  The  maximum  A.T.  for  the  gap 
:0-31.3  B;/,  when  B  =  density  in  lines  per  square  inch 
■ngth  of  gap  in  inches.     For  a  sine  wave  the  maximum 


value  is  \'2  times  the  virtual,  so  that  the  virtual  amperes  to 
give  the  required  choke  will  be 

aJ^'-'^^I- (2) 

turns  ^  ' 


From  equations  (1)  and  (2)  we  have 
turns 


V   «xA 


5x  10'' xgrx  volts 
X  gap  area  ' 


(3) 


The  gap  area  should  be  the  area  of  the  iron  core  plus  an 
allowance  for  fringing  depending  on  the  inside  dimensions  of 
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Fig.  4.— Sfniile-phask  Reactaxce  Coil,  .jO  cyilks. 

the  coil  and  its  length.  The  less  clearance  between  the  coil 
and  the  core  and  the  shorter  the  coil  the  smaller  will  \w  the 
allowance. 

A  comparison  of  tests  on  the  experimental  coil  shown   in 
Fig.  3  is  given  in  the  following  table  : — 


Cunent  through  coil  a 
Amps 


Current  througli  coil  h. 


I 


From  this  table  it  can  be  seen  that  when  the  coil  is  round 
the  gap  there  is  no  external  leakage  so  long  as  the  iron  is  not 
saturated  ;  but  when  the  coil  is  round  the  yoke  and  the  iron 
unsaturated  only  40  per  cent,  of  the  lines  go  through  the  gap, 
and  the  remaining  60  per  cent,  are  leakage  lines  external  to  the 


iron  core.  J^ince  the  design  .shown  in  Fig.  2  has  practically 
no  external  field,  the  metal  cases  can  be  made  quite  small,  and 
if  made  of  iron  will  not  increase  the  amount  of  choke. 

The  diagrams  shown  in  Figs.  4  and  5  give  dimensions  and 
costs  for  any  size  of  reactance  coil  up  to  13fJ  k.v.a.  for  25  and 
50  cvcles. 
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Fig.  5. — Sinci.k-phase  Reactance  Coil,  25  cycles. 

The  dimensions  are  only  suitable  for  the  type  shown  in 
Fig.  2  and  for  a  depth  of  winding  of  2  in.  Three-phase  choke 
coils  can  be  made  to  give  as  good  results  as  single-phase  coils 
with  the  construction  shown  in  Fig.  6,  and  the  dimensions  of 
core,  coil  and  gap  can  be  obtained  from  Fig.  4  or  5,  using 
the  kilovolt-ampere  per  phase  as  the  rating. 

For  example  :  A  single-phase  coil  to  give  50  volts  choke  with 
1,000  amperes  at  25  cvcles  (50  k.v.a.)  would  have  a  core 
1\  X  1\  and  a  gap  U  long."  The  winding  should  have  14,400  A.T., 
so  that  the  number  of  turns  is  14J.     The  works  cost  is  5s.  per 


kilovolt-ampere  for  the  core  and  coil,  so  that  the  total  works 
cost  for  core  and  coil  is  £12.  10s. 

A  three-phase  coil  to  give  the  same  output  per  phase  would 
have  the  same  dimensions  of  core  and  gap,  and  each  coil  would 
be  the  same  as  the  single-phase  coil.  The  works  cost  would 
be  about  2i  times  the  cost  of  the  single-phase  coil. 


THE  SEPARATION  OF  NEW  RADIO-ACTIVE 
DISINTEGRATION  PRODUCTS.* 

BY  DR.   OTTO  H.IHX. 

The  disintegration  tlienry  of  Rutlierford  and  Soddy  has  brought 
forward  a  long  list  of  radio-aolive  products  which  have  distinct 
chemical  and  physical  properties,  ami  which  may  be  sepai-ated  by 
various  methods.  Some  of  the.se  products  emit  a  particles,  some  3 
particles,  some  emit  a  and  j3  particles  and  some  do  not  seem  to  emit 
rays  at  all. 

The  a  particles  for  each  sfwcial  prixluct  are  emitted  with  a  quite 
definite  speed  wliich  is  characteristic  for  the  product,  but  this  appa- 
rently does  not  hold  true  for  the  /?  rays.  The  absorption  curves 
tor  tile  |3  rays  are  in  some  cases  coniple.x,  and  seem  to  indicate  com- 
plex /3  rays  ;  in  some  cases  the  absorption  curves  indicate  only  one 
type  of  ravs. 


*  .Xbstractof  a  Paper  read  before  Section  A  of  the  British  Association, 

at  Winnipeg. 
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In  collaboration  with  Dr.  Lise  Heitner.  the  author  began  two 
years  ago  an  investigation  of  all  the  various  13  ray  products  with 
the  view  of  comparing  all  the  separate  products  under  identical 
conditions.  As  the  result  they  put  forward,  as  a  working  hypothesis, 
that  single  radio-active  products  emit  only  one  type  of  radiation, 
either  homogeneous  a  particles  or  homogeneous  fl  particles. 

In  the  view  of  this  hypothesis  all  products  emitting  «  and  ff  rays 
or  complex  fi  rays  must  be  complex  and  separable  into  two  or  more 
single  products. 

The  working  hypothesis  proved  fertile  in  the  case  of  the  active 
deposits  of  thorium,  actinium  and  radium.  The  active  deposit  of 
thorium  consists  of  four  different  single  products — viz.,  A.  B  C  and 
D.  Thorium  D  l>eing  a  new  product  with  a  life  period  of  three 
minutes,  emitting  i3  rays  which  were  formerly  ascribed  to  thorium 
C.  The  active  deposit  of  actinium  consists  of  three  different  single 
products.  A.  B  and  C.  the  latter  having  a  period  of  5-1  minutes  and 
emitting  ^  rays  which  before  had  been  attributed  to  actinium  B. 

In  tlie  quickly  decaying  active  deposit  of  radium  we  have 
ajiparently  single  /3  rays  from  radium  B  and  complex  ones  from 
radium  C.  Hence  radium  C  must  be  complex  and  consist  of  tliree 
))roducts.  one  a  and  two  /3-ray  substances.  It  is,  of  course,  a 
matter  of  great  difficulty  to  separate  by  chemical  means  very 
quickly  decaying  products,  and  use  was  therefore  made  of  the 
'■recoil  method"  of  separating  radio-active  disintegration  products. 
The  effects  in  the  ca.se  of  radium  C  were  very  weak,  but  this  was 
to  be  anticipated.  Supposing  the  a  rays  to  be  emitted  from  the 
last  product  of  radium  C.  the  result  seems  to  show  that  really 
radium  ('  is  complex,  comprising  besides  one  product  of  10  mmutes 
duration  another  of  1-2  minutes,  and  yet  a  tliird  with  a  still 
shorter  life. 

But  there  is  still  a  better  possibility  of  proving  the  correctness 
of  the  hypothesis.  The  authors  have  found  that  radium  itself  emits 
/3  rays  of  a  quite  distinct  character.  As  it  has  long  been  kno-rni 
that  radium  itself  emits  also  a  particles,  in  the  view  of  the  liy])0- 
thesis  radium  itself  must  be  complex  and  consist  of  two  different 
products,  say,  radium  and  radium  x. 

Some  recent  experiments  seem  to  indicate  that  this  might  be  the 
case,  and  it  looks  as  i)  radium  itself  emits  easily  absorbable  /3  rays 
only,  and  the  hj'pothetic  substance  radium  x  emits  the  well-known 
a  particles. 

If  further  work  should  prove  radium  to  be  complex  there  is  little 
doubt  that  the  few  other  radio-active  transformation  products  which 
still  emit  complex  rays  are  complex  and  therefore  to  be  separated. 
We  might  then  be  in  a  position  to  find  some  relation  between  the 
life  period  and  other  qualities  of  the  products  and  the  kind  and 
velocit)'  of  the  rays  the  particles  emit. 


In  the  appendix  to  the  report  of  the   committee  for  1905  it  is 
stated  that  sligiit  variations  in  the  E.M.F.  of  the  Weston  normal  cell 
can    be    produced    by  12J   per   cent,   cadmium  amalgam.     A   pre- 
liminary investigation    showed  that   the   variations  were  generally 
very  small  and  not  easily  reproduced.     In  general  the  E.M.P.  was 
normal  at  0°C.  A  more  exhaustive  investigation  has  now  been  com- 
pleted  at    the  National   Physical  Laboratory,  and  the  results  show 
that  in  general  the  \-2h  per  cent,  amalgam  may  be  used  from  l)°C. 
to  above  60 deg.  without  any  apiireciable  error,  but  the  K.:\I.F.  of 
a  standard  cell  containing  such  an  amalgam  may  be  very  normal  at 
all   temperatures  below   12'C.      The  limits  of  temiieratiu-e  for  the 
general  use  of  a  12^  per  cent,  amalgam   are  very  nearly  1-^'C.   to 
620.     A  10  per  cent,  amalgam  may  be  used  between  0°C.  and51°C. 
Progress  Avith  the  Lorenz  apparatus  Ijas  been  slow  but  satisfac- 
tory.    The  difficulties  attending  the  driving  have  been  overcome 
to  a  considerable  extent;  an  electric  motor  will  be  installed.      The 
uon  of  the  motor  has  been  demonstrated  to  have  no  appreciable 
effect  on  the  mutual  induction  of  the  Lorenz  system  when  a  small 
addition  to  the  electrical  system  is  introduced. 
^  A  comparison  between    the   standards  of  resistance  used  at  the 
National   Physical  Laboratory,  the  National  Bureau  of  Standixrds 
and  the  Physikalisch-Technische  Reichsanstalt  has  been  made  by 
the  use  of   some  hermetically  sealed   standards    belonging   to  the 
Bureau    of    Standards.       The    following    tables    give  "the    results 
obtained : — 

Table  I.—Oivhir/  the  Eisii/ls  of  Comparifiom  made  Fthruary-Marrh, 
1908.      Valnes  at  ZQ°C. 


No.  of  coil. 


Resistance  as  determined  at 


N.B.S. 
Jan. 


N.P.L. 

Feb. 


REPORT  OF  THE  BRITISH  ASSOCIATION  COM 
MITTEE  ON  PRACTICAL  STANDARDS  FOR  ELEC 
TRICAL  MEASUREMENTS.'^ 

The  committee  in  the  first  place  record  tlieir  sense  of  the  great 
loss  electrical  science  has  sustained  by  the  death  of  Prof.  AvTton, 
F.R.S.  The  revival  of  the  Electrical  Standards  committee  was  pro- 
])Osed  by  him  at  the  Swansea  meeting  in  J880.  He  had  been  a 
member  since  that  date,  and  much  of  the  work  of  the  committee 
owes  its  initiation  to  his  inspiration. 

Reference  is  next  made  by  the  committee  to  the  International 
Conference  on  Electrical  Units  and  Standards,  and  the  report  of  the 
Conference  is  printed  as  an  appendix  to  this  report. 

In  their  last  report  the  committee  suggested  the  republication  of 
the  reports  of  the  original  committee  from  1862  tt)  1871,  and  of  the 
l)resent  committee  from  1881,  as  a  memorial  to  the  connection  of 
Lord  Kelvin  with  their  work.  They  are  glad  to  learn  that  the 
recommendation  from  the  committee  of  Section  A  in  favour  of  this 
course  has  been  accepted  by  the  Council,  and  that  a  ])roposal  to 
undertake  the  projected  republication  will  be  made  to  the  General 
Committee  at  Winnipeg.  The  committee  are  greatly  indebted  to 
Mr,  R.  K.  Gray  for  a  generous  donation  of  £100  towards  the 
exf)enses  of  this  work. 

•  Abstract  of  a  report  presented  at  Winnipeg.  The  committee  con- 
sists of  Lord  Ruyleigh  (',7i.//rM'/ii),  Dr.  R.  T.  Glazebrook  (^ivcnlary. 
Profs.  J.  Perry,  W.  ti.  Adams  and  0.  Carey  Foster,  Sir  Oliver  Lodge, 
Dr.  A.  Muirbead,  Sir  W.  H.  I'reece,  Profs.  A.  Schuster.  J.  A.  Fleming, 
and  Sir. I.  J.  Thomson,  Dr.  W.  N.  Shaw,  Dr.  .1.  T.  Bottomley,  Kev. 
T.  C.  Fitzpatrick,  Dr.  G.  .JohiiNtjne  Stoney,  Prof.  .S.  P.  Thomp-son, 
Mr.  J.  Rennie,  Principal  E.  H.  Crifhths,  Sir  A.  W.  Riicker,  Prof.  H.  L. 
f.'allendar,  and  Messrs.  G.  Matthey,  A.  P.  Trotter,  T.  Mather  and  F.  E. 
Smith. 


1.  (B.S.  1,102a) 

2.  (B.S.  1,102b) 

3.  (B.S.  1,102() 
12.  (B.S.  2,416i.) 

1.  (B.S.  3,946k.) 

2.  (B.S.  3,946f) 

1.  (B.S.  3,946i) 

2.  (B.S.  3,946j) 


0-99980,1 

0-99975o' 
i-09000„ 
0-99998.. 

99-990, 

99  985, 
999-90, 


0-99982.J 

0-99977,,. 
1-00002., 
0-999S9i 
99-991i 
99-987, 
999-92„ 


•  Difference. 
Parts  in  100,000. 


P.T.R.       N.P.L.  I  N.P.L. 
Mar.         N.B.S.  |  P.T.R. 


ilOOOOi;;      1000-03, 


0-99981,, 
0-99975,, 
lOOCOi;, 
0-99997.i, 

99-991e 

99-9873 


2-8 
2-6 
2-2 
1-5 
1-2 
1-3 
1-8 
1-6 


1-3 
1-7 
1-2 
2-2 
-0-1 
-0-1 


Table  Ti-— firing  the  Results  of  Comparisons  made  November,  1908,  to 
March,  1909.      Values  at  20°C. 


Resistance  as  determined  at 

Difference. 
Parts  in  100,000. 

No.  of  coil. 

N.B.S.      N.P.L.   1  P.T.R. 

N.P.L 

Sept.,       Nov.,    Nov., '08, 
1908.        1908.     Jan.,  '09. 

Feb.- 

N.P.L.- 

N.P.L. - 

Mar.,-09. 

N.B.S. 

P.T.R. 

1.  (B.S.  1,102.^) 

0-99999-   1-00002.       ... 

2-6 

2.  (B.S.  1,102p.) 

0-99999:    1-00002 

2-5 

3.  (B.S.  1,102ci 

1-00000,,   1-00001 

1-6 

4.  (B.S.  1,102i)) 

0-999994    1-OOCOl,  0-99999, 

1-00001, 

2-1 

i-6 

11.  (B.S.  5,315()    0-99999,    lOOOOl,   TOOOOO, 

1-00002.5 

2-9 

1-2 

12.  (B.S.  5,315i>1 

0-99998,    1-00000.,  1-99998., 

1-00001, 

2-6 

1-8 

1.  (B.S.  3,946e) 

99-991,,     99  994.^ 

29 

2.  (B.S.  3,946i) 

99-9&7o     99-990; 

1 
1 

3-2    !     ... 

Mean ... 

2-5    1     1-5 

The  unit  coils  Nos.  1  and  2  were  adjusted  at  Washington  on 
September  23,  1908,  so  as  to  give  values  more  nearly  equal  to  the 
nominal.  The  changes  made  w-ere  +  0-0001!),,  ohm  and  +  0-0110-2-1.  ohm 
respectively.  yVnalysis  of  all  the  data  relating  to  the  com])arisons 
indicates  that  the  coil  No.  11  (Table  11.)  changed  by  about 
O-OOOOl  ohm  during  transportation  from  Teddington  to  Charlotten- 
burg.  No.  12  is  a  comparatively  new  coil,  having  been  sealed  iu 
January,  1908.  At  the  Bureau  of  Standards  (Washington)  wire 
coils  were  employed  as  standards  in  all  the  comparisons. 

The  values  given  by  the  N.P.L.  in  Table  I.  are  in  terms  of  the 
N.P.L.  mercury  standards  of  resistance,  which  were  set  up  in 
November  to  December,  1907.  The  N.P.L.  values  in  Table  II.  are 
in  terms  of  the  mercury  standards  of  resistance  which  were  erected 
in  Fcliruary,  1909.  With  respect  to  the  values  given  by  the 
Reichsanstalt  in  Table  I.,  Dr.  Lindeck  states:  '•  The  last  complete 
.series  of  measurements  on  the  standards  of  the  Reichsanstalt  was 
(-Mrried  out  at  the  end  of  January-  and  the  beginning  of  February. 
The  values  given  in  the  table  (1.)  are  based  upon  this  series."  In 
Talile  II.  the  P.T.R.  values  dejiend  upon  the  values  assigned  to  a 
wire  standard  of  the  Reichsanstalt  which  had  been  kept  for  about 


THE  ELECTRICIAN,  SEPTEMBER  17,  1909. 


911 


.a  year  ir>"an  atmospliere  uf  constant  humiJity,  and  frequently  com- 
pared with  other  standards  of  resistance. 

In  conclusion,  the  committee  recommend  that  they  be  reappointed 
for  the  purpose  of  contiuuiny  their  researches  on  the  standards,  and 
carryini^  out  the  re]iubhcatinns  of  the  reports  if  sanctioned  by  the 
general  committee^  that  Lord  Rayleigh  be  chairman  and  Dr.  R.  T. 
Glazebrook  .secretary. 

The  appendi.\  attached  to  the  report  contains  an  accoiint  of  the 
proceedings  at  the  International  Conference  on  Electrical  Units  and 
■Standards,  1908.  a  list  of  the  delegates,  the  resolutions  passed  and 
the  specitications  adopted.  The  last  mentioned  were  given  in  our 
issue  of  October  30th  last,  whilst  an  account  of  the  Conference 
appeared  in  that  and  previous  issues. 


EYEN  HARMONICS  IN  ALTEBNATING-CURRENT 
CIRCUITS.* 

BY    J.    B.    TAYLOR. 

In  the  usual  presentation  and  consideration  of  wave-forms  in 
alternating-current  circuits  we  are  so  used  to  the  mathematical 
•  expressions  which  omit  the  second,  fom'th.  sixth.  &c..  harmonics, 
and  so  generally  assume  that  these  even  harmonics  can  be  neglected 
at  the  outset,  that  a  short  consideration  of  usual  and  special  con- 
ditions giving  rise  to  even  harmonics  in  alternating-current  circuits 
seems  opportune. 

From  discussion  with  many  engineers  I  find  that  the  following 
misconceptions  are  quite  popular  :  (a)  There  can  be  no  second  har- 
monics in  alternating-ciu-rent  circuits,  because  this  would  result  in 
a  direct-current  component  in  the  circuit,  obtained  without  com- 
mutator or  other  rectifying  device,  (b)  Even  harmonics  cannot'  be 
handled  by  typical  transformers,  so  that  should  there  be  any  even 
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Fig.  1. 

liarmonics  at  one  part  of  the  cucuit  these  will  l)e  in  some  way  sup- 
pressed or  balanced  at  the  first  transformation,  (c)  Wave-forms  of 
E.M.F.  from  commercial  generators  do  not  contain  even  harmonics, 
hence  nothing  can  give  rise  to  them  later  in  the  system. 

The  average  text-book  on  alternating  currents,  at  some  point 
usually  near  the  introduction,  states  that  windings  and  poles  of 
commercial  generators  are  symmetrical,  so  that  alternate  waves  will 
be  of  the  same  shape  and  hence  have  no  even  harmonics.  Little  or 
no  reference  to  even  harmonics  is  made  later  in  such  books.  As  a 
matter  of  fact,  telephone  lines,  transformers  and  receiving  apparatus 
have  to  deal  with  even  as  well  as  odd  harmonics.  Also  there  is  no 
•difficulty  in  constructing  an  alternating-current  generator  to  have  a 
wave-form  containing  considerable  even  harmonics,  when  such  are 
•desired.  There  is  also  no  difficulty  in  connecting  standard  gene- 
rators in  series  or  in  parallel  ;  and  with  a  25  cycle  generator,  say,  and 
a  50  cycle  generator,- the  resulting  wave-form  will  have  pronounced 
■even  harmonics. 

If  an  alternating-emrent  generator  has  a  symnietrieal  armature 
winding  and  unsymmetrical  north  and  south  pcples.  tin-  even  har- 
monics will  not  appear.  If  the  winding  is  unsymuii'Irieal  with  the 
north  and  south  jioles  symmetrical,  again  the  even  harmonies  will  be 
absent.  The  combination,  however,  of  an  imsymmetrieal  winding 
with  unsymmetrical  poles,  will  in  general  bring  out  even  harmonics. 
Fig.  1  shows  diagrammatieally  such  an  alt.ernating-current  generator 
with  approximate  wave-form  due  to  the  special  arrangement  of 
winding  and  tlie  diilVrently  shaped  north  and  south  poles. 

-Neglecting  the  special  case  of  the  telephone,  of  more  practical  con- 
sid'Tiition  tlian  wlvat  bic,  ]:r(c  c!J.  r.rc  typical  commercial  systems 
in  which  even  harmonies  are  likely  to  be  introduced,  and  the  effect 
of  these  harmonics  on  transformers.     The  simi)lest  way  in  which 


even  harmonics  may  be  brought  into  an  alternating-current  system 
is  by  earthing  at  more  than  one  point,  and  these  points  may  be  neutral 
or  not.  A  neighbouring  direct-current  traction  .system  cau.ses  direct 
current,  in  a  greater  or  les.s  amount,  depending  on  bonding  and  other 
features,  to  l)e  shunted  into  the  alternating-current  system.  This 
current  flows  through  the  transformer  windings,  giving  a  "  mag- 
netic biased  "  condition.  This  shunted  or  leakage  direct  current  may 
easily  be  as  much  as,  or  greater  than,  the  exciting  current  of  the 
transformer,  which  will  give  normal  or  greater  magnetic  density 
in  the  iron  ;  and  since  many  transformers  are  worked  well  up  toward 
the  saturation  point,  the  iron  in  the  transformer  may  be  nearly 
saturated  before  any  connection  is  made  with  the  alternating-current 
supply.  The  magnetising  current  under  the  conditions  described — 
that  is.  with  direct  current  in  the  windings  of  the  .same  order  of  mag- 
nitude as  the  normal  exciting  current — does  not  cause  the  exciting 
current  to  become  of  the  order  of  a  short-circuit  current,  nor  even 
full-load  current.  This  is  beeau.se  the  iron,  instead  of  working  from 
the  saturated  condition  as  a  mean  point,  works  about  a  mean  point 
not  far  from  zero.  A  convenient  way  of  introducing  direct  current 
into  a  transformer  winding,  without  at  the  same  time  allowing  the 
direct-current  circuit  to  t)ecome  a  load  or  short-circuit  on  the  trans- 
former, is  to  arrange  two  transformers,  preferably  identical,  with 
their  primaries  connected  in  parallel,  and  the  secondaries  (with 
alternating  potential  balanced)  in  series  with  any  convenient  source 
of  direct  current.  Another  combination  of  apparatus  which  may 
introduce  direct  current  in  transformer  windings  is  a  synchronous 
converter  connected  for  three-w'ire  service,  the  neutral  of  the  three- 
wire  service  being  connected  with  the  tran.sformer  neutrals.  With 
this  combination,  the  difference  between  the  currents  on  the  two 
sides  of  the  lighting  system  passes  through  the  transformer  windings. 
If  the  transformers  aie  "  diametrically  connected  '"  to  the  converter, 


Fig.  2. — Record  showing  pronounced  Second  Hakmonic  in  Trans- 
former M.\GNETisiNo   Current    due    to   Direct   Current   in 

WlNDMOS. 

Upper  curvs— Electromotive  force  at  terminals  from  60-cjrcle  generator. 
Lower  curve^Kxcitiujr  current. 

this  direct  current  will  divide  ;  and  if  the  resistance  of  transformer 
and  converter  connections  are  symmetrical  from  the  neutral  point. 
this  divided  direct  current  will  cause  no  magnetic  flux.  With  the 
direct-current  neutral  derived  from  star-connected  transformers. 
du-ect  current  from  the  neutral  does  give  a  "  biased  '"  magnetic  con- 
dition in  the  transformer  iron,  with  accompanying  increase  of  trans- 
former exciting  current  and  change  in  wave-shape.  Since  this  cur- 
rent divides  among  three  transformers,  and  its  magnitude  is  not 
great,  unless  the  lighting  system  is  badly  unbalanced,  little  additional 
transformer  heating  is  likely  to  be  noticed.  Star-connected  trans- 
formers have  been  so  used  with  converters  for  a  number  of  years 
without  serious  results.  Ho\vever.  a  diametrical  connection  seems 
preferable  when  laying  out  a  new  system. 

Co)idtisi(m.—The  leakage  of  direct  current  into  transformer  wind- 
ings—unless these  currents  are  of  themselves  sufficient  to  cause  con- 
siderable additional  heating  in  the  windings— will  not  indirecUy  cause 
sufficient  increase  in  the  exciting  current  to  cause  serious  overheating 
or  burn-out.  I  have  already  proposed  the  use  of  counter  E.M.F. 
cells  to  cheek  the  leakage  of  direct  ctirrcnts.  but  have  not  yet  seen  a 
case  ^^here  the  magnitude  of  these  currents  was  sufficient  to  warrant 
such  additional  and  umlcsirable  eomiilieation  of  apparatus. 


*  Abstract  of  a  Paper  read  before 
Engineers. 


the  Amoricaa  Institute  of  Electrical 
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ELECTROLYSIS  BY  EARTHED  RETURNS  IN 
AMERICA. 

AYe  are  so  accustomed  to  imiiiuiiity  from  trouble  by 
earthed  returns  in  this  country  that  it  sometimes  comes  as 
a  surprise  that  cousiderable  difliculties  should  be  expe- 
rienced elsewhere.  As  is  well  known,  the  Board  of  Tradb 
lias  very  stringent  rules  on  the  question.  Not  only  is  the 
pressure  between  an  earthed  return  and  any  neighbouring 
pipe  limited  to  a  maximum  of  4|  volts  if  tlie  return  is 
positive,  and  to  a  pressure  equivalent  to  that  required  for 
the  electrolysis  of  water  in  the  ca.se  of  the  earth  return 
being  negative,  but  the  drop  along  the  track  is  limited  to 
7  volts.  The.se  regulations  have  been  found  to  be  ex- 
tremely effective  in  practice,  notwithstanding  the  fears  of 
many  engineers  that  water  pipes  and  gas  pipes  would 
sutler  unduly  through  the  advent  of  electric  tramways. 

In  America  there  are  no  such  regulations,  with  the  re- 
sult that  serious  trouble  arises  from  time  to  time.  As  an 
example,  we  may  refer  to  the  case  of  I'eoria,  which  is  re- 
markable not  merely  from  tlie  electrolytic  point  of  view, 
but  as  an  example  of  the  characteristic  way  in  which  legal 
matters  arc  handled  in  America.  It  is  1:2  years  since  the 
I'eoria  Water  AVorks  brought  an  action  against  the  com- 
])any  running  electric  tramways  in  the  town.  Apparently 
judgment  wa.s  given  iu  tlie  first  instance  in   1000,  but 
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various  objections  were  raised,  and  the  case  has  dragged 
on  so  that  a  further  judgment  has  only  recently  been  given. 
During  this  i)eriod  numerous  leaks  have  been  discovered 
in  the  ZO  in.  and  other  mains.  Two  breaks  have  occurred 
in  the  oO  in.  and  nine  in  the  20  in.  main,  and  instances 
have  been  found  where  the  depth  of  pitting  was  0-.j5  in.  in 
a  total  thickness  of  |^in.  Although  the  bonding  has  been 
improved  in  recent  years  the  troul>le  has  not  decreased, 
owing  to  the  fact  that  the  size  of  the  undertaking  has  be- 
come greater.  The  present  judgment  gives  damages  to  the 
plaintiff,  and  restrains  the  defendant  from  causing  further 
injury.  But  it  discloses  a  good  deal  of  hopelessness  as  to 
how  the  further  injury  is  to  be  avoided,  as  it  points  out 
that  a  fraction  of  a  volt  will  cause  electrolysis,  that  there 
is  no  known  method  by  which  the  plaintiff  can  protect 
the  water  system,  and  that  there  is  no  complete  remedy 
except  the  entire  removal  of  electric  current,  which  is  im- 
possible so  long  as  an  earthed  return  is  used.  This  is 
rather  a  curious  view  to  take  up.  It  is  generally  admitted 
that  electrolysis  will  take  place  with  even  a  fraction  of  a 
volt,  but  there  is  a  vast  difference  between  the  electrolysis 
so  produced  and  that  due  to  pressures  exceeding  lA  volts. 
So  long  as  the  electrolysis  is  sufficiently  slight,  it  is  to  all 
intents  and  purposes  harmless  as  far  as  the  commercial 
life  of  water  mains  is  concerned. 

Another  case  is  that  of  Winnipeg,  where  the  city  elec- 
trician recently  expressed  the  view  that  a  lire  had  been 
caused  by  stray  currents  from  the  electric  railway,  ('on- 
sequently.  Prof.  L.  A.  Herdt,  of  McGill  University,  was 
called  in,  and  has  reported  upon  the  general  state  of  affairs. 
The  condition  disclosed  is  certainly  bad.  The  bonding  is 
very  poor,  and  the  soil,  on  the  other  hand,  is  exceedingly 
good  from  the  point  of  view  of  affording  an  alternative  path. 
At  ])resent  all  the  current  is  supplied  from  one  generating 
station  in  the  centre  of  the  city,  apparently  without  sub- 
stations. The  general  state  of  things  is  well  illustrated  by 
the  fact  that  at  one  point  the  tracks  are  bonded  to  return 
feeders  of  a  total  sectional  area  of  6,848,000  circular  mils,  and 
the  drop  between  this  point  and  the  negative  'bus  bars,  if 
the  feeders  were  carrying  the  whole  current,  would  be 
12  volts.  As  the  distance  is  only  1,200  ft.  this  means  a 
drop  of  1  volt  per  100  ft.,  which  is  an  extraordinarily  high 
figure.  Along  certain  streets  the  pipes  are  positive  to  the 
rails,  and  in  the  liasement  of  one  of  the  blocks  a  current  of 
50  amperes  was  observed  on  connecting  an  ammeter  from 
the  pipes  to  the  telephone  cables  which  are  bonded  to  the 
'bus  bars.  We  doubt,  however,  if  such  an  observa- 
tion is  of  much  value  as  an  indication  of  what  currents 
are  flowing,  because  the  same  current  will  certainly 
not  flow  when  the  metallic  connection  is  removed.  The 
remedy  suggested  by  Prof.  Hkkdt  consists  of  the  in- 
stallation of  sub-stations  at  different  points  of  the  system, 
so  as  to  diminish  the  amount  of  current  returned  through 
the  rails  in  the  centre  of  the  city,  proper  re-bonding  of  all 
tracks,  special  bonding  and  cross-bonding  at  inttnsections, 
and  a  system  of  inspection  of  track  returns  by  tlie  Winni- 
peg Street  llailway  Vo.  It  is  remarked  that  the  cui-rent 
density  in  the  rail  returns  should  be  kei>t  low,  owing  to 
the  very  low  resistance  of  the  soil,  and  that  all  bonds 
showing  a  resistance  equivalent  to  more  than  4'5  ft.  of  rail 
should  receive  attention. 


It  is  clear  that  the  amount  of  money  invested  in  a  tram- 
way system  can  be  lirought  down  to  a  minimum  if  elec- 
trolytic troubles  are  neglected,  but  in  such  cases  the 
business  of  transportation  is  carried  on  irrespective  of  the 
rights  of  existing  interests.  This  latter  point  does  not 
seem  to  be  fully  appreciated  in  America,  or  surely  legis- 
lative ste])S  would  have  been  taken  long  ago  to  put  electric 
traction  on  a  propi'i  basis  so  that  no  material  haiTii  should 
result. 
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Electric   Lighting   and   Power   Distribution.    By  W.  Pbrre.v 

MiY.  uc  K.      Vol.   I.,   7tli    edition.      (London:    WhitUiker   &   Co.) 
Pp.  .\ix— 591.     6s.  net. 

The  first  edition  of  this  book  appeared  16  years  ago.  It  has 
been  largely  used  by  the  class  of  students  for  whom  it  was 
specially  intended,  namely,  those  taking  the  elementary  and 
ordinary  courses  of  the  City  and  Guilds  of  London  Institute. 
An  electrical  text-book  needs  constant  revision  if  it  is  to  keep 
abreast  of  the  subject  and  the  >inidually  wideniua;  syllabuses. 
Ill  the  present  instance  tlie  hook  has  been  practically  re- 
written and  has  increased  in  V>ulk  by  167  pages  and  over  100 
illustrations. 

The  revision  appears  to  have  been  done  very  carefully,  and 
the  information  is  not  only  always  correct  but  is  put  in  as 
simple  a  manner  as  possibl(\  The  author  evidently  assumes 
throughout  that  the  reader  has  an  extremely  elementary,  if 
any.  knowledoe  of  mathematics. 

The  first  of  the  nine  chapters  deals  with  the  fundamental 
and  mechanical  units.  After  studying  this  chapter  the  most 
elementary  student  should  have  clear  ideas  as  to  the  distinc- 
tion between  energy,  force,  work,  power  and  momentum. 
The  table  of  metric  units  and  multiples  is  very  complete,  and 
although  this  section  is  marked  with  an  asterisk  as  an  indica- 
tion that  it  should  be  studied  by  the  student  taking  ouly  the 
elementary  stage,  the  latter  would  have  om'  sympathy  if  he 
skipped  the  "  hectares  "  and  the  ""  dekares."  In  Chapter  II. 
the  various  electrical  units  are  discussed,  together  with  the 
simple  laws  expressing  their  relations  to  one  another  and  to 
the  thermal  unit.  In  these  days,  when  the  labels  on  mstru- 
ments  and  machines  have  often  a  Teutonic  aspect,  in  spite  of 
the  name-plate,  it  might  be  as  well  to  warn  a  student  that  the 
capital  n  means  ohms  and  not  megohms  on  the  Continent. 
On  p.  3-5  it  is  stated  that  carbon  has  a  negative  temperature 
coefficient.  This  statement  needs  a  little  qualiticatiou  in  view 
of  the  metalised  carbon  filanu>nt.  It  is  a  little  unfortunate 
that  after  putting  it  in  italics  to  make  it  striking,  the  printer 
shoidd  have  called  the  unit  of  heat  the  "  calcrie."  Several 
pages  are  devoted  to  capacity  and  condensers,  mention  being 
made  even  of  the  Moscicki  type. 

Chapter  III.  is  devoted  to  the  magnetic  etfects  of  electric 
currents  and  to  magnetism  in  general.  The  construction  and 
design  of  various  types  of  electromagnets  are  considered  vtry 
fuUv.  Chapter  IV.  deals  with  electronuignetic  iiuiuctiou. 
Self  and  mutual  induction  are  explained  and  the  '"  henry  " 
defined.  The  converse  phenomenon  of  the  matmetic  drag  on 
a  ciu'rent-carrvinu  conductor  is  then  considered.  In  studying 
the  action  of  the  conden.ser  across  the  break  of  an  induction 
coil,  a  student  knowing  nothing  of  electrical  oscillations  will 
be  sorely  puzzled  to  sec  how  it  can  "  help  the  battery  current 
to  overcome  the  inductance  of  tile  coil  more  quickly  on  the 
make  of  the  circuit."' 

Chapter  V.  deals  with  liells,  indicators,  alarms.  &c.,  together 
with  primary  cells.  There  is  an  error  on  p.  159  ;  bells  of 
the  type  shown  in  Fig.  62  may  be  connected  in  series  without 
an  ordinary  bell  to  act  as  make-and-break.  Very  good  wiring 
diagrams  are  given  for  bell  circuits  of  every  kind. 

In  Chapter  VI.  we  return  to  magnetism.     The  properties  of 
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iron  and  steel,  and  the  magnetic  circuit  are  considered  verv 
fully.  Instead  of  describing  the  modern  methods  employed 
for  accurately  testing  iron  stampings,  eight  pages  are  devoted 
to  Dr.  Drysdale's  permeameter,  which,  although  ingenious,  is 
little  used.  The  warning,  on  p.  261,  as  to  the  necessity  of 
<]uickly  reading  the  magnetometer  to  avoid  the  effects  of 
magnetic  viscosity,  i^^  calculated  to  give  the  student  a  verv 
<?.\aggerated  idea  of  this  phenomenon. 

Chapter  VII.  covers  the  whole  range  of  simple  electrical 
measuring  instruments  and  is  very  well  done.  In  devoting 
four  pages  to  galvanometer  shunts,  the  author  might  have 
mentioned  the  Universal  type.  The  very  lucid  description  of 
the  Bridge-Megger  would  be  improved  by  the  addition  of  a 
word  of  warning  as  to  the  accuracy  to  be  e.xpected  when  using 
it  to  measure  low  resistances. 

The  last  two  chapters  deal  with  the  construction  of  modern 
dynamos  and  motors,  and  contain  a  large  number  of  good 
diagrams  and  photographs. 

A  very  useful  feature  of  the  hook  is  the  numerous  collection 
of  exercise  qxiestious  which  follows  every  chapter. 

G.  W.  0.  Howe. 

Magnetism  and  Electricity.    By  S.  S.  Rrhardson.     (London : 

Blackie  &  Sou.)  Pp.  viii. — 592.  5s.  net. 
Mr.  Richardson  is  to  be  congratulated  on  the  success  which 
has  attended  his  efforts,  for  his  book  is  a  welcome  addition  to 
the  already  long  list  of  text-books  on  electricity  and  mag- 
netism. A  very  useful  feature  consists  in  the  details  which  are 
given  of  laboratory  experiments,  so  that  the  student  has 
a  practical  hand-book  as  well  as  a  text-book  on  theory.  In 
this  connection  it  might  be  amplified  so  as  to  include  a  few 
more  of  the  simple  exercises,  such  as  the  measurement  of  nearly 
equal  low  resistances  by  the  Carey-Foster  bridge,  battery 
resistance  by  Mance's  method,  low  resistance  by  split  coils,  &c. 
Under  the  heading,  "  Use  of  Different  Modes  of  grouping  Cells," 
the  author  has  given  the  following  rule  :  "  Arrange  the  cells 
so  that  the  resistance  of  the  battery  is  as  nearly  as  possible 
equal  to  the  external  resistance,"  and  then  proceeds  to  "  prove" 
the  rule  by  sho\\'ing  algebraically  that  the  current  is  a  maximum 
when  the  external  resistance  is  ef/ual  to  the  internal  resistance. 
Of  course  the  latter  is  true,  but  the  former  is  not  invariably. 
With  regard  to  the  definition  of  E.M.  units  of  current  on  p.  3.58, 
it  would  probably  be  better  to  make  the  length  of  conductor 
equal  the  radius  of  the  arc  (viz.,  1  cm.),  so  that  the  force  at 
the  centre  is  unity  instead  of  'Itt.  Taken  as  a  whole,  however, 
the  book  is  an  admirable  one,  especially  for  students  intending 
to  read  for  an  intermediate  science  degree  examination. 

Le  Reglage  des  Groupes  Electrog^nes.  By  J.  L.  Boutin.  (Paris : 
"La  Lumii-re  Electrique.")     Pp.  iv. — 155. 

This  work  is  a  very  valuable  addition  to  the  literature  that 
has  been  published  on  the  speed  and  voltage  regulation  of 
olectric  generating  sets,  and  wall  be  welcomed  by  those  who 
have  to  deal  with  problems  of  such  a  nature. 

The  subject  matter  is  divided  into  three  chapters,  in  the  first 
of  which  general  principles  governing  speed  and  voltage 
regulation  are  di.scu.ssed.  The  second  chapter  is  devoted  to  an 
analytical  and  graphical  treatment  of  regulation,  and  forms  the 
major  part  of  the  book.  The  first  part  of  the  chapter  deals 
■with  the  conditions  for  equilibrium  in  permanent  working 
for  the  various  prime  movers  in  present  use.  The  graphical 
treatment  of  regulation,  which  follows,  is  a  development  of  the 
method  due  to  Leaute.  The  "  Leaute  cycles  "  show  the  effect 
of  a  change  in  load  on  the  set  before  equilibrium  is  reached. 
In  the  analytical  treatment  three  cases  are  considered — for 
constant  speed  of  operation,  for  a  .speed  of  operation  propor- 
tional to  the  disturbance  to  be  corrected,  and  also  for  a  speed  of 
operation  proportional  to  the  acceleration  of  the  generating  set. 
The  calculation  of  the  voltage  regulation  at  constant  speed, 
and  a  section  on  electro-mechanical  regulation  complete  the 
ohapter. 

The  concluding  chapter  is  devoted  to  descriptions  of  special 
regulating  apparatus  which  realise  the  various  conditions 
assumed  in  the  analytical  treatment.  An  ingenious  electio- 
mechanica!  regulator  is  described  which  operates  at  a  speed  pro- 


portional to  the  variation  in  load  on  the  set,  and  it  is  also  shown 
how  that  with  several  alternators  working  in  parallel,  the  whole 
of  the  generators  can  be  regulated  from  one  central  point  bv 
means  of  a  special  electric  servo-motor  regulating  apparatus. 

The  treatise  shows  throughout  that  it  is  the  work  of  one  who 
has  made  a  thorough  study  of  the  subject  of  the  regulation  of 
electric  generating  sets.  The  subject— difUcult  and  complex 
though  it  is — is  treated  throughout  in  a  very  clear  and  able 
manner.  In  the  analytical  treatment  there  is  of  necessity  an 
abundance  of  mathematics,  but  this  will  not  be  objected  to  hv 
those  for  whom  the  work  is  intended,  i.e.,  those  who  wish  to 
master  fuUv  the  problems  of  the  regulation  of  electric  generating 
sets.  A.  E.  C. 


THE  BRITISH  ASSOCIATION  AT  WINNIPEG. 

(from    our    OWX    rORRESI'OXDE.VT,) 

Wednesdai/,  August  2oth. 

The  79th  meeting  of  the  British  Association  was  inaugurated 
at  Winnipeg  on  August  25th  by  .Sir  J.  J.  Thomson's  presi- 
dential address,  of  which  an  abstract  was  given  in  our  issue  of 
August  27th. 

The  President's  address  was  given  in  a  large  new  theatre  in 
the  city,  and  it  seemed  hard  to  believe  that  the  site  was  open 
prairie  only  a  few  years  ago.  The  theatre  was  packed  with 
people  and  somewhat  hot,  but  fortunately  its  acoustic  pro- 
perties were  excellent,  and  the  address  was  plainly  audible  in 
all  parts  of  the  hall. 

The  members  of  the  Association  appear  to  have  been  very 
favourably  impressed  by  the  broad  and  open  streets,  well  lined 
with  trees,  and  the  clean  and  prosperous  appearance  of  the 
town.  The  city  presented  a  very  busy  appearance,  as,  in  addi- 
tion to  the  Association  meeting,  there  was  at  the  same  time  a 
medical  convention  and  horticultural  show. 

Thursday,  August  26lh. 
Section  G. 

The  chief  papers  of  electrical  interest  on  Thursday  were  the 
presidential  address  to  Section  G  by  Sir  William  White,  the 
address  to  Section  .A.  by  Prof.  Rutherford,  and  the  description 
of  the  new  scheme  for  the  supply  of  electric  power  to  the  City 
of  Winnipeg. 

Sir  William  White's  address  was  chiefly  concerned  with 
naval  matters  (and  was  given  in  abstract  in  our  issue  of 
August  27th).  A  vote  of  thanks  was  moved  by  Lord  Strathcona, 
who  referred  to  his  first  crossing  of  the  Atlantic  in  1838  in  a 
sailing  ship,  taking  42  days  over  the  voyage.  He  expressed  a 
hope  that  all  the  members  would  be  able  to  cross  to  the  Pacific 
Coast  and  see  the  land  which  all  Canadians  looked  upon  as  a 
great  inheritance.  He  also  hoped  that  before  very  long  they 
would  have  25-knot  ships  crossing  the  Atlantic  to  Montreal  and 
performing  the  voyage  in  i^  days. 

The  description  of  the  new  electric  power  scheme  was  written 
by  Mr.  C.  B.  Smith,  the  engineer,  but  read  in  his  absence  by 
Mr.  Chase.  It  was  intended  as  a  preliminary  description  of  the 
plant  which  was  to  be  visited  by  Section  G  on  the  following 
Saturday.  This  plant  is  being  constructed  by  the  Winnipeg 
city  authorities,  and  will  have  to  compete  with  the  present 
supply  given  by  the  local  company.  As  this  supply  is  given  at 
60  cycles  it  was  decided  to  use  the  same  frequency  in  the 
municipal  plant,  although  25  cycles  would  have  been  better 
from  the  standpoint  of  the  transmission  line.  The  adoption 
of  this  frequency  limited  the  voltage  which  could  be  employed 
to  66,000  volts  at  the  generating  end.  If  a  lower  frequency 
could  have  been  used  a  higher  voltage  would  probably  have 
been  adopted  in  view  of  the  length  of  transmission  (77  miles)* 
Power  is  obtained  from  the  falls  on  the  Winnipeg  river  at 
Point  l)u  Bois,  where,  by  erecting  a  dam  across  the  stream,  a 
head  of  45  ft.  has  been  rendered  available,  and  a  storage  lake 
eight  miles  long  formed.  This  will  give  an  ultimate  capacity 
of' 60,000  H.P.,  although  at  prc-,ent  onlv  20,000  ^h  bein"  i'l- 
stalled.  The  generators  will  be  of  3,00J  k.v.a.  each,  driven  by 
double  runner  turbines  operating  under  45  ft.  head,  at  164  revs. 
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per  mill.  Two  turbine  driven  and  two  motor  driven  exciters 
of  250  kw.  capacity  each  will  be  installed.  Generation  is 
to  be  at  6,600  volts,  stepped  up  to  60,000  volts  by  means  of 
water-cooled  oil-insulated  transformers.  The  transmission  line 
will  consist  of  four  three-phase  aluminium  circuits  carried  on 
two  series  of  double  circuit  steel  towers  with  concrete  footings. 
Pin  type  insulators  by  the  Locke  Insulator  Co.  will  be  employed, 
made  in  four  j)arts,  including  an  inner  shell  entirely  protected 
from  the  weather.  These  insulators  have  stood  Ii'ii.uoo  volts 
under  heavy  rain. 

On  arrival  in  the  city  the  power  will  enter  a  substation,  where 
it  will  be  stepped  down  to  11,000  volts,  and  distributed  by 
underground  cables  to  three  or  more  substations,  where  it  will 
be  further  reduced  to  2.200  and  -550  volts.  The  2.200  volt 
current  will  be  stepped  down  to  110  volts  for  house  lighting  by 
means  of  small  transformers,  according  to  the  usual  American 
practice. 

The  cost  of  the  scheme  based  on  the  ultimate  capacity  is 
expected  to  work  out  at  £12  per  horse-power  for  the  power 
station  and  equipment,  including  the  cost  of  building  a  railway 
24  miles  long  to  the  power  house  site,  and  a  further  £3  per 
liorse  power  for  the  transmission  line. 

A  short  discu.ssion  took  place,  chiefly  centring  on  the  choice 
of  60  cycles  as  the  frequency  and  on  the  cost  of  the  scheme. 
The  general  feeling  appeared  to  be  that,  given  a  clear  field, 
2.5  cycles  would  have  been  a  more  suitable  frequency,  but 
that  local  conditions  might  in  this  case  preclude  its  use.  In 
answer  to  questions  as  to  whether  any  trouble  was  expected 
from  the  formation  of  "  frasile  "  ice,  it  was  stated  that  they 
did  not  anticipate  any  hindrance  from  this  cause  as  the  water 
behind  the  intake  was  quiescent,  and  although  it  would  freeze 
over  on  the  surface  no  ice  would  form  underneath,  and  that  in 
fact  the  surface  ice  would  be  rather  beneficial  than  otherwise. 
"  Frasile  "  and  anchor  ice  only  formed  where  the  water,  before 
reaching  the  intake,  was  disturbed  by  the  passage  over  rapids. 

Section  A. 
Prof.  Rutherford's  address  to  Section  A, as  our  readers  already 
know  (from  the  abstract  given  in  our  issue  of  August  27th), 
dealt  chiefly  with  the  atomic  hypothesis  and  contained  a  com- 
parison of  the  various  estimates  made  of  the  mass  of  an  atom 
by  various  methods  of  experiment,  showing  what  a  close  agree- 
ment was  now  obtained  in  measurements  made  of  this  quantity. 

The  vote  of  thanks  was  moved  by  Sir.  J.  J.  Thomson  (who 
referred  to  the  fact  that  Prof.  Rutherford's  share  in  this  work 
had  been  carried  out  at  McGill  University),  and  was  seconded 
by  Dr.  W.  N.  Shaw,  who  remarked  that  Prof.  Rutherford,  as  a 
physicist,  had  been  among  the  first  to  rescue  the  atom  of  matter 
from  the  chemists  and  give  to  it  a  physical  as  well  as  a  chemical 
interpretation. 

Friday,  Auyust  iltli. 
Section  G. 

P^'iday,  in  Section  G,  was  confined  entirely  to  Papers  on  civil 
engineering  subjects,  dealing  chiefly  with  the  question  of  trans- 
portation in  Canada,  which  is,  of  course,  a  very  important 
point.  They  comprised  Papers  on  "  Improvements  in  the 
Navigation  of  the  St.  Lawrence,"  by  Lieut. -Col.  \V.  P.  Ander- 
son ;  "  The  St.  Lawrence  River,  the  Great  Imperial  Highway 
of  Canadian  Transportation,"  by  Major  \V.  G.  Stephens  : 
■■  A  Summary  of  the  Georgian  Bay  Canal  Report,"  given  by 
the  President,  Sir  W.  W.  White  ;  "'  An  Account  of  the  Engi- 
neering Works  of  the  Panama  Canal,"  by  Colonel  Goethals. 
The  latter  Paper  was  exceedingly  interesting  to  all  interested 
ill  the  progress  of  this  undertaking. 

On  Friday  evening  the  members  of  the  Committee  of  the 
Section  were  entertained  to  dinner  by  the  local  engineers,  when 
;i  number  of  cordial  speeches  were  made  on  both  sides,  and 
when  those  who  came  fron\  the  Old  Country  had  an  oppor- 
tunity of  gaining  some  idea  of  the  way  in  which  this  new  one 
is  developing. 

Section  A. 

A  short  Paper  was  given  by  Dr.  Reichenheim  on  "  Anode 
Rays  and  their  Spectra."     For  the  lialogen  coiDpounds  of  the  ' 


alkaline  metals  Dr.  Reichenheim  obtained  rays  having  a  char- 
acteristic colour  and  spectrum  which  he  had  studied.  Tubes 
were  shown  at  the  meeting  containing  lithium,  sodium  and 
strontium,  giving  red,  yellow  and  blue  respectively.  He  had 
measured  the  value  of  ejm  and  lound  that  it  had  the  value 
corresponding  to  the  mass  of  the  atom  of  the  metal  employed. 

Prof.  Rutherford  read  a  short  Paper  on  "  The  Action  of 
.\lpha  Rays  upon  Glass."  He  pointed  out  tliat  Prof.  .loni  had 
suggested  the  origin  of  the  halos  in  mica  as  being  radio-active, 
as  they  generally  contained  at  their  centre  a  small  particle  of 
radioactive  matter.  He  himself  had  found  that  a  small 
capillary  tube  containing  radium  emanation  had  been  affected 
to  a  depth  equal  to  the  radius  of  action  of  the  alpha  rays,  a 
reddish  colour  becoming  apparent  and  the  refractive  index  of 
the  glass  being  changed. 

Two  Papers  were  read  by  Prof.  McLellax,  one  written  by 
himself  and  the  other  by  Mr.  V.  E.  Pound,  dealing  with  the 
"  Secondary  Radiation  produced  in  different  Metals  by  the 
a  rays  from  Polonium,"  and  on  •'  Some  Phenomena  con- 
nected with  the  Radiations  from  Polonium "  respectively. 
They  seemed  to  show  that  the  radiating  power  of  polonium 
depended  greatly  on  the  metal  on  which  it  was  spread. 

Monday,  Awjust  'M)th. 

Section  G. 

The  electrical  Papers  were  all  down  for  reading  on  the  Mon- 
day morning,  and  as  they  had  many  points  in  common  the 
discussion  of  them  all  was  taken  together.  Previous  to  this, 
however,  on  the  Saturday,  an  excursion  had  been  made  to  the 
new  hydro-electric  plant  at  Point  Du  Bois,  so  that  any  further 
discussion  on  this  scheme  could  take  place  on  the  Monday 
morning.  The  civil  engineering  work  was  found  to  be  well 
under  way,  and  an  excellent  idea  was  gained  of  the  arrange- 
ment of  the  scheme.  Reference  has  already  been  made  to  the 
electrical  features. 

The  Papers  read  on  the  Monday  consisted  of  one  by  Prof. 
Thornton  and  Mr.  0.  J.  Williams  on  ""  The  Distribution  of 
Dielectric  Stress  in  Three-phase  Cables  "  (The  Electrician, 
September  3rd);  one  by  Prof.  E.W.  Marchant  on  "The  Calculation 
of  the  Charging  Currents  in  Three-core  Cables"  (The  Elec- 
trician, September  3rd) ;  and  one  by  Mr.  E.  A.  Watson  on 
'■  Losses  from  High-tension  Overhead  Lines  due  to  Brush 
Discharge  "  (The  Electrician,  September  3rd). 

In  the  discussion,  Prof.  L.  A.  Herdt,  of  McGill  University, 
and  consulting  engineer  to  the  Winnipeg  supply  scheme, 
asked  why  the  effect  of  the  earth  had  not  been  taken  into 
consideration  in  Prof.  Marchant's  formukie.  In  an  actual 
transmission  line  one  also  had  to  allow  for  the  increase  in 
capacity  of  the  line  due  to  the  proximity  of  tiie  poles,  and 
for  the  capacity  and  leakage  currents  at  the  insulators.  Blondel 
had  given  a  formula  which  took  these  into  account  and  which 
checked  very  well  with  figures  obtained  from  the  Shawinigan 
transmission  to  Montreal,  and  the  Ontario  Electrical  Develop- 
ment Co.'s  line  to  Toronto. 

Prof.  Marchant  replied  that  he  had  not  taken  the  eflfect  of 
the  earth  into  account  as  it  was  only  small,  but  that  the 
allowance  could  easily  be  made. 

Prof.  Herdt  said  that  the  total  effect  of  all  the  causes  he 
had  mentioned  was  to  increase  the  charging  current  by  about 
22  per  cent.  The  problem  was  one  on  which  some  experi- 
ments might  well  be  carried  out. 

Prof.  Thornton  asked  whether  Mr.  Watson  had  observed 
any  extra  loss  off  the  wire  when  expo.sed  to  strong  sunlight. 
as  he  understood  that  sunlight  had  a  great  ionising  effect  and 
might  produce  considerable  leakage.  He  would  also  refer  to 
some  experiments  made  by  Elster  and  Geitel,  which  showed 
that  when  sunlight  fell  on  pine  trees  the  air  in  the  neighbour- 
hood became  strongly  electrified,  and  he  would  like  to  know 
whether  any  tests  had  been  made  on  this  point. 

Mr.  Watson  replied  that  the  effect  of  sunlight,  so  far  as  he 
had  been  able  to  observe  it.  was  very  small  and  for  engineering 
purposes    negligible.     The    effect    of    pine    trees    he    had    for 
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obvious  reasons  not  been  able  to  investigate,  hut  it  was  lioulit- 
less  of  importance. 

Prof.  MARrH.^XT  asked  Mr.  C.  B.  Smith  whether  aluminium 
stranded  cables  were  to  be  used,  and  what  they  anticipated 
would  be  the  effect  of  strandins;  on  the  critical  voltage.  Also 
what  lightning  arresters  were  to  be  used. 

Mr.  CH.4SE  replied  that  19-strand  cables  would  be  employeil 
having  strands  0-12  in.  dianu'ter.  Aluminium  cell  arresters 
would  be  used. 

Prof.  Herdt  remarked  that  the  lightning  arrester  was  a  veiv 
important  problem,  and  that  much  neetled  to  be  done  before 
it  was  settled.  He  did  not  think  that  any  arrester  could 
protect  a  line  from  a  direct  stroke. 

Sectiox  a. 
The  feature  of  to-day's  meeting  was  the  discussion  on  Posi- 
tive Electricity,  opened  by  Sir  Joseph  Thomson,  of  which  a 
report  is  here  given.     There   was  a  large  attendance  at   the 
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Fig.  1 — Apparatus  used  fob  Measuring  the  Mass  of  the  Canal 
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Section,  including  numerous   distinguished  visitors  from  both 
Germany  and  America. 

In  introducing  the  subject.  Sir  Joseph  Thomson  said  that 
there  were  two  fundamental  questions  requiring  settlement  : 
these  were  : — 

1.  Is  there  a  definite  unit  of  positive  electricity? 

2.  If  so,  what  is  its  size  '! 

The  first  question  is  equivalent  to  asking  whether  from  a 
pure  gas  it  is  possible  to  obtain  a  positively  charged  particle 
of  smaller  mass  than  the  residue  which  is  left  when  from  a 
molecule  of  the  gas  a  negative  corpuscle  is  taken  awav.  We 
know  that  we  obtain  the  same  negative  unit  from  all  gases. 
The  question  is  whether  the  same  holds  for  the  positive  one. 

The  study  of  positive  particles  has  so  far  been  chiefly  con- 
centrated on  the  phenomenon  of  canal  strahlen  and  on  the 
passage  of  positive  ions  through  mi.\-ed  gases. 

The  two  types  of  canal  stmhlcn,  which  have  been  chiefly 
studied,  are  those  which  are  found  behind  a  perforated  cathode, 
and  those  which  are  projected  from  the  cathode  and   move 
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in  the  same  direction  as  the  cathode  rays.  This  con.sists  of  a 
tube  with  a  perforated  cathode,  as  indicated  in  Fig.  1.  The 
rays  are  allowed  to  fall  on  a  fluorescent  screen,  coated  with 
Willemite,  where  they  produce  a  bright  spot.  Magnetic  and 
electric  fields  are  also  arranged  to  deflect  the  rays. 

A  method  of  calculation  was  then  given  liy  which  the  deflect- 
ing effect  of  a  magnetic  field  could  l)e  calculated.  When  the 
tube  was  working,  but  the  deflecting  magnet  une.xcited,  a 
single  bright  spot  was  obtained  on  the  screen.  The  effect  of 
applying  a  magnetic  field  was  not.  however,  to  produce  a  simple 
.shifting  of  the  spot  of  light,  as  would  be  the  case  for  cath(}de 
rays.  The  precise  effect  depended  on  the  degree  to  which  the 
tube  was  exhausted,  but  the  general  result  was  to  spread 
the  spot  out  into  a  ribbon  of  light  which  was  often  brightest  at 
the  end  where  the  original  spot  was. 


If  the  pressure  is  still  further  reduced,  the  ribbon  becomes 
still  fainter,  and  finally  resolves  itself  into  two  spots,  one  dis- 
placed from  the  original  position,  the  other  quite  undeflected. 
The  experiment  was  then  tried  of  putting  on  a  second  mai;- 
iietic  field  at  right  angles  to  the  first.  The  effect  then  was  to 
produce  four  spots  of  light,  as  shown  in  Fig.  '1. 

These  spots  lay  at  the  four  corners  of  a  square.  This  seems 
to  show  that  some  of  the  uncharged  particles  which  were 
undeflected  by  the  first  field  have  become  charged  during 
their  passage  between  the  first  and  second  fields,  and  hence 
are  deflected  by  the  latter. 

Moreover,  the  fact  that  all  the  particles  which  weie  deflected 
liy  the  first  field  are  not  also  deflected  by  the  second  show.s 
that,  in  addition  to  the  acquiring  of  charge  by  some  particles- 
other  particles  lose  their  charge  during  their  progress.  It 
would  therefore  seem  probable  that  in  canal  stmMen  we  have 
uncharged  particles  which  break  up  as  they  pass  along  and 
which  have  the  same  velocity  after  break  up  as  they  had  before. 
It  is  suggested  that  canal  strahlen  consist  of  positively  charged 
particles  and  neutral  doublets,  also  that  the  positively  charged 
particles  during  their  flight  may  combine  to  form  neutral 
doublets  and  that  the  neutral  doublets  may  split  U]1  giving 
positively  charged  particles. 

Particles  were  also  found  in  the  canal  straklcn  with  a  nega- 
tive deflection  and  of  a  mass  comparable  to  that  of  a  positive 
particle.  These  give  rise  to  a  faint  band  of  light  on  the  screen, 
the  brightness  of  which  depends  on  the  stage  where  we  apply 
the  magnetic  force  and  also  on  the  value  of  it.  There  is  a 
certain  value  of  the  magnetic  force  at  which  the  increase  in 
Ijrightness  of  the  negative  band  is  verv  rapid. 

In  the  case  mentioned  where  two  magnetic  fields  at  right 
angles  are  employed  the  brightest  negative  band  is  generally 
obtained  from  the  original  spot.  The  explanation  of  the  nega- 
tive band  was  believed  to  be  due  to  uncharged  doublets  pick- 
ing up  negative  corpuscles. 

The  speaker  suggested  that  possibly  the  first  .stage  in  ioiiisa- 
tiou  was  not  the  production  of  positive  particles  but  of  neutral 
doublets. 

The  rays  which  moved  forward  from  the  cathode  appeared 
to  have  approximately  the  same  velocity  as  the  backward 
moving  canal  strahlen.  Experiments  were  made  to  measure 
the  velocity  of  the  canal  strahlen  when  the  electric  force  in  the 
tube  was  made  to  vary  as  much  as  possible  by  using  high  or 
low  vacua.  Simultaneous  measurements  were  made  of  the 
velocities  of  the  cathode  rays  and  of  the  canal  strahlen,  and 
it  was  found  that  although  the  velocity  of  the  cathode  rays 
varied  in  the  ratio  of  1  to  -1  owing  to  the  change  in  pressure, 
that  of  the  canal  strahlen  was  quite  unaffected,  which  would 
support  the  neutral  doublet  hypothesis. 

Measurements  of  the  value  of  e/m  were  made  for  hydrogen  r 
o.xygen,  neon,  helium,  sulphur  dioxide,  carbon  tetrachloride, 
methyl  iodide,  and.  in  order  to  investigate  the  behaviour  of  a 
radio-active  gas.  the  vapour  of  uranium  chloride  also.  The  values 
of  e/m  obtained  fi-om  all  these  gases  were  exactly  the  same, 
provided  the  gas  pressure  was  sufficiently  low.  The  velocitx' 
obtained  was  about  2x  lO'cm./sec.  It  can  be  shown  theo- 
retically that  this  is  the  lea.st  velocity  at  which  free  charged 
particles  can  exist.  If  the  velocity  were  less  than  this  they 
would  recombine. 

The  speaker  had  not  obtained  any  particles  moving  at  a 
faster  rate  than  this  figure.  As  a  consequence  of  these  experi- 
ments he  would  suggest  that  there  was  a  positive  particle 
independent  of  the  gas  from  which  it  was  derived,  and  that  the 
first  stage  in  the  production  of  the  particle  was  the  formation 
of  a  neutral  doublet. 

The  subject  of  the  positive  unit  had  lately  been  attacked  by 
Wellisch,  who  had  studied  the  motion  of  the  positive  ions 
produced  by  Rontgen  I'ays  on  a  mixture  of  dense  gases.  The 
ioni.sation  by  Rontgen  rays  of  a  den.se  gas  such  as  methyl 
iodide  or  carbon  tetrachloride  is  so  great  that  if  a  mixture  of 
these  gases  with,  .say,  hydrogen  is  taken,  even  if  it  only  contains 
1  per  cent,  of  the  former,  tli<'  whole  of  the  ioni.sation  produced 
is  due  to  the  methyl  iodide. 

Wellisch  measured  the  velocity  with  which  the  positive  ions 
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move  throu»li  the  mixture  at  ordinary  atmospheric  pressure. 
The  speed  of  this  motion  in  the  residue  h:'ft  when  a  molecule 
of  methyl  iodide  loses  a  nej^ative  corpuscle  can  be  calculated. 
As  the  molecule  is  large  this  speed  will  be  comparatively  small. 
Actual  measurement,  however,  shows  that  the  velocity  is  the 
same  as  if  no  methyl  iodide  were  present  at  all.  the  theoretical 
velocity  beiiifi  one-tenth  of  the  observed. 

If  it  is  attempted  to  explain  this  on  the  assumpton  that  the 
charge  is  transferred  from  a  methyl  iodide  to  a  hydrogen 
molecule,  it  must  not  be  forgotten  that  this  transference  from  a 
large  body  to  a  small  one  would  involve  an  increase  of  the 
potential  energy  of  the  system,  and  would  be  therefore  im- 
possible. 

The  speaker  further  pointed  out  that  if  the  intermediate 
neutral  doublet  stage  existed  the  number  of  ions  produced 
might  be  less  than  the  number  of  doublets,  which  would  have  a 
bearing  on  the  small  number  of  ions  produced  by  Rontgen 
rays  in  comparison  with  the  number  of  molecules  struck. 

The  maximum  value  of  cfm  which  Wellisch  had  obtained 
was  10'. 

Some  observers  had  found  positively  charged  rays  which 
were  easily  deflected  by  a  magnet,  and  from  which  they  had 
concluded  that  the  value  of  c/wt  was  higher  than  KH.  He 
would  point  out  in  the  first  place  that  unless  the  magnet  were 
carefully  shielded  it  might  quite  alter  the  conditions  in  the  tube. 
However,  even  if  precautions  were  taken  against  this  source  of 
error  there  still  remained  effects  which  could  not  be  thus 
explained,  but  it  must  be  remembered  that  the  deflection 
depended  not  only  on  the  value  of  elm  but  on  that  of  the 
velocity,  and  if  the  velocity  were  small  they  could  be  easily 
deflected. 

The  small  deflection  of  the  canal  strahlen  was  due  both  to  the 
smallness  of  ejm  and  the  largeness  of  their  velocity.  The 
slow  moving  easily  deflected  positive  rays  were  probably 
secondary  rays. 

A  reference  was  made  to  the  magneto  cathodic  rays  dis- 
covered by  Bayard  and  Righi. 

These  are  observed  from  a  perforated  cathode  in  a  magnetic 
field.  They  consist  of  two  rays  lying  along  the  magnetic  lines 
of  force,  and  which  can  be  shown  to  be  cathode  rays  moving 
very  slowly  and  wound  up  into  spirals  along  the  lines  of 
force.  By  adjusting  the  magnetic  field  these  could  be  caused 
to  open  out.  They  could  be  collected  and  passed  through  a 
galvanometer,  dispelling  all  doubt  as  to  their  polarity. 

There  were  also  two  sets  of  rays  moving  at  right  angles  to  the 
magnetic  field,  and  possessed  of  a  very  great  curvature.  One 
of  these  carried  positive,  the  other  negative  charges,  and  they 
appeared  to  be  slow  moving  secondary  radiations. 

The  speaker  was  inclined  to  think  that  there  might  be  smaller 
+  particles  given  off  from  radio-active  bodies,  but  they  luid  not 
so  far  been  detected. 

Prof.  Rutherford  pointed  out  how  necessary  was  a  know- 
ledge of  the  nature  of  positive  electricity,  and  how  important 
was  the  present  discussion. 

Dr.  Goldstein',  the  discoverer  of  canal  rays,  expressed  his 
satisfaction  that  his  work  in  that  direction  had  been  of  some  use. 

Dr.  Reic'henheim  said  that  Prof.  Dieselhorst  and  himself 
in  carrying  out  some  experiments  on  magneto  cathodic  rays 
had  obtained  results  agreeing  with  those  given  by  Sir  .Joseph 
Thomson,  and  had  found  that  they  consisted  of  negative 
electrons  moving  in  spirals  around  the  lines  of  magnetic  force. 
Some  part  of  the  negative  particles  found  in  the  canal  rays 
appeared  to  he  not  negative  ions  but  electrons,  which  dis- 
.sociate  out  of  the  neutral  canal  rays  after  the  positive  charges 
had  been  deflected  by  a  magnetic  field. 

Prof.  G.  T.  Hull  stated  that  experiments  which  he  began  in 
the  Cavendish  laboratory  four  vears  ago  weie  in  accord  with 
the  results  reported  by  Sir  .Joseph  Thomson.  In  these  experi- 
ments the  canal  streams  in  tubes  containing  hydrogen  or 
helium  were  observed.  The  electrical  deflections  of  the  lumin- 
ous streams  in  the  helium  filled  tubes  were  approximately  the 
same  as  those  in  the  tubes  filled  with  hydrogen.  Moreover 
some  of  the  deflected  luminosity  appeared  to  be  due  to  particles 
which  acquired  their  positive  electrical  charge  from  (!  cm.  to 


10  cm.  behind  the  cathode.  This  development  of  the  positive 
charge  on  a  particle  along  the  line  of  the  canal  stream  might 
be  due  to  the  breaking  up  of  a  neutral  doublet,  which  had  come 
through,  or  from  the  cathode. 

Prof.  Rutherford  asked  whether  the  fact  that  the  value  of 
pfm^- 10*  for  a-f  particle  was  the  same  as  that  for  the  hydrogen 
atom  could  be  taken  as  showing  that  these  were  identical.  He 
also  expressed  intercut  in  the  factors  governing  the  break  up 
of  the  neutral  doublets. 

Sir  Jo.SKPH  Thom.son  said  that  he  had  no  direct  proof  of  the 
correspondence  of  the  H  atoms  and  the  -f-  particles.  He  had 
tried  to  collect  these^particles  by  obtaining  a  film  which  was 
transparent  to  them,  but  had  not  so  far  been  successful.  The 
break  up  of  the  doublets  de|)ended  greatly  on  the  pressure 
of  the  gas,  and  by  altering  the  pres.sure  the  relative  brightness 
of  the  spots  could  be  varied. 

Prof.  R.  A.  MiLLiGAN  said  that  he  .should  like  to  ask  Sir 
.Joseph  Thomson  whether  he  had  any  notion  as  to  whether 
his  neutral  doublets  ever  had  a  penetrating  power  which 
enabled  them  to  get  outside  the  tube.  He  asked  the  (jueistion 
because  some  experiments  on  the  polarisation  of  the  primarv 
X-ray  beam,  which  had  just  been  finished  at  the  Ryerson 
laboratory,  seemed  to  show  that  the  primary  X-ray  beam  con- 
sisted of  two  parts,  one  of  which  showed  con.siderable  polarisa- 
tion— i.e.,  had  a  maximum  intensity  in  a  plane  passing  through 
the  target  at  right  angles  to  the  line  of  force  of  the  cathode 
beam,  and  fell  oft'  symmetrically  on  either  side  of  this  plane, 
while  the  other  part  was  completely  unpolarised — i.e..  had  equal 
intensities  in  all  directions.  What  might  be  the  nature  of  these 
unpolarised  rays  they  as  yet  had  no  notion.  He  wondered 
whether  Sir  .Joseph  Thomson  might  see  any  reason  for  identify- 
ing them  with  the  neutral  doublets. 

Sir  .Joseph  Thomson  replied  that  he  found  no  evidence  thus 
far,  that  the  neutral  doubk>ts  had  a  penetrating  power  greater 
than  that  of  the  canal  rays. 

The  next  Paper  of  electrical  interest  was  by  Prof.  A.  W. 
Porter  on  "  Electric  Splashes  on  Photographic  Plates."  and 
comprised  a  number  of  very  pretty  effects  produced  by  suddenly 
charging  a  metal  point  in  contact  with  a  photographic  plate. 
The  effect  was  tried  of  varying  the  gas  surrounding  the  plate, 
and  also  of  reducing  its  pressure.  The  appearance  varied 
greatly  with  these  factors.  For  example,  in  air  at  ordinary 
pressure  it  had  a  fan-like  radial  structure,  while  in  coal  gas  it 
had  a  branching  appearance.  If  the  air  pressure  was  reduced 
the  structure  changed,  and  central  rays  developed  in  the  fans, 
broad  at  their  base  and  tapering  outwards  to  a  sharp  point. 
The  explanation  of  these  phenomena  is  at  present  obscure. 

Another  Paper  of  electrical  interest  was  : — 

RECOMBINATION  OF  IONS  IN  AIR  AT  DIFFERENT 
TEMPERATURES. 

nV    p.    PHILLIPS. 

Langevin  lias  shuvvii  that  McClung"s  iiriginal  expcnmenls  on  this  siib- 
jeit  were  iiiiite  sjioiled  by  dilTiisinn  owing  to  tlir  elettrodes  lioing  too  near 
together,  arid  to  the  intense  ionisation  which  existed  at  thesurfaeo  of  the 
electrodes.  L.  L.  Hendren  ha.s  shown  ex)ierinientally  that  diffusion  is 
almost  negligible  at  the  tein])eratiu'e  of  the  laboratory  and  at  ntmos- 
jilierie  ]n(ssiue  if  the  distance  between  parallel  electrodes  is  at  least 
2  cm.  and  the  ionisation  is  uniform  between  them. 

In  the  present  experiment  Langevins  method  of  linding  the  reioni- 
bination  is  adopted.  The  rays  produced  by  a"  single  discharge  in  a 
Rontgen  bulb  ionise  a  layer  of  air  between  two  ])arallel  electrodes,  one 
of  whicli  is  connected  with  a  Dolezalek  electrometer  and  the  other  rnise<l 
to  a  definite  potential. 

The  parallel  electrodes  are  about  .'{  cm.  apart,  and  the  layer  of  ionised 
air  about  locni.  thick,  thus  leaving  spaces  of  about  0-7.^  cm.  between 
the  surfaces  of  the  ionised  layer  and  the  electrodes. 

Under  the  circumstances,  it  is  probable  that  dilViision  may  be  safely 
neglected,  Imt,  in  any  case,  more  rai)id  diffusion  would  here  make  the 
recombination  appear  slower. 

The  electrodes  are  siurtninded  l)v  a  jacket,  through  which  vapoors 
from  li(|uids  boiling  at  known  temperatures  may  be  circulated. 

In  essence,  the  expcriiueut  consists  in  measiuing  the  charges  received 
by  the  electrometer  when  different  fields  are  estnblisheil  Ix'tween  the 
electrodes.  This  is  done  first  at  the  temperatuiv  of  the  lalxiratory  and 
then  at  the  tcmiicratiuc  of  the  boiling  liquid.  From  a  comparison  of  the 
two  scries  of  readings  the  ratio  of  the  coefficients  of  recombination    it 
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the  two  tcm|)eratures  may  be  ealculnted,  the  coefiicient  at  the  temiieia- 
tme  of  the  laboratory  being  taken  as  unity.  w 

The  followin;!  results  have  been  obtained  up  to  tlie  present,  and  they 
show  that  a  decreases  somewhat  rapidly  with  a  rise  of  temperature  : — 
Temperature.  a  Mr.  Erikson's  values. 

laT 100         100 

100°C 0-50         0-.-)l 

15o"C 0-40         0-405 

ITST 0-36         o:is* 

*  (By   extrapolation.) 

Since  completing  the  above  experiments  Mr.  Eriljson  has  pnblislied  a 

Paper  on  the  same  subject.     Using  ionisation  from  radium,  and  with  an 

entirely  different  method,  he  gets  almost  identical  results  which  are  given 

in  the  third  column. 

These  figures  differ  from  JlcClung's  results  in  that  they  show  a  decrease 
in  the  value  of  a  with  increasing  temperature,  whereas  McClung  obtained 
an  increasing  value. 

The  reports  on  '"  Experiments  for  Improving  the  Construc- 
tion of  Practical  Standards  for  Electrical  Measurements  "  and 
■"  Magnetic  Observations  at  Falmouth  Observatory "  were 
presented.  The  former  is  reproduced  in  part  elsewhere  in  this 
issue,  and  the  latter  is  given  below  : — 

MAGNETIC  OBSERVATIONS  AT  FALMOUTH  OBSERVATORY.  * 

The  results  of  tlir  magnetic  observations  .it  Falni..utli  Oljsorvatnry 
for  1908  have  been  published  in  the  annual  report  of  tlie  National  Physical 
Laboratory,  as  well  as  in  that  of  the  Royal  Cornwall  Polytechnic  Society. 
The  mean  values  of  the  magnetic  elements  for  1908  were  : — 

Declination        I7~  r)4'-7  W. 

Inclination         (ili   3r-4  X. 

Horizontal  force      018798  C.G.S. 

Vertical  force  0-43279  C.G.S. 

rhe  accuracy  of  the  work  seems  to  be  satisfactorily  maintained. 

Tliroughout  the  j'ear  Mr.  Kitto  has  been  regularly  contributing  par- 
ticulars of  the  daily  magnetic  c<mdition  as  regards  disturbance  to  the 
international  tables  which  are  at  present  prepared  at  De  Bilt.  Holland. 
Dr.  Chree  has  recently  been  engaged  on  a  comparison  of  the  magnetic 
dLstvirbances  recorded  at  the  winter  quarters  of  the  National  Antarctic 
Exjjedition  of  1902-4  with  those  recorded  simultaneously  elsewhere,  and 
has  found  the  Falmouth  curves  very  useful  for  the  purpose.  It  is  found 
that  for  purposes  of  inter-comparison,  disturbances  of  comparatively 
small  size,  when  of  short  duration,  are  in  many  respects  simpler  to  deal 
with  than  the  larger  disturbances  during  which  rapid  oscillatory  move- 
ments take  place.  But  in  handling  the  smaller  disturbances,  and  in  settling 
the  exact  times  of  their  occurrence,  it  is  of  special  importance  to  have 
curves  whose  edges  are  sharp  and  which  are  not  blurred  and  indistinct 
through  the  disturbing  effect  of  electric  trams.  Thus  the  undisturbed 
position  of  Falmouth  proved  of  very  material  assistance.  The  compari- 
son of  magnetic  disturbances  is  a  subject  to  which  increased  attention  is 
being  given,  as  evidenced,  for  instance,  by  Prof.  Birkeland's  recent  im- 
])rirtant  work  on  the  subject. 

The  committee  learn  that  the  progress  of  the  magnetic  work  at  Esk- 
dalemuir  has  been  further  delayed  owing  to  trouble  with  the  under- 
ground chamber  and  the  magnetographs,  so  that  no  opportunity  has  yet 
.arisen  for  comparing  the  regular  diurnal  inequalities  of  the  magnetic 
elements  obtained  at  that  station  with  those  obtained  in  the  south  of 
England.  For  s\ich  a  comparison  records  from  Falmouth  are  likely  to 
be  of  es]>ccial  importance. 

Tuesday,  August  Z\si. 
.Section  A. 
The  two  following  Papers,  which  we  give  in  abstract,  were 
read :  — 

EFFECT  OF  TEMPERATURE  VARIATIONS  ON  THE  LUMINOUS 
DISCHARGE  IN  GASES  AT  LOW  PRESSURES. 

Br    ROBT.    r.    KARHART. 

The  ajiparatus  used  in  this  investigation  cr>nsistc(l  of  a  small  glass  hiilli 
in  which  two  jiarallel  electrodes  were  sealed.  These  electiciili-s  wei-c 
.'i  mm.  apart.  Suitable  tubes  permitted  the  bulb  to  be  evacuated,  the 
pressures  being  measured  with  a  Macleod  gauge.  The  bulb  was  contained 
in  an  electric  furnace  which  could  also  be  used  as  a  c<mtaiuer  for  carbon 
tlioxide  snow,  when  measurements  for  discharges  occurring  at  low 
temperatures  were  taken.  Potentials  required  to  produce  a  luminous 
rli-'t-harge  for  pressures  varying  from  -78^C'.  to  325°C.  The  gases 
ojierated  ui>on  were  air,  hydrogen  and  carbon  dioxide. 

Potentials  required  to  maintain  the  luminous  discharge  under  similar 
conditions  were  also  measured.  Families  of  curves  showing  the  effects  of 
temperature  and  pres.surc  for  potentials  required  both  to  pi'oducc  and  to 
maintain  luminous  discharge  are  given. 

They  indicate  that  Pa-schen's  law  holds  approximately  for  the  discharge 
in  air,  until  temperatures  in  the  neighbourhood  of  SOOX.  are  attained. 
Here  Paschen"s  law  does  not  hold  even  ajiproximately.  The  effect  of 
temperature  variation  on  the  potential  required  to  maintain  the  discharge 
is  much  less  than  for  the  production  of  the  initial  discharge. 

•Report  of  the  committ«e,  consisting  of  Sir  W.  H.  Preecc  (CAaiVman), 
T)r.  R.  T.  Glazebrook  {Secretary).  Prof.  W.  G.  Adams,  Dr.  Chree,  Capt. 
I  reak,  Jlr.  W.  L.  Fox,  Sir  A.  W.  Rucker  and  Prof.  Schuster. 


SOME  PROPERTIES  OF  LIGHT  OF  VERY  SHORT  WAVE 
LENGTHS. 

BY  TROr.  THEODORE  LYMAN. 

This  Pa))er  contains  an  account  of  experiments  made  im  tlic  )irci|HTtics 
of  light  of  wave-lengths  of  the  order  of  1,500  .-ingstrom  Units.  An 
attempt  was  made  to  obtain  a  substance  more  transparent  than  Huiuite  to 
these  waves,  but  the  results  obtained  were  negative. 

Light  of  such  short  wave-lengths  is  very  easily  absorbed  ;  in  fart  the 
millimetre  of  air  at  atmospheric  pressure  is  quite  sufficient  to  ilwm-l) 
most  of  the  light  of  shorter  wave-length  than  1.700.  Most  of  the  ;ili-<,,rp- 
tion  appears  to  be  due  to  the  oxvgen  of  the  air  which  has  a  strong  absorp- 
ti(u\  bnnd  extending  from  \     l.i^tiO  to  \=t  1.300. 

Hydrogen,  argon  ami  helium  when  examined  in  short  columns  all  prove 
])crfectly  transparent  while  the  absorption  jn-oduced  by  nitrogen  is 
extremely  slight.  Carbon  monoxide  and  dioxide,  however,  each  possess 
absorption  spectra  characterised  by  narrow  bands. 

The  behaviour  of  oxygen  appears  to  be  important  in  connection 
with  the  production  of  ozone  under  the  influence  of  light  of  very  short 
wave-length. 

.Accounts  are  described  in  the  Paper  of  an  experimental  investigation 
of  the  screening  effect  of  a  layer  of  air  or  other  gas,  on  a  plate  of  zinc 
exposed  to  rays  of  short  wave-length. 

.K  discharge  tube  had  one  end  closed  by  a  fluorite  window.  Outside 
this  window  was  arranged  a  "  screen  chamber  "  which  could  be  iilled 
with  gas  under  different  conditions.  This  chamber  was  also  closed  by 
another  fluorite  window,  and  outside  of  this  was  a  "  condenser  chamber  " 
containing  a  zinc  plate  9  ram.  diameter  which  could  be  connected  to  an 
electroscope.  The  light  from  the  discharge  tube  was  arranged  to  fall 
on  the  zinc  plate. 

If  the  zinc  plate  w-as  negatively  charged  and  the  screen  chamber  i-on- 
tained  air  at  atmospheric  pressure  the  rate  of  collapse  of  the  gold  leaves 
was  only  slow.  If,  however,  the  screen  chamber  was  cxhausteil  the 
collapse  was  almost  instantaneous. 

It  is  found  that  a  layer  of  air  1  cm.  thick  at  atmospheric  pressure 
absorbs  all  rays  shorter  than  X=  1,750  very  strongly,  while  at  1  mm. 
pressure  it  shows  little  absorption  until  \=  1,300  is  reached.  Generally 
it  m.^y  be  said  that  the  ]ihoto-chcmical  effects,  such  as  the  production  of 
ozone,  and  the  photo-electric  effects  such  as  tlie  ionisation  which  is  pro- 
duced when  the  radiation  falls  on  a  zinc  plate,  increase  as  the  Schumann 
region  of  most  refrangibUity  is  approached. 


ELECTROCHEMISTRY  AT  THE  BRITISH 
ASSOCIATION. 

The  subject  of  electrochemistry  was  not  prominent  at  the 
recent  meeting  of  the  British  Association.  The  chief  papers 
of  interest  from  this  point  of  view  were  two  by  Dr.  Fox  and 
one  by  Dr.  Lowry;  these  are  abstracted  below,  except  the 
paper  by  Dr.  Fox  oil  "  Mercurous  Sulphate  for  Standard 
Cells,"  which  appeared  in  our  issue  of  September  3rd.  The  most 
important  comnmnicatioii,  however,  was  the  report  of  the 
Committee  on  Electro-analysis,  which  we  reproduce  in  full. 

"  On  the  Constancy  of  the  Hyihogen  Gas  Electrude,'''  by  C  .J.  J. 
Fox. — The  author  has  iuvcstigatccl  tlie  con.stancy  of  tlic  hydrogeii 
gas  electrode  in  suljihuric  aiul  liydrocliloric  acids  when  gold,  ])latinum 
and  palladium  coated  witli  platinum  black,  and  also  with  palladium 
black,  are  employed.  Palladium  when  coated  ^^  ith  palladium  black 
gives  both  in  0-1  normal  sulphuric  and  01  normal  liydroehloric  acid 
a  value  which  is  from  4  to  .5  millivolts  too  high,  which  is  permanent 
even  when  the  hydrogen  is  caused  to  pass  for  hours  over  the  elec- 
trode. But  gold  and  platinum  coated  with  platinum  or  with  pal- 
ladium black  give  in  a  few  minutes  concordant  values  among  them- 
selves when  immersed  in  01  normal  hydrochloric  and  0-1  normal 
sul|)huric  acid.  The  electrodes  need  not  be  of  [ilatinum  foil,  as  it  was 
found  that  pieces  of  gold  or  platinum  wire  were  quite  as  satisfactory. 
It  has  usually  been  thought  that  the  hydrogen  gas  electrode  in  0- 1 
normal  hydrochloric  acid  is  not  so  constant  as  in  O-I  normal  sul- 
phuric acid  ;  but  this  does  not  seein  to  be  the  case — at  all  events,  if 
)irecautions  against  the  possible  presence  of  arsenic  are  taken.  From 
Hredig'swork  it  would  appear  that  the  smallest  trace  of  arsenic  would 
"  |)oison  "  the  platinum  or  palladium  black.  It  is  not  |)ossible  to 
get  a  good  coating  o'  platinum  black  on  a  very  pure  specimen  of 
platinum  foil  if  the  platinum  chloride  be  very  pure.  A  trace  of  lead 
acetate  is  usually  added  to  the  solution  therefore,  and  it  is  necessary 
to  remove  every  trace  of  this  from  the  electrode  after  coating,  or 
good  values  will  be  unobtainable.  Heating  in  a  solution  of  oxalic 
acid  and  then  in  nitric  acid  removes  all  the  lead  quite  satisfactorily. 

"  A'ew  Method  of  Producing  a  Ciidmium  Arc."  by  T.  M.  I-owry. — 
In  order  to  produce  a  cadmium  spectrum  of  sufficient  intensity  for 
polarimetrio  work  advantage  is  taki  ii  of  the  favourable  properties  of 
the  silver-cadmium  alloys.  An  alloy  with  60  per  cent,  of  cadmium 
melts  at  as  high  as  700  deg.     In  striking  contrast  to  the  behaviour  o£ 
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the  pure  metal,  the  alloy  givesja  steady  arc,  which  can  be  kept 
centred  by  rotating  the  electrodes  in  opposite  directions.  The 
spectrum  shows  the  silver  as  well  as  the  cadmium  lines,  but  these  are 
so  far  separated  that  even  with  a  low  resolviiijr  power  the  slit  of  a 
spectroscope  can  be  opened  to  its  full  width  without  any  overla])pin}i 
of  the  brilliant  "  blocks  '"  of  light  which  take  the  place  of  the  usual 
lines. 

REPORT  OF  THE  BRITISH  ASSOCIATION  COMMITTEE  ON 
ELECTRO  ANALYSIS.* 

During  the  year  cx])crimcnts  have  been  carried  out  upon  a  new 
design  of  potentiometer,  on  the  general  simplification  of  apparatus 
and  method  for  the  electro-deposition  of  metals,  particularly  by 
means  of  graded  potential ;  and  in  connection  with  the  electro- 
deposition  of  mercury  upon  gold,  silver,  platinum,  and  mercury 
cathodes. 

In  eonnectionf  with  the  latter  part  of  the'subject  it  has  been  found 
when  mercury  is  deposited  on  a  gold  electrode,  that  the  results  are 
invariably  from  0-.5  to  2-0  per  cent,  too  high  ;  the  game  applies  also 
to  electrodes  of  silver.  The  gold  electrode  employed  was  in  the  form 
of  a  flag,  and  had  a  total  active  surface  of  0-.5  square  decimetre.  As 
pure  gold  was  found  too  soft  for  working  )5urposes.  an  alloy  contain- 
ing 5  per  cent,  of  platinum  was  used.  Specially  purified  mercuric 
chloride,  bromide,  and  sulphate  were  employed,  but  the  results 
obtained  were  always  too  high.  When  a  ]jlatiuum  gauze  electrode 
was  placed  in  series  with  the  gold  electrode  and  an  identical  solution 
employed,  as  a  rule  the  metal  deposited  on  the  platinum  was  almost 
theoretically  correct,  although  at  times  it  was  fractionally  low.  In 
order  to  get  more  rapid  deposition  the  gold  electrode  was  placed  in 
the  field  of  a  very  powerful  electromagnet,  but  even  though  the 
time  of  deposition  was  reduced  by  one-tenth  the  results  were  still  too 
high. 

The  silver  cathodes  consisted  of  coils  of  pure  silver  within  which  a 
platinum  anode  was  rotated,  but  although  the  whole  of  the  metal 
was  frequently  deposited  in  4.5  minutes,  the  results  were  almost 
-always  too  high.  The  exact  cause  of  the  high  results  obtained  was 
not  ascertained,  although  it  was  at  first  supposed  to  be  due  to 
occluded  hydrogen  ;  this  was  practically  proved  not  to  be  the  case. 
It  was  finally  shown  that  the  only  really  satisfactory  method  for 
depositing  mercury  was  to  use  a  cathode  of  mercury.  A  new  elec- 
trolysing vessel  of  quartz,  was  designed  for  this  purpose.  This 
apparatus  is  a  small  quartz  beaker  capable  of  holding  about  SO  ce. 
of  solution,  and  has  a  syphon  fused  into  it  about  0-5  cm.  from  the 
bottom.  Mercury  is  placed  in  the  vessel  so  as  to  just  reach  to  the 
bottom  of  the  s\^hon,  and  electrical  contact  is  made  w'ith  it  by 
fusing  a  piece  of  iridium  wire  into  the  bottom  of  the  beaker.  The 
.solution  to  be  electrolysed  is  placed  above  the  mercury  and  the  spiral 
-anode  rapidly  rotated  (oOO-7oO  turns  per  minute).  The  mercury 
■can  be  completely  deposited  out  in  from  20  minutes  to  half  an  hour. 
The  solution  is  then  syphoned  oft'  by  (jouring  in  water  which  causes 
the  syjihon  to  act.  The  pouring  in  of  water  is  continued  until  the 
ammeter  shows  zero.  The  whole  of  the  waste  water  is  then  allowed 
to  flo«-  away  and  is  rejjlaccd  by  90  per  cent,  alcohol,  then  by  absolute 
alcohol,  and  finally  by  two  washings  of  dry  ether.  The  surface  is 
then  dried  by  blowins  tlry  air  over  it  for  about  10  minutes. 

A  very  considerable  amount  of  work  has  been  done  to  make  the 
apparatus  described  by  Dr.  Sand  ("  Trans."  Chem.  Soc.  91,  373 
(1907)  and  93,  1572  (1908))  more  portable  and  readily  set  up  without 
sacrificing  any  of  its  essential  features.  The  stand  has  been  made 
completely  portable  by  jiroviding  it  with  a  special  cap  which  hinders 
the  mercury  forming  the  connection  between  the  stationary  and 
moving  ))arls  fiom  being  spilt  during  transport.  A  special  clutch 
has  also  been  designed  which  allows  the  moving  parts  to  be  readily 
thrown  in  and  out  of  gear  with  the  motor  without  stopping  the  latter. 
Such  an  arrangement  becomes  necessary  when  it  is  desired  to  actuate 
several  sets  of  a])paratus  from  a  single  shaft  driven  by  one  motor, 
(H-  «  hen  a  small  motor-generator  is  employed  for  the  double  purpose 
of  supplying  the  current  and  rotating  the  electrode,  or  lastly,  w-hen 
a  water  or  hot-air  motor  is  employed  which  cannot  be  sto|)ped 
instantly  while  the  electrodes  arc  in  a  wet  state.  All  the  apparatus 
for  measuring  the  potential  of  the  cathode  has  been  a.ssembled  in  a 
.single  portable  potentiometer-box,  which  is  also  arranged  to 
show  the  P,D.  between  the  anode  and  the  cathode.  For  this 
l)ur|)ose  it  became  necessary  to  design  a  s])ecial  ne«  form  of  portable 
^•apillary  electrometer.  \  full  description  of  all  the  apparatus 
referred  to  will  be  published  shortly.  It  was  exhibited  to  Section  1 
of  the  International  Congress  of  .\pplied  Chemistry. 

Experiments  are  also  in  progress  with  anodes  made  partly  of  glass 

*  This  report  was  issued  at  Winnipeg.  The  eomraittco  consists  of 
Prof.  F.  S.  KiiMiing  (Cliairmaii).  Dr.  F.  M.  Pcrkin  (Secntari/).  Dr.  G.  T. 
Bcilby.  Dr.  T.  M.  Lowry,  Prof.  W.  J.  Po))e.  and  Dr.  H.  J.  S.  Sand. 

fF.  -M.  Perkin.  "  Tr.iiis.,"  Faraday  Society. 


and  partly  of  platinum,  and  with  cathodes  of  metals  other  than 
platinum. 

A  very  earefvil  study  has  alstj  been  made  of  the  comiiosition  of  the 
deposit  of  lead  peroxide  obtained  during  the  analysis  of  lead  .solutions. 
Results  difTering  by  more  than  I  iwT  cent,  have  been  found  in  the 
laboratories  of  Hollard.  (Analyse  des  .Metaux  (190)  and  ClajiseD. 
C>>uantitative  Analy.se  dureh  S:iektroly8e.  5th  edition.  19flS.  p.  12.5.) 
It  has  now  been  found  that  in  a  moist  atmosphere  lead  jieroxide  will 
take  up  water  at  a  temperature  of  about  20fldeg..  but  will  lose  it 
exceedingly  slowly  at  this  temperature  in  a  perfectly  dry  atmosphere. 
These  facts  are  quite  sufficient  to  explain  the  discrepancies  obs«.-rved. 
On  the  other  hand,  it  has  been  found  that  lead  peroxide  deiM .sited 
with  a  suitable  current  density  at  about  9(  1-9.5  de-;.  contain.-  c.nly 
about  J  per  cent,  of  water  after  drying  with  alcohol  and  ether.  It 
is  here  desiccated  as  a  result  of  electric  endosmose.  and  this  methrxl 
of  depositing  is  recommended  as  by  far  the  most  trustworthy  and 
simple.     These  results  will  also  be  published  shortly. 


CORRESPONDENCE. 


OPERATION  OF  ALTEKNATOES  L\  PAKALLEL. 

TO   THE   EDITOR  OF   THE   ELECTRICIAN. 

Sir  :  In  Mr.  Joseph  W.  Anson's  interesting  article  on  the 
above  subject,  contained  in  your  issue  of  this  week,  there  are 
one  or  two  points  which  would  appear  to  require  some  further 
elucidation. 

Mr.  Anson  speaks  of  the  evil  effects  of  increasing  the  gene- 
rator speed  by  "  two  or  three  revolutions  "  (presumably  per 
minute).  It  would  hardly  seem  that  such  a  small  increase  as 
this  could  have  any  very  marked  effect  on  the  working  of  the 
valve  gear. 

When  dealing  with  the  troubles  accompanying  low-power 
factors,  Mr.  Anson  speaks  of  the  system  having  a  power  factor 
of  0(j  or  0-65,  while  the  power  factor  indicators  on  the  vene- 
rators only  showed  09  or  0-92.  I  cannot  see  what  possible 
combination  of  circumstances  could  produce  .-^o  paradoxical  a 
result.  Oi  course,  it  is  quite  possible  that  the  power  factor 
shown  by  the  instrument  on  any  one  generator  might  be  quite 
difl^erent  from  that  of  the  system,  owing  to  the  e.xcitation  of 
that  machine  being  incorrectly  adjusted,  but  if  the  power 
factors  shown  by  all  the  generators  are  sensibly  the  same  this 
power  factor  must  be  that  of  the  system. 

It  is  not  quite  clear,  I  think,  what  Mr.  Anson  means  when 
he  says  that  the  cause  of  this  "false  power  factor"  will  at 
once  be  clear  when  it  is  noticed  "  that  the  plant  is  running 
under  false  conditions,  probably  5  per  cent,  too  fast  and  with 
a  very  light  field  current."  It  is  obviously  impossible  for  any 
individual  generator  to  be  running  5  per  cent,  faster  than  the 
others  and  yet  keep  in  step  with  them,  and,  on  the  other 
hand,  no  general  increase  of  speed  could  effect  the  power 
factor  of  the  station. 

Possibly  I  have  misunderstood  Mr.  Anson  on  these  poiuts. — 
I  am,  &c., 

Hendon,  N.W".,  Sept.  11.  IvEXELir  Edgci'mbe. 

AVe  have  submitted  the  above  letter  to  Mr.  Anson,  from 
whom  we  have  received  the  following  reply  : — 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir  :  In  reply  to  Mr.  Kenelm  EJgcumbcs  letter,  I  have  to 
state  that  an  increase  in  speed  of  two  or  three  revolutions  per 
minute  undoubtedly  makes  a  great  difference  to  the  steadiness 
and  quietness  in  the  running  of  large  reciprocating  engines  of 
the  type  mentioned  in  my  article.  The  wear  on  small  valve 
gear  parts,  such  as  knife  edges,  dashpot  springs,  Ac,  increases 
quite  out  of  proportion  as  the  speed,  at  which  the  valve  gear 
works,  is  increased  above  the  normal. 

In  my  remarks  about  power  factor  imder  the  he;»dint; 
"Generators  running  on  load  with  a  false  power  factor,"! 
would  aslc  Mr.  Edgcumbe  to  note  that  the  whole  of  that  stiite- 
ment  refers  to  one  engine-driven  alternator  supplying  the 
night  load  on  a  system  by  itself,  and  without  any  "other 
machines  in  parallel  with  it ;  and  in  no  place  in  that  paragraph 
have  I  referred  to  either  the  engine,  generator,  or  motcis  in 
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the  plural  sense,  whereas  Mr.  Edgcumbe  in  his  letter  has 
turned  the  actual  statements  contained  in  tliat  part  of  the 
article  into  the  ]>lural. 

The  portion  of  Mr.  Edgcumbe's  letter  which  states  that  "  the 
power  factor  shown  b}'  the  instrument,  on  an)'  one  generator, 
might  be  'luite  different  from  that  of  the  system,"  is  simply  a 
corroboration  of  the  subject  matter  contained  in  that  part  of 
my  article. 

I  must,  however,  quite  disagree  with  his  statement  at  the 
end  of  the  third  paragraph  that  "  if  the  power  factors  shown  by 
all  the  generators  are  sensibly  the  same,  this  power  factor 
must  be  that  of  the  system."  This  point  does  not  follow  at 
all,  for  it  is  quite  possible  to  have  three  or  four  generators 
running  in  jiarallel  with  the  same  power  factor,  and  yet  that 
power  factor  need  not  necessaril)'  be  the  true  power  factor 
of  the  system,  for  if  the  three  or  four  machines  are  all  running 
over  speed,  and  the  field  is  light,  the  power  factor  sho'mi  bj- 
all  the  power  factor  meters  would  be  higher  than  the  true 
power  factor  of  the  sj'stem,  although  the  line  voltage  may  be 
perfectly  correct. 

Again,  in  the  last  paragraph,  referring  to  my  remarks  about 
the  speed  of  the  engine  running  on  night  load  by  itself,  prob- 
abl)'  5  per  cent,  too  fast,  Mr.  Edgcumlie  at  once  states  that  it 
is  impossible  for  an  individual  generator  to  be  running  .5  per 
cent,  faster  than  the  others.  I  would  again  ask  Mr.  Edgcumbe 
to  note  that,  in  that  portion  of  my  article  I  referred  to  one 
generator  onl)-,  and  presumably  Mr.  Edgcumbe  will  grant  that 
it  is  quite  in  jnler  to  run  an  engine  either  faster  or  slower 
when  the  alternator,  which  is  driven  b}'  that  engine,  is  on  load 
by  itself.  I  am,  of  course,  aware  that  it  is  not  customary  to 
run  an  alternator  5  per  cent,  higher  in  speed,  in  parallel  with 
another  alternator  or  alternators,  having  the  same  number  of 
poles. 

The  words  at  the  latter  end  of  Mr.  Edgcumbe's  letter  also 
require  attention.  He  states  that  "no  general  increase  of 
speed  could  affect  the  power  factor  of  the  station."  I  main- 
tain that  if  the  speed  of  all  the  running  plants  be  increased, 
in  order  to  maintain  the  correct  line  voltage  at  the  station,  it 
will  be  necessary  to  reduce  the  field,  preferably  a  little  on  all 
the  machines  running,  and,  of  course,  the  effect  of  this  decrease 
in  field  current  will  be  to  raise  the  power  factor  on  all  machines, 
thus  showing  that  the  power  factor  of  a  station  can  be  affected 
by  alterations  in  the  speed,  above  or  below  the  normal  for 
which  the  engines  and  generators  are  designed  — I  am,  &c., 

Greenwich,  S.E.,  Sept.  14.  Joseph  W.  Anson. 


ANTENN.E. 

TO  THE  EDITOR  OF  THE  ELECTRICIAX. 

SiK  :  My  attention  has  been  called  to  the  fact  that  in  your 
issue  of  July  23,  1009,  there  is  contained  an  article  by  Mr. 
Pickard  entitled  "  Aiitennse,"  in  which,  amongst  other  things, 
he  says  in  effect  that  the  Stone  wireless  direction  finder  is 
limited  in  its  application  to  the  use  of  wave  lengths  equal  to 
twice  the  distance  between  the  antenn:i-,  which  limitation 
renders  it  commercially  impracticable  This  statement  is 
wholly  uncalled  for  in  view  of  the  fact  that  a  very  simple 
consideration  of  the  devices  published  in  my  patents  shows 
that  the  apparatus  is  not  limited  to  any  particular  wave  length 
and  distance  between  the  masts.  This  relation  between  the 
wave  length  and  the  distance  between  the  masts  was  merely 
used  in  the  descriptive  portion  of  my  specifications  to  facilitate 
the  explanation  of  the  operation  of  the  device  and  to  show 
that  in  the  special  case  in  which  the  wave  length  happens  to 
be  one  half  the  distance  between  the  masts,  the  operation  of 
the  directionfinder  is  exceptional. 

Mr.  Pickard  in  his  Paper  further  makes  a  comparison 
between  the  precision  with  which  the  bearings  of  a  distant 
station  may  be  obtained  by  the  use  of  my  direction-finder  and  the 
precision  with  which  such  bearings  may  be  determined  by  what 
he  styles  his  unearthei)  loop,  and  he  alleges  that  a  greater  pre- 
cision is  obtainable  with  his  form  of  loop.  I  can  authorita- 
tively say  that  Mr.  Pickard  has  never  witncs.sed  any  ofiicial  or 
other  tests  of  my  direction-finder,  and  that  the  errors  which 
he  attributes  to  it  are  greatly  in  excess  of  any  that  have  been 
reported  to  me  by  those  who  have  conducted  both  the  ofiicial 


and  unofficial  tests  of  my  direction-finder.  Eurther,  I  wish  to- 
point  out  that  what  ^Ir.  Pickard  styles  his  unearthed  loop  is 
broadly  covered  by  my  patents,  there  being  no  invention, 
because  there  is  no  advantage,  in  removing  the  earth  con- 
nection from  the  loop  shown  in  my  patent.  In  the  latter  con- 
nection I  would  say  that  my  assistants  have  repeatedly  reported 
to  me  that  the  removal  of  the  earth  connection  which  con- 
verts one  of  the  forms  of  my  direction  finder  into  what  Mr. 
Pickard  styles  his  unearthed  loop  markedly  diminishes  the 
efficiency  of  the  system  by  diminishing  the  intensity  of  the 
received  signals. — I  am,  &c., 
Boston,  U.S.A.,  Sept.  2.  John  Stone  Stonk. 


COMMUTATION  POLE  TRACTION  MOTORS. 

One  (it  till'  litest  nuvehics  in  rliriiir  traotinii  has  been  the  intro- 
duction of  motors  fitted  with  >|hi  i.il  ri.niimitation  poles.  For  many 
years  after  the  design  of  stamhiid  railway  motors  was  worked  out,  it 
Mas  considered  that  a  final  form  had  been  arrived  at  on  which  any 
substantial  improvement  was  a  practical  impossibility.  It  is  true 
that  the  motor  was  by  no  means  sparkless  under  certain  conditions, 
but  it  was  generally  considered  that  the  anioiint  of  sparking  expe- 
rienced in  actual  practice  was  unimportant  and  that  any  measures 
that  could  be  taken  to  overcome  the  trouble  would  be  worse  than  the 
disease. 

Quite  recentl)-.  however,  large  railway  motors  have  been  designed 
both  for  standard  voltages  and  also  for  high  voltages  in  which  it  was 
considered  advisable  to  make  special  provision  against  sparking  by 


Vu..    1. — DiAdRAM   .SHOWrSG   GENERAL  ARRANOEMENT  OF  CoMMrTATION 

Pole  Triction  Motor. 

the  introduction  of  commutation  poles.  The  results  obtained  with 
these  motors  were  found  to  be  so  satisfactory  that  it  was  considered 
worth  while  to  apply  the  experience  so  gained  to  the  construction  of 
tramcar  equipments.  In  this  way  a  complete  line  of  motors  of  this 
type  has  been  evolved  for  outputs  ranging  from  22^  h.p.  up  to 
I.iOh.p.,  and  even  larger  units  have  been  designed  with  outputs  ui> 
to  2.50  H.P.  For  the  smaller  motors  a  special  design  has  been  worked 
out  (the  patent  rights  for  which  are  held  in  this  country  by  Messrs. 
Siemens  Bros.  Dynamo  Works)  by  means  of  which  the  introduction 
of  commutation  j)olcs  causes  very  little  extra  expense  and  very  little 
increase  on  the  overall  dimensions  of  the  motors.  The  special 
feature  of  this  design  will  be  referred  to  subsequently. 

The  most  obvious  benefit  gained  by  the  u.se  of  commutation-pole 
motors  is  freedom  from  sparking  and  the  consequent  decrease  in 
the  cost  of  maintenance  due  to  this  cause.  This  property  is  espe- 
cially valuable  in  cases  where  thei'e  are  stee])  gradients.  It  is  only 
necessary  to  state  that  the  motors  fitted  with  commutation  |)oles 
will  run  without  the  slightest  sign  of  sjmrking  at  any  output  u])  to 
.■>(l  |Hr  cent,  overload,  for  the  importance  of  this  advantage  to  be 
fully  realised. 

This,  however,  is  by  no  means  the  only  advantage,  and  in  many 
eases  it  is  not  the  nu)st  important.  Traction  motors  of  the  ordinary 
type  without  comnuitation  poles  are  naturally  sensitive  to  sparking 
and  for  this  rea-ni  llie  c  :irly  attempts  at  some  degree  of  control  by 
varying  the  sin  mljiIi  "i  ilie  field  in  relation  to  the  armature  current 
were  practien!!;  ,'!.,  ivl.u.  d.  As  soon,  however,  as  motors  were 
introduced  in  which  there  was  no  fear  of  sparking,  even  when  .50 
per  cent,  of  the  field  current  was  shunted,  the  objections  urged 
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iigainst  this  method  of  control  wore  no  longer  valid.  Messrs.  Siemens 
Bros.  Dynamo  Works  are  now  jnitting  on  the  market  a  controller 
in  which  provision  is  made  for  shunting  the  field  windings  in  varying 
degree.s  as  may  be  suitable  for  any  particular  case,  such,  for  example, 
as  25  and  50  per  cent.  In  this  way  a  controller  is  arrived  at  in  which 
instead  of  there  being  as  usual  two  economical  running  positions, 
namely,full  series  and  full  parallel,  there  are  at  least  five,  for  example — 

1.  Full  series,  full  field. 

2.  Full  series,  field  shunted  50  per  cent. 
.-!.  Full  parallel,  full  Held. 

4.  Full  parallel,  field  shunted  25  per  cent. 

5.  Full  parallel,  field  shunted  50  per  rent. 

This  system  of  control  offers  two  important  advantages,  namely: — 
(a)  The  driver  has  a  more  complete  control  over  his  car,  having 
:the  choice  of  five  different  speeds  under  any  given  conditions. 


shown  in  the  diagrams,  in  accordance  with  the  following  particu- 
lars : — 

Tractive  resistance  assumed  to  be  constant,  20  lb.  |)er  ton. 

Number  of  stops  per  mile,  8. 

Average  speed,  including  5-second  stops.  10  miles  per  hour. 

Ma.ximum  speed,  about  Mi  miles  per  hour. 

The  energy  consumjition  has  been  worked  out  with  the  following 
results : — 

With  fields  not  shunted.  119  kw.-hour  f)er  car-mile. 
With  fields  shunted,  0-!)li  kw.-hour  per  car-mile. 

In  this  particular  case,  therefore,  the  change  of  gearing  and  the 
different  method  of  control  makes  possible  a  saving  of  alMut  20  per 
cent,  in  the  energy  consumption. 

This  may  possibly  be  regarded  as  an  extreme  case  ;  but  the  matter 
may  be  put  in  another  way.     The  energy  imparted  to  the  car  between 
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-Curves  eel.wi.nu  to  a  10-ton  Tbamcar  equipi-ed  with  Two  38  h.i-.  CoMMrTATioN-roi.E  Motor.?. 


(5)  A  considerable  economy  in  consumption  of  energy  is  made 
possible.  -  »j 

In  order  to  illustrate  these  advantages,  the  curves  shown  in  Fig.  2 
Have  been  prepared.  These  curves  relate  to  a  10-ton  tramcar, 
■equipped  with  two  38  h.p.  commutation-pole  motors.  Two  sets  of 
performance  curves  for  these  motors  are  given,  one  for  the  motor 
geared  with  a  reduction  of  97 :  19  and  the  other  with  a  reduction  of 
100:  16,  the  diameter  of  the  driving  wheels  in  each  case  being  31^  in. 
In  the  first  case  the  sjjced  and  pull  curves  are  given  for  the  full 
parallel  position  of  the  controller;  in  the  second  case  speed  and  pidl 
•curves  are  given  for  the  five  running  positions  of  the  controller. 
With  these  two  sets  of  curves  a  sample  run  has  been  worked  out  as 


standstill  and  the  time  when  it  reaches  a  speed  of  12  miles  per  hour 
is  in  the  one  case  82  watt-hour.s  and  in  the  other  case  68  watt-hours, 
so  that  on  the  assumi)tion  that  this  is  repeated  at  regidar  intervals 
of  45  seconds — that  is.  80  times  per  hour  —the  energy  saved  per  car 
during  that  hour  is  1-12  kw.-hour.  Thus,  quite  apart  from  the  question 
of  the  energy  absorbed  by  the  brakes,  which  may  vary  according  to 
per  particular  circumstances  of  the  case,  there  is  a  clear  saving  of  10 
the  cent,  of  the  energy  consumption  in  imparting  to  the  car  a  speed 
of  12  miles  per  hour. 

The  flexibility  of  the  modified  system  of  control  by  means  of 
shunting  the  fields  is  clearly  seen  in  reference  to  the  remaining 
diagrams.     These  two  diagrams  show  speed-time  curves  for  the  two 
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cases.  In  the  tiist  case,  there  are  only  two  speed-time  curves,  namely. 
that  in  which  the  motors  are  in  full  series  and  that  in  which  the  motors 
are  in  full  parallel  :  in  the  second  case,  there  are  five  speed  curves 
corresponding  to  the  five  running  positions  of  the  controller.  The 
comparison  between  the  two  sets  of  curves  requires  no  explanation. 
The  degrees  of  shunting  a.ssumed  for  the  purpose  of  this  calculation 
are  not  necessarily  fixed  but  may  be  mt)dified  to  suit  each  particular 
case  for  which  the  equipments  are  desired. 

Referring  now  to  the  construction  of  the  motor,  the  general 
features  of  the  design  worked  out.  especially  for  tramway  motors,  are 
shown  in  the  general  arrangement  diagram.  Fig.  1.  In  this  figure 
it  will  be  seen  that  there  arc  the  usual  foiu-  main  poles,  and  in  addi- 


ViEW  SHOWING  Interior  of  Motor. 


tion  two  commutation  poles,  one  between  the  main  poles  in  the  upper 
half  of  the  motor  and  the  other  between  the  main  poles  in  the  lower 
half.  In  order  to  provide  as  much  room  as  possible  for  these  com- 
mutation poles  and  their  windings,  the  main  poles  are  given  a 
special  shajje  such  that  the  magnet  coils  are  not  symmetrical  about 
the  centre  lines  of  the  poles,  but  are  dis])laced  sideways.  The  pole 
faces,  however,  are  spaced  symmetrically  round  the  armature  so  that 
there  is  no  interference  with  the  proper  distribution  of  the  magnetic 
flux.  The  main  field  coils  and  the  commutation  coils  are  specially 
woimd  to  such  a  shape  as  to  fit  into  one  another  so  that  practically 
no  extra  space  is  required  for  the  additional  coils,  as  is  the  case  with 
commutation  pole  motors  by  other  makers. 


PARLIAMENTARY  INTELLIGENCE. 


Fio.  4. — ExTKRioR  View   of  Motor. 

The  general  appearance  of  tlie  motor  will  be  seen  from  Figs.  .'{  and  4, 
in  which  are  shown  the  exterior  and  the  interior  of  the  motor. 

Ten  motors  of  this  type  for  an  output  of  158  h.p.  have  been  su])plied 
by  Messrs.  Siemens  Bros.  Dynamo  Works  to  the  Hull  Corporation 
tramways.  .A  number  of  motors  of  larger  output  (.")0  u.p.  type 
D  58wa)  have  been  supplied,  or  are  now  under  construction  at 
their  Stafford  Works  for  electric  locomotives  for  the  Harton  Coal  Co. 
in  South  Shields,  for  Brennans  experimental  mono-rail  car,  and  for 
the  Adelaide  Munici])al  Tramways  Trust. 

Me.s.srs.  Siemens  Bros.  Dynamo  Works  are  making  these  motors 
in  a  number  of  sizes  ranging  from  25  h.p.  to  145  h.p.  on  a  one  hour 
rating. 


NAVAL  ELECTRICAL  ENGINEERING  CONTRACTS. 

In  the  House  of  C.mmHns  ,.n  Tuesihiy.  Mr.  Rknwk  k  asked  the  First 
Lord  of  thi-  .Xdiniialty  wlietlu-r.  in  tlie  laso  of  i-oiitiiuts  which  had 
recently  been  placed  for  the  electric  light  installations  and  searchlights 
in  British  warships  now  building,  the  contractors  for  such  installations, 
iSc.  being  British  branches  of  German  firms,  it  was  made  a  cniulition  of 
the  contract  that  only  British-made  cables,  machinery  :iiiil  liltiiii;s  should 
he  used,  and  only  British  subjects  employed  in  the  Mi|iri  mii  n.liiue  and 
fitting  of  same  on  board  the  vessels;  and  whether  |iiir:iutii'ii<  had  been 
taken  to  prevent  the  necessary  plans  of  the  ships  siippMed  to  the  con- 
tractors bcmg  sent  abroad  or  shown  tu  foreigners. 

In  reply,  Mr.  JIcKenna  said  that  in  a  contract  of  the  kind  referred  to 
it  was  made  a  condition  that  only  British- made  cables,  machinery  and 
fittings  should  be  used,  and  only  British  subjects  employed  in  the  super- 
intendence and  fitting  of  them  on  board  the  ships.  With  regard  to  the 
last  part  of  the  question,  the  following  provision  has  been  embodied  in 
recent  contracts  : — "  This  contract  involves  an  obligation  of  secrecy 
within  the  meaning  of  sec.  2  of  the  Official  Secrets  .Act.  1880.  The  con- 
tractors shall  at  their  own  expense  take  all  such  measures  and  precau- 
tions to  ensure  secrecy  in  connection  with  the  design,  construction, 
ecjuipment,  and  completion  of  the  said  vessel  as  may  be  necesaary, 
including  therein  all  smli  iiicm-imi-  ami  |nv.  aiiti.ins  as  maybe  regarded 
as  necessary  by  the  CiiinniiNNiciiiri-.  uiil  iIm-  cuntractors  shall,  if  so 
rcijuired,  at  any  time  In'  tin'  ( 'i>iiiniis>iiiiui>  iHnnl  to  them  such  evidence 
as  the  Commissioners  may  consider  satistaotmy  that  all  such  measures 
and  ]irecautions  have  been,  are  bemg.  and  will  be  taken." 


HOME  OFFICE  RULES  FOR  ELECTRICITY  IN  MINES. 

Ill  the  Hciuse  of  tV,i,i,iinns  .m  AVcdncsday  .Mr.  .Maikliam  asked  the 
.Secretary  of  State  for  the  Home  Department  to  say  what  was  the  defin- 
ition of  a  "  completely  enclosed  motor  "  in  the  Home  Office  rules  relating 
to  electricity  in  mines  :  and  whether  a  Hame-proof  motor,  not  totally 
enclosed,  was  covered  by  the  definition. 

In  reply,  Mr.  Gladstone  said  he  was  advised  that  the  enclosure  re- 
quired by  special  rule  37  was  total  enclosure,  and  that,  he  understood, 
was  the  view  generally  taken  in  the  industry.  The  ca.se  of  a  "'  flame- 
proof motor  not  totally  enclosed  "  would  not,  therefore,  be  a  compliance 
with  the  rule  ;  but  the  point  had  been  noticed  for  reference  to  the  Com- 
mittee on  the  rules  which  he  was  about  to  ajuioint. 

Mr.  Markhaji  :  Is  the  right  hon.  giniliiuaii  aware  that  a  member  of 
the  Committee  which  drew  up  these  rulr>  Ntatcil  that  "  completely  en- 
closed "  meant  nothing  to  the  mind  of  the  Commissioners  more  than 
"'  totally  enclosed  ""  ? 

Jlr.  W.  E.  Harvey  :  In  view  of  the  loss  of  life  which  has  occurred 
recently  in  mines,  which  is  attributed  to  electricity,  I  wish  to  know  if  th& 
tlcivernment  are  prepared  tf>  undertake  some  experiments  with  regard 
to  electricitj-  in  mines. 

.Mr.  Gladstone  :  As  I  have  already  stated,  I  am  about  to  appoint  a 
Committee,  and  it  is  extremely  probable  that  Committee  will  extend  its 
iiiijuiries  to  this  question. 

.Mr.  Markham  :  In  view  of  the  m(  nnd  ir|ioit  of  the  Mines  Royal  Com- 
mission issued  last  week,  renM nilitiL  an  iniMMiliale  increase  of  in- 
spectors, how  many  additional  ni-|icii"i-  air  ic.  !«•  apiMiinted  and  how 
many  of  these  woidd  be  men  who  had  had  a  practical  knowledge  of 
working  in  the  coal  face  ? 

Mr.  Gladstone  :  The  report  and  memoranda  contained  more  than 
one  jiiiijiosal  with  regard  to  the  creation  of  new  classes  of  inspectors  and 
a  iiiiaiiiiiioiis  rccoiiimendation  for  the  re-division  of  the  country  mto- 
lii^tiicts.     The  rcecpiumendations  were  under  consideration. 


'Telegraph  Arbitration  Bill-— This  bill  was  re.ad 

1  the  Mouse  of  Lords  yesterday  (Thursday). 


second  time 


LEGAL  INTELLIGENCE. 


Municipal  Wiring  in  Aberdeen. 

Ill  the  .Aberdeen  Sheriff  Coiiil  on  Stli  iiisf.  a  petitim 
|iresciited    at    the    instance   of    the    Electrical    Contra 


for  interdict  was 
tors'  Association 
iii^i  the  Lord  Provost,  Magistrates  and  Tovvn  Council  of  Aberdeen 
for  eniitiavening  sec.  25  of  the  .Aberdeen  Corporation  Electricity  Act, 
]!K)7.  The  Corporation  have  laid  and  are  laying  electric  cables  from  the 
electric  meters  in  the  lodge  at  the  City  Hospital,  Aberdeen,  to  the  several 
buildings  in  connection  with  the  hospital,  and  they  have  erected,  wired 
and  fitted,  and  arc  erecting,  wiring  and  fitting  electric  lamps  within  the 
grounds  of  the  hospital.  The  1007  Act  enables  the  Corporation  to  pro- 
vide, let  for  hire,  and  fix,  set  u]),  alter,  repair  and  remove,  but  not  to 
manufacture  lamps,  meters,  electric  lines,  fuses,  switches,  fittings,  lamp- 
holders,  motors  and  other  apparatus,  and  things  for  lighting  and  motive 
]iower,  and  for  all  other  purposes  for  which  electric  energy  can  or  may  be 
used,  or  which  may  otherwise  be  necessary  or  proper  for  the  supply, 
distribution,  consumption,  or  use  of  electrical  energy,  and  may  provide 
all  materials  and  do  all  works  necessary  or  proper  in  that  behalf,  and  may 
require  and  take  such  remuneration  in  money  or  such  rents  and  charges 
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for,  and  make  such  terms  ami  conditions  witli  i-csjir.  (  l.>  llic-  Icttinfr. 
fixing,  setting  up,  altering,  repairing,  or  removing  of  such  lamps,  meters, 
electric  lines,  fuses,  switches,  fittings,  lara])holder»,  motors,  and  other 
ajiparalus  and  things  as  aforesaid.  Provided  (a)  That  it  shall  not  be 
lawful  fortlu'  ('.ir|i.. ration  t..  ix|wn(l  iii.mcy  (••\(cpt  through  a  contractor) 

>ipon  tlic  |iroMsinii  ..f  llir  lii  I and   iiialnLds  required  for  the  wiring 

for  and  fi.xing  of  clcitrir  li^lit  litliiii;s  upon  the  premises  of  their  c(m- 
sumers,  or  prospective  consumers,  or  upon  the  ])rovision  of  lam])s.  fuses, 
.switches,  fittings,  lampholders,  and  other  apparatus  ,ind  things  for  light 
purposes,  but  nothing  in  this  sub-section  shall  prevent  the  ('(uporation 
completing  the  service  hne  between  their  supply  mains  and  tlu-ir  own 
apparatus  upon  the  premises  of  any  such  consumer." 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 

♦ 

APPOINTMENTS  VACANT  AND  FILLED. 

The  County  Borough  of  Halifax  Education  eominittte  require  a 
lecturer  in  Electrical  Engineering  and  Physics.  Salary  £180  per 
annum.  Particulars  and  forms  of  application  from  the  secretary. 
Mr.  W.  H.  Ostler,  Education  Offices,  Halifa.x,  to  whom  applications 
should  be  sent  by  Tuesday,  Sept.  28.     See  also  an  advertisement. 

Applications  are  invited  for  the  chair  of  engineering  at  the  Uni- 
ver.sity  of  Melbourne  (Australia).  Particulars  from  the  Agent- 
General  for  Victoria,  Melbourne-place,  Strand.  London,  W.C.,  to 
whom  applications  by  Oct.  15. 

X  designer  is  wanted,  with  experience  in  the  design  of  electric 
nn)tors.  also  good  college  and  workshop  training.  See  advertise- 
ment. 

A  professor  of  chemistry  is  wanted  for  Patna  College.  Bihar. 
Bengal.  Salary  R500.  rising  to  RLOOO  per  month.  Particulars 
from  the  Secretary.  Board  of  Education.  Whitehall.  London,  S.W.. 
to  w  horn  applications  are  to  be  sent. 

Smethwick  Education  committee  require  a  [iriucipal  for  their 
Technical  School.  Salary  £2.50  rising  to  £350.  Particulars  from 
Mr.  A.  H.  Sears.  Council  House,  Victoria  Park.  Smethwick.  Applica- 
tions by  Sept.  28. 

Llandilo  Council  have  appointed  Mr.  T.  Bnwen  as  resident  elec- 
trical engineer. 

Mr.  W.  T.  Maccall,  M.Sc.  A.M.I.E.E..  head  of  the  electrical 
engineering  department  of  Halifax  Municipal  Technical  School,  has 
b?en  appointed  head  of  the  electrical  engineering  dBpartment  of 
Sunderland  Technical  College.  Mr.  T.  C.  Joyce.  B.Sc,  is  the 
assistant  lectiu-er  in  the  department. 

Mr.  W.  B.  Morgan,  station  superintendent  at  Avonbank,  Bristol, 
has  resigned  in  order  to  take  up  a  position  at  Dawson  City. 

Mr.  H.  B.  Saxby  has  been  appointed  electrical  engineer  to  the 
Bombay,  Baroda  and  Central  India  Railway  Co..  under  a  five  years' 
agreement,  at  R600,  rising  to  R800  per  month. 

EDUCATIONAL  NOTICES. 

University  of  London  (University  College). — The  courses  in  me- 
chanical, civil,  rauniciiial  and  electrical  engineering  begins  on  Monday 
Oct.  -i.  The  College  contains  spacious  electrical  and  mechanical 
engineering  laboratories,  workshops,  drawing  office.  &c.  Special  and 
post-graduate  courses  on  "  Steam  Turbines,"  "  Recent  Methods  and 
Instruments  in  Surveying,"  and  "  On  the  Theory  and  Design  of  the 
Ideal  Arch,  Metal  and  Masonry  "  have  been  arranged.  Further 
particulars  may  be  obtained  of  the  Secretary,  Mr.  Walter  W.  Seaton, 
University  College.  Gower-street,  London.  W.C. 

Goldsmith's  College  (University  of  London!. — The  new  session  com- 
mences on  .Monday.  20th  inst.  Enrolling  l)egins  on  13th  inst.  There 
are  complete  courses  of  instruction  in  electrical,  mechanical  and  con- 
structional engineering.  Students  are  also  prepared  for  the  B.Sc.  in 
Engineering  of  the  University  of  London,  and  for  the  examinations 
of  the  Institution  of  Civil  Engineers,  the  Board  of  Education,  and 
the  Citv  and  Guilds  of  London  Institute.  The  head  of  the  Engineer- 
ing Department  is  .Mr.  W.  J.  Lineham.  B.Se..  M.I.C.E..  M.I.E.E. 
Further  |iarticulars  from  the  Warden  of  the  College. 

University  of  Bristol. — The  session  1909-1010  commences  on  Oct.  1. 
There  arc  full  courses  of  instruction  in  the  faculties  of  arts,  science 
and  engineering,  and  facilities  are  afforded  tor  research  and  post- 
graduate work  in  all  important  branches  of  science  and  engineering. 
Prospectuses.  &e..  from  the  Registrar. 

Merchant  Venturers'  Technical  College. — The  engineering  depart- 
ments of  this  college  will,  from  the  beginnitig  of  next  session,  include 
the  faculty  of  engineering  of  the  University  of  Bristol.  The  college  has 
already  special  departments  for  electrical  engineering  (under  Prof. 
Robertson)  and  motor  oar  engineering  (uiuler  Prof.  Morgan),  but 


the  departments  (jf  civil,  mechanical  and  raining  engineering  have 
hitherto  been  amalgamated,  and  they  have  been  in  charge  of  the 
vice-principal.  Prof.  Munro.  The  engineering  staff  will  now  be 
strengthened  by  the  inclusion  of  those  who  have  hitherto  been 
engaged  in  teaching  engineering  at  University  College,  Bristol,  and 
a  separate  department  of  civil  engineering  will  be  inaugurated  and 
l)la(irl  ill  iliaigc  of  I'rof.  Ferrier.  Not  only  will  this  mean  improved 
iaciliti.  -  I  I  ^Indents  in  civil  engineering,  but  it  will  also  strengthen 
tlic  (Icpaii  mints  of  mechanical  and  mining  engineering,  which  will 
remain  in  charge  of  Prof.  Munro.  As  regards  equipment,  the  Mer- 
chant Venturers'  Technical  College  is  already  provided,  in  it.s  new 
building,  with  the  latest  apparatus  and  machinery,  and  with  labora- 
tories and  workshops  constructed  on  the  most  modem  principles. 
To  this  has  lately  been  added  the  best  of  the  machinery  and  appa- 
ratus formerly  used  in  the  engineering  departments  of  L'niversity 
College.  [A  description  of  the  new  building  api>eared  in  The  Elec- 
trician for  .July  30  and  -\ug.  fi.  1909.1 

We  have  received  a  copy  of  the  calendar  of  this  college  for  the 
1909-10  .session  which  gives  full  particulars  of  the  courses  of  instruc- 
tion, fees.  &c.     It  is  published  at  6d. 

University  College  of  North  Wales. — In  the  electrical  engineering 
department  of  this  college  a  systematic  course  of  instructicm  is  given 
in  electrical  measurement  and  practical  electricity  for  students  pro- 
posing to  enter  the  profession  of  electrical  engineer.  The  jihysics 
laboratory  is  well  equipi)ed.  The  course  extends  over  two  years. 
Prospectuses,  etc..  may  be  obtained  from  Mr.  .J.  E.  Lloyd,  M..A.. 
secretary  and  registrar. 

Armstrong  College.  Newcastle-on-Tyne. — ^The  session  1909-1910 
will  commence  on  Sept.  27.  Full  courses  of  instruction  are  given  in 
the  department  of  mechanical,  marine,  civil  and  electrical  engineer- 
ing, naval  architecture,  mining,  metallurgy,  agriculture,  pure  science 
and  letters.  Particulars  may  be  obtained  from  the  secretary  (Mr. 
F.  H.  Pruen,  ^LA.).  .Armstrong  College,  Xewcastle-on-Tvne. 

Sir  John  Cass  Technical  Institute,  London.— The  new  ses.sion  com- 
mences on  23rd  inst.  Tiiere  are  classes  in  general  physics  and  mathe- 
matics as  a  preiiaration  for  the  final  B.Sc.  examination  of  London 
University,  and  special  courses  of  general  physics  and  electricity  and 
magnetism  for  the  honours  B.Sc.  on  "Conduction  in  Gases'"  and 
"  Radio-activity"  and  on  the  "  Differential  and  Integral  Calculus 
for  Science  Students."  There  are  also  evening  classes  in  chemistry, 
metallurgy,  physics  and  mathematics  designed  to  meet  the  require- 
ments of  those  engaged  in  the  chemical,  metallurgical  and  electrical 
industries.  &c..  and  facilities  are  afforded  for  special  and  advanced 
practical  work  in  \vell-equi)iped  laboratories.  Particulars  from  the 
Principal.  Sir  .lohn  Cass  Institute.  .Jewry-street.  E.C. 

Northampton  Polytechnic  Institute,  London.— Full  day  courses  in 
the  theory  and  practice  of  mechanical  and  electrical  engineering  and 
electro-chemistry  will  commence  on  Oct.  -1.  Entrance  examination 
Sept.  29  and  30.  These  courses,  which  include  periods  spent  in 
commercial  workshops  and  extend  over  four  x'ears,  also  prepare  for 
the  degree  of  B.Sc.  in  engineering  at  the  University  of  London.  Fees 
£13  or  £11  per  annum.  Three  entrance  scholarships  each  of  £.52  will 
be  offered  for  competition  at  the  entrance  examination  in  September. 
Full  and  part  time  day  courses  in  all  branches  of  technical  optics 
are  given  in  specially  equipped  laboratories  and  lectme  rooms. 
The  evening  technical  courses  in  all  branches  of  electrical  and 
mechanical  engineering  will  commence  on  Jlonday.  Sept.  27.  The 
laboratories  are  well  eipiiiiped  for  both  alternate  (single  and  poly- 
phase) and  continuous-current  work,  and  for  all  kinds  of  electrical 
testing.  Particulars  as  to  fees.  &c..  can  be  obtained  at  the  Institute 
or  on  application  to  the  principal.  Dr.  R.  .Mullineux  Walmsley. 

Hackney  Technical  Institute.  London.— The  next  session  commences 
on  Sept.  20.  There  are  evening  lecture  and  laboratory  courses  in 
electrical  engineering,  including  electrical  measurements,  dynamos 
and  motors,  alternating  currents,  electrical  design,  &c.  Prospectuses 
may  be  obtained  from  the  Principal  of  the  Institute,  Dalston-lane, 
London,  N,E, 

Battersea  Polytechnic  (London).— In  the  engineering  departments 
of  this  polytechnic  there  are  day  courses  which  prepare  for  the 
engineering  degree.  B.Sc.  London,  polytechnic  diploma  in  mechanical. 
electrical  and  civil  engineering.  The  entrance  examination  com- 
mences on  Sept.  21.  There  are  also  evening  classes  which  prepare 
for  the  B.Sc.  in  engineering,  the  assoeiateship  examination  of  the 
Institution  of  Civil  Engineering  all  mechanical  engineering  subjects, 
electrical,  structional  and  automobile  engineering,  telegraphy  and 
telephony,  architecture  and  building.  &c.  Prospectuses  from  the 
Secretary.  Battersea  Park-road,  S.W, 

Borough  Polytechnic  Institute.- Complete  courses  of  instruction  in 
electrical  and  mechanical  engineering,  chemistry.  &c..  are  given  at 
this  Institute.  The  head  of  the  electrotcchnics  dcviartment  is  Dr. 
John  Henderson,  and  the  course  of  instruction  in  electrical  engineer- 


924 


THE  ELECTKICIAN,  SEPTEMBER  17.  1909. 


ing  is  spread  over  four  yt-ars.  Tlu-rc  arc  also  special  courses  for 
electric  wiring  work,  construction  and  design  of  electrical  appliances 
and  workshop  fittings,  and  also  in  advanced  electricity  and  magnet- 
ism. The  next  session  commences  on  '27th  inst.  Further  particulars 
aid  detailed  syllabus  of  each  course  are  given  in  the  jirospectus. 
which  can  be  obtained  from  the  principal,  Mr.  C.  T.  Millis.  Borcmgh- 
road.  London.  S.E. 

Manchester  Municipal  School  of  Technology. — We  have  received  a 
copy  of  the  very  comtilctc  calendar  for  the  session  1909-10  of  the 
Munieiiial  School  of  Technology  and  Municipal  School  of  .Art. 
^lanchester.  The  book,  which  consists  of  .oS-l  pages. conveys  a  good 
idea  of  the  excellent  manner  in  which  Lancashire  industries  are 
catered  for  at  this  up-to-date  educational  establishment,  for  there 
are  carefully  graduated  courses  of  instruction  in  all  branches  of 
pure  and  a})])lied  science  and  technology,  art.  &c.  There  are  day 
and  evening  classes,  and  facilities  are  granted  for  experimental  and 
research  work.  The  pviblished  price  of  the  calendar  is  6d..  post  free 
Kid.  :   but  an  abridged  calendar  can  also  be  obtained. 

East  London  College. — We  have  received  a  copy  of  the  calendar  of 
this  College  for  the  session  1900-10.  Particulars  of  the  courses  in 
engineering  may  be  obtained  from  tlie  Principal. 

Daimler  Works  Scholarships. — The  competition  for  this  scholarship 
<()ncluded  on  Sept.  3rd.  when,  as  a  result  of  a  wTitten  and  viva  voce 
examination  conducted  by  Dr.  Hele  Shaw  and  Prof.  Morgan  the 
following  awards  were  made  by  the  directors  of  the  Daimler  Motor  Co. 

Major  scholarship,  value  £200  (£100  premium  and  £50  per  annum  for 
two  years)  to  Harold  Grinstead,  B.Sc.  (Rons.)  of  Horsham  Grammar 
School  and  London  University:  Minor  .scholarships,  value  £140  approxi- 
mately (£100  premium  and  about  £20  ]ier  annum  wages  for  two  years) 
to  Thos.  Edw.  Beacham.  B.Sc.  (Hons.).  Bertram  Rhodes.  B.Sc.'.  and 
Frank  Edw.  Salter.  Information  respecting  the  1910  competition  may 
be  obtained  on  application  to  the  pupils  department.  Daimler  Motor 
Works,  Coventry. 


Accrington. — The  recent  electrical  exhibition,  organised  by  the 
Klectricity  dei)artment.  was  very  successful  as  over  16.000  persons 
]jaid  for  admission,  and  it  is  anticipated  that  the  result  will  be  an 
increased  demand  for  current  for  lighting,  jjower  and  heating. 

Amble. — The  Council  have  decided  to  call  in  an  electrical  engineer 
to  report  u])on  their  electricity  suppl)'  scheme. 

Australasia. — The  "Australian  Mining  Standard  "  states  that  the 
Charlton  (Victoria)  Electric  Lighting  Co.  is  to  be  floated  with  a 
capital  of  £2.900. 

Launceston  (Tasmania)  Council  have  decided  to  construct  electric- 
tramways,  with  car  sheds  at  York  Park,  and  a  Tramway  committee  has 
been  appointed.  The  city  engineer  and  city  electrical  engineer  are  tu 
visit  Melbourne  and  Adelaide  to  inspect  the  tramways  in  those  towns. 

A  successful  experiment  was  made  recently  at  Mr.  C.  E.'  Eldridge's 
Standard  Quarries  with  electric  fuses  for  blasting,  in  place  of  the  fire  fuses 
hitherto  used. 

Austria-Hungary. — The  authorities  of  Holenfurt  have  arranged 
to  construct  an  electric  railway  from  Zartlesdorf  to  Lippnerschwebe. 
The  cost  is  estimated  at  £12.>.<KX). 

The  communal  authorities  of  Gloggnitz  are  arranging  to  erect  elec- 
tricity works.  Power  will  be  obtained  from  the  Weissenbach  water- 
falls."  The  estimated  expenditure  is  £11.000. 

Bethnal  Green  (London). — A  s|)ecial  meeting  of  the  Council  will 
be  held  on  the  30tli  inst.  to  consider  in  committee  the  question  of  the 
.supply  of  electricity  in  the  borough. 

Bexhill. — The  L.G.  Board  have  sanctioned  a  loan  of  £2.120  for 
condensing  plant,  cooling  tower.  &c.,  repayable  in  21  years.  The 
Council  have  applied  for  a  further  loan  of  £197  for  small  extensions 
of  the  public  lighting  system. 

Buckfastleigh  (Devon). — The  Coimcil  have  approached  the  owner 
ot  the  local  electricity  works  with  a  view  to  his  supplying  electricity 
tor  iniblic  lighting. 

Burslem. — Owing  to  the  standing  orders,  the  (Vjuncil  have  post- 
poned until  February  consideration  of  the  a]>plication  of  the  electrical 
engineer  (Mr,  A.  Bremner),  for  an  increase  of  salary.  The  Electric 
Lighting  committee  will  then  recommend  that  an  increase  be  granted 
to  Mr.  Bremner. 

It  is  proposed  to  put  down  an  additional  I'cUiss-Siemens  set  at 
the  electricity  works. 

Ceylon. — In  order  to  carry  out  the  recommendations  of  .Mr.  A.  H. 
Preece  (of  Messrs.  Preece  &  Cardew)  it  has  been  decided  to  replat-e 
the  existing  overhead  method  of  construction  of  the  Colombo  tele- 
phone service  by  an  underground  system  in  the  more  congested 
portions  of  the  service,  and  estimates  for  that  i)ur[)ose  are  in  course 
of  preparation.  The  cost  is  estimated  at  Rs.100.000.  Mr.  Preece"s 
suggestion  to  con.struct  telephone  trunk  lines  between  Colombo, 
Kandy  and  Nuwara  Eliya  is  under  consideration,  and  estimates 
have  been  prepared.     The  cost  would  amount  to  about  Rs.220,000. 


China.— The  rciiort  of  Consul  V.  V.  Hausser  for  1908  says  the 
S«ato«  Electric  Light  Co..  after  a  chequered  career,  finally  collapsed, 
having  lost  more  than  (>0  per  cent,  of  its  capital.  It  has  been  re- 
constructed with  a  capital  of  SHO.OOO.  New  engines  have  been 
ordered  from  Eiuope.  It  is  expected  that  the  town  will  again  be 
lighted  electrically  by  July  next.  An  electric  tramway  to  the  city  of 
CiiengHai  (10  miles  distant)  is  projected.  The  prospectus  puts  the 
capital  at  S300.000.  but  (Mr.  Hausser  says)  the  shares  are  not  being 
taken  up  readily. 

Cowdenbeath  (N.B.) — The  Covmcil  have  decided  to  oppose  the 
])roposed  application  of  the  I^ife  Electric  Power  Co.  for  a  provisional 
electric  lighting  order  for  this  district. 

Customs  Duties. — It  has  been  decided  that,  under  the  New  Zealand 
tarifl.  the  import  duty  on  medical  transformers  (consisting  of  trans- 
former, coil,  rheostat  and  switch)  is  30  per  cent,  ad  val.  under  the 
general  tariff  and  20  per  cent,  for  British  goods.  Ciove  battery  cells 
for  educational  purposes  are  admitted  duty  free. 

LTnder  the  South  African  Customs  Union  tarifl  the  duty  on  elec- 
tric magnetos,  or  separate  parts  thereof,  is  3  per  cent,  ad  val. 
liritish  goods  are  granted  a  3  per  cent,  rebate,  and  are  therefore  duty 
free. 

Darlington. — The  Council  have  received  sanction  to  a  loan  of 
£2.187  for  a  .500  kw.  generating  set. 

Dundee. — Messrs.  J.  and  A.  D.  Grimond  (Ltd.)  have  commenced 
proceedings  against  the  Town  Council  for  the  recovery  of  damages 
(estimated  at  £2.200),  caused  by  the  failure  of  the  Corporation  to 
give,  in  accordance  with  the  terms  of  their  contract,  a  supply  of 
electrical  energy  for  power  to  the  firm.  The  Electricity  committee, 
however,  repudiate  liability. 

The  damage  done  by  the  recent  fire  at  the  electricity  station  has  been 
assessed  at  fl,.588.  liis.  lid.,  exclusive  of  damage  done  to  23  trans- 
formers belonging  to  the  British  Thomson-Houston  Co.  The  committee 
have  agreed  to  sell  four  old  boilers  and  two  generating  sets  (which  were 
scorched  in  the  fire)  to  Messrs.  William  Kerr  &  Co.  for  £.550. 

Arrangements  have  been  made  for  supplying  electric  current  for  light- 
ing the  Dudho])e  Museum  building  and  also  for  working  the  models  which 
have  been  installed.  The  wiring  contract  has  been  secured  by  Mr.  T.  C. 
Keay. 

Edinburgh.— On  Tuesday  the  Council  decided  (by  26  votes  to  17) 
to  adopt  the  recommendation  of  the  Electric  Lighting  committee  to 
apjily  the  total  surplus  on  the  electric  lighting  department  for  the 
past  year  (£2,182)  to  relief  of  rates. 

Electricity  in  Tunnel  Boring.— The  boring  of  the  tunnel.  4J  miles 
in  length,  ^^•hieh  is  to  conduct  water  from  the  Derwent  Valley  to  the 
Rivelin  Valley  to  augment  the  Shefheld  Corporation's  water  supply,  is 
now  completed.  Larmuth  compressed  air  drills,  driven  by  electric 
motors,  were  used,  and  the  air  and  the  bottom  of  the  tunnel  were  kept 
in  good  condition  by  the  use  of  a  tramway  worked  by  2.5  h.p.  electric 
locomotives,  instead  oj  adimal  traction,  and  the  use  of  electric  light 
also  assisted  in  minimising  the  vitiation  of  the  atmosphere. 

Exhibition. — .\n  "  Everything  for  the  Home  "  Exhibition  will  be 
held  at  Birmingham  from  Oct.  6  to  23.  Particulars  from  the  Inter- 
national Trade  Exhibitions  (Ltd.),  Broad-street  House.  London,  E.C. 

Glasgow. — The  sub-committee  on  Tramway  Finance  recommend 
that  an  experimental  direct  15-minute  service  of  cars  for  four  months 
be  given  between  Townhead  district  and  the  west  end  of  the  city. 

Glasgow  Telephone  Service. — The  Post  Office  authorities  arc 
equipping  a  new  central  exchange  in  Waterloo-street  which  will  have 
provision  for  10.000  subscribers,  and  will  be  ready  about  the  end  of 
the  vear.  It  is  designed  on  the  common  battery  system,  which  is 
already  used  by  the  National  Telephone  Co.  in  their  Hillhead.  Ibrox 
and  Langsi<lc  exchanges. 

India. — "  Indian  Engineering  "  says  plant  for  the  electric  lighting 
of  the  new  shunting  yard  at  Khargpur  has  been  ordered  from  Eng- 
land by  till'  I'.cMgal-.\ag|iur  Railway  Co. 

Llandudno-Colwyn  Bay  Tramway.— The  Council  have  come  to 
terms  with  the  Llandudno  and  Colwyn  Bay  Electric  Railway  (Ltd.) 
as  to  the  construction  of  the  extension  to  Colwyn  Bay,  and  the 
company's  ap])lication  for  12  months'  extension  for  constructing  the 
line  will  lie  supjiortcd  by  the  Council. 

L.C.C.  Tramways. — On  Tuesday  the  Lord  Mayor  of  London 
|icrformed  the  ceremony  of  opening  the  added  portion  of  Wack- 
friars  Bridge,  which  consists  of  30  ft.  of  the  width  on  the  west<rn  or 
up  river  side.  The  Lord  Mayor  also  acted  (pro  tern)  as  motorman 
on  the  first  of  the  County  Council's  tramcars  (with  the  exception  of 
trial  cars)  to  traverse  the  bridge.  The  public  service  of  cars  over  the 
bridge  was  started  on  the  same  day.  An  illustrated  description  of 
the  widened  bri<lgc  and  the  works  involved  in  the  widening  and 
tramway  construction  works  appeared  in  our  last  issue. 

The  ifnal  i)ortion  of  the  Holborn  to  Hampstead  (via  King's  Cross. 
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Creat  College-street  and  Camden  Tow  n)  tramway  route  was  opened 
to  the  public  on  Friday. 

L.C.C.  Tramways  Guide. — We  have  received  a  copy  of  the  1909 
edition  of  tlie  Ofticial  Tramways  Guide  of  the  London  County  Council. 
The  guide,  which  consists  of  two  parts,  runs  into  nearly  150  pages. 
Tlie  first  part  gives  a  list  (arranged  alpliabetieally)  of  places  of  in- 
terest in  London,  including  the  museums,  exhibitions,  theatres, 
hospitals,  chief  public  building.s.  parks  and  other  places  of  interest 
in  London,  and  in  many  cases  an  indication  is  given  of  the  best  means 
of  reaching  the  place  in  question.  The  second  part  of  the  guide  gives 
particulars  of  the  routes  traversed  by  the  Council's  tramways,  and 
there  is  also  a  good  map  of  the  whole  of  the  lines,  with  an  index  of  the 
chief  streets  and  localities  served  by  the  tramways.  We  congratulate 
the  Tramways  Department  upon  the  completeness  and  accuracy 
«f  their  guide,  which  must  be  of  great  service  to  all  tramway  passen- 
gers and  a  positive  boon  to  visitors  to  London.  The  guide  is  pub- 
lished at  Id. 

Local  Government  Board  and  Public  Electric  Lighting. — Yarmouth 
Electricity  committee  have  received  a  communication  from  the  L.G. 
Board  with  reierence  to  the  recent  application  of  the  Council  for 
£2,000  for  alteration  of  the  public  lighting  from  gas  to  electricity,  in 
such  streets  as  the  Corporation  may  from  time  to  time  decide. 

The  Board  stated  that  it  was  not  their  practice  to  sanction  loans  for 
imdefined  expenditure  im  public  lighting,  and  they  saw  no  reason  to 
make  an  excejition  with  Yarmouth. 

The  Council  are  communicating  further  with  the  Bnard. 

London  United  Tramways  Assessment. — Brentford  Guardians  have 

now  paid  i.'i.Sli'i.  Ills,  .'id,  tn  tlie  London  I'nited  Tramways  (Ltd.)  for 
their  taxed  custs  in  cnnnection  with  the  appeal  as  to  the  assessment 
of  the  company's  property  within  the  Brentford  area. 

Long  Eaton. — The  Council  have  increased  the  discounts  to  be 
allowed  to  electricity  consumer-s. 

Lowestoft. — A  supply  of  electricity  for  light  and  power  is  to  be 
given  to  the  shipbuilding  yard.  &c.,  of  Mr.  J.  Chambers.  Another 
feeder  is  to  be  laid  at  an  estimated  cost  of  £87.^. 

Luton. — The  salary  of  the  borough  electrical  engineer  (Mr.  W.  H. 
Cooke)  has  been  increased  to  £400  per  annum. 

Marble  Arch-Cricklewood  Tramways. — Willesden  Council  have 
decided  to  o])posc  the  scheme  for  the  construction  of  a  tramway 
from  ilarble  Arch  to  Ciicklewood  unless  the  road  through  Kilburn 
is  widened  to  60  ft. 

Metropolitan  District  Railway. — This  company  are  about  to  intro- 
duce many  im | in )V('ments  in  their  service.  To  relieve  pressureat  the 
l)oiikintr  ciftices  and  save  the  time  of  passengers  an  electric  automatic 
ticket  machine  has  been  installed  at  the  Mansion  House  station,  and. 
if  it  is  successful,  similar  machines  will  be  placed  on  other  stations. 
At  ])resent  only  2d.  tickets  can  be  bought.  Only  copper  coins  with 
the  same  measurement  and  weight  as  a  penny  will  make  the  required 
electric  contact,  and  consequently  foreign,  silver  or  bad  coins  will 
not  succeed.  Unsuccesssful  coins  are  returned.  So  far  the  device 
has,  it  is  stated,  proved  very  successful. 

New  Edition. — A  new  edition  of  "  The  Dynamo,  its  Theory.  Design 
and  Manufacture,  "  by  Messrs,  C.  C.  Hawkins  and  F.  Wallis.  will  be 
published  immediately  by  Whittaker  &  Co.  This  book  has  been 
thoroughly  revised  and  considerabh'  enlarged,  and  deals  exhaus- 
tively with  the  most  recent  practice  in  this  ini|iortant  branch  of 
electrical  engineering. 

Newcastle  (Ireland).— The  Council  have  been  notified  by  J.  W. 
Frascr  i:  Co.  of  their  intention  to  apply  for  a  provisional  electric 
lighting  order. 

Newport  (Mon.)— The  gas  lamiis  in  two  tlioroughfares  are  to  be 
adapted  for  electric  lighting. 

Plymouth. — The  new  museum  and  art  gallery  and  the  Corporation 
laboratory  are  to  be  wired  at  a  cost  of  £-H7. 

Presentation. — Hudderstield  Tramway  statT  ha\e  iiiescntcd  a 
Sheraton  inlaid  timepiece  to  Mr.  Frank  Smith,  statiim  engineer,  on 
his  marriage. 

Quebec  (Canada.)— The  Canadian  Light  &  Power  Co..  of  Montreal, 
has  made  an  arrangement  w  ith  ■),  G,  White  &  Co,  for  the  engineering 
design  and  supervision  involved  in  the  construction  of  a  hydro- 
electric plant  (m  the  St.  Laurence  River,  near  St,  Timothee,  Quebec. 
The  present  initial  development  provides  for  21.(iOO  ii.r..  with  such 
further  develojiment  as  may  be  required  in  the  near  future.  It  is 
estimated  that  the  present  initial  development  will  cost  about 
S4,0(X).O00,  The  Canadian  Company  purposes  to  tlo  the  work  by 
contract,  on  the  basis  of  unit  prices. 

Spain. — A  concession  for  the  construction  and  working  of  the 
Metropolitan  (Electric)  Railway  at  Valvidrcra  has  been  giaiitcil  pro- 
visionally to  Don  C,  E,  Jloutanes.  The  work,  which  iiuhules  the 
boring  of  a  tunnel,  is  to  be  completed  in  two  year.s. 


Toronto  (Canada.) — For  some  time  there  has  Ijeen  considerable 
discussion  on  the  scheme  of  the  Hydro-electric  Commission  for  the 
transmission  and  supply  of  electric  energy  from  Niagara  Falls  to 
Toronto  for  power  and  lighting,  and  now  a  citizen  (Jfajor  .1.  A. 
Murray)  has  issued  a  writ  for  an  injunction  against  the  )iunicipal 
Council  and  other  parties 

To  restrain  them  from  (jroceeding  with  the  construction  of  transmission 
lines,  transformer  hoiises  and  other  electrical  appliances  for  the  trans- 
mission I  if  electrical  energy  generated  by  the  Ontario  Power  Co.  from  the 
Niagara  River,  and  from  acquiring  property  for  the  location  of  the  said 
transmission  line  :  and  also  from  exjvending  money  and  further  pledging 
the  credit  of  the  Province  of  Ontario  and  the  credit  of  the  Municipal 
Corporation  in  connection  with  the  carrying  out  a  of  certain  contract 
pretended  to  have  been  made  by  defendants  with  the  Ontario  Power  Co. 
for  the  purchase  from  the  said  Ontario  Power  Co.  of  electrical  energy 
developed  from  the  Niagara  River. 

An  injunction  is  claimed  because  (1)  the  Niagara  River  is  a  navigable 
river-,  forming  pait  of  the  boundary  between  the  Dominion  of  Canada 
and  the  Cnitcd  States  of  America,  and  the  waters  of  the  said  river  are 
within  the  exclusive  control  and  jurisdiction  of  the  Dominion  of  Canada  ; 
(2)  the  Ontario  Power  Co.  are  assuming  to  take  water  and  to  develop 
Ijower  from  the  waters  of  the  said  river  without  the  sanction  or  authority 
of  the  Government  of  the  Dominion  of  Canada,  and  the  action  of  the  said 
Ontario  Power  Co.  in  so  doing  is  illegal  and  ultra  vires  ;  (3)  the  defen- 
dants have  assumed  to  enter  into  a  contract  with  the  said  Ontario  Power 
Co.  for  the  purchase  from  the  said  Ontario  Power  Co.  of  a  quantity  of 
electrical  power  developed  from  the  waters  of  the  Niagara  River,  illegally 
taken  from  the  said  river  as  aforesaid,  and  have  agreed  with  the  said 
Ontario  Power  Co.  to  expend  sums  of  money  in  the  erection  of  trans- 
mission lines,  transformer  houses  and  other  electrical  appliances,  &c  : 
and  (4)  the  said  pretended  contract  being  illegal  and  ultra  vires  of  the  said 
Ontario  Power  Co.,  is,  in  fact  and  in  law.  no  contract  at  all,  and  defen- 
dants are  acting  wrongfully  and  illegally  in  spending  money  and  in 
pledging  the  credit  of  the  province  and  of  the  said  municipalities  in 
furtherance  of  the  said  pretended  contract. 

Torquay. — The  L.G.  Board  recently  asked  the  Council  for  their 
observations  on  a  communication  they  had  received  complaining  of 
alleged  nuisance  caused  by  vibration  by,  and  smoke  fumes  from  the 
electricity  station,  and  requesting  that  no  loan  should  be  granted 
for  new  municipal  buildings  until  the  station  was  removed  to  another 
part  of  the  town.  The  matter  was  referred  to  the  Electric  Lighting 
committee,  with  instructions  to  consume  only  smokeless  coal  at  the 
station. 

Trade  Union  Congress. — The  42nd  Trade  Union  Congress  was  held 
at  Ipswich  last  week,  when  495  delegates  attended,  representing 
L701.0(IO  trade  unionists. 

In  his  presidential  address,  Mr,  D,  J,  Shackleton,  JI.P.,  referring  to  the 
legislation  of  the  present  Parliamentary  session,  said  that  while  the 
Budget  had  taken  up  most  of  the  time  of  Parliament  opportunity  had 
been  foimd  to  pass  into  law  two  important  trade  unit>n  Bills — the  Trade 
Boards  Bill  and  the  Labour  Exchanges  Bill.  It  was  gratifying  to  know 
that  the  Government  Bill  contained  within  it  the  methods  which  they 
had  from  time  to  time  advocated  as  to  the  treatment  for  the  evils  of 
sweating.  The  Bill  was  confined  to  a  few  trades  as  an  experiment,  but 
thev  had  confidence  that  the  experience  gained  would  prove  the  wisdom 
of  adding  other  trades  to  the  list.  As  to  the  Labour  Exchanges  Bill. 
the  President  and  officials  of  the  Board  of  Trade  had  been  made  fully 
aware  of  the  ideas  of  the  congress  and  the  decision  of  the  recent  special 
conference  on  the  subject,  and  they  had  contidence  that  the  regulations 
when  issued  would  be  fotmd  to  be  fair  and  equitable  to  all  the  interests 
concerned.  The  <iuestion  of  insurance  against  unemployment  wo\dd  in 
all  probability  form  part  of  the  work  of  the  next  session  of  Parliament. 
The  (iovernment  in  those  ])roposals  were  taking  the  first  practical  step 
to  deal  with  the  greatest  evil  of  modern  society— an  evil  not  by  any 
means  confined  to  these  islands.  They  would  give  the  proposals  of  the 
Government  their  earnest  and  sympathetic  consideration,  and  the  con- 
gress might  rest  assured  that  the  position  of  the  organised  workers  of  the 
country  would  be  safeguarded.  He  drew  the  attention  of  the  congress 
to  the  case  of  "  Conway  r.  \\'ade,"  which  would  be  brought  before  them 
by  way  of  an  appeal  for  financial  supjiort.  The  real  point  arising  in  that 
case  was  whether  the  act  done  by  defendant  (who  was  a  trade  union 
official)  was  an  act  done  dining  a  trade  dispute.  On  the  facts  of  the  case 
the  Lords  of  Appeal  had  decided  that  it  was  not,  and  however  much  they 
might  differ  from  that  opinion  their  decision  had  to  l)e  accepted.  The 
(luestion  had  naturally  been  raised  how  far  the  Trade  Disputes  Act  of 
IflOli  was  etficicut  for  the  purpose  for  which  it  was  passed.  On  the  facts 
of  that  case,  and  on  the  findings  of  the  House  of  lAirds,  he  had  no  hesita- 
tion in  saying  it  stood  unshaken  for  the  objects  which  they  had  in  view. 
The  lesson  to  be  learnt  from  that  case  was  that,  in  taking  any  action 
which  the  Act  clearly  contemplated  might  he  taken,  it  .should  be  done 
with  the  consent,  and,  as  far  as  possible,  on  the  instructions  of  the  trade 
union  concerned  :  and  had  that  liccn  more  dearly  shown  in  the  case 
under  review,  he  believed  the  decision  would  have  been  in  favour  of 
defendant. 

Miiiixlri/  ol  Labour. — A  resolution  was  passed  to  call  upon  the  Govern- 
ment to  appoint  a  Minister  of  Labour,  with  Cabinet  rank,  under  whose 
supervision  all  departments  of  labour  should  be  co-ordinated,  including 
a  statisti.  al  department  which  should  enumerate  the  number  of  persons 
eu!;ai.'cd  in  industrial  occupations  in  the  United  Kingdom,  and  prepare 
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montlilv  statements  dealing  with  the  wages  of  those  employed  per- 
manently, casually,  or  irregularly. 

Lahoiir  Exchungis. — It  was  unanimously  resolved  '"  that  no  system  ol 
lalKiur  exchanges  will  be  satisfactory  vinless  boards  of  administration 
are  composed  equally  of  representatives  of  recognised  trades  iinions  and 
employci-s.  with  a  neutral  chairman  appointed  by  the  Board  of  Trade  ; 
that  provision  be  made  to  prevent  these  exchanges  being  used  to  umlei- 
mine  the  trade  union  rates  and  conditions  of  working  by  the  supjilying 
of  laljoiir  at  le.ss  than  the  union  rate  :  that  under  no  circumstances  shall 
these  exchanges  be  used  as  agencies  for  the  supply  of  labour  to  assist  any 
firm  who  may  have  a  dispute  with  their  workpeople.  Further,  in  view 
of  the  large  and  growing  extent  of  unemployment  in  women's  trades. 
this  congress  affirms  the  belief  that  adecpiate  ]novision  should  be  made 
in  the  labour  exchanges  for  women  workei's  ;  also  tliat  the  Parliamentary 
Committee  be  instructed  to  urge  upon  the  tiovernment  the  necessity  of 
]>roviding  accommodation  for  trade  miion  meeting  rooms  in  the  labour 
exchange  buildings."" 

M hcillaneom. — A  resolution  was  pa.ssed  in  favour  of  observ"m2;  the 
1st  of  Slay  in  each  year  as  Labour  Day,  as  in  other  countries.  A  noO^er 
resolution  demanded  the  institution  of  a  legal  eight-hour  day.  A  resohi- 
tion  was  pas.sed  approving  of  direct  employment  in  all  Government 
dei^artments.  The  congress  also  approved  a  resolution  affirming  that 
certain  industries  were  injuiiously  affected  by  the  competition  of  prison 
labour,  and  instructed  the  Parliamentary  Committee  to  urge  the  Govern- 
ment to  so  amend  the  AA'orkmen"s  Comjiensation  .\ct  as  to  make  it 
definite  who  are  dependents  in  any  case  of  loss  of  life,  in  order  that  the 
liability  might  be  eijual  for  single  and  married  men. 

Ind'iMria/  Insurance. — This  question  was  raised  by  the  President,  who 
(on  Ijehalf  of  the  Parliamentary  Committee)  moved  that  "  Having  regard 
to  the  serious  nature  of  the  illegal  practices  connected  with  industrial 
insurance,  which  have  led  to  widespread  gambling  in  human  li\es.  this 
congress  calls  upon  his  JIajesty's  Government  to  institute  an  inquiry  by 
means  of  a  Royal  Commission  or  a  connnittee  with  a  view  to  legislation 
to  prohibit  such  illegal  practices." 

Underground  Telegraph  Wires. — The  Pustmaster-General  has 
(It cidcd  to  extend  the  underground  telegraph  wires  from  Chatham  to 
Dover,  and  contracts  for  the  work  have  been  let. 

Watford. — Herts  County  Council  are  about  to  construct  tramways 
in  the  Watford  area,  and  the  Urban  Council  are  negotiating  for  the 
sui>ply  of  electricity  to  the  trams. 

The  electrical  engineer  (Mr.  F.  W.  Purser)  has  been  instructed  to 
ascertain  the  names  of  owners  and  occupiers  outside  the  area  wlio 
desire  a  sujiph"  of  electricity,  as  an  application  had  been  received 
for  the  supply  of  electricity  on  Lord  Essex's  property 

West  Houghton. — It  is  proposed  to  light  the  public  offices  elec- 
tricallv.  and  the  Lancashire  Electric  Power  Co.  have  been  asked  to 
.submit  terms  for  supplying  current. 

Weymouth. — Tlie  salary  of  the  borough  electrical  engineer  (Mr. 
.1.  H.  Holani)  is  tu'be  increased  from  £250,  by  two  annual  increments 
of  1'2.").  til  11300  per  annum. 

Wolverhampton. — The  Victoria-street  and  Lea-road  extension  of 
thi  Corporation  tramway  system  has  been  opened  for  traffic. 

Worcester. — 81  gas  lamps  are  to  be  replaced  by  12  arcs  and  57 
<  >>nim  lamps  at  a  cost  of  £250  per  annum,  against  £229. 4s.  6d.  for  gas. 

Yarmouth. — The  Electricity  committee  have  resolved  that  the 
price  of  electric  current  for  motors  taken  from  the  tramway  supply  be 
charged  at  the  rate  of  jd.  per  unit,  plus  cost  of  coal  per  unit  sold. 


ELECTRICITY  SUPPLY  AND  TRAMWAY  ACCODNTS. 

Ayr. — The  annual  report  of  the  tramways  manager  (Mr.  W.  Grant) 
states  that— 

The  revenue  for  the  past  year  was  £15,081,  against  £15,322  for  1907-8. 
Recei))ts  per  car-mile  were  8-87d.,  compared  with  !)13d.  The  number 
of  passengers  carried  was  3,(iI0,537,  decrease  49,501.  The  surplus  fcjr 
the  year  was  £fi2.  Capital  expenditure  now  stands  at  £82,169;  the 
de|ir"eciati<m  and  renewals  fund  amounts  to  £13,110,  and  the  reserve  fund 
sl.oid-  at  £.-..000. 

Bradford. — The  chairman  of  the  Finance  and  General  Purposes 
committee  (.Mr.  D.  Wade)  made  his  annual  statement  as  to  the  trad- 
ing departments  of  the  Corporation  on  Tuesday. 

The  total  income  of  the  electricity  department  was  £110,242  and  the 
working  ex))enses  £52,131,  leaving  a  trade  profit  of  £.58,111.  Interest 
and  sinking  fund  charges  amounted  to  £5.5.91)4,  so  that  the  net  profit  was 
£2.147.  The  unappropriated  profit  at  the  beginning  of  the  year  was 
£.3.223.  to  which  had  been  added  the  net  profit  of  £2,147,  making  £.5.370. 
Against  that  there  had  been  charged  £1,200,  which  had  been  allowed  for 
rebate  to  tramways  for  electricity  supjilicd  for  traction.  Also  a  transfer 
of  £2,000  to  revenue  account  with  other  sums  amounting  to  £4.li92, 
leaving  an  unappropriated  ])rofit  at  the  end  of  the  year  of  £678.  The 
renewals  account  (£3,699)  had  been  increased  by  £200  transferred  from 
unappropriated  ])rolits,and  there  had  been  ex])cnded  upon  the  lenewal 
of  engines,  mnin.s,  &c.,  £2,399,  leaving  to  the  credit  of  renewals  a  balance 
of  £3.300. 

There  arc  2,439  consumers,  and  the  equivalent  of  387,737  30- watt  lamjis 
is  connected.     18,564,301  units  were  generated.      17.062,4.55  units   were 


SPECIAL    NOTICE. 


NOW    READY Vol.    LXII.    of  "The  Electrician"  (1.028 

pages',  bound  in  strong  cloth.  Price  17s. 6d. ;  post  free,  18s.  6d,  Now 
ready.  Cases  for  Binding.     Price  2s. ;  post  free,  2a.  3d. 

A  complete  set  of  "The  Electrician  ''  can  be  supplied.  A  number 
of  odd  volumes  and  some  odd  old  back  numbers,  to  help  in  making 
up  complete  sets,  a-e  also  available. 


sold,  including  2,777.386  units  for  private  lighting,  132,011  for  public 
lighting,  2,401,482  for  power.  9,421,368  for  traction  and  143,300  for 
lighting  tramway  sheds,  &c.  The  maximum  simultaneous  load  on  feeders 
was  6,884  kw.  (.5,044  kw.  for  lighting  and  jiower  and  1,840  kw.  for  trac- 
tion), and  the  cajiacity  of  the  generating  plant  is  6,844  kw.  There  are 
69  public  arc  lam]>s  and  12  incandescents.  and  there  are  1.510  motors 
(808  of  3.511  H.p.  on  hire)  of  a  total  of  7.209  h.p.  connected.  The  Brad- 
ford Dyers'  Associatiim.  a  consumer  on  liulk  supply,  arc  under  contract 
to  take  current  not  exceeding  1,000  kw. 

The  traffic  revenue  of  the  tramways  dei)artment  was  £231,175  and 
miscellaneous  revenue  £12,760,  making  a  total  of  £241,235,  The  work- 
ing and  management  expenses  were  £170,196,  leaving  a  gioss  profit 
(e.xclusi\e  of  allowances  for  renewal  of  jiermanent  way)  of  £74,039. 
Interest  and  sinking  fund  charges  amounted  to  £58,721,  leaving  to  be 
carried  forward  to  the  renewals  fund  the  balance  of  £15.318,  ctmipared 
with  £17,238.  The  balance  to  credit  of  renewals  fund  at  the  beginning 
of  the  year  was  £52,229.  and  at  the  end  of  the  year  £44,461.  Out  of  this 
sum  the  Council  had  voted  £20.0IH)  towards  relief  of  rates  during  the 
current  year,  leaving  £24,461. 

Bridlington, — The  accounts  of  the  electricity  department  for  the 
vear  ended  March  show  capital  expenditure  £35,996  (increase 
£1.303). 

Revenue  was  £4,870,  working  and  general  expenses  £2,607.  and  gross 
profit  £2,263.  After  meeting  capital  charges  the  net  deficit  was  £188 
(compared  with  £275  in  jirevious  year).  Units  generated  were  330,262. 
151,764  were  supplied  to  public  lamps  and  138,826  to  private  consumers. 
The  total  maximum  demand  was  694-8  kw. 

The  report  of  the  borough  electrical  engineer  ( Jlr.  A.  .J.  Beckett)  states- 
that  for  the  first  time  the  revenue  for  private  lighting.  &c.,  has  exceeded 
that  from  street  lighting.  Revenue  has  increased  by  £388  and  units  sold 
by  34.007.  Woikmj  .,.>),;  ue  down  0014d.,  although  expenditure  of 
£136  w-as  iucurrid  t.n  r.  piii-.  to  battery,  &c.  During  its  four  years' 
existence  the  unilciiaking  lia^  not  had  to  call  upon  the  rates  for  as.sistance. 

Horsham. — The  accounts  of  the  electricity  department  for  the 
year  ended  March  show  capital  expenditure  £31.713  (increase  £482). 

Revenue  was  £4.019  (against  £3,789  in  previous  year)  and  total  cost 
were  £1.978  (£1.9(18).  'I'he  gross  profit  was  £2.041  (£1,881)  and  net  profit 
£10  (against  deficit  of  £148).  Total  costs  were  2-26.5d.  (against  2-34d.> 
per  unit.  There  are  520  (4-14)  consumers  and  15.416  (14.018)  equivalent 
33  watt  lamps  connected.     The  units  sold  were  208,61 3  ( 195,.34I ), 

The  report  of  the  engineer  (Mr.  J.  B.  Moigan)  states  that  a  32  e.p. 
lamp  formerly  represented  a  connection  of  four  30-watt  lamps — total 
120  watts  :  but  with  the  metal  filament  the  same  candle-power  is  obtain- 
able for  the  equivalent  of  IJ  30-watt  Imps.  Coal  cost  is  down  0-ld., 
partly  due  to  improved  methods  of  stoking,  and  w^orks  costs  have  dropped 
from  l-72d.  to  l-67d.  Consumers  are  begimiing  to  realise  the  extreme 
handiness  of  electric  laundry  irons,  hot  water  jugs  and  kettles,  as  well  as 
heating  appliances  for  trade  purposes.  Units  sold  jier  lam]i  were  reduced 
from  14-6  to  14-2  (total  8,830),  or  a  loss  to  the  depart lucnt  oi  £165- 
through  the  use  of  metal  filament  lamps. 

Shoreditch  (London.) — Last  week  the  Lighting  committee  reported 
to  the  (iiunci!  ihal  for  the  year  ended  March  31  the  gross  profit 
on  the  electricity  undertaking  was  £21.335,  4s.  8d..  against 
£19,.547.  I7s.  6d.  in  1907-8,  although  there  was  a  reduction  in  the 
total  income  of  £644.  3s.  2d. 

The  reduction  in  income  was  mainly  due  to  the  rediu'tion  in  the  number 
of  lighting  units  sold,  through  the  increased  use  of  metal  lilariient  lamps. 
After  meeting  intcrcsl  (£10,793.  12s,  6d.)  and  repaying  caiiital  to  the  ex- 
tent of  £5,951.  19s.  4d.,  also  paying  bank  interest,  &c.,  the  net  profit  was^ 
£4,117.  15s.  2d.,  which  has  been  used  to  wipe  off  the  deficiency  brought 
forward  last  year  and  the  annual  contribution  to  change  of  pressure 
account,  leaving  a  small  deficiency  of  £328.  8s.  Works  costs  showed  a 
redtiction  under  every  head. 

The  destructor  accounts  show  that  the  total  refuse  dealt  with  during 
the  year  was  41,369  tons,  against  35,531  tons.  The  borough  refuse 
amounted  to  28,905  tons,  compared  with  29,434  in  1907-8,  the  cost  being 
£.5,896.  4s.  8d.  (including  loan  charges),  against  £6.331.  3s.  3d. 

South  Shields. — The  accounts  of  the  electricity  department  for  the 
year  ended  .March  show  ca|)ital  expenditure  £182,268  (increase 
£4.830). 

Revenue  was  £25,559  (comjiared  with  £25.608  in  the  previous  year), 
working  and  general  expenses  £13,004  (£I3,.538),  leaving  gross  profit 
£12..5.55  (£12.070) ;  interest  and  sinkiiiL'  fund  reciuired  £11,371  (£10,711), 
and  net  profit  was  £1,184  (£l,3.)8).  The  maxinuim  load  was  1,053  kw. 
( 1.776  kw.)  and  the  load  factor  21-59  (18-99).  The  units  sold  were 
3.127,039  (2,9.54,990),  including  1,431.875  (1.51,5,495)  for  lighting, 
358,.551  (102,()20)  for  power  and  1.333.613  (1.336.875)  for  traction. 

The  report  of  the  borough  clcitrical  engineer  ( .Mi.  .1.  H.  Cawthra)  state* 
that  the  result  is  satisfactory,  taking  into  consideration  trade  depression 
and  the  advent  of  (he  metal  filament  lamj).     The  lamps  and  motors  con- 
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nceteil  an-  cciiiivalont  to  99.481  3.")  watt  lamps  (comiiaied  willi  ,Sll..j:J7 
at  March.  1908).  The  average  revenue  per  equivalent  35- watt  lamp  was 
3s.  7d.  (against  3s.  lid.).  Lighting  units  have  decrea.sed  5  per  cent,  and 
traction  units  2  per  cent.,  while  power  units  liave  increased  249  per  cent.  ; 
works  costs  have  been  reduced  fnun  0-71d.  tu  (>(i2d.,  and  total  costs  from 
l-099d.  to  0-99Hd. 

Wimbledon. — The  ca[)ital  expenditure  of  the  electricity  under- 
taking for  the  year  ended  March  was  £198..56.5  (increase  £14.53.5). 

Revenue  was  £31.831  (against  £28,926  in  previous  year),  working  and 
general  expenses  £29,321  (£26,222)  and  net  profit  £2,510  (£2,704).  Total 
costs  were  l-502d.  ])er  unit  sold  (against  l-448d.)  and  capital  charges 
l-3I0d.  (1163d.).  2.944,520  units  were  generated,  620,600  supplied  to 
public  lamiis  (average  price  2-342d.  per  unit)  and  1.722,689  tr)  jjrivate 
consumers  (3-284d.).  There  are  1,110  metal  filament  and  89  arc  lami)s 
for  public  hghting  (  =  4,449  8  c.p.)  and  150,022  equivalent  8  c.p.  lamps 
connected  for  ])rivate  customers,  the  number  of  consumers  being  3.602. 
The  maximum  supply  demanded  was  1,507  kw. 


TRADE  NOTES  AND  NOTICES. 


NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES' 
DIRECTORY  AND  HANDBOOK.— The  igog  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issued  in  handy  book 
form.  These  are  included  in  the  igog  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 


TENDERS  mVITED. 

The  Directors  of  the  JIetropolit.^n  Railw.w  Co.  invite  tenders 
for  the  supply  of  general  stores  during  the  12  months'  ending  Oct.  31. 
1910.  Manufacturers  and  others  desirous  of  tendering  should  a|)ply 
to  the  Secretary.  Mr.  W.  H.  Brown,  for  forms.  The  company's 
requirements  include  electric  wires  and  cables.  lam])s.  carbons, 
switches,  fuses,  telephones,  &c.,  and  electrical  insulating  materials. 
Patterns  and  samples  will  be  on  view  from  the  iTth  inst.  to  Oct.  2 
inclusive,  and  tenders  must  reach  the  Secretary  by  10  a.m.  of  .Monday 
Oct.  4.     See  also  an  advertisement. 

Tenders  are  invited  for  supply  of  100,000  porcelain  insulators  to 
the  Postmaster-General's  Department,  Victoria.  Tender  forms, 
&c.,  from  the  Commonwealth  Offices,  72,  Victoria-st..  London.  S.W. 

Tenders  are  invited  for  the  supply  to  the  Postmaster-CeneraFs 
Department,  Xew  South  Wales,  of  a  common  battery  switchboard 
for  the  North  Sydney  telephone  exchange.  Tender  form,  specifica- 
tions, &c.,  may  be  obtained  from  the  Commonwealtli  Offices,  72, 
Victoria-street,  London,  S.W.  See  also  an  advertisement. 
k  London  County  Council  invite  tenders  for  (1)  the  manufacture, 
delivery  and  erection  in  certain  of  the  Council's  substations  ^>(  two 
500  kw.  and  one  150  kw.  motor  generators,  and  (2)  the  manufacture. 
delivery  and  erection  of  h.  and  l.t.  switchgear  for  \\'oohvich  and 
other  substations.  Tenders,  on  forms  to  be  obtained  from  Mr.  U.  L. 
Gomme,  County  Hall,  Spring  Gardens,  S.W.,  by  11  a.m.,  Sept.  21. 

Bristol  Education  committee  require  lenders  by  noon,  Sept.  21. 
for  electrician's  work  at  the  new  school  at  Alexandra  Park,  Fish- 
ponds. Bristol.  Forms  of  tender,  &c..  from  Messrs.  Rodway  & 
Dening,  Gaunt  House,  Orchard-street,  Bristol. 

Tenders  are  required  by  noon,  Sept.  27.  for  the  electric  lighting 
of  new  asylum  buildings,  Purdysburn,  Belfast.  Specifications 
from  Messrs.  Watt,  Tullock  &  Fitzsimons.  77a,  Victoria-street. 
Belfast. 

York  Corporation  want  tenders  by  9  a.m..  Sept.  24,  for  a  traction 
switchboard.  Specification.  &c..  from  the  City  Electrical  Engineer, 
Foss  Islands-road,  York. 


Manchestlk  Tramways  committee  want  lenders  by  lU  a.m.. 
Sept.  21,  for  supjjly  of  .steel  girder  tramway  rails.  Specifications 
from  Mr.  .1.  M.  .M'Elroy,  55,  Piccadilly,  Manchester. 

FuLHAM  (London)  Council  require  tenderij  by  ncxin,  Sept.  22,  for 
supply  of  l.jll  electricity  meters.  Forms  of  tender,  &c.,  from  the 
Borough  Electrical  Engineer,  Townmead-road,  Fulliam,  S.W. 

Salford  Tramways  committee  want  tenders  by  10  a.m.,  .Sept.  20, 
tor  supply  of  .500  tons  of  steel  tramway  rails.  S|jecitication,  &c.,  from 
the  General  Manager.  32.  Blaekfriars-street,  Salford. 

CoRUMBA  (Brazil)  .Municipality  want  tenders  by  Oct.  5  for  the 
erection  and  equipment  of  electricity  supply  works. 

Cape  Town  Municipality  want  tenders  by  Sept.  29  for  supply  o 
about  2,5(M)  dry  cells  during  the  year  commencing  July  1  next. 

The  Tiukish  Government  want  tenders  for  the  installation  and 
working  of  a  telejihone  system  in  Constantinople  and  the  vicinity. 
An  agent  on  the  sjjot  is  practically  essential.  Tenders  to  the  Minister 
of  Finance,  Constantinople,  by  Oct.  14. 

The  Public  Works  Dept..  Madrid,  want  tenders  by  Sept  22  for  a 
concession  for  the  construction  and  working  of  an  electric  tramway 
in  Vigo  and  suburbs,  in  competition  with  an  application  by  Don  .J.  C. 
Fernandez. 

Tenders  will  be  opened  at  the  Public  Works  Dept.,  Madrid,  at 
noon  Nov.  3  for  the  construction  and  working  of  an  electric  tramway 
from  Calle  de  Villanova  to  Calle  de  Wad-Ras,  Barcelona.  The 
Sociedad  Anonima  Tranvias  de  Barcelona  a  San  Andres  y  Exten- 
siones  will  have  certain  preferential  ritrhts  in  the  competition. 

TENDERS  RECEIVED  AND  ACCEPTED. 

Bristol  Electrical  committee  have  accepted  the  following  tenders : 
Electrical  Co..  a.c.  meters  for  1909-10.  £762.  8s.  ;  General  Electric 
Co.,  carbons  for  12  months  ending  April  30th.  1910,  £366.  12s.  4d.  ; 
Siemens  Bros.  Dynamo  Works,  arc  lamp  globes  for  1909-10,  £31.  2s.Gd. 

Swansea  Electric  Lighting  committee  have  accepted  the  following 
tenders  : — Callender's  Co.,  cables  ;  London  Electric  Firm,  arc  lamp 
pillars,  brackets,  raising  and  lowering  gear  ;  W.  Lucy  &  Co.,  switch 
pillars  and  joint  boxes  ;  Veritys  Limited,  arc  lamps. 

Melbourne  Council  have  accepted  the  tender  of  the  Midland  Machine 
Trust  for  supply  of  electric  current  to  26  tantalum  lamps  at  15s.  each 
for  the  lighting  season  and  at  £4  each  for  arc  lamps. 

Plymouth  Council  have  accepted  the  tender  of  the  National  Tele- 
phone Co.  for  connecting  the  residences  of  firemen  with  the  central 
station  and  maintaining  same  for  three  years. 

Messrs.  Maguire  &  Gatchell,  of  Dublin,  who  have  recently  executed 
a  number  of  country  house  electric  lighting  contracts,  have  obtained 
a  contract  for  the  electric  lighting  of  the  Viceregal  Lodge.  Dublin. 

Bradford  Council  have  accepted  the  tender  of  G.  A.  Steinthal  & 
Boydell  for  motors  for  the  conditioning  house  at  £209. 

Worthing  Council  have  accepted  the  tender  of  the  Beck  Flame 
Lamp  Co.  for  Beck  lamps  at  £638. 

The  tender  of  Turner  &  Athcrton  has  been  accepted  for  an  electric 
hoist  and  an  X-ray  equi|)ment  for  the  Stockport  infirmarj'. 

Burslem  Education  committee  ba\e  acceiited  the  tender  of  Evans 
&  Sons  for  wiring  Middlcjiort  schools  at  £8(1.  15s. 

Lowestoft  Council  have  jilaced  an  order  Avith  the  Shipley  Fan  Co.> 
at  £15.  10s..  for  a  fan  for  the  generating  station. 

A  contract  has  been  signed  for  the  supply  by  McLean  &  Co- 
(Melboiune)  of  electric  lighting  plant  ior  Korumburra  (Victoria)- 
comprising  gas  producer.  75  b.h.p.  multiple  cylinder  vertical  ga* 
engine,  and  45  kw.  generator,  and  a  Hart  battery,  giving  360  amperes- 
at  one  hour  rate  of  discharge.  The  initial  capital  outlay  will  be 
£2.160. 

Storage  Battery  Contracts. — During  the  past  week  the  D.P.  Battery 
Co.  received  orders  for  the  supply  and  erection  at  HowTah  of  a 
storage  battery  having  a  capacity  of  800  kw.-hours  for  the  East 
Indian  Railway  Co..  and  another  for  New  South  Wales.  In  the 
home  trade  the  company  have  secured  contracts  for  13  batteries  for 
country  house  lighting  installations  for  the  purpose  of  Government 
tests,  and  metal  deimsiting  work,  as  well  us  sundry  renewal  orders. 

Admiralty  Contracts. — The  Paterson  Kngineering  Co.  have  i-eeeived 
from  the  Admiralty  a  repeat  order  fiu-  oil  eliminating  plant  with 
quartz  sand  filter  lor  H..M.  Dockyard.  Chatham,  together  with  steel 
carrying  structure  and  pipe  work.  The  capacity  of  the  Paterson 
purifying  })lant  at  this  station  will  now  Ih^  10.000  galloivs  ix-r  hour. 
I'aterson  oil  eliminators  are  also  installed  at  several  other  dwkyards. 

The  British  Electric  Calibrated  Fuse  Co.  have  rceoived  the 
Admiralty  contract  for  all  fuses  required  up  to  Dec.  31,  1911,  from 
3  to  30  amperes. 
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BUSINESS  NOTICES. 

ilr.  T.  R.  Wilton.  B.A..  A.M.I.C.E..  who  was  for  many  years  an 
assistant  to  Mr.  A.  G.  Lyster.  engineer-in-chief  to  tlie  Mersey  Docks 
and  Harbour  Board,  has  commenced  practice  as  a  civil  engineer 
at  IS.  Westminster  Chambers.  1.  Crosshall-street.  Liverpool. 

The  Electrical  .Apparatus  Co..  Qvieen's-road.  Battersea.  S.W.. 
announce  that  in  future  they  will  be  the  only  manufacturers  of  the 
■'  Koolark "  enclosed  fvise.  and  all  inquiries  and  orders  for  same 
.should  be  addressed  to  the  company. 


BSITISH 


Sale  by  Auction. — Messrs.  Fuller.  Horsey  Sons  &  Cassell  will  in- 
clude in  their  sale  at  H.M.  Dockyard.  Devonport,  on  Tuesday. 
Oct.  12.  at  11  a.m.  quantities  of  scrap  bra.ss  and  borings,  white  metal 
and  manganese  bronze,  zinc  ashes  and  bottoms,  lead  skimmings. 
foundry  ashes,  iron  and  steel.  21  tons  electric  cable,  electrical  gear 
and  stores,  boat's  engines  and  l>o)lers.  lathes,  tools.  &c.  May  be 
viewed  three  working  days  before,  and  on  morning  of  sale.  Catalogues 
(6d.  each)  at  the  Dockyard  and  of  the  Auctioneers.  11.  Billiter- 
square.  London.  E.C.     See  also  an  advertisement. 

Plant  for  Sale. — Rhyl  municipal  electricity  department  advertise 
for  sale  a  lti.">  kw.  d.c.  steam  dynamo  (.Alley  &  MacLellan  engine  and 
Lancashire  dynamo).  Particulars  from  the  electrical  engineer.  Mr. 
Ernest  H.  Wriglit. 

Patents  Development. — The  proprietors  of  the  following  patents 
wish  to  enter  into  negotiations  with  firms  in  Great  Britain  for  the 
sale  of  same  or  for  the  grant  of  licences  to  manufacture  under 
royalty  : — 

No.  23.429/1901.  relating  to  "  Electric  locomotives."  Applications  to 
Messrs.  Hyde  &  Heide,  3,  Broad-street  Buildings.  Liverpool-street, 
T^jndon.  E.C. 

No.  18.408/1901).  for  "  Improvements  in  electric  insulators  for  high- 
iension  conductors."  and  No.  18.125/1905.  for"  Improvements  in  electric 
motor  Clint i(il  systems."  Applications  to  Messrs.  Haseltine.  Lake  &  Co.. 
7  and  S.  .Sinitham]it"ii  Buildings,  Chiincery-lane,  London,  W.C. 

"Metfll  "  Lamp. — A  striking  showcard.  in  colours,  has  been  issued 
bv  the  Edisun&  Swan  C'o..are))roduction  of  which  «e  give  below.  The 
card  is  neat  and  of  considerable 
artistic  merit,  while  it  is  also  a 
striking  advertisement.  The  desire 
has  been  to  emphasise  the  fact 
that  Royal  Ediswan  '•  Mettil  "" 
lamps  are  British  made.  A  copy 
of  the  card.  «hich  is  eyeletted  for 
liaiiging  and  varnished  to  prevent 
soiling,  and  which  measures  some 
ill  in.  by  1,5  in.,  can  be  obtained 
from  the  publicity  department  of 
the  company  by  any  electric 
lighting  contractor  sending  his 
trade  card. 

Electric  Flasher. — An  electric 
flasher  has  recently  been  designed 
in  which  the  time  taken  for  flash- 
ing can  be  regulated,  whilst  the 
apparatus  is  said  to  possess  the 
additional  advantage  of  being 
sufficiently  interesting  to  attract  attention,  apart  from  the  flashing 
of  the  lights.     The  i)rinciple  of  the  flasher  is  as  follows  : — 

A  zinc  tube  is  wound  with  a  coil  of  high-resistance  wire,  the  latter  being 
insiUated  from  the  tube.  When  a  current  jiasses  through  the  wire  the 
tube  is  heated.  e.\)iands  and  operates  a  lever,  giving  a  great  amplification 
of  the  movement  and  causing  an  arm  to  tip  over  an<l  fall  on  to  a  contact. 
whereb}'  the  lamps  are  caused  to  light  up.  The  clnsing  (jf  this  contact. 
however,  short-circuits  the  resistance  coil,  with  the  result  that  the  tube 
cools  down  until  the  arm  is  caused  to  fall  into  its  original  jiosition.  when 
the  process  is  repeated,  the  lamps  being  automatically  illuminated  and 
extinguished.  By  an  adjustment  of  the  contacts  the  frequency  of  the 
operation  can  be  varied  fioni  7  seconds  to  2J  minutes.  The  apparatus 
has  been  designed  liy  Mr.  ('.  H.  .luke-Urownc.  of  7l).  \Vest(m-r<jad. 
»Strood,  Kent. 

CATALOGUES.  &c. 
U.VDEKCJROL-ND  .M.Aiss.  CABLES.  i.c. — Messrs.  Pirelli  (Ltd.).  4.5, 
Basinghall-street,  London,  E.G.,  have  issued  a  new  catalogue,  in 
which  particulars  are  given  of  pajjer-insulated  lead-covered  cables 
for  electric  light  and  |)ower  work,  air  space  telci)hone  and  tclegra|)h 
cable.s,  all  types  of  rubber  and  gutta-percha  insulated  cables,  along 
with  wires  and  fle.xibles  for  every  purpose.  The  catalogue  is  an 
■exhaustive  one.  ranging  from  large  armoured  cables  to  instrument 
wires,  yet  it  is  interesting  to  notice  that  everything  described  is  of 
Messrs.  Pirelli's  own  manufacture.  Accessories,  such  as  tapes, 
ebonite  sheeLs,  &c.,  are  also  included,  in  addition  to  bell  wires,  &c,, 
■tt'hilst  attention  maybe  called  to  the  extra  high-tension  cables.  One, 
of  which  particulars  are  given,  made  by  Messrs.  Pirelli  for  laying 
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acro.ss  the  Lake  of  Garda.  withstood  a  pressure  of  100.000  volts 
lietween  the  conductor  and  sheath,  although  the  working  pressure 
was  only  specified  as  13.000  volts,  whilst  a  cable  made  for  the  Milan 
E.xhibition.  lOOfi.  broke  down  on  test  at  over  200.000  volts,  the  work- 
ing pressure  in  this  case  being  specified  as  loO.OtH)  volts  alternating. 

^loTOR  Converters. — .\  pamphlet  has  reached  us  from  ^Messrs. 
Bruce  Peebles  &  Co.  dealing  with  the  La  Cour  motor  converters. 
This  pamphlet  should  prove  welcome,  as  it  deals  with  a  type  of 
machine  which  during  the  last  year  or  two  has  become  of  increasing 
importance.  The  success  of  the  motor  converter  is  no  doubt  due  to 
its  s)iecially  valuable  features,  including  absence  of  transformers, 
simplicity  of  the  switchgear,  efficiency,  power  factor,  &c.  The  com- 
parison made  on  p.  16  of  a  motor  converter,  a  rotary  converter  and 
a  motor  generator  is  particularly  interesting  and  instructive.  The 
station  engineer  will  be  impressed  by  the  fact  that  over  100,000  kw. 
of  Peebles  motor  converters  have  been  installed  or  are  under  con- 
struction. 

Electrically  Driven  Toous,  &c. — From  the  Witton-Kramcr 
P'lectrio  Tool  &  Hoist  Co.  we  have  received  a  further  batch  of  leaflets 
describing  their  specialities :  I.,eaflet  K6.  electric  polishing  machines  ; 
K7.  standard  tyjies  of  electric  winches,  made  in  all  sizes  from  1  h.p. 
to  .50  H.p.  ;  K8  shows  two  types  of  electric  grinders  ;  K12  the  "  Wit- 
t(in-Kramer  "  flexible  shafts. 

■'  Richardson  "  Series  .-Vdaptor. — Mr.  Chas.  W.  Richardson, 
Patiicroft.  Manchester,  is  issuing  a  four-page  pamphlet  which  gives 
illustrated  particulars  and  prices  of  his  series  adaptor  for  placing 
metal  and  other  high-efficiency  lamps  in  series,  any  distance  apart, 
in  any  position,  on  existing  circuits,  without  re-wiring  of  circuits, 
electroliers  or  fittings.  The  inventor  claims  that  by  this  piece  of 
apparatus  installations  are  changed  over  without  interference  with 
business  in  a  cheap  and  effective  manner. 

Eclipse  Electric  Cooking  Apparatus. — From  the  Electric  & 
Ordnance  Accessories  Co..  Aston.  Birmingham,  we  have  received  a 
co|)y  of  a  catalogue  dealing  with  electric  cooking  and  heating  appa- 
ratus constructed  on  their  system. 

The  units  consist  of  a  special  resistance  material  insulated  with  mica 
and  enclosed  in  a  thin  metal  casing.  We  are  given  to  understand  that 
this  resistance  material  is  well  able  to  withstand  a  temperature  of  2,500^F. 
without  risk  of  breakdown.  That  these  units  are  suitable  for  the  pur- 
pose is  proved  in  that  the  makers  inform  us  that  a  number  of  kettles 
were  placed  in  circuit  for  periods  varying  from  500  to  1.250  hours,  and 
at  the  end  of  these  periods  not  one  of  the  units  had  broken  down,  nor 
were  they  the  worse  for  wear  to  any  appreciable  extent.  These  periods 
eorres|iond  to  an  ordinary  use  of  at  least  five  years.  The  apparatus  the 
e(uu])any  are  prepared  to  supply  at  present  consist  of  kettles,  jugs,  glue 
pots,  hot  plates,  plate  warmers,  flat  irons,  curling  tong  heaters  and  cigar 
lightcis.  These  latter  consist  of  a  miniature  arc  lamp  which  is  brmight 
into  action  by  pulling  the  chain  at  the  side,  and  it  should  be  usefid  for 
entrance  halls  of  hotels,  clubs  and  for  tobacconists'  shops.  Most  of  the 
apparatus  listed  is  capable  of  adjustment  to  give  from  one  to  four  diffe- 
rent heats  by  a  slight  manipulation  of  the  plugs. 

In  addition  to  the  usual  information  concerning  the  apparatus  the 
company  have  also  prepared  a  very  useful  table  showing  the  cost  of 
o]ierating  their  apparatus.  From  these  figures  it  would  appear  that  the 
"  Eclipse  "'  apparatus  is  well  within  the  reach  of  all  electric  light  con- 
sumers from  the  standpoint  of  operating  cost.  The  prices  also  appear 
to  be  reasonable.  ,, 

In  addition  to  the  a]>paratus  listed  in  the  catalogue  the  company  .a^e 
shortly  bringing  oiit  a  series  of  apparatus  for  cooking  by  incandescent 
heat,  such  as  grills,  ovens,  toast  racks.  &c.  In  these,  the  imits  will 
consist  of  resistance  material  prepared  specially  for  the  Electric  & 
Ordnance  Co.,  and  capable  of  being  run  at  red  heat  for  a  eonsiderablu 
period.  The  company  have  been  testing  some  units  made  up  from  this 
material  and  inform  us  that  up  to  date  they  have  run  for  1,100  hours 
witho\it  yet  showing  signs  of  giving  out.  In  additiim  to  being  simply 
run  in  <ireuit.  quantities  of  water  and  grease  have  from  time  to  time 
liecn  poured  on  these  so  as  to  realise  as  far  as  possible  actual  working 
conditions.  The  result  of  this  ])ouring  im  of  water  and  grease  is  merely 
to  ( 1  down  the  units  temporarily  until  the  foreign  matter  has  evapo- 
rated and  has  no  injurious  effect  whatever.  The  company  will  send  a 
iiqiy  of  this  catalogue  to  anybody  inquiring  for  same. 

Electrical  Fittings  and  Accessories. — Messr.s.  Baxendale  & 
Co..  electrical  supply  manufacturers  and  merchants,  of  Miller-street, 
Manchester,  have  forwarded  a  copy  of  their  illustrated  catalogue 
for  1909.  in  which  agreat  variety  of  fittings  and  accessories  are  listed 
and  jiriced.  including  electric  bells,  indicators,  door  contacts,  pushes, 
wires,  casing,  jointing  materials,  overhead  line  material,  batteries, 
stai)les,  screws  and  terminals,  induction  coils,  speaking  tubes, 
l>il)ing.  &c.  Very  fidl  indexes,  connection  diagrams  and  the  general 
information  given  concerning  the  articles  listed  should  make  this 
catalogue  of  great  service  to  wiring  contractors,  bell  fitters,  &c. 

IOlectric  Radiators. — We  have  received  from  Messrs.  Veritys 
Limited  copy  of  a  new  catalogue  of  radiators.     Several  new  designs 
'  are  included. 
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Ai'thmatic  Transformer  Switch.— .Messrs.  IX  Buii'  &  Sun,  8."), 
Gracecluiich-stiect.  Lnndon.  E.C..  have  placed  on  the  market  a  new 
automatic  transformer  switch,  .specially  designed  for  u.se  in  connec- 
tion with  small  installations  where  a  large  outlay  is  not  warranted. 
The  function  of  the  apparatus  is  to  cut  in  the  transformer  auto- 
matically when  the  first  lam])  is  switched  on  and  cut  it  out  when  the 
last  lamp  is  switched  off.  The  general  design  of  the  switch  and 
arrangement  of  connections  are  shown  in  the  accompanying  illus- 


Auto-Transformer  Switch. 

tration.  The  switch  is  built  up  on  an  oiled  slate  slab  and  mounted  in 
a  cast-iron  case  with  glazed  front,  having  porcelain  bushes  for  the 
incoming  leads,  Xo  special  wiring  arrangements  are  necessary  with 
the  apparatus,  which  will  operate  when  a  single  16  watt  metal  fila- 
ment lamp  is  switched  on  or  off.  It  can  be  supplied  to  work  on  cir- 
cuits of  the  usual  voltages  and  frequencies,  and  no  special  type  of 
auto-transformer  is  required  for  use  in  connection  with  the  switch. 
It  is  claimed  that  the  apparatus  is  strong,  not  likely  to  get  out  of 
order,  silent  in  working  and  absolutely  reliable,  and  it  is  also  cheap, 
J,-L.  JIoTORS  AND  Dynamos, — From  the.I.-L,  Mfg,  Co,,of  Southall, 
we  have  received  a  copy  of  a  new  catalogue  describing  Johnson- 
Lundell  laminated  field  motors  and  dynamos.  The  outstanding 
features  of  these  motors  are  the  use  of  a  laminated  magnetic  circuit 
in  the  field  magnet  yoke,  and  of  a  double  carbon  brush  holder  ;  the 
use  of  a  laminated  field  results  in  the  .I.-L.  motors  being  of  excep- 
tionally small  over-all  dimensions  and  of  light  weight,  whilst  possess- 
ing the  same  rigidity  as  a  solid  casting.     The  patent  double  carbon 


^     Framf.  sho\ti\o  1.,a.mtnatki)  Kifi.d   and  Mkthc'Ii  of  Hor.iuNi:  Polk 
Pieces. 

brush  gear  is  of  advantage  where  a  very  w iilc  range  of  speed  \ariation 
is  required  without  the  use  of  interjioles.  Other  advantages  claimed 
for  J.-L.  motors  are  :  Sparkless  commutation  at  all  loads  with  fixed 
brush  position,  large  overload  capacity,  low  temperature  rise,  perfect 
utilisation  of  all  materials  employed  in  the  construction,  and  adapt- 
ability for  meeting  exceptional  structural  conditions.  The  illustra- 
tion herewith  shows  the  laminated  field  of  a  J.-L.  motor  and  the 
method  of  supporting  the  pole  j)ieces. 

Camp  Conduit, — IIM.  L.  Dens  &  Co.,  Antwerp,  forward  a  pamphlet 
which  gives  particulars  of  the  Camp  vitrif;?:.'.  clny  conduits,  for  whicl- 
they  are  general  agents  for  the  Continent.  , 


Okonite  and  M ANSON  Tapes. — We  have  received  from  \Vm. 
Geipel  &  Co..  a  copy  of  a  new  price  list  of  Okonite  and  Manson  insulat- 
ing tapes.  Okonite  tape  is  intended  to  take  the  place  of  ordinary 
I'ara  rubber  strip,  and  has  the  advantage,  it  is  claimed,  of  being  sold 
at  a  much  lower  price,  whilst  Manson  tape  i.s  a  protective  tape  for 
covering  joints  insulated  either  with  Okonite  or  rubljer  tapes,  or  for 
covering  joints  in  paper  or  bitumen  insulated  cables.  From  a 
sample  of  this  tape  which  we  have  examined  we  can  testify  as  to  its 
adhesive  properties. 

Peebles  CoxTixrovs-CruKENT  Dynamos  and  Motoks. — We 
have  also  received  from  Jles.srs.  Bruce  Peebles  &  Co.  a  new  pamphlet 
dealing  with  their  C  type  continuous-current  dynamos  and  motors. 
In  all  ca.ses  the  machines  described  are  fitted  with  "'  commutating 
poles.  The  |)am])hlet  gives  all  the  neces-sary  information  regarding 
the  machines,  and  as  very  complete  details  of  the  dimen.sions  of  the 
dynamos  and  motors  listed  are  given,  it  should  prove  useful  to  pro- 
spective customers.  We  may  also  mention  that  the  technical 
details  given  as  to  the  ]ierf<irmance  of  |)rotected.  scmi-cnclosed,  and 
totally-enclosed  machines  are  very  com))lete,  including  horse-power, 
kilowatts,  speed  and  efficiency,  a  large  choice  being  offered  in  the 
way  of  speed.  The  machines  are  manufactured  in  all  standard  size.s. 
and  conform  both  to  the  Home  Office  and  Fire  Insurance  Rules. 

BANKRUPTCIES.  &C. 

Hcibt.  J.  Biirdett.  electrical  engineer  and  contractor.  10.  Regent- 
street,  Rugby,  and  32,  Earl-streat,  Coventry,  has  been  adjudicated 
bankrupt. 

The  official  receiver  (Mr.  H.  E.  Burgess)  has  issued  his  report  to 
the  creditors  and  shareholders  of  the  Uxbridge  &  District  Electric 
Supijly  Co.  (Ltd.). 

The  assets  are  valued  at  £7.">.t).'iS  to  meet  debenture  claims  ami  interest 
(£.j2.."i7!l)  and  unsecured  liabilities  (£6,622).  There  is  a  .<uri>lus  of  £l.>.7-tS 
in  assets  after  discharging  liabilities,  and  a  loss  of  £10,526  to  shareholders. 
The  official  receiver  remains  liquidator,  with  a  committee  of  inspection. 

The  first  meeting  of  creditor.s  of  Herbt.  John  Burdett.  electrical 
engineer,  and  contractor  Ifi.  Regent-treet.  Warwick,  and  32.  Earl- 
street.  Cinentry.  will  take  place  on  Sept.  20  at  8.  High-street. 
Coventry,  and  the  public  examination  on  Oct.  11  at  County  Hall, 
Coventry. 

The  examination  of  Herbert  Shuttleworth,  electrical  engineer. 
Cross-court.  Briggate.  took  place  at  Leeds  on  Tuesday.  Liabilities 
£-t6.5,  deficiency  £391,  Debtor  started  business  as  an  electrical 
engineer  and  contractor  in  1900,  Failure  attributed  to  depression 
of  trade. 

A  receiving  order  has  been  made  against  Ernest  Fenwick  .Jones. 
electrical  engineer.  &c..  132.  York-road.  West  Hartlepool. 

An  ai^plication  for  the  discharge  of  Harry  P.  AUisim.  electrical 
engineer  and  contractor  (trading  with  .Joseph  G.  S.  Cunnington  as 
Laing.  Wharton  &  Cunnington).  7.  Great  Xewi^ort-street.  London. 
W.C..  will  be  heard  on  Oct.  13  at  Bankruptcy-buildings.  London.W.C. 

A  meeting  to  receive  an  account  of  the  winding  u])  of  the  Poole  & 
District  Electric  Traction  Co.  (Ltd.)  will  be  held  at  Electrical  Federa- 
tion Offices.  Kingsway.  London.  W.C.  on  Oct.  11. 

A  meeting  will  be  held  at  Norfolk  House.  Norfolk-street.  London, 
W.C.  on  Oct.  14.  to  receive  an  account  of  the  winding  up  of  the  Inter- 
national Tclcscriptor  Synd.  (Ltd.l. 


PATENT  RECORD. 


APPLIC.VTIOXS    FOR    PATENTS. 

Note. — The  undermentioned  Applications  {except  those  marked  t)  are  not  open  to  public 
inspection  until  a/ter  acceptance  o/  Complete  Specifications.  Those  marked  '  are  open  lor 
inspection  12  months  after  the  date  attached  to  them,  it  they  hone  not  been  published  previously 
in  the  ordinary  course.  Names  within  parentheses  are  those  oi  communicators  of  inventions. 
When  complete  Specification  accompanies  application,  an  asterisk  is  afixed. 

August  3,  1909. 
17,909  GElGiSR.     Arc  lamps.' 
17,917  Thompson.     Electrical  terminals. 

17,932  Karolyi.  Klupathv  &  Beroep.    Wireless  operation  ot  switches  and  other  appa- 
ratus at  a  distance  by  sound  waves  and  other  vibrations.     (Date  appned  tor. 

I7<560  Felten  &  GL-iLi.EA'j!-tE-LAHHEYE!iWERKE  Akt.-Ces.    Metal    filancnt    lamps. 
(Date  applied  for,  4,'l/09,)'t 

August  4.  190"/. 
I8.C05  Siemens  Bros.  &  Cc.    (Siemens  &  Halske  Akt.-Ges..  Ce'-many.l 

of  clocks.'  J   ■.   vi^ 

18,007  Reiner.    Trolleysfor  use  in  electric  railways,  tramways  and  the  nice. 
18.012  Zee.     Switches.' 

August  5.  1909. 
18.036  JEVONS  &  GsEEii.    Circuit-breakers  for  electric  welders  and  the  like. 

August  6,  1909. 
18.221  Field  i  Ferr.^nti.     Electric  switches  and  the  like. 

AuBust  7.  1909. 
IS  224  HoEHT.     Double-bulb  incandescent  electric  glob?  lamp. 
18.228  CONRADI  &  Ck)N.'!ADi.     Electric  connector  plug. 
18.268  Dannatt.     Automatic  electric  switches  and  electncity  meters. 

August  9,  1909. 
18.310  CtEyENTS.     Electric  advertising  signs. 

18,326  Siemens  Bros.  St  Co.    Switch  pl;:r-  'or  telepho:);  achanjes. 
9,592/09.)' 


Electric  control 


Addition  to  ^Jc- 


930 


THE  ELECTRICIAN,  SEPTEMBER  17,  1909. 


18,328  Siemens  ScHfCKERTWERKE  C.m.b.H.     Flame  arc  limps.     (Date  SBpliei   ;c; 

11/8/08.)*+ 
18.336  Lac."!Oix.     Electric  signalling  systeii  lor  railways.  • 

August  10.  1909 
18.405  Hope- Jones.     Electric  clocks. 
18.420  HuTC.4iNSOK.     M.iernetic  separatoi-s. 

18.436  Colin  &  JEAVCE.     Wireless  telegraphy.     ( Date  applied  for.  17/4/09. )*t 
18.449  RoBEs-re.  Bellamy  &  James.     Parallel  driring  of  electric  generators  and  prirr 

movers. 
18.455  SIE.MENS    Si    Halske    Akt.-Ces.     Telephone    exchanges.    (D.ite    applied    :c 

2  10/08.) 't 
18.469  Lewis.     Electrodes  for  arc  Ismps. 


14.897 

15.031 
16.183 
16.462 
16.546 
16.620 
16.704 
16.863 
16.911 
16.997 
17.159 
17,211 
17.283 
17.315 
17.505 


SPECIFICATIONS    PUBLISHED. 

1908  Specifications. 
Thorpe.     Electrolytic  meters.     (Post-dated  14/7/08.1 
LoHAY.    Electrical  control  of  mschanism  from  a  distance.     (Date  applied  tor, 

16/7/07.) 
ScHAULi.    Galvanic  batteries. 
Siemens  Bros.  &  Co.     (Siemens  &  Halsk;  .Akt.-Ges.)     Electrically  blocking  a 

single  line  railway. 
Breslauer.    Compounding  alternating-current  generators.     (  Date  applied  .or. 

15  7  07.) 
Bianco.     Electrolytic  galvanising  process. 
ScHiESSLER.    Telephony  an.1  telegraphy. 
O'Neil.     Electric  telegraphy. 

Marconi  &  Marcoot's  Wi.'seless  Telegraph  Co.     Wireless  telegraphy. 
Parsons.  Greaves  &  Heksted.     Electrical  conductors. 
PA.RSONS  &  Law.     Dynamoelectric  machinery. 
Hann.     Electric  or  like  conduit  pointing. 

Parsons  &  Parsons.    Commutators  for  dynamoelectric  machinery. 
B.T.-H.  Co.  &  Carter.    Control  of  dynamoelectric  machines. 
PcsTANS.     Electric  ignition  devices. 

Shears.     Magnetic  brakes  for  tramway  and  other  vehicles. 
Gray.     Electric  conductors. 
Cox.     Electrical  switches. 
Marconi  &  Marconi's  Wireless  Teleg.'^afh  C;.     Apparatus  for  wireless  tele^ 

graphy. 


REGENT  ELECTRIC  CO.  (LTD.)— Particular.^  of  £100  del  lenturcs,  creivtcd 
Aug.  20,  have  been  tiled,  the  amount  of  ]jresent  issue  being  ii75, 
I'roperty  charged,  company's  property,  including  uncalled  capital.  No 
trustees. 

RECEIVERSHIPS. 

HEADLAND'S  PATENT  ELECTRIC  STORAGE  BATTERY  CO  (LTD.)  — 
G.  1),  Price  cea.sed  to  act  as  receiver  or  manager  on  Sept.  6. 

HUGGETT  &  WORTHINGTON  (LTD.)— Notice  of  the  appointment  of  B. 
Silcoik,  C.A.,  6,  Kgypt  street,  Warrington,  as  receiver  and  manager 
by  order  of  court  dated  Aug.  31,  1909,  h.as  been  filed. 

SIMPLIFIED  UNDERGROUND  CONDUCTOR  CO.  (LTD.)— .1.  A.  S.  Hassal 
ceased  to  act  as  receiver  or  manager  on  .A.ug.  31. 

THOMAS  R.  MARTIN  &  CO.  (LTD.)— Mr.  C.  Gray  ceased  to  act  as 
receiver  and  manager  on  Sept.  3. 


NEW  COMPANIES,  MORTGAGES  AND  CHARGES,  &c. 

NEW  COMPANIES. 
DIOPTRIC  SIGN  CO.  (LTD.)  (104.860.)— Reg.  Sept.  6,  capital  £1,000  in 
£1  shares,  to  acquire  from  E.  L.  Warren,  the  benefit  of  certain  existing 
inventions  relating  to  an  improved  sign  and  to  carry  on  tliQ  business 
of  electrical  engineers,  metal  workers,  &c.     Private  company. 

ELECTRICAL  TROLLEY  HEAD  CO.  (LTD.)  (104,886.)— Reg.  Sept  8> 
c;ipital  £6,000  in  £1  sliares,  to  adopt  an  agreement  with  J.  T.  Cherry 
and  E.  H,  Clive  for  the  acijuisition  of  certain  patents,  and  to  carry  on 
the  business  of  electrical  engineers,  manufacturers  of  and  dealers  in 
electrical  trolley  heads,  &c.  First  directors  S.  J.  Harris  and  J.  Griffin. 
INTERNATIONAL  FILAMENTS  (LTD.)  (104,923.)-Reg.  Sept.  11, 
capital  £20,000  in  £1  shares,  to  acquire  from  Sir  John  W.  Ottley. 
C.  F.  Call,  H.  Reynolds,  J.  Metcalfe,  W.  Stewart  and  M.  Gregory, 
foreign  and  colonial  rights  and  secret  processes  and  inventions  relating 
to  the  manufacture  of  metal  filaments  and  electric  incandescent  lamps, 
and  to  carry  on  the  business  of  electric,  telegraph,  telephone, 
mechanical  and  consulting  engineers,  manufacturers  of  and  dealers  in 
electric  incandescent  lamps  and  filaments,  &c.  Private  company. 
First  directors,  W.  Stewart  and  J.  Metcalfe.  Reg.  office,  34-6,  Gres- 
hamstreet,  London,  E.G. 

R.  LASCELLES  &  CO.  (LTD.)  (104,853.)— Reg.  Sept.  4,  capital  £1,000 
in  £1  share.-,  to  adopt  an  agreement  with  R.  Lascelles,  and  to  carry  on 
the  business  of  mechanical,  electrical  and  general  engineers,  manufac- 
turers of  and  dealers  in  electric,  telephonic  and  other  apparatus,  .tc 
Private  company.     First  directors,  R.  Lascelles  and  T.  Figg. 

NATIONAL  ELECTRIC  SIGNS  CO.  (LTD.)  (7,267.)— Reg.  in  Edinburgh 
on  Sept.  8,  capital  £2,000  in  £1  shares,  to  acquire  the  rights  to  erect 
and  use  in  Great  Britain  the  German  invention  "  Universal  Licht- 
Reklame,"  and  to  carry  on  in  the  U.K.  or  elsewhere  the  business  of 
general  advertisers  and  contractors.  First  directors,  F.  Land,  J.  Barr 
and  1).  Graham.     Heg.  office,  112,  Bath-street,  Glasgow. 

UNIVERSAL  TRANSMISSION  SYND.  (LTD.)  (104,894.) -Reg.  Sept.  8, 
capital  £71.000  in  £1  .shares,  to  a<lopt  an  agreement  with  Universal 
Transmission,  F.  H.  Clergue  and  W.  L.  Harrison  for  the  acquisition  of 
the  Willianis-.Janney-Waterbury  tool  patents  and  applications  for 
patents  in  reference  to  certain  inventions  and  improvements  in  power 
transmission  devices,  and  to  carry  on  business  as  manufacturers  and 
suppliers  of  and  dealers  in  m.aehinery,  plant,  engines,  appliances  and 
.npparatus,  &c.  Privalu  compan\.  First  directors,  H.  S.  Sugden  and 
W.  H.  Lynch. 

MORTGAGES  AND  CHARGES. 
BRITISH  ALUMINIUM  CO.  (LTD.)— Two  mortgages,  dated  Aug.  20, 
to  secure  £73.930.  19s.  lOd.  each,  supplemental  to  indentures  dated 
.July  17.  Property  charged,  company's  undertaking  and  property,  in- 
cluding uncalled  capital.  Holders,'  (1)  Wernher,  Ueit  k  Co.  and  (2) 
W.  Morrison,  H.  Morrison  and  .1.  A.  Morrison. 

CHURCH  STRETTON  ELECTRIC  SUPPLY  CO.  (LTD.)— Charge  dated 
Aug.  28  to  secure  £100  (supplemental  to  charge  dated  March  17). 
Property  charged,  certain  land  at  Church  Stretton,  Salop,  with  the 
trenerating  works  and  other  erections  thereon,  and  a  provisional  order 
relating  U)  the  Urban  District  ot  Church  .Stretton,  &c.,  assigned  to  the 
f;om|>anv  under  date  May  18, 1904,  by  Church  Stretton  (Ltd.)  Holder, 
K.  Bonrl. 

LODGE  MUIRHEAD  WIRELESS  &  GENERAL  TELEGRAPHING  SYND. 
(LTD.)— Particulars  of  £10,000  debentures  created  Aug.  20,  )9r9.  lilr.l, 
the  amount  of  present  issue  being  £7  0  0.  Pioperty  cliaigcd,  com 
pany's  undei  taking  and  property,  including  uncalled  capital.  No 
trustees. 


CITT  NOTES. 


MEMORANDA  (Sept.  16). — Bank  rate  2J  per  cent,  (since  April  1, 
1909).  Price  of  silver,  23}' d.  per  oz.  Consols  88fj — 88 ,"(  for  money 
and  for  account.  Consols  Pay  Day,  Oct.  1  ;  Stock  and  Shares  Con- 
tinuation Days,  Sept.  27  and  Oct.  12  ;  Ticket  Days,  Sept.  23  and 
Oct.  13  ;  Pay  Days,  Sept.  29  and  Oct.  14  ;  Mining  Shares  Carry  Over 
Days,  Sept."24  and  Oct.  11. 

Prices  of  Metals  (London). — Copper,  cash,  58^  ;  three  months 
59i.  Lead,  English,  121;:- 13^ ;  foreign,  cash,  12^^—12^  ;  three 
months,  12*.  Spelter,  cash,  221;;— 23;  three  months  23^— 25^.  Tin, 
English,  133—135  :  foreign,  cash,  1365  ;  three  months,  137^.  Iron, 
Cleveland,  cash,  51/1,  and  three  months,  51/10.  Magnet  Steel  (price 
supplied  by  W.  F.  Dennis  &  Co.),  £55. 

BRITISH  ELECTROMOBILE  CO.  (LTD.)— The  accounts  for  the  year 
endc.l  March  31  show  an  adverse  balance  of  £204. 

BRITISH  THOMSON-HOUSTON  CO.— At  the  meeting  on  Tuesday  Mr. 
Geo.  Franklin,  who  jiresided.  moved  the  adoption  of  the  report,  which 
apijcared  in  our  last  issue.     The  report  was  adopted. 

BROMLEY  (KENT)  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.)  — The 
director,-  have  declared  an  interim  dividend  at  the  rate  of  4  per  cent. 
(2s.  i.er  sliaie)  cm  tlie  ordinary  shares  for  the  past  half-year. 

CANADIAN  GENERAL  ELECTRIC  CO.— The  directors  have  declared  a 
dividend  of  1|  per  cent,  on  the  common  stock  for  the  three  months 
ended  30th  inst.  (at  the  rate  of  7  per  cent,  per  annum). 

POOLE  &  DISTRICT  ELECTRIC  TRACTION  CO.  (LTD),  (in  Liq.)— The  re- 
port of  the  liquid.ators  states  that  the  liquidation  of  the  company  was 
commenced  in  .July,  1905,  but  owing  to  the  ilelay  occasioned  by  the 
litigation  with  Bournemouth  Corpor.ation  the  liquidators  have  been  un- 
able to  convene  the  final  meeting.  The  total  proceeds  from  the  realisa- 
tion of  the  assets  amount  to  £137,880  and  the  disbursements  to 
£136,600,  or  £3.  3s.  per  share,  making  £19.  3s  in  respect  of  each  £10 
share.  The  balance  ( £1,280)  has  been  retained  by  the  Board  of  Trade, 
£30  to  meet  outstanding  dividend  warrants,  and  £1.2,50  as  remunera- 
tion of  the  liquidators,  including  payments  to  the  British  Electric 
Traction  Co.  for  services  and  accommodation  rendered  during  the 
four  years  over  which  the  liijuidation  has  extended  and  legal  costs. 

ROSARIO  ELECTRIC  CO.  (LTD.)— Dividends  have  been  aeclared  of  3s. 
on  the  first  and  second  (Nos.  1  to  1,500 1  preference  shares  and  34'3d. 
on  Nos.  16,000  to  20.000  of  the  second  preference  shares. 

SHAWINIGAN  WATER  &  POWER  CO.  — A  dividend  of  1  [jer  cent,  has 
been  declared  for  the  quarter  ended  Sept.  30. 

STOCK  EXCHANGE  NOTICES. — The  Stork  Exchange  committee  have 
appointed  .Sept.  22  a  s|ie.i.il  siUliiei  day  in  and  have  granted  a  quotation 
to  a  further  issue  of  f.'idii.iinii  t]  per  rent,  perpetual  consolidated  deben- 
ture stock  of  the  Brili.^li  '„/;<„,',,„  l.l.clric  Hmliniij  Co.  {Ltd.).  and  have 
also  ordered  to  he  c|uoleil  I  l.'id.niiii  li  |ierecnt.  cumulative  p'eference  stock 
of  the  Mtlhounn  /:/.,■!,,,■  S,:, ,,,>,/  ('<,.  (Lid.)  (in  lieu  of  prefeienee  shares 
of  the  Eleetrie  Li.ulitiim  .V  riactinn  Co.  of  Australia.  Ltd.).  and  £I,2.50,(K)0 
()  iier  cent.  50  year  m.irt<;ase  bonds  of  the  Mexico  Tramimyi  Co.  (in  lieu 
of  scrip  now  quoted).  'I'he  eoninuttee  have  been  asked  to  grant  a  quota- 
tion to  a  further  issue  of  i'n.'j.liOl)  .">  per  cent,  mortgage  debenture  stock 
..f  the  IJrili^h  .Unminnim  Co.  (Ud.). 

TORONTO  RAILWAY  CO. —A  quarterly  dividend  of  Ij'  percent,  has 
been  declared. 

UNITED  ELECTRIC  CAR  CO.  LTD.)— .Mr.  Geo.  Richardson  stated  at  the 
niectinii  nil  Weiliiesilay  thai  the  output,  owing  to  the  continued  slack- 
ness in  their  speeiid  Imsiriess,  had  been  considerably  below  the  capacity 
of  the  works  and  plant.  Nevertheless,  the  net  profit  was  £1,800  more 
than  last  year,  and  with  the  substantial  amount  brought  forward,  the 
directors  felt  justified  in  declaring  a  dividend  of  2^  per  <cnt.  on  the 
ordinary  shares,  and  £5,333  would  be  carried  forward,  against  £I),1H7 
last  year.  As  to  the  (irospccts,  he  could  only  say  they  were  obtaining  a 
fair  share  of  the  orders  given  out.  although  such  orders  were  small,  and 
he  regretted  he  could  not  see  any  immediate  prospect  of  inqirovcinent. 
They  were  trying  their  best  to  dispose  of  the  Hadley  and  (Jld  Trafford 
lueiiiiscs,  but  trade  had  been  so  bad  that  no  suitable  offer  had  yet  been 
received. 

URBAN  ELE3TBIC  SUPPLY  JO.  (LTD.)— The  directors  have  declared  a 
dividend  of  2s.  6d.  per  share. 

WINNIPEG  ELECTRIC  RAILWAY  CO.— The  directors  announce  a  divi 
dond  of  2,J  per  cent,  for  ^uarDer  ending  30th  inst. 
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BLBGTBIG  TBAMWAY  AND  BAILWAT  TRAFFIC 
BECEIPT8. 


Sept. 


Atif^. 


Sept. 


Aberteeo  OorporMloo 

Alrdrle  

Anglo -Argentine 

Ayr  Corporation - 

BakorSt.A  Wftterloo  By... 

Bftrnsley 

Barrow  ••■ ■•"••• 

Bath  Electric  Trama,  Ltd.. 

Birmingham  Corporation. . 

Binningham  A  Mid 

Blaoltburn  Corporation 

Blackpool  and  Fleetwood.. 

Bolton  Oorpuratton 

Bombay     ■- — — 

Boumemoath  Corporation. 

Bradford  Corporation 

Brighton  Corporation    

Bristol  Tram-*  &  Carriage.., 

Bornley  Corporation , 

Barton  Corporation 

Bury  Corporation 

Oalcatta  Tramways  Co.... 

Camborne-Bedruth   

Cardiff  Corporation  

Caveblll 

Central  London  Bailway 

Ohartng  0.,Baa'o°  ^  H'atead 

Obatham  &  Diet.  Lt.  Bys..., 

Olty  &  South  London  Bly... 

Oity  of  Birmingham  

Ooloheater  Corporation , 

Cork  Electric  Trama  Co.  ... 

Croydon  Corporation     

Devonport  &  Dist-  Trams... 

Dover  Corporation 

Dublin  &  Luoan  Bailway.., 

Dublin  United 

Dudley- Stourbridge 

Dundee  Corporation  

East  Ham  Counoll 

Eieter  Corporation 

Gateshead  &  Diet.  Trama... 

Glasgow  Corporation 

aiosBOp  Trams 

Gravesend— Northfleet 

Great  Northern  &  City  Rly.. 
Gt.Northern,  Picoadilly,&c 
Greenock  &  Port  Glasgow... 

Hartlepool  Tramways    

Hastings  Elec.  Trams  Co.... 

Hong  Kong  

Huddersheld  Oorpn 

Hall  Corporation 

lUord  District  Council 

Ilkeston  District  Council .. 

Ipawlch  Corporation 

Isle  of  ThanetCo 

Jarrow   

Eeighley  Corporation    

Kidderminster  Sl  District.. 
Kilmarnock  Corporation  .. 
Lanarkshire  Trams  Co.    .. 

Lancashire  United 

^^eamington 

Leeds  Corporation 

Leicester  Corporation    

Leith  Corporation 

Lincoln  Corporation |       ,, 

Liverpool  Corporation  ,, 

Liverpool  Overhead  Rly.  ...  „ 
Llauaudno  &.  Col  wyn  Bay  By  „ 
•London  County  Council   ...    Aug. 

London  United  |  Sept, 

Lowestoft 

Maidstone  Corporation 

Uanohester  Corporation  ... 

liersey  Bailway  

Merthyr 

Metropolitan  Dist.  Bailwa; 
Metropolitan  Bleo.  Trams.. 

Mlddleton 

Nelson  Corporation   

Ncwoastle-ou-Tyne  Corp.  .. 

Newport  (Mon.)  

Northampton  Corporation 
Oldham,  Ashton  &  Hyde  .. 

Oldham  Corporation 

Perth  (N.B.JOorporation  .. 
Perth (W. A.)  Elec.  Trama.., 

Peterborough   , 

Portsmouth  Corporation  ... 

Potteries    

Preston  Corporation 

Botherham  Corporation   ... 

Bothesay  

Salford  Corporation    


Sheffield  Corporation... 

Singapore  Trams  

South  Metropolitan    ... 

South  Staffs 

Southend  Corporation 
Bouthport  Tramways... 
Stalyb'dge.Hyde.&c.Jt.Bd. 
Sunderland  Corporation  ... 

Sunderland  District 

SwanHea  Trams  

Swindon  Corporation    .... 

Taunton    

Tynemouth  and  Diatrlot  ... 

Tyneside  Trama  Co 

Wallasey  Distriofc  Council.., 

WaUall  Corpn 

Wa.iington  Corpn 

Weoi  Ham  Corporation 

WcHton-Buper-Mare    

Wolverhampton  Co 

Wolverhampton  Corpn 


'Worceaier  

Wreiham 

Yorkshire  W.B.  Trams 

Yorkshire  Woollen  District 


Ino. 

or  Deo. 

(a) 


AaaaaaATS 


40.593       +    2,724 


6.431 


KJU 
1,152 

1,5U1 

2,6t!J 

R3e,S29 

2.079 
4,896   , 
1,168   j 
d,5l6 
1,367    i 


1,441 
«^,214 
1,6-iJ 


10,7Ui 

- 

59 

1,419 

+ 

23 

598 

+ 

141 

36,667 

+ 

3,5U1 

6,479 

- 

1,17S 

217 

_ 

3 

15,631 

+ 

331 

1,916 

+ 

116 

219 

- 

4 

9,253 

+ 

4U 

7,017 

+ 

1,078 

:I,«03,OU2 
6,873 
29,880 
6.918 
8,162 
28,199 
151,4)2 
2'<,U13 
27,2CJ1 

56.'797 
Bl,2UU.483 
42,541 
117,476 
25.891 
95,143 
30,985 
6,475 


4,938 

3,'ijl 
49,167 
36  285 
29.618 
3U,529 
97,981 


12,981 
■j,51u 
1,699 
62,015 
28,800 
20,10.' 
24,129 
7,974 
34,880 
218.976 
4,516 
7,378 
12.4<6 


69,7  03 

3,205 
10,26j 
29,771 
4,165 
4,080 
3,897 
2,622 
46.225 


11,148 
2,998 
378,083 
16,206 
11,932 
781,193 
223.066 

4,573 
358,737 
19,092 
7,639 
93,446 
216,785 
11,996 

91,940 
16,065 
11,773 
19.703 
46.276 

2,802 
50,532 

4,171 


61,892 
7,740 
13,867 
8,411 
110,304 
1,820 
137,258 

28,170 
29,359 
U,30l 
10,430 
13,693 
38,240 
20,759 
33,921 

l','il7 
9,098 
4,701 
22,989 
18,470 

63,'ia8 
5,893 

14,695 
8,16i 
9,874 
3,416 

43,971 

31.882 


ELECTRICAL  COIIf  PANIBS'^H&RB^LIST. 


Last 
Drvi- 

DUD 


10'   B/O 
10'  4/6 

10  e/0 

8t.   *iZ 


Bi  2/8 

8t.l  4% 

8t.'4i'/o 

6    2/8 

6    2/0 

St.'  ii% 

10    6/0 

10:  6/0 

St.  I  6% 

St.     HX 

6    .. 

6    2J% 

10    4/0 

10    6/0 

St.  ax 

St.  4J% 

6  3'6 

6  2/6 

St.  iiZ 

6  4/6 


I    Prlee 
Wed.. 
<  Sept.  IS. 


ELECTAICITf  SUPPIT. 


Baa 


moatn  &  Poolo  El«o.  Sap.  Ord  ... 

uo.     4J  per  Cent.  Cam.  Pref.  

Do.     6  per  Cent.  Cam.  Second  Prof.... 

Do.    4i  per  Cent.  Deb.  Stock  (red.)    .. 

Bromley  (Knat)  El.  Lt.  &  Piver  Shares 

D3.  D).  Ut  Debs. 

RromptonftKensinKton  Eleo.Sap.Ord. .. 

Do.     7  per  Oeat.  Pref.  

CeotralElec  Sao.  Co.4!J  Oonr.Do.StocU 
Cli«rinKCroB8(W.End4City)Bl.Sap.Co. 

Do.    4i  per  Cent.  Pref.  

Do.    4  per  Cent.  Deb.  Stock  (red.) 

Do     4J  per  Cent.  Deb.  Stock  (red.)    . 

Do.    City  Undertaking  H'/  Om.  Pret. 
tChelaea  Electric  Supply  Ord.  

Du.     4i  per  Ceat.  Deb.  Stock  (red.)  ... 
City  of  London  Electric  LightioK  Ord... 

Do.    8  per  Cent.  Cam.  Pref, 

Do.     6  per  Cent.  Deb.  .Stock  (red,)...  , 

Do.  4i  perCent.2ad  D?b.  Stock(ro,l. 
Coanty  of  Durham  Elec.  P.O.  Ord 

Do.     6  per  Cent,  non  Cam.  Pref.  

Coauty  of  London  Elec.  SapplyOrd 

Do.     6  per  Cent.  Cam.  Prof. 

Do.    4i%  Deb.  Stock  (red.)    

Do.    Second  Deb.  Stock 

Folkestone  Electricity  Supply  Co.  Ord 

Do.    5  per  Cent.  Cam.  Pref. 

Do.    H  l9t  Deb.  Stock  (red) 

Hove  Electric  Lighting  Ord.  

Kensington  4  Knightsbridge  Ord 

Do.     6  per  Cent.  1st  Pref. 

Do.     4  per  Cent.  Djb.  Stock  (rod.) 

Kensingtn.  4  Kngtbg.  Co.  &  Netting  HiU 
Co.  (Joint  Station)  i/.  Deb.  Stock  (red.) 
Kent  Elec.  Po 


4|% 

1/P|    Loudon  Electric  Supply  Ord. 

3/0        ~        "         -         -    - 


St.  I  45% 
St.  I  3i%; 


100    4i% 
6     .. 
6    6% 

100'  4% 

100    60/ 
1    3% 

100    4i% 
10'  60 


3J% 


11% 


6  per  Cent.  Pref. 

4  percent.  1st  iltrt.  D..j.   .. 

politan  Electric  Sap.  Ord 

4i  per  Csnt.  Cum.  Pref.  

4i  per  Cant.  Deb.  Stock  lat  IS. 
3J  per  Cent.  Mrt.  Djb,  Stookirsd.) 
lOOl  iii'  MidlandElec.  Corp.forP.D.lstSlort.Do. 
-  "Jewcaatle  &  Di8t.  Elec.  Ltg.  Ord, 

Do.    4^  per  Cent.  Djd 

fewcastle  Elec.  Supply  Ord 

Do.     5  per  Cent,  non  Cam.  Prei 
Do.     4  per  Cent.  Mort.  Djb.  red.  19  17. 
North  Metro.  Eleo.Power  Sup.  5  .Morta 

Kortbern  Counties  Elec.  Sap 

Do.     4i  per  C?ut.  Dab 

Nottinj  Hill  Electric  Ord 

tOxford  Electric  Ord 

Do.    4  per  Cent.  Dab.  Stock    

St.  James'  &  Pall  Mall  Elec.  Ord. 

Do.     7  per  Cent.  Pref.    

Do.  3i  per  Cent.  Dab.  Stock  (red.)  ... 
Bmithfield  Jiarltets  Electric  S.lo.  Ord... 

South  London  Electric  Supply  Ord 

Do.    5;'=  1st  Mort.  Stk.  Red 

South  Metrop'n  Elec.  Lt.  &  Poifar  Ord, 

Do.     7  per  (Sent.  Cum.  Pref 

Do.     4i  Ist  Db.  Stk.  Rad 

Urban  Electric  Supply  Ord 

Do.     6  per  Cent.  Cam.  Pref.    

Do.     44  per  Cant.  Ist  Mart.  Dan 

Weatminater  Elec.  Sup.  Ord 

Do.     4i  percent.  Cam.  Pref. 

ELECTRIC  RAILWAYS  t  TKAIMWAfS, 

Baker  St.  &  vVaterioo  4  ^  Perp.  J)o.  St 
Bath  Elec.  Trams  Pref.  Ord 

Do.     6  per  Cant.  Cum.  Pref. 

Do.  4)  1st  Mort.  Dab.  Stock  (red.)  ... 
B'ham  4  Midland  rram<4|lst  l)>.Si.<. 
Bristol  Tramways  tfc  Carnage  Ord 

Do.     Cum.  Pref.  (fully  paid) 

Do.     4  per  Cent.  Dabs 

British  Electric  Traction  Ord 

Do.    6  per  Cant.  Cam.  Pref. 

Do.    6  per  Cent.  Perpetual  Dabs, 

Do.     4i  per  Cont.  2ad  Dab.  Siool 
Central  London  Ordinary  Stock  ... 

Do.    4  per  Cent.  Pref.  Stock    .... 

Do.     Deferred  Stock    ... 

Do.    4  per  Cent.  Dabs. 

Charing  X.Eaatoa&Hiupatd  Per  Db.Stk. 
City  of  Birmingham  I'rams.  6;iCiu.Prof. 

Do.     4  per  Cant,  lat  Ujrt.  Ujus 

City  4  South  Loadoa  Elv.  Cou.  Ord.  .. 

Do.    6  per  Cant.  Perp.  Pref.  (18i)l)    .. 

Do.    (1890) , 

Do.    (1901) 

Oo.     (1903) 

Do.     4  per  Cent.  Perpetual  t>aOs 

Dublin  United  Trami.  6  per  Cant.  Pref. 
Gt.Northern  &  City  Kly.  Pref.  Ord.(4<J 
G.  Northern.  Pioc.  4  Bromptoal^  G.Pf 

Do.    4  per  Ceut.  Dab.  Stock 

Hastings  Si  District  Elec.  f  rami.  iiC  O.P. 

Do.      4i  Db.  St 

Imperial  Tramways  Ord 

{Do.    6  per  Cent.  Pref.    

tDo.    4i  per  Cent.  Daba 

I.  of  Thanet  B.  1'.  4  Lt.  6  par  vj am.  Prei: 

Do.    4  per  Cant.  Ujb.  Stook 

Lanarkshire  Tramways  

Lanes.  Utd.  Trams  6  ;  Prior  Liaa  Do.  St. 

Liverpool  Overhead  Railway  Ord. 

Do.    5  percent.  Pref 

Do.    4  per  Cant.  Deb 

London  Umtod  Trams.  6  i  Cum.  Pref.  ... 
per  Cent.  Ist  Mort.  Deb.  Stock 


(a)  These  comparisoi: 
I)  Plus  2  days. 


3  are  with  the  corresponding  period  last  year.     §  Plus  3  days. 
*  Fwtlf  electiigal.    i  Uiiiiu  3  dtya    t  Uiaua  i  d»ya. 


iij-n  6   <i  o 

9j-10  4  10  u 

i<J-10  6    ')  0 

IW   -104  4     6  6 

li-4i  6  15  9 

91  —98  4  16  0 

73 -7s  6     7  0 

't-S  4     8  0 

97   -l(X)  4     0  0 

4  —4*  5  18  6 

4i|-li  4   II  0 

J6    -9<)  4     10 

99J-101i  4     8  6 

8i-4j  5    :J  6 

31-1  4  10  0 

10  1-lOJ  4     7  0 

lOa  -l'.|  5  10  0 

1  i  -IH  4  11  o 

121    -lit  4     0  d 

1,0  -103  4    7  6 
14-2 

3  — 3i  3  U  1 

7a  -Sj  3     3  0 

10*  -li  9     9  0 

l^ii    -107  4     3  6 


100 


-IJ3  !  4     7     6 


Mar.  Sep 
Feb,  Aai 
Feb.  Aat 
Jan,  Joly 
April,  Oe 
Slay,  So  , 
March.... 
Mar,  Seol 
June,  Det 
Feb,  Aug 
Feb,  Ang 
Jan.  JolT 

Jan,  July 
March  .. 
Jane,  Dec 
Feb,  Aug 
Jan.  July 
Jooe,  Des 
Jan,  Joly 
April,  Oct 
April,  Oct 
Feb,  Aug 
Mar,  Bcpl 
Jan,  July 
May,  Nor 
AprU,  Oct 
Mar,  Sept 
Feb,  Aa4 
AprU,  Oat 
Feb,  Aa« 
Jan,  July 


AprU,  0:l 
Jaa.  Jaly 
Mar,  Sept 
Mar,  Sept 

Jaa.  Jaiy 
AprU.  Oat 
Jao,  Jaly 


831  -834  3  19     «  Jan,  July 

M    -9)  4  110  June,  Dec 

61 -ti  3  12    9  ,  Feb,  Ang 

3.0    -8i  6    4    S  ,  Jan,  Jaly 

4i-4i  ..  fab,  Attg 

44-6  S     0    J  I  Feb,  Aug 
Jaa,  Joly 

Mar,  Ang 
JsQ,  J  aly 
March  . . 
March  ..  ' 
Jan,  Jaly 
Feb,  Aug 
Feb,  Aa^ 
Jaa,  Joly 
Fed  ....  I 
Aprils... 


44 -i 
6    -,J 

97   -'.00 

7h-n 

95    -93 

08  -101 
85  —39 

15 -2i     ' 

5  — 6i 
93   -9; 

4J-18 


97    -98        4     1 
99  -lol      4     I 


81  — « 

12  -13 

6 -Si 

95   -J3 

84-9 
7  -7* 


ISl  —1)3 
A-t% 
14-ii 
102 -loo 
t-l 
1,-i 
77  -il 
84-9 
6  -ii 


Mersey  Oua.  Ord.  Stock 
Metropobtaa  Eleo.  Traoiffdys  Ord. . 

Do.    Deferred 

Do.    6  per  Ceut.  Cum.  Praf. 

Do.    4i  per  Ceut.  Oeu.  Stock    

Metropolitan  Kailway  Consolidated  . 

Do.     >Surpiu8  Lands  Stacks...  

Do.     8i  per  Ceut.  Prefereuco 

Do.  Si  per  Ceut.  "  A  "  Prefereaoe  . 
Do.  sj  per  Ceut.  Couvertible  Pref.. 
Do.     8 J  per  Cent.  Oebeuture  Stock 

,.oalBCia^  the  yieid  ftUow*uo«  tiM  bsau  m«J 

Hz  DiTidead.         {  The  Londn^i  S  ock  iC\ 


S7 

-DO 

i 

-S4 

8 

— il 

lU) 

-IJl 

a 

-■"l 

St 

-HI 

63 

-Ii7 

61 

-63 

8i> 

-m7 

41 

-4.i 

nil 

-10! 

91 

-m 

li 

-6} 

97 

-lol 

lit 

-Hi 

ion 

-110 

lOl 

-107 

100 

-iw 

90 

-lOJ 

|0J 

-lOi 

ivfl 

-13^ 

.s 

-*S 

i)i 

-3S 

H 

-  1 

i6 

-!>1 

4 

-'J 

6  IS 
4  17 
4  14 


0   I 


tab,  Aq' 

April,  Oat  I 
AprU,  Oot 
AprU,  Oct  1 
AprU,  Oct  ; 
J  M>r,S9pl  ' 
,  Jan,  Jal^ 

Jao,  Jaly 

AprU.... 

Jaa,  July  I 
'•  AprU,  Ojt 
I  Jaa,  July  i 

Feb,  Aa'  I 


0  I 


1-15 


SSj-JOJ 


Si   -SI 


84  — Jl 

Sii  — S8 
Si   —3/ 


3  IS     0 

4     3     11 

4  lo     0  i 

3  U    0 

4  U     0 

4  11     0 

4  13     6  1 

6     i    U  , 

S    0     0 

3  Iti    0 

t     7    0 

..        [ 

4     4    6 

6  li'  6 

13    6    S 

6    U    0  ; 

S  U    0  1 

6    7    0 

6  li     0 

6  10    6 

8    6    S 

'  4  15     3  ^ 

5  u'  0  ! 

1         —       1 

~       1 

6    1    6 

4  1»    «  ' 

1     6    «  i 

4     o    6 

3  16    tl 

3  is)     0 

4     0     6' 

SUB 

Feb,  Aig 
Jane,  Dae 
Feb,  Aug 
AprU,  Oct 
May,  iiioF 
Feb,  Aug 
Feb,  Aug 
Feb  .... 
Jan.  July  i 
Jau,  July  ' 
AprU,  Ojt 
April,  Oct 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
May,  Nor 
Feb,  Aug 
Feb,  Aug 
Feb,  Aog 
Jan,  July 
Mar,  Sept 
April,  Oct 
Mar,  Sept 
Mar,  Sept 
Jan,  July 

'  Mar,  Sapt 
Jaa,  July  | 
Feb,  Aug  I 
Jan,  July  i 
Feb,  Aug 
Feb.  Aug  I 
Jan,  July 
Jao,  Jaly 
Jan,  July  I 

Feb,  Aug. 


,9'i, 


lojj 
iai|, 


n\    n 


994 


9iJ      9il 


97jl     94 


Sd. 


AprU..   . 

Fab,  Ao^ 

Jan,  JoU 

Feb,  Aug 

Feb,  Aug 

Feb,  Aug 

Feb,  Aug 

Feb,  Aog 

Jan,  Jaly 
Dut  fW£   'or  redauiptioa. 
deal'ued  to  luolii  tucie 


-jjL 
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JELECTJEt-ICA-L.    COIMf-AJVIJE^     SIlA.ItE    LIST Continued. 


B    LiSTt 

s  Drn- 


Fnce 

Wed..      rixLD' 
Sept.  15.      n>. 


RATE  %  ,  DIVTT>«1TO      BrsiRKBS 

VTm.n.  t '"™™"     Week  to 


Last, 
Dm- 

PKND 


1*™^  DmKEKD  I S?'";; 


Sept.  15       KD. 


St 

s% 

St. 

*x 

St. 

3t 

St 

6% 

St. 

iX 

1 
1 

we 

St 

4« 

1 

0  7! 

Ht 

iX 

lOO 

bX 

2/4  f 
0/7S 


EUCTRIC  RAILWAYS  A  TRAMWAYS- Conf/nuerf.     «,«•<»- 

Met.  Rly.  SJ  per  Cent.  "A'    D*b.  stock  51—95       S  16    3 

WTorolitan  District  R&Uw«T  Ord loj— 16i           - 

Do.    Eitensiou  Pref.  (6  rerCent.)  48—50 

Do.    As'CEtedExt.  Pref.  (Int.  Guiir.  by  ' 

UDd.  Eloc  KITS.  Co.  of  London,  Ltd.)  66  -63       5    3    6 

Do.     3  per  Cent.' Consoltd.  Rent-charge  76—78       3  17    0 

Tlo.    i  per  Cent.  Midland  Rent-charge  101  —104     S  IC    0 

Do.    Gnar.  Stock  4  per  Cent 9<  -97     '4    2    6 

Do.    6  per  Cent.  Pcrp.  Deb.  Stock  H3  — 1<5      4    2    9 

Do.     4  per  Cent  Ditto 95—97       4    8    6 

New  Geo.  Tract.  6  per  Cent.  Cam.  Pref.i  J—}               - 

Potteries  Electric  Traction  Ord J -J       „  ,•  • 

Do.    6  per  Cent.  Cum.  Pref.  j— }         8  1«    0 

Do.    4i  per  Cent.  Deb  Stock    1  86  —»9     |5    1     0 

R  Met.  Elec.  Trams.  4  Ltg.  6%  Cm.  Pref.  |— 8       ,  9  12    0 

Do.     4  per  Cent.  Deb.  Stock '0  —74       o    8    0 

Banderland  Dist.  F.Iec.Trm9.6ri"tMt.Db.  81  — 8S       6  18    0 

rnderedE.RT5.Lon.6°.In.bds.withcoup.3  3B  -  3S 

Do,  5t  Prior  Lien  Bonds 10;J-10J}    4  16    6 

Do.    4iv  Bonds  with  coup.  3 I  6,-'  — 9J       o    0    U 

Yorkshire  ( W.B.)  Elec.  Trams.  Ord !  }  -  J 

Do.    6  per  Cent.  Cam.  Pref.    Ij-Ui 

Do.     4J  per  Cent.  1st  Debs 81  —tS 

t'UCTRIC  MANU^ACTURINC,  «,G.     ! 

Amh.  r  t   .1   el'.  -  J' ;  D.  I     Stock  152  —lai 

Aron  ElectricitT  Meter  Ord ,',-  » 

Do.    6%Cnm.Pf.   „ i~'t 

Babcock  4  Wilcox  Ord.    j  4,^- 4[; 


Jan,  Jaly 
Feb,  Anp 
Feb,  Ang  | 

Feb,  Ang   ! 
Jan,  July  I 
Jan,  July 
Mar,  Sept  { 
Jan,  July 
Jan,  July  [ 
May   .... 
April,  Oct  , 
Feb,  Aug 

Fob,  Aug  j 
Jan,  July 
Jan,  Joly 
June,  Deo  1 


Haroh 


90J 

1 
St. 

6« 

95J 

St. 

1(1 

6% 

6/0 

■* 

10 

6/U 

"* 

f. 

2/6 

St. 

3U 

St. 

1 

1/0 

1 

0,V{ 

TEUPHONES. 

Amer.  Telephn.  &  Telegh.  Cap.  St 147  —149 

Do.     Coll.  Trust  tl,0O04  per  Cent.  BdB  96-98 

■'AnEloPortng'eeTel.6;r  1st  Mt.Db.  Stk.  101  —103 

Chili  Telephone  i  —i% 

Monte  Video  Telephone  Ord. :      J8-g 

Do.    6  per  Cent.  Pref.  . 


^'ationaI  Co.  Pref.  Stock 


4  17 
4  15 
6  17 
6  14 


108  -107*    6  11 


Pref.. 


la-li 
7i-78 
6J-64 
103  —106 
89  —94 


tSritish  Insniated  k  Helsby  Cables  Ord. 

6    S/0         Do.     6  per  Cent.  Pref. 

St     41Z       Do.    4i  per  Cent.  1st  Mort.  Deb.  (red.) 
St"    41$  I   British  Thomsn-Housfn  4}%  1st  Mt.Db 

5  _         British  Westinghoase  6  per  Cent.  Pref...  Vo— 1« 
10*     e;' '    Do-    6  per  Cent.  Prior  Lien  Db3(rd.)  97  -9i( 

St     4*'       Do.    4  per  Cent.  Mort.  Deb.  Stock  3^-42 

St!    4»*     BiU8bE.Eng.Co.4j'\,Perp.  IstDeb.Stock  41-48 

SL    44%  I     Do.    Perpetual  2nd  Deb.  Stock    ,  27—81 

6  10  0  ,  CaUender's  Cable  Con.Ord '  lii|-Ili 

6    2/6         Do.     6  per  Cent.  Cum.  Pref.  6^- 6j 

St.    41%       Do      4JperCent.  1st  Mort  DebB.  (red.)  105  -lof 

I   l;0       CaBtner-Kellner  Alkali  Co 2  — 2J 

Et    4*%       Do.     4J  per  Cent.  Ist  Mort.  Deb.  (red.).  106  —loj 

I  1  01      Chadbnrn's  (Ship)  Telegraph  Ord iS— lA 

I  0/7;       Do.    6  per  Cent.  Cum.  Pref.  1  — 1| 

1   0/7'     Consolidated  Electrical  Co i— J 

1    1/0   I  Consolidated  Signal  Co i'^— liV 

1   0/7J  1     Do.    6  per  Cent.  Cum.  Prc£  

3|  8/0      *Cromptont  Co.(Nos.  1  to85,000)  

100 1  6%    '     Do.    6  per  Cent,  let  Mort.  Debs,  (red.), 


1'  0/75   tDa^lsiTimnii 


2/0 
6:  0/7  J 

It.'  iiX 

6  1/6 

6  2/6 

3t.  i% 

St.,  6% 


9   10  0 

9  18  J 

14  10  0 

5  17  'J 


0    0  i 


8-lJ  13  7 
90  —93        5     7 

1-14  :      •• 

U-li".  7  12 
lj^-l>  4  16 
IOj  — lud      4    7 


St. 

5/; 

10 

6/0 

St. 

n 

6 

bio 

b 

■ir6 

tt. 

ihX 

10 

b/O 

10 

6/4 

100 

4X 

Et.    4i% 


Dick,  Kerr  <t  Co.  Ord 

Do.     6  per  Cent.  Cum.  Pref. 

Do.    4j  per  Cent.  Deb.  Stock    

Edison  &  Swan  United  ("A"Sh.)(£3pd.) 

Do.    (£6  paid)    i  — 15     \  v    o    \j 

Do.    4perCent.Mort.  Deb.  Stock  (rd.)  6S  — 73        6    9    6 

Do.    6  per  Cent.  2nd  Deb.  Stock 84—87        6  15    0 

Edmimdson's  Elec.  Corp.  Ord.    1  4— A     I         " 

Do.    6  per  Cent.  Cum.  Pref.  g— i 

Do.    i\  per  cent.  1st  Mort.  Deb.  (red.)  68  —61 

Electric  Construction  Co 

Dd.     7  per  Cent.  Cum.  Pref.  

Do.     4  per  Cent.  Perp.  Ist  Mort. 

Feiracti  Ltd.  •'' perOent.lstMt.Db.St.'  71—77 

General  Electric  (191X1)  5%  Cum.  Pret...  '?-8i 

Do.    4  per  Cent  1st  Mort.  Dobs 65  —es- 

Henley's  Telegraph  Works  Ord. 128—138 

Do     4J  per  Cent.  Pref.   5J -6J 

Do.    4j  per  Cent.  1st  Mort.  Deb.  Stock  10b  —US 

India  Rubber,  Gut.  Per.,  tc.Wrks \  14}— 16* 

Do.     6  p,r  Cent.  Cum.  Pref IOJ— 10^ 

Do.     4  per  Cent.  Debs,  (red.) IOJ  — lu:: 

Kational  Elec.  Construction  Co. 
Bichardsons,  WeBtgarth  &  Co.,  Ltd.  Ord. 

Do.    6  per  Cent .  Cum.  Pref. 


4J'per  Cent.  Perp.  Deb.  Stock 
Simplex  Conduits  Ord.  . 


.  Pref.  . 


8-8 

82  —So 

1) 

6  —51 

344—36 

100  —102 


6    6    0     Jan.JtUy 


April,  Oct 
April,  Oct 

Julyi'Feb 
Jan,  July 
Jan,  Jnly 
Mar,  Sept 
Feb,  Aog 

Jan.  July 
Mar,  Sept 
Jan,  Joly 
Jan,  Jnly 
Jan,  July 
Not,  May 
May,  Not 
Feb.  Aug 
March  .. 

April,  Oct 
August ... 
April,  Oct 
April,  Oct 
Jan,  July 
Jan,  July 
Mar,  Sept 

Sept 

Sept 

Jan,  J  Illy 
Feb,  Aug 
Feb,  Ang 
June,  Dec 
Mar,  Sept 
Jan,  July 
May,  Not 
Jan,  Jnly 
Jan,  July 
Jnly  .... 

[  Jan,  Jtlly 

Jtme,  Dec 
Mar,  Sept 
j  Feb,  Aug 
\  Feb,  Aug 
Mar,  Sept 
Feb,  Ang 

April,' Oct 
I  April 

Not  _.. 
I  May,  Not 

Jan,  July 


9  16  0 
6  10  0 
6  lU     U 


5     6     0 


3  18 


1 

1/0 

1    0/6 

St. 

fcZ 

St. 

4Z 

±00 

4*5: 

\w 

bz 

b; 

1    1/u 

6|  3/0 

Kt.    iX 

10      .. 

100    6% 

St.    16,0 

St.;  auo 

Kt.    so 

Bt.    4% 

10    60 

10   lli/O 

0    2/0 

'•>    6/0 

60    447. 

20;   6/0. 

I'"'    44% 

St.    26/0 

Bl.    17;6 

!-t.    4% 

St.     2/6 

lu(,    4;, 

25    «2 

10    6/0 

"^    44;^ 

-i-   62/ e 

lu    ,1 

"■\    *' 

1-..1    ix 

2J    1/3 

m    ,;j 

10 1   _ 

!'■  e/0 

IW     ll-j 

Ot     f,'/ 

10    8/0 

£1    «x 

4 

14-li  I  4  0 
14  —117  I  4  6 
102-104      3  16 


4  12  t. 

7     5  4 

3  16  U 
9  12  0 

4  )7  6 


82* 


354 


ill' 


104— 1U6  , 

215-218 
90  —92 

17  — lo 

3  — 3i 

,       fc4-88 

100,%- 102% 

13  —134 


6  15 


Mar,  Jnly 
Jan,  Jnly 


Jane,  Dec 
June,  Dec 


Apr,  Oct 
Apr,  Oct 
May,  Not  ; 

I  June,  Dec 
;  June,  Dec  | 
;  F,My,Ag,N 
F,My,Ag,N,  lua;  103} 


Do.     Def.  Stock 12;   — 12i'  4  17  6 

Do.    6  per  Cent.  Cum.  Ist  Pref.    lOJ-lOj  5    9  0 

Do.     6  per  Cent.  Cum.  2nd  Pref. I04— IOJ  6     3  0 

Do.     6  per  Cent.  non-Cnm.  3rd  Pref.  ... '     Si',— OJi  4     8  0 

Do.    Deb.  Stock  34  per  Cent,  (red.)    ...      '.'S  — luu  3  10  0 
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POLYPHASE  MOTORS. 


400  H.P.  Slow  Speed  Haulage  Motor,  2  000  Volts,  50  Periods. 

THE 

Lancashire  Dynamo  &  Motor  Co.,  Ltd., 

MANCHESTER. 
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flccumuiators  ana  PowerWork 


THE  history  o£  the  application  of  the  accumulator  to 
serious  electrical  engineering  work  is  not  without 
its  element  of  romance,  for  while  at  its  birth  great 
things  were  expected  of  it,  it  long  suffered  a  period  of  almost 
complete  eclipse,  and  it  is  only  in  recent  years  that  the 
importance  of  the  role  which  it  can  play  in  modem  power- 
station  design  has  become  fully  recognised.  This  state  of 
affairs  has  not  been  reached  without  a  good  deal  of  hard 
work  on  the  part  of  the  battery  makers,  and  it  will  doubtless 
be  conceded  that  they  have,  by  patient  laboratory  experi- 
ments and  attention  to  the  purity  of  the  raw  material,  suc- 
ceeded in  eliminating  the  majority  of  the  drawbacks  to  the 
use  of  the  accumulator.  And  the  question  of  the  installa- 
tion of  accumulatois  in  stations  where  the  load  fluctuates 
between  wide  limits,  and  where  to  instal  generators  to  deal 
with  these  peaks  would  mean  tlie  sacrifice  of  economy,  is 
worthy  of  serious  consideration. 

As  an  illu.stration  of  these  lemaiks,  we  may  give  some 
figures  supplied  us  in-  the  D.P.  Battery  Co.,  of  Bakewell 
which  exemi.lify  the  saving  in  fuel  resulting  from  the  in- 
stallation of  batteries  in  a  station  that  had  been  rumiing 
several  years.  This  plant  consisted  of  Diesel  engines  direct 
coupled  to  100  kw.  generators,  and  the  batterv  was  of  the 
D.P.  make,  and  capable  of  discharging  240  amperes  for 
three  hours.  The  load  was  foinied  by  a  tramway,  the 
mean  being  150  amperes,  with  peaks  of  400  amperes,  it 
was  found  that  without  the  batterv  10-2  units  could  be 
generated  per  gallon  of  oil  used,  while  after  the  battery  had 
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been  installed  this  figure  became  12-3  units,  or  an  increase 
of  20  per  cent,  in  output  for  the  same  fuel.  The  reduction 
of  the  fuel  bill  amounted  to  18  per  cent,  over  the  course  of 
a  year  after  the  battery  had  been  installed,  the  output  of 
the  .station  being  practically  the  same. 

Such  an  example  is  by  no  means  unique,  and  we  are  in- 
formed by  the  D.P.  Battery  Co.  that  a  proportionate  saving 
can  be  effected  in  any  station  under  similar  conditions  of 
working.  Further,  a  large  field  for  the  use  of  accumulators 
is  to  be  found  in  sub-stations,  where  the  installation  of  a 
battery  means,  it  is  claimed,  a  reduction  in  the  size  of  the 
feeders,  or  with  the  same  sized  feeders  power  can  be  trans- 
mitted over  proportionally  longer  distances.  The  installa- 
tion of  batteries  in  sub-stations  may,  in  fact,  postpone  for 
some  years  the  necessity  for  feeder  extensions. 

The  apjjlication  of  the  above  considerations  in  practice  is 
well  illustrated  in  a  plant  which  has  recently  been  installed 
at  Southampton.  The  installation  consists  of  electrical 
cranes,  which  have  replaced  the  hydraulic  cranes  previously 
employed.  They  are  equipped  with  grabs  of  a  special  type, 
with  a  capacity  of  I|  tons,  and  are  capable  of  loading  and 
unloading  at  an  average  rate  of  1  ton  per  minute.  The 
cranes,  when  working  simultaneously,  take  an  average 
current  of  2r)0  amperes,  at  a  line  voltage  of  500  to  525  volts. 
Tlie  consumption  per  ton  is  about  0'5  unit. 

The  cuiient  fluctuations  arc  necessarily  severe  with  thi.^ 
type  of  work,  and  vaiy  from  0  to  SCO  amperes.  With  the 
aid,  however,  of  a  D.P.  battery  and  reversible  booster 
this  load  is  very  successfully  dealt  with  by  one  150  ii.p. 
pi'oduccr  gas  engine,  another  similar  engine  being  in  reserve. 
The  engines  are  direct  coupled  to  generators  capable  of  an 
output  of  l'J2  amperes  at  520  volts,  with  a  15  per  cent. 
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Fig.  I.— Cranes  Working  in  Connection  wilh  a  D.P.  Battery  at  Southampton  Docks. 


overload  for  half  an  hour.     The  coal  consumption  with  the 
engines  working  at  full  load  is  1-.5  lb.  per  kilowatt-hour. 

The  battery  consists  of  24-5  cells  of  the  D.P.  Battery 
Co.'s  standard  "  L.S."  15-platc  type,  in  wood  lead-lined 
boxes,  capable  of  dis- 
charging at  .500  amperes 
for  one  hour  or  at  1,000 
amperes  for  short  periods. 
The  positive  plates  are 
about  I  in.  thick,  and  are 
very  solidly  constructed 
to  stand  the  heavy  rates 
of  charge  and  discharge. 
The  formation  of  the 
plates  is  effected  by  the 
D.P.  Battery  Co.'s  special 
Plante  process,  and  con- 
sists of  a  thin' hard  skin, 
which  is  practically  proof 
against  disintegration — a 
very  necessary  qualifica- 
tion with  a  load  such  as 
tlie  one  in  que.stion.  The 
battery  is  erected  on  sin- 
gle-tier stands,  mounted 
on  concrete  blocks.  The 
booster,  made  by  the 
Lancashire  Dynamo  iV: 
Motor  Co.,  is  so  adjusted 
that  the  engines  can  be 
set  at  any  desired  load, 
and  all  variations  above 
or  below  this  load  are 
talcen  up  by  the  bat- 
tery and  booster.     From 


the  records  taken  at  this 
.station  the  value  of  the 
services  rendered  by  the 
battery  and  reversihile 
booster  can  be  clearly 
appreciated,  as,  with  the 
line  load  fluctuating  from 
zero  to  ("'•OO  amperes,  the 
variation  in  the  generator 
load  is  only  about  1  -j  am- 
peres above  and  below 
the  mean. 

The  connections  of  the 
switchboard  are  so  ar- 
ranged that  ( 1 )  the  bat- 
tery can  be  put  on  the 
lino  by  itself;  (2)  the  bat- 
trry  and  booster  can  take 
the  load  without  the 
generators,  the  booster 
being  adjusted  so  as  to 
give  an  over-compound- 
ing effect ;  (3)  the  battery 
and  booster  can  be  put 
on  to  the  line  in  parallel 
with  one  or  both  engines, 
one  engine  being  the 
normal  running  condition 
of  things.  In  the  unlikely 
event  of  both  sets  being 
temporarily  disabled,  the 
battery  could  keep  all 
the  cranes  going  for  over  three  hours ;  tlius  the  station  is 
amply  safeguarded  against  an  interruption  of  supply. 

The  cranes  and  generating  plant  described  above  are 
shown  in  the  accompanving  illustrations. 


Fig.  2.— Generating  Sets  and  Switcliboard  at  Soutliamptoa. 


SUPPLEMENT  to  "The  Electrician.-  September  17.   1909- 


136 


'  Eclipse  "    Electric 
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II?iinuf.Kitircd  on  a  iicio  .iiiU  iiii 
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high  cffieienep  and  uerp  s.ilisf<ic  = 
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Heating  units  reneiuable  at  low 
cost  should  such  an  unlikeiv  neccs= 
sitp  occur. 

Jill  apparatus  strongly  con  = 
structed. 

Catalogue  sent  on  request. 

The    Kiectrtc    St,    Ordnance 
Accessories     Co.,    lUtd., 


Che  €pquem  €kctric 
CiflDtinq  Set.    .    .    . 


THE  pt_-rsisLeiit  use  of  the  moLof  car  under  a  number 
of  various  condition.s  practically  requires  that  some 
form  of  artificial  illumination  should  be  installed. 
And  in  this  lu.xurious  a^e  it  is  not  surprising  that  electiir 
h.^ht  should  be  requisitioned,  and  that  special  apparatus 
should  be  designed  to  make  its  use  possilde.  Tlie  installa- 
tion under  notice,  which  is  named  as  ia  the  title,  and 
whicli  is  made  by  the  United  Motor  Industries  of  Loudon, 
consists  of  a  dynamo  driven  off  the  engine  and  a  battery 
of  accumulators  with  a  pressuie  of  aljout  12  voJis.  The 
fittings  comprise  a  combined  ammeter  and  voltmeter,  two 
parabolic  head  lights,  two  side  lights,  a  tail  light,  a  roof 
light  for  an  enclosed  car,  an  electric  signal  for  tlie'driver, 
a  lubricator  and  pressure  gauge  light,  a  Wagner  horn,  an.l 
last,  but  by  no  means  least,  a  cigar  ligiiter. 

The  dynamo  is  of  sound  design  and  is  arranged  to  run 
sparklessly,  while  a  regulating  device  on  the  governor 
principle  is  carried  on  the  shaft  and  runs  at  the  sjieed  of 
the  armature.  I'.y  the  use  of  this  regulator  it  is  claimed 
the  sucMss  of  this  system  is  assured  as  the  accumulators 
are  charged  whenever  the  speed  of  the  engine  exceeds  a 
certain  predetermined  limit. 

The  lamps  used  on  this  equipment  are  of  the  metallic 
hlament  type,  and  owing  to  the  fact  tliat  .special  parabolic 
lellectors  are  used  the  light  obtained  is  ample;  and 
naturally  much  better  control  is  obtained  over  them  than 
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HOLLINWOOD,   Lancashire 


POLYPHASE   METERS 

FOR  INDUCTIVE  UNBALANCED 
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if  acetylene  or  oil  were  employed.  The  cost  of  this  set, 
both  at  first  and  for  upkeep,  is  small,  while  the  weight  of 
equipment,  including  the  battery,  is  only  521b. 

The  ammeter  fitted  should  be  of  special  interest.  It 
has  two  scales  showing  the  discharging  and  charging 
currents  respectively,  so  that  exactly  what  is  going  on  at 
any  particular  time  can  easily  be  seen. 


Sun  Switches  ana  Fuses. 

S().MK  interesting  apparatus  in  the  way  of  switchgear 
has  recently  been  placed  on  the  market  by  the 
Sun  Electrical  Co.,  of  London.  These  new  switches, 
iu  fact,  eomliine  all  the  detail  of  this  firm's  well-known 
apparatus  with  a  very  useful  cheapness.  'J'heir  neat  and 
compact  appearance  will  be  gathered  from  the  accompany- 
ing illustrations 

The  "  Sun  "  Ironclad  switch,  wiiich  we  illustrate  in  Fig.  1, 
is  of  an  improved  pattern  and  has  been  introduced  to  meet 
the  pressing  demand  for  a  good  ironclad  switch  at  a  low 
price.  It  must  not  lie  thought,  however,  that  this  cheap- 
ness is  obtained  by  skimjiing  the  material  used,  or  by  care- 
less work.  It  is  in  fact  olitained  by  simplifying  the  design 
ami  thus  reducing  to  a  minimum  the  number  of  parts 
requited.  Tiic  switch  is  of  the  doulde-pole  knife  pattern, 
and  is  suitalilc  for  use  on  circuits  wliose  pressures  do  not 
exceed  fiOO  volts.  It  is  made  in  five  sizes,  having  capacities 
of  20,  ;30,  50,  75  and  100  amperes  respectively.  An  ex- 
tremely (juick  and  long  lireak  is  obtained  by  the  use  of  a 
strong  pull-oll  spring,  wliich  comes  into  action  as  soon  as 
the  Idailcs  leave  tlic  jaws  of  tlie  to]i  contacts.     L.y  means 
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Fig.  I.— "Sun"  Ironclad  Switch. 

of  this  <in'ann;emeiit  it  is  claiiiieJ  tliat  the  switch  under  any 
conditions  cannot  be  left  in  an  intennediate  position.  All 
the  working  parts  are  well  insulated  and  the  ca,se  is 
asbestos  lined.     The  poles  through  wliicli  the  cables  are 


"Sun"  Ironclad  Service  Fuse. 


introduced  to  the  terminals  are  titted  with  insulating  buslies, 
and  an  earthing  terminal  is  provided. 

Fig.  2   illustrates  a  piece  of  apparatus   known   as   the 
"Sun"  ironrlad   service   i'use.     This    fuse  is  desiirned   to 


compete  with  a  number  of  other  similar  pieces  of  apparatus 
that  are  at  present  on  the  market.  It  can  be  used  with 
fuses  of  the  strip  or  wire  type  on  circuits  whose  pressure 
does  not  e.xceed  lioO  volts,  or  with  cartridge  type  fuses  on 
ciiT.uits  with  pressures  up  to  500  volt.'^.  The  terminals 
are  large,  containing  plenty  of  metal,  and  of  ample  capacity, 
and  are  mounted  on  slate  bases.  The  iron  case  is  asbestos 
lined  and  is  titted  with  a  sealijig  pin  and  earthing  terminal. 
Another  similar  piece  of  apparatus  which  the  Sun  Elec- 
trical Co.  are  manufacturing  is  an  interlocked  ironclad 
double  pole  fuse.  This  fuse  bo.x  is  so  arranged  that  it  is 
impossible  to  get  at  two  fu.ses  at  one  and  the  same  time. 
The  opening  uf  tlie  door  of  one  fuse  automatically  locks 
the  door  of  the  other  fuse.  These  fuses  are  made  in  sizes 
capable  of  taking  currents  up  to  I'-'i  amperes  at  a  voltage 
of  500. 


Crane  FRotors  and  Controllers 

Ti)  design  an  efficient  crane  motor  it  is  necessary  to 
take  into  account  a  number  of  opposing  factors, 
and  tliough  it  might  at  first  Ijc  thought  that  this 
tyjje  of  motor  liad  a  very  easy  time,  it  must  not  be  for- 
gotten that,  while  it  is  only  actually  working  for,  say,  10 
minutes  in  every  hour,  when  it  is  at  worlv  it  is  liable  to 
constant  overload  and  to  operation  under  the  most  exact- 
ing conditions.  It  will  therefore  be  seen  tliat  to  design 
satisfactorily  a  crane  motor  is  ([uite  a  special  job.  It  is  a 
job,  however,  which  Messrs.  Dick,  Kerr  &  t'o.  have  success- 
fully undertaken,  and  the  experience  gained  by  them  of 
heavy  power  work  over  a  number  of  years  has  enabled  them 
to  offer  a  motor  which  is  particularly  well  adapted  for 
cranes,  hoists,  and  puiposes  where  tlie  demands  are  .severe 
yet  intermittent. 

The  motor  supi)lied  by  them  for  these  purposes  is  of  the 
enclosed  ventilated  type  with  very  small  apertures,  and  is 
manufactured  with  either  series,  siunit  orcompound  winding. 
It  is  claimed  to  be  veiv  efficient  over  the  whule  range  of  its 
output.  The  magnet  frame  is  octagonal  in  form  and  is 
made  of  ca,st  steel  of  liigh  permeability.  Tin'  frame  is  cast 
in  one  piece,  and  two  end  plates  are  provided  fin-  .support- 
ing the  armature  bearings.  The  pole  pieces  themselves 
are  so  constructed  that  free  ventilation  of  the  armature  is 
secured.  They  are  nuule  up  of  sheet  steel  punchings  and 
are  bolted  symmetrically  round  the  inner  surface  of  tlie 
magnet  frame,  an  arrangement  which  ensures  eijual  dis- 
tribution of  the  magnet  field  and  jierfect  commutation. 

Befon;  being  placed  in  position  the  field  eoils  are  machine 
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wound  upon  formers,  high  conductivity  copper  wire  being 
used  throughout.  The  wire  is  insulated  with  asbestos 
paper,  and  cotton  covered.  After  being  wound  the  finished 
coils  are  immersed  in  insulated  compound  and  dried.  They 
are  then  covered  with  a  thick  1  yer  of  mica  paper  and 
finallv  tapetl  over  with  strong  braided  webbing.  The 
complete  coil  is  then  waterproofed  with  a  .special  compound, 
which,  it  is  claimed,  renders  it  (juite  impervious  to  moisture. 

The  armature  core  is  built  up  of  thin  sheet  steel  lamina- 
tions which  are  securely  keyed  to  the  shaft  in  sections,  each 
plate  being  covered  with  "  Insuline"  to  prevent  eddy  cur- 
rents. Free  circulation  of  air  through  the  core  is  secured  by 
inserting  distance  pieces  between  every  few  lamination^. 
Like  the  field  coils  the  armature  coils  consist  of  high  con- 
ductivitv  copper,  and  are  laid  togetlier  and  encased  with 
mica,  press-spahn  and  linen.  The  coil  is  tlien  ta])ed  throngli- 
out  its  length,  and  finally  dipped  and  baked. 

The  comnnitator  of  tiiese  Dick-Kerr  crane  motors  is 
supported  on  a  separate  hub.  which  is  keyed  directly  to  tlie 


is  free  to  move  laterally,  and  in  this  ring  are  carried  steel 
springs  which  normally  tend  to  push  it  away  from  the  face 
of  the  magnet.  At  the  extreme  end  of  the  motor  shaft  a 
malleable  iron  crown  is  keyed.  When  the  motor  is  not 
working  the  spiral  springs  thrust  the  steel  ring  into  the 
crown.  Directly  the  current  is  switched  on  the  magnet 
coil  becomes  energised  and,  overcoming  the  thrust  of  the 
springs,  attracts  the  ring  facing  the  magnet,  thus  leaving 
the  crown,  and  consequently  the  shaft,  free  to  revolve. 

Certainly  one  of  the  most  important  parts  of  crane  work 
is  the  controller,  whereby  it  is  possible  to  obtain  a  good 
regulation  of  the  speed  which  the  load  is  lifting  or  moving 
from  place  to  place.  Messrs.  Dick,  Kerr  &  Co.  consider 
that  a  crane  controller  should  be  so  designed  as  to  meet 
adequately  all  the  conditions  of  the  load  during  the  period 
of  operation.  It  should  be  sound  both  mechanically  and 
electrically,  as  it  is  frequently  handled  by  men  who  know 
nothing  whatever  of  the  apparatus,  and  therefore  do  not  al- 
wavs  realise  that  thev  are  treating  it  badlv.     To  meet  these 


Fig.  1.  -Travelling  Crane  for  Shop  Work  filled  with  Dick-Kerr  Equipment. 


armature  shaft.  The  comnnitator  bars  are  of  hard-drawn 
copper,  the  insulation  being  of  mica.  'IMie  commutator, 
after  being  built,  is  placiMJ  in  a  heated  drying  box  for  1\ 
hours,  after  which  the  end  rings  are  again  tightened  to 
prevent  the  possibility  of  any  nKJveuK'iit  of  the  bars  due  to 
expansion  and  contraction  after  machining.  Two  Iniisli- 
holders  are  provided,  each  carrying  carbon  l)rushi's.  They 
are  securely  bolted  to  a  special  yoke  at  an  angle  of  lo  dcg- 
on  either  side  of  tiic  vertical  plane  on  the  U[)[)er  iialf  of  the 
commutator.  Jiis])ection  of  tliese  brushes  is  easily  obtaini'il 
through  two  s])ecial  do(jis  fitted  in  the  inotoi'  frame. 

Jn  comn'ctimi  with  tliis  motor  an  interesting  biakc. 
specially  designed  for  crane  work,  is  used.  It  is  foinied  b\- 
an  extension  of  the  commutatoi-  bearing,  an  annular  space 
being  provided  in  which  is  carried  an  exciting  coil.  On 
the  extended  liub  is  carried  a  conical  cast-steel  ring  which 


conditions.  Messrs.  Dick.  Kerr  iV  Co.,  have  designed  a  special 
form  of  controller,  wiiicii,  it  is  claimed,  i ;  a  distinct  advance 
upon  the  ordinary  magnetic  blow-out  type,  for  it  not 
oiil\-  c(inli;iii';  important  modifications  of  the  blow-out 
|iiniri|ilc  hut  in  oilier  res])ects  it  .shows  improvement,  par- 
lirulail\-  as  regards  simplicity  of  construction  and  ease  of 
opciation. 

This  controller  is  known  as  the  metallic  shield  blow-out 
controllci-.  in  it  metallic.  >hields  are  used  and  the  blow- 
out can  be  swung  cleai'  of  the  fingers  and  segments  when 
necessary  to  inspect  tiiem.  The  effect  of  this  arrangement 
is  said  to  increase  in  direct  ])ro])ortion  to  the  sti'ength  of  the 
ciuient,  so  that  the  moic  powerful  the  arc  the  greater  the 
blow-out  available  for  sii])pressiiig  it.  The  operation  of  the 
(jidinary  magnetic  blow-out  depends  upon  driving  the  arc 
in  a  direction  parallel  to  the  axis  of  the  controller  cylinder 
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In  till'  iiictallic  shii'ld  l)l()\v-oiit  tlu'  arc  is  lilted  dirn-tls- ;i,wii\- 
from  the  cylinder  in  a  direction  at  rijjht  anj^lcs  to  its  axis. 
The  insulated  portions  are  never  in  a  direct  line  with 
the  arc,  and  it  would  therefore  be  impossible  for  one  ai'c 
to   reach   anotlier   because   a   solenoid   effect   is   produced 


I'lic  Dick  Kcii  iimtrollcis  for  crane  work  are  made  in 
various  size  and  forms.  One  is  a  vertical  controller,  and 
it  ha-i  been  found  this  design  is  most  generallv  preferred. 
The  controller  and  resistance  are,  in  this  case,  supplied  as 
separate  units.  '  This  controller  is  made  in  all  sizes  up  to 


Fig.  2.— Wharfside  Crane  fitted  with  Dicb-Kerr  Equipment. 


between  each  one  individually.  The  development  ol  this 
arrangement  has  only  been  arrived  at  after  carelnl  observa- 
tion of  arcs  under  varying  conditions. 

The  coil  is  placed  in  a  shield  of  copper  or  other  lutn- 
magnetic  material  and  can  be  brought  tlirectly  into  the 
sweep  of  the  arc.  The  external  magnetic  field  created 
round  the  shield  of  non-magnetic  metal  attracts  the  arc  to 
the  shield  and  divides  it  in  two.  These  two  arcs  tiavel 
rapidly  in  opposite  directions  round  the  copper  shield  and 
finally  become  united  again  in  the  air  but  round  the  coil 
and  shield.  The  arc  at  this  stage  has  become  so  attenuated 
as  to  break,  and  may,  in  fact,  be  extinguished  before  it  has 
actually  encircled.  It  may  be  mentioned  that  the  copper 
ring  suffers  to  no  extent  from  the  discharge,  for  it  has  been 
found,  after  several  years'  continuous  use,  to  show  no 
material  depreciation  either  on  the  shield  or  the  partitions. 


I.IIIIO  amperes,  and  in  the  larger  size  the  construction  has 
been  so  designed  as  to  jirovide  adeipuite  sub-division  of  the 
arc  breaking  ])oints.  In  order  to  reduce  the  wearing  sur- 
faces a  miuinuuu  numbei-  of  contacts  are  provided.  This 
is  accomplished  by  arranging  two  rows  of  contact  fingers 
opposite  one  another  at  a  distance  of  two  ordinary  running 
notches.  It  also  comprises  splitting  up  the  resistance 
leads  at  one  side,  being  connected  to  one  row  of  contact 
fingers,  while  the  resistance  leads  of  the  other  side  are  con- 
nected to  the  opposite  row  of  contact  lingers.  Another 
type  of  controller,  which  is  specially  designed  for  hoisting 
gear  is  fitted  with  an  electric  brake  for  lowering  loads. 
This  is  arranged  by  shunting  the  armature  of  the  motor 
through  a  resistance,  thus  causing  the  former  to  operate  as 
a  generator,  and  conseciuently  producing  a  powerful  brak- 
ini!;  eHect. 
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€aitorlal. 


A  ■  ....J  n  .,  ■  I'l  consideriiiL!;  the  questions  involved 
Assisted  Electric  .  i 

Generating       m  central  station  practice  an  observer 
Plants.  cannot  help  being  struck  by  the  way  in 

which  centralisation  of  plant  and  equipment  is  carried  out 
to  the  utmost  limit.  For  instance,  we  iind  all  the  plant  for 
supplying  one  area  concentrated  in  one  place.  Such  cen- 
tralisation has,  in  fact,  been  considered  from  the  economical 
point  of  view  to  be  the  best  arrangement,  for  thereby  stand- 
ing and  capital  charges  are  reduced  to  a  minimum.  It 
tlierefore  comes  as  rather  a  shock  to  our  orthodoxy  on  this 
ipiestion  to  find  that  there  exist  certain  persons  who  con- 
sider that  there  are  other  and  better  ways  of  solving  the 
jnoblein.  One  of  these  has  recently  supplied  a  contri- 
bution with  the  al)ove  title  to  the  "Manchester  (iuardian,'' 
in  which  he  advises  power  consumers  to  instal  their  own 
generating  jilant,  or,  rather,  Just  sulHcient  plant  to  ensure 
that  it  shall  always  be  possible  to  run  on  full  load,  what- 
ever operations  are  being  carried  on,  using  energy  from 
the  supply  authorities'  mains  to  make  up  any  deficiency 
there  may  be.  The  object  of  this  scheme  is  to  raise 
the  load  factor  of  the  private  generating  plant;  but  in  our 
opinion  the  idea  is  unsound.  In  the  fii'st  place  supply 
authorities  would  probably  object  to  having  their  stations 
turned  into  a  sort  of  stand-by,  and  would  doubtless  refuse  to 
connect  such  consumers  to  their  mains  unless  a  guarantee 
were  given  that  a  certain  number  of  units  would  be  taken 
]ier  year.  And  this  number  would  probably  be  such  as 
to  prevent  altogether  the  operation  of  the  lOO  per  cent, 
load   factor  idea.      The  author  of  the  article  thinks  that 


central  station  engineers  will  scarcely  welcome  the  idea, 
and  w-ith  this  view  we  agree.  On  the  other  hand,  he  thinks 
it  will  increase  their  power  load  ;  but  this  is  an  opinion 
wliich  we  do  not  hold.  In  fact,  our  opinion  is  that  the 
wliole  idea  is  radically  wrong.  Under  ordinary  conditions, 
with  a  public  supply  available,  the  power  consumer  need 
never  consider  the  installation  of  his  own  generating  plant, 
r.y  following  the  course  of  taking  a  supply  from  the  mains 
ho  avoids  a  large  amount  of  capital  expenditure  and  stand- 
ing charges,  only  having  to  pay  his  share  of  those  incurred 
at  the  generating  station.  His  respoiisiliility  is  less,  and  his 
repairs  and  maintenance  costs  are  also  much  reduced.  The 
only  possible  excuse  for  a  mixed  .system  would  lie  found  in 
the  case  where  a  manufacturer  had  originally  installed  his 
own  plant,  but  wislied  to  meet  increased  demands  for  power 
by  taking  energy  from  the  mains.  As  his  own  plant  be- 
came out-of-date  or  worn  out  he  would  place  more  and  more 
reliance  on  the  supply  from  the  public  mains ;  but  to  em- 
ploy these  mains  continually  as  a  stand-by,  and  even  to  in- 
stal automatic  boosters  so  that  they  can  be  used  to  take  up 
and  drop  the  load  as  required,  is  a  novel  idea  luid  one  that 
we  hope  will  not  find  general  acceptance.  On  paper  the 
scheme  looks  gooJ  to  the  uninitiated,  and  it  is  for  this 
reason  a  pity  that  such  an  article  should  have  appeared  in 
a  journal  which  has  a  large  circulation  among  manufac- 
turers wJio  are  not  engineers,  and  in  a  district  wliere  the 
Corporation  power  supply  leaves  nothing  to  be  desired ; 
and  is  quite  capable  of  meeting  any  demands,  however 
large,  that  are  likely  to  be  made  upon  it 

^  .     ,       In  the  above  note  we  criticise  an  idea  that 

An  Economical  .  .       .,      ,      ,  f     , 

Factor  in  has  been  mooted  tor  raising  the  load-iactor 
Motor-driven  gf  ^  private  plant  by  an  "  assisted  "  method. 
To  increase  the  load  factor  at  what  may  be 
called  the  generating  station — that  is  at  the  main  fuses  of  the 
installation^is,  however,  apart  from  other  considerations, 
not  going  far  enough  back ;  and  it  is  worth  while  to 
retrace  our  footsteps  still  farther  and  to  con.sider  how  the 
load  factor  and  eflicency  generally  of  the  machines  may  be 
increased.  For  it  is  here  that  much  improvement  is  re- 
quired. It  is  not  forgotten  that  to  determine  exactly  what 
is  the  right  size  of  motor  for  driving  a  macliine  whose  load 
varies  greatly,  and  practically^  continuou.sly,  is  not  an  easy 
matter.  But,  on  the  other  hand,  it  is  a  problem  that  is 
not  seldom  solved  by  putting  down  an  over-sized  motor, 
which  is  only  likely  to  be  fully  loaded  during  a  portion  of 
the  working  hours,  and  thus  performing  an  operation  which 
in  other  circles  is,  we  believe,  known  as  "  playing  for  keeps." 
This,  though  a  simple  method,  is  uneconomical  and  predi- 
cates extra  fixed  charges,  waste  of  power,  poor  load-factor, 
and  in  the  case  of  alternating  current  installations,  reduced 
power-factor.  Further,  it  is  not  unlikely  to  react  on  the 
whole  system  and  interfere  with  the  voltage  regulation 
and  the  quality  of  the  light  obtained. 

It  is,  therefore,  evident  that  the  point  at  which  we 
must  seek  to  improve  the  load  factor  is  tlie  machine  itself 
and  to  do  tliis  is  only  possible  by  considering  the  actual 
conditions  under  which  each  piece  of  equipment  operates. 
For  instance,  a  well-designed  motor  is  capalde  of  standing 
(piite  a  heavy  overload  for  a  short  time  without  damage,  so 
that  it  would  be  quite  feasible,  and  economical,  to  drive  a 
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The  following  illustration  is  an  example  of  a  6,000-volt  switchg^ear  placed  within   ^   a   mile 

of  a  generating   station    having   30,000  kw.    of  plant   installed,  and  similar   examples   are 

used  inside  the  same  station.      Over  350  panels  of  this  type  installed  and  on  order. 


SWITCH 
GEAR 


FOR 
SAFETY 


A.  REYROLLE  &  CO.,  LTD., 


HEBBURN-ON.TYNE. 


machine  ruiuiing  dh  a  Huctuatiug  load  wliich  occasionally 
increased  suddenly  for  a  short  period,  by  a  motor  of  rated 
output  well  under  the  maximum  thus  set  up;  and  by  obtain- 
ing a  load  diagram  of  the  machine  to  use  a  motor  wliich 
was  as  nearly  as  possible  always  worl^ing  on  full  load. 
This  operation  could  be  carried  still  further  by  studying 
the  way  in  which  the  loads  on  the  various  machines  in  a 
shop  worked  in  together  and  so  to  arrange  them,  in  groups 
if  necessary,  that  the  whole  series  worked  as  economic- 
ally as  possible.  And  the  idea  need  not  be  confined  to 
single  shops,  but  the  power  requirements  of  the  whole 
works  might  be  studied  and  the  sequence  of  operations 
modificMl,  if  necessary,  to  obtain  a  load  factor  as  satisfac- 
tory as  possible. 

To  belong  to  the  electrical  engineering 

A  Condition  of    profession  or  industry  at  the  present  time 
International    '.  ,  .■  /. 

Depression,     's  not  a  pleasant  occupation,  even  lor  a 

confirmed  optimist.  That  things  are  pretty 

bad,  in  this  country,  at  all  events,  is  quite  evident  without 

resort  to  figures,  and  there  is  much   hard  tliinking  now 

taking  place  regarding  niL'thods  whicli  should  be  employed 

to    improve    this  state  of   affairs.     Some    consider   Tariff 

Reform  the  panacea,  others  are  of  the  contrary  opinion. 

And  without  encroaching  upon  any  political  ground  we 

may  point  out  that  as  regards  the  electrical  industry  tiie 

depression  is  by  no  means  confined  to  this  country.     In 

the  United  States,  in  spite  of  the  fact  that  much  new  work 

is  being  done,  the  electrical  industry  is  not  nourishing,  and 

exports  are  in  fact  falling.     In  Germany,  thougli  several 


large  firms  have  done  well,  many  others  have  done  badly, 
tiie  exports  are  not  what  they  were  and  the  internal  state 
of  the  industry  is  not  likely  to  be  improved  by  the  proposed 
tax  on  electricity  consumption.  It  would,  therefore,  ap- 
pear that  the  present  disastrous  state  of  affairs  is  due 
rather  to  economic  than  political  causes.  And  what  is  the 
remedy  ?  Tiie  same  state  of  affairs  has  occurred  in  other  in- 
dustries, and  we  may,  therefore,  be  able  to  take  advantage  of 
their  experience.  When  railways  were  first  started  in  tliis 
country  many  small  concerns  rose  and  tlouiished  for  a  time, 
but  when  tlie  constructional  work  on  these  lines  was  finished 
the  inevitable  reaction  set  in  and  great  depression  was  the 
result.  Tiie  same  course  of  events  is  noticeable  in  the 
career  of  the  electrical  industry,  and  only  by  a  proces.s  ot 
evolution  can  the  present  state  of  aflairs  be  altered.  The 
first  great  constructional  period  in  the  electrical  industry 
is  now  over  and  in  future  the  development  will  be  more 
slow  and  steady,  the  consequence  being  that  the  next  few 
years  will  see  something  in  tlie  nature  of  retrenchment — 
i.e.,  a  pruning  operation  will  have  to  be  carried  out,  with 
resulting  advantage  to  the  tree  as  a  whole.  Until  that 
time  arrives  a  permanent  lifting  of  the  present  cloud  can- 
not be  expected.  When  it  occurs  the  industry  will  be 
again  set  on  a  firm  foundation. 

Since  the  above  lines  were  written  there  has  been 
certain  signs  present  tliat  the  clouds  were  lightening,  that 
business  was  picking  up  and  that  industrial  life,  on  the 
electrical  side  at  any  rate,  was  quickening.  It  is  to  be 
hoped  that  these  signs  are  but  forerunners  of  a  permanent 
improvement  in  tlie  industry. 
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"the    ELECTRICIAN"    TABLES   OF 


Supplj-  Authority. 


Engineer  and 
Manager. 


Principal  Local  Trades. 


22 
23 
24 
25 
26 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

39 
40 


Aberdeen  Corporation  

Acton  Council    

Aston  Manor  Corporation 

Ayr  Burgh  Council  

Barnes  Urban    District  Council 

Barnsley  Corporation    

Barrow-in-Furness  Corporation 

Bath  Corporation    ... 

Battersea  Borough  Council 

Belfast  Corporation    

Birkenhead  Corporation    

Birmingham  Corporation 

Blackburn  Corporation  

Blackpool  Corporation       

Bolton  Corporation      

Bootle  Corporation 

Bournemouth      &     Poole     Elec- 
tricity Supply  Co. 
Bradford  Corporation 

Brighton  Corporation 

Bristol  Corporation     


.J.  Ale.\.  Bell  

J.  Martin  Blair     . 

R.  Foster 

Roland  Marshall 
C.  S.  Davidson   ... 

E.  A.  Barker  

H.R.Burnett 

Francis  Teague  ... 

F.  A.  Bond 

T.  W.  r.Ioxani    ... 

W.  Wyld 

R.  A.  Chattock  .. 
P.P.  Wheel wrighl 

C.  Furness  

Arthur  A.  Day  .. 
T.Dawson  Clothie 
E.  LI.  Luijram  .. 
Thomas  Roles    .. 


Granite  quarries,  eng.  works  shipyards, 
icelactories,  fisb-curing anrt  preserving 
wks.,  paper  wks.,  woollen  aud  iute  wks. 

Laundries,  motor  works,  dyeing 
and  cleaning,  printing 

General    


21       Burnley  Corporation 


Principally  tesideutal,  building  trades, 
laimdries,  small  eng. -works,  shipyard 
carpet  works,  boot  factory 
(-i:is    limiitk.    works,     siiwiiiills.     brc-wery. 

golf.i-lnl"  making,  laiuidrii-s  printers 
Foundrics.laundries.builders  and  join- 
ers, linen  mauuf 'ters,  paper  mill,  (fie. 

Shipbuilding,     iron,     steel     and 

engineering  works 
Engineering,     cabinet  -  making, 

clothing  and  corset,  factories 

Soap  and  candle  works,  engiufcriug  works, 
umlers,  railway  goods  yards,  stone  yards 
Shipbuilding,    spinning   and    weaving, 

ropeworks.  bandkeichief  nnking. 
Sliipbnililiiig  aud  sliip  repail'S,  laundries, 
Icattier  works  and  foundry 

Metal,  cycle  and  jewellery  trades 

Cotton  manufacture  and  general 

industries 
Joinery      works,     bakeries     and 

bottling  stores  and  laundries 
Cotton  spinning  and  engineering 

works 
Timber,      engineering,      dyeing, 

pumping  and  general 
Boarding-houses  and  hotels    

Textile  works,  dye  works,  niecliauical 
and  electrical  engineering,  miscel- 
laneous 


Power  Voltages. 


A.C. 


400  3-ph.se. 

50^ 

100,  200 

ingle  phase 


220,  440 

110  single 
phase 


5,000 

220 

200 

100,   200* 
400t 


220,  440 
three-wire 
230  a-wirc 
230,   460 
three-wire 

460 
three-wire 

250 

500 
210,   420 
three-wire 

230 

460 

970 

220,  440 
three-win 
230*,460t 

220,  440 
three-wire 
230,  460 
three-wire 
220,  440 
three-wire 

220 

440 

500 

230,   460 


220,   440 
100,200,400   250,   500 


three-wire 

230,   400 

50^ 


J.Christie  ,  Engineering     work.s      breweries,  ... 

\  sawmills,  laundries,  toundry,  (to.  | 

H  Faraday  Proctoi '  Tobacco, cocoa, printing,  leather,  !i05&21093y. 

confectionery  and  clothing      ,  210-60..-,  360 

■'  |iJ-pliase  SO./' 

Cotton  weaving,  foundries,  &c.... 


Burton-on-Trent  Corporation 

Bury  Corporation     

Carn  Brea,  R.S  0.  (Urban  Elec- 
tric Supply  Co. 
Canterbury  Corporation 

Cardiff  Corporation      .    . 

Carlisle  U  D.C 


Charing    Cross,     West    End    & 

City  Electricity  Co. 
Chester  Corporation    

Chesterfield  Corporation      


•Jas.E.  Starkie.., 

P.J.  Pringle  ... 
S.  .J.  Watson  ... 
L.  A.  Hards  ... 
C.  A.  Blascheck 

Arthur  Ellis 

.S.  T.  Allen 


Breweries,    timber     mills,   engi- 
neering works 
Textile,  engineering,  paper,  &c. 

Mining  and  foundries  


None 


Clyde  Valley  Electrical   Power 

Co. 
Colne  Corporation   

Cork     Electric     Tramways     & 

Lighting  Co. 
County  of  Northampton  Electric 

Power  &  Traction  Co 
Coventry  Corporation     ... 


H.  W.  Kingston 
J.M.  Gatti(j»/n./.i) 
S.  E.  Britton    

U.  L,  Acland 

I  D.  A.  Starr 

A.  G.LCooper  

H.  H.  Nalder 

W.  J.  S.  Jones  ... 

George  Tough 


.Ship-repairing  yards,  englneeriog  works, 
foundries,  laundriei,  printers,  tprewers, 
millers,  cold  storage,  &c. 

Cotton  factories,  tinplate  printers,  en- 
gineering worlis  an<l  railway  shops 
(7  companies) 

Printing  


Ho 


mills     and 


Darlington  Corporation 

Derby  Corporation 

Derbyshire  &   Nottinghamshire 
Electric  Power  Co. 

Dewsbury  Corporation  

Dublin  Corporation    


J.  R.  P.  Lunn 

T.  P.  VVilmshurst 
A.  E.  Loos .. 


R.  H.  Campion 
M.  Ruddlo  


Engineering 

printing 
Printing,     brewery,      furniture- 
making,  foundries 
Steel  worKs,  rolling  mills,  collieries, 
paper   mills,    brickworks,  foundi'ies. 
sbipyardB,  &c. 
\Vi.-aviiig,spintung,  loom  making, foundries, 

fell-nioiigcring  aud  electric  crane  making 
Breweries,    butter     factories,     laundries, 

bacon  curing,  feather  purifiers,  priutiug, 

tanneries,  milling,  &c. 
Boot  factories,  engineering  works 

and  joineries 
Cycle  iind  motor  cars,  toolmaking, 

weaving,  watchmaking 
Engineering,   yarn  spinning  and 

school  furniture 
General   engineering,   foundries, 
I      motor  cars,  silk  mills 
Iron  works,  collieries,  lace  and  hosiery 

works,    eugineoring    works,    brick- 

work.s,  (fcc. 
Woollen  manufacturers,  rag  grinding, 

printing,  laundries,  clothing  manu- 

lacturcrs,  wool  shaklug,  iron  cutting 
.Saw  mills,  f.actorios,  cluvator.-i  in 

stores,  Ac. 


200,    100 


200 
400 


three-wire 
230 
460 


Total 
B.u.p  con- 
nected at 

date 
indicated 

below. 


4,043 

31/5/09 

606 

51/5  09 

4,365J 

1,6/09 

345 

30/4/09 

639 

31/3/09 

685 

150 

50/9/08 
476 
31/3/09 
2,191 
20/7/09 
5,141 
31,7,09 
906 
31/3/09 
16,798 
31/8/09 
2,324 
25/3/09 
1,231J 
30/8/09 
9,219i 
31/3/09 
1,989 
31/3/09 

452 
22/6  09 
•7,481 
18/8/C9 


Total 
number  of 

Motors 
connected. 

Largest 
Motor 

on 
Circuit. 

H.P. 

Max- 
de- 
mand 
Kw. 

681 

104 

780  at 
11.0 
a.m. 

11,030  trans, 

to  40U  for 

1  over 


200 
two -phase. 


230,   460  ! 

250 

500 


500  (tram- 1 
vv.avs  only)] 
220,   44C 

240,  480  ! 
three- wirej 
220,   440 

200,   400 
three-wire 
L.  &  P,  230 
460,  3  wire,  \ 
traction  000 

100,  200, 
4U0, 1,000 

210,  420 
three-wire 
240,  480 
three- wire 


2,356 
21/8/09 
10,179 


591 

20/3/09 

869-5 
21/8/09 
2,642 
31/8/09 
1,719 
Dec,  '08 
297 
31/5/09 
2,854 
30/6/09 

561 
30/8/09 


61 
210 
101 

60 
118 

50 
141 

620 

Approx. 

132 

2,131 

580 

163 

816 

169 
•1,577 

437 
1,118 


138 
306 
121 

74 

455 

73 


170 
500 

30 

60 

30 

li 

40 

70 
120 
350 

50 

80 
500      4,925 

40    I  1,252 

25    I     ... 
110     I  2,174 

100 

120     !  2,130 


200 
440 


240,  480 

three-wire 
460 

250,   460 
three-wire 


230,   460 

460,   230 
threo-wirc 

500 

550 

220 

440 


i   200  S.I 

:3-plise.  546 


Ex.bulk  sup, 
M,313,3i;7/0« 

505 

27/5/09 

716 

51/12,08 

22,559 

51/7/09 

366 

15/2/09 

2,125 

27/8/09 

120 

5,029 

51/5/09 
1,682 

31/8/09 
1,860 

2,323 
1/4/09 

526 

■1/2/09 
1,620 

1/4/09 


119 
150 

138 

:04 

26 
f.45 
192 
360 

1C6 

364 


45 
80 
30 
50 
80 
57 

250 
25 
30 

500 
20 
40 
15 

120 

125 
75 

2.00 

30 
20 


2,101 
79C 
850 
600 

100 
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ELECTRIC    POWER   SUPPLY. 


Method  of  Driving 


Group. 

H.P. 


ludiv. 
n.p. 


100 


1,990 


About 
2.246i 


About 

395^ 

126 


500 

illlOUt 


246 
about 


Both 
Both 


Bulk 
supply. 


Approx 
u.p.  of  other 
power  dis- 
placed by 
electric 
motors. 


2kl.  and  Id. 

M.I). 

IJd.    flat 

24d.&ld.M.]). 

*2cl.toid.iiccoril 
in^'  to  lOiid  fiictoi 


l^d.with  dis 
to  33J  p.c. 
IJJ.-ld.  motors, 
:)}a.flat,  lighting 
7d.  &  lid.  D.I. 
3d.  &  Id.M.D. 
2d.-lid.  F.R. 
l^d.'to  Id 

Flatrateld.J 


l-35d.  to 

1-lOd. 

Sliding  scak 

3d.  and  Id. 
M.D. 

2il.  1st  1,000, 

Id.afterlesslO"/^ 

2d.  to  500  per 

■itr.,  Id.  after 

2Jd.  flat. 

2d  to  Id. 
2d.  to  |d. 


Id.  restricted 

hours,   IJd. 

unrestricted 

Ud.  4;  dis.,  Ud. 

and  Jd.  *M.D. 

with  discount 

Ligliting3id.flat 
Pwr.  IJd.  1st  39 
lirs.perj.ld.  aftr 

3d.&  Id.  also  2d 
4;  IJd.     Id.-id.t 

l^d.,  Id. 

and  |d. 

4d.&  Id.  M.D. 

or  2Jd.  flat 

Ijd.  Hat  5  p.c. 
lis.  cash  28  days 

l*d.  flat,  4d. 
&  Id.  M.D. 

id.  ai.d  Sja. 
Also  £7  kw.  per 

aiin.  o(  M.D. 
Id.  unit  cons'd 

3d.  to  Jd. 

1*1.  1st  200 

units  per  qtr.. 

Id.  after 

IJd.— Id. 

On  applica- 
tion 

2Jd.  flat,  3d. 
ami  Id.  M.D. 
d,ljd..ljd„ld. 


shdil 


;c.ile 


Ud.  flat  and 
.s|)l.agreem'ts 

IJd.  2,500  uuits 
per  quarter  and 

Id.  after 
IJd.toJd.:£4kw 
.M.D.nnd  Jd.unit 
[  Id.   for  all 
1     day    use 
lijd.  toO'fld. 


2.id.(i)— 1.1. 
1  lid. 


On  ap- 
plication 
None 


Isolated     I 
Plants  at 
present 
Operating. 

ff  =  Gil8. 

40= Suction  Gas. 
= Steam.       | 


(NoTF.— Inst.  E.E.  Wiring  Rules  for  Motors 
generally  apply  in  all  districts.) 


Under 
oonsid'n 

On  ap-  , 
plication 


On  ap- 
plication 


On  ap- 
plication 


Id.   to 

0-7d. 

Sliding 

scale 


On  ap- 
plication 
£3  per 
kw.t 


On  ap- 
plication 


On  ap 

plication 


Spl.  rates 
to  large 
consumer- 
Special 
terms 

On  ap- 
plication 
Above 


11,000 


1,000 


Long  hour  consumers,  f;  hour  M.D. 
Short  hour  consumers,  1  hour  M.D. 
150.'/,  Z20sg,  I  Includes  new  scheme  of  electric  pumping  at  Council's 
'200s         1      sewage  works,  auto,  plant ;  in  operation  one  month 
I  *  Sliding  scale. 


150(/.  bOs(j, 

200s 
55y.  SOOst 


1,500</,  80.S'/, 
4,510s 


266 
1,280 


30s(; 

About 

40,000 

50j/,  lOsg 


500  steam 
450  gas 
100 

4,000 


800 


5003, 
2,( 


Shipyard  agreed  to  take  supply  for  400  ii.i'. 

of  motors.     Supply  not  commenced  yet. 
*  Most  of  our  consumers  ire  new  to  the  dis- 
t  Includes  plant  at  sewage  works  [trict. 

Discount  (lightiug  only)  5  per  cent. 
Sliding  scale  for  motor.s. 


*  Isolated  plants  using  gas,  suction  gas  and  steam  are  in 
operation,  of  which  there  are  no  particulars. 

*  Up  to  3  H.P.     t  Above  3  H.P.     J0r£4|itr 
kw.  per  annum  and  Jd.  per  unit. 

*  Lighting  and  power  3,443,  traction  3,300. 

*  Motor  load  only,      t  Exceeding  5,000  unit.s 

per  quarter  at  Id. 


Total  li.ir.p.  does  not  include  traction. 


*  Single-phase,     t  Three-phase. 


*  These  figures  do  not  include  the  following  : — 3  500  kw. 
motor-gens,  used  for  converting  current  at  6,600  volts, 
3-phase,  50  periods,  to  d.  cur.  at230aud  -leOvolts.  .ilso 
bulk  supply  2.50  kw.  at  Messrs.  RiplpyV  ttranrh  of  the 
Bradford  Dyers'  Assn.    tPlua  Ad.  per  unit,  less  disc. 

Special  terms  to  large  users. 

*.To  avoid  as  f»ras  possible  the  use  of  max.  demand 
indicators  a  flit  rate  is  usually  agreed  upon. 


67-5  per  cent,  of  total  power 
80  per  cent,  of  total  power  r 
system.    *  Includes  lighting 


J  on  restricted  hour  system, 
lits  sold  on  restricted  hour 
t  Restricted  hour. 


Power  supply  includes  driving  stamps, ])umps 

and  other  mining  machinery. 
Max.  demand  during  year  ended  March  31, 190'J,  3110  kw. 

on  feeders,  includes  light  and  power. 
Most  of  the  engineering  works  on  private  property,  from 
which  Corporatioa  are  at  present  debarred  from  entry. 

Power  supplied  to  tramway  company,  also  to 
Council  for  sewage  pum[)ing. 


Several   of  J  ii.r.  and   less  not  included  in 

return.     Motors  let  out  on  hire. 
Competing  gas  2s.  8d.   per  1,000  c.f._  with 

25%  disc,  when  annual  bill  exceeds  £50. 


2,200 


Two  large  electric  pumps  being  installed  in  pUce  of 
an  existing  steam  pump.  Steam  engine  at  present 
driving  ventilaun«  (m  being  displaced  by  an 
electric  motor.    Total  n.r.  about  260. 

Maximum  deman:l  .■ivstoin  or  Id.  restricted 
hour. 

Large  additions  in  hand. 


REDUCED  Prices 

and  the  latest  development  in 

Tung-sten  Lamps. 


S' 


16c.p.  60  to  130  Volts.  2  9 
32  c.p.  300  to  260   „   4  - 

MANYiMPRbvED 
FEATURES. 

^'"  Cheapest  in 

Price. 
Lowest  Candle- 
Power. 
Smallest  Bulb. 
Longest  Life. 
Highest 

Efficiency- 
Strongest 

Filament. 


SAVE  70  ',  IN 
CURRENT. 


Efflcieucy  1-2  watt  HI    '  """.'/'>  "c? 
per  c.p.  Caii'llr-  pnirrrx 

life  over  1,000  hrs.      i"  Sl'ir/.-, 

G.  M.BODDY&Co. 

15,  GRAY  SINN  RD., LONDON  W.C. 
Works- NEWINCTON,  LIVERPOOL. 

YorU-luie  Depot-C.istlehill.  SllEFHELD 
Established  1893. 
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Engineer  and 
Manafrer. 


Powei'  Voltages. 


41  Dundee  Town  Council    ... 

42  East  Ham  Corporation 

43  Edinburgh  Corporation  .. 
*■*  Fulham  Borough  Council 
45  Frome  UD.  Council     


H.  Richardson  ... 

\V.  C.  UUmann  ... 
F.  A.  Newington  . 
Arthur  J.  Fuller 
F.  H.  Merritt 


46       Glasgow  Corporation \V.  W.  Lackie. 


47  Govan  Council  

48  Grantham  Urban  Electric  Sup 

ply  Co. 

49  Greenock  Corporation    

50  Grimsby  Corporation      


51  Guernsey      Electric      Light      & 

Power  Co. 

52  Hammersmith  Borough  Council 


53  Hanley  Corporation 

54  Heckmondwike  Council 


T.  C.  Parsons  .. 
J.  E.  Edmundson 
J.  A.  Roljertson.. 
W.  A.  Vignoles  .. 
C.  Lakin-Smith.. 

(i.  G.  Bell    

C.  H.  Yeaman    .. 


Principal  Local  Trades. 


I  Jute  mills,  shipbuilding,  foundry 

Printers    for    motors,   otherwise 

district  is  jiurely  residential 
Printing,    joiners,  masons,   engi- 

ncers,  brewers 
Enffinecriug  works,  woodworking  nm. 

chiuery,  lauudries.  paper  mill 
Cloth,  silk  aui1  iodia-rubber  mills,  irou 
foundries,  engineering  and  motor  work?, 
breweries,  mill  furnishing,  dairies,  bacon 
curing,  printing 
Engineering,  clothing,  printers, 
butchers  and  bakers 

Shipbuilding  and  engineering  ... 


A.C. 


D.C. 


Total 
B.n,p..con 
nected  at 

date 
indicated 

below. 


1,950 


Total 
number  of 

Motors 
connected. 


Circuit. 

H.P. 


G.  H.  Carter 


240,   480    Pte.,26!i,*stu, 

!     43J,l/6'llll 

230,    460  9,400 

'      15/5/09 

1,265 

31/3/09 

715 

30/3/09 


240,   480 
three-wire 

250/500 
three- wire 

500,  250 

240,   480 
I  three- w'ire 
500      I 

230,   460 

three-wirt 
210,  420 


Private,  97 

Station,  5 

2,250 

I 
166 

191 


Hereford  Corporation  . . 

High    Wycombe   Electric  Light 

&  Power  Co. 
Hove  Electric  Lighting  Co 

Huddersfield 

Hull     Corporation     Electricity 

Department 
Ilford  Urban  District  Council 


W.  T.  Kerr 

W.  E.  Brandreth 

C.  B,  Smith 

A.  B.  Mountain  ... 

H.  Bell     

A.H.Shaw     


Shipbuilding,  engineering,  sugar 

refining 
Docks,  timber  yards,    foundries 

and  engineering  works 
Laundiies,  stoneworks  and  quar- 
ries, joinery  works,  foundry 
Engineering  works,  electric  lamp 

works,  small  laundries,  &c. 
Brickworks,    •potteries,    irou    works.    Single-phasi 
collieries,  'earthenware  and  china      luiir.ioo- 
manufactories  2(10,  JUU 

Woollen  manufacturers,  rag  grinders,  i 
foundry,   boot    and    shoe,    factory, 
coachbnilders,  &c. 

Cider  making,  breweries,  mills 
(dour),  farm  work,  joinery 

Chair  and  cabinet  making,  paper 
mills,  engineering 

Purely  a  residential  district  ex- 
cepting shops 

Cloth  manufacturers    Three-phase 

'  One-pnase 

Engineering,    shipbuilding    and  ,  ...  220,   440 

oil  mills  I  three-wire 

Photographic  apparatus,  chemi-  I  ...  230,  460 

cal  works,  paper  mills  |  ,  tln-ee-wire] 


230,   460 
three-wire 

220,   440 

420 
210 
220 


61       Islington  Borough  Council     I  Albert  Gaj 


Kettering  Council 

Kidderminster  &   District  Elec- 
tric Lighting  &  Traction  Co. 
Kirkcaldy  Corporation   


65  Lancaster  Corporation  

66  Leeds  City  Council 

67  Leith  Council 

68  Liverpool    

69  Lincoln  Corporation    

70  Loughborough  Corporation 

71  Luton  Corporation  

72  Maidstone  Corporation   . 

73  Mansfield  Corooration    


W.  A.  Walker. 
A.  Charlton.... 
O.  F.  Francis  . 

VV .  A.  Tester. 
H.  Dickinson  . 


I  A.  Peden  Ruther- 
ford 
Alfred  Clough    ... 


Stanley  Clegg 

W.  H  Allen  ... 

I  W.  H.  Cooke... 

E.  E.  Hoadley 


brewers,  builders,  clothiers.  Single-phase 
coach  and  van  builders,  eugineeliug  50  ./  luo  200 
works,  confectioners,  printers  and  400 

Boot  and  shoe  and  clothing  fac- 
tories 
Carpet  manufacture  

Linoleum,  engineering,  furniture, 
malting  works,  linen,  &c. 

Timber  yards,   builder-s'    yards, 

foundry,  linoleum  works 
Numerous  


29,925 
31/7/09 

4,929 

15/8/09 

346 

31/12/09 
5,149 

31/8/09 
1,026 
5/8/09 
2,200 

2,614 

19/12/08 

1,004 

31/8/09 


31/8/09 

335 

5/6/09 
592 

321 

1,723 
1,404 
6,366 
6/9/09 
605 
31/3/09 

2,275 1 


371 
156 
150 
336 
134 


90 

158 

113 

62 

401 

572 

Consumers 

99 


Engineering  and  general. 


200 
400 


Engineering  works 


Metropolitan  Electric  Supply  Co. 

Middlesbrough  Corporation  

Motherwell 


Newcastle  and  District  Electric 

Lighting  Co. 
Nelson  Corporation     


79      Newport  Corporation 


E.  llolcombe 

Hewlett 

J.S.Highfield.&V 
.LConacher,  (In.M. 
H.  M.  Taylor 


S.  William? 

\V.  D.  Hunter    ... 

D.  llelme 

H.  Collings  Bishop 


Hosiery  and  engineering    

straw  hat  umkiug,  motor  cars  and  lorries, 
hydraulic  aud  gcnernl  engineci*s,  foun- 
j      dries,  printing  works 
Building,  brewing,  paper  making 

Buota,  ho&lery,  cotton  doubling,  fo  in  1- 
ing,  tie  box,  motor  bodies,  sand  and 
Blone  (lueiiries,  coal  mining 

Ordinary  shops   

Iron  and  steel  works,  shi|)yards, 

joiners  shop 
Engineering  and  steelworks 


Engineering   and    shipbuildini; 

steel  and  lead  works,  &c. 
Cotton  manufacturing  


Coal,  iron,  clothing,  nails,  brick- 
work s  ,inill(£s^8ln|  irejKiirs,  &  c . 


100 


Not 


230,   460 
three-wire 
460 

230     , 
460 

230,    460 


230,    460 

230, 460 

230,  460 
and  500 
220,   440 
three-wire 
500 

230,   460 

240,   480 
500-600 


713.', 
31/8/09 
1,010 

786 
15/5/08 

425 
1/12/08 
12,030 
31/8/09 
3,297 
31/8/09 
10,299 
31/7/09 

1,2  Hi  J  ll/'.Viil' 
'XCld.tiiicti'iri 

370 

30/10/08 
1,612 

10/12/08 
1,245 
30/5/09 

260 
15/6/09 


200 

3,546 

27/7/09 

220,  440 

1,694 

three-wire 

230,  460 

About 

3,000 

240,   480 

8,643 

three-wire. 

25/9/08 

230,  460 

280 

three -wire 

1/4/08 

230,   460 

1,838-5 

1C5 

1,870 

420 

2,503 

174 

67 

268 

174 

80 

961 
303 


63 

On  hire 

229 


Max. 
de- 
mand 
Kw. 


65 

15 

50 
80 
35 

250 


H,T 

moto: 
(if 

any) 


150  I 
approxj 


165      1,485 

13i        ... 
545 


90 


200 
60 


50 

30 

12 

150 
35 
75 


30 
26 
130 

50 
100 
100 


1,500 
App.\-. 
1,065 


...      3  2r 

2  1- 

1 1,107    1  6[ 


800 
2,000 
4,513 


3,600 

250 

52a* 

811 

200 

6,470 

672 


... 


45     [  425 

45       120,  for 
jpr.  ouly 

65    I     759 
60    I     ... 
12 


450 


permitted    three-wire 


60 

50 

3  of  120  j  943 
150  I  4,300 

40  I  ... 

100     Cannot  Ni 
give  ' 
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Method  o 

'  Driving. 

(iroup 
II.  p. 

Iiidiv. 
II.  p. 

500 
approx. 


43 
approx. 


1,450 
approx. 


672 
approx. 


683J 


219 


Bulk 
supply. 


On  ap- 

[ilicabioii 


Approx. 

u.p.  of  other 

power  dis- 

jjlaoed  by 

electric 

motors. 


Isolated 

Plants  at 

present 

Operating. 

l7=Ga8. 

»//  =  Suction  Ga: 

»=Stcam. 


2W.  down- 
wards 

M.  Alluuitsovei 
UDO  per  J  at  IJd, 


Id.  flat 

2id.  flat ; 

4d.  and  Id. 

M.D. 

Hi.&Jd.  M.D. 
id.  flat  rate  for 
restricteil  hour; 


Sliding  scale 
I      2d.— Jd. 
W.aiidld. M.D.I,   Special 
rates 
2Jd.  to  Id.         1(1. 


To  sub- 
stations 


Onap-      150,  also  sc.'i 

plication,  "e;^^^;;^' 

«d. 


About      About 

1,312    I      300 

Bolth 


3d.,  ld.,gd. 
and  Jd. 

2d.  to  Id. 
Sliding  scale 

•3d.  to  Id. 

1.— Id.  M.D  sys- 
tem,2^(3.  flat  rate 
jrou2ratemeter 
3rl.  two  hrs. 
l^d.  after 
2d.  and  Id. 
less  discount 
2d.— Id.  per 
sliding  scale' 
2d.&  Id.  M.D. 
Sd.  to  Id.  sliding 
scale 

Id.  flat 


2d. to  Id. 

lid. 

2Jd.  to  Id. 
sliding  scale 

24d.  sliding 
scale  to  Id. 

08d.  to  l-75d. 
less  5  per  cent. 

IJd.  to  lid. 

2d.,  ljd.,ld. 

2Ad.,2d.&2d. 

&  Id.  M.D 

Id.    flat 

2d.,  Ud.,ld. 

Various 


On  ap- 
plication 

Special 
terms 


Aliout      1,238 
600 


On  ap 
plication 


On  ap- 
plication 


By  con 

tract 


On  ap- 
plication 


4d.&ld.M.I) 
Id.  daylight 

3d.  and  Jd. 

M.D.  ] 
2d.&.ld.M.D.j 
Sp.  on  app'n. 

id.  and  jd. 

Max.  Ud. 


According' 

1    to  load 

factor,  &c 


50{/,    20s£/ 

900s,  10  watn 

(approx.) 


290s,  200s, 

4,000s 
No  record. 


Remarks. 

(Note.— lust.  K.E.  Wirinj;  Rules  for  Motors 
generally  apply  in  all  districts.; 


•Motors  used  in  ^en.  stn.  for  cooling  towers, 
artesian  well,  driving  machinery,  &c. 


Power  and  lighting  on  same  mains,  540  kw. 
day-load  motors  only. 


Number  and  horse-power  of  motors  does  not 
include  the  docks  or  Admiralty  supply. 

*  Lighting  :  7d.-3d.  M.D..  6d.  flat5.i.    Power 
4d.  and  lUl.  M.D.,  2d.-2Jd.  flat." 


Power  load  rapidly  growing:  aud  especially  favoured 
with  the  many  small  aud  diverse  trades  subsidiary  to 
staple  industries  of  district.     "Local  for  maguettiug. 


iQq,  IbOsff, 

300s 
Iby,  2Q0sa 


*  With  discount  on  hours  of  running. 

All  motors  are  hired  out  by  this  company-, 
and  are  maintained  and  inspected. 

Radiators  are  at  power  rates  but  are  not 
included  in  this  return. 


425  330(/ 


158         49(/,    25s(/, 
492s 
About  400  I  About  200fir 
lOOsf;,  250s 
500 


214 


450.S 


Ilirctl  motor  system  in  operation.  About  4.>0!M 
*  Subject  to  2i  per  cent,  dis.,  for  payment  with 

Id.  power  rate  for  large  consumers. 


This  is  a  combined  figure  for  lighting  and 
power. 

1  large  engineering  works,  1  large  colliery,  1  large 
malting  works  received  entire  power  supply  from  Cor- 
poration. 


►  2d.  up  to  3.000  per  qr.,  IJd.  from  3,000  to  10,000  i«r  qr, 
Id.  all  units  in  excess  of  10,000  per  qr. 


Twopriv.ate  plants,  total  1,200  kw.,  runninj;. 

•2d.  first  1,000  per  qr.,  IJd.  second  1,000  per 
(jr..  Id.  remainder. 


Town  gas  sold  at  16  l,C0O  for  power      Triuii 

way  supply  1,200  ii.r.  not  included. 
'  Not  including  collieries. 


Largest  installation,  shipyard,  max.  demand 
400  kw. 


2d.  and  Id.     On  ap- 
ace,  to  quan.  plication 


Largest   consumer.    Sir   W.   G.    Armstronir, 

\Vhit\vorth&  Co.,  Ltd  ,  Elswiek  Works. 
"  Motive    power— 2id.  for  1st  hour  per  day, 

lid.  every  subsc(iuent  hour,  less  5    . 
One  dry  dock  being  converted   to   electric 

from  steam.  


SIEMENS 
WIRES 

and 

CABLES. 


STANDARD 
INSULATING 


VARNISHES 


THE     BEST 

For  Maintenance  and  Repair  of 
Electrical  Machinery. 

Mantnactuicl  bii 


For  Prcs  aiul  Fart:<-i.h!' s  ,.of./j- 

Insulating  Varnish  Dcpt.. 


26,  BEVIS  MARKS.  LONDON, 

E.C- 
Fhoue— Loudon  Wall  4511. 
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Supply  Authority 


Enijiueer  and 
Sliiiui'ier. 


Principal  Local  Trades. 


Northampton  Electric  Light  &  (r.  H.  Jackson    ... 

Power  Co. 

North  Wales  Power  and  Trac-  G.  K.  Paton  (Chief 

tion  Co.  Elec.  Eng.) 


Norwich  Corporation      

Nottingham  Corporation  

Nuneaton  Corporation  

Partick  Council    

Peterborough  Corporation   

Reading  Electric  Supply  Co 

Redditch  Urban  District  Council 

Rochdale  Corporation    

Rotherham  Council 

Salford  Corporation    

Sheffield  Corporation 

Shoreditch  Borough  Council 

Shrewsbury  Corporation 

Smithfield      Markets     Electric 

Supply   Co 
South  Shields  Corporation    

Stalybridge,  Hyde,  Mossley  and 
Dunkinfield  Electricity  Board 
Stamford  lUrban  Electric  Sup 
ply  Co. 

St  Helens  Corporation  

St.  Marylebone  Borough  Council 

Stockton-on-Tees  Council   

Stoke-upon-Trent  Corporation 

I  Sunderland  Corporation    

Swansea  Corporation 

llxbridge   and  District  Electric 

Supply  Co. 
Wakefield  Corporation  

Walsall  Corporation  

Warrington  Corporation    

West  Bromwich  Corporation  . 

West  Ham 

111  West  Hartlepool  County  Boro.. 

112  Whitby   Yorks)  District  Council 

113  Whitehaven  Corporation 

114  Wigan  Corporation     

115  Windsor  Electrical  Installation 

Co. 

116  Wolverhampton  Corporation 


F.  M.Long 

H.  Talbot    

S.  C.  tlibson   

VV.  Sillery  

J.  C.  Gill 

E.  Rowley  Hill  ... 
'vVni.  .J.  Ferguson 
t'.  (,'.  Atchison    ... 

\i   Cross  

V.  A.  H.  M'Cowen 

S.  E.  Fedden 

I  C.  N.  Russell 

C.  M.  Johnston  ... 
Edgar  Dowling  .. 
.1.  H  Cawthra  ... 
Itobert  Blackmore 
.1.  E.   Edmunilson 


E.     M.     HoUings 

worth 
A.  Hugh  Seabrook 


J.J.Smith 

P.  J.  S.  Tiddeman 
A  S.  Blackman... 
C.  A.  L.  Prusmaui 
A.  Randall  Bell... 


Slate  quarries 


Boot  and  shoe,  mustard,  print- 
ing, breweries 

Lice,  hosiery,  tobacco,  engineer- 
ing, leather 

Hat  making,  hosiery  wnol,  cotton,  elasti< 
web,  foundry,  iiuarriea  and  collieries 

Shipbuilding  and  engineering 
works 

Engineering,  brickworks,  rail- 
way 

Printers,  engineers  and  iron 
founders,  saw-mills 

Needle  trade,  fishing  tackle, 
cycle  factories 

Textile  and  engineering 


Iron,  steel  and  brass  works 
Textile  and  engineering   ... 


Power  Voltages. 


A.C.       I      D.C. 


500 
5- phase 


Stfcl  and  iron  works,  cutlery  works,  foun- 
dries, general  enginecrinfx  works 

Printing,    shoemaking,    cabinet 
and  furniture  manufacture 


Cold  storage 

Shipyards,    docks     and    marine 

engineering  works 
Texlile,    paper     mill     boiler    works. 

bUach   works,    engineering     works, 

iron  works 
Brickworks,     laundry,     foundry, 

engineering  works,  flour  mills, 

printing  works,  timber  yard 
Chemical,  glass  and  bottle  works 

Printing,    building,  small    work- 

.shops  ( various  trades) 
Shipbuilding,    engineering     and 

ironworks 
Potteries,  engineering  works 


Shipbuilding,  marine  engine  and 

boiler  makers,  coal  mining 
Metallurgical,     coal    exporting 

&c. 
Flour  mills,   printing,   engineer- 
ing, 1)rickniaking 

H.  A.  NeviU   E,P,,,„.rin-.      woollens,        coal, 

|.i  ml  iM'j;.  l.-Mindnea 

I    .      -,   lr;itln'r,  clotliiug,  iron 

^1     :  i      .  lirushcsandrolling  mills 


A.  S.  Barnard  . 
F.  V.  L.  Mathia? 
\V.  A.  Jackson  . 
H.  H.  Couzens  . 


W 11  ,  pi  iiitiTs,  saw  mills,  tanneries, 

I  h^'iriM  !-,  I  (Mil  mills,  gas  stove  nianu- 
1  I  tiMi  I  .^,  liinl'l.rs,  min. water  mfcti-s,  &c 
Spring'  works,  steel  rolls,  liollow  ware 
foundries,  edge  tools,  tulies,  school 
furniture,  coru  mills,  wire  nails 
Chemical,  engineering,  flour 
,     .  ,  mills,  ink  mills 

H.  F.  Friedericlis    ■  Blastfurnaces,  steel  wks..  sbip  yds.,  engine 
I    wks.,  paper  mill,  saw-mills  and  joinery  wks 

U  H.  King Fishing 


200 
200 


3,000 
220 


2,000, 
400,  200 


4C0 
230 


Total 
B.H.p.  con- 
nected at 

date 
indicated 

below. 


210,   420 
three- wire 


220,    440 

200,  400 
three-wire 
220,  440 
three-wire 
240,   480 

200,   400 

200,   400 


220,440, 

500      1 

230      ] 

460       I 

220,    440 

I  three-wire 


None 

5,000 

220 

220,  440 

three-wire 

200 

200 


380  3-phse. 
50  periods 


100,200,400 


240,  480 
tluco-wirc 
210 
420 
100 
!  2C0 
550 

460 

230 
240,   480 
three-wire 

230,   460 
three-wire 

240 

480 
230,   460 
three- wirej 
240,   480 
three-wire! 

220 

220.440 
three -wire 


1003 

31/12/08 

3,050 

6/09 

2,7C4 
30/6/09 
4,000 
31/8/09 
229 
2/6/09 
2,660 
15/8/09 
259 
31/12/08 
1,711 
4;6/09 
775 
17/11/08 
1,489 
31/8/09 

583 
20/5/09 
9,766 
31/3/09 
11,545 
25/3/09 
3,900 
31/12/08 

158 

31/12/08 

515 

8/12/08 

1,420 


Total 
number  of 

Motors 
connected.!  Circuit, 


Largest 
Motor 


117      Worcester  Corporation 


118  York  Corporation    

119  Yorkshire   Electric   Power  Co. 


B.  .Sankey    Tannery,    flour     mill,    printing 

I       and  machinery  works,  &c. 

Jas.  Slevin  Coal  mining,  cotton   mills,  engi- 
neering works 


A.  E.  Fairow '    Brewing 

C.  E.  C.  Shawlield  Ironworks,  edge  tool  works,  corn 
mills,  paint  works,  cycle  and 
motor  works,  saw-mills,  &e. 

C.    M.  Shaw    Poriclain,  glove,  leather.  Hour,  enuineer- 

iuf,',    various,    buttons,    cinfectionery, 
printing,  borsc-Iiair  clotli,  &c.,  works 

J.  W.  Hame  Confectionery,  printing,  railway 

works,  flour  mills 

\V.  B.  Woodhouse  Textile  mills,  iron  works,  col- 
lieries, calcium  carbide  factory 


105 
210 

460 

230,  460 

500 

j  230,   460 
three-wire! 
460 

420,   210  I 
three-wire] 

230,   460 
three- wire; 


6.000,  400    440,   220 
t-hrce-wire 


100,   200 


2,000, 
400 


230,  460 
500 

230,  460 

three-wirt' 

500 


6,500 

532 

8/6/09 

1,670 
30/6/09 
2,534 
6/5/09 
986 
31/3/09 
825 
30/4/09 
10,887 
30/8/09 
1,789 
31/8/09 
429 
30/6/09 
1,2641 
31/3/09 

634 
31/5/09 
5,000 

1,352 
31/7/09 
6,908  kw. 
31/8/09 
1,735 
31,8/09 
175 

136 
31/12/08 

1,614 
31/11/08 

320 
31/8/09 
4,641 
30/6/09 

825 
31/3/09 

1,117 

30/4/09 
13,000 

25/S/09 


60 

495 
957 

56 
262 

65 
258 

97 
236 

81 
955 


70 
33 
73 
250 

248 
629 
123 

75 
725 

52 
163 
141 

141 

890 

212 

32 

31 


50 
200 

50 
60 
60 
60 
15 
65 
40 
50 
33 
300 


mand. 
Kw. 


750  .at 
station 


1,219      360  ii.r. 

800    !      ... 


20 
130 

50 
375 

35 

60 
110 
50 
60 
110 
60 
60 
110 
35 
215 
110 
115 
120 
18 
20 


13 
100 


242 

350 


2   40's       954 

35      1,002 

140    1 3,400 
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ELECTRIC     POWER     SUPPLY —Contmued. 


Method  of 
Driving. 


(iron  p. 
ii.p. 


Indiv. 

H.l". 


About      About 
803  200 

575        2,475 


Aliout 
1,400 


About, 
710 
Pai-tly 

ICO 

115 


377 


Per  unit. 


I    Bulk 
supply. 


2(1.  to  Id.     '  On  ap- 
iliding   scale  plication 

lid.-Jd. 
and  under 
sliding  scale 

2d.  tojd. 


Approx. 
H.p.of  other 
power  dis- 
placed by 
electric 
motors 


Isolated 

Plants  at 

present 

Oi)erating. 

g  =  Gii8. 

8^= Suction  Gns' 

«  =  Steam.       I 


Remarks. 

G.— Inst.  E.E.  Wliinir  Rules  for  MotorB 
generally  apply  in  all  districts.) 


About  800 
3,050 


ii.p. 


lid. 


d  to  Id.  on  On  ap- 
iding scale  'plication 
1.  flat  rate  I 


l.Ul.  flat. 
lAd.  flat 


i^late  quarry  load  mostly  winding,  pumping,  air  com- 
pressor and  mills.  Transmission  at  10,1)00  volts  threj- 
pbase,  all  overhead,  bare  wire  and  20,000  volt. 

A  150  B.u.p.  motor-driving  sewage  pump 
will  short!}'  bo  installed. 


400 


2d.  told,    j       ... 
sliding  scale.  I 

•2d.  to  Id  On  ap-  Steam  804 
sliding  scale*  plication  i  Gas  187 
Ud.  and  Id.     On  ap-  458 

plication 


bOsg,  100s, 
Woil 


bOu,   125.SJ/ 


333(/,  20s(/, 
190s 


Quarterly  accounts 


Isolated  plants  on  present  route  o(  nnins  (approxi- 
mate only).    "Special  terms  for  sperial  conditions. 


On  ap- 
plication 

On  ap- 
plication 


Lht  4d.,Heat  Id., 

Power  2d.to,V'. 

id.' 

*6d.,4d.  &  2d. 

or  flat  5d. 
lid.  and  Id 


2^d.— •45d. 

21d.  flat,  4d. 
and  Id.  M.D. 

2d.  and  Id. 

with  disc'nt? 

2d.  and  Id. 

M.D. 

Sliding  scale 
2d.  down  to  IJd. 

IJd.toO-Sd. 


;jd.  (dis.  to  ii.)\  On  ap- 
-'i''-*lJ^»iD:plication 
2d.  (1st  hr.)  & 

lid.  M.D.* 
2s  to  U  flat 
or  3  &  I  M.D. 

2d.  to  Id. 


5,0C0 


■  Flat  rate. -lid.  first  l,i  "0  units  per  qr.  Id.  a'l  In 
excess.  Fixed  charge  system  .tl  per  qr.  per  E.H  P. 
demanded  snd  Jd.  per  unit  consumed 

Great  expansion  of  use  of  power  supply  in 
rolling  mills  and  cutlery  works. 

*  Plus  £3  per  E.ii  p.  demanded. 


*  Power— 3d.,  2d. 
cent,  discount. 


11(1  IVl.,   5    and   10  per 


Also  traction  supply. 


2,000       30O.(;,  1,700s. 


1,000 


lOOsa 


On  ap- 
plication 


220  since    1  703</,  lOsqr, 
Aug.,  1905  1 1,109s  160  oil 


(See  remarks) 

6.1.  to   2d.  ac- 
orUiug  to  con- 


About  i  lid.  to  ?d. 
642    1 

Id.  max. 


On  ap- 
pl'catioi) 


50(/,  l,200sg, 
500s 


One  works  take  about  2.^0,000  units  per  annum,  and  the 

total  amouut  sold  per  annum  for  power  purposes 

amounted  to  371,738  units. 
Tlie  potteries  all  require  steaui  for  heating,  and  this  is 

generally  the  drawback  to  electric  driving. 
A  large  flour  mill  owned  by  E.  0.  Robson  k  Sons,  Ltd., 

at  present  being  converted  to  electric  driving. 

Motor  hiring  scheme  in  operation. 

*  200,000  per  annum  and  over  special  rates. 


both 
1,600 
60 


On  ap- 
plication 
2d.— l^d.flat  Id.— Sd 
with  disc. 
£5  per  kw.  per 


7,000 

About  700 

4,645  kw. 

1,650 


2(1.  up  to  100,  l|d.  up  to  200,  IJd.  up  to  .-juo,  IJil.  over 
500:  10  per  cent,  discount  for  over  10,000  per  annum, 
12J  per  cent,  discoimt  for  over  15,000  per  aimntn. 


72  motors  on  hire-  477  Hi".   Applications  i 
hand  for  lOO  h.p.     *  Motors  only. 


510</ 
5, 


,  250sf/, 
375s 


Fiat  rate  for  hss  tlian  .■m.OOo  per  nnn\nn.  2d.-Ud.  : 
50,000,  miller  5(io,(iOo,  l}d.-Id.  :  from  5O(i,00()  to  ('.( 


:n 

564 
572 

About 
1,050 

253 

an.  at  Id.  unil 
lid.  ani4Jd.cr 
2  rate,  2d.  for 
small  motors 

I'ptol.OOOunit^ 
per  annum  2d., 
over  1,000  Id. 
£3  per  H.r.  in- 
>talledpcr  ann. 
(did  Id.  per  unil. 
Id. 

2}d.  &  id.  M.D. 
3d. sewerage  P. 
Id.  &  l|d.  re-' 
stricted  hour 
IJ  down- 
wards 
Sliding  scale 

None 
Various 

i 

On  ap- 
plication 

300 
100 

900 

357,  ISOfj, 
40x 

WQg,  450s(/ 
1,889s 

114 

115 

llfi 

117 

118 
119 

Power  load  arisen  during  last  throe  years. 

. 

CECIL  HODGES 


&   CO. 


MOTOR  STARTERS. 
NO  UOLT  RELEASE. 
fl.C.  MOTOR  SWITCH. 
SWlTCHGEflR. 


BALFOUR  HOUSE, 

Fir^sbury   Pavement,    LONDON,    E  C. 


GILBERT 

ARC    LAMPS. 

BEST 

All     Kinds    o-F 


Ifriff  for  Price  Lists. 

THE  ^"" 

GILBERT  ARC  LAA\P  CO..  Ltd. 

Works:  CHINGFORD.  ESSEX. 

Telephone — 59.         Telegrams— Gilbert; 
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EDISWAN 


THE    NEW 

METALLIC     FILAMENT 

ELECTRIC    LAMP. 


You    can    reduce  your  electric   lighling  Bill  TO'-'/,-) 
by    using  the    new  metallic    filament   lamp,   the 

"ROYAL    EDISWAN    METFIL" 

The  BEST  and  CHEAPEST  in  the  END. 


device  returns  to  its  original  starting  position.  As  the 
commutator  is  only  in  use  at  the  period  of  starting,  wear 
upon  it  is  practically  negligible,  and  as  the  motors  are  en- 
tirely automatic  and  can  be  started  from  a  distance,  either 
by  closing  the  primary  or  secondary  circuit  of  the  supply. 


SiriflkPbase  rRotors for 
Industrial  Work.  .    ♦    ♦ 


IN  this  country  we  enjoy  from  time  to  time  a  discussion 
on  the  relative  merits  of  continuous-current  and  three- 
phase  motors  for  industrial  work.  But  in  these  dis- 
cussions the  claim.s  of  single-phase  motors  are  generally 
overlooked,  and,  except  to  a  very  limited  extent,  they  are 
not  used  in  this  country  for  driving  machinery  and  other 
apparatu.s. 

Things  are,  however,  difi'eient  in  Aineiica.  and  it  may, 
therefore,  be  of  interest  to  describe  some  of  the  various 
wavs  in  which  this  type  of  motor  is  used,  and  to  give  some 
details  of  its  characteristics.  In  this  article  we  describe 
more  particularly  the  single-phase  motors  of  the  Century 
Electric  Co.,  of  St.  Louis,  and  give  some  illustrations  of 
their  .standard  types  of  motors. 

These  motors  are  self-starting  under  full  load,  and  the 
only  device  necessary  for  starting  or  stopping  them  is  the 
ordinary  double-pole  knife  switch.  No  transformers  or 
other  similar  devices  are  used.  The  motor  starts  as  a 
repulsion  motor,  but  on  reaching  fid!  speed  the  governor 
weights  are  expanded  by  centrifugal  force.  This  short- 
circuits  every  commutator  bar  to  one  common  ring,  and  at 
the  same  time  releases  the  tension  on  the  carbon  brushes 
and  pushes  them  away  from  the  commutator,  the  motor 
then  running  as  an  induction  motor.  This  governor  is 
entirely  automatic,   and   when   the   motor   is  stopped   the 


Fig.  t. — Single-phase  Vertical  Motor. 

it  makes  them  specially  suitable  to  tiie  operation  of  pump- 
ing ecpiipment,  air  compressors  or  other  machines,  which 
work  in  conjunction  with  a  float  switch  or  pressure  regu- 
lator, or  anv  other  automatic  device  for  closing  the  current 
supply  circuit. 

The  Century  Electric  Co.'s  standard  motors  are  wound 
for  voltages  of  104  or  208  volts.  These  pressures  are 
selected  as  being  a  good  average  of  the  various  voltages 


Fig.  2.-5  H.P.  Motor  on  Floor  Surfacing  Machine. 

found  in  tlie  Ignited  States,  and  the  motors  can  be  operated 
at  cither  of  these  voltages  by  simply  changing  the  connec- 
tions on  a  terminal  board  placed  inside  the  motor.  It  is 
found,  however,  that  these  motors  work  satisfactorily  on 
all  voltages  between  100  and  150,  and  200  and  2.')0  respec- 
tively, and  thev  can  also  be  wound  for  any  frequency 
between  25  and  1  |0. 
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'THE 

SUPPLY     HOUSE     FOR    LAMPS 

LARGE    STOCKS   OF 

OSRAM.0TANTALUM 

LAMPS 

Best  Terms,— Make  Contracts  NOW. 

THE  SUN  ELECTRICAL  CO.,  LTD., 


uS  ' 


Telegrams  - 
"SECABILIS 
LONDON.' 

Telephone— 

,2291 
GERRARD  { ,,99 


118-120,    CHARING    CROSS     ROAD, 

LONDON,   W.C. 


1)0   KlUIWll 


witli  accuiacv  before- 


Tlie.se  motors.  Ijcing  i)urely  of  an  induction  type,  and  important  that  this  .shoidi 

having  a  high  efficiency  and  power  factor,  will  not,  it  is  liand.* 

claimed,   cause  any  more  appreciable  fluctuations  of  the  They    develop    at    starting    a])pro.ximately    2i    times 
circuit  voltage  than  a  similar  load  of  incandescent  lamps 


Fig.  3. — 2  H.P.  Motor  driving  Soda  Water  Carbonator. 


Fig.  4. — Slow-speed  Motor  connected  to  Organ  Blower. 


installed  at  the  same  ])oint,  provided  the  transformer  is  full   load   torque,  and   take  approximately   '1\    times  the 

one  having  a  good  regulation  on  an  inductive  load.  fuU  load  current,  but  by  the  time  the  motor  hat!  reached 

The  adjustment  of  the  governor  .spring  mentioned  above  .^7^;            I       Tl     1  ,„,   1    .,.  f,,iu,  ..,.,.„i,i.>  .,f  imiKtin.r  .m  to 

depends  on  the  irequency  01  the  cu'cuit,  auu  it  is,  theruiore,  spcca  a  luad  einuil  to  l|  tiiucs  their  uormul  rated  cmmciiy. 
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THE 


CONTA  UNIVERSAL 

=  ARC  LAMP  = 


WITHOUl  CLOCKWORK. 


Self  regulating.  Circular  Carbons. 
Can  be  converted  from  Continuous 
to  Alternating  Current  and  vice 
versa,  the  same  carbons  serving 
without  alteration.  The  Conta 
Lamp  is  the  Best  and  the  Cheapest. 

HELIA    Economical    Lamps,   tot;illy 

enclosed,     60     lioiiis     with     one 

triiuiuinj,''. 
RECINULA  MINIATURE  Lamps,  totallv 

eiu-lM-L-,1.     30     li.Hiis     with     une 

ti  imniiiiL:. 
RECINA  Arc  Lamps,  300  lioms  with 

nlu-  iriliiluill-.  tiit.-illy  CMcloscil. 
REBOFA  Flame  Lamp,  3  m  6  in  sei  ics, 

ARC  LAMPS  for  any 
SPECIAL  PURPOSE, 

-,^     "  For  INDIRECT  or  DIRECT  LIGHTING. 

Cdtdlugiu'S  sent  oil    (i]i}>lic,(it:iJi. 

REGINA  ARC  LAMP  WORKS,  Ltd. 

COLOGNE-SiJIz,   Germany. 


\  .speed  tlie  tor()iie  will  have  iiineased  to  apprdxiniatelv 
five  tiiiie.s  full-load  tonjue  and  llie  current  decreases 
to  double  the  full  load  current.  From  that  speed  both 
torque  and  current  fiiadually  drop  as  the  speed  in- 
creases. The  starting  t()r(iue  and  current  may  be  mate- 
rially reduced  by  varying  the  position  of  the  l)rushes  on  the 
commutator  relative  to  the  field.  It  is  claimed  that  these 
constant  speed  motors  are  adapted  to  the  operation  of  all 
machinery  retjuiring  frecjuent  stopping  or  .speed  varia- 
tion of  the  motor.  Jn  cases  where  it  is  necessarv  to  alter 
the  speed,  or  to  stoj)  and  start  the  motor  frecjuently,  the 
installation  of  tight  and  loose  pulleys  is  recommended,  and 
the  motor  should  then  be  allowed  to  run  continuously. 
Flywheels  .should  be  ])rovided  where  frequent  overloads 
are  placed  on  the  motors.  These  motois  can  be  equally 
well  run  on  one-phase  of  a  two  or  three-phase  circuit  as 
on  an  ordinary  single-phase  circuit,  and  it  is  claimed  that  in 
this  case  they  do  not  create  so  much  disturbance  in  starting 
as  with  an  ordinary  three-phase  induction  motor. 

The  illustrations  given  herewitli  indicate  sufficiently  the 
form  of  construction  employed  by  the  Century  Electric  Co. 
It  will  be  noted  that  these  motors  are  well  protected,  and 
at  the  same  time  sufficiently  ventilated  to  permit  of  the 
motor  carrying  heavy  loads  continuonsly  without  an 
abnormal  temperature  rise.  The  very  best  material  and 
workmanship  are  employed  in  their  construction,  and  all 
parts  will  be  found  of  heavy  design  for  their  rated  capacity. 
The  bearings  are  excejitionally  large,  the  best  phosphor 
bronze  being  used  in  their  construction,  and  the  oil  wells 
are  of  ample  capacity  to  hold  sufficient  oil  for  several  weeks' 
run,  and  are  of  such  design  as  to  prevent  the  possibilitv  of 
"  pumping  "  oil  out  of  the  bearings.  The  shafts  will  be 
found  of  sufficient  size  for  the  most  severe  service,  and  are 


finished  in  a  grinder.  These  motors  can  be  mounted  on 
the  side  wall  or  ceiling,  by  turning  the  end  plates  90  deg. 
or  ISOdeg.,  to  keep  the  oil  wells  in  a  vertical  position. 
A'ertical,  enclosed  and  reversible  motors  are  also  supplied, 
while  varying  speed  is  obtained  by  alt(M-ing  a  resistance  in 
the  field  circuit. 

It  will  be  seen  from  the  above  that  this  type  of  motor  is 
linding  a  wide  application  in  the  United  State.5  for  indus- 
1  lial  work.  Tn  many  ways  no  doubt  its  use  is  an  advantage, 
and  where  a  constant  speed  is  desired  or  is  nece.ssarv,  it 
.should  l)e  exceedingly  nseful. 

Tlie  Adnil  Electric  Co.  are  the  sole  agents  for  Century 
mo:ois  in  Enro])e.  and  carry  a  stock  in  London.  Further 
tiaiticulais  of  eiiuiiiment  inav  1k'  obtained  fro.ii  this  fi  ni. 


Qerlikon  Dpnamos  and  rRotors 
for  Small  Ouiputs 

BOTH   the    dynamo    and    motor   have  of  recent  vears 
iiecome  such  standardised  machines  that  one  is  apt 
to  think  that  their  ])roduction  is  more  or  less  auto- 
matic, and  to  forget  the  care  which  must  of  necessity  be 
expended  in  their  design  and  iiKuinla.cture.     That  care  is 


Fig.  l.-Oiilikon  D.C.  St.indard  Motor. 

ex])ended  thei'e  is  no  reason  to  doubt.  In  confirmation  (jI 
which  statement  we  may  call  attention  to  the  machines  built 
at  the  Oerlikon  works,  whose  London  offices  are  at  Oswal- 
destre  House,  Norfolk-street.  Strand, W.I,'.,  the  manager  be- 
ing Mr.  G.  Wuthrich,  and  which  are  designed  in  accordance 
with  the  mo.st  recent  experience,  and  the  latest  develop- 
ments and  principles  of  construction.  The  efficiencies  of 
these  machines  are  very  high  throughout,  and  the  overload 
(•apacity  is  considerable,  whilst  the  temperature  rise  is  kept 
within  very  reasonable  figures.  The  design  of  the  machines 
can  claim  also  to  satisfy  all  recjuirements  from  the  a-sthetic 
point  of  view.  Special  attention  has  been  paid  to  the  inter- 
changeability  of  all  the  parts  of  the  machines,  all  having 
been  manufactured  to  limit  gauges.  The  stores  are  so 
etpiipped  as  to  be  capable  of  supplying  spare  materials  and 
of  replacing  any  parts  at  a  moment's  notice,  with  the  positive 
assurance  that  they  will  fit  properly. 

All  Oerlikon  direct-current  dynamos  and  motors  of  small 
output  capacity  have  a  frame  of  cast  steel,  to  which  the 
laminated  magnet  poles  are  bolted  by  means  of  steel  screws. 
The  terminal  block  is  fitted  to  the  top  of  the  frame  and  the 
terminals  are  protected.     Ventilation  slots  on  both  sides  of 
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HOPE^S     PATENT     ^^UNIT'^     SYSTEM 


I  Applied  for) 

for  Iron=clad  Power  Distribution  Fuse  Boxes. 


Write  for  New  List  and  Parliculars. 


isaer- 

A  It  C-  ■  ///'/       HOPE'S    PATEKT    V,'// 

All  Sizes  ■  <///,  „,  ,«  till' 

from  I         '///'     "UNIT"  SYSTEM    ly/. 

Stock.  ■         //»  I         ,  ■  ■  -  - 

PARMITER,  HOPE  &  SUGDEN,   ""  Manchester!''' 


the  frame  permit  proper  air  dratigiits  to  pass  tlirmigh  the 
macliine. 

The  shield  bearings  are  of  specially  robust  design,  and  are 
so  arranged  that  they  can  be  turned  round  OU  deg.  or 
180  deg.  for  the  ptirpose  of  facilitating  the  erection  of  the 


Fie.  ?.— Ventilated  Enclcsed  DC.  Motor. 

machine  either  on  a  bracket,  on  the  wall,  or  on  the  ceiling  of  a 
workroom.  The  bearings  are  equipped  with  lubricating 
rings.  The  smaller  machines  have  brasses  of  phos))hor- 
bronze  and  the  larger  machines  of  cast  iron  lined  with  anti- 
friction metal.  Proper  access  to  the  brasses  and  to  the 
lubricating  rings  is  provided  for. 

The  field  coils  are  former  wound,  and  carefully  insulated 
from  the  fraiiie  bv  means  of  well-made  insulation  cvlinders. 


Fig.  3.— Oerlikon   Motor  gcncr.itor. 

and  the  armature  coils-  according  to  the  voltage  either  wire 
or  bar  wouitd — are  also  former  wound  and  well  insulated. 
They  are  embedded  in  open  slots.  Snnill  machines  are 
generally  equipped  with  series  windings,  whilst  larger 
machines  for  low  voltage  have  ])aral!el  windings.  'I'iie  press 
rin£s  of  the  armatures  are  fitted  with  ventilators  to  enstu-e 


proper  cooling  of  all  jjarts  of  the  machine.  The  commutator 
is  built  up  of  segments  of  hard-drawn  copper  insulated  from 
the  bush  by  means  of  mica.  The  degree  of  hardness  of  the 
mica  is  such  that  its  wear  and  that  of  the  commutator  copper 
exactly  correspond,  thereby  ensuring  that  +he  commutators 
run  always  true  and  smooth.  The  brush-holder  ring  is  cen- 
trally arranged  with  the  bearings  so  that  it  can  be  adjusted. 

x\ll  machines,  either  of  the  series,  shunt-wound  or  com- 
pound-wound ty{)e,  rumiing  either  as  generators  or  motors, 
at  all  loads  between  no  load  and  full  load,  run  absolutely 
sparkless  without  shifting  of  the  brushes.  Normally  the 
machines  have  an  open  magnet  frame.  Wherever  it  is 
necessary  to  have  the  machines  made  splash  and  rainproof, 
the  enclosed  ventilated  type  of  machine  is  employed.  The 
openings  in  the  frame  and  in  the  end  shields  are  closed  Vjy 
means  of  well-finished  perforated  sheet-iron  cover.?,  so  as  to 
provide  the  cooling  air  proper  passage  through  the  machine. 


Fig.  4- —Ventilated  Enclosed 
Tlirce  phase  Motor. 


Fig.  5.— Three-phase  Motor 
with  Short-circuit  Rotor. 


The  totalK-  enclosed  motors  are  biiill  al  .special  request  for 
mining  purposes,  or  for  industries  where  the  machines  have 
either  to  be  submerged  in  water  or  where  the  risk  of  fire  has 
to  be  specially  guarded  against. 

As  regards  overload  capacity,  temperature  rise  and  insula- 
tion, the  Oerlikon  machines  are  designed  on  the  most  liberal 
lines  and  satisfy  the  rei|uirements  of  the  rules  of  all  Briti.sh 
Corporation  engiiu>ers  as  well  as  those  of  tlie  Institution  of 
I'jlectrical  Engineers.  As  a  rule,  the  t)erlikon  machines 
show  a  teini)erature  rise  of  alxnit  -'i^'F.  to  iO  F.  oi\  the  iron 
parts,  and  .'iti^F.  to  .11  F.  on  the  windings,  and  about  ")1"F. 
on  the  connnutator,  although  engineers  generally  agree  that 
much  higher  rises  are  permissible.  For  this  rea.son  it  is  clear 
that  the  overload  capacity  of  the  Oerlikon  machines  is  in- 
variably very  considerable. 

For  starting  up  direct-current  motors  the.  Oerlikon  Co. 
builds,  arroiding  to  the  industry  for  which  the  machines 
aie  to  lie  used,  eitlicr  metallic  starters  or  starters  immersed 
in  oil.     The  nicial  starters  are  tniilt  into  :>  east-iron  cashia. 
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and  the  lesistancc  material,  of  a  verv  hiuli  temju'iatiiio 
coefficient,  is  insulated  from  the  frame  by  means  of  porcelain 
insulators.  The  .switch  contacts,  according  to  the  voltage, 
are  either  mounted  on  slate,  marble  or  other  efficient  insu- 
lating material.  The  oil-immersed  starters  are  dust  and 
watertight,  and  the  resistance  material  is  completely  im- 
mersed in  oil.  The  contact  switch  and  the  resistance  seg- 
ments are  fixed  to  the  cover  of  the  ca.se.  so  that  ca.sv  dis- 


Fig.  b.     Examples  ot  Oe 


r 

ken  Molor  Stj 


mantling  is  ensured.  The  oil  starters  are  of  special  advan- 
tage for  fixing  in  damp  roams,  and  on  account  of  their 
compact  design  they  require  relatively  very  little  space,  a 
feature  to  commend  them  to  users.  The  generated  heat 
is  at  once  transferred  to  the  oil,  whilst  the  transference  of  the 
heat  to  the  air  by  radiation  is  rather  slow.  For  this  reason 
ordinary  oil-immersed  starters  are  specially  adaptable  for 
motors  which  are  not  started  oftener  than,  say,  five  times  an 
houi'.  For  intermittent  working  and  repeated  starting 
special  starters  are  built  to  satisfy  the  ref[uirenients  of  all 
industiies.  They  can  be  built  to  start  the  machines  either 
.against  full  load,  half  load  or  one-third  load  as  desired.  For 
intermittent  working,  however,  the  starters  are  invariably 
built  to  run  up  the  machines  on  full  load. 

The  same  general  idea  as  that  outlined  above  for  direct- 
current  machines  is  also  followed  in  the  ca.se  of  asynchronous 
motors  for  single,  two  or  three-])hase  circuits.     Both  squirrel 
cage  or  wound  rotors  can  be  supplied,  and  in  the  latter  ca-e 
a  special  short-circuiting  and  bru.sh-lifting  device  is  fitted. 
The  special  fcatuie  of  this  device  is  that  the 
contac      poles,    which    represent    the    links 
between  the    rotor  windings  and  slip-rings, 
cmain  in  a  fixed    position,  whilst    the  slip- 
lings    and   brushes  can  be  shifted  in  such  a 
manner  that  the  outer  slip-ring  short-circuits 
the    contacts.       The   short-circuiting  of  tlir 
rotor  windings  and  the  lifting  of  the  biuslics 
aredoneby  means  of  one  level',  and  the  starting 
up  of   the  machine  is,  therefore,    extreincK 
sim])le. 

'J'he  acconijianying  illustrations  give  a  good 
idea  of  the  general  appearance  of  lli^ 
(Jerlikon  motors  and  other  apparatus. 


rnotor=DriDcii  Boriiifl  ana 
Curnliifl  rRill 

IT  is  becoming  more  and  more  recognised  every  day 
that  by  employing  the  electric  drive  great  economies 
can  be  effected  in  machine  shops,  aud  this  is 
especially  the  case  in  those  shops  where  extra  largo 
machines  are  erected.  In  such  cases  a  motor  is  direct 
coupled  to  the  machine,  which  thus  forms  a  complete  unit 
by  itself. 

IMessrs.  George  IJichards  I't  Co.,  of  Broadheath, 
have  long  made  a  speciality  of  manufacturing  machine 
tools  of  many  kinds.  An  interesting  machine  made 
by  them  is  shown  in  the  accompanying  illustration 
It  consists  of  an  8  ft.  boring  and  turning  mill,  and  is 
illustrative  of  all  sizes  of  Eichards'  mills  which  are 
arranged  for  the  motor  drive.  The  motor  is  mounted  on 
an  extension  bed,  cast  to  the  driving  head-stock  bracket, 
and  the  drive  fioni  the  motor  to  the  machine  can  be 
liy  either  silent  driving  chain  or  spur  gearing,  as  desireil. 
Intermediate  gear  is  provided  so  as  to  give  two  sjieeds  to 
tlie  tlriving  siiaft  of  the  machine  to  anj'  one  speed  of  the 
nioLor,  thus  reducing  the  speed  variation  in  the  motor  that 
would  otherwise  be  required,  and  forming,  it  is  claimed,  a 
\ery  eiticient  drive.  The  weighted  lever  shown  in  the 
illustration  is  the  one  for  operating  the  intermediate  gear, 
and    one    movement    of    this    lever    engages    one    wheel 


Richards'  Boring  and  Turning  Mill. 


BRITISH  ENGINE,  BOILER  &  ELECTRICAL  INSURANCE 

HiiulOfficr:   12.  King  St..  Munehi-stei:      Loriduii :  49.  Qinrii  VIcturia  St.      Glnaquui  :  65.  Rciifirlcl  St.  CO       LTD 

IVrwuistle:  2.  Nmill:!  St.     Cardiff :  fl.  St.  Juhn  St.     Biimimjimm  :  3.  Nvui  Stnit.  ww.,    »  .  ^. 

CHIEF  ENa.EhR:  MICHAEL  LONGRIDGE,  m.a.  m.ice.m.ime.      ^'■'- ''"'""" ''i^^^'r-^^^'l,^^^-'-- ■•--'■-■-■ 

DYNAMOS,  MOTORS,  ENGINES.  BOILERS.  LIFTS.  &c..  INSURED,  inspected  and  tested. 

PLANS    AND    SPECIFICATIONS    PREPARED.  SUPERVISION    DURING    CONSTRUCTION. 

Installations  Supervised.     Consulting  l.n^inecring  in  above  JJepartments. 


153 


SUPPLEMENT  to  "The  Electrician.-  September  17.  1909. 


THE  MORDEY-FRICKER 
ELECTRICITY  METER  Cfe 

LIMITED, 

82,  Victoria  Street,  Westminster,  S.  W. 

Iflcphoiir  :  222  Victoria.     Telegrmns  :  "  Siiadowlkss  London." 


PREPAYMENT 
METERS 

FOE 

DIRECT  CURRENT. 


APPROVED  BY 
THE  BOARD  OF  TRADE. 


SIMPLE,    CHEAP,    ACCURATE. 

For  Pennies,  Sixpences,  or  Shillings. 

THOUSANDS  IN  USE. 


at  the  same  time  as  it  disengages  the  other,  and  r!xr 
versa.  It  is  therefore  impossible  for  any  accident  to  occur, 
as  both  wheels  cannot  be  in  gear  at  the  same  time.  The 
gearing  nearest  tlie  motor  is  the  ordinary  liack  gear,  and  a 
range  of  six  speeds  is  given  to  the  table  through  tiie  gear- 
ing alone.  A  variable  speed  motor  with  a  reduction  in 
speed  of  2  to  1  is  recommended  for  use  with  tliis  machine, 
as  it  provides  a  full  range  of  speeds. 

The  elevating  motion  to  the  cross  slide  is  driven  fruni 
the  same  motor,  a  chain  pinion  being  placed  on  the  opposite 
end  of  the  shaft  and  tlie  drive  tlirough  chain,  horizontal 
shaft  bevel  gears  and  vertical  shaft  connected  to  the 
elevating  motion  at  tlie  top  of  niaciiine. 


Siemens  ContinuousCumnt 
VariableSpcea  rRoior$>  >  . 

THK  continuous-current  variable-speed  motors  manu- 
i'actnred  by  Messrs.  Siemens  JSros.  Dynamo  Works 
are  in  all  cases  fitted  with  conunutation  poles ; 
while  furtlier  to  reduce  the  distortion  of  the  Held  and  to 
ensure  sparkh'ss  connnutation  at  all  loads,  a  long  air-gaji 
is  provided.  For  wide  speed  variations  compound  winding 
IS  adopted. 

All  standard  machines  are  capable  of  giving  2Z<  percent, 
overload  foi  half  an  hour,  or  50  percent,  for  three  minutes, 
and  run  practically  sparklcssly  at  all  loads  from  no  load  to 
full  load  with  li.xed  position  of  brushes.  Under  nornuil 
condit  ons  the  temperature  rise  for  protected  type  motore 


STEAM  TURBINES. 
GENERATORS. 


TRANSFORMERS. 


SWITCHBOARDS. 
ELECTROLYSERS. 


OERLIKON 

D.C. 
SINGLE  AND  MULTIPHASE  A.C. 

MOTORS 

For  All  Industrial  Purposes, 
THREE-PHASE  VARIABLE  SPEED  MOTORS. 


eOMPLETE     ELESTRienL     EQUIPMENTS    for 

CKNTRAI.  STATIONS,  TRACTION,  MiNINO,  HAl  LAOE  CRANE 
PLANTS,  WOOnVVORKINQ,  TB.XTILB  MACHINERY,  ROLLING 
MILLS,  SAW  MILLS,  PLANING  MILLS,  MACHINE  TOOLS 

ELECTRIC   DRILLS.    ELECTRIC   HOISTS. 
ELECTRO   HYDRAULIC    RIVETING    MACHINES. 
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r    uniTURIfU    CHIEF  ENGINEER      OSWALDESTRE  HOUSE, 
"■  ^^^  '  nnion,       ,„„  MANAGER,    NORFOLK  STREET,  STRAND,  LONDON,  W.C. 
Tel.  Address:  " Oerlik  London."     Telephone  No. :  4167  Gerrard. 


Agents  for  Scotland  :  Messrs.  W.  B.  &  J.  Baio,  65,  Waterloo  St.,  Glasgow 


does  not  e.Kceed  70  F.,  and  SOvF.  in  the  case  of  the  venti- 
lated type.  The  power  is  transmitted  either  by  direct 
coupling  or  by  belt  or  toothed  gearing.  Fig.  1  illustrates 
a  standard  protected  type  motor  for  direct  or  belt  driving, 
and  in  Fig.  2  is  shown  a  ventilated  type  motor  fitted  with 
reduction  gearing. 

As  an  example  of  a  motor  of  large  size  with  wide  speed 
\ariation  may  be  mentioned  a  1 00  ii.H.i'.  motor  working  at 


F^- 


Fij.  I.— Siemens  Protected  Type  Moto-. 

a.  pressure  of  fiOO  \  olts  and  having  a  si)eed  regulation  from 
LOO  to  GOO  revs,  per  niin.  This  machine  is  of  the  venti- 
liited  type,  fitted  with  gauze  covers.  The  speed  variation 
is  obtained  by  shunt  control,  ami  tlie  motor  is  perfectly 
stable  and  absolutely  sparkless  uiulor  all  conditions  from 
no  load  to  100  per  cent,  overload.  At  the  end  of  a  five 
hours'  run  at  full  load  at  a  speed  of  ;>oO  revs,  per  min.  the 
maximum  tem|H'rature  rise  in  no  part  exceeded  SIF.,  and 
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after  six  liours'  full  lewd  at  the  lugliest  and  lowest  speed 
the  temperature!  was  (piile  within  normal  limits. 

Fig.  o  is  an  illustration  of  a  .Siemens  class  F.C.  motor  

driving  a  high-speed  lathe  with  18  in.  centre.     This  motor  *% 

develops    ?.5  H.r.  at  a  pressure  of  .^lOO  volts,  the    power  IjUSlnCSS 

being  transmitted  tliiough  reduction  gearing.     The  motor  - 


IRetDods  of  Generating 


Siemens  Ventilated  Motor,  with  Reducllcn  Gearing. 


speed  can  be  regulated  from  400  to  1,400  revs,  per  min.  by 
a  rheostat  with  20  steps,  and  the  face-plate  can,  by  means 
of  change  gears,  be  run  at  two  speeds  for  each  motor  speed, 
so  that  the  face-plate  can  be  run  at  .52  ditferent  speeds 
ranging  from  4'5  to  58  revs,  per  min.  The  motor  is  fixed 
on  an  extension  of  the  lathe  bed,  and  is  readily  accessible 
for  inspection,  oiling,  &c. 


Fig.  3. — Siemens  Motor  and  High-Speed  Lathe 


TH(JU(UI  at  the  time  of  writing  meteorological  con- 
ditions would  seem  to  indicate  that  summer  has 
taken  its  final  departure,  yet  we  are  not  without 
hiipes  that  there  is  still  some  fine  weather  in  store  for  us, 
and  that  we  have  yet  time  to  consider  and  con.solidate  our 
policy  for  the  winter  months ;  during  which  it  is  to  be 
hoped  an  increased  demand  for  lighting,  heating,  and  cook- 
ing apparatus  will  do  mucii  to  bring  about  an  improved 
state  of  things  in  the  industry. 

The  legal  restrictions  against  hiring  out  of  apparatus  do 
not  prevent  a  supply  undertaking  from  inaugurating  a 
suitable  publicity  department  or  from  opening  a  show  room 
where  the  apparatus  of  approved  makers  could  be  exhibited 
in  actual  working  order.  Having  instituted  such  a  show 
room,  engaged  a  man  who  can  give  imformation  intelli- 
gently, and  ensured  that  only  the  best  material  shall  be 
used,  the  sui)ply  authority  can  do  little  more  in  the  purely 
commercial  direction,  e.xcept  that  it  might  easily  get  into 
closer  touch  with  contractors,  with  a  view  to  setting  on 
foot  closer  working  arrangements  than  e.xist  at  present, 
and  a  discontinuance  of  anything  in  the  shape  of  the  Kil- 
kenny-cat policy  which  is  now  too  often  pursued  with  dis- 
astrous results  for  the  industry  in  general.  Legislative 
operations  have  already  produced  a  bad  enough  effect  on 
the  growth  of  the  industry,  without  it  being  made  any 
worse  by  internal  strife  or  by  the  arrogation  to  themselves 
by  supply  authorities  of  work  which  truly  lies  oritside 
their  province.  This  is  certainly  a  matter  worth  considering. 
On  the  other  Iiand.the  electrical  con- 
tractor in  general  might,  we  feel  sure, 
do  much  more  than  he  is  doing  at  pre- 
sent by  liringing  before  the  general 
public  the  benefits  of  electricity  for 
heating  and  cooking;  and,  having  ac- 
quainted them  with  these  benefits, 
consolidate  the  position  by  improving 
the  design  of  tlie  apparatus,  botli  by 
introducing  details  which  his  own  ex- 
perience tells  him  are  necessary  and  by 
adopting  ideas  which  his  customers  may 
let  I'all,  as  regards  the  purely  domestic 
side  with  which  they  are  not  unlikely 
better  ac(juai'.itcd  than  he. 


GLUHFADENFABRIK   AARAU,  Ltd., 
ordinary  Carb.:  """""  "  '"""  '"m^^  «*««"■  S"'-'-' 
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SAM   FAY,  General  Manager. 


Wc  cauuuL  see,  for  iustmice,  wliere  the  supply  authority 
IS  debarred  iioui  hiring  or  selling  apparatus  why  a  con- 
tractor should  not  take  the  matter  up.  Shopkeepers  in 
other  lirmielies  of  industrial  work  do  advance  so  far  and 
even  meet  their  uncapitalised  customers  by  instituting 
hire-purcliase  or  pay-by -instalment  systems.  In  such  cases, 
however,  it  should  not  be  forgotten  that  a  pioneer  struggle 
is  being  undertaken  in  what  is  not  seldom  an  enemy's 
country,  and  that  every  allowance  should  be  made  for  the 
awe  in  which  electrical  questions  are  held  and  the  mystery 
which  surrounds  the  apparatus  in  the  eyes  of  the  uninitiated. 
Care  should  therefore  be  taken  that  all  apparatus  sold  is 
suitable  for  the  work  it  has  to  do,  while  the  consumer 
should  have  a  clear  idea  of  what  the  operation  of  the  equip- 
ment will  cost  him.  It  would  be  better,  in  fact,  to  over- 
state than  understate  the  case,  for  while  the  latter  method 
may  liring  a  new  consumer  on  the  mains  he  is  more  than 
likely  on  receiving  his  first  quarter's  bill  to  go  olf  in  high 
dudgeon.  On  the  other  hand,  should  the  bill  come  to  less 
than  he  expected,  the  resultant  good  humour  is  all  to  the 
benefit  of  the  electrical  cause  and  may  not  improbably  lead 
to  fresh  consumers.  If  articles  are  hired  out  by  contractors, 
it  should  be  distinctly  understood  by  the  consumer  that 
the  price  paid  inc'udes  all  repairs  and  renewals,  an  under- 
taking that  should  be  loyally  observed.  It  is  improbable 
that  much  wilful  damage  will  be  done,  but  even  in  this  case 
as  long  as  the  operation  is  not  too  often  repeated,  it  is  worth 
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while  to  do  repairs  free.  Moreover,  when  .slight  defects 
arise  in  the  apparatus  or  parts  wear  out,  care  should  lie 
taken  that  these  details  are  immediately  put  right  without 
expense  to  the  consumer. 

The  instalment  or  hire-purchase  system,  too,  seems  to 
offer  a  distinct  opening  for  the  further  propagation  of  elec- 
trical apparatus.  For  the  benefits  thus  obtainable  are 
made  evident  at  a  very  small  cost,  and  their  advantages  can 
be  disseminated  through  a  larger  proportion  of  the  popula- 
tion. We  cannot  help  thinking  that  a  Ijusiness  of  this 
Idnd  carried  on  on  commercial  principles,  and  less  with  the 
idea  of  making  large  profits  than  of  setting  the  industry  on 
a  firm  foundation,  would  lead  to  ultimate  succe.ss.  Electric 
heating  in  general  is  essentially  a  new  problem  and  must 
be  tackled  as  such.  New  ideas  must  be  formed  and  new 
apparatus  designed  in  order  that  advantage  may  be  taken 
of  the  system  to  tlie  fullest  e.xtent  and  a  hard  and  winning 
tight  put  u]i  against  its  competitors. 
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READY  in  a  fev\/  days. 


A    GREAT    NEW    WORK 


By  PHILIP  DAWSON,  M.Inst.C.E.,  M.I.E.E.,  M.I.Mech.E. 

Author  of  "  Electric  Tramways  and  Railways"  and  "  The  Engineering  and  Electric  Traction  Pocket  Book." 

This  book  deals  entirely  with  the  appli'-ation  of  electric  traction  to  railways,  as  distinguished  from  tramways.  .Ml  llie 
calculations  necessary  to  determine  the  size  and  type  of  motor  required  undei-  any  given  circumstances  are  carefully  gone  into. 
and  are  such  as  are  used  in  actual  practice.  The  im|)ortant  question  of  the  calculation  of  motor-driven  axles  is  also  considered 
in  detail,  and  a  com|)lete  example  worked  out.  The  impedance  of  single-phase  lines  equipped  with  overhead  conductors  is  carefully 
gone  into,  and  actual  examples  given  to  show  how  any  quantity  can  be  ascertained  beforehand  for  any  given  system.  The  question 
of  the  calculation  and  construction  of  catenary  suspension  for  single-phase  railways  is  fully  worked  out.  and  examples  of  different 
forms  of  construction  given.  An  easy,  simple  and  elementary  theory  of  the  singlo-iihase  motor  has  been  specially  prepared  for 
this  book,  so  as  to  ex])lain.  as  clearly  and  simply  as  ])o.ssible.  the  ]irinci])les  involved  in  its  construction  and  operation.  Sjiecial 
attention  is  given  to  practical  examples  in  connection  with  the  construction  of  trucks  and  car  bodies.  iVIultiple  unit  control,  both 
for  continuous  and  alternating  currents,  is  fully  gone  into,  and  diagrams  for  all  the  most  important  constructions  are  given,  as  well 
as  illustrations  of  special  details.  Careful  attention  is  given  to  theoretical  and  practical  considerations  in  connection  with  the 
design  and  construction  of  third  rail,  and  all  the  most  important  methods  hitherto  adopted  are  amply  described  and  fully  illus- 
trated. A  chapter  is  devoted  to  electric  locomotives,  both  continuous  and  alternating  current,  designed  for  all  classes  of  service, 
and  this  chapter  is  very  fully  illustrated  with  examples  of  work  actually  carried  out.  A  limited  amount  of  space  is  devoted  to  the 
most  important  and  general  features  connected  with  the  design  and  construction  of  jiower  stations  and  sub-stations,  and  general 
details.  To  the  subject  of  accumulator  traction  for  railways  all  necessary  space  has  been  accorded.  Considerable  attention  is  given 
to  financial  details  and  estimates  as  regards  working  costs,  maintenance  costs,  and  all  the  numerous  financial  details  required  for 
the  successful  operation  of  the  electrified  line.  The  work  has  been  prepared  on  the  basis  that  the  reader  is  acquainted  with  the 
principles  underlying  electrical  engineering  data  as  well  as  with  the  principles  of  railway  construction  and  apparatus,  and  the  book 
is  intended  to  sujiply  that  sjiecial  knowledge,  both  jiractical  and  theoretical,  which  is  essential  to  every  engineer  who  has  either  to 
equi])  iir  njicrate  clcr-trie  railways. 
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This  manual  will  cover  the  enlae  field  of  mining  work  in  collieries,  ()uarries.  &c.,  where  shot  firing  is  an  essential  part  of  the 
oi)erations.  The  work  has  been  specially  prepared  in  the  popular  Question  and  Answer  setting  as  a  Guide  Book  for  the  use  of 
Colliery  Managers,  .Mining  Students,  Underground  Oflieials,  Quarry  Owners  and  all  interested  in  the  safe  application  of  Explosives. 
'  The  Shot-fircr"s  (Juide  "  contains  references  to  the  latest  researches  into  the  Coal  Dust  question,  including  Dr.  Henry  Payne's 
Fajjer  Ijefore  the  Coal  .Mining  Institute  of  America,  Dr.  Snell's  Presidential  Address  to  the  British  Medical  As.sociation.  and  the 
E.xperiments  that  are  being  carried  out  by  the  Mining  Association  of  (ireat  Britain  at  .Altofts.  Such  a  book  will  be  indispensable 
alike  to  busy  mine  managers,  whose  rca<ling  time  is  limited,  and  to  students  and  workmen  who  realise  the  necessity  for  making 
them.selves  thoroughly  au  fait  with  one  of  tlie  most  difficult  of  raining  i)roblems.  A  Collection  of  Examination  Questions  relating 
to  Shot -firing  is  a|)pendcd. 
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Tramway  Matters. 

In  his  presidential  address  to  the  jMunicipal  Tramways 
Association,  Mr.  A.  L.  C.  Fell  dealt  with  a  miinber  of 
interesting  tramway  questions.  Considering  the  constant 
competition  iu  Loudon  between  tramears  and  motor 
omnibuses,  it  is  not  u)inatural  tliat  he  sliould  toueh  upon 
the  question  of  maintenance  of  paving  by  ti'amway  autliori- 
ties  and  the  paying  of  rates  on  the  earning  capacity  of  the 
lines.  Tliere  is  certainly  much  to  be  said  in  favour  of  Mr. 
Fkll's  contention  that  all  forins  of  pulilie  carringes  siiould 
bear  a  share  of  the  cost  of  maintenance  of  thoroughfares.  At 
present  the  owners  of  omnibuses  simply  have  to  pay  rates 
on  the  rateable  value  of  stables  or  depots,  whereas  the  tram- 
way undertaking,  in  addition  to  bearing  the  first  cost  and 
maintenance  of  the  paving,  has  to  pay  rates  based  on  prac- 
tically the  earning  capacity  of  the  line. 


It  must  be  remembered,  however,  that  in  an-iving  at 
the  rateable  value  of  a  tramway  an  allowance  is  made  for 
repairs  (including  track),  renewals,  insurance,  &c.,  so  that 
the  net  rateable  value  is  only  a  small  proportion  of  the  net 
receipts  ;  and  against  tliis  chai'ge  must  be  set  the  special 
privileges  granted  to  the  tramway  authority.  In  con- 
sidering the  best  use  of  a  thoiougbfare,  the  opinion  is 
expressed  that  the  in.stallation  of  a  tramway  does  not 
increase  the  congestion  in  tlie  street,  and  a  very  favour- 
able case  is  made  (lut  for  the  tramcai',  as  compared  with  the 
motor  omnibus,  in  regard  to  the  space  it  takes  up.  We 
think  that  this  section  of  the  address  includes  a  little 
special  pleading,  but  considering  that  Mr.  Fell  looks  for- 
ward to  the  time  when  tramways  will  predominate,  and 
when  only  "  rare  specimens  of  an  extraordinary  vehicle 
which  was  called  a  motor  omnibus  will  be  found  in  >South 
Kensington  Museum,"  ditliculties  as  to  competition  will, 
no  douljt,  .slowly  cease  to  exist.  In  these  days  of  friendly 
competition  between  undertakings  of  the  same  kind  it 
would,  no  doubt,  be  a  very  great  advantage  for  otttcials  to 
become  fairly  familiar  with  undertakings  other  than  their 
own,  and  we  do  not  doubt  that  )nuch  benefit  would  result 
by  faciliti  .s  i)eing  given  to  ofticlals  to  inspect  other  under- 
takings, as  suggested  by  Mr.  Fell.  We  hope  that  this 
suggestion  will  bear  fruit.  Among  the  many  subjects  on 
which  opinions  differ  must  be  included  the  use  of  trailer 
car.s.  Apparently,  most  tramway  managers  prefer  the 
double-deck  car  now  so  generally  used,  but,  nevertheless, 
there  is  a  large  minority  who  hold  that  the  use  of  trailers 
would  facilitate  the  handling  of  traffic  during  rush  hours. 
It  is  interesting  to  note  that  Mr.  Fell  is  a  strong  believer 
in  trailers,  and  before  long  we  shall  have  the  opportu- 
nity of  seeing  how  they  work  on  the  lines  of  the  Loudoa 
County  Council. 

Single  deck  v.  Double-deck  Tramcars. 

The  Paper  lead  bj-  Mr.  A.  K.  Feaunlev,  manager  of  the 
.Siieilield  Corporation  Tramways,  at  the  Coufereuoe  of  the 
]\Iunicipal  Tramways  Association  this  week,  gives  au  in- 
teresting comparison  of  electric  tramway  practice  iu  this 
country  and  on  the  Continent.  The  main  features  in  which 
our  tramways  dilfer  from  tho.se  abroad  are  well  known  to 
engineers  in  this  country,  but  the  author's  detailed  analysis 
of  the  advantages  and  disadvantages  of  tlie  dilVerent 
methods  adopted  should  prove  valuable.  This  applies 
particularly  to  the  use  of  single-deck  cars  on  the  Continent 
and  double-deck  cars  iu  this  country.  Tlic  present  almost 
Unix e)sal  adoption  of  double-deck  cars  in  Great  lU-itaiu, 
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in  striking  contrast  with  tramway  practice  all  over  the 
world,  would  seem,  however,  to  be  justified  on  all 
grounds.  In  this  connection  it  is  surprising  to  learn  that 
the  latest  type  of  single-deck  car  being  used  in  Vienna 
actually  weighs  over  12  tons  and  provides  seats  for  only 
26  passengers,  whereas  the  standard  double-deck  car  in 
this  country  weighs  about  11  tons  and  furnishes  seating 
accommodation  for  56  persons.  The  striking  dift'erence 
between  these  figures  is  largely  accounted  for,  however,  by 
the  fact  that  in  the  case  of  tlie  Vienna  cars  24  passengers 
are  allowed  to  stand,  so  that  ])ro\ision  has  to  be  made  in 
designing  the  cars  for  this  additional  load.  Although  by 
no  means  in  fiivour  of  over-crowding,  we  tliink  that  the 
present  stringent  regulations  on  the  London  County  Council 
and  other  tramways,  in  regard  to  carrying  passengers  for 
whom  seats  are  not  provided,  might  be  somewhat  relaxed 
where  there  is  definite  standing  room.  The  difficulty  of 
collecting  fares  would  not  be  materially  increased,  and 
might  be  facilitated  by  allowing  passengers  to  obtain 
"  strip  tickets,"  as  is  at  present  the  custom  on  the  "  Tubes." 


The  Overhead  Trolley. 

There  is  little  doubt  that  on  an  electric  tramway  the 
weakest  feature  from  an  cigineering  point  of  view,  and 
one  wliich  cau.ses  much  trouble,  is  the  arrangement  for 
collecting  current.  In  this  country  the  trolley  boom  and 
trolley  wheel  are  almost  universally  employed  in  the  case 
of  overhead  wires,  the  main  exception  being  the  Sheerness 
tramways,  where  a  Siemens  bow  is  used.  On  the  Conti- 
nent, however,  the  bow  coll-ctor  finds  great  favour,  and  it 
cei-tainly  seems  a  mechanical  improvement  on  the  trolley. 
Mr.  A.  It  Fe.vknley,  in  his  Paper  mentioned  above,  supports 
the  claims  of  the  bow  collector,  liut  it  is  noticealile  that  de- 
tails as  to  its  cost  of  operation  are  difficult  to  obtain. 
The  wear  of  the  trolley  wire  should  also  be  taken  into 
account,  since  where  a  rubbing  instead  of  a  rolling  contact 
is  employed  considerable  difference  in  the  amount  of  wear 
might  be  expected.  In  this  connection,  however,  Mr. 
Philii'  Dawson  pointed  out  in  a  recent  article  that  Con- 
tinental engineers  claim  for  the  bow  collector  no  greater 
wear  of  the  overhead  wire  than  where  a  trolley  wheel  is 
used,  some  engineers  even  claiming  less  wear  in  the  case  of 
the  sliding  bow.  As,  however,  it  would  be  difficult  to 
alter  existing  practice  in  this  country,  the  trolley  is  likely 
to  remain  in  favour  on  tramways,  although  in  the  case  of 
railways  the  problem  assumes  a  totally  dillbrent  aspect,  in 
which  foreign  experience  is  likely  to  play  an  important  part. 


Steam  Turbine  Economies. 

A  cLANiE  from  time  to  time  at  our  columns  in  which 
are  given  the  weekly  traffic  receipts  of  tlie  various  electric 
tramways  and  railways  shows  tliat  the  undertakings  asso- 
ciated with  the  Underground  Klectric  Railways  Company 
of  London  are  experiencing  a  jjcriod  of  comparative  pros- 
perity. It  is  not  surprising,  therefore,  tliat  at  the  meeting 
of  the  Underground  Railways  Company  this  week  the  chair- 
man,Sir  EuiiAi!  Speyek, expressed  unqualiticd  satisfaction  at 
the  half-yearly  report  which  was  presented  by  the  directors. 
A  feature  of  the  working  of  these  railways  is  the  reduced  cost 
of  operation  which  is  now  being  recorded.and  from  an  article 
wliich  appears  on  another  page  of  this  issue  it  seems  that 


further  economies,  amounting  to  £;>0,000  per  annum,  are 
to  be  expected  in  the  cost  of  power.  It  must  be  admitted 
that  the  works  costs  at  Lot's-road  generating  station  have 
not,  in  the  past,  been  as  low  as  might  have  been  ex- 
pected, considering  the  size  of  the  undertaking  and  the 
nature  of  the  load  ;  Init  as  the  new  Parsons  turbines  now 
being  installed  consume  only  about  14  lli.  of  steam  per  kilo- 
watt-hour, compared  with  from  20  lb.  to  23  lb.  obtained 
with  the  older  plant,  it  is  evident  that  considerable  im- 
provement in  the  costs  is  likely  to  be  the  result.  This 
advance  indicates  what  rapid  progre.ss  has  been  made  in 
steam  turbines  during  the  last  few  years,  and  akso  serves  to 
draw  attention  once  more  to  the  necessity  for  providing,  in 
connection  with  electricity  supply,  ample  allowances  for 
the  depreciation  and  antiquation  of  plant. 


The  Electrical  Engineers  (London  Division).— Capt.  P.  H. 

Campbell,  K.E.,  has  been  a|)pointed  adjutant  of  this  corps,  and 
has  entered  upon  his  duties. 

American  Institute  of  Electrical  Engineers. — -The  Western 
Electiic  Co.  has  presented  to  the  Hbrary  of  this  institute  a 
most  valuable  addition  in  the  shape  of  a  collection  of  patent 
specifications.  The  gift  constitutes  the  largest  accession  since 
the  original  creation  of  the  lilirary,  and  consists  of  4(Jl  leather- 
bound  volumes  containing  approximately  100,000  spacifica- 
tioiis,  covering  the  period  from  May  30,  1871,  to  December, 
1908.  The  value  of  the  gift  is  estimated  as  nearly  £1,000, 
and  it  is  hoped  that  it  will  stimulate  further  generosity  of  the 
same  kind. 

Combination  of  Reciprocating  Engines  and  Exhaust  Tur- 
bines.— The  question  of  cfl'ccting  economies  in  generating 
jiractice  by  the  connection  of  a  turl)ine  between  the  recipro- 
cating engine  and  its  condenser  is  one  of  great  interest  at  the 
present  time.  A  good  deal  has  been  written  on  the  subject, 
and  much  has  been  done  in  the  installation  of  such  plants,  as 
will  be  gathered  by  perusing  a  very  complete  account  of  this 
work  which  is  given  in  an  article  by  Eugen  Eichel  recently 
publisheil  in  the  "  Elektrische  Kraftbctriebe  und  Bahnen." 
The  author  gives  an  excellent  summary  of  the  present  position 
of  this  work,  both  in  this  country  and  in  the  United  States, 
the  Papers  by  Mr.  A.  S.  Ulackman,  read  before  the  Municip;  1 
Electrical  Association,  and  by  Mr.  H.  W.  Wilson  on  the 
"Electrical  Operation  of  Textile  Factories,"  both  of  which 
have  appeared  inTiiEELEcn'KRi.iN,  being  specially  mentioned. 
Messrs.  Willans  &  Robinson's  work  in  this  direction  is  also 
included. 

Smelting  Titaniferous  Iron  Ores  in  the  Electric  Furnace. — 

In  a  recent  issue  of  the  "  Canadian  Engineer,"  Mr.  B.  F.  Haanel 
gives  some  figures  on  this  subject,  obtained  as  the  result  of 
experiments  made  by  the  Electro-Metals  Co.  The  ore  waa 
from  Wyoming  and  contained  as  high  as  2  per  cent.  TiO,.  The 
principal  figures  are  as  follows  :  Length  of  run  (deducting 
stoppages),  22  hours  45  minutes  ;  meaii  volts  on  furnace,  high- 
tension  side,  10,800,  low-tension  side,  35G ;  mean  amperes  on 
high-tension  side,  25  ;  power  factor,  ()91 ;  power  used,  329  ii.i". ; 
pig-iron  obtained,  3,317  lb.  ;  outputof  pig-iron  per  1,000  E.II.P.- 
days,  504  short  tons ;  electrical  horse-powcryears  per  ton  of 
]iig-iion,  0-543.  The  output  in  pig-iron  per  1,000  ii.l'.-days  for 
this  run  must  not  be  considered  as  the  best  result  that  can  be 
obtained,  as  the  furnace  during  the  first  seven  hours  of  the 
run  operated  badly.  ^To  arrive  at  definite  and  reliable  results 
as  to  output  the  furnace  should  run  continuously  for  at  least 
three  days. 

Cable  Interruptions  and  Repairs. 

Uale  of  Interruption.  Date  of  Repair. 

Tangier— Cadiz May  19,  1909  .,.  Scpt.21,1909 

Tourano -Araoy    JunolT,  1909  .. 

A.ssab— Perim    July    8,1909  ...  — 

Dakar — Conakry    Aug.  19,  1909  ...  — 

Sheik  Seyd—Perim  Sep.  15,  1909  ...  — 
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Personal. — The  Council  of  the  Association  of  Engineers- 
in-Chargc  have  unanimously  elected  Mr.  Henry  Adams, 
iM.Inst.C.E.,  M.I.M.E,  &c  ,  as  their  president,  in  succession  to 
Mr.  James  Swinburne,  F.KS.,  M.Inst.C.E.,  and  an  attractive 
programme  has  been  drawn  up  for  the  new  session,  including 
some  good  Papers  and  several  social  functions.  Among  the 
members  of  the  Association  Mr.  Adams  is  one  of  the  oldest 
of  the  engineers-in-charge,  having  so  far  back  as  18()5  been  in 
responsible  charge  in  the  outdoor  department  of  Sir  W.  G. 
Armstrong  &  Co.  at  Elswick. 

Kaleidoscopic  Electric  Sign. — Electrical  engineers  in  Lon- 
don should  take  an  early  opportunity  of  inspecting  an  interest- 
ing type  of  electric  sign  supplied  by  Messis.  Rashleigh  Phipps 
&  Co.,  one  of  these  signs  being  in  operation  every  evening  in 
the  window  of  their  showroom  at  147,  Oxford-street,  W.  The 
sign  can  be  best  described  by  saying  that  it  gives  kaleidoscopic 
efl'ects  of  the  most  beautiful  nature.  A  large  number  of 
coloured  electric  lamps  are  emjiloycd,  wired  in  circuits  of  four, 
each  circuit  being  controlled  by  an  automatic  contact  breaker 
of  the  well-known  type  in  which  the  heating  of  the  contact 
lireaker  by  the  current  causes  the  former  to  elongate  and 
break  the  circuit,  so  extinguishing  the  lamps,  which  are  once 
again  lighted  when  the  contact  maker  has  cooled  sufficiently 
to  close  the  circuit.  As  these  contact  makers  are  adjusted  so 
that  the  periods  during  which  the  circuits  are  closed  and  inter- 
ruf)ted  vary  very  considerably,  it  will  be  seen  that  the  combi- 
nations of  lamps  alight  at  the  same  time  are  practically  in- 
numerable, and  most  charming  effects  are  produced.  Several 
of  these  signs  are  already  in  use,  and  they  should  certainly 
jjrove  a  great  attraction  ;  indeed,  much  pleasure  is  obtained  by 
noting  the  varying  kaleidoscopic  effects. 

Portable  Electrically  Driven  Concrete  Mixer. — According 
to  the  "  Electric  Railway  Journal  "  the  shops  of  the  Memphis 
Street  Railway  have  recently  completed  a  concrete-mixing 
equipment,  which  is  designed  especially  for  street  railway 
work.  The  railway  company  built  the  car  for  carrying  this 
mixer  and  the  special  propelling  truck.  The  car  which 
carries  the  mixer  is  supported  on  two  axles  with  24  in.  wheels. 
These  low  wheels  permit  placing  the  mixing  outfit  so  near  the 
ground  that  materials  can  easily  be  shovelled  into  the  charging 
skips.  A  15  H. P.  motor  is  used  to  operate  the  mixing  drum 
and  the  charging  skips.  The  movement  of  both  is  controlled 
by  levers  on  the  platform.  The  cnr  is  moved  along  the  street 
by  a  motor  mounted  on  a  single  axle  and  partly  carried  by  a 
wrought-iron  connection  bar.  The  controller  for  this  motor  is 
mounted  on  the  mixer  car  platform,  near  the  switches  and 
levers  which  control  the  mixing  machinery.  This  separate 
pair  of  wheels  for  cairying  the  propulsion  motor  was  neces- 
sary because  of  lack  of  room  under  the  low  platform  of  the 
mixer  car  due  to  the  small  wheels. 

Report  to  the  Board  of  Trade  on  the  Lift  Accident  on  the 
City  &  South  London  Railway. — The  report  of  the  Board  of 
Trade  Inspector,  Lieut.-Col.  E.  Druitt,  on  the  lift  accident 
which  occurred  at  the  Oval  station  of  the  City  &  South 
London  Railway  on  August  3rd  last,  has  now  been  issued.  It 
appears  that  one  of  the  lifts,  which  is  worked  hydraulically, 
was  descending  with  44  passengers  and  the  lift  man  when 
the  copper  pressure  pipe  connecting  the  working  valve  with  the 
cylinder  of  the  hydraulic  lift  suddenly  burst,  the  cage  being  at 
that  time  about  12  ft.  or  13  ft.  from  the  bottom,  with  the 
result  that  the  cage  descended  quiokl}'  and  hit  the  bottom  of 
the  well  fairly  hard.  The  cage  rebounded  about  9  in.,  and  the 
.safety  clutches  coming  into  operation,  as  the  ropes  carrying  the 
cage  became  slack,  the  cage  remained  in  that  position. 
Six  passengers  complained  of  cuts  and  bruises,  but  the 
remainder  suffered  only  a  drenching  from  the  water.  The 
lifts  at  this  station  have  been  working  since  December  18, 
1890,  when  the  railway  was  first  opened,  and  the  only  occasion 
when  a  similar  accident  occurred  was  on  the  same  lift  nine 
jears  ago.  Chas.  Whyman,  the  lift  man,  James  Farmcn,  the 
lift  foreman,  and  Mr.  C.  O.  Ridley,  of  Messrs.  Sir  W.  G. 
Armstrong,  Whitworth  &  Co.,  who  supplied  the  lifts,  gave 
evidence  on  the  question,  the  last  of  them  showing  that  the 
bursting  pressure  of  these  pipes  is  five  times  that  of  the 
ordinary  working  pressure.     This  ordinary  working  pressure 


may,  however,  be  considerably  exceeded,  when  the  lift  is  descend- 
ing full  of  passengers,  at  the  point  where  the  burstj  occurred. 
The  inspector  reports  in  accordance  with  the  evidence,  and  the 
company  propose  to  substitute  for  the  present  pipes  some 
y'^  in.  thicker  and  fitted  with  a  relief  valve  set  to  work  at 
1,400  lb.  This  will,  it  is  hoped,  minimise  the  efiFect  of  any 
sudden  shock. 

Electrically  Driven  Power  Shovels.— The  "Engineering  an 

Mining  Journal "  gives  a  description  of  what,  it  is  claimed,  are 
the  largest  electrically  operated  power  shovels  ever  constructed. 
They  have  buckets  of  4  cubic  yds.  capacity  and  are  used  for 
mining  limestone  rock.  The  hoist  movement  of  these  two  110- 
ton  machines  is  actuated  bj-  a  200  H.p.  220  volt  series- wound 
direct-current  mill  motor,  running  at  41-5  revs,  per  min.  The 
thrust  motor,  controlling  the  movement  of  the  dipper  handle, 
is  an  SO  H.i".  machine  of  similar  type,  while  the  swing  boom  is 
operated  by  an  80  ii.i'.  motor.  Each  motor  is  controlled  inde- 
pendently by  an  automatic  magnetic  switch  controller,  which 
secures  the  greatest  nicety  of  operation  of  the  heavj-  bucket. 
This  form  of  control  protects  the  motors  from  any  heavy  over- 
loads, which  may  result  from  the  bucket  striking  salid  rock  or 
other  obstruction,  by  opening  switches  that  introduce  resistance 
into  the  motor  circuit.  The  control  panels  and  resistances  are 
mounted  in  the  rear  of  the  cab,  while  the  controller  handles 
are  conveniently  placed  under  the  hand  of  the  operator.  The 
hoist  an<l  swing-boom  motors  are  mounted  within  the  car.  The 
thrust  motor  is  placed  oat  on  the  boom,  communicating  its 
motion  to  the  bucket  staff'  through  reduction  gearing  connected 
to  a  pinion  engaging  a  rack  on  the  staff.  The  power  circuit  to 
the  shovel  is  completed  through  a  cable,  carried  on  a  reel  on  the 
frame  and  through  the  rails  on  which  the  equipment  advances. 
The  shovel  may  also  be  fitted  with  a  standard  trolley  for  obtain- 
ing the  necessary  energy  and  for  propidsion  on  an  ordinary 
electrified  track.  The  machine  may  then  attain  a  speed  of 
5  miles  an  hour.  Compared  with  the  steam  shovel,  the 
electric-driven  excavating  apparatus  has  been  found  to  present 
the  advantages  of  simplicit}',  economy  and  ease  in  operation. 
The  hauling  of  water  and  coal  is  avoided,  fewer  operators  are 
required  to  handle  the  machine,  and  an  appreciable  saving  of 
time  is  effected.  In  one  case  an  electric  shovel  with  a  7.">  H.P. 
hoist,  30  H.r.  thrust  and  30  h.p.  swing-boom  motors  was 
operated  at  a  cost  of  id.  per  cubic  yard  of  gravel,  clay  and 
sand  removed.  Similar  work  performed  by  steam  shovels 
often  costs  from  Hd.  to  2d.  per  cubic  yard. 


ARRANGEMENTS  FOR  THE  WEEK. 


FRIDAY,  September  24th  (to  day). 

Municipal  Tramways  Association. 
10:l,i  a.m.     Business  Meeting  of  the  Association  in  the  County 

Hall. 
1:55  p.m.     Special  train  leaves  Waterloo  Station  (L.  &  S.W.  R\y.) 

for  excursion  to  Windsor. 
4:.j-i  p.m.     Reception  in  the  Guildhall  bj-  the  Mayor  and  Corpora- 
tion of  Windsor. 
SATURDAY,  September  25th. 

.JlNIOK   iN'STITrTIOX   OK  ENGINEERS. 

J  p.m.     Visit  to  the  Imperial  International  Exhibition,  Shepherd's 
Bush,   for  inspection  of    engineering,  scientific  and  other 
features  of  interest. 
MONDAY,  September  27th,  to  FRIDAY,  October  1st. 
Iron  and  Steel  Institute. 
Meetings  at  the  Institution  of  Civil  Engineei-s,  Great  George- 
street.     [A.  list  of  the  papers  of  electrical  interest  was  given 
in  our  issue  of  September  3rd,  p.  817.1 

Corps  of  Electrical  Engrineers  (London  Division). 
Otlicer  Conniiandiui;.  Col.  H.  K.  H.  Crompton,  C.B. 
Mondav,     Sept.     -Ttli, 

"  A  ""  Compjuiy    Technical  drill,  7:0  p.m.  to  9:30  p.m. 

Tuesdav,     Sept.     ASth,  • 

"  13  •"Company Technical  drill,  7:0  p.m.  to  9:30  p.m. 

Wednesday,  Sept.  igtb.     Gymnasium,  6:30  p.m.  to  9:30  p.m. 
Thursday,    Sept.   3Utli, 

"  C  "  Coraiwny      Technic.il  drill,  7:0  p.m.  to  9:.W  p.m. 

Friday,        Oct.         1st, 

"  D"  ConnMiny    Technical  drill,  j:0  p.m.  to  9:30  p.m. 

C* 
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SOME  COMPARISONS  OF  CONTINENTAL  AND  BRITISH 
METHODS  OF  OPERATING  TRAMWAYS.* 

BY   A.    R.    FEARXLEY. 

Siinimnri/. —  i'ht'  author  first  considers  the  advantages  of  the  double- 
deck  car  compared  with  the  single-deck  car  and  gives  some  interesting 
details  of  the  cost  of  operation  of  the  two  types.  He  then  discusses  the 
use  of  trailer  cars  and  the  vestibule  tyjie  of  car,  the  latter  being  much  in 
favour  on  the  Continent.  He  believes  the  bow  collector  is  a  better 
arrangement  than  the  trolley  boom,  and  finally  refers  to  the  railless 
electric  trolley  car.  which  he  considers  will  play  in  the  future  an  impor- 
tant part  in  tramway  business. 

The  most  striking  differences  which  at  once  impress  one  when  in- 
specting Continental  tramway  systems  are  the  rigid  adherence  to  the 
single-deck  t}-pe  of  car  :  the  carrying  of  a  large  numl>er  of  standing 
passengers,  especially  on  the  front  and  rear  platforms  ;  the  almost 
universal  use  of  trailer  cars  ;  the  large  and  increasing  number  of 
vestibule  cars  (both  motor  and  trailer  cars)  :  the  bow  collector,  which 
is  used  in  place  of  the  trolley  boom  :  and  the  provision  of  shelters  or 
waiting  rooms  at  important  centres  and  junctions.  A  further  dif- 
ference is  now  being  introduced — viz..  the  provision  of  railless  electric 
traction  systems  for  developing  ultra-suburban  traffic,  such  as  is 
catered  for  at  present  in  this  covmtry  only  by  the  horse  or  petrol  "bus 
or  by  railways,  until  the  population  warrants  laying  down  tramway 
track. 

Type  of  Car. — Seeing  that  the  double-deck  has  almost  all  the  go(jd 
points  of  the  single-deck  car  without  its  many  limitations.  I  am  at  a 
loss  to  understand  why.  even  at  this  date,  some  of  the  Continental 
lines  do  not  give  the  double  decker  another  trial,  especially  when  we 
remember  that  two  or  three  of  our  large  British  municipalities  com- 
menced electric  traction  with  single-deck  cars,  but  almost  at  once 
reverted  to  the  double-deck  cars.  The  most  frequent  objection  that 
I  have  heard  or  seen  to  the  use  of  double-deck  cars  on  the  Continent 
is  that  a  great  deal  of  time  is  lost  in  passengers  entering  and  leaving 
the  cars  at  the  stoi)])ing  stations,  to  which  statement  I  anticipate  few- 
British  managers  will  attach  much  importance.  The  most  serious 
objection  advanced  is  the  one  referring  to  the  continued  and  lengthy 
absence  of  the  attendant  from  the  platform. 

The  best  suggestions  in  favour  of  the  single  decker  are  that  it  can 
l)e  readily  coupled  to  a  trailer  and  worked  in  this  way  without  danger 
and  inconvenience,  and.  what  is  equally  important,  the  only  addi- 
tional attendant  required  may  be  a  shedman  or  other  employe  of  the 
department,  not  necessarily  a  regular  traffic  em])loye.  the  brakes 
being  either  magnetically  or  air-controlled  on  both  cars  by  the  motor- 
man.  An  argument  advanced  against  the  u.se  of  the  Continental  type 
of  single-deck  car  is  that  the  passengers  who  stand  on  the  platform 
expect  to  travel  at  a  cheaper  rate,  and  I  think  it  will  be  agreed  that 
this  in  itself  would  be  a  very  strong  argument  against  the  adoption 
of  a  car  of  this  type  in  this  country. 

In  comi)aring  actual  working  expenses  of  the  twn  type  s  i>f  car  it  is 
astonishing  to  find  that  in  many  im])ortant  points  th.  -hil'Ii  decker 
shows  very  little  saving  over  the  double  decker.  In  Sljcttn  M.  where. 
owing  to  severe  gradients  and  railway  bridges,  we  are  working  57 
single-deck  cars  along  with  our  double  deckers.  I  find  that  the  average 
current  consumption  jjer  car-mile  by  the  double-deck  cars  on  our 
most  hilly  route  is  1-64  units  per  car-mile,  and  on  our  most  hilly 
single-deck  car  route  1-46  units  per  car-mile,  being  a  difference  in 
favour  of  the  single-deck  cars  of  only  0-18  unit  per  car-mile,  whilst 
it  is  .seen  from  diagrams  attached  to  this  Paper  that  the  difference 
in  the  gradients  of  the  two  routes  is  not  very  serious.  The  seating 
capacities  of  the  cars  com  pared,  each  of  the  single- truck  type  with  (ift. 
wheel  base,  are  : — Double  deck.  .52  i)a.s.sengcrs,  single  deck  28  pas- 
sengers:  and  I  suggest  that  the  double-deck  car  has  a  similar  ad- 
vantage on  almost  every  ])oint. 

Another  interesting  com]>arison  is  in  the  mileage  obtained  from 
tyres.  The  average  taken  from  the  double-deck  cars  under  certain 
conditions  is  4,.50.5  miles  per  J  in.  wear,  and  for  single-deck  under 
similar  conditions  is  4. .570  miles  per  j  in.  wear,  or  only  70  miles  per 
J  in.  wear  in  favour  of  the  single-deck,  with  46  per  cent,  less  carrying 
capacity. 

On  comparing  the  life  obtained  from  brake  shoes  we  find  thai 
double-deck  covered-top  cars  average  4,.520  miles  ])cr  .set  of  shoes. 
double-deck  open-top  cars  average  4.643  miles  and  single-deck  cars 
average  4.5.30  miles. 

The  traffic  wages  are  the  same,  except  in  cleaning,  where  there  is 
certainly  a  little  in  favour  of  the  single-deck.  Other  important 
arguments  in  favour  of  the  double-deck  car,  without  repeating  many 
well-known  points,  are  smaller  qviantity  of  rolling  stock  required. 

*  Abstract  of  a  Paper  read  yesterday  at  the  Conference  of  the  Muui- 
cipiil  Tramways  Association. 


considerably  less  car  shed  accommcKlation  necessary,  comfortable 
and  very  popular  accommodation  for  smokers  in  all  sorts  of  weather. 

The  standard  double-deck  car  in  this  country  provides  comfortable 
seating  accommodation  for  56  passengers,  and  easy  standing  ac- 
commodation for  from  four  to  six  passengers,  and  weighs  about  11 
tons.  Compare  this  with  the  modern  single-deck  car  in  use  on  the 
Continent.  One  of  the  latest  type  now  in  use  in  Vienna  weighs 
over  12  tons,  w-ith  seating  accommodation  provided  for  26  passen- 
gers. 24  passengers  being  allowed  to  .stand  in  addition,  showing  that 
the  single  decker,  with  the  very  limited  seating  accommodation,  is 
actually  the  heavier  car,  partly  on  account  of  tlie  great  strength  and 
weight  which  has  to  be  put  in  to  accommodate  the  standing  pas- 
sengers. Whilst  I  do  not  suggest  that  this  practice  of  carrying  large 
numbers  of  passengers  on  the  platforms  should  be  followed  in  this 
country,  at  the  same  time  I  am  of  the  opinion  that  the  British  pas- 
senger is  inclined  to  attach  too  much  importance  to  the  little  over- 
loading of  cars  beyond  the  seating  capacity  w  hich  takes  place. 

Trailer  Cars. — Judging  by  the  way  in  which  they  are  generally 
used,  a  trailer  appears  to  mean  additional  accommodation  for  about 
28  more  passengers  with  each  motor  car.  There  are  the  increased 
wages  and  maintenance  charges  and  the  greater  street  area  covered, 
together  with  the  necessity  for  providing  double  track  where  the 
trailers  are  in  use.  also  the  extra  cuiTent  consumption  (the  Continental 
trailer  appears  to  vary  in  weight  from  3  to  6  tons),  and  the  difficulty 
in  placing  depots  in  suitable  positions  to  avoid  a  large  amount  of  lost 
mileage-  in  taking  the  trailer  on  anil  off.  I  think  it  w'ill  be  generally 
agreed  that  the  double -deck  ear  suits  the  requirements,  in  this  country 
at  any  rate,  very  much  belter  than  the  combined  single-deck  car  and 
trailer  would  do,  and  at  considerably  less  working  cost. 

The  question  of  coupling  trailers  to  double-deck  open-top  or 
covered  cars  is  a  different  problem  from  the  one  just  referred  to.  and 
whilst  it  is  difficult  to  understand  whj'  more  experiments  have  not 
been  made  w'ith  this  combination  in  this  country,  it  must  be  at  once 
admitted  that  unless  certain  special  precautions  are  taken  the  danger 
in  working  would  be  considerabh-  increased.  For  instance,  in  our 
last  year's  returns  in  Sheffield  we  had  a  total  of  1.800  accidents  of  all 
classes  reported,  656  of  these  being  caused  by  pa.sscngers  entering 
and  leaving  the  cars  when  in  motion.  W'ith  trailers  attached,  it  is 
reasonable  to  infer  that  a  fairly  high  percentage  of  these  would  have 
resulted  in  more  serious,  and  in  some  cases  fatal,  accidents,  and  it  is 
a  tiebatable  point  whether  it  would  not  be  better  for  the  whole  of  the 
tramways  of  the  country  at  the  present  time  to  commence  rigidly 
to  enforce  the  by-law  regarding  the  entering  and  leaving  of  cars  when 
in  motion,  and  to  take  proceedings  when  pas.scngers  are  reported  as 
having  disobeyed  this  regulation.  With  tliis  exception.  I  do  not  see 
that  there  is  anything  to  prevent  trailer  cars  being  coupled  to  double- 
deck  cars  and  used  in  this  way.  It  may  be  stated  that  the  Board  of 
Trade  is  opposed  to  such  additions  or  experiments,  but  1  do  not  think 
that  too  much  importance  should  be  attached  to  such  a  statement. 

]'e.it Unties. — It  is  interesting  to  note  that  the  use  of  the  vestibule 
tyiJe  of  car  is  very  general,  and  is  rapidly  on  the  increase  on  Con- 
tinental tramway  systems,  and  I  believe  that  its  adoptioii  in  this 
country  will  rapidly  increase.  After  two  years'  experience  of  a 
number  of  these  cars  I  shall  certainly  recommend  any  new  rolling 
stock  we  obtain  to  be  of  the  vestibule  type. 

B(iw  Collector  and  Trolley  Boom. — I  am  of  the  o)iinion  that  the 
trolley  boom,  with  its  attendant  overhead  fittings,  is  the  most  un- 
mechanical  feature  of  the  whole  of  our  tramway  equipment.  The 
bow  collector  as  used  on  the  Continent  is  the  better  arrangement.  It 
is  much  safer,  and  also  very  considerably  simplifies  the  overhead 
fittings  and  constructiim  work,  although,  on  the  other  hand,  it  may 
shortxm  the  life  of  the  trolley  wire.  I  am  not  in  a  peisitiim  to  say  that 
the  bow  collector  can  be  maintained  as  chcajjly  as  the  trolley  boom, 
as,  despite  personal  inquiries  and  considerable  correspondence,  the 
figures  which  I  have  been  able  to  obtain  regarding  the  maintenance 
of  the  bow  collector  are  very  limited.  The  cost  of  trolley  upkeej) 
in  Sheffield  for  our  last  financial  year  amounted  to  003:?6d.  per  car- 
mile.  The  cost  on  a  line  where  the  bow  collector  is  in  use  was  given 
to  me  as  being  0()41d.  per  car-mile.  and.  in  ray  opinion,  the  bow 
collector  would  be  a  considerable  advantage  if  it  could  be  worked 
with  such  a  small  difl'crence  in  cost. 

Wailing  Boomfi  and  Shelters. — This  ])oint.  which  is  of  considerable 
interest  to  the  tramway  pa.ssenger.  has  received  very  scant  attention 
in  this  country.  The  number  of  towns  which  have  made  any  pro- 
vision at  all  in  this  respect  form.  I  should  say.  a  very  small  minority 
of  the  tramways  represented  in  our  association.  Why  this  slii>ul(l  be 
so  it  is  difficult  to  say.  Shelters  of  ornamental  ty])e  are  provided  in 
nuiny  instances  in  the  Ccmtinental  towns,  the  average  cost  being 
probably  not  nmre  than  £.30  to  tto.  and  they  are  certainly  a  con- 
\cniencp  to  their  passengers. 

Hailli-is  Electric  Trolley  Cars.~    In  my  npini(.n.  if  this  .system  is 
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given  a  fair  Irial  without  uniifcessary  restrictions,  it  will,  within  the 
next  few  years,  form  an  important  addition  to  our  tramway  busine.ss. 
In  comparing  this  method  of  dealing  with  suburban  traffic.  1  would 
say  that  1  think  it  is  superior  to  any  system  of  horse,  steam,  electric 
or  petrol  'bus  which,  so  far  as  my  knowledge  extends,  is  at  work  in 
this  country  at  the  present  time.  There  is  no  doubt  that  if  the  old 
trouble  on  account  of  anticipated  interference  or  damage  to  roads 
is  not  made  too  much  of.  many  suburban  districts  which  are  to-day 
without  any  connection  with  our  existing  tramway  systems,  and  in 
some  cases  without  any  convenient  means  of  access  to  our  cities,  will 
be  able  to  be  linked  up  by  a  system  of  this  descrijition  at  a  low  capital 
oost,  and  yet  obtain  a  satisfactory  service.  Also,  the  probability 
is  that  a  system  of  railless  cars  would,  in  the  case  of  thinly  populated 
outside  districts,  be  found  sufficient  for  many  years  to  come,  and  the 
laying  down  of  tramway  track,  with  the  consequent  heavy  capital 
exjjenditurc.  might  be  delayed  for  a  considerable  ])eriod. 

The  reasons  which  a  Committee  in  the  House  of  Commons  recently 
gave  for  striking  out  a  clause  emi)owering  a  tramway  company,  who 
were  promoting  a  bill,  to  work  railless  electric  cars,  will  be  interest- 
ing. They  were:  (1)  That  they  appeared  to  have  no  immediate 
intention  of  carrying  out  the  experiment ;  (2)  that  the  cases  which 
they  submitted  where  this  system  was  in  operation  were  not  routes 
in  streets  of  places  where  the  traffic  was  as  great  as  in  the  town 
referred  io(i.e..  a  town  of  about  l-2(i.000  inhabitants).  These  reasons 
may  be  of  use  to  members  as  showing  the  attitude  which  may  be 
taken  up  by  a  Parliamentary  Committee  when  this  matter  is  again 
brought  forward  in  a  Parliamentary  bill. 

Conclusion. — Another  method  which  one  notices  in  comparing  the 
ways  of  working,  and  one  which  is  frequently  adopted  on  the  Con- 
tinental systems,  is  the  jjlacing  of  tlio  tramway  tracks  at  the  side  of 
footwalks.  This  method  is  rarely  seen  in  this  coimtry.  and  then  only 
where  its  adoption  is  eora)nilsory.  the  Hoard  of  Trade  usually  viewing 
such  work  with  considerable  misgiving,  and  specifying  low  speeds 
for  cars  running  on  track  in  such  positions.  On  the  contrary,  it 
seems  to  be  accepted  in  many  places  on  the  Continent  as  a  necessary 
arrangement  for  the  convenience  of  the  tramw'aj-  passengers,  and  it 
does  not  appear  to  lead  to  any  increase  in  accidents,  and  is  certainly 
a  very  great  convenience  in  the  loading  and  unloading  of  cars. 

In  regard  to  the  track.  I  find  that  we  are  adopting  very  similar 
methods  to  those  in  operation  on  the  Continent.  The\'  appear  to 
have  had  in  use  for  a  considerable  time  rails  with  wider  groove  and 
tread  than  the  old  English  types,  which  are  now  rapidly  being  aban- 
doned for  the  British  standard  sections.  Speaking  generally  of  per- 
manent way  construction.  I  should  say  that  in  fen  places  on  the  Con- 
tinent is  it  equal  to  the  permanent  way  to  be  seen  on  the  majority  of 
our  munici|ial  tramway  systems.  The  junctions,  crossings  and 
paving  near  the  rails  are  certainly  not  kept  in  as  good  a  condition  as 
we  are  accustomed  to  see  in  tiiis  country. 

With  reiiard  to  the  trolley  wire,  grooved  wire  is  very  largely  used, 
and  no  doubt  it  has  been  found  of  equal  advantage  with  the  bow 
collector  as  with  the  trolley  boom. 

Comparisons  of  our  methods  might  be  carried  considerably  further, 
but  it  must  be  remembered  that  the  climate  and  the  conditions  of 
living  in  the  Continental  cities  vary  considerably  from  our  own,  and 
in  comparing  the  tramway  systems  these  must  also  be  borne  in  mind. 
Generally  s|ieaking.  we  must  agi-ee  that  their  methods  and  system 
appear  to  meet  the  requirements  of.  and  to  give  satisfaction  to.  their 
passengers.  It  is  interesting  to  find  that  at  their  tramway  con- 
ferences they  are  dealing  with  the  same  subjects  and  attempting  to 
elucidate  the  same  |>roblems  that  have  engaged  and  are  engaging  the 
attention  f)f  the  members  of  our  own  association. 

Attached  to  the  Paper  are  the  following  technical  data  con- 
cerning the  hub-motors  as  used  on  the  Vienna  municipal 
trackless  trolley  system  : — 

Each  motor  of  the  trackless  trolley  vehicle  gives  about  _'()  ii.r.. 
with  current  at  .5l)(l  volts,  at  about  Ullt  rev.s.  |>er  min..  and  the  motois 
can  take  100  per  cent,  overload  for  considerable  periods  without 
detrimental  heating.  They  are  designed  so  that  the  field  magnet 
spindle  is  mounted  and  fixed  on  the  axle  as  an  internal  pole  star.  The 
armature  is  placed  outside,  and  forms  part  of  tlie  wheel  itself.  For 
this  purpose  it  is  carried  on  two  ball  bearings,  one  each  side  of  the 
field  magnet.  The  field  magnet  is  of  steel,  and  has  10  ])oles  riveted 
tugether  under  a  speci.nl  process. 

Each  spool  consists  of  a  flat  cop])cr  band  of  uniform  section,  but 
of  variable  width  and  depth.  In  this  way  the  space  between  the 
spools  is  used  to  the  best  advantage,  although  these  spaces  get 
narrower  towards  the  centre  of  the  wheel  on  account  of  the  radial 
disposition  of  the  spools  Ihen'selves.  The  armature  is  built  in  a 
similar  way  out  of  the  best  steel,  and  consists  of  a  large  number  of 
spools,  in.sulated  by  silk,  which  are  built  into  the  frame  of  the  wheel, 
tlic  latter'being  madc'of  special  gimmetal.     The  brush  holder  is 


arranged  in  a  vertical  plane,  so  that  the  vibration  of  the  car  cannot 
lift  the  brushes,  which  consist  of  special  carlMjns,  and  only  require 
verj'  weak  springs. 

For  overhead  line  purposes  only  four  brushes  are  employed,  which 
are  ti.xed  on  one  ring.  It  is  sufficient  to  take  oft  the  cover  plate  to 
exaniine  the  whole  motor,  and  this  enables  one  to  fix  or  tighten  up 
any  part.  The  motors  are  completely  du.st  and  water  |iriM>f,  and  the 
design  of  the  axle  makes  it  possible  to  take  off  at  one  o|)eration  the 
whole  w  heel  motor,  and  at  the  same  time  the  radius  rod.  which  is 
designed  as  the  tixing  point  of  the  brakes.  The  motors  are  placed 
in  the  back  wheels  for  trackless  trolley  of>eration,  and  in  the  front 
wheels  for  lire  brigade  work.  Sometimes,  also,  on  trackless  trolley 
lines  of  heavy  gradient,  four  motor  wheels  are  employed,  two  at  the 
back  and  two  at  the  front,  in  which  case  the  front  wheels  are  fitted 
with  a  special  design,  securing  |)erfect  .steering  even  in  the  case  of  a 
sudden  breakdown  of  one  of  the  front  wheel  motors.  The  general 
rule,  however,  for  trackless  trolley  operation  is  a  back-wheel  drive, 
the  brakes  being  fitted  on  separate  air-cooled  drums  of  very  large 
diameter. 

The  efficiency  of  the  electric  motors  on  the  brake  is  between  80  and 
90  per  cent.,  and  if  one  considers  that  the  power  is  directly  brought 
to  the  motors  in  the  wheel  itself,  and  therefore  no  gearing  or  change 
of  power  or  transformation  of  any  kind  is  employed,  this  represents 
the  efficiency  at  the  wheel  for  a  given  current  on  the  overhead  line. 
W'hich  result,  it  is  claimed,  cannot  be  surpassed  by  motors  of  any 
other  type. 


ON  MAGNETIC  TESTING  OF  IRON  WITH  ALTER 
NATING  CURRENT.* 

BY   A.   CAMl'BEU..   B.A. 

Summary.— The  author  has  investigated  the  effect  of  widely  different 
wave  forms  and  various  materials  on  the  accuracy  of  the  formula 
given  b3'  Roe*sler  for  the  iron  loss  of  a  transformer.  For  certain 
materials  the  author  finds  that  the  hysteresis  loss  increases  consider- 
ably as  the  frequency  is  raised,  due  probably  to  magnetic  viscositj'. 
Experiments  are  recorded  to  show  the  effect  of  the  thickness  of  the 
sheets  on  tlie  eddy  current  loss  ;  and  the  etfect  of  the  dimensions  of 
the  stampings  on  the  hystersis  loss  is  also  shown. 


The  introduction  of  high  resistivity  iron  alloys  with  low  hysteresis 
loss  has  made  it  more  than  ever  desirable  that  sheet  material  for 
use  in  transformers,  or  alternating-current  machiner)-.  should  be  tested 
for  hysteresis  and  eddy  current  loss  by  means  of  actual  alternating 
current.  The  object  of  the  present  Pajjer  is  to  describe  the  method 
by  which  these  tests  are  carried  out  at  the  Xational  Physical 
Laboratory,  and  to  include  some  of  the  more  interesting  results 
obtained  during  the  past  year.  Brief  reference  is  first  made  to  the 
workof  Dr.  G.  Roessler.f  Gumlich  and  Rose  J  and  Lloyd  and  Fisher,  j 

Iiifliienre  of  fonii  Factor. — When  an  iron  ring  is  magnetised  by 
an  alternating  current  of  frequency  n  -^j  per  second,  the  eddy  cur- 
rent losses  in  the  iron  not  only  dejiend  on  n  and  the  Hux  density, 
but  also  on  the  form  factor  /  of  the  induced  secondary  voltage, 
where  /  is  equal  to  V,'i'mean-  f'niMn  being  the  mean  value  of  the  in- 
duced voltage  without  regard  to  sign,  and  V  the  effective  value  of 
the  same.  According  to  Roessler,  at  constant  temperature  the  iron 
losses  in  watts  per  cubic  centimetre  due  to  hysteresis  and  eddy 
currents  resiicctively  are  given  by  the  two  terms  of  the  expression 
10-"(qnBj|,'|,^  +?"'■/" l^nms.)-  "here  B,„„,  ^maximum  value  of  the  flux 
density,  ,)  =  Steinmetz"s  coefficient  andS=eddy  current  coefficient. 

If  »•=  watts  per  kiloaramme  at  frequency  n,  we  have 

io-< 

where  I)  =  density  of  the  iron. 

The  main  object  of  these  investigations  was  to  test  the  accuracy 
of  this  formula  for  various  materials  and  widely  different  values  of 
the  form  factor  /||— /.<'..  for  widely  different  waveforms.  As  will  be 
seen  below,  this  led  to  a  convenient  metluKl  of  separating  the 
hysteresis  and  eddy  current  losses.  Most  of  our  results  were 
oi)tained  with   frequencies  quite   near  50 -v  per  second,  and  all  of 


*  Abstract  of  an  original  communication  to  the  Institution  of  Elec- 
trical Engineers,  accepted  by  the  Council  for  publication  in  the 
"Journal." 

+  The  Er.F.cTRiciAN,  Vol,  .X.X.XVI.,  p.  124.  1895. 

I  "  Elektrotechnische  ."^eitsehrift,"  pp,  403  ami  503.  1'905. 

§  "  Bulletin  Bureau  of  Standixrds,"  Vol.  IV.,  p.  467,  19C8,and  Vol.  V.. 
p.  381,  1909. 

II  tiumlieh  has  found  it  true  with  certain  samples  for  small  variation 
of  /",  and  also  for  a  considerable  range  of  frecpiency.  It  is  clear  that  it 
cannot  be  true  for  very  high  frequencies. 
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them  were  reduced  to  the  standard.     Also,  except  where  otlierwise 
mentioned,  observations  were  made  witli  B  „,„,   exactly  lO.CKIO. 

Mdhod  of  Tf^l. — All  the  specimens  were  in  the  form  of  rines, 
usually  of  inner  and  outer  diameters.  12cm.  and  15cm.  respectively; 
these  were  built  up  of  stampings  with  paper  insulation  between 
them,  and  each  was  wound  with  at  least  two  secondary  coils  of  10 
and  30  turns  respectively,  and  sometimes  one  of  100  turns  was 
added.  The  primary  windings  were  .'iit  or  100  turns.  All  the  wind- 
ings were  evenly  distributed  over  the  ring.  The  method  of  test 
consisted  in  the  determination  i>f  B,„„x  and  the  form  factor  of  the 
induced  voltage  by  the  help  of  a  commutator  as  used  by  Sahulka* 
and  Townsend.f  while  the  corresponding  power  lost  was  measured 
by  a  sjnsitive  wattmeter  whose  shunt  circuit  was  connected  to  one 
of  the  secondary  windings  of  the  ring  after  the  method  of 
Steinmetz.J     The  connections  are  shown  in  Fig.  1.     An  alternator 


Fig.  1. 

or  rotary  converter,  A.  working  through  the  transformer  M,  sup- 
plies current  to  the  primary  of  the  ring  D.  the  frequency  being 
measured  by  the  Campbell  frequency  teller  F.  The  primary  cur- 
rent passes  through  the  series  coils  of  the  wattmeter  H,  and  the 
shunt  circuit  of  the  wattmeter  is  connected  through  a  high  resistance 
to  the  secondary  winding  S.  Another  secondary  coil.  Z  (of  10  turns) 
is  connected  tlu-ough  the  high  ratio  transformer  T  to  the  100  volt 
electrostatic  voltmeter  L,  and  also  through  the  commutator  C  to  the 
galvanometer  G.  which,  by  the  addition  of  suitable  high  resistances, 
is  arranged  to  read  voltage  directly.  The  commutator  is  run  by  a 
.synchronous  motor  supplied  with  current  from  the  alternator  A;  it 
reverses  the  connections  to  the  galvanometer  circuit  twice  per  period, 
and,  when,  by  shifting  round  a  pair  of  movable  brushes  on  C,  the 
phase  of  the  reversals  is  set  to  give  a  maximum  reading  on  the 
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Fk;.  2. 
Secondary  voltage  form  factor  =  l*l'26. 

galvanometer,  this  reading  will  measure  !'„,„„.  the  mean  value  of  the 
voltage  induced  in  the  winding  Z. 

The  reading  of  the  voltmeter  L  multiplied  by  the  transformation 
ratio  of  T  gives  V,  the  effective  voltage  induced  in  Z,  and  hence  /. 
the  form  factor,  is  immediately  found.  Tne  galvanometer  reading 
also  gives  B  in  the  ring  since  Bm„,  =  Ml^iL^^n  iXo.sn.  where  s  is  the 
cross-section  of  the  ring  (in  souare  csntimetres),  ^i,  the  number  of 
turns  in  Z.  and  n  the   frequency.     The   temperature  of  the    iron 


•  "Zeitschrift  fur  Elektrotechnik,"  p  4  (16),  1898. 

+  Am.  Inst.  Elec.  Eng;  "  Trans.,"  Vol  .XVII  ,  p.  5,  1900. 

t  Am.  Inst.  Elcc.  Eng.  "Trans.,'  Vol.  I.\.,  p.  624,  1832.  The 
method  seems  to  have  been  used  tir.'^t  in  this  country  by  L.  W.  Wild 
(The  ELf;i  trician,  Vol.  LIV.,  p.  128, 19C4). 


while  imder  test  was  observed  by  the  heli)  of  an  ironconstantau 
thermo-junction  inserted  between  the  sheets  before  the  ring  was 
\Muuid.  The  results  obtained  were  corrected  to  standard  tempera- 
ture on  the  assumi)tion  that  for  such  thin  sheets  (at  the  moderate 
frequencies  used)  the  eddy  current  loss  is  inversely  proportional  t<» 
the  resistivity. 

Results  Obtained. — In  making  the  tests  of  total  loss,  in  most  cases 
it  hajipened  to  be  most  convenient  to  keep  the  frequency  nearly 
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Fig.  3. 
StcDndary  voltage  form  factor=  !-2ii. 

constant  and  to  alter  the  form  factor  (/).  This  was  done  in  .several 
ways,  t.g..  by  altering  the  ratio  of  transformation  of  M  and  the  re- 
sistances Q  and  R,  by  omitting  M  and  connecting  directly  to  .A 
tlirough  a  resistance,  or  by  altering  the  number  of  primary  turns 
used  on  the  ring.  Although  the  conveter  used  gave  almost  exactly 
a  sine-wave  voltage,  by  these  means  it  was  found  easy  to  obtain  a 
wide  range  of  form  factor.  This  is  illustrated  in  Figs.  2  and  3. 
which  show  two  widely  different  cases  with  the  same  ring  and  the 
same  machine,  the  curves  for  the  magnetising  current  ;',  (and  hence 
H)  and  the  flux  density  B  being  drawn  by  Sahulka's  and  Townsend's 
methods  with  the  commutator  already  mentioned.  Complete  curves 
of  both  j',and  B  can  be  drawn  in  about  three  minutes  if  the  galvano- 
meter is  properly  dead-beat. 

^  From  the  observations  were  deduced  the  total  watts  per  kilo- 
gramme— namely,  50  jt'/ra  for  50  ~  per  second  and  B  ma,  =  10,000; 
and  the  values  found  were  plotted  against  nf:  Fig.  4  shows  the 
curves  thus  obtained  for  a  number   of  widely  different  materials 
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while  Table  I.  gives  for  each  of  them  the  approximate  thickness  of 
the  sheets,  the  resistivity,  the  permeability  at  B=  10,000  and  the 
hysteresis  coefficient  ij.  It  may  be  mentioned  that  No.  .'591  was 
ordinary  tinplate,  { P)  had  been  annealed  at  800°C.,  and  aged  at  lOO'C. . 
while  (Q)  and  No.  5fi(j  were  high  resistivity  materials.  To  obtain 
the  total  loss  at  hi)'^  per  second  for  the  standard  conditions — 
namely,  with  induced  voltage  of  sine-wave  form  (for  which  /=  1  -1 1 1 ) 
— it  is  only  necessary  to  read  the  ordinate  of  each  curve  for 
n/-=.50x  (1111)'^ — I.e.,  61-7.  .As  the  curves  are  practically  straight 
lines  near  this  value,  if  we  wish  to  determine  total  loss  alone,  it  is 
only  necessary  to  take  readings  for  two  different  form  factors  (or 
frequencies)  not  very  far  apart,  join  the  points  obtained  (by  a 
straight  line),  and  find  where  the  ordinatf  at  n/-=Gl'7euts  tlic  join- 
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ing  line.     This  method  of  ditVercnl  lorin  factors  is  very  useful  when 
the  frequency  cannot  be  varied. 

Table  I. 


Approx.  thickness 

Resistivity  at 

Permeability 

Sample. 

of  sheets, 

15  C, 

at 

Static  17. 

mm. 

inicrohm-cm. 
17-3 

B  =  10,000. 

ia3 

0-24 

1,370 

0  00384 

591 

0-46 

12-6 

1,868 

0  00215 

505 

0-50 

13-6 

2,512 

0  00158 

P 

0  43 

140 

2,878 

0  00123 

Q 

040. 

450 

1,873 

000155 

566 

0-48 

60-3 

2,820 

0-00090 

Consideration  of  the  curves  in  Fig.  4  leads  to  the  following  con- 
clusions:— 

1.  For  all  the  specimens  except  (P)  the  lines  are  practically 
straight,  and  pass  through  the  "static  hysteresis"  points  (the 
values  obtained  by  the  t)rdinary  ballistic  method).  Hence  over  the 
range  of  nf^  shown  the  hysteresis  loss  is  constant,  and  the  total  loss 
psr  r,j  can  be  represented  by  the  expression  F  +  Gn/^,  the  two  terms 
representing  the  hysteresis  and  eddy  current  losses  respectively. 

2.  The  specimen  (P),  on  the  contrary,  shows  a  curve  which  is  by 
no  means  a  straight  line,  but  clearly  bends  in  coming  down  to  the 
static  hysteresis  point.  It  also  falls  slightly  at  the  higher  values  of 
np.  Except  for  the  intermediate  part  of  its  range,  the  total  loss 
cannot  here  be  represented  by  the  expression  F  +  Gnf-.  It  is  in- 
teresting to  notice  that  (P)  and  (50.5)  are  very  similar  in  total  loss 
and  also  hysteresis,  except  at  the  upjier  and  lower  ends  of  the  range. 

3.  The  final  conclusion  is  that,  although  some  materials  give  ex- 
cellent straight  lines  in  the  diagram  of  total  loss  for  a  wide  range  of 
frequency  or  form  factor,  other  materials  give  lines  that  are  dis- 
tinctly curved,  indicating  that  the  hysteresis  loss  iiKreases  consider- 
ably as  the  frequency  is  raised  from  0  upwards.  There  seems  no 
doubt  that  this  effect  must  be  attributed  to  magnetic  viscosity  (see 
Lloyd,  loc.  cit.).  In  corroboration  of  this,  if  in  the  ballistic  test  of 
(P)  an  additional  evenly  wound  secondary  circuit  was  kept  closed 
during  the  test ,  a  quite  distinct  alteration  was  shown  in  the  values 
obtained  for  the  permeability  and  hysteresis  for  Bn,,x.=  10,000. 
The  slight  drop  in  the  (P)  curve  at  the  higher  values  is  probably 
due  to  "skin  effect,"  the  higher  frequencies  causing  B  to  be  not 
quit?  uniform  throughout  the  thickness  of  the  sheet.  Several  other 
samples  gave  lines  bent  similarly  to  that  of  (P). 

The  above  results  appear  to  throw  some  light  on  an  old  standing 
controversy.  Several  observers  have  stated  that  hysteresis  loss  is 
jjraotically  independent  of  frequency  (at  the  lower  values)  while 
others  affirm  that  it  varies  with  frequency  and  wave-form.  Gumlich 
and  Rose  incline  to  the  former  view,  and  Lloyd  appears  to  agree 
with  them.  It  seemslikely,  however,  that  .some  of  the  experimeuters 
have  been  testing  specimens  like  (.505)  and  (591),  while  others  have 
had  experience  of  more  abnormal  materials  like  (P). 

Effect  of  Thicknesg  of  Sheets. — The  experimental  results  for  total 
loss  at  B„j„x.=  10,000  are  only  strictly  valid  when  the  thickness  of 
the  sheet  is  such  that  B,n„x.  has  time  to  get  practically  uniform 
throughout  the  thickness  in  each  half  period.  To  investigate  this 
point  experimentally  a  set  of  specimens  of  different  thicknesses,  but 
of  as  nearly  as  possible  similar  material,  were  tested  for  total  loss. 
The  material  was  "electrical  steel,"  made  by  Messrs.  J.  Ly.saght. 
The  results  obtained  are  plotted  in  a  diagram  in  the  Paper,  and  also 
the  theoretical  curve  calculated,  on  the  assumption  that  the  per- 
meability is  constant,  by  the  formula  of  J.  J.  Thomson,  as  given  by 
Russell.*  The  two  cm'ves  agree  as  well  as  could  be  expected,  con- 
sidering the  uncertainty  due  to  want  of  uniformity  of  material.  For 
the  smaller  thicknesses  the  eddy  current  loss  is  proportional  to  the 
square  of  the  thickness  of  the  sheet. 

Dimensions  of  Ring  Stampings. — In  almost  all  magnetic  tests 
there  arise  difficulties  due  to  the  alteration  of  the  material  due  to 
the  mechanical  processes  used  in  preparing  the  test-pieces,  such  as 
stamping,  cutting  or  turning.  The  greater  the  width  of  the  test- 
piece  (whether  ring  or  strip),  the  less  the  result  will  be  affected  by 
the  edge  hardening.  In  the  case  of  rings,  however,  the  radial  width 
must  not  be  taken  too  large  in  relation  to  the  mean  diameter,  other- 
wise the  magnetic  force  will  not  be  sufficiently  uniform  over  the 
W'idth,  being  greater  at  the  inner  edge  than  at  the  outer.  Thus,  if 
it  is  not  allowable  to  obliterate  the  effects  of  the  mechanical  treat- 
ment by  annealing  after  stamping  or  cutting,  the  proportions  of  the 
test-pieces  must  be  fixed  by  making  a  compromise  between  the  two 
conditions — namely,  maximum  width  of  strip  and  greatest  uni- 
formity of  H. 

Tlie  amount  of  error  in  the  U5ual  energy  determinations,  due  to 
the  want  of  uniformity  of  H,  has  been  very  fully  workeil  out  by  Richter]- 


for  rings  of  rectangular  section,  and  lately  his  results  for  the  simple 
case,  where  the  permeability  is  constant,  have  Ix-en  clearly  tabu- 
lated by  Lloyd,*  who  has  also  investigated  the  ease  of  a  ring  of  cir- 
cular section.  Lloyd  points  out  that  his  results  would  be  somewhat 
modified  in  practice  because  of  the  [lermeability  not  being  constant. 
In  a  test  of  total  loss  it  is  the  mean  B„,j,  that  is  observed,  the 
mean  being  taken  over  the  width  of  the  ring,  and  the  hysteresis  logs 
corresponding  to  this  value  should  be  projjortional  to  (mean  B  mn.)"', 
but  the  loss  actually  measured  by  the  wattmeter  is  proportional  to 
the  mean  of  (B  mux.)'".  The  ratio  of  the  first  of  these  expressions  to 
the  .second  is  accordingly  the  correcting  factor  to  be  applied  to  the 
observed  hysteresis  loss. 

As  examples,  I  have  worked  out  the  correcting  factor  for  two 
actual  rings,  one  of  very  low,  and  the  other  of  high  hysteresis 
constant  (i/  =  000083  and  ,  =  00042  respectively).  Each  ring  had 
an  inner  radius  of  6cin.  and  an  outer  of  8'.5cm.  For  B„u,i.=  10,000 
the  correcting  factors  come  to  1-000,S  and  r0(>2  respectively,  show- 
ing that,  for  a  mean  diameter  of  14-5  cm.,  in  each  case  the  error  in 
hysteresis  is  negligible  with  a  radial  width  of  2'5cm.  If  the  per- 
meability had  been  assumed  constant  the  correcting  factor  would 
have  been  about  1011  in  both  ca.ses.  It  must  be  rememlxred,  how- 
ever, that  for  lower  values  of  Bn,ax.  (f-?-.  5,000)  the  variation  in  per- 
meability would  often  make  the  correcting  factor  greater  than  for 
constant  permeability. 

The  effect  of  stamping  has  also  been  investigated,  one  experiment 
being  as  follows:  From  a  batch  of  carefully  annealed  sheets  two 
sets  (1)  and  (2)  of  ring  stampings  were  made,  having  radial  widths 
of  l-5cm.  and  2-5cm.  respectively.  On  testing  each  set  the  ratio  of 
their  hysteresis  losses  was  found  to  be  1076.  If  we  assume  that 
the  same  width  of  edge  is  hardened  in  (1)  and  (2).  then  it  is  easy  to 
show  that  the  ratio  of  the  loss  for  2-5  cm.  width  to  that  for  infinite 
width  is  1-126.  Thus  even  with  a  width  of  2-5  em.  the  stamp- 
ing has  increased  the  mean  hysteresis  loss  by  over  12  per  cent.,  and 
it  is  evident  that  for  widths  of  the  order  of  3  cm.  the  effect  of 
stamping  is  considerable,  and  some  allowance  would  have  to  be 
made  for  it  if  absolute  and  not  merely  comparative  results  are  to  be 
considered.  The  effect  on  the  total  loss  will  not  be  so  great,  as  the 
eddy  current  part  is  not  so  much  influenced. 


THE  CALCULATION  OF  SINGLE  PHASE 
COMMUTATOR  MOTORS.! 


BY  J.  FISCHER-HINNEX. 


I^nmnmrij.— Host  of  what  has  hitherto  been  written  on  single-phase 
commutator  motors  has  dealt  exclusively  with  theory.  The  present 
article  treats  the  subject  from  a  more  pr.ictical  standpoint  and  is 
devoted  to  the  calculation  and  design  of  these  machines. 


I. — Introduction. 
Though  of  late  years  much  has  been  WTitten  on  the  theory  of 
commutator  motors,  practically  little  or  nothing  has  appeared  which 
has  beeu  of  direct  service  to  the  designer  engaged  in  the  calculation 
of  these  machines.  In  the  following  article,  therefore,  a  number  of 
exanijiles  will  be  given  showing  how  the  dimensions  and  windings 
of  single-phase  motors  can  be  worked  out  vithout  entering  into  long 
and  tedious  calculations. 

In  order  to  make  the  treatment  as  uniform  as  possible,  the  follow- 
ing symbols  will  be  used : — 
E=efl'ective  terminal  pressure. 
E,=  E.i\I.F.  of  self-induction. 
E,.=  E.ll.F.  due  to  rotation  of  armature. 
I  =  effective  current. 
D  =  diameter  of  armature. 
;=lensth  of  armature. 
/ 

D.,=diameter  of  eonuuutator. 
/!=  active  length  of  comnnitntor. 

yj=  thickness  of  a  commutator  segment  plus  insulation. 
y"=  brush  width  on  commutator  (icriphery. 

?)  =  nolar  arc  (i=—   in  innchiiies  with  \^in^liu^  distributed  over 
P 
whole  surface,  and  6  =  fl"      in  machines  with  salient  poles). 
P 
p=  total  number  of  poles  (not  pole  pairs), 
p.  =  number  of  parallel  circuits  in  armature. 
*=  maximum  llux  in  main  licld. 


*  A.  Russell,  "  Alternating  Currents,"  Vol.  I.,  pp.  360  and  362. 
t  "  Elektrotechuische  Zeitschrift,  Vol.  XXIV.,  p.  710,  1903. 


*  ••  Bulletin  Bureau  of  Standards."  Vol.  V.,  p.  435,  1909. 
t  Abstrticted  from  the  "  Elektrotechnische  Zeitschrift.  ' 
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)>>=nui\imum  tiux  density  in  i;a|i. 

\',  =  leakage  coefficient  of  field  winding  (=11  to  llo). 
V2=le«bage  coefficient  of  armature  winding. 
N,  =  total  number  of  conductors  {not  turns)  in  field  winding. 
Nj  =  numlK'r  of  conductors  on  armature. 
N3=nuralK'r  of  conductors  on  compensating  windina. 
N*=number  of  commutator  segments. 
n=rfltio  of  totnl  reluctance  to  reluctance  of  gap. 
?=single  air-gap. 
n  =  speed  in  revs,  per  min. 
c,=f)rimary  frequency. 
f.,= secondary'  frequence 
100ij  =  efficiency  in  per  cent. 

p=reduction  factor  (  =  0'"  to  O''^)  lor  taking  slot  openings,  paper 

insulation.  Sic.  into  account. 
/3= ratio  of  wound  to  total  circumference  in  machines  with  dis- 
tributed windings  and  the  ratio  of  polar  arc  to  pole  pitch 
in  salient  pole  machines. 
0=angle  of  phase  displacement  between  I  and  E. 

II. — The  Series  Motor  with  Distributed  Winding. 
The  general  arran^ienKMit  of  this  motor  is  shown  in  Figs.  1  and  2. 
The  compensating  winding  may  either  be  placed  in  series  with  the 


Fi...   1. 


Fio.  2. 


tield  winding  or  short-circuited.  Tin  following  equations  can  then 
be  deduced  tmder  the  assumption  that  tlie  cross  field  is  completely 
neutralised. 

Flux  denslli/  in  the  Gap — 

47r  IN,     1 
'--"2-   V2^a (^>      ■ 


*<=v-']0 


The  coefficient  a  make.s  this  equation  quite  general  for  all  satura- 
tions.    Up  to  densities  of  about  12,000  in   the  iron  a  is  about  con- 
stantandckl'l  to  12.   For  high  saturations  a  may  reach  TG  or  more. 
Main  Flux — 

*=(l_0-5/3)B,6ip  ^ 

IN,  Dip]- (2) 

=2-8(1 -0-5/3)— '  ^  ^   ' 

E.M.F.s. — There  are  two  E.M.F.s  to  be  considered:  E,  induced 
in  armature  by  rotation  in  $,  E,  induced  in  winding  N,  by  static 
effect  of  pulsating  fiu.\  $. 


Referring  to  Fig.  ."1  we  get  _ 

1      4>   Ni  np 


=  E  cos  c 


E.=  I-48 


J2  60  10'  p2 

/l-5-^3yi^N,V, 


10" 


in0 


IK ''Dip  c,V, 
=  *14''-^-^'^7aT05' 


Also 


K,  /I -5 -/I  \N,p,  120c.  . 

"^  =  E=l-"*(r:o^)  n!"    pn''- 


(3) 

(3) 
(6) 


From  (())  it  is  seen  tliat  the  series  motor  can  also  work  with  a 
gfiod  COS0  at  synchronous  speed,  jirovided  Nj/jj/Nj  is  taken  suffi- 
ciently small. 

Equation  (6)  is  also  interesting,  as  it  shows  that  the  power  factor 
is  independent  of  saturation. 

Pressure  hetweeit  Segments. —  By  this  we  mean  the  |>ressure  between 
two  segments  undergoing  short-circuit — this  being  the  chief  cause  of 


sparking.  In  addition  to  this,  the  short-circuit  currents  exert  a 
partially  demagnetising  etl'ect.  which  leads  to  a  rise  of  speed,  and 
also  add  to  the  losses  of  the  machine. 

To  keep   this   pressure  a  minimum  it  is  well  to  keep  the  brush- 
width   y    less   than  the  width  of  a  commutator   segment  70.     In 
general  the  pressure  between  segments  is: 
2-22  N,p 

"'WW.p,'  *" ''' 

where  M=l  f^if  7  <  =  72 

=2  for  2^2  <  y  >  y,. 
Substituting  from  equation  (3) 

/^=188  i^  003  0=1-57'^  cos  0.        ...    (8) 

n  Nj.  N,. 

Since  f^  must  not  exceed  a  certain  value  for  sparklcss  running, 
this  equation  enables  us  to  calculate  the  least  number  of  commu- 
tator segments  that  can  be  used.  Similarly  it  can  be  used  as  a 
criterion  whether  a  motor  for  a  given  pressure.  si)eed  and  frequency 
can  be  built  as  a  .series  motor,  or  whether  a  repulsion  motor  piust 
be  used. 

When  resistance  is  used  for  starting  it  is  possible  to  keep  the 
starting  current  equal  to  the  working  current,  in  which  case  the 
value  of  n  corresponding  to  normal  load  must  be  inserted  in  the 
above  equation.  For  starting  with  twice  normal  torque,  the  cur- 
rent rises  to  about  1-4  times  its  normal  value  (since  torque=fiux 
X current  and  the  flux  is  nearly  jjroportional  to  the  current),  so 
that  the  right-hand  side  of  equation  (8)  must  be  multi))lied  by  1-4. 

The  Commutator. — The  dimensions  of  the  commutator  can  be 
fixed  from  equation  (8).  Let  i  denote  the  permissible  current 
density  per  square  centimetre  under  the  brushes;  then,  assuming 
there  are  as  many  brushes  as  poles,  we  have ; 

n          f                              T      736HP  1                                    ,„, 

Current:  1=  .  — (9) 

ti  cos  ip  E 
Diameter  of  commutator  : 

D.,=  ^^ (10) 

Active  length  of  commutator: 

/.=  ^-I (H) 

1<V 
Armature    and    Armature    Winding. — JIulti]ilying    both   sides  of 
equation  (5)  by  I  and  writing 

J^  /1-0;5^\N,_^     "    tan0. 

'   1-04  V  i-o-is  ;  Pi  j-^oc,  v, 

also*  ~^=K  .D        ,     (12) 

and  IE=^;  /=XD. 

11  cos  0 

we  get        D=^/"^^^E^^^>,^i^)    -     -     (13) 

=  100     ^-TxlO"     1-5-^     HF^_L     (14) 
V  (1-0-5/3)-    "-^    XKS,f>  tan./. 

Tills  equation  contains  only  known  quantities,  though  in  usint; 
(13)  Nj/N.p.^  must  be  first  found  from  equation  (6). 

Knowing  D,  the  armature  length  I  and  number  of  conductors  N, 

can  be  found  from  l=\D  and  N2=p2— j-- 

Field  Winding. — The  iron  section  depends  (jn  the  maximum  flux 
tj),  found  from  equation  (3). 

x/2,6(),^P2E,os0. 

N.jH/J 

Further,  from  1  quation  ((5) 

N,=  J-flz:!^')^=^itan0. 
'     l-04Vl-5-/3yp.,  120c,V, 

There  only  remains  the  compen.sating  winding  N3  to  be  calcu-- 
lated.     If  this  is  connected  in  .'leries  with  t lie  armature  (Fig.  1)  then 

N3=N2//)2.     ......     (15) 

Owing  to  the  inductance  of  the  short-circuited  coils,  it  is  well  to 
make  this  25  to  30  per  cent,  larger. 

More  convenient,  but  less  effective,  is  the  winding  shown  in  Fig.  -. 

•  K  =  constant  depending    on    winding  space,   the    magnitude   "f 
which  for  continuous  working  is  .qjproximately  :  — 
For  1,000  — =0-5      1        3        10      30     100    300 

K,u.  =  300    350    400    450    500    600    750 
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where  the  number  of  conductors  can  be  chosen  at  will,  (hough  the 
■copper  loss  must  be  taken  into  account.  The  latter  can  be  cliecked 
from  the  euriont  I,,  in  the  short-circuited  coils. 

I3=^^ (1«) 

P2N3  v., 

Example. — L<'t  us  now  determine  the  dimensions  of  the  following 
railway  motor:— 

Maximum  output    70  H. p. 

Speed 900  revs,  per  min. 

Pressure     220  volts 

Frequency      <•,  =  25  cycles  sec. 

Number  of  poles p=6 

Power  factor    cos0=O'88 

Efficiency q  =  86  per  cent. 

We  will  further  take 

p.,  =  p—G  ^  =  015cm. 

X  =  0-o  p  =  0-8 

/3  =  0-6  V,=  ll 

rt=l-6  K  =  ,">")0 

From  equation  (6)  ^rj-^  —  I'oi!. 

From  equation  (1.3)  diameter  D=4Scm. 
Length  i=XD=24cm. 
From  equation  (9),  armature  current  I  =  ."{10  amperes. 
From  equation  { 12),  total  number  of  armature  conductors  N2  =  512. 

Take  128  slots  with  four  conductors  per  slot.    .-Assuming  a  cmTcnt 
density  of  4   amperes  per  square   millimetre,    the  section   will   be 

310' 
5=^ — i=13  sq.  mm.     For  this  a  copper  strip  ISxlO  mm.,  insu- 
lated to  2x107  mm.  can  be  used,  and  tliis  will   require  a  slot  of 
about  6  X  29  mm.,  with  a  slot  opening  of,  say,  2-.5  mm. 

The  number  of  commutator  bars  N^.=  ^^^=  256.     With  the  width 

of  commutator  segment=0-48  mm.,  the  diameter  of  the  commutator 
is,  from  equation  (10),  D2=39  cm.    This  gives  a  maximum  peripheral 


\ r 


speed  of  (,  =  18-4  m./sec,  which  is  not  too  high.  Let  the  brushes 
stand  on  two  segments,  i.e.,  i^='2,  then  from  equation  (8)  the  pres,sure 
between  segments  will  be  e^=7  9  volts,  which  is  rather  high,  so  that 
commutating  poles  will  be  required. 

Taking  the  brush  width  7  =  09  cm.  and  the  current  density  under 
the  brushes  t=7-4  aniperes/cm.-,  the  active  length  of  the  commu- 
tator is,  from  equation  (ll),J,=  15-5  cm. 

The  number  of  conductors  in  the  field  winding  X.^'  "-  .-,  =  56. 

p.,  l'.>2 

Winding  one  conductor  per  slot,  there  v,\\\  be  5(i  /3  =  94  slots,  which 

we  will   round  off  to  96,     Section  of  conductor  with  a  density  of 

3'5  ampcres/mm.2   is  «=S9  mm.'-      For  this   we  can  take  a  strip 

.5"2  X  16  mm.  or  two  strips  2'6  x  16  mm.  in  parallel. 

The  maximum  flux  can  be  found  from  equation  (3),  ♦  =  3'56  x  10". 
With  a  maximum  density  in  the  core  of  15,800,  the  d^.pih  nf  Hit 
core  will  be  /(  =  5'85  era. 

The  total  number  of  conductors  in  the  compcitsatiiiy  irindiiig 
(equation  15)  is  X,,  =  85,  which  we  will  round  iiH  to  84.  The  .sec- 
tion is  the  same  as  for  winding  N,.  The  main  and  compensating 
windings  can  be  best  arranged  in  two  layers,  whilst  the  commutat- 
ing pole  winding  can  be  placed  in  the  empty  slots. 

N.B. — In  cases  where  standard  patterns  of  three-phase  machines 
are  to  be  used  fur  single-phase  Commutator  motors,  instead  of  D  — 
which  is   known — we  calculate   K  (from  equation   13  or  14).      In 


passing,  it  might  be  remarked  that  for  outputs  up  t/j  alxjut  15  h.p. 
a  three-phase  motor  of  25  to  3  times  the  output  is  required.* 

The  Non-compeiuaUd  Kepulsum  Motor. —The  repulsion  motor 
differs  from  the  series  motor  by  having  its  armature  winding  short- 
circuited.  The  armature  current  is  prtxluced  by  induction,  thus 
making  the  rotor  pressure  independent  of  the  stator  pressure.  To 
obtain  the  exciting  field  4>,  i^eriiendicular  to  the  urimary  field  «,  it 
is  only  necessary  to  shift  the  brushes  to  "ab.  say.  in  Fig.  4.  The 
secondary  field  *.  is  produced  by  the  winding  /</•  and  bd,  whilst 
the  conductors  between  ah  and  cd  act  like  a  transformer. 

In  addition  to  the  above  symliols.  we  have  now  the  following: — 

E,  =  effective  primary  (terminal)  pressure. 

^2= secondary  pressure  at  the  brushes. 

Iq=  primary  magnetisinu  cunent. 

Ii  =  effective  primary  current. 

_l2=effective  secondary  (armature)  current. 

B,  =  maximum  fiux-density  of  primary  field  in  gap. 

B2=maximr.m  flux-density  of  secondary  field  in  gap. 

Ci= frequency  of  primary  current. 
pn 

C2=r2^=  frequency  of  secondary  current. 

1006,= percentage  pressure  drop  in  primary. 

In  order  to  obtain  simple  formulae  we  shall  a.ssume — which  accords 
well  with  practice — that  the  brushes  are  displaced,  with  respect  to 
the  primary  field  axis,  at  an  angle  equal  to  half  the  angle  of  the 
unwound  part  of  the  stator,  as  shown  in  Fig.  5. 

Primary  Flux. — Maximum  density  in  gap. 

^--fif  i '" 

Total  flux 

*,  =  (l-0-.5^)B,6?/) 

=  2-8(I-0-5^)^^ C^) 

Secondary  Flux — Maximum  density  in  gap, 

B.=y2i';^^^^:'^> (3) 

-     ^     10   pPi      2ca 

-      (l+/3)_ 
Total  flux  ^.,=  ~2^BMp 

=  1-4(1-/3^)  :    -..    '^ (4) 

Pressures. — Primary  E.M.F. 

E.  =  2-98'J^-'^"  'JEZL'^^H-.,)     ....     (5) 
10*       2-/3  ^         ' 

E,10S^ap2 
whence  J,.=  .  i-    ^>  .,tm  ,,  - — 3Ti^    .....     (b) 

"     4-15ciA,-D//)(l-.3-/3)\  1 

Secondary  E.M.F..^. — We  have  to  distinguish  between  the  follow- 
ing four  pres.sures: — 

Due  to  ■!>, — 

1.  E,  statically  induced  by  primary  flux  *,. 

2.  E,  induced  by  rotation  in  primary  flux  *,. 

Due  to  *o — 

3.  E  ,.  induced  by  rotation  in  secondary  flux  *o. 

4.  E,  the  self-induced  E.ll.F.  due  to  cross  flux  *j. 
These  E.M.F.s  can  be  calculated  as  follows: — 

j3     N,  E, 
^'^-1+U  N,  p, 
^2^8  Cj*,Ns  (l-5^/3)»3  -, 

10>     Pi        ^-li        

''      10«       Pj  '  2-0  ■ 
_2-84  c,».N.     'g  . 

'     "10»       p.      l+ii 

..„ul  ,,^1:48  0^*^.(1^+2^)  „ 

lO-       Ps  (1+^) 

E,  is   perpendicular   to    E,.   and    consequently  serves    to   improve 
cos  0.     E',.  is  in  ])hasc  w  ith  L. 

.As  is  known,  the  repulsion  motor  works  best  at  synehron<niss{H'ed. 
*  The  series  uiotor  with  salient  poles  and  without  compensatinj; 
winding  is  also  treated  in  an  analogous  manner,  and  also  the  design  of 
the  commutating  poles  and  other  auxiliary  devices  for  reducing  spark- 
ing, but  spi'.ce  forbids  us  to  do  more  than  merely  to  menti-m  these. — 
Ed.  E. 
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so  tliat  we  can  assume  t.,=-i,.  If,  in  addition,  we  suppose  I.,  to  have 
the  same  phase  as  E..  we  get 

E,  =  E.  and  Ej=EV, 

E."  EV 

Substituting  the   vahies  in   equations   (7)  to  (10)   we  find   with 
0=O'8  *;=r054',  approx. 

132f,4>.,y, 
lOSpJ 
JIultiplyina  both  sides  by  equation  (4) 

0-66.5     r.N^n.D/p 
10'  Sap-p^ 


SO  that 


Further 


E;=E, 


Er  = 


-=E.,. 


(11) 


(12) 


N.B. — Since  at  synchronism  *2  and  *,  are  practically  equal  and 
displaced  from  one  another  in  phase  by  90deg..  a  rotary  field  is 
formed  which  revolves  synclironously  with  the  armature.  This 
field  under  these  conditions  has  no  influence  on  the  coils  under- 
going short  circuit,  whilst  the  iron  losses  in  the  armature  will  also 
be  zero  at  synchronism. 

Armature  and  Armaliirf  Kinding. — Equation  (12)  can  be  used 
directly  for  finding  the  dimensions  of  the  armature.  Since  by 
assumption  the  armature  current  is  in  phase  with  the  secondary 
pressure,  we  ha\e  736  H  P 

E2l2= — ;p' (13) 

Multiplying  both  sides  of  equation  (12)  by  Li;  7.3(i  and  writing  as 
before  IsNyps=KD  and  /  =  \D  we  get 


P=ioV 


1110  .  WH.V.Sap- 


(14) 


The  smaller  we  take  I,  the  greater  E,  will  be,  and  since  the  pres- 
sure between  segments  f ^  depends  chiefly  on  Ej.  we  must  see  what 
this  relation  is.  The  most  important  case  is  starting  under  full  load 
conditions,  for  e^:  falls  off  as  the  speed  approaches  sjTiclvronism. 
For  this  case  obviously 

2-22  X.,  p   _  N*M 


10'   Na-  V 


(•,*2(i=l-67 


pE2 


(1,5) 


by  substituting  from  equation  (11). 

It  is  therefore  advisable  after  ti.xingon  the  armature  dimensions 
to  make  a  preliminary  assumption  for  the  commutator  diameter  and 
number  of  .segments  and  from  equation  (15)  find  the  maximum 
admissible  value  of  E,.  From  E,  the  current  L  can  be  found 
(equation  13),  and  also  the  number  of  conductors  N,. 

Commulator. — Diameter  : 

^^-■^ (1«» 

.Active  length  (assuming  as  many  brushes  as  there  are  poles) 


/..= 


2L 

I. 


ytp 


(17) 


Primary  Field  Winding  and  Flux. — Xumber  of  conductors  (from 
equation  7)  _  0-8     E, 

X.B. — Strictly  speaking,  in  determining  N,.  the  demagnetising 
effect  of  the  short-circuit  current  on  the  jirimary  field  ought  to  be  taken 
into  account.  We  can  allow  for  this  by  taking  Ni  some  8  to  10  per 
cent,  less  than  equation  (7)  gives  it. 

Maximum  flux  (from  equation  7) 

'     l-74xc,N,     l-SQ.Ci.Nj' 
Pha.%e  Displacement  between  I,  and  E,.— The  above  formula?  have 
been  deduced  under  the  assumption  that  E/  coincides  with  E^  and 
consequently  L  with  E,  (see  Fig.   6).    Neglecting  leakage  for  the 
moment,  /3I.,No 


C0S<5i=Cosa=. 


^m 


+  (IaX,)- 


Now.  from  equation  (7),  neglecting  ohmic  losses  : — 
M  1 

C03  0=COSO: 


V..(;;-|)-' 


(18) 


(19) 


Since,  however,  the  leakage  pressure  <,  =  ('■,  -  1)E,  is  fairly  larsc, 
it  cannot  be  neglected.    Thus  we  write 
cos  0=  cos  (o-hti) 

=  COSol  V'l -(!•,  — l)COS-o-(r,-l)V^l  -coS-a| 

or  =cosa{l-(c,-l)  Vl-cos2a| (20) 

where  cos  a  is  obtained  from  equation  (19). 

Example. — To  design  a  six-pole  repulsion  motor  of  :!5h.p.  at 
800  revs,  per  min.  40  cycles  and  240  volts. 

As.sume  cos0  =  O-9  and  ))=0-8G,  and  calculate  on  the  basis  of 
Pj,=P  =  6,  X  =  04. 

g =0-075  cm..  p  =  0-7. 

o  =  l-2,  I- =  550. 

Armature  diameter  (from  equation  14),  D  =  46cm. 
Length  /=XD=0-4.46=18-5cm. 

To  find  the  secondary  pressure  take,  preliminarily,  the  diameter 
of  commutator  D;  =  38cm.,  corresponding  to  a  peripheral  speed^of 
16m/sec.  With  segments  of  0-51  cm.  width,  the  number  of  bars 
will  be  SStt 

^^^=o^i=--^='^- 

Taking  further  the  admissible  pressure  between  segments  (/,.—  8 
volts,  imder  the  assumption   that  resistance   connections   between 


commutator  and  winding  are  used,  and  that  the  bruslies  cover  two 
segments  (i.e.,  ^=2),  we  have  from  equation  (15) 

N,.eJ  234-8 

E,=  r-^z — ^  =  7-5= — 7i — :,=92-5  volts, 
-     l-67pM     1-6(  x6x2 

and  from  equation  (13): — 

36HP       736-35 


and 


,,Ej      0-86  .  92.5 
j^-  ^  p.^KD  _Cx550x46_ 
'  1,  324 


-324  amperes. 


468. 


The  armature  winding  therefore  can  be  wound  in  78  shits  with 
six  conductors  per  slot. 

Conductor  1-5  x  10  mm.,  insulated  to  2-2  x  10-7  nini.(3-6  amps  mm-). 
Slot  8-5  X  28  mm. 

Comm,utalor. — Diameter  (assumed)  D;=38  cm.  Brush  width 
7=1  cm.     Current  density  i=8  amps./cm-. 

21,     2  X  324 


Active  length 


7,=  '^= 
TV 


-=  13-5  cm- 


1  x8xG 

Primary    Windiiuj    and  Flux. — From  equation   (7)   the   numln  1 
of  conductors  on  primary  will  be 

N,  =  ,-r^  ^N,=  154. 
(I  +  OP2K2 

As  mentioned  above,  this  may    be  reduced  8   lo   10  per  cent. ; 
hence,  N,=  0-93  x  154=  144, 

E,  .  10*^ 


Flu  J 


*,=       ~'     "  =2-29X10". 

'      l-74(l-(-.,)r,N, 


Phase  displacement  between  TO,  and  I,. — We  first  find  the  magne- 
tising current  1„  from  equation  (0)  l„  =  40-3  amperes. 

Then  from  equation  (18)  cos  0=  cos  a  =  0-93,  and  more  exactly 
from  equation  (20)  co«0=O-9. 
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Ci>mj>arisiin  heliree.n  Serir'n  anil  Rejjiil-iion  Mnt<ir.i. — We  liHVf  seen 
that  the  repulsion  motor  works  best  in  tlie  region  of  synclironism, 
whilst  above  this  sjjeed  sparking  increases  rapidly.  The  series  motor 
is  just  the  opposite,  and  improves  as  c^lci  increases.  Thus  the  latter 
is  much  hefter  suited  to  low  frequencies,  since  it  allows  a  much  {greater 
freedom  in  the  selection  of  tlie  number  of  pules.  Take,  for  example, 
a  motor  for  1,100  revs,  per  min.  at  15  cycles.  Here  a  re[)ulsion 
motor  is  out  of  the  question,  for  even  with  a  bipolar  the  synchronous 
speed  is  only  900,  and  apart  from  the  sparking  the  flux  and  com- 
mutator become  abnormally  large. 

On  the  other  hand,  cases  may  occur  where  the  pressure  between 
sejrments  becomes  inadmissible  in  a  series  motor,  so  that  a  repulsion 
must  be  used  if  the  terminal  pressure  cannot  be  reduced. 

It  may  happen,  however,  that  the  conditions  appear  equally 
favouralile  for  both  types,  and  the  question  arises,  Which  type  ought 
to  bo  adopted  ?     We  will  assume,  in  both  cases. 


cos  0=O'9, 


np 
]20" 


j8=0-8. 


The  diameter  of  the  armature  for  the  series  motor  will  be 
whilst  for  the  repulsion  motor 


H.P.    lap^ 


r)=  lo* 


V'. 


110 


H.P.    cap^ 
»,XKV 


Taking  the  same  number  of  poles,  speed,  gap  and  current  densities 
the  repulsion  motor  comes  out  7  per  cent,  larger  both  in  diameter 
and  length  than  the  series  motor.  As  a  set-off  against  this  the 
s?ries  motor  has  to  be  provided  with  a  compensating  winding,  and 
since  this  occupies  much  space,  K  must  be  chosen  smaller  for  this 
machine  than  for  the  repulsion  type,  so  that  the  above  difference 
practically  vanishes. 

The  repulsion  motor  possesses  the  following  advantages  over  the 
series : — 

1.  Permits  of  a  large  range  of  speed  regulation  by  merely  shift- 
ing the  brushes. 

2.  Is  less  sensitive  to  load  fluctuations. 

Whilst  the  series  motor  will  "race"  when  the  load  is  thrown  off, 
the  repulsion  motor  cannot  exceed  a  certain  maximum,  as  deter- 
mined by  equations  (7)  and  (10). 

To  reverse  the  direction  of  rotation  of  a  series  motor  it  is  only 
necessary  to  reverse  either  the  armature  or  field. 

In  the  case  of  the  repulsion  motor  this  can  be  accomplished 
either  by  shifting  the  brushes  about  the  main  axis  or  by  shifting 
the  main  axis  about  a  fixed  brush  axis. 


ELECTRICITY  AND  WATER  SUPPLY. 


An  interesting  adaptation  of  electricity  to  the  needs  of  the  water 
supply  of  a  town  has  recently  been  completed  in  Darlington  ;  and 
the  installation  is  also  noteworthy  since  the  supply  of  current  for 
the  motor  in  question  is  taken  from  the  electric  tramway  feeders. 
For  some  time  past,  owing  to  the  development  of  the  town,  difficulty 
has  been  experienced  in  maintaining  sufficient  jiressure  in  the  high- 
lying  parts  around  Harrowgate  Hill.  &c.,  without  creating  an 
unnecessarily  high  pressiu-e  in  the  remainder  of  the  distributing 
mains.  To  overcome  this  a  stand  pipe  adjoining  the  reservoir  has 
hitherto  been  used,  the  water  for  the  reservoir  being  supplied  over 
the  stand  pipe.  This  has  involved,  however,  a  considerably  increased 
coal  consumption,  since  pumping  has  had  to  take  place  against  the 
additional  head,  although  only  a  small  proportion  of  the  total  supply 
is  used  in  the  higher  lying  parts  of  the  town,  and  to  reduce  this 
loss  of  power  as  much  as  possible,  a  sufficient  sup|)ly  for  the  Harrow- 
gate  Hill  district  has  only  been  given  during  certain  hours  of  the  day. 

A  scheme  has  now  been  evolved,  however,  by  Mr.  G.  Winter,  the 
liorough  surveyor,  whereby  not  only  will  a  continuous  supply  of 
water  be  maintained  at  Harrowgate  Hill,  but  it  will  not  be  necessary 
to  maintain  any  higher  pressure  for  the  town  supply  than  called  ior 
by  its  own  requirements,  and  during  the  night  when  the  general 
supply  is  at  a  minimum,  the  reservoir  at  Harrowgate  Hill  is  tilled 
up,  as  well  as  certain  tanks  in  other  portions  of  the  town,  which  are 
filled  only  once  a  day. 

A  centrifugal  pump  capable  of  lifting  120,000  gallons  of  water 
per  hour  against  a  head  of  35  ft,  has  been  provided,  the  suction  of 
the  pump  being  connected  with  the  reservoir  and  the  delivery  to  a 
tank  placed  above  the  pump  and  capable  of  holding  60,000  gallons. 
The  main  sup|ily  pipe  from  the  punijiing  station  is  also  carried 
directly  into  this  tank  together  with  an  overflow  into  the  reservoit. 


The  centrifugal  pump  is  dinct  coupled  to  a  compound  wound 
motor,  having  an  exceptionally  heavy  series  winding,  in  order  that 
the  quantity  of  water  delivered  may  be  maintained  approximately 
constant  with  a  supply  pressure  varying  between  4.30  and  .jOO  volts, 
the  current  being  obtained  from  the  traction  trolley  wire  at  a  con- 
siderable distance  from  the  generating  station.  The  normal  rating 
of  this  motor  is  .38  b.ii.p.,  |)rovi8ion  Ijeing  made  for  fine  speed  adjust- 
ments by  means  of  shunt  regulation. 


Fio.  1. — Automatic  St.irtixg  Switch. 

A  combined  automatic  main  and  starting  switch  (Fig.  1)  with  no- 
voltage  release  is  provided,  capable  of  starting  u])  under  full  load. 
This  switch,  which  is  manufactured  under  Moule's  patent,  is  (<{ 
substantial  design,  with  quick  step-by-step  motion,  the  time-limit 
between  each  forward  movement  being  readily  adjustable  by  hand. 
The  current  su])ply  to  this  starting  switch  is  controlled  by  means  of 
a  special  ]iattern  of  iron-cased  quick  make-and-break  float  contact 
(Fig.  2).  operated  through  a  copper  rope  connected  to  a  float  in  the 
tank. 


Fio. 


-(JiK  K  Make-axi>-bki:ak  Float  CoxT.\cr. 


A  further  provision  is  made  to  prevent  the  motor  from  being 
started  up  automatically,  should  the  pump  from  any  cause  have 
lost  its  priming.  -V  pipe  connected  with  the  upper  portion  of  the 
pump  is  coupled  to  a  cylinder  (Fig.  3)  containing  a  copper  float, 
whicli,  when  in  its  to]!  position.  com|)lctes  the  connection  bctwctMi 
the  solenoid  main  switcli  and  the  tank  contact  ;  Init  if  the  water 
falls  below  a  fixed  level  in  the  pump  the  circuit  is  liroken.  and  the 
pump  cannot  be  started  until  reprimed.     This  provision  is  necessary 
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as  the  plant  is  left  unattended,  and  consideraljle  injury  could  be  done 
if  the  pump  started  up  without  water,  though  the  special  winding 
prevents  the  motor  from  running  at  an  excessive  speed. 

The  switchboard,  in  addition  to  the  starting  switch,  contains  an 
ammeter,  overload  circuit -breaker  and  main  fuse,  the  whole  being 
totally  enclosed  in  iron,  so  that  it  is  impossible  to  obtain  a  shock 
from  any  portion.  This  precaution  is  necessary  since  the  plant  is 
operated  from  the  traction  feeder  with  a  pressure  of  approximately 
r>()0  volts  to  earth. 

Provision  is  made,  by  means  of  a  relay,  operated  from  the  elec- 
tricity works  through  one  o*  tho  tramway  pilot  leads,  for  breaking  the 
circuit,  when  required  for  the  |)urpose  of  testing  the  leakage  current 


Fig.  3. — Arrangement  to  prevent  starting  rp  without  water  in 
THE  n.M?. 

on  the  traction  system,  or  for  any  other  reason.  It  is  also  interesting 
to  note  that  heating  units,  consuming  about  50  watts  each,  are 
provided  inside  the  motor  case  and  the  switchboard,  to  prevent 
condensation  and  leakage  on  the  surfaces  of  the  apparatus. 

Tiie  pumping  plant  was  supplied  and  erected  by  Messrs.  Cox- 
Walkers,  of  Darlington,  and  the  whole  of  the  switchgear,  float 
contacts,  automatic  switchgear,  &c..  was  designed  and  manufactured 
by  them  to  meet  the  special  requirements  called  for  by  Mr.  J.  R.  P. 
Lunn,  the  borough  electrical  engineer.  ^ 


ELECTRIC  LIFT  CONTROL  GEAR. 


The  convenience  of  lifts  under  a  number  of  very  varying  circum- 
stances will  not  be  denied  by  anyone.  They  are  equally  useful  in 
blocks  of  flats  or  offices  for  purely  passenger  or  goods  work,  while 
when  they  are  required  to  deal  with  much  heavier  loads  than  would 
be  met  with  in  these  circumstances  they  can  also  be  designed  to  work 
very  efficiently.  .Although  we  do  not  doubt  that  the  hydraulic  lift 
has  certain  advantages,  we  must  confess  that  in  one  particular  at 
least  it  falls  sadly  behind  the  equipment  to  which  a  motor  is  fitted. 
This  is  in  the  matter  of  control.  It  is  a  very  great  convenience  in 
cartain  classes  of  lift  work  to  be  able  to  dispense  with  an  attendant, 
and  if  the  lift  can  be  safely  taken  to  any  floor  and  then  left  to  be 
called  for  from  that  floor  by  purely  automatic'  means  a  very  great 
step  forward  has  been  made,  though,  of  course,  it  is  sometimes  more 
efficient  to  have  an  attendant.  The  electrically  driven  lift  allows 
this  to  be  done,  and  in  the  development  of  the  arrangements  for 
effecting  it  much  ingenuity  has  been  displayed.  The  necessary 
criteria  wliich  must  b3  fulfilled  are  that  the  lift  cannot  be  moved 
unless  every  gate  is  closed,  and  it  should  also  be  po.ssible  to  control 
it  both  from  inside  the  lift  and  from  the  various  landings. 

There  are  many  ways  of  doing  this,  and  in  this  article  we  may 
call  special  att:>ntion  to  electric  lift  control  gear  for  continuous- 
current  working,  which  has  been  developed  by  Messrs.  Laurence 
Scott  &  Co.,  of  Norwich.  Apart  from  the  electrical  details,  it  is 
interesting  from  the  fact  that  the  controller  itself  is  built  up  in 


skeleton  form  without  the  use  of  marble  or  slate  panels,  the  whole 
of  the  apparatus  being,  in  fact,  carried  on  a  metal  framework  which 
is  insulated  where  necessary  with  micanite.  This  type  of  construc- 
tion, it  is  claimed,  eliminates  the  possibility  of  the  controller  being 
crippled  by  the  breakage  of  a  panel,  and  at  the  same  time  allows  the 
whole  arrangement  to  be  easily  adjusted  or  cleaned  without  it  being 
necessary  for  the  operator  doing  the  work  to  be  cramped  up  in  a  sort 
of  "  black  hole  of  Calcutta."  which  is  not  infrequently  made  doubly 
uncomfortable  by  tlie  fact  that  there  is  danger  from  purely  elec- 
trical sources. 

This  arrangement  appears  to  us  to  possess  advantages  from  another 
point  of  view.  When  switchgear  is  mounted  on  panels  of  so-callid 
insulating  material,  there  is  a  tendency  to  rely  on  the  latter  for  a 
certain  amount  of  insulating  protection.  This  reliance  may  be 
misplaced,  for  often  metallic  veins  are  found  in  both  slate  and  marble 
panels,  so  that  instead  of  such  panels  being  insulators  tliev  are  really 
acting  as  conductors  of  a  peculiarly  dangerous  kind.  On  the  other 
hand,  if  a  metal  frame  is  used,  and  the  insulation  carried  out  by 
material  of  high  resistance  properties,  which  is  placed  at  certain 


Fig.  1.— Ginerai,  View  ok  Appakati-s. 

special  points,  it  is  known  that  if  this  breaks  down  the  live  parts  are 
put  to  earth.  In  the  controller  which  we  are  describing  the  solenoids 
and  other  equipment  are  mounted  inside  a  box  built  up  of  angles 
and  flat  iron  with  sheet  iron  sides,  doors  being  provided  as  shown 
in  Fig.  1.  This  box  is  intended  to  protect  workpeople  from  accidents, 
while  at  the  same  time  it  excludes  dust  and  moisture,  and  it  forms  no 
impediment  to  the  adjustment  or  repair  of  the  apparatu.s.  Fig.  2 
shows  the  controller  arranged  for  switeh-in-cage  oiieration.  The 
two  main  reversing  switches  are  fi.xed  at  the  upper  part  of  the  gear 
and  are  connected  in  the  main  circuits.  Their  contactors  are  cross- 
connected  in  such  a  manner  that  the  current  flows  through  the 
armature  in  one  or  other  direction,  depending  on  which  of  them  is 
closed.  They  cannot,  however,  be  both  closed  at  the  same  time. 
These  contactors  are  operated  by  coils,  the  current  through  which 
is  controlled  Vjy  the  cage  switch.  The  throwing  over  of  this  switch 
into  one  or  other  position  determines  the  direction  in  which  the 
current  shall  How  through  the  armature,  and  therefore  the  move- 
ment of  the  cajje  up  or  down  as  the  case  may  be.  In  the  o|ierating 
coil  circuit  worked  by  the  cage  switch  are  placed  the  limit  and  gate 
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switches,  all  in  series,  so  that  (lie  cane  eaniint  l)e  started  if  any  of 
the  gat«8  are  open,  while  should  it  over-run  its  travel  the  main  cir- 
cuit is  also  broken. 

An  overload  automatic  device  is  fitted,  and  is  shown  in  the  diagram 
Fig.  2.  It  consists  of  a  solenoid  wound  with  two  coils,  one  coil  is 
in  the  main  circuit,  and  on  an  overload  lifts  up  the  armature,  which 


resistance,  so  that  when  the  switch  is  in  the  half-cock  position  the 
resi.stanco  is  again  short-circuited,  and  the  lift  slows  down  just 
before  stopping.  This  arrangement  makes  it  easy  for  the  attendant 
or  operator  to  bring  the  lift  precisely  to  any  desired  position. 

The  contactors  are  shown  in  Fig.  3,  which  clearly  indicates  the 
method  of  insulation  employed.  A  patented  form  of  main  brush 
is  adopted  in  these  switches,  consisting  of  a  numlx-r  of  rectangular 
copper  laminations,  whii^h  are  each  of  the  same  length  and  which 
are  riveted  together,  the  wliole  being  carried  by  a  micanite  sleeve. 
This  device  is,  we  understand,  very  carefully  manufactured,  and 
gives  great  flexibility  and  good  contact.  The  lower  end  of  the  brush 
does  not  leave  its  contact  when  the  switch  opens,  but  the  pressure 
between  the  brush  and  the  contact  is  a  maximum  on  the  closed 
position.     A  magnetic  blow-out  is  provided  at  the  top  of  the  switch. 


Fig.  2. — Connections  for  Lift.     Cage  Switch  Control,  Overload 
Release. 


Fig.  4.— Cagk  Switch. 


"shorts"  the  operating  coil  of  the  main  reversing  switch  and 
breaks  the  circuit.  The  other  coil  is  a  shunt,  and  keeps  the 
armature  up  after  the  main  circuit  is  broken.  The  main  reversing 
switch  cannot  be  again  switched  on  by  the  cage  switch  until  the 
armature  automatically  drops,  when  the  lift  is  ready  to  be  re- 
started. The  reason  for  this  is  that  if  only  a  series  coil  were  used, 
and  the  cage  switch  was  held  in  on  a  ])ersistent  overload,  the  arma- 
ture would  pump  up  and  down  and  the  desired  effect  would  not  be 
obtained. 

The  starting  svntch  consists  of  a  swinging  arm  operated  by  a 
solenoid,  and  is  fitted  with  a  number  of  carbon  contacts.  When  all 
the  resistance  is  cut  out  these  carbons  are  short-circuited  by  a  metal 
contact,  so  that  they  carry  current  during  starting  only.  Further, 
as  the  main  circuit  is  always  broken  on  the  contactors,  it  is  claimed 
that  these  carbons  will  last  indefinitely.  The  two  extra  carbon  con- 
tacts which  are  fixed  at  the  left-hand  end  of  the  starting  arm  allow 
an  extra  resistance  to  be  inserted  in  the  motor  field,  so  that  an  in- 


FlU.    3. — CoNTAlTOK. 

creased  speed  can  be  obtained  after  all  the  starting  resistances  have 
been  cut  out.  This  resistance  is  also  used  in  connection  with  the 
slowing-down  gear,  which  works  in  the  following  manner  :  The  cage 
switch  is  fitted  with  extra  contacts,  and  special  leads  are  run  to  the 


plenty  of  room  being  given  for  the  arc  to  exhaust  itself.  Resistance 
coils  of  Eureka  wire  wound  on  iron  tubes  and  insulated  with  micanite 
are  used  in  connection  with  this  equipment.  The  cage  switch  is 
shown  in  Fig.  4,  and  is  of  purely  metallic  construction  with  mica 


F[Q.  .-,. — CoN'NKcrioNS  FOR  LiKTS.     Pkkss  Button  Coxtrol. 


insulation.  It  is  pn>vided  with  a  removable  key.  and  is  so  arranged 
that  when  the  pressure  on  the  latter  is  released  the  switch  always 
returns  to  the  "  o(V '"  position.  Further,  the  key  has  to  be  pressed 
into  the  switch  and  held  in  position  during  the  travel  of  the  cage 
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in  either  diieetion.  the  switch  letiiininj;  to  the  "'  off  "'  position  and 
locking  itself  as  soon  as  the  key  is  removed. 

The  arrangement  we  have  just  described  is  designed  for  those  cases 
where  an  attendant  accompanies  the  lift,  bnt  Messrs.  Lamence.  Scott 
&  Co.  have  also  paid  attention  to  a  push-button  control  arrangement. 
This  is  shown  diagrammatically  in  Fig.  5.  The  controller  itself  is 
practically  the  same  as  that  described  above,  though  the  overload 
coil  is  omitted,  as  in  this  type  of  lift  it  is  usual  to  rely  on  fuses  or 
<'ircuit -breakers  for  protective  purposes.  One  push-button  is  fitted 
at  each  stopjnng  place  and  one  in  the  lift  for  each  floor.  TJie  press- 
ing of  the  button  on  any  floor  brings  the  cage  to  that  floor  should  the 
gates  throughout  the  building  be  closed  and  the  lift  unoccupied.  Xo 
gates  can  be  opened  except  the  one  at  which  the  cage  is  standing. 
The  operation  of  the  lift  is  entirely  under  the  control  of  the  passenger 
in  the  cage  at  any  time,  and  the  pressing  of  the  button  at  anv  of  the 
floors  during  a  journey  will  not  affect  the  travel  of  tlie  lift  to  the  floor 
desired  by  the  passenger. 

The  operation  of  this  arrangement  is  as  follows  :  Pressing  anv  of 
the  cage  or  floor  buttons  energises  and  closes  an  electrically  operated 
limit  switch,  which  in  turn  energises  the  controller  operating  solen- 
oids. The  cage  buttons,  however,  cannot  complete  the  circuit  until 
the  floor  switch  is  closed  by  a  passenger  standing  in  the  cage,  and  all 
gates  are  closed.  Stopping  is  effected  by  breaking  the  solenoid  cir- 
cuit at  the  limit  switches,  which  are  forced  open  mechanically  by 
the  passing  cage.  The  change-over  switches,  shown  in  the  diagram, 
are  provided  to  determine  the  necessary  motion  of  the  cage  to  reach 
any  floor.     They  are  thrown  over  by  the  cage  in  passing. 


Fig.  6. —Lift  Motok  and  Gear. 

In  connection  with  lift  work  generally,  a  standard  type  of  machine 
for  which  is  shown  in  Fig.  6,  it  is  interesting  to  learn  that  Messrs. 
Laurence,  Scott  &  Co.  have  provided  a  number  of  lifts  of  this  class 
for  use  in  the  Navy.  They  are  fitted  in  vessels  of  the  "  Dread- 
nought "  class.  For  testing  this  ajjparatus  Messrs.  Laurence, 
Scott  &  Co.  have  also  erected  a  sjjecial  testing  tower  50  ft.  high. 
This  tower  has  two  cages  which  can  be  loaded  up  to  3  tons  each,  and 
by  its  use  various  lifting  equipments  can  be  tested  under  actual 
working  conditions.  The  possibility  of  making  such  tests  is  an 
economical  factor  which  cannot  be  overlooked,  as  it  relieves  the 
necessity  for  adjustment  and  alterations  when  the  lifts  are  finally 
erected  at  the  place  where  they  nn-  to  wmk. 


Electrical  Production  of  Pig-iron. — Acconling  to  the  "Engi- 
neering and  Mining  Journal,"  the  first  pigiion  in  the  United 
States  mailc  in  the  electric  furnace,  and  wliich  has  been  put 
on  the  maiket  commercially,  conus  from  the  plant  at  Heroult, 
in  Shasta  county,  California.  This  plant  uses  furnaces  of  the 
HtToult  type,  atid  electric  power  is  furnished  by  the  Pitt  river. 
The  first  legiilar  shipment  was  20  tons  of  pig-iron  delivered  in 
Iiedding.  The  electric  furnace  in  operation  is  turning  out 
about  2-5  ton.s  of  iron  <laily,  and  delivering  it  at  a  costless  than 
the  present  price  in  California.  Some  few  changes  have  still 
to  be  made  before  the  process  will  be  considered  completely 
successful. 


ELECTRICALLY-DRIVEN  MACHINERY  AT  FISH- 
GUARD HARBOUR. 


Hy  the  opening  of  the  Fishgiiard-Rosslare  route  on  Augu.st  1. 
190(5.  the  Great  Western  Railway  (^o.  provided  an  admirable 
means  of  access  to  the  South  of  Ireland,  so  rich  in  interest 
fiom  the  tourist  aspect.  With  an  unrivalled  train  service 
in  England,  and  boats  which  are  second  to  none  in  cross- 
channel  service,  it  is  not  surpri.sing  that  the  route  is  provina 
attractive,  and  is  fast  increasing  in  popularity.  The  boats 
tlieniselves  are  magnificently  equipped,  and  are  really  miniature 
liners,  while  the  boat  expresses  on  this  side  are  all  that  could  be 
desired.  It  is.  how-ever,  not  only  to  cultivate  passenger  trafiic  that 
the  Groat  Western  Company  have  taken  this  progressive  step, 
but  also  to  secure  a  very  large  amount  of  goods  trallic  lietween 
the  two  countries.  In  order  to  deal  with  this  latter  particu- 
larly, the  station  and  quays  at  Fishguard  had  to  be  considerably 
enlarged  and  newly-equipped  with  harbour  machinery.  The 
purpose  of  the  present  article  is  to  describe  this  machinery  in  as 
complete  detail  as  possible. 


tnti 


Fig,  1.  —  "  Free-Barbel  "  Arbangement  by  Stotbert  &  I'itt. 

Beginning  with  the  power  house,  wliich  is  situated  at  an 
extremity  of  the  yard,  its  position  is  not  an  ideal  one  owing  to 
the  fact  that  rock-blasting  operations  are  continually  being 
carried  on  in  its  immediate  vicinity.  It  is  built  directly  at  the 
base  of  a  cliff,  and  experiences  the  full  force  of  the  extremely 
rough  weather  which  is  by  no  means  uncommon  at  Fishguard. 
During  the  early  days  of  the  work,  it  frequently  happened  that 
large  pieces  of  rock  crashed  through  the  roof  and  fell  into  the 
boiler  house  or  engine  room.  On  one  occasion  a  fragment 
weighing  several  pounds  struck  the  battery  room  door,  pene- 
trated it,  passed  between  two  rows  of  cells,  striking  one  or  two 
on  its  way.  and  finally  left  by  way  of  another  door,  which  it  also 
penetrated.  To  guard  against  this  sort  of  thing  wire  netting 
has  been  spread  over  the  roof,  and  all  the  machines  are  pro- 
tected by  sheet-iron  guards.  The  switchboard  attendant  also 
has  an  iron  roof  over  his  head  while  the  switchboard  itself  is 
completely  housed  in  iron. 

In  the  boiler  house  are  three  marine  water-tube  boilers  bv 
Messrs,  Babcock  &  \\'ilcox,  each  being  provided  with  a  short 
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iron  chiniiicv.  They  are  tittod  with  internal  superheaters  and 
are  hand-fired,  the  steam  heinij;  superheated  up  to  .dOITF.  The 
working  pressure  is  1601b.  per  square  inch.  After  passing 
throufih  tlie  engines  the  steam  is  taken  through  a  Reavell  oil 
separator,  and  from  there  to  the  condenser,  which  has  a  capacity 
of  9,()()()  lb.  of  steam  per  hour,  and  was  built  by  Messis.  Belliss  & 
Morcom.  In  conjunction  with  the  condenser  is  an  Edwards 
steai'.i-driven  air  pump.  Sea  water  is  employed  for  circulat- 
ing, and  for  pnin|)ing  it  an  electrically-driven  centrifugal  pump 
has  been  installed.  This  pump  is  driven  by  a  Siemens  motor, 
to  which  it  is  directly  coupled,  the  motor  being  of  the  enclosed 
type  and  developing  20  h. p. when  running  at  500  revs,  per  min. 


30  cwT.  .\ND  3-TON  Electiiic  C^,A^ES. 


If  necessary,  the  engines  can  exhaust  into  the  atmosphere,  and 
in  this  event  the  feed-water  is  obtained  from  a  special  storage 
tank  ;  otherwise  it  is  obtained  from  a  hot-well.  Duplicate 
feed  pun;ps  are  provided,  they  being  of  direct-acting  steam- 
driven  vertical  pattern  built  by  Messrs.  Weir, 

In  the  engine  rooiv.  are  four  Belliss-Siemens  continuous- 
current  sets.  The  engines  are  of  the  two-crank  compound 
typo,  and  are  directly  coupled  to  four-pole  shiir.t-wound  gene- 
)-ators.  One  set  is  provided  with  two  60  kw.  machines  in 
tandem,  and  is  used  as  a  steam  balancer,  each  machine  develop- 
ing 60  kw.  at  240  volts.  Tlie  tUroi'  remaining  sets  are  each  of 
120 


engine  room  and  a  booster  is  eniployed  for  battery  cliargint!. 
The  latter  machine  consists  of  a  motor  connected  between, 
and  on  the  same  shaft  as,  two  dynamos,  e?.ch  of  which  \i 
capable  of  developing  •%  aniperes  at  from  0  to  50  volts. 

Siti'.ated  over  the  stores  is  a  spacious  battery  room  containing 
220  cells  of  the  Tudor  L.F.  9  type,  having  a  capacity  of  500  am- 
peres at  the  low-discharge,  or  10-hour,  rate. 

With  regard  to  the  switchboard,  there  is  nothinc  of  par- 
ticular interest  to  note.  It  is  of  the  conventional  black  marble 
type,  and  consists  of  the  customary  generator  and  feeder  panels, 
due  provision  being  made  for  extension. 

Three  sets  of  feeders  leave  the  engine  room,  one   being   for 
power,  one  for  lighting,  and  the  third  for  the  ocean  quay.   The 
first  two  are  carried  in  a  cast-iron  conduit  filled  with  bitumen. 
Provision  of  the  trench  for  this  conduit  was  not  an  easy  matter, 
for  a  ££ood  length  of  it  had  to  be  blasted  from  the  solid  rock,  and 
the  feeders  are  not  broueht  above  ground  until  a  point  k 
reached  some  200  yds.  from  the  engine  room.     Up  to  this  point 
paper-insulated  lead-covered  concentric  cables  are 
employed.     After  coming  above  ground  they  are 
entirely  carried  overhead  with  the  exception  of  a 
short  length  in  a  subway.    The  overhead  work  con- 
sists of  stranded  and  braided  conductors,  carried 
on  insulators  on  S(iuare  wooden  posts  with  cross- 
arms.     A  main  power  distribution  board  is  pro- 
vided on    the  station   platform,  and    enables  the 
power  feeders  to  supply  15  circuits. 

The  feeders  for  the  ocean  quay  consist  of  two 
0-2  sq.  in.  stranded  and  braided  conductors.  On 
leaving  the  station  switchboard  thev  pass  through 
double-pole  handle  fuses  and  a  double-pole  s\\-itch, 
through  the  meter,  and  then  up  the  ensine  room 
wall  on  brown  porcelain  insulators,  afterwards 
passing  {'.rough  the  wall  on  to  channel  iron  arms, 
cemented  into  the  wall.  From  this  point  they  are 
carried  overhead  on  lattice  steel  poles.  43  ft.  high, 
as  far  as  the  beginning  of  the  quay.  Here  rubber- 
covered  cables  are  jointed  on  and  rmi  down  the 
pole  to  straight- through  joint  boxes,  from  which 
concentric,  paper-bsulated  lead-covered  cables  run 
to  the  main  switchboard  on  the  ocean  quav.  This 
board  controls  two  cranes,  there  being  two  plug 
boxes  for  each  crane.  All  cables  on  the  ocean  quay 
are  carried  by  means  of  oak  cleats  under  the  deck- 
ing. In  addition  to  the  power  work  there  are  also 
lighting  cables  consisting  of  a  pair  of  19/18  and  a 
nnddle  wire  of  19/20. 

At  each  end  of  the  quay  wall  there  is  a  Carbone 
enclosed  flame  arc  lamp  the  centre  of  the  arc  being 
13  ft.  above  the  quay  wall ;  these  lamps  are  employed 
for  navigation  purposes  and  enable  ves.?els  of  large 
draught  to  enter  the  harbour  without  danger,  and  to 
ascertain  the  safe  berthing  limits  at  night. 

The  roadwav  from  the  passenger  station  to  thi^ 
Fish'itiard  Bav  Hotel  is  illuminated  by  Westminster 
arc  lamps,  and  electrically  illuminated  .signs  direct- 
ing passengers  to  the  various  trains  and  boats  are 
situated  atconvenient  points  on  the  platforms. 

Owing  to  the  nature  of  the  load  it  is  scarcely  to  be 
expected  that  the  load  factor  would  be  high.  and.  as 
a  matter  of  tact,  it  works  out  to  26  per  cent.  The 
works  costs  varv  from  l-02d.  to  2- lid.,  the  lower 
figures  being  experienced  in"the  winter,  when  the  hours  of  light- 
ing are  longer,  and  the  higher  figure  in  the  summer,     ■ 

New  marine  repair  engineering  shops  have  Vieon  erected,  and 
are  liuhted  and  driven  throughout  by  electricity.  The  wiring  is 
carried  in  Simplex  screwed  steel  conduit,  and  each  machine 
tool  is  provided  with  a  ])ortable  hand  lamp,  connected  to  a 
wall  plug  bv  leads  encased  in  flexible  steel  tubing,  ^ix 
Westminster  "enclosed  arc  lamps  are  employed  for  lighting  the 
shops,  which  contain  numerous  lathes,  punching,  shearing  and 
blowing  machines.  There  are  installed  two  40  h.p  and  one 
25  H.P.  Siemens  enclosed  motors,  which  are  arranged  to  drive 


TOi  KW.  ar  ::-iU  volts.      i  lu'  inrei'  reiuaiiuiii^  ffct-o  aiu  v-tnu  ui  i  — -.  ^    .        r         a  ,„  >;„  .l,.>ftiiuv 

kw.  at  480  volts.     A  hand  travelling  crane  traverses  the     separately  or  collectively  on  to  two  lines  of  mam  ,shattin„ 
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By  far  tlio  most  iiitevesting  feature  of  the  iustallatiun  is  the 
very  line  collection  of  electrically-driveu  cranes  erected  on  the 
quay  wall  and  on  the  ocean  quay.  These  were  all  supplied  bv 
Messrs.  Stothert  &  Pitt.  They  consist  of  eight  30-c\vt.  cranes 
and  two  3-ton  cranes,  all  on  the  quay  way.  one  21 -ton  crane  on 
the  coaling  wharf  and  one  3-ton  crane  on  the  ocean  quav.  The 
first  eight  are  fed  by  flexible  leads  attached  to  connecting  boxes 
ou  the  station  roof,  while  the  remaining  two  on  the  quav  wall 
are  provided  with  sliding  contacts  moving  along  a  bare- copper 
strip,  supported  on  insulators  also  on  the  roof.  Fig.  2  shows 
the  general  arrangements  of  the  30-cwt.  cranes.  The  height 
from  the  centre  of  jili  pulley  to  the  ground  is  37  ft.,  while  the 
slewing  radius  is  35  ft.  These  cranes  are  known  as  the  "  half- 
portal  "  type,  and  are  designed  to  raise  a  maximum  load  of 
30  cwt.  at  a  speed  of  250  ft.  per  minute,  the  jib  head  speed  of 
slewing  being  400  ft.  per  minute. 

The  crane  truck  is  carried  on  a  rolled  steel  gantry,  two 
wheels  running  on  rails  fastened  to  the  top  of  station  roof,  while 
the  other  two  are  on  the  ijuay  level,  the  former  being  11  ft.  G  in. 
above  the  latter.  Hand  traversing  gear  is  fitted,  and  the  wheels 
are  relieved  of  all  pressure  when  the  crane  is  at  rest  by  means 
of  screw  jacks.  Built  into  the  top  of  the  gantry  framework  is  a 
cast-iron  centre  bed  which  carries  a  cast-steel  roller  path.  A 
similar  roller  path  is  carried  by  the  superstructure,  and  moves 
on  a  ring  of  steel  rollers.  A  steel  centre-pin  secures  the  super- 
structure. Separate  motors  are  employed  for  lifting  and  slew- 
ing, the  former  operation  being  effected  by  means  of  the  patent 
"'  free  barrel  "  arrangement  designed  by  Messrs.  Stothert  & 
Pitt  and  shown  in  Fig.  1 . 

It  consists  essentially  of  a  hoisting  drum.  A,  driven  by 
gear  from  an  electric  motor,  the  hoisting  drum  being  loose 
on  the  shaft,  and  connected  or  disconnected  by  a  friction 
clutch  B.  This  friction  clutch  is  thrown  in  and  out  of  gear  by 
the  rod  C,  which  is  actuated  by  the  controller  handle  D. 
When  the  controller  handle  is  in  the  position  shown,  the  clutch 


revolve  and  to  lift  the  load.  Further,  motion  of  the  handle  in- 
creases the  speed  of  the  motor  without  altering  the  clutch, 
the  motion  being  taken  up  by  the  spring  box  E. 


Scale  of  Feet 


I'll;.  4.— <;eneb\l  abrancement  of  21-to.n  Electric  Coaunc  Crane. 


is  disconnected  and  the  motor  stopped.  On  moving  the 
handle  forward,  the  controller  is  actuated,  the  motor  is  started, 
the  clutch  is  thrown  into  gear,  and  the  barrel  commences  to 


Fig.  3.— 21-ton  Electeic  Coaling  Crane. 


Lowering  is  performed  by  the 
mechanical  brake  F,  which  is 
actuated  by  the  foot  treadle  G. 
There  is  a  coupling  rod  or  interlock 
between  the  treadle  G  and  the 
handle  D,  so  that  depressing  the 
treadle  and   putting  on   the  brake 

-J'~^^^^''\ n      throws  back  the  handle  D  and  stops 

Mh  W  1  v^^^rn      ''        ^^'^  motor  and  disconnects  the  barrel, 
I    lV>^^l??\R^Jjv    '        leaving  the  load  suspended  on  the 
brake.     This  arrangement  also  pre- 
vents the  motor  being  started  until 
the  brake  is  freed. 

The  advantage  of  the  whole  ar- 
rangement is  that  lowering  can 
be  performed  at  a  very  rapid  rate, 
without  reversing  the  motor,  thus 
enabling  the  cranes  to  work  at  a 
vcrv  high  speed  and  to  compete 
siwcessfully  with  hydraulic  cranes. 
There  is  also  a  great  advantage  in 
lifting,  as  lifting  can  be  carried  on, 
without  stopping,  to  the  (op  of  the  lift,  when  the  clutch  is  instantly 
disconnected,  leaving  the  motor  spinning  :  thus  no  time  is  lost  by 
waiting  for  the  arrniitinc  to  come  to  rest.       In  rraiies  where  the 
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motor  is  always  in  gear  witli  the  liftiiiL!  barrel,  the  motion 
has  to  be  checked  before  the  toj)  of  the  lift  to  prevent  over- 
winding, but  in  practice  with  the  free  barrel  arrangement  it  is 
found  that  a  load  can  be  lowered  to  the  full  depth  before  the 
motor  has  come  to  rest,  and  often  there  is  a  certain  amount  of 
momentum  left  in  the  armature  to  aid  the  next  lift. 

The  motors  in  these  cranes  were  supplied  by  the  British 
Thomson-Houston  Co.,  and  are  of  their  special  crane  type. 
Those  employed  for  lifting  are  rated  at  38  r.h.p.  when  running 


driven  out  and  raised  by  electricity,  the  traversing  and  raising 
being  effected  by  .separate  motors.  The  illustrations  show  how 
these  operations  are  carried  out,  the  controllers  being  situated 
on  the  platform.  As  a  measure  of  precaution  the  main  switch 
feeding  the  controllers  is  interlocked  with  the  signal  and  point 
levers  in  the  signal  box,  so  that  no  train  can  enter  the  section 
when  the  traversers  are  out  and  no  traverser  can  be  unhoused 
unless  the  section  is  blocked.  The  traversers,  which  were  sup- 
plied by  Messrs.  Stothert  &  Pitt,  are  .similar  in  all  respects. 


Fic     6.  — Gh.VERAL  ARRANOEMKXT  OK  ElECTKU'  Tr.WEHSKR. 


at  41-0  revs,  per 
inin.,  while  the 
slewing  motors  are 
of  4jB.H.p.at  635 
revs,  per  min.  The 
cranes  are  admir- 
ably constructed 
for  convenience  of 
working,  and  the 
arrangements  are 
such  that  the 
driver  can  mani- 
pulate the  load 
with  accuracy  and 
precision  without 
the  aid  of  a  second 
person. 

The  3-ton  cranes 
are  almost  identi- 
cal with  those  just 

—ra described.         The 

Plan  with  ToplPlatform  removed  motors  are  of  the 

j  same    type  while 

the  speeds  of 
hoisting  and  slewing  are  respectively  1 2-5  ft.  per  minute  and 
400  ft.  per  minute. 

The  21-ton  crane  (Figs.  3  and  4)  is  designed  to  deal  with  entire 
trucks  of  coal,  which  it  lifts  and  tips.  Steel  rollers  are  employed 
to  carry  the  superstructure  on  the  top  of  a  solid  masonry  founda- 
tion, to  which  it  is  secured  by  a  steel  centre  pin.  Attached  to  the 
lifting  gear  are  two  barrels,  one  for  lifting  and  the  other  for 
tipping.  Tipping  is  effected  by  running  one  barrel  and  kcep- 
nig  the  other  stationary,  while  both  are  run  simultaneously 
when  hoisting  alone  is  in  progress.  One  56  h.p.  motor  drives 
both  barrels  and  raises  a  load  of  21  tons  at  25  ft.  per  second 
when  running  at  370  revs,  per  min.  For  slewing,  an  8  h.p. 
motor  is  employed,  the  speed  of  slewing  at  the  jib  head  being 
250  ft.  per  second,  when  the  motor  is  running  at  540  revs,  per 
min. 

Next  in  importance  to  the  cranes  nnist  be  reckoned  the 
"  traversers,"  of  which  there  are  four.  These  are  moving 
platforms  which  bridge  the  permanent  way  between  platforms 
in  the  absence  of  trains,  thus  permitting  passengers  and  goods 
to  move  from  one  platform  to  another  without  having  recourse 
to  the  subway.  Two  of  the  traversers  span  a  double  line  of 
rails,  while  the  other  two  span  only  single  lines.  Normally 
they  are  housed  under  the  platforms,  but  when  required  arc 


except  with  regard  to  dimensions.  Each  is  provided  with  two 
3  H.P.  motors,  the  long  traversers  running  on  16  rollers  of  cast 
steel  and  the  short  traversers  on  eight.  As  will  be  seen,  the 
lifting  gear  consists  of  toggle  joints  connected,  through  right 
and  left-handed  screws,  v.ith  shafts  driven  by  the  hoisting 
motor.  A  framework  of  rolled  steel  sections  carries  the  plat- 
form, which  is  of  wood.  It  will  be  obvious,  on  a  moment's 
consideration,  that  a  somewhat  complicated  system  of  con- 
trollers and  switches  has  to  be  emploved  in  order  to  prevent 


r'T^'-h'-- 


Fid.  6. — Arranqement  op  Overliftino,  Ovkrloweri.so  ani>  Over- 
TRAVEBsixa  Switches  fob  Ri.e<tric  Tbavrrseb. 

mishap.  For  instance,  it  must  be  impossible  to  raise  the  plat- 
form of  a  traverser  when  it  is  housed  wholly  or  partially,  and  it 
must  be  possible  to  raise  or  lower  only  when  it  is  at  its  correct 
position  over  the  lines.  Assuming  that  it  is  raised  it  must  then 
be  impossible  to  cause  it  to  traverse.  These  features  are  secured 
in  the  following  manner.  Keferring  to  the  diagram  (Fig.  7)  it 
must  be  understood  that  the  parts  marked  ""  Travelling  con- 
troller,"  "  Forward,"   "  Back,"   "■  Lifting  controller,"   "  I'p," 
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'■  Down  ■■  represent  ciicular  strips  of  metal  forming  part  of  the 
controller  proper  situated  on  the  station  platform.  The  parts 
marked  U.  D,  F  and  B  are  switch  contacts  fixed  on  the 
traverser  itself.  ^Tien  the  traverser  is  housed  it  will  be 
observed  that  current  can  only  flow  if  the  "  Forward  "  contact 
is  connected  with  the  —  main.  Assume  this  to  be  done  ;  the 
moment  the  traverser  begins  to  move  from  its  housing,  B  moves 
to  the  position  1  and  2  as  below  (Fig.  8).   This  has  the. effect  of 


Travelling 
Controller 


Lifting    I         „ 
Controlle.  |  "P 


Fig.  7. — Traverser  Housel'. 

making  the  "  back  "  contact  alive,  so  that,  if  desired,  the  con- 
troller can  be  immediately  changed  from  "  forward "  to 
"  back,"  and  the  traverser  returns  to  its  housing.  Assuming, 
however,  that  this  has  not  been  done,  but  that  the  machine 
contiinies  on  its  course,  it  will,  on  reaching  the  final  position 
between  the  platforms,  cause  the  switch  F  to  change  over  and 
connect  together  contacts  2  and  3  breaking  connection  be- 
tween 1  and  2.     Thus  the  "  forward  "  contact  is  cut  out  and 


will  be  observed  that  on  F  going  over  V.,  becomes  alive,  thus 
enabling  the  platform  to  be  raised.  The  following  (Fig.  9) 
therefore  represents  the  existing  connections  on  the  traverser 
contact  switches.  If,  now,  the  platform  be  raised  D  goes  over 
to  1  and  2  as  below  (Fig.  10).  thus  breaking  the  circuit  to  B 
and  making  it  impossible  for  traversing  to  be  eflfccted  in  either 
direction.  When  the  platform  reaches  the  top  of  its  travel  the 
switch  r  is  caused  to  change  over,  breaking  the  circuit  between 
I  and  2.  thus  disconnecting  the  "  up  "  contact  on  the  lifting 


u 
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Fio.  8. — Traverser  Movino  from  Hocstno. 

U  D  F  B 

123  123  1*3  123 

Fig.  9. — Traverser  at  Rest  betwei:n   Platforms. 

U  LI  F B 

1*3  ***  ***  1*3 

Fig.  10. — Traverser  Rising. 

U  D  F B 

12*  **3  123  12J 

Fig.   11. — Traverser  at  Extre.mk  Height. 

controller  but  leaving  the  connections  so  that  the  platform  can 
be  lowered  (Fig.  11).  On  lowering  and  housing  the  traverser 
these  operations  are  reversed. 

Situated  at  certain  points  in  the  station  yard  are  three  elec- 
trically-driven capstans  (Fig.  13),  used  for  shunting  purposes. 
When  overcoming  a  force  equal  to  1  ton  weight  each  capstan 
winds  normally  at  the  rate  of  about  200  ft.  per  minute,  and  is 
driven  bv  a  22  h.p.  440  volt  motor.     The  motors  are  of  Messrs. 


Section  ,it  A.B 


Fig.  12.— (Jenebai.  arraxgeme.nt  of  Stone  CiusiitR. 


the  traverser  cannot  be  worked  any  further  forward  ;    it  can,  Siemens'    compound-wound    four-pole    totally-enclosed  cram 

however,  still  be  brought  back  if  desired.     At  the  same  time  an  type,  the  controller  being  actuated  by  a  foot  plunger.     Owing 

electro-magnet  in  the  controller  is  demagnetised  and  the  con-  to  the  fact  that  the  operation  of  these  capstans  often  falls  to 

troller  barrel  is  thus  released  from  the  handle.     A  spring  in  the  inexperienced  persons,  a  dash-pot  is  provided  on  the  starting 

barrel  carries  the  latter  back  to  its  zero  position,  thus  ensuring  lever  so  that  too  sudden  starting  may  not  result.     Variation  of 

»  .start  being  made  under  the  proper  conditions.     Further,  it  .speed   is  obtained  by  depression  of  the  plunger  to  varying 
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degrees.  A  drum  is  provided  on  the  motor  shaft,  and  tins,  in 
conjunction  with  a  shunt  solenoid,  constitutes  a  brake. 

The  final  feature  of  interest  at  Fi.shcuard  which  we  propose 
to  describe  is  the  ballast  crusher  (Fig.  12).  This  was  supplied 
by  the  Allis-Chalmers  Co.  and  consists  of  a  gyratory  breaker 
with  elevator  and  rotary  screens  driven  by  a  single  continuous- 
current  motor.  The  breaker  is  sunk  in  a  pit  so  that  its  hopper  is 
level  with  the  rails  along  which  the  quarry  waggons  are  brought 
to  it.  Being  of  the  gyratory  type  it  has  two  semi-annular 
openings  for  receiving  the  stone,  each  measuring  ahuut  14  in. 
by  52  in.  The  plant  is  capable  of  dealing  with  some  (iOO  tons  of 
hard  rock  per  day  of  24  hours.  After  having  been  through  the 
crusher  the  broken  rock  is  elevated  and  screened  into  three 
sizes,  as  follows  : — (1)  Under  f  in.  for  use  in  making  concrete  ; 
(2)  between  |  in.  and  2J  in.  for  railway  ballast ;  (3)  above 
2J  in.  to  be  returned  and  re-crushed. 

Each  size  is  automatically  discharged  into  a  separate  bin, 
and  thejbins  are  arranged  on  trestles  with  railroad  tracks 
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Fri:.  12.  — General  Arbangejients  ok  1-ton  Electric  Cai-stan. 

passing  under  them.  The  rock  is  thus  crushed,  elevated, 
■screened  and  loaded  into  trucks  mechanically,  the  onlv  atten- 
tion required  being  with  respect  to  the  rate  at  which  the  rock  is 
fed  into  the  crusher  itself.  From  tests  which  have  been  made, 
it  is  found  that  the  power  required  is  as  follows  : — To  drive 
|)lant  when  crushing  at  full  capacity,  ix.,  maximum,  to  cover 
occasional  peak  loads,  200  h.p.  ;  to  drive  machinery  lioht, 
-'1-6  H.p.  ;  to  drive  motor  light,  4-1  h.p. 

In  conclusion  we  have  to  express  our  thanks  to  the  Great 
Western  Railway  Co.  and  to  their  electrical  engineer  (Mr. 
lloger  T.  Smith)  for  their  courtesy  in  enabling  us  to  view 
the  installation  ;  also  to  Mr.  H.  C.  Hollingsworth,  resident 
I  igineer  at  Fishguard,  and  to  Mr.  G.  Lambert  Gibson,  engineer 
;j  the  Fishguard  Harbour  Construction  Works,  who  devoted 
much  time  to  our  representative  and  placed  a  large  amount  of 
information  at  his  disposal.  Messrs.  Stothert  &  Pitt  kindly 
supplied  many  of  the  drawings. 


INTERNATIONAL  ELECTBICAL  STANDARDISATION. 

BY    OR.VIOSD    HIGMAN. 

In  .several  cuntrics.  and  from  time  to  time,  rules  and  refrulations 
tor  testing  electrical  machinery  have  been  issued.  The  United  States 
',l;oT"?  ^'^^  "'''  '^''^  *"  '**'"'>'  ">«  I'roblem.  and  a.s  far  back  as 
I8t)9  the  American  In.stitiite  of  Electrical  Kngineers  i.ssued  their  first 
report.  France,  Germany  and  Great  Britain  followed  with  their 
respective  rules,  which,  though  dealing  with  practicallv  the  same 
subjects,  contain  differences,  the  result  not  so  much  of  scientific 
reasoning  as  of  national  environment.  It  was  in  view  of  the  erowine 
divergence  in  the  standard  rules  of  the  diflerent  countries  that  the 
(  hamber  of  (Jovernment  Delegates  of  the  International  Electrical 
Congress  of  St.  Louis,  held  in  September.  1904.  adopted  the  re»<jlution 
which  led  to  the  formation  of  the  International  Elect rotechnical 
Commission. 

The  author  then  proceeds  to  describe  the  general  organisation  the 
aims,  and  objects  of  this  important  movement.  It  will  be  remem- 
bered  that  a  preliminary  conference  was  held  in  London  in  .June 
1906,  at  which  the  late  Lord  Kelvin  was  elected  president  of  the 
Commission  and  Col.  R.  E.  CVonipton,  C.B..  first  honorarv  secretary 

An  account  is  next  given  of  tlie  proceedings  at  the  council  meetine 
of  the  Commission  in  London  last  October.f  The  work  of  the  council 
was  notable  for  the  extremely  cordial  relations  which  existed  between 
the  delegates  of  the  different  countries.  The  unfailing  courtesv  dis- 
played by  one  and  all,  the  spirit  of  compromise  which  marked  the 
attitude  of  the  different  delegates,  and  the  general  good-will  augurs 
well  for  the  future  success  of  the  Commission.  If.  at  the  preliminary 
meeting,  the  delegates  were  merely  interested  in  the  movement,  the 
council  meeting  has  certainly  turned  that  interest  into  real  enthu- 
siasm for  the  high  aims  and  objects  of  this  world-wide  movement. 
Mr.  Balfour,  m  his  opening  address  to  the  council,  remarked  that  the 
general  desu-e  of  the  Commission,  as  he  comprehended  it.  was  so  to 
arrange,  by  international  agreement,  the  tests  which  are  to  be  ai.plied 
to  different  kinds  of  electrical  machinerv  so  as  to  describe  the  qualities 
of  different  machines  that,  whilst  the  man  who  buvs  and  the  man 
who  sells  will  know  exactly  what  each  respectivelv  is  doing  there 
will  yet  be  the  freest  initiative  left  to  both— to  the  man  who  desires 
macliinery  to  be  constructed  to  carry  out  some  particular  design 
of  his  own.  and  to  constructors  of  machinery,  on  the  other  hand,  who 
desire  to  take  advantage  of  the  ever-increasing  changes  which  gro\rth 
m  knowledge  and  increasing  invention  enable  mankind  to  turn  to 
account. 

Before,  however,  any  question  of  international  agreement  as  to  the 
tests  of  electrical  machinery  can  be  discus.sed.  the  different  nations 
must  agree  upon  the  explanations  of  the  terms  in  general  use  in  the 
industry,  and  therefore  nomenclature  becomes  a  subject  of  great 
importance  to  the  progress  of  the  «ork.  This  does  not.  of  course, 
prevent  other  questions  being  put  forward  for  discussion,  with  a  view 
to  future  agreement.  The  rating  of  electrical  machinery,  for  instance, 
has  already  been  considered  in  several  countries,  and.  ijroadly  speak- 
ing, the  rules  do  not  differ  very  greatly  in  their  essential  points,  but 
rather  in  the  details,  which  are  dependent  uiion  local  conditions. 
At  the  same  time,  it  is  quite  evident  that  simiile  rules  for  the  rating 
of  machinery,  drawn  up  on  a  broad  basis,  without  going  into  great 
detail,  will  be  of  great  international  utility.  .Another  advantage  will 
be  that  a  system  of  physical  and  mechanical  condition  of  tests  can. 
and  no  doubt  will,  be  established  internationallv.  There  is  surelv 
no  reason  why  1.000  kw.  generators  should  not  have  the  same  ratinl' 
in  all  countries  ;  there  is  no  apjiarent  reason  why  the  efhciency  or 
regulation  of  an  alternator  or  transforiiior  should  liot  be  reckoned  on 
the  same  basis  all  the  world  over— that  is  to  sav.  that  the  physical 
tests  determining  tlio  output  of  electrical  apparatus  should  be  agreed 
upon  internationally.  Broadly  speaking,  the  work  of  the  Commis- 
sion, as  far  as  it  relates  to  electrical  machinery,  must  deal  with  con- 
ditions of  tests  which  electrical  ajiparatus  shall  fulfil,  and  not  with 
the  actual  apparatus  itself,  every  endeavour  being  thus  made  to 
guard  against  interfering  with  design  or  proiiress. 

Standardisation  in  itself  is  nodiing  more  or  less  than  organisation 
of  manufacture,  and  the  question  as  to  the  cour.se  to  be  followed  in 
order  to  obtain  the  best  results  is  hardly  more  open  to  argument  than 
the  desirability  of  the  final  result,  though  in  the  earlier  stages  the 
work  must  be  of  more  or  less  tentative  nature.  Such  a  work  must 
be  of  benefit  to  manufacturer  and  to  user  alike,  and  fcir  this  reason, 
if  for  no  other,  both  must  be  consulted  before  any  decisions  are  arrived 
at.  International  trade  in  electrical  apparatus  and  maehinery  is 
bound  to  be  facilitated  by  the  establishment  of  an  international 
system  of  nomenclature  of  phy.^ipal.  mechanical  and  electrical  con- 
ditions of  tests,  and  it  is  very  clear  that  to  be  successful  this  work  calls 
for  the  intelligent  co-operation  amongst    those  who  direct  and   in- 

*  -AKstrait  iif  a  Paper  read  before  the  British  .Association  at  Winnipes- 

t  -A  full  account  appeared  in  The  Ei.ectrkun,  October  311, 190S,  p.  82. 
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fluence  the  iadustiv  tliroutilioiu  the  world.  It  means  nmre  than 
ordinary  co-operation;  it  means  the  coming  together  with  the  spirit 
of  compromise,  so  clearly  shown  at  the  council  meeting.  Interna- 
tional rules  will  tend  towards  uniformity  in  practice,  because  the 
consulting  engineer  in  any  country,  wlien  drawing  up  his  speeiriea- 
tion.  will  naturally  include  the  recommendations  of  the  Commission 
in  the  matters  touched  upon  in  his  specitication.  This  will  go  a  long 
way  towards  minimising  the  cost  of  tendering.  Everyone  knows 
only  too  well  the  amount  of  delay  involved  in  preparing  drawings 
and  estimates  to  specifications  drafted  under  regulations  which. 
though  similar. often  differ  in  .small  details:  regulations  which  might 
well  he  identical,  and.  in  fact,  would  be  so  if  tliey  were  drawn  up  by 
some  well-recognisetl  authority. 

The  adoption  of  an  international  system  of  nomenclature  will 
minimise  the  difficulties  of  distance  and  language,  and  greatly  assist 
in  the  comprehension  of  specifications,  and,  consequently,  increase 
economy  and  rapidity  in  production.  The  fact  that  user  and  manu- 
facturer alike  are  equally  interested  in  the  drawing  up  of  any  rules  for 
"the  classification  of  electrical  machinery  is,  undoubtedly,  a  cogent 
argument  why  countries  which  do  not  manufacture  electrical  appa- 
ratus should  take  as  active  a  part  in  the  deliberations  of  the  Com- 
mission as  that  taken  by  those  countries  who  do.  For  if  a  country 
does  not  manufacture  electrical  machinery  it  is.  at  any  rate,  a  pur- 
chaser or  a  prospecttve  ])urchaser.  and  it  is  quite  evident  that  the 
purchaser  must  understand  what  he  is  buying  as  clearly  as  the  manu- 
facturer understands  what  he  is  selling.  If  any  rules  are  to  be  inter- 
national in  the  true  sense  of  the  meaning  it  is  imperative  that  the 
jjarticular  conditions  affecting  any  one  country  should  receive 
adequate  consideration  before  any  decisions  are  finally  arrived  at. 
This  is  the  more  important  in  view  of  the  so-called  "  international  "' 
congresses  which  have  been  held  of  late  years,  the  labours  of  which 
are  of  queslionable  benefit. 


CURRENT  CONSUMPTION.* 


Summary. — The  author  believes  that  the  remedy  for  preventing  the 
increase  in  current  consumption  per  car-mile  on  tramways  is  improved 
methods  of  driving.  He  shows  the  effect  at  Aberdeen  of  explaining  to 
the  motormen  the  saving  to  be  obtained  by  careful  driving,  following 
this  up  by  the  uistallatiou  of  meters  on  the  cars. 

The  cost  of  electricity  to  any  tramway  system  may  be  the  question 
of  a  profit  or  loss  on  the  years  working.  In  Aberdeen  the  cost  of 
current  averages  llod.  per  unit,  and  the  units  consumed  work  out 
at  1-25  per  car-mile,  making  a  cost  of  I-37d.  per  mile  run.  The 
l)roportion  of  this  to  our  working  expenses  is  2.3  per  cent.,  or  more 
than  half  the  cost  of  all  our  wages  paid.  In  some  of  the  largest 
towns  in  the  country  the  power  expenses  are  about  30  per  cent,  of 
the  total  working  ex|)en.ses.  and  in  one  town  they  are  as  high  as 
35  per  cent.  I  think  you  will  all  agree  with  me  that  no  effort  should 
be  spared  in  trying  to  prevent  the  systematic  increases  in  current  con- 
sumption which  are  to  be  seen  all  over  the  Kingdom.  It  is  a  fact.  I 
believe,  that  the  records  of  most  towns  in  the  United  Kingdom  and 
Ireland  show  an  increase,  year  by  year  in  the  consumption  of  current 
per  car-mile,  and  this  is  chiefly  owing  to  track  and  car  equipments 
becoming  older,  as  well  as  to  the  great  increase  there  has  been  in 
recent  years  in  the  number  of  top-covered  cars  in  use. 

.Some  tramway  officials  think  there  is  a  great  deal  of  current  wasted 
through  defective  motor  fields,  badly  worn  pinions  and  gears,  bent 
axles,  &c,.  and  1  bilicvc  that  in  systems  which  have  only  been  run- 
ning a  few  years,  much  of  the  increased  consumption  may  be  due  to 
thiij.  But  most  of  our  .systems  have  now  been  running  over  five 
years,  and  have  re))laced  pinions,  and  started  to  re|)lace  gears  and  field 
coils,  in  this  way  continually  renewing  the  car  equi])ment.s.  so  that  I 
am  inclined  to  think  that  the  bringing  forward  of  these  causes  of  in- 
crea.sed  current  consumption  is  rather  apt  to  blind  us  to  the  true 
remedy,  which,  in  my  opinion,  is  to  be  found  in  the  correct  method  of 
driving. 

Five  years  ago  1  experimented  on  an  Knglish  tramway  system 
with  a  view  to  saving  current,  and  by  instructing  the  motormen  in 
the  series-parallel  sy.steni  of  controlling  motors,  and  by  showing  how- 
it  was  possible  to  save  current  without  decreasing  the  speed  of  ears. 
a  reduction  of  over  7  per  cent,  was  made,  in  Aberdeen  I  started 
a  similar  system  three  years  ago,  which  has  been  very  successful.  In 
the  first  place,  each  motorman  is  brought  into  the  office,  and  before  a 
blackboard  thoroughly  instructed   in   the  series-parallel  system  of 

*  Abstract  of  a  Pajier  read  yesterday  at  the  Conference  of  the  Muni- 
cipal Tramways  Association. 


control  by  means  of  diagrams,  Kach  man  is  instructed  how  to  use 
the  momentum  of  his  car  to  the  best  advantage,  and  he  is  shown 
how  to  keep  up  the  same  speed  with  less  use  of  the  power  notches  of 
the  controller.  He  is  shown  how  the  careful  driver  can,  after  arriving 
at  the  top  speed,  maintain  it  off  tl\e  .scries  position,  whilst  the  careless 
driver  would  have  his  controller  on  jiarallel  all  the  time.  The  men 
are  also  instructed  not  to  run  their  cars  on  j)arallel.  unless  they  have 
sufficiently  clear  space  ahead  to  get  the  full  benefit  in  speed  of  extra 
consumption.  All  the  motormen  are  informed  of  the  eo.st  of  current 
and  it  never  fails  to  impress  them,  because  they  previously  did  not 
apjiear  to  realise  that  electricity  cost  anything,  Kach  motorman 
is  put  u])on  his  honour  to  do  the  very  best  he  can  for  the  de|)artment, 
and  he  is  informed  of  the  reductions  made.  After  having  been 
thortiughly  instructed  in  the  office,  he  is  given  a  printed  instruction 
pa|)cr  which  shows  where  he  should  be  running  in  parallel,  and  where 
in  series,  also  where  he  should  be  coasting.  I  find  that  he  soon  learns 
the  instructions,  and  gets  into  the  habit  of  abiding  by  them.  All  our 
drivers  are  kept  to  their  respective  routes,  otherwise  I  could  not 
expect  them  to  know  the  routes  so  well,  A  good  inspector,  who  is 
tactful  and  not  likely  to  ruffle  the  men,  is  put  on  the  road  to  see  that 
they  carry  out  their  instnirtions  and  to  see  that  there  is  no  rushing  to 
and  from  the  diHerent  termini. 

Previous  to  this  system  being  introduced  into  Aberdeen,  the  rise 
in  current  consumption  each  year  had  varied  between  G  and  12  per 
cent,  ])er  car-mile,  and  immediately  it  was  introduced  there  was  a 
reduction.  The  first  year  the  reduction  was  6  per  cent,  on  the  year 
previous,  or  a  saving  of  £640,  in  addition  to  which  the  gradual  in- 
crease was  checked.  Since  then  we  have  maintained  the  same  con- 
sumption per  car-mile,  i.e.,  for  tliree  years,  and  as  we  have  been  add- 
ing to  the  number  of  top-covered  cars,  at  the  rate  of  six  each  year, 
I  consider  that  this  is  equivalent  to  a  gradual  reduction. 

The  Aberdeen  tramways  system  has  now  got  all  its  service  cars 
fitted  with  ampere-hour  meters,  and  the  consumption  of  current  is 
lower  at  present  with  41  top-covered  cars  than  it  has  been  for  the 
last  five  years,  although  there  were  only  three  top-covered  cars  in 
use  five  years  ago.  These  meters  have  already  paid  for  themselves 
by  the  reductions  made. 

The  consumption  of  current  is  shown  each  day  and  week  against 
each  man.  a  sense  of  healthy  rivalry  thus  being  created  between  the 
different  men  on  each  route  in  their  effort  to  show  the  lowest  con- 
sumption per  car-mile.  I  find  that  our  motormen  like  the  oars  with 
the  meters  on  them  ;  they  become  interested  in  watching  the  current 
consumption  each  trip  and  each  day.  and  I  do  not  think  it  is  necessary 
to  become  arbitrary  or  too  strict  with  the  men.  The  average  motor- 
man  is  a  little  slow  to  understand  the  subject,  but  the  explanation 
should  be  simplified.  The  main  point  is  to  get  them  interested  in  the 
subject,  and  when  they  understand  they  will  certainly  reduce  the 
consumption  of  current. 

I  find  that  in  Aberdeen  the  routes  which  use  the  most  current  are 
not  always  those  routes  which  have  the  steepest  gradients,  but 
that  the  speed  of  the  car  and  the  number  of  stoppages  have  a  material 
effect  upon  the  current  consumed.  The  cars  which  run  the  slowest, 
even  although  there  are  several  fair  gradients  on  these  routes,  use  the 
least  current,  and  on  other  routes  wlure  there  is  hardly  any  gradient 
the  consumption  is  high,  because  dl  llie  Iniih  speed  at  which  the  cars 
have  to  travel,  together  with  the  greater  number  of  stops.  Theor_^ 
would  teach  us  that  the  faster  the  car  travels  the  more  economical  is 
the  current  consumption  per  car-mile  ;  in  practice  I  find  just  the 
opposite.  It  is  of  no  use  to  give  the  efficiency  of  a  car  running  in 
parallel  against  a  car  running  in  series  without  taking  into  con- 
sideration the  conditions  of  starting  and  stopping,  combined  with  the 
fact  that  it  is  harder  to  keep  time  with  a  high  average  speed  than  with 
a  low  average  speed,  and  a  car  will  in  con.sequence  use  more  current 
w  hen  accelerating  its  speed.  We  have  a  route  in  Aberdeen  on  which 
seven  cars  operate.  Some  time  back  one  car  was  taken  off'  this 
route,  but  the  six  cars  which  were  left  used  much  more  current  than 
the  seven  cars  had  done,  proving  that  in  practice  the  faster  the  cars 
run  the  more  current  they  will  use  per  car-mile. 

Sometimes  mechanical  controller  regulators  are  advocated  to 
save  current,  but  I  think  that  they  are  of  little  use  except  to  prevent 
the  abu.se  of  the  eciuipments  by  notching  up  too  fast.  My  own  im- 
pression is  that  any  .system  of  electric  tramways  which  has  no 
method  of  checking  current  consumption  will  u.se  at  least  !y  per  cent, 
more  current  per  car-mile  than  a  system  which  has  a  systematic 
check  upon  its  driver.s.  Of  course,  I  believe  that  in  those  towns 
where  there  are  very  many  steep  gradients  and  few  level  tracks  there 
is  not  so  much  scope  for  this  subject  as  in  fairly  level  towns. 

If  current  is  to  be  saved  without  interfering  with  efficiency  (and  it 
can  be  saved),  the  first  thing  to  do  is  to  instruct  your  motormen 
spceially  on  this  subject,  and  follow  this  u])  by  a  direct  check  upon 
them.      It    matters  little  whether  watt-hour   meters,   ampere-hour 
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meters  or  time  meters  are  used.  I  believe  the  same  effect  can  be 
obtained  by  any  of  these. 

Different  rail  cleaners  are  often  advocated  for  the  purpose  of  reduc- 
ing current  consumption,  but  I  think  that  most  of  them,  althoufih 
they  clear  the  groove,  leave  a  lot  of  dirt  and  dust  upon  the  tread  of 
the  rail  in  dry  weather,  therefore,  1  think  that  the  best  rail  cleaner  is  a 
water  car.  Although  the  current  consumed  on  a  wet  rail  is  less  than 
on  a  dry  rail,  I  find  that  on  rainy  days  the  consumption  of  current  is 
higher  than  on  dry  days,  but  this  is  owing  to  the  greater  number  of 
passengers  carried  at  rush-hours,  and  consequently  the  greater 
number  of  stoppages. 

In  AlK-nlciii.  simultaneously  with  the  introduction  of  .systematic 
supervision  of  the  drivers,  I  noticed  a  great  improvement  in  the  time- 
keeping of  cars;  also,  which  is  very  important,  a  great  reduction  in 
motor  troubles,  the  number  of  armatures  in  for  repair  being  greatly 
decreased.  The  car  repairs  for  Aberdeen  last  year  stood  at  ()-41d. 
per  car-mile,  and  I  believe  this  is  largely  due  to  the  reduction  in 
current  consumed. 

A  diagram  attached  to  the  Pa()er  shows  the  number  of  units  per 
car-mile  for  .52  weeks  (1903-6)  previous  to  the  system  of  instruction, 
for  the  year  IlllKi-T  following  the  system  of  instruction,  and  for  1909 
since  the  introduction  of  meters. 


EFFECT  OF  A  MAGNETIC  FIELD  ON  THE  ELEC 
TRICAL  CONDUCTIVITY  OF  FLAME.* 

BY    rilOi'.    H.    A.    WILSON,    F.R.S. 

Summary. — The  author  gives  an  account  of  some  measurements  of 
the  change  in  the  conductivity  of  a  Bunsen  flame  produced  by  a  magnetic 
field,  the  direction  of  which  was  perpendicular  to  the  current  through  the 
flame  and  to  the  motion  of  the  flame  gases.  The  velocity  of  the  negative 
ions  in  the  flame  is  calculated  from  the  results,  and  the  value  of  the 
velocity  obtained  agrees  approximately  with  that  found  by  other 
methods. 

The  flame  used  consisted  of  a  row  of  12  small  Bunsen  flames  burn- 
ing from  quartz  tubes.  The  centres  of  the  tubes  were  1  cm.  apart, 
and  each  tube  had  an  internal  diameter  of  0-5  cm.  Each  flame  was 
about  6  cm.  high,  and  the  adjacent  flames  touched  each  other,  so 
that  a  flame  about  14  cm.  long.  6  cm.  high,  and  about  2  cm.  thiok, 
was  obtained.  Two  platinum  disc  electrodes  were  sujjported  in  the 
flame  facing  each  other  about  10  cm.  apart,  and  were  connected 
tlirough  a  galvanometer  to  a  battery  of  secondary  cells.  Some 
potassium  carbonate  was  put  on  the  negative  electrode  to  increase 
the  current.  The  ])otential  gradient  along  the  flame  was  measured 
by  means  of  two  platinum  wires  which  were  supported  horizontally 
in  the  flame  jjeriiendicular  to  the  horizontal  line  joining  the  centres 
of  the  disc  electrodes.  The.se  wires  were  connected  to  an  electro- 
static multicellular  voltmeter.  The  capacity  of  the  voltmeter  was 
increased  by  connecting  it  to  a  J  mfd.  condenser,  and  large  amyl- 
alcohol  resistances  were  put  in  the  wires  leading  from  the  flame  to 
the  voltmeter,  to  prevent  the  small  oscillations  of  the  flame  making 
the  voltmeter  needle  unsteady.  The  flame  was  placed  between  the 
poles  of  a  large  Du  Bois  electromagnet,  the  conical  pole  pieces  of  which 
had  been  removed  so  that  a  fairly  uniform  field  could  be  produced 
in  a  horizontal  direction  perpendicular  to  the  line  joining  the  disc 
electrodes. 

It  was  found  that  passing  a  current  through  the  m4j:net  produced 
a  gradual  change  in  the  conductivity  of  the  flame,  which  remained 
when  the  current  was  stopped.  This  ai^jieared  to  be  due  to  the 
heating  of  the  coils  altering  the  draught  of  air  to  the  flame.  In 
addition  to  this  effect  there  was  a  sudden  change  in  the  conductivity 
on  turning  the  magnetic  field  on  or  off.  It  was  easy  to  disentangle 
the  two  effects,  but  only  rough  measurements  could  be  obtained. 
The  ratio  of  the  I'.D.  between  the  two  wires  to  the  current  was  taken 
as  a  measure  of  the  resistance  of  the  fiame.  It  has  been  shown  by 
several  observers  that  this  ratio  is  independent  of  the  current. 

It  was  found  that  the  percentage  change  in  the  resistance  for  a 
given  magnetic  field  did  not  vary  much  with  the  current.  Two  sets 
of  observations,  one  with  P.D.s  between  the  platinum  wires  of  from 
200  to  400  volts  and  the  other  with  from  '^()  to  l.'iO  xolts,  gave  nearly 
equal  results.  The  distance  between  the  platinum  \\  ires  was  7  em. 
The  results  obtained  are  shown  in  the  diagram,  the  percentage 
change  of  resistance  being  plotted  against  the  strength  of  the  mag- 
netic field.  Each  point  represents  the  mean  of  several  observations. 
■T'iie  crosses  are  the  results  obtained  with  the  higher  potentials  and 
the  circles  those  obtained  with  the  lower.  It  will  be  seen  tliat  with 
the  field  in  one  direction  the  resistance  increased  bv  an  amount 


increasing  more  rajiidly  than  the  field,  whereas  with  the  field  in  the 
ojiposite  direction  the  resistance  was  diminished  with  small  fields, 
but  slightly  increased  with  fields  above  about  4,000. 

( )«  ing  to  the  upward  motion  of  the  flame  gases  there  is  an  induced 
electric  force  along  the  flame  which  opposes  the  current  when  the 
field  is  on  in  one  direction  and  helps  it  with  the  field  in  the  other 
direction.  If,  therefore,  we  take  the  mean  of  the  effects  for  the  two 
directions  of  the  magnetic  field,  we  .shall  get  the  value  of  the  eflfect 
which  would  have  been  obtained  with  the  flame  gases  at  rest.  A 
table  in  the  j'aper  contains  the  values  obtained  in  this  way.  and  the 
mean  value  of  <rH-,  where  H  =  magnetic  field  and  »  =  percentage 
change  of  resistance,  is  31  x  10"". 

If  it  is  assumed  that  the  velocity  of  the  positive  ions  in  the  flame 
is  small  compared  with  the  velocity  of  the  negative  ions,  then  we 
may  ajjply  Sir  .1.  J.  Thomson's*  theory  of  the  effect  of  a  magnetic 
field  on  the  conductivity  of  metals  to  "the  flame.  According  to  the 
theory  we  have  <^/100=JHU•^  where  k  denotes  the  velocity  of  the 
negative  ions  due  to  one  electromagnetic  unit  of  electric  force. 
Hence  t  =  (3<r/100H-)i  =  9-6  x  10-^  cm./sec.  For  1  volt  per  cm.  this 
gives  A-=9,Ct>0  cm./sec. 

Ml'.  E.  Gold  t  measured  the  velocity  of  the  negative  ions  in  a 
Bunsen  flame  and  found  k=^H.00O  by  one  method  and  13.000  by 
another.  The  result  just  obtained  is  nearly  equal  to  the  mean  of 
his  tw  o  results.  The  velocity,  of  course,  must  vary  to  -some  extent 
in  different  Bunsen  flames. 

Half  the  difference  between  the  effects  with  the  magnetic  field  in 
the  two  directions  gives  the  effect  presumably  due  to  the  induced 
electric  force  in  the  flame.  A  table  in  the  Paper  contains  the  values 
of  this  effect,  and  ir/H  shows  that  the  effect  is  approximately  pro- 
portional to  the  magnetic  field,  as  was  to  be  expected.  If  >■  denotes 
the  velocity  of  the  flame  gases,  we  should  expect  the  induced  electric 
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*  Paper  read  before  the  Royal  Society,  slightly  abbreviated. 


Curve  showing  V.\iuation  of  Resistanck  with  Fikld. 

force  to  be  equal  to  He,  and  hence  (r/100=  cH/X,  where  X  denotes 
the  strength  of  the  electric  force  along  the  flame.  This  was  not  less 
than  10  volts  per  centimetre,  so  that  we  get  r=Xff/100H>10*  cm./ 
sec.  Now.  the  velocity  of  the  gases  in  a  Bunsen  flame  is  not  more 
than  20<)  cm./sec,  so  that  it  appears  that  this  effect  is  at  least  .>0 
times  grefiter  than  was  to  be  expected.  In  fact,  if  it  had  had  the 
value  to  be  expected  it  would  have  been  negligible,  and  the  change 
of  resistance  would  have  been  independent  of  the  direction  of  the 
magnetic  field. 

It  appears,  therefore,  that  the  effect  of  the  magnetic  field  on  the 
resistance  of  the  flame  can  be  represented  as  the  sum  of  two  terms, 
one  proportional  to  the  square  of  the  field  and  the  other  proportional 
to  the  tield.  The  first  term  has  the  value  to  V)e  expected,  but  the 
other  term  is  much  too  large.  The  discrepancy  would  be  removtxl 
if  the  negative  ions  moved  upwards  with  a  velocity  proportional  to 
the  horizontal  electric  field  and  equal  to  10*  em./see.  for  10  volts  i>er 
centimetre,  but  there  docs  not  seem  to  be  any  reason  for  supposing 
that  they  do  so.  If  the  two  wires  in  the  flame  are  connected  to  a 
quadrant  electrometer  the  induced  electric  force  in  the  flame,  when 
no  current  is  flowing,  due  to  the  upward  nuition  of  the  flame  gases  in 
the  magnetic  field,  can  easily  be  measured,  and  it  is  approximately 
equal  to  the  (iroduct  of  H  and  the  velocity.  If  H-5,(HH)  and  v= 
200  the  induced  force  is  tVOl  volt  |>er  centimetre,  whereas  to  explain 
tlie  observed  change  in  the  resistance  it  would  have  to  be  0-5  volt 
per  centimetre  for  a  field  alona  the  flame  of  10  volts  i>er  centimetre. 

The  atithor  is  not  at  present  able  to  offer  a  satisfactory  explana- 
tion of  the  magnitude  of  the  part  of  the  effect  propoitional  to  the 
Held.  ,  • 


* "  RapjKirts    Congres    International    de    Phvsique,"      Paris,    1900. 
Vol.  III.,  p.  144. 
t  Proc.  Roy.  Soc.,  A,  Vol.  LXXIX.,  1907. 
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are  municipal  or  company  owned,  whilst  the  absence  of 
extensions  to  undertakings,  and  more  especially  of  new 
schemes  under  construction,  proves  that  under  present  con- 
ditions the  margin  of  revenue  over  working  expenses  is 
very  small.  The  (question  of  lower  costs  of  operation  is, 
indeed,  of  great  importance  at  the  present  time,  when 
lolling  stock  and  rails  which  have  been  in  use  for  a  few 
years  are  showing  signs  of  requiring  early  renewal.  When 
the  subject  is  discussed  in  committee  the  cost  of  current  i.'^ 
freijuently  the  direction  in  which  a  reduction  in  working 
expenses  is  sought.  "Wliore  the  tramways  and  electricity 
undertakings  are  botli  municipally  controlled,  a  lediicel 
price  for  current  is  often  the  outcome,  and  the  ultimate 
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result  of  such  reduction  ou  the  records  of  the  electricity 
undertaking  is  not  easy  U>  ascertain.  "With  the  price 
charged  for  electrical  energy  we  do  not,  however,  now  pro- 
pose to  deal,  since  we  have  frequently  referred  to  the  sub- 
ject ;  it  is  to  the  possibility  of  reducing  the  amount  of 
c^irrent  taken  by  electric  tramways  that  we  desire  to  draw 
attention.  The  energy  consumption  is  certainly  a  con- 
siderable item  in  the  total  working  costs — occupying  some- 
what the  same  position  as  does  the  fuel  item  in  electricity 
supply — and  in  many  cases  it  amounts  to  'SO  per  cent.,  or 
even  more,  of  the  total  working  expenses.  The  rnost 
noticeable  feature,  however,  is  the  growth  from  year  to 
year  of  the  current  consumption  per  car-mile  ;  this  is,  of 
course,  partly  due  to  increased  traffic,  to  the  use  of  larger 
and  heavier  cars,  in  many  cases  with  top  covers,  and  no 
doubt  to  the  wear  and  tear  of  rolling  stock.  Up  to  the 
present  V)ut  little  progress  has  been  made  by  systems 
of  regenei-ative  control,  although,  theoretically,  such  sys- 
tems appear  to  be  nearly  ideal  from  the  tramway  manager's 
point  of  view ;  and  whilst  believing  that  some  system  of 
regenerative  control  will  eventually  be  largely  adopted, 
we  think  that  for  the  present  a  more  extensive  adoption  of 
car  meters  and  careful  training  of  the  motormen  will  bring 
about  a  much  needed  reduction  in  energy  consumption. 

On  the  Continent  car  meters  are  very  largely  employed ; 
they  are  also  being  adopted,  though  to  a  smaller  extent, 
in  this  country,  and  with  apparently  excellent  results. 
Thus  Mr.  H.  Mozley,  in  his  report  in  connection  with 
the  accounts  of  the  Burnley  Corporation  Tramways 
for  the  year  ended  March  olst  last,  mentions  that  the 
installation  of  time  meters  on  the  cars  has  resulted 
in  a  saving  of  10'89  per  cent,  in  the  amount  of  energy 
consumed  per  car-mile.  Similar  savings  of  from  10  to  15 
per  cent,  are  also  reported  from  other  towns  where 
experiments  have  been  made  with  meters.  Further 
evidence  of  the  advantages  resulting  from  drawing  tlie 
attention  of  motormen  to  the  effect  of  careful  and  skilful 
driving  on  the  energy  required  per  car-mile  is  provided  in 
the  Paper  read  by  Mr.  E.  S.  I'ilciier,  general  manager  of 
the  Aberdeen  Corporation  Tramways,  at  the  annual  con- 
ference of  the  Municipal  Tramways  Association  this  week. 
From  our  abstract  of  the  Paper  elsewhere  in  this  issue  it 
will  be  noticed  that,  whereas  mi  increase  in  current  con- 
sumption of  from  6  to  12  per  cent,  occurred  each  year 
previous  to  the  introduction,  some  three  years  ago,  of  a 
system  of  instructing  the  motormen  in  the  principles  of 
series-parallel  control  of  motors,  a  reduction  of  6  per  cent., 
equivalent  to  £640,  was  recorded  in  the  first  year  subse- 
quent to  such  instruction,  whilst  the  current  consumption 
per  car-mile  has  since  remained  practically  constant, 
notwithstanding  that  top-covered  cars  are  continually 
lieing  added  to  the  rolling  stock.  The  introduction  of  cur 
meters  naturally  followed  such  a  course  of  instruction,  and 
Mr.  I'lLciiEU  estimates  that  at  least  5  per  cent,  saving  in 
energy  follows  the  checking  of  current  consumjitiou. 

Another  interesting  point  to  which  attention  is  drawn 
is  the  increase  of  consumption  of  energy  with  increased 
average  speed.  This  is,  no  doubt,  due  to  the  greater  loss 
of  energy  at  each  application  of  the  brakes,  together  with 
the  fact,  pointed  out  by  Mr.  Pilchek,  that  it  is  harder  to 
keep  time  with  a  high  average  speed  than  with  a  low 
average  speed,  so  thac  there  is  less  coasting.    The  question 


of  the  relation  of  the  speed  of  tramcars  and  energy  con- 
sumption is  a  very  interesting  one,  and  involves  many 
factors.  Thus,  if  the  motormen  endeavour  to  cut  down  the 
energy  consumption  to  the  best  effect  by  coasting,  the 
average  speed  of  the  cars  will  suffer,  and  it  may  be  neces- 
sary to  run  additional  cars,  but,  on  the  other  hand,  the  cost 
of  maintenance  of  both  rolling  stock  and  track  would 
probably  be  much  less.  In  this  connection  we  think  that 
misleading  results  may  be  obtained  where  time-meters  are 
relied  upon,  since  these  encourage  the  motormen  to 
accelerate  their  cars  too  rapidly  with  the  object  of  reducing 
the  length  of  time  during  which  current  is  being  taken. 
thus  increasing  the  wear  of  rolling  stock  and  track  ;  ampere- 
liour  or  watt-hour  meters,  although  more  expensive  in  first 
cost,  are  likely  to  lead  to  more  satisfactory  results.  There 
is  no  doubt,  however,  that  great  benefit  results  from 
instructing  motormen  in  the  elementary  theoiy  of  the 
apparatus  they  control  ami  showing  them  how  to  save 
current  without  necessarily  decreasing  the  speed  of  the 
cars  ;  and,  apart  from  this,  the  possibility  of  checking  the 
energy  consumed  on  a  car  lends  interest  to  the  motorman's 
duties,  and  leads  to  a  healthy  rivalry  between  tlie  men. 

In  conclusion,  we  wish  to  draw  attention  to  the  effect  of 
dirty  rails  on  energy  consumption.  We  are  pleased  to 
notice  that  this  subject  is  less  neglected  than  formerly, 
more  attention  being  now  paid  to  the  watering  and  clean- 
ing of  tramway  rails.  In  this  connection  the  car  meters 
provide  useful  means  of  ascertaining  the  current  consump- 
tion on  various  routes,  and  enable  the  state  of  the  track  to 
be  roughly  estimated.  In  view  of  the  many  advantages 
obtained  by  using  car  meters,  it  is,  therefore,  rather  sur- 
prising to  oljserve  from  our  last  Annual  Tables  of  Electric 
Tramway  Undertakings  how  few  meters  are  being  em- 
ployed ;  but  in  view  of  the  publicity  which  is  being  given  to 
this  question  at  the  Conference  this  week  we  do  not  doubt 
that  the  car  meter  will  receive  a  more  recognised  position 
in  this  (/(luntry  than  lutherto. 


THE  NEW  PARSONS  TURBINES  AT  THE  LOT'S  ROAD 
GENERATING  STATION. 


As  is  now  well  known,  it  was  decided  some  months  ai;o  to 
replace  the  existing  steam  turbines  at  Lot's-road  generating 
station  (of  the  Underground  Electric  Railways  Co.)  driving  the 
6,000  kw.  alternators  by  others,  of  the  ordinary  Parsons  manu- 
facture, and  it  was  hoped  that  a  considerable  saving  in  coal 
would  result  owing  to  the  much  lower  steam  consumption 
which  was  anticipated.  Before  eondenniing  the  original 
machines  as  failures,  however,  it  must  be  remembered  that  this 
station  has  been  in  operation  for  five  years,  that  the  turbines 
were  probably  designed  some  seven  years  ago,  and  tiiat  since  that- 
time  immense  strides  have  been  made  in  their  manufacture. 
It  is,  therefore,  not  very  surprising  that  it  has  been  found 
advisalile  to  replace  them,  and  that  the  economy  in  coal  costs 
will  rapidlv  repav  the  expense  involved  by  the  change.  Exactlv 
the  same  thing  has  occurred  in  Ni>w  York,  where  at  tlie  first 
station  to  be  e(|uipped  with  very  large  Curtis  turbines  (the 
Stuart-street  station)  some  eight  years  ago  all  the  machines 
have  been  taken  out  and  others  of  the  same  type  and  siz«*.  but 
with  a  mucli  lower  steam  consumption,  installed,  and  it  is 
])roliabli'  that  this  policy  will  be  followed  in  many  of  tlie  large 
stations  both  here  and  in  America.  It  is  not  nwessarily  a 
ipiestion  of  inefficiency  of  the  original  plant,  but  rather  a  sian 
of  a  marked  advance  in  design  and  constructipn  since  its- 
manufacture. 
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Tlie  turbines  at  Lot's-road.  which  have  Wen  riumiiii!:  siiu-e 
1904,  are  eight  in  number,  each  driving  an  alternator  of 
6.000  kw.  normal  output  at  l.tMlO  revs,  per  niin.  They  are 
of  the  double-flow  combined  impulse  and  reaction  type,  tlie 
steam  entering  in  the  middle  and  flowing  through  the  cylinder 
in  both  directions,  with  an  e.xhaust  at  each  end.  There  is  thus 
no  end  pressure,  and  balancing  piston.s  are  unnecessary, 
though  a  thrust  block  is  used.  Double-flow  turbines  would  be 
impossible  if  they  were  of  the  straight  Parsons  type,. since  the 
blades  at  the  high  pressure  end  would  be  very  small  (only  half 
the  ordinary  height),  and  the  overall  length  would  be  prohibi- 
tive. In  these  niacl'.ines  the  fii-st  two  rows  in  each  direction 
are  bladed  to  form  an  impulse  stage,  in  which  the  steam  ex- 
pands through  nozzles  in  the  cylinder,  and  then  passes  through 
two  moving  rows  of  blades  on  the  spindle,  and  one  intervening 
row  of  guide  blades,  without  further  drop  of  pressure.  This 
arrangement,  combined  with  the  absence  of  balance  pistons. 
allows  the  length  of  the  turbine  to  be  about  the  same  as  a 
Parsons  machine  of  equal  power. 

The  new  turbines  had  to  be  adapted  to  the  existing  bed- 
plates and  condensers,  and  it  was  decided  that  while  adhering 
to  the  ordinary  blading,  it  would  be  advisable  to  have  separate 
high  and  low-pressure  cylinders,  which  is  very  unusual  oven 
for  turbines  of  this  power,  and  has  seldom  been  adopted  since 
the  famous  Elberfeld  machines  were  built  in  1899,  The  steam 
is  supplied  by  a  12  in.  pipe,  and  enters  the  high-pressure 
^•ylinder  at  the  end  remote  from  the  alternator,  and  flows 
towards  the  centre,  whence  it  is  taken  through  a  30  in,  pipe 
underneath  the  Ijedplate  to  the  entrance  to  the  low-pressure 
cylinder  next  to  the  alternator.  It  passes  through  this  in  a 
direction  opposite  to  that  in  the  high-pressure  cylinder,  and 
exhausts  practically  at  the  middle  into  a  large  bridge  pipe  con- 
nected to  the  condenser  below.  The  steam  thus  flows  from 
the  outside  to  the  centre  in  both  cylinders,  in  this  way  balancing 
the  end  pressure  to  some  extent,  and  lessening  the  possibilities 
of  distortion.  Since  the  previous  turbines  had  two  exhaust 
pipes  leading  to  the  condenser,  controlled  by  separate  sluice 
valves  operated  by  compressed  air,  those  for  the  new  turbines, 
which  are  8  ft.  by  5  ft.,  have  two  branches  and  the  same  valves 
are  used.  A  further  branch  is  taken  off  higher  up  to  the  atmo- 
spheric valve,  which  is  used  in  case  of  emergency,  the  turbine 
being  capable  of  developing  4,000  kw.  when  running  on 
atmosphere. 

In  most  of  the  constructional  details  the  turbines  do  not  differ 
materially  from  those  of  smaller  size.  The  usual  Parsons 
governing  gear  is  employed  with  intermittent  admission  of 
steam  through  the  relay  valve,  controlled  by  a  cam  on  the 
governor  spindle,  which  is  driven  through  worm  gearing  from 
the  end  of  the  turbine  shaft.  The  valve,  however,  instead  of 
being  opened  by  a  lever,  as  is  customary,  on  starting  up  the 
turbine,  is  operated  b}'  steam,  which  is  admitted  underneath 
the  small  piston  fixed  to  the  valve  spindle.  The  emergency 
valve  is  .similarly  opened  by  means  of  steam  pressure  on  the  top 
of  the  dashpot  piston,  which  prevents  the  valve  closing  too 
heavilv.  There  is  a  very  useful  device  for  controlling  the  speed 
of  the  machine  within  small  limits  from  the  switchboard,  which 
will  be  of  considerable  value  in  simplifying  the  somewhat 
difficult  operation  of  paralleling  two  alternators.  It  consists 
of  a  pair  of  electromagnets  with  planed  faces  about  2  in.  apart, 
between  which  a  steel  tongue  |)iece  moves  centrally  to  and  fro, 
this  motion  being  iiin)arted  to  it  l>y  an  eccentric  on  the  governor 
spindle.  If  either  of  the  magnets  is  energised  by  means  of  a 
switch  on  the  board,  the  tongue  piece  is  attracted  towards  it, 
still  retaining  its  outward  motion,  and  brings  a  wheel  with  teeth 
on  the  inside  into  gear  with  another  toothed  wheel,  causing  the 
latter  to  rotate,  and  increase  or  decrease  the  pressure  on  the 
governor  balls,  and  so  vary  the  speed  of  the  machine. 

The  oil  for  all  the  turbines  in  the  power  house  is  supplied 
from  a  central  source,  being  pumped  up  to  a  height  of  about 
30  ft.,  from  which  it  is  delivered  to  the  bearings  and  returned 
to  the  cooling  tanks.  The  main  inlet  and  outlet  valves  for 
the  new  turbines  are  ))rovided  with  a  J  in.  hole  through  their 
Beatings,  so  that  there  is  always  a  circulation  of  oil  through 
the  bearings,  even  when  the  machines  are  not  running,  and  no 


trouble   can   occur  owing  to   the  valves   being  inadvertentlv 
]At  closed. 

The  blades  at  the  high-pressure  end  are  just  over  1  in.  in 
lieight,  and  as  only  a  very  small  clearance  has  been  allowed 
(about  0-020  in.  at  the  high-pressure  end),  and  the  balance 
pistons  have  been  lined  off  not  more  than  0-010  in.,  there  is 
little  leakage  of  steam,  and  a  high  efficiency  was  expected.  The 
old  machines  consumed  anything  from  20  lb.  to  23  lb.  of  steam 
per  kilowatt-hour,  and  as  the  guarantee  for  the  new  ones  was 
a  little  over  14  lb.,  it  is  evident  that  the  saving  will  be  enormous. 
A  trial  has  recently  been  carried  out  on  the  first  of  the  turbines, 
and  with  a  vacuum  of  27-7  in,,  stop  valve  pressure  of  180  lb. 
per  square  inch,  and  140  deg.  superheat,  the  excellent  figure 
of  13-7  lb.  of  water  per  kilowatt-hour  was  obtained.  When 
the  eight  existing  turbines  are  replaced  by  the  six  new  ones, 
which  will  be  more  than  suflficient  for  the  load,  the  coal  bill  will 
thus  be  reduced  by  at  least  one-third,  and  it  is  estimated  that 
a  yearly  saving  of  £30,0t)0  will  result,  since  at  present  some 
500  tons  are  used  daily.  Moreover,  it  has  up  to  now  always 
been  found  necessary  to  run  the  entire  battery  of  eight  boilers 
forming  the  complete  unit  for  each  turbine,  which,  therefore, 
was  unable  to  develop  its  full  power  when  one  or  more  of  the 
boilers  was  shut  down  for  cleaning  or  repairs.  With  the  lower 
steam  consumption  of  the  Parsons  machines  only  five  boilers 
out  of  the  eight  are  required  for  normal  load,  and  it  is  hoped  to 
keep  them  in  better  condition,  so  as  to  prevent  dirt  coming 
over  with  the  steam,  which  has  hitherto  caused  considerable 
trouble,  and  would  probably  be  even  more  serious  in  a  single- 
flow  machine,  where  the  effect  of  the  blades  becoming  partially 
choked  up  would  be  to  cause  an  alteration  in  the  end  pressure, 
besides,  of  course,  diminishing  the  output  of  the  machine.  The 
first  of  the  turbines  installed  has  now  been  running  for  nearly 
two  months  on  loads  varying  from  2,000  kw,  to  9,000  kw. 
without  the  slightest  incident,  and  when  the  complete  replace- 
ment has  been  carried  out  a  remarkable  change  in  the  station 
costs  may  be  anticipated. 
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THE  CENTRAL  REPAIR  DEPOT  OF  THE  LONDON 
COUNTY  COUNCIL  TRAMWAYS* 

BY    W.    E.    IRELAND. 

S'li/iiiKiry. — .\  descri))tion  is  here  given  of  the  Viirious  shops  oornpris- 
ing  the  repair  depot  of  the  Loudon  County  Council  tramways.  Details 
of  the  ec|uipment  of  each  shop,  and  the  method  of  dealing  with 
tlie  repair  and  overhauling  of  cars,  are  given,  together  with  interesting 
iutormation  in  regard  to  the  life  of  wheel-tyre.';,  pinions,  &c. 

With  the  development  of  the  tramway  system  of  tlie  London 
Countv  Council,  Mr.  A,  L.  C".  Fell  decided  to  recommend  the  Council 
to  erect  a  repair  depot  capable  of  dealing  with  the  «ork  of  repair  and 
renovation  of  the  whole  of  the  cars,  besides  |>roviding  for  the  future 
extension  of  the  system.  The  difficulty  of  finding  in  London  a 
suitable  site  centrally  situated  from  a  tramway  point  of  view  delayed 
the  development  of  the  scheme  for  some  time.  Several  sites  were 
from  time  to  time  considered  as  being  more  oi-  less  suitable,  but  owing 
chiefly  to  their  high  intrinsic  value,  rejected.  The  site  which  was 
eventually  selected  and  jjurchased  is  situated  close  to  the  River 
Thames  at  East  Greenwich,  is  some  0-9  acres  in  extent,  and  adjoins 
the  Angerstein  Wharf  branch  of  the  South-Eastern  &  Chatham  Rail- 
wav,  from  which  it  is  proposed  to  construct  a  siding  leading  into  the 
depot. 

Fig.  1  shows  the  general  plan  arrangement  of  the  buildings  which 
will  compri.se  the  completed  depot.  The  portion  within  the  hatched 
lines  covers  3-2.')  acres,  is  )iractically  finished  and  has  been  in  use  some 
months.  This  consists  of  smiths",  machine,  wheel,  truck  overhauling, 
inspection,  body  and  paint  shops,  and  tool,  finished  part  and  gt-ueral 
stores  on  the  ground  tioor,  with  electrical  repair,  plough,  t(jol,  light 
machine  and  pattern  shops  on  the  galleries.  The  present  building, 
which  has  a  capacity  for  dealing  with  the  overhaul  of  600  cars  per 
annum,  has  been  planned  with  a  view  to  future  extension  without 
in  any  way  bn-aking  u)i  the  continuity  of  the  several  shops,  stores.  &c. 
The  first  extension  is  now  in  i)rogres,s. 

The  buildings  are  arranged  on  a  d'^tinite  scheme  ft.r  dealing  c.\- 
pcflitiouslv  wit,h  the  cars  djrin"  I  lie  two  weeks  each  has  to  be  in  the 

*  Abstriut  of  11  Paper  rend  on  Wcdnpsday  at  the  Confcrem-e  of  tile 
.MiHiiripnl  'I'riimwiivs  Association. 
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shops  for  its  annual  overhaul  and  renovation.  The  Metropolitan 
Police  regulations  require  the  body  work  and  ])ainting  of  each  car  to 
be  thoroughly  renovated  once  in  every  12  months.  Advantage  is, 
therefore,  taken  of  this  regulation  to  overhaul  systematically  and 
put  into  first-class  condition  the  whole  of  the  mechanical  and  elec- 
trical equipments  of  the  cars.  The  lay-out  of  the  depot  is  arranged 
so  that  regular  and  synchronous  progression  of  the  work  in  the  several 
shops  is  ensured. 

Routine  fur  Dealing  with  Cars. — The  works  su])erintendent  issues 
forms,  which  are  forwarded  to  the  rolling  stock  sui>erintendent, 
requesting  the  cars  becoming  due  for  renovation  in  any  one  week  to 
be  transferred  from  the  .several  car  sheds  from  which  they  operate 
in  service  to  the  repair  depot  on  the  Sunday  night,  each  car  after 
entering  the  gateway  (.see'  Fig.  1)  sheds  its  plough  by  means  of  the 
special  run-out  arrangement  shown.  A  small  steam  locomotive 
then  draws  the  car  into  the  depot  through  the  ijorch-like  entrance 
and  on  to  a  specially  constructed  shallow  traverser,  by  means  of 
which  it  is  taken  into  the  insjieotion  shop.  Here  on  the  following 
morning  an  inspector  carefully  examines  the  car,  noting  the  repairs 
required,  and  compiles  a  detailed  list  of  the  necessary  work  for  the 
information  of  the  superintendent.  While  the  car  is  in  the  inspection 
shop  the  brake  rigging  and  other  parts  of  the  trucks  and  equipments 
are  disconnected,  and  bearing"ca])s  and'bottom  halves'of  the  gear  cases 
taken  down  ready  for  dismantling.  The  car  is  again  drawn  on  to  the 
traverser,  a  pneumatic  jack  placed  under  each  side  of  both  headstocks 
and  the  body  lifted  clear  of  the  trucks.  The  traverser  is  then  moved 
along  the  pit  carrying  the  trucks  from  beneath  the  body  to  a  point 
immediately  under  one  of  the  lighting  wells  provided  in  the  floor 
of  the  gallery  above.  Here  the  motors  are  lifted  by  an  electric 
travelling  crane  running  on  a  gantry  above  the  gallery  to  the  motor 


This  arrangement  not  only  provides  for  the  officient  extraction  of  the 
smoke,  dust  and  fumes,  but  also  ensures  very  satisfactory  ventilation 
throughout  the  shop. 

Whu't  Shop. — This  is  117  ft.  long  by  G.5  ft.  wide,  and  is  equip])ed 
with  three  high-speed  tvre  turning  lathes,  three  ditto  tyre  boring 
mills,  one  1.50  ton  jiower  wheel  press,  one  wheel  boring  machine,  one 
four-hole  gas  tyre  heating  hearth,  with  jib  crane  and  pneumatic 
hoist,  and  half  a  dozen  jig  saws  for  cutting  off  tyres.  The  tyre  turn- 
ing lathes,  of  a  sjiecial  type,  built  by  Tangyes  Limited,  are  motor 
driven  and  capable  of  taking  the  heaviest  cut  on  high  carbfjn  steel 
tyres  that  modern  high-speed  steel  will  withstand.  In  considering 
the  i)ower  recpiired  for  these  machines,  a  cut  II-.5  in.  by  0-12."i  in.  at 
.'jO  ft.  per  minute  was  taken  as  a  good  all-round  average  to  aim  for. 
and  it  was  assumed  that  a  cutting  pressure  for  high-carbon  steel  tyres 
would  be  equal  to  about  80  tons  per  .square  inch,  and  taking  the  cut 
area  as  equal  to  (l()(i2.T  sq.  in.  at  a  cutting  speed  of  .50  ft.  per  minute 
gives  approximately  the  horse-power  required — viz..  3.3-9  H.P.  Each 
lathe  is,  tlierefore,  driven  by  a  36  H.P.  polyphase  motor,  direct 
coupled  to  a  change-speed  gear  box.  The  maximum  purchase  through 
the  gears  is  71'2-5  to  1. 

While  the  cutting  power  of  these  machines  was  calculated  U]K)n 
turning  at  the  rate  of  50  ft.  per  minute,  up  to  the  present  time  it  ha.s 
not  been  found  possible  to  get  above  30  ft.  per  minute  cutting  s|)eed 
on  tyres  of  from  0-60  to  0()8  carbon,  skin  hardened  by  months  of 
constant  rolHng  on  the  track.  It  is  hoped,  however,  that  steel 
makers  will  so  improve  upon  their  tools  that  ,50  ft.  per  minute,  and 
even  higher  speeds,  will  soon  be  common  for  this  class  of  work. 

One  of  the  most  important  points  to  consider  when  specifying  for. 
or  designing,  a  machine  for  turning  high  tensile  tyres  is  the  rigidity 
of  the  machine.     Both  tramway  engineers  and  machine  tool  makers 
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Fig,  1, — Plan  of  Depot. 


overhauling  shop,  and  the  trucks  sent  into  the  truck  shop  on  the 
western  side  of  the  traverser  pit.  The  body  is  then  placed  upon  a 
temporary  truck  and  taken  into  the  body  shop  for  the  attention  of 
body  makers  and  wiremen. 

The  work  required  on  the  trucks,  motors  and  bodies  usually  takes 
about  four  days  to  complete,  at  the  end  of  which  time  the  whole  car 
is  reassembled  ready  for  the  paint  shoji.  The  ]iaint  shop  is  cleared 
of  its  finished  cars  every  Sunday,  and  the  ovirluuiled  and  reassembled 
■cars  placed  in  readiness  for  the  painters  to  start  their  (lart  of  the  work 
the  first  thing  on  the  following  morning.  Tlie  painting  and  varnish- 
ing occupies  a  week,  it  being  a  rule  that  each  weeks  output  of  reno- 
vated cars  is  ready  for  inspection  by  noon  on  the  second  Saturday 
following  the  daj-  upon  which  they  were  received  at  the  depot. 

The  Smiths'  Shop.— This  is  at  present  130  ft.  long  by  ,34  ft.  wide, 
and  contains  eight  48  in.  by  48  in.  down-draft  hearths,  six  36  in.  by 
24  in.  pedestal  type  ditto,  two  5  cwt.  motor-driven  pneumatic  power 
hammers,  one  Ryder  forging  machine,  one  drop  hammer  with  J  ton 
tup,  one  forging  and  annealing  furnace,  one  double-head  emery 
grinder,  one  punching  and  shearing  machine,  one  60  in.  exhauster 
fan  with  a  capacity  of  22,000  cubic  ft.  of  air  i)er  minute  at  3  in.  to 
4  in.  water  gauge,  and  one  17i  in.  blast  fan  with  a  capacity  of 
2,500  cubic  ft.  of  air  per  minute  at  8  in,  to  10  in.  water  gauge  pressure. 

The  form  of  hearth  chosen  is  the  down-draft  type  with  exhaust 
mains.  Stoneware  ducts  30  in.  diameter  are  laid  in  the  ground  and 
provided  with  suitable  branches  for  connecting  with  the  draft  ))ipe 
of  the  hearths.  These  ducts  terminate  in  a  s(iuare  brick  chamber 
at  the  southern  end  of  the  shop,  into  which  a  60  in.  exhauster  is  built. 


appear  to  have  treated  this  point  too  lightly  in  the  earlier  tyi)cs  of 
lathes,  with  the  result  that  the  work  took  far  too  long  to  do.  and 
owing  to  the  vibration  set  up  in  the  machine  only  light  cuts  could  Ik- 
taken  even  with  highspeed  steel  tools.  Tests  have  lieen  made  in 
the  Council's  shops  on  both  types  of  machines,  and  it  has  been  noted 
that  the  tools  failed  much  sooner  with  a  light  cut  on  a  machine  which 
"  chattered  '  than  with  a  heavy  cut  on  a  rigid  machine,  and  wherea.s 
in  the  earlier  type  of  lathe  from  8  to  10  hours  were  required  to  return 
a  jiair  of  tyres,  or  an  average  of  six  pairs  per  week  of  54  hours,  with 
the  machines  now  in  use  the  average  outi>ut  of  each  machine  is  six 
pairs  per  day.  or  34  pairs  per  week  of  54  hours. 

The  life  of  steel  tyres  made  to  the  Councirs  specifications  averages 
56,000  miles  for  pony  wheels  and  .'iO.OOO  for  driving  wheels ;  this 
gives  an  average  rate  of  wear  per  J  in.  radial  reduction  of  thickness 
of  5.090  miles  and  4.545  miles  respectively.  Having  regai-d  to  the 
heavy  weights  carried  on  these  tyres,  and  the  extra  wear  which  is 
inevitable  by  reason  of  the  high  acceleration  and  the  many  stops 
made  by  cars  in  London,  the  mileage  obtained  may  be  considered 
fairly  satisfactory. 

At  the  present  time  some  430  new  tyres  and  575  pairs  of  wheels 
complete  are  handled  in  this  shop  per  month,  or  an  average  of  o.ltio 
and  0,900  respectively  per  year. 

Machine  Shop.— This  is  143  ft.  long  by  43  ft.  w  ide.  and  is  equipixxl 
with  one  3-ton  overhead  three-motor  electric  crane  running  the  full 
length  of  the  shop.  The  machines  on  the  side  adjacent  to  the  wes- 
tern wall  are  three  8i  in.  high-speed  all  gear  headstock  lathes,  one 
10^  in.  ditto  double-gap  lathe,  one  centreing  and  facing  (uachiue,  one 
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i.ai>.-taii   boring   and   chuckiu';   lathe,    luo   special    bearing;    buiiug 
capstan  lathes  and  one  power  press. 

The  space  at  the  northern  end  is  occupied  temporarily  by  an  oil 
and  waste  saving  plant,  consisting  of  two  turbo-centrifugal  machines. 
one  riitary  washer  and  two  oil  filters.  This,  a  luost  useful  i)lant.  is 
capable  of  dealing  with  all  the  wool  waste  from  axle  boxes  and  bear- 
ings, in  addition  to  the  ordinary  cotton  waste  and  wipers  used  at  the 
car  sheds  and  works.  The  plant  is  designed  to  handle  about  'iO.OdO  lb. 
of  wool  waste  and  reclaim  .some  1'2.0(X)  gallons  of  oil  per  year,  and  it 
is  estimated  that  the  saving  due  to  this  alone  will  be  in  the  neigh- 
bourhood of  £t)00  to  £7(H»  per  annum,  exclusive  of  the  cost  of  labour, 
steam,  power.  &c..  these  probably  not  exceeding  ill.'iO  per  annum. 

The  western  side  of  the  shop  has  one  milling  macliine.  one  four- 
spindle  drilling  and  tapping  machine,  one  special  high-speed  vertical 
piano-milling  machine,  one  14  in.  slotting  machine,  one  double-head 
and  one  single-head  screwing  machines,  six  power  hack  saw  machines, 
six  liigh-speed  jjillar  drilling  machines,  one  4  ft.  (i  in.  and  one  4  ft. 
radial  drilling  macliine.  and  one  30  h.p.  two-stage  air  compressor. 

The  centre  of  the  shoji  between  the  machines  is  occupied  by  fitters" 
benches  equipped  with  the  usual  parallel  quick-action  vices,  and  also 
a  marking-otf  table.  The  line  shafting  is  driven  by  five  36  h.p. 
polyphase  motors,  eacli  attached  to  the  upright  stanchions.  The 
shafting  is  divided  into  five  sections  coupled  by  means  of  claw 
couplings,  so  that  any  section  may.  if  necessary,  be  run  indepen- 
dently of  the  others.  It  should  be  noted  that  .several  of  the  machine 
tools  in  this  shop  have  been  built  to  the  Council's  specifications  and 
are  adapted  for  work  of  a  special  character. 

Truck  Overhauling  S/wp.— This  shop  is  195  ft.  long  by  46  ft.  wide. 
and  is  equipped  with  two  ri  ton  three-motor  electric  cranes,  and  the 
usual  fitters"  benches,  vices,  pneumatic  drills,  hammers,  chippers. 
&c.  There  are  14  working  tracks,  each  capable  of  accommodating 
four  bogie  trucks  or  three  single  four-wheeled  trucks.  A  narrow 
gauge  industrial  railway  track  runs  along  the  full  length  of  the  shop 
on  the  side  adjacent  to  the  stores,  with  branch  lines  between  alternate 
pairs  of  truck  tracks.  Two  small  battery  power  motor-driven  ser- 
\ice  waggons  are  in  course  of  construction  for  the  purpose  of  trans- 
ferring material  from  or  to  the  stores  and  other  parts  of  the  depot 
and  the  men  emi)loyed  on  truck  overhauling. 

Case-hardened  steel  pinions  have  been  in  use  since  1906  and  are 
now  standardised.  The  increased  life  obtained  with  both  pinion 
and  cast-steel  gear,  compared  with  the  life  of  unhardened  pinions 
and  cast-steel  gear,  more  than  compensating  for  the  slightly  in- 
creased cost.  Case-hardened  pinions  were  first  tried  on  the  single- 
deck  steel  cars  when  the  Kingsway  Subway  was  opened  for  service 
in  19ri6.  The  pinions  then  fitted  are  still  in  service,  and  the  average 
mileage  of  the  32  pinions  on  these  cars  is  to  date  slightly  over  110.000 
miles  each,  whereas  the  average  life  of  unhardened  ])inions  working 
under  exactly  similar  conditions  is  from  19.0<XI  to  •20.000  niiles  each. 

The  life  of  ordinary  cast-steel  gear  wheels  meshing  with  the  case- 
hardened  pinions  is  also  improved.  This  is  probably  accounted  for 
by  the  fact  that  the  hardened  teeth  retain  their  correct  shape  for  a 
much  longer  period  than  unhardened  teeth,  with  the  result  that  they 
transmit  a  uniform  rolling  motion  instead  of  the  combined  rolling 
and  sliding  motion  transmitted  by  jtartly  worn  teeth. 

8ome  difficulty  was  at  first  experienced  in  obtaining  a  suitable 
steel  at  a  rea.sonable  cost,  and  it  was  found,  after  several  trials  had 
been  made  with  pinions  cut  from  various  steels,  the  steel  which  gives 
the  l)est  results  from  all  points  of  view  has  the  following  percentage 
analysis:  Carbon.  015  :  silicon.  002  ;  sulphur  and  phosphorus  each 
not  to  exceed  005  per  cent.  The  pinions  are  specified  to  be  case- 
hardened  to  a  depth  of  not  less  than  \\  n.  from  the  surface  of  the 
teeth,  the  centre  being  left  soft. 

Lubrication  is  also  an  important  factor  in  the  life  of  gears.  .\  mix- 
ture which  gives  excellent  results  and  is  at  the  same  time  cheap  has 
been  in  use  for  some  four  years.  This  is  composed  of  black  axle  oil  and 
sawdust  mixed  in_the  proportion  of  42  gallons  of  oil  to  216  lb.  of  saw- 
dust, the  cost  of  which  works  out  at  approximately  4s.  8Ad.  i)er 
cwt.  The  mixture  is  liberally  applied,  and  found  to  quieten  noisy 
gears  to  a  remarkable  extent,  in  addition  to  providing  an  efficient 
lubricant  for  the  teeth 

The  Traverser  Pit. — .\s  .shown  in  Fig.  1,  this  occupies  a  central 
position  in.  and  extends  the  full  length  of,  the  Imilding.  B.S.S. 
No.  4  C  track  rails  are  laid  at  13  ft.  6  in.  gauge,  with  standard  L.C.C. 
conduit  work  in  the  centre,  the  arrangement  of  electrical  conductors. 
&c..  l)eing  similar  to  that  employed  for  street  tracks.  Power  is  sup- 
plied to  the  traverser  motor  from  the  conduit  conductors  by  means 
of  a  standard  car  plough.  Only  one  traverser  has  up  to  the  present 
been  installed,  all  the  gears,  pinions,  wheel  centres,  tvres  and  elec- 
trical equipment  being  made  interchangeable  with  similar  parts  of 
the  rolling  stock.  Warping  gear  is  provided,  by  means  of  which  cars, 
trucks.  &c.,  may  be  hauled  either  on  to  or  off  the  tracks  or  traverser 
as  required. 


Insficction  Shop. — This  is  at  j)re.sent  156  ft.  long,  52  ft.  of  which  is 
37  ft.  wide,  and  the  remainder  75  ft.  wide.  There  are  15  tracks  with 
pits,  and  the  gangways  between  the  pits  are  1  ft.  IJ  in.  below  the 
rail  level.  This  shop  is  equipped  with  hydraulic  pit  jacks  and  a 
system  of  compressed  air  pi|ies  with  cueks  at  freipient  intervals  for 
connecting  to  pneumatic  drills  and  other  portable  tools. 

I'liiiiting  Shop. — This  shop  is  104  ft.  long  by  112  ft.  wide,  and  has 
eight  tracks,  each  capable  of  accommodating  three  cars.  Motor- 
operated  roller  shutters,  all  or  any  of  which  may  be  raised  or  lowered 
at  will,  separate  this  shop  from  the  traverser  pit.  The  slio)!  is  heated 
and  maintained  at  a  temperature  of  60'F..  when  the  outside  tem- 
perature is  at  30"F.,  by  means  of  nine  small  steam  heated  units 
on  the  "  Stanlock  ""  system. 

Galleries.- — .V  small  gallery  is  located  immediately  above  the  stores 
and  between  the  machine  and  truck  shops,  and  is  reached  by  means 
of  a  stairca.se  in  the  centre  and  an  electric  lift  at  the  south  end.  A 
temporary  ])atternmakers"  shop,  tool  shop  and  a  number  of  light 
machines  are  located  on  this  floor.  One  20  h.p.  polyphase  motor 
with  auto-starter  operates  all  the  tools  on  this  gallery. 

The  large  gallery  located  above  the  traverser  pit  is  275  ft.  long  by 
48  ft.  wide,  and  is  reached  by  two  separate  staircases  from  the  south 
end.  with  a  central  staircase  and  an  electric  lift.  This  gallery  is 
served  bj-  a  3-ton  three-motor  electric  travelling  crane,  and  one  end 
is  occupied  by  the  test  room.  Here  all  re-wound  and  repaired  arma- 
tures are  iilaced  in  testing  frames  and  run  on  load  in  Ijoth  directions. 


Flu.  2. — Trstino  Tr.vx.sformer, 

the  artitiiial  loatl  lieing  absorbed  by  a  Froude  water  dynamometer. 
Brake  magnet  and  field  coils  are  tested  for  continuity,  internal  short- 
circuits  and  ohmic  and  insulation  resistance  before  being  replaced 
on  the  cars  after  overhaul,  and  all  repaired  and  new-  ploughs  pass 
vmder  the  inspection  of  the  test  room  attendant  before  being  des- 
patched to  the  car  sheds  for  use  on  the  ears. 

The  method  of  testing  field  and  brake  magnet  coils  for  internal 
short-circuits  presents  some  points  of  interest.  A  frame  of  Swedish 
transformer  iron,  shown  in  Fig.  2,  has  a  hinged  yoke  across  the  top 
which  is  counterbalanced  and  made  to  lift  clear  of  the  front  limb  of 
the  frame.  The  back  limb  carries  a  permanent  coil  which  is  excited 
from  (me  jihase  of  the  alternating-current  supply,  and  forms  the 
primary  coil  of  the  transformer.  The  coil  to  be  tested  is  placed  on 
the  fnmt  limb  and  the  hinged  yoke  dropped  into  j)osition.  Just  above 
the  tran.sformer  is  a  jianel  containing  the  ammeter,  which  indicates 
the  current  flowing  in  the  circuit.  If  the  coil  to  be  tested  has  no 
short-circuit,  the  current  flowing  in  the  primary  circuit  will  he  so 
small  as  to  be  scarcely  readable  on  the  ammeter  ;  if,  however,  there 
is  a  short-circuit  in  the  coil,  even  if  but  one  turn,  an  appreciable 
cvuTcnt  will  rtow  and  be  indicated  by  the  ammeter.  A  sr inewhat 
similar  arrangement  is  in  use  in  the  shops  of  the  St.  Louis  Transit 
Co..  U.S.A. 

WiUi  the  exception  of  the  space  at  the  northern  end  of  this  gallery 
floor,  occupied  by  the  office  block  and  the  advertisement  plate  stove. 
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(he  remainder  of  the  gallery  is  used  us  an  eleetrieal  repair  sliop.  Here 
(lie  follciwins;  ]ilant  is  installed  :  Two  commutator  turning  and  grind- 
ing la  1  lies.  ( \voaiiiia(ure  handing  Uthes.and  six  eoil  winding maehines. 
Here  all  ])loughs.  mo(nrs,  armatures,  controllers,  field  and  hrake 
magnet  coils  are  dealt  with. 

The  commutator  grinding  and  turning  lathes  have  in  practice 
shown  distinct  advantages  over  the  usual  method  of  simjily  turning 
the  commutators  and  finishing  off  with  glass  jjaper,  in  that  the  grind- 
ing wheel  makes  a  truly  cylindrical  finish  with  a  high  |)olish,  and  in 
addition  cuts  cleanly  on  the  mica  seunients,  thus  dis|iensing  with  the 
necessity  of  ])icking  ou(  the  small  ]iarticlcs  of  eo|i|n-r  which  bridge 
(he  miea  when  eonnnutators  are  finished  liy  turning  only. 

The  plant  installed  for  vacuum  drying  and  impregnating  arma- 
tures, field  and  brake  magnet  coils.  &c..  is  heated  by  mean.s  of  steam 
coils,  and  an  inner  cylinder  of  sheet  steel  is  provided  to  keep  the  coils 
and  varnish  out  of  contact  with  the  hot  pipes. 

All  the  ploughs  are  made  and  repaired  at  the  depot.  There  are 
two  types  in  use,  one  of  which  is  made  with  a  solid  hard  rubber  base 
and  the  other  is  made  with  a  l)uilt-u|)  wood  base  ;  in  both  cases 
the  fittings  are  similar  and  interchangeable  one  witli  another.  A  full 
set  of  jigs  and  press  tools  have  been  made  in  the  tool  shop  for  the 
rapid  and  economical  production  of  the  detail  parts.  The  steel 
frames  for  the  rubber  base  ploughs  are  made  and  bolted  together  on 
a  jig  and  sent  to  the  rubber  works  for  the  bases  to  be  moulded  on.  and 
to  ensure  accuracy  of  position  of  the  base  on  the  frame  the  rubber- 
makers'  moulds  are  fitted  with  locating  blocks  which  match  those  on 
the  frame  erecting  jig.  The  steel  frames  for  the  wooden  base  ploughs 
are  precisely  similar  to  those  for  the  rubber  ploughs.  The  wood  base 
is.  however,  made  up  and  bolted  on  in  the  depot.  | 

The  collector  shoes  of  the  ploughs  ai'e  of  cast  iron  and  are  fastened 
to  a  spring  by  a  wedge.  These  shoes  have  an  average  life  of  8,000 
miles  and  cost  about  3Jd.  per  pair.  The  friction  plates  on  the  web 
of  the  plough  are  of  steel,  have  an  average  life  of  3,000  miles  and  cost 
about  9s.  per  100,  including  the  cost  of  labour  (Is.  lOd.)  in  producing 
them.  The  total  maintenance  cnst  ..I  plmighs.  including  all  renewals 
during  the  last  financial  year,  was  i  ii  irnl.  |  icr  car-mile.  A  new  rubber 
base  ])lough  costs  about  107s. 

O/ficcx.  d-c. — The  office  block,  consisting  of  a  general  clerical  office, 
a  timekeeper's  office  and  a  superintendent's  office,  is  built  of  salt  glazed 
bricks,  the  upper  part  being  of  framed  glass.  Rolling  stock  records 
are  kept  on  the  card  file  system,  and  the  system  on  which  works 
labour  costs  are  kept  is  explained  in  the  Paper,  examples  of  the  forms 
used  being  given.  Details  of  the  mess  rooms,  cloak  rooms,  &c.,  are 
also  given  by  the  author. 

Lighting  and  Power  Supph/. — The  depot  is  lighted  throughout,  both 
inside  and  outside,  with  the  exception  of  the  paint  and  inspection 
sho])s  and  the  offices,  by  60  "  Sunrae "  Davy  flame  arc  lamps 
arranged  in  series  of  10  on  the  500  volt  direct -current  supply.  The 
))ower  supply  is  by  three-phase  high-tension  O.tiOO  volt  current  direct 
from  the  generating  station  at  Greenwich  to  the  transformer  room, 
which  is  situated  outside  the  depot.  Four  l.'iO  kw.  single-phase 
transformers  of  the  Berry  type,  one  of  which  is  a  spare,  have  been 
installed.     These  transform  the  current  from  6,(500  volts  to  220  volts. 

A  switchboard  by  Messrs.  Spagnoletti  has  been  installed  for  con- 
trolling the  high  and  low-tension  alternating  ciu'rent  and  the  direct- 
current  supply.  The  feeders  from  the  panels  are  lead  in  underground 
ducts  t )  various  sections  of  the  deiiot.  where  (hey  are  connected  to 
fuse  dis(ribution  boxes,  from  which  each  motor  circuit  is  taken.  All 
feeders  are  of  the  three-core  paper-insulated  lead-covered  type,  the 
cables  for  the  small  ventilating  fan  motors  are  of  the  three-core 
V.I.R.  type.  The  installation  of  the  electric  lighting,  power  supply. 
and  telephones  has  been  supervised  by  Mr.  J.  H.  Rider. 

Trnck  Work. — The  whole  of  the  4  ft.  8J  in.  gauge  track  work  within 
the  building  is  made  uj)  of  bullhead  flat-bo((nni  rails,  spiked  to  trans- 
verse and  longitudinal  ereosoted  wood  slee[>cis. 


CORRESPONDENCE. 


OPERATION  OF  ALTERNATORS  IN  PARALLEL. 

TO   THE   EDITOR   OF   THE   ELECTRICIAN. 

SiK  :  I  have  juct  had  i3roua;ht  to  my  notice  an  interesting 
article  on  the  "Operation  of  Alternators  in  Parallel"  in  your 
issue  for  September  10th,  by  Mr.  J.  W.  Anson,  which  I  think 
calls  for  a  little  comment. 

I  will  take  the  paragraphs  in  seiiuonee. 

1.  Synchronisinij. — 1  should  like  to  know,  first,  what  size 
reciprocating  stea(n  set  takes  10  minutes  to  be  brought  up  to 
speed,  and  how  long  would  it  bo  before  the  machine  which  was 


loaded  to  "5  per  cent,  of  its  capacity  would  have  full  load  on 
it ;  surely  Mr.  Anson  would  not  put  another  set  in  to  help  it 
with  the  7.0  per  cent.  In  describing  an  early  morning  experi- 
ence, Mr.  Anson  says  that  by  the  time  the  second  machine  was 
in  parallel  the  load  on  the  loaded  set  was  .5,000  kw.  But  what 
was  the  .size  of  the  loaded  set  ] 

AVhy  should  it  be  disastrous  to  synchronise  with  an  electric- 
ally operated  switch,  when  the  synchroscope  needle  is  re- 
volving fairly  fast  ?  Granted  that  there  is  a  slight  time 
element  in  the  electrically  operated  switch,  compared  with 
the  direct  mechanically  operated  switch,  this  is  no  reason  why 
it  is  more  difficult  to  synchronise  with  the  former  switch,  as 
the  time  element  can  easdy  be  allowed  for,  and  I  very  much 
question  if  Mr.  Anson  could  close  a  similar  size  hand-operated 
switch  more  quickly  than  an  electrically  operated  one  (saj-,  of 
3,00u  kw.  capacity),  and  I  totally  disagree  that  a  quickly  moving 
phase  is  difficult  to  take,  as  I  know  of  a  station  where  they 
have  given  up  the  hope  of  ever  getting  the  synchroscope 
needle  to  go  less  than  HO  to  the  minute.  I  have  seen  the 
operator  closing  the  switcii  just  after  the  needle  had  passed 
the  mark  to  get  the  next  phase  and  just  got  it,  no  damage  nor 
disastrous  efl'ects  resulting  ;  and  although  the  reverse  relays 
are  set  to  open  at  100  kw.  reverse,  never  under  the  most  diffi- 
cult synchronising  conditions  has  the  operator  caused  them  to 
open.  These  relays  were  not  wedged  in,  nor  were  they  neu- 
tralised, always  being  tried  for  operation  when  taking  the  sets 
out  of  parallel— /.(".,  letting  the  other  sets  "motor"  the  out- 
coming  sets  out. 

I  argue  that  it  is  more  trustworthy  to  synchronise  with  a 
moving  needle,  but  do  not  argue  that  the  operator  knows  what 
position  the  needle  will  take  up  ;  it  depends  on  what  sort  of 
load  is  on  the  sets.  I  have  seen  loads  varying  from  500  kw.  to 
15,000  kw.,  and  the  whole  lot  on  and  off  about  20  times  in  as 
many  minutes. 

2.  Methods  of  Ensuring  Sieadp  Eunning. — Why  does  Mr. 
Anson  say  that  "  there  is  far  too  much  hesitation  on  the  part 
of  the  operators  in  increasing  the  field  current  30  or  40  per 
cent,  of  the  fidl  load  field  current,"  when  in  a  previous  para- 
graph he  complains  of  the  set  having  "  somewhat  over  its  full- 
load  field  current,"  and  yet  this  field  has  onl)'  been  on  for  a 
short  while  (the  delay  in  getting  a  second  set  in)  ? 

3.  Generaturs  Bunning  on  Load  with  a  False  Power  Factor. — 
Under  this  heading  I  totally  disagree  with  his  reasoning. 

In  the  first  place  there  is  no  such  thing  as  a  f.alse  power 
factor  unless  the  instrument  is  wrong.  If  an  inductive  load  is 
being  served  by  a  generator,  the  load  being  assumed  balanced, 
that  load  will  give  rise  to  a  certain  power  factor:  Mr.  Anson 
gives  this  at  0-3  to  O-."),  the  load  being  asynchronous  motors. 
From  the  same  generator  a  synchronous  load  is  being  taken 
at  90  per  cent,  power  factor,  and  Mr.  Anson  says  he  would 
expecu  to  see  a  power  factor  of  0-6  to  0-G5  on  the  generator 
and  finds  that  it  is  092  ;  he  will  find,  if  he  works  it  out,  that 
is  how  it  should  be,  the  speed  of  the  sets  has  absolutely  nothing 
to  do  with  the  power  factor.  It  is  due  to  the  field  current, 
and  it  is  the  field  current  alone  that  controls  the  power  factor 
in  this  case. 

Surely  Mr.  Anson  is  aware  that  a  synchronous  set  is  the 
best  means  known  for  getting  unity  power  factor  at  the  gene- 
rator, as  if  its  field  (the  synchronous  set)  is  increased  enough 
a  leading  current  will  lie  taken  from  tlie  generator,  as  it  is  a 
capacity  effect,  and  this  neutralises  a  lagging  inductive  load  : 
by  increasing  the  field  current  of  the  generator  a  lagging  cur- 
rent will  bo  taken.  This  is  why  Mr.  Anson  observes  that 
when  the  speed  of  the  set  is  decreased  a  further  fall  in  power 
factor  results  when  the  iiicre.ise  in  field  current  is  made.  A 
generator  can  not  have  two  power  factors  at  the  same  time,  it 
must  be  the  res(dtant  of  the  apparatus  which  is  on  the  line  at 
the  time. 

4.  Parallt'l  l!iutniiui  oii  l.i;ilil  Load  .—I  isiil  to  see  that  there 
is  any  difiiculty  in  paralleling  or  running  alternators  on  light 
loads.  1  have  seen  sets  up"  to  3,000  k.v. a.  capacity  running 
perfectly  in  parallel,  absolutely  light,  and  no  inistoadiness 
residting,  the  sets  having  auto-expansiou  gear.  The  design  of 
generators  and  engines  of  the  present  day  leaves  nothing  to  be 
desired  in  parallel  ruiuiing  where  heavy  and  varying  loads  are 
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dealt  with.  It  is  not  wise  nor  convenient  to  keep  the  speed 
down,  or  a  sudden  load  will  make  the  set  shut  down  altogether. 

I  woiUd  suggest  that  had  Mr.  Auson  had  more  experience 
of  large  sets  in  heavj-  railway  work  a  ditterent  article  from 
his  pen  would  have  been  the  result,  as  it  is  only  in  stations 
which  supply  railways  that  anything  in  the  nature  of  fluctua- 
tions can  be  properly  seen  and  studied,  where  the  load  can  be 
from  zero  up  to  the  full  capacity  of  the  station  at  any  instant 
and  is  so.  — I  am,  &c., 

Deptford,  S.E.,  Sept.  22.  A.  Hamilto.n  Ellis. 

P.S. — 1  see  a  letter  by  Mr.  Edgcumbe  in  this  week's  Elec 
Ti;iCLA.X  which  also  refutes  some  of  the  statements.  I  do  not 
consider  Mr.  Anson's  reply  as  being  satisfactory. 


We  have  submitted  the  above  letter  to  Mr.  Anson,  from 
whom  we  have  received  the  following  reply  : — 

TO  THE  EDITOR  OF  THE  ELECTRICL\X. 

Sir  :  With  reference  to  Mr.  Ellis's  letter,  I  consider  that  the 
time  allowance,  stated  in  my  article,  required  to  run  a  large 
reciprocating  engine  up  to  synchronous  speed,  namely,  10 
minutes,  is  very  moderate,  as  the  moving  parts  of  engines 
developing  from  3,000  H. P.  to  7,500  H.i'.  are  very  heavy,  tnd 
these  parts  should  be  accelerated  steadily  in  order  to  avoid 
undue  strain  in  the  metal.  Furthermore,  the  internal  cylinder 
surfaces  in  engines  of  the  above  size  are  of  very  considerable 
area,  and,  as  there  is  certain  to  be  a  quantity  of  steam  con- 
densed into  water  during  each  stioke  whilst  running  up  to 
speed,  it  is  not  advisable  to  accelerate  too  quickly  ;  other- 
wise this  water  of  condensation  may  be  difficult  to  dis- 
pose of.  If  necessary,  an  engine  of  this  size  could  be 
run  up  and  synchronised  in  about  four  minutes,  but  this 
is  not  good  practice,  and  should  only  be  carried  out  in 
a  case  of  great  emergency.  Again,  there  is  the  ques- 
tion of  starting  up  the  auxiliaries  to  the  main  engine, 
such  as  the  barring  motor,  in  order  to  get  the  engine  in  a 
position  to  take  steam  in  one  of  the  high-pressure  cylinders, 
air  pumps,  Jjc,  the  circulating  water  valves  for  the  condenser, 
or  condensers  have  to  be  opened,  and  all  these  operations  take 
time,  so  that  the  time  stated  in  the  article  is  very  reasonable, 
and  need  not  have  caused  any  discussion.  Mr.  Ellis  should 
note  that  my  article  deals  with  experience  gained  in  the  control 
of  large  alternating-current  units  as  stated  in  the  first  para- 
graph, and  all  apparatus  mentioned  is  suitable  for  combining 
with  these  large  units. 

Mr.  Ellis  mentions  a  300 kw.  electrically  operated  switch: 
this  must  be  a  very  paltry  affair,  as  at  a  pressure  of  6,G00 
volts  across  phases,  in  a  three-phase  sjstem,  the  current 
carried  by  the  contacts  would  be  about  29  amperes  per  phase. 
All  parts  of  this  switch  would  be  very  light,  and  no  elec- 
trical engineer  with  any  common  sense  would  specify  it  to 
be  electricall}-  operated  unless  required  for  very  special  cir- 
cumstances. The  switches  I  refer  to  are  capable  of  carrying  a 
steady  load  of  G,000  kw.  to  7,000  kw.,  and  of  breaking  the 
entire  short-circuit  current  of  a  station  developing  40,000  kw. 
if  necessary,  and  I  maintain  that  with  switches  of  this  type, 
having  very  heavy  moving  part.?,  it  is  extremel}'  dangerous  to 
attempt  to  take  anything  Ijut  a  steady  phase,  and  I  know 
that  engineers  with  actual  experience  of  these  switches  will 
agree  with  me.  Mr.  Ellis's  remarks  about  .synchronising  with 
the  needle  of  the  synchroscope  revolving  OO  revs,  per  min. 
are  very  clever  and  humorous,  but  it  is  quite  impos- 
sible to  take  Mr.  Ellis  seriously,  as  at  this  speed  it  is 
difficult  to  distinguish  the  synchroscope  needle  at  all, 
therefore  the  synchroscope  and  synchronising  gear  at  once 
becomes  superfluous  in  the  station  mentioned,  and  should  be 
done  away  with  at  once.  If  the  synchronising  is  usunlly 
carried  out  with  the  .synchroscope  needle  revolving  at  the 
above  speed,  when  an  alternator  is  run  up,  the  operator  should 
simply  walk  up  to  the  control  panel  and  close  the  switch 
without  troubling  about  the  synchronising  gear.  The  efi'ect 
could  not  possiblj-  be  worse  th  iii  using  a  synchroscope  running 
at  90  revs,  per  min.  I  am  of  opinion  that  the  electrical  ciigi 
neers  in  the  station  where  they  have  given  up  hope  of  ever 


steadying  the  plant  up  sufficiently  to  make  the  synchroscope 
needle  run  less  than  90  revs,  per  min.  when  synchronising, 
should  not  only  give  up  hope,  but  should  give  up  central 
station  work  as  soon  as  possibe. 

I  riole  that  the  reverse  power  relays  on  these  generators, 
although  only  set  at  ICOkw.,  never  operate  under  the  most 
ilifficult  synchronising  conditions.  I  should  like  to  know  what 
these  difficult  synchronising  conditions  are  like  ;  perhaps,  how- 
ever, the}'  are  better  left  to  the  imagination  if  the  ordinary 
conditions  are  with  the  synchroscope  needles  revolving  at 
90  revs,  per  minute. 

Mr.  Ellis  says  that  I  complained  of  the  generator,  which  had 
been  running  all  night  on  load,  having  considerably  more 
tlian  full  load  field  current  during  the  delay  in  synchroinsing 
mentioned  in  the  first  part  of  my  article.  Mr.  Ellis  will  find, 
if  he  reads  the  paragraph  again  carefully,  that  there  is  no 
complaint  at  all :  I  merely  made  a  statement. 

My  expression  "false  power  factor''  certainl}'  seems  to 
have  aroused  some  indignation.  Probably  this  is  because 
it  is  a  new  term,  but  I  see  that  both  Mr.  Kenelm  Edgcumbe 
and  Mr.  Ellis  are  in  agreement  with  me,  for  they  both  say 
that  the  power  factor  of  a  generator  or  generators  can  be 
adjusted  at  will  by  altering  the  field  current  and  the  speed  ; 
of  course,  if  the  field  current  is  altered  it  becomes  necessary 
to  alter  the  speed  in  order  to  maintain  correct  line  voltage. 
Now,  as  Mr.  Ellis  says  in  his  letter,  the  resultant  power  factor 
of  all  the  electrical  apparatus  on  the  line  must  be  the  true 
power  factor  of  the  system,  and  if  it  is  possible  to  vary  the 
power  factor  of  the  generators  by  altering  the  field  current, 
&c.,  it  is  obvious  that  some  of  the  power  factors  which  could 
be  obtained  by  various  combinations  of  field  current  and  speed 
are  other  than  the  true  power  factor  of  the  system. — I  am,  &c., 

(ireenwich,  S.E.,  Sept.  23.  Joseph  W.  Axson, 


TO  THE  EDITOR  OF  THE  ELECTRICIAN, 

SiK:  In  reply  to  Mr,  J.  W.  Anson's  letter  on  the  above 
subject  in  your  issue  of  September  17th,  I  would  say  that  I 
assume,  when  he  spoke  of  a  generator  showing  a  diflferent 
power  factor  from  that  of  the  system,  that  this  applied  to  one 
generator  running  in  parallel  with  others,  since  this  appeared 
to  me  to  be  the  only  possible  case  in  which  such  a  thing  could 
occur.  Mr.  Anson's  present  statement,  that  he  alluded  to  the 
case  of  a  single  generator,  makes  his  meaning  still  more 
obscure. 

In  his  letter  of  14th  inst.,  as  also  in  the  article  in  question, 
Mr.  Anson  speaks  of  a  generator  running  "  too  fast,  with  a 
very  light  field  "  and  thus  "  raising  the  power  factor."  But 
I  think  he  overlooks  the  fact  that  a  generator  has  no  "  correct  " 
speed  or  "correct  "  field  current  at  which  it  will  give  unity,  or 
any  other  power  factor.  What  Mr,  Anson  has  in  mind,  I 
fauc}',  is  the  well-known  fact  that  if  two  or  more  generators 
are  running  in  parallel  on  the  'bus  bars,  and  if  the  field  of  one 
of  them  is  altered,  the  power  factor  of  that  particular  machine 
will  change,  but  only  owing  to  interaction  between  it  and  the 
other  machines.  "There  will,  even  in  this  case,  be  no  change 
in  the  power  factor  of  the  system,  as  shown  by  the  station 
power  factor  indicators. 

If  there  is  only  one  generator  running  on  the  'bus  bars,  a 
change  of  speed,  or  of  field,  will  merely  bring  about  a  rise  or 
fall  of  voltage,  and  no  change  whatever  in  the  power  factor, 
which  depends,  and  can  only  depend,  on  the  nature  of  the  load, 
and  has  nothing  whatever  to  ilo  with  the  generator. 

The  .same  reasoning  applies  equally  to  the  case  of  several 
generators  running  in  parallel  and  all  having  their  excitations 
so  adjusted  as  to  show  the  same  power  factor — i.e.,  that  of 
the  system. 

I  think  that  if  Mr.  Anson  fully  realised  that,  by  defiintiou, 
the  ])ower  factor  of  the  system  depends  simply  on  the  phase 
relationship  existing  between  the  'bus  bar  voltage  and  the 
current  flowing  from  the  station,  he  would  see  at  once  that  no 
possible  manipulation  of  the  generators  could  have  any  efi'ect 
whatever  on  the  power  factor  — I  am,  itc, 

Hendon,  N.W.,  Sept.  21.  Kenelm  Edgcumbe. 
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THE  POWER  CHARACTERISTIC  OF  THE 
TUNGSTEN  FILAMENT. 

TO  THE  EDITOR  OF  THE  ELKCTRICIAN. 

Sir  :  I  have  read  with  much  interest  Prof.  Steinmetz's 
article  on  "  The  Power  Characteristic  of  the  Tungsten  Fila- 
ment," of  which  }'ou  give  an  alistract  in  your  present  issue. 
Our  ow'ti  obser\ations  at  this  Institute  on  Osram  lamps  prac- 
tically e  ^nfirm  those  given  in  the  article,  and  are  expressed  by 
the  equation  W  =  0-0372V'^'*. 

Now  although,  as  Prof.  Steinmetz  points  out,  it  is  possible 
to  predict  the  1'6  power  of  the  voltage  by  assuming  the  lamp 
is  radiating  according  to  the  Stefan  law,  and  that  its  resistance 
changes  in  direct  proportion  to  the  absolute  temperature,  it  is 
unfortuoately  very  probable  that  both  these  conditions  do  not 
hold  for  metal  filament  lamps,  for  most  observers  now  agree 
that  the  radiation  from  these  lamps  is  highly  selective,  and 
therefore  does  not  follow  the  fourth  power  law  ;  and,  more- 
over, owing  to  the  accidental  presence  of  impurity  from  the 
processes  of  manufacture,  the  tungsten  filament  seldom  gives  a 
temperature  resistance  curve  which  passes  through  the  abso- 
lute zero.  On  the  other  hand,  tantalum  which  is  produced  in 
a  high  state  of  purity  and  mounted  in  the  lamps  as  a  wire 
gives  the  required  temperature  resistance  curve.  But  if  we 
plot  power  consumption  against  voltage  for  such  a  lamp  we 
arrive  at  the  relation  \V=O-0167  V''. 


It  would  therefore  seem  that  the  remarkable  agreement 
between  theory  and  experiment  in  the  case  of  the  tungsten 
filament  must  be  regarded  as  a  coincidence  and  is  not  of 
universal  application. — I  am,  &c., 

Northampton  Institute,  EC,  Sept.  i'l.       A.  C.  Jolley. 

THE  POULSEN  SYSTEM. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

Sir  :  I  should  be  pleased,  if  you  would  kindly  allow  me,  to 
correct  a  slight  mistake  in  your  article  on  "  The  Pouisen 
S3'stem  of  RadioTelegraphj' "  in  last  week's  issue 

It  is  mentioned  that  a  speed  of  ."OO  words  per  minute  has 
been  attained  between  Lyngby  and  Copenhagen.  The  fact  is, 
however,  that  these  tests  took  place  between  Lyngby  and 
Esbjerg  at  a  distance  of  about  200  English  miles  over  land, 
whilst  the  Lyngby  station  is  situated  only  just  outside  Copen- 
hagen. 
[  It  will  no  doubt  interest  you  to  know  that  at  the  continua- 
tion of  the  demonstration  on  Saturday  afternoon  (the  11th) 
and  ]\Ionday,  the  13th,  a  speed  of  more  than  100  words  per 
minute  was  obtained  between  Lyngby  and  Cullercoats  at  a 
somewhat  higher  expenditure  of  energ)'  (about  10  kw.)  in 
Lyngby  than  mentioned  in  your  article,  with  results  at  least 
equal  to  those  at  .50  words  per  minute  there  mentioned. — I 
am,  &c., 

Cullercoats,  Sept.  21.  Aage  S.  M.  Sorensen. 


EIGHTH  ANNUAL  CONFERENCE  OF  THE  MUNICIPAL  TRAMWAYS  ASSOCIATION. 


For  many  years  London,  as  a  whole,  suffered  under  the 
stigma  of  being  without  a  tramway  system  worthy  of  its  great 
name,  the  tramways  which  it  had  being  small  and  somewhat 
out  of  date.  This  of  late  years  has,  however,  been  changed. 
First  and  foreoiost,  the  London  County  Council  has  a  large 
and  always  extending  system  worked  by  very  interesting 
methods,  while  two  companies  are  also  doing  their  part  in 
dealing  with  the  traftic  problem.  It  is  not  unfitting,  therefore, 
that  the  eight  Annual  Conference  of  the  Municipal  Tramways 
Association  should  be  held  in  London,  and  that  members  should 
have  the  opportunity  of  inspecting  the  progress  that  has  been 
made  in  this  direction,  even  since  1905,  when  the  Conference 
was  last  held  in  the  metropolis. 

IVcilnesday,  September  2211(1. 

The  Conference  opened  on  Wednesday  last  at  the  County 
Hull,  Spring-gardens,  under  the  presidency  of  Mr.  A.  L.  C. 
Fell,  chief  officer  of  the  County  Council  Tramways,  the 
members  being  welcomed  by  Sir  Melvill  Beachcroft,  J. P., 
chairman  of  the  London  County  Council. 

In  addressing  the  assembled  member.s.  Sir  Melvill  HE.\CHCRorT 
said  that  the  last  occasion  on  which  such  a  ccinference  was  held  in 
London  was  in  190,").  and  he  hoped  that  it  would  not  he  another  five 
years  before  a  conference  of  that  character  couUl  he  liekl  in  a  build- 
ing in  London  worthy  of  the  Empire.  In  the  name  of  the  L.C'.C.  he 
extended  a  hearty  welcome  to  the  members  of  the  .Municipal  Tram- 
ways Association,  and  expressed  tlie  hope  that  the  meeting  would 
help  to  solve  many  of  the  problems  met  with  in  the  working  of  tram- 
ways. It  was  40  years  ago  since  the  act  was  passed  which  enabled 
tramways  to  be  run  in  London,  and  at  present  the  tramway  item 
had  a  very  prominent  position  in  the  work  of  the  Council.  The 
))roblems  met  by  the  Council  in  London  were  the  same  that  had  been 
encountered  in  other  cities.  In  conclusion,  he  gave  some  interesting 
figures  of  electric  tramway  development  in  London. 

Mr.  A.  L.  C.  Fell  (L.C.C.  )  said  that,  in  accordance  with  the  jiractice 
of  previous  years,  he  was  not  allowed  to  propose  a  vote  of  thanks  to 
the  chairman.  Sir  Melvill  Beachcroft,  for  so  kindly  atttending  the 
<^'onference.  He  therefore  called  on  Bailie  McFarlane,  of  Glasgow, 
to  propose  the  vote  of  thanks. 

Bailie  JIrF.\RL,\NE  (Glnsgow)  said  it  was  bis  pleasant  duty  to  pro- 
pn.^  a  vote  of  thanks  to  the  London  County  Council  and  to  Sir 
-Melvill  Beachcroft.  No  one  could  help  being  impressed  with  the 
dignity  and  bearing  of  the  chairman,  and  with  the  very  great 
abilities  which  had  made  him  chairman  of  the  Water  Board,  and 
which  made  him  chairman  of  the  great  London  County  Council.  In 
addition  to  his  warm  welcome,  he  had  given  them  some  most  interest- 


ing information.  He.  the  speaker,  had  great  pleasure  in  proposing  a 
vote  of  thanks  to  Sir  Melvill  Beachcroft,  and  hoped  that  he  would 
be  long  spared  to  lead  the  destinies  of  that  vast  Council  of  the  greatest 
centre  of  the  world. 

Mr.  J.  B.  Haotltos  (Leeds)  seconded  the  vote  of  thanks  proposed 
by  Bailie  McFarlane.  The  Conference  had  already  met  in  London  on 
two  previous  occasions^viz.,  in  1902  and  190.5 — but  on  neither 
occasion  had  they  had  the  pleasure  of  being  received  by  the  Londtm 
County  Council  ;  he  thought  that  the  present  occasion  marked  a 
very  great  advance  for  the  Association,  and  he  hoped  that  they  would 
be  able  to  maintain  the  high  level  which  the  chairman  had  set. 

Ml-,  A.  L.  C.  Fell  said  that  he  had  been  requested  by  the  Executive 
committee  to  ask  the  Conference  to  approve  that  the  Chairman 
of  the  L.C.C.  and  the  Lord  Mayor  be  made  honorary  members  of  the 
Association  dm-ing  the  Conference.  This  proposal  was  passed 
unanimously. 

Sir  ^Iel\ill  Be-\chcroft  said  that  he  greatly  appreciated  the 
honour  that  had  been  accorded  him.  together  with  the  Right  Hon. 
Lord  ilavor.  in  making  them  hon.  members  of  the  Association.  He  was 
thankful  ior  the  kind  words  by  Bailie  McFarlane  and  Mr.Hamilton. 
and  he  could  safely  say  that  no  conference  of  more  importance  had 
l)cen  held  in  that  iooni.  He  gladly  took  the  opportunity  when  Mr. 
Fell  asked  him  to  attend  to  open  the  Conference.  He  hojMjd  that 
all  concerned  would  derive  gieat  benefit  from  the  Conference,  and 
that  the\-  would  also  be  able  to  see  some  of  the  things  that  they  had 
to  show' them.  He  thanked  them  all  for  the  very  warm  reception 
that  they  had  given  him. 

The  president  (Mr.  A.  L.  C.  Fell)  then  delivered  his  address, 
anabstnict  of  the  first  part  of  which  will  be  found  on  another  page. 

A  vote  of  thinks  to  the  president  for  his  address  was  pro- 
posed by  Mr.  J.  Aldworth,  of  Nottingham,  seconded  by  Mr. 
C.  J.  Spencer,  of  Bradford,  and  carried  with  acclamation.  Mr. 
Fell  briefly  replied. 

A  Paper  on — 

■  The  Medical  Examination  of  Tramway  Employes  ' 
was  then  read  by  C.>uueillor  A.  \V.  Chapman.  M.B..  deputy  chair- 
man, Manchester  Corporation  Tramways.  He  thought  that  two 
questions  should  have  an  opinion  expressed  upon  them  by  the  Con- 
ference—viz..  whether  all  employiVs  should  !)■■  medically  examined 
before  being  received  into  service:  and  shovikl  there  be  {xniodieal  re- 
examination of  men  who  had  previously  been  passed  as  fit.  The 
answer  to  both  these  questions,  in  his  opinion,  was  in  the  affirmative. 
as  the  work  on  a  tramway  undertaking  was  trying  and  arduous, 
while  illness,  leaving  its  effects  on  the  employes  made  periodical  re- 
examination necessary. 
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Till-  ixamination  of  candidates  should  follow  the  lines  of  that  laid 
tlo«n  liy  life  insurance  ofiiccs.  while  the  questions  of  sight  and  hear- 
inu  should  receive  most  careful  attention.  \'aricose  veins  and  all 
allied  conditions  should  also  he  absent  in  the  candidate. 

In  considering  who  should  conduct  the  examination  the  author 
thought  that  this  should  he  carried  out  by  a  qualified  medical 
man.  and  further  one  who  had  hatl  exjierience  in  diseases  of  the  eye 
and  car. 

The  j)ai)er  concluded  with  the  citation  of  some  special  cases  in 
sujiport  of  the  above  points,  showing  how  necessary  it  was  for  a 
medical  man  to  sit  on  the  Tramways  committee  :  while  two  forms 
now  used  in  .Manchester  for  registering  the  details  of  the  medical 
examination,  and  which  had  been  adopted  as  the  result  of  the  con- 
sideration of  those  used  on  other  undertakings.  «erc  given.  An 
api>endix  contained  details  of  the  candidates  medically  cxaminetl  in 
.Manchester  from  June.  190S.  to  May.  I'Jdit. 

A  vote  of  thanks  to  the  author  wa.s  carried,  and  the  Con- 
ference then  adjourned  for  lunch,  discussion  on  the  Paper 
being  postponed  until  the  afternoon. 

On  resuming  work,  a  discussion  took  place  on  Councillor 
Chapman's  Paper,  an  abstract  of  which  we  give  below  : — 

>.lr.  .\.  Xaxce  (Bolf.ist)  saiil  that  lie  « isiicil  ti.  ileal  with  the  subject 
fiimi  a  purely  utilitarian  i"iint  of  viev.  Ho  did  not  think  that  the 
examination  "of  tramway  employes  by  medical  men  was  any  saving,  as 
a  good  deal  of  money  had  to  be  )mid  for  this  purpose,  and  the  results 
obtAined  did  not  make  it  worth  while.  The  sight  and  hearing  of  candi- 
dates eoidd  be  tested  without  medical  aid.  and  on  his  system  rejiorts 
were  received  every  morning  about  the  health  of  the  men,  so  that  a 
check  was  thus  kept.  He  thought  that  all  the  advantages  accruing 
from  such  an  examination  could  be  obtained  without  medical  aid. 

Dr.  CoLi-iE  fL.C.C.)  spoke  at  great  length  on  the  system  employed  on 
the  London  County  Coimcil  tramways,  and  thought  that  consideration 
of  ])ublif  safety  should  be  the  keynote  in  disctwsing  these  matters.  He 
gave  figures  showing  the  results  of  sight  tests  on  the  t'ouneirs  tramways. 
and  described  in  detail  the  tests  which  were  made.  He  had  fixed  perfect 
vision  as  l)eing  uecessarj- for  candidates  for  a  motorman"s  position  on  the 
L.C'.C.  tramways,  as  so  many  came  fiuward  for  these  tests  that  they 
need  only  takethe  best  men.  It  would  be  agreed  that  this  point  was 
of  the  greatest  importauce  in  a  place  where  traffic  was  so  dense  as  in 
I^mdon.  He  quoted  a  number  of  uistances  to  show  that  medical 
exi.mination  of  candidates  was  really  very  necessary,  and  controverted 
the  last  speaker's  statements. 

Councillor  R.  A.  Smith.sox  (Ix-eds)  also  testified  to  the  good  resvdts 
obtained  by  a  medical  examination  i>n  the  Leeds  system  of  tramways. 
The  n>edical  oflicer's  fees  were  a  necessary  expense,  and  he  thought,  in 
contradistinction  to  the  author,  that  a  genera!  practitioner  was  the  best 
man  to  conduct  the  examination. 

Mr.  J.  PAI.RY.MPI.E  ((;la<gow)  said  that  in  Glasgow  a  preliminary 
examination  of  candidates  was  carried  out  by  the  staff,  and  the  doctor 
then  examined  those  that  had  been  accejited  by  them.  He  tho\ight  that 
the  Association  ought  to  require  compulsory  medical  examination  of 
tramwav  candidates. 

Mr.  J.  McEi.ROY  (\(anrhester)  thought  the  Board  of  Trade  ought  to 
take  action,  and  that  the  whole  matter  had  been  made  much  more 
serious  since  the  introduction  of  the  Woikinen's  Compensation  .\ct. 

C<iuncillor  .A.  W.  Chai-max  (in  reply)  said,  in  answer  to  a  question,  that 
employes,  other  than  motormen.  might  be  allowed  to  wear  glasses  in  the 
course  of  their  «-ork.  He  <lid  not  consider  that  a  general  practitioner 
was  the  pro|«er  man  to  conduct  the  medical  examination,  as.  although 
he  often  had  a  better  knowledge  of  human  weaknesses,  his  pathological 
knowledge  was  not  so  good  a,s  that  of  the  sjiccialist. 

A  vote  of  thanks  to  the  author  for  his  Paper  was  then 
accorded  and  the  next  business,  namely,  a  Paper  by  Mr. 
AV.  E,  Ireland,  on  "The  Central  Ee  pair  Depot  of  the  London 
County  Cot'.ncil  Tramways,"  was  read.  An  abstract  of  the 
Paper  will  be  found  on  another  page  of  this  issue.  At  the  con- 
clusion of  the  reading  of  this  Paper  the  meeting  was  adjourned 
for  the  day. 

TImrsddi/,  September  iiSid. 

The  Association  resumed  its  work  this  morning  before  a 
very  good  attendance.  The  first  business  taken  was  the  liis- 
cussion  on  Mr.  Ireland's  Paper  on  '•  The  Central  Repair  Depot 
of  the  London  County  Council  Tramwajs.'  We  give  an 
abstract  of  the  remarks  of  the  various  speakers  below. 

Jlr.  H.  K.  YLKUtRY  (.Sheflield)  was  rather  surprised  that  the  author 
was  unable  to  obtain  a  sjiced  beyond  30  ft.  per  minute  with  cutting  toc.ls 
for  turning  tyres,  even  using  high  carbon  steel.  X  speed  of  tiO  ft.  per 
minute  could  certainly  be  r.btained.  For  high-speed  work  substantial 
machines  were  required,  and  more  often  the  machine  and  not  the  tool 
limited  the  amount  of  work  done. 

.Mr.  C.  J.  Si'KNCER  (Bradfr)rd)  thought  there  was  nothing  more  impor- 
tant than  the  testing  of  field  coils  of  the  motors.  The  arrangement 
described  in  the  I'ajjer  was  similar  to  that  at  Bradford.  It  was  not 
expensive,  and  easily  fitted.  At  Bradford  they  also  had  a  rough-and- 
icady  method  for  testing  lield  coib  in  filti.     The  cars  were  overhatded 


once  every  13  weeks  and  each  time  the  test  was'carricd  out.  The  rosis- 
tanie  of  field  coils  was  so  low  that  it  was  not  pnssil)le  to  tell  wlicther 
there  was  any  fault  by  means  of  the  ordinary  resistance  test.  They 
therefore  used  a  very  low  freipiency  alternating  cm-rent.  If  a  car  was 
quite  correct  it  would  take  a  certain  amomit  of  alternating  c\irrent  on 
the  test.  If  that  current  was  exceeded  then  there  was  some  fault  in  the 
coils. 

Mr.  E.  S.  Rayxer  (Doncaster)  asked  whether  the  case-hardening  of 
the  ))inions  was  done  by  the  L.C.C.  at  their  own  shops  or  by  manufac- 
turers. 

.Mr.  \V.  E.  Irel.vxd.  in  re|ilv  to  Mr.  Verbury.  said  that  he  had  foimd 
that  with  the  best  Sheffield  steel  it  was  not  possible  to  go  beyoiul  the 
figure  for  cutting  speed  given  in  the  Paper.  He  did  not  claim  any 
oriiiinality  for  the  testing  arrangement,  which  was  etfeetive  and  chea]), 
the  cost  being  from  £(i  to  £8.  .Mr.  Spencers  rough-and-ready  method 
liir  testing  coils  was  a  good  ime  and  would  in  all  probability  meet  the 
case.  Regarding  Jlr.  Rayner's  remarks  they  had  not  yet  attemiited  t.i 
case-harden  their  steel  pinions,  as  that  was  a  matter  for  the  specialist  !.• 
deal  with. 

A  vote  of  thanks  having  been  accorded  to  the  author,  a 
Paper  on  "  Some  Comparisons  of  Continental  and  J5ritish 
^Methods  of  Operating  "Tramways  "  was  read  by  Mr.  A.  K. 
Fearnley,  an  abstract  of  which  will  be  found  on  another  page  of 
this  issue.  An  abstract  of  the  discussion  on  this  Paper  is 
given  below. 

ilr.  F.  Aytox  (Ipswich)  did  not  think  the  wear  with  the  bow  collectoc 
on  a  trolley  wire  was  cpnte  so  great  as  with  the  ordinary  trolley  sj'steni. 
He  found  that  there  was  most  wear  at  the  ears,  due  to  the  covering  effec  t 
of  the  trolley,  and  that  with  the  l)ow  collector  a  much  smoother  passage 
was  obtained  when  jjassing  imder  this  point.  There  were  also  fewir 
breakages  with  the  bow  collector,  and  in  addition,  no  time  was  lost  at 
the  terminals  in  turning  the  trolley.  Regarding  trailers,  he  asked  tlii- 
author  whether  it  was  necessary  to  have  much  more  powerful  motors 
w  here  these  were  employed. 

.Aid.  Smith  (Liverpool)  said  that  at  Liverpool  they  had  alxnit  1,")  cai- 
ot  the  Hamburg  type,  and  l.>  of  the  .American  tyjie.  They  found  that 
at  Liverpool,  with  trailers,  accidents  were  more  numerous,  while  with  tin 
double-deck  car  the  difficulty  of  getting  people  off  quickly  had  not  been 
experienced,  as  he  found  they  got  off  more  ipnckly  from  the  top  of  the 
car  than  from  the  inside. 

ilr.  H.  JIozLEY  (Burnley)  said  that  slow  speed  was  necessary  when 
trailers  were  used,  and  he  hoped  that  the  Association  wotdd  do  nothing 
in  the  adoption  of  trailer  cai-s  that  was  not  absolutely  essential.  He 
thought  the  bogey  car,  as  adopted  by  the  L.C.C,  was  what  was  recpiircd. 
The  subject  of  vestibule  cars  was  one  he  had  been  advocating  for  a 
number  of  years,  because  it  afforded  protection  to  the  driver,  and  was 
much  safer  for  the  passengers.  He  also  thought  the  glass  in  front  of  the 
driver  was  necessary,  and  in  no  way  interfered  with  his  view.  The 
reverse  ^t.iin  a-r  not  only  made  room  for  the  controller,  but  was  also 
safer  f.^r  ilir  |.,.--(iil;cis.  He  noticed  the  author  gave  them  the  compara- 
tive cnr.-u  in  I  ii  i.  io  •  if  energy  of  the  single  and  double-deck  cars  on  routes  in 
Sheffield,  but  coidd  he  also  give  the  earning  capacity  of  the  different 
cars  ? 

-Mr.  A.  BlaylocIv  (Birkenhead)  thought  that  the  rea.sons  why  shelter- 
had  not  been  more  extensively  u.sed  was  on  account  of  the  diffiodty  ii 
obtaining  sites,  and  that  such  .shelters  would  probably  be  harbours  f.ii 
loiterers.  They  had  provided  many  shelters  in  Birkenhead,  but  tlu- 
estimated  cost  given  by  the  author  was  only  about  half  that  at  which  he 
had  found  it  possible  to  erect  them. 

Jlr.  .T.  B.  Hamilton  (Leeds)  ecudd  not  conceive  why  it  was  that, 
knowing  all  the  advantages  of  double-deck  cars,  they  still  retained  the 
single-deck  car  on  the  Continent.  Passengers  themselves  ])rcferred  tin 
double-deck  car,  especially  those  who  smoked.  The  suigle-deck  car  was. 
of  course,  the  simpler  car  to  handle.  He  considered  that  the  laill.ss 
trcjlley  system  was  a  solution  of  many  of  the  dSfficulties  whiili  1hs,.| 
tramway  undertakings.  The  initial  cost  of  this  system  was  only  .ibuiil 
20  ])cr  cent,  of  the  ordinary  tramway  construction,  and  the  service  was 
cjuite  as  rehable.  Moreover  the  cost  of  operation  would  be  about  tin- 
same  as  for  the  ordinary  tramway.  He  thought  that  as  soon  as  Parlia- 
ment had  decided  upon  the  safegu.ards.  &c.,  necessary,  there  would  be  a 
great  devcln]unent  of  the  system  in  this  country.  He  considered  that 
tramways  shoidd  have  a  freer  hand,  and  he  hoped  that  the  Board  "I 
Trade  would  advise  Parliamentary  committees  to  allow  this. 

Jlr.  C.  J.  Spencer  (Bradford)  agreed  that  the  excessive  overcrowdiiiv 
of  cars  was  not  right,  and  he  hoped  that  the  authorities  wotdd  tak. 
action  in  the  matter.  He  asked  the  author  why  a  double  track  wa- 
alcsi,|citely  lu'cessary  where  trailers  were  used.  As  to  accidents  to  pas 
scnL'fcs  entering  the  cars,  he  ccmsidered  that  it  was  absolutely  out  of  tin- 
c|uestion  to  stop  the  car  each  time  a  (lassenger  entered.  If  that  was  done 
the  average  speed  would  go  dowii  about  25  per  cent.  From  statistic  s 
lie  had  obtained  from  towns  using  vestibule  cars  he  found  that  the  sic! 
ness  only  amounted  to  about  li  per  cent,  of  the  total  men  working,  and 
that  covered  a  period  of  very  bad  w-eathcr.  Waiting  rooms  and  sh'lter- 
would  be  a  boon  to  passengers  if  they  could  br  put  down  more  cheaply, 
and  he  considered  that  it  was  necessary  to  have  an  attendant  at  sucli 
waiting  rooms  and  shelters. 

Bailie  .McFari.ane  (Glasgow)  said  that  all  tlic  sii,f;U..(leck  cars  at 
(JIasgow  had  now  been  replaced  by  double  deckers.  In  such  a  city  it 
was  impossible  to  have  single  deckers,  owing  to  climatic  conditions.  As 
to  shelters,  these  were  not  required  at  Glasgow  as  they  had  such  a  quick 
service  of  cars. 
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Mr.  S.  ('.  T.  Nkima.nn  (Hnidf.iid)  iniisiclorcil  that  all  uiuliTtakiiif.'s 
should  atlnnl  their  managers  an  ()|i|icirtunity  iif  ins]>eetiiig  the  systems 
on  the  tVmtiiient  ami  elsewhere,  as  Mr.  Fearnley  had  done.  He  was  o£ 
opmion  that  it  was  i|uite  easy  to  provide  a  temporary  shelter  at  a  com- 
paratively slistht  eost,  and  that  there  was  absolutely  no  necessity  for  an 
attendant.  He  agreed  that  overcrowding  and  travelling  on  the  |)lat- 
fonns  was  a  dangerous  ])raetiee.  He  was  afraid,  however,  that  managers 
were  apt  to  look  upon  tramways  too  much  from  the  exchequer  point  of 
view,  and  therefore  overcrowding  was  ])opular  with  them.  The  comfort 
of  the  ))uhlic  had  to  be  considered,  however.  With  regard  to  the  stop- 
ping of  cars  for  every  person  who  wished  to  entei,  that,  he  con.sidcred, 
was  an  impracticable  suggestion. 

Mr.  P.  Fisher  I  Dundee)  said  th.it  on  their  system  they  had  six  waiting 
rooms  of  the  character  referred  to  in  the  Paper,  but  they  also  had  four 
larger  ones,  looked  after  by  an  attendant,  which  eost  from  £150  to  £350 
each  to  erect.  They,  however,  cost  nothing  to  look  after,  as  he  found  it 
the  easiest  thing  in" the  world  to  get  street  hawkers  to  look  after  them 
free  in  return  for  a  stand  to  sell  papers,  &c. 

Jlr.  A.  R.  Fii.vRNLEy  (Shefheld),  in  reply,  agreed  with  Mr.  .\ylon 
that  with  the  bow  collector  there  were  fewer  breakages.  Larger  motors 
were  necessary  on  double  deck  cars.  He  agreed  with  Jir.  .Mozeley  that 
trailer  ears  were  dangerous.  He  considered  that  vestibide  cars  were 
very  desirable  both  from  the  passengers'  and  the  niotorman's  point  of 
view.  He  agreed  with  Mr.  Hamilton  as  to  overcrowding  on  tlie  plat- 
iorms  and  that  the  cost  of  working  the  railless  cars  would  be  the  same  as 
the  ordinary  tramway.  Althougli  two  years  ago  they  obtained  powers 
to  run  any  kind  of  vehicle  on  specified  route*,  yet  they  were  not  able  to 
Tun  a  trolley  'bus  simply  because  of  the  overhead  line.  The  only  way 
to  avoid  overcrowding  was  to  sjjecify  the  number  of  )iassengers  the  car 
was  to  take  and  to  stick  to  it.  He  considered  the  question  of  a  double 
track  for  trailer  cars  a  very  important  matter.  It  would  be  very  awk- 
ward were  the  car  to  take  the  right  |)oints  and  the  trailer  the  wrong  ones. 
At  Sunderland  vestibule  cars  were  in  use  and  were  spoken  of  very  highly. 
Trolley  trams,  he  considered,  ought  to  be  rated  the  same  way  as  the 
ordinary  motor  omnibus.  He  also  agreed  that  the  overcr.)wding  on  the 
top  deck  of  the  cars  in  Bradford  should  not  be  allowed  under  any  cir- 
cumstances. 

At  the  conclusion  of  this  discussion  the  meeting  was  ad- 
journed for  the  da}',  and  the  consideration  of  Mr.  II.  S.  Pilcher's 
Paper  on  "  Current  Consumption  "  was  postponed. 


PRESIDENTIAL    ADDRESS    ON    "TRAMWAY 
PROBLEMS  IN  THE  FUTURE. '  * 

BY    -MK.    A.    L.    C.    FELL, 

In  this  short  address  I  do  not  propose  to  deal  with  the  history  of 
•electric  traction  from  its  inception  up  to  date,  but  it  is  necessary  just 
to  give  a  few  hgures  to  show  the  position  of  affairs  at  the  present 
moment.  It  appears  from  the  latest  Board  of  Trade  returns  that 
there  are  3(15  undertakings  in  the  United  Kingdom,  177  of  which 
belong  to  hjcal  authorities  and  128  to  companies  and  private  indi- 
viduals. The  tramways  open  consist  of  l,o"22  miles  of  double  and 
■841  miles  of  single  line,  or  a  total  of  2.463  miles,  compared  with 
2.394  miles  in  the  previous  year.  The  total  capital  expended  being 
£68.199,018,  compared  with"  £64.092.091  in  the  previous  year.  The 
total  number  of  ))assengers  carried  was  2,625,.'532.S9o,  compared  with 
2,454,807.487,  The  gross  receipts  were  £12,439,625,  compared  with 
£11,849,175.  The  working  expen.ses  were  £7,792,663,  compared 
with  £7,363.762  in  the  previous  year.  The  returns  clearly  indicate 
that  the  rush  with  regard  to  the  construction  of  electric  tramways  is 
over,  and  that  the  improved  results  are  cliietly  due  to  gradual  develop- 
ment of  existing  systems  and  the  reconstruction  of  horse,  cable  and 
steam  tramways.  For  some  considerable  time  no  new  large  schemes 
have  been  brought  before  Parliament.  Although  the  mileage  of 
tramways  o])ened  during  the  past  year  has  increased  verj-  little,  the 
number  of  passengers  carried  has  steadily  increased,  showing  the 
great  popularity  of  this  means  of  locomotion.  It  will  not  do,  how- 
ever, for  tramway  men  to  feel  satisfied  that  everything  has  been  done 
that  can  be  done,  and  simply  sit  dow  n  antl  await  developments.  We 
must  kec])  in  the  forefront  of  the  fighting  line,  and  see  that  nut  only 
our  special  dejiartments,  btit  munici])alities  generally,  are  kept  po.sted 
as  to  the  true  facts  concerning  tramway  matters  and  the  probable 
effect  on  the  well-being  of  the  community. 

Many  interesting  pajiers  are  to  be  read  and  discussed  during  the 
■conference,  but  it  must  be-  remembered  that  the  consideration  of 
papers  is  not  the  only  benefit  which  the  members  of  the  Association 
■derive  from  our  conferences.  Much  of  the  most  useful  work  is  done 
in  a  very  informal  manner  before  and  after  our  meetings,  and  the 
opportunity  is  given  to  all  to  extract  information  and  obtain  the  best 
available  advice  without  having  to  pay  any  fees.     If  municipalities 
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would  only  look  at  the  matter  in  this  light  they  vsuuld  realise  that  the 
small  .siib.scription  paid  to  the  .Association  is  not  adequate. 

.At  our  annual  conference,  and  at  the  conferences  of  other  tramway 
associations,  it  is  often  suggested  that  the  time  ha.s  arrived  for  the 
Tramway  .\ct  of  1870  to  be  revi-sed.  This  may  l>e  so  in  mme  special 
instances,  but  as  in  the  majority  of  cases  the  alterations  would  have 
very  far-reaching  results  it  is  neces.sary  that  municipalities  should 
settle  the  broad  line  of  policy  before  Parliament  is  a.sked  to  take  action. 
Take,  for  instance,  the  <|uestion  of  tramway  paving.  On  the  one 
hand,  tho.se  resiionsible  for  tramway  administration  say  that  it  is  un- 
fair that  their  undertaking  should  have  to  U-ar  the  first  cost  and 
maintain  abotit  Hi  ft.  of  paving  in  the  centre  of  the  roadway,  which 
is  not  wurn  cnit  Ijy  their  electric  cars  and  which  is  u.sed  by  general 
vehicular  traffic,  and  in  many  instances  by  compctimr  forms  of  loco- 
motion. On  the  other  hand,  the  road  authority  claims  that  the  pre- 
sence of  tramway  lines  makes  it  necessary  for  paving  repairs  to  be 
carried  out  much  more  frequently,  and  the  tendency  i.s  for  vehicular 
traffic,  where  the  tramway  service  is  very  heavy,  to  be  concentrated 
at  the  side  of  the  road  :  or.  in  cases  where  the  tramway  service  is 
light,  for  the  vehicular  traffic  to  concentrate  on  the  tramway  track 
and  cut  grooves  in  the  paving  outside  the  18  in.  margins.  It  is  also 
argued  by  tlie  road  authority  that  the  tramways  undertaking  is 
rightly  charged  with  the  cost  of  the  paving  and  its  repair  in  the  tram- 
way area  as  a  small  payment  for  the  right  to  use  the  street :  but  it 
will  be  noticed  that  no  suggestion  is  made  that  com|)eting  forms  of 
locomotion  should  be  charged  for  a  similar  concession. 

Personally.  I  think  that  the  most  unfair  points  in  connection  with 
this  matter  arc  :  (1)  The  local  road  authority  can  stipulate  what 
paving  is  to  be  used  :  (2)  c<mipeting  forms  of  locomotion  do  not  ijay 
for  the  cost  of  installing  or  maintaining  the  paving  :  (3)  the  tramway 
authority  has  to  pay  rates  on  the  earning  capacityof  its  lines,  whereas 
other  competing  forms  of  locomotion  using  the  streets  are  not  so 
rated,  W\t\\  regard  to  these  points,  it  seems  altogether  wTong  that 
where  the  tramway  authority  has  to  bear  the  first  cost  and  also  the 
maintenance  of  the  jxaving  in  the  tramways  area,  the  road  authority 
has  power  to  sti)Hilate  the  class  of  paving  to  be  used,  es))ecially  as  the 
softest  and  the  shortest  life  paving  is  generally  selected.  The  fact 
that  wood  and  soft  granite  pavmg  require  constant  attention  and 
renewal,  and  consequent  interference  to  all  classes  of  traffic,  appears 
to  be  quite  lost  sight  of.  In  half  the  cases  1  believe  that  wood  paving 
is  laid  because  it  is  an  expensive  luxury,  and  one  which  one  district 
thinks  it  (jught  to  have  because  another  district  has  it.  If  it  were  not 
for  the  tramways,  the  local  authority  in  certain  cases  could  not  pro- 
bably afford  to  have  it.  With  reference  to  the  second  and  third 
points,  I  consider  that  it  should  be  made  obligatory  for  all  forms  of 
public  carriage  to  pay  a  share  of  the  cost  of  maintenance  of  all 
thoroughfares.  Where  a  horse  omnibus  or  motor  omnibus  service, 
however,  at  the  i^resent  time  uses  the  street,  the  owners  simply  have 
to  pay  rates  on  the  stables  or  depots,  whereas  tlie  tramway  under- 
taking, in  addition  to  bearing  the  first  cost  and  the  upkeep  of  the 
paving  in  the  tramway  area,  has  to  pay  rates  based  on  the  earning 
capacity  of  the  line,  and.  although  the  omnibuses  cut  the  roads  to 
pieces,  the  one-half  of  the  capital  and  maintenance  charges  falls  on 
the  ratepayers  in  general,  a  few  of  whom  nuty  use  the  vehicles  in 
question,  and  the  other  half  falls  on  the  tramway  avithority,  and  in- 
directly on  the  tramway  passengers.  It  really  comes  to  this,  that 
the  ratepayers  give  a  subsidy  to  omnibus  companies  so  that  they  may 
compete,  with  the  tramway  undertaking,  which  if  owned  by  the 
municipality  would  relieve"  the  rates,  whereas  the  omnibus  com- 
panies do  nothing  to  assist  in  this  direction.  Until  some  agreement 
is  come  to  between  the  tramway  authority  and  the  highways  autho- 
rity it  is  no  use  attempting  to  apply  to  Parliament  for  an  alteration 
in  "the  tramway  act  with  regard  to  these  matters,  but  the  sooner  the 
agreement  is  made  the  better  it  will  be  for  all  municipalities. 

The  Best  Use  of  the  Thinoughjare.—.\n  important  subject  which 
should  be  dealt  with  by  the  local  authority  is  the  best  use  of  the 
thoroughfare,  and  the  special  circumstances  in  each  case  should  be 
taken  into  consideration.  The  popular  fallacy  has  existed  for  some 
time  that  the  installation  of  a  tramway  increases  the  congestion  in 
the  street.  Under  general  conditions  this  is  not  the  case,  but,  of 
course,  the  isolated  cases,  where  tramways  terminate  in  narrow  con- 
gested streets,  are  always  quoted,  and  in  most  instances  by  those 
people  who  have  opposed  the  extension  of  the  tramway,  when  the 
promoters  have  attempted  to  do  away  with  the  dead  end.s  by  the 
construction  of  a  connecting  link  or  loo])  Ime,  Kxpencnce  clearly 
shows  that  congestion  of  traffic  is  relieved  by  the  introduction  of 
electric  tramways,  one  reason  being  that  the  vehicular  traffic  is 
formed  ui>  into  straight  queues,  the  slow  traffic  keeps  more  to  the 
side  of  the  road  and  tlie  fsust  traffic  follows  the  tramway.  It  has  IxH-n 
proved  beyond  tloubt  that  in  handling  large  crowds  of  people  entermg 
theatres  and  other  public  buildings  that  if  queues  are  formed  they 
can' be  dealt  with  much  more  expeditiously  and  without  danger.  The 
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same  argviments  aj)ply  even  more  forcibly  iii  the  case  of  traffic  regula- 
tion, and  where  electric  tramcars  are  introduced  the  speed  of  the 
traffic  generally  is  increased  and  the  liability  to  accident  is  minimised. 
Another  fact  is  that  a  tramcar  takes  up  much  less  space  in  the  street 
per  ])assenger  seat  than  any  other  type  of  public  street  vehicle  at  the 
present  time.     It  is  necessjiry  in  designing  carriages  for  public  use  to 
provide  for  the  worst  possible  atmospheric  conditions.     The  roof- 
covered  cars  afford  complete  protection  in  all  weathers  :   in  London, 
for  instance,   the  latest  cars  carry  78  passengers.     As  the  Police 
authorities  in  London  will  not  allow  roof  covers  on  motor  omnibuses, 
the  seating  capacity  in  wot  weather  will  not  accommodate  more  than 
1{>  passengers  under  cover.     It  therefore  follows  that  in  Vet  and 
stormy  weather  one  tramcar  provides  accommodation  equivalent 
to  that  of  five  motor  omnibuses.     Even  in  fine  weather  three  motor 
Omnibuses  under  the  latest  regulations  will  be  required  to  give  the 
game  seating  accommodation  as  one  large  tramcar.     With  regard  to 
the  space  occupied  in  the  street,  one  electric  car  to  seat  78  passengers 
is  33  ft.  10  in.  long  ;  the  motor  omnibus  is  23  ft.  long  and  only  carries 
16  passengers  under  cover.     Between  each  of  the  motor  "buses  a 
safety  space  of  6  yds.  should  be  allowed  ;   the  s))ace  required,  there- 
fore, by  the  five  motor  omnibuses  with  the  safety  space  between  the 
vehicles  will  amount  to  no  less  than  187  ft.,  compared  with  33  ft.  10  in. 
required  by  the  electric  tramcar.     Even  if  the  five  motor  omnibuses 
were  coupled   together  they  would   take  up  a   space    115  ft.  long. 
These  points  should  be  specially  taken  into  consideration  when  stjeet 
Avidenings  are  thought  desirable,  and  the  vthicks  whicli  occujiy  tlie 
most  space  per  passenger  should  bear  the  largest  proportion  of  the 
cost. 

Limitations  of  Tramwa;/s. — It  is  to  be  regretted  that  more  friendlv 
relations  do  not  exist  between  railway  and  tramway  autliorities,  as 
much  more  benefit  wo\ild  accrue  from  friendly  co-operation  than  from 
antagonistic  competition.  A  tramway  is  more  suitable  in  every  way 
for  dealing  with  local  short  distance  riders.  The  published  returns 
of  the  large  tramway  undertakings  in  this  country  clearly  indicate 
that  the  majority  of  passengers  travel  a  distance  of  considerably  less 
than  2  miles.  Railway  companies  should.  theref<.)re.  cater  for  the 
long-distance  suburban  passenger,  and  not  attempt  to  deal  with 
purely  local  traffic.  L'nder  the  heading  of  railway  com])anies  I  do 
not  include  the  London  tube  railways,  but  I  think  that  much  miaht 
be  done  in  connection  witli  tlu-ough  booking  between  all  rai!v.ays 
and  tramways,  and  suggest  that  this  Association  might  take  the 
initiative  and  endeavour  to  arrange  a  conference  with  the  repre- 
sentatives of  some  of  the  railway  companies.  Our  motto,  as  far  as 
railways  are  concerned,  should  be  co-operation,  not  competition. 

I  think  that  all  municipalities  should  insist  on  their  officials  inspect- 
ing other  undertakings,  as  it  is  impossible  to  kec])  up  with  the  times 
unless  this  practice  is  allowed.  An  attemjit  has  been  made  during  the 
past  year  to  see  if  arrangements  could  be  entered  into  for  this  .Asso- 
ciation to  come  in  closer  touch  with  the  International  Tramways 
ITnion.  but  owing  to  the  fact  that  under  the  constitution  of  that 
union  of  a.ssociations  the  subscription  is  based  on  the  capital  outlay 
of  the  various  undertakings  represented,  the  subscription  from  this 
Association,  under  these  regulations,  would  be  out  of  all  proportion 
to  the  benefits  received.  It  is.  therefore,  suggested  that  no  further 
action  should  be  taken  in  this  direction,  but  that  corporations  should 
be  recommended  to  occasionally  send  their  officials  and  represen- 
tatives abroad  to  investigate  matters  and  report  the  result  of  those 
investigations  to  the  corporations  and  to  this  .Association.  I  venture 
to  suggest  that  the  Association  should  bear  the  cost  of  circulating  the 
information  to  the  members. 

ftailless  Trolley  Stjstems. — Many  interesting  reports  have  been 
issued  during  the  past  year  on  ins])ections  which  have  been  made  by 
various  deputations  of  the  so-called  "  Irnrkk-is  trolley  system  "'  oil 
the  Continent.  I  am  afraid  that  the  trnrkhss  trolley  system  will  not 
be  seen  until  air  ships  are  in  general  use,  and  1  exjiect  when  this  is 
the  case  the  trolley  wires  will  disappear,  as  there  is  every  reason  to 
suppose  that  it  will  be  possible  by  that  time  to  operate  air  ships  by 
wireless  transmission.  .An  interesting  example  of  a  railless  trolley 
system  has  l^cn  installed  by  the  .Metropolitan  Electric  Tramways  (d. 
at  Hendon.  and  arrangements  have  been  made  for  this  to  be  inspected. 
It  is  hoped  that  the  members  of  the  Association  will  take  advantage 
of  the  invitation  issued  by  the  company.  In  special  cases  the  rail- 
less  .system  will  have  its  uses.  For  instance,  in  London,  1  think  it 
would  be  advantageous  as  a  connecting  link  between  the  tramways 
which  run  to  either  side  of  the  HIackwall  and  Rotherhithe  Tunnels 
under  the  Thames.  In  these  ca.ses  a  tramway  could  not  be  satis- 
factory, but  in  ordinary  service  I  am  afraid  the  cost  of  maintenance 
of  the  railless  system  will  be  too  high.  It  will  be  interesting  to  note 
the  action  taken  by  the  authorities  responsible  for  the  up-keep  of  the 
roadway  when  any  of  these  systems  are  installed  in  this  country,  and 
as  to  whether  street  improvements  will  be  charged  against  the  new- 
form  of  traction.     It  is  suggested  that  the  railless  system  might  be 


used  for  so-called  "  missionary  work,"  to  ascertain  the  best  route  for 
a  tramway,  but,  in  my  opinion,  it  is  a  question  as  to  whether  tliia- 
is  really  necessary.  If  people  think  that  the  route  is  only  an  experi- 
mental one.  they  will  not  settle  down  and  take  houses  on  lease,  but 
if  a  well-thought-out  tramway  is  installed  they  have  a  feeling  of 
security,  and  the  property  in  the  vicinity  of  the  tramway  rapidly 
develops.  This  security  of  tenure  is  one  of  the  chief  advantages  of  a 
tramwaj'  route  compared  with  an  omnibus  route,  as  the  latter  may 
be  changed  at  a  few  hours'  notice.  Quite  apart  from  the  subjects  of 
interest,  such  as  the  above,  which  can  be  studied  under  working  con- 
ditions abroad,  we  have  a  large  number  of  perplexing  problems  to 
solve  at  home.     I  would  like  briefly  to  refer  to  a  few  of  these. 

The  president  then  dealt  shortly  with  the  work  of  the  Association 
during  the  year  on  brakes,  tramway,  income  tax  and  incorporation. 
The  results  of  this  work  has  already  been  published  in  The  Elec- 
trician, 

Standardisation. — Much  has  been  said  and  written  about  standar- 
disation in  connection  with  tramway  matters.  Most  of  the  large 
undertakings  are  doing  everything  possible  to  standardise  their  plant, 
but  it  is  to  be  regretted  that  many  smaller  municipalities  are  still 
"discovering"  electric  traction,  and  are  constantly  changing  the 
types  of  their  cars  and  equipment.  It  is  essential  that,  as  far  as 
possible,  the  working  parts  of  all  cars,  trucks  and  electrical  etiuip- 
ments  should  be  interchangeable,  not  only  to  avoid  having  to  hold  an 
enormous  stock  of  spare  parts,  but  that  the  men  who  are  responsible 
for  the  maintenance  and  operation  of  the  cars  may  have  a  thorough 
knowledge  of  every  part,  and  through  this  knowledge  increase  the 
safety  of  the  public. 

The  necessity  for  standardisation  does  not  apply  to  plant,  cars  and 
equijiment  only.     Take  as  an  example  the  information  which  is  given 
in  the  annua!  reports  of  various  tramway  undertakings.     It  is  a  pity 
that  the  standard  form  of  accounts  which  was  prepared  some  time 
ago  by  this  Association,  in  conjunction  with  the  Municipal  Trea- 
smers"  Association,  is  not  strictly  adhered  to.  and  also  that  the  com- 
parative statistics  quoted  are  not  formulated  on  the  same  basis.     As 
an  instance,  the  well-known  unit  '■  car-mile  "'  is  most  unsatisfactory 
as  a  comparable  unit.     One  hears  of  the  wonderful  results  per  car- 
mile  obtained  on  certain  tramways  where  small  light  cars  are  used. 
These  are  published  as  comparative  figures,  and  attention  is  not 
called  to  the  fact  that  other  cars  in  the  same  list  had  nearly  twice 
the  seating  capacity.     The  term  "  car-mile  "'   becomes  still  more 
ridiculous  when  applied  to  mechanically-propelled  omnibu.ses  with 
small  carrying  capacity.     It  is  also  very  misleading  in  connection 
with  power  consumption,  as  it  conveys  no  idea  as  to  the  relative  size 
or  weight  of  the  cars,  the  average  speed  or  the  number  of  stops. 
Extraordinary  results  can  be  obtained  from  the  car  which  seldom  has 
to  stop  to  pick  up  or  set  down  passengers,  or  which  runs  emptyjfor 
the  greater  period  of  the  day.     It  is  not  possible  to  arrive  at  a  reliable 
comparative  unit  based  on  the  weight  of  the  car  and  passengers,  as 
the  one  depends  on  the  ideas  of  the  designer  and  the  working  con- 
ditions, and  the  other  is  a  constantly  varying  quantity.     What  we 
really  want  to  know  is  the  cost  per  passenger  per  mile,  or  per  "  seat 
mile."     In  my  opinion,  the  term  "  seat  mile  "  should  be  given  in  all 
comjiarative  figures.     It  is  most  useful  to  compare  the  number  of 
I)assengers  travelling  with  the  seating  capacity  dming  the  same 
period.     Slight  difficulty  may  be  experienced  on  tramways  where 
overcrowding  is  permitted,  but  I  hope  it  will  be  another  argument 
in  favour  of  doing  away  with  this,  in  my  opinion,  most  undesirable 
practice.     The  ordinary  conductor  on  a  large  tramcar  has  quite  as 
much  to  do  as  he  can  possibly  do  properly  at  the  jiresent  time,  and 
overcrowding  simply  means  that  more  fares  will  be  missed  and  the 
whole  of  the  passengers  suffer  much  discomfort.     I  trust  thai  the 
seat  mile  unit  or  some  similar  comjiarative  unit  may  be  adopted  in 
the  near  future. 

Through  Running. — This  matter  has  been  before  the  Association 
on  several  occasions,  but  it  has  not  been  found  possible  to  lay  down 
any  definite  regulations,  as  each  arrangement  for  through  running 
depends  on  kical  conditions.  Broadly  speaking,  I  believe  we  all  agree 
that  it  is  desirable  to  connect  uji  .short  lengths  of  tramway,  but  it  is 
also  recognised  that  it  is  unprofitable,  and  in  many  cases  impossible, 
to  run  cars  from  everywhere  to  everywhere  ;  it  is,  therefore,  necessary 
to  issue  transfer  tickets  and  book  through.  When  once  transfer 
arrangements  have  become  necessary  internally  on  a  tramway  route, 
it  is  extremely  doubtful  wlicthcr  any  advantage  would  be  gained  by 
a  through  running  arrangement  with  an  outside  authority.  In  my 
o|)inion.  in  eases  of  this  description,  the  disadvantages  will  be  found 
to  outwcigli  the  advantages.  The  .Municipal  Tramways  .A-ssociation 
always  has,  and,  1  expect,  always  will,  oppose  any  proposals  for 
c-ompulsory  through  running,  but  where  the  ("oHditions  are  favourable 
there  is  no  reason  why  through  running  should  not  be  instituted  on 
rea.sonable  terms.  One  gieat  difficulty  in  connection  with  through 
running  will  be  with  regard  to  labour  conditions.     In  the  majority 
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ROLLER   BEARINGS. 

Mii.st  machines  have  bearing  surfaces  which  involve  gliding 
one  piece  on  another  piece,  so  causing  friction.  To  obtain  dur- 
ability and  a  maximum  load-carrying  capacity.ait  i.s  obvious  thet 
the  roller  is  better  adapted  for  hard  working  parts  than  the  ball. 
simply  because  the  roller  can  have  any  length  of  contact,  while  the 


of  instances  the  rates  of  wages  are  naturally  higher  in  the  large  cities 
than  in  the  outlying  districts,  where  the  cost  of  living  is  much  less. 

and  ,1  grievance  may  exist  if  the  men  oijerating  the  cars  over  the  same 

Jims  are  not  paid  the  same  wages  and  do  not  work  under  the  same 

conditions.     This  will  be  an  interesting  point  to  submit  to  a  con- 
ciliation board.     There  should  be  no  trouble  of  this  description  where 

inter-running  is  instituted  between  two  large  cities  or  towns,  as  in  all 

l)robability  the  wages  paid  will  be  approximately  the  same. 
Thf    Use   of    Trailer  Cars. — One   of    our    tramway 

journals  has  recently  i)iiblished  a  series  of  expressions 

of   opinion   from    managers   in  different   parts  of  the 

country  as  to  the  use  of  trailer  cars.     From  a  i)erusal 

of  these  opinions  I  gather  that  there  is  a  division  of 

opinion  on  the  subject,  and  that,  whilst  the  majority 

of  managers  prefer  the  double-deck  cars  now  so  gene- 
rally used,  there  is  a  large  minority  which  holds  that 

the  use  of  trailers  would  facilitate  the  conduct  of  traffic 

at  the  "  rush  "   periods  of   the  day,  and  on  other  occa- 
sions, such  as  football  matches,  when  crowds  have  to 

be  dealt  with  in  a  very  short  period  of  time.      Both 

these  sets  of  views  are  entitled  to  every  respect,  and  both 

are  doubtless  correct  as  far  as  they  go,  but  probably  a 

more  satisfactory  solution  would  be  arrived  at  if  both 

opinions  were  combined,   and   double-decked   trailers 

were   adopted.      This   would    certainly   minimi.se   the 

space  occupied  in  the  streets  for  the  seating  capacity 

provided  during  the  rush  hours,  and  traffic   at  busy 

junctions  would  be  held  up  for  very  much    shorter 

periods. 

The   views   expressed    by   a   number   of    influential 

Continental    managers     fully  demonstrate   that    they 

regard  the   use   of   trailers  as  being  indispensable   for 

their  traffic  purposes,  and  that  they  use  them  without  in  ^'°- 1-— Steel  Cage  of  "Timkes"  Bearlsc;.     Fio.  2. 

any  material  degree  increasing  the  number  of  accidents. 

The  Board  of  Trade  and  the  Police  authorities  have  recently  agreed  [  ball  must  have  an  extremely  small  contact  surface,  a  mere  point ;  and 

to  trailers  being  run  experimentally  on  one  route  in  London,  and  I  feel     the  greater  the  contact  surface  of  the  friction-reducing  element,  the 

greater  the  load-carrying  capacity  must  be.     Three  of  the  most  im- 
portant requirements  of  anti-friction  bearings  are  :  (o)  The  friction 


Tdiken"  Roller  BEARrsi:;. 


certain  that  the  advantages  will  be  sjieedily  recognised. 
(To  he  concluded ) 


SIEMENS     BROS.     DYNAMO     WORKS,    TANTALUM 
LAMP  FACTORY  AT  DALSTON,  LONDON. 

The  illustration  below  shows  the  large  range  of  works  premises 
which  Messrs.  Siemens  Bros.  Dynamo  Works  have  equipped  for 
the  manufacture  of  the  tantalum  metal  filament  lamp.  These 
premises  are  well  situated  on    the  outskirts  of   the  city,  within  a 


New  Lamp  Factory  of  Messrs.  Siemens  Bros.  Dynamo  Works. 


stone's  throw  of  Dalston  Junction  station  of  the  North  London 
Railway,  and  were  formerly  the  works  of  Marconi's  Wireless 
Telegraph  Co.  It  will  be  seen  that  the  factory  is  well  situated  for 
light,  and  this  is  a  feature  which  it  is  becoming  increasingly  diffi- 
cult to  secure  within  immediate  touch  of  the  City  of  London. 


loss  must  be  reduced  to  a  negligible  quantity  ;  (6)  the  bearing  must 
carry  a  maximum  load  per  unit  of  the  volume  of  the  bearing :  (f ) 
either  there  must  be  no  wear  at  all,  or  what  wear  occurs  must  be 
readily  taken  up  without  disturbing  the  characteristics  of  the  bear- 
ing. Another  desirable  feature  is  that  the  bearing  should  withstand 
at  one  and  the  same  time  both  load  and  end  thrust. 

The  "  Timken"  roller  bearing  has  been  a  great  success  in  .\merica. 
particularly  in  connection  with  its  ajjplication  to  motor  cars,  whilst 
for  horse-drawn  vehicles  it  has  also  been  extensively  adoi)ted.     There 
are  doubtless  many  other  fields  in  which  this  type  of  bearing  would 
])rove   of    advantage,    so   that   our 
readers  will  be  pleased  to  learn  that 
it  is  being  taken  \i\>  in  this  country 
by  the  Electric  &  Ordnance  Acces- 
sories Co..  of  Birmingham. 

The  new  series  of  short  bearings 
now  offered  are  about  the  same 
length  as  bearings  of  the  ball  types, 
the  space  required  being  only  1  .^,'..  in. 
in  the  smaller  sizes  and  1  j'-^  in.  in  the 
larger  sizes. 

The  end  or  lateral  thrust  can 
only  be  eliminated  or  reduced  to  a 
minimum  in  roller  bearings  by  the 
use  of  a  conical  or  tapered  solid 
loller.  having  ribs  on  the  cone. 
Kach  cone  of  the  "Timken"  bear- 
ing has  two  ribs  which  engage  the 
i;rooves  in  the  rollers  (see  Fig.  i). 
These  ribs  .serve  the  sixme  pur- 
pose as  the  flanges  on  ear  wheels 
in  keeping  the  car  on  the  track  ; 
they  also  jirevent  the  rollers  from 
twisting  and  turning  crosswise 
on  the  cone.  The  end  thrust  is 
sustained  by  the  groove  ends  of 
the  rollers  abutting  or  (dressing 
against  the  ribs  on  the  cone.  The 
rollers  in  revolving,  roll  or  turn  on 
slide,  therebv  reducing  the  end  tlirust  friction 


the  ribs,  but  do  not 
to  a  minimum. 

The  line  of  contact  between  the  rollers  and  the  cones  is  entirely 
between  the  ribs  on  the  cones.  The  groove  in  the  rollers  diK-s  not 
press  or  bear  on  the  rib  of  the  cone.     The  one-piece  pressed  steel  cage. 
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sho«"n  in  Fig.  1.  retains  the  rollers  as  a  unit  on  the  cones  only.  It  is 
claimed  that  the  use  of  this  cage  ring  insures  more  [wrfect  alignment, 
holds  the  lubricant  better,  and  is  much  neater  in  appearance  than  the 
old  style  cage.  The  featiu-e  of  simplicity  must  also  not  be  overlooked, 
as  the  use  of  this  cage  permits  of  a  reduction  in  the  number  of  parts 
forming  the  bearing. 

All  sliding  surfaces  wear,  and  so  call  for  frequent  adjustment  and 
occasional  replacement,  so  that  the  roller  bearing  has  the  advantage 
of  durability,  as  opposed  to  the  constant  wear  of  tlie  well-oiled  plain 
bearing.  The  taking  up  of  wear  in  the  "  Timken  "  roller  bearings  is 
provided  for  by  forcing  the  cone,  with  its  set  of  rollers,  further  into 
the  cup  or  race-way.  and  their  durability  is  not  to  be  affected  :n  the 
slightest  degree  by  loose  adjustment. 

After  exhaustive  experiments  it  was  decided  that  nickel  steel,  low 
in  sulphur  and  phosphorus,  was  the  best  material  for  rollers.  This 
special  steel  after  being  finished  to  shape  and  size,  is  then  carbonised 
and  allowed  to  cool  slowly.  The  eu|)s  and  cones  are  re-heated  in 
hardening  furnaces,  the  rollers  being  re-heated  in  special  revolving 
furnaces  and  plunged  in  oil  baths  to  give  the  best  combination  of 
hardness  and  toughness  to  resist  wear. 


PARLIAMENTARY  INTELLIGENCE. 


Sunday  Telephone  Facilities- — In  the  Kmise  oi  Cuminons  .Mr. 

Lloyd  Mnr'.MM  asked  the  P"-tniaster-Gentral.  in  view  of  the  approaching 
transfer  nf  the  b'lsiiu-^^  .it  tlie  Xational  Telephone  Co..  whether  the 
privileges  at  present  enjoyed  by  the  ]iublii;  of  teleplioning  thiimghcnit 
the  night  would  be  in  any  way  restricted  «hen  under  the  management 
of  the  Post  Office,  and  whether  it  was  proposed  to  make  any  change  as 
to  the  use  of  the  tele]ihiiiie  on  .Siuidays. 

Mr.  Sydxey  BfXToN  replied  that  he  did  not  anticipate  that  the  present 
facilities  for  night  telephone  service,  so  far  as  they  met  an  actual  need  on 
the  part  of  the  pnlilir.  would  be  lestrirted  after  the  transfer.  The  ques- 
tion of  the  extent  >if  Sunday  use  would  recjuirc  careful  oimsideration. 

Blectricity  in  Mining. — In  the  House  of  Commons  on  Tuesday, 
Mr.  Markh.\.m  asked  the  Chanceller  of  the  Exchequer  for  the  reasons 
which  caused  him  to  refuse  the  recpiest  of  the  Mines  Royal  Commission 
for  a  CTant  to  make  experiments  on  the  use  of  electricity  in  mines  ; 
and  w-hether,  in  view  of  the  further  recent  exjilosions  (believed  to  be 
due  to  electricity),  he  would  reconsider  his  decision. 

Mr.  HoiiHotsE  said  the  Chancellor  had  not  received  any  such 
rc'iuest  from  the  Royal  Commission. 

Edgwaxe  &  Hampstead  Railway  Bill.— This  bill,  which  has 

.already  passed  the  Hou-eof  Commons,  came  before  the  Lord  Chairman 
of  Committees  of  tlie  House  of  Lords  ou  Wednesday,  when  it  was 
ordered  to  Vie  rejjorted  for  third  reading. 

Wireless  Telegraphy  Act- — The  Postmaster-CJeneral  has  announced 
that  it  is  jjroposcd  to  renew  the  Wireless  Telegraph}'  .\ct  to  the  end  of 
next  year  by  means  of  the  Expiring  Laws  Continuance  Bill. 

Royal  Assent. — On  Monday  last  Royal  Assent  was  given  to  the  fol- 
lowing acts  of  Parliament  : — 

Electric  Lighting  Orders  Confirmation  (Xo.  1)  Act,  l'JU9- 
Olasgow  Corporation  .Act,  1900. 
Tramway  Orders  Confirmation  .\cl,  IDO'.t. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 


APPOINTMENTS  VACANT  AND  FILLED. 

The  County  Borough  of  Halifax  Education  committee  require  a 
lecturer  in  Electrical  Engineering  and  Physics.  .Salary  £180  per 
annum.  Particulars  and  forms  of  application  from  the  secretary, 
.Mr.  W.  H.  (teller.  Education  Offices.  Halifax,  to  whom  applications 
shf)uld  be  .sent  by  Tuesday,  Sept,  28,     See  also  an  advertisement. 

A  chief  electrical  engineer  is  wanted  for  an  electrical  power  station 
in  the  Federated  Malay  States.  .Must  be  accustomed  to  h.t.  water 
turbines,  generators,  transformers.  A-c.     Sec  an  advertisement. 

.\n  instructor  in  electrical  and  mechanical  engineering  subjects  is 
required  at  Limerick  .Municipal  Technical  Schools.  Commencing 
salary  £130  per  annum.     .-Applications  to  the  Principal, 

Applications  are  invited  for  the  chair  of  engineering  at  the  Uni- 
versity of  .Melbourne  (.-Australia).  Particulars  from  the  Agent- 
General  for  Victoria,  .Melbourne-place,  Strand,  London,  W.C,  to 
whom  applications  by  Oct.  1.5, 

.\  resident  electrical  engineer  is  wanted  for  electric  lighting  i)lant 
(Xational  engine  and  suction  gas  plant  and  storage  battery).  Must 
understand  every  branch  of  the  work,  and  be  able  to  drive  motor, 
carry  out  small  motor  ref)airs,  <!tc,  .Applications  to  .Mr.  K,  H.  ( occn- 
Estate  Office,  Willcsborough,  Kent. 


An  engineering  workshop  instructor  is  required  at  the  Auckland 
(X.Z.)  Technical  College.  Salary  £200  per  annum.  Particulars 
from  the  High  Commissioner  for  New  Zealaiul.  13,  ^'ictoria-strect, 
London,  S.W.     Applications  by  Sept,  30. 


Mr.  H.  P.  Stokes,  assistant  tramways  manager  at  Burton,  has  been 
appointed  manager  of  the  Ilkeston  tramways. 

Brighouse  Electricity  committee  have  api)ointed  Mr.  .-A.  .Aspinall 
engineer  and  manager  of  the  electricity  department. 


EDUCATIONAL  NOTICES. 


Kings  College  (University  of  London).— Tlie  session  I909-19I0 
commences  on  Oct.  G.  Prospect u-scs,  &c.,  relating  to  the  courses  of 
instruction  in  the  Faculty  of  Engineering  and  Applied  Science  and 
Division  of  Architecture  may  be  obtained  from  the  Secretary. 
Kings  College,  Strand,  W,C,  Evening  classes  are  held  in  electrical 
and  mechanical  engineering,  drawing,  mathematics,  physics,  &c. 

Two  exhibitions  of  £25  each  are  offered  for  competition  in  the 
faculty  of  engineering  inSejitember.     Applications  to  the  Secretary. 

Armstrong  College.  Newcastle-on-Tyne.— The  session  1909-1910 
will  commence  on  Sept.  27.  Full  courses  of  instruction  are  given  in 
tlie  department  of  mechanical,  marine,  civil  and  electrical  engineer- 
ing, naval  architecture,  mining,  metallurgy,  agriculture,  pure  science 
and  letters.  Particulars  may  be  obtained  from  the  secretary  (Mr. 
F.  H.  Pruen,  il.A.),  Armstrong  College,  Newcastle-on-Tyne. 

Merchant  Venturers'  Technical  College. — The  engineering  depart- 
ments of  this  college  will,  from  the  beginning  of  next  session,  include 
the  faculty  of  engineering  of  the  University  of  Bristol.  The  college  has 
already  special  departments  for  electrical  engineering  (under  Prof, 
Robertson)  and  motor  car  engineering  (under  Prof,  Morgan),  but 
the  departments  of  civil,  mechanical  and  mining  engineering  have 
hitherto  been  amalgamated,  and  they  have  been  in  charge  of  the 
vice-principal.  Prof,  Munro,  The  engineering  staff'  will  now  be 
strengthened  by  the  inclusion  of  those  who  have  hitherto  been 
engaged  in  teaching  engineering  at  University  College,  Bristol,  and 
a  separate  department  of  civil  engineering  will  be  inaugurated  and 
placed  in  charge  of  Prof.  Ferrier.  Not  only  will  this  mean  improved 
facilities  for  students  in  civil  engineering,  but  it  will  also  strengthen 
the  departments  of  mechanical  and  mining  engineering-  which  will 
remain  in  charge  of  Prof.  Munro.  .As  regards  equipment,  the  Mer- 
chant Venturers"  Technical  College  is  already  provided,  in  its  new- 
building,  with  the  latest  apparatus  and  machinery,  and  with  labora- 
tories and  workshops  constructed  on  the  most  modern  principles. 
To  this  has  lately  been  added  the  best  of  the  machinery  and  appa- 
ratus formerlv  used  in  the  ensineering  departments  of  University 
College- 
Northampton  Polytechnic  Institute.  London. — Full  day  courses  in 
the  theory  and  practice  of  mechanical  and  electrical  engineering  and 
electro-chemistry  will  commence  on  Oct.  4.  Entrance  examination 
Sept.  29  and  30.  These  coiu-ses,  which  include  periods  spent  in 
commercial  workshops  and  extend  over  four  years,  also  prepare  for 
the  degree  of  B.Sc.  in  engineering  at  the  University  of  London.  Fees 
£15  or  £11  per  annum.  Three  entrance  scholarships  each  of  £52  will 
be  offered  for  competition  at  the  entrance  examination  in  September. 

Full  and  part  time  day  courses  in  all  branches  of  technical  optics 
are   given   in   specially   equipped   laboratories   and   lecture  rooms. 

The  evening  technical  courses  in  all  branches  of  electrical  and 
mechanical  engineering  will  commence  on  Monday  next.  Sejit.  27.  The 
laboratories  are  well  equipped  for  both  alternate  (single  and  poly- 
jihase)  and  continuous-current  work,  and  for  all  kinds  of  electrical 
testing.  Particulars  as  to  fees,  &c,,  can  be  obtained  at  the  Institute 
or  on  ajiplication  to  the  principal,  Dr,  R,  Mullineux  Walmsley. 

Borough  Polytechnic  Institute. — Complete  courses  of  instruction  in 
electrical  and  mechanical  engineering,  chemistry,  &c,,  are  given  at 
this  Institute.  The  head  of  the  electrotechnics  department  is  Dr. 
John  Henderson,  and  the  course  of  instruction  in  electrical  engineer- 
ing is  spread  over  four  year.s.  There  are  also  special  courses  for 
electric  wiring  work,  construction  and  design  of  electrical  appliances 
and  worksho])  fittings,  and  also  in  advanced  electricity  and  magnet- 
ism. The  next  session  commences  on  Monday  next,  the  27th  inst. 
Further  particulars  and  detailed  syllabus  of  each  course  are  given 
in  the  jjrospectus,  which  can  be  obtained  from  the  jirincipal,  Mr. 
C.  T.  -Alillis.  Borough-road.  London,  S.E. 
South-Western  Polytechnic  Institute,  London.— A  complete  three 

years'  cuiiisc-  in  i-lcctrical  engineering  is  given  at  this  Institute  during 
the  day  and  a  four  years'  course  in  the  evening.  There  are  also 
courses  of  lectures  and  practical  work  in  various  electrical  engineering 
subjects,  including  electrical  design,  alternating  and  polyphase  cur- 
rents, instruments  and  lanijis.  wiring  and  fitting,  &c. 

Hanlej  Municipal  Technical  School.— The  borough  electrical 
engineer  of  Hanley  (.Mr.  C.  H.  ^'lanum)  will  deliver  at  this  school 
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on  Friday  eveninjis  a  course  uf  k-etures  on  Kluclrical  Knjiincering. 
in  connection  with  the  course  of  instruction  recommended  in  the 
City  and  Ouilds  programme. 

College  Calendars. — The  calendar  of  Armstrong  College  (New- 
caslle-on-Tync)  for  the  1909-10  session  contains  complete  particu- 
lars of  the  cour.ses  of  instruction  in  engineering  and  a])plied 
science.  !it<~rature.  art,  &c..  also  fees,  regulations  for  degrees  of  the 
University  of  Durham,  and  all  information  likely  to  he  retjuired  by 
students.     The  (jublished  price  of  the  calendar  is  Is.,  post  free.  Is.  4d. 

The  calendar  of  the  City  of  Bradford  Technical  College  for  the 
1909-10  session  gives  particulars  of  the  cour.ses  of  instruction  in 
engineering  and  technology.  &c.  Local  industries  would  appear  to 
he  well  catered  for  by  this  college. 

The  calendar  for  1909-10  of  the  Wigan  and  District  Mining  and 
Technical  College  is  to  hand,  and  contains  information  as  to  the 
courses  of  instruction,  fees.  &c. 


Argentina. — 'I'lie  first  section  of  tiie  Cordoba  electric  tramways  was 
recently  ojiened. 

Australasia. — The  "  Australian  .Mining  and  Engineering  Review  " 
states  that  Footscray  and  Willianistuwn  (Victoria)  (.'ouncils  recently 
received  a  roi)ort  by  .Mr.  Sutlierlaiid  and  Mr.  Ashman  on  the  question 
of  establishing  electricity  works,  and  that  a  decision  to  adopt  such 
a  scheme  was  anticipated. 

A  committee  of  BairnHale  (Victoria)  Sh'uf  r'ounci!  .irc  lonsidering  a 
proposal  to  adopt  electric  lighting,  instead  uf  tlie  present  i;as  lighting. 

In  tiie  Federal  Budget  £10,000  is  jimvided  for  the  constriiction  of 
'  wireless  telegi-aphy  stations. 

Bath. — \  conference  is  to  take  place  between  representatives  of  the 
City  and  Rural  Councils  as  to  the  provisional  order  for  the  rural 
•district. 

Bermondsey  (London). — The  Electricity  committee  report  having 
had  under  consideration  a  letter  from  the  L.C.C.  as  to  reserve  and 
renewal  funds  in  respect  of  w'asting  assets,  where  loans  had  been 
advanced  for  42  years. 

The  committee  point  out  th.it  the  Council  have  recognised  the  need  of 
a  I'eserve  fund,  and  there  is  one  in  existence  at  jiresent  (with  £3,807  to 
its  credit),  and  after  the  current  financial  year  it  is  intended  to  add  to  the 
fund  until  a  limit  is  reached  of  10  per  cent,  on  the  capital  outlay. 

With  regard  to  the  pending  electrification  of  tramways  in  the  borough 
the  electrical  engineer  has  been  directed  to  see  that  the  ducts  are  laid  at 
a  sufficient  distance  from  the  electricity  supply  cables  so  as  not  to  restrict 
further  extension. 

Bolton. — Electric  current  is  to  be  supplied  to  the  Musgravc 
Spinning  Co.V  mills  for  power  and  lighting. 

Braun  ton  (Devon ). — Negotiations  are  proceeding  between  the  Parish 
Council  and  the  local  representative  of  Messrs.  Crompton  &  Co.  in 
regard  to  public  electric  lighting.  At  present  the  Council  spend  over 
£50  a  year  on  oil  lighting,  and,  as  Messrs.  Crompton  &  Co.  propose 
to  form  a  subsidiary  company  to  establish  local  electricity  works, 
it  is  thought  that  an  agreement  can  be  made  with  the  new  company 
in  ragard  to  public  lighting. 

Brazil. — A  report  ot  Mr.  M.  Cheetham  for  1908  states  that  electrical 
machinery  imiJorted  into  Brazil  was  valued  at  £o43.S,50,  against 
£707,054  in  1907  and  £288.036  in  1906.  The  great  increase  in  1907 
and  1908  was  due  largely  to  the  work  of  the  Light  &  Power  Co.  in 
Bio  and  Bahia.  but  apart  from  this  there  is  a  large  and  growing 
trade  in  electric  light  and  po^ver  plant.  Only  three  large  British 
houses  are  represented  in  Brazil,  and  the  agents  foi-  two  of  these  are 
<it  is  stated)  scarcely  in  a  position  to  secure  large  orders  in  com- 
petition whh  German  and  American  makers.  There  is  a  tendency  on 
tlie  part  of  the  small  interior  to«  ns  to  establish,  either  directly  or  by 
concession,  electric  light  and  power  plants,  and  a  fair  share  of  this 
business  might  be  secured  by  a  more  active  jjolicy  on  the  part  of 
British  manufacturers,  either  by  the  establishment  of  local  branches 
or  by  financial  co-operation  with  local  representatives  lacking  means 
but  otherwise  well  qualified  to  do  the  business. 

(Bridgend.- -The  fUiardians  have  decided  to  have  the  cottaL'c  liomes 
wired. 
Brumby  and  Frodingham. — Tlie  Council  are  jirocecding  with  their 
scheme  for  the  electric  lighting  of  the  pulilic  tluiroughfarcs.  Current 
will  b3  taken  from  the  Frodingham  Steel  Co.  The  present  cost  of 
street  lighting  is  £166  per  annum,  and  the  charge  forclectric lighting 
"ill  lie  £102.  ' 

Bury  St.  Edmunds. — The  town  hall  and  offices  arc  to  be  wired. 
till-  work  to  be  carried  out  by  tlic  electrical  engineer  with  the  assis- 
limcc  of  a  wireman. 

Carlisle. — The  Electricity  committee  have  decided  to  give  a  sup))ly 
"I  cicctricitv  to  Messrs.  Ferguson  Bros.,  of  Holme  Head,  bv  means  of 


an  overhead  cable  along  the  banks  ot  the  river  (  aldew,  the  estimated 
expenditure  being  £800. 

.\n  application  has  also  been  received  from  .Messrs.  Cowans,  Sheldon  & 
Co..  engineers  mid  crane  builders,  for  a  supply  of  electrical  energy  for 
power  and  lighting,  and  it  has  been  agreed  to  lav  a  new  feeder  cable  to 
London-road  at  a  cost  of  £1,7.")0. 

The  Council  have  been  authorised  by  the  L.G.  Board  to  borrow  £.1,399 
for  extensions  of  plant,  the  loan  to  be  repaid  in  |."i  years.  The  amount 
applied  for  was  £.i.7.50,  but  the  debt  rmtstanding  on  automatic  st.iken< 
aliandoMcd  (£3.i!)  has  been  deducted. 

China. — .\cting  (Vmsul  G.  W.  Pearson  says  a  small  electric  li'.:ht 
installation  might  be  a  profitable  venture  in  Hoikow  and  Kiungchow. 
It  is  possible  a  French  firm  may  shortly  undertake  this. 

Chippenham.-  -The  local  electric  sujiply  company  has  commenced 
tile  work  of  laying  electric  supply  cables. 

Corea. —  It  is  stated  that  about  .iOO  miles  of  new  telephone  lines 
are  to  be  constructed  in  Corea  at  a  cost  of  about  70,0(X)  yen  (£7,1.50). 
Customs  Duties. — It  is  stated  in  Supplement  Xo.  3  to  the  Common- 
wealth of  .Australia  Customs  Tarifi'  Guide  that  relay  instruments, 
time  elements,  used  in  connection  with  electrical  circuit-breakers, 
but  being  separate  and  distinct  from  them,  are  subject  to  duties  of 
17i  per  cent.,  and  10  per  cent,  ad  val.  unfler  the  general  and  the 
U.K.  preferential  tariffs  respectively.  The  duty  on  insulating  strip 
— bitite  (a  prc|iaration  of  oxidised  and  vulcanised  oils,  with 
asphalt  or  pitch  but  no  rubber,  used  by  electricians  as  an  insulating 
tape) — is  .1  jier  cent,  under  the  general  tariff .  and  British  (U.K.)  wraxls 
are  duty  free.  Coin  collectors,  used  in  connection  with  telephones 
for  signalling  to  telephone  attendants  that  a  coin  has  been  placed  in 
the  slot,  are  duty  free,  whether  British  or  foreign. 

Dundee.—  As  stated  in  our  last  issue,  Messrs,  J.  &  A.  D.  Grimond, 
a  local  firm  of  manufacturers,  have  lodged  a  claim  amounting  to  over 
£2,000  against  the  Corporation  in  respect  of  loss  alleged  to  have  been 
sustained  by  them,  owing  to  the  inability  of  the  town  to  supply 
current  to  their  works  on  F"eb.  1,  1909,  as  per  agreement  between  the 
parties.  The  cause  of  the  delay  in  giving  supply  is  not,  it  is  stated, 
due  in  anj-  way  to  the  electricity  department,  but  to  the  city  archi- 
tect's department  in  not  having  the  buildings  of  the  new  station 
finished  in  time  for  the  machinery  which  was  lying  ready  to  be 
erected.     The  supply  was  started  on  July  1  last. 

Electric  Lamps  for  the  Police. — In  future  the  Dundee  police  will  be 

provided  with  electric  lamps.  The  old  oil  bulls' -eye  is  to  be  discarded. 

Electric  Traction  in  Argentma. — The  Chamber  has  adopted  a  bill 

authorising   the   construction   of   an   underground   electric  railway 

running  across  Buenos  Ayres  from  east  to  west. 

Electrical  Progress  in  Australia. — This  is  the  title  of  a  special  num- 
ber of  the  "Australian  Mining  Standard  and  Electrical  Record" 
which  contains  a  great  deal  of  useful  information  regarding  the 
progress  made  with  electricity  supply  undertakings,  electric  tram- 
ways. &c..  in  the  Commonwealth  of  Australia.  Much  teclmical  and 
other  particulars  of  the  undertakings  are  given  in  the  numljer, 
whicli  is  published  at  2s.  6d. 

Electricity  in  Collieries, — At  the  new  F'ife  collieries  of  the  Coltness 
Iron  &  Coal  Co..  at  Blairhill,  electric  power  plant  is  being  installed, 
and  electrical  energy  will  be  used  for  coal-cutting,  pumping.  &c. 

Empire  Cable  Communication.— At  the  sitting  of  the  Congress  of 
the  Chambers  of  Commerce  of  the  Empire  (at  Sydney.  X.S.W.)  on 
Friday  last  Sir  .Albert  Spicer  moved  the  consolidated  resolution 
embodying  the  inirport  of  three  resolutions  put  forward  by  the 
London.  Sydney  and  Montreal  Chambers  respectively  : — 

This  congress  is  of  opinion  that  it  is  desirable  to  complete  the  IniiK-rial 
route  between  the  Motherland,  Canada,  .Australia,  and  New  Zealand  by 
State-owned  electric  communication  across  Canada  to  G'reat  Britain, 
and  that  the  Postal  Departments  of  the  variims  Governments  of  the 
Em])ire  should  be  requested  to  frame  a  combined  scheme  for  substantial 
reductions  in  telegra])hic  rates,  especially  in  the  direction  of  chea]>eniiig 
Press  cablegrams. 

Fowey  (Cornwall). — A  generating  station  to  supply  current  for 
lighting  the  tireat  Western  Railway  Co.'s  jetties  is  being  equipiied. 

Fraserburgh. — The  Council,  by  six  votes  to  five,  have  decitled  to 
purchase  the  local  gas  works.  Provost  Finlayson  strongly  opposed 
the  motion.  He  contended  that  the  proposed  purchase  would  Vie  a 
retrograde  step.  The  Council  should  establish  modern  electricity 
works. 

Fulham  (London). — The  Council  have  placed  a  contract  with  the 
Beeston  Mfg.  Co..  of  Leeds,  for  288  special  lanterns  and  brackets  in 
connection  with  improvements  they  are  making  on  the  Fulbani 
Palace-road  tramway  route.  These  brackets  are  specially  designoil 
for  placing  on  tramway  poles,  and  the  new  arrangement  wilV replace 
about  48  arc  lamps  and  ))osts.  The  neces-sary  switches  for  these 
lamjis  have  been  ordered  from  the  Reason  Mfg.  Co..  Brighton. 
Contracts  \\i\\c  also  been  placed  for  two  water-tube  boilers,  stokers 
and  accessories. 
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Germany. — The  report  of  Consul  General  Sir  Francis  Oppenheimer 
(Frankfort),  for  the  year  ended  April  last,  says  the  exports  of 
electro-technical  products  from  Germany  in  1908  were  valued  at 
185.-21>MK»0  marks  (  =  £i).-2C0.950).  compared  with  167.333.000  marks 
(  =  £S.3ri(>.0jO)in  1907. 

<;eiierally  speaking,  it  is  admitted  that  the  eloctrieal  industry  has  liecu 
but  little  allected  by  the  ecouoniic  depression,  although  business  cannot 
be  described  as  satisfactory  in  comparison  with  the  results  of  the  iniiuc- 
diate  ])ast.  The  check  to  the  upward  tendency  which  set  in  in  tlic 
second  half  of  the  year  was  due  to  general  economic  depression,  parti- 
cularly in  the  iron  and  building  trades  and  to  the  threatened  introductinu 
of  a  tax  on  electricity.  The  electrical  industry,  however,  holds  the 
record  for  the  number  of  jiatents  applied  for  during  the  year.  viz..  2.721. 
and  also  for  the  number  of  patents  granted.  From  1877  to  1908  there 
were  applications  for  3P.483  patents  in  tliis  group  and  11.749  were 
granted — nearly  twice  the  number  of  the  next  highest  group  (motor  lar- 
riages.  coach  building,  cycles.  &c..  0.030  granted).  Xo  technical  inno- 
vations of  an  epoch-making  nature  were  introduced.  The  piston 
machine  is  being  more  and  more  displaced  by  the  steam  turbine.  En- 
tirely satisfactory  results  were  attained  with  high-pressure  systems  up 
to  15.000  volts.  The  orders  for  high-tension  plants  increased  con- 
siderably. In  telephony  the  central  battery  system  did  good  service. 
The  use  of  electricity  for  illuminating  purposes  on  men-of-war  and  mer- 
chantmen is  being  widely  adopted.  A  constant  development  also  con- 
tinues of  electric  power  transmission  by  means  of  large  electric  motors 
in  mines  and  smelting  works.  The  experiments  with  electrical  full  gauge 
railways  yielded  satisfactory  results — f.3.,the  system  adopted  in  Ham- 
burg ;  in  this  respect  important  plans  by  the  Baden  and  Prussian  rail- 
way administrations  are  awaiting  development.  Various  Confederate 
States — Baden.  Bavaria  and  VViirttemberg — have  drawn  up  petitiims 
relative  to  the  exploitation  of  the  native  water  power.  In  the  case  of 
ajiparatus  for  electric  illumination,  transmission  of  power  and  electro- 
lysis, tlie  collapse  in  the  jirice  of  copper  had  a  favourable  effect  on  the 
manufacturing  costs  of  the  finished  article.  The  convention  of  porcelain 
manufacturers  resulted  in  considerable  increases  in  the  price  of  various 
articles.  The  factories  for  insulating  material  were  on  the  whole  well 
employed,  but  in  the  manufacture  of  electrical  measuring  instruments 
depression  nuide  itself  felt.  The  reports  from  the  electric  arc  lain|i 
works  are  not  uniform,  but  the  business  results  were  on  the  wliole  satis- 
factory-. The  situation  of  the  electric  and  galvanic  carbon  manufactur- 
ing branch  was  satisfactory.  Owing  to  the  good  harvests  and  the  high 
prices  obtained  for  agricultural  produce,  electric  light  and  power  plants 
were  introduced  in  increasing  numbers  in  the  country.  Throughout 
this  bi-anch  of  industry  there  are  complaints  as  to  its  labour  conditions. 
It  is  necessary  at  the  present  day  to  employ  more  technical  ;ind  >ii|rer- 
vLsing  help  than  previously,  because  the  workers  no  lon^ci  tnllillcil  the 
enhanced  technical  demands.  As  a  capable  staff  of  e.\|icit^  is  sull  lack- 
ing, the  Society  of  Electrical  Installation  Firms  {\'erband  der  lilektrischen 
Installationsfirmen)  has  given  much  attention  to  this  question.  The 
Co-operative  Society  for  the  Purchase  of  Electro-Technical  Articles. 
founded  by  this  society,  has  developed  very  satisfactorily.  The  number 
of  light  railways,  which,  according  to  the  statistics  for  1906,  amounted 
to  170  electric  lines  with  a  total  length  of  5,534  km.  (3.431  miles)  and 
a  value  of  over  850,000,000  marks  (£42,500.000).  has  increase]  very  con- 
siderably during  the  year.  In  connection  with  the  dc\cl.,|iiiiciit  r,|  large 
railway  undertakings,  chiefly  high  pressure,  continuous  ami  sinjli-pluisc 
currents  are  to-day  used.  The  use  of  three-phase  current  will,  it  is 
believed,  decrease  more  and,  more  in  consequence  of  the  difficulty  of 
erecting  the  conductors  for  transmission.  The  connections  to  the  electric 
power  .stationswere  estimated  at  1.100,801  kw.  in  1907  compared  with 
655,427  kw.  in  1905,  and  in  1908  the  capacity  of  the  stations  has  again 
considerably  increased.  There  was  a  lively  demand  for  capital  in  the 
last  months  of  the  year,  which  the  more  important  works  needed  for  pre- 
paring new  undertakings.  For  new  investments  of  existing  undertakings 
capital  of  39,030,000  marks  was  raised  in  1907,  and  39,105,000  in  1908; 
for  new  formations,  3,335.000  marlts  were  raised  in  1907.  and  7,965,000 
in  1908,  while  increases  in  capital  were  31,200,000  marks  in  1908,  a  total 
increase  of  35,965,000  marks  in  1908  over  1907.  Xew  jiower  stations 
are  not  included  in  llicsc  sums,  am!  if  ll»  y  he  inchiilcd,  the  new  invest- 
ments of  the  year  I90S  would  |ir.il.alily  K\lai  exceed  HIO.OIMI.OOO  marks; 
against  an  estimate  Un-  1907  of  hoin  .">li.iliio,0(l(l  ic,  OO.dllll.ollu  marks  and 
for  1906  from  70,000,(tOO  to  8().0tl0.(iuu  marks.  The  average  dividend  of 
45  electric  companies,  controlling  together  a  share  capital  of  573.245.000 
marks,  has  been  calculated  at  8-1  per  cent,  in  1900-7  and  8-3  per  cent,  in 
1907-8.  The  additions  that  had  been  made  in  1907  to  the  prices  of  clc'c- 
trical  apparatus,  incandescent  and  arc  lamps,  insulating  tubes,  lighting 
pieces.  &c.,  had  either  to  be  reduced  or  ahandimed  altogether,  c\ec|it  in 
connection  with  low-tension  work. 

Glasgow. — The  Tramways  committee  recommend  tiial  tlu'  I'"iniiii'- 
ston-street  tramcar  .service  be  withdrawn  at  the  end  of  the  month. 
and  that  the  Bil.sland-drive  service  be  reduced  by  half.  The  general 
manager  (.Mr.  Dalrymple)  has  been  asked  to  submit  a  full  report 
with  reference  to  the  non-profit  earning  routes  or  ])ortionsot  routes 
(it  tlu'  tramway  system. 

Greenock. — The  electrical  engineer  (.Mr.  .].  A.  Robertson)  recently 
reported  that  the  demand  for  current  for  private  lighting  and  ])ower 
continued  to  increa.''*. 

During  the  last  few  months  a  temporary  l.-t.  supply  has  been  given  to 
Messrs.  Scotts'  shipyard,  j)ending  the  installation  of  the  h.-t.  plant, 
which  was  expected  to  be  ready  by  Jan.  15  next. 


llr.  Robertson  has  been  asked  to  prepare  a  report  showing  the^methods 
of  charging  for  current  where  electricity  is  supplied  for  lighting  as  welt 
as  for  cooking  and  other  domestic  purposes. 

An  interesting  exhibition  of  electric  light  fittings,  lamps,  motors 
and  starters,  cooking  and  heating  apparatu.s,  &c,,  is  being  held 
at  the  Town  Hall  this  week.  The  exhibition  has  been  organised  by 
tlu>  burgh  electricity  department  and  the  local  contractors,  and  a> 
great  deal  of  local  interest  has  been  displayed  in  it.  Nearly  every 
electrical  firm  in  the  county  is  represented  at  the  exhibition. 

Hammersmith  (London).- — Application  has  been  made  by  the 
(.'ouncil  to  the  Hoard  of  Trade  to  appoint  a  referee  under  see.  33  of 
the  Tramways  Act,  1870,  to  determine  tlie  difference  with  the 
London  United  Tramways  (Ltd.)  in  rcL'ard  to  the  tracks. 

A  pump,  supplied  on  trial  by  the  Rees-Turbo  I'unip  f'o.  is  to  be 
(lurchased  for  £I()'2. 

The  electric  mains  are  to  be  extended  at  a  cost  of  £139. 

Hindley  (Lanes.) — The  Council  have  authorised  Messrs.  J.  Scow- 
croft  &  Co.  to  obtain  a  supply  of  electricity  for  lighting  and  power 
from  the  South  Lancishire  Tramways  Co..  but  the  Council  reserve 
the  right  of  supph'  when  they  are  able  to  do  so. 

Inquest. — At  Shildon  on  Friday  last  the  inquest  was  resumed  on  a. 
colliery  fireman  named  Thompson.  «ho  was  killed  in  the  Shildon 
Lodge  Colliery  on  Sept.  7. 

Mr.  Reo.  Beli,.  manager  of  the  colliery,  descriljed  the  working  place 
and  defined  the  duties  of  deceased.  Thomjison  had  charge  of  an  electric 
jiump.  which  ])umped  water  up  to  the  Harvey  seam.  Current  was 
obtained  from  the  Auckland  Park  Colliery.  The  duty  of  deceased  was 
to  switch  off  the  current  and  to  oil  the  hearings  of  the  pump.  Fr<un  the 
]iosition  in  which  deceased  was  found,  and  from  the  evidence,  witness- 
had  come  to  the  conclusion  that  he  had  gone  through  the  fence  to  adjust 
one  of  the  terminals  which  had  been  sjjarking.  Deceased  had  been 
employed  for  twr)  years  at  the  colliery,  and  for  10  months  he  had  been 
engaged  on  that  ])artieular  work.  It  w'as  no  part  of  his  duty  to  go- 
licluud  the  fences. 

Robert  H.^li.  said  he  fouiul  deceased  behind  the  .switchboard.  The 
electric  current  was  on.  Deceased  was  lying  on  his  face,  and  witness  did 
not  know  but  that  he  might  be  touching  the  cable. 

H.M.  Electrical  Inspector  of  Mines  (Mr.  Nelson)  :  In  cases  of  electric 
shock  the  sooner  steps  are  taken  for  restoration  the  better.  Have  you 
ever  had  the  method  explained  to  ytni  ? — Xo. 

Have  you  had  instructions  as  to  dealing  with  electric  ]ilant  if  anything 
goes  wrong  ? — Xo. 

Supposing  whilst  working  an  electrical  coal-cutter  anything  went 
WTong,  what  would  you  do  ? — Send  for  the  electrician. 

You  would  not  attempt  to  do  anything  yourself  ? — X'o. 

Mr.  Hake  :   Did  you  see  indiarubber  gloves  there  '! — Yes. 

It  did  not  strike  you  about  putting  them  on  ? — Deceased  appeared  to 
be  dead. 

WiLLi.\Ji  Hevburn.  electrician,  said  that  one  of  the  terminals  was 
loose.  There  were  electric  burn  maiks  on  two  fingers  and  thumb  of 
deceased.  Three  of  the  terminals  were  dead  and  three  were  alive.  In 
reaching  up  to  tighten  the  loose  terminals  it  appeared  that  deceased  had 
touched  ime  of  the  live  terminals.  He  told  how  he  instructed  deceased 
in  his  work,  and  warned  him  that  he  was  not  to  go  behind  the  partition. 
It  was  not  part  of  deceased's  duty  to  do  repairs  at  all. 

Asked  what  he  would  have  done  under  the  circumstances,  Hejiburn 
said  that  he  wotdd  have  had  the  current  switched  off  and  the  fuses  taken 
out.  Whilst  repairs  were  proceeding  there  was  a  special  danger  board 
hung  out. 

The  Coronek  briefly  alluded  to  the  growing  use  of  electric  power  in 
mines,  and  the  need  for  exercising  care.  A])parently  it  had  been  a  case 
of  over-zeal.  The  Home  Office  representative  was  of  opinion  that  n-> 
recommendation  could  be  made. 

The  jury  returned  a  verdict  of  accidentally  killed  whilst  following  his 
employment. 

Italy. — The  Sncieta  Klettrica  Conicnse  A  \'oita  have  .secured  a 
60  years'  concession  for  the  construction  and  working  of  an  electri-^ 
tramway  fron<  Camerlata  to  Appeario  and  Mozzate.  A  State  si.lj- 
sidy  of  £.56  per  kilometre  (about  £90  ])er  mile)  per  annum  for  FA)  years 
from  the  opening  of  the  line  accompanies  the  concession. 

Leeds. — The  Tramways  committee  have  decided  to  ])ronu)te  a  bill 
for  the  construction  of  a  system  of  trackless  tramways  in  the  city. 
It  is  considered  probable  that  power  will  eventually  be  sought  to 
run  such  vehicles  from  the  centre  of  Leeds  to  Drighlington.  but  the 
present  |)roi)osal  is  confined  to  the  City  Square  to  Farnley  route. 

L.C.C.  Tramways. — The  section  of  the  electric  tramway  betweea 
Xinc  Klms-lnnc  and  Queens-road,  Lavender-hill,  has  been  opened. 
for  traffic  this  week,  and  the  section  from  Queen's-road  to  ClaphalB 
.function  will  probably  be  oiiened  next  week.  The  construction  01 
the  new  line  from  Lavcndcr-hill  to  Claphain  Common  has  been 
comnu'nccd.  The  new  line  from  Blackfriars-road  through  South- 
wark-slrcct  to  the  Hop  Exchange  is  now  open. 

London  Statistics. — We  have  received  a  copy  of  "  London  Statis- 
tics "'  for  1908-9.  containing  statistics  of  the  Administrative  County 
of  Londcin  and  of  the  iniMic  services  carried  on  therein.  The  work 
is  compiled  by  the  Statistical  t)fficer  of  the  London  County  Counofl, 
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and  tliciiit;li  tlic  ])ie.sent  vokinu-  is  nut  as  bulky  as  thf  11107-8  issue, 
it  contains  over  500  pages  of  useful  statistics  and  information  re- 
lating to  the  machinery  of  public  administration  in  London,  tlie 
work  of  the  various  committees  of  the  County  Council.  &c. 

It  is  interesting  to  note  that  there  arc  2,1.")1  miles  of  streets  in  London, 
but  in  only  127  miles  are  tramways  laid,  and  they  cost  £1S7  a  mile  to 
light.  The  L.C.C.  tramcars  carried  372..T1 5,754  passengers  in  1(H)7,  and  the 
cars  ran  a  total  distance  of  35,5fi  1.1 89  miles.  Many  tables  ami  other  inform- 
ation aae  given  as  to  labour  and  rates  of  wages,  poor  law  administration, 
education  (elementary  and  technical),  locomotion  and  transit  facilities, 
electricity  supply,  local  expenditure  and  revenue,  rates.  &c.,  and  a  very 
complete  index  facilitates  reference.  To  officials  of  local  authorities  and 
all  interested  in  public  administration  the  book  should  prove  valuable. 
It  is  published  by  Messrs.  P.  S.  King  &  Son  at  5s. 

Maidstone. — On  the  recommendation  of  the  Light  Railways  com- 
mittee it  has  been  decided  that  in  lieu  of  providing  demi-cars,  three 
of  the  present  cars  are  to  be  converted  to  regenerative  control,  at  an 
estimated  cost  of  £1,100. 

Mexborough. — Sanction  has  been  received  to  a  loan  of  £3.986  for 
extensions  of  the  electricity  undertaking.  £714  was  deducted  by 
the  L.G.  Board,  including  £271.  Is.  2d.  for  the  cost  of  the  provisional 
order,  and  the  amount  sanctioned  is  made  up  of  the  following 
amounts  :  £441  for  excess  expenditure.  £1.645  extension  of  generat- 
ing station.  £300  for  public  lighting.  £1.3(Xt  mains,  and  £300  services. 
Oban. — The  High  School  is  to  be  wired.  There  will  be  about  400 
35-\\att.  lamps,  and  current  will  he  supplied  from  the  Corporation 
mains, 

Paris. — It  is  announced  that  the  railways  radiating  from  Paris  to 
Versailles,  St.  Germain  and  Argentcuil  are  to  be  converted  to  elec- 
tric traction  at  an  estimated  cost  of  £G.OOO.OUO. 

Poplar  (London). — Electric  current  sold  to  Stepney  Council  up  to 
noon  ou  3rd  inst.  amounted  to  629.299  units,  or  129.299  units  in 
excess  of  the  minimum  guaranteed  to  he  taken  in  the  quarter  ending 
the  30th  inst. 

Portsmouth. — The  Council  have  voted  an  honorarium  of  100 
guineas  to  the  tramways  engineer,  Mr,  V.  G,  Lironi.  in  recognition  of 
the  way  in  which  the  Goldsmith-avenue  extension  was  carried  out. 

Presentation. — >Ir.  W.  N.  Brooks,  traffic  superintendent  of  the 
Brighton  tramways,  was  presented  on  Tuesday  with  a  travelling  bag 
and  various  articles  (the  gifts  of  the  office  staff),  on  the  eve  of  his 
marriage.  Mr.  Orchard,  rolling  stock  superintendent,  made  the 
presentation. 

Projected  London  Tube  Railway. — It  is  announced  that  Parlia- 
mentary i)0wcrs  w  ill  be  sought  for  the  construction  of  a  new  tube 
railway  between  Victoria  and  Sydenham. 

Recovery  of  Electric  Lighting  Accounts. — At  Grantham  Police 
Court  on  Monday  the  Urban  Electric  Supply  Co.  (owners  of  the 
local  electricity  supply  works)  sued  Mr.  John  Beer  for  £11.  12s.  9d. 
due  for  electric  light. 

The  magistrates  asked  why  those  cases  came  before  them.  Could 
not  the  company  recover  elsewhere  ? 

The  Clerk  :  They  have  power  to  recover  here,  or  they  can  go  to 
the  Covmty  Court. 

The  Mayor  thought  it  would  be  better  if  the  comp;:ny  would  take 
those  cases  to  the  County  Court. 

It  was  proved  that  the  account,  which  covered  five  ([uarters  and 
18  days,  had  been  applied  for  several  times. 

The  magistrates  made  an  order  tor  defendant  to  pay  the  account  by 
instalments  of  10s.  per  month. 

Reigate. — The  Council  have  agreed  to  borrow  £1,.">21  for  exten- 
sions of  the  electricity  undertaking. 

Reward. — The  Board  of  Trade  have  awarded  pieces  of  plate  to 
C'apts.  Russ  and  Freerk  van  Letten-Peterssen,  master.s  of  German 
steamships,  and  to  Mr.  Herbert  William  Bryant,  an  emiiloyc  of  the 
Europe  &  Azores  Telegraph  Co..  stationed  at  Flores  Island,  in  the 
Azores  group,  and  a  sum  of  money  to  Jose  Baptista  and  Louis  .Ail. 
assistants  to  Jlr.  Bryant,  in  recognition  of  their  services  to  the  ship- 
WTecked  passengers  and  crew  of  the  British  ss.  "  Slavonia,"  which 
stranded  oti  Flores  Island  on  June  10. 

Rotherham. — The  Corporation's  new  refuse  dcstnutor  adjoining 
the  electricity  works  was  opened  last  week. 

Sallord. — An  inquiry  Avas  held  here  on  Tuesday  into  the  applica- 
tion of  the  Corporation  for  sanction  to  borrow,  among  other  sums. 
£9.500  for  extensions  of  the  electricity  undertaking. 

The  Town  Clerk  (Mr.  L.  C.  Evans)  s.aid  that  £3,000  was  rei|uired  for 
the  Prestw'ch  scheme.  It  was  necessary  to  borrow  money  for  mains 
and  services,  as  great  progress  had  been  made  in  the  district.  The 
sub-station  had  not  yet  been  built,  as  they  had  hail  some  ditficuUy 
about  the  site.  Therefore  that  item  should  stand  over  for  the  moment. 
The  Inspector  (Mr.  H.  Ross  Hooper)  asked  for  a  statement  of  the 
Corporation's  position  in  that  matter  before  further  expenditure  was 
aiidertaken.  So  far  they  had  had  three  loans.  With  regard  to  the  first 
loan,  there  was  an  unexpended  balance  of  £500.  A  third  of  the  second 
loan  was  still  unexpended,  and  of  the  last  loan  of  £3,000  over  £1.000 
was  still  in  hand. 


The  Town  Clerk  replied  that  they  had  not  kept  a  gejarate  profit  and 
loss  account  for  the  Prestwich  8u|)ply  iUi  against  the  Salford  supply, 
as  they  had  regarded  it  as  one  undertaking-  They  hail,  however,  kept 
a  separate  revenue  account,  and  could  funii.^h  particulars  if  necessary. 

In  regard  to  the  application  to  liorrow  £6,500  for  a  storage  battery 
and  other  improvements  at  the  Frederick-road  generating  station, 
opposition  was  raised  as  to  the  smallness  of  the  renewals  furd,  which 
stands  at  £18,632. 

Mr.  Billingliam,  chairman  of  the  Electricity  committee,  said  it  would 
have  been  better  for  the  undertaking  if  the  profits  had  }>een  used  for 
the  provision  of  better  plant  instead  of  being  devoted  to  relief  of  rates. 

South  Shields. — .An  unopposed  inquiry  was  held  here  la-st  week 
into  the  Council's  application  for  sanction  to  borrow  a.~'i5  for  the 
electricity  undertaking. 

Spain. — The  Cia.  del  Tranvia  ITrbano,  Bilbao,  have  been  authorijied 
to  convert  their  horse  tramways  to  electric  traction,  and  to  widen 
the  gauge  of  certain  lines. 

The  British  Chamber  of  Commerce  for  Spain  has  received  from 
Mr.  Benet.  of  .Adra.  .Almeria,  a  report  recommending  the  advLsa- 
bility  of  constructing  an  electric  tramway  in  that  district. 

-Mr.  Benet  says  no  better  investment  could  be  found  for  British  capital. 
The  tramway  is  required  for  the  trans]>c)rt  of  i.on  ore,  about  25  miles  from 
the  mines  to  the  port.  Electric  energy  for  the  tramway  could  be  gene- 
rated by  power  obtained  fr(un  a  waterfall  close  by,  or  could  be  Ixjught 
from  the  existing  ]iower  stations. 

The  U.S. -A.  Bureau  of  Maiuifactures  has  received  a  report  from 
Consul  Winans  (Valencia),  stating  that  the  Government's  bill  to 
authorise  the  construction  of  a  subsidised  railway  from  Valencia  to 
Madrid  has  been  passed  by  the  Cortes,  and  tenders  (to  be  in  by 
April  29  next)  have  been  invited  for  the  construction  work.  The  total 
cost  is  estimated  at  £1,200,000,  and  the  Government  subsidy  will  be 
£1,200  per  mile,  payable  ipiarterly  on  all  tiuished  work.  The  use  of 
foreign  material  is  not  prohibited,  but  no  announcement  has  been 
made  regarding  remission  of  import  duty  upon  it.  Import  duty  was. 
however,  remitted  on  the  foreign  material  used  by  the  Belgian  con- 
tractors for  the  last  railway  constructed  in  this  district.  The  Royal 
order  as  to  the  invitation  of  tenders  mentions  electricity  as  an  alter- 
native method  of  working.  There  are  imporUint  sources  of  water 
power  near  the  proposed  route. 

Switzerland. — The  Compagnie  du  Chemin  de  Fer  du  Birsigtal, 
Bale,  have  sectu'ed  a  concession  for  the  construction  and  working  of  a 
metre-gauge  single-tr^ck  electric  railway  from  Bale  to  Rodersdorf, 
via  Fliiken. 

Uruguay. — The  "  Review  of  the  River  Plate  "  says  the  Commercial 
TramwayCo.of  Montevideo  are  about  to  add  a  1..500kw.set  to  their 
generating  plant. 

Venezuela.— The  Cia.  .Anon.  Tranvias  Electricos  de  Caracas  have 
been  authorised  to  extend  their  system  from  Palo  Grande  to  the 
Nuevo  Alatadero. 

Whitefield  (Lanes.).— The  Council's  electric  lighting  order  h.as  been 
transferred  to  the  Lancashire  Electric  Power  Co. 

ELECTRICITY  SUPPLY  AND  TRAMWAY  ACCOUNTS. 

Harrogate. — The  electricity  supply  accounts  for  the  year  ended 
.March  show  capita!  expendittire  £122.531  (increase  £1.249). 

Revenue  was  £17.082,  total  costs  £S,7.SI  and  gross  prolit  £8,301.  Instal- 
ments of  loans,  sulking  fund  instalment  an<l  interest  req\iired  £7,200, 
and  £250  has  been  placed  to  reserve  and  £1.131  applied  to  relief  of  rates. 
1.575.819  units  were  generated,  1 1 1,723  supplied  to  public  lamps.  108.817 
by  contract  and  933.ilS3  by  meter  to  private  consumers.  The  maximum 
supply  ilcmruulpd  was  840  kw. 

Johannesburg.— It  is  reported  that  the  .Municipal  Electric  Supply 
departmcut  made  a  profit  of  £.V2.(M)0  (instead  of  the  £24.0(M1  esti- 
mated) for  the  past  year.  Xo  current  was  purchased  from  outside 
sources,  and  the  cost  of  generation  has  been  reduced  from  l-07d. 
to  t)-677d.  per  unit.  Owing  to  the  great  demand  for  current  addi- 
tional ))lant  has  been  ordered. 

Protit  from  the  tiamwavs  has  mcreased  from  £22.800  estimated  to 
£44.100  actual.  The  current  year  starts  with  a  contemplated  deficit  of 
in^'iOO.  but  the  chairman  of"  the  Finance  committee  (Air.  Giaumaim> 
anticipates  that  this  will  be  extinguished  in  the  same  way  as  pi-evious 
dcHcits.  On  capital  account.  £440.000  is  about  to  be  s|KMit.  of  which 
£125,000  is  for  a  new  town  hall,  £157,000  power  station  improvements, 
and  £GO,000  tramway  extensions. 

Wednesbury.— The  accounts  of  the  electricity  department  for  the 
year  ended  March  show  capital  expenditure  £20.148  (inerea.se 
£5..-.24). 

Rcveiuic  was  £2.0S(i,  w.irking  and  aeneral  expenses  tl.l>4^.  gross  protit 
£438.  Interest  and  instahucut  for  redemption  of  loans  requii-ed  £825, 
and  writing  off  special  exjienses.  new  soheiue,  free  wiring.  &c..  £339, 
leaving  £181  to  cany  forward  for  renewals  and  contingencies.  19,500 
units  were  .'encratcirand  223.7W)  sold  to  private  consumers.  The  maxi- 
mum supply  demanded  was  150  kw.  The  equivalent  of  10.229  (against 
8,448)  8c.p.  lamps  is  connected  fi.'r  li^hWu^;  »ul  12 ..91  t4,03(i)  Sep. 
lamps  for  power  lud  bc»tiug- 
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TRADE  NOTES  AND  NOTICES. 


NOW  READY. 

"THE  ELECTRICIAN"  ELECTRICAL  TRADES' 
DIRECTORY  AND  HANDBOOK.— The  1909  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  is 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issued  in  handy  book 
form.  These  are  included  in  the  igog  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 

TENDERS  INVITED. 

Tenders  are  invited  fur  t'lie  supply  of  50  eoin  attachments,  suitable 
for  ct)ins  of  different  values,  to  the  Postmaster-General's  department 
in  Victoria.  Tender  forms  and  specification  may  be  detained  at  the 
Commonwealth  OfKces,  72.  Victoria-street.  London,  >S.W.  See  also 
an  advertisement. 

Tenders  are  invited  for  supply  of  lOO.lKH)  jjorcelaii  insulators  to 
the  Postmaster-Generals  Department.  Victoria.  Tender  forms, 
&c..  from  the  Commonwealth  Offices.  72,  Victoria-st.,  London.  S.W. 

Tenders  are  invited  for  the  supply  to  the  Postmaster-General's 
Department,  Xew  South  Wales,  of  a  common  battery  switchboard 
for  the  North  Sydney  telephone  exchange.  Tender  form,  specifica- 
tions, &c.,  may  be  obtained  from  the  Commonwealth  Offices,  7"2, 
Victoria-street,  London.  S.\\'.     See  also  an  advertisement. 

The  Directors  of  the  Metropolitan  Railw.\y  Co.  invite  tenders 
for  the  supply  of  fteneral  stores  during  the  12  months'  ending  Oct.  31, 
1910.  ilanufacturers  and  others  desirous  of  tendering  should  apply 
to  the  Secretary.  Mr.  \V.  H.  Brown,  for  forms.  The  company's 
requirements  include  electric  wues  and  cables,  lamps,  carbons, 
switches,  fuses.  tele])hones.  &c.,  and  electrical  insulating  materials. 
Patterns  and  samples  will  be  on  view  from  the  27th  inst.  to  Oct.  2 
inclusive,  and  tenders  must  reach  the  Secretary  by  10  a.m.  Oct.  4, 

Glasgow  Corporation  want  tenders  by  Oct.  4  for  supply,  erection. 
&c..  of  switchboard,  distribution  boards,  mains,  cables,  switches. 
■wiring,  &c.,  for  power  and  lighting  purposes  at  Shieldhall  outfall 
■works.  Specifications.  &c..  from  the  Office  of  Public  Works,  64, 
Coclirane-street,  Glasgow. 

Walthamstow  Council  want  tenders  by  noon  Sept.  24  for  supply 
of  C9.5  yds.  0-75  sq.  in.  concentric  cable.  Specification,  &c.,  from 
-Mr.  (i.  R.  Spurr. 

The  Spanish  Government.  Madrid,  invite  tenders  by  April  29. 
1910.  for  the  construction  of  a  steam  or  electric  railway  from 
Valencia  to  JIadrid.  A  (Jovernment  subsidy  of  £4.20(1  per  mile  is 
offered 

The  Director-General  of  Public  Works.  M  vuKiu.  will  receive 
offers  until  Oct.  o  for  a  concession  for  the  construction  and  working  of 
an  electric  tramway  from  Avanzivda  to  Algorta.  in  competition  with 
an  offer  submitted  by  the  Cia.  Vizcaina  de  Electricidad. 

The  Junta  de  Obras  of  the  port  of  Valencia.  Si)ain.  want  tenders 
for  supply  of  one  1.5-ton  and  two  li-ton  electric  crane.s.  Tenders  (in 
Spanish),  accompanied  by  a  deposit  of  .5.000  pesetas  (£2(MI).  will  be 
adjudicated  on  Oct.  29.  The  Junta  also  want  tenders  (of  which  the 
adjudicatiim  will  take  jjlace  on  Xov.  1)  for  supply  of  one  50-ton 
and  two  IJ-ton  electric  cranes.  Tenders  (in  Spanish)  with  5.000 
jjesetas  dcpo.sit  (£2fX)). 

The  Junta  de  Obras  of  the  jKjrt  of  V'alenx'IA  also  want  tenders  for 
supply  of  six  1-ton  electric  winches.  Deposit  of  2,000  pesetas  (£80). 
Tenders  to  be  adjudicated  on  Xov.  2. 

Madrid  .Municipality  require  tenders  by  2  p.m.  Nov.  12  for  works 
in  conniction  with  the  improvement  of  the  Calle  de  Preciados 
extension  and  the  joining  up  of  the  I'la/.a  del  Callao  with  the  Calle  de 
Alcalii.  Tlic  total  upset  price  is  about  £1.054.000.  and  the  works 
nclude  electric   tramway   construction,   lighting,   drainage,    water 


supply Jworks,  A:c.  Deposit  of  about  £18,200  required  to  qualify 
tenders.  The  "  Madrid  Ga/.ette"  of  Sept.  2.  containinsx  full  particu- 
lars, can  be  seen  at  73,  Basinghall-street.  London.  i'^.C.  Loral  repre- 
sentation is  necessary. 

TENDERS  RECEIVED  AND  ACCEPTED. 

Tlif  f(iUii«ing  tenders  have  been  accepted  for  (.iovernnicnt  depart- 
ments : — 

War  Office  :  Siemens  Bros.  Dynamo  Works,  dynamos,  arc  lamps  an.l 
tantalum  lanii>s.  r.V  „,  m/  PnM  «///>,■  ■  \V.  T.  Henley's  TclrHraph  Wurkj. 
Cm.  aml.K>hns,,ii  *  I'hilliiw.  ,  nl.lr  (imli.in'l.lHi  :.n.l  .■.iUm,,  mrv)  :  British 
Insulated  &  Helsl.v  C,!,!,-.  ,l,,l,n>,,„  ,V  I'hilli,-  ni.l  \V.>l.rii  Klectiic  Co.. 
cahle  loop  :  British  liisulatcd  &  Iklsi.y  V,x\iW-.  \V.  T.  liriilry's  Telegraph 
Works  Co..  Johnson  &  Phillips  and  \\estern  Electric  Co.,  cable  (pajjer 
(lire) :  BuUers  (Ltd.).  eupholdcrs  (gahanised  steel)  ;  Taylor,  Tunnicliff 
.V-  Co..  insulators:  Joshua  Buckton  &  Co.,  machine  testing:  Bailey, 
IVgg  &  Co..  c.-i.  pipes  :  F.  W.  Cotterill  (Ltd.).  and  Guest.  Keen  &  Xettle- 
fnkls,  insulator  spindles:  British  L.  11.  Ericsson  Mfg.  Co.,  British  Insu- 
l.cted  &  Helsby  Cables,  General  Electric  Co.  and  Intel-national  Electric 
Cii..  telephones:  Western  Electric  Co.,  transmitters  and  e(|r.i)iment  at 
the  P.O.  central  telephone  exchange. 

\\'est  Ham  Education  committee  received  16  tenders  (varying 
from  £235.  16s.  to  £383)  for  an  electric  light  installation  at  the  Abbey 
School,  and  the  lowest  (that  of  Rowland  and  Hulton)  has  been 
accepted. 

Contracts  ha\e  been  placed  by  Fulham  Council  with  the  Stirling 
Boiler  Co.  for  two  water-tube  boilers,  having  a  capacity  of  14,000  lb. 
per  hour  each,  and  with  the  Underfeed  Stoker  Co.  for  two  stokers 
and  accessories,  to  woik  in  connection  with  the  new  boilers.  The 
Council  have  also  placed  orders  with  the  Beeston  Mfg.  Co.,  for  288 
street  lanterns  and  brackets,  and  with  the  Reason  Mfg.  Co.  for  the 
switches. 

Leyton  Council  have  accepted  the  tender  of  H.  J.  Whitehead  for 
wiring  the  public  oftices  extension  at  £233. 

Keighley  Tramways  committee  have  accepted  the  tender  of 
Grace  &  SutclifYe  for  two  motor  chassis  at  £1.303.  2s. 

Wakefield  Guardians  have  accepted  the  tender  of  the  Wakefield 
Electrical  Engineering  Co.  for  electrical  work  for  six  months. 

Rawtenstall  Council  have  accepted  the  tender  of  the  D.P.  Battery 
Co.  for  the  maintenance  of  the  battery  at  the  Hareholme  works. 

Power  and  Mining  Plant  Contracts. — Recently  the  power  -and 
mining  department  of  the  British  Thomson-Houston  Co.,  of  Rugby, 
have  secured  .several  orders,  including  the  following  ; — 

Braidwater  Spinnmg  Co.,  14  three-pbase  motors,  main  switchboard, 
iSc.  :  Pnrex  (Ltd.),  one  56  kw.  and  one  20  kw.  generators,  six  d.-c. 
motors,  starting  gear  and  lighting  material :  Corlettl  Electrical  Engineer- 
ing Co..  five  d.-c.  motors  and  spares  ;  Carrongrove  Paper  Co.,  one  300  kw. 
d.-c.  generator,  three  three-phase  motors,  switchboard  and  wiring,  &c.  : 
Bennett  Bros., 27 d.-c.  andeighta:c,  motors andrheostats:  Williams,  Harvey 
&•  Co.,  five  d.-c.  motors  from  6  to  30  H.r.,  switchgear,  &c.  ;  Walter 
S(miers  &  Co.,  three  30  H.p.  and  three  15.H.P.  d.-c.  motors  and  rheostats  ; 
Steel.  Peech  &  Tozcr,  13  motors  (from  5  to  100  h.p.);  Scotts'  Shipbuild- 
ing &  Engineering  Co.,  eight  d.-c.  motors  (from  10  to  120  H.p.),  with 
controlling  and  switchgear  ;  Glasgow  Corporation,  three  d.-c.  motors 
(from  40  to  80  h.p.)  and  switchgear  :  Powell,  Dnffryn  Steam  Coal  Co., 
10  three-phase  motors  (from  5  to  30  H.p.);  G.  Whitehead  &  Co.,  two 
three-phase  motors  (25  and  110  h.p.),  switchgear  and  wiring;  Clarke, 
Chapman  &  Co.,  two  three-phase  motors  (100  and  200  h.p.)  and  switch- 
gear. 

Electric  Plant  Contract. — Messrs.  Brown.  Boveri  &  Co.,  of  Baden. 
have  recently  iilitaincd  one  of  the  largest  orders  for  electric  generating 
]jlant  ever  placed  in  Europe,  consisting  of  five  three-phase  generating 
units,  each  rated  at  17,000  k.v.a.  (at  0-6  power  factor)  at  10.000  to 
11.000  volts  and  50  cycles,  with  direct -coupled  exciters  of  130  kw.. 
ff)r  coupling  to  water  turbines  of  14.000  ir.p.  at  250  revs,  per  min. 

This  generating  ])lant  is  to  form  one-half  of  the  iiower  equipment  "f 
the  new  generating  station  now  being  built  for  Messrs.  A.  S.  Rjukanfi's. 
of  Christiania.for  the  production  of  saltpetre  from  atmospheric  nitrogen. 
The  station,  when  completed,  will  be  the  largest  in  the  world.  Jlessrs. 
Brown.  Boveri  &  Co.  (Loudon),  to  whom  we  are  indebted  for  the  fon- 
going  ]iarticulai's.  in  referring  to  the  extremely  severe  character  •( 
furnace  work  of  this  description,  mentiim  that  the  weighs  of  one  of  these 
generators  is  about  200  tons,  the  diameter  being  nearly  20  ft.,  and  a. 11 
that  the  above  order  was  obtained  in  competition  with  the  leading  linns 
of  the  Continent.  It  was  settled,  it  is  stated, on  the  designs  and  not  mi 
considerations  of  price,  and,  further,  that  their  Baden  firm  has  no  finamial 
int'icsl  in  the  Christiania  undeitaking. 

Water  Turbine  Contracts. — .Messrs.  Jens  Orten-Boving  &  Co.  have 
obtained  the  order  for  five  water  turbines  of  5.300  h.p.,  and  two  of 
450  H.P.  for  the  City  of  Winnipeg,  the  total  value  of  the  contract 
being  S97.150. 

The  turbines,  which  are  of  the  Francis  type,  are  the  largest  of  their 
kind  in  the  world,  and  a  considerable  amount  of  the  work  of  construction 
will  I)e  doiu-  in  this  country,  though  the  main  hydraulic  part  will  be 
delivered   from   .Sweden.     Unfortunately,   the   manufacture   of  Francis 
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tiirbiiu'^  ivqiiiix-s  liinj<  cviH-ni'iicc  ;  (illu-rwise  tliese  larjri'  tiii'l)in('s  wciiild 
have  bc-eii  turned  out  in  Great  Hritain.  Tlie  ((iiestiim  uf  impulse  wheels 
is  quite  a  different  matter,  sinee  the  exeeutinn  of  wrjik  to  drawiuirs  is 
comparatively  simple  in  their  ease,  and  Messrs.  Willaus  &  Robinson, 
>vh()  are  manufacturing  impulse  wheels  to  the  design  of  Messrs.  Kiiving 
&  Co..  will  shortly  have  several  very  large  wheels  under  constriution. 

BUSINESS  NOTICES. 

The  business  of  the  rremier  Electric  Lain)i  Co.  (Ltd.).  of  Huyton 
Quarry,  near  Liverpool,  has  been  absorbed  by  the  British  Tung.sten 
Lam])  Co.  (Ltd.),  vifho  will  continue  the  manufacture  of  all  lamjis 
jireviously  made,  and  also  metal  filaments  of  the  highest  quality, 
at  the  works  at  Huyton  Quarry.  For  some  months  ))ast  the  com- 
j)any  has  been  engaged  in  the  equi|)nK'nt  of  the  factory  with  machinery 
and  plant  of  the  latest  pattern,  and  the  lamjis  now  being  produced 
are  giving  entire  satisfaction.  The  "  Wultnn  '  lamp  is  manufac- 
tured .solely  by  them  under  patented  process,  and  is  claimed  to  be 
the  most  durable  and  reliable  lamp  upon  the  market.  It  will  burn 
in  any  position,  and  does  not  blacken,  with  an  average  life  of  1.000 
hours.  The  "  Wultun "'  lamp  is  manufactured  throughout  by 
British  labour  at  Huyton  Quarry,  and  every  lamp  is  thoroughly 
tested  before  leaving  the  factory. 

Electrical  Installations  (Ltd.)  notifies  that  Mr.  H.  Bell  ceased  to  be 
secretary  to  the  company  as  from  Aug.  28,  and  is  no  longer  connected 
with  it  in  any  capacity. 

The  partnership  between  Joseph  Hemingway,  Chas.  Wright  and 
Herbt.  Thos.  Wright  (trading  as  Wright  Bros.  &  Co.).  electrical 
engineers.  6,  Queen's  Elm-parade.  London.  S.W..  has  lieen  dissolved. 


Sale  by  Auction. — Messrs.  Blake,  Son  &  Williams,  will  sell  by 
auction,  at  two  o'clock  on  Monday  next,  on  the  premises  of  the 
"  X  "  Electric  Synd.,  Beddington-corner,  Carshalton-road, Mitcham, 
electric  motors,  dynamos,  switchboards,  drilling  and  weighing 
machines.  Dey  electric  time  register.  C'hubb's  safe,  &c.  Catalogues 
from  the  auctioneers,  45,  High-street,  Croydon. 

Plant  for  Sale. — Rhyl  municipal  electricity  department  advertise 
for  sale  a  105  kvv.  d.c.  steam  dynamo  (.Alley  &  MacLellan  engine  and 
Lancashire  dynamo).  Particulars  from  the  electrical  engineer,  Mr. 
Ernest  H.  Wright. 

Patents  Development. — The  proprietors  of  the  following  patents 
wish  to  enter  into  negotiations  with  firms  in  Great  Britain  for  the 
sale  of  same  or  for  the  grant  of  licences  to  manufacture  under 
royalty : — 

No.  23,429/1901,  relating  to  "  Electric  locomotives."  Applications  to 
Messrs.  Hyde  &  Heide,  3,  Broad-street  Buildings,  Liverpool-stl'eet, 
London,  E.C 

!►  The  owner  of  letters  patent  No.  20,677,  "  Relating  to  the  Manufacture 
of  Rubber  Stamps,"  advertises  that  he  has  made  arrangements  with 
Mr.  H.  A.  Barber,  of  38,  West  Smithfiekl,  London.  E.C.  for  mannfae- 
turing  same  and  supplying  the  trade. 

CATALOGUES,  &c. 

**IrOXCLAD      DlSTRIBlTTIOX      FuSE      BoxES. — hi      our      1NUU.STKIAL 

Supplement  for  Aug.  20  we  gave  a  description  of  a  system  of  iron- 
clad distribution  fuse  boxes  made  by  Jlessrs.   Parmiter,  Hope  & 


Sugden.  which  pos.sessed  certain  points  of  interest.  In  this  system 
the  cases  are  all  cast  iron,  built  up  in  such  a  way  as  to  allow  of  either 
end  being  removed  anil  an  additional  case-unit  being  added  without 
imi)airing  the  watertightness  and  gastightncss  of  the  arrangement. 
A  double  unit  of  this  description  is  shown  in  the  accompanying 
figure,  antl  similar  boxes  may  be  addetl  at  cither  end  as  desired,  in 
accordance  with  jiowcr  requirements.  For  further  information  wc 
would  refer  our  readers  to  our  Supplement  article. 

Automatic  Transfoemer  Switches  and  Bell  Tr.vnsi-ormeus. — 
The  Foster  Arc  Lamp  &  Engineering  Co.  have  ready  two  pamphlets 
d::aling  respectively  with  transformer  switch?:)  and  bell  transformers. 


Co.M.MCTATio.v-poi.K  Tractiox  .\Iotor.s. — .Messrs.  Siemens  Bro.». 
Dynamo  Works  send  a  pami)hlet  r)n  this  subject  which  is  of  special 
interest  at  the  present  time.  .\s  will  be  remembered,  this  jiampblet 
wa.s  dealt  with  at  some  length  on  page  920  of  our  last  issue,  to  which 
we  would  refer  (jur  readers. 

■'  TuBOijTE."  &c.— The  Linolite  Co.,  who  are  makers  of  '■  Tubo- 
lite."  have  two  pamphlets  on  this  interesting  subject  ready  for  de- 
livery. The  first  deals  with  the  metal  filament  lamps  which  liave 
recently  been  designed  for  use  in  this  system.  The  ■"  Challenge  " 
door  alarm  made  by  this  companj'  is  the  subject  of  the  second 
])am|ililet. 

B.T.-H.  Tusgstex  Lamp.s. — We  have  received  from  tlie  British 
Thomson-Houston  Co..  of  Rugby,  a  small  show  card  for  adverti.sing 
these  well-known  lamps,  a  reducid  faesimilr  of  which  is  given  in  the 


accompanying  illustration.  Hassall  has  added  one  more  to  his  long 
list  of  poster  successes.  The  British  Thomson-Houston  Co.  will  send 
one  of  these  posters  to  any  dealer  in  B.T.-H.  tungsten  lamps  on  re- 
quest to  the  Publication  department  at  Rugby. 

LiTHOUTE  Insulators. — Litholite  (Ltd.)  have  issued  a  couple  of 
IJamphlets  dealing  with  this  subject. 

General  ExGrsEERiSG  Work. — Mes,srs.  Gilbert  Little  &  Co.. 
Bradford,  forward  a  number  of  pamphlets  relating  to  some  of  their 
manufactures.  These  cover  a  large  range,  and  include  cable  and 
ropeways,  coal-washing  machinery,  belt  conveyors  of  various  kinds 
and  other  apparatus  connected  with  these  branches  of  engineering 
work. 

Air  Heating  .and  Condensing. — The  Hudson  Economiser  Co., 
of  2,  Bishopsgate-street  Without,  London,  E.C.  will  forward  to  those 
interested  a  pamphlet  dealing  with  the  recovery  of  exhaust  steam  and 
the  use  of  hot  air  for  heating  buildings  and  factories.  Some  inte- 
resting information  on  these  sulijects  is  contained  in  the  pamphlet. 

BANKRUPTCIES,  &c. 

ICrnesi  Kenwick  .hmes.  electrical  engir.eer.  Ac..  132.  York-road. 
West  Hartlepool,  has  been  adjudicated  bankrupt. 

.Mr.  A.  Cripwell.  12.  Cherry-street.  Birmingham,  has  Ikhmi  ap- 
IMiinted  as  trustee  in  the  bankruptcy  of  Herbt.  John  Burdett. 
electrical  engineer  and  contractor.  Ui.  Regent-street.  Rugby,  and  .■?2. 
Earl -street.  Coventry. 

.\  meeting  of  creditors  of  the  Wireless  Control  Synd.  (Ltd.)  (in 
vohintarv  liq.)  will  be  held  on  Sept.  13  at  14.  (iraeechurch-street, 
Lon>!on.  K.C.  :\lr.  E.  .Mason.  0,  Graceehureh-stroet.  E,C.,  is 
li(piidator. 

BOOKS  RECEIVED. 

(Copies  of  the  uu.lermentionea  works  can  be  hii.l  from  Tht  SlrclricMn  office,  post  fre.-. 
on  receipt  of  publislied  price,  nddins  3^.  for  books  publishw  under  Ss.,  auJ  5  per  cent, 
for  books  publislied  ujtt.    Add  10  per  cent,  for  abroad  or  (or  forelcn  books.) 

'■  Proceedings  of  the  Royal  Society.  "  Vol.  LXXXU.  Xo,  A,"w8. 
Series  .\..  '  Mathematical  and  Physical  Sciences."  (London: 
Harri.son  &  Sons.)     3s.  ^ 

"  Transactions  of  the  .American  Electrochemical  Society."  Vol. 
XV.  (South  Bethlehem  :  The  .American  Electrochemical  Society.) 
S3. 

"The  Apprentices"  Cour.se  of  Experimental  Physics  and 
Mechanics."  Bv  J.  L.  Maxim.  (London:  Longmans,  Gix-en  & 
Co.)     Is.  (id. 
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COMPANIES'  MEETINGS  AND  REPORTS. 

DICK.  KERR  &  CO.  (LTD.^— The  luofit?  cainetl  during  the  12  months 
to  June  30  amounted  to  £28,168.  2s  3d.  Out  of  tliis  has  been  paid 
<lebenture  interest  and  trustees"  fees,  and  the  sum  required  to  provide 
for  the  premium  jiavable  on  the  redemption  of  the  present  deben- 
ture stock  reserved."  These  items  absorb  £12,693.  Ps.  M.,,  leavinEC 
£15,474.  12s.  lid.,  to  which  is  added  £81,666  17s.  2d.  brought  for- 
ward, making  £97,C41  10s.  Id.  Preference  share  capital  requires  | 
£18.3C0,  and  a  dividend  of  6  ]ier  cent,  on  the  ordinary  sliare  capital  of 
£260.000  (less  tax)  £15.600.  £63,141.  10s.  Id.  is  carried  forward.  The 
<lirectors  regret  that  the  severe  competition  referred  to  in  the  last 
leport  has  continued  throughout  tlie  past  year  in  a  more  acute  form. 
In  addition,  the  quantitv  of  work  carried  out  in  all  departments,  has 
been  considerably  below  the  average. 

DIRECT  WEST  INDIA  CABLE  CO.  (LTD.) — It  was  reported  at  the  meet- 
ing last  week  that  the  net  result  of  the  year's  working  to  June  30  was 
an  available  balance  of  £5.1S>J.  lis.  Id..  comi)ared  with  £().I49.  12s.  lid. 
for  the  previous  year.  An  interim  dividend  of  3  per  cent,  (tax  free)  had 
already  been  i)aid,  and  it  was  proposed  to  make  a  further  equal  payment 
<tax  free),  which  would  leave  £3,389.  1  Is.  Id.  to  be  carried  forward.  The 
hurricane  of  September  last  year  did  very  serious  damage  to  the  com- 
pany's cable  property,  and  the  necessary  repairs  and  renewals,  together 
with  work  at  Bermuda,  involved  an  outlay  of  £3,820.  19s.  5d.  The 
balance  to  credit  of  revenue  which  was  last  year  increased  to 
£34.390.  Us.  lid.,  has  been  debited  with  £900  applied  to  di\ndend,  and 
with  the  £3.820.  19s.  5d.  exiiended  in  renewals  and  reiiairs,  and  is  credited 
with  £3,389.  Us.  Id.  surplus  revenue  of  the  past  year.  It  now  stands  at 
£33.065.  3s.  7d.  The  company's  cables  had  worked  efficiently.  A 
license  to  establish,  instal  and  work  a  wireless  coast  station  was  granted 
to  the  conqiany  by  the  Jamaica  Government  on  Feb.  16  last,  and  the 
cost  to  date  has  been  put  tn  rapital  expendituie. 

HALIFAX  &  BERMUDAS  CABLE  CO.  (LTD.' — At  the  meeting  last  week 
the  directors  reported  that  the  net  result  of  the  year's  working  (to 
June  30)  was  an  available  balance  of  £3,312.  13s.,  compared  with 
£3,095.  12s.  Id.  for  1907-8.  An  interim  dividend  of  2i  per  cent,  (tax 
free  •  had  already  been  paid,  and  it  was  proposed  to  make  a  further 
ec|ual  payment  (tax  free',  which  would  leave  £812.  13s.  to  be  carried 
forward.  Opportunity  was  taken  of  a  cable  ship  being  in  the  vicinity 
of  Bermuda  to  engage  her  to  thoroughly  overhaul  and  renew  where 
necessiiry  the  harbour  cable  and  the  shore  end  of  the  main  section  at  a 
cost  of  £817.  Os.  lOd.  The  balance  to  credit  of  revenue,  which  was  last 
vear  increased  to  £18,413.  13s.  has  been  debited  with  £1,250  applied  to 
dividend  and  with  the  £817.  Os.  lOd.  expended  in  renewals,  and 
credited  with  £812.  13s.  surplus  revenue.  It  now  stands  at 
£17,189.  5s.  2d.  The  company's  calile  had  worked  efficiently.  The 
report  and  accounts  were  adopted. 

JOHNSON-LUNDELL  ELECTRIC  TRACTION  CO.  (LTD.)— The''directors' 
report  for  the  13  months  to  June  30  last  states  that  the  sale  of  the  works 
at  .Southall  was  duly  completed  and  the  purchase  price  paid.  The 
operations  of  the  year  have  been  limited  to  carrying  forward  certain 
improvements  in  the  apparatus  comiected  with  the  company's  regenera- 
tive system  and  to  maintaining  the  patents.  The  efforts  of  the  Board 
to  make  a  sale  of  the  patents  at  a  satisfactory  price  have  not  yet  been 
suceessfid.  In  the  covirsc  of  the  current  year  it  is  hoped  that  something 
in  this  direction  may  be  accomplished,  or  that  a  proposal  to  reorganise 
the  company  may  be  submitted  for  the  shareholders'  consideration. 
."Messrs.  J.  H.  Holmes  &  f'o.  have  transferred  in  terms  of  their  under- 
taking the  whole  uf  the  paid-up  shares  helil  l)y  them. 

UNDERGROUND  ELECTRIC  RAILWAYS  CO.  OF  LONDON  (LTD.)— Sir 
Edgar  Speyer  presided  at  the  meeting  on  Tuesday,  and  said  he  was 
glad  to  record  material  progress.  The  6gures  in  the  report  showed  a 
healthy  increase  in  all  the  tube  railways,  as  well  as  in  the  District 
Railway,  and  reduced  working  cost.  In  that  connection  he  desired  to 
express  liis  great  appreciation  to  their  gener.al  manager  (Mr. -Stanley) 
for  his  very  etiicient  management  and  for  the  favourable  results  which 
he  had  achieved. 

WESTERN  UNION  T£LE3R.\PH  CO. — The  quarterly  report  of  this  com 
pany  fi>r  the  i|!iarter  ejubng  Sept.  30  has  been  issued.  There  was  a 
.surplus  April  1,  191)9,  of  l?16,.)82,o37.25  and  net  revenues  during  the 
quarter  ended  June  30,  1909,  were  Sl,867,194..58.  Appropriating  for 
dividend  of  J  per  cent.,  paid  July  15  last  §747,391  ..W,  and  for  interest 
on  bonded  debt  $433,002.30.  left  surplus  June  30,  lfK)9,  of  .S17,269,277.83. 
Xet  revenue.?  of  the  quarter  ending  Sept.  30  last.,  based  upon  nearly 
completed  returns  for  July,  |>artial  returns  for  August,  and  estimating 
the  Imsiness  for  September,  will  be  about  >;2,000.000.00,  or  after  provid- 
ing .S43:J.0I12..")0  for  interest  on  bonded  debt,  81.566,937.50.  Deducting, 
for  dividend  of  ]  [ler  cent.,  about  87t7,486.00,  leaves  a  surplus  of 
sls.osH,7J!i.:i;!.     'I'lii-  loniiuitlee  leiumnieud  that  a  dividend  of  J  per 

cei.l.  I.I-  .1.  ,  iMf.-rl  p;,y.il.l 1  anil  after  the  O'-t.  15  next. 

YORKSHIRE  ELECTRIC  POWER  CO —.Mr  \.  O.  Lupton,  who  presided 
at  the  meeting  on  Tuesday,  said  that  a  profit  of  £1,069  remained  after 
]iaying  interest.  £1,528  on  the  )>aid-iip  mortgage  capital  of  over  £67,000, 
whilst  the  mains  on  which  that  capital  had  been  spent  were  only  begin- 
ning to  bring  in  revenue  in  the  period  under  review.  The  revenue  from 
the  textile  industries  continued  to  be  the  largest  individual  one  amongst 
the  various  'lasses  of  industries  su]iplied  by  the  company,  but  the 
colliery  load  was  also  incrca.sine  in  a  tatisfaetoiy  manner.  A  good  deal 
was  being  said  of  the  revival  of  trade,  and  lately  the  eonqiany's  meter 
rc.i  lings  had  begun  to  confirm  that,  though  only  ve;-y  gradually.  The 
increased  ontput  had  been  the  residt  of  new  businew-  .iCousumers  in 
iindercluped  portions  of  the  cimipany's  areft.^pre  (y^I^timlally!pre.sRing 


for  the  company's  mains  to  be  extended  to  them,  and  llie  directors  luid 
decided  in  the  fiist  place  to  meet  the  urgent  demands  from  the  I'astlc- 
ford  district.  It  was  ho])Cil  that  supply  in  that  direction  would  be  avail- 
able before  the  end  of  the  year.  The  increased  demand  brought  with  it 
the  necessity  for  more  generating  plant.  A  larger  boiler  unit  had  been 
put  down,  and  ui  order  to  meet  the  demand  expected  from  agreements 
since  made  and  under  negotiation  another  boiler  of  similar  capacity  had 
been  ordered.  It  had  also  been  decided  to  instal  a  fourth  turbine  of  a 
enparity  efpial  to  any  two  of  those  at  present  in  the  station.  Space  had 
been  reserved,  so  that  no  new  buildings  would  be  required.  Those 
extensions  would  be  profitable,  but  they  entailed  the  provision  of  further 
capital.  The  whole  of  the  borrowing  powers  of  the  company  had  been 
cxliausted.  Under  the  powers  of  the  company's  Act  further  (-apital 
covdd  oidy  be  obtained  by  the  issue  of  ordinary  shares  at  par  value.  That 
was  not  at  present  practicable,  and  it  would  be  necessary  to  amend  the 
com]iany's  Act  by  applying  to  Parliament  for  further  powers  to  autho- 
ri.sc  the  issue  of  ])referenec  stock.  At  the  same  time,  the  directors  con- 
sidered it  advisable  to  ask  for  other  powers  which  had  been  granted  to 
later-formed  companies,  which  would  much  facilitate  the  work  of  this 
company.  These  clauses  were  entirely  non-contentious,  and  the  directors 
believed  there  would  be  no  difficulty  in  obtaining  them,  and  that  the  cost 
of  promotuig  the  Bill  would  not  be  excessive. 

In  reply  to  a  question,  the  chairman  said  at  Brighouse  the  local 
authority  had  not  only  begun  to  take  the  company's  power  but  liad 
ceased  to  supply  their  own.  A  considerable  growth  of  the  sup]ily  of 
electric  power  was  anticipated  at  Brighou.se,  but  he  did  not  iliink  a 
material  part  i.if  tlte  increase  would  be  sliown  in  the  coming  half-year's 
accounts. 


NEW  COMPANIES,  MORTGAGES  AND  CHARGES. 


NEW  COMPANIES. 

BOUDJAH  ELECTRIC  LIGHTING  CO.  (LTD.)  (104,953.)— Reg.  Sept.  14, 
capital  £5,000  in  £1  shares,  to  imdeitake  the  electric  lighting  of 
streets,  public  places  and  private  dwellings  in  Boudjah  or  elsewhere, 
to  obtain  concessions  for  electric  lighting  and  electric  power  supply 
in  the  Turkish  Empire.  Private  company.  First  directors,  D.  Forbes, 
jup.,  T.  S.  Catto  and  F.  W.  Parry.  Reg,  office,  110,  Cannon-street, 
London.  E.G. 

CUNNINGTON  &  HARRIS  (LTD.)  (104,982.)— Reg.  Sept.  16,  capital 
£5,000  in  £1  shares  (2,000  pref.),  to  adopt  an  agreement  with 
S.  Harris  and  to  carry  on  the  business  of  electrical  engineers,  elec- 
tricians, dealers  in  electric  fittings,  &c.  Reg.  office,  21,  North  Audley- 
street,  London,  W. 

MORTGAGES  AND  CHARGES. 
LE  RADIANT  (LTD.).— Particulars  of  £2,000  debentures,  created 
August  24,  1909,  filed  pursuant  to  sec.  93  (3)  of  the  Companies 
(Consolidated)  Act,  1908,  amount  of  present  issue  being  £700.  Pro- 
perty charged,  company's  undertaking  and  property,  including  un- 
called capital.     No  trustees. 


CITY  NOTES. 

MEMORANDA  (Sept.  23'!. — Bank  rate  2J  per  cent,  (since  April  1, 
1909).  Price  of  silver,  23};d.  per  oz.  Consols  88i— 88;  for  money 
and  for  account.  Consols  Pay  Day,  Oct.  1  ;  Stock  and  Shares  Con- 
tinuation Days,  Sept.  27  and  Oct.  12  ;  Ticket  Days,  Sejit.  28  and 
(Jet.  13  ;  Pay  Days,  Sept.  29  and  Oct.  14  ;  Mining  Shares  Carry  Over 
Days,  Sept.  "24  and  Oct.  11. 

Prices  of  Metals  (London). — Gopper,  cash,  59^7;  :  three  months 
60,''c.  Lead,  English,  12J  -131  ;  foreign,  cash,  12^— 12ii  ;  three 
months,  12i.  Spelter,  c!iHh,22\;\— 25  ;  three  months  23 1's— 23].  Tin, 
English,  135—137  :  foreign,  cash,  138  ;  three  months,  139i.  Iron, 
Cleveland,  cash,  51/9|,  and  three  months,  52/5.  Magnet  Sted  (price 
supplied  by  W.  F.  Dennis  &  Co.),  £55. 

AMERICAN  TELEPHONE  &  TELEGRAPH  CO.— The  earnings  for  the  first 
eight  months  of  1909  show  a  net  surplus  (after  providing  for  interest 
and  dividends)  of  87,552,000,  compared  with  §6,836,000  for  the  corre- 
sponding period  of  1908. 

CALCUTTA  ELECTRIC  SUPPLY  CORPN.  (LTD.)— The  number  of  units 
delivered  to  consumers  during  the  four  weeks  ended  Aug.  27  were 
735,625,  compared  with  615,469  units  in  the  corresponding  period  of 
1908. 

ESCHER,  WYSS  &  CO.  (LTD.) — A  dividend  at  the  rate  of  7  per  cent, 
for  the  year  ended  March  31  last  has  been  declared. 

FOLKESTONE  ELECTRICITY  SUPPLY  CO.  (LTD.)— The  directors  have 
declared  an  interim  dividend  of  4  per  cent,  per  ainium  (2s.  per  share), 
loss  tax,  on  the  ordinary  shares  foi-  the  past  half-year. 

HO'VE  ELECTRIC  LIGHTING  CO.  (LTD.)— The  directors  have  declareil 
an  interim  dividi;ii(l  on  the  oi-diTiary  shares  at  the  rate  of  8  per  cent, 
for  the  half-year  (-i.dcd  .Tniie  30  last,  payable  15th  prox. 

RIO  DE  JANEIRO  TRAMWAY,  LIGHT  &  POWER  CO.— The  board  have 
declarefl  a  ilividciid  of  1  pi-r  cent,  on  the  issued  share  capital,  payable 
Nov.  1. 

SIR  W.  0.  ARMSTRONG,  WHITWORTH  &  CO.  (LTD.)— An  interim  divi- 
dend at  the  i-atc  of  10  pjr  ccnt.iias  Ijceii  doclared  on  the  ordinary 
shares. 

UNITED  RIVER  PLATE  TELEPHONE  CO.  (LTD.)— The  directors 
announce  an  issue  of  30,000  ordinary  shares  of  £5  each  to  holders  of 
the  ordinary  shares,  in  the  proportion  of  one  new  share  for  every  four 
lield. 
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I   Prloa 
Wed.. 
Sept.  22. 


ELEcrRicirr  supply. 

Bonrnemoath  ft  Poole  Eleo.  Sop.  Ord  ... 

Do.    4)  per  Cent.  Com.  Pref.  

Do.     6  per  Cent.  Cam.  Second  Prel.... 

Do.    4J  per  Cent.  Dob.  Stock  (red.)     . 

Bromle;  (Kent)  El.  Lt.  ii  Power  Shires 

Do.  Do.  l,t  Debs. 

RromptotiftEensintrton  Elec.Sup.Ord. . . 

Ou.     7  per  Cent.  Pref 

Central  Elec,  Sao.  Co.liJ  Oa«r.Do..1toc« 
Ch»rineCros3(W.Eiid4City)EI.Sap.Co. 

Do.     4i  per  Cent.  Pref.   

Do.    4  per  Cent.  Deb.  .Stock  (red.) 

Do     4i  per  Cent.  Deb.  St)ck  (red.)  _ 
Do.    City  Undertaking  4};;  Cm.  Pre(. 

tC!hel8ea  Electric  Supply  Ord 

D^.    4i  percent.  Deb.  Stock  (red.)  ... 
City  of  London  Eleotrio  Liglitiag  Ord... 


"aigo 


Do.     8 1 


.  Cam.  Pref. 


I  Tlifse  oomparisoua  are  with  tbe  corresponding  period  last  year. 
I      II  Plus  2  days.    «  Partly  eleottioal.    i  Miuua  3  dava    t  Min 


Do.    6  per  Cent.  Deb.  Stock  (red.) 

Do.  4i  per  Cent.  2nd  D?b.  Stock  (red.) 
CoQntyof  Durham  Elec.  P.O.  Ord 

Do.     6  per  Cent,  non  Cam.  Pref. 

County  of  Ljndoa  Elec.  SappIyOrd 

Do.    6  per  Cent.  Cam.  Pref. 

Do.    4J/J  Deb.  Stock  (red.)    

Do.    Second  Deb.  Stock 

Folkestone  Electricity  Sapply  Co.  Ord. 

Do.    6  per  Cent.  Gam.  Pref. 

Do.    4J  lat  Deb.  Stock  (red) 

Hove  Electric  Lighting  Ord.  

Keneington  ft  Knightsbridge  Ord... 

Do.     6  per  Cent,  let  Pref 

Do.    4  per  Cent.  Deb.  Stock  (rod.) 
Eenatngtn.  ft  Kngtbg.  Co.  &  Kotting  Hili 
Co.  (Joint  Station)4^  Deb.  Stook(red.) 

Kent  Elec.  Power  Co 

8!  1/91    London  Electric  Sapply  Ord. 

"    "'         Do.     6  per  Cent.  Pref. 

Do.     4  per  Cent.  Ist  Mort.  Deo 

Metropolitan  Electric  Sap.  Ord 

Do.     4i  per  Cent.  Cnm.  Pref.  

Do.     4J  per  Cent.  Deb.  Stockist  Mort. 

Do.  Sii  per  Cent.  Mrt.  Dab.  Stockired.) 
100;  Jj%  Midland'Elec.  Corp.forP.D.lstMort.DD. 
"    "  Newcastle  &D,8t.  Eleo.  Ltg.  Ord.  

Do.    4*  per  CsQt.  Deo 

Newcasfle  Elec.  Supply  Ord 

Do.     6  per  Cent,  non  Cum.  Pref. 

Do.  4  per  Cent.  Mort.  Deb.  red.  19J7. 
North  Metro.  Elec.Povver  Sup,  5  .Morts 
Northern  Counliea  Eiec.  Sip 

Do.     4*  percent.  Deb .. 

Nottinj'HiU  Electric  Ord 

tOiford  Electric  Ord 

Do.     4  per  Cent.  Deb.  Stock    

St.  James'  &  Pall  Mill  Elec.  Ord.... 

Do.     7  per  Cent.  Pref.    

Do.  3*  per  Cent.  Deb.  Stock  (red.)  ... 
Smithtield  Markets  Electric  Sap.  Ord... 
South  London  Electric  Supply  Ord, 

Do.    5=  1st  Mort.  Stk.  Red . 

South  Metrop'n  Eleo.  Lt.  &  Power  Ord. 

Do.     7  per  (Sent.  Cam.  Pref 

Do.     4il8tDb.Stk.Ked 

Urban  Electric  Supply  Ord 

Do.     6  per  Cent.  Cum.  Pref.    

Do.    4*  per  Cent.  Ist  iljrt.  Deo 

Weatminster  Elec.  Sup.  Ord 

Do.     4iper  Cent.  Cam.  Pref. 

ELECTRIC  RAILWAYS  i.  TRAMtfAfS. 

BaKer  St.  «  tVaienoo  4  i  Perp.  Db.  8t 

Bath  Elec.  Trams  Pref.  Ord 

Do.     6  per  Cent.  Cam.  Pref. 

Do.  4)  l9t  Mort.  Dab.  Stock  (red.)  ... 
B'ham  it  Midland  I.-a  n,  4i  Ist  O  j.Stl. 

Bristol  Tramways  &  Carriage  Ord 

Do.    Cam.  Pref.  (fully  paid) 

Do.     4  per  Cent.  Debs 

British  Electric  Traction  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do.     6  per  Ceut.  Perpetual  Dobs 

Do.    4i  per  Ceat.  2ad  Deb.  Stock 

Central  London  Ordinary  Stock 

Do.     4  per  Cent.  Pref.  Stock    

Dn.    Deferred  Stock   

Do.     4  per  Cent.  Debs.    ...  

Charing  X.EasloniHmpstd  Per  Db.Stk. 
CityofBirmiagbam  Trims.  o;/Cai.Prer. 

Do.    4  per  Ceat.  lat  Mjrt.  Dabs 

City  ft  South  London  Blv.  Con.  Ord.  ... 
Do.     6  per  Cent.  Perp.  PreC  (1891)    ... 

Do.    (1890) 

Do.    (1901) „ 

do.    (1903) 

Do.    4  per  Cent.  Perpetual  Djbs 

Dublin  United  Trams.  6  per  Cant.  Prei. 
Gt.  Northern  &  CityRly.  Pref.  Ord.(4?;)| 
G.  Northern. Pico,  i  B.-jm|)tou4i  Q.Pf. 

Do.    4  per  Cent.  Dab.  Stock  

Hastiogs  &  District  Elec  Trams,  iii  C.P. 

Do.      4J  Db.  St 

Imperial  Tramways  Ord.  ^ m 

(Do.    6  per  Cam.  IVef. 

tDo.     4i  per  Caat.  Dabs 

I.  of  Thaaec  B.  T.  ft  Li.  6  per  Cauv.  Pref. 

Oo.    4  per  Cent.  Dao.  Stock 

Lanarkshire  Tramways  

Lanes.  Utd.  Trams  5  .  Prior  Lieu  D  i.  St. 

Liverpool  Orerhead  Railway  Ord 

Do.    5  per  Cent.  Pref 

Do.    4  per  Ceut.  Deb I 

London  United  Trams.  6^  Cum.  Praf.  ... 
Do.    4  per  Ceut.  Ist  MorC.  Deb.  Stools 

Mersey  Con.  Ord.  Stock    

Metropolitan  Eleo.  Tramways  Ord 

Do.    Deferred    

Do.    6  per  Cant.  Cum.  Prof. 

Do.    ii  per  Ceat.  Ueb.  Stock 

Metropolitau  Kailway  ConsolidatAd  

Do.    Surplus  Lands  Stocks , 

Do.    8i  per  Ceut.  Preference 

Do.    8^  per  Ceut.  "A"  Pret"oreu<j«  

Do,    8*  per  Ceut.  Convertible  Pref. 

Do.    Sj  per  Ceut.  Uebciitiir.i  Stock  .... 

Id  oalealatiQK  the  yield  allowanoa  n.s  been  made  for 

fli  OiTidead.         1  Tbe  Loudou  Stock  Sitcbiiue 
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97   -9S  4  18 

99  -101  4  1     8 


.SI  — n 

12i-l3l 

6-S4 

95  -)i 

H  -94 
7  -7* 

i-i 


A-i' 


li-ij 

77  —ii 
8J-9 
6  — 


6  13  0 
4  17  0 
4  14     0 


Jan,  July 
March    . . 
Jaae,  Dec  101^ 
Feb,  Aug      lOj 
Jan,  July 
June,  Deo     :2I 
Jan,  July 
April,  Oct 
April,  Oct 
Feb,  Aug 
Mar,  Sept       11 
Jan.Juiy        .. 
May,  Not 
AprU,  Oct       fj 
Mar,  Sept 
Feb,  Aug 
April,  Oct 
Feb,  Aug 
Jan,  Joly 


April,  Oct 
Jan,  Jaly 
Mar,  Sept 
Mar,  Bept 
Jan,  July 
April.  Oct 
Jan,  July 
June,  Dec 
Jan,  July 
Jane,  Dec 
Feb,  Aug 
Jan,  July 
Feb,  Ang 
Feb,  Aug 
Jan,  Jaly 

Mar.Aag  ' 
Jan,  J  aty 
March  . . 
March  .. 
Jan,  July 
Feb,  Aug 
Feb,  Aug 
Jan,  Jaly 
Feb  .... 
April  .^ . . 


l.JDS 


>'•••'. 


m 


,     Fab,  Aug 

4  6    0'  April,  Oct 
_       I  April,  Oot  , 

April,  Oct 

5  H    8     April,  Oct  : 


•w 


accrned  interest  bat  not  for  reJeuiptioa. 
Committee  hare  declined  to  ouote  tbei.'. 


THE  ELECTRICIAN,  SEPTEMBER  21.  1909. 


ELECTR-ICAJ^     COIVtr»ArVlE{S      SJHAPtE    J^IST Continued. 


LtSIl 

mvi- 
dbidI 


Price      Eaib  % 
Wed..      riKLD- 
Sept.  22.      ID. 


Bt.    S)% 


0/6 

CI?; 


ELECTRIC  BAIlWAtS  Jt  TRAMWAYS- ConWnuerf.  ^ ,>■  i- 

Met  Ely.  SJ  p^rCeDt.  "A"  Deb.  Stock  si— 93  3  15    3  Jan,  July 

M^'ropolitan  District  Kailwav  Ord 10  — 16J  —  Feb,  Aae 

Do.    Extension  Pref.  (5  per  Cent.)   47—19  ••  Feb,  Ane 

Do.     Assei^ted  Est.  Pref.  (Int.  Guar,  hy 

Und.  Elee.  RIts.  Co.  of  London.  Ltd.)  €6-63  5    3    6  Feb,  Ang 

Do.     S  per  Cent.  Consoltd.  Kent-charge  76  — !8  3  17    0  j„_  j„i_ 

Do.    4  p"  Cert.  Midland  Kent-charge  101—101  8  10    0  Jan,  Jnly  ' 

Do.    Gnar.  Stock  4  per  Gent 94-97  4    2    6  Mar,Sept 

Do.    6  per  Cent.  Perp.  Deb.  Stock  143  —1<  5  4    2    9  Jan,  July 

Do.     4  per  Cent.  Ditto 95—97  4     2    6  Jan,  July 

New  Gen.  Tract.  6  per  Cent.  Cnm.Pref.l        J—}  -  Mav.... 

Potteries  Electric  Traction  Ord |-a  ••  April  Oct 

Co.    6  per  Cent.  Cnm.  Pref.  j-}  f  I '    J  Feb,  Ang 

Do.    4J  per  Cent.  Deb.  Stock    I  S6  -i9  •'    1    "  May,  Nov 

S  Met.  Elec.Trams.  4  Ltg.  6°^  Cm.Pref.         8—6  »  12    0  Feb,  Ang  , 

Do.    4  per  Cent.  Deb.  Stock 60—73  5    9    6  Jan,  July 

Sunderland  Diet.  Elec.Tnn9.6?;i»tMt.Db.  81—85  6  18    0  j,n,  July 

rnderBdE.RTs.LoB.6:  In.bds.witlicoup.3  35-37  •■  June,  Deo 

Do.  5*  Prior  L,icn  Bonds lU'?J-10Si  1  It)    " 


;ej  16;;; 

6831     67 j 
76.5,     .. 


1/4} 
2/4  J 
0/7S 
i/0 
3/0 

*iX 
HX 

'c% 

4% 

*iX 
*i\ 

10  0 
2/6 

*iX 

1/0 
4JZ 
lUt 

a/7i 

0/7! 
1/0 
0/7i 
3/0 
6% 
0/7i 
2/0 
0/7i 
*iX 
1/6 
2/6 
4% 
I  6% 


St.!  4J% 


4i^  Ponds  with  cor.p. 

Yorkshire  (W.B.)  Elec.  Trams.  Ord 

Do.    6  per  Cent.  Cum.  Pref.   

Do.     4i  rer  Cent.  Ist  Debs 

tLFCTRIC  MANUFACTURING.  Ac. 

Anchor  I  .f'  le  Co,  J"  v  D.-l,.  St.ick  "..... 
Aron  ElecTncitT  SleierOrd 

Do.    6%  Cnm.  if.  „ 

Babcock  &  Wilcoi  Ord 

Do.    Pref. ■■.'... 

tBritish  Insulated  ft  Be'.sby  Cables  Ord. 

Do.    6  per  Cent.  Pref. 

Do.     -•  -        -      - 


6s  _9J  "500 


l5-2j 


5    6    0     jM.jniy 


,=.-it  ' 

i-i  6  17  0 

4i— Jjj  4  12  9 

'J.~ii  4     U  0 

■<i— 78  ,6  11  0 

6J-6J  I  4  12  0 

103  —106  4     3  0 

by  -84  4  16  0 


41  -4 


9  10  0 

9  18  J 

14  lU  0 

5  17  0 


9  16    0 

5  10    0 

6  lU     U 


5/0 

i  2/3 

*iX 

5/0 

5/4 


0/6 
6% 
47. 
*iX 
67. 


6% 
16/0 

3o;o 


6/0 

:  44% 

6/0 
,  *iX 

26/0 
I  17/6 

iX 

■  2/6 

f/0 

I   4J% 
5'J,b 


4% 
1/3 

iX 

e/0 

m/O 

iX 


British  Thoms'n-Honsfn  4J%  1st  Mt.Db. 
firitifih  Westinghouse  6  per  Cent.  Pref... 

Do.    6  per  Cent.  Prior  Lien  Dbs(rd.) 

Do.    4  per  Cent.  Mort.  Deb.  Stock  

Blu9hE.Eng.Co.4i''oFerp.  lalDeb.Stock 

Do.     Perpetual  2nd  Deb.  Stock    2/  -HI 

Callender's  Cable  Con.Ord Ui-llJ 

Do.     6  per  Cent.  Cnm.  Pref.  6^— ej 

Do      4J  per  Cent.  1st  llort  Debs,  (red.)  IC5  — lo7 

Castner-Kellner  Alkali  Co i  2  — 2J 

Do.    4J  per  Cent.  1st  Mort.  Deb.  (red.). I  106  —luj 

Chadbum's  (Ship)  Telegraph  Ord jf— liV 

Do.    6per  Cent.  Cum.  Pref.  |  1  — ij 

Consolidated  Electrical  Co |— i 

Consolidated  Signal  Co i;:— li^6 

Do.    6  per  Cent.  Cum.  Pref.  I  ft— 1 

•Cronipton  &  Co.  (Nos.  1  to  85,000)  

Do.    6  per  Cent.  1st  Mort.  Debs.  (red,). 

tOarisft  Tinimins 

Dick,  Kerr  &  Co.  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do.     4J  per  Cent.  Deb.  Stock    I  lOj  — 1U3 

Edison  8:  Swan  United  ("A"  Sh.)  (£3pd.)  "       ' 

Do.    (£6  paid)    

Do.    4  per  Cent.  Mort.  Deb.  Stock  (rd. ) 

Do.    6  per  Cent.  2nd  Deb.  Stock 

Edmtmdson's  Elec.  (^rp.  Ord.    

Do.    6  per  Cent.  Cum.  Pref.  

Do.    H  per  cent.  1st  Mort.  Deb.  (red.) 

Electric  Construction  Co ,'  ,'«— le 

Dc.    7  per  Cent.  Cum.  Pref.  I  Ija— li's 

Do.     4  per  Cent.  Perp.  1st  Mort.  Oeb«.  65—69 

Feitanti  Ltd.  riperCent.lat  Mt.Db.St.  71—77 

General  Electric  (1900)  5%  Cum.  Pret...  ,  'B-SJ 

Do.     4  percent.  1st  Mort.  Debs I  65-66 

Henley's  Telegraph  Works  Ord. I  12J— ISJ     5 

Do     4J  per  Cent.  Pref.   i  64-6*       4 

Do.    4|  per  Cent.  1st  Mort.  Deb.  Stock 

India  Eubber,Gut.  Per.,  &c.,Wrks 

Do.     6  per  Cent.  Cum.  Pref 

Do.    4  per  Cent.  Debs,  (red.) 

>'ational  Elec.  Construction  Co 

Bichardsons,  Westgarth  &  Co. ,  Ltd .  Ord. 

Do.    6  per  Cent.  Cum.  Pref.  ....  

Lo.    4i  per  Cent.  Perp.  Deb.  Stock    ... 
Simplex  Conduits  Ord 

Do.    6  per  Cent.  Cum.  pref 

Telegraph  Construction  &,  Maintenance 

D  j.    4  pe'r  Cent  Deb.  Bonds  (1909)   ... 
Vn,Kers,  Sons  &  Maxim,  Ltd.,  Ord 

Do.    5  per  Cent.  non-Cum.  Preference 

Do.    5  per  Cent.  non-Cum.  Preferred 

Do.     4  percent.  1st  Mort.  Db.Sk. (red)  103-105   13  16 

Do.    4J  per  Cent.  2nd  Mort.  Deb.  (red.)  104  —106  I  4    6 

Do.    5  per  Cent.  3rd  Mort.  Debs  Scrip.  106  —108      4  12 

J.  G.White  &  Co.  6%  Cm.  Pref. i  10-11       7    5 

Willans  &  Kobinson  Ord [  6—3         3  15 

Do.    6  per  Cent.  Cum.  Pref. 26-3|       9  12 

Do      4  per  Cent.  1st  Mort.  Debs '  lis  —bi        4)7 

TELEGRAPHS.                    i  „,    „    I 

Amazon  lelegraph ^^— OB             — 

Do      6  per  Cent.  Debs,  (red 9a  — tfo       6    4 

Arglo-Amencan [  61J-63J      6    2 

Do.    Preferred  I  104- luj      6  15 

Do.    Deferred    21J-22     ,  1  IS 

Commercial  Cable  4  per  Cent.  Deb.  Stk.  |  90  —92       4    7 

Cuba  Submarine  Ord. ti4-»J        «    B 

Do.    Preference  10  per  Cent [  IVj- IcJ  ,  5  lu 

Direct  Spanish  Ord 3—34       6  14 

Do.    10  per  Cent.  Cum.  Pref.    tj -»8       6  IS 

Do.    4j  per  Cent.  Deb luui— lu2J    4    S 

Direct  I nilel  Sutes  Cable Us— 138  ,  6    4 

DirectVSestIndiaCable4J%B.g.Db.(rd.)  lOJ  -10-      4    B 

Eaetem  Ordinary » I2j  — 13^   .  5     6 

Do.    8i  per  Cent.  Pref.  Stock  B6  — 1>7        4     0 

Do.    4  per  Cent.  Mort.  Deb.  Btk.  (red.)  104i— IO64I  3  15 

Eastern  Extension  „ I  11^-12^      5  14 

Do.    4  per  Cent.  Deb.  Stock  10a  -lui 

Eastern  i  8.AL  4%  Mauritius  Sub.Dehs.  100  — lu2 

O.N.,  (01  Copenhagen),  with  Counon77  io  —27 

Ualifai&Bermuda4V<lstMt.  Db.(red.),  luu  —102 

•Europeaa  ex.  all  |  61J-6»i 


8-lJ 
90  —93 

1  -IJ 


6S  —73 
84  —87 

i-A 


68  — tsl 


too  —lis 
14i— 164 
104-105 

100  — 10-J 


62  —80     ,  5     6 

6  — 5J     I 

34i— 36     ,  S     0 

1O04-102J  3  17 

2s'.— 2Ji    i  4     7 

ij-li'    I  4     0 


April,  Oct 
April,  Oct 

July,  Feb 
Jan,  Jtily 
Jan,  July 
Mar,  Sept 
Feb,  Aug 

Jan,  July  j 
Mar,  Sept  1 
Jan,  July 
Jan,  July 
Jan,  July 
Nov,  May 
May,  Nov 
Feb.  Aug 
March   . .  J 
April,  Oct  I 
August ...  1 
April,  Oct 
April,  Oct 
Jan,  July 
Jan,  Jnly 
Mar,  Sept 

Sept 

Sept 

Jan,  Jnly 
Feb,  Aug 
Feb,  Aug 
Jtine,  Dec 
Mar,  Sept 
Jan,  July 
May,  Nov 
Jan,  July 
Jan,  July 
July  .... 
Jan,  July 

June,  Deo 
Mar,  Sept 
Feb,  Aug 
Feb,  Aug 
Mar,  Sept 
Feb,  Ang 


3  19    0  I  April,  Oct 
April 


37},  36 
Its  luii 
893 i    ^E3 


103       - 


!o'i.': 

xm 

lOOi, 


Mov 
May,  Nov 
Jan,  July 


Mar,  July 
Jan,  July 


June,  Dec 
June,  Dec 


Apr,  Oct 
Apr,  Oct 
May.  Nov 


14    15,n, 


■at.    H 


iMackav  Companies  Common  ^0  — 12 

r  Do.    Prelorence    !     78  — bu 

blarconi's  Wireless  Teleg.  Co ,         2 — 1^ 

Paciiic4EnropenTel.4%OaarJ)ba.(red.)    lOj  —162 

West  Coaitol  America lij  — Ij 

Do.    4  per  tent.  DelJB lou  — lu2 

^  est  India  d:  Panama  H — [^ 

Do.     e  per  Cent.  1st  Plef  84  — > 

Do.  6%  2nd  Prel _ bj- H 

Do.      5  per  Cant.  Deba,       '  IOI4 — 1>j6.. 

"■    •         lelegraph.......^....,..... ]     ISJ— l;)J 


Jane,  Dec 
0  I  Jtme,  Dec 
6  I  F,My,Ag,N 
0  F,My,Ag,N 
3  'F,My,Ag,N 
0  |Jn,Ap,Jy,0 
0  Feb,  Aug  < 
U  :  Feb,  Aug 
0  I  April,  Oct 
0  ]  April, Oct 
6  I  Jan,  July 
6  |Jn,Ap,Jy,0 
0  I  June,  Dec 
U  ,Ja,.My,Jj0 
6  !  Ja,lly,JyO 
0  I  May,  >ov 
0  !ja,Ap,Jy,0 

3  lo    0  t  Feb,  Aug 

4  8  0  1  May,  Nov 
Jan,  Jnly 
June,  Dec 
May,  Nov 

Ja,Ap,Jy,0 
Ja,Ap,Jy,0 
April .... 
June,  Dec 

May   

J  an,  July 
May,  Nov 
May,  Nov 
May,  Nov 
Jan,  July 


6  13 

4  a 

5  16 


3  18 
3  17 
3  18 


Do. 


4  16 

6     2     0 


r  Cebl.Deb   Stock  (red.) '    103  —106   I  S  18    0 


Mr,JD,0,D 
June.  Dec 


13,v    l^i\. 

I3i       128 J 

864      8I1 


90 

■)»i:  75 

i*  !  ij 

"i  i: 

li}',  184 


Price     I  Ratb  %  { 
Wed..       YiKLD- 
^ept.  22       ED. 


ro/7i 

1)  0/6 

St.  6^ 


St.i  3j% 

St..  i7i 

1    1/0 

li0/7{ 

St.;  4% 

"       44X 
6/0 


*iz 


TELEPHONES. 

Amer.  Telephn.  &  Telegh.  Cap.  St H'  —148 

Do.    Coll.Tmst  81,0004  percent.  Bds      97—99 

■tAngloPortug'eeTeI.6;' 1st  Mt.Db.  Stk.:  'O'  -103 

Chili  Telephone  '       J  — 8| 

Monte  Video  Telephone  Ordl .'.'.'".'."!".";!  i—l 

Do.    6  per  Cent.  Pref. I        i-| 

N'stional  Co.  Pref.  Stock  ...  106  — 107J 

Do.     lief.  Stock 121   —123 

Do.    6  per  Cent.  Cum.  l8t  Pref.   ....'.'.'.'..      ICJ-lOj 

Do.    6  per  Cent.  Cnm.  2nd  Pref lOJ— lOJ 

Do.     6  per  Cent.  non-Cum.  3rd  Pref       I     5,'^- 5Ji 
Do.    Deb.  Stock  SJ  per  Cent,  (red.)    ...  |     98  —100 

Do.    4  per  Cent.  Dob.  Stock  (red.)  ...     '  100  —102 

Oriental '!,;— IS-' 

Do.    eperCent.Cum.  Pref.  ....;.'"!!";!'      1,'^- 1,- 
Dc.    4  per  Cent.  Ked.  Deb.  Stock '''i  -8= 

Telephone  Co.  of  Egypt4ii'Db.Stk.(red.)  IO04— lOiH 

United  River  Plate .1      64— Oij 

Do.    6  per  Cent.  Cum.  Praf. '."'      61— 6j     1 

Do     44  Deb.  St.  Ked 1  104  — 1U6 


6  11  I 

4    ;  0 

4   17  0 

4  15  C 

6  17  0 

6  14  0 

6  11  6 

4  17  6 

5  9  i: 

6  9  u 


6/6 
10    3/0 

10  ez 


st.i  iZ 

St.  .. 

St.  6% 

6'  3,6 

5!  2/6 

St.  1 44^ 

St.     H% 

St.i  6/, 
St.  I  5% 
40    4J% 

100,  44% 

St.  iiX 
St.  I  bX 

St.  [  6% 

6;  2/0  i 

100  2/6    ', 

1  44% 

St.  -. 

Bi  1/3 

St.'  4/. 

100 1  6^ 


1 

6% 

6% 
1/0 

100;  u;7i 

St.i  6% 
St.  i/i 
. .  I  6?. 
lOOi  $1J 

■  ■  ;  6>. 

St.  I  44% 

St.     44% 

1    0/6 

St. I  &■/. 

6    3/0 

St.  4J% 
100      .. 

••       6% 

100  5% 
»i4 


10 
81. 

6/U 

ax 

6 
100 
lOu 

lou 

4/9 

434 
bX 

600 
St. 

6% 
6% 

10s    \'X 

1    U/7J 

St.    ux 


St. 

SI 

600 

t>Z 

100 

»1V 

1 

i/if 

1 

l,2S 

St. 

t>X 

6 

3/0 

6 

t/u 

100 

«l 

'>y. 

St. 

447. 

ii'r 

FINANCIAL  INVESTMENT,  A,c. 

Elec.  &  Gen.  Investment  6%  Cnm.  PreL 

Globe  Telegraph  &  Trust 

Do.     6  per  Cent.  Prel 

Submarine  Cables  Trust  (Cert.)...!!!.....! 


COLONIAL  AND  FOREIGN  ELECTRIC 
RAILWAYS,  TRAMWAYS,  Jlc. 

Anglo-Argentine  5%  Cum.  let  Prof. 

Do.    6%  Cum.  2nd  Pref.     

Do.     4%  Deb.  Stock 

Do.    iiX  neb.  S:uck 

Auckland  Elec.  Trams.  6%  Deb.  (red.)... 

Brisbane  Electric  Trams.  Invest.  Ord.... 
Do.    5  per  Cent.  Cum.  Pref. 

Do.    44  per  Cent.  Db.  Prov.  Certs.  ... 
Brit  Columbia  El.Ky.Df.  Ord.  c.\  iii,-ht.. 

Do.    Pref.  Ord.SStoek ex  rii;hts 

Do.     5%  Cum.  Perp.  Pref.  Stock.......... 

Do.    44  per  Cent.  Ist  Mort.  Debs 

Do.    V  ancouver  Power  Debs 

t   Do.    4J%  Perp  Con.  Deb.  St 

Buenos  Ayres  Lacroze  Trams  lat  Mt.  Db. 
Buenos  Ayres  Port  &  City  Tram.  Ist  Mt. 

Deb.  Stock 

Calcutta  Tramways  (1  to  137,610)  

Do.     6  per  Cent.  Cum.  Pref.    

Do.    4j%  Ist  Deb.  Stock  (red.)    

Cape  ElectricTram  Shares  

Citj  ol  Buenos  Ayres  Trams  Co.  (1904)Sh. 

Dl.     4  per  Cent.  Deb.  Stock 

Colombo  Tr.  &  Ltg.  6%  Ist  Mt.  Db 

Electric  Traction  Co.  of  Hong  Kong  6 

per  Cent.  1st  Mort.  Debs 

Havana  Elec.  By.  Con.  Mt.  5%  $1,000  50 

year  Coup.  Bds 

Kalgoorlie  Elec.  Trams  Sh 

Dc.     6  per  Cent.  "  A  "  Deb.  Stock 

Do.     6  per  Cent.  "  B  "  Ditto 

Lisbon  Elec.  Trams.  Ord 

Do.     6  per  Cent.  Cum.  Pref. 

Do.    E  per  Cent.  Reg.  Mort.  Debs  

Madras  Klec.  Irama.  iX  Deb.  Stk 

MaLila  tiec.Ry.  el, 000  Gold  Bonds.. .. 

Mexicoirama  uc  Com.  St 

Do.    Gen.  Con.  1st  Mort.  5%  Gold  Bds.... 
Montreal  Ht.  By.  Sterling  44  per  Cent. 

Debs.  (1922)  (Nos.  601  to  2,000)    

Do.         do.     (Nos.  1  to  4,6uO) '.' 

PtiltElec.  Trams  Ord  

Do.     lat  Mt.  Db.  Stock  

Bangoon  Elec.  Trams  &  Supply  Co.  6% 


3  —34     I  8  11     6 
lUJ— 10} 
13  5 -14  J 
130  —133     4  10 


4S-4I 

4  4-4  J 
92-4-934 
J7  — J9 

102  —105 
61-7 

5  —51 
lOU  —103 
114  — U9 

;Z2      4  18 


Jan,  JtUy 
Mar,  Sept 
August . . 
Nov  .... 
May,  Nov 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Feb,  Ang 
Feb,  Aug 
June,  Dec 
Jan,  July 
April,  Oct 
April.  Oct 
Jan,  July 
Jan,  July 
July  .... 
June,  Deo 
Jan,  July 


Jan,  July 
SpDcMrJu 
SpDcMrJn 

April,  Oct 


April,  Oct 
Jan,  July 
Jtme,  Deo 


147JI 


4  15  C 
4  6  0 
1  15     0 


ICJ 


m 


106  -110 

lua  —104 


90  —94 
»3-5i 

4S— 5 
97  —100 


as  —101      J  19     0 


1  u 

0 

4     6 

6 

4     5 

1; 

4     2 

l> 

6     1 

0 

6     8 

0 

3  16 

u 

5     0 

» 

4  10 

0 

Jan,  July       ~ 
May   ._  . .        7  I 
May,  Nov  ]     . . 
Jan,  .Fuly 
Mar,  Sept    Xm 
May,  Nov  ,   120j;  1 
Jan,  July 
April,  Oct 
Jan,  July 

I  103  I  1 
Mar,  Sept )    9S  I 

I         ' 
Feb,  Aug  '    62  | 
Mar,  Sept  1 
Jan,  Jnly  | 
Jan,  July  | 

F.My.A.N 
J  line,  Deo 
May,  Nov  j 
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NOTES. 


The  Magnetic  Storm. 

Thk  miignetic  storm  last  Saturday,  although  in  some 
respects  not  more  severe  than  others  of  recent  years,  was 
much  more  erratic  in  its  changes,  and  probably  on  that 
account  its  interference  with  telegraphic  communication 
was  very  severely  felt  in  this  and  other  countries.  Between 
the  hours  of  noon  and  six  o'clock  many  of  the  lines  in  this 
country  were  hopelessly  blocked.  While  ordinary  lines 
with  earth  returns  were  suffering  in  this  way,  wireless  trans- 
mission appeared  to  be  immune.  Considering  the  fact  that 
magnetic  storms  are  generally  attributed  to  electric  currents 
in  the  atmosphere — it  matters  little  whether  by  electric 
discharge  giving  rise  to  the  aurora  borealis,  by  cathode  and 
other  rays,  or  by  radio-activity  of  the  sun,  giving  a  stream 
of  elections  in  the  neigiibourhood  of  the  earth — it  has  not 


unnaturally  been  contended  that  magnetic  disturbances 
miglit  give  rise  to  the  "  atmospherics  "  so  troublesome  to 
the  wireless  operator.  This  view,  however,  does  not  seem 
to  be  justified,  as  appears  from  a  letter  by  Dr.  \V.  H. 
Eccles  appearing  in  our  Correspondence  columns.  Tir. 
Eccles,  though  unaware  of  what  was  occurring  magnetic- 
ally at  the  time,  happened  to  be  working  in  a  wireless 
station;  but  notwithstanding  the  severity  of  the  magnetic 
storm,  he  observed  nothing  unusual  iu  the  "  atmospherics  " 
received  on  that  occasion. 


Railless  Electric  Traction. 

The  Briton's  innate  conservatism,  while  sometimes  pre- 
venting him  from  adopting  well-tried  improvements  until 
after  they  have  long  been  employed  by  other  nations,  often 
prevents  him  from  too  rashly  venturing  along  new  lines 
until  the  merits  and  demerits  of  the  case  have  lieen  fullv 
considered.  It  is  with  the  latter  object,  no  doubt,  that  tram- 
way managers  have  hesitated  to  extend  their  systems  into 
thinly  populated  outlying  districts  by  means  of  trackless- 
trolley  methods,  although  such  equipment  has  been 
employed  for  some  time  at  certain  places  on  the  Con- 
tinent. Having  seen  the  operation  of  a  trackless  car 
on  the  experimental  road  laid  down  at  the  Hendon  car 
shed  of  the  Metropolitan  Electric  Tramways  Co.  by 
the  Eailless  Electric  Traction  Co.,  we  see  some  justi- 
fication for  their  backwardness  in  this  respect.  The 
necessity  for  a  metallic  return  calls  for  the  use  of  at 
least  two  trolley  wires,  while  to  prevent  polarity  reversals 
at  crossings  it  has  even  been  prcposed  to  use  three  wires 
(two  of  which  are  positive)  and  a  patent  and  very  heavy 
swivel  trolley  head  ;  all  of  which  makes  for  complication, 
a  feature  certainly  to  be  avoided.  Complication  also  ensues 
from  the  fact  that  the  ISritish  idea  of  the  value  of  human 
life  necessitates  that  some  further  protection  should 
be  used  than  that  provided  by  the  motor  alone,  which 
is  all  that  is  employed  on  the  Continent.  A  descrip- 
tion of  the  technical  features  of  the  car  used  will  be 
found  on  another  page  of  this  issue,  but  it  must  be 
said  that  the  experimental  road  scarcely  allows  the 
capabilities  of  the  car  to  be  adequately  judged.  There 
are  too  many  curves  and  gradients  in  a  very  short  length 
for  any  great  speed  to  be  safely  attained  ;  and  during  our 
inspection  the  'bus  scarcely  ever  moved  faster  than  a  crawl. 
This  demonstration  certainly  showed  (what  was  known 
before)  that  a  car  can  be  worked  under  trackless  condi- 
tions on  an  experimental  road,  but  it  is  still  necessary  for 
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working  trials  to  be  undertaken  in  conjunction  with  nther 
traffic  before  the  adaptability  of  the  arrancreiTient  to  con- 
ditions pertaining  in  this  country  cati  lie  acciirately  gauged. 


The  Underground  Railways  of  London. 

In'  accordance  with  our  practice  of  recent  years,  we  pub- 
lish elsewhere  in  the  present  issue,  a  detailed  analysis  of 
the  operation  of  London's  underground  electric  railways. 
In  the  adoption  of  "  Tubes  "  this  country  has  been  well  to 
the  fore,  and  the  working  results  on  these  electrically- 
operated  railways  are  therefore  of  more  than  local  interest. 
Although  many  points  have  to  be  borne  in  mind  in  draw- 
ing conclusions  from  tlie  costs  per  car-mile  as  set  forth  on 
another  page,  it  is  doubtful  if  really  more  I'eliable  results 
would  be  obtained  by  adopting  the  "  seat-mile  "  as  the 
basis  of  comparison.  Mr.  A.  L.  C.  Fell  pointed  out  last 
week  in  his  presidential  address  to  the  I\Iunicipal  Tramways 
Association  that  the  "  seat-mile''  should  be  taken  instead  of 
the  "  car-mile  '"  in  comparing  the  operating  costs  of  various 
tramways,  but  in  the  case  of  the  "  Tubes  "  the  possibility  of 
thereby  arriving  at  a  strictly  comparable  result  is  prevented 
by  the  fact  that  at  " lush-hours "  a  large  number  of  passen- 
gers are  carried  for  whom  no  seats  are  available.  Since, 
however,  we  give  the  seating  capacity  of  the  cars  on  the 
various  railways,  our  readers,  if  they  so  desire,  can  take 
the  seating  capacity  into  account  iu  comparing  the  costs 
per  car-mile.  If  the  "  seat-mile"  were  adopted  as  the  basis 
of  comparison  it  would  be  found  that  the  best  result,  as 
regards  total  working  expenses,  would  be  shown  by  the 
Great  Northern  &  City  liailway — viz.,  0-086d.  per  "  seat- 
mile  " — the  City  <&  South  London  Eailway  taking  second 
place  with  a  figure  of  0-089d.,  whilst  the  Piccadilly  & 
Charing  Cross  tubes  show  results  of  about  0097d.  per 
"seat-mile."  This  placing  is,  however,  to  some  extent 
misleading,  for  the  cost  of  current  in  the  ease  of  those  rail- 
ways which  obtain  their  power' supply  from  the  Chelsea 
generating  station  of  the  Underground  Electric  Railways 
Co.  of  London  includes  an  allowance  for  capital  charges 
and  depreciation ;  whereas,  in  the  case  of  the  City  & 
South  London  Railway,  the  Central  London  Railway,  and 
the  Great  Northern  and  City  Railway  the  cost  of  current 
is  only  stated  in  their  accounts  as  the  actual  generating 
expenses  at  their  respective  power  stations.  It  will 
therefore  be  seen  that  an  accurate  comparison  is  extremely 
difficult  to  make. 


iNiegardtothefutureoperation  of  these  railways,  the  com- 
petition by  electric  tramways  and  motor  omnibuses  is  likely 
to  make  still  further  inroads  on  the  traffic  of  some  of  the 
"Tubes,"  though  iu  several  instances  the  number  of  passen- 
gers shows  a  gratifying  increase,  which  is  being  maintained 
at  the  present  time.  Wliile  such  increase  is  jjartly  due  to 
greater  publicity  and  appreciation  of  the  facilities  afforded 
by  the  "  Tubes,"  it  is  also  accounted  for  by  the  inter- 
change of  traffic  between  the  various  railway.s,  and  in  this 
connection  further  developments  are  likely  to  take  place 
in  the  future.  Although  eflbrts  have  been  made  to  mini- 
mise delays,  we  think  that  some  improvement  is  still 
possible  in  timing  the  lifts  to  meet  the  trains,  though  the 
long  underground  walk  necessary  in  many  cases  to  reach 
the  platforms,  coupled  with  the  delay  by  lifts,  will  always 
act  as  a  deteirent  to  short-distance  passengers. 


Electricity  in  Building  Operations. 

Oui:  supply  authorities  are  always  on  the  look  out — or 
at  least  they  all  should  be — for  "  fresh  woods  and  pastures 
new "  in  which  electric  energy  can  be  supplied.  New 
s]>heres  are  not  opened  up  without  effort,  but  once  they  ai-e 
secured  they  are  apt  to  become  of  increasing  value.  A 
case  in  jioint  is  the  application  of  electricity  to  building 
operations.  Large  buildings  are  more  and  more  the  order 
of  the  day,  and  the  amount  of  power  plant  used  in  this 
class  of  work  is  considerable ;  generally,  however,  the 
usual  steam  plant  is  inefficient  and  costly  to  work,  so  that 
the  opening  for  electric  plant,  which  is  much  more  portable 
in  its  character,  should  be  promising.  Examples  of  elec- 
trical machinery  of  this  kind  are  illustrated  in  our  present 
issue.  There  are  no  doubt  two  main  difficulties.  The  first 
is  the  conservative  character  of  the  Britisli  builder,  which 
requires  a  good  deal  of  overcoming.  A  satisfactory  start, 
however,  has  been  made,  and  although  the  builder  may  look 
upon  the  engineer  with  suspicion,  he  is  likely  to  accept  the 
opinions  of  his  brother  builders  that  the  use  of  electrical 
plant  is  really  an  advantage.  The  second  difficulty  is  that 
the  builder  does  not,  as  a  rule,  restrict  his  operations  to  one 
particular  locality.  He  is,  therefore,  apt  to  be  a  possible 
consumer  of  a  number  of  supply  authorities,  and  as  each 
of  these  will  probably  offer  a  supply  differing  somewhat 
from  each  of  the  others,  the  unfortunate  builder  must  keep 
a  varied  assortment  of  motors  to  meet  the  different  con- 
ditions of  supply.  Here  then,  if  the  movement  is  to  be  a 
success,  the  supply  authority  must  step  in  and  be  pre- 
pared to  hire  out  the  necessary  motors.  We  trust  that 
supply  engineers  will  not  be  slow  in  taking  up  the  matter, 
for  if  electricity  is  available  from  the  start  on  suitable 
terms,  not  only  is  a  desirable  power  load  obtained  for  a 
considerable  time,  but  electricity  will  in  all  probability  be 
used  finally  in  the  building  when  completed. 

New  Cable  to  Argentina. — The  Chamljer  of  Deputies  at 
Buenos  Ayres  has  now  finally  passed  tlie  Bill  (whicli  had 
alread}'  been  adopted  by  the  Senate)  approving  the  construc- 
tion and  laying  of  a  new  submarine  telegraph  cabfe,  establish- 
ing direct  communication  between  Argentina  and  Europe,  via 
Ascension,  by  the  Western  Telegraph  Go.  Tlie  concession  is 
for  a  period  of  25  years,  and  (according  to  tlie  "Hamburger 
Xaclirichten  ")  reserves  to  the  State  a  monopoly  of  wireless 
telegraphy. 

The    Tramways   and   Light   Railways   Association. — The 

official  circular  of  tliis  Association  for  September  contains  a 
report  of  the  proceedings  in  the  arbitration  re  "  Fuses  and 
Heat  Coils,"  which  was  held  on  July  23,  1909,  before  Mr. 
G.  L.  Macfarlane,  K.C.  The  cases  of  Sir  Robert  Htmtcr, 
C.B.,  solicitor  to  the  General  Post  Office,  and  of  Mr.  Sydney 
Morse,  representing  the  Tramways  and  Light  Railways  Asso- 
ciation, are  given  in  full  ;  as  is  also  the  proof  of  Mr.  Stephen 
Sellon,  the  engineer  representing  the  Association,  and  the  arbi- 
trator's award,  delivered  on  August  12,  1909. 

Westminster  Electric  Supply  Corpn. — We  understand  that 
this  company  have  arranged  for  their  junior  employes  to 
attend  evening  classes  in  electricity  and  electrical  engineering 
at  the  Battersea  Polytechnic.  Owing  to  the  number  of  students 
desirous  of  attending,  a  special  class  has  been  formed. 

Cable  Interruptions.  Date  of  Interruption. 

Touraiie— Amoy    .„ June  17, 1909 

Assab— Perim    July    8,1909 

Dakar— Conakry Aug.  19,  1909 

Sheik  Seyd— Perim  Sep.  15,  1909 

Honf;  Kong— Macao Sep.  25,  1909 
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"Electrical  World." — It  is  announceil  that  Mr.  T.  C. 
Martin  is  retiring  from  the  co-editorship  of  the  "Electrical 
World  "  to  take  up  the  position  of  general  secretary  of  the 
National  Electric  Light  Association,  of  which  he  was  one  of 
the  founders,  and  with  whose  work  he  has  l)een  constantly 
associated.  There  is  no  doubt  that  Mr.  Martin's  departure 
will  be  a  loss  to  our  contemporary,  Ijut  perhaps  a  gain  to  the 
electrical  industry  in  the  United  States  as  a  whole. 

University  of  London  (University  College). — A.  public  lec- 
ture, introductory  to  the  session  in  tlie  Faculty  of  I'lngineering, 
will  be  given  on  Wednesday,  Oct.  6,  at  5  p.m.  by  I'rof.  .1.  A. 
Fleming,  F.li.S.,  on  "Electrical  Inventions  and  the  Training 
of  Electrical  Engineers."  The  chair  will  be  taken  by  Mr.  W. 
M.  Mordey,  President  of  the  Institution  of  Electrical  l^ngineers. 
Elsewhere  will  be  found  particulars  of  other  arrangements  for 
the  forthcoming  session. 

Northampton  Institute. — It  is  announced  that  Dr.  C.  V. 
Drysdale  is  about  to  give  a  course  of  20  experimental  lectures 
on  Wednesday  evenings,  starting  on  the  6th  inst.,  on  the 
subject  of  "  Testing  Electrical  Plant."  The  lectures  will  start 
with  the  consideration  of  electrical  and  mechanical  measure- 
ments, after  which  tlie  testing  of  generators,  motors  and 
transformer.s,  and  alternating-current  measurements  will  be 
dealt  with.  Finallj",  questions  relating  to  alternating -current 
motors  and  thedetermination  of  the  various  quantities  involved 
in  their  design  will  be  considered.  The  lectures,  of  which 
further  details  are  given  elsewhere,  will  be  supplemented  by 
laboratory  work. 

Personal. — The  retirement  is  announced  of  Mr.  Edward 
John  Houghton,  electrical  engineer  to  the  London,  Brighton 
&  South  Coast  Railway,  after  a  service  of  .52  years.  His 
chief  assistant  (and  son),  Mr.  K.  H.  Houghton,  B.Sc,  has  been 
appointed  electrical  engineer  in  his  stead,  with  sole  charge  of 
the  telegraphs,  electric  lighting,  power  and  electric  traction  on 
the  railway. 

Mr.  E.  .J.  Houghton  was  born  in  Kent  in  1844,  and  entered  the  tele- 
graph service  of  the  London,  Brighton  &  South  f 'oast  Railway  in  his 
fourteenth  year.  He  became  assistant  telegraph  superintendent  in 
1869  and  electrical  engineer  in  1875.  Mr.  Houghton  introduced 
several  imprnvements  into  the  telegraphic  ajjparatus  used  in  connec- 
tion with  the  .signalling,  and  also  invented  a  sj'stem  of  electric  light- 
ing of  trains. 

Victoria-London  Bridge  Electric  Railway. — It  is  announced 
that,  owmg  to  some  difficulties  with  the  Board  of  Trade  with 
reference  to  provisions  for  public  safety  in  the  matter  of  signals, 
the  opening  of  the  electric  service  on  the  Victoria-London 
Bridge  section  of  the  London,  Brighton  &  South  Coast  Railway 
will  not  take  place  as  arranged,  but  that  the  ultimate  date 
(December  1st)  agreed  upon  would  not  be  departed  from. 

It  is  fmthcr  announced  that  so  far  as  the  equipment  of  the  permanent 
way.  the  wiriiii;  and  the  lu-ovision  of  the  new  trains  are  eoneerned,  every- 
thing is  in  order  for  opening  the  line,  btit  objections  have  lieen  raised  by 
the  Board  of  Trade  that  the  view  of  certain  of  the  .signals  is  obscured  by 
some  of  the  overhead  apiiaratus,  and  it  will  l)e  necessary  for  these  defects 
to  be  remedied  before  the  trains  can  be  run.  For  some  weeks  experi- 
mental trains  have  been  running  on  the  section  between  Battersea  Park 
and  Peckham  Rye,  and  the  results  have  been  of  an  entirely  satisfactory 
character. 

Moscow  Contracts. — Consul  H.  M.  Grove  (Moscow)  says,  in 
his  report  for  HHJ8,  that  the  whole  of  the  work  of  the  con- 
cession for  the  electrification  of  the  Moscow  tramway  system, 
to  be  paid  for  by  Moscow  city  bonds,  was  virtually  in  the 
hands  of  a  British  syndicate,  which  was  to  have  taken  over 
this  loan  at  7.5  per  cent.  Unfortunately,  the  concession  was 
allowed  to  fall  through.  The  requisite  funds  having  been 
obtained  by  means  of  a  loan  raised  in  London,  nearly  all  the 
plant  has  been  ordered  from  Germany.  This  contract  for  the 
construction  of  the  electric  trams  was  (Mr.  Grove  remarks) 
only  the  first  contract  the  town  was  then  willing  to  hand  over 
to  the  British  syndicate — other  things  were  to  follow  which 
would  have  been  even  bigger. 

Royal  Observatory  at  Greenwich  and  the  Electric  Tram- 
ways.— In  connection  with  the  stojipage  of  the  work  of  con- 
version of  a  part  of  the  London  County  Council's  tramways  to 
electric  traction  in  the  neighbourhood  of  Greenwich,  it  will  be 
remembered  that  the  Admiraltj'  decided  that  to  permit  the 
existence  of  electric  tramways  on  a  system  other  than  one  pro- 


viding for  insulated  return  within  3  miles  of  the  Observatory 
would  be  likely  to  interfere  with  the  magnetic  work  of  the 
Observatory,  and  an  agreement  was  come  to  providing  that  all 
lines  within  a  .3  mile  radius  shoidd  be  constructed  on  a  system 
th.at  would  meet  with  the  approval  of  the  Admiralt}-.  The  short 
piece  of  line  between  Beresford-square,  Woolwich,  and  the 
Free  Ferry  does  not  come  within  the  3  miles  radius,  but  just 
touches  it,  and  a  hitch  seems  to  have  arisen  from  a  fear  on  the 
part  of  the  Admiralty  that  the  overhead  system  was  to  be 
brought  inside  the  limit,  though  such  is  not  the  case.  In 
regard  to  the  projected  lines  from  Woolwich  to  Eltham,  which 
do  come  within  the  ^5  mile  limit,  the  Admiralty  is  also  stand- 
ing out  for  a  system  providing  for  an  insulated  return.  The 
earnings  of  the  line  aie  not  likely  to  be  such  as  to  justify  the 
use  of  the  costlj'  conduit  system,  and  up  to  the  present  the 
Highways  Committee  of  the  Council  have  not  submitted  an 
alternative  system  uf  which  the  Admiralty  can  approve. 

L.C.C.  Electrical  and  Highways  Branch. — The  Electrical  and 
Highwa3s  branch  of  the  Engineer's  Department  of  the  London 
County  Council  has  removed  from  42,  Craiibourne-street, 
London,  W.C,  to  Hungerford  House,   Victoria  Embankment, 
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W.C,  (adjoining  the  Charing  Cross  Rtiilway  station  on 
the  "Underground").  Here  the  testing  of  electricit)-  meters 
will  in  future  be  done,  and  the  electrical  work  supervised  by 
the  Inanch  conducted.  The  new  liuilding  of  the  branch  is 
shown   in  the  accompanying  illustration. 


ARRANGEMENTS  FOR  THE  WEEK. 


PRIDAY,  October  1st  (to-day). 

Iron  .\nd  Steel  Institdte. 
Meeting  at   the   Institution  of  Civil  Engineers,  Great  George- 
street,    Westminster.     [A    list   of   the    Papers  of   electrical 
interest  was  given  in  our  issue  of  September  3rd,  p.  817.] 

SATURDAY,  October  2nd. 

IxsTiTCTioN  OF  MiNiNi;  Eleotkic.\i,  Engneebs, 
J:.i(i  p.m.     General  Meeting  at  the  Roj-al  Victoria  Station  Hotel, 

.Sheffield. 

MONDAY,  October  4th. 

The  Society  ok  Encixekrs. 
::,iO.     Meeting   in  Room   18,   Caxton    Hall,    Westminster,   S.W. 
Paper  on  "The  Status  of  the  Engineering  Profession,'  by 
Mr.  G.  A.  Thomas. 

THURSDAY,  October  7th. 

Civil  .\nd  Mechanical  Encinsers'  Society. 
^  p.m.     Meeting    at    Caxton    Hall,    Westminster,     Presidential 
Adilress  by^Mr.  W.  N.  Twelvetrees. 

Corps  of  Blectrical  Engineers  (London  Division). 
Officer  Commanding,  Col.  R.  E.  B.  Cromptou,  C.B. 
Monday,       Oct.       4th, 

"  A  '■  Company    Technical  drill,  7:0  p.m.  to  9:30  p.m. 

Tuesdav,      Oct.       5th, 

■'  15  ""Company Technical  drill,  7:0  p.m.  to  9:30  p.m 

Wednesday,   Oct.    6tb.     Gymnasium,  6:30  p.m.  to  9:30  p.m. 
Thursday,     Oct.     7th, 

"  C  "  Company      Technical  drill,  7:0  p.m.  to  9:30  p.m. 

Friday,        Oct.        8th, 

••  D "  Compan\     Technical  drill,  7:0  p.m.  to  9:30  p.m. 
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THE  UNDERGROUND  RftlLWAYS  OF  LONDON. 


analysis  for  the  12  months  ondedJune  30th  last — ('.<•.,  a  period 

covering  two  half-yearly  reports  of  the  directors — of  the  same 

In  our  issues  of  November  8.  1907.  and  December  H,  1908.  ;  railways,  certain  figures  given  in  last  year's  analysis  being  also 

we  analvsed  the  accounts  and  details  of  working  of  the  various  \  included  for  the  sake  of  comparison.     Table  I.  herewith  relates 

underground  railways  of  London,  and  we  now  give  a  detailed  |  to  what  are  generally  termed  the  "  Tubes  "   (excluding  the 
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Waterloo  &  City  Railway),  whilst  in  Talilr  II.  arc  jiivcn  the 
workinji;  costs  of  the  Metropolitan  District  Railway  and  the 
Metropolitan  Railway,  which  railways  differ  ijx  some  respects 
from  the  above-mentioned  "  Tubes,"  and  have,  therefore,  been 
treated  separately. 

Summarising  the  results  as  shown  in  the  tables,  it  may  be 
said  that,  although  the  Great  Northern  &  City  Railway  has  to 
record  a  very  unsatisfactory  year's  working  (due  to  the  corn- 


Table  II. — General  Data  and  Working  Costs. 


Metropolitan  District  Railw.4y. 


12  months, 
June,  1908-9. 


Metropolitas  Rah  way. 


Items. 


Miles    of    route    constructed    and 

owned  bj' company   24'3 

Capital  expenditure  (total) £12,126,68 


Total  No.  of  ears  (e.tr.l2  elec.  locos.) 

Average  seating  capacity ..! 

I.  Car-mil6.,  Dist.  cars  on  Dist.  Ry . 

II.  Car-mileage,  Dist.  cars  on  joint 

and  foreign  lines    

III.  Total  car-mileage  by  Dist.  cars 

I V.  Car-mile.,  other  Cos'  on  Dist.Ry. 
V.  Total  car-mile,  on  Dist.  Ry.    ... 

VI.  Total  car-mile.,  Dist.  aiidforeign 
cars  on  Dist.  Ry.  and  by  Dist. 
cars  on  joint  and  foreign  lines 

Number  of  passengers 

Number  of  passengers  per  car-mile 
(based  on  car-mileage,  No.  V.) ._ 
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1,790,356 
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17,961,461 
64,453,617 
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12  months 
1907-8. 


84-5 
£15,028,439 
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Main,  and  renewals  of  Perm'ntway ;    23  967 
Repairs  to  signals i      7819 


Total, 

12mths 

Juno, 

1908-9. 

£ 

1,098 


.sup. .. 


14,022 


46,906 


1,492 
4.3,351 


117,587 
34,144 


156,682 


Repairs  to  stations,  buildings,  &c.... 

Total 

Repairs  and  Renewals  of  Rolling 
Stock. 
Salaries,  office  exp.  and  gen. 
Repairs  and  renewal  of  cars 

Total    

Electric  Train  Workinrj. 
Elec.  current  and  generating  exp. 
(inc.  interest  on  power  house)    ... 

Wages  of  trainmen  

Car  cleaning,  depot  expenses  and 
running  stores 

Total 

TrafHc  Expenses. 

Salaries  and  wages   

Fuel,  light,  water  and  gen.  stores... 

Clothing  

Printing,  stationery,  billposting,&c. 

Total    

Sundry  Items.  [ 

General  charges _ 21,276  I 

La  w  charges  &  Parly.  exp.,Govt.  duty       1,072 

Compensation '      1,518 

Rates  and  taxes i    31,011 

Joint  lines  and  stations  expenses  ..  I      7,280 

Total 62,157  I 

TOTAL  WORKING  EXPENSES  353,419 

Ihi/uft :  Work  done  for  other  cos.      63,340 
Less  work  done  by  other  cos.      1 1 ,884 

NET  WORKING  EXPENSES  301,963 

Revenue  from  passenger  traffic 498.820 

Revenue  from  sundry  receipts  |    36,373 

TOTAL  REVENUE  535,193 

Balance    .-.  ...    233,230 


Per  car-mile. 
12mths    12mths 


June, 

1908-9. 

d. 

0-02 
0-47 
0-15 
0-27_ 
0-91 


0-02 
0-65 


•June, 
1907-8. 


d. 

0-02 
0-56 
0-19 
017 


0-94 


0-03 
0-64 


Car-  Total, 

mileage   12  month; 
used  as        June, 

basis.    I     1908-9. 


44,843  I      0-67 


0-67 


28.534 

6,384 

536 

7,377 

42,831 


1-87 
0-60 

0-09 
2-56 

0-62 
016 
001 
0-14 


0-82 

0-41 
0-02 
0-03 
0-60 
0'14 
120 


5-82 
9-66 

0-70 

1036 

4  52 


Jr93 

0-49 
003 
0-06 
0'78 
008 

1-54 


[No.  V. 
f  (above.  :\ 


.No.III. 


No.  VI. 
1  No.III. 


£ 

1,898 
21,737 
24,628 


ain  mileage 
3,2.50,160 

in  mileage 
200,356 


Total, 

12  months 

June, 

1907-8. 

£ 

1,332 

24,690 

21,133 


6-66 
'.1-31 

0-81 


No.  V 


1012 

3-46 


*  Approximate. 

l)etitiou  of  the  Londoh  County  Council  tramways),  and  the 
Central  London  Railway  and  the  City  &  South  London  Rail- 
way show  little,  if  any,  progress,  due  in  the  one  case  to  the 
Huetuating  traffic  in  connection  with  the  Shepherd's  Bush  E.x- 
hibition  and  the  severe  competition  of  motor  and  other  omni- 
buses, and  in  the  other  case  to  tramway  competition,  the  under- 


of  London  are  making.'  j.'reat  headway.     It  will  be  reniemlx-red 

that  the  undertakings  consist  of  the'  Baker-street  &  Waterloo 

Railway,  the  Great  Northern,  Piccadilly  &  Brompton  Railwav, 

the  Charing  Cro.ss,  Euston  &  Hamp.stead  Railway  andjthe 

Metropolitan  District  Railway.     Progress  is  als..  shown  bv"the 

Metropolitan  Railway,  but  owing  to  the  mked  nature  o'f^the 

traffic  over  this  company's  lines,  and  also  owing  to  the  fact 

that  SO  many  steam  locomotives  are  employed,  we  are  unable 

to  make  a  satisfactory  analvsis  of  the 

accounts  of  this  railway,  and  therefore 

merely  give  the  total  sums  figuring 

under  each  item. 

Considering  first  Table  I.  it  will  be 
observed  that  the  same  form  of  ana- 
lysis as  last  year  has  been  adopted, 
and  for  the  first  time  a  comparison 
is  possible  of  the  progress  made  by 
the  (,'haring  Cross,  Euston  &  Hamp- 
stead  Railway.  As  was  to  be  ex- 
pected, the  traffic  on  this  tube  shows 
a  considerable  increase  compared 
with  that  during  the  first  year's 
operation,  as  is  indicated  by  the 
increase  in  the  number  of  passengers 
per  car  -  mile  from  402  to  ■1-92 ; 
and  as  the  working  expenses  have 
decreased  from  5-16d.  to  -l-Sed.  per 
car-mile  the  prospects  of  this  tube 
have  considerably  improved.  The 
most  striking  result,  however,  is  pro- 
bably the  reduction  in  the  working 
expenses  of  the  Baker-street  &  Water- 
loo tube  from  6-30d.  to  -o-SOd.  per 
car-mile,  which  latter  figure  is,  never- 
theless, considerably  greater  than  the 
4-83d.  per  car-mile  recorded  on  the 
Great  Northern,  Piccadilly  &  Bromp- 
ton tube. 

Taking  into  consideration  the  size 
of  the  cars  on  the  various  railways — 
as  is  to  some  extent  indicated  by  the 
seating  capacity  given  in  Table  I. — 
the  most  creditable  record  is,  perhaps, 
that  of  the  City  &  South  London  Rail- 
way, which  shows  working  expenses 
of  only  2-85d.  per  car -mile,  the  seating 
capacity  of  each  car  being  32  pas- 
sengers, compared  with  about  50  on 
most  other  tubes.  In  this  connec- 
tion attention  should  be  paid  to  the 
fact  that  the  cars  in  use  on  the  Great 
Northern  &  City  Railway  are  consider- 
ably larger  than  the  others,  each 
providing  seats  for  63  passengers. 
In  regard  to  the  details  of  the  work- 
ing expenses,  it  will  be  noticed  that 
in  almost  every  case  a  considerable 
reduction  is  shown  in  the  cost  of 
current  per  car-mile,  and  generally 
the  cost  of  repairs  shows  little,  if 
any,  increase.  We  have  frequently 
referred  to  the  hardship  inflicted 
on  many  of  the  tubes  by  rates  and 
taxes,  and  attention  may  again  be 
drawn  to  the  sum  of  0-88d.  per  car- 
mile  appearing  under  this  heading 
in  the  accounts  of  the  Central  Lon- 
don R.iilway  ;'this  figure,  although  less  than  that  of  Id.  per 
car-mile  recorded  a  year  ago.  is  still  a  severe  handicap  on 
any  undertaking,  particularly  when  it  is  exposed  to  the  com- 
petition of  nu)tor  oiunilnises.  on  which  rates  and  taxes  bear 


48,263 

47,155 

718 
19,712 

740 
18,403 

20.430 

19,143 

Loco,  and 
generating 
expenses 
and  car 
cleaning 

1497797^ 

82,248 
7,912 
2,280 
5,810 


98,250 


46,358 
4,254 
1,947 


Loco,  and 

generating 

expenses 

and  car 

cleaning. 

149^031 

81,553 
8,067 
2  221 
5!ll0 

96,951 

37,688 
4.662 
8,217 

48,409 


5,799 
108,320 
425,060 

7,854 
106,830 
430,250 

}    29,777 

38,511 

395,283 

391,739 

619,443 
1.36.;«(l 

755,773 

575,618 
128,820 

704,438 

360,490 


312,699 


but  lightlv. 
It  will' be 


takings  controlled  by  the  Underground  Elcctrip  Railways  Co.  J  suj)plies  the 


remembered  that  the  Lot's-road  power  station 
current  for  operating  the  trains  on  the  various 
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Table   III* — Locomotive  and  Geiurating  Expettsts  for  12  mon 
June,  1909. 

hf  aided 

Items. 

Central 
ix>adon. 

aty  &  S. 
London. 

Metro- 
politan. 

G.X.  & 

City. 

Salaries,  office  expenses,  &c 

£ 

2.555 

16,225 

273 

£ 

913 
8.259 
150 
1,035 
10.817 
4,879 
... 

£ 

3.940 

55.508 

1.587 

2.944 

39.246 

36.399 

864 

£ 
525 

5,828 

1.013 

Oil,  tallow,  stores.  &c 

1.908 

15.038 

12,785 

849 

243 
4.S47 

3  109 

Totals    

£47.935 

£26,053 

£138,760 

£15,565 

undertakings  (enumerated  above)  of  the  Underground- Electric 
Eailways  Co.  of  London,  and  as  this  power  station  is  operated 
as  an  independent  undertaking  it  vi-ill  be  seen  that  the  cost  of 
current  on  these  railways  is  not  comparable  with  that  item  as 
given  for  those  tubes  possessing  their  own  power  stations. 
In  Table  III.  will  be  found  details  of  the  generating  expenses  of 
these  railways,  from  which  table  an  idea  of  the  relative  im- 
portance of  the  various  items  can  be  obtained. 

With  regard  to  the  revenue,  it  is  discouraging  to  notice  the 
continued  decrease  of  traffic  on  the  Great  Northern  &  City  line. 
the  receipts  dropping  from  10-57d.  to  10-09d.  per  car-mile,  and 
representing  no  less  than  2.843.324  passengers — the  total 
number  of  passengers  for  the  12  months  ended  Jime  30th  last 
was  only  ll.-575.-t.52.  The  diminished  revenue  per  car-mile 
recorded  on  the  Central  London  Railway  and  the  City  &  South 
Loudon  Railway  is  counterbalanced  by  diminished  working 
expenses,  but  as  reductions  in  the  latter  item  cannot  be  depended 
on  in  the  future,  it  is  to  be  hoped  that  the  attempts  of  the  direc- 
tors to  find  means  for  retaining,  if  not  increasing,  the  traffic 
on  these  lines  will  prove  successful.  In  this  connection  it  wiU 
be  remembered  that  at  the  present  time  a  Id.  fare  for  distances 
up  to  three  stations  is  on  trial  on  the  Central  London  Railway, 
but  the  results  of  this  policy  are  not  yet  clearly  indicated.  We 
expect,  however,  great  improvement  from  the  forthcoming 
extension  of  this  railway  to  Liverpool-street. 

Turning  now  to  Table  II..  little  comment  is  necessary, 
beyond  drawing  attention  to  the  jirovision  of  a  column  for  the 
Metropolitan  District  Railway  showing  the  particuar  car- 
mileage  employed  in  calculating  the  various  costs  per  car-mile. 
This  distinction  is  necessary  owing  to  the  complicated  nature 
of  the  traffic  over  this  railway,  as  is  sufficiently  indicated  by 
the  figures  given  under  the  various  car-mileage  totals.  It  will 
be  noticed  that  a  large  reduction  is  shown  this  vear  in  the  net 
working  expenses  of  the  District  Railway,  and  this,  together 
with  the  fact  that  the  revenue  shows  signs  of  expansion,  should 
prove  very  gratifying  to  the  company's  .staff,  which,  in  the  past, 
has  been  criticised  for  the  results  attending  electrification. 

As  regards  the  Metropolitan  Railway,  we  have  referred  above 
to  the  difficulty  of  comparing  the  results  with  those  on  other 
lines,  and  the  figures  given  are  merely  instructive  as  showing 
the  growth  of  revenue  and  the  decrease  in  working  expenses. 


WHY  MANUFACTURERS  DISLIKE  COLLEGE 
GRADUATES* 

BY    FKEDERICK    W.    TAYLOR. 

In  the  criticism  which  I  have  to  offer  I  am  not  opposed  to  engincer- 
ing  education  as  a  preparation  for  life.  On  the  contrary,  in  all  cases 
where  possit)le  I  Invariably  select  an  engineering  graduate  for  almost 
any  large  position  that  has  to  be  filled.  There  ought  to  be  no 
question  as  to  the  \alue  of  young  engineers.  Ijut.  on  the  other  liand. 
teachers  are  not  in  very  close  touch  with  the  general  public  opini(jn 
of  the  country  in  the  matter. 

I  do  not  think  there  is  a  shadow  of  doubt  that  the  overwhelming 
majority  of  employers  in  this  country  want,  if  possible,  to  have 
nothing  to  do  with  young  graduates  if  they  can  a\'oid  doing  so. 
That  is  a  fact,  and  one  that  ought  to  be  ap])reciated.  I  want  you  to 
ap[)refiate  that  this  sentiment  exists  very  largely  in  this  country. 

*  From  "The  Electric  Journal."     Slightly  abbreviated. 


1  think  tliose  who  liave  had  the  longest  and  largest  ex])erience  with 
eni-'ineering  graduates  want  them  the  most,  but  I  daresay  tliey  only 
want  them  on  the  average  after  they  have  been  out  of  college  one  or 
tno  years.     They  want  someone  else  to  take  them  first. 

Xow  that  is  one  side  of  the  question.  The  other  side  comes  to 
me  from  my  personal  observation.  I  think  it  is  also  true  that  nine 
out  of  ten  of  these  young  men  are  dissatisfied  for  at  least  one  or 
t\Mi  years.  They  find  their  employers  unappreciative  and  exacting. 
They  are  not  given  any  kind  of  opportunities  commensiuate  with 
their  education  and  what  they  are  able  to  do.  They  are  asked  to 
do  work  that  mere  boys  could  do.  Almost  invariably,  they  want  to 
leave  their  first  employer,  and  it  is  only  after  going  to  their  second 
or  third  that  they  become  aware  of  the  fact  that  the  boys  that  they 
make  light  of  are  the  ones  who  can  do  things  and  are  the  ones 
favoured  by  the  employers,  and  that  the  whole  or  nearly  all  of  the 
employers  of  the  country  are  not  really  unappreciative.  Some  ten 
years  ago  I  made  up  my  mind  never  to  employ  a  college  man  who 
had  not  been  out  two  years  at  least,  if  I  could  help  myself.  Then 
he  will  have  learned  something  about  Ufe  and  what  the  world  is. 

Xow  are  those  two  conditions  indispensable  ?  Are  they  indis- 
pensable conditions  to  the  young  graduate  ?  Is  it  necessary  that 
the  young  graduate  should  be  tiuned  out  so  that  he  is  unliappy 
and  discontented  for  a  period  of  two  years  more  or  less  after  he 
graduates  ?  And  is  it  necessary  that  tlie  yovmg  gi'aduate  should  go 
out  with  such  an  education  that  the  average  employer,  who  is  an 
honest  man.  who  really  believes  that  he  is  right,  feels  that  these 
young  men  are  not  what  he  wants  ?  Is  that  condition  indisjwnsable  ? 
I  most  firmly  believe  not.  I  believe  that  the  young  graduate  can 
be  turned  out  so  as  to  be  useful  right  from  the  start,  and  I  believe 
that  there  are  two  particular  faults  which  are  responsible  for  this 
condition  of  affairs,  both  of  them  remediable. 

The  first  of  these  is  because  of  the  fact  that  during  the  four  years 
that  these  young  men  are  at  college,  they  are  under  loose  discipline, 
and  are  allowed  a  greater  freedom  than  they  have  ever  had  before, 
or  will  ever  have  again. 

I  will  cite  some  illustrations.  In  most  universities  and  colleges 
the  student  is  given,  every  term,  a  certain  number  of  cuts  for  which 
he  is  held  to  no  responsibility.  He  can  simply  absent  himself 
from  recitations,  from  lectures,  from  duty  that  belongs  in  the  college 
course,  and  no  one  ever  asks  what  he  has  done,  or  where  he  has 
gone.  If  that  same  young  man  absents  himself  once  without  a 
reasonable  excuse,  when  he  gets  into  business,  he  is  usually  hauled 
up  and  asked  in  the  most  impertinent  manner,  why  he  was  away. 
Xo  cuts  in  business,  no  talk  about  how  many  cuts  a  man  has.  The 
second  or  third  time  that  he  does  cut.  he  is  discharged.  Young 
college  men  work  when  they  please,  and  as  much  as  thej-  please, 
the  only  restrictions  being  that  they  have  to  pass  certain  examina- 
tions. Their  habits  are  left  almost  entirely  to  themselves.  ^Vllen 
they  begin  commercial  life  those  habits  are  regulated  and  rigidly 
prescribed  by  someone  else. 

The  radical  difference  of  treatment  which  these  young  men  receive 
in  college,  from  what  they  receive  afterwards,  to  my  mind,  is  the 
lesser  of  the  two  reasons  for  the  two  fundamental  facts  that  I  have 
described,  namely  the  unhappiness  of  the  young  man  when  he  gets 
out.  his  failure  to  fit  in  his  surroundings,  and  great  lack  of  demand 
for  these  young  luen  tlu'oughout  the  country. 

The  reason  for  this  is  tliat  for  twenty-two  years  these  yoimg  men 
are  allowed  to  go  \^ithout  even  a  single  look  at  conditions  which 
they  are  to  face  tliroughout  their  lives.  The  work  of  the  student, 
of  the  young  man.  is  that  of  absorbing  ;  he  is  engaged  in  the  i«i  - 
tormance  of  getting  things  fastened  in  his  mind  for  liimself,  Im 
his  own  use.  That  is  his  life  for  twenty-two  years.  The  moment 
he  gets  out  he  begins  directly  the  o])posite.  Absorbing  ceases  and 
becomes  a  very  minor  part  of  a  man's  work.  He  begins  giving  the 
few  itleas.  or  the  many  which  he  may  have  gotten,  to  help  some 
one.  He  has  been  served  for  twenty-two  years  by  some  one  clsi-. 
the  moment  he  gets  out  he  begins  serving  others.  Is  it  any  wonder 
these  young  men  find  great  difficulty  in  suddenly  changing  from 
the  attitude  of  sponges,  or  absorbers,  to  that  of  human  beings  actively 
engaged  for  the  benefit  of  .someone  else  ?  I  think  the  wonder  is 
that  they  adjust  themselves  so  quickly  to  it. 

The  central  idea  that  the  boy  gets  at  college  is  training,  train- 
ing of  the  mind,  storing  the  mind  full  of  things.  Now  I  say,  with- 
out the  slightest  hesitation,  that  for  success  in  life,  intellectual  train- 
ing comes  .second  or  third.  Without  the  slightest  question,  char- 
acter comes  first ;  good  .sense,  second,  and  intellectual  training 
third.  The  entire  emphasis  of  the  college  life  is  on  intellectual 
training.  .\s  long  as  the  man  commits  no  offence  which  sends  him 
to  jail,  it  is  very  little  of  the  business  of  the  management  of  those 
universities  what  those  boys  do. 

What  is  the  remedy  for  these  two  faults  ?  I  do  not  believe  there 
is  any  [janacea  for  all  faults,  but  I  do  believe  that  there  is  a  great 
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jialliative  jKissihlo.  I  lielieve  that  every  young  student  in  our 
colleges,  from  the  student  who  intends  to  be  a  minister,  on  the  one 
hand,  to  the  meehanical  engineer,  on  the  other  hand,  should  leave 
college  at  the  end  of  the  freshman  year  and  spend  at  least  one  year 
in  actual  hard  work  in  a  shop  of  some  kind.  1  say  shoj),  because 
he  will  be  certain  to  be  under  careful  and  constant  supervision 
when  working  in  a  shoj)  as  a  workman,  alongside  workmen. 

I  would  not  send  them  there  with  the  idea  of  getting  intellectual 
training.  If  they  do,  it  i.s  a  mere  incident.  1  would  send  them 
there  mainly  for  the  purpose  of  giving  them  a  real  look  at  life's 
work  and  give  it  to  them  early  enough  so  as  to  affect  the  last  three 
or  four  years  of  their  college  life.  When  they  start  work  in  a  shop, 
under  good  rigid  discipline,  they  then  begin  to  get  the  character 
training,  which  is  almost  entirely  lacking  at  college.  They  then 
begin  to  learn  the  great  lesson  of  life,  that  almost  nine-tenths  of 
the  work  that  every  man  has  to  do  is  monotonous,  tiresome  and 
uninteresting.  Then  they  start  to  develop  the  character  which  en- 
ables them  to  do  unpleasant,  disagreeable  things.  This  is  the  greatest 
training,  to  my  mind,  which  they  get  in  the  shop.  They  learn 
that  life  is  made  up  mainly  of  serving  other  people,  not  that  the 
world  is  there  to  teach  them  something  new,  I  think  that  almost 
invariably  they  start  into  the  shop  with  the  common  idea,  "  Xow  I 
am  here  to  learn  something,  to  get  something  in  this  shop  that  is 
going  to  be  a  line  engineering  education  for  me."  They  fail  at 
once,  for  there  is  no  great  intellectual  training  in  the  shop.  Many 
of  them  cannot  stand  the  monotony  and  fail  to  get  the  real  character 
training  that  comes  from  that  work. 

There  is  another  thing  that  they  learn,  which  i.s  of  enormous 
importance  for  these  young  men,  and  I  think  it  has  more  to  do  with 
making  them  earnest  and  determined  than  anything  else.  You 
could  lecture  to  them  and  talk  to  them  from  now  to  doomsday,  and 
tell  them  that  the  man  who  goes  along  the  street  in  greasy  overalls, 
that  the  man  who  runs  a  lathe,  is  mentally  as  well  equijiped  as  they 
are  and  they  won't  believe  it.  They  may  acquiesce  mentally,  but 
away  back  in  their  brains  they  say,  "  Oh,  yes,  I  will  believe  it,  but 
it  is  not  so,"     That  is  their  mental  attitude. 

Young  men  who  work  in  any  first-class  establishment  find  that 
men  who  cannot  talk  grammatically,  that  men  who  chew  tobacco, 
slouch  along  the  street  with  greasy  overalls  on,  who  hardly  look  up, 
who  are  scarcely  willing  to  speak  to  you  politely  as  you  go  along, 
are  intellectually  as  clear  as  they  are.  That  is  what  the  young  men 
learn.  I  remember  very  distinct!}'  the  perfectly  astonishing  awaken- 
ing at  the  end  of  six  months  of  my  apprenticeship,  when  I  dis- 
covered that  there  were  three  men  in  the  paint  shop,  I  being  the 
fourth,  who  were  all  smarter  than  I  was.  Now  when  a  young  man 
gets  it  clearly  in  his  head  that  he  is  made  of  the  same  kind  of  clay 
as  those  other  men.  then  his  only  hope  is  not  to  be  outstripped  in 
better  education.  He  sees  clearly  enough,  if  he  uses  his  eyes,  that 
it  is  energy,  grit,  pluck,  determination,  ability  to  stick  to  it,  charac- 
ter which  makes  success  in  the  manufacturing  and  in  the  engineer- 
ing world.  He  will  finally  come  to  the  conclusion,  "  I  can  get  that 
as  well  as  the  other  fellow,  I  have  as  much  grit,  I  can  probably  get 
more."  He  probably  has  more,  and  he  goes  back  to  college  with 
the  determination  to  get  the  better  education. 

This  development  of  character  1  look  upon  as  the  greatest  good 
that  comes  from  work  in  the  shop.  Prof.  Furman,  of  Stevens 
Institute,  published  last  winter,  in  the  Stevens  Indicator,  a  record 
of  the  careers  of  the  gi-aduates  of  Stevens  Institute.  In  the  group 
of  successful  graduates  of  Stevens  Institute  more  than  half  were 
engaged,  not  in  engineering,  but  in  executive  work,  in  managing,  as 
presidents,  vice-presidents,  superintendents,  managers,  in  some 
capacity  in  which  engineeriiTg  was  entirely  secondary  and  inci- 
dental, and  in  which  the  real  work  was  executive  work.  Now  that 
is  a  very  important  fact  which  shows  what  has  taken  place  with  the 
graduates  of  one  of  the  oldest  mechanical  engineering  schools  of 
this  country. 

At  college  a  very  large  amount  of  time  is  given  up  to  the  study 
of  materials.  Practically  his  whole  chemical  course  is  the  study  of 
materials.  A  very  considerable  part  of  his  course  in  physics  has 
li>  do  with  materials.  The  greater  part  of  his  work  in  a  mechanical 
laboratory  is  a  study  of  materials.  Do  you,  gentlemen,  realise  that 
I  he  great  raw  material  with  which  more  than  one-half  of  the  suc- 
cessful graduates  of  our  technical  schools  have  to  deal,  receives  not 
a  single  hour  of  study  at  our  colleges  and  universities,  not  one 
hour  ?  That  the  great  raw  material  with  which  the  managers, 
superintendents,  presidents,  every  man  of  our  lai'ge  com)ianies  is  deal- 
ing is  men  '!  And  these  onc-lialf  of  the  students,  who  are  finally 
called  u)ion  to  manage  workmen,  learn  nothing  whatever  about  that 
it  College,  At  twenty-two  years  of  age  on  the  average  they  land 
i>utside  of  college  without  the  slightest  knowledge  of  the  great  raw 
material  with  which  more  than  one-half  of  them  will  have  to  work 
( hroughout  their  lives. 


Now.  those  of  you  who  have  worked  much  with  workmen,  will 
realise  fully  that  it  is  next  to  impossible  to  studv  them  from  the 
top.  Workmen  can  only  be  properly  studied  h"ide  by  side  and 
shoulder  to  shoulder.  The  man  who  undertakes  to  study  them  from 
the  top.  gets  a  superficial  knowledge  of  his  workmen,  and  in  many 
cases  an  entirely  wrong  and  misleading  idea.  The  only  way  that  a 
man  can  become  familiar  with  the  line  of  thought  of  his  workmen. 
with  the  process  of  reasoning  by  which  thcv  approach  the  great 
l)roblems  that  are  in  their  minds,  is  by  becoming  intimate  with 
them,  by  working  side  by  side  with  them,  so  that  they  forget  that 
you  are  not  one  of  their  kind,  and  genuinely  tell  you  what  they 
think. 

I  say  without  the  slightest  hesitation  that  no  man  is  well  equipped 
to  manage  workmen  who  cannot  say  ten  sentences  con.secutively 
to  a  workman  and  have  that  workman  say  at  once.  ■  Oh.  he  has 
worked.  I  know  abcmt  him.  He  has  worked.  "  Absolutely,  un- 
conditionally in  ten  ordinary  sentences,  if  it  be  about  work,  the 
workman  will  size  up  the  fact  as  to  whether  he  has  licen  a  work- 
man or  not.  And  until  a  man  is  intimately  acquainted  with  them 
and  knows  their  methods  of  thought,  their  methrxls  of  expression 
and  the  way  they  look  at  things,  he  is  at  a  very  great  disadvantage 
as  a  manager. 

.Just  now .  in  this  country,  we  are  facing  a  great  problem  in  the 
management  of  our  men  ;  "the  problem  upon  which.  I  think  it  may 
be  said  with  almost  certainty,  that  England  has  made  a  grand  failure. 
We  are  facing  that  problem  and  are  up  against  it  hard— the  problem 
of  soldiery,  and  no  man  can  properly  and  thoroughly  appreciate 
this  great  problem  unless  he  has  worked  among  nidi  when  they 
soldier,  knows  their  arguments  for  and  against  it  and  has  some  idea 
of  how  to  remedy  that  great  defect  :  the  defect  which  has  come  close 
to  ruining  the  English  industries. 

Now  there  is  one  more  thing,  ilore  and  more,  management 
is  becoming  a  question  of  co-operation  on  a  large  scale.  The  whole 
training  of  the  yoimg  man  while  he  is  at  the  university  is  an  in- 
dividual training.  He  has  not  the  slightest  training  in  co-operation, 
except  possibly  what  he  gets  from  his  bascliall  or  football  team  in 
the  university  ;  and  yet  every  year  the  problem  of  co-operation  be- 
comes a  greater  one. 

These  young  men  at  twenty-two  go  out  without  having  seen 
any  co-operation,  thoroughly  unfitted  for  it  in  many  respects : 
thoroughly  unfitted  to  do  what  they  are  told  promjnly  and  without 
asking  questions  and  making  suggestions.  They  will  not  become  one 
of  a  train  of  gear  wheels,  and  it  is  absolutely  necessary  for  every 
man  in  an  organisation  to  become  one  of  a  train  of  gear  wheels. 
The  training  he  usually  receives  in  no  way  fits  him  for  that.  But 
the  year  in  a  shop  will  give  him  at  least  a  good  look  at  it.  He  has 
to  work  as  one  of  a  train  of  gears  during  that  year.  I  do  not  think 
there  is  any  equivalent  for  this  work.  Certainly  the  university  shop 
is  in  no  wise  an  equivalent.  There  they  are  in  competition,  not 
with  men  who  are  engaged  in  working  for  a  living,  but  with  other 
students.  They  are  not  rubbing  against  other  men  and  getting  their 
viewpoints,  learning  something  as  to  how  work  ought  to  be  done. 
They  may  get  a  little  good  out  of  it.  but  as  far  as  the  great  work 
they  ought  to  have,  the  character  training  and  the  study  of  men, 
they  get  nothing.  The  thing  that  comes  close  to  it  in  college  is  the 
three  or  four  months  of  vacation  work.  Even  dining  this  time, 
however,  they  fail  to  get  it  because  all  they  do  is  to  go  in  there 
with  the  idea  of  learning  something.  It  is  a  novelty  to  them  and 
they  fail  to  get  right  down  to  the  real  monotonous  grind  which 
trains  character.  Then  again,  in  tbree  months,  they  cannot  get 
close  enough  to  the  workmen  to  know  their  viewjioint, 

Jlost  of  you  gentlemen  are  telling  yoiu-  students,  or  advising 
them  that  they  had  better  work  as  a  workman  for  a  year  or  so  at 
least  when  they  go  out.  About  one  in  fifty  does  it.  They  start 
with  the  idea  of  serving  an  apprenticeship,  but  they  do  not  do  it. 
Even  when  they  go  in  with  the  best  of  intentions,  they  caimot  get 
awav  from  this  habit  of  al)Sorbing,  they  cannot  get  down  to  the 
monotonous,  to  the  tiresome  work.  They  are  not  really  learning 
anything.  They  fellt  that  they  have  a  fine  college  education  and 
could  do  that  work  as  well  as  the  workman,  so  it  does  not  make 
any  difference  whether  they  work  in  a  shop  or  not.  And  you  edu- 
cators say,  "  Oh,  yes,  you  should  take  your  two  years' course  out- 
side. It  is  up  to  you.  Take  a  year  or  two  years'  apprenticeship."' 
They  don't  do  it,  and  they  won't  do  it.  They  find  themselves,  when 
they  are  up  against  aiiprentieeship  conditions  in  a  shop,  competing 
with  young  fellows  of  sixteen  or  seventeen.  Thcv  cannot  say, 
■■  There  is  not  a  single  thing  I  do  not  know."  and  yet  they  are  too 
old.  Then,  they  are  intellectvuilly  fastidious,  while  the  young  fresh- 
man who  comes  out  gets  next  to  the  workmen  better  than  the  other. 
He  is  not.  of  course,  so  fastidious  a  man.  He  gets  next  to  the 
workint;  man  and  learns  much  more  than  the  other  fellow. 
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About  ten  or  twelve  years  ago  I  made  up  my  mind  not  to  take 
another  young  college  graduate  unless  he  has  had  two  years'  work 
outside,  but.  in  going  througli  the  list.  I  found  that  there  was  a  cer- 
tain set  of  young  men  who  were  satisfactory  right  from  the  start. 
Men  who  had  by  necessity  been  forced  to  leave  school  and  go  to 
work.  So  I  found  that  I  had  to  modify  my  conclusion,  by  saving 
that  I  would  not  take  a  man  unless  he  had  worked  outside  for  at 
least  two  years,  or  unless  he  had  worked  as  a  workman  before  he 
graduated.  I  have  no  other  reasons  why  these  young  college  men 
were  not  comi)etent.  but  the  facts  are  there.  That  is  why  «e  came 
to  exclude  college  men  who  had  not  had  actual  service. 

Xow  1  want  to  strengthen  this  theory  by  some  facts.  Prof. 
Furman.  from  the  observations  on  the  graduates  at  Stevens  Insti- 
tute, has  come  to  the  conclusion  that  a  large  percentage  of  the 
older  graduates  who  now  stand  highest  in  their  professional  work  are 
those  who  started  as  mechanical  shop  apprentices.  Again,  the  joint 
committee  appointed  by  seven  of  the  engineering  societies  unani- 
mously voted  that  it  was  desirable  to  have  two  years'  apprenticeship 
before  students  graduated  as  engineers. 

Xow.  as  to  the  liberal  education.  I  believe  that  one  year,  con- 
ducted with  a  totally  different  kind  tif  idea  of  human  nature  under 
more  practical  conditions,  with  men  struggling  for  a  living  is  vastly 
more  broadening  than  a  year  of  travel  abroad.  I  am  very  sure  that 
in  my  case  the  thing  that  impressed  me  was  the  apprenticeship,  and 
not  the  travel,  and  1  feel  that  it  has  a  very  liberalising  effect.  If  I 
wanted  to  give  a  boy  a  broad  liberal  view.  I  would  get  him  in  con- 
tact with  men  who  are  really  working  for  a  living,  make  him  see 
how  the  other  half  lives.  That  gives  him  a  lasting  sympathy  for 
men. 

One  thing  more,  is  it  possible  or  practicable  to  get  this  year's 
work  for  a  young  graduate  '!  I  feel  absolutely  sure  it  is.  provided 
those  young  men  are  sent  out  to  work  in  working  conditions.  If 
they  are  sent  out  to  get  an  education,  no.  But  if  they  are  sent  out 
and  made  to  do  a  day's  work,  they  are  the  finest  kind  of  raw  ma- 
terial. Take  the  average  young  man.  He  has  some  bad  ideas,  but 
all  you  have  to  do  is  to  mould  that  young  man  to  your  needs,  give 
him  character  and  common  sense,  and  when  the  shops  begin  to  take 
these  young  men  from  our  universities  and  colleges,  particularly  if 
it  becomes  a  regular  thing,  that  everj-  year  from  such  and  such  a 
place  we  can  get  eight  or  ten  men.  the  supply  will  not  equal  the  de- 
mand. Xow  I  had  great  difficulty  two  years  ago  in  getting  one  of 
the  manufacturers  to  take  a  single  college  man.  although  he  was 
one  of  the  most  distinguished  graduates  of  a  technical  school. 
After  trying  one  or  two  of  them  for  a  year,  they  now  want  all  they 
can  get  of  those  men.  Those  men  come  there  to  do  the  tiresome 
and  monotonous  work,  and  never  get  any  notion  that  they  are 
there  to  learn.  If  they  should  get  that  notion  into  their  heads  while 
there,  thej'  would  be  stepped  upon  like  this.  "  You  are  not  here  to 
learn  anything  ;  you  are  here  to  make  money  for  us."  Now,  in 
point  of  fact,  they  were  there  to  learn.  That  man  lost  money  on 
them  every  year,  but  they  never  found  that  out.  They  are  there  to 
learn,  they  are  studying,  but  they  never  find  out  that  they  are  study- 
ing, and  every  time  they  come  up  with  a  kick,  they  are  knocked 
down  flat. 


THE  TIPS  OF  TEETH  ON  ARMATURE  CORES. 

KY    .MILE.S    WALKER. 

Summary. — The  author  deals  with  the  main  considerations  controlling 
the  design  of  tips  of  teeth  and  the  effect  of  the  shape  on  the  magnetic 
leakage.  Cinves  are  given  showing  the  relation  between  the  dimensions 
of  the  tip  and  the  permeance  of  the  leakage  ])ath,  so  that  the  designer, 
while  modifying  the  shape,  can  see  exactly  what  he  is  doing  and  can 
with  a  minimum  amount  of  calculation  decide  on  the  shape  which  will 
best  meet  all  conditions. 

The  main  considerations  to  be  kept  in  view  in  designing  the 
tips  or  '■  horns"  of  teeth  on  armature  cores  are  as  follows  : — 

1.  The  oljject  of  the  tip  is  to  make  the  head  of  the  tooth  as 
wide  as  possible  without  increasing  unduly  the  reactance  of  the 
conductors  in  the  slot. 

2.  Sufficient  iron  must  be  provided  at  the  root  of  the  tip  to 
carry  the  flux  passing  through  it  and  to  give  it  sufficient  mecha- 
nical strength. 

3.  The  permeance  of  the  magnetic  path  encircling  the  slot  is 
to  be  kept  as  low  as  possible. 

4.  The  slot  should  be  of  such  a  shape  as  to  only  rcciuirc  a 
simple  tool  to  punch  it.  and  the  corners  should  be  such  that  they 
will  punch  well  without  rci|uiring  fre(;)U('nt  repairing  of  the  die. 

5.  The  mouth  of  the  slot  must.apwcti""^''*  ''c  not  less  than  a 


certain  minimum,  as  when  a  certain  sized  wire  is  to  be  passed 
through  it. 

ti.  The  method  of  drawing  the  slot  and  of  making  the  punch 
for  it  should  be  capable  of  being  easily  standardised. 

In  this  article  the  following  names  of  parts  and  symbols  will 
be  used.     Fig.  1  illustrates  the  parts. 

A = height  of  slot  in  inches. 
6=width  of  slot 
r=root  of  tip  ,, 

(7=mouth  of  slot       „ 
p=lip  of  mouth         ,, 
a  =  angle  of  slope  of  tip. 
As  to  the  general  shape  of  the  tip,  it  is  only  in  special  cases 
that  anything  is  to  be  gained  by  the  use  of  a  large  radius  at  the 


Fig.  1. 


Fio.  2. 


Fm,  3. 


corner  of  the  root,  as  in  Fig,  2,  For  a  standard  slot  of  normal 
size  (6  from  0-25  in.  to  1  in.,  h  from  0-5  in.  to  2  in.),  intended  to 
take  various  numbers  of  conductors  and  various  amounts  of 
insulation,  the  shape  of  the  slot  shown  in  Fig,  1  is  as  good  as 
any  other.  In  drawing  it  the  corners  may  be  shown  sharp,  but 
the  die  maker  will  jjut  on  a  very  small  radius  to  get  good  residts 
in  punching.  He  can  make  a  cheaper  tool  than  if  he  has  to 
work  to  special  radii  which  are  different  in  different  slots. 

In  general,  the  best  value  for  the  angle  a  is  about  27  deg — 
that  is,  tan~^  0-5.     This  angle  gives  sufficient  iron  in  the  root 


0-1     0-2    0-3     (i-l    11-6    I 

,,  ,  ,  g    mouth  nf  xlat 

'«"""•' r„,m  „/,«,«• 

Fig.  4. — Magnetic  Leakage  across  Modth  of  Slot. 

of  the  tip  both  for  the  working  flux  and  for  the  leakage  flux, 
wlicM  the  flux  density  in  the  air-gap  is  as  high  as  60,000  lines 
])er  s(|uare  inch.  The  angle  might  in  some  cases  be  reduced 
wheie  it  is  desirable  to  save  space,  but  in  general  the  same  effect 
can  he  obtained  by  drawing  the  sloping  line  a  little  lower  down 
whiU'  still  keeping  it  at  the  same  .slope  as  shown  in  Fig.  3.  For 
slots  of  the  most  ordinary  sizes  the  apex  of  the  angle  a.  may  lie 
on  the  centre  line  of  the  slot,  as  shown  in  Fig.  1. 
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The  dimension  (j  may  be  fixed  by  the  necessity  of  putting 
wires  of  a  certain  size  through  the  mouth  of  the  slot.  In  any 
case,  it  should  not  be  made  too  small  (say  not  less  than  0-05 in.), 
or  the  metal  of  the  punch  will  not  have  sufficient  strength. 
Subject  to  these  considerations,  g  will  be  made  as  small  as 
possible,  so  that  the  face  of  the  tooth  may  be  as  large  as  possible, 
due  regard  being  paid  to  the  effect  of  the  shape  of  the  tip  ou 
the  permeance  of  the  path  for  the  lines  immediately  encircling 
the  slot. 

It  is  useful  to  have  a  diagram  like  that  given  in  Fig.  4.  which 
gives  at  a  glance  the  value  of  the  permeance  of  the  magnetic 
path  across  the  mouth  of  the  slot  for  different  shapes  of  tip. 
This  diagram  is  used  in  the  following  way  : — 

Suppose  that  g,  the  mouth  of  the  slot,  is  to  be  OlJi.  of  6,  the 
width.  At  the  point  0-35  on  the  horizontal  scale  erect  a  per- 
pendicular, as  shown  in  the  figure.  If  it  has  been  decided 
provisionally  that  the  apex  of  the  angle  a  shall  lie  on  the  centre 
line  of  the  slot,  this  perpendicular  is  drawn  to  meet  the  line  OA, 
and  the  shaded  area  then  gives  us  a  picture  of  the  tip.  As  the 
perpendicular  is  one-half  of  the  abscissa,  we  can  judge  at  once 
whether  the  dimension  p  is  or  is  not  too  small  to  punch  well. 
Now,  carrying  up  the  perpendicular  (as  shown  by  the  dotted 
line)  until  it  cuts  the  curve  A',  we  get  an  ordinate  which  gives 
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U-l    0'2    0-3    0-4    0-5    0-6    0-7    (IS    u"J    l-u    M    1-2  inches. 
It,  Width  of  slot. 
FiQ.  5.— Magnetic  Leakage  across  Body  of  Slot. 

US  the  value  of  the  permeance  of  the  path  across  the  mouth  of 
the  slot.  For  instance,  in  the  case  taken  in  the  figure  there 
would  be  2-5  C.G.S.  lines  across  the  mouth  of  the  slot  for  every 
inch  length  of  core,  for  every  IO/^tt  amperes  carried  by  the 
slot.  This  is  so  whatever  may  be  the  size  of  the  slot,  the  per- 
meance only  depending  on  the  facts  that  we  have  assumed — 
viz.,  the  position  and  slope  of  the  line  OA  and  the  ratio  g/b. 

In  order  to  get  the  total  permeance  of  the  slot  the  values 
obtained  from  Fig.  4  must  be  added  to  the  permeance  of  the 
path  across  the  slot  from  one  parallel  side  to  the  other.  This 
can  be  conveniently  found  from  the  curves  given  in  Fig.  5. 
Thus,  with  a  slot  0-6  in.  wide  and  1-5  in.  high,  we  find  from  the 
curve  marked  /i  =  l-5,  taking  the  abscissa  0-6,  that  there  is  a 
leakage  of  1-87  lines  across  each  inch  length  of  slot  for  every 
10/47r  amperes  carried  by  the  slot.  These  curves  a.ssume  that 
winding  on  the  slot  extends  to  a  point  distant  b/i  from  the 
mouth  of  the  slot. 

Thus,  from  Figs.  4  and  5,  the  total  permeance  of  the  slot  is 
obtained  without  calculation,  and  the  way  in  which  the  per- 
meance changes  with  changes  in  the  shape  of  the  tip  is  at  once 
seen. 


If  for  any  reason  it  is  desirable  to  lower  the  sloping  line,  as 
in  Fig.  .3,  then  a  line  such  as  0-2,  B  in  Fig.  4  will  be  the  boundary 
line  of  the  tip,  and  the  curve  B'  gives  the  permeance  of  the  path 
across  the  mouth  of  the  slot.  If,  as  in  turbo  machines,  it  is 
necessary  to  make  the  tip  thicker  at  the  root,  the  .sloping  line 
may  be  taken  in  a  position  such  as  D,  C.  Then  the  permeance 
is  given  by  the  curve  C.  For  any  intermediate  size  or  shape 
of  slot  it  is  easy  for  the  eye  to  interpolate  the  point  on  an 
imaginary  curve,  say  between  the  curves  A'  and  B',  which 
gives  the  permeance  of  the  path  across  the  mouth  of  the  slot. 

These  curves  may  be  regarded  as  supplementary  to  those 
given  by  Dr.  Goldschmidt,  p.  353,  Vol.  LX.,  of  The  Elec- 
trician, in  his  excellent  article  on  the  leakage  of  induction 
motors. 

The  curves  in  Fig.  4  are  plotted  from  empirical  formulae 

whose  form  is  dictated  by  theoretical  considerations  which  are 

sufficiently  obvious.     For  the  curve  A'  the  leakage  from  the 

sloping  face  is  taken  as 

2-54  X  0-25  log.  b/g 

while  the  formula  „^,         1'5 

2'54  X , — ^r-T- 
log  2pfg 

is  found  to  give  very  closely  the  leakage  from  the  lip  p.  In 
plotting  curves  B  and  C  the  same  values  of  the  leakage  from  the 
sloping  face  can  be  taken  for  any  given  value  of  g,  and  the 
leakage  from  the  lip  can  be  calculated  as  above. 


EQUITABLE  RATE  MAKING.' 

At  a  recent  meeting  of  the  Missouri  PJlectric,  Gas,  Street  Railway  & 
Water  Association  Mr.  C.  W.  Hough  read  a  Paper  with  the  above 
title,  in  which  he  showed  the  method  of  arriving  at  the  Doherty 
readiness-to-serve  system  of  rates.  He  said  that  before  deciding  on  a 
rate  schedule  for  any  central  station  the  costs  should  be  carefully 
analysed.  The  theory  is  that  each  customer  should  pay  his  pro- 
portion of  expense  and  profits  for  the  service  rendered.  The  total 
cost  to  the  consumer  is  not  a  simple  item,  but  can  be  divided  approxi- 
mately into  four  parts,  represented  by  a  ccn-  umer's  charge,  a  capacity 
charge,  an  output  charge  and  profit.  -Mr.  Hough  took  as  a  basis  of 
income  and  expense  the  statistics  given  by  the  last  United  States  census 
report  (1902)  on  the  electrical  industry.  An  analysis  of  the  income 
and  expense  of  all  the  purelj'  electric  private  stations  in  the  United 
States  showed  that  of  the  gross  income  the  total  expense  was  80  per 
cent,  and  the  surplus  20  per  cent,  of  the  gross  income.  The  expense 
was  composed  as  follows : —  p  . 

Interest  on  bonds  1600 

Rents,  Taxes,  &c 7-71 

General  salaries      800 

Labour 20-87 

Rent  of  power    3-00 

Fuel  looO 

Freight      1-46 

Oil  and  waste     0-95 

Incandescent  lamps   2-20 

Carbons    1-40 

Arc  globes    0'23 

Miscellaneous  supplies  2-68 

Total     8000 

These  items  should  be  distributed  as  correctly  as  possible  into 
three  items — consumer's  charge,  capacity  charge  and  output  charge. 
The  consumer's  charge  should  cover  cost  of  reading  meters,  making 
out  bills,  collecting,  and  all  costs  which  vary  with  the  number  of 
customers.  The  capacity  charge  should  cover  bond  interest,  general 
salaries,  general  expense  and  all  items  of  expense  due  to  the  capacity 
of  the  station.  The  output  charge  should  cover  operating  supj^lies. 
fuel,  oil,  waste,  engineers,  firemen  and  all  expense  dependent  upon 
the  output  of  the  station  and  profit.  The  author  then  proceeds  to 
apportion  the  above  items,  making  the  consumer's  charge  3-4 1  per 
cent.,  capacity  charge  ."itol  per  cent.,  and  output  charge  C008  per 
cent.  These  proportions  will  vary  with  every  plant,  and  the  above 
figures  are  merely  used  as  an  illustration,  ft>r  they  represent  the 
a\-erage  results  as  shown  by  Government  reports. 

The  out|>ut  of  the  80  private  stations  of  Missouri  for  the  year  1902 
was  4i),7.">().4!)!)  kw.-hours.  with  a  dynamo  capacity  of  27.714  kw.. 
or  a  load  factor  equivalent  of  l.StH)  hours'  use  per  year  or  five  hoiu^' 
use  per  day.  The  income  from  sale  of  energy  ^^■as  equivalent  to 
about  no  jier  kilowatt  of  plant  capacity  per  year,  or  a  net  income 
*  Abstracted  from  the  "  Electrical  World." 
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per  unit  of  2-ld.  :  but  as  the  lost  and  unaccounted  for  current  was 
approximalely  3ti  per  cent.,  the  rate  oliarged  w  as  3d.  per  kilowatt-hour. 
To  determine  a  "  readiness-to-serve  "  rate  schedule  equivalent 
to  3d.  per  kilowatt-hour  the  proportions  previously  determined  were 
applied,  giving  a  consumer's  charge  (o  per  cent.)  of  Ol.xl..  a  capacitv 
charge  (35  per  cent.)  of  Id.id..  and  an  output  charge  (60  per  cent.) 
of  l-8d.  The  consumer's  charge  is  usually  ti.xed  arbitrarily  at  $1  per 
customer  ])er  month.  This  can  be  lowered  as  the  number  of  cus- 
tomers increases  and  the  expense  per  customer  decreases.  The 
"readiness-to-serve,"  or  capacity,  charge  is  1-Ood.  per  kilowatt-hour 
for  five  hoiurs'  use  per  day.  \\hich  is  equivalent  to  831o  per  month  of 
30  days  per  kilowatt  ot  connected  load.  The  "  readiness-to-serve  " 
charge  is  usually  based  on  a  Ki  c.p.  lamp  equivalent.  The  kilowatt- 
hour  charge  is  1-Sd.  ivi-  all  current  used  as  registered  by  the  meter. 
As  it  is  usual  to  allow  a  discount  ot  10  per  cent,  from  the  gross  bill  for 


prompt  payment,  it  is  necessary  to  add  this  to  the  rate  for  output. 
This  makes  the  rate  2d.  per  kilowatt-hour. 

This  rate  schedule,  as  expressed  to  customers,  will  take  the  follow- 
ing form :  Four  shillings  per  monf  li  coii.-umer's  charge,  plus  7-,'id.  per 
IC  c.p.  lamp  or  equivalent  connected  load,  plus  id.  per  kilowatt-hour 
for  current  used  as  registered  by  meter,  less  10  per  cent,  discount  for 
payment  by  the  10th  of  the  month.  On  this  schedule  the  rates  per 
kilowatt-hour  for  different  hours'  use  per  day  are  as  follows:  one  hour, 
per  day.  l-Z'id.  :  four  hours  (ler  day,  3-3d.  ;  2-t  hours  ))er  day,  2-22d. 

From  the  foregoing  any  central  station  can  take  its  own  items  of 
cost  as  a  basi.s  and  work  out  a  readiness-to-ser\e  rate  which  will  be 
ap))roximately  correct,  and  will  be  equitable  to  the  central  st.ntion 
and  to  the  consumer.  The  author,  in  conclusion,  said  that  a  trial 
of  this  rate  system  will  convince  any  central-station  manager  that  it 
is  the  most  equitable  and  satisfactory  system  yet  devised. 


THE  ELECTRICITY  SUPPLY  STATIONS  OF  THE  NEW  YORK  EDISON  COMPANY. 


In  recent  issues  we  have  described  the  electric  supply  undertaking 
of  the  Commonwealth  Edison  Co.  of  Chicago.  The  almost  unparal- 
leled growth  of  the  demand  for  electric  power  in  that  city  is  to  sorue 
extent  re-echoed  by  the  experience  of  the  Xew  York  Edison  Co. 
^^'ben.  in  October.  1901.  supply  was  commenced  from  the  Waterside 
station  Xo.  1  of  tliis  company  it  was  believed  that  the  generating 
plant  capacity  of  64.000  kw.  for  which  provision  was  made  would 
prove  ample  to  meet  all  demands  for  electrical  energy  for  many 
years  to  come.  But 
so  rapidly  did  the 
load  increase  that  a 
second,  and  larger, 
station  had  to  be 
erected  witliin  a  few 
years,  and  it  was 
only  with  difficulty 
that  plant  could  be 
installed  rapidly 
enough  to  supply  the 
requirements  of  the 
company's  c  o  n  - 
sumers.  A  compari- 
son of  the  two  Water- 
side stations  is  in- 
teresting as  showing 
the  evolution  in 
power  station  plant 
within  only  a  few 
years. 

Waterside  station 
ICo.  2  was  placed  in 
operation  in  Novem- 
ber. 1906,  and  the 
last  unit  wa.s  in- 
stalled in  Waterside 
station  Xo.  1  in  1907. 
The  difference  in  the 
design  of  both  sta- 
tions may  be  briefly 
summarised  as  fol- 
lows :  Waterside  sta- 
tion Xo.  1  was  ori- 
ginally designed  for 
sixteen  3..5001rw.  en- 
gine -  driven  u  n  i  t  .s. 
The  equii)ment  actu- 
ally in.stalled  con- 
sists of  eleven 
3,.500  kw.  steam  en- 
gine -  driven    units, 

and  three  10,000  kw.  and  two  5.000  kw.  vertical  turbine  units. 
The  boiler  room  contains  56  water-tube  boilers,  19  of  which 
are  fitted  with  inclined-grate  stokers  and  eight  with  super- 
heaters. The  boilers  are  arranged  in  two  double-decked  rows, 
one  on  each  side  of  the  boiler  room,  14  in  a  row,  or  28  on 
a  side.  A  view  of  the  engine-room  of  Waterside  Station  X'o.  1 
is  given  in  Fig.  3. 

Waterside  Xo.  2  at  present  contains  six  8.000  kw.  vertical  turbo- 
generators, two  7,500  kw.  horizontal  turbine  units,  and  one  1 4,000  kw. 
vertical    unit ;     another    14,000  kw.    vertical   unit    being   installed 
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Fig.  1. — Plan  Vie.v  of  W.\terside  St.\tio>-s  of  the  Xew  York  Enisox  Co. 


this  year,  completes  the  equipment  of  the  station.  The  boiler  room 
contains  96  water-tube  boilers,  each  rated  at  650  h.p.  The  boilers 
are  fitted  with  superheaters  and  are  arranged  upon  the  cross-tire 
room  plan.  The  two  stations  adjoin  one  another,  as  seen  in  the  view 
from  the  river  (Fig.  2).  and  in  the  plan  (Fig.  1)  showing  the  lay-out 
of  the  two  stations.  Architectvually,  the  newer  building  is  some 
what  more  ornate  and  pleasing  in  appearance  than  the  older  station. 
A  base  of  granite  extends  to  the  height  of  the  .second  storey,  above 

which  rise  red  brick 
walls  surmounted  by 
a  terra-cotta  cornice. 
.\11  the  wall  and  dor. 
mer  window  trim, 
mings  are  of  terra- 
cotta, while  the  roof 
monitors  have  a  cop- 
p  e  r  ti  n  i  s  h .  The 
structure  is  fireproof 
throughout.  Brick 
and  concrete  have 
been  used  in  con- 
nection with  the 
steel  skeleton.  The 
boiler  room  and  tur- 
bine room  floors  are 
of  very  heavy  con- 
struction, designed 
for  uniform  loads 
up  to  600  11).  per 
square  inch.  In  ad- 
dition, the  structure 
carries  on  the  boiler- 
room  side  five  large 
bins' capable  of  hold- 
ing 20.000  tons  ot 
coal.  The  bins  ar- 
of  reinforced  con- 
crete construction 
with  vertical  stift'en- 
eis  of  I-beams  em- 
bedded at  intervals. 

The  interior  finish 
of  the  X^o.  2  station 
is  worthy  of  mention. 
The  entire  exposcti 
surfaces  of  the  walK 
of  t  h e  o p e r a  t  i r. t; 
room,  from  the  li\'  ! 
25  ft,  above  tin 
,  finished  basenu  nl 
floor  up  to  the  underside  of  the  roof  arches,  and  the  ex- 
posed  surfaces  of  the  walls  enclosing  the  liigh-tension  switch 
board  room  on  the  third  mezzanine  floor  are  fitted  with 
Grueby  "  glazed  faience  tile.  The  wainscoting  or  base 
from  the  operating-room  floor  up  to  the  level  of  the  first 
mezzanine  floor  is  built  out  8  in.  beyond  the  face  of  the 
walls  above  and  two  shades  of  green  tile  are  used  ;  the 
ground  being  of  a  dark  shade  and  the  panels  of  a  lighter 
shade  of  green.  From  the  space  between  the  top  of  the 
wainscoting     up    to    the    underside    of     the   crane     girders,    the 
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gi-uund  is  of  flat  gray  with  panelw  uf  purijlc.  The  sjiacc  hetween  the 
top  of  the  cornice  under  the  crane  girders  up  to  the  underside  of  the 
roof  arches  is  finished  in  white  tile.  The  pilastcr.s,  jiediments.  archi- 
traves and  the  continuous  ornamented  cornice  under  the  crane 
girders  for  both  sides  and  end  of  the  ojjerating  room  are  fini.shed  in 
gray  glazed  faience.  The  walls  of  the  high-tension  switchboard 
room,  on  the  third  mezzanine  IliHjr.  have  a  white  tile  ground.     The 


make  the  interior  of  the  .station  a.s  fini.slii  d  in  ap|>carancc  ai>  any 
high-class  office  building,  and  the  traditional  power  house  iii  as 
different  from  Waterside  station  Xo.  1  as  a  hut  is  from  a  palace. 

Coal  and  Ash-handling  Apjiaratus. — The  iili  toilers  in  the  station, 
of  which  an  elevation  is  given  in  Fig.  4,  will  require  at  periods  of 
maximum  demand  an  average  of  150  tons  of  hard  coal  per  hour, 
which  is  delivered  to  them  from  steel  and  concrete  bunkers  over 


-View  oi   Waterside  Stations  of  Xew  York  Enisos  Co. 


flooring  of  the  main  cntrancs  vestibule,  entrance  lobby  and  the  stair 
elevator  hall  on  the  main  floor  under  the  westerly  mezzanine  galleries 
is  finished  in  white  marble  mosaic  with  a  decorative  border  of 
coloured  marble  mosaic  of  a  Greek  fret  design.  A  seal  or  monogram 
of  the  company,  about  30  in.  in  diameter,  executed  in  coloured 
mosaic  is  placed  in  the  centre  of  the  floor  of  the  lobby.     The  surface 


80  ft.  above  the  ground.  Five  bunkers  extend  across  the  full  width 
of  the  building  and  alternate  with  the  four  smoke-stacks  on  the  same 
horizontal  centre  line.  The  tlu-ee  intermediate  bunkers  have  a 
single  large  bin  holding  .5,000  tons  of  hard  coal  without  trimming, 
and  two  small  side  bins  have  a  capacity  of  300  tons  of  coal.  The 
end  bunkers  contain  approximately  3,200  tons  of  coal,  giving  a  total 


lie.  3. — E.N(.:i.\e  Koo.m  of  Waterside  Station  Xo.   1. 


of  the  nails,  columns,  pilasters  and  piers,  and  the  d(Hir  and  window  |  storage  capacity   of  about   iO.tXX)   tons.     The   bituminous   coal   is 


jambs  and  trim  and  room  and  ba.ses  of  the  vestibule,  entrance  lobby 
and  the  stair  and  elevator  hall  are  finished  in  marble.  The  entire 
area  of  the  floor  of  the  high-tension  switchboard  room,  on  the  third 
mezzanine  floor,  is  covered  witli  an  interlocking  rubber  tile. 

From  the  above  it  is  evident  that  mucli  thought  has  been  given  to 


delivered  in  boat  loads  of  about  StK)  tons  each,  and  the  small  quantity 
for  which  storage  is  provided  is  used  chiefly  in  the  stokers  and  for 
mixing  with  th.e  buckwheat  coal  used  in  the  hanil-tircd  boilers. 

The  bunkers  arc  filled  by  3-ton  automatic  dump  cars  travelling  in 
a  continuous  circuit  on  loop  tracks  that  provide  two  lines  parallel 
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to  the  axis  of  the  Iniilding  and  extend  heynnd  the  power  house  to  the 
top  of  the  coal  tower.  The  tracks  are  near  the  centre  line  of  the 
building,  are  about  120  ft.  above  ground  and  are  carried  from  the 
river  end  of  the  building  to  the  hoisting  tower  on  a  deck-plate  girder 
bridge  having  a  span  of  about  90  ft.  Soft  coal  is  delivered  on  the 
same  tracks  as  the  anthracite  coal  and  dumped  in  the  bins  at  tlie 
front  end  of  the  building.  Two  hand-operated  distributors  receive 
the  soft  coal  as  it  drops  fioni  the  cars  overhead  and  direct  it  to 
various  parts  of  the  front  liin  so  that  the  bunker  is  well  trimmed. 
At  present  the  .semi-bituminous  coal  used  with  the  anthracite  coal 
in  the  hanil-tircd  boilers  is  brouglit  to  the  boilers  in  barrows  and 
mixed  in  the  jMoportion  of  20  per  cent,  bituminous  with  80  per  cent, 
buck  wheat  by  the  fireman.  It  is  proposed  to  ctTcct  this  mixing  in 
the  bins  overhead  by  unloading  soft  coal  and  hard  coal  at  the  same 


hoisting  and  conveying  requires  six  men.  Tlie  number  required  for 
handling  the  aslies  is  variable.  The  ashes  are  removed  from  the  ash 
pits  through  chutes  emjitying  into  cars  running  on  tracks  beneath 
the  ash  hoppers.  The  ears  are  6  ft.  long  and  hold  from  li  cubic  yd. 
to  2  cubic  yd.  They  run  on  a  2  ft.  track,  and  are  pulled  by  storage- 
battery  locomotives  {.<iep  Fig.  6)  operating  at  80  volts.  44  cells  being 
employed.  Three  locomotives  are  at  present  in  use.  one  of  whicli  is 
kept  in  reserve.  The  a.sh  conveyor  is  of  the  overlapping  gravity- 
bucket  type.  The  ashes  are  dumped  from  the  cars  into  a  hoiipcr, 
and  the  conveyor  discharges  them  into  an  ash  pocket  through  a  mov- 
able dumping  block.  At  present  there  is  being  erected  a  double  skiji 
hoist  for  disposing  of  the  ashes.  The  ashes  will  dumji  from  the  oars 
inside  the  building  into  a  loading  hopper  large  enough  to  take  two 
or  three  carloads  of   ashes.     The  skip  hoist  will  be  operated  by  a 


Flo.  4. — C'ross-Skctionai.  Ei.rvation  ok  Watersidk  Station  No.  2  ok  the  New  York  Edison  Co. 


time  and  timing  the  cars  so  that  four  cars  of  anthracite  will  dump 
over  each  car  of  semi-bituminous  coal.  Intimate  mixture  is  not 
required,  so  that  the  plan  should  give  the  desired  result. 

The  coal  is  hoisted  from  the  boats  by  the  clamshell  buckets  at  one 
operation  to  tho  maximum  height.  The  hoist  of  about  180  ft.  is 
believed  to  bo-  the  highest  of  its  kind  that  has  yet  been  attempted, 
and  each  of  the  two  1 J  cub.  yJ.  Ijuckets  is  calculated  to  make  two  trips 
par  minute,  thus  giving  a  total  capacity  of  360  tons  per  hour.  The 
buck^-ts  are  suspen'J3d  from  a  trolley  running  on  a  horizontal  arm  of 
the  stationary  jib,  about  40  ft.  long*  and  operated  by  a  Rawaon  & 
Morrison  hoistiiig  engine  with  two  flrums,  one  for  lifting  and  the 
other  for  closing.  The  arrangement  of  coal  pockets  is  shown 
in  Fig.  5. 

All  the  machinery  in  the  tower  is  o|)eratod  bynteatn,  and  the  coal 


35  II. p.  240  volt  diicot-curreot  motor  and  will  dump  the  ashes  into 
the  ash  storage  bin  at  presept  used.  It  is  expected  that  by  this 
means  labour  and  maintenance  costs  can  be  reduced.  The  bucket 
conveyor  will  then  he  held  in  reserve. 

Boilers. — The  boilers  installesd  are  all  of  the  water-tube  type,  built 
by  Messrs  Babcoek  &  Wilcox.  Space  is  provided  for  4S  boilers  on  each 
boiler  lloor.  or  96  boilers  in  all.  There  are  u])oii  each  lloor  three  main 
firing  rooms,  each  having  a  row  of  thiee  batteries  of  two  boilers  eacli 
on  either  side,  and  at  either  end  of  the  building  a  half  firing  room 
with  a  single  row  of  six  boilers.  This  arrangement  permits  the  use 
of  four  chimneys,  each  of  which  serves  21  boilers.  Where  the  boilers 
are  hand-fired,  shaking  grates  are  employed  and  two  firemen  are 
allotted  to  Uiree  boilers,  each  man  firing  about  1 1  (o  1.')  tons  of  coal 
per  eight  hour  shift.     It  is  found  that  the  type  of  shovel  used  in 


THE  ELECTRICIAN,  OCTOBER  1,  1909. 


987 


tlirowing  the  coal  bears  an  important  relation  to  the  efficiency  of  the 
liremen.  With  the  deep  grates,  the  angle  of  the  sliovel  makes  a  great 
<iifference  in  the  case  with  which  the  fuel  can  be  spread  over  tlie  fire. 
The  men  normally  hold  the  liandk-  uS  the  shcivcl  horizuntally  and  the 
angle  the  blade  makes  at  that  time  determines  the  prii|>ir  s])reading 


^^^^ 


Fic;.  ."i. — Arranckment  of  Coal  Pockets. 

of  coal  on  the  fuel  bed.  The  shovel  found  to  give  best  results  has  a 
handle  27  in.  long.  The  angle  is  such  that  with  the  scoop  resting 
level  with  the  floor  the  end  of  the  handle  is  19  in.  above  the  floor. 
Heretofore  the  handle  was  "25  in.  above  the  floor.  With  a  grate  not 
so  deep,  so  flat  an  angle  would  not  be  required.     It  is.  of  course. 


Fio.  6. — Method  op  Loaiung  Ash  Cars  un-uku  Boilkr  Room 

appreciated  tliat  a  grate  12  ft.  deep  calls  for  a  little  more  skill  in 
firing  than  one  9  ft.  deep.  With  the  inclination  of  the  grates  adopted, 
the  type  of  shovel  and  the  height  and  Ar.e  of  the  furnace  door,  the 
firemen  in  tlie  station  have  no  diflReulty  in  keeping  good  fires  under 
the  boilers  with  all  the  grate  surface  covered. 


Twelve  of  the  boilers  are  fitted  with  underfeed  stokers  of  the  Taylor 
type.  The  stoker  consists  of  an  inclined  grat<-  made  up  of  air-per- 
forated tuyeres,  which  are  simple  cast-iron  ])lates  laid  up  in  steps. 
Between  each  row  of  tuyeres  are  two  cylindrical  rams,  tlie  upper  ram 
receiving  tlie  coal  from  tlie  hopper  and  the  lower  ram  feeding  only 
coal  and  jiartially  consumed  coke  delivered  from  the  upper  ram.  Tlie 
two  rams  move  in  unison,  the  u|>per  one  derivioL'  its  motion  from  a 
geared  crankshaft  at  the  front  of  the  hopjier,  and  the  lower  ram  from 
the  connecting  rod  of  the  upper.  The  travel  of  the  upper  ram  i.s 
fixed,  being  about  10  in.,  while  that  of  the  lower  ram  is  adjustable  to 
suit  the  conditions  due  to  handlina  coals  of  varying  a.sh  content.  In 
practice  the  strnkc  of  the  lower  ram  is  about  2  in.  td  .'{  in.  The  lower 
end  of  tuyeres  rests  on  a  rectangular  box  which  acts  as  a  sup|)ort.  and 
also  as  an  air  box.  connecting  all  the  tuvcre  rows  t<i  a  common  source 
of  air  sujiply.  l'"roni  the  lower  or  back  end  of  this  box  is  hinged  the 
segmental,  sectional  dump  plates,  operated  by  levers  from  the  boiler 
front.  This  plate  is  unperforated.  as  combustion  is  supposed  to  be 
complete  by  the  time  that  sufficient  ash  has  accumulated  to  require 
dumping.  The  operation  of  the  stoker  is  as  follows :  foal  is  fed 
between  the  several  rows  of  tuyeres  from  the  hopjur.  meeting  in  its 


SECTION  oE  Hon.i.R  Eyni-i'F.i)  WITH  Stoker. 


[lassage  streams  of  heated  air  projected  horizontally,  these  streams 
furnishing  the  air  necessary  for  combustion.  The  resultant  action  of 
the  two  rams  and  gravity  tends  to  break  up  the  fuel  bed  continuously 
and  move  it  downward  toward  the  dump  plates.  The  breaking 
action  renders  it  unnecessary  to  slice  or  level  the  fire,  the  coal  distri- 
bution being  even,  the  only  attention  necessary  being  the  periodical 
dumping  of  the  ash.  In  ])raetice  these  dumps  take  place  in  from 
three  to  five  hours  according  to  the  fuel  consumption.  The  coal  feed 
is  regulated  by  varying  the  speed  of  the  engine  driving  the  stoker 
mechanism.  The  air  necessary  for  combustion  is  furnished  by 
engine-driven  fans  of  the  iiiulti-vanc  type,  variations  in  thickness  of 
fuel  bed  and  rate  of  combustion  rcipiiring  an  air  pressuit-  equivalent 
to  2i  in.  to  3  in.  of  water.  In  everyday  practice  these  stoker- 
equip|icd  boilers  are  operated  at  a  rate  giving  the  maximum  efticieney 
of  the  combined  boiler  and  furnace,  the  normal  variatioiis  of  lead 
being  met  by  the  boilers  equipped  with  hand-fired  furnaces.  There 
is.  however,  a  large  margin  of  capacity  available  in  the  stoker- 
equipped  boilers  to  meet  abnormal  demand.  Fig.  7  show  s  a  sectional 
elcvalii'n  I'f  a  boiler  equippctl  with  the  stoker. 
{To  be  continued) 
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ELECTRICITY  IN  BUILDING  OPERATIONS. 


.">»ni»itt)-y. — A  description  is  first  given  of  the  application  of  the 
electric  drive  to  the  machinery  employed  by  builders  and  contractors, 
typical  installations  being  illustrated.  The  opinions  of  a  few  buildingr 
contractois  as  to  the  advant;i;_'es  to  be  obtained  by  the  use  of  electric 
power  are  then  put  forwuil,  and  finally  the  position  of  the  electric 
supply  authorities  in  Tarious  towns  is  outlined,  as  indicated  by  the 
prices  charged  for  electrical  energy  and  the  provisions  made  for  hiring- 
out  electric  motors. 


Introductory. — By  far  the  larger  part  of  the  output  of  the 
<?lectricity  supply  undoitakiugs  of  this  country  is  at  the  present 
time  devoted  either  to  the  lighting  of  private  or  public  build- 
ings or  the  use  of  small  motors  for  the  various  purposes  re(|uired 
in  connection  with  shops,  ofiice  blocks  and  similar  buildings. 
Engineers  who  are  interested  in  the  development  of  such 
electricity  supply  undertakings  will  not  need  to  be  told  that 
<he  greatest  factor  in  securing  an  increased  load  is  the  careful 
attention  which  is  necessary  in  order  to  get  a  light  and  power 
proposition  before  the  people  interested  in  building  extensions 
at  such  an  early  date  that  opposing  interests  have  not  had 
time  to  fully  awaken  to  the  situation.  To  this  end  in  the 
electric  development  of  new  buildings,  which  is  by  far  the 
most  promising  field  in  our  urban  areas  of  supply,  the  co-opera- 
tion of  the  architect  and  the  builder  is  eagerly  sought,  and 
from  the.se  considerations  it  is  apparent  that  the  import- 
ance of  an  electrical  engineer  being  in  evidence  at  the  genesis 
of  a  building  is  uf  the  first  magnitude. 

Although  a  great  deal  of  attention  has  been  paid  to  the 
advancement  of  the  interests  and  claims  of  electricity  among 
builders  and  contractors,  and  also  among  architects,  it  is  not 
<]uite  certain  that  at  the  present  date  the  former  class,  at  any 
rate,  are  fully  awake  to  the  advantages  which  are  attendant 
upon  the  supply  of  electricity,  and  it  is  therefore  worth  while 
making  an  examination  as  to  the  present  position  of  electricity 
in  relation  to  building  operations.  It  is  evident  that  if  the 
Tjuilding  contractor  can  be  shown  that  the  introduction  of 
electricity  is  to  his  advantage  in  his  work,  the  key  to  a  very 
important  situation  will  have  been  obtained.  It  is,  therefore, 
propo.sed  here  to  make  reference,  under  various  heads,  to  the 
machinery  which  is  used  by  builders  and  contractors,  and  to 
illustrate  the  way  in  which  electricity  can  be,  and  is,  most 
conveniently  supplied  to  such  machines.  It  is  then  proposed 
to  give  the  experience  of  one  or  two  builders  and  contractors 
in  regard  to  electrically-driven  machinery,  and  also  particu 
lars  as  regards  prices  and  conditions  under  which  a  supply 
is  given  for  temporary  purposes  by  various  Corporations 
and  private  undertakings.  Arising  out  of  this,  it  will  be 
interesting  to  note  the  extent  to  which  contractois  avail 
themselves  of  electricity  supply  for  temporary  work,  and  to 
detail  the  objections  which  at  present  stand  in  the  way  of  the 
more  general  adoption  of  electric  power  for  this  class  of  work. 
In  order  to  complete  the  subject  it  will  also  be  necessary  to 
give  some  indication  as  to  the  general  extent  to  which  electric 
supply  companies  or  Corporations  lay  themselves  out  in  order 
to  push  this  part  of  the  business. 

*'  '?"         Ji    '    '^       Machinery  I'sed.  " 

AVith  regard  to  the  machinery  employed  in  building  opera- 
tions, it  will  be  found  that  the  principal  classes  of  plant  used 
by  building  contractors  in  carrying  out  temporary  work 
consists  of  mortar  mills  for  grinding  the  materials  used  in  brick 
buildings  :  pumps,  where  deep  foui  dations  have  to  be  made 
and  where  the  ground  is  particularly  liable  to  be  flooded,  as  on 
a  clay  soil  ;  hoists  and  derrick  cranes,  for  elevating  materials 
to  a  height,  this  class  of  plant  becoming  increasingly  important 
m  the  case  of  large  and  high  buildings  such  as  office  blocks  ; 
stone  dressing  plant  and  stone  breakers,  and,  less  frequently, 
air  compressors,  for  use  in  lifting  water,  providing  air  pressure 
for  caisson  sinking  or  other  purposes. 

Until  comparatively  recently  the  whole  of  the  above  classes 
of  plant  appears  to  have  been  steam  driven,  with  a  very  few 
notable  exceptions,  but  it  is  nowadays  recognised  that  a  much 
more  economical  method  of  drive  a  secured  bv  means  of  electric 


power.  In  addition  to  the  saving  in  driving  costs,  there  are 
advantages  which  cannot  be  tabulated  under  the  headiiius  of 
poiuids.  shillings  and  pence,  but  are  of  considerable  moment 
to  a  contractor  who  is  anxious  to  obtain  best  results. 

Mortar  Pans. — The  economies  effected  bv  using  electricity 
in  a  mortar  pan  are  most  real.  They  are  accounted  for  partly 
by  the  difference  between  the  cost  of  coal  and  of  electricity  (as 
now  supplied)  .is  a  driving  force.  In  addition  to  this,  steam 
power  requires  oiu'  man  always  in  attendance  at  his  engine, 
whereas  an  electric  motor  requires  practically  no  attention. 
This  is  of  exceedingly  great  importance  in  long  runs  such  as  are 
taken  by  mortar  pans.  In  the  case  of  electric  supply  there  is 
no  (piestion  as  to  getting  a  suitable  supply  of  water,  nor  is 
there  any  danger  of  fuel  or  water  running  short.  No  time  is 
wasted  in  getting  up  steam,  there  is  no  banking  up  of  fires 
(luring  the  dinner  hour,  and  no  cleaning  of  engines  after  the 
day's  work  is  done. 

A  recent  instance  of  electrical  working  may  be  quoted.  In 
connection  with  the  construction  of  the  new  Home  Office 
buildings,  near  the  Houses  of  Parliament,  London,  two  mortal 
pans  were  in  operation  simultaneously,  doing  exactly  the  s.ime 
amount  of  work,     (tne  pan  was  driven  by  steam  and  the  other 


Fig.  1. — Electricaliy- DRIVEN  Mortar  Mill  and  Hoist. 

by  electricity  currt-nt  being  supplied  from  the  mains  of  the 
Westminster  Electric  Supply  Corpn.  An  accurate  compari- 
son could,  therefore,  be  made  as  to  the  result  on  the  basis 
of  r>0  hours'  work  per  week.  It  was  found  that  the  steam- 
driven  pan  cost  £2  for  coal  and  £2  for  labour,  whereas  the 
total  cost  in  connection  with  the  electrically-driven  pan  for 
the  same  period  was  2.5s.  It  was  estimated  that  by  the 
adoption  of  electricity  in  this  «ne  particular  case  there  was  a 
saving  of  from  £10  to  £12  per  week  in  the  erection  of  the 
building,  without  taking  into  account  any  other  of  the  ad- 
vantages of  the  electric  drive.* 

These  advantages  may  be  summarised  as  follows  :  An 
electric  motor  can  be  quickly  moved  as  work  proceeds  ;  it  can 
be  used  in  positions  where  engines  are  impossible  ;  it  needs  a 
minimum  of  attention  :  there  is  safety  from  fire  or  explosion, 
and  a  steady  and  reliable  drive  is  provided.  In  order  to  get 
an  idea  of  the  amount  of  power  required  for  this  class  of  work, 
the  following  figures  are  useful.  They  are  provided  by 
Barrows  &  Co.,  of  Banbury,  who  manufacture  under- 
geared    mortar   pans,    with   revolving    pans   on   steel    srirder 


*For  full  particulais  see  The  Electbiciax  for  Sept.  30,  1901,  p.  J)44. 
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frames.     It  is  claimed  that  these  pans  take  less  power  than  j  erection  of  the  new  Hippodrome  in  that  city,  both  of  which 
stationary  pans  in  which  the  rollers  arc  rotated  by  the  upright  1  constitute  very  interesting  applications  of  the  electric   drive. 


shaft,  that  the  work  is  more  steady  and  the  aearing  is  less 
strained.     The  brake  horse  power  required  for  a  6  ft.  diameter 


An  incidental  advantage  of  having  an  electricity  supply 
service  in  this  building  was  that,  on  thi,s  contract  there  was 
a  considerable  amount  of  night  work,  and  building  construc- 
tion was  illuminated  by  flame  arc  lamps. 

CoxcRETE  Mi.XERS. — In  the  newer  developments  of  building 
construction,  such  as  the  use  of  concrete  steel,  the  sphere  of  the 
concrete  mixer,  is  becoming  increasingly  important,  and  some 
particulars  of  the  electric  drive  supplied  to  these  machines  may 
be  interesting.     Fig.  2  illustrates  a  concrete  mixer  of  the  Carey- 


PZlectrically  Driven  Continuous  Concrete  Mixer. 


Fig.  3. — Concrete  Mixer  wrra  Intebmittent  Delivery. 


pan  underdriven  mortar  mill  is  10  b.h.p.  ;  a  7  ft.  diameter 
pan  requires  15  b.h.p.,  and  an  8  ft.  diameter  pan  20  b.h.p. 
The  6  ft.  pan  revolves  at  23  revs,  per  min.,  the  pulley  speed 
being  122,  diameter  2  ft.  6  in.  ;  the  7  ft.  pan  revolves  at  17 
revs,  per  min.,  the  pulley  speed  being  180  revs, 
per  mill.,  diameter  3  ft.  ;  the  8  ft.  pan  re- 
volves at  1-5  revs,  per  min..  pulley  speed  100 
revs,  per  min.,  diameter  3ft.  Gin.  These  par- 
ticulars show  how  simple  a  matter  the  electric 
driving  of  a  mortar  m'Jl  becomes,  a  normal 
belt-drive  being  all  that  is  necessary. 

By  the  courtesy  of  the  city  electrical  engi- 
neer  of  Sheffield  (3Ir.  S.  E.  Fedden),  and  of 


Latham  type,  capable  of  an  output  of  20  cubic  yards  per  hour. 
The  machine  shown  is  driven  electrically. 

Fig.  3  illustrates  another  type  of  mixer  having  an  inter- 
mittent deliverv,  constructed  by  Messrs.  Eansomes  Ver  Mehr. 
The  drum,  mounted  on  rollers,  is  revolved  at  from  H  to  16 
revs,  per  min.  and  is  fitted  with  a  series  of  blades  which  inter- 
mix the  material,  and,  when  these  are  in  a  sufficiently  mixed 


Fio.  5. — .Section  of  Honii; 


&  Muck  Pump. 


Fu:.  4. —  Hunk:  vV  .Mi  ck   i'c.MC.  UiAriiRAOM  Type. 


Messrs.  Clarke  Chapman  &  Co.,  of  Gateshead,  we  are  able  to 
show,  in  the  accompanying  Fig.  1,  an  electrically-driven 
mortar    mill   and    material    hoist    which    was    used    in    the 


condition,  feeds  the  mixed  concrete  through  the  dischavsie 
shoot  without  stopping  the  machine.  It  will  be  seen  tlrat  in 
this  design  the  motor  drive  is  incorporated,  and  this  is  a  very 
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encouragiiij;  symptom  of    tlie  demand  for  electiicuUv-diivL'u 
builders'  machinen-. 

Pumps. — Pumps  used  by  luiildois  must  be  of  a  type  capable 
of  passinu  suspended  material  together  with  the  water, 
whether  the  pumps  be  used  for  surface  water  or  deep  well 
work  ;  and  in  order  to  typify  the  requirements  of  surface  work 
we  may  illustrate  the  class  of  ]iuinp  manufactured  bv  Honig  & 
Mofk(Ltd.).  of  London.  Theseareof  the  diaphragm  pump  tvpe, 
.11(1  are  either  single  or  doutile  acting.  Fig.  4  shows  a  general 
\  iew  and  Fig.  -5  a  section  of  this  pump,  operated  bv  mecha- 
niciil  power.  Such  pumps  must  be  slow  acting,  and  their 
speed  range  can  be  gauged  by  the  fact  that  a  pump  of  I4.0(X) 
gallons  per  hour,  discharging  through  a  -1  in.  pipe,  runs  at 
about  5(1  revs,  per  min.  The  power  reciuired  by  such  a  pump 
depends  very  largely  upon  the  lift  and  head  required,  as  there 
is  very  little  internal  friction,  the  diaphragm  being  of  rubber, 
and  a  very  short  stroke  being  used. 

Messrs.  Duke  &  Ockenden,  of  ^iOndon.  who  specialise  in 
water  supplies,  have  supplied  centrifugal  pumps  for  the  elec- 
t-iic  drive  to  a  considerable  extent  for  builders'  purposes.  Thev 
also  use  electric  drive  for  pumping  operations  for  buildings 
where  wells  are.  by  reason  of  space  available,  placed  down  in 
the  basement.     Belt  drive  is  preferable  in  these    jilaces.  but 


where  a  permanent  pumping  iiistallatiou  of  this  sort  is  con- 
templated, or  indeed  where  the  application  of  motive  power 
of  any  sort  is  intended,  it  is  much  to  the  advantage  of  the 
supply  authority  to  negotiate  with  the  building  contractor 
for  a  temporary  service  for  his  own  purposes  on  verv 
reasonable  terms. 

(To  hr  rontinn'd.) 


Fig.  6. — Motob-drivex   Comirkpsor. 

in  places  where  space  is  somewhat  cramped,  worm  drive  is 
used.  As  an  example  of  a  compressor  pump.  Fig.  6  shows  the 
type  of  motor-driven  compressor  which  is  useful  for  this 
jiurpose.  This  particular  example  is  a  two-stage  compressor 
with  a  7  H.P.  electric  motor  attached,  used  foi-  fijlini;  air  reser- 
voirs to  a  pressure  of  2f)0  lb.  per  square  inch. 

As  a  further  example  of  electrical  pump  drive  ior  buikling 
l)urposes  may  be  mentioned  an  installation  fitted  by  Alfred 
Williams  &  Co..  of  Artesian  Works,  Bow.  at  Mansion  House- 
chambers,  near  the  Bank  of  England,  Lon  Ioik  for  the  purpose 
of  raising  water  from  an  artesian  well.  The  ])um])  is  noiseless, 
being  electrically-driven,  with  a  worm  and  worm-wheel  induc- 
tion gear,  running  in  an  oil  bath.  The  working  barrel  is 
lowered  down  the  bore  hole  to  a  depth  of  250  ft.  It  delivers 
1,(100  gallons  per  hour  into  a  12,(X)0  gallon  reservoir  in  the  base- 
ment of  the  building,  and,  by  means  of  a  set  of  three-throw 
clectrica'ly-driven  pumps,  the  water  is  then  forced  up  into 
tanks  on  the  roof  of  the  building  The  pumps  start  and  stop 
automatically.  The  supplv  of  current  is  taken  from  the  Citv 
of  London  Electric  .Supply' Co.     Tt  is  evident  that  in  huiidin.js 


PRODUCTION  OF  IRON  AND  STEEL  BY  THE 
ELECTRIC  SMELTING  PROCESS.* 

BY   E.   ,T,  LJUNOBERG. 

For  making  steel  of  ordinary  quality  the  electric  method  still 
seems  to  be  too  expensive,  even  w  liere  cheap  water  power  is  avail- 
able. At  Gysinge,  one  of  the  works  belonging  to  the  Stora  Koppar- 
bergs  Bergslag,  there  is  one  Kjellin  induction  furnace  with  a 
capacity  of  2  tons,  but  as  this  is  working  as  a  Talbot  furnace,  not 
more  than  about  1  ton  at  a  time  is  tapped.  Tlie  continuous  current 
used  in  this  furnace  represents  about  200  kw.,  and  tlie  output  in  300 
days  amounts  to  about  1,200  tons  of  ingots  using  50  per  cent,  pig 
and  .50  per  cent,  scrap.  As  no  other  pig  iron  is  used  except  the 
famous  Dannemora  brand  made  by  the  firm,  which,  as  every  one 
knows,  is  extremely  low  in  phosphorus  and  sulphur,  the  process  can 
liardly  be  called  a  refining  process.  The  product  is  a  carbon  steel 
of  hiijh  quality,  possessing  some  superiority  over  steel  made  by  the 
ordinary  melting  processes,  the  quality  which  I  would  instance 
specially  being  that  it  is  comparatively  soft  to  work,  either  hot  or 
cold,  although  high  in  carbon.  It  is  a  superior  carbon  tools  teel. 
In  the  electric  furnace,  as  well  as  in  the  crucible  jilant,  there  are 
also  produced,  among  different  kinds  of  special 
steel,  high  speed  self- hardening  steel,  tungsten  steel, 
chromium  steel,  and  nickel  steel.  Such  steels  can 
-  ^^  easily    be    made    in    electric    furnaces    when    the 

."^IT^  necessary     care     is     taken.     For    a    country     like 

\^  Sweden,     possessing    practically     no    coal     mines, 

but  numerous  waterfalls,  the  manufacture  of  iron 
and  steel  direct  from  tjre  by  the  agency  of  the 
electric  current  is  of  much  more  interest  than  the 
melting  of  pig  and  scrap  to  make  steel.  At  the 
works  at  Domnarfvet  extensive  and  costly  trials 
liave  therefore  been  made  in  the  direct  reduction  of 
ore  during  this  and  the  past  few  years. 

In     these   experiments   two    modifications    of    a 
furnace,  constructed  by  ilr.  Wallin  in   Berlin,  and 
several  modifications  ot  a  furnace,  constructed  by 
Messsrs.      Griinvall     and     Lindblad     (the    Electro 
Metal  Company),   Ludvika,  have  been  tried.     The 
accompanying    diagram    shows   the  latest  form  of 
furnace,  similar  to  a   common    blast   furnace    but 
with    three   electrodes   fed   by    three-phase    alter- 
nating   current     at     about     40    volts,    60    cycles, 
and  9,500  amperes,   averaging  G74  ii.p.,  instead  ot 
tuyeres.     In   this  furnace,  which  has  been  running 
for  1,903  hours,  there   have  beenproduced  28  tons 
of  iron,  containing  from  095  to  3-09  per  cent,  of 
carbon.      In  the  manufacture  of  this  iron    there   was  used:    Ore 
■442  tons,  lime  24  tons,  coke  41   tons,  charcoal  58  tons,  electrodes 
(including  wasted  ends)  6-5  tons,  and  electric  current  891,623  kw.- 
liours. 

The  temperature  of  the  escaping  gases  from  the  furnace  is  gener- 
alh'  very  low,  and  the  gases  contain  on  an  average  about  22  per 
cent,  of  carbon  dioxide  (from  8  to  41  per  cent.).  The  amount  of 
carbon  monoxide  varies  from  39-4  jjcr  cent,  to  61  per  cent.  The 
gases  contain  practically  no  nitrogen,  but  steam  from  the  water  in 
the  ore,  lime,  coke  or  charcoal  is  jircsont.  The  efficiency  of  the  elec- 
tric current  ought  to  be  higher  than  hitherto,  if  the  considerable 
loss  of  heat  by  cooling  water  and  radiation  can  be  reduced.  These 
losses  seem  to  be  about  30  per  cent. 

The  diagram  shows  a  vertical  section  through  the  furnace,  which 
consists  of  a  lower  portion  or  smelting  chamber,  corres])onding  to 
the  hearth  of  a  blast-furnace,  and  a  top  section  or  shaft.  The  latter 
is  supported  on  columns,  which  j)revcnt  any  weight  from  bearing  on 
the  arch  of  the;  smelting  chamber.  The  latter  is  so  proportioned  as 
to  provide  a  considerable  amount  of  free  space  between  the  charge 
and  the  ardied  roof  through  which  the  carbon  electrodes  project 
into  the  charge.      The  brickwork  is  thus  protected  against  any  very 

*  Ab.stract  of  a  Paper  read  before  the  Iron  and  Steel  Institute. 
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high  temperature,  and  rcraains  a  non-conductor  of  electricity.  This 
is  an  important  feature  of  tliis  furnace,  since  exjjeriment  lias  shown 
that  if  the  electrodes  enter  the  chamber  at  the  point  where  the 
oliarge  touches  the  walls,  a  very  liigli  temperature  is  generated  at 
tliis  [Joint ;  the  brickwork  is  destroyed  and  becomes  a  conductor  of 
electricity,  giving  rise  to  a  more  or  less  complete  short-circuit.  The 
brickwork  may  be  further  cooled  by  means  of  a  blast  of  cool  gas 
taken  from  the  top  of  the  furnace  and  blown  in  round  the  electrodes 
with  a  fan,  no  heat  being  lost  by  this  proceeding. 

The  ore  and  fuel  are  crushed  to  a  suitable  size,  and  are  fed  into 
the  top  of  the  furnace  through  the  bell  hopper  in  the  usual  way,  the 
ore  being  partially  reduced  by  tlie  carbon  monoxide  rising  through 
the   charge.      Tiie  latter    spreads  out  in   the  smelting  chamber  as 


Vkkticai,  SEtTK\  THRorc;H  Electric  Fcrnace  at  Domnarfvet. 

shown,  and  the  reduction  is  there  completed.  Since  the  electrodes 
project  well  into  tlie  charge,  the  highest  temijerature  occurs  in  the 
centre  of  the  latter  and  the  brickwork  is  thus  kept  cool  compared 
with  the  walls  of  an  ordinary  blast  furnace.  It  will  be  seen  from 
the  figures  given  above  that  a  step  has  been  taken  in  the  direction 
of  replacing  a  considerable  part  of  the  fuel  used  in  making  iron  and 
steel  by  the  electric  current,  and  that  the  problem  is  technically 
solved.  .As  regards  its  commercial  value,  it  is  too  early  to  make  any 
definite  statement  yet. 


THE  METAL  TUNGSTEN  AS  "  YALYE  "  ELECTRODE.* 

BY    L.    H.    WALTER,    .M.A. 

Summary. — It  is  here  shown  that  the  metal  tungsten,  like  aluminium 
and  tantalum,  behaves  as  a  valve  electrode  in  a  large  number  of  electro- 
lytes, tliijsc  wliirli  liave  been  tried  being  for  the  most  part  of  high  con- 
diK'tivity  and  less  adapted  to  tile  securing  merely  of  high  critical  voltages. 
The  critical  voltages  iu  the  strong. acids  are  as  a  rule  higher  with  tungsten 
than  with  aluminium,  but  not  so  high  as  with  tantalum.  The  sensitive- 
ness to  heating  is  not  at  all  pnmounced.  The  sensitiveness  to  cutting  otT 
of  the  current  appears,  on  tlie  other  hand,  to  be  very  greut  indeed.  The 
great  activity  and  considerable  concentration  of  tlie  electrolyte  used 
must,  however,  be  borne  in  mind. 


The  number  of  metals  which  show  the  effect  known  as  "  valve 
action  ""  ^^■hen  v.sed  as  electrodes  in  electrolytic  cells  has  of  recent 
years  been  considerably  increased  ;  and  owing  mainly  to  the  thorough 

*  An  original!  (ommunicaf ion  (slightly  ablireviated)  accepted  by  the 
Council  of  the  Inslilutioii  of  Electrical  Engineers  for  publication  in  the 
Journal. 


and  systematic  investigations  of  G.  Schulze,*  a  .somewhat  lietter 
understanding  as  to  the  phi'nomena  involved  has  been  arrived  at. 
l""rom  the  two  first  known,  aluminium  and  magnesium,  the  list  ha-s 
been  extended  until  it  now  definitely  includes  quite  a  large  number 
of  metals.  If,  however,  these  are  classified  as  belonging  either  (1)  to 
those  showing  the  more  general  behaviour — which  consLsts  in  the 
cell  developing  a  film  offering  a  very  higli  resistance  to  a  direct 
current  passing  through  it  in  the  direction  in  which  the  metal  func- 
tions as  anode,  and  a  comparatively  negligible  resistance  in  the 
rever.se  direction— or  (2)  to  those  that  show  the  less  general  pheno- 
menon, in  which  a  similar  high  resistance  is  offered,  due  to  a  film 
which  forms  under  alternating  current  even,  during  the  pha.se  wliich 
is  anodic  so  far  as  tlie  valve  metal  is  coneemi<l.  there  remain  but  two 
additiimal  metals,  viz.,  tantalum  and  niobium,  which,  as  recent  work 
has  shown,  can  be  classed  with  the  original  two  as  manifesting  the 
true  rectifying  effect. 

The  autlior  has  now  found  that  yet  another  metaU  hitherto  untried, 
gives  the  valve  effect  in  a  very  pronounced  manner  ;  in  addition,  this 
metal,  tungsten.  "  forms  "  under  alternating  lurn'nt.  The  effect 
was  first  observed  wlien  making  experiments  with  a  sealed-in  tung- 
sten lam])  filament  used  as  anode  in  a  form  of  electrolytic  detector 
with  sodium  cliloride  solution  as  electrolyte.  In  the  cour.se  of  this 
work  it  was  noticed  that  on  raising  and  still  further  raising  the 
polarising  P.D..  the  characteristic  "boiling""  or  hissing  of  the 
detector,  due  to  evolution  of  gases,  was  entirely  ab.sent ;  and  when 
it  was  found  that  8  volts  could  be  applied  directly  across  the  elec- 
trodes without  the  least  "  boiling '"  in  the  telephone,  the  similarity 
in  the  behaviour  to  that  of  the  tantalum  point  electrode  suggested 
that  there  mu.st  exist,  in  this  case  also,  a  marked  asymmetric  effect. 

Experiments  ivith  Direct  Current. — Experiments  witli  a  somewhat 
larger  anode,  consisting  of  a  non-sheathed  length  of  an  inch  or  so  of 
the  filament  from  a  50  c.p.  Osram  lamp,  with  dilute  sulphuric  acid 
as  electrolyte  and  applied  voltages  up  to  45  volts,  showed  that  the 
jihenomenon  was  not  merelj'  an  asymmetric  effect  due  to  the  diffe- 
rence in  the  areas  of  the  electrodes  as  in  Holtz"s  j  asymmetric  cells, 
but  was  apparently  a  real  "  valve  '"  effect.     The  investigation  wa.s 
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continued  and  extended  to  higher  voltages.  The  maximum  pressmo 
obtainable  at  tlie  time  being  90  volts,  it  was  found  that  this  voltage 
could  be  withstood  by  the  tungsten  anode  in  sulphuric  acid  of  1:15 
concentration  (15).  in  potassium  iodide  (0-2),  acetic  acid  (0-1). 
potassium  bichromate  (1-8),  sodium  potassium  tartrate  (01).  and 
borax  ( 1  0)  solutions,  none  very  dilute.  The  residual  current  through 
the  cell  in  milliamperes  after  10  seconds  is  shown  by  the  figures 
within  brackets,  the  area  of  immcr.sed  anode  lieing  0-034  sq.  cm. 
approximately.  It  was  found  convenient  to  embed  the  end  of  the 
filament  in  a  plug  of  Wood's  fusible  alloy  which  itself  formed  a 
stopper  at  the  top  of  a  perforated  ebonite  tube  that  served  to  protect 
the  very  delicate  filament  from  injury. 

The  behaviour  of  tungsten  in  sulphuric  acid  of  considerable 
strength  with  an  applied  P.D.  of  90  volts  is  of  special  interest,  in 
that,  were  it  possible  to  make  use  of  this  electrolyte  in  rectifiers  with 
tungsten  anodes,  tlie  dimensions  of  the  cells  would  be  able  to  be 
much  reduced  as  compared  with  those  of  the  cells  usually  employed. 
since  the  conductivity  of  the  acid  is  so  high.  For  this  reivson. 
although  it  appears  proliable  that,  as  in  tlie  case  of  other  metals, 
cfli..  aluminium  and  tantalum,  the  critical  voltage  is  notably  higher  in 
other  less  active  electrolytes,  the  first  experiments  were  confined  to 
the  examination  of  the  behaviour  with  sulphuric  acid  and  with 
potassium  bichromate.  These  are  also  good  tests  for  the  aluminium 
and  tantalum  :  Schulze  gives  for  the  critical  voltages  of  these  two 
metals  45  and  190  volts  respectively  in  sulphuric  acid  and  95  imd 
70  volts  in  potassium  bichromate.  .\  few  other  electrolytes  of  high 
conductivity  were  also  tried,  including  hydrochloric  and  nitric  acids. 
A  table  showing  the  milliamperes  through  the  cell  in  the  clTcctivo 
direction  is  given  bv  the  author  in  his  communication. 

*  "  Zeit'sehrift    fi.r  Elect roohemie,"    Vol.  XlV.,:p.  333,  Ui08. 

t  •■  Physikalischc  Zcitschrift."'    \"ol.  VI..  p.  t.'^O,  i;W5. 
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Owing  to  the  fact  that  timusteu  is  at  present  only  obtainable  iu 
the' form  of  lamp  filaments,  the  anode  used  is  necessarily  of  very 
small  dimensions  and  surfaco.  and  hence,  with  a  view  to  eliminating 
anv  ditTerences  which  might  be  due  to  the  unequal  size  of  the  elec- 
trodes, two  test  cells  were  made  up  having  anixies.  of  aluminium 
and  tantalum  respectively,  of  such  dimensions  as  to  offer  a  surface 
of  the  same  order  to  the  ilectrolyte.  approximately  (>1.  015.  O-l 
sq.  cm.  in  the  case  of  tuuiisten.  aluminium  and  tantalum  res{>ec- 
tively.  The  lead  cathode.-i  had  a  surface  of  about  3H  sq.  cm.,  the 
circular  containing  cell  measuring  3  in.  high  by  1|  in.  diameter. 
With  such  a  cell  a  current  up  to  0-5  ampere  could  safely  lie  passed 
in  the  non-efTective  direction  for  short  periods,  the  ohmic  resistance 
being  about  6  ohms.  The  sulphuric  acid  used  was  battery  acid  of 
density  1'200.  while  the  potassium  bichromate  was  approximately  a 
5  per  cent,  solution.  Tlie  valve  electrode  was  simply  dipped  into 
the  electrolyte  from  above.  WhUe  such  high  limiting  voltages  may 
not  be  reached  this  way  as  with  Schulzes  arrangement,  the  obtain- 
ing of  very  high  critical  voltages  possesses  only  a  theoretical  interest, 
since  the  cell  is  of  little  practical  use  anj'where  near  the  breakdown 
voltage. 

A  difficulty  arises  as  to  the  representation  of  the  results  :  Schulze 
gives  curves  showing  the  critical  voltage  plotted  against  time  in 
minutes  as  abscissa.  In  the  present  case,  for  showing  the  sealing-off 
property  of  the  anode,  the  residual  current  tlirough  the  cell,  in 
milliamperes  after  20  seconds,  is  plotted  as  ordinate  against  the 
P.D.  across  the  cell  as  abscissa. 

Besides  the  critical  voltage  there  are  two  other  factors  which 
determine  the  suitability  or  unsuitability  of  a  valve  electrode  :  the 
effect  of  higher  temperatures  upon  the  cell  and  the  effect  of  cutting 
oS  the  current.  .As  regards  the  former,  the  effect  of  the  tem])erature 
of  the  electrolyte  u]ion  the  leakage  current  in  sulphuric  acid  is  shown 
in  Fig.  1.     The  full  curves  give  the  normal  current  at  Li^C.  and  at 
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5tl"C.  respectively,  the  dotted  curves  the  respective  resistances. 
These  latter  indicate  very  clearly  where  the  critical  voltage  must  lie 
(zero  resistance)  without  it  being  necessary  actually  to  break  down 
the  film.  The  usual  behaviour,  namely,  tliat  the  leakage  current  is 
greater  at  higher  temperatures,  is  observed,  but  the  critical  voltage 
is  very  little  altered. 

The  effect  of  cutting  off  the  current  for  shorter  or  longer  periods 
can  be  seen  in  Fig.  2  for  three  different  ap|)lied  voltages,  viz.,  25,  50 
and  75  volts,  also  in  sulphuric  acid.  The  points  of  the  full-line  curves 
which  lie  on  the  vertical  axis  show  the  normal  resistances  of  the  cell  ; 
the  other  points  give  the  resistances  plotted  from  the  currents 
observed  on  remaking  the  circuit  after  the  current  has  been  cut  off 
for  times  up  to  half  a  minute.  At  25  and  up  to  50  volts  it  will  be 
seen  that  the  decrease  of  resistance  of  the  anode  film,  though  fairly 
rapid,  is  of  a  different  order  from  that  which  occurs  at  75  volts.  It  is 
interesting  to  observe  that  if  the  curve  for  75  volts  is  reproduced 
with  ordinates  all  multiplied  by  10,  the  curve  so  obtained  (dotted 
curve  of  Fig.  2)  is  very  similar  in  shape  to  '  hose  for  the  lower  voltages. 

Experimtnis  with  Alkrnating  Current. — But  few'  experiments  have 
as  yet  Ix-en  made  with  the  cell  on  alternating  current.  The  first 
trials  with  an  arrangement  of  three  cells  having  together  four  anodes, 
which  served  as  a  bridge,  showed  that,  using  new  tungsten  anodes 
which  had  never  previously  been  formed,  a  direct  current  was  at 
once  obtained  on  switching  on  the  alternating  supjilj',  the  applied 
voltage  being  25  volts  and  the  rectified  current,  which  was  passed 
through  three  accumulator  cells,  being  0-25  ampere.  With  a  voltage 
of  25  at  the  direct-current  (rectified)  terminals  and  0-043  amiiere  on 
a  moving  coil  instrument  in  the  same  circuit  the  reading  of  a  hot- 
wire ammeter  in  the  alternate-current  circuit  was  0-13  ampere 
^anodic  current  density  >4  amperes/cm,^),  hence  the  current  trans- 


formation ratio  as  defined  by  Jakob,*  was  about  33  per  cent.  :  this 
being,  however,  only  about  1  minute  after  closing  the  circuit. 

The  difficulty  here  was  that  currents  smaller  than  01  ampere 
were  not  readable  on  the  ammeter  which  was  available.  This 
current  could  be  exceeded  for  short  intervals,  but  owing  to  the  small 
anode  surface  and  the  consequent  high-current  density,  the  heating 
was  so  great  that  the  efficiency  ra))idly  fell  oft'.  Now  that  flicker 
filaments  are  promised  in  the  near  future  it  is  hoped  to  obtain  results 
for  longer  periods. 

In  Conclusion,  it  may  be  stated  that,  although  the  tungsten  used 
is  chemically  metal,  it  can  hardly  be  looked  upon  as  physically  in 
the  metallic  (massive)  state.  Tungsten  having  been  shown  to 
behave  chemically  quite  differently  according  as  it  is  in  the  fu.sed  or 
reguline  condition,  or  in  the  state  of  powder — notably  in  the  greater 
indirt'erence  to  acids  shown  by  the  fused  form — it  appears  probable 
that  tlie  metal  will  make  a  more  favourable  showing  when  it  is 
obtainable  in  the  drawn  condition,  which  has  already  been  shown  to 
be  realisable,  by  previously  alloying  with  nickel. 


A  TUNGSTEN  COMPARISON  LAMP  IN  THE  PHOTO- 
METRY OF  CARBON  LAMPS.t 

BY    H.    E.    IVES    .\XD    L.    K.    WOODHILL. 

In  the  photometry  of  incandescent  lamps  the  substitution  method 
is  commonly  used.  That  is,  the  lamp  measured  is  not  compared 
directly  with  a  standard,  but  with  a  "  comparison  lamp,"  which  is 
carefully  calibrated  against  a  candle-power  standard  or  standards 
at  the  beginning  of  a  run,  and  at  frequent  intervals.  It  is  necessary, 
of  course,  with  carbon  lamps  to  use  only  seasoned  ones,  and  to  keep 
close  watch  on  their  candle-power  by  checking  with  standards ;  so  a 
tungsten  lamp  has  been  tried,  operated  at  voltages  to  give  carbon 
lamp  colours,  as  a  comparison  lamp  in  the  testing  of  carbon  filament 
lamps.  The  object  in  view  was  to  obtain  a  long-lived  and  constant 
comparison  light  which  at  the  same  time  would  give  perfect  colour 
match  with  all  types  of  carbon  lamps,  and  two  months'  experience 
with  the  tungsten  comparison  lamp  has  shown  it  fully  to  equal 
expectations,  and  to  be  much  superior  for  the  purpose  to  carbon 
lamps. 

The  details  of  installation  are  as  follows : — An  80-watt  120- volt 
lamp  was  taken,  and  the  voltages  determined  experimentally,  at 
which  it  gave  the  same  colour  as  4.  3-5,  3-1  and  2-5  watts  per 
candle  lamps  (Gem).  These  voltages  were  79.  84.  87  and  97  respec- 
tively, corresponding  approximately  to  4-5.  3-7.  3-4  and  2-6  watts 
per  mean  spherical  candle.  Obviously  the  candle-jjower  varied 
greatly  for  these  dift'erent  voltages.  With  a  candle-power  scale,  as 
used  on  the  Bureau  of  Standards  commercial  photometer,  it  is  neces- 
sary to  have  the  comparison  lamp  accurately  16  c.p.  A  means  to 
accomplish  this  with  the  tungsten  lamp  was  imperative,  and  was 
found  in  the  use  of  diaphragms,  since  the  candle-power  of  the  8C- 
watt  lamp  at  all  colours  was  greater  than  16.  It  was  impossible  to 
place  the  diaplu'agms  before  the  lamp  itself  since  the  distance  of  the 
diaphragm  from  the  centre  of  radiation,  due  to  the  size  of  the  bulb, 
would  permit  an  error  of  3  per  cent,  in  the  candle-power  readings  at 
the  ends  of  the  scale.  Two  means  of  overcoming  this  difficulty 
presented  themselves.  First,  an  image  of  the  filament  could  be 
formed  by  a  lens  or  concave  mirror,  and  the  image  diapluagmed. 
Sccontlly.  a  ground-glass  screen  could  be  placed  in  front  of  the  lamp, 
and  the  diaplvragms  jilaced  over  this.  The  latter  plan  was  adopted 
as  most  convenient,  altliough  it  was  then  necessary  to  back  the  lamp 
with  a  mirror  to  secure  sufficient  light. 

In  order  to  set  the  lamp  to  give  exactly  16  c.p.,  the  same  proce- 
dure was  adopted  as  in  the  Bureau's  work  with  carbon  lamps.  The 
voltage  is  adjusted  by  trial  (or  by  knowledge  from  previous  work) 
to  give  very  nearly  the  correct  candle-power  reading.  Then  p. 
number  of  standards  are  read,  and  from  the  mean  deviation  of  the 
readings  from  the  standards'  true  values  the  change  in  voltage  which 
will  give  the  correct  reading  is  calculated.  For  carbon  lamps  (3-5 
watts  per  candle)  the  percentage  cliangc  is  given  by  the  relation 
(Vo/\',)'"'  =fpj/f/;,,  or  in  the  differential  form,  5-6  dV=d{cp).  In 
order  to  follow  the  same  plan  with  the  tungsten  lam]),  it  was  neces- 
sary to  know  the  voltage  candle-|)ower  relation  at  the  efficiencies 
used.  This  was  obtained  from  data  given  by  Jlr.  F.  E.  Cady.J  from 
which  it  follows  that  from  2-6  to  4-5  watts  per  mean  spherical  candle 
the  voltage  exponent  ranges  from  3-8  to  4  ;  the  relationship  to  use 
is   therefore   3-9  d\'=d(cp).     By  the   use   of   this   relation   (actual 

*  '■  Siimmlung  Elektrotechn.,  Vorirage,"   IX.,  p.  76.  1906. 

I  .Abstracted  from  the  "  Bulletin   "  of  the  Bureau  of  Standards. 

t  '■  Transactions,''  Illuminating  Engineering  Society,  October,  1908. 
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niimurioal  values  are  kept  tabulated  on  tlio  ])h(it(>m('ter  table)  the 
(iomparison  voltage  is  accurati'ly  fixed. 

Because  of  the  C(jinparatively  low  voltage  of  llie  tungsten  lamp 
it  has  been  found  eonvenient  to  place  in  scries  with  it  an  adjustable' 
ihcostat  and  measure  voltage  across  the  two.  In  this  way,  by 
placing  stops  on  the  rheostat  corresponding  to  31,  .'5-.5,  &c.,  watts 
per  candle,  the  comparison  voltage  is  made  uniformly  10()  volts,  or 
Slime  other  convenient  voltage  if  desired.  For  instance,  with  a  run 
of  IKI-volt  lamps,  the  voltage  on  each  side  of  the  photometer  can  be 
11(»,  and  may  be  clicoked  without  moving  from  the  same  potentio- 
meter post. 

The  tungsten  comparison  lamp  has  proved  eminently  convenient 
and  practical,  and  after  two  months'  daily  running  of  from  four  to 
seven  hours,  chiefly  at  colours  corresponding  to  S-.")  and  3-1  watts  per 
candle,  the  voltage  to  give  16c,p.  has  changed  lessthan  |'-|jths  of  1  per 
cent. 


EXPERIMENTAL  METHOD  FOR  THE  ANALYSIS  OF 
E.M.F.  WAVES.* 

BY   P.    O.    AONEW. 

For  obtaining  a  knowledge  of  the  harmonies  present  in  the  E.M.F. 
wave  of  a  generator  several  types  of  apparatus  are  obtainable, 
notably  oscillographs  and  curve  tracers,  but  mf)st  of  such  apparatus 
is  elaboiate  and  expensive.  Of  some  20  methods  summarised  by 
Orlichf  all  but  one,  the  method  of  resonance  due  to  Dr.  M.  I.  Pupin, 
require  highly  specialised  apparatus.  Dr.  PupinJ  passed  the  cur- 
rent to  be  analysed  through  a  non-inductive  resistance  across  the 
terminals  of  whicli  he  ennnceted  a  tuning  circuit,  consisting  of  a 
condenser  and  an  adjustable  inductance.  By  adjusting  for  reson- 
ance with  any  desired  harmonic,  and  by  observing  the  ri.se  of  poten- 
tial across  the  condenser  by  means  of  an  electrostatic  voltmeter,  it  is 
possible  to  calculate  the  amplitude  of  the  harmonic  ;  but  it  is  neces- 
sary to  have  a  relatively  wide  range  of  adjutsable  self-inductance  and 
electrostatic  voltmeters  with  a  considerable  range  of  sensitiveness. 

The  experiments  here  described  were  undertaken  to  determine 
whether  it  is  possible  to  get  an  approximate  value  of  the  first  and 
second  harmonics  present  in  an  E.W.F.  wave  by  means  of  ordinary 
portable  instruments  and  calibrated  condensers.  A  distorted  K.M.F. 
wave  will  jjass  more  current  into  a  condenser  than  a  pure  sine 
wave  having  the  same  effective  value.  One  ought,  then,  to  be  able 
to  use  this  fact  to  determine  the  amplitudes  of  the  harmonics  to  which 
the  distortion  is  due.  For  simplicity,  sup|iose  the  tliird  harmonic 
only  to  be  present,  and  let  E  be  the  reading  of  the  voltmeter  and  I 
that  of  the  ammeter.  If  E,  and  E„  represent  the  E.M.l'.s  of  the 
fundamental  and  harmonic,  then  one  may  consider  that  they  cause 
the  respective  currents  i^  and  {„  to  flow  in  the  condenser.  If  C  is  the 
capacity  and  m  is  2  tr  times  the  fi'equency  of  the  fundamental,  and 
if  the  resistance  of  the  ammeter  be  neglected 


E2=E,HE/; 


t,=Ei<,X'; 
i„=E„WwC!. 


From  these  four  equations  Ej,  E„,  i\  and  8„  may  be  calculated.  I're- 
liminarj'  exi)eriments  on  waves,  obtained  by  combining  E.M.F.s  of 
different  frequencies  in  known  proportions,  indicated  that  the  method 
was  limited  to  the  determination  of  one  harmonic,  and  that  it  did  not 
give  good  results  even  then.  Of  eoiu-se,  account  must  be  taken  of 
the  resistance  and  inductance  of  the  ammeter  ;  also  it  is  extremely 
difficult  to  obtain  indicating  instruments  whose  error  is,  say,  not 
greater  than  01  per  cent.,  under  the  conditions  of  frequency  and 
wave  form  implied. 

The  necessity  of  knowing  the  absolute  values  of  the  current  and 
voltage  may  be  avoided  by  substituting  an  adjustalile  resistance 
in  place  of  the  condenser  and  adjusting  it  to  give  the  .same  readings 
on  tlic  ammeter  and  voltmeter  as  wei'e  obscrvetl  with  the  condenser. 
Suppose  that  the  third  and  thefiftli  harmonics  are  (iresent.  Let  L  be 
the  total  inductance  and  R  the  total  resistance  of  the  <ircuit,  shown 
herewith  ;  then  the  three  com]K)nents  of  current  are 

i;,  =  E,/7R'-K<.L-1MT; 

i'-,=E;/  jR'-  +  (rMl,-i/rnoV)-. 

These  three  currenta,  bemg  of  different  frequencies,  combine  to 
give  a  resultant  as  though  they  were  mutually  in  electrical  time- 

*  Abstract  of  an  article  in  the  "  Electrical  World." 
f  Orlieh,  "  Aufnahme  und  Analyse  von  Wcchsclstronilauven."  Hraun- 
schweig,  1906. 

t  "  Am.  Journal  of  Science,"   XLVIII.,  pp.  370,  473,  isni. 


quadrature  with  each  other.  The  resultant  current  is,  therefcjrc- 
1=  Ji^-  ^-ii'-iri.K  Ix!t  us  choose  a  value  of  C  such  a«  to  make  K 
small,  and  denote  by  o,,  a^,  Oj.  the  squan  s  of  the  impedances  for 
the  three  components  of  E.M.F.,  or  the  expnssions  under  the  radical 
signs  in  the  denominators  above  ;  now  choose  a  second  value  of  C 
and  adjust  R  for  the  same  readings  of  total  current  and  total  E.M.F., 
I  and  E.  calling  the  new  values  of  the  scpmres  of  the  impedances 
rt,,  a,.  «,;.  Finally,  short-circuit  the  condenser,  again  adjusting  R 
for  the  same  readings  of  I  and  E,  giving,  coi lespondingly,  a^.  a„,  a^ 
Then  if  we  put  ?»[=  l/a^— I/mc,  m.i=l/a.i-  l/an,  m3=l/a,—  \/a-, 
mi^-^l/o.— l/o-,  nii=I/ac— l/«a,  mi}=l/ai—\lai,  it  may  easily  be 
shown  that 


\i:t_      /maW,,, — m-.m,,  Es /)n,mc.- 

n      .v/ ' ^     and   v^i — */ 


•WIsTOl 


The  relations  between  the  several  component  currents  arc  clearly 
shown  in  the  diagram  of  Fig.  2.  When  the  relative  magnitudes  of 
the  component  currents  are  changed  by  altering  the  constants  of 
the  circuit,  the  vector  I  remains  of  the  same  length,  but  rotates  to  a 
new  position  on  a  sphere  of  radius  I.  The  solutiejn  of  the  spherical 
triangle  determined  by  the  three  positions  of  the  end  of  the  vector  I, 
when  the  several  component  vectors  are  changed  by  known  per- 
centages, allows  one  to  assign  definite  values  to  each  vector.  The 
method  cannot  be  expected  to  yield  reliable  values  of  harmonics 
which  are  present  to  the  extent  of  only  1  or  2  jur  cent.  Accord- 
ingly, if  in  a  numerical  calculation  a  component  I'omes  out  as  a 
small  imaginary  (juantity  of  the  above  order  of  magnitude,  it  should 
be  taken  to  be  zero. 

Two  values  of  cjipacity  are  required  for  the  dctt^^rmination  of  two 
harmonics.     It  has  been  found  bv  experiment  that  the  ratios  of  the 


Fig.  1. — Abbangemest 
OF  Testing  CiRcriT. 


Via.  2.— Stack  Vectobs  ok  Comtonent 

CfBRENTS. 


two  values  of  capacity  employed  may  conveniently  lie  between  I;') 
and  2,  for  the  eases  of  nearly  sinusoidal  and  much  distorted  waves 
respectively.  With  such  a  ratio,  and  when  R,  (the  first  value  of 
the  resistance)  is  kept  as  low  as  possible.  R.  (the  second  value)  will 
be,  roughly,  half  of  R3  (the  thud  value),  thus  giving  good  spacing. 
The  use  of  good  paper  condensers  and  soft-iron  ammeters  will  give 
fairly  accurate  results  on  badly  distorted  waves,  but  for  good  waves 
it  is  better  to  use  standard  mica  condensers  with  a  dynamometer- 
ammeter,  and  the  accuracy  may  be  still  further  increased  if  an  ap- 
(iroximate  value  of  the  phase  angle  of  the  condensers  is  known.  The 
recently  introduced  tyjie  of  thcrmo-ammeter  has  the  advantage 
of  having  a  negligible  inductance  and  extremely  low  ivsistance.  but 
the  needle  is  so  slow  in  assuming  its  final  position  that  the  supply 
must  be  very  steady  to  get  consistent  readings.  Yet  some  induc- 
tance is  of  advantage  in  that  it  may  be  used  to  neutralise  the  reactance 
of  the  condenser,  and  also  to  reduce  the  effect  of  the  resid\ial  higher 
harmonies  of  which  the  formula^  do  not  take  account. 

The  author  then  considers  a  few  actual  analyses,  and  .sums  up  as 
follows  :  The  accuracy  of  the  method  is  intermediate  between  that 
of  the  curve  tracer  and  that  of  the  oscillograph  :  the  error  may  bo 
taken  as  not  over  3  per  cent,  of  the  fundamental.  It  has  the  dis- 
advantage of  giving  no  idea  of  the  phase  relations,  and  hence  of  the 
form  factor,  and  of  not  lending  itself  to  the  analysis  of  euriviU  waves, 
unless  a  considerable  amount  of  power  is  available.  Its  chief  ad- 
vantages are  that  no  special  apparatus  is  roquii-ed  and  that  the 
ealeulntions  are  relatively  simple  ;  also,  direct  aeec.ss  to  the  gene- 
rator or  the  use  of  a  synclu'onous  motor  is  unnecessary,  so  thatoKser- 
vntions  iiijiy  be  taken  at  a  distance  from  the  machine. 
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MUNICIPAL  TRAMWAYS  ASSOCIATION. 

PRESIDENTIAL    ADDRESS    ON    "TRAMWAY 
PROBLEMS  IN  THE  FUTURE." 

BY  A.   L.   C.  FELL. 

(ConchitU'l  from  page  966.) 

Conditions  of  Labour. — S|uMking  generally,  conditions  of  labour 
have  vastly  improved  durini;  the  past  10  years.  The  introduction  of 
electric  traction  on  tramways  has  benefited  the  employes  and  the 
undertakings  which  we  reprcM-nt.  healthy  occupation  being  found  for 
many  thousands  of  men.  An  analysis  of  the  number  of  ]>assengers 
c.nrricd  at  various  times  on  an  ordinary  day  in  London  .shows  that 
there  is  a  very  high  peak  for  a  short  time  in  the  morning  and  another 
high  |)eak.  which  lasts  somewhat  longer,  in  the  evening.  This  means 
that  a  large  number  of  cars  are  run  only  for  a  short  time  in  the  morn- 
ing and  again  in  the  evening,  and  it  is  most  difficult  to  cut  down  the 
spread-over  time  of  the  employes  working  these  cars.  At  the  present 
moment  about  40  per  cent,  of  the  cars  are  not  required  for  service 
between  10  a.m.  and  -I  p.m.  In  connection  with  many  tramway 
undertakings  the  situation  is  saved  by  the  fact  that  the  tramway 
lines  pass  tlirough  the  centre  of  the  city,  and  a  considerable  mid-day 
traffic  is  available,  while  there  is  also  a  "  mid-day  meal  load." 
Gradually,  no  doubt,  the  mid-day  traffic  will  develop,  but  I  am  afraid 
that  it  will  be  a  long  time  before  a  sufficient  number  of  passengers 
will  travel  between  the  hours  of  10  a.m.  and  4  p.m.  to  entirely  over- 
come the  difficulty  with  regard  to  spread-over  time.  The  only  solu- 
tion appears  to  be  the  introduction  of  a  heavy  goods  service,  worked 
in  conjunction  with  railway  and  dock  undertakings.  A  service  of 
this  description  would  be  very  beneficial  to  the  tramway  undertakings 
and  to  the  employes,  and  would  relieve  the  congested  traffic  in  the 
main  streets,  and  in  many  instances  the  necessity  for  street  widenings 
would  disappear. 

Conciliation  Boards. — It  may  be  of  interest  to  the  members  of  the 
Association  to  know  the  steps  which  have  been  taken  to  form  con- 
ciliation boards  in  connection  with  the  London  County  Council  tram- 
ways undertaking.  The  proposal  made  by  the  London  County 
Council  that  conciliation  boards  should  be  formed  for  dealing  with 
questions  relating  to  rates  of  pay  and  hours  of  labour,  and  that  the 
scheme  should  be  formulated  on  the  basis  of  that  ])rcparcd  by  the 
Board  of  Trade  for  dealing  with  similar  malttrs  in  railway  under- 
takings has  been  very  promptly  taken  up.  The  Board  of  Trade,  in 
the  first  instance,  Issued  voting  papers  to  all  cm])loy6s,  except  those 
hr)l(ling  official  positions  or  those  under  21  years  of  age,  to  ascertain 
if  tlic  e?nplciyes  were  in  favour  of  conciliation  boards.  The  result  of 
the  voting  was  a  large  majority  in  favour  of  the  proposal.  A  certain 
number  of  men  refrained  from  votuig  for  reasons  best  known  to  them- 
selves, but  even  if  all  those  who  did  not  vote  had  voted  against  the 
propo.sal  there  would  still  have  been  a  majority  of  nearly  2,000  in 
favour.  The  ne.vt  st<'ii  was  to  ask  the  employes  in  each  section  of 
the  scheme  to  nominate  representatives  for  election  on  sectional 
boards.  It  was  arranged  that  each  nominee  should  be  sup]iort<;d  by 
at  least  20  employes  entitled  to  vote  in  the  section  f(jr  motormen  and 
conductors  and  six  cmployfe  in  other  sections.  I  understand  that 
the  Board  of  Trade  will  now  call  together  the  whole  of  the  represen- 
tatives and  describe  the  scheme  in  detail.  The  machinery,  there- 
fore, for  dealing  with  any  difficulties  which  may  arise  will  shortly  be 
in  working  order.  By  means  of  conciliation  boards  it  is  hoped  that 
many  matters  may  be  set  straight  in  a  friendly  and  equitable  manner 
bj'  bringing  the  broad-minded  view  of  the  elected  repK  m  nialm  s  uf 
the  employer  and  cm|)loye  to  bear  on  the  sulijeet.  M\  ■  \\^<  i  m  m c 
has  been  that  much  more  can  be  done  by  a  round-lalih  dis.  ii>;,ic.n 
in  this  manner  than  by  the  sudden  ])rcstmtaUon Of  lists  of  grievances 
a  few  dajs  before  Bank  Holidays  or  on  the  eve  of  a  municipal  election. 
Under  the  new  .scheme,  any  points  relating  to  ho\irs  of  labour  and 
rat<;»  of  i)ay  can  be  dealt  with  as  they  ari.se.  If  an  agreement  cannot 
he  arrived  at,  the  matter  will  be  settled  by  an  independent  arbitrator. 
If  the  experiment  in  L<mdon  is  sati.sfactory  I  hope  it  will  extend  to 
all  municipal  tramway  undertakings  in  the  country,  that  it  will  be 
po-isible  in  lime  for  the  various  boards  to  co-operate.  I'cr.sonally, 
I  think  that  conciliatiim  boards,  with  a  final  reference  to  an  arbitra- 
tor, will  do  much  to  smooth  over  diflicullii  s  with  ngard  to  rates  of 
pay  and  hours  of  labour,  but  matters  of  discipline  should  not  be  dealt 
with  through  this  channel.  In  my  opnion.  the  chief  official  of  a 
municipal  tramways  undertaking  should  take  the  place  of  the 
managing  director  of  a  commercial  undertaking  ;  the  committee 
directing  the  policy  and  leaving  the  manage  r  to  work  out  the  details. 
It  is  imjio.Hsible  for  the  maiuiger  to  do  full  justice  to  the  concern. 
♦  Abstract. 


for  wliiih  he  is  held  rcs|ionsible.  if  he  is  not  allowed  to  deal  with  all 
matters  of  discipline  in  his  department.  It  is  a  fatal  thing  if  an 
employe  or  official  in  any  grade  is  allowed  to  approach  a  committee 
over  his  head  without  the  knowledge  of  the  chief  official.  The  same 
thing  applies  in  all  giades  of  the  tramway  service.  1  am  glad  to  say 
that  in  London  it  is  distinctly  understood  that  everyone  in  the  depart- 
ment wlio  has  a  grievance  should,  in  the  first  place,  ap])roaeh  his 
immediate  sujierior.  If  he  then  does  not  get  what  he  considers  fair 
treatment  he  can,  if  necessary,  lodge  his  complaint  through  the  proper 
channel  to  the  chief  officer. 

Slff!  Wheels. — In  1902  I  ventured  to  write  a  Paper  on  the  subject 
of  "  Steel  Wlieels,"  in  which  I  strongly  urged  their  adoption.  This 
fajier  was  written  after  making  a  series  of  tests  under  trying  con- 
ditions in  Sheffield.  My  remarks  were  subjected  to  very  adverse 
criticisms  by  many  corres]>ondents  in  the  technical  ))ress.  The 
fi'Uowing  ;ire  a  few  extracts  : — 

(1)  '"Given  a  well-laid  track,  and  the  best  chilled  wheels,  iud])erly 
designed  to  suit  circumstances,  there  cannot  be  the  slightest  doubt  that 
tliev  are  by  far  the  most  eoonnmical  in  the  long  run,  and  the  practice  of 
using  tyres  for  tramway  work  is  certainly  a  step  backwards."  (2)  "  Wo  . 
have  only  about  20  axles,  nioiuited  with  steel-tjTed  wheels,  and  we  are 
weeding  them  out  little  by  little."  (3)  "  We  turn  the  tread  and  re-form 
the  flange  of  two  pairs  of  wheels  per  day."  (4)  "  The  steel-tyred  wheel 
— a  very  costly  article,  and  quite  umiecessary  had  the  conditions  been 
]properly  studied."'  {5)  '"  We  learn  fi"om  a  rehable  soureo  that  a  steel 
flange  will  not  last  more  than  four  months'  constant  running  on  a  good 
track."  (0)  "Beyond  the  comparatively  rapid  wear  of  steel  flanges, 
there  is  a  greater  liability  to  cause  flats  on  the  tread."  (7)  "  As  the 
chilled  v.heel  is  now  giving  satisfactory  residts  on  moie  than  7.5  per  cent. 
of  the  tramways  in  the  United  Kingdom,  the  article  above  referred  to  is 
all  the  more  extraordinary,  and  as  it  might  prove  misleading  to  some,  it 
is  proposed  to  look  carefully  into  the  tig\n'es  given." 

These  statements  have  been  proved  to  be  incorrect,  and  with 
regard  to  the  last  quotation  I  have  just  made  inquiries  and  find  that, 
with  a  very  few  exceptions,  steel  wheels  have  been  adopted  through- 
out the  country.  Beplies  have  been  received  from  .53  municipal 
tramway-owning  authorities.  It  appears  that  there  arc  3.3,(100  wheels 
in  use  on  these  undertakings,  of  this  number  33.064  have  steel  tyres 
and  2..')30  are  chilled  iron,  or,  say,  93  per  cent,  are  steel  tyred  and 
only  7  per  cent,  are  chilled  iron.  This  just  shows  how  opinions 
change  in  a  period  of  seven  years.  I  think  the  steel  makers  in  this 
country  arc  to  be  congratulated  on  the  residts,  especially  as  they  are 
now  able  to  produce  steel  lyres  having  a  life  which  exceeds  the  mcst 
sanguine  anticipations  of  seven  years  ago. 

Half -penny  Fares. — The  question  of  the  advisability  or  othcrwifo 
of  Jd.  fares  is  a  delicate  one,  yet  I  think  it  is  one  which  deserves  very 
serious  consideration,  and,  as  regards  all  the  smaller  tramways  sys- 
tems, undoubted  condemnation.  On  the  large  city  systems  these 
fares  are,  in  my  ojiinion.  justifiable,  but  I  venture  to  suggest  that  it  is 
now  time  for  those  who  control  tramway  policy  to  consider  whether 
these  extremely  low  charges  arc  compatible  w  ith  the  proper  discharge 
of  their  financial  obligations,  the  due  conduct  of  the  services  and  the 
adequate  maintenance  of  the  track  and  equipment.  Hitherto  the 
Id.  fare  has  been  looked  U(>on  as  the  backbone  of  our  British  tram- 
way revenues  just  as  is  the  .5  cent  fare  in  the  LTnitcd  States,  the 
10  centimes  fare  in  France,  and  the  10  pfennig  fare  in  Germany,  but 
we  now  seem  to  be  drifting  into  still  lower  regions,  and  I  think  we 
ought  to  jiause  and  reflect  very  deeply  before  we  eecept  the  id,  fare 
as  a  standard  fare  on  all  tramways.  On  large  tramway  systems  the 
id.  faie  is  a  valuable  asset  if  short  stages  are  adopted,  but  the  ten- 
dency nowadaj'S  is  to  gradually  lengthen  these  stages,  and  they 
become  unprofitable  by  encrcaching  on  the  reasonable  Id.  stage. 
On  small  sy.stems  the  id.  .stage  is  a  great  .source  of  danger  and  should 
be  avoided.  I  am  speaking,  of  course,  purely  from  a  managerial 
])oint  of  view,  and  with  the  general  impression  at  the  back  of  my 
mind  that  tramways  should  not  only  serve  the  public  as  well  as  jios- 
siblc  but  should  also  pay  their  way  and  not  be  a  burden  to  the 
ratepayers. 

The  Pant  and  the  Futtrre.— Twenty  years  ago  we  looked  to  America 
for  guidance  in  tramway  matters,  and  in  a  rough-and-ready  manner 
America  showed  us  how  it  should  be  done  ;  to-day  we  rather  think 
that  we  can  show  America  how  it  should  be  done,  but  our  indebted- 
ness to  that  country  still  remains,  as  through  its  bold  iiolicy  of  de- 
veloi)mcnt  the  tramway  world  has  been  able  to  benefit  by  the  j)ionccr 
work  by  av(jiding  the  weak  and  assimilating  all  the  good  points.  The 
tramway  nu'n  in  this  country  in  their  turn  have  endeavoiucd  to  re- 
model and  improve,  with  the  result  that  British  tramway  installa- 
tions arc  now  looked  on  all  over  the  world  as  examples  of  solid  per- 
manent work.  We  have  had  many  inquiries  from  Australia.  Canada 
and  \c«  Zealand,  and  I  feel  certain  that  this  Association  will  be  glad 
to  do  anything  possible  to  assist  our  fellow-subjects  over  the  .seas. 
1  venture  to  think  that  20  years  hence  tramways  will  predominate 
and  rare  specimens  of  an  extraordinary  vehicle  which  was  called  a 
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motor  omnibus  will  be  found  in  the  South  Kensington  Museum.  The 
question  of  local  railway  eom|X-tition  will  be  settled  and  internal 
])ic;k-uiJ  traffic  will  be  roeognised  as  legiliniat4!  tramway  work,  and  all 
longer  distance  through  traffic  will  be  dealt  with  l)ythe  railway  com- 
panies, the  tramways  acting  as  feeders  for  railway  undertakings.  Cor- 
rugations maybe  a  thing  of  the  past  and  a  suitable  material  may  have 
been  foiuid  for  |iaving  tramway  tracks,  and  many  other  of  our  present 
troubli  s  « ill  ]i()ssibly  have  disappeared,  but  we  can  always  be  quite 
certain  that  by  that  time  a  new  crop  of  troubles  for  this  .\ssooiation 
to  overcotnc  will  have  arisen,  and  the  fastidious  tramway  passenger 
will  still  have  to  be  encouraged  (o  ride  by  all  the  arts  known  to  a 
tramway  manager,  who  will  have  to  continue  to  put  his  best  energies 
into  the  work  or  he  will  find  that  patronage  is  withdrawn  in  favour 
of  the  pneumatic  tube,  which  will  convey  a  passenger  from  his  home 
tv  his  office.  There  will  still  be  the  old  question  of  the  survival  of  the 
fittest,  and  I  feel  that  by  that  time  our  Association  will  be  the  fittest 
of  the  fit.  The  Municipal  Tramways  Association  has  not  got  a  very 
lonu  ])ast,  but  it  is  a  past  of  which  we  are  all  proud.  In  the  ci)mi)ara- 
tivcly  short  time  it  has  been  in  existence  much  useful  wdrk  has  been 
aceomplished.  and  the  energy  of  the  members  and  the  sujjport  which 
it  has  received  from  the  municipalities  generally,  augurs  well  for  the 
future,  which  I  am  certain  will  prove  the  Association  to  be  an  ever- 
growing power  for  utility  in  the  tramway  world. 


THE  DETERMINATION  OF  THE  ECONOMY  OF 
REVERSING  ROLLING  MILLS.* 

BY    ('.    A.    ABLETT,    B.SC 

Since  the  last  autumn  meeting  of  the  Iron  and  Steel  Institute,  five 
steelworks  have  decided  to  adopt  electrically  driven  reversing  rolling- 
mills,  making  in  all  over  twenty  firms  who  have  come  to  this  decision, 
and  twelve  such  plants  are  at  work  in  different  parts  of  the  world, 
one  at  least  being  installed  to  replace  an  engine  less  than  ten  years 
old  which  was  in  good  condition. 

The  capital  cost  of  an  electrically  driven  reversing-mill  is  greater 
than  that  of  a  steam-driven  mill  driven  by  a  plain  two-cylinder 
engine,  but  in  the  last  two  years  the  experience  gained  in  setting  a 
number  of  such  plants  to  work  has  enabled  this  cost  to  be  very 
materially  reduced.  Further  reductions  arc  scarcely  possible 
unless  some  new  method  of  revcrsing-mill  driving  is  evolved  in  place 
of  the  Ilun<r  system,  which  has  been  employed  exclusively  up  to  the 
imscnt.  and  the  present  state  of  electrical  knowledge  dees  not  offer 
mueli  prospect  of  this. 

In  a  very  large  number  of  cases  the  economies  which  can  be 
effected  by  the  adoption  of  electric  driving  are  found  amply  to 
justify  the  increased  capital  expenditure.  At  the  present  time,  the 
question  of  saving  in  fuel  consumption  is  the  chief  inducement  offered 
liy  electrical  driving  to  most  steelmakers,  as  the  possibilities  in  the 
dirtctinn  of  greater  output  are  not  fully  recognised,  there  being  as  yet 
uo  published  figures  relating  to  this. 

Teals  are  frequently  made  to  determine  the  economy  of  a  reversing- 
mill  engine,  either  (I)  by  indicating  the  engine  and  estimating  the 
steam  consumjition  per  indicated  horse-jiower  from  some  of  the 
larger  diagrams,  or  (II)  where  boilers  can  be  isolated,  by  measuring 
either  the  feed  water  or  the  coal  burnt  for  a  considerable  period,  and 
keeping  a  record  of  the  tonnage  of  steel  rolled  over  that  period,  so 
that  the  result  is  expressed  in  pounds  of  coal  or  pounds  of  steam  per 
ton  rolled. 

In  the  author's  opinion  the  results  of  such  tests  have  little  value 
for  the  following  reasons. 

Where  the  steam  consumption  is  estimated  from  indicator  dia- 
grams, it  is  common  i)ractiec  to  consider  only  a  few  of  the  larger 
diagrams  where  the  engine  is  working  fairly  eeononiically.  With  a 
eogging-niill  the  ingot  is  seldom  in  the  rolls  for  more  than  one- 
seventh  of  the  total  time  taken  to  roll  it  down,  and  if  a  continuous 
.set  of  diagrams  be  taken,  it  will  be  found  that  less  than  one-quarter 
of  these  represent  anything  like  the  full  power  of  the  engine.  The 
steam  consumption  corresponding  to  small  diagrams  is  naturally 
considerably  higher  per  indicated  horse-power  than  that  which 
eones])iinds  to  full  load,  so  if  the  steam  consumijtion  was  worked  out 
for  all  the  diagrams  taken  in  rolling  down  an  ingot,  with  a  eor\tinuous 
indieatiir.  the  average  steam  consumption  jier  indicated  horse-power 
«ould  be  shown  to  be  much  higher  than  if  only  a  few  of  the  larger 
diagrams  were  chosen. 

In  calculating  the  steam  consumption  from  a  set  of  continuous 
indicator  diagrams,  different  constants  should  be  employed,  accord- 
ing both  to  the  sizo  of  the  diagrams  and  the  way  in  which  the  engine 
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is  working,  so  that  it  is  a  very  difficult  mati^  i  to  devise  any  means  of 
making  tests  to  check  up  the  constants.  A  further  disadvantage  of 
determining  the  steam  consumption  from  indicator  diagrams  is 
that  no  clue  is  furnished  to  the  losses  taking  place  before  the  steam 
comes  to  tlu^  engine  stop-valve,  such  as  blow  lug  off  from  the  Uiileru 
and  radiation,  condensation,  and  leakage  losses  in  the  pipework. 
These  are  naturally  higher  in  prop(;rtion  to  the'  total  work  done  with  a 
reversing-mill  engine  than  with  a  continuous  rurming  engine,  as  the 
reversing  engine  is  only  giving  full  power  for  a  small  proi>ortion  of  thg 
total  time  it  is  working,  while  the  pi|iework  is  always  full  of  steam. 
The  quantity  of  high-pressure  steam  which  is  (  xhaustcd  at  each 
reversal  of  the  engine  without  doing  any  work,  .and  which  is  clearly 
shown  on  the  continuous  indicator  diagrams,  is  frcipicntly  not  taken 
account  of  in  determining  the  steam  consumption. 

The  method  of  measuring  the  feed  water  or  e(.al  burnt  per  ton  of 
steel  rolled,  which  can  only  be  carried  out  where  it  is  possible  to 
isolate  boilers  for  the  jnirpose,  is  open  to  the  objecticjn  that  two 
entirely  different  quantities  are  included  in  one  iiii  asurement — i.e., 
the  economy  of  the  engine,  and  the  actual  work  done  in  rolling  the 
steel.  This  prevents  any  comparison  being  made  lietwten  different 
engines,  unless  the  same  sections  are  being  rolled|from  the  same  sized 
ingots  under  similar  conditions  in  both  ca,ses.  Where  it  is  possible 
to  isolate  the  boilers  supplying  a  reversing-mill.  engine  reliallc 
figures  for  the  steam  or  fuel  consumption  can  be  obtained  by  making 
a  simultaneous  test  to  determine  the  actual  work  required  in  foot- 
poimds  to  roll  the  ingots,  supposing  that  the  same  sized  ingots  are 
being  rolled  dow  n  to  the  same  section  for  a  number  of  hours. 

In  using  this  method  of  making  tests?  it  is  naturally  desirable  to 
take  some  preliminary  diagrams  to  check  the  valve-setting  and  to 
show  if  each  end  of  each  cylinder  is  doing  its  projier  proportion  of  the 
work  of  the  engine  or  not,  and  it  will  be  found  best  to  take  these 
diagrams  during  the  last  passes  when  the  liloom  is  long  and  the 
engine  is  giving  diiigrams  approximately  of  the  same  size  for  a  dozen 
strokes  or  more.  Where  a  comj^ound  engine  is  in  use.  continuous 
indicator  cards  should  be  taken  simultaneously  on  one  end  of  a  high- 
pressure  and  one  end  of  a  low-pressure  cylinder. 

The  above-mentioned  tests  do  not  furnish  any  clue  to  the 
mechanical  efficiency  of  the  engine,  and  in  the  author's  opinion  the 
usual  method  of  arriving  at  thif — i.e..  taking  indicator  diagrams 
when  the  engine  is  driving  the  mill  at  full  speed  running  light — 
shows  the  mechanical  los.ses  to  be  considerably  less  than  they  really 
are  when  ingots  are  being  rolled,  and  that  this  is  particularly  the  ease 
when  the  engine  is  geared  to  the  mill. 

The  energy  consumption  of  an  electrically  driven  reversing  rolling- 
mill  as  expressed  in  kilowatt  hours  (Board  of  Trade  units)  per  ton 
rolled  can  be  determined  in  the  simplest  possible  manner  by  inserting 
an  ordinary  integrating  wattmeter  in  the  sui^iily  system,  which  is  an 
instrument  that  can  always  be  left  in  circuit  and  requires  no  atten- 
tion. If  a  reading  of  this  instrument  before  the  commencement  of  a 
shift  and  a  second  reading  at  the  end  of  the  shift  are  taken,  the 
difference  gives  the  total  kilowatt  hours  u.sed  during  the  sliift.  and 
dividing  this  by  the  tonnage  rolled  the  total  kilowatt-hours  per  ton  is 
obtained.  Such  readings  can  quite  easily  be  taken  for  every  shift,' 
and  a  continuous  cheek  on  the  energy  consumption  can  be  kept. 
Results  expressed  in  kilowatt -hours  per  ton  are  generally  found  most 
usefid,  as  the  cost  of  the  kilowatt-hour  varies  according  to  local 
conditions,  and  knowing  this  cost,  the  total  cost  of  power  can  l>o 
arrived  at  directly.  The  efficiency  of  the  electrical  plant  can  also  Vw 
checked  in  the  simplest  possible  manner  by  jilacing  a  second  integrat- 
ing wattmeter  in  the  armature  circuit  of  the  mill  motor.  The  records 
of  this  wattmeter  will  be  less  than  those  of  the  one  placed  in  the 
supply  circuit,  the  difference  being  the  lo.sses  in  the  electrical  plant. 
This  does  not  take  account  of  the  efficiency  of  the  mill-motor  arma- 
ture, but  as  this  is  of  the  order  of  97  to  98  per  cent,  it  can  well  te 
neglected.  The  following  figures  show  some  characteristic  values 
for  the  kilowatt-hours  per  ton  rolled  obtained  from  tests  on  reversing- 
mills : —  Kilowatt-luHirs. 

per  ton. 

4iin.  x4!in.   billets  from  2-."i  ton  uignts.     tlutpnt.  .">3 

tons  per  hour 22-5 

G  in.  X  (i  in.  blooms  from  2-.')  ton  ingots.     t)u(put.  (13  tons 

per  hour 17."> 

8  in.  X  8  in.  blooms  from  2-5  ton  ingots.   OHt])ul,  8t)  tons 

perhour     J"'''' 

12  in.  X  OJ  in.  blooms  from  7  ton  ingots  measuring  34J  in. 

X25in'     Output.  (),'>  tons  per  hour  , 11-2 

'        32  in.  X  9  in.  sliib.s  from   li  ton  ingots  nieasming  3(i  in. 

X  19i  in.     Out|iut,  40  tons  perhour 4-:? 

32in.  xSin.   slabs  from  (1  ton  ingots  measuring  3li  in. 

X  191  in.     Output.  40  tons  perhour 58 

Flange  rails,  100  lb.  per  yard,  from  2  ton  ingots.     Output. 

30  tons  per  hour   ....'. ". 480 

l^eanis.  120  II).  |Hr  vard.  from  !•.">  ton  ingots   3lM> 

Ch.iMnr-ls,  92  lb.  |.eryir,l.  Ii.mi  1-.".  ton  ingots 370 
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\V    \V.  l',(a,lni.,Lt,  M.I.I'. E.,  M.1..\1,E.,  A-c.     Price  68.  nett. 

The  Electric  Arc.    By  .Mrs.  Ayrtim,  M.I.E.E.    Price  128.  6d. 

Tramway  Tractive  Effort  and  Power  Diagram.  By  Arnold  G.  Hanaard 
K.A.  , A. M.I.E.E.     Prlce4a.6d.net;  lnTulie,5s. 

The  British  Post  Office  Telephone  Service.  Enlnrgei  Kdition.  Fully  Illus- 
trated.    Price  3s.  6d.  nett. 

International  Telegraph  Convention  and  Service  Regulations 
(London  Revision.  1903).     Price  es.  nett.     (Lisbon  Revision,  1908). 

Boiler  Feed  Water.    l;y  F.  W.  Auderfon.    A'oio  Hfiuhj.    I'j  ice  u.i.  nett. 

Prelimlnaryi  Wireless  Telegraph  Conference  (Berlin,  1903),  Pro- 
ceedings at.     Pri  e  l-B.  M.  nett. 

International  Wireless  Telegraph  Convention  and  Service  Regu- 
lations iBorlin,  1906J.    VVithc<.mplete  report  of  Proceedings.  Price  31s.  nett. 

The  Classification  of  Alternate  Current  Motors.  By  V.  A.  A,  Kynn, 
.M.l.K.K.     Jriii  :iii.  nett. 

Electric  Traction  on  Railways,     By  Philip  Dawson.    Price  2S.s.  nett. 

Electric  Cranes  and  Hoists.    By  II.  H.  Bro-..ghton.    /n  Prfparatton, 

Practical  Telephony.    By  W.  Aitken,  .M.I  E.l.     In  Preparation. 

Alternating  Current  Motors.  By  Dr.  Rudolf  Ooldschmldt.  I'rice  Cs.  6U. 
:  ■  n      .V,.j,/,y   /;..„/,/. 

Electric  Mains  and  Distributing  Systems.  By  J.  B.  Dick,  B.Sc.,  and  F. 
Fernie,  A..M.InHl.  (;.E.     Jn  Preyaration. 

The  Shot-Flrer's  Guide :  A  Practical  Manual  on  Blasting  and  the  Prerentlon 
of  bla.'.ting  Accidents  in  Mines,  Quarries,  Ac.  By  W.  Uaurice.  I'ricc  :fc.  Od. 
nett.     Atarft/  IU:adyt 
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accompanied  by  name  and  address  of  the  writer  as  evidence  of  good  laith. 
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"  'I'nE  Electrician  "  offers  exceptiomd  advantages  to  Advertisers.  It  has 
by  far  the  largest  circulation  of  any  English  Electrical  paper  and 
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"THE  ELECTRICIAN"  INDUSTRIAL   SUPPLEMENT. 

With  "  The  Electrician  "  for  Sept.  14,  1906,  was  issued  the  first  of  a 
series  of  "  Industrial  Sup])lements,"  to  be  pubUshed  from  time  to  time 
with  "The  Electrician."  The  fortieth  issue  of  tlie  Supplement  w;is 
puljlished  (Gratis)  with  the  number  of  "  The  Electrician  "  fur  .Sept.  17. 

The"  Industrial  Supplement"  is  a  comprehen.five  record  of  develop- 
ments in  Electrical  Plant,  Machinery,  Apparatus,  Accessories,  Sundries 
and  Materials,  and  of  their  proved  suitabiUty  for  various  Industrial 
purposes. 

The  "  Industrial  Supplement  "  is  holed  for  filing  or  hanging,  and 
filing  covers  can  be  supplied  for  holding  6  or  12  issues. 

HIiBCTRICITY  SUPPLiY  TABLES  AND  DATA. 

This  Valuable  Set  of  Tables  and  Engineeping  Data  re- 
lating to  EleetPielty  Supply  and  to  Eleetpie  Tpaction  on 
Railways  and  Tramways  in  the  United  Kingdom,  the 
Colonies,  and  some  important  places  abroad,  can  be  obtained 
complete  in  handy  book  form,  price  6s.  6d.  post  free,  or  on 
very  hapd  paper  for  rough  or  constant  use,  price  8s.  6d. 
post  free.     A  complete  Index  is  included. 


THE  ENGINEERING  GRADUATE. 

"We  do  not  doubt  that  it  has  very  often  occuircd  to  thos3 
responsible  for  the  teaching  in  our  tecliiiical  colleges  to 
ask  tliemselves  the  question,  "Is  the  engineering  graduate 
really  what  the  employer  wants  ? "  On  the  other  hand, 
the  employer  rarely  vouchsafes  any  opinion  on  the  matter. 
We  therefore  think  it  well  to  call  attention  to  an  interest- 
ing article  appearing  in  the  current  issue  of  the  "Electric 
•  lournal,"  and  which  we  reproduce  elsewhere,  somewhat 
ablircviated,  by  JVIr.  F.  W.  Taylok,  who  voices  the  opinion 
I  if  tlie  manufacturer  in  the  United  States.  We  may  men- 
tion that  Mr.  Tayloi:  is  a  past-president  of  the  Anieiican 
Society  of  Mechanical  Engineers,  and,  as  an  employer,  he 
is  entitled  to  speak  with  authority.  He  has  employed 
many  graduates,  and  altliongli  he  recognises  the  value 
of  the  graduate,  he  emphasises  the  American  opinion  that 
this  type  of  the  young  engineer  is  not,  as  a  rule,  desired. 
lie  is  accepted,  but  he  is  not  desired.  It  is  only  fair  to 
say  that  the  average  employer  comes  to  value  him ;  but, 
nevertheless,  would  much  prefer  someone  else  to  take  him 
first. 

From  his  own  jiersonal  observations,  Mr.  Tavloi!  has 
come  to  the  conclusion  that  nine  out  of  ten  of  tliese  young 
engineers  are  dissatisfied  for  at  least  one  or  Iv/o  years  after 
they  start.     Tliey  liiid  their  employer  uiiappreciative  and 
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exacting,  they  are  not  given  opportunities  commensurate 
with  their  education,  and  they  are  asked  to  do  work  that 
mere  boys  couhl  handle.  Consequently,  they  are  dis- 
satisfied, and  it  is  only  after  going  to  their  second  or  third 
employer  that  they  become  aware  of  the  fact  that  the  boys 
they  make  light  of  are  the  ones  who  can  do  tilings.  Tiiis 
experience  led  Mr.  Taylor  to  decide  at  one  time  that  he 
would  never  employ  a  college  man  who  had  not  Ijeen  out 
for  at  least  two  years. 

This  state  of  things  Mr.  Taylor  attributes  to  two  causes. 
The  first  of  these  is  the  extreme  difference  between  college 
life  and  factory  life.  In  the  college  there  is  very  little  dis- 
cipline, and  there  is  greater  freedom  than  the  students 
have  ever  had  before,  or  will  ever  have  again.  Their 
habits  are  left  almost  entirely  to  themselves.  Rut  when 
they  begin  commercial  life  their  habits  are  regulated  and 
rigidly  prescribed  by  someone  else.  The  other  rea'on  is 
that  the  young  engineer  has  to  make  certain  drastic  changes 
in  his  state  of  mind  when  he  comes  into  commercial 
life.  ¥ov  22  years  or  so  he  has  been  absorbing  information 
and  having  things  done  for  him.  Suddenly  this  process 
has  to  be  completely  reversed  ;  he  has  to  make  himself 
useful  to  other  people  and  to  bring  his  knowledge  into 
play.  This  is  a  very  great  change,  and  it  is  not  easy  to 
adjust  the  mind  to  it. 

The  remedy  suggested  by  Mr.  Taylor  is  that  all  college 
students,  even  if  their  destiny  be  the  church,  should,  after 
the  first  year  at  college,  spend  a  year  in  actual  hard  work 
in  the  shops.  The  advantage  of  so  doing  is  that  they 
begin  to  get  the  character-training  which  is  almost  en- 
tirely lacking  at  college.  They  then  begin  to  learn  that 
almost  nine-tenths  of  the  work  that  every  man  has  to  do 
is  monotonous,  and  they  start  to  develop  the  character 
which  enables  them  to  do  unpleasant,  disagreeable  things. 
In  his  opinion  of  the  value  of  shop  training  we  think 
Mr.  Taylor  is  right,  and  many  people  will,  no  doubt,  agree 
with  him.  The  only  question  is  : — When  should  the  train- 
ing be  taken  ?  The  alternatives  that  are  generally  con- 
sidered ar  J  whether  the  shops  should  be  taken  before  or  alter 
the  college  course,  although  there  is  one  notable  exception, 
for  one  of  our  colleges  places  the  time  spent  in  the  shops 
in  the  position  suggested  by  Mr.  Taylor.  Granted  that 
life  in  the  shops  has  this  value,  there  is  an  objection  to 
leaving  it  to  the  end  of  the  course,  namely,  that  when  a 
nian  leaves  college  he  is  generally  capable  of  obtaining 
some  .sort  of  position  in  which  he  will  receive  a  salary,  and, 
therefore,  there  is  little  inducement  for  him  to  go  into  the 
shops.  Moreover,  the  older  he  becomes  the  more  dis- 
inclined is  he  to  go  through  that  kind  of  life.  Whether 
discipline  at  college  can  ever  be  much  improved  by  this  or 
any  other  course  is  doubtful,  for  the  simple  reason  that 
during  that  time  of  the  student's  life  it  is  the  student  who 
pays,  whereas  subsequently  it  is  the  employer  who  pays, 
and  there  is  a  vast  difference  in  the  mental  attitude  in 
consequence.  Nevertheless,  this  fact  does  not  detract 
from  the  value  of  experience  gained  in  shop  life. 

We  are  glad  to  note  that  Mr.  Taylor  is  strongly  averse 
to  the  idea  of  post-graduate  courses  if  they  are  to  interfere 
in  any  way  with  coming  into  touch  with  actual  work  in 
the  shops.  He  suggests  that  the  average  young  man  needs 
no  post-graduate  couise;  that  what  he  does  need  is  closer 
touch  with  actual  life,  and  tliat  the  tendency  of  univer- 


sities to  lengthen  their  courses  up  Id  five  or  six  years  is  a 
most  unfortunate  change.  We  cordially  agree  with  this 
view.  From  the  commercial  stamlpoint  the  student  is 
lialile  to  suffer  if  he  spends  more  than  three  years  of  his 
life  in  this  way,  for  the  very  simple  reason  that  lie  is 
living  under  conditions  which  are  extremely  uncommer- 
cial, and  the  longer  lie  continues  on  t!ii-.ie  lines  the  harder 
it  is  for  him  to  adjust  himself  to  the  new  conditions  when 
he  is  launched  into  the  commercial  wurl  1. 


REVIEWS. 

(Copies  of  the  undermentioned  works  can  be  had  from  Tfii  EUeirieian  Office,  potit 
free,  on  receipt  of  publislied  price,  adding  3d.  for  books  pablished  onder  Ss.  Add 
10  per  cent,  for  abroad  or  for  foreign  boolis.) 


"  Horse-power  Computer  for  Steam.  Gis  and  Oil  Engines."    By 

H.  A.  (JoMUNci.     (Lnii,l.,ii:  ('ii.iil.-s  (tiffin  &  r,,. I     .5.s. 

"  Horsepower  Computer  for  Petrol  Motors."    Hy  H.  A.  GoLDtNc. 

(L<.iul<in:  Charl-s  (JriHiri  &  C...)     M.  ii:-t. 

During  the  last  few  years  the  principle  of  the  shde  rule  has 
received  many  extensions  so  as  to  provide  an  easy  .solution  of 
a  variety  of  problems.  The  latest  device  of  this  kind,  which 
may  be  considered  as  a  modified  slide  rule,  is  Mr.  Golding's 
computer  for  horse-powers.  'A  large  number  of  variables  enter 
into  the  design  of  steam  engines,  varying  from  the  steam  pres- 
sure, stroke  and  number  of  revolutions  per  minute  down  to 
the  iiumlier  of  expansions  to  be  permitted,  and  questions  of 


C>OLDINi:'s    HuRSE-rOWKR    Co.MriTER. 

condensing  and  non-condensing.  Consequently  the  problems 
are  varied  and  .somewhat  tedious  to  work  out.  Mr.  Goldiniz's 
computer  provides  a  short  cut.  and  can  be  best  explained  by  a 
reference  to  the  figure  and  the  following  sample  problem  : — 

Example. — To  find  the  i.h.p.  of  a  compound  engine,  L.P. 
cylinder  2-4  in.  diameter,  stroke  3  ft.,  revolutions  1(K1,  boiler 
pressure  160  lb.,  expansions  10.  Referring  to  the  figure,  this 
problem  is  solved  as  follows  : — Set  10  on  scale  G  to  Kit)  on 
scale  F.  Read  m.e.j).  on  I*"  opposite  1  on  G.  Subtract  a 
suitable  back  pressure,  set  ."J  ft.  stroke  on  J  to  0-7  on  H,  set 
2-1  in.  on  L  to  100  on  K,  and  read  i.h.p.  (304)  off  N  on  scale  E. 

It  will  be  noticed  that  there  are  one  or  two  quantities  that 
must  be  assumed,  apart  from  ordinary  dimensions.  This 
remark  ap])lies  particularly  to  the  number  of  expansions  and 
what  is  called  tlie  "■  diagram  factor."  the  latter  being  the  ratio 
of  the  total  mean  eifective  pressures  in  all  the  cylinders  re- 
ferred to  the  low-pressure  cylinder,  to  the  theoretical  mean 
eft'ective  pressure  obtuined  by  expanding  steam  hyperbolicallv 
from  the  boiler  jMcssure  /  times.     These  i|Uaiitities  are  depen- 
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dent  upon  the  art  of  the  desiu'uer,  but  in  oidor  to  save  trouble, 
in  the  pam})lilet  that  is  issued  with  the  computer,  a  table  is 
aiven  for  the  most  economical  number  of  expansions  for  various 
boiler  i)rcssures  and  difTereut  types  of  eni-'ine.  Similarly,  a 
table  of  approximate  diaL'iam  factors  is  ijiven  for  typical 
engines,  both  jacketed  and  non-jacketed. 

Upon  lookint;  at  the  computer,  one  is  struck  by  the  number 
of  different  scales  and  discs,  there  beinp  four  movable  con- 
centric discs  and  more  than  doulile  that  nvimber  of  ditYerent 
scales.  Probablv  the  (list  sensation  of  the  desi<;n<'r  will  be 
that  it  will  take  him  sonic  little  time  to  become  sufficiently 
familiar  with  the  instrument  to  be  able  to  make  effective  use 
of  it.  We  do  not  doubt,  however,  that  when  the  instrunuMit 
is  once  mastered  that  it  will  prove  very  useful,  assumini:,  of 
course,  that  the  data  on  which  it  is  based  are  ([uite  correct, 
and  that  familiarity  is  maintained  by  constant  use. 

A  less  ambitious  comjiuter  by  the  same  author  is  that  for 
jiivini;  the  horse-power  of  petrol  motors  according  to  the  rating 
formula  of  the  Royal  .\utomobile  Club.  However  unscientific 
such  formula'  may  be.  they  have  their  advantage  in  giving 
some  sort  of  idea  of  the  probable  horse-power  of  petrol  motors 
as  used  at  tiie  present  day  on  motor  cars.  It  cannot  be  said 
that  the  computation  by  arithmetic,  much  less  by  the  ordinary 
slide  rule,  is  a  verv  laborious  affair,  as  it  only  involves  the 
square  of  one  number  multiplied  by  another  and  divided  by 
a  third  :  but  for  the  motorist  who  wishes  to  avoid  mental 
labour  Mr.  Golding's  computer  may  prove  useful,  and  as  the 
cvlinder  bore  is  uivrn  in  both  inches  and  millimetres  the  instru- 
ment provides  incidentally  a  rapid  means  of  converting  from 
inches  to  millimetres  or  vice  versa. 

As  circular  slides  of  this  type  are  lialile  to  be  l>adly 
worn  bv  bending  up  the  edges  in  order  to  turn  the  discs 
round,  we  would  suggest  that  it  would  be  an  advantage  if  a 
small  knob  could  be  added  to  the  movable  slide.  In  all  cases 
this  is  not  possible,  but  where  it  could  be  done  we  think  it 
would  save  wear  and  tear. 

Elektrische  Lichteffekte.  By  Prof.  Wli.mci.M  Bi^^ian.  (Leipzig  : 
C..irl  t-cl.oltze.)  Pp.  184.  M.IO. 
This  work  deals  in  a  comprehensive  and  authoritative  manner 
with  the  subject  of  indoor  and  outdoor  illumination  from  the 
decorative  jioint  of  view,  and  .should  prove  of  considerable 
value,  ( s])rcially  to  the  "  illuminating  engineer."  The  infor- 
mation contained  in  the  ten  chapters  and  appendix  comprising 
the  volume  is  excellent,  and  is  the  outcome  of  the  author's 
practical  experience.  It  is  of  a  thoroughly  practical  character, 
is  simpiv  written,  and  contains  a  number  of  ilhist rations  in 
addition  to  four  s])ccial  coloured  plates. 

ChajHer  I.  is  dc-criptivc  of  the  carbon  filament,  metal  fila- 
ment and  Ncrnst  lamps,  the  o])en,  enclo.sed  and  llainc  arc 
lamps,  and  the  mercury  vapour  lamps  as  regards  (heir  suit- 
ability and  relative  advantages  for  dfcorative  purposes.  The 
account  is  vny  dear  and  instructive,  and  only  l(juchcs  upon 
the  constiuctive  details  in  a  general  manner.  In  chapter  II. — 
.Shop  Window  Lighting— the  author  remarks  that  the  ultimate 
aim  of  all  shop  window  lighting  is  to  advertise,  but  he  rightly 
condemns  that  kind  of  illumination  so  often  met  with  which 
consists  in  blinding  the  eyes  of  tho.se  in  the  street  by  means  of 
miniature  "  suns  "  in  the  shape  of  flame  arc  lamps  hung  low 
down  in  front  of  the  window.  As  often  as  not  they  defeat  their 
puipose.  He  also  di.scu.sses  the  points  which  should  be  con- 
sidered for  artistic  and  effective  .shop  window  lighting;  of  these 
the  colour  of  the  light  .source  is  of  first  importance,  and  is  well 
treated.  Before  showintr  in  a  very  stril mg  manner  by  means  of 
four  colour.-d  plates  how  colours  chang<'  with  the  nature  of  the 
light  incident  on  them,  he  briefly  and  simply  explains  the 
theory  of  colour. 

The  mdhods  of  connecting  lamps  are  next  given  in  ehaptci 
v.,  which  also  includes  details  of  wiring  material  and  special 
fittings  for  temporary  wiring.  Chapter  VI.  is  on  special 
lighting  efftcts  bv  means  of  glow  lamps,  and  attention  is  drawn 
to  the  careful  seliction  of  the  correct  tints  to  be  used.  The 
motor-driv(  n  dr)im  controller  for  effecting  colour  changes  in 
sign  lighting,  is  al;:o  dealt  with  here.  Much  inst'uctive  matter 
is  contained  in  chapters  VII.  and  VIII.  on  the  principles  and 


the  arrangement  of  the  cinematograph,  theatre  projectors'  and 
illuminated  fountjiins.  The  subject  of  theatre  and  stage  light- 
ing is  well  handled  in  chapter  IX.,  aiul  chapter  X.  contains 
details  of  a  few  s])eeial  stage  effects.  The  book  concludes  with 
an  appendix  on  the  important  question  of  the  enuMgeney  light- 
ing of  theatres  and  public  buildings. 

The  work  can  be  thorough! v  recommended,  and  is  just  the 
kind  required  by  those  interested  in  electric  lighting.  Apparently 
an  equivalent  English  book  does  not  exist.  H.  G.  8, 


AMMETER  FOR  THE  ACCURATE   MEASUREMENT 
OF  LARGE  ALTERNATING  CURRENTS.* 

BY    E.    F.    NORTURIT.    ril.D. 

Summary. — The  .author  first  discusses  the  laws  goveniing  the  pressure 
in  a  conductor  of  circular  cross-section  conveying  an  electric  current, 
and  Ihen  describes  an  ammeter  based  on  the  variation  of  the  pres- 
sure in  a  liquid  conductor.  This  instrument  is  particularly  adapted 
to  the  measiircment  of  large  alternating  currents,  and  details  of  the 
accuracy  obtainable  are  given  in  the  Paper. 

The  accurate  measurement  of  alternating  currents  too  large  to  be 
measured  by  a  Kelvin  balance  or  a  Siemens  typ?  of  electrodyna- 
mometer  has  been  hitherto  a  difficult  and  costly  measurement 
seldom  made.  The  usual  practice  has  been  to  use  a  series  trans- 
former, but  as  the  ratio  of  transformation  varies  with  the  load,  the 
frequency,  the  wave  form  of  the  current,  the  magnetic  leakage,  the 
,  eddy   current   losses   and    with    other 

less  important  influences,  the  accuracy 
of  the  method  is  very  low. 

The  new  method  here  proposed  is 
leased  upon  the  utilisation  in  a  current 
meter  of  the  recently  ob.servcd  centri- 
petal pressure  which  exists  in  the  in- 
terior of  a  liquid  conductor  carrying 
an  electric,  current.  When  an  electric 
current  of  large  density  is  passed 
through  a  fine  jet  or  stream  of  mer- 
cury or  molten  metal,  the  stream 
suffers,  at  some  point  of  its  length,  a 
constriction  and,  it  the  current  is 
sufficient,  the  constriction  divides  the 
stream  with  consequent  vaporisation 
of  the  metal.  This  fact  was  observed 
and  first  described  by  I^aul  Bary 
("  L"Industrie  Elcctritpie,"  April  '2i>. 
1901).  The  phenomenon  was  con- 
sidered in  19t)7  by  the  present  writer 
in  a  Paper  f  before  the  American 
the     title     "  Some    Newly     Observed 


FU!.  1. 


Physical     Society,     under 

Manifestations  of  Forces  in  the  Interior  of  an  Electric  Conductor,' 

and  Mr.  Carl  Bering  put  on  record  his  obscrvatimis  and  explanation 

of  the  phenomenon  as  manifested  in  resistant'  tinnaees  in  a  Paper 

read   before   the   American   Electrochemical    Society,   entitled   "  A 

Practical  Limitation  of   Resistance  Furnaces;    the  '  Piiuli  '  I'lieno- 

menon."J 

In  the  writer's  Paper  an  ammeter  was  described  and  sli(.vvn  wcrk- 
ing,  which  measured  direct  or  alternating  currents,  its  operation 
depending  upon  the  jircssurc  forces  in  a  conductor.  Later,  several 
other  ammeters  for  the  ci  mmercial  measurement  of  large  alternat- 
ing currents  were  constructed.  The  success  and  accuracy  of  Iheso 
instruments  suggested  that  ajiparatus  carefully  constructed  on 
similar  principles  might  be  used  for  accurately  measuring  a  largo 
electric  current  even,  perhaps,  in  absolute  measure. 

T/iiun/  iif  the  Ammeter.— In  Fig.  1.  B  is  a  vertical  section  and  A  a 
cross  section  (,n  the  line  ab  of  B.  The  cell  is  lilk d  with  mercury. 
Wlicii  an  electric  current  pa.sses  from  j  to  k  tliroujili  the  mercury,  a 
difference  of  hydrostatic  jircssurc  is  created  bctwein  the  outi-r  and 
inner  circumferences  of  the  circular  cell.  In  order  to  detdiniiie  tliis 
pressure  dillercnee  a  communication  must  be  established  between 
the  outer  and  inner  circumferences  of  the  cell.  This  may  be  aceuim- 
plished  by  the  arrangement  diagrammatically  shown  in  the  section 


B.     Wlien  current  flows,  mercury  will  tend  li 

*  Abstract   of   a    Paper   read    before    (lie    .Americai 
Society. 

t  sic  The  Electrician,  Seplcnilicr  IH,  1!I07,  ]'.  SiiH. 
J  'J'UE  Ki.ECTRiciAN,  July  10,  1007,  p.  o(i2. 
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/),  and  up  the  tube  p-,.  This  flow  will  continue  until  the  clifTcrence 
in  level  at  whicli  the  mercury  stands  in  tlic  tubes  /),  and  p,  establishes 
a  pressure  difference  equal  and  (ii>p(isite  to  that  pn duccd  by  the 
current  between  the  inner  and  uutt  r  cireumfercncis  of  the  cell.  By 
racasurinsr  the  difTerenee  in  level  between  the  tubes  j),  and  ;),  the 
l)ressure  dilTerence  produced  by  the  current  may  be  det<  rmini  d.  If 
the  conditions  arc  rightly  arranged,  the  current  will  be  a  known 
function  of  this  pressure  difference  and  hence  the  current  vo.lue  may 
bcronir  known. 

Inasmuch  as  the  tube  p2.  which  communicates  with  the  interior 
of  the  cell,  must  have  a  finite  diameter,  and  as  this  tube  consists  of 
insulating  material,  such  as  ivory,  which  is  necessitated  by  the  con- 
dition for  obtaining  a  uniform  current  distribution  in  the  cell,  it 
becimics  necessary  to  determine  the  |ircfsure  difTerenee  between  the 
inner  and  outer  walls  of  the  hollow  liquid  cylinder  as  a  determinate 
function  of  the  current  which  flows  with  uniform  ilistribution 
tliroughout  a  r)c;ht  cross-section  of  the  cylinder.  Tlii.s.  as  will  be 
sliown,  is  a  perfectly  determinate  problem,  but  one  ^\hich  involves 
certain  assumptions  if  it  is  required  to  calculate  the  instrumental 
constant.  These  assumiJtions.  however,  may  be  realised  in  practice 
by  employing  jiroperly  constructed  apparatus  for  the  i.urpo.=e.  Of 
the  assumptions  made,   tlirte  have  especial   importiuicc  :    (1)  The 


With  such  narrow  slits  the  lines  of  current  flow  cannot  bend  into 
the  spaces  where  the  mercury  enters  and  leaves  the-  cell. 

The  pressure  difTerenee  produced  by  the  current  might  Ik;  deter- 
mined by  measuring  directly  the  difTerenee  in  level  at  which  the 
mercury  is  caused  to  .stand  l)y  tlu-  current  in  two  tulx-s  as  /<,  and  p., 
but  a  more  accurate  method  is  available.  The  author  next  con- 
siders the  theory  of  the  apparatus  on  similar  lines  to  his  I'hysieal 
Society  Paper*  and  shows  that  on  the  assumption  of  unifr.im 
current  distribution  the  current  I  =  A  x  JW,  where  l-'=the  resulting 
pressure  dilTerence,  and  the  constant 


rf  being  the  radius  of  the  internal  wall  and  II  the  radius  of  the 
external  «all.  The  assumption  of  uniform  current  distribution  is 
entirely  justified  for  the  ease  of  direct  and  slowly  iillernating  currents 
and  is  so  practically  for  frequencies  as  great  as  13.'i  cycles  per  second. 
Owing  to  the  so-called  "  skin  cfTect."  with  rapidly  alternating 
currents,  the  current  tends  to  leave  the  centre  of  the  cell  and  to 
crowd  toward  the  circumference.  The  error  which  iniL'ht  arise  from 
this  cause  is  examined  later  and  shomi  to  be  negligibly  small.      The 


Bolts  screw  into  copper 
terminals  are  insulated 
frcn  ether  metal  chad: 


15 ^ 
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crr.ss-secticn  is  that  of  a  circular  cj'linder  having  a  ccmmcn  axis 
for  its  inner  and  outer  circumferences.  (2)  The  current  distribution 
throughout  a  right  section  of  the  cylinder  is  perfectly  uniform.  (3) 
The  lines  of  current  flow  in  the  cell  or  hollow  cylinder  are  every«T;ere 
throughout  its  axial  length  parallel  to  the  axis. 

The  assumption  of  uniform  current  distribution  requires  the  mcst 
care.  As  mercury  has  over  150  times  the  resistance  of  copper  tl'.e 
current  distribution  throughout  the  mercury  cell  would  not  be 
uniform  if  the  upper  and  lower  faces  of  the  cell  were  not  parallel. 
Though  the  intensity  of  the  ])ressure  is  independent  of  the  axial 
length  of  the  cell,  it  is  nevertheless  necessary  to  give  the  cell  a 
moderate  length  so  that  the  percentage  difTerenee  between  ditTercnt 
parts  of  its  faces,  taken  as  parallel,  may  be  small.  To  secure  a 
justification  of  the  assumption  of  uniform  current  distribution,  the 
construction  of  the  cell  in  respect  to  the  points  above  mentioned 
must  be  attended  to  with  special  care. 

The  parallelism  of  the  lines  of  current  flow  throughout  all  pirtions 
of  the  cell  may  be  .secured  by  the  construction  indicated  in  Kig.  1,  B. 
Here  the  mercury  enters  the  outer  circumi'erenee  of  the  <ell  through 
a  narrow  slit  not  over  J  mm.  wide,  and  leaves  the  cell  from  the  inner 
circumference,  entering  the  tube  p.,  through  a  similar  narrow  slit. 


constant  can  be  determined,  of  course,  experimentally  with  very 
high  precision  by  using  a  direct  current,  which  is  measured  with  a 
potentiometer,  and  by  determining  at  the  -same  time  the  pre,s.sui-c  1*. 
If  a  meter,  however,  is  to  measure  several  thousand  amjieres,  the 
outfit  for  making  an  experimental  determination  of  the  constant  A 
wt)uld  be  elaborate  and  costly,  and  it  is  very  desirable,  then-fore,  to 
know  all  the  conditions  of  the  problem  and  be  able  to  determine  A 
by  calculation. 

Cells  in  Series. — While  to  measure  the  current  it  is  necessary  only 
to  determine  the  pressure  difterence  between  the  centre  and  the 
cireumferinee  of  a  single  cell  of  mercury,  there  arc  reasons,  based 
upon  simplicity  of  construction  and  increased  accuracy,  why  it  is 
often  desirable  to  [lass  the  current  through  several  mercury  cells  in 
series  and  arrange  the  construction  so  that  the  pivssurc  dilTcrenccs 
set  up  in  all  the  cells  are  added  together,  by  joining  the  centre  of  one 
cell  with  one  or  more  small  tubes  to  the  circumference  of  the  next, 
and  so  on  throughout  the  scries.  The  manner  in  which  this  is 
carried  out  in  practice  is  shown  by  the  view  of  the  2.000-annx're 
meter  illustrated   in  Fig.   2.     ^\"hen   the  pressure  dilTerences  of  ii 


*  The  Electkicl\n,  lot.  cit. 
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c(iUiil  cills  arc  aiklid  thus  in  scries,  the  linal  |)R-.-<-iUi\-  is  n  liiiiis  as 
great  as  that  of  oiii-  cell,  and  I  --  .i  J p/n. 

To  dittrmini'  the  power  w hieli  is  dissipated  in  the  cells  of  a  nuilti- 
eelluhir  meter,  let  rf= 0,  then  1  -'=  pA'n.  where  A  is  the  area  of  one  cell. 
The  |H)wer  dissipateil  in  one  coll  will  Ih>  H'=l-r,  where  r  is  the  ohmic 
resistance  of  the  cell.  If  /  is  the  axial  length  of  the  cell  and  p  is  the 
specific  rcsistanceof  morcin  V.  wehave  r=p?/A.  Hence,  if  W,  =  n  .  wis 
the  total  jiower  dissipated  in  the  meter,  we  have  V^'=nVpli\  =  ppl. 

This  hist  equation  leads  l<>  the  important  conclusion  that  the 
power  which  will  he  dissipated  in  any  construction  of  nurcury 
ammeter  of  the  type  above  described  is  inde|)endent  of  the  luirabcr 
of  cells  usi-d  and  of  the  aiia  of  these  cells,  but  is  numerically  equal 
to  the  jircssure  i)roduei  d.  to  the  specific  resistance  of  the  liquid  in 
the  cells,  and  to  the  axial  K  ngth  of  each  cell.  It  follows,  using  cells 
of  a  fixed  axial  length  and  mercury  a.s  the  working  liquid,  that  the 
watts  which  must  be  txpendcd  to  produce  unit  pressure  is  a  fixed 
quantity.  If  the  meter  is  constructed  to  raise  a  column  of  water, 
as  an  index  of  the  pressure  produced,  and  if  the  axial  length  of  the 
cell  or  cells  is  J  mm.  (a  length  that  is  practical  to  em])loy).  and 
mercury  is  used  sls  the  tiuid  in  the  cells,  then  there  will  be  expended 
in  the  meter  approximately  1  watt  for  every  2  cm.  to  which  the 
cohunn  of  water  is  raised.  It  is  evident  from  this  that  if  it  is  required 
to  have  the  scale  of  the  meter  50  em.  high,  it  must  be  able  to  get 
rid  of  the  heat  jjroduced  by  23  watts,  and  this  follows  entirely 
regardless  of  the  current  which  is  measured. 

It  would  seem  that  there  is  nothing  to  gain  by  designing  the 
meter  to  have  nn're  than  one  cell.  Exjjcrience  shows,  however,  that 
several  minor  advantages  are  gained  by  using  two  or  more  cells. 
Since  the  pressure  «  ith  a  given  current  is  proportional  to  the  number 
of  cells  divided  l>y  the  area  of  one  cell,  it  follows  that  as  the  number 
of  cells  is  increased,  the  current  density  in  any  one  cell  is  diminished. 
The  heat  developed,  therefore,  is  less  localised  with  several  cells. 
Also,  if  several  cells  are  used,  the  area  of  each  is  larger,  and  hence 
their  exact  dimensions  are  more  easily  determined.  Further,  if 
only  one  cell  is  used  its  area  would  be  small  for  small  current  meters, 
and  any  cause,  as  a  spot  of  poor  amalgamation  of  the  surface  of  the 
cell,  tending  to  disturb  the  uniform  current  density  in  the  cell  has  a 
relatively  larger  percentage  influence  than  is  the  case  where  several 
cells  of  larger  area  are  used.  Also,  the  mechanical  construction 
lends  itself  very  suitably  to  two,  four,  six  or  eight  cells,  &c.,  and  the 
commercial  form  of  the  meter  is  made  with  two  or  a  greater  even 
number  of  cells.  Where  a  50  em.  scale  is  to  be  used,  the  instrument 
is  hardly  adapted  to  the  accurate  measurement  of  currents  under 
200  to  5(KI  amperes  at  full  scale  reading.  Its  field  of  special  useful- 
ness is  to  be  found  in  the  accurate  measurement  of  alternating 
currents  of  over  1. 000  amperes. 

Mellwds  of  Measuring  the  Presmtre. — For  the  reasons  given  above, 
the  difTerence  in  level  of  mercury  which  can  be  obtained  is  ajiproxi- 
mately  Ifimm.  jier  watt  of  power  expended  in  the  meter.  This 
ditferenee  might  be  read  directly  with  a  cathetometer,  but  to  make 
a  practical  instrument  it  is  necessary  to  magnify  greatly  the  .small 
motion  the  mercury  would  have.  This  might  be  done  by  causing 
the  rising  column  of  mercury  to  move  a  jJointer  ;  it  has  seemed  a 
better  plan,  liowever,  to  use  a  column  of  coloured  water  as  the 
ind  icator. 

Tiie  method  is  shown  plainly  in  Fig.  2.  The  mercury  well,  which 
comnumicatcs  with  the  centre  of  a  cell,  is  given  a  large  diameter, 
and  the  surface  of  the  mercury  in  this  well  only  rises  a  fraction  of  a 
millimetre  w  hen  the  water  column  rises  50  or  more  centimetres.  With 
this  construction,  the  friction  which  the  surface  line  of  the  nierciny 
makes  w-ith  the  wall  of  the  well  is  vanishingly  small  and  has  no 
influence  on  the  precision  of  the  indications  or  on  the  accurate  return 
to  zero  of  the  water  column  when  the  current  is  turned  o(T. 

Water,  coloured  red,  is  used  as  the  indicator  in  jircferciiec  to  all 
other  liquids  on  account  of  its  small  coefficient  of  expansion  at  riKJin 
tem|xratures.  Tlie  water  is  kept  from  evaporating  by  joining  with 
a  small  metal  tuljc  the  top  of  the  gla.ss  IuIk'  in  which  it  rises  to  the 
top  of  another  well  in  commimication  with  the  circumfi n  lue  of  a 
cell. 

Afej-hankal  Cimslruction. — Not  less  than  eight  radically  different 
forms  of  construction  were  designed  and  test<'d  before  the  form  here 
described  was  reached  and  found  to  be  fully  satisfactory.  This 
present  f(jrm  is  intended  to  serve  as  a  laborat^>ry  and  calibrating 
instrument,  and  for  use  in  measuring  large  currents  in  connection 
with  electric  welding  and  electric  furnace  practice.  It  reads  2,(I(J0 
am|K;res  at  about  the  .50  cm.  mark  on  the  scale.  The  constant  is 
easily  changed,  so  that  it  will  rciid  from  5(K),  say,  to  6,000  amperes 
at  the  Siime  scale  mark  by  simply  changing  the  area  of  its  four 
mercury  cells. 

Fig.  2  makes  a  description  of  details  unnecessary  ;  one  important 
feature  deserves,  however,  esfiecial  mention.  It  will  be  noted  that 
the  two  hf)les  which  join  the  circumference  of  one  cell  to  the  centre 


I'l  the  lU'xt  cell  enter  the  circumference  of  a  cell  on  that  diameter 
of  the  cell  which  lies  at  right  angles  to  the  ])lane  through  the  centres 
of  the  .set  of  cells  on  the  right  and  left.  This  point  being  neglected 
in  the  earlier  constructions,  it  was  found  that  the  meter  did  not 
exactly  obey  the  '"  .stpiart' '"  law.  The  cause  of  the  variation  was 
linally  located  as  due  to  the  shifting  of  the  centres  of  maximum 
pressure  to  the  left  and  to  the  right  of  the  geometrical  centres  of  the 
ccll.s.  With  a  wri>ng  construction,  errors  from  this  cau.se  as  great  as 
4  to  5  per  cent,  may  be  jiroduccd.  but  with  a  correct  construction, 
the  errors  arc  too  small  to  be  detected. 

The  axial  depth  of  each  of  the  four  cells  is  made  only  0-5  mm., 
«  hich  was  found  to  be  (piite  sufficient  to  permit  the  mercury  to  flow 
with  perfect  freedom  between  the  well  amalgamated  faces  of  the 
cells.  Careftilly  turned  rings  of  ivory  (juite  ciTeetively  maintain 
unchanged  the  separation  of  the  opposing  faces  of  the  cells,  and 
absoluti'ly  prevent  permanently  any  leakage  of  the  mercury.  For 
instruments  which  are  to  have  their  constants  determined  experi- 
mentally and  not  by  calculation  it  was  found  not  to  be  necessary  to 
line  with  insulating  material  the  walls  of  the  tubes  connecting  the 
centres  to  the  circumferences  of  the  cells,  since  very  little  current 
flows  through  the  mercury  in  the  tubes,  and  the  back  pressure  set  up 
is  too  small  to  consider.  A  tra|)  is  provided  at  the  top  of  the  scale  to 
stop  the  rise  of  water  in  case  of  overload. 

The  scale  consists  of  two  brass  strips  which  lie  on  the  right  and 
left  of  the  index  tube.  On  the  right-hand  strip  a  scale  reading  in 
amperes  is  laid  off,  and  on  the  left-hand  strip  is  marked  a  millimetre 
scale.  This  last  may  be  used  with  a  knowledge  of  the  constant  of 
the  instrument,  when  one  wishes  to  read  to  a  high  jirecision.  When 
full  current  is  suddenly  turned  on,  the  red  liquid  column  rises  from 
zero  to  full  scale  reading  in  from  4  to  5  seconds,  and  returns  very 
exactly  to  zero  in  the  same  time  when  the  current  is  turned  (jff. 
The  movement  of  the  fluid  column  is  just  short  of  aperiodic,  and 


Fig.  3. 

follows  every  fluctuation  of  the  current  with  great  sdnsitivcncss.  It 
is  an  instrument  which  is  very  comforting  to  read  after  one  has 
worked  with  a  Kelvin  balance  which  persists,  with  fluctuating 
cmrents,  in  perpetually  oscillating.  The  scale  has  a  vertical  iuljust- 
ment  sufficient  to  take  care  of  changes  in  the  zero  which  will  result 
from  tipping  the  instrument. 

Accuracy  and  Sources  of  Error. — The  jjrccision  with  which  measure- 
ments of  direct  and  alternating  currents  may  he  made  with  a  2.0(10- 
anipere  mercurj-  meter  was  very  carefully  determined  by  a  scries  of 
measurements  made  at  the  Electrical  Testing  Laboratories  in  New 
York,  using  a  potentiometer  and  direct  current.  Sample  readings 
given  in  the  Paper  show  that  the  readings  of  the  instrument  can  be 
repeated  with  a  jirecision  of  about  0-02  jier  cent,  at  the  500  mm. 
mark,  and  about  01)3  ])er  cent,  at  the  100  mm.  mark.  The  observa- 
li(ms  ])rove  that  there  is  no  ilTect  analogous  to  pivot  friction  which 
would  cause  the  readings  to  be  difl'crent  with  a  rising  and  a  falling 
current.  The  temj]erature  rise  in  20  minutes  with  full  load  cinrent 
is  .seen  also  to  be  small  and  to  have  no  appreciable  tffcct  uiion  the 
readings. 

From  readings  taken  with  direct  current  the  constant  of  the 
instrument  was  calculated  from  the  formula  K  —  /1/I-,  where  h  is  the 
height  in  inches  at  which  the  liquid  column  stands,  and  I  is  the 
corrcsiKinding  direct  current  in  amperes.  The  value  of  K  so  obtained 
was  (lO(Mi(lli4S22.'i.  A.ssuming  the  square  law  to  hold  rigidly  and 
using  the  above  \alue  of  K,  a  direct  reading  scale  was  ruled  on  brass 
and  fitted  to  the  instrument.  A  set  of  readings  taken  on  this  scale 
showed  that  at  the  top  of  the  scale  the  mean  of  a  number  of  readings 
may  be  relied  ujion  to  be  correct  to  better  than  010  per  cent. 

Before  tin-  const.mt  was  obtained,  a  set  of  relative  measurements 
weie  made  with  direct  current,  and  an  alternating  current  of  25 
cycles,  60  cycles  and  135  cycles  per  .second.  The  meter  was  con- 
nected in  series  with  a  1 ,000-ami)cre  Kelvin  balanc*,  and  within  the 
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limits  of  error  of  observation,  the  meter  read  tlie  same  on  direct 
currents  and  on  alternating  currents  of  the  above  frequencies. 

The  temperature  rise  of  the  instrument  after  running  with  various 
currents  all  above  1,000  amperes  for  at  least  six  hours  and  between 
1,500  and  2,000  ani[)eres  for  al  least  one  hour  was  found  to  be  1(>"C. 
This  rise  in  teniperalurc  causcil  Ihr  /.cro  to  rise  from  I  mm.  to  2  mm. 
The  adjustment  possiliie  witli  the  scale,  however,  permits  the  reset- 
ting of  the  zero. 

Multiple  Scale  Meiers. — An  inspection  of  Fig.  .3  shows  how  this  is 
accomplished.  It  is  a  diagrammatic  top  view  of  an  ammeter  of 
four  sets  of  cells,  (1),  (2).  (.S),  (4),  each  set  having  different  diameter 
cells.     There  are  four  terminals,  G.  F,  E,  C.     Accoiding  as  connec- 


tion is  made  to  dillcrcnt  pairs  of  these  terminab  one  or  more  sets  of 
cells  are  brought  into  use,  giving  different  current  values  at  full 
sca,lc  reading. 

The  Absolute  Measurement  of  Current. — The  theory  and  tests 
described  above  give  a  guide  to  the  design  of  a  current  meter  to 
measure  current  in  absolute  measure.  In  the  method  here 
proposed,  a  current  as  large  as  1,400  C.G.S.  units  or  14,000 
amperes  would  be  measured,  and  1  C.G.S.  imit  of  current 
would  be  known  then  as  a  small  fraction  of  this  large  current. 
By  thus  a|)proaching  the  true  value  of  the  C'.G.8.  unit  of  current, 
from  a  high  as  well  as  from  a  low  value  of  current,  gi'eatcr  pre- 
cision would  be  obtained,  and  the  true  value  of  the  unit  would 
become  known  with  greater  accuracy.  The  design  suggested  for  an 
absolute  current  meter  is  embodied  in  Fig.  4,  and  the  figure  is  almost 
self-explanatory.  The  chief  feature  to  note  is  Ihat  the  current  after 
having  passed  through  the  single  cell  returns  in  a  tubular  conductor 
which  siuTounds  the  cell.  As  there  is  no  magnetic  tield  in  the  in- 
terior S)iace  of  a  holkiw  conductor,  the  cell  is  entirely  shielded  from 
the  influence  of  the  field  surrounding  the  return  conductor. 

The  important  assumption  is  made  in  the  formula  that  the  current 
density  is  uniform  over  the  cross-.section  of  the  cell.  It  is  thought 
that  this  result  can  be  satisfactorily  attained  by  (he  construction 
shown.  It  is  further  necessary  that  th(-  current  stream  lines  shall 
be  straight  and  parallel  to  the  axis  of  tlie  electrodes  and  not  be  dis- 
torted where  the  mercury  enters  and  leaves  the  cell.  Uy  the  con- 
struction [iroposed  in  which  the  mercury  enters  and  leaves  by 
narrow  slits  of  about  0  5  mm.,  this  .source  of  error  \\o\ild  be  unques- 
tionably avoided.  The  pressure  produced  would  be  determined  by 
reading  with  a  cathetometer  the  height  to  which  the  water  column 
rises.     The  heat  generated  in  tlie  meter  would  be  abstracted  by  a 


flow  of  oil  in  the  space  between  the  inn<  r  and  outer  conductors, 
allowing  very  large  current  densities  to  be  used. 

The   formula   for   calculating   the  current   in   aUsolute   measure 
would  be  (without  corrections) : — 

where  /(  is  the  heiglit  in  centimetres  to  wliich  the  water  rises,  e  the 
density  of  water  at  a  i)articular  temiwrature  and  tj  the  acceleration 
of  giavity.  The  first  quantity  in  brackets  is  the  constant  of  the 
instrument,  to  be  obtained  by  an  accurat<'  determination  of  the  two 
dimensions  R  and  d.  It  should  Ijc  noted  that 
tin-  quantity  d  does  not  have  to  be  very  accu- 
rately measured.  Also,  a.s  the  square  roots  of  h. 
f>  and  g  enter  the  formula,  the  error  made  in 
measuring  the  current  is  only  f>nc-half  the  error 
made  in  measuring  any  one  of  these  quantities. 
The  error  in  the  current  mea-surement  will  be,  how- 
ever, almost  directly  propcrtitmal  to  the  error 
made  in  measuring  the  radius  R  of  the  cell, 
hence  the  advantage  in  chnnsing  the  radius  as 
large  as  possible  with  the  turren-  available  for 
I  lie  measurement.  The  temperatures  of  the 
dirt'erent  parts  must  be  determined,  of  course, 
with  considerable  precision  to  correct  for  ex- 
jransions  of  the  faces  of  the  cells  and  the  change 
in  density  of  the  water  column.  These  temi)era- 
ture  measurements  might  be  made  accurately 
and  easily  with  thermo-couples. 

The  above  theory,  design  and  calculations 
of  a  large  current  meter  have  lieen  given,  not 
because  it  is  hoped  that  investigators  will  use 
the  method,  good  as  it  seems,  for  the  absolute 
measurement  of  current,  but  because  the  |irin- 
ci])les  laid  down  will  !i|)ply  equally  well  to  the 
eonsUuetion  and  use  of  a  current  meter  of  fine 
IHi'ciKion  for  measming  very  large  alternating 
currents. 

Note. — Since  the  above  Paper  was  written, 
the  author  received  from  Mr.  J.  R.  Carson  a 
very  complete  and  able  mathematical  analysis 
of  the  influence  which  would  be  produced  upon 
the  constant  of  the  mercury  ammeter  V)y  changes 
in  the  frequency  of  the  current  used.  He  ex- 
pressed the  conclusions  of  his  analysis  in  a  curve. 
The  curve  shows  that  the  percentage  change  in 
the  pressure  difference  is  a  function  of  both  the 
frequency  of  the  current  and  of  the  ra<iius  of 
the  mercury  cell.  For  a  cell  2  em.  in  diameter 
and  a  frequency  of  500  cycles  per  second,  (he 
pressure  difference  is  reduced  below  that  which  would  be  obtained 
with  direct  current  only  0-02S  per  cent.  Thus,  this  analysis,  as 
well  as  the  experiments  made  by  the  author,  confirm  the  conclu- 
sion previously  stated,  that  for  all  commercial  frequencies  the 
ammeter  constant  is  very  exactly  the  same  for  both  direct  and 
alternating  currents. 


CORRESPONDENCE. 

MAGNETIC  STOKMS  AND  WIKELES.S  TELEGRArHY. 

TO  THK  EDITOU  OF  THE  ELF.CTRICUN. 

Sir  :  During  the  great  magnetic  storm  on  Saturday  last, 
which  held  iiptlic  postal  telcgiaph  traffic  for  several  hours,  I 
happened  to  be  working  at  a  wireless  telegrapli  station]  in 
Surrey.  I  was  wealing  the  telephones  from  about  2:80  till 
4  p.m.,  and  my  apparatus  was  ranging  in  adjustment  from  "JOO 
to  1,000  metres  wave  length.  In  view  of  the  f:ut  that  this 
magnetic  stoim  was  of  vciy  exceptional  severity,  it  is.  I  think, 
of  interest  to  put  on  record  that  no  trace  of  the  disturbance 
was  perceived  on  my  receiving  apparatus.  The  "atmo- 
spherics" or  "  strays  "  audible  that  afternoon  called  for  no  re- 
mark— they  were  (piite  ordinary  in  character  and  not  frequent 
or  strong— and  the  signals  received  were  as  good  as  usual. 

Had  i  known  of  the  existence  of  the  storm  I  should  have 
made  special  trials  over  a  nmch  wider  lange  of  wavelongths. 
So  far  as  the  obsci  vatioiis  go,  I  think  we  m.iy  conclude  that,  in 
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the  first  place,  there  is  no  very  direct  connection  Itetween 
"  strays  "  and  maj:;netic  storms,  and,  in  the  second  i>lace,  that 
there  are  no  intense  high-frequency  oscillations  or  very  rapid 
local  variations  of  magnetic  force  in  these  changes  of  field  that 
constitute  a  magnetic  storm. — I  am,  &c.,  W.  H.  Ecci.es. 
South  Western  Polytechnic,  Chelsea,  S.W.,  Sept.  29. 

TARIFFS. 

TO  THE  EDITOR  OF  THE  ELECTRICIAN. 

SiK :  Uefcrring  to  your  remarks  on  the  Marylehone  tariff 
(August  13th,  p.  G93),  there  is  no  doubt  that  double  wiring  is 
a  nuisance  and  an  encouragement  to  the  use  of  gas.  A  perfect 
tarifl",  simple  enough  for  the  consumer  to  understand,  is  a 
counsel  of  perfection.  I  therefore  throw  out  the  following 
suggestion  for  the  specialists  in  tarill's,  who  are  legion.  Pos- 
sibly it  may  be  what  Mr.  Seabrook  intends,  but,  if  so,  the  fact 
is  not  quite  clear. 

Put  in  single  wiring,  one  meter  and  one  demand  indicator 
onlj-.  Now,  from  the  published  taritt'  for  the  particular  clas.? 
of  load  to  be  dealt  with  in  any  case  asse.ss  the  minimum  annual 
charge  for  the  maximum  possible  lighting  load.  Say  this  is 
1  kw.  with  an  annual  charge  of  XIO.  10s.  Similarly  deal 
with  the  maximum  jiossible  power  load,  say  3  kw.  and  .£1.  15s. 
"We  have  then  a  total  annual  charge  at  the  rate  of  f  12.  5s.  for 
■1  kw.  possible  load.  On  this  basis  the  actual  annual  charge 
for  any  registered  maximum  demand  can  be  proportionately 
fixed  and  the  tarifl' charge  per  unit  added. 

Additions  to  the  install.ation  must,  under  the  Electric  Light- 
ing Act.s,  be  notified  to  the  undertakers,  who  could  re-assess 
the  annual  charge. — I  am,  &c., 

Calcutta,  August  31.  J.  W.  M. 

INDUCTIVE  SIGNALLING. 

TO   THE   EDITOR   OF   THE    ELECTUICIAN. 

Sill:  In  The  Electkician  of  December  18,  1908,  and 
January  15,  1909,  you  published  particidars  relating  to  my 
apparatus  and  system  for  inductive  signalling,  and  many  other 
uses,  since  fully  described  in  the  pamphlet  recently  issued  by 
the  India  Itubber,  Gutta  Percha  &  Telegraph  Works  Co.,  of 
106,  Cannon  street,  and  Silvertown,  London.  In  view  of  your 
kindness  to  me  in  this  matter,  I  send  you  herewith  a  verbatim 
extract  from  a  letter  which — owing  to  the  last  two  months 
having  been  spent  by  me  at  sea — has  only  just  come  into  my 
hands.  The  letter  is  from  Mr.  S.  Urata,  a  leading  technical 
officer  in  the  Japanese  Imperial  Telegraphs. — I  am,  &c., 

Edw.  Raymond-Barkei;. 

(Copy.) 

Tokio,  Japan,  Aii<r.  14,  1909. 

]  )eiir  M  r.  Raymond  Barker  :  Many  th.nnks  for  a  copy  of  the  pamphlet 
on  the  Two-Tone  Transmitter.  I  .ain  happy  to  say  that  your  Two 
Tone  Transmitter,  together  with  Gott's  Fault  Searcher,  lias  become 
one  of  the  most  necessari'  instruments  which  we  have  to  take  with, 
every  time  we  go  out  to  sea  for  cable  work.  We  have  not  yet  useil  it 
for  the  communication  between  shore  and  the  ship,  though  I  am 
certain  of  its  practicibility-  But  we  always  find  those  instruments 
most  useful  in  finding  out  the  very  cable  we  seek  at  beach  where  many 
other  Ciibles  are  landed  ;  and  also  in  making  sure  before  cutting  any 
doubtful  cable  when  we  hooked  it  on  board  the  cable  ship.  In  these 
eascb  we  hear  the  traffic  signals,  or  nothing  from  the  wrong  caljle, 
while  the  two-tone  souixl  pleases  us  if  we  hit  on  the  right  one. 

Once  or  twice  at  first  in  trial  on  shore  we  failed  by  using  the  sheath 
of  the  .same  cable  .is  earth,  but  the  mistixko  was  found  long  before  any 
actual  case  was  tried.  Once  we  succeeded  to  find  out  the  faulty  point 
in  a  cable  in  tjink  which  was  quite  impossible  to  localise  exactly  by 
ordinary  electrical  (eat,  nor  to  liiid  out  from  the  outward  appearance 
of  the  cable.  (Signed)  S.  Uuata. 


RAILLES8  ELECTRIC  TRACTION  AT  HENDON. 

The  desire  to  extend  their  systems  into  outlying  and  thinly-pojiu- 
latcd  districts,  coupled  with  the  necessity  of  reducing  as  far  jus  |)o.ssiblc 
tlieirj  capital^  expenditure  on  a  portion  of  the  route  not  likely  to 
be  highly  revenue-earning,  lia-s  led  to  the  search  among  tramway 
managers  for  some  arrangement  which,  while  not  preventing  an 
extension  of  the  standard  track  when  occasion  requires  it,  will  allow 
them  to  supply  tcnqiorarily  traffic  facilities  at  a  low  cost.  One  of 
the  methods  jiroposed  for  this  purpose  is  the  "  railless  "  system, 
which  has  been  given  a  certain  amount  of  prominence  lately  and 


wliicli  consists  in  supplying  current  from  nvcrhcad  wires  to  a  sort  of 
"  trani-'bus"  which  runs  on  the  ordinary  ruad  surface.  Much  has 
lueu  .•<aid  both  for  and  against  tlie.se  mctlmcls.  and  some  tests,  which 
liave  recently  been  carried  cmt  at  the  Hendon  car  shed  of  the  Metro- 
politan I'^lectric  Tramways  Co.  by  the  Railless  Electric  Traction  Co. 
«  ill  not.  therefore,  be  wanting  in  interest. 

.\  sliort  length  of  roadway  abounding  in  curves  and  gradients  has 
111  in  laid  down  in  the  vicinity  of  the  car  sheds  and  on  it  runs  are 
made  with  an  experimental  car  with  a  view  to  showing  the  caj)a- 
bilities  of  the  system.  The  line,  as  at  present  constructed,  is  on  the 
twin-wire  principle,  but  provision  is  made  at  all  the  ])oints  of  sus- 
pension for  the  addition  of  the  third  ^virl^  whenever  desired.  The 
trollev  head,  although  running  U)ion  the  twin  wires  only,  carries  its 
two  sets  of  wheels  at  a  sufficient  distance  apart  to  permit  of  the  centre 
contact  being  added  when  the  third-wire  system  is  proceeded  with. 
The  car  is  accordingly  fitted  with  the  automatic  indicators  and 
change  over  earthing  switch,  to  illustrate  the  method  employed  for 
keeping  the  car  frame  at  earth  potential  in  the  twin-wire  system,  in 
uhich  the  polarity  of  the  wires  is  necessarily  reversed  at  junctions 
and  crossings. 

Tlie  conditions  under  which  such  a  system  operates  require  that 
the  trolley  head  should  be  of  the  usual  under-running  type  carried 
at  the  end  of  a  rigid  boom  and  kept  in  contact  with  the  overhead 
conductors  by  raising-springs  in  the  trolley  base.  Another  essen- 
tial condition  is  that  the  trolley  head  should  remain  in  contact  with 
till-  overhead  conductors  under  all  conditions  of  service,  and  should 
liermit  of  sudden  and  wide  diversions  of  the  car  on  either  side  of  the 
centre  line  of  the  wires,  without  diminution  of  speed.  It  was 
ajqiarent  that  this  condition  would  not  be  fulfilled  by  the  ordinary 
swivelling  trolley  base,  and  subsequent  experiments  have  demon- 
strated the  correctness  of  this  conclusion.  In  these  experiments  a 
standard  trolley  base,  trolley  pole  and  head  were  mounted  on  a  rail- 
less  car.  and  it  was  found  tliat  the  head  could  be  kept  on  the  wires 
(inly  liy  increasing  the  tension  of  the  raising-springs  until  the  trolley 
«  heel  cxei'ti'd  on  the  trolley  wire  such  a  pressure  as  would  be  dcstruc- 
ti\-e  to  the  overhead  line,  and  that,  even  under  these  conditions,  the 
trolley  wheel  could  not  be  relied  upon  to  maintain  continuous  con- 
tact. In  order  to  meet  the  prescribed  conditions  in  a  satisfactory 
manner,  the  Railless  Electric  Traction  Co.  has  designed  a  special 
trolley  base,  in  which,  besides  the  usual  raising  springs,  there  are 
adililidiial  .springs  working  in  a  horizontal  plane  and  controlling  the 
|iiMit  i.f  (lie  trolley  base  in  such  a  mamier  as  to  relieve  the  trolley 
uIm  il  i.f  excessive  side  pressure  against  the  trolley  wke,  even  when 
the  ear  i.s  running  at  some  distance  from  the  wii'es.  With  this 
attachment  the  head  travels  freely  under  the  wires,  and  without 
appreciable  side  pressure,  at  whatever  angle  the  pole  may  be  trailing, 
from  90  deg.  on  one  side  to  90  deg.  on  the  other. 

One  of  the  features  that  diflferentiate  engineering  practice  in  this 
country  from  the  standards  of  other  nations  is  the  adoption  of  pre- 
cautious to  minimise  the  risks  of  injury  to  passengers.  One  of  the 
Jiossible  dangers  of  this  character  attending  tramway  operation  is 
that  of  electric  shock  from  any  metallic  portion  of  the  car  that  might 
be  in  accidental  contact  with  the  motor  circuit,  .^gainst  this  risk 
tramway  engineers  have  protected  themselves  by  the  simjilo  device 
of  bonding  all  metallic  parts  to  each  other  or  to  the  under  frame, 
whereby  they  are  necessarily  maintained  at  earth  potential  through 
the  wheels.  This  method,  being  of  course  impossible  on  a  trackless 
cai'  fitted  with  rubber-tyred  wheels,  a  metallic  return,  and  a  second 
trolley  wire  is  necessarily  used  ;  it  is  now  proposed  in  certain  cases 
to  use  an  ingenious  tlu-ee-wire  arrangement  as  an  alternative.  In 
the  equipment  at  Hendon  two  trolley  wires  only  are  used,  one  acting 
as  the  positive  and  the  other  as  the  negative  conductor  ;  and  the 
[iiLsilivc  and  negative  trolley  wheels  are  mounted  as  before  on  a 
common  rotatable  head.  The  framework  of  the  car,  instead  of 
being  directly  attached  to  one  of  the  trolley  wheels,  is.  as  shown  in 
Fig.  2.  connected  to  the  middle  of  a  single-pole  double-throw  switch, 
by  which  it  can  be  connected  at  will  to  either  one  or  the  other  trolley 
wheel.  A  polarised  relay  is  mounted  on  the  car,  one  coil  of  which  ia 
energised  by  the  trolley  circuit,  the  other  by  a  small  storage  battery. 
When  the  single-jmle  switch  is  in  the  emreel  |iiisiliiin  to  connect  the 
framework  of  the  car  of  the  particular  tinlle\  uliieh  is  al  lliat  instant 
negative  (and  therefore  im  the  earthed  win)  llie  lelay  is  inoperative. 
Hut.  should  the  polarity  of  the  trolley  be  for  any  cause  reversed,  the 
relay  instantly  brings  into  action  an  electric  hooter,  mounted  in  the 
Ironi  canopy  of  the  car.  The  hooter  continues  in  action  until  the 
driver  reverses  the  switch  and  thereby  connects  the  framework  to 
the  other  trolley  wire.  In  conjunction  with  this  apparatus  is  a 
seeoiid  hooter  for  notifying  the  driver  of  a  breakdown  in  the  insula- 
tion of  the  motor  circuit. 

With  regard  to  the  ik:sign  of  car  to  be  used  on  this  syst<'m,  expe- 
rienci'  has  shown  that  the  rear  wheels  should  be  utilised  for  pro- 
pelling a  road  vehicle  and  the  front  wheels  for  steering  only.     If  the 
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front  wheels  are  used  for  driving  as  well  as  steering,  the  weight  which 
they  are  retiuirod  to  carry  must  be  eillier  insufficient  for  adhesion  or 
too  great  to  permit  of  easy  st<«ring.  A  road  vehicle  is  frc(iuently 
subjectetl  to  such  shocks  as  make  it  impossible  to  carry  any  con- 
siderable weight  on  the  driving  axle,  a  design  lias  therefore  been 
adoptfd  in  which  the  motor  or  motors  are  attached  to  the  frame  of 
the  chassis  and  the  weight,  therefore,  entirely  spring  suspended  from 
the  axle.     The  chassis  (Fig.  l)isgenera!ly  of  the  motor  omnibus  type, 


to  its  weight  than  docs  rail-resistance  to  the  weight  of  a  tram  car. 
Consequently,  it  seems  that  the  energy  fonsumcd  by  a  ralllcss  ear  in 
overcoming  it.s  inertia  during  accele^ation^■  bt-arsamuch  smaller  pro- 
portion to  the  total  energy  consumed  in  foiiipleting  a  given  cycle  of 
ojjcrations  than  is  the  case  with  a  tram  far.  Thus,  seric8-i)arallcl 
control,  which  reduces  the  energy  expiruled  during  acceleration. 
effects  no  appreciable  economy  in  the  over-all  consumi)tion  of  electric 
power.     Series-parallel   control   for  railh-;^   veliieles  has,   however. 


Fic.  1. — Chassis  itsed  on  Railless  Bus  at  -Hendon. 


and  two  designs  have  been  standardised  in  both  of  vvliieh  the  rear 
wheels  are  independently  chain-driven  from  the  two  ends  of  differen- 
tial countershaft.  The  first  design  requires  only  one  motor,  which 
is  placed  with  its  axis  parallel  to  the  centre  line  of  the  ear,  and  drives 
both  ends  of  the  countershaft  through  differential  gearing.  In  the 
second  design  are  two  motors,  also  placed  with  their  axles  |)araUel 
to  the  length  of  the  ear.  one  in  front  of  and  the  other  behind  the 
countcrsliaft,    each    motor   driving    one-half    of    the    eount-crshaft 


Fid.  2.  -  DiAORAM  oi'-  Connections  on  Hendon  Raii.less  Car. 

through  a  bevel  gear.  The  two  motors  are  thus  mechanically  inde- 
peiulent  and  each  drives  one  of  the  rear  wheels.  In  both  cases  the 
controller  is  fixed  under  the  driver's  seat  and  ojicrated  by  a  lever 
working  over  a  notched  quadrant.  Foot  and  hand  brakes  are  pro- 
vitlcd  for  the  driving  wheels  and  eountersliaft.  The  second  design 
has  the  advantage  of  series-parallel  control,  which,  however,  is  not 
of  sueh  im])ortanee  for  a  road  vehicle  as  for  a  tram  oar.  The  roatl 
resistance  of  a  trackless  trolley  car  bears  a  much  higlier  proportion 


practical  advantages,  for  it  provides  a  second  efficient  running  speed 
which  is  often  of  service  in  crowded  traffic.  It  also  enables  a  railless 
car  to  return  to  the  car  sheds  without  external  assistance,  should 
one  motor  be  burnt  out  or  damaged  while  in  service.  - 

The  overhead  line  at  Hendon  comprises  a  ])air  of  trolley  wires, 
l)iit  the  Railless  Electric  Traction  Co.'s  triple  hanger  is  employed  so 
that  l>nlh  types  of  trolley  head  may  be  experimented  with.  The 
electrical  equipment  on  the  car  consists  of  two  2.5  h.p.  railway  motors 
of  the  British  Thomson-Houston  Co.'s  standard  construction,  with 
the  usual  series-parallel  controller  and  grid  resistances.  The  car  is 
also  furnished  witli  the  relay  and  electric  hooters,  as  described  above, 
for  operation  on  a  two- wire  installation,  this  apparatvis  being  supplied 
by  Messrs.  Brecknell.  Munro  &  Rogers,  of  Bristol,  who  also  con- 
structed the  trolley  l)ase.  pole  and  head  as  well  as  the  overhead  line 
fittings.  The  ear  body  is  of  the  single-deck  tyi)e.  with  seating  cajia- 
city  for  22  ])asscngers  inside  and  two  additional  seats  on  the  rear 
platform,  and  was  built  by  Messrs.  Milnes.  \'oss  &  Co.,  of  lijrkenhead. 


ELECTRICITY  IN  MINES. 


Part  II.  of  tlio  anuual  report  for  1908  of  the  chief  iiisi)ector 
of  mines  has  just  been  issued  by  the  Homo  Office.  It  deals 
witli  the  question  of  labour,  and  from  the  electrical  standpoint 
is  of  more  than  usmil  interest,  since  it  contains  a  report  by 
Mr.  E.  Nelson,  electrical  inspector  of  mines,  who  entered  oii 
his  duties  on  November  I7th  last.  The  growth  of  the  use  of 
electricity  as  a  means  of  traiisraittinj,^  eiieri;y  in  mines  is  shown 
by  the  fact  that  since  tlio  establishment  in  1905  of  the  Elec- 
trical Sju'cial  Kules  in  i\lines  no  less  than  1,15S  notifications 
of  the  introduction  of  electric  motive  power  in  stieh  mines 
have  been  made  to  the  district  inspectors.  In  his  report  Mr. 
Nelson  faj's  :^ 

A  few  comliisiniis  may  he  drawn  of  general  applieatinn.  In  the  !i|-st 
place,  the  standard  of  safety  luuicrgrmuKi  (apart  from  such  special  cir- 
cuinstancos  as  the  iHLssiblo  presence  cii  explosive  gas)  is  undoiibtv-dly 
much  lower  than  in  ordinary  surface  work,  mid  also  much  lower.  I  have 
no  hesitation  in  s.aying.  than  it  might  bo  made  without  added  cost  by 
the  moi'o  exercise  of  a  littlo  foiotli.m!;ht.  Since  the  issue  of  the  SiR-oial 
Rides  governing  the  use  of  oloitiioity  in  mines  an  im|n-ovement  liivs.  no 
iloiibt.  boon  oli'oo*eil,  and  the  slaiulard  of  safety  in  somo  of  the  more 
ivcoiit  installations  is  fairly  high  (in  one  isolated  case  I  visited  in  -South 
Walls  I  shcniKl  closcribo  it  as  very  high),  but  the  majority  of  umlorgiimnd. 
installations  fail  lamentably  in  one  or  moii'  woll-dofinod  dirootitins, 
involving  gravo  iisks  of  greater  or  less  magnitude  .'or.  nt  theloast.'daugor 
to  (he  lives  of  individual  workmen.  The  common  faults  above  mentioned 
il  might  bo  well  to  give  in  detail : — 

A/o'te  n/  (\^>is(rurtion. — (1)  Kxiuisod  high  and  nieiUum  jiressure  o<in- 
diictoi's  it  surfaee,  and  o.'cposed  high  and  medium  pressure  conduotors 
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and  s»it»liL'car  uiidiTirioiiiKl.  {■2}  Fiiinu's.  lK'(!|il;iti  s.  io\.rs,  \i'.,  of 
hiEjh  anil  inoliiim  pressure  apparatus  not  "  ciirlhoct  "  or  iiicfluiontly 
earthed.  (;?>  .S«'it(li<;ear  and  caliKs.  the  former  moun'.ed  on  wikkI  ami 
surrrxindeil  by  as  mueh  wood  as  possible  and  the  litter  a  eonfused  mass. 
plaeed  fretiuently  in  the  main  int. ike  airway.  The  whole  arranuement 
inviting  two  oeeurreuees :  (o)  Shook  by  aeeidental  eontaet  with  an 
expoi;ed  live  part.  ('>)  fire,  (t)  Defcelive  joints  in  eables.  (.'>)  The 
omis-sion  of  insulating  bushes  where  frames  of  maehines  and  swaf  eh  boxes 
are  piereed  by  eables. 

PcleclJi  of  Orgnnis'ilion. — (1)  The  alxseneo  of  a  trained  eleetrieai  engi- 
neer. (2)  The  handling  when  not  absolutely  unavoidable  ol  live  oalde  or 
apparatus  for  adjustment  or  repair.  (3)  The  nbsenee  of  a  definite  and 
distinet  rule  that  unskilled  men  may  haudle  electrical  cables  and  appa- 
ratus only  \\he:\  the  pressure  is  "  otT."  and  only  then  if  'he  work  be  under 
the  direct  supervision  of  an  eli'rtrical  engineer.  Other  defects,  as  the 
lack  of  adequ  ite  .systematic  inspection  of  plant,  are  not  siven  above,  as 
if  the  defect  of  organisation  fir  t  mentioned  be  remedied  such  defects  will 
automatically  cea.se  to  exist. 

The  very  jjencral  l.vk  of  tcihiiical  knowledge  which  exists  has  serious 
results.  Tenders  are  obtained  for  electrical  plant  from  several  contract- 
inp  firms,  and  the  lowest  tender  is  usually  accepted.  The  purchaser, 
having  no  special  Imowlcdjic  of  electrical  matt^r.^i,  is  ipiile  unable  to 
judge  whether  the  work  is  good  or  bad.  his  only  guide  bi'ins  the  otitward 
ap|iean<nee  of  the  fittings.  He  i.s.  therefore,  entirely  in  the  contractors" 
hands.  The  result  is  freipicntly  disastrous,  even  ar.  regards  the  efficient 
use  of  the  eapit«l,  a))art  fr-.m  the  more  serious  risk  of  accident. 

Electrical  plant  for  mines  should  first  be  tendered  for  to  strict  specifica- 
tion, and,  secondly,  constantly  supervised  during  progress.  There  arc 
firms  of  contractors  who  arc  willing  and  anxious  to  do  good  work,  and 
such  firms  prefer  the  strict  spi'cification  and  welcome  the  supervision. 
The  loose  and  short-sighted  methods  which,  however,  so  frci|uently  obtain 
with  coiliery  ownei-s  result  in  firms  of  tliii-  class  being  unable  to  compete 
agaiiisl  more  ignorant  or  less  scrupulous  rivals,  with  a  consequent  lower- 
ing of  the  general  standard  of  electrical  ciii;ineering  as  a)i|)lied  to  mining, 
very  apparent  to  anj'one  accpjainted  with  what  good  work  is.  The  icmetly 
rests  in  the  employment  of  competent  ele<-trical  engineers  for  the  pur- 
cha.se,  installation  and  operation  of  electric  plant,  aiid  I  feel,  as  matters 
stand  at  the  ]iresont  date,  that  this  cannot  be  too  strongly  impressed  upon 
colliery  owners  in  their  own  interest. 

In  1908  1,174  separate  fatal  accidents  occurred  in  mines, 
involving  a  loss  of  1,345  lives,  a  decrease  of  21  in  the  number 
of  accidents  and  an  increase  of  6fi  in  the  number  of  deaths 
compared  with  the  j  ear  1907.  The  number  of  persons  dis- 
abled for  more  than  seven  da)s,  but  con  fatall}-,  was  143,258. 
It  is  interesting  to  notice  that  G03  of  the  total  number  of 
deaths  and  52,679  of  the  number  of  persons  disabled  resulted 
from  falls  of  ground,  whilst  only  1 1  deaths  (an  increase  of  1 
compared  with  the  previous  year)  and  22  cases  of  nonfatal 
injury  were  attributed  to  electricity. 

Of  the  11  fatal  electrical  accidents,  in  six  cases  the  shock 
was  received  from  cables,  in  cue  from  a  switch,  in  one  from  a 
signal  wire  in  contact  with  a  bate  cable,  in  one  from  contact 
with  a  live  terminal,  and  in  one  from  a  controller.  In  the 
majority  of  accidents  the  electrical  pres.nire  was  only  from 
250  to  580  volts. 

The  above  figures  refer  to  accidents  underground  ;  in  addi- 
tion to  these  there  were  four  fatal  and  12  non-fatal  accidents 
on  the  surface,  due  to  electricity.  In  regard  to  quarries  92 
deaths  and  4,809  non-fatal  accidents  were  recorded,  electri- 
city only  being  responsible  for  one  accident,  and  that  n on  fatal. 

In  the  report,  statistics  are  given  of  the  number  of  coal- 
cutting  machines  in  the  Ignited  Kingdom.  These  machines 
were  in  use  at  414  collieries  and  numbered  1,059,  compared 
with  1,493  in  1907.  The  amount  of  mineral  thereby  obtained 
was  13,590,358  tons.  It  is  interesting  to  notice  that  737  of 
the  machines  were  driven  electrically  ami  the  remaining  922 
by  compressed  air.  Of  the  electrical  machines,  409  were  of  the 
disc  type,  230  of  the  bar  type,  N9  of  the  chain  type,  two  of  the 
percussive  type  and  seven  of  the  rotary  heading  type. 

Of  the  30,699  .safety  lamps  in  use  in  190H,  2,190  employed 
electricity  as  the  illuminant,  cminiaicd  with  2,084  in  the  pie- 
yious  year.  As  to  tiic  method  of  lighting  the  lamps,  in  270,108 
instances  electricity  was  employed  out  of  a  total  of  (54  1,008 
ca.ses  in  which  lamps  were  lighteil,  internal  igniters  being 
employed  in  3,535  cases,  whilst  the  lamps  were  opeiieil  in 
358,751  instances.  As  .showing  the  dangers  attendant  on  the 
use  of  electric  rc-lightcrs  the  following  incident  is  described  in 
the  report : — 

At  a  colliery  in  the  Midland  district  a  re  lighter  in  use  contuined  two 
primary  batteries,  the  K.M.F.  <if  which  w;ui  about  2-.')  volts,  and  a  Kuhm- 
korff  coil,  which  wna  hermetically  sealed  in  a  strong  iron  box.  The  apjia- 
ratus  was  of  the  latest  deaiijn.  and  had  been  in  use  for  over  two  months. 
\a  official  of  the  colliery  proceeded  to  re-light  a  lamp  of  the  maker's 
pattern  by  fixing  it  on  the  revolving  cylinder,  and  when  he  attempted  to 


pi-^s  th'-  current  through  (he  lamp  an  c\ploslon  occurred  in  the  lower 
iron  box  which  contained  the  batteries  and  the  Rnhniki>rfl  coil.  The 
force  of  the  explosion  shattered  the  iron  box  and  tlic  ilaiiu>  burnt  the 
oHicial.  The  re-lighter  was  situated  in  a  cunvnt  of  fresh  air  which  had 
travelled  not  more  than  2.')0  yds.  from  the  downcast  shaft,  and  the  place 
was  ipiite  tree  from  firedamp.  No  lamp  on  this  occasion  h.id  been  re-lit 
for  about  10  hours.  There  can.  therefore,  be  no  doubt  that  the  explosion 
was  due  to  the  ignition  by  means  of  an  elect  lie  spark  of  hydrogen  gas  in 
an  atmosphere  surchuged  wit!)  oxygen,  the  hydrogen  ,ind  oxygen  having 
becii  generated  by  clcctr-.l\tic  act'iiui.  Within  two  months  of  this  acci- 
dent another  and  similar  re-llghter  at  another  colliery  in  the  same  dis- 
trict, also  situated  in  the  main  intake  airway,  exploded  and  burst  the  door. 
These  accidents  point  to  the  danger  of  using  rc-lightin',;  apparatus  in 
mines  in  which  firedamp  occurs,  unless  they  are  of  such  dcsisn  that  it  is 
absohitely  impossible  for  them  to  cause  an  ignition  of  firedamp. 


WATERHAUMEB. 

The  memorandum  for  the  year  1908  by  Mr.  C.  E.  Stro- 
meyer,  chief  engineer  to  the  ISIanchester  Steam  Users'  Asso- 
ciation, is  entirely  devoted  to  a  consideration  of  this  difficult 
subject,  to  which  Mr.  Stromeyer  has  devoted  much  attention. 
Havirg  constructed  a  glass  model  of  a  steam- pipe  arrangement 
he  found  that  he  could  reproduce  on  a  small  scale  the  same 
classes  of  water-hammer  which,  according  to  the  Board  of 
Trade  reports,  have  been  the  ciuse  of  about  120  steam-pipe 
explosions,  and  in  the  present  memorandum,  from  which  we 
take  the  following  extracts,  he  compares  such  explosions  with 
his  theory. 

One  of  the  greatest  difficulties  with  regard  to  explosions  in  general, 
and  of  steam-pipe  explosions  in  particular,  must  always  be  that  the 
sudden  loud  report  either  obliterates  the  recollection  of  what  was 
being  done  at  the  time,  or  a  feeling  that  the  handling  of  a  cock  or 
valve  had  in  some  mysterious  way  been  the  cause  of  the  explosion, 
eiimbined  with  the  fear  of  being  blamed,  makes  people  minimise  or 
wilfully  forget  what  they  were  doing  at  the  time.  These  tendencies, 
and  tlie  deaths  of  those  w  ho  were  handling  the  exploded  valves,  are 
the  difficulties  which  engineers  who  inquire  into  pipe  explosions  have 
to  contend  with.  A  further  and  equally  serious  difficulty  is  intro- 
duced by  the  incompleteness  and  the  vagueness  of  cfReial  reports. 
This  was  excusable  in  the  past,  when  the  nature  of  watcr-harrmcr 
was  not  understood  ;  but.  since  I  have  frequently  demonstrated  its 
nature,  it  is  tantalising  to  find  that  the  modern  rcptrls  arc  quite  as 
incomplete  as  regards  essential  details  as  arc  the  old  ones. 

With  regard  to  formal  investigations  into  cases  of  water-hammer, 
one  may  safely  say  that  little  scientific  information  can  be  drawn 
from  them,  even  if  the  newspaper  reports  of  jiroceedings  arc  con- 
sulted. Usually  there  are  about  a  dozen  findings  about  personal 
responsibility  and  related  matters,  and  only  one  question  and  answer 
as  to  the  cau.se  of  the  explosion.  It  wnukl  lie  highly  desirable  if.  in 
cases  of  formal  investigations,  the  ]ireliiiiinary  impiiries  on  which 
they  are  based  were  also  publislied,  and  it  would  be  better  still  if  the 
technical  expert  of  the  commission  were  to  draw  up  a  technical 
report  w  ith  full  details  as  regards  dimensions,  pressures,  materials,  &c. 

The  deductions  to  be  drawn  frtm  examination  cf  the  various 
reports  on  water-hammer,  as  summarised  in  an  ap]  endix  to  this 
memorandum,  arc  as  follows:  By  jilaeing  the  junction  valve  ef  a 
single  boiler  at  the  highest  point  of  the  slcam-pipc  range,  and  leariing 
a  horizontal  pipe  or  an  inverted  L  pipe  lo  the  engine.  .?o  that  under 
no  condition  can  water  lodge  in  a  horizontal  or  slightly  slanting  pipe, 
either  over  the  engine  valve  or  over  the  boiler  junction  valve,  then 
absolute  .safety  from  water-hammer  will  have  been  attained.  With 
two  or  more  boilers,  and  with  two  or  more  engines,  the  slight  danger 
is  introduced,  even  if  the  pipes  are  horizontal  or  slightly  inclined,  that 
the  flowing  steam  may  dam  up  some  of  the  water.  This  slight 
danger  grows  tp  be  a  serious  one  if,  as  in  electric  light  .stations,  there 
are  many  boilers  and  many  engines  attached  to  a  single  main,  and 
especially  if  this  main  is  of  a  ring  form,  as  is  often  the  ca.se. 

If  a  horizontal  steam  jiipc  rises  after  it  leaves  the  boiler  junction 
valve,  if  the  steam  pipe  falls  and  then  continues  in  a  horizontal  cr 
slightly  inclined  direction  towards  the  engine,  or  if  any  portion  of  the 
pipe  bends  upwards  at  both  ends,  then  water  can  accumulate  either 
in  tlie  horizontal  iiiiie  near  the  boiler  or  over  the  engine  sto])  valve 
<ir  in  the  pocket,  and  then  water-hammers  may  be  brought  about  as 
follows  :  By  admitting  steam  above  the  water  surface  in  a  partially 
liUcd  pipe  or  by  admitting  steam  under  the  enclosed  water.  If  steam 
is  resting  on  the  water  in  the  ])ipe,  then  water-hammer  can  b(^  brought 
about  by  running  off  the  water  or  otherwise  disturbing  it.  as,  for 
instance,  by  admitting  steam  to  an  engine,  Wati  rhanimcr  can 
also  be  produced  in  pockets  by  the  slow  condensation  of  steam,  and 
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if  a  plug  of  water  lying  in  a  pocket  is  sot  in  niodnn  sci  iuus  harm  ma)- 
be  done  at  distant  jjarts  of  tlie  steam  range. 

In  order  to  |irevent  these  wat«r-haramers  all  pockets  should  be 
)ircivifled  with  water  catchers  having  gauge  glasses  and  automatx 
drains,  or  they  should  have  at  least  automatic  drains  ;  but  these  have 
to  be  very  carefully  lf)okcd  after.  In  one  case  where,  for  the  sake  of 
extra  safety,  two  automatic  drains  were  fitted,  both  got  out  of  order 
and  a  water-hammer  resulted.  Dr.iin  (lipes  to  or  from  the  automatic 
drains  should  be  of  ample  dianiilcr.  and  prcfi'ralily  of  co])per,  for 
fear  of  getting  choked  by  rust. 

Drain  cocks  on  steam  i)i|ics  have  been  the  cause  of  about  one-fifth  of 
all  water-hammers.  If  tli(  y  aic  Uept  partly  open  they  are  likely  to 
choke  ;  if  used  occasionally  they  may  let  out  the  water  and  disturb 
its  surface,  or  may  be  ino[)erativo  and  not  remove  the  water  as  ex- 
pected, either  because  they  are  choked  or  because  there  is  not  enough 
pressure  in  the  pipe  to  drive  out  the  water.  Seeing  that  no  st^am 
valve  can  be  relied  upon  for  ])ermanent  tightness,  one  has  to  expect, 
even  in  those  cases  where  the  boilers  are  shut  off  overnight,  that  water 
may  lodge  in  convenient  pockets. 

In  conclusion,  no  \(  ly  di  liiiil<i  rules  can  be  formulated  for  com- 
plisated  pipe  arraugetneiils.  and  it  is  certainly  wrong  to  assume,  as 
is  generally  done,  that  tUeie  is  safety  either  in  horizontal  or  in  slant- 
ing pipes. 


IRONCLAD  FITTINGS. 


C'ontraelors  and  users  will  no  doubt  welcome  anything  which 
tends  to  sini]ilify  antl  facilitate  the  work  of  wiring  up.  Tlie  new 
lines  of  iron-cased  switches  which  are  now  being  niatle  by  Messrs. 


I     Fiu 


KxAMn.KS    OF    DOKMAN    &    SmITK's    IllONCL.U)    Fn'TINliS. 


Dorman  &  Smith,  of  Ordsal  I'^lectrical  Wt)rks,  Salford.  and  of  which 
they  have  sent  us  |)artieulars,  have  been  sjiccially  designed  « ith  this 
object  in  view. 

Krom  tlie  adjoining  ihusl rations  it  will  be  observed  that  a  bevelled 
inlet,  as  shown,  is  employed  instead  of  tiie  ordinary  method  of 
bringing   the   pipes  or  cables   immediately  to  the    bo.\  itself.     This 


inlet  being  easily  detaclud  from,  or  fixed  to  the  switch  Iwx,  the 
wiring  is  facilitat<-d.  and  the  arrangement  possesses  the  further 
important  advantage  that,  in  the  event  of  it  Ix-ing  necessary  to 
remove  the  switch  box,  this  can  lie  done  without  disturbing  the 
))ipes  or  wires.  The  switches  are  specially  applicable  to  alternating 
current  installations  where  it  is  desirable  for  lead  and  return  to  be 
carried  in  the  same  pijie. 

Messrs.  Dorman  &  Smith  are  supplying  this  n<  w  pattern  in  both 
their  watertight  and  non-watertight  iron-rased  switches.  The  same 
firm  have  also  plaeetl  on  the  market  a  nf  w  patented  tyiH-  of  strong 
iron  well  glass  fitting  which,  a-;  in  the  eas(   of  the  switches,  has  been 


-New  Well  (jLass  Fitti 


designed  primarily  with  the  object  of  facilitating  the  wiring  up  of 
the  fittings  and  at  the  same  time  effecting  some  economy  by  reducing 
the  nunil>er  of  parts. 

In  these  fittings  the  usual  lampholder  nipple  is  dispensed  with 
and  the  wires  have  consequently  a  straight  run  through  from  the 
tube  in  to  the  lampholder  insulator  eliminating  the  usual  dangerous 
bends  in  the  insulated  wires  at  this  iKiint. 


LUNDBERG'S  NEW  TYPE  OP  INTERMEDIATE 
SWITCH. 


A  perusal  of  Messrp.  A.  P.  Lundberg  &  C'o.'s  catalogues  doubtless 
gives  rise  to  different  feelings  in  different  minds.  In  ours  the  feeling 
is  one  of  profound  admiration  of  the  ingennity  displayed  in  getting 
out  the  various  designs.  It  seems  to  be  |)ossil)ie  by  a  proper  ajiplica- 
tion  of  these  switches  to  be  able  to  sw  itch  your  light  on  or  off  from 
any  conceivable  position,  and  in  piaetieally  every  way  that  is  ever 
likely  to  be  recjuired. 


Fio.  1. — LiiNDiiHRd's  Nkw  Iktermkmatk  Switch. 

Our  leaders  w  ill  remember  that  Messrs.  TaindlxM'g  have  had  on  the 
market  for  some  time  a  switch  known  a.s  the  "  pivot  intermediate  " 
switch,  which  was  arranged  for  work  in  eonneetion  with  two-way 
pivot  tumbler  switches.  Previous  to  its  introduction,  when  s]x>eili- 
cations  necessitated  the  employment  of  the  tumbler  tyiH>  of  switch 
throughout,  it  was  necessary  to  link  two  two-way  pivot  switches  for 
use  at  internu'dinte  positions.  This  resulted  in  a  very  clumsy 
aiiangeineiit  and  led  to  eompliealed  eonneetions.  with  the  result 
that  tinini  type  switches  were  generally  installed  for  sueli  positions, 
with  ,1  resulting  lack  of  uniformity  that  was  unpopular  with  the  con- 
sumer.    This  type  of  switch  «a.s  largely  adopted  for  ctirridor  and 
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stairca.so  lighting,  as  "oil  as  for  control  in  rooms,  onaliling  such  to  he 
controlled  from  any  number  of  jiositions  desired.  It  found  a  large 
application  on  board  ship  and  was  also  employed  for  working  fans  in 
hot  climates. 

A  new  tj-pe  of  switch  illustrated  herewith  (Fig.  1)  replaces  the 
present  tyix>.  and  embodies  certain  improvements.  In  it  a  system  of 
double-clip  contacts  is  being  adopted,  while  mica  insvilation  is  used 
on  the  rocking  contact  arm.  The  screws  which  hold  the  various 
members  of  the  rocking  contact  arm  together  are  provided  with 
jxjrcelain  bushes.  By  this  means,  it  is  claimed,  the  construction  is 
now  proof  against  breakdown,  which  might  be  caused  tlirough  over- 
heating or  moisture.  The  jirovision  of  double  contacts  is  almost  a 
necessity  in  this  tyiw  of  switch,  as  the  current  is  passing  tluough  the 
switch  in  only  one  of  four  possible  ways  at  a  time.  The  i)ath  for  the 
current  is  therefore  varied,  and  as  all  the  switches  in  the  circuit  are 
in  series  with  each  other,  the  need  for  eftiiicnt  contact  at  all  such 
jKiints  is  very  evident,    'The  contact  arrangement  is  show  n  in  Fig.  2. 


Fig.  2. — Contacts  ls  the  New  1ntehmei)L\te  Switch. 

The  improved  switch  movement  adopted  has  allowed,  it  is  claimed, 
a  l>cttcr  method  of  construction  for  tlie  rocking  contact  arm  to  be 
used,  and  this  last  method  is  the  subject  matter  of  two  new  patents 
recently  granted  to  Messrs.  Liindberg.  The  switch  is  made  fm  Ixith 
surface  and  flush  work,  and  can  be  easily  converted,  liy  tin  imiissitin 
of  one  of  the  new  shaped  contact  arms,  into  a  scries  paialU  1  switch 
without  "  off"  position,  and.  by  the  removal  of  two  of  the  new 
sliaped  contact  arms,  into  a  double-pole  switch.  The  latter  type  of 
switch.although  one  not  much  used  in  this  country.has  been  employed 
to  a  considerable  extent  on  the  Continent.  The  intermediate  switch 
can  also  be  used  for  reversing  purposes  without  any  alteration  to  the 
rocking  contact  arm,  though  in  this  case  it  has  no  "  off"  position. 
These  switches  can.  of  course,  for  these  three  purposes,  be  prefcraljly 
fitted  with  ])orcelain  covers,  or  if  with  metal,  be  fitted  with  fibre 
linings  to  avoid  any  risk  of  short-circuiting. 


CABLE  SUSPENDERS. 


The  illustrations  herewith  show  a  patent  cable  suspender  which 
hiis  lx!en  brought  out  by  Messrs.  W.  T.  Glover  &  Co.  The  sling  is 
made  up  of  sheet  lead,  substantially  braided  with  coni|)ounded  yarn. 


iStef.i,  Hook. 


the  nature  of  which  is  varied  t«  suit  local  conditions.  This  com- 
bination of  lead  and  braid  provides  the  necessary  tensile  strength, 
and  offers  prolong(^<l  resistance  to  atmospheric  inUuencts  whilst  an 


oxccjitionally  wide  base  of  support  for  the  cable  is  provided.  The 
hook  and  collar  shown  in  Figs.  1  and  2  are  made  of  galvanised  malle- 
able steel,  the  lower  jiart  of  the  hook  being  wcflge  shajied,  and  so 
proportioned  that,  with  the  cable  in  position,  the  ends  of  the  sling 
enter  the  collar  without  a|)preeiable  bending.  Since  the  strain  is 
iniiformly  distributed  over  the  whole  sectional  area  of  the  two  ends 
of  the  sling  owing  to  the  method  of  svi])port,  advantage  may  be 
taken  of  this  to  reduce  the  number  of  suspenders. 

The  sling  is  sufficiently  pliable  to  adapt  itself  to  the  contour  of  the 
cable  without  danger  of  chafing,  while  its  broad  base  distributes  the 
weight  over  a  long  bearing  surface,  thus  reducing  to  a  minimum  any 
risk  of  damage  to  the  dielectric.  The  hooks  slide  very  readily  along 
a  span  wh'c,  but  the  slings  do  not  slip  along  the  cable.  The  com- 
plete suspender  is  shown  in  Fig.  3. 


B.T.  H.  CONTINUOUS  CURRENT  MOTORS  AND 
GENERATORS. 

The  continuous-current  motor  is  by  this  time  such  a  standardised 
piece  of  apparatus  that  it  is  only  in  the  matter  of  detail  that  any 
great  improvement  can  be  expected.  Makers,  however,  always  pay 
attention  to  such  improvements  in  order  that  an  increase  in  effi- 
ciency and  economy,  and  a  decrease  in  price  may  lie  obtained.  It 
is,  doubtless,  for  these  reasons  that  the  British  Thomson-Houston 
Co.,  Rugby,  have  recently  ])ut  on  the  market  a  new  type  of  continu- 
ous-current motor,  one  of  which  is  illustrated  in  the  accompanying 
figure. 

In  the  design  of  these  motors  only  the  best  quality  of  insulation 
is   used.     The   insulated  conductors,   of   which   the   field   coils  are 
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formed,  are  subjected  to  a  special  drying  process  and  arc  tlien 
treated  with  a  moisture  and  acid-proof  compound,  for  the  purpose 
of  removing  and  excluding  all  moisture  from  the  coils.  These  coils 
are  all  tested  with  an  alternating-current  pressure  of  1,500  volts 
ap))lied  between  the  coils  and  frame  for  a  period  of  60  seconds  while 
the  machine  is  hot. 

The  armature  core  consists  of  sheet  steel  laminations  of  high 
])crmeability  slotted  on  the  jieriphery  to  receive  the  windings  and 
clamped  under  pressure  between  end  flanges.  All  the  laminations 
are  coated  with  an  insulating  comj)ound  before  assembly  to  mini- 
mise losses  due  to  eddy  currents.  Radial  ventilating  ducts,  to  allow 
of  a  free  circulation  of  air,  are  provided.  Tlie  arniatine  windings 
consist,  as  usual,  of  form  wound  coils  carefully  insulated  and  inserted 
in  the  armature  slots,  which  are  ])rcviously  lined  with  a  sheet  of 
insulation.  The  commutator  is  built  up  of  hard-drawn  copper 
segments  of  ample  wearing  depth,  which  are  insulated  from  one 
another  by  means  of  carefully  selected  mica  and  from  the  clamping 
rings  and  shell  by  means  of  micanite  cones  and  a  sleeve.  The  com- 
mutator shell  is  forced  into  ])osition  and  rigidly  keyed  to  prevent 
any  movement  between  it  and  the  armature  winding.  Ventilating 
duets  are  also  provided  for  cooling  purposes.  The  magnet  frame  is 
of  cast-iron,  and  the  ])oles  arc  of  laminated  wrought  iron  which  can 
be  removed  with  the  field  sjiools  without  any  displacement  of  the 
armature  being  necessary.  The  field  coils  can  readily  be  taken  off 
when  required. 

The  brushes  are  of  carbon  and  are  carried  in  brush  holders  of  the 
clock-s|iring  type,  so  constructed  that  the  t<'nsion  of  any  brush  is 
uniform  throughout  its  life  and  is  readily  adjusted  without  removing 
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i(.  from  the  coranmtalnr  and  without  the  use  of  any  tool.  Any 
linisli  oan  bo  removed  while  the  niaehine  is  in  operation  without 
disturbing  the  others.  Connection  is  made  between  the  brushes 
and  the  body  of  the  liolder  by  flexible  wires. 

These  motors  are  designed  to  have  a  tem|>eiature  rise,  according 
to  the  type,  based  on  a  six  hours'  run  at  the  corr(.s|i(iiiding  horse- 
power at  normal  voltage.  They  can  be  run  at  othci'  xoHagcs  if  a 
slightly  increased  temperature  rise  is  allowed.  All  Ihi  sc  inolors  and 
generators  will  stand  an  overload  of  25  per  cent,  for  half  an  hour 
.  and  a  momentary  overload  of  .'jO  per  cent,  without  injurious  heating 
or  sparking.  These  motors  arc  made  in  a  number  of  t yi)es  designed 
for  use  on  every  class  of  work. 


PARLIAMENTARY  INTELLIGENCE. 


The  Government  and  Marconi's  'Wireless  Telegraph  Stations- 

In  1!k-  Hniisc  of  ('omiiii.ns  yrstfrdav  Cl'luii'sda  y)  (lie  l'..st  miislci-tJi-ncnil 
(Mr.  S.  lUixton)  .stuietl,  in  rtply  (u  k  i|nestion  I'ly  Sir  W.  Il.jlland,  that  he- 
was  !»lad  to  say  that  arrangements  had  bccMi  cnmjiloti'cl  with  Marconi's 
VVirelcs.^  Tclcgra|ih  Cn.  to'transfcr  to  the  Post  Ofliee  all  their  coast 
stations  communiea^ini'  with  sliips,  iucluding  all  land  and  leases  and  the 
surrender  of  all  rights  which  they  held  under  agreement  with  (he  Post 
Office  of  1904.  The  Post  Office  secured  the  right  of  using,  free  of  all 
royalties  existing,  Marconi  patents  and  any  future  patents  and  improve- 
ments for  a  term  of  14  years,  for  commimicatii.n  between  stations  of  the 
United  Kingdom  and  ships  or  between  outlying  islands,  and  accepting 
the  transmission  of  public  telegrams  to  all  stations  on  the  mainland. 
The  inclusive  consideration  to  be  paid  to  the  eomjiany  was  £15,000. 
The  arrangement  was  in  no  sense  an  inclusive  one.  AH  the  stations 
would,  under  the  Railio-Telegraphic  Convention,  be  ojien  for  communi- 
cation equally  to  all  ships,  whatever  system  of  wireless  telegraphy  they' 
might  employ.  The  Post  Office  would  be  free  to  use  or  expeiiment 
with  any  system  of  wireless  telcgrajihy.  The  company  would  retain  the 
licence  of  their  long-distance  stations  at  Poldhu  and  Clifton,  which  were 
primarily  intended  for  shore-to-shiu'c  communication  with  America. 
Arrangomeu's  had  also  been  made  with  Lloyd's  for  the  transfer  to  the 
Post  Office  of  all  their  wireless  stations  in  communication  with  ships 
and  the  surrender  of  all  claims  to  licences  for  such  comm\mication.  In 
return  Lloyd's  would  receive  the  plan^  v;\1ne  of  their  stations,  .and  have 
ti'.insniitted  to  them,  with  du'i  ret;;'  nl  In  llir  s'lreey  of  private  telegrams, 
infin-niation  received  at  the  Post  <  'iiir.  ^i;ili.ins  in  regard  to  the  positions 
and  movements  of  ships  and  otlur  niaritiiuc  intelligence.  Lloyd's  and 
the  Marconi  Co;  had  mutually  agreed  to  cancel  an  agreement  between 
themselves  which  was  made  in  li)OI,  and  which  had  proved  a  source  of 
dispute,  and  therefore  an  obstacle  to  the  development  of  wireless  tele- 
graphy. He  waf  satisfied  that  it  was  to  the  |)ublic  interest,  both  from  a 
commercial  and  a  strategical  point  of  view,  that  the  coast  stations  used 
for  commimication  with  ships  should  be  in  the  hands  of  the  Government, 
and  should  be  worked  as  part  and  parcel  of  the  tclcg^aphic  system  of  the 
country.  He  thought  it  important  also  that  no  private  monopoly  in 
wireless  tclcgra]ihy  shoidd  be  allowed  to  grow  up.  He  trusted  that  the 
new  arvanyemcnt  would  result  in  an  even  more  rapid  extension  of  the 
use  of  (hat  iinportan'  invcuiiou  than  had  taken  place  in  the  past.  He 
might  add  that  the  negotiations  and  arrangements  had  been  conducted 
with  the  knowledge  of,  and  in  con.sultation  with,  the  Admiraltj',  who 
considered  it  important  that  the  coast  wireless  stations  should  be  in  the 
hands  of  the  Post  Office. 

Electricity  in  Mines. — In  the  House  of  Commons  (m  the  2.3rd  ult. 
Mr.  .Markuaii  a.slced  the  Secretary  of  Stato  for  the  Home  Department 
wlu-thei  he  had  a])|]|icd  to  the  Chancellor  of  the  Exchecpier  for  any  grant 
of  iniblic  money  to  make  the  experiments  which  the  inspectors  of  his 
department  stated  were  necessary  should  be  made  without  delay  to  safe- 
guard the  lives  of  miners  where  electricity  is  emjiloycd. 

JTr.  Masteuman  said  tlie  Secretary  of  .State  had  not  received  any 
recoumicudation  from  the  inspectors  of  mines  as  to  the  necessity  or 
urgency  of  any  experiments  witli  regard  to  electricity,  though  he  had  seen 
a  Paper  read  at  the  Institute  of  Mining  Engineers  by  Mr.  Nelson,  in  which 
he  suggested  that  certain  experiments  on  live  cables  would  be  of  interest 
and  might  be  valuable.  The  whole  subject  of  the  rcgul.itions  for  the  use 
of  electricity  in  mines  was  about  to  he  referred  to  an  expert  Committee, 
who  would  doubtless  consider  how  far  any  such  cxpciimeut  would  be 
useful,  and  by  whom  they  could  best  be  made.  Theii'  reeonuuendations 
would  have  the  Seeretary  of  State's  carefid  consideration. 


MUNICIPAL,  FOREIGN  &  GENERAL  NOTES. 


APPOINTMENTS  VACANT  AND  FILLED. 

.\  ]U'actlcal  manager,  having  oomiilcte  knowleilge  of  ingredients 
and  methods,  ia  rcquii'cd  for  the  rubber  do])ar(nicnt  of  a  cable 
factory  in  Sjiain  ;  also  a  business  man.  with  experience  in  estimating 
costs  of  manufacturing  similar  goods  and  capable  of  general  re|)re- 
scntation.  is  required.     Sec  an  advcrtiscunent. 

Applications  arc  invited  for  the  chair  of  engineering  at  the  Uni- 
versity of  Melbourne  (Australia).  Particulars  from  the  Agent- 
General  for  Victoria,  Melbourne-place,  Strand,  London,  W.C,  to 
whom  applications  by  Oct.  15. 


Mr.  William  Brown,  H.Sc,  lecturer  in  electro-technologj-  at  the 
Royal  College  of  Science  for  Ireland,  has  Iwcn  a|)pointed,  a-s  from 
Oct.  I,  to  the  chair  of  j)hysics  in  the  college,  which  will  lx-com(; 
vacant  on  that  date  owing  to  the  retin  luent  of  Prof.  W.  F.  Barrett. 
F.R.S.  The  post  of  lecturer,  rendered  vacant  by  .Mr.  Brown's 
promotion,  has  been  filled  by  the  appointment  of  Mr.  Felix  K.  W. 
Hackett.  .M..A.,  B.Sc.,  one  of  the  junior  fellows  of  the  Royal  Uni- 
versity of  Ireland. 

In  additii  n  t  >  Mr.  H.  H.  Holmes,  sales  manager,  Mr.  K.  A.  Boshell. 
chief  clerk  :n  th?  general  (jfficc,  and  four  members  of  the  sales  dc-parl- 
nicnt  staff  (;f  West  Ham  Corpcjration  ha\e  resigned  their  posts  to 
take  up  positions  under  .Marylebcme  dainciL  The  vacancies  at 
West  Ham  will  be  tilled  as  follows  : — Mr.  Farndon,  a.ssistant  sales 
manager,  to  be  promoted  to  the  ])o8ition  of  sales  manager  at  £2.5(1 
per  annum,  rising  to  £:)()()  at  the  end  of  12  month.s'  satisfactory  sorvico 
.\lr.  Edgerton,  at  present  motor  superintendent,  to  be  appointed 
assistant  sales  manager  and  meter  supi  rintcndent  at  £2tK)  jK-r 
annum,  rising  to  £250  after  one  year's  satisfactory  service.  The 
clerical  staff  of  the  general  office  and  sales  department  is  to  be 
amalgamated  and  re-arranged,  and  Mr.  Johnson,  at  present  in  the 
accounts  department  at  £125  per  annum,  is  to  be  appointed  chief 
clerk  at  £150  rising  on  satisfactory  service  bv  annual  incremcnt.s  of 
£10  to  £180  |icr  annum. 

Bristol  Coi'iioration  have  promoted  Mr.  A  E.  Wilson,  at  present 
distribution  superintendent,  to  the  position  of  deputy  city  electrical 
engineer  (vacant  by  the  resignation  of  Mr.  H.  H.  Couzens)  at  a  salary 
of  £300  i)er  annum.  Mr.  W.  B.  Morgan,  station  superintendent  at 
Avonbank.  has  resigned  having  obtained  an  appointment  at  Dawson 
City,  Klondike. 

EDUCATIONAL  NOTICES. 

Armstrong  College,  Newcastle-on-Tyne.— The  session  1909-1910 
commenced  on  Sept.  27.  Full  courses  of  instruction  are  given  in  the 
department  of  mechanical,  marine,  civil  and  electrical  engineering, 
naval  architecture,  mining,  metallurgy,  agriculture,  pure  science  and 
letters.  Particulars  may  be  obtained  from  the  seeretary  (Mr.  F.  H. 
Pruen,  M,A.),  Armstrong  College,  Newcastle-on-Tj'ne. 

City  and  Guilds  Technical  College  (Finsbury).— The  Session  for 
evening  classes  begins  on  Monday.  t)et.  4.  at  6  p.m.  The  courses  of 
instruction  include  lectures  and  laboratory  work  in  mechanical  and 
electrical  engineering,  industrial  and  technical  chemistry,  drawing. 
&e.  Programmes  may  be  obtained  at  the  College,  Leonard-street. 
Finsbury,  or  at  the  head  office  of  the  City  and  Guilds  of  London 
Institute.  Cresham  College,  E.C. 

Northampton  Polytechnic  Institute.— A  coiuse  of  20  experimental 
lectures,  as  mentioned  in  another  column,  will  be  given  bv  Dr.  C.  V. 
Drysdale  on  the  "  Testing  of  Electrical  Plant,"'  on  Wednesday  evenings 
from  7:30  to  8:30  p.m.,  commencing  on  Wednesday.  Oct.  (i.  The 
lectures  will  be  supplemented  by  laboratory  work,  and  sin-cial 
laboratory  demonstrations  of  generator,  motor  and  transformer 
testing.     Briefly,  the  syllabus  is  as  follows  : — 

Elcftrienl  Instruments:  including  power  factor  indicators,  frequency 
meters,  devices  for  obtaining  wave-forms  and  the  effoet  of  inductance 
capaeity  and  eddy  currents  in  wattmeters.  Mechanical  Mtaxiiriimnlji, 
including  the  dynamometers  of  Ayrton  and  Perry,  Hefner  Alteneck, 
Gail/,  and  Fischiuyer,  and  methods  involving  resonance,  stn>lH>seopic 
principles,  &c.  Continuous-current  Generator  and  Motor  Telling,  includ- 
ing Field's  method  and  acceleration  methods  of  testing,  measui-enient  of 
reactance  voltage,  ctmimutator  losses,  leakage  coefficients  and  heating 
tests.  Alteru'ilinij-currnit  Mea.iuremoits,  including  polyphase  measure- 
ments, determination  of  ])ower  factor,  measurement  of  inductam-c  and 
capacity,  iron  testing  aiul  dielcitric  losses.  Tran-i/ornicr  Ttxlimj.  in- 
eluiling  vector  diagrams,  lucdietion  of  regulation  and  differential  nietbods 
of  testing.  Testing  oj  Alternators,  iucluding  Hopkiiison,  Mordey  and 
Helireud's  methods,  jiredctermination  of  rcgidation,  &c.  Allrrnati- 
rurreut  Mnlor<,  in<  hiding  Heyland  diagram,  prediction  of  jiei-forniance, 
determination  of  "  \'  "  curves  of  sj-nchronous  motors  luid  couimutat<ir 
motors. 

Acton, — .\t  the  last  nuu^ting  of  the  Council  the  following  nioliun 
was  pas.scd  : — 

1'hat  the  maximum  demand  system,  based  on  the  load  factor  for  power 
and  neat,  would  be  fairer  to  the  Cinuicil  and  the  cimsumers  than  the  Hat 
rate  now  in  force,  and  that  it  be  rcfcrn'd,  together  with  the  engineer's 
report,  to  the  Electricity  eommittee  to  fix  the  charge. 

In  reply  to  Coiuu'illor  Inee,  Mr.  Blair  said  the  Metro|)ohlau  Elei-trie 
Supply  Co.  proposeil  in  the  recent  negotiations  that  if  the  Cotuu^il  took 
iu>t  less  than  180,000  miits  per  annum  for  street  lighting  the  company 
windd  supply  at  Id.  )ier  unit  during  the  usual  luiniiiig  hours,  such  jirico 
lo  lie  suhjeet  to  revision  every  10  years,  or  (at  the  option  of  the  Coum-il) 
at  .ui  aiuiual  charge  per  lanqi,  to  include  maintenance  and  attendance, 
l>ased  \ipon  the  price  feu-  cnergv  at  the  time  luMng.  The  cost  of  the  c\n- 
renl  now  used  for  street  lighting  was  calculated  at  0!)Sd. 

Councillor  SruiT.TKss  YorNc  proposed  a  resolution  to  a.sk  the  com- 
pany if  they  were  willing  to  take  over  the  provisional  order  for  the  re- 
mainder i.f  its  term  and  supply  eunx-nt  for  street  lighting  and  for  piiwor 
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auil  licating  a»  I(i.,  for  private  unisiimei-s"  ligliting  at  ("hI.,  and  traili' 
custoniers  at  "kI..  and  that  the  charge  bo  3Ad.  for  all  other  pdrposes. 
That  the  re|ily  he  circulated  aniLiiij.'st  the  ratepayei-s,  with  the  state- 
ment as  to  the  alternative  new  station,  and  that  the  opinion  of  the  rate- 
payers he  lalten.  The  voting  f.ir  and  against  the  motion  was  equal. 
The  cliainiian  did  not  vote,  but  declared  the  resolution  not  carried. 

Alleged  Smoke  Nuisance.— .\t  Tower  Bridge  Police  Court  on 
\A'eclnesclay  the  t'ity  of  London  Klectric  Lighting  Co.  wore  sum- 
moned (before  Mr.  Baggallay)  by  Southwark  Borough  Council  for 
all"ged  smoke  nuisances  at  their  premises  in  Bankside.  There  were 
nine  summonses  relating  to  the  company's  tlirec  shafts  on  diifcrcnt 
day.s. 

At  the  outset  a  difficulty  arose  as  to  ptovin?  the  service  of  the  notices 
to  abate  the  nuisances.  A  messenger  stated  that  the  notices  were  handed 
to  him  by  an  insneetor,  and  he  placed  them  in  ;in  envelojie  and  delivered 
them  on  defendants'  premises.  He  could  not  say  that  the  copies  pro- 
duced were  actual  copies  of  the  originals  which  ho  served. 

ilr.  BAnr.Ai  1.AY  remarked  tliat  it  was  a  most  perfunctory  way  of  doing 
otiicial  business.  In  order  to  jaovc  the  notices  copies  must  lie  produced 
by  the  person  who  served  them,  and  he  must  identify  them  as  eojiies. 
That  had  not  been  done,  .md  the  summonses  must  be  dismissed.  lie 
allowed  defendants  five  guineas  costs. 

Alleged  Theft. — Woolmer  J.  V.  Duncan  and  Louis  Ernst  were 
charged  nt  Xorth  London  I'olice  Court  on  Saturday  with  being  con- 
cernwl  in  stealing  and  receiving  three  ampere  meters,  six  voltmeters 
and  si.\  cell  testers,  the  i)roperty  of  the  Foxcrofl  &  Duncan  Engineer- 
ing Co.  (Ltd.).  of  London  Fields,  and  Arthur  Pamington  was  charged 
with  receiving  the  goods  knowing  them  to  have  been  stolen. 

Mr.  .Sainokrs  (for  Duncan  and  Ernst)  said  there  would  be  an  answer 
to  any  allegations.  Mr.  Duncan  was  originally  proprietor  of  the  busi- 
ness, and  he  was  now  one  of  the  principal  share  and  debenture  holders 
of  the  company. 

It  was  stated  that  Ernst  was  employed  by  the  company,  and  that 
Pannington,  who  had  a  stall  in  Farringdon-road,  had  upon  the  otall 
articles  alleged  to  be  the  prr)p?rty  of  the  contpany,  and  that  he  said  he 
bought  the  articles  from  f'rnst. 

The  accused  were  rcniandod. 

America's  "Possession"  at  Stratford-on-Avon.— Tlierc  will  lake 
place  on  Wednesday  next,  Oct.  (i,  a  ceremony  which  will  attract 
Americarus  both  resident  in  or  on  a  visit  to  this  country.  The 
American  Ambassador  (the  Hon.  Whilelaw  Reid)  will  perform  the 
opening  ceremony  of  the  Harvard  House,  which  is  the  name  our 
American  cousins  have  ajjplied  to  «liat  was  at  one  time  known  as  the 
"  .Ancient  House  "  at  Stratford-on-Avon.  The  house  was  built  by 
the  father  of  Katherinc  Rogers,  who  married  Robert  Harvard,  of 
Southwark,  London,  and  became  the  mother  of  John  Harvard, 
founder  of  America's  famous  university  of  tliat  name.  We  arc  in- 
formed that  for  the  convenience  of  Americans  and  otliers  who  desire 
to  visit  Stratford-on-Avon  on  the  opening  occasion  tiic  Great 
<  cntral  Railway  Co.  arc  issuing  special  tickets  available  between 
l^ondon  and  Stratford-on-.Avon  at  cheap  fares,  and  liavc  made  fully 
adequate  arrangements  for  the  comfort  and  convenience  of  passengers. 
Tickets  can  be^jbtained  in  advance  at  .Marylibonc  station  or  at  any 
of  the  company's  numerous  ticket  offices  in  London. 

Austialasfa. — The  "  Australian  Mining  Standard  "  states  Mr. 
A.  Wyllie,  city  electrical  engineer  of  Auckland  (N.Z.),  has  expressed 
the  opinion  that  the  scheme  of  Mr.  1.  von  J">deskuty  for  utilising 
water  power  instead  of  extending  the  Council's  steam-driven  plant 
at  the  electricity  works  is  impossible. 

Mr.  Wyllie  says  the  water  power  used  by  Dunedin  Council  cost 
them  con.sidertibly  more  than  Auckland's  steam  power  will  cost.  The 
water  |)0wer  .available  from  falls  near  Auckland  is  almost  trivial 
com])are<l  with  the  city's  neeils.  He  mentions  the  city  of  Worcester 
as  an  instance  in  which  water  power  was  first  used,  and  steam  plant  had 
afterwards  to  be  put  in  because  of  the  inadec|uacy  of  the  water  supply. 

Eaglehawk  CVictoria)  Borough  Council  has  obtained  the  consent  of 
the  Public  Works  Department  to  the  establishment  of  electricity 
supply  works,  and  has  decided  to  invite  tenders  for  carrying  out  the 
scheme,  which  is  estimated  to  cost  £7,000.  It  is  proposed  to  use  100  c.  p. 
metal  filament  l.unps  in  the  principal  streets. 

The  Echuca  .Shire  Councils'  electric  lighting  |>lant,  at  Rochester 
(Victoria),  was  started  last  month.  The  streets  are  lightetl  electrically, 
and  negotiations  arc  proceeding  with  the  Railway  Commissioners  for  a 
supply  for  lighting  the  railway  station. 

In  a  recent  rejmrt,  Mr.  I).  Curie  Smith,  ele  trical  engineer  to  Kal- 
coorlic  ( W.  .Australia)  C'oimcil,  recommended  that,  in  view  of  the  tendency 
that  exists  among  large  electric  power  consumcr-i  to  instal  suction  gas 
plants  instead  of  electric  motors,  the  followmg  sliding  scale  be  charged  : — 
For  .'lOO  units  |)cr  mimth  4d.  per  unit,  I, .WO  units  ])er  month  3d.  per  unit, 
over  1,.">(M)  units  |«.'r  mimth  2id.  per  luiit. 

.At  a  meeting  of  represcntutives  of  the  N.S.W  Electrical  Traders' and 
Contractors'  .Assoc,  and  the  Eleetri(al  Employes'  Union  recently,  the 
employers  stated  that  they  were  fre(picntly  imposed  upon  by  incom- 
jwtent  wiremcn  ;  they  thi^rcfore  wanted  the  men  to  pass  a  )iracti(al  test 
and  obtain  licences.  It  was  agreed  llial  Irotli  parlies  slioiild  endeavour 
to  secure  a  wages  board  for  the  trade,  and  that  this  liojiid  should  deter- 
mine the  condiliuus  under  which  licences  .should  lie  grant-d. 


Iii\crcll  (N.S.W.)  Council  have  decided  (o  adopt  electric  lighting.  An 
estimate  by  Mr.  J.  E.  Donoghue,  of  the  Balmaiu  Electric  Siip|ily  Co., 
iml  the  initial  cost  of  mains,  &e.,  at  £10,840  The  prices  would  i>e  lid. 
for  lighting  and  3d.  for  power.  With  gas  at  Ifls.  pcr'l.OOO  in  luverell, 
the  c(piivalent  i>riee  of  electrical  energy  would  be  11  jd.  jicr  unit.  The 
Conmil  should  make  a  profit  of  £!.4S1  per  annum  on  the  e'ectiic  lighting. 

Barking. — The  Lawcs  Chemical  Manure  Co.  arc  installing  a  further 
KMi  11. 1',  in  motors  at  their  works. 

Battersea  (London.) — .Metal  filament  lamps  are  to  be  sulisiitiUed 
for  carbon  lamps  in  the  baths  and  liliraries  at  a  cost  of  €1"24.  and  the 
mains  are  to  be  extended  at  a  cost  of  £120. 

CardifT. — The  Lighting  committee  have  decided  to  erect  additional 
cleclric  lamps  in  the  neighbourhood  of  the  new  college  building  in 
Calhavs  Park. 

Cathedral  Lighting. — The  Cathedral  Board  recently  decided  to 
renunc  tlie  whole  of  the  gas  fittings  at  St.  Patrick's  Cathedral, 
Dublin,  and  the  contract  for  electrically  lighting  the  buikling  has 
bi'en  ])laced  with  Messrs.  Wm.  Coates  &  Son.  The  total  cost  is 
estimated  at  nearly  £1,000,  and  the  aggregate  candle-power  of  the 
laiups  to  be  installed  will  be  about  .5,000.  Electrically-driven  rotary 
organ  blowers  are  to  be  substituted  for  the  hydraulic  blowers  at 
present  in  use. 

City  of  London. — At  the  meeting  of  the  Court  of  Common  Council 
last  week  it  was  reported  that — 

The  County  of  London  Electric  Supply  Co.  had  given  notice  of  inten- 
tion to  commence  laying  and  amending  e.h.t.  electric  mains  .and  three 
2.!  in.  iron  conduits  crossing  London  Bridge,  thence  along  the  east  side 
of  London  Hri.ijr  \..  \,l(lai,lc-placc  and  Kin<;  Williani-sticct  to  Monu- 
ment station,  ' M .>ini;  i:astilica|i.  and  thence  in  a  north-v.estcrly  direc- 
tion along  King  Williani-slrccl  to  Ljmbard-slrcet.  crossing  Corn'hill  and 
Thr.adneedle-street  to  Prinics-strcet  and  Lothbury,  along  Moorgale- 
street  to  London  Wall  and  Finslinry  Pavement,  South  Place,  and  crossing 
.Sunlh  Place  to  the  boundary  of  Finsbury. 

.Mr.  Deputy  Mii.LAK  Wn.KiNSON  asked  if  the  Corporation  could  not 
order  th(>  comi)any  to  take  some  alternative  roiite. 

'J'lie  City  Solicitok  said  the  County  of  Londoir  Electric  Sup))ly  Co. 
had  sent  in  a  notice,  as  it  had  a  jierfect  right  to  do.  If  the  route  sug- 
gested v/as  disapproved  of,  the  Corporation  would  have  to  submit  an 
alternative  one,  and  if  that  was  not  accepted  by  the  company  a  Board 
of  Trade  arbitrator  would  have  to  be  called  in  to  say  what  route  shoidd 
be  taken. 

Tlie  Town  Cleei;  said  the  matter  was  under  consideration. 

Clerkenwell  (London.) — The  County  Court  has  been  wired  for 
electric  lighling.  and  current  is  taken  from  the  mains  of  the  Islington 
electricity  de))artmcut. 

College  Lighting.— During  the  recent  summer  vacation  addition^ 
to  the  electrical  mains  at  Malvern  have  been  numerous,  particularly 
to  the  Malvern  College  and  College  Master's  houses,  where  an 
installation  comprising  over  600  metal  filament  lamps  has  been  in- 
stalled upon  the  advice  of  Mr,  W.  J.  Rendell  Baker,  electrical 
engineer  to  the  Malvern  Council  who  prepared  all  specifications,  &c., 
the  w.iik  In  ing  carried  out  by  the  local  firm  of  Mr,  A.  Sparkcs  under 
the  (Imi  .1  ,ii|H  iirilendencc  of  Mr.  J.  Houlton,  engineer  and  manager 
for  Mr.  Spaikes. 

A  sup)ily  of  alternating  current  at  a  pressure  of  100  volts  is  taken  from 
the  I'riian's  Connc'l's  distributing  mains.  The  installatiim  is  divided 
into  two  sections,  cnutrolled  from  a  primary  switchboai'd,  each  section 
in  turn  being  split  up  into  convenient  circuits  supplied  from  secondary 
boards.  The  whole  of  the  wiring  is  enclosed  in  steel  tubes,  eflicient 
junction  and  inspection  boxes  being  )u'ovided.  To  minimise  the  neces- 
sity of  joints,  the  looping-in  system  has  been  adopted  as  far  as  prac- 
ticable. The  lighting  of  the  large  hall  is  elfectcd  by  Hi  four-light  sus- 
pended fittings.  In  the  class  rooms  the  ordinary  drop  ]icndant  has  been 
adopted.  Tli(!  installaticm  comprises  sonic  ,'iOO  i)oints.  and  'Sr>  watt 
osram  lamps  have  been  fitted  throughout. 

Dundee. — Preparations  are  now  practically  complete  for  receiving 
submarines  at  Dundee  Harbour.  During  the  past  few  days  the 
work  of  laying  electric  cables  to  the  dockside  and  erecting  standards 
has  been  proceeding,  and  a  complete  electric  light  installation  lias 
been  erected. 

Electrical  Exhibitions. — As  state-d  in  our  last  issue,  an  interesting 
exbibili(.n  of  electrical  a|>plianoes  for  cooking,  heating,  lighting  and 
power  was  held  at  llrecnock  Town  Hall  from  Sept.  21  to  2C>  inclusive. 

The  e.vhibition  was  organised  by  the  Corporation  electricity  depart- 
ment in  co-opcratiim  with  the  local  contract(U-s,  and  proved  highly  suc- 
cessful. In  order  to  induce  the  right  sort  of  ])eoi)lc  to  visit  the  e.\liil'ition. 
coni]ilimentary  tickets  were  is.siied  by  the  department,  but  the  demand 
for  these  became  so  great  that  a  ch.arge  for  admission  was  made  on  the 
last  day.  It  is  estimated  that  nearly  10,000  persons  visited  the  exhibi- 
tion.  and  hundreds  had  to  bo  turned  away  in  the  evenings. 

-Nioncrons  iiupiiries  have  since  been  received  by  the  elect rieity  depart 
nieip  and  the  local  contractors,  and  several  substantial  orders  were 
l)o,.Kccl  dniing  the  .ourse  of  the  exhibition. 
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lliiiiiii!  llic  oxliibiliiin  |ir:icti(:il  ilfiiicinstriitions  were  given  of  coukini; 
hy  clpc-tricity,  and  tlip  li<;litin_'  of  lln-  liall  w.i^  rflpctt-il  by  a  seiios  of  livo 
"  Kxiello  "  Mame  arc  lamjw  wliiili  were  loaned  by  the  Union  lilcrtiic:  Co. 
T\u:  exhibits  included  various  aiipliiations  of  motoi-i  to  industrial  pnr- 
jioscs,  adveitising  signs,  li.t.  and  mining  su'itchgear,  tramway  eon- 
t  rollers.  &e. 

At  tlie  elosin^  ceremony  ou  Saturday  last.  Bailie  .T.  W.  Bennett  re- 
ferred to  the  great  increase  in  the  sut)ply  of  electricity  in  CIrecnock  during 
the  )iast  few  years.  The  success  of  tlie  present  exhibition,  which  had 
jiKtified  the  anticipation  o'  its  promoters,  had  Ix'cn  in  a  areat  measure 
(hie  to  the  efforts  of  Mr.  .J.  A.  Robertson,  Iniigh  electrical  engini-cr,  who 
liad  inaugurated  the  exhibition  and  suiui  \  isiil  if>  ri|iiipment. 

In  reply,  Mr.  Robertson  acknov/JcduvM  i  In  ,i .  i-ianee  he  had  received 
from  the  maiuifacturers  whose  apparnlii-  li  jiI  I«iii  on  view.  The  ex- 
hiliits  were  representative  of  almost  every  elertrieal  manufacturing  com- 
]iaiiy  hi  the  country,  and  those  firms  h.ad  loaned  their  goods  ficc  of  cost. 
Mr.  Robertson  also  referred  to  the  help  given  by  the  local  electrical  con- 
tractors and  by  the  staff  of  the  electi'icity  department. 

Bexhill  Corpt)ration  electricity  department  are  organising  anotlier 
electrical  exhibition,  a  former  show  having  proved  eminently 
successful. 

Epsom. — 35  tantalum  lamps  arc  to  bo  substituted  for  existing 
lamps  at  an  estimated  cost  of  £70,  and  an  increased  annual  cost  of 
£24.  7s.  6d.  for  cmrcnt.  The  arc  lamps  in  High-street  are  to  be 
replaced  by  eight  Hamo  arc  lamps  at  a  cost  of  £135,  and  an  increased 
annual  cost  of  £20. 

The  ratable  value  of  the  Council's  electricity  undertaking  has 
boon  fixed  at  £740.  an  increase  of  £360  on  the  ]ircvious  ivsse.ssment. 

Exhibitions. — At  the  model  engineering  exhibition,  which  opens  at 
the  Royal  Horticultural  Hall,  Westminster,  London,  on  Oct.  15, 
there  will  be  shown  a  number  of  interesting  exhibits,  including  a 
number  of  model  aeroplanes,  including  the  machine  designed  by 
Ml'.  G.  P.  Smith  and  which  won  the  gold  medal  in  a  recent  contest 
at  Wembley  I'ark.  Working  model  steam  and  electric  railways, 
electric  clocks,  light  machine  tools,  model  motor  boats,  a  model 
engineers'  workshop  in  operation,  and  a  working  demonstration  of 
wireless  telegraphy  by  the  latest  Marconi  ajiiiaratus  will  also  be 
shown.  l'"or  the  competitions  for  engineering  and  electrical  model 
making  over  100  entries  have,  wc  arc  informed,  been  received.  The 
exhibition  will  remain  open  till  Oct.  23, 

Mr.  F.  B.  O.  Hawcs,  secretary  of  the  National  Electrical  Manu- 
facturers' Association,  writes  us  as  follows  in  regard  to  the  Brussels 
Exhibition,  1910  :— 

The  chairman  of  the  committee  of  this  association  has  just  returned 
from  Brussels,  and  desires  me  to  point  out  to  you  the  im]>ortauee  of  this 
exhibition  commencing  in  April  next  yeai\  This  will  be  the  most  im- 
portant exhibition  which  has  been  held  on  the  Continent  since  that  at 
Paris.  I  woidd  remind  yo>i  of  my  letter  of  .July  28  last,  in  which  atten- 
tion was  drawn  to  some  of  the  directions  in  which  this  association  can  be 
of  use  to  exhibitors,  and  beyond  those  meutiipued  is  the  matter  of  in- 
surance, regarding  which  our  expert  wishes  me  to  point  out  to  members 
the  necessity  of  making  special  arrangements  jointly. 

Germany. — Counsul-General  Sir  Wm.  Ward  (Hamburg)  states  in 
his  report  that  the  company  formed  at  Hamburg  to  utilise  the  tides 
for  ])rodueing  electricity,  &c.,  and  to  which  he  referred  in  his  last 
annual  report,  does  not  seem  to  hav<'  advanced  during  the  year 
beyond  that  initiatory  stage. 

At  a  meeting  of  the  shai'eholdcrs  recently  it  was  announced  that  the 
construction  of  the  wurks;  reipiired  for  commencing  operations  will  now 
take  ))lacc.  The  manatiing  engineer  expressed  confidence,  but  some 
otb'T  |penons  thtmght  the  cost  would  be  too  great  to  render  the  under- 
lalviiij  |i,nlitable. 

\  Ir.  -(  i>nsul  Behneke  reports  that  electricity  supply  works  are  to  be 
erected  at  Liibcck. 

N'iee-Consul  Sinclair  states  that  works  are  being  erected  near  Aurieh 
to  utilise  peat  ui  the  generation  of  electrical  energy.  It  is  reported  that 
the  Government  will  take  2,000,000  kw.-hours  per  annum  for  use  at 
Kmden  Harbour. 

N'iee-Consul  Stevenson  says  a  telejihone  apparatus  factory  at  Hanover 
reports  an  increase  of  20  per  cent,  in  its  t\irnover.  The  company  has  paid 
fin  the  ]>ast  year  10  per  cent,  on  £150,000  capital,  and  contemplates  in- 
creasing the  latter  by  £50,000. 

Haslingden. — The  question  of  obtaining  a  jirovisional  electric 
lighting  order  has  been  referred  to  a  sub-committee. 

Hayti. — The  formation  of  the  Cie  d'Eclairagc  IClcclrique  des  Villis 
de  Port  an  Prince  ct  du  Cap  Haitien  has  been  authorised,  the  former 
contract  for  the  electric  lighting  of  the  towns  having  la|)sed. 

India. — The  electric  [lOwer  installation  on  the  Swat  river  for  the 
Malakand  tunnel  is  now  practically  completed. 

Italy. —  Decrees  have  been  jmblished  authorising  agreements 
between  the  Ministry  of  I'ublic  Works  and  the  Soeieta  Ferrovia  del 
Mottarone  for  the  construction  and  woiking  of  an  electric  railway 
from  Strcsa  to  Mottarone.  and  between  the  municipal  authorities 
of  Venice  and  certain  C(mimunal  authorities  in  regard  to  wayleavcs 
ior  an  electric  tramway  f.'om  Mestrc  to  Jlirauo. 


Kingsbury  (Middlesex.)  Il  is  reported  that  a  numlxr  of  residents 
arc  anxious  to  be  supplied  with  electric  energy,  and  stjme  have 
wired  their  houses.  The  owner  of  house.s  now  being  built  in  Slag- 
lane  is  desirous  to  obtain  current,  and,  therefore,  negotiation.s  are 
proceeding  with  the  .Vorth  .Metropolitan  Electric  Power  Supply  Co. 
for  a  sup]ily  for   puljlie  and  private  lighting. 

L.  &  Y.  Railway  Co.s  Electric  Service.— The  L.  &  Y.  Railway  Co. 
announce  that,  commencing  Oct.  1,  the  electric  service  iK'tween 
Liverpool  and  Aintree,  will  be  extended  to  Maghull,  and  a  frequent 
and  regular  daily  service  of  electric  trains  will  lie  in  o|H;ration. 

Leicester.-  On  Tuesday  the  Council  were  recommended  by  the 
Tramways  committee  to  ap|)ly  for  sanction  t(p  a  loan  of  £7,0(Kt  for 
cables  and  works  in  connection  with  the  supply  of  electrical  energy 
from  the  tramways  generating  station  for  power.  &c. 

At  the  Council  meeting  on  Tuesday,  Councillor  Flixt  said  the  Council 
h.id  authorised  the  Tramways  committee  to  take  the  neces.sary  stciis  to 
su|iply  eleetrie  current  to  those  who  desired  it  for  power.  In  inirsu.inee 
of  that  they  had  taken  the  stci)s,  and  now  sujiplied  sonic-  M)  or  .50  motors. 
That  had  involved  them  in  an  expenditure  of  .about  i;2,ftOO,  and  it  was 
estimated  thiit  they  would  re(|ii!re  about  £5,(X)0  more  during  the  next 
two  years.  The  exxiencUtnre  would  not  involve  ratepayers  in  any  bnrclen, 
as,  after  working  expenses  and  capital  charges,  they  made  a  fair  profit. 

The  recommendation  was  adopted. 

London  County  Council  Tramways. — On  Thursday  last  the  portion 
of  tlie  eleetrie  tramways  from  Hackney  station  to  a  junction  with 
the  Tottcnliam  line  at  .Stamtnicl  Hill,  via  .Amhurst-road  and  Dalston- 
lane,  was  opened. 

An  extension  of  the  tramways,  on  the  conduit  system,  from  Rainton- 
road,  Greenwich,  to  Chapel-street,  Woolwich,  near  the  Dockyard,  is  to  be 
commenced  at  once. 

A  memorial,  signed  by  1,800  tradesmen  and  residents,  asking  Hamp- 
ste.ad  Council  to  oppose  the  projiosal  of  the  L.C.C.  to  lay  tramways  along 
.A.dc!aidc-road  and  Finchley-road  was  presented  to  the  Council  last  week. 

Longton. — -^n  unopposed  inquiry  was  held  on  Wednesday  into  the 
application  of  the  Council  for  sanction  to  borrow  £1,740  for  electric 
lighting  extensions. 

Mansfield. — .\n  inquiry  was  held  here  on  Wednesday  into  the 
ap[)lication  of  the  Urban  District  Council  for  permission  to  borrow 
£3,500  for  extensions  of  the  electric  light  mains,  house  services,  etc. 

Melbourne  (Derbyshire). — The  Parish  Council  decided  last  week 
to  ask  .Mr.  .Jardine  at  what  charges  electrical  energy  will  be  supplied 
for  lighting  if  the  Council  consent  to  his  proposed  application  for  a 
Jirovisional  order. 

Mr.  Jardine  had  stated  in  a  letter  to  the  Council  that  if  he  obtains  the 
provisional  order  he  |iroposes  to  erect  a  factory  to  carry  on  a  new  in- 
dustry, in  which  employment  will  be  found,  at  the  outset,  for  from  l.'iO 
to  2(X)  people.  -As  stated  in  our  issue  of  Sept.  17  last,  the  C<iuncil  have 
accepted  the  teniler  of  the  Midland  Machine  Trust  for  the  supply  of 
current  for  2(5  tantalum  lamps  at  15s.  each  feu-  the  season  and  for  certain 
arc  lamps  at  £4. 

Municipal  Telephony. — At  the  autumn  meeting  of  the  Executive 
Council  of  the  National  Chamber  of  Trade  last  week,  a  resolution 
(moved  by  -Aid.  J.  Brown,  of  Hull),  was  carricnl  expressing  the 
opinion  of  the  Chamber  that  exjierience  had  proved  that  muni- 
cipalities could  work  telephone  exchanges  cheaply,  efficiently  and 
to  the  general  benefit,  and  urging  the  As.sociation  of  Municipal 
Corporations  to  pass  a  resolution  requesting  the  Covcrnmcnt  to 
make  arrangements  for  the  working  after  the  year  191 1  of  tcli-phones 
by  corporations  and  local  authorities. 

Newport  (Mon.)— The  Electricity  and  Ti-amways  coramittoe  have 
decided  to  engage  an  cxiiert  to  report  upon  the  ixisitiou  of  the 
electricity  undertaking. 

The  Borough  Engineer  has  been  directed  to  make  inquiries  of  the  Board 
of  Trade  as  to  the  question  of  attaching  trailers  to  the  jnvscnt  ears.  It 
was  stated  that  if  trailer  cars  could  be  adopted  it  would  mean  further 
capital  expenditure,  but  a  large  increase  in  the  revenue.  Trailci-s  were 
in  use  in  other  towns,  and  it  was  considered  that  they  should  be  cm- 
ployed  in  Newport. 

Obituary.— We  regret  to  record  the  death  of  Mr.  John  Rancc, 
jun..  which  occurred  on  Si^iit.  10  at  Clapham.  London.  Mr.  Ranee 
was  41  years  of  age.  He  was  successively  electrical  engineer  to 
gold  mining  companies  in  South  .\frica  and  the  Straits  Settlements, 
and  was  afterwards,  and  until  recently,  in  the  service  of  Messrs, 
Jessoii  &  Co..  Calcutta. 

Ontario  (Canada). —It  is  announced  that  the  Attorney  General  has 
refused  to  grant  a  fiat  authorising  an  application  to  the  law  courts 
for  an  injiinclion  to  restrain  the  Hydroelectric  Commission  froin 
carrying  out  the  contract  entered  into  by  them  with  the  Ontario 
Power  Co. 

Personal.  Mr.  S.  K.  Biustow( Bruce  Peebles  &  Co.)  was  entertained 
to  dinner  recently  by  a  uiunber  of  his  friends  in  Edinburgh,  prepara- 
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tory  to  his  ioaving  this  covimrv  (or  a  tour  round  the  world  on  lnhnll 
of  his  firm.  Mr.  Uastow  Irft  liy  the  "'  Tunisian  "  from  IJvcrpool  la^i 
week  for  Canada,  and  will  procoMl  from  there  to  Austraha.  Nrw 
Zialaiul  and  South  Africa.  He  expects  to  he  away  for  at  lea.st  six 
months,  and  wo  arc  sure  liis  many  friends  will  wisli  him  a  safe  and 
jirosjx-rous  journey. 

.M.  J.  Stcrpin,  a  Belgian,  has  been  appointed,  for  atcrm  of  thnc 
years,  as  Director-General  of  Turkish  Posts  and  Telegraphs. 

Plymouth,— The  local  olhccs  <jf  the  Orient  Line  are  n^w  liglitod 
eloclii.'ally. 

Poplar  (London.) — In  view  of  the  low  cost  of  production  of  electro- 
lytic disinfectant  Huid  and  its  efficiency,  it  has  been  decided  to 
duplicate  the  plant  at  a  cost  of  £430.  During  the  last  four  years 
SO.(XM)  iratlons  of  fluid  have  been  prcxiuced  at  a  cost  for  materials 
and  ekitricily  of  undi  r  £1G0. 

Port  Glasgow. — Thr  i|ucstion  of  establishing  electricity  works  is  to 
come  up  for  discussion  by  the  Council  at  an  early  date.  There  is 
evidence  that  .1  scheme  would  prove  successful,  as  certain  occupiers 
are  inquiring  for  a  supply  of  current.  Last  week  Mr.  Jas.  I.,ithgow 
informed  the  Council  tliat  ihcre  was  a  proposal  to  light  some  sho|is 
in  the  reconstruct*-.!  Bay  area  with  electricity,  and  inquired  if  there 
was  any  likelihood  nf  an  electric  lighting  scheme  being  undertaken 
by  the  Council  in  the  early  future. 

Private  Fire  Brigade  Tournament.— The  first  i)art  of  the  llth 
annual  tournament  of  the  London  Private  Fire  Brigades  Association 
was  held  on  Seiit.  2.)  on  the  Parade  Ground  of  the  Royal  Hospitii] 
Schools,  Greenwich. 

Twcniy-five  brii^ades,  drawn  from  Londonand  the  provinces,  competed 
for  the  ••  Xestle"  challenge  cup  for  the  )irivate  fire  brigade  championship  of 
the  United  Kirirdum  and  for  other  tro]ihies,  including  the  "Dewar"  chal- 
lenge shield  and  the  "  Jlarshall ""  challenge  cup  for  London  private  firo 
brigades.  In  iIr^c  events  the  Robertson  Eleftiic  Lam^is  fire  brigade 
was  successful  in  winning  the  championship  f>f  the  United  Kingdom. 
also  the  "  Dewar "  challenge  shield,  the  winning  times  constituting 
records  for  drills  of  this  class.  The  same  team  also  carried  oil"  1st  prize 
in  the  four-men  drill,  1st  in  the  five-men  drill,  and  a  substantial  lead  of 
IS  points  towards  the  best  aggregate  for  the  "  Marshall  "  challenge  cup. 
The  second  part  of  the  tournament  takes  place  in  November. 

Russia, —  Imports  of  mathematical  and  electrical  instruments  from 
Germany  into  Russia  were  valued  at  £472.000  in  1908,  £352,000  in 
1907.  and  f4.'!4,0(Xl  in  1900.  The  imports  of  British  goods  of  the 
same  class,  and  in  the  same  years,  were  valued  at  £15,000,  £29.000 
and  £22.(MM). 

From  official  statistics  it  appears  that  at  present  the  total  length 
of  electric  tramways  in  Russia  is  1,312  versts  (about  875  miles),  of 
which  l,08(i  versts  (about  725  miles),  or  over  80  per  cent.,  belong  to 
Belgian  companies,  and  the  remaining  226  versts  are  Ijcing  exploited 
by  municipalities.  There  are  85  joint-stock  and  five  private  com- 
jianies  run  by  Belgian  capital  operating  tramways  in  Russia. 

Smoke  and  Vibration.— On  Friday  last,  in  the  course  of  a  L.(i. 
Board  inquiiy  into  applications  by  Torquay  Council  for  fanction  to 
certain  loans,  the  inspector,  Mr.  A.  A.  G.  Malet,  said  the  Boird  had 
rcceivccl  a  petition  from  occupiers  of  jjroperty  complaining  of  a 
nuisance  arising  from  smoke  and  vibration  at  the  electric  lighting 
station,  but  the  Councils'  observations  had  not  yet  been  received  by 
the  Board. 

The  Town  Ci.krk  said  the  Kleetric  Light  committee  considered  the 
petition  on  ^londay.  They  had  endeavoured  to  place  contracts  for 
■•mokcless  coal,  the  stokers  had  strict  injunctions  to  ])revent,  as  far  as 
po>siljk-.  emission  of  smoke,  and  the  committee  had  also  provided  £150 
for  the  installation  of  a  smoke  preventive  apparatus. 

The  I>'Si-KCTr)K  underatood  it  was  not  vibration  that  was  eoni])lainccl 
of,  but  a  buzzing  noise  coming  from  the  ventilators  in  the  engine  room. 

The  Tow.v  Ci.erk  said  the  Council  were  obliged  some  time  since  to 
provide  some  better  means  of  ventilation,  and,  «hilc  effecting  an  ini- 
provenient  in  one  direction,  some  Htllc  trouble  had  come  in  anotlur.  lu 
l!in.5  the  Council  applied  to  the  L.G.  I'.o.ard  for  jicrniission  to  transfci- 
the  cl((  tricily  works  to  a  more  suitable  site,  at  a  cost  of  £42,000,  but  tlic 
Hoard  declined  to  grant  a  loan.  Another  remedy  for  the  smoke  trouble' 
would  Im;  to  heighten  the  chimney  at  the  station,  but  the  Corporation 
were  ham|!ered  by  restrictive  covenants,  an<l  owners  of  adjacent  pro- 
perty objected  to  the  heightening  of  the  building. 

The  chairman  of  the  Electric  Light  committee  (Mr.  Bi.acki.hh)  said 
they  hoped  in  fiair  or  five  years  to  again  a«k  the  Board  for  permissinn 
to  removr  the  station.  They  were  now  making  a  profit  of  £2,000  a  y<'ar. 
and  in  four  or  live  yeai-s  they  would  be  in  a  position  to  pay  out  of  the 
profits  the  cost  of  superseded  plant. 

South  Africa. — The  Electric  and  Water  Works  and  Fire  committee 
of  Cape  Town  (Vmncil  arc  endeavouring  to  popularise  the  use  of 
electricity  for  heating  and  cooking,  and  it  is  proposed  to  supply 
apparatus  on  hire.  The  committee  propose  toc.vjiend  £.">()  on  electric 
cooking  appar.itus  for  c.Nperimcnts. 

Southampton. — Sanction  has  teen  received  to  a  loan  of  £2.3(tO  for 
extensions  of  mains,  and  £7fH)  for  hou.se  services.  £4(!0  is  l<i  be 
siKint  on  extensions  to  Stonehani. 
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Southend. — Last  week  the  Council  were  recommended  by  the  Light 
Raihiays  and  Electric  Lighting  committee  to  apply  for  sanction 
to  a  loan  of  £13.715  for  equipping  two  sub-stations  near  Chalkwell 
Park  and  the  Thorpe  Hall  Estate,  and  that  the  electrical  engineer 
(ilr,  K.  Birkett)  be  authorised  to  ])reparc  specifications  and  plans 
required  for  carrying  out  the  work. 

.Aid.  Martin,  ui  moving  the  adoption  of  the  report,  said  complaints 
had  been  made  that  thej-  were  not  able  to  supply  electricity  in  certain 
parts  of  the  town.  A\'hen  the  projmsed  improvements  were  carried  out 
Ihcy  would  not  only  be  able  to  supply  the  whole  district  up  to  Leigh,  hut 
v.-ould  be  able  to  maintain  and  increase  the  pressure  in  the  whole  of  the 
other  districts,  and  also  increase  the  cajiacity  of  the  central  station. 

-\ld.  Briohtweli,  said  he  had  gone  scmiewhat  fully  into  the  scheme, 
but  he  had  had  the  advantage  of  the  advice  of  three  C(u-poration  officials, 
inchiduig  Mr.  Birkett.  and  he  had  come  to  bless  it.  The  town  was  still 
growuig  rapidly,  and  they  must  face  the  necessity  of  S]icnding  money  to 
keep  pace  with  the  times.  In  the  near  future  the  town  would  have 
groH-n  to  such  gigantic  proportions  that  they  wotdd  want  to  move  their 
works  to  a  site  near  the  water,  where  they  could  ])roduce  their  electricity 
at  a  cheaper  rate.  It  was  his  firm  conviction  that  by  spending  that  money 
they  would  easily  recoup  themselves  for  the  outlay.  The  report  was 
adopted. 

Tottenham,— Lighting  the  Council  offices  with  givs  cost  £92,  5s.  3d. 
a  year,  while  the  estimate  for  electricity  was  £85,  and  the  North 
Metropolitan  Electric  Power  Sup])ly  Co.'s  revised  terms  for  sup- 
])lying  electricity  (a  flat  rate  of  4d.  per  unit,  with  a  discount  of 
10  per  cent,  for  the  office  block,  the  discount  to  be  increased  to 
15  i)er  cent,  when  the  remainder  of  the  Council's  buildings  arc  lit  with 
electricity)  have  been  accepted  on  a  three  years'  agreement. 

Tramway  Orders. — The  report  by  the  Board  of  Trade  of  their  pm- 
ceedings  under  the  Tramways  Act,  1870,  during  the  session  of  19(19 
has  been  issued. 

The  number  of  applications  made  to  the  Board  in  December,  ino.S,  for 
provisional  orders  under  the  Tramways  .\ct,  1870,  was  five — viz.,  Bolton, 
Keighley,  Morecambe,  Portsmouth  and  Whitworth.  All  the  api)lica- 
tions  were  for  ])ower  to  ccmstruct  new  or  extension  tramways,  and  all 
were  promoted  by  local  auth(uitics.  The  aggregate  length  of  the  ])ro 
posed  tramways  v/as  4  miles  74  chains  of  doidile  line  and  (1  miles  ,')0  chains 
of  single  line,  and  the  estimated  cost  was  £121,317.  Provisional  orders 
were  made  in  every  case.  A  bill  to  confirm  the  orders  was  introduced 
into  the  House  of  Lords  on  May  3.  A  petition  was  lodged  in  the  House 
of  Lords  against  the  Whitworth  order  by  the  L.  &  Y.  Railway  Co.,  but 
the  Select  Committee  to  whom  the  bill  was  referred  f)as.sed  the  order, 
after  making  certain  amendments  in  it.  The  bill  met  with  no  further 
o]>position.  and  received  Royal  Assent  on  Sept.  20. 

Tramway  Transfer. — Hertford  County  Council  propose  to  least-  to 
the  Jlctropolitan  Electric  Tramways  (Ltd.)  a  light  railway  in  Arkley. 
Barnet  Vale  and  Chipping  Barnct  for  42  years,  from  Feb.  20.  1904. 

The  company  are  to  p.iy.  fir.st,  a  rent  of  fL.'jlO.  Is.  per  annum  (  =  5  jicr 
cent,  per  annum  on  the  £30,201.  Os.  lOd.  expended  by  the  Council  in 
the  construction  of  the  railway),  and,  second,  a  sum  equal  to  5  per  cent, 
per  annum  on  money  which  the  Cotmcil  have  spent  since  Dec.  31,  1!K)8 
(or  may  hereafter  spend),  on  land  for  widening  routes,  &e.,  or  in  the  con- 
struction of  the  railway,  widening  of  roads  or  biidges,  &e.  In  the  event 
of  the  failure  of  the  company  to  comply  with  the  conditions  of  the  lease, 
or  if  the  working  of  any  part  of  the  railway  is  discontinued  for  seven  days 
or  more  (excejit  for  necessary  repairs  or  through  circumstances  beyond 
the  control  of  the  comjiany),  the  Coimcil  may  re-enter  into  ])ossession 
of  the  uudeitakiug. 

Victoria-Crystal  Palace  Tube. — As  stated  in  our  last  issue  a  syndi- 
cate |)roposes  to  ap|)ly  for  ])arliamentary  powers  to  construct  a  new- 
tube  railway  from  Victoria  to  the  Crystal  Palace. 

A  syndicate  is  being  formed  for  carrying  out  the  scheme,  at  an  esti- 
mated exi)cnditure  of  £3,500,000.  Mr.  Stephen  Sellon  is  consulting 
engineer  to  the  juomoters  Stations  will  be  constructed  at  or  near  the 
following  point"  along  the  line  of  route,  which  woidd  be  (>?  miles  in 
length  :  Ujiper  Norwood,  Upper  Sydenham,  Lordship-lane,  Diilwicli. 
East  Dulwicii.  Denmark  Hill,  Camlicrwell,  ')val  (connecting  with  City 
&  South  London  Tube),  .Mbcrt  Kml)ankmcnt,  aud  Victoria  (etmneetiug 
with  the  main  lines  and  District  Railway).  A  branch  line  (U  miles  long) 
fidin  Cambeiwell  to  the  Elephant  and  Castle  would  have  an  intermc 
diate  station  in  Walworth-ioad.  The  journey  from  Victoria  to  Syden- 
ham W(mld  be  completed  in  20  minutes,  against  the  present  schedided 
time  of  31  to  37  minutes,  and  the  third-class  fare  would  be  4(1..  or  jier- 
haps  31d.,  against  7d. 

Village  Lighting.— The  village  of  Great  Lundey  (('o.  Dmiiam),  and 
part  of  the  colliery  company's  property  in  IIk^  village  will  .shortly  be 
lighted  electrically.     Most  of  the  l)oles  are  alrciuly  erected. 
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Walthamstow. — Tho  Lifjliiing  committee  have  decided  in  favour 
(if  .in  apjilical  ion  boinfi  made  to  the  L.G.  Board  for  sanction  to 
liori'dw  ,i;!).(i:!(i.  the  estimated  cost  of  ronvcrtinji  !)-21  piH  lamiis  to 
clcclricity. 

Watford. — A])|)lioati()n.s  for  elcelrie  ciinent  liave  been  received 
from  tlu'  Countess  of  Essex  for  Cassiolmrv  and  from  Messrs  Bcnskins 
for  a  flirt  licr  supply. 

West  Ham. — An  agreement  has  been  entered  into  to  su|)ply  current 
to  tlic  Avenue  I'ress  (Ltd.),  including  hire  of  motors  and  apparatus, 
for  live  years,  with  the  option  of  renewal  for  a  further  five  years  ; 
also  for  a  bulk  supply  to  the  Bradford  Rubber  Co.  for  five  years, 
renewable  at  termination  to  7,  14  or  21  years.  The  last  named 
Company  ha\e  agreed  to  hire  their  motors  from,  and  for  the  necessary 
wiring.  &i\.  to  be  carried  out  by,  the  Council. 

Ni'!;otiaticiMs  are  taking  place  witli  the  chief  engineer  to  the  Port  nf 
Lniiilon  .Aiitlicrity  fur  bulk  supply  to  the  Royal  Albert  and  Victoria  Docks. 

Havinsr  regard  to  the  Electric  TJf^htiug  Acts  (AmciKbncnl )  Hill,  the 
Town  Clcrli  has  been  authorised  to  coniiuunicate  with  East  Ham  and 
Woolwicli  Coimcils  with  a  view  to  obtaining  their  consent  to  the  supjily 
of  current  li\  West  Ham  for  uee  within  East  Ham  and  North  Woolwich. 

Upon  the  simm'stion  of  the  electrical  engineer  (Mr.  Couzens).  the  rales 
foi-  iiinciU  for  licaliii!,'  arc  to  be  similar  to  the  standard  rates  for  power — 
viz..  Id.  per  unit,  less  discount  f  jr  quantity. 

Wireless  Telegraph  Notes. — It  is  announced  that  the  interesting 
experiments  with  wireless  telegraphy  which  have  been  a  feature  in 
connection  with  the  Zeppelin  airships,  are  to  be  continued  on  a  larger 
scale,  when  some  new  examples  of  Zcj)pelin  airships  will  be  launched. 

Mr.  Marconi  has  again  expressed  his  hope  that  his  new  station  at 
Glace  Ba3' will  be  re-opened  on  Jan.  1,  when  the  buildings  will  be 
made  fireproof. 

It  is  stated  by  the  "  Australian  Mining  Standard  "  that  Sir  John 
Quick,  the  Postmaster-General,  is  interesting  himself  in  a  system  of 
wireless  telegraiihy,  the  invention  of  Mr.  S.  Irwin  Crookes.  a  New 
Zcalander,  on  the  ground  that  the  erection  of  the  system  can  be  made 
very  cheaply  and  that  for  distances  up  to  400  miles  the  system  is 
very  effect  ivi'. 

Wireless  Telephone  Notes. — An  installation  of  wireless  telephony, 
the  invention  of  Mr.  Andi'ew  Burns,  of  Portobello,  has  been  estab- 
lished on  the  i)ier  at  Portobello,  and  a  practical  demonstration  of  the 
system  was  given  a  few  days  ago.  Two  stations  were  provided  on 
the  pier,  about  half  a  mile  distant  from  each  other,  and  the  demon- 
stration is  said  tn  have  proved  successful. 


ELECTRICITY  SUPPLY  AND  TRAMWAY  ACCOUNTS. 

Barrow-in-Furness.— The  electricity  department  accounts  tor  the 
year  ended  March  show  capital  expenditure  £113,247  (increase 
£2.375). 

Revenue  was  £12,002  (compared  with  £12.-12n  in  previous  year),  total 
costs  £f),2S7  (e(),440)  and  gross  profit  £(i,(il(i  (£r>.!)8n).  Interest  and 
sinking  fiuul  required  £0.999  (£(>,7S0),  the  net  deficiency  being  £384 
(£791).  The  combined  maximum  load  was  8.S4  kw.  (S92kw.)  and  the 
load  factor  13-()5  (13-41).  The  equivalent  8  e.p.  lamps  connected  are 
78,119  (09,7491.  Units  sold  were  1,0.57,330  (1,047,770)  ;  average  prices 
obtained  4-217d.  (4-228d.)  for  private  lighting  l-398d.  (l-352d.)  for 
power,  2-8.5Gd.  (2-491d.)  for  public  lighting,  .and  l-930d.  (l-910d.)  for 
traction.  There  are  152  motors  (1,004  H. p.)  connected,  compared  with 
137  (8(>4  H.r.)  at  March,  1908.  29  (10)  radiators,  52  (14)  flat  irons,  9  (1) 
water  heaters  ami  23  (nil)  kettles  are  out  on  hire.  The  borough  elec- 
trical engineer  (Mr.  H.  R.  Burnett)  st.ates  that  £905  was  spent  out  of 
re-vcnuc  dvning  the  year  on  repairs,  maintenance  and  renewals,  and  that 
there  would  have  been  no  deficit  on  tho  year  but  for  the  fact  that  tho 
demand  for  current  for  the  tramways  was  reduced  by  28,597  vmits. 

Derby. — The  accounts  of  the  electricity  supply  department  for 
the  year  ended  March  last  show  capital  expenditure  £287.028 
(increase  £1I..'5()()). 

Revenue  was  £38,251  and  gross  jirofit  £10,,500.  After  nieetuig  capital 
charges  there  was  a  net  profit  of  £305.  3.958,311  units  were  soltl,  of 
which  1,107,481  were  for  power,  1,513,748  for  traction,  955,8,")  for 
private  and  321,227  for  pulilic  lighting.  There  are  1,547  consumers  for 
lighting  (against  1,433  at  March,  1908),  and  355  (300)  for  jiowcr  and 
heating.  The  connections,  including  motors  .and  all  lamps,  arc  180,572 
(equivalent)  8  c.)i.  lam|w  (against  1()0,3S8).  The  horse-power  for  motors 
connected  is  1  ,(;(I0  ( 1 ,500). 

Leicester. — thi  Tuesday  Councillor  .Jennings  stat<'d  that  the  receipts 
(if  the  ( lectricity  deparunent  for  the  half-yciir  amounted  to  £13.<)ti(). 
and  the  total  expenditm-e  had  been  £5,924.  leaving  a  gro.ss  surjihis  of 
£8.042.  After  paying  interest  (£3,791)  and  sinking  fund  (£3,:?44) 
the  net  profit  for  the  half-year  was  £907.  There  had  been  a  (leerease 
of  oiilput  of  the  value  of  about  £1.80t).  During  the  year  the  in- 
crease in  eiistomer.s  for  light  and  motors  totalled  209. 

Leyton.— The  estimates  for  the  half-year  ending  March  .31  next. 


having  been  reconsidered,  the  estimated  deficiency  on  the  electricity 
und(-rtaking  for  the  six  months  has  b«en  redue(-d  from  £419  to  £;«I3. 

'rhis  (le(!(iency  will  lie  met  from  the  surplus  ..f  £2,.1.53  from  the  pr"- 
cc(lin<.'  half-year,  leaving  an  estimated  net  sun.his  for  the  year  of  £1,900, 
of  whii  h  ITiOO  is  to  be  placed  to  reserve  and  the  balance  (£l,4<;0)  is  to  hi- 
ap|)lic(l  in  relief  of  rates. 

Tenders  are  to  be  invited  by  the  Council  for  wiring  Canterbury-road 
school. 

Melbourne  (Australia).— The  report  of  the  Corporation  electricity 
department  for  the  year  ended  Feb.  28  last  states  that  the  cajjital 
expenclitiue  durinj;  the  year  was  £45.4t).5. 

Revenue  w.as  £102,635  (against  £92,364  in  previous  year),  Workine 
expenses  were  £50,177  and  gross  iirotit  w.is  £52,458  aod  net  profit 
£10,907.  The  sinking  fund  has  been  increased  bv  £4,648,  making  a 
total  of  £63,981  to  the  credit  of  the  fund  and  £5,000  haS  been  eonU-i- 
buted  to  the  town  fund.  There  is  £48,778  standiuj;  to  the  credit  of 
depreciation  and  renewals  fund.  Total  connectious  are  143,763  .e(iui- 
valent)  16  c.p.  lamps  (against  57,791  in  1904),  having  increased  148 
per  cent,  in  that  period.  Lighting  units  sold  were  3,330,162  (inere;i.=e 
102,979  over  previous  year)  and  power  and  heatijv.'  units  1,911,355 
(increase  230,380),  the  units  generated  being  8,642,154  (936,459  in- 
crease). 

Plymouth.— The  accounts  of  the  electricity  dt|.artment  for  the 
year  ended  .Marcli  show  income  £23.950.  against  £24.511  in  1907-8. 

Cr.iss  profit  was  £1  l,.-)fi2  (£1  L.-if^J)  aud  net  profit  1:2  233.  of  which 
f  l.i)92  has  been  applied  to  reduction  of  rates  and  £241  placed  to  reserve. 
Feu-  1907-8  £l,;i()()  was  tr.ausfeircd  to  relief  of  rates  and  £733  added  to 
reserve.      The  reserve  fund  now  stands  at  £10,191. 


TRADE  NOTES  AND  NOTICES. 


TENDERS  INVITED. 

Tenders  are  invited  for  the  supply  of  50  coin  attachments,  suitable 
for  coins  of  different  values,  to  the  IVistmaster-Gcncral's  department 
in  VlCTORl.\.  Tender  forms  and  specification  may  be  obtained  at  the 
Commonwealth  Oftices,  72,  Victoria-street,  London,  S.\\'.  See  also 
an  advertisement. 

Tenders  are  invited  for  supply  of  100,000  porcelain  insulators  to 
the  Postmaster-General's  Department,  Victori.4.  Tender  forms, 
&c.,  from  the  Commonwealth  Offices,  72,  Victoria-st.,  London,  S.W. 

Tenders  are  invited  for  the  supply  to  the  Postmaster-Gencrars 
Department,  New  South  Wales,  of  a  common  battery  switchboard 
for  the  North  Sydney  telephone  exchange.  Tender  form,  specifica- 
tions, (Sic,  may  be  obtained  from  the  Commonwealth  Offices,  72, 
Victoria-street,  London,  S.W.     See  also  an  advertisement. 

The  Duectors  of  the  Metropolit.\>j  Railway  Co.  invite  tenders 
for  the  supply  of  general  stores  during  the  12  months"  ending  Oct.  31, 
I9I0.  Manufacturers  and  others  desirous  of  tendering  should  applj' 
to  the  Secretary,  Mr.  W.  H.  Brown,  for  forms.  The  company's 
requirements  include  electric  wires  and  cables,  lamps,  carbons, 
switches,  fuses,  telephones,  &c..  and  electrical  insulating  materials. 
Patterns  and  samples  will  be  on  view  until  Oct.  2  inclusive,  and 
tenders  must  reach  the  Secretary  by  10  a.m.  Oct.  4. 

Gl.\sgovv  Corporation  want  tenders  by  t)et.  4  for  sujiply.  erection, 
(fcc,  of  switchboard,  distribution  boards,  mains,  cables,  switches, 
wiring,  &c..  for  ])ower  and  lighting  purposes  at  Shieldhall  outfall 
works.  Specifications,  &e..  from  the  Office  of  Public  Works.  C4, 
Coclirane-street,  Glasgow. 

WoRTHiKO  Corporation  want  lenders  by  noon  Oct.  II  for  supply 
of  vulcanised  bitumen  sheathed  eoneeutric  and  triple  concentric 
cables.  Specification  from  the  Resident  Engineer  at  the  Electricity 
Works. 

Wallasey  Council  want  tenders  by  noon.  Oct.  13  for  sujiply  of 
about  2()0  tons  of  tramway  rails,  and  for  lishjilates.  tiebars,  anchor 
plates,  points  and  crossings.  Specification,  dtc.  from  the  Public 
Offices.  Egremont.  Cheshire. 

Britmby  and  Frodinoiiam  Council  want  tenders  by  Oct.  1(!  for 
the  electric  lighting  of  the  streets.  Specifications.  Ac.  from  .Mr.  J. 
Green.  Council  Offices.  Frodingham.  Scunthorpe. 

Launceston  (Tasmania)  City  Council  want  t<-nders  by  4  [i.tn.. 
Nov.  I.  for  one  year's  supply  of  electrical  fittings,  incandescent 
lamps,  wires  and  cables  and  carbons.  Specifications,  &c..  from  the 
City  Electrical  Engineer. 

The  Spanish  Ministerio  de  Fomento  requires  tenders  for  the  con- 
struction and  working  of  an  electric  tramway  from  Sans  to  Coll 
Blanch.  Barcelona.  The"  Madrid  Gazette"  for  .St-pt.  13  contains 
particulars,  and  can  be  seen  at  73.  Basinghall-street.  I.K>ndon.  E.C 
Tendcis  (addressed  to  the  Direccion  General  de  Obra,s  Publiei^. 
Madrid),  will  bo  opened  at  noon.  Nov.  20.  Local  n>presentation  is 
necessary. 
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The  Turkish  Ministry  of  l^inance  will  receive  tenders  until  Oet.  14 
for  a  concession  for  the  provision  of  telephone  facilities  in  Constan- 
tinople and  its  environs.  The  caliicr  des  charges  may  b^  obtained 
from  the  Ministry  of  Finance,  Constantinople. 

TENDERS  RECEIVED  AND  ACCEPTED. 

Amongst  many  recent  •nilcrs  reirived  by  Mes.srs.  Rc-avell  &  Co. 
is  one  for  the  supply  of  an  rlectrically-ili'ivea  comi>ressur  for  Rothei- 
ham  C;)rporation.  ft>r  suiiplyinu;  air  to  the  pnevimatic  sewage  ejectors 
in  the  boroujjh.  The  machine  has  a  large  range  of  variation  in  speed, 
which  is  controlled  by  hand.  It  is  also  fitted  with  two  special  air 
relay  devices,  one  set  for  the  nia.ximum  jncsNiire  and  tlie  otlier  for  the 
minimum  pressure  which  automatically  operate  a  whistle  wli<ni  the 
pressure  reaches  either  limit.  The  tirm  are  also  supplying  a  large 
machin?  of  the  quadruplex  double  ended  type  to  the  order  of  the 
G.l'.O.  for  pneumatic  despatch  at  the  centra!  post-office,  Kach  end 
of  the  machine-has  a  device  for  automatically  controlling  the  volume. 
and  may  be  used  for  either  vacuum  or  pressure. 

Melbourne  City  Council  have  accepted  the  tenders  of  Ship  Carbons 
(Ltd.)  for  43-2.t)00  arc  lamp  carbons,  £1,218  ;  the  Allgemeine  Elek- 
tricitats  Ge.?ellschaft  for  IS  transformers,  £-t27  ;  Pfalf,  Pinschot  & 
Co,  for  8t)  a,-c.  flanu>  arc  lamps,  £340  ;  Austral  Otis  Engineering  Co. 
for  7()3.f>00  arc  lamp  carbons,  £2,050  ;  Chatteris  Engineering  Works 
Co.  for  overhead  travelling  crane,  £286  ;  R.  Bulmer  for  250  wooden 
poles,  £401  :   and  I'cacock  &  Smith  f(ff  copper  feed-water  pipes,  £2.>. 

In  our  issue  for  Sept.  17  (p,  927)  we  gave  a  list  of  the  tenders 
accepted  by  Swan.sea  Council  for  street  lighting  equipment,  and 
Messrs.  Venner  &  Co.  ask  us  to  announce  that  they  are  sub-con- 
tr;ictors  to  W,  Lucy  &  Co.  for  the  time  switches  for  controlling  the 
new  street  lighting  scheme.  In  regard  t«  the  tender  for  the  Leyton 
street  lighting  contract  given  above,  about  100  of  the  firm's  time 
switches  are  included  as  a  sub-contract. 

Battcrsoa  (Landon)  Council  have  accepted  the  following  tenders  in 
connection  with  the  wiring  of  premises  and  the  supply  of  goods  on  the 
hire  i)urchase  system  :— Bcek  Flame  Lamp  (Ltd.),  (lame  arc  lamps  ; 
Brockie-Pell  Arc  Lamp  Co.,  enclosed  arc  lamps  ;  Brit.  West.  Co., 
motors;  (_;.  A.  Gunn  &  Phillips  &  Co.,  arc  lamp  installations ; 
Stegmann  &  Co.,  Phillips  &  Co.,  and  J.  W.  Gunn,  motor  installa- 
tions. 

Leyton  Council  have  received  the  following  tenders  tor  supply  of 
public  lighting  lanterns,  with  clock  switches  for  incandescent  lamps 


TiUeyBros £335  0 

Venner*  Co 330  0 

General  Electric  CO 325  0 

\V.  Lucy  &Co 318  0 

Pontifex  &  Co 308  0 


Electrical  Joint  Box  Com- 
pound Co,  laccepled)    ...£307  10 

B.  Thom.a3 445    0 

Reason  Mfg.  Co 351    0 

H.iydn  Harrison   315     0 

On  Tuesday  Bristol  Corporation  confirmed  the  acceptance  of  the 
following  tenders : — 

Elet-lrieal  Co.,  a.e.  meters,  UlOO-IO  eoiitiaet,  at  £702.  8s.;  General 
Electric  Co.,  earb.ms,  12  months  eiuliii^'  April  30,  1910.  £3(i(i.  12s.  Id.  ; 
Siemens  Ilms.  Dyn  imo  Works,  are  lam|.  globes  for  19011- 10,  £31.  2s.  M. 

The  D.P.  Battery  Co.  have  received  an  order  for  the  renewal  (if 
the  large  batteries  at  Waterloo  owned  by  the  Liverpool  District 
Lighting  Co.,  and  for  their  maintenance  for  eight  years. 

Islington  (London)  Council  has  accepted  the  tender  of  the  Steeple- 
jack and  Engineering  Co.  at  £275  for  repairing  the  shafts  at  the 
generating  station. 

The  management  committee  of  the  Belfast  district  lunatic  asylum 
have  accepted  the  tender  of  John  Dowling  &  Sons  for  wiring  the 
I'urdysburn  Asylum  at  £460. 

York  Corporation  are  recommended  by  the  Electricity  committee 
to  accept  the  tender  of  Dick,  Kerr  &  Co,  for  the  extension  of  the 
electricity  mains  along  the  tramways  route  at  £2,031.  4s.  Id. 

Willcsden  Council  have  accepted  the  tender  of  Duncan  Watson  & 
Co.  for  maintaining  the  inter-communieation  tele]ihonc  system  at 
the  public  offices. 

Chelsea  (London)  Council  have  accepted  the  tender  of  Wright 
BrOii.  &  Co.  for  alteratiims  to  electroliers  and  for  preparing  a  plan 
showing  the  electric  lighting  wires  and  mains  in  the  Town  Hall. 

Brighton  Guardians  have  accepted  the  tender  of  C.  G.  Peed  & 
Sons  for  electric  light  fittings. 

Plymouth  Council  have  accci)ted  the  tender  of  the  Brush  IClee 
Irical  Engineering  Co.  for  a  turbo-generator  at  £2,244, 

liclfast  Tramways  and  Electricity  committee  have  accepted  the 
tender  of  the  Tudor  Accumulator  Co.  for  sujiply  of  a  milking  boost<-r. 

Burnley  guardians  have  placed  an  order  with  Carter  &  Co.  for 
electrical  littingB, 


West  Ham  Coriioration  have  placed  an  order  with  the  .\rmorduct 
Mfg.  Co.  for  supply  of  certain  sizes  of  cables  up  to  .March  31  next. 

Hanley  Council  have  placed  an  order  with  the  Brush  Co.  for  a 
motor  generatiir  at  £144. 

Storage  Battery  Contracts.— Amongst  the  orders,  which  we  are 
informed  the  D.P.  Battery  Co.  received  last  week,  they  have  been 
commissioned  by  H.I.H.  Empress  Eugenie  to  instal  a  storage  battery 
of  their  LS  13  type  at  Farnborough  Hill,  and  by  the  Crown  Agents 
for  the  Colonies  to  supply  a  battery  of  118  L  15  type  cells  for  the 
Bahamas,  They  have  also  been  favoincd  with  orders  for  Hi  of 
their  specially  designed  25  volt  batteries  for  private  residences. 

BUSINESS  NOTICES. 

Owing  to  the  lease  of  2,  Queen  Anne"s-gate  having  changed  hands, 
Messrs.  Laoey,  Sillar  &  Leigh,  consulting  engineers,  have  been 
obliged  to  move  (as  from  Sept,  29)  to  Iddesleigh  Mansions  (first 
floor),  Caxton-strect,  Westminster.  S,W.  The  telegrajihic  address 
remains  "  Advisedness  London  "  and  the  telephone  number  is  76 
Victoria. 

In  consequence  of  the  acquisition  of  34.  tU.  (Jeorge-slreet  by  the 
Government,  Mr.  Sidney  Sharp  has  renu)ved  to  13,  \'ictoria-street, 
Westminster,  S.W. 

Mr.  W.  H.  Booth,  artesian  and  steam  engineer,  has  removed  to 
Caxton  House  (West  Block),  Westminster,  S.W.  Tekphoie 
2,065   Victoria. 

The  Adnil  Electric  Co.  have  appointed  Mr.  J.  B.  Chamhers, 
engineer  and  representative  for  the  Yorkshire  district.  Mr.  Chambers 
has  been  connected  with  the  engineering  department  of  the  firm 
for  some  years  past,  and  his  address  is  76.  Hill  Top  Mount.  Round- 
haj'-road,  Leeds. 

Messrs.  J,  &  H.  Grovenor  intimate  that  they  have  taken  over  the 
Electromotor  &  Dynamo  Co.  .land  that  the  new  branch  is  still  being  con- 
ducted und^r  the  supervision  of  the  lats  manager  of  the  latter 
company. 

Messrs.  Tyler  &.  Freeman.  20,  New  Bridge^strect,  E.G..  ask  us  to 
announce  that  they  arc  re-arranging  and  extending  their  offices, 
and  in  doing  so  are  making  up  a  fresh  file  of  catalogues,  and  that 
they  would  be  glad  if  manufacturers  of  electrical  and  mechanical 
apparatus  and  machinery  woukl  send  them  eoinplete  coi)ies'of  their 
catalogues,  with  prices.  &e. 

Plant  for  Sale. — Rhyl  municipal  electricity  department  advertise 
for  sale  a  165  kw.  d.c,  steam  dynamo  (Alley  &  MacLellan  engine  and 
Lancashire  ilynamo).  Particulars  from  the  electrical  engineer,  Mr. 
Ernest  H.  Wright. 

Patent  Amendment. — Electrical  Regulators  &  Economisers  (Ltd.). 
51,  North  John-street,  Liverpool,  seek  leave  to  amend  the  sjieei- 
fication  of  Letters  Patent  No.  16,968/1907,  granted  to  Mr,  H,  S. 
Martin  for  "  An  Improved  Electrical  Resistance  Device  for  use  with 
Lamps  and  for  Other  Purposes."  Particidars  of  the  pro))osed  amend- 
ment were  given  in  the  Illustrated  Official  .lournal  (Patents)  for  Sej)!. 
22,  and  notice  of  opposition  must  be  given  within  one  calendar 
month  from  that  date. 

"  Iron  and  Steel  Trades  Journal,"' — We  have  received  a  copy  of  the 
British  edition  of  the  special  Diamond  .Jubilee  number  of  this  journal. 
The  issue  contains  mueli  interesting  matter  of  a  historical  and  remi- 
niscent character;  we  congratulate  our  conteni])orary  u|ion 
having  attained  its  60th  year  of  publication,  and  we  hojjc  that  it  will 
continue  to  prosper.     The  special  issue  is  i)ublishcd  at  Is. 

CATALOGUES.  &c. 

Ad.iitstablk  SrEKD  Motors. — Messrs,  Laurence,  Scott  &  Co, 
foiward  a  pamphlet  with  the  above  title,  which  has  been  ))repaTed 
particularly  for  the  use  of  machine  tool  makers.  This  firm  have 
sjiccialised  for  many  years  in  the  manufacture  of  adjustable  S))eed 
motors  for  direct-driven  tools.  The  word  "  adjustable  "  is  used  in 
preference  to  "  variable,"  as  the  latter  also  applies  to  series  woimd 
motors  in  which  the  speed  varies  automatically  with  the  )iow(  r, 
while  the  catalogue  refers  only  to  shunt  motors. 

ICi.KCTBicAL  Supplies. — Messrs.  Drake  &  (iorhani  have  ready  a 
new  trade  list  of  general  electrical  su))plics. 

"  RiK'.HY  "  Lamps.— We  have  received  from  the  Rugby  Lamp  Co. 
a  pamphlet  dealing  with  theu-  metal  lilaiiieiil  lamps,  of  which  the 
essential  features  are  fully  described  and  illustrated. 

"  Primus"  Crude  Oil  Enoines. — Mr.  E.  Atkinson  Smith.  West- 
minster, has  issued  a  leaflet  dealing  with  this  sidijeet. 

Tempbrley  Fixed  Transporters.— From  Apjilebys  (Ltd.)  we 
have    received    an    illustrated    brochure    dealing    with    their    fixed 
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trcinsportcrs.  Full  details  of  the  apparatus  arc  given  and  tlieir  nume- 
rous excellent  illustrations  exemplifying  the  equipment  work  all  over 
tli'^  country  as  well  as  in  other  parts  of  the  world. 

f'ONTINUOUS-CURRENT    MOTORS    AND    Oknerators. — The    British 

Thomson-Houston  Co..  Rugby  and  London,  have  issued  a  price  list 

dealing  with  an  entirely  new  line  of  continuous-current  motor.s  and 

generators,  with  which  we  deal  fully  on  another  jiage  of  this  issue. 

"  Ci.AKK  Fisher"   (!ai,vamim  i;i  i;i:s.      \\\-  Ii.im    i.i.imcI  frcmi  the 

Krasnu  Mfi!.  Co..  Kriglitnn.a  I kin  .1.   iIimi.  uilli  ilii      ul.i.rt.  wliieh 

we  fori  will  be  of  such  interest  t.i  mir  ir,i,|.  i-  ili.il  ur  |,|..|„,sr  (,,  deal 
with  it  fully  in  our  next  issue. 

"Tudor"'  AccUMULiVTORS. — We  have  received  from  the  Tudcjr 
Accumulator  Co.  a  copy  of  their  new  illustrated  export  catalogue, 
dealing  with  stationary  batteries.  The  aim  of  the  makers  in  e(  m- 
piling  this  new  list  has  been  to  provide  all  the  data  necessary  to 
enable  intending  purchasers  to  prepare  the  preliminary  work  con- 
nected with  Tudor  battery  plants  without  previously  referring  to 
the  company.  With  this  end  in  view  full  details  are  given,  after  a 
sliort  historical  introduction,  of  the  various  types  of  cells,  sizes  of 
plates,  methods  of  mounting,  details  relating  to  box  accessories, 
erection  and  acid,  together  with  the  rliaiachi  istics  of  the  various 
types  of  battery,  rates  of  discliiiLi''  :iinl  .liiiijc-.  and  other  electrical 
details.  Full  information  is  alsu  lijm  n  ci.niiriiinL;  tlie  various  types 
of  cells  made  by  the  company.  Near  the  end  of  the  catalogue  two 
exam])les  and  estimates,  which  contain  all  items  essential  for  the 
setting  up  of  an  up-to-date  battery  plant,  and  which  show  the  manner 
in  which  the  ]irices  are  made  up,  are  given.  Useful  tables  showing 
till-  weight  and  capacity  of  batteries,  including  the  necessary  acces- 
sories and  spares  packed  for  shipment,  for  all  the  different  types 
contained  in  the  list  are  also  to  be  found.'  We  recommend  all 
interested  in  battery  work  to  procure  a  copy  of  this  list. 

Osram  Lamps. — The  General  Electric  Co.,  it  seems,  have  made 
adequate  provision  for  the  lighting  season,  which  has  already 
arrived.  Their  preparations  have  included,  among  other  things, 
the  issue  of  a  number  of  artistic 
circulars  dealing  with  this  well- 
known  lamp,  and  we  under- 
stand that  the  demand  for 
these  has  been  so  great  that 
already  over  60(),lXM)  have  been 
])rinted  and  circulated  d\iring 
September  and  additional  adver- 
tising matter  has  to  be  printed  for 
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BANKRUPTCIES,  &c. 

The  first  mi  eting  of  creditors  of  Krnest  l'<  nwick  .Jones,  electrical 
engineer,  &c.,  13-2,  York-road,  West  Hartlepool,  will  take  place  on 
Oct,  0  at  3,  Manor-place,  and  the  public  examination  on  Oct.  7  at  the 
Court  House,  .lohn-strect,  Sunderland, 

The  liquidator  (Mr.  J.  W.  Close.  Ka.st-parade.  Leeds),  in  the  wind- 
ing up  of  .Mel'hail  and  Simp.son's  Dry  Steam  i'atents  Co.  (Ltd.)  has 
been  released. 

A  tir.st  and  final  dividend  of  4s.  ."i.Jd.  is  payable  to-day  (Oct.  1)  at 
the  O.R.'s,  Derby,  to  the  creditors  of  Lancelot  W.  de  Grave,  elec- 
trical engineer,  19,  Queen-street,  Derby. 

A  meeting  to  receive  an  account  of  the  winding  up  of  the  Lyon 
Patent  Refrigerator  Co,  (Ltd.)  (in  vol.  liq.),  will  be  held  on  Oct.  30  at 
(),  Castle-street,  Liverpool. 

A  meeting  to  receive  an  account  of  the  winding  up  of  the  General 
International  Wireless  Telegraph  &  Telephone  Co.  (Ltd.)  will  be 
held  at  110,  Cannon-street,  London.  K.C,  on  Oct.  •2(>. 


PATENT  RECORD. 


Examples  ci'  Metal  Fiiambkt  Lami'  .\ 

October.  The  various  folders  are  supplied  with  the  company's 
customers'  names  and  addresses,  and  are,  we  learn,  \try  popular. 
One  of  these  folders  is  a  very  artistic  production,  and  contains  a 
number  of  illustrations  of  public  and  other  buildings  wht  re  "  Osram" 
lamps  arc  installed,  thus  illustrating  how  widespread  is  the  use  of 
the  lamps.  We  illustrate  two  of  the  postcards  issued  by  the  com- 
pany, from  which  it  will  be  seen  that  they  are  not  behind  their  com- 
])etifors  in  the  way  of  effective  publicity. 

"  Lloyd"  Dynamos  and  Motors. — A  copy  of  their  latest  cata- 
logue dealing  with  this  subject,  and  which  gives  the  fullest  parti- 
'iulars  of  their  continuous-current  machines  has  been  received  from 
the  Electrical  &  Engineering  Supiilics  Co.  Illustrations  of  the 
various  types  of  machines  and  all  other  necessary  details  arc  given. 

Oil-dreak  Circuit-breakers. — Mr.  George  Ellison,  Birmingham, 
sends  us  a  leaflet  dealing  with  this  subject,  together  with  an  illus- 
trated calender  card,  on  which  is  contained  some  details  of  starters 
for  a.c,  motors.  The  oil-break  circuit-breakers  described  in  the 
leallet  are  made  in  four  sizes,  the  largest  having  a  maximum  eajia- 
eity  of  3fH»  amperes.  They  are  built  for  wall  mounting  :'nd  ei  nduit 
wiring,  and  are  specially  designed  for  colliery  work. 


APPLICATIONS    FOR    PATENTS. 

Note. — The  undermentioned  Applications  {except  those  marked  t)  ore  not  open  to  pub 
inspection  until  after  acceptance  of  Complete  Specifications.     Those  marked  *  are  open  for 
inspection  12  months  after  the  date  attached  to  them,  if  they  have  not  been  published  previously 
in  the  ordinary  course.    Names  witliin  parentheses  are  those  of  communicators  of  intentions. 
When  complete  Specification  accompanies  application,  an  asterisk  is  affixed. 

August  11,  1909. 
13,471  Tuci;er.     Electrical  switches. 
18.484  Taylor.     Balancsrs.  auto-transformers  and  boosters  on  direct-current  systems. 

18.499  Pink.     Electric  traction. 

18.500  Johnson.     Electric  circuit  closer.    (Date  applied  for,  18/12/08.    Comprised  in 

application  No.  27„SS4.  18/12/08.) 

13,522  Perry  &  Brov/n.     Systems  of  t-^legraphy  and  telephony. 

18,524  Marconi  &  Marconi's  Wireless  Telegraph  Co.    Transmitting  apparatus  for 
wireless  telegraphy. 

18,535  Milch.    Control  of  induction  motors. 

August  12.  1909. 

18,590  Marino.     Pres:rving  or  protecling  the  lead  supports  of  the  positive  electrodes  of 
secondary  or  .'^toiage  batteries  from  peroxidation.* 

18,594  Lance,     Commutators  for  dynamoelectric  machines. 

18,624  ViRY,     Electrical  devices  for  controlling  movement;  from  a  distance,     (Date  at?- 
plied  for,  14,'8/08.)n 

Auijust  13.  1909. 

18,K?6  Taylor.     Charging  and  discharging  accumulators  cr  secondary  batteries. 

18,665  Vantervell  &  Midgley.     Switch  mechanism  for  small  electric  lighting  instal- 
lations,* 

1 8,675  Medway  &  Scott.     Automatic  s-,vitchgear  for  the  remote  control  of  electric  motors 

]  8.687  RoRKE  &  RoRKE.     Switch  for  controlling  electrical  circuits.* 

J  8,690  Bo'jRKE.     Insulators  for  telegraph,  telephone  and  like  wires.* 

18,691  Hamilton  &  Ferra*.-ti.  Counting  trains  for  elec- 
tricity meters  and  the  like. 

August  14.  1909. 

18.755  Thomas.  Electtical  liming  mechanism  for  clocks 
and  the  like. 

18.756  TuRQuAND  &  Tijrquand.  Electric  lamps  and 
galvanic  batteries. 

18,753  Herd.  Regulating  the  sensitiveness  of  the  tripping 
devices  employed  in  connection  with  the  automatic 
operation  of  electrical  switches. 

18,771  Leake  &  Rushworth.  Electrical  or  electrically 
operated  fire-alarms. 

August  16.  1909. 
18,783  Taylor,    Charging  and  discharging  arcumulalcts 

or  secondary  batteries. 

18,799  Grainger.     Electric  lamps  and  filaments. 

18,302  Siemens  Bros.  Dynamo  Works.    (Siemens  Schuc- 

kertwerke  G  m.b.H.,  Germany.)  Regulation  of  the 

speed  of  machinery.  (Addition  to  No.  14,134/08.)* 

18,804  Scotland  &   Sullivan.      Automatic    telegraphic 

transmitters. 
18,808  Weber.        Metallic    filaments    for    mcandescenco 

lighting.* 

18.631  Eeoet.     Electric  signal. 

18,817  ViRY.     Electrical  devices  for  controlling  movements  frcm  a  distance  and  methods 

of  mounting  the  same.     (Addition  to  No.  18.624/09.) 
18,863  Kr.ws.     Electric  pccket  lamps.* 
18,8M  Kraue.     Electric  lamp  lor  min 


rrs  and  for  the  I'.ouse." 


August  17.  1909. 
18.869  Brcadfcct.    Ships' telegraph  apparatus. 

18,880  Charlton.    Cut-out  for  electric  circuits.  „      ..  ^    t  ,  .i^ 

18,922  Marconi  &  Marconi's  Wireless  Telegraph  Co.     Receiving  apparatts  tor  wire- 
less telegraphy. 
18.939  Vernier.     Electrical  conductors. 

18.950  Clement.     Telephone  exchange  system.*  .  .      ,     i.     ••         _i^ 

18,954  Lake.     (Parker-Clark  Electric  Co..  U.S)    Filament  or  resistor  (or  heiting  units 

IS.QfcS  b!t.-1?Co.     (G,E,  Co„U.S)     Electrodes  for  arc  lamps  and  the  like. 

August  18.  1909. 
18.990  Kelvin  &  James  White  &  Mills.    Casss  for  electrical  instruments. 
19,012  Siemens  Br,-s.  Dynamo  Works.    (Siem^n^SchuckertwerkeO.m.b.H.,  Germany,) 

Rotors  of  dynamojlectric  machines  for  riduring  noises. 
19,024  Untesberg  &  Helmle.     Distributor  for  hijh-tension  ,sP-y)""£  »PP?"'"^  '°' 

multi-cylinder  internal  combustion  engines.    (Date  ai^pUeJ  for.  l^/B.tX}.)  T 
19  038  Horvath.     Electric  incandesc;nt  metal  or  other  (ilament  lamps. 
19,040  B.T.-H.  Co.    (C.E.  Co.,  U.&)     Electrodes  lor  arc  lighting. 

August  19.  1909. 
19,045  C«MN.*RE,     Electric  wall-adapter  holder, 

19.017  BtoTH.     Install.ations  of  metal  fi!am'!nt  lamps  connected  in  series. 
19.057  Kelvin  &  James  White.  CHETWYND&  Clark.     Mctgnetic  compasss,^ 
19,071  St  r,^ttom,  Beaver  &  CLAtEMOir'.    Armouring  of  electric  cables  and  the  like. 


1014 


THE  ELECTRICIAN,  OCTOBER  1,  1909. 


COMPANIES'  MEETINGS  AND  REPORTS. 


DICE,  KERR  &  CO.  (LTD.) — At  the  incftiiij;  on  Tuesday  the  ehairnKiu 
(.Mr.  .Icilm  Kin)  said  theix'  liid  lieen  a  very  considerable  diminution  in 
the  I'loliis  during  the  past  IJ  mouths"  trading,  a.s  they  ouly  amounted  to 
i'2S.lii.s.  is.  3d.  After  jwying  debenture  interest,  &c.,  and  adding 
£Sl.o(i7  brought  forward  from  last  year,  the  total  available  for  appro- 
Iiriation  was  £97,0-11.  10s.  Id.  In  l"!K»7  and  lOOS  the  diivetors'  reports 
stated  tliat  severe  competition  had  prevailed  in  all  departments;  and  fore- 
shadowed tliat  that  pompetilion  woidd  become  keener  and  business  more 
diOicult  to  obtain.  The  year  nnder  rc\iew  wa.s  the  woi-st  the  rompany 
had  e-\]K-ricnccd  for  many  years,  for  not  only  !iad  they  had  to  contend 
with  very  severe  home  »n<l  foreign  competition,  but  there  had  also  been  a 
serious  diminution  in  the  amount  of  work  offered.  Their  tale  was  not 
different  from  that  of  ni'st  of  the  industrial  companies  in  the  country, 
for  it  was  common  knowledge  that  eom]ictition  in  their  class  of  business 
had  been  even  keener  than  in  any  of  the  other  branches  of  manufacture. 
The  directors  foresaw  that  stale  of  thines  some  years  ago,  an^l  tjierefore 
took  the  oppiirtimity  of  dc  duig  with  the  accounts  in  a  very  conser\  ative 
s)iirit :  so  much  so  th.it  they  built  up  reserves  amounting  to  .£21li.(HXI, 
and  if  they  included  the  pierent  year's  cany  forward  the  total  reserves 
amount  to  £279,000.  In  dealing  with  the  accounts  for  the  past  year 
they  had  adopted  the  same  pol'ey  as  they  had  always  followed — i.t.. 
depieciated  to  the  same  extent,  perhaps  even  a  little  more  than  the  pre- 
vious year — and  reserved  against  all  manner  of  contingencies,  so  that, 
altho'.igh  they  showed  :i  very  diminished  profit,  everything  had  been  done 
on  the  same  scale  as  in  veal's  when  they  were  making  large  profits.  Their 
works  in  Preston  and  in  Scotland  had  been  maintained  in  the  highest 
state  of  efficiency,  and  all  that  was  wanted  was  a  revival  of  business. 
They  heard  that  fi'isincss  in  America  and  Germany  was  improving  very 
rapidly,  and  it  was  riMsonaWe  to  hope  that  if  those  countries  continued 
to  .show  ])rogress  \vc  in  this  country  shoidd  get  some  sliare  of  it.  It  was 
impossible  for  the  directors  to  hold  out  any  bright  hopes  for  the  current 
year.  'I'hey  were  doing  their  best,  and  they  might  rely  that  nothing 
will  be  left  undone  to  improve  matters,  and  should  business  take  .a  turn 
for  the  better  w  itliin  the  next  few  months  they  were  quite  ready  to  talic 
advantage  of  it.  They  were  gradually  extending  their  connection  in 
foreign  markets,  and  were  ho])cful  that  vihen  competition  became  less 
keen  they  would  be  able  to  get  better  prices  and  make  more  profit.  The 
reputation  of  their  manufactures  and  work  generally  stood  as  high  as  it 
ever  did,  and  even  now,  although  prices  were  cut  to  nothing,  they  were 
maintaining  the  same  quality  all  through.  He  would  like,  lui  behalf  of 
the  directors,  to  express  high  appreciation  of  the  management  and 
staff  of  the  company.  They  were  very  loyal  and  hardworking,  and  it  was 
not  their  fault  that  the  result  of  the  year's  trading  had  no*  been  uK^rc 
satisfactory. 

PITEBLA  TRAMWAY,  LIGHT  &  POWER  CO.— The  report  states  that  the 
lighting  business  has  suft'ered  very  severely  during  the  last  two  years 
inconseijiieuce  of  the  light  with  the  San  Agu.stin  Co.  The  board  have 
put  an  end  to  the  competition  by  securing  for  the  company  the  control 
of  the  San  Agustin  Co.  as  from  .July  1,  and  they  expect  a  material  in- 
crease of  re\enue.  The  gross  and  net  earnings  of  the  power  business 
continue  to  show  a  steady  increase,  and  the  results  therefrom  are 
satisfactory.  The  supply  of  power  to  the  San  Ratrael  Paper  Mills 
(1,500  H.I'.)  commenced  in  Oct.,  1908.  The  results  fo  the  six  months 
to  June  30  show  a  marked  improvement  over  those  of  the  previous 
period.  The  net  profits  were  £21,500,  and  the  bond  interest  for  the 
same  period  (£21,891)  is  practically  covered.  The  board  considers 
that  the  outlook  is  very  promising. 

WILLANS  &  ROBINSON  (LTD.)— The  accountsfor  the  half-year  ended 
.lunc  .-JO  show  a  loss  of  £3..")01.  7s.  9d.  Deducting  this  sum  from  the 
balance  (£!),;>16.  lis.  (id.)  brought  forward  leaves  £(>,015.  3s.  9d.  available 
for  distribution.  The  directors  recommend  payment  of  a  dividend  at 
the  rate  of  3  per  cent,  per  annum  on  the  preference  shares,  which  will 
absorb  £4,999.  19s..  leaving  £1,015.  4s.  9d.  to  be  carried  forward.  There 
is  no  profit  available  for  ])ayment  of  interest  on,  or  redemption  of,  funding 
certificates,  and  it  is  not  possible  to  pay  any  dividend  on  the  ordinary 
shares.  The  regrettable  result  shown  for  this  half-year  is  due  to  the 
scarcity  of  work  and  to  the  low  prices  prevailing.  The  actual  loss  on  the 
half-year's  working  at  Rugby  is  £2,331.  7s.  7d.  To  this  has  to  be  added 
£1,170.  Os.  2d.,  the  cost  of  keeping  the  Queen's  Ferry  works  in  iiro|icr 
order  and  repair.  The  whole  of  the  debenture  interest  is  now  charged 
against  the  Rugby  account,  and  in  considering  the  loss  of  £2,331.  7s.  7d. 
on  that  acciuint  it  must  be  borne  in  mind  that  this  result  is  arrived  at 
after  charging  the  Kiigby  profit  and  loss  account  with  £4.S24.  Os.  8d.,  the 
amount  of  the  debenture  interest  for  the  half-year.  The  sum  shown  in 
the  profit  and  loss  account  as  written  oif  aj^ainst  depreciation  of  premises. 
plant,  machincry.'patcnts,  &c.  (£4,203.  8b.  lOd.),  is  considerably  less  than 
in  past  half-years.  The  deficiency,  however,  in  this  provision  is  apparent 
and  not  real.  A  number  of  the  working  costs  of  the  business,  such  as 
drawings,  patterns,  tools  and  other  ap))liances,  which  in  past  half-years 
have  been  charged  against  capital  aceoimt  and  subsequently  written  oil 
by  deprcciatiim,  have  in  this  half-year  been  charged  direct  against  profit 
and  loss  account.  Although,  therefore,  the  sum  shown  in  the  accounts 
as  written  off  for  de|ircciation  this  half-year  is  less  than  in  the  past,  there 
arc  direct  charges  against  profit  and  loss  account  to  counterbalance  this 
deficiency,  and  the  actual  ]>rovi8ion  made  for  keeping  capital  values  on  a 
sounil  basis  is  as  ani])le  as  formerly. 

Delicnture  stock  to  the  amoiuit  of  £8,7I>7  has  been  redeemed  during 
the  half-year  out  of  the  late  fire  insurance  fund.   This  has  been  purcha.sed 


at  prices  considerably  below  par.  The  dilVcreucc  iictwccn  the  fai  c  value 
and  iirice  jiaid,  amounting  to  £1,7()1.  fis.  (id.,  and  the  balance  of  the  fund 
itself  have  been  added  to  the  main  reserve  fund,  which,  after  deducting 
therefrom  the  amoimt  paid  on  Mr.  Robin.son's  retirement,  stands  at 
£()2.I12!I.  lis.  Id.  The  full  preference  dividend  for  the  half-year  might 
have  lieen  made  up  by  drawing  on  the  reserve  fund.  The  directors, 
however,  in  view  of  the  continued  depression  in  business,  do  not  feel 
justified  in  recommending  such  a  course.  The  board  are  continuing  their 
efforts  for  the  disposal  of  Queen's  Ferry  wiu-ks.  and.  although  no  sale  has 
yet  been  effected,  there  is  good  reason  to  li'i|n'  iliai  nri.'(iii:itinns  iiosv  in 
])ri>grcss  will  result  favourably.  A  lawsiiii  mIu.Ii  Ii.i-  lir.  h  linrjini;  i.vcr 
the  company  in  connection  with  one  of  tlirn  m,i,  ,  n.jin,  ..mirari^  lias, 
since  the  books  \\<  iv  c  I.  imiI,  been  settled  by  tin-  ]iaynuiil  ot  ll."i.(i(Kl.  This 
liability  is  prn\  i,  In  I  La  i.y  the  reserve  fund,  and  the  sctllciucnl  of  this 
case  leaves  the  ia..l.,ilil,  loss  on  the  final  disposal.of  Queen's  Ferry  as  the 
only  serious  outstanding  liability  arising  out  of  matters  which  were  in- 
quired into  by  the  advisory  committee  in  1904.  There  is  a  considerable  quan- 
tity of  Diesel  engine  work  in  the  shops  at  the  present  time;  but  the  Diesel 
(^o.  have  so  far  been  able  to  place  only  a  small  proportion  of  the  orders 
due  nnder  their  agreement.  It  is  hoped  that  before  long  there  will  be  a 
revival  iu  the  demand  for  electrical  generating  machinery,  and  the  com- 
pany is  now  in  an  excellent  position  for  securing  a  good  proportion  of  the 
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business  when  the  revival  lakes  pi 
made  to  push  new  dcvclopuicnts.  such  as  turl 
and  condensing  plant,  so  as  to  widen  the  liasr  .  .f 
and  make  it  less  dependent  on  one  class  of  in  mm 
high-lift  turbo-pumps  has  successfully  jias-nl 
number  of  these  and  of  the  water  turbines  under  const  ruclion  in  the  sliops. 
The  directors  do  not  forthe  present  propose  to  make  any  addition  to  the 
lioard,  nor  to  fill  u])  the  vacant  post  of  chairman.  These  matters  have 
their  earnest  attention,  and  as  soon  as  they  are  able  to  put  forward  pro- 
posals which  will  fully  meet  the  best  interests  of  the  company  these  will 
be  laid  before  the  shareholders. 


CITY  NOTES. 

MEMORANDA  (Sept.  301.-— Bank  rate  2^  per  cent,  (since  April  1, 
1909).  Price  of  silver,  23}  ^,d.  per  oz.  Consols  83— 83i  for  money  ; 
83J-83i  for  account.  Consols  Pay  Day,  Nov.  4;  Stock  and  Shares 
Continuation  Days,  Oct.  12  and  26  ;  Ticket)  Days,  Oct.  13  and  27  ;  Pay 
Days,  Oct.  14  and  28  ;  Mining  Shares  Carry  Over  Days,  Oct.  11  and  25. 

Prices  of  Metals  (London). — Copper,  cash,  59|V  ;  throe  mouths 
604.  Lead,  English,  13s — 155  i  foreign,  cash,  13^— 15,',;  ;  three 
months,  13J.  Speller,  cash,  221  j; — 23  ;  three  months  23,'6— 23^.  Tin, 
English,  137—139  :  foreign,  cash,  140  ;  three  months,  141J.  Iron, 
Cleveland,  cash,  52/6J,  and  three  months,  53/3.V.  Magnet  Steel  (price 
supplied  by  W.  F.  Dennis  &  Co.),  £55. 


BABCOCE  &  WILCOX  (LTD.)-  -Interim  dividends  of  8  per  cent,  on  the 
ordinary  shares  and  of  3  per  cent,  on  the  preference  shares  have  been 
declared. 

CALCUTTA  ELECTRIC  SUPPLY  CORP.  (LTD.)— The  directors  have  de- 
clared an  interim  dividend  on  the  ordinary  sharesat  the  rate  of  6J  per 
cent,  for  the  half-year  ended  June  30,  payable  Nov.  15. 

EASTERN  TELEGRAPH  CO.  (LTD.)— This  company  announce  the 
payment  on  the  15th  inst.  of  a  dividend  at  the  rate  of  3J  per  cent, 
per  annum  (less  tax)  on  the  preference  stock  for  the  quarter  end- 
ing Sept.  30,  1909,  and  the  second  quarterly  interim  dividend  of  IJ  per 
cent,  on  the  ordinary  stock  (tax  free)  in  respect  of  profits  for  the  year 
ending  Dec.  31,  1909.  The  transfer  books  of  the  ordinary  stock  will 
he  closed  from  Oct.  7  to  14  inclusive. 

EASTERN  EXTENSION  AUSTRALASIA  &  CHINA  TELEGRAPH  CO.  (LTD.) 
The  directors  of  this  company  have  declared  an  interim  dividend  for 
the  (juarter  ended  June  30  last  of  2s.  6d.  per  share  (tax  free),  payable 
on  15th  inst.  The  share  register  will  bo  closed  from  Oct.  7  to  14  in- 
elusive. 

JOHNSON-LUNDELL  ELECTRIC  TRACTION  CO.  (LTD.)— A  meeting  of 
this  company  was  lield  on  Tuesday,  liut  the  proeccdings  were  private. 

KALGOORLIE  ELECTRIC  POWER  &  LIGHTING  CORPN.  (LTD.)— A  picfor- 

enco  dividend  at  the  rate  of  6  per  ccut.  for  the  half-year  ended  Sept.  30 
is  announced. 

LISBON  ELECTRIC  TRAMWAYS  (LTD).— An  interim  dividend  of  25  per 
cent,  (tax  free)  has  been  declared. 

REUTER'S  TELEGRAM  CO.  (LTD.)  -The  directors  have  declared  an 
interim  dividend  of  4s.  per  share,  being  at  rate  of  5  per  cent,  per 
aniiiini  (tax  free)  for  the  half-year  ended  June  30. 

SAO  PAULO  TRAMWAY,  LIGHT  &  POWER  CO.  (LTD.)— A  quarterly 
dividend  at  the  rate  of  10  per  cent,  jieramuiin  has  been  declared. 

WILLIAM  GRIFFITHS  &  CO.  (LTD.)  -At  a  meeting  of  the  holders  ot 
])refercnce  shares  on  Tuesday  a  scheme  for  the  reorganisation  of  the 
capital  of  the  company  was  ajiproved,  and  a  resolution  for  the  voluntary 
\vinding-U[i  of  the  company  for  this  purpose  was  passed. 

WESTINGHOUSE  ELECTRIC  &  MFG.  CO.  (U.S.A.)— The  Company  has 
resumed  its  quarterly  dividend  on  the  preferred  stock  by  declaring  If 
per  cent,  for  the  (puirter,  and  also  31  per  cent,  back  dividends. 
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ES^iSQIBIG  TB&MW&T  AND  B&ILWAT  TBftFFIO 
BECBIPIB. 


AberdooD  Oorpo»Uon 

Alrdrlo  

Artglo-^Vrgcatlne 

Ayr  Corporation 

Bakor  St.  &  Waterloo  By.... 

Barnsley.... 

Barrow  .... 

Bath  Electrlo  Trains,  Ltd.» 

Blrmiagham  OorporatioQ... 

Birmingham  &  Mid, 

Blackburn  Corporatloa 

BUckpool  and  fleotvood... 

Bolton  Oorporatloa 

Bombay     

BouTDomoatb  Corporation. 
Bradford  Corporation, 
Brighton  Corporation 
Bristol  Trams  6c  Carriage. 
Bumloy  Corporation 
Barton  Corporation 

Bar;  Corporation 

Calcutta  Xramways  Co.. 
Camborno-Bedratb 
OardifC  Corporation 

OavobiJl 

Central  London  Bailway  ... 
ObaringC.Eaaton&H'stoad 
Chatham  &  Dist.  Lt.  Bya.... 
City  &  South  London  Kly... 
City  of  BLrmlnghi 
Colchester  Corporation 
Cork  Electric  Trama  Co.  . 
Croydon  Corporation     ..., 
Devonport  &  Dist.Tramd. 

Dover  Corporation , 

Dablin  &  Luoan  Railway , 

Dublin  United 

Dudley-Stourbridge 
Dundee  Corporation 
Bast  Ham  Council ... 
Bxetcr  Corporation..,. 
Gateshcaa  &  Dist.  Trams... 
(ilaegow  Corporation... 

Qlossop  Trams 

QravesoDd— Northfleet 
Qreat  Northern  &  City  Bly.. 
Gt.  Northern,  PiccadUly,&o 
QreenoL'k  &  Port  Qlasgow... 

Bartlepuol  Tramvaya    

Bastiu^d  Eluc.  Trams  Co.... 

Hong  Kong  

HudJordfiL'ld  Corpn 

Hail  Corporation , 

liford  Dititriut  Council 
Ukestun  District  Coanoli .. 

Ipswich  Corporation 

Isle  of  Thanet  Co 

Jarrow  

fielghley  Corporation    

Kidderminster  &  Dlstriot... 
KUmarnook  Corporation  ... 
Lanarkuhiio  Trams  Co.    ... 

Lancashire  United 

^Lsamington 

Leeds  Corporation 

Leicester  Corporation    

Leith  Corporation 

Lincoln  Corporation 
Liverpool  Corporation  .. 
Liverpool  Overhead  Rly, 
Llandudno  &  Ool  wyn  BayRy 
*London  County  Council  ... 

London  United  

Lowestoft 

Maidstone  Corporation , 

Manchester  Corporation  ... 

Mersey  Railway  

Merthyr 

Metropolitan  Dist.  Railway 
Metropolitan  £leo.  Trams.. 

Middloton 

Nelson  Corporation   

Newcastle-oa-Tyna  Corp. .. 

Newport  (Moo.)  

Northampton  Corporation 
Oldham,  Aahton  &  Hyde.. 
Oldham  Corporation 
Perth  (N.B.J  Corporation  . 
Perth{\V.A.}Eloc.  Trams. 

Peterborough  , 

Portsmouth  Corporation  ., 

Potteries    

Preston  Corporation 
Botherham  Corporation    .. 

Bothesay  

Salford  Oorporutiou 

Bbeerness 

Bbeflield  Corporation... 

Singapore  Trams  

Bouth  Metropolitan 

South  Staffs 

Soathend  Corporation 
Bouthport  Tramways 
Stalyb'dge.Hyde.&c.Jt.Bd, 
Sundarland  Corporation  ... 

Sunderland  District  

Swansea  Trams  

Swindon  Corporation 

Taunton    , 

Tynemouth  and  District  ., 
Tyneside  Trams  C 
Wallasey  District  Council 

Wilaall  Corpn , 

Warrington  Oorpn, 
West  Ham  Corporation 
Weston-super-Mare 
Wolverhampton  Co. 
Wolvarhampton  Curpn. 

•Worcester 

Wrexham 

Yorkshire  W.B.  Trams 
Yorkshire  Woollen  District. 

(a)  These  comparisons  are  with  tho  corresponding  porioLl  last  year.     §  Plus  3  days, 
U  Plus  2  days.     •  Partly  electrical,     f  Minus  3  days    X  Minus  2  daye, 
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Dj.    4}  per  Cent.  Cam.  Pref. 

Do.  6  percent.  Cam.  .Second  Prof....' 
4i/<  Do.  4i  per  Cent.  Deb.  Stock  (red.)  I 
2,0    t8romlej  (Kent)  El.  Lt.  It  Power  Shsres 
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96  -3) 
51 -:i 
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ptotiftKei 
U...     7  per  Cs 
Central  Elec.  .S[ 
CherinKCi 
Do.     IJperCant,  Pret   ...'.'...."..."'"7"  '      *i 
Dj.     4  per  Cant.  Dob.  Stojk  (reJ  i  !... 
Do     4J  per  CeLt,  Deb.  Stick  (red  ) 
Do.    City  Undertaking  4i /J  Cm.  Prel. 
Chelsea  Electric  Supply  Ord.  |       3J 

D„.     4iperCent.  Dab.  Stock"('red!)"!"l     Wl-lOl 
City  of  London  Electric  Lighting  Ord 

Do.     6  per  Cent.  Cam,  Pref. ,', 

Da.     6  per  Cent.  Djb.  Stock  (red.) 
Do.     4JperCant.  2ad  Dab.  Stock  (red  i 
Coanty  of  Durham  Elec.  P.  D.  Ord.... 

Do.  5  per  Cent,  non  Cam.  Pref.  .!..!!!" 
Coanty  of  London  Elec.  SapplyOrd  ..  .. 
Do.     6  per  Cant.  Com.  Praf 

Dj.     4U  Dab.  Stock  (red.)    '...'... 

Do.     Second  Dab.  Stjck 

tKclke^tone  Electricity  Sapply  (jo.  oi-iV 
t  ic.    6  per  Cent.  Gam.  Pref.  . 

Do.    4i  l3t  Dab.  Stock  (red) '.V.™ 

Hove  Electric  Lighting  Ord '.,."".. 

Kansington  ft  Knightsbridge  Ord.!"  "   " 

Do.     6  par  Cant.  l3t  Pref 

Do.     4  par  Cent.  Dab.  Stock  (red.)..'.'".' 
iV    ;  tKensingto.  ft  Kn  jtbg.  Co.  &  Hotting  H-il 

Co.  (Joint  Station)!;!;  Deb.  Stock  (red.)      96}  -MJ  '  3  19     6 

4}%  !  Kent  Elec.  Power  Co '■     85—31       6     1    u 

l/9|l  London  Electric  Sapply  Ord. 

--    '     Do.     6  per  Cent.  Praf. ...'.,". 

Do.  4  per  Cent.  l9t  Mort.  Djo. ..'."  '' 
Uetropolitan  Electric  Sap,  Ord.  ... 

Do,     4i  per  Cant.  Com.  Pref.  ■" 

Do,  4i  per  Caat.  Dab.  Stockist  Mort 
Do.  SJperCent.  Mrt.  Dab,  St03k(rad.) 
Midland  Eie?.  Corp. for  P.D.lstMirt.Do 

Newcastle  &  D.st.  Elec.  Ltg.O.-d.  

Do.    4*  perCaat.  Dili 

Newcastle  Elee.  Sapply  Ord 

Do.     6  par  Cant,  noa  Cam.  Praf. 

Do.  4  parCant.  Mort.  D)b,  red.  1917. 
North  Metro.  Eleo.Power  Sap.  5  Morts 

Northern  Coontiea  Elec.  Sop 

Do.     41  perCaat.  D-b 

Netting  Hdl  Electric  Ord 

Oxford  Electric  Ord 

Do.     4  per  Cant.  Dab.  Stock 

Bt.  Jamea'  Si  Pall  Mall  Elec.  Ord....   . 

Do.     7  par  Cant.  Pref.    , 

Do.  3i  per  Cant.  Dab.  Stock  (red.)  ... 
Smithfleld  Mjrkata  Electric  Sap.  Ord  .. 
Sonth  London  Electric  Sanply  Ord, 

Do.     5/-lstMort.  Stk.  Hal '. 

Sonth  Metropn  Elec.  Lt.  &  Power  Ord, 

7  par  Cant.  Com.  Pref 

41  Ist  Db.  Stk.  a?l 

1  Electric  Supply  Ord 

6  par  Cant.  Com.  Pref,    

4 J  par  Cant.  Ist  Mjrt.  DaD ." 

linster  Elec.  Sup.  0,d 8J  -9         5  11     0 

UJ.     4iperCeat.  Com.  Pref.    6   -ij        4     b 

ELECTRIC  RAILWAYS  i.  TKAMWArS 

Uakar  St.  «  tVatcrloj  4  J  Perp.  Do.  8; 
Bath  Elec.  Tramj  Pref.  Ord 

Do.     6  par  Cant.  Cam.  Pref. 

tDo.  41  lat  Mort.  Dab,  Stock  (red  )  .. 
b'hani  ft  Midland  Tram  1  4, -lit  Oi.  S.j. 
Bristol  Tramwaya  &  Cirriage  Ord. 

Do.    Cam.  Pref.  (fully  paid) '.. 

Dj,     4  per  Cant.  Oibi.    ...  

British  Electric  Traction  Ord 

Do.     6  par  Cant.  Cam.  Pref. 

t  Do.     5  per  Cent.  Perpetual  Dabs.  .„ 

Do.     41  per  Cent,  Znd  Dab,  S:ook 

Cantr.»l  Ljudon  Ordinary  Stock 

Do.     4  per  Cant.  Pref.  Stock    

Do.     Dalerred  Stock 

Do.     4  parCant.  Dj'03 

Charing  X.SastonftHmpstd  Par.Db.Stk. 
City  of  Birmingham  I'ramj.  5  ^Cal.Pref. 

Do.    4  par  Cant,  lat  M-irt.  Djba .. 

City  ft  South  London  El.v.  Con.  Ord.  ... 

Do.    6  per  Cant.  Perp,  Pref.  (18J1)    ...;   luo   -iiu 

Do.    (18JJ) 10 1  -107 

Do.   (laji) luu  -113 

Do.     (19J3) !     9ii  — WJ 

Do.     4  par  Cant.  Parpatual  Daba lUJ  -lOi 

Dublin  United  Trami.  6  par  Cant.  P.el.  i     l-'l  -iii 

Gt.  Northern  it  City  Kly.  Pref,  Ord.(4j:)l         i  -I 

G,  Northern,  Pioc.  ft  B.-omptoa  1<C  Q.Pf  ,      3  -9.1 
Do.    4  per  Cant.  Dab.  Stock 93  —9S 

Haaliosi  it  District  Eloc,  Tram),  ti/J  CP.        ll-.J 

tOo.      4iDb.  St I     74-79 

Imperial  Tramways  Ord,  .,•       4  — li 

JDo.     U  per  Cent.  I'ref.  „ 6  —0 

tDo.     41  per  Cant.  Daba 8J  -S3 

I.  of  Ihanet  E.  T.  ft  Lt.  6  per  Udut.  Pref.         i-: 
Do.    4  par  Cant.  Uab.  Stock 

Lanarkshire  Tramways  

Lanes.  Utd.  Trami  5  i  Prior  Liea  Do.  St 

Liverpool  Overhead  Katlway  Ord 

Do.    6  per  Cant.  Pref. 

Do.    4  per  Cent.  Dab 

London  iTuited  Trams.  6{  Cam.  Pref.  ... 
Do.    i  per  Cant.  Ist  Mort.  Dab.  Scook 

Mersey  Con.  O.'d.  Stock    ■ 

Metropolitan  Elec.  Xriftmways  Otd 

Do.     Daferreil    

Do.     5  per  Cant.  Cum.  Pref. 

Do.    41  per  Cent.  Uab.  Stock  

Metropolitan  Kailway  Oouaolidated  

Do.     Surplus  Lauds  Stocks |     U3  —Ol 

Do.    8i  per  Cout.  Prelereuoe I     8i  — 91 

Do,    BJ  per  Cent,  "  A  "  Prel'ereuoe  ,     86—88 

Do.    Si  per  Cent.  OonverUble  Pref. i     85—87 

Do      81  per  Cent.  Debenture  Stock    ....      92  —91 
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Mar,  Sapt' 
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C  Jao,  Jolr 
AprU.... 
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0  Jan,  July 
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0      Feb,  Aag 
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6     Jan,  July 
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C  I  Feb,  Aug 
U  I  Feb,  Aag 
U      May,  Nov 
6      Feb,  Aag 
Feb,  Aug 
j  Feb,  Aag  f 
6  I  Jaa,  Julr  ; 
'  Mar,  Sept  ' 
0     April,  Oct 
8     Mar,  Sept 
U     Mar,  Sept 
0     Jao,  July 
Mar,  Sept 
0     Jaa,  July 
0     Feb,  Au^ 
6     Jao,  July 
Feb,  Aug 
0     Fab,  Aug 
3     Jao,  July  j 
Jao,  July  , 
0     Jan,  July  I 
I  Fab.  Aug,  ' 

I  Aprii.'.  .  j 
6  1  Feb,  Aag  ' 
0     Jan,  July 
y      Feb,  Aug        ', 
6     Feb,  Aug   .     I 
d     Feb,  Ao)(  I 
0     Feb,  Aag 
6     Feb,  Aag       j 
6     Jan,  Jnly  '    I 


•h     - 


Id  oatoaiatmg  cdo  yield  aiiowaaoo  bas  boon  made  tor  aooraed  iatoreat  bab  tiot  for  r^amptioo. 
*    Hv  D.TidoQd.         t    I'^^i  London  Stock  fa:xch:\uj<d  Coiumi&loe  h.\Te  declmed  to  quote  tbeie. 
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El-.-EJCTPMCuA^L     CO]yrPu4.JVIE:S'    SH^R-E:    L.IST — continued. 


St 


LaS({ 
dbidI 


Price 

Wed..      riDJ). 
Sept.  29.      «i). 


V:i^2- 1  Divn)«Hi) 

DDK. 


«* 


0/e 
..  «»* 

1   0/7| 

4% 


3/0 

HX 

"n 

,  luu 


SI.   «i% 

1    1/0 

r->ni 

1  0/7* 
]  J/x 
1  O/TJ 
3  S/x 
100  6% 
1   0/71 

6  'Hi 

6  0,7s 
tt.1  «4X 
1/6 


!  ElfCTRIC  RAILWAYS*  TRAMWAYS- 
M>t  Kly.  Si  p*r  Cent.  "  A      Deb.  Stock 

M  ■"Topolinn  District  K»illr»T  Ord 

Do.    Eitension  Pref.  (5  per  Cent.)  

Do.     Atfer.teA  Ext.  Pref.  (Int.  Guar,  by 

rnd.  Eleo.  Klvs.  Co.  of  London.  Ltd.) 

Do.     3  per  Cent."  Consoltd.  Rent-t--hsr^e 

Do.    4  per  Cent.  Midland  Rent-cbarf;e 

Do-    Onar.  Stock  4  per  Cent 

Do.    6  per  Cert.  P<-rp.  Deb.  Stotk  

Do.     4  percent.  Ditto 

Sew  Gen.  Tract.  6  per  Cent.  Cnm.  Pref. 

Potteries  Electric  Traction  Ord 

Do.    6  per  Cent.  Cum.  Pref.  

Do.    H  per  Cent.  Deb.  Stock    

R.  Met.  Elec.  Trains,  ft  Ltg.  6%  Cm.  Pref. 

Do.     4  per  Cent.  Deb.  Stock 

SoDderland  Dist.  Elee.Tnn«.65:i»tMt.Db. 
UnderBdF.liT8.Lon.6°.  In.bd8.with  coup.3 

Do.  5X  Prior  Lien  Bonds 

Do.    iiX  ItondBwiUi  coup.  3 „.. 

Yorkthire  (W.B.)  Elec.  Trams.  Ord 

Do.    6  per  Cent.  Cum.  Pref.    

Do.     4  4  rer  Cent.  Ist  Dehs 

(IFCTRin  MANUFACTURIHC.  %e. 

Anchor  Cul.le  Co.  4kl  Del    Stock  

Aron  ElectncitT  Meter  Ord 

Do.    6%  Cnm.  FT.  > _ , 

tBab.-ock  &  Wilcox  Ord 

+Do.    Pref. 

British  Insulated  ft  Helslij  Cables  Ord. 

Do.    6  per  Cent.  Pref. 

Do.  4i  per  Cent.  1st  Mort.  Deb.  (red.) 
Brilif  b  Ttonisn-Houafn  4J%  1st  Mt.Db 
British  West  inghonse  6  per  Cent.  Pref... 
Do.     6  i>€r  Cent.  Prior  I  ien  Dbs  (rd.) 

Do.     4  per  Cent.  Mort.  Deb.  Stock  

B  ustE.Knc  Co.4j%Perp.  IstDeb.Stock 
Ho.     Perpetual  2nd  Deb.  Stock 

Callender'B  table  Con.Ord 

Do.     6per  Cent.  Cum.  Pref.  .... 

Do      4^  per  Cent.  Ist  Mort  Debe.  (red.) 

Csstuer-Kellner  Alkali  Co 

Do.     H  per  Cent.  1st  Mort.  Deb.  (red.) 

Chad'jurn's  (Sbip)  Telegraph  Ord 

♦  Do.     6  per  Cent.  Cum.  Pref.  

Consnli<;ated  Electrical  Co 

Consolidated  Si^al  Co 

Do.    6  per  Cent.  Cum.  Pref.  

•Croropton  4  Co.  (Nos.  1  to  85,000)  

Do.    6  percent.  1st  Mort.  Deba.  (red.). 

O^nsft  Timmina 

ttUck,  Kerr  &  Co.  Or.l 

t  Do.     6  per  Cent.  Cum.  Pref. 

Do.     4j  percent.  Deb.  Stock    

Edison  &  Swan  United  ("A"8b.)(£3pd.) 

Do.    (£6  paid)   

Do.    4  per  Cent.  Mort.  Deb.  Stock  (rd. ) 

tCo.    6  per  Cent.  2nd  Deb.  Stock 

Edmnndson's  Elec.  Corp.  Ord. 

Do.    6  per  Cent.  Cum.  Pref.  

Do.    4i  per  cent.  1st  ilort.  Deb.  (red.) 

Electric  Construction  Co 

Vo.    7  per  Cent.  Cum.  Prof.  

Dc .  4  per  Cent.  Perp.  lat  Mort.  lebs. 
Fc-.iaiili  I  t^l.-'TerCent.lstMt.Ub.St. 
General  Electric  (19110)  5%  Cum.  Pret... 

Do.     4  per  Cent.  1st  Mori.  Debs 

Henley's  Telegraph  Works  Ord 

Do     4i  per  (Sent.  Pref.  

Cent.  1st  Mort.  Deb.  Stock 


Continued. 
91  —93 
II1-16J 

47  —49 


93  -SO 
143  — 1<5 
95  —97 

4-} 
S6  — >9 

8-S 

to  —73 


t7  -19 
81  — tS 


4g-4j 

la-ii 

;i-78 

1C3  -lot) 
&9  —94 


Jan,  Jolj 
Feb,  Ang 
Feb,  Aug 

Feb,  Ang 
Jan,  July 
Jan,  July 
Mar,  Sept 
Jan,  July 
Jan,  July 

May  . 

April,  Oct 
Feb,  Ang 
May,  Not 
Fob,  Ang 
Jan,  July 
Jan,  Jnly 
June,  Dec 


Lasti 
DIVI- 
DEHDI 


Price 

Wed..       YiKLD- 

Sept.  29 1      BD. 


Ratb  Z    DnnnRHn    BMIKESt 

VTBI.n.    I  UiVlUKHD      vp„„  „„ 

Ddi, 


6  17    0  I  April,' Oct 
4  11     0     Anril.Oet 


i!7  —31 
I'g-llJ 


9  10  0 

9  IS  J 

14  10  0 

6  17  U 


K6 


-l<Jl 


Do.     4)  per  Cent.  1st  Mort.  Deb.  Sto< 

Irdia  P.ufler.Gut.  Per.,  ftc.,WrkB.  .. 

Do.     fpcr  Cu.t.Ctm.Prif. 

Cent.  Debs,  (red.) 


\i 

i;/o 

lUU 

47. 

l' 

i/u 

1 

Ofd 

Bt. 

bZ 

Bt. 

n 

lUU 

4« 

lUO 

by. 

Iti 

by 

1 

l/u 

b 

ilU 

bt. 

*■/. 

10 

in(j 

b% 

Bt. 

16/0 

Bt. 

3U/0 

fit. 

«0 

Bt. 

iX 

10 

6/0 

10 

10/0 

b 

!i/0 

b 

6/0 

M 

thX 

20 

6/0 

IM 

4*5! 

tit. 

!i6/U 

Bt. 

17;* 

Bt. 

*X 

Bt. 

v/« 

M 

4/5 

4X 

11 

t/0 

lUC 

HZ 

26 

b'Sii 

IM 

*l 

luO 

11 

ICHJ 

*y. 

ii 

1/8 

lU 

47. 

11 

1( 

t/0 

1( 

I8| 

w 

iX 

w 

*x 

2  — : 

1C6  — lu3 

-!S-liV 
1  -H 
i-i 

i5— li'e 

5-1 

i-n 

90  — 13 

J-li 

i  -n 

l.V-ii-i 

lOj  —103 

T-iii 

6S  — 13 
82  —+6 

B-i 
68  — ol 

bS-BM 
ISJ-74J 

ba  —n 

12J-131 
H-ti 

lUb  —l<8 
14J— l6i 
lUj-ltj 
99  — lOi 

i-i 


7 

0 

4 

(1 

IK 

u 

'J 

n 

11 

9 

a 

ti 

0 

0 

9 

» 

0 

« 

0 

0 

i3 

7 

0 

& 

'/ 

6 

il>o.      . 

jiational  Elec.  Construction  Co 

Bicbardsons,  Wesi  garth  &  Co.,  Ltd.  Ord. 

Do.    6  per  Cent.  Cum.  Pref. U— !o 

fo.    4j  per  Cent.  Perp.  Deb.  Stock    ...  t2  — bo 

Simplei  Conduits  Ord IJ 

Do.    6  per  Cent.  Cum.  Pref 6  — 5J 

Telegraph  Constiuction  ft  Maintenance  i  84^-36 

Dj.    4perCent   Deb.  Bonda  (1909)    ... ;  101-103 

Vi,.ker8,  Sons  ft  Maxim,  Ltd., Ord '  Zi— 2,', 

Do.     6  per  Cent.  non-Cum.  Preference  !*-!» 

Do.    6  per  Cent.  non-Cum.  Preferred   I  114  — li7 

Do.     4  per  Cent.  Ist  Mort.  Db.6k.(red)!  103  —105 

Do.    4J  per  Cent.  2nd  Mort.  Deb.(red.)j  li5  — lt7 

Do.    6  percent.  3rd  Mort.  Debs  Bcrip.  lotl  -108 

J.G.Whitc4Co.6;i;Cm.Pref. '"     " 

Willans  &  Kobinson  Ord 

Do.    6  per  Cent.  Cum.  Pref. 

Do     4perCent.  Ist  Mort.  Deba.. 

TELEGRAPHS. 

Amazon  Telegraph 

Do      6  per  Cent.  Debs,  (red 

AngloAmcr 
Prefer 


Do.    Dele 


Jb  -81! 
93  —Do 

eij-tsii 

ii.'4-ii,; 

215-1!:  4 

ts  -n 
H-'i 
I'l-i'l 

6-34 
B-r4 

101J-1U2J 
Ibl— li>j 

lO'J  —102 


April,  Oct 

July!  Feb 
Jan,  July 
Jan,  July 
Mar,  Sept 
Feb,  Ang 

Jan.  July 
Mar,  Sept 
Jan,  July 
Jan,  July 
Jan,  Jnly 
Not,  May 
May,  Not 
Feb.  Aug 
March  . . 
April,  Oct 
August ... 
April,  Oct 
April,  Oct 
Jan,  July 
Jan,  July 
Mar,  Sept 

Sept 

Sept 

Jan.Joly 
Feb,  Aug 
Feb,  Aug 
June,  Dec 
Mar,  Sept 
Jan,  July 
May,  Not 
Jan,  July 
Jan,  JiUy 
July  .... 
Jan,  July 

June,  Deo 
Mar,  tiept 
Feb,  Aug 
Feb,  Ang 
Mar,  Sept 
Feb,  Aug 

April,' Oct 

April 

Not    .... 

May,  Not 
Jan,  July 


Mar,  Jitly 
Jan,  July 


Jose,  Dec 
June,  Dec 


Apr,  Oct 
Apr,  Oct 
May,  Not 


a1  Cable  4  per  Cent.  Deb.  Stk 

Cuba  Hul.marine  Ord 

Do.     Prelerence  10  per  Cent 

Direct  Spanish  Ord 

Do.     10  per  Cent.  Cum.  Fret    

Do.    44  per  Cent.  Deb 

Direct  I  niled  States  Cable 

Direct  W  est  India  Cable4i%  Bg.  Db.  (rd.) 

Eaetern  Ordinary     

Do.    3*  per  Cent.  Pref.  Stock  1     86  —67 

Do.    4  ur  Cent.  Mort.  Deb.  Stk.  (red.)    104  —106 

Eastern  Kxtension   liii- 12i 

Do.    4  per  Cent.  Deb.  Stock  I   lOi  — lU4 

-    .    ..  .        jyij  _j(|.^ 

i<i  -27 
100  —ivi 
61i-6i!9   I 
91.-99      : 

to  -Hi 

j-r 

100  —102 

m  -IS 

100  — lo2 


Eastern  jk  S.Af.  4%  Mauritius  Bub.Debg. 
G.N.  (Ol  Copcnbageu),  »illi  Coupon 77 
Dahfai  6^  Bermuda 44 <(  lat  Mt.  Db.(  red.) 

Indo-Eurupeau  ex.  all  

MackaT  Lunipaniea  l^ommon  

Do.     i'reloielice    «... 

tlarconi's'WirelessTeleg.  Co 

PaciUe  ft  Europc'u  Tel.4XUuar.Dba.(red.) 
V>  est  Coacl  ol  America 

Do.    4  per  Cent.  DobH.    .., 
«  et  India  <:  Panama  

Do.    0  per  Cent.  1st  ftef 


Do. 


8  16  6 
B  14  0 
3  10     0 


3  IB     0 
3  17     0 

3  18     0 


ts-ii   ! 

eo— Vj    i 
101)— lotj  ^ 

ua-i3ii  I 


I  pet  Cent.  Debs,       

n      eru  'lelefiraph , 

i)o.     4  per  Cent.  Deb   Block  (red.) I    103—10? 

Western  Vnion  Iclegb.  «1  000«Z  Bonds!  lo6  —107 


J  une,  Dec 
June,  Dec  |  _ 
F,My,Ag,N  . . 
F,My,Ag,N!  U6 
F,My,Ag,NI  :■.! 
Jn,Ap,Jy,0  9!i 
Feb,  Aug  tt 

Feb,  Aug 
Apnl,Ott  - 
April,  Oct  .. 
Jan,  July 
jB,Ap,Jy,01  13,; 
Dec  I  . . 
Ja,Wy,J)0  131 
Ja,My,JyO'  sC 
May,  Not  1  105 
Ja,Ap,Jy,OI  12, 
Feb,  Aug  I  _ 
May,  Not 
Jnly 
,Dec 
May,  Not 
Ap,Jy,0 
Ap,Jy,0 
April.... 
Doc 
May  .... 
July 
May,  Nov 
May,  Not 
May,  Not 
■  ,July 
Mr,Jn,U,D 
i,  Dec 

loo 


B3| 


100    2* 

..I  4% 

St.;  B% 

5  6,0 
1  0/7i 
1    0/6 

St.l  6i 

St.,  6% 

10  6/0 

IC'  6/0 

61  2/6 

St.l  3JZ 

Bt,  iX 

1  1/0 

I  0,7{ 

St.  4% 

St.  44% 

6  6/0 
6  2/6 

St      iiX 


6  8/0 

K'  20 

10  3/0 

U  6Z 


St. 

HZ 

St. 

HZ 

Kt. 

O/S 

St, 

1)% 

4( 

ii,y. 

lUO 

HZ 

m 

.St. 

St. 

6X 

St. 

6/. 

f     2/0 
10<  I  2/6 

1     H% 


TELEPHONES. 


Amer.  Telephn.  &  Telegh.  Cap.  St.  , 

Do.    Coll.  Trust  81,0004  percent.  Bde 
AngloPortug'se  TeL  6%  Ist  Mt.Db.  Stk. 

Chili  Telephone  

Monte  Video  Telephone  Ord. 

Do.    6  per  Cent.  Pref. 

National  Co.  Pref.  Stock  

Do.     Def.  Stock 

Do.    6  per  Cent.  Cum.  l8t  Pref.   

Do.    6  per  Cent.  Cum.  2nd  Pref. 

Do.     6  per  Cent.  non-Cum.  3rd  Pref. 

Do.     Deb.  gtocli  34  per  Cent,  (red.) 

Do.    4  per  Ceii  t.  Dob.  Stock  (red.) .., 
OrienUl 

Do.     6  per  Cent.  Cum.  Pref.  

Do.     4  per  Cent.  Red.  Deb.  Stock 

Telephone  Co.  of  Egypt  4iS;Db.Stk.(red.) 
United  Kiyer  Plate 

Do.    6  per  Cent.  Com.  Pref. 

Do      44  Deb.  St.  Bed _ 


147  -119      5    6    9 


4  17 
4  15 
6  17 
6  14 
6  11 
4   17 


ioej-1072 


-123 


FINAICIAL  INVESTMENT,  Jt,c. 

Elec.  ft  Oen.  InTestment  6%  Cum,  Fref. 

'^lobe  Telegraph  ii  Trust 

tD  J.    8  per  Cent.  Pref. 

aubmarine  Cables  Trust  (Cert.) 


COLONIAL  AND  FOREIGN  ELECTRIC 
RAILWAYS,  TRAMWAYS.  Ac. 

Anglo-Argentine  ,">%  Cnm.  1st  Pref. ... 

Do.     6%  Cum.  Slid  Pref. 

Do.     4%  Deb.  Slock 

Do.     4U  Ue''-  ^'■'"■^  

Auckland  Elec.  Trams.  6%  Deb.  (red,)... 
Brisbane  Electric  Trams.  InTest.  Ord, 

Do.     6  per  Cent.  Cum.  Pref. 

Do.     »4  per  Cent.  Db.  Prov.  Certs.  ... 
Brit  Columbia  El.Ry.Dl.  Ord 

Do.     Pref.  Ord.jBtock 

Do.     5%  Cum.  Perp.  Pref.  Stock 

Do.     44  per  Cent.  1st  Mort.  Debs.  ... 


Power  Debs, 

Do.    4j%Perp  Con.  Deb.  St 

Buenos  Ayres  Lacroze  Trains  lat  Mt.  Db. 
Buenos  Ayres  Port  ft  City  Tram.  1st  Mt. 

Deb.  Stock 

Calcutta  Tramways  (1  to  137,610)  

Do.     6  per  Cent.  Cum.  Pref.    

Do.    44%  let  Deb.  Stock  (red.)    

Cape  ElcctricTram  Shares 

Citj  ol  Buenos  Ayies  Trams  Co.  (.1904)Sh. 

xK.     4  per  Cent.  Deb.  Stock 

Coljmbo  Ir.  ft  Ltg.  5%  1st  Mt.  Db. 
Electric  Traction  Co.  of  Hong  Kong  6 

per  Cent,  let  Mort.  Debs 

llHTana  Blec.  By.  Con.  Mt.  6%  $1,000  60 

year  Coup.  Bds 

Kalgoorlie  Klec.  Trams  Sh 

Dc.     6  per  Cent.  *' A  "  Deb.  titock  ... 

Do.     b  per  Cent.  "H"  Ditto 

bisbon  Elec.  Trams.  Ord 

Do.     6  per  Cent.  Cum.  Pref. 

Do.  6  per  Cent.  Keg.  Mort.  Deba  ... 
Madras  Elec.  Trams.  6%  Deb.  Stk.  ... 
Mania  Elec.  By.  sl.OOO  Gold  Bonds... 

Meiicolranis  uo  Com.  St 

Do.  Gen.  Con.  lat  Mort.  6%  Oold  Bds. 
Montreal  bt.  By.  Sterling  44  per  Cent, 

Deba.  (1922)  (Nos.  601  to  2,000)     

Do.        do.     (Nos.  1  to  4,6oO) 

Penh  Elec.  Trams  Ord. 

Do.    1st  Mt.  Db.  Stock  

BangooD  Elec.  Trams  ft  Supply  Co.  6% 


UJ-lOi 
10  4-10  g 

98  —100 
100  -102 

i;«— i;: 
I'Ai— ijC 
80  —fiV 
1004-1004 
6:;-6;r 

6i-68 


8  — 3J 
lOJ-Ulg 
13|-Ui 
131  —131 


4S-)| 
44-4i 
9  J-93i 
Jo  — J« 


102 


-115 


iiJ-7ic 
6  -Si 
100  —103 
144  -1-19 
lis  -123 
106  -110 
1U2  —104 
102  —106 
1014-1034 

9t4-9fl 

90  —94 

<?-5§ 

4i— 5 


61-j 
93  —101 
1(8  —101 


.  Pf. . 


loo    5/, 


600 

B% 

bt. 

bX 

b 

108 

1<" 

1 

o/<; 

bt. 

6/. 

St. 

."it. 

6"^ 

LOO 

by. 

St. 

81 

601 

bZ 

loo 

»1J 

1/1; 

1 

1,2? 

bt. 

67. 

3/0 

b 

1/0 

100 

»l 

n 

447. 

Do.    44%  lat  Mort.  Ueb.  Stk.   

Kio  Janeilo  Tram,  Lt.  ft  P.  Cj 

Do.    3j  yr.  liold  Buds , 

Do.     to  yr.  Mt.  linds 

tSao  Paulo  Tramway,  Light  ft  Power  Co. 

$100  Stock 

Do.    6  per  Cent.  1st  Mt.  $600  Db 

Toronto  By  Co.  Ist  Mt.  44^  Ster.  Bonds 


COLONIAL  AND  FOREIGN  ELECTRICITY 
SUPPLY  &a. 

Adelaide  Elec.  B'plyCo.6%  Cu.Pr.   

Bombay  E.  S.  ft  T.  B%  Cm.  Pf.   

Do      44  per  Cent.  Deb.  Stk.  (rod.)  

Do.     6  per  Cent.  2ih1  Mort.  Deb.  Stock 

Calcutta  Elec.  Supply  Ord 

tOanaauin  Oen.  Elec.  Do.  Com.  Bt.  ... 

llJo.     i%  Cm.  Pr.  Slock.. 1 

Castner  Electrolytic  Alkali  Co.(of  U.S.A.) 

Isl  Mort.  Sll.  Debs 

Elect.  Development  Co  of  Ontario 

Blec.  Supply  Co.  of  Victoria  6  per  Cent. 

Ist  Mort.  Deb.  bt 

Indian   Elec.   Sup.  &  Trac.  Co 

Kalgoorbe  Elec.  Power  ft  Ltp.  Ord.  

Do.     6  per  Cent.  Cum.  Prel 

Madras  E.  b.  Corp.  6  per  Cent.  Consta. 

Deb.  bt 

Ml  Ibol  rne  E.  S.  Lo.  bX  Cum.  Plcf. 

Do.  67„  i8i  Morlg.  Deb.  btnck    , 

Mexican  Elec.  Ligut  Co.  bZ  lat  Hon. 

Uold  Bonds    .. 

Mexican  1.1  ft  Power  Co.  Com.  St 

Do.  6^  Itt  Mort.  Gold  Buds 

Montreal  Lt.  lit.  i  Power  Co.  Cap.  St.. 
Biver  Plato  Electricity  Co.  Ord 

Do.    6  per  Ceut.non-Cum.Pref 

Do.     6  percent.  Deb.  titock 

1 B   tano  Elec.  Co.  6%  Bret  (1-20,000)... 

tDo.     ■2m\  Pref.  

bha\iinii;an,>\ater  81  lower  Co,  Ca  ... 

Lto.    6  per  Cent.Bds 

Do.    44  Per.  Oon.  Mt.Db.  St 

Torontol'ower  Co.  44,.  L>b  St „... 

Victoria  Falls  Power  Co.  Pref 

Do.  16/- X'uid    


U6  -97 
126  —12) 
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Government  Purchase  of  Marconi  Stations. 

Arrangements  have  now  been  completed  for  the  trans- 
fer to  the  Po.st  Office  of  all  the  Marconi  Company's  coast 
stations  for  wireless  communication  to  ships.  The  com- 
pany still  retain  their  licence  for  the  long  distance  stations 
at  Poldhn  and  Clifden,  as  these  scarcely  come  under  the 
same  category,  being  intended  primarily  for  shore  to  shore 
communication  between  this  country,  the  Continent  and 
America.  In  addition  to  acquiring  all  the  plant,  leases, 
&c.,  of  these  small  coast  stations,  the  Post  Office  secures 
the  right  of  using,  free  of  royalty,  the  e.xisting  Marconi 
patents  and  any  future  patents  for  a  term  of  14  years,  for 
these  stations  in  ordinary  working  and  for  communication 
(except  for  transmission  of  public  telegrams)  between  any 
two  stations  on  the  mainland,  and  for  use  on  board  the  Post 
Office  cable  ships.  As  was  announced  in  our  parliamentary 
columns  last  week,  the  consideration  paid  to  the  Compauy 
is  £15,000. 


To  the  casual  observer  this  sum  will  seem  somewhat 
small,  if  not  a  hard  bargain.     Very  possibly  it  is  not  much 


more  than  the  actual  present  value  of  the  stations,  for 
depreciation  is  apt  to  be  heavy  on  such  apparatus  as  is 
used  in  wireless  telegraphy,  owing  to  the  continued  and 
rapid  advances  that  have  been  made.  On  the  other  hand, 
the  time,  money  and  energy  spent  in  developing  these 
coast  stations,  and  the  business  that  is  handled  by  them, 
must  ha\-e  been  very  much  more  than  the  sum  mentioned, 
and,  consequently,  the  reward  for  pioneer  work  does  not 
seem  to  be  large.  From  the  point  of  view  of  the  general 
public  the  purchase  must  be  considered  as  a  move  in  the 
right  direction.  A  better  service  is  likely  to  be  the  result 
if  all  inland  telegraphy  and  shore-to-ship  messages  are 
handled  by  the  same  authority.  Xaturally,  the  Post  Office 
will  not  be  restricted  to  the  Marconi  or  any  other 
system,  and  the  stations  will  be  open  to  general  use.  More 
uniform  working  is  likely  to  result  if  these  stations  form 
part  and  parcel  of  the  general  telegraphic  system  of  the 
countiy,  and  it  is  quite  possible  that  in  time  of  war  it 
would  be  more  to  the  public  interest  for  the  working  of 
such  stations  to  be  in  Government  hands  than  in  those  of 
private  enterprise.  The  Marconi  Company  is  to  be  con- 
gratulated on  the  success  with  which  it  has  developed  this 
particular  sphere  of  wireless  telegraphy,  and  we  hope  it 
will  continue  its  success  in  the  equipment  of  ships  and 
stations  elsewhere. 


The  Depreciation  of  Tramways. 

In  regard  to  the  very  liberal  allowance  made  for  depre- 
ciation, the  tramway  undertaking  of  the  Glasgow  Corpora- 
tion stands  practically  alone  in  this  country.  For  the  year 
ended  May  31  last  a  sum  of  .£105,798 — that  is,  2-2Gd.  per 
car-mile — was  set  aside  to  provide  for  the  future  renewal 
of  the  permanent  way,  rolling  stock  and  plant,  in  addition 
to  a  sum  of  £10,275  paid  into  a  reserve  fund.  Tiiis  is  in 
striking  contrast  with  the  amount  of  |d.  per  car-mile  which 
has  been  approved  by  the  London  County  Council  as  a 
proper  allowance  for  depreciation  for  the  ue.Kt  few  years. 
The  amounts  allocated  to  reserve  fund  and  depreciation  iu 
the  accounts  for  the  past  year  of  the  Liverpool  Corporation 
and  Manchester  Corporation  tramways  were  soiuewhat 
higher,  being  0-975d.  and  lOGd.  per  car-mile  respectively, 
but  they  do  not  approach  the  (Uasgow  figures.  It  isalso  worth 
noting  that  the  total  sum  set  aside  for  depreciation  at 
Glasgow  now  amounts  to  more  than  41  per  cent,  of  the 
total  capital  expenditure,  whilst  lai-ge  contributions  are 
nevertheless  made  every  year  to  the  "  Common  Good." 
Although  the  car-mile  is  not  a  very  satisfactory  basis  on 
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which  to  make  comparisons,  since  the  size  and  weiL;ht  of 
tlie  cars  will  affect  the  wear  of  both  track  aud  rolling- 
stock,  the  divergence  shown  in  the  allowances  made  for 
depreciation  by  the  four  largest  tramway  undertaldngs  in 
tlii>  country  is  all  the  more  remarkable  when  it  is  remem- 
l)ered  that  the  London  County  Council  undertaking,  which 
makes  the  smallest  allowance  for  depreciation,  has  the 
largest  and  heaviest  cars.  As,  however,  the  greater  part 
of  this  undertaking  is  still  comparatively  new,  a  more 
satisfactory  estimate  of  the  provision  necessarj-  for  renewals 
will  be  possible  in  a  few  years'  time,  when  the  allowance 
for  depreciation  will  again  come  up  for  consideration,  and 
we  do  not  iloubt  that  a  very  much  higher  figure  \\ill  then 
be  adopted. 

The  Cost  of  Tramway  Current. 

Ix  view  of  the  arliitrations  and  discussions  wliich  have 
taken  place  recently  as  to  what  is  an  equitable  charge 
to  tramways  for  electric  energy  purchased  from  an  elec- 
tricity suppl}'  department,  it  is  interesting  to  notice  from 
the  last  annual  accounts  of  the  Glasgow  Corporation  Tram- 
ways, which  are  analysed  elsewhere  in  the  present  issue, 
that  the  power  expenses  are  given  as  l-227d.  per  kilowatt- 
hour  sent  out  to  the  sub-stations.  In  this  particular  case 
the  tramways  have  their  own  generating  station.  As  the 
load  factor  at  the  station  w-as  practically  40  per  cent,  it 
will  be  seen  that  tramway  undertakings  purchasing  current 
at  such  a  price  as  Id.  per  unit  cannot  by  any  means  be 
considered  as  unfairly  treated.  The  dissatisfaction  ex- 
pressed by  members  of  tramway  committees  in  regard  to 
the  price  at  which  energy  is  purchased  is  frequently 
brought  about  by  reference  to  the  works  costs  at  tramway 
power  stations.  In  several  instances  these  works  costs  are 
under  0"40d.  per  unit  C0'35d.  at  Glasgow),  but  the  addition 
of  a  fair  proportion  of  the  rates,  taxes,  management  ex- 
pense.s,  &c.,  together  with  capital  charges,  brings  the  total 
cost  to  a  figure  comparable  with  the  charges  usually  made 
for  tramway  supply.  Thus,  at  Glasgow,  the  total  costs  are 
0'76d.  per  unit  (to  which  047d.  per  unit  is  added  for  depre- 
ciation) for  an  output  of  over  27  million  units,  but  when 
account  is  taken  of  the  high  load  factor,  which,  of  course, 
materially  affects  the  capital  charges  per  unit,  it  will  be 
seen  that  the  advantages  claimed  for  independent  power 
stations  for  supplying  electric  tramways  are  scarcely  .suffi- 
cient to  justify  the  duplication  of  electrical  plant.  The 
general  opinion  at  the  present  time  is  certainly  in  favour 
of  a  single  power  station  for  the  generation  of  current 
in-espective  of  the  uses  tu  which  the  energy  is  to  be  ])ut. 


The  Status  of  the  Engineering  Profession. 

Elsewuf.ke  our  readers  will  find  an  abstract  of  a  Paper 
read  by  Mr.  G.  A.  Thomas  on  "  The  Status  of  the  luigineer- 
ing  Profession,"  the  object  of  the  author  being  to  suggest 
effective  means  for  improving  the  status  of  the  profession, 
which  at  the  present  time  suffers  considerably  from  the 
want  of  concerted  action  on  the  part  of  its  members.  It 
is  easy  to  suggest  remedies,  but  much  more  difficult  to 
get  them  carried  out,  and  we  think  it  may  be  said  that 
Mr.  Tho.mas'  suggestions  are  rather  ideals.  Among  other 
plans,  he  suggests  that  there  should  be  a  central  organisa- 
tion (provided  by  the  three  most  impjortant  engineering 
societies)  for  the  purpose  of  dealing  with  all   questions 


alfecting  the  profession.  Such  an  organisation  would,  no 
doubt,  be  an  advantage,  but  we  fear  that  there  would 
be  much  difficulty  about  its  creation.  The  older  societies 
and  the  newer  societies  do  not  run  well  together, 
and  apart  from  this,  there  is  the  difficulty  that  the 
engineering  profession  is  much  less  homogeneous  than 
the  medical,  legal  and  other  professions.  The  sphere  of 
engineering  is  very  large,  and  specialisation  is  increasingly 
necessary.  Consequently,  the  interests  of  all  members  are 
by  no  means  the  same.  A  consulting  engineer  of  the  first 
rank  does  not  mind  very  much  if  a  badly  qualified  engineer 
puts  up  a  plate  in  the  same  street.  Our  large  manufac- 
turers, also,  are  not  much  troubled  by  incompetent  engi- 
neers, for  the  simple  reason  that  those  who  are  chiefly 
responsible  must  be  competent,  and  they  will  soon  discover 
if  members  of  their  staff  have  not  the  requisite  knowledge. 
The  same  is  true  of  important  municipal  positions.  Con- 
sequently the  whole  subject  has  not,  for  the  leading  mem- 
liers  of  the  profession,  that  keen  interest  which  we  should 
like  to  see.  We  do  not  suggest  that  this  is  any  reason  why 
reform  should  not  be  brought  about,  but  it  makes  it  very 
much  more  difficult  to  initiate  reforms  and  to  carry  them 
to  a  successful  conclusion. 


Association  of  Engineers-in-Charge. — Prof.  Henry  Adams 
will  deliver  his  presidential  address  to  the  Association  of 
Engineers-in-Charge  at  St.  Bride's  Institute,  on  Wednesday,  the 
13tli  inst.,  the  subject  of  the  lecture  being  "Standardisation.'' 

Electrification  of  the  Chilian  Railways. — According  to  the 
"  Electrical  World  "  the  Chilian  Governinent  has  decided  to 
electrify  72."i  miles  of  railway  in  that  country,  beginning  with 
11.5  miles  as  an  experiment. 

The  Metal  Tungsten  as  "  Valve  "  Electrode. — Erratum— 
In  this  article  (by  Mr.  L.  H.  Walter),  of  which  we  gave  an 
abstract  in  our  last  issue,  in  Fig.  1  on  p.  991,  Amps,  x  10^ 
should  read  Amps,  x  10^^. 

The  New  Argentina-European  Submarine  Cable. — The 
Western  Telegraph  Co.  will  inmiediately  commence  the  work 
in  connection  with  the  making  and  laying  of  the  new  cable 
uniting  Argentina  direct  with  Europe  via  Ascension.  The 
making,  laying  and  putting  into  work  of  the  new  cable  is  esti- 
mated to  cost  about  £1,000,000  sterling,  and  it  is  hoped  that 
it  may  be  open  for  traffic  by  Cctober  next  year  at  latest. 

Institution  of  Municipal  Engineers. — A  visit  will  be  paid 
Ijy  members  of  this  Institution  on  Saturday  next  to 
the  Swanscombe  Works  of  the  Associated  Portland  Cement 
Manufacturers  (Ltd.).  Members  will  proceed  by  train  to 
Xorthfleet,  where  they  will  be  entertained  to  hmcheon  by  the 
company,  and  will  afterwards  lie  conveyed  in  special  cars  to 
the  ^^-orks.  They  will  then  return  to  Northfleet  to  tea,  where 
a  demonstration  of  the  gauging  and  testing  of  Portland  cement 
will  also  l)e  given. 

Amalgamation  of  American  Electric  Light  Companies. — The 
"  Engineering  News  "  states  that  a  consolidation  of  the  electric 
light  companies  in  and  about  Boston  has  been  approved  by  the 
Massachusetts  Gas  and  Electric  Light  Commission.  The  Edison 
Electric  Illuminating  Co.  is  allowed  to  purchase  the  electric 
plants  of  the  Boston  Consolidated  Gas  Co.,  of  the  Chelsea  Gas 
Light  Co.,  the  Newton  &  Watertown  Gas  Light  Co.,  and  the 
Waltham  Gas  Light  Co.  Also  the  Newton  &  Watertown  Gas 
Light  Co.  is  permitted  to  purchase  the  gas  franchises  and  pro- 
perty of  the  Waltham  Company. 

Cable  Interruptions  and  Repairs. 

Date  of  Interruption.  Date  of  Repair. 

Tourane— Amoy    ._ June  17,  1909  ...  — 

Assab-Perim    July    8,1909  ...  — 

Dakar— Conakry Aug.  19,  1909  ...  — 

Sheik  Seyd—Perim  Sep.  15,  1909  ...  — 

Hon;;  Kong— Macao Sep.  25,  1909  ...  Oct.  1,  1909. 
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Lectures  on  "Fuel." — A  course  of  lectures  by  Mr.  J.  S.  S. 
Brame  on  tliis  subject  will  be  inaugurated  on  Monday  next, 
Octolter  lltb,  at  theSirJobn  Cass  Technical  Institute,  Jewry- 
street,  Aldgate,  E.G.  The  special  subject  of  the  fiist  lecture 
will  Ije  "Liquid  Fuel  and  its  Economical  Aspects,"  and  the 
chair  will  be  taken  by  Sir  Boverton  Eedwood. 

Electric  Furnaces  in  Canada. — Dr.  E.  Ilaanel,  Director  of 
Mines,  has  recently  announced  that  furnaces  for  electric 
smelting  of  iron  ore  by  electricity,  and  similar  to  those  now 
in  use  in  Sweden,  are  about  to  be  installed  at  the  Sault 
Ste.  Marie  plant  of  the  Lake  Superior  Company.  Plans  are 
also  in  preparation  for  the  erection  of  electric  smelting  fur- 
naces at  Chats  Falls,  on  the  Ottawa  Kiver. 

Testing  Stations. — Several  of  the  borough  councils  of  London 
have  decided  to  support  the  Associated  Municipal  Electrical 
Engineers  (Greater  London)  in  their  opposition  to  the  propo- 
sals of  the  London  County  Council  with  reference  to  the  provi- 
sion of  testing  stations.  The  association  is  strongly  opposed 
to  the  attempt  of  the  County  Council  to  establish  testing 
stations  except  wherercomplaint  is  made  by  consumers  as  pro- 
vided by  the  Electric  Lighting  Act,  1899. 

Newfoundland  Cable  Matters. — In  connection  with  the  dis- 
pute which  has  arisen  in  regard  to  submarine  cable  aft'airs  in 
Newfoundland,  Mr.  Frederick  Ward,  manager  of  the  Com- 
mercial Cable  Co.  in  England,  in  a  letter  to  the  "  Electrical 
Eeview,"  states  that  nearly  twice  as  much  English  and 
Canadian  money  is  invested  in  the  securities  of  the  Commer- 
cial Cable  Co.  and  the  Mackay  companies,  at  present  market 
values,  as  is  invested  in  the  securities  of  the  Anglo-American 
Telegraph  Co.,  at  present  market  v.alues,  even  if  it  be  assumed 
that  all  the  securities  of  the  Anglo  Company  are  held  by 
English  and  Canadian  investors  ;  hence  he  fails  to  see  how  the 
contract  between  the  Newfoundland  Government  and  the 
Commercial  Cable  Co.  is  "  prejudicial  to  British  capital." 

Directive  Wireless  Telegraphy  at  the  Brescia  Exhibition. — 

Among  the  electrical  exhibits  at  the  Brescia  Exhibition  is  a 
complete  installation  of  the  Bellini-Tosi  system  of  directive 
wireless  telegraphy.  Owing  to  the  confined  space  (for  the 
Exhibition  is  held  in  part  of  the  Castle  of  Brescia),  the  trans- 
mitting and  receiving  stations  are  only  W  metres  apart.  But 
with  the  exception  that  the  antenna'  employed  are  reduced 
to  only  3  metres  in  height,  all  the  other  apparatus  is  of  full 
size  ;  in  fact  the  radio-goniometer  at  the  receiving  station  is  the 
actual  apparatus  which  is  to  be  installed  in  the  new  station  of 
the  French  Government  (Post  Office),  which  will  shortly  be 
opened  at  Boulogne.  All  the  special  features  of  the  system, 
such  as  directive  emission  and  reception  of  the  waves,  and 
location  of  the  direction  of  the  transmitter,  can  be  leadily 
demonstrated  in  spite  of  the  small  distance  between  the 
stations. 

City  of  London  Union,  Homerton  Infirmary. — On  Satur- 
-day,  the  25th  ult,  the  new  workhouse  and  infirmary  at  Homer- 
ton, which  have  been  built  for  the  Guardians  of  the  City  of 
London  LTnion,  were  formally  opened  by  the  chairman  of  the 
Board,  the  Kev.  Thomas  Grear.  The  engineering  work  in  the 
new  building  comjirises  heating  and  hot  water  services,  electric 
lighting  as  well  as  laundry  and  kitchen  apparatus.  The  steam 
for  the  whole  of  these,  with  the  excejition  of  the  electric  light, 
is  supplied  from  one  boiler.  Electric  lighting  is  installed  in  all 
the  new  blocks  and  in  parts  of  the  old  blocks,  the  current  being 
obtained  from  the  mains  of  the  Hackney  Borough  Council. 
Metal  lamps  are  chiefly  used.  All  the  main  rooms  are  wired 
upon  more  than  one  circuit,  so  as  to  prevent  total  extinction 
of  the  light  in  case  of  fuses  blowing.  There  is  also  a  complete 
system  of  telephone  and  electric  bells,  and  two  electric  pas- 
seng.er  lifts. 

Personal.— Mr.  A.  Whalley,  M.I.E.E.,  is  retiring  from  the 
British  Insulated  &  Helsby  Cables  (Ltd.)  to  commence  a  con- 
sulting practice,  from  November  1st,  at  27,  Chancery -lane, 
London,  W.C.  (c/o  Knox,  Hassal,  Dodd  &  Co.),  and  at  19, 
Croxteth-grove,  Liverpool.  During  23  years  with  the  Tele- 
graph Mfg.  Co.,  Helsby,  and  with  the  British  Insulated 
&  Helsby  Cables,  he  has  been  chief  engineer  at  Helsby  and 
manager  and  engineer  at  Liverpool  respectively,  and  has  been 
responsible  for  the  design  and  manufacture  of  every  descrip- 
tion of  insulated  wire  and  cable  for  lighting,  power,  traction, 


telephony,  &c.,  also  of  ail  apparatus  for  complete  trunk  and 
local  telephone  exchanges,  telephone  instruments,  &c.,  and,  in 
addition,  of  telegraph  equipments  for  railway  and  postal 
administrations.  He  has  had  charge  of  important  cable  con- 
tracts abroad,  and  carried  out  the  equipment  of  the  London 
and  other  large  telephone  trunk  exchanges  for  the  Post  Office 
during  the  last  six  years,  besides  common  battery  exchanges. 
For  20  years  switchboards,  &c.,  have  been  supplied  under  his 
control  to  the  National  Telephone  Co.  His  connection  with 
telejjhony  dates  from  18^1  in  the  days  of  the  Lancashire  Tele- 
[ihone  Exchange. 

Electrically  Driven  Rail  Bender. — The  "  Electrical  Review 
and  Western  Electrician  "  gives  an  account  of  a  machine  of  this 
kind  in  which  the  framework  of  the  machine  is  a  heavy  steel 
casting  made  in  one  piece,  the  solidity  of  which  ensures  regu- 
larity of  curvature  and  rapiilit}-  of  work,  which,  with  the 
small  amount  of  manual  labour  required,  renders  the  tool  an 
almost  indispensable  one  on  construction  work.  The  power- 
driven  bending  roll  is  mounted  in  a  frame  which  is  driven 
forward  to  give  the  desired  curvature  by  a  hydraulic  cylinder, 
the  power  for  which  is  a  small  hand  pump  mounted  on  the 
frame  of  the  tool  above  the  C3'linder.  The  roll  can  be  driven 
out  under  a  pressure  of  -50  tons.  The  two  fixed-roll  centres 
are  34  in.  apart.  The  driving  roll  is  geared  to  make  one  turn 
to  eight  turns  of  the  pulleys,  which  are  24  in.  in  diameter  and 
have  a  7  in.  face.  The  bending  rolls  must  be  made  to  suit 
each  shape  of  rail  to  be  bent.  The  outer  bending  rolls  are 
changed  by  loosening  set  screws  and  pulling  out  the  pins.  The 
arm  holding  the  middle  bending  roll  can  be  worked  in  and  out 
by  a  lever  without  the  aid  of  the  pump,  if  the  release  valve  is 
open,  so  that  the  pump  is  necessary  only  when  bending  a  rail 
to  get  the  desired  curvature.  The  capacity  of  the  machine  is 
about  one  medium-length  rail  per  minute  when  once  adjusted. 
London,  Brighton  &  South  Coast  Railway  Electrification. — 
We,  unfortunately,  gave  circidation  to  a  report  which  had 
appeared  in  some  of  the  lay  papers  concerning  this  subject, 
and  which  report  proves  to  be  erroneous.  We  much  regret 
having  given  publicity  to  the  statements  in  question.  The 
facts  are  as  follow  :  — 

It  was  found,  on  completinp;  the  overhead  work  of  the  electrification  of 
the  L.B.  &  S.C.  Railway,  that  a  certain  number  of  signals  would  reijuire 
to  be  altered  in  order  not  to  interfere  with  the  ov3rhead  construction 
anil  in  order  to  be  in  such  location  as  would  in  all  probability  fulfil 
Board  of  Trade  requirements.  No  delay  has  been  caused  by  any  action 
of  the  Board  of  Trade,  nor  has  tlie  Board  made  anj-  reijuirements  which 
have  necessitated  any  serious  alterations  in  the  construction.  The 
Board's  otHcials  have  inspected  the  full  piece  of  line  from  Batterseji 
Park  to  Peckham  Rye ;  Victoria  Station  will  shortly  be  ready  to  be 
finally  inspected,  and  it  is  not  anticipated  that  there  will  be  any  re- 
quirements which  will  in  an}-  way  dela}-  the  opening  of  the  line  for 
traffic.  Eight  trains  have  run  several  thousands  of  miles  and  have 
been  in  daily  operation  between  Battersea  Park  and  Peckham  Rye 
since  .January  last ;  it  is  the  alterations  of  the  signal  structures  at 
London  Bridge  which  have  caused  the  delay,  but  the  line  will  cer- 
tainly be  open  for  public  traffic  by  Deceml)er  1st. 
It  should  be  pointed  out  that  the  signal  arrangements  at 
London  Bridge  have  always  been  exceedingly  complicated,  and 
it  is  essential,  owing  to  the  large  number  of  trains  that  enter 
and  leave  this  terminus,  that  special  care  should  be  observed 
in  regard  to  signalling  facilities. 

Institution  of  Mining  Electrical  Eagineers. — At  the  meet- 
ing held  at  Siietheld  on  Saturday  last  the  president,  Mr.  W. 
Maurice,  said  considerable  progress  had  been  made  since  the 
Institution  last  met.  ]\Iany  new  members  had  been  enrolled, 
and  the  Council  ha  1  decided  to  place  the  Institution  on  a 
legal  basis  by  having  it  incorporated  under  the  Companies 
Act.  The  articles  of  a.ssociaiion  would  be  submitte<l  to  the 
Board  of  Trade,  and  it  was  anticipated  that  by  the  end  of  this 
month  thej-  would  be  .accepted,  and  then  arrangements  would 
be  made  for  the  inaugural  meeting  of  the  Institution. 
Formal  application  had  been  made  for  representation  on  the 
committee  to  be  appointed  b}-  the  Home  Secretary  to  revise 
the  rules  relating  to  the  use  of  electricity  in  mines,  but  the 
Home  Secretary  had  replied  that  the  constitution  of  the  com- 
mittee would  not  allow  of  representatives  of  that  Institution 
being  placed  upon  it.  He  would,  however,  be  glad  to  receive 
information  and  suggestions,  and  it  would  be  the  business  of 
the  Institution  to  proceed  in  this  way.  A  short  time  ago, 
some  considerable  stir  was  created  by  a  section  of  the  mining 
community  who  did  not  regard  electricity  as  a  safe  medium 
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for  use  in  coal  mines.  The  Council  felt  tliat  that  action  had 
had  a  prejuilicial  effect  in  regard  to  electricitj-,  and  they  had 
decided  to  form  a  committee  to  inquire  into  the  causes  of 
mining  accidents,  and  the  means  to  be  ailopted  to  prevent 
them.  That  committee  would  draw  up  a  report,  which  would 
be  of  considerable  importance  to  mining  electricians  and  would 
probably  be  submitted  at  the  December  meeting  of  the  insti- 
tution. Mr.  Maurice  also  mentioned  that  a  London  branch 
was  in  course  of  formation.  Mr.  K.  Krall,  of  Balfour  House, 
Finsbury  Pavement.  E.G..  being  the  secretary. 

Obituary.— Ch.\rles  John  Kobertsox.— With  sincere  re- 
gret we  have  to  announce  the  death  on  Wednesdaj*,  at  his 
residence  at  Ealing,  London,  of  Mr.  C.  J.  Robertson,  whose  con- 
nection with  the  incandescent  electric  lamp  dates  back  to  the 
verj'  early  80's.  !Mr.  Robertson  was  born  in  1800,  and 
may  be  described  as  a  Merchant  Taylors'  boy.  It  was  at  this 
famous  school  that  he  came  out  first  for  a  seven  years' 
seholarshi])  and  £100  per  annum  at  St.  John's  College,  O.xford. 
He  studied  analytical  chemistry  under  Prof.  Armstrong  and 
electrical  engineering  under  Profs.  Ayrtou  and  Perry  at 
Finsbury.  and  in  1881  joined  the  Anglo-American  Brush  Co., 
leading  them  in  1883  to  join  the  Pilsen-Joel  and  C4eneral  Elec- 
tric Co.,  of  London.  All  this  time  he  was  diligently  at  work 
on  experiments  and  researches  into  filament  materials  and 
lamp-making  processes.  In  1885  he  joined  the  Bernstein 
Co.  at  their  London  works,  and  later  Mr.  Boudewijnse  at 
Venloo,  Holland,  wliere  he  remained  until  1891.  He  then  left 
for  Vienna,  where  he  joined  Messrs.  Latzco  &  Scharf  at  the 
Gluhlampenfabrik  Watt,  Mr.  Robertson  having  evolved  what 
was  then  known  as  the  "  Watt  "  lamp.  Owing  to  continued 
ill-health,  Mr.  Robertson  two  or  three  years  later  returned  to 
this  country,  and  with  some  friends  formed  the  Robertson 
Incandescent  Electric  Lamp  Co.,  at  Brook  Green,  London, 
where  the  manufacture  of  the  "  Robertson  "  lamp  was, 
and  is  still,  carried  on.  This  establishment  has  grown  into 
one  of  the  largest  incandescent  electric  lamp  works  in  the 
world,  and  Mr.  Robertson  continued,  up  to  within  a  few 
weeks  ago,  to  take  the  keenest  interest  in  its  management. 
His  whole  life  may  be  said  to  have  been  devoted  to  the 
evolution  and  clevelopment  of  the  electric  incandescent 
lamp.  Mr.  Robertson  was  greatly  liked  bj'  all  who  came  in 
contact  with  him,  whether  in  social  or  business  life.  He  was 
struck  down  by  a  serious  illness  about  a  month  ago,  which, 
as  we  have  stated,  terminated  fatally  on  Wednesday. 

Electric  Cable  Railway. — An  interesting  account  of  an 
electrically  driven  cable  railway,  which  is  said  to  be  the  steepest 
passenger  cable  railway  in  Europe,  is  given  by  Mr.  E.  Omme- 
ganck  in  a  recent  issue  of  the  "Railway  Gazette."  The  rail- 
way is  a  third  of  a  mile  long  and  aliout  three-quarters  of  it  is 
in  mountain  cuttings,  the  only  considerable  elev.ation  being  a 
concrete  vault  viaduct  79  ft.  long,  the  abutments  of  which  have 
a  difTerence  of  level  of  82  ft.  The  gauge  of  the  railway  is 
1  metre,  and  grooved  .54  lb.  rails  33  ft.  long  are  used.  The 
driving  gear  is  in  the  upper  station,  and  operates  the  cars  at  a 
speed  of  o  ft.  per  second,  the  whole  distance  thus  being  covered 
in  five  minutes.  An  alternating-current  motor  rated  at  55  H.r. 
is  used.  Current  is  supplied  at  3,450  volts  from  a  neigh- 
bouring power  plant,  and  is  stepped  down  to  about  550  volts 
for  use  on  the  line.  A  hand  brako  and  an  automatic  brake 
are  placed  on  each  car.  The  automatic  brake  acts  whenever 
the  speed  of  the  driving  gear  e.xceeds  the  normal  speed  of 
travel  by  15  to  20  per  cent.,  whenever  the  cars  run  too  far 
into  the  upper  station,  and  when  the  current  leading  to  the 
upper  station  is  interrupted  in  the  ti  msmission  line  or  in  the 
power  station.  The  driver  can  set  the  automatic  brake  at  will. 
In  all  these  cases  the  current  supplied  to  the  motor  is  also 
automatically  interrupted.  Braking  tests  with  fully  loaded 
cars,  made  on  the  70  per  cent,  gradient,  with  a  self-acting 
brake,  gave  very  favourable  results.  On  setting  the  brake  the 
car  would  come  to  a  stop  within  about  4  ft.,  half  of  which 
distance  was  traversed  while  the  brake  shoe  was  moving  into 
engagement  with  the  wheel.  The  wire  cable  has  a  breaking 
strength  of  110,0001b.,  the  maximum  tractive  effort  being 
11,000  lb.  The  car  is  divided  into  four  compartments  and 
two  platforms,  the  outer  compartments  being  open  and  the 


central  ones  closed.     The  car  has  seats  in  these  four  compait- 
nients  for  32  passengers. 

British  Standard  Specification  for  'Ammeters  and  Volt 
meters. — The  specification  for  ammeters  and  voltmeters 
CSo.  49)  just  issued  by  the  Engineering  Standards  committee 
should  be  of  great  service  to  both  user  and  maker  alike.  The 
user  can  sec  at  a  glance  the  degree  of  accuracy  he  may  expect 
for  the  class  of  instrument  he  recjuires,  and  the  maker,  if  the 
specification  is  as  widely  adopted  as  we  hope  it  will  be,  will  be 
saved  an  immense  amount  of  needless  trouble  in  tendering,  and 
also  be  able  to  standardise  his  detail  work,  which  should  tend 
to  clieapen  production.  In  what  follows,  we  give  some  of  the 
main  points  of  the  specification. 

In  the  specification.  iu.stitunents  are  cla.ssified  as  .snb-standards,  first 
i;radc  and  second  grade  instruments  according  to  their  accuracy.  The 
siTiinil  Ki'aclc  instniment  although  of  not  a  vciy  liidi  nnler  of  accuracy 
should  he  nsefid  in  workshops  and  similar  plm  .  s  «  line  .unn-acy  is  not  of 
\ital  ini|ioi'tance.  The  Committee  make  icilam  dilihitc  reoommenda- 
tioiis  for  the  constniction  of  in^tninirni-  u  Inclt  comply  with  the  British 
standard.  Some  useful  reccunni^  ii.l.it  i^ns  are  made  with  reference 
111  sciles  although  no  partiiul.n  -i/i-  l..r  the  figures  arc  mentiimed. 
Certain  standard  scale  reading-;  tor  ammeters  and  voltmeters  have  licen 
adopted,  and  we  \inder.stand  that  these  lists  have  been  very  can  fully 
selected,  the  committee  keeping  in  view  the  ordinary  requirements  .  f  ihr 
user,  and  the  cheapening  of  prodiirti.m  Ky  inluctiou  of  the  numl)ers 
which  have  to  be  kept  in 'stock.  The  li-i  -  n"|  n  i  ^i  nt  the  present  demand.s 
■if  the  industry  according  to  the  makci-  .  ,ital..i:ucs.  but.  of  cour.se,  if  the 
demand  arises  for  other  "  maximum  rtaduigs  '  the  fact  that  it  is  open  ti> 
revision  gives  a  ready  means  of  bringing  the  specification  absuhitely  up 
to  the  needs  of  the  industry.  The  dro])  in  pressure  ou  the  shunt  has  been 
standardised  in  order  to  obtain  interehangeability.  and  we  note  it  is 
different  from  the  German  standard.  The  transformation  ratio  of  a 
[lotential  transformer  has  been  fixed  as  well  as  the  current  in  the  .seeon- 
tlary  ciicuit  of  a  series  transformer.  The  Committee  ex))lain  in  the  i)re- 
face  that  they  have  not  gone  further  into  the  ipiestinns  affecting  instru- 
ment transformers,  as  they  intend  dealing  in  a  separate  report  with 
staudai'ds  U>\  iu--trnnient  transFormers,  resistances  and  separate  shinits. 
The  quest iou  of  a  .  u.acy  has  necessitated  a  great  deal  of  investigation  and 
jmilongeii  ilism^-iou  .in  account  of  the  inheiTnt  differences  in  the  various 
t\  pes  of  instrumrii's.  a^  w.ll  as  of  the  degree  of  accuracy  attainable  under 
practical  working  i  .nilii  i.nis.  The  difficulty  of  expressing  in  a  simple 
manner  the  pei  im--ilil.-  liuiits  of  error  when  these  had  been  decided  upon 
gave  the  Committee  a  considerable  amount  of  preliminary  work,  before 
a  useful  result  was  attained,  and  we  are  assiu'ed  that  the  figures  for  the 
an  luary  are  based  on  actual  "  test  records  "  kuidly  supplied  for  the  use 
ijf  the  members.  The  definitions  which  precede  the  specification  proper 
sliould  prove  of  great  use  towards  the  avoidance  of  misunderstanding, 
due  to  the  user  and  seller  not  attaching  the  same  meaning  to  the  terra 
employed.  No  definition  is  given  for  "  dead-beat,"  but  the  preface 
c'X]ilains  the  reason,  which  is  due  to  the  possibihty  of  an  instrument 
lii-iiig  made  dead-beat  by  weakening  the  control,  and  so  involving  in- 
.ircuracy  due  to  friction.  Electrical  instnunents  are  now  so  generally 
used  Ijy  the  engineering  industry  that  this  specification  should  find  a  very 
extended  field  of  usefulness.  The  price  of  the  specification  is  2s.  8d.,. 
])ost  free,  and  it  may  be  procured  from  any  bookseller  or  direct  from  the 
offices  of  the  Committee,  28,  Victoria-street,  Westminster. 


ARRANGEMENTS  FOR  THE  WEEK. 


MONDAY,  October  11th. 

Gk.VDUATEs'     Siil'TlON     OK    THE     InsTITITIoS     OK     Me    IIAXICAI. 

Enoinekks. 
S  p.m.     Meeting  at  Storey's  Gate,  St.  .James's  Park,  Westminster, 
S.W.     Paper  on  "  Invention  and  Industrial  Progress  ;  with  a 
Treatise  on  the  British  Patent   System,"  by  Mr.   J.   E.   S. 
Lockwood. 
WEDNESDAY,  October  13tll. 

The  Assoi'iATioN  of  E^oinebrs-in-Ckaeuk. 
i  p.ni.     Meeting  at  St.  Bride's  Institute,  Bride-lane.  Fleet-street. 
Presidential  Address  on  "Standardisation,"  by  Prof.  H.  Adams. 
FRIDAY,  October  15tll. 

The  Institution  of  Mechanical  Encuneebs. 
■'^  )i.i/i.     Meeting  in   the  Institution    House,  Storey's   Gate,   St. 
■James's    Park,    S.W.     Paper  on    "  Heat   Transmission.'    by 
I'rof.  W.  E.  Dalby. 


Corps  of  Electrical  Engineers  (London  Division). 

Officer  Commanding,  Col.  K.  E.  B.  Crompton,  C.B. 

Monday,      Oct.      11th,  |  Practice  for  the  Hopkinson  Cup,  7:0  p.m.  to 

"A"  Company         J  9:30  p.m. 

Tuesday,     Oct.      12th,  1  Practice  for  the  Hopkinson  Cup,  7:0  p.m   to 

"  li  "  Company         /         9:30  p.m. 
Wednesday,  Oct.   13tb.     Gymnasium,  6:30  p.m.  to  9:30  p.m. 
Thur.sday,    Oct.     14th,  \  Practice  for  the  Hopkinson  Cup,  7:0  pm.  to 

"  C  "  Company         (         9:30  p.m. 
Friday,       Oct.       15th,  i  Practice  for  the  Hopkinson  Cnp,  7:0  p.m.  to- 

"U"Comijany        J         9:30  p.m. 
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GLASGOW  COBPORATION  TRAMWAYS. 

Next  to  the  uiulertakiiig  of  the  London  Count}'  Council  the 
Glasgow  Corporation  Tramways  are  usually  regarded  as  the 
most  important  among  tramway  concerns  in  this  countrj-,  and 
the  results  achieved  at  Glasgow  are  certainly  of  such  excel- 
lence that  they  may  be  considered  as  typical  of  the  best  prac- 
tice in  this  country.  This  jiarticularly  applies  to  the  question 
of  the  allowance  made  for  depreciation,  which  item  figures 
prominently  in  the  Glasgow  accounts.  For  the  year  ended 
Ma}'  31st  last  no  less  than  2'26d.  per  car-mile  was  set  apart 
for  tlie  depreciation  of  plant  and  the  renewal  of  pemanent  way. 
The  total  amount  of  =£195,798  was  arrived  at  by  allowing  £500 
per  mile  of  single  track,  4 '28  per  cent,  on  the  cost  of  the  elec- 
trical equipment  of  the  lines,  6'91  per  cent,  on  the  power 
station  and  sub-station  plant,  7*5  per  cent,  on  workshop  tools 
and  sundry  plant,  7'5  per  cent,  on  cars,  including  the  elec- 
trical equipment,  11 '24  per  cent,  on  other  rolling  stock,  and 
7'5  per  cent,  on  ofKce  furniture  and  miscellaneous  equipment. 
The  corresponding  allowance  last  year  for  depreciation  was 
2-18d.  per  car-mile.  Notwithstanding  this  ample  allowance 
for  depreciation  a  sum  of  £50,000  is  paid  over  to  the  Corpora- 
tion for  the  "Common  Good,"  whilst  £16,275  goes  to  the 
reserve  fund.  It  is  worth  noting  that  the  depreciation  fund 
now  amounts  to  £1,383,289  and  the  reserve  fund  to  £70,G31. 

The  Glasgow  tramways,  on  which  electrical  working  vras 
first  introduced  in  1S98,  now  consist  of  94i  miles  of  double 
track  and  h  mile  of  single  track,  the  total  length  being,  there- 
fore, equivalent  to  189i  miles  of  single  track  ;  during  the  past 
year  extensions  have  been  carried  out  in  5;^  miles  of  street.  A 
sum  of  £41,120  was  spent  in  ordinary  repairs  during  the  12 
months  on  the  upkeep  of  the  tramway  track,  whilst  a  sura  of 
£90,261,  on  the  basis  of  £500  per  mile  of  single  track,  was  laid 
aside  to  meet  the  costs  of  future  renewal. 

To  meet  the  increasing  demand  for  power  a  3,000  kw. 
turbo-alternator  has  been  installed  at  the  Pinkston  power 
station,  and,  in  view  of  the  interest  which  is  at  present  being 
taken  in  the  cost  of  supplying  current  for  tramway  purposes, 
the  following  details  of  the  costs  of  power,  which  it  will  be 
remembered  is  obtained  from  the  Tramway  committee's  own 
power  station,  deserve  close  attention: — 

Detail-s  of  Powek  Expexses. 

Cost  per  unit  sent 

out  to  substations. 

1908-9.      1907-8. 

Salaries  and  wages £10,403  ...  O'lOd.  ...  O'lOd. 

Fuel    17,720  ...  O'lbd.   ...  0-17d. 

Oil,  waste,  water,  &c 2,339  ...  0-02d.    ...  002d. 

Reimirs 7,352  ...  0-07d.  ...  0-07d. 

Energy  purchased  (at  Id.  per  unit)   53  ...       —      ...     — 

£37,867       0-.-5d.       0-36d. 

Rates  and  proportion  of  management   ...       6,486  ...  0'06d.    ...     — 

Depreciation 54,311   ...  0-47d.     ...     — 

Interest  and  sinking  fund    40,937   ...  0-35d.     ...     — 

Tot.al  Power  Expenses ■  £139,601        l-23d.  — 

The  number  of  units  generated  was  29,14."»,194,  the  load 
factor  being  39-8  per  cent.,  and  24,193,167  units  (1-16  units 
per  car-mile)  were  sent  out  from  the  substations. 

The  total  number  of  cars  in  stock  on  June  1st  last  was  776 — 
an  increase  of  1 7  compared  with  the  number  a  year  ago — and 
consists  of  324  cars  with  top  covers,  339  standard  cars  and  113 
converted  horse  cars.  The  committee  have  decided  to  put 
covers  on  an  additional  110  cars. 

Turning  next  to  the  traftic  details,  a  small  decrease  has  to 
be  recorded  in  the  number  of  passengers,  but  this  is  not  sur- 
prising in  view  of  the  general  trade  depression.  The  figures 
are  221,744,569  for  the  present  year,  and  226,948,290  a  year 
ai;o,  the  receipts  showing  a  corresponding  decrease  and  being 
lb-2Gd.  and  10-49d.  per  car-mile  respectively.  It  should  be 
noted  that  the  number  of  car-miles  was  20,802,797,  an  increase 
of  36,075  car-miles  compared  with  last  year. 

Glasgow  is  always  referred  to  as  an  example  of  the  success 
of  .',d.  fares ;  it  is  therefore  interesting  to  notice  that  the 
number  of  passengers  paying  a  |d.  fare  was  28-04  per  cent,  of 
the  total  number,  whilst  59'65per  cent,  of  the  passengers  paid 


Id.,  the  corresponding  percentages  of  the  traffic  receipts  being 
14'56  and  61  96  respectively. 

It  will  be  noticed,  from  our  analysis  of  the  accounts  below, 
that  rates  and  taxes  have  considerably  increased,  the  amount 
charged  under  this  heading  being  now  £63,042,  or  0-73cl.  per 
car-mile,  as  against  0-52d.  a  year  ago.  This  increase  is 
accounted  for  by  the  fact  that  the  tramway  lines  within  the 
city  have  been  assessed  for  various  purposes  by  the  Corpora- 
tion on  the  full  valuation  instead  of  one-fourth,  as  formerly. 
It  is  worth  noting  that  in  addition  to  the  liberal  contribution 
in  the  way  of  rates  and  taxes  the  present  contribution  to  the 
"  Common  Good  "  brings  the  total  amount  so  contributed  .since 
1894  to  the  large  total  of  £326,760,  so  that  the  ratepayers 
have  benefited  very  considerably  from  the  tramway  under- 
taking, which,  nevertheless,  has  made  ample  allowances  for 
depreciation  and  reserve. 

We  give  below  an  analysis  of  the  expenses  during  the  past 
year,  June  1,  1908,  to  May  31,  1909,  together  with  the  cost 
per  car-mile,  the  corresponding  figures  for  the  year  1907-8 
being  given  for  the  sake  of  comparison.  It  will  be  seen  that 
the  working  expenses  show  a  small  reduction  per  car-mile 
compared  with  those  last  }ear,  but  owing  to  heavier  capital 
charges,  the  total  expenses  are  10'45d.  per  car-mile,  compared 
with  lO'lSd.  a  year  ago. 

Cost  per  car-mile. 
Traffic  Expenses.  1908-9.     1907-8. 

Superintendence  „ £5,167  ...  O'Ced.   ...  0-06d. 

Wao-e.*  and  bonuses 198,313  ...  2-29d.   ...  2-27d. 

Cleaning  and  oiling  cars     26,898  ...  OSld.        OSld. 

Cleaning  track  5,267  ...  006d.  ...  005d. 

Fuel,  li°-ht  and  water  for  depots 2,600  ...  003d.  ...  003d. 

Ticket  check  10.791   .  .  0l2d.  .  .  015d. 

Uniforms,  &c 6,236  ...  O-OTd.  ...  0-08d. 

Micellaneous 2,947  ...  O'Oad.  ...  004tl. 

Total  Tramc  Expenses   .£258,219        2-98d.        297d. 

Repairs  and  Maintenance. 

Permanent  way     £41,120  ...  047d.  ...  0-66d. 

Electrical  equipment  of  line      6,486  ...  0-08d.  ...  0  lltl. 

Buildings  and  fixtures    4,309  ...  OQhd  ...  005f. 

Tools  and  sundry  plant  1,116  ...  OOld.  ...  003d. 

C.^rs 29,940  ...  OMd.  ...  OZM. 

E'lectricai  equipment  of  cars 17,992  ,..  0-21d.  ...  0-21d. 

Other  rolling  stock  1,572  ...  002d.  ...  002d. 

Miscellaneous  equipment   HI  —  O'OOd.  ...  OOOd. 

Total  Repairs  an<l  Maintenance £102.646        I'lSd.        142d. 

sS'l^dwrg^s' £6,906  ...  OOal.  ...  008d. 

Store  exoense«  858  ...  OOld.  ...  OOld. 

Stoie  expenses  ^.^^^^^         q.q^^,_ 

R^^andV^x;^::::::;::....- 65,042 ...  o-73d. ...  o-sm. 

Printing  and  stationery 1,497  ...  002d.  ...  002d. 

Fuel,  4ht  and  water 4  7  ...  0;00<  .  ...  0;0U  . 

Law  and  insurance  24,157  ...  028  .  ...  0^. 

ParHamentary  expenses 136  ...  0  00   .  ...  003d. 

Miscellaneous    6.365  ...^007d.  ...JMjm. 

TotaHieneralE.xpen.ses    £106,886        r23d.        lOfcd. 

Co!::;;;Sin^  current    J37^  •■.  0_^  ...  0;45d 

"XJ^"^"''"'^'^'''"'-^.'--'^''---"' £505,618  ...  5^.  ...  5;90d. 

Capital  Charges,  &c.  „„.,,„         n , ,  i  n  i  iri 

RpnMl  nf  Ipflsed  lines  £9,754  ...  Olid.   ...   Olid. 

Lfterest  63,549  ...  0-73a.   ...  0-61d. 

Snkino  fund :.■■".■::.■.: 71.324  ..    0.82d.  ...  O^Od. 

binkmg  tuna ,  q  ^^^ 

Income  tax     iu.n-tj         u  .i"  nOVl 

Parliamentary  expenses  written  off    ,„  ~„„  '  •  o^,  "'  o.io.i' 

Depreciation  and  renewals    ^f^'^^^  -  n1^' '  -  llw 

Papnentto  •' Common  Good'" 50.000  ...  058d.  041d. 

TOTAL  CAPITAL  CHARGES £400.650        4  62d.       4-25d. 

TOTAL  EXPENSES  (iut.  CapiuU  Charge.^.. £906.268      10  45d.      10  15d. 

REVENUE  .from  all  sources)  £99.2.543  .   lOWd.     10  59d. 

Balance  £16-275        0  19d.    ..  0  44d. 

The  balance  of  £16,275  is  carried  to  the  general  reserve  fund. 

The  capital  expenditure  during  the  past  year  was£l<;i,.04, 
this  sum  comprising  £57,411  for  permanent  way,  £22,608  for 
the  electrical  e.|uipment  of  lines  and  i51, 830  for  power  sUition 
and  sub-station  plant.  The  total  capital  expenditure  now 
amounts  to  £3,307.280,  and  we  give  below,  in  deUul,  tha 
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Tarious  items  comprised  in  this  sum,  together  with  the  per- 
centage each  bears  to  the  total  amount : — 

CaPITAI.   ExrEMIITrRK. 

Per  cent. 

Peiraanent  wav £1,051,981  31-8 

Electrical  equipment    679,057  206 

Land     ._ 152,842  4-6 

Buildings 469,315  13-9 

Power  station  plant 442,498  134 

TooU 31,193  0-9 

Cars  262,453  7-9 

Electrical  equipment  of  cars 187,518  56 

Other  rolling  stock   ._ 11,987  04 

Miscellaneou?  equipment   19,123  0'6 

Office  furnit'ite  _ 5,256  02 

Lease  of  Go\  an  and  Ibrox  Tramwaj-s  ...  4,057  01 


£3,307,280 


100-0 


THE  MODERN  TELEPHONE  CABLE. 

EY    FK.VXK   B.    JEWETT. 

Suminnri/. — The  author  here  considers  some  of  the  essential  require 
ments  in  the  manufacture  of  modem  telephone  cables,  first  describing 
briefly  the  methods  of  construction  adopted,  and  then  showing  how  the 
modem  processes  meet  the  requirements. 


To  those  not  closely  in  touch  with  the  tele]5hone  situation  to-day 
the  importance  of  the  modern  telephone  cable  may  be  indicated  by 
stating  that  of  the  8.000.000  miles  of  wire  in  the  exchange  jilants  of 
the  Associated  Bell  telephone  companies,  more  than  6.800.000  miles 
are  in  the  form  of  underground,  aerial  or  submarine  cable.  The 
concentration  of  hundreds  of  circuits  in  the  form  of  cables  is  the  only 
available  method  of  pro\-iding  the  facilities  necessary  to  meet  present- 
day  service  demands,  liut  it  should  be  clearly  recognised  that  even 
the  best  cable  circuit  is  much  less  efficient  than  an  open-wire  circuit  ; 
for  example.  1  mile  of  2Co.  19  B.  &  S.  gauge  cable  circuit  ordinarily 
employed  in  exchange  construction  results  in  as  much  current 
attenuation  as  .3.5  miles  of  Xo.  8  B.W.C4.  open-wire  copper  circuit,  or 
3-5  miles  of  the  smallest  size  ojien-wire  iron  circuit  used  in  rural 
exchange  work. 

The  extensive  application  of  cable  construction  in  the  modern 
telephone  plant  has  been  made  possible  only  through  the  develop- 
ment of  a  form  o£  cable  exceedingly  efKcient  as  compared  with  the 
earlier  forms.  It  is  the  purpose  of  this  Paper  to  consider  a  few  of 
the  essential  requirements  which  have  had  to  be  met  in  the  produc- 
tion of  a  m(.dern  telephone  cable.  These  are  :  { 1 )  The  cable  shall 
pro\nde  the  maximum  number  of  inde|jendent  and  non-interfering 
circuits  within  the  minimum  space.  (2)  These  circuits  shall  have  the 
maximum  transmission  efKciency  for  currents  of  telephonic  frequencj-, 
compatible  with  the  other  electrical  and  mechanical  requirements. 
(3)  The  dielectric  strength  of  the  cable  shall  be  such  as  to  ensure 
against  failure  from  any  of  the  potentials  normally  emi^loyed  and 
to  make  possible  its  protection  against  damage  from  lightning  and 
from  foreign  circuits  operating  at  potentials  in  excess  of  those  em- 
ployed on  telephone  lines.  (4)  The  mechanical  arrangement  adopted 
to  obtain  the  necessary  electrical  properties  shall  be  such  as  to  ensure 
a  continued  maintenance  of  the.se  properties  after  the  cable  has  been 
in-stalled.  This  assumes  a  construction  which  will  withstand  the 
hard  usage  imavoidably  connected  with  cable  installation.  (5)  This 
mechanical  construction  shall  be  made  at  a  cost  which  will  render 
the  cable  circuits  economically  available  in  comparison  with  other 
known  means  of  circuit  provision. 

litandard  Cable  Construction. — While  differing  somewhat  in  details, 
the  essential  features  of  all  modern  tcle)ihone  cables,  known  as  dry 
core  paper  insulated,  are  the  same  whether  the  wires  are  in  the  little 
five-pair  or  ten-pair  subscribers'  cables  ordinarily  strung  on  pole 
lines  or  in  the  largest  sizes  employed  underground.  For  making  up 
telephone  cables,  wires  of  the  i)roper  size  arc  first  insulated  by 
wrapping  them  individually  with  dry  paper  ribbon.  This  ribbon, 
which  is  usually  about  §  in.  wide  and  of  a  thickness  varying  from 
O-002  in.  upward,  depending  on  the  size  of  the  wire,  and  coloured  in 
some  distinctive  fashion,  is  spirally  applied,  but  not  with  such  a 
tension  as  to  cause  it  to  adhere  clo.sely  to  the  wire.  For  the  ordinary 
underground  or  aerial  cable  a  single  wra])i)ing  of  paper  suffices  ;  in 
some  forms  of  submarine  cable  two  wrai)pings  of  pajjcr,  laid  on  in 
reversed  directions,  are  used.  In  any  event,  the  rilibon  is  over- 
lapped sufficiently  so  that  the  wire  is  completely  covered.  Thus 
in.sulated.  the  wires  are  twisted  together  in  jjairs,  the  two  wu-es  of  a 
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liair  being  insulated  with  different  coloured  papers  and  the  length  of 
twist  depending  upon  the  size  of  the  conductors  and  the  use  to  which 
the  cable  is  to  be  put.  The  maximum  length  of  twist,  however, 
rarely  exceeds  6  in.,  and  for  the  smaller  sized  wires  is  ordinarily 
under  4  in.  This  twisting  of  the  individual  circuits  is  for  the  pur- 
pose of  neutralising  inductive  and  capacity  effects,  which  would 
occasion  "cross-talk  '  between  the  various  circuits  if  the  wires  of 
the  core  were  laid  up  parallel  to  one  another. 

The  core  of  the  cables  is  made  up  in  cylindrical  form  by  assem- 
bling tlie  reciuisite  number  of  twisted  pairs  together  in  concentric 
layers  one  or  more  pairs  thick,  the  pairs  in  each  layer  being  arranged 
spirally  about  the  axis  of  the  core  and  the  direction  of  rotation  in 
the  alternate  layers  being  reversed.  This  use  of  a  concentric  layer 
construction  is  adopted  to  ensure  the  necessary  mechanical  stability 
l'>r  the  completed  cable.  The  number  of  pairs  in  each  layer  is  depen- 
dent upon  the  size  and  capacity  of  the  cable  required,  and  is  varied 
by  changing  the  size  of  the  central  strand. 

\\  hen  the  cj-lindrical  core  has  been  completed  it  is  ^^Tapped  with 
one  or  more  thicknesses  of  paper  tape  to  bind  the  conductors  firmly 
in  place,  present  a  smooth  exterior  surface,  and  prevent  the  lead  of 
the  sheath  from  coming  in  contact  with  the  insulation  of  the  outer 
layer  of  conductors.  This  -nTapping  also  gives  the  higher  dielectric 
strength  needed  in  the  pairs  of  the  outer  layer.  During  the  process 
up  to  this  point  the  paper,  being  hygroscopic,  has  unavoidalily  taken 
on  more  or  less  moisture,  which  must  be  removed  before  the  sheath 
is  applied.  To  this  end  the  core,  suitably  reeled,  is  placed  in  a 
drying  oven  in  which  ah-  at  a  high  temperature  is  circulated  for  a  con- 
siderable period,  after  which  the  core  is  taken  immediately  to  the 
lead  press  and  the  final  sheath  applied.  This  completes  the  process, 
except  for  the  testing,  sealing  of  the  ends  and  reeling  for  shipment. 
The  paper,  which  is  loosely  applied,  serves  merely  as  a  mechanical 
sejiarator  to  keeji  the  wires  apart  and  not  as  a  dielectric  per  se.  In 
cable  of  this  type  the  real  dielectric  is  the  dry  air  between  the  wu-es. 

To  show  how  nearly  the  present  dry-core  cable  meets  the  essential 
requirements  of  the  telephone  industry,  the  author  examines  these 
requirements  and  their  actual  fulfilment  in  detail,  and  also  the  evolu- 
tionary process  by  which  the  present  form  of  construction  has  been 
arrived  at. 

Dielectric. — It  is  essential  that  the  dielectric  .selected  for  main- 
taining the  proper  separation  of  the  wires  and  providing  the  neces- 
sary mechanical  properties  required  of  the  cable  should  have  both 
a  low  dielectric  capacity  and  small  dielectric  hysteresis.  The  impor- 
tance of  these  characteristics  of  the  dielectric  are  readily  apparent 
if  we  examine  the  mathematical  expressions  for  the  propagation  of 
high-frequencj-  currents,  such  as  those  met  with  in  telephony.  For 
telephone  cables,  where  the  wires  are  close  together,  the  inductance 
is  negligibly  small,  and  if  the  leakage  component  is  small  in  com- 
jjarison  with  the  capacity  component,  the  formula  for  the  attenua- 
tion constant  is  approximately 


where  R  is  the  resistance.  C  the  shunt  capacity,  a  2b-  times  the  fre- 
quency, and  S,  expressed  in  mhos,  measures  the  combined  con- 
ductance as  determined  from  the  insulation  resistance  and  the 
dielectric  hysteresis.  Where  S  is  zero — i.e.,  for  cables  having  high 
insulation  and  no  dielectric  dissipation — the  expression  for  the  attenu- 
ation constant  is  merely  that  of  the  so-called  "  KR  law."  The  quan- 
tity S/2C  in  the  above  formula,  known  as  the  "  damping  constant," 
is  dependent  on  the  dielectric  of  the  cable,  and  is  independent  of 
the  capacity  of  the  cable,  provided  the  dielectric  is  unchanged  in 
character  by  changing  the  separation  of  the  wires.  In  order,  there- 
fore, that  the  transmission  efficiency  of  any  cable  shall  be  high  for 
some  particular  frequency  or  range  of  frequencies,  it  is  necessary 
that  in  addition  to  low  capacity,  the  dielectric  shall  have  the  smallest 
possible  ratio  of  shunt  conductance  to  shunt  capacity  for  these  fre- 
quencies. 

In  the  following  table  are  given  the  constants  at  1,000  periods 
|K'r  second  for  No.  19  B.  &  S.  gauge  cables  made  up  with  rubber 
insulation,  braided-cotton  insulation  impregnated  with  paraffin,  and 
dry-core  insulation  : — 


Constants  of  No.  19  B.  d. 

S.  Gauge  Telephone  Cables. 

Insulation. 

Mutual 
capacity 
mfd.  per 

mile. 
1,000  rv. 

Mutual 

conductance 

m.  mhos  per 

mile. 

1,000  "J. 

Damping 
constant 

S/2C. 
1,000  'v. 

Rubber  

0-15 
012 
008 

40                 1330 

Braided  cotton  filled  with  paraffin. 

16                   67-0 
2                  12-5 
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Taking  the  above  constants  and  applying  thorn  in  the  approximate 
formula,  it  will  be  seen  that  the  attenuation  constant  of  the  impreg- 
nated cable  is  24  per  cent.,  and  tliat  of  the  rubber  40  per  cent., 
higher  than  that  of  the  dry-core  paper  cable  ;  also  that  while  the 
dissipation  of  the  dielectric  increases  the  attenuation  in  the  latter 
cable  by  less  than  0-2  per  cent,  at  l.OOO  ^.  that  in  the  impregnated 
cable  increases  it  by  1-05  per  cent,  and  in  the  rubber-insulated  cable 
by  210  per  cent.  In  addition  to  the  effect  of  dielectric  dissijiation 
increasing  the  attenuation  of  the  cable,  the  fact  that  this  increase  is 
not  constant  for  all  frequencies,  but  it  is  greater  the  higher  the  fre- 
quency, results  in  a  cable  with  higli  dielectric  dissipation  having 
more  distortion  than  one  in  which  the  dissipation  is  low  over  the 
range  of  frequencies  involved  in  speech  transmission. 

From  the  above  table  it  is  also  evident  from  the  small  value  of  the 
dissipation  constant  for  the  dry-core  cable  that  with  this  tj'pe  of  con- 
struction conditions  have  been  attained  approximating  very  closely 
to  those  in  which  nothing  but  air  would  intervene  between  the  wii'es. 
In  addition  to  the  numerous  mechanical,  electrical  and  economic 
defects  which  obtained  in  impregnated  and  rubber-cored  cables,  the 
fact  that  they  were  materially  inferior  in  efficiency  to  the  oresent 
t\-pe  of  dry-core  construction  was  one  of  the  principal  factors  leading 
to  the  adoption  of  the  latter. 

While  the  standard  telephone  cable  of  to-day  is  essentially  an  air- 
core  cable,  the  amount  of  solid  dielectric  necessary  for  mechanical 
reasons  is  appreciable,  and  in  specifying  a  wrapping  of  high-gi'ade 
dry-rope  iiaper  ribbon  the  aim  has  been  to  \itilise  a  material  which 
will  have  the  lowest  possible  dielectric  cajjacity  and  dissipation,  and 
at  the  same  time  possess  the  necessary  mechanical  properties  to  permit 
of  its  use  in  comparatively  small  quantities.  That  the  paper  should 
be  spirally  applied  to  the  wires  rather  than  put  on  in  some  other 
fashion  is  the  result  of  actual  experience  with  other  types  of  con- 
struction. 

Insulation  Resistance  for  Telephone  Cables  made  in  the  United  Stales. 
— The  customary  specification  requirements  are  :  In  every  length 
of  cable  each  conductor  shall  show  an  insulation  resistance  of  not 
less  than  .500  megohms  per  mile  at  68°F.,  each  conductor  being 
measured  against  all  the  rest  and  the  sheath.  In  Europe  the  insula- 
tion requii'ements  are  frequently  very  much  more  severe  than  this, 
and  sometimes  necessitate  fb'ying  the  cable  after  it  is  laid  and  spliced. 
It  is  extremely  doubtful,  however,  whether  a  high  insulation  speci- 
fication can  be  justified  in  view  of  the  extra  expense  incident  to 
meeting  it  and  the  exceedingly  small  improvement  in  transmission 
resulting  therefrom. 

i\n  inspection  of  the  foregoing  attenuation  formula  and  the  con- 
stants for  different  dielectrics  will  show  at  once  that  higli  insulation 
is  not  in  itself  necessarily  an  indication  that  the  cable  will  be  efficient. 
Figures  given  in  the  Paper  show  that,  while  the  transmission  effi- 
ciency in  one  case  was  increa.sed  7-1  per  cent,  by  the  process  of 
di'ying  a  paper  cable,  the  improvement  due  directly  to  the  increased 
insulation  resistance  was  less  than  0-001  per  cent.,  that  due  to  the 
reduced  capacity  being  7  per  cent,  and  that  to  the  reduced  damping 
constant  0-1  per  cent. 

Dielectric  Strength. — All  dry-core  paper-insulated  cables  used  by 
the  Associated  Bell  Telephone  Companies  are  required  to  withstand 
a  dii-ect  current  potential  of  500  volts  between  any  ^^■ire  and  its  mate, 
or  between  any  wii-e  and  all  of  the  remaining  wkes  and  the  sheath 
of  the  calilc. 

Electrostatic  Capacity. — It  is  now  customary  to  specify  mutual 
rather  than  earthed  capacity,  as  the  former  is  a  constant  of  the  cable 
du'ectly  indicative  of  its  transmission  efficiency.  So  far,  however, 
as  ensiuing  efficient  construction  and  good  workmanship  are  con- 
cerned, either  mutual  or  earthed  capacity  would  suffice,  since  within 
the  range  of  capacities  ordinarily  met  with  in  telephone  cables  the 
relation  between  the  mutual  capacity  of  a  pair  and  the  earthed 
capacity  of  its  component  wires  is  fairly  constant. the  mutual  capacity 
being  approximately  60  jier  cent,  of  the  earthed  capacity.  If  an 
attempt  is  made  to  secure  too  low  a  capacity  by  separating  the  wires 
and  employing  too  small  an  amount  of  paper,  the  core  becomes  so 
soft  that  the  completed  cable  is  easily  deformed,  and  consequentl\- 
extremely  hard  to  handle  :  on  the  other  hand,  any  attempt  to  secure 
an  extremely  high  capacity  by  putting  an  excessive  number  of  pairs 
in  the  core  renders  the  cable  stiff  and  unwieldy,  or  if  the  amount  of 
jiaper  is  sacriticed  the  dielectric  strength  \xill  be  unduly  low.  Ex- 
))erience  has  shown  that  an  average  mutual  capacity  of  about 
O-OoO  mfd.  ])er  mile  marks  the  lower  limit  for  single-wrap  paper  cable 
which  can  be  readily  handled  without  undue  deformation,  while 
ujiproximately  0-09  mfd.  jvor  mile  marks  the  upper  limit. 

Sh'dlh. — N'o  pi-dlilem  ha.s  been  so  difficult  of  solution  as  that  of 
tile  pri>per  type  of  sheatli  to  employ.  For  the  mechanical  protection 
of  the  core  wires  dm'ing  and  after  installation  and  for  preventing 
the  ingress  of  moisture  at  all  times,  a  continuous  sheath  composed  I 
of  an  alloy  of  lead  and  tin  (not  less  than  3  per  cent.)  is  moulded  firmly  i 


about  the  finished  and  dried  core.  This  sheath,  which  varies  in- 
thickness  from  t\  in.  to  J  in.  for  aerial  and  underground  cables, 
depending  upon  the  size  of  the  core,  is  moulded  in  a  continuous  sec- 
tion over  each  individual  length  of  core  immediately  on  the  removal 
of  the  latter  from  the  drying  oven.  To  ensure  uniformity  of  practice 
in  the  cable  plant  it  is  necessary  to  set  some  limit  on  the  maximum 
diameter  of  the  sheath.  At  the  present  time  the  standard  for  a  full- 
size  cable  is  2|  in.  outside  diameter,  this  being  the  limiting  size  that 
can  be  satisfactorily  drawn  into  a  standard  .3  in.  duct.  A  cable  of 
this  size  will  contain  300  pairs  of  Xo.  19  B.  &  S.  conductors  having 
the  capacity  noted  above. 

As  a  result  of  the  defects  in  the  earlier  forms  the  present  process- 
was  developed  of  moulding  the  sheath  directly  on  to  the  dried  core 
so  as  to  closely  fit  it,  eliminating  at  once  the  necessity  for  factory 
joints  and  the  need  for  clearance  between  the  core  and  sheath. 

The  specification  of  a  3  per  cent,  tin  alloy  for  the  sheath  is  like- 
wise a  result  of  experience  gained  in  the  early  days  of  cable  develop- 
ment. Added  primarily  for  the  purpose  of  hardening  the  sheath 
so  as  better  to  withstand  rough  usage  durinir  manufacture  and 
installation,  the  amount  of  tin  used  was  long  a  matter  of  indi\-idual 
preference.  The  present  standard  requirement  was  only  arrived  at 
when  a  careful  investigation  was  made  to  determine  the  proper 
remedy  for  the  cracking  of  aerial  cable  sheaths,  which  developed 
when  the  sheath  was  subjected  to  continued  vibration. 

With  the  advent  of  creosoted  wooden  conduit  a  gi-eat  deal  of 
trouble  from  the  chemical  corrosion  of  the  sheaths  was  experienced.. 
Elaborate  experiments  proved  that  while  not  wholly  free  from  such 
corrosion,  the  3  per  cent,  tin  alloy  sheath  was  corroded  much  less 
than  one  of  pure  lead  or  with  but  a  small  proportion  of  tin.  While 
improvements  in  the  process  of  ereosoting  by  the  substitution  of 
oil  of  coal  tar  for  wood  creosote,  thereby  eliminating  the  acetic  acid, 
and  the  advent  of  vitrified  clay  ducts  have  practically  eliminated 
chemical  corrosion  from  the  field  of  cable  trouble,  it  was  one  of  the 
factors  which  at  the  time  led  to  the  adoption  of  the  present  standard 
sheath  material.  Although  an  excess  of  tin  renders  the  alloy  too 
hard  and  brittle,  only  the  minimum  limit  needs  to  be  siiecined.  the 
high  price  of  tin  automatically  keeping  the  amount  used  a.s  small  as 
possible. 

In  conclusion,  the  standard  cable  specifications  of  to-day  aim 
primarily  to  secure  a  certain  standard  for  the  finished  product  with- 
out unduly  restricting  the  manufacturer  as  to  the  exact  processes 
he  shall  employ  to  attain  the  de-^ired  end.  ^\'hile  certain  of  the 
mechanical  characteristics  are  incorporated,  such  as  the  use  of  a 
particular  alloy  for  the  sheath,  and  the  employment  of  jiaper  insula- 
tion to  the  exclusion  of  other  materials,  it  is  on  account  of  experience 
having  shown  them  to  be  the  best  available.  As  a  result  of  this  aim,. 
the  specifications,  though  brief,  have  the  clauses  so  drawn  as  to 
ensure  the  equivalent  of  a  process  known  to  be  satisfactory. 


A  NEW  METHOD  FOR  THE  ABSOLUTE  MEASURE- 
MENT OP  RESISTANCE.* 

BY    E.    B.    ROSA. 

Stnnmnrij. — A  revolving  coil  method  of  measuring  with  the  highest 
precision  the  absolute  value  of  a  resistance  is  here  described.  Two  coils 
are  rotated  in  a  magnetic  field  and  the  vesult.int  E.M.F.  is  compared,  by- 
means  of  a  differential  galvaniunotcr.  with  the  fall  of  potential  through  a 
resistance.  

The  method  of  Loren-/.  is  generally  considered  the  best  among  the 
various  methods  that  have  been  employed  for  the  absolute  measure- 
ment of  resistance.  It  has.  however,  a  very  .serious  limitation  in 
the  very  small  E.M.F.  generated,  and  in  the  appreciable  thermo- 
electric forces  produced  at  the  sliding  contacts.  In  studying  the 
problem  of  how  to  secure  an  accuracy  at  least  10  times  as  great  as 
has  yet  been  done  (for  that  is  what  is  now  demanded  in  order  to 
keep  pace  with  the  possibilities  in  the  absolute  measurement  of 
current)  it  occiured  to  me  that  a  revolving  coil,  or  two  such  coils. 
could  be  so  disposed  in  the  magnetic  field  of  a  pair  of  fixed  coils  as  to 
yield  an  E.JI.F.  which  could  be  compared  with  the  fall  of  potential 
tluough  a  fixed  resistance,  by  means  of  a  differential  galvanometer, 
and  so  give  the  aVisolutc  value  of  the  resistance.  The  advantage  of 
this  method  would  be  that  the  E.M.F.  generated  could  be  a  thousand 
times  greater  than  in  the  Lorenz  apparatus,  while  the  thermoelectric 
forces  at  the  sliding  contacts  would  be  considerably  less:  for  a 
revolving  coil  cuts  the  lines  of  force  four  times  in  each  revolution, 
and  two  coils  of  only  125  turns  each  would  therefore  generate  a 
thousand  times  the  E.^M.F.  produced  by  a  disc,  sujiposing  the  field 
and  speed  the  same,  and  the  area  of  the  coils  equal  to  that  of  the  disc. 
*  Abstract  of  an  article  in  the  '•  BuUetm"  of  the  Bureau  of  Staudanls.. 
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The  tliermoclioirio  torces  due  to  tho  brushes  would  be  less  because 
the  coninuitator  could  be  much  smaller  than  the  disc.  .\n  apparatus 
of  this  kintl  is  being  constructed  tor  use  at  the  Bureau  of  Standards. 
The  wa\e  form  of  the  E.M.F.  ^jenerated  has  the  form  shown  in 
Fig.  ■'.  The  field  coils  being  rather  furtlier  a(>Hrt  than  in  a  Helm- 
holtz  galvanoiuctor.  the  E.M.F.  instead  of  varying  at  a  maximum 
rate  as  it  passes  through  zero,  becomes  tangential  to  the  axis,  per- 
mitting the  E.M.F.  to  be  comuiutated  by  means  of  a  two-part 
commutator,  without  sensible  loss.  The  lines  of  force  between  the 
I'ield  coils  swell  out  as  shown  in  Fig.  1.  and  the  revolving  coils  slide 
along  the  lines  very  nearly  for  an  aii])reciable  distance  at  the  region 
of  minimum  E.M.F..  thus  giving  a  very  small  E.M.F.  for  a  con- 
siderable angle.  It  is  not  practicable  to  put  this  commutatcd  E.M.F. 
in  series  with  the  constant  dilYerence  of  potential  at  the  terminals  of 
the  resistance  to  be  measured,  for  the  commutator  would  then  cut 
■out  an  uncertain  part  of  the  integral  E.M.F.  of  the  latter  ;  but  they 
jnav  be  comjiarcd  very  accurp.tcly  l>y  means  of  a  three-circuit  diftV- 


TiG.  1. — REVOLvrxo  Coils  axd  .Maiinktic  Filld  of  fixed  Coils. 

Tcntial  galvanometer,  preferably  of  the  Broea  tyjie.  By  using  two 
arotating  coils,  at  right  angles  to  each  other,  and  so  disposing  the  field 
<>oils  as  to  make  the  E.M.F.  at  4.5  deg.  either  side  of  the  maximum 
•equal  to  one-half  the  maximum  (as  can  readily  be  done),  the  sum  of 
the  two  currents  is  constant  within  about  3  per  cent.,  and  this  small 
fluctuation  has  a  frequency  four  times  that  of  either  component. 
The  eflect  on  the  needle  therefore,  due  to  the  two  yjulsating  currents, 
i\  and  !j.  flowing  in  two  of  the  three-strand  windings  of  the  galvano- 
meter, is  the  same  as  though  these  two  currents  were  combined  in  a 
single  winding,  and  is  equivalent  to  a  direct  current  of  the  same 
average  value.  Each  circuit  has  its  two-part  commutator  and  the 
same  resistance  as  the  third  circuit  which  carries  a  constant  current. 
Fig.  3  gives  a  diagram  of  the  connections. 

Let  M,  and  Mj  be  the  mutual  inductances  of  the  two  revolving 
coils  with  respect  to  the  field  coils,  when  each  is  in  the  [josition  of 
maximum  inductance.  R,  and  K»  the  total  resistances  of  the  two 
circuits  of  which  these  coils  form  a  part,  including  the  resistances  of 
J  he  respective  galvanometer  windings,  n  the  number  of  revolutions 


!Kio.  2.— Waves  I'hohlced  kv  Tin:  Kkvoia  inc  Coils  of  Model 
Apparatus. 

per  second  of  the  armature  coils,  and  I  the  licld  cuircnt.  Tlicn  the 
average  value  of  tlie  currents  in  the  two  circuits  will  be  /:i=4»MiT/R, 
and  i.,  =  inMA/R^  if  the  eflfect  of  self-inductance  is  negligible.  The 
third  circuit  carries  a  steady  current  A,,  due  to  the  difference  of 
potential  at  the  terminals  AB  of  the  resistance  R,  to  be  determined 
absolutely,  through  which  Hows  the  main  current  I,  which  passes 
through  the  field  coils.  Hence  ij^RI/R,,,  R,,  being  the  total  resist- 
ance of  the  circuit,  including  R.  We  may  sup|)ose  the  windings  of 
the  galvariometer  not  perfectly  balanced,  so  that  the  currents  in  any 
two  windings  required  to  give  zero  deflection  are  not  quite  equal. 
Then  let  i\=f,i',  =  f2i'i.  /,  and  /^  being  factors  verv  nearly  unity. 

If  two  circuits  are  balanced  on  the  .same  E.M.F.  E,  for  example 
that  on  the  points  AB,  we  should  have  i',=  E/R,,  j'„  =  E/R,,  and 
/,i'j  =  i',=  E/R3.  Therefore.  «',  =  E/R,=  E//,U3  T'>"»'  ^^hcn  the 
galvanometer  is  balanced,  R,=/|R„  and  R,=/jR3.  That  is,  leaving 
Hi  constant,  the  resistance  R,  is  altered  slightlv,  if  necessary,  until 


there  is  no  deflection,  and  then  the  second  circuit  R.  is  put  in  place 
of  Ri  and  balanced  in  the  same  way.  It  is  never  necessary  either 
to  measure  R,,  R„,  R,,,  or  even  to  compare  them  with  one  another 
exccjit  as  is  done  in  occasionally  balancing  the  galvanometer  in  the 
manner  described  above,  .\ny  variations  due  to  temperature 
changes  or  other  causes  will  thus  be  corrected. 

From  what  precedes  »,=4nM,I//,R„.  and  ;•,=  inMJ//,Rs.  Since 
'i=A'i+/2'2  when  running  regularly,  and  the  constant  current  f,  is 
lialancing  the  pulsating  currents  in  the  otlier  two  circuits  RI/R,^= 
(Ih.M,  4  4hJU)1/R»,  or  R^4n(M, -fM,)  =  4nJl  ;  where  R  is  the  resis- 
taiue  whose  absolute  value  is  to  be  determined,  M  is  the  sum  of 

Armature  Coils  Field  Coils 


Fic,  3. — The  Three  Circuits  of  the  Galvanometer  with  the 
Connections  for  Measuring  the  Resistance  R, 

the  maximum  vahies  of  the  mutual  inductances  of  the  two  revolving 
coils,  w  ith  respect  to  the  field  coils,  and  n  is  the  speed,  or  number  of 
revolutions  per  second,  (In  the  Lorenz  apparatus  the  formula  is 
R  =  ?!M.) 

If  the  commutators  and  brushes  are  properly  made,  the  thermo- 
electric forces  at  the  sliding  contacts  will  be  wholly  negligible  in 
comjiarison  witli  the  E.M.F.  generated  in  each  coil,  and  the  variation 
of  resistance  at  the  brushes  will  be  negligible  in  comparison  with  500 
or  1,0(10  ohms,  the  total  resistance  of  each  circuit.     The  temperature 
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FiQ.  4. — Different  Forms  of  Mutual  Inductance  Standards. 


changes  of  resistance  will  be  very  slight,  for  probably  99  per  cent, 
of  the  resistance  can  he  manganin.  A  third  winding  of  copper, 
having  a  resistance  equal  to  that  of  one  of  the  armature  coils,  in  the 
» ,  circuit  could  be  employed  to  balance  any  slight  effect  of  varying 
room  temperature.  But  that  would  probably  be  a  needless  refine- 
ment, if  the  room  were  kept  at  nearly  constant  temperature,  as  it 
should  be  for  other  reasons.  These  details  are  mentioned  to  show 
that  the  use  of  a  differential  galvanometer  carrying  an  appreciable 
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current  does  not  introduce  sources  of  error  tliat  wouUI  lie  trouble- 
some. From  our  e.\|)erience  in  previous  \vorl<.  1  am  contident  that 
the  uncertainty  in  tlie  speed  need  not  exceed  1  part  in  10(1.000.  The 
use  of  the  direct  reading  chronogra]ih,  whicli  was  develojied  espe- 
cially for  this  kind  of  service,  and  the  same  method  of  maintaining 
constant  speeds  tliat  we  have  employed  for  several  years  leaves 
little  to  be  desired  in  this  respect.  The  burden  of  the  problem 
therefore  is  to  determine  II,  the  mutual  inductance,  with  sufficient 
precision.  There  are  decided  advantages  in  obtaining  it,  not 
directly  by  calculation,  but  by  comparison  with  a  standard  of  mutual 
inductance,  tlie  latter  having  its  value  computed  from  its  dimension.s. 
These  advantages  are:  (I)  The  resistance  machine  niaj-  be  more 
compact,  and  it;s  field  coils  may  be  wound  with  many  layers  of  wire, 
thus  giving  a  stronger  field  and  higher  E.M.F.,  and  the  machine  will 
be  lighter  and  less  expensive  to  construct.  (2)  Being  more  com- 
pact, the  stray  field  of  the  machine  is  relatively  less,  and  having  a 
strong  field  the  disturbing  effects  of  the  earth's  field  are  reduced. 
(  3)  The  mutual  inductances  M,  and  Mo  can  be  measured  under  work- 
ing conditions.  (4)  The  mutual  inductance  can  be  redetermined  by 
comparison  with  the  standard  every  time  a  run  is  made,  if  desired. 
Any  change  due  to  changes  in  the  windings  or  temperature  efiects 
will  therefore  be  detected. 

Various  forms  of  mutual  inductance  standards  are  shown  in  Fig.  4. 
A  form  which  I  am  now  having  constructed  is  a  paii'  of  coaxial 
coils  in  the  same  plane.  (Fig.  4rf.)  The  mean  radii  will  be  deter- 
mined electrically  by  comparison  with  a  standard  single  layer  coil. 
Being  in  the  same  plane,  there  are  no  measurements  of  distance  to 
make.  The  secondary  can  be  most  accurately  centred  electrically, 
being  in  a  minimum  position  with  respect  to  radial  displacements, 
and  in  a  maximum  jiositiou  with  respect  to  axial  dis[ilacements. 
The  accuracy  of  the  electrical  comparisons  is  proliably  at  least  1  in 
100,000,  so  that  the  precision  of  the  determinations  of  radii  depend 
chiefly  on  the  measurements  of  the  standard  coil.  This  can  be 
measured  at  least  as  accurately  as  any  single  layer  winding.  The 
advantage  of  tliis  form  is  that  it  avoids  the  measurement  of  lengths 
■of  coils  or  pitch  of  windings,  and  gives  a  very  compact  standard 
which  may  be  of  quite  large  value  if  desired.  The  electrical  com- 
parisons of  radii  can  easily  be  repeated,  and  by  winding  each  coil 
with  a  pair  of  wires  which  can  be  joined  in  series  or  parallel,  one  can 
have  three  values,  as  for  example  50,  25  and  12-5  millihenrys,  merely 
by  changing  the  connections. 

The  best  way  is  to  build  at  least  two  different  forms  of  mutual 
inductance  of  the  same  values,  and  having  the  same  value  as  the 
resistance  apparatus,  so  that  they  can  be  compared  with  one  another 
and  with  the  resistance  apparatus  by  sending  the  same  current  in 
■series  through  their  primaries,  and  connecting  their  secondaries  in 
opposition  through  a  sensitive  galvanometer.  One  primary  may  be 
shunted  by  a  high  resistance  to  secure  an  exact  balance.  This  com- 
parison can  be  made  very  quickly,  and  with  standards  of  the  above 
values  there  need  not  be  an  error  exceeding  1  part  in  1,000,000,000 
in  the  comparisons. 


THE  SHORT  CIRCUITING  OF  CADMIUM  CELLS  * 

BY    P.    I.    WOLD. 

Several  cadmium  cells  have  been  short-circuited  for  from  15 
;seconds  to  10  minutes  and  the  general  shape  of  the  recovery  curves 
is  the  same  in  all  cases  and  agrees  very  well  with  the  curv'es  obtained 
by  F.  E.  Smith  f  and  by  Barnett.];  The  internal  resistance  of  these 
cells  is  about  1.500  ohms  so  that  the  actual  current  while  short- 
circuited  is  rather  small.  The  deviation  from  the  normal  value  was 
obtained  by  a  Wolff  potentiometer,  the  short-circuited  cell  being 
placed  in  opposition  to  a  cell  taken  as  a  standard  and  their  differences 
read.  Deviations  from  the  normal  were  read  directly  to  1/100,000 
of  a  volt  and  were  estimated,  with  a  fair  degree  of  accuracy,  to  1/10  of 
this. 

The  diagram  herewith  shows  the  effect  of  short-circuiting  a  cell  for 
different  lengths  of  time.  Curve  1  is  for  15  seconds,  curve  2  for  30 
seconds,  curve  3  for  60  seconds,  curve  4  for  2  minutes,  curve  5  for 
5  minutes  and  curve  6  for  10  minutes.  The  axis  OA  represents  the 
normal  value  of  the  E.M.F.  of  the  cell  and  the  ordinates  represent  the 
deviation  from  this  normal  in  hundred-thousandths  of  a  volt.  An 
attempt  to  find  a  general  form  of  equation  for  the  recovery  curve 
has,  so  far.  been  unsuccessful.  The  form  suggests  a  logarithmic 
curve,  but  iilotting  logarithms  of  the  deviation  with  time  fails  to  give 
even  an  ai>pioximately  straight  line. 

The  general  similarity  of  the  decay  ctirves  in  the  case  of  phos. 

*  Abstract  of  an  article  in  the  "  Physical  Review." 

t  Transactions  of  th?  Rov.nl  Society  :   Series  A,  Vol.  CCVII.,  p.  393. 

j  "  Physical  Review,"   Vol.  XVIII.,  p.  104,  lilOl 


phore.scence.  as  shown  by  Profs.  Nichols  and  .Merritt.*  with  these  re- 
covery curves  then  suggested  that  these  two  effects  might  obey  similar 
laws,  since  in  both  cases  the  curve  is  ])robably  determined  by  the 
reunion  of  free  particles  ;  in  the  one  case  ])robably  electrons,  in 
the  other  case  the  chemical  ions  which  cau.se  the  polarisation.  The 
results  given  in  the  diagram  above,  when  plotted  as  D~*  and  I.  agree 
surprisingly  well  with  the  corresponding  curves  shown  by  Profs. 
Nichols  and  Merritt. 

The  author  thinks  that  probably  the  shape  of  the  curves  obtained 
in  this  way  is  due  to  the  fact  that  there  are  two,  or  more,  effects 
giving  or  intensifying  the  polarisation  from  which  the  cell  must 
recover,  and  these  individual  recoveries  are  of  different  velocities. 
It  may  be  that  one  jiha.se  of  the  recovery  is  brought  about  by  the 
diffusion  of  ions,  which  at  first  are  concentrated  close  to  a  8e[iarating 
surface  in  the  cell,  and  the  other  part  of  the  recovery  is  due  to  the 
reunion  of  these  ions.  At  first  probably  the  diffusion  effect  would  be 
the  predominant  one.  following  one  law.  but  later  the  chief  effect 
would  be  that  due  to  reunion  of  ions.  «hich  would  follow  a  different 
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law.  similar  perhaps  to  the  law  governing  the  reunion  of  electrons  in 
the  case  of  phosphorescence.  It  may  be,  on  the  other  hand,  that  we 
have  simply  the  case  of  an  excess  of  ions  producing  polarisation  at 
different  points  ;  as  SO^  ions  near  the  cadmium  and  cadmium  ions 
near  or  in  the  HgSOj,  and  that  the  rate  of  recovery  from  these  effects 
is  different. 


ELECTRIC  CRANES.t 

BY    H.    H.   BROUGHTON. 

(Continued  from  page  907.) 

Summary. — The  author  here  deals  with  the  mechanism  required  for 
effecting  the  traversing  and  travelling  motions.  The  article  opens 
with  a  brief  discussion  on  the  determination  of  the  size  of  motor 
required  for  each  motion,  and  "  constants  "  of  American  cranes  are 
given.  Then  follow  notes  on  slipping  drives,  axles,  axle-boxes,  roller 
bearings  and  track  wheels.  Constants  are  given  in  order  to  enable 
the  several  parts  to  be  correctly  proportioned.  Traversing  and 
travelling  mechanism  arrangements  are  also  described. 


Traversing  Mechanism  ArrangemeyUs. — In  arranging  the 
trolley  it  is  often  necessary  to  make  tlie  traversing  mecha- 
nism very  compact,  on  account  of  the  large  amount  of  space 
which  has  to  be  devoted  to  the  main  and  auxiliary  hoists. 
This  circumstance  favours  the  adoption  of  worm  gear,  as 
with  such  gears  a  speed  reduction  of  :50  to  1  can  be  effected 
in  a  verv  small  compass.  When  alternating  current  motors 
are  used  a  speed  reduction  of  100  to  1  or  more  may  be  re- 
quired. In  such  cases,  if  spur  gears  are  adopted,  it  is  neces- 
sary to  have  three  reductions,  say,  4  to  1.  5  to  1  and  5  to  1. 
anti  the  whole  arrangement  looks  unsatisfactory,  whereas 
a  worm  and  worm  wheel  with  a  25  to  1  reduction  used  in 
conjunction  with  a.  4  to  1  spur  gear  makes  a  workmanlike 
job  and  rerjuires  little  room  for  its  accommodation. 

For  trolleys  of  small  and  medium  capacity  it  is  usual  to 
drive  both  wheels  by  a  common  spur  keyed  to  the  axle, 
but  in  heavv  trolleys  two  driving  pinions  are  used,  and  the 
main  spur  wheels  are  cast  solid  with  the  truck  wheels  in 
the  manner  previously  explained,  or  keyed  one   on  each 
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driving  axle.     Some  maker.s  arrange  to  drive  all  the  wheels 
by  means  of  coupling  rods  or  chains  or  gearing. 

On  account  of  the  high  traverse  speeds,  and  to  admit  of 
great  nicety  of  control,  it  is  ad^^sable  to  provide  a  brake 
on  the  traversing  mechanism.  The  controller  can  be  ar- 
ranged for  rheostatic  braking,  or  an  electro-mechanical 
brake  acting  on  the  motor  spindle  may  be  used.     We  have 
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Fig.  112. — Diagram  showing  Traveksdjg  Rope  Akkaxge-ment  for 
Hammer  Craxe. 

worked  to  specifications  in  which  both  rheostatic  and  electro- 
mechanical brakes  are  called  for,  but,  generally  speaking, 
i  n  normal  cranes  such  arrangements  are  extravagant,  and 
the  money  expended  upon  them  can,  with  better  advantage, 
be  devoted  to  other  important  details  of  the  crane. 

An  excellent  arrangement  for  high-traversing  speeds  is 
to  mount  a  motor  of  the  tramway  type  on  springs  upon  the 
trolley  frame,  and  drive  the  axle  by  means  of  a  single  en- 


The  rope  arrangement  for  traversing  the  trolley  of  a  ham- 
mer crane  is  shown  in  Fig.  112.  Assume  the  trolley  to  be  at 
the  minimum  distance  from  the  centre.  Let  the  rope  which 
moves  tlie  trolley  inwards  be  denoted  by  R„  the  rope  which 
mo\-es  the  trolley  outwards  be  denoted  by  Rj,  and  the 
two  drums  by  Bj  and  B.,.  In  this  position  of  the  trolley  the 
niaxinuim  length  of  rope  R,  will  be  wound  c)u  the  drums 


End 
Carriage 


Fig.  113. — Traveesino  Rope  Arrangements  used  for  Single  Motor 

Cr.4NES. 

Bj  and  B,  (starting  from  the  inside  edge  in  each  case  and 
coiling  outwards),  and  the  minimum  length  of  E^  will  be 
wound  on  the  drums  (starting  from  the  outsides  and  coiling 
inwards).  The  reverse  is  the  case  when  the  trolley  is  at 
its  maximum  distance  from  the  centre.  In  an  intermediate 
position  the  least  movement  to  the  right  or  left  causes  a 
little  of  one  rope  to  be  wound  on  the  drums  and  a  like 
amount  of  the  other  rope  to  be  unwound. 


Fig.  114.— .3-ton  Tolley 
Stuckenholz. 


closed    spur    gear,     an    electro-mechanical    brake    being 
fitted  to  the  rear  end  of  the  motor  spindle  or  to  the  axle. 

The  troilevs  of  certain  cranes,  .such  as  the  hammer  type 
and  overhead  travellers  of  small  capacity,  are  traversed  by 
means  of  wire  ropes  passing  over  .suitably  situated  guide 
puUevs  on  to  a  drum  mounted  at  a  convenient  place  on  the 
jib  or  cross-girders. 


For  traversing  a  light  trolley  eitlier  of  tlie  rope  arrange- 
ments shown  in  Fig.  113  may  be  used.  As  in  the  example 
previously  described,  two  distinct  ropes  are  required,  and 
the  drum  Dj  is  grooved  to  coil  a  lengtli  of  rope  equal  to  the 
tiaverse  of  the  trolley,  togetiier  with  two  extra  turns.  The 
drum  Do  on  tlie  trolley  is  provided  with  a  ratchet  for  keep- 
ing the  rope  taut. 
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To  find  the  length  of  each  rope,  consider  the  trolley  to  be 
at  the  end  A  of  its  travel ;   then 

Length  of  rope  Ri=apparent  lengtli-f  traverse  of  trolley 
_  =?!  (allowing  one  turn  on  each  drum) 
+L, 
and 

Length  of  rope  R2=apparent  length 

=lo  (allowing  one  turn  on  each  drum). 


Fig.  11.5. — Foot-pedal  Toggle  BR.iKE. 

Sometimes  one  or  other  of  these  arrangements  has  to  be 
used  for  overhead  travelling  cranes  of  medium  or  even  large 
capacity,  in  order  to  satisfy  the  requirements  of  pessimistic 
buyers,  who  prefer  a  single  motor  crane  on  account  of  the 
supposed  unreliability  of  electric  motors. 


It  is  only  in  special  ca.ses  that  a  light  trolley  has  to  be  pro- 
vided in  order  to  minimi.se  the  weight  and,  consequently, 
the  cost  of  the  cro.ss-girders  or  jib.  In  such  ca.ses  it  Ls 
necessary  to  iiiount  the  lifting  and  traversing  mechanism 
on  or  near  the  end  trucks,  or  the  roar  end  of  the  jib  arm, 
where  it  serves  to  counterbalance  the  load. 

TravelUmj  Meclianism  Arraw/enunts. — In  nearlv  everv 
case  cranes  are  driven  at  both  ends,  the  pinions  being  keyed 
to  the  extremities  of  the  cro.ss-shaft.  The  track  wheels 
and  main  spur  wheels,  when  formed  solid,  relieve  the 
axles  of  torsional  .stre.s.s. 

To  en.surc  e<|ual  turning  moments  at  the  two  ends,  either 
two  motors,  one  on  each  end  carriage,  or  a  single  motor 
fi.xed  to  the  girder  at  the  centre  of  the  .span,  should  be  u.sed. 

As  pointed  out  in  a  previous  article,*  the  .speed  variation 
of  induction  motors  between  no  load  and  full  load  is  very 
slight ;  hence,  when  such  motors  are  used,  the  cross-shaft 
may,  if  desired,  be  dispensed  with.  This  is  an  advantage 
in  cranes  of  very  large  span,  as  it  enables  the  cross-girders 
to  be  braced  together,  the  ropes  hanging  over  the  out.side 
of  the  bridge. 

When  continuous  curient  motors  are  used  they  should  be 
coupled  together,  both  electrically  and  mechanically,  as 
the  speed  of  .such  motors  depends  on  the  load. 

In  connection  with  overhead  travelling  cranes  it  is  neces- 
sary to  make  some  allowance  for  the  expansion  of  the  cross- 
girders.  In  a  number  of  large  span  cranes  overheatuig  of 
the  axle  boxes  and  rapid  wear  of  the  wheel  flanges  led  to  an 
examination  which  resulted  in  this  point  being  brought 
forward  ;  after  allowing  the  axles  a  little  end  play  no  further 
trouble  was  experienced. 

A  foot-pedal  brake  is  sometimes  required,  and  Figs.  1 15 
and  1  U)  show  the  general  features  of  two  forms  of  such 
brakes.  The  former  is  of  the  ""  toggle  "  type  and  the  latter 
of  the  "  We.ston  "  type. 

Electro-mechanical   brakes   .should    be   provided    on    all 
high-speed  cranes  and  on  all  heavy  cranes. 
iToh,:  nwlhtii"'!.! 


TI'KDAI.    KHAKE. 


We  are  of  the  opinion  that  the  (mlleys  of  practically  ail 
overhead  travelling  cranes  should  l)e  traversed  by  means  of 
a  motor  mounted  on  the  trollev.  and  an  excellent  arrange- 
ment, for  a  crane  of  small  ca]iarity  by  Stuckenholz,  is  de- 
picted in  Fig.  Ill 
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THE  ELECTRICITY  SUPPLY  STATIONS  OF  THE  NEW  YORK  EDISON  COMPANY. 

(Continued  from  jMge  967.) 


Feed-icattr  Syalem. — The  fi-td-wattr  syslom  in  use  involves  a  num- 
ber of  interesting  features  representing  the  most  reeenl  i>raetiee  in 
the  handling  and  conservation  of  the  Ixiiler  water  supply  for  a  hirge 
plant.  Of  chief  importance  arc  tlie  use  of  centrifugal  boiler-feed  "pumps 
and  the  means  adoiitod  for  measuring  all  water  delivered  and  the 
blow-off  wasted.  The  water  for  the  boilers  is  taken  frt>m  the  city 
water  mains,  llie  water  in  the  Kast  River  being  salt  and  driven  wells 
being  impnssiUle  in  the  vicinity  of  the  station.  By  the  use  of  surface 
condensers  all  the  condinscd  water  from  the  large  turbines  is  re- 
claimed and  also  practically  all  the  steam  used  for  the  steam-driven 
auxiliary  machinery  in  the  turbine  roimi  basement.  The  .system 
embraces,  in  general,  a  header  and  connections  for  the  return  of  con- 
densed water  from  the  hot  wells  of  the  condensers,  large  open  feed- 
water  heaters  utilising  the  exhaust  from  the  reciprocating  engines  and 
the  small  turbines,  and  a  sy.stem  of  feed  piping  with  loops  sunmind- 
ing  each  of  the  boiler  .sections.  Venturi  meters,  both  indicating  ami 
recording,  measure  all  the  feed  water  delivered.  Each  of  the  two 
pump  rooms  in  the  boiler-house  basement  contains  two  i>pen  feed- 
water  heaters,  rated  at  5(Mi.(»()(l  lb.  of  water  per  hour,  and  four  centri- 
fugal pumps. 

The  hot  well  returns  from  the  condensers  are  collected  in  a  12  in. 
header  located  along  the  wall  of  the  boiler  room.  A  1-t  in.  i>ipe 
branching  to  two  10  in,  pipes  carries  the  returns  into  the  tops  of  the 
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heaters  in  both  pump  loonis.  The  flow  is  maintained  by  tin 
j)umps.  which  are  designed  to  operate  against  a  head  of  '2r>  ft. 
o|)erating  on  a  baUuxcd  regulating  valve  controls  the  amount  of 
water  delivered  to  each  healer.  The  centrifugal  pumps  (Kig.  8) 
are  of  the  five-stage  type  with  8  in.  suction  from  a  Hi  in.  suction  tie 
line  connecting  the  bottom  of  the  four  heaters.  Each  pump  dis- 
charges into  0  in.  feed-water  ring  headers  on  each  tier  of  boilers 
through  f<mr  8  in.  risers.  Each  .set  of  si.\  boilers  is  served  with  a 
6  in.  lie  line  between  headers  and  a  ;}  in.  loop,  gate  valves,  angle 
check  valves  and  2  in,  branch  pipes  leailing  into  the  drums  of  each 
boiler.  The  pumi)s,  which  operate  at  l.(i.")()  revs,  per  min.  and  de- 
liver l.(H»(l  gallons  per  minute  against  a  head  of  7<X)  ft.,  are  connected 
through  flexible  couplings  to  Terry  st<;am  turbines  rated  at  300  h.p. 
Htenm  I'ipfx. — \  diagram  of  the  steam  ))iping  arrangement  for  the 
two  Hoors  of  boilers  is  shown  in  Fig.  9,  Two  main  14  in.  headers  are 
located  in  the  boiler  room  below  the  second  and  third  floors  respec- 
tively near  the  division  wall,  8ix  14  in.  vertical  tie  lines  connect 
these  main  headers  at  intervals,  and  valves  are  arranged  .so  that  any 
section  can  be  isolated  should  occasion  require  it,  Tlu'  turbines  un- 
fed with  steam  from  the  lower  header,  the  jiiping  |)assing  under  tlu- 
floor  of  the  turbine  room,  which  is  .5  ft.  above  the  lower  boiler  room 
floor,  and  being  supported  fnmi  the  steel  framework  of  the  oiierating 
room  floor.  The  main  ring  header  is  supplied  by  eight  boiler  room 
headers  made  up  of  10  in.,  12  in.  and  14  in.  pi|)e,  four  feeding  the 
upper  and  four  the  lower  header.  Hesides  being  separated  into  sec- 
tions by  valves  between  each  battery  of  boilers,  ea(rh  boiler  room 
header  forms  a  loop  over  one  sceticm  in  each  tier.  The  boiler  mani- 
fold is  connected  by  means  of  8  in.  U-bends  to  the  headers.     In  Ihc 


bends  a  combination  stoii-and-cluck  valve  is  located  which  auto- 
matically opens  when  the  ])ressure  of  the  boiler  ccpials  that  of  the  line. 
The  high-pressure  steam  piping  is  made  up  of  i  in.  open-hearth  steel 
with  cast -steel  fittings  and  double-lap  joints. 

Encircling  the  boiler  room  above  the  first  tier  of  boilers  is  an  8  in, 
ring  header  which  supplies  steam  to  the  blower  and  stoker  engines  of 
the  first  and  second  tiers  and  to  the  pump  and  eomjiressor  rooms  in 
the  basement.  Each  of  the  auxiliaries  in  the  ttu'bine  room  base- 
ment receives  steam  through  a  6  in.  connection  to  the  14  in.  lines 
supplying  the  turbines.  All  the  live  steam  lines  to  the  turbines 
and  auxiliary  engines  are  e(pii|>ped  with  separators  inserted  near  the 
turbines  and  engines. 

.Mong  the  north  division  wall  of  the  boiler  house  basement  is  an 
auxiliary  exhaust  made  up  of  8  in..  14  in.  anil  24  in.  (lipe  leading  into 
an  exhaust  Hue  at  the  east  end  of  the  building  through  relief  valves. 
Branch  pi|)cs  lead  frt)m  this  header  into  the  ])ump  rooms  to  supply 
sicara  to  the  feed  water  heaters  there  installed.  From  the  t)piiosite 
end  of  the  heaters  a  12  in.  pipe  leads  to  the  exhaust  flue  or  stack. 
.Ml  the  exhaust  lines  from  the  turbine  auxiliaries,  step-bearing 
|)umj)S  and  auxiliary  apparatus  in  the  boiler  house  basement  connect 
with  the  auxiliary  exhaust  header,  and  since  the  auxiliaries  in  the 
turbine  room  basement  are  also  arranged  to  operate  condensing  when 
the  supply  of  exhaust  steam  from  other  sources  is  sufficient  for  feed 
water  pm'poses.  the  exhausts  from  these  are  passed  tlu'ough  vacuum 
oil  separators  before  entering  the  condensers.  Free  exhaust  for  the 
main  turbines  is  provided  by  two  tunnels.  I'^ach  turbine  is  equipped 
H  ith  a  .36  in.  pipe  connection  in  the  exhaust  to  the  turbine  and  a  6  in. 
clironometcr  valve  and  muffler  for  breaking  the  vacuum. 

(Iciifraling  Plant. — Running  east  and  west  the  turbines  are  spaced 
"i.">  ft.  ajiart.  centre  to  centre,  and  running  north  and  south  the 
licneral  Electric  units  are  spaced  28  ft..  centre  to  centre,  and  the 
Westinghouss  units  32  ft.,  centre  to  centre.  The  operating  room  is 
'u\  ft.  wide  and  306  ft.  long.  A  view  of  th.is  room  is  given  in  Fig.  11. 
Turbines  No.  1  and  No.  2  are  of  the  multiple-expansion,  parallel- 
.low,  hori/.onlal  type  built  by  the  Wcstinghousc  Machine  Co.  They 
u-e  ratcil  a1  ".."ioo  k\\.  wlun  operating  at  ".■)0  revs,  per  min.  with  dry 
saturated  steam  at  17-5  lb.  pressure  at  the  throttle  and  with  a  pressure 
in  the  exhaust  pipe  of  2  in.  ui  mercury  absolute  at  the  exhaust  outlet. 
When  operating  with  steam  superheated  100°F.  at  the  above  speed, 
l>rcssure  and  vacuum,  the  steam  consumption  at  full  load  does  not 
\ceed  15-9  lb.  per  kilowatt-hour,  at  half  load  18-3  lb.,  and  at  50  per 
ri  rit.  overload  170  lb.  The  turbine  is  provided  with  a  governor  of 
Ihc  balanced  |)oppct-valve  type  enclosed  within  the  valve  chest  for 
onlrolling  the  admission  of  steam.  In  addition  (here  is  a  quick- 
operating  throttle  valve  in  combination  with  the  auxiliary  governor 
which  automatically  closes  it  the  turbine  s|)ccd  increases  beyond  a 
certain  limit. 

The  Westinghouse  units  are  equipped  with  Alberger  condensing 
apparatus.  The  surface  condensers  are  located  directly  under  the 
(urbincs.  to  which  they  arc  connected  by  an  expansi(m  joint.  They 
arc  of  the  three-pass  tyjic  and  have  2.5.000  .sq.  ft,  of  cooling  surface. 
The  dry  vaciunn  pumps  are  cjf  tlic  single-stage,  two  air  cylinders  in 
tandem  tyi)c  fitted  with  Corliss  valve  gear.  The  wet  vaeiuun  ])umps 
arc  of  the  monitor  duplex  ty|)e  and  the  circulating  water  pumps  arc 
of  the  double-suction  centrifugal  type  direct-connected  to  two- 
cylinder  vertical  engines. 

.Ml  (be  other  main  turbines  are  of  the  Curtis  five-stage  type, 
manufactiu'cd  by  the  General  Electric  Co.  Turbines  Nos.  5,  6,  7 
and  9  are  rated  at  S.OOO  k\v.  and  o)ieralt'  at  a  speed  of  7.'>0  revs,  jicr 
min.,  and  are  equipped  with  governors  of  the  hydraulic  type.  The 
condensing  apparatus  for  these  units  was  installed  by  the  Wheeler 
Condensing  &  Engineering  Co.  The  condensers  are  of  the  two-pass, 
dry-tube  type,  have  a  cooling  surface  of  18,000  sq,  ft,,  and  arc  set  to 
one  side  of  the  turbine.  The  circulating  water  pumps  arc  of  the 
volute  centrifugal  tyjic  direet-conncetcd  to  doubU  engines.  Double- 
acting  steam  dry  vacuum  ]ium|)s  are  used  and  the  wet  vacuum 
pumps  are  of  the  centrifugal  type  direct  connected  to  Terry  steam 
liMl)ines.  These  are  rated  at  1.")  u.r.,  and  run  at  L.'iOO  revs  per  min, 
riul)incs  No,  8  and  No.  10  have  the  same  rating  as  the  four  just  men- 
tioiu-d  but  are  equip])ed  with  Worthington  condensing  apparatus, 
'I'hrcc-pass  surface  condensers  with  a  cooling  surface  of  23,000  .sq.ft.  are 
used  in  connection  with  engine-driven  centrifugal  circulating  water 
pumps  and  horizontal,  tandem,  rotative  dry  vacuum  pinups.  The 
wcl  vacuum  i)umps  <in  these  turbines  are  of  the  two-.stage  turbine 
type  driven  by  20  u.r.  steam  turbines  built  by  the  Kerr  Turbine  Co. 
'I'uibine  No.  3  is  rated  at  14,000  kw.  and  is  equipped  with  Wheeler 
condeiising    apparatus.     The    condenser    has    a    e<ioling    smface    of 
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18.000  sq.  ft.,  and  the  circulating  wator  pumps  are  driven  by  Kerr 
turbines.  Two  pumps  have  been  installed  so  tliat  in  winter,  when 
the  circulating  water  from  the  river  is  quite  eold,  only  one  is  kept 
running;    the  other  serving  as  reserve.      During  the  summer  botli 


is  brought  into  the  station  from  the  Kast  River  and  up  to  the  suction 
of  the  circulating  pumps  through  the  intake  tunnel  which  extends 
to  within  22  ft.  of  the  west  end  of  the  station.  This  tunnel  has  a 
sectional  area  of  appro.ximately   118  sq.  ft.     The  overflow  tunnels 


Fia.  9. — IsoMETRie  Diagram  of  Hh!H-pressi;rk  Steam  Pipe  Connections. 


pumps  are  operated.  The  dry  vacuum  and  wet  vacuum  pumps  are 
driven  by  reciprocating  steam  engines.  The  foundations  for  turbine 
No.  4  have  recently  been  erected.  This  unit  «ill  be  rated  at 
14,(M)0  kw. 


are  located  above  the  intake  tunnel  and  each  has  an  area  of  about 
50  sq.  ft.  Both  of  the  overflow  tunnels  unite  into  one  large  tunnel 
extending  out  to  the  river.  This  tunnel  is  made  with  an  out^r  and 
inner  shell,  of  J  in.  steel,  the  shells  being  securely  fastened  together 


Fig.  10. — Plan  of  TnnniNE  Room  Hasf.ment  showing  Condensers  ani>  STFr-BFARiNO  On,  System. 


Tunnels. — For  the  purpose  of  taking  care  of  the  intake  overflow  I  by  means  of  lacing  bars  and  the  space  between  them  tilled  with  con- 
and  free  exhauct  for  the  large  turbines  a  system  of  tunnels  is  installed     crote.     The  tunnel  has  a  section  area  of  approximately  120  sq.  ft. 
under  the  turbine  room  basement.     Water  for  condensing  purposes  I       Parallel  to  the  overllow  tunnels  and  outside  of  each  are  exhaust 
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tunnels  for  canyinir  the  steam  tiuni  the  laiije  tuiliine  to  the  exhaust 
flue  at  the  south-west  eorner  of  the  building.  Kaeli  of  these  tuunels, 
of  which  there  are  two.  has  a  sectional  area  of  3(1  si(.  ft.,  and  is  lined 
with  cast-iron  segments.  The  live  tunnels  are  eonstr\ieted  in  a  solid 
con'iote  monolith,  with  seiruatiiig  walls  a))proximalely  "J  ft.  thick. 
.\t  the  east  end  of  the  building  two  elcctricaliy-thivcn  sum]i  inunps 
are  installe<l  to  take  care  of  the  seepage  into  each  of  the  exhaust 
tunnels,  these  being  below  the  river. 

Over  the  intake  tunnel,  ju.st  oiitside  the  building,  a  screen  well 
22  ft.  by  12i  ft.  by  29  ft.  dcc]i  is  erected  with  walls  of  reinToiccd 
concrete  ranging  from  3  ft.  thick  at  the  bottom  to  2  ft.  at  the  top. 
The  screens  consist  of  heavily  galvani.sed-iron  ''[ratings,  with  others 
of  finer  mesh  so  arranged  as  to  cover  completely  the  intake  tumi(-l. 
The  gratings  are  made  in  four  franu^s  and  weigh  approximately 
fi.oOO  lb.  each.  They  are  removable  and  are  siip])ortod  on  yellow 
l)ine  timbers.  The  finer  screens  are  constructed  of  J  in.  wire,  with 
J  in.  mesh,  three  screens  to  the  frame.  Kight  of  these  frames  are 
arranged  in  four  parallel  guides  and  may  be  removed  by  a  screen 
hoist.  The  latter  consists  of  a  .T  n.f.  electric  hoist  with  t'le  neces- 
s.ary  tackle.  This  is  i)laeed  in  a  .screen-well  house  of  brick  and  granite 
similar  to  the  masonry  woik  of  the  station  building. 

Oiling  Si/slem.^An  elaliorate  oiling  system  is  in.stailed  for  supply- 
ing lubricant   to  the  various  engines.  i)umps.  &e..  and  also  for  the 
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step  biarings  of  the  vertical  turhims.  In  a  sidewalk  vault  is  an 
oil  receiving  and  lank  room  for  engine  and  cylinder  oil.  The  oil 
is  delivered  in  barrels  through  a  hatchway,  and  sejiarate  steel  tanks 
aie  provided  for  each  lubricant.  Three  2  ft.  by  24  ft.  tanks  are  pro- 
vided for  engine  oil.  and  two  2  ft.  by  7  ft.  tanks  for  cylinder  oil  ;  the 
total  storage  capacity  in  the  receiving  tanks  being  over  2.(J00  gallons. 
In  the  roof  house  storage  is  i)rovided  for  over  12.(H)l)  gallons  of  oil  in 
two  7  ft.  by  23  fl.  tanks  for  engine  oil  and  two  2  ft.  by  (ii  ft.  tanks 
for  cylinder  oil.  In  additi(m,  the  filter  tanks  have  a  capacity  of 
.").|i:0  gallons  and  the  step-bearing  tanks  of  4.()t»0  gallons.  In  the 
filter  room,  at  the  west  end  of  the  turbine-room  basement,  are  four 
oil  pumps  which  draw  engine  oil  from  the  neeiving  tanks  through 
a  5  in.  \\m\  From  the  filter  room  the  oil  is  pumped  to  the  tanks  on 
the  roof  through  .'j  in.  ri.sers  connected  to  the  discOiarge  of  the  pumps. 
The  returns  to  the  oiling  .system  are  also  through  .">  in.  pipes.  |{y 
tills  nieans  a  positive  head  of  .50  1b.  is  maintained  throughout  the 
-VHteni.  and  oil  under  this  pressure  is  u.sed  in  the  o])eration  of  the 
hydraulic  governors  of  the  turbines.  I5y  means  of  cross-connections 
in  the  filter  room  the  roof  supply  can  be  cut  olV  and  oil  pumi)cd 
directly  into  tlir;  system.  Cylinder  oil  is  taken  from  the  receiving 
iixjm  through  two  2J  in.  jiipes  and  discharged  through  2  in.  i)ipes 
connecting  with  ring  headers  distributing  cylinder  oil  throughout 
the  station.  The  discharge  is  also  connected  through  2  in.  vertical 
risers  to  the  tanks  in  the  roof  house.     Precaution  is  taken  to  make 


the  oil  vault,  roof  house  ami  oil  shaft  strictl\  liicjiioof.  with  no  direct 
comniunication  through  doors  to  the  stati(m  interior. 

The  turbines  receive  their  supply  of  oil  from  two  ■'"i  in.  pipes  leading 
from  the  engine  oil  tanks  overhead  and  running  along  the  centre  of 
tlie  turbine-room  basenunt  to  a  point  where  tajis  are  taken  off  to 
supply  the  horizontal  turbines  Xo.  I  and  No.  2.  I'Vom  this  point 
4  in.  mains  are  continued  with  branch  ])ipes  to  su|iply  the  vertical 
bearings  and  hydraulic  governors  of  the  vertical  turbines.  The 
blower  engines  in  the  boiler-room  basement,  as  well  as  the  feed 
pumps,  are  .supplied  with  oil  through  uiiper  and  lower  ring  headers 
consisting  of  two  Ii  in.  pipes,  one  for  engine  oil  and  the  other  for 
cylinder  oil.  The  auxiliaries  to  the  turbines  in  the  turbine-room 
basement  are  lubricated  from  two  similar  headers.  These  headers 
are  connected  dire^llv  to  the  re  turns  leading  from  the  tanks  on  the 
roof. 

For  the  ste|)  bearings  ol  Ihr  Mitical  tni  liim  s  the  oil  is  maintaiiK  d 
under  a  pressure  of  1,2011  lb.  The  main  hearing  area  or  the  step  is 
KIS  s<|.  in.,  and  the  system  installed  for  maintaining  these  steps 
under  jiressure  is  quite  extensi\e.  .\t  each  turbine  is  located  a 
steam-driven  step-bearing  puni)!.  and  variations  in  the  service  ren- 
dered by  these  units  is  compensated  for  by  an  accumulator  system. 
Two  4  in.  lines  run  along  the  centre  of  the  oiierating-roimi  lloor.  as 
shown  in  Fig.  10,  and  are  connected  to  the  two  acctuiuilators  at  the 
east  (>nd  of  the  station.  Two  steam  step-bearing  iiumjis  (Fig,  12) 
opeiate  in  conjunction  with  the  accumulators,  and  should  these  fail 
Inui  eleetrically-drivcn  ste))-bearing  pumps  automatically  come  into 
o|i(ration.  The  suction  of  all  the  .ste]i-bearing  pumps  is  connected 
to  .1  I)  in,  ring  header  encireling  the  turliine-room  basement,  and  sup- 
plird  with  oil  from  two  step-bearing  tanks.  The  latter  are  located 
mar  tiie  north  division  wall,  and  are  joined  by  a  (i  in.  equaliser  pipe. 
The  tanks  in  the  filter  room  are  also  connected  to  this  ring  header. 
Kach  step  bearing  receives  its  su])ply  of  oil  through  a  2  in.  pipe,  stop 
vahe.  cheek  valve  and  baffler,  the  pressure  inside  the  latter  being 
maintained  at  1.000  1b.  About  20  gallons  of  oil  per  minute  is  de- 
li xircd  to  the  step  bearings,  and  the  returns  are  led  through.  2i  in. 


Fig   12. — Stf.p-bkarino  On,  Sv.steh. 

I  pipes  to  a  t)  in.  header  conneetiiiL'  with  In4h  llu  .;ti  \i  liiaiing  and  the 
tiller  tanks.  In  the  filter  room  the  oil  is  strained,  dehydrated,  cooled 
and  returned  to  the  step  liearing.s. 

The  circulating  water  for  the  oil  coolc  i-  is  |iuniped  by  two  single- 
stage  centrifuiral  pumps  direct  connected  to  1.)  ii,i>.  motors.  Three 
of  the  oil  |iumps  are  of  the  duplex  jiiston  type  and  one  is  a  two-stage 
turbine  pum|)  driven  by  a  2.5  ii,r,  motor.  Dirty  oil  is  handled  by 
tiiiee  duplex  piston  iium|is.  and  the  cylinder  oil  by  two  pumps  of 
tile  same  type. 

The  generating  equipment  in  Waterside  Station  No.  2  consists  of 
two  7.500  kw.  25  cycle  and  two  7,500  kw.  60  cycle  Westinghouse 
turbo-generators  ;  six  8.000  kw.  25  cycle  General  Electric  turbo- 
generators, which  are  being  re-wound  for  10,000  kw.  :  one  14.000  kw. 
60  cycle  General  Electric  turbo-generator,  and  another  of  the  same 
rating,  but  built  for  a  frequency  of  25  cycles  has  just  been  erected. 
All  of  the  generators  are  three-phase  machines  wound  for  6,600  volts 
in  the  ease  of  the  25  cycle  machines,  and  7,500  volts  in  the  case  of 
the  60  cycle  machines,  and  operate  at  a  speed  of  750  revs,  per  rain., 
making  the  60  cycle  machines  10  pole  and  the  25  cycle  machines 
4  pole.  The  rating  of  the  8.000  kw.  units  and  the  7,5()0kw,  units  is 
nominal,  the  foimcr  units  carrying  14,tM)0  kw.  at  times.  The  West- 
inghouse units  are  arranged  in  tandem,  the  25  cycle  macOiine  lieing 
next  the  turbine  and  the  60  cycle  generator  at  the  end,  both  being 
driven  from  a  common  shaft.  It  was  not  intended  that  the  turbine 
■should  be  of  such  a  si/e  as  to  drive  both  alternators  under  full  load 
at  the  same  time.  In  practice,  two  60  cycle  alternators  or  two 
25  cycle  alternators  are  run  under  full  load,  with  the  others  running 
light,  or  any  three  generators  can  be  run  at  once.  When  the 
25  (^yde  generator  is  in  operation  the  other  generator  operates  at  a 
frequency  of  62.^  cycles.  It  is  not  desirable  to  operate  the  two 
25  cycle  and  the  two  60  cycle  units  in  parallel,  and  thus  to  tic  both 
systems  so  solidly  together.  Moreover,  in  the  present  instance,  it  is 
aot  ijossible  to  do  so.  since  there  is  a  relative  total  mechanical  dis- 
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|)lacement  of  the  field  stiuctures  of  .ibimt  20  deg.  measured  on  tlie 
l<0  cycle  sides.  The  douhlc  unit  cmnliination  possesses  an  advantaue. 
however,  in  that  should  the  turliine  become  inoperative  for  any 
rc-ason.  the  eouplins:  between  the  25  cycle  alternator  and  tlie  turbine 
could  be  disconnected,  and  one  alternator  driven  by  the  other, 
opcratinj;  as  a  synchronous  motor. 

Oiui-  a  turbine  is  started  and  llic  Ihrntlle  opened  wide  its  control 
p;i-;si  <  fidni  the  eniiineer  to  the  switch1)oard  operator.  Kach  turliine 
t;n\ (  liior  is  e(piipped  with  a  small  motor,  by  means  of  \\ hieh  its  s)iced 
is  alteicd  for  synchronisinj;  or  for  divirlini;  load.  This  motor  is  con- 
trolled from  the  switchboard.  Tlw  Held  rheostats  of  the  alternators 
are  also  operated  electrically  from  the  hifih-tension  switchboard.  The 
rheostats  are  located  on  the  e.xciter  flooi-.  The  field  switch  ha.s  open- 
itig  and  closing  magnct.s  and  discharge  coil,  and  a  |  l!.l>.  series  motor 
is  used  to  cut  in  resistance  or  vice  versa.  The  e.xciter  'bus  bar 
switches  arc  closed  by  hand  on  fliitten  instructions  from  the  high- 
tension  switchboard  oi)erator  to  the  operator  at  the  exciter  board  on 
the  main  floor.  .\  telautogi'a]>h  is  used  for  transmitting  these 
written  orders  sup|>lcmented  by  a  telephone  in  ease  of  emergency. 
{To  he  continued) 


THE  HEROULT  ELECTRIC  STEEL  FURNACE.* 

BY   R.    TCnNBULr,. 

Siimmid-!/. — After  describing  the  features  of  the  Hi'roult  furnace, 
the  author  gives  particulars  of  its  refining  capabilities,  the  energy  con- 
sumjition,  life  of  the  electrodes,  Ac.  Finally,  reference  is  made  to  a 
furnace  just  constructed  for  the  Illinois  Steel  Co. 


The  main  points  claimed  by  Dr.  Heroult  in  connection  with  his 
furnace  are  the  following  :  (1)  The  total  absence  of  electrical  parts 
in  the  furnace  pro|ier.  if.  bsing  nothing  else  than  a  modified  open 
hearth,  with  the  heat  introduced  above  the  metal  by  the  electric 
current  in  place  of  gas.  This  in  itself  is  an  important  factor,  as  it 
tloes  away  with  the  bottom  pole,  always  the  cause  of  much  trouble 
in  electric  furnace  work,  and  allows  of  any  ))atehing  necessary  to  the 
bottom  or  sides,  without  interfering  with  the  work  of  the  furnace. 
(2)  The  heat  being  introduced  by  means  of  two  electrodes  work- 
ing in  series,  the  current  passing  through  the  bath  from  one  electrode 
toanother.  and  vice  versa,  necessitates  carrying  only  half  the  current 
that  would  bs  the  case  should  the  current  flow  from  one  electrode 
through  the  bath  and  then  through  the  bottom  of  the  furnace;  this 
cuts  down  all  conductors  to  one-half  the  section  required  in  the  latter 
case  and  allows  the  electrodes  to  perform  more  efficient  work,  owing 
lo  the  les.ser  density  of  current  to  be  carried.  (.3)  The  possibility 
I  f  refining  imi)ure  metals  and  transforming  them  into  the  finest  grade 
i>f  tool  steel.  The  heat  being  generated  in  the  .slag,  and  not  in  the 
metal  itself,  makes  the  slag  the  hottest  part  of  the  furnace,  and  all 
impurities  can  be  removed  by  the  use  of  special  slags.  This  allows 
the  use  in  the  Heroult  furnace  of  the  jioorest  kind  of  scrap,  high  in 
sulphur  and  i)hosphorus.  both  these  imjjurities  being  lemoved  at 
small  cost. 

I  have  taken  as  an  example  showing  the  refining  abilities  of  the 
fui-nace  the  aveiage  analysis  of  every  fifth  heat  out  of  over  80  heats 
taken  from  a  2.J-ton  furnace  at  the  works  in  La  Praz,  iSavoy.  France. 
The  analysis  of  the  scrap  and  jiroduct  was  as  follows. 

Sulphur.   Phosphorus.   Manganese.  Silicon.  Carlion. 
Scrap  charged  0-052     ...     0150     ...       0-638     ...     0062  ...  0-211 

Finished  steel    ...     0-006     ...     0009     ...       0-254     ...     0-172  ...  1-013 

The  number  of  kilowatt-hours  necessary  in  the  Heroult  furnace 
to  melt  and  jiartially  refine  1  Ion  of  steel  is  fiOO.  100  more  being 
necessary  for  the  finishing  slag,  making  700  in  all.  These  figures 
are  for  a  5-ton  furnace  and  starting  on  cold  scrap  ;  in  the  case  of  a 
lo-ton  furnace  they  -n-ould  be  considerably  reduced.  Should  the 
metal  be  charged  hot  into  the  furnace — that  is  to  say.  in  a  molten 
condition,  and  no  other  work  be  dcnumded  oul.side  the  recarbn- 
rising.  desulphurising  and  deoxidatiim  of  the  steel,  from  140  lo  180 
kw.-hnurs  are  necessary  in  the  5-lon  furna<^<':  for  a  l.->-ton  furnjicc- 
this  will  probably  In-  cut  down  to  KM)  kw. -hours.  The  life  of  Ihe 
eleetrudc  di  pends  on  the  conditions  under  which  llie  furnace  is  nni : 
in  cold  melting  and  continuous  work  the  eonsumjilioii  is  from  GO  lb.  to 
(55  lb.  per  ton  of  steel,  but  in  cases  where  the  metal  is  charged  in  the 
molten  state  this  consumption  would  only  b?  from  10  to  15  lb.  per 
ton.  those  figures  including  the  jiart  of  the  deetrode  which  cannot 
be  utilised.  In  this  type  of  furnace  the  lining  ouirht  lo  last  almost 
indefinitely,  as  it  is  exposed  at  no  time  to  silieious  slags,  and  can  be 
repaired  after  each  heat  by  simply  throwing  in  raagnesite  or  dolo- 
mite as  the  case  may  be.     The  repairs  are  small ;  what  suffers  most 

'Abstract  of  a  Paper  read  before  the  American  Eleetroeheraical 
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is  the  roof,  which  has  generally  to  be  renewed  once  a  month ;  a-s, 
however,  a  spare  roof  is  alw.ays  on  hand,  this  can  l>e  done  in  a  few- 
hours.  The  best  kind  of  linin<.'  is  good  niagnesite  mixe<l  with  ba.sic 
.slag,  using  tar  for  a  binder;  burnt  dolomite  can  also  be  u.sed  with 
good  results.  The  latest  success  is  the  adoption  of  the  Heroult 
furnace  in  this  country  by  the  United  States  Steel  Corp.  in 
the  manufat-ture  of  rail  and  .structural  .steel.  We  are  at  present 
building  two  furnat-es,  each  of  15  tons  cajjaeity,  one  at  the  s<juth 
«cirks  of  the  Illinois  Steel  Co..  Chicago,  and  the  second  at  the  works 
of  the  American  Steel  &  Wire  Co.  The  steel  to  be  treated  at  the 
Chicago  works  will  be  brought  direct  from  the  Be-s-semers.  and  two 
refining  slags  will  be  used  in  the  electric  furnace,  the  first  an  oxidis- 
ing slag  to  tak^  out  the  phosphoru-;.  the  .second  a  deoxidising  .slag 
for  the  removal  of  sulphur  and  the  gases.  The  furnace  is  three- 
l)hase.  the  power  br-ing  supplied  by  three  transformers  of  750  kw. 
capacity  each,  with  which  amount  of  power  it  is  expected  to  turn 
out  16  heats  a  day.  or  about  240  tons  of  steel.  The  electrodes,  of 
whieb  there  are  three,  are  the  laigcst  which  have  so  far  been  built  in 
one  sr.Iid  block,  being  2  ft.  in  diameter  by  10  ft.  long,  and  weigh- 
ing snnuthingover3.200  lb.  The  density  of  current  passing  through 
these  electrodes  will  be  about  28  amperes  to  the  .square  inch,  a  figure 
which  we  consider  a  little  high  for  the  work.  25  being  our  ordinary 
practice.  A  view  of  one  of  the  electrodes  is  given  herewith.  In 
regard  to  the  question  a'i'to  the  maximum  siz  •  of  furnace  which  it 
Ls  noAV  possible  to  construct,  it  is  our  intention  to  build  them  up  to 
30  tons  capacity.     Very  much  will  depend,  however,  on  the  n-ork 


An  Ei.f.itkode  i-oi;  .\750k«.  Tiikkk-i-thsf.  Hkuoi'lt  Fcrn  m  k. 

w-hich  has  to  be  accomplished — that  is  to  say.  whether  one  or  two 
slags  would  be  used.  In  the  case  of  one  slag.  I  have  no  hesitation 
in  saying  that  a  3l)-ton  furnace  is  possible,  but  should  two  slags  bj 
used,  owing  to  the  difiicultics  which  might  bj  encountered  in  raking 
oir  the  first  slag,  it  may  be  found  that  a  15-ton  capacity  is  nearing 
the  limit  :  it  wo\dd  certainly  b  ■  worked  more  tpiickly  than  one  of 
30-ton  rapacity. 


ELECTRICITY  IN  BUILDING  OPERATIONS. 

(Confhiucii /loiii p.ygi  'J''0.\ 

Si(miiiai!/.—A  description  is  first  given  of  the  application  of  the 
electric  drive  to  the  machinery  employed  by  builders  and  contractors, 
typical  installations  being  illustrated'  The  opinions  of  a  few  building 
contractors  as  to  the  advanUiges  to  be  obtained  by  the  use  of  electric 
power  are  then  put  forward,  and  finally  the  position  of  the  electric 
supply  authorities  in  various  towns  is  outlined,  as  indicated  l>v  the 
prices  chaigcd  for  electrical  energy  and  the  provisions  made  for  hiring- 
out  electric  motors. 


Cu.vNK.-^  .\M>  Hoi.siti. — An  important  portion  of  this  subject 
is  the  application  of  electricity  to  hoists  and  derrick  cranes 
used  by  builders.  A  typical  form  is  show-ii  iii  Fig.  7,  this 
hoist  being  specially  constructed  by  the  Maschiiienfabrik  Ocr- 
likon  for  the  use  of  huildois.     .Vs  will  be  sceu,  it  is  perfectly 
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transportable,  and  is  capable  of  taking  loads  up  to  10  cwt. 
with  a  lifting  speed  of  approximately  1  ft.  8  in.  per  second. 
The  working  of  the  hoisit  is  extremely  sini])le.  the  hoisting  or 
lowering  being  accomplished  by  means  of  levers  which  anv 
builders'  labourer  can  understand.     When  lioistiiii;.  the  br.ikc 


wheels  are  blocked  by  means  of  a  brake  device  placed  at  the 
hack  of  the  carriage.  The  length  of  rope  enables  a  hoist  of 
Si'  ft.  to  be  taken,  and  the  motors  are  designed  for  the  normal 
pressures  of  110  or  120  volts  direct  current,  or 
up  to  500  volts  alternating  current,  one,  two 
or  three-phases,  50  cycles.  In  addition  to  giving 
t!u'  iisual  services  of  a  hoist,  it  is  useful  in 
places  where  haulage  has  to  be  done. 

.As  a  further  testimony  of  the  importance  of 
electricity  lor  builders'  hoists,  it  may  be  men- 
lidned  that  the  Langdon-Davies  Motor  Co.,  of 
London,  have  frequently  supplied  motors  for 
hoists  of  very  varied  character.  Most  of  them 
are  of  the  friction  type,  which  has  three  posi- 
tions, namely,  lifting,  lowering  free,  and  com- 
pletely on  the  brake.     In  one  recent  installa- 


Kia.  7. — Portable  Electrh  .ali.vurivfn  Hoist. 


FlO.    .S. — El,ECTRIC.\LI,VDRlVf:M    FRICTION    HOiST. 


opens  before  the  motor  starts,  and  when  lowering  the  brake 
closes  first.  The  motors  are  built  for  direct-current  or  alter- 
nating-current systems  of  all  types,  and  a  starter  with  revers- 


tion  Langdon-Davies  motors  were  used  for  driving  a  considerable 
number  of  hoists,  each  consisting  of  a  small  drum,  belt-driven 
by  a  motor,  a  fa.standloose  pulley  being  used  for  hauling  up  the 


Fio.  9. — Electric  Derrick  Cr.\ni 


ing  switch,  fuses,  a  length  of  coiled  flexible  cable  on  the  drnin, 
and  worm 'gear  of  high  efficiency  connecting  the  motoi'  to  the 
hoLst  are  supplied.     When  the  hoist  is  put  to  work  the  back 


niatorial  on  to  the  scaffolding.     Fig.  8  sliows  a  typo  of  friction 
hoist  supplied  by  Electromotors  (Ltd.)  for  this  class  of  work. 
The  following  table,  supplied  by  Messrs.  Jessop  &■  Appleby 
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2 

.   3  . 

5 

.  7  . 

.  10 

40  . 

.  40  . 

.  r>»  . 

.  50  . 

.  50 

SO  . 

.  30  . 

.   40  . 

.  40  . 

.  40 

r.  . 

.  8  . 

.  12  . 

.  14  . 

.  18 

Bros.,  sives  some  idea  of    the  weight  of  elpftrically-opcratcd  ■  ing,  as  the  amount  of  trouble  taken  in  getting  the  steam  crane 
cranes  : —  to  such  a  height  is,  in  many  cases,  a  very  serious  matter. 

A.S  another  example  of  tiie  way  in  which  crane  builders  have 
recognised  that  building  plant  is  an  important  sphere  for 
electrical  operation,  we  may  mention  a  line  of  builders'  derrick 
cranes  which  Messrs.  D.  Watson  &  Co.,  of  f  lovan,  have  .special- 
ised. This  is  shown  in  Fig.  10  and  is  capable  of  lifting  up  to 
3  tons,  the  motor  being  incorporated  with  the  design.  The 
ujirights  are  made  cither  of  pitch  pine  or  steel.  The  gearing 
consi.sts  of  single  or  double  purchase,  which  can  be  discon- 
nected at  will  so  as  to  lower  by  brake.    The  jib  is  raised  and 


Power  of  crane,  tons    li  .. 

Length  of  jib.  feet   40.. 

Maximum  radius,  feet 30  .. 

Approximate  weight  in  tons  4  .. 

Fig.  9  illustrates  a  derrick  crane  with  double  jib,  having  a 
capacity  of  from  1  to  15  tons.  The  electric  motor  and  con- 
trollers arc  fixed  at  the  foot  of  the  mast,  the  motor  shaft  being 


-Electric  Dkrrick  C'raM' 


Fii;.  12. — Messrs.  Clarke,  CnAPMiN  &  Co.".s  Modifiko  For.m 
OF  Standard  Whir  for  Tkmporary  Work. 


fitted  with  jiiniou  gearing  with  the  wheel  which  transmits  the 
power  for  all  motions.  The  lifting  gear  has  single  and  double 
purchase,  provided  with  a  powerful  adjustable  strap  brake. 
The  derrickiug  gear  raises  or  lowers  the  jib  with  or  without 
load  suspended.  The  slewing  gear  is  such  that  the  craue  can 
be  turned  to  right  or  left  without  reversing  the  motor,  and  a 
wind  brake  secures  the  crane  and  prevents  inconvenience 
when   working.     For  the  sake  of  comparison   the  following 


lowered  separately  by  a  connecting  clutch  and  secured  by  a 
ratchet  cast  on  the  end  of  the  jib  barrel,  thus  taking  the  strain 
off  the  wheels.  The  load  can  be  lowered  by  foot  brakes  with- 
out moving  the  motor.  This  is  of  the  series-wound  type  with 
raw  hi<le  pinion,  gearing  into  a  machine-cut  wheel.  It  is 
equipped  with  a  tramway  tvpe  reversible  controller  with 
automatic  cut-out. 


Fic:.   U. — Mkssks.  Ci.AUKi;,  ('il\I'j;an   .K:   ( 

iSmOFFlliLU    llll'l'lll>lioMK. 

particulars  of  a  steam  cianc  somewhat  similar  in  construction 

made  by  the  same  firm  may  be  given  : — 

Power  of  erime,  tons   H  ...     2  ...     3  ...     .'i  ...     7  ...    10 

Lcngtli  of  crane  jib,  feet    ...     50  ...  .''lO  ...   ."iO  ...  ."lO  ...  .50  ...  .50 

Ma.\inuim  radius,  feet 3(1  ...   311  ...   3ll  ...   3(1  ...   3(1  ...   3(1 

Apiu'oximatc  weight  in  tons      IS  ...  1!.  ...     11...   13...   17...  21 

The  decrease  in  weight  with  electric  power  is  an  obvious  advan- 
tage where,  as  in  many  cases,  derrick  cranes  have  to  be  erected 
on  gantries  e(jual  to  or  above  the  height  of  the  finished  biiild- 


\\i.\(  ni;s.  -We  have  already  mentioned  the  mortar  mill 
electrically  driven"  used  in  the  construction  of  the  New 
Hippodrome  at  Sheffield.  Here  also  an  electric  winch  was 
employed  by  the  contractor.s.  .Messrs.  J.  Parkinson  &  Sons, 
of  Hhnkpool,  to  operate  a  small  hoist  for  raising  bricks, 
&c.,  during  the  con.structiou  work.  Fig.  11  shows  one  of 
these  winches  at  work.  .\  number  of  small  machines  of  this 
class  have  been  .supplied  to  Messrs.  Parkinson  by  Messrs. 
Clarke.  Cliapmai'  v*c  ("o.,   of  l!ateshe.id-on-Tyne.     The  winch 
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shown  is  capable  of  lifting  a  load  of  10  cwts.  at  200  ft.  per 
min.,  and  was  driven  in  the  ShcfTield  case  by  a  two-phase 
motor  operated  by  a  tramway  type  controller,  current  being 
taken  oS  the  Corporation  mains.  It  will  be  seen  that  the 
bricks  are  loaded  into  a  barrow,  and  are  then  hoisted  to  a 
stage  of  the  upper  scaffolding,  shown  in  Fig.  11,  and  in  this 
way  much  time  and  labour  is  saved,  as  the  barrow  can  be 
wheeled  to  any  ])ositioii  where  the  bricklayers  are  at  work 
or  other  material  hoisted  as  required.  Messrs.  Clarke. 
Chapman  &  Co.  manufacture  various  types  of  wlii])s  par- 
ticularly .suitable    for  limht  work  of  a    temiiorarv  ciiaraetcr. 


Fig.  12  is  a  modification  of  their  standard  type.  Tins 
type  represents  a  form  of  Tioist  which  has  been  supplied 
for  many  purposes,  such  as  lifting  ashes  out  of  the  stoke 
hole  of  a  ship, or  mails  out  of  the  hold.  It  is  very  suit- 
able for  quick-lifting  work.  The  motor  is  shunt  woumi 
and  runs  constantly.  The  barrel  is  loose  on  the  shaft,  ami 
when  lequired  to  hoist,  the  clutch  lever  is  raised,  thus 
bringing  the  friction  cone  into  gear.  When  the  load 
reaches  the  required  height,  the  clutch  lever  is  dropped, 
and  the  load  is  held  on  an  automatic  selfholding  brake. 
To  lower  the  load,  the  brake  lever  must  be  .slightly 
raised.  The  reduction  of  speed  between  the  motor  and 
barrel  is  obtaineil  by  means  of  one  set  of  worm  uear. 
The  motor  can  be  wound  for  any  voltage. 

It  is  not  without   interest    to   mention   that  Messrs. 


two  large  stone-sawing  machines  and  other  tools,  were  driven 
electrically  at  the  new  Post  Office  buildings,  Sheffield,  the 
contractors  being  the  Waring  White  Building  Co.  (Ltd.)  Fig. 
14  shows  an  alternating-current  motor  placed  in  a  temporary 
shed,  driving  a  stone  crusher,  used  for  making  up  concrete 
steps  and  other  work  for  the  new  Hippodrome,  Sheffield, 

Fig.  15  shows  a  rock  crusher  driven  by  an  electric 
motor  on  the  site  of  the  new  power-house  at  Neepsend.  On 
the  same  site  there  was  also  a  Bradley  &  Craven  brick  press 
and  mortar  mill,  also  driven  by  an  electric  motor  which  super- 
seded the  steam  engine  previously  used.  These  examples 
sufficiently  typify  the  class  of  plant  which  is  at  present  avail- 
iilili-  for  elccttical  opeiation  in  the  sphere  of  building  work, 
(Tol,,  rontiminl.) 


THE  KJELLIN  AND   ROCHLING  RODENHAUSER 
ELECTRIC  FURNACES.* 

BY    DR.    F.    A.    KJELUN. 

Siiiiiiridri/. — The  constnictinn  and  advantages  of  tlie  Kji'Uin  furnace 
lie-  Inst  dosiriljed,  together  with  details  of  the  cost  of  imiductiim  of  .steel. 
rill'  inlluir  then  proceeds  to  cxjMain  the  working  of  the  Rfichliiig- 
l;>  ilriili.iuscr  electric  fnniace,  giving  tlic  costs  of  jirodiiction  of  steel  for  a 
■2  inn  ;Luda  7-ton  thrce-jiha.sc  furnace. 

The  Kjdlin  Eleclrir  Induction  Furnace. — The  history  of  this 
furnace  is  first  given  in  the  Paper.     As  to  the  peculiar  qualities  of 


i;i,i:i  riiiiAi,i,Y-i)i:ivi:N    IJock  ('i;i  siii:r;. 


u:     lie 


■  tioOFMI  M 
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Parkinson    &  Sons  have  adoptcMJ  electric    <lri\inL'  thmH^iliout 
their  large  works  at  Blackpool. 

Other  Usks. — For  other  building  operations,  sucii  as  stone 
planing  and  rock  crushing,  we  may  instance  work  which  has 
been  accomplished  at  Sheffield  from  the  Corporation  mains. 
Fig.  13  shows  a  stone-planing  machine  which,  together  with 


tlie  steel  caused  liy  the  I  le.il  nuiil  in  an  indiictinn  furnace,  I  can 
cite  two  striking  examples:  When  some  years  ago  1  visited  one  of 
the  most  prominent  enieible  steel  works  in  J''rance.  I  showed  to  the 
manager  a  bar  of  steel  al»jul  1  in.  square  with  over  2  jx'r  cent,  of 


*  Abstract   of   a   Paper   wad    Ijefo 
iSufioty. 
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carbon,  which  had  been  twisted  ciild  so  tlial  it  looked  like  a  cork- 
screw. The  manag(M-  told  me  that  he  tliouglit  tlie  same  result  could 
bo  obtained  with  their  crucible  steel,  but  it  liroko  long  before  it  had 
been  twisted  as  much  as  mine.  Another  time  I  had  tlii^  pleasure  of 
seeing  at  Gysingc  one  of  the  best  quality  steel  makers  of  the  Euro- 
pean continent,  who  came  there  with  his  own  raw  materials  in  order 
to  melt  them  in  the  indviction  furnace  and  comi)arc  the  piciduct  with 
the  product  he  got  at  home  with  the  same  materials  in  crucibles. 
The  result  was  that  he  could  make  his  steel  in  the  induction  furnace 
with  loss  additions  of  silicon  and  manganese  than  was  necessary  in 
the  crucible.  Trials  made  at  Vcilklingen  with  a  Kjellin  furnace  have 
also  proved  that  molten  Thomas- Bessemer  steel  poured  in  a  Kjellin 
furnace  and  simply  left  there  for  some  time  has  improved  remark- 
ably in  quality.  The  only  probable  explanation  I  can  think  of  is 
that  the  higher  heat  in  the  induction  furnace  expels  a  jiortion  of  the 
gases  dissolved  in  the  steel  and  perhaps  also  facilitates  the  removal 
of  the  combined  oxygen,  so  that  the  deoxidation  is  more  complete 
than  that  obtained  in  the  crucible  during  that  period  of  melting 
which  the  Sheffield  steel  makers  call  "  killing." 

Owing  to  the  rather  high  price  of  pure  scrap,  we  have  in  lat«r  years 
sometimes  worked  the  furnace  at  Gysinge  with  cold  |)ig  iron  and 
very  pure  iron  ore  briquette.  In  this  case,  as  with  cold  |iig  iron  and 
scrap,  when  using  the  electric  furnace  purely  as  a  melting  machine, 
without  doing  any  refining,  most  of  the  dift'erent  elements  in  the 
raw  materials  will  be  found  in  the  steel  except  carbon  and  silicon, 
which  naturally  will  be  oxidised,  and  also  dissolved  or  combined 
gases,  the  presence  of  which  can  scarcely  be  determined  by  analysis. 
I  have  not  been  able  to  detect  any  difference  in  quality  between 
the  steel  made  from  pure  pig  iron  and  pure  scrap,  and  steel  made 
from  pure  pig  iron  and  piu'c  iron  ore  briquettes. 
,  Cost. — The  necessary  theoretical  power  per  ton  of  steel  produced 
from  cold  pig  iron  and  scrap  is  about  489  kw.-ho\irs.  The  furnace 
at  Gysinge  consumed  about  800  kw.-hours  per  ton  when  working 
with  cold  pig  iron  and  scrap.  \^'hen  cold  pig  iron  and  iron  ore 
briquettes  were  used,  the  power  consumption  i)cr  ton  of  steel  was 
increased  about  50  per  cent.  The  cost  of  production  is  stated  as 
follows  : — Power,  7s.  lOd.  ;  wages,  7s.  .3d.  ;  cost  of  casting,  4s.  6d.  ; 
Hux,  2s.  Id.  ;  lining  and  repairs,  .3s.  .5d.  ;  general  expenses,  5s.  7d.  ; 
total,  30s.  8d.      . 

Advantages. — The  experience  both  in  Sweden  and  in  some  of  the 
large  Euro|)ean  steel  works  with  the  Kjellin  furnace  has  [iroved  it  to 
be  an  excellent  melting  machine  when  it  is  a  question  of  making 
the  highest  class  of  steel  from  pure  raw  materials,  and  that,  both 
technically  and  economically,  it  can  very  easily  compete  with  the 
old  methods,  especially  with  melting  in  crucibles,  even  when  the 
power  is  generated  by  coal. 

In  the  induction  furnace  the  stoel  can  be  better  protected  against 
injurious  effects  than  even  in  the  crucible.  It  allows  tappings 
which  are  very  large  compared  with  the  contents  of  a  crucible,  and 
the  steel  seems  to  be  of  even  better  quality  than  steel  jiroduccd  in 
crucibles  from  the  same  raw  materials.  The  alternating  current 
has  a  stirring  effect  upon  the  steel,  so  that  the  contents  of  the  furnace 
get  thoroughly  mixed.  As  the  heat  is  created  by  a  current  passing 
through  a  bath  with  uniform  cross-section,  the  temperature  of  the 
whole  bath  is  the  same,  and  there  is  no  risk  that  the  steel  is  over- 
heated in  one  part  of  the  furnace  while  it  might  be  too  cold  in  another. 
A  list  of  furnaces  eonslructcil  after  the  original  Kjellin  type  is 
given,  the  two  largest  being  tlmse  at  Krupp's  works,  Essen,  and  at 
the  Rochling'sche  Bisen  and  Slahlwerke,  Volklingcn.each  of  750  kw. 
capacity  and  taking  a  charge  of  8,500  kg.  The  two  English  works 
mentioned  arc  Messrs.  Vickers,  Sons  &  Maxim  and  the  Grondal 
Kjellin  Cb.  It  is  interesting  to  note  that  the  Poldihiitte  furnace 
made  aboiit  2,000  tons  of  crucible  quality  steel  in  their  four-ton 
furnace  during  the  last  q\iartor  year.  The  furnace  at-  Volklingon 
has  been  r  plaec-d  li\  ;i  fuinacc  of  the  Rochling-Rodenhauser  type, 
allowing  ot  a  'i.iix  enii  iil  ulining  of  tlie  material. 

Till  Uiirlilinij'iuxli  iihaiis,  r  Elcrlric  Fiiiixiri'. — .After  describing  this 
furnace  the  following  method  of  working  for  refining  i)urposes  is 
given  :—  After  tapping,  fluid  steel  from  the  converters  is  po\ired 
into  the  furnace,  and  suitable  materials — burnt  limestone  and  mill 
scale — for  forming  a  dephosphorising  basic  slag  are  added.  When 
the  reactions  are  ended  this  slag  is  taken  off  by  tilting  the  furnace. 
For  making  rails  the  phosphorus  is  brought  diiw n  sufficiently  low  in 
one  operation,  but  for  the  making  of  the  higlicst  class  of  steel  the 
o])eration  has  to  be  repeated.  When  the  jiliosphorus  is  removed, 
the  carbon  in  the  steel  (if  carbon  steel  is  made)  is  adjusted  by  adding 
])ure  carbon  to  the  bath,  and  afterwards  a  new  basic  slag  is  formed 
in  order  to  remove  the  sulphur.  This  slag  is  also  formed  of  burnt 
lime,  sometimes  with  the  addition  of  Huxes  such  as  fluorsi)ar.  One 
necessary  condition  for  successful  dcsulphuration  is  that  the  slag  is 
free  from  iron,  and  therefore  sometimes  ferro-silicon  is  added  in 
order  to  quicken  the  reduction  of  the  iron  in  the  slag. 


The  lirst  furnace  of  this  lyjie  built  at  the  Viilklingen  works  wa«  a 
3-5-ton  furnace,  and  its  power  consumption  and  other  details  are 
given  below.  Later  it  was  decided  to  build  a  furnace  for  threc- 
))hase  current,  so  obtaining  a  considerable  increase  in  the  power 
factor.  The  latest  |jrogrcss  at  Volklingon  is  the  construction  of  a 
single-phase  furnace  with  a  capacity  of  about  8  tons,  which  furnace 
was  started  last  autumn.  The  rea.son  why  the  single-phase  tyjje 
was  last  chosen  was  that  the  low  period  single-phase  dynamo  for- 
merly used  for  the  8.J-ton  Kjellin  furnace  could  then  be  u.scd. 

The  details  regarding  power,  frequency,  power  factor,  prfxluction 
and  cost  of  plant  for  difYerent  sizes  of  tlirce-phasc  combined  furnaces 
are  as  follows  : — 

Iloch/i Hf/- Podcnhnuser  Three-phase  Electrie  Fnrnarrs. 


Oim- 
tonts, 
lbs. 


Tapping,  lbs. 


Out|>iit  per  24 
hours,  in  lbs. 


age. 


Cycles  Cos  <p 


Cold 
charghig 


Hot  Cold  Hot 

charging  charging  charging. 


■0-8  1..'540  2.200  9.240  3.5,200 

O-fi  4.fi20  '  (i,i)00  27,720  10C.fKX> 

005  7,700  I  11,000  4<),200  I7<i,00(J 

0-0  !    10,780  I  1.5.400  !    04,t)80  246,400 


2.200  1  175'     .100        50 

(i.iioo  '  .'ir/i  :!,(ino      .50 
1 1.000  r)iio  :i.(Hio  '    25 

15,400  1  750    3,U(J0  |     25. 

The  weights  given  are  calculated  at  six  charges  per  24  hotirs  for  cold 
melting  and  10  charges  tor  hot  melting,  whereas  the  actual  times  are  3^ 
hours  per  cold  charge,  and  1  hour  20  min.  per  hot  charge. 

The  Costs  of  ProdiK.tion,  based  on  the  Experience  gained  at  Viilk- 
lingen, for  a  2-tnn  3-phas(  fiinuiri  iimdiiring  Steel  for  Steel  Castings 
from  Fluid  Steel. — The  power  pmi  i^  taken  at  l-09d.  per  kilowatt- 
hour.  The  life  of  the  lining  is  taken  al  10  days,  in  which  time  l(iO 
tons  can  be  produced.  The  figures  are  given  per  ton  of  stoel. 
Lining,  Is.  Od. ;  heating  up  fiunace  (2,000  kw.-hours  for  160  t  ms  of 
steel).  Is.  2d.  ;  refining  (3tl0  kw.-hours  per  ton  -t-  wages)  29s.  ;  mill 
scale,  lime,  ferro-silicon,  &c.,  4s.  5d.  ;  repairs  lOd.  ;  total  36s.  1  Id. 
To  this  must  be  added  interest  and  depreciation  of  the  plant.  Taking 
5  per  cent,  interest  and  10  per  cent,  depreciation  on  £2,700  (the 
ap|)roximate  cost  of  the  plant),  we  get  £405  per  year,  which  for  300 
working  days  would  give  20-6d.  per  ton.  so  that  the  conversion  of 
the  fluid  product  from  the  converters  into  high-class  steel,  suitable 
for  replacing  crucible  steel  for  steel  castings,  will  cost  38s.  4d.  |ier 
ton.  For  working  the  furnace  three  men  are  required.  The  time 
required  for  the  removal  of  the  lining  is  24  hours.  The  transformer 
for  a  single-phase  Riichling-Rodenhauser  furnace  i.s  illustrated  here- 
with. 

Proditi-lion  Costs  for  a  1-ton  Three-phase  Riichliitg-Jiodenhauser 
Furnace. — In  this  case  the  power  is  supposed  to  be  generated  with 
blast  furnace  gas  engines,  and  the  cost  of  power  is  taken  at  0-29d. 
per  kilowatt-hour.  The  estimated  working  costs  per  ton  of  steel 
rails  (or  steel  of  like  quality)  are  as  follows  :— Materials  charged, 
69s.  ;  power,  3s.  ;  wages:  on  f\irnace,  8d..  on  linings  0-5d. ;  lining 
materials  3od.,  tools  5d.,  repairs  lOd.,  amortisation  (10  per  c?nt.) 
and  interest  (5  per  cent.)  8-5d..  licences  2s.  (id.);  total  per 
ton  of  steel  77s.  5id.  For  soft  boiler  plate  steel,  this  bi-comes 
82s.  3|d.  The  energy  required  for  refining  1  ton  of  steel  iuv  rails  is 
taken  at  125  kw.-hours.  whilst  the  heating  up  takes  3,500  kw.-hours. 
but  will  stand  for  12  days  during  which  l.ttOO  tons  of  rails  are  pro- 
duced. 

Besides  having  the  same  advantages  as  other  induction  furnaces, 
the  Rochling-Rodenhauser  furnace  also  allows  of  a  convenient 
refining  and  a  thorough  elimination  of  phosphorous  and  sulphur. 
How  far  this  refining  will  have  to  be  carried,  naturally  dei)ends  on 
the  quality  of  steel  wanted.  By  repeated  refining  operations  with 
fresh  slag,  the  phosphorus  and  suli)hur  can  be  brought  down  to  an 
exceedingly  low  percentage,  but  then  the  refining,  of  course,  takes 
longer  time  and  consequently  more  electric  energy  i>er  ton  of  finished 
product. 

There  seems  not  to  be  the  slightest  doubt  but  that  furnaces  of 
much  larger  tvpe  than  the  present  S-ton  furnace  at  ^■olklingen  can 
bo  built,  and  t  think  that  the  next  step  will  be  the  erection  of  a  15- 
ton  furnace.  This  type  of  furnace  has  now  been  so  thoroughly 
tested  in  continuous  \vork  that  there  is  no  doubt  about  its  n-liability. 
Tlie  3-5-ton  furnace  was  worked  continually  for  a  whole  year,  almost 
all  the  tinu-  )iroducing  steel  for  rails. 

The  8-ton  furnace  at  N'.'ilklingcn.  since  it  commenced  work  in 
November  last,  has  been  miming  an  average  of  13  to  15  days  on  each 
lining,  the  imtput  varying  from  .".(M>  to  (UHl  tons  of  high-grade  steel  ' 
to  1.200  tons  of  rail  steel  to  one  lining.  As  this  plant  is  now  turning 
out  in  the  neiglibjurhood  of  tiOO  tons  of  rail  steel  per  week,  the 
assertion  that  these  furnaces  are  not  running  commercially  may  be 
considered  as  effectually  answered. 

For  some  time  past  steel  made  in  a  RocWing-Rodenhauser  electric 
furnace  has  been  manufactured  into  rails  of  standard  section  No.  8 
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for  uso  on  the  United  Trussian  State  Railway.  Tlio  specitications 
with  rtfcicncc  to  electric  furnace  steel  rails.  \)articularlY  a^  to  jihysical 
((iialitiis  and  rc-istanee  to  wear,  are  a.s  follows  :  Tensile  strentrth  for 
tr-nek  rails,  a  minimum  of  90 .(XX)  lb.  (u-r  square  ineli.  For  point  or 
switch  rails  ICiD.OOC  lb.  per  square  inch.  For  ordinary  basic  Bes.scmcr 
or  Thoniiis  rails,  a  tensile  strength  of  S.'i.lXK)  lb.  ]ier  square  inch  is 
stipulated.  Klonpation.  in  the  ca.sc  of  electric  steel  raits,  a  minimum 
of  10  per  cent.,  determined  im  samples  about  S  in.  between  marks. 
Droj)  tests  s|)ceify  Si'^j^in.  minimum  bend  on  a  bar  1  metre  between 
supportetl  ends,  with  a  falling  weight  of  about  lO.StK)  ft. -lb.  (iuar- 
antecd  life  of  track  rails.  10  years  ;  of  point  rails,  seven  years. 

The  mean  of  six  charges  of  electric  furnace  rail  and  16  charges 
of  Thoma.s  rails  showed  tensile  strengths  of  119,0001b.  and  97.000  lb. 
res])eetively.  elongation  of  1.5-4  and  17-6  per  cent,  and  contractions 
of  •24-1  and  26-2  per  cent,  respectively. 

An  electric  steel  rail,  made  for  the  Metropolitan  Railway  of  Lon- 
don, and  tested  at  the  Clarence  Steel  Works  of  Messrs.  Dorman. 
Long  &  Co.,  contained  carbon  0-78,  silicon  0196.  manganese  0-285, 
sulphur  0-035,  phosphorus  0-022.  By  the  Brinell  hardness  test. 
with  a  19  mm.  ball  and  50  tons  pressure,  it  gave  an  imjiression 
.3-7  mm.  in  diameter.  With  a  2.2401b.  drop  test,  falling  25  ft.,  it 
gave  :?-.>6  in.  deflection  :  second  fall  of  21  ft.  did  not  break  it,  but 
it  broke  at  t".\e  third  blow  with  :il  ft.  fall. 


DISCUSSION    ON    THE    ELECTROMETALLURGY    OF 
IRON  AND  STEEL. 

At  the  last  meeting  of  the  Amarican  Electrochemical  Society 
an  interesting  discussion  took  place  on  the  electrometallnrgj' 
of  iron  and  steel,  and  served  to  emphasise  the  growing  im- 
portance of  this  subject.  The  following  is  an  abstract  of  the 
proceedings  :  — 

Mr.  Loi-is  Simpson  remarked  that  the  electrochemical  profession 
was  becoming  very  active.  The  Germans  and  English  had  both 
been  convinced  by  the  report  of  the  Commission  presided  t)ver  by 
Dr.  Haanel,  and  he  thought  it  was  time  for  the  iron  and  steel 
trade  of  the  States  to  wake  up  on  this  matter  and  to  recognise 
things  as  they  were.  He  did  not  say  that  the  electric  furnace 
was  going  to  supplant  the  blast  furnace,  but  there  existed  in 
the  United  States  and  in  Canada  certain  locations  where  pig 
iron  could  be  produced  with  the  electric  furnace  equal  or  superior 
to  anything  now  made  in  the  States,  and  at  a  cost  as  hiw  or 
lower  than  was  the  cost  to-day  at  Pittsburg.  The  principles 
were  all  laid  down,  and  he  thought  now  that  the  furnace  was  so  per- 
fected that  it  was  a  commercial  pcssibility  worthy  of  the  attention 
of  every  good  business  man.  In  Norway,  during  this  summer,  a 
new  works  «as  being  constructed  to  use  electric  fuinaccs  for  reducing 
iron,  also  electrie  furnaces  for  refining  that  iron  to  make  steel. 
During  this  year  there  would  be  a  works  built  in  India,  and  there 
w-ere  other  works  now  on  the  tapis.  He  himself  hoped  during  this 
year  to  start  a  company  which  would  use  about  80,000  h.p.  for  the 
purpose  of  reducing  iron  ores  found  in  Canada. 

Dr.  J.  A.  Mathews  said  that  however  dubious  they  might  be 
about  the  commercial  future  of  electric  furnaces  they  could  scarcely 
doubt  the  fact  that  steel,  and  very  good  steel,  could  be  electrically 
matle.  As  to  just  how  good  this  steel  was,  compared  with  tlic 
product  of  the  older  methods,  there  might  still  be  doubt  in  the 
minds  of  many.  Eleetrochcmists  made  statements  that  they  had 
not  taken  the  trouble  to  .substantiate  by  actual  experimental  data. 
For  instance,  it  was  generally  assumed  or  claimed  for  each  electrical 
process  that  the  superiority  of  its  product  dejjended  upon  the  fact 
that  the  steel  was  melted  in  a  neutral  or  reducing  atmosphere,  and 
hence  the  [)roduct  was  better  deoxidised  and  freer  from  dissolved 
gaseous  impurities.  While  this  sounded  reasonable,  and.  he  believed. 
was  true  in  most  cases,  he  had  never  seen  .uiy  experimental  jiroof  or 
any  determinations  of  the  ga.seous  content  of  electric  st^-el.  As 
scientific  men,  he  asked  them  whether  it  would  not  be  a  good  idea 
to  make  an  exhaustive  investigation  of  this  subject,  and  also  in 
regard  to  the  ga.seou8  impurities  of  steels  made  by  the  old  processes. 
It  was  such  a  stupendous  task  that  it  could  not  be  done  at  odd  times 
or  in  a  college  laboratory.  Several  workers  must  give  their  undivided 
attention  to  it  for  years.  As  reganis  the  (piality  of  electric  steel. 
few  could  entertain  reasonable  doubts  but  that  seviral  electrical 
processes  were  capable  of  producing  steel  fully  equal  to  that  of  the 
older  proccs.ses.  In  this  country  the  use  of  Swedish  iron  was  fast 
passing  away  ;  the  crucible  steel  industry  of  this  country,  with  very 
few  exceptions,  was  a  mere  business — not  an  art,  as  abroad.  In  the 
speakers  »-<  rks  they  used  a  Swedish  iron  which  cost  more  in  the  bar 
tnan  the  finishe-1  product  of  some  crucible  mills  sold  for.     They 


retained  tenaciously  the  best  traditions  of  English  erueible  steel 
practice  and  methods.  b\it  they  were  not  standing  still.  They  had 
the  first  commercial  electric  furnace,  he  believed,  that  was  built  in 
the  Western  Hemis]ihere.  They  were  making  steel  in  it.  and  good 
steel,  too.  To  the  best  of  his  knowledge  and  belief  it  was  chemically 
superior  and  physically  and  mechanically  su|)erior  to  most,  and 
e(iual  to  any  crucible  steel  made.  Other  electrical  processes  miglit 
produce  as  good  steel,  but  he  doubted  whether  the  jiri  duet  of  any 
gas  or  coke  fuel  furnace,  no  matter  how  choice  the  raw  materials 
used,  could  more  than  equal  it.  To  one  contemplating  the  installa- 
tion of  an  electrical  furnace,  the  choice  of  process  depended  upon 
many  things — the  material  to  be  produced  and  the  materials 
from  whicli  it  was  to  be  produced,  the  location,  the  som-ce 
of  jiowcr.  whether  bought  or  manufactured.  However,  assuming 
that  these  matters  had  sufficient  attention,  and  sufficient  care  had 
been  given  to  the  development  of  a  good  furnace  jiractiee.  then,  in 
his  opinion,  there  could  be  no  doubt  but  that  success  would  attend 
the  experiment,  whichever  of  several  processes  might  be  adopted. 
It  appeared  that  so  far  as  types  of  furnaces  and  proccs.ses  were  con- 
cerned, they  were  fairly  well  supplied  ;  attention  now  must  be 
devoted  by  inventors  to  im])roving  the  furnace  design,  the  lining 
materials,  the  electrodes  if  used,  the  power  factor  and  thermal 
efficiency  and  thermal  control. 

Mr.  Paul  CimoD  (communicated)  said,  in  contradiction  to  the 
general  opinion,  one  could  not  succeed  in  bringing,  by  means  of  the 
electric  furnace,  steel  previously  melted  in  Thomas  or  Martin  fur- 
naces to  the  point  of  quality  of  crucible  steel.  The  reasons  why 
w  ere  not  yet  well  known,  but  his  opinion  was  the  following  :  It 
was  a  general  opinion  that  steels  manufactured  in  the  Thomas  or 
the  Martin  furnace  and  refined  in  the  electrie  furnace  were  of  such  a 
quality  that  they  might  be  compared  with  the  best  crucible  steels. 
However,  j)ersonal  experience  and  the  facts  they  knew  about  the 
working  of  electric  furnaces  used  for  the  refining  of  metal  previously 
melted  in  the  one  or  the  other  kind  of  above-mentioned  apparatus, 
put  them  in  a  position  to  affirm  that  two  kinds  of  steel  of  exactly 
the  same  final  composition,  but  manufactured  in  different  ways, 
viz.,  the  t)ne  manufactured  in  the  above  described  manner  and  the 
other  manufactiued  exelusively  in  the  electric  furnace  by  starting 
from  cold  raw  material  having  the  same  composition  as  the  hot 
metal  from  the  Thomas  or  Martin  furnace,  would  not  .show  the  same 
qualities,  namely,  not  the  same  resistance  to  shock,  and.  with  regard 
to  tool  steels,  not  the  same  hardness  nor  the  same  tenacity  and 
durability  after  hardening.  From  experiments  and  without  pre- 
senting a  formal  explanation  of  this  fact,  they  judged  that  the  differ- 
ence came  from  the  fact  that  in  the  Martin  furnace,  and  so  much 
the  more  in  the  Thomas  converter,  the  steel  took  up  metallic  oxid(  s, 
oxide  of  carbon,  nitrogen,  hydrogen,  &c.  The  faculty  of  solution  of 
these  elements  and  combinations  of  elements  generally  increased 
with  the  heat  of  the  metal.  Now,  by  charging  into  an  electric 
furnace  this  hot  metal  saturated  with  these  elements  and  combina- 
tions of  elements,  the  temperature  of  the  metal  was  still  further 
increased,  and  thus  the  elimination  of  these  gases  and  oxides  became 
more  difficult.  From  their  experiments,  they  considered  that  in 
order  to  produce  the  dcoxidation  and  get  rid  of  the  gases  of  such  a 
metal,  the  temperature  must  be  lowered  to  700°C.  or  9tltl°C.  They 
had,  in  fact,  remarked  that  a  Thomas  steel  charged  hot  into  an 
electric  furnace  gave  results  very  inferior  to  that  of  a  steel  obtained 
by  charging  this  very  same  Thomas  steel  in  the  cold  state  into  an 
electric  furnace  and  re-heating  it  progressively  up  to  the  temperature 
of  tapping.  Therefore,  they  considered  that  prospects  based  on  this 
process  of  refining,  in  tlie  electric  furnace,  of  steel  previously  melted 
in  the  Martin  or  Thomas  furnace,  might  meet  m\u-h  disa|i|piiin(nunt, 
and  they  considered  that  the  charging  of  cold  metal  intn  an  dectric 
furnace,  however  more  expensive  it  might  appear,  led  to  results  which 
liberally  compensated  the  increase  of  cost  resulting  from  the  cold 
charge,  whenever  the  price  of  a  kilowatt-hour  was  0-.'!d.  to  0-5d.,  as 
was  the  case  in  most  metallurgical  works.  When  the  price  of  the 
current  wiis  only  0-Id.  to  0-2d.  per  kilowatt-hour,  the  most  econo- 
mical process,  in  any  case,  was  that  of  the  cold  charge,  on  the  C(m- 
dition,  however,  that  the  furnace  was  suitable,  i.e.,  that  its  working 
was  regular  and  that  it  was  possible  to  make  in  this  furnace  all 
chemical  operations  of  refining  from  the  oxidation  of  the  carbon, 
manganese,  silicon,  phosphorus,  to  the  recarburisation.  addings  of 
alloys  and  desulphurisation.  They  never  would  recommend  the 
manufacture  of  fine  tool  steels,  for  instance,  starting  from  melted 
Thomas  or  Martin  steel  ehiirged  liquid  into  the  electrie  furnace. 

In  a  lat<-r  communication  Mr.  (iirod  said  they  did  not  e'uploy 
aluminium  alone  as  a  final  addition  to  their  steels,  but  used  instead 
alloys  which  gave  as  the  results  of  their  oxidation  (dcoxidation  of 
the  bath)  liquid  slags  composed  of  oxides  and  silicates  of  several 
metals.  They  used  especially  ferro-mangano-silico-aluminium, 
Mn  2(1.  Si  20,  ,\1  12  per  cent.  ;   silieo-caleium  abiniinium.  Si  ^5  to  50. 
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Cii  2fl  to  30,  Al  (5  to  10  ;  silipo-alurainium.  Si  40  to  fiO.  Al  20  to  30 
per  cent.  When  iukling  silicon  to  steel  tliey  preferred  pcrforminf; 
deoxidation  by  very  rich  aiHcon  alloy,  50  to  95  per  cent,  silicon  : 
but  for  makinj;  silicon  steels  they  preferred  to  use  ferro-silieon.  with 
23  to  40  per  cent,  silicon. 

Prof.  .(.  W.  Richards,  considering  the  statement  in  .Mr.  Turnbull's 
Paper,  that  in  tlie  furnace  having  a  bottom  pole.  i.e..  an  electrode 
passing  through  the  bottom  of  the  furnace  into  the  bath,  there  was 
always  a  source  of  trouble  in  the  hearth,  said  he  had  seen  .Mr.  Girod's 
furnace,  which  had  a  bottom  pole,  and  he  was  very  much  [lUased  to 
see  the  way  in  which  it  had  stood  hard  work  on  a  furnace  wliicli  liad 
been  working  for  a  year  or  more.  Mr.  Girod  wTote  :  "  t)nr  might 
think  that  the  bottom  poles  are  in  danger  of  wearing  out,  but  that 
is  an  error.  A  1-8-ton  furnace  in  our  works  has  run  for  a  year  with- 
out renewing  the  bottom  electrodes.  On  stopping,  for  inspection 
only,  we  found  that  they  were  changed  to  a  depth  of  about  10  cm.,  and 
below  that  were  the  original  poles,  intact."  He  thought,  therefore, 
that,  as  far  as  Mr.  Girod's  method  of  introducing  those  poles  was  con- 
cerned, it  might  be  concluded  that  they  were  a  permanent  feature  of 
the  furnace  and  gave  no  trouble  what^-ver. 

Mr.  FitzGerald  asked  Prof.  Richards  if  he  could  give  any  infor- 
mition  as  to  repairing  the  lining.  Thus,  if  the  furnace  had  been 
running  for  some  time,  and  the  bottom  was  worn  out  in  a  hole 
between  the  electrodes,  how  was  it  repaired  ?  He  had  seen  the 
Heroult  furnace  repaired.  The  furnace  was  emptied  and  magnesit2 
or  dolomite  shovelled  on  the  surface.  In  repairing  the  Girod  fur- 
nace, if  the  bottom  was  badly  cut  and  then  covered  with  magnesite, 
would  there  not  be  some  difficulty  in  starting  up  ? 

I'rof.  RiCH.ARDS  thought  it  would  be  a  very  minor  difficulty, 
and  almost  any  steel  maker  would  know  how  to  overcome  it.  He 
would  put  some  scrap  steel  in  on  top  of  the  electrodes,  or  lay  a  jiiece 
of  scrap  iron  over  the  top  to  protect  it  when  shovelling  in  the  mix- 
ture of  magnesite  and  resin. 

Mr.  Lane  believed  manganese  was  blamed  for  rapid  corrosion  of 
steel  as  compared  with  WTought  iron,  and  that  in  the  electric  furnace 
it  was  possible  to  make  a  non-manganese  metal.  He  asked  if  any 
such  corrosion  experiments  had  been  made. 

Mr.  R.  MoLDENKE  said  that  in  the  manufacture   of    tubes  they 
took  care  to  keep  the  manganese  down  on  that  account. 
•     Mr.  H.  D.  HiBBARD  noticed  that   in   the   Papers  the  dimensions 
of  the  to.'.t  bar  were  usually  not  given. 

Mr.  A.  ViCTORiN  (partly  communicated)  said  he  had  been  engaged 
for  over  a  year  in  investigating  the  commercial  merits  of  certain 
electric  steel  furnaces,  and  was  prepared  to  furnish  some  data  in 
regard  to  the  value  of  commercially  produced  electric  steels.  Ad- 
mitting that  the  present  state  of  the  art  was  not  favourable  for  the 
use  of  the  electric  steel  furnace  in  the  production  of  grades  of  mate- 
rial used  in  the  manufacture  of  rails,  structural  steel,  sheet  steel, 
plates,  &c.,  at  present  prevailing  |)rices,  it  was  evident  that  steels  of 
higher  grades  j)hysieally,  chemically  and  mechanically  could  be 
produced  to-day,  uniformly  and  safely  at  a  higher  rate  of  profit  in 
the  electric  furnace  than  by  any  other  method  in  vogue.  He  demon- 
strated this  by  a  graphical  illustration,  assuming  for  this  purpose  a 
steel  casting  plant  located  within  the  industrial  district  of  Phila- 
delphia. The  relative  factory  costs,  total  costs  and  market  values  of 
electrical  and  non-elcctrieal  steel  castings  were  given,  and  the  al)so- 
lute  and  relative  cost  values  of  electric  steel  castings  when  compared 
with  those  of  the  other  processes  showed  that  the  production  now  of 
electric  steel  castings  was  justified  from  a  commercial  standpoint. 
The  chemical,  physical  and  machining  qualities  of  such  castings,  as 
well  as  the  facility  and  safety  with  wliich  any  desired  quality  might 
be  produced  uniformly,  placed  electric  steel  castings  in  the  front 
rank  in  respect  to  commercial  value  and  profit.  In  conclusion,  he 
mentioned  that  the  rate  quoted  for  hydro-electric  power  at  Niagara 
Palls  did  not  seem  to  favour  the  choice  of  that  locality  jjarticularly 
for  the  manufacture  of  electric  steel  castings  ;  more  favourable 
inducements  were  desirable  in  regard  to  peak  loads.  The  cost  of 
jiower  was  largely  influenced  by  the  operating  arrangements  of  the 
foundry,  especially  under  restricted  production.  In  an  example 
cited  the  load  factor  for  electric  furnace  operations  was  67  )ier  cent. 
in  using  hot  charges  and  S2  per  cent,  with  cold  charges.  The  load 
factors  were  reduced,  however,  through  the  influence  of  the  necessary 
operating  system  to  50  and  75  per  cent,  respectively.  The  inlluence 
of  power  cost  was  frequently  misunderstood.  This  item,  for  the 
electric  furnaces  referied  to,  rei)resented  only  2J  to  31  per  cent,  of 
the  entire  production  cost  using  hot  charges  and  from  4  to  7  per 
cent,  with  cold  charges,  A  similar  misconception  existed  often  in 
regard  to  the  labour  cost  of  steel  in  the  ladle,  which  amounted  to  less 
than  3  per  cent,  of  the  entire  production  cost.  The  open-hearth 
process  and  the  small  Bessemer  process  would  show  losses  when  the 
production  factor  fell  below  40  per  cent.,  while  electric  process  losses 
did  not  appear  until  production  was  reduced  below  30  per  cent,  (or 
even  less)  imder  the  conditions  quoted. 


Mr.  .Moi.DENKE  represented  the  .\meriran  Koundrymens  Associa- 
tion, of  which  he  was  secretary,  and  wished  to  learn  something  on 
tlic  probable  future  of  the  electric  furnace  for  the  steel  casting 
foundry.  He  was  to  report  at  the  Cincinnati  Convention,*  and  had 
formed  the  f<p|lowing  conclusions  :  That  they  w<  re  not  rea<ly  to  make 
steel  castings  directly  from  the  ore  at  a  price  low  enough  to  justify 
the  steel  founder  to  look  into  it  as  an  investment.  That  they  could. 
however,  take  steel  .scrap  and  even  billets,  and  re-melt  as  well  as 
purify  and  east  into  small  castings  and  com|)ete  commercially  with 
other  processes.  That  they  could  do  this  even  Ix'tter.  if  they  would 
use  the  ordinary  methods  of  the  regenerative  furnace  for  the  heating 
up  to  the  melting  point,  and  tlien  apply  the  current  for  the  final 
melting  and  jmrification.  Where  the  method  thus  suggested  would 
be  a])](lied  in  a  works  having  molten  steel,  as.  for  instance,  the  large 
Bessemer  or  open-hearth  establishments,  the  i)roblcm  Iwcame  even 
simpler.  The  high  cost  of  the  installation  and  the  large  amount  of 
power  required  would  make  it  difficult  for  a  foimdry  to  consider  the 
electric  process.  If,  however,  especially  for  the  small  castings 
industry,  a  very  small  installation  was  arranged  for.  and  the  actual 
melting  by  the  current  was  put  for  the  night  shift,  or  wlien  practically 
no  other  work  was  done  in  the  .shop,  the  initial  exp"ns<-  for  power 
installation  would  become  gieatly  reduced.  As  tl\ere  were  some  6.4IKI 
foundries  in  North  America,  and  very  many  of  these  were  looking 
seriously  into  the  production  of  small  steel  castings,  he  recommended 
the  members  of  the  society  to  take  up  the  matter  seriously  and  in 
such  a  way  that  with  a  minimum  of  first  cost  and  disturbance  in  an 
existing  cstabli.shment,  a  small  electric  plant  could  be  installed  and 
operated,  using  only  steel  scrap  and  billets,  preferably  preheated  by 
means  other  than  the  electric — say,  the  soaking  pit  or  regeneration 
of  gas  and  air. 

Mr.  H.  M.  Lane  said  he  had  a  great  many  inquiries  from  foundry- 
men  throughout  the  country  as  to  how  they  could  make  their  own 
steel  castings  to  fill  a  wide  variety  of  specifications,  and  in  many 
cases  the  expense  was  almost  a  negligible  quantity.  The  proposition 
was  to  be  able  to  get  delivery  and  to  get  quality.  Those  two  ele- 
ments were  demanded,  and  a  tonnage,  in  some  eases,  not  to  exceed 
l.O(M)  lb.  If  some  process  could  be  developed  which  would  cnabli'  a 
manufacturing  concern  to  make  its  own  steel  castings  to  fit  in  with 
its  equipment,  i.e..  as  it  wanted  them,  there  would  be  a  demand.  If 
the  process  would  utilise  waste  material  about  the  plant,  viz..  iron 
borings,  steel  borings  and  .such  material  as  that,  so  much  the  better, 
and  every  plant  had  quantities  of  that  kind  of  material.  It  had 
seemed  to  him  for  a  long  time  that  the  electric  furnace  was  a  solution 
of  the  problem.  He  had  had  to  recomniend  the  introduction  of 
small  units  in  converter  process,  in  crucible  steel  and  in  open  hearth, 
in  the  last  few  years,  where  he  knew  that  they  were  having  lots  of 
trouble  with  it."  and  yet  it  was  the  only  thing  that  was  available 
to-day.  and  he  did  believe  that  if  the  electric  furnace  men  would 
study  that  field  and  study  also  the  composition  of  the  alloys  that 
were  required  for  that  work.  i.e..  the  composition  of  the  steels  and 
the  material  available  in  a  plant,  thej;  would  find  there  a  big  field. 


The  Ventilation  of  Libraries.— According  to  the  "Electrical 
Review  and  Western  Electrician  "  frequent  complaints  have 
been  made  in  regard  to  the  musty  flavour  of  the  air  in  some 
of  the  rooms  of  the  Chicago  Public  Library,  due  to  the  libraiy 
proving  a  resort  for  undesirable  "  out-of-works."  So  great  has 
become  the  nuisance  that  an  ozonising  apparatus  has  been 
installed  in  conjunction  with  the  existing  ventilating  devices. 
The  apparatus  is  located  in  the  basement  of  the  building,  and 
continuous  current  at  110  volts  is  taken  from  the  mains  to  a 
"Peerless"  rotary  converter,  the  alternating  current  thus 
obtained  at  120  volts  pressure  being  stopped  up  to  abotit  8,000 
volts  by  a  special  transformer.  The  high-tension  secondary 
current  discharges  between  the  plates  of  the  ozoniser  thiough 
which  air  is  sucked  into  the  air-duct  uptake  leading  from  the 
ventilating  apparatus  to  the  floors  above.  The  air  drawn  into 
the  building  by  an  electrically  driven  suction  pump  is  w.ashed 
and  dried  before  being  ozonised.  The  washing  is  accom- 
plished by  driving  it  through  sprays  of  pure  water,  and  dry- 
ing is  effected  by  forcing  it  through  a  series  of  baffle  plates 
with  upturned  edges  so  as  to  throw  off  the  moisture  by  a  sort 
of  centrifugal  action.  It  was  at  fi'st  believed  that  the  air 
should  be  washed  after  being  ozonised  on  account  of  the  nitrous 
ftmies  which  are  usually  generated  by  electric  ozonising  appa- 
ratus, but  a  series  of  tests  showed  that  the  Shaffner  ozoniser 
generated  practically  no  nitrogenous  compounds.  The  air  so 
treated  dissipates  any  odour  in  the  rooms. 

*  In  a  written  communication  later  he  mentioned  that  the  gre.ite.'f 
interest  was  taken  in  the  matter  at  the  Conreutiou. 
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The  Localisation  of  Faults  in  Electric  Light  Cables.   By  F.  0.  Raphael. 
The  Steam-Englne  Indicator  and   Indicator  Diagrams.     Edited  by 

W.  \V.  lleaJUiunt,  Jl.I.C.E.,  M.I..M.E.,  Ac.     Price  Oa.  uett. 
The  Electric  Arc.    By  Mrs.  Ayrton,  M.I.E.E.    Price  12b.  6d. 
Tramway  Tractive  Effort  and  Power  Diagram.    By  Arnold  Q.  Hansard 

h.A.  , A. .M.I.E.E.     Price4s.6d.net;  lnTulic,6s. 
The  British  Post  Office  Telephone  Service.   Iniargei Edition.    FuIlylUiu- 

tratec;.     Price  :'.s.  6d.  nett 
International   Telegraph    Convention    and    Service    Regulations 

Price  HI   n.  It     (Lisbon  Revision,  1908). 
Boiler  Feed  Water,    liy  K.  W.  Andcson.    .J,'i  l-uhu. )„■.!.    Price  Ca.  nett." 
Preliminary)  Wireless  Telegraph  Coiuerence  (Berlin.  1803),  Pro- 
ceedings at.    Price  i-s.  e.l.  nett. 
International  Wireless  Telegraph  Convention  and  Service  Regn- 

latlons  (Berlin,  1906;.  Vi  ith  complete  report  of  Proceedings.  Price  21b.  nett. 
The    Classification  of  Alternate  Current  Motors.    By  V.  A.  A,  Fynn, 

M.I.E.E.     Price  :!-.  iielt. 
Electric  Traction  on  Railways,     By  Philip  l):iwson.    Price  'Iti*.  nelt.    A'ow 

;;.     '.;     /  ..,,  •   ■"    ■  -v. 
Electric  Cranes  and  Hoists.    By  H.  H.  Broughton.    In  PreparatUm, 
Practical  Telephony.    By  W.  Allken,  M.IK.B.    In  Preparation. 
Alternating  Current  Motors,    by  Dr.  Rudolf  Oold.sctimidt.    Price  Cs.  Cd.  nett. 
Electric  Mains  and  Distributing  Systems.    By  J.  B.  Dick,  B.Hc,  and  V. 

Fernie,  A..M.In^l.  C.E.     In  Prryaration. 
The  Shot-Flrer's  Guide:   A  Pra< uuil  Manual  on  Blasting  and  the  Prevention 
of  Blasting  A''ci(lenin  in  Mines,  (iuarries,  &c.  By  W.  Maurice.   Price  3m.  M.  nett. 
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series  of  "  Industrial  Supplements,"  to  be  published  from  time  to  time 
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Bli^BOTRIOITT  SUPPLY  TABLES  AND  DATA. 

This  Valuable  Set  of  Tables  and  Engineering  Data  re- 
lating to  Electricity  Supply  and  to  Electric  Traction  on 
Railways  and  Tramways  in  the  United  Kingdom,  the 
Colonies,  and  some  important  places  abroad,  can  be  obtained 
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SPECIAL   NOTICE. 


The  present  number  of  'THE  ELECTRICIAN"  completes  Vol.  LXIII. 
Tlie  Index  to  the  Volume  will  be  issued  (Gratis)  on  October  22nd. 

READY  OCTOBER  22— Vol.  LXIII.  of  "The  Electrician.' 
Bound  in  Publisher's  coi'ers.  Price  17s.  6d.  Postage  U.K.  Is.  extro, 
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THE  ELECTRIC  FURNACE  AS  A  POWER  LOAD. 

The  electric  i'uniace  for  the  production  of  iron  and 
.slcel  is  .so  comparaLively  young  that  many  people  often 
fail  to  grasp  its  possibilities,  and  still  look  upon  it  as 
something  e.\perini(!ntal.  Less  than  ten  years  ago  such 
furnaces  were  regarded,  not  unnaturally,  more  or  less  as 
curiosities  and  the  work  of  enthusiasts,  but  during  this  in- 
terval a  remarkably  rapid  development  has  taken  place, 
and  tlie  experimental  furnace  of  those  times  has  developed 
into  the  fairly  commercial  appliance  of  to-dny.  It  is 
noticeable,  however,  that  very  little  work  in  this  direction 
has  been  carried  out  in  Great  Britain.  As  so  often  hap- 
pens, in  this  country  at  the  present  day  there  is  a  tendency 
to  leave  the  subject  to  other  people,  although  it  may  be 
remarked  that  Mr.  Fbkkanti  many  years  ago  designed  an 
induction  furnace  which,  like  some  of  his  other  work, 
seems  to  have  been  before  its  lime.  From  that  period 
onwards  the  steel  furnace  seems  to  have  been  left  severely 


THE  ELECTRICIAN.  OCTOBER  8,  1909. 


1039 


alone,  notwithstanding  that  in  the  iron  and  steel  industry, 
as  worked  by  ordinary  metallurgical  methods,  we  have  led 
the  way  for  very  many  years.  On  the  Continent  it  has 
been  otherwise.  Oiitou  and  Kklleu  in  France  have  made 
I'erro-alloys  by  the  electric  furnace  for  some  years  with 
marked  success,  and  H^^koult,  .so  well  known  in  connec- 
tion with  tiie  electric  production  of  aluminium,  has  been 
ajjjilying  similar  methods  to  the  production  of  steel.  In 
Italy,  Sta.ssano  has  been  working  indefatigably  with  the 
arc  furnace.  In  Sweden,  K.iELi.iN  has  applied  the  induc- 
tion furnace  with  very  considerable  success,  and  in  tier- 
many  this  type  of  furnace  has  been  modified  by  I>(')CI1IJNG 
and  KoDESHAUSEi!,  so  as  to  eliminate  some  of  its  disad- 
vantages. Six  years  ago  Canada  realised  the  importance 
of  the  subject,  and  appointed  a  Commission  to  inquire 
into  what  was  being  done  in  Europe  in  this  re.spect,  and  to 
report  upon  the  commercial  possibilities  of  the  new  pro- 
cesses. The  work  of  this  (_'ommission  is  now  historic,  and 
has  provided  an  authoritative  statement  as  to  the  position 
of  electro-thermal  methods. 

No  one,  after  quite  a  brief  consideration  of  the  subject, 
would  suggest  that  electrical  methods  are  about  to  super- 
sede the  older  processes  in  the  production  of  both  iron  and 
steel.  lb  becomes  obvious  at  once  that  it  is  much  more 
difficult  to  carry  out  the  reduction  of  ores  electrically  on 
a  commercial  basis  than  to  carry  out  refining.  The  blast 
furnace,  though  essentially  wasteful  in  its  action,  is  char- 
acterised l)y  great  simj)licity,  and  the  work  spent  upon  it 
during  the  past  century  has  led  to  considerable  efliciency. 
At  present  it  must  be  allowed  that  the  electric  furnace 
cannot  comjiete  with  the  blast  furnace  unless  the  price  of 
electrical  energy  is  exceedingly  low  and  the  cost  of  fuel 
very  high.  There  arc  countries,  however,  where  these  con- 
ditions hold  ;  also  it  must  not  be  forgotten  that  the  electric 
furnace  for  the  reduction  of  iron  ores  is  still  in  its  infancy, 
and  it  would  be  rash  to  suggest  that  great  improvements 
will  not  take  place,  (^n  the  other  hand,  in  the  refining  of 
iron,  in  the  i^roduction  of  steel  and  the  numerous  ferro- 
alloys which  are  now  to  be  obtained,  there  is  no  question 
that  electrical  methods  can  compete  with  our  present 
metallurgical  methods.  It  may  seem  (hat  the  energy  re- 
quired to  melt  and  refine  a  ton  of  iron  is  rather  considerable 
but  it  must  be  remembered  that  the  cost  of  energy  in  such 
cases  is  not  a  preponderating  cost,  and  if  desired  there  is 
no  reason  why  the  iron  should  not  in  many  cases  be  first 
melted  in  an  ordinary  furnace  and  tlie  refining  carried  out 
in  an  electric  furnace. 

The  greatest  progress  is  naturally  being  made  in  those 
countries  where  water  power  abounds  and  fuel  is  somewhat 
.scarce.  Thus,  steps  are  being  taken  to  apply  80,000  H.r. 
in  Canada  to  the  electric  reduction  of  iron  ores.  It  may 
be  noted  that  the  ores  in  that  country  are  particularly 
suitable  for  electro-thermal  treatment,  and  do  not  lend 
themselves  so  readily  to  treatment  by  the  blast  furnace. 
Sweden,  again,  is  taking  the  matter  in  hand  vigorously,  and 
it  is  stated  that  three  electric  furnaces,  each  of  2,500  n.i'., 
are  to  be  installed  at  Trollhiittan,  where  the  C.overnment 
owns  a  large  hydro-electric  power  station.  These  furnaces 
are  to  be  used  for  the  electro-thermal  reduction  of  Swedish 
iron  ores,  and  it  is  calculated  that  each  will  be  capable  of 
an  output  of  7,500  tons  of  pig  iron  per  annum.  Coke  is 
to  be  used  as  the  reducing  agent,  and  it  is  to  be  imported 


from  Westphalia  for  the  jiurim.se,  as  it  is  cheaper  tlian 
Swedish  charcoal. 

In  this  country  we  cannot  expect  to  emulate  these  pro- 
ceedings, because  we  have  cheap  coal.  Nevertheless,  there 
are  countries  iu  much  the  same  position  as  (ireat  Britaiu 
wheie  considerable  progress  is  being  made,  not  in  the 
reduction  of  iron  oes,  but  in  the  application  of  the  electric 
furnace  to  the  production  of  steel.  Thus,  the  Illinois  Steel 
Co.  is  taking  the  matter  in  hand  vigorously,  and  has  a 
750  kw.  Hc'roult  furnace,  with  which  they  expect  to  obtain 
IG  heats  per  day  and  a  daily  production  of  240  tons  of  steel. 
Particulars  of  what  is  being  done  by  this  company  will  be 
found  in  our  present  issue,  along  with  certain  other  Papers 
read  before  the  last  meeting  of  the  American  Electro- 
chemical Society.  One  cannot  help  b;ing  struck  with  the 
rapid  progress  the  movement  is  making.  There  appear  to 
be  at  least  a  dozen  Girod  steel  furnaces  and  a  dozen  Kjellin 
steel  furnaces  in  use  on  the  Continent,  not  to  mention 
those  of  other  makes.  There  seems  no  particular  reason 
why  we  in  this  country  should  not  bo  making  progress 
along  similar  lines,  or  why  we  should  not  enter  the  field  of 
producing  ferro-alloys  in  the  electric  furnace.  It  has 
been  shown  pretty  conclusively  that  the  refining  of  a  ton 
of  steel,  apart  from  the  melting,  requires  only  about 
200  I5.T.U.,  or  even  less,  and  the  cost  of  this  quantity  of 
electrical  energy  is  not  a  serious  matter,  whether  it  is  pre- 
duccd  by  water  or  by  coal.  In  some  of  our  midland  towns 
the  price  at  which  electrical  energy  is  sold  is  so  very  low 
tliat  the  ditlerence  in  cost  of  this  small  amount  of  energy 
must  be  trifiing,  so  that  tiie  field  oi'  ferro  alloys  need 
scarcely  be  restricted  to  a  country  with  the  advantages  of 
water-power  and  disadvantages  of  heavy  freights. 

Erom  the  point  of  view  of  the  supply  engineer,  the  matter 
is  not  without  very  distinct  inter<jst.  Steel  furnaces  are  apt  to 
be  worked  more  or  less  continuously,  and,  therefore,  if  such 
a  load  can  be  secured  the  load  factor  obtained  .should  be 
fairly  higli.  In  other  words,  electrical  energy  can  be  sup- 
plied at  a  fairly  low  price.  The  power  required  by  such 
furnaces  runs  into  hundreds  of  kilowatts,  and  as  time  goes 
on  will,  no  doubt,  run  into  still  higher  figures.  To  melt 
and  refine  a  ton  of  iron  requires  from  800  to  1,000  units 
per  ton,  and  if  the  metal  is  melted  first,  and  then  merely 
refined  in  the  electric  furnace,  the  energy  required  is,  say, 
200  units  per  ton.  Conse([uently,  the  amount  of  energy 
required  by  a  steel  works  would  be  considerable.  It  should 
be  noted,  also,  that  the  supply  to  such  furnaces  is  a  com- 
paratively easy  matter,  as,  generally  speaking,  alternating 
current  is  used  and  frequently  three-phase.  In  arc,  or 
combined  arc  and  resistance,  furnaces  the  power  factor  is 
high.  In  the  induction  furnace,  on  the  other  hand,  with  the 
large  magnetic  leakage  which  it  is  dilVicult  to  avoid,  the 
power  factor  is  apt  to  be  low.  This  difficulty,  however, 
has  been  removed  to  a  considerabl(>  extent  by  the  combina- 
tion type  of  furnace,  in  which  resistance  heating  is  com- 
bined with  induction  heating,  so  that  the  power  factor  is 
maintained  at  a  reasonable  figure.  The  next  few  years 
will,  no  doul't,  see  much  improvement  in  the  design  of 
electric  furnaces  and  very  great  development  in  their  use, 
and  it  is,  therefore,  to  be  hoped  that  the  supply  engineer 
will  keep  this  new  opening  in  mind,  so  that  the  requisite 
supply  of  electrical  energy  shall  be  obtained  from  public 
power  stations  rat  her  than  by  the  installation  of  private  plant- 
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(Copies  o(  the  uutiermentioned  work  can  be  had  from  The  El^ciridan  Office,  post 
free,  on  receipt  of  pnblislie-i  price,  addinc  3d.  for  books  pablishcd  under  28.  Add 
lu  per  cent,  for  abroad  or  for  foreign  books.) 


Die  asynchronen  WechselstrommaschineD.  Part  I.,  Die  Imluk 
tionsmaschinen.  By  E.  Aksold  and  J.L.  la  Corn,  assisted  liy  A. 
Frabnckel.  (Berlin:  Julius  Spiiiiger.)  Pp.  x  v.— 587.  M.18. 

The  present  volume  forms  Part  I.  of  the  treatise  on  asvneh- 
roiious  machines,  edited  by  Prof.  E.  Arnokl.  as  Vol.  V.  of  his 
series  "  Die  Wcchselstromtechniic."  and  is  devoted  to  the 
theory,  calculation,  construction  and  method  of  working  of  the 
induction  machine.  Part  II..  yet  to  appear,  will  deal  with 
alternating-current  commutator  machines,  and  has  oliviouslv 
heen  kept  out  of  the  present  volume  for  want  of  space.  With 
Part  II..  tlie  whole  of  this  admirable  series  of  books  on  alter- 
nating-current working  will  have  been  publi.shed.  and  the 
authors  will  then  be  able  to  pride  themselves  for  many  vears  to 
come  on  what  is  probably  the  most  complete  treatment  of  the 
subject  occupying  the  foremost  rank  in  electrical  engineerins;. 

In  the  volume  now  before  us  it  is  explained  whv  the  same 
did  not  follow  the  preceding  volumes  with  equal  rapidity — the 
reason  being  that  Prof.  Arnold  was  engaged  with  the  second 
edition  of  his  treatise  "  Die  Gleichstrommaschine,"  whilst  Herr 
la  Cour  left  the  academical  side  to  take  up  practice.  Thus 
further  assistance  was  found  necessary  and  the  authors  are  to 
be  congratulated  on  obtaining  such  an  indefatigable  worker 
as  Dr.  Fraenckel,  the  thoroughness  of  whose  work  shows  itself 
throughout  the  present  book.  But  Dr.  Fraenckel  might  well 
be  mentioned  as  another  example  of  the  type  of  man  Dr. 
Arnold  has  ever  been  able  to  draw  to  Carlsrulie,  such  as  Prof. 
Bragstad.  Herr  la  Cour,  &c.,  not  to  mention  a  number  of  other 
excellent,  though  perhaps  less  well-known,  men. 

It  is  now  some  twenty  years  since  the  induction  motor  was 
simultaneously  and  independently  discovered  by  Ferraris  and 
Tesla,  whilst  in  1891  it  received  its  greatest  impetus  by  the 
introduction  of  polyphase  currents.  An  idea  of  the  enormous 
progress  made  since  that  time  can  be  had  by  a  mere  glance 
at  the  contents  of  a  book  such  as  the  present,  which  deals  with 
these  machines  in  all  their  various  forms. 

In  the  first  two  chapters  the  production  of  rotary  fields  in 
polyphase  and  single-phase  motors  is  explained,  and  the  method 
of  working  illustrated.  The  following  four  chapters  are  devoted 
to  the  theory  of  the  polyphase  motor.  In  chapter  III.  the 
equations  of  the  asynchronous  motor  arc  developed,  and  the 
equivalent  electric  circuit  shown.  The  calculation  of  the 
magnetising  current  then  follows.  In  the  determination  of  the 
ampere-turns  required  for  the  iron,  it  would  have  been  in- 
teresting if  the  question  of  whether  a  magnetisation  curve  ob- 
tained ballistically  is  sufficiently  correct  for  alternating  cur- 
rents had  been  discu.s.sed.  If  we  remember  rightly  it  was  from 
the  .same  Institute  that  a  Paper  dealing  with  this  very  suliject 
recently  appeared,  though,  of  course,  such  a  refiiument  is 
much  more  impoitant  in  the  case  of  transformeis  than  of 
induction  motojs.  The  method  of  calculation  used  for  deter- 
mining the  ampere-turns  required  for  the  air-gap  is  interesting. 
As  is  known,  the  distribution  of  the  flux  in  the  gap  is  not 
.sinu.soidai  owing  to  the  effect  of  saturation  in  the  teeth.  The 
method  of  procedure  given  here  is  based  on  the  following  : 
For  a  large  number  of  normal  motors  the  flux  curve  is  calcu- 
lated for  given  values  of  M.M.F.  and  a  curve  is  then  drawn 
taking  the  actual  form  factors  thus  obtained  into  account.  A 
further  curve  is  then  deduced  from  this  latter  under  the  assump- 
tion of  a  sinu,soidal  flux  distribution.  These  curves  provide  the 
correction  for  finding  the  maximum  flux  density  in  the  gap  and 
teeth,  after  the  same  has  been  first  calculated  under  the  assump- 
tion that  the  flux  is  sinusoidally  distributed.  Such  in  rough 
outline  is  the  method  used,  and  it  may  interest  designers  to 
compare  the  results  tlius  obtained  with  tho,se  given  by  other 
methods.  This  chajjter  concludes  by  showing  how  to  find  the 
resistance  and  reactance  of  squirrel-cage  windings. 

Ihe  analytical  theory — based  on  the  pressure  diagram,  from 
which  the  Heyland  diagram  is  derived—  is  given  in  chapter  IV., 


whilst  in  chapter  V.  the  theory  is  treated  graphically  and 
tlic  current  circle  diagram  is  developed  from  the  equivalent 
electric  circuit  of  the  polyphase  induction  motor.  In  the 
following  chapter  it  is  shown  liow  this  same  diagram  can  be 
drawn  by  aid  of  the  no-load  and  short-circuit  constants  of  the 
motor,  and  the  output,  efficiency,  slip  and  power  factor  directly 
obtained. 

Two  whole  chapters  are  then  taken  up  with  the  single-phase 
induction  motor — in  the  one  the  method  of  working  of  this 
machine  is  deduced  from  the  rotary-field  theory,  and  in  the  other 
from  the  cross-field  theory.  As  far  as  we  are  aware  this  is  the 
first  time  it  has  been  shown  that  both  these  theories  lead  to  the 
same  result,  despite  the  conflicting  opinions  which  have 
hitherto  prevailed.  To  all  concerned  with  the  design  and 
working  of  single-phase  motors  these  chapters  will  prove 
invaluable,  along  also  with  a  following  chapter  dealing  with 
the  starting  and  regulation  of  these  machines. 

In  the  chapter  on  the  efTect  of  higher  harmonics  some  very 
interesting  curves  of  torque  and  .slip,  &c,,  are  shown  explaining 
how  irregularities  may  occur  during  acceleration,  whilst  the 
injurious  effects  on  the  power  factor  and  efficiency  are  well 
described. 

We  now  come  to  the  more  practical  part  of  the  book,  and 
must  be  content  with  merely  mentioning  some  of  the  more 
interesting  features.  In  the  calculation  of  the  iron  losses,  a 
section  is  devoted  to  the  eddy  current  losses  due  to  the  field 
pulsations  caused  by  the  relative  movement  of  the  rotor  and 
stator  teeth.  Judging  the  magnitude  of  this  loss  from  the 
cases  worked  out,  it  would  seem  to  form  quite  an  appreciable 
percentage  of  the  total  iron  loss.  Of  course  the  existence  of 
such  losses  has  long  been  known,  and  the  experience  of  many 
firms  has  led  them  to  make  some  allowance  for  the  same  bv 
using  larger  coefficients  in  their  iron  loss  formula'.  Accoiding 
to  the  authors,  these  additional  losses,  in  the  case  of  semi- 
closed  slots,  may  amount  to  some  50  to  100  per  cent,  of  the 
stator  iron  loss  produced  by  the  rotary  field.  The  additional 
copper  losses  deserve  more  complete  treatment  than  is  here 
devoted  to  them.  An  interesting  section  is  occupied  by  a 
mathematical  investigation  of  the  heating  of  the  stator  copper, 
especially  applicable  to  long  cores.  The  superiority  of  axial 
ducts  over  radial  is  also  emphasised. 

The  starting  and  speed  regulation  of  three-phase  and  single- 
phase  motors  are  dealt  with  in  two  succeeding  chapters.  Most 
of  the  known  methods  seem  to  have  been  included,  and  the 
more  important  are  presented  in  a  way  directly  usefid  to  the 
designer.  In  the  chapters  on  the  calculation  of  induction 
motors  all  the  various  quantities  are  disoissed,  and  their 
relation  to  one  another  shown  along  with  the  dimensions  for 
minimum  cost,  maximum  power  factor,  efficiency,  &c.  The 
rules  given  for  design  are  illustrated  by  the  complete  calcula- 
tion of  a  three-phase  motor  with  (n)  slip-ring,  (h)  squirrel- 
cage  rotor,  and  also  of  a  single-phase  motor  with  starting- 
device.  Then  follows  a  chapter  devoted  to  the  constructional 
details  of  these  machines,  containing  examples  of  the  designs  of 
leading  firms. 

The  last  chapters  of  the  book  ai'e  amongst  the  most  interest- 
ing, dealing,  as  they  do,  with  the  induction  genei-ator,  the 
cascade  connection  of  two  induction  machines,  in  the  case  of 
these  latter  the  diagram  for  the  equivalent  circuit  is  deduced 
which  makes  it  possible  to  deal  with  this  somewhat  compli- 
cated arrangement  in  a  simple  but  accurate  manner.  Then 
comes  the  cascade  connection  of  an  induction  machine,  and  a 
synchronous  machine  (frequency  changer)  and  lastly  the  cas- 
cade converter,  the  origin  of  which  is  closely  associated  with  the 
authors  of  this  book. 

As  in  the  other  books  of  this  series  there  is  an  index  and 
complete  list  of  symbols,  which  enable  the  reader  to  find 
c|uickly  what  he  needs.  Both  printing  and  illustrations  are 
excellent,  being  characteristic  of  the  well-known  publi.shing 
firm.  The  diagrams  have  been  prepared  with  the  usual  cure, 
and  in  most  cases  are  accompanied  by  exy)laiiations.  This  book 
will  be  used  by  all  coiuiccted  with  induction  machines — from 
the  student  to  the  engineer.  Stanley  P.  Smith. 
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THE  MAGNETIC  STORM  OF  SEPTEMBER  2Sth. 

The  magnetic  storm  tliat  occnnuil  on  Satunlaj',  the  2r)tli 
uU.,  caused  a  very  great  deal  of  interruption  to  telegraphic 
communication,  not  only  in  this  country  but  in  many  other 
countries  also.  In  London  for  a  few  hours  in  the  afternoon 
telegraphic  work  was  practically  at  a  standstill.  In  commu- 
nicating with  Newcastle  there  was  a  delay  of  -i^  hours,  with 


complete  way  the  character  of  the  magnetic  disturbances, 
which  causc<l  so  much  confusion  in  the  telegraphic  world.  The 
usual  records  taken  are  of  (1)  the  declination,  (2i  the  horizon- 
tal component  of  the  earth's  magnetic  force,  tnd  (3)  the  vertical 
component  of  this  force.  The  records  are  obtained  by  a  beam 
of  light  falling  upon  photographic  paper,  and  as  each  sheet  is 
useil  for  two  days,  two  traces  are  obtained  on  each  sheet.  Thus 
Fig.  1  is  a  recoid  of  the  declination  from  10:.37  a.m.  on  Septem- 
ber 2olh  to  10:22  a.m.  on  September  2Gth  on  the  upper  curve, 


Fig.  1. —Declination  :  (A)  Sept.  23,  10:37  a.m.,  to  Sept.  26,  10:22  a.m. 
Vertical  scale  (placed  arbitrarily)  is  a  ceiitinii-trL-  scale  reiliiccil  \v;tli  the  rcrur.l  so  tint  ei 


(B)  Sept.  26,  10:2S  a.m.,  to  Sept.  27, 10:21  a.m.  (G.M.T.),  1909. 

li  liiv'sion  r.inals  8'  H.    Upwanls  represents  increa.se  in  Westerly  declinitiou. 


Norwich  and  Yarmouth  3  hours,  wilh  Dublin  2  hours,  with 
Oban  and  Mull  3  hours.  Fort  William  3  liour.-i,  Aberdeen  2| 
liours,  and  Edinburgh  1  hour.  Not  only  was  there  delay  on 
land  lines,  but  the  cables  to  the  Continent,  to  South  Africa  and 
to  America  were  unworkable  for  some  time.  The  disturbances 
were  very  severely  felt  in  America,  both  North  and  South, 
and  on  the  other  hand  trouble  was  experienced  in  India,  tele- 
graphic work  being  piactically  stopped  for  about  six  hours  ' 
between  Bonibaj',  Calcutta  and  Madras.     Other  rcporls  which 


and  from  one  minute  later  to  10:21  a.m.  on  September  27lh  on 
the  lower  curve.  This  has  the  advantage  in  the  present  in- 
stance that  normal  and  abnormal  conditions  are  easily  com- 
pared. Looking  first  at  the  normal  record,  as  obtained  on 
September  2()th — 27th,  we  see  that  there  is  a  gradual  variation 
throughout  the  day  and  night  This  variation,  however,  as 
shown  by  the  scale,  is  only  small,  amounting  usually  to  some- 
thing like  12'.  The  average  value  of  the  declination  at  Kew 
duriiicr  190S  was  IG'  16'-9  West. 


Fig.  2.— Hokizont.\l  Force  :  (A)  Sept.  25,  10:37  ii.m.,  to  Sept.  26,  10:22  a.m. ;  (B)  Sept.  26,  10:23  a.m.,  to  Sept.  27,  10:21  a.m.  (G.M.T.\  19C9 
Vertical  scale  (placed  arbitrarily  >  sliows  variation  in  terms  of  y  where  ysC'OOOOl  C.G.S.      Upwards  represents  increase  in  horizontal  force. 


arc  coming  in  show  that  interruption  to  telegraphic  business 
was  general  all  over  the  world,  although  varying  considerably 
in  degree. 

By  the  kind  permission  of  the  Director  of  the  National 
Physical  Laboratory,  Dr.  R.  T.  Glazebrook,  F.R.S.,  and 
through  the  courtesy  of  Dr.  C.  Chree,  F.R.S.,  Su|)erintendent 
of  the  Kew  Observatorj',  we  are  able  to  reproduce  some  of  the 
records  traced  at  Kew  on  this  occasion.  These  show  in  a  very 


On  looking  at  the  record  for  September  25th  — 2Gth,  the 
day  of  the  storm,  a  very  ditleront  st;ite  of  things  is  evident. 
At  about  1 1  ;43  a.m.  the  ttaco  became  disturbed,  and  the 
extent  of  the  movement  increased  so  rapidly  that  after  about 
12  minutes,  during  which  the  needle  moved  increasingly 
to  the  oast,  the  trace  left  the  sheet ;  the  movoment  was 
more  than  72,  Init  how  much  more  it  is  impossible  to  say. 
After    a    few     minutes     the    trace     reappeared,    but     after 
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a  few  oscillatory  movements  it  .igain  disappeared  off  the 
sheet  on  the  same  side,  and  remained  off  for  about  40  minutes. 
It  returned  at  about  12:52,  when,  with  some  oscillations,  it 
drifted  across  the  sheet,  the  width  of  which  represents  2  7'  ; 
this  was  crossed  in  loss  than  half  an  hour,  and  the  trace  dis- 
appeared once  more  on  the  opposite  side  at  about  1:20.  A 
number  of  large  oscillations  followed.  It  is,  of  course,  impos- 
sible to  tell  the  full  e.xtent  of  the  oscillations,  but  among  those 
recorded  it  ma)-  be  noticed  that  between  8:7  and  8:22  p.m.  a 
movement  of  98'  to  the  west  is  followed  by  one  of  84'  to  the 
east.  We  may  mention  that  previous  magnetic  storms,  such 
as  that  of  October  31, 1903,  have  given  very  large  variations,  if 
not  quite  so  large  as  those  here  shown,  but  the  special  feature 
of  the  present  storm  is  the  highly  oscillatory  character  of  the 
disturbance    (rendering    a    continuous!}-   clear    photographic 


5  minutes  the  trace  reappeared,  and  in  about  an  hour  it 
passed  off  the  other  side,  the  change  during  this  interval 
being  000740  C.G  S.,  or  practically  4  per  cent,  of  the  norm:il 
value.  It  is,  of  course,  impossible  to  say  what  was  the  full 
extent  of  the  disturbance.  The  trace  is  seen  to  be  very  oscil- 
latory, similar  to  that  of  the  declination. 

The  trace  of  the  vertical  force  is  not  reproduced  because 
it  was  not  so  extremely  disturbed  as  the  other  two,  and  for  a 
considerable  time  was  beyond  the  limit  of  the  i)aper,  the  main 
variation  being  in  Ihe  direction  of  increase  of  the  force.  All 
that  can  be  said  definitely  is  that  the  range  exceeded 
0  00.")30  C.G.S.,  the  average  value  of  the  force  last  year  being 
0436.31.  The  oscillations  carried  it  both  above  and  below  the 
normal,  but  the  average  value  during  the  storm  was  much 
above  the  normal. 


NOON  2  4  6  8  10  MLD.  2. 

Fig.  3.— Vertk-al  Fokce  :  (A)  April  17,   10:39  a.m.,  to  April  18.  10:31  ;i.ni;  (B)  April  18,  10:32, 


to  April  19.  10:36.  ,i  ni.  (G.M.T.),  1908. 
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Fii;.  4.— Vektii'.\l  Forcf  :  (A)   Aufj.  0,  10:23  a.m.,  to  Aug.  7,  10:33  a.m,  ;    (B)  Aug.  7,  10:34  a.m.,  to  Aug.  8,  10:34  a.m.  ((J.M.  i'.),  1909. 
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Fig.  5.— VERTirAi.  Force:  (A)  Sept.  17, 10:33 am.,  to  Sept.  18,  10:4£ 

record  impossible)  and  its  unusually  energetic  character. 
Probably  this  extremely  oscillatory  chiracter  accounts  for 
the  very  marked  interference  with  telegraph  lines.  In  the 
diagnims  the  rate  of  variation  is  rather  exaggerated  because 
the  pajer  moves  through  only  about  3  cm.  in  two  hours. 
(The  records  as  here  given  are  reduced  in  reproduction.) 

Fig.  2  shows  the  disturbance  in  the  horizontal  component  of 
the  earth's  magnetic  force,  and  is  equally  remarkable.  The 
mean  value  of  the  horizontal  force  at  Kew  is  01 8.")  15  (Mi.S. 
Normally,  as  shown  by  the  curve  for  September  ?Gth-27th,  it 
vaiies  more  or  less  regularly  through  the  day,  the  total  variation 
being,  say,  00005  C.G.S.  At  11:43  on  September  25th  it 
began  to  fall  rapidly  in  value,  and  in  lOniitiules  tlie  trace  had 
passed  off  the  sheet,  indicating  a  fall  of  0  00430  C.G  S.    After 


1.111. ;  (P)  Stpt.  18,  10:49  a.iii  ,  to  Sept.  19,  10:37  .a.m.  (G.M.T. ),  1909. 

As  to  the  cause  of  magnetic  storms  there  are  numerous 
theories',  but  nothing  very  conclusive  can  be  said  as  yet.  The 
sun  is  generally  accejited  as  the  first  cause,  whether  by  ions, 
electrons  or  other  carriers  of  electricity  remains  to  bo  proved. 
The  fact  that  such  storms  are  generally  associated  wi'h  auroral 
displays  lends  support  to  the  theoiies  of  Eiikeland  and 
Arrhenius.  But  as  pointed  out  by  Dr.  Chree  in  a  recent  i.ssue 
of  "  Nature,"  it  is  dithcult  to  reconcile  the  rapid  changes  of 
the  aurora  with  tlie  muchmore  leisurely  changes  in  the  magnetic 
force  as  observed,  though  possibly  there  may  lie  large  auroral 
variations  which  are  not  visible,  and  the  visible  changes  may 
be  comparatively  unimportant.  There  is  a  further  difficulty 
in  that  magnetic  storms  in  high  latitudes,  although  very  fre- 
quent, are  not  so  closely  associated  with  aurone,  which  are  also 
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freriueiit.  It  i."!  noticcal)le  that  the  horizontal  forcu  is  generally 
considerably  depressed  below  the  normal  after  a  magnetic 
storm  (as  seen  in  Fig.  2)  for  some  CQnsi(l(!rablc  time.  Thi.s 
also  is  not  easy  of  explanation. 

In  Figs.  .'5,  4  and  5  we  reproduce  some  rccord.s  of  the  ver- 
tical force,  not  as  throwing  any  light  on  the  magnetic  storm, 
but  beeau.se  they  are  interesting  as  showing  the  vicissitudes 
to  which  this  force  is  subject  at  Kcw.  Some  years  ago  there 
was  a  good  deal  of  discussion  as  to  the  effect  that  the  London 
United  Traniwa}  s  would  have  upon  the  magnetic  records  of 
Kew  Observatory.  It  will  l)e  noticed  in  these  diagrams  that 
the  electrical  working  of  the  trams  causes  veiy  marked  effects. 
The  magnetic  needle  is  continually  on  the  swing,  but  it  does 
not  merely  swing  regularly  like  a  pendulum  ;  it  receives 
numerous  bnflcts  which  stop,  check  or  reverse  the  swing  in 
progress  at  the  moment.  The  oscillations  would  be  much 
greater  than  tliey  are  but  for  the  fact  that  the  mag- 
net is  damped  by  the  presence  of  metal  [ilates.  By 
comparing  these  traces  with  those  of  the  horizontal 
force  it  will  be  seen  that  the  vertical  force  is  much  the  more 
affected  of  the  two.  It  is  also  noticeable  that  there  is  a  very 
marked  change  at  about  1  a.m  ,  or  a  little  earlier,  every  morn- 
ing. This  change  is  not  merely  a  rapid  variation,  but  a 
definite  change  in  the  mean  value  of  the  force,  and  at  about 
i  a.m.  there  is  again  a  sudden  change  back  to  the  previous 
value  or  something  approaching  it.  The  change  is  also  notice- 
able, to  the  practised  eye,  in  the  trace  of  the  horizontal  force. 
Between  these  hours  there  is  still  apt  to  be  some  disturbance 
with  intervals  of  complete  quiet.  On  Sunday  mornings  it  will 
be  noticed  that  the  time  when  the  force  resumes  its  old  value  is 
later  (about  7  o'clock),  the  change  is  more  gradual  and  the 
periods  of  quietnets  arc  longer.  It  is  noticealile  that  quiet 
periods  occur  with  the  trace  at  diffcient  levels,  so  that  it  cannot 
be  safely  assumed  that  because  the  trace  is  smooth  the  field  is 
normal.  It  should  be  noted  that  in  Figs.  3,  t  and  5  a  move- 
.  ment  upwards  means  increase  in  the  vertical  force,  the  scale 
being  the  same  as  in  Fig.  2. 

For  an  explanation  of  these  very  definite  changes  one  natur- 
ally looks  to  the  working  of  the  tramway  system,  and  in  order 
to  see  if  any  connection  could  be  traced  we  forwaided  the 
records  to  Sir  Clifton  llobinson,  managing  director  and  engi- 
neer of  the  London  United  Tramway.^,  who  has  kindly  supplied 
us  with  some  particidars.  It  appears  that  the  usual  procedure 
is  to  shut  down  the  substations  at  stated  intervals  during  the 
night,  during  which  time  current  is  still  supplied  to  the  trollej' 
wires  from  the  generating  station  at  Chiswick.  During  such 
times  very  few  cars  are  run.  It  appears  that  on  the  nights  of 
August  6th-7th  and  7th~8lh  the  substations  (of  which  there 
are  six)  were  shut  down,  and  started  to  work  again  at  the 
hours  given  below  : — 


S\ili-.statioii. 

- 

Night 

of 

Aug.  (i-7. 

Night 

of 

-^ug.  7-8. 

Fuhvell   / 

Stopped 
Started 
Stopped 
Started 
Stopped 
Started 
Stopped 
Started 
Stopped 
Started 
Stopped 
Started 

1:0    a.m. 

4:0    a.m. 
12:30  a.m. 

(i:30  a.m. 
12:0    m.n. 

5:.30  a.m. 

1:.30  a.m. 

5:0    a.m. 

1:15  a.m. 

5:0    a.m. 

1:0    a.m. 

■1:30  a.m. 

1:0     a.m. 

8:30  a.m. 
12:30  a.m. 

Wimbl.doii    f 

8:30  a.m. 
12:0    m.n. 

Hounsl.nv  / 

7:.30  a.m. 
1:.30  a.m. 

0:0    a.m. 
1:0    a.m. 

8:30  a.m. 
1:0    a.m. 

8:45  a.m. 

From  this  it  appears  that  the  hours  when  the  Fulwell  sub- 
station was  shut  down,  viz.,  1  a.m.  on  both  days,  and 
when  it  was  started  again,  viz.,  -f  a.m.  on  the  night  of 
August  6tli-7thand  8:30  a.m.  on  the  night  of  August  7th-8th, 
coincide  with  marked  disturbances  shown  in  Fig.  i.  It  will 
be  noticed  that  Kingston  sub-station  on  the  night  of  August 
6th-  7th  was  started  at  G:30  a.m.,  which  may  account  for  a 
momentary  drop  in  curve  A.  It  is  somewhat  curious  that 
the  rise  on  those  occasions  is  frequently  preceded  by  a 
momentary  drop.  Wo  may  mention  that  "Fulwell  station  is 
about  2J  miles  from  the  Observatory.     As  to  the  disturbed 


jjortions  of  the  curve  after  the  shutting  down  of  the  sub- 
station, it  wouM  appear  that  these  are  due  to  the  tunning  of 
cars  after  the  substation  has  been  shut  down  :  for  example, 
on  weekdays,  on  five  of  the  routes  in  the  Southern  section,  the 
last  cars  are  timrd  to  arrive  at  the  Fulwell  sub-station  after 
!  o'clock,  at  times  varying  from  1:10  a.m.  to  1:29  a.m.  It  is 
noticeable  that  the  disturbance  after  the  sub  station  is  shut 
down  is  liable  to  be  larger  than  it  was  just  before  shutting  down. 
This,  wo  presume,  is  due  to  the  gathering  of  the  cars  near 
the  sub-station.  It  will  be  noticed  that  Figs.  H,  4  and  f. 
differ  considerably,  and  we  presume  that  this  'is  due  to 
dilferences  which  may  be  introduced  in  the  mode  of  opera- 
tion by  special  circumstances.  Thus,  it  would  almost  appear 
from  curve  A,  Fig.  5,  that  the  Fulwell  sub-station  on  the 
night  of  September  17th-18th,  1909,  was  not  shut  down  at 
all,  but  in  regard  to  this  we  have  no  definite  information.  It 
also  seems  a  little  curious  that  there  should  not  be  the  same 
abrupt  change  in  the  mean  value  of  the  vertical  force  on 
Sunday  morning  at  the  stalling  up  of  this  sub-station.  This 
may  be  due  to  the  fact  that  the  routine  is  somewhat  altered 
on  Sunday  mornings. 

As  to  whether  such  disturbances  seriously  affect  the  value 
of  the  records  at  Kew,  we  are  informed  by  Dr.  Chree  that  the 
vertical  force  curves  are  too  disturbed  for  any  jjurpose  other 
than  the  verification  of  dip  circles.  No  attempt  is  made  to 
tabulate  these  curves  or  to  deduce  diurnal  variations,  as  was 
the  case  before  1901,  but  for  testing  ordinary  dip  circles  they 
are  of  service.  It  requires  a  change  of  about  00001  C.G.S.  to 
alter  the  dip  by  1',  and  the  order  of  accuracy  in  dip  circle 
observations  is  at  best  0'  -5.  Thus  the  curves  serve  to  link  up 
the  observations  taken  with  dip  circles  under  test  and  those 
made  with  the  Kew  circle. 

In  the  case  of  declination  and  horizontal  force,  the  tabula- 
tion and  publication  is  continued  of  the  diurnal  ine(jualities 
for  five  quiet  days  a  month,  corrected  as  far  as  possible  for 
visible  tram  effects,  but  the  inc(jualities  so  obtained  are  no', 
considered  suitable  for  minute  analysis.  They  serve  to  indi- 
cate the  general  features,  such  as  the  fluctuation  in  range  with 
the  sea.son  of  the  year,  and  the  probable  variation  with  sun- 
spot  frequency. 

Again,  for  the  study  of  the  general  features  of  magnetic 
storms,  the  artificial  disturbances  of  declination  and  horizontal 
force —as  is  evident  from  the  records  here  reproduceil — arc 
not  of  very  much  consequence.  In  the  c;ise  of  the  vertical 
force  there  is  greater  interference.  Even  in  the  cise  of  the 
declination  and  horizontal  force  curves  theie  are  many  re- 
searches for  which  these  are  spoilt.  They  can  no  longer  be 
trusted  for  details,  such,  for  instance,  as  [the  commencing 
movements  of  magnetic  storms,  and  they  are  quite  useless  for 
the  study  of  the  minute  regular  waves  or  pulsations  which  not 
infrequently  occur.  Thus,  whilst  all  the  instruments  are  still 
continued  at  work,  their  utility  has  suffered  a  very  great  deal, 
and  their  continuance  in  action  is  largely  due  to  the  fact  that 
the  records  so  obtained  are  still  useful  for  the  testing  of  in- 
struments. 


THE  GOVERNMENT  PURCHASE    OF  THE  MARCONI 
WIRELESS  STATIONS. 

In  response  to  our  inquiries,  we  hiive  received  the  following 
particulars  concerning  the  purchase  by  the  State  of  the  Marconi 
wireless  telegraph  stations  and  their  C()uipiiients  : — 

Arrangements  have  now  been  completed  with  the  Marconi 
Company  for  the  tninsfer  to  the  Post  Ollice  of  all  their  coiist 
stations  for  communication  with  ships,  including  all  i)lant, 
machinery,  buildings,  leases,  &c.,  ami  for  the  surremler  of  the 
rights  which  they  enjoy  under  their  agreement  with  the  I'osi; 
Otlice  of  August,  1904,  for  licences  or  facilities  in  respect  of 
coast  st:itious  intended  for  such  communication. 

In  adilition,  the  Post  Ofiice  secures  the  right  of  using,  free 
of  royalt}',  the  existing  Marconi  i)atents  ;ind  any  future 
patents  or  improvements,  for  a  term  of  1 1  years,  for  the  fol- 
lowing purposes  :  Communication  for  all  purposes  between 
stations   in    the  United    Kingdom   and   ships,  and  between 
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stations  on  the  mainland  of  Great  Britain  and  Ireland  on  the 
one  band  and  outlying  islands  on  the  other  hand,  or  hetween 
any  two  outl)  ing  islands  ;  and  (except  for  the  transmission  of 
public  telciirams)  between  any  two  stations  on  the  mainland  ; 
and  on  board  Post  Office  cable  ships. 

The  inclusive  consideration  to  be  paid  to  the  company  is 
£15,000. 

The  arrangement  is  in  no  sense  an  exclusive  one.  All  the 
stations  will,  under  the  International  Kadio  telegraphic  Con- 
vention, be  open  for  communication  equally  to  all  sliip.s, 
whatever  system  of  wireless  telegraphy  they  may  carry  ;  and 
the  Post  Office  will  be  free  to  use  or  to  experiment  with  any 
system  of  wireless  telegraphy  at  its  discretion.  AH  inland 
communication  of  messages  by  wireless  telegraphy  will  be 
entirely  under  the  control  of  the  Post  Office. 

The  company  will  retain  the  licence  for  their  long-distance 
.stations  at  Poldhu  and  C'lifden,  which  are  primarily  intended 
for  shore-to-shore  communication  with  America. 

Arrangements  have  also  been  made  with  Lloyd's  for  the 
transfer  to  the  Post  Office  of  their  wireless  stations  for  com- 
munication with  ships,  and  for  the  surrender  of  all  claims  to 
licences  for  such  communication.  In  return  Lloyd's  will  receive 
the  plant  value  of  their  stations,  and  will  have  transmitted  to 
them  (with  due  regard  to  the  secrecy  of  private  telegrams)  in- 
foiTnatiou  received  at  the  Post  Office  stations  in  regard  to  the 
position  and  movements  of  ships,  and  other  maritime  intelli- 
gence. 

Lloyd's  and  the  Marconi  Company  have  mutually  arranged 
to  cancel  an  agreement  between  themselves  which  was  made 
in  1901,  and  which  has  proved  a  source  of  dispute  and  there- 
fore an  obstacle  to  the  development  of  wireless  telegraphy. 

The  negotiations  and  arrangements  have  been  conducted 
with  the  knowledge  of  and  m  con.sultation  with  the  Admiralty  ; 
and  it  is  considered  to  be  to  the  public  interest,  from  a  strate- 
gical as  well  as  from  a  commercial  point  of  view,  that  the  coast 
stations  used  for  communication  with  ships  should  be  in  the 
hands  of  the  Government,  and  should  be  worked  as  part  and 
parcel  of  the  general  telegraphic  system  of  the  country.  It  is 
regarded  as  important  also  that  no  private  monopoly  in  wire- 
less telegraphy  should  be  allowed  to  grow  up.  It  is  hoped 
that  the  new  arrangements  will  result  in  an  even  more  rapid 
extension  of  the  use  of  this  important  invention  than  has  taken 
place  in  the  past. 


ELECTRICAL  INYENTIONS  AND  THE  TRAINING 
OF  THE  ELECTRICAL  ENGINEER. 


On  Wulncsday  last  I'rof.  J.  A.  Fleming,  F.R.S.,  delivered  a  lecture 
on  tlie  subject  of  "  Electrical  Inventions  and  the  Training  of  the 
Electrical  Engineer "  at  University  College,  preparatory  to  the 
session  of  the  engineering  dci)artmcnt.  Mr.  W.  M.  Mordey,  president 
of  the  Institution  of  El(<-lrical  Engineers,  was  in  the  chair. 

Prof.  Fleming  began  liy  lirieily  sketching  the  progress  of  electrical 
technology.  He  .showed  tliat  it.s  inception  was  co-existent  with  the 
Vict<irian  era.  and  that  from  telegraphy  we  had  pas.nd  tliiovigh 
telephony  and  the  generation  of  electric  power  and  light  to  wireless 
telegraphy  and  telephony.  Development  at  the  present  time  was 
being  made  in  the  production  of  nitrates,  and  po.ssibly  we  should  also 
see  in  the  near  future  the  wireless  transmi.ssion  of  power.  This  con- 
dition of  things  had,  the  lecturer  contended,  been  mainly  brought 
about  by  certain  men  only,  although  nmeh  cai)ital  and  many  men  had 
been  ooneerned  in  the  general  devclo])mcnt  of  electrical  engineeriiiL'. 
He  instanced  the  names  of  Faraday  and  Kelvin  in  this  eonnecl  ioii. 
The  development  of  engineering  was  esscnti;il  owing  to  the  gn  atei- 
po|)ulation  of  the  earth,  which  required  that  the  material  at  our  dis- 
posul  should  Ix;  developed  and  u.sed  in  the  best  jjossible  way. 

I'rof.  Fleming  then  turned  to  the  question  of  the  education  of  the 
yoimg  electrical  engineer.  He  said  that,  although  it  was  necessary 
at  the  present  time  that  each  student  should  specialise,  this  speciali- 
sation should  not  commence  too  early.  A  broad  foundation  of  tln' 
general  principles  should  be  laid  and  some  business  knowledge  should 
al.so  he  im])arted.  He  did  not  think  that  engineering  subjeets  sliould 
form  a  [)art  of  the  school  curriculum,  but  that  the  ethical  qualities 
of  the  public  school  should  be  taken  full  advantage  of,  and  attention 
should  there  be  paid  to  such  subjects  as  foreign  languages  and  mathe- 
M   l.(r."|M 


raatics,  for  there  was  no  doubt  that  at  the  present  time  technical 
colleges  were  handieajjpcd  by  the  insuflieient  knowledge  of  first-year 
students.  As  to  which  boys  should  eventually  become  engineers,  he 
aiL!ii<(l  that  something  more  was  wanted  than  the  so-called  mecha- 
nical turn  of  mind.  The  best  augury,  in  his  opinion,  for  success  was, 
in  addition  to  strong  bodily  constitution,  a  natural  tendency  of  mind 
to  tlo  things  rather  than  to  talk  or  read  about  them,  and  the  next 
most  important  thing  was  cfTiciently  to  concentrate  the  attention 
on  the  matter  in  hand,  combined  with  a  steady  determination  to 
reach  the  goal  in  some  way  if  )iossible. 

As  tt)  the  question  of  the  particular  way  in  which  the  student 
sliuuld  be  trained,  he  thought  that  there  should  be  a  thorough  pre- 
liminary education  in  pure  and  applied  science,  followed  by  instruc- 
tion in  teclinical  subjects,  which  must  be  based  on  practical  work  by 
the  student  himself.  There  were  four  main  divisions  of  electrical 
engineering — telegraphy,  electricity  su]iiily.  manufacture  and  tech- 
nical teaching — each  of  which  demanded  spi  cial  preparation.  He 
emjihasised  that  success  in  the  second  of  these  \\as  not  merely  a 
matter  of  engineering  knowledge,  but,  so  far  as  the  higher  positions 
were  concerned,  required  organising  and  business  abilities  of  more 
than  average  excellence.  Turning  to  the  actual  methods  employed 
for  training  students,  he  mentioned  the  "  sandwich  "  system.  He 
said  that  its  great  disadvantage  was  the  large  distance  apart  of  the 
works,  the  student's  home  and  the  college.  The  better  way  was,  he 
tliought,  to  have  two  years  at  college,  then  a  year  in  works,  and  finally 
another  year  at  college.  The  college  engineering  societies  were 
useful  and  their  potentialities  should  certainly  be  developed.  The 
visits  made  by  them  gave  the  student  an  insight  into  actual  practice, 
and  he  thought  that  an  essential  part  of  every  English  engineer 
student's  education  should  be  a  visit  to  Germany  to  see  the  methods 
l)y  which  natural  power  was  employed  for  various  purposes. 

With  regard  to  subsequent  employment,  the  lecturer  considered 
that  employment  agencies  should  be  formed,  as  advertising  was  an 
unsatisfactory  method. 

Turning  to  new  fields  tor  the  use  of  electrical  energy,  Prof.  Fleming 
said  that  there  was  an  unlimited  field  for  invention  and  improve- 
ment in  adapting  the  energies  of  Nature  to  the  satisfying  of  the 
natural  and  artificial  wants  of  mankind.  As  an  example  he  referred 
to  the  nitrate  industry  now  growing  up  in  Norway  and  Germany. 
The  electric  energy  from  water-power  necessary  to  develop  this 
industry  could  only  be  obtained  by  the  aid  of  the  electrical  engineer. 
.Several  examples  of  the  use  of  hydro-electric  power  were'jUustrated 
by  tlie  lecturer,  by  means  of  lantern  slides.  The  problem  of  the 
immense  quantities  of  energy  yet  unapplied  in  the  sun  was  dealt  with, 
and  it  was  shown  that  the  average  of  energy  available  on  the  earth's 
surface  from  this  source  was  7,000  n.p.  per  acre.  He  thought  that 
the  wireless  transmission  of  energy  was  by  no  means  an  impossible 
problem,  as  telegraphy  had  first  been  made  passilile  by  means  of 
wire  and  was  now  possible  without  wires.  One  way  of  doing  this 
might  be  to  set  the  electrical  charge  of  the  earth  in  oscillation,  and 
tap  off  the  energy  at  any  desired  point.  The  question  of  domestic 
electric  heating  and  cooking  was  also  of  immense  importance  at  the 
present  time,  and  it  was  also  becoming  necessary  to  replace  the  mal- 
odorous petrol  'bus  by  some  form  of  electric  traction.  He  thought 
that  if  it  was  only  possible  to  transmit  wirelessly  energy  a  small 
distance  from  mains  underneath  the  street  to  the  'bus  on  the  road 
above,  a  great  advance  would  have  been  made.  He  finally  drew 
attention  to  the  fact  that  electrical  engineering  was  essentially 
the  profession  of  the  young  man,  and  concluded  by  giving  some 
advice  to  the  students,  which  he  summed  up  in  the  well-known 
text :  "  Whatsoever  thy  hand  findeth  to  do,  do  it  with  all  thy 
might," 


Shunt  Motors  in  Mechanical  and  Electrical  Parallel. — In 

a  recent  issue  of  the  "  Electrical  World  "  a  patent  issued  to  Mr. 
B.  Frankenfield  is  described.  The  claim  relates  to  an  arrange- 
ment whereby  the  load  on  several  shunt  wound  direct  current 
motors  connected  in  both  mechanical  and  electrical  parallel 
can  be  divided  equally  among  the  machines.  Each  motor  is 
provided  with  as  many  separate  field-coil  sections  as  there  are 
individual  motors,  the  sections  on  one  machine  being  joined  in 
series  with  those  on  the  other  machines.  The  arrangement  is 
such  that  any  change  in  the  field  circuit  rciiistance  of  otie 
maeliiuc  varies  the  strength  of  the  fields  of  all  the  machines 
eiptally.  This  action  prevents  any  motor  from  taking  more 
than  its  share  of  the  load,  as  would  be  the  case  if  the  motors 
were  independently  connected  to  the  supply  system  and  the 
field  winding  of  one  became  hotter  and  therefore  admitted  less 
current  than  the  field  winding  of  another  motor. 
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THE  GIROD  ELECTRIC  FURNACE  FOR  THE  MANU- 
FACTURE OF  STEEL.* 

BY  PAII,  (ilRon. 

Summary. — After  describing  the  construction  and  advantages  of  the 
Girod  furnace,  the  author  gives  particulars  of  the  energy  consumption, 
cost  of  electrodes,  life  of  lining,  labour,  &c.,  as  obtained  from  actual 
practice.  

The  working  portion,  or  hearth,  of  the  Girod  electric  furnace,  as 
shown  in  the  diagram  herewith,  consists  of  a  circular  or  oblong 
chamber,  which  when  working  is  lillod  with  molten  metal  to  a  depth 
of  12  in.  to  14  in.  One  or  more  electrodes  of  like  polarity  are 
suitably  susiiended  above  the  bath ;  the  other  pole  or  terminal  con- 
sists of  a  number  of  pieces  of  soft  steel  buried  in  the  refractory 
material  of  the  hearth  at  its  ix-riphery,  the  up])er  ends  of  which 
come  into  contact  with  the  metallic  bath.  The  circuit  thus  estab- 
lished, the  electric  einrent  forms  an  arc  between  the  upper  elec- 
trode and  the  surface  of  the  bath,  through  which  it  passes  by  the 
connecting  pieces  of  .soft  steel  to  the  other  terminal  of  the  furnace. 
The  upper  portions  of  these  connecting  pieces  directly  in  contact 
with  the  metallic  bath  naturally  fuse  to  a  certain  depth,  which  does 
not,  however,  exceed  2  in.  to  4  in.  In  order  to  decrease  the  depth 
of  the  fused  portion  as  much  as  possible,  and  to  assist  in  preserving 
the  lower  portion  of  the  refractory  lining  of  the  furnace,  the  lower 


Girod  Fi'rnace. 

extremities  of  ttie  connecting  pieces  are  fitted  with  a  water-cooling 
arrangement,  in  a  cavity  about  0  in.  deep,  in  that  portion  of  the 
steel  connectors  projecting  outside  of  the  furnaws  tliis  also  serves 
for  connecting  the  cable  to  this  terminal. 

According  to  the  capacity  of  the  furnace,  one  or  more  electrodes 
are  u.sed  above  the  bath,  but  if  more  than  one  is  u^ed  they  are 
always  in  parallel.  connect?d  to  the  same  terminal  of  the  generator 
or  transformer,  the  other  terminal  being  connected  to  the  metallic 
connecting  i)ieces.  The  furnace  may  be  run  with  either  continuous 
or  alternating  current,  but  in  the  latter  case  it  is  ncci'ssary  to  taUe 
into  account  that  cos  0  will  bo  almut  l)'S8. 

The  furnace  body  consists  of  a  metallic  shell  of  phile  steel,  form- 
ing a  chamber  round,  sqiuircor  rectangular,  as  may  be  desired,  lined 
with  suitable  refractory  material  (magnesite  or  dohimilo).  Tlic  fur- 
nace is  supplied  with  suitable  charging  and  working  doors  anil  a  tap- 
hole.  The  steel  is  tapped  by  tilting  the  furnace,  for  which  purpose 
it  may  be  mounted  on  trunnions  or  rollers.  A  cover  lined  with 
silica  brick  is  mounted  over  the  furnace,  the  ports  for  the  electrodes 
being  fitted  with  a  removable  cast-iron  water-cooled  frame. 

The  electrodes  are  so  fitted  that  air  cannot  enter  the  furnace,  this 
and  the  use  of  metallic  frames  or  collars  being  possible  by  the  fact 
that  the  electrodes  have  the  same  polarity,  and  there  is,  therefore, 
no  danger  of  short-circuits  across  tho  cover.  The  use  of  the  metallic 
frames  for  the  electrode  ports  is  not  altogether  necessary,  but  has 

*  Abstract  of  a  Paper  read  Ijefore  tho  American  Electrcchemical 
Society. 


the  advantage  ,,f  more  perfectly  closing  the  furnace  and  stiffening 
the  cover. 

Adi-uniagcJi  of  the  Girod  Furnace. — As  tliLs  furnace,  although  of  the 
aic  type,  works  al.so  partially  by  resistance,  this  latter  feature  be- 
comes of  j)rime  importance  in  starling  up  with  a  charge  of  cold  scrap, 
turnings  or  cast  iron.  In  fact,  the  great  case  with  which  the  fur- 
nace may  bo  started  up  with  cold  charges  is  a  marked  advantage  <jf 
the  Girod  furnace  over  other  systems.  The  method  of  arranging  the 
electric  circuit  permits  of  easy  automatic  regulation  of  the  arc,  as 
there  is  but  one  drop  of  potential  to  be  regulated  in  the  circuit,  in- 
stead of  two  successive  drops,  as  is  the  ca.se  in  furnaces  having  two 
electrodes  in  series.  Like  all  arc  furnaces,  the  Girod  furnace  lends 
itself  extremely  well  to  the  work  of  refining  the  metal ;  it  permits  of 
obtaining  very  hot  and  fluid  slags,  which  may  lie  entirely  removed 
during  the  handling  of  a  charge.  The  low  voltage  at  which  the  fur- 
nace works  (about  55  volts)  makes  it  very  easy  to  insulate 
tlioroughly  all  parts  of  the  furnace  circuit,  or  any  places  where 
sliort -circuits  might  occur;  this  is  an  additional  safeguard  for  work- 
men «ho  may,  by  reason  of  their  duties  or  accidentally,  come  in 
contact  with  the  current. 

In  the  Girod  furnaces  in  actual  operation  at  Ugine,  in  the  works 
of  the  Compagnie  des  Forges  et  Aci^ries  Electriques  Paul  Girod,  the 
raw  materials  con.sisto£  sera]),  turnings  and  some  ca-st  iron,  gathered 
indiscriminately  in  the  market.  The  problem,  therefore,  is  to  refine 
these  materials,  charged  cold,  to  obtain  a  high-grade  steel.  The 
finished  steels  are  of  any  desired  grade,  of  all  degrees  of  hardness, 
carbon  and  special  structural  steels,  tool  steels,  cast  steels,  &c. 

The  characteristics  of  electric  furnace  steels  are.  compared  with 
Bessemer,  open-hearth  or  crucible  steels,  their  high  elastic  limit,  and 
their  great  resistance  to  shock.  These  .'qualities  seem  due  to  the 
chemical  purity  of  electric  furnace  steel,  to  its  homogeneity  and  free- 
dom from  occluded  gases.  The  two  latter  points  are  of  greater  im- 
portance, inasmuch  as  the  sulphur  and  phosphorous  content  hardly 
ever  exceeds  0030  per  cent. 

General  Data  as  to  Costs  of  Melting. 

TreMtment  of  a  Chnrrje  of  Cold  Scrap,  trith  Refining. — The  average 
energy  consumption  for  fusing,  refining  and  finishing  a  charge  of  cold 
scrap  is  OOOkw.-hours  per  ton  of  steel  in  a  2-ton  furnace,  .and 
700kw.-hours  in  a  furnace  holding  8  to  12  tons,  the  energy  being 
measured  at  the  furnace  terminals.  These  figures  will,  of  course, 
be  slightly  increased  in  the  case  of  special  steels,  or  diminished  as 
the  refining  period  is  .shortened. 

The  electrode  consumption  is  about  10  kg.  to  18  kg.  (35  lb.  to 40  lb.) 
in  a  2-ton  furnace,  and  13  kg.  to  15  kg.  (:;9  lb.  to  33  lb.)  in  an  S  to 
12-ton  furnace  per  ton  of  steel  produced.  The  unused  portions  of 
the  electrodes,  corresponding  in  length  to  the  height  of  the  arclied 
cover  above  the  bath,  are  included  as  having  been  actually  con- 
sumed. The  consumption  of  electrodes  will  obviou.sly  depend  upon 
their  (piality;  that  indicated  above  refers  to  ordinary  amoriih'.>us 
carbon  electrodes  luade  from  retort  carbon,  and  not  to  graphitised 
electrodes. 

The  lining  is  of  brick  (or.  better  still,  a  paste)  made  of  magnesite 
or  dolomite.  These  materials  give  equally  good  results,  and.  there- 
fore, the  one  is  used  which  can  be  had  at  the  lowest  price.  One  such 
lining  will  last  40  to  50  heats  without  any  repairs,  after  which  the 
lateral  walls  of  the  furnace  leceive  partial  repairs.  Xow  and  then, 
generally  after  lOt)  heats,  the  upper  portion  of  the  hearth  lining  for 
a  distance  of  about  10cm.  (4in.)  is  repaired  also.  The  hearth  other- 
wise does  not  require  any  repairs. 

The  cover  is  of  silica  or  high-grade  fire  brick,  the  life  dejicnding 
upon  the  qu.ality  of  the  brick:  with  good  material  a  cover  will  last 
through  40  to  .50  heats.  Under  these  conditions,  in  France,  the 
expense  for  furnace  linings  will  l)e  7  to  S  francs  (about  Os,)  (X-r 
ton  of  steel  produced  in  a  small  furnace,  and  4  to  5  francos  (3.s.  to  4s.) 
in  a  large  furnace  of  S  to  12  tons  capacity. 

To  handle  the  furnace  three  men  are  sufficient,  a  nielter.  an  assis- 
tant melter  and  a  boy,  for  small  furnaces;  four  men  for  a  large 
furn.ace.  At  Ugine  tlie  large  furnaces  are  charged  by  an  electric 
charging  machine. 

To  the  expense  above  mentioned  should  be  added  the  sundry 
additions,  such  as  lime,  ore  and  tluorspar,  for  the  various  slags,  on 
one  hand;  and  ferro-alloys,  ferro-manganese,  ferro-silieon.  silico- 
manganese.  &c..  added  during  the  final  period  and  finishing  of  the 
mctal,  on  the  other  hand.  The  total  of  these  items  will  vary  essi-n- 
tially  with  the  purity  of  the  i>rime  materials  used  and  with  the 
q\iality  of  the  steel  to  be  mstde;  it  varies  Iwtweeu  3  iuid  7  francs 
(2s.  Gd.  to  5s.  tJd.)  the  ton. 

The  loss  in  the  furnace  w  ill  depend  mostly  upon  the  eoni|H>sition 
and  slate  of  oxidation  of  the  .scrap  and  materials  charged;  with 
heavy  scrap  but  little  oxidised,  the  loss  is  from  G  to  7  i^er  cent. 
^   Trcalment  of  a  Charge  of  Cold  Scrap,  uilhoul  Refining. — This  ia 
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till' rase  where  a  eliarire  of  scUited  and  suftii-iently  l>uri>  inatorials 
is  simply  melted  in  the  eU-ctiic  furnae^'.  The  time  of  the  heat  is 
diminisl\ed  Viv  25  per  cent.,  so  that  the  various  expenses  of  melt- 
ing, as  above,  are  reduced  to  about  75  per  cent,  of  the  figures 
given. 

Treatment  of  a  Clmrge  of  Liquid  Steel. — The  molten  steel  ean  be 
taken  from  a  Bessemer  converter,  or  from  a  Martin,  or  open-heartli 
furnace.  The  time  of  the  heat  is  then  retlueed  to2(l  to  30  per  cent, 
of  the  length  of  a  heat  t>f  material  chargetl  cold  and  refined,  and 
the  various  factors  ent<'ring  into  the  cost  are  brought  to  20  to  3t) 
per  cent,  of  the  values  civen  above. 

In  addition  to  tv,o  124  ton  and  three  2-2i  ton  furnaces  in  opera- 
tion at  Uginc,  Giiod  furnaces  are  also  installed  at  the  works  of 
Oehler  &  Co.  (Switzerland),  John  Coekerill  Co.  (Belgium),  Stot/.  & 
Co.  (Germany).  Ternitzer  Stahlwerke (Austria).  Steirische  Gusstalil- 
wcrke  Danner  &  Co.  (.Austria),  I'oldiliiitte  (.\ustria),  and  Marrol 
Fr^res  (France),  and  a  few  details  of  these  installations  are  men- 
tioned bv  the  author. 


THE  STATUS  OF  THE  ENGINEERING  PROFESSION.* 

BY   G.    A.    THOMAS. 

SiinitiKiry. — The  author  deals  at  length  with  a  number  of  w.ays  in 
wliieb  the  present  jxisition  of  the  engineer,  both  internally"  and 
relative  to  other  professions,  might  be  imp.oved.  Overcrowding, 
miiiusc  of  word  "  engineer"  .and  multiplication  of  societies  and  other 
evils  reiiuiring  mitigation  are  gone  into,  and  schemes  for  education 
and  registration  suggested.  The  disabiUties  of  consulting  engineers 
are  also  considered. 


It  is  obvious  to  the  most  casual  ob.server  that,  although  the  science 
of  engineering  enters  very  largely  into  our  modern  civilisation,  yet 
the  position  of  engineers  at  the  present  day  is  very  far  from  being 
sitisfactory,  and,  on  account  of  the  conflicting  influences  at  work, 
is  not  likely  to  im])rove  until  some  definite  steps  are  taken  to  secure 
for  them  that  recognition  which  is  accorded  to  members  of  other 
professions.  Jlembers  of  every  branch  of  the  profession,  civil, 
mechanical  or  electrical,  are  equally  concerned,  whether  tluy  arc 
act  vcly  employed  in  carrying  out  engineering  works  as  consulting 
engineers  and  superintendents,  or  engaged  in  research  work  and  the 
like.  It  is  lack  of  unity  from  which  engineering  is  suffering  at  the 
present  day.  It  is  high  time,  therefore,  that  all  those  who  realise  the 
present  state  of  affairs  should  endeavour  to  find  some  means  whereby 
the  various  bodies  may  be  united  under  one  central  authority,  for 
the  (nhancemcnt  of  the  dignity  of  the  profession  and  the  correction 
of  those  evils  which  are  the  result  of  too  independent  action  on  the 
part  of  the  younger  branches.  Stated  briefly,  the  following  are  the 
main  difficulties  with  which  the  profession  has  to  contend  at  the  i>re- 
sent  time:  Overcrowding,  misuse  of  the  term  engineer,  multiplica- 
tion of  .societies,  what  may  be  called  the  advertising  iiroblem,  and, 
finally,  with  regard  to  consulting  engineers,  the  question  of  fees  and 
the  malpractice  of  some  manufacturing  firms  in  giving  free  advice 
to  clicnt.s. 

fJicrcroivding. — This  objection  might  be  brought  almost  equally 
well  against  any  of  the  professions,  but  engineering,  perhaps,  suiTers 
more  than  others  from  the  constant  influx  of  men  lacking  sufficient 
scientific  training,  having  no  great  love  for  their  work,  but  ai)i)arently 
tempted  by  the  ea.sc  with  which  a  footing  may  be  gained  as  com- 
j>ared  with  other  professions.  Technical  schools  should  confine 
their  efforts  to  training  mechanics  in  theoretical  work,  and  en- 
couraging them  to  think  for  themselves.  Then,  if  a  pupil  shows  a 
di.stinct  engineering  bent,  let  him  be  encouraged  in  every  possible 
way  by  scholarships  and  subsidiary  grant.s  to  continue  his  education 
at  a  recognised  centre,  where  he  may  qualify  for  the  profession. 

Misuse  of  the  Word  Engineer. — The  title  of  engineer  is  to  be  seen 
tacked  on  to  almost  every  imaginable  inchistry,  and  ean  be  freely 
adopted  by  anyone  who  cares  to  do  so.  It  ought  to  be  possible  to 
restrain  persons  from  misleading  the  public — whetlier  intenticmally 
or  otherwise — in  this  way.  so  that  the  term  enuineer  would  convey 
but  one  idea  to  the  public  mind.  Unfortunately,  the  evil  has  gone 
on  for  so  long  that  it  will  be  difficult  to  find  a  remedy.  Perhai)»  it 
would  \>e  possible  to  find  a  new  name  by  which  to  designate  ])ro- 
fessional  engineers,  or  to  devise  means  for  preventing  the  misuse  of 
the  old  title. 

.MulliiiUmHiin  of  Sorielies. — Speeiallsation  has  reached  such  a 
point  that  the  tendency  of  the  present  day  is  all  towards  an  increase 
in  tlic  number  of  engineering  societies.  When  used  for  the  )nirpose 
whi;h  they  are  intended  to  fulfil — viz.,  for  encouraging  the  Inter- 
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cliani;e  of  ideas  on  specialised  technical  subjects  and  attracting  men 
wlio  are  not  yet  qualified,  apart  from  the  special  subject  in  which 
they  arc  interested,  to  join  the  older  institutiims — such  societies 
eaiuiot  be  too  highly  commended  ;  but  for  these  societies  to  allow 
their  memlx-rs  to  adopt  the  initials  of  their  titles  as  a  distinguishing 
mark  must  result  in  ehea|)ening  the  value  of  such  d'stinctions  and 
cause  confusion  in  the  minds  of  the  public. 

.^(/ivr//.-./ ;((/.— Medical  men  have  recognised  the  advisability  of 
dilTerentiating  strongly  between  jirofcssion  and  trade,  and  have, 
as  far  as  possible,  relegated  the  merely  mechanical  duties  to  an  in- 
ferior body  of  men.  To  accentuate  the  distinction  more  strongly 
they  have  made  it  an  unwTittcn  law  that  no  professional  man  as 
such  shall  advertise  himself  in  any  way.  The  mechanical  branch 
of  engineering  is  brought  into  much  closer  contact  with  actual 
trading  than  any  other,  consequently  it  l>ehoves  those  engaged  in 
this  class  of  work  to  be  doubly  careful.  Engineers  must  remember 
tliat  this  matter,  in  common  with  other  points  referred  to  in  this 
essay,  must  not  be  regarded  solely  from  their  own  view  point,  but 
also  from  that  of  the  general  ])ublic,  and  considerations  which  they 
themselves  could  afford  to  neglect  must  for  this  reason  receive  care- 
ful attention.  In  these  days  of  keen  competition  it  is  very  evident 
that  engineering  businesses,  in  common  with  others,  cannot  afford 
til  abstain  from  advertising.  Ai  the  same  time,  to  allow  managers 
of  these  concerns  to  use  their  positiim  as  members  of  the  engineering 
]irofcssion  for  the  purpose  of  personal  advertisement  and  yet  to  veto 
the  juncly  consulting  engineer  from  advertising  himself  in  any  way 
woulti  be  the  height  of  injustice.  It  must  be  considered  essential 
that  the  professional  man  who  is  allied  to  a  business  concern  shall 
not  allow  his  name  to  be  displayed  in  any  advertisement  whatever, 
nor  shall  the  product  manufactured  by  his  firm  bear  his  name  by 
way  of  a  trade-mark. 

Professional  Fees. — The  position  of  consulting  engineers  is,  per- 
haps, particularh'  unsatisfactory.  To  take  the  question  of  fees  first. 
In  the  absence  of  any  legal  status,  it  is  exceedingly  difficult  to  define 
or  establish  a  scale  of  fees  which  shall  receive  imiversal  recognition. 
One  is  frequently  hearing  of  cases  where  a  consulting  engineer  has 
been  asked  to  state  an  inclusive  fee  for  certain  work,  only  to  find 
that  it  has  been  imdcrtakcn  by  someone  ilse  for  a  much  lower  figure. 
Snch  a  |jroccdure  is  unheard  of  in  any  jirofcssion  but  our  own,  and 
]n  iits  to  a  lack  of  unity  and  professional  c mci-rd.  Many  manufac- 
turing firms  at  the  present  time  make  a  practice  of  giving  advice  on 
engineering  matters,  preparing  estimates,  and  even  drawings,  free 
of  any  charge,  if  the  order  for  a  part  of  the  intended  work  is  placed 
with  them.  Such  ad\ice  is  naturally  bia.sscd.  and  often  results  in 
expensive  plant  being  installed  which  is  quite  unsuitcd  for  the  pur- 
pose in  view.  Such  a  state  of  affairs  is  manifestly  unfair  to  the  con- 
sulting engineer,  as  well  as  detrimental  to  the  interests  of  the  public. 
The  consultant,  for  the  .sake  of  his  professional  reputation,  would 
naturally  take  greater  care  to  consider  the  real  interests  of  his  client, 
and.  acting  independently  of  any  commercial  bias,  would  be  more 
fitted  to  judge  what  would  best  suit  the  requirements  of  the  case. 
The  |)rofession  would  hold  a  higher  position  in  the  estimation  of  the 
]mblie  when  once  it  was  realised  that  the  advice  given  was  as  inde- 
pendent as  that  given  by  any  other  body  of  consultants.  It  would 
then  become  an  understood  thing  that  a  consulting  engineer's  opinion 
was  not  only  desirable,  but  practically  essential,  and  their  recognition 
as  a  special  branch  of  the  profession  would  be  secured. 

Suggested  Reforms. — Having  thus  sketched  the  chief  hindrances 
to  the  advancement  of  the  profession,  it  is  now  time  to  outline  a 
scheme  whereby  the.se  obstacles  may  be  removed.  At  the  head  of 
such  a  scheme  should  lie  ]ilaeed  the  formation  of  a  central  organising 
iKxly.  whose  duties  would  be  cither  to  deal  with  ]irol)lems  affecting 
the  profession,  as  they  may  arise,  or,  if  deemed  more  advisable,  to 
delegate  their  authority  to  si-lect  committees.  The  institution  and 
composition  of  this  body  is  the  next  step  to  be  considered,  and  here, 
as  in  every  other  ease  where  it  may  be  possible,  such  organisation  as 
already  exists  should  be  utilised  to  the  fullest  extent.  The  three 
largest  and  most  representative  sociitiis  at  the  jircscnt  time  are  the 
Inslitulion  of  Civil  Engineers,  the  Institution  of  .Mcilianical  Engi- 
neers and  the  Institution  of  Electrical  Engineers,  of  which  the  first- 
named,  by  reason  of  its  greater  age  and  Ixttcr  organisation,  stands 
undoubtedly  on  a  higher  plane  than  the  other  two.  It  is.  therefore, 
very  desirable,  in  the  first  place,  that  the  two  latter  institutions 
.should  place  them.selves  on  an  equality  with  the  Civil  Engineers, 
since  they  are  in  no  way  inferior  as  regards  the  scientific  training 
of  their  members.  It  would  be  advisable  that  these  three  societies 
or  their  councils  should  convene  a  joint  meeting  for  the  purjiose  of 
appointing  a  committee  of  their  members  to  consider  the  better 
organisation  of  the  profession,  the  ]ircliminary  expedients  to  be 
adojitrd.  and  the  form  which  the  pi-rmanent  .s<'hemc  should  take. 
The  committee  would  first  proceed  to  organise  a  central  governing 
body  consisting  of  a  president  and  council.     This  body  should  be 
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cqii.illy  rr|iri>8entativo  of  each  of  the  three  societies  before  men- 
tioiird.  the  members  being  either  nominated  or  elected  by  tlio  reapec- 
liv.'  ommcils.  V'aoanoios  on  the  central  council  as  they  oeeurrcd 
would  be  tilled  from  the  society  affected,  so  as  to  maintain  the  equality 
of  re|ircscntation.  The  president  sliould  hold  oflieo  for  ii  limit<>d 
term,  a  representative  of  each  of  the  constituent  societies  bciuH 
elected  in  rotation  by  the  centra!  council.  A  member  of  the  central 
council  need  not  necessarily  have  sat  on  the  council  of  the  society 
which  he  represents,  each  council  having  tlu^  rifjht  to  nominate  any 
full  member  of  their  society  as  their  n  piesentative.  The  central 
council  being  com])lete,  it  would  Ih'  advisable  that  it  should  en- 
(Icnvciur,  at  the  earliest  possible  date,  to  obtain  recognition  as  a 
I(L,'alised  corporation  by  act  of  Parliament.  In  the  meantime,  it 
would  devote  itself  to  instituting  su<-h  machinery  as  could  deal  most 
effectively  with  the  main  questions  affecting  engineering,  arranging 
for  committees  to  inquire  into  the  needs  of  the  profession,  and  to 
consider  schemes  of  reform,  so  that  no  branch  or  subdivision  of  the 
I)ripfession  might  a|)poar  to  be  neglected.  All  such  schemes  should 
be  as  comineliensivo  as  possible,  and  in  view  of  the  fact  that  en- 
gineering is  ever  developing  new  spheres  of  influence,  ample  j)ro- 
vision  should  be  made  for  future  extensions  and  alterations,  subject 
to  the  approval  of  the  ccmtral  body.  In  all  matters  relating  to  the 
profession  this  body  would  have  supreme  jurisdiction,  its  duties  being 
both  organising  and  judicial,  though  in  practice  it  would  probably 
be  found  advisable  to  t;ivc'  as  free  a  hand  as  jmssible  to  the  tlvree  com- 
ponent societies  in  nialdis  spciially  icIaliiiL'  to  their  respective 
branches.  Having  once  nhlaiiud  a.  legal  status,  the  central  body 
should  turn  its  attention  to  the  following  points:  (i.)  Registration 
of  members  :  (ii.)  education  ;  (iii.)  regulation  of  fees  ;  (iv.)  organisa- 
tion of  funds  tor  aiding  invention  and  research,  &c.  An  endeavour 
should  then  be  made  to  formulate  a  scheme  for  the  establishment  of 
an  information  bureau  for  engineers,  and  the  institution  of  benefac- 
tions for  the  more  needy  or  inifurtunate  of  its  members. 

h'lyisfniliiiii. — A  register  slmuld  be  compiled  containing  the  n.araes 
and  addresses  (if  <{ualitied  members  of  the  profession,  their  present 
occupation  and  an  outline  of  their  qualifications.  No  one  should 
be  allowed  to  have  his  name  entered  on  this  register  unless  he  be  a 
full  member  of  one  of  the  three  societies  and  at  least  an  associate 
member  of  one  of  the  others.  Anyone  not  thus  registered  should  be 
legally  disqualified  from  receiving  fees  as  a  consulting  engineer,  and 
debarred  from  holding  any  public  engineering  appointment.  More- 
over, any  infringement  of  the  laws  drawn  up  by  the  central  body  for 
the  protection  of  the  profession,  or  serious  breach  of  professional 
etiquette,  should  make  the  offender  liable  to  have  his  name  struck 
oft'  this  register,  so  that  he  ceases  to  be  a  recognised  member  of  the 
profession. 

Education. — Men  desirous  of  entering  the  engineering  profession 
should  be  obliged  to  qualify  at  certain  recognised  centres.  These 
centres  should  be  limited  to  the  existing  engineering  colleges  and 
the  universities  ;  technical  and  other  schools  being  allowed  to  enter 
their  pupils  for  entrance  examinations  only,  as  in  the  ease  of  other 
professions.  At  the  same  time,  to  prevent  any  undue  hardships 
arising  from  these  restrictions,  ample  op])ortunities  should  be  given 
to  all  who  may  desire  to  enter  the  profession,  by  a  liberal  provision 
of  scholarships  and  exhibitions.  In  this  way  none  need  he  debarred 
from  becoming  engineers  by  lack  of  means  to  meet  the  educational 
requirements.  The  standard  of  the  profession  as  a  whole  would  tend 
to  rise,  while  the  problem  of  overcrowding  would  be  solved,  as  far  as 
it  is  possible  nowadays,  since  the  output  of  mere  rule-ot-thumb  men 
would  be  restricted.  Another  result  would  be  that  a  higher  value 
woidd  be  set  on  the  qualified  engineer,  so  that  he  would  obtain  a 
better  return  for  his  services  than  he  can  at  present  command. 

Having  passed  through  a  course  of  theoretical  and  practical  train- 
ing such  as  may  be  deemed  sufficient  to  qualify  him  as  an  engineer, 
and  having  specialised  in  some  one  branch  of  the  profession,  the 
young  engineer  would  now  prepare  himself  for  admission  to  one  of  the 
societies  as  a  preliminary  to  registration.  These  societies — the 
Institutions  of  Civil,  Mcehanical  and  Electrical  Engineers — would 
practically  reniain  as  at  present  constituted  ;  but,  where  their  dif- 
ferences are  such  as  tend  to  |)lace  one  on  an  inferior  plane  to  both  or 
either  of  the  other  two,  such  clianges  should  be  introduced  as  would 
ensure  professional  equality  for  them  all  ;  sueh  an  equality  being 
essential  if  engineering  is  to  have  that  unity  which  alone  could  make 
it  hold  its  own  with  the  other  professions.  The  standard  of  qualifiea- 
tions  for  admission  to  each  of  the  three  societies  should  be  of  the 
same  high  order,  associate  membershi])  being  by  examination  only 
and  preceding  full  membership,  except  in  tlie  case  of  honorary  mem- 
bers. I'lxceptional  merit,  of  course,  would  alone  admit  to  the  latter 
class,  tile  (.idinary  full  member  attaining  that  position  either  by 
writing  a  thesis  or  by  having  distinguished  him.self  in  professioiuil 
work  in  a  spe(Mal  manner.  The  class  of  student  members  might  or 
might  not  bo  retained,  but  it  would  probably  bo  found  more  con- 


venient to  abolish  it  eventually.  The  existing  memWrs  of  the.s<.' 
societies  would  naturally  remain  on  their  present  footing,  but  no  new 
members  should  be  admitted  after  the  scheme  is  once  established, 
except  in  accordance  with  the  new  regulations. 

The  examiners  would  be  appointed  and  the  examinations  con- 
ducted as  the  councils  of  the  separate  societies  .should  dcterm'ne,  but 
all  ai>pointments  and  regulations  should  Ih-  apjiroved  by  the  central 
body.  A  candidate  who  has  |)as.sed  the  examination  entitling  him 
to  assume  the  initials  of  the  "  degree  "  conferred  by  any  one  in.stilu- 
tion,  when  sitting  for  his  second  examination  should  be  exempted 
from  again  taking  any  subject  in  which  he  is  already  qualified,  so 
that  he  may  not  be  unduly  hindered  frcjm  having  his  name  entered 
on  the  register  as  soon  as  possible. 

A  certain  amount  of  practical  work  in  a  recognised  centre  should 
be  insisted  on  as  a  necessary  qualification  of  registration,  the  time  so 
spent  to  be  regulated  by  the  central  bcxly.  The  main  point.s  to  be 
borne  in  mind  in  all  details  of  schemes  relating  t<i  engineering  educa- 
tion are  that,  although  thorough  efficiency  should  lie  aimed  at,  yet 
its  cost  from  first  to  last  should  not  be  excessive,  and  the  time  to  be 
spent  in  qualifying  should  not  be  unduly  prolimged. 

The  profession  once  having  obtained  a  legal  status,  it  would  not  ho 
a  very  difficult  matter  to  establish  a  scale  of  fees  for  con.sulting  en- 
gineers. The  funds  of  the  central  body  would  Ix-  applied  (i.)  to 
defray  the  working  expenses  of  the  body  as  a  whole,  which  should  be 
curtailed  as  far  as  might  be  compatible  with  efficiency  ;  (ii.)  to  the 
establishment  of  studentships  fur  the  furtherance  of  research  work  ; 
and  (iii.)  to  assist  inventors  in  the  development  of  their  ])atents. 

Research  studentshi|)s  should  be  granted  f)nly  to  members  of  the 
various  .societies  who  showed  special  ajititude  for  sueh  work,  and  who 
would  be  unable  to  devote  themselves  to  it  without  such  aid.  They 
should  be  held  for  a  limited  time  only,  which  might,  however,  be 
extended  at  the  discretion  of  the  committee. 

Injiirmati(in  Bureau. — If  it  were  possible  to  establish  a  world-wide 
firganisation  for  the  sole  purpose  of  ascertaining  engineering  require- 
ments in  regard  to  material  and  men.  its  value  would  be  incalculable, 
and  there  is  no  apparent  reason  why  such  a  scheme  should  not  be 
self-sup])orting.  Again,  British  engineers,  when  eomi)eting  with 
foreign  firms  on  their  own  ground,  are  often  sadly  handicapped  by 
ignorance  of  local  requirements  materially  affecting  the  design  of 
machinery,  &c.,  owing  to  the  means  of  transport,  the  conditions  under 
which  it  has  to  work,  and  the  amount  of  attention  it  receives  in 
service.  In  all  these  cases  a  bureau  supplying  the  neees.sary  infor- 
mation would  be  of  the  greatest  value.  It  should  have  its  head- 
quarters in  London,  and  should  issue  pamphlets  from  time  to  time 
containing  the  most  recent  available  information  based  on  facts 
obtained  in  that  particular  country. 

B(;nefaction.i. — A  sub-committee  should  be  appointed  to  consider 
how  far  it  would  be  possible  to  organise  a  .scheme  for  extending 
necessary  financial  assistance  to  the  poorer  members  of  the  pro- 
fession, quite  apart  from  educational  or  similar  grants. 

The  above  rough  outline  of  a  scheme  by  which  the  engineering 
profession  might  be  placed  on  a  firm  basis,  and  maintained  on  an 
equality  with  other  professions,  would,  in  the  opinion  of  the  author, 
be  found  workable  and  efficient.  The  principal  difficulties  would 
arise  in  the  initial  stages,  and  would  prove  doubly  difficult  in  our 
ease,  because  the  organisation  of  the  profession  as  a  whole  has  not 
kept  pace  with  its  growth  in  numliers.  It  is  the  duty  of  everyone 
who  feels  strongly  on  this  .subject — the  improvement  of  the  status 
of  engineers — to  take  his  jiart  without  hesitation  in  an\'  under- 
taking which  has  this  object  in  view,  and  to  endeavour  to  the  utmost 
of  his  power  to  rouse  a  real  interest  in  the  question  amongst  his 
fellows.  

DISCU.^SIOX. 

Mr.  C.  C'oi.i.TNfiWoon,  in  a  written  commnniefttion.  said  that  the 
Institution  (if  Mechanioal  Engineers  were  dding  the  right  thing  hi  raising 
the  standard  of  (|unlifieali(in.  The  young  engineer  should  not  only  he 
))r(i|ierly  tr.iiiied,  but  he  should  he  jiut  whei-e  he  was  wanted.  Ho 
tlidusilit  tliat  an  (Miginoering  Intelligenre  Department  was  needed.  He 
suggested  that  a  conferenip  of  all  th<^  engineering  soiietios  should  l>e 
called  in  order  t(i  fdirn  a  I'nidu.  one  of  whoso  fir.st  duties  might  Ik'  the 
annual  puhliiatidu  of  a  ihiectdry  giving  the  requii-ements  of  foreign 
(•(luntrios.  Parliament  should  also  lie  asked  to  make  the  registration  of 
engineers  eonqadsory. 

Mr.  H.  How.Mtn  Himimirevs  congratulated  the  author  on  the  ea.se  for 
reform  that  he  liad  imt  forward,  which  he.  the  sjieaker,  thought  eould  Ih> 
lurried  out  with  a  n\ininniin  of  friction.  For  a  great  nnnilx>r  of  years  the 
enu'infciin;;  professii  ii  li.id  been  diver;ring  ak^ng  thrw  different  lines — vir... 
the  purely  civil,  the  niechanieal  and  the  eleetrii-al — and,  (X^rhaps.  a 
f(i\ulh,  the  ninnieipal.  He  agreed  with  the  author  that  what  was  needed 
was  a  (Toueral  engineering  eonnoil  romposed  of  memlx-i^i  of  the  thnn- 
.societies.  Uiu'arding  education,  he  thought  that  the  puhlle  and  .secon- 
d.iiy  schools  were  to  a  certain  extent  to  bla'nie.  Science  must  Ih>  tnught 
witii  au  eye  to  coninieree,  whereas  Englislinieu  wen-  inelinetl  to  teaeU 
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it  as  an  eiifi  in  itself.  He  did  not  agi-ee  witli  the  author  that  toohniial 
sohoiils  should  confine  their  efforts  to  training  mechanics  in  tlieoretical 
work  and  enoouvaging  them  to  think  for  themselves.  The  usual  course 
of  tniinins  adopted  in  this  country  was  not  quite  a  success,  and  he 
su22csted  an  invci-siou  of  the  present  system.  He  did  not  .see  how  a 
definite  scale  of  fees  could  be  fixed,  as  thei-e  were  innumerable  factors 
which  had  to  be  eoiLsidercd  when  settling  such  a  questiim.  As  to  tender- 
ing ft)r  consulting  work,  the  duty  of  the  consultant  in  such  cases  was 
to  refuse  the  work  ]>oint  blank.  He  thought  an  information  bureau  was 
certainly  wanted  at  the  present  time,  even  mi>re  than  registration. 
Such  a  bureau  wouhl  be  of  great  assistance  to  the  piijul,  who,  after  having 
served  his  pu!>ilagc,  would  have  all  particulars  concerning  his  work  during 
that  period  placed  l)efore  the  bureau.  Thus,  the  boy  would  do  his  level 
Ix-st,  in  order  that  his  future  prosi)ects  might  be  enhanced.  En^dand 
should,  he  thought  have  licttcr  facilities  for  obtaining  information  aboiu 
other  countries,  and  he  gave  an  outline  of  a  scheme  adopted  in  (fcrmany 
to  gain  this  end.     Strong  co-operation,  however,  was  w'hat  was  needed. 

.Sir.  C.  J.  YORATH  thought  that  the  nniltiplication  of  societies  was  due 
to  (he  fact  that  engineers  not  able  to  get  on  the  council  of  existing  institu- 
tions formed  one  of  their  own.  It  was  no  good,  he  thouglit,  insisting 
upon  future  engineers  being  fully  qualified  when  they  shirked  making 
themselves  so. 

Mr.  P.  Gbikfith  thought  that  tactful  jjrogrcss  was  necessary  before 
anything  successful  could  Iw  accomplished.  He  dc])recat<>d  any  further 
consideration  of  ]irogress  on  the  lines  suggested  by  the  author  in  regard 
to  the  various  existing  societies.  The  author  had  too  much  discounted 
the  value  of  the  smaller  societie.'^.  No  society  coidd  exist  unless  there 
was  room  for  it.  Progress  must  be  throtigh  general  and  xmiversal  co- 
operation, and  not  through  the  selection  of  any  one  or  two  of  the  societies. 
Mr.  H.  Koss  HoorKR  di.-agreed  with  the  author  that  the  engineering 
profession  was  similar  to  the  medical  antl  legal  professions.  They  were, 
he  thought,  entirely  ditTerent,  and  it  w.is  in  that  difference  that  the  whole 
difficulty  in  front  of  improving  the  engineering  profession  lay.  He 
thought  that  if  the  existing  Institutions  woiild  take  up  the  question  of 
unqualified  engineers,  they  would  soon  get  a  harvest  of  facts  to  work 
upon.  A  great  deal  of  money  was  wasted  every  year  in  this  country 
by  employing  such  men  Supreme  jurisdiction  and  legal  status 
were  the  two  ]K)ints  on  which  the  whole  of  the  suggestions  in  tlie 
Pajjer  turned,  and  supreme  jurisdiction  could  only  be  obtained  from 
Parliament.  He  also  considered  that  it  would  be  very  doulitful  in  tlie 
present  stage  to  attempt  such  a  gigantic  measure  as  a  central  body  with 
those  i)owers.  The  proper  course  to  follow  at  present  was  to  urge  upon  the 
oonneils  of  the  Institutions  already  mentioned  the  importance  of  bring- 
ing before  the  public,  and  before  the  engineering  profession,  the  influence 
which  they  ought  to  exert.  A  little  less  dry  bones  and  a  little  more 
vitality  was  what  was  needed  to  encourage  engineers  in  their  profession, 
and  that  would  be  a  much  easier  task  than  the  ci>nstruolion  of  a  central 
bod}'.      He  agreed  with  the  author  as  to  the  information  bureau. 

Mr.  .1.  \V.  \ViLSON  said  it  seemed  obvious  that  in  all  Papers  dealing 
with  the  status  of  the  engineering  profession  a  beginning  shoidd  be  made 
with  education.  It  was  a  ])ity  that  the  great  public  schools  did  not  do 
more  to  help  the  boy  at  the  beginning  of  his  career.  The  time  so  lost 
was  terrible  to  contemplate.  He  agreed  with  the  author  as  to  tlie  order 
in  which  the  student  should  be  trained.  The  most  fatal  mistake  a  student 
could  make  was  to  work  in  a  groove,  as  he  did  not  know  what  he  was 
best  suited  for  until  he  had  tried.  Specialisation  should  come  later  on. 
Engineers  did  not  care  to  take  pupils  Straight  from  public  schools,  but 
they  stijiulated  that  some  previous  training  should  have  been  given  them. 
The  problem  was  how  best  to  lay  out  the  first  two  or  three  years  of  the 
student's  life  in  order  to  fit  him  best  for  the  profession.  He  quite  agreed 
that  the  engineer  should  not  advertise  himself,  but  he  saw  no  reason  why 
others  should  not  advertise  him.  Why  should  not  the  name  of  the 
engineer  be  mcntiimed  in  descriptions  of  any  engineering  achievement?  He 
thought  that  something  could  be  done  Ix-tween  themselves  to  see  that 
they  were  not  ignored  altogether,  and  that  the  engineer's  name  should  be 
given  in  articles  dealing  with  any  new  cngiMicrins  woik  carried  out. 

Mr.  E.  Benedict  was  inclined  to  be  of  the  o|)inion  r)f  imc  of  the  previous 
speakers  who  spoke  up  for  the  Institution  of  Civil  Engineers,  as  he,  the 
speaker,  was  amongst  the  100  senior  members  of  that  Institution.  They 
were  certainly  not  going  ahead  as  fast  as  they  might,  but  they  were 
going  very  mneh  in  the  direction  that  the  author  advocated.  They  were 
greatly  raising  the  status  of  their  member.s.  As  to  the  letters  after  a 
were  man's  name,  he  thought  they  were  certainly  very  confusing. 
He  did  not  think  it  probable  that  any  of  the  large  socielics  wouUI 
be  willing  to  sink  their  identity  in  any  such  scheme  as  a  central  Ijody. 
The  enormous  subscription  was  one  of  the  rea.sons  why  the  Institntimi 
was  not  so  generally  entered  by  engineers.  He  considered  that  the 
fJerman  military  training  was  most  valuable  to  engineers,  as  it  not  only 
taught  them  to  obey  without  demur,  but  it  also  taught  them  how  ti> 
manage  their  inferiors.  He  noticed  in  legard  to  fees  that  the  author  did 
not  put  in  the  word  "  minimum,"  which  was  rather  important.  How- 
could  one  comi)are,  tinless  the  minimum  fee  was  jiut  in,  with  the  medical  or 
legal  jirofessions.  Surely  the  fees  varied  very  much.  It  was,  he  thought, 
very  important  that  an  examination  for  character  .should  be  held.  Why 
should  not  a  man  who  engineered  some  im]iortant  work  advertise  himself 
a»  well  as  a  man  who  read  a  Pa  |>er,  and  whose  name  went  all  over  the  workl 
an  the  author  of  that  Pajicr  V  Specialisation  was  a  good  thing,  and 
instead  <>{  there  being  too  much  specialisation  there  was  a  good  ileal  of 
overlapping.  Every  kind  of  engineer  was  represented  in  the  Institution 
of  Civil  Engineers,  and  «o  it  was  in  the  case  of  the  Electrical  Kngiiuc  is. 

Mr.  R.  Brown  thought  there  should  l>e  an  easy  way  of  getting  rid  nf  (lie 
misuse  of  the  word  "  engineer."  Tlic  "  Civils  "  as  a  premier  body  should 
take  the  lead,  and  the  proper  course  to  adopt  wonld  be  to  bring  the  wIkiIc 


matter  before  the  council,  and  to  get  them  to  move  to  improve  the 
status,  and  to  keep  the  use  of  the  word  "engineer"  only  to  membcrsof  the 
chartered  institutions,  of  which  there  were,  he  believed,  only  three. 
He  tliought,  however,  that  specialised  societies  were  an  advantage,  but 
that  membei-s  of  them  should  be  made  to  xmt  '  limited  "  before  tlic 
initials  after  their  names. 

.Mr.  H.  CoNR.4i)i  said  that  some  years  ago  a  similar  attcnqit  to  llic 
present  one  was  made,  and  an  oiler  being  madcfora  building  in  which  all 
tlic  engineering  societies  could  meet  togclher.  but  it  came  to  nothing, 
lie  (  ousidcied,  however,  that  the  Paper  was  n  very  interesting  one. 

Mr.  (;.  A.  Thomas  (in  replyl  thanked  the  numbers  for  their  criticisms, 
Mliicli.  he  thought,  were  much  more  culighteniiig  than  the  Paper  itself. 


SPECIAL   WORKSHOP   TOOLS. 

A  well  e(|uipped  rcpiiir  dcpartiiieiit  is  essential  to  any  largo  electric 
tramway  undert.aking,  and  much  depends  on  the  niacliines  installed. 
Messrs.  Tangyes  (Ltd,)  have  made  a  feature  of  siiecial  tools  for 
turning  and  grinding  commutators,  banding  armatures,  winding 
coils,  &c.,  and  the  following  particulars  of  these  tools  will,  doubt- 
less, prove  of  int*!rcst  to  our  readers. 

The  armature  banding  machine,  illustrated  in  Fig.  1  horowith.  lias 
been  sjiecially  designed  for  banding  traction  and  other  armatures  u])  to 
18  in.  diameter  by  4  ft.  6  in.  long.  The  headstook  is  fitted  with  a 
.steel  spindle  having  adjustable  gunmetal  bearings,  the  thrust  being 
taken  by  liardi'ncd  and  ground  collars  at  the  rear  end  fif  the  sjiindle. 
The  drive  is  obtained  from  fast  and  loose  pulleys,  14  in.  diameter 
and  3:J  in.  wide,  and  through  worm  and  wormwheel  to  the  spindle. 
This  latter  is  arranged  so  that  it  can  be  freed  from  the  wormwheel 
for  putting  turns  on  or  ofY  by  hand,  if  desired. 

The  saddle  is  of  cast  iron,  spans  both  sliears  of  the  bed  and  has 
taper  strips  for  taking-up  wear,  and  locking  bolts  for  clamping  where 
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desired.  It  is  moved  along  the  bed  by  machine-cut  rack  and  pinion. 
Substantial  cast-iron  arms  are  dropped  from  the  back  of  the  saddle 
to  carry  the  spool  on  which  the  wire  is  wound.  The  spool  is 
arranged  so  that  it  will  not  revolve  in  the  event  of  the  wire  break- 
ing, to  avoid  entanglement  of  the  latter.  The  leading-on  guide 
pulleys  are  mounted  on  a  horizontal  .slide  having  2  in.  of  traverse. 
The  pulleys  are  turned  all  over  and  hardened  on  the  face.  A  band 
brake  is  provided  in  a  convenient  position,  so  that  the  tension  may 
be  altered  at  will,  also  a  guide  at  the  top  with  adjustment  in  tho 
horizontal  and  vertical  jilanes. 

The  maeliine  is  controlled  by  foot  levers  working  on  square  shafts 
underneath  the  bed,  the  former  can  be  moved  to  any  desired  posi- 
tion so  that  the  operator  has  the  machine  under  complete  control 
in  either  direction.  The  levers  are  automatically  thrown  off  when 
the  ))ressure  on  the  lever  is  removed,  one  lever  being  for  the  forward 
motion  and  the  other  for  the  reverse.  With  this  machine  a  traction 
armature  can  be  bound  in  a  few  minutes;  and  owing  to  the  fact 
that  an  even  tension  can  be  maintained  on  all  bands  I  he  risk  of 
slack  bands  or  excessiveiy  tight  ones  biirsling  is  minimised. 

The  coil  winding  machine  shown  in  Fig.  2  has  been  designed  for 
winding  heavy  section  fields  .such  as  are  used  for  electric  traction 
motors,  &c.  The  headstock  is  carried  on  a  strong  hollow  box 
pedestal,  tlie  inside  of  which  forms  a  useful  tool  cupboard.  The 
drive  is  through  worm  and  wheel  from  a  set  of  three  pulleys,  the 
driving  belt  being  li  in.  wide.  The  ))ulleys  are  so  arranged  that 
opened  and  crossed  belts  arc  brought  into  operation  by  means  of 
feed  levers  which  are  automatically  thrown  oil  when  the  )irc8sure 
on  the  lever  is  removed.  One  lever  is  used  for  forward  motion  and 
the   other   for  reverse.     The  spindle  is  of  hard  .steel,    running  in 
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adjustable  gunmetal  bearings  with  removable  caps;  it  is  so  arranged 
that  it  can  bo  freed  from  the  wormwhcel  when  required  to  be 
moved  by  hand.  The  spindle  nose  is  fitted  with  an  oblong  face- 
plate with  slots.  A  counter  is  provided  registering  up  to  99!)  and 
so  tliat  turns  ]nit-on  or  takcn-off  are  recorded. 

Messrs.  Tangyes  have  also  designed  a  special  lathe  for  turning  and 
grinding  commutators,  the  height  of  the  centres  being  11  in.,  and  it 
will  take  armatures  U])  to  16  in.  diameter  by  1  ft.  long.  The  fast 
lu-adstock  has  a  steel  si)indle  running  in  conical  bearings,  the  thrust 
being  taken  by  an  adjustable  harrlencd  steel  tail  jiin  at  the  rear 
end.  The  cone  pulley  has  four  steps  whicli,  with  the  eccentric  back 
gear  provided,  give  a  total  of  8  speeds.  Reversing  motion  is  also 
fitted  to  the  headstock. 

The  saddle,  whilst  having  long  bearing  surfaces,  is  made  as  light 
as  possible  for  rapid  handling,  and  is  fitted  with  the  usual  compound 
rest  in  the  front,  the  latter  being  fitted  nith  a  swivel  for  turning 
do»n  staggered  tails,  &c.  At  the  back  of  the  saddle  a  grinding 
head  is  carried  on  a  middle  slide  consisting  of  a  steel  spindle  running 
in  oil  ring  bsarings,  which  are  carried  on  a  substantial  cast-iron 
frame.  An  emery  wheel  is  mounted  on  the  spindle,  and  is  moved 
to  and  from  the  centre  by  means  of  a  conveniently  placed  handle 
arranged  in  the  front  of  the  saddle.  The  longitudinal  .self-acting 
traverse  to  the  saddle  is  obtained  from  a  back  shaft  running  through 
a  three  speed  feed  box  which  is  again  driven  by  means  of  belt  from 
the  fast  headstock.  Any  of  the  aforementioned  speeds  can  he 
obtained  whilst  the  lathe  is  running.     A  heavy  clamp  plate  is  fitted 
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over  the  front  shear  of  the  latlie,  and  when  clamped  in  jiosition, 
obviates  any  risk  of  a  turning  tool  or  emery  wheel  running  into  the 
commutator  tails. 

In  addition  to  the  automatic  feed  described  above,  a  quick  hand 
feed  is  introduced  for  u.sc  when  roughing  dowii  a  badly  grooved 
commutator  or  setting  the  stops.  The  lathe  is  provided  with  the 
usual  countershaft  to  the  fast  headstock,  and  a  light  cast-iron  drum 
for  driving  the  grinding  head.  This  drum  is  made  in  sections  to 
avoid  warping. 

This  combination  tool  has  proved  particularly  useful  in  dealing 
with  commutators,  as  the  roughest  commutator  can  be  turned  and 
ground  in  a  few  minutes,  flats  being  entirely  removed. 


LEGAL  INTELLIGENCE. 

Harvey  v.  Wycomte  (Borough)  Electric  Light  &  Power  Co.  (Ltd.) 

At  Wyeombc  t'diinly  Court  l.ist  wec-k  |iiaiiitilT  si. unlit  to  leo.ncr  £100, 
for  allgeed  d:imago  cuiseci  liy  "  improper  aiul  negligent  laying  of  an 
electric  cable,  belonging  to  defendant  Company,  in  Newlaml-.street,  High 
Wyeiinibe."  The  damage  alleged  was  personal  injuries  to  plaintiff, 
whilst  engaged  at  work  on  May  3,  1909.  'Plie  particulars  of  exiienses 
were  :— ],oss  of  wages  as  a  pavior  at  Sfis.  odd  ]ier  week,  such  loss  still 
eontinuiiig,  £2.  10s.  for  clothes,  and  shock  and  personal  injuries. 

Mr.  Winter  Tavlor,  for  iilaiiilifT.  said  that  a  plan  of  the  work  to  he 
earrii'd  out  by  the  company  ought  to  have  been  submitted  to  the  Corpora- 
tion, and  the  exact  position  of  tlio  ealile.      That  had  not  been  done. 

Plaintiff  said  that  on  May  :!  last  he  was  iMigagiMl  in  paving  work.     He 


had  got  the  pavement  u]».  The  first  thing  he  had  to  d'»  was  to  lis  an 
iron  post  to  stop  the  tralHe.  After  that  he  wanted  to  fix  a  line  from  the 
[lost  to  the  end  of  the  channel,  and  started  U)  drive  in  an  iron  pin  to  tie 
the  line  to  on  the  edge  of  the  channel.  As  far  as  he  knew  he  stnick  the 
pin  about  twice  with  a  hammer.  After  that  he  knew  nothing.  He  wa.s, 
after  treatment,  taken  to  the  Cottage  Hospital,  where  he  remained  for 
eight  days.  He  wa.s  an  out  patient  for  some  time,  and  since  then  had 
been  under  doirtor's  care.  He  returned  to  light  work  on  Aug.  10. 
Bventiially  he  hoped  to  return  to  his  old  employers.  He  was  still  suffer- 
ing, his  right  eye  was  not  quite  so  good  and  his  ner\-cs  were  not  the  same. 
The  bill  was  £2.  lis.  for  medical  treatment.  His  cmployeis  gave  him 
Iialf  his  weekly  wages  for  about  nine  weeks.  He  went  to  that  firm  on 
July  If),  and  remained  there  for  about  a  fortnight,  during  which  time  he 
had  wages  at  the  rate  of  Id.  per  hour  for  one  week  and  9d.  per  hour  for 
the  other.  He  worked  ."jfij  hours  (ler  week.  Since  then  he  had  earned 
scarcely  anything.  He  did  not  know  there  were  electric  light  cables 
at  the  point  where  he  was  working.  The  labourer  witness  employed  had 
a  pickaxe  on  the  job. 

(Jeo.  WiNnniDoE,  labourer,  said  on  Jlay  3  he  got  the  earth  out  ready 
for  Harvey,  who,  when  the  accident  happened,  was  driving  a  pin  so  aa  to 
fix  a  line.  Harvey  fell  forward.  He  ran  away  through  fright.  An 
'■  immense  flame  came  out  of  the  ground."  When  he  came  back  he 
"  gathered  up  Harvey "  and  took  him  to  the  doctor.  Harvey  was 
b\irnt  black. 

Leonard  Dallimop.e,  foreman,  said  that  when  he  arrived  on  the  scene 
he  discovered  that  a  pin  had  been  driven  into  the  cable  and  had  caused 
"  an  explosion."  The  depth  of  the  cable  from  the  toji  of  the  sets  was 
only  8  in.  He  had  no  idest  there  was  .a  cable  in  the  street.  In  cross- 
examination  witness  said  he  had  not  told  anjone  that  the  man  had  had 
an  accident  in  his  absence  ;  nor  did  he  say  the  men  ought  not  to  have 
taken  a  pick  there,  as  the  cables  were  placed  in  very  shallow  ground. 
He  expected  to  find  gas  mains,  iSfcc,  in  roads.  He  could  tell  of  their 
presence  by  the  softness  of  the  ground.  There  was  loose  gro'uid  in  Xew- 
land-street  (the  place  of  the  accident),  and  his  men  knew  of  that  fact,  but 
he  did  not  think  Harvey  knew  it. 

Medical  evidence  havuig  been  given  by  Dr.  Rej-nolds,  Mr.  T.  .1.  RcsH- 
rroke,  borough  surveyor  of  High  Wycombe,  said  he  had  inspected  the 
cable  at  the  scene  of  the  accident,  and  had  t.aken  certain  measurements. 
Underneath  the  cable  there  was  a  (i  in.  gas  main.  Witness  had  not 
received  from  the  Klectric  Light  Co.  either  notice  or  plan  regarding  the 
cable.  He  had  received  other  notices  and  plans  from  the  C^impany.  He 
had  made  suggestions  to  the  Electric  Light  Co.  with  regard  to  the  depth 
when  putting  in  cables  in  other  streets.  The  Company  generall3'  acceded 
to  his  suggestions.  In  cross-examination  he  said  that  notice  was  usually 
given  when  the  company  wanted  to  break  up  a  road,  but  that  was  not 
done  in  this  ea.se.  Wlien  the  company  had  not  given  him  notice,  he  had 
written  them,  and  the  reply  he  got  was  to  the  effect  that  he  should  receive 
notice  in  the  future.  He  did  not  see  the  Newland-street  cable  put  in. 
The  ground  was  opened  and  filled  in  in  a  very  short  time.  The  cable  in 
question  went  over  a  bridge  and  witness  saw  the  cable  by  the  side  of  the 
bridge  after  it  had  been  put  there  a  few  days. 

Mr.  Emanuel,  for  defendants,  subniittwd  that  there  was  no  case  to  go 
to  the  jury,  and  no  evidence  of  neglect.  There  wa-s  no  duty  devolvuig  on 
the  Electric  I.,ight  Company  to  put  in  their  cables  at  a  certain  depth. 
They  could  put  them  above  the  road,  and  in  various  instances  they  wei-e 
placed  by  the  side  of  bridges  and  walls.  There  was  a  plan  deposited  in 
the  comiiany's  office,  showing  wliere  the  cables  were  laid,  together  with 
their  dc]itlis.  If  those  responsible  for  carrying  out  the  work  did  not  take 
the  troulilc  to  go  and  see  the  position  of  the  mains,  then  trouble  was 
upon  their  heads.  With  regard  to  the  Workmen's  Compensation  .Act, 
he  submitted  that  Harvey's  case  came  under  that  Act,  and  that  as  he  had 
been  receiving  money  under  that  Act,  he  could  not  come  theit-  under 
common  law  and  claim  damages. 

The  .Judge  havuig  decided  that  the  case  must  go  to  the  jury, 
Mr.  Harry  Lanoley,  partner  in  Messrs.  Langley  &  Johnson,  sivid  they 
insured  their  workmen.     Witness  knew  of  the  accident  to  Harvey,  and 
paid  him  half  his  wages  for  nine  weeks,  continuing  until  notice  was 
received  from  Harvey's  solicitor  not  to  do  so  any  longer. 

Mr.  J.  C.  WioiiA.Ai,  electiical  engineer,  said  that  at  the  time  of  the  acci-' 
dent  the  calilc  w.is  S  in.  in  the  ground.  Under  the  circumstances  and  the 
peculiar  conditions  of  the  ca.se,  that  was  a  proper  depth.  There  were  no 
regulations  issued  by  the  Board  of  Trade  as  to  what  depth  cables  shoidd 
be  laid.  He  knew  of  the  jircscnce  of  pipes  in  N'ewlaud-streel.  and  after 
the  accident  had  occurred  plaintiffs  did  not  think  of  altering  the  direction 
of  the  cable.  In  cross-exannnation  he  said  he  did  not  recollect  that 
])artieular  cable  being  )iut  in.  The  average  depth  to  put  in  cable  wa.s 
10  in.  where  there  was  foot  traffic,  and  fnun  IS  in.  to  20  in.  whei-e  there 
was  vehicular  traffic. 

Mr.  \\'.  E.  Branoretu,  resident  engineer  aiul  manager  of  defetulant 
companvs  produced  the  document  fro'in  the  Hoard  of  Trade  giving^  his 
Comiiaiiy  ]>crmission  to'lay  cables  in  Wycombe.  Witness  visited  \ew- 
l.ind-street  within  five  minutes  of  the  accident.  He  f.nmd  a  pin  jammed 
into  one  of  the  large  cables,  and  the  ground  around  had  been  blowni  out. 
Witness  had  the  jiiii  knocked  out  of  the  cable.  In  his  opinion  the  cable 
was  properly  laid.  Since  the  accident  it  had  been  i-elaid  in  Newland- 
street  in  consequence  of  a  joint  box  being  necessary,  .\bout  February 
the  Corporation  were  making  tests  to  liiid  out  leakages  into  the  sewer, 
and  the  uiaTiholc  w.is  removed  in  Newland-street.  A  hole,  covered  over 
by  hoards,  was  left  for  sione  time,  and  the  enble  was  expo.sed  for  quite  a 
w'cclc.  .\ftci-  the  aicident.  witness  maile  a  claim  for  the  damage  done  to 
their  cabli-  against  the  contractors  to  the  Oor|viration.  and  Messrs. 
I.angley  &  Johnson  paid. 

Horace  Williams,  cable  jointer,  also  gave  evidence. 
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After  counsel  had  nddressed  the  Court,  liis  Honour,  in  summing  k\^, 
pointed  out  to  the  jury  that  they  had  to  seriously  oonsider  whether  there 
iiad  been  any  wilful  necleet  on  the  part  of  the  Klectric  Light  Company- 
There  was  no  evidence  to  show  that  Harrey  knew  of  the  existence  of  the 
cable,  hut  there  was  cviilenee  that  went  to  prove  that  other  of  .Messis. 
I^ingley  &  .lohnson's  men  tiid  know  that  it  was  there.  Negligeiue  of 
other  people  did  not  implicate  Harvey.  If  they  came  to  the  conclusion 
that  the  Company  had  been  negligent,  and  that  there  had  been  no  con- 
tributory negligence  on  the  part  of  Hjirvey,  then  they  Woidd  have  to 
consider  the  question  i>f  damages. 

The  jury  were  unable  to  agive,  but  after  a  consulation  between  counsel 
Mr.  Kmanuel  said  as  far  as  defendants  were  concerned  the  litigation 
wonld  stop-     The  ease  would  not  be  tried  again. 

The  jury  weix-  then  discharged  without  giving  a  verdict. 


A  Co.ijulting  Engineer's  Fees  In  Australia. 

In  the  Second  Civil  Court,  Melbourne,  Mr.  .Justice  Hood  and  a  jur}- 
recently  heard  an  action  by  Mr.  F.  E.  Bradfortl,  elcctriciil  engineer, 
against  the  Crown,  for  recovery  of  £3,500  damages  for  alleged  breach 
of  contract  bj"  the  Government  of  Victoria,  with  respect  to  an  .agree- 
ment with  plaintiff  to  carry  out  certain  work  in  connection  with  the 
proiX)sal  to  electrify  the  Melbourne  suburban  railways.  Plaintill' 
alleged  that  in  1904  an  agreement  wa.s  made  between  himself  and  Sir 
Thom;is  Bent,  the  late  Premier,  under  wliich  plaintiff  was  to  report  (for 
£1,700)  to  the  Government  of  Victoria  upon  the  electrification  of  the 
Melbourne  suburban  railway  system.  Plaintiff  had  been  willing  to 
carry  out  the  contract,  but  had  been  refused  an  opportunity  to  do  so. 
For  the  defence  it  was  pleaded  that,  if  anj'  contract  was  made,  the 
amount  agreed  to  be  paid  was  £300,  and  any  such  contract  was  ter- 
minated by  mutual  consent,  and  petitioner  was  appointed  and  con- 
sented to  perform,  and  did  perform,  other  work  for  the  Government 
in  lieu  thereof-  There  was  no  contract  in  writing.  After  healing 
evidence  for  the  plaintiff, 

His  HoXoiR  said  it  was  clear  that  Mr-  Bradford  had  been  engaged 
for  £300,  but  he  was  then  engineer  for  the  well-known  firm  of  Noyes 
Bros.  There  w.as  then  (in  1904)  opposition  by  other  firms  to  plaintiff's 
engagement.  Mr.  Bradford  said  that  Mr.  Bent  (as  he  then  was)  sug- 
gested that  he  should  leave  his  firm,  and  he  did  resign,  but  he  bad  not 
said  that  he  did  so  for  the  sake  of  the  £1,700  itself,  nor  did  he  ithe 
Judge)  think  that  was  the  reason.  It  was  rather  because  of  something 
much  bigger  behind  it.  If  the  Appropriation  Bill  was  passed,  in  com- 
pliance with  his  report,  he  would  probably  get  a  good  billet  at  a  good 
s.alary  for  8  or  10  years,  and  establish  bis  reputation  in  the  electrical 
world.  On  the  other  hand,  it  did  not  seem  clear  to  hira  why  Mr.  Bent 
should  cancel  an  agreement  for  £330  and  agree  to  £1,700  instead. 
There  was  no  explanation  of  that  to  his  satisfaction,  but  it  was  a  fjues- 
tion  for  the  jury  to  decide.  Sir  Thomas  Bent  was  clear  that  he  did 
not  agree  to  £1,700.  His  Honour  had  no  doubt  that  Sir  Thomas  Bent 
did  mean  to  do  Mr.  Bradford  a  good  turn,  and  put  himself  into  oppo- 
sition with  the  Railway  Commissioners  so  that  he  (Mr.  Bradford) 
should  be  retained  in  his  pogition.  Even  when  the  Commissioners 
dismissed  Mr.  Bradford,  Sir  Thomas  Bent  gave  instructions  for  re- 
instatement. If  the  jury  were  satisfied  that  there  was  a  contract,  and 
that  the  contract  was  broken,  the  utmost  damage  plaintiff  was  entitled 
to  was  the  amount  he  would  have  got  if  he  had  done  the  work: 

The  jury  were  unable  to  agree,  and  were  discharged. 


Elliot  V.  National  Telephone  Co. 

In  the  Edinburgh  .Sheriff  Court  on  Atonday  pursuer  sought  to  recover 
from  defendants  £12.  It  ajipeared  that  pursuer  had  had  .at  his  ofiicc  tho 
telephone  on  the  uidimitcd  service  system,  and  before  the  year  to  Feb.  l.'J 
last  he  also  ha:l  had  a  through  connection  from  his  office  to  his  private 
house,  for  which  he  ])aid  £-t.  1.5s.  per  annum.  At  the  beginning  of  the 
year  he  ccmtomplated  leaving  his  house  and  the  company  were  prepared 
to  transfer  the  telephone  to  his  new  house  if  he  paid  the  cost  of  removal 
(£2).  The  rate  for  the  new  service  wa.s  to  be  the  same  provided  the  h'jusc 
wa.s  within  a  mile.  It  was  on  the  faith  of  that  understanding  (lie  con- 
tended) that  he  paid  his  rent  for  the  year  from  Feb.  13.  A  rcprcscutativi' 
of  the  compnny  called  upim  him  and  .said  the  yearly  subscription  woulil 
be  £7.  12s.  in  additi(m  to  i'2  for  removal.  Ultimately  he  airreed  lo  have 
an  exchange  wire  at  €8  per  annum.  He  insisted  in  inserting  in  the  agree- 
ment a  clause,  "subject  always  to  the  Coipuration  asreement  of  1900 
with  the  Telephone  ('<>."  The  Company,  however,  refused  to  accept 
that  clause,  and  no  telephone  was  installed.  Pursuer  now  sought  £12  as 
lo.ss  sustained  through  not  having  the  use  of  the  telephone  .and  repayment 
of  a  proportion  of  the  £t.  l.')S.  for  the  UMexi)ired  ])eriod  from  the  date 
upon  which  he  left  his  old  address. 

After  hearing  evidence.  Sheriff  fjuy  dismissed  the  action.  He  stated 
that  if  the  clause  hi  question  had  been  added,  a  title  to  sue  on  the  condi- 
tions of  the  agreement  uoiild  be  given. 


P.O.  Engineering  Stall.  Mr.  '1'.  .1.  West,  superintending  engineer 
of  the  P.O.  Telegra])hs.  i.s  about  to  retire  under  the  age  limit,  and  it 
is  prripo.sed.  after  Dec.  Ij  tojabulish  the  Xottingham  district  and 
t )  divide:  the  territory  betweqn  tlieilr'-'cds  and  Birmingham  districts. 
opportunity  being  afTorded  to  the  existing  staffs  at  Nottingham  of 
transferring  to  otltcr  centres  of  administration. 


MUNICIPAL.  FOREIGN  &  GENERAL  NOTES. 


APPOINTMENTS  VACANT  AND  FILLED. 

A  practical  inaiiu'ii'r.  having  coiupl'l;'  knowledge  of  ingivdlcnta 
and  methods,  is  required  for  the  rulil).>r  dojiartnient  of  a  cable 
factory  in  Spain  ;  also  a  business  man,  with  experience  in  estimating 
co.sts  of  manufacturing  similar  goods  and  capable  of  general  repre- 
ssntation,  is  rofjuired.     Soe  an  advertisement. 

An  instructor  is  wanted  in  tho  cbctrical  dep  irtm?nt  of  a  London 
Educational  Institute.     See  advertisement. 

Applications  are  invited  for  the  chair  of  engineering  at  the  Uni- 
versity of  Melbourne  (.\ustralia).  Particulars  from  the  Agent- 
General  for  Victoria,  Melbourne-place,  Strand,  London,  W.C,  to 
whom  applications  by  Oct.  15. 

A  railway  telcgra|)h  fonmm.  with  cX|i  ■rirnci-  :n  l^'lcgraph  depart- 
ment of  a  Britisli  railway,  is  reipiii-ed  tor  thr  Ccylun  Government 
Railway.  Salary  £'20l)  per  year,  with  cMr.i  allnuuiu-c  of  R..'')  a  day 
when  on  duty  aw'ay  from  headquarters.  Ap|)licatii>us  to  the  Crown 
Agents  for  the  Colonie.s,  London,  by  Nov.  1. 

A  demonstrator  is  required  for  the  electrical  and  mechanical 
laboratories  of  the  engineering  department  of  the  Technical  t'oUege. 
Dundee.  Api^licants  must  be  technical  graduates  and  have  had 
jiractical  experience.  Salary  £80  per  annum.  Particulars  from 
the  Head  of  the  engineering  department,  to  whom  applications  must 
be  sent  by  Oct.  20l 


Mr.  ,7.  S.  G.  Thomas,  B.Sc,  has  been  appointed  demonstrator  in 
physics  at  the  University  College  of  Wales,  Aberystwyth. 

Mr.  Andrew  Fitzgerald  has  been  elected  assistant  instructor  in  the 
engineering  department  of  the  Cork  Municipal  Technical  Institute. 

Hebdcn  Bridge  Council  have  appointed  Mr.  H.  H.  Sutclirt'e  as 
assistant  electrical  engineer. 

Mr.  R.  K.  Michael  has  been  atipointed  a  travelling  leetm-er  in 
electrical  engineering  by  Glamorgan  Education  coraniittee  at  £!.')(» 
per  annu  m. 

.Mr.  .J.  Fletcher,  jun.,  has  been  appointed  shift  engineer  at  Hoston 
and  Isleworth  electricity  works. 

Mr.  L.  C.  Horrell  has  been  apiioint.- 1  a;^istant  electrical  engineer 
to  Pretoria  (South  Africa)  Muniiipal  (ciunill. 

York  Tramways  committi'  r.'iMMiiucndi  the  appointment  of  Mr. 
.J.  W.  Hame,  city  electrical  engineer,  as  general  manager  of  the 
tramways. 

Mr.  C.  W.  Bentley.  engineer  and  manager  of  ihr  .Vldc^rley  &  Wilms- 
low  Electric  Supply  (Ltd.)  has  been  appointed  cnginei'r  and  manager 
of  the  electricity  .supjjly  works  of  Edmundson's  Electricity  Supply 
Corpn.  at  Cromer,  while  Mr.  E.  Hcsketh.  of  the  Cromer  station,  has 
taken  up  the  a|)pointment  of  engineer  and  manager  of  the  Alderley 
&  Wilmslow  Co.  at  Alderley  Edge. 


EDUCATIONAL  NOTICES. 

Armstrong  College.  Neweastle-on-Tyne.^The  session  1909-1910 
commenced  on  Sept.  '21.  Full  courses  of  instruction  are  given  in  the 
department  of  nu'clianicul.  marine,  civil  .and  electrical  engineering, 
naval  architecture,  mining,  metallurgy,  agriculture,  pure  science  and 
letters.  Particulars  may  be  obtained  from  the  secretary  (Mr.  F.  H. 
I'ruen,  M.A.),  Armstrong  College,  Newcastle-on-Tyne. 

Northampton  Polytechnic  Institute,  London. — Fnll  day  courses  in 
the  theory  and  practice  of  mechanical  and  electrical  engineering  and 
electro-chemistry  will  commence  on  Oct.  4,  and  include  periods  spent 
in  commercial  workshops  and  extend  over  four  years. 

The  evening  technical  courses  in  all  branches  of  electrical  and 
mechanical  engineering  commenced  on  Monday,  Sept.  27.  Particulars 
as  to  fees.  &c..  can  be  obtained  at  the  Institute  or  on  application  to 
the  juineipal.  Dr.  R.  MuUineux  Walmsley. 

University  of  Bristol. — We  have  received  a  copy  of  the  |)rcliminary 
jirospcctus  of  the  faculty  of  engineering,  which  is  provided  and  main- 
tained in  the  Merchant  Venturers'  Technical  College.  The  courses 
provide  for  complete  theoretical  and  practical  training  in  electrical, 
mechanical,  mining,  civil  and  motor-car  engineering,  physics,  mathe- 
matics, &c.  There  are  day  and  evening  classes,  and  the  lecture 
rooms,  laboratories  and  workshops  are  well  equijiped. 

University  Education  In  Natal.— It  has  be<  n  decided  to  establish 
a  iinivcTsily  collogc  in  I'ictciiuarit/.burg  which  will  have  fully 
equipped  laboratories  for  clieiuical  and  physical  research.  Pro- 
fessors are  now  reipiired  to  till  the  chairs  in  University  College. 
Pietermaritzburg.  for  mathematics,  physics  and  chemistry. 

Argentina. — "  The  Times  "  states  that  on  Sci)t.  29  CV.ngress  sanc- 
tioned two  concessions  for  underground  electric  railways  in  I'ueno* 


THE  ELECTRICIAN,  OCTOBER  8,  1909. 


1051 


Ayres,  one  of  which  will  extend  to  La  Plata.  The  existiiie  railway 
companifs  arc  considering  a  proposal  to  convert  100  miles  of  subur- 
ban railways  to  electric  traction. 

Australasia.— The  "  Australian  Mining  Standard"  stat<^8  that  the 
Mararoa  CJolcl  Mining  Co.  of  Norseman  (W.A.)  have  installed  electric 
ligluin};  plant. 

'J'lic  manager  r., ports  that  the  clcftric  lighting  plant  at  the  West  Berry 
Consols  Gold  Mine,  Creswir  k  (Victoria)  is  a  great  imiirovement.  An 
electric  hanlajrc  plant  is  also  beiiij;  installed  at  this  mine. 

Mr.  F.  ,T.  Cdule,  manager  of  the  C'assilis  (iuUl  Mining  Co..  states  that 
the  electric  jiovver  iist'd  in  the  mines  costs  £3.  17s.  fid.  per  horse-power 
per  ann\nn,  or  £7.  1.5s.  (Id.  less  than  .steam  power. 

Boulder  Tin  .Mining  Co.  (Tasmania)  are  laying  down  hydro-electric 
transmission  jilant  Mr.  T.  K.  Steanes  is  the  contractor  for  the  supply 
and  erection  of  the  electrical  machinery,  and  Messrs.  Finlayson  Bros, 
for  the  Pelton  wheel  and  piping.     Mr.  C!.  H.  Lofts  is  consulting  engineer. 

Jlr.  Lofts  has  been  engaged  by  Ijcven  Council  to  report  upon  the 
question  of  the  electric  lighting  of  "the  town  of  flverstone  (Tasmania). 

The  dispute  as  to  the  terms  upon  which  the  Perth  {\V..\.)  Council  will 
take  over  the  Perth  Gas  Co.'s  business  (which  includes  electricity  supply) 
will  not  be  settled  for  some  time.  The  evidence  in  the  arbitration  pro- 
ceedings was  commenced  on  June  S  and  concluded  on  -Aug.  24,  but  the 
cpiestion  as  to  the  basis  upnn  which  the  valuation  is  to  be  made  is  tci  be 
referred  to  the  Supreme  Court,  and  after  this  has  been  settletl,  the  board 
will  consider  their  award. 

Sir  .John  Quick  (Postmaster-General)  informed  the  Commonwealth 
Parliament  on  Aug.  27  that  the  cost  of  the  new  works  recpiired  to  place 
in  an  cfficii.-nt  condition  the  telephone  .and  telegraph  services  of  the 
Commonwealth  States  was  £1,S2'<,I.')2.  This  estimate  is  based  on  the 
present  requirements  and  on  the  assumption  that  the  payment  is  spread 
over  three  years. 

Beckenham  (Kent).— A  sub-ci;mniiltoe  has  been  apjiointcd  to 
consider  and  report  upon  a  scheme.  pre))arcd  by  the  chairman,  for 
free  wiring  of  premises  and  supplying  cuirent  for  a  fixed  sum  per 
lamp  [ler  annum,  and  also  as  to  the  street  lighting  of  Shortlands. 

Bethnal  Green  (London).— On  Thursday  last  the  Council  di.scussed 
in  )irivate  jiroposals  with  regard  to  the  supply  of  electricity  in  bulk 
to  the  C'ouncil.  but  it  was  decided  to  adjourn  the  q\iestion  until  after 
Nov.  9,  when  the  new  C'ouncil  will  come  into  ofKce.  It  is  reported 
that  the  main  business  at  the  private  meeting  was  the  discussion  of 
a  scheme  submitted  by  Shorcditeh  Council,  but  by  14  votes  to  7  it 
was  resolved  not  to  entertain  the  proposal. 

Bournemouth. — On  Tuesday  the  Council  rejected  a  motion  to 
institute  a  limited  tramway  service  on  Sunday's. 

Brazil. — The  Rio  dc  Janeiro  Tramway,  Light  &  I'owcr  Co.  has 
been  authorised  to  substitute  electric  for  steam  traction  on  the 
Corcovado  railway  and  the  expenditure  of  £20,000  for  this  purpose 
has  been  sanctioned. 

The  Chamber  of  De)iuties  have  approved  the  authorisation  granted 
to  the  Central  of  Brazil  Railway  for  the  electrification  of  its  suburban 
lines. 

Bridling'on. — .Application  has  bcm  made  for  sanction  to  a  loan 
of  £;L0(H)  for  extensions  of  the  electricity  undertaking. 

Brighton. — In  order  to  provide  for  the  jirospcetive  demands  for 
electric  current  for  power  at  the  L.R.  &  S.C.  Railway  locomotive  and 
carriage  works,  the  Electricity  committee  propose  to  expend  £2.8.")0 
in  laying  an  additional  feeder  cable. 

Bulgaria. — A  rejjort  by  the  Belgian  Ix'gation  at  Sofia  states  that 
the  principal  source  of  supply  of  electrical  goods  imported  into 
Bulgaria  during  the  years  1906  and  1907  was  .\ustria-Hungary. 
whilst  Germany,  Belai\im  and  Switzerlan<l  shared  a  minor  portion  of 
the  trade.  The  principal  importers  at  Sofia  of  electrical  machinery 
and  a])paratus  are  Ch.  Alcalay.  Rue  I'irotska  :  Iv.  Bojadjiclf  &  Co.. 
Boulevard  DondoukofV  ;  M.  Weber.  Place  Alexandre  :  Caviano  and 
Tramontelli,  Rue  LegU(i ;  Herbst  &  Co.,  Boulevard  Marie-Louise  : 
the  Direction  General  of  Posts  and  Telegraphs  :  the  Electric  Tram- 
ways Company  of  Sofia  (a  Belgian  company  with  headquarters  at 
Brussels)  ;  the  Franco-Belgian  Trust,  .Avenue  des  Arts  ;  the  Elec- 
tricity Company  of  Sofia  and  Bulgaria  (a  Belgian  company),  18,  Rue 
des  Comediens,  Brussels.  The  best  means  of  introducing  goods  on 
the  Sofia  market,  the  report  states,  is  to  address  offers  and  i)rices 
directly  to  the  companies  and  firms  mentioned  above.  Bulgaria 
produces  none  of  the  raw  materials  used  in  the  electrical  industry. 

Burslem.-  The  Council  have  obtained  sanction  to  a  further  loan 
for  addilional  generating  plant  at  the  electricity  works,  extensions 
of  mains.  &c. 

Canadian  Export  of  Electricity. — The  annual  report  of  the  gas  and 
electricity  inspection  branch  of  the  Inland  Revenue  Departnumt. 
Ottawa,  shows  that  during  the  last  fiscal  year  the  total  amount  of 
electricity  exported  by  the  four  companies  operating  under  the  Klec 
trieily  and  Flui<l  Kxportation  .\ct  was  .'!.^>9.'JS:>,'2S(!  units,  compared 
with  I. "io, 070.080  units  generated  lor  home  consumption. 

The  Canadian   Niagara   Power  Cn.   i\|icirlcd   221.!I27,240  iu\ils.    oul 


generated  fnr  h.jinc  eonsumjition  .5,405,7'^  anit>*  ;  Uie  Klecirical  iJcvelop- 
mcnt  Co.  exported  4,f>K0,;VX)  units,  and  generated  for  home  consumption 
S.",."iir),700  units  ;  the  (Jntario  Power  Co.  exported  13l,)<33,7>i2  units, 
and  the  home  consumption  was  44, 1  .W.-jHO  units  ;  and  the  Maine  and 
New  Brunswick  Power  Cn.  generated  for  export  841,7t>4  units,  and  the 
home  consumption  was  .'t,!(40  units, 

Cardifl.—The  farm  buildings  at  the  Mental  Hospital  arc  to  be 

lighted  by  electricity. 

Church  Lighting.— The  historic  church  of  St.  Giles',  CYipplegate 
(London,  E.C. )  is  to  be  wired  for  the  electric  light. 

St.  Peter's  Church,  Wolverhampton,  has  recently  iK'cn  wired.  The 
borough  electrical  engineer  (Mr.  C.  E.  C.  Shawfield)  prej)arcd  the 
.specification  and  superintended  the  installation  work. 

Coventry. — In  future  accounts  of  consumers  having  radiators  and 
taking  electrical  energy  from  the  lighting  circuit  are  to  be  averaged 
for  a  period  of  two  years,  this  average  to  Ix'  taken  ius  the  lighting 
account  and  charged  at  the  ordinary  rate,  and  all  unit.s  in  excess  of 
this  to  be  taken  as  the  heating  account  and  to  be  charged  at  the 
power  rate. 

Derby. — The  Corporation  propose  to  a)>i>ly  for  a  ijrovisional  order 
to  extend  the  electricity  supply  area  to  Alva-ston  and  Boulton  and 
parts  of  Shardlow  and  Bcl|)er. 

Dover. — Mr.  M.  Parker,  who  is  applying  for  a  ])rovisional  order 
for  Deal,  Sandwich,  Walmer,  Eastry,  &c..  has  asked  Dover  Corpora- 
tion to  state  tlu  ir  terms  for  supply  of  electricity  in  bulk. 

The  liorough  electrical  engineer  (^fr.  L.  W.  Woodman)  hii.s  prei>ared  a 
preliminary  report  on  tlie  subject,  and  negotiations  are  to  be  continued 
oil  tile  liasis  of  this  report. 

Dudley, — The  annual  report  of  the  electricity  department  states 
that  the  capital  exi)ended  at  .March  31  was  £89,720,  an  increase  of 
£2,912.  chicHy  expended  on  new  cables. 

There  hail  been  a  reduction  in  the  numlx>r  of  units  sold  of  44.571 
I  iimpared  with  1907-8.  The  gro.ss  profit  was  £5.872.  a  decrease  of  £105. 
Interest,  repayment  of  loans  and  bank  charges  absorbed  £5,748,  and  the 
net  profit  was  £103. 

On  Tuesday,  the  chairman  of  the  Streets,  Tramway  and  Lighting 
comnfittee  in  moving  the  adoption  of  the  report,  said  it  was  satisfactory 
to  know  that  the  decrease  had  not  been  <lue  to  any  falling  off  in  the 
pcipnlaiity  of  electricity,  but  to  very  depressed  trade.  The  decrease 
was  entirely  confined  to  the  tr.imway  and  motor  supply.  Ilie  output  in 
connection  with  the  tramways  showed  a  decrease  of  4.1,843  units.  Tlie 
shruikage  in  the  output  for  power  was  28,700  units.  As  the  total  decrease 
was  only  44,000  units,  it  was  ai)i)arent  that  there  had  been  a  considerable 
increase  in  consumption  for  private  lighting.  The  total  works  costs 
was  1  -ritiOd.  ]ier  unit  and  the  aver.igc  price  per  \init  solrl  l-573d. 

The  report  was  a.L.pted. 

East  London  Electrical  Exhibition, — .At  the  invitation  of  Mr.  C. 
Newton  Russell,  electrical  engineer  to  the  borough  of  Shorcditeh. 
a  meeting  of  exhibitors  was  field  at  the  electricity  ofiiccs.  Coronet- 
street.  Hoxton.  N.,  on  Sept.  30.  when  the  following  committee  was 
appointed  : — 

Messrs.  F.  Pooley  (chairman).  H.  Harrison  (vice-chairman).  E.  P. 
Barfield.  T.  Lambie!  S.  Rcntell,  H.  Dixon  (scci-etarj',  II,  Victoria-street, 
S.W.) 

It  was  announced  tliat  nearly  all  the  available  sp;u-e  had  been  taken  up. 
and  tiruis  desirnus  of  cxhibiiing  who  have  not  secured  space,  should  com- 
municate at  once  with  Mr.  Russell. 

Egypt, — Suez  Town  and  Port  Tewfik  are  now  lighted  by  electri- 
city supplied  by  the  Electricity  &  Ice  Supply  Co.  The  cables  are 
partly  overhead  and  partly  underground.  .Abou;  4.(X10  lamps  are 
in  use  in  dwelling  houses  and  public  buildings  and  2oO  for  lighting 
the  public  roads. 

Electric  Oiian  Blowing  Equipments. — The  Adnil  Electric  Co.,  who 
specialise  in  electric  blowing  installations  for  church  and  public  hall 
organs,  have  recently  received  a  number  of  orders  for  both  direct 
and  alternating  current.  We  have  received  a  list  of  14  of  the  most 
important  of  them. 

In  the  majiirily  of  c  ases  the  wiring  installations  are  being  carried  out 
by  local  contractors.  Marjiles'  patent  system  of  regidation  is  employed 
ill  all  the  d.c.  installations  and  the  "  Adnil  "  single-phase  self-starting 
a.c.  motor  in  the  a.e.  uislallatiiius.  We  have  ah-eady  referred  to  the  in- 
teresting ]iamphlet  issneil  by  this  firm,  describing  the  various  systems 
emplciycd  by  tliem  ti>  meet  speci.il  cases,  and  any  uitci^ested  ifader  can 
obtain  a  copy  fnuii  the  company  on  request. 

Finchley. —  In  connectiiui  with  the  Council's  propositi  to  light  the 
Great  Norlhroad  and  Regent's  Park-road  by  are  lamps,  for  which 
sanction  to  a  loan  of  £2.000  was  applied  for  some  time  ago,  the  L.G. 
Board  have  again  intimated  that  they  consider  the  Council  should 
carefully  consider  the  relative  cost  of  public  lighting  by  gas  and 
electricity.  The  Council,  in  reply,  say  they  have  nothing  to  add  to 
their  previous  letter,  that  they  consider  they  are  the  lK\st  judges  of 
the  character  of  illuniinant  to  be  adopted  for  any  public  thorough- 
fare, and  they  have  also  decitiwl  to  expend  out  of  the  current  rate 
£240  for  the  electric  lighting  of  Regent's  Park-nad. 
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Germany. — Consul-General  Sehwabach.  in  dealing  with  the  subject 
of  nK>ti>r  c.ir.5  in  his  report  on  the  yc-'ir  1903.  says  :  .Some  of  the 
cre:it  electric  comiianies  nude  special  eftorta  to  put  a  first-class 
article  on  th?  market  at  a  moderate  ]irice.  and  with  this  object  in 
view  they  proceeded  to  re-organise  their  works  by  moans  of  the 
centralisation  of  various  departments  and  by  afhiiation  with  makers 
of  celebrated  brands  likely  to  command  a  ready  sale  in  the  future. 
Experiments  are  being  carried  on  in  Berlin  with  a  new  type  of  elec- 
trically-driven motor  omnibuses  ;  when  fully  charged  these  vehicles 
can  carry  3(1  pas.songcrs  a  distance  of  over  80  miles  at  an  average 
speed  of  12J  miles  per  hour  ;  but.  as  the  working  expenses  are  very 
heavy,  it  is  considered  that  they  would  be  run  at  a  jirofit  only  f>n 
ines  w  it!i  plenty  of  short-distance  traffic. 

Gillingham  (Kent).  -The  Council  have  apiKiintrd  Mr.  .lohn  V.  V. 
Snell.  at  an  inclusive  fee  of  I.")!)  guineas,  to  |)repare  a  report  upon 
th"  |)resint  position  of  the  electricity  undertaking. 

HounslOW. — For  the  year  ended  March  31  there  was  a  profit  on 
th"^  electricity  undertaking  of  £293.  Tlic  chairman  of  the  committee 
at  the  last  meeting  of  the  Council  said  that  in  the  report  of  the 
auditor  the  deficiency  in  the  revenue  account  of  £1.200  had  been 
decreased  by  £676.  19s.  -Id.  If  they  continued  the  same  method  of 
work,  they  would  in  five  years'  time  be  in  a  good  position. 

Huddersfield.~The  Board  of  Trade  arbitrator  (Mr.  W.  W.  Beau- 
mont) sat  on  Thursday  last  to  hear  the  evidence  as  to  the  works  to 
be  executed  by  Linthwaitc  Council  in  order  tfl  put  their  tramway 
track  into  good  re|)air  and  workirg  condition,  in  accordance  with  an 
agreement  between  them  and  Huddcrsfield  Corporation  by  which 
body  the  lines  were  leased  to  the  latter  in  June.  1899.  The  parties 
were  legally  rejiresented.  The  proceedings  were  private  and  the 
arbitrator  will  give  his  award  in  due  course. 

Ilford. — The  salary  of  the  superintendent  of  the  ek'ctricity  works 
(Mr.  J.  R.  Myers)  has  been  increased  to  £200. 

India. — The  "  Indian  and  Eastern  Engineer  "  states  that  the 
Euro])ean  portion  of  I'ondicherry  is  now  lighted  electrically. 

.Messrs.  Siemens  Bros,  supplied  the  generating  plant,  which  was  started 
in  .July.  It  is  expected  that  the  native  quarter  of  tlie  town  will  also 
have  electric  light  by  the  end  of  the  yenr.  There  are  two  suction  gas 
engines,  each  driving  a  14  kw..  460  vnit,  d.-e.  generator.  The  distribu- 
tion is  oM  the  three-wire  system,  and  the  voltage  at  consumers'  terminals 
is  220.     Street  lighting  so  far  comprises  324  lights. 

Irvine  (N.B.) — The  Council  have  received  an  intimation  that  a  firm 
of  manufacturers  would  erect  large  works  in  the  town  provided  a 
cheap  sujiply  of  electricity  for  power  and  lighting  were  available. 
and  consequently  the  CViuncil  have  decided  to  consider  in  committee 
the  whole  question  of  electricity  supply. 

Islington  (London). — Repr)rting  upmi  the  accounts  of  the  elec- 
tricity diparlment  the  district  auditor  (Mr.  A.  Carson  Roberts) 
states  that  :  — 

The  overcharges  for  current  siipi)lied  for  imblie  lighting  was  the  most 
important  defect  referred  to  in  his  1907  repnrl.  The  charge  at  that 
date  w;is  3-31d.  per  imit — ai)proximately  dcudile  the  average  amount 
ch.nrged  in  other  metropolitan  liorniighs.  It  was  reduced,  as  from 
,^farch  31.'1907,  to  2-fi(J.  per  unit,  and  has  recently  been  further  reduced, 
as  from  March  31.  I!t09,  to  abimt  2(!.  per  unit.  The  absence  of  cb.arge  to 
the  electricity  revenue  accoimt  of  a  fair  share  of  the  central  establishment 
expenses  has  been  set  right  from  March  31.  1907,  .and  no  objection  has 
been  raised  to  the  amounts  which  have  been  charged  since  that  date. 

Tlie  financial  position  shown  at  the  close  of  the  13th  year  of  working  is 
considerably  Iwttcr  than  that  which  .Tppeared  at  the  close  of  the  lltli, 
and  it  is  apparent  that  the  statements  in  regard  to  it  which  are  set  out  in 
the  accounts  are  no  longer  to  any  very  large  extent  affected  liy  the 
defects  which  he  then  had  t«  report.  The  following  facts  are  also  of  im- 
portance to  a  complete  review  of  the  position,  and  it  will  he  seen  that 
they  all  tend  to  give  an  improve<l  estimate  thereof : — 

(1)  The  loans  are  no  longer  being  raised  upon  the  cqu.itcd  period  of 
42  yca^^.  but  upon  speeific  periods  estimated  to  be  within  the  lives  of  the 
several  items;  (2)  the  output  and  number  of  coiuiections  has  shown  a 
satisfactoi-y  growth  during  the  iultTval  when  allowance  is  made  for  the 
reduction  in  the  consumption  for  private  li-rht  due  to  the  introduction  of 
metal  filament  lamps  ;  (3)  the  engineer  certifies  that  the  plant  has  been 
maintained  out  of  revenue  in  a  fit  and  ])roper  condition,  anrl  that  idl 
plant  and  machinery  which  has  been  discarded  has  tieen  taken  off  the 
list  of  lapital  .assets  ;  (4)  the  cost  of  gcncrati<m  per  tinlt  has  been  reduced, 
and  the  load  factor  h.is  improved. 

Ilaly. — A  decree  granting  to  the  Socicta  Anon.  IjCS  Tramways  dc 
Bologne  powers  to  crjnstruct  and  work  an  electric  tramway  from  the 
-Memanni  terminus  to  Crociali  di  Bologna  has  been  issued. 

Tlie  .Soe.  .Anon,  des  Tramways  dc  Livourne  have  been  authorised  to 
constniet  and  work  an  electri''  tramway  from  Piazza  Cavour-San  lacopo 
to  Via  Salvioni.  l>eihorn. 

During  1908  a  largo  electric  generating  station  was  erected  in 
Messina,  and  a  supply  given  for  fmvate  lighting.  Owing  to  an  un- 
expired con  tract  between  McssinaCounpil  andtheg.'iscom|)aoy  theetreet 
lighting  by  electricity  could  not  Ije  undertaKeii  except  along  the  quay, 
w  here  .several  arc  lamps  had  been  erected.    An  agreement  was  come 


to  for  the  conversion  to  electric  traction  of  the  steam  tramway  which 
ran  through  Messina  and  along  the  coast  to  the  south  and  north  of 
that  city.  These  works  were,  it  is  believed,  completely  destroyed  by 
the  earthiiuake  which  occurred  ui  December  last. 

The  Soiieta  .\nonima  Tramvia  e  Ferrovia  Elettrica  f'lvita  Castellana- 
Vitcrbi)  lias  obtained  a  70  years'  concession  for  a  biaiuli  line  lietween 
f'ivita  ('aslellana  and  Viterbo.  The  total  length  will  bo  nenily  30  miles, 
and  it  will  be  eonstriictoil  to  a  metre  gauge,  and  will  be  woiked  b\- 
eleetrieity.  The  .State  will  grant  an  annual  snbveiitii>ii  of  l'21(l  per 
mile  for  .^.)  years. 

Italy's  Telephone  Service. — The  financial  arrangements  of  the 
Italian  G  ivermnent  for  llMiS-9  include  £304,831  for  the  taking  over 
of  the  telephone  lines  by  tlic  State  and  £339.240  for  imjiroving  the 
ti-leplione  service. 

Japan. — Osaka  City  Assembly  have  voted  £()0.(MI0  for  restoration 
Work  in  the  city,  necessitated  by  the  recent  fire.  Amongst  other 
work  to  be  done  is  the  construction  of  electric  tramways  to  connect 
with  the  existing  system. 

The  "  Bulletin  Commercial  "  of  Brussels  re])nrts  that  there  are  good 
ojienings  in  .Japan  for  all  kinds  of  electrical  machinery  and  aiiplianees. 
Tliere  are  177  firms  and  companies  engaged  in  electrical  enterjirises.  140 
jiroviding  electricity  for  light  and  power,  their  total  capacity  being  about 
300.000  kw.  Some  210,000  houses  are  lighted  electrically  and  800,000 
incandi-scent  and  910  ore  lamps  are  installed.  The  Tokio  Electric  light 
Co.  has  three  power  stations  and  nine  sub-station.s,  is  about  to  add  to  its 
)ilaiit  four  generating  sets  and  47  transformers,  and  has  under  considera- 
tion the  erection  of  new  power  stations,  sub-stations,  &c.  Several  other 
companies  are  also  about  to  undertake  improvements  and  extensions, 
w'ailst  others  newly  constituted  have  not  yet  completed  their  installa- 
tions. The  number  of  officially  recognised  electric  tramway  companies 
is  00  ;  but  only  about  20  are  working,  the  installations  being  generally 
slow  for  lack  of  capital.  Some  of  these  companies  supply  also  electric 
lii;ht  and  power,  the  most  imjiortant  being  the  Tokio  Jetsudo  Kabu.shika 
Kaisha.  which  is  about  to  I'arry  out  con.sidcrable  exten.sions. 

London  County  Council  Tramways. — Col.  Yorke  inspected  the  new- 
section  of  the  electric  tramways  between  Qucen's-road.  Battersca. 
and  Clapham  Junction,  via  Lavender-hill,  on  Wednesday,  and  ex- 
I)ressed  his  satisfaction  with  the  way  the  line  had  been  constructed. 

Marylebone  (London). — For  the  June  quarter  the  gross  income 
of  the  cUctricity  undertaking  from  the  sale  of  current  to  private 
consumers  was  £23,303,  compared  with  £22.002  for  the  corresponding 
quarter  of  1908.  and  meter  rents,  public  lighting  charges,  &c.,  bring 
the  total  income  to  £25,530,  an  increase  of  £1,528,  due  to  large  con- 
sumers connected  during  the  12  months. 

The  units  sold  were  1,804,294,  an  increase  of  18-8  per  cent.  The 
average  ]iriec  of  current  was  3-24d.  ])er  unit  sold  against  3-66d.,  .and  the 
fall  in  ]iriee  has  been  balanced  by  tin-  ]oL;e  additional  ))usiness  and  im- 
])roved  load  factor,  and  the  cxtrinl.  .1  s:i|r  of  eurreut  for  power.  The 
total  costs  for  the  quarter  weiv  1l".i  ii^iiust  I-.')4d.,  and  l-78d,  in  the. 
eorrespoiidiiiL'  pciiods  of  1908  and  1007. 

Up  to  Sr|it  L'."i,  I.  TOO  of  the  1,964  street  lamps  the  Council  resolved  to 
light  by  il.i  I  lirity  in  place  of  gas,  had  been  converted,  and  the  results 
have  been  quite  satisfactory.  As  a  considerable  saving  in  street  light 
expenditure  will  be  effected  in  the  extension  of  the  system,  1(55  more 
street  gas  lamps  are  to  be  converted  on  the  same  terms,  and  authority 
lias  Ijcen  given  for  further  lamps  to  be  taken  over  as  mains  are  extended. 
£.''iOO  has  been  earmarked  from  revenue  surplus  to  be  used  as  occasion 
re(piiies  for  the  purrhase  of  ajiparatus  to  be  hired  from  the  Department 
by  consumers.  A  scheme  of  commissions  for  sales  department  represen- 
tatives has  been  approved.  The  rates  vary  in  the  general  manager's 
discretion  within  an  approved  maximum  or  minimum. 

Middlesex  Tramways. — The  Acton  to  Willesden  tramway  route 
was  opined  for  traffic  yesterday.  Thursday. 

National  Electrical  Manufacturers'  Association. — The  next  com- 

iiiitlce  nieoling  of  tliis  association  will  be  held  on  Tuesday.  Oct.  12. 
at  Balfour  Hnuse.  Finsbury  Pavement.  K.C..  at  2:3(1. 

National  Institution  of  Apprenticeship. — The  report  of  this  Insti- 
tution for  I9(IS  lias  been  issued.  It  is  a  iihilanthrojiic  undertaking, 
supported  by  voluntary  contributions,  and  its  oliject  is  to  effect 
apprenticeship  on  conditions  which  will  prove  a  benefit  to  both  boys 
and  girls. 

It  is  pointed  out  that  there  is  a  revival  in  the  interest  taken  in  the 
subject  of  apprenticeship,  and  wo  desire  to  join  in  the  general  recog- 
nition of  the  advantages  of  the  system.  We  attribute  a  great  de.al  of 
our  trading  troiiljles  to  the  lukewarmness,  not  to  s.ay  indifference,  which 
has  lieen  shown  on  this  most  importiuit  question  in  the  immediately 
preceding  <|uarter  of  a  century.  We  believe  the  importance  of  the 
apprenticcsliij)  question  cannot  bo  exaggerated,  and  it  is  therefore 
gratifying  to  know  that  the  National  Institution  of  Apprenticeship, 
which  h.as  a  powerful  Council  and  committees,  is  successful  in  its 
working.  On  the  Council  the  name  of  Mr.  \V.  C.  Stcadman,  M.l'.,  is 
iiicbided,  and  this  is  soiEcwli.at  of  a  surpri.se  to  us,  as  we  were  under 
the  impression  that  Mr.  Ste.adman  was  not  enamoured  of  the  appren- 
ticeship idea,  and,  more  particularly,  of  the  probationary  period  stipu- 
lated for  in  the  regulations  of  the  National  Institution. 

The  report  states  th.at  during  1908  1,157  .ajiplicants  for  apprentice- 
ships were  interviewed,  but  a  largo  number  of  jiarents  withdrew  their 
applications  when  they  were  informed  that  the  wages  paid  to  appren- 
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ticcs  for  the  first  year  or  two  were  lower  tliun  those  paid  to  messenger 
boys  and  the  like.  Over  60O  applieantw  received  advice  and  182 
apprenticeship  indentures  were  signed.  This  brings  the  total  of 
apprentices  bound  through  the  medium  of  the  in.stitution  to  605,  and 
there  arc  60  more  boys  on  probation.  The  number  of  "  National  " 
apprentices  in  the  purely  electrical  branches  is  37,  the  electrical  and 
allied  trades  being  (next  to  the  printing  business)  the  most  i)opular. 

The  institution  receives  warm  support  from  many  of  the  |)riricipal 
City  (iuilds,  and  the  li.st  of  subscribers  contains  the  names  of  a  number 
of  the  leaders  of  industry  in  this  country.  Many  of  our  readers  will 
lie  interested  in  the  published  particulars  relating  to  this  institution, 
and  the  hon.  .sec,  Mr.  J.  S.  Tiallin.  39,  York-place,  Babcr-street,  W. 
(telephone  4,3Q2  Mayfair),  will  be  ])leased  to  suppy  these  on  applica- 
tion. 

Obituary. — The  death  is  announced  of  Mr.  Frederic  Newton,  late 
head  of  the  firm  of  Newton  &  Co..  electrical  and  general  seientiiic 
instrumint  makers,  3.  Fleet-street,  London,  E.G.  Mr.  Newton 
was  in  his  Sfith  year. 

The  death  is  also  announced  of  Mr.  A.  A.  Cahen,  B.Sc,  A.M.I. K.E., 
in  his  .'50th  year.  Mr.  Cahen  finished  his  education  at  the  Central 
Technical  College,  South  Kensington,  and,  leaving  college,  spent  some 
years  with  Marconi's  Wireless  Telegraph  Co.  in  South  America. 
Spain,  Ocrmany  and  France.  He  left  the  Marconi  Co.  to  take  uj)  an 
important  position  with  Callcnder's  Cable  &  Construction  Co.  at 
Erith.  but  about  a  year  ago  he  was  stricken  with  a  painful  illness 
wliieh  ultimately  proved  fatal. 

Servia.  — The  communal  authorities  of  Velke  Hradiste  liavc  applied 
for  |)0tters  to  erect  large  electrical  works. 

Sevenoaks. — Mr.  Freeman  proposes  to  erect  overhead  wires  for 
electric  lighting  at  Otford  and  has  asked  Sevenoaks  Rural  Council  to 
consent  to  the  erection. 

South  Africa. — The  "  British  and  South  African  Exjiort  Gazette  " 
states  that  tliree  2.0()t)  kw.  generators  are  to  be  ordered  for  the  new 
Farrar  Anglo-French  power  station. 

It  is  understood  that  orders  will  shortly  be  placed  for  electric 
motors  by  the  Rand  Water  Board. 

Orders  for  telephone  and  telegra))h  material  for  the  Transvaal 
Government  may  be  cxjieeted  shortly. 

Monomota])a  Concessions  (Ltd.)  will  shortly  be  in  the  market  for 
large  hydro-electric  plant. 

"  South  Africa  "  say.?  Roodepoort-Maraisburg  Mimiciiiality  are  making 
arrangements  to  take  a  supply  of  electrical  energy  from  the  Victoria 
Falls  Power  Co.,  for  distribution  in  Mavaisburg,  Florida  and  Roodepoort. 

The  Gentro  Commercial  (the  new  Cliaraber  of  Commerce  at  Louren90 
Mar(|nes)  has  urged  upon  the  Government  that  electric  generating  plants 
should  be  inspected  by  a  Government  inspector. 

Spalding. — As  the  Council  have  been  informed  by  the  Board  of 
Trade  that,  unless  their  provisional  order  of  1905  is  ])ut  into  force 
it  will  be  levokcd,  a  s]ieeial  coniraittce  has  been  formed  to  deal  with 
the  question. 

Stourbridge. — The  Midland  Eleelrie  Corporation  for  iiowcr  dis- 
tribution lias  coinmcneed  the  supply  of  electricity  in  this  district. 

Stretford. — On  Wednesday  the  annual  abstract  of  the  accounts 
of  the  Council  was  submitted. 

The  total  capital  expended  on  the  electricity  department  was  £78,559 
and  the  loans  sanctioned  amounted  to  £93,900.  On  the  trading  account 
there  was  n  net  surplus  of  £1,117  after  meeting  interest  and  loan  repsiy- 
ments.     The  total  to  credit  of  reserve  and  renewal  fluid  was  £(!,.508. 

Telegraphic  Codes  in  Turkey. — It  is  announced  that  the  Imperial 
Ottoman  Government  has  decided  to  allow  the  u.se  of  certain  selected 
telegraph  codes  in  Turkey. 

Tonbridge. — The  Covineil  have  decided,  contrary  to  a  recommenda- 
tion of  a  (ominittee,  to  obtain  centrifugal  pumps  for  pum|iing  the 
sewage,  and  lliese  pumps  are  to  lie  driven  electrically,  current  lieing 
supplied  from  the  Council's  mains. 

Turkey."  The  U.S.  Consul  at  Brunswick  (Mr.  T.  .1.  Alljcrt)  states 
that  the  group  of  Continental  electrical  niainii'aeturers  and  financiers 
formed  to  promote  electrical  enterprises  in  Turkey  and  llie  Ivist 
includes  the  Ges.  fur  Elektrische  Unternehinungen.  the  Elektriselie 
Licht  u.  Kraftanlagcn  A.G.,  and  other  firms  closely  relateil  to  the 
Siemens  Schuckert  Co.,  the  Allgemeine  Elek.  Ges.,  the  Kommerz  u. 
Disconto  Bank,  M.  M.  Warburg  &  Co.  (bankers),  the  Zurich  l^ank 
for  Electrical  Enterjiriscs,  the  Soc.  Generale  de  Paris,  the  Banque 
Ottomane.  A.  Sjjitzer  &  Co.  (Paris)  and  Josse  Allard  (Brussels).  The 
entire  syndicate  is  being  organised  ))y  the  Deutsche  Bank  (Berlin). 

Whitby. — The  annual  iV])ort  of  the  electricity  de|i,artment,  which 
has  just  been  issued,  shows  a  |)rolit  of  £700  for  the  past  year. 

Will. — The  will  of  the  late  Mr.  Hugh  Erat  Harrison,  principal  of 
Faraday  House,  has  been  proved,  and  the  estate  has  been  valued  at 
£17.012.  Among  the  beque»t,s  is  one  of  £100  to  Mr.  Howard  Foulds. 
secr<  tary  ol  Faraday  Hou.se. 

Winchester. —  Hants  County  Council  liave  decided  to  wire  the  new- 
county  offices.  ^^ 


Wireless  Telegraph  Noles. —  Prof.  Stroud,  of  Armstrong  College, 
Xeweastle-on-Tyne,  on  .Saturday  last  addre.s.sed  an  audience  at  the 
enllege  (which  is  a  licinsed  experimental  station  for  wireless  tele- 
graphy) on  the  general  principles  of  the  method  of  communication 
by  means  of  electric  waves.  Numerous  experiments  with  lantern 
slides  were  employed  by  Prof.  Stroud,  whose  address  was  much 
appreciated  by  his  hearers.  Communication  was  kept  up  during  the 
lecture  with  Cullercoata. 

A  correspondent  at  Simla  states  that  the  Indian  Government 
recently  issu(<l  an  order  making  the  imiiortation  of  wireless  tele- 
graph apparatus  contraband.  It  is  undcrstofid  that  the  Govern- 
ment is  considering  a  .seli(  me  to  provide  impfirtant  centres  in  India 
witli  a  wireless  system  worked  entirely  under  European  control. 
Lord  Morley  is  likely  to  be  addres,sed  on  the  subject  .shortly.  (It  may 
hi  added  that  the  report  that  the  Indian  Government  contemplates 
a  considerable  scheme  is  denied  in  some  quarters.  There  is  a 
station  at  Bombay,  and  the  P.  &  O.  steamer  "  Mantua."  due  at 
Bombay.  Oct.  22,  will  ba  the  first  .ship to  exchange  wireless  messages 
with   India.) 

The  Admiralty  arc  in  course  of  erecting  at  Wick,  N. B..  a  wHreless 
telegrajihy  station.  The  West  Banks  has  been  selected  for  the  site 
of  the  station,  wliich  is  to  be  completed  early  in  191t>. 

Wireless  Telephone  Notes. — In  a  communication  to  the  "  Liver- 
pool Post  and  llercury  "  Dr.  J.  Erskine-M  array  has  pointed  out  the 
many  advantages  which  wireless  telephony  offers  to  ships  at  sea. 
Dr.  Murray  concluded  his  communication  as  follows  : — 

Every  vessel  or  land  station  could  bo  spoken  to,  through  fine  or  bad 
weather,  directly,  and  with  the  rapidity  of  question  and  answer  which  is 
no  distinctive  a  feature  of  tclcphon\-.  It  is  possible  to  have  a  general 
conversation  between  several  persons,  all  at  ditTerent  place.",  by  wireless 
telephone.  Thus  the  ariangemcnts  between  several  vessels  entering  port 
and  the  harbour  master,  or  between  the  component  units  of  a  fleet,  can 
be  made  directly,  each  person  concerned  joining  in  the  conversation  when 
necossiO'y. 

Woolwich. — The  Electricity  committee  have  received  application 
for  electric  power  for  a  large  building  which  is  due  to  be  completed 
and  ready  for  use  by  the  end  of  the  year. 

The  committee's  estimate  was  accepted  for  wring  a  prominent  iiLSti- 
tution  in  the  borough,  and  this  work  was  carried  out  by  C.  J.  Wilkins  & 
Son,  of  New  Cross. 

The  charge  to  the  electricity  department  for  steam  generated  from 
refuse  and  to  be  used  for  the  generation  of  electrical  energy  is  to  bo  0072d. 
per  unit,  equivalent  to  £1)57.  2s.  Od.  for  the  year  ended  March  31  next. 

The  Council  have  obtained  sanction  to  a  loan  of  £3.000  for  exten- 
sions of  the  electricity  supply  mains. 


TRADE  NOTES  AND  NOTICES. 


TENDERS  INVITED. 

Tlie  Directors  of  the  (iiUvvr  Western  Railway  invite  tenders 
for  one  year's  supply  (from  Dec.  1,  1909,  to  Nov.  30,  1910)  of  various 
stores,  including  electric  wires  and  cables,  telegraph  ironwork  and 
tools,  electric  light  carbons,  telegraph  apjiaratus  (insulators,  Sec). 
and  drysalteries,  rivets,  bolts  and  nuts,  fislqilates.  nails,  screws, 
galvanised  goods,  indiarubbcr  goods,  acids  and  turpentines.  Samples 
and  patterns  may  be  seen  at  the  general  stori-s,  Swindon,  from  Oct. 
11  to  16  inclusive.  Specifications,  with  forms  of  tender,  may  be 
obtained  at  the  offices  of  the  stores  superintendent.  Swindon. 
Tenders,  addressed  to  the  secretary.  Mi-.  G.  K.  .Mills,  Paddington 
Station,  W.,  by  Monday,  18th  inst.     See  also  an  advertisement. 

Tenders  are  invited  for  the  sui)iily  of  .W  coin  attachments,  suital  1? 
for  coins  of  different  values,  to  the  Postmaster-Ceneral's  deiiartment 
in  Victoria.  Tender  forms  and  spocilieation  may  be  obtained  at  the 
Commonwealth  Oftices,  72,  Victoria-street.  London.  S.W.  See  also 
an  advertisement. 

Tenders  are  invit<>d  for  s\ipply  of  lOtl.OOO  porcelain  insulators  to 
the  Postnmster-Generars  Department.  X'htoria.  Tender  forms. 
&c.,  from  the  Commonwealth  Offices.  72,  Vietoria-st..  London.  S.W. 

Tenders  arc  invited  for  the  sujiply  to  the  Postmaster-Generars 
Deitartment,  New  So\ith  Wales,  of  a  common  battery  switchboard 
for  the  North  SynsEY  telephone  exchange.  Tender  form,  specifica- 
tions, &c..  may  be  obtained  from  the  Commonwealth  Oftices,  72. 
Vintoria-street,  London,  S.W. 

Manchester  TVamways  committee  want  tenders  by  10  a.m. 
Oct.  19  for  siqiply  of  stceltie  bars  and  bolts  and  nuts.  Speeilieations 
from  Mr.  .1.  .M.  Vl-Khoy.  ,''..■>.  Pic-a.lilly.  Manchester. 

Maniiii;.stkk  Kaths^and  Washhouscs  conunittee  want  tenders  by 
9  a.m.  Oct.  12  for  the  eleclri.'  lifhiuig  of  Cheetham  baths  and  public 
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"THE  ELECTRICIAN"  ELECTRICAL  TRADES' 
DIRECTORY  AND  HANDBOOK.— The  igog  Edition 
of  the  Big  Blue  Book,  price  15s.,  or  post  free  in  the 
United  Kingdom,  15s.  gd.  The  new  and  enlarged  volume 
brings  a  great  mass  of  statistical  and  technical  data 
quite  up  to  date,  and  the  Directorial  Division  has  been 
thoroughly  revised  and  amplified. 

All  branches  of  Electrical  Engineering  and  Industry 
are  fully  treated,  and  Electro-Financial  matters  receive 
every  attention  in  the  new  volume,  which  aggregates 
more  than  2,000  pages.  The  Directory  Division  13 
complete  and  thoroughly  accurate,  and  has  been  com- 
pletely revised.  All  mere  lists  of  members  of  Societies 
and  Institutions  (so  easily  and  cheaply  available)  are 
excluded,  as  quite  unreliable  for  Manufacturers'  and 
Dealers'  purposes.  The  full  set  of  valuable  Statistical 
and  Engineering  Tables,  &c.,  have  been  very  carefully 
revised  and  extended,  and  are  now  issued  in  handy  book 
form.  These  are  included  in  the  igog  Big  Blue  Book, 
making  it  the  most  complete  work  of  the  kind  ever 
published. 


WoRTHiNO  Corporation  want  tenders  by  noon  Oct.  11  for  supply 
of  vulcanised  bitumen  sheathed  concentric  and  triple  concentric 
cables.  Specification  from  the  Resident  Engineer  at  the  Electricity 
Works. 

Wallasey  Council  want  tenders  by  noun,  Oct.  11$  for  supply  of 
about  260  tons  of  tramway  rails,  and  for  iisliplatcs.  tiibars.  anchor 
plates,  points  and  crossings.  Specification,  &c..  from  the  Public 
Offices,  Egremont,  Cheshire. 

Wali-asey  Council  also  want  tenders  by  the  morning  of  Oct.  19 
for  paper-insulated  Icad-covcrcd  and  armoured  cables,  and  for  over- 
head line  material,  poles,  wires,  ears,  Ac.  required  in  the  construction 
of  about ;!  miles  of  tramways.  Specifications,  &c..  fi  om  the  Engineer, 
Electric  Supiily  Station.  Seavicw-road,  Liscard. 

Keiohley  Corporatioii  want  tender,?  by  Oct.  IG  for  supply  of  two 
boiler  feed  pumps,  h.t.  switchboard  and  transformers.  300  kw. 
motor-generator  and  mains.  Specifications  from  the  liorough 
electrical  engineer. 

Bri-.mby  and  Frodinoham  Council  want  tendcr.s  by  Oct.  1(1  Id'' 
the  electric  lighting  of  the  streets.  Specifications,  &c..  from  -Mi-.  J- 
Green,  Council  Offices,  Frodingham,  Scunthorpe. 

Bbay  (Ireland)  Council  want  tenders  by  10  a.m.  Oct.  19  for  the 
supply  of  50  B.ii.p.  Diesel  oil  engine,  high  and  low-tension  disconnect- 
ing boxes,  &c.     Specifications,  &c.,  from  the  Electrical  Engineer. 

LouRENCo  .Marques  Port  and  Railway  Department  want  tenders 
bj'  cable  by  Oct.  16  or  by  mail  by  Nov.  5.  for  sui)j)ly  and  erection  of 
a  60-ton  electric  crane  and  coal  handling  appliances.  Specificalions 
will  only  be  issued  to  crane  builders. 

Tenders  are  invited  by  the  Dircctor-Oeiicral  of  Piililic  \^'i>rkf. 
Jladrid,  for  a  6t)  years'  concession  for  Ihc  construction  and  wurkng 
of  an  electric  tramway  from  tlie  Calle  Mayor  del  Gras  to  the  end  of 
the  West  (.luay,  Valencia.  The  ''  Madrid  Gazette"  for  Sept.  23 
contains  particulars  and  may  be  seen  at  73,  Ra.singhall-sliect. 
London.  ICC. 

The  Director-General  of  Posts  and  Telegraphs,  Madiid.  wonts 
tenders  by  noon.  Nov.  2,  for  the  working  of  the  urban  tel(;phone 
system  at  Orvirdo,  the  present  lease  expiring  on  Oct.  31.  Deposit 
of  £110  (to  be  increased  to  £330)  is  required.  The  "  .Madrid  Gazette" 
of  Sept.  24.  containing  ])articulais.  may  be  seen  at  73.  H.asinghall- 
street.  London,  E.C. 

Tenders  will  be  received  at  the  Prefecture  of  Calvados.  Caen. 
until  Nov.  1.5  for  the  concession  for  a  tramway  from  Mczidon  to 
Pont  FEveque. 

Tenders  will  be  received  imtil  Oct.  16  at  the  Gas.  Water  and  Elec- 
tricity Offices,  Altona,  Germany,  for  the  supply  of  an  electric  loco- 
motive with  accumulatfirs. 

TENDERS  RECEIVED  AND  ACCEPTED. 

Woolwich  HiiU)U'^\i  Council  received  the  following  lenders  for 
5S0  yd.s.  of  four-core  0(15  cable  : — 

W.  T.  Henley's  Tilrgraph  Works  Cn.  {nmplfri).  £152.  11.".  (id  ;  Sie- 
meiLS  Bins.  &  Co.,  £1.54.  Ss.  (>-l.  ;  Callciidei'sTo.,  £1.5S.  10::.  For  310  yds. 
«f  0-2  and  2.50  yd.s.  of  005  c.'il)lc  the  following  tenders  were  received  : 
SienieiLH  Bros.  &  Co.  {nccepUd),  £4li.  148.  Vd.,  alternative  £192;  \V.  T. 
Henley's  (.V...  £47.  8s.,  alternative  £104.  7s.  ;  Callender's  Oj.,  £48.  Is.  (id., 
alternative,  £Iil(i   2s.  7(1. 

Marylebone  (lyjndon)  Council  liave  jiecepted  the  tender  of  ( '.  .\. 
Parsons  &  Co.  (at  £102.  Kts.)  for  putting  carbon  bru.shes  on  three 


turbo-generators,  and  that  of  the  .\uto-Recorder  Co.  (at  £60,  less  5 
per  cent. )  for  two  flue  gas  recorders. 

Kingston-on-Thames  Council  have  accepted  the  tender  of  W.  T. 
Henley's  Telegraph  AVorks  Co.  for  880  vaids  O-I  sq.  in.  l.-t.  cable  at 
£191.  10.^.,  and  that  of  W.  T.  Glover  &  Co.  for  .S><()  yards  of  10  aiupore 
cable  at  £72. 

Salford  Council  have  accepted  the  tcndt-r  of  the  Tudor  .Vecumulator 
Co.  for  the  maintonanee  of  the  battery  supplied  liy  tlieni  in  July  last 
for  10  years,  with  the  option  of  extension  at  £530  per  annutii. 

Fulham  (London)  Council  has  aeeepU-d  llie  tender  of  the  Elcc- 
Irical  Co.  (the  lowest  tender  received)  for  1.5(1  meters  in  various  sizes 
for  £202.  53. 

St.  Panoras  (London)  Council  received  three  tenders  for  rewinding 
a  500  kw.  armature  at  Regent's  Park  station,  and  the  lowest  (that  of 
White.  Jacoby  &  Co.)  at  £130  was  accepted. 

Bcarpark  (co.  Durham)  Council  have  accepted  the  tender  of  Mr. 
Holliday  for  overhead  lines  and  for  supplying  current  for  10  25  c.p. 
lamps  for  lighting  Broom-lane  at  £40. 

Salford  Baths  eommittos  have  accepted  the  tender  of  B.  Thomas 
for  supplying  and  fixing  two  "Westminster"  arc  lamps  at  the 
Sedley  baths. 

Stoke-on-Trent  Guardians  have  accepted  the  tender  of  Klectro- 
motors  (Ltd.)  for  an  11  11. p.  motor  and  starter  at  £.58. 

Halifax  Guardi.ans  have  acee])tcd  the  tender  of  J.  Sunderland  & 
Co.  for  electrical  fittings  for  six  months. 

Mansfield  Council  have  accepted  the  tender  of  the  Western  l<]lec- 
tric  Co.  for  500  yards  of  cable. 

Smethwiek  Council  have  accepted  the  tender  of  H.  W.  Ludlow  for 
wiring  the  fire  station  at  £45. 

For  wiring  the  new  servants'  home  at  Blackpool  for  the  L.  &  V. 
Railway  Co.  the  tender  of  Geo.  Morrison  has  been  accepted. 

Messrs.  Gent  &  Co.  have  recently  supplied  a  number  of  electric 
clocks  for  the  Capo  Government  Railways  Department. 

Luton  Guardians  have  accepted  the  tender  of  P.  T.  King  fo^ 
wiring  the  workhouse. 

Brighton  Lighting  committee  have  accepted  the  tender  of  Siemens 
Bros.  &  Co.  for  cables  at  £2,380. 

Warrington  Guardians  have  accepted  the  tender  of  tlie  Eeononiie 
Klcctrical  Co.  for  six  months'  electrical  requisites. 

Hull  Corporation  have  accepted  the  tender  of  C.  ,T.  Thursfield  & 
Co.  for  the  electric  light  fittings  for  the  new  town  hall  at  £891. 

Derby  Council  have  accepted  the  tender  of  Taylor,  Whiting  & 
Taylor  for  wking  the  Kcdicston-road  schools  at  £235. 

Grimsby  Council  have  accepted  the  tender  of  Johnson  &  Phillips 
for  two  years'  supply  of  cables  at  £756.  19.s.  Id. 

York  Council  have  placed  an  order  with  Dick.  Kerr  &  Co.  for  ex- 
tensions of  the  electric  lighting  mains. 

York  Corporation  have  accepted  the  tender  of  Cox-Walkers  (I.,td. ) 
for  the  supply  and  erection  of  a  traction  switchboard  at  £383.  8s.  Id. 

BUSINESS  NOTICES. 

Messrs.  Arthur  L.  Gibson  &  Co.  have  removed  to  Radnor  Works. 
Strav,  berry  Vale,  Twickenham. 

The  Beck  Flame  Lamps  (Ltd.)  have  removed  their  ofiiees  to 
Suilolk  House,  Laurence  Pountney-hill,  London,  E.C. 

The  TTolophanc  Gla.ss  Co.  have  removed  to  12.  Cartaret-streel- 
Westminster.  S.W.  Telegraph  address  remains  "  Holojihane 
London."     Telephone  No.  2491  Victoria. 

Messrs.  Geary.  Adams  &  Cm.  (Ltd.).  electric  light  and  power  engi- 
neers, 25,  Central-arcade,  Wolverhampton,  have  been  appointed 
sole  agents  for  Birmingham  and  district  for  Messrs.  Davcy.  Paxtnan 
&  Co.'s  vertical  high-speed  and  horizontal  low-speed  steam  engines, 
boilers  and  superheaters,  condensing  plant,  gas  engines  and  pro- 
duce r  gas  plant.  &e. 


Patent  Development.— The  proprietor  ol  patent  No.  29,36:5/1904. 
for  "  Improvenvnls  in  and  relating  to  Electrical  Measuring  Instru- 
ments," (h'-iiivs  til  enter  into  arrangements  for  exiiloiting  and  develop- 
ing .same  in  this  (-ounlry.  Applications  to  Messrs.  Haseltine.  I^ake  & 
(/O.,  7  and  8.  Southampton-buildings,  Chancery-lane,  London.  W.C. 

"  Meffil  "  Lamps.-  Tlie  following  unsolicited  testimonial  has  been 
received  by  the  Kdisoii  &  Swan  Co.  from  om-  of  their  customers  : — 

Sejit.  24. 

Dr.AR  Sins :  \\\-  have  to-day  desp.atehed  for  your  inspection  oik-  of  your 
32  c.p.  Kia-volt  Metlil  lamps--.  This  has  been  in  use  for  5,880  hoiiis,  :md 
liiiK  only  just  l)iinu<l  out. 
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New  Hand  Shield  Plug.-  The  accomijanyii 
lu'w  liand  shield  Jilug,  recently  [)laeed  oa  the 
Central  Kleetrical  Co. 
This  plug  has  been 
specially  designed  tii  cum- 
|ily  with  the  liorae 
OHice  regulations,  and, 
as  may  be  seen  from 
the  illustration,  the  shield 
is  provided  to  protect 
the  operator  against  all 
shocks  and  burns.  Fur- 
tlier,  the  new  method 
of  cable  attachment  en- 
tirely overcomes  the 
rapid  deterioration  of 
tlie  flexible  ;  n  1  the 
consequent  dangers  that 
exist  with  many  of  the 
]iresent  designs  of  plugs. 
The  handle,  it  is  claimed, 
])rovides  an  eflicient 
means  of  removing  the 
|)lug,  and  the  existing 
method  of  pulling  the 
jilug  out  by  ten.sion  on 
the  flexible  is  prevented, 
as,  in  this  case,  the  plug 
can  onl)'  be  withdrawn 
hy  applying  the  hand  b'j 
the  liandl?. 

CATALOGUES.  &c. 

Fuse  Boxes. — The  Reason  Mfg,  Co.,  Brighton,  have  issued  a  new 
fusc-bo.x  catalogue,  containing  full  details  of  house-service  fuse  boxes 
of  various  kinds.  Fuse  boxes  for  single  cables  and  multiple  way  fuse 
boxes  of  a  more  important  character  for  use  with  calilts  of  large  si/.t 
are  also  described.  Engineers  who  are  in  a  position  to  give  orders 
for  this  class  of  work  should  certainly  see  what  the  Iteason  Mfg.  C'(_>. 
can  supply  in  this  way. 

"  Marion  "  Lamps. — Messrs.  Marion  &  Co.,  Soho-stjuare,  London, 
have  ready  an  artistic  pamphlet  giving  illustrations  (photographs) 
which  have  been  taken  l)y  Boardman's  multi-carbon  arc  lara|i.  The 
details  of  some  of  the  apparatus  used  in  connection  with  this  lamp 
are  also  given. 

Tantalum  Lamp  Folders  and  Show  Cards. — Messrs.  Siemens 
Bros.  Dynamo  Works  are  continuing,  with  unabatcil  energy,  their 
campaign  in  favour  of  Tantalum  lamps,     .^^s  an  aid  to  this  work,  a 

new  folder  has  been  issued 
which  contains  the  jirin- 
eipal  points  of  interest  in 
eonnectiim  with  these 
lam|)s.  A  space  is  left  at 
the  bottom  of  the  front 
page,  on  which  Messrs. 
Siemens  will  print  the 
name  and  address  of  any 
elri'lrical  contractor  or 
iioiiiimngcr  who  wishes  to 
hamilr  these  lamps,  and 
to  whom  many  thousands 
of  these  pamphlets  have 
been  supplied.  Messrs. 
Siemens  are  glad  to  sup- 
jily  any  of  these  pamphlets 
free  of  charge. 

Tlie  accompanying  ill- 
ustration shows  a  new 
ilesign  of  show  card  which 
has  recently  been  got  out. 
Tiiis  is  well  designed  in 
attractive  colours,  and  if 
tantalums '"  give  it  a 
their    advantage.     Messrs. 


stock 


the    electrical    contractors    who 

prominent    position    it    should    1 

Siemens  are  al-solulely  certain  that  the  lamp  gives  entire  satisfae 

tion  to  the  consumer,  both  from  the  point  of  view  of  satisfactory 

illumination  and  economy  in  the  lighting  account. 

Kmpire  Knoines.— The  Kmiiire  Kngineering  Co.  have  issued  a 
catalogue  dealing  with  thi  ir  well-know  n  petrol  and  gas  engines.  The 
principal  features  are  shortly  dc-serilied.  and  a  good  idea  can  be 
ol)tained  of  the  work  this  plant  is  capable  of  doing. 

BEARlNtiS.— Messrs.  Kynochs  (Ltd.),  Birmingham,  have  sent  us 
leatlets  dealing  with  roller  and  self-oiling  bearings, 


Klectkic  K.\diators. — Tlie  Dowsing  Radiant  Heal  Co.  fcjrward 
a  copy  of  a  pamphlet  dealing  with  their  well-known  ty|>e  of  radiators. 
Various  forms  of  the.se  handsome  appliances  are  illu.strat<?d  and 
described,  so  that  a  good  idea  can  be  tibtained  of  the  cla.ss  of  work 
turned  out  by  the  (Mimjiany.  -V  number  of  new  tyjK-s  have  been 
added  this  season,  designs  such  as  "  .Adams,"  FleniiBh,"  "  Geor- 
gian," "  Sheriton,  "  "  Tudor,"  &c. 

Illustrations  as  Samples  of  Leather  Belting. — One  of  the 
most  realistically  illustrated  li.sts  we  have  seen  is  a  new  copyright 
catalogue  being  sent  out  by  Jlr.  .James  Hendry,  the  well-known 
laminated  leather  belting  manufacturer,  of  Glasgow.  The  illustra- 
tions are  (irst-rate  substitutes  for  samples  of  the  articles  .Mr.  Hendry 
manufactures,  and  show  more  than  it  is  ])Ossible  to  show  with 
samples.  The  letterpress  serves  as  a  monograph  on  the  use  of  leather 
belting  which  should  be  of  much  practical  interest  to  users,  who 
might  usefully  ajjply  for  a  eo))y  of  this  publication  (entitled  "  From 
a  Single  Strand  ")  to  the  Laminated  Leather  Works,  Bridgcton, 
Glasgow. 

Insulaiion  Tester.— The  Union  Electric  Co.  forward  a  pamphlet 
describing  a  new  insvdation  tester.  This  a]>paratus.  it  is  considered, 
shfiuld  appeal  jjarticularly  to  contractors  who  reqviire  an  eftieient 
and  yet  not  too  exi)ensive  testing  set,  and,  further,  one  they  are  able 
to  carry  about  without  trouble  or  fatigue.  It  should  al.so  ai)peal  to 
the  mining  industry,  and,  in  fact,  should  prove  useful  in  all  places 
where  electrical  machinery  is  used,  for  by  periodical  testing  of  the 
e(|ui])mcnt  many  faults  can  be  discovered  before  they  have  badly 
developctl. 

OsRAM  liAMP  Poster. — \\c  have  received  from  the  General  V.\cc- 
tric  Co.  an  example  of  their  latest  Osram  show  card,  a  reduced  fac- 
simile of  which  is  given  in  the  accompanying  illustration.  \\'e  must 
congratulate  the  artist  on  the  facial  expressions,  not  forgetting  the 


harmless,  necessary  eat.  The  striking  feature  of  this  card  is  the 
announcement,  "20  lours  for  !d."  This  showcard  and  postcard 
business  is  getting  ixciting. 

English  Gauges, — Mr.  H,  M,  Budgett.  of  Chelmsford,  has  sent 
us  a  copy  of  a  list  dealing  with  English-made  gauges,  Tlxose  in- 
terested in  these  goods  should  certainly  secure  a  co])y  of  this  list. 

Electricity  for  all  Industrial  1'urposes. — The  Union  Elec- 
tric Co.  have  is.sued  a  brochure  with  this  title,  containing  a  number 
of  illustrations  showing  Union  motors  doing  all  clas-ses  of  work- 
The.se  iiu-lude  large  ])olypha.se  motors  for  direct  cimpling  to  machi- 
nery, sueli  as  mine-exhausing  fans,  and  polyphase  motors  driving 
screen  .separatt)rs  at  a  coal  mine  are  also  shown,  while  electrically- 
driven  pumps,  bending  and  straightening  rolls,  girder  cutters,  saws. 
boring  mills  and  other  similar  ]>lant,  textile  machinery,  cranks  and 
traversing  jjlant  of  variotis  kinds  driven  electrically  ai'e  also  illus- 
trated anil  described. 

BANKRUPTCIES,  &c. 

A  meeting  will  be  held  at  Basildon  House.  IMoorgale-strcct. 
London,  E.C.,  on  Nov.  8.  to  receive  an  account  of  the  winding  up  of 
the  Mexican  Tower  Development  Synd.  (Ltd.),  in  vol.  liq. 


STOCK  EXCHAKGE  NOTICES.— The  Stock  Kxi  hange  comniittoo  liavc 
granted  a  (|uolaliiiii  to  a  finllier  issue  of  £17.").lW  .i  JH-r  cent,  mortgage 
ileheuture  stock  (in  lieu  of  l.oth  I.evon  deliontui-es  now  quoted)  of  the 
Jirili-i/i  Aliimiiiiiim  Co.  The  eoinntittee  have  been  a.sked  to  a)>poiMt 
ii  special  settling  d.iy  in,  and  grant  a  ((Uotatiou  to  .E7tH).(XX)  5  i«-r  cent. 
1st  debentme  stock  of  the  P'lia  Khrlrii-  JiaUudtjn  and  Lujhlinri  Co.  {LidX 
aiul  to  allow  a  finllier  issue  of  $01 ,01)0  o  per  eeni.  consolidated  first  mort- 
gage bonds  of  the  ShawiniijaH  Water  unit  Poictr  Co.  to  be  quoted. 


1056 


THE  ELECTRICIAN,  OCTOBER  8,  1909. 


COMPANIES'  MEETINGS  AND  REPORTS. 


Willans  &  Robinson  (Ltd.) 

Tlif  iirdiiiarv  ai'iieral  moetinsr  was  lielil  on  'I'uesday,  Mr.  James  C. 
PEvrHK.  M.Iiist.C.E.  (Managing  Director)  in  the  c-hair. 

The  SECRKT.\RY  (Mr.  C.  S.  Ks.<ex)  read  the  mitice  eonveiiini;  the 
meetiii!.'.  and  the  auditoi's' eertiCcate. 

The  CHAIHril.VN'  then  said  the  result  shown  for  tlie  half-year's  workini; 
has  been,  the  directoi-s  regret  to  say,  unsatisfactory.  After  allowing 
for  the  lo.so  on  the  half-year's  working,  the  balance  standing  to  ei-edit  of 
profit  and  lo.ss  is  insufficient  to  provide  for  payment  of  the  full  ))refercuce 
dividend,  and  there  is  no  surplus  to  go  to  payment  of  interest  on,  or 
rodeni])tion  of  the  i.inding  certificates.  The  directors  realise  it  is  a 
result  that  the  shareholders  must  view  with  concern  and  anxiety. 

This  disappointing  result  is  entirely  ilue  to  the  continued  deiiression  in 
trade.  The  principal  business  yf  this  company  is  the  production  of 
machuiery  for  the  generation  of  electricity,  a  line  of  business  that  has  been 
adversely  affeetod  to  a  greater  extent  than  peiha])s  any  other  in  this 
country.  The  introduction  of  the  metallic  filament  lamp  and  the  great 
economy  in  current  realised  by  its  use,  is  having  a  very  serious  effect  on 
the  revenue  of  electric  lighting  stations,  and  in  all  parts  of  the  coiintry  the 
output  of  current  is  falling  off,  and  electricity  concerns,  instead  of  lia\  Jul' 
to  order  now  plant,  are  finding  that  their  existuig  ]ilant  is  in  c\.  rs~ .  f  i  li,  ir 
present  requirements.  In  the  end  no  doubt  this  cheapening  .t  1 1.  ii  i. 
light  will  lead  to  a  great  extension  of  its  use,  and  renewed  demand  fm 
plant.  For  the  present,  however,  new  construction  is  at  a  standstill,  and 
the  business  of  building  electric  generating  plant,  for  this  country  at  all 
events,  is  in  a  stnte  of  stagnation.  The  orders  obtained  in  recent  half- 
years  have  been  insufficient  to  keep  the  works  fully  employed.  In  the 
second  half  of  1908  the  value  of  orders  obtained  was  disappointing,  but 
that  half-year  profited  by  a  large  balance  of  unexecuted  orders  brought 
forward.  In  the  first  half  of  1909  (the  halt-year  we  are  considering)  the 
value  of  orders  obtained  was  considerably  larger  than  in  the  previous 
half-year.  That  is  an  encouraging  feature,  but  the  bulk  of  our  old  oiders 
had  then  been  worked  off,  and  for  two  months  in  that  half-year  it  was 
necessarj'  to  jiut  the  works  on  short  time.  Since  June,  I  regret  to  say 
that  the  improvement  exi)erienced  in  the  early  ])art  of  the  year  has  not 
been  m.iintained,  and  there  is  no  doubt  that  for  the  iiresent,  and  for  the 
immediate  future,  we  have  to  face  a  continued  scarcity  of  work.  We 
h.ive  devoted  great  efforts  to  obtainuig  orders  for  steam  turbines  abroad. 
and  in  this  direction  we  have  met  with  considerable  success.  We  have 
obtauicd  good  ordere  for  Canada,  Australia,  South  .Afiiea,  and  .lapaii. 
Indeed,  in  the  absence  of  work  coming  forward  for  this  country,  the  bulk 
of  our  ordei*  for  electrical  generating  plant  has  been  from  abroad.  Wc 
have  endeavoured  with  some  success  to  extend  f>ur  connection  willi 
industrial  concerns  in  this  country,  and  have  sujiplied  a  number  of 
turbine  jilants  for  driving  the  machuiery  of  cotton  mills,  collieries, 
harbour  works,  and  so  forth,  but  in  these  directions  have  been  restricted 
by  the  general  depressed  state  of  trade. 

Under  onr  agreement  with  the  English  Diesel  ('ompany  we  are  entitled 
to  a  consi<lerable  volume  of  ordens  for  Diesel  oil  engines.  Unfintunately, 
due  to  the  depressed  state  of  trade,  the  Diesel  ('ompany  has  not  so  far 
been  able  to  keep  us  supplied  with  orders  at  the  rate  we  are  entitled  to 
ex])ect  under  or.r  agreement.  We  are  still  building  a  certain  number  (jf 
Willans  engines,  and  have  several  in  course  of  manufacture  at  the  pi-esent 
time.  Repair  parts  also  furnish  us  with  a  substantial  volume  of  work. 
Condensing  ]ilant,  a  eouiparatively  new  manufacture  with  us,  brings  in  a 
certain  number  of  orders.  Parts  for  motor  vehicles  also  give  us  profit- 
able employment,  but  all  branches  are  adversely  affected  by  the  present 
slackness. 

Theif  are  several  new  branches  of  manufacture  in  ])rocess  of  develop- 
ment. Hydraulic  turbines  and  high-lift  turbo  pumps  form  two  of  these, 
and  there  are  a  number  of  both  on  order.  The  first  of  the  turbo  pum]>s  has 
passed  its  trials  with  most  satisfactory  results.  In  this  new  departure  wc 
h.ive  the  co-operation  of  Mr.  Orten-Biiving,  an  engineer  of  wide  experience 
in  the  manufacture  and  working  of  hj'diaulie  turbines  and  pumjis.  He 
has  already  obtained  a  number  of  orders  for  us,  and  it  is  hojicd  that  an 
increasing  business  in  this  class  of  machinery  may  be  relied  u])on  in  the 
future. 

We  arc  also  engaged  on  the  development  of  some  other  branches  of 
manufacture,  which  have  not  yet  reached  the  final  stage. 

Notwithstanding  the  poor  result  of  the  past  half-year's  working,  the 
position  of  the  Company's  affairs  to-day  is  a  sound  one.  In  cash  and 
marketable  securities  we  have  a  substantial  provision  asainst  the  needs 
of  the  immediate  future.  The  cash  balance  at  June  30  was  £49.339: 
marketable  investments  il  l,i;.5:j :  debtors  fl()'<,703,  of  which  £74.00(1 
has  since  been  received,  and  the  balance  is  a  good  asset.  At  December 
31  la-st  our  reserve  fund  stood  at  £3(>.."531,  at  .(une  30  it  was  £00, 020. 
Since  June  30  wc  have  settled  a  claim  arising  out  of  a  contract  made  ffjr 
the  supply  of  large  gas  engines.  This  contract  was  entered  into  in  1903. 
For  some  years  past  it  has  t)ecn  known  that  the  comi)any  had  inciuTcd  a 
heavy  liability  on  this  account,  and  in  July,  nctinc  Tuider  the  advice  of 
counsel,  a  settlement  was  arrived  at  by  payment  of  f  l.'i.OOO.  This  loss 
has  to  1«  set  against  our  reserve. 

For  the  Queen's  Ferry  Works  there  has  been  one  or  two  encouraging 
eni|uiries,  and  there  is  some  hope  th.it  a  sale  may  result  from  negotiations 
iiiiv.'  in  progress.  In  the  meantime  the  works  are  being  kcjit  in  good  order 
and  repair.  Ilie  present  depressed  <>oiiditi<in  of  Ir.ide  is  airainst  the 
piospect  of  our  being  able  to  lind  a  punhascr,  but  the  works  f(u-m- a  very 
fine  industrial  property,  and  we  must  be  content  to  hold  it  for  the  present. 
A  bad  limi-  I'kc  the  present  affords  a  favourable  opportunity  f^.r  rutting' 


down  expenses,  and,  as  you  are  aware,  the  directors  have  devoted  their 
special  attention  to  this  point  since  1904.  The  pioecss  cannot  be  carried 
on  iudefiniti'ly.  Nevertheless  during  the  ]iast  half-year  it  has  been 
possilile  to  effect  further  nuitcrial  reductions,  and  there  arc  still  other 
reductions  that  are  being  carried  out.  In  bail  times  like  these,  however, 
certain  expenditure  is  even  more  necessary  than  in  good  times.  The  cost 
(pf  ]iatcnts  and  development  work  again  shows  i;„  increase,  £7,974  at 
.hinc  30,  agauist  £7,281  at  December  31.  Depreciation  at  the  rate  of 
10  |ier  cent,  per  annum  has,  as  usual,  been  written  off  this  half-year, 
liut  the  additions  during  the  half-year  have  more  than  balancid  tins. 
The  board  is  not  in  a  position  to  make  any  proposals  with  rcgaiil  to  the 
vacant  post  of  chairman  or  additional  directors.  The  board  are  giving 
this  important  matter  their  careful  attention.  The  company  has  a  most 
capable  staff  of  servants,  and  the  works  are  in  a  high  state  of  efficiency. 
We  trust  that  the  ))iesent  set  back  is  but  temporary,  ami  that  as.  and 
when,  the  state  of  trade  returns  to  a  more  normal  condition  tlic  works  are 
well  prepared  to  take  full  advantage  of  it.  He  concluded  by  moving  the 
adi>ption  of  the  rejuirt  and  ace(junts. 

Mr.  HENRY  SHERLEY- PRICE  (a  shareholder)  seconded  the 
resolution. 

A  discussion  followed  to  which  the  chairman  rei>lied,  and  tlic  nioliou 
was  then  carried  with  one  dissentient. 

.\  resolution  was  afterwards  passed  approving  the  ]iaymeu»  of  a 
divil.  nd  at  the  rate  of  3  ))er  cent,  per  annum  on  the  preference  shares. 

A  i.iidial  vote  of  (hanks  was  passed  to  the  chairman  and  directors, 
and  thr  iirurccdings  then  terminated. 


NEW  COMPANIES,  STATUTORY  RETURNS, 
MORTGAGES  AND  CHARGES,  &c. 


NEW  COMPANIES. 

HALESOWEN  LIGHTING  &  TRACTION  CO.  (LTD.)  (105,136.)— Reg. 
Sept.  29,  capital  £10,000  in  £1  shares,  to  acipiire  the  rights,  i)owers 
and  privileges  granted  to  G.  Balfour  bj'  the  provisional  order  for 
H.alesowen  (Worcs.)  as  amended  and  confiimed  by  the  Electric 
Lighting  Orders  Confirmation  (No.  1)  Act,  1908,  and  to  carry  on  the 
business  of  electricians,  suppliers  of  electricity,  Ac.  First  directors, 
G.  Balfour,  W.  Shearer  and  A.  H.  lioatty. 

STATUTORY  RETURNS. 

BRAY,  MARKHAM  &  REISS  (LTD.)— Return  to  Aug.  9  gives  capital 
as  £20,000  in  £1  sliaros,  of  which  8,000  shares  have  been  taken  up. 
£8,000  has  been  received.     Mortgages  and  charges  nil. 

ELECTRIC  SUPPLY  CO.  OF  VICTORIA  (LTD,)— Return  to  Sept.  2  gives 
capital  as  £300,000  in  £1  sliares  (150,000  preference),  of  which  147,575 
preference  .and  125,000  ordinary  have  been  taken  up.  £1  per  share 
has  been  called  up  on  22,382  and  £22,382  has  been  received.  £249,993 
is  considered  as  paid.     Mortgages  and  charges,  £167,955. 

MORTGAGES  AND  CHARGES. 

DAVIS  ELECTRICAL  CO.  (LTD.)— Issue  on  Sept.  22  of  £500  debentures, 
part  of  series  created  Nov.  12, 1908,  to  secure  £2,000,  charged  on  com- 
pany's undertaking  and  property,  present  and  future,  including 
uncalled  capital.    iN'o  trustees.    Previously  issued  of  same  series,  £500. 

PENRITH  ELECTRIC  SUPPLY  CO.  (LTD.) -Mortgage  on  certain  land 
and  premises  in  Penrith,  diited  Sept.  1,  1909,  to  secure  all  moneys  due 
or  to  become  dire  to  the  Bradford  District  Bank. 

RECEIVERSHIPS. 
LIONEL  ROBINSON  &  CO.  (LTD.)— H.   J.   Page,   21,   Ironniongcr-hine, 
E.G.,  ceased  to  act  as  receiver  or  manager  on  Sept.  25. 


CITY  NOTES. 

MEMORANDA  (Oct.  7).— Bank  rate  3  per  cent,  (f)ctobcr  7,  1909). 
Price  of  silver,  23), 'd.  per  oz.  Consols  83 — 83i  for  money  ;  83i',. — 
83 1 '^  for  account.  Consols  Pay  Day,  Nov.  4;  Stock  and  Shares 
Continuation  Days,  Oct.  12  and  26  ;  Ticket  Days,  Oct.  13  and  27  ;  Pay 
Days,  Oct.  14  and  28  ;  Mining  Shares  Carry  Over  Day.s,  Oct.  11  and  25. 

Prices  of  Metals  (London). — Copper,  cash,  571,-  ;  three  months 
58,^.  Lead,  English,  13V  13J ;  foreign,  cash,  13'|— 13,5;  three 
months,  13/,,.  SjjeUer,  cash,  23;  ;  three  months  23a'— 23^.  1'iii, 
English,  136—138;  foreign,  cash,  1391  ;  three  months,  140i;.  Iron, 
Cleveland,  cash, 52/4-5,  and  three  months,  52/lU.  Magnet  Steel  (price 
supplied  by  W.  F.  Dennis  &  Co.),  £55. 

ANGLO  AMERICAN  TELEGRAPH  CO.  (LTD.)— The  directors  have  re- 
solved, after  |ilacing  £5,000  to  credit  of  renewal  fund,  to  declare  an 
interim  dividend  for  the  quarter  ended  Sept.  30  of  15s.  per  cent,  on 
the  ordinary  stock  and  £1  10s.  per  cent,  on  the  preferreil  stock  (loss, 
tax),  p,ayablc  on  Nov.  1. 

BRISBANE  ELECTRIC  TRAMWAYS  INVESTMENT  CO.  (LTD.)— The 
directors  have  decided  to  pay  a  dividend  of  3s.  6d.e.icli  on  the  ordinary 
shares  (tax  free)  for  the  h,alf-ycar  ended  Juno  30. 

CALCUTTA  TRAMWAYS  CO.  (LTD.)— The  directors  have  docliirod  an 
interim  dividend  of  2s.  per  sliarc  on  the oidinary  shares  (at  the  rate  of 
4  per  cent.),  tax  free,  for  the  half-year  to  June  30. 

PARA  ELECTRIC  RAILWAYS  AND  LIGHTING  CO.  (LTD.)— The  directors 
ainioMiice  a  dividend  on  the  preference  shares  for  the  hiilf-yoar  ended 
,M.iy  31.  at  tlie  rate  of  6  per  cent,  per  annum  (less  tax). 
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ELEGTBIO  TB&MVAT  AND  S&ILWAT  TS&FFIG 


RECEIPTS. 


Aberdeen  Oorpo»llon 

Alrdrle  

Anglo -Argentine 

Ayr  Oorporfttion 

Baker  Hi.  &  Waterloo  B7»" 

Bamsley- 

Barrow  

Bath  Eloctrlo  Trams,  Ltd... 
Binniugham  Oorporalion... 

Birmingham  &  Mid ' 

Blackburn  Corporation 

Blackpool  and  Fleetwood... 

Bolton  Corporation 

Bombay     

Bournemouth  Corporation. 

Bradiord  Corporation.... 
Brighton  Corporation    .. 

Bristol  Trams  &  Carrlagi 

Burnley  Corporation 

Burton  Corporation   

Bury  Corporation  

Calcutta  Tramways  Co.... 
Camborne-Redruth   , 

Cardiff  Corporation  

Oavehill 

Central  London  Railway 

Charing  C.,Eu§ton&  H'atead 

Chatham  &  Diat.  Lt.  Rys. .. 

City  &  South  London  Rly.. 

City  o(  Birmingham  

Colcheater  Corporation 

Cork  Electric  Trams  Co.  ... 

Croydon  Corporation     

Devonport  &  Dist.  Trams.. 

Dover  Corporation 

Dublin  &  Luoan  Railway... 

Dublin  United 

Dudley-Stourbridge   

Dundee  Corporation 

Batit  Ham  Council 

Exeter  Corporation 

GateHliL-ad  &  Diat.  Trams... 

Glasgow  Corporation 

Glosaop  Trams 

Grave8«nd— Northfleet 

Great  Northern  &  City  Rly.. 

Gt.  Northern,  Piccadilly, &c 

Greenock  &  Port  Glasgow... 

Hartlepool  Tramways    

HaBtinga  Elec.  Trams  Co.... 

Hong  Kong  

Uudderslicld  Corpn 

Hull  Corporation 

Word  District  Council 

Ilkeston  District  OoonoU ... 

Ipswich  Corporation 

Isle  of  Thanet  Co 

Jarrow   

Eelghley  Corporation    

EidderminBter  it  Distriot... 

Kilmarnock  Corporation  .. 

Lanarkcihire  Trams  Co.    ... 

Lancadliire  United 

«  jeamington 

Leeds  Corporation 

Leicester  Corporation    

Leith  Corporation 

Lincoln  Corporation 

Liverpool  Corporation  

Liverpool  Overhead  Rly. 

Llandudno  &  Col  wyn  BayRy 
*LondQn  County  CoonoiJ  .. 

London  United 

Lowestoft 

Maidstone  Corporation 

Manchester  Corporation  ... 

Mersey  Railway  

Merthyr 

Metropolitan  Diut.  Railway 

Metropolitan  £leo.  Trams.. 

Mlddleton 

Nelson  Corporation  

Kewoastle-on-Tyne  Corp. .. 

Newport  (Mon.)  

Northampton  Corporation 
Oldham,  Ashton  &  Hyde- 
Oldham  Corporation  

Perth  (N.B.)Gorporation  .. 
Perth  ( W.A.)  Elec.  Trams... 

Peterborough   

Portsmouth  Corporation  ... 

Potteries    

Preston  Corporation 

Botherham  Corporation   .. 

Rothesay  

Saliord  Corporation   

Bheerness 

Sheffield  Corporation 

Slng»pore  Trams  

South  Metropolitan   

Sooth  Staffs 

Southend  Corporation  

South  port  Tramways 

Stalyb-dge.IIydo.&c.Jt.Bd. 
Sunderland  Corporation  ... 

Sunderland  Distriot  

Swansea  Trams  

Swindon  Corporation    ... 

Taunton    

Tynemouth  and  District 

Tyneside  Trams  Co , 

Wallasey  Distriot  Counoll 

Walsall  Corpn , 

Warrington  Oorpn 

West  Ham  Corporation..., 

Weston-super-Mare    , 

Wolverhampton  Co , 

Wolverhampton  Oorpn..., 


Ino. 

or  Deo. 
(a) 


weeks.l  ***""""••     Dqq,  („. 


2,31U 
b3»,6H1 

i,uy2 


Sept. 

2i 

l.OOS 

Uct. 

2 

17,802 

Sept. 

2i 

S3) 

Oct. 

a 

1,371 

,, 

2 

5,145 

hot. 

21 

621 

,, 

21 

•26i 

80 

l,io; 

Oct. 

2 

89,330 

1. 

2 

1,973 

Sept.   21 


Sept.  25 
Out.  2 
.Sept.   25 


Sept.  21 
Oct.  2 
Sept.    21 


•Worcester 

Wrexham 

Yorkshire  W.R.  Trams ...... 

Yorkshire  Woollen  DUtrlot. 


Sept 

29 

Oct. 

1 

Sept 

21 

■■ 

21 

,, 

29 

.. 

SU 

0,-t. 

4 

Sept. 

21 

Oct. 

3 

„ 

3 

Sept. 

21 

" 

!9 

,, 

21 

Oet. 

2 

3 

Sept. 

29 

21 

',', 

23 

0>-t. 

2 

3 

Sept. 

30 

23 

,, 

21 

jj 

21 

,j 

2!t 

■■ 

21 
21 

i,e59 

+ 

7dO 

+■ 

678 

s;.> 

+ 

4.578 

- 

53 

- 

6,741 

_ 

^9,41,5 

+ 

4  $1,714 


£ 

2C.C3C 

8,«16 

1,321,561 

8,1U.) 

38,025 
6,429 
8,919 

30,7;o 
171,703 

31.225 

30,647 

63,893 

Kl,3l6.774 

48,072 

132,411 

,28.715 
112,692 


R617,lir8 
4,921 
58,603 
3,453 
6l,f03 
47,330 
32,305 
39,797 
103,451 
2,699 
17,570 
40,219 
11,114 
6,179 
2,177 
78,514 
31,356 
23,709 
27,125 
338 
37,803 
301,20i 

8,088 
16,121 
61,160 
21,319 

9  060 
ls;iI5 


60,603 
5J,152 
6,810 
181,129 
29,160 
12.317 

41o|895 
2U.232 
13,061 

8i,6,10) 


101,S06 

25,019 

8,181 

12S,675 

237.S65 

13,030 

3,807 

103,576 

18,015 

13,376 

21,453 

51,786 

3,310 

51,619 

1,636 

67,593 
9,660 
16,5)8 
9,23) 
121,351 
l,99i 
161,331 

30',iiO6 
31.993 
10,055 
11,101 
20,8tS 
31,651 
2!, 10) 


1,568 
9,913 
5,917 
23,810 
20.032 
10,001 
60,216 
6,578 
15,995 
10,88( 


■H 

3,607 

f 

1,326 

f 

6.653 

I 

£07 
699 

f 

B27,731 

19S 

+ 

603 

79 

- 

31,433 

f 

4,970 

2,152 
33,691 
25,233 


ELECTRICAL  COMPANIES'  SHARE  LIST. 


£5  DI7I- 


Prloa 
Wed, 
Oct.  6. 


ELECTRICITr  SUPPIT. 

lOl  6/0      Boamemoath  ft  Pool.  Eleo.  Sap.  Ord  ...       V] -I'l 

IQi  4/8         Do.    4J  per  Cent.  Com.  Pref. 9i  -1" 

10   6/0  Do.    6  per  Cent.  Cam.  Second  Pref.... I     M  — lOJ 

iiZ        Do.    4J  percent.  Deb.  Stock  (red.)  ...I  "1  —lOl 
2/0    tBromle;  (Kent)  El.  Lt.  &  Power  Share: 
4J%       Do.  Do.  lit  Debs, 

1  6      Brompton&KeneiagtonEIecSup.Ord 

3  6        Do.     7  per  Cent.  Pref 

iX  I  Central  Elec.  Sap.  Co.4?;Oaar.Db.Stock 
2'6      Charing  Cro8s(W.EQd  4  Citj)ELSap.Co. 

2/3        Do.    4J  per  Cent.  Pcet  

4%  Do.  4  per  Cent.  Deb.  Stock  (red.)... „, 
IJ'/o  Do  4i  per  Cent.  Deb.  St  .ok  (rod.)  _ 
2'3        Do.    City  0nderlaking  IJ^  Cm.  Prel. 

2/0      Chelsea  Electric  Sapply  Ord 

44%,      Du.     4i  per  Cent.  Deb.  Stock  (rod.)  ... 
City  of  London  Electric  Lik-hting  Ord... 

Do.    6  per  Cent.  Cam.  Pref.  

Do.     6  per  Cent.  Deb.  Slock  (red.) 
Do.    44  per  Cent.  2Qd  Deb.  Stock  (rod.) 

Coantyof  DarhamElec.  P.D.  Ord 

Do.     6  per  Cent,  n^n  Cam.  Pref. 

Connty  of  London  Elec.  Sapply  Ord 

Do.     6  per  Cent.  Cum.  Pret 

Do.     4i/i  Deb.  Stock  (red.)    

Do.    Second  Dab.  Stock 

tfolke-stone  Electricity  Sapply  Co.  Ord. 

6    26      Oo.    6  per  Cent.  Cam.  Pref. 

St.    ii%       Do.    4i  Ist  Deb.  Stock  (red) 

6,  4/6    j   Hove  Electric  Lighting  Ord , 

61  4/0   i   Kensington  *  Knightsbridge  Ord 

61  6%         Do.    6  per  Cent.  1st  Pref 

St.  I  4%    I     Do.     4  per  Cent.  Deb.  Stock  (rad.) 

'  '  iX  tKensingtn.  iKagtbg.  Co.  &NottingHiU 
Co.  (Joint  Station)  4%  Deb.  Stock  (red.) 
Kent  Elec.  Power  Co, 


10    6/0 

St.    6% 

st.i  ax 

6  .. 

6  2J% 

10  4/0 

10  6'0 

St.  41% 

St.  4i% 


1/9|'  London  Electric  Sapphr  Ord. . 


6 1  2/6 
6 1  2/3 
St.  I  H% 
St.l  3J% 
1001  lj% 
lo'  2X 
100    4J% 

6;  .. 

6,'  6% 
lOOl  4% 
100,   60/ 


»4-4a 

b3  — 9« 
7J-7i 
74-3 

87  -100 
4  -4J 
41-5 

J«  -93 

lO)    -lOi 

31 -4i 

31-1 

10 )  -103 

101  -11 

1  i  -i?i 

121  -121 

IjO  -103 

11 -2 

3  — 3j 


43-41 
44 -)8 
97  — ;ou 

7J-7J 
7  — 7< 

65 -si 


6  12    6 
4  U    6 

1  :o   0 
sue 


(a)  These  comparisoasaro  with  the  oorrespoodiag  period  last  ye.^c.    S  Plus  3  dars. 
1)  Plus  2  days.    •  Partly  docttioal.    »  Minus  3  daya    J  Minus  3  days. 


lJ-24 

Do.    6  per  Cent.  Pref 5  — 5i 

4  per  Cent.  l3t  Mort.  D3b 93-9/ 

Metropolitan  Electric  Sap,  Ord 4  — l.J 

Do.     41  per  Cent.  Cam.  Pref.  43-5 

Do.     41  per  Cent.  Deb.  Stockist  Mort.  105-108 

Do.     31perCeat.Mrt.  D3b.Stock(red.)  SiJ -364 

Midland  Elec.  Corp.forP.D.latMort.Db.  '<^  -l')U 

Newcaatle  &  Diet.  Elec.  Ltg.Ord.  SJ-;,; 

Do.    4*  per  Cent.  Dab 1  S'-al 

Newcastle  Elec.  Sopplf  Ord.  4i -Ij 

Do.     6  per  Cant,  non  Cam.  Pref. 44  "5 

Do.     4  per  Cent.  Mort.  Dab.  red.  1907.  "  —98 

NorlliMetro.Eleo.PowerSQp.  SMorta  lJt>  -102 

Northern  Counties  Elec.  Sap — 

Do.     li  parCent.  Dab 81— )1 

Nottinj;  Hill  Electric  Ord 121 -13J 

Oxford  Electric  Ord «  -31 

Do.     4  per  Cent.  Dab.  Stock    „  9J-J1 

St.  James'  Si  Pall  Mall  Eleo.  Ord. 85  -9J 

Do.    7  per  Cent.  Pref.    '—7* 

Do.    31  per  Cent.  Dab.  Stock  (red.)  ...  81  —8d 

Bmithfleld  Markets  Electric  Sap.  Ord...  *  "3 

Sonth  London  Electric  Sapply  Ord ^i  -3 

Do.    5:'o  1st  Mort.  Stk.  Bed 1)1—1)3 

South  Metrop'n  Elec.  Lt.  &  Power  Ord.  A  — u 

Do.     7  per  Cent.  Cum.  Pref 1,'.=  — 'i:',- 

tDo.     41  1st  Db.  Stk.  Red 100 -lUJ 

tUrban  Electric  Supply  Ord I— I 

t  Do.     6  per  Cent.  Cam.  Pref.    U -:| 

1   Do.    41  per  Caot.  Ist  M)rt.  DsD 'Hi-lii 

Westminster  Elec.  Sup.  Ord SJ  -9 

Do.    4}  per  Cent.  Cum.  Pref.   6  — jj 

ELECTRIC  RAILWAYS  A.  TftAMATArS. 

Uaker  St.  at  Waterloo  i^  Perp.  Db.  St  9}  -101 

Bath  Elec.  Trams  Praf.  Ord.  J -i 

Do.     6  per  Cant.  Cam.  Pref. ,%  -ii 

tOo.    41  1st  Mort.  Dab.  Stock  (red.)...  85  -3) 

B'ham  &MidlandTrami4|l3t  Oj.Stk.  87  -ii 

Bristul  Tramways  &  Carriage  Ord.  S  —31 

Do.     Cum.  Pref.  (fully  paid) H  -ii 

Do.    4  per  Cent.  Debj lOJ   -  IJl 

British  Electric  Traction  Ord 1-i 

Do.    6  per  Cant.  Cum.  Pref. IJ  —'3 

(Do.     6  per  Cent.  Perpetual  Dabs S2   — 85 

Do.    41  per  Cent,  2ad  Deb.  Stock 1  62  —81 

Central  London  Ordinary  Stock '  61  —63 

Do.    4  per  Cent.  Pref.  Stock    ,  83  -S7 

Do.    Deterred  Stock   4  J  -43 

Do.     4  per  Cent.  Dabs 101—103 

Charing  X.Euston&HmpstdPer.Db.Stk.  95  —37 

City  of  Hirmiugham  Trams.  5%CiU.Pr8f.  4i  -6i 

Do.     1  per  Cent.  Ist  Mort.  Dobs I  £8  — lUJ 

City  i  South  London  Kly.  Con.  Ord.  ...  301  -3IJ 

Do.    6  per  Cant.  Perp.  PreC  (1391)    ...I  108   -Ho 

Do.    (lS9u) I  101  —10; 

Dj.    (19J!) 100    -113 

Oo.     (1903) 96  — lOJ 

Do.    4  per  Cent.  Parpataal  Dabs lO)  — 102 

Dublin  United  Trains.  6  per  Caat.  P.ef.  12J  -13} 

Gateshead  &  Disl.  Trams  Ord ii->i 

Gt.  Northern  ii  City  141y.  Pref.  Ord.(44|i  1  -1 

G.  Northern,  Pico.  S  Brompton  4  <i  Q.Pf 
Do.    4  per  Cent.  Dab.  Stock 

Hasliags  ji  District  Elec  Tram).  OH  U.P. 

(Do.      11  Db.  Bt 

Imperial  Tramways  Ord.  ........»»  . ....»• 

(Do.    6  per  Ceut.  Pref.  « 

{Do.    11  per  Ceut.  Dabs. 

I.  of  Thauot  B.  T.  i  Lt.  5  per  Ceut.  Pref. 

Do.    1  per  Caat.  Dob.  Stock 

Lanarkshire  TraiuNVays  

Lauca.  Utd.  Trami  6  i  Prior  Liea  Do.  St. 

Liverpool  Overhead  Railway  Ord.  .„ 

Do.    6  per  Caut.  Pref. 


3  19 

4  10 
3  12 


6  IS 
4  17 

4  14 

5  IS 


7    2 

4  16 

5  19 


Do.    4  1 


-34 
SJ  — 9S 
U-:l 
74  -79 
4-14 
6  —8 
79  -81 

l-ii 

58  —83 
91-1) 
8S1-9J1 
1-4 
41-5 
r  Cant.  Dab 82  -«l 


Mar,  Bep 
Feb,Aa(   ' 
Feb,  Aat  | 
Jan,  Jaly 
April,  Oct  I 
H«y,  Ho'  I 
March. ...  | 
Mar,  Seal 
Jane,  Det 
Feb,  Aug 
Feb,  Aug  I 
Jaa.  Jolf  j 

Jaa,  J  air 
March  .. 
iase,  Djc 
Feb,  Aaj; 
Jaa,  Jaly 
Jaae,  Deo 
Jaa,  July 
April,  Oct 
April,  Ost 
Feb,  An? 


lolll  10 


lOjJ 


n;j   _ 


06)  -m     3  19    6 


Mar,  Sept  1^1  J  lO'J 

J.n,Ja^    I  -        J 

May,  Not   '  lu«l  lOJJ 

April,  Oct  ..    '     .. 

Mar,  Sept  ..1     .. 

Feb,  Aug  -        „ 

April,  Oat  ..    I  _ 

Feb,  Aug  7   I  „ 
Jan,  Jaly 


April,  Oct 
Jan,  July 
Mar,  Sept 
Mar,  Sept 
Jan,  July 
April,  Oct 
Jan,  Jaly 
Jane,  Dec 
Jaa,  Jolj 
June,  Deo 
Feb,  Aag 
Jan,  Jaly 
Feb,  Aag 
Feb,  Aag 
Jaa,  July 

Mar,  Aag 
Jaa,  J  aly 
March  .. 
March  . . 
Jan,  Jaly 
Feb,  Aag 
Feb,  Aug 
Jaa,  Jaly 
Feb  ..„ 
Aprils.. 


Fab,  Aag  1 
April,  Oct 
April,  Oct  I 
April,  Oct  i 
April,  Oat 
nar.  Sept 
J»a,Jaif 


London  Uuited  Trams.  5/,  Cum.  Pref. 
Do.    4  per  Ceat.  1st  Mort.  Deb.  Stock 

Mersey  Con.  Ord.  Stock 

Metropolitan  Elec.  Tramways  Ord 

Do.    Deforred    » 

Do.    6  per  Ceut.  Cum.  Pref.  

Do.    41  per  Cent.  Deb.  Stock  

Metropohtau  Railway  Consolidated  

Do.    Surplus  Lands  Stocks j     63  — 6/ 

Do.    84  piT  Ceut.  Preference 8J  — 91 

Do.    81  per  Cent.  "A"*  Preference  86  — 88 

Do,    31  per  Cent.  Onvertible  Pref. |    35  —Sf 

Do.     81  per  Cent.  Debeulure  Stock    ....      92—91 


21 -2i 
67  -7j 
1  -i 


9i4  -934 

3S  -3SJ 


Ju,  Jaly 
Apnl...,  I 
Jaa,  Jaty 
April,  OjI 
Jan,  July 
Feb.Aa* 

Feb.'iag 
Jane,  Djc 
Feb,  Aa» 
April,  Oat  , 
May,  Not  : 
Feb,  Aog 
Feb,  Aug 
Feb    .... 
Jan,  July 
Jan,  July 
April,  Ojt 
April,  Oat 
Keb,  Ao» 
Feb,  Aa» 
Feb,  Aa^ 
Feb,  Aug  , 
Feb,  Aag  ' 
May,  Nor 
Feb,  Aug 

Feb,' Aag  j 
Feb,  Aug  I 
jMi,Jaty  , 
Mar,  Sept 
April,  Oat 
Mar,  Sept  ! 
I  Mar,  Sept  ' 
Jao,  July  ' 
Mar,  Sspt 
Jaa,  July 
Feb,  Aug 
Jaa,  July 
Feb,  Aa,; 
Feb.  Aug 
Jaa,  July   | 
Jan,  Joiy 
Jao,  July  I 
Feb,  Aag. 

April..  . 
Feb,  Aog 
I  Jaa,  July 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Feb,  Aag 
Feb,  Aug 
Jaa,  J  aly 


\'     '.'. 


la  oaleolfttmg  the  yield  aUowauoe  has  been  male  for  aooraed  iaterest  bat  tMt  for  reJemption. 
'    Bi  Difidead.         t  The  Loudoa  S:ock  blseb.vuge  CoaimitCee  b.tve  declmeJ  to<iuot«  these 
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g  DWl-l 


Price      BATB  %   DiviciiiD 

NAMK.  j,gj_  g  — 


^^,^,S^XSf^^SHARE_LIS^J-S^ 


EU.CT«.C  fAaWMS  *  TRAMWAY^- Co»«m.-.    ,  ,,   3  |         ^^ 


1)0.    K'"-",'"'^'',r7  Pref  (Int.  Guar,  by 


St.; !}% 


S' 

sz 

Rt 

4% 

<!t. 

sr, 

Pt. 

•*x 

St. 

i% 

6 

1 

m 

Rr 

412 

OTj 

8t 

4*. 

100 

"* 

S?";  cU'TV^ct  J'^^'c.nt.  coin-.  P«t         ^' 

^°«'t^^J?rSr^?"!:...:::::;::.' 


5  S  6 
3  17  0 
3  10    0 


6    •• 

3'  U 


11.1      ji  per  Ctnt.  Deb.  Stock    v;    , 

b' vet  "rec.  Tr.mj^  ft  I.E.  6%  Cm.  Pref. 
S^nder1.'/aDr"^:V?r5f,«M-..bb.' 
r°°  eredE.KvIt-^.6'  ln.bdK.with  coup.3 

Do    5^  Prior  Lien  Bond9.._^ 

lie     41*  Ponds  with  coup.  8....... 

Yorkeh'r*  (W.B.)  Elec.  TnimiL  Ord 

Do.    6  p«r  rent.  Cam.  Pr»f.    

Tut     llr'i-rent.  Ist  l)'b> 

Anchor  Cal'ie  *.<'.  J;  i  L'el'.  bloCK  

Aron  Electricity  Met«r  Ord.  

;  Com.  Pf. 


»-5 

fii  —73 


1   l/4t        DC.    o*  J-"S'.-/-  "-v- 
1    1/:;    I  Bab-ock  i  Wilcox  Ord. 


1   (1/74 


ion -IDS*  *  " 

87"-69     , 


Feb,  Ang 
Feb,  Ang  j 

Feb,  Ang 
Jan,Jnly 
Jan,  July 
Mar,  Sept 
Jan,  July 
Jan,  July 
May  .... 
April,  Oct 
Feb,  Aug  I 
May,  Not  i 
Fob,  AnR 
Jan,Jaly 
Jan,  July 
Jane,  Deo  | 


Maroh 


BUSI8K88  I 

WEEK  TO  I 

High-  Low  I 

est.  eat.  1 

91.',.       •• 

Mi  I64 


Lasti 
5  nrarp' 


Price 
Wed., 
Oct.  6. 


bUHUESB 

Wkek  to 
Oct.  6 


TELEPHONES. 


I  100    21      f 


143  -148  I  6    8    0 


1 

0/7)i 

1 

0/B 

St. 

t>« 

SI. 

61 

10 

ti/0 

u 

(1/0 

f. 

2/6 

St. 

3i% 

St 

4« 

4i-«4 

IB-H 
;i-78 


lb 

lU 

5! 

100 

115; 

Rt 

iX 

8t 

•t^ 

Kt 

•J% 

A 

UO 

S 

■itn 

SI. 

4U 

1 

;o 

ft 

4« 

nil 

^n\ 

1 

-1/71 

1 

1/u 

1 

ofiS 

3 

s/o 

vw 

6X 

1 

fl 

1/::; 

0/-/* 

fit. 

447. 

l/B 

f) 

S/B 

Bi 

4% 

bi 

b% 

95  -97 
3J  -42 
41  -46 
27  —SI 


Brtish^lnraiat^'iHelBby  CableaOrd.  ' 

Do.    S  per  Cent.  Pref. ................ 

Do  4J  per  Cent.  l9t  Mort.  Deb.  (red.) 
BH.i.b  VKm.-n-Houst'n  4JX  Ut  MLDb.] 
Britieh  We«lins;hon9e6perCent.Prer... 
iDo.    6  i«r  Cent.  Trior  UeoDbs(rd.) 

Do.    4  per  Cent.  Mort.  Deb.  Stock  ...... 

BiusbE.^np.Co.4j%Perp.UtDeb.Stook 

Do.     Perpetu.l2,,d  Deb  Stock    

f»Uenders  Cable  Con.Ord.     ei-ti 

gr„-    '4rperC°en.'i«JJrt  DeisVcVe-d.)!  1C5  -107 

'^Dr'rfp«"c"nt.'utM^°rt;Deb.-(reiT. 

Chadbums  (Ship)  Telegraph  Ord 

♦  Do.    6  per  Cent.  Com.  Pref.  

Consoliilated  Electrical  Co 

Consolidated  Signal  Co.  .^.... 

Do.    6  per  Cent.  Cnm.  Pref.  ..".... 

•CreniDton  4  Co.  (Nos.  1  to  W.OOO)  ...... 

D^fper  Cent.  1st  Mort.  Deb.,  (red.) 

Da'is  t  Tinimina 

limck,  Kerr&Co.  Ord. 


5    6    0  I  JaB,JiilT 


April,  Cot 
April,  Oct 

Jolyireb 
Jan,  Jaly 
Jan,  July   I 
Mar,  Sept 
Feb,  Aug 


7J|     7/. 


lOl  3/0 
10    6% 


Amer.  Telephn.  &  Telegh.  Cap.  8t.  ...... 

Do.    CoU.  Tru.t  $1,0004  per  Cent.  Bd.      «     _J 
Anelo-Portng-se  TeL  6%  l9t  Mt.Db.  Stk.    i^>i      " 

Chili  Telephone  ■• i_j 

Woute  Video  Telephone  Ord. |_S 

Do.    6  per  Cent.  Pref. I   .     ?    ? 

National  Co.  FTef.  Stock  

Do.    Def.  Stock •■ 

Do.     6  per  Cent.  Cum.  let  Pref.    

Do.    6  per  Cent.  Cum.  2nd  Pref^^...... 

Do.     B  per  Cent.  non-Cam.  3rd  Pref. .. 

Do.    Deh.  Stock  34  per  Cent,  (red.)    ., 

Do.     4  per  Cett.  Deb.  Stock  (red.)  .... 
Oriental  - "— ; 

Do.    6  per  Cent.  Cum.  Prel. ka  —n-i 

Do      4  per  Cent.  Bed.  Deb.  Stock  . ....      *J  -»L, 
Telephone  Co.  of  Egypt  4iZDb.8tk.(red.)    ""Jl""* 

United  River  Plate. 5?  _A^ 

Do.    6  per  Cent.  Cam.  Pref. 101 -101 

Do     4J  Deb.  St.  Bed '  '"* 


4  17 
4  15 
6  17 
6  14 
6  11 
4  17 


lOPJ- 
121  -123 

lOS-  .- 


'.18  — luO  I  3  10 
lUO  —1'  2  I  3  18 
l;f;-i;v  I  6  4 
liii— liu 
8d  — 8i 


FINAICIAl  mVESTMEBT,  4.C. 

Bleo.  ft  Gen.  InveBtment  6%  Ctun.  Prel. 

I  aiobe  Telegraph  &  Trust 

tOo      8  per  Cent.  Ptef. ■ 

Sttbmarine  Cables  Irnst  (Cert.) 


3  -3J 
10i-lU| 
138-14i 
131  -134 


3  10  U 

9  18  J 

14  10  0 

6  17  0 


Do. 
Do. 
(Do. 


„  p..  Cent.  Cum.  Pref. 

4J  Dcr  Cent.  Deb.  Stock    ............ 

„  1  S,»n  United  l" A"  Sh.)  (£S  pd.; 

4^perCelt;'Mort:'Deb.Stock'(rd.) 
6  per  Cent.  2nd  Deb.  Stock       


106  — luj 
-il-li'" 
1  -U 
8-4 


1-1 J 
90  —93 
1   -U 

1  — u 

lOa  —103  ' 


Bl. 

44% 

•I 

2 

2/Si 

*7, 

St. 

s% 

10 

b/0 

Si. 

*x 

•s 

b/U 

.") 

2/3 

Bt 

44s 

K 

b/0 

lu 

6/4 

10 

4S 

1 
1 

Edmund'son-sElec.  Corp.  Ord I         |     " 

Do     6  per  Cent.  Cum.  Pref.  •••■•       t.-7_ii 

Do!    44p««nt.UtMort.Deb.(red.)[     67^ -tt 

Electric  Conatmctic 
Cent.C 


t;o >;    i-, 

u.  Pref.,. ....... .....I      ''l~ii' 


65-69 
(SJ-744 


f.c..  4  per  Cent.  Perp.  at  «"'  •  'f  "j 
Fell  an  i  1  td. .-.  per  C  ent  Ist  Mt  Db  St 
General  Electric  (1900)  5%  Cum  PreL... 

t  Do.     4  per  Cent.  1 «  Mort.  Deba. 

Henlej'a  Telegraph  Works  Ord. 

^"     JI^^Si^MJriVDetiBiocitlOb^-ltS 


121-)3i 

J-64 


7  10    a 

9  le'  0 

6  le   0 

6  14  0 

i   6  18  U 

I  4  i-i  a 

6  16  6 

;  4  2 
1440 


Do.     6  pur  Ce 


l!i-»4 

iu4— loj 

9'J  — lUl 

g-E 


V.-ii 


ax 


12  12/0 

100   iX 

1   1/0 


lUo.'   4  per  Cent.  Debs,  (red.) 

>.tional  Elec.  O"'''";^'^?,^    ,  ,d  Ord. 
BicbardsonB,We8tearthiCo.,Ltd.Or(l. 

K-  ^^''"r'c^n^p^Sp  Deb.-8t<;ck-:::i  fi--8» 
■p";<^^;';^S;.pref::::z::;|  j-^i 

a  Maintenance 


Jan, July 
Mar,  Sept 
Jan,  July 
Jan,  July  j 
Jan,  July 
Nov,  May 
May,  Not 
Feb.  Aug 
March  . . 
April,  Oct 
August ... 
April,  Oct 
AprU,  Oct 
Jan,  July 
Jan,  July 
Mar,  Sept 

Sept 

I  Sept  

Jan,  July 
Feb,  Aug 
Feb,  Aug 
Jane,  Deo 
Mar,  Sept 
i  Jan,  July 
i  May,  Not 
1  Jan,  July 
I  Jan,  July 
July  .... 
Jan,  Jaly 

Jane,  Dec 
Mar,  Sept 
Feb,  Aug 
1  Feb,  Aug 
Mar,  Sept 
Feb,  Aug 

April,  Oct  j 
April.... 
Not    ... 
May,  No 
Jan,  July 


6  per  Cent.  Cum. 

Telegraph.Construct.oi.  _ 

D.     4  per  Cent   Deb.  Bonds  (1909)    ... 

Vi.kers,  Sons  ft  Mai.m   Ltd.  Ord  ^.^^.^         i  J. 
Do.     b  per  Cent.  non.Cum.  Preference  »^  ^, 

Do.    b  per  Cent.  non-Cnm.Pref«r«l  u^  _^^. 

rV:  ».l,iip &  Co.  6X  Cm.Pref. 


344-38     ,500 


3  ;7     5 


Mar,  j  aly  | 
Jan,  Jaly 


44% 


6% 

6%  I 
1/0 
0,71 
St.]  6% 

St.  I   6/i 
..  1  b/, 

100  iij 


35i^     344      St.     4J% 


COLONIAL  AND  FOREIGN  ELECTRIC 
RAILWAYS,  TRAMWAYS.  Ac. 

Anglo-Argentine  5%  Cum.  1st  Prof 

Do.    6%  Cum.  2ud  Pref.     |     „44-41 

Do.     4%  Deb.  Stock 

1  A^cktad'Elet.Trima.'bXDeb.Vrp;)'.'.' 
Bnabane  Electric  Trams.  Invest.  Ord... 

Do      6  per  Cent.  Cum.  Prel. 

Do      IJ  per  Cent,  Db.  Prov.  Certa 

Brit  Columbia  El.Ry.Df.  Ord 

Do      Pref.  OrdJ.Stock ■ 

■^>-      by  Cum.  Perp.  Pref.  Stock 

4 J  per  Cent.  Ist  Mort.  Debs 


45-li 


1;  i  -93J 
Jb  —,18 
102  —105 
6i»-7,'o 
6-51 
101  -104 
144  —149 
120  -125 
108  -111 


102  —104 
lOi  —106 
IUI4-I034 


,.„     \  ancouver  Power  Debi 
B°°a'n.s**4fearze?t>flVm.Db:r^ 
Buenoa  Ayres  Port  ft  City  Tram,  lat  Mt 

c^cniuT^mWa^s(i-ti-^7^ior:::::::::j  ^ 
Z  4^4ru^™e'b.'^rckYrad.)-:::::::::  ^^z'? 

•i       4  per  Cent,  Deb.  Stock  ... 98      i' 

C^i;.mboTr,itLtg.6y.latMt.Db, 
Electno  Traction  Co.  of  Hong  Kong  6| 

T.*»r  i  'put   lat  Mort.  Debs 

H^vanaXc.  By.  Coa.  Mt.  6%  «1,000  BO  ^^  _,, 

year  Coup.  Bds .■•. ,'.- 311 

KalgoorHeWec.  Trams_Sh.^._..„...j^.......|  ^3^  .„,j 

Ditto 


Jan,  July  1 
Mar,  Bept  I 
August . .  '1 
Not   .... 
May,  Nov 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug  j 
Juno,  Dec 
July 
April,  Oct 
April,  Oct  ', 
Jan,  July 
Jau,  Jtily 
July  .... 
Jane,  Dec 
Jan,  July 


_  Jan,  July  1 
6  SpDcMrJn 
0  SpDcMrJu 
"     April,  Oct 


April,  Oct 
Jan,  July 
Jane,  Dec 

Jan,  July 
May  _.. 
May,  Not 
Jan,  July 
Mar,  Bept  I 
May,  Nov  | 
Jan,  Jaly 
April,  Oct 
Jan,  July 


lo;i'  107 
152.5,  12U 
lOJI    .. 


U'il   loj 

13i    13ii 


■lli 

93  ' 
974 


9«i 

'oj 

1014 


1234    12! 

loaj   los-i 


6    0  0     Mar,  Sept  9S1 

6    8  0     Feb,  Aug 

3  U  6  I  Mar, Sept  I  •;, 
5    0  0,   Jan,  July  I  J.i 

4  8  0     Jan,  July  1"' 

4    i'  6  I  F.My,A,N  61; 

3  19  0  1  Jnne,  Deo  -• 

4  19  0     May,  Not  09 

5  ;;  0  I  June,  Deo|  •• 

6  2  6!  I'eb,  Aug 


111  -117   ,4     6    3  ' 


10-11 


Bl.  30,0 
St.  8.0 
St,  42 
10  6,0 
10  10/0 
6'  2/0 
b  5/0 
6C  44% 
20  t/O 
lOtl  4|% 
St.  25/0 
bl.  17,8 
S-t  4Z 
St.  i,6 
lUU  47. 
2i     42 


J  U. While  ft  Co.  6%  Cm 

WUlans  i  Kobinsou  Ord. 

Do,    6  per  Cent.  Cum.  Pref.. .^..  ,  ^-oj     1 

Do     4  per  Cent.  Ut  Mori.  Debs, ?  t    oj 

TELEBRAPHS.  3 -si    I 

Amawn  Telegraph  ...........••• 93 —«u 

Do      6  per  Cent.  Debs,  (red |  JJj_c._,j 

Anglo-Amencan  « I  m4_iuj 

Do.    Preferred   2l4-2Ji 

Do,    Deferred    ;;"*V"T^l.K"atir'  »■<)  — Vl 

t  Com  nercal  Cable  4  per  Cent.  Deb.  Stk.  tO  Ji 

Cuba  Submarine  Ord ,....,• -       - 

Do,     Preference  10  per  Cent | 

1  Direct  spanii-h  "''^"■■-■■g"f ".:::::: ; 

Do.    lu  per  tent.  Cum.  rrei [ 

Do.    44  pir  Cent,  Deb.  ,... 

Direct  I  nitel  Slatea  Cable  .„...,,. ■..•,■•• 
Direct  West  India Cable44Z  Rg-  Db.(ra.) 


i      10  IS    0 


91i 


■VO 


11*    41% 
25    52,6 

100  (1 

lub   «1 

1    .. 

IM    4% 
2J    1/S 

100  *X 

10  ..  Wl 

10  t/0  D< 

lb  1»,0  Du. 

10'  S^       ~" 
fct     4X 
...       <*< 


174 -Di 
3  —34 
8  -84  , 
1004-1024 
131-138 
lOJ  -102 

...     13'J  -IS.! 
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